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ABSTRACT 

A collection of nuclear criticality documents was begun in the 1970s at the University of California’s 
Lawrence Livermore Laboratory (now Lawrence Livermore National Laboratory). Documents in this 
bibliography are dated as early as 1940. The early documents described experimental work that was of vital 
importance to the safe use of fissile materials at nuclear reactors, the facilities for preparing or transporting 
nuclear fuel, or its eventual storage. The experiments were of direct value to support safe operations with 
fissile material, but they were also needed for validating early physics data and calculational methods and 
then for validating computational methods used in criticality safety evaluations. Bibliographic information 
from the past seventy-five years have been entered into a computerized bibliographic database. The 
database continues to expand. Publications were issued several decades ago based on the information 
collected at that time [1,2]. Our new publication is based on a current “snapshot” of the present status of 
the database.  Contributions of information or corrections to this bibliography will be appreciated. 

 

THE BEGINNINGS OF NUCLEAR CRITICALITY WORK AND PUBLICATION 

In the late 1930s it was learned that a critical system should be possible. A program was begun to determine 
if a nuclear weapon could be developed. In 1942 J. Robert Oppenheimer of the University of California, 
Berkeley, was tasked to take over research into fast neutron calculations—the key to calculations of critical 
mass and weapon detonation. John H. Manley, a physicist at the University of Chicago Metallurgical 
Laboratory, was assigned to assist Oppenheimer by contacting and coordinating experimental physics 
groups scattered across the country. Oppenheimer and Robert Serber of the University of Illinois examined 
the problems of neutron diffusion—how neutrons moved in a nuclear chain reaction. To review this work 
and the general theory of fission reactions, Oppenheimer and Enrico Fermi convened meetings at the 
University of Chicago in June and at the University of California, Berkeley, in July 1942 with theoretical 
physicists Hans Bethe, John Van Vleck, Edward Teller, Emil Konopinski, Robert Serber, Stan Frankel, and 
Eldred C. Nelson and experimental physicists Emilio Segrè, Felix Bloch, Franco Rasetti, John Henry 
Manley, and Edwin McMillan.  
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The first assembly of a critical system took place on December 2, 1942 when the Chicago Pile-1 (CP-1) 
achieved criticality. It was built by the Manhattan Project's Metallurgical Laboratory at the University of 
Chicago, under the west viewing stands of the original Stagg Field, under the supervision of Enrico Fermi, 
who described the apparatus as “a crude pile of black bricks and wooden timbers.” The reactor was later 
reassembled at a nearby site where additional experimental work was done. This work was soon followed 
by critical or near-critical experiments at other facilities in the United States and in other countries. The 
author, Richard Rhodes, wrote a Pulitzer Prize-winning book [3] that provides information on the 
foundational work that led to nuclear fission, the creation of the Manhattan Project, and the eventual 
completion of a nuclear weapon.  

The experimental work was of vital importance to the safe use of fissile materials at nuclear reactors, the 
facilities for preparing or transporting nuclear fuel, or its eventual storage. The experiments were of direct 
value to support safe operations with fissile material, but they were also needed for validating early physics 
data and calculational methods and then for validating computational methods used in criticality safety 
evaluations. In the early years, there were many locations where criticality measurements were made. Most 
have closed, but several remain which support new types of processes, changes in facility operations, or 
validation of computational methods and data. 

Our collection of criticality documents and bibliographic information includes a few reports from the time 
of the early work at the University of Chicago; Oak Ridge, Tennessee; and Los Alamos, New Mexico. Of 
course, many early reports were classified but most have since been declassified. Figure 1 shows that there 
was a rapid increase in criticality document publication during the early years, then a subsequent decline 
after a substantial number of experiments were completed, and as validated computer methods became 
available to support operations with fissile materials.  

 
Figure 1.  Criticality Report Publication Frequency Through Past Years 
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HISTORY OF OUR WORK 

The collection of nuclear criticality safety bibliographic information into computer databases began in the 
early 1970s. Viktor Hampel had begun to collect criticality documents and envisioned using the computers 
at Lawrence Livermore Laboratory to manage the bibliographic data [4]. Software was written for the effort 
using FORTRAN compilers. The system was similar to the CINDA [5] cross-section database. The early 
work was done at a time when the data was still being entered via punched cards. Special post-processing 
of computer output was done to prepare camera-ready copy used for the early printed publications. In the 
1980s UNIX compilers began to be used to manage the bibliographic information. 

The collecting and indexing of the reports was initially built upon the work prepared in partial collections 
by “pioneers” A. D. Callihan, J. H. Chalmers, H. C. Paxton, and many others. An annotated three-volume 
report [1] was published in 1979. It contained a main listing which included abstracts for 1067 documents 
plus two volumes that contained concordances that assisted in locating information of interest. In 1982, a 
compilation [2] of paper summaries from the transactions of the American Nuclear Society was published. 
In 1999 B. L. Koponen—with the collaboration of the American Nuclear Society—updated the 
Transactions compilation [6-7]. Our early bibliography included papers presented at conferences sponsored 
by the United Nations (UN), the International Atomic Energy Agency (IAEA), and others. Some of these 
are listed in Table 1. 
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Table 1. Some Early Conference Proceedings Containing Nuclear Criticality Papers.1 

First United Nations International Conference on the Peaceful Uses of Atomic Energy, 
Geneva, Switzerland, 8-20 August 1955 

French-American Conference on Graphite Reactors, November 12 to 15, 1957 

Second United Nations International Conference on the Peaceful Uses of Atomic Energy, 
Geneva, Switzerland, 1-13 September 1958 

Criticality Control in Chemical and Metallurgical Plant, Karlsruhe Symposium, Organisation 
for Economic Co-Operation and Development European Nuclear Energy Agency, 1961 

Panel on Light Water Lattices, Vienna, Austria, May 1962 

Panel on Heavy Water Lattices, Vienna, Austria, February 1963 

Symposium on Exponential and Critical Experiments Held by the International Atomic 
Energy Agency in Amsterdam, Netherlands, 2-6 September 1963 

Third United Nations International Conference on the Peaceful Uses of Atomic Energy, 
Geneva, Switzerland, 31 August-9 September 1964 

Symposium on Criticality Control of Fissile Materials Held by the International Atomic 
Energy Agency at Stockholm, 1-5 November 1965 

Symposium on Fast Reactor Physics and Related Safety Problems, Karlsruhe, Germany, 
1968 

 

PRESENT STATUS OF THIS BIBLIOGRAPHY 

The bibliographic database continues to expand and improve. We locate and add papers from old 
conferences that are not included in available online sources. Papers from ANS, ICNC, and other 
conferences are added when they become available. The topics included are rather broad—many documents 
include information on experiments, criticality safety evaluations, standards, evacuation alarms, emergency 
response, education, and training. Some documents may be of use to nuclear power installations, but the 
content of this compilation focuses mostly on operations with fissile materials outside of nuclear reactors2.  
There are now over 23,000 report-references in the bibliographic compilation. This present report includes 
a “snapshot” of the bibliography. Figure 1 might indicate a substantial decline in criticality report 
publication during the last several years; however, this is probably not reflective of a decline in actual 
publication numbers since there will be many recent publications to be located. 
 

                                                           
1 A more complete listing of conferences up to the present year is contained in APPENDIX A. 
2 The present scope of this work has been enlarged but, still, it might be worthwhile to restate the introductory comments to our 
first bibliographic compilation, issued in 1979 [1]: 
“This bibliography points to the literature of criticality experiments crucial to nuclear power development. Throughout the world, 
in the past 35 years, considerable effort went into these experiments, usually for a particular objective. This objective may have 
been the design of a nuclear power station, or the safe transfer and storage of fuel in chemical processing, diffusion, or isotope-
separation plants; or the transport of fissile material in safe containers.” 
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Many reports are now available in digital form and we no longer actively collect documents in hardcopy 
form. The acquisition and preservation of the early hardcopy collection is discussed in APPENDIX B. Our 
early hardcopy collection is being scanned into digital format. Samples of the early documents are displayed 
in Figure 2. Bibliographic information is now obtained from online databases or from recent conference 
proceedings published in digital format.  
 
A Web database is available that includes a searchable version of our bibliography. The Web version will 
not be discussed in this document, but details are available in references to this report [8-14] or from other 
reports or conference proceedings. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Samples of Vintage Hardcopy Documents 
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A LISTING OF THE BIBLIOGRAPHY 

 
A current listing of the bibliography is included in APPENDIX C. The listings include the following 
information (where available): 
 

ID Number  
Author 
Title 
Date  
Report 
Conference/Journal  
Conference Session 
 

The conventions used in our earlier publications have been retained. For example, the delimiters in the 
fields continue to be the / (slash) character. The software used in the early publications permitted only 
upper-case characters—upper and lower case are now used3. The reports are ordered by the Report field. 
Each document includes an ID Number which was selected arbitrarily. To permit the concise listing of 
citations per their source of publication—e.g., certain proceedings, conferences, and journals—we used an 
abbreviated code to describe some of the longer Report descriptors. Our early publications included 
concordances to facilitate searching; this present work does not—concordance construction for such a large 
database would be an effort that exceeds our current programmatic resources. Not all fields are presently 
filled and if the missing information becomes available, amendments will be made to the database. The 
original critical experiment bibliography included descriptors of where the experimental work was 
performed. These descriptors have been lost but still can be viewed in the original publication [1]. Nuclear 
Science Abstract (NSA) numbers that were available for some documents in our previous compilations are 
no longer included. 

Please Note: We have reviewed the abstracts and have made many typographical corrections; however, 
there are about 18,400 ABSTRACT/KEY-TERMS listed in the bibliography, thus we have not been able 
to ensure that all needed corrections have been made and that the data is verified. The abstracts are 
intended to help an individual determine if a document will be useful. Use of any data without access to 
the complete document is not advised. 

We have not attempted to standardize the terminology presented in the bibliography. Authors have not 
always used a consistent terminology in their work. Examples are “oralloy” for enriched uranium, 
“tuballoy” for natural uranium, a “tamped” system for a reflected system, and “Perspex” in the United 
Kingdom for Plexiglas or methyl methacrylate plastic. Some titles remain in the language of the country of 
origin. 

 
  

                                                           
3 When this work began, software did not permit the presentation of superscripts or subscripts thus conventions were used that were 
familiar to criticality specialists, such as U235 to represent U235. Also, many of the conventions for characters and symbols found 
in original documents are retained. In some cases, symbolism contained in the FORTRAN computer language is used. 
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APPENDIX A  

Samples of Conference Papers in the Database  

 

There have been many conferences that have included nuclear criticality papers. This appendix provides 
a summary of conferences from which substantial numbers of criticality papers were identified and are 
included in our bibliography. American Nuclear Society conferences began in 1963 and have made a 
substantial contribution of criticality papers. The International Conferences on Nuclear Criticality Safety 
(ICNC) continue at a frequency of 5-years. The US Department of Energy (USDOE) also supports 
conferences and meetings containing nuclear criticality safety papers. Table A-1 displays the paper totals 
from these conferences and meetings. Table A-2 provides details of conferences that have taken place 
during past years. 
 

Table A-1 

American Nuclear Society and Other Contributors to this Bibliography 

Source Number 

ANS Annual and Winter Meetings 4005 

ANS Topical and Other Meetings 476 

Nuclear Science and Engineering Journal 1196 

Nuclear Technology Journal 520 

American Nuclear Society Total 6197 

ICNC Conferences 1245 

USDOE Meetings and Workshops 105 
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Table A-2 
Details of Conferences that Contained Nuclear Criticality Safety Papers 

 

Organization Year Conference Description 
No. of  

Papers4 

ANS 1958 
through 

2017 

Annual and Winter Meetings of the American 
Nuclear Society 

4005 

ANS 1966 Topical Meeting on Nuclear Criticality Safety, Las 
Vegas, Nevada, Dec. 13-15, 1966 

28 

ANS 1980 Topical Meeting, El Paso, Texas, April 1980 34 

ANS 1989 International Meeting on Nuclear Criticality Safety 
Margins, San Francisco, CA, 26 Nov - 1 Dec 1989 

26 

ANS 1993 Topical Meeting on Physics and Methods in 
Criticality Safety, Sept. 19-23, 1993, Nashville, TN 

39 

ANS 1997 Topical Meeting on Criticality Safety Challenges in 
the Next Decade, Chelan, WA, 7-11 Sep 1997 

63 

ANS 2001 Embedded Topical Meeting on Practical 
Implementation of Nuclear Criticality Safety, Reno, 
NV, 11/11/2001-11/15/2001 

77 

ANS 2005 Criticality Safety Division Topical Meeting, 
Knoxville, Tennessee, September 18-25, 2005 

73 

ANS 2013 Topical Meeting held by the ANS Nuclear Criticality 
Safety Division (NCSD2013), Wilmington, North 
Carolina USA, 29 Sep-Oct 2013 

73 

ANS 2017 ANS NCSD Nuclear Criticality Safety Division 
Topical Meeting, Carlsbad, NM, September 10-15, 
2017 

63 

DOE 1985 Workshop on Subcritical Reactivity Measurements, 
August 26-29, 1985, Albuquerque, NM 

32 

DOE 1988 Criticality Alarm Systems Workshop, Richland, 
Washington, Sept. 20-22, 1988 

16 

DOE 1988 Workshop on the Use of Burnup Credit in Spent Fuel 
Transport Casks, Washington, DC, 21-22 Feb 1988 

5 

DOE 1993 Annual Nuclear Criticality Safety Technology 
Project (NCTSP) Workshop, Monterey, CA, 16-20 
April, 1993 

30 

DOE 1995 Nuclear Criticality Technology and Safety Project 
(NCTSP) Annual Meeting, San Diego, CA, 17 May 
1995 

22 

                                                           
4 This column shows the number of conference papers included in this bibliography but does not necessarily include all of the 
conference papers, since papers that did not include relevant nuclear criticality safety information were omitted. 
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ICNC 1983 International Seminar Criticality Studies Programs 
and Needs, Dijon, France, Sept. 1983 

35 

ICNC 1987 International Seminar on Nuclear Criticality Safety, 
Tokyo, Oct. 19-23, 1987 

85 

ICNC 1991 ICNC ‘91-International Conference on Nuclear 
Criticality Safety, Oxford, U.K., Sept. 9-13, 1991 

104 

ICNC 1995 Fifth International Conference on Nuclear Criticality 
Safety, Sept. 17-21, 1995, Albuquerque, NM 

148 

ICNC 1999 Sixth International Conference on Nuclear Criticality 
Safety, Palais des Congres, Versailles, France, 
September 20-24, 1999 

197 

ICNC 2003 Seventh International Conference on Nuclear 
Criticality Safety, October 20-24, 2003, Tokai, 
Ibaraki, Japan 

162 

ICNC 2007 Eighth International Conference on Nuclear 
Criticality Safety, May 28 - June 1, 2007, St. 
Petersburg, Russia 

182 

ICNC 2011 International Conference on Nuclear Criticality, 
Edinburgh Conference Center, Edinburgh, Scotland, 
United Kingdom, September 19-22, 2011 

150 

ICNC 2015 International Conference on Nuclear Criticality 
Safety, Charlotte, NC, September 13-17, 2015 

182 

UN/IAEA 1955 First United Nations International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 
Switzerland, 8-20 August 1955 

23 

UN/IAEA 1957 French-American Conference on Graphite Reactors, 
November 12-15, 1957 

14 

UN/IAEA 1958 Second United Nations International Conference on 
the Peaceful Uses of Atomic Energy, Geneva, 
Switzerland, 1-13 September 1958 

270 

UN/IAEA 1961 Criticality Control in Chemical and Metallurgical 
Plant, Karlsruhe Symposium, Organisation for 
Economic Co-Operation and Development European 
Nuclear Energy Agency, 1961 

27 

UN/IAEA 1962 Panel on Light Water Lattices, Vienna, Austria, May 
1962 

21 

UN/IAEA 1963 Panel on Heavy Water Lattices, Vienna, Austria, 
February 1963 

42 

UN/IAEA 1963 Symposium on Exponential and Critical Experiments 
Held by the International Atomic Energy Agency in 
Amsterdam, Netherlands, 2-6 September 1963 

7 

UN/IAEA 1964 Third United Nations International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 
Switzerland, 31 August-9 September 1964 

35 
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UN/IAEA 1965 Symposium on Criticality Control of Fissile 
Materials Held by the International Atomic Energy 
Agency at Stockholm, 1-5 November 1965 

48 

UN/IAEA 1968 Symposium on Fast Reactor Physics and Related 
Safety Problems, Karlsruhe, Germany, 1968 

8 

Other 1959 Eleventh Symposium in Applied Mathematics of the 
American Mathematical Society, New York, New 
York, April 23-25, 1959 (A Symposium on Nuclear 
Reactor Theory) 

19 

Other 1966 International Conference on Fast Critical 
Experiments and their Analysis, 10-13 October 1966, 
Argonne, Illinois 

40 

Other 1968 Livermore Array Symposium 23-25 September, 1968 18 

Other 1972 National Topical Meeting on New Developments in 
Reactor Physics and Shielding, Kiamesha Lake, New 
York, Sept. 12-15, 1972 

48 

Other 1973 Nuclear Criticality Safety Short Course, D. H. 
Lawrence Ranch, Taos, New Mexico, 7-11 May 1973 

19 

Other 1976 Symposium on Reactor, Bombay, India, 1 March 
1976 

13 

Other 1979 Seminar on Safety-Criticality, Valduc, France, 16 
October 1979 

23 
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APPENDIX B 

Discussion of Historical Acquisition and Preservation of the Document Collection 

Why It's Important 

The hardcopy document collection preserves a knowledge base that is becoming unavailable by direct 
contact with the authors through the passage of time. The reports dealing with critical experiments have 
been a useful resource for International Handbook of Evaluated Criticality Safety Benchmark Experiments 
(ICSBEP) evaluators. Bibliographic information available on the NCSP web site can assist a criticality 
safety specialist to determine whether a document is of value; however, the traditional document 
acquisition process can be difficult, time consuming, and costly. Many useful internal reports are not easily 
obtained. Even in the LLNL collection there are old reports that are considerably degraded. Eventual 
dispersal of the document collections or even storage at federal records centers could make the scanning 
effort unpractical in the future. Scanning the documents into digital format will help to ensure that this 
collection is preserved and is available to the criticality safety community. 

Work has been done to collect original experiment logbooks, drawings, photographs, and other 
documentation into archives [15-17] at Los Alamos National Laboratory. Robert Rothe [18] has noted, 
however, that a physical archive is not without risk: 

"The disastrous fire of the summer of 2000 which threatened the city of Los Alamos was also a 
potential worry with respect to the Archives. After the more important concern of human safety 
was abated, concern focused on whether the fire would engulf the Archives. If it had, not only 
would Rocky Flats documents have been lost but countless other irreplaceable documents from 
many locations would have been consumed or badly damaged. Fingers of the fire approached 
to within a mile of the Archives; but, happily, no holdings were lost." 

We had been asked whether we had a copy of a very old report. Unfortunately, we did not. The individual 
that had made the inquiry then contacted the site that had issued the original document. It was then 
discovered that a copy did not exist at that location and might be permanently lost. There will be no chance 
that the information contained in vintage documents will suffer such a fate once the reports have been 
scanned and preserved in digital format. 

Scanning the Collection 

Considerable work had to be done before the scanning phase could begin. Over the years, programs at 
LLNL came and went and the collection, although preserved, was not maintained in a state where the 
linkage to the database was intact. The document collection contains mostly printed reports but includes 
several hundred in microfiche format. Until recently, the documents resided in a vault in file cabinets that 
were sorted roughly by report number. Our administrative staff members had diligently attempted to 
organize and label the file contents. However, it was a tedious and unrewarding task for the staff to attempt 
to identify, sort, and label (by hand) the large volume of document folders.  
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The effort thus had not gotten very far. When it became necessary to remove the collection from the vault 
the situation further declined: the collection was loaded into boxes, moved into a spare office and was 
almost unusable. Then, it was determined that the bibliographic database would be the best resource to 
help restore the collection into a usable state. The database-document linkage was completed. The records 
corresponding to the available hardcopy reports were downloaded into Microsoft Word format which was 
used to prepare folder labels. Once the documents were placed into labeled folders they were sorted within 
the file cabinets by report number. After several months of effort this phase of the work was completed; a 
hardcopy index was prepared, and the documents became easily retrievable and available for scanning. 
Figure 3 shows how the documents are stowed. 

The documents are presently being scanned to pdf format with resolution of 300ppi. Most are in Black & 
White, but color is used when required. The scanning process has slowed during the past few years so we 
could work to update the entire bibliographic database and download full-text reports that became 
available online.  

 

 

 

Figure 3.  A View of Our Hardcopy Document Collection 
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APPENDIX C 

LISTING OF THE BIBLIOGRAPHY 

 

1…..…..…………………..…….……..……ID Number…………………..…..…………….1 

Author: n. a. 

Title: Packaging and Transportation of Radioactive Material, Nuclear Regulatory Commission (1991) 

Date: 1/1/1991 

Report: 10 CFR 71 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2…..…..…………………..…….……..……ID Number…………………..…..…………….2 

Author: Sanders, C. E. 

Title: Surface Facility Criticality Safety Calculations 

Date: 3/2/2004 

Report: 100-00C-WHS0-00100-000-00B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this design calculation is to revise and update the previous criticality 
evaluation for the fuel handling, transfer and storage operations to be performed in the Surface Facility 
documented in BSC 2003c. The scope of this design calculation covers the operations in the Dry Transfer 
Facility (DTF) and Remediation Building (RB) and their processes as established at the date of this 
calculation. Also, this design calculation focuses on intact commercial spent nuclear fuel (SNF) assemblies, 
i.e., pressurized water reactor (PWR) and boiling water reactor (BWR) SNF. A description of the changes 
is as follows: (1) Update the supporting calculations for the various Category 1 and 2 event sequences as 
identified in the “Preliminary Categorization of Event Sequences for License Application” (BSC 2003a, 
Section 7). (2) Include comments from an informal review conducted by Y-12, located in Oak Ridge, 
Tennessee (Su 2004). (3) Revise the BWR calculations to reflect a different Boral loading. (4) Assess effects 
of potential moderator intrusion into the storage rack area with various water levels for defense in depth 
based on the new design of the DTF and RB. 
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Author: Sanders, C. E. 

Title: Dry Transfer Facility Criticality Safety Calculations 

Date: 5/17/2005 

Report: 100-00C-WHS0-00100-000-00C 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This design calculation updates the previous criticality evaluation for the fuel 
handling, transfer, and staging operations to be performed in the Dry Transfer Facility (DTF) including the 
remediation area. The purpose of the calculation is to demonstrate that operations performed in the DTF 
and RF meet the nuclear criticality safety design criteria specified in the “Project Design Criteria (PDC) 
Document” (BSC 2004 [DIRS 171599], Section 4.9.2.2), the nuclear facility safety requirement in “Project 
Requirements Document” (Canori and Leitner 2003 [DIRS 166275], p. 4-206), the functional/operational 
nuclear safety requirement in the “Project Functional and Operational Requirements” document (Curry 
2004 [DIRS 170557], p. 75), and the functional nuclear criticality safety requirements described in the “Dry 
Transfer Facility Description Document” (BSC 2005 [DIRS 173737], p. 3-8). A description of the changes 
is as follows: (1) Update the supporting calculations for the various Category 1 and 2 event sequences as 
identified in the “Categorization of Event Sequences for License Application” (BSC 2005 [DIRS 171429], 
Section 7). (2) Update the criticality safety calculations for the DTF staging racks and the remediation pool 
to reflect the current design. This design calculation focuses on commercial spent nuclear fuel (SNF) 
assemblies, i.e., pressurized water reactor (PWR) and boiling water reactor (BWR) SNF. U.S. Department 
of Energy (DOE) Environmental Management (EM) owned SNF is evaluated in depth in the “Canister 
Handling Facility Criticality Safety Calculations” (BSC 2005 [DIRS 173284]) and is also applicable to 
DTF operations. Further, the design and safety analyses of the naval SNF canisters are the responsibility of 
the U.S. Department of the Navy (Naval Nuclear Propulsion Program) and will not be included in this 
document. Also, note that the results for the Monitored Geologic Repository (MGR) Site specific Cask 
(MSC) calculations are limited to the specific design chosen (see Assumption 3.4). A more current design 
will be included in the next revision of the criticality calculations for the Aging Facility. In addition, this 
calculation is valid for the current design as provided in Attachment III of the DTF and may not reflect the 
ongoing design evolution of the facility. However, it is anticipated that design changes to the facility layout 
will have little or no impact on the criticality results and/or conclusions presented in this document. 
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Author: Guber, Klaus H. / Wiarda, Dorothea / Leal, Luiz C. / Derrien, Herve / Ausmus, Clint / Brashear, 
Dane / White, John A 

Title: New Neutron-Induced Cross-Section Measurements for Weak s-process Studies 

Date: 8/1/2008 

Report: 10th Symposium on Nuclei in the Cosmos NIC10, Mackinac Island, MI, USA, 20080727, 
20080801 

Conference/Journal: 10th Symposium on Nuclei in the Cosmos NIC10, Mackinac Island, MI, USA 

Conference Session:  

Abstract/Keyterms: A series of new neutron capture and transmission measurements has been undertaken 
at the Oak Ridge Electron Linear Accelerator (ORELA) in response to deficiencies identified in nuclear 
data libraries of crucial importance to the Nuclear Criticality Safety Program. New data and evaluations 
including covariances are required for several stable fission products as well as for materials found in 
mixtures with uranium. For example, chromium and nickel as constituents of stainless steel perform poorly 
in criticality calculations due to their relatively large neutron cross sections and substantial uncertainties in 
previous measurements. Therefore, new neutron-capture and total cross-section measurements are needed 
for 52,53Cr and 58,60Ni. These newly obtained data can be used not only to improve criticality calculations 
but also to serve as input parameters for the weak s-process stellar model calculations in massive stars. We 
will report on new experiments for these nuclides. 
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Author: Adams, W. C. 

Title: Confirmatory Survey Results for Portions of the Materials and Equipment from Units 1 and 2 at the 
Humboldt Bay Power Plant, Eureka, California 

Date: 4/1/2011 

Report: 11-IEAV-0885 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Pacific Gas & Electric Company (PG&E) operated the Humboldt Bay Power 
Plant (HBPP) Unit 3 nuclear reactor near Eureka, California under Atomic Energy Commission (AEC) 
provisional license number DPR-7. HBPP Unit 3 achieved initial criticality in February 1963 and began 
commercial operations in August 1963. Unit 3 was a natural circulation boiling water reactor with a direct-
cycle design. This design eliminated the need for heat transfer loops and large containment structures. Also, 
the pressure suppression containment design permitted below-ground construction. Stainless steel fuel 
claddings were used from startup until cladding failures resulted in plant system contamination—zircaloy-
clad fuel was used exclusively starting in 1965 eliminating cladding-related contamination. A number of 
spills and gaseous releases were reported during operations resulting in a range of mitigative activities (see 
ESI 2008 for details). 
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Author: Bailey, Erika 

Title: Final–Report No. 2: Independent Confirmatory Survey Summary and Results for the Enrico Fermi 
Atomic Power Plant, Unit 1, Newport, Michigan (Docket No. 50 16; RFTA 10-004) 

Date: 7/6/2007 

Report: 12-IEAV-0083 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Enrico Fermi Atomic Power Plant, Unit 1 (Fermi 1) was a fast breeder reactor 
design that was cooled by sodium and operated at essentially atmospheric pressure. On May 10, 1963, the 
Atomic Energy Commission (AEC) granted an operating license, DPR-9, to the Power Reactor 
Development Company (PRDC), a consortium specifically formed to own and operate a nuclear reactor at 
the Fermi 1 site. The reactor was designed for a maximum capability of 430 megawatts (MW); however, 
the maximum reactor power with the first core loading (Core A) was 200 MW. The primary system was 
filled with sodium in December 1960 and criticality was achieved in August 1963. 
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Author: Bailey, Erika 

Title: Revised Final–Report No. 2: Independent Confirmatory Survey Summary and Results for the Enrico 
Fermi Atomic Power Plant, Unit 1, Newport, Michigan (Docket No. 50 16; RFTA 10-004) 2018-SR-02-1 

Date: 10/27/2011 

Report: 12-IEAV-0084 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Enrico Fermi Atomic Power Plant, Unit 1 (Fermi 1) was a fast breeder reactor 
design that was cooled by sodium and operated at essentially atmospheric pressure. On May 10, 1963, the 
Atomic Energy Commission (AEC) granted an operating license, DPR-9, to the Power Reactor 
Development Company (PRDC), a consortium specifically formed to own and operate a nuclear reactor at 
the Fermi 1 site. The reactor was designed for a maximum capability of 430 megawatts (MW); however, 
the maximum reactor power with the first core loading (Core A) was 200 MW. The primary system was 
filled with sodium in December 1960 and criticality was achieved in August 1963. The reactor was tested 
at low power during the first couple years of operation. Power ascension testing above 1 MW commenced 
in December 1965 immediately following the receipt of a high-power operating license. In October 1966 
during power ascension, zirconium plates at the bottom of the reactor vessel became loose and blocked 
sodium coolant flow to some fuel subassemblies. Two subassemblies started to melt and the reactor was 
manually shut down. No abnormal releases to the environment occurred. Forty-two months later after the 
cause had been determined, cleanup completed, and the fuel replaced, Fermi 1 was restarted. However, in 
November 1972, PRDC made the decision to decommission Fermi 1 as the core was approaching its burn-
up limit. The fuel and blanket subassemblies were shipped off-site in 1973. Following that, the secondary 
sodium system was drained and sent off-site. The radioactive primary sodium was stored on-site in storage 
tanks and 55 gallon (gal) drums until it was shipped off-site in 1984. The initial decommissioning of Fermi 
1 was completed in 1975. Effective January 23, 1976, DPR-9 was transferred to the Detroit Edison 
Company (DTE) as a 'possession only' license (DTE 2010a). This report details the confirmatory activities 
performed during the second Oak Ridge Institute for Science and Education (ORISE) site visit to Fermi 1 
in November 2010. The survey was strategically planned during a Unit 2 (Fermi 2) outage to take advantage 
of decreased radiation levels that were observed and attributed to Fermi 2 from the operating unit during 
the first site visit. However, during the second visit there were elevated radiation levels observed and 
attributed to the partially dismantled Fermi 1 reactor vessel and a waste storage box located on the 3rd floor 
of the Fermi 1 Turbine Building. Confirmatory surveys (unshielded) performed directly in the line of sight 
of these areas were affected. The objective of the confirmatory survey was to verify that the final 
radiological conditions were accurately and adequately described in Final Status Survey (FSS) 
documentation, relative to the established release criteria. This objective was achieved by performing 
document reviews, as well as independent measurements and sampling. Specifically, documentation of the 
planning, implementation, and results of the FSS were evaluated; side-by-side FSS measurement and source 
comparisons were performed; site areas were evaluated relative to appropriate FSS classification; and areas 
were assessed for residual, undocumented contamination. 
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Author: Sanders, C. E. 

Title: Transportation Cask Receipt/Return Facility Criticality Safety Evaluations 

Date: 4/26/2005 

Report: 140-00C-HCR0-00300-000-00B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this design calculation is to demonstrate that the handling operations 
of transportation casks performed in the Transportation Cask Receipt and Return Facility (TCRRF) and 
Buffer Area meet the nuclear criticality safety design criteria specified in the “Project Design Criteria (PDC) 
Document” (BSC [Bechtel SAIC Company] 2004 [DIRS 171599], Section 4.9.2.2), and the functional 
nuclear criticality safety requirement described in the “Transportation Cask Receipt/Return Facility 
Description Document” (BSC 2004 [DIRS 170217], Section 3.2.3). Specific scope of work contained in 
this activity consists of the following items: (1) Evaluate criticality effects for both dry and fully flooded 
conditions pertaining to TCRRF and Buffer Area operations for defense in depth. (2) Evaluate Category 1 
and 2 event sequences for the TCRRF as identified in the “Categorization of Event Sequences for License 
Application” (BSC 2004 [DIRS 167268], Section 7). This evaluation includes credible fuel reconfiguration 
conditions. In addition to the scope of work listed above, an evaluation was also performed of modeling 
assumptions for commercial spent nuclear fuel (CSNF) regarding inclusion of plenum and end regions of 
the active fuel. This calculation is limited to CSNF and US Department of Energy (DOE) SNF. it should 
be mentioned that the latter waste form is evaluated more in depth in the “Canister Handling Facility 
Criticality Safety Calculations (BSC 2004 [DIRS 167614]). Further, the design and safety analyses of the 
naval SNF canisters are the responsibility of the US Department of the Navy (Naval Nuclear Propulsion 
Program) and will not be included in this document. In addition, this calculation is valid for the current 
design of the TCRRF and Buffer Area and may not reflect the ongoing design evolution of the facility. 
However, it is anticipated that design changes to the facility layout will have little or no impact on the 
criticality results and/or conclusions presented in this document. This calculation is subject to the “Quality 
Assurance Requirements and Description” (DOE 2004 [DIRS 171539]) because the TCRRF is included in 
the Q-List (BSC 2004 [DIRS 168361], p. A-3) as an item important to safety. This calculation is prepared 
in accordance with AP-3.12Q,”Design Calculations and Analyses” [DIRS 168413]. 
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Author: Hutchins, William E 

Title: Aging Facility Criticality Safety Calculations 

Date: 8/15/2005 

Report: 170-00C-HA00-00100-000-00B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Sanders, C. E. 

Title: Aging Facility Criticality Safety Calculations 

Date: 9/10/2004 

Report: 170-00C-HA00-00100-000-00B, ECN 02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this design calculation is to revise and update the previous criticality 
calculation for the Aging Facility (documented in BSC 2004a). This design calculation will also 
demonstrate and ensure that the storage and aging operations to be performed in the Aging Facility meet 
the criticality safety design criteria in the “Project Design Criteria Document” (Doraswamy 2004, Section 
4.9.2.2), and the functional nuclear criticality safety requirement described in the “SNF Aging System 
Description Document” (BSC [Bechtel SAIC Company] 2004f, p. 3-12). The scope of this design 
calculation covers the systems and processes for aging commercial spent nuclear fuel (SNF) and staging 
Department of Energy (DOE) SNF/High-Level Waste (HLW) prior to its placement in the final waste 
package (WP) (BSC 2004f, p. 1-1). Aging commercial SNF is a thermal management strategy, while 
staging DOE SNF/HLW will make loading of WPs more efficient (note that aging DOE SNF/HLW is not 
needed since these wastes are not expected to exceed the thermal limits form emplacement) (BSC 2004f, 
p. 1-2). The description of the changes in this revised document is as follows: (1) Include DOE SNF/HLW 
in addition to commercial SNF per the current “SNF Aging System Description Document” (BSC 2004f). 
(2) Update the evaluation of Category 1 and 2 event sequences for the Aging Facility as identified in the 
“Categorization of Event Sequences for License Application” (BSC 2004c, Section 7). (3) Further evaluate 
the design and criticality controls required for a storage/aging cask, referred to as MGR Site-specific Cask 
(MSC), to accommodate commercial fuel outside the content specification in the Certificate of Compliance 
for the existing NRC-certified storage casks. In addition, evaluate the design required for the MSC that will 
accommodate DOE SNF/HLW. This design calculation will achieve the objective of providing the 
criticality safety results to support the preliminary design of the Aging Facility. As the ongoing design 
evolution remains fluid, the results from this design calculation should be evaluated for applicability to any 
new or modified design. Consequently, the results presented in this document are limited to the current 
design. The information contained in this document was developed by Environmental and Nuclear 
Engineering and is intended for the use of Design and Engineering in its work regarding the various 
criticality related activities performed in the Aging Facility. Yucca Mountain Project personnel from 
Environmental and Nuclear Engineering should be consulted before the use of the information for purposes 
other than those stated herein or use by individuals other than authorized personnel in Design and 
Engineering. 
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Author: Sanders, C. E. 

Title: Canister Handling Facility Criticality Safety Calculations 

Date: 4/7/2005 

Report: 190-00C-CH00-00100-000-00B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This design calculation revises and updates the previous criticality evaluation for the 
canister handling, transfer and staging operations to be performed in the Canister Handling Facility (CHF) 
documented in BSC [Bechtel SAIC Company] 2004 [DIRS 167614]. The purpose of the calculation is to 
demonstrate that the handling operations of canisters performed in the CHF meet the nuclear criticality 
safety design criteria specified in the “Project Design Criteria (PDC) Document” (BSC 2004 [DIRS 
171599], Section 4.9.2.2), the nuclear facility safety requirement in “Project Requirements Document” 
(Canori and Leitner 2003 [DIRS 166275], p. 4-206), the functional/operational nuclear safety requirement 
in the “Project Functional and Operational Requirements” document (Curry 2004 [DIRS 170557], p. 75), 
and the functional nuclear criticality safety requirements described in the “Canister Handling Facility 
Description Document” (BSC 2004 [DIRS 168992], Sections 3.1.1.3.4.13 and 3.2.3). Specific scope of 
work contained in this activity consists of updating the Category 1 and 2 event sequence evaluations as 
identified in the “Categorization of Event Sequences for License Application” (BSC 2004 [DIRS 167268], 
Section 7). The CHF is limited in throughput capacity to handling sealed U.S. Department of Energy (DOE) 
spent nuclear fuel (SNF) and high-level radioactive waste (HLW) canisters, defense high-level radioactive 
waste (DHLW), naval canisters, multicanister overpacks (MCOs), vertical dual-purpose canisters (DPCs), 
and multipurpose canisters (MPCs) (if and when they become available) (BSC 2004 [DIRS 168992], p. 1-
1). It should be noted that the design and safety analyses of the naval canisters are the responsibility of the 
U.S. Department of the Navy (Naval Nuclear Propulsion Program) and will not be included in this 
document. In addition, this calculation is valid for the current design of the CHF and may not reflect the 
ongoing design evolution of the facility. However, it is anticipated that design changes to the facility layout 
will have little or no impact on the criticality results and/or conclusions presented in this document. This 
calculation is subject to the “Quality Assurance Requirements and Description” (DOE 2004 [DIRS 
171539]) because the CHF is included in the Q-List (BSC 2005 [DIRS 171190], p. A-3) as an item 
important to safety. This calculation is prepared in accordance with AP-3.12Q,”Design Calculations and 
Analyses” [DIRS 168413]. 
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Author: Shirakata, K. / et al. 

Title: Analysis of Axial Heterogeneous LMR Core Critical Experiments 

Date: 9/22/1988 

Report: 1988 International Reactor Physics Conference, Jackson Hole, Wyoming, Sept. 18-22, 1988, II-
297 to II-308 

Conference/Journal: 1988 International Reactor Physics Conference, Jackson Hole, Wyoming, Sept. 18-
22,1988, II-297 to II-308 

Conference Session:  

Abstract/Keyterms: ZPPR-17 
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Author: Clark, Bradley A. / Parsons, D. K. / Alcouffe, R. E. / Marr, D. R. / Brinkley, F. W. 

Title: ONEDANT, TWODANT, and THREEDANT: Application to Criticality Safety Problems 

Date: 4/27/1993 

Report: 1993 Workshop of the Nuclear Criticality Technology Safety Project, Monterey, California, 
April 27, 1993 

Conference/Journal: Workshop of the Nuclear Criticality Technology Safety Project, Monterey, 
California, April 27, 1993 

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-004 



 

C-14 

14…..…..…………………..…….……..……ID Number…………………..…..…………….14 

Author: Furcola, N. C. 

Title: Standard Test Method for Atom Percent Fission in Uranium and Plutonium Fuel (Neodymium-148 
Method) 

Date: 1/1/1996 

Report: 1996 Annual Books of ASTM Standards, 12.02, E321-96 (1996) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurement of 148Nd by mass spectroscopy in irradiated U fuel with initial Pu 
content of 0 to 50 percent is described as a method for determination of burnup. A blended spike of 150Nd, 
233U, and 242Pu is added to the sample, and then the Nd, U, and Pu fractions are separated from each other 
by ion exchange. The decontaminated Nd is mounted on a re filament for mass analysis. The atom percent 
fission is directly proportional to the 148Nd-to-fuel ratio in the irradiated fuel. 
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Author: Dufour, Ph. / Anzieu, P. / Lecarpentier, D. / Serpantie, JP. 

Title: R and D Trends for The Future Sodium Fast Reactors in France 

Date: 6/8/2006 

Report: 2006 International congress on advances in nuclear power plants - ICAPP'06, Reno - Nevada 
(United States), 4-8 Jun 2006 

Conference/Journal: 2006 International congress on advances in nuclear power plants - ICAPP'06, Reno 
- Nevada (United States), 4-8 Jun 2006 

Conference Session:  

Abstract/Keyterms: The sodium fast reactors are the natural Generation IV candidate, thanks to their 
strong potential for incineration and/or breeding that allow drastic fissile materials economy and fission 
waste products recycling or transmutation. The question is now to make evolve the existing or past projects 
of reactors to systems fully compatible with Generation IV objectives, in particular with regard to the 
economy, durability and safety. This work must be achieved in an international frame which requires a 
sharing of the objectives and will allow, in the long term, the sharing of the activities. However, in order to 
ensure the overall coherence of the various development programs defined within the Gen-IV framework, 
it is necessary to define a new SFR development plan based on the experience gained in France (PHENIX, 
SuperPHENIX) and Europe, in the EFR project. The commonly agreed SFR system issues to be improved 
or further investigated are its capital cost, safety issues (sodium risks, core criticality accidents), and in-
service inspection and maintenance technology. 
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Author: Schmidt, Paul / Schmidt, Konrad / Geiser, Heinz / Schmidt, Paul 

Title: Requirements of Cask-Storage and Cask-Transport Licensing According to IAEA 1996 Rules for 
On-Site Storage of Spent Fuel in Germany - From the Utility's Point of View 

Date: 10/3/2007 

Report: 2007 LWR Fuel Performance Meeting / TopFuel 2007 

Conference/Journal: 2007 LWR Fuel Performance Meeting / TopFuel 2007, San Francisco, CA (United 
States), 30 Sep - 3 Oct 2007 

Conference Session:  

Abstract/Keyterms: As agreed between the German government and the utilities in 2001, all spent fuel 
assemblies (FAs) are now stored inside spent-fuel casks in on-site storage buildings. With the cask being 
the only route of FA disposal, cask licensing has become vital not only for cask vendors, but also for the 
utilities. Recently, the German authorities have taken the switch from the IAEA 1985 to the IAEA 1996 
rules as the basis of the cask transport license as an opportunity to open new areas of discussion. One 
example is the behavior of the fuel assemblies inside the cask during and after the most harmful design 
accidents. Radiation-induced embrittlement of high-burn-up fuel rods (55-65 GWd/tHM FA-avg.) may 
cause failure of fuel rods after the 9 m drop. If one conservatively assumes the leak-tight cask to be flooded 
with water and if one conservatively considers at the same time the fuel released from the high-burn-up 
rods to be fresh fuel, one can construct a situation with questionable criticality safety. Because of these and 
similar considerations, the cask licensing procedure in Germany has become difficult and slow. As a result, 
the German utilities can not reach the FA burn-up levels granted in their operating licenses, as there is no 
cask type licensed that would suffice. Cask vendors, fuel vendors and utilities must work together to solve 
this problem. 
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Author: Soederholtz, Staffan / Ramenblad, Eric / Schroeder, Bjoern 

Title: Approach to Analyze Potentially Limiting Hot Low Power BWR Control Rod Drop Accident 

Date: 10/3/2007 

Report: 2007 LWR Fuel Performance Meeting / TopFuel 2007, San Francisco, CA (United States), 30 
Sep - 3 Oct 2007 

Conference/Journal: 2007 LWR Fuel Performance Meeting / TopFuel 2007, San Francisco, CA (United 
States), 30 Sep - 3 Oct 2007 

Conference Session:  

Abstract/Keyterms: The methodology for RIA evaluations for the BWR units Forsmark 1 and Forsmark 
2 was developed to guarantee that no prompt criticality can occur. However, the current methodology does 
not take void effects into account, and is thus only applicable for cold or hot zero power but not for non-
zero power. During calculations for a planned power up-rate the hot low power scenario became the limiting 
one. The reason is that when evaluating the control rod worth, based on steady state calculations with the 
rod fully inserted and fully withdrawn, steady state T/H conditions are assumed and local voiding after 
withdrawal counteracts some of the reactivity inserted. The true dynamic control rod worth will therefore 
be under predicted. Dynamic 3D analyses with the code POLCA-T show that prompt criticality may occur 
for static control rod worths as low as 400 pcm. In order to avoid impractical and time-consuming dynamic 
cycle specific evaluations, a method of predicting the maximum enthalpy based on static calculations at hot 
low power has been developed. This based on local control rod worth expressed in pcm/% of control rod 
withdrawal and calculated with a constant void distribution (no T/H feedback after withdrawal) between 
each step of withdrawal. The calculations are performed at 2 % of nominal power; at higher power levels 
the void quenches the transient much faster and the resulting fuel enthalpies do not challenge any limit. 
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Author: Adcock, F. E. 

Title: RFD Container Model 55/30 

Date: 9/1/1968 

Report: 2012-68PE 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Sanders, C. E. 

Title: Fuel Handling Facility Criticality Safety Calculations 

Date: 6/30/2005 

Report: 210-00C-FH00-00400-000-00A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this design calculation is to perform a criticality evaluation of the Fuel 
Handling Facility (FHF) and the operations and processes performed therein. The current intent of the FHF 
is to receive transportation casks whose contents will be unloaded and transferred to waste packages (WP) 
or MGR Specific Casks (MSC) in the fuel transfer bays. Further, the WPs will also be prepared in the FHF 
for transfer to the sub-surface facility (for disposal). The MSCs will be transferred to the Aging Facility for 
storage. The criticality evaluation of the FHF features the following: (I) Consider the types of waste to be 
received in the FHF as specified below: (1) Uncanistered commercial spent nuclear fuel (CSNF); (2) 
Canistered CSNF (with the exception of horizontal dual-purpose canister (DPC) and/or multi-purpose 
canisters (MPCs)); (3) Navy canistered SNF (long and short); (4) Department of Energy (DOE) canistered 
high-level waste (HLW); and (5) DOE canistered SNF (with the exception of MCOs). (II) Evaluate the 
criticality analyses previously performed for the existing Nuclear Regulatory Commission (NRC)-certified 
transportation casks (under 10 CFR 71) to be received in the FHF to ensure that these analyses address all 
FHF conditions including normal operations, and Category 1 and 2 event sequences. (III) Evaluate FHF 
criticality conditions resulting from various Category 1 and 2 event sequences. Note that there are currently 
no Category 1 and 2 event sequences identified for FHF. Consequently, potential hazards from a criticality 
point of view will be considered as identified in the “Internal Hazards Analysis for License Application” 
document (BSC 2004c, Section 6.6.4). (IV) Assess effects of potential moderator intrusion into the fuel 
transfer bay for defense in depth. The SNF/HLW waste transfer activity (i.e., assembly and canister transfer) 
that is being carried out in the FHF has been classified as safety category in the “Q-list” (BSC 2003, p. A-
6). Therefore, this design calculation is subject to the requirements of the “Quality Assurance Requirements 
and Description” (DOE 2004), even though the FHF itself has not yet been classified in the Q-list. 
Performance of the work scope as described and development of the associated technical product conform 
to the procedure AP-3.124,”Design Calculations and Analyses.” 
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Author: Santamarina, A. 

Title: Some Problems Related to the Small Zone Experiment Analysis 
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Report: 23rd NEACRP Meeting, at Argonne National Laboratory West, Idaho (USA) 22-26 September 
1980 

Conference/Journal: 23rd NEACRP meeting, at Argonne National Laboratory West, Idaho (USA) 22-26 
September 1980 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-041 
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Title: Taking Burn-up Credit into Account in Criticality Studies: The Situation as it is Now and the Prospect 
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Date: 10/1/1999 

Report: 27th Water Reactor Safety Meeting, October 25-27, 1999, 447-458 

Conference/Journal: 27th Water Reactor Safety Meeting, October 25-27, 1999 
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Abstract/Keyterms:  
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Title: Minutes of the 2nd Meeting of the Expert Group Minimum Critical Values (EGMCV) 
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Report: 2nd Meeting of the Expert Group Minimum Critical Values (EGMCV) 

Conference/Journal: 2nd Meeting of the Expert Group Minimum Critical Values (EGMCV) 
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Abstract/Keyterms:  



 

C-23 

23…..…..…………………..…….……..……ID Number…………………..…..…………….23 

Author: n. a. 

Title: Regulations, Packaging and Transportation, Radioactive Materials, Department of Transportation 

Date: 1/1/1991 

Report: 49 CFR 173.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Scope. (a) This subpart sets forth requirements (2) Radioactive materials contained 
in a medical device, such for the transportation of radioactive materials by carriers and shippers subject to 
this subchapter. The requirements prescribed in as a heart pacemaker, which is implanted in a human being 
or live animal. this subpart are in addition to, but not in lieu of, other requirements set forth in this 
subchapter and in 10 CFR Part 71 for the packaging (3) Radiopharmaceuticals that have been injected into, 
or ingested by, and are still in human beings or live animals, and transportation of radioactive materials. (b) 
This subpart does not apply to: Sec. 173.403 Definitions. In this subpart: (1) Radioactive materials 
produced, used, transported, or stored (a) “A,” means the maximum activity of special form radioactive 
within an establishment other than during the course of transportation. 
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Title: Identification of Lithium Isotopes Using Time-Tagged Neutron Scattering 
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Report: 53rd Annual Meeting of the Institute of Nuclear Materials Management (INMM), Orlando, FL, 
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Conference/Journal: INMM Annual Meeting, Orlando, FL, USA 
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Author: Hurwitz, H. Jr. 

Title: Reactor Startup with Statistical Fluctuations 

Date: 4/1/1960 

Report: 60RL-(2405E) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the early stage of the start-up of a reactor with a small source, statistical fluctuations 
may be important. The influence of these fluctuations will persist in the subsequent stage of the start-up 
when the power level is high in the sense that the early fluctuations provide a statistical distribution of initial 
conditions to be applied in the treatment of the high-level stage. In almost all cases of practical interest, the 
statistical stage will have terminated before the reactivity greatly exceeds delayed critical. Hence, it is 
possible to carry out the statistical analysis on the basis of the approximation that the prompt generation 
time is zero. From this viewpoint the elementary statistical event is the chain of prompt fissions caused 
when a single source neutron or delayed neutron is introduced into the assembly. The distribution function 
of delayed neutron progenitors from a single prompt neutron chain depends on the prompt reactivity at the 
time that the chain occurs. The calculation of this distribution function in terms of the distribution function 
for the emission of prompt neutrons is described. The method is based on the evaluation of the generating 
function by a Laplace transform procedure. The statistical distribution of progenitor population as a function 
of time during the start-up may be calculated in terms of the single prompt chain distribution function by 
generating function techniques, taking into account the dependence of reactivity on time. A formula is 
developed for the probability as a function of time that the delayed neutron progenitor population will be 
smaller than a specified number. A method for solving the generating function equation which is suitable 
for calculating this probability is suggested. This method leads to equations similar to but more powerful 
than the equations for the expectation value and second moment of the progenitor population. 
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Report: 6th Meeting of AER Working Group E on Physical Problems on Spent Fuel, Radwaste and 
Decommissioning of Nuclear Power Plants, Trnava, Slovak Republic, April 24 - 25, 2001 

Conference/Journal: 6th meeting of AER working group E on physical problems on spent fuel, radwaste 
and decommissioning of nuclear power plants, Trnava, Slovak Republic, April 24 - 25, 2001 
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Abstract/Keyterms:  
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Report: 7th AER SYMPOSIUM on VVER Reactor Physics and Reactor Safety Hornitz near Zittau, 
Germany, Sept. 23-26,1997 

Conference/Journal: 7th AER SYMPOSIUM on VVER Reactor Physics and Reactor Safety Hornitz 
near Zittau, Germany, Sept. 23-26,1997 

Conference Session:  

Abstract/Keyterms:  
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Title: CB2 Result Evaluation (VVER-440 Burnup Credit Benchmark) 
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Report: 7th AER Symposium on VVER Reactor Physics and Reactor, Slovakia, October 4-8, 1999 

Conference/Journal: 7th AER Symposium on VVER Reactor Physics and Reactor, Slovakia, October 4-
8, 1999 

Conference Session:  

Abstract/Keyterms:  
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Report: 8th AER Symposium on VVER Reactor Physics and Reactor 
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Pernstejnem, Czech Republic, September 21- 25, 1998 
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Abstract/Keyterms:  
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Conference/Journal: 9th Symposium on Neutrons Dosimetry, Delft, Netherlands, 28/09 - 03/10/2003 
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Title: Modernization of the VVR-S Type Reactors 
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Report: A. A. At. Energ. (USSR), 15, 439-441 

Conference/Journal: A. A. At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Technology / Aluminum / Burnup / Canning / Criticality / Efficiency / Fuel 
Elements / Heat Exchangers / Heat Transfer / Irradiation / Mechanics / Neutron Flux / Operation / Power / 
Reactivity / Reactor Core / Research Reactors / Safety / Surfaces / Temperature / Testing / Thermal 
Neutrons / Traps / Water Coolant / Water Moderator 
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Title: Experimental Study of Interaction in Array of Fissile Spheres 

Date: 4/1/1967 

Report: A. A. At. Energ. (USSR), 22, 312-313 

Conference/Journal: A. A. At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Angular Distribution; 
Criticality; Fissionable Materials; Mass; Multiplication Factors; Neutron Sources; Neutrons; Reflectors; 
Spheres; Uranium Alloys; Uranium 235 
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H2O Critical Assemblies 
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Report: A. A. At. Energ. (USSR), 30, 354-358 

Conference/Journal: At. Energ. (USSR) 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Critical Assemblies; Criticality; Temperature; Water Moderator 
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Author: Hemmings, P. J. / Longworth, T. C. 

Title: Operating Instructions for the Monte Carlo Neutronics Program GEM1 and the Associated Programs 
CHECK and POND 
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Report: A.H.S.B.(S)M.126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Document copy is poor but legible; numerous handwritten markings are present 
throughout. 
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Author: Cole, R. 

Title: A Photographic Study of Pool Boiling in the Region of the Critical Heat Flux 
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Report: A.I.Ch.E. Journal, Vol: 6 

Conference/Journal: A.I.Ch.E. Journal 

Conference Session:  

Abstract/Keyterms: A photographic study was made to investigate the boiling phenomena in the 
neighborhood of the critical heat flux. The system consisted of an electrically heated zirconium … and 
suspended in a pool of water at its saturation temperature. Measurements of bubble diameters, bubble 
positions relative to the heating surface, local bubble frequencies, and contact angles at known time 
intervals were obtained from the film. Results indicate that at high heat fluxes the primary forces acting on 
a bubble leaving the surface are the buoyancy and drag forces. A dimensionless relationship is developed 
relating bubble velocity, bubble diameter, and contact angle at breakoff. Drag coefficients for freely rising 
vapor bubbles in saturated liquid are found to be representable by the usual drag coefficient-Reynolds 
number curves for solid bubble diameter at breakoff is extended to high heat flux values, and a relation 
proposed by Deissler at the critical heat flux is round to yield reasonable agreement with the experimental 
data. 
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Author: Davis, J. W. 

Title: Westinghouse 17x17 MOX PWR Assembly - Waste Package Criticality Analysis (SCPB: N/A) 

Date: 7/15/1996 

Report: A00000000-01717-0200-00031 REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis prepared by the Mined Geologic Disposal System (MGDS) Waste 
Package Development Department (WPDD) to compare the criticality potential of Westinghouse 17 x 17 
mixed oxide (MOX) PWR fuel with the Design Basis spent nuclear fuel (SNF) analyzed previously (Ref. 
5.1, 5.2). The basis of comparison will be the conceptual design Multi-Purpose Canister (MPC) PWR waste 
package concepts. The objectives of this evaluation are to show that the criticality potential of the MOX 
fuel is equal to or lower than the DBF or, if necessary, indicate what additional measures are required to 
make it so. 
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Author: Springer, T. H. / Tuttle, R. J. / Mountford, L. A. 

Title: Quarterly Technical Progress Report LMFBR Physics Programs July-September 1969 

Date: 11/15/1969 

Report: A1-AEC-12884 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Project objectives: The objectives of this project are to (1) determine reactivity, 
temperature, and Doppler coefficients of various materials in a variety of fast reactor spectra/ (2) investigate 
effects due to different geometric arrangements of such materials, including the variation of the surface-to-
mass ratio/ (3) provide experimental results for the purpose of checking theoretical predictions/ and (4) 
develop improved experimental and theoretical methods for treatment of problems in the field of fast reactor 
physics. 
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Title: Fabrication of Zero Power Reactor Fuel Elements Containing 233U3O8 Powder 
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Report: A-2489 

Conference/Journal:  
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Abstract/Keyterms: Early work with U-233, Available through CSIRC/Thomas CD Vol 3B 
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Title: Outline of Experiments Proposed for the Determination of the Critical Mass of Uranium in Aqueous 
Solutions of UO2F2 
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Report: A-3683 

Conference/Journal:  
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Abstract/Keyterms: Contains plans for solution preparation, experiment apparatus, and experiment 
facility. Potentially useful for benchmarking of K-343 experiments. 



 

C-41 

41…..…..…………………..…….……..……ID Number…………………..…..…………….41 

Author: Beck, C. K. / Callihan, A. D. / Murray, R. L. 

Title: Critical Mass Studies, Part 1 

Date: 2/11/1947 

Report: A-3691 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-COMP-THERM-001 



 

C-42 

42…..…..…………………..…….……..……ID Number…………………..…..…………….42 

Author: Crever, F. E. / Dessauer, G. / Ellis, W. H. / German, L. L. / Germer, J. H. / et al. 

Title: Feasibility Report for the Zero Power Pile at the Sacandaga Laboratory 

Date: 5/16/1947 

Report: A-4207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plans for a general-purpose split table experimental assembly to simulate a breeding 
power reactor with HEU fuel, Be moderator, Na coolant, and DU reflector/breeding blanket. Intermediate-
energy spectrum. 
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Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Equations; Errors; Reactors; Volume 
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Abstract/Keyterms: Physics; Fast Neutrons; Group Theory; Reactors; Reflectors; Slowdown 
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Title: A Multi-Group Method for Computing Critical Masses of Intermediate Piles 

Date: 5/9/1947 
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Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Group Theory; Mathematics; Multiplication 
Factors; Reactivity; Reactors 
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Author: Murray, R. / Schmidt, G. W. 

Title: Method of Determining Solid Angles. (Applicable to Critical Mass Studies) 

Date: 11/25/1946 

Report: A-7.390.16; AECD-4056 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Cylinders; Fissionable Materials; Mass; Mathematics; Plates; 
Volume 
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Author: Murray, Raymond 

Title: Calculation of Critical Conditions for Uranyl Fluoride Solutions 

Date: 3/5/1947 

Report: A-7.390.25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Use of early hand calculation methods to predict critical conditions. Done to assist 
design of K-343 solution experiments. 
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Author: Schmidt, George W. / Morfitt, John W. 

Title: Critical Conditions in Pyrex Vessels 

Date: 1/1/1947 

Report: A-7.390.27 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Glass; Mass; Mathematics; Pyrex; Safety; Shielding; Solutions; 
Vessels; Water 
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Author: Duerden, P. / McCulloch, D. B. / Brittliff, E. 

Title: Buckling and Integral Spectrum Measurements in Uranium-235/Beryllium-Oxide Subcritical 
Assemblies 

Date: 7/19/1966 

Report: AAEC/E123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Australian Atomic Energy Commission's feasibility study of a beryllium-oxide 
moderated high temperature gas-cooled reactor system requires survey calculations using computer codes 
capable of dealing in detailed manner with the neutron energy spectrum throughout the range from fission 
to thermal energies. Codes of this type (GMAC, SKATE, and MULGA) have been developed for this 
purpose at Lucas Heights. Experimental data on beryllium-moderated systems, against which these codes 
and the adequacy of the nuclear data used herewith may be checked, have to date been restricted to 
measurements of the materials buckling or reactivity in a number of uranium-235 fueled systems. The 
present series of experiments was carried out to augment the existing data by providing integral spectrum 
measurements to test the adequacy of the spectrum calculations, and to check the techniques of buckling 
measurement as a preliminary to proposed future experiments incorporating resonance absorbers (uranium-
238, thorium-232). 
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Author: Spinks, N. 

Title: A Method for Calculating the Reactivity Worth of Partially Inserted Control Rods Using Two-
Dimensional Geometry 

Date: 4/1/1965 

Report: AAEC/E-134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Control Elements; 
Diagrams; Distribution; Efficiency; Errors; Numericals; Reactivity; Reactor Core; Reactors; Rods; Tables; 
Variations 
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Title: Buckling and Integral Spectrum Measurements in Uranium-233/Beryllium Oxide Subcritical 
Assemblies 

Date: 11/1/1965 

Report: AAEC/E145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As a further step in the study of beryllium-oxide moderated reactor systems, buckling 
and fission rate measurements have been made with uranium-233 / beryllium-oxide systems. Similar work 
on uranium-235 / beryllium-oxide and uranium-233 / beryllium-oxide / fertile material has been previously 
reported. 
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Title: Buckling and Integral Spectrum Measurements in Uranium-235 Fueled Subcritical Assemblies 
Moderated by Beryllium Oxide/Fertile Material Mixtures 

Date: 12/1/1965 

Report: AAEC/E146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of near-homogeneous subcritical experiments is being carried out using 
uranium-235, uranium-233, and plutonium fuels diluted with pure beryllium-oxide, or with beryllium-oxide 
/ natural uranium, or beryllium-oxide / thoria mixtures. Buckling and fission rate measurements have 
already been reported for uranium-235 fuel and beryllia. This report describes similar measurements for 
systems employing the same uranium-235 / aluminum alloy fuel strips and a 5 wt% mixture of natural 
uranium oxide or thorium oxide in beryllium-oxide. 
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Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Burnup; Computers; Critical 
Assemblies; Criticality; Cross Sections; Diffusion; Fuels; Gymea-Code; Homogeneous; Neutrons; 
Numericals; Programming; Reactors 
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Title: Buckling and Integral Spectrum Measurements in Plutonium-239/Beryllium Oxide Subcritical 
Assemblies 
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Report: AAEC/E177 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In a study of beryllium oxide moderated reactor systems, buckling and fission rate 
measurements have been made with plutonium-239 / beryllium-oxide systems. Similar work on uranium-
235 / beryllium-oxide, uranium-235 / beryllium oxide / fertile material and uranium-233 / beryllium oxide 
assemblies has already been reported. 
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Title: Two-Region Critical Experiments on BeO--235U Reactors 
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Report: AAEC/E-228 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Beryllium Oxides; Criticality; 
MOATA Reactor; Moderator-Fuel Ratio; Subcritical Assemblies; Uranium 235 
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Title: Two Group Theory for Exploratory H.T.G.C. Reactor Calculations 

Date: 8/1/1958 

Report: AAEC/E-31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is described for the manipulation of the solutions of two- group diffusion 
theory for a reflected sphere. Matrices are used to give a simple treatment useful for practical computation. 
The critical equation is formulated in terms of a second-order determinant only, which yields a measure of 
the amount of hypothetical absorber required between core and reflector for criticality, and therefore is a 
basis for a comparative study of systems. Sufficient equations are presented to enable both flux and adjoint 
flux distributions to be calculated. In addition, the basic results for the formulation of the critical equation 
for cylinders with either radial or end reflectors are given. 
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Title: Development of a Ten Stage Mixer Settler for U235 Solutions. Part I 
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Report: AAEC/E-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The development of a ten-stage mixer settler is presented. The unit is based on 
extraction conditions expected for Dido reactor fuel elements. Qualitative experimental work is reported 
for a single stage mixer settler. A brief review of the criticality problem for processing uranium235 enriched 
fuel is given and actual dimensions are specified for the case of Dido reactor elements. Proposed work with 
the ten-stage unit is given. 



 

C-60 

60…..…..…………………..…….……..……ID Number…………………..…..…………….60 
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Title: ANAUSN- A One-Dimensional Multigroup Sn Transport Theory Module for the AUS Reactor 
Neutronics System 

Date: 5/1/1982 

Report: AAEC/E-539 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ANAUSN is a general purpose, one-dimensional discrete ordinate transport theory 
program which has access to AUS data pools. Fixed source, reactivity and a variety of criticality search 
calculations can be performed. The program can be operated as a module in the AUS scheme or as a stand-
alone program. 
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Title: The Critical Size of a Bare Spherical Reactor with Anisotropic Diffusion 
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Report: AAEC/E-55 
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Abstract/Keyterms: Using oblate spheroidal co-ordinates, the critical equation for a bare sphere with 
unequal axial and radial diffusion coefficients is derived. A two- group model is used, with the degree of 
anisotropy the same in both groups. 
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Title: A Two-Group Analysis of a Finite Fully Reflected Cylindrical Reactor 
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Report: AAEC/E-57 

Conference/Journal:  
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Abstract/Keyterms: A method is developed for the calculation of the critical size or effective 
multiplication constaut of a fully reflected cylindrical reactor with a uniform core aud uniform reflectors, 
using two-group theory. Solutions of the basic differertial equations are superimposed, and boundrgy 
conditions satisfied by the use of onthogonal functions. The method appears suitable for a small digital 
computer. 
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Report: AAEC/TM-118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Critical Assemblies; 
Differential Equations; Fission; Homogeneous Reactors; Leakage; Resonance; Resonance Escape 
Probability; Slowdown; Temperature 
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Author: Spinks, N. 

Title: A Two-Group End Reflected Cylindrical Reactor Programme for the IBM 1620 

Date: 3/1/1963 

Report: AAEC/TM-184 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program is given to calculate the critical size and the two-group flux distributions 
in a cylindrical reactor with identical top and bottom reflectors. The core is not reflected on the sides. In 
addition to the size and the flux distributions, the program output included the initial fuel investment 
together with parameters which will enable evaluation of the fission heat release distribution. The output 
of a parameter to enable the manual calculation of coolant outlet temperature from a gas cooled reactor is 
also available. The program may be used for reflector savings studies, for heat distribution calculations, or 
as a check program for more ambitious calculations. 
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Author: Keane, A. 

Title: Anisotropy in the Migration Area in a Parallel Slab Subcritical Assembly 

Date: 11/1/1965 

Report: AAEC/TM-302 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Anisotropy; Differential Equations; 
Diffusion; Errors; Exponential Piles; Layers; Neutrons; Numericals; Plates; Thickness 
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Author: McGregor, B. / Richards, A. G. / Wood, R. G. J. 

Title: An IBM 360 Version of the Neutron Diffusion Code CRAM 

Date: 1/1/1968 

Report: AAEC/TM-429 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Computers; Cram-Code; 
Criticality; Differential Equations; Diffusion; FORTRAN; IBM 360; Neutrons; Programming 
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Author: Dalton, A. W. / McCulloch, D. B. 

Title: Preliminary Survey of Requirements for Heavy Water Moderated Reactor Lattice Experiments in the 
Proposed Critical Facility 

Date: 1/1/1968 

Report: AAEC/TM-433 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Control Systems; Analysis; 
Configuration; Control; Control Elements; Critical Assemblies; Criticality; Fuels; Heavy Water Coolant; 
Heavy Water Moderator; Measurement; Mockup; Natural Uranium Fuel; Neutron Flux; Reactivity; Reactor 
Core; Reactors; Steam 
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Author: Doherty, G. 

Title: Theoretical Analysis of Some Heavy Water Natural Uranium Lattices 

Date: 1/1/1968 

Report: AAEC/TM-461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Computers; Configuration; Critical Assemblies; Criticality; Digital Systems; Gymea-Code; Heavy Water 
Moderator; IBM 360 / 50h; Natural Uranium Fuel; Programming; Reactivity; Reactor Core; WDSN-Code 
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Author: Durance, G. / McCulloch, D. B. 

Title: A Theoretical Study of the Use of the Reactor MOATA for Lattice Experiments on Heavy Water 
Moderated Reactor Systems 

Date: 1/1/1969 

Report: AAEC/TM-499 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Test Facilities; Candu-Type 
Reactor; Configuration; Criticality; Distribution; Heavy Water Cooled Reactors; Heavy Water Moderated 
Reactors; MOATA; Mockup; Neutron Flux; Reactivity; Reactor Core; Research Reactors; Water Cooled 
Reactors 
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Author: Pilgenrother, A. / Thomas, W. 

Title: Safety Concepts for the New RBG UO2 Production Plant 

Date: 2/1/1971 

Report: AAEC-LIB/TRANS-416 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Oxides UO2 / Fabrication of, Safety Concepts of Plant for; Nuclear 
Materials Management / Methods for Uranium Dioxide Fabrication 
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Author: Elder, A. J. 

Title: Present Status of Research Reactor Engineering in Argentina 

Date: 5/1/1975 

Report: AAEC-LIB/Trans-566 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An account is given of what has already been done to develop nuclear engineering in 
Argentina through the construction of research reactors. The research reactors currently in operation or 
under construction and the associated experimental facilities are described, reference being made to the 
purposes for which they are used and the problems of operation, maintenance and experiment co-ordination 
involved in trying to achieve optimum utilization. The critical assemblies RA-0 and RA-2, which were built 
mainly for parameter studies in connection with the design of reactors RA-1 and RA-3 respectively, are 
described and an account given of the principal measurements performed with these critical assemblies. A 
description is given of the reactors RA-1 (150 kW) and RA-3 (8 MW), their experimental facilities and the 
organizational aspects of their operation. Associated problems of nuclear fuel supply and the question of 
fuel reprocessing in Argentina are discussed. Mention is made of the zero-power reactor RA-4, which is 
being used for teaching, and of the preliminary plans for a high-flux thermal reactor. The 100-W thermally-
driven fast reactor RA-5 currently in the initial stages of construction is also described. 
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Author: Bardsley, J. / Ridal, A. 

Title: The Fabrication of 233U/Aluminium Fuel Plates for a Sub-Critical Assembly 

Date: 4/1/1966 

Report: AAEC-TM-315 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, and Other Materials; Fabrication 
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Author: Salvatores, M. / Spiro, M. 

Title: The Hybrid Systems 

Date: 12/1/1998 

Report: Aalam Al-Zarra, 58, 7-18 

Conference/Journal: Al-Zarra (The World of Atom) 

Conference Session:  

Abstract/Keyterms: Particle Accelerator / Nuclear Reactor / Nuclear Wastes 
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Author: Casal, J. / Dodig-Crnkovic, G. / Risenmark, S. 

Title: Criticality Safety in Systems with Low Moderator Concentrations 

Date: 12:00:00 AM 

Report: ABB Atom Report BR 91-029 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Dodig-Crnkovic, G. / Aguirre, C 

Title: PHOENIX/KENO Verification: Underwater Close-Packed Storage of LWR Fuel 

Date: 12:00:00 AM 

Report: ABB Atom Report BR 91-323 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Larisch, E. / Shechtman, I. 

Title: On the Possibility of Nuclear Chain Reactions in Light Elements 

Date: 10/1/1956 

Report: Acad. rep. populare Romine, Inst. fiz. atomica si Inst. fiz. Studii cercetari fiz.: Vol: 7 

Conference/Journal: Acad. rep. populare Romine, Inst. fiz. atomica si Inst. fiz. Studii cercetari fiz. 

Conference Session:  

Abstract/Keyterms: The possibility of a self-sustained nuclear chain reaction in a medium composed of 
two light elements is considered. It is assumed that only one reaction takes place in the medium and the one 
of the only two reaction products is a neutron. Charged particles, being in electromagnetic interaction with 
the medium particles, decelerate continuously and transmit only very small portions of their energy. On the 
other hand, neutrons, decelerating by short range collisions may transmit a great part of their energy to one 
particle in a media composed of light nuclei. An expression of the medium particles' current along the 
energy axis given. Then, a general equation is derived for the steady state of the system in the presence of 
neutron external sources. The condition for the system to be tion should have a eigen-value equal to 1. The 
general formula is applied to the particular case when the medium is composed of deuterium and tritium in 
equal atomic concentrations. The calculation is based upon some simplifying assumptions. Supposing the 
existence of a discrete spectrum, the highest eigen-value is found to be 1.25 x 10/sup -3/. In addition, curves 
are given for the neutron production density when external sources emitting neutrons at 2, 14, and 40 Mev 
are present. The conclusion is that such a system, maintaining a steady state without external sources, is 
impossible. A suggestion is proposed as to the direction where the solution to this problem might lie. 
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Author: Rosescu, Th. / Sabau, M. 

Title: Expansion of Experimental Scope of VVR-S Reactor 

Date: 1/1/1962 

Report: Acad. Rep. Populare Romine, Studii Cercetari Fiz.; Vol: 13 

Conference/Journal: Acad. Rep. Populare Romine, Studii Cercetari Fiz. 

Conference Session:  

Abstract/Keyterms: Theoretical and experimental data are given on the technical improvements designed 
for the experimental pressurized water reactor. The feasibility of changing reactor critical dimensions by 
varying reflector thicknesses and changing kinetic properties by varying neutron mean lives is discussed. 
An increase of local fluxes and production of variable spectra are also discussed, as well as the means for 
retaining a maximum sensitivity in measuring various perturbations. 
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Author: Stefan, H. 

Title: Calculation of the Neutron Resonance Absorption in Nuclear Reactors 

Date: 1/1/1965 

Report: Acad. Repub. Pop. Rom. Stud. Cercet. Fiz.; Vol: 17 

Conference/Journal: Acad. Repub. Pop. Rom. Stud. Cercet. Fiz. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Activation; Configuration; 
Cross Sections; Errors; Fuels; Gamma Radiation; Measured Values; Multiplication Factors; Neutrons; 
Numericals; Reactivity; Reactors; Resonance; Resonance Escape Probability; Thorium 232; Uranium 238 
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Author: Stamm'ler, R. J. J. / Abbate, M. J. 

Title: Methods of Steady-State Reactor Physics in Nuclear Design 

Date: 1/1/1983 

Report: Academic Press 

Conference/Journal: Academic Press 

Conference Session:  

Abstract/Keyterms:  
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Author: Gidaspow, D. 

Title: Multiphase Flow and Fluidization: Continuum and Kinetic Theory Descriptions 

Date: 1/1/1994 

Report: Academic Press 

Conference/Journal: Academic Press 

Conference Session:  

Abstract/Keyterms:  
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Author: Lushbaugh, C. C. / Augenste, L. G. / Mason, R. / Zelle, M. 

Title: Reflections on Some Recent Progress in Human Radiobiology 

Date: 1/1/1969 

Report: Academic Press Inc., 277-314 

Conference/Journal: Advances in Radiation Biology, vol. 3 

Conference Session:  

Abstract/Keyterms: Man / Radiosensitivity of, Comparison with Large Animals; Man / Radiation Effects 
on, Review of Recent Literature on; Radiation / Effects on Man, Review of Recent Literature on; Radiation 
/ Dose Estimations for Critical Human Organs During Therapy; Accidents / Radiation, Estimations of 
Lethal Dose to Man During; Cells / Radioinduced Injuries of Human, Repair Mechanisms for; Radiotherapy 
/ Dose to Man During, Review of Estimations of 
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Author: Nicholls, C. M. 

Title: Criticality 

Date: 1/1/1961 

Report: Academic Press, 349-455 

Conference/Journal: Academic Press 

Conference Session:  

Abstract/Keyterms:  



 

C-84 

84…..…..…………………..…….……..……ID Number…………………..…..…………….84 

Author: Greenspan, E. / J. Lewins / M. Becker, Eds. 

Title: Development in Perturbation Theory, in Advances in Nuclear Science and Technology 

Date: 1/1/1976 

Report: Academic Press, New York, N.Y., Vol. 9, I - 268 

Conference/Journal: Academic Press 

Conference Session:  

Abstract/Keyterms:  
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Author: Schapira, J. P. 

Title: Innovative Options for Transmuting Long Lived Nuclear Wastes 

Date: 5/1/1997 

Report: ACCHDG, 6, 19-24 

Conference/Journal: French Chemical Society conference day, Paris (France), 15 May 1997 

Conference Session:  

Abstract/Keyterms: Spent Fuels / Commercial Reactors / Highly Radioactive / Fission Products / 
Actinides / Reprocessing / Direct Disposal / Geological Disposal / Transmutation / Thorium / Sub-Critical 
Reactors / Accelerator Driven Systems 
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Author: n. a. 

Title: Recovery of ICPP from Criticality Event of October 17, 1978 - Part II (Support and Safety 
Justification of the Specific Approach to Emptying H-100) 

Date: 1/1/1979 

Report: ACI-366 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At about 8:40 p.m. On October 17, 1978 a criticality involving about 3~10'~ fissions 
occurred in a solvent extraction column at the Idaho Chemical Processing Plant (ICPP). The plant was 
being operated for the recovery of highly enriched uranium from in-plant created salvage solutions; the 
criticality was proven to have occurred in the first-cycle scrub column (1B). Immediately after the event, 
the plant was shut down and personnel evacuated until very short-lived activity had decayed. On the 
morning of October 18, extensive technical efforts were started to secure the vessel in which the criticality 
was thought to have occurred and to assure that other portions of the plant were suitable for recovery 
actions. As a basis for the recovery operation, diagnostic, planning, experimental, modeling, and other 
technical activities were undertaken to serve as a basis for the recovery procedures to be used and to justify 
their safety. Another document, Part I - Basic Technical Data, contains information about the uranium 
inventory, history of the plant status, the criticality event, support for corrective actions, and the plan of 
action. This document contains information about the plan of action, the options considered, support 
activities for the option selected, action, and safety justifications for that plan of In addition, the appendix 
contains information about emergency contingency plans 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report for July 1, 1959- September 30, 1959 

Date: 10/31/1960 

Report: ACNP-5924 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At Fuel Element Research and Development dynamic and static corrosion tests on 
8001 Al were completed. Annealmmmg of 1100 cladding on 5083 and M400 cladding on X2219 were 
tested at 500 deg C, and investigation continued on producing X8101 Al alloy cladding in tube plates by 
extrusion. Boiler fuel element capsule irradiation tests and subassembly tests are described Heat transfer 
loop studies and fuel fabrication for the critical facility are reported. Boiler fuel element mechanical design 
and testing progress is described, and the superheater fuel element temperature evaluating routine is 
discussed. Low- enrichment superheater fuel element development included design studies and stainless 
steel powder and UO2 powder fabrication studies Reactor Mechanical Studies. Research is reported on 
vessel and structure design, fabrication, and testing, recirculation system design, steam separator tests, and 
control rod studies. Nuclear Analysis. Reactor physics studies are reported on nuclear constants, baffle plate 
analysis, comparison of core representations, delayed neutron fraction, and shielding analysis of the reactor 
building. Reactor and system dynamics and critical experiments were also studied. Chemistry. Progress is 
reported on recombiner. radioactive gas removal and storage, ion exchanger and radiochemical processing. 
(For preceding period see ACNP-5915.) 
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Author: n. a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report for October 1959- December 1959 

Date: 3/15/1960 

Report: ACNP-6001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Technical progress on the research and development program being performed in 
connection with the design of the Sioux Falls Power Reactor is reported. Areas covered in detail include 
fuel element research and development, reactor mechanical studies, nuclear analysis, chemistry, 
instrumentation and control, plant safety analysis, feasibility studies, and steam plant and reactor auxiliary 
systems design. (For preceding period see ACNP-5924.) 
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Author: n. a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, January 1960-March 1960 

Date: 6/15/1960 

Report: ACNP-6006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology / Chemicals / Control Systems / Criticality / Fuel Elements / 
Instruments / Pathfinder / Planning / Power Plants / Production / Reactor Core / Reactors / Safety / Steam 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, October 1960- December 1960 

Date: 4/15/1961 

Report: ACNP-6102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Technical progress on the research and development program being performed in 
connection with the design of the Pathfinder Atomic Power Plant is reported. Studies on fuel material 
cladding, bonding, and irradiation testing, heat transfer and fluid flow, fuel element manufacturing research 
and development, nuclear handling tools, low enrichment superheater fuel element, vessel and structures, 
recirculation system, control rods, guide tube, control rod drives, reactor physics, reactor and system 
dynamics, critical experiments, and initial stability and performance tests are discussed. 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, January 1961-March 1961 

Date: 7/15/1961 

Report: ACNP-6117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Technical progress is reported of research and development in connection with the 
design of the Sioux Falls Power Reactor. Areas covered include fuel- material cladding, bonding, and 
irradiation testing; heat-transfer and fluid flow studies; fuel-element manufacturing research and 
development; construction of nuclear handling tools; design of a low-enrichment superheater fuel element; 
vessel, structure, recirculation system, and control rod studies; analyses of reactor and systems dynamics, 
and critical experiments; and initial stability and performance tests. 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, April 1961-June 1961 

Date: 10/14/1961 

Report: ACNP-6119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preconstruction research and development of the Pathfinder reactor are reported for 
fuel element development, reactor mechanical studies, and nuclear analysis. 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, January 1962-March 1962 

Date: 6/30/1962 

Report: ACNP-62012 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on the research and development program being performed in 
connection with the design of the Pathfinder Atomic Power Plant. The topics covered include: fuel material 
cladding, bonding, and irradiation testing; heat transfer and fluid flow; fuel element manufacturing research 
and development; low-enrichment superheater fuel element design; mechanical studies of control rods, 
guide tubes, and control rod drives; reactor physics; and reactor and system dynamics. 
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Author: n.a. 

Title: Air Force Nuclear Engineering Test Facility Safeguards Report. Volume 1. Text 

Date: 8/1/1963 

Report: ACNP-62599(Vol.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Accidents; AFNETF; Buildings; 
Circuits; Control Systems; Coolant Loops; Criticality; Environment; Fuel Elements; Geology; Hydrology; 
Instruments; Meteorology; Monitoring; Operation; Planning; Pressure Vessels; Radiations; Reactor Core; 
Research Reactors; Safety; Shielding; Testing; Waste Disposal 
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Author: Raby, T. M. / Walthousen, L. D. / Moote, F. G. / Miles, J. L. 

Title: Startup and Midlife Mockup Experiments for SM-1, SM-1a, and PM-2a with Type 3 Elements 

Date: 1/10/1963 

Report: ACNP-62843 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The use of Type 3 fuel elements in the SM-1, SM-1A, and PM-2A reactors was 
evaluated by a series of critical mockup experiments. The burnable poison loading to meet required excess 
reactivity and shutdown margin was determined at core startup conditions. Measurements included control 
rod bank critical positions, bank calibrations, excess reactivity, shutdown margin for critical bank, stuck 
rod configurations, flux suppressor worth, temperature defect, and temperature coefficient at operating 
temperature and pressure. Midlife mockup experiments, made to compensate for fuel burnup, B burnup and 
fission product poison buildup, were performed to check the excess reactivity and shutdown margin at 
approximately the most reactive conditions during core lifetime. All cores meet the design requirements for 
adequate shutdown margin with one control rod fully withdrawn (stuck rod criterion) at any time during 
core life, and for excess reactivity of at least 3; % DELTA K at beginning of core life. 
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Author: Walthousen, L. D. / Raby, T. M. / Moote, F. G. 

Title: SM-1A Core II Zero Power Experiment 

Date: 1/21/1963 

Report: ACNP-62847 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Zero power experiments performed on SM-1A Core II included an element-by- 
element reactivity check of fuel elements and control rod absorber sections and an estimate of burnable 
poison (B10) loading in the stationary fuel elements. SM-1A Core II control rod fuel elements have 4.8 g 
less U235 per element than in SM-1A Core I and Core II has approximately 6 g more burnable poison (B10) 
than Core I. A core assembly test performed by the inverse multiplication approach to criticality led to the 
development of a safe and rapid on-site loading procedure. Critical rod bank positions as a function of fuel 
loading were determined along with a control rod bank calibration. Critical rod configurations for the fully 
loaded core demonstrated that two control rods could be fully withdrawn and a third partially withdrawn 
before the reactor would produce a self-sustaining reaction. Burnup calculations performed for the SM-1A 
Core II indicate that the best estimate of core life is 13.8 Mw-years. 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant. Technical Progress Report, July-September 1963 

Date: 12/30/1963 

Report: ACNP-63034 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in the development of the Sioux Falls Power Reactor is reported. 
Information is presented on: design of underwater control-rod cutting facility; xenon transient studies; 
dynamic performance; pre-critical testing; rod drop calculations; and design of instrumented superheater 
fuel element assemblies. 
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Author: n.a. 

Title: Report on Operation of the Elk River Reactor. Topical Report No. 1. Initial Startup and Testing at 
Atmospheric Pressure for the Period from November 1, 1962 to January 20, 1963 

Date: 6/24/1963 

Report: ACNP-63518(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The following items are described: approach to initial criticality, methods and results 
of tests and measurements, equipment performance, radiation safeguards and radioactive waste disposal, 
water chemistry, and operating procedures and safety practices. Initial criticality was achieved on Nov. 19, 
1962, with 41 elements in the core. The following characteristics were measured: temperature coefficient 
of reactivity, reactivity shutdown margin, control-rod worth, effective multiplication factor, flux 
distribution, and optimum fuel loading. 
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Author: Raby, T. M. 

Title: Reactivity Evaluation of SM-1 Core III Qualification Fuel Plates 

Date: 6/24/1964 

Report: ACNP-63562 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant. Technical Progress Report, October- December 1963 

Date: 2/25/1964 

Report: ACNP-64005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on the development of the Sioux Falls Power Reactor. 
Information is included on: samarium transient behavior, pre- and post-critical testing, physics tests, boiler 
fuel element criticality requirements, and core design. 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant. Technical Progress Report, January-March 1964 

Date: 6/15/1964 

Report: ACNP-64024 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Boiling; Condensers; Criticality; Fuel Elements; Instruments; 
Measured Values; Pathfinder; Planning; Power Plants; Reactor Core; Reactors; Superheating; Testing; 
Water Coolant; Water Moderator 
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Author: Moote, F. G. / Walthousen, L. D. / Miles, J. L. / Raby, T. M. / Clancy, E. F. 

Title: Zero Power Experiments for SM-1 Core III 

Date: 1/1/1964 

Report: ACNP-64517(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity comparisons with standards were made for each element, and 
measurements were made of critical size, shutdown and excess reactivity margins, and stuck rod conditions. 
Detailed reactivity calibrations were made for each of the three different control rod radial positions and 
for the total reactivity of the 5- and 7-rod banks. The temperature coefficient was measured in the 70 to 140 
deg F range, and flux and power distributions were extensively mapped over one-half of the core using 
235U fission foils. The core and experiments are described, and the results are presented, together with 
associated analytical results. 
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Author: Larson, C. / Lacy, P. S. / Nirschl, R. 

Title: Pathfinder Atomic Power Plant. Pathfinder Boiler Core: Slab Experiment Test 301 

Date: 9/1/1964 

Report: ACNP-64601 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boiling; Configuration; 
Control Elements; Crbr; Criticality; Enrichment; Fuel Elements; Mockup; Multiplication Factors; Planning; 
Power Plants; Quantitative Analysis; Reactivity; Reactor Core; Reactor Fueling; Reactors; Rods; Testing; 
Uranium 235 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, April 1964-June 1964 

Date: 4/20/1965 

Report: ACNP-65531 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boilers; Boiling; 
Configuration; Control Elements; Criticality; Diagrams; Efficiency; Enrichment; Fuel Elements; Group 
Theory; Integrals; Mathematics; Mockup; Numericals; Pathfinder; Plates; Power Plants; Reactivity; 
Reactor Core; Reactor Fueling; Reactors; Resonance; Superheating; Tables; Uranium 235; Water Coolant; 
Water Moderator; Zirconium 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, July 1964- September 1964 

Date: 6/1/1965 

Report: ACNP-65557 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Borides; Control 
Elements; Criticality; Diagrams; Fuel Elements; Pathfinder; Power Plants; Reactivity; Reactor Core; 
Reactors; Rods; Stainless Steels; Tables; Variations; Water Coolant; Water Moderator 
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Author: n.a. 

Title: Pathfinder Atomic Power Plant Technical Progress Report, October 1964- December 1964 

Date: 10/1/1965 

Report: ACNP-65589 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boiling; Boron; Control 
Elements; Criticality; Neutron Flux; Pathfinder; Poisoning; Power; Reactivity; Reactor Core; Reactor 
Fueling; Reactors; Rods; Shutdown; Stainless Steels; Standards; Superheating; Water 
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Author: Lacy, P. S. / Kern, R. C. / Lewellen, J. W. / Smith, J. A. 

Title: Pathfinder Atomic Power Plant. Boiler Core and Full Core Critical Experiments 

Date: 1/1/1966 

Report: ACNP-65599 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; CRBR; Criticality; 
Determination; Loading; Measurement; Multiplication Factors; Neutrons; Reactivity; Reactor Core; 
Reactors; Testing 
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Author: Kendrick, E. D. Jr. 

Title: Elk River Reactor Operations Analysis Program Spent Fuel Shipping Cask Criticality Analysis: Task 
617 

Date: 7/1/1966 

Report: ACNP-66551 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors 
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Author: Fisher, J. R. / Kendrick, E. D. / Kruzic, T. P. / Schafer, A. C. Jr. 

Title: Elk River Reactor Operations Analysis Program. Annual Progress Report, July 1, 1965--June 30, 
1966 

Date: 10/31/1967 

Report: ACNP-66557 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Operation & Economics; Analysis- Boron Carbides- 
Control Elements- Distribution- Fuel Elements- Fuels- Loading- Measurement- Operation- Power- 
Reactivity- Reactor Core- Reactors- Rods; Analysis- Coolant Loops- Corrosion- Heat Exchangers- High 
Temperature- Materials Testing- Performance- Stresses- Water; Control- Control Elements- Cooling- 
Operation- Performance- Rods; Err Analysis- Burnup- Criticality- Fuel Elements- Transport- Vessels 
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Author: n.a. 

Title: Initial Testing of the la Crosse Boiling Water Reactor 

Date: 10/31/1968 

Report: ACNP-67533 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Antimony; Beryllium; Boric Acid; Boron Oxides; 
Control Elements; Criticality; Design; Determination; Distribution; Eigenvalues; Environment; Foils; Fuel 
Elements; Irradiation; Lacbwr; Loading; Mathematics; Measurement; Monitoring; Neutron Flux; Neutron 
Sources; Neutrons; Numericals; Power Plants; Radiation Protection; Reactivity; Reactor Core; Reactors; 
Shutdown; Standards; Startup; Testing; Uses; Variations 
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Author: Delegard, C. H. / Gallagher, S. A. 

Title: Effects of Hanford High-Level Waste Components on the Solubility and Sorption of Cobalt, 
Strontium, Neptunium, Plutonium, and Americium 

Date: 1/1/1984 

Report: ACS Symposium Ser. Vol. 246, 95-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments have been performed to identify Hanford high-level waste (HLW) 
solution components that significantly affect the solubility of cobalt, strontium, neptunium, plutonium, and 
americium. Further tests which quantified the effects of the significant components on strontium, 
plutonium, and americium solubility were also performed. The compounds controlling radioelement 
solubility were not identified. Twelve HLW solution components were studied. The components HEDTA 
and EDTA increased cobalt, strontium, and americium solubility through complexation of the metal ions. 
Americium solubility was also increased through apparent complexation by hydroxyacetate and citrate. 
Sodium nitrite decreased neptunium solubility by reduction of Np(VI) to the less soluble Np(V) oxidation 
state. Sodium carbonate and HEDTA increased neptunium solubility through complexation while, 
unexpectedly, EDTA decreased the solubility of neptunium. The components NaNO3, NaOH, and NaAlO2 
increased plutonium solubility through the formation of soluble complexes. 
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Author: Clayton, E. D. / Bierman, S. R. 

Title: Criticality Problems of Actinide Elements 

Date: 9/1/1971 

Report: ACT. LAN. REV., 1, 409-432 

Conference/Journal: Actinides Reviews(Amsterdam) 

Conference Session:  

Abstract/Keyterms: Considerable data now exist for criticality control guidance on uranium-233, 
uranium-235, and plutonium-239. Potential requirements for other actinide elements could now lead to 
production in significant quantities when measured against the amounts that could result in criticality. Thus, 
it is appropriate to consider the criticality aspects of other fissile and fissionable isotopes in view of current 
and future production in addition to the three specific isotopes above. 
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Author: Tarrasa, R. G. 

Title: Derivation of the Kinetic Equations of a Nuclear Reactor Deduced from the Boltzmann Equation 

Date: 1/1/1965 

Report: Acta Cient. Venezol., 16, 219-224 

Conference/Journal: Acta Cient. Venezol., 16: 219-24 (1965) 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Absorption; Boltzmann 
Equation; Criticality; Delayed Neutrons; Differential Equations; Equations; Fission; Leaks; Lifetime; 
Losses; Mathematics; Neutron Flux; Neutrons; Production; Transport; Transport Theory 
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Author: Engelmann, P. 

Title: Experiment on Investigation of Neutron Physics of Steam-Cooled Fast Reactors at SNEAK 

Date: 1/1/1969 

Report: Acta Phys. Austr. 29: 54-85 

Conference/Journal: Acta Phys. Austr. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Research & Test Reactors & 
Critical Assemblies-Kinetics & Dynamics; Criticality; Fast Reactors; Reactivity; Reactor Kinetics; 
SNEAK; Steam Coolant; Superheating 
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Author: Ledinegg, E. 

Title: Correlation Functions of N-Th Order with Poisson Primary Distribution of the Neutron Field 

Date: 1/1/1968 

Report: Acta Phys. Austr., 28: 121-38 

Conference/Journal: Acta Phys. Austr. 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Correlation Functions; Criticality; Differential Equations; 
Neutrons; Poisson Distribution; Reactors; Statistics 
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Author: Pal, L. / Szabo, F. / Gyimesi, Z. / Bata, L. / Turi, L. 

Title: Investigation of the SR-1 Heterogeneous Subcritical Assembly 

Date: 1/1/1960 

Report: Acta Physica Academiae Scientiarum Hungaricae (Hungary) Supersedes Hung. Phys. Actama. 
Surg.; Vol: 12 

Conference/Journal: Acta Physica Academiae Scientiarum Hungaricae (Hungary) Supersedes Hung. 
Phys. Actama. Surg. 

Conference Session:  

Abstract/Keyterms: The results of experiments carried out on the SR-1 heterogeneous subcritical 
assembly consisting of cylindrical fuel elements (enriched in U235 to 10%) and distilled water are reported. 
The critical mass and the effect of local distortions in the core on criticality are determined. The distributions 
of thermal as well as resonance neutrons in the core, in the reflector, and between two adjacent fuel elements 
are measured. The asymptotical distribution of the thermal neutrons in the reflector is studied. 
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Author: Mueller, Hj. / Rabitsch, H. / Schuerrer, F. 

Title: Criticality of Water Reflected Homogeneous Arrays and Heterogeneous Reactor Fuel Elements 

Date: 1/1/1980 

Report: Acta Physica Austriaca, 52, 3-4, 321-329 

Conference/Journal: Acta Physica Austriaca (Austria) 

Conference Session:  

Abstract/Keyterms: The smallest critical masses for fuel elements of research reactors having a medium 
and high enrichment are calculated. The results fit close on the known critical masses of power reactors 
with low enrichment. The comparison of the critical masses of reactor fuel elements and homogenized 
uranium dioxide water systems yields the influence of the homogeneity and of the cladding on the 
criticality. A coefficient for heterogeneity is suggested which takes into consideration these influences. 
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Author: Zeman, J. 

Title: Training Annular Reactor SR-3P with Radial Control 

Date: 6/1/1973 

Report: Acta Polytech. (Prague), IV, no. 3, pp. 75-82 

Conference/Journal: Scientific conference of the Czech Technical University, Prague, Czechoslovakia, 
12 Jun 1973 

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Control Systems; Reactors-Research, Test, Experimental, Zero-
Power & Training Reactors, & Subcritical Assemblies; Nuclear Reactor Technology-Control Systems; Sr-
3p Reactor- Reactor Control Systems; Annular Space; Control Elements; Critical Size; Criticality; 
Multiplication Factors; Neutron Flux 
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Author: Poinssot, C. / Toulhoat, P. / Gras, J. M. / Vitorge, P. 

Title: Long Term Evolution of Spent Fuel in Long Term Storage and Geological Disposal. Status of the 
French Research Program PRECCI 

Date: 1/1/2001 

Report: Actinides 2001, Japan 

Conference/Journal: Actinides 2001, Japan 

Conference Session:  

Abstract/Keyterms:  
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Author: Murray, R. L. 

Title: Excess Fuel Addition 

Date: 5/1/1957 

Report: AD-143396 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel was added to the Raleigh Reactor core in steps of 1.5 g U235 and rinsed with 
water at each stage. Critical control rod position for each fuel addition is tabulated. In addition, semi-log 
plots of counting rate as a function of time are presented, with the best straight line drawn through the data 
for computation of period. The mass coefficient of reactivity is computed to be 3.07 to 5.69 x 10/sup -4/g. 
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Author: Butt, James Douglas 

Title: The Air Force Institute of Technology Subcritical Assembly (Thesis) 

Date: 3/1/1958 

Report: AD-157595 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Air Force Institute of Technology heterogeneous subcritical assembly consists 
of three concentric aluminum tanks mounted on a graphite pedestal. Water in each of the tanks serves as 
moderator, reflector, and shield. A Po--Be neutron source is positioned at any point on the assembly 
centerline by a remotely operated electromechanical control mechanism. Preliminary instrumentation 
consists of a BF3 slow neutron detector, signal amplifiers, and a scalar. 
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Author: Bryan, Robert Howell 

Title: A Comparison of Methods of Reactor Analysis (Thesis) 

Date: 1/1/1953 

Report: AD-21661 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Differential Equations; Diffusion; Fuels; 
Graphite Moderator; Group Theory; Mathematics; Moderators; Neutron Flux; Neutrons; Reactors; 
Spherical Harmonics; Transport Theory; Water Moderator 
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Author: Baker, Herman William 

Title: Solutions of the Two Group Reactor Equations (Thesis) 

Date: 1/1/1953 

Report: AD-21662 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Boiling; Criticality; Differential Equations; Diffusion; 
Distribution; Electronic Equipment; Group Theory; Homogeneous Reactors; Neutron Flux; Neutrons; 
Operation; Planning; Reactor Core; Reactors; Reflectors; Spheres 
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Author: n. a. 

Title: Reactors Developed in the USSR and Its Bloc Countries 

Date: 1/1/1960 

Report: AD-248402; AID-60-77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Tables on reactors developed in the USSR and its bloc countries are presented which 
were compiled from Soviet monographs, reports, conference proceedings, and public media. Research and 
power reactors are included. A bibliography of 146 references is given. 
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Author: Cashwell, R. J. 

Title: Critical Experiment Reactor Gamma-Ray Leakage Studies for RER Operation 

Date: 12/1/1960 

Report: AD-249048; NR-113 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements made on several cores in the CER indicated that the fuel- voided-
center core gave substantially increased gamma leakage flux. The core was fully investigated and checked 
out in the RER. 
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Author: Doss, T. T. 

Title: Neutron Density Distribution in an Unreflected Subcritical Reactor Core (Thesis) 

Date: 6/1/1961 

Report: AD-257584 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The four models used to study neutron distribution are discussed. The thermal neutron 
distribution within the bare core of a subcritical reactor was measured using indium foils as activation 
detectors. Neutron density determinations were made in both the radial and axial directions with a constant 
source of 3.36 x 10/sup 6/ fast neutrons per second located at the center of the core. Those distributions 
were then fitted to those predicted by one-group theory for comparison. Both the axial and radial 
distributions were determined. 
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Author: Gilbert, K. L. 

Title: Neutron Flux Mapping of a Subcritical Reactor Core with a Polyethylene Reflector (Thesis) 

Date: 5/1/1961 

Report: AD-257585 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron distribution of The University of Texas subcritical reactor is described 
by a two-group, three-region diffusion approximation in which the fluxes can be expanded in an infinite 
series of eigenfunctions, W nu, with corresponding eigenvalues, B nu, which form a complete orthogonal 
set. Then diffusion equations expressed in cylindrical geometry were expanded to four terms and a 
computer solution was obtained for the resulting eighth-order matrix. The resulting curves for the axial and 
radial neutron distributions from the core at midplane show that the four-term expansion was completely 
inadequate to obtain sufficient convergence to the experimental curve. Recommendations are given for the 
simplification of the diffusion equations by an approximation in spherical geometry, and for the expansion 
to be carried out to eight terms for an eighth order matrix. 



 

C-128 

128…..…..…………………..…….……..……ID Number…………………..…..…………….128 

Author: Mann, J. H. 

Title: Theoretical Analysis of a Cylindrical Fast Reactor Containing Concentric Annular Voids (Thesis) 

Date: 3/1/1961 

Report: AD-259723; GNE/Phys/61-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first engineering estimates for a proposed fast, pulse-type reactor are presented. 
The reactor consists of a layered structure of thin-walled concentric cylinders composed of uranium and 
10% by weight molybdenum. Design requirements and the advantages of the proposed design over existing 
facilities are discussed. The Multigroup Asymptotic Transport Method was used to determine the material 
buckling and clean-cold critical mass of a solid, bare, cylindrical cylinder, which serves as a base for the 
proposed design. Using a method based on the maximum thermal expansion that occurs throughout the 
operating temperature ranges, the optimum size of the shells and coolant channel voids were determined. 
A central channel, to provide a means for pulsing the assembly, and the annular cooling voids were 
introduced into the core and the effects were analyzed. Then, a new critical mass was computed. 
Performance characteristics during a pulsing cycle were computed, based on the maximum allowable 
temperature rise, and compared to the performance of Godiva II. In all cases, the proposed facility indicated 
a decided improvement over the existing prototypes in its operating capabilities. This analysis appeared to 
indicate that the proposed design is feasible in addition to advancing the "state of the art" as it exists in 
pulsing facilities. 
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Author: Keller, Melvin Reed 

Title: Application of Neutron Group Theory to a Reactor (Thesis) 

Date: 1/1/1954 

Report: AD-35249 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Coolants; Cooling; Criticality; Differential Equations; 
Diffusion; Distribution; Graphite; Group Theory; Homogeneous Reactors; Mass; Neutrons; Poisoning; 
Reactor Core; Reactors; Reflectors; Spheres; Stainless Steels; Uranium 235; Voids; Water Moderator 
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Author: Safonov, G. 

Title: The Effects of Neutron Irradiation on Reactor Fuel Composition and Reactivity. Lecture Notes 

Date: 2/22/1956 

Report: AD-605022 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Decay; Economics; Fuel Elements; 
Neutrons; Nuclear Reactions; Operation; Performance; Poisoning; Power Plants; Quantity Ratio; Radiation 
Effects; Reactivity; Reactors; Uranium 235; Uranium 238 



 

C-131 

131…..…..…………………..…….……..……ID Number…………………..…..…………….131 

Author: Saqui, R. M. 

Title: Multi-Group Discrete Sn Transport Calculation for Cylindrical Geometry (Thesis) 

Date: 5/1/1965 

Report: AD-621021; GNE-Phys-65-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Cylinders; Digital Systems; 
FORTRAN; Gas Fuel; IBM 7094; Neutron Flux; Programming; Quantitative Analysis; Reactors; Rockets; 
Transport Theory 



 

C-132 

132…..…..…………………..…….……..……ID Number…………………..…..…………….132 

Author: Fleming, P. B. 

Title: Determination of the Thermal Neutron Flux Distribution in a Hexagonal Lattice Cell (Thesis) 

Date: 8/1/1965 

Report: AD-621026; GNE-Phys-65-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Distribution; Neutron Flux; 
Quantitative Analysis; Reactor Core; Thermal Neutrons 



 

C-133 

133…..…..…………………..…….……..……ID Number…………………..…..…………….133 

Author: Cuthill, E. / Kenady, S. / Schot, J. / Mejia, R. / Gibson, B. 

Title: The Flame Program Reference Manual 

Date: 1/1/1966 

Report: AD-627892; DTMB-1939 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Digital Systems; Neutron Flux; 
Operation; Programming; Reactors; Univac 
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Author: Cuthill, E. / Lundgren, C. / Schot, J. W. / Kenady, S. E. 

Title: The Flame Operations Manual. Report No. 1938 

Date: 12/1/1965 

Report: AD-627969 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Digital Systems; Neutron Flux; 
Reactors; Univac 
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Author: Hodgson, W. M. 

Title: A Criticality Analysis of the Romashka Reactor 

Date: 1/1/1966 

Report: AD-634506; GSP/PH-66-10 

Conference/Journal: Thesis/Dissertation 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; Power 
Plants; Reactors; Romashka 
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Author: Tumm, G. W. 

Title: Critical Mass Calculations for Coaxial-And Vortex-Flow Gaseous-Core Reactors. Plasma Research 
Laboratory Report No. 26 

Date: 4/1/1966 

Report: AD-635160 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Price, William Thompson 

Title: Theory of the Reflected Reactor with Eccentric Control Rod (Thesis) 

Date: 1/1/1955 

Report: AD-65678 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Control Elements; Criticality; Cylinders; Errors; 
Group Theory; Neutron Flux; Numericals; Reactors; Reflectors; Rods 
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Author: Sholtis, J. A., Jr 

Title: Radial and Axial Neutron Flux Profiling of Small Heterogeneous Reactor Cores by Redistribution 
of Fuel. Final Report 

Date: 3/1/1976 

Report: AD-A-023141 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The lifetime of small heterogeneous reactor cores can be increased significantly by 
flattening the neutron flux radially and axially across the core region. After a reactor core is defined in terms 
of desired size, weight, and fuel loading, it is programmed into KENO, a three-dimensional multigroup 
Monte Carlo criticality computer program, which then calculates k(eff) (a measure of reactor criticality) 
and fission densities throughout the core. The results are graphically represented and attempts are then made 
to flatten the shapes both axially and radially by changing the position of fuel within the core. Two ways 
of profiling the radial fission density shape are considered constant and varying the number of elements in 
each ring and (2) holding the number of elements in each ring constant and varying the radii of the rings. 
Axial flattening is accomplished by moving fuel pellets within a fuel rod. A more precise technique is 
obtained by varying the fuel concentration axially along the core length. For simplicity all fuel element rods 
are considered identical, and the fuel pellets within each rod are symmetrical along its length about the 
central cross section. The progressive alternations toward final neutron flux profiling are illustrated. 
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Author: Cole, R. M. / Gurley, M. K. / Keller, R. D., Jr. / Kirby, K. D. / Turner, S. E. 

Title: Criticality Studies of Graphite Moderated Production Reactors. Final Report 

Date: 1/1/1980 

Report: AD-A-084910 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of the study was to examine the feasibility of using commercially 
available graphite in small production reactors. Three different-size reactors, each with a different coolant, 
were investigated, and an assessment was made of the effect of parasitic neutron-absorbing material in the 
graphite, either as naturally-occurring impurities or as intentionally-added spikants. In addition, a brief 
survey of methods of manufacturing and of purifying graphite was performed. 
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Author: Barlow, R. E. 

Title: System Reliability 

Date: 1/1/1988 

Report: AD-A-209433/2/XAB 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of a system-reliability analysis to acquire information about a system of 
interest relative to making decisions based on considerations of availability, reliability, and safety as well 
as any inherent engineering risks. Broadly speaking, there are two important aspects to a system analysis: 
(1) an INDUCTIVE ANALYSIS stage and (2) a DEDUCTIVE ANALYSIS stage. In the INDUCTIVE 
ANALYSIS stage we gather and organize available information on the system. The author defines the 
system, describes its functional purpose, and determines its critical components. The DEDUCTIVE 
ANALYSIS aspect of a system reliability analysis answers the question: HOW can a system fail (or 
succeed) or be unavailable. A logic network (or fault tree if we are failure oriented) is often the best device 
for deducing how a major system failure event could possibly occur. 
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Author: Banan, F. B. / Clendinning, O. S. / Vollenweider, D. B. / Watson, D. H. / Warlick, C. H. 

Title: Multi-Group Analysis of Nuclear Reactors in Three Space Dimensions 

Date: 4/20/1960 

Report: AD-A-285563/3/XAB 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: TRIXY is a computer program that provides a multigroup analysis of nuclear reactors 
in three space dimensions. The program can be run on an IBM 704 computer that has at least 8192 words 
of memory and six tape units. The input data consist of cross-sections, geometrical configurations 
describing the location of material within the reactor, control rod positions, mesh spacing for the three axes, 
and boundary conditions. For each energy group, g, the program computes phi, the neutron flux, by a 
numerical approximation to the age-diffusion equation. When phi has been calculated for all groups, the 
fission source is computed. The criticality and source error are calculated and printed. 
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Author: Keepin, G. R. / H, Kouts 

Title: Physics of Nuclear Kinetics 

Date: 1/1/1965 

Report: Addison Wesley Pub. Co., Reading, MA, p. 287 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-INTER-009 
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Author: n. a. 

Title: The Shippingport Pressurized Reactor 

Date: 1/1/1968 

Report: Addison-Wesley Publishing 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Greenspan, E. 

Title: Sensitivity functions for uncertainty analysis: Sensitivity and uncertainty analysis of reactor 
performance parameters 

Date: 1/1/1982 

Report: Adv. Nucl. Sci. Technol.; (United States); Volume: 14 

Conference/Journal: Adv. Nucl. Sci. Technol.; (United States) 

Conference Session:  

Abstract/Keyterms: This chapter presents the mathematical basis for sensitivity functions, discusses their 
physical meaning and information they contain, and clarifies a number of issues concerning their 
application, including the definition of group sensitivities, the selection of sensitivity functions to be 
included in the analysis, and limitations of sensitivity theory. Examines the theoretical foundation; 
criticality reset sensitivities; group sensitivities and uncertainties; selection of sensitivities included in the 
analysis; and other uses and limitations of sensitivity functions. Gives the theoretical formulation of 
sensitivity functions pertaining to “as-built” designs for performance parameters of the form of ratios of 
linear flux functionals (such as reaction-rate ratios), linear adjoint functionals, bilinear functions (such as 
reactivity worth ratios), and for reactor reactivity. Offers a consistent procedure for reducing energy-
dependent or fine-group sensitivities and uncertainties to broad group sensitivities and uncertainties. 
Provides illustrations of sensitivity functions as well as references to available compilations of such 
functions and of total sensitivities. Indicates limitations of sensitivity theory originating from the fact that 
this theory is based on a first-order perturbation theory. 
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Abstract/Keyterms: A new neutron absorber material based on a nickel metal matrix composite has been 
developed for applications such as the Transport, Aging, and Disposal (TAD) canister for the Yucca 
Mountain Project. This new material offers superior corrosion resistance to withstand the more demanding 
geochemical environments found in a 300,000 year to a million year repository. The lifetime of the TAD 
canister is currently limited to 10,000 years, reflecting the focus of current regulations embodied in 10 CFR 
63. The use of DOE-owned nickel stocks from decommissioned enrichment facilities could reduce the cost 
compared to stainless steel/boron alloy. The metal matrix composite allows the inclusion of more than one 
neutron absorber compound, so that the exact composition may be adjusted as needed. The new neutron 
absorber material may also be used for supplementary criticality control of stored or transported PWR spent 
fuel by forming it into cylindrical pellets that can be inserted into a surrogate control rod. 
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Abstract/Keyterms: The United States evaluated nuclear database, ENDF/B, is organized and 
implemented by the Cross Section Evaluation Working Group (CSEWG), which is a cooperative 
industrial/governmental activity involving, at its peak, some 20 different organizations. Since its inception 
in 1966, CSEWG systematically improved the evaluated database as new experimental and theoretical 
information became available, periodically issuing new versions of the ENDF/B library. The ENDF/B-VI 
file initially was issued in 1989-1990 and has been followed by three updated releases, with a fourth to 
follow soon. The purpose of this paper is to review the status of the ENDF/B-VI data file and to describe 
recent data testing results obtained with the Monte Carlo N-Particle (MCNP) code. 
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Abstract/Keyterms: Enercon Services, Inc. (ENERCON) was requested under Task Order No.2 to identify 
scientific and technical data needed to benchmark and justify Full Burnup Credit, which adds 16 fission 
products and 4 minor actinides1 to Actinide-Only burnup credit. The historical perspective for Full Burnup 
Credit is discussed, and interviews of organizations participating in burnup credit activities are summarized 
as a basis for identifying additional data needs and making recommendation. Input from burnup credit 
participants representing two segments of the commercial nuclear industry is provided. First, the Electric 
Power Research Institute (EPRI) has been very active in the development of Full Burnup Credit, 
representing the interests of nuclear utilities in achieving capacity gains for storage and transport casks. 
EPRI and its utility customers are interested in a swift resolution of the validation issues that are delaying 
the implementation of Full Burnup Credit [EPRI 2010b]. Second, used nuclear fuel storage and 
transportation Cask Vendors favor improving burnup credit beyond Actinide-Only burnup credit, although 
their discussion of specific burnup credit achievements and data needs was limited citing business sensitive 
and technical proprietary concerns. While Cask Vendor proprietary items are not specifically identified in 
this report, the needs of all nuclear industry participants are reflected in the conclusions and 
recommendations of this report. In addition, Oak Ridge National Laboratory (ORNL) and Sandia National 
Laboratory (SNL) were interviewed for their input into additional data needs to achieve Full Burnup Credit. 
ORNL was very open to discussions of Full Burnup Credit, with several telecoms and a visit by ENERCON 
to ORNL. For many years, ORNL has provided extensive support to the NRC regarding burnup credit in 
all of its forms. Discussions with ORNL focused on potential resolutions to the validation issues for the use 
of fission products. SNL was helpful in ENERCON's understanding of the difficult issues related to 
obtaining and analyzing additional cross section test data to support Full Burnup Credit. A PIRT 
(Phenomena Identification and Ranking Table) analysis was performed by ENERCON to evaluate the costs 
and benefits of acquiring different types of nuclear data in support of Full Burnup Credit. A PIRT exercise 
is a formal expert elicitation process with the final output being the ranking tables. The PIRT analysis 
(Table 7-4: Results of PIRT Evaluation) showed that the acquisition of additional Actinide-Only 
experimental data, although beneficial, was associated with high cost and is not necessarily needed. The 
conclusion was that the existing Radiochemical Assay (RCA) data plus the French Haut Taux de 
Combustion (HTC)2 and handbook Laboratory Critical Experiment (LCE) data provide adequate 
benchmark validation for Actinide-Only Burnup Credit. The PIRT analysis indicated that the costs and 
schedule to obtain sufficient additional experimental data to support the addition of 16 fission products to 
Actinide-Only Burnup Credit to produce Full Burnup Credit are quite substantial. ENERCON estimates the 
cost to be $50M to $100M with a schedule of five or more years. The PIRT analysis highlights another 
option for fission product burnup credit, which is the application of computer-based uncertainty analyses 
(S/U - Sensitivity/Uncertainty methodologies), confirmed by the limited experimental data that is already 
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available. S/U analyses essentially transform cross section uncertainty information contained in the cross 
section libraries into a reactivity bias and uncertainty. Recent work by ORNL and EPRI has shown that a 
methodology to support Full Burnup Credit is possible using a combination of traditional RCA and LCE 
validation plus S/U validation for fission product isotopics and cross sections. Further, the most recent cross 
section data (ENDF/B-VII) can be incorporated into the burnup credit codes at a reasonable cost compared 
to the acquisition of equivalent experimental data. ENERCON concludes that even with the costs of code 
data library updating, the use of S/U analysis methodologies could be accomplished on a shorter schedule 
and a lower cost than the gathering of sufficient experimental data. ENERCON estimates of the costs of an 
updated S/U computer code and data suite are $5M to $10M with a schedule of two to three years. Recent 
ORNL analyses using the S/U analysis method show that the bias and uncertainty values for fission product 
cross sections are smaller than previously expected. This result is confirmed by a similar EPRI approach 
using different data and computer codes. ENERCON also found that some issues regarding the 
implementation of burnup credit appear to have been successfully resolved especially the axial burnup 
profile issue and the depletion parameter issue. These issues were resolved through data gathering activities 
at the Yucca Mountain Project and ORNL. 
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Abstract/Keyterms: The reactor RO is a critical facility built for heavy water and natural uranium or fuel 
of low enrichment. The first criticality was achieved September 25, 1959. The reactor tank is 3.2 m high 
and 2.25 m in diameter. The fuel suspension system is quite flexible in order to facilitate fuel exchange and 
lattice variations. The temperature of the water can be varied between about 10 and 90 deg C by means of 
a heater and a cooler placed in the external circulating system. The instrumentation of the reactor has to 
meet the safety requirements not only during operation but also during rearrangements of the core in the 
shutdown state. Therefore, the shut-down state is always defined by a certain low "safe” moderator level in 
the reactor tank. A number of safety rods are normally kept above the moderator ready for action. For 
manual or automatic control of the reactor power, a specially designed piston pump is needed, by which 
the moderator level is varied. The pump speed is controlled from the reactor power error by means of a 
Ward-Leonard system. Moderator level measurement is made by means of a water gauge with an accuracy 
of plus or minus O.1 mm. 
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Abstract/Keyterms: In a first part of this report, published as AE-195, an account was given of critical 
mass determinations and measurements of flux distribution and reaction ratios in the first assemblies of the 
Fast Zero Power Reactor FRO. This second part of the report deals with various investigations involving 
the measurement of reactivity. Control rod calibrations have been made using the positive period, the 
inverse multiplication, the rod drop and the pulsed source techniques, and show satisfactory agreement 
between the various methods. The reactivity worths of samples of different materials and different sizes 
have been measured at the core centre. Comparisons with perturbation calculations show that the regular 
and adjoint fluxes are well predicted in the central region of the core. The variation in the prompt neutron 
life-time with reactivity has been studied by means of the pulsed source and the Rossi-alpha techniques. 
Comparison with one region calculations reveals large discrepancies, indicating that this simple model is 
inadequate. Some investigations of streaming effects in an empty channel in the reactor and of interaction 
effects between channels have been made and are compared with theoretical estimates. Measurements of 
the reactivity worth of an air gap between the reactor halves and of the temperature coefficient are also 
described in the report. 



 

C-161 

160…..…..…………………..…….……..……ID Number…………………..…..…………….160 

Author: Andersson, T. L. 

Title: Reaction Rate Distributions and Ratios in Fr0 Assemblies 1,2, and 3 

Date: 6/1/1966 

Report: AE-229 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-162 

161…..…..…………………..…….……..……ID Number…………………..…..…………….161 

Author: Andersson, T. L. / Brunfelter, B. / Cecchi, P. F. / Hellstrand, E. / Kockum, J. / Londen, S. O. / 
Tiren, L. I. 

Title: A Summary Report on Assembly 3 of FRO 

Date: 6/1/1966 

Report: AE-233 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The third core of the zero energy fast reactor FRO consisted of 20% enriched uranium 
diluted to 29 v% with graphite and had a volume of 50 litres. Like previous cores it was surrounded by a 
thick copper reflector. The report summarizes measurements of critical mass, control rod reactivities, fine 
structure flux variations and conversion ratio. In particular, effects associated with the heterogeneous 
arrangement of the uranium and graphite plates are examined. 
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Abstract/Keyterms: The fast reactor blanket experiments in the FRO critical assembly include a detailed 
study of the spatial distribution of some important reaction rates such as 238U sub (c), 235U sub (f), 238U 
sub (f) and 239Pu sub (f) throughout some simple blanket geometries. Eleven different blanket 
arrangements were studied. Two different core compositions were used. The blanket arrangements were 
assembled from parallelepipedic steel tanks containing encapsulated UO2 -rods that had been arranged in 
hexagonal lattices. The space between the rods was filled with solid sodium which had been introduced 
into the tanks by a casting procedure. The tanks available for the measurements contained natural, 1.2 
percent and 1.8 percent enriched UO2 respectively. The enriched uranium was used to simulate a plutonium 
build up in the blanket. To summarize, it is concluded that the neutron flux density in the blanket decreases 
less rapidly with the distance from the core than is shown in the calculations. The C/E ratio 
(Calculation/Experiment) is usually in the range 1.0-0.8 for the inner and central parts of the blanket and 
about 0.7-0.9 for the outer parts of the blanket. Best agreement between measured and calculated data is 
obtained for the 238U sub (c) reaction rate, whereas the largest discrepancies are observed for the... 
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spacing void, and temperature (20 < T. < 90 deg C). The change of diffusion coefficients (about 6 to 8%) 
caused by voids was studied with single test fuel assemblies. The progressive substitution measurements 
were analyzed by means of a modified one-group perturbation theory in combination with an 
unconventional cell definition. The buckling differences between test and reference lattices were of the 
order of -1.0 to -3.5 m/sup -2/. The results of the exponential and the critical experiments were compared 
with similar measurements on the same kind of fuel. This companison showed that the results of the various 
experiments agree quite well, whereas theoretical predictions fail in the extreme ranges. 
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Author: Murray, R. L. / Schmidt, G. W. 

Title: Criticality in Untamped Uranium Solutions 

Date: 1/1/1947 

Report: AECD-4190 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Diffusion Length; Energy; Fermi Age; Impurities; Neutrons; 
Quantitative Analysis; Reflectors; Solutions; Uranium 235; Water 
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Author: Morfitt, John W. / Murray, Raymond / Schmidt, George W. 

Title: Critical Conditions in Cylindrical Vessels 

Date: 1/22/1947 

Report: AECD-4191 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Early hand calculation methods to estimate process limits for HEU solution 
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Author: Snyder, T. M. 

Title: The Effects of Internal Conversion on Critical Mass and Operating Life of a Thermal Reactor 

Date: 7/21/1952 

Report: AECD-4217; MEMO-TMS-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Conversion; Criticality; Fuels; Internal Conversion; Mass; Operation; 
Reactor Fueling; Reactors; Thermal Neutrons 
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Author: King, J. S. 

Title: Self-Shielding Measurements in PPA-20 

Date: 9/9/1954 

Report: AECD-4226; MEMO-JSK-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Activation; Boron; Cadmium; Foils; Gold; Irradiation; 
Mathematics; Measured Values; Neutrons; Performance; Reactivity; Reactors; Shielding; Silver; Uranium 
235; Uranium 238 
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Author: Linsmayer, R. M. / Seybolt, A. U. 

Title: Hot Coining Beryllium 

Date: 9/24/1948 

Report: AECD-4228; MEMO-RML-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mineralogy, Metallurgy, and Ceramics; Adhesion; Beryllium; Configuration; 
Criticality; Deformation; Dies; Graphite; High Temperature; Hot Working; Layers; Lubrication; 
Machining; Pressure; Uses; Variations 
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Author: Auerbach, T. 

Title: K(inf) in Uranium-Water Lattices 

Date: 7/28/1955 

Report: AECD-4229 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Enrichment; Multiplication Factors; Quantitative Analysis; 
Reactors; Uranium; Water; Water Moderator 
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Author: Miraldi, F. D. / et al. 

Title: Criticality Studies of Interacting Cylindrical Systems 

Date: 1/1/1954 

Report: AECD-4231 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Cylinders; Enrichment; Multiplication Factors; 
Neutron Flux; Nuclear Reactions; Reactors; Reflectors; Solutions; Transport Theory; Uranium 235; Water; 
Water Moderator 
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Author: Paxton, H. C. 

Title: Booby Traps 

Date: 1/1/1957 

Report: AECD-4240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Bessel Functions; Boundary Conditions; Critical Assemblies; 
Criticality; Differential Equations; Diffraction; Dispersion Relations; Electric Conductivity; Excursions; 
Fluids; Liquids; Magnetic Fields; Mathematics; Mercury; Pressure; Prompt Neutrons; Pulses; Radiations; 
Reactor Safety; Scalers; Sodium; Stability; Viscosity 
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Author: Starr, E. / Toops, E. C. 

Title: Results of Experiment 1 FCE Calibration with Borax Core 

Date: 10/1/1956 

Report: AECD-4242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The justification of using polyethylene whose hydrogen density of 0.132 gm/cm/sup 
3/ with a distributed void of 15.9% as a mockup of water at 70 deg F and having a hydrogen density of 
0.111 gm/cm/sup 3/ was tested. A mockup close to the BORAX core was built and its critical mass 
determined. Corrections were calculated for differences in the hydrogen density and self shielding of the 
fuel. The effective FCE critical mass agreed with that of the BORAX core to within one percent. 
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Author: Engle, Leon B. 

Title: Critical Masses of Mildly Diluted U235 Systems Derived from Reactivity Contribution Data 

Date: 1/1/1956 

Report: AECD-4245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Configuration; Critical Assemblies; Criticality; Cross Sections; 
Enrichment; Equations; Mass; Reactivity; Transport; Uranium 235; Volume 
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Author: Nielsen, M. J. / Webster, J. W. 

Title: Solution of Kinetic Equations of Cylindrical Liquid Fuel Reactor 

Date: 9/18/1951 

Report: AECD-4249 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is presented for solving the non-linear equations which attempt to predict 
the kinetic behavior of the liquid-fuel Aircraft Reactor Experiment. Equations describing the flux and 
temperature of the reactor components are given. Problems considered include response to a sudden control 
rod motion, response to a sudden change of inlet coolant temperature, and response to a sudden damage of 
inlet coolant temperature when the control rod is activated by a certain function of the inlet and outlet 
coolant temperatures. 
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Author: Rohr, R. C. / Henry, H. F. 

Title: Estimates of Minimum Critical Volumes 

Date: 2/15/1952 

Report: AECD-4264; KS-267(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made of the available high-assay criticality data for materials of 93.4% 
and 95.3% U235, and minimum critical volumes were estimated for several conditions. The data, estimated 
for aluminum and stainless steel containers, water and air reflected, and with and without shielding, are 
tabulated. 
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Author: Callihan, A. D. / Henry, H. F. / Macklin, R. L. 

Title: Uranium-235 Critical Mass Dependence on Moderation 

Date: 9/22/1952 

Report: AECD-4265, KS-315(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Based on experimental data and on conservative theoretical considerations, an 
estimate has been made of the relation of the minimum U-235 critical mass to the hydrogen moderation for 
uranium material at the U-235 assays for which experimental information is available. These estimates have 
been used in indicating maximum safe amounts for conditions where definite moderation limitations can 
be established. 
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Author: Henry, H. F. / Newlon, C. E. 

Title: Variation of Critical Parameters between U-235 Arrays of 4.9% and 93.4% 

Date: 10/23/1953 

Report: AECD-4266 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The minimum critical mass, volume, and cylinder diameter for U of 4.9% U235/ 
assay were determined as 1.63 kg, 32.1 liters, and 10.7 in., respectively. Curves have also been prepared by 
applying the same constant correction to each minimum parameter curve that was used in establishing 
always- safe” values for 93.4% assay material. These reduction curves may serve as possible criteria for 
establishing always-safe” values over a wide range of U235 assays. 
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Author: Henry, H. F. / Newlon, C. E. 

Title: Variation of Critical Parameters Between U-235 Assays of 4.9 Percent and 93.4 Percent 

Date: 10/23/1953 

Report: AECD-4266; KS-399(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The minimum critical mass, volume, and cylinder diameter for U of 4.9% U235 assay 
were determined as 1.63 kg, 32.1 liters, and 10.7 in., respectively. Curves have also been prepared by 
applying the same constant correction to each minimum parameter curve that was used in establishing 
“always-safe” values for 93.4% assay material. These reduction curves may serve as possible criteria for 
establishing always-safe” values over a wide range of U235 assays. 
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Author: Linenberger, G. A. 

Title: A Uranium Critical Assembly at Low U235 Concentration 

Date: 1/1/1956 

Report: AECD-4285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A critical metal assembly is described that has a cylindrical core of uranium with an 
average U235 concentration of 161/4% and a 3 inch reflector of natural uranium. The critical mass was 
determined to be 692 plus or minus 4 kg of core material, from which a value for the critical mass of a bare 
sphere, having the same concentration, is calculated. Measurements of the prompt neutron decay constant, 
reactivity contributions of several materials, and radial and axial variations of fission rates of U235 U238 
and Np237 as well as ratios of fission cross sections for these isotopes, are reported. 
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Author: Oravec, F. 

Title: Survey of Soviet Reactors (Status According to Published Reports Up to September 15, 1958) 

Date: 1/1/1958 

Report: AECL-1011 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Westcott, C. H. 

Title: Effective Cross Section Values for Well-Moderated Thermal Reactor Spectra 

Date: 11/1/1960 

Report: AECL-1101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document replaces the earlier versions (CRRP-680 and CRRP-787) and now 
employs the σ (E) information contained in Supplement 1 (1960) of the 2nd edition of BNL-325 and other 
data privately collected to a cut-off date of April 1, 1960. The compilation is also enlarged to include higher 
temperatures (thus superseding CRRP-862) and for the first time also includes s-factors calculated using 
the epithermal cut-off functions exhibiting a maximum at just above the cut-off energy, which have recently 
been indicated by Swedish and U.K. measurements, as well as by analysis of some calculated spectra. As 
in the earlier compilation, the notation of the author's Geneva Conference (1958) paper is used, the effective 
cross section σ being given in terms of the 2200 m/sec. value σo by the relation σ σo (g + rs), where g and 
s are the factors listed in this compilation and r is a measure of the proportion of epithermal neutrons in the 
reactor spectrum. 
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Author: Hollies, R. E. / Rae, H. K. 

Title: Chemical Aspects of the Use of Soluble Poisons for Reactivity Control in CANDU. II. Reactor 
Poison Deposition on Moderator System Surfaces 

Date: 1/1/1961 

Report: AECL-1389; CRCE-1039 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The deposition of boron from boric acid and cadmium from cadmium sulfate 
solutions on Zircaloy, stainless steel, and aluminum was measured. On Zircaloy and stainless steel the 
amount deposited will have a negligible effect on reactivity in CANDU. Cadmium sulfate is recommended 
as the preferred soluble poison with the provision that the equivalent pH of the moderator be maintained at 
6 or below. The small amount of deposition found can be explained in terms of ion exchange on the oxide 
film covering the metal. 
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Author: Green, R. E. / Bigham, C. B. 

Title: Uranium Dioxide Lattice-Parameter Measurements in ZED2 

Date: 9/1/1963 

Report: AECL-1814 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ZED-2 reactor at Chalk River is a deuterium oxide-moderated, zero-power, 
critical facility in which experiments are done to determine the parameters of lattices of fuel assemblies 
which are possible contenders as fuel for nuclear power stations. Detailed lattice parameter measurements 
have been made for lattices of fuel assemblies which are similar to the fuel channels of the NPD and 
CANDU power reactors. Experimental results for lattices of NPD Type 7-rod uranium-dioxide fuel bundles 
were presented at the IAEA panel meeting on heavy water lattices in Vienna in February, 1963. This paper 
describes the results that have been obtained for lattices of CANDU Type19-rod uranium-dioxide fuel 
bundles. 
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Author: Aleksenko, U. N. / Buinitskaya, V. I. / Zaslavskii, V. V. / Zvonov, N. V. / et al. 

Title: Critical Experiments with the Organic Coolants Mono-Isopropyldiphenyl and Gas Oil 

Date: 1/1/1964 

Report: AECL-2330, 218-232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron physics for polyphenyl-type moderators is similar to that for water 
moderators. However, certain peculiarities in the molecular structure and the different atomic compositions 
of organic moderators compared with that of water give the organic moderators special characteristics from 
the point of view of their moderating properties. We have conducted critical experiments using fuel 
elements of type EK-10 (these are standard fuel elements used in reactors of type VVR-S) and the organic 
moderators mono-isopropyldiphenyl (which is a product of the alkylation of diphenyl) and gasoil (a straight 
distillation fraction of natural oil representing a mixture of aromatic napthene and paraffin hydrocarbons) 
as well as an aqueous moderator. The results of these experiments led to the construction of an experimental 
organic-moderated reactor. The output capacity of the reactor was 300 kW. The main results of these critical 
experiments, the description of the OR reactor and the results of several measurements carried out on this 
reactor are described below. 
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Author: Urova, L. N. / Polyakov, A. A. / Klenov, G. I. / Morosov, I. G. / Inyutin, E. I. / Sidorov, G. I. 

Title: A Study of the Physical Characteristics of Hydrogen-Containing Reactors in the Critical Region 

Date: 1/1/1964 

Report: AECL-2330, 233-250 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The physics of reactors using an organic moderator-coolant is, in many respects, 
similar to the physics of an aqueous reactor, since in both cases hydrogen plays the main role in the process 
of neutron moderation. However, the hydrogen density in organic moderators may be significantly different 
from its density in water. It is therefore expected that there will be some differences in the values of the 
core parameters between organic and aqueous-moderated reactors. The optimum lattice pitch and the 
neutron leakage from the system, both of which depend to a considerable extent on the values of the 
moderating parameters and the diffusion of thermal neutrons, must also be different for organic and aqueous 
reactors. Because of the above considerations an experimental comparison of the two moderators, in 
identical critical conditions is of interest. In the experiments to be described the organic moderator was 
chosen from the class of alkyl-substituted polyphenols, viz. mono-isopropyl-diphenyl, C15H16. The 
schematic of the critical test assembly is shown. 
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Author: Serdula, K. J. / Green, R. E. 

Title: Lattice Measurements with 19-Element Natural Uranium Metal Assemblies. Part 1-Bucklings for a 
Range of Spacings with Heavy Water and Helium Coolants 

Date: 10/1/1965 

Report: AECL-2516 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Bucklings derived from activation measurements in the ZED-2 reactor are given for 
19-element natural uranium metal assemblies. Measurements made in triangular arrays of 55 assemblies at 
pitches in the range 20 to 40 cm. Coolants used were/ (1) deuterium-oxide of moderator purity, (2) helium 
to simulate a voided condition. Bucklings obtained with helium as coolant are higher than those for 
deuterium-oxide coolant for the pitches investigated. 
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Author: Serdula, K. J. 

Title: Lattice Measurements with 19-Element Natural Uranium Metal Assemblies. Part II. Relative Total 
Neutron Densities and Hyperfine Activation Distributions in a Lattice Cell 

Date: 12/1/1965 

Report: AECL-2523 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Air; Configuration; Critical 
Assemblies; Diagrams; Distribution; Fuel Elements; Heavy Water Coolant; Natural Uranium Fuel; Neutron 
Flux; Numericals; Research Reactors; Tables; ZED-2 
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Author: Stewart, J. D. 

Title: Examples of Calculation of Neutron Diffusion Parameters of a Parallel-Plate Lattice 

Date: 2/1/1966 

Report: AECL-2543; CRRP-1233 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Okazaki, A. / Craig, D. S. 

Title: Determination of Lattice Parameters Using a Few Rods 

Date: 3/1/1967 

Report: AECL-2593 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Coolants; Criticality; Fast Fission Factor; Fuel Elements; Heavy Water Moderator; Helium; 
Micrete-Code; Natural Uranium Fuel; Neutron Flux; Parameters; Programming; Research Reactors; 
Standards; Uranium; Uranium Dioxide; Westcott Parameters 
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Author: Okazaki, A. / Craig, D. S. 

Title: A Determination of Lattice Parameters Using a Few Rods. Corrigendum 

Date: 1/1/1969 

Report: AECL-2593(Suppl.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality / Calculation of Lattice Parameters, Error Analysis of Persson Method for 
Few Rod Substitution; Neutrons / Flux Distribution in Few Rod Lattice, Error Analysis of Persson Method 
for 
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Author: Serdula, K. J. 

Title: Lattice Measurements with 28-Element Natural Uranium Dioxide Fuel Assemblies Part 1. Bucklings 
for a Range of Spacings with Three Coolants 

Date: 7/1/1966 

Report: AECL-2606 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Bucklings derived from activation measurements in the ZED-2 reactor are given for 
28-element natural uranium-oxide fuel assemblies. Measurements were made in deuterium-oxide-
moderated triangular arrays of 55 assemblies at pitches in the range 20 to 40 cm. The three coolants used 
were. (1) deuterium-oxide of moderator purity. (2) helium to simulate a voided condition. (3) HB-40, an 
organic liquid. Bucklings obtained with helium as coolant are greater than those for deuterium-oxide and 
HB-40 coolants for the pitches investigated. Macroscopic variations of the indium-cadmium ratio were 
measured with deuterium-oxide and HB-40 coolants within the range of pitches studied. 
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Author: Kay, R. E. / Green, R. E. 

Title: Lattice Measurements with 7-Rod Clusters of Natural Uranium Carbide in Heavy Water Moderator. 
Part II. Neutron Spectrum Parameters in a Lattice Cell 

Date: 12/1/1966 

Report: AECL-2651 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Test Facilities; Activation; 
Configuration; Critical Assemblies; Fuel Element Clusters; Fuel Elements; Heavy Water Moderator; 
Lutetium Alloys; Manganese Alloys; Measurement; Neutrons; Uranium Carbides Indium Alloys 
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Author: Green, R. E. / Kay, R. E. / Colpitts, C. W. 

Title: CANDU-BLW Experiments in ZED-2. Part III. Buckling and Loss of Coolant Experiments 

Date: 5/1/1967 

Report: AECL-2691 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Air; 
Buckling; Coolants; Critical Assemblies; Losses; Neutrons; Reactivity; Research Reactors; Rods; Uranium 
Dioxide; Water Moderator; ZED-2 
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Author: Green, R. E. / Kay, R. E. / Halsall, M. J. 

Title: Integral Neutron Spectrum Measurements in Heavy Water Lattices and a Comparison with Theory 

Date: 6/1/1967 

Report: AECL-2707 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Air; Burnup; 
Configuration; Coolants; Cross Sections; Exponential Piles; Fuels; Heavy Water Coolant; Heavy Water 
Moderator; Lattices; Neutrons; Organic Coolant; Reactors; Research Reactors; Spectra; Temperature; 
Uranium; Uranium Carbides; Uranium Dioxide; Variations; ZED-2; ZEEP 
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Author: Pasanen, A. A. / Blansche, J. F. 

Title: Douglas Point HWR Startup Physics Measurements and Predictions 

Date: 1/1/1967 

Report: AECL-2712; CONF-680601-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Kinetics & Dynamics; Analysis; Candu; Criticality; 
Measurement; Reactivity; Reactors; Startup 
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Author: Serdula, K. J. / Green, R. E. 

Title: Lattice Measurements with 28-Element Natural UO2 Fuel Assemblies. Part II. Relative Total 
Neutron Densities and Hyperfine Activation Distributions in a Lattice Cell 

Date: 1/1/1967 

Report: AECL-2772 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Activation; 
Configuration; Criticality; Distribution; Measurement; Moderators; Natural Uranium Fuel; Neutron Flux; 
Neutrons; Reactor Core; Research Reactors; Uranium Dioxide; ZED-2 
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Author: Okazaki, A. / Durrani, S. . A. 

Title: Lattice Measurements with 19-Element Rods of ThO2-235UO2 in Heavy Water Moderator. Part I. 
Buckling, Fine Structure, and Neutron Spectrum Parameters 

Date: 1/1/1967 

Report: AECL-2778 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Oxides UO2 / ThO2-UO2, Lattice Parameter Measurements in Heavy Water 
Moderated 19-Rod Clusters of Uranium-235 Enriched; Reactors, Research / Lattice Parameter 
Measurements on Heavy Water Moderated 19-Rod Clusters of Enriched-Uranium Oxide (UO2)-Thorium 
Oxide in ZED-2; Thorium Oxides ThO2 / ThO2-UO2, Lattice Parameter Measurements in Heavy Water 
Moderated 19-Rod Clusters of Uranium-235 Enriched 
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Author: Okazaki, A. 

Title: Lattice Measurements with 19-Element Rods of ThO2-235UO2 in Heavy Water Moderator. Part II. 
Relative Fission Rates, Fast Fission Ratio, Conversion Ratio, and Comparison with Calculations 

Date: 1/1/1968 

Report: AECL-2779 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Air/Effects on Physics Measurements of Thorium Oxide ThO2; uranium Oxide 
(UO2)-Fueled Heavy Water-Moderated 19-Element Candu Rod-Type Assembly, analysis of, Water-D2 
Effects on Physics Measurements of Thorium Oxide ThO2; uranium Oxide UO2-Fueled Heavy Water-
Moderated 19-Element Candu Rod-Type Assembly, analysis of; Uranium Oxides UO2/ThO2-UO2 Fuel 
Rods of Heavy Water-Moderated 19-Element Critical Assembly, Physics Measurements in Candu-Type; 
Thorium Oxides ThO2/ThO2-UO2 Fuel Rods of Heavy Water-Moderated 19-Element Critical Assembly, 
Physics Measurements in Candu-Type; Water/Effects on Physics Measurements of Thorium Oxide ThO2 
Uranium Oxide UO2-Fueled Heavy Water-Moderated 19-Element Candu Rod-Type Assembly, analysis 
of; Terphenyl/Effects on Physics Measurements of Thorium Oxide ThO2 Uranium Oxide UO2-Fueled 
Heavy Water- Moderated 19-Elements 
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Author: Mehta, S. L. / Serdula, K. J. 

Title: Integral Measurements for 28-Element Uranium-Dioxide Assemblies with Air, Water, and Air-Water 
Mixture Coolants 

Date: 7/1/1969 

Report: AECL-3416 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Detailed integral measurements were made for heavy water moderated lattices of 28-
element uranium-oxide clusters at a triangular pitch of 30 cm. Fast fission ratios, initial conversion ratio, 
and radial cell fine structure measurements were made with three coolants/ water of densities 1.0 and 0.41 
gram/cc and air. 
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Author: n.a. 

Title: Biology and Health Physics Division Progress Report, October 1--December 31, 1970 

Date: 10/31/1971 

Report: AECL-3860; PR-B-88 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Life Sciences--Radiation Effects on Biochemicals; Life Sciences--Radiation Effects 
on Animals--Invertebrates; Life Sciences--Radiation Effects on Animals--Vertebrates; Life Sciences--
Health Physics & Safety--Radioactive Contamination & Decontamination; Life Sciences--Ecology--
Interrelation; Life Sciences--Health Physics & Safety--Dosimetry & Monitoring; Abundance-- Calcium 47-
- Cesium 137-- Chalk River-- Cobalt 60-- Environment-- Fallout-- Fish-- Metabolism-- Monitoring-- 
Plants-- Plutonium-- Strontium 85-- Strontium 90-- Tritium; Accidents-- Beta Particles-- Criticality-- 
Electron Beams-- Energy Losses-- Gamma Radiation-- Instruments-- Molecules-- Monitoring-- Neutrons-
- Radiation Doses; Bacteriophages-- Mutations-- Radiation Effects-- Temperature-- Ultraviolet Radiation-
- Yeasts; Computers-- Embryos-- Fertility-- Fish-- Gamma Radiation-- Man-- Populations-- Radiation 
Effects-- Rats- - Sperm-- Weight-- X Radiation; Dna-- Escherichia Coli-- Micrococcus Radiodurans-- 
Radiation Effects 
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Author: Cowper, G. 

Title: Health Physics Branch 

Date: 1/1/1971 

Report: AECL-4052 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; Air; 
Alpha Particles; Beta Particles; Chalk River; Cobalt 60; Contamination; Counters; Criticality; Detection; 
Dosemeters; Dosimetry; Electron Beams; Energy Losses; Filters; Gamma Radiation; Instruments; Iodine; 
Irradiation Devices; Mockup; Monitoring; Neutron Spectra; Neutrons; Personnel; Pulse Generators; 
Radiation Doses; Radiosensitivity; Semiconductor Counters; Spectra; Thermal Neutrons; 
Thermoluminescence; Tritium; Water; X Radiation 
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Author: Mcdonnell, F. R. N. / Okazaki, A. 

Title: Static Measurements in Coupled Cores in the ZED-2 Reactor 

Date: 11/15/1971 

Report: AECL-4061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The coupling between two halves of a 15 cm pitch lattice of 112 ZEEP rods was 
studied as a function of separation. At the 6 pitch, i.e., 90 cm separation, the cores are still strongly coupled. 
The difference in k(eff) for the split core and the half core at the half core critical height is 15.3 mk. A row 
of ZEEP rods between the two halves (Core E) increases the coupling and a row of H2O-filled tubes 
decreased the coupling. The MICRETE-4 calculations of the critical heights are in general in good 
agreement with the measurements, the largest discrepancies up to 3 mk being for the cores with the row of 
H2O-filled tubes. The calculated and measured critical height changes for the insertion of a cobalt wire 
absorber are in good agreement. The calculated and measured flux distributions agree in the core, but in the 
heavy water region outside eccentrically located cores the calculated fluxes are too low. 
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Author: Keller, N. A. 

Title: Validation of the KENO and SU-Hammer Codes for Plutonium Systems 

Date: 7/1/1976 

Report: AECL-5535 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The computer codes KENO and SU-HAMMER were used to calculate a number of 
critical experiments for plutonium solutions, over a wide range of hydrogen/plutonium atom ratios and a 
number of plutonium-240 contents. Both codes proved to be suitable for use in criticality safety 
calculations. 
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274…..…..…………………..…….……..……ID Number…………………..…..…………….274 

Author: Keller, N. A. 

Title: Calculation of Fourteen Plutonium-Uranium Critical Experiment Benchmarks Using KENO and SU-
Hammer 

Date: 7/1/1976 

Report: AECL-5539 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fourteen plutonium-uranium critical benchmarks tabulated by Bierman were 
calculated using the codes KENO and SU-HAMMER. Both codes yielded k-effectives which were 
approximately 1-2% high for the critical systems. This bias was consistent with those obtained for 
plutonium systems. 
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Author: Keller, N. A. 

Title: Criticality Data for (Pu,U)O2 Fuel 

Date: 7/1/1978 

Report: AECL-5807(rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The code SU-HAMMER was used to generate criticality data for (Pu, UO2 fuels for 
up to 5 wt% PuO2 in the mixed oxide. The calculational methods were validated against critical 
experiments. 
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Author: Keller, N. A. 

Title: Validation of the KENO and SU-HAMMER Codes for Critical Solution Systems of U-233 and U-
235 

Date: 4/1/1978 

Report: AECL-5917 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The codes KENO and SU-HAMMER have been used to calculate critical solution 
experiments for U-233 and U-235. The codes appear to perform adequately, except for low H/U-233 ratios 
where SU-HAMMER k-effectives are considerably higher than unity. 
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Author: Lewis, W. B. 

Title: Initial Fueling of Power Reactors 

Date: 12:00:00 AM 

Report: AECL-696; DM-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: By following a carefully planned fueling schedule it is possible to save the price of 
almost half a complete reactor charge of fuel. For power reactors this amounts to a significant saving in the 
cost of power below the steady rate in the first few years of operation. The saving is derived from the excess 
reactivity of fresh fuel compared with the average when a fuel change becomes necessary. A practical case 
of bi-directional slug fueling is evaluated in detail in an appendix. Some pitfalls arising from badly planned 
schedules are discussed. 
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Author: Duret, M. F. / Marriot, R. 

Title: A Computer Program for Reactor Studies 

Date: 10/1/1959 

Report: AECL-911 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To find the optimum value for each of the many parameters occurring in the design 
of a nuclear power station, a great deal of computation has to be done. To reduce this load of routine 
calculations a computer program was written in 1957 and was described in RPI-27. While the program 
turned out to be very useful, it was soon recognized that it was also extremely inflexible. The effect of 
changes in some design parameters could be studied only by changing the program as well as the input data. 
This practice was very time-consuming. While it is not practicable to write a computer program for the 
Datatron which is sufficiently general at the outset to take care of all conceivable reactor optimization 
problems, it is possible to break the program up into a number of self-contained sections common to many 
problems. These sections can then be used to compose larger programs suitable for a variety of problems. 
A number of these sections are described and how their use in building up a "reactor optimization program" 
is discussed 
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Author: Rimmer, E. / et al. 

Title: The Provision of Criticality Incident Detection, Alarm and Warning Systems 

Date: 2/1/1987 

Report: AECP-1074 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Rastogi, B. P. 

Title: Effect of Cavities on the Critical Mass of a Swimming Pool-Type Reactor 

Date: 1/1/1957 

Report: AEC-TR-3135 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Kamaev, A. V. / Dubovskii, B. G. / Vavilov, V. V. / Popov, G. A. / Palamarchuk, Yu. D. / 
Ivanov, S. P. 

Title: Experimental Investigation of Effects of Interaction of Two Subcritical Reactors 

Date: 10/9/1962 

Report: AEC-TR-4708 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality results are given for experiments on the interaction of two subcritical 
reactors for two different configurations. One configuration (homogeneous) was two cylinders filled with 
an aqueous solution of uranyl nitrate and spaced at different distances apart. The other configuration 
(heterogeneous) was a steel tank containing two aluminum grids with various loadings of uranium blocks 
and filled with water. The interaction at large distances in water was found to be much less than in air. 
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Author: Marchuk, G. I. / Ilyasova, G. A. / Kolesov, V. E. / Kochergin, V. P. / Kuznetsova, L. I. 

Title: Critical Masses of Aqueous Mixtures of Uranium and Plutonium Compounds 

Date: 1/1/1960 

Report: AEC-TR-4712 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Translation by AEC. Hand methods to extrapolate critical mass mass data to differing 
enrichments, using data for water-moderated UO2 or UO2+PuO2. 
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Author: Marchuk, G. I. / Ilyasova, G. A. / Kolesov, V. E. / Kochergin, V. P. / Kuznetsova, L. I. / 
Pogudalina, E. I. 

Title: Critical Masses of Uranium-Beryllium Reactors 

Date: 1/1/1960 

Report: AEC-TR-4713 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Similar to AEC-TR-2712, with U-Be as the fissile material and Be as the reflector. 
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Author: Marchuk, G. I. / Kochergin, V. P. 

Title: Approximate Method of Calculation of Critical Masses of Spherical Reactors with Infinite Reflector 

Date: 1/1/1960 

Report: AEC-TR-4714 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Similar to AEC-TR-2712, various fissile mixture and reflector conditions. 
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Author: Marchuk, G. I. / Ilyasova, G. A. / Kolesov, V. E. / Kochergin, V. P. / Kuznetsova, L. I. / 
Pogudalina, E. I. 

Title: Critical Masses of Uranium-Graphite Reactors 

Date: 1/1/1960 

Report: AEC-TR-4715 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Similar to AEC-TR-2712, with U-C as the fissile material and C as the reflector. 
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Author: Blokhintsev, D. I. / Blokhln, G. B. / Blyumkina, Yu. A. 

Title: Impulse Reactor Utilizing Fast Neutrons 

Date: 8/11/1961 

Report: AEC-TR-4843 

Conference/Journal: Seminar on Neutron Physics of Reactors Utilizing Fast and IntermedIate Neutrons, 
VIenna, AustrIa, August 3-11, 1961 

Conference Session:  

Abstract/Keyterms:  
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Author: Dabrowski, C. 

Title: On the Accuracy of the Experimental Methods Used in the Investigations of Reactor Characteristics 
in Critical Assemblies with Slightly Enriched UO2 Fuel and Light Water Moderator. Part I 

Date: 10/1/1974 

Report: AEC-TR-7533/9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The development of experimental methods has been reviewed and observed data have 
been compared with those calculated for light-water lattices of low-enriched uranium dioxide fuel. The 
observed integral reactor parameters provide a fundamental test on calculation methods. These parameters 
include: material buckling B2, parameter dr/dH, intracell parameters d28, r28, d25, MCR, x, spectral indices 
(SI), and related activation measurements. A neutron balance performed for an experimental 3 percent-
enriched UO2-H2O lattice was used to evaluate the effects of uncertainties inherent in the reactor 
parameters on keff. The reactor parameter accuracies achieved in highly advanced laboratories have been 
compiled. On this basis recommendations have been formulated concerning the accuracy required in reactor 
parameters. 
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Author: Carlson, Bengt 

Title: Neutron Diffusion Theory: The Transport Approximation 

Date: 1/24/1950 

Report: AECU-0725; LADC-756; LA-1061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Anisotropy; Configuration; Criticality; Cross Sections; Diffusion; 
Equations; Neutrons; Numericals; Scattering; Serber-Wilson Method; Spheres; Transport Theory; Velocity 
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Author: Mosley, J. R. / Lucchesi, C. A. / Muller, R. H. 

Title: Automatic Instrumental Methods for the Determination of Critical Solution Temperatures 

Date: 1/1/1954 

Report: AECU-2965 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Automation; Chemicals; Computers; Control Systems; Criticality; 
Detection; Electric Potential; Errors; Heating; Instruments; Measured Values; Photoelectric Cells; 
Quantitative Analysis; Recording Systems; Servomechanisms; Solutions; Switches; Temperature 
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Author: Kaplan, I. 

Title: Lectures on Elementary Pile Theory 

Date: 1/1/1952 

Report: AECU-3031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Reactors 
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Author: Kahn, Herman 

Title: Applications of Monte Carlo 

Date: 4/27/1956 

Report: AECU-3259 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Distribution; Integral Equations; Integrals; 
Mathematics; Monte Carlo Method; Probability; Randomness; Sampling 
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292…..…..…………………..…….……..……ID Number…………………..…..…………….292 

Author: Putnam, Glen E. 

Title: Nuclear Considerations on Blanket Production of Isotopes Using a Core of MTR Fuel Elements 

Date: 7/2/1956 

Report: AECU-3346; IC-GEP-56-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Reactors 
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Author: Putnam, Glen E. 

Title: Nuclear Considerations on the Use of Na in BeO and Graphite Cores as a Potential Gamma Source 

Date: 7/2/1956 

Report: AECU-3347; IC-GEP-56-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Activation; Beryllium Moderator; Beryllium Oxides; Burnup; 
Criticality; Efficiency; Energy; Enrichment; Fuel Elements; Fuels; Gamma Radiation; Gamma Sources; 
Graphite; Irradiation; Liquid Metal Coolant; Liquid Metals; Mass; Reactor Core; Reactor Fueling; 
Reactors; Sodium; Sodium 24; Uranium; Volume 
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Author: Grundl, J. A. / Korbitz, F. W. / Lindsey, Betty A. 

Title: Hydro Critical Assembly 

Date: 10/1/1957 

Report: AECU-3509 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Cylinders; Differential Equations; 
Equilibrium; Exponential Piles; Fast Neutrons; Field Theory; Fluids; Fuels; Group Theory; Hydro; 
Invariance Principle; Magnetohydrodynamics; Mathematics; Neutron Sources; Plasma; Polyethylenes; 
Quantum Mechanics; Radiochemistry; Reactivity; Reactor Core; Reflectors; Relativity Theory; Remote 
Control; Shielding; Spectra; Storage; Uranium; Uses; Variational Method; Variational Principle; Water 
Coolant; Water Moderator 
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Author: Thompson, A. S. 

Title: Gas Cooled Nuclear Reactor Study. Final Report 

Date: 7/31/1956 

Report: AECU-3559 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation was made of the performance of a gas-cooled reactor, designed to 
provide a source of high temperature heat to a stream of helium. This reactor, in turn, is used as a source of 
heat for the air stream in a gas- turbine power plant. The reactor design was predicted primarily on the 
requirement for transferring a large amount of heat to the helium stream with a pressure drop low enough 
that it will not represent a major loss of power in the power plant. The mass of uranium required far 
criticality under various circumstances was investigated by multigroup calculations, both on desk 
calculators and on an IBM-704 machine. The gas turbine power plant performance was studied based on a 
Studebaker-Packard-designed gas-turbine power plant for the propulsion of destroyer-escort vessels. A 
small experimental program was carried out to study some effects of helium on graphite and on structural 
steels. 
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Author: Henscheid, J. W. / Fast, E. 

Title: RMF Measurements on MTR- Irradiated Europium Oxide 

Date: 1/18/1957 

Report: AECU-3571; PTR-156 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Aluminum capsules with Al inserts and He atmospheres and containing 4 strips of 
Eu2O3-stainless steel were measured in the Reactivity Measurement Facility at MTR, both before and after 
irradiation. 
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Author: Stratton, W. R. / Colvin, T. H. 

Title: Analysis of Prompt Excursions in Simple Systems 

Date: 1/1/1957 

Report: AECU-3598 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A calculation, coded for a fast computer, is discussed that can fairly accurately match 
the experimental results obtained from the LASL Lady Godiva prompt burst program. In particular, the 
code can predict the reactivity where the burst yield deviates from a linear dependence on reactivity and 
commences to rise much more rapidly. The burst width and maximum rates can be predicted with 
reasonable accuracy. The calculation is applied to other simple systems, with the result that there appear to 
be general rules that one can use to relate the bursts of these systems. The calculation can predict what 
fraction of the energy of the system is converted into kinetic energy. It appears that step-function increases 
of reactivity of about 1O cents or less in homogeneous metal systems develop only a trivial explosive 
energy. The method was extended to hypothetical accidents in very idealized reactors. Two general models 
of reactor cores were considered. These are (1) a core of low density in which the characteristic of a 
threshold is important, and (2) a model in which the spherical shells are alternately normal density and void. 
The numbers quoted should be regarded only as establishing upper and lower limits. 
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Author: Hansen, G. E. / Hoogterp, J. C. / Orndoff, J. D. / Paxton, H. C. 

Title: Critical Assemblies of Graphite and Enriched Uranium with Beryllium Reflectors 

Date: 10/31/1958 

Report: AECU-3604 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Collected in this report are data on properties of three sets of cylindrical beryllium-
reflected, graphite-moderated critical assemblies. The first set was primarily to establish characteristics as 
functions of carbon/oralloy atomic ratio of core with nearly constant reflector thickness. Fission 
distributions were determined. The second set consisted of three assemblies with fixed core to determine 
the effect of redistributing reflector from the ends to the cylindrical wall. This series was done to provide 
the Los Alamos Scientific Laboratory’s theoretical division checks for a two-dimensional diffusion code. 
Flux distributions in the uniformly-reflected assembly were mapped extensively with bare and cadmium-
shielded foils of oralloy, gold, and indium. The third set was to establish the minimum-volume core at 
carbon/oralloy equal to 350 that could be made critical with available beryllium. Experimental critical data 
converted to equivalent spherical systems are compared with results of S4 calculations. 
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Author: Byers, C. C. 

Title: Graphite-Moderated, Graphite-Reflected Critical Assemblies 

Date: 1/1/1957 

Report: AECU-3605 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Graphite-moderated, graphite reflected critical assemblies have been set up in the 
LASL Honeycomb remotely controlled machine. Information has been obtained on the critical masses of 
systems having carbon/oralloy ratios of 6650 and 4093. A third system at a smaller ratio is planned. The 
reactivity contribution of channels through the core and reflector was determined. 
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Author: Carlson, Bengt G. 

Title: The Sn Method and the SNG and SNK Codes 

Date: 1/26/1958 

Report: AECU-3691 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The angular segmentation (S/sub n/) method is applied to one-dimensional problems 
of the stationary type, the end product being a program (the SNG code) for the IBM-704. The differential 
equations which define the problem and the S/sub n/ method are briefly discussed. 
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Author: Leyse, C. F. / Bertelson, P. C. / Chmielewski, W. S. / Delicate, W. S. / Francis, T. L. / et al. 

Title: An Advanced Engineering Test Reactor 

Date: 3/15/1958 

Report: AECU-3775; INTERNUC-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A concept for an advanced engineering test reactor is described. The results of various 
investigations with regard to alternative design possibilities are presented. Retailed information is given 
regarding the nuclear and engineering calculations. 
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Author: Bolger, J. C. / D'Urso, S. F. / Maak, R. O. 

Title: Feasibility Study of Superflux Reactor 

Date: 12/20/1956 

Report: AECU-3792; KT-262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The feasibility of a three-region aqueous homogeneous reactor designed to produce 
a maximum thermal flux at the center of 10/sup 16/ n/cm/sup 2/ -sec is investigated. Inner and outer regions 
of pure D2O and an intermediate region of uranyl sulfate in D2O are considered. Characteristics were 
calculated for the case R/sub 1/ = 40 cm, R2 = 60 cm, and R/sub 3/ = 150 cm. 
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Author: Alexanderson, E. L. 

Title: The Critical Experiment for the Enrico Fermi Reactor Technical Memorandum No. 15 

Date: 6/16/1958 

Report: AECU-3815 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As a part of the contract between the Atomic Energy Commission and Power Reactor 
Development Company, a critical experiment for the Enrico Fermi Reactor is to be carried out by Argonne 
National Laboratory. The experiment is to be done at the ZPR-III facility at the National Reactor Testing 
Station, Arco, Idaho. It is scheduled to start in July 1955, and continue for approximately one year. The 
principal objective of the experiment is to obtain the enrichment needed for criticality with a fixed reactor 
composition and geometry. Other objectives are given and a proposed program is outlined. 
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Author: Palmedo, P. F. / Hansen, E. C. / Koch, C. D. 

Title: Reactivity Effect of APPR Loop in ORR 

Date: 3/20/1958 

Report: AECU-3819; KT-337 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactivity effects of inserting a test loop for testing Army Package Power Reactor 
components into the reflector of the Oak Ridge Research Reactor (ORR) are calculated for two possible 
accidents. One accident was flooding the loop with water, the other involved dropping a fuel element into 
the loop. For each, the k(eff) was calculated on the IBM-704 using CURE program. Alternatively an 
effective sigma k/k was calculated using two-group perturbation theory applied to a spherical 
approximation of ORR core geometry. It was concluded that neither of the accidents could produce a fast 
critical condition. 
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Author: Loewe, W. E. / Krucoff, D. 

Title: The Armour Dust Fueled Reactor (ADFR). Quarterly Progress Report No. 1 for the Period February 
21, 1958 to May 21, 1958 

Date: 5/1/1958 

Report: AECU-3827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics / ADFR / Ceramics / Coolant Loops / Criticality / Dusts / Equations / 
Fissionable Materials / Gas Fuel / Heat Transfer / High Temperature / In Pile Loops / Inert Gases / Materials 
Testing / Measured Values / Operation / Planning / Reactivity / Reactor Core / Reactor Safety / Reactors / 
Suspensions 
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Author: Loewe, W. E. / Krucoff, D. 

Title: The Armour Dust Fueled Reactor (ADFR). Quarterly Progress Report No. 1 for the Period February 
21, 1958 to May 21, 1958 

Date: 10/31/1958 

Report: AECU-3827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work has begun on the ADFR, a reactor using a new fuel form -- fissionable dust 
carried in an inert gas. Temperatures in the range 2,000 to 3,000 deg F appear feasible in an all-ceramic 
system. Experimental study of the fuel form was initiated, and a loop to circulate the fuel dust was 
constructed. Initial operation is encouraging. Theoretical studies were carried on in the areas of reactor 
physics, heat transfer, and safety. 
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Author: n. a. 

Title: Critical Mass and Neutron Flux Distribution Interim Report 

Date: 6/22/1956 

Report: AECU-3833 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass calculations for a reactor are given. The numerical calculations are 
shown for fission product poisoning, heavy element formation, temperature coefficient of reactivity and 
average neutron flux distribution. 
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Author: Hofmann, P. L. / Storm, M. L. 

Title: Two-Dimensional (R,Z) Multigroup Calculation for An Intermediate Spectrum Critical Assembly 

Date: 4/14/1957 

Report: AECU-3860; M-6262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of two-dimensional (R,Z) multigroup calculations of an experimental low-
power reactor (PPA-19) are described. Comparison is made between calculated results and experimental 
measurements of reactivity, power distribution, and sodium activation. Generally good agreement is 
observed between calculation and experiment. This calculation was performed in 1954 and represents the 
first application of Roe's two-dimensional multigroup formulation to the analysis of an operating critical 
assembly. The over-all objective of such calculations is to ascertain the accuracy of two-dimensional 
multigroup methods in order to facilitate their application to future problems in reactor design. 
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Author: Krucoff, D. 

Title: The Armour Dust Fueled Reactor (ADFR) 

Date: 1/1/1958 

Report: AECU-3909 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The A-DFR is based on the use of a fissionable dust carried in a gas. This fuel form 
offers promise of a major economic advance through the use of 2,000 to 3,000 F operating temperatures 
and a low cost fuel cycle. The development program is described that was initiated to investigate 
experimentally the proposed fuel and study analytically other reactor characteristics. A brief review of the 
reactor concept is presented. 
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Author: Zabriskie, W. L. 

Title: An Experimental Evaluation of the Critical Flow Velocity Formulas for Parallel Plate Assemblies 

Date: 10/31/1958 

Report: AECU-3936; 58-GL-297 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design and construction of a facility for determining collapse velocities in 
parallel-plate fuel assemblies are described. In addition, the instrumentation used and the experimental 
method of collapse determination are described. The test results are presented in summary sheets showing 
all plate parameters, the predicted collapse velocity, and the measured collapse velocity. 
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Author: Rifendifer, G. 

Title: Monthly Operating Report for August 1958 

Date: 8/1/1958 

Report: AECU-3942 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Shippingport Pressurized Water- Reactor operating incidents are reported. Data from 
chemical analyses of coolant and boiler water are given. Work on neutron detecting devices of the Nuclear 
Instrumentation System is described. The Primary Plant Instrumentation System was modified for the new 
operating conditions of 1800 psig and 500 F. A Reactivity Lifetime Test was performed. Maintenance and 
operational training continued. 
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Title: Calibration and Intercomparison of Control Rods. Section I. First Performance. Test Results Dl-S-
150 (T-550131) 

Date: 10/28/1958 

Report: AECU-3944 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Determination was made of the symmetry of the Shippingport Pressurized Water 
Reactor core. rod worths for rods on inverters 1 and 5 and reactivity of the core with one rod on inverter 4 
or 8 stuck at the top. The core was symmetrical, at the time of this test, with respect to power generation at 
the power levels specified in the Test Procedure (5 decades above source maximum). The source range and 
intermediate range instrumentation showed various sections of the core to become critical at different rod 
heights. This could be attributed to the shielding effect created with respect to the nuclear instrumentation 
detectors by withdrawing a single rod. 
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Title: Determination of Coefficients of Reactivity. Section I, O-ER Ph Test Results DL-S-151(T-550132) 

Date: 9/6/1958 

Report: AECU-3945 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Coolant Loops; Coolants; Criticality; Fluid Flow; High Temperature; 
Moderators; Neutron Flux; Power Plants; Pressure; PWR; Reactivity; Reactor Core; Shippingport; 
Stability; Temperature; Transients; Variations; Water Coolant 
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Title: Control Rod Drive Mechanism Precritical and Initial Critical Tests. Section I. Test Results Dl-S-158 
(T-550010) 

Date: 8/21/1958 

Report: AECU-3948 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Shippingport Pressurized Water Reactor control rod drive stator winding 
resistances were approximates 7% greater than the expected 15.9 ohms plus or minus 2.5%. 
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Author: n. a. 

Title: Control Rod Positions for Criticality, Section I, Third Performance. Test Results DL-S-1499 (T-
550130) 

Date: 2/12/1959 

Report: AECU-4031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical rod bank heights and bank worths were determined from information 
obtained on the scalers used to determine startup rates of various configurations. The critical bank heights 
and worths are tabulated, and reactivity vs. bank height is presented graphically. 
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Author: n.a. 

Title: Control Rod Positions for Criticality. Section I. Third Performance. Test Results Dl-S-149 (T-
550130) 

Date: 2/12/1959 

Report: AECU-4031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical rod bank heights and bank worths were determined from information 
obtained on the scalers used to determine startup rates of various configurations. The critical bank heights 
and worths are tabulated, and reactivity vs. bank height is presented graphically. 
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Author: Krucoff, D. 

Title: The Armour Dust Fueled Reactor (ADFR). Final Report Covering the Period February 21, 1958 to 
February 21, 1959 

Date: 1/1/1959 

Report: AECU-4075, ARF Project A-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Dust circulation studies were conducted in a 2-in.diam. glass tubing loop, 5 x 5 ft., at 
gas velocities of 100 and 150 fps. Most of the studies were done with Al2O3 in air, but some were done 
with UO2 in N2. Two-group criticality calculations for a graphite-reflected and moderated U235 burner 
gave approximate values of core size and fuel concentration. Investigation of axial variations in fuel density 
indicate that the axial neutron flux and power distributions deviated from the usual cosine distributions, but 
the effect on critical mass is small. The safety of the system in the event of large, sudden injections of fuel 
dust into the core was studied using a simplified model of the gas dynamics. Breeding blanket requirements 
were examined for a fluidized-bed-type blanket. (See also AECU-3828.) 
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Title: Control Rod Positions for Criticality. Section II. Third Performance. Test Results Dl-S-149 (T-
550130) 

Date: 3/24/1959 

Report: AECU-4114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical bank heights and bank worths for various rod configurations at normal plant 
operating temperature and pressure are determined. 
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Author: n.a. 

Title: Control Rod Position for Criticality. Section II. Fourth Performance. Test Results Dl-S-149 (T-
550130) 

Date: 3/31/1959 

Report: AECU-4150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical bank heights and bank worths for various rod configurations at normal 
plant operating temperature and pressure were determined. 
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Author: n. a. 

Title: Control Rod Position for Criticality, Section II. Fifth Performance 

Date: 3/24/1959 

Report: AECU-4158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical rod bank positions and bank worths at 6 different control rod 
configurations at 520 F and 1780 psig were determined after 1692.8 EFPH's of reactor operation. 
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Author: Newlon, C. E. 

Title: The Use of Criticality Codes in Nuclear Safety Considerations at the Oak Ridge Gaseous Diffusion 
Plant 

Date: 4/6/1959 

Report: AECU-4173; KSA-175 

Conference/Journal: Fifth Annual Industrial Nuclear Safety Conference, March 9-11, 1959, Aiken, S.C. 

Conference Session:  

Abstract/Keyterms: The experience of the ORGDP nuclear safety group with criticality codes, which 
includes the COBRAS, GNU-II, and the PDQ codes, might be summarized by stating thats so fur, criticality 
codes have proven useful in the evaluation of nuclear safety problems which otherwise would have been 
extremely laborious and in some cases essentially impossible without the use of simplifying assumptions 
which are only qualitative at best. In generals the results of the machine calculations have been in fairly 
good agreement with the results of critical mass experiments, certainly when the uncertainties of the basic 
nuclear input data are considered. Thus, it would appear reasonable to anticipate that criticality codes will 
play an increasingly important role, not only in nuclear safety evaluations of the ever present criticality 
problems in a gaseous diffusion plant, but in facilitating the continued development and improvement of 
criticality control criteria in general. 
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Author: Stein, J. M. / Vieweg, H. A. 

Title: Analytical Evaluation of the Reactivity Worth of Lumped Absorbed 

Date: 12/11/1956 

Report: AECU-4180; SIC/RP/56-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Period measurements were obtained for the removal of a lumped absorber from two 
different locations in a critical assembly. A two-group analytical evaluation, developed in the report, 
resulted in a value of 30.6 cents for boron steel strips removed from the center of core regions, as compared 
to a measured worth of 31.0 cents. A calculated worth of 42.9 cents was obtained for boron steel strips 
removed from near water gaps; the measured value was 36.6 cents. The difference between measured and 
calculated values for the water gap is greater due to inability to account for some local details with two 
group diffusion theory. The agreement noted between measured and calculated reactivity worths and 
consideration of the qualifications mentioned lends confidence to the application of the method involved to 
similar experiments with lumped absorbers. 
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Title: Xenon Transient Test. Section I, Addendum. First Performance. Test Results Dl-S-156 (T-612081) 

Date: 4/30/1959 

Report: AECU-4192 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Control Elements; Coolant Loops; Criticality; Measured Values; Power; 
Reactivity; Reactors; Rods; Safety; Shutdown; Startup; Testing; Transients; Xenon 
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Title: Control Rod Positions for Criticality. Section II. Second Performance. Test Results Dl-S-149 (T-
550130) 

Date: 5/12/1959 

Report: AECU-4208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical bank heights and rod worths were determined for various rod configurations 
at normal plant operating temperature and pressure. Results are tabulated. 
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Author: n.a. 

Title: Periodic Radiation Survey of Reactor Plant Container and Components after Shutdown "B" Survey. 
Section II. First Performance. Test Results Dl-S-184 (T-612076) 

Date: 5/19/1959 

Report: AECU-4209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radiation levels were determined at welds, thermoweld penetrations, and major 
components in the loops when the reactor was subcritical following an extended power run. 
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Author: n.a. 

Title: Control Rod Positions for Criticality. Section II. Sixth Performance. Test Results Dl-S-149 (T-
550130) 

Date: 5/25/1959 

Report: AECU-4225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Determination was made of the critical heights and bank worths for various rod 
configurations at normal operating temperature and pressure conditions. 
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Author: n.a. 

Title: Control Rod Positions for Criticality. Section I. EFPH 2797.7. Seventh Performance. Test Results 
Dl-S-149 (T-550130) 

Date: 6/1/1959 

Report: AECU-4257 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical bank heights and bank worths for six different control rod configurations at 
ambient temperature were determined. 
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Author: n.a. 

Title: First Quarterly Technical Report of Power Reactor Development Company 

Date: 3/1/1959 

Report: AECU-4384 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The major technical developments relevant to the subject matter which have taken 
place with respect to the Enrico Fermi Atomic Power Plant since Aug. 1957 are summarized. The 
containment building has been erected and the reactor vessel and a considerable amount of equipment have 
been installed. The ZPR-III critical experiments concerning core composition and geometry and operational 
and control data have been substantially completed with highly satisfactory results, and the remainder of 
the experiments are to be completed by the end of 1959. A great variation of data has and's being collected 
with respect to environmental phenomena. A new technical description of the power plant was prepared 
(APDA- 124) and is included as an appendix. Research areas covered in some detail include stability of 
fast reactors, temperature and power coefficients, oscillator tests, meltdown, containment, site and 
environment, and analysis of maximum credible accident. 
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Author: Leonard, B. H. / Bertelson, P. C. / Kornfeld, M. J. / Wade, E. E. 

Title: AETR Nuclear Mockup Design 

Date: 10/1/1959 

Report: AECU-4389; INTERNUC-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Advanced Engineering Test Reactor (AETR) nuclear mockup is designed to be 
a flexible, inexpensive developmental facility which duplicates the reactor portion of the AETR and which 
would be used to verify the operation of reactor controls. The mockup would also furnish measurements of 
temperature and void coefficients, flux shapes, and critical mass, and facilitate a reliable AETR design in a 
minimum time, and with minimum development cost. For even greater usefulness, the mockup is also 
designed for use in conjunction with an operating AETR to check the reactivity of experiments and fuel 
assemblies, and for other annular core reactor development purposes. In these respects, the mockup design 
embodies the concepts for a very low power nuclear auxiliary outlined in an earlier report. Detail design 
was limited to the reactor assembly and control systems and it is assumed that a simple building with 
supporting facilities may be readily supplied by private industry or the AEC. Results of negotiations with 
potential vendors and fabricators, a description of the facility components, and design drawings suitable for 
contractor use are presented. Preliminary quotations from fabricators and suppliers indicate that the facility 
can be in operation within an eight month period at a total cost not exceeding 
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Title: Control Rod Positions for Criticality. Section I--2790.1 EFPH. Sixth Performance. Test Results Dl-
S-149 (T-550130) 

Date: 9/29/1959 

Report: AECU-4415 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical rod bank positions and rod bank worths were determined at 2790.1 EFPH 
for four different control rod configurations at a coolant temperature and pressure of 130 deg F and 400 
psig. 
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Title: Control Rod Positions for Criticality. Section II. Seventh Performance, Core I, Seed I. Test Results 
Dl-S-149 (T-550130) 

Date: 10/22/1959 

Report: AECU-4461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Determination of the critical bank heights and bank worths for various rod 
configurations at normal reactor plant operating temperature and pressure is reported. 
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Title: Control Rod Positions for Criticality. Section I. 5032 EFPH. Eight Performance. Core I, Seed I. Test 
Results Dl-S-149 

Date: 12/1/1959 

Report: AECU-4586; T-550130 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test to determine critical bank heights and bank worth for various rod 
configurations was conducted. Critical rod bank positions and bank worths for four control rod bank 
configurations after 5032 EFPH's of operation are presented. 
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Title: Fission Cross Section of Pu238 

Date: 4/22/1963 

Report: AED-Conf-63-048-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Early Pu238 cross section measurements, 0.4 to 1.4 MeV. Copy printed from 
microfiche. 
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Author: Akutsu, H. / Mutoh, T. / Kawashima, K. / Naruki, K. 

Title: Uranium-Plutonium Mixed-Oxide Fuel Fabrication for the Deuterium Critical Assembly "DCA" in 
Japan 

Date: 11/1/1974 

Report: AED-CONF-74-571-001 

Conference/Journal: Panel on plutonium utilization in thermal power reactors/ 25 Nov 1974/ Karlsruhe, 
F.R. Germany 

Conference Session:  

Abstract/Keyterms: The construction of the prototype heavy water reactor "FUGEN" is currently 
progressing on the schedule to be critical in 1976. Prior to operation, reactor physics examinations are being 
carried out with the Deuterium Critical Assembly "DCA." A new facility, the Plutonium Fuel Fabrication 
Facility (PFFF) of PNC which is mainly devoted to mass-production, was constructed to meet the plutonium 
fuel fabrication requirement for PNC's FBR and ATR projects. At the "ATR line" of PFFF, the fabrication 
of the plutonium fuel elements for DCA had been carried out since March 1972, and 92 fuel assemblies 
with total mixed-oxide amounting to 10 tons were completed in February 1974. It was the first time that 
such a large amount of mixed-oxide was fabricated in Japan. The fuel assemblies consisted of three kinds 
of fuel rods with various isotopic characteristics and plutonium enrichment. The total of about 2600 fuel 
rods were produced. This fabrication program was completed on schedule demonstrating the designed 
capacity of the facility and gave much information and experience concerning the production technology 
of mixed-oxide fuel which form the solid base to the next program of the production of about 18 tons of 
mixed-oxide fuel in 100 assemblies for the prototype reactor FUGEN. 
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Title: Review on Plutonium Recycling Experiments and Program in Japan 

Date: 11/1/1974 

Report: AED-CONF-74-571-003 

Conference/Journal: Panel on plutonium utilization in thermal power reactors, Karlsruhe, F.R.Germany, 
25 Nov 1974 

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Fuels; Plutonium Recycle- Planning; Availability; Fabrication; 
Fuel Cycle; Fuel Pins; Japan; Nuclear Fuels; Nuclear Industry; Nuclear Power Plants; Plutonium; Research 
Programs; Testing; Thermal Reactors; Zero Power Reactors 
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Author: Huppert, K. L. 

Title: Spent Fuel Storage 

Date: 1/1/1976 

Report: AED-CONF-76-660-027 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reasons are listed for intermediate storage of fuel elements in nuclear power stations 
and in a reprocessing plant and the temperature and radioactivity curves of LWR fuel elements after removal 
from the reactor are presented. This followed by a description of the facilities for fuel element storage in a 
reprocessing plant and of their functions. Further topics are criticality and activity control, the problem of 
cooling time and safety systems. 
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Title: Compact Storage Racks for Spent Fuel Elements at the Biblis Nuclear Power Plant 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Zoller, P. 

Title: Physical Fundamentals of Reactor Engineering 

Date: 1/1/1978 

Report: AED-CONF-78-023-002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The paper is meant to be an introduction into reactor physics for educated laymen. 
Focal points are nuclear fission and subsequent energy release, controlled chain reaction as a precondition 
for the construction and operation of nuclear power plants, determination of critical reactor size and 
possibilities of reactor control. 
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Author: Froehlich, R. 

Title: Theory of Doppler Coefficients of Fast Reactors Including the Mutual Screening of Resonances 

Date: 1/1/1964 

Report: AED-DISS. 64-38 

Conference/Journal: Thesis/Dissertation 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Capture; Fast Neutrons; Interactions; 
Neutrons; Numericals; Reactors; Resonance 
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Title: The WIMS-E Module of W-PROC 

Date: 1/1/1980 

Report: AEE, Winfrith Report, AEEW_R 1365 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Damle, P. P. / Gopinath, D. V. / Ganguly, A. K. 

Title: Build-Up of Nuclides in Cyclic Nuclear Operations. Mathematical Formulation 

Date: 1/1/1964 

Report: AEET/HP/Th-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Buildup; Equations; Fission 
Products; Fuel Cycle; Fuels; Mathematics; Numericals; Poisoning; Quantity Ratio; Radiations; 
Radioisotopes; Reactors 
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Author: Veeraraghavan, N. / Upendra, D. B. / Narain, R. 

Title: Canada India Reactor Operating Experience. Reactor Physics 

Date: 1/1/1963 

Report: AEET/ROD/7; CONF-243-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; CIR; Control Elements; Coolant Loops; Criticality; 
Distribution; Fuel Elements; Heavy Water Moderator; Natural Uranium Fuel; Neutron Flux; Operation; 
Poisoning; Power; Radioactivity; Reactivity; Research Reactors; Sea; Temperature; Temperature 
Coefficient; Transients; Water; Water Coolant; Xenon 
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Author: Srinivasan, M. 

Title: The Inhour Relation and Effective Delayed Neutron Fraction for Mixed Lattices 

Date: 1/1/1965 

Report: AEET-222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Delayed Neutrons; Heavy Water Coolant; 
Heavy Water Moderator; Inhours; Numericals; Reactivity; Reactor Core; Reactor Period; Reactors; 
Uranium 
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Title: Physics Aspects of Large Thorium-Fuelled Fast Reactors 

Date: 1/1/1965 

Report: AEET-229 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, and Other Materials; General; Breeding; Criticality; Cross 
Sections; Fast Neutrons; Fuels; Liquid Metal Coolant; Neutron Flux; Performance; Plutonium 239; 
Plutonium Alloys; Reactivity; Reactors; Resonance; Sodium; Thorium 232; Thorium Alloys; Uranium 233; 
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Title: Experiments in Zenith 

Date: 5/1/1963 

Report: AEEW-M-0340 

Conference/Journal: Dragon Project Physics Symposium, 7-9 May, 1963 

Conference Session:  

Abstract/Keyterms: The experimental programme on uranium-235 fueled cores of the heated zero energy 
reactor Zenith was completed in July, 1962. Measurements with a plutonium fueled core are now in 
progress. Detailed reports have been issued describing the work on cores 1, 2, 2A and 4 and the assessment 
of the data from the fifth core is in course of completion. These cores, which contained carbon, thorium and 
steel, have enabled theoretical methods to be tested over a wide range of neutron energy spectra. The present 
paper describes briefly the results of some aspects of the experimental work and the comparison with 
theoretical prediction. A further survey will later be made covering the physics work on all the core 
loadings. 
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Title: Experience with Subcritical Monitoring in Large Critical Assemblies 

Date: 4/1/1979 

Report: AEEW-M-1728 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The method of modified-source-multiplication (MSM) for following the 
subcriticality of a fast power reactor has been tested in measurements of reactivity changes in a conventional 
assembly built in ZEBRA as part of the BIZET programme. Correction factors for the departure of detector 
responses from the point-model approximation were obtained and good agreement was found for the results 
from detectors in various positions in the assembly. Detectors outside the core performed as well as those 
in the core. Measurements for a few configurations using a pulsed source technique were found to be in 
satisfactory agreement with those from MSM. The influence of source changes on the MSM method was 
studied by the introduction of a strong 252Cf source. The results showed that changes in subcritical flux 
levels and distributions were well predicted. 
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Title: LWRWIMS Analysis of Babcock and Wilcox LWR Fuel Storage Experiments 

Date: 6/1/1981 

Report: AEEW-M-1849 

Conference/Journal:  
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Abstract/Keyterms: The report describes very briefly an analysis of a series of critical experiments made 
by Babcock and Wilcox to study the relative importance on fuel storage reactivity of assembly spacing and 
various types of absorber. LWRWIMS in its standard design mode of calculation was used for the analysis. 
The results demonstrate that even the simplest options in LWRWIMS produce eigenvalues which are a very 
useful check of the Monte Carlo calculations normally made for criticality clearances. An appendix 
examines some of the eigenvalue trends in more detail. 



 

C-351 

350…..…..…………………..…….……..……ID Number…………………..…..…………….350 

Author: Askew, J. R. 

Title: A Study of Some Canadian Experiments Using the Winfrith Five-Group Scheme 

Date: 1/1/1964 

Report: AEEW-M-425 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the justification of the Winfrith five-group scheme, a series of Canadian 
critical experiments was analyzed. These include 19- and 7-rod clusters, the latter with air and organic 
coolant as well as heavy water. Agreement of calculation with experiment on fast fission and conversion 
ratio is very good. Discrepancies of up to 2% in reactivity are traced to errors in fine structure which are 
due partly to the use of diffusion theory and partly to the method used to simulate end-regions. When fine 
structure is corrected the deviation of calculated k(eff) from unity is less than 0.5% in practical cases. 
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Title: Measurements of Pu-239: U-235 Fission Ratio Using Foils at Temperatures Up to 390 C 
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Conference/Journal:  
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Abstract/Keyterms: The paper describes the use of activation foils for the measurement of Pu239:U235 
fission ratios in subcritical lattices at temperatures up to 390 deg C. Counting techniques and the method 
of analysis of the results are described in detail and the results are compared with fission chamber 
measurements. 
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Abstract/Keyterms: Calculations used in criticality clearances are subject to errors from various sources, 
and allowance must be made for these errors is assessing the safety of a system. A simple set of guidelines 
is defined, drawing attention to each source of error, and recommendations as to its application are made. 



 

C-360 

359…..…..…………………..…….……..……ID Number…………………..…..…………….359 

Author: Hutton, J. L. 

Title: Modifications to the Monte Carlo Neutronics Code Monk 

Date: 9/1/1979 

Report: AEEW-R-01249 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Monte Carlo neutronics code MONK has been widely used for criticality 
calculations, and is one of the standard methods for assessing the safety of transport flasks and fuel storage 
facilities in the UK. Recently, attempts have been made to extend the range of applications of this 
calculational technique. In particular studies have been carried out using Monte Carlo to analyse reactor 
physics experiments. To facilitate the use of the code as a reactor physics calculational tool a series of 
modifications have been carried out. The code has been modified so that the user can use group data 
tabulations of the cross sections instead of the present “point” data values. The code can now interface with 
a number of reactor physics group data preparation schemes but in particular it can use WIMS-E interfaces 
as a source of group data. Details of the changes are outlined and a new version of MONK incorporating 
these modifications has been created. This version is called MONK5W. This paper provides a quide to the 
use of this version. a guide to the use of this version. The data input is described along with other details 
required to use this code on the Harwell IBM 3033. To aid the user, examples of calculations using the new 
facilities incorporated in MONK5W are given. 
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of the cylindrical cell approximation together with transport theory methods. The effect of this 
approximation is to overestimate the ratio of the flux in the moderator-to-flux in the fuel. It is demonstrated 
that the use of the cylindrical cell approximation gives a flux in the moderator which is considerably higher 
than in the fuel, even when the cell dimensions in units of mean free path tend to zero; whereas, for the case 
of real cells (e.g., square or hexagonal), the flux ratio must tend to unity. It is also shown that, for cylindrical 
cells of any size, the ratio of the flux in the moderator-to-flux in the fuel tends to infinity as the total neutron 
cross section in the moderator tends to zero; whereas the ratio remains finite for real cells. 
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Abstract/Keyterms: The results are presented of a series of buckling measurements on graphite lattices in 
which the fuel elements consisted of thin strips of plutonium-aluminum alloy combined with rods or plates 
of uranium containing 0.43% uranium-235. The plutonium to uranium ratios ranged from 0.125% to 0.25% 
while the plutonium-240 content of the plutonium was 2.5% in all cases. The experiments were restricted 
to room temperature. These experiments, together with a series of reaction rate measurements on similar 
lattices, represent the first stage of a programme of experimental investigations of the effect of plutonium 
build-up and enrichment in graphite-moderated reactors. 



 

C-363 

362…..…..…………………..…….……..……ID Number…………………..…..…………….362 

Author: Gubbins, M. E. / Roth, M. J. / Taubman, C. J. 

Title: A General Introduction to the Use of the WIMS-E Modular Program 

Date: 1/1/1982 

Report: AEEW-R-1329 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-364 

363…..…..…………………..…….……..……ID Number…………………..…..…………….363 

Author: Moxon, D. 

Title: STAGNANT--A One-Dimensional, Steady-State, Two-Group, Fortran Programme for Steam-
Generating P.T.Rs 

Date: 7/1/1962 

Report: AEEW-R-182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A one-dimensional, steady-state program is presented for solving the two- group 
neutron diffusion equations simultaneously with the heat transfer, hydraulic, and poison equations. It can 
be used to estimate the axial variation of neutron flux, coolant density, fuel temperature and xenon 
concentration along a boiling channel of a pressure-tube reactor. Criticality search is on either control 
poison in the moderator or moderator height. 
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Abstract/Keyterms: Few-group parameters for regular or near regular lattices of uranium dioxide 
moderated by light water, heavy water, or organic coolants. The validity of some of the simplifications 
which had to be introduced is discussed, and a comparison with experimental lattice data is presented. It is 
shown that an accuracy of approximately 1% is obtained in reactivity predictions which is sufficient for 
survey or initial design calculations. 
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calculating the thermal spectra in water lattices are described, and theoretical predictions are compared with 
the fine structure and spectrum characterization measurements made in the H2O, D2O coolant loop of 
ZEEP. The developments concern the choice of energy group boundaries and the weighting spectrum which 
should be used when producing group averaged cross sections, and methods of producing the source of 
neutrons into the thermal region. 
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Abstract/Keyterms: The materials bucklings of a series of plutonium-aluminum alloy-fueled, graphite-
moderated assemblies have been measured, the carbon/plutonium ratio ranging from 14, 520 to 2420. 
Fission ratios of plutonium-239, uranium-235, and uranium-233 in the assemblies have been obtained using 
small fission chambers. On one of the systems, experiments were extended up to a temperature of 370 
degrees C. The experimental data have been compared with the predictions of a 43-group diffusion-theory 
code. Agreement between predicted and measured bucklings is good over the whole range of composition, 
within the limits of experimental error, which are equivalent to an uncertainty of about ± 2% in reactivity. 
The spectrum-sensitive plutonium-239/uranium-235 fission ratios are 6%-9% higher than those calculated 
from the multigroup spectra. Comparison with further results from an assembly loaded with uranium-235 
in similar configuration, leads to a ratio of the 2200 meter/sec eta values of plutonium-239 and uranium-
235 of 1.02 + /-0.02. 



 

C-369 

368…..…..…………………..…….……..……ID Number…………………..…..…………….368 

Author: Gibson, M. / Greenhouse, K. G. / Wass, T. / Buckler, A. N. 

Title: Control Rod Studies in an Exponential Assembly 

Date: 5/1/1963 

Report: AEEW-R-211 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of control rod worths in a graphite exponential assembly are presented and 
some comparison with theoretical prediction is made. The measured change of relaxation length is 
interpreted as a change of leakage, on the assumption that the materials buckling of the reactive medium is 
unchanged on insertion of the control rod. Boron steel rods of different diameters and different enrichments, 
boron carbide, and cadmium rods are examined in a range of environment spectra including thermal. 
Comparison of the measured reactivity changes and flux distributions, caused by the control rods, with 
calculation based on a correlation of critical reactor experiments on the same rods, demonstrates that the 
exponential technique is justified, thus offering a significant saving in time and cost over equivalent 
experiments in a critical assembly and giving comparable accuracy. The measurements are compared with 
calculations based on a theoretical approach currently being developed at AEE, Winfrith and the agreement 
is encouraging. 



 

C-370 

369…..…..…………………..…….……..……ID Number…………………..…..…………….369 

Author: Hanlon, D. / et al. 

Title: Calculations for the Intermediate-Spectrum Cells of ZEBRA 8 Using the MONK Monte-Carlo Code 

Date: 10/1/1987 

Report: AEEW-R-2245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-MET-FAST-008 



 

C-371 

370…..…..…………………..…….……..……ID Number…………………..…..…………….370 

Author: Cummins, J. D. 

Title: Output of the Type 4051 and 4061 Period Meters During Startup Transients 

Date: 5/1/1963 

Report: AEEW-R-296 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A digital computer program for the Ferranti Mercury computer is described. With 
this program, startup transients for the recently developed period meters, Types 4051 and 4061, may be 
computed. The reactivity disturbances considered are steps and terminated ramps of reactivity. Due 
allowance is taken of the variable time constant which is a feature of these period meters. The reactor may 
be critical or subcritical initially as desired, and the initial input time constant of the period meter may be 
zero or finite. Some representative transients obtained with the program are presented and discussed. 
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Abstract/Keyterms: To commission the reactor and to test the experimental techniques, the first core built 
in ZEBRA was a mock-up of ZPR-3 Assembly 11. The core contained 9.7% by volume of uranium-235 
diluted with uranium-238 and was surrounded by a natural uranium reflector. The experiments carried out 
included measurements of critical mass, fission ratios, perturbations and activations at the core centre, 
relative fission rate measurements throughout the core and blanket and measurements of the mean prompt 
neutron lifetime using the Rossi-alpha method. The techniques employed are described and the results 
compared with those from ZPR-3 assembly 11 and with theoretical estimates based on the 16 group Yiftah, 
Okrent and Moldauer data set. 
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Abstract/Keyterms: This report presents experimental measurements of bucklings, flux fine structure and 
fission rate distributions in graphite moderated lattices fueled with plutonium/uranium metal at 
temperatures up to 400 deg. C in the sub-critical assemblies SCORPIO I and SCORPIO II. The 
experimental techniques employed are described in some detail. The accuracy of the experimental 
measurements appears to be adequate for testing methods of calculation being developed for the calculation 
of reactivity and temperature coefficient of reactivity for power reactors containing plutonium and uranium. 
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Abstract/Keyterms: Several sets of experiments have been studied as a justification for the nuclear data 
and computational models, particularly the TRACER and MINX computer codes, currently in use at atomic 
energy establishment Winfrith for the calculation of graphite moderated reactors. Buckling measurements 
are compared to theory for systems fueled with plutonium/aluminum and uranium-235/aluminum spikes, 
and with uranium and uranium-plutonium metal rods. In some cases reaction-rates and temperature 
coefficients are also available, and comparisons with these are reported. Agreement between theory and 
experiment is generally good. The study does, however, point to some defects in the models used, and 
suggests that the value of eta used for plutonium (2.088 at 2200 m/s) is slightly too low, as would be 
expected from the latest differential measurements. 
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Abstract/Keyterms: A small graphite stack has been constructed into which both plutonium and highly 
enriched uranium fuel plates have been loaded. with this assembly it has been possible to establish safe 
loading procedures, to determine the flux levels in such undermoderated stacks when placed in a cave of 
the source reactor Nestor, to determine the region over which an equilibrium spectrum is observed and to 
investigate the possibility of carrying out exponential experiments to determine the material bucklings. This 
report gives a detailed account of the experimental results of the first two cores with graphite as a moderator 
and a comparison is made between observations and calculations using existing computer programmes and 
compilations of nuclear data. The first core contained highly enriched uranium fuel plates giving atomic 
ratio of graphite/uranium-235 of 440 and the second core contained plutonium fuel plates giving a ratio of 
graphite/plutonium-239 atoms of 920. 
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Abstract/Keyterms: The data in the Winfrith Library on H, H2O, D, D2O, 3He, 4He, Be, BeO, B, 10/B, 
C, N, O, F, Na, Al, Si, Cr, Fe, Ni, Cd, 133Xe, Pb, 232Th, 235U, 238/U, 239/Pu, and 240Pu are discussed. 
Isotopic abundances, atomic and molecular weights, reaction Q values, and resonance parameters are 
covered in addition to the cross sections when appropriate. The data sources are indicated, together with 
other recent compilations. Revisions to the data files are suggested. 
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Abstract/Keyterms: The techniques used in making reactivity change measurements on Hector are 
described and discussed. Pile period measurements were used in the majority of cases, though the pile 
oscillator technique was used occasionally. These two methods are compared. Flux determinations were 
made in the vicinity of the fuel element samples using manganese foils, and the techniques used are 
described and an error assessment made. Results of both reactivity change and flux measurements on 1.2 
inch diameter uranium and plutonium-uranium alloy fuel elements are presented, these measurements being 
carried out in a variety of graphite moderated lattices at temperatures up to 450 degrees C. 
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Abstract/Keyterms: The Report describes a series of experiments carried out in SCORPIO I and II on sub-
critical graphite moderated lattices fueled with 21-rod clusters of PuO2/UO2 fuel. Three fuel batches with 
nominal plutonium: uranium ratios of 0.25%, 0.8% and 1.2% were investigated at temperatures between 
20 deg. C and 400 deg. C. Because of the limited amounts of the three fuels, exponential measurements 
were made in 2-zone stacks, the outer regions of which were loaded with suitably matched 'reference fuel'. 
Fine structure distributions in the lattice cell were obtained with manganese and indium foils. Pu239/U235 
fission ratios were determined both by fission chambers and by fission-product counting techniques. 
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Abstract/Keyterms: Reactivity change measurements have been carried out in the graphite-moderated 
reactor HECTOR on plutonium-uranium fuel elements with a low Pu240 content. The aim of the work was 
to develop a method in which measurements on small fuel samples (typically 18 in. long) could be used to 
check the validity of proposed methods of calculation for plutonium-bearing lattices. The experiments were 
carried out in a variety of lattices and demonstrated that, at a lattice pitch of 8.5 in. which was used for the 
majority of the measurements, the results were not significantly affected by the lattice environment. In 
particular, the results showed that it is not necessary to use plutonium-uranium fuel in the lattice 
surrounding the sample but that uranium fuel with similar properties is adequate. The accuracy obtained 
corresponded to an error of 0.5% in k(inf) for a lattice containing the plutonium-uranium fuel. The results 
of the measurements were compared with the predictions of the TRACER method of lattice calculation. It 
was found that, at room temperature, there was no significant difference between the measured and 
calculated values of k(inf) but that, at temperatures in the range 400-450 deg. C, the calculated value of 
k(inf) was about 1 1/2% lower than the measured value. 



 

C-388 

387…..…..…………………..…….……..……ID Number…………………..…..…………….387 

Author: Macdougall, J. D. 

Title: ARGOSY 4: A Programme for Lattice Calculations 

Date: 7/1/1965 

Report: AEEW-R-445 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Burnup; Computers; 
Configuration; Control Elements; Differential Equations; Multiplication Factors; Programming; Reactor 
Core; Reactors; Reflectors; Rods 



 

C-389 

388…..…..…………………..…….……..……ID Number…………………..…..…………….388 

Author: Adamson, J. / Absalom, R. M. / Arnold, M. J. / Baker, A. R. / Broomfield, A. M. / Furneaux, D. 
/ Ingram, G. / Pattenden, S. K. / Patterson, C. R. / Stevenson, J. M. 

Title: The Third Core of ZEBRA 

Date: 10/1/1965 

Report: AEEW-R-461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the physical study of the third core built in ZEBRA. It was in 
fact the first core in ZEBRA to be fueled with plutonium. The only significant diluent was natural uranium, 
the atomic ratio of plutonium-239 to uranium-238 being about 1:9. The assembly had a critical mass of 81 
kg plutonium-239. Previous experience had led to the belief that none of the multigroup data sets in use in 
the UK would predict the critical mass of a plutonium system correctly. This was confirmed in the study of 
the criticality of this core. Various cross-section and spectral index measurements are described and the 
results compared with the predictions of the data sets. 
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Conference Session:  

Abstract/Keyterms: The buckling of a graphite moderated stack fueled with 0.8% PuO2}/UO2} 21 rod 
clusters in a 14 in. lattice pitch has been measured by the exponential method. The stack was built in the 
SCORPIO I facility which enabled the experiments to be made at 200 deg. C and 390 deg. C as well as at 
ambient temperature. The experimental results are shown to be in very satisfactory agreement with 
predictions using the ARGOSY IV method. 
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Abstract/Keyterms: The predictions of the ARGOSY method of calculation are compared with buckling 
and reaction rate measurements on graphite lattices containing plutonium enriched oxide cluster fuels. Most 
of the measurements were obtained on one lattice pitch giving a graphite-to-fuel volume ratio similar to 
that in the Windscale A.G.R. Apart from a reduction of 10% in the values of the capture and fission 
resonance integrals (4eV to 10KeV) of all nuclides the method as coded in ARGOSY III uses basic nuclear 
data. It is shown in this report that the buckling predictions of ARGOSY III at room temperature are in 
agreement with the experimentally determined values within approximately the experimental error, i.e. 
equivalent to {+-}0.5% in reactivity. When systematic errors are removed, however, a linear trend with the 
fraction of fissions occurring in Pu 239 is evident; the calculated reactivity being (0.6 {+-} 0.3)% low for 
zero Pu239 content and (0.6 + 0.3)% high for fuel with 80% of fission occurring in Pu 239. The 
experimentally determined change of buckling between 20 and 390 deg C is predicted to within the 
experimental error, i.e. equivalent to {+-} 0.7 mn/deg C. Reaction rate ratios and radial power distributions 
at all temperatures are predicted well by ARGOSY III. 
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Abstract/Keyterms: ZEBRA Core 5 was a mixed critical assembly used primarily for the measurement of 
Doppler coefficients in a central hot loop. This report contains the results of the spectra measurements, 
critical masses, control rod calibrations, perturbation cross-sections, reaction rate ratios, Doppler coefficient 
measurements with small samples and other core data. Some preliminary results from sodium activation 
measurements are also given. A comparison is made between the results and calculations based on FD1 and 
FD2 data sets. It was found that the latter set gave a closer prediction of most quantities. The flux was found 
to be underestimated in the low energy regions where the Doppler effect is important. The 5J results are of 
direct application to the PFR System, because the spectrum there was a close representation of PFR. The 
other assemblies provided a range of composition and neutron spectra around that of the PFR, and the 
comparisons between experiment and calculation are therefore also of value to the understanding of that 
system. 
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Abstract/Keyterms: A series of reactivity perturbation measurements has been carried out in the reactor 
on single plutonium-uranium oxide clusters. These clusters are 14 inch long, with a geometry similar to 
that used in the Windscale AGR, and contain up to 2% plutonium with a plutonium-240 content from 3% 
to 26%. These plutonium contents cover the range encountered both in burn-up and in possible plutonium 
enrichment of an AGR. A method of analysing these measurements has been developed, which uses as a 
starting point reaction rates produced by any suitable single-cell lattice code. A comparison between the 
measured and calculated reactivity perturbations for a given single plutonium-bearing cluster then provides 
a measure of the accuracy of k(inf) calculated by that code for a complete lattice containing that particular 
fuel. The experimental results have been analysed in this report using reaction rates obtained from the 
ARGOSY4 code. Good agreement is found within the errors between calculated and measured reactivity 
perturbations for all samples. These errors, in terms of k(inf.) for each sample lattice, are typically ± 0.5% 
for samples containing 0.2% and 0.4% plutonium, and ± 0.9% for samples containing 2% plutonium. The 
effect of changing the plutonium-240 content of a sample is predicted to within 5% of the change. 
Temperature coefficients over the range 22 degrees C to 427 degrees C are correctly predicted within 1-2 
mn/degrees C. These results are found to be independent, within wide limits, of the reactor environment 
lattice in which the reactivity perturbation measurements are made. It is possible, therefore, to carry out 
useful measurements on plutonium-bearing fuel in a lattice loaded with uranium fuel, with a considerable 
saving in the amount of the plutonium-bearing fuel required. 
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Abstract/Keyterms: The loading to criticality of the first core of the zero energy reactor ZENITH and the 
results of the subsequent experimental program are described. The composition of the reactor core 
corresponds to graphite/U235 and Th232: U235 ratios of 3843 and 9.51, respectively. 
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Abstract/Keyterms: A brief discussion of problems encountered in the nuclear design of water moderated 
reactors is presented and a comprehensive scheme of calculations is described. This scheme is based largely 
on theoretical methods and computer codes developed in the USA but some previously unreported 
developments made in this country are also described. It is shown that the effective reproduction factor of 
simple water moderated lattices may be estimated to an accuracy of approximately 1%. Methods for treating 
water gap flux peaking and control absorbers are presented in some detail, together with a brief discussion 
of temperature coefficients, void coefficients and burn-up problems. 
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Abstract/Keyterms: The measurements, weights, and plant costs of a nuclear power plant with water 
cooled and gas cooled reactors with a power of 100 Mw (el) are compared. The fuel supply, the enrichment, 
and the recovery of irradiated fuel elements are briefly described, and the analysis of the fuel costs as well 
as fuel efficiency is considered. The operating costs per kwh and future development to obtain higher live 
steam temperatures and therefore better efficiency are discussed. 
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have been prepared and dispensed to the zero energy thermal reactor. The development of the process, 
equipment, and handling techniques are described along with experimental criticality test techniques, 
results, and an analysis of the results. 
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Author: King, D. T. / Wall, G. P. / White, J. W. C. 

Title: Critical Assemblies with Heavy Water Solutions of Uranyl Fluoride Part 1 Fuel System 

Date: 1/1/1958 

Report: AERE-CE/R-2624 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The H. A.Z.E.L. (formerly Z.E.T.R. II) critical assembly was the third in a series of 
homogeneous aqueous critical assemblies to be constructed in the United Kingdom and was designed to 
extend the range of studies, previously confined to plutonium and the fissile uranium isotopes in light water 
to cover the fissile uranium isotopes in heavy water. This report describes the construction, commissioning 
and operation of the fuel system for the experiments with uranium-235 for which the major problem was 
to prepare and dispense the fuel in such a manner that the high purity of the heavy water was maintained 
throughout the experimental programs. The critical assembly, its operation and performance are the subject 
of a separate report. 
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Author: Crocker, V. S. / McCullen, J. D. / Horton, C. C. / et al. 

Title: Critical Assemblies of Plutonium Nitrate Solutions 

Date: 1/1/1959 

Report: AERE-CR/R-1182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A copy of this report is not available. 
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Author: Burnup, T. E. 

Title: Proposed Simulator for Reactor Kinetic Equations 

Date: 9/29/1953 

Report: AERE-E/M-76 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Criticality; Differential Equations; Equations; Errors; 
Multiplication Factors; Neutron Flux; Planning; Reactivity; Reactors; Stability; Transients 
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Author: Johnson, K. D. B. / Taylor, R. F. 

Title: Processing in Limited Geometries - Part One 

Date: 1/7/1960 

Report: AERE-M 601 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Overview of many steps for chemical processing of U and Pu, discussion of 
equipment design areas where geometric control may be applied. 
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Author: Lloyd, H. 

Title: The Manufacture of DIDO Fuel Elements 

Date: 8/1/1958 

Report: AERE-M/L-2(2nd. Ed.) 

Conference/Journal: Symposium on Fuel Elements, Paris, November 1957 

Conference Session:  

Abstract/Keyterms: The fuel charge for DIDO consists of 25 fuel elements. The square box section, 
usually termed the fuel box, is an assembly of ten fuel plates separated to form coolant channels. Each fuel 
plate contains 10 g of U235 in a uranium-aluminum alloy which is clad ln aluminum. The manufacture of 
these fuel elements is divided into fuel plate fabrication and fuel element assembly. The plates are made by 
the "picture frame" technique, where fuel cores are first prepared from an enriched uranium aluminum alloy 
and fitted into aluminum frames which are then sandwiched between aluminum cladding plates to form 
"fuel packs." The fuel element is fabricated from four sub-assemblies: the fuel box, tube with guide nose, 
fin assembly, and nozzle tube assembly. 
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Author: Garner, E. V. / Johnson, K. D. B. 

Title: Densities of Hydrogen and Uranium and their Effect upon Criticality 

Date: 7/1/1960 

Report: AERE-M-00718 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The densities of hydrogen and uranium in crystalline solids and liquids which may 
occur during the processing of fissile materials are given. Criticality dependence upon density is discussed. 



 

C-439 

438…..…..…………………..…….……..……ID Number…………………..…..…………….438 

Author: Jackson, K. E. B. 

Title: Estimated Densities of Plutonium and Hydrogen for Use in Criticality Calculations 

Date: 1/1/1960 

Report: AERE-M-00802 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A compilation was prepared to aid design engineers in the selection of potential fuels 
for advanced high temperature reactors. Available data are included on critical properties for all fuels 
believed to be potentially capable of operating at surface temperatures of at least 650 deg C. Fuels of recent 
interest with this capability are included even though sufficient data for their final evaluation are not yet 
available. The compilation is broken down into sections devoted to particular types of fuels. Property data 
for all these materials are arranged in a standardized format designed for rapid consultation. In addition to 
these data sheets, a master table that permits comparison of all fuels covered in the compilation on the basis 
of four properties considered essential in an initial fuel evaluation is presented. Also, a compilation of 
appropriate conversion units has been included for the design engineer's convenience. 
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Author: Eid, A. M. / Delafield, H. J. 

Title: Neutron Response of a 7LiF Thermoluminescent Dosimeter Incorporated in the UKAEA Criticality 
Dosimeter 

Date: 4/1/1976 

Report: AERE-M-02803 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: There are practical advantages in incorporating a 7LiF thermoluminescent dosimeter 
(TLD) for the measurement of gamma-ray dose, into the personnel criticality dosimeter. This paper 
investigated the corrections necessary for the inherent direct response of the TLD neutrons, and its enhanced 
indirect response from prompt gamma-rays resulting from neutron interactions with the metallic foils 
contained in the criticality dosimeter. The response of the TLD to fast fission neutrons was measured to be 
0.02 gamma rad/n rad. The indirect response of the TLD to thermal neutrons was measured to be 4.8 x 
10$sup-10$ rad n$sup-1$ cm2 for dosimeters exposed in free air, and 7 x 10$sup-10$ rad n$sup-1$ cm2 
for dosimeters worn on the body respectively. Application of these correction factors to TLD measurements 
made at International Dosimetry Intercomparisons (sponsored by the I.A.E.A.) gave improved agreement 
with the values given by other participants. 
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Author: Delafield, H. J. 

Title: Nuclear Accident Dosimetry. Revision of Emergency Data Sheets 

Date: 9/1/1976 

Report: AERE-M-02839 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Emergency Data Sheets on Nuclear Accident Dosimetry have been revealed 
following the publication of a three part manual on this subject (Delafield, Dennis and Gibson, AERE-R 
7485/6/7, 1973). This memo provides an explanation of the action levels adopted for the initial segregation 
of irradiated persons following a criticality accident, by monitoring the activity of indium foils contained 
in personnel dosimeters and the induced body sodium activity. The data sheets are given as an Appendix. 
They provide basic information on/ the segregation of irradiated persons, the estimation of radiation 
exposure, and the assessment of personnel gamma-ray and neutron doses. 
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Author: Marshall, M. / Toureau, A. E. R. 

Title: Determination of 115mIn Activity for Use in Nuclear Accident Dosimetry 

Date: 7/1/1978 

Report: AERE-M-02977 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method of determining the specific activity of 115mIn in indium foils for fast 
neutron determination after a criticality incident is described. Two Ge(Li) gamma-ray spectrometers were 
calibrated with standards traceable to the National Physical Laboratory. The importance of using a long-
term check source and of careful positioning of sources is stressed and a method of calculating the optimum 
time for counting in the presence of a shorter lived interference is given. 
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Author: Delafield, H. J. / Harrison, K. G. / Harvey, J. R. / Hudd, W. H. R. 

Title: Dosimetry Measurements for a Criticality Exercise Based on Moderated 2.5 MeV Accelerator 
Neutrons 

Date: 2/1/1979 

Report: AERE-M-03014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A joint criticality exercise between BNL and Harwell was held on 22 March 1978 to 
test criticality dosimetry procedures, and to establish an irradiation technique which could be used to 
simulate the irradiation of criticality dosimeters in a criticality excursion. Dosimeters were irradiated on a 
phantom by moderated 2.5 MeV accelerator neutrons using facilities at BNL, and then transported rapidly 
to Harwell for assessment. This exercise showed that despite the limited dose rate available from the 
accelerator, such an irradiation could be used successfully to simulate a criticality incident. The induced 
dosimeter activities were adequate for the initial monitoring at BNL and a subsequent full dose assessment 
at Harwell. Neutron dose assessments obtained by different methods of interpretation were both self-
consistent (1.7 ± 0.2 rad), and in good agreement with an independent estimate of dose (2.0± 1.0 rad) based 
on measurements made with a De Pangher Long counter at BNL. 
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Author: Boot, S. J. 

Title: Reduction of the Sulphur Dose Threshold in the A.E.R.E. Criticality Dosimeter 

Date: 8/1/1965 

Report: AERE-M-1631 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation; Radiation Detection; Activation; Aluminum; Criticality; 
Dosemeters; Fast Neutrons; Geiger-Mueller Counters; Neutron Beams; Nuclear Reactions; Phosphorus 32; 
Plates; Protons; Radiation Doses; Sulfur 32 
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Author: Wilson, A. H. 

Title: The General Properties of the Transport Equation and Its Use in Determining the Multiplication in 
Bodies Having Spherical Symmetry 

Date: 12/1/1950 

Report: AERE-MS-105A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Differential Equations; Group Theory; 
Multiplication Factors; Neutron Flux; Numericals; Scattering; Spheres; Surfaces; Transport Theory; 
Velocity 
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Author: Colmer, F. C. W. / Wiblin, E. R. / Woollen, W. B. 

Title: Boron-Cadmium Intercalibration for Pile Neutrons in GLEEP 

Date: 3/19/1953 

Report: AERE-N/R-1159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Colmer, F. C. W. / Wiblin, E. R. / Woollen, W. B. 

Title: Fission Balance Tests in GLEEP 

Date: 3/1/1953 

Report: AERE-N/R-1163 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Watson-Munroe, C. N. 

Title: Divergency Data for GLEEP 

Date: 8/22/1947 

Report: AERE-N/R-121; Atomic Energy, 7, 1958 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The methods employed for measuring neutron fluxes and estimating the critical radius 
for the Gleep (Graphite Low Energy Experimental Pile) are described. Descriptions of the methods of 
loading and details of the experimental data are given. 
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Author: Littler, D. J. / Stewart, J. C. C. 

Title: A Determination of the Laplacians in GLEEP 

Date: 9/16/1947 

Report: AERE-N/R-131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An attempt has been made to determine the Laplacians in Gleep by exploring the 
thermal-neutron flux distribution with indium foils. The Laplacian of the uranium metal-graphite lattice is 
0.92 plus or minus 0.04 m/sup -2/ and the Laplacian of the uranium dioxide-graphite lattice is 0.66 plus or 
minus 0.04 m/sup -2/. 
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Author: Booker, D. V. / Eastwood, W. S. / Fenning, F. W. / Fry, T. M. / Wiblin, E. R. 

Title: The Measurement of the Laplacian in a Lattice of Uranium Metal Rods and Graphite 

Date: 10/1/1947 

Report: AERE-N/R-134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air- Aluminum- Buckling- Configuration- Critical Assemblies- Criticality- 
Fissionable Materials- Foils- Fuel Elements- Graphite Moderator- Indium- Measured Values- Neutron 
Detection- Neutron Sources- Reactor Core- Rods- Thermal Neutrons- Tubes- Uranium- Water; 
Distribution- Equations- Errors- Neutron Flux- Numericals- Reactivity 
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Author: n.a. 

Title: Health Physics and Medical Division Progress Report, January-December 1964 

Date: 3/1/1965 

Report: AERE-PR/HPM-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Activation Analysis; Adsorption; Aerosols; Air; 
Atmosphere; Bibliography; Body; Carbon Dioxide; Chemical Reactions; Chromium; Contamination; 
Criticality; Density; Deposits; Detection; Dosemeters; Energy Range; Environment; Gas Coolant; In Vivo; 
Inhalation; Instruments; Iodides; Iodine 132; Iodine Compounds; Labelled Compounds; Lungs; Man; 
Measured Values; Metabolism; Methyl Radicals; MeV Range; Mutations; Neutron Detection; Neutrons; 
Nuclear Emulsions; Photographic Film Detectors; Planning; Plants; Polystyrene; Preparation; Protons; 
Quantitative Analysis; Quantity Ratio; Radiation Detectors; Radiation Doses; Radiation Effects 
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Author: n. a. 

Title: Progress Report January-December, 1982. UKAEA Atomic Energy Research Establishment, 
Harwell 

Date: 11/1/1983 

Report: AERE-PR-EMS-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 1982 Progress Report / Criticality Alarms 
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Author: Hill, J. F. 

Title: The Approach to Criticality of a Cylindrical Pile 

Date: 3/1/1951 

Report: AERE-R /M-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Nicholls, C. M. / Woodcock, E. R. / Gillieson, A. H. 

Title: Criticality 

Date: 3/1/1959 

Report: AERE-R 2914 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Document is comparable to early U. S. criticality safety/data handbooks, with 
somewhat greater focus on criticality theory and criticality safety applications than data. 
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Author: Rennie, C. A. 

Title: Lecture Notes on Pile Theory 

Date: 1/1/1952 

Report: AERE-R/L-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Graphite Moderator; Mathematics; Natural Uranium 
Fuel; Planning; Reactors 
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Author: Cooper, P. N. 

Title: Criticality of Components for H.A.R 

Date: 1/1/1957 

Report: AERE-R/M-113 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics / Configuration / Coolant Loops / Criticality / Density / Equations / Fuel 
Solutions / Heat Exchangers / Heavy Water Moderator / Homogeneous Reactors / Mass / Numericals / 
Planning / Reactor Safety / Reactors / Reflectors / Temperature / Tubes / Uranium 235 / Volume 
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Author: Davey, W. G. / Harrison, J. R. 

Title: A Two-Group Computer Programme for Two-Zone Spherical Reactors 

Date: 10/1/1957 

Report: AERE-R/M-146; HARD(A )/P-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program, which was devised to determine the critical radius and other 
characteristics of a two-zone spherical reactor, is described. The conditions assumed for the calculation 
approximate closely those found in a homogeneous aqueous breeder or converter reactor, and therefore the 
program is particularly appropriate for these systems. 
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Author: England, C. J. 

Title: An Estimate of the Reactivity Change in Dido Due to a Change in the Isotopic Purity of the Heavy 
Water 

Date: 1/1/1958 

Report: AERE-R/M-161 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One-group lattice calculations and two-group criticality calculations have been 
performed assuming three different isotopic purities for the heavy water in the reactor DIDO. From these 
calculations it is estimated that the reactivity change due to a small change in the isotopic purity of the 
heavy water is --0.9%( delta k(eff) k(eff) 0.1% degradation in D2O purity. 
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Author: Baker, A. R. / Jaques, T. A. J. 

Title: A Measurement of the Doppler Effect to the Temperature Coefficient of Reactivity in a Fast Reactor 

Date: 6/1/1958 

Report: AERE-R/M-168 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Capture; Doppler Effect; Errors; Fast Neutrons; High Temperature; Low 
Temperature; Measured Values; Natural Uranium Fuel; Numericals; Reactivity; Reactor Core; Reactors; 
Resonance Escape Probability; Spectral Shift; Temperature; Uranium 235; Uranium 238; Variations; 
ZEUS; Zones 
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Author: Brown, G. / Moore, P. G. F. / Richmond, R. 

Title: The Analysis of Exponential Experiments 

Date: 7/8/1958 

Report: AERE-R/M-182; NPCC/RPWP/P-119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is given of the methods used by the BICEP group for the analysis of 
exponential experiments on graphite-moderated natural uranium lattices. These differ in some respects from 
the methods formerly employed at A.E.R.E. and resulted in a reduction by a factor of four in the time taken 
to carry out and analyse an experiment. 
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Author: McCullen, J. D. 

Title: Beryllia Moderated Systems 

Date: 4/16/1951 

Report: AERE-R/M-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium Alloys; Beryllium Moderator; Graphite; Mathematics; 
Mechanical Structures; Oxides; Reflectors; Uranium Alloys 
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Author: McCullen, J. D. 

Title: Critical Size of Solutions of Fissile Materials in Water 

Date: 12:00:00 AM 

Report: AERE-R/M-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Langmead, W. 

Title: Health Physics Aspects of Criticality Accidents 

Date: 12:00:00 AM 

Report: AERE-R/P-1108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Fenning, F. W. / Horton, C. C. / McCullen, J. D. 

Title: A Two-Group Analysis of Z.E.T.R Experiments 

Date: 11/24/1955 

Report: AERE-R/R-1225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Mummery, P. W. / Syrett, J. J. 

Title: Fuel Recycling in Equilibrium Uranium-Plutonium Thermal Reactors 

Date: 5/1/1956 

Report: AERE-R/R-1915 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Clarke, W. G. / Horton, C. C. / Smith, M. F. 

Title: Critical Assemblies of Aqueous Uranyl Fluoride Solutions. Part 1 Experimental Techniques and 
Results 

Date: 9/20/1956 

Report: AERE-R/R-2051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical masses of uranium-235 and uranium-233 in the form of uranyl fluoride in 
aqueous solution have been measured in cylindrical geometry for a range of concentrations 
hydrogen/uranium(fissile) 250 to 850. A cylinder radius of 15.21 centimeter was used with an effectively 
infinite radial water reflector. Where possible estimates were made of the critical masses for the system 
unreflected and for the system reflected but with the cadmium shut off sheath between the core and reflector. 
Flux measurements were made through the system in axial and radial directions at all concentrations. The 
effect of change of temperature on the system over the range 15-degree C to 90-degree C was observed for 
all concentrations. An assembly for each isotope in a very concentrated solution hydrogen/uranium-235 
=60, hydrogen/uranium-233 = 32 was also made in a 6.35 centimeter radius cylinder but was not brought 
to criticality. Part II of this report will treat in detail the chemical preparation and processing of the solutions 
and Part-III will be a full discussion and analysis of the results obtained. 
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Author: Rose, H. / Absalom, R. M. 

Title: The Effectiveness of Neutrons as a Function of their Energy in the Natural Uranium Envelope of 
ZEPHYR 

Date: 3/1/1957 

Report: AERE-R/R-2150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Criticality; Efficiency; Energy; Energy Range; Fast Neutrons; 
Gamma Radiation; Measured Values; Natural Uranium Fuel; Neutron Flux; Neutron Sources; Neutrons; 
Photoneutrons; Reactivity; Reactor Core; Reactors; Research Reactors; Variations; ZEPHYR 
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Author: Thompson, J. J. 

Title: Two-Group Perturbation Studies of a Reflected Liquid Metal Fuel Reactor 

Date: 7/1/1957 

Report: AERE-R/R-2191; LMFR/P-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Enrichment; Fuel Solutions; Graphite; Group Theory; Homogeneous 
Reactors; Lifetime; Liquid Metal Fuel; Neutron Flux; Neutrons; Numericals; Perturbation Theory; Pipes; 
Reactivity; Reactors; Reflectors; Spheres; Temperature; Temperature Coefficient 
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Author: Hines, K. C. / Holbrough, D. W. 

Title: Solution of the Pile Equation for a Bare Cylindrical System of Hexagonal Cross-Section 

Date: 4/1/1957 

Report: AERE-R/R-2248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It is shown that the diffusion equation for a cylindrical reactor with hexagonal cross-
section may be solved as an infinite series, the terms of which involve Bessel functions of order 6n, where 
n = 0, 1, 2,...... for the successive terms of the series. Considering in succession additional terms of the 
series a sequence is obtained for the eigenvalue which converges rapidly. In this way a value is found for 
the eigenvalue of a bare system. The contour of zero flux was evaluated in the approximations for which 
one, two......, terms of the series solution were included. When three terms are included this contour of zero 
flux was found to follow the hexagonal boundary quite closely. 
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Author: Hicks, D. 

Title: Experiments with Dido/Pluto Mock-Ups in DIMPLE 

Date: 8/1/1957 

Report: AERE-R/R-2337 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments carried out in Dimple with mock-ups of the Dido/ Pluto 
reactors are described. The observed critical conditions for the clean void free reactor were found to be in 
considerable disagreement with the original estimates. The flux distributions in cores formed from fuel of 
two different enrichments (46 and 93% U235, respectively) were measured. The reactivity controlled by 
the principal safety devices, by the empty experimental tubes, and by a number of specimens in the 
experimental holes have been determined by experiment and, where possible, compared with two group 
perturbation theory. In spite of the clean core reactivity discrepancy a self-consistent scale of reactivity was 
established which enables the criticality conditions for various loadings of the reactor to be predicted. It 
was not however possible to relate this static reactivity scale to the kinetic behavior of the reactor. 
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Author: Sanders, L. G. / McCracken, A. K. 

Title: The Interpretation of Approach-to-Critical Experiments with Application to Organic Liquid 
Moderated Systems 

Date: 12/1/1957 

Report: AERE-R/R-2358 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Configurations are highly subcritical and consist of 1.2-inch diameter U(1.0), U(1.3) 
and U(1.6) rod lattices with organic liquid moderator. 
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Author: Codd, J. / Hill, J. F. 

Title: The Change in Reactivity of a Pile During Operation 

Date: 4/1/1951 

Report: AERE-R/R-2387 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A formula is developed for the change in reactivity of a pile during operation due to 
changes in the composition of the fissile and fertile material, namely, destruction of U235 and U238 and 
buildup of Np/sup 239/ and Pu /sup 239/. T. he results are applied to a typical natural uranium pile and to 
enriched reactors. 



 

C-473 

472…..…..…………………..…….……..……ID Number…………………..…..…………….472 

Author: Hicks, D. 

Title: Neutron Flux Distributions in Loops—An Analysis of Experiments in DIMPLE 

Date: 11/1/1957 

Report: AERE-R/R-2418 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The problem of calculating the thermal neutron flux in a reactor loop is considered. 
A simple model based on an electrical analogy to neutron diffusion theory (with empirical corrections) is 
developed. Predictions based on the model are shown to be in good agreement with experiments with 
dummy loops in the Dimple reactor. Semi-empirical methods are suggested for the treatment of air gaps 
and bars of enriched fuel. 
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Author: Baker, A. R. / Smith, R. D. 

Title: ZEUS Final Report 

Date: 1/1/1959 

Report: AERE-R/R-2444 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZEUS was a uranium-235-fueled, experimental, low-power, fast reactor which was 
in operation at Harwell from December 1955 until September 1957. It was designed for the measurement 
of the neutron physics of the power-producing fast reactor under construction at Dounreay. Its dimensions 
were therefore made similar to those of the Dounreay reactor. The core was constructed so that its 
composition could be altered readily, and several different assemblies were made with critical masses 
ranging from 190 kg to 210 kg. A large number of measurements were made with these various cores. Some 
of these were concerned with the detailed behaviour of the Dounreay reactor, but the majority are of general 
application to fast reactor systems with cores of similar composition. 
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Title: A Study of Single-Zone U-233 Thoria Slurry Reactors 

Date: 4/1/1958 

Report: AERE-R/R-2537; HARD(A ),P-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Single-zone spherical power reactors comprising slurries of thorium oxide and U233 
in heavy water at 265 deg C are considering. initial uranium concentrations, conversion factors, and losses 
in protactinium and fission products are calculated for a wide range of reactor sizes and thorium oxide 
concentrations. 
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Title: The Behaviour of ZEPHYR with a Graphite Envelope 

Date: 7/1/1958 

Report: AERE-R/R-2539 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present report gives an account of some experimental studies of a version of 
ZEPHYR, a plutonium fueled fast reactor, having a main envelope of pure graphite. This work was 
undertaken as the first of a series of studies of systems with envelopes containing moderating material, and 
it was intended that further investigations would include a variety of fertile (uranium) atom-light atom 
mixtures. 
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Title: Experiments on Sub-Critical Assemblies of Enriched Uranium Plates in Natural Water Part I the 
Laplacians of 1/8” Plate Assemblies 

Date: 5/1/1958 

Report: AERE-R/R-2562 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of exponential and approach to critical experiments were conducted using 
Laplacians of uranium1.3 cobalt plates 1/8 in. thick in natural water. A description of the approach 
technique and method of analyzing results is presented. The theory on which this analysis based is 
described. 
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Title: Exponential Experiments with Natural and Slightly Enriched Uranium, Graphite Moderated Systems 

Date: 9/1/1956 

Report: AERE-R/R-2597 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An account is given of graphite exponential experiments which extend the range 
covered previously. An improved method of analysis employed. The results are compared with the lattice 
calculations recommended for PIPPA type reactors and proposals made for further work. 
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Title: Exponential Experiments for PIPPA MK. 1 (Declassified Version of AERE-RP/R-1545) 

Date: 11/1/1954 

Report: AERE-R/R-2602 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some experience on experimental lattices was available at the time the PIPPA design 
was authorised, but additional work was considered to be necessary. This would serve the dual purpose of 
providing ad hoc data related to the chosen PIPPA design and of contributing to that series of experiments 
required for a more complete understanding of the neutron fates in gas cooled graphite moderated reactors. 
The main function of the ad hoc experiments must be to determine: (I) effect of using high purity and high 
density graphite. (II) effect of change of lattice pitch. (III) effect of change of uranium rod diameter. (IV) 
effect of change of size of coolant channels. (V) effect of 4.5% enrichment of uranium-235 in the uranium. 
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Title: Critical Assemblies with Heavy Water Solutions of Uranyl Fluoride (h A.Z.E.L.)-Part-2, Physics 

Date: 11/1/1958 

Report: AERE-R/R-2703 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Details are given of a series of critical assemblies and flux measurements undertaken 
in h A.Z.E.L. Using 46% uranium-235 as uranium dioxide difluoride in heavy water in cylindrical 
geometry. The fissile concentrations investigated were in the range 1939-6722 
deuterium/uranium(fluoride), and in the geometry considered (2-foot diameter steel cylinder), the critical 
heights were in the range 70-200 cm. The minimum critical mass was 1.768 km of uranium-235 occurring 
at a concentration of 4687 deuterium/uranium(fluoride). Part-I of this report AERE CE/R-2624 gives full 
details of the fuel system and Part III AERE R/R 2731 is a theoretical analysis of the results. 
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Title: Critical Assemblies with Heavy Water Solutions of Uranyl Fluoride (H.A.Z.E.L.) Part 3 Theoretical 
Analysis 

Date: 7/1/1959 

Report: AERE-R/R-2731 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two-group diffusion theory analysis of experiments of AERE R/R 2703. Also, early 
computer modeling with multigroup methods (6-groups). 
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Report: AERE-R-04365 
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Conference Session:  
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Title: Time of Flight Measurements of the Neutron Spectrum in a Subcritical Fast Reactor Assembly 

Date: 1/1/1968 

Report: AERE-R-05330 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron energy spectrum at the centre of a sub-critical VERA 7A assembly has 
been determined by the time of flight method in the range 100 eV to 4.8 MeV using the Harwell 45 MeV 
electron linear accelerator to provide a pulsed source of fast neutrons. The spectrum in a similar assembly 
has been determined at Aldermaston using time of flight measurements on a sub-critical system at energies 
below 40 keV and proton recoil measurements on the critical system at higher energies. Comparison with 
the shape of the present spectrum shows good agreement below 200 keV but if both spectra are normalized 
in this region the Harwell measurement shows fewer high energy neutrons, the discrepancy being about 
25% in the region of 1 MeV. Part of this difference is attributed to the different criticality conditions of the 
two measurements but there still remains an unexplained discrepancy at high energies. A diffusion theory 
calculation of the spectrum in a spherical equivalent of the assembly appears to be in rather better agreement 
with the present measurement than with the Aldermaston measurement. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Fast Neutrons; Graphite; 
Leakage; Measurement; Polyethylenes; Pulses; Shells; Sodium; Spectra; Spheres; Time of Flight 
Spectrometer; Uranium 
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Title: Nuclear Accident Dosimetry. Part 2. Dose Assessment Procedure 

Date: 1/1/1973 

Report: AERE-R-07486 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The report provides detailed operational instructions on procedures of dose 
assessment with the UKAEA personnel criticality dosimeter, the installed neptunium dosimeter and the 
AERE/RPS personnel film dosimeter. Sections cover monitoring/ dosimeter measurements/ body 
measurements/ derivation of doses from dosimeter measurements/ and estimation of doses from body, hair 
and clothing measurements. Appendices are devoted to measuring equipment and calibration procedures, 
and radiochemical analysis procedures for wool and hair. 
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Abstract/Keyterms: n.a. 
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Title: Nuclear Accident Dosimetry 

Date: 4/1/1975 

Report: AERE-R-08520 

Conference/Journal: 4th IAEA Intercomparison Experiment at Harwell, UK, 7-18, April, 1975, Part I - 
Description of the Experiment and Participant Results 

Conference Session:  

Abstract/Keyterms: Life Sciences-Radiation Effects on Animals-Man; -Biomedical Sciences, Applied 
Studies-Radiation Effects-Radiation Effects on Animals-Man; Personnel Dosimetry; Radiation Accidents- 
Dosimetry; Dosemeters; Neptunium; Neutron Spectra; Radiation Detectors; Radiation Monitoring; Sodium 
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Author: Holt, P. D. / Boot, S. J. 

Title: Nuclear Accident Dosimetry Systems. UK Measurements at the Fourth IAEA. Intercomparison at 
Harwell, April 1975 

Date: 9/1/1978 

Report: AERE-R-09190 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An international Intercomparison of Nuclear Accident Dosimetry Systems was held 
at Harwell in April 1975 under the auspices of the IAEA. The source of radiation was the pulsed reactor 
VIPER at AWRE Aldermaston. This paper presents the results of the measurements made by the Harwell 
team which participated in the Intercomparison. For the neutron dose measurements standard nuclear 
accident dosimeters were exposed on a Bomab phantom and in free air. In the UK system of nuclear 
accident dosimetry the fast neutron dose is measured by sulfur activation together with, if possible, another 
detector with a lower threshold, namely either indium (sup(115m)In activation), body sodium (24Na 
activation) or neptunium. Fast neutron dose estimates were made by sulfur alone and by the other three 
methods. The results were consistent with those expected on the basis of previous work, except for the 
method involving body sodium. The results have been compared with those calculated from measurements 
before the Intercomparison with an ionization chamber system and neutron spectrometers. Some gamma-
ray dose measurements were made with the TLD's in the standard criticality lockets, but, because of the 
large correction expected for (n, gamma) dose from the foils in the lockets, the principal gamma-ray 
measurements were made with experimental TLD's and with special 
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Author: Douglas, J. A. 

Title: Applications of Tl Materials in Neutron Dosimetry 

Date: 8/1/1978 

Report: AERE-R-09196 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The determination of neutron dose from thermoluminescent (TL) detectors requires 
a knowledge of the complex processes involved when neutrons interact with matter. The neutron reactions 
involved are categorised, the appropriate parameters necessary to monitor the effects of neutrons are 
discussed and the terms used in dosimetry are defined. The responses of common TL materials to thermal 
neutrons and the factors affecting the measured responses are reviewed. Methods of separating the neutron 
component in a mixed field and of producing a high thermal-neutron response by mixing a phosphor with 
a non-luminous 6Li salt are discussed. Techniques for increasing the intermediate and fast-neutron response 
of phosphors by the use of proton radiators, fission foils and moderators are surveyed. The practical 
applications and limitations of these techniques in dosimetry are assessed. The feasibility of using the 
neutron activation of a constituent of a phosphor for dosimetry in therapy work or criticality accidents is 
examined. Some possible future developments in fast-neutron dosimetry are considered. 



 

C-490 

489…..…..…………………..…….……..……ID Number…………………..…..…………….489 

Author: Delafield, H. J. 

Title: Nuclear Accident Dosimetry Systems UK Measurements at the Sixteenth Intercomparison at ORNL 
August 1979 

Date: 4/1/1980 

Report: AERE-R-09657 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results are presented of the measurements made by the AERE, Harwell 
participants at the Intercomparison of Nuclear Accident Dosimetry Systems held at the Dosimetry 
Applications Research Facility (DOSAR) of the Oak Ridge National Laboratory, USA from 13-17 August 
1979. The source of pulsed radiation used was the Health Physics Research Reactor which was operated 
bare for pulse 1, and shielded by concrete (20 cm thickness) and steel (5 cm thickness) for pulses 2 and 3, 
respectively. Measurements are reported which were made using personnel dosimeters (both in free-air and 
on phantoms) and a threshold detector system and compared with the provisional results given by the 
DOSAR group at the meeting. 
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Title: Sensitivity of the UKAEA Criticality Dosimeter to Slow Neutrons 

Date: 9/1/1981 

Report: AERE-R-10303 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Improvements have been made in the determination of the thermal and epithermal 
neutron sensitivity of the thick gold foil combination of the UKAEA personnel criticality dosimeter which 
is used to measure the neutron leakage spectra from critical assemblies and reactors. Calculations are 
presented to enable incident and reflected components of the thermal fluence and the epithermal fluence 
per unit lethargy interval to be derived from beta-ray measurements from each gold foil surface. Gold foils 
and criticality dosimeters have been exposed to reference neutron fluence rates to verify the calibration, 
and the uncertainties of the method are described both for these reference exposures and for exposures in 
typical criticality conditions. 
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Title: Physics Measurements During the Commissioning of Pluto. Approach to Criticality and Loading to 
Full Core 

Date: 9/1/1960 

Report: AERE-R-3155 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief description of the PLUTO Reactor is given with emphasis placed on safety 
circuits and instrumentation. Procedures used in the safe loading of fuel for the first criticality are listed. 
The first fully loaded core is described. 
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Conference Session:  

Abstract/Keyterms: The perturbation of the neutron flux in an infinite medium caused by a cylindrical 
channel is investigated, when the unperturbed flux varies linearly in a direction perpendicular to the axis of 
the channel. The channel in fact behaves as a dipole and the dipole strength is calculated as a function of 
the channel radius. 
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Abstract/Keyterms: Engineering and Equipment; Computers; Cooling; Criticality; Energy; Graphite; Heat 
Transfer; Irradiation; Mathematics; Spectra; Storage 
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Title: A Review of High Intensity Neutron Sources and Their Application in Industry 

Date: 6/1/1962 
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Abstract/Keyterms: Clayton (United Kingdom Atomic Energy Authority. ReVarious high intensity 
neutron sources which are now available are reviewed and their present and future applications in industry 
are discussed. The characteristics and cost of radioisotope neutron sources are compared with accelerating 
machines, and it is shown that, for large scale applications of activation analysis and short lived lsotope 
production where a high neutron flux is required, the neutron generator is preferred. There are four useful 
reactions by which the neutrons are available from accelerating machines; these are the X-Be, d-Be, d-d, 
and d-t (where x is x-ray). The characteristics of each type of machine are discussed, and, although the 
characteristics and life of the tritiated titanium target are known to be restricted, it is concluded that for 
industrial application the (d,t) reaction is the most useful and is likely to remain so in the future. Low cost 
and maintenance are the chief advantages. The most important industrial application is considered to be 
activation analysis by fast and thermal reactions with the possibility of extension to process control. The 
design of an irradiation facility suitable for use in an industrial analytical laboratory is discussed. 
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Abstract/Keyterms: Analyses of the data required for an evaluation of the reactor physics aspects of 
natural-water moderated reactors showed that for rod type type fuel elements experiments were needed in 
which the following parameters were varied: (1) uranium enrichment, (2) rod diameter, (3) volume of 
moderator to volume of uranium ratio. (4) sheathing material. (5) sheath thickness. (6) moderator density. 
(7) temperature of the assembly. Accordingly an experimental programme which covered this range of 
parameters was arranged. Apart from the temperature variation this range has been covered in the 
exponential experiments outlined. The natural uranium experiments have been reported previously and a 
discussion of the choice of experiments is given. In this report an account of the technique, results and 
preliminary conclusions to be drawn from the enriched uranium experiments is given. 
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Abstract/Keyterms: An experimental study of natural uranium-natural water exponential assemblies was 
commenced in 1953. Later, uranium became available having a uranium-235 content greater than that of 
natural uranium by a factor 1.3 or 1.6 (so called 1.3 co and 1.6 co enriched uranium). From the standpoint 
of accuracy, an exponential experimental assembly should be as large as possible consistent with the 
criterion that the decay of neutron flux away from the source should contain only exponential terms (for 
ease of analysis). It can be shown that such an exponential assembly would just become critical if its widths 
remained fixed and its height increased without limit. The size of assembly normally used (3 inches x 3 
inches x 2.5 feet) was in some cases larger than the calculated critical size, so "approach to criticality" 
experiments were initiated having two main aims: (1) to ensure the safety of constructing the exponential 
assemblies. (2) to determine the critical size and estimate the lattice Laplacian, from which the "exponential 
size" could be deduced. It was further hoped that approach experiments might prove very useful in the 
examination of sub-critical assemblies, ultimately perhaps replacing to a large extent the relatively 
laborious "exponential" experiments. Some measurements were made on the effect of shut-off rods, and an 
attempt was also made to measure the temperature coefficients of reactivity of the 1.6 CO assemblies. These 
provided a guide to the correct values and a supplement to any exponential experiments at elevated 
temperatures. This report gives the geometrical details of the experiments performed, estimated Laplacians, 
and a comparison with the exponential experimental results. 
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Date: 6/11/1948 

Report: AERE-T/M-005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boundary Conditions; Critical Assemblies; Criticality; Group Theory; Mass; 
Mathematics; Reactors; Uranium 
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Author: Hill, J. F. 

Title: The Critical Size of a Spherical Pile Using a Two-Group Theory 

Date: 1/1/1949 

Report: AERE-T/M-021 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Group Theory; Reactors; 
Reflectors; Spheres 
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Author: Mandl, M. E. 

Title: Preliminary Estimate of the Critical Radius of a Bare Pu-Be Intermediate Reactor with Pb Coolant 

Date: 6/8/1951 

Report: AERE-T/M-048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Beryllium Moderator; Coolants; Criticality; Fuels; Lead; Liquid 
Metal Coolant; Mathematics; Moderators; Plutonium; Reactor Core; Reactors; Resonance Neutrons 
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Author: Mandl, M. E. 

Title: Preliminary Estimate of the Critical Radius of a Pu-Be Intermediate Reactor with an Infinite 
Reflector, with and Without Pb Coolant 

Date: 2/1/1952 

Report: AERE-T/M-059 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Beryllium Moderator; Coolants; Criticality; Fuels; Lead; Liquid 
Metal Coolant; Mathematics; Moderators; Plutonium; Reactor Core; Reactors; Reflectors; Resonance 
Neutrons; Variations 
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Title: Safety Factors in Plutonium Storage 

Date: 1/1/1957 

Report: AERE-T/M-063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Elliott, J. P. 

Title: Critical Size of a Bare Homogeneous Sphere Containing Plutonium, Water-Coolant and Structural 
Material 

Date: 1/1/1953 

Report: AERE-T/M-081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Building Materials; Criticality; Fuels; Homogeneous Reactors; 
Mathematics; Plutonium; Reactor Core; Reactors; Spheres; Water Coolant 
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Author: Hitchcock, A. 

Title: Critical Dimension of a Reactor Which Remains Safe If the Core is Fully Contracted 

Date: 10/1/1954 

Report: AERE-T/M-113 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A reactor with a disc-shaped core, reflected at top and bottom only, can be designed 
so that if the core becomes fully contracted, the increase in streaming in the newly-created gap between 
core and reflector balances the increase in reactivity caused by the greater density, and a supercritical 
configuration is not attained. Preliminary calculations of the dimensions of such a reactor are presented. lt 
is found that there is a very sharp minimum in the investment of fissile material regarded as a function of 
the isotopic concentration. 
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Author: Hassitt, A. 

Title: A Programme for Solving the Two Group Diffusion Equations of Cylindrical Reactors 
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Report: AERE-T/M-148 

Conference/Journal:  

Conference Session:  
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Author: Preston, P. D. / Mandl, M. E. 

Title: A Multigroup Diffusion Theory Programme for Plane Slab or Spherical Systems 

Date: 1/1/1958 

Report: AERE-T/M-154 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This program for the A. W.R. E. Ferranti Mk. I computer solves the multigroup 
diffusion theory equations for almost any type of system with spherical symmetry. An extra tape converts 
the program for use with plane slab systems. Besides ordinary critical size calculations, problems with any 
boundary conditions linear in the fIux and current (including a given size for the flux or for the current) can 
be done. Up to 16 energy groups and 8 different regions can be used and the interval length DELTA r can 
vary from region to region. The number of radial points used is 32. An outline of the method used is given 
and the preparation of the data tape and operation of the program are described. 
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Author: Spinney, K. T. 

Title: An Investigation into the Causes of a Discrepancy in the Theoretically Predicted K(Inf) for Enriched 
Uranium Heavy Water Lattices 

Date: 6/1/1958 

Report: AERE-T/M-166 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The discrepancy between theoretical and experimental values of the reactivity of 
enriched uranium-heavy water lattices was investigated. A description of the experimental apparatus, 
known as DIMPLE, is given, along with a discussion of the procedure. It was concluded that all of the 
discrepancy could not be accounted for; however, some reasons are given, such as incomplete allowance 
for the inhomogeneity of the core resulting in an underestimate of the leakage. 
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Author: Mandl, M. E. 

Title: Amendments to Carlson's SNG Code 

Date: 10/1/1958 

Report: AERE-T/M-170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Amendments were made to Carlson's SNG code so that: (i) perpendicular buckling 
corrections can be made to the cross sections; (ii) only a specified region of the system is scaled in a critical 
size calculation, instead of the whole system; (iii) the variation of parameters can be delayed if required; 
and (iv) a print of ri + r./sub i +1/ /2 is included in the final print. 
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Author: Mandl, M. E. 

Title: The Effect of Na Cooling on a Bare U235 Be Undermoderated Thermal Reactor 

Date: 8/1/1952 

Report: AERE-T/M-65 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Beryllium Moderator; Coolant Loops; Coolants; Cooling; 
Criticality; Energy; Fuels; Homogeneous Reactors; Liquid Metal Coolant; Mass; Mathematics; Moderators; 
Neutron Flux; Neutrons; Reactivity; Reactor Core; Reactor Safety; Reactors; Resonance Neutrons; 
Slowdown; Sodium; Spectra; Uranium 235; Variations 
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Title: The Effect of Holes in a Reacting Material on the Passage of Neutrons, with Special Reference to 
the Critical Dimensions of a Reactor 

Date: 1/1/1958 

Report: AERE-T/R-0103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The increase in the migration length of neutrons in a reactor caused by the presence 
of holes in the reactor is discussed. This effect can be evaluated in terms of a simple geometric function of 
the shape of the holes, and in addition to a variation as the inverse over-all density of the material in the 
reactor, the migration length also contains a term which depends upon the size of each hole. When the 
hydraulic radius of the hole becomes comparable to the mean free path of neutrons in the reactor material, 
the last term becomes dominant, and it is therefore desirable that all holes be kept as small as possible. 
Holes which are totally enclosed, or which contain a unidirectional infinity all give results of the same order 
of magnitude, but anything in the nature of a two- dimensional plane gash, cut through the middle of the 
reactor, leads to a theoretically infinite increase in the migration length, and hence to a serious escape of 
spare neutrons. It is concluded that no holes in a reactor should contain a more than unidirectional infinity, 
and that they should be kept as small as possible. 
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Title: A Method of Calculating the Critical Dimensions of Spherically Symmetrical Reactors 

Date: 11/30/1950 

Report: AERE-T/R-0108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: Estimates of the Effectiveness of the Control and Safety Rods for GLEEP 

Date: 7/1/1947 

Report: AERE-T/R-0114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Estimates are made of the change in the multiplication factor as controlled by the 
control and safety rods in GLEEP. The case of a rod perpendicular to the axis of the pile was considered as 
it is simpler to treat theoretically. Also the reacting core was assumed to be homogeneous. Curves showing 
the effectiveness of a rod of given dimensions as a function of its distance from the curve of the pile are 
given. 



 

C-525 

524…..…..…………………..…….……..……ID Number…………………..…..…………….524 

Author: Hill, J. F. 

Title: One and Two-Group Theory of Cylindrical Piles 

Date: 10/12/1949 

Report: AERE-T/R-0170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Melvin, H. M. 

Title: A Method of Calculating the Critical Dimensions of Spherically Symmetrical Reactors: II. Systems 
with Finite Tamper 

Date: 6/7/1948 

Report: AERE-T/R-0171 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Melvin, H. M. 

Title: A Method of Calculating the Critical Dimensions of Spherically Symmetrical Reactors: III. Infinite 
Tamper Systems with a Gap between Tamper and Core 

Date: 12:00:00 AM 

Report: AERE-T/R-0188 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: Critical Radius of an Intermediate Reactor 

Date: 5/1/1950 

Report: AERE-T/R-0528 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Equations; Neutrons; Reactors; Reflectors; Research 
Reactors; Resonance Neutrons; Slowdown; Spheres 
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Author: Melvin, H. M. 

Title: A Method of Calculating the Critical Dimensions of Spherically Symmetrical Reactors: Part I 

Date: 10/1/1950 

Report: AERE-T/R-0586 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Cross Sections; Differential Equations; Diffusion; 
Fissionable Materials; Homogeneous Reactors; Multiplication Factors; Reactor Core; Reactors; Scattering; 
Spheres 
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Author: Melvin, H. M. 

Title: A Method of Calculating the Critical Dimensions of Spherically Symmetrical Reactors: Part II 
Systems with a Finite Tamper 

Date: 10/1/1950 

Report: AERE-T/R-0587 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Fissionable Materials; Homogeneous 
Reactors; Multiplication Factors; Reactor Core; Reactors; Reflectors; Serber-Wilson Method; Spheres 
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Author: Davison, B. 

Title: Some Remarks on Application of the Spherical Harmonics Method in the Case of Complex 
Geometries 

Date: 10/31/1951 

Report: AERE-T/R-0700 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Angular Distribution; Cylinders; Differential Equations; Neutrons; 
Spherical Harmonics; Transport Theory 
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Author: Davison, B. 

Title: A New Method for Calculating the Critical Radius of Systems Containing Hydrogen and Fissile 
Material 

Date: 1/1/1952 

Report: AERE-T/R-0826 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Angular Distribution; Collisions; Critical Assemblies; Energy; Fissionable 
Materials; Hydrogen; Magnetic Moments; Mathematics; Momentum; Neutrons; Numericals; Spectra; 
Spherical Harmonics 
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Author: Whipple, R. T. P. 

Title: The Critical Radius of a Spherical Intermediate Reactor Consisting of a Homogeneous Core 
Surrounded by an Infinite Reflector of Heavy Material 

Date: 4/1/1952 

Report: AERE-T/R-0920 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boundary Conditions; Criticality; Density; Homogeneous Reactors; Mass; 
Mathematics; Reactor Core; Reactors; Reflectors; Resonance Neutrons; Spheres 
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Author: Biram, M. 

Title: A Comparison between Homogeneous Media and Lattice Structures for Systems where Criticality 
Would Be Governed by Fast Fission 

Date: 8/1/1952 

Report: AERE-T/R-0962 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Criticality; Diffusion; Diffusion Length; 
Energy; Energy Range; Fission; Homogeneous Reactors; Interactions; Iron; Mean Free Path; Mechanical 
Structures; Mixing; Neutrons; Plutonium; Reactor Core; Rods; Sheets; Spheres; Transport Theory 
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Author: Elliott, J. P. 

Title: Critical Size of a System Including a Hydrogenous Reflector 

Date: 4/1/1953 

Report: AERE-T/R-1174 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Configuration; Criticality; Equations; Homogeneous Reactors; 
Hydrogen; Moderators; Reactors; Reflectors; Thermal Neutrons 
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Author: Mandl, M. E. 

Title: The Spherical Harmonics Method in Plane and Spherically Symmetric Geometry in Multi-Velocity-
Group Theory, and Its Application in the Two Velocity Group P3 Approximation 

Date: 11/1/1953 

Report: AERE-T/R-1295 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The spherical harmonics method is extended to a multi-velocity group theory and is 
illustrated by application to a two-velocity group theory in P/sub 3/ approximation in spherical and in plane 
symmetrical geometry. The method is applied, in the 2-group P/sub 3/ approximation, to finding the critical 
radius of a spherical core surrounded by a tamper of uniform thickness, and the critical thickness of an 
infinite slab core with equal thicknesses of tamper on each side. ( 
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Author: Mandl, M. E. / Howlett, J. 

Title: Critical Radius of an Under-Moderated Thermal Reactor with a Reflector of Light or Heavy Material 

Date: 2/1/1954 

Report: AERE-T/R-1337 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Density; Mass; Reactors; Reflectors; Thermal Neutrons; 
Variations 
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Author: Mandl, M. E. 

Title: Multi-Group Theory with an Application to Inelastic Scattering in Uranium 

Date: 8/1/1954 

Report: AERE-T/R-1500 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Elastic Scattering; Energy; Group 
Theory; Hydrogen; Inelastic Scattering; Neutrons; Scattering; Slowdown; Spectra; Surfaces; Uranium; 
Uses 
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Author: Morton, K. W. 

Title: Criticality Calculations by Monte Carlo Methods 

Date: 3/1/1956 

Report: AERE-T/R-1903 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Equations; Monte Carlo Method; Reactors 
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Author: Hassitt, A. 

Title: Solution of the Multi-Group Neutron Diffusion Equations on a Digital Computer 

Date: 3/1/1956 

Report: AERE-T/R-1904 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Configuration; Cylinders; Differential Equations; Diffusion; 
Errors; Group Theory; Homogeneous Reactors; Neutron Flux; Neutrons; Numericals; Programming; 
Reactivity; Reactors; Reflectors; Transport Theory 
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Author: Chukas, S. J. / Miller, P. C. / Power, S. W. 

Title: The Monte Carlo Code MCBEND - Where it is and Where It’s Going 

Date: 5/1/1990 

Report: AES TRS 1069 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Schow II, H. 

Title: A Detailed Derivation of the Courant-Wallace Expressions for the Second Moments of the Neutron 
Probability Distribution and for the Variance/Mean Ratio 

Date: 10/1/1965 

Report: AFRRI-TN-65-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Distribution; 
Neutron Flux; Quantitative Analysis; Reactors 
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Author: Profio, A. E. 

Title: Experimental Tests of Shielding Codes 

Date: 12/1/1969 

Report: AFWL-TR-69-116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics-Shielding; Computers; Fast Neutrons; Measurement; Monte Carlo Method; 
Numericals; Programming; Shielding; Spectra 
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Author: Anderson, R. T. 

Title: Spent-Fuel-Storage Studies at the Barnwell Nuclear Fuel Plant. Studies and Research Concerning 
BNFP 

Date: 9/1/1982 

Report: AGNS-35900-1.1-183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report contains the results of various studies and demonstrations related to 
advanced spent-fuel-storage techniques which were performed at the Barnwell Nuclear Fuel Plant (BNFP) 
in 1982. The demonstrations evaluated various technical aspects of fuel disassembly and canning and dry-
storage techniques. The supporting studies examined thermal limitations and criticality concerns. 
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Author: Anderson, Kenneth J. 

Title: Studies and Research at the Barnwell Nuclear Fuel Plant. The Use of Filler Material to Aid Spent 
Nuclear Fuel Dry Storage 

Date: 9/1/1981 

Report: AGNS-35900-1.3-143 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The use of filler materials (also known as stabilizer or encapsulating materials) was 
investigated in conjunction with the dry storage of irradiated light water reactor (LWR) fuel. The results of 
this investigation appear to be equally valid for the wet storage of fuel. The need for encapsulation and 
suitable techniques for closing was also investigated. Various materials were reviewed (including solids, 
liquids, and gases) which were assumed to fill the void areas within a storage can containing either intact 
or disassembled spent fuel. Materials were reviewed and compared on the basis of cost, thermal 
characteristics, and overall suitability in the proposed environment. A thermal analysis was conducted to 
yield maximum centerline and surface temperatures of a design basis fuel encapsulated within various filler 
materials. In general, air was found to be the most likely choice as a filler material for the dry storage of 
spent fuel. The choice of any other filler material would probably be based on a desire, or need, to maximize 
specific selection criteria, such as surface temperatures, criticality safety, or confinement. 
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Author: Rebagay, T. V. / Lee, R. S. / Huff, G. A. / Lang, E. J. / Henderson, B. C. 

Title: Integrated Near Real-Time Plutonium Inventory System for LWR Reprocessing Solutions 

Date: 7/1/1981 

Report: AGNS-35900-Conf-137 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safeguard and nonproliferation concerns have generated worldwide interest 
on reliable and timely nuclear material control and accountability systems. A system employing on-line 
total and isotopic plutonium concentration monitors that are compatible with the chemical and radiation 
environments of an experimental coprocessing system employing a modified Purex process has been 
developed, fabricated, and demonstrated. In-process plutonium from the first to the final purification cycle 
has been accurately determined in near-real-time by direct gamma ray spectrometry. Each critical 
measurement stream was monitored by using a cell that has been carefully calibrated for that stream. The 
assay of low levels of plutonium (0.1-15 g/l) was accomplished by using radiation-resistant and chemically 
inert plastic cell windows. The more concentrated plutonium solutions were analyzed by interposing 
appropriate gamma ray adsorbers between the cell and the monitor's detection system. Data acquisition and 
processing were fully automated and continuous, allowing rapid optimization of the coprocessing flowsheet 
and timely detection of any attempt to divert the plutonium. The collective outputs of the stream-specific 
monitors formed on integrated inventory system for the experimental facility. 
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Author: Tepp, H. G. 

Title: Studies and Research Concerning BNFP. Spent Fuel Disassembly and Canning Program at Barnwell 
Nuclear Fuel Plant (BNFP) Preliminary Process Assessment Studies 

Date: 10/1/1980 

Report: AGNS-47921-2.3-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies being performed to assess nuclear fuel disassembly and encapsulation to 
enhance spent fuel storage have not revealed any conditions which unfavorably impact the feasibility of the 
concept. The studies are aimed at evaluating various issues warranting resolution preliminary to licensing 
a facility for this spent fuel management concept. The areas assessed are potential accidents and their 
results/ maximum temperature level of canned fuel rods/ radiation exposure to personnel during operation 
and fuel storage/ criticality risks during storage and as a result of abnormal incidents/ physical security 
requirements and material accountability measures/ the impact of safeguards on economics/ and a license 
schedule projection. 
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Author: Dowson, D. C. 

Title: Criticality of Interacting Arrays of Fissile Material Part 1: General Theory 

Date: 10/1/1961 

Report: AHSB (S) R28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses matrix algebra to determine if an array of units is subcritical, critical, or 
supercritical; obsolete methodology; does not directly result in keff predictions. 
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Author: Dowson, D. C. / Abbey, F. 

Title: Criticality of Interacting Arrays of Fissile Material Part 2: Unreflected Air-Spaced Arrays of Spheres 

Date: 10/1/1961 

Report: AHSB (S) R29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Elaboration of AHSB (s) R28 techniques for special conditions. Requires knowledge 
of "surface multiplication" of units and solid-angle. Obsolete methodology 
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Title: A Report of the Symposium on the Problems of Transporting Radioactive Materials Held at Durley 
Hall, Bournemouth 8-10th Oct. 1962 

Date: 3/1/1963 

Report: AHSB(A)M5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: An Improved Method of Fast Neutron Dose Assessment from the AERE Criticality Dosemeter and 
the Activation of Body Sodium 

Date: 1/1/1970 

Report: AHSB(RP)R-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radiation Detectors, Activation / Performance of Multifoil, Using Activation of Body 
Sodium for Personnel Dosimetry of Fast Neutrons / Neutrons, Fast / Dosimetry of, Use of Multifoil 
Activation Detectors and Body Sodium Activation for Personnel 
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Title: Potential Magnitude of Criticality Accidents 

Date: 1/1/1966 

Report: AHSB(RP)R-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Safety Procedures / Accidents / Control / 
Criticality / Reactivity / Safety / Solids / Solutions 
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Title: A Review of the Toxicology and Potential Hazards of Natural, Depleted and Enriched Uranium 

Date: 3/1/1966 

Report: AHSB(RP)-R-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Alloys; Combustion; Criticality; Enrichment; 
Explosions; Natural Uranium Fuel; Safety; Standards; Toxicity; United Kingdom; Uranium; Uranium 
Compounds 
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Title: Recommended Practice in the Safe Handling of Plutonium in Laboratories and Plants 

Date: 1/1/1961 

Report: AHSB(RP)-R-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium, a by-product of nuclear reactor operation, is itself a fissile material and 
one of the most toxic of radioactive substances. Whenever the material is handled, consideration must be 
given to criticality implications, and the precautions generally required for radioactive materials must be 
applied stringently. A brief introduction to the physical, chemical, and toxic properties of plutonium, 
reviews the precautions to be taken in the design and operation of laboratories, plants and stores, and makes 
recommendations for safe practice. Criticality problems are discussed only in outline. 
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Title: Handbook of Criticality Data, Volume I 

Date: 1/1/1965 

Report: AHSB(S) HANDBOOK-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The handbook of criticality data, AHSB(s) Handbook 1, was first published in 1960 
to give guidance to plant designers and operators on the critical parameters of the most reactive systems 
likely to be encountered in process plants. For this reason, except in a few instances, only metal/water data 
were considered and in all cases full water reflection was assumed. In this revised edition many of these 
parameters have been reassessed in the light of better information, and the current best estimates are 
presented. Additional compounds of plutonium and uranium are included and some account is taken of the 
neutron poisoning effects of the nitrate ion and of plutonium-240. Unreflected data are also included. No 
theoretical justification of the data is given, nor is correlation with experiment shown on those graphs where 
the information is firmly established. In cases where sufficient experimental evidence or data check points 
are not available, graphs are overprinted as provisional. The basis of calculation is given and quantitative 
comparison with other known calculations is quoted as appropriate. Data in this category are included 
specifically for the information of experienced nuclear safety teams who can apply it judiciously. Other 
users must regard it as speculative and should seek advice from the appropriate specialist group on its 
application to particular problems. Dotted lines are used to indicate the probable shape of curves. 
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Author: Chalmers, J. H. / Abbey, F. 

Title: Handbook of Experimental Criticality Data Part-1, (Chapters 1-4) 

Date: 1/1/1967 

Report: AHSB(S)-HANDBOOK-5, PART-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The literature of critical size measurements is extensive and can be confusing, the 
same measurement may be reported in a number of places and there may sometimes be variation in detail 
in the different accounts. Access to papers and reports can also be difficult and will depend on the library 
facilities available. To establish what measurements have been made in a particular area of interest, and to 
find detailed and authoritative accounts of the measurements can, therefore, be a time-consuming exercise. 
Nevertheless this material is the basic data of criticality and the criticality specialist must have recourse to 
it from time to time. For instance, he may need to check a calculational method and any associated nuclear 
data against reference experiments or a particular criticality clearance may depend on a detailed comparison 
of parameters. It was felt, therefore, that a need existed for a compilation of data in relatively detailed form. 
It is hoped that the present handbook which is to be published in three parts, goes at least some way to 
meeting this need. In compiling the handbook reference has been made, wherever possible to the primary 
account of the critical measurements reported and assemblies are described in as close approximation as 
possible to the actual assemblies on which measurements were made. (thus, subsequent shape changes, 
homogenization, etc., have been ignored). 
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Author: Chalmers, J. H. 

Title: Handbook of Experimental Criticality Data. Part-2, (Chapters 5 & 6) 

Date: 1/1/1968 

Report: AHSB(S)-HANDBOOK-5, PART-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The literature of critical size measurements is extensive and can be confusing, the 
same measurement may be reported in a number of places and there may sometimes be variation in detail 
in the different accounts. Access to papers and reports can also be difficult and will depend on the library 
facilities available. To establish what measurements have been made in a particular area of interest, and to 
find detailed and authoritative accounts of the measurements can, therefore, be a time-consuming exercise. 
Nevertheless this material is the basic data of criticality and the criticality specialist must have recourse to 
it from time to time. For instance, he may need to check a calculational method and any associated nuclear 
data against reference experiments or a particular criticality clearance may depend on a detailed comparison 
of parameters. It was felt, therefore, that a need existed for a compilation of data in relatively detailed form. 
It is hoped that the present handbook which is to be published in three parts, goes at least some way to 
meeting this need. In compiling the handbook reference has been made, wherever possible to the primary 
account of the critical measurements reported and assemblies are described in as close approximation as 
possible to the actual assemblies on which measurements were made. (thus, subsequent shape changes, 
homogenization, etc., have been ignored). 
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Author: Chalmers, J. H. 

Title: Handbook of Experimental Criticality Data Part-3, (Chapters 7-10) 

Date: 1/1/1968 

Report: AHSB(S)-HANDBOOK-5, PART-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chapter 5 covers single units of hydrogen-moderated 235U, and Chapter 6 covers 
single units of hydrogen-moderated Pu; The literature of critical size measurements is extensive and can be 
confusing, the same measurement may be reported in a number of places and there may sometimes be 
variation in detail in the different accounts. Access to papers and reports can also be difficult and will 
depend on the library facilities available. To establish what measurements have been made in a particular 
area of interest, and to find detailed and authoritative accounts of the measurements can, therefore, be a 
time-consuming exercise. Nevertheless, this material is the basic data of criticality and the criticality 
specialist must have recourse to it from time to time. For instance, he may need to check a calculational 
method and any associated nuclear data against reference experiments or a particular criticality clearance 
may depend on a detailed comparison of parameters. It was felt, therefore, that a need existed for a 
compilation of data in relatively detailed form. It is hoped that the present handbook which is to be 
published in three parts, goes at least some way to meeting this need. In compiling the handbook reference 
has been made, wherever possible to the primary account of the critical measurements reported and 
assemblies are described in as close approximation as possible to the actual assemblies on which 
measurements were made. (thus, subsequent shape changes, homogenization, etc., have been ignored). 
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Author: Pendlebury, E. D. / Woodcock, E. R. / Thomas, A. F. / Johnson, K. D. B. / Nicholls, C. M. 

Title: Lectures on Criticality 

Date: 11/23/1960 

Report: AHSB(S)R-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Included is a collection of lectures which deal with: nuclear constants/ theoretical 
considerations for the behavior of neutrons in matter and criteria for critical size, the factors affecting 
criticality, interaction and storage, and transport containers/ criticality problems with metal systems/ 
chemical aspects of criticality/ and chemical plant design for criticality safety. 
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Author: Messenger, W. De. L. M. 

Title: The Transport of Radioactive Materials. Interim Recommendations for the Application of 
Environmental Tests to the Approval of Packaging 

Date: 12/12/1962 

Report: AHSB(S)R-019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A survey of radioactive material transport environments is presented. Corresponding 
environmental tests are proposed which may be used, when necessary, to demonstrate that packaging 
designs for these materials comply with the appropriate standards. 
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Author: Dowson, D. C. 

Title: Criticality of Interacting Arrays of Fissile Material. Part 3: Reflected Air-Spaced Arrays of Spheres 

Date: 12:00:00 AM 

Report: AHSB(S)-R-030 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Dowson, D. C. / Murphy, T. / O’Sullivan, R. A. / Woodcock, E. R. 

Title: The Interpretation of Wood Density Measurements in the Criticality Clearance of Transport 
Containers 

Date: 2/26/1962 

Report: AHSB(S)R-036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technique is described for determining the true wood density for use in radioactive 
material transport containers. Criticality clearance calculations require data on wood density. 
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562…..…..…………………..…….……..……ID Number…………………..…..…………….562 

Author: Jordan, G. M. 

Title: The Identification of Criteria for Criticality Assessment 

Date: 1/1/1963 

Report: AHSB(S)R-056 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The basic principles applicable to the assessment of accidental criticality hazard to 
process and storage facilities in which significant amounts of fissile materials are handled are examined. 
The differences in technique for pre-commissioning and post-commissioning assessment are outlined/ and 
the need for close collaboration between designer, operator, and assessor is emphasized. Commonly-
encountered process operations and contingencies are presented in tabular form, each operation or 
contingency being entered below the basic criticality parameter affected. 
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Author: Woodcock, E. R. 

Title: The Possibility of an Auto-Catalytic Criticality Excursion in an Array of Fissile Units 

Date: 1/1/1964 

Report: AHSB(S)R-068 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The changes in reactivity of arrays of fissile units as the individual units expand were 
studied numerically. The energy yield resulting from a criticality excursion in an array of fissile units was 
greater than that resulting from a single unit starting with the same excess reactivity. A hazardous situation 
may arise if the units in the array are individually enclosed in separate cells. In this case there is a possibility 
of an autocatalytic reaction in which the reactivity initially increases. It is possible in certain circumstances 
for a system initially below prompt critical to build up to a super- prompt-critical state before the reaction 
starts to subside. 
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Author: Aspinall, K. J. / Daniels, J. T. 

Title: Review of U.K.A.E.A. Criticality Detection and Alarm Systems 1963/64. Part I. Provision and 
Design Principles 

Date: 11/1/1965 

Report: AHSB(S)R-092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Modifies Some Recommendations of Ahsb (S) R92; Health and Safety / Alarm 
Systems / Criticality / Detection / Gamma Detection / Monitoring / Personnel / Planning / Radiation 
Detectors / Threshold Detectors 
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565…..…..…………………..…….……..……ID Number…………………..…..…………….565 

Author: Hemmings, P. J. 

Title: GEM Code 

Date: 1/1/1967 

Report: AHSB(S)R-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Computers; Criticality; Gem-
Code; IBM 7090; IBM 7094; Monte Carlo Method; Multiplication Factors; Neutrons; Programming; 
Reactivity 
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566…..…..…………………..…….……..……ID Number…………………..…..…………….566 

Author: Longworth, T. C. 

Title: The GEM 4 Code 

Date: 1/1/1968 

Report: AHSB(S)R-146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Computer Programs / Gem 4, for Reactivity Calculations Using Monte Carlo Method, 
FORTRAN II for IBM 7090 and 7094 / Reactivity / Calculation Using Monte Carlo Method, Computer 
Program for 
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Author: Woodcock, E. R. 

Title: Critical Assemblies of Infinite Slabs of Highly Enriched Uranium and Water 

Date: 6/1/1959 

Report: AHSB-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality factors of single and interacting infinite slabs of highly enriched uranium 
separated and reflected by water or by mixtures of uranium and water were studied. A number of critical 
assemblies were calculated including, in particular, the changes in criticality as the uranium slabs dissolve 
into the surrounding water. Minimum critical loadings of uranium as a function of core slab thickness were 
estimated for systems in which heterogeneities occur only across the plane of the slab. The effect of 
heterogeneities in the plane of the slab is discussed and it is concluded that these can, in certain 
circumstances, increase the criticality of the system. 
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Author: Gilligan, Jr., John E. / Hart, Robert S. / Seawell, Oscar D. / Wilson, Richard F. 

Title: Hazards Summary for the L-177 Laboratory Reactor 

Date: 9/1/1958 

Report: AI-3046 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Eggen, D. T. / Morewitz, H. A. 

Title: Epithermal Critical Experiments: Preliminary Safeguards Report. Advanced Epithermal Thorium 
Reactor Program 

Date: 8/12/1959 

Report: AI-4120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To facilitate hazards evaluation of the Epithermal Critical Experiment Laboratory, 
descriptions of the assembly, the laboratory and its environs are presented. The safeguards which were 
included in the design and plans of operation are discussed. Various parameters of the reactor core such as 
the critical mass, control rod worths, table separation, reactivity loss caused by excursion fuses, and inherent 
shutdown reactivity were calculated for a representative loading of the assembly. The critical assembly will 
contain U233 in the test region at the center of the core. This material presents both an alpha ingestion and 
an external beta-gamma hazard. Special precautions were taken in the design of the assembly and the 
laboratory in order to reduce the possibility of releasing this material during an accident and to contain and 
shield it under normal operating conditions. Attention was given to the possible accidents which might 
occur in the operation of the critical experiments. The precautions to be taken dose received by the operating 
personnel from the maximum confinable excursion would be 3 rem in the control or subassembly room. If 
the building integrity were lost during or following this accident and the radioactivity were released, the 
radiation downwind from the laboratory at the location of the nearest residences, about 2 miles from the 
laboratory, would be less than 50 mrem under the worst atmospheric conditions. Thus, such an accident 
would not result in a severe radiation hazard to the environs of the reactor. The possibility of driver fuel-
plate vaporization in any accident less than that caused by a 3% Delta k/k step input of excess reactivity 
was guarded against in the design of the excursion fuses and the critical assembly room. 
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570…..…..…………………..…….……..……ID Number…………………..…..…………….570 

Author: Carpenter, S. G. / Otter, J. M. / Paschall, R. K. / Royden, H. N. 

Title: Tungsten Resonance Integrals and Doppler Coefficients. Second Quarterly Report, October-
December 1965 

Date: 2/11/1966 

Report: AI-66-16; NASA-CR-54888 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Cross Sections; Gold; 
Measured Values; Monte Carlo Method; Neutrons; Perturbation Theory; Reactivity; Reactors; Resonance 
Escape Probability; SGR; Spectral Shift; Standards; Tungsten; Tungsten 186; Uranium Dioxide 
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Author: Jansen, W. / Buchner, J. K. 

Title: Starting and Control Characteristics of Nuclear Rocket Engines 

Date: 3/1/1963 

Report: AIAA (Am. Inst. Aeron. Astronaut.) J.; Vol: 1 

Conference/Journal: AIAA (Am. Inst. Aeron. Astronaut.) 

Conference Session:  

Abstract/Keyterms: The problem of the starting and control of a hypothetical nuclear rocket engine with 
a bleed cycle arrangement is studied parametrically with the aid of an analog computer. The study includes 
the investigation of both the open-loop (with a programed control rod ramp) and controlled system. Starts 
are considered with the reactor initially subcritical and critical. The open-loop system is inherently well 
behaved. Temperature changes are not as severe as power variations, although permissible temperature 
gradients may be exceeded. The initial transients of the uncontrolled system are due mainly to the time 
constants associated with thermal and mechanical processes, whereas the long-term transient is the result 
of the neutron precursor groups with long half-lives. It is possible to control the temperature and pressure 
satisfactorily and to meet realistic limitations on maximum design temperature and temperature rise rates. 
Control is accomplished by a reactor core exit pressure reference feedback control of the turbopump system 
flow rate and a reactor core exit gas temperature reference feedback control of the reactor power output. 
Controlled but rapid transitions from initial to full power are possible, and changes in thrust at design 
conditions are performed rapidly without excessive temperature excursions. 
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572…..…..…………………..…….……..……ID Number…………………..…..…………….572 

Author: Herwig, L. O. / Latham, T. S. 

Title: Nuclear Characteristics of Large Reflector-Moderated Gaseous-Fueled Cavity Reactors Containing 
Hot Hydrogen 

Date: 5/1/1967 

Report: AIAA (Amer. Inst. Aeronaut. Astronaut.) J., 5: 930-937 

Conference/Journal: AIAA (Amer. Inst. Aeronaut. Astronaut.) 

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors; Criticality; Determination; Distribution; Energy; Gas Fuel; 
Gases; Group Theory; High Temperature; Hydrogen; Mass; Moderators; Neutron Flux; Neutrons; Pressure; 
Reactors; Reflectors; Spectra; Uses; Variations 



 

C-574 

573…..…..…………………..…….……..……ID Number…………………..…..…………….573 

Author: Jarvis, G. A. / Bernard, W. / Helmick, H. H. / White, R. 

Title: Beryllium Reflected Cavity Reactor for UF6 Critical Experiments 

Date: 9/29/1975 

Report: AIAA Paper 75-1260 

Conference/Journal: American Institute of Aeronautics and Astronautics and Society of Automotive 
Engineers propulsion conference/ 29 Sep 1975/ Anaheim, California (USA) 

Conference Session:  

Abstract/Keyterms: Experiments and theoretical studies are being conducted for NASA on critical 
assemblies with one-meter diam by one-meter long low-density cores surrounded by a thick beryllium 
reflector. These assemblies make extensive use of existing nuclear propulsion reactor components, 
facilities, and instrumentation. Due to excessive porosity in the reflector, the initial critical mass was 19 kg 
U(93.2). Addition of a 17-cm-thick by 89-cm-diam beryllium flux trap in the cavity reduced the critical 
mass to 7 kg when all the uranium was in the zone just outside the flux trap. A mockup aluminum UF6 
container was placed inside the flux trap and fueled with uranium-graphite elements. Fission distributions 
and reactivity worths of fuel and structural materials are available. These results will be used to guide the 
design of a prototype plasma core reactor which will test energy removal by optical radiation. 
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Author: Jarvis, George A. / Byers, Cleo C. 

Title: Critical Mass Measurements for Various Fuel Configurations in the LASL D2O Reflected Cavity 
Reactor 

Date: 6/1/1965 

Report: AIAA Paper No. 65-555 

Conference/Journal: AIAA Joint Specialist Conference, June 1965 

Conference Session:  

Abstract/Keyterms:  
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575…..…..…………………..…….……..……ID Number…………………..…..…………….575 

Author: Springer, T. H. / Tuttle, R. J. / Otter, J. M. / Paschall, R. K. 

Title: Doppler and Related Measurements in a Soft Fast-Reactor Spectrum 

Date: 1/1/1969 

Report: AI-AEC-12705 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report deals with a group of both theoretical and experimental investigations 
which have been carried out, utilizing Core 15, one in a series of critical assemblies that have been 
constructed at Atomics International's Epithermal Critical Experiments Laboratory (ECEL). Core 15 
contains a uranium-235--uranium-238 fueled, fast-spectrum test region, characterized by a Median Fission 
Energy (MFE) of 18 keV. The investigations included studies of the neutron energy spectrum, the reactivity 
worths, and the Doppler coefficients of various candidate liquid metal, fast breeder reactor (LMFBR) 
materials. The latter two studies were performed on small heated samples, not only in the unperturbed core 
but also in an environment in which the samples were surrounded by "blankets" of fertile materials which 
could be heated to 400 degree C. The heated blanket technique permitted detailed experimental 
investigation of the so-called hot sample-cold reactor problem. These experiments show that, as a result of 
flux depressions at the resonances, large decreases in the Doppler coefficients of thorium and uranium-238 
occur when a blanket of the same material as the sample is introduced in the immediate environment. When 
the surrounding blanket of the same material is heated to 400 degree C, a further decrease in the Doppler 
coefficient is observed. The implication is that a similar reduction in the Doppler effect of a particular 
isotope would occur in a LMFBR in which that isotope exists in large quantities. 
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Author: Levitt, L. B. 

Title: Reactor Development 

Date: 10/31/1969 

Report: AI-AEC-12721 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fast Neutrons; Fast Reactors; Monte Carlo 
Method; Programming; Reactivity; Reactors 
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Author: n.a. 

Title: LMFBR Physics Programs Annual Technical Progress Report, GFY 1969 

Date: 1/1/1969 

Report: AI-AEC-12857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Research & Test Reactors & 
Critical Assemblies-Kinetics & Dynamics; Breeder Reactors; Computers; Critical Assemblies; Criticality; 
ECEL; Fast Neutrons; Fast Reactors; Intermediate Neutrons; Liquid Metals; LMFBR; Metal Cooled 
Reactors; Neutron Flux; Power Reactors; Programming; Reactivity; Reactor Core; Resonance Neutrons; 
Sodium; Spectra; Steels 
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Author: Dray, B. J. / Heneveld, W. H. / Rhoades, W. A. / Rooney, K. L. / Swanson, V. A. / Thiele, A. W. 

Title: Reactivity Effects of 155Gd on a Snap Reactor 

Date: 1/1/1970 

Report: AI-AEC-12909 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n.a. 

Title: LMFBR Physics Programs. Annual Technical Progress Report, GFY 1970 

Date: 1/1/1970 

Report: AI-AEC-12969 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Physics (Nuclear)-Neutron 
Interactions with Matter; Control Elements- Control Rod Worth- Critical Assemblies- ECEL- Europium 
Oxides- Fast Reactors- Gamma Radiation- Heating- Mockup- Oxygen- Plutonium Oxides- Reactivity- 
Reactivity Worths- Reactor Core- Rods- Tantalum- Uranium 235- Uranium 238; Critical Assemblies- 
Criticality- Cross Sections- Fast Neutrons- Fast Reactors- MeV Range- Monte Carlo Method- Plutonium 
239- Plutonium 240- Programming- Reactivity- Standards- Tables- Tantalum 181- Uranium 235- Uranium 
238; LMFBR; Reactor Kinetics Doppler Reactivity- Fast Neutrons- Fission- Plutonium 239- Reactivity- 
Spectra- Spectral Shift- Uranium 235 
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Author: Otter, J. M. / Buttrey, K. E. / Johnson, R. P. 

Title: Aerospace Safety Program: Summary Report 

Date: 7/30/1973 

Report: AI-AEC-13100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Projects in support of the Aerospace Nuclear Safety Program are summarized. The 
objective of the program was to evaluate the radiological safety of SNAP systems and to develop methods 
and designs to assure that safety projects summarized are analyses and experiments for determining: (1) the 
disintegration of reactors reentering the atmosphere/ (2) the burnup of fuel elements reentering the 
atmosphere, including ablation and dispersal of particles/ (3) reactor criticality conditions and the assurance 
of subcriticality in water/ (4) the behavior of reactors in transient power operation/ (5) the nuclear behavior 
of reactors on impact with the earth and in handling accidents/ (6) the assurance of shutdown at the end of 
the power production lifetime/ (7) risks by various exposure modes from different methods of reactor 
disposal/ and (8) thermophysical properties of SNAP fuel materials. 
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Author: n. a. 

Title: Heavy Water Organic Cooled Reactor. Quarterly Technical Progress Report, October--December 
1966. 

Date: 1/1/1967 

Report: AI-CE-56 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Aluminum; Analysis; Control Systems; Coolant Loops; 
Criticality; Desalination; Design; Fabrication; Films; Fuel Cans; Fuel Elements; Heat Transfer; Heavy 
Water Moderator; Hwocr; In Pile Loops; Joints; Loading; Organic Coolant; Polyphenyls; Power Plants; 
Pressure; Radiation Effects; Reactivity; Reactor Core; Reactor Safety; Reactors; Remote Handling; Salts; 
Santowax; Sap; Separation Processes; Sintered Materials; Stainless Steel-347; Stainless Steels; Testing; 
Tubes; Uses 
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Author: Rizzo, J. J. 

Title: A Short Cut to Fuel Element Criticality Analysis 

Date: 3/1/1962 

Report: AIHAA, 23, 171-173 

Conference/Journal: American Industrial Hygiene Association Journal (U.S.) Formerly Am. Ind. Hyg. 
Assoc. Q.; Vol: 23 

Conference Session:  

Abstract/Keyterms: A method is presented for estimating the number of uranium-bearing fuel elements 
required for criticality, with a uranium to zirconium weight ratio of from 1 to 10% and an enrichment of 
93.5%. 
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Author: Ketzlach, N. 

Title: Criticality Study-Five Percent 235U Enriched Fuel Fabrication 

Date: 8/28/1963 

Report: AI-Memo-8810(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Criticality; Enrichment; 
Fabrication; Fuel Elements; HNPF; Planning; Reactors; Rods; Safety; Standards; Transport; Uranium 
Carbides; Vessels 
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Author: Ludewig, Hans / Cheng, L. -Y. / Ecker, Lynne / Todosow, Michael 

Title: An Integrated Analysis of a NERVA Based Nuclear Thermal Propulsion System 

Date: 2/16/2006 

Report: AIP conference Albuquerque, NM (United States), 12-16 Feb 2006 

Conference/Journal: AIP conference Albuquerque, NM (United States), 12-16 Feb 2006 

Conference Session:  

Abstract/Keyterms: This NERVA REACTOR should initially concentrate on fuel and structural materials 
and associated coating development. A series of safety related criticality determinations were carried out 
addressing water immersion following a launch incident. 
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Author: Felty, James R. 

Title: The Department of Energy Nuclear Criticality Safety Program 

Date: 10/1/2004 

Report: AIP Conference Proceedings, 769, 053-056 

Conference/Journal: International conference on nuclear data for science and technology, Santa Fe, NM 
(United States), 26 Sep - 1 Oct 2004; 

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities Safety Board Recommendation 93-2, the Need 
for Critical Experiment Capability. This Paper Also Discusses the Role Dr. Sol Pearlstein Played in Helping 
the Department of Energy Lay the Foundation for a Robust and Enduring Criticality Safety Infrastructure. 



 

C-587 

586…..…..…………………..…….……..……ID Number…………………..…..…………….586 

Author: Westfall, R. M. / McKnight, R. d. 

Title: Nuclear Data Activities in Support of the DOE Nuclear Criticality Safety Program 

Date: 10/1/2004 

Report: AIP Conference Proceedings, 769, 1712-1716 

Conference/Journal: International conference on nuclear data for science and technology, Santa Fe, NM 
(United States), 26 Sep - 1 Oct 2004 

Conference Session:  

Abstract/Keyterms: The DOE Nuclear Criticality Safety Program (NCSP) provides the technical 
infrastructure maintenance for those technologies applied in the evaluation and performance of safe 
fissionable-material operations in the DOE complex. These technologies include an Analytical Methods 
element for neutron transport as well as the development of sensitivity/uncertainty methods, the 
performance of Critical Experiments, evaluation and qualification of experiments as Benchmarks, and a 
comprehensive Nuclear Data program coordinated by the NCSP Nuclear Data Advisory Group 
(NDAG).The NDAG gathers and evaluates differential and integral nuclear data, identifies deficiencies, 
and recommends priorities on meeting DOE criticality safety needs to the NCSP Criticality Safety Support 
Group (CSSG). Then the NDAG identifies the required resources and unique capabilities for meeting these 
needs, not only for performing measurements but also for data evaluation with nuclear model codes as well 
as for data processing for criticality safety applications. The NDAG coordinates effort with the leadership 
of the National Nuclear Data Center, the Cross Section Evaluation Working Group (CSEWG), and the 
Working Party on International Evaluation Cooperation (WPEC) of the OECD/NEA Nuclear Science 
Committee. The overall objective is to expedite the issuance of new data and methods to the DOE criticality 
safety user. This paper describes these activities in detail, with examples based upon special studies being 
performed in support of criticality safety for a variety of DOE operations. 
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Abstract/Keyterms: The Lunar Regolith Clustered-Reactor System design has been presented as an 
alternative method for providing surface power to a lunar facility using a fast-fission, heatpipe-cooled 
nuclear reactor. The reactor system is divided into subcritical units that can be safely launched into orbit 
without risk of inadvertent criticality in the event of a launch accident. The reactor subunits are emplaced 
into the lunar surface to form a clustered-reactor system, utilizing the regolith as both radiation shielding 
and neutron-reflector material. Coordinated placement of multiple subunits can provision a critical reactor 
system proportional to localized lunar surface power demand. Reactor units assembled using proven and 
tested materials in radiation environments such as UO2 fuel, stainless-steel cladding and support, and 
compatible liquid-metal heatpipes promote safety and reliability, with ease of manufacture and testing. 
Reactor power levels of approximately 100 kWth per subunit significantly reduces the negative effects of 
elevated temperature and radiation environments associated with single nuclear power reactors operated at 
higher power levels. The analysis of subunit criticality in various accident scenarios differs by up to 4% 
({approx}$6 in reactivity) between results generated using conventional criticality analysis codes, MCNP5 
and KENO-VI. A demonstrated trend exists between results of the two criticality codes as accident 
conditions approach a multiplication factor of one. Code comparison of a tri-cluster system on the lunar 
surface provides comparable results with calculated system reactivity within 0.5%. Iron concentration is 
confirmed as the dominant element in the lunar regolith influencing system reactivity. 



 

C-589 

588…..…..…………………..…….……..……ID Number…………………..…..…………….588 

Author: Lipinski, Ronald J. / Hensen, Danielle L. 

Title: Criticality Calculations for Step-2 GPHS Modules 

Date: 1/21/2008 

Report: AIP Conference Proceedings, 969, 452-457 

Conference/Journal: AIP Conference Proceedings 

Conference Session:  

Abstract/Keyterms: The Multi-Mission Radioisotope Thermoelectric Generator (MMRTG) will use an 
improved version of the General Purpose Heat Source (GPHS) module as its source of thermal power. This 
new version, referred to as the Step-2 GPHS Module, has additional and thicker layers of carbon fiber 
material (Fine Weaved Pierced Fabric) for increased strength over the original GPHS module. The GPHS 
uses alpha decay of 238Pu in the oxide form as the primary source of heat, and small amounts of other 
actinides are also present in the oxide fuel. Criticality calculations have been performed by previous 
researchers on the original version of the GPHS module (Step 0). This paper presents criticality calculations 
for the present Step-2 version. The Monte Carlo N-Particle eXtended code (MCNPX) was used for these 
calculations. Numerous configurations of GPHS module arrays surrounded by wet sand and other materials 
(to reflect the neutrons back into the stack with minimal absorption) were modeled. For geometries with 
eight GPHS modules (from a single MMRTG) surrounded by wet sand, the configuration is extremely sub-
critical; k(eff) is about 0.3. It requires about 1000 GPHS modules (from 125 MMRTGs) in a close-spaced 
stack to approach criticality (k(eff) = 1.0) when surrounded by wet sand. The effect of beryllium in the 
MMRTG was found to be relatively small. 
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Abstract/Keyterms: The schemes of jet gas and liquid targets as well as the gastargets with a solid phase 
dispersion are introduced to use to receive the neutrons admitted to a subcritical reactor core. The possible 
variants of target position in the reactor are considered, target characteristics are calculated. The authors 
pay a great attention to the estimation of radioactive products yield receiving due to the interaction of the 
beam with the target. 
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Abstract/Keyterms: A concept of an accelerator-driven subcritical blanket with Pb or molten salt (heavy 
chloride) as the primary target, a graphite moderator-reflector to produce high-density thermal neutron 
fluxes and a fluid fuel carrying TUA actinides and Th-U, is being studied at MRTI. A driver is CW H{sup 
+}/H{sup -} linac: 1 GeV, 200 mA, SIU-DTL-D and W structure energized by regotron as RF power 
supply. 
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Abstract/Keyterms: For practical/industrial disposition of Pu(TRU) by accelerator facility, not only 
physical soundness and safety but also the following technological rationality should be required: (1) few 
R and D items including radiation damage, heat removal and material compatibility: (2) few 
operation/maintenance/processing works; (3) few reproduction of radioactivity; (4) effective energy 
production in parallel. This will be achieved by the new modification of Th-fertilizing Single-Fluid type 
Accelerator Molten-Salt Breeder (AMSB), by which a global nuclear energy strategy for next century might 
be prepared. 
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Abstract/Keyterms: The structure of the accelerator-based installation is described that includes the 
subcritical reactor-blanket with power 15 MW(h) cooled with lead-bismuth, the lead-bismuth flow target 
where a beam of {alpha}-particle is injected, the equipment of a primary and secondary circuits. Some 
results of calculations and estimations are discussed that have been carried out to justify the target and 
blanket constructions. Some main characteristics of the installation are presented. 
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Abstract/Keyterms: Consideration is given to the possibility of radical reduction in power requirements 
to the proton accelerator of the electronuclear reactor due to neutron multiplication both in the blanket and 
the target of an active material. The target is supposed to have the fast-neutron spectrum, and the blanket--
the thermal one. The blanket and the target are separated by the thermal neutrons absorber, which is 
responsible for the neutron decoupling of the active target and blanket. Also made are preliminary 
estimations which illustrate that the realization of the idea under consideration can lead to significant 
reduction in power requirements to the proton beam and, hence considerably improve economic 
characteristics of the electronuclear reactor. 
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Abstract/Keyterms: The detailed analysis of the few parameters important for the safety of the accelerator-
driven plutonium burner concept developed at Los Alamos National Laboratory was performed. The 
plutonium load, optimal thermalization of the neutron spectrum and temperature reactivity coefficients were 
investigated. The calculations revealed the strong positive temperature reactivity coefficient. The ways to 
solve this problem are suggested. 
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Abstract/Keyterms: A number of nuclear physics issues concerning the Los Alamos molten-salt, 
accelerator-driven plutonium converter are discussed. General descriptions of several concepts using 
internal and external moderation are presented. Burnup and salt processing requirement calculations are 
presented for four concepts, indicating that both the high power density externally moderated concept and 
an internally moderated concept achieve total plutonium burnups approaching 90% at salt processing rates 
of less than 2 m{sup 3} per year. Beginning-of-life reactivity temperature coefficients and system kinetic 
response are also discussed. Future research should investigate the effect of changing blanket composition 
on operational and safety characteristics. 



 

C-598 

597…..…..…………………..…….……..……ID Number…………………..…..…………….597 

Author: Kochurov, Boris P. 

Title: The Influence of External Source Intensity in Accelerator/Target/Blanket System on Conversion 
Ratio and Fuel Cycle 

Date: 9/15/1995 

Report: AIP Conference Proceedings, Volume: 346 

Conference/Journal: International conference on accelerator-driven transmutation technologies and 
applications, Las Vegas, NV (United States), 25-29 Jul 1994 

Conference Session:  

Abstract/Keyterms: The analysis of neutron balance relation for a subcritical system with external source 
shows that a high ratio of neutron utilization (conversion ratio, breeding ratio) much exceeding similar 
values for nuclear reactors (both thermal or fast spectrum) is reachable in accelerator/target/blanket system 
with high external neutron source intensity. An accelerator/target/blanket systems with thermal power in 
blanket about 1850 Mwt and operating during 30 years have been investigated. Continual feed up by 
plutonium (fissile material) and Tc-99 (transmuted material) was assumed. Accelerator beam intensity 
differed 6.3 times (16 mA-Case 1, and 100 mA-Case 2). Conversion ratio (CR) was defined as the ratio of 
Tc-99 nuclei transmuted to the number of Pu nuclei consumed. The results for two cases are as follows: … 
where N(LWR)-number of LWRs(3000 MWt(th)) from which yearly discharge of Tc-99 is transmuted 
during 30 years. High value of conversion ratio considerably exceeding 1 (CR=1.66) was obtained in the 
system with high source intensity as compared with low source system (CR=0.77). Net output of electric 
power of high source intensity system is about twice lower due to consumption of electric power for 
accelerator feed up. The loss of energy for Tc-99 transmutation is estimated as 40 Mev(el)/nuclei. Yet high 
conversion ratio (or breeding ratio) achievable in electronuclear installations with high intensity of external 
source can effectively be used to close fuel cycle (including incineration of wastes) or to develop growing 
nuclear power production system. 
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Abstract/Keyterms: This study has been focused on an Accelerator-Driven Energy Amplifier, based on 
the concept proposed by the CERN-group. To analyze the performance of this system the extensive 
optimization of the core lattice was done, the temperature coefficients of reactivity were investigated, 
reactivity budget and power distribution were estimated. 
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Abstract/Keyterms: A new concept; termed ADAPT; for the rapid and virtually complete burning of 
plutonium is described. ADAPT employs a high current CW linear accelerator (linac) to generate neutrons 
in a lead/D2O target. The neutrons are then absorbed in a surrounding subcritical (Keff{approx}0.95) 
blanket assembly, that holds small ({approx}0.5 cm diameter) graphite beads containing the plutonium to 
be burned. The graphite beads are coated and sealed to contain all fission products, including the noble 
gases. After destruction of virtually all ({&gt; =}90%) of the original plutonium loading, the fuel beads are 
discharged and sent to a geologic repository for ultimate disposal. (c) 1995 American Institute of Physics. 
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Abstract/Keyterms: To study control and safety of accelerator driven nuclear systems, a one point kinetic 
model was developed and programed. It deals with fast transients as a function of reactivity insertion. 
Doppler feedback, and the intensity of an external neutron source. The model allows for a simultaneous 
calculation of an equivalent critical reactor. It was validated by a comparison with a benchmark specified 
by the Nuclear Energy Agency Committee of Reactor Physics. Additional features are the possibility of 
inserting a linear or quadratic time dependent reactivity ramp which may account for gravity induced 
accidents like earthquakes, the possibility to shut down the external neutron source by an exponential decay 
law of the form exp(-t/{tau}), and a graphical display of the power and reactivity changes. The calculations 
revealed that such boosters behave quite benignly even if they are only slightly subcritical. 
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Abstract/Keyterms: An accelerator-driven fast reactor (700 MWt), run in a subcritical condition, and 
fueled with MOX can generate 233U more safely and efficiently than can a critical reactor. We evaluate 
the production of 233U, 239Pu, and the transmutation of the long-lived fission products of {sup 99}Tc and 
{sup 129}I, which are loaded with YH1.7 between the fast core and blanket, by reducing the conversion 
factor of Pu to 233U, and we assessed the rates of radiation damage, hydrogen production, and helium 
production in a target window and in the surrounding vessel. 
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Abstract/Keyterms: Recent development work conducted at Brookhaven National Laboratory on 
technologies which use particle accelerator-driven targets is summarized. These efforts include 
development of the Spallation-Induced Lithium Conversion (SILC) Target for the Accelerator Production 
of Tritium (APT), the Accelerator-Driven Assembly for Plutonium Transformation (ADAPT) Target for 
the Accelerator-Based Conversion (ABC) of excess weapons plutonium, the PHOENIX Concept for the 
accelerator-driven transmutation of minor actinides and fission products from the waste stream of 
commercial nuclear power plants, and other potential applications. 
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Abstract/Keyterms: In this paper, initial system reactivity response to flux changes caused by the actinides 
and xenon are investigated separately for a high flux ATW system. The maximum change in reactivity after 
a flux change due to the effect of the changing quantities of actinides is generally at least two orders of 
magnitude smaller than either the positive or negative reactivity effect associated with xenon after a 
shutdown or start-up. In any transient flux event, the reactivity response of the system to xenon will 
generally occlude the response due to the actinides. 
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Abstract/Keyterms: An overall systems design code is under development to model an advanced in-core 
thermionic nuclear reactor system for space applications at power levels of 10 to 50 kWe. The design code 
is written in an object-oriented programming environment that allows the use of a series of design modules, 
each of which is responsible for the determination of specific system parameters. The code modules include 
a neutronics and core criticality module, a core thermal hydraulics module, a thermionic fuel element 
performance module, a radiation shielding module, a module for waste heat transfer and rejection, and 
modules for power conditioning and control. The neutronics and core criticality module determines critical 
core size, core lifetime, and shutdown margins using the criticality calculation capability of the Monte Carlo 
Neutron and Photon Transport Code System (MCNP). The remaining modules utilize results of the MCNP 
analysis along with FORTRAN programming to predict the overall system performance. 
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Abstract/Keyterms: Three relatively simple mathematical models have been developed to estimate 
minimum reactor and radiation shield masses for liquid metal cooled reactors (LMR’s), in-core thermionic 
reactors (TI’s) and out-of-core thermionic reactors (OTR’s). The approach was based on much of the 
methodology developed for the RSMASS model (Marshall 1986). The models use a combination of simple 
equations derived from reactor physics and other fundamental considerations along with tabulations of data 
from more detailed neutron and gamma transport theory computations. All three models vary basic design 
parameters within an allowed range to achieve a parameter choice which yields a minimum mass for the 
power level and operational time of interest. The impact of critical mass, fuel damage and thermal 
limitations are accounted for in the computations. Thermionic requirements are also accounted for in the 
thermionic reactor models. All major reactor component masses are estimated as well as instrumentation 
and control (I C), boom and safety system mass. A new shield model was developed and incorporated into 
all three models. The new shield model is more accurate and simpler to use than the approach used in the 
original RSMASS model. The estimated reactor and shield masses agree with the mass predictions from 
detailed calculations within 16 percent for all three models. 
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Abstract/Keyterms: A task force was created by the National Aeronautics and Space Administration to 
conduct a 90-day study to support efforts to determine requirements to meet the goals of the Space 
Exploration Initiative. The task force identified the need for a nuclear reactor to provide the electrical power 
required as the outpost power demands on the Moon and Mars evolve into hundreds of kilowatts. A 
preliminary hazards analysis has been performed to examine safety aspects of nuclear reactor power 
systems for representative missions to the Moon and Mars. Mission profiles were defined for reference 
lunar and Martian flights. Potential alternatives to each mission phase were also defined. Accident scenarios 
were qualitatively defined for the mission phases. The safety issues decay heat removal, reactor control, 
disposal, criticality, end-of-mission shutdown, radiation exposure, the Martian environment, high speed 
impact on the surfaces of the Moon or Mars, and return flyby trajectories were identified. 
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Abstract/Keyterms: This paper presents the results of a design calculation to compute the 3-dimensional 
geometry of the TOPAZ reactor. Emphasis was given to the calculation of the temperature effects and 
temperature reactivity coefficients. Performance of the control and safety systems, spectral and dynamic 
characteristics were also evaluated. 
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Abstract/Keyterms: The CORSCO code rapidly sizes reactor cores that have calandria-type geometry. 
The fuel configuration modeled is a large ceramic zone that contains numerous small cylindrical coolant 
channels spaced apart with a triangular pitch. A minimum reactor weight is obtained for a fixed set of 
constraints (peak fuel temperature, peak coolant velocity, etc.) by obtaining a unique solution to a set of 
five thermal/hydraulic equations, as well as a required excess reactivity which is specified by a core size 
dependent one-group criticality expression. Typical results are shown for a W-Re/UN cermet-fueled, 
lithium-cooled space reactor over a power range of 25 to 100 MWt. Reactor sensitivity coefficients are also 
shown for changes in reactor weight and number of coolant channels due to changes in core 
thermal/hydraulic constraints. 
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Abstract/Keyterms: The requirements of future innovative nuclear fuel cycles will focus on safety, 
sustainability and radioactive waste minimization. Critical fast neutron reactors and sub-critical, external 
source driven systems (accelerator driven and fusion-fission hybrids) have a potential role to meet these 
requirements in view of their physics characteristics. This paper provides a short introduction to these 
features. 
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Abstract/Keyterms: Many older neutron cross-section evaluations from libraries such as ENDF/B-VI or 
JENDL-3.2 exhibit deficiencies or do not cover energy ranges that are important for criticality safety 
applications. These deficiencies may occur in the resolved and unresolved-resonance regions. 
Consequently, these evaluated data may not be adequate for nuclear criticality calculations where effects 
such as self-shielding, multiple scattering, or Doppler broadening are important. To support the Nuclear 
Criticality Predictability Program, neutron cross-section measurements have been initiated at the Oak Ridge 
Electron Linear Accelerator (ORELA). ORELA is the only high-power white neutron source with excellent 
time resolution still operating in the United States. It is ideally suited to measure fission, neutron total, and 
capture cross sections in the energy range from 1 eV to {approx}600 keV, which is important for many 
nuclear criticality safety applications. 
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Report: AIP Conference Proceedings; 769 
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(United States), 26 Sep - 1 Oct 2004 

Conference Session:  

Abstract/Keyterms: The neutron absorption cross sections for 18 fission products evaluated within the 
framework of the KAERI (Korea Atomic Energy Research Institute)-BNL (Brookhaven National 
Laboratory) international collaboration have been compared with ENDF/B-VI.7. Also, the influence of the 
new evaluations on the isotopic composition calculations of the fission products has been estimated through 
the OECD/NEA burnup credit criticality benchmarks (Phase 1B) and the LWR/Pu recycling benchmarks. 
These calculations were performed by WIMSD-5B with the 69-group libraries prepared from three 
evaluated nuclear data libraries: ENDF/B-VI.7, ENDF/B-VI.8 including the new evaluations in the 
resonance region covering the thermal region, and the expected ENDF/B-VII including those in the upper 
resonance region up to 20 MeV. For Xe-131, the composition calculated with ENDF/B-VI.8 shows a 
maximum difference of 5.02% compared to ENDF/B-VI.7. However, the isotopic compositions of all the 
fission products calculated with the expected ENDF/B-VII show no differences when compared to 
ENDF/B-VI.7 for the thermal reactor benchmark cases. 
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Abstract/Keyterms: The status of the Joint Evaluated Fission and Fusion file (JEFF) is described. The 
next version of the library, JEFF-3.1, comprises a significant update of actinide evaluations, evaluations 
emerging from European nuclear data projects, the activation library JEFF-3/A, the decay data and fission 
yield library, and fusion-related data files from the EFF project. The revisions were motivated by the 
availability of new measurements, modelling capabilities, or trends from integral experiments. Various pre-
release validation efforts are underway, mainly for criticality and shielding of thermal and fast systems. 
This JEFF-3.1 library is expected to provide improved performances with respect to previous releases for 
a variety of scientific and industrial applications. 
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Abstract/Keyterms: New ENDF-6 formatted nuclear data evaluations are presented for all natural isotopes 
of Ca, Sc, Fe, Ge, Pb, and Bi. Apart from the resonance range and low-energy total cross sections, which 
we have adopted from the best available library, the nuclear data evaluations are completely revised up to 
20 MeV, and moreover are extended up to 200 MeV. This collection of isotopic evaluations, called NRG-
2003, is created with the nuclear-model code TALYS using input parameters that deviate only slightly, or 
not at all, from the default values. These model-input parameters have been tuned to the available 
experimental data. All evaluations presented here are thus of comparable quality: For each isotope, we use 
the same set of nuclear models and, equally important, the same set of ENDF-6 formatting procedures. We 
have made these evaluations complete in their description of reaction channels. The data, which are stored 
in a compact way, include cross sections, angular distributions, double-differential spectra, discrete and 
continuum photon-production cross sections, and residual production (activation) cross sections including 
isomers. We have validated the new evaluations with a few criticality and shielding benchmarks. The data 
files will be proposed for inclusion in JEFF-3.1. 
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Abstract/Keyterms: The intent of this work is to present the results and to describe the procedures utilized 
to evaluate 233U and 19F for criticality safety applications. The evaluation was done in the resolved 
resonance region using the reduced Reich-Moore R-matrix formalism. The resonance analysis was 
performed with the multilevel R-matrix code SAMMY, which utilizes the generalized least-squares 
technique based on Bayes theory. 
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Abstract/Keyterms: Better measurements and evaluations are needed for many elements where the 
existing evaluations or the underlying nuclear cross-section data are not sufficiently accurate for reliable 
calculation of criticality safety margins. Deficiencies in the existing ENDF/B-VI data evaluation for Cl led 
to our resonance parameter evaluation of Cl neutron cross sections in the resolved resonance region with 
the multilevel Reich-Moore R-matrix formalism. Our evaluation takes advantage of recent high-resolution 
capture and transmission measurements at the Oak Ridge Electron Linear Accelerator (ORELA) as well as 
older total cross-section measurements at Karlsruhe (KFK) to extend the resolved resonance energy range 
to 1.2 MeV with much more accurate representation of the data than previous evaluations. 
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Conference Session:  

Abstract/Keyterms: A research and development (R and D) project on a nuclear data processing and 
utilization system was started in 2002 for a five-year plan for innovative nuclear energy systems such as 
innovative reactors and accelerator-driven systems. The nuclear data processing and utilization system is 
being developed to use on a PC-Linux server through the Internet, so that it has a graphic user interface 
(GUI) in order to easily utilize the system for various nuclear design studies in the innovative reactor 
development. The nuclear data processing and utilization system, which is able to handle JENDL-3.3, 
ENDF/B-VI, and JEFF-3 to generate point-wise and group-wise cross sections in several formats, has the 
capability to perform criticality and shielding benchmarks. A prototype system was developed in order to 
examine the operability of the user interface and discuss detailed specifications of the system. The system 
is expected to be a verification tool of nuclear data for development of innovative nuclear reactors, because 
cross-section generation with nuclear data and the various benchmarks for criticality and shielding problems 
can be easily performed. 
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Abstract/Keyterms: Results from previous space reactor and radioisotope power source risk assessments 
were combined to provide a scoping assessment of the possible risks from the launch of a reactor power 
system for use on the surface of the moon or Mars. It is assumed that future reactor power system launches 
would be subject to the same rigorous safety analysis and launch approval process as past nuclear payload 
launches. Using the same methodology that has gained approval of past launches, it was determined that 
the mission risk would be 0.029 person-rem worldwide which translates to 1.510{sup -5} latent health 
effects. It is seen that the only significant sources of radiological risks from a non-operating reactor are 
possible inadvertent criticality accidents and the consequences of such events have been shown to be 
extremely low. Passive means such as spectral shift poisons or high reactor core length/diameter ratios have 
been shown to be able to reduce or eliminate the possibility of the more credible criticality accidents, such 
as flooding or sand burial. This paper advances the premise that, for design purposes, future space reactor 
surface-power designs should primarily address the credible accidents and not the hypothetical accidents. 
For launch accidents and other safety assessments, a probabilistic risk assessment approach will have to be 
used to assess the safety impact of all types of accidents, including the hypothetical accidents. With this 
approach, the design of the system will not be burdened with design features that are based on hypothetical 
criticality accidents having negligible risk. Moreover, there is little chance of convincingly demonstrating 
that these design features can substantially reduce or eliminated the risk associated with hypothetical 
criticality accidents. 
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Conference Session:  

Abstract/Keyterms: FUJI-12 reactor is one of MSR systems that proposed by Japan. The original FUJI-
12 design considers Th/233U or Th/Pu as main fuel. In accordance with the currently suggestion to stay 
away from the separation of Pu and minor actinides (MA), in this study we evaluated the utilization of Pu 
and MA in FUJI-12. The reactor grade Pu was employed in the present study as a small effort of supporting 
THORIMS-NES scenario. The result shows that the reactor can achieve its criticality with the Pu and MA 
composition in the fuel of 5.96% or more. 
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Conference Session:  

Abstract/Keyterms: Preliminary study on direct recycling of PWR spent fuel to support SUPEL (Straight 
Utilization of sPEnt LWR fuel in LWR system) scenario has been conducted. Several spent PWR fuel 
compositions in loaded PWR fuel has been evaluated to obtain the criticality of reactor. The reactor can 
achieve it criticality for U-235 enrichment in the loaded fresh fuel is at least 4.0 a% with the minimum 
fraction of the spent fuel in the core is 15.0 %. The neutron spectra become harder with the escalating of 
U-235 enrichment in the loaded fresh fuel as well as the amount of the spent fuel in the core. 
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Abstract/Keyterms: The parameters have been determined on a conceptual level of the electro-nuclear 
facility intended for electric power generation and MA transmutation. 
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Abstract/Keyterms: The square-lattice honeycomb reactor is designed based on a cylindrical core that is 
determined to have critical diameter and length of 0.50 m and 0.50 c, respectively. A 0.10-cm thick radial 
graphite reflector, in addition to a 0.20-m thick axial graphite reflector are used to reduce neutron leakage 
from the reactor. The core is fueled with solid solution of 93% enriched (U, Zr, Nb)C, which is one of 
several ternary uranium carbides that are considered for this concept. The fuel is to be fabricated as 2 mm 
grooved (U, Zr, Nb)C wafers. The fuel wafers are used to form square-lattice honeycomb fuel assemblies, 
0.10 m in length with 30% cross-sectional flow area. Five fuel assemblies are stacked up axially to form 
the reactor core. Based on the 30% void fraction, the width of the square flow channel is about 1.3 mm. 
The hydrogen propellant is passed through these flow channels and removes the heat from the reactor core. 
To perform nuclear design analysis, a series of neutron transport and diffusion codes are used. The 
preliminary results are obtained using a simple four-group cross-section model. To optimize the nuclear 
design, the fuel densities are varied for each assembly. Tantalum, hafnium and tungsten are considered and 
used as a replacement for niobium in fuel material to provide water submersion sub-criticality for the 
reactor. Axial and radial neutron flux and power density distributions are calculated for the core. Results of 
the neutronic analysis indicate that the core has a relatively fast spectrum. From the results of the thermal 
hydraulic analyses, eight axial temperature zones are chosen for the calculation of group average cross-
sections. An iterative process is conducted to couple the neutronic calculations with the thermal hydraulics 
calculations. Results of the nuclear design analysis indicate that a compact core can be designed based on 
ternary uranium carbide square-lattice honeycomb fuel. This design provides a relatively high thrust to 
weight ratio. 
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Conference Session:  

Abstract/Keyterms: The complexity of space fission systems and rigidity of requirement on minimization 
of weight and dimension characteristics along with the wish to decrease expenditures on their development 
demand implementation of experimental works which results shall be used in designing, safety 
substantiation, and licensing procedures. Experimental facilities are intended to solve the following tasks: 
obtainment of benchmark data for computer code validations, substantiation of design solutions when 
computational efforts are too expensive, quality control in a production process, and 'iron' substantiation of 
criticality safety design solutions for licensing and public relations. The NARCISS and ISKRA critical 
facilities and unique ORM facility on shielding investigations at the operating OR nuclear research reactor 
were created in the Kurchatov Institute to solve the mentioned tasks. The range of activities performed at 
these facilities within the implementation of the previous Russian nuclear power system programs is briefly 
described in the paper. This experience shall be analyzed in terms of methodological approach to 
development of future space nuclear systems (this analysis beyond this paper). Because of the availability 
of these facilities for experiments, the brief description of their critical assemblies and characteristics is 
given in this paper. 
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Abstract/Keyterms: To validate the JENDL-3.3 library, eight different FCA cores were selected and were 
used for the benchmark test on criticality (keff value). In the test, the Monte Carlo calculation code was 
used. The results were compared with those of the JENDL-3.2 library. The spectrum dependence of the 
C/E values with the JENDL-3.3 library was found in the softer neutron spectrum cores. This spectrum 
dependence was caused by the revised capture cross section of U-235 in the JENDL-3.3 library. 
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Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was 
initiated in 1992 by the United States Department of Energy. The ICSBEP became an official activity of 
the Organization for Economic Cooperation and Development (OECD) -- Nuclear Energy Agency (NEA) 
in 1995. Representatives from the United States, United Kingdom, France, Japan, the Russian Federation, 
Hungary, Republic of Korea, Slovenia, Serbia and Montenegro (formerly Yugoslavia), Kazakhstan, Spain, 
Israel, Brazil, Poland, and the Czech Republic are now participating. South Africa, India, China, and 
Germany are considering participation. The purpose of the ICSBEP is to identify, evaluate, verify, and 
formally document a comprehensive and internationally peer-reviewed set of criticality safety benchmark 
data. The work of the ICSBEP is published as an OECD handbook entitled “International Handbook of 
Evaluated Criticality Safety Benchmark Experiments.” The 2004 Edition of the Handbook contains 
benchmark specifications for 3331 critical or subcritical configurations that are intended for use in 
validation efforts and for testing basic nuclear data. New to the 2004 Edition of the Handbook is a draft 
criticality alarm / shielding type benchmark that should be finalized in 2005 along with two other similar 
benchmarks. The Handbook is being used extensively for nuclear data testing and is expected to be a 
valuable resource for code and data validation and improvement efforts for decades to come. Specific 
benchmarks that are useful for testing structural materials such as iron, chromium, nickel, and manganese; 
beryllium; lead; thorium; and 238U are highlighted. 
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Abstract/Keyterms: We describe the first continuous-wave (CW) measurements of the upward-going 
temperature wave in the self-organized-critical (SOC) state which forms in 4He under conditions of 
downward heat flow near T{lambda} under gravity. The CW technique permits measurements with 
extremely low (&lt; 1 nK) excitation amplitudes, allows continuous measurement of the wave velocity as 
the SOC state grows, and has yielded the first quantitative measurements of the attenuation. The CW 
measurements appear to support predictions for the velocity but disagree with predictions for the 
attenuation. This new technique may help us understand the underlying mechanism of the SOC state. 
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Abstract/Keyterms: Space fission reactors can provide reliable, high power levels for periods of more than 
10 years to support human outposts and for space travel to the farthest planets in the solar system. The 
operation lifetimes of these reactors depend on many factors chief among which are the hot-clean excess 
reactivity and the fuel burnup rate (or operation power) and the accumulation and decay of fission products. 
Other important parameters are the fuel average temperature and fissile inventory and the Doppler reactivity 
effect. Determining the operation lifetime for space reactors is a critical input to mission planning, requiring 
the use of sophisticated fuel burnup and criticality computational tools and benchmarking the results against 
actual data, if readily available. This paper performs parametric and comparative studies using widely used 
codes and a simplified approach for determining the operation lifetimes of two space reactors: the Sectored, 
Compact Reactor (SCoRe) that is liquid metal cooled, and the Submersion-Subcritical, Safe Space (S and 
4) reactor that is cooled by a He-Xe binary gas mixture. The codes investigated against experimental data 
from a LWR are: (a) Monteburns 2.0, coupling MCNP5 1.30 to Origen2.2, (b) MCNPX 2.6b's internal burn 
package incorporating CINDER90, and (c) TRITON a code in the SCALE5 package using NEWT and 
Origen-S. From the results Monteburns and MCNPX performed the best, and are selected to compare their 
predictions of the lifetimes of the two space reactors with those of a simplified method. This method couples 
MCNP5 to a burnup analysis model in Simulink registered considering only the 10 most probable low Z 
and 10 most probable high Z elements of the fission yield peaks plus 149Sm. Results show that the predicted 
operational lifetimes using the simplified method are within -6.6 to 12.8% of those calculated using the 
widely used Monteburns 2.0 and MCNPX 2.6bc1 codes. 
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Abstract/Keyterms: Safety options for surface reactors of less than 800 kW (thermal power) are analyzed. 
The concepts under consideration are heat pipe cooled reactors fueled with either uranium nitride or 
uranium dioxide. This study investigates the impact of launch accident criteria on the system mass, while 
ensuring the mechanical integrity and reliability of the system through launch accident scenarios. The four 
criticality scenarios analyzed for shutdown determination are dry sand surround with reflectors stripped, 
water submersion on concrete, water submersion with all control drums in, and the nominal shutdown 
reactor condition. Additionally, the following two operational criteria are analyzed: reactor is warm and 
swelled, and reactor is warm and swelled with one drum in (where swelled includes both thermal 
mechanical expansion and irradiation induced swelling of the fuel) 
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Abstract/Keyterms: A 300 kW small medical reactor was designed to be used for boron neutron capture 
therapy (BNCT) at KAIST in 1996. In this paper, analysis for the core life cycle of the original design of 
the BNCT facility and modifications of the fuel assembly configuration and enrichment to get a proper life 
cycle were performed and a criticality, neutron flux distribution and fuel burnup calculations were carried 
out. 
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Abstract/Keyterms: Thorium fuel cycle with recycled U-233 has been widely recognized having some 
contributions to improve the water-cooled breeder reactor program which has been shown by a feasible 
area of breeding and negative void reactivity which confirms that fissile of 233U contributes to better fuel 
breeding and effective for obtaining negative void reactivity coefficient as the main fissile material. The 
present study has the objective to estimate the effect of whole core configuration as well as burnup effects 
to the reactor core profile by adopting two-dimensional model of fuel core management. About more than 
40 months of cycle period has been employed for one cycle fuel irradiation of three batches fuel system for 
large water cooled thorium reactors. All position of fuel arrangement contributes to the total core conversion 
ratio which gives conversion ratio less than unity of at the BOC and it contributes to higher than unity (1.01) 
at the EOC after some irradiation process. Inner part and central part give the important part of breeding 
contribution with increasing burnup process, while criticality is reduced with increasing the irradiation time. 
Feasibility of breeding capability of water-cooled thorium reactors for whole core fuel arrangement has 
confirmed from the obtained conversion ratio which shows higher than unity. Whole core analysis on 
evaluating reactivity change which is caused by the change of voided condition has been employed for 
conservative assumption that 100% coolant and moderator are voided. It obtained always a negative void 
reactivity coefficient during reactor operation which shows relatively more negative void coefficient at 
BOC (fresh fuel composition), and it becomes less negative void coefficient with increasing the operation 
time. Negative value of void reactivity coefficient shows the reactor has good safety properties in relation 
to the reactivity profile which is the main parameter in term of criticality safety analysis. Therefore, this 
evaluation has confirmed that breeding condition and negative coefficient can be obtained simultaneously 
for water-cooled thorium reactor obtains based on the whole core fuel arrangement. 
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Abstract/Keyterms: Nuclear Facilities; Accelerator Driven Transmutation; Criticality; Fuel Cycle; 
Hazards; Radioactive Waste Disposal; Radioactive Waste Processing 
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Abstract/Keyterms: The major aim of this work is a sensitivity analysis related to the influence of the 
different nuclear data libraries on the k-infinity values and on the void coefficient estimations performed 
for various CANDU Fuel projects, and on the simulations related to the replacement of the original stainless 
steel adjuster rods by cobalt assemblies in the CANDU reactor core. The computations are performed using 
the Monte Carlo transport codes MCNP5 and MONTEBURNS 1.0 for the actual, detailed geometry and 
material composition of the fuel bundles and reactivity devices. Some comparisons with deterministic and 
probabilistic codes involving the WIMS library are also presented. 



 

C-635 

634…..…..…………………..…….……..……ID Number…………………..…..…………….634 

Author: Dixon, David D. / Hiatt, Matthew T. / Poston, David I. / Kapernick, Richard J. 

Title: Design of a 25-kWe Surface Reactor System Based on SNAP Reactor Technologies 

Date: 1/20/2006 

Report: AIP Conference Proceedings; Volume: 813 

Conference/Journal: AIP Conference Proceedings 

Conference Session:  

Abstract/Keyterms: A Hastelloy-X clad, sodium-potassium (NaK-78) cooled, moderated spectrum reactor 
using uranium zirconium hydride (UZrH) fuel based on the SNAP program reactors is a promising design 
for use in surface power systems. This paper presents a 98 kWth reactor for a power system the uses multiple 
Stirling engines to produce 25 kWe-net for 5 years. The design utilizes a pin type geometry containing 
UZrHx fuel clad with Hastelloy-X and NaK-78 flowing around the pins as coolant. A compelling feature 
of this design is its use of 49.9% enriched U, allowing it to be classified as a category III-D attractiveness 
and reducing facility costs relative to highly-enriched space reactor concepts. Presented below are both the 
design and an analysis of this reactor's criticality under various safety and operations scenarios. 
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Conference Session:  

Abstract/Keyterms: Fast neutron spectrum space reactors are an appropriate choice for high thermal 
powers, but for low powers, they may not satisfy the excess reactivity requirement while remaining sub-
critical when immersed in wet sand and flooded with seawater following a launch abort accident. This paper 
identifies the smallest size fast spectrum, Sectored, Compact Reactor loaded with Single UN fuel pins 
(SCoRe-S7), which satisfy the requirements of cold clean excess reactivity &gt; $4.00 and remains at least 
$1.00 subcritical at shutdown and in submersion conditions. Results indicate that increasing the diameter 
of the SCoRe-S core reduces its active height and the UN fuel enrichment, but increases the Spectrum-Shift 
Absorber (SSA) of 157GdN additive to the fuel. All SCoRe-S cores also have a 0.1 mm thick 157Gd2O3 
SSA coating on the outer surface of the reactor vessel to reduce the effect of the wet sand reflector, while 
the SSA fuel additive reduces the effect on the criticality of the flooded reactor caused by thermal neutron 
fission. The active core height decreases from 42.4 cm for the smallest SCoRe-S7 to as much as to 37.4 cm 
for the largest core of SCoRe-S11. For a 1.8 MWth reactor thermal power the UN fuel specific power 
decreases from 17.0 in the SCoRe-S7 to 11.5 Wth/kg in the -S11. The corresponding reactor total mass, 
including the BeO reflector, increases from 440 kg to 512 kg. 
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Abstract/Keyterms: A dry criticality test was carried out to determine the minimum critical mass of the 
HNPF Core without sodium. A subcritical calibration of the central control rod was performed and the 
relative reactivity worths of the inner ring of six control rods were determined. The extrapolated critical 
loading for the various plots after each incremental fuel loading with all rods out is shown. A tabulation is 
presented of multiplication data taken throughout the dry critical test. In order to find the relative integral 
reactivity worth of the central control rod in the dry critical loading, subcritical multiplication data were 
obtained. The test completion criteria as stated in the test procedure were met. 
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Abstract/Keyterms: A test to obtain data for use in determining the reactivity worth of Na in the Hallam 
reactor core is described. The test is designed to obtain information on the dry temperature coefficient of 
reactivity and to train operators. An evaluation of results is included. 
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Conference Session:  

Abstract/Keyterms: Experimental investigation of the neutron flux in a large three-section concrete 
labyrinth was done in the summer of 1982 in an open area at the Institute of High Energy Physics at 
Protvino, near Serpoukhov (Moscow Region), Russia. The source of neutrons for these experiments was 
spontaneous decay of 252Cf. The source was installed at the center of the doorway aperture of the labyrinth. 
The experiments were performed with “unfiltered” radiation from the bare source and with “filtered” 
radiation from the source surrounded by a 30.5-cm-diameter polyethylene sphere with a 4-cm-diameter 
spherical central cavity. Neutron flux was measured by the Bonner sphere method at different points inside 
each section of the labyrinth. The influence of different coverings of the labyrinth wall on the neutron flux 
in remote sections of the labyrinth was investigated. The aim of the experiments was to obtain benchmark 
data for validation of the computer codes used for estimation of doses from the neutrons that penetrate the 
shielding, via numerous leaks, of the acceleration-storage ring of the Large Serpoukhov Proton Accelerator. 
Six cases with unfiltered radiation and five cases with filtered radiation are evaluated. Measurements of all 
11 cases are acceptable benchmark data. Measurements for the filtered (polyethylene-shielded) sources are 
more appropriately identified as ALARM-CF-CH2-LAB-001. However complete documentation of those 
experiments is published in here. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1985 at the Institute of Physics and Power Engineering (IPPE) in Obninsk, Russia 
several experiments were executed to study the spectra of neutrons and gamma-ray photons flowing away 
from iron spheres of different diameters with a 252Cf radionuclide source placed at the center of these 
spheres. Measurements of the spectra were made outside the spheres. For the measurements of spectra, the 
following spectrometers were used: • scintillation spectrometer of neutrons and gamma rays with a crystal 
of stilbene; • spectrometer of neutrons based on the hydrogen-recoil proportional counter; • multisphere 
spectrometer of neutrons, as a set of polyethylene spheres (so called Bonner spheres) with a semi-conductor 
detector of thermal neutrons at the center of these spheres. The methodology of spectra measurement is 
described in References 1 - 5. Measurements of spectra of neutrons by the method of time of flight were 
separately done at another experimental installation and are different from what is described in References 
1 - 5. The purpose of the experiments was the research of neutron-physics characteristics of iron, which is 
the basis of the majority of construction materials and shielding of nuclear reactors. Besides this, the 
obtained experimental information could possibly be used to update and increase the accuracy of iron 
nuclear cross sections. Neutron and photon data are submitted only for the bare 252Cf source (source in 
air) and for the source at the center of the 40-cm diameter iron sphere. Based on analysis of the data and 
uncertainties of the measurements, the data are found to be acceptable for use as benchmark data. Complete 
documentation of both configurations is given in ALARM-CF-FE-SHIELD-001. 
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Abstract/Keyterms: In the 1980’s at the Institute of Physics and Power Engineering (IPPE) in Obninsk, 
Russia, several experiments were executed to study the spectra of neutrons and gamma-ray photons flowing 
away from iron spheres of different diameters with a 252Cf radionuclide source placed at the center of these 
spheres. Measurements of the spectra were made outside the spheres. For the measurements of spectra, the 
following spectrometers were used: - scintillation spectrometer of neutrons and gamma rays with a crystal 
of stilbene; - spectrometer of neutrons based on the hydrogen-recoil proportional counter; - multisphere 
spectrometer of neutrons, as a set of polyethylene spheres (so called Bonner spheres) with a semi-conductor 
detector of thermal neutrons at the center of these spheres. The methodology of spectra measurement is 
described in References 1 - 5. Measurements of spectra of neutrons by the method of time of flight were 
separately done at another experimental installation and are different from what is described in References 
1 - 5. The purpose of the experiments was the research of neutron-physics characteristics of iron, which is 
the basis of the majority of construction materials and shielding of nuclear reactors. Besides this, the 
obtained experimental information could possibly be used to update and increase the accuracy of iron 
nuclear cross sections. Measurements of neutron and gamma spectra were also performed with lead spheres. 
Results of these measurements are given and evaluated in evaluation ALARM-CF-PB-SHIELD-001. The 
neutron and photon data submitted here are for the bare 252Cf source and for the source at the center of 20, 
30, 40, 50, 60, and 70-cm diameter iron spheres. Based on analysis of the data and uncertainties of the 
measurements, the data are found to be acceptable for use as benchmark data. 
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Abstract/Keyterms: In the 1980’s at the Institute of Physics and Power Engineering (IPPE) in Obninsk, 
Russia, several experiments were executed to study the spectra of neutrons and gamma-ray photons flowing 
away from lead spheres of different diameters with a 252Cf radionuclide source placed at the center of these 
spheres. Measurements of the spectra were made outside the spheres. Two spectrometers were used for the 
measurements of spectra: - scintillation spectrometer of neutrons and gamma rays with a crystal of stilbene; 
- spectrometer of neutrons based on the hydrogen-recoil proportional counter. The purpose of the 
experiments was the research of neutron-physics characteristics of lead, which is used as construction 
material of nuclear reactors and in shielding of neutron and gamma radiation. Besides this, the obtained 
experimental information could possibly be used to update and increase the accuracy of lead nuclear cross 
sections. Measurements of neutron and gamma spectra were also performed with the bare source and with 
iron spheres. Results of these measurements are given and evaluated in the evaluation ALARM-CF-FE-
SHIELD-001. The neutron and photon data submitted here are for the 252Cf source at the center of 20, 40 
and 60-cm diameter lead spheres. Based on analysis of the data and uncertainties of the measurements, the 
data are found to be acceptable for use as benchmark data. 
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Abstract/Keyterms: The history of nuclear reactors gives us a singular opportunity to study what happens 
when the world's leading physicists, faced with the same problem, find solutions in complete isolation from 
one another. This paper takes as an example an elementary part of reactor theory, the four-factor formula. 
It was discovered independently at least six times (in France, Germany, the Soviet Union, and the United 
States). But the groups, separated by wartime secrecy, used the formula in very different ways. Usually it 
was simply ignored. In only two cases was the formula integrated with experimental work different way, 
by Fermi's team in Chicago. Thus even though simultaneous discovery occurred, we need not conclude that 
the physics developed inevitably in a unique pattern. 
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Abstract/Keyterms: An account is given of the surprise effects of /sup 135/Xe fission product poisoning 
in the initial operation of the first Hanford plutonium production reactor. 
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Abstract/Keyterms: The importance to nuclear criticality safety of various design parameters for poisoned 
high density spent fuel storage racks is presented and discussed. The most significant design parameters are 
identified and quantitatively related to criticality requirements over the range of normal interest for storage 
of both BWR and PWR type fuel assemblies. Criticality considerations of compacted fuel storage are also 
considered, and the significance of the revision to Reg. Guide 1.13 and of the proposed ANS 8.17 standard 
on Nuclear Criticality Safety is discussed. 
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Abstract/Keyterms: The regulatory framework which exists for the control of sources of radiation which 
are used in the field of neutron radiography is discussed. Those sources (reactors, subcritical assemblies, 
special nuclear material, byproduct material, and neutron generators) which are subject to AEC control are 
discussed. In addition, those sources of radiation (accelerators, high energy x-ray machines, and naturally 
occurring radioactive materials) which are regulated by Agreement States are discussed. The regulatory 
activities of the Non-Agreement States as they relate to non-agreement sources of radiation are increasing 
and are also discussed. 
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Abstract/Keyterms: A resurgence in use of nuclear power is now underway worldwide. However due to 
the shutdown of many university research reactors, student laboratories must rely more heavily on use of 
sub-critical assemblies. Here a driven sub-critical is described that uses a cylindrical Inertial Electrostatic 
Confinement (IEC) device to provide a fusion neutron source. The small IEC neutron source would be 
inserted in a fuel element position, with its power input controlled externally at a control panel. This feature 
opens the way to use of the critical assembly for a number of transient experiments such as sub-critical 
pulsing and neutron wave propagation. That in turn adds important new insights and excitement for the 
student teaching laboratory. 
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Abstract/Keyterms: The IAEO recommendations of 1961 together with the First Radiation Protection 
Ordinance of 1960 are the development basis of regulations for the requirements for containers of 
radioactive materials. The different container types according to the degree of their criticality risks are 
described. The requirements to be assumed for type B packages requiring a license are discussed. 
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Abstract/Keyterms: In the scope of installation safety and criticality studies, an assessment was made of 
moisture uptake by plutonium oxide powder used for oxide fuels. The effects of exposure time, atmospheric 
relative humidity (9-98%), calcination temperature (400-1100 deg C) and specific area of the PuO2 powder 
were evaluated. Based on these parameters, the moisture uptake of the PuO2 powder varies from 0,1 to 
2,5%; moreover, the variation appears to be a linear function to the specific surface area. 
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Abstract/Keyterms: Actually commercial utilization of nuclear energy increases and the determination of 
fissile materials in regard with, accountancy, criticality and safety requires more reliable methods, which 
are in most cases relative methods. Consequently calibration have to be established for each of them; so to 
reach this purpose the use of reference materials is more and more important. In the case of plutonium three 
parts can be distinguished in regard with the usefulness of standards determination of plutonium as 
component in a solid or liquid sample; -the characterization of plutonium and plutonium compounds; -the 
non destructive methods. We shall emphasize the usefulness of reference materials for the main specific 
methods, and indicate the actual capabilities and the different tasks which must be undertaken. 
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Abstract/Keyterms: On the basis of experience with three incidents in which large levels of fission 
products were present prior to the incidents, three fission product nuclides, Mo/sup 99/, Ce/sup 143/, and 
Zr/sup 97/ are recommended as monitors. A method is described for Zr/sup 97/ based on TTA extraction 
of zirconium activity followed by milking and counting of the Nb/sup 97/ daughter activity. Relative 
standard deviation is 1.1%. 
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Abstract/Keyterms: MIX-SOL-THERM-001, MIX-SOL-THERM-002; Standard nitric acid solutions 
containing up to 400 g/L plutonium and/or uranium were prepared and these provide a way of rigorously 
testing methods for the determination of free acid in concentrated plutonium solutions. These standard 
solutions were prepared from uranyl nitrate hexahydrate and crystalline plutonium(IV) nitrate which was 
in turn obtained by vacuum evaporation of nitric acid solutions of Pu(IV). Three methods of free acid 
determination in plutonium solutions were tested, and the widely accepted iodate precipitation methods was 
shown to give markedly erroneous results at high plutonium concentrations. An improved oxalate 
complexing procedure was developed which gives accurate results (bias less than the standard deviation of 
0.02 M) up to at least 400 g/L plutonium. 
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measurements. Errata sheet included. 
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Conference Session:  

Abstract/Keyterms: Provides theoretical and experimental measurements of self-shielding in stacked gold 
foils. Application is to measure neutron energy spectra, particularly for epithermal reactors. 
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Author: Bingham, D. R. / Napper, P. R. 

Title: Computer Predicted Outer Shim Positions for Criticality in the Advanced Test Reactor 

Date: 8/1/1973 

Report: ANCR-1107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The computer program was developed to predict accurately outer shim positions for 
criticality in the ATR using a previously irradiated core. This program which uses a 480-point calculative 
technique performs somewhat better than the previous program which used a five-point calculative 
technique. In addition to providing better shim predictions for criticality, this program supplies the user 
with the greater assortment of useful information. With this program it is now possible to obtain predictions 
involving mixed fuel loadings (partially expended fuel elements from several cycles). Considerable effort 
was devoted to simplify the input to this program in order to reduce the amount of data preparation for 
input. 
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Author: Rowlands, John 

Title: Calculations to Compare Different Ways of Modelling the Plate Geometry Cells of the ZEBRA Fast 
Critical Assembly, MZA 

Date: 1/1/2009 

Report: ANEND, 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The core region cells of the ZEBRA fast critical assembly MZA comprise 14 plates 
in a square steel tube, with 12 cells being stacked axially to form the core section of the assembly. The cells 
can be modelled in different levels of detail, ranging from a three-dimensional representation in which the 
core (The word core is used to describe both the region of a plate containing the main material, such as 
plutonium, UO2 or sodium, and the region of the assembly containing fissile material cells.) and canning 
regions of the plates and the void gaps between the edges of the plates and the steel tube, and between tubes, 
are represented. Simplified models include a three-dimensional representation in which the void regions 
are combined with the tube material. A further simplified three-dimensional model, called the MURAL 
model, represents the core regions of the plates but homogenises the canning, tube material and void 
regions. Two types of one-dimensional slab geometry model are found in the literature, one in which the 
materials are homogenised within each of the three axial slab regions of a canned plate (plate core and 
upper and lower canning regions) and a further simplified version in which the plate is modelled as a single 
region, the compositions being averaged over the whole thickness of the plate, comprising the plate core 
material, the canning and the tube material. MONK Monte Carlo calculations have been made for each of 
these models, and for the fully homogenised cells, and the k-effective values, core sodium void reactivities 
and reaction rate ratios are compared. 
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Author: Mihalczo, J. T. / Pare, V. K. 

Title: Theory of Correlation Measurement in Time and Frequency Domains with 252Cf 

Date: 1/1/1975 

Report: ANEND, 02, 097-105 

Conference/Journal: Ann. Nucl. Energy; Proceedings of the European-American Committee on Reactor 
Physics Specialist Meeting on Reactor Noise: from Critical Assemblies to Power Reactors 

Conference Session:  

Abstract/Keyterms: The theory of cross-correlation measurements between the pulses from an ionization 
counter containing a 252Cf neutron source, which furnished the initiators of fission chains in a neutron-
multiplying assembly, and the pulses from a detector observing the particles from the fission chains is 
reviewed. The expression for the detector response in this type of measurement is first presented in the time 
domain. Then the cross-power spectral densities in the frequency domain measurements are developed. The 
theory of the usual two- detector noise measurement is reformulated to incorporate a modified Diven factor 
that includes the effects of neutrons from external sources such as spontaneous fission of the californium 
and the reactor fuel. Finally, the equivalence between both the time and frequency domain expressions is 
demonstrated. A new method of reactivity determination is proposed which avoids some of the difficulties 
of the present methods, such as dependence on detection efficiency and inherent source strength, and the 
requirement for a calibration near delayed criticality. 
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Author: Mihalczo, J. T. 

Title: Time Domain Measurements for Fast Metal Assemblies With 252Cf 

Date: 6/1/1975 

Report: ANEND, 02, 161-175 

Conference/Journal: Ann. Nucl. Energy; Proceedings of the European-American Committee on Reactor 
Physics Specialist Meeting on Reactor Noise: from Critical Assemblies to Power Reactors 

Conference Session:  

Abstract/Keyterms: Time correlation measurements between the pulses from an ionization counter 
containing a 252Cf neutron source, which provided the initiators of fission chains in a neutron multiplying 
assembly and from sensors that detected particles from the fission chains are reviewed for fast uranium or 
plutonium metal assemblies. Comparisons are made between the correlated count rate from a 252Cf 
measurement and that from both one and two-detector Rossi-alpha measurements. The assemblies studied 
were (1) unmoderated and polyethylene-moderated uranium (93 wt percent 235U) cylinders with masses 
from 12 to 160 kg; prompt neutron decay constants from 3 to 103 to 10$sup 8$ sec$sup-1$ and (2) 
unmoderated plutonium spheres and parts of spheres with plutonium masses from 2.2 to 16 kg with 240Pu 
contents of 4.5 to 20.1 at. percent. Measurements with a delayed critical uranium metal sphere determined 
the effective delayed neutron fraction and served as the basis for verification of the theory of the 252Cf 
measurement method in the time domain within a few per cent. 
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Author: Mihalczo, J. T. / Pare, V. K. / Mathis, M. V. 

Title: Spectral Density Measurements with a Mock-Up of the Fast Flux Test Facility Reactor 

Date: 6/1/1975 

Report: ANEND, 02, 177-191 

Conference/Journal: Ann. Nucl. Energy; Proceedings of the European-American Committee on Reactor 
Physics Specialist Meeting on Reactor Noise: from Critical Assemblies to Power Reactors 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; Nuclear Reactor Technology-Research, Test & Experimental Reactors; FFTF 
Reactor- Reactivity; Californium 252; Functional Models; Radiation Detectors; Reactor Noise; Spectral 
Density 
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Author: Lewis, R. A. / Bennett, E. F. / Carpenter, S. G. / Cohn, C. E. / Price, C. C. 

Title: Survey of Recent Applications of Reactor Noise Techniques at Argonne National Laboratory 

Date: 6/1/1975 

Report: ANEND, 02, 301-314 

Conference/Journal: Annals of Nuclear Energy; Proceedings of the European-American Committee on 
Reactor Physics Specialist Meeting on Reactor Noise: from Critical Assemblies to Power Reactors 

Conference Session:  

Abstract/Keyterms: Recent applications of reactor noise techniques to the improvement of subcritical 
reactivity and beta(eff) measurements in fast critical assemblies and to fast power reactor surveillance by 
neutron/acoustic noise cross correlation are reviewed. Estimates of the random errors in the Inverse Kinetics 
Rod Drop (IKRD) technique reactivity measurements resulting from noise effects have been developed by 
simulation studies and theoretical analysis. Space-dependent kinetics calculations have been applied to the 
IKRD technique to study systematic errors that are functions of detector location as well as changes in 
kinetics parameters and effective source strength in the course of a rod drop. Noise measurements have 
been used as cross checks on IKRD results. The break frequency derived from cross power spectral density 
or polarity correlation has been found not to be a good reactivity indicator. Mid-frequency polarity 
coherence function methods have produced good reactivity estimates, although these methods depend on 
near-critical reference measurements and are perturbed by differences in detector efficiency between the 
reference and measured systems. Correction methods to account for detector efficiency and beta(eff) 
changes have been developed. 
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Author: Hecker, R. / Ahmad, S. K. / Kirch, N. 

Title: Pulsed Measurements with a Low Absorption-Reflector Critical Assembly 

Date: 1/1/1976 

Report: ANEND, 03, 391-397 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Pulsed measurements on a beryllium reflected critical assembly (ITR = Incore-
Thermionic-Reactor) are described. It has been shown that in such systems Sjostrand's method leads to 
better estimate of subcritical reactivities than Gozani's method. Use of filtered detectors has been 
recommended to suppress the kinetic distortion effects purpose. The reactivity measurements have been 
compared with theoretical and inverse kinetic technique results. 
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Author: Matthes, W. 

Title: Cross-Section Adjustment in the Analysis of Benchmark Experiments 

Date: 1/1/1979 

Report: ANEND, 06, 103-106 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: An iteration procedure is given for the solution of the exact non-linear least-squares 
equation for cross-section adjustment. The solution is made feasible by properly weighting all detectors 
used in the Benchmark experiment and combining them to one ‘global’ detector. The adjoint fluxes and 
sensitivity coefficients must be calculated only for this one global detector so that in each iteration cycle 
the code ANISN and SWANLAKE have to be run only once. Simultaneously an expression was found for 
the error-covariance matrix of the adjusted cross-section set. 
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Author: Zhezherun, I. F. 

Title: Pulsed Neutron Study of 235U + BeO Nearly Homogeneous Systems. Age-Diffusion Model 

Date: 1/1/1979 

Report: ANEND, 06, 527-535 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Results of the study of 235U + Be0 nearly homogeneous subcritical bare assemblies, 
which consist of thin layers of moderator and fuel, are presented. by means of the analysis of the dependence 
of measured decay constants on the reactivity and geometrical assembly parameters, fairly comprehensive 
data on these multiplication systems are obtained, including all macro-and the majority of micro-
parameters. 
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Author: Williams, M. L. / Gilai, D. 

Title: Incorporation of Clad Effects into Sauer's Method for Computing Dancoff Factors 

Date: 1/1/1982 

Report: ANEND, 09, 137-140 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: A simple method is presented to modify Sauer's approximation for the lattice Dancoff 
factor to account for clad interactions. It is shown that for some tight-pitch lattices the difference in Dancoff 
factors with and without clad present may cause up to 0.5% difference in k(eff). The present technique has 
the advantages of: (a) being easy to implement into existing codes; (b) having negligible impact on 
execution time; and (c) showing good agreement with sophisticated methods. 
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Author: Job, P. K. / Srinivasan, M. 

Title: Evaluation of Reactivity Bonus Due to (n,2n) Multiplication in Be/BeO-Reflected 233U Uranyl 
Nitrate Solution Systems 

Date: 1/1/1982 

Report: ANEND, 09, 209-213 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The reactivity contribution due to (n,2n) reactions in Be and BeO reflector of reflected 
233U uranyl nitrate solution systems in spherical geometry is evaluated in the light of the latest 9Be cross-
section data. The results show that the (n,2n) reactions in a given thickness of reflector are directly 
proportional to the core leakage and thus a function of core radius. In the core radius range of 4-15 cm the 
reactivity bonus due to (n,2n) reactions in a 30-cm thick Be reflector varies from 6.2 to 3.0%, which 
corresponds to a critical mass saving of approximately equal to 18-9%. The corresponding reactivity 
contributions for BeO reflected systems are approximately equal to 25% lower. 
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Author: Vondy, D. R. 

Title: On Solving the Critical-Core Neutronics Problem 

Date: 1/1/1983 

Report: ANEND, 10, 001-017 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The nuclear reactor-core neutronics problem for the critical state is discussed. 
Methods are described that have evolved for routine application in the assessment of core performance. of 
prime interest are the conditions associated with the critical state, and supporting methods development is 
challenged to solve these problems. Special procedures have been found to be necessary to generate reliable 
information at a reasonable computation cost. Techniques that have proven useful are discussed, as well as 
the difficulties that have been experienced in applying multidimensional diffusion theory. The nuclear 
reactor-core neutronics problem for the critical state is discussed. Methods are described that have evolved 
for routine application in the assessment of core performance. of prime interest are the conditions associated 
with the critical state, and supporting methods development is challenged to solve these problems. Special 
procedures have been found to be necessary to generate reliable information at a reasonablecomputation 
cost. Techniques that have proven useful are discussed, as well as the difficulties that have been experienced 
in applying multidimensional diffusion theory. 
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Author: Hirschberg, S. 

Title: Neutron Slowing-Down Time in Finite Water Systems 

Date: 1/1/1983 

Report: ANEND, 10, 405-420 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The influence of the size of a moderator system on the neutron slowing-down time 
has been investigated. The experimental part of the study was performed on six cubes of water with side 
lengths from 8 to 30 cm. Neutrons generated in pulses of about 1 ns width were slowed down from 14 MeV 
to the indium resonance at 1.46 eV and were detected through the capture γ-radiation. The most probable 
slowing-down times were found to be 778 ± 23 and 898 ± 25 ns for the smallest and for the largest of the 
cubes, respectively. The corresponding mean slowing-down times were 1205 ± 42 and 1311 ± 42 ns. In a 
separate measurement series (on the 12.5 cm cube) the space dependence of the slowing-down time at 
positions close to the source was studied. The observed behavior was similar to that reported in previous 
works concerned with infinite moderators. The experimental results for the six cubes were compared to the 
slowing-down times obtained from various theoretical approaches and from Monte Carlo calculations (in 
both cases space independent). All the methods show a decrease of the slowing-down time with decreasing 
size of the moderator. This effect was least pronounced in the experimental results. The agreement between 
the Monte Carlo results and those obtained using the diffusion approximation or the age-diffusion theory is 
surprisingly good, especially for large systems. The P1 approximation, on the other hand, leads to an 
overestimation of the effect of the finite size on the slowing-down time. 
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Author: Rief, H. 

Title: Generalized Monte Carlo Perturbation Algorithms for Correlated Sampling and a Second-Order 
Taylor Series Approach 

Date: 1/1/1984 

Report: ANEND, 11, 455-476 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Monte Carlo perturbation algorithms 
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Author: Temkin, A. Ya. 

Title: A Simple Mathematical Model of the Core Criticality Control by Burnable Poisons 

Date: 1/1/1984 

Report: ANEND, 11, 531-533 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Simple Mathematical Model / Burnable Poisons / Peripheral Region 
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Author: Levine, S. H. / Kim, S. S. 

Title: Development of an Asymmetric Multiple-Position Neutron Source (AMPNS) Method to Monitor the 
Criticality of a Degraded Reactor Core 

Date: 1/1/1985 

Report: ANEND, 12, 0517-0533 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: An analytical/experimental method has been developed to monitor the subcritical 
reactivity and unfold the k(inf) distribution of a degraded reactor core. The method uses several fixed 
neutron detectors and a 252Cf neutron source placed sequentially in multiple positions in the core. 
Therefore, it is called the asymmetric multiple-position neutron source (AMPNS) method. The AMPNS 
method employs the nucleonic codes to analyze in two dimensions the neutron multiplication of a 252Cf 
neutron source. An optimization program, GPM, was utilized to unfold the k∞ distribution of the degraded 
core, in which the desired performance measure minimizes the error between the calculated and the 
measured count rates of the degraded reactor core. The analytical/experimental approach is validated by 
performing experiments using the Penn. State Breazeale TRIGA reactor (PSBR). A significant result of this 
study has been to provide a means to plan the source and detector placements and assign core cells to the 
damaged TMI-2 core as well as to monitor the criticality during the recovery period. 
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Author: Krishnani, P. D. 

Title: Analysis of PHWR Lattice Experiments with Organic Coolant by the Computer Code 

Date: 1/1/1985 

Report: ANEND, 12, 319-323 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: An efficient computer code, based on the combination of a small-scale collision 
probability and a large-scale interface current method, was developed for the analysis of pressurized heavy-
water reactor (PHWR) lattice cells. A large number of experiments with different fuel clusters and D2O 
and air coolants were analysed using this code. The results were found to be very encouraging. However, 
when was used for analysing experiments with organic coolants, the results were found not to be in good 
agreement with the experiments. This paper discusses the reasons for this and proposes a remedy. Finally, 
it gives the results of the analysis of these experiments with the modified computer code. 
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Author: Brissenden, R. J. / Garlick, A. R. 

Title: Biases in the Estimation of k(eff) and Its Error by Monte Carlo Methods 

Date: 1/1/1986 

Report: ANEND, 13, 063-083 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Biases occur in the estimation of Keff and its variance by conventional Monte Carlo 
programs simulating neutron transport theory. In this paper the simple method embodied in the U.K. code 
is analysed and formulae for the biases are worked out. The Keff bias is found to be order M-1 whilst that 
of the variance is of order (NM)-1, where M. is the number of neutrons in a stage and N is the number of 
stages. The Keff bias is shown to be the same as that derived by Gelbard and Prael (1974) and Zolotukhin 
and Maiorov (1983). A physical explanation of it is given and used to construct a weighting method for its 
elimination. Unfortunately simple weighting cannot correct the variance bias, therefore a new algorithm for 
the Monte Carlo simulation is devised which effectively gets rid of both biases and, as a bonus, reduces the 
true variance of the sampling for Keff. The result is a method which can cope with systems beyond the 
range of conventional powering, and which has better fail-safe characteristics for criticality applications. 
Numerical experiments are presented in support of all the analytical results and the interpretation. 
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Author: Mihalczo, J. T. / Kryter, R. T. / King, W. T. / Blakeman, E. D. 

Title: Cf-Source-Driven Neutron-Noise Measurements of Subcriticality for a 4.95 wt% 235U-Enriched 
Uranyl Fluoride Solution Cylinder 

Date: 1/1/1986 

Report: ANEND, 13, 351-362 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: A method for determining the reactivity of subcritical systems of fissile material, 
using neutron noise power spectral density measurements in conjunction with a 252Cf source, has been 
tested in experiments with an aqueous solution containing uranium fluoride (4.95 wt% 235U). The keff-
values obtained from the ratio of spectral densities G12G13/G11G23 agreed with those from break-
frequency noise analysis and with bias-corrected transport theory calculations within the statistical 
uncertainty of the measurements. Corrections for the effects of spatial modes and source-detector locations 
appear to be well-understood, since measurements for a variety of source-detector positions resulted in 
essentially the same keff-values. Modal correction factors were such that ignoring them would result in 
higher values of keff than actually occur. The measurements have demonstrated the applicability of the 
252Cf-source-driven neutron-noise analysis method to the measurement of the subcritical neutron 
multiplication factor for a fuel solution system. 
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Author: Krishnani, P. D. 

Title: Analysis of Lattice Experiments with ThO2—UO2 Fuel Using WIMS Library 

Date: 1/1/1989 

Report: ANEND, 16, 0151-0155 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The WIMS library has been extensively used here in both light-water as well as 
heavy-water reactors. A large number of experiments with enriched U and mixed-oxide fuel in light-water 
moderated reactors have been analyzed using this library. This library has also been used for analyzing a 
large number of experiments in heavy-water moderated reactors with natural U fuel (of different designs) 
and different coolants. The results were generally found to be very encouraging in all these cases. Recently, 
this library was used to analyze the lattice experiments done in Canada in a heavy-water moderated reactor 
with ThO2---UO2 fuel and different coolants. It has been observed that there is a systematic error in the 
prediction of Keff which is underpredicted on the average by 1.6%, whereas for U fuel, it was predicted 
within 0.5% of unity. Similarly, the error in the calculated values of fast fission ratio has been observed to 
be very large. This calls for a thorough check of basic evaluated nuclear cross sections of 232Th from which 
the WIMS library has been generated. An analysis of various results is presented in this paper. 
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Author: Yamada, S. / Morita, M. / Sumita, K. 

Title: Application of an Adaptive Filter for Criticality Surveillance Systems 

Date: 1/1/1989 

Report: ANEND, 16, 0551-0562 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Applicability of the adaptive filter for an on-line criticality surveillance system has 
been discussed through numerical simulations and analysis of real data from a subcritical reactor, based on 
the fact that the break frequency in the higher frequency region of the PSD of the neutron signal fluctuation 
has a one-to-one correspondence to subcriticality within the framework of a point reactor kinetics. The 
recursive extended least squares (RELS) algorithm, a modified RELS algorithm, and the recursive 
maximum likelihood (RML) algorithm have been examined and it was found that: 1. 1. The model 
parameters estimated by the adaptive filters do not converge to the theoretical values, however, the PSD of 
the model agrees well with that of the theoretical one in a higher frequency region. 2. 2. The modified RELS 
method is best for ARMA model identification of the neutron signal fluctuation from the viewpoint of 
parameter convergence when the sampling frequency, an anti-aliasing filter and a high-pass filter are 
appropriately selected. 3. 3. The order of ARMA model is best at (2,2) for subcriticality resolution. 4. 4. 
The break frequency of the first-order high-pass filter should be set within the range 1/10-1/100 of the break 
frequency of the PSD of the neutron signal in a higher frequency region. These results indicate that: this 
approach cannot provide the absolute value of subcriticality without criticality measurement in contrast to 
Mihalczo's method, however, it can be applicable to an inexpensive on-line monitoring system of reactivity 
change with a relatively small amount of numerical calculations. 
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Author: Mahalakshmi, B. / Mohanakrishnan, P. 

Title: Validation of a Few-Group 3-D Core Calculation Scheme for FBRS by Analysis of Critical 
Experiments 

Date: 1/1/1989 

Report: ANEND, 17, 0403-0414 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: A scheme of calculation has been developed for fast breeder reactor (FBR) 3-D core 
analysis in few neutron energy groups. The basic steps in the scheme are the following. Material cross 
sections in 25 neutron energy groups are based on the Cadarache Version-II cross section library. Two-
dimensional (R-Z) diffusion calculations are performed with coarse spatial meshes to get neutron spectra 
throughout the core. Different material cross sections are condensed using respective region neutron 
spectra. with these condensed cross sections, 3-D diffusion theory calculations are performed either in X-
Y-Z or triangle Z geometry depending on the assembly geometry. For validating this computational scheme, 
two sets of critical experiments were chosen viz, SNEAK-9A (a 235U fueled homogeneous core) and 
ZPPR-7 (a 239Pu fueled heterogeneous core). Eigenvalues, control rod worths, fuel worths and fission rate 
distributions were the parameters chosen for comparison between calculations and measurement. Our 
calculated eigenvalues for both SNEAK-9A and ZPPR-7 lie in a narrow band between 0.985 and 0.990. 
Our calculations of control rod worths in SNEAK-9A (C/E 0.95–1.04) are better than those of the KFK 
analyses. Fission rate distributions are also predicted very well for the SNEAK-9A2 assembly (C/E = 0.97–
1.04). For the heterogeneous ZPPR-7B, control rod worths are overpredicted (C/E 1.06–1.15) after 
corrections. On the whole, the newly-developed calculational scheme is found to give good predictions. 
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Author: Subba Rao, K. / Chandramoleshwar, K. / Srinivasan, M. 

Title: K(inf) of Hydrogenous Mixtures of Fissile and Fissible Actinide Nuclides in the (H/X) Range of 0 
to 10, 000 for Intercomparison of Nuclear Data Files 

Date: 1/1/1991 

Report: ANEND, 18, 049-051 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Considerable amounts of actinide isotopes are being generated by a large number of 
power reactors operating throughout the world. Many of these actinide isotopes are capable of supporting 
fission chain reactions. However, for want of sufficient quantities, criticality parameters for individual 
"minor" actinide nuclides would be difficult to measure in the near future. An alternate approach is to 
intercompare K-values obtained using different evaluated cross section files. with this in view K data as a 
function of (H/X) using a cross section set evaluated from the ENDL-82 library is presented for 16 actinide 
nuclides. 



 

C-691 

690…..…..…………………..…….……..……ID Number…………………..…..…………….690 

Author: Morishima, N. / Tonoike, K. 

Title: A Rigorous Treatment of Spatial Neutronic Coupling by an Orthogonal Projection Method 

Date: 1/1/1991 

Report: ANEND, 18, 097-108 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Multiregion Reactor Core Model / Neutron Diffusion Theory 
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Author: Pei, M. / Zavaljevski, N. / Miloevi, M. / Stefanovi, D. / Popovi, D. / Nikoli, D. / Marinkovi, P. / 
Avdi, S. 

Title: A Study on Criticality of Coupled Fast-Thermal Core HERBE at RB Reactor 

Date: 1/1/1991 

Report: ANEND, 18, 413-420 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The coupled fast-thermal core HERBE at the RB zero power heavy water reactor in 
Vina was designed with the aim to improve experimental possibilities in fast neutron fields. The 
requirements for minimum modifications in the RB construction and application of available fuel restricted 
design flexibility of the coupled system. Thus the following core is considered optimal in the sense of the 
foregoing constraints: the central fast core of natural uranium is surrounded by neutron filter zone (cadmium 
and natural uranium) and converter zone (enriched uranium fuel, without moderator). The coupling region 
is heavy water. Thermal core is formed of RB heavy water 80% enriched uranium lattice with 12 cm pitch. 
The criticality of the system is obtained by adjusting moderator level. The critical heavy water levels were 
measured for normal reactor operation and some simulated accidental conditions. These data were analyzed 
by computer code package for the design of thermal and coupled fast-thermal reactors recently developed 
in IBK Nuclear Engineering Laboratory. Good agreement between computations and experimental data 
was achieved. 
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Author: Sutton, T. M. / Doub, W. B. 

Title: Stochastic Transport Theory Analysis of the 252Cf Source Driven Noise Technique 

Date: 1/1/1991 

Report: ANEND, 18, 491-502 

Conference/Journal: Annals of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Subcritical Reactivity / Power Spectral Densities / 252Cf Source Driven Noise 
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Abstract/Keyterms: It is shown that in dilute fissile solution systems the neutron leakage probability is 
primarily dependent on the hydrogen concentration. A simple hand calculation method is proposed based 
on the Trombay criticality formula (TCF) to quickly estimate the radius of a subcritical dilute solution 
sphere with the required k(eff). 
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Abstract/Keyterms: Influence of various sets of evaluated six-group delayed neutron parameters on 
kinetic parameters beta(eff) and beta(eff)A is analyzed. The comparative study of the kinetic parameters is 
made for the coupled fast-thermal system HERBE at the Vinča Institute. Methods of calculation and 
measurement techniques used in this analysis are described. The results of calculations are compared with 
measurements. 
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Conference Session:  

Abstract/Keyterms: The six-group, delayed-neutron parameters which have been incorporated into the 
ENDF/B-VI and JEF-2.2 evaluations represent a significant departure from the, until recently, almost 
universally adopted Keepin experimental data. This note quantifies the influence of the new data on the 
analyses of kinetics experiments in a reflected 235U system and uses the results to make some preliminary 
recommendations as to the best choice of data to be used in such analyses. In particular, it is shown that the 
choice of parameters in the JEF-2.2 library appears to be inconsistent and leads to the prediction of non-
physical behaviour in models employing this data. 
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Abstract/Keyterms: The 252Cf-source-driven noise analysis measurement method was developed to 
determine the subcriticality and other properties of configurations of fissile material. The method provides 
measured parameters that can also be used for nuclear weapons identification, nuclear materials control and 
accountability, quality assurance, process monitoring, and verification of calculation models and cross 
section data used for criticality safety analyses. MCNP-DSP was developed to calculate the measured 
frequency analysis parameters, time analysis quantities such as autocorrelation and cross-correlation 
functions, and the time distribution of counts after 252Cf fission for both neutrons and/or gamma rays using 
continuous energy cross sections. MCNP-DSP can be used to validate calculational methods and cross 
section data sets with measured data from subcritical experiments. In most cases the frequency analysis 
parameters are more sensitive to cross section changes by as much as 1 or 2 orders of magnitude and thus 
may be more useful than comparisons of neutron multiplication factors for calculational validation. The use 
of MCNP-DSP model in place of point kinetics model to interpret subcritical experiments extends the 
usefulness of this measurement method to systems with much lower neutron multiplication factors. MCNP-
DSP can also be used to determine the calculational bias in the neutron multiplication factor (a quantity 
which is essential to the criticality safety specialist) from in-plant subcritical experiments. This paper 
describes how MCNP-DSP calculates the measured parameters from the 252Cf-source-driven time and 
frequency analysis measurement. 
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Conference Session:  

Abstract/Keyterms: Measurements of the prompt neutron decay constant at delayed criticality with water-
reflected, unirradiated low- and high-enrichment fuel loadings and a beryllium-reflected low-enrichment 
fuel loading were performed for the Oak Ridge Research Reactor. The prompt neutron decay constants 
were obtained from nonlinear least-squares filling of the frequency-dependent cross-power spectral 
densities measured between two detectors placed adjacent to the core. The fitting function was derived from 
the point neutron kinetics equations, ignoring delayed neutrons. The measurements with this water-
moderated pool-type reactor determined that the prompt neutron decay constant (for the water-reflected 
cores) is about 15% higher for the low-enrichment fuel loading (194.9 ± 0.9 s-1) than for the high-
enrichment fuel loading (169.1 ± 1.1 s-1). Measurements also showed that the prompt neutron decay 
constant is about 28% less for the Be-reflected low-enrichment fuel loading than for the water-reflected 
low-enrichment fuel loading. 
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Abstract/Keyterms: Several calculations were performed to validate MCNP-DSP, which is a Monte Carlo 
code that calculates all the time and frequency analysis parameters associated with the 252Cf-source-driven 
time and frequency analysis method. The frequency analysis parameters are obtained in two ways: directly 
by Fourier transforming the detector responses and indirectly by taking the Fourier transform of the 
autocorrelation and cross-correlation functions. The direct and indirect Fourier processing methods were 
shown to produce the same frequency spectra and convergence, thus verifying the way to obtain the 
frequency analysis parameters from the time sequences of detector pulses MCNP-DSP was verified by 
calculations of configurations of sources and detectors with accurately known theoretical answers. The 
calculated value of the ratio of spectral densities, R(), was shown to be independent of detection efficiency 
and in some cases source intensity as theoretically predicted. The neutron and gamma ray time distributions 
after 252Cf fission from MCNP-DSP for simple configurations of source and detectors in air and with a 
small sample of beryllium between the source and detector were compared with measurements. In addition, 
calculations were performed for measurements using the 252Cf-source-driven noise analysis technique. 
MCNP-DSP adequately calculated the measured low-frequency values of R() from the detector responses 
due to neutrons and gamma rays for the unmoderated, unreflected uranium metal cylinders using the 
ENDF/B-IV cross-sections. These calculations also showed that the frequency dependence of the spectra 
obtained from the netron detector and from the gamma-ray detector responses, in this case, is the same. The 
ability to calculate the measured low-frequency value of R() for two tightly coupled uranium metal 
cylinders separated by a borated plaster disk, using detectors sensitive only to gamma rays, further 
demonstrated that the code could accurately calculate the detector response due to gamma rays. The results 
of the calculations were shown to be strongly dependent on the cross-section data sets used in the analysis. 
The calculated frequency analysis parameters changed significantly when using different cross-section data 
sets, although the neutron multiplication factor k changed slightly. This demonstrated the known increased 
sensitivity in calculating the noise-measured parameters rather than calculating k when validating 
computational methods and cross-section data. This more general neutron and gamma-ray treatment 
provides the most comprehensive calculation of the measured parameters from a 252Cf-source-driven time 
and frequency analysis measurement and is useful for planning experiments, analyzing the results of 
measurements, and verifying Monte Carlo neutron and gamma-ray transport methods. MCNP-DSP can be 
used in the planning and analysis of measurements by the source-driven time and frequency analysis method 
for nuclear weapons and/or component identification, subcriticality measurements, nuclear material control 
and accountability, process monitoring and control, and quality assurance of fissile components, such as 
reactor fuel elements. In addition, it can be used to obtain the calculational bias in the calculation of the 
neutron multiplication factor from subcritical experiments, a quantity that is essential to the criticality safety 
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specialist for criticality safety assessments. This general Monte Carlo model eliminates the need for the 
limited point kinetics models for interpreting subcriticality measurements by this method. 
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Abstract/Keyterms: The ENDF/B-VI.2, JEF-2.2 and JENDL-3.2 evaluated nuclear data were validated 
and intercompared for applications in light water reactor analyses. A set of twelve BWR-simulated critical 
experiments at temperatures representative of cold as well as operating conditions was analyzed by using 
the MCNP-4A code with continuous energy data. Calculated eigenvalue and fission density distribution 
results from the MCNP simulations coupled with each of three different nuclear data files showed good 
agreements with the measurements in the all considered cores. 
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Abstract/Keyterms: Reactivity initiated accident (RIA) is one of the reactor accidents that limit the in-
reactor performance of fuel especially at high burnup. In addition, according to recent experiments, RIA at 
high burnup can lead to fuel failure. In this paper, a comparative analysis was carried out for UO2 and 
Mixed Oxide (MOX) fuel behavior under RIA as a function of burnup (0, 30, 60 MWd/kgM) and RIA type 
(realistic and severe) with use of the FRASM code. Comparison of the present analysis with experimental 
results gives the following three conclusions. First, under realistic RIA which can take place under reactor 
operating conditions, both UO2 and MOX fuels are intact. Second, under severe RIA which leads to local 
melting of fuel, there is a possibility that both UO2 and MOX fuel would fail. Third, UO2 fuel behavior 
under RIA is more favorable than MOX fuel at beginning of life, while MOX fuel is more favorable at the 
burnups of 30 and 60 MWd/kgM. Fuel failure criterion applied to RIA, however, should be elaborated 
based on experimental data. 
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Abstract/Keyterms: A wide variety of criticality experiments, using different geometries and solutions, 
was performed at Oak Ridge National Laboratory in the 1950s. Two sets performed in 174-1 spheres are 
analyzed to provide benchmark descriptions for validation of computational tools used by nuclear criticality 
specialists. One set was performed in an unreflected sphere and contained a highly enriched uranyl nitrate 
solution (93.18% U235). Three of the four measurements from this set were poisoned with boron. The 
second set consists of one unreflected and two water-reflected measurements and used low-enriched uranyl 
fluoride solutions (4.9% U235). One of these experiments was critical with the sphere 83% full. An 
uncertainty in the experimental keff was found by sensitivity studies on reported measurement 
uncertainties, inconsistencies, and omissions in experimental parameters. Benchmark configurations were 
found for all experiments. To be functional for all computer codes, one-dimensional configurations were 
used when possible. The sensitivity study of the experiments was performed using ONEDANT with 27-
Group ENDF/B-IV cross sections and MCNP with continuous energy ENDF/B-V cross section data. Keff 
values for the benchmark configurations were found using MCNP with ENDF/B-V and ENDF/B-VI cross 
section data, ONEDANT and KENO-Va with Hansen-Roach and 27-group ENDF/B-IV cross sections. © 
1997 Elsevier Science Ltd. 
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Abstract/Keyterms: Release 3 of the ENDF/B-VI nuclear data library is validated for use in light water 
criticality analysis. Eigenvalue and fuel rod fission density results are compared to those corresponding to 
version V and release 2 of version VI. Twelve critical experiments with varying parameters such as 
temperature, burnable absorber content and the amount of control poison are simulated with the continuous 
energy Monte Carlo code MCNP as the basis for comparison. It is found that the ENDF/B-V library yields 
more accurate results than ENDF/B-VI, releases 2 and 3 for criticality analysis in light water reactors. 
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Abstract/Keyterms: Pulsed-Neutron-Source Technique/ Subcriticality / Graphite Moderated Systems / 
PROTEUS Facility / Switzerland 



 

C-710 

708…..…..…………………..…….……..……ID Number…………………..…..…………….708 

Author: Hashimoto, Kengo, / Ohsaki, Hiroshi / Horiguchi, Tetsuo / Yamane, Yoshihiro / Seiji Shiroya 
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Abstract/Keyterms: The conventional variance-to-mean method (Feynman-α method) seriously suffers 
the divergency of the variance under such a transient condition as a reactor power drift. Strictly speaking, 
then, the use of the Feynman-α is restricted to a steady state. To apply the method to more practical uses, it 
is desirable to overcome this kind of difficulty. For this purpose, we propose a usage of higher-order 
difference filter technique to reduce the effect of the reactor power drift, and derive several new formulae 
taking account of the filtering. The capability of the formulae proposed was demonstrated through 
experiments in the Kyoto University Critical Assembly. The experimental results indicate that the 
divergency of the variance can be effectively suppressed by the filtering technique, and that the higher-
order filter becomes necessary with increasing variation rate in power. 
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Abstract/Keyterms: The conventional noise analysis expressions for functions like the auto- and cross-
correlation function, the variance to mean ratio, and the Rossi-α formula, diverge when the reactor is 
critical. This problem arises because one pole of the zero-power reactor transfer function is zero. However, 
in a finite measurement time, a zero frequency cannot be measured and the divergence will not be found 
experimentally. New expressions for the expectation values of the experimental quantities of various pulse 
counting techniques are derived which also take into account the dead time of the detector. These 
expressions do not suffer from divergence at critical. A Feynman-α experiment is simulated in two, 
neutronically different systems. The use of the conventional equations for the analysis of the experiments 
is seen to lead to a bias in the inferred reactivity value. 
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Abstract/Keyterms: This paper applies the grey Dancoff factor calculated by Monte Carlo method to the 
criticality calculation for cluster fuel bundles. Dancoff factors for five symmetrically different pin positions 
of CANDU37 and CANFLEX fuel bundles in full three-dimensional geometry are calculated by Monte 
Carlo method. The concept of equivalent Dancoff factor is introduced to use the grey Dancoff factor in the 
resonance calculation based on equivalence theorem. The equivalent Dancoff factor which is based on the 
realistic model produces an exact fuel collision probability and can be used in the resonance calculation 
just as the black Dancoff factor. The infinite multiplication factors based on the black Dancoff factors 
calculated by collision probability or Monte Carlo method are overestimated by about 2 mk for normal 
condition and 4 mk for void condition of CANDU37 and CANFLEX fuel bundles in comparison with those 
based on the equivalent Dancoff factors. 
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Abstract/Keyterms: In the mid-1970s and early 1980s, almost 100 critical and approach-to-critical 
experiments using water-moderated plutonium metal arrays were performed at the Rocky Flats Critical 
Mass Laboratory. The experiments were performed in two programs: 2x2x2 arrays conducted in the 1970s 
and 3x3x3 arrays conducted in the 1980s. Both sets of experiments used the same double-canned plutonium 
parts and were water moderated. The major differences between the two programs were the support 
structure and tank and the administrative limits on criticality. This paper summarizes the critical data and 
results of both sets of experiments. These experiments are then analyzed in a companion paper. 
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Abstract/Keyterms: As part of the International Criticality Benchmark Evaluation Project, 26 experiments 
are analyzed for use as benchmark experiments for validation of computer codes and cross sections. The 
experiments consisted of water-moderated plutonium metal arrays of size 2x2xN, where N = 2–5 or 3x3x3. 
of the 26 experiments, 22 were chosen to develop benchmark models which are described in detail, 
including geometry and material data. A sensitivity study was performed to determine the uncertainty on 
the keff value due to measurement uncertainties or limits of accuracies. For all benchmark models, keff 
values were found using MCNP with continuous-energy ENDF/B-V cross sections, MCNP with continuous 
energy ENDF/B-VI cross sections, and KENO-V.a with 27-group ENDF/B-IV cross sections. For one case, 
the codes overestimated keff by more than 1%. The experiments were grouped for three parameters: 
plutonium mass, horizontal spacing, and vertical spacing. For each parameter, a bias value was found. In 
all cases, MCNP with ENDF/B-VI cross sections had the smallest difference in the average keff. This same 
result was found when all experiments were grouped together. However, if the one experiment that was 
significantly overestimated was excluded, the smallest difference in the average keff was found for KENO-
V.a with ENDF/B-IV cross sections. 
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Abstract/Keyterms: As the first stage of the critical experiment plan for developing the Korea Advanced 
LIquid MEtal Reactor (KALIMER) core design, the basic neutronics characteristics of the BFS-73-1 critical 
assembly representing a uranium metal fueled benchmark core were investigated. The prediction capability 
of the core nuclear analysis code system, being developed as a standard analysis system in the KALIMER 
core design and analysis, has been evaluated against the BFS-73-1 experiment by comparing the calculated 
results to the measurements. The comparison shows that the effective multiplication factor was 
overpredicted by 0.3% in the C/E value. The 235U and 238U fission reaction rate distributions were 
underpredicted within a 2% discrepancy in the core region but appeared to be in poor agreement in the 
blanket region. The calculated values of spectral indices at the core center and the effective delayed neutron 
fraction, eff, agreed with the measured ones within 2% and 1% discrepancies, respectively. The first order 
perturbation method predicted the sample reactivity worths for 235U, 238U, 239Pu and 10B within 7% but 
much larger discrepancies existed for the other materials. The calculated Doppler effect showed about an 
8% overprediction. 
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Abstract/Keyterms: The method of characteristics (MOC) solves the transport equation along straight 
lines, called characteristics, of the system. Along these lines the differential operator of the Boltzmann 
equation reduces to a total derivative. The MOC methodology does not impose any limitation on geometry 
and allows for an accurate treatment of highly heterogeneous systems. However, the actual treatment of 
arbitrary domains in terms of their flexible description and efficient ray tracing does impose difficulties 
which limited broader application of MOC in reactor analysis. Most of the existing MOC codes describe 
the geometry by lines and arcs with extensive input data, have difficulty in sub-meshing, require a pre-
defined condition of closed rays at starting points limiting the boundary shape, and need a large number of 
polar angles which prolong the execution time. A new MOC code, ANEMONA, has been developed to 
remove all these geometrical limitations. This unified and easy-to-use method is based on an R-function 
solid modeler approach that can account for all heterogeneities with full flexibility in domain description, 
ray map generation, ray tracing and boundary types. The ANEMONA's methodology has many advantages: 
an easy description of arbitrary domains and meshing; allowed mismatch of the reflected rays; calculation 
of the reflected angular flux as the boundary mesh average; use of only two adequately chosen polar angles; 
and the reduction in computational time by energy-dependent azimuthal ray map. ANEMONA has been 
tested on a number of benchmark problems with excellent results. 
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Abstract/Keyterms: A new ET-RR-1 spent fuel storage pool is now under construction on the reactor site 
at Inshass. In addition, the pool is designed to accommodate spent fuel of MTR type as well. Criticality 
safety of this pool for the different fuel types has been evaluated as a function of U235 loading. The effect 
of fuel element separation (rows and columns) on the eigenvalue has been studied. As a conservative 
assumption, the pool is assumed to be filled with fresh fuel. The eigenvalue considering a realistic degree 
of fuel burn-up was determined in order to determine the safety margin. The calculations have been carried 
out using the code packages of the National Center for Nuclear Safety and Radiation Control. 
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Abstract/Keyterms: A detailed three-dimensional, continuous-energy MCNP4B model of the LWR-
PROTEUS critical facility has been developed for the analysis of whole-reactor characteristics using 
ENDF/B-V, ENDF/B-VI and JEF-2.2 cross-section sets. The model has been applied to the determination 
of the critical loading, as well as the evaluation of reactivity worths for safety/shutdown rods, control rods, 
and individual driver-region fuel rods. The initially obtained results for the first configuration investigated 
(Core 1B) indicated that, for the same geometrical and materials specifications, the ENDF/B-V data library 
yields the closest critical prediction (discrepancy of 640±40 pcm), followed by ENDF/B-VI (980±40 pcm) 
and JEF-2.2 (1340±40 pcm). The differences in results between the three data libraries were studied by 
considering the contributions of individual materials to the neutron balance. 235U and 238U cross-sections 
from JEF-2.2, for example, explain an effect of 
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Abstract/Keyterms: Refinement of the materials specifications in the MCNP4B whole-reactor model, in 
particular the impurities assumed for the graphite driver of the driver and reflector regions, has been shown 
to reduce the final discrepancy of the ENDF/B-V based keff result to 
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Abstract/Keyterms: The MCNP4B results for relative reactivity effects, such as control rod worths, are 
found to agree within experimental errors with the measured values. 
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Abstract/Keyterms: Thirty UO2–PuO2 fueled light-water moderated lattice critical experiments have 
been analyzed with HELIOS at the Nuclear Engineering Program of the Pennsylvania State University, in 
collaboration with Studsvik Scandpower. These experiments were performed at Battelle Pacific Northwest 
Laboratories in the early 1970s. HELIOS is an advanced lattice physics code based on two-dimensional 
(2D) high order transport theory with complete geometric flexibility. The 30 cases have been analyzed 
already with HELIOS as single pin cell cases and these results are used for comparison. The present study 
involves the development of the HELIOS input decks for complete 2D representations of the estimated 
critical cores. The sensitivity of the calculated values of keff for various options such as reflector thickness, 
energy groups, coupling order and the modeling approach used in this analysis are discussed for selected 
cases. Finally, the results of HELIOS have been verified by comparison with the experimental results. 
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Abstract/Keyterms: HEU-MET-FAST-051, HEU-MET-FAST-071; A spherical critical assembly of 
unreflected and unmoderated uranium (93.20 wt.% 235U) metal was assembled at the Oak Ridge Critical 
Experiments Facility in 1971. All the characteristics of this assembly are very accurately known; 
dimensions to ± 0.0001 in, masses to ± 0.01 g, isotopics, impurities, etc. Two spheres were assembled. The 
first was above delayed criticality and the second, after machining of the first, was slightly below delayed 
criticality. A variety of reactivity effects such as the influence of support structure, imperfections in the 
sphere, etc. were evaluated experimentally, where practical. The very accurate description of this sphere, 
as assembled, establishes it as an ideal benchmark for calculational methods and cross-section data files. In 
this regard, the accurate specification of one of these spheres for a Monte Carlo code input is included as 
an Appendix. In order to provide data for verification of one-dimensional, transport-theory calculations, 
these two spherical uranium metal assemblies were corrected to idealized spherical geometries. Either all 
imperfections in the sphere were evaluated experimentally or corrections were made based on previous 
measurements with Godiva I at Los Alamos National Laboratory. The experimental configurations first 
were corrected to idealized spheres of pure uranium metal of the density and enrichment of these 
measurements. In order to compare the results of these experiments to the earlier idealized delayed critical 
sphere obtained from the Godiva I experiments; these spheres were also corrected to an enrichment of 93.80 
wt.% 235U and density of 18.750 g U/cm3 with no impurities. The estimates of the purely spherical critical 
masses of 93.20-wt.%-enriched uranium were 52, 911±66 g (=18.765 g U/cm3) from the slightly 
supercritical configuration, and 52, 956±64 g (=18.754 g U/cm3) from the slightly subcritical configuration. 
Correction to a pure uranium sphere of enrichment of 93.80 wt.% 235U and density of 18.750 g U/cm3 
with no impurities yielded a critical mass of 52.42±0.07 kg which is in agreement with the value from the 
Godiva I experiments, which is 52.30 ± 0.16 kg. The uncertainty in the pure uranium sphere mass from the 
Oak Ridge experiments is considerably less than that from the Godiva I experiments because the Oak Ridge 
spheres were more spherical with less structural material in close proximity to the sphere. 
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Abstract/Keyterms: An analysis made on the merit of different functions adopted for weighting neutron 
processes in subcritical nuclear reactor systems, as it appears in expressions of relevant integral quantities, 
such as reactivity worths, prompt neutron lifetimes, etc. All weight functions may be shown to depend on 
some sort of explicit or implicit, real or fictitious, system control. Associated with the importance function 
relevant to the reactor power control, the multiplication factor ksub and generalized reactivity values gen 
are defined. The difference (1-ksub)/ksub is shown to be the more appropriate index for generally 
representing the ADS subcriticality. However, in certain circumstances, when an accidental event is studied 
in which the criticality condition may be surpassed during the transient, it appears more appropriate to take 
into account the standard multiplication factor (keff) and the reactivity values to which the transient is 
associated and for the definition of which the standard adjoint flux is adopted. 
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Abstract/Keyterms: A 3-D multigroup P3 neutron transport Monte Carlo code MCMG-BURN is 
developed for coupling neutron transport with burnup. MCMG-BURN code is based on Monte Carlo code 
MCNP with the continuous energy cross-section and the reactor lattice code WIMS. It uses the up-front 
multigroup macroscopic cross-section library based on burnup for Monte Carlo calculations. The almost 
consistent results with the experiments have been achieved. 
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Abstract/Keyterms: A computational model is described for fission product release from molten pools of 
uranium-aluminum (U-Al) metal. Liquid-metal pools may form during severe accidents in U-Al-fueled 
reactors if multiple core assemblies melt and relocate to the bottom of the reactor vessel. At present, data 
for the release of fission products from intact U-Al fuel are sparse, and no data are available for the release 
of fission products from U-Al in the form of molten pools. This investigation postulates three phenomena 
that govern fission product release from such a system: (a) Rayleigh cell convection in the molten pool; (b) 
nucleation of volatile radionuclide species with concomitant bubble dynamics; and (c) diffusion from the 
pool surface. Selected sensitivity analyses have been performed to study the dependence of model 
predictions on uncertain input parameters and thus to characterize critical needs for experimental data. The 
results of the sensitivity analysis indicate that parameters that characterize the nucleation rate of volatile 
species in the pool have the greatest effect on the calculated rate of fission product release. 
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Abstract/Keyterms: The paper presents the methods developed and calculations carried out, using the 
SCALE4.3 code system to analyse the possibility of safe storage of the Romanian VVR-S reactor spent 
fuel load inside the CASTOR MTR2 cask. A method has been developed to derive specific problem-
dependent nuclear libraries, defined for groups of fuel assemblies. The SAS2H calculation module has been 
used to simulate different irradiation histories of all spent fuel assemblies and to process the resulting 
libraries for input to ORIGEN-S code depletion-decay calculations. Using this procedure the characteristics 
of the spent fuel assemblies for six cooling times have been calculated. Obtained results are presented and 
discussed in the paper. The CSAS6 module with KENO-VI criticality code based on the 44-group energy 
cross-sections library has been used to solve criticality aspects. Some relevant problems to justify the 
calculation model have been studied and are presented in the paper. The sequence SAS4 with MORSE, a 
Monte Carlo code based on the (27n–18g)-coupled group energy cross-sections, has been used for solving 
the shielding problem. Gamma and neutron dose rates estimated on the surface of the container, and 
respectively at 1 m, 2 m, and 3 m in both radial and axial directions for normal loading, and for audit 
conditions are presented and discussed. 
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Abstract/Keyterms: This paper discusses the criticality safety of mixed carbide (70 PuC: 30 UC) fast 
reactor fuel pins inside the hot cells of a post irradiation examination facility. The criticality calculations 
are done as a part of the licensing requirements. The present calculations pertain to a situation where 183 
fuel pins from three fuel sub-assemblies are inadvertently present at a time in one of the hot cells. In this 
study, apart from the normal operating condition of the hot cell, two scenarios are considered. One is an 
accidental situation in which the cell is flooded with water. The other is a hypothetical roof collapse 
resulting in the fuel pins being embedded in concrete. The calculations are done using Monte Carlo code 
KENO Va. 
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Abstract/Keyterms: Derivation of a variance-to-mean formula was performed to obtain the prompt 
neutron decay constant of the subcritical reactor system that is driven by the periodic and pulsed neutron 
source. The formula was derived for an experimental technique where the Y value is measured by choosing 
an injection of pulsed neutrons as the origin of the counting gate. by using the derived formula, it was 
indicated that the value can be easily determined. From this fact, it was concluded that the present formula 
was useful to measure the value for future experiments with the accelerator driven system. 
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Abstract/Keyterms: A heterogeneous nuclear reactor is modelled using the source-sink method. by 
allowing the fuel plates to assume random positions in the core we build up a probability density function 
P(k) for the multiplication factor k. 106 simulations are performed for different positions and the mean and 
variance computed. The variation in P(k) is studied as a function of reflector thickness. It is found that P(k) 
narrows as the reflector thickness increases and this behaviour is quantified by a decreasing relative 
standard deviation. Results are given for 235U plates in graphite and water moderators. 
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Abstract/Keyterms: A series of experiments was carried out by using the Kyoto University Critical 
Assembly and a pulsed neutron generator attached. The experiments were intended to investigate a 
variance-to-mean technique for measuring the prompt neutron decay constant of the subcritical reactor 
system that was driven by the periodic and pulsed neutron source. As the results, it was confirmed that the 
value measured by the present technique agreed with a reference value evaluated by the pulsed neutron 
technique. Furthermore, it was demonstrated that the present technique was available to measure the value 
even when the product of and the repetition period of pulsed neutrons was smaller than unity. Since 
measurement of by the pulsed neutron technique is generally difficult under such conditions, it was 
concluded that the present technique was convenient for measuring the value. 
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Abstract/Keyterms: This study deals with the neutronic analysis of the current core configuration of a 3-
MW TRIGA MARK II research reactor at Atomic Energy Research Establishment (AERE), Savar, Dhaka, 
Bangladesh and validation of the results by benchmarking with the experimental, operational and available 
Final Safety Analysis Report (FSAR) values. The 3-D continuous-energy Monte Carlo code MCNP4C was 
used to develop a versatile and accurate full-core model of the TRIGA core. The model represents in detail 
all components of the core with literally no physical approximation. All fresh fuel and control elements as 
well as the vicinity of the core were precisely described. Continuous energy cross-section data from 
ENDF/B-VI and ENDF/B-V and S(,) scattering functions from the ENDF/B-VI library were used. The 
consistency and accuracy of both the Monte Carlo simulation and neutron transport physics was established 
by benchmarking the TRIGA experiments. The effective multiplication factor, power distribution and 
peaking factors, neutron flux distribution, and reactivity experiments comprising control rod worths, critical 
rod height, excess reactivity and shutdown margin were used in the validation process. The MCNP 
predictions and the experimentally determined values are found to be in very good agreement, which 
indicates that the simulation of TRIGA reactor is treated adequately. 
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Abstract/Keyterms: The work presented in this paper was conducted to validate the computer codes such 
as WIMS-D/4 and CITATION for the criticality analyses of natural uranium fueled, light water cooled, 
heavy water moderated and graphite reflected reactors such as National Experimental Reactor (NRX) and 
Canadian Indian Reactor (CIR). These codes are then used to search a proliferation resistant reactor core. 
It was found that the replacement of light water coolant with heavy water and with increased moderation, 
the core can be operated at a power level of less than half as compared to the power level of NRX/CIR but 
the neutron flux will remain unaffected. This core will be smaller in size and therefore there will be savings 
in required quantities of D2O, graphite and fuel. It will produce much less plutonium with higher 
concentration of 240Pu, if the burnup is more than 2800 MWD/T. Furthermore, it was found that the void 
coefficient of the coolant will be less positive and therefore the system will be more safe as compared to 
original NRX/CIR design. 
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Abstract/Keyterms: A new 69-group library of multigroup constants for the lattice code WIMS-D/4 has 
been generated, processing nuclear data from JENDL-3.2 using NJOY91.108. A parallel ENDF/B-VI based 
library has also been constructed for inter-comparison of results. Benchmark calculations for a number of 
thermal reactor critical assemblies having both uranium and plutonium fuels have been performed with the 
code WIMS-D/4.1 with three different libraries: the 1986 WIMS library (NEA-0329/10) and the new 
JENDL-3.2 and ENDF/B-VI based libraries. The benchmark parameters calculated with the two new 
libraries show similar tendencies and are found in better agreement with the experimental values compared 
to those with the 1986 WIMS library. Benchmark parameters are further calculated with the comprehensive 
lattice code SRAC95. The results from WIMS-D/4.1 and SRAC95 agree well with each other as well as to 
the other previously published values except for lattices with higher plutonium contents. The disagreement 
is well resolved by an improved resonance treatment and ended up with a clear indication that the 1986 
WIMS library with 13-resonance groups is not at all reliable for analysis of mixed oxide (MOX) cores of 
varying plutonium contents and for burn-up calculation of uranium-fueled cores 
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Abstract/Keyterms: Several new WIMSD libraries based on recent cross-section evaluations such as 
IAEA, ENDFB-VI, JENDL, and JEF have been made available by IAEA. These libraries were used for the 
computation of multiplication factor and energy spectrum for Pakistan Research Reactor-1 (PARR-1). 
Methodology was validated for benchmark problems made available by IAEA and comparison with 
reference results. The value of effective multiplication factors for all newly released libraries are 1.8–3.2% 
less than that of 1981 WIMSD library. The effect of various cross-section libraries on neutron energy 
spectrum was also studied. Differences of about -10% to 12.5% were found in thermal flux using the newly 
released libraries as compared with that obtained using 1981 WIMSD library. From the analysis, it was 
found that the main source of the difference is the cross-sections of hydrogen bound in water. When these 
cross-sections of hydrogen (bound in water) from new libraries were used along with all other data in 1981 
WIMSD library, the keff obtained in this way has a difference of only 0.02–0.8% with that obtained from 
new libraries, while the flux spectrum agreed within 1% below 1 MeV with new libraries. 
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Abstract/Keyterms: U233-MET-THERM-001; Monte Carlo modeling of the Kalpakkam Mini Reactor 
(KAMINI) has been carried out for the first time by using Monte Carlo code (MCNP4A) and continuous 
energy cross-sections. The safety control plate (SCP) drop experiment is simulated and the computed 
integral worth of the SCPs is compared with the measured value. The measured axial neutron flux profile 
and foil reaction rates in one of the in-core irradiation location and the foil reaction rates at the west beam 
port are also compared with the predicted results. The agreement between measurements and calculations 
is quite satisfactory. It is confirmed from the calculation and measurement that the north thimble is having 
nearly 10–20% higher neutron flux as compared to the south thimble depending on the exact elevation. 
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Abstract/Keyterms: The effect of high-density fuel loading on the criticality of low enriched uranium 
fueled material test reactors was studied using the standard reactor physics simulation codes WIMS-D/4 
and CITATION. Three strategies were considered to increase the fuel loading per plate: (1) by substituting 
the high-density fuel in place of low-density fuel keeping meat thickness and water channel width constant, 
(2) by substituting the high-density fuel in place of low-density fuel keeping fuel meat thickness fixed and 
optimizing the water channel width between the fuel plates and (3) by increasing the fuel meat thickness of 
fixed density fuel and optimizing the water channel width between the fuel plates. The fuel requirements 
for critical and first high power cores were determined in each case for higher fuel loadings per plate. It has 
been found that in the first case, core volume reduces with increasing fuel loadings per plate but requirement 
of fuel also increases. In the second and third case, core volume as well as fuel requirement decreases with 
increasing fuel loadings per plate. However in the second case, core volume reduces more rapidly than in 
case 3 with increasing fuel loadings per plate. Employing standard computer code PARET, steady state 
thermal hydraulic analysis of all these cores was performed. The thermal hydraulic analysis reveals that 
cores with higher densities and fixed water channel width are better from thermal hydraulic point of view 
and have fuel and clad temperatures within the acceptable limits. But the core with higher densities and 
optimum water channel width is a better choice in terms of core compaction, less 235U loading and higher 
neutron fluxes. Finally, the core was compacted in three steps to exploit the benefits of both types of cores. 
The strategy resulted in 36% reduction in the core volume, 50% increase in thermal neutron flux for 
irradiation and isotope production and a slight reduction in 235U loading. All this was achieved with 
acceptable peak clad and peak fuel centerline temperatures. 
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Abstract/Keyterms: The PBMR’s spent fuel and partially burnt fuel are stored in the sphere storage system 
(SSS), which acts as the interim fuel storage facility of the plant. It is unique in the world since the fuel is 
stored in bulk containers (called storage tanks), each capable of holding more than 500, 000 spheres for a 
period of about 80 years. The SSS has the ability to transfer the contents of one tank to another tank, and 
to return partially burnt fuel back to the reactor core for re-fuelling. The storage tanks are individually 
sealed carbon steel pressure vessels. They form the final barrier of any fission products that have diffused 
from the fuel spheres. Sub-criticality is achieved through the geometric cross-section of the tank, and by 
taking credit for fuel burn-up. Protection from the corrosive environment where the PBMR Demonstration 
plant will be built is achieved by actively cooling the tank with clean dry air. In the event of an active 
cooling failure, louvres open automatically and cooling is done passively via natural convection making 
use of the chimney-effect. Sufficient radiation protection is provided around each tank to facilitate 
maintenance and inspection operations where needed. The design of the SSS is nearing the end of its basic 
design phase, and for some components, detail design work has already commenced. The design complies 
with all spent fuel storage requirements and is seen as a cost-effective solution for the interim storage of 
PBMR spent fuel. 
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Abstract/Keyterms: Four different critical core configurations of the IRR1 [Bettan, M., Hirshfeld H., 
Levine, S.H., 2002. Method to determine the burnup of the IRR1 fuel assemblies. In: Proceedings of the 
21st Conference of the Nuclear Societies in Israel, p. 38–41], Cores 1, 2, 3, and 4, have been used to 
determine experimentally the reactivity changes caused by interchanging different fuel assemblies (FAs) in 
the same core position [Bettan, M., Hirshfeld H., Levine, S.H., 2002. Method to determine the burnup of 
the IRR1 fuel assemblies. In: Proceedings of the 21st Conference of the Nuclear Societies in Israel, p. 38–
41; Levine, S.H., Kim, S.S., 1985. Development of an asymmetric multiple-position neutron source 
(AMPNS) method to monitor the criticality of a degraded reactor core. Ann. Nucl. Energy 12, 517; IAEA-
TECDOC-633, 1992. Determination of research fuel burnup, January]. The different fuel assemblies varied 
in their burnup or loss in U-235 causing the core reactivity to change systematically with each FA 
interchange. The control blade height was altered to compensate for this change in the core reactivity to 
maintain the core critical. The control blade reactivity worth as a function of its height was measured by 
period measurements so that the reactivity change due to the interchange of an FA was determined. The 
WIMS/EXT2 [WIMS-D4: Winfrith Improved Multigroup Scheme (WIMS) code system, 1969. Computer 
Code Package CCC-576, RSICC/ORNL, Oak Ridge, TN; Fowler, T.B. et al., 1967. EXTERMINATOR-II: 
A FORTRAN IV Code for solving multigroup diffusion equations in two dimensions, ORNL-4078, ORNL, 
April] codes are used to evaluate the change in core reactivity as a function of FA U-235 or burnup. By 
relating the calculation of the reactivity change with the measured reactivity change, the burnup or U-235 
mass in each FA is determined. The U-235 mass of the FAs gave good agreement between measurements 
made of the same FA in different cores and appears to bring better agreement between the keff calculated 
for the different cores when each are just critical. The results of these measurements and calculations are 
presented in this paper. 
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Abstract/Keyterms: The Los Alamos Critical Experiments Facility (LACEF) was the last operational, 
general-purpose, critical-mass laboratory in the United States. The long history of remote operations and 
large-scale critical-mass experiments at LACEF began in 1948, and it effectively ended in July 8th, 2004, 
when the last critical experiment was performed on the Planet critical assembly. The experimental activities 
at the Pajarito Site began in April 1946 as a way to obtain subcritical measurements for weapons safety 
guidance. A year later, the first Kiva (a concrete-reinforced building) was constructed, and 18 months 
afterward the first remote critical operation was reported with the Topsy critical assembly. In the early 
years, the Pajarito Site primarily supported the weapons program; later, for almost 17 years, the neutronics 
of the Rover nuclear-propulsion program dominated activities at Pajarito Site. More recently, Pajarito Site 
added some new dimensions to its operations in order to support emergency response, the Nuclear 
Criticality Safety Program, and radiation-detection development. The long history of critical-assembly 
measurements and operations is documented in hundreds of peer-reviewed technical papers, laboratory 
reports, personal files, and video sessions with some of the pioneers. It is the intent of this paper to capture, 
in one single document, a summary and the highlights of the glorious days of this facility. In essence, this 
paper is a summary of the programs conducted in the last 58 years and of the numerous critical assemblies 
and reactors that operated at LACEF. It also provides a list of references to the reader who might want to 
learn more about this facility’s rich history. 
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Abstract/Keyterms: A simple approximation is proposed to estimate the reactor period in critical 
assemblies for which the reactivity parameters, such as the fissile material, neutron-energy spectrum, and 
effective fraction of delayed neutrons, are characterized. This approximation is based on the period-
reactivity equation, in combination with the delayed-neutron parameters corresponding to the fissile 
material and neutron-energy spectrum of the critical assembly, and Monte Carlo computer-code 
calculations of the criticality factor, prompt-neutron lifetime, and average number of neutrons per fission. 
The proposed approximation is validated with experimental results for the Lady Godiva fast metal and the 
Solution-High Energy Burst Assembly (SHEBA) thermal solution critical assemblies that operated at Los 
Alamos National Laboratory. In addition, the results of the approximation are also compared with those 
reported for experiments conducted at the Kyoto University Critical Assembly. The results from this 
analysis indicate that the proposed approximation can be used to estimate the reactor period in critical 
assemblies. 
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Abstract/Keyterms: Computational analysis carried out to arrive at the optimal parameters for the safe 
and economic design of a poison-tube tank for the storage of fissile solution. The parameters studied are 
tube diameter, gap between tubes, packed density of the neutron poison (Boron carbide) and wall thickness 
of the tubes. The aim is to maximize the fissile solution volume satisfying the safety criteria for criticality. 
Finding the precise values of optimal parameters is a very difficult task. Here a practical way of finding the 
optimal parameters subject to the design constraints is indicated. 
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Conference Session:  

Abstract/Keyterms: Cell- and lattice calculations are the fundamental for all deterministic static and 
transient 3D full core calculations. The spatial discretization used for the cell- and lattice calculations 
influences the results for these transport solutions significantly. The arising differences in the neutron flux 
distribution due to different spatial discretization are demonstrated. These differences in the flux 
distribution cause significant changes in the k(inf) value. An evaluation of the k(inf) value for the case of 
infinitely fine discretization is made. The influence of the discretization on the calculation of homogenized 
few group cross-sections which are forwarded to the 3D full core calculations is investigated. Strategies for 
improving the discretization are developed and their influence on the calculation time is evaluated. 
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Conference Session:  

Abstract/Keyterms: This paper concerns the assessment of standard point-wise neutron data libraries for 
criticality safety evaluations in units of the effective neutron multiplication factor, keff, the aim being to 
establish a methodology for the analysis of storage pools containing fuel assemblies discharged from the 
Swiss Light Water Reactors. The selected approach is based on using the Monte Carlo code MCNPX 
(version 2.4.0 was applied in the study at hand) and a modern standard point-wise neutron data library 
officially distributed by OECD/NEA databank. The approach is oriented towards meeting the broadly 
accepted general requirements to establish subcriticality, such as those formulated in the ANSI/ANS-8.1-
1998 and ANSI/ANS-8.17-2004 Standards. In the above perspective, the results of the assessment of the 
standard neutron data libraries JEF-2.2 and JENDL-3.3 for criticality safety analysis of UO2 light water 
reactor fuel assemblies immersed in water, are provided and discussed. The assessment has been performed 
on the basis of a suite of low-enriched uranium thermal compound benchmarks selected from the 
International Handbook of Evaluated Criticality Safety Benchmark Experiments. Special emphasis given 
to the appraisal of the applicability of the Gaussian distribution in the approximations and posterior analyses 
of the calculated benchmark results that are necessary to establish the k(eff) safety margins. Such 
application has been found to be justified, on the one hand, by the observation of a very close agreement 
between parametric and non-parametric evaluations of the analyzed k(calc, eff)/ k(bench, eff) samples; on 
the other hand, one indeed expects the k(calc, eff)/ k(bench, eff) values of an ideal (cluster-less) set of 
criticality benchmarks with similar physical properties to follow a normal distribution. Nevertheless, we 
presume that similar deficiencies in the specification of the configurations belonging to one or similar series 
of experiments could cause unspecified experiment/evaluation-related systematic errors in the benchmark 
evaluations and consequently in the k(bench, eff) values. Therefore, even distribution-free estimates will 
not be rigorous because they also rely on the assumption of random sampling of the k(calc, eff)/ k(bench, 
eff) population. Moreover, we suggest that the question of normality appears to be of minor importance 
compared to other hypotheses and to the conservative approximations typically assumed for criticality 
safety evaluations. 
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Abstract/Keyterms: This paper addresses the assessment of MCNPX-2.5.0 criticality calculations using 
continuous-energy neutron cross-section libraries based on ENDF/B-VI.8, JEF-2.2, JENDL-3.3, and the 
recently released ENDF/B-VII.0 and JEFF-3.1 data files. For this purpose, validation calculations were 
performed for a suite of benchmarks from the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments. The benchmarks were selected on the basis of their similarity to designs found in 
today’s Light Water Reactor (LWR) compact storage pools and transport casks and in total comprised as 
much as 122 cases belonging to the category of thermal compound systems with low-enriched uranium. In 
order to define the ranges of applicability of the used calculational methods and to detect possible trends, 
the spectrum-related characteristics of the modeled critical experimental configurations were analysed. It 
is found that the latest ENDF/B-VII.0 and JEFF-3.1 libraries improve the older ENDF/B-VI.8 and JEF-2.2 
compilations significantly and both lead to values for the weighted average of the normalized eigenvalues 
k(eff, calc)/k(eff, exp) very close to unity. All libraries have in common that any evidence of a statistically 
significant trend in the normalized eigenvalues versus both spectrum-related characteristics and 
experimental design parameters could not be found. 
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Abstract/Keyterms: This paper investigates the dynamics of a postulated criticality in a powder used as 
part of fuel processing. Numerical simulations are performed in 2D and 3D geometries in which layers of 
MOX, UO2 and zinc stearate (acting as a moderating lubricant) powders become supercritical. The system 
simulated here were initialised with a step reactivity insertion of 1$, 2$ and 5$. The coupled radiation and 
multiphase–multicomponent simulations showed complex dynamics with an increase of powder 
temperature and mixing of the moderator into the MOX. 



 

C-747 

745…..…..…………………..…….……..……ID Number…………………..…..…………….745 

Author: Uyttenhove, W. / Baeten, P. / Ban, G. / Billebaud, A. / Chabod, S. / Dessagne, P. / Kerveno, M. / 
Kochetkov, A. / Lecolley, F. R. / Lecouey, J. L. / Marie, N. / Mellier, F. / Steckmeyer, J. C. / Thyebault, 
H. E. / Vittiglio, G. / Wagemans, J. 

Title: Experimental Results from the VENUS-F Critical Reference State for the GUINEVERE Accelerator 
Driven System Project 

Date: 6/1/2011 

Report: ANIMMA 2011: International Conference on Advancements in Nuclear Instrumentation, 
Measurement Methods and their Applications, Ghent (Belgium), 6-9 Jun 2011 

Conference/Journal: ANIMMA 2011: International Conference on Advancements in Nuclear 
Instrumentation, Measurement Methods and their Applications, Ghent (Belgium), 6-9 Jun 2011 

Conference Session:  

Abstract/Keyterms: The GUINEVERE (Generation of Uninterrupted Intense Neutron pulses at the lead 
Venus Reactor) project was launched in 2006 within the framework of FP6 EUROTRANS in order to 
validate on-line reactivity monitoring and subcriticality level determination in Accelerator Driven Systems. 
Therefore the VENUS reactor at SCK.CEN in Mol (Belgium) was modified towards a fast core (VENUS-
F) and coupled to the GENEPI-3C accelerator built by CNRS The accelerator can operate in both 
continuous and pulsed mode. The VENUS-F core is loaded with enriched Uranium and reflected with solid 
lead. A well-chosen critical reference state is indispensable for the validation of the on-line subcriticality 
monitoring methodology. Moreover a benchmarking tool is required for nuclear data research and code 
validation. In this paper the design and the importance of the critical reference state for the GUINEVERE 
project are motivated. The results of the first experimental phase on the critical core are presented. The 
control rods worth is determined by the rod drop technique and the application of the Modified Source 
Multiplication (MSM) method allows the determination of the worth of the safety rods. The results are 
implemented in the VENUS-F core certificate for full exploitation of the critical core. 
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Title: Neutronics, Steady-State, And Transient Analyses for the Poland MARIA Reactor for Irradiation 
Testing of LEU Lead Test Fuel Assemblies From CERCA: ANL Independent Verification Results. 

Date: 6/6/2007 

Report: ANL/08/27 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The MARIA reactor at the Institute of Atomic Energy (IAE) in Swierk (30 km SE of 
Warsaw) in the Republic of Poland is considering conversion from high-enriched uranium (HEU) to low-
enriched uranium (LEU) fuel assemblies (FA). The FA design in MARIA is rather unique; a suitable LEU 
FA has never been designed or tested. IAE has contracted with CERCA (the fuel supply portion of AREVA 
in France) to supply 2 lead test assemblies (LTA). The LTAs will be irradiated in MARIA to burnup level 
of at least 40% for both LTAs and to 60% for one LTA. IAE may decide to purchase additional LEU FAs 
for a full core conversion after the test irradiation. The Reactor Safety Committee within IAE and the 
National Atomic Energy Agency in Poland (PAA) must approve the LTA irradiation process. The approval 
will be based, in part, on IAE submitting revisions to portions of the Safety Analysis Report (SAR) which 
are affected by the insertion of the LTAs. (A similar process will be required for the full core conversion to 
LEU fuel.) The analysis required was established during working meetings between Argonne National 
Laboratory (ANL) and IAE staff during August 2006, subsequent email correspondence, and subsequent 
staff visits. The analysis needs to consider the current high-enriched uranium (HEU) core and 4 core 
configurations containing 1 and 2 LEU LTAs in various core positions. Calculations have been performed 
at ANL in support of the LTA irradiation. These calculations are summarized in this report and include 
criticality, burn-up, neutronics parameters, steady-state thermal hydraulics, and postulated transients. These 
calculations have been performed at the request of the IAE staff, who are performing similar calculations 
to be used in their SAR amendment submittal to the PAA. The ANL analysis has been performed 
independently from that being performed by IAE and should only be used as one step in the verification 
process. 
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Abstract/Keyterms: The MARIA reactor at the Institute of Atomic Energy (IAE) in Swierk (30 km SE of 
Warsaw) in the Republic of Poland is considering conversion from high-enriched uranium (HEU) to low-
enriched uranium (LEU) fuel assemblies (FA). The FA design in MARIA is rather unique; a suitable LEU 
FA has never been designed or tested. IAE has contracted with CERCA (the fuel supply portion of AREVA 
in France) to supply 2 lead test assemblies (LTA). The LTAs will be irradiated in MARIA to burnup level 
of at least 40% for both LTAs and to 60% for one LTA. IAE may decide to purchase additional LEU FAs 
for a full core conversion after the test irradiation. The Reactor Safety Committee within IAE and the 
National Atomic Energy Agency in Poland (PAA) must approve the LTA irradiation process. The approval 
will be based, in part, on IAE submitting revisions to portions of the Safety Analysis Report (SAR) which 
are affected by the insertion of the LTAs. (A similar process will be required for the full core conversion to 
LEU fuel.) The analysis required was established during working meetings between Argonne National 
Laboratory (ANL) and IAE staff during August 2006, subsequent email correspondence, and subsequent 
staff visits. The analysis needs to consider the current high-enriched uranium (HEU) core and 4 core 
configurations containing 1 and 2 LEU LTAs in various core positions. Calculations have been performed 
at ANL in support of the LTA irradiation. These calculations are summarized in this report and include 
criticality, burn-up, neutronics parameters, steady-state thermal hydraulics, and postulated transients. These 
calculations have been performed at the request of the IAE staff, who are performing similar calculations 
to be used in their SAR amendment submittal to the PAA. The ANL analysis has been performed 
independently from that being performed by IAE and should only be used as one step in the verification 
process. 
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Conference Session:  

Abstract/Keyterms: The mixing of wastes at Hanford over the years has led to several safety concerns. 
These safety concerns fall into six categories: wastes that generate flammable gasses or gas mixtures; wastes 
that contain high concentrations of ferrocyanides or tanks suspected of containing large amounts of 
ferrocyanides; wastes that contain greater than 3 wt% total organic carbon; wastes from which toxic or 
noxious vapors are suspected of emanating; wastes that contain high radiolytic heat; and wastes that may 
contain sufficient fissile material to pose a criticality concern. This report addresses the chemistry 
associated with the generation of flammable gases. 
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Conference/Journal: ASME Pressure Vessels and Piping Conference; Jul. 27, 2008 - Jul. 31, 2008; 
Chicago, IL 

Conference Session:  

Abstract/Keyterms: The Department of Energy Headquarters Certifying Official has issued a Certificate 
of Compliance for the shipment of sodium debris bed experiments (DBE) in the NAC International's Legal 
Weight Truck (NAC-LWT) casks. The shipment is part of a major de-inventory project at Sandia National 
Laboratories. The sodium debris bed experiments consist of crucibles containing UO2 immersed in sodium. 
The uranium is 93% enriched U235. Potential sodium-water reaction and criticality safety under 
hypothetical accident conditions of transport are the two major technical issues for the design and 
certification of the NAC-LWT casks for the DBE shipment. The certification review took {approx} 13 
months, including one round of questions and responses and source-verification QA audits of the fabrication 
and welding of the DBE transport canisters at two locations. 
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Abstract/Keyterms: A criticality safety analysis has been performed as part of the BN-350 spent fuel 
disposition project being conducted jointly by the DOE and Kazakhstan. The Kazakhstan regulations are 
reasonably consistent with those of the DOE. The high enrichment and severe undermoderation of this fast 
reactor fuel has significant criticality safety consequences. A detailed modeling approach was used that 
showed some configurations to be safe that otherwise would be rejected. Reasonable requirements for 
design and operations were needed, and with them, all operations were found to be safe. 
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Abstract/Keyterms: Nuclear Fuels; Plutonium; Underground Storage; Criticality; Fissile Materials; 
Radioactive Wastes; Dry Storage Porous Materials; Voids 



 

C-755 

753…..…..…………………..…….……..……ID Number…………………..…..…………….753 

Author: Matos, J. E. / Mo, S. C. / Woodruff, W. L. 

Title: Analyses for Conversion of the Georgia Tech Research Reactor from HEU to LEU Fuel 

Date: 1/1/1992 

Report: ANL/EP/CP-77802; CONF-9209266-1 

Conference/Journal: 1992 international meeting on reduced enrichment for research and test reactors, 
Roskilde (Denmark), 27 Sep - 1 Oct 1992 

Conference Session:  

Abstract/Keyterms: The 5 MW Georgia Tech Research Reactor (GTRR) is a heterogeneous, heavy water 
moderated and cooled reactor, fueled with highly-enriched uranium aluminum alloy fuel plates. The GTRR 
is required to convert to low enrichment (LEU) fuel in accordance with USNRC policy. Results of design 
and safety analyses performed by the RERTR Program at the Argonne National Laboratory for LEU 
conversion of the GTRR are summarized. Only those parameters which could change as a result of replacing 
the fuel are addressed. The performance of the reactor and all safety margins with LEU fuel are expected 
to be about the same as those with the current HEU fuel. 
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Abstract/Keyterms: This paper describes a procedure for finite-array criticality analysis to ensure 
criticality safety of shipments of fissile materials in US DOE-certified packages. After the procedure has 
been performed, one can obtain the minimum transport index and determine the maximum number of fissile 
packages allowable in a shipment that meets the 10 CFR 71 criticality safety requirements. 
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Conference Session:  

Abstract/Keyterms: Chemistry studies of the effects of water flooding in Model 48X 10-ton UF6 storage 
cylinders, as a result of impact fractures, were conducted to support the Safety Analysis Report for 
Packaging (SARP) review of the Paducah Tiger Overpack for transportation of those cylinders. The 
objectives of the study were to determine the maximum amount of water that could be admitted to the 
interior of such a damaged cylinder, the resulting geometries and chemical compositions from reactions of 
water with the UF6 contents of the cylinder, and the end-state water moderated and reflected configurations 
for input to nuclear criticality safety analyses. The case identified for analysis was the flooding of the inside 
of a cylinder, submerged horizontally in 3 ft of water. The flooding was driven by an initial pressure drop 
of 13 psig, through an assumed fracture (1/32 in. wide{times} 1/2 in. deep{times} 18 in. long) in the barrel 
of the cylinder. During the initial addition of water, transient back pressures occur from the effects of the 
heats of reaction and solution at the water/UF6 interface, with some chugging as more water is added to 
alternately coot the reaction surface and then heat it again as the added water reacts with more UF6. 



 

C-758 

756…..…..…………………..…….……..……ID Number…………………..…..…………….756 

Author: Solbrig, C. W. / Clarksean, R. 

Title: Determination of the Shape of a Plutonium Deposit from a Leaking Crucible 

Date: 3/1/1993 

Report: ANL/FC/CP-77824; CONF-930352-15 

Conference/Journal: International conference on nuclear engineering, San Francisco, CA (United 
States), 21-24 Mar 1993 

Conference Session:  

Abstract/Keyterms: An analytical model was developed which predicts that the leak rate (or drip rate) of 
molten plutonium onto a substrate must be low in order for plutonium to solidify into a problematical 
hemispherical shape. The heat transfer to the substrate is the significant factor in how quickly the fuel 
solidifies. Analysis and experiment show that for a given substrate, the deposit center height is independent 
of the leakrate. A good conductor, such as copper on the bottom of a fuel casting furnace, will conduct heat 
away quickly and tend to cause the fuel to form into a hemisphere. A good insulator on the other hand, will 
keep the metal molten to allow it to spreads out and solidify as a flat disk. Higher substrate temperatures 
inhibit the undesirable hemispherical shape. Experiments conducted were in good agreement with the an 
analytical model. 



 

C-759 

757…..…..…………………..…….……..……ID Number…………………..…..…………….757 

Author: Mariani, R. D. / Benedict, R. W. / Lell, R. M. / Turski, R. B. / Fujita, E. K. 

Title: Criticality Safety Strategy for the Fuel Cycle Facility Electrorefiner at Argonne National Laboratory, 
West 

Date: 1/1/1993 

Report: ANL/FC/CP-78117; CONF-930913-36 

Conference/Journal: Global `93: future nuclear systems - emerging fuel cycles and waste disposal 
options/ 12-17 Sep 1993/ Seattle, WA (United States) 
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Abstract/Keyterms: The Integral Fast Reactor being developed by Argonne National Laboratory (ANL) 
combines the advantages of metal-fueled, liquid-metal-cooled reactors and a closed fuel cycle. Presently, 
the Fuel Cycle Facility (FCF) at ANL-West in Idaho Falls, Idaho is being modified to recycle spent metallic 
fuel from Experimental Breeder Reactor II as part of a demonstration project sponsored by the Department 
of Energy. A key component of the FCF is the electrorefiner (ER) in which the actinides are separated from 
the fission products. In the electrorefining process, the metal fuel is anodically dissolved into a high-
temperature molten salt and refined uranium or uranium/plutonium products are deposited at cathodes. In 
this report, the criticality safety strategy for the FCF ER is summarized. FCF ER operations and processes 
formed the basis for evaluating criticality safety and control during actinide metal fuel refining. In order to 
show criticality safety for the FCF ER, the reference operating conditions for the ER had to be defined. 
Normal operating envelopes (NOES) were then defined to bracket the important operating conditions. To 
keep the operating conditions within their NOES, process controls were identified that can be used to 
regulate the actinide forms and content within the ER. A series of operational checks were developed for 
each operation that wig verify the extent or success of an operation. The criticality analysis considered the 
ER operating conditions at their NOE values as the point of departure for credible and incredible failure 
modes. As a result of the analysis, FCF ER operations were found to be safe with respect to criticality. 
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Abstract/Keyterms: An evaluation was made to determine if a backup mass tracking computer would 
significantly reduce the probability of criticality in the fuel reprocessing of the Integral Fast Reactor. Often 
tradeoff studies, such as this, must be made that would greatly benefit from a Probably Risk Assessment 
(PRA). The major benefits of a complete PRA can often be accrued with a Simplified Probabilistic Risk 
Assessment (SPRA). An SPRA was performed by selecting a representative fuel reprocessing operation 
(moving a piece of fuel) for analysis. It showed that the benefit of adding parallel computers was small 
compared to the benefit which could be obtained by adding parallelism to two computer input steps and 
two of the weighing operations. The probability of an incorrect material moves with the basic process is 
estimated to be 4 out of 100 moves. The actual values of the probability numbers are considered accurate 
to within an order of magnitude. The most useful result of developing the fault trees accrue from the ability 
to determine where significant improvements in the process can be made. By including the above mentioned 
parallelism, the error move rate can be reduced to 1 out of 1000. 
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Abstract/Keyterms: Improvements to startup criticality predictions for the EBR-II reactor have been 
made. More exact calculational models, methods and data are now used, and better procedures for obtaining 
experimental data that enter into the prediction are in place. Accuracy improved by more than a factor of 
two and the largest ECP error observed since the changes is only 18 cents. An experimental method using 
subcritical counts is also being implemented. 
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Abstract/Keyterms: Argonne National Laboratory is providing support for a criticality safety analysis 
project that is being performed at Oak Ridge National Laboratory. The ANL role is to provide the 
covariance information needed by ORNL for this project. The ENDF/B-V evaluation is being used for this 
particular criticality analysis. In this evaluation, covariance information for several isotopes or elements of 
interest to this analysis either not given or needs to be reconsidered. For some required materials, covariance 
information does not exist in ENDF/B-V: 233U, {236U, Zr, Mg, Gd, and Hf. For others, existing covariance 
information may need to be re-examined in light of the newer ENDF/B-V evaluation and recent 
experimental data. In this category are the following materials: 235U, 238U, 239Pu, 240Pu, 241Pu, Fe, H, 
C, N, O, Al, Si, and B. A reasonable estimation of the fractional errors for various evaluated neutron cross 
sections from ENDF/B-V can be based on the comparisons between the major more recent evaluations 
including ENDF/B-VI, JENDL3.2, BROND2.2, and JEF2.2, as well as a careful examination of 
experimental data. A reasonable method to construct correlation matrices is proposed here. Coupling both 
of these considerations suggests a method to construct covariances files in ENDF/B format that can be used 
to express uncertainties for specific ENDF/B-V cross sections. 
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Author: Poenitz, W. P. / Meadows, J. W. / Armani, R. J. 

Title: 235U Fission Mass and Counting Comparison and Standardization 

Date: 5/1/1979 

Report: ANL/NDM-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 235U sample mass intercomparisons carried out at different laboratories were 
compiled. The compilation reveals a trend with the NBS mass scale being systematically higher by 0.7% 
than other mass scales. Present measurements by fast-neutron fission counting confirm this difference. The 
present measurements result in a unified mass scale with about 0.6% uncertainty. Mass scales from LASL, 
ANL (No.1) and the University of Michigan are in excellent agreement (approximately +-0.1%) and within 
approximately 0.3% of the unified mass scale. The uncertainty of the unified mass scale established with 
the present measurements reduced the uncertainty for 235U mass and Fission counting by about a factor of 
2 compared with the NBS 235U mass scale against which all previous comparisons were made. 
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Author: Poenitz, W. P. / Meadows, J. W. 

Title: 235U and 239Pu Sample-Mass Determinations and Intercomparisons 

Date: 1/1/1983 

Report: ANL/NDM-84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The masses of fifteen 235U samples obtained from seven laboratories were 
determined and intercompared. The present results indicate that sample masses are well enough known (+- 
0.3%) for the required high-accuracy-fission cross-section measurements. A comparison of four 239Pu 
samples indicates problems in the order of 1 to 3% which are more likely, to be related to counting 
efficiencies than to sample masses. The half-life of 234U was determined as (2.457 +- 0.005) 
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Author: Naberezhnev, D. G. / Gohar, Y. / Bailey, J. / Belch, H. 

Title: Physics Analyses of an Accelerator Driven Sub-Critical Assembly 

Date: 9/1/2005 

Report: ANL/NE/CP-115822 

Conference/Journal: International Conference on Accelerator Applications 2005 Venice, Italy Aug 29 - 
Sep 1, 2005 

Conference Session:  

Abstract/Keyterms: Particle Accelerators; Accelerators; Physics; ANL 
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Author: McKnight, R. D. / Dunn, M. E. / Little, R. C. / Felty, J. R. / McKamy, J. N. 

Title: Nuclear Data Needs Within the U. S. Nuclear Criticality Safety Program. 

Date: 4/1/2007 

Report: ANL/NE/CP-59108 

Conference/Journal: International Conference on Nuclear Data for Science and Technology (ND2007); 
Apr. 22, 2007 - Apr. 27, 2007; Nice, France 

Conference Session:  

Abstract/Keyterms: This paper will present the nuclear data needs currently identified within the US 
Nuclear Criticality Safety Program (NCSP). It will identify the priority data needs; it will describe the 
process of prioritizing those needs; and it will provide brief examples of recent data advances which have 
successfully addressed some of the priority criticality safety data needs. 
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Author: Talamo, A. / Gohara, Y. / Sadovich, S. / Kiyavitskaya, H. / Bournos, V. / Fokov, Y. / 
Routkovskaya, C. 

Title: Pulse Superimposition Calculational Methodology for Estimating the Subcritcality Level of Nuclear 
Fuel Assemblies. 

Date: 5/1/2009 

Report: ANL/NE/JA-64003 

Conference/Journal: Nucl. Instrum. Methods Phys. Res. A; Volume: 606 

Conference Session:  

Abstract/Keyterms: One of the most reliable experimental methods for measuring the subcriticality level 
of a nuclear fuel assembly is the Sjoestrand method applied to the reaction rate generated from a pulsed 
neutron source. This study developed a new analytical methodology simulating the Sjoestrand method, 
which allows comparing the experimental and analytical reaction rates and the obtained subcriticality 
levels. In this methodology, the reaction rate is calculated due to a single neutron pulse using 
MCNP/MCNPX computer code or any other neutron transport code that explicitly simulates the delayed 
fission neutrons. The calculation simulates a single neutron pulse over a long time period until the delayed 
neutron contribution to the reaction rate is vanished. The obtained reaction rate is then superimposed to 
itself, with respect to the time, to simulate the repeated pulse operation until the asymptotic level of the 
reaction rate, set by the delayed neutrons, is achieved. The superimposition of the pulse to itself was 
calculated by a simple C computer program. A parallel version of the C program is used due to the large 
amount of data being processed, e.g. by the Message Passing Interface (MPI). The analytical results of this 
new calculation methodology have shown an excellent agreement with the experimental data available from 
the YALINA-Booster facility of Belarus. This methodology can be used to calculate Bell and Glasstone 
spatial correction factor. 
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Author: Archibald, R. J. 

Title: 2DF: Two-Dimensional, Multigroup Discrete Ordinate Code 

Date: 12:00:00 AM 

Report: ANL/NESC-173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 2DF is a two-dimensional, multigroup program written in FORTRAN for solving the 
neutron transport equation using the SN method. The program can determine the real or adjoint solution for 
x-y, r-z, or r-theta geometry. Isotropic, or a form of linear anisotropic, scattering may be considered. Various 
boundary conditions are allowed. The program also contains a number of search options whereby one can 
vary dimensions or concentrations to arrive at a predetermined eigenvalue. A distributed source may be 
specified. A library of cross sections is available on magnetic tape. Cross sections may be read from the 
library tape and/or from cards. UNIVAC1108; FORTRAN V; EXEC8. 
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Author: Lathrop, K. D. / Brunnenmeyer, R. L. / Mickle, R. A. / Duffy, G. J. 

Title: DTF4: One-Dimensional, Multigroup Discrete Ordinate Program 

Date: 12:00:00 AM 

Report: ANL/NESC-209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The linear, time-independent, Boltzmann equation for particle transport is solved for 
the energy space, and angular dependence of the particle distribution in one-dimensional slabs, cylinders, 
and spheres. Independent source or eigenvalue (multiplication, time-absorption, element concentration, 
zone thickness or system dimension) problems are solved subject to vacuum, reflective, or periodic 
boundary conditions. A complete energy-transfer scattering matrix is allowed for each Legendre component 
of the scattering cross section matrices.IBM360; CDC6600; GE625; FORTRAN IV (CDC6600), 
FORTRAN IV and MAP (GE625), FORTRAN IV and BAL (IBM360); OS/360 (IBM360), and SCOPE 
(CDC6600); No disks or tapes are used. A clock is used but, by removing a few program statements, this 
requirement can be eliminated. 
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Author: Mathews, D. R. / Drawbaugh, D. W. 

Title: GGC4: Multigroup Cross Sections Fast Thermal Spectra 

Date: 12:00:00 AM 

Report: ANL/NESC-298 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The GGC4 program solves the multigroup spectrum equations with spatial 
dependence represented by a single input buckling. Broad group cross sections (shielded or unshielded) are 
prepared for diffusion and transport codes by averaging with the calculated spectra over input-designated 
energy limits. The code is divided into three main parts. A fast (GAM) section which covers the energy 
range from 14.9 MeV to 0.414 eV, a thermal (GATHER) section which covers the energy range from 0.001 
to 2.38 eV, and a combining (COMBO) section which combines fast and thermal cross sections into single 
sets. Basic nuclear data for the fast section which consists of fine group-averaged cross sections and 
resonance parameters is read from a data tape. The fine group absorption and fission cross sections may be 
adjusted by performing a resonance integral calculation. Utilizing a fission source and an input buckling, 
the code solves the P1, B1, B2, or B3 approximation to obtain the energy-dependent fast spectrum. Two or 
six spatial moments of the spectrum (due to a plane source) may also be evaluated. Instead of performing 
a spectrum calculation, the user may enter the Legendre components of the angular flux directly. 
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Author: Lathrop, K. D. / Brinkley, F. W. 

Title: TWOTRAN2: Two-Dimensional, Multigroup Transport in XY, RZ, and R-Theta Geometries 

Date: 12:00:00 AM 

Report: ANL/NESC-358 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: TWOTRAN2 solves the two-dimensional multigroup transport equation in (x,y), 
(r,theta), and (R,Z) geometries. Both regular and adjoint, inhomogeneous and homogeneous (keff and 
eigenvalue searches) problems subject to vacuum, reflective, periodic, white or input-specified boundary 
flux conditions are solved. General anisotropic scattering is allowed and anisotropic inhomogeneous 
sources are permitted. CDC7600,6600; IBM360/195; FORTRAN IV; Five output units, five interface units 
(use of interface units is optional) and two system input/output units are required. A large bulk memory is 
desirable, but it can be replaced by disk, drum or tape storage. 
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Author: Grosskopf, O. G. P. 

Title: WELWING: Material Buckling of Cylindrical Fuel Elements 

Date: 12:00:00 AM 

Report: ANL/NESC-362 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: WELWING was developed to calculate the material buckling of reactor systems 
consisting of annular fuel elements in heavy water as moderator for various moderator to fuel ratios. The 
moderator to fuel ratio for the maximum material buckling for the particular system is selected 
automatically and the corresponding material buckling is calculated.IBM360; FORTRAN IV; OS/360. 
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Author: Dickinson, D. / Clark, H. K. / Petrie, L. M. / Cross, N. F. 

Title: KENO2/KENO4/Monte Carlo Multigroup Criticality Code 

Date: 1/1/1981 

Report: ANL/NESC-450 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO is a multigroup, Monte Carlo criticality code containing a special geometry 
package which allows easy description of systems composed of cylinders, spheres, and cuboids (rectangular 
parallelepipeds) arranged in any order with only one restriction. Each geometrical region must be described 
as completely enclosing all regions interior to it. For systems not describable using this special geometry 
package, the program can use the generalized geometry package (GEOM) developed for the O5R Monte 
Carlo code. It allows any system that can be described by a collection of planes and/or quadratic surfaces, 
arbitrarily oriented and intersecting in arbitrary fashion. Rectangular arrays of fissile units are allowed with 
or without external reflector regions. Output from KENO consists of keff for the system plus an estimate 
of its standard deviation and the leakage, absorption, and fissions for each energy group plus the totals for 
all groups. Flux as a function of energy group and region and fission densities as a function of region are 
optional output.IBM360; CDC6600; FORTRAN IV and Assembly language (IBM360), FTN FORTRAN 
with COMPASS subroutine (CDC6600); OS/360 (IBM360) and SCOPE 3.3 (CDC6600); The CDC6600 
program requires 64K words of fast core, a disk facility or one or more tape units. The IBM360 version of 
KENO2 requires approximately 64K words 
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Author: Levitt, L. B. / Lewis, R. C. 

Title: VIM1/VIM1X/Monte Carlo Critical Assembly Analysis 

Date: 12:00:00 AM 

Report: ANL/NESC-510 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: VIM1 is a Monte Carlo code designed for the analysis of fast critical experiments. It 
has been expressly prepared for the analysis of fast critical assemblies of the plate-drawer type such as 
ZPPR, ZPR-3, and ZEBRA. The library uses point cross section data, rather than multigroup constants. 
CDC7600; IBM360; FORTRAN IV (CDC7600), FORTRAN IV and BAL (IBM360); SCOPE 1.1 
(CDC7600) and OS/360 (IBM360); 65K (decimal) fast central memory, 80K ECS, and 1 magnetic tape 
unit are required on the CDC7600. 650K bytes and 2 tape units are required on the IBM360. 
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Author: Cramer, S. N. / Carlsmith, R. S. / Morrison, G. W. / Perry, G. W. / Lucius, J. L. 

Title: ESP: Monte Carlo Reactor Analysis Calculation 

Date: 12:00:00 AM 

Report: ANL/NESC-523 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ESP is a general-purpose Monte Carlo reactor analysis code. It covers the complete 
energy range of interest in reactor calculations and is designed for both eigenvalue and fixed source reactor 
and reactor cell calculations. Basic data are accepted only in the Version I, II, and III ENDF/B format. In 
addition to smooth data, the cross section preparation includes a detailed treatment of resolved and 
unresolved resonances and the free gas and s(alpha,beta) thermal models. The collision and source routines 
utilize the ENDF/B nonelastic secondary distributions, the anisotropic scattering data, and the fission 
spectra. The energy range may be divided into as many as 25,000 intervals, and over each interval the 
appropriately averaged cross sections are used as constant point-energy values. A general three-dimensional 
geometry description is available, as well as several specialized geometries. Use of fixed-source options 
allows calculations on non-multiplying systems. A steady-state analysis of neutron histories is performed 
in computer core for such quantities as neutron fluxes, reaction rates, and cross sections, averaged over 
arbitrary energy and spatial regions. IBM360/75,91; FORTRAN IV and BAL; At least 350K bytes of 
computer core. 
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Author: Putnam, G. E. 

Title: MONA: One-Dimensional Multigroup Diffusion in Slab, Cylindrical, and Spherical Geometry 

Date: 12:00:00 AM 

Report: ANL/NESC-582 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MONA solves the multigroup, one-dimensional neutron diffusion equations in slab, 
cylindrical, or spherical geometry for either the direct or adjoint flux. Boundary sources and spatially 
dependent volume sources can be group dependent. Multiple thermal groups are allowed. IBM360; 
FORTRAN IV (H); OS/360; 300K bytes of core storage, 5 FORTRAN logical units for program-required 
data sets, 3 FORTRAN logical units for card input, printed output, and punched card output. 
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Author: Peterson, D. M. / Stratton, W. R. / McLaughlin, T. P. / Forehand, H. M., Jr. 

Title: PAD: One-Dimensional Coupled Sn Neutronics and Hydrodynamics 

Date: 8/1/1982 

Report: ANL/NESC-901 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PAjarito Dynamics (PAD) program models dynamic systems with interactive 
neutronics, thermodynamics, and hydrodynamics in one-dimensional spherical, cylindrical, and planar 
geometries. The program has been applied to prompt critical excursions in various fissioning systems 
(solution, metal, LMFBR, etc.) as well as to nonfissioning systems. PAD applications have included 
damaging reactor transient experiments, hypothetical LMFBR disassembly and recriticality accidents, 
hypothetical criticality accidents involving the handling and processing of various forms of fissile materials, 
and nonneutronic systems employing only the thermodynamic and hydrodynamic aspects of the 
program.CDC7600, 6600, 6400; FORTRAN IV (RUN compiler); SCOPE 2.1.5 (CDC7600); PAD requires 
system input and output units and a bulk storage device (e.g., disk or tape) on which four coded files may 
be defined. Each file should have a 32, 000 (octal), 60-bit word capacity. PAD requires approximately 140K 
(octal) words of storage for execution on a CDC7600. 
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Author: Courtney, J. C. / Dwight, C. C. / Lehto, M. A. 

Title: Effects of Spent Fuel Types on Offsite Consequences of Hypothetical Accidents 

Date: 3/2/2000 

Report: ANL/NT/CP-101144 

Conference/Journal: Waste Management 2000 Conference, Tucson, AZ (US), 02/27/00—03/02/2000 

Conference Session:  

Abstract/Keyterms: Nuclear Facilities. The highest offsite total effective dose equivalents (TEDEs) are 
estimated at a receptor located about 5 km SSE of ANL facilities. Criticality safety considerations limit the 
amount of enriched uranium and plutonium that could be at risk in any given scenario. Heat generated by 
decay of fission products and actinides does not limit the masses of spent fuel within any given operation 
because the minimum time elapsed since fissions occurred in any form is at least five years. At cooling 
times of this magnitude, fewer than ten radionuclides account for 99% of the projected TEDE at offsite 
receptors for any credible accident. Elimination of all but the most important nuclides allows rapid 
assessments of offsite doses with little loss of accuracy. Since the ARF (airborne release fraction), RF 
(respirable fraction), LPF (leak path fraction) and atmospheric dilution factor ({chi}/Q) can vary by orders 
of magnitude, it is not productive to consider nuclides that contribute less than a few percent of the total 
dose. Therefore, only {sup 134}Cs,{sup 137}Cs-{sup 137m}Ba, and the actinides significantly influence 
the offsite radiological consequences of severe accidents. Even using highly conservative assumptions in 
estimating radiological consequences, they remain well below current Department of Energy guidelines for 
highly unlikely accidents. 
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Author: Pope, C. L. 

Title: Fuel Conditioning Facility Zone-To-Zone Transfer Administrative Controls. 

Date: 6/21/2000 

Report: ANL/OD/CP-102173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The administrative controls associated with transferring containers from one 
criticality hazard control zone to another in the Argonne National Laboratory (ANL) Fuel Conditioning 
Facility (FCF) are described. FCF, located at the ANL-West site near Idaho Falls, Idaho, is used to remotely 
process spent sodium bonded metallic fuel for disposition. The process involves nearly forty widely varying 
material forms and types, over fifty specific use container types, and over thirty distinct zones where work 
activities occur. During 1999, over five thousand transfers from one zone to another were conducted. Limits 
are placed on mass, material form and type, and container types for each zone. Ml material and containers 
are tracked using the Mass Tracking System (MTG). The MTG uses an Oracle database and numerous 
applications to manage the database. The database stores information specific to the process, including 
material composition and mass, container identification number and mass, transfer history, and the 
operators involved in each transfer. The process is controlled using written procedures which specify the 
zone, containers, and material involved in a task. Transferring a container from one zone to another is called 
a zone-to-zone transfer (ZZT). ZZTs consist of four distinct phases, select, request, identify, and 
completion. 
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Author: Turski, R. B. 

Title: Nuclear Analysis of the Chernobyl Fuel Containing Masses with Heterogeneous Fuel Distribution. 

Date: 10/14/1998 

Report: ANL/OTD-ER/CP-97424 

Conference/Journal: Annual Conference of the International Chornobyl Center ''1998 : International 
Cooperation for Chornobyl'', Slavutych (UA) 

Conference Session:  

Abstract/Keyterms: Although significant data has been obtained on the condition and composition of the 
fuel containing masses (FCM) located in the concrete chambers under the Chernobyl Unit 4 reactor cavity, 
there is still uncertainty regarding the possible recriticality of this material. The high radiation levels make 
access extremely difficult, and most of the samples are from the FCM surface regions. There is little 
information on the interior regions of the FCM, and one cannot assume with confidence that the surface 
measurements are representative of the interior regions. Therefore, reasonable assumptions on the key 
parameters such as fuel concentration, the concentrations of impurities and neutron poisons (especially 
boron), the void fraction of the FCM due to its known porosity, and the degrees of fuel heterogeneity, are 
necessary to evaluate the possibility of recriticality. The void fraction is important since it introduces the 
possibility of water moderator being distributed throughout the FCM. Calculations indicate that the addition 
of 10 to 30 volume percent (v/o) water to the FCM has a significant impact on the calculated reactivity of 
the FCM. Therefore, water addition must be considered carefully. The other possible moderators are 
graphite and silicone dioxide. As discussed later in this paper, silicone dioxide moderation does not 
represent a criticality threat. For graphite, both heterogeneous fuel arrangements and very large volume 
fractions of graphite are necessary for a graphite moderated system to go critical. Based on the observations 
and measurements of the FCM compositions, these conditions do not appear creditable for the Chernobyl 
FCM. Therefore, the focus of the analysis reported in this paper will be on reasonable heterogeneous fuel 
arrangements and water moderation. The analysis will evaluate a range of fuel and diluent compositions. 
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Author: Blomquist, R. N. 

Title: Monte Carlo Source Convergence and the Whitesides Problem 

Date: 5/11/2000 

Report: ANL/RA/CP-100164 

Conference/Journal: ANS International Topical Meeting on Advances in Reactor Physics and 
Mathematics and Computation into the Next Millennium, Pittsburgh, PA (US), 05/07/00—05/11/2000 

Conference Session:  

Abstract/Keyterms: The issue of fission source convergence in Monte Carlo eigenvalue calculations is of 
interest because of the potential consequences of erroneous criticality safety calculations. In this work, the 
authors compare two different techniques to improve the source convergence behavior of standard Monte 
Carlo calculations applied to challenging source convergence problems. The first method, super-history 
powering, attempts to avoid discarding important fission sites between generations by delaying stochastic 
sampling of the fission site bank until after several generations of multiplication. The second method, 
stratified sampling of the fission site bank, explicitly keeps the important sites even if conventional 
sampling would have eliminated them. The test problems are variants of Whitesides' Criticality of the World 
problem in which the fission site phase space was intentionally undersampled in order to induce marginally 
intolerable variability in local fission site populations. Three variants of the problem were studied, each 
with a different degree of coupling between fissionable pieces. Both the superhistory powering method and 
the stratified sampling method were shown to improve convergence behavior, although stratified sampling 
is more robust for the extreme case of no coupling. Neither algorithm completely eliminates the loss of the 
most important fissionable piece, and if coupling is absent, the lost piece cannot be recovered unless its 
sites from earlier generations have been retained. Finally, criteria for measuring source convergence 
reliability are proposed and applied to the test problems. 
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Author: Schaefer, R. W. / McKnight, R. D. 

Title: Utilizing Benchmark Data from the ANL-ZPR Diagnostic Cores Program 

Date: 2/15/2000 

Report: ANL/RA/CP-101074 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The support of the criticality safety community is allowing the production of 
benchmark descriptions of several assemblies from the ZPR Diagnostic Cores Program. The assemblies 
have high sensitivities to nuclear data for a few isotopes. This can highlight limitations in nuclear data for 
selected nuclides or in standard methods used to treat these data. The present work extends the use of the 
simplified model of the U9 benchmark assembly beyond the validation of k(eff). Further simplifications 
have been made to produce a data testing benchmark in the style of the standard CSEWG benchmark 
specifications. Calculations for this data testing benchmark are compared to results obtained with more 
detailed models and methods to determine their biases. These biases or corrections factors can then be 
applied in the use of the less refined methods and models. Data testing results using Versions IV, V, and 
VI of the ENDF/B nuclear data are presented for k(eff), f{sup 28}/f{sup 25}, c{sup 28}/f{sup 25}, 
and{beta}{sub eff}. These limited results demonstrate the importance of studying other integral parameters 
in addition to k(eff) in trying to improve nuclear data and methods and the importance of accounting for 
methods and/or modeling biases when using data testing results to infer the quality of the nuclear data files. 
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Author: Hwang, R. N. 

Title: An Overview of the Current Status of Resonance Theory in Reactor Physics Applications 

Date: 10/1/1993 

Report: ANL/RA/CP-80550, CONF-9310313-1 

Conference/Journal: International school of nuclear physics, neutron physics, and nuclear energy/ 3-11 
Oct 1993/ Varner (Bulgaria) 

Conference Session:  

Abstract/Keyterms: The neutron resonance phenomena constitute one of the most fundamental subjects 
in nuclear physics as well as in reactor physics. It is the area where the concepts of nuclear interaction and 
the treatment of the neutronic balance in reactor lattices become intertwined. The later requires the detailed 
knowledge of resonance structures of many nuclide of practical interest to the development of nuclear 
energy. The key issue of the resonance treatment in reactor applications is directly associated with the use 
of the microscopic cross sections in the macroscopic reactor cells with a wide range of composition, 
temperature, and geometric configurations. It gives rise to the so called self-shielding effect. The accurate 
estimations of such a effect is essential not only in the calculation of the criticality of a reactor but also from 
the point of view of safety considerations. The latter manifests through the Doppler effect particularly 
crucial to the fast reactor development. The task of accurate treatment of the self-shielding effect, however, 
is by no means simple. In fact, it is perhaps the most complicated problem in neutron physics which, strictly 
speaking, requires the dependence of many physical variables. Two important elements of particular interest 
are: (1) a concise description of the resonance cross sections as a function of energy and temperature; (2) 
accurate estimation of the corresponding neutron flux where appropriate. These topics will be discussed 
from both the historical as well as the state-of-art perspectives. 
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Author: Jacqmin, R. P. / Finck, P. J. / Palmiotti, G. 

Title: Analysis of EBR-II Neutron and Photon Physics by Multidimensional Transport-Theory Techniques 

Date: 3/1/1994 

Report: ANL/RA/CP-80649; CONF-940407-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper contains a review of the challenges specific to the EBR-II core physics, a 
description of the methods and techniques which have been developed for addressing these challenges, and 
the results of some validation studies relative to power-distribution calculations. Numerical tests have 
shown that the VARIANT nodal code yields eigenvalue and power predictions as accurate as finite 
difference and discrete ordinates transport codes, at a small fraction of the cost. Comparisons with 
continuous-energy Monte Carlo results have proven that the errors introduced by the use of the diffusion-
theory approximation in the collapsing procedure to obtain broad-group cross sections, kerma factors, and 
photon-production matrices, have a small impact on the EBR-II neutron/photon power distribution. 
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Title: Development and Analysis of a Metal-Fueled Accelerator-Driven Burner 
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Conference Session:  

Abstract/Keyterms: The purpose of this paper is to compare the safety characteristics of an accelerator 
driven metal fueled fast system to a critical core on a consistent basis to determine how these characteristics 
are affected solely by subcritically of the system. To accomplish this an accelerator proton beam/tungsten 
neutron source model is surrounded by a subcritical blanket using metallic fuel and sodium as coolant. The 
consequences of typical accident transients, namely unprotected transient overpower (TOP), loss of heat 
sink (LOHS), and loss of flow (LOP) were calculated for the hybrid system and compared to corresponding 
results for a metal-fueled fast reactor. Results indicate that the subcritical system exhibits superior 
performance for TOP (reactivity-induced) transits; however, only in the critical system are reactivity 
feedbacks able to cause passive shutdown in the LOHS ad LOP events. Therefore, for a full spectrum of 
accident initiators considered, the overall safety behavior of accelerator-driven metal-fueled systems can 
neither be concluded to be worse nor to be better than advanced reactor designs which rely on passive safety 
features. 
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Report: ANL/RA/CP-83425, CONF-940748-7 

Conference/Journal: Institute of Nuclear Materials Management annual meeting/ 17-20 Jul 1994/ 
Naples, FL (United States) 

Conference Session:  

Abstract/Keyterms: As part of the Fuel Cycle Facility (FCF) of Argonne National Laboratory’s Integral 
Fast Reactor (IFR) demonstration, a computer-based Mass-Tracking (MTG) System has been developed. 
The MTG System collects, stores, retrieves and processes data on all operations which directly affect the 
flow of process material through FCF and supports such activities as process modeling, compliance with 
operating limits (e.g., criticality safety), material control and accountability and operational information 
services. Its architecture is client/server, with input and output connections to operator’s equipment-control 
stations on the floor of FCF as well as to terminal sessions. Its heterogeneous database includes a relational-
database manager as well as both binary and ASCII data files. The design of the database, and the software 
that supports it, is based on a model of discrete accountable items distributed in space and time and 
constitutes a complete historical record of the material processed in FCF. Although still under development, 
much of the MTG System has been qualified and is in production use. 
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Report: ANL/RA/CP-94187, CONF-9705169 

Conference/Journal: Nuclear Criticality Technology Safety Project Annual Workshop, Gaithersburg, 
MD (United States), 5-9 May 1997 

Conference Session:  

Abstract/Keyterms: In 1995, at a conference on criticality safety, a special session was devoted to the 
Monte Carlo “eigenvalue of the world “ problem. Argonne presented a paper, at that session, in which the 
anomalies originally observed in that problem were reproduced in a much simplified model-problem 
configuration, and removed by a version of stratified source-sampling. The original test-problem was 
treated by a special code designed specifically for that purpose. Recently ANL started work on a method 
for dealing with more realistic eigenvalue of the world configurations, and has been incorporating this 
method into VIM. The original method has been modified to take into account real-world statistical noise 
sources not included in the model problem. This paper constitutes a status report on work still in progress. 
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Report: ANL/RA/CP-99217 

Conference/Journal: GLOBAL '99 International Conference on Future Nuclear Systems, Jackson Hole, 
WY (US), 08/30/1999—09/02/1999 

Conference Session:  

Abstract/Keyterms: The concept of a subcritical system driven by an external source of neutrons provided 
by an accelerator ADS (Accelerator Driver System) has been recently revived and is becoming more 
popular in the world technical community with active programs in Europe, Russia, Japan, and the U.S. A 
general consensus has been reached in adopting for the subcritical component a fast spectrum liquid metal 
cooled configuration. Both a lead-bismuth eutectic, sodium and gas are being considered as a coolant; each 
has advantages and disadvantages. The major expected advantage is that subcriticality avoids reactivity 
induced transients. The potentially large subcriticality margin also should allow for the introduction of very 
significant quantities of waste products (minor Actinides and Fission Products) which negatively impact 
the safety characteristics of standard cores. In the U.S. these arguments are the basis for the development 
of the Accelerator Transmutation of Waste (ATW), which has significant potential in reducing nuclear 
waste levels. Up to now, neutronic calculations have not attached uncertainties on the values of the main 
nuclear integral parameters that characterize the system. Many of these parameters (e.g., degree of 
subcriticality) are crucial to demonstrate the validity and feasibility of this concept. In this paper we will 
consider uncertainties related to nuclear data only. The present knowledge of the cross sections of many 
isotopes that are not usually utilized in existing reactors (like Bi, Pb-207, Pb-208, and Minor Actinides and 
Fission Products) suggests that uncertainties in the integral parameters will be significantly larger than for 
conventional reactor systems, and this raises concerns on the neutronic performance of those systems. 
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Conference/Journal: American Nuclear Society 12th Biennial RPSD Topical/Meeting, Santa Fe, NM 
(US), 04/14/2002—04/17/2002 

Conference Session:  

Abstract/Keyterms: Recent work on the VIM Monte Carlo code has aimed at advanced data libraries, ease 
of use, availability to users outside of Argonne, and fission source convergence algorithms in eigenvalue 
calculations. VIM is one of three US Monte Carlo codes in the USDOE Nuclear Criticality Safety Program, 
and is available through RSICC and the NEA Data Bank. 
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Report: ANL/RE/SUMM-88739 

Conference/Journal: American Nuclear Society Criticality Safety Division Topical Meeting, Knoxville, 
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Conference Session:  

Abstract/Keyterms: This paper proposes a straightforward bounding method for the criticality safety 
analysis of fissionable materials configured into large arrays of standard containers. While criticality-safe 
storage limits have been well established for single containers, even under flooded conditions, it is also 
necessary to rule out any potential for criticality arising from neutronic interactions among multiple 
containers that might build up over long distances in a large array. Traditionally, the array problem has 
been approached by individual Monte Carlo analyses of explicit arrangements of single units and their 
surroundings. Deemphasizing specific configurations, the present technique takes advantage of low average 
density of fissionable material in typical storage arrays to separate neutron interactions that take place in 
the neutron's 'birth unit' from subsequent interactions in a dilute array. Numerous explicit Monte Carlo 
analyses show that array effects may be conservatively calculated by analyses that homogenize fissionable 
contents and depend only on the overall array shape, size, and reflective boundary. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ORR Whole-Core LEU Fuel Demonstration, conducted as part of the US 
Reduced Enrichment Research and Test Reactor Program, has been successfully completed. Using 
commercially-fabricated U3Si{sub 2}-Al 20%-enriched fuel elements (4.8 g U/cc) and fuel followers (3.5 
g U/cc), the 30-MW Oak Ridge Research Reactor was safely converted from an all-HEU core, through a 
series of HEU/LEU mixed transition cores, to an all-LEU core. There were no fuel element failures and 
average discharge burnups were measured to be as high as 50% for the standard elements and 75% for the 
fuel followers. Experimental results for burnup-dependent critical configurations, cycle-averaged fuel 
element powers, and fuel-element-averaged 235U burnups, validated predictions based on three-
dimensional depletion calculations. Calculated values for plutonium production and isotopic mass ratios as 
functions of 235U burnup support the corresponding measured quantities. In general, calculations for {sup 
60}Co and {sup 198}Au reaction rate distributions, differential and integral control rod worths, prompt 
neutron decay constants, and isothermal temperature coefficients were found to agree with corresponding 
measured values. Experimentally determined critical configurations for fresh HEU and LEU cores radially 
reflected with water and with beryllium are well-predicted by both Monte Carlo and diffusion calculations. 
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Title: The Ford Nuclear Reactor Demonstration Project for the Evaluation and Analysis of Low Enrichment 
Fuel 

Date: 7/1/1991 

Report: ANL/RERTR/TM-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The whole-core LEU fuel demonstration project at the University of Michigan was 
begun in 1979 as part of the Reduced Enrichment Research and Test Reactor (RERTR) Program at Argonne 
National Laboratory. An LEU fuel design was selected which would produce minimum perturbations in 
the neutronic, operations, and safety characteristics of the 2-MW Ford Nuclear Reactor (FNR). Initial 
criticality with a full LEU core on December 8, 1981, was followed by low- and full-power testing of the 
fresh LEU core, transitional operation with mixed HEU-LEU configurations, and establishment of full LEU 
equilibrium core operation. The transition from the HEU to the LEU configurations was achieved with 
negligible impact on experimental utilization and safe operation of the reactor. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In 1979, Japan Atomic Energy Research Institute (JAERI) started a five year program 
for the utilization of reduced enrichment uranium fuel, in place of currently used highly enriched uranium 
fuel for the JAERI research and test reactors. The program is aimed at reducing proliferation potential. The 
JAERI program is outlined analysis; (2) flow tests; (3) critical experiments; (4) irradiation tests; and (5) 
full-core demonstration tests. The JAERI-ANL joint study to assess the feasibility of converting the JAERI 
reactors to use of fuel with reduced enrichment uranium is also discussed. 
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LEU fuels, Argonne, IL, USA, 8 Nov 1982 

Conference Session:  

Abstract/Keyterms: The Kyoto University Research Reactor Institute (KURRI) has designed and plans to 
construct the 30 MW Kyoto University High Flux Reactor (KUHFR). KURRI is engaged in a joint study 
program with the Argonne National Laboratory (ANL) on the core conversion of the KUHFR from highly 
enriched uranium to moderately enriched uranium fuel. The Kyoto University Critical Assembly (KUCA) 
is a facility for measuring core characteristics for the planned KUHFR. The KUCA experimental program 
and the conversion study are outlined. 
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LEU fuels, Argonne, IL (United States), 8-10 Nov 1982 

Conference Session:  

Abstract/Keyterms: Providing a complete back-end service for MTR reactors is one of the fundamental 
and traditional tasks of TRANSNUKLEAR GmbH (TN). TN's services in this field cover everything from 
supplying the ideal transport cask, providing technical assistance during the loading operation, obtaining 
the necessary package approval and transport licenses, providing the required insurance cover, carrying out 
the transport, right thru to settling the reprocessing contract. Up until 1976, TN carried out transports of 
MTR fuel elements to the European reprocessing plants at Mol in Belgium and Marcoule in France. In all, 
some 1000 fuel elements were transported in this period. However, following the decision by these plants 
not to reprocess these elements anymore, subsequent transports had to be made to the US-DOE reprocessing 
plants. TN pooled together the interests of all her MTR customers and signed a reprocessing contract with 
the US-DOE, which ensured a complete back-end service for these reactors well into the future. In close 
cooperation with our associated company, Transnuclear Inc. in New York and Washington, a new transport 
concept was developed, which proved itself to be both economic and reliable. Up to now, a total of about 
2050 MTR fuel elements have been transported by TN-Germany to the USA in 65 separate shipments. The 
total number of shipments performed by the TN group is 165 shipments. All shipments were carried out 
routinely without any incident. In March this year, the US-DOE made use of a clause in the contract, in 
which 90 days' notice was given of a change in reprocessing plant. Whereas previously all elements had 
been taken to the Savannah River Plant (SRP) in South Carolina, in future all elements have to go to the 
Idaho Chemical Processing Plant (ICPP) near Idaho Falls. This change presented TN with the not 
inconsiderable problem of finding a suitable transport route. Due to the large number of influencing factors, 
the TN-group carried out a special feasibility study, in which particular attention was paid to: economic 
aspects, the licensing situation, a reliable back-end, political aspects. The choice fell clearly on the first 
alternative, namely a sea transport from Europe to the American east coast (Portsmouth, Virginia) and from 
there by road across 12 states to ICPP. Up to the present moment (June thru November 1982), we have 
transported 256 MTR fuel elements in 6 separate shipments to Idaho. The 4 different type transport casks 
are used. 
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Conference/Journal: International meeting on research and test reactor core conversions from HEU to 
LEU fuels, Argonne, IL (United States), 8-10 Nov 1982 

Conference Session:  

Abstract/Keyterms: This presentation contains the discussion on the multitude of administrative 
mechanics that have to be meshed for the successful completion of a shipment of spent fuel, HEU or LEU 
in the research reactors fuel cycle. The costs associated with transportation may be the equivalent of 'a black 
hole', so an overview of cost factors is given. At the end one could find that this black hole factor in the 
budget is actually a bargain. The first step is the quotation phase. The cost variables in the quotation contain 
the cost of packaging i.e. containers; the complete routing of the packages and the materials. Factors that 
are of outmost importance are the routing restrictions and regulations, physical security regulations. All of 
this effort is just to provide a valid quotation not to accomplish the goal of completing a shipment. Public 
relations cannot be omitted either. 
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Abstract/Keyterms: This paper describes the containers currently used for transport of fresh or spent fuel 
elements for Research and Materials Test Reactors in the U.K., their status, operating procedures and some 
of the practical difficulties. In the U.K., MTR fuel cycle work is almost entirely the responsibility of the 
U.K. Atomic Energy Authority. 
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Conference Session:  

Abstract/Keyterms: Final disposition of fissile materials cannot be reached without intermediate stages. 
Major uncertainties now exist in the physical and chemical form suitable for ultimate disposition. Forecasts 
are heavily dependent on interim experience and on policy evolution. Meanwhile, technical options for 
disposition can be examined and tested. Two of these options -- pyrochemical conditioning and vitrification 
-- have been the subject of research and development at Argonne. Using these technologies, weapons 
plutonium could be demilitarized by being blended with spent fuel. End-products suitable for disposal of 
weapons plutonium are particularly controversial because of factors associated with alternative energy uses, 
potential recovery for weapons, nuclear safeguards, criticality safety, and changing standards. 
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Conference/Journal: Expert meeting on experimental needs in criticality safety, Albuquerque, NM 
(United States), 25-26 Sep 1995 

Conference Session:  

Abstract/Keyterms: More than a hundred zero power reactor (ZPR) critical assemblies were constructed, 
over a period of about three decades, at the Argonne National Laboratory ZPR-3, ZPR-6, ZPR-9 and ZPPR 
fast critical assembly facilities. To be sure, the original reason for performing these critical experiments 
was to support fast reactor development. Nevertheless, data from some of the assemblies are well suited to 
form the basis for valuable, new criticality safety benchmarks. The purpose of this paper is to describe the 
ZPR data that would be of benefit to the criticality safety community and to explain how these data could 
be developed into practical criticality safety benchmarks. 
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Abstract/Keyterms: We compare nominal efficiencies, i.e. variances in power shapes for equal running 
time, of different versions of the Monte Carlo eigenvalue computation, as applied to criticality safety 
analysis calculations. The two main methods considered here are “conventional” Monte Carlo and the 
superhistory method, and both are used in criticality safety codes. Within each of these major methods, 
different variants are available for the main steps of the basic Monte Carlo algorithm. Thus, for example, 
different treatments of the fission process may vary in the extent to which they follow, in analog fashion, 
the details of real-world fission, or may vary in details of the methods by which they choose next-generation 
source sites. In general the same options are available in both the superhistory method and conventional 
Monte Carlo, but there seems not to have been much examination of the special properties of the two major 
methods and their minor variants. We find, first, that the superhistory method is just as efficient as 
conventional Monte Carlo and, secondly, that use of different variants of the basic algorithms may, in 
special cases, have a surprisingly large effect on Monte Carlo computational efficiency. 
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Abstract/Keyterms: The fission source convergence of a very loosely coupled array of 36 fuel 
subassemblies with slightly non-symmetric reflection is studied. The fission source converges very slowly 
from a uniform guess to the fundamental mode in which about 40% of the fissions occur in one corner 
subassembly. Eigenvalue and fission source estimates are analyzed using a set of statistical tests similar to 
those used in MCNP, including the “drift-in-mean” test and a new drift-in-mean test using a linear fit to the 
cumulative estimate drift, the Shapiro-Wilk test for normality, the relative error test, and the “1/N” test. The 
normality test does not detect a drifting eigenvalue or fission source. Applied to eigenvalue estimates, the 
other tests generally fail to detect an unconverged solution, but they are sometimes effective when 
evaluating fission source distributions. None of the test provides completely reliable indication of 
convergence, although they can detect nonconvergence. 
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Abstract/Keyterms: The fission source convergence of a very loosely coupled array of 36 fuel 
subassemblies with slightly non-symmetric reflection is studied. The fission source converges very slowly 
from a uniform guess to the fundamental mode in which about 40% of the fissions occur in one corner 
subassembly. Eigenvalue and fission source estimates are analyzed using a set of statistical tests similar to 
those used in MCNP, including the “drift-in-mean” test and a new drift-in-mean test using a linear fit to the 
cumulative estimate drift, the Shapiro-Wilk test for normality, the relative error test, and the “1/N” test. The 
normality test does not detect a drifting eigenvalue or fission source. Applied to eigenvalue estimates, the 
other tests generally fail to detect an unconverged solution, but they are sometimes effective when 
evaluating fission source distributions. None of the test provides completely reliable indication of 
convergence, although they can detect nonconvergence. 
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Abstract/Keyterms: At the request of the Czech Technical University (CTU) in Prague, ANL has 
performed independent verification calculations using the MCNP Monte Carlo code for three core 
configurations of the VR-1 reactor: a current core configuration B1 with HEU (36%) IRT-3M fuel 
assemblies and planned core configurations C1 and C2 with LEU (19.7%) IRT-4M fuel assemblies. Details 
of these configurations were provided to ANL by CTU. For core configuration B1, criticality calculations 
were performed for two sets of control rod positions provided to ANL by CTU. Fore core configurations 
C1 and C2, criticality calculations were done for cases with all control rods at the top positions, all control 
rods at the bottom positions, and two critical states of the reactor for different control rod positions. In 
addition, sensitivity studies for variation of the 235U mass in each fuel assembly and variation of the fuel 
meat and cladding thicknesses in each of the fuel tubes were doe for the C1 core configuration. The 
reactivity worth of the individual control rods was calculated for the B1, C1, and C2 core configurations. 
Finally, the reactivity feedback coefficients, the prompt neutron lifetime, and the total effective delay 
neutron fraction were calculated for each of the three cores. 
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Abstract/Keyterms: At The request of the Czech Technical University in Prague, ANL has performed 
independent verification calculations using the MCNP Monte Carlo code for three core configurations of 
the VR-1 reactor: a current core configuration B1 with HEU (36%) IRT-3M fuel assemblies and planned 
core configurations C1 and C2 with LEU (19.7%) IRT-4M fuel assemblies. Details of these configurations 
were provided to ANL by CTU. For core configuration B1, criticality calculations were performed for two 
sets of control rod positions provided to ANL by CTU. For core configurations C1 and C2, criticality 
calculations were done for cases with all control rods at the top positions, all control rods at the bottom 
positions, and two critical states of the reactor for different control rod positions. In addition, sensitivity 
studies for variation of the 235U mass in each fuel assembly and variation of the fuel meat and cladding 
thicknesses in each of the fuel tubes were done for the C1 core configuration. Finally the reactivity worth 
of the individual control rods was calculated for the B1, C1, and C2 core configurations. 
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Abstract/Keyterms: Physics; Descriptor Groups (Splits); Absorption- Breeding- Clementine- Criticality- 
Mass- Mathematics- Monte Carlo Method- Neutron Flux- Neutrons- Numericals- Reactors- Research 
Reactors- Shielding- Transport Theory; Bromine- Cylinders- Efficiency- Electric Charges- Electric Fields- 
Energy- Filters- Ions- Mass- Nuclear Models- Nuclei- Shell Models 
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Abstract/Keyterms: Physics; Analog Systems; Circuits; Computers; Criticality; Currents; Differential 
Equations; Distribution; Electric Potential; Electricity; Neutron Flux; Planning; Reactors; Simulators 
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Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Distribution; Group Theory; 
Multiplication Factors; Neutron Flux; Neutrons; Reactors 
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Abstract/Keyterms: Physics; Capture; Collimators; Neutron Capture; Neutrons; Nuclear Models; Optical 
Systems; Shell Models 
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Abstract/Keyterms: Physics; Descriptor Groups (Splits); Carbon- Copper- Iron- Lithium- Measured 
Values- Neutron Sources- Neutrons- Nuclear Reactions- Proton Beams- Scattering- Uranium- Zirconium; 
Aluminum 27- Arsenic 75- Bismuth 209- Cross Sections- Interactions- Iron- Neutrons- Nickel 58- 
Resonance- Uranium- Uranium 233- Zirconium; Borates- Born Approximation- Boron Compounds- 
Hexane- Liquids- Methyl Radicals- Mixing- Neutrons- Organic Compounds- Phenyl Radicals- Scintillation 
Counters; Atmosphere- Isotopes- Pressure- Solutions- Xenon; Antiferromagnetism- Antimony 
Compounds- Atoms- Chromium Compounds- Diffraction- Ferromagnetism- Magnetic Materials- Magnetic 
Moments- Neutrons; Acids- Atoms- Boron Oxides- Crystals- Interatomic Distances- Lattices- Metals- 
Neptunium- Neptunium Carbides- Photographic Film Detectors- Powders- X Radiation; Configuration- 
Fast Fission Factor- Multiplication Factors- Numericals- Resonance Escape Probability- Thermal 
Utilization- Uranium- Water; Beryllium Oxides- Boiling- Breeding- Criticality- Graphite- Mass- Mixing- 
Neutron Sources- Reactor Core- Reactors- Reflectors- Spheres- Uranium 235- Water; Cross Sections- 
Energy- Neutrons- Nuclei- Numericals- Scattering; Chlorine 36- Energy Levels- Nuclear Models- Nuclei- 
Potassium 40- Spin; Atoms- Configuration- Differential Equations- Dirac Equations- Eigenvalues- 
Equations- Interactions- Iron- Mathematics- Matrices- Quantum Mechanics- Relativity Theory 
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Title: Technical Review of ZPR-1 Accidental Transient-the Power Excursion, Exposures, and Clinical Data 

Date: 1/1/1953 

Report: ANL-4971 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Consequence Analyses of the June 2, 1952 Critical Experiment Accident 
with ZPR-1 
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Title: Experimental Breeder Reactor Progress Report for April 1, 1951 Through January 31, 1953 

Date: 2/20/1953 

Report: ANL-5023 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Control Systems; Coolant Loops; Criticality; 
Distribution; EBR-1; Expansion; Fast Neutrons; Fission; Fuel Elements; Gamma Radiation; Losses; 
Measured Values; Metals; Neutron Flux; Performance; Power; Radiation Doses; Radioactivity; Reactivity; 
Reactor Core; Reactors; Rods; Shielding; Temperature; Temperature Coefficient; Uranium; Uranium 235 
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Author: Brittan, R. O. / Hummel, H. H. / Livingood, J. J. / Martens, F. H. / Spinrad, B. I. 

Title: Feasibility Report on Fast Exponential Experiment 

Date: 6/10/1953 

Report: ANL-5061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The general program established at Argonne National Laboratory in connection with 
the Fast Power Breeder Reactor (P BR) includes performance of exponential experiments on assemblies 
having compositions which may exist in the reactor core. This report deals with that phase of the program 
known as the Fast Exponential Experiment which may be described very briefly as follows: An assembly 
of fissile U235 and fertile material (too small to be self- critical) intermixed with poisons (such as are 
encountered in the mechanical structure and coolant system of a self-sustaining reactor) is fed with neutrons 
from an auxiliary source. By measurements of the neutron flux within the assembly, important parameters 
can be calculated which are necessary to the proper design of an actual critical reactor of the same 
composition 
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Author: Martens, F. H. / Helfrich, G. F. 

Title: Critical Studies with G.E. Type Fuel Elements 

Date: 8/1/1953 

Report: ANL-5108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Criticality; Fuel Elements; Iron; Mass; Measured Values; 
Reactivity; Reactor Core; Reflectors; Research Reactors; Thickness; Variations; Zones; ZPR-1 
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Author: n. a. 

Title: Reactor Engineering Division Quarterly Report (for) June 1, 1953 Through August 31, 1953 

Date: 9/15/1953 

Report: ANL-5134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Breeding; Buckling; Chemical Reactions; Configuration; Control 
Elements; Coolant Loops; Corrosion; Criticality; Efficiency; Equations; Fuel Elements; Heat Transfer; 
High Temperature; Hydrology; Liquid Metal Coolant; Machine Parts; Materials Testing; Measured Values; 
Mercury; Mockup; Monitoring; Motors; Multiplication Factors; Neutron Flux; Niobium Alloys; Organic 
Coolant; Pbr; Planning; Power Plants; Reactivity; Reactor Core; Reactor Safety; Reactors; Rivers; Rods; 
Savannah River; Servomechanisms; Shutdown; Sodium; South Carolina; Temperature; Testing; 
Thermocouples; Uranium Alloys; USA; Water; Water Coolant; Water Moderator; Welding 
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Title: Reactor Engineering Division Quarterly Report for June 1, 1953 Through August 31, 1953 

Date: 9/15/1953 

Report: ANL-5134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Breeding; Buckling; Chemical Reactions; Configuration; Control 
Elements; Coolant Loops; Corrosion; Criticality; Efficiency; Equations; Fuel Elements; Heat Transfer; 
High Temperature; Hydrology; Liquid Metal Coolant; Machine Parts; Materials Testing; Measured Values; 
Mercury; Mockup; Monitoring; Motors; Multiplication Factors; Neutron Flux; Niobium Alloys; Organic 
Coolant; Pbr; Planning; Power Plants; Reactivity; Reactor Core; Reactor Safety; Reactors; Rivers; Rods; 
Savannah River; Servomechanisms; Shutdown; Sodium; South Carolina; Temperature; Testing; 
Thermocouples; Uranium Alloys; USA; Water; Water Coolant; Water Moderator; Welding 
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Date: 11/1/1953 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Conference/Journal:  
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Abstract/Keyterms: n.a. 
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Title: Reactor Engineering Division Quarterly Report (for) December 1, 1953 Through March 30, 1954 

Date: 4/15/1954 

Report: ANL-5260 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: The Regeneration Factor as a Function of Time in a Th-232-U-235 Thermal Reactor 

Date: 9/1/1954 

Report: ANL-5283 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Capture; Cross Sections; Enrichment; Equations; Fission 
Products; Irradiation; Isotopes; Multiplication Factors; Power; Protactinium 233; Quantity Ratio; Reactors; 
Resonance Escape Probability; Thermal Neutrons; Thorium 232; Uranium 235; Variations 
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Title: Reactor Engineering Division Quarterly Report (for) April 1, 1954 Through June 30, 1954 

Date: 7/15/1954 

Report: ANL-5297 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Boiling- Dielectrics- Electric Conductivity- Gamma Radiation- 
Levels- Light- Liquids- Pressure- Reactors- Scattering- Steam- Water- Zones; Absorption- Capture- 
Configuration- Diffusion- Distribution- EBR-1- Errors- Fission- Gamma Sources- Monte Carlo Method- 
Neutrons- Numericals- Plates- Reactors- Reflection- Shielding- Transport Theory- Uranium 238- Water; 
Absorption- Criticality- Delayed Neutrons- Diffusion Length- Fermi Age- Frequency- Multiplication 
Factors- Phase Shift- Reactivity- Reactors- Transients- Variations; Air- BER- Boiling- Cooling- Fluid 
Flow- Fuel Elements- Heat Tran 
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Author: Okrent, D. 

Title: On the Application of Multigroup Diffusion Theory to Fast Critical Assemblies 

Date: 9/1/1954 

Report: ANL-5321(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multigroup diffusion theory predicts too high a critical mass for small, highly 
enriched, critical assemblies. An attempt to improve the accuracy of diffusion theory predictions for fast 
reactors is described. Transport cross sections were adjusted on the basis of multigroup comparison of the 
Lady Godiva Reactor by diffusion theory and by the asymptotic solution to the Boltzmann equation. In 
general, the predictions made by the adjusted cross sections were in very good agreement with experiment. 
The procedure described is not recommended as a panacea but indicates that modifications in elastic 
transport cross sections may make multigroup diffusion theory more applicable to a wide range of fast 
reactors. 
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Author: Dietrich, J. R. 

Title: Experimental Investigation of the Self-Limitation of Power During Reactivity Transients in a 
Subcooled, Water-Moderated Reactor 

Date: 1/1/1954 

Report: ANL-5323 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Borax-1; Contamination; Excursions; Failures; Fuel Elements; Measured 
Values; Melting; Power; Reactivity; Reactors; Transients; Vessels 
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Title: Reactor Engineering Division Quarterly Report for Period July 1, 1954 Through September 30, 1954 

Date: 10/15/1954 

Report: ANL-5345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Programs. The design of the Boiling Experimental Reactor is described. The 
Borax-1 reactor was intentionally destroyed by suddenly adding 4% excess reactivity. Design of the Borax-
II reactor is described. It will be used for studies of transient behavior and steady state operation as a steam 
producer. A preliminary design configuration has been established in EBR-II employing central, inner, and 
outer blankets. Fuel geometries including a smaller pin-type element are being investigated. Supporting 
Design, Research, and Development. The accuracy of diffusion theory for fast reactors was investigated. 
Water corrosion tests have been performed on high-U alloys, Zr- and Ti-base alloys, and Ni-plated Al 
plates. Thermal cycling tests were performed on fuel rods and pin-type fuel elements. Results are reported 
on tests on a current conductor connection for a high-temperature d-c electromagnetic pump, on Na valves 
with conventional packing, and on a rod-gripper test facility for the EBR-II. A vacuum cup sampler for 
high-temperature Na and NaK systems is described. Lifting and loading mechanisms for the IBR-II working 
model are described. 
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Title: Reactor Engineering Division Quarterly Report (for) October 1, 1954 Through December 31, 1954 

Date: 1/15/1955 

Report: ANL-5371 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Aluminum Alloys- Boral- Boron Carbides- Boron 10- Burnup- 
Cadmium- Calcium Borides- Control Elements- Cross Sections- Hafnium- Isotopes- Reactors- Rods- 
Thickness; Air- Cooling- EBR-2- Fuel Elements- Heat Treatments- Irradiation- Potassium- Reactors- 
Research Reactors- Rods- Sodium- Temperature- Testing; Aluminum- Corrosion- EBR-2- Electroplating- 
Fuel Elements- High Temperature- Nickel- Niobium Alloys- Planning- Reactors- Research Reactors- 
Silver- Silver Alloys- Testing- Thorium Oxides- Uranium- Uranium Alloys- Uranium Oxides- Variations- 
Water- Weight- Zirconium Alloys; AVIDAC- Co 
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Author: Martens, F. H. 

Title: The Fast Exponential Experiment 

Date: 11/1/1955 

Report: ANL-5379 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fast exponential experiment was set up in order to study the properties of a 
reactive system utilizing fast neutrons. The experiment consisted of a source pile of uranium-235 moderated 
with water to provide neutrons to the exponential assembly, and the assembly itself. A uranium slab was 
located between these two systems to absorb thermal and resonance neutrons from the source pile. 
Complete descriptions of these systems are included. Data are given from preliminary studies using this 
system. These include flux distribution measurements, reflector studies, and shielding studies. Descriptions 
are also given of fission chambers, flux monitors, and catcher foils to be used with the assembly. The theory 
of buckling is briefly discussed, and results of buckling calculations for an enriched exponential core are 
given. Exponential measurements of buckling are also described. Measurements of reflector savings and 
fission ratios are also described. Data on equilibrium neutrons in natural uranium are included in 
appendices. 
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Author: n. a. 

Title: Reactor Development Quarterly Progress Report 

Date: 1/31/1955 

Report: ANL-5398 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design and construction program of the Bolling Experimental Reactor is 
reviewed. A number of preliminary experiments were performed with Borax-II at pressures between 75 and 
300 psi. The most corrosion-resistant U-Zr--Nb alloy developed so far is produced by heating in a vacuum 
to the gamma phase, quenching, and aging for 2 hr at 400 deg C. Special attention is given to the removal 
of H2 from the material. Unclad and unirradiated samples of U--Nb and U--Nb--Zr alloys were corrosion 
tested in H2O. Corrosion rates were also measured under irradiation conditions in CP-5. Elongation 
measurements of irradiated wrought and cast U--Zr material suggested no way for treating the wrought fuel 
so that stability comparable to the cast material could be obtained. Natural circulation boiling density tests 
at 600 psia were made in order to determine the effects of channel cross section and subcooling on the 
steam void fraction. Results of autoclave and dynamic corrosion studies of 2-S Al in H2O are reported. 
These results include the testing of Ni-clad samples. A large number of criticality calculations were 
performed for the EBR-Il and the PBR. The solubility of ThO2 pellets containing various concentrations 
of U3 O/sub 8/ was tested in water at 316 deg C for periods of 672 to 744 hr. None of the samples 
disintegrated, although at least one sample developed cracks. Solutions of reactor kinetic equations were 
attempted for the purpose of studying transients in reactors with lifetimes of 7 x 10/sup -9/ 10/sup -7/, and 
6 x 10/ sup -5/ sec. Ignition experiments were performed on Th, Cu, Al, Fe, Mg, Zr, and fluorothene when 
contacted with fluorides. Except for Zr and fluorothene, the materials did not ignite. 
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Author: Fricke, E. F. 

Title: A Preliminary Nuclear Design Study of Diphenyl Moderated and Cooled Reactors 

Date: 11/1/1955 

Report: ANL-5457 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolants; Criticality; Diffusion; Diphenyls; Distribution; Equations; Fast 
Neutrons; Fermi Age; High Temperature; Mass; Moderators; Neutron Flux; Organic Coolant; Organic 
Moderator; Phenyl Radicals; Power; Reactors; Slowdown; Thermal Neutrons; Variations 
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Author: n. a. 

Title: Reactor Engineering Division Quarterly Report on the Power Reactor Program (for) January 1, 1955 
Through March 31, 1955 

Date: 4/15/1955 

Report: ANL-5461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Aluminum; Boiling; Breeding; Bubbles; Buildings; Canning; 
Computers; Configuration; Control Elements; Convection; Coolant Loops; Corrosion; Diagrams; Digital 
Systems; EBR-2; EBWR; Enthalpy; Equations; Explosions; Fabrication; Failures; Fuel Elements; Group 
Theory; Heat Exchangers; Heat Transfer; Heat Treatments; Heating; Heavy Water Coolant; Heavy Water 
Moderator; High Temperature; Impurities; Induction; Irradiation; Liquid Metal Coolant; Machine Parts; 
Materials Testing; Mockup; Motors; Neutron Flux; Nickel; Performance; Pipes; Planning; Plates; Plating; 
Potassium Compounds; Power Plants; Pressure Vessels; Production; Radiation 
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Author: n. a. 

Title: Reactor Engineering Division Quarterly Report (for) July, August, September 1955 Section II 

Date: 1/1/1956 

Report: ANL-5511 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Designs of the EBWR control rod and drive mechanism are given. The deceleration 
curve for the drive shaft at 600-psig operation is given. The prototype test facility for the control 
mechanisms is also shown. Calculated heat generation and thermal stresses in the pressure vessel wall for 
each type of thermal shielding are tabulated. The mechanical arrangement of the thermal shielding is given. 
The pressure vessel containment structure is described in detail, and calculated impact loading stresses are 
summarized. A redwood, steel, and celotex blast shield for the pressure vessel is also shown. Fast and 
thermal neutron flux calculations for the heavy water-reflected EBWR in the adjusted shield are 
summarized. The physical arrangement of this shielding is also described. An emergency boric acid 
injection system to reduce the reactor core activity below criticality was designed. The reactor water 
purification system is discussed. A schematic flow diagram of the air drying and fluid recovery system is 
given. Estimated flows in this system are also given, and the operation of the system is briefly discussed. 
A schematic plan view is shown of the EBWR power plant and control areas. A simplified line diagram is 
also given of the EBWR electrical system. The schematic for the emergency airlock doors for the EBWR 
is shown. Supporting and Alternate Resign Research and Development. The design of a boiling D2O reactor 
is briefly discussed. Data given on boiling heat transfer studies include the ratio of steam-to liquid velocity 
as a function of the variable inlet temperature, power, flow, and pressure. The analytical and experimental 
studies made of the 600 psi, unrestricted, single channel circulation loop (Armadilla) are described, and 
preliminary data are plotted. These plots show modified Martinelli-Nelson factors as a function of slip ratio 
and exit and local void fraction. Data from single channel forced and natural circulation boiling density 
tests at 150 psig are summarized. Slip ratios are also plotted as a function of inlet water velocity at 150 and 
250 psig, indicating that there is no significant pressure effect on the slip ratio pattern in going from 150 to 
250 psig. The corrosion of Zircaloy 2-clad, U--Zr fuel plates in 550 deg F degassed water. The corrosion 
behavior of Al-clad, natural U plates is compared to that of EBWR reference alloy plates. The corrosion of 
Al--Ni alloy in 500 deg F H2O is also shown. Corrosion data are also reported for austenitic stainless steel, 
and its weight changes are plotted. Corrosion and irradiation tests were continued on urania --thoria bodies. 
Several methods were tested for the detection and location of ruptured fuel elements in the core of a reactor. 
These included comparisons of fission product activities in various sampling devices and of gamma 
activities in H2O samples. It was, however, concluded that neither of these methods would be useful. A 
proposed alternate control rod for the EBWR is described and discussed. Progress in the development of 
boron- stainless steel alloy is discussed. Boron--stainless steel corrosion tests are summarized. Results of 
experiments on the removal of boric acid using Amberlite IRA-400 resin are summarized. Experimental 
Breeder Reactor I. The conversion ratio was measured in the second U fuel loading of the EBR-I. U238 
capture distributions and U235 fission distributions in the reactor are shown. The conversion ratio with the 
cup about 1/4 in. below its uppermost position was found to be 1.03 plus or minus 0.05. Activation cross 



 

C-830 

section ratios at various locations in the outer blanket of the EBR were surveyed. Experimental and 
theoretical values are compared. Experimental Breeder Reactor II. The dissipation of simulated decay heat 
generated in the EBR-II core subassembly is shown. Water pressure drop tests were conducted on the 
complete EBR-II core subassembly, and the results of the tests are summarized. 
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Abstract/Keyterms: Physics; Blankets; Breeding; Configuration; Control; Critical Assemblies; Density; 
Fast Neutrons; Iron; Measured Values; Planning; Power Plants; Reactor Core; Reactor Safety; Sodium; 
Uranium 235; Uranium 238; Variations; Volume; ZPR-3 
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Title: A Generalized Reactor Facility for Nuclear Technology Training and Research. Interim Report on 
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Date: 3/1/1956 

Report: ANL-5552 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; CP-11; Criticality; Cylinders; Economics; Enrichment; Fuel 
Elements; Graphite; Neutron Flux; Planning; Plates; Power; Reactor Core; Reactor Fueling; Reflectors; 
Research Reactors; Thermal Neutrons; Uranium 235; Water Moderator; Zones 
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Title: Reactor Engineering Division Quarterly Report (for) October, November, December 1955. Section 
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Date: 4/1/1956 

Report: ANL-5561 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum Alloys- Canning- Corrosion- Degassing- Heat Treatments- High 
Temperature- Irradiation- Nickel Alloys- Plates- Reactors- Testing- Thorium Oxides- Uranium Alloys- 
Uranium Oxides- Water- Zircaloy- Zirconium Alloys; Boiling- Control Elements- Corrosion- EBWR- 
Motion- Reactors- Rods- Water- Zircaloy; Boiling- Convection- Coolant Loops- Diagrams- Errors- Fluid 
Flow- Heat Transfer- Liquids- Measured Values- Numericals- Pressure- Reactors- Steam- Tables- Tubes- 
Voids; Boron- Corrosion- EBWR- Mechanical Properties- Pressure Vessels- Reactors- Stainless Steels- 
Tables- Thermal Insulation; 



 

C-834 

831…..…..…………………..…….……..……ID Number…………………..…..…………….831 

Author: n. a. 

Title: Reactor Engineering Division Quarterly Report (for) January, February, March 1956. Section I 

Date: 7/1/1956 

Report: ANL-5571 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Acidity- Corrosion- Fluid Flow- High Temperature- Hydrogen- Quantity 
Ratio- Reactors- Uranium Alloys- Velocity; Alloys- Corrosion- EBR-2- Fast Neutrons- Fission- Fluorides- 
Graphite- Heat Transfer- Heat Treatments- Liquid Metals- Numericals- Performance- Pumps- Reactors- 
Research Reactors- Shielding- Sodium; Boiling- Convection- Coolant Loops- EBWR- Fluid Flow- 
Friction- Heat Transfer- Pressure- Reactors- Velocity; Borax-3- Burnup- Decay- Decomposition- Fission 
Products- Operation- Reactivity- Reactors- Steam- Variations- Water; Boron- Closures- Control Elements- 
Economics- Hafnium- Planning- 
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Title: Some Problems in the Safety of Fast Reactors 

Date: 5/1/1956 

Report: ANL-5577 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Equations; Fast Neutrons; Operation; Programming; Reactivity; 
Reactor Safety; Variations 
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Title: The Experimental Boiling Water Reactor (EBWR) 

Date: 1/1/1957 

Report: ANL-5607 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Buildings; Control Systems; Coolant Loops; EBWR; Electricity; 
Electronic Equipment; Instruments; Machine Parts; Operation; Planning; Power Plants; Reactors; Research 
Reactors; Steam 
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Title: Chemical Engineering Division Summary Report (for) July, August, and September 1956 

Date: 12/1/1956 

Report: ANL-5633 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Aluminum Oxides- Beryllium Oxides- Ceramics- Corrosion- Liquid 
Metals- Metallurgy- Report- Thorium Oxides; Bromine Fluorides- Chemical Reactions- Fluorination- 
Fluorine- Gases- Preparation- Reaction Kinetics- Report; Butanol- Configuration- Diagrams- Extraction 
Columns- Fluid Flow- Laboratory Equipment- Liquid Flow- Mixing- Reaction Kinetics- Report- Solvent 
Extraction- Testing- Water; Capture- Configuration- Cross Sections- Diagrams- Fission- Irradiation- 
Measured Values- Plutonium 239- Reactors- Report- Uranium 235- Uranium 238; Cesium 137- Diagrams- 
Efficiency- Fast Neutrons- Fission 
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Title: Summary Report on the Hazards of the Argonaut Reactor 
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Report: ANL-5647 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buildings; Configuration; Contamination; Control Systems; Criticality; 
Cylinders; Economics; Efficiency; Environment; Excursions; Fission Products; Fissionable Materials; Fuel 
Elements; Graphite; Laboratory Equipment; Mass; Measured Values; Mechanical Structures; 
Multiplication Factors; Neutron Flux; Personnel; Planning; Plates; Reactivity; Reactor Core; Reactor 
Safety; Reflectors; Research Reactors; Safety; Shutdown; Spacers; Stability; Startup; Temperature; 
Uranium 235; Water; Water Coolant; Water Moderator; Zones 
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Abstract/Keyterms: Physics; Air- Bearings- Chemical Reactions- Coolant Loops- Corrosion- Equations- 
Fuel Elements- Heating- High Temperature- Liquid Metal Coolant- Materials Testing- Measured Values- 
Mechanical Structures- Numericals- Oxidation- Planning- Reactivity- Reactor Core- Reactors- Rods- 
Sodium- Tables- Uranium Alloys- Zones- ZPR-3; Alloys- Breeding- Coolant Loops- Coolants- Diagrams- 
EBR-2- Efficiency- Electronic Equipment- Fluid Flow- Gases- Heat Transfer- High Temperature- Leaks- 
Liquid Metal Coolant- Melting- Melting Points- Pressure- Pumps- Reactors- Rectifiers- Seals- Sodium- 
Temperature- Water 
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Conference/Journal:  
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Abstract/Keyterms: Physics; Boiling; Configuration; Criticality; Diffusion; EBWR; Energy Levels; 
Enrichment; Equations; Errors; Excursions; Group Theory; Heavy Water Coolant; Heavy Water 
Moderator; Impurities; Multiplication Factors; Power; Reactivity; Reactor Core; Reactors; Research 
Reactors; Resonance Escape Probability; Temperature; Thermal Neutrons; Thermal Utilization; Transport 
Theory; Uranium 235; Vessels; Water Coolant; Zones 
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Multiplication Factors; Neutron Flux; Reactivity; Reactor Core; Reactors; Thermal Neutrons 
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Abstract/Keyterms: Physics; Analog Systems; Boiling; Bubbles; Coolant Loops; Criticality; EBWR; 
Economics; Errors; Fabrication; Foams; Fuel Elements; Heat Transfer; High Temperature; Humidity; 
Mass; Materials Testing; Measured Values; Moderators; Reactivity; Reactor Core; Reactors; Seals; Steam; 
Surfaces; Temperature; Variations; Water; Water Coolant; Zones 
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Age; Group Theory; Mass; Mathematics; Nuclear Reactions; Numericals; Reactor Core; Reactor Fueling; 
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Variations; Zones 
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Abstract/Keyterms: A new zero-power reactor facility, designated as ZPRVII, which is under construction 
at the Argonne National Laboratory is described. This facility will be used to supply physics design 
information required in connection with several phases of Argonne's boiling reactor program. A description 
of the first reactor system to be investigated in this facility and an assessment of the hazards associated with 
the planned program of measurements are included. The first system to be investigated will employ fuel in 
the form of pellets of a fired mixture of enriched UO2 and ThO2. These pellets will be approximately 1/4 
in. in diameter, stacked to a height of 5 ft within an Al jacket of 5/16-in outer diameter. These fuel rods will 
be grouped in a variety of arrangements within a 6 3/4-ft diameter tank which can be filled with D2O. The 
construction instrumentation, and control system of the Z PR-VII conform with past practice at Argonne. 
This reactor system is unusually safe as a consequence of large negative temperature and void coefficients 
of reactivity. Large reactivity effects are virtually impossible to achieve other than through deliberate 
sabotage, and the inherent safety mechanisms make the reactor completely self-limiting with no damage 
for a 1% excess reactivity step and probably for a 2% step. In addition the public hazard associated with an 
appreciably greater reactivity step is extremely small. 
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Group Theory; Neutron Flux; Nordheim-Scalettar Method; Reactors; Rods; Transport Theory 
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Abstract/Keyterms: As a result of the partial meltdown which occurred in EBR-1 on November 29, 1955, 
it was necessary to remove the core assembly from the reactor and to separate the enriched fuel section 
from upper and lower unenriched blanket sections. A temporary cave was constructed on top of the reactor 
in order to remove the core assembly, and at this time about one-fourth of the fuel elements were removed. 
In order to perform further disassembly operations under less hazardous conditions, the core assembly was 
shipped from the Idaho Division of Argonne National Laboratory, at the National Reactor Testing Station, 
to the Lemont, Illinois, site of the Laboratory, where disassembly was completed in a protective atmosphere. 
It was found that approximately 40 to 50% of the core had melted and reached temperatures ranging 
between approximately 850 and 1400 deg C, and that the molten portion had separated into three clearly 
defined zones characterized by different porosities. Densities of the zones ranged from 2.5 to 15.4 gm. 
cm/sup 3/, depending upon the degree of porosity. It was also found that molten fuel alloy had traveled 
upward 5 inches and downward 3 inches between the blanket rods. Chemical and mass spectrographic 
analyses indicated that relatively little mixing occurred in the core during the period in which it was molten, 
that the fuel alloy which penetrated the blanket sections originated primarily from outer part of the molten 
zone, and that the blanket did not enter the molten phase. Observations during disassembly of the core and 
subsequent simulated meltdown experiments indicated that the porous structure which formed in the molten 
core could have resulted from the vaporization of entrained NaK. 
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Abstract/Keyterms: ZPR-V is a zero-power, coupled fast-thermal critical assembly involving a dilute fast 
core and a H2O-moderated, enriched U thermal annulus. The two regions are coupled through a natural U 
isolation blanket. This facility is useful in studying some of the properties of dilute fast reactor systems as 
well as those of coupled fast-thermal power breeders. Recent emphasis has been on the latter aspect of the 
problem and an investigation of the coupled aspects of the system has been made. An important parameter 
in the coupling concept is the division of reactivity. This can be determined by means of fast fuel 
substitutions and 1/v poisoning of the thermal annulus in conjunction with theoretical calculations. 
Auxiliary information obtained in such a procedure is the fast fuel worth throughout the core and the prompt 
neutron lifetime of the whole system. A second important parameter, S/sub 1/S2, is the relative number of 
neutrons emitted per unit time due to fast and slow fissions. Information regarding this quantity can be 
obtained with the aid of U235 and U238 fission distributions. Measurements of thc above parameters were 
made for the case of a U238:U235 atomic ratio of 5:1 in the fast core and a 1-in. isolation blanket. The 
fractions of reactivity in the fast core, blanket, and annulus are, respectively, 24, 14, and 61%; the prompt 
lifetime is 39.0 plus or minus 3.0 mu sec; the ratio S/sub 1/S2 is 0.43. 
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Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Cross Sections; Delayed Neutrons; 
Errors; Fast Neutrons; Frequency; Materials Testing; Measured Values; Mockup; Multiplication Factors; 
Neutron Flux; Power Plants; Prompt Neutrons; Reactivity; Reactor Core; Reactor Oscillators; Rods; 
Stability; Transfer Functions; Variations; ZPR-3 
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Abstract/Keyterms: This compilation of reactor physics constants, based on data available up to March 
15, 1958, is the first publication of the Reactor Physics Constants Center (RPCC). The primary objective 
of the RPCC is the periodic compilation of the latest and best values of the constants, recipes, formulas, 
etc., which are necessary to calculate reactor characteristics. 
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Abstract/Keyterms: This second edition is based on data available on March 15, 1961. Sections on 
constants necessary for the interpretation of experimental data and on digital computer programs for reactor 
design and reactor physics have been added. 1344 references. 
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Abstract/Keyterms: Physics; Configuration; Counters; Doppler Effect; EBR-1; Enrichment; Fast 
Neutrons; Measured Values; Mockup; Natural Uranium Fuel; Neutron Detection; Neutron Flux; 
Oscillations; Plutonium; Plutonium 239; Reactivity; Reactor Core; Reactor Oscillators; Reactors; Spectra; 
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VII) 
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Abstract/Keyterms: The design criteria and operation of seven nuclear instrumentation channels and 
safety interlocks employed for initial measurements on heavy-water moderated thoria-urania lattices of 
interest to power reactors are described. The mechanical design features of the various control mechanisms 
and components are illustrated or described briefly where necessary to clarify the over-all instrument-
control scheme. The basic startup sequence is given. 
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Abstract/Keyterms: The dynamic behavior of a fast reactor, when the neutron flux is considered as a 
function of time, is considered. The kinetics of a fast reactor can be grouped into three distinct areas of 
interest; the first being the normal operating conditions where all the changes are brought about in a slow 
manner and the resulting flux changes being small in comparison with the steady stuff flux. Since the 
available reactivity and the power density of most large thermal reactors is so small, and the heat capacity 
is so large, nothing but small deviations from design conditions would occur before the control rods were 
inserted. Thus reactor kinetics traditionally has meant linear kinetics, which in the mathematical 
interpretation leads to linearized kinetic equations. The second area is where there is much stronger 
coupling between reactivity and geometrical changes in the core. A fast reactor has a much higher power 
density than a thermal reactor and geometrical changes will therefore be more effective on reactivity. A fast 
reactor needs a greater total amount of U-235 because the fission cross section of U-235 is several hundred 
times smaller at neutron energies of the order of 0.1 Mev as compared to thermal energies. A fast reactor 
will always be smaller than a thermal reactor assuming the same power production. Stability and the 
influence of non linearities are discussed. 
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Abstract/Keyterms: The Argonne Fast Source Reactor is designed to operate at low power (nominally 
1000 watts) to supply neutron fluxes, both fast and thermal, for laboratory experiments. It is built around a 
cylindrical core (with vertical axis) of solid, highly enriched uranium approximately 4 1/2 in. in diam. by 
4/4 in. high. The blanket is of solid depleted uranium with a minimum thickness of eight in.; its outer form 
is cylindrical, 20 5/8 in. in diam. by 20 5/8 in. high. The reactor, contained in a shield of high density 
concrete of minimum thickness 4 1/2 ft, is freestanding on the floor of the reactor building. A graphite 
thermal column 4 x 4 x 6 ft is provided. All control and safety mechanisms are located in a pit beneath the 
reactor. The hazards associated with operation of the reactor have been analyzed. A number of potentially 
dangerous circumstances were studied to determine the probable severity of the resultant excursions. As an 
upper limit, a detailed study was made of the extreme case in which the reactor, overloaded by five 
kilograms of U235, goes critical at the air cylinder speed of 18 in./min. It is estimated that the excursion 
would amount to 3.6 x 10/sup 17/ fissions. This expected to destroy the core and eject all core material into 
the pit where it burns, greatly adding to the total energy of the excursion. No rupture of reactor shield or 
building is expected. The reactor pit and reactor building will be heavily contaminated and some radioactive 
material will escape from the building. It is nearly certain that the maximum radiation dose to personnel 
outside the reactor building will not exceed 15 roentgens. 
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Abstract/Keyterms: The major events of a program designed to test and operate the completed reactor 
power plant and associated equipment are described. The design and construction phases of the project, 
component installation, preliminary systems testing, zero-power experiments, areas affected by the design 
parameters, reactor operation, plant safety, and reactor operator training are covered. 
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Abstract/Keyterms: The advantages and shortcomings of the codes currently in use at Argonne (RE-13 
and RE-129) are discussed. A new method of solution, which has increased accuracy, stability for 
exceptionally large integration intervals, and a procedure for automatically changing the integration interval 
as the nature of the problem changes, is developed. 
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Abstract/Keyterms: Two codes were written for the IBM-704 to calculate the behavior of a reactor 
following a step change in reactivity, using one-group. space- independent, zero-power kinetic theory. The 
reactor is assumed to be running at constant level before the step is made, either at critical or subcritical 
conditions, with an external source. The code RE-128 assumes all delayed-neutron precursors in 
equilibrium at the time of the step, while the code RE-135 allows cases with nonequilibrium precursors to 
be handled. RE-126 can handle the case of zero final reactivity. Both codes are written in FORTRAN 
language. 
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Abstract/Keyterms: There is a need for a special type of nuclear reactor that can test fuel elements 
nondestructively to determine the total amounts and the distributions of both fissionable and parasitically 
absorbing materials in completed, unirradiated fuel elements. Such a reactor, called the Fuel Assay Reactor, 
is proposed. Theoretical considerations are presented to show the reactivity changes that result from the 
insertion of both fissionable and absorbing material into a central test hole. The choice of moderator 
depends upon the size of material to be tested. For testing small pellets of fissionable material, a light-
water- moderated assembly is advantageous because of its small critical mass; for large, completed fuel 
elements a graphite or heavy-watermoderated system is more suitable. An internal reflector gives increased 
sensitivity in the center and allows enough space surrounding the test element so that spectral changes in a 
nonfuel region may be produced in order to discriminate between fissionable and absorbing materials. The 
factors determining maximum sensitivity are discussed, as are several reactivity measurement methods 
suitable for testing fuel elements. The limits of accuracy are governed by the statistical variation of the 
neutron population within the reactor core. The theoretical limits of accuracy of all methods have the same 
order of magnitude, but the automatic-flux-level method appears to have advantages over the pile-period 
and oscillator methods for this purpose. 
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Abstract/Keyterms: Critical mass, spectrum, breeding ratio, and coolant removal coefficients were 
calculated for a series of large Pu- U238-fueled sodium- cooled fast-breeder power reactors, using a new 
16-group cross-section set based in part on recent microscopic cross-section measurements. The parameters 
studied include reactor size, plutonium isotopic content, and type of structural material. Reactors cooled 
with Pb - Bi eutectic and those containing U233- Th fuel were examined. 
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Abstract/Keyterms: Calculations of critical size, reactivity coefficients, and delayed neutron fractions are 
described for mockups of a plutonium-fueled EBR-I (Mark IV) and five possible metal-fueled power 
reactors. The calculations for critical size were performed using the SNG transport-theory code. The 
reactivity coefficients were estimated by SNG calculations or by one-group perturbation- theory desk 
calculations. The delayed-neutron fractions were estimated by an approximate method, which starts with a 
calculation of beta for a bare core and then makes a correction for the small effect of the blanket. The 
reactivity effects studied were the effects of fuel-plate and whole-core expansion and control-rod worths. 
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Abstract/Keyterms: Reactivity changes, flux variations, and detector-response variations for ZPR-3 fast 
critical assemblies due to variations in heterogeneities caused by various intradrawer configurations of fuel 
and diluent plates and deviations of reactivities from ideal homogeneous cores are calculated as reflective 
boundary slab cells using the DSN code. For these cells the calculated multiplication constants, for a given 
assembly plate configuration, by N = 4, 8, and 16 approximations successively increase such that the 
eigenvalues obtainable at N = 16 are still generally far from the limiting values at large n. This aspect makes 
for uncertainty especially if differences in k(eff) values from homogeneous are desired. 
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Abstract/Keyterms: The dry critical experiments are zero power experiments (less than 1 kW) to be 
conducted in the EBR-II reactor prior to filling the primary system with sodium coolant. These experiments 
have two general objectives: (1) to determine information relating to the performance of the system without 
sodium coolant, for future comparison with information derived with sodium coolant. By comparison, it 
will then be possible to ascertain various sodium effects on the neutronics of the system. (2) to determine 
and/or verify certain operational data to permit modification or improvement of the system (neutron shield, 
instrumentation, etc.) prior to the introduction of sodium into the system. After sodium filling it will be 
difficult to alter, modify, or correct many of the system components. Similar experiments have been 
conducted in ZPR-3 and the significant parameters have been measured. These include the EBR-II mock-
up experiments. Although these experiments were not an exact mock-up of the EBR-II dry critical 
configuration, they provided a sound basis for extrapolation. These results are particularly significant with 
respect to control, neutron source, and instrument response at low power level. 
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Title: Reactor Development Program Progress Report, January 1961 
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Abstract/Keyterms: Modifications of EBWR are described, and data from analysis of control- rod 
operational crud deposit are tabulated. Development and construction progress on Borax V are summarized. 
Research for ZPR III is reported on a series of uranium oxide critical cores. Comparative data on 
composition, critical masses, and central fission ratios are tabulated for these assemblies. Developmental 
work on ZPR-VI, ZPR-IX, and Juggernaut is summarized, followed by a summary of EBR-I operation and 
development of EBR-II. Studies of reactor steam superheating concepts are reported from which 
conclusions are listed. In reactor safety studies, data were obtained on the extent of water reaction with 
various metal combinations for use in cores as function of energy input. In other work in-pile melt down 
studies were conducted. Operation and development of TREAT are described. Nuclear technological 
developments are summarized in sections on physics, fuel development, reactor components and materials, 
separations development, and advanced reactor development. (For preceding period see ANL- 6295.) 
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Abstract/Keyterms: Results of studies with ZPR-3 assembly 29, a mockup of a typical, dilute uranium 
dioxide-fueled fast reactor, are reported. The assembly consisted of a 454-liter cylindrical core, blanketed 
with depleted uranium, with a critical mass of 421 kg uranium-235. Experiments included measurements 
of fission rates, material reactivity worths, and Rossi alpha. The results of multigroup calculations using 
the present Argonne cross-section sets are presented, and discrepancies between experimental results and 
calculations are discussed. 
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Abstract/Keyterms: The report describes critical studies of a fast reactor core containing a simulated oxide 
fuel having an oxygen/uranium atomic ratio of 1/1. Calculated and experimental critical masses are 
compared. Experimental results are given for fission ratio, central reactivity coefficient, fuel bunching, and 
distributed worth measurements. 
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Abstract/Keyterms: Critical studies were performed on a dilute, metallic, fast reactor core. The fuel was 
38.6% enriched uranium and reduced-density aluminum was used to simulate sodium coolant. The 
measured critical mass was 463 kg of uranium-235 in a 425-liter core. The main part of the experimental 
program consisted of measurements of the standard fission ratios, a number of central reactivity 
coefficients, and the prompt neutron lifetime. An additional series of experiments was performed to obtain 
the worths of aluminum, aluminum oxide, and sodium at various radial positions in the core. 



 

C-873 

870…..…..…………………..…….……..……ID Number…………………..…..…………….870 

Author: Redman, W. C. / Kaufmann, S. G. / Plumlee, K. E. / Baird, Q. L. 
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Abstract/Keyterms: The nuclear characteristics of a variety of small reactors composed of thoria-urania 
fuel in heavy water have been determined in a program of critical experimentation. The fuel element 
consisted of ceramic thorium-oxide/uranium-oxide pellets stacked to a height of 1.5 m within 0.787-cm-
OD aluminum tubing. The pellets used most frequently were of 0.587-cm diameter and had a 
thorium/uranium-235 atom ratio of 25. Rods containing similar pellets with only half as much uranium-235 
were used to achieve small changes in the uranium-235 content of the cores. Some cores were assembled 
with 0.660-cm-diameter pellets having an atom ratio of 15. All cores were located in a 2-m-diameter tank 
containing deuterium-oxide. Three distinct core structures were used, allowing measurements with 
uniformly distributed fuel rods, loading patterns compatible with the EBWR core geometry, and clustered 
lattice arrangements with deuterium-oxide, water, and air surrounding the clustered fuel. Most of the cores 
assembled had some amount of radial deuterium-oxide reflector. A 0.3-m-thick bottom reflector composed 
of deuterium-oxide and aluminum was always present. 
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Title: A Description of Integral Physics Data for Fast Reactor Design 
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Report: ANL-6382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This survey is intended as an orientation for persons who are unfamiliar with the 
detailed data in the field of fast reactor design. Required integral physics data are described. The major 
emphasis in the description centers about experimental data. Comparisons between theory and experiment 
are also described. The latter are limited to trends observed by many analysts. The experimental data are 
referenced. In addition, a selected list of references pertaining to calculational and theoretical interpretation 
is given. 
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Title: The Physics Design of the EBR-II 

Date: 7/1/1961 

Report: ANL-6383 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The physics design problems of the EBR-II are summarized. These include analysis 
of the EBR-II engineering design as well as applicable zero-power critical experiments. Pertinent reactor 
safety problems are reviewed. Safety considerations bearing on normal plant operation and manipulations 
within the reactor are emphasized. The implication of controlled in-pile meltdown experiments is 
considered. Irradiation damage and metallurgical phase phenomena are summarized and related to 
reactivity. The nuclear performance of the system is considered in terms of actual plant operation. The 
predicted shift of both power and reactivity from core to radial reflector is described. 
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Title: U.S. Participation in the OEEC Halden Reactor Project, May 1959 to September 1960 

Date: 12/1/1960 

Report: ANL-6395 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Halden Boiling Water Reactor, located in Halden, Norway, is an experimental 
process steam producer using D2O as moderator and coolant. The reactor was first brought to criticality on 
June 29, 1959. A low-power, low- temperature physics program with two core loadings has been completed. 
Mathematical models of the reactor and plant have been developed and used in an analog computer study 
of dynamic behavior. Engineering activities have included design and procurement of a second core of 
Zircaloy-2-clad, 1.5% enriched UO2 to replace the first core of aluminum-clad, natural uranium metal; 
system modifications for 20-Mw operation; a proposed replacement of the reactor vessel with a design 
better suited for future programs; correction of low temperature pitting corrosion of first core fuel elements; 
and improvement of the cavern containment. An initial first-core power run with boiling at 2 Mw was made 
on October 5, 1960. 
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Title: Critical Studies of a Dilute Carbide Fast Reactor (Core ZPR-3 Assembly 34) 

Date: 5/1/1961 

Report: ANL-6401 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical studies were made with a simulated, large, dilute power reactor having 
uranium carbide as fuel. The uranium in the core was 30.7% enriched, and the atomic ratio of uranium to 
carbon was 0.946. The critical mass was 503.01 kg uranium-235 and the critical volume 574.47 liters. 
Central reactivity coefficients, effective fission cross-section ratios, heterogeneity effects, reactivity worth 
of distributed materials, foil irradiations, and the average prompt neutron lifetime were measured. 
Multigroup calculations using the Yiftah, Okrent, and Moldauer cross-section set overestimate k for the 
critical configuration by 4.7%. 
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Title: Fast Reactor Shape Factors and Shape-Dependent Variables 

Date: 11/1/1961 

Report: ANL-6403 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Existing experimental data on the variation of reactivity with core geometry are 
reviewed. Four typical fast neutron systems are analyzed to predict: (l) the variation of critical mass with 
cylindrical core geometry (core and reflector composition are held fixed); (2) the reactivity worth of fuel at 
the radial core boundary as a function of cylindrical core geometry; and (3) the geometric variation of heat 
removal parameters; these include the ratio of: (a) Maximum power density to average power density in the 
core. (b) Maximum power density to average radial power density in the core. (c) Total reflector power to 
total core power. The absolute values of all of these parameters are determined by the core and reflector 
compositions of the four systems. These were chosen to simulate typical constituents of interest to reactor 
analysis. Two systems represent a typical fast reactor and a typical fast critical experiment. The other two 
systems represent compositional combinations of the two basic systems. The results of the analyses show 
that the significant geometric variation is in items (2) and (3b). Item (1) is almost constant for small 
variations near the optimum geometric configuration. Outside of this range, the variation of critical mass 
with core geometry is pronounced. A most significant result shows that the ratio of the spherical critical 
mass to the minimum cylindrical critical mass (shape factor), for fixed core and reflector composition, 
depends primarily on core composition. The composition of the thick reflector has a lesser effect on this 
ratio which was found to increase with core density. The two-dimensional calculations are interpreted and 
analyzed on the basis of one-dimensional concepts. Reflector savings are calculated for spherical and 
cylindrical systems. The more exact reflector savings determinations are compared with more approximate 
calculations. It is found that the approximate determinations are qualitatively correct and show correct 
trends. However, the more detailed and accurate analytical techniques are required for precision comparison 
between critical mass and core surface area is demonstrated. It was found that, in the range of interest, the 
critical mass depends almost linearly upon the surface area. The same linear dependence approximates all 
the systems studied. 
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Title: Hazard Evaluation Report on the Fast Reactor Zero Power Experiment ZPR-III 
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Abstract/Keyterms: HEU-MET-FAST-055, IEU-MET-FAST-012 
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Reed, H. F. / Rezek, G. T. / Rosenberg, G. S. / Stevens, H. C. / Weatherhead, R. J. 

Title: Status Report on the Argonne Advanced Research Reactor 

Date: 11/1/1961 

Report: ANL-6451 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The interim design and development status is reported. The scope of the work was 
limited to conceptual design studies supported by critical experiments plus heat transfer and hydraulic tests. 
Design criteria, facility and site, reactor, core geometry and composition, fuel elements, reflector, core and 
reflector support structure, reactor vessel, control and instruments, primary coolant systems, secondary 
coolant system, auxiliary systems, experimental facilities, building layout and construction, plant 
ventilation, heating and air conditioning, critical experiments, reactor physics, heat transfer studies, and 
shieldings are discussed. 
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Author: McVean, R. L. / Brunson, G. S. / Cerutti, B. C. / Loewenstein, W. B. / Thalgott, F. W. / 
Whitham, G. K. 

Title: EBR-II Dry Critical Experiments. Experimental Results 

Date: 2/1/1962 

Report: ANL-6462 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preoperational zero-power nuclear investigations were carried out in the 
Experimental Breeder Reactor II (EBR-II) prior to insertion of sodium coolant. The experiments were 
performed with the power reactor instruments, fuel, and mechanical components installed. The measured 
dry critical size, reactivity worth of control mechanisms and isothermal temperature coefficient of reactivity 
are in good agreement with predicted values. Additional measurements include neutron flux distributions 
in the uranium reflector and outside the reactor neutron shield. 
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Title: Effect of Resonance Scattering on Criticality Calculations of Fast Assemblies 

Date: 12/1/1961 

Report: ANL-6466 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical masses of representative ZPR-III fast assemblies containing resonance 
scatterers are calculated using the SNG transport code. THE IBM-704 ELMOE code of Hummel and Rago 
was used to evaluate group transport and group elastic-transfer cross sections in the cores in conjunction 
with the l6-group cross section set of Yiftah, Okrent, and Moldauer. By using hundreds of neutron energy 
groups and the detailed elastic scattering matrices for the resonance scatterers, ELMOE carries out a 
fundamental mode analysis. It thereby obtains material buckling and the detailed fine structure flux 
dependence upon energy. It then re-evaluates the gross group cross sections for transport and elastic 
transfer. Consideration of the resonance scattering effects caused by aluminum and stainless steel increase 
the calculated critical masses of ZPR-III assemblies 23, 3l, and 32 by about 15 kg, 2l kg, and 21 kg, 
respectively. Corresponding reactivity decreases are about -l%, -0.7%, and -2% /sub effective/, 
respectively. 



 

C-883 

880…..…..…………………..…….……..……ID Number…………………..…..…………….880 

Author: Kelber, C. N. 

Title: The Theory and Measurement of Criticality 

Date: 1/1/1962 

Report: ANL-6487 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The measurable properties of a critical assembly (e.g.. fission, capture, and leakage 
rates; neutron-per-fission ratios; bare/Cd-covered reaction rate of-ratios; danger coefficients; etc.), whose 
judicious use completely defines the neutron economy in the assembly, are discussed. Requirements 
regarding the internal consistency of these of: measured quantities are reviewed. lt is concluded that 
theoretical analysis of the assembly must both reproduce the gross experimental results and reflect the 
internal consistency of the data. Only thermal systems fueled with U235 and U238 are considered. 
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Author: Gasidlo, J. M. / Long, J. K. / McVean, R. L. 

Title: Critical Studies of a Fast Reactor Core containing Depleted Uranium and Sodium as Diluents (ZPR-
III Assembly 36) 

Date: 1/1/1962 

Report: ANL-6494 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MER-FAST-055; Critical studies were performed with a metallic, fast reactor 
core designed to investigate the effects of replacing highly absorbing U238 diluent with high-scattering, 
low absorbing sodium diluent. The fuel was 15.7 wt.% enriched U235 and the core contained 18.2 vol% 
sodium and 12.68 vol% stainless steel. The experimental program was designed to measure the effect of 
the material replacement on spectral indices, which consisted of the standard fission ratios, foil irradiations, 
and a large number of central reactivity coefficients. Other measurements included the Rossi- alpha, radial 
fission traverses, and edge reactivity worths of a few samples. 
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Title: Reactor Development Program Progress Report, January 1962 

Date: 2/15/1962 

Report: ANL-6509 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Items of significant technical progress which occurred in specific reactor projects and 
in general engineering research and development programs are reported. Specific developments are 
reported concerning the EBWR, Borax-V, EBR-l and II, and the Fast Reactor Test Facility (FARET). 
General research and development is reported on evaluation of carbide and oxide fuels, isotopic power 
sources, metallography of fissium alloys, ZPR III, VI, and lX experiments, and Juggernaut critical 
experiments. Developments in general reactor technology are reported in the areas of applied reactor 
physics, fuels, materials, and components development, heat engineering, and separations. Other work is 
reported on direct conversion devices and in the area of nuclear safety. 
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Author: Davey, W. G. 

Title: K Calculations for 22 ZPR-III Fast Reactor Assemblies Using ANL Cross-Section Set 635 

Date: 5/1/1962 

Report: ANL-6570 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Yiftah, Okrert, and Moldauer cross-section set (ANL Set 135) was modified to 
include new measurements of nu and alpha for U235, and to include, in an approximate manner, Hummel, 
Rago, and Meneghetti's corrections for flux depression at resonance energies in Al and stainless steel. This 
modified set, ANL Set 635, was used to compute values of k for 22 ZPR-III assemblies of widely varying 
composition. The DSN neutron transport code was used in spherical geometry and the S4 approximation; 
shape factors were used to convert from cylindrical to spherical geometry. Seventeen of the calculated 
values of k lie within plus or minus 1% of a mean value of 1.003, and the remaining 5 lie within plus or 
minus 2%. In terms of prediction of critical mass, it appears that the procedure used here can achieve an 
accuracy of 5% to 10% for a wide range of U235-fueled assemblies. 
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Title: Reactor Development Program Progress Report, June 1962 

Date: 7/15/1962 

Report: ANL-6580 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research and development progress is reported on water-cooled reactors, liquid 
metal-cooled reactors, general reactor technology, plutonium recycle, advance systems research and 
development, and nuclear safety. Topics covered include the EBWR, BORAX-V, EBR-I, EBR-II, FARET, 
applied reactor physics, reactor fuels development, reactor materials development, reactor components 
development, heat engineering and fluid flow, chemical separations, Argonne Advanced Research Reactor, 
subcritical reactor as substitute for isotope sources, thermal reactor safety studies, fast reactor safety studies, 
and direct conversion studies. 
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Title: Two Spherical Fast Critical Experiments (Assemblies 38 and 39) 

Date: 7/1/1962 

Report: ANL-6582 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-055; Two spherical versions of earlier cylindrical assemblies were 
used for a critical study of shape effects for fast reactor cores with volumes of 300 to 400 liters. Assemblies 
24 (cylindrical) and 38 (spherical) had a high-density metallic U blanket, whereas the set of assemblies 
numbered 31 (cylindrical) and 39 (spherical) had a low-density U-fueled core (with steel and Al diluents) 
with a high-density blanket of depleted U. The main features of these assemblies are summarized. 
Reactivity coefficients of a small number of fissile and nonfissile materials were measured in both 
assemblies (38 and 39). In Assembly 38 the effects of environment, etc., upon fission rates measured with 
absolute fission chambers were investigated. Radial fission rate traverses in different directions were made 
in Assembly 39 to reveal any flux asymmetry due to heterogeneity of the core; no such effect was detected. 
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Author: Moon, D. P. 

Title: Physics Analysis of the Juggernaut Reactor 

Date: 7/1/1962 

Report: ANL-6587 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The JUGGERNAUT is an intermediate-power research reactor designed and 
constructed as a supporting facility for chemistry and physics research. The design of this reactor is similar 
to that of the ARGONAUT, and those methods of evaluating the nuclear characteristics of the ARGONAUT 
which gave good agreement with experimental data were considered applicable to the analysis of the 
JUGGERNAUT. The analyses for both the JUGGERNAUT and the ARGONAUT were based on a 
modified two-group theory. The criticality calculations were carried out with the 1BM704 and the two-
dimensional PDQ code. Reactivity effects were calculated by hand by means of perturbation techniques, 
with the real and adjoint fluxes obtained from PDQ calculations. 
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Title: Spectral Representation and Criticality Problem of a Two-Region Cell Transport Operator 

Date: 3/1/1965 

Report: ANL-6590 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Diagrams; Differential 
Equations; Distribution; Equations; Errors; Harmonic Analysis; Integrals; Mathematics; Neutron Flux; 
Numericals; Oscillations; Reactors; Reflectors; Spheres; Tables; Transport Theory; Zones 
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Title: Description and Proposed Operation of the Fuel Cycle Facility for the Second Experimental Breeder 
Reactor (EBR-II) 

Date: 4/1/1963 

Report: ANL-6605 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fuel Cycle Facility for the Second Experimental Breeder Reactor (EBR-II), the 
process equipment, and the operations to be conducted in the facility are described. The Fuel Cycle Facility 
is a plant for reprocessing, by pyrometallurgical methods, the core and blanket material discharged from 
EBR-II. The reactor core alloy is uranium-5% fissium and contains about 46 wt.% U235. The blanket 
material consists of U in which plutonium is bred. Core and blanket subassemblies contained in transfer 
coffins are transferred between EBR-II and the Fuel Cycle Facility, which is in an adjacent building. The 
Fuel Cycle Facility consists primarily of an argon-atmosphere cell where fuel processing is done, an 
adjacent air-atmosphere cell where reactor subassemblies are assembled and disassembled, and an operating 
area (for personnel) which surrounds the two cells. Because of the high levels of activity expected, the fuel-
handling-and-processing equipment is designed for remote operation. 
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Title: Study of the Sensitivity of Calculations for Fast Reactors Fueled with Pu239-U233 and 233Th to 
Uncertainties in Nuclear Data 

Date: 9/1/1962 

Report: ANL-6608 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effects of uncertainties of nuclear data on the calculation of integral quantities 
for some fast breeder systems were evaluated. The integral quantities chosen were reactivity, initial 
breeding ratio, and initial internal breeding ratio. The fuels chosen were Pu239/-U238, both as metal and 
oxide, and U233-Th as oxide. The importance of propagation of errors on the uncertainty in reactivity was 
determined. Results indicated that because of inaccuracies in the values of nuclear parameters as known 
within the present state of the art” the deviations of the calculated reactivities should be about, and possib1y 
larger than, 2% DELTA k/k for all the medium and large systems considered. The deviation of the initial 
breading ratio is 3.5%, and for the initial internal breeding ratio it is about 5%. The consequent uncertainty 
in the calculated critical mass is of the order of 4%. 
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Title: A Critical Comparison of Measured and Calculated Fission Ratios for ZPR-3 Assemblies 

Date: 9/1/1961 

Report: ANL-6617 
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Abstract/Keyterms: A critical comparison of measured and calculated central fission ratios for 18 ZPR-3 
fast reactor assemblies has been made with the object of examining the accuracy of computation of spectra 
and of the fission cross sections used. This comparison uses fission ratios measured with Kirn absolute 
fission chambers and computed with ANL cross-section set 635. The measured and calculated fission ratios 
obtained with uranium-233, uranium-234, uranium-235, uranium-236, uranium-238, plutonium-240, and 
plutonium-240 are compared, both to search for trends which might occur with progressive changes in 
spectra, and to determine the accuracy of prediction of ratios. It is found that the calculated relative fission 
rates of plutonium-239 and uranium-233 are within about ± 1.5% of the measured values, and the calculated 
rates for plutonium-240, uranium-236, and uranium-238 relative to either plutonium-239 or uranium-233 
are within ± 3.5% to ± 5% of the measured values. However, calculated fission rates for uranium-235 and 
uranium-234 are about 6% low and 8% high, respectively, relative to those of the other five isotopes. 
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Title: Core a Critical Studies for the Enrico Fermi Atomic Power Plant on ZPR-III 

Date: 10/1/1962 

Report: ANL-6629 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A critical studies program for the Enrico Fermi Atomic Power Plant was run with the 
ZPR-III fast critical facility. The objectives of this program included determination of the U enrichment 
required for criticality, the effect of minor variations in core and blanket composition, reactivity 
coefficients, control and safety rod characteristics, power distribution, spectral indices, and the reactivity 
worth and wave shape of the oscillator rod. The experimental program was separated into two phases. The 
first phase involved investigation of a clean assembly, which was a simplified and homogenized core and 
blanket geometry constructed for ease of experimental manipulation and analysis. The second phase 
involved experiments on the engineered, or as-designed, core. This assembly included such engineering 
details as control and safety rod channels, core end gaps, and a precise reconstruction of the core outline. 
This provided detailed information on worths of control rods and fuel subassemblies, power distribution, 
and the effect of variations in core and end-gap dimensions. The application of critical experiment data to 
the determination of the Enrico Fermi reactor characteristics has established the U235 enrichment for the 
fuel alloy, worths of fuel subassemblies, and the B10 enrichment for the control and safety rods. In addition, 
material-substitution experiments and fuel-worth measurements have provided the parametric data for the 
determination of the net temperature coefficient of the Enrico Fermi reactor. 
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Abstract/Keyterms: Chemistry; Biochemistry; Conference; Qualitative Analysis 
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Title: Fabrication of UO2-Stainless Steel Dispersion Fuel for BORAX-V Nuclear Superheat 

Date: 12/1/1963 

Report: ANL-6649 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Leu-Comp-Therm-056; Metals, Ceramics, and Other Materials; Boiling; BORAX-5; 
Brazing; Dispersions; Enrichment; Fabrication; Fuel Cans; Fuel Elements; Planning; Research Reactors; 
Stainless Steels; Superheating; Uranium 235; Uranium Dioxide 
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Title: Critical Experiments on the Juggernaut Reactor 

Date: 12/1/1962 

Report: ANL-6650 

Conference/Journal:  
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Abstract/Keyterms: The experiments are described in sections on approach to critical, control system 
evaluation, measurements of fuel worth, measurements of reactivity and other coefficients, flux 
measurements, power measurements, and measurements of fuel plate, control rod, and graphite 
temperatures. 
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Title: Calculations for ZPR-VII Uniform Lattice Critical Experiments with Thoria- Urania Fuel in Heavy 
Water 

Date: 12/1/1962 

Report: ANL-6661 

Conference/Journal:  
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Abstract/Keyterms: Calculations are reported relating to the uniform lattice critical experiments 
performed in the ZPR-VII critical assembly with both THUD and Babcock and Wilcox thoriaurania fuel 
and heavy water as moderator. Constants appearing in the criticality equation and material bucklings are 
computed for lattice pitches used. Reflector savings are calculated and used in conjunction with 
experimental critical dimensions to calculate geometric bucklings. Analyses are carried out for various 
experiments, such as measurements of U235 and Th--Cd ratios, water worth, and fuel-substitution 
experiments. Theoretical and experimental values are compared whenever possible. 
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Title: Critical Studies of Core B for the Enrico Fermi Atomic Power Plant (ZPR-III Assembly No. 35) 

Date: 2/1/1963 

Report: ANL-6669 

Conference/Journal:  
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Abstract/Keyterms: Critical studies of a simplified mockup of the second loading (Core B) for the Enrico 
Fermi fast reactor were made. The core consists of a fully enriched, UO2-stainless steel cermet clad in 
stainless steel and cooled by sodium. The high critical mass found for the reactor mockup led to a series of 
experiments on reducing neutron leakage from the core by surrounding it with different reflectors. With a 
nickel reflector in place, measurements were made of the reactivity worths of various engineering features 
of the Fermi reactor, distributed and local reactivity coefficients, various fission and capture rates and 
fission ratios, and the prompt-neutron lifetime. Finally, with a nickel oxide reflector in place, some of the 
above measurements were repeated. 
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Title: A Survey of Prompt Neutron Lifetimes in Fast Critical Systems 

Date: 1/1/1963 

Report: ANL-6681 

Conference/Journal:  
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Abstract/Keyterms: Measurements of prompt-neutron lifetime by the Rossi-alpha method in more than 
30 different critical systems are reported. Most were assembled in Argonne's Zero Power Reactor III (ZPR-
3). The Rossi-alpha method, which has been described in the literature, represents a direct experimental 
determination of the ratio delta-k/tau, from which a value for tau is obtained if an estimate of delta-k is 
available. Our results indicate that for these assemblies, the lifetime is almost entirely governed by the 
uranium content of the core. Orndoff limits his development of Rossi-alpha theory to small single-region 
systems in which there is no wide spatial variation of neutron energy. Since some of the systems we have 
studied may be both large and complex by his criteria, we have done experiments to test the range of validity 
of the theory. We find that in a large all-metal system, such as the mockup for the Enrico Fermi fast breeder 
reactor, the value obtained for alpha does not appear to vary with the position of the counters in the core. A 
more interesting result arises from a measurement of the total coincidence probability as a function of the 
two counters. We find that the terminating counter was not necessarily most likely to detect chain-related 
neutrons when it was in a position of highest flux, and, further, this probability is, within the limits of 
experimental error, directly proportional to the flux in which the terminating counter is placed. 
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Abstract/Keyterms: This report is a continuation of a comparison of experimental parameters of ZPR-3 
fast reactor assemblies with those calculated through use of a cross-section set derived by the author from 
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The core characteristics which were measured are critical mass, control rod calibrations, excess reactivity, 
shutdown reactivity margin, reactivity effects of various core components, reactivity effects of temperature 
and voids, neutron flux and power distributions, and cadmium ratios. Some development and calibration 
work was done on a rotating oscillator rod. It was estimated that the rated full power of 20 Mw(th) probably 
could not be achieved, and therefore core changes were started for core B-2, designed to achieve more 
available excess reactivity. 
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V superheater subassemblies in a central voidable region plus 1228 to 1525 UO2 fuel pins (3 wt.% enriched) 
in a peripheral region. Removing water (28% of superheater volume) at room temperature decreased 
reactivity by 2.2%. The midplane (two-dimensional) peak-to-average power distribution in the voided 
superheater was approximately 1.24, mostly attributable to flux depressions within insulated fuel boxes. 
Cadmium ratios are also reported. The experiment was initiated to supplement computational information 
which might have affected plans for loading the superheater zone into the BORAX-V reactor. No changes 
were indicated by the experiment. 
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the axial and radial reflectors did not endanger the safe loading and operation of the critical assembly. The 
actual experiment consisted of determination of the critical mass, measurement of the reactivity coefficients 
for a large number of fissile and non-fissile materials, the performance of radial and axial fission traverses, 
and measurement of central fission ratios. The effectiveness of the radial beryllium reflector as a control 
mechanism was determined and the Rossi-alpha was measured. 
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Abstract/Keyterms: ZPR-3 Assembly 41 was a cylindrical fast-reactor system composed of a dilute 
uranium core surrounded by a thick, depleted-uranium blanket. The fuel, a five-to-one mixture of uranium-
238 and uranium-235, amounted to 35 v% of the core, and this was diluted with 18 v% aluminum, 14 v% 
steel, and 33 v% void. A critical mass of 494 kg of uranium-235 was measured for this composition. Basic 
physics experiments included measurements of spectral indices, material reactivity coefficients, and flux 
profiles. The worths of steel and aluminum as reflectors, relative to uranium, were investigated in radial 
and axial blanket regions. Studies were carried out to determine the relative merits of three breeder-blanket 
concepts v% sodium, and 20 v% steel); a uranium-carbide-type blanket (with 20 v% uranium, 20 v% 
carbon, 40 v% sodium, and 20 v% steel); and a two-zone blanket with an inner zone of EBR-II-type blanket 
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blanket types were measured to evaluate a rotary-control-rod concept for fast reactors. This report contains 
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problems with isotropic scattering are developed by the method of singular expansion modes. The results 
are given in the form of exact expressions for the neutron distributions and criticality conditions. These 
expressions depend on expansion coefficients that are shown to satisfy Fredholm integral equations of the 
second kind. Successive approximations on the coefficients lead to the asymptotic results of diffusion 
theory as well as to easily accessible transport corrections. The expansions for the neutron distributions are 
derived by two different, but equivalent, methods. In the first method a three-dimensional expansion for the 
angular density is developed from the elementary solutions of the transport equation and then specialized 
to the desired geometry. For problems with plane symmetry, the resulting expression are used directly to 
determine the expansion coefficients, whereas in spherical and cylindrical geometries the specialization of 
the three-dimensional solutions yields a variety of representations for the respective angular densities. The 
second method consists of replacing the angular distributions by suitable density transforms and then 
determining the transforms completely with the aid of the integral equations for the neutron densities. In 
plane geometry this method leads to the conversion of the transport equation to a singular integral equation 
for the angular density. In spherical and cylindrical geometries the appropriate transforms are shown to 
satisfy separable equations whose solutions can be represented by unique expansions in terms of complete 
sets of singular expansion modes. The coefficients in the transform expansions are determined by resulting 
side conditions and the actual neutron distributions established by simple inversions. Although emphasis 
on obtaining exact expressions for the neutron distributions and criticality conditions, the results are 
illustrated by approximate expressions and computations. 
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the reactors considered in the present report are (a) Godiva, Topsy, Jemima, Jezebel, Popsy, and uranium-
233 assemblies constructed as Los Alamos; (b) three plutonium-graphite critical assemblies constructed 
with the reactor VERA at AWRE, Aldermaston, England; (c) the plutonium-fueled Mark-IV loading of the 
EBR-I reactor at Idaho division of ANL; and (d) a plutonium-and uranium-235-fueled mockup in ZPR-3 
of a proposed French reactor, Rapsodie. 
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FAST-013, IEU-MET-FAST-014; An experimental physics-neutronics study of materials and design 
concepts for proposed high-temperature fast reactors has been undertaken in support of the Argonne 
National Laboratory rocket-design effort. In the basic design, the fuel is highly enriched uranium-235, the 
major diluent is a tungsten-rhenium alloy, and the reflector material is a light metal or metal oxide. Initial 
studies have concerned specifically tungsten as a diluent in moderate-volume (100-to 300-liter) fast-reactor 
cores and aluminum as the reflector. This report summarizes the results of measurements made on four fast 
critical experiments performed in ZPR-9. A major objective of these experiments was to provide the 
necessary data for selection of a single, multigroup, tungsten cross-section set from the several generated 
for this program. A suitable reference for these studies is the depleted-uranium-diluted and-reflected reactor 
first constructed as ZPR-3 Assembly 11. Subsequently, it was reconstructed as ZPR-3 Assembly No. 22 
and ZPR-6 Assembly No. 1. The core uranium-238-to-uranium-235 ratio was 7:1 and the reactor 
construction material (matrix and fuel drawers) was stainless steel. ZPR-9, a counterpart of ZPR-6, except 
that the ZPR-9 matrix and fuel drawers are aluminum, was used for these studies. Four fast-reactor 
assemblies were constructed as part of this program. The first core studied (Assembly No. 1) was the 
standard 7:1 volume ratio of uranium-238 to uranium-235, which differed from the reference assembly only 
in the use of aluminum as the reflector and matrix structure material rather than a depleted-uranium reflector 
and a stainless matrix. These studies were of particular interest in evaluating the effects of aluminum as a 
reflector material in comparison with the better-known depleted-uranium reflector. In subsequent reactor 
assemblies, one-fourth, one-half, and all of the uranium-238 diluent were homogeneously replaced by 
tungsten. The compositions of these assemblies are given. In Assembly No. 4 lengthening of the core and 
increased fuel concentration were necessary to achieve a realistic core configuration as tungsten was added. 
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of ZPR-3 fast critical assemblies. These data are central fission ratios, relative reactivites of certain 
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differences between calculated and measured data, and these are compared with similar trends found in the 
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fuel specification for Rapsodie, the evaluation of the Rapsodie design control systems, and the collection 
of other data useful in verifying calculational techniques. The Rapsodie core simulated in the mockup was 
approximately a 40-liter cylinder containing 40 v% fuel (a plutonium dioxide-uranium dioxide mixture), 
34 v% sodium, and 20 v% steel. The experiments were done in two phases physics-core study, and an 
engineering-core study. For the physics-core study, a simple core-blanket arrangement was constructed for 
ease of calculation, and spectral indices and local reactivity coefficients were measured. In the fuel for the 
physics-core mockup, the ratio of uranium to plutonium was about 5 enriched to 60 a/o. Both radial and 
axial blankets had a composition equivalent to about 45 v% uranium, 30 v% sodium, and 15 v% steel. In 
the fuel for the engineering core, the uranium-to-plutonium ratio was reduced to 3.2 enriched. Mockups of 
the Rapsodie axial regions, steel-sodium end gaps, and different axial blankets were constructed with the 
engineering core, along with mockups of the Rapsodie control and safety rods. Experiments in the full 
engineering mockup included rod-worth studies, material-reactivity-coefficient measurements, and 
traverses of neutron detectors and fuel-reactivity samples. This was the first ZPR-3 critical assembly to 
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generation from alpha decay of the plutonium affected the accuracy of reactivity measurements, and the 
neutron source from spontaneous fission required different techniques for measuring reactor periods. 
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ZPR-3 fast critical assemblies. Critical masses, central-detector response ratios, and prompt-neutron 
lifetimes have been calculated. Only the first 22 groups of the 26-group set were employed; however, for 
the relatively high neutron-flux spectra of these assemblies the 30 eV lower energy limit of group 22 more 
than suffices. For any given core composition the effective-group cross sections for transport and elastic 
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coolant atoms are thus taken into account. 
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simulated plutonium carbide-uranium carbide-fueled cores with volumes of 57 and 68 liters, respectively. 
Core C was an 87-liter system with an plutonium dioxide-uranium dioxide fuel representation. Cores D, E, 
and F, with volumes of 80, 108, and 95 liters, respectively, were each composed of four annular fuel zones. 
The different zones contained simulations of oxide, carbide, and alloy fuels as mockups of envisaged 
multifueled Faret cores. An additional three-zoned core, core G, was used for fast-reactor physics 
experiments of a general nature. Principal experiments with the mockups were Faret-design boron carbide 
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coefficients for core-constituent materials. 



 

C-999 

996…..…..…………………..…….……..……ID Number…………………..…..…………….996 

Author: Duffy, G. J. / Greenspan, H. / Sparck, S. D. / Zapatka, J. V. / Butler, M. K. 

Title: SNARG-1D: A One-Dimensional, Discrete-Ordinate, Transport-Theory Program for the CDC-3600. 

Date: 1/1/1966 

Report: ANL-7221 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Boundary Conditions; CDC 
3600; Computers; Configuration; Criticality; Equations; Neutrons; Programming; SNARG-1D-CODE; 
Transport Theory 



 

C-1000 

997…..…..…………………..…….……..……ID Number…………………..…..…………….997 

Author: McVean, R. L. / Weitzberg, A. / Kremser, J. / Leridon, A. M. / Long, J. K. 

Title: Critical Studies of the Southwest Experimental Fast Oxide Reactor (SEFOR in ZPR-3 (Assembly 
47) 

Date: 3/1/1967 

Report: ANL-7248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Assembly 47 was an engineering mockup of the southwest experimental fast oxide 
reactor (SEFOR) in Zero Power Reactor-3 (ZPR-3). The critical-studies program in ZPR-3 had seven basic 
goals. 1. To determine the plutonium enrichment of the SEFOR fuel. 2. To verify the adequacy of the 
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to minimize the effects of axial thermal expansion, measurements were made in three different core 
mockups. The basic measurements were made in the one-segment, or reference, core, and several of these 
measurements were repeated in mockups of a two-segment fuel-element core loading and a three-segment 
fuel-element core loading. 



 

C-1001 

998…..…..…………………..…….……..……ID Number…………………..…..…………….998 

Author: n. a. 

Title: Reactor Development Program Progress Report, September 1966 

Date: 1/1/1966 

Report: ANL-7255 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Accidents- Analysis- 
Coincidence Methods- Computers- Cross Sections- Design- Efficiency- Fast Neutrons- Neutrons- 
Programming- Reactors- Resonance; Chemical Reactions- Fast Neutrons- Fuel Cans- Fuels- High 
Temperature- Plutonium Oxides- Reactors- Reprocessing- Separation Processes- Uranium Dioxide; 
Aluminum Alloys- Chromium Alloys- Fast Neutrons- Fuel Cans- Hastelloy- Inconel Alloys- Irradiation- 
Molybdenum Alloys- Neutron Beams- Nickel Alloys- Niobium Alloys- Radiation Effects- Stainless Steels- 
Vanadium Alloys; Ceramics- Corrosion- evaporation- Fuels- High Temperature- Irradiation- Lithium- 
Mechanical Properties- Phosphides- Plutonium Carbides- Radiation Effects- Tantalum- Uranium Carbides- 
Uranium Compounds- Uranium Sulfides- U3o8; Control Elements- Coolants- CP-6- Deformation- Design- 
Failures- Fuel Elements- Liquid Flow- Measurement- Numericals- Plates 



 

C-1002 

999…..…..…………………..…….……..……ID Number…………………..…..…………….999 

Author: Pennington, E. M. 

Title: Analysis of High Conversion Critical Experiments. 

Date: 1/1/1967 

Report: ANL-7270 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; BORAX-5; 
Critical Assemblies; Criticality; Fuel Elements; Fuels; Measurement 



 

C-1003 

1000…..…..…………………..…….……..……ID Number…………………..…..…………….1000 

Author: Karam, R. A. / Ancarani, A. / Helm, F. / Kato, W. Y. / Main, G. W. / Rusch, G. K. 

Title: Measured Physics Parameters in a Zoned Fast Uranium Carbide Core, Assembly 4Z 

Date: 12/1/1966 

Report: ANL-7281 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Assembly 4Z of ZPR-6 was a zoned cylindrical core with a central region having the 
composition of a 2600-liter carbide core, Assembly 5. Assembly 4Z was designed so that the neutron-
energy spectrum and the importance spectrum at the center are the same as those for Assembly 5. The major 
objective associated with zoned core is to test, in conjunction with the full-scale system, how well reactor-
physics parameters for Assembly 5 can be predicted from the zoned-core measurements. The following 
conclusions may be made on the basis of the experimental results: 1. The critical mass (1101 kg) was 
predicted within 1-2% with several different cross-section sets. 2. The measured neutron-energy spectrum 
is in general agreement with the calculated spectrum. Spectral indices obtained with fission ratios of 
different materials also support this conclusion. 3. Fission-rate traverses showed that the application of 
diffusion theory to zoned cores with narrow regions results in softer spectra of the high-energy groups. 
Results from a transport code, SNARG, were in better agreement with measurements. 4. ELMOE averaging 
is a valuable tool for producing averaged group cross sections for the asymptotic spectra, provided such 
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zone, where an asymptotic spectrum cannot be achieved, gives poor approximation of the true spectrum 5. 
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calculations, the opposite is true for the importance of fission neutrons. 
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Abstract/Keyterms: ZPR-3 Assembly 48 is the first of a series of comparatively simple, plutonium-fueled 
critical assemblies which, although not of a large critical mass, will have spectra broadly similar to fast 
power reactors of several thousand-liter core volumes. This achieved by the use of graphite to moderate the 
neutron spectrum. One of the major criteria adopted in the design of this series was the maximum simplicity 
of core design consistent with obtaining maximum utilization of the plutonium inventory, suitable neutron 
spectra, and compositions of reactor interest. Assembly 48, therefore, contains the same composition in 
every drawer in the core, a feature which is believed to be of great importance in aiding the analysis. The 
core contains both plutonium and plutonium-uranium alloy as fuel, and depleted uranium is added to bring 
the uranium-to-plutonium ratio up to a value of approximately 4. 
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Abstract/Keyterms: Recent experimental information from dilute, plutonium-fueled critical assemblies 
was used to test and to provide guidance for improving fast reactor design data and calculational methods. 
Most of the experimental data used in this study are taken from ZPR-3 Assembly 47 (the SEFOR core 
mockup). The important nuclear reactor parameters were calculated with a number of variations in nuclear 
data and calculational techniques. An analysis of the experimental and calculated results shows that by 
careful adjustment of the important cross sections, well within experimental uncertainties, and by improved 
accuracy in the calculational methods, a much closer agreement can be achieved between calculations and 
experiments than that heretofore reported. A complete evaluation was made of the cross-section and 
resonance parameter data for plutonium-239, the most important isotope in this case. The new data yield 
good agreement with the critical mass of Assembly 47. They result in a calculated plutonium-239 Doppler 
effect that is essentially zero, in agreement with measured values. A two-dimensional calculation of the 
neutron lifetime, using group constants that adequately account for the spatial variation of the neutron 
spectrum, yields a significant improvement over that based on a one-dimensional model. Those adjustments 
in nuclear data which had the greatest effect on Assembly 47 results were then used to calculate the 
important parameters of ZPR-3 Assembly 48. Their effects on Assembly 48 results can then be analyzed as 
the experimental results for this assembly become available. 



 

C-1027 

1024…..…..…………………..…….……..……ID Number…………………..…..…………….1024 

Author: Fillmore, F. L. / Specht, E. R. / Vernon, A. R. / Ottewitte, E. H. 

Title: The Evaluation of Basic Cross-Section Data by Analysis of Fast Critical Assemblies 

Date: 10/10/1966 

Report: ANL-7320, 080-087 

Conference/Journal: International Conference on Fast Critical Experiments and their Analysis, 10-13 
October 1966, Argonne, Illinois 

Conference Session:  

Abstract/Keyterms: Calculations of the properties of a number of fast critical assemblies are being carried 
out as part of a continuing program for testing and evaluating multigroup cross sections for fast reactor 
calculations. The experiments included in the present analysis have been chosen to cover a wide range of 
fuel materials and reactor spectra. This increases the ability to identify errors according to the material and 
energy range in which they occur. The assemblies studied include a number of uranium-235 fueled ZPR-3 
assemblies; ZPR-3-45 and 45A, driven plutonium assemblies which were mainly used for Doppler 
measurements; the SEFOR mockup, ZPR-3-47; the plutonium-fueled assembly, ZPR-3-48; ZEBRA Core 
5; the small fast assemblies Popsy and Jezebel (fueled with metallic plutonium), and Godiva (fueled with 
metallic uranium). The properties examined include critical mass, Doppler effect, fission ratios, and the 
reactivity worths of various material replacements. The properties of the small fast assemblies depend only 
on the high-energy data; they are practically independent of cross sections below 100 keV. However, the 
larger assemblies require accurate data down to about 100 eV. All of the multigroup cross sections have 
been constructed using basic microscopic cross-section data taken from the Atomics International evaluated 
nuclear data file and have not been adjusted to force agreement with the critical-assembly data. For the 
large, soft-spectrum assemblies, the cross sections were weighted by a fine-group spectrum calculated for 
each assembly. Earlier results disclosed certain deficiencies in the cross sections contained in the data file. 
Subsequently, many of these cross sections were revised and updated, resulting in significant improvements 
in the agreement between the calculations and the experimental results. 
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section sets, calculational models of two well-defined critical experiments have been specified. The critical 
assemblies chosen for this study were the Jezebel (plutonium) assembly and the 610-liter ZPR-6 (Assembly 
No. 2) uranium carbide core. The Hansen-Roach 16-group and Russian 26-group cross-section sets were 
used for the initial comparisons. Calculations were made to determine the critical core volumes and central 
reactivity worths by use of the DTF-IV transport code in the S-8 approximation and assuming spherical 
geometry. In addition, two types of perturbation-theory calculations were made to arrive at central reactivity 
worths for small samples. The first of these is used to compute worths in terms of simple atomic perturbation 
cross sections. The second is based on transport perturbation theory, using real and adjoint currents and 
fluxes, with results expressed in terms of delta(k)/g-atom. Wherever available, experimental data are 
presented for comparison with calculations. Central reactivity worths have been calculated for the following 
materials uranium-238, uranium-235, depleted uranium, iron, nickel, chromium, sodium, tantalum, 
aluminum, molybdenum, and boron. In the case of ZPR-6, the reactivity effect of voiding the core sodium 
was also calculated. 
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Abstract/Keyterms: STARK is a coupled zero-power reactor consisting of a supercritical fast core driven 
by a surrounding light-water-moderated thermal zone. Four different fast core loadings, containing up to 
107 kg uranium-235, have been investigated so far, one of them with a carbon-hydroxide admixture to 
simulate the spectrum of a steam-cooled reactor. A number of experiments have been performed to obtain 
information on the neutron spectrum in the fast zone. Spatial distributions of reaction rates were determined 
by fission-chamber and foil techniques; differential neutron spectra were studied by proton-recoil 
proportional counters; reactivity worths of samples were measured in the fast core with a square-wave pile 
oscillator. Also, integral parameters of the entire system were obtained by various kinetic methods. The 
experimental results are compared with one-dimensional diffusion and SULFUR-4 calculations using the 
Russian 26-group cross-section set. The experimental data give no indication of larger deviations from the 
calculated spectra in the keV and MeV-regions, whereas discrepancies were found in the region of lower 
eV. The integral reactor parameters (neutron lifetime, critical mass, and partition of reactor power between 
the zones) were found to agree reasonably well with the calculation. 
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Abstract/Keyterms: The fast reactor, FRO, is a split-table machine with vertical fuel elements. A quantity 
of 120 kg uranium-235 is available as fuel, fabricated into metallic plates of 20% enrichment. of the first 
five cores studied three (Numbers 1, 2, and 4) consisted of undiluted fuel. Core No. 3 was diluted with 
graphite (29 v%) and No. 5 with graphite (29%) and polythene (7.5 percent). All assemblies had a thick 
reflector of copper except for No. 4, which had a uranium reflector. Among the experiments carried out 
with FRO the following items are dealt with in this paper reaction ratios, central reactivity coefficients, and 
heterogeneity effects. Measurements of reactivity worths of multiplying as well as absorbing control rods 
are also summarized, including studies of interaction effects and streaming in empty channels. Recently, 
spectrometry work with proton-recoil counters and Doppler measurements by means of foil activation have 
been initiated. The latter have been carried out at 590 degree C, and preliminary results for uranium-235 
and uranium-238 have been obtained. The experimental results have been analyzed with various models. 
The spectrum program SPENG, which includes a data library, has been used to calculate core and reflector 
fine-structure spectra and to derive multigroup cross-sections sets for the different assemblies. For the 
critical-size and flux calculations the DSN and TDC transport theory programmes have generally been 
employed, and a second-order perturbation code has been used to analyze the central reactivity 
measurements. The experiments show that the spectrum in the copper reflector is softer than predicted, but 
apart from this discrepancy good agreement between theory and experiment has generally been obtained, 
especially when critical mass is concerned. 
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Abstract/Keyterms: IEU-MET-FAST-014, IEU-MET-FAST-013, HEU-MET-FAST-067, HEU-MET-
FAST-070, HEU-MET-FAST-060, ZPR9-1-ZPR9-9; The series of critical assemblies discussed here was 
performed in connection with the program for development of a fast tungsten reactor for nuclear propulsion. 
At the time, almost nothing was known about the neutronics of such systems. A program of critical was 
therefore planned to obtain some basic information about fast tungsten-based systems. The approach 
selected was to begin with systems which had already been studied, such as Assemblies 11 and 22 of ZPR-
3 and Assembly 1 of ZPR-6. A series of critical configurations was constructed in which only a single 
change of composition was made from one assembly to the next. The experiments were performed with the 
split-bed Assembly ZPR-9. The cores were made as close approximations to cylinders as possible in the 
rectangular drawers of the assembly. Criticality was normally achieved by varying the core radius. 
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Abstract/Keyterms: Experimental fast reactor physics activities at General Electric have embraced both 
space and central-station power applications. At the Vallecitos Atomic Laboratory, studies utilizing the fast 
core of the Mixed Spectrum Critical Assembly (MSCA) have concentrated on soft-spectra parameters. 
Concurrently, at the Idaho test station, small hard-spectrum refractory metal systems have been studied in 
the 710-CE. 
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Abstract/Keyterms: A series of relatively simple plutonium-fueled assemblies with well-degraded spectra 
has been designed for study in ZPR-3 Assembly 48, the first in the series, was chosen as the subject of an 
international comparison of fast reactor calculation techniques which is reported elsewhere at this 
conference. Each assembly in the proposed program will consist of a cylindrical core surrounded by a 
depleted uranium blanket. In Assembly 48 the material constituents of the core are limited to plutonium, 
depleted uranium, sodium (25%), graphite, and the stainless steel present in the structure and canning of 
the sodium and plutonium plates. Graphite is included to degrade the neutron spectrum. The ratio of 
uranium to plutonium in the core is 4.2. The program of measurements with Assembly 48 is still in progress. 
The results of the critical-mass evaluation, fission cross-section ratio, and central perturbation 
measurements are described. Also included are a brief statement of the results of the neutron spectrum and 
Doppler coefficient measurements which are reported in more detail elsewhere in these proceedings. 
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Abstract/Keyterms: ZEBRA 6 was a plutonium-fueled fast reactor with natural uranium, graphite, and 
sodium as diluents. The critical mass was 186 kg of plutonium-239 + plutonium-241. The report contains 
a selection of the measurements performed, including mainly techniques which will be important in the 
study of the PFR mockup. Thus the critical mass and the reactivity worth of sodium, probably the topics of 
most direct importance, are discussed. Measurements of the neutron spectrum and the gamma dose rate 
through the reactor are described. From perturbation and reaction rate measurements with plutonium-239 
and boron-10, the capture-to-fission ratio in plutonium-239 is obtained. Because the reflector contained 
moderating material, having a composition nearly like uranium carbide, some attention is given to cross-
section measurements in the reflector. The results are compared with calculations using diffusion theory 
with the FD2 multigroup cross-section set. 
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Abstract/Keyterms: ZPR9-11, ZPR-18; ZPPR6-S; The Argonne National Laboratory has investigated the 
physics characteristics of a large, dilute uranium carbide reactor by studying ZPR-6 assemblies 4Z and 5, 
and ZPR-9 Assembly 11. Assemblies 4Z and 11 are zoned core systems with a central region having the 
same composition as assembly 5, a 2600-liter carbide reactor. Assemblies 4Z and 11 were designed so that 
both the neutron-energy spectrum and the importance spectrum at the center of the core would be as 
identical as possible to those of assembly 5. The two main purposes of these assemblies were (1) to obtain 
physics parameters of large, dilute carbide cores, and (2) to determine the areas of validity of reactor physics 
parameters obtained from zoned-core measurements for a full-scale system. The measurements conducted 
on these three assemblies may be divided into seven categories: 1. Critical mass; 2. neutron energy and 
spatial distributions of the real fluxes; 3. Spatial distribution of the importance of fission neutrons; 4. 
Sodium-void coefficient and the radial reactivity worth of uranium-235, uranium-238, and graphite; 5. 
Reactivity worths of a large number of materials at the center of the core; 6. Rossi-alpha; 7. Doppler-effect 
measurements. This paper deals principally with the description of the cores, critical masses, sodium-
coefficient studies, and the radial reactivity worths of core materials. A companion paper discusses the 
measurements made to test the validity of zoned-core measurements for scaling up to full-sized reactors. A 
third paper discusses some of the measurements of the Doppler effect conducted with these cores. 
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Abstract/Keyterms: HEU-MET-FAST-051, HEU-MET-FAST-071; Pairs of identical, coaxial, 27.94-
centimeter-diameter cylinders of unmoderated and unreflected uranium metal have been assembled to 
delayed criticality with large spaces between the flat surfaces. The uranium metal was enriched to 93.15 
wt.% in the uranium-235 isotope. Prompt-neutron decay constants of the assemblies were measured by the 
Rossi-alpha technique, and the results agreed with those predicted by a method in which a pair of equations 
represented the kinetics of a coupled-core assembly. The equations neglected delayed neutrons and assumed 
space-independent kinetics for each cylinder with a time lag to represent the flight time of neutrons from 
one cylinder to the other. Multiplication factors calculated for the assemblies using S-8 transport theory 
also agreed with the experimental values. 
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Abstract/Keyterms: An analysis of several critical fast assemblies containing uranium or plutonium as 
fuel, and various kinds of materials as reflectors, has been performed by means of a Monte Carlo code in a 
multigroup approximation. The main features of the Monte Carlo strategy adopted in this code are briefly 
summarized. Elastic and inelastic scattering are separately considered, and anisotropy for the elastic 
scattering has been taken into account. The twenty-group cross-section set adopted for the calculation is 
given. The multigroup set has been obtained on the basis of microscopic data only, without any a posteriori 
adjustment. In this way it is hoped that the comparison between the results of calculation and experiments 
may be useful in setting the limits of confidence both for the method and for the constants adopted, at least 
for the kind of critical assemblies here considered. 
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Abstract/Keyterms: Criticality studies have been made of three-dimensional cuboidal systems of uranium 
metal cylinders enriched to 93.2 wt% uranium-235. The systems were composed of nearly identical, 
individually subcritical components spaced in air. The dependence of the system critical mass upon the 
mass and shape of the components was examined by utilizing unit ranging in mass from 10.5 to 26.2 kg of 
uranium and with height-to-diameter ratios from 0.47 to 1.17. The calculation of such assemblies by usual 
analytic techniques is not practicable, but the systems are ideally suited to Monte Carlo methods. The 
multiplication factors of a number of the experiments have been computed by several codes and the results 
compare favorably. The one most extensively employed, however, has been the British GEM Monte Carlo 
code. A brief description of the geometry input and those features of the code applicable to the experimental 
systems investigated will be given in the paper as well as the results of typical experiments and comparison 
with computation. The computed values of k(eff) agree with experiment to within 1.5%. 
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Abstract/Keyterms: For safety reasons it is very important to predict the sodium-void effect in the design 
of large fast power reactors. The sodium-void coefficient was studied in detail with Assemblies 2 and 3 of 
ZPR-6, which represent in their composition large uranium-fueled and sodium-cooled carbide cores. 
Measurements were performed in central regions of different sizes and in a large number of off-center 
regions throughout the cores. Calculations of the sodium-void effect and of its individual components were 
made for the experimental regions by one-and two-dimensional diffusion theory. Perturbation and k-
calculations were used in one dimension, while only perturbation calculations were used in two dimensions. 
The results given by the various calculational techniques are compared to each other and to the experimental 
values. 
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Abstract/Keyterms: Fast critical systems at the Argonne Zero-Power Reactors ZPR-3, 6, and 9 are 
constructed of drawers containing plates of various basic materials. The plates are placed in some sequence 
relative to each other within a drawer. These heterogeneities cause variations of sodium-void reactivity 
values which depend upon the intra-drawer plate configurations. The variations of sodium-void reactivity 
can be interpreted as arising from differences in spatial variations of multigroup fluxes across the drawer-
cell, differences in effective resonance self-shielding of the heavy isotopes in the lower energy regions, and 
in some cases also anisotropic leakage (streaming). The results of calculational analyses generally compare 
favorably for a series of heterogeneous sodium-void experiments reported for ZPR-6 Assembly No. 3. With 
increasing thickness of unseparated sodium plate-regions there resulted perceptibly less-negative calculated 
values than experimentally reported. The difference is attributed to anisotropic leakage. Results are also 
given of calculations of the excess reactivity, i.e., smaller critical mass, of the heterogeneous ZPR-6 
Assembly No. 3 system relative to a homogeneous system. 
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Abstract/Keyterms: Core zoning is a technique whereby the total fuel inventory required to study a large 
fast reactor can be substantially reduced. This technique usually comprises a test zone, a buffer region, a 
driver region, and a reflector. The composition of the test zone is usually identical to the composition of the 
large core whose spectrum is to be duplicated at the center of the zoned core. The driver region must 
necessarily have greater concentration per unit volume of the fissile material than in the test zone if the 
reduction in fuel inventory is to be realized. The buffer region, between the test and driver zones, must be 
tailored as to composition and thickness in such a way that the neutron energy and importance spectra at 
the center of each of the test zone and the full-size core are the same. The composition of the reflector can 
be the same for both the zoned and full-size cores. The choice of diluent materials and their concentrations 
in the driver region is, by and large, a matter of taste, although there may be a particular composition which 
tends to minimize the critical mass. The choice of materials for the buffer region, to a large measure, 
depends on the neutron spectrum in the driver. For example, if the neutron spectrum in the driver is harder 
in the entire energy range than in the test zone, then the buffer region should generally have an inelastic 
scatterer for degrading the high-energy neutrons and an elastic scatterer for the low-energy neutrons. The 
desirable composition is usually arrived at by adjusting the concentration of one component at the expense 
of the other until the spectral matching in the two systems is achieved. The thickness of the buffer region 
is usually chosen according to the ease with which a shell can be constructed, and this depends on the 
physical properties of the facility involved. 
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Abstract/Keyterms: Spectrum measurements have been made at the center of the ZPR-3 Assembly 48, a 
large, dilute, plutonium-fueled fast reactor. The energy distribution of fragments from the lithium-6 
(n,alpha) tritium reaction and of protons recoiling in a hydrogen proportional counter can be interpreted in 
terms of the neutron-energy spectrum. The results of measurements with the two techniques are compared, 
and the agreement is within estimated errors. Introduction assembly 48 of ZPR-3 is a plutonium-fueled 
critical assembly which simulates a class of large power reactors. The scheduling of experiments for this 
assembly allowed for neutron-spectroscopy measurements to commence early in the program. In this paper 
the results of two of these measurements will be described. The techniques are by proton-recoil proportional 
counting and by the lithium(n,alpha) tritium reaction. Both have been used previously for in-core 
measurements at Argonne, and are typical of in-core spectrometers in use and under development at 
Argonne and elsewhere. 
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Abstract/Keyterms: The experimental data obtained by Bennett in the measurement of central neutron 
spectra in fast critical assemblies have a resolution of 15-20% in energy over the energy range, which 
extends approximately from 1 keV to 1 MeV. The high resolution, combined with the small statistical error 
of the data, makes it possible to measure, in addition to the macroscopic behavior of the neutron spectrum, 
some of the microscopic variation of the spectrum at those energies for which resonances of the light 
elements cause sharp variations of the transport cross section. The greater resolution of the experimental 
spectra raises the question as to how accurately the present analytical methods can predict the microscopic 
variations of the spectrum, and adds considerable interest to the comparison of experiment with theory. It 
is the purpose of this note to show the results of two such comparisons, in which some detailed experimental 
spectra were matched to corresponding high-resolution calculations. 
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Abstract/Keyterms: General Electric has been working on a proton-recoil spectrometer very similar to 
that developed by E. Bennett of ANL. The preamplifier is identical to that described by Bennett, but the 
remainder of the electronics consists of equipment normally used with solid-state detectors. Discrimination 
in pulse rise time is used to separate gamma-background effects. Pulse height is fed to the Y axis of a 4096-
channel two-parameter analyzer, and the derivative of the pulse rise is fed to the X axis, whereas in Bennett's 
system the ratio of the derivative to the pulse height is fed to the x axis. The neutron events fall on the 
diagonal, from lower left to upper right, of a two-parameter array, and the gamma events fall to the left of 
the diagonal. Excellent discrimination between gammas and neutrons has been achieved. A cobalt-60 
source is used to provide a gamma background which is normalized to the gamma only region of the two-
parameter array, thereby permitting a correction for the few gamma events which fall along the diagonal. 
The chambers are stainless steel tubes, one inch in diameter by 7 inch long, with an effective length of 3 
inch they are filled with either 3 atm of hydrogen gas or 4 atm of methane, and contain some nitrogen for 
calibration, which is done by use of protons with an effective energy of 615 keV produced by the thermal-
neutron reaction nitrogen-14(n,p) carbon-14. The hydrogen tubes contain a small amount of methane for 
quenching. 
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Abstract/Keyterms: Spectra have been measured over the whole energy range in two VERA fast reactor 
assemblies, designated VERA 1625A and VERA 1725J. In particular, the low-energy spectra have been 
determined by the time-of-flight technique, and this has been checked in one of the assemblies against a 
proportional counter using pulse-shape discrimination. The measured spectra are compared with spectra 
calculated by means of the FD1 and FD2 data sets, and these are shown to be in error in predicting too low 
a neutron flux in the low-energy range. The experimental assemblies are similar to two ZEBRA assemblies 
in which the Doppler temperature coefficient has been measured. 
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Abstract/Keyterms: SUAK is a small, unreflected fast subcritical facility fueled with thin plates of 20% 
enriched uranium metal. With a 200-keV, pulsed neutron generator, measurements of the prompt-neutron 
decay constant and of the neutron spectrum were performed. The first assembly consisted of pure uranium 
only; then different amounts of polyethylene were added to shift the neutron spectrum. The neutron spectra 
at the center and at the surface of the pure uranium assembly have been measured by the time-of-flight 
method and with a series of spherical proton-recoil proportional counters. The experimental results were 
compared with calculations in which different approximations and cross sections were used. The 
experimental neutron lifetime was always longer than the calculated one. The deviation amounts to only 
4% for the pure uranium assembly and to about 30% for the hydrogen-moderated assemblies. Situations 
with good time-eigenvalues, with quasi-modes and where no exponential could be found, were observed in 
the SUAK assemblies in agreement with theoretical predictions. Different types of pulsed reactivity 
determinations were used. In addition, a modulated source technique was tried for the determination of (1-
k(eff))/L. In connection with the measurement of the spectra by the time-of-flight method the problems of 
background, detector efficiency, and resolution correction are discussed. The calibration and the evaluation 
procedure of data obtained with the proton-recoil detector are described. The measured spectra of the first 
assembly obtained by both methods agree rather well with each other in the common measured energy 
range from 25 keV to 1.5 MeV but the measured spectra are softer than the calculated spectra. 
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Abstract/Keyterms: A series of small, plutonium plus-uranium-235-fueled fast reactor cores with steel 
radial and axial reflectors were constructed in Argonne’s Zero Power Reactor Reactor-3 as part of the design 
program for the Faret reactor. These studies, designated ZPR-3 Assembly 46, were essentially mockups of 
possible loadings of the Faret core. The primary objective of the studies was to confirm the physics analysis 
of multifueled, nonuniform core loadings as were envisaged for the Faret system. A principal interest in the 
studies was to establish experimentally the predicted reactivity control afforded by the control-rod designs 
for Faret. The agreement obtained between calculations and the results of experiments for control-rod worth 
was sufficient to establish the range of control possible in the Faret reactor. of equal importance was the 
substantiation of the neutronic behavior of a mixed core in Faret when subassemblies of different types of 
fuels were interchanged. Analytical calculations were done for all experiments, and the methods for analysis 
that were adopted will be discussed in the paper. The agreement of the analyses with the experimental 
results is found to be generally good. A study of the mixed-core systems and the comparisons of calculations 
with results of fuel-exchange experiments in three cores indicate that the behavior of a mixed-core loading 
can be understood as well as that of a uniform core loading. 
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Abstract/Keyterms: The critical assembly for the SEFOR reactor, which has been built in ZPR-3, is the 
first large, plutonium fueled critical assembly to be built in the fast breeder program. Beryllium oxide has 
been included in the design of the 528-liter core to soften the neutron spectrum to match more nearly that 
of a large power reactor and to enhance the Doppler effect. Metal fuel plates are used in the core. Sodium 
carbonate, along with some aluminum, is used to represent the sodium coolant and the oxygen in the SEFOR 
oxide fuel. There is a region of sodium and stainless steel between the core and the radial reflector. The 
reflector is made of nickel and is used for control of the SEFOR reactor. Because of the SEFOR design 
requirement to minimize the effects of axial thermal expansion, measurements were made in three different 
core mockups. The basic measurements were made in a one-segment, or reference core, and several of these 
measurements were repeated in mockups of a two-segment fuel element core and a three-segment fuel 
element core. 
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Abstract/Keyterms: A series of critical experiments was performed with a mockup of SEFOR at ZPR-3. 
Analyses of these experiments and the application of the results to the SEFOR design are discussed. Values 
of the critical mass were determined for 1-, 2-, and 3-segment SEFOR fuel designs in order to help establish 
the plutonium atom fraction in the SEFOR fuel. Reactivity effects of axial fuel expansion were measured 
which led to selection of the 2-segment design for SEFOR. Measurements of the reactivity worth of the 
radial reflector established the adequacy of the SEFOR reflector-control system. The Doppler coefficient 
was measured. The calculated uranium-238 Doppler coefficient was in agreement with the experimental 
value; the measured plutonium-239 contribution to the SEFOR Doppler coefficient was near zero. It was 
demonstrated that the SEFOR Doppler coefficient (t(delta(k)/delta(t)=-0.0085) is significantly more 
negative than the conservative value assumed for safeguards analysis. The maximum positive reactivity 
due to loss of sodium was measured; the measured reactivity was small (+ 6 cents) and close to the 
calculated value. The ratio of prompt-neutron lifetime to delayed neutron fraction was measured both by 
the pulsed neutron technique and by noise analysis. The values measured by the two techniques were in 
agreement, and, for a calculated beta(eff) of 0.0033, gave L=0.69 micro seconds. 
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Abstract/Keyterms: A series of critical experiments has been performed on a close mockup of the SORA 
reactor. SORA is a sodium-potassium-cooled, repetitively-pulsed fast reactor which will be used as high-
intensity neutron source for time-of-flight experiments. The reactivity of this reactor is periodically varied 
by means of a movable reflector. Those parameters which are related to the kinetics of the reactor have 
been investigated thoroughly in the critical experiments. The total reactivity value of the movable reflector 
determines the ratio of the peak power to that between pulses. The reactivity of the movable reflector as a 
function of its position and the prompt-neutron decay constant determine the half-width of the neutron 
pulses. These parameters have been measured for beryllium and for iron reflectors of several sizes, and for 
various core and reflector configurations. It has been shown, for example, that a 24-cm-high, 7-cm-thick, 
and 21-cm-wide beryllium reflector operating under reactor design conditions will produce pulses about 50 
micro second wide with a peak-to-minimum power ratio of approximately 4E3. 
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Abstract/Keyterms: During initial commissioning of the Dounreay Fast Reactor (DFR) an extensive 
programme of physics measurements was carried out at low power, substantially confirming the design 
predictions. Since that time the reactor has been modified to improve its performance as an irradiation 
facility, principally by increasing the enrichment of the fuel and by substituting nickel for natural uranium 
in the blanket adjacent to the core. A short programme of flux and reaction-rate measurements showed 
serious discrepancies between theoretical predictions and experimental observation. The success of earlier 
theoretical treatment suggested that the cause of the failure to deal satisfactorily with the modified reactor 
must lie in incorrect data for nickel. An extensive programme of calculations was undertaken using more 
up-to-date cross-section sets, notably the FD2, a thirty-three-group set based on the Aldermaston/Winfrith 
data file and the Russian 26-group set of Abagyan et al. These showed considerably better agreement than 
had been obtained with the YOM 16-group set, but discrepancies between theory and experiment still 
remained. At this stage it could not be clearly seen to what extent the discrepancies between theory and 
experiment were due to inadequacies of nuclear data and the use of a diffusion theory code or to the 
necessary geometrical simplifications made in adapting a two-dimensional code to the problem. It was 
therefore decided to construct on the VERA assembly machine at AWRE Aldermaston as assembly which 
would approximate to DFR in size, critical mass, and spectrum, but would be free of the detailed 
geometrical complexities of DFR and would at the same time allow access for experimental measurement 
to regions where the corresponding positions in DFR were only accessible for relatively inaccurate 
activation techniques. An account of the measurements made in DFR and VERA is presented and the 
theoretical interpretation is discussed. 
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Abstract/Keyterms: This paper reviews static physics measurements which have been made to date in the 
Fermi reactor. Both low-power less than 1 Mw(thermal) and high-power (1 Mw(thermal)-200 
Mw(thermal)) measurements are discussed. In the case of the low-power measurements, emphasis placed 
primarily on those experiments which can be directly compared with ZPR-3 critical experiment data. In 
particular, results of measurements made to determine the reactor critical mass, reactivity worths of fuel 
and blanket materials, sodium worth, fission distributions, and control and safety rod worths are discussed. 
Although the ZPR-3 mockup was not an exact representation of the actual reactor, thus necessitating in 
some cases considerable extrapolation of the critical experiment data, it has been found that in general the 
measured data obtained agree very well with extrapolations from critical experiment results. However, in 
the cases of the measured sodium worth and ganged safety-rod worth, agreement was poor. This lead to a 
modification in the original interpretation of the critical experiment data. An anomalous reactivity increase 
with time which was observed at low power is also discussed. In the absence of burnup this has been related 
to temperature effects in the reactor. 
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Abstract/Keyterms: Construction of the Karlsruhe fast critical facility SNEAK was completed in the 
summer of 1966. A brief description of its main design features, its experimental equipment, and the 
methods used for precise reactivity measurements are given. SNEAK is a fixed vertical assembly with fuel 
elements suspended from a top grid. Horizontal and vertical channels may be formed in the reactor. The 
two horizontal channels will be used for a material replacement drawer with automatic sample changer, a 
detector or material traverse device, and a pulsed neutron source. Four vertical channels close to the core 
center are available for installation of a pile oscillator. A gas-heated loop is being constructed for Doppler 
experiments. Four methods used in SNEAK for precise reactivity measurements are compared oscillator 
method, the inverse kinetics method, and the autorod method. Some details are given about the equipment 
and data treatment, in particular about measurements in the presence of a spontaneous neutron source. 
Signals from linear pulse or ionization chamber channels may be collected either by a four-channel data-
acquisition system or a 256-channel analyzer. A special technique for storing periodic signals enables 
elimination of linear drift. 
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Abstract/Keyterms: In Karlsruhe work is continuing on the design of sodium-and steam-cooled fast power 
reactors. In support of this work, reactor physics experiments in the SNEAK facility are planned for a 
system with a composition typical of a sodium-cooled fast prototype reactor (SNEAK 2) and a system with 
a composition typical for a medium sized steam-cooled fast reactor (SNEAK 3). The experimental program 
concentrates on measurements of coolant reactivity effects and Doppler effects. The shortage of plutonium 
fuel has led to the design of a number of zoned cores. Most neutron physics parameters of a full plutonium 
system can be measured with sufficient accuracy in these cores. However, the reactivity effect of coolant 
loss from a large zone in the core is influenced notably by the uranium driver. In the steam-cooled system 
the reactivity effect of changes in steam density depends markedly upon the isotopic composition of the 
plutonium and upon fission product poisoning. Theoretical investigations show that the steam reactivity 
effect will also be influenced by the plate structure of the SNEAK assembly. Special experiments are 
planned for the determination of heterogeneity, plutonium-240, and fission product effects. For the latter, a 
special fission product mockup has been designed. 
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Abstract/Keyterms: The fast critical facility, called the "FCA" is now almost completed at the Japan 
Atomic Energy Research Institute. The main features of the facility and the experiment program are 
presented in this paper. The machine is the split-table type of horizontal matrix structure. The matrix 
consists of 35 rows by 35 columns, but it is designed so as to be easily extended to 51 rows by 51 columns 
in which large cores up to 3000 liter with a 50-centimeter-thick blanket can be built. The facility is provided 
with a pulsed neutron source of 200-keV, Cockcroft-Walton type of accelerator which generates neutron 
bursts from 0.05-to 10-width at the center of the assembly. The facility will go critical in the spring of 1967, 
with 20% enriched uranium. The experimental program will be mainly concerned with the sodium-void 
and the Doppler effects in large fast reactors. Accordingly, the heterogeneity effect in the sodium-void 
experiment is now being theoretically studied. Regarding the Doppler experiment, an intermediate-energy 
system suitably moderated in order to enhance the Doppler effect is proposed. 
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Abstract/Keyterms: A conceptual design of the fast test reactor (FTR) is being formulated by Pacific 
Northwest Laboratory (PNL). The nuclear aspects of the FTR are sufficiently complex that a critical-
experiment program is essential to the development of the final design. To assess the current uncertainties 
in calculational methods and nuclear data, pertinent fast critical experiments spanning a wide range of 
neutron spectra have been evaluated. Results of calculation of spectral indices, reactivity coefficients, and 
effective multiplication constants are presented, and their effects on the planned FTR critical experiments 
program are discussed. Five major objectives established for this program are to (1) confirm the flux 
capability of the FTR, (2) confirm the control static characteristics of the FTR, (3) confirm the nuclear 
safety features of the FTR, (4) contribute information for FTR shield and instrument design, and (5) provide 
design information for the proposed nuclear proof test facility (zero-power support assembly for the FTR). 
Time schedules and a brief summary of the critical experiments program dictated by these objectives are 
presented. 
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Conference/Journal: Monte Carlo conference, Argonne, Illinois, USA, 1 Jul 1974 

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Nuclear Reactor Technology-Theory & 
Calculation; Monte Carlo Method; Computer Codes- Criticality- Data Processing; Neutron Transport; 
Reactor Kinetics 
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Date: 1/1/1970 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Configuration; Criticality; EBR-
2; Reactivity; Reactor Core; Reflectors; Research Reactors; Stainless Steels; Testing 
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Title: Thickness Corrections for Neutron-Activated Gold Foils 

Date: 2/1/1969 

Report: ANL-7545 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document addresses the theory and experimental data analysis methods for use 
of gold foils in critical experiments to determine flux spectra and distribution. 
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Title: Physics of Reactor Safety. Quarterly Report, October-December 1975 

Date: 1/1/1975 

Report: ANL-76-013 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor safety research and technical coordination of the RSR safety analysis 
program by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of safety-related 
critical assembly experiments by members of the Theoretical Fast Reactor Physics Group, and planning of 
DEMO safety-related critical experiments by members of the Zero Power Reactor (ZPR) Planning and 
Experiments Group are reported. 
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Abstract/Keyterms: This course seeks to achieve two objectives: to provide initial safety training for 
people just beginning work with plutonium, and to serve as a review and reference source for those already 
engaged in such work. Numerous references have been included to provide information sources for those 
wishing to pursue certain topics more fully. The first part of the course content deals with the general safety 
approach used in dealing with hazardous materials. Following is a discussion of the four properties of 
plutonium that lead to potential hazards: radioactivity, toxicity, nuclear properties, and spontaneous 
ignition. Next, the various hazards arising from these properties are treated. The relative hazards of both 
internal and external radiation sources are discussed, as well as the specific hazards when plutonium is the 
source. Similarly, the general hazards involved in a criticality, fire, or explosion are treated. Comments are 
made concerning the specific hazards when plutonium is involved. A brief summary comparison between 
the hazards of the transplutonium nuclides relative to 239Pu follows. The final portion deals with control 
procedures with respect to contamination, internal and external exposure, nuclear safety, and fire protection. 
The philosophy and approach to emergency planning are also discussed. 
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Report: ANL-76-036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Gas Cooled Fast Reactor (GCFR) Phase I Assembly is the first in a series of 
ZPR-9 critical assemblies designed to provide a reference set of reactor physics measurements in support 
of the 300 MW(e) GCFR Demonstration Plant designed by General Atomic Company. The Phase I 
Assembly was the first complete mockup of a GCFR core ever built. A set of basic reactor physics 
measurements were performed in the assembly to characterize the neutronics of the assembly and assess 
the impact of the neutron streaming on the various integral parameters. The analysis of the experiments was 
carried out using ENDF/B-IV based data and two-dimensional diffusion theory methods. The Benoist 
method of using directional diffusion coefficients was used to treat the anisotropic effects of neutron 
streaming within the framework of diffusion theory. Calculated predictions of most integral parameters in 
the GCFR showed the same kinds of agreements with experiment as in earlier LMFBR assemblies. 
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Date: 7/1/1977 

Report: ANL-76-042 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor physics studies in the Engineering Mockup Critical (EMC) assembly of the 
Fast Test Reactor (FTR) facility are reported. The study included measurements of the neutron spectrum, 
Doppler effect, sodium-void worth, reaction rates, subassembly worths, material replacement worths, and 
FTR control, safety, and shim rod worths. Each of these physics studies were made in a clean plutonium 
(low-240Pu) fuel composition environment and a dirty plutonium (high-240Pu) fuel composition 
environment. The fuel studies were in support of determining the attendant effects on operation and safety 
of utilizing Light Water Recycle (LWR) plutonium fuel in the FTR. Comparison of measured and calculated 
results are presented. Because of the very complex heterogeneous nature of the FTR, a detailed description 
of the FTR-EMC and particularly each measurement configuration is presented to aid in the understanding 
of the sensitivity of the experimental and analytical results to these measurement configurations. 
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Report: ANL-76-072 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reports on reactor safety research and technical coordination of the RSR safety 
analysis program by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of safety-
related critical assembly experiments by members of the Theoretical Fast Reactor Physics Group, and 
planning of DEMO safety-related critical experiments by members of the Zero Power Reactor (ZPR) 
Planning and Experiments Group are presented. 
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Report: ANL-76-090 

Conference/Journal:  
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Abstract/Keyterms: In most cases requirements on the accuracy of the important fast fission cross sections 
for fast reactors have not yet been attained. The adequacy of fast fission cross section evaluations are most 
conveniently tested by computing integral measurements in benchmark fast critical assemblies. Results of 
sensitivity analyses of the U and Pu fission cross sections for two large benchmark fast critical assemblies 
(ZPR6-A and ZPR6-7) are presented herein. These sensitivity coefficients emphasize the importance of fast 
fission cross sections in fast reactor design and, along with the benchmark tests, point out the continued 
need for improvement in the evaluation of fast fission data. 
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Title: Analysis of Heterogeneity and Sodium-Void Effects in a 2700-liter Uranium Carbide Fast Core, 
ZPR6 Assembly 5 

Date: 1/1/1970 

Report: ANL-7610, 143-165 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR6-S; The heterogeneity and sodium void effects in ZPR-6 Assembly 5, a 2700-
liter uranium-carbide core, were analyzed using ENDF/B data. 
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C-1119 

1116…..…..…………………..…….……..……ID Number…………………..…..…………….1116 

Author: Daughtry, J. W. / Lewis, R. A. 

Title: Uranium Doppler Measurements in ZPR-6 and -9 Oxide Cores 

Date: 1/1/1970 
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Conference Session:  

Abstract/Keyterms: ZPR6-6, ZPR6-6A; ZPPR9-19, ZPPR9-21, ZPPR9-22, ZPPR9-23 
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Date: 9/1/1976 

Report: ANL-76-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactor physics studies performed in the gas cooled fast reactor (GCFR) mockup 
on ZPR-9 are covered. This critical assembly, designated Phase II in the GCFR program, had a single zone 
PuO2-UO2 core composition and UO2 radial and axial blankets. The assembly was built both with and 
without radial and axial stainless steel reflectors. The program included the following measurements worths 
of reactor constituent materials (including helium); 238U Doppler effect; uranium and plutonium reaction 
rate distributions; thorium, uranium, and plutonium alpha and reactor kinetics. Analysis of the 
measurements used ENDF/B-IV nuclear data; anisotropic diffusion coefficients were used to account for 
neutron streaming effects. Comparison of measurements and calculations to GCFR Phase I are also made. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-4; The complete high-240Pu fuel experiment in ZPPR assembly 4 is reviewed. 
Results of criticality, enrichment, small-sample perturbation, sodium void, 238U Doppler, control rod 
substitution and reaction rate measurements are presented. Comparison of these measured values with 
calculated results are included where possible. The relationship between the ZPPR high-240Pu fuel 
experiments and the results obtained in previous critical experience is considered. 
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Date: 1/1/1976 

Report: ANL-76-114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reports on reactor safety research and technical coordination of the RSR safety 
analysis program by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of safety-
related critical assembly experiments by members of the Theoretical Fast Reactor Physics Group, and 
planning of DEMO safety-related critical experiments by members of the Zero Power Reactor (ZPR) 
Planning and Experiments Group are presented. 
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Title: Experimental Results for ZPR-3 Assemblies 58 and 59 

Date: 4/1/1970 

Report: ANL-7695 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the results of measurements made on ZPR-3 assemblies 58 and 
59. These assemblies had a simple plutonium-graphite cell and differed in the reflector, which was depleted 
uranium (in Assembly 58) or lead (in Assembly 59). In particular, the experiments reported are critical 
mass, fission-rate and perturbation distributions, central fission ratios, central perturbations, the Doppler 
reactivity effect in a natural uranium oxide sample, and the central neutron spectrum by the proton-recoil 
method. Some of the experiments were performed in both assemblies, others in only one. 



 

C-1124 

1121…..…..…………………..…….……..……ID Number…………………..…..…………….1121 

Author: Argonne National Lab. 
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Date: 12/1/1976 

Report: ANL-77-009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reports are presented on reactor safety research and technical coordination of the 
RSR safety analysis program by members of the Reactor Safety Appraisals Group, Monte Carlo analysis 
of safety-related critical assembly experiments by members of the Theoretical Fast Reactor Physics Group, 
and planning of DEMO safety-related critical experiments by members of the Zero Power Reactor (ZPR) 
Planning and Experiments Group. Work on reactor core thermal-hydraulic performed in the Components 
Technology Division is also included. 
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Report: ANL-77-067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nondestructive autoradiographic technique is described which can provide a 
verification of the piece count and the plutonium content of plutonium-containing fuel elements. This 
technique uses the spontaneously emitted gamma rays from plutonium to form images of fuel elements on 
photographic film. Autoradiography has the advantage of providing an inventory verification without the 
opening of containers or the handling of fuel elements. Missing fuel elements, substitution of 
nonradioactive material, and substitution of elements of different size are detectable. Results are presented 
for fuel elements in various storage configurations and for fuel elements contained in a fast critical 
assembly. 



 

C-1126 

1123…..…..…………………..…….……..……ID Number…………………..…..…………….1123 

Author: Argonne National Lab. 

Title: Physics of Reactor Safety. Quarterly Report, April-June 1977 
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Report: ANL-77-069 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The work in the Applied Physics Division includes reports on reactor safety program 
by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of safety-related critical 
assembly experiments by members of the Theoretical Fast Reactor Physics Group, and planning of safety-
related critical experiments by members of the Zero Power Reactor (ZPR) Planning and Experiments 
Group. Work on Reactor core thermal-hydraulic code development performed in the Components 
Technology Division is also included in the report. 
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Abstract/Keyterms: The work in the Applied Physics Division includes reports on reactor safety program 
by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of safety-related critical 
assembly experiments by members of the Theoretical Fast Reactor Physics Group, and planning of safety-
related (ZPR) Planning and Experiments Group. Work on reactor core thermal-hydraulic code development 
performed in the Components Technology Division is also included. 
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Report: ANL-7716 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Criticality Fast Reactors; FORTRAN; 
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/ Neutron Fission Ratios in ZPR-3 Assemblies 48 and 48b; Critical Assemblies / Neutron Reaction Rate 
Traverses in ZPR-3 Assemblies 48, 48a, and 48b; Critical Assemblies / Critical Mass of ZPR-3 Assemblies 
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Title: Summary of Critical-Mass Configurations, Material Concentrations, and Control-Rod Worths for 
ZPR-9 Zoned Fast Critical Assemblies 11-25 

Date: 3/1/1971 

Report: ANL-7773 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed review has been made of ZPR-9 Assemblies 11-25 of the "as built" reactor 
properties including regional radii, critical masses, regional atomic concentrations, and measured control-
rod worths. This review was made in order to process and compile the data in a consistent manner. Not 
included in the review are the rocket critical-assembly program prior to Assembly 11 and the FTR critical 
studies succeeding Assembly 25. 
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Title: Current State of Analysis of Recriticality Under Pahr Conditions 

Date: 1/1/1977 

Report: ANL-78-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the highly unlikely event of failure to scram following a loss of coolant flow in an 
LMFBR, fuel pins would melt and fuel, cladding, and coolant would be redistributed. The redistribution of 
materials is generically the most difficult of the reactor safety analysis problems. Since as materials relocate, 
their hydrodynamic and thermodynamic interactions are altered, any error in the calculation of the 
relocations is rapidly compounded to a point that what is calculated may have very little resemblance to 
reality. Attempts to deterministically calculate these material interactions and motions have taken on a 
parametric nature in an effort to provide a reasonable set of bounds on the macroscopic accident 
consequences (such as the potential challenge to the containment). Unfortunately, while some efforts have 
been fruitful, many of these parametric attempts have resulted in sets of bounds which are so wide as to 
provide no useful information. Because each material in the reactor has specific effects upon the neutronic 
behavior, and because a typical LMFBR contains so much fissionable material that a relatively small 
fraction of the ORIFINAL core can itself cause a prompt critical configuration, and because the effects of 
a neutronic prompt critical excursion are felt neither hydrodynamically nor thermodynamically until 
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Abstract/Keyterms: Secondary criticality analyses have been performed for an early-sized LMFBR. The 
results indicate that recriticality will occur only as a result of extremely unlikely combinations of failures 
which lead to melt-down of a large portion of the reactor core, subsequent formation of a relatively pure 
fuel layer, and/or substantial vessel deformation. Design features were identified that could be used to 
eliminate recriticality or mitigate its effects if needed to meet safety requirements. The presently existing 
large uncertainties in the containment response and radiological consequences of single or multiple 
recriticalities may be reduced with the aid of dynamic analyses that couple neutronic, thermal, and 
hydrodynamic methods. 
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Date: 8/9/1984 

Report: ANL-97003542 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ZPPR-13 experiments provide basic physics data for radial heterogeneous 
LMFBR cores of approximately 700MWe size. Assemblies ZPPR-13A, ZPPR-13B and ZPPR-13C 
comprised the JUPITER-II cooperative program between the U.S. Department of Energy (US DOE) and 
PNC of Japan. The measurements were made between August 1982 and April 1984. The core designs and 
the measurements were planned jointly by the two parties with substantial input from U.S. industrial 
interests to ensure coverage of the design requirements. This report describes in detail the results of the 
Argonne National Laboratory (ANL) analyses of phase 13A. 
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1235…..…..…………………..…….……..……ID Number…………………..…..…………….1235 

Author: Naberejnev, D. / Imel, G. / Palmiotti, G. / Salvatores, M. 

Title: Physics Study of the TRADE: TRIGA Accelerator Driven Experiment. 

Date: 1/13/2004 

Report: ANL-AFCI-091 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report deals with the validation of an ADS dynamic behavior through the 
TRADE program. We first describe the motivations behind the TRADE project. This includes the types of 
ADS experiments to be performed and their necessity, beam trips issues, representativity of the experiment, 
and steps to be taken in the validation procedure. Then we perform the characterization of the TRADE core 
using deterministic methods. The general core description is given. A number of results related to the core 
criticality and modeling with different geometries are presented. Finally we report the experimental results 
of the recent critical measurements including the control rod calibration, determination of the critical 
configurations and fluxes in the core. 
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1236…..…..…………………..…….……..……ID Number…………………..…..…………….1236 

Author: Yang, W. S. / Kim, S. J. 

Title: A Validation Study of Existing Neutronics Tools Against ZPPR-21 and ZPPR-15 Critical 
Experiments. 

Date: 9/30/2007 

Report: ANL-AFCI-208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was performed to validate the existing tools for fast reactor neutronics 
analysis against previous critical experiments. The six benchmark problems for the ZPPR-21 critical 
experiments phases A through F specified in the Handbook of Evaluated Criticality Safety Benchmark 
Experiments were analyzed. Analysis was also performed for three loading configurations of the ZPPR-15 
Phase A experiments. As-built core models were developed in XYZ geometries using the reactor loading 
records and drawer master information. Detailed Monte Carlo and deterministic transport calculations were 
performed, along with various modeling sensitivity analyses. The Monte Carlo simulations were carried 
out with the VIM code with continuous energy cross sections based on the ENDF/B-V.2 data. For 
deterministic calculations, region-dependent 230-group cross sections were generated using the ETOE-
2/MC-2/SDX code system, again based on the ENDF/B-V.2 data. Plate heterogeneity effects were taken 
into account by SDX unit cell calculations. Core calculations were performed with the TWODANT discrete 
ordinate code for the ZPPR-21 benchmarks, and with the DIF3D nodal transport option for the ZPPR-15 
experiments. For all six ZPPR-21 configurations where the Pu-239 concentration varies from 0 to 49 w/o 
and the U-235 concentration accordingly varies from 62 to 0 w/o, the core multiplication factor determined 
with a 230-group TWODANT calculation agreed with the VIM Monte Carlo solution within 0.20 
%{Delta}k, and there was no indication of any systematic bias. The quality of principal cross sections 
generated with the MC-2 code was comparable to that of VIM cross sections. The overall reactivity effect 
due to the errors in the 230-group principal cross sections was estimated to be less than 0.05 %{Delta}k. 
The statistics of the differences between calculated values and specified benchmark experimental values 
showed similar bias (from -0.28 %{Delta}k to 0.33 %{Delta}k) for MC{sup 2}-2/TWODANT and VIM. 
This result suggests that the criticality prediction accuracy of MC{sup 2}-2/TWODANT is comparable to 
VIM. Investigation of group collapsing methods showed that direct generation of broad-group cross 
sections from MC{sup 2}-2 calculations was not adequate for analysis of ZPPR-21 assemblies. Scalar flux 
weighting for all cross sections, including anisotropic cross sections, was not sufficiently accurate, either. 
The use of higher flux moments for anisotropic scattering cross section collapsing reproduced the fine-
group results with broad-group calculations. The ZPPR-15 analyses, starting from detailed as-built plate 
geometries, showed that the plate heterogeneity effect was as large as 1.3 %{Delta}k. Through a series of 
sensitivity studies, a procedure to generate effective cross sections was developed based on one-
dimensional SDX unit cell calculations. With this procedure to account for the plate heterogeneity effect, 
the core multiplication factor determined with a 230-group DIF3D nodal transport calculation agreed with 
the VIM Monte Carlo solution within 0.12 %{Delta}k. It was however observed that the calculated values 
consistently underestimated the criticality by 0.32 %{Delta}k to 0.43 %{Delta}k. The sodium void worths 
determined from VIM Monte Carlo and DIF3D nodal transport calculations were also very close to each 
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other, but both predictions overestimated the measured void worth by {approx}0.1 %{Delta}k, which 
amounted to {approx}40% of the measured value. Further investigation is needed to identify the reason for 
this discrepancy between calculated and measured sodium void worths. In summary, for all nine core 
configurations of ZPPR-21 and ZPPR-15 analyzed in this study, the deterministic transport solutions 
showed good agreement with Monte Carlo results. These results indicate that the existing deterministic 
methods for multigroup cross section generation and core calculation are adequate to use in the initial design 
stage of Advanced Burner Reactors, for which the startup fuel is expected to be conventional plutonium 
fuel. However, further verification/validation studies need to be performed for transmutation fuel to assess 
the impact of relatively large amount of minor actinides. In addition, to take into account the multi-
dimensional heterogeneity effects properly, the current homogenization scheme based on one-dimensional 
cell calculation needs to be improved. 
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1237…..…..…………………..…….……..……ID Number…………………..…..…………….1237 

Author: Olliff, W. 

Title: Kinetics. Experiment 27 

Date: 3/23/1953 

Report: ANL-DHL-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to obtain information pertaining to the delayed photoneutrons, and their 
effect on the reactor shutdown, the reactor was operated for various lengths of time, and scrammed with 
the same amount of negative reactivity in each case. The neutron flux due to spontaneous fission was 
obtained by measuring the flux when the reactor was subcritical. The instruments used to read the power 
levels of the reactor were calibrated in terms of the average flux throughout the reactor. Measurements of 
the period, due to the same amount of excess k for various lengths of operating time, were made. This was 
repeated for different amounts of excess k. 
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Author: Stockman, H. 

Title: Geochemistry Model Validation Report: Material Degradation and Release Model 

Date: 9/27/1997 

Report: ANL-EBS-GS-000001, REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this Analysis and Modeling Report (AMR) is to validate the Material 
Degradation and Release (MDR) model that predicts degradation and release of radionuclides from a 
degrading waste package (WP) in the potential monitored geologic repository at Yucca Mountain. This 
AMR is prepared according to “Technical Work Plan for: Waste Package Design Description for LA.”. The 
intended use of the MDR model is to estimate the long-term geochemical behavior of waste packages (WPs) 
containing U. S. Department of Energy (DOE) Spent Nuclear Fuel (SNF) codisposed with High Level 
Waste (HLW) glass, commercial SNF, and Immobilized Plutonium Ceramic (Pu-ceramic) codisposed with 
HLW glass. The model is intended to predict (1) the extent to which criticality control material, such as 
gadolinium (Gd), will remain in the WP after corrosion of the initial WP, (2) the extent to which fissile Pu 
and uranium (U) will be carried out of the degraded WP by infiltrating water, and (3) the chemical 
composition and amounts of minerals and other solids left in the WP. The results of the model are intended 
for use in criticality calculations. The scope of the model validation report is to (1) describe the MDR 
model, and (2) compare the modeling results with experimental studies. A test case based on a degrading 
Pu-ceramic WP is provided to help explain the model. This model does not directly feed the assessment of 
system performance. The output from this model is used by several other models, such as the configuration 
generator, criticality, and criticality consequence models, prior to the evaluation of system performance. 
This document has been prepared according to AP-3.10Q,”Analyses and Models,” and prepared in 
accordance with the technical work plan 
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1239…..…..…………………..…….……..……ID Number…………………..…..…………….1239 

Author: Zarrabi, K. 

Title: Geochemistry Model Validation Report: External Accumulation Model 

Date: 9/27/2001 

Report: ANL-EBS-GS-000002, REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this Analysis and Modeling Report (AMR) is to validate the External 
Accumulation Model that predicts accumulation of fissile materials in fractures and lithophysae in the rock 
beneath a degrading waste package (WP) in the potential monitored geologic repository at Yucca Mountain. 
(Lithophysae are voids in the rock having concentric shells of finely crystalline alkali feldspar, quartz, and 
other materials that were formed due to entrapped gas that later escaped, DOE 1998, p. A-25.) The intended 
use of this model is to estimate the quantities of external accumulation of fissile material for use in external 
criticality risk assessments for different types of degrading WPs: U.S. Department of Energy (DOE) Spent 
Nuclear Fuel (SNF) codisposed with High Level Waste (HLW) glass, commercial SNF, and Immobilized 
Plutonium Ceramic (Pu-ceramic) codisposed with HLW glass. The scope of the model validation is to (1) 
describe the model and the parameters used to develop the model, (2) provide rationale for selection of the 
parameters by comparisons with measured values, and (3) demonstrate that the parameters chosen are the 
most conservative selection for external criticality risk calculations. To demonstrate the applicability of the 
model, a Pu-ceramic WP is used as an example. The model begins with a source term from separately 
documented EQ6 calculations; where the source term is defined as the composition versus time of the water 
flowing out of a breached waste package (WP). Next, PHREEQC, is used to simulate the transport and 
interaction of the source term with the resident water and fractured tuff below the repository. In these 
simulations the primary mechanism for accumulation is mixing of the high pH, actinide-laden source term 
with resident water; thus lowering the pH values sufficiently for fissile minerals to become insoluble and 
precipitate. In the final section of the model, the outputs from PHREEQC, are processed to produce mass 
of accumulation, density of accumulation, and the geometry of the accumulation zone. The density of 
accumulation and the geometry of the accumulation zone are calculated using a characterization of the 
fracture system based on field measurements made in the proposed repository (BSC 2001k). The model 
predicts that accumulation would spread out in a conical accumulation volume. The accumulation volume 
is represented with layers as shown in Figure 1. This model does not directly feed the assessment of system 
performance. The output from this model is used by several other models, such as the configuration 
generator, criticality, and criticality consequence models, prior to the evaluation of system performance. 
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Author: McClure, J. A. 

Title: Screening Analysis of Criticality Features, Events, and Processes for License Application 

Date: 10/15/2004 

Report: ANL-EBS-NU-000008 REV 01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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1241…..…..…………………..…….……..……ID Number…………………..…..…………….1241 

Author: Brownson, D. 

Title: Screening Analysis of Criticality Features, Events, and Processes for License Application 

Date: 2/17/2004 

Report: ANL-EBS-NU-000008, REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Criticality; Radioactive Waste Facilities; Yucca Mountain; Safety 
Analysis 
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1242…..…..…………………..…….……..……ID Number…………………..…..…………….1242 

Author: Morris, E. E. 

Title: Thermal Criticality in a Repository Environment 

Date: 11/1/1995 

Report: ANL-FRA-1996-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report explores a scenario in which burial containers fail and fissile material is 
transported through the tuff by water to some location, away from the burial site, where an over-moderated 
critical mass gradually accumulates. Because of the low solubilities of plutonium and uranium, and the low 
ground water velocities, the analysis shows that such a scenario with 239Pu is probably impossible because 
the time required to accumulate a critical mass is large compared with the half-life of the 239Pu. In the case 
of 235U, the analysis indicates that the accumulation rates are so low that relatively small fission power 
levels would consume the 235U as fast as it accumulates, and that the thermal conductivity of the tuff is 
large enough to prevent a significant increase in temperature. Thus, the conditions for the removal of water 
by boiling and the associated autocatalytic increase in reactivity are not met in the case of 235U. An 
explosive release of energy does not appear to be possible. A simple water voiding model, which allows 
water removal at about the fastest possible rate, was used to explore a scenario in which the fuel 
accumulation rate was arbitrarily increased enough to cause water boiling and the associated dryout of the 
tuff. Calculations for this case indicate that disruption of the tuff, leading to a neutronic shutdown, would 
probably occur before an explosive energy release could be generated. Additional scenarios, which should 
be investigated in future work are identified. 
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1243…..…..…………………..…….……..……ID Number…………………..…..…………….1243 

Author: Makai, M. 

Title: Neutron Transport in Random Media 

Date: 8/1/1996 

Report: ANL-FRA-1996-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The survey reviews the methods available in the literature which allow a discussion 
of corium recriticality after a severe accident and a characterization of the corium. It appears that to date no 
one has considered the eigenvalue problem, though for the source problem several approaches have been 
proposed. The mathematical formulation of a random medium may be approached in different ways. Based 
on the review of the literature, we can draw three basic conclusions. The problem of static, random 
perturbations has been solved. The static case is tractable by the Monte Carlo method. There is a specific 
time dependent case for which the average flux is given as a series expansion. 
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1244…..…..…………………..…….……..……ID Number…………………..…..…………….1244 

Author: Blomquist, R. N. / Finck, P. J. / Jammes, C. / Stenberg, C. G. 

Title: Evaluation of Fission Product Worth Margins in PWR Spent Nuclear Fuel Burnup Credit 
Calculations 

Date: 2/17/1999 

Report: ANL-FRA-1998-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current criticality safety calculations for the transportation of irradiated LWR fuel 
make the very conservative assumption that the fuel is fresh. This results in a very substantial overprediction 
of the actual k(eff) of the transportation casks; in certain cases, this decreases the amount of spent fuel 
which can be loaded in a cask, and increases the cost of transporting the spent fuel to the repository. 
Accounting for the change of reactivity due to fuel depletion is usually referred to as “burnup credit.” The 
US DOE is currently funding a program aimed at establishing an actinide only burnup credit methodology 
(in this case, the calculated reactivity takes into account the buildup or depletion of a limited number of 
actinides). This work is undergoing NRC review. While this methodology is being validated on a significant 
experimental basis, it implicitly relies on additional margins: in particular, the absorption of neutrons by 
certain actinides and by all fission products is not taken into account. This provides an important additional 
margin and helps guarantee that the methodology is conservative provided these neglected absorption are 
known with reasonable accuracy. This report establishes the accuracy of fission product absorption rate 
calculations: (1) the analysis of European fission product worth experiments demonstrates that fission 
product cross-sections available in the US provide very good predictions of fission product worth; (2) this 
confirmed by a direct comparison of European and US cross section evaluations; (3) accuracy of Spent 
Nuclear Fuel (SNF) fission product content predictions is established in a recent ORNL report where several 
SNF isotopic assays are analyzed; and (4) these data are then combined to establish in a conservative 
manner the fraction of the predicted total fission product absorption which can be guaranteed based on 
available experimental data. 
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1245…..…..…………………..…….……..……ID Number…………………..…..…………….1245 

Author: Palmiotti, G. / Smith, M. / Klann, R. / Fujita, E. / Imel, G. 

Title: ANL pre analysis of the SHEBA/CERES experiments 

Date: 5/5/2000 

Report: ANL-FRA-2000-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The French and British nuclear programs have prepared a series of natural uranium 
oxide fuel samples spiked with small amounts of the individual fission products which makeup a large 
fraction of the total neutron absorption by fission products in spent nuclear fuel. Both programs have 
utilized these samples in experimental reactors and have inferred the worth of the individual fission 
products. These results have been used to validate the cross sections used in criticality safety calculations. 
These measurements constitute a major element in support of spent fuel burnup credit in these countries. 
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1246…..…..…………………..…….……..……ID Number…………………..…..…………….1246 

Author: Brittan, R. O. / Cerutti, B. / Lichtenberger, H. V. / Rice, R. / Thalgott, F. W. 

Title: Hazard Evaluation Report on the Fast Reactor Zero Power Experiment (ZPR-III) 

Date: 4/1/1955 

Report: ANL-FWT-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A fast zero power assembly is planned to obtain neutron physics information for fast 
power breeder reactor designs. The systems to be studied are blanketed cores having a range of volume 
fractions of U236, U238, Fe, and Na. Volume fractions are varied by arranging small pieces in drawers of 
two square arrays mounted in such a way that they may be brought together for criticality. The assembly is 
described, the extensive safely measures designed to prevent prompt criticality are discussed, and the effects 
of the maximum foreseeable accident are evaluated. 
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Author: Nicot, Jean-Philippe 

Title: Description of Fracture Systems for External Criticality Reports 

Date: 9/21/2001 

Report: ANL-NBS-GS-000010, Rev. 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this Analysis/Model Report (AMR) is to describe probabilistically the 
main features of the geometry of the fracture system in the vicinity of the repository. They will be used to 
determine the quantity of fissile material that could accumulate in the fractured rock underneath a waste 
package as it degrades. This AMR is to feed the geochemical calculations for external criticality reports. 
This AMR is done in accordance with the technical work plan (BSC (Bechtel SAIC Company) 2001 b). 
The scope of this AMR is restricted to the relevant parameters of the fracture system. The main parameters 
of interest are fracture aperture and fracture spacing distribution parameters. The relative orientation of the 
different fracture sets is also important because of its impact on criticality, but they will be set 
deterministically. The maximum accumulation of material depends primarily on the fracture porosity, 
combination of the fracture aperture, and fracture intensity. However, the fracture porosity itself is not 
sufficient to characterize the potential for accumulation of a fracture system. The fracture aperture is also 
important because it controls both the flow through the fracture and the potential plugging of the system. 
Other features contributing to the void space such as lithophysae are also investigated. On the other hand, 
no analysis of the matrix porosity is done. The parameters will be used in sensitivity analyses of 
geochemical calculations providing actinide accumulations and in the subsequent Monte Carlo criticality 
analyses. 
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Author: LeSage, L. G. 

Title: An Overview of the Argonne National Laboratory Fast Critical Experiments, 1963-1990 

Date: 4/1/2001 

Report: ANL-NT-175 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; ANL; Research Programs; Fast Reactors; 
Historical Aspects 
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Author: Naberejnev, D. G. / Palmiotti, G. / Yang, W. S. 

Title: The Impact of Covariance Information on Criticality Safety Calculations in the Resolved Resonance 
Energy Range 

Date: 6/11/2004 

Report: ANL-NT-227 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Resonance data play a significant role in the calculations of systems considered for 
criticality safety applications. k(eff), the major parameter of interest in such a type of calculations, can be 
heavily dependent both on the quality of the resonance data as well as on the accuracy achieved in the 
processing of these data. If reasonable uncertainty values are available, in conjunction with their correlation 
in energy and among type of resonance parameters, one can exploit existing methodologies, based on 
perturbation theory, in order to evaluate their impact on the integral parameter of interest, i.e., k(eff) in our 
case, in practical applications. In this way, one could be able to judge if the uncertainty on specific 
quantities, e.g., covariances on resonance data, have a significant impact and, therefore, deserve a careful 
evaluation. This report, first, will recall the basic principles that lie behind an uncertainty evaluation and 
review the current situation in the field of covariance data. Then an attempt is made for defining a 
methodology that allows calculating covariances values for resolved resonance parameters. Finally, 
practical applications, of interest for criticality safety calculations, illustrate the impact of different 
assumptions on correlations among resolved resonance parameters. 
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Author: Pond, R. B. / Morman, J. A. 

Title: ZPR-9 Assembly 36 Description 

Date: 12/1/1980 

Report: ANL-RDP-100, 3.23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Bucher, R. G. / Smith, D. M. 

Title: Material Reactivity-Worth Measurements 

Date: 12/1/1980 

Report: ANL-RDP-100, 3.25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Shaefer, R. W. 

Title: Status of Calculational Models for the U9 Assembly 

Date: 3/1/1981 

Report: ANL-RDP-101, 3.37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Robinson, W. R. / Dilorio, G. J. / Morman, J. A. / Bucher, R. G. / Smith, D. M. 

Title: The Diagnostic Cores Phase I Assembly: Assembly Description Operational Parameters, Central 
Reaction Rate Ratios and Flux Distortions Caused by the Radial Sample Tube 

Date: 6/1/1981 

Report: ANL-RDP-102, 3.89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Massey, W. E. / Kyger, J. A. 

Title: Reactor Development Program Progress Report, October 1979 

Date: 1/1/1979 

Report: ANL-RDP-88 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-10 
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Author: Pond, R. B. 

Title: Doppler Measurements and Calculations in the STF Mockup Critical Assemblies 

Date: 10/1/1979 

Report: ANL-RDP-88, 4.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Robinson, W. R. / Dilorio, G. J. 

Title: The Uranium/Iron Benchmark Assembly Boron-Carbide Mockup Control-Rod Worth 

Date: 12/1/1979 

Report: ANL-RDP-90, 3.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Robinson, W. R. / Dilorio, G. J. / Morman, J. A. / Schaefer, R. W. 

Title: Reaction Rate Measurements in the Uranium/Iron Benchmark Assembly 

Date: 2/1/1980 

Report: ANL-RDP-92, 3.30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Voropaev, A. I. / Van'kov, A. A. / Koloskov, B. V. / Troyanov, M. F. 

Title: Tendencies in Evaluating Parameters of Criticality and Breeding Ratios for a Future Large Breeder 
Reactor 

Date: 1/1/1975 

Report: ANL-Trans-1087 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental data concerning the criticality and the reaction rate ratios for the 
assemblies ZPR-6 (6A, 7) and ZPPR-2 are analyzed. As a result of an experiment-to-calculation 
comparison, evaluations of the criticality and the breeding ratio for a large reactor are made. 



 

C-1263 

1259…..…..…………………..…….……..……ID Number…………………..…..…………….1259 

Author: Bouget, Y. H. / Hammer, P. / Lyon, F. 

Title: Homogenization Method Used for Neutron Calculations in Fast Reactors 

Date: 6/1/1979 

Report: ANL-Trans-1172 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The multiplying lattices which constitute the cores of fast power reactors do not 
exhibit a significant heterogeneity because of the size of the fuel pins used (0 to 8 mm) and the pitch of the 
lattice (0 to 9 mm). The computing methods used permit a correct treatment of the heterogeneities of more 
complex lattices constructed in critical assemblies either with rods (MASURCA) or with plates (SNEAK) 
and thus of transport with reduced uncertainties (±100 pcm) of the results of integral experiments in power 
reactor cores. The perturbations of reactivity or distribution induced in the cores by the control rods or the 
presence of blankets are treated in the diffusion approximation. This approximation leads to an overestimate 
of the effect of the control rods (-7%) compared to the more refined but more costly transport theory. The 
treatment of cores by the heterogeneous concept is presently identical to that of the classical cores (of the 
SUPER-PHENIX type) sections is the subject of studies underway. The experimental program which has 
been developed in MASURCA (PRERACINE program should permit optimizing the multigroup cross-
section calculation method for this type of core. 
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Title: A Report to the Atomic Energy Commission on the Proposed CP-3 Reactor 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Boiling; Bubbles; Cp-3; Diagrams; Heavy Water Coolant; Heavy 
Water Moderator; Mechanical Structures; Planning; Reactivity; Reactor Safety; Reactors; Report; Steam 
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Author: Mcgregor, D. L. 

Title: Features, Events, and Processes: System-Level and Criticality 

Date: 12/20/2000 

Report: ANL-WIS-MD-000019 REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The primary purpose of this Analysis/Model Report (AMR) is to identify and 
document the screening analyses for the features, events, and processes (FEPs) that do not easily fit into 
the existing Process Model Report (PMR) structure. These FEPs include the 3 1 FEPs designated as System-
Level Primary FEPs and the 22 FEPs designated as Criticality Primary FEPs. A list of these FEPs is 
provided in Section 1.1. This AMR (AN-WIS-MD-000019) documents the Screening Decision and 
Regulatory Basis, Screening Argument, and Total System Performance Assessment (TSPA) Disposition 
for each of the subject Primary FEPs. This AMR provides screening information and decisions for the 
TSPA-SR report and provides the same information for incorporation into a project-specific FEPs database. 
This AMR may also assist reviewers during the licensing-review process. 
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Abstract/Keyterms: This report describes the progress in the Jupiter-III program during the time period 
of April through July, 1987. 
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Abstract/Keyterms: This progress report details activities during the time period of August through 
October, 1987. Results are presented from the axially heterogeneous assembly ZPPR-17, a part of the 
Jupiter-III program. The loading of the ZPPR-17B assembly, with 25 control rod positions, is described 
along with operational measurements, calculation models, measurements and predictions of criticality and 
measured axial worth profiles for B4C. From ZPPR-17A, calculated and measured results are given for 
banks of control rod positions along with revised measured values for various single, central control rods. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-15; ZPPR-17; This report details activities for the time period of November, 
1987 through January, 1988. Further results are presented from the axially heterogeneous assembly ZPPR-
17, a part of the JUPITER-III program. The loading of the ZPPR-17C assembly, with 13 half-inserted 
control rods, is described along with operational measurements, calculation models, and measurements and 
prediction of criticality. From ZPPR-17A, calculated and measured results are given for reaction rates and 
measured results for bowing, expansion and small sample worth experiments. From the earlier metal-fuel 
ZPPR-15 program results are given for measurements and calculations of Doppler reactivity coefficients. 
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Abstract/Keyterms: PU-MET-FAST-033, HEU-MET-FAST-061, MIX-MET-FAST-011; A series of 
benchmark measurements was made in ZPPR-21 to validate criticality calculations for fuel operations in 
Argonne's Integral Fast Reactor. Six different mixtures of Pu/U/Zr fuel with a graphite reflector were built 
and criticality was determined by period measurements. The assemblies were isolated from room return 
problems by a lithium hydride shield. Analysis was done using a fully-detailed model with the VIM Monte 
Carlo code and ENDF/B-V.2 data. Sensitivity analysis was used to validate the measurements against other 
benchmark data. A simple RZ model was defined the used with the KENO code. Corrections to the RZ 
model were provided by the VIM calculations with low statistical uncertainty. 
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Conference Session:  

Abstract/Keyterms: The danger potential of nuclear power and fuel reprocessing plants in normal 
operation is compared. It becomes obvious that there are no basic differences. The analysis of possible 
accidents-blow-up of an evaporator for highly active wastes, zircaloy burning, cooling failure in self-
heating process solutions, burning of a charged solvent, criticality accidents-shows that they are kept under 
control by the plant layout. 
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Lab; Medicine; Nuclear Explosions; Nuclear Reactions; Personnel; Radiation Injuries; Radiation Sickness; 
Radiations; Tissues 
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Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Chemical Reactions; Criticality; Economics; Fuels; Plutonium; Radioactivity; Reprocessing; Toxicity; 
Waste Disposal 
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Conference Session:  

Abstract/Keyterms: Problems arising from movement of radioactive materials outside of atomic energy 
establishments are discussed in relation to containment, shielding, criticality control, and heat transfer 
measures. Common constituents in a set of transport regulations based on the I.A.E.A. model are identified. 
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Abstract/Keyterms: A review of the United States, Russia, and United Kingdom fast reactor and fast 
critical assembly programs is given. Critical size, perturbation, and spectral data obtained from fast critical 
assemblies are treated. Coolant and heat transfer problems, control and kinetics transient accidents, and fuel 
cycles of fast reactors are discussed. 
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Conference Session:  

Abstract/Keyterms: The presence of fissile matter inside nuclear installations induces a specific risk, 
which is a criticality accident. The phenomenon of criticality is governed by a certain number of parameters. 
Taking them into account permits the setting up of basic norms and the definition of criticality forms of 
control. The example of an irradiated fuel reprocessing plant permits to schematically visualize the forms 
of control enforced during the various stages of the working process of the specific operations carried out 
in the plant. The studies of criticality are undertaken by specialized bodies of the Atomic Energy 
Commissariat Safety Department, working in close collaboration with designers and operators of nuclear 
installations. They necessitate the use of mathematical methods which must be necessarily qualified in 
comparison with experimental results. These experimental studies are carried out at the Study Centre of 
Valduc, in a specialized installation managed by the Nuclear Safety Department. 
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Abstract/Keyterms: In order to conservatively apply burnup credit in spent fuel pool criticality safety 
analyses, Westinghouse has developed a software tool, ISOCRIT, for generating depletion isotopics. This 
tool is used to create isotopics data based on specific reactor input parameters, such as design basis assembly 
type; bounding power/burnup profiles; reactor specific moderator temperature profiles; pellet percent 
theoretical density; burnable absorbers, axial blanket regions, and bounding ppm boron concentration. 
ISOCRIT generates burnup dependent isotopics using PARAGON; Westinghouse's state-of-the-art and 
licensed lattice physics code. Generation of isotopics and passing the data to the subsequent 3D KENO 
calculations are performed in an automated fashion, thus reducing the chance for human error. Furthermore, 
ISOCRIT provides the means for responding to any customer request regarding re-analysis due to changed 
parameters (e.g., power uprate, exit temperature changes, etc.) with a quick turnaround. 
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Abstract/Keyterms: The standard defines criteria for the design of glovebox systems to be used for the 
handling of plutonium in any form or isotopic composition or when mixed with other elements or 
compounds. The glovebox system is a series of physical barriers provided with glove ports and gloves, 
through which process and maintenance operations may be performed, together with an operating 
ventilation system. The system minimizes the potential for release of radioactive material to the 
environment, protects operators from contamination, and mitigates the consequences of abnormal 
conditions. The standard covers confinement, construction, materials, windows, glove ports, gloves, 
equipment insertion and removal, lighting, ventilation, fire protection, criticality prevention, services and 
utilities, radiation shielding, waste systems, monitoring and alarm systems, safeguards, quality assurance, 
and decommissioning. 
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Materials Formerly Book ASTM Stand., Dev 

Conference Session:  

Abstract/Keyterms: The specification applies to uranium dioxide powder containing uranium of any U-
235 concentration for use in nuclear reactors. The specification covers chemical requirements (uranium 
content, impurity content and moisture content), nuclear requirements (isotopic content and equivalent 
boron content), physical requirements (particle size, bulk density, sinterability), lot requirements, sampling, 
test methods, certification, packaging, marking, and shipping. The specification does not include provisions 
for preventing criticality accidents or requirements for health and safety. The user is obligated to be aware 
of and conform to all federal, state, and local regulations pertaining to possessing, shipping, processing, or 
using source or special nuclear material. 
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Abstract/Keyterms: The specification applies to uranium dioxide pellets containing uranium of any U-
235 concentration for use in nuclear reactors. The specification covers chemical requirements (uranium 
content, impurity content, stoichiometry, moisture content, and gas content), nuclear requirements (isotopic 
content, equivalent boron content, and reactivity), physical characteristics (dimensions, pellet density, grain 
size, pore morphology, pellet integrity, surface cracks, chips, cleanliness, workmanship, and densification), 
lot requirements, sampling, testing, certification, packaging, and shipping. The specification does not 
include provisions for preventing criticality accidents or requirements for health and safety. The user is 
obligated to be aware of and conform to all federal, state, and local regulations pertaining to possessing, 
shipping, processing, or using source or special nuclear material. 
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Conference Session:  

Abstract/Keyterms: Progress is reported on the design of the 200 Mw Aircraft Reactor, design of the 
Aircraft Reactor Experiment, reactor physics, critical experiments, nuclear measurements, chemistry of 
liquid fuels, corrosion experimentation, liquid metal and heat transfer research, components of liquid metal 
systems, metallurgical processes, radiation damage homogeneous circulating-fuel and circulating 
moderator reactors, vapor-cycle and helium-cycle systems, supercritical-water cycle, and supersonic tug-
tow system. 
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Abstract/Keyterms: Results of criticality calculations are given for an intermediate energy BeO moderated 
reactor of 2.69-ft core diameter and for numerous variations of its parameters. The subjects quantitatively 
studied are: effect of core composition and core size, effect of xenon and uranium lumping effect of 
reflector, and effect of iteration of the source term. Graphs are given for normalized fissioning spectrum, 
spatial power distribution and leakage spectrum on each reactor assembly where significant. Also included 
is a graph showing the effect of reflector thickness on reactivity and a graph showing the convergence of 
the fission distribution with its iteration as the source distribution. The method of calculation is a 31-group 
numerical multigroup technique essentially that used by KAPL with modifications to adapt it to IBM 
computation. 
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Abstract/Keyterms: The Saxton critical experiments were simulated with homogenized region, 
multigroup cross sections from the WIMS-D4M lattice physics code (ENDF/B-V library) and the diffusion 
code, DIF3D. The simulations were focused on assessing the codes` capabilities, including the different 
cell models available in WIMS-D4M. The accuracy of the core power distributions obtained with DIF3D 
has also been assessed. The number of experiments and their variety was used to obtain statistical 
parameters that allow a quantitative discussion of the assessment of the methodology. 
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Abstract/Keyterms: As part of the effort for the benchmarking neutronic codes for plutonium utilization, 
the deterministic code WIMS7a (and its associated JEF 2.2 nuclear data library) was employed to 
calculationally model a selected group of the Saxton experiments. The selection of the experimental 
configurations to be modeled was performed based on the best experimental information available, and so 
as to fully exploit the neutronic variety of the Saxton plutonium program experiments. The modular 
WIMS7a code can be run in many ways. For the analyses presented here, a solver strategy was implemented 
using WIMS7a`s most evolved modules. The results showed a slightly better agreement with the 
experimental values for the effective neutron multiplication than the earlier results (obtained in 1997) using 
the codes, WIMSD4m and DIF3D. However, the calculated relative rod power distributions were not 
improved even though several energy group structures were tried. The simulations were carried out at Texas 
A and M. University with access to WIMS7a being obtained via a one year lease from the AEA Technology. 
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Abstract/Keyterms: It is projected that up to 20,000 plutonium pits will be stored at Pantex for up to 50 
years. The proposed storage system has to meet longevity, safety and cost requirements. Thermal, 
mechanical, chemical, nuclear criticality and safety performance characteristics of any proposed plutonium 
container design need to be formally analyzed. Plutonium generates thermal energy as it decays. The 
generated thermal energy may cause excessive rise of temperature. For safety and other considerations, it 
is important that the plutonium temperature remains relatively constant and no hot spots develop. Plutonium 
containers should not be disassembled for routine monitoring and there are various reasons for the need to 
monitor the plutonium non-obtrusively. Therefore, accurate predictions of the temperature distribution 
within the storage container based upon external monitoring within the storage facility needs to be 
developed. A heat transfer analysis of the storage container is required. The heat transfer analysis, however, 
requires the knowledge of the temperature and velocity of the air circulating around the containers in order 
to determine the heat transferred to the air from the containers by convection. Therefore, a complete flow 
field analysis required prior to performing the conduction analysis of each pit. The objective of this research 
is, therefore, to develop and validate a numerical model to predict the temperature distribution within the 
plutonium storage container as a function of the ambient air temperature within the warehouse. 
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Conference Session: Criticality Safety Issues for Spent Nuclear Fuel and Fissile Material - I 

Abstract/Keyterms: The purpose of this analysis to develop a generic set of degradation scenarios and 
associated configurations for various Department of Energy (DOE) spent nuclear fuel (SNF) types when 
codisposed with the high-level waste (HLW) glass inside a waste package (WP). The degradation takes 
place inside the WP. These scenarios and configurations are developed as refinements of the standard 
degradation scenarios and potentially critical configuration classes given in Section 3.1 of the “Disposal 
Criticality Analysis Methodology Topical Report.” Certain degradation scenarios and configurations will 
change when EDA II design is baselined. In accordance with AP-3.10Q, Revision 0, ICN 0, a work direction 
was developed, issued, and used in the preparation of this document 
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Abstract/Keyterms: Criticality safety issues for disposal of the ANL ceramic waste were examined for 
configurations within the waste package. Co-disposal of ceramic waste and DOE spent fuel is discussed 
briefly; co-disposal of ANL ceramic and metal wastes is examined in detail. Calculations indicate that no 
significant potential for criticality exists until essentially all of the important neutron absorbers are flushed 
from the degraded ceramic waste. Even if all of the neutron absorbers are removed from the ceramic waste 
rubble, the package remains far subcritical if the blended salts used in ceramic waste production have an 
initial U-235 enrichment below 40%. 
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Conference Session: Criticality Safety Issues for Spent Nuclear Fuel and Fissile Material - II 

Abstract/Keyterms: Two carrier/shipping cask options are being developed to transport bottles of EBR-II 
fuel elements stored at INTEC. Some fuel bottles are intact, but some have developed leaks. Reactivity 
control requirements to maintain subcriticality during the hypothetical transport accident have been 
examined for both transport options for intact and leaking bottles. Poison rods, poison sleeves, and dummy 
filler bottles were considered; several possible poison materials and several possible dummy filler materials 
were studied. The minimum number of poison rods or dummy filler bottles has been determined for each 
carrier for transport of intact and leaking bottles. 
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Abstract/Keyterms: This paper describes a procedure for finite-array criticality analysis to ensure 
criticality safety of shipments of fissile materials in US DOE-certified packages. After the procedure has 
been performed, one can obtain the minimum transport index and determine the maximum number of fissile 
packages allowable in a shipment that meets the 10 CFR 71 criticality safety requirements. 
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Abstract/Keyterms: During the 1996 audit, a corrective action program was developed and implemented 
to enhance the Criticality Safety Program at Lawrence Livermore National Laboratory. The Criticality 
Safety Program at LLNL has been rebuilt to combine a strong core criticality safety program with direct 
field support to floor operations. Field staff are integrated into the supported facility and program efforts. 
This method of operation effects all aspects of the criticality safety program including, as examples, 
development of criticality safety controls and training. 
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Abstract/Keyterms: The Criticality Safety Section at LLNL has a formal set of procedures to guide the 
administrative and technical work of the section. Two of these procedures,”Response to a Criticality Safety 
Infraction” and “CSG Criticality Safety Non-Compliance and Audit Tracking System,” provide combined 
guidance for response, tracking, and trending for procedural non-compliances. Combined with a database, 
this system provides a framework to systematically respond to, document, track and trend criticality safety 
non-compliances, as well as audit findings. 
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Abstract/Keyterms: The concept of taking credit for the reduction in reactivity of burned or spent nuclear 
fuel (SNF) due to fuel burnup is commonly referred to as burnup credit. The reduction in reactivity that 
occurs with fuel burnup is due to the net reduction of fissile nuclide concentrations and the production of 
actinide and fission-product neutron absorbers. The change in the inventory of these nuclides with fuel 
burnup, and the consequent reduction in reactivity, is dependent upon the depletion environment. Therefore, 
the use of burnup credit necessitates consideration of all possible fuel operating conditions, including the 
use of integral burnable absorbers (IBAs). The Interim Staff Guidance on burnup credit issued by the 
Nuclear Regulatory Commission's (NRC) Spent Fuel Project Office recommends licensees restrict the use 
of burnup credit to assemblies that have not used burnable absorbers (e.g., IBAs or burnable poison rods, 
BPRs). This restriction eliminates a large portion of the currently discharged spent fuel assemblies from 
cask loading, and thus severely limits the practical usefulness of burnup credit. The reason for this 
restriction is that the presence of burnable absorbers during depletion hardens the neutron spectrum, 
resulting in lower 235U depletion and higher production of fissile plutonium isotopes. Enhanced plutonium 
production has the effect of increasing the reactivity of the fuel at discharge and beyond. Consequently, an 
assembly exposed to burnable absorbers may have a slightly higher reactivity for a given burnup than an 
assembly that has not been exposed to burnable absorbers. This paper examines the effect of IBAs on 
reactivity for various designs and enrichment/poison loading combinations as a function of burnup. The 
effect of BPRs, which are typically removed during operation, is addressed elsewhere. 
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Abstract/Keyterms: The Interim Staff Guidance on burnup credit (ISG-8) for pressurized water reactor 
(PWR) spent nuclear fuel (SNF), issued by the Nuclear Regulatory Commission's (NRC) Spent Fuel Project 
Office, recommends the use of analyses that provide an “adequate representation of the physics” and notes 
particular concern with the “need to consider the more reactive actinide compositions of fuels burned with 
fixed absorbers or with control rods fully or partly inserted.” In the absence of readily available information 
on the extent of control rod (CR) usage in U.S. PWRs and the subsequent reactivity effect of CR exposure 
on discharged SNF, NRC staff have indicated a need for greater understanding in these areas. In response, 
this paper presents results of a parametric study of the effect of CR exposure on the reactivity of discharged 
SNF for various CR designs (including Axial Power Shaping Rods), fuel enrichments, and exposure 
conditions (i.e., burnup and axial insertion). The study is performed in two parts. In the first part, two-
dimensional calculations are performed, effectively assuming full axial CR insertion. These calculations 
are intended to bound the effect of CR exposure and facilitate comparisons of the various CR designs. In 
the second part, three-dimensional calculations are performed to determine the effect of various axial 
insertion conditions and gain a better understanding of reality. The results from the study demonstrate that 
the reactivity effect increases with increasing CR exposure (e.g., burnup) and decreasing initial fuel 
enrichment (for a fixed burnup). Additionally, the results show that even for significant burnup exposures, 
minor axial CR insertions (e.g., < 20 cm) result in an insignificant effect on the k(eff) of a spent fuel cask. 



 

C-1358 

1354…..…..…………………..…….……..……ID Number…………………..…..…………….1354 

Author: Scaglione, John 

Title: Spent Fuel Criticality Benchmark Experiments 

Date: 11/15/2001 

Report: ANS Embedded Topical Meeting on Practical Implementation of Nuclear Criticality Safety, 
Reno, NV (US), 11/11/2001-11/15/2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Burnup Credit - II 

Abstract/Keyterms:  



 

C-1359 

1355…..…..…………………..…….……..……ID Number…………………..…..…………….1355 

Author: Shimizu, Yoshio / Nojiri, Ichiro / Oka, Tsutomu 

Title: Validation of SCALE4 and MCNP4 for MOX Heterogeneous Systems of MOX Fuel Fabrication 
Facilities 

Date: 11/15/2001 

Report: ANS Embedded Topical Meeting on Practical Implementation of Nuclear Criticality Safety, 
Reno, NV (US), 11/11/2001-11/15/2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: MOX 

Abstract/Keyterms: n.a. 



 

C-1360 

1356…..…..…………………..…….……..……ID Number…………………..…..…………….1356 

Author: Simister, D. N. / Clemson, P. D. 

Title: UK Regulatory Perspective on the Application of Burn-Up Credit in Plant Criticality Safety Cases 

Date: 11/15/2001 

Report: ANS Embedded Topical Meeting on Practical Implementation of Nuclear Criticality Safety, 
Reno, NV (US), 11/11/2001-11/15/2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Regulatory Guidance and Rules 

Abstract/Keyterms:  



 

C-1361 

1357…..…..…………………..…….……..……ID Number…………………..…..…………….1357 

Author: Smith, Herschel P. 

Title: The Relative Significance of Actinide Dacay Heat for Nuclear Fuel Characterization 

Date: 11/15/2001 

Report: ANS Embedded Topical Meeting on Practical Implementation of Nuclear Criticality Safety, 
Reno, NV (US), 11/11/2001-11/15/2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Calculations of Decay Heat and Radionuclide Inventories 

Abstract/Keyterms:  



 

C-1362 

1358…..…..…………………..…….……..……ID Number…………………..…..…………….1358 

Author: Soule, Roland 

Title: Experimental Validation of the Neutronic Characteristics of the Subcritical Multiplying Medium of 
an Ads: the Muse Experiments 

Date: 11/15/2001 

Report: ANS Embedded Topical Meeting on Practical Implementation of Nuclear Criticality Safety, 
Reno, NV (US), 11/11/2001-11/15/2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Validation - II 

Abstract/Keyterms:  



 

C-1363 

1359…..…..…………………..…….……..……ID Number…………………..…..…………….1359 

Author: Stenberg, Charles / McKnight, Richard 

Title: Verification and Validation of Fast Systems with ENDF/B Data 

Date: 11/15/2001 

Report: ANS Embedded Topical Meeting on Practical Implementation of Nuclear Criticality Safety, 
Reno, NV (US), 11/11/2001-11/15/2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Validation - II 

Abstract/Keyterms: An extensive and systematic verification, validation and data testing effort using 
diverse Monte Carlo and deterministic methods with ENDF/B data (Versions V.2 and VI.5) is in progress. 
Methods verification is obtained by comparing independent methods, including continuous-energy Monte 
Carlo methods using the VIM and MCNP codes and 1D and 2D transport calculations using multigroup 
cross section sets generated with the ETOE-II/MC-2 system combined with the TWODANT code. Each of 
these code systems relies on independently processed data libraries. Inter-comparison of these results is 
used for verification. Further verification is achieved by comparing and plotting the point-wise cross section 
libraries of VIM and MCNP. Where possible, benchmark models are taken from both the ICSBEP 
Handbook and the CSEWG Benchmark Specifications. Inter-comparison of these results quantifies the 
generally small differences between these references. Calculations are repeated with both ENDF/B-V.2 and 
ENDF/B-VI.5 data. Inter-comparison of these results quantifies their data dependence. Analyses of 
criticality and reaction rate ratios are used for the validation and data testing. Calculated neutron balances 
and neutron energy spectra are also obtained and analyzed to explain the observed differences. 
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Conference Session: Validation - I 

Abstract/Keyterms: The U. S. Department of Energy established the Nuclear Criticality Safety Program 
(NCSP) to maintain the infrastructure and expertise in nuclear criticality safety to support line criticality 
safety programs at various DOE sites. The seven tasks of the NCSP include critical experiments, 
benchmarking, nuclear data, analytical methods, applicable ranges of bounding curves and data, 
information preservation and dissemination, and training and qualification. The goals of this program are 
to improve the knowledge, tools, data, guidance, and information available to the nuclear criticality safety 
community. In addition various elements of the NCSP are integrated together to provide the nuclear 
criticality safety community with the most precise nuclear data for criticality safety analyses. This paper 
describes how several elements of the NCSP were integrated together in the evaluation of the silicon nuclear 
data. Silicon is frequently encountered in decontamination and decommissioning efforts, process sludge 
and settling tanks, in situ vitrification, and waste remediation efforts (including waste storage, retrieval, 
characterization, volume reduction, and stabilization). Silicon was also identified as an important isotope 
for addressing concerns associated with the storage of spent nuclear fuels in a geologic repository. The 
inadequacy of the silicon nuclear data in the intermediate energy region mandated that additional neutron 
capture cross-section measurements had to be performed that encompassed the resolved resonance region. 
An evaluation was performed that included analysis of the most recent neutron capture and existing 
transmission cross-section measurements performed at the Oak Ridge Electron Linear Accelerator. Critical 
experiments were performed at the Institute of Physics and Power Engineering in Obninsk, Russia because 
of the lack of critical experiment data for analysis of storage of nuclear material in a geologic repository. 
These critical experiments were evaluated and benchmark models were developed and submitted to the 
International Criticality Safety Benchmark Evaluation Project for review and publication in the 
“International Handbook of Evaluated Criticality Safety Benchmark Experiments”. Sensitivity analyses 
were performed as a part of the benchmark evaluation to determine the sensitivity of the critical experiments 
to the various constituents of the assembly. The benchmark models were then used to determine the 
computed k(eff) for various cross section data sets. The variation in the computed k(eff) value for the new 
evaluated data set was then used as an indicator to adjust the negative energy capture widths for the capture 
cross section data. Furthermore, the changes in k(eff) were used as an indicator to the inadequacy of 
previous measured data in the unresolved resonance region. The result of the efforts of the NCSP provided 
the most precise set of nuclear data for silicon. The resulting ORNL evaluation produced the most consistent 
evaluation for silicon. This result could only be achieved through integration of many components of the 
NCSP. 
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1420…..…..…………………..…….……..……ID Number…………………..…..…………….1420 

Author: American Nuclear Society 

Title: Criteria for Emergency Radiological Field Monitoring, Sampling, and Analysis 

Date: 1/1/1992 

Report: ANSI/ANS-3.8.5-1992 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1425 

1421…..…..…………………..…….……..……ID Number…………………..…..…………….1421 

Author: American Nuclear Society 

Title: Design Basis Criteria for Safety Systems in Nuclear Power Generating Stations 

Date: 11/21/1978 

Report: ANSI/ANS-4.1-1978 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1426 

1422…..…..…………………..…….……..……ID Number…………………..…..…………….1422 

Author: American Nuclear Society 

Title: Criteria for Accident Monitoring Functions in Light-Water-Cooled Reactors 

Date: 12/31/1980 

Report: ANSI/ANS-4.5-1980 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1427 

1423…..…..…………………..…….……..……ID Number…………………..…..…………….1423 

Author: American Nuclear Society 

Title: Design Requirements for New Fuel Storage Facilities at Light Water Reactor Plants 

Date: 1/1/1983 

Report: ANSI/ANS-57.3-1983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Wet or Dry Storage Facilities / Light Water Reactor Nuclear Power Plants / Storage 
of New Nuclear Fuel and Control Components 



 

C-1428 

1424…..…..…………………..…….……..……ID Number…………………..…..…………….1424 

Author: American Nuclear Society 

Title: Criteria for Technical Specifications for Nuclear Power Stations 

Date: 1/25/1979 

Report: ANSI/ANS-58.4-1979 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1429 

1425…..…..…………………..…….……..……ID Number…………………..…..…………….1425 

Author: American Nuclear Society 

Title: Neutron and Gamma-Ray Fluence-To-Dose Factors 

Date: 1/1/1991 

Report: ANSI/ANS-6.1.1-1991 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1430 

1426…..…..…………………..…….……..……ID Number…………………..…..…………….1426 

Author: American Nuclear Society 

Title: Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors 

Date: 1/1/1988 

Report: ANSI/ANS-8.01-1983/R88 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Standard is applicable to operations with 235U, 233U, 239Pu, and other 
fissionable materials outside of nuclear reactors, except the assembly of these materials under controlled 
conditions, such as in critical experiments. Generalized basic criteria are presented and limits are specified 
for some simple single fissionable units, but not for multiunit arrays. This Standard does not include the 
details of administrative controls, the design of processes or equipment, the description of instrumentation 
for process control, or detailed criteria to be met in transporting fissionable materials. 



 

C-1431 

1427…..…..…………………..…….……..……ID Number…………………..…..…………….1427 

Author: American Nuclear Society 

Title: Criticality Accident Alarm Systems 

Date: 1/1/1986 

Report: ANSI/ANS-8.03-1986 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Alarm 
Systems- Regulatory Guides; Criticality- Alarm Systems; Radiation Accidents; Radiation Detectors 



 

C-1432 

1428…..…..…………………..…….……..……ID Number…………………..…..…………….1428 

Author: American Nuclear Society 

Title: Safety in Conducting Subcritical Neutron-Multiplication Measurements in Situ 

Date: 1/1/1986 

Report: ANSI/ANS-8.06-1986 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Standard provides safety guidance for conducting subcritical neutron-
multiplication measurements where physical protection of personnel against the consequences of a 
criticality accident is not provided. The objectives of in situ measurements are either to confirm an adequate 
safety margin or to improve an estimate of such a margin. The first objective may constitute a test of the 
criticality safety of a design that is based on calculations. The second may effect improved operating 
conditions by reducing the uncertainty of safety margins and providing guidance to new designs. 



 

C-1433 

1429…..…..…………………..…….……..……ID Number…………………..…..…………….1429 

Author: American Nuclear Society 

Title: Nuclear Criticality Safety in the Storage of Fissile Materials 

Date: 12/2/1998 

Report: ANSI/ANS-8.07-1998 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Guide is applicable to the storage of fissile materials. Mass and spacing limits 
are tabulated for uranium containing greater than 30 wt percent 235U, for 233U and for plutonium as metals 
and oxides. Criteria for the range of application of these limits are provided. 



 

C-1434 

1430…..…..…………………..…….……..……ID Number…………………..…..…………….1430 

Author: American Nuclear Society 

Title: Nuclear Criticality Safety Guide for Pipe Intersections Containing Aqueous Solutions of Enriched 
Uranyl Nitrate 

Date: 1/1/1978 

Report: ANSI/ANS-8.09-1978 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This guide is applicable only to the storage and processing of homogeneous aqueous 
solutions or uranyl nitrate containing 235U in intersecting pipe geometries. The general criteria and data 
presented are based on criticality experiments, validated calculations and simple empirical models. 



 

C-1435 

1431…..…..…………………..…….……..……ID Number…………………..…..…………….1431 

Author: American Nuclear Society 

Title: Criteria for Nuclear Criticality Safety Controls in Operations Where Shielding and Confinement 
Protects Personnel 

Date: 1/1/1988 

Report: ANSI/ANS-8.10-1983/R88 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Standard is applicable to operations outside of nuclear reactors with 235U, 233U, 
239Pu, and other fissile and fissionable materials in which shielding and containment are provided for 
protection of personnel, except the assembly of these materials under controlled conditions, such as in 
critical experiments. Criteria are provided that may be used for criticality control under shielded conditions. 
The Standard does not include the details of administrative procedures for control, which are considered to 
be management prerogatives, nor details regarding the design of processes and equipment or descriptions 
of instrumentation for process control. 



 

C-1436 

1432…..…..…………………..…….……..……ID Number…………………..…..…………….1432 

Author: American Nuclear Society 

Title: American National Standard: Criteria for Nuclear Criticality Safety Controls in Operations with 
Shielding and Confinement. Revision 

Date: 1/1/1983 

Report: ANSI/ANS-8.10-1983-Rev 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard amplifies the conditions necessary for the control of criticality in 
fissionable materials set forth in American National Standard for Nuclear Criticality Safety in Operations 
with Fissionable Materials Outside Reactors, ANSI/ANS-8.1-1983. Criteria for the prevention of criticality 
are presented herein for facilities which provide adequate protection for personnel and the public against 
radiation and releases of radioactive materials resulting from accidental criticality. 



 

C-1437 

1433…..…..…………………..…….……..……ID Number…………………..…..…………….1433 

Author: American Nuclear Society 

Title: American National Standard for Nuclear Criticality Safety in Operations with Fissionable Materials 
Outside Reactors 

Date: 9/9/1998 

Report: ANSI/ANS-8.1-1998 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Standard is applicable to operations with 235U, 233U, 239Pu, and other 
fissionable materials outside of nuclear reactors, except the assembly of these materials under controlled 
conditions, such as in critical experiments. Generalized basic criteria are presented and limits are specified 
for some simple single fissionable units, but not for multiunit arrays. This Standard does not include the 
details of administrative controls, the design of processes or equipment, the description of instrumentation 
for process control, or detailed criteria to be met in transporting fissionable materials. 



 

C-1438 

1434…..…..…………………..…….……..……ID Number…………………..…..…………….1434 

Author: n.a. 

Title: Nuclear Criticality Control and Safety of Homogeneous Plutonium-Uranium Fuel Mixtures Outside 
Reactors 

Date: 1/1/1979 

Report: ANSI/ANS-8.12-1978 

Conference/Journal: ANS Standard 

Conference Session:  

Abstract/Keyterms: Guidance is provided for the prevention of criticality accidents in the handling, 
storing, processing and transporting of plutonium-uranium fuel mixtures outside reactors. 



 

C-1439 

1435…..…..…………………..…….……..……ID Number…………………..…..…………….1435 

Author: American Nuclear Society 

Title: American National Standard: for Nuclear Criticality Control and Safety of Plutonium-Uranium Fuel 
Mixtures Outside Reactors 

Date: 9/11/1987 

Report: ANSI/ANS-8.12-1987 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard is applicable to operations with homogeneous mixtures of plutonium 
and uranium. The mixtures may be solutions, suspended solids, precipitates, or may have been formed 
mechanically. Basic criteria are presented for plutonium-uranium fuel mixtures containing no more than 30 
wt.% plutonium combined with uranium containing no more than 0.71 wt.% 235U. This standard does not 
include the details of administrative controls, the design of processes or equipment, the description of 
instrumentation for process control, or detailed criteria to be met in transporting fissionable materials. The 
limits of this standard are not applicable to heterogeneous systems such as lattices of rods in water, mixtures 
in which particles are large enough to introduce lumping effects, or mixtures in which the concentrations 
of components are nonuniform. The limits are applicable, however, to homogeneous mixtures and slurries 
in which the particles constituting the mixture are uniformly distributed and have a diameter no larger than 
127..mu..m (0.005 in.), i.e., are capable of being passed through a 120 mesh screen. 



 

C-1440 

1436…..…..…………………..…….……..……ID Number…………………..…..…………….1436 

Author: American Nuclear Society 

Title: Nuclear Criticality Control of Special Actinide Elements 

Date: 10/30/1987 

Report: ANSI/ANS-8.15-1981/R87 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SPEC-MET-FAST-001, SPEC-MET-FAST-002, SPEC-MET-FAST-003; This 
standard is applicable to operations with the following 238Pu, 240Pu, 241Pu, 242Pu, 241Am, /sup 
242m/Am, 243Am, 243Cm, 244Cm, 245Cm, 247Cm, 249Cf and 251Cf. Subcritical mass limits are 
presented for isolated fissionable units. The limits are not applicable to interacting units. 



 

C-1441 

1437…..…..…………………..…….……..……ID Number…………………..…..…………….1437 

Author: American Nuclear Society 

Title: American National Standard-Criticality Safety Criteria for the Handling, Storage, and Transportation 
of LWR Fuel Outside Reactors 

Date: 1/13/1984 

Report: ANSI/ANS-8.17-1984 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1442 

1438…..…..…………………..…….……..……ID Number…………………..…..…………….1438 

Author: American Nuclear Society 

Title: Criticality Safety Criteria for the Handling, Storage, and Transportation of LWR Fuel Outside 
Reactors 

Date: 1/1/2005 

Report: ANSI/ANS-8.17-2004: 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard provides nuclear criticality safety criteria for the handling, storage, and 
transportation of light water reactor fuel rods and units outside reactor cores. 



 

C-1443 

1439…..…..…………………..…….……..……ID Number…………………..…..…………….1439 

Author: American Nuclear Society 

Title: Administrative Practices for Nuclear Criticality Safety 

Date: 4/17/1996 

Report: ANSI/ANS-8.19-1996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard provides criteria for the administration of a nuclear criticality safety 
program for operations outside of reactors in which there exists a potential for criticality accidents. 



 

C-1444 

1440…..…..…………………..…….……..……ID Number…………………..…..…………….1440 

Author: American Nuclear Society 

Title: Nuclear Criticality Safety Training 

Date: 5/20/1991 

Report: ANSI/ANS-8.20-1991 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard provides criteria for the administration of a nuclear criticality safety 
training program for personnel who manage, work in, or near facilities where the potential exists for a 
criticality accident outside of reactors, though it does not apply to the training of nuclear criticality safety 
staff. 



 

C-1445 

1441…..…..…………………..…….……..……ID Number…………………..…..…………….1441 

Author: American Nuclear Society 

Title: Use of Fixed Neutron Absorbers in Nuclear Facilities Outside Reactors 

Date: 6/12/1995 

Report: ANSI/ANS-8.21-1995 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities Was Needed. Fixed Neutron Absorbers are 
Materials that are An Integral Part of a Facility and Equipment, Have Neutron Absorption Properties, and 
are Incorporated into Designs to Ensure Safety Margins for Subcriticality as Required for Normal and 
Abnormal Operating Conditions. Ansi / Ans-8.21-1995 Provides Such Guidance that Applies to the Design, 
Construction, and Operation of Facilities Used for Handling, Processing, and Storing of Fissionable 
Material, Including Equipment Associated with the Transportation of Fissionable Material. Fixed Neutron 
Absorbers are Controlled Differently from Soluble Neutron Absorbers and from Raschig Rings. Soluble 
Neutron Absorbers are Covered By the Proposed Standard Ansi / Ans-8.14,’Subcritical Limits of Fissile 
Materials in Solution of Neutron Absorbers.’ Raschig Rings are Discussed in Ansi / Ans-8.5,’Use of 
Borosilicate-Glass Raschig Rings as a Neutron Absorber in Solutions of Fissile Material.’ 



 

C-1446 

1442…..…..…………………..…….……..……ID Number…………………..…..…………….1442 

Author: American Nuclear Society 

Title: Nuclear Criticality Accident Emergency Planning and Response 

Date: 6/1/1995 

Report: ANSI/ANS-8.23-199x 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1447 

1443…..…..…………………..…….……..……ID Number…………………..…..…………….1443 

Author: n.a. 

Title: Criticality Accident Alarm System 

Date: 1/1/1980 

Report: ANSI/ANS-8.3-1979 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard is applicable to all operations with plutonium, 233U, uranium enriched 
in 235U, and other fissionable materials in which inadvertent criticality may occur and cause the exposure 
of personnel to unacceptable amounts of radiation. This standard does not require separate additional 
instrumentation when the operating instrumentation of facilities, such as nuclear reactors or critical 
experiments, meets the requirements of this standard. This standard does not include details of 
administrative actions, which are considered to be managerial prerogatives, or specific design and 
description of instrumentation. Details of nuclear accident dosimetry, personnel exposure evaluations, and 
post-accident diagnostics are not within the scope of this standard. Details of this standard are directed 
principally toward gamma-radiation rate-sensing systems. Analogous considerations are applicable to 
integrating systems and to those detecting neutrons. 



 

C-1448 

1444…..…..…………………..…….……..……ID Number…………………..…..…………….1444 

Author: American Nuclear Society 

Title: American National Standard: Criticality Accident Alarm System 

Date: 8/29/1986 

Report: ANSI/ANS-8.3-1986 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard is applicable to all operations with plutonium, 233U, uranium enriched 
in 235U, and other fissionable materials in which inadvertent criticality may occur and cause the exposure 
of personnel to unacceptable amounts of radiation. This standard does not require separate additional 
instrumentation when the operating instrumentation of facilities, such as nuclear reactors or critical 
experiments, meets the requirements of this standard. This standard does not include details of 
administrative actions, which are considered to be managerial prerogatives, or specific design and 
description of instrumentation. Details of nuclear accident dosimetry, personnel exposure evaluations, and 
post-accident diagnostics are not within the scope of this standard. Details of this standard are directed 
principally toward gamma-radiation rate-sensing systems. Analogous considerations are applicable to 
integrating systems and to those detecting neutrons. 



 

C-1449 

1445…..…..…………………..…….……..……ID Number…………………..…..…………….1445 

Author: n.a. 

Title: American National Standard: Use of Borosilicate-Glass Raschig Rings as a Neutron Absorber in 
Solutions of Fissile Material 

Date: 1/1/1980 

Report: ANSI/ANS-8.5-1979 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard applies to the use of borosilicate-glass raschig ring as a neutron 
absorber for primary and for secondary criticality control in solutions containing 235U, 239Pu, and 233U. 
The chemical and physical environment, properties of the rings and packed vessels, maintenance inspection 
procedures, and criticality operating limits are specified. 



 

C-1450 

1446…..…..…………………..…….……..……ID Number…………………..…..…………….1446 

Author: American Nuclear Society 

Title: Use of Borosilicate-Glass Raschig Rings as a Neutron Absorber in Solutions of Fissile Material 

Date: 1/3/1986 

Report: ANSI/ANS-8.5-1996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard applies to the use of borosilicate-glass raschig ring as a neutron 
absorber for primary and for secondary criticality control in solutions containing 235U, 239Pu, and 233U. 
The chemical and physical environment, properties of the rings and packed vessels, maintenance inspection 
procedures, and criticality operating limits are specified. 



 

C-1451 

1447…..…..…………………..…….……..……ID Number…………………..…..…………….1447 

Author: American Nuclear Society 

Title: American National Standard: for Safety in Conducting Subcritical Neutron-Multiplication 
Measurements In-Situ 

Date: 5/16/1983 

Report: ANSI/ANS-8.6-1983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This standard provides safety guidance for conducting subcritical neutron-
multiplication measurements where physical protection of personnel against the consequences of a 
criticality accident is not provided. The objectives of in-situ measurements are either to confirm an adequate 
safety margin or to improve an estimate of such a margin. The first objective may constitute a test of the 
criticality safety of a design that is based on calculations. The second may effect improved operating 
conditions by reducing the uncertainty of safety margins and providing guidance to new designs. 



 

C-1452 

1448…..…..…………………..…….……..……ID Number…………………..…..…………….1448 

Author: American Nuclear Society 

Title: American National Standard: Nuclear Criticality Safety Guide for Pipe Intersections Containing 
Aqueous Solutions of Enriched Uranyl Nitrate 

Date: 1/1/1978 

Report: ANSI/ANS-8.9-1978 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Guide provides general criteria and data based on criticality experiments and 
validated calculations within the scope of this document and simple empirical models, adaptable for 
engineering purposes for safe design of interconnecting pipe systems handling solutions of uranyl nitrate 
enriched in the 235U isotope. At present, the only available model is that for aqueous solutions of uranyl 
nitrate in which the uranium is enriched to 93.5 wt% 235U. As more data become available, models for 
other uranium isotopic enrichments and fissionable elements may be developed and published as related 
standards. The Guide is applicable only to the storage and processing of homogeneous aqueous solutions 
of uranyl nitrate containing the 235U isotope in intersecting pipe geometries. Specific data for U(93.5) are 
presented, and no consideration is given to mixtures containing other fissionable materials. This Guide does 
not include specific chemical and mechanical technology, information on fluid dynamics, or other 
engineering fundamentals also required in safe design of process equipment. 



 

C-1453 

1449…..…..…………………..…….……..……ID Number…………………..…..…………….1449 

Author: Staff 

Title: Nuclear Criticality Safety Criteria for Steel-Pipe Intersections Containing Aqueous Solutions of 
Fissile Material 

Date: 1/1/1987 

Report: ANSI/ANS-8.9-1987 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This guide is applicable only to the storage and processing of homogeneous aqueous 
solutions or uranyl nitrate containing 235U in intersecting pipe geometries. The general criteria and data 
presented are based on criticality experiments, validated calculations and simple empirical models. 



 

C-1454 

1450…..…..…………………..…….……..……ID Number…………………..…..…………….1450 

Author: American Nuclear Society 

Title: Location and Design Criteria for Area Radiation Monitoring Systems for Light Water Nuclear 
Reactors 

Date: 5/21/1981 

Report: ANSI/ANS-HPSSC-6.8.1-1981 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1455 

1451…..…..…………………..…….……..……ID Number…………………..…..…………….1451 

Author: American Nuclear Society 

Title: Immediate Evacuation Signal for Use in Industrial Installations 

Date: 1/1/1980 

Report: ANSI/ANS-N-2.3-1979 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The characteristics of signals for situations requiring prompt evacuation of personnel 
to prevent serious injury are defined. This standard was developed for use in installations where ionizing 
radiation exposures might occur, but it may be used for other establishments where immediate evacuation 
is required. Devices required to activate the signal are discussed although not specified. Guidance for 
detection of nuclear criticality accidents may be found in American National Standard Criticality Accident 
Alarm System, ANSI/ANS-8.3-1979.(1)/sup 1/ The reliability requirements of the signal generating system 
are specified. Operational testing requirements are specified for the signal generating system. Process 
equipment used in areas from which immediate evacuation may be required should be so designed that 
leaving the equipment will not introduce significant risk. Such design is beyond the scope of this standard. 



 

C-1456 

1452…..…..…………………..…….……..……ID Number…………………..…..…………….1452 

Author: Staff 

Title: Materials Handling (Containers)-Steel Drums and Pails 

Date: 1/1/1985 

Report: ANSI/MH2-1985 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-1457 

1453…..…..…………………..…….……..……ID Number…………………..…..…………….1453 

Author: n. a. 

Title: Guide to Principal Design Criteria for Nuclear Fuel Reprocessing Facilities 

Date: 1/1/1979 

Report: ANSI-N-101.3-1979 

Conference/Journal: ANS Standard 

Conference Session:  

Abstract/Keyterms: Radiological safety criteria for nuclear fuel reprocessing facilities is provided by this 
standard. These criteria, intended for use in design, provide broad functional objectives that are generally 
applicable to all nuclear fuel reprocessing facilities and that are essential to the health and safety of plant 
personnel and of the general public. The licensing of nuclear fuel reprocessing facilities under 10 CRF 
requires that principal design criteria be developed and documented for each facility. The criteria presented 
in this standard are intended as guides in the preparation of these principal design criteria. 



 

C-1458 

1454…..…..…………………..…….……..……ID Number…………………..…..…………….1454 

Author: Nakache, F. R. 

Title: Development and Use of Monte Carlo Techniques in Reactor Design at United Nuclear Corporation 

Date: 10/31/1969 

Report: ANS-RPD-1; CONF-680601-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Analysis; Boiling; Configuration; 
Critical Assemblies; Criticality; Diffusion; Equations; Fuel Elements; Mockup; Monte Carlo Method; 
Multiplication Factors; Neutrons; Pressure; Probability; Randomness; Reactors; Statistics; Uses; Water 
Coolant 



 

C-1459 

1455…..…..…………………..…….……..……ID Number…………………..…..…………….1455 

Author: Harrington, B. V. / Pollard, J. P. / Barry, J. M. 

Title: POW3D-Neutron Diffusion Module of the AUS System. A User's Manual 

Date: 11/1/1996 

Report: ANSTO/E-726 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: POW3D / Three-Dimensional Neutron Diffusion Module of the Aus Modular 
Neutronics Code System / Eigenvalue / Kinetics 



 

C-1460 

1456…..…..…………………..…….……..……ID Number…………………..…..…………….1456 

Author: Mason, Edward A. 

Title: The NRC and the Nuclear Safety Community 

Date: 10/8/1975 

Report: ANS-TOP-1975, 001-009 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1461 

1457…..…..…………………..…….……..……ID Number…………………..…..…………….1457 

Author: Okrent, David 

Title: Risk-Benefit and the American Nuclear Society 

Date: 10/8/1975 

Report: ANS-TOP-1975, 010-015 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1462 

1458…..…..…………………..…….……..……ID Number…………………..…..…………….1458 

Author: Sagan, L. A. 

Title: Plutonium - Some Political and Social Considerations 

Date: 10/8/1975 

Report: ANS-TOP-1975, 016-020 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1463 

1459…..…..…………………..…….……..……ID Number…………………..…..…………….1459 

Author: Morris, Peter A. 

Title: Nuclear Safety Experience - Key Attitudes and Events 

Date: 10/8/1975 

Report: ANS-TOP-1975, 021-037 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1464 

1460…..…..…………………..…….……..……ID Number…………………..…..…………….1460 

Author: Lowenstein, Walter B. 

Title: Nuclear Safety Research at EPRI 

Date: 10/8/1975 

Report: ANS-TOP-1975, 038-052 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1465 

1461…..…..…………………..…….……..……ID Number…………………..…..…………….1461 

Author: Kouts, Herbert 

Title: The Goals, Plans and Progress of Government Research in Reactor Safety 

Date: 10/8/1975 

Report: ANS-TOP-1975, 053-062 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1466 

1462…..…..…………………..…….……..……ID Number…………………..…..…………….1462 

Author: Reider, Roy 

Title: Safety in Perspective - Deuteronomy to OSHA 

Date: 10/8/1975 

Report: ANS-TOP-1975, 063-070 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1467 

1463…..…..…………………..…….……..……ID Number…………………..…..…………….1463 

Author: Morgan, Karl Z. 

Title: Keeping Dose Commitments ALAP 

Date: 10/8/1975 

Report: ANS-TOP-1975, 071-077 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1468 

1464…..…..…………………..…….……..……ID Number…………………..…..…………….1464 

Author: Alcorn, F. M. 

Title: Nuclear Criticality Safety - Current Theory and Practice 

Date: 10/8/1975 

Report: ANS-TOP-1975, 078-092 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms:  



 

C-1469 

1465…..…..…………………..…….……..……ID Number…………………..…..…………….1465 

Author: Paxton, Hugh C. 

Title: Significance of Accidental Excursions 

Date: 10/8/1975 

Report: ANS-TOP-1975, 093-108 

Conference/Journal: American Nuclear Society National Topical Meeting, Oct. 6-8, 1975, Tucson, AZ 

Conference Session:  

Abstract/Keyterms: All the criticality accidents in processing plants have occurred with solutions. The 
reasonably limited observed range of initial-spike yields is believed to be characteristic of practical 
solution-handling systems. With solids there is no similar nonexplosive limit, but experience supports the 
contention that there the probability of occurrence can be kept vanishingly small. 



 

C-1470 

1466…..…..…………………..…….……..……ID Number…………………..…..…………….1466 
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same as Core I with the exception that Core II has an increased burnable poison (B10) content. The zero 
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loading procedure and an analysis of experimental data. Physical characteristics determined include 
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rates is included. 
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the reactor are described. The latter program began with testing of the vapor container for leaks, checking 
the integrity of the entire primary and secondary systems, and testing of individual components. Pre-nuclear 
testing of the primary system was performed. The system was operated at full temperature and pressure 
using dummy fuel elements in the core. The reactor was brought critical and was generating electrical power 
one week later. Numerous low and high power performance tests were performed and the reactor reached 
its full rated power at 10 megawatts of heat. The temperature coefficient of the reactor was measured as --
2.3 x 10/sup -4// deg F and the pressure coefficient as 2 to 4 x 10/sup -6//psi at the operating conditions of 
450 deg F and 1200 psi. Measurements were made to demonstrate that the reactor would be cooled by 
thermal convection in the event of loss of primary coolant flow. Data are presented om Xe buildup, 
shielding, and over-all plant heat balance, and the control of water purity in both the primary and secondary 
system is described. The APPR-1 has proven itself to be a reliable nuclear power plant with remarkable 
stability and it has operated so as to meet all design requirements. 
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effective multiplication of 1.023 at startup with equilibrium xenon at temperature. The control rod absorber 
sections contain 151 g of europium per plate contained as 38 wt.% Eu2O3 in a stainless steel matrix. The 
internal flux suppressors incorporated into the end of the control rod fuel plates are 0.020 x 0.875 x 2.281 
in. They contain 23.2 wt.% Eu2O3 in a stainless steel matrix. These will eliminate the problem of flux 
peaking in the control rod fuel section. 
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The method is as yet restricted to the unreflected core, or to the reflected core by use of reflector savings 
and bare equivalent geometries. The physical state of the system for which criticality conditions are sought 
is: (a) Cylindrical homogenized core of height H and radius R, where dimensions may be considered as 
extrapolated or bare equivalent. (b) Two-group diffusion theory (or modified two-group) for the behavior 
of fast and thermal neutrons. Physical boundary conditions on both groups are to be applied at rod surfaces. 
(c) The core is traversed through its full height by a total of M + 1 control ' rods,” the shapes of which are 
immaterial, so long as one may define extrapolation distances at surfaces of equivalent circular rods. One 
of these rods may be along the central axis, the remaining M may be located anywhere. W) Every rod in 
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Abstract/Keyterms: Critical experiment studies were performed, varying the parameters U235, B10, and 
metal to water ratio, in the SM-2 7 x7 core configuration with 38 stationary elements and seven … rods of 
the SM-1 (APPR-1) type. An experimental mock-up SM-1 was assembled using the basic SM-2 fuel plates. 
Excellent agreement between the SM-1 boron loading, determined by chemical analysis, and the SM-1 
mock-up boron loading, for equivalent bank positions, was noted. Several SM-2 mock-ups, cold clean and 
midlife, were assembled and studied with regard to reflector effects, flow divider effects, relative control 
rod array worths, critical rod configurations, and relative power distributions. The results of these 
experiments indicate as satisfactory a U235 loading of 36 4 kg and a B10 loading of 63.4 grams for the SM-
2. Attention is drawn to numerous power peaks present in the active core. The open seven control rod array 
has a slight reactivity advantage over the closed seven array and consequent minor disadvantage with 
respect to "stuck rod" criteria. 
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Abstract/Keyterms: A description and results of a second series of critical experiments performed on the 
SM-2 core mockup are presented. The SM-2 core mockup contains 36.4 kg of U235 and an estimated 67.9 
g of B10. The equivalent diameter and the active height are about 22 in. The metal-to-water volume ratio 
is 0.344. Data are presented on activation, reactivity, and stuck rod measurements. All measurements were 
conducted on the open 7 control rod array employing 38 stationary fuel elements. Activation measurements 
consisted of neutron flux measurements using uranium fission foils for relative power distribution studies, 
the effect of flux suppressors on reducing power peaks, blocked coolant channel measurements, and gamma 
dose distribution. Reactivity measurements were performed to determine the effect of flow divider, flux 
suppressors, and simulated high temperature and pressure operation, B10 loading in the SM-2 core, and 
core material coefficients. For the latter, the worth in cents per gram or cents per cm3 was determined at a 
simulated temperature of 510 deg F for B10, U235, stainless steel, and void. Stuck rod measurements were 
made to obtain an indication of the criticality margin in the event one or more control rods should stick in 
the operating position. 
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Abstract/Keyterms: An element by element reactivity check for SM-1 Core II fuel elements and control 
rod absorber sections was performed and the burnable nuclear poison loaning in the SM-1 Core II stationary 
fuel elements was established. An approach to criticality of the SM-1 Core II was performed by the inverse 
multiplication method and the critical rod bank position obtained as a function of fuel loading up to the full 
SM-I Core II loading. Maximum and minimum core reactivity measurements were obtained by selective 
loading of stationary fuel elements and the total "excess K" for the core established. Power distribution 
measurements in the region of the core-reflector interface and the fuel-absorber interface in the control rod 
assemblies were performed. The effectiveness of europium flux suppressors in the top of control rod fuel 
elements and the power peaking in stationary elements adjacent to water gaps in control rod assemblies 
were measured. Survey measurements established the worth of spiking cold clean SM-1 cores with SM-2 
elements, and of water holes in the SM-1 core which might be utilized as flux traps for materials irradiation. 
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Abstract/Keyterms: A report is presented which is intended to serve as a cumulative data source for 
nuclear analysis work being performed under Task 10 of the SM-2 Core and Vessel program. Information 
is included on calculational models for determination of reference loading steel vs water reflector and non-
uniform burnout of core. Information is also included on the nuclear design of a two- pass core, effects of 
design changes on the SM-2 core, and SM-2 reactor core and vessel design. Calculations are presented 
concerning control rods, flux and power distribution, critical experiments, microscopic cross sections, and 
treatment of control rods and fuel elements in the core. The IBM-650- and 704- codes employed are 
described. 
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Abstract/Keyterms: The PM-2A Core I zero power experiment was performed to establish fuel element 
and absorber uniformities, control rod critical bank positions, and on-site initial core loading procedures. 
Results indicated satisfactory distribution of fuel and poison in fuel elements. Anticipated B10 fabrication 
loss was 35%, while the estimated stationary fuel element B10 loading of 0.425 gm per element represented 
an average B10 loss of approximately 42% from the specified 0.728 gm per element. This estimate was 
based on reactivity differences obtained by intercomparison with an SM-1 Core I standard element. 
Assuming the same estimated loss for control rod fuel elements, average B10 loading would be 
approximately 0.335 gm, against the loaded 0.574 gm. Europium absorber sections showed high uniformity 
when checked against each other. Criticality was initially attained with 16 fuel elements (11 stationary and 
5 control rod), containing 8101.74 gm U235, at a five rod critical bank position of 18.921 inches. Minimum 
critical mass measurement, utilizing a 4 by 4 iuel element array with one corner element missing and 3 
control rod assemblies, was 7789.68 gm with a three rod critical bank position of 21.513 inches. The full 
core (37 fuel elements) had a total mass of 19, 490.88 gm U235, and the five rod critical bank position was 
6.384 inches. Stuck rod measurements demonstrated that reactor criticality may be attained by withdrawing 
any single control rod (17.565 in. for the center rod, 19.559 in. for an outside rod). The initial on-site core 
loading procedures developed will ensure safety and efficiency without requiring an inverse multiplication 
approach to criticality. 
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Abstract/Keyterms: A cyclic stress analysis of the SM-1 primary system was carried out. Problems 
encountered in the fabrication of PM-2A Core II and SM-lA Core II are described, and the results of an 
examination of damaged SM-lA Core I stationary fuel elements reported. A preliminary study of the 
radiation damage to SM-1 reactor vessel was made and the possibility of annealing the vessel discussed. 
Performance analyses are presented for five cores: SM-1 Core, SM-1 Core 1 rearranged and spiked, SM-1 
Core II with special components, PM-2A Core 1, and SM- 1A Core 1. Preliminary critical experiments 
were made with SM-2 elements in a SM- 1 core configuration and nuclear and thermal analyses of the use 
of SM-2 elements in SM-1, SM-1A, and PM-2A completed. A throttling steam calorimeter was selected 
for measuring moisture carry-over on the PM-2A steam generator. Test procedures for evaluating the 
shielding of the SM-1, SM-lA, and PM-2A plants are summarized. Radiochemical and chemical analyses 
of SM-1 coolant and crud are summarized, and methods of activity control discussed. Preliminary results 
of studies of the properties of reactor pressure vessels under irradiation and nonirradiation conditions are 
summarized briefly. 
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Title: Critical Mass Calculation for APPR-1 Critical Experiment 

Date: 9/23/1955 

Report: APAE-MEMO-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to check previous calculations, and to provide a tool for future analytical 
work on APPR type reactors, a calculation to predict the critical mass of the APPR critical experiment has 
been performed. The particular cases investigated were for the cold, unpoisoned critical assembly, with and 
without the stainless steel end boxes. The inclusion of the end boxes changed the axial reflector from water 
to 60% water and 40% stainless steel. An infinite radial reflector was assumed at all times. The critical mass 
was found to be 8.68 kg of uranium-235 in both cases. 



 

C-1513 

1509…..…..…………………..…….……..……ID Number…………………..…..…………….1509 

Author: Giesler, H. W. / Gallagher, J. G. 

Title: Calculation of Control Rod Worth in APPR-1 

Date: 12/23/1955 

Report: APAE-MEMO-005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Seven control rods will be used in the APPR-1 instead of five as originally planned. 
Critical experiments evaluating the rod worth for the APPR-1 have been performed at ORNL, and 
calculations have been carried out by ALCO interpreting these experimental results. The calculations 
indicate that the capability of any four of the original five rods to shut down the cold reactor at mid-life is 
marginal. The calculations are summarized in this memorandum. 
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Title: Comparison of Boron and Hafnium in APPR Control Rods 

Date: 4/26/1956 

Report: APAE-MEMO-015 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A comparison of B and Hf for use in APPR control rods shows that it is possible to 
substitute Hf plate. Increased wall thickness of Hf will result in a smaller water volume, but reduction of 
the moderating center will not decrease the effectiveness of Hf rods. Burnup of Hf results in only small 
change of the initial blackness. Since neutron absorption in most of the Hf isotopes are (n, gamma) reactions 
there is no heat generation in Hf rod. 
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Report: APAE-MEMO-025 
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Conference Session:  

Abstract/Keyterms: Physics; Appr-1; Configuration; Control Elements; Critical Assemblies; Criticality; 
Economics; Efficiency; Fuel Elements; Heating; Mass; Measured Values; Numericals; Power; Power 
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Date: 11/7/1956 

Report: APAE-MEMO-061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report contains the results of the initial experiments performed on the APPR-1 
core at the Alco Critical Facility, an interpretation of the experimental measurements, and a plan of 
operation for the APPR-1. 
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Title: Additional Measurements on the Army Package Power Reactor Zero Power Experiments: ZPE-1 and 
ZPE-2 

Date: 11/15/1957 

Report: APAE-MEMO-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: During the course of the ZPE-2 experimental program additional measurements were 
performed under the Alco Products Research and Development program. Included in this program were the 
evaluation of various absorber section compositions and reactivity studies designed to facilitate analytical 
techniques. The results of these measurements are presented. 
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Author: Fried, B. E. 

Title: SM -2 Vault Criticality 

Date: 2/27/1959 

Report: APAE-MEMO-179 & Suppl. 1 & 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To determine the safety of the array in the storage vault for the SM-2 experimental 
fuel plates, two criticality criteria were applied. A maximum of 18 fuel plates was stored in stainless steel 
tubes and the tubes belted to a frame on the wall to prevent movement. No tube could go critical by itself. 
The vault was then assumed completely flooded by water. In the first calculation, the fuel array was 
assumed to be distributed uniformly over the wall forming a large slab. This method indicated the array 
might be critical if the steel tube and cadmium lining were neglected. In the second method, a conservative 
calculation, which included the steel tube and cadmium lining was made. This method indicated the array 
was subcritical. Calculations were then made of the criticality of the SM-2 vault without the steel--cadmium 
tubes and wooden blocks. The multiplication factor of the vault was also calculated. In order to determine 
the accuracy of these calculations, an ORNL critical experimental array was calculated applying the same 
analytical techniques. 
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Title: SM-2 Vault Criticality 
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Report: APAEMEMO179ANDSUPL1AND2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To determine the safety of the array in the storage vault for the SM-2 experimental 
fuel plates, two criticality criteria were applied. A maximum of 18 fuel plates was stored in stainless steel 
tubes and the tubes belted to a frame on the wall to prevent movement. No tube could go critical by itself. 
The vault was then assumed completely flooded by water. In the first calculation, the fuel array was 
assumed to be distributed uniformly over the wall forming a large slab. This method indicated the array 
might be critical if the steel tube and cadmium lining were neglected. In the second method, a conservative 
calculation, which included the steel tube and cadmium lining was made. This method indicated the array 
was subcritical. Calculations were then made of the criticality of the SM-2 vault without the steel--cadmium 
tubes and wooden blocks. The multiplication factor of the vault was also calculated. In order to determine 
the accuracy of these calculations, an ORNL critical experimental array was calculated applying the same 
analytical techniques. 
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Title: Sm-2 Reactor Core and Vessel Review Report for Period December 15, 1959 to March 18, 1960 

Date: 3/30/1960 

Report: APAE-Memo-250 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The SM-2 core lifetime was calculated and stuck rod criteria formulated. The control 
system could shutdown the core under the most adverse conditions with any single rod stuck out. The one-
half-inch Eu2O3 flux suppressors adequately suppressed the power spike at the bottom of the core. The 
nuclear effects of increasing the dimensions of the fuel matrix were calculated. A new analysis of various 
reactivity measurements performed during the SM-2 critical experiments was made to test the validity of 
the calculational modes. Two-dimensional temperature distributions for the stainless steel vessel shell and 
flange and for the SM-2 control rod plates were plotted. The loss of flow experiment was completed on the 
SM-1 at Fort Belvoir, and the results agreed with analytical predictions. The SM-2 fuel element, control 
rod, core support structure, and vessel designs were completed. Three steel mills indicated they could 
supply low cobalt, low tantalum type 347 stainless steel. Corrosion testing of irradiated boron-stainless steel 
was reactivated. Corrosion and impact testing of nut end bolting materials was scheduled. Dysprosium 
oxide was considered as an alternate absorber material. Two modified SM-2 fuel aesemblies were fabricated 
for testing in the Westinghouse Test Reactor loop, and two fuel elements were fabricated for insertion in 
the SM-1 core. Work on controlled addition of a burnable poison, such as ZrB2, in fuel plates was 
continued. Procedures for welding fuel plates to side plates were completed. Automatic weld sequence 
timing was adopted for improving product quality. Pressure losses through the complete flow circuit in the 
reactor were recalculated and the pressure drop analysis brought up to date. Good flow distribution in the 
control rod fuel element was obtained in a single element rig. Methods of temperature regulation and 
corrosion control were established. Extended SM-2 critical experiments were initiated. Core support design 
modifications necessary for an accurate flow divider mockup were completed. Effects of flux suppression 
upon reactivity and neutron flux at the bottom of the core were measured. Gamma dose rates were measured 
over the core support plate and along the control rod basket guide. Prototype testing of the control rod drive 
mechanism was started. The blocked channel method of measuring fuel element internal temperature in 
SM-2 Core I instrumental fuel assembly was selected as the reference design. 
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Title: Flux and Power Distributions for the SM-2 Reference and Critical Experiment Cores 

Date: 6/30/1961 

Report: APAE-Memo-286 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed analysis was made of the power distributions in the SM-2 experimental 
core at 68 deg F and the SM-2 reference core at 510 deg F. This analysis supersedes the power distribution 
calculations presented in APAE No. 69. The calculated distributions for the experimental core were 
normalized to measured data wherever possible in order to obtain corrections factors for application to the 
reference core. The over-all power distributions were calculated by synthesis of one-dimensional axial 
calculations with two-dimensional radial calculations. The variation of the power distribution with fuel 
burnup is also presented. In order to improve the agreement between measured and calculated axial power 
distributions, flux-weighting the nuclear parameters in the rods-in and rods-out regions was investigated. 
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Title: Summary Nuclear Calculations for the SM-2 Core 1 

Date: 9/25/1964 

Report: APAE-Memo-293 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a limited analysis of the extended SM-2 critical experiments are given. 
A review of the analytical models is presented to ascertain the accuracy of the reactivity calculations for 
the reference SMi-2 Core I. A new reference B-l0 loading was derived based on analysis and experimental 
measurements. Calculations of power distributions and burnup behavior of the reference core are presented 
and comparisons to available measured data made. 
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Title: Interpretation of Experimental Flux and Power Data on the APPR-1 Critical Experiment 
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Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Measured Values; Neutron Flux; Power; 
Power Plants; Pressure; Reactors; SM-1 
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Title: Startup and Initial Testing of Sm-1 Core II with Special Components 

Date: 2/28/1962 

Report: APAE-Memo-305 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The loading operation for SM-1 Core II is described. Results of startup physics 
measurements (Test A-300 (Series) and fission product iodine monitoring in the primary coolant are given. 
The SM-1 Core II initial loading progressed satisfactorily, fulfilling the predictions of the zero power 
experiment performed at the Alco Criticality Facility. The initial cold clean five rod bank position was 6.53 
in; the initial hot, no xenon, five rod bank position was 9.62 in; the initial hot, equilibrium xenon, five rod 
bank position was 11.41 in; and the initial hot, peak xenon, five rod bank position was 12.14 in. Rods A 
and B were 19.00 in. in all four measurements. Stuck rod measurements indicated that an adequate 
shutdown margin was available with 20% of the rods fully withdrawn. All rod calibrations indicated a 
distinct shift and broadening of the peaks when compared with similar Core I calibrations. The temperature 
coefficient for Core II was 3.5 cents/ deg F at 440 deg F. Equilibrium xenon was worth approximately - 00 
while peak xenon was worth - 43, both relative to the hot, no xenon core condition. During the period June 
2, 1961 through September 30, 1961, the reactor operated at a total of 935.68 deg F days which is equivalent 
to 1.34 MWYR of energy release and represents an average load factor of 44% typical of training periods. 
The estimated reactivity in the core at startup is.00. A core life of 12.2 MWYR is predicted for the original 
configuration of Core II. The results of gross fission product iodine monitoring showed that those levels 
were about one-third to one-half of those found at the end of Core I Operation. 
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Title: Measurements and Changes on Sm-1 Core II During Period October 1, 1961 to May 30, 1962 

Date: 7/1/1962 

Report: APAE-Memo-305(Suppl.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Tests at the SM-1 reactor are reported for the period October 1, 1961, to May 31, 
1962. Loading changes were made in SM-1 Core II during the scheduled semiannual shutdowns in October 
to November 1961 and April to May 1962. Core physics tests include control rod bank calibrations, bank 
position at several temperature and xenon poison conditions vs core changes and energy release, shutdown 
neutron source decay and startup channel testing, and critical rod positions for stuck rod configurations. 
Shielding measurements of gamma radiation in the rod drive pit were made, and dose rates from spent fuel 
elements as a function of the depth of the water shield were obtained. A lift mechanism for the BF3 detector 
of one startup channel was installed and preliminary testing completed. Water chemistry and radiochemistry 
tests included a changeover to high pH for the primary coolant, fission product monitoring for iodine, 
measurement of dose rates on primary system during shutdown, radiochemical analysis of primary water 
and crud, and change of metal corrosion samples. Buildup of radioactivity in the demineralizer was 
monitored by radiation surveys and film badge exposures. 
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Title: Selection of Core Design No. 1 for Type 5 Replacement Cores in Sm-1 and Sm- 1a 

Date: 7/1/1962 

Report: APAE-Memo-316 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear and thermal analyses were performed to determine the characteristics of the 
Type 5 core in the SM-1 and SM-1A reactor plants as a function of geometry and composition. The 
following nuclear properties were investigated: core energy release, maximum midlife reactivity, average 
fuel burnup fraction, B-10 reactivity coefficient, and power distribution. Thermal parameter surveys 
determined the effects of channel thickness and power distribution upon the DNBR, nominal and hot 
channel thermal performance, and fuel plate thermal stress. From the nuclear and thermal analyses, a Type 
5 core reference design was selected with fuel plates of 70-mil plate thick ness, 7-mil clad thickness, and 
38 wt.% UO2 in the matrix, having initial core loading o4 108 Kg U235 and 260 gm B10. 
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Steel Reactors. Part I 

Date: 7/17/1962 

Report: APAE-Memo-322 
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Conference Session:  

Abstract/Keyterms: Experimental data were collected on over 70 light water moderated, fully enriched 
uranium, stainless steel, critical cores. An equation for the critical mass of cores with a buckling of 0.007 
cm/sup -2/ that is lineally dependent on stainless steel volume fraction and grams of B10 was compared 
with available critical experiments and found to yield reasonable results. A correlation method, relating 
buckling to (xi SIGMA /sub s// SIGMA /sub a/) was found to fit the available experiments 
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Abstract/Keyterms: Physics; Accidents; Boron; Control Elements; Coolant Loops; Criticality; 
Excursions; Failures; High Temperature; Injection; Low Temperature; Poisoning; Power Plants; Pressure; 
Reactivity; Reactor Safety; Rods; Shutdown; SM-1; SM-1A; Solutions; Water Coolant 
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Fission Factor; IBM 650; Poisoning; Programming; Reactors; Rods; Thermal Fission Factor 
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Abstract/Keyterms: Physics; Coolant Loops; Criticality; Equations; Fluid Flow; Fuel Elements; High 
Temperature; Measured Values; Power Plants; Reactor Core; Reactors; Testing 
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States), 10-14 Jan 1993 

Conference Session:  

Abstract/Keyterms: An analysis performed to determine the effect of disassembling the radial reflector of 
the TOPAZ-II reactor, following a hypothetical severe Reactivity Initiated Accident (RIA). Such an RIA is 
assumed to occur during the system start-up in orbit due to a malfunction of the drive mechanism of the 
control drums, causing the drums to rotate the full 180[degree] outward at their maximum speed of 
1.4[degree]/s. Results indicate that disassembling only three of twelve radial reflector panels would 
successfully shutdown the reactor, with little overheating of the fuel and the moderator. 
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Conference Session:  

Abstract/Keyterms: An analysis performed to investigate the merits of using the TOPAZ-II safety drums 
for a backup control to prevent a reactivity excursion, stabilize the reactor, and achieve steady-state power 
operation, following a severe hypothetical reactivity initiated accident (RIA). Such an RIA is assumed to 
occur during the system start-up in orbit due to a malfunction of the drive mechanism of the control drums, 
causing the nine drums to accidentally rotate the full 180[degree] outward. Results show that an immediate, 
inward rotation of the three safety drums to an angle of 80[degree] will shut down the reactor, however, a 
delay time of 10 s will not only prevent a reactivity excursion, but also enables operating the reactor at a 
steady-state thermal power of about 33.3 kW (0.9 kW per TFE). Conversely, when the immediate rotation 
of the safety drums is to a larger angle of 100[degree], a steady-state operation at about 37 kW can be 
achieved, but a delay of 10 s causes a reactivity excursion and overheating of the TFEs. It is therefore 
concluded that, should the drive mechanism be modified to enable rotating the safety drums for TOPAZ-II 
reactor at variable speeds of and below 22.5[degree]/s, the three safety drums could be used successfully 
for a backup control, following an RIA. However, since the reactivity worth of the three safety drums is 
only $2.0, the maximum steady-state electric power achievable for the system is limited to approximately 
0.25 kW, at which the fission power is about 37 kW and the emitter temperature is approximately 1500 K. 
To alleviate such a limitation and enable operation at nominal design conditions (fission power of about 
107 kW or a system`s total electric power of 5.6 kW), the reactivity worth of the safety drums would have 
to be increased by at least $0.24. 
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Abstract/Keyterms: Nuclear safety for space thermionic reactors is discussed. Temperature effects for 
Topaz reactor are also discussed 
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Abstract/Keyterms: A gas core fission reactor that utilizes americium in place of uranium is examined for 
potential utilization as a nuclear rocket for space propulsion. The isomer [sup 242m]Am with a half-life of 
141 years is obtained from an (n, [gamma]) capture reaction with [sup 241]Am, and has the highest known 
thermal fission cross section. We consider a 7500 MW reactor, whose propulsion characteristics with 235U 
have already been established, and re-examine it using americium. We find that the same performance can 
be achieved at a comparable fuel density, and a radial size reduction (of both core and moderator/reflector) 
of about 70%. 
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Abstract/Keyterms: Neutronic analysis methodology and results are presented for the nuclear design of a 
vapor core reactor for space nuclear propulsion. The Nuclear Vapor Thermal Reactor (NVTR) Rocket 
Engine uses modified NERVA geometry and systems which the solid fuel replaced by uranium tetrafluoride 
vapor. The NVTR is an intermediate term gas core thermal rocket engine with specific impulse in the range 
of 1000--1200 seconds; a thrust of 75,000 lbs for a hydrogen flow rate of 30 kg/s; average core exit 
temperatures of 3100 K to 3400 K; and reactor thermal powers of 1400 to 1800 MW. Initial calculations 
were performed on epithermal NVTRs using ZrC fuel elements. Studies are now directed at thermal NVTRs 
that use fuel elements made of C-C composite. The large ZrC-moderated reactors resulted in thrust-to-
weight ratios of only 1 to 2; the compact C-C composite systems yield thrust-to-weight ratios of 3 to 5. 
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Abstract/Keyterms: A cermet fueled, dual path fast reactor for space nuclear propulsion applications is 
conceptually designed. The reactor utilizes an outer annulus core and an inner cylindrical core with radial 
and axial reflector. The dual path flow minimizes the impact of power peaking near the radial reflector. 
Basic neutronics and core design aspects of the reactor are discussed. The dual path reactor is integrated 
into a 25000 lbf thrust nuclear rocket. 
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Abstract/Keyterms: A Space Nuclear Power System design for an early flight application has been 
developed focused on SP-100 technology currently available. This 10 kWe class space power plant uses a 
fast spectrum Li cooled reactor coupled to the highly successful thermoelectric converters which have flown 
on the Galileo and ULYSSEs missions. The concept is characterized by low mass, high reliability, and the 
potential for long life. Completed and validated SP-100 nuclear technology, matched to simple flight proven 
power converters are the basis for the protoflight unit. 
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Abstract/Keyterms: The Thermionic Transient Analysis Model (TITAM) is used in this paper to simulate 
the start-up of the TOPAZ-II space nuclear power system in orbit. The start-up procedures simulated herein 
are assumed for the purpose of demonstrating the capabilities of the model and may not represent an 
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mechanism for terminating the resulting power excursion is assumed to be disassembly of the core due to 
the pressure of vaporized uranium produced by the excursion. The Bethe-Tait method for calculating energy 
release is discussed and modified to include polynomial approximations to the power distribution and 
reactivity worth distribution, as well as a different treatment of the movement of material near the core 
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involved in the solution of the Boltzmann equation. For situations of normal engineering interest in control 
and poison reactivity "worth" measurements the kinetic coefficients are only slightly dependent on any 
except gross reactor properties and a general period versus reactivity relation may be defined for a given 
reactor. The numerical evaluation by first order perturbation theory of the kinetic "constants" together with 
a tabulation of the resulting period versus reactivity relation for any range of reactor periods is provided as 
a subroutine of machine Program C/sub 4/ (a bare reactor calcu lation). The mechanized calculation should 
be sufficient for all situations of current engineering interest. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Time-dependent reactor theory is manipulated into a steady-state form suitable for 
applying steady-state digital computer programs to numerical analysis of the off-critical case. The method 
is used to generalize the GE-ANPD reactor analysis programs I2, C2, and F2 to time-dependent form. 
Improved data on delayed-neutron spectra are included. Procedures for constructing both exact solutions 
and differential approximations are summarized. 
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Conference/Journal:  
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Abstract/Keyterms: The fuel requirements of small, extremely high temperature, fast-reactor systems 
containing high void fractions and utilizing thermalizing reflectors were evaluated for application in the 
ANP program. The fuels employed in these studies were solid-state solutions of uranium dioxide and/or 
plutonium dioxide in thorium dioxide. Parametric analyses were performed for systems 12, 18, and 24 
inches in diameter with fixed axial dimensions and for various radial and front reflector thicknesses. In 
addition to these studies a number of specific shaft- through” systems were also investigated. Fuel 
requirements ranged from as low as 96 pounds of Pu239 for a 12-inch-diameter system to approximately 
935 pounds of U235 for one of the shaft-through designs. In general, loadings were somewhat lower than 
was anticipated from previous analyses. The uranium fuel requirements are approximately 50 to 100% 
higher than those for a corresponding plutonium-fueled system for the reflected reactors. It appears that the 
uranium systems are more favorably receptive to the addition of moderating materials than the plutonium 
systems. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The static control analysis of two shaft-through-fast reactors (A-132-A and A-133-A 
systems) for possible use in the open cycle ANP program. The work consists of an evaluation of the critical 
masses of the systems including shield effects, determination of the control requirements of each system 
for an extended mission application, and investigation of the effects of different control systems. The critical 
masses of the systems range between 350 to 550 lbs of plutonium and 550 to 700 lbs of uranium. The 
control requirements for a thousand hour mission at full power ranged from 4.5 to 8.0 per cent in reactivity. 
These requirements include startup reactivity requirements (bringing the system to temperature) and 
operating requirements. The operating requirements amount to approximately two per cent in reactivity; 
this includes fission product poisoning, fuel depletion due to burnup, and the positive effect of conversion 
of thorium to uranium-233. A number of proposed control systems appear to be more than capable of 
meeting the control requirements of these systems. One of the most effective systems consists of a sliding 
absorber sleeve between the shaft and the core with a moderating plug inside the shaft: a neutron trap. One 
such system permitted a control of 14.7 percent in reactivity ( DELTA k). Three poison materials were 
investigated for use in these systems; europium, gadolinium, and boron-10. of the three materials, europium 
appeared to be most effective, followed by boron-10. An analysis of the effect of Doppler broadening is 
also presented for these systems. Because of the extremely high operating temperatures, it was found that 
this effect was negligible compared to expansion effects. 
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Flux; Planning; Power; Reactivity; Reactors; SMR 
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Abstract/Keyterms: Reactivity effects of 93.2% enriched oralloy, molybdenum, iron, niobium, 310 
stainless steel, 304 stainless steel, Inconel X, FeC rAl, zirconium, nickel, nichrome V, and chromium clad 
with FeCrAl, in the form of foils in the center cell of the BEM-II B minimum void, beryllium moderated 
critical experiment are reported. Nineteen-energy-level diffusion calculations with cell corrections from 
both coarse and fine energy detail were correlated with the measurements. The fine energy detail improved 
the correlation, mainly because resonance self- shielding and flux depression are more adequately treated, 
and residual discrepancies for the most part can be attributed to inadequacies in the cross section data. 
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Abstract/Keyterms: A brief design and operational safety handbook, with focus on enriched 235U with 
hydrogen and/or beryllium moderation. For use with GE operations for fabrication of test reactor fuel for 
aircraft propulsion systems. 
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Abstract/Keyterms: The possibility of a sustained neutron reaction in a given nlab medium containing a 
mixture of U238 and U235 dependent on a given parameter and reactivity was studied. It was proved that 
the criticality of the medium is directly dependent on each parameter. The existence or nonexistence of the 
solution and the uniqueness of critical parameters in case of its existence is the result of the above fact. The 
examination is based on an application of functional-analytic methods in Banach's space with a cone of 
positive elements. Theorems that possess a significance of their own without being dependent on the 
problems solved are also discussed. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Burnup; Configuration; Control 
Elements; Control Systems; Criticality; Cylinders; Delayed Neutrons; Diffusion; Distribution; Energy; 
Fission; Fuels; Neutron Flux; Neutrons; Numericals; Operation; Prompt Neutrons; Reactivity; Reactor 
Core; Reactors; Rods; Variations 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Configuration; Diffusion; Fast 
Neutrons; Fuels; Leaks; Losses; Neutrons; Numericals; Perturbation Theory; Reactivity; Reactor Core; 
Reactor Fueling; Reactors; Temperature; Thermal Neutrons; Uses; Variations 
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Distribution; Irradiation; Neutron Flux; Neutrons; Numericals; Poisoning; Reactivity; Reactors; Variations; 
Zones 
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Numerical Solution; Safety; Storage; Transport 
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Abstract/Keyterms: The theoretical interpretation of pulsed neutron experiments has been investigated on 
the basis of Boltzmann equation. The solution of the transport equation in the exp (anti I anti B, anti r.) 
approximation for the fundamental decay constant as a function of buckling can be obtained easily via 
computer. Computations in P3-L1 approximation with heavy-gas scattering Kernel have been carried out. 
These were done for heavy water moderator and various mixtures of D2O-H2O. Spheres of different 
geometrical bucklings are considered. Comparison between calculations and the available experimental 
results reveals fair agreement. It is demonstrated that the use of P3-L1 method is a practical approach of 
the present problem. 
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Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Abundance; Configuration; Criticality; Enrichment; Fuel Elements; Numericals; Purex Process; 
Reprocessing; Safety; Uranium 235 
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Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Fissile 
Materials- Criticality; Americium 241; Americium 242; Americium 243; Californium 244; Californium 
251; Control; Curium 244; Curium 247; Neptunium 237; Plutonium 238; Plutonium 239; Plutonium 240; 
Plutonium 241; Uranium 233; Uranium 235 
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Abstract/Keyterms: (the Complete Document is Available at: http: / ncsp.LLNL.gov). Criticality / Safety 
Criteria for, Handbook on; Criticality / Book: Criticality Handbook 
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Abstract/Keyterms: The purpose of this document is to discuss the flowsheet and the related processing 
equipment with respect to nuclear and chemical safety. The analyses presented are based on equipment 
utilization and revised piping as outlined in the design criteria. Processing of thorium and uranium-233 in 
the Purex Plant can be accomplished within currently accepted levels of risk with respect to chemical and 
nuclear safety if minor instrumentation changes are made. Uranium-233 processing is limited to a rate of 
about 670 grams per hour by equipment capacities and criticality safety considerations. The major criticality 
prevention problems result from the potential accumulation of uranium-233 in a solvent phase in E-H4 
(ICU concentrator), TK-J1 (IUC receiver), and TK-J21 (2AF pump tank). The same potential problems 
exist in TK-J5 (3AF pump tank) and TK-N1 (3BU receiver), but the probabilities of reaching a critical 
condition are not as great. In order to prevent the excessive accumulation of uranium-233 in any of these 
vessels by an extraction mechanism, it is necessary to maintain the uranium-233 and salting agent 
concentrations below the point at which a critical concentration of uranium-233 could be reached in a 
solvent phase. 



 

C-1605 

1601…..…..…………………..…….……..……ID Number…………………..…..…………….1601 

Author: Matheison, W. E. / Oberg, G. C. / Ritter, G. L. 

Title: Criticality Prevention Specifications Thorium--Uranium-233 Separations in the Purex Plant 

Date: 6/1/1970 

Report: ARH-1514 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The specifications in this document define the limits or restrictions required to 
maintain an acceptably low probability of the occurrence of a nuclear chain reaction in the Purex Plant 
while processing irradiated thoria targets. These criticality prevention specifications do not stipulate the 
system, procedures, or mechanisms to permit operation within the limits or restrictions. 
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Abstract/Keyterms: Water spray formed a protective layer of water over more-dense plutonium 
compounds. Dry plutonium compounds immediately settled to the bottom of a layer of water. Plutonium 
nitrate rapidly diffused throughout sump solution. 
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Abstract/Keyterms: A comparison of two-group diffusion results with experimental data on spherical 
homogeneous uranium-water systems is made. Using extrapolation lengths derived from this comparison, 
predictions are made of the critical dimensions of infinite cylinders and slabs for all H/U ratios using the 
equal buckling conversion. 
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Abstract/Keyterms: Plutonium and americium accumulations and the nuclear criticality implications were 
evaluated for an underground liquid waste disposal site at Hanford, Washington. Remote plutonium 
detection by infrared, gamma, and neutron surveys is described. Geological drilling and soil sampling 
techniques developed are described. Nuclear criticality safety was evaluated by computer model 
calculations and by neutron pulsing techniques. Technologies used to evaluate a waste disposal site for a 
plutonium recovery operation are discussed, and sampling equipment and procedures are described in 
detail. 
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Abstract/Keyterms: A coincidence Logic Module and a companion contact closure Relay Module 
utilizing the NIM Standard have been developed for criticality alarming. The units provide an ALARM 
whenever two or more out of N detectors become activated. In addition, an ALERT is generated whenever 
one or more detectors is activated or when certain electronic component failures occur. The number of 
detector inputs (N) can be expanded in groups of six by adding modules. Serial and parallel redundancy 
were used to reduce the probability of system failure. 
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Administrative Methods for 
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1615…..…..…………………..…….……..……ID Number…………………..…..…………….1615 

Author: Carter, R. D. 

Title: Critical Parameter Calculations with High Burn-Up Plutonium Solutions 

Date: 11/7/1972 

Report: ARH-SA-135 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Nuclear Materials & Waste 
Management-Handling Equipment & Procedures; Burnup; Corrections; Criticality; Cylindrical 
Configuration; Multiplication Factors; Neutron Reflectors; Plutonium Isotopes; Solutions; Water 
Plutonium Isotopes / Criticality Parameters for High Burnup Solutions of, Correction Factors for 
Calculated, Criticality / Calculations for High Burnup Plutonium Solutions, Correction Factors for 
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1616…..…..…………………..…….……..……ID Number…………………..…..…………….1616 

Author: Carter, R. D. 

Title: Plutonium Criticality Considerations in Reprocessing Wastes and Contaminated Soils 

Date: 3/1/1975 

Report: ARH-SA-204 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry-Radioactive Waste Treatment; 
Environmental & Earth Sciences-Radioactivity Monitoring & Transport-Soil; Nuclear Materials & Waste 
Management-Disposal & Storage; Plutonium- Criticality; Radioactive Waste Disposal- Liquid Wastes; 
Soils- Radionuclide Migration; Aqueous Solutions 



 

C-1621 

1617…..…..…………………..…….……..……ID Number…………………..…..…………….1617 

Author: Wilson, R. H. 

Title: Emergency Preparedness: A Comprehensive Plan 

Date: 7/1/1975 

Report: ARH-SA-242, CONF-750707-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Atlantic Richfield Hanford Company (ARHCO) has developed comprehensive 
plans for coping with emergencies ranging from criticality to civil disturbance. A unique notification system 
provides for immediate contact with key personnel by using a central communications center, crash alarm 
warning networks, and a continuing telephone cascade notification system. There is also the capability of 
immediately contacting other contractor key personnel. Certain jobs have been predetermined as necessary 
for coping with an emergency. An emergency staff consisting of responsible management, with alternates, 
has been preselected to automatically fill these jobs when notified. Control centers for headquarters 
and”field” are established with telephone and radio communication capabilities and are also supplied with 
some source materials to assist initiating plans for containing an emergency for recovery. A comprehensive 
emergency procedures manual has been developed, which contains information of company-wide 
application and procedures for specific facilities covering almost all accident situations. 
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1618…..…..…………………..…….……..……ID Number…………………..…..…………….1618 

Author: Smith, H. E. / Taylor, L. H. 

Title: Nondestructive Analysis of Plutonium Contaminated Soil 

Date: 10/4/1977 

Report: ARH-SA-299 

Conference/Journal: Conference on analytical chemistry in energy technology/ 4 Oct 1977/ Gatlinburg, 
TN, USA 

Conference Session:  

Abstract/Keyterms: Plutonium contaminated soil is currently being removed from a covered liquid waste 
disposal trench near the Pu Processing facility on the Hanford Project. This soil with the plutonium is being 
mined using remote techniques and equipment. The mined soil is being packaged for placement into 
retrievable storage, pending possible recovery. To meet the requirements of criticality safety and materials 
accountability, a nondestructive analysis program has been developed to determine the quantity of 
plutonium in each packing-storage container. This paper describes the total measurement program 
techniques, matrix assumption, instrument control program and a review of laboratory operating 
experience. 
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1619…..…..…………………..…….……..……ID Number…………………..…..…………….1619 

Author: Ridgway, K. R. 

Title: New Plutonium Button Storage Arrangement. 

Date: 1/1/1969 

Report: ARH-SA-48; CONF-691102-3 

Conference/Journal: 10th Liquid Propulsion Symposium, Las Vegas, Nev. 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Monte Carlo Method; 
Plutonium; Safety; Storage 
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1620…..…..…………………..…….……..……ID Number…………………..…..…………….1620 

Author: Nicholson, G. A. 

Title: Plant Application of Nuclear Criticality Prevention Principles 

Date: 1/1/1970 

Report: ARH-SA-71, CONF-701103-2 

Conference/Journal: 63rd National Meeting of the American Institute of Chemical Engineers, Chicago, 
Ill 

Conference Session:  

Abstract/Keyterms: Radiochemical Processing Plants / Criticality Prevention in, Criteria for; Accidents / 
Prevention of Criticality, Radiochemical Processing Plant Criteria for 



 

C-1625 

1621…..…..…………………..…….……..……ID Number…………………..…..…………….1621 

Author: Sjöstrand, N. G. 

Title: Measurements on a Subcritical Reactor Using a Pulsed Neutron Source 

Date: 1/1/1956 

Report: Arkiv för Fysik, 11, 233-246 

Conference/Journal: Arkiv för Fysik 

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Control Elements; Critical Assemblies; Criticality; Delayed 
Neutrons; Efficiency; Heavy Water Moderator; Lifetime; Mass; Measured Values; Moderators; 
Multiplication Factors; Neutron Flux; Neutron Sources; Neutron Spectrometers; Numericals; 
Photoneutrons; Prompt Neutrons; Pulses; R1; Reactivity; Reactors; Rods; Standards; Sweden; Thermal 
Neutrons; Velocity 
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1622…..…..…………………..…….……..……ID Number…………………..…..…………….1622 

Author: Reynolds, H. L. 

Title: High Temperature Critical Systems 

Date: 8/1/1960 

Report: ARS (Am. Rocket Soc.) J; Vol: 30 

Conference/Journal: ARS (Am. Rocket Soc.) 

Conference Session:  

Abstract/Keyterms: A facility called Hot Box” was constructed at Jackass Flats, Nevada, to be used in 
studies of high-temperature critical assemblies of simple geometry, in order to determine whether 
calculation procedures are adequate for estimating the effect of temperature changes. Uranium foils of 2-
mil thickness and moderator blocks are assembled at room temperature and raised to higher temperatures 
by hot gas; the critical mass at one particular temperature is determined. Data are presented for graphite-
moderated bare-unreflected and reflected systems at temperatures up to 12O0 deg F and should be useful 
for nuclear propulsion system calculations. 



 

C-1627 

1623…..…..…………………..…….……..……ID Number…………………..…..…………….1623 

Author: Staff 

Title: Radiation Protection in Nuclear Reactor Fuel Fabrication Plants 

Date: 1/1/1963 

Report: ASA N7.2-1963 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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1624…..…..…………………..…….……..……ID Number…………………..…..…………….1624 

Author: Franklin, Joel / Leshan, Edward J. 

Title: A Multigroup, Multiregion, One-Space Dimensional Program Using Neutron Diffusion Theory 

Date: 12/1/1956 

Report: ASAE-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Computers; Configuration; Criticality; Cross Sections; Datatron; 
Diffusion; Epithermal Neutrons; Fast Neutrons; Fission Products; Group Theory; IBM 704; Mass; 
Multiplication Factors; Neutron Flux; Poisoning; Programming; Reactivity; Reactor Core; Reactors; 
Thermal Neutrons; Transport Theory; Xenon; Zones 
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1625…..…..…………………..…….……..……ID Number…………………..…..…………….1625 

Author: Herron, D. P. / Newkirk, W. H. / Puishes, A. 

Title: An Evaluation of Heavy Water Reactors for Power 

Date: 10/1/1957 

Report: ASAE-S-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reference designs for pressurized and direct-boiling D2O reactors were prepared for 
electrical outputs of 20, 100, and 250 electrical Mw. A number of possible core designs were considered 
and those utilized which seemed most appropriate to give low-cost power. The technology and costs 
available today were employed in the preparation of the over-all plant designs. The Consolidated Western 
Steel Division of U. S. Steel Corporation assisted by preparing a comprehensive report on the design of 
large pressure vessels and containment vessels. Zr-clad U fuel elements were used as the study basis, but 
the effect of using UO2 and stainless steel cladding was also considered. The principal results found were: 
(1) Over a wide range of operating conditions snd economic situations, enriched U (up to perhaps 1.4% 
U235) is presently more economic to employ in D2O reactors than is natural U. (2) In the longer range, the 
use of natural U may become more economic as Zr fabrication costs decrease, continuous charge-discharge 
devices are developed to permit longer exposure levels, and pressure-vessel technology advances so that 
the large critical masses and core diameters required are not such sn economic penalty on the natural U. 
The results agree quite well with the data and discussions of the Canadians. 
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1626…..…..…………………..…….……..……ID Number…………………..…..…………….1626 

Author: Pearce, R. M. 

Title: Naked Reactor 

Date: 6/1/1980 

Report: Ascent, 2, 1, 2-5 

Conference/Journal: Ascent (Canada) 

Conference Session:  

Abstract/Keyterms: This popularly written article describes the operation of the Oklo reactor two billion 
years ago. At that time uranium-235 accounted for 3.5 percent of the uranium which had been concentrated 
by a water shed at the delta of a river system and ordinary water was able to moderate the neutron chain 
reaction. Depleted concentrations of uranium-235 compared to concentrations in other deposits assisted in 
identifying this natural reactor; confirmation was provided by mass spectroscopic analysis of fission 
product neodymium and other isotopes. The time scale affords workers in waste management an 
opportunity to study the long-term migration of fission products. 
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1627…..…..…………………..…….……..……ID Number…………………..…..…………….1627 

Author: Jacobson, J. H. / Krohn, D. L. 

Title: A Study to Determine the Relative Biological Effectiveness of Neutrons by Correlating the 
Physiological Changes of the Eye to X-Radiation 

Date: 8/1/1961 

Report: ASD-TR-61-415; AD-267044 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The heads of white albino rabbits were exposed to two from a critical reactor, using 
four different moderator thicknesses. Estimations were made of the extent of tissue damage in the eyes by 
observations of the effects on the electroretinogram, biochemical determinations, histopathological and 
clinical observations, in the attempt to derive an RBE (relative biological effectiveness) for acute retinal 
changes. The RBE derived for thermal neutrons at 24 hours post- radiation varied considerably with th 
different indicators, but appeared to be not less than 1 and not greater than 3. Higher energy neutrons 
appeared to have a much higher relative biological effectiveness. 
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1628…..…..…………………..…….……..……ID Number…………………..…..…………….1628 

Author: Peierls, R. / McGuire, S. 

Title: Reflections of a British Participant 

Date: 1/1/1986 

Report: Assessing the Nuclear Age, 29-34 

Conference/Journal: Assessing the nuclear age. Chicago, IL: University of Chicago Press, 1986 

Conference Session:  

Abstract/Keyterms: O.R. Frisch / Determining the critical size to achieve a self-sustaining chain reaction 
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1629…..…..…………………..…….……..……ID Number…………………..…..…………….1629 

Author: Ragsdale, R. G. 

Title: To Mars in 30 Days by Gas-Core Nuclear Rocket 

Date: 1/1/1972 

Report: Astronaut. Aeronaut. 

Conference/Journal: Astronaut. Aeronaut. 10: No. 1, 65-71(Jan 1972) 

Conference Session:  

Abstract/Keyterms: Propulsion & Auxiliary Power Reactors; Criticality; Design; Gas Fueled Reactors; 
Hydrogen Cooled Reactors; Light Bulb Reactors; Mars Planet; Plasma; Propulsion Reactors; Rockets; 
Space Flight 
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1630…..…..…………………..…….……..……ID Number…………………..…..…………….1630 

Author: Akimov, I. S. / Alekseev, V. I. / Vikulov, V. 

Title: Study of Critical Assemblies of the Beloyarskoi Nuclear Power Plant 

Date: 4/1/1970 

Report: At. Energ. (USSR) 28: 321-6 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Kinetics & Dynamics; Beloyarsk; Configuration; 
Criticality; Power Reactors; Reactivity; Reactivity Worths; Reactor Kinetics; Startup; Testing 
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1631…..…..…………………..…….……..……ID Number…………………..…..…………….1631 

Author: Shulepin, V. S. / Rumyantsev, G. Ya. 

Title: Solution of Critical Problems by Solving Nonlinear Equations 

Date: 1/1/1970 

Report: At. Energ. (USSR) 28: 61-2 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Differential Equations; Mathematics; Reactors 



 

C-1636 

1632…..…..…………………..…….……..……ID Number…………………..…..…………….1632 

Author: Sakhnovskii, E. G. 

Title: Use of Lagrange Multipliers for Optimization of Nuclear Reactors 

Date: 10/31/1971 

Report: At. Energ. (USSR) 29: No. 3, 201-2 (Sep 1970) as paper No. 420/ 5676 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Lagrange Equations; Optimization; Reactor 
Core; Uses; Volume 
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1633…..…..…………………..…….……..……ID Number…………………..…..…………….1633 

Author: Novikov, V. M. 

Title: Hydrodynamics of Fissionable Materials. I. Acoustic Vibrations at Constant Neutron Flux 

Date: 4/30/1973 

Report: At. Energ. (USSR) 30: No. 5, 446 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Analytical Solution; Criticality; Gas 
Fueled Reactors; Gas Fuels; Hydrodynamics; Neutron Flux 
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1634…..…..…………………..…….……..……ID Number…………………..…..…………….1634 

Author: Abramov, B. D. 

Title: Relation Between Solutions of Non-Stationary and Quasi-Critical Transport Equations 

Date: 8/1/1971 

Report: At. Energ. (USSR) 31: No. 2, 153-4 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Distribution; Neutron Flux; Reactors; Transport 
Theory 
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1635…..…..…………………..…….……..……ID Number…………………..…..…………….1635 

Author: Shevelev, Ya. V. / Chikhladze, I. L. 

Title: Method of Treating Regular Neutron Absorption Systems 

Date: 1/1/1972 

Report: At. Energ. (USSR) 32: No. 1, 27-32 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Criticality; Differential Equations; 
Neutron Flux; Reactor Lattices; Spatial Distribution 
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1636…..…..…………………..…….……..……ID Number…………………..…..…………….1636 

Author: Krasin, A. K. / Inyutin, E. I. 

Title: Homogeneous Critical Assembly with Profiled (Shaped) Fuel Loading 

Date: 2/1/1965 

Report: At. Energ. (USSR), 18, 175-157 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Critical Assemblies; 
Criticality; Cylinders; Diagrams; Distribution; Efficiency; Energy; Fission; Fuel Solutions; Fuels; 
Homogeneous Reactors; Indium; Isotopes; Levels; Mixing; Neutron Flux; Nitric Acid; Planning; 
Polyethylenes; Reactor Fueling; Reactors; Thermal Neutrons; Tracer Techniques; Tubes; Uranyl Nitrates 
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1637…..…..…………………..…….……..……ID Number…………………..…..…………….1637 

Author: Lomakin, S. S. 

Title: Physical Characteristic of Critical Assembly with BeO Moderator 

Date: 7/1/1965 

Report: At. Energ. (USSR), 19, 069-071 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Beryllium Moderator; 
Beryllium Oxides; Configuration; Critical Assemblies; Distribution; Fuel Elements; Fuels; Layers; 
Legendre Polynomials; Mathematics; Measured Values; Monte Carlo Method; Neutron Flux; Neutrons; 
Numericals; Plates; Quantitative Analysis; Quantity Ratio; Reactivity; Thermal Neutrons; Uranium 235; 
Zones 
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1638…..…..…………………..…….……..……ID Number…………………..…..…………….1638 

Author: Krasin, A. K. / Yaroshevich, O. I. 

Title: Starting of Critical Assembly in the Nuclear Power Engineering Institute of the Belorussian Academy 
of Sciences 

Date: 1/1/1966 

Report: At. Energ. (USSR), 20, 061-063 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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1639…..…..…………………..…….……..……ID Number…………………..…..…………….1639 

Author: Klimentov, V. B. / Nechiporuk, V. A. / Konchinskii, G. A. / Yaroshevich, V. F. / Strutsinskii, V. 
A. / Popov, V. D. / Nikonov, A. V. 

Title: Physical Stand for Critical Assembly of the Institute of Physics at the Ukrainian Academy of Sciences 

Date: 1/1/1966 

Report: At. Energ. (USSR), 20, 063-065 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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1640…..…..…………………..…….……..……ID Number…………………..…..…………….1640 

Author: Drozdov, F. S. / Rychev, A. S. 

Title: On Determination of Negative Reactivity by Shot Source Method 

Date: 1/1/1966 

Report: At. Energ. (USSR), 20, 074-075 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Beryllium; Criticality; Delayed 
Neutrons; Errors; Ionization Chambers; Lifetime; Measured Values; Motion; Neutron Flux; Neutron 
Sources; Pneumatics; Polonium; Prompt Neutrons; Quantitative Analysis; Radiation Protection; Reactivity; 
Reactor Safety; Reactors; Research Reactors; Velocity 
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1641…..…..…………………..…….……..……ID Number…………………..…..…………….1641 

Author: Novikov, V. M. 

Title: Calculations on a Reactor with a Circulating Fuel of Variable Density 

Date: 1/1/1966 

Report: At. Energ. (USSR), 20: 520-2 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; Density; 
Differential Equations; Errors; Fuel Solutions; Gas Fuel; Reactors; Uranium Hexafluoride; Variations 
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1642…..…..…………………..…….……..……ID Number…………………..…..…………….1642 

Author: Dideikin, T. S. / Shishin, B. P. 

Title: Determination of the Effective Multiplication Coefficient of Neutrons by the Measurement of the 
Differential Reactivity 

Date: 2/1/1967 

Report: At. Energ. (USSR), 22, 113-17 

Conference/Journal: A. A. At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Differential Equations; Integral 
Equations; Mathematics; Measurement; Multiplication Factors; Reactivity; Reactors 
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1643…..…..…………………..…….……..……ID Number…………………..…..…………….1643 

Author: Rumyantsev, G. Ya. / Shulepin, V. S. 

Title: Investigation of Boundary Conditions for P2-Approximation in Spherical Geometry 

Date: 4/1/1967 

Report: At. Energ. (USSR), 22: 316-317 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Boundary Conditions; 
Criticality; Differential Equations; Diffusion; Neutrons; Reactors; Reflectors; Spheres; Transport Theory 
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1644…..…..…………………..…….……..……ID Number…………………..…..…………….1644 

Author: Shikhov, S. B. / Davydov, V. I. / Shishkov, L. K. 

Title: Analytical Method for Solving Critical Problems 

Date: 5/1/1967 

Report: At. Energ. (USSR), 22: 410-11 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Configuration; Criticality; 
Distribution; Matrices; Neutron Flux; Reactors; Vectors; Zones 
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1645…..…..…………………..…….……..……ID Number…………………..…..…………….1645 

Author: Zaritskaya, T. S. / Rudik, A. P. 

Title: Use of Pontryagin Maximum Principle in Problems of Minimum Critical Sizes and Maximum 
Reactor Power 

Date: 1/1/1967 

Report: At. Energ. (USSR), 22: 6-10 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Criticality; Differential Equations; Mass; 
Power; Reactors 
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1646…..…..…………………..…….……..……ID Number…………………..…..…………….1646 

Author: Stumbur, E. A. 

Title: Reactivity Integral Theorem 

Date: 1/1/1967 

Report: At. Energ. (USSR), 23: 255-7(1967) 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Boltzmann Equation; Criticality; 
Differential Equations; Distribution; Neutron Flux; Reactors; Transport Theory; Uses 
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1647…..…..…………………..…….……..……ID Number…………………..…..…………….1647 

Author: Shulepin, V. S. 

Title: The Asymptotic P/N Approximation 

Date: 12/1/1967 

Report: At. Energ. (USSR), 23: 551-2 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Boundary Conditions; 
Criticality; Differential Equations; Neutrons; Reactors; Reflectors; Thickness; Transport Theory 



 

C-1652 

1648…..…..…………………..…….……..……ID Number…………………..…..…………….1648 

Author: Mogil'ner, A. I. 

Title: Integral Method of Absolute Measurements of a Number of Nuclear Reactor Characteristics 

Date: 1/1/1968 

Report: At. Energ. (USSR), 24: 78-82 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Criticality; Differential 
Equations; Reactivity; Reactivity Worths; Reactor Core; Reactors; Statistics 
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1649…..…..…………………..…….……..……ID Number…………………..…..…………….1649 

Author: Schmidt, J. J. 

Title: Study of Infinite, Unmoderated, Homogeneous Critical Reactors 

Date: 7/1/1960 

Report: At. Energ. (USSR), 25: 13-15 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Within the scope of the integral equation theory for fast reactors the following study 
deals with the limit case of the in finite, unmoderated, critical reactor, homogeneously composed of 
fissionable, fertile and cooling material. The integral equation for the neutron energy spectrum of such a 
reactor assembly is derived and solved approximately by a matrix iteration method. The data obtained from 
this neutron energy spectrum and characterizing the neutron economy of the infinite reactor are compared 
with the corresponding values of finite fast reactors. On the basis of these data the behavior of neutrons in 
an unmoderated reactor is studied in the energy range between 10/sup -4/ and 10 Mev as a function of the 
cooling and fertile material fraction. In particular, the influence upon the neutron energy distribution and 
the relation between neutron energy spectrum and fission spectrum at high neutron energies of the (n, 2n) 
process in U238, of inelastic neutron slowing down by U238 and of elastic neutron scattering in Na is 
evaluated. Finally, the carrying out of the calculations on the Z 22 electronic computer is discussed and the 
advantages as well as disadvantages of the matrix iteration method used in comparison to the usual theory 
of multigroup diffusion are explained. 
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1650…..…..…………………..…….……..……ID Number…………………..…..…………….1650 

Author: Stumbur, E. A. / Matveenko, I. P. / Karchava, G. A. / Matveenko, V. I. / Shokod'ko, A. G. 

Title: Study of Highly Enriched U--H2O Deep Subcritical Systems by Pulsed Neutron Method 

Date: 7/1/1968 

Report: At. Energ. (USSR), 25: 13-15 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Criticality; 
Enrichment; Exponential Piles; Fuels; Measurement; Neutrons; Pulses; Reactivity; Uranium; Water 
Moderator 
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1651…..…..…………………..…….……..……ID Number…………………..…..…………….1651 

Author: Golubev, V. I. / Golyaev, N. D. / Zvonarev, A. V. / Zizin, M. N. / Koleganov, Yu. F. / Nikolaev, 
M. N. / Orlov, M. Yu. 

Title: Neutron Propagation in Uranium Dioxide. Part I. Space-Energetic Distributions of Neutrons 

Date: 1/1/1968 

Report: At. Energ. (USSR), 25: 292-7 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; BR-1; 
Configuration; Distribution; Energy Levels; Neutrons; Reflectors; Research Reactors; Spectra; Uranium 
Dioxide 
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1652…..…..…………………..…….……..……ID Number…………………..…..…………….1652 

Author: Stumbur, E. A. 

Title: Integral Relations in Reactor Theory 

Date: 12/1/1968 

Report: At. Energ. (USSR), 25: 522-524 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Differential Equations; Integrals; Mathematics; 
Multiplication Factors; Reactivity; Reactor Kinetics 
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1653…..…..…………………..…….……..……ID Number…………………..…..…………….1653 

Author: Stumbur, E. A. / Sazonov, S. P. 

Title: Determining the Critical Parameters of Homogeneous Reactors by a Method of Compensated 
Perturbations 

Date: 7/1/1969 

Report: At. Energ. (USSR), 27: 55-57 

Conference/Journal: A. A. At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; Determination; Disturbances; 
Equations; Homogeneous Reactors; Reactor Core; Spheres; Thickness 
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1654…..…..…………………..…….……..……ID Number…………………..…..…………….1654 

Author: Shulepin, V. S. 

Title: Solution of Critical Problems in Asymptotic Approximation 

Date: 1/1/1970 

Report: At. Energ. (USSR), 28, 60-61 

Conference/Journal: A. A. At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Differential Equations; Mathematics; Reactors 
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1655…..…..…………………..…….……..……ID Number…………………..…..…………….1655 

Author: Nikonov, A. V. / Klimentov, V. . B. 

Title: Slow Neutron Spectral Characteristics of the VVR-M Critical Assembly 

Date: 1/1/1972 

Report: At. Energ. (USSR), 32, 064-065 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Neutron Spectra; Reactor 
Lattices; WWR-M-Kiev Reactor 
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state. The single-group diffusion approximation of the albedo may be simplified to the form gamma = 1 + 
(4D)/( DELTA r) where D designates the diffusion coefficient, r the radius of the sphere or the cylinder, 
and DELTA r the difference between actual and critical radii. If the incident flux does not have a spheric 
symmetry, the neutron reflection will be anisotropic; if the sphere is nearly critical, then the reflected flux 
will be close to the spherically symmetrical flux. The conditions of anisotropy were mathematically derived. 
The parameter gamma is defined as the coefficient of neutron reflection by a separate body and as the mean 
cosine of the reflection angle and is con sidered an important value for determining interactions between 
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by the radiation of the fission products; artificial neutron sources are used to increase the neutron flux to 
the level required by the instrumentation. In order to eliminate the expensive Po-Be sources the use of 
photoneutron sources containing Be or heavy water is considered, employing Na/sup 24/, Sb/sup 124/, etc. 
as the gamma source. The decay of the source after the shutdown of the reactor is compensated by its 
activation by thermal neutrons during the subsequent operation of the reactor. The negative reactivity thus 
introduced must be compensated by a (gamma ,n) reaction. A method was developed for calculating 
photoneutron sources with a gamma source consisting of the fission fragments formed during the operation 
of the reactor. The method also allows the calculation of photoneutron sources using radioactive isotopes, 
taking the relative positions of the Be and gamma emitter into consideration. The neutron flux in the core 
is determined by solving the eigenfunctions of the reactor. From these the required reactor power level and 
Be concentration may be obtained. The validity of the formula was verified with the First Soviet Atomic 
Power Station. Before startup at the subcritical state DELTA k = 0.093 an 8 kg BeO rod was introduced in 
the central lattice, resulting in an increase of the flux by a factor of 2.3 to 2.5. The calculated and 
experimental values agreed with each other within 10%. 
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criticality. In conclusion, some remarks are made on future developments. 
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Abstract/Keyterms: n.a. 



 

C-1704 

1700…..…..…………………..…….……..……ID Number…………………..…..…………….1700 

Author: Isbasescu, M. 

Title: Subcritical Reactor Kinetics with M. Delayed Neutron Groups for Analyzing Pulsed Neutron 
Experiments 

Date: 1/1/1976 

Report: ATKE 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: The Sjostrand prescription (area-ratio method) for determining reactivity from pulsed 
neutron experiments is derived in the frame of the general kinetic theory with m delayed neutron groups. 
The assumption of delayed degeneracy of the kinetic modes is shown to be necessary for the consistent 
foundation of the Sjostrand method. 
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Title: Calculation of Lattice Parameters for Natural Uranium Rod Clusters in Heavy Water-Improved 
Method for Material Buckling 
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Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: Lattice parameters for natural Uranium rods in D2O were calculated using the NDA 
method. The calculated results for 7 and 19 rod clusters were compared with the experimental values for 
different hexagonal lattice pitches. It was found that the method underestimates the values of the material 
buckling in all cases considered. This underestimation was mainly correlated to a corresponding 
overestimation of the values of the square of the diffusion length L2. In order to obtain a satisfactory 
agreement with experimental values of the material buckling B2sub(m) an assessment was done relative to 
the effect of rod radius, moderator-to-fuel volume ratio, and rod-to-rod distance on the calculated values of 
L2. An empirical correction factor that depends on these variables has been obtained for L2. This factor 
was found to be applicable in the range of rod radius from 0.6 to 1.3 cm and in the range of rod-to-rod 
distance from 1.79 to 3.8 cm. When the correction was applied to the values of L2, the corresponding values 
of B2sub(m) obtained agreed with the experimental results with no more than 7% difference. 
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Conference Session:  

Abstract/Keyterms: With the help of multigroup SN methods neutron balance calculations have been 
carried out in order to study whether plutonium produced in commercial nuclear power plants is suitable to 
reach criticality in fast assemblies in spite of the presence of Pu-240. For numerical treatment 100 energy 
groups and S8-P3 approximation have been used by symmetrical sphere geometry. It is shown that the 
negative effects of Pu 240 are in small scale to prevent prompt criticality. Therefore, additional precautions 
are necessary to prevent such possibilities. 
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Conference Session:  

Abstract/Keyterms: With the help of multigroup S(N) methods neutron balance calculations have been 
carried out in order to study whether plutonium produced in commercial nuclear power plants is suitable to 
reach criticality in fast assemblies in spite of the presence of Pu 240. For numerical treatment 100 energy 
groups and S8-P3 approximation have been used by symmetrical sphere geometry. It is shown that the 
negative effects of Pu 240 are in small scale to prevent prompt criticality. Thus, additional precautions are 
necessary to prevent such possibilities. 
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Author: Nassar, S. F. 

Title: Dependence of Material Buckling and k(inf) on the Structure of Heavy-Water-Natural Uranium 
Metal Lattices 

Date: 1/1/1977 

Report: ATKE 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: A study has been performed on the structural dependence of the material buckling 
and the infinite multiplication factor of heavy water moderated and cooled lattices having natural uranium 
metal rods in the form of clusters. The clusters were of the pressure tube type. The study included the effect 
of the number of rods per cluster, the radius of the single rod, the rod-to-rod distance in the micro-cell, the 
coolant distribution, and the distance between the elements in the macro-distribution, and the distance 
between the elements in the macro-cell. These parameters were varied in such a way that kept the power 
dissipation coefficient and the superficial heat flux constant. It was found that an increase in the single rod 
diameter and a decrease in the number of rods per cluster result in a better economy of the heavy water 
inventory and give a smaller critical core size. 
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Title: Analysis of Small Cylindrical Fast Systems by Monte-Carlo Method 

Date: 1/1/1978 

Report: ATKE 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: A total of 17 fast systems with cylindrical geometry have been studied using Monte-
Carlo method. Besides keff, mean generation time, tP and mean destruction time tD have been calculated, 
thereby showing that Monte-Carlo method can be used to solve reactor geometries in multi-dimensions and 
multigroup formalism with sufficient accuracy and reasonable computing time. 
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Title: Calculation of keff for a Bare Sphere by Collision Probability Method 

Date: 1/1/1970 

Report: ATKE, 16, 303-305 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Neutron Multiplication Factor for Bare Plutonium Sphere, 
Collision Probability Method Calculation of; Neutrons / Multiplication Factors for Bare Plutonium Spheres, 
Collision Probability Method Calculation of 
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Author: Palmer, R. G. / Plummer, J. P. / Nicholson, R. B. 

Title: Criticality Safety of Pipe Intersections for Plutonium Nitrate Solutions 

Date: 3/1/1973 

Report: ATKE, 21, 197-202 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: For plutonium nitrate solution some simple models of intersection have been 
calculated by Monte Carlo method for various reflector conditions. Computational method is checked 
against experiment. 
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Author: Williams, M. M. R. 

Title: The Effect of Random Material Density on Reactor Criticality 

Date: 1/1/1974 

Report: ATKE, 22, 248-250 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Criticality- Randomness; Reactor Cores- 
Criticality; Buckling; Critical Size; Density; Neutron Diffusion Equation; Nuclear Fuels; Spatial 
Distribution 
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Author: Drueke, V. / Gerwin, H. / Jonas, H. / Krings, F. J. / Rueckert, M. / Scherer, W. 

Title: Reactivity of Hafnium in Control Rods. A Study at The Critical Experiment KAHTER 

Date: 1/1/1975 

Report: ATKE, 26, 145-146 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Nuclear Reactor Technology-Theory & 
Calculation; Hafnium Carbides- Reactivity Worths; Thtr-300 Reactor- Control Rod Worths; Boron 
Carbides; Burnable Poisons; Neutron Absorbers; Reactivity Insertions; Resonance Absorption; Self-
Absorption; Zero Power Reactors 
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Author: Kumar, A. / Srinivasan, M. / Basu, T. K. / Subba Rao, K. 

Title: A Universal Empirical Relation for the Variation of k(eff) with Core Dimensions of Bare and 
Reflected Small Fast Systems 

Date: 1/1/1977 

Report: ATKE, 30, 039-044 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: A number of 26-group, S4, transport theory calculations in spherical geometry were 
carried out to study the variation of k(eff) with core radius of bare and reflected small hard spectrum fast 
assemblies. For each system k(eff) was calculated for various core radii keeping reflector thickness and 
density constant. A plot of k(eff) vs. R/Rsub(c) gave an almost universal curve independent of core material, 
density and reflector properties. An empirical relation of the form k(eff) = k infinitely [1-exp(-Theta 
R/Rsub(c))] could be fitted to the k(eff) vs. R/Rsub(c) plot where Rsub(c) is the critical radius, and the 
constants k infinity and Theta are related through Theta = ln[k infinity /(k infinity -1)]. Thus the k(eff) vs. 
R/Rsub(c) relation is found to be governed by a single constant k infinity, valid for both bare and reflected 
systems. The agreement between DTF-IV calculated k(eff) values and that given by the empirical relation 
is better than 3% except in the highly subcritical domain where the discrepancy is a bit higher. The best fit 
value of k infinitely for Pu 239 systems is found to be 2.88 and for U 235 systems 2.224. The paper discusses 
the physical interpretation of the form of the relation, its region of validity and makes an attempt to extend 
it to non-spherical geometries also. 
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Author: Raspet, R. / Baird 

Title: Monte Carlo Analysis of Highly Compressed Fissile Assemblies. Pt. 1. Bare Spheres 

Date: 1/1/1978 

Report: ATKE, 31, 200-202 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: Laser induced fission of highly compressed bare fissionable spheres was analyzed 
using Monte Carlo techniques. The critical mass and critical radius as a function of density are calculated 
and the fission energy yield is calculated and compared with the input laser energy necessary to achieve 
compression to criticality. 
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Author: Job, P. K. / Srinivasan, M. 

Title: Experimental Determination of k(eff) Variation of PURNIMA I Fast Reactor During Insertion of 
Core into Reflector 

Date: 1/1/1978 

Report: ATKE, 31, 245-248 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: PURNIMA I is a PuO2 fueled small hard spectrum fast reactor, with a 3.5 litre core, 
at Trombay. During start-up when the core is inserted into a stationary copper and steel reflector, the reactor 
configuration constitutes a coupled core-reflector geometry. The variation of k(eff) of this complex 
assembly was determined through a number of subcritical multiplication measurements. This paper 
discusses the details of these measurements and their analysis. The relationships between k(eff) and 
estimated number of fuel pins for criticality at intermediate core positions is also discussed. 
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Author: Kumar, A. / Srinivasan, M. 

Title: An Integral Version of the Los Alamos Density Exponent Formula for Critical Mass Variation 
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Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: This paper makes an attempt to extend the validity of the well-known Los Alamos 
Density Exponent Formula (LADEF) for the variation of critical mass of reflected spherical systems with 
core/reflector density changes to a wide range of density variations by appropriately integrating the original 
formula. The equation derived is Y = Xsupalpha/($delta$0 + Xsupalpha) where X is the relative variation 
of core density with respect to that of reflector; alpha is a constant of system independent of density; Y 
denotes the ratio of reflected critical core radius to unreflected critical radius, $delta$0 = (1-Y0)/Y0 with 
Y0 pertaining to a reference system where X = X0 = 1. A detailed comparison with more exact calculations 
using a multigroup one-dimensional transport theory code is made over a five decade density variation 
range taking as example a Pu-Be system. The justification for integration, range of validity of the integral 
formula (ILADEF) and its physical interpretation are discussed. The possible applications and some of the 
limitations of ILADEF are also pointed out. 
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Author: Kumar, A. / Subba Rao, K. / Srinivasan, M. 

Title: Shape Factors of Non-Critical Small Fast Assemblies and their Use in k(eff) Calculations 

Date: 1/1/1979 

Report: ATKE, 34, 23-27 

Conference/Journal: Atomkernenergie/Kerntechnik (West Germany) Formed by merger of 
Atomkernenergie and Kerntechnik 

Conference Session:  

Abstract/Keyterms: Distortion of shape of the core of a hard spectrum small fast assembly from a spherical 
to a non-spherical geometry results in decrease of reactivity following an increase in net neutron leakage 
from the core both in bare and reflected systems. If the original reactivity is to be restored the overall core 
dimensions (or density) have to be increased. The paper points out that to a good approximation the criteria 
for preserving reactivity consequent on distortion of core shape of bare systems may be taken as constancy 
of mean chord length of core measured in units of neutron mean free path or the mass per unit surface area 
(delta) of the core. It is demonstrated that shape factor curves of constant density cores are almost 
independent of the system k(eff) in the range 0.7 < k(eff) < 1.3 for bare and reflected small fast assemblies 
which are not too highly distorted away from spherical. The flatter shape factor curves of reflected systems 
are deduced from an extension of the Los Alamos Density Exponent Formula. The paper concludes by 
illustrating how the k(eff) of non-critical non-spherical small fast assemblies both bare and reflected may 
be computed using the relation. k(eff) = k sub(alpha)sup()(1-exp(-THETA(Msub(x)/Ssub(fx) x 
Msub(spx))sup(1/3))) where Msub(x) is the core mass of the test assembly whose k(eff) is 
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Author: Goldacker, H. / Schmieder, H. 

Title: Design Data of Selected Reprocessing Plants 

Date: 1/1/1980 

Report: ATKE, 35, 100-104 

Conference/Journal: Atomkernenergie/Kerntechnik (West Germany) Formed by merger of 
Atomkernenergie and Kerntechnik 

Conference Session:  

Abstract/Keyterms: Extractor design data of selected reprocessing plants are compared, the flowsheets 
and choice of extractor types of which are relevant for the planning of a German reprocessing plant today. 
The basis for the comparison are the published safety reports. 
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Author: Woloch, F. / Sdouz, G. / Suda, M. 

Title: Neutron Physical Aspects of the Storage of BWR Fuel Elements 

Date: 1/1/1980 

Report: ATKE, 35, 3, 166-169 

Conference/Journal: Atomkernenergie/Kerntechnik (West Germany) Formed by merger of 
Atomkernenergie and Kerntechnik 

Conference Session:  

Abstract/Keyterms: For the storage of BWR fuel elements in a high density fuel rack using boronated 
steel absorbers and in a fuel rack with a larger pitch without absorber, criticality calculations are performed. 
The cooling water density is varied for the storage without absorbers. For the selected pitches of 16.5 cm 
for the high density fuel rack and 25 cm for the fuel rack without absorber respectively the k(inf) values of 
0.933 and 0.748 are obtained. The dependence of the results on different calculational methods and on the 
influence of the variation of three important design parameters, i.e. of the concentration of boron, of the 
thickness of the boronated steel and of the water gap is investigated for the high density fuel rack. The 
average isothermal temperature coefficient is obtained for the high density fuel rack as-4.5 x 10$sup-40$ 
sup(0)C$sup-1$ and as approx. 2.0x 10$sup-40$ sup(0)C$sup-1$ for the fuel rack without absorbers. For 
both ways of storage the aspects of safety of the results are discussed thoroughly. (orig.) 891 RW/orig. 892 
CKA. 
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Author: Schuerrer, F. / Neef, R. D. 

Title: Reactor-Physical Layout of Critical Experiments at the Siemens-Argonaut-Reactor GRAZ to Study 
the Water Ingress in Pebble Beds 

Date: 1/1/1981 

Report: ATKE, 37, 3, 161-168 

Conference/Journal: Atomkernenergie/Kerntechnik (West Germany) Formed by merger of 
Atomkernenergie and Kerntechnik 

Conference Session:  

Abstract/Keyterms: The possible accident of the ingress of water into the core region is an essential safety 
problem of the gas-cooled high-temperature-reactor. At the Theoretical Physics and Reactor Institute of the 
Technical University Graz it is tried to find out in cooperation with the Institute for Reactor Development 
of the Nuclear Research Centre Juelich, to what extent theoretical models (computer code system 
CAMTEREX) used for the layout of accidents. The present paper explains the layout of a critical assembly. 
The annular core of an Argonaut-Reactor is to work in the planned experiment as the driver zone of a pebble 
bed erected in the reactor centre. Important results of the reactor physical predeterminations are discussed. 
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Author: Lolich, J. V. / Boado, H. J. 

Title: Measurement and Calculation of the Eigenvalues Alpha and K for a Highly Subcritical Assembly 

Date: 1/1/1981 

Report: ATKE, 38, 3, 181-184 

Conference/Journal: Atomkernenergie/Kerntechnik (West Germany) Formed by merger of 
Atomkernenergie and Kerntechnik 

Conference Session:  

Abstract/Keyterms: The prompt decay constant of the fundamental mode, and the subcritical reactivity 
have been experimentally obtained for highly subcritical assemblies by means of the modified-pulsed-
neutron-source-method. The measurements were compared with calculations performed with the GGC-III 
data set in conjunction with a modified version of the DTF-IV code in S4 and P0 approximations. The 
comparison between experimental and calculated values indicates that the modified pulsed neutron source 
method yields meaningful results for small reflected cores down to 1, 000 dollars subcritical if a careful 
experimental study is done. 
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Conference Session:  

Abstract/Keyterms: This paper gives the details of improved analyses of the maximum measured sodium 
void reactivity effect in SNEAK 9C2/POZ and SNEAK 9C2/C assemblies. These assemblies were 
constructed by introducing zones with a high 240-Pu content in the assembly SNEAK 9C2 which was the 
only core built for investigating the parameters of the SNR 300 which was fueled entirely with plutonium. 
The present analysis results in a greatly improved agreement between the theoretical predictions and 
measurements of the maximum sodium void reactivity effect in these assemblies which contain zones with 
a high 240-Pu content. The paper also brings to light the several difficulties faced in the analysis of sodium 
void reactivity experiments and in the calculations of various correction factors including the correction 
due to streaming effects. 
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Title: Comparison of Experimental Neutronics Results and Theoretical Predictions for a Gas Core Reactor 

Date: 6/6/1983 
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Conference/Journal: International conference on emerging nuclear energy systems, Helsinki, Finland, 6 
Jun 1983 

Conference Session:  

Abstract/Keyterms: The development of a sound scientific data base that includes key information in the 
areas of neutronics, thermo-physical properties and materials for cyclic gaseous core reactors has been the 
objective of a lengthy theoretical-experimental research program at the University of Florida. This paper 
presents results from the experimental neutronics phase of the research program. Static and dynamic 
neutronic experiments were conducted on the Plasma Core Assembly at the Los Alamos National 
Laboratory to measure selected fundamental nuclear parameters in a gaseous core critical assembly in 
which a significant fraction (approx. = 20%) of the fissioning took place in a gaseous uranium hexafluoride 
(UF6) fuel; the balance of the fission occurred in a ring of conventional solid driver fuel rods surrounding 
the central gaseous core region. Measured parameters were then compared with theoretically predicted 
values to determine the adequacy of various analytical neutronics schemes. In general, theoretical 
predictions obtained from the various computational schemes for key neutronic parameters were in good 
agreement with one another and with experiment. For example, predicted neutron multiplication factors 
were typically within 2 to 5% of measured values and predicted reactivity worths were within 2 to 15% of 
measured worths. 
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Conference Session:  

Abstract/Keyterms: Micro-Fission / Compressed Pellet / Trombay Criticality formulae (Tcf) 
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Abstract/Keyterms: THTR 300 Nuclear Power Plant / Pebble Bed Reactor 
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Title: Selected Criticality Problems Connected with Storage of Highly Active Liquid Waste 

Date: 1/1/1992 
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Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol 

Conference Session:  

Abstract/Keyterms: In stored highly active liquid waste, sedimentation of solid particles containing 
plutonium (oxide) compounds will occur. The plutonium depositions cause restrictions in safety and are 
sensitive as regards tank geometry and non-horizontal installation of the tank. Likewise, fissile 
transplutonium nuclides will significantly influence criticality safety. These effects are evaluated and 
quantified with the spectral code CGM and the Monte-Carlo program MORSE-K. 
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Title: The Critical Assembly of Reactor Station Geesthacht 
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Report: ATKEA, 09, 253-258 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Air; Buildings; Cag; Control Systems; Critical Assemblies; 
Laboratory Equipment; Liquids; Moderators; Planning; Reactor Core; Servomechanisms; Solids; Storage 
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Title: The Critical Assembly KNK 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; CAG; Critical Assemblies; Fuels; Mechanical 
Structures; Operation; Planning; Poisoning; Preparation; Reactor Core; Reactor Oscillators; Rods; 
Shutdown; Testing; Tubes 
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Title: DMM: A Multigroup, Multiregion, One-Space-Dimensional Computer Program Using Neutron 
Diffusion Theory. Part I. the Theory. Final Report 

Date: 12/31/1960 

Report: ATL-A-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: DMM is a program using one-space-dimensional multigroup diffusion theory to 
calculate the reactivity or critical conditions and flux distribution of a multiregion reactor. Calculations of 
fission-produced xenon and samarium and time variation due to production and depletion of isotopes are 
an essential part of this program. The adjoint fluxes may also be computed, and the program includes the 
calculation of the nuclear constants from fairly simple input combined with a library of cross sections. The 
present code is written for the Remington Rand 1103A. Operating instructions are presented in Part II. 
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Title: Variable Moderator Reactor Development Program. Quarterly Progress Report No. 4 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Control; Control Systems; Conversion; Criticality; Economics; 
Equations; Fuel Cans; Fuel Elements; Moderators; Multiplication Factors; Programming; Reactivity; 
Reactor Core; Reactors; Reflectors; Reprocessing; Stability; Stainless Steels; Uranium Dioxide; Variations 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical feasibility and economic potential of the Variable Moderator Reactor 
(VMR) is discussed. To carry out the parametric survey and detailed design analysis, a reference power 
level of approximately 20, 000 kw(e) was selected. No important technical problems were discovered that 
would prevent successful operation of the VMR. The VMR was found to be economically more attractive 
than a comparable conventional boiling water reactor utilizing control rods in the small and medium power 
ranges. Based on the analysis of the design, the VMR appeared to be attractive for remote and critical power 
applications where low maintenance and minimum "down" time are required, because of the small size of 
the reactor and the expected high degree of operating reliability. The physics analytical model showed good 
agreement with most of the macroscopic effects of the critical experiment data and was adequate to place a 
high degree of reliability on the reactor physics calculations employed in the development of reactor design. 
The VMR system can be designed to operate in a stable manner under steady-state conditions with either a 
positive or negative steam void reactivity coefficient. However, economics indicates the desirability of a 
design with a negative void coefficient. Comparison of VMR costs with conventional BWR costs, design 
data, methods of selection of some major reactor parameters, technical feasibility, and critical experiments 
are discussed. Mechanical and system drawings are presented. 
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Author: Kavanagh, D. L. / Antchagno, M. J. / Egawa, E. K. 

Title: DMM: A Multigroup, Multiregion One-Space-Dimensional Computer Program Using Neutron 
Diffusion Theory. Part II. DMM Program Description 

Date: 12/31/1960 

Report: ATL-A-111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operating instructions are presented for DMM, a Remington Rand 1103A program 
using one-space-dimensional multigroup diffusion theory to calculate the reactivity or critical conditions 
and flux distribution of a multiregion reactor. Complete descriptions of the routines and problem input and 
output specifications are also included. 
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Author: n. a. 

Title: Research and Development at Winfrith - 25 Years on 

Date: 8/1/1983 

Report: ATMMA, 322, 164-168 

Conference/Journal: Atom (London) 

Conference Session:  

Abstract/Keyterms: UKAEA Winfrith / ZEBRA / DRAGON / SGHWR 
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Author: n. a. 

Title: R and D at Winfrith - 30 Years on 

Date: 9/1/1997 

Report: ATMMA, 371, 02-03 

Conference/Journal: Atom (London) 

Conference Session:  

Abstract/Keyterms: Winfrith Atomic Energy Establishment 
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Author: Brissenden, R. J. 

Title: Reactor Physics and Shielding 

Date: 9/1/1987 

Report: ATMMA, 371, 12-17 

Conference/Journal: Atom (London) 

Conference Session:  

Abstract/Keyterms: Winfrith Atomic Energy Establishment / MONK Code / ZEBRA Reactor 
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Author: Burgess, M. 

Title: Transport Technology at Winfrith 

Date: 4/1/1988 

Report: ATMMA, 378, 10-13 

Conference/Journal: Atom (London) 

Conference Session:  

Abstract/Keyterms: Winfrith's Transport Technology Centre / IAEA Transport Regulations / Acceptance 
Tests for Transport of Packages / Requirements for Transport Package System 
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Author: Conway, A. 

Title: What If Radioactivity IS Accidentally Released 

Date: 2/1/1989 

Report: ATMMA, 388, 26-29 

Conference/Journal: Atom (London) 

Conference Session:  

Abstract/Keyterms: Radrelease management after accidents 
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Author: Ertaud, A. 

Title: Use and Operation of the Chatillon Pile 

Date: 2/1/1949 

Report: Atomes (France), 4:49-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Atomic Power and Piles; Chain Reactions; Critical Assemblies; Efficiency; El-1; 
Fission; Neutrons; Nuclear Reactions; Operation; Production; Radioisotopes; Reflectors; Research 
Reactors; Tracer Techniques; Uranium 
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Author: Bussac, J. 

Title: Neutronics of Power Reactors 

Date: 5/1/1968 

Report: Atomes (Paris), 23: 295-302 

Conference/Journal: Atomes (Paris) 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; 
Economics; Operation; Performance; Power Plants; Reactivity; Reactors 
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Author: Mitenkova, E. F. / Novikov, N. V. / Sukharev, Yu. P. 

Title: Monte Carlo Investigation of the Neutron-Physical Characteristics of a Bulk-Fill Core of a High-
Temperature Gas-Cooled Reactor 

Date: 9/1/1994 

Report: Atomic Energy (New York), 77, 659-665 

Conference/Journal: Atomic Energy (New York)/ Translated from Atomnaya Energiya/ 77: No. 3, 174-
180(Sep 1994) 

Conference Session:  

Abstract/Keyterms: Calculations performed by a computer program, MCNP, are summarized in the 
article. MCNP calculates the criticality and integral functionals characterizing the reaction rates for an 
infinite lattice of spherical elements and for the LEUPRO-1 experimental critical assembly. The 
computational results were compared to several other computer programs. The MCNP program results were 
very close for some calculations, and significantly different for others. Experimental data will be needed to 
determine the adequacy of the program. 
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Author: Lewis, W. B. 

Title: The Accident to the NRX Reactor on December 12, 1952 

Date: 1/1/1953 

Report: Atomic Energy of Canada, Ltd., Chalk River Project, Chalk River, Ontario, Canada, DR-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Ahmed, J. U. 

Title: Design and Equipment of Hot Laboratories. Report on the International Symposium Held in 
Otaniemi, Finland, from 2-6 August 1976 

Date: 1/1/1976 

Report: Atomic Energy Review (Austria), 14, 3, 579-584 

Conference/Journal: Atomic Energy Review (Austria) 

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Watson-Munro, C. N. 

Title: Divergency Data for HIFAR 

Date: 3/1/1958 

Report: Atomic Energy, 01, 003-008 

Conference/Journal: Atomic Energy 

Conference Session:  

Abstract/Keyterms: Preparations for a zero energy divergency test are described, including cleaning, 
process testing, pressure testing, and drying the heavy water circuit. The analytical chemical techniques 
included analysis of the demineralized water used to clean the moderator circuit, and the isotopic purity of 
the heavy water. A description of start-up instrumentation is given, together with fuel loading and a 
discussion of divergency data. 
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Author: Marks, A. P. 

Title: Moata Reactor 

Date: 10/1/1962 

Report: Atomic Energy, 05, 009-021 

Conference/Journal: Atomic Energy 

Conference Session:  

Abstract/Keyterms: The MOATA Reactor is a research reactor with a peak thermal neutron flux at 10 kw 
of 1.46 x 10/sup 11/ neutrons/cm/sup 2// sec. A description is given of its design and operation. 
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Author: Bibichev, B. / Mayorov, V. / Protasenko, Yu. / Fedotov, P. 

Title: Measuring Fuel Burnup, and U and Pu Content in FA for VVER-440 as Regards Activity of 134Cs, 
and 137Cs 

Date: 1/1/1988 

Report: Atomic Energy, 1988, 64, 147 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Rubtsov, P. M. / Ruzhanskii, P. A. 

Title: Estimate of the Radiation Characteristics of Spent Fuel from Submarine and "Lenin" Icebreaker 
Reactors Scuttled in the Region of the Archipelago Novaya Zemlya 

Date: 1/1/1988 

Report: Atomic Energy, 1996, 81, 656-662 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Ionov, V. S. / Alexeyev, N. I. / Andrianov, G. Ya. / et al. 

Title: Investigations of Neutron-Physical Parameters of Hf, B4C and Dy Absorbers at VVER-Type Critical 
Facility 

Date: 1/1/1996 

Report: Atomic Energy, 1996, vol. 81, issue 4 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-061 
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Author: n. a. 

Title: Safety and Competitiveness of Russian Nuclear Power 

Date: 1/1/1999 

Report: Atomic Energy, 1999, vol. 86, issue 1, 001-007 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Stepanov, A. / Makarova, T. / Bibichev, B. / et al. 

Title: Determination of Burnup, and Isotopic Composition of SNF from VVER-440 

Date: 9/1/1983 

Report: Atomic Energy, 55, issue 3, (in Russian) 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Ivanov, E. A. / Kham'yanov, L. P. 

Title: Acceptable Probability and Scale of a Serious Accident at a Nuclear Power Station 

Date: 2/1/1998 

Report: Atomic Energy, 84, 092-97 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  



 

C-1752 

1748…..…..…………………..…….……..……ID Number…………………..…..…………….1748 

Author: Sharapov, V. N. 

Title: Neutron-Physical Calculations and Experiments in the First Nuclear Power Plant Built in the World 

Date: 1/1/2005 

Report: Atomic Energy, 98, 009-013 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Petrov, Yu. V. / Nazarov, A. I. / Onegin, M. S. / et al. 

Title: Neutron-Physical Calculation of a Fresh Zone in the Natural Nuclear Reactor at Oklo 

Date: 4/1/2005 

Report: Atomic Energy, 98, 296-304 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Anisichkin, V. F. / Bezvorodov, A. A. / Suslov, I. R. 

Title: Nuclear Fission Chain Reactions of Nuclides in the Earth's Core Over Billions of Years 

Date: 5/1/2005 

Report: Atomic Energy, 98, 352-360 

Conference/Journal: At. Energ. (USSR) 

Conference Session:  

Abstract/Keyterms:  
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Author: Parker, K. 

Title: The Aldermaston Nuclear Data Library as of May 1963 

Date: 1/1/1965 

Report: Atomic Weapons Research Establishment Report No. O – 70/63, UKAEA 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Lowenfeld, M. / Diaz, A. 

Title: Criticality of Aqueous Mixtures of U-233 and Th-232 

Date: 4/1/1963 

Report: Atomics, 16, 2, 57 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two curves by which the critical radii and masses of infinitely long cylinders filled 
with aqueous mixtures of U233 and Th232 can be determined are presented. 
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Author: n.a. 

Title: The Merlin Research Reactor 

Date: 11/1/1957 

Report: Atomics; Vol: 8 

Conference/Journal: Atomics 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Mass; Merlin; Reactor Fueling; Reactors; Research Reactors; 
Swimming Pool; Uranium 235; Water Coolant; Water Moderator 
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Author: Hage, W. / Hettinger, H. / Hohmann, H. / Metzdorf, H. J. / Toselli, F. 

Title: First Experiments with the Zero Power Facility ECO 

Date: 4/1/1968 

Report: ATOMK, 13: 133-138 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: Reactors, Research / Description of ECO; Reactors, Research / Neutron Buckling 
Measurements on ECO Reference Core; Reactors, Research / Reactivity Calibrations on ECO Control and 
Safety Devices 
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Author: Lemanska, M. 

Title: Simplified P(N) Method in the 2-D Diffusion Code Exterminator 

Date: 1/1/1981 

Report: ATOMK, 37: 173-175 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: The simplified P3 and P5 equations are introduced into the 2-D diffusion code, 
EXTERMINATOR, for the highest energy group. Two critical assemblies from the BMU-1A series are 
calculated by these methods. The results are compared with the ones obtained by the original 
EXTERMINATOR code and by the 2-D transport code, DOT. 
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Author: Thielheim, K. O. 

Title: The Transport Theory Treatment of a Small Critical Assembly 

Date: 4/1/1957 

Report: Atomkern Energie, 02, 121-125 

Conference/Journal: Atomkern Energie 

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Transport 
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Author: Siebker, M. 

Title: Problems of Homogeneous Fluid Reactors--An Example of the Solution Reactor and the Slurry 
Boiling Reactor 

Date: 8/1/1957 

Report: Atomkern Energie; Vol: 2 

Conference/Journal: Atomkern Energie 

Conference Session:  

Abstract/Keyterms: Graphs are presented on Xe poisoning as a function of time after shutdown, 
unreflected critical mass and radius as a function of concentration at different enrichments, U235 
enrichment in UO2SO4 solution for K/ sub eff/ = l.02 in spherical reactors without reflectors, phase 
diagrams for the UO2SO4-H2O system, and hydrogen buildup in UO2SO4-- H2O solutions, 
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Author: Henssen, H. 

Title: A Contribution to the Problem of Resonance Absorption in Heterogeneous Systems 

Date: 11/1/1965 

Report: Atomkernenerg./Kerntech, 10 

Conference/Journal: Atomkernenerg./Kerntech 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Differential Equations; Fuel 
Elements; Monte Carlo Method; Reactor Core; Resonance Escape Probability; Resonance Neutrons; 
Slowdown; Zones 
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Author: Locke, G. 

Title: On the Possibility of Increasing the Initial Total Conversion Factor of Critical Natural Uranium-
Heavy Water Arrangements 

Date: 7/1/1963 

Report: Atomkernenergie 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. 

Conference Session:  

Abstract/Keyterms: The integral equation for the thermal neutron flux of a critical natural uranium-heavy 
water arrangement with variable fuel density and infinitely extended reflector was deduced from the 
differential equations of the two- group theory. In order to arrive at fuel distributions which get along with 
as little uranium as possible it a certain initial conversion, the condition for the minimization of the critical 
fuel mass was established. The solution resulting therefrom in the case of absent breeding material in the 
reactor core was used as an approximation solution for the problem, and the uranium requirements of such 
arrangements were calculated in dependence of the initial conversion factor. Fuel savings of maximally 
20%, as compared to the usual critical arrangements with constant fuel density, resulted. The systematic 
calculation of tworegion- arrangements led to similar results if the fuel distribution in these arrangements 
were qualitatively similar to that of the constant flux reactor. 
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Author: Pucker, N. 

Title: Resonance Self Shielding in Fast Reactors 

Date: 11/1/1965 

Report: Atomkernenergie (West Germany) 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Cross Sections; Energy Range; Fast 
Neutrons; Fertile Materials; Fissionable Materials; Reactors; Resonance; Shielding; Spectra; Temperature 
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Author: Koehler, W. 

Title: Determination of Integral Flux Density of Fast Neutrons by Nickel-And Titanium-Detectors 

Date: 5/1/1965 

Report: Atomkernenergie (West Germany) Vol: 10; 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Activation; Aluminum; Beta 
Detection; Cadmium; Cobalt 58; Coincidence Methods; Counters; Cross Sections; Diagrams; Distribution; 
Dosemeters; Energy; Equations; Fast Neutrons; Gamma Detection; Gamma Radiation; Half-Life; 
Impurities; Iron 59; Irradiation; Neutron Beams; Neutron Detection; Neutron Flux; Nickel 58; Nuclear 
Reactions; Oxygen; Protons; Radiation Effects; Reactor Core; Research Reactors; Resonance Neutrons; 
Scandium; Scandium 47; Scattering; Scintillation Counters; Slowdown; Thermal Neutrons; Titanium 46; 
Water Moderator; Wires 
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Author: Hejtmanek, H. 

Title: The Stability of a Suspension Reactor 

Date: 5/1/1963 

Report: Atomkernenergie (West Germany) Vol: 8 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: If the circulating pump of a suspension reactor stops, the suspended particles begin 
to sink and the criticality goes up. Using the diffusion approximation, it can be shown that this behavior is 
inherent to a suspension reactor. But it is possible to give a condition for the reactivity peak to become 
small. 
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Author: Hejtmanek, H. 

Title: Criticality in Transport Theory 

Date: 3/1/1964 

Report: Atomkernenergie (West Germany) Vol: 9 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Mathematics; Plates; Transport Theory 
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Author: Schwalm, D. 

Title: The Long-Time Behavior of a Homogeneous Spherical Natural-Uranium Heavy Water Reactor with 
External Control Rod Zones 

Date: 7/1/1961 

Report: Atomkernenergie (West Germany), vol. 6 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol.: Oncol., Radiat. Phys 

Conference Session:  

Abstract/Keyterms: A reactor with an outer control rod zone can be dimensioned in such a manner that a 
long life span can be achieved. For a reactor of 20 Mw, the timely change of the control rod position in the 
critical stage is investigated, giving due consideration to products of fission. poisoning, and conversion. 
The calculation of the time behavior was first performed within the frame-work of a modified onegroup 
theory and then in the frame-work of a three-group theory. It was established that the modified one-group 
theory is useless for calculations over long periods of time. The advantage of this reactor is the large 
conversion in the outer zone. 
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Author: Ullrich, W. / Sauerland, T. 

Title: Calculation of Control Rod Worth and Comparison with Experimental Results of the Critical Facility 
KNK 

Date: 11/1/1965 

Report: Atomkernenergie (West Germany): Vol: 10 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Configuration; Control 
Elements; Critical Assemblies; Cross Sections; Knk; Neutron Flux; Neutrons; Programming; Reactivity; 
Reactors; Rods; Transport Theory 
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Author: Rembser, J. / Fischer, E. 

Title: The Numerical Solution of the 2-Group Diffusion Equation for Multi-Region Reactors by Means of 
an Electronic Digital Calculator 

Date: 5/1/1959 

Report: Atomkernenergie (West Germany): Vol: 4; 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: The neutron flux distribution in a critical thermal reactor is described in good 
approximation by the differential equations of the two-group diffusion theory. The solution of these 
equations requires extensive calculations even in the case of simple geometry, which can be successfully 
done using electronic digital computers. The analytical solution of the two-group equations is discussed for 
a cylindrical reactor consisting of several different regions. The problem can also be solved numerically by 
the difference method, which is presented in some detail. Results are given for a special example. 
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Title: Investigation of Infinitely Large, Non-Moderated, Homogeneous Critical Reactor Assemblies. Part 
II 

Date: 9/1/1960 

Report: Atomkernenergie (West Germany): Vol: 5 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol.: Oncol., Radiat. Phys.; Journal Volume: 
Vol: 5 

Conference Session:  

Abstract/Keyterms: Within the framework of the diffusion theory treatment of fast reactors, the limiting 
problem of neutron diffusion in infinitely expanding-unmoderated- homogeneous critical assemblies was 
solved. In the second part of the study, the numerical evaluation of the matrix iteration method is described 
and the results obtained are tabulated. The advantages and disadvantages of the matrix iteration method in 
comparison with other multigroup theories are discussed. 
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Author: Fiebig, R. / Janssen, U. 

Title: Air Scattered Radiation in the Environment of a Critical Facility 

Date: 3/1/1966 

Report: Atomkernenergie (West Germany); Vol. 11 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Air; Cag; Concretes; Critical Assemblies; 
Errors; Gamma Radiation; Measured Values; Neutron Sources; Neutrons; Numericals; Radiation Doses; 
Scattering; Shielding 
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Title: The Matrix Formulation of the Two-Group Theory for the Diffusion of Neutrons 

Date: 6/1/1961 

Report: Atomkernenergie (West Germany); Vol: 6 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: A short description of the matrix method is given in connection with two- group 
diffusion problems. This treatment is applied to two irradiation facilities. Furthermore, the method is used 
to derive critical equations for three simple cylindrical reactors. The handling of adjoint fluxes and the 
treatment of reactors reflected on all sides is to be found in the appendix. The procedure is easy to use in 
calculations of more complicated arrangements, but it is limited to one-dimensional problems and such for 
which a product separation is possible. 
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Title: The Two-Zone Reactor 

Date: 7/1/1963 

Report: Atomkernenergie (West Germany); Vol: 8 

Conference/Journal: Atomkernenergie (West Germany) Merged with Kerntechnik to form 
Atomkernenerg./Kerntech. Acta Radiol. Changed to Acta Radiol.: Oncol., Radiat. Phys. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Breeding; Conversion; Criticality; Efficiency; 
Multiplication Factors; Natural Uranium Fuel; Neutrons; Operation; Plutonium; Reactors; Reflectors; 
Shells; Uranium 238; Volume; Zones 
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Title: Use of Eigenfunction Expansion Method for Solving Multigroup Criticality Problem 

Date: 12/1/1971 

Report: Atomkernenergie 18: No. 4, 267-73 

Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Criticality; Eigenfunctions; 
Mathematics; Multigroup Theory; Reactor Kinetics; Reactors; Series Expansion 
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Title: Treatment of Sloping Plane Boundary Interfaces in the Eigenfunction Expansion Method 

Date: 1/1/1971 
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Conference/Journal: Atomkernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Criticality; Eigenfunctions; 
Mathematics; Multigroup Theory; Reactor Kinetics; Reactors; Series Expansion 
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Title: A Modified Ritz Method for the Diffusion-Theoretical Calculation of Nonseparable Reactor 
Geometries 

Date: 3/1/1966 

Report: Atomkernenergie, 011 

Conference/Journal: Atomkernenergie (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Control Elements; 
Cylinders; Diffusion; Eigenvalues; Equations; Mathematics; Neutron Flux; Neutrons; Numericals; Plates; 
Reactors; Rods 
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Title: Methods of Calculation for Coupled Fast-Thermal Systems and their Comparison with Experimental 
Results 
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Conference/Journal: Atomkernenergie 

Conference Session:  
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Abstract/Keyterms: A method for the computation of the reactivity effect of voids in various forms 
between core and reflector is shown, by which numerical results can be obtained with ease. The proposed 
method is based on the diffusion theory considering the effect of anisotropy in vacuum. Initially it is 
demonstrated that the proposed method leads to practicable results by application on a spherical reactor 
with spherically shaped gap. The results are compared with those obtained by the P/sub 1-/, P/sub 3-/, and 
P/sub 5-/ approximation of the monoenergetic transport theory by D. Emendorfer and M. Ritzi. Finally the 
method is applied to a monolateral reflected cylindrical reactor with semispherical void and reflector 
formed as spherical shell. 
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Abstract/Keyterms: Neutron multiplication in thick fuel elements of plane or spherical geometry is 
discussed, and a simple formula for the fast fission factor is given. The value of becomes much higher than 
one, if the fuel element is only slightly subcritical. Diffusion part and transport correction of are considered. 
The diffusion part of can be found by means of a boundary condition giving the value of the diffusion flux 
near the source. For small fuel dimensions results of this method are compared with those of the variational 
method. 
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Abstract/Keyterms: When calculating the burn-up one generally applies rough approximations, e.g., by 
calculating the time-dependent decrease of the reactivity of a fuel system under the provision of a neutron 
flux constant with regard to space and time and a space constant fuel distribution, disregarding the criticality 
conditions for the reactor. In the present article the burn-up is calculated in another way than in the above 
method, i.e., the calculation of burn-up under consideration of the flux dependence and the variation of the 
distribution of concentration of the fuel components by solving at any time the boundary problem, which 
represents the criticality of the reactor. To simplify the formalism, the fuel charging is assumed in such a 
way that the fresh fuel is continually piled up from the top on a (vertical) cylindrical core (with reflector). 
The core height thus increases monotonously with time. The burn-up can be calculated in a relatively simple 
way by representing the fuel charging as above in a simplified manner. This method of treating the problem 
can be taken as a simplified model for the complicated case of burn-up control by control rods. Apart from 
the quantitative values of fuel required, the calculation of burn-up gives the concentration of the individual 
fuel components in dependence of height z within the core (depending upon the method of solution whether 
the radial dependence is taken into account or not) and of time t and the flux distribution over z in 
dependence of t. It gives especially the direct or indirect values burn-up of the uranium, quantity of bred 
fission materials (conversion), and poisoning by fission products. ln connection with a perturbation 
calculation, the temperature coefficient of the reactor can be calculated in dependence of the operating time 
t. In view of a practical application of the formalism, formulas are derived to treat this problem with an 
analog computer. The problem is characterized by solving a partial differential equation (with integral 
additional condition) representing a boundary problem with nonconstant boundaries. The formalism is 
applied to the example of the BBC-Krupp pebble-bed reactor. The charging with fuel balls in this reactor 
corresponds to the above described simplified charging mechanism. Apart from this kind of charging, in 
which case the core height increases with time, another method of fuel charging at a given constant core 
height is treated, where simultaneously with the charging of fresh fuel from the top the same quantity of 
burned-up fuel is discharged at the bottom of the core. This case is analogous to that of a reactor with fixed 
fuel elements, where at one side of the core fresh elements are inserted and burned-up elements are removed 
correspondingly at the other side of the core. Similar modifications of the formalism as to other specific 
methods of fuel charging are possible without difficulties. 
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Abstract/Keyterms: Ambiguities in connection with neutron generation were indicated. These ambiguities 
were shown in the example of reactors with epithermal fissions. Using two different physically significant 
definitions of neutron generation, the propagation factor and the conversion factor of reactors was 
calculated. When the two factors are different according to the definitions used, the reactor is sub- or 
supercritical. In the critical reactor, the formulas derived are independent of the definition used. 
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Abstract/Keyterms: A method is given to estimate the critical size of fast critical assemblies (such as the 
Godiva type) and the dependence of the neutron flux on position and energy in geometrically simple cases. 
A multigroup theory was used in which the neutron groups were defined according to the multiplicity of 
inelastic scattering. 
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Abstract/Keyterms: In view of the difficulties arising from the calculation of criteria of porous fuel 
elements used in power reactors, a critical test assembly was constructed in which the critical dimensions 
of rod-shaped fuel elements designed for heavy-water reactors could be tested. The assembly was provided 
with a manual control system; emergency shutdown was accomplished by dropping the B scram rods and 
draining the heavy water from the tank. The critical dimensions of 5 fuel-channel designs were thus 
determined as a function of the lattice arrangement. The average weight of the used unclad rods was 793 
plus or minus 1 g with a U density of 18.8 g/cm/sup 3/. The critical values were determined counters; the 
height of the water level was measured by … that elimination of 20 channels from the design does not affect 
markedly the critical parameters. More detailed calculations based on the experimental data obtained 
allowed precise computations for proposed new reactor types 
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Abstract/Keyterms: The engineering design and specifications are given for the nuclear icebreaker 
""Lenin” which was launched in 1956 in Leningrad and which is under reconstruction now. The icebreaker 
is of turboelectric type with a continuous navigation time of 1 year. The length of the icebreaker is 134 m, 
the width 26.7 m, the shaft horsepower 44,000, the tonnage 16,000, a maximum speed in deep quiet water 
of 18 knots, and a continuous speed in 2.4 m thick ice of 2 knots. The icebreaker has three screw propellers. 
The maximum number of revolutions at maximum speed of the center propeller is 185 rot/ min and of the 
board propellers 205 rot/min. The height of the board at the middle is 16.1 m, and the draft is 9.2 m. The 
screw propeller thrust accelerated at the front speed at mooring is 330 tons. The weight of the power plant 
including the shielding (total) is 3017 tons, or (specific) 68.5 ton/hp. The shield weight is 1963 tons, and 
the total weight of the mechanical installation (including the electric motors for propellers and power plant 
but without nuclear power plant) is 2750 tons. The total steam capacity is 360 toas/hr. The steam parameters 
are (temperature) 310 C and (pressure) 28 atm. The steam consumption for main generators is 204 tons /hr. 
The efficiency of the auxiliary steam boiler is 10 tons/hr, and the capacity of the auxiliary power plant is 
6200 kw. The icebreaker is powered by three individual reactors; there is a l00% reserve for circulating the 
pumps. The power plant is divided into two separate units located at the prow and stern of the ship. The 
third reactor is used only in an emergency. The power plant layout and cross-sectional view of the reactor 
are presented. The reactor characteristics are: diameter, 1 m; height, 1.6 m; fuel, sintered uranium dioxide 
5% enriched with U235; loading (with U235; sheath material), zirconium alloy or stainless steel; burnout 
control material, a natural mixture of boron isotopes; the thermal capacity, 90 Mw; the maximum thermal 
load (considering the curve of the energy losses) - 106 kcal/m/sup 2/.hr; the inlet water temperature, 248'C; 
and the outlet water temperature, 825 C. The steam generators, the automatic control system, and the 
circulating pump are shown, 
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Abstract/Keyterms: The construction and operational data are presented for an experimental reactor using 
UF6 as fissile material. The reactor was constructed in order to study the chain reaction in gaseous UF6, to 
correct the theoretical calculations, and to carry out research in reactor physics. The first experiments with 
UF6 enriched up to 90% with U235 were achieved in August 1957. Reactor characteristics are: diameter of 
the active core (beryllium), 116 cm; height of the active core, 108 cm; thickness of the side reflector 
(graphite), 50 cm; thickness of the upper and lower reflectors, 60 cm; the lattice spacing, 8 cm; the number 
of rectangular cross section channels, 148; the gas volume in the active core, 213 liters; the beryllium weight 
in the active core, 1370 kg; the aluminum weight in the active core, 62.8 kg; the critical mass (U2352.024 
kg; the critical mass (UF6 with 90% content of U235), 3.340 kg. Experiments show that by selecting 
favorable conditions it is possible to secure radiative stability of UF6in a reactor. 
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Abstract/Keyterms: The advantages of simulators in reactor calculations are described. An example of 
coding equations for isotopic composition of reactors is shown on a simulator multigroup machine. To 
demonstrate the efficiency of the method in studies of unstable reactor processes, an example is given of 
computations made for an automatic reactor power regulator. The application of computers in criticality 
studies of power reactors and in determining reactivity temperature coefficients are described. 
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Abstract/Keyterms: An engineering design is presented for a boiling water prototype power reactor in the 
USSR. The capacity of the reactor is 760 Mw, and it supplies three steam 70-Mw electric power turbines. 
The efficiency of the power plant is 27.6%. The active zone is encased in a container 3 m in diameter and 
2.5 m high and contains 343 fuel rods with 6 emergency control rods. The fuel rods are 10.2 mm in diameter 
with 8.8 mm diameter core of sintered uranium dioxide. The length of the active part of the elements is 2.5 
m. The fuel cladding and the walls of the cells are made of zirconium alloyed with niobium. The reactor is 
fueled with 1.5% enriched uranium. The working cycle is 1.5 years with partial reloading every 6 months. 
The first loading contained 23 tons of 1.5% enriched uranium and 17 tons of natural uranium. The 
construction and shape of fuel elements are the same for both types of initial load. Reactor control is 
achieved by movable elements with absorbing materials. Justification for selecting the above described 
parameters is discussed, and calculations and comparisons of various boiling reactors are included. 
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Abstract/Keyterms: The reactor transfer functions whtch are needed for the solution of automatic control 
of the power demand, the startup period, and other important reactor problems, being determined by kinetic 
equations do not describe completely the dynamic behavior of the reactor. They are applicable only under 
specified conditions. The equivalent complex multiplication coefficient of the reactor may be determined 
not only by the change of the input but also by the output. Equations were derived permitting the 
programmatic regulation of the period and the power level, making it possible to determine the conditions 
involved in the change of the transfer functions. The system derived also allows estimation of the level of 
possible errors. New formulas have been obtained for subcritical, prompt critical and supercritical reactor 
systems. The new set of functions yields more accurate results than the equations obtained by H. Sandmeier 
(Nuclear Sci. and Eng., 6: 85 
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Abstract/Keyterms: In the past, the efficiency of absorbing rod systems has been determined by means of 
a two-group approximation without having considered the epithermal neutron absorption; in other cases 
only unreflected reactors have been studied. For several reasons, such approximations are not sufficient; 
therefore, the efficiency of the rod system has been studied for a reactor with a radial reflector, under 
consideration of the epithermal absorption by making use of a three-group approximation. Equations were 
set up and the criticality conditions were derived by limiting the solution by means of a k-this order 
approximation. A set of 3(k + 1) similar algebraic equations was obtained, defining 3(k + l) unknowns. The 
efficiency of the absorbing rod system is defined by the difference in the values of k/sub effective/ in the 
presence and in the absence of the rods; similar calculations were used for reflected reactors, In case of 
small rods, a zero-order approximation is sufficient while for large rods the higher-order members must 
also be taken into account. 
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Date: 4/1/1962 

Report: Atomnaya Energ.; Vol: 12 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: Reactors having a minimal critical mass and with an uneven distribution of fuel, 
absorber, and moderator have been studied by several authors by means of the group method. These 
questions may be considered advantageously by making use of the Fermi age theory. Calculations of such 
reactors with a minimal critical mass and constant fuel density derived from the redistribution of the 
absorber are presented. A combination of analytical methods and of mocking-up make it possible to solve 
this problem within the framework of the Fermi age theory. Such a solution of problems of homogenized 
thermal neutrons proves that it is not necessary to simplify the Fermi age equation and to make use of the 
group theory for this purpose. 
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Title: Internal Thermal Columns for Amplifying Thermal Neutron Fluxes in Water- Moderated Reactors 

Date: 6/1/1962 

Report: Atomnaya Energ.; Vol: 12 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: If the power level is kept the same, the thermal neutron flux of a reactor containing 
enriched U and normal water will be higher as in that case the critical mass is lower. These reactors have 
also considerable epithermal and fast neutron fluxes. An evaluation of the usually used moderators, such as 
H2O, D2O, C, and Be in internal thermal columns by means of the two-group method indicated that light 
water is the best moderator for the thermal column. Experimental tests were also carried out in the core of 
the VVR-S reactor of the Institute of Atomic Physics. Results showed that the critical mass increases 
strongly if the radius of the column exceeds 6 cm. This may be compensated by replacing the water reflector 
with C, Be, or BeO; in a VVR-S type reactor such an exchange leads to the reduction of the critical mass 
from 3.2 to 2.5 kg of U235. The internal thermal column is also useful for changing the spectrum, i.e., for 
reducing the fast-neutron flux as is required for the preparation of certain radioactive isotopes by special 
nuclear reactions. 
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Author: Kovanits, P. / Kulka, M. 

Title: Complex Automation for Reactor Control 

Date: 10/1/1958 

Report: Atomnaya Energ.; Vol: 5 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: Two control systems are studied. In the first system, the detector controls the 
transition point according to the neutron flux constant. The system combines the measuring and signaling 
functions for the period, power, and subcriticality of the reactor. In the second system, the power of the 
reactor controls the transitions of the detector. This system combines the functions of automatic control of 
the subcriticality, period, and power of the reactor. By plotting both schemes, it is possible to detect two 
variations in the complex control. The first variation can be easily adapted to the existing installations while 
the second variation is more sophisticated and could be used only in future installations. 
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Report: Atomnaya Energ.; Vol: 6 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: A method is suggested for calculating critical reactor mass with respect to active zone 
composition and dimensions, an operating formula is developed by the ordinary first approximation scheme 
in the theory of perturbations. In order to calculate the formula coefficients it is necessary first to find the 
neutron spatial-energy spectra for certain fixed active zones with sufficiently thick reflectors. The critical 
mass in a wide range of variations was predicted on the basis of the obtained formula coefficients. For cases 
when the dimensions of the active zone exceed the studied range, a numerical calculation of spectra 
becomes necessary for calculating coefficients. A formula is derived with coefficients estimated for typical 
fast reactors. The formula was corrected by nine-group numerical calculations for active zone volumes from 
200 to 1000 partial delta m/ sup 3/. 
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Title: A Method of Averaging the Constants with Allowance for Neutron Values for Calculations on a Fast 
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Date: 3/1/1960 

Report: Atomnaya Energ.; Vol: 8 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: A method of averaging multigroup constants for one group calculations of the critical 
dimension or critical mass in two-region fast reactors is suggested. The method, used for the solution of a 
nine-group spatial problem, proved highly accurate and permitted calculations of the critical mass in a two-
region reactor without preliminary calculations of the spatial multigroup problem. 
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Title: Replacement of a Block in a Two-Dimensional Rectangular Array 

Date: 11/1/1960 

Report: Atomnaya Energ; Vol: 9 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: The cell replacement in an infinitely two-dimensional heterogeneous rectangular 
array by another cell with different properties is analyzed. Two methods are used, depending on the 
subcriticality or supercriticality of the infinite lattice. Both methods supplemented and checked each other. 
The method used in quantum field theory was applied in the case of breeding medium. The critical infinite 
lattice is considered as the maximum case for both described conditions. The results corresponding to the 
homogeneous analogy of the examined problem are derived for the lattice under the conditions of 
homogenization. 
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Title: Reactor of the Atomic Electric Station of the Academy of Sciences of the USSR 

Date: 1/1/1956 

Report: Atomnaya Energ; Vol: No. 1 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: The thermal power of the reactor is 30, 000 kw, and the electric power is 5, 000 kw. 
The amount of uranium charge is 550 kg, representing 27-5 Kg U235 at a 5% enrichment. The moderator 
and reflector are made of graphite, and the coolant is ordinary distilled water The thermal flux reaches 1.8 
x 10/sup 6/ kcal- m/sup -2/-hr/sup -1/. The shield comprises a layer of water 100 cm thick and 3 meters of 
concrete. The graphite core of the reactor is three meters in diameter and 4.6 meters high. The central 
section contains 157 vertical holes nt a spacing of 120 mm. 128 holes are occupied by the working elements, 
and the remainder are intended for the control rods and for auxiliary purposes. The diameter of the active 
zone is 1500 mm, the height is 1700 mm. Tubular uranium fuel elements are used in the reactor. The water 
pressure is 100 atmospheres and the temperature nt the reactor output is 280 deg. The water of the coolant 
forms the primary loop, which contains a steam generator. The secondary loop comprises a turbine 
generator, operating on steam with a pressure of 4-5 atmospheres and a temperature of 270 deg. The atomic 
electric station of the Academy of Sciences of the USSR has been operating without interruption since June 
27, 1954. Its operating experience has msde it possible to proceed toward a design of more powerful stations 
with uranium graphite reactors and water cooling. 
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Report: Atomnaya Energiya, 04, 365-366 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: A method of safe startup for zero energy reactors is described. An Sb--Be source is 
inserted into the reactor, forming a photo-neutron source of 4 x 10/sup 7/ n/sec. The implantation of the 
source into the reactor reduced the uncontrolled interval by increasing the power about 5 x 10/sup 5/ times. 
The method assures the permissible increase of reactor power by the gradual and uniform (stage or 
continuous) extraction of boron rod from equivalently effective areas. A table indicates that after six 
extractions the power of the reactor increased 5 x 10/sup 6/ times (with DELTA k= 31.5 x 10/sup -4/= 
0.31%) thus reaching the controlled level. 
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Title: Study of a Mock-Up of the Experimental Reactor VVR-S 

Date: 1/1/1958 

Report: Atomnaya Energiya, 05, 044-051 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: Results are presented of investigations made of neutron-physical parameters of the 
VVR-S reactor. The critical mass, maximum and working load, compensating power of control safety rods, 
and the eIfects of various factors on the reactivity (water temperature, changes in the reflector, etc.) were 
determined, and the distribution of neutron density along the height and radius of the active zone was 
measured. The triggering time of the control rods was verified. 
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Conference Session:  

Abstract/Keyterms: MIX-MISC-FAST-001 
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Report: Atomnaya Energiya, 08, 023-029 

Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: An approximation method is presented for determining critical parameters of 
arbitrarily shaped bodies or groups of bodies composed of fissionable materials. In contrast to the variation 
method, the suggested method is simple and offers a favorable safety factor in handling fissionable 
materials. The method is applied to fast neutrons and is satisfactorily described by a one-velocity 
approximation. 



 

C-1821 

1817…..…..…………………..…….……..……ID Number…………………..…..…………….1817 

Author: Lopovok, T. A. 

Title: A Transportable Neutron Multiplier 
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Conference/Journal: Atomnaya Energ. 

Conference Session:  

Abstract/Keyterms: A subcritical uranium-- water assembly for installation in a 4-ton pick-up truck was 
designed for geological field explorations. The maximum multiplication factor of the assembly is 
k(eff)=0.997. The initial capacity of the plutonium--beryllium source is approximately 5 x 10/sup 7/ n/-sec; 
the fuel elements of up to 10% enriched uranium are placed in vertically distributed aluminum tubes, and 
natural water acts as moderator and reflector. The height and diameter of the cylindrical active zone is 
approximately 45 and 42 cm. respectively. The maximum lattice spacing of 18 mm and the geometry of the 
assembly make it safe even in an automobile accident. Experiments can be carried out simultaneously in 
all five 52mm channels in the reflector. The assembly has proved safe, compact, and efficient in field 
explorations 
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Title: A Fast Neutron Burst Reactor 

Date: 1/1/1961 

Report: Atomnaya Energiya, 10, 437-446 

Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: The pulsed fast reactor constructed at the joint institute for nuclear research went 
critical in June 1960. The pulsed fast reactor is designed to operate with periodic surges at an average power 
of about 1 kW. The power pulses are developed through the multiplication of prompt neutrons at times 
when the reactor is in the supercritical state. The power pulse half-width is 36 micro-sec and the pulse 
repetition rate may vary over the range 8-80 pulses/sec. 
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Title: Study of Critical Assemblies with Beryllium Moderator 
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: Physics; Beryllium Moderator; Critical Assemblies; Density; Fast Neutrons; Fermi 
Age; Fission; Group Theory; Multiplication Factors; Neutrons; Nuclear Reactions; Organic Fluorine 
Compounds; Plates; Slowdown; Spectra; Thermal Neutrons; Uranium; Uranium 235; U3o8 
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Critical Assemblies; 
Criticality; Cylinders; Diagrams; Distribution; Efficiency; Energy; Fission; Fuel Solutions; Fuels; 
Homogeneous Reactors; Indium; Isotopes; Levels; Mixing; Neutron Flux; Nitric Acid; Planning; 
Polyethylenes; Reactor Fueling; Reactors; Thermal Neutrons; Tracer Techniques; Tubes; Uranyl Nitrates 
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Conference Session:  

Abstract/Keyterms:  
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Date: 7/1/1965 
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Transl.) 

Conference Session:  

Abstract/Keyterms:  
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms:  
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Title: Sliding Regimes in the Minimum Critical Mass Problem 
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Conference Session:  

Abstract/Keyterms: n.a. 
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Transl.) 

Conference Session:  

Abstract/Keyterms: A check has been carried out of nuclear-physical constants and methods of calculation 
to make more accurate predictions of the main physical characteristics of fast reactors using BFS-22, 26, 
27, 28, 30 critical assemblies. The central reactivity coefficients have been measured for 235U, 238U, 
239Pu, 10B, 197Au, 6Li, 1H, 12C, 23Na, Pb. Measurement has been taken of the ratio of the value function 
of nascent neutrons to that of neutron absorption as well as reaction rate ratios of a number of fissile and 
absorbent elements. A brief description is given of BFS critical assemblies, and the experimental 
techniques. Methods of introducing corrections have been checked. The main experimental results and the 
results of the calculations made are given. The experimental data have been compared with the results of 
calculations on the basis of a 26-group programme using the BNAB-70 system of constants. 
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Title: Heterogeneous Effects on Experimental Integral Parameters of Subcritical Assemblies 
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: Design and theoretical, as well as experimental, investigations of the integral 
parameters of carbon-uranium systems with a different number of cells have been carried out to ascertain 
the influence of heterogeneity and the possibility of using the theory of the material parameter when 
analysing results obtained for heterogeneous subcritical systems. The Galanin-Feinberg method has been 
used in the theoretical analysis of the heterogeneity effects. The experiments designed to study the influence 
of the number of cells on the parameters measured have been carried out on subcritical carbon-uranium 
systems with natural uranium using a reactor neutron beam. The number of cells varies from 9 to 81, the 
system height being 270 cm. The cadmium ratio Rsub(Cd)sup(28) and 
<sigmasub(f)sup(25)>/<sigmasub(f)sup(49)> has been measured. The parameter Rsub(Cd)sup(28), being 
the most sensitive one to changes in the dimensions of the system, remains unaffected with 25 cells or more. 
The results of the relative measurements of Rsub(Cd)sup(28) are in reasonable agreement with the data 
from the heterogeneity calculations. 
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Transl.) 

Conference Session:  

Abstract/Keyterms: Determination of the maximum permissible number of assemblies in a group and the 
multiplication factor of the entire system is quite important with group storage of subcritical assemblies 
with a multiplication factor of neutrons from external sources greater than 1. In calculating the 
multiplication factor for systems of identical assemblies, the method of the interaction parameter is 
frequently used. This method is analyzed and formulas are presented. The formulas are used for several 
particular cases of calculation of the critical number of assemblies in a grid as the multiplication factor 
approaches infinity. 
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Transl.) 

Conference Session:  

Abstract/Keyterms: Three methods for measuring the reactivity of a system in sub-critical state in the 
presence of a neutron source are described, namely the method of “shooting source,” the method of dumping 
of unknown absorber, and the method of introducing the calibrated absorber. The described methods do not 
require additional equipment, except for an analogue reactometer with a possibility of adjusting the source 
component in the computing block. The methods are universal since they cover not only the critical 
assemblies but also any high-intensity reactors in sub-critical stage and permit the temperature effect, the 
poisoning effects, etc. to be measured. Besides that, the methods may be applied both in the absence and in 
the presence of a strong neutron background in the reactor. 
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: n.a. 
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Transl.) 

Conference Session:  

Abstract/Keyterms: n.a. 
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Conference Session:  

Abstract/Keyterms: n.a. 
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Conference Session:  

Abstract/Keyterms: n.a. 
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Transl.) 

Conference Session:  

Abstract/Keyterms: Compared are standard fast reactor calculations performed at different laboratories 
using several nuclear data files USSR), CARNAVAL-4 (France), FD-5 (Great Britain), KFK-INR (West 
Germany), ENDF/B4 (the USA). Three fuel compositions were chosen and 238U; (2) 239Pu, 238U and 
fission products; (3) 239Pu, 240Pu, 238U and fission products. Medium temperature was 300K. The 
calculations have been conducted in the diffusion approximation. Data on critical masses and breeding 
ratios are tabulated. Discrepancies in the calculations of all the characteristics are small since all the 
countries possess practically the same nuclear data files. 
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: IEU-COMP-THERM-002 / Reactivity temperature effects have been studied in a 
wide temperature range (20-240 deg C) on 6102-water critical assemblies of the TAS-3M reactor containing 
Cd and Gd absorber rods uniformly spread in the fuel element lattices. Studied have been three critical 
assembly arrangements differing in a number of fuel elements, absorbers and absorber material. Reactivity 
was measured by two techniques drho/dT = f(T) function followed by its integration; 2) measurement by a 
pulse technique at a fixed location of a boron steel compensating rod. The calculations were conducted in 
the two-group diffusion approximation using a multizone reactor model in the (R, Z) geometry. A 
satisfactory agreement between both the two independent experimental techniques and the calculations is 
stated. 
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Conference/Journal: Atomnaya Energiya (U.S.S.R.) For English translation see Sov. At. Energy (Engl. 
Transl.) 

Conference Session:  

Abstract/Keyterms: Basic requirements to ensure nuclear safety in developing shipping casks for 
transporting spent nuclear fuel are reported. A classification of mechanical damages of the casks and their 
consequences is put forward. It is based on the current "Rules of nuclear safety in transport of spent nuclear 
fuel (PBYL-06-08-77). The requirements proposed were used in developing the TK-6 and TK-10 casks. It 
is concluded that, in terms of nuclear safety, the TK-6 and TK-10 casks are safe even at substantial damages 
resulting in movement of tens (in the case of fuel release from fuel elements) or hundreds (no fuel release) 
of kilograms of the spent fuel. 
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Conference Session:  

Abstract/Keyterms: Error evaluations of calculations of the effective neutron multiplication factors 
(k(eff)), conversion ratio (CR) and core conversion ratio (CCR) of fast power reactors have been performed. 
The evaluations are based on the cross section error covariant matrix composed by an analysis of the latest 
experimental data on differential neutron cross sections contained in the BNAB-78 library. The sensitivity 
coefficients k(eff), CR and CCR to the group cross sections were calculated using the TVK-2D two-
dimensional code on the basis of the generalized perturbation theory. Thus obtained error evaluations of 
k(eff) and the conversion ratios approximately 2.5 % and approximately 3.5 % (at the 67 % c.l.) respectively 
have proved more optimistic than those 3-5 % and 5-8 % respectively reported earlier elsewhere. A 
substantial role of uncertainties in the available data on 241Pu and inelastic scattering cross sections in the 
errors calculated has been identified. Recommendations to improve the accuracy of the calculations of fast 
reactor characteristics are given. 
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Conference Session:  

Abstract/Keyterms: Dimensions of the transitional region in steel or nickel reflectors of a fast reactor, 
wherein an asymptotic resonance structure of the neutron spectrum is established, are rather large when 
compared to the reactor core dimensions. The fact brings about a spatial dependence of the group cross 
sections which cannot be taken into account in terms of the general multigroup calculations, but are 
automatically accounted for within the frameworks of the subgroup approximation. The boundary 
resonance effects have been calculated for the ZPR-3/54 and BFS-40 (the BOR-60 reactor mockup) critical 
assemblies and the BR-10 reactor by the Monte Carlo method within the frameworks of both group and 
subgroup versions of the MMK-22 computer code complex using the ARAMAKO data library. The 
subgroup account of the boundary resonance effects has yielded the k(eff) values increased by 3-5%. 
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Conference Session:  

Abstract/Keyterms: A theoretical study has been made of nuclear reactivity of a set of extractors under 
varying profiles of uranium and plutonium concentration in transient processes (Purex processes). Using 
mathematical modeling, a calculation is made of the concentration profile variation with time. The 
calculations employed Monte Carlo method KENO-II with the use of 16-group capture cross sections of 
Hansen-Roach. The data analysis has shown that at certain conditions of the process an increase in nuclear 
reactivity of a set of extractors may occur, resulting in criticality. This also confirmed by conclusions drawn 
in papers of the Soviet authors. The results obtained may be used when designing extraction facilities and 
for the process control. 
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Transl.) 

Conference Session:  

Abstract/Keyterms: The Rossi-alpha method was used to measure the effective delayed neutron fraction 
in a fast critical assembly with a composition similar to that of the BN-600 (uranium dioxide fuel enriched 
to approximately 22% and a sodium volume fraction of approximately 35%). Measurements were also 
performed at the same time with the Cf-252 source method as described in Reference (1). The Rossi-alpha 
method yielded a value of 0.00751 +/- 0.0002, while the Cf-252 method yielded a result of 0.00766 +/- 
0.00031. 
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Title: Calculational and Experimental Investigations on Elaboration of Neutron Cross Sections of Nuclides 
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Abstract/Keyterms: IEU-COMP-INTER-001 
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Conference Session:  

Abstract/Keyterms: The subcriticality of the VVER (water-cooled power reactor) is ensured, in any of the 
situations provided for by the design, by a uniform reactor-core distribution of neutron absorbers in the 
form of control and safety elements, burnable absorbers, and boric acid in the coolant. The risk of renewed 
criticality arises if accidents not envisaged by the design occur with a loss of coolant and subsequent reactor 
core meltdown, when the necessary ratio of fuel to solid absorbers may be distributed. In this case flooding 
the reactor core with water to cool the fuel can result in a supercritical uranium system. Present ideas about 
how a severe accident in the reactor core proceeds after reflooding suggests that the following may form: 
an undamaged part of the reactor core, preserving the previous geometry and fuel/absorber ratio; free fuel, 
i.e., a partially damaged fuel lattice, fragments of fuel elements, absorber elements, and structural material; 
a cavern, i.e., a cavity in place of the molten fuel; and a melt, i.e., reactor-core material in the liquid state. 
Clearly, the greatest risk of renewed criticality is posed by free fuel since it may not have solid absorbers 
and many break off and move inside the cavern, forming various uranium water compositions in the water. 
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Transl.) 
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Conference Session:  

Abstract/Keyterms: In the present work, algorithms for the calculation of the neutron flux functionals by 
the Monte Carlo method in infinite homogeneous lattices with leakage specified by the geometric parameter 
beta are considered. The formulation of the problem is examined and transformation of the criticality 
equation is presented as a form more convenient for calculation by the Monte Carlo method. Determining 
the functionals of the fundamental solutions by the method is examined. The method developed in this 
paper may prove useful in calculating lattices with clearly expressed anisotropy of the migration length. 
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Conference Session:  

Abstract/Keyterms: New calculations and experimental data on critical parameters of actinide elements 
are given. Nuclides having an even number of neutrons in the nucleus may form a critical system only if 
they are in the form of metals, oxides, or other compounds with a small number of elements that retard 
neutrons. In nuclides with an odd number of neutrons criticality may be reached at almost any content of 
the neutron retardant. Critical mixtures of fissioning nuclides and means for ensuring nuclear safety in 
processing and storing 238Pu are considered. The assumption that metallic 238Pu has a finite critical mass 
was confirmed at the Los Alamos laboratory. Comparison of 10 g of metallic 238Pu with 10 g of 239Pu by 
a substitution method showed that the reactivities of these isotopes are equivalent. Since metallic 239Pu in 
spherical form without reflector has a critical mass of around 15 kg, it is considered that metallic 238Pu 
also may form a similar critical system. Based on experimental data from storage of 238Pu, it was assumed 
that in systems with a heat spectrum, if the 238Pu content in the radioisotope mixture is no less than 76%, 
the danger of criticality does not exist. Calculations were confirmed experimentally for 238Pu and 244Cm. 
The reliability of data for the other nuclides is determined 
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Conference/Journal: Atompraxis 

Conference Session:  

Abstract/Keyterms: The Advanced Epithermal Thorium Reactor concept, using a Th--U233 fuel cycle, 
sodium coolant, and operating with a non-thermal neutron energy spectrum, shows potential in achieving 
economical electric power. A laboratory has been designed and constructed, and a novel critical assembly 
was designed as a multiregion reactor, so that a small amount of U233 fuel is supplemented with enough 
U235 to achieve criticality. The AETR critical assembly will validate computer codes over the range of 
neutron energies being considered, and by special techniques develop integral nuclear parameter data. 
Developmental goals of the AETR are being achieved, and results to date indicate that a Th--U233 reactor 
operating in the epithermal intermediate-neutron-energy range can be designed and can compete 
economically with fossil-fuel power within the next decade. 
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Abstract/Keyterms: were fabricated. In preparing these disks, satisfactory quality controlling with respect 
to homogeneity and accuracy was carried out. Special care was also taken to prevent the generation of 
radioactive dust, which resulted in success from the viewpoint of accountability and safety. These fuel disks 
were charged into the critical assembly at JAERI, and criticality was successfully attained with little 
deviation from the calculated value. 
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Abstract/Keyterms: Chemistry; Separation Processes and Procedures; Absorption; Accidents; 
Configuration; Control; Criticality; Economics; Fissionable Materials; Fuel Elements; Fuels; Mass; 
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Conference Session:  

Abstract/Keyterms: The ASTRA Reactor, a tank reactor, has MTR-type fuel elements of Al-U alloy with 
90% enrichment. The water is purified by ion exchange. The experimental facilities of the reactor are briefly 
described. The reactor construction and assembly are discussed. Core physics is then briefly reviewed and 
the data of the first critical experiments are given. 
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Abstract/Keyterms: A homogeneous reactor with circulating fuel and a conversion mantle is described. 
The breeder elements are contained in a pressure vessel. A diaphragm which is not liquid tight with respect 
to the fuel solution partitions the pressure vessel. Between the diaphragm and the wall of the pressure vessel 
the spherical breeder elements are arranged loosely. The fuel solution is pumped through the reactor. This 
solution forms in the spherical core a critical mass. Ports are provided for the removal and replacement of 
the breeder spheres. 
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Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Cables; Cooling; 
Criticality; Dragon; Economics; Gas Coolant; Heat Exchangers; Helium; High Temperature; Joints; Leaks; 
Pipes; Pressure Vessels; Reactors; Seals; Silver; Temperature; Testing; Valves; Welds 
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Abstract/Keyterms: In a CO2 gas-cooled, heavy-water moderated natural uranium reactor with a net 
output of 100 mw and a constant load of 21.4 UO2, three different kinds of pressure tubes were investigated. 
A conventional hot pressure tube with calandria was compared with a cold once-through pressure tube and 
with a cold twice-through pressure tube. The investigation shows a significant advantage of the cold once 
through pressure tube as far as the reactor physics is concerned, compared with the conventional hot 
pressure tube. The cold once- through pressure tube has a much higher fuel burn-up and a lower heavy-
water inventory. On the other hand, a cold twice-through pressure tube compared with a hot pressure tube 
with calandria does not show this advantage any more. A higher burn-up is cancelled out by the larger 
heavy-water inventory. 
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Abstract/Keyterms: The radiation measuring devices and pocket dosemeters being used for radiation 
survey of persons and localized areas display a limited application range and unavoidable errors. The types 
of apparatus most frequently used are examined with regard to accuracy of indication, energy dependence, 
direction dependence, and the application under various working conditions. The established errors are 
given as directive values in form of corrective factors. 
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Abstract/Keyterms: The present construction level and future plans of Tokai reprocessing plant are 
discussed. The contract signed between the Power Reactor and Nuclear Fuel Development Corporation 
(PNC) and Saint Gobain Techniques Nouvelles in 1966 has expired in February 1969. The construction 
contract for the main parts of the plant was signed in a joint venture between Japan Gasoline Co. and Saint 
Gobain Co. in December 1970. The reprocessing capacity was planned at 0.7 tons per day. The main process 
utilizes the Purex type flowsheet with mechanical head ends. Criticality safety will be established with 
geometrical, mass concentration control or the use of neutron poison, individually or in combination. The 
main complex was divided into four radiation safety zones. Highly radioactive materials are contained in 
triple structures. The building is subdivided into seventy-odd small cells. Blank tests were started in July 
1973 for the main plant, but the tests of the waste treatment facility began much earlier, in February 1973, 
and were completed by October 1974. Chemical tests are continuing now, but will be soon completed. Next 
test is uranium test using non-irradiating uranium. The hot test will be carried out with irradiating fuel. 
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Abstract/Keyterms: This the buyers' guide, which contains the names of (supplying) firms concerned, and 
an index of the firms with addresses, telephone numbers, etc., in the following categories etc.), main 
equipments of nuclear reactors (pressure vessel, etc.), auxiliary equipments of nuclear reactors (pump, etc.), 
reactor materials (thick steel plate, etc.), power generation and transmission facilities (turbine, generator, 
etc.), nuclear fuel (metal, alloy, etc.), nuclear fuel production, treatment and disposal (machine for 
exploration, etc.), general equipments and accessories (air conditioner, etc.), radiation monitoring devices 
(GM counter, etc.), radiation generators (betatron, etc.), isotopes and instruments using radioisotope sources 
(isotope and labeled compound, etc.), miscellaneous equipments for radioactive materials (glove box, etc.), 
machinery for nuclear fusion, machinery for direct power generation, service (technical consultant, etc.) 
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Title: Criticality Control by Heterogeneous Poisoning of Fuel Subassemblies Stored in Water Pools 

Date: 8/1/1976 

Report: Atomtechnik 21, 8, 411-412 

Conference/Journal: ATW, Atomwirtschaft, Atomtechnik (West Germany) Formerly Atomwirtschaft 

Conference Session:  

Abstract/Keyterms: The article investigates to what extent fuel sub-assemblies can be arranged more 
closely if neutron absorbers in the shape of a box or a tile are used. In this context, model calculations for 
criticality control concerning a typical PWR fuel sub-assembly of the Biblis type are carried out. 
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1870…..…..…………………..…….……..……ID Number…………………..…..…………….1870 

Author: Wuerz, H. 

Title: Use of Neutron Poisons for Criticality Safety in Reprocessing Plants 

Date: 1/1/1977 

Report: Atomtechnik 22, 1, 033-036 

Conference/Journal: ATW, Atomwirtschaft, Atomtechnik (West Germany) Formerly Atomwirtschaft 

Conference Session:  

Abstract/Keyterms: Criticality evaluations have been made for the dissolver of a reprocessing plant for 
oxide LWR fuel elements. It is assumed to be critically unsafe for lightly burned-up fuel elements and to 
be suited for a transfer to a critically safe condition by adding a minimum amount of poison. Besides 
gadolinium, boron and cadmium have also been studied as homogeneous neutron poisons, and the 
possibility of heterogeneous poisoning is discussed. 
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1871…..…..…………………..…….……..……ID Number…………………..…..…………….1871 

Author: Thomas, W. 

Title: Criteria in Judging Criticality Safety 

Date: 4/1/1978 

Report: Atomtechnik 23, 4, 182-184 

Conference/Journal: ATW, Atomwirtschaft, Atomtechnik (West Germany) Formerly Atomwirtschaft 

Conference Session:  

Abstract/Keyterms: When processing or storing nuclear fuels outside of nuclear reactors or critical 
facilities, any inadvertent establishment of critical conditions represents major hazards, especially for the 
plant personnel. Hence, one absolute licensing prerequisite to handling fissile material is the top priority of 
safety against criticality in planning and operating plants of the nuclear fuel cycle. The problems of 
criticality safety have been under investigation also the Federal Republic of Germany for more than a 
decade. Numerous licensing procedures incorporating expertises on criticality safety have been carried out. 
Parallel with this development there has been an increase in our basis of experience and our computer 
facilities such that criteria can now gradually be formulated in standards and rules without hampering 
progress in the field by premature rule making. This contribution presents a survey of the existing basis and 
the criteria and standards currently applied in the field of critically safety. 
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1872…..…..…………………..…….……..……ID Number…………………..…..…………….1872 

Author: Dagbjartsson, S. / Mayer, W. / Bernnat, W. 

Title: Ensuring Subcritical Designs of Reprocessing Plants 

Date: 3/1/1985 

Report: Atomtechnik 30, 3, 154-156 

Conference/Journal: ATW, Atomwirtschaft, Atomtechnik (West Germany) Formerly Atomwirtschaft 

Conference Session:  

Abstract/Keyterms: One important criterion of reprocessing plants is their subcritical design. Even the 
most unlikely accidents must not give rise to critical configurations of fissile material so as to avoid 
criticality accidents. This can be achieved by design measures and by administrative steps. The criticality 
parameters necessary for safety considerations frequently must be determined by special calculations. 
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1873…..…..…………………..…….……..……ID Number…………………..…..…………….1873 

Author: Thomas, W. 

Title: SOLRF: A Program for Approximation Computation of Neutron Interaction According to the Solid 
Angle Method of Spacing 

Date: 1/1/1971 

Report: Atomwirt., Atomtech. 16: No. 8-9, 435-6 

Conference/Journal: Atomwirt., Atomtech 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality; Cylinders; 
Interactions; Neutrons; Plates; Programming; Spheres 



 

C-1878 

1874…..…..…………………..…….……..……ID Number…………………..…..…………….1874 

Author: Breitwieser, W. / Kirchweger, K. / Martin, A. / Wegmann, A. 

Title: Operations Program of the KWO Up to First Criticality 

Date: 12/1/1968 

Report: Atomwirt., Atomtech., 13: 607-612 

Conference/Journal: Atomwirt., Atomtech. 

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors; Fabrication; KWO; Power Plants; Reactors; Startup; 
Testing 
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1875…..…..…………………..…….……..……ID Number…………………..…..…………….1875 

Author: Riesch, G. 

Title: Construction and Uses of AEG Test Reactor 

Date: 2/1/1961 

Report: Atomwirtschaft (West Germany) Vol: 2 

Conference/Journal: Atomwirtschaft (West Germany) 

Conference Session:  

Abstract/Keyterms: The AEG test reactor which became critical for the first time Jan. 27, 1961, is 
described and its uses are summarized. The fuel elements are 20% enriched U3O8 -Al made by the picture-
frame technique. These plates are arranged in water-filled boxes in the core. An auxiliary moderator and 
reflector of graphite blocks is provided. There are 16 aluminum-clad cadmium sheets for control and safety 
rods. Other features of ths reactor are described in detail. The reactor will be used primarily In studies of 
dynamic behavior and control-rod effectiveness. It can also be used for determining multiplication factors, 
temperature or steam void coefficients, and cross sections. 
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1876…..…..…………………..…….……..……ID Number…………………..…..…………….1876 

Author: Stumm, W. / Groll, H. 

Title: Criticality Investigations on U235 Impregnated Cellulose Sheets 

Date: 4/1/1962 

Report: Atomwirtschaft (West Germany) Vol: 7 

Conference/Journal: Atomwirtschaft (West Germany) 

Conference Session:  

Abstract/Keyterms: The criticality of arrangements of fissionable material with various moderators 
cellulose is considered. The proposals oi the International Parkinson Committee (ICP) essentially amount 
to the achievement of a self-limitation of the document situation in nuclear organizations of every kind by 
prescribing the exclusive use of writing paper containing a homogeneous distribution of U235. In the piling-
up of U235 impregnated cellulose sheets in the form of NSP (Nuclear Standard Paper) it is necessary to 
distinguish between the criticality of the U235 embedded in the sheets acting as a moderator (Nuclear 
Criticality) and the conventional or bureaumetric criticality. Various satiety considerations are to be 
observed in the case of the building up of critical masses of NSP. The use of blotting pads made of cadmium 
and gadolinium paper weights permits especially high piles. The NSP fuel element arises from the 
concentration of 300 NSP in up to 2 mm thick cladding, for which cardboard is used in place of zirconium. 
A subcritical assembly results from the piling up of such fuel elements in filing cabinets. This situation 
must be avoided because of the danger of a critical state through changes in the geometry, e.g., through 
tearing of the files. The same safety regulations apply to the store of useless fuel material (Archives). 
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1877…..…..…………………..…….……..……ID Number…………………..…..…………….1877 

Author: Brueckner, C. / Meister, H. / Risse, E. 

Title: The Argonaut Reactor at Karlsruhe 

Date: 4/1/1963 

Report: Atomwirtschaft (West Germany): Vol: 8 

Conference/Journal: Atomwirtschaft (West Germany) Changed to ATW, Atomwirtsch., Atomtech. 

Conference Session:  

Abstract/Keyterms: On January 11, 1963, the Argonaut Reactor began operation as a second research 
reactor at Karlsruhe. The design, construction, characteristics, and auxiliary equipment are described. The 
reactor is characterized by great flexibility and safety. After completion of the zero-energy experiments it 
is to be extended into the coupled Karlsruhe fast thermal Argonaut Reactor (STARK). This arrangement 
will be used for experiments with fast neutrons. 
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1878…..…..…………………..…….……..……ID Number…………………..…..…………….1878 

Author: Hildenbrand, G. / Hoehne, P. / Schwarz, E. 

Title: The Siemens Training Reactor Sur 

Date: 4/1/1962 

Report: Atomwirtschaft (West Germany); Vol: 7 

Conference/Journal: Atomwirtschaft (West Germany) Changed to ATW, Atomwirtsch., Atomtech. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Activation; Control Systems; Criticality; Distribution; 
Economics; Excursions; Fuel Elements; Graphite Moderator; Irradiation; Laboratory Equipment; Mass; 
Neutron Flux; Neutron Sources; Personnel; Powders; Radiation Doses; Radiations; Reactivity; Reactor 
Safety; Reflectors; Research Reactors; Shielding; Uranium 235; Uranium Oxides; Uses 
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1879…..…..…………………..…….……..……ID Number…………………..…..…………….1879 

Author: Schatz, A. 

Title: The Effect of Plutonium-239 on the Thermal Neutron Spectrum in Graphite- Moderated Systems 

Date: 7/1/1962 

Report: Atomwirtschaft (West Germany); Vol: 7 

Conference/Journal: Atomwirtschaft (West Germany) Changed to ATW, Atomwirtsch., Atomtech. 

Conference Session:  

Abstract/Keyterms: Calculations of the thermal neutron spectrum were made to determine the effect of 
Pu239 bred after a certain time on the critical state and the temperature coefficient of the reactor and to 
ascertain if it is possible to add Pu239 to the reactor as fuel without endangering the stability of the reactor 
which results from the negative temperature coefficient of reactivity. The results of the calculation are not 
limited to pebble bed reactors but apply generally to graphite-moderated systems. The questions were first 
investigated for a homogeneous, infinite scattering medium, and the positional dependence of the neutron 
spectrum was taken into consideration. The spectrum was calculated by iterative solution of the simplified 
Boltzmann equation for an infinite homogeneous scattering medium. The gas model was used for the 
determination of the scattering kernel. It was shown that the thermal neutron spectrum with good 
moderation and a small charge of Pu239 can be represented well by a hardened Maxwell distribution. On 
the other hand, if the Pu or the total charge of fissioned material is large, then the approximation is poor. 
The definition of a hardened neutron temperature is no longer significant for a very large Pu239 
concentration. 
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1880…..…..…………………..…….……..……ID Number…………………..…..…………….1880 

Author: Beckurts, K. H. / Glauner, W. / Hagen, S. / Kuechle, M. / Meister, H. / Wintzer, D. 

Title: Zero Power Measurements on FR-2 

Date: 4/1/1963 

Report: Atomwirtschaft (West Germany); Vol: 8 

Conference/Journal: Atomwirtschaft (West Germany) Changed to ATW, Atomwirtsch., Atomtech 

Conference Session:  

Abstract/Keyterms: An extensive program of physical measurements was carried out on the FR- 2 at zero 
power from March to September 1961. The first critical experiment, reactivity measurements, and 
measurements of neutron flux distribution are described. 
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1881…..…..…………………..…….……..……ID Number…………………..…..…………….1881 

Author: Patzelt, A. 

Title: Safety Aspects in Designing WAK 

Date: 4/1/1967 

Report: Atomwirtschaft, 12: 215-18(Apr. 1967) 

Conference/Journal: Atomwirtschaft 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Accidents; Chemical Reactions; Configuration; Criticality; Design; Fuels; Radioactivity; Safety; Solutions; 
Waste Processing 
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1882…..…..…………………..…….……..……ID Number…………………..…..…………….1882 

Author: Haefele, W. 

Title: Karlsruhe Fast Breeder Project 

Date: 6/1/1966 

Report: Atomwirtschaft, Vol: 11 

Conference/Journal: Atomwirtschaft 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Breeding; Cooling; 
Criticality; Fast Neutrons; Fuel Elements; Germany; Liquid Metal Coolant; Planning; Power Plants; 
Reactors; Sodium; Steam 
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1883…..…..…………………..…….……..……ID Number…………………..…..…………….1883 

Author: Held, Ch. 

Title: Experience in the Operation of the Yankee Nuclear Power Station 

Date: 1/1/1964 

Report: Atomwirtschaft, Vol: 9 

Conference/Journal: Atomwirtschaft (West Germany) Changed to ATW, Atomwirtsch., Atomtech.; 
Journal 

Conference Session:  

Abstract/Keyterms: The Yankee nuclear power station of the Yankee Atomic Electric Co. has an electrical 
capacity of 170 Mw. Several years operating experience is available. It was possible to increase the design 
capacity of 120 Mw(e), which was reached on Jan. 17, 1961, to 145 Mw(e) by the end of June 1961 and, 
after the introduction of the second core charge, this was further raised to 170 Mw(e) on Oct. 16, 1962. This 
extra capacity of 38% compared to the specification was attained essentially through the results of 
measurement by the comprehensive reactor core instrumentation. By extra zone loading with chemical 
shimming a further increase to a gross 190 Mw(e) is considered possible. The mean efficiency for 1962 
was 28.96% with a self demand by the station of 7.19%. Excluding fuel element changes the plant 
availability was 95%. A load factor of 69% with a mean burnup of 8.350 Mwd/t of uranium was reached 
with the first core. On Feb. 28, 1963, inclusive of the time for changing fuel elements, a load factor of 65% 
with a total energy generation of 2 x 10/sup 9/ kwh was reached. A maximum burnup of 17 to 18, 000 
Mwd/t U might have been obtained in the first core. Experiments on the behavior with respect to 
disturbances and load changes showed that the installation worked perfectiy when either automatically 
controlled or hand operated. Detailed opinions are given on the load shedding without fast disconnection, 
the loss of cooling medium flow at 120 Mw(e), and cooling by natural circulation as well as the automatic 
reactor control in the case of power operation. Observation of the behavior of the most important installation 
components resulted in the good working of the whole and maintenance required only a relatively small 
expenditure. The control rod drive shafts and the absorbing parts of the control rods with the zirconium 
extensions were replaced at the time of fuel change. The radiation levels in the various compartments of 
the reactor installation were in general very low. Generating costs already with the second core are about 
20% below those expected. 
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Author: Kersten, J. A. H. 

Title: Experiments with the KEMA Suspension Test Reactor Running at Full Capacity 

Date: 11/1/1975 

Report: Atoomenerg. Haar Toepass., v. 17, no. 11, pp. 234-236 

Conference/Journal: Atoomenerg. Haar Toepass. 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; Nuclear Reactor Technology-Research, Test & Experimental Reactors; KSTR 
Reactor; Critical Mass; Criticality; Reactivity 
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Author: Coehoorn, J. 

Title: Neutron Physics Research for Designing the ''NERO'' 

Date: 1/1/1968 

Report: Atoomenergie Haar Toepass., 10: 172-188 

Conference/Journal: Atoomenergie Haar Toepass. 

Conference Session:  

Abstract/Keyterms: Marine & Portable Power Reactors; Analysis; Configuration; Critical Assemblies; 
Criticality; KRITO; Nero; Propulsion; Reactivity; Reactor Core; Reactors; Ships 
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Author: Bruynesteyn, W. 

Title: Measurement of the Neutron Flux Distribution in a Homogeneous Suspension Reactor 

Date: 9/1/1965 

Report: Atoomenergie Haar Toepass; Vol: 7 

Conference/Journal: Atoomenergie Haar Toepass 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Distribution; Homogeneous Reactors; 
Measured Values; Neutron Flux; Reactors; Suspensions 
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1887…..…..…………………..…….……..……ID Number…………………..…..…………….1887 

Author: Muysken, M. / Bustraan, M. 

Title: Reactor Physics and Critical Experiments at Petten 

Date: 11/1/1962 

Report: Atoomenergie Haar Toepassingen; Vol: 4 

Conference/Journal: Atoomenergie Haar Toepassingen 

Conference Session:  

Abstract/Keyterms: A facility for reactor physics studies and critical experiments in light- water-
moderated systems is described. 
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1888…..…..…………………..…….……..……ID Number…………………..…..…………….1888 

Author: Kersten, J. A. H. 

Title: Physical Aspects of the Homogeneous Suspension Reactor Project 

Date: 3/1/1963 

Report: Atoomenergie Haar Toepassingen; Vol: 5 

Conference/Journal: Atoomenergie Haar Toepassingen 

Conference Session:  

Abstract/Keyterms: A brief description is given of the construction of a homogeneous suspension reactor. 
The results obtained from sub-critical experiments are summarized. 
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1889…..…..…………………..…….……..……ID Number…………………..…..…………….1889 

Author: Madsen, J. H. B. / Coehoorn, J. 

Title: The Petten High Flux Reactor 

Date: 10/1/1960 

Report: Atoomenergie; Vol: 2 

Conference/Journal: Atoomenergie 

Conference Session:  

Abstract/Keyterms: The details and results of the start-up experiment of the Petten High- flux Reactor are 
reported. The reactor went critical on Sept. 28. 1960. 
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1890…..…..…………………..…….……..……ID Number…………………..…..…………….1890 

Author: n.a. 

Title: Initial Start-Up of the High Flux Reactor 

Date: 12/1/1961 

Report: Atoomenergie; Vol: 3 

Conference/Journal: Atoomenergie 

Conference Session:  

Abstract/Keyterms: On November 9, 1961, the Petten High Flux Reactor went critical for the first time. 
A report is given on the critical experiments. 
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1891…..…..…………………..…….……..……ID Number…………………..…..…………….1891 

Author: Frolov, V. V. / Bulanenko, V. I. 

Title: Nuclear Safety and Alarm System Signaling the Beginning of Self-Sustaining Chain Reaction in 
Fissile Material Facilities 

Date: 1/1/1981 

Report: ATRUA, 1, 03-12 

Conference/Journal: Atomnaya Tekhnika za Rubezhom (U.S.S.R.) 

Conference Session:  

Abstract/Keyterms: Works on nuclear safety and alarm system signaling a self-sustaining chain reaction 
(SSCR) in fissile material facilities are reviewed. Principles of nuclear safety as a complex of engineering 
and organizational measures preventing SSCR as well as restricting its sequences during an accident are 
considered. Experimental data on the investigation into pulse proceeding and radiation sequences of SSCR 
are given. Radiation doses for phantoms (gamma and neutron radiations) as well as calculated doses of 
personnel irradiation are presented. Alarm systems and requirements for monitors of alarm systems are 
considered as well. 



 

C-1896 
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Author: Sivintsev, Yu. V. 

Title: News on the Natural Nuclear Reactor 

Date: 1/1/1986 

Report: ATRUA, 1, 27-32 

Conference/Journal: Atomnaya Tekhnika za Rubezhom (U.S.S.R.) 

Conference Session:  

Abstract/Keyterms: Natural Nuclear Reactor / Oklo Deposit (Gabon) 
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Author: Kuznetsov, V. V. 

Title: Spent Fuel Transport 

Date: 12/1/1992 

Report: ATRUA, 12, 23-25 

Conference/Journal: Atomnaya Tekhnika za Rubezhom (Russian Federation) 

Conference Session:  

Abstract/Keyterms: IAEA / Transportation 
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Author: Frolov, V. V. / Yushin, Yu. P. 

Title: Alarm Systems for Criticality Detection in Plants 

Date: 9/1/1989 

Report: ATRUA, 9, 3-6 

Conference/Journal: Atomnaya Tekhnika za Rubezhom (U.S.S.R.) 

Conference Session:  

Abstract/Keyterms: Alarm Systems / Alarm Systems Developed in France, USA, Japan 
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Author: n. a. 

Title: Criticality Safety in the Preparation and Handling of Nuclear Fuel Elements (in German) 

Date: 7/1/1965 

Report: ATSTA, 11, 65-66 

Conference/Journal: Atom + Strom (West Germany); 

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Criticality; Excursions; Fabrication; Fuel Elements; 
Man; Operation; Personnel; Preparation; Radiation Protection; Reactor Safety; Reactors; Safety; Standards; 
Storage 
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Author: Kalli, Heikki 

Title: Principle of Nuclear Reactors 

Date: 1/1/1989 

Report: ATSYE, 18 (2), 28-31 

Conference/Journal: ATS Ydintekniikka (F.R. Germany) 

Conference Session:  

Abstract/Keyterms: Nuclear Reactors / Criticality 
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Author: Wasastjerna, F. / Silvennoinen, P. 

Title: Nuclear Power Plant is Not a Bomb 

Date: 1/1/1989 

Report: ATSYE, 18 (2), 32-33 

Conference/Journal: ATS Ydintekniikka (F.R. Germany) 

Conference Session:  

Abstract/Keyterms:  
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Author: Albertoni, S. / Lunelli, M. / Maggioni, G. 

Title: Variational Iterative Methods for Elliptical Problems in the Theory of Nuclear Reactors 

Date: 1/1/1965 

Report: Atti Seminar. Mat. Fis. Univ. Modena; Vol: 14 

Conference/Journal: Atti Seminar. Mat. Fis. Univ. Modena 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Neutrons; Numericals; Reactors; 
Resolution; Variations 
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1899…..…..…………………..…….……..……ID Number…………………..…..…………….1899 

Author: n.a. 

Title: Neutronic Reactor Control 

Date: 10/1/1956 

Report: AU 216622 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: An apparatus is designed for indicating the approach to prompt criticality of a 
neutronic reactor. The apparatus comprises means for oscillating an absorber in the reactor, a detector for 
measuring neutron flux in the reactor, two channels into which the output of the detector can be directed, 
one of which includes a narrow band filter with band pass frequency equal to that of the oscillator, and 
means for indicating the ratio of the signal produced by the channel which includes the filter to the signal 
produced by the other channel, which ratio constitutes an indication of the approach to prompt criticality. 
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1900…..…..…………………..…….……..……ID Number…………………..…..…………….1900 

Author: n.a. 

Title: Method of Operating Nuclear Reactors 

Date: 8/14/1957 

Report: AU 223336 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A method is given for obtaining enhanced utilization of natural uranium in heavy 
water moderated nuclear reactors. The method comprises charging the reactor with an equal number of fuel 
elements formed of natural uranium and of fuel elements formed of uranium depleted in U235 to the extent 
that the combination will just support a chain reaction, operating the reactor until the rate of burnup of 
plutonium equals its rate of production, processing the fuel elements to recover plutonium, discarding the 
depleted uranium, reforming the remaining uranium into fuel elements, charging these fuel elements into a 
reactor along with an equal number of fuel elements formed of uranium depleted in U235 to the extent that 
the combination will just support a chain reaction, and continuing reuse of the uranium as aforesaid until it 
will no longer support a chain reaction when combined with an equal quantity of natural uranium. 
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Author: Stern, T. / Valat, J. / Cazemajou, J. / Weill, J. 

Title: Measurement of Low Reactivities. Prelude to Optimum Control of Nuclear Reactors 

Date: 2/1/1964 

Report: Automatisme (France) Changed to Nouv. Autom.of Medical Physics and Biophysics (Australia); 
Vol: 9: No. 2 

Conference/Journal: Automatisme (France) Changed to Nouv. Autom.of Medical Physics and 
Biophysics (Australia) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control; Energy Levels; Measured Values; 
Reactivity; Reactors; Startup 
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Author: Barbaste, P. 

Title: Determination and Study of the Network of Functions for Transfer in a Reactor 

Date: 4/1/1969 

Report: Automatisme, 14: 167-172 

Conference/Journal: Automatisme, 14: 167-72(Apr. 1969) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Determination; Neutron Flux; Reactivity; 
Reactors; Transfer Functions 
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Author: n. a. 

Title: Nuclear Accident Dosimetry. International Atomic Energy Agency, Div. of Nuclear Safety, Vienna 
[Austria] 

Date: 1/1/1982 

Report: AVN-0660 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Film / Criticality Accidents / IAEA / Criticality Accident Dosimetry / Atomic Energy 
Research Establishment, Harwell, United Kingdom 
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Author: Thomas, W. 

Title: Prevention of Criticality in the Storage of Fissionable Material 

Date: 1/1/1973 

Report: AWAKA, 18, 6, 291-293 

Conference/Journal: Atomwirt., Atomtech 

Conference Session:  

Abstract/Keyterms: Criticality- Nuclear Fuels; Fissionable Materials- Storage; Nuclear Fuels- Storage; 
Licensing; Safety 
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Author: Herchenroeder, P. / Keck, B. 

Title: Materials for Decoupling Interacting Fissile Materials Systems 

Date: 6/1/1983 

Report: AWAKA, 28 (6), 303-305 

Conference/Journal: ATW, Atomwirtsch., Atomtech 

Conference Session:  

Abstract/Keyterms:  
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Author: Brennecke, P. / Berg, H. P. 

Title: Preliminary Final Storage Criteria of the Konrad Repository 

Date: 7/1/1992 

Report: AWAKA, 37 (7), 375-376 

Conference/Journal: ATW, Atomwirtsch., Atomtech 

Conference Session:  

Abstract/Keyterms: Konrad Mine / Repository 
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Author: Dominey, J. R. / Lane, R. C. / Thomas, A. F. 

Title: Critical Mass Measurements with Thin Discs of 45.5% Enriched Uranium 

Date: 3/1/1962 

Report: AWRE-NR/A-1/62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental values of critical masses of near isometric cylinders or spheres of 
uranium of various enrichments have been published. The safety evaluation of certain manufacturing 
processes a knowledge of the critical masses of non-isometric cylinders or slabs is required. Accordingly, 
using a supply of 45% enriched uranium, which became available for a short period, a series of 
measurements was made at AWRE, Aldermaston on the critical heights of cylinders of H/D ratios between 
0.08 and 0.63. This report describes these measurements and constants are deduced correlating the 
experimental data, by means of the equal geometrical buckling conversion, which, at least, enable values 
of critical masses of cylinders within the experimental range of H/D values to be computed quickly and 
tolerably accurately. 
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Author: Lane, R. C. / Perkins, O. J. E. 

Title: Measurement of the Critical Mass of 37 1/2 Percent Enriched Uranium in Reflectors of Wood, 
Concrete, Polyethylene and Water 

Date: 2/1/1966 

Report: AWRE-NR-1/66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Concretes; Criticality; Mass; Measured Values; Plates; 
Polyethylenes; Reflectors; Safety; Uranium; Uranium 235; Water; Wood 



 

C-1913 

1909…..…..…………………..…….……..……ID Number…………………..…..…………….1909 

Author: Lane, R. C. / Perkins, O. J. E. 

Title: Measurements of the Critical Mass of 37.5% Enriched Uranium in Reflectors of Wood, Concrete, 
Polyethylene and Water 

Date: 2/1/1966 

Report: AWRE-NR-1/66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the experimental arrangements used in Atlas, a vertical 
assembly machine, for measurement of the critical mass of 37.5% enriched uranium in reflectors of wood, 
concrete, polyethylene and water. Data obtained are reported and discussed. 
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Abstract/Keyterms: This report describes the measurement of the critical size of a plutonium oxide/natural 
uranium oxide/polythene mixture in rectangular geometry using homogeneous blocks of the material. The 
plutonium density was 0.950 g/cc with a hydrogen/plutonium atomic ratio of 18.6 and a plutonium/uranium 
atomic ratio of 0.335. The plutonium contained 5.9% of plutonium-240. The side of a polythene-reflected 
critical cube, estimated from the results of six assemblies, is 27.7 cm, containing 20.2 ± 0.2 kg of plutonium. 
Details of the measured critical parameters corrected to 45 degree C are given in. The experimental errors 
on these masses and volumes are estimated to have a standard deviation of ± 0.6%. The effect of reflector 
thickness on critical mass was measured, and indicated that thin hydrogenous reflectors are relatively 
inefficient as compared with their effect on other plutonium or uranium assemblies, and that cadmium sheet 
between core and reflector is equivalent to reducing the reflector thickness from 20 cm to less than 2 cm. 
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Abstract/Keyterms: MIX-SOL-THERM-003; This report describes part of an experimental investigation, 
carried out while AWRE were part of the UKAEA, of the critical size and other reactivity parameters of 
mixtures of plutonium and natural uranium having a plutonium content of 30% measurements of the critical 
size, neutron spectrum and prompt decay constant of a mixture of plutonium dioxide and uranium dioxide 
at a density of 1 gram plutonium/litre, moderated by polythene to give hydrogen/plutonium = 18.6 have 
been reported. The present work extends the critical size measurements to essentially thermal cores which 
are more conveniently studied using solutions of the fissile isotopes in nitric acid. 
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A version of the Bethe and Tait method for calculating fast reactor accidents is given. 
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Abstract/Keyterms: This report describes experimental work on a number of small fast reactor assemblies 
with uranium-235 / graphite cores and natural uranium reflectors. The object of the experiments was to 
provide detailed information against which the nuclear data for uranium-235 in the energy region from 500 
down to 50 keV could be checked. Critical masses were measured for five assemblies. 
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Abstract/Keyterms: These experiments form part of a series designed to obtain information against which 
the nuclear data for uranium-235 and uranium-238 can be checked over the energy range 10 to 500 keV. 
Seven fast reactor assemblies are described. All the cores contained uranium-235 and graphite, and some 
also contained uranium-238 and hydrogen. Detailed measurements were made on four of the assemblies 
but for the other three assemblies the critical masses only were measured. Comparisons with calculations 
are not included except where they are necessary to clarify the experimental results. 
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Abstract/Keyterms: The purpose of this document is to present the methodology to be used for 
development of the Subcritical Limit (SL) for post closure conditions for the Yucca Mountain repository. 
The SL is a value based on a set of benchmark criticality multiplier, k(eff) results that are outputs of the 
MCNP calculation method. This SL accounts for calculational biases and associated uncertainties resulting 
from the use of MCNP as the method of assessing k(eff). The context for an SL estimate include the range 
of applicability (based on the set of MCNP results) and the type of SL required for the application at hand. 
This document will include illustrative calculations for each of three approaches. The data sets used for the 
example calculations are identified in Section 5.1. These represent three waste categories, and SLs for each 
of these sets of experiments will be computed in this document. Future MCNP data sets will be analyzed 
using the methods discussed here. The treatment of the biases evaluated on sets of k(eff) results via MCNP 
is statistical in nature. This document does not address additional non-statistical contributions to the bias 
margin, acknowledging that regulatory requirements may impose additional administrative penalties. 
Potentially, there are other biases or margins that should be accounted for when assessing criticality (k(eff)). 
Only aspects of the bias as determined using the stated assumptions and benchmark critical data sets will 
be included in the methods and sample calculations in this document. The set of benchmark experiments 
used in the validation of the computational system should be representative of the composition, 
configuration, and nuclear characteristics for the application at hand. In this work, a range of critical 
experiments will be the basis of establishing the SL for three categories of waste types that will be in the 
repository. The ultimate purpose of this document is to present methods that will effectively characterize 
the MCNP computations with respect to bias, as applicable to the repository setting. Combining varied sets 
of critical experiments into a single source of benchmark criticals provides wider ranges of applicability 
and, potentially, additional variability contribution to the treatment for the uncertainty of the bias. This will 
allow the estimation of the bias characteristics that will be useful in establishing the SL. If extrapolation is 
required, there may be need for ad lioc analyses to evaluate the bias characteristics, or at a minimum to 
recalculate the SLY based on the new range for the trending variable. This may also require extending the 
data set of critical experiments. 
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Abstract/Keyterms: This analysis prepared by the Mined Geologic Disposal System (MGDS) Waste 
Package Development Department (WPDD) to provide an assessment of the present waste package design 
from a criticality risk standpoint. The specific objectives of this initial analysis are to: (1) Establish a process 
for determining the probability of waste package criticality as a function of time (in terms of a cumulative 
distribution function, probability distribution function, or expected number of criticalities in a specified 
time interval) for various waste package concepts; (2) Demonstrate the established process by estimating 
the probability of criticality as a function of time since emplacement for an intact multi-purpose canister 
waste package (MPC-WP) configuration; (3) Identify the dominant sequences leading to waste package 
criticality for subsequent detailed analysis. The purpose of this analysis to document and demonstrate the 
developed process as it has been applied to the MPC-WP. This revision is performed to correct deficiencies 
in the previous revision and provide further detail on the calculations performed. This analysis similar to 
that performed for the uncanistered fuel waste package (UCF-WP, B00000000-01717-2200-00079). 
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Abstract/Keyterms: This report,”Summary Report of Laboratory Critical Experiment Analyses Performed 
for the Disposal Criticality Analysis Methodology”, contains a summary of the laboratory critical 
experiment (LCE) analyses used to support the validation of the disposal criticality analysis methodology. 
The objective of this report is to present a summary of the LCE analyses' results. These results demonstrate 
the ability of MCNP to accurately predict the critical multiplication factor (keff) for fuel with different 
configurations. Results from the LCE evaluations will support the development and validation of the 
criticality models used in the disposal criticality analysis methodology. These models and their validation 
have been discussed in the “Disposal Criticality Analysis Methodology Topical Report” (CRWMS M&O 
1998a) 
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Abstract/Keyterms: The “Range of Neutronic Parameters for Repository Criticality Analyses” technical 
report contains a summary of the benchmark criticality analyses (including the laboratory critical 
experiment [LCEs] and the commercial reactor criticals [CRCs]) used to support the validation of the 
criticality evaluation methods. This report also documents the development of the Critical Limits (CLs) for 
the repository criticality analyses. 
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Abstract/Keyterms: Utilizing nuclear fuel to produce power in commercial reactors results in the 
production of hundreds of fission product and transuranic isotopes in the spent nuclear fuel (SNF). When 
the SNF is disposed of in a repository, the criticality analyses could consider all of the isotopes, some 
principal isotopes affecting criticality, or none of the isotopes, other than the initial loading. The selected 
set of principal isotopes will be the ones used in criticality analyses of the SNF to evaluate the reactivity of 
the fuel/waste package composition and configuration. This technical document discusses the process used 
to select the principal isotopes and the possible affect that these isotopes could have on criticality in the 
SNF. The objective of this technical document is to discuss the process used to select the principal isotopes 
for disposal criticality evaluations with commercial SNF. The principal isotopes will be used as supporting 
information in the “Disposal Criticality Analysis Methodology Topical Report” which will be presented to 
the United States Nuclear Regulatory Commission (NRC) when approved by the United States Department 
of Energy (DOE) Office of Civilian Radioactive Waste Management (OCRWM). 
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Abstract/Keyterms: The design approach for criticality of the disposal container and waste package will 
be dictated by existing regulatory requirements. This conclusion is based on the fact that preclosure 
operations and facilities have significant similarities to existing facilities and operations currently regulated 
by the NRC. The major difference would be the use of a risk-informed approach with burnup credit. This 
approach could reduce licensing delays and costs of the repository. The probability of success for this 
proposed seamless licensing strategy is increased, since there is precedence of regulation (10 CFR Part 63 
and NUREG 1520) and commercial precedence for allowing burnup credit at sites similar to Yucca 
Mountain during preclosure. While NUREG 1520 is not directly applicable to a facility for handling spent 
nuclear fuel, the risk-informed approach to criticality analysis in NUREG 1520 is considered indicative of 
how the NRC will approach risk-informed criticality analysis at spent fuel facilities in the future. The types 
of design basis events which must be considered during the criticality safety analysis portion of the 
Integrated Safety Analysis (ISA) are those events which result in unanticipated moderation, loss of neutron 
absorber, geometric changes in the critical system, or administrative errors in waste form placement 
(loading) of the disposal container. The specific events to be considered must be based on the review of the 
system's design, as discussed in Section 3.2. A transition of licensing approach (e.g., deterministic versus 
risk-informed, performance-based) is not obvious and will require analysis. For commercial spent nuclear 
fuel, the probability of interspersed moderation may be low enough to allow nearly the same Critical Limit 
for both preclosure and postclosure, though an administrative margin will be applied to preclosure and 
possibly not to postclosure. Similarly the Design Basis Events for the waste package may be incredible and 
therefore not re quire an administrative margin, or at least one that is less than the one used currently (0.05) 
for all waste forms (e.g., CRWMS M and O 1999c, criteria 1.2.1.5, p. 10.) In this case, the margin-to-
criticality for preclosure and postclosure in the subsurface facility would be closer to that used for 
postclosure (if any). This would facilitate a seamless transition, including the use of burnup credit. 
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Abstract/Keyterms: The methodology for evaluating criticality potential for high-level radioactive waste 
and spent nuclear fuel after the repository is sealed and permanently closed is described in the Disposal 
Criticality Analysis Methodology Topical Report (DOE 1998b). The topical report provides a process for 
validating various models that are contained in the methodology and states that validation will be performed 
to support License Application. The Supplement to the Disposal Criticality Analysis Methodology provides 
a summary of data and analyses that will be used for validating these models and will be included in the 
model validation reports. The supplement also summarizes the process that will be followed in developing 
the model validation reports. These reports will satisfy commitments made in the topical report, and thus 
support the use of the methodology for Site Recommendation and License Application. It is concluded that 
this report meets the objective of presenting additional information along with references that support the 
methodology presented in the topical report and can be used both in validation reports and in answering 
request for additional information received from the Nuclear Regulatory Commission concerning the 
topical report. The data and analyses summarized in this report and presented in the references are not 
sufficient to complete a validation report. However, this information will provide a basis for several of the 
validation reports. Data from several references in this report have been identified with TBV-1349. Release 
of the TBV governing this data is required prior to its use in quality affecting activities and for use in 
analyses affecting procurement, construction, or fabrication. Subsequent to the initiation of TBV-1349, 
DOE issued a concurrence letter (Mellington 1999) approving the request to identify information taken 
from the references specified in Section 1.4 as accepted data. 
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Abstract/Keyterms: The purpose of this engineering calculation is to document the MCNP4B2LV 
evaluations of Laboratory Critical Experiments (LCEs) performed as part of the Disposal Criticality 
Analysis Methodology program. LCE evaluations documented in this report were performed for 22 
different cases with varied design parameters. Some of these LCEs (10) are documented in existing 
references (Ref. 7.1 and 7.2), but were re-run for this calculation file using more neutron histories. The 
objective of this analysis to quantify the MCNP4B2LV code system's ability to accurately calculate the 
effective neutron multiplication factor (k(eff)) for various critical configurations. These LCE evaluations 
support the development and validation of the neutronics methodology used for criticality analyses 
involving Naval reactor spent nuclear fuel in a geologic repository. 
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Abstract/Keyterms: A calculation of the effective multiplication factor has been made for Godiva and 
Jezebel critical assemblies by using a computer code, ANISN, with having the Watt's, Cranberg's and 
Maxwellian formulae for the prompt fission neutron spectrum as a fission source. Then the calculated 
values have been compared with experimental data obtained by others. The Maxwellian formula seems to 
be the best one for representing the prompt fission neutron spectrum since the effective multiplication factor 
based on it shows a better agreement with the experimental value compared to the other formulae. 
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Abstract/Keyterms: The neutron dosimetrical parameters, i.e., the fission neutron spectrum-averaged 
cross sections and the fluence to dose conversion factors have been calculated for some threshold detectors 
with the aid of a computer. The threshold detectors under investigation were the 115In(n, n')115(m)In, 
32S(n, p)32P and 27Al(n, alpha)24Na reactions. It is revealed that the average cross sections (sigma) for 
the 32S(n, p)32P reaction are independent of the spectral functions, namely, the Watt-Cranberg and 
Maxwellian forms. In the case of the 27Al(n, alpha)24Na reaction a variation of the sigma values appears 
to be highly dependent on the fissioning types. It seems that both the average cross section for the 115In(n, 
n')115mIn reaction and the conversion factor are insensitive to the spectral deformation of fission neutrons. 
These phenomena make it applicable to use indium as a possible integral fast neutron dosimeter in nuclear 
criticality accidents provided that the virgin fission neutrons are completely free from the scattered 
neutrons. 
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Abstract/Keyterms: Effective multiplication factor has been calculated for one PWR fresh fuel assembly 
immersed in a spent fuel storage vault on the basis of the neutron transport theory. A numerical calculation 
has been carried out by means of Sn approximation. The method employed in this study is that the energy 
domain is broken into 16 groups, the angular variable is divided into four discrete directions, i.e., S4, and 
the spatial variable which is divided into fine meshes at the interface between different materials is 
discretized into 27 mesh points. The calculated k(eff) value of 0.6145 seems to be far smaller in comparison 
with the value obtained by other author for an infinite array of fuel assemblies. 
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Criticality; Fuel Pellets; Isotope Enriched Materials; Nuclear Fuels; Operation; Radiation Hazards; 
Radiation Monitoring 
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1942…..…..…………………..…….……..……ID Number…………………..…..…………….1942 

Author: Janardhanan, S. / Krishnamurthy, T. N. / Dabhakar, S. B. / Soman, S. D. 

Title: Safety Aspects in Plutonium Handling 

Date: 1/1/1973 

Report: BARC/I-259 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Life Sciences-Radiation Effects on Animals-Man; Plutonium Isotopes- Materials 
Handling; Contamination; Criticality; Decontamination; Engineering; Fires; Hazards; Recommendations; 
Safety 
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1943…..…..…………………..…….……..……ID Number…………………..…..…………….1943 

Author: Mahalingam, L. M. / Shankar Singh, R. 

Title: Analysis of Zero Power Reactor III Assembly 48 with Recent Cross-Section Data 

Date: 1/1/1969 

Report: BARC-0421 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis of the experimental results of the fast critical assembly 48 of Zero Power 
Reactor III which is a plutonium fueled, soft spectrum and simple geometry system has been carried out 
using a 22-group cross-section set. Computed parameters such as critical mass, spectral indices, reactivity 
worths of various samples and Doppler coefficients have been compared with the experimental values. The 
effects of using recently evaluated fission cross-sections by Davey and higher alpha values of plutonium-
239 measured in the UK. On the calculated values of these parameters have also been studied. 
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1944…..…..…………………..…….……..……ID Number…………………..…..…………….1944 

Author: Garg, S. B. / Shukla, V. K. 

Title: Criticality Studies of Fast Assemblies with the New 27-Group Cross-Section Set 

Date: 1/1/1976 

Report: BARC-0906 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test of 27-group cross-section set (Garg-set) recently derived from ENDF/B library 
has been carried out in the criticality studies of the Pu239, U235 and U233 based metal, oxide and carbide 
fueled fast critical assemblies. A total of twenty fast critical assemblies of different sizes and varying 
neutron spectra have been selected for analysis. Based on these analyses it has been observed that the Garg-
set predicts well the criticality of uranium and plutonium based hard-spectra assemblies. In the soft-spectra 
systems it under predicts criticality because of the following reasons higher capture cross-sections of 
structural and coolant elements given in ENDF/B-Version IV library. (b) It does not account for the 
resonance self-shielding effects of cross-sections. It has also been observed that the Garg-set gives better 
results than the MABBN-set for dense and dilute plutonium-based and the hard uranium-based assemblies. 
This superior trend of the Garg-set is slightly lost in the uranium-based dilute systems because of large 
differences in the capture cross-sections of structural elements of these two sets. 
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1945…..…..…………………..…….……..……ID Number…………………..…..…………….1945 

Author: Basu, T. K. / Vohra, Y. K. 

Title: Research and Development Activities of the Neutron Physics Division for the Period January 1979-
December 1979 

Date: 1/1/1980 

Report: BARC-1076 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research and Development (R and D) activities of the Neutron Physics Division of 
the Bhabha Atomic Research Centre, Bombay during the calendar year 1979 are reported in the form of 
individual summaries. The Division's R and D work covers the fields of reactor neutron physics, applied 
neutronics, fusion plasma pinches, materials physics, crystallography and seismology. Some of the 
highlights of these activities are development of a criticality formula for PURNIMA-II, a BeO reflected 
233U-uranyl nitrate solution critical experiment, (2) commissioning of a 21 K3, 50 KV fast capacitor bank 
for experiments of high-density plasma focus devices, (3) the design of a bore-hole model to develop 
carbon-oxygen logging method for identifying the oil and water zones in sand-stone formations in the 
earth's sub-surface using neutrons from a 14 MeV neutron generator, (4) proposal of a theoretical model 
for the equation of state of high-density matter in the intermediate pressure (approximately 10-100 
Megabar) region, (5) development of a quantitative relation between the crater dimensions and the mound 
kinetic energy imparted by the shock from an underground nuclear explosion, and (6) texture studies of 
uranium fuel element samples using neutron diffraction. Progress of work on PURNIMA-II experiment, 
fusion blanket neutronics 
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1946…..…..…………………..…….……..……ID Number…………………..…..…………….1946 

Author: Kumar, A. 

Title: Trombay Criticality Formula for the Characterization of Neutron Leakage Variations from Small 
Reactor Assemblies. Part 1 Basis 

Date: 1/1/1981 

Report: BARC-1120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A formula, referred to as Trombay Criticality Formula (TCF), has been derived for 
predicting k(eff) as a function of changes in geometrical and physical parameters of uniformly reflected 
small reactor assemblies characterized by large neutron leakage from the core. The geometrical and physical 
parameters of the system that are considered are size, shape and material density of the core as well as 
reflector. TCF is developed around the fact that the change in system k(eff) resulting from alterations in the 
geometrical and physical parameter is essentially due to change in core leakage. Two alternative 
representations for net neutron leakage probability from the core, psub(L)sup(R), are derived starting from 
collision escape probability considerations for monoenergetic neutrons. The two representations are 
referred to as ‘Modified Wigner Rational (MWR)' representation, psub(L)sup(R)(W) and ‘Exponential' 
representation, psub(L)sup(R)(E). The common feature of both psub(L)sup(R)(W) and psub(L)sup(R)(E) 
is that the effect of changes in core size on core leakage is essentially determined by the fractional critical 
size (expressed as the normalized surface mass density) of the core sigma/sigma sub(c), where sigma is 
surface mass density of the core under consideration and sigma sub(c) is surface mass density of the core 
of the… 
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1947…..…..…………………..…….……..……ID Number…………………..…..…………….1947 

Author: Kumar, A. 

Title: Trombay Criticality Formula for the Characterization of Neutron Leakage Variations from Small 
Reactor Assemblies. Part 2 Applications 

Date: 1/1/1981 

Report: BARC-1121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Although sophisticated code packages based on multigroup transport theory, 
diffusion theory and Monte Carlo methods are available to calculate accurately k(eff) and neutron leakage 
for any system of interest, it is often useful to have simple formulae and correlations which can be used to 
make quick and sufficiently accurate estimates and spot-checks of the ’reasonableness' of computer outputs 
and give a deeper insight into the basic physical phenomena involved. The Trombay Criticality Formula 
(TCF) for k(eff) encompassing both its variants TCF(W) and TCF(E), is found to be remarkably useful in 
the context of high core neutron leakage reflected small assemblies for estimating k(eff) changes due to 
alterations in various geometrical and physical system parameters of size, shape and density. The present 
paper brings out the wide range of applications of TCF through a number of representative examples. The 
system constants that may be required to use TCF are tabulated for a number of typical small assemblies. 
The accuracy that is attainable in various applications is also discussed. It is shown that it is possible to 
predict k(eff) within approximately 3% for sigma/sigma sub(c) ranging from 0.3 to 1.2. Degree of reflection 
parameter Y and shape correction factor q can be predicted within approximately 1%. 
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1948…..…..…………………..…….……..……ID Number…………………..…..…………….1948 

Author: Bhakay-Tamhane, S. / Roy, F. 

Title: Research and Development Activities of the Neutron Physics Division for the Period January 1981 
to December 1981 

Date: 1/1/1982 

Report: BARC-1177 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Bhabha Atomic Research Centre / U-Uranyl Nitrate Solution Critical Systems 
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1949…..…..…………………..…….……..……ID Number…………………..…..…………….1949 

Author: n. a. 

Title: Low Incremental Control Worth Reload Patterns for BWRs 

Date: 1/1/1985 

Report: BARC-1288 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: BWR Cores 
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1950…..…..…………………..…….……..……ID Number…………………..…..…………….1950 

Author: Das, S. 

Title: Kinetic Analysis of Sub-Prompt-Critical Reactor Assemblies 

Date: 1/1/1992 

Report: BARC-1992/E/011 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Kinetics Problems / Experimental Neutron Multiplying Assemblies / Sub-Prompt-
Critical Reactor Model / Pulsed Fast Reactor 
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1951…..…..…………………..…….……..……ID Number…………………..…..…………….1951 

Author: Jagannathan, V. / Ganesan, S. / Jain, R. P. / Pal, Usha / Karthikeyan, R. / Yadav, R. D. S. 

Title: Analysis of Uranium Dioxide and Uranium Metal Lattices Using Different Multi-Group Cross 
Section Sets in WIMS-D/4 Format 

Date: 3/1/1999 

Report: BARC-1999/E/002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thermal Reactor Design / WIMS/D-4 Multi Group Cross Section Library / ENDF/B-
IV to VI / JEF Data Files / KAERI / NEA Data Bank / Enriched UO2 / U-Metal / Critical Lattice 
Experiments / UO2 Lattices / U-Metal Lattices / WIMKAL-1988 Library 
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Author: Rastogi, B. P. / Srinivasan, K. R. / Purandare, H. D. 

Title: Some Fuelling and Safety Aspects of RAPP Reactor 

Date: 1/1/1968 

Report: BARC-354 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Cobalt / Effects of Skin Rads on Xenon Stability of RAPP Power Reactor; RAPP 
Power Reactor / Stability of, Effects of Cobalt Adjuster Rods on Xenon; Reactor Control Elements / Effects 
of Cobalt, on Xenon Stability of RAPP Power Reactor; Xenon / Oscillations in RAPP Power Reactor, 
Effects of Cobalt Adjuster Rods on; RAPP Power Reactor / Loading of, Safety Calculations for Initial 
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1953…..…..…………………..…….……..……ID Number…………………..…..…………….1953 

Author: Singh, R. S. 

Title: Intercomparison Calculations of Large Fast Power Reactors 

Date: 1/1/1969 

Report: BARC-415 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Breeding; Bubbles; Criticality; 
Doppler Reactivity; Fast Reactors; Neutrons; Power Reactors; Reactivity; Sodium; Spectra; Spectral Shift; 
Temperature; Void Coefficient 
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1954…..…..…………………..…….……..……ID Number…………………..…..…………….1954 

Author: Chastain, J. W. Jr. 

Title: The Critical Assembly - A Nuclear Analog 

Date: 9/1/1960 

Report: BATRA, 9, 003-009 

Conference/Journal: Battelle Technical Review 

Conference Session:  

Abstract/Keyterms: Use of a critical assembly makes it possible to obtain specific design information 
more quickly and more accurately than any other method. Since the amount, type, and arrangement of 
materials in the assembly is the same as in the planned prototype, it is an effective analog device from 
which physics data can be obtained. The specific uses, experimental objectives, equipment, instrumentation 
and safety systems, and typical programs of critical assemblies are discussed. 
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1955…..…..…………………..…….……..……ID Number…………………..…..…………….1955 

Author: Seifert, H. 

Title: Construction of the Frankfurt Reactor 

Date: 1/1/1958 

Report: BAUTA, 0340-5044, 248-251 

Conference/Journal: Bautechnik (West Germany) Divided into Bautechnik, Ausg. A and Bautechnik, 
Ausg. B 

Conference Session:  

Abstract/Keyterms: The graphite-moderated reactor, in addition to being surrounded by dense concrete 
shields, is housed in a steel reactor building that is itself gasproof and has a cellar that is impermeable to 
ground water. As further precautions against overheating, four braking rods are included in the design, and 
the density of the moderator can be lowered by the formation of gas bubbles in the liquid fuel, so that on 
removing the liquid fuel into an overflow vessel the reactor becomes subcritical. 
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1956…..…..…………………..…….……..……ID Number…………………..…..…………….1956 

Author: n. a. 

Title: Core Design and Characteristics Consolidated Edison Reactor 

Date: 8/18/1958 

Report: BAW-0009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The core design and characteristics of the Indian Point Power Rcactor of the 
Consolidated Edison Co. are presented. The latest changes in the core design and materials are discussed. 
The fuel cladding material was changed from Zircaloy-2 to stainless steel (304). The design power level of 
500 Mwh was changed to 555 Mwh. The accompanying changes in reactivity are discussed.A11631 



 

C-1961 

1957…..…..…………………..…….……..……ID Number…………………..…..…………….1957 

Author: Engelder, T. C. / Schutt, P. F. 

Title: Lynchburg Test Reactor—Critical Experiment Hazard Evaluation 

Date: 11/1/1959 

Report: BAW-0109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The hazards associated with the operation of the Lynchburg Test Reactor (LTR) 
critical experiments are summarized. The LTR critical experiment program is outlined and the design of 
the experiment is described. It is proposed to construct a basic assembly of MTR-type fuel elements and 
Be reflector elements, with four 6 in./sup 2/ test holes, normally filled with Al. The critical mass and 
extensive flux distributions will be obtained with shim rods in and out and with simulated test loops inserted 
in the test holes. The experiments will provide basic data to check two-dimensional calculational methods 
and provide information needed in the design of the LTR. The experiments will be performed in the LPR, 
using the LPR fuel elements, control system, and instrumentation. Described in detail are operating 
procedures, normal operating hazards, health physics procedures, and steps to be taken in the event of 
unusual conditions. The Laboratory Emergency Plan is described, and operating limitations are stated. 
Various accidents are discussed, and the maximum credible accident is postulated as the sudden addition 
of 2% excess reactivity coincident with the plugging of some coolant channels and melting of some of the 
fuel. The release of volatile fission products from the pool and laboratory building is calculated under 
various conservative assumptions. It may be concluded that a 2% excursion would not endanger the nearest 
permanent resident off the site or the employees outside the laboratory. 
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1958…..…..…………………..…….……..……ID Number…………………..…..…………….1958 

Author: Wehmeyer, D. B. / Roach, K. E. 

Title: Nuclear Safety of UO2 -THO2 -H2O Systems 

Date: 1/1/1960 

Report: BAW-0150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two-group diffusion theory method application to available experiments, plus 
derivation of safe operating limits 
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1959…..…..…………………..…….……..……ID Number…………………..…..…………….1959 

Author: Edlund, M. C. / Ball, R. M. / Deddens, J. C. / et al. 

Title: Consolidated Edison Thorium Reactor, Core I, Zero Power Experiments 

Date: 1/1/1962 

Report: BAW-0173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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1960…..…..…………………..…….……..……ID Number…………………..…..…………….1960 

Author: Wehmeyer, D. B. 

Title: Safety. A Simplified Criticality Program 

Date: 6/1/1963 

Report: BAW-0207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two-group diffusion theory incorporated into a Fortran program, instructions for use 
of the program 
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1961…..…..…………………..…….……..……ID Number…………………..…..…………….1961 

Author: n. a. 

Title: Liquid Metal Fuel Reactor Experiment Quarterly Technical Report No. 1, July 1, 1956 to November 
15, 1956 

Date: 1/1/1956 

Report: BAW-1001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Initial progress in the LMFRE program is reported. Progress was limited to the 
establishment of objectives, determining the required research and development, and selecting preliminary 
design parameters. In order to determine optimum core and reflector parameters, a survey was made of the 
critical sizes of U--Bi--C reactors. Twenty-seven cylindrical cores with Bi/C ratios of 0.4, 0.7, and 1.0, and 
diameters from 3.0 to 5.5 ft. were considered, and U235 critical masses and flux distributions were obtained. 
Considerations of variables which effect power level led to the preliminary selection of 20 Mw for LMFRE. 
A flow diagram and a discussion of a fluoride volatility process for possible application to U--Bi fuels are 
included. 
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1962…..…..…………………..…….……..……ID Number…………………..…..…………….1962 

Author: n. a. 

Title: Liquid Metal Fuel Reactor Experiment Quarterly Progress Report (for) November 1956-February 
1957 

Date: 1/1/1957 

Report: BAW-1004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets- Breeding- Chromium Alloys- Croloy- Decay- Graphite- Heat 
Exchangers- Heating- Liquid Metal Fuel- Numericals- Planning- Radiation Doses- Reactor Core- Reactors- 
Reflectors- Startup- Steels- Testing- Vessels- Volume; Bismuth- Blankets- Carbon- Control Elements- 
Criticality- Cylinders- Fission Products- Fuels- Group Theory- Liquid Metal Fuel- Mass- Numericals- 
Poisoning- Reactivity- Reactor Core- Reactors- Samarium- Temperature- Temperature Coefficient- 
Uranium 235- Volume- Xenon; Accidents- Fallout- High Temperature- Liquid Metal Fuel- Monitoring- 
Neutron Detection- Numericals- Radiation Doses- Radioactivity- Reactor Safety- Reactors- Uranium 
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1963…..…..…………………..…….……..……ID Number…………………..…..…………….1963 

Author: n. a. 

Title: Nuclear Merchant Ship Reactor Critical Experiment Hazards Evaluation Final Report. Oct 1957 
(Suppl. 1) 

Date: 10/13/1957 

Report: BAW-1023 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The potential hazards of operating the Nuclear Merchant Ship Reactor critical 
experiment facility are evaluated. Hydrological, meteorological, and seismological studies made for this 
site for the Consolidated Edison Reactor are applicable to the NMSR and so are not included. The new 
wing and its equipment are described, and design details of the critical assembly are given. Experiments 
conducted here will seek to determine the nuclear chracteristics of an advanced design pressurized water 
converter-type reactor. Security measures used and emergency plans set up are described. 
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1964…..…..…………………..…….……..……ID Number…………………..…..…………….1964 

Author: n.a. 

Title: Liquid Metal Fuel Reactor Experiment. Quarterly Technical Report for February 1957-May 1957 

Date: 10/31/1960 

Report: BAW-1024 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computational method is presented as an alternative to the Monte Carlo and 
transport theory models presently used for the criticality analysis of regular lattices for spent fuel storage. 
The method is developed in the framework of nodal diffusion theory, with nodal parameters obtained from 
continuous energy Monte Carlo computations. The applicability and the accuracy of the method are 
assessed in two-dimensional geometry through several benchmark problems. 
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1965…..…..…………………..…….……..……ID Number…………………..…..…………….1965 

Author: n.a. 

Title: Liquid Metal Fuel Reactor Experiment. Quarterly Technical Report for May 1957-September 1957 

Date: 10/31/1961 

Report: BAW-1033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: for the reference-design critical diameter is expected to be reduced greatly as 
additional information on physical properties of actual reactor materials becomes available and as the 
results of the Liquid Metal Fuel Reactor (LMFRE) critical experiment and allied work are analyzed. For 
the reference design, the contribution of inelastic scattering and bismuth to the total k(eff) was calculated 
to be about 2%. The positive xenon temperature coefficient of reactivity was recomputed, for the case of 
no xenon removal, and found to be in good agreement with previous calculations. The U235 addition 
necessary to override fission-product poisoning was checked by raising thermal rut-off energy from 0.07 to 
0.2 ev, increasing the required U235 additions by only 10 ppm. The relaxation length of thermal neutrons 
for the concrete surrounding the reactor was calculated to be approximately 8 cm. A number of inadequacies 
were noted in the generalized set of core transient equations reported in the last quarterly report. These 
equations were improved to permit a final steady-state solution, to improve treatment of the delayed neutron 
precursor concentration, and to introduce a radial temperature dependence in the graphite. Graphite vendors' 
comments on specifications and preliminary working drawings for core-end reflector assembly and side 
reflector indicate that (1) core OD and side-reflector ID tolerances should be relaxed slightly and (2) the 
design not provide access for cleaning loose scale from core fuel passages. To overcome the latter, an 
alternate top reflector arrangement, which includes a quadrant type graphite tank and drilled block insert, 
was completed. The core Bi/ C volume ratio was revised to 0.5 (on a cell basis) and top and bottom reflectors 
were redesigned to give a Bi/C volume ratio of 0.2 (av.) measured at the horizontal and associated internals 
was completed. Control-rod thermal calculations were initiated to determine the praclated fission-product 
poison buildup, assuming various amounts of U- Bi absorbed in graphite, indicated this effect to be 
unimportant in the LMFRE. The required initial U235 concentration for the reference design was estimated 
to be about 8OO ppm by weight. Major preliminary design modifications affecting Systems Engineering 
are listed. lnvestigation of primary-system dump-time requirements indicated that a rapid dump is not 
required for nuclear reasons. A preliminary investigation indicated that overpressure in the reactor plant 
would be 7 psi following the maximum credible accident. A study to determine what data can be obtained 
from the ETR loop (No. 2) degasser and how this data can be used in the LMFRE degasser design was 
started. The maximum tolerable sodium concentration in the fuel is not now apparent. Problems which 
might arise from sodium leaks into the fuel were considered. Uranium oxidation from the fuel could 
introduce varying amounts of uranium to the core, seriously damaging the reactor. The nature of uranium 
oxides and nitrides from ETR loop (No. 2) were studied. The number of cells for reactor and auxiliary 
equipment containment was reduced from 14 to 7. Any component removed from the cells can be safely 
stored in a 31-ft-deep storage pool adjacent ed a windowed control room, will be located in the reactor 
canyon above the cells. Remote maintenance equipment will be mounted on a heavy cast- iron plug stored 
in the canyon floor above a maintenance hot cell. There will be a steel door in one end of the canyon (for 



 

C-1970 

component removal) and two steel doors leading into the master control room and hot change room. The 
office and laboratory area will be L-shaped and the basement area beneath will house auxiliary systems not 
requiring heavy shielding. The building will be ventilated so the air flow is directed from the least 
radioactive areas to the most radioactive areas 
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1966…..…..…………………..…….……..……ID Number…………………..…..…………….1966 

Author: n.a. 

Title: Liquid Metal Fuel Reactor Experiment. Quarterly Technical Report for October-December 1957 

Date: 10/31/1960 

Report: BAW-1041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of the six criticality calculations was run on an IBM-704 computer. Continued 
investigation of the effect of inelastic scattering in Bi revealed that the previously reported value is too high. 
Intermediate heat exchanger equations were solved in one region with satisfactory results. Conceptual 
design of the critical experiment was completed. A time study of an externally cooled, single region LMFR 
was accomplished. Calculations to determine the extent of U diffusion into a simulated graphite core tank 
were made. The number and position of core and reflector thermocouples were determined. The U 
concentration necessary for operation was found to be 1800 ppm at 400 deg C. A primary system circulation 
study indicated that the system pressure drop is considerably less than originally estimated. Systems were 
investigated for a number of different studies on both internally and externally cooled LMFR's. The 
operation of an LMFRE degasser that would permit the recovery of relatively pure Xe and Kr seems 
feasible. A large-scale power breeder LMFR is being designed as a reference for preparing the LMFRE and 
supporting research programs. Preliminary results of capsule equilibration tests (U solubility in Bi) 
indicated that good data were not obtained. Zirconium nitride film theory studies were continued. Impact 
tests performed on specially prepared specimens of Croloy 11/4 and 21/4, showed erratic impact values at 
the lower temperatures. All of the first 60 tests scheduled for the original statistical program were completed 
and the results are presented. Operation of loops and test facilities is described. (See also BAW- 1029.) 
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1967…..…..…………………..…….……..……ID Number…………………..…..…………….1967 

Author: n. a. 

Title: Nuclear Merchant Ship Reactor Project Quarterly Technical Report (for) October—December 1957 

Date: 1/1/1957 

Report: BAW-1042 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Boron; Burnup; Canning; Chemicals; Configuration; Control; Control 
Elements; Control Systems; Coolant Loops; Criticality; Efficiency; Fabrication; Fuel Elements; Ion 
Exchange; Joints; Maintenance; Mass; Measured Values; Mechanical Structures; Mockup; Monitoring; 
Motors; NMSR; Planning; Poisoning; Power; Power Plants; Pressure; Pressure Vessels; Propulsion; 
Pumps; PWR; Radiation Protection; Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; Reactors; 
Remote Handling; Rods; Savannah; Seals; Servomechanisms; Shells; Shielding; Ships; Shutdown; 
Solutions; Stability; Stainless Steels; Transients; Variations; Vessels; Waste Disposal; Water Coolant 
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1968…..…..…………………..…….……..……ID Number…………………..…..…………….1968 

Author: Engelder, T. C. 

Title: Liquid Metal Fuel Reactor Experiment-Critical Experiment. Final Hazards Evaluation 

Date: 6/1/1958 

Report: BAW-1049-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The LMFRE is described briefly. It is a graphite moderated, graphite reflected reactor, 
using as fuel a circulating solution of U235 in liquid bismuth, which transports heat to an external heat 
rejection system. The critical experiment program is outlined. The basic information to be obtained is the 
critical size and concentration of a series of assemblies in which the uranium concentration snd reflector 
thickness are varied. Control rod experiments are planned, as well as test hole effects, and effects of fuel in 
the reflectors and plenums. The critical assembly is constructed in two halves, one each on a movable and 
stationary table. The core is constructed of several thousand bars of bismuth and graphite, and fully enriched 
U-Al alloy strips, held together in graphite channels. The reflector is built of large blocks of graphite. The 
table drive system and supporting structure, control rods and drives, neutron source and drive, and 
instrumentation are discussed. The storage and assembling of fuel, approach to critical, and operating 
procedures conform to standard practice. At least two large safety rods are cocked in each assembly for fast 
acting safety. Ultimate shutdown is provided by table separation. A fundamental reactivity addition rate 
limitation is 0.0005/sec, which applies to both control rod and table movement. Various accidents are 
discussed. The maximum credible accident is defined in terms of a loading error combined with failures in 
the safety circuits and table drive mechanism and leads to a reactivity addition of 0.0015/sec up to 2% total 
excess reactivity. The ultimate shutdown mechanism is a combination of fuel boiling and graphite heating. 
Over a range of step reactivity additions up to 2% and ramps up to 2%sec, and for various conditions of 
heat transfer, the maximum possible energy release to terminate the excursion is l7OMw-sec. The 
environmental hazard due to 10% release of the fission product activity generated in the excursion is 
considered. The maximum dose to the nearest permanent resident, located 2500 ft from the laboratory, in 
no case represents a serious hazard. 
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1969…..…..…………………..…….……..……ID Number…………………..…..…………….1969 

Author: n. a. 

Title: Liquid Metal Fuel Reactor Experiment. Reference Design Report LMFRE-I 

Date: 6/1/1958 

Report: BAW-1052 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conceptual design is presented of an experimental liquid metal fuel reactor, which 
constitutes an important early step in a long-range development program leading to the first large-scale 
liquid metal fuel reactor power plant. Experimental reactors are necessary to provide answers to questions 
that cannot be supplied by out-of-pile experiments and in-pile radiation loops; e.g., the performance of 
materials in an integrated heat producing system with realistic radiation fields, and the kinetics of the reactor 
and associated heat rejection system. Since more than one experimental reactor is contemplated in the over-
all development program, the first liquid metal fuel reactor experiment (LMFRE-I) need answer oniy basic 
questions-prototypic questions can be deferred and directed to a future reactor. A minimum reactor size is 
set by criticality requirements; the proper size of the system components is established by considerations 
of fluid dynamics, desirable fission density, availability of proposed components. 



 

C-1975 

1970…..…..…………………..…….……..……ID Number…………………..…..…………….1970 

Author: Thys, P. C. 

Title: Liquid Metal Fuel Reactor Experiment. Investigation of Beryllium Welding Techniques for Reactor 
Port Thimble Joints 

Date: 4/1/1960 

Report: BAW-1100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To measure the neutron level of the Liquid Metal Fuel Reactor (LMFR), a detector 
must be placed in a thimble and inserted into the graphite core assembly. The approximate dimensions of 
the thimble are: length, 11 ft; diameter, 3 in.; wall thickness, 1/8 in. One end will be closed the other joined 
to the vessel wall by a flange. The thimble was to be made of beryllium because (1) it would not necessitate 
an addition of fuel to maintain criticality when inserted into the core assembly, and (2) it has good corrosion 
resistance to molten bismuth. Beryllium tubing is not available in 11-ft lengths; therefore, two or more 
lengths must be joined. Since previous beryllium-to beryllium welding has been unsatisfactory, a method 
of joining the lengths had to be developed. An end-cap joint was successfully welded using tungsten inert-
gas procedures. Examinations showed no leakage or defects. Excellent facilities for handling beryllium and 
beryllium compounds have been provided, and a safe operating procedure based on AEC recommendations 
has been established. 
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1971…..…..…………………..…….……..……ID Number…………………..…..…………….1971 

Author: n.a. 

Title: Liquid Metal Fuel Reactor Experiment Quarterly Technical Report for April 1958-June 1958 

Date: 10/31/1960 

Report: BAW-1116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activities in these areas are summarized. Preparation of spectrographic standards for 
chemical analyses included several new procedures for the purification of bismuth to decrease iron, and 
chromium. Analytical work for various LMFRE tests included 1,641 separate determinations on 307 
samples. Mercury and mercury vapor procedures were used in the cleaning of specimens, components, and 
a bismuth test loop. Contract work on uranium solubility was completed and a report is being written. The 
test apparatus for sodium-bismuth leak testing has been completed and the size of the controlled leak was 
calibrated using water. Results of corrosion work in the dynamic test loops showed the value of the 
zirconium additive in reducing corrosion. Improvements to the loops have reduced cold locations which 
could collect uranium and reduce loop concentrations. Corrosion of hot zones and metal transport of the 
loop material to cold areas have been noted, particularly on the loops with low zirconium concentration. 
Capsule testing has shown metal transport and corrosion at the higher temperatures under which this 
screening test has been operating. In addition to Croley 21/4 and 11/4 the capsules included beryllium, 
tantalum, and other alloys, preparatory to use in test loops. The initial stress rupture and creep information 
on Croloy 21/4 and 11/4 in liquid bismuth fuel solutions compares well with that in an air atmosphere. 
Impact data at operating temperature show an improvement after aging. The outgassing of graphite has 
begun and other graphite projects have been discussed. Graphite seals and weepage tests await receipt of 
specimens. Preparation of graphite pellets with impregnant materials included indicates that subsequent 
oxidation to form the metal oxides will be difficult. The formation of carbides appears promising and is 
now under investigation. Design of apparatus and test procedures for checking instrumentations for 
temperature, pressure, liquid level, and flow is complete. Most of the apparatus is complete and tests will 
begin as prototype instruments are received. Work on the prototypes of various components is very active. 
Beryllium is on hand and dry box equipment and other health safety requirements are being prepared for 
development of the "thimble." The 21/2 in. test loop for the testing of valves and other components is almost 
complete. Initial induction heating tests indicated excessive gradients, and revisions are now being tested. 
Test apparatus for cavitation and for new projects on the testing of valves, filters, and bellows are complete 
in most cases and await receipt of specimens for the initial proof tests. A sparging device tested with water 
and mercury is being placed in the first in-pile test loop. Assembly of the in-pile loop for the ETR reactor 
is almost complete. The inpile section for the critical facility test as Arco has been shipped. Design of loop 
No. 3 (MTR) is almost complete and construction of components is underway. The investigation of welding 
procedures for remote operation has produced successful welds on 21/2-in. OD x 0.250-in. wall and 65/8-
in. OD x 0.313-in. wall steels. Additional work is underway on other sizes and with tubing on which a 
bismuth film remains from operation. The consumable arc, gas-shielded welding process has been 
discontinued. The Engineering Prototype Development Facility was leased and renovated for the 
developmental testing of LMFRE-I maintenance equipment and operational mechanisms. The first draft of 
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a maintenance reference design report has been prepared and released. This report elaborates upon functions 
of maintenance equipment, more fully explains techniques and procedures to be utilized in typical plant 
maintenance 
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1972…..…..…………………..…….……..……ID Number…………………..…..…………….1972 

Author: n.a. 

Title: Liquid Metal Fuel Reactor Experiment Quarterly Technical Report (For) July- September 1958 

Date: 10/31/1960 

Report: BAW-1125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Design studies continued on LMFRE-I and the critical experiment. Reactor and 
systems engineering progress is summarized. Auxiliaries for the Engineering Test Reactor in-pile loop are 
currently receiving major attention. Design of the Materials Test Reactor in-pile loop is nearly complete 
and the loop is under fabrication. Additional data have been accumulated on the dynamic loop testing of 
Croloy 2/1/4 and Croloy l/1/4 in fuel solutions at high velocities. The capsule test apparatus was used to 
investigate surface finish, effect of time, and other variables. In longtime tests considerable metal transport 
appeared in the capsules at the higher temperature. The leak test, in which sodium is permitted to contact 
bismuth in the predetermined leak, has shown no corrosion, erosion, or temperature effects on the Croloy 
21/4 material at the leak. Specimens for various mechanical tests are being cut from cemented graphite 
joints. Information on graphite-to-metal seals and weepage through the graphite cylinders is recon carbide 
coatings on graphite have been checked following exposure to bismuth. Additional work on alternate 
impregnating procedures for graphite has been carried out. Initial valve testing work indicates that some of 
the units are satisfactory. Bellows testing, now underway, should and in evaluating application to valves 
and other components. Induction heating work is now being done on 6-in. rather than 12-in. pipe. Different 
arrangements of induction coils will reduce the large thermal differences existing under heatup conditions. 
Additional tests on induction welding have been directed toward thicker wall tubes. Approximate power 
requirements for the welding cycle have been obtained on a number of tube diameters and wall thickness. 
The early run on a test loop for slurries has been shut down for examination pending demonstration of a 
successful slurry in bench scale apparatus. The results of many combinations of thoria and urania with 
magnesium, zirconium, and other additives, indicate that magnesium will reduce thoria to the metal and 
that zirconium will reduce uranium oxide to uranium. 
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1973…..…..…………………..…….……..……ID Number…………………..…..…………….1973 

Author: Ball, R. M. / MacKinney, A. L. / Mortenson, J. H. / Ross, D. A. / Williams, D. V. P. 

Title: Critical Experiments for the N.S. Savannah Core 

Date: 12/10/1958 

Report: BAW-1131 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: A study of the nuclear and engineering parameters of the N. S. Savannah reactor core 
is described. UO2 enriched to 4% U235 in the form of stainless steel clad pins was arranged in critical 
arrays with water/UO2 volume ratios of 1.54 and 1.15. Data on buckling and differential change in 
reactivity with water height measurements are included along with results of control rod hold-down worth 
experiments and power distribution measurements. 
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1974…..…..…………………..…….……..……ID Number…………………..…..…………….1974 

Author: n.a. 

Title: Liquid Metal Fuel Reactor Experiment Quarterly Technical Report for October-December 1958 

Date: 10/31/1960 

Report: BAW-1135 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of parametric calculations based on the established core design are given as 
graphs of k(eff) vs. core height; void fraction; absorption cross sections for U235, Bi, and graphite; Bi 
volume fraction in core and end reflector; and end reflector poison; multiplication constant vs. plenum 
thickness; ring worth of 8 B4C rods vs. position in end reflector; critical Pu concentration vs. enrichment; 
and Th to U ratio criticality vs. fuel concentration. Brief reports are given of thermal and nuclear analysis 
and instrument and control development. The various LMFRE systems are described including primary 
coolant, intermediate coolant, heat rejection, electrical, ventilation, fuel addition and sampling, and waste 
disposal, the flying rope bridge crane which has motors and gear train drives mounted stationary, not on 
the bridge, is described. Analytical procedures to detect impurities and minor constituents in bismuth are 
still under development. A suitable method of analysis for ETR samples is being emphasized and closely 
correlated with personnel from the NRTS Chemical Processing Plant, Chemical solvents used for 
decontamination have been checked for corrosive attack on Croloy 2 1/4. The corrosion rates appear 
satisfactory, being comparable to rates obtained using commercial acid cleaning techniques. Slurry work 
has confirmed the reduction of UO2 by Zr, but no measurable reduction occurred in homogeneous thonia- 
urania particles. Work on reduction of uranium carbides and fluorides is also underway, in addition to 
wetting angle studies. Additional study of fuel solutions by metallurgical techniques has shown that 
uranium is not entirely in solution at the power operating temperatures; instead, it is present as extremely 
small particles. Work on diaphragms, thermocouples, pressure indicators, level indicators, and flowmeters 
is underway. An electrical analog is being used in the study of electromagnetic flowmeters. The 2 1/2-in. 
test loop was completed; operation will begin after the level indicators and other test components are 
installed, A 10-gpm electromagnetic pump is being developed. Testing of a prototype bismuth pump in a 
6-in. test loop was halted at request of the Atomic Energy Commission. The dry box and the glovebox were 
constructed to provide necessary facilities for beryllium welding. Preliminary welds were made in 
beryllium tubing to form a closed end "thimble," Investigation of brazing was begun. Several techniques 
were used to weld and braze molybdenum. Croloy 2 1/4 in small pipe sizes were induction welded. All of 
these projects showed encouraging results, the operation of dynamic pump test loops continued; some 
Croloy materials tests with the higher zirconium concentrations indicate satisfactory corrosion resistance. 
The tilting capsule tests indicate much greater corrosion and metal transport at 975 deg F but are beginning 
to show some advantage for Croloy 1 1/4. Several stress-rupture tests in a bismuth atmosphere were 
operating for over a year with very satisfactory results. Tensile, compressive, and shear strength testing of 
cemented graphite joints indicates that the joints are almost as strong as the base material. Tests on various 
graphite impregnants are reported. Preliminary absorption data and some density data are reported for 
various types of graphite. Physical and mechanical properties of graphite are being determined. Medulus 
of elasticity and flexural strength are also being determined. (For preceding period see BAW-1125.) 
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1975…..…..…………………..…….……..……ID Number…………………..…..…………….1975 

Author: Babcock and Wilcox Co. Atomic Energy Div., Lynchburg, Va. 

Title: Nuclear Merchant Ship Reactor Project Quarterly Technical Report, January- March 1959 

Date: 10/31/1962 

Report: BAW-1145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Stress calculations proved the adequacy of the primary inlet piping configuration. 
Vibration snubbers are provided for at about 20 points on the primary piping, pumps, steam drums, and 
pressurizer. Final reactor design curves were completed. Various experiments performed in the critical 
experiment program are reported. A prototype manufacturing process for the fuel pellets was developed. 
Vertical and inclined testing of the prototype control rod drive-line was completed. In the reactor primary 
system, flushing connections were added to the upper end-turn of the primary pump. cooling coils. Primary 
shielding was modified to reduce dose rates. Equilibrium fission product activity in the buffer seal system 
was investigated. 
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1976…..…..…………………..…….……..……ID Number…………………..…..…………….1976 

Author: Ball, R. M. / MacKinney, A. L. / Mortenson, J. H. / Johnston, H. F. 

Title: Critical Experiments with General Electric Company Fuel for the N.S. Savannah 

Date: 7/27/1959 

Report: BAW-1158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental data are tabulated as obtained from comparative measurements using 
fuel rods provided by the General Electric Company together with The Babcock and Wilcox MARTY pins. 
Both sets of fuel elements were clad with stainless steel and contained uranium dioxide enriched to 4% U-
235. The results provide critical configurations and data for determining reactivity effects of spacer bars 
(flow blocks), reactivity effects of thick-walled fuel rods and corner poison rods, flux distributions in the 
G.E. fuel, differential water worths, reactivity effects of rod followers, and temperature effects. 
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1977…..…..…………………..…….……..……ID Number…………………..…..…………….1977 

Author: Snidow, N. L. 

Title: Thorium Uranium Physics Experiments (TUPE). Monthly Report, August 3, 1959 

Date: 8/1/1959 

Report: BAW-1160 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Critical Assemblies; Criticality; Fuel Cans; Fuel 
Elements; Measured Values; Mixing; Pellets; Reactor Core; Reactors; Rods; Thorium Oxides; Uranium 
Oxides; Water Moderator 



 

C-1984 

1978…..…..…………………..…….……..……ID Number…………………..…..…………….1978 

Author: Anderson, R. C. / Batch, M. L. / Lewis, R. H. / Snidow, N. L. / Vannoy, W. M. 

Title: Thorium Uranium Physics Experiments (TUPE). Monthly Report for September 1959 

Date: 10/31/1960 

Report: BAW-1173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Buckling; Cadmium; Cadmium Ratio; 
Configuration; Critical Assemblies; Criticality; Disadvantage Factor; Mass; Measured Values; Mixing; 
Neutron Flux; Reactor Core; Thorium Oxides; Uranium Oxides; Zones 
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1979…..…..…………………..…….……..……ID Number…………………..…..…………….1979 

Author: Anderson, R. C. / Batch, M. L. / Lewis, R. H. / Snidow, N. L. / Vannoy, W. M. 

Title: Thorium Uranium Physics Experiments (TUPE). Monthly Report for October 1959 

Date: 10/31/1960 

Report: BAW-1179 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Fast Neutrons; Group Theory; Leakage; 
Mass; Mathematics; Measured Values; Multiplication Factors; Neutron Flux; Reactor Core; Resonance 
Escape Probability; Thermal Neutrons; Thorium; Uranium; Volume; Water Moderator 



 

C-1986 

1980…..…..…………………..…….……..……ID Number…………………..…..…………….1980 

Author: Engelder, T. C. / Giesler, H. W. / Farrar, J. P. / Mortenson, J. H. 

Title: Liquid Metal Fuel Reactor Experiment Critical Experiment Report of Experimental Data 

Date: 3/1/1960 

Report: BAW-1185 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality; Dysprosium; Fission; Gold; Graphite; Instruments; Liquid Metal Fuel; 
LMFR; Measured Values; Neutron Flux; Nitrogen; Reactor Core; Reflectors; Research Reactors; Testing; 
Uranium 235; Zones 
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1981…..…..…………………..…….……..……ID Number…………………..…..…………….1981 

Author: Batch, M. L. / Snidow, N. L. 

Title: Consolidated Edison Thorium Reactor Critical Experiments with Oxide Fuel Pins 

Date: 7/1/1960 

Report: BAW-119(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments with pin-type oxide fuel elements for the CETR are described. 
These experiments were conducted to provide data on the infinite medium properties of the lattice inside 
the canned elements in the various CETR loading zones and to obtain specific information on the full-size 
CETR core. Measurements are described and results are interpreted. 
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1982…..…..…………………..…….……..……ID Number…………………..…..…………….1982 

Author: Snidow, N. L. / Anderson, R. C. / Batch, M. L. / Decoulon, G. A. G. / Lewis, R. H. / Vannoy, W. 
M. 

Title: Thorium Uranium Physics Experiments Final Report 

Date: 5/1/1960 

Report: BAW-1191 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Thorium Uranium Physics Experiment (TUPE) is a study of uniform lattice cores 
moderated with light water. TUPE cores contain thorium oxide-uranium oxide pins clad with aluminum 
and have metal-to-water volume ratios, M/W, ranging from 0.3 to 1.0. Critical experiments for the 
Consolidated Edison thorium reactor (CETR) have provided data on thorium oxide-uranium oxide fuel, in 
stainless steel cladding, moderated with light water. These data are for cores with M/W near one-the region 
of interest in pressurized water reactor design. Experiments at Argonne National Laboratory (ANL) have 
provided data on similar fuel in aluminum cladding moderated with heavy water. These data are for the low 
metal-to-water volume ratios that accompany heavy water moderation. TUPE is intended to complement 
these data by providing information on lattices with ratios between the CETR and ANL values-the region 
of interest for boiling water reactor design. The basic aim of the toupee project is to measure lattice 
parameters of cores with ratios ranging from 0.3 to 1.0, and to compare the results with different theoretical 
models. 
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1983…..…..…………………..…….……..……ID Number…………………..…..…………….1983 

Author: Snidow, N. L. 

Title: Thorium Uranium Physics Experiments (TUPE). Monthly Report for February 1960 

Date: 10/31/1960 

Report: BAW-1193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Critical Assemblies; Criticality; Measured Values; Mixing; 
Reactor Core; Reactors; Thorium Oxides; Uranium Oxides 
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1984…..…..…………………..…….……..……ID Number…………………..…..…………….1984 

Author: Ball, R. M. / MacKinney, A. L. 

Title: Nuclear Merchant Ship Reactor. Zero Power Test--Core I 

Date: 7/1/1960 

Report: BAW-1202 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reported are the results of some tests on NS Savannah Core I, normal and conjugate, 
giving information of excess reactivity, control rod holddown, initial critical conditions, shipboard loading 
guide, temperature effects on reactivity, four flux distributions. Some of the results are as follows: excess 
reactivity for Core I, Normal,.6; control rod holddown for Core I, Normal,.5; core I, conjugate, is subcritical 
with all rods in; and the water temperature effect on reactivity is negative between 16 and 51 C. 
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1985…..…..…………………..…….……..……ID Number…………………..…..…………….1985 

Author: MacKinney, A. L. / Ball, R. M. / Barksdale, C. E. / Batch, M. L. / Cure, J. W. / Farrar, J. P. / 
Kubik, R. N. / Lewis, R. H. / Mortenson, J. H. / Pitts, T. G. / Spetz, S. W. / Worsham, H. J. 

Title: Nuclear Merchant Ship Reactor Project. Extended Zero Power Tests NS Savannah Core I. Final 
Report 

Date: 1/1/1961 

Report: BAW-1203(Vol.I) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed on the NS Savannah Service Core I to supply 
information on future shipboard operation of the Nuclear Merchant Ship Reactor. Testing of 
instrumentation equipment was satisfactory. Correction factors for shipboard use were determined. Fast 
neutron flux, neutron flux distribution, and stuck control rod studies were carried out successfully, as was 
a three-dimensional calculation to match two critical rod patterns. 
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1986…..…..…………………..…….……..……ID Number…………………..…..…………….1986 

Author: Batch, M. L. / Ball, R. M. / MacKinney, A. L. / Mortenson, J. H. 

Title: Nuclear Merchant Ship Reactor Extended Zero Power Tests Bridging Experiments 

Date: 5/1/1961 

Report: BAW-1208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Laboratory physics equivalents were constructed for the fuel container and control 
rods of the Nuclear Merchant Ship Reactor. Teats with Core 1 fuel showed the Laboratory Core to have 74 
less excess reactivity and 4.7% more rod holddown power than the Service Core. The cores had identical 
temperature coefficients, but the Laboratory Core displayed a flux pattern with 11% smaller peaking 
factors. 



 

C-1993 

1987…..…..…………………..…….……..……ID Number…………………..…..…………….1987 

Author: Clark, R. H. / Engelder, T. C. 

Title: Spectral Shift Control Reactor Basic Physics Program Critical Experiment Hazard Evaluation 

Date: 9/1/1960 

Report: BAW-1211 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-011; The potential hazards associated with the operation of 
the Spectral Shift Control Reactor (88CR) Basic Physics Program Critical Experiments are summarized. 
The experimental program, in which a series of critical experiments utilizing slightly enriched (4%) UO2 
and (U235 + ThO2 fuel rods in a moderator consisting of mixtures of D2O and H2O of different 
concentrations, is outlined. The design of the experiment, which employs basically the same equipment that 
was used in previous H2O critical experiments, is described, with particular emphasis on those minor 
modifications required for D2O handling. Described in detail are operating procedures, normal operating 
hazards, health physics procedures, and steps to be taken in the event of unusual conditions. The Laboratory 
Emergency Plan and operating limitations are stated. Various accidents, which lead to ramp reactivity 
insertion rates of 0.01 to O.2%/sec, are discussed. The most serious of these, resulting from the addition of 
pure H2O to an assembly designed to be just critical, are shown to be less serious than a 2% step reactivity 
insertion. The resulting nuclear excursion leads to a maximum total-energy generation of 1010 Mw-sec and 
a maximum fuel temperature of 1700 deg C for the slightly enriched UO2 fuel rods, and 76 Mw-sec and 
850 deg C, respectively, for the (U235 + ThO2 rods. In neither case does the cladding rupture, but there is 
a slight possibility that some end caps may come loose. Using conservative assumptions all fission products 
associated with an energy generation of 30 Mw-sec may be released from the fuel rods with the 
environmental hazards which are shown to be less serious than those associated with the Nuclear Merchant 
Ship Reactor critical experiments previously conducted in the same facility. 
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1988…..…..…………………..…….……..……ID Number…………………..…..…………….1988 

Author: n. a. 

Title: Spectral Shift Control Reactor Basic Physics Program. Quarterly Technical Report, July-September 
1960 

Date: 1/1/1960 

Report: BAW-1213 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activities in a program to obtain basic physics data on lattices of slightly enriched 
fuel in a moderator consisting of D2O--H2O mixtures of different concentrations in the range of parameters 
of interest to the Spectral Shift Control Reactor concept are presented. The major effort during this period 
was the planning and design of the experiments and the preparation of hazards evaluations. The planning, 
design, and procurement were essentially completed for the critical experiments, exponential experiments, 
and neutron age measurements. Initial plans for the cladding experiment were modified as a result of 
preliminary calculations. No work was performed on the hot exponential experiments, and progress on the 
measurement of plutonium temperature effects was delayed until information could be obtained on the cost 
and availability of special plutonium-spiked test elements. Theoretical analyses were performed to obtain 
parametric data needed to support the design of the experiments and the hazards evaluations. Work was 
also begun on developing methods to analyze the experimental data starting with an evaluation of the 
various approximations used to describe neutron slowing down and diffusion in mixtures of hydrogen and 
deuterium and the development of a digital computer code with a B/sub 1/ or P/sub 1/ spatial distribution 
option and the Greuling-Goertzel slowing down approximation for routine calculations. 
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1989…..…..…………………..…….……..……ID Number…………………..…..…………….1989 

Author: Ball, R. M. / MacKinney, A. L. / Mortenson, J. H. 

Title: MARTY Critical Experiments--Summary of 4%-Enriched UO2 Cores Studied for NMSR 

Date: 5/1/1961 

Report: BAW-1216 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is given concerning experiments to provide nuclear design information 
for the NS Savannah propulsion system. Experiments were run on a variety of core configurations and 
conditions which approximated the refer- ence core in most cases. Included are sections on facilities and 
equipment, fuel, designation of cores, critical configurations, thermal disadvantage factor, control rod 
calculations, temperature effects, power distribution reactivity effects, and multiplication. 
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1990…..…..…………………..…….……..……ID Number…………………..…..…………….1990 

Author: n. a. 

Title: Spectral Shift Control Reactor Basic Physics Program Quarterly Technical Report Number 2 

Date: 12/1/1960 

Report: BAW-1218 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The major objective of this work is to determine basic physics parameters for lattices 
of slightly enriched fuel in moderators consisting of deuterium-oxide water mixtures of different 
concentrations in the range of parameters of interest to the Spectral Shift Control Reactor (SSCR) concept. 
During the second quarter the principal effort was devoted to procurement and erection of equipment and 
materials needed for the critical experiments with deuterium-oxide in the moderator, the exponential 
experiments, the hot exponential experiments, and the neutron age experiments. The erection of these 
facilities and the deuterium-oxide handling system was completed and checked out. The fuel rod 
preparation was completed, and all necessary hazard evaluations and license applications were submitted. 
Two critical experiments with 4%-enriched uranium-dioxide fuel and water moderator (one clean and one 
poisoned with boric acid) were completed. In these cores the critical mass, critical buckling, thermal 
disadvantage factor, and cadmium ratio of uranium-235 were measured and the data are reported herein. 
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1991…..…..…………………..…….……..……ID Number…………………..…..…………….1991 

Author: n.a. 

Title: Spectral Shift Control Reactor Basic Physics Program, Quarterly Technical Report Number 3, 
January-March 1961 

Date: 10/31/1961 

Report: BAW-1220 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A summary of the work accomplished during the third contract quarter (January 1 to 
March 31, 1961) on the Spectral Shift Control Reactor (SSCR) Basic Physics Program is presented. The 
major objective of the program is to determine basic physics parameters of tight-packed lattices of slightly 
enriched fuel in moderators consisting of D2O--H2O mixtures. The concentration of the D2O--H2O 
mixtures are varied so as to apply to the spectral shift concept. The required license amendment was issued, 
and the first critical experiment containing heavy water in the moderator (76.7 mole% D2O) was performed 
with 4%enriched UO2 fuel rods. Reported are measurements of the critical mass, critical buckling, thermal 
disadvantage factor, cadmium ratio of U235 and U238, epithermal neutron spectrum, and the effect of 
moderator channels. The operating license for the room temperature exponential experiments was issued, 
and preliminary buckling measurements with (U235 plus or minus ThO2 fuel in a moderator containing 80 
mole% D2O were made. The results of hot exponential experiments at 70 to 400 deg F with 4%- enriched 
UO2 fuel in light water moderator are also reported. Neutron age measurements in a lattice of ThO2 rods 
in light water and 90 mole% D2 0, parallel and perpendicular to the rod axis, were completed and a 
preliminary analysis of the results is presented. Theoretical studies continued. The BPG computer code, 
which will be used to analyze experiments with D2O in the moderator, was refined by improving the 
methods of computing resonance absorption and the transport cross sections for fast neutrons. Alternate 
methods of computing Dancoff shielding in the lattice and resonance absorption in fertile material were 
considered, and BPG and PlMG calculations were compared to assess the importance of the choice of 
neutron spectrum in the reflector. Additional calculations in support of the experimental work also 
continued. 
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1992…..…..…………………..…….……..……ID Number…………………..…..…………….1992 

Author: n. a. 

Title: Spectral Shift Control Reactor Basic Physics Program Quarterly Technical Report Number 4 

Date: 6/1/1961 

Report: BAW-1221 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were performed with 4%-enriched uranium-oxide fuel rods in 
moderators containing 70 mole% deuterium-oxide, 70 mole% deuterium-oxide with dissolved boric acid, 
and 50 mole% deuterium-oxide with boric acid. These experiments measured the critical mass, the critical 
buckling, the thermal disadvantage factor, and the cadmium ratio of uranium-235. Also reported are the 
results of the measurements of epithermal absorptions in uranium-238, by several techniques, and the 
neutron spectra at 76.7 and 70 mole% deuterium-oxide. Discussed are preliminary results of a zone-loaded 
critical assembly containing an inner region of highly enriched uranium-thorium-oxide fuel rods and an 
outer region of 4%-enriched uranium-oxide fuel rods at a deuterium-oxide concentration of about 82 
mole%. The room-temperature exponential experiments with highly enriched uranium-thorium-oxide fuel 
were completed. The material buckling, cadmium ratio of uranium-235, and cadmium ratio of thorium at 
80, 71, and 53 mole% deuterium-oxide are reported. Preparations for exponential experiments at elevated 
temperatures and pressures continued: the hazards review was completed, and design modifications were 
made for the deuterium-oxide handling system. Neutron age measurements in a lattice of thorium-oxide 
rods at deuterium-oxide concentrations of 80, 70, and 50 mole% are reported, and earlier measurements at 
0 and 90% deuterium-oxide are re-analyzed. Additional refinements were made to the BPG code, which is 
used to analyze these experiments, and the cross section library was improved. This code was used to 
compute the nuclear properties of the poisoned and unpoisoned critical experiments; good agreement was 
found in most measurements. 
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1993…..…..…………………..…….……..……ID Number…………………..…..…………….1993 

Author: Wehmeyer, D. B. / Doederlein, J. M. / Roach, K. E. / Wittkopf, W. A. 

Title: Spectral Shift Control Reactor Basic Physics Program-Theoretical Analysis. Part I. Analysis of 
Experiments 

Date: 3/1/1962 

Report: BAW-1230(Pt.I) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The data obtained in the series of SSCR experiments and the theoretical analysis of 
the results demonstrate the spectral shift control principle clearly. The critical assemblies show that 
considerably larger amounts of fuel can be loaded into a core moderated with a mixture of D2O and H2O 
than in one moderated with H2O alone. The measured Cd ratios and the calculated neutron balances show 
that the excess reactivity associated with this extra mass is held up in the resonance absorption of the fertile 
material. This leads to a higher conversion ratio system than the same sized lattice controlled by thermal 
neutron poison. Very good agreement is obtained between experimental and theoretical values for nearly 
all important parameters over the entire range of D2O concentration in the moderator. This agreement 
confirms the use of the BPG-four-group treatment, and demonstrates the calculation of reactor criticality 
and other measured integral parameters from fundamental cross sections without the use of intermediate 
fitting functions. The reactor leakage part of the calculational model is shown to be accurate by the good 
agreement obtained between calculated and experimental values of age, criticality, change of criticality 
with moderator height, and the comparison between boric acid poisoning and reactivity holddown with 
D2O. Comparison of measured and calculated Cd ratios indicates that the model gives good values of 
resonance absorption for U238 and of resonance fission for U235. The accurate criticality results also 
confirm this. More cross section and lattice Cd ratio data are needed for Th before definitive conclusions 
can be reached. In two areas theory and experiment do not agree. Further analytical and experimental work 
is needed to obtain better results in the analysis of thermal flux ratios. There is definite disagreement 
between calculated and measured temperature defect, and effort should be exerted to resolve the 
discrepancy. The good agreement between theory and experiment justifies the use of the model in this series 
of experiments, but the experiments were all performed with the same moderator volume fraction and fuel. 
Further confirmation would be useful at other moderator volume fractions and fuel enrichments. 
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1994…..…..…………………..…….……..……ID Number…………………..…..…………….1994 

Author: De Coulon, G. A. G. / Gates, L. D. / Worley, W. R. 

Title: Spectral Shift Control Reactor Basic Physics Program-Theoretical Analysis. Part II. BPG Computer 
Program Report 

Date: 1/1/1962 

Report: BAW-1230(Pt.II) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The BPG code was written to compute the criticality of reactors using all kinds or 
moderators, specifically including mixtures of H2O and D2O. Since slowing down with hydrogen 
moderator is susceptible to exact calculation, and since the Fermi age equation accurately treats heavy 
moderators such as carbon, the important innovations in this code deal with the transition from light to 
heavy scatter, and particularly with the treatment of moderation by deuterium. Included in the description 
of the code are derivation of the equations, physical data for the calculations, input and output format, and 
general operating conditions for use with the Burroughs 205 computer. 
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1995…..…..…………………..…….……..……ID Number…………………..…..…………….1995 

Author: Engelder, T. C. / Snidow, N. L. / Clark, R. H. / Barksdale, C. E. / Lewis, R. H. / Baldwin, M. N. 

Title: Spectral Shift Control Reactor Basic Physics Program Critical Experiments on Lattices Moderated 
by Heavy Water-Water Mixtures 

Date: 12/1/1961 

Report: BAW-1231 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report summarizes the results of critical experiments performed under the 
spectral shift control reactor basic physics program. Nine major critical assemblies of rod lattices were 
studied in moderator mixtures of light and heavy water ranging from zero to 81.2 mole% deuterium-oxide. 
In some assemblies, the moderator was poisoned with boric acid. The non-moderator-to-moderator volume 
ratio in all lattices was approximately 1.0. The fuel in most lattices was 4%-enriched uranium-dioxide 
swaged in stainless steel, although two experiments were performed with 93%-enriched uranium-dioxide-
thorium-dioxide pellets in aluminum tubes. One assembly was zone-loaded radially and contained both 
types of fuel. The critical mass, deuterium-oxide concentration, boron concentration, buckling, thermal 
disadvantage factor, and cadmium ratio of uranium-235 were measured in each assembly. In most 
assemblies, the cadmium ratio of uranium-238 or thorium-232 was measured, and in five assemblies, the 
epithermal neutron spectrum was derived from the measurements taken of the resonance activity of detector 
foils. In special experiments at high deuterium-oxide concentrations, the perturbations by moderator gaps 
and control blades were studied, and the reflector savings versus reflector thickness was measured. The flux 
distribution in the zone-loaded assembly was also mapped. The measured lattice parameters are 
summarized. 
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1996…..…..…………………..…….……..……ID Number…………………..…..…………….1996 

Author: Barrett, L. G. / Mortenson, J. H. 

Title: Exponential Experiments on Lattices Moderated by D2O-H2O Mixtures. Spectral Shift Control 
Reactor--Basic Physics Program 

Date: 1/1/1962 

Report: BAW-1232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of exponential experiments performed under the Spectral Shift Control 
Reactor (SSCR) Basic Physics Program are summarized. The material buckling and cadmium ratio of U235 
were measured at room temperature in rod lattices moderated by D2O-H2O mixtures in which the non-
moderator-to- moderator volume ratio was approximately 1.0. The two types of fuel studied were 93%-
enriched aluminum tubes and 4%-enriched UO2 swaged in 0.476-inch OD stainless-steel tubcs. The results 
are shown in the following tabulation, where the measured cadmium ratio of thorium in the first lattice is 
1.14 plus or minus 0.02. Also given is design information on the Lynchburg Source Reactor (LSR), which 
was assembled and operated at 1000 watts to provide neutrons for these experiments. 
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1997…..…..…………………..…….……..……ID Number…………………..…..…………….1997 

Author: n. a. 

Title: Spectral Shift Control Reactor Basic Physics Program Quarterly Technical Report Number 5 

Date: 12/1/1961 

Report: BAW-1240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report summarizes the work done on the Spectral Shift Control Reactor basic 
physics program during the fifth contract quarter. The major objective of this program is to determine basic 
nuclear parameters of tight-packed lattices of slightly enriched fuels in moderators consisting of deuterium-
oxide-water mixtures. Critical experiments were performed with 4%-enriched uranium-dioxide fuel rods in 
moderators containing 0 and 50% deuterium-oxide, and with 93%-enriched uranium-dioxide-thorium-
dioxide fuel rods at 60% deuterium-oxide. Measured were critical mass, buckling and reflector savings, 
thermal disadvantage factor, cadmium ratios of uranium-235 and uranium-238, and epithermal neutron 
spectrum. A radially zone-loaded assembly was studied at a deuterium-oxide concentration of 82% this 
assembly contained 93%-enriched uranium-oxide-thorium-dioxide fuel in the inner zone and 4%-enriched 
uranium-oxide fuel in the outer zone. Also measured were critical mass, axial buckling, cadmium ratios of 
uranium-235 and thorium-232, thermal disadvantage factor, thermal flux distribution, and power 
distribution. 
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1998…..…..…………………..…….……..……ID Number…………………..…..…………….1998 

Author: Mars, D. / Gans, D. Jr. 

Title: Spectral Shift Control Reactor Design and Economic Study 

Date: 12/1/1961 

Report: BAW-1241 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study of nuclear power plants is presented which incorporates the Spectral Shift 
Control Reactor (SSCR) - a pressurized water reactor featuring a unique method of reactivity control. The 
moderator-coolant is a mixture of light and heawy water whose D2O concentration changes from 60 to 80 
mole% at the beginning of core life to 2 mole% at the end. The only control rods required at full power are 
a group of four partially inserted rods used for fine control. Zone-loading of fuel therefore produces a core 
of low power peaking and high power density. Further, the absence of control poisons and the relatively 
high epithermal neutron absorption of the fertile material result in a high conversion ratio. Plant designs, 
operating characteristics, and economics are presented for three current status plants and for a potential ' 
plant. The current status plants, which can be built today using current technology, develop net electric 
outputs of 154; 330; and 458 megawatts. The reactor cores are fueled with low enriched UO2 and clad with 
either Zircaloy or stainless steel. The generating cost for a 330 MWe combustible fuel-fired plant located 
in New England is estimated to be 6.7 mills per kilowatt-hour compared with 6.37 for the SSCR plant of 
the same capacity. The potential plant, developing a net electric output of 333 megawatts, has a core clad 
with thin-walled Zircaloy and fueled with Th and U oxides. This core features recycling of the U233 bred 
by neutron capture in Th. The core design is based on the successful results of a proposed research and 
development program costing 145,000 
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1999…..…..…………………..…….……..……ID Number…………………..…..…………….1999 

Author: n. a. 

Title: Spectral Shift Control Reactor Basic Physics Program Quarterly Technical Report Number 6 

Date: 3/1/1962 

Report: BAW-1250 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Summarized here is the work performed under the Spectral Shift Control Reactor 
basic physics program during the sixth contract quarter. The major objective of this program is to determine 
basic nuclear parameters of lightly packed lattices of slightly enriched fuels moderated with deuterium-
oxide/water mixtures. The final results of exponential experiments at elevated temperatures, performed 
during the preceding quarter, are reported. In these experiments, the 4%-enriched uranium-oxide fuel rods 
were moderated by 81.5% deuterium-oxide in water; the non-moderator-to-moderator volume ratio was 
1.0, and the material buckling was measured as a function of temperature to approximately 400 degrees F. 
Critical experiments were performed with 4%-enriched uranium-oxide fuel rods in moderators containing 
0% (Core X) and approximately 70% (Core XI) deuterium-oxide. The non-moderator-to-moderator volume 
ratio in each core was approximately 1.2. The critical mass, bucklings, d(rho)/dh, and reflector savings, 
thermal disadvantage factor, and cadmium ratios of uranium-235 and uranium-238 were measured in each 
core. 
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2000…..…..…………………..…….……..……ID Number…………………..…..…………….2000 

Author: Wehmeyer, D. B. 

Title: Analysis of Water Moderated UO2 and ThO2 Lattices 

Date: 6/1/1962 

Report: BAW-1257; IAEA-VIENNA-LIGHT-1962, 177-210 

Conference/Journal: Panel on Light Water Lattices, Vienna, Austria, May 1962 

Conference Session: Supporting Papers 

Abstract/Keyterms: A series of critical and exponential experiments was performed with lattices of fuel 
rods composed of low enriched UO2 and fully enriched UO2 in ThO2. These lattices were moderated by 
H2O and by mixtures of D2O and H2O. Measurements made included buckling, ratio of epithermal to 
thermal capture in U238/ and Th232, ratio of epithermal to thermal fissions in U235, ratio of thermal flux 
in the moderator to that in the fuel, and water height reactivity worth. 



 

C-2007 

2001…..…..…………………..…….……..……ID Number…………………..…..…………….2001 

Author: n. a. 

Title: Spectral Shift Control Reactor Basic Physics Program Quarterly Technical Report Number 7 

Date: 6/1/1962 

Report: BAW-1259 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-011, LEU-COMP-THERM-051; This report summarizes the 
work performed on the Spectral Shift Control Reactor basic physics program during the seventh contract 
quarter. The major objective of this program is to study the nuclear properties of slightly enriched lattices 
moderated by deuterium-oxide/water mixtures. Critical experiments were performed with 4%-enriched 
uranium-oxide fuel rods in a lattice having a non-moderator-to-moderator volume ratio of 1.2, and 
moderated by a 49.7% deuterium-oxide/water mixture. Measured were critical mass, d(rho)/dh, buckling 
and reflector savings, and cadmium ratios of uranium-235 and uranium-238. 
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2002…..…..…………………..…….……..……ID Number…………………..…..…………….2002 

Author: Rosser, R. M. 

Title: NS Savannah Upgrading Analog Computer Analysis 

Date: 11/1/1962 

Report: BAW-1260 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An extensive transient analysis was made of the NS Savannah power plant using 
analog computer technique to determine the control and safety system actions required to prevent plant 
damage following operating and accident transients. This work amplified previous design studies by 
considering accidents of greater severity, automatic limiting devices to preclude safety action, and more 
realistic parameters based on operating experience. The following transients were analyzed; startup 
accident, rod withdrawal accident in the power range, excessive steam demand, accidental closing of both 
steam stop valves, primary flow coastdown, capsize ship accident, ejection of one control rod, 
determination of maximum and minimum rates of reactivity change that should be available to the control 
system, and power change-from 100 kw-t to 88 Mw-t to determine the reactivity required to maintain a 20-
second period. The minimum rate of reactivity removal necessary to prevent plant damage considered to 
occur when heat flux exceeds the steady-state level corresponding to departure from nucleate boiling, when 
the central fuel temperature exceeds 5000 deg F, when primary system pressure exceeds 2200 psia, and 
when the core is not subcritical following a primary system rupture was considered. The effects of changing 
set points were also analyzed. The graded protective system automatically limits excursions from normal 
operating conditions by initiating corrective actions that, in order of increasing severity, are stop rods from 
withdrawing, insert rods at normal control speeds, and scram rods at high speed. Analysis of the graded 
protective system involved the selection of setpoints, with the setpoint for the least severe corrective action 
located closest to the operating value of the parameter. The analysis showed that overpressure 
considerations dictate the maximum required rate of reactivity removal, which is 3% delta k per second. 
This rate is recommended for other safety trips. Elimination of several safety inputs, installation of a high 
pressure safety trip, and the relaxation of some setpoints are recommended. On the basis of operating 
experience to date and the results of this analysis, installation of the graded protective system did not appear 
to be justified. The analysis indicated that the preset rod rates available to the controller are adequate and 
safe. Comparison between computer results and actual Savannah testing results indicates that the analog 
simulation is reliable for transient studies. 
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2003…..…..…………………..…….……..……ID Number…………………..…..…………….2003 

Author: n.a. 

Title: Spectral Shift Control Reactor--Basic Physics Program. Quarterly Technical Report No. 8, July-
September 1962 

Date: 10/31/1963 

Report: BAW-1262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work performed on the Spectral Shift Control Reactor Basic Physics Program during 
the eighth contract quarter is summarized. Critical experiments were performed with aluminum-clad 
2.46%-enriched UO2 fuel rods in a lattice having a nonmoderator-to-moderator volume ratio (M/W) of 1.0. 
Moderator compositions were approximately 0, 50, and 70% D2O in H2O. Reported for each of the three 
cores are the critical size, dp/dh, buckling and reflector savings, thermal disadvantage factor, and cadmium 
ratios of U235 and U238. Flux distributions across a gap caused by the removal of a row of fuel rods were 
measured in the 70% D2O core. Erection and check-out of the Small Lattice Experiment facility were 
completed, and initial criticality was achieved. Anisotropic scattering coefficients in the BPG code were 
reviewed. New coefficients, incorporating the latest data for oxygen and deuterium, are tabulated. Two-
dimensional calculations for the Small Lattice Experiments are summarized, and preliminary calculations 
for the next set of critical experiments (2.46%-enriched UO2, M/W = 0.65) are given. 
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2004…..…..…………………..…….……..……ID Number…………………..…..…………….2004 

Author: n.a. 

Title: Spectral Shift Control Reactor Basic Physics Program. Quarterly Technical Report No. 9, October-
December 1962 

Date: 10/31/1963 

Report: BAW-1266 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work performed on the Spectral Shift Control Reactor basic physics program is 
summarized. 
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2005…..…..…………………..…….……..……ID Number…………………..…..…………….2005 

Author: n.a. 

Title: Spectral Shift Control Reactor Basic Physics Program. Quarterly Technical Report No. 10, January-
March 1963 

Date: 10/31/1963 

Report: BAW-1271 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Aluminum; Aluminum Alloys; Boron Carbides; 
Cadmium; Configuration; Control Systems; Criticality; Fast Neutrons; Fins; Fuel Elements; Group Theory; 
Heavy Water; Heavy Water Moderator; Measured Values; Mixing; Multiplication Factors; Neutron Flux; 
Planning; Programming; Resonance Escape Probability; Rods; Spectral Shift; Thermal Neutrons; Thermal 
Utilization; Thorium 232; Thorium Oxides; Uranium 235; Uranium Dioxide; Uranium Oxides; Volume; 
Water Moderator 
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2006…..…..…………………..…….……..……ID Number…………………..…..…………….2006 

Author: Engelder, T. C. / Clark, R. H. / Baldwin, M. N. / Deroche, E. J. / Fairburn, G. T. / Hallam, J. W. 

Title: Measurements and Analysis of Uniform Lattice of Slightly Enriched Uranium Dioxide Moderated 
by Heavy Water-Water Mixtures 

Date: 11/1/1963 

Report: BAW-1273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-011; This report summarizes the experimental results and 
theoretical interpretation of a series of twenty uniform lattice critical experiments in which the neutron 
spectrum is varied over a fairly broad range. Two types of fuel rods were studied uranium-oxide in stainless 
steel tubes and 2.46%-enriched uranium-oxide in aluminum tubes. Lattice nonmoderator-to-moderator 
volume ratios ranged from 0.65 to 1.2. The moderators were mixtures of light and heavy water ranging in 
composition from zero to 77% deuterium-oxide, with and without boric acid. Measurements include critical 
size and composition, d(rho)/dh, buckling and reflector savings, thermal disadvantage factor, and cadmium 
ratios of uranium-235 and uranium-238. Theoretical methods used to analyze the data are given, and results 
are compared. 
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2007…..…..…………………..…….……..……ID Number…………………..…..…………….2007 

Author: Engelder, T. C. / Snidow, N. L. / Roberts, D. M. / Fairburn, G. T. / Roy, D. H. 

Title: Measurements of k(inf) and Other Parameters in the Small Lattice Experiments Technique 

Date: 1/1/1963 

Report: BAW-1283 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The small lattice experiment (SLE) is a technique for measuring k(inf) and other 
infinite-medium lattice parameters using much less test fuel than is required for equivalent critical or 
exponential experiments. The theoretical basis for applying such an experiment to epithermal lattices is 
discussed, an analysis of spectral mismatch error is given, and the facility for the measurements is described. 
Small lattice experiment measurements are compared to those in an equivalent critical assembly to test the 
validity of the technique. In an epithermal lattice of 4.02%-enriched uranium dioxide fuel rods having a 
nonmoderator-to-moderator volume ratio of 1.0 and moderated by a heavy water-water mixture containing 
70% heavy water, values agree within statistical errors (0.5 to 1%). The SLE technique was also used to 
measure these parameters in two similar epithermal lattices containing (uranium-235-thoria) fuel rods. 
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2008…..…..…………………..…….……..……ID Number…………………..…..…………….2008 

Author: Fairburn, G. T. / Pettus, W. G. / Snidow, N. L. 

Title: Plutonium Lattice Experiment in Uniform Lattice of Uranium-Dioxide/1. 5%-Plutonium-Dioxide 
Fuel 

Date: 8/1/1970 

Report: BAW-1357 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The plutonium lattice experiments are conducted to provide data for verification of 
the analytical methods and models developed for the design of water-moderated plutonium recycle cores. 
Because of the great expense of performing conventional critical experiments with a variety of fuels, the 
program is restricted to "Small Lattice Experiments" (SLE), which are essentially PCTR measurements that 
require a relatively small region of the test fuel surrounded by buffer and driver regions of conventional 
fuel. The system is tailored to provide a critical assembly with a small central test region having a nearly 
flat flux and asymptotic spectrum. The test region is incrementally poisoned with boric acid until a void 
substitution yields a null reactivity change. This gives a precise measure of the boron concentration required 
to reduce to unity the infinite medium multiplication factor of the test lattice. Comparison of this number 
with the corresponding analytical prediction is a sensitive and direct check on the adequacy of the 
theoretical procedures. Various other measurements are also taken on the poisoned and unpoisoned test 
lattice for other tests of the analytical methods and to facilitate the deduction of k(inf) for the unpoisoned 
lattice. This report describes the facility, the equipment, and the techniques of measurement and presents 
the results of the measurements. 
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2009…..…..…………………..…….……..……ID Number…………………..…..…………….2009 

Author: Baldwin, M. N. / Hoovler, G. S. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report, October 1-December 31, 1978 

Date: 3/1/1978 

Report: BAW-1484-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being conducted on critical configurations of clusters 
of fuel rods mocking up LWR-type fuel elements in close proximity water storage. The square clusters with 
14 rods on each side are arranged in 3 x 3 arrays. Both the spacing between the fuel clusters and the 
intervening material are being varied to provide a variety of benchmark loadings. 
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2010…..…..…………………..…….……..……ID Number…………………..…..…………….2010 

Author: Baldwin, M. N. / Hoovler, G. S. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report, January 1, 1978-March 31, 1978 

Date: 7/1/1978 

Report: BAW-1484-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being conducted on critical configurations of clusters 
of fuel rods mocking up LWR-type fuel elements in close proximity water storage. Results will serve to 
benchmark the computer codes used in the design of nuclear power reactor fuel storage racks. 
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2011…..…..…………………..…….……..……ID Number…………………..…..…………….2011 

Author: Baldwin, M. N. / Hoovler, G. S. / Eng, R. L. / Welfare, F. G. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel 

Date: 9/1/1978 

Report: BAW-1484-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being taken on critical configurations of clusters of 
fuel rods mocking up LWR-type fuel elements in close proximity water storage. The results will serve to 
benchmark the computer codes used in designing nuclear power reactor fuel storage racks. 
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2012…..…..…………………..…….……..……ID Number…………………..…..…………….2012 

Author: Baldwin, M. N. / Hoovler, G. S. / Eng, R. L. / Welfare, F. G. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report, April 1, 1978-June 30, 1978 

Date: 9/1/1978 

Report: BAW-1484-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being taken on critical configurations of clusters of 
fuel rods mocking up LWR-type fuel elements in close proximity water storage. The results will serve to 
benchmark the computer codes used in designing nuclear power reactor fuel storage racks. 



 

C-2019 

2013…..…..…………………..…….……..……ID Number…………………..…..…………….2013 

Author: Baldwin, M. N. / Hoovler, G. S. / Eng, R. L. / Welfare, F. G. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report, July 1, 1978-September 30, 1978 

Date: 11/1/1978 

Report: BAW-1484-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being taken on critical configurations of clusters of 
fuel rods mocking up LWR-type fuel elements in close proximity water storage. The results will serve to 
benchmark the computer codes used in designing nuclear power reactor fuel storage racks. KENO 
calculations of Cores I to VI are within two standard deviations of the measured k(eff) values. 
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Author: Baldwin, M. N. / Hoovler, G. S. / Eng, R. L. / Welfare, F. G. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report, October 1, 1978-December 31, 1978 

Date: 3/1/1979 

Report: BAW-1484-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being taken on critical configurations of clusters of 
fuel rods mocking up LWR-type fuel elements in close proximity water storage. The results will serve to 
benchmark the computer codes used in designing nuclear power reactor fuel storage racks. KENO 
calculations of k(eff) are in close agreement with experimental values for nine cores, with differences being 
0.0059 or about one standard deviation. 
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2015…..…..…………………..…….……..……ID Number…………………..…..…………….2015 

Author: Baldwin, M. N. / Hoovler, G. S. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report, January 1-March 31, 1979 

Date: 5/1/1979 

Report: BAW-1484-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements are being taken on critical configurations of fuel rod 
clusters mocking up LWR-type fuel elements in close proximity water storage. The results will serve to 
benchmark the computer codes used in designing nuclear power reactor fuel storage racks. Measurements 
on Cores XIII through XXI are reported in this document. 
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Author: Baldwin, M. N. / Hoovler, G. S. / Eng, R. L. / Welfare, F. G. 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel. Technical 
Progress Report 

Date: 7/1/1979 

Report: BAW-1484-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-011, LEU-COMP-THERM-051; Close-packed storage of 
LWR fuel assemblies is needed in order to expand the capacity of existing underwater storage pools. This 
increased capacity is required to accommodate the large volume of spent fuel produced by prolonged onsite 
storage. To provide benchmark criticality data in support of this effort, 20 critical assemblies were 
constructed that simulated a variety of close-packed LWR fuel storage configurations. Criticality 
calculations using the Monte Carlo KENO-IV code were performed to provide an analytical basis for 
comparison with the experimental data. Each critical configuration is documented in sufficient detail to 
permit the use of these data in validating calculational methods according to ANSI Standard N16.9-1975. 
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2017…..…..…………………..…….……..……ID Number…………………..…..…………….2017 

Author: Hoovler, G. S. / Baldwin, M. N. 

Title: Critical Experiments Supporting Underwater Storage of Tightly Packed Configurations of Spent Fuel 
Rods. Technical Progress Report, July 1-September 30, 1980 

Date: 2/1/1981 

Report: BAW-1645-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical arrays of 2.5%-enriched UO2 fuel rods that simulate underwater rod storage 
of spent power reactor fuel are being constructed. Rod storage is a term used to describe a spent fuel storage 
concept in which the fuel bundles are disassembled and the fuel rods are packed into specially designed 
canisters. Rod storage would substantially increase the amount of fuel that could be stored in available 
storage space. These experiments are providing criticality data against which to benchmark nuclear codes 
used to design tightly packed rod storage racks. 
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Author: Hoovler, G. S. / Baldwin, M. N. 

Title: Critical Experiments Supporting Underwater Storage of Tightly Packed Configurations of Spent Fuel 
Rods 

Date: 4/1/1981 

Report: BAW-1645-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical arrays of 2.5%-enriched UO2 fuel rods that simulate underwater rod storage 
of spent power reactor fuel are being constructed. Rod storage is a term used to describe a spent fuel storage 
concept in which the fuel bundles are disassembled and the rods are packed into specially designed 
canisters. Rod storage would substantially increase the amount of fuel that could be stored in available 
space. These experiments are providing criticality data against which to benchmark nuclear codes used to 
design tightly packed rod storage racks. 
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Author: Hoovler, G. S. / Baldwin, M. N. 

Title: Critical Experiments Supporting Underwater Storage of Tightly Packed Configurations of Spent Fuel 
Pins. Technical Progress Report, January 1-March 31, 1981 

Date: 4/1/1981 

Report: BAW-1645-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments are in progress on arrays of 2 1/2% enriched UO2 fuel pins 
simulating underwater pin storage of spent power reactor fuel. Pin storage refers to a spent fuel storage 
concept in which the fuel assemblies are dismantled and the fuel pins are tightly packed into specially 
designed canisters. These experiments are providing benchmark data with which to validate nuclear codes 
used to design spent fuel pin storage racks. 
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Author: Hoovler, G. S. / Baldwin, M. N. / Maceda, E. L. / Welfare, F. G. 

Title: Critical Experiments Supporting Underwater Storage of Tightly Packed Configurations of Spent Fuel 
Pins 

Date: 11/1/1981 

Report: BAW-1645-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments have been performed with low-enriched UO2 arrays simulating 
underwater pin storage of spent pressurized water reactor fuel. Pin storage refers to a storage concept in 
which fuel assemblies are dismantled and the individual fuel pins from several assemblies are tightly packed 
into specially designed canisters. Each critical configuration is sufficiently described and documented to 
permit the use of these data for validating criticality calculational methods according to ANSI Standard 
N16.9-1975. The reactivity of each benchmark core was calculated using the AMPX-KENO IV package. 
The results of these analyses are also presented. 
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Title: Reactor Physics Startup Test Results--Indian Point Reactor 

Date: 3/1/1963 

Report: BAW-189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Boric Acid; Boron Oxides; CETR; Control Elements; 
Criticality; Fuels; Instruments; Measured Values; Operation; Poisoning; Power; Pressure; Reactivity; 
Reactor Fueling; Reactors; Shutdown; Standards; Startup; Temperature; Temperature Coefficient; Testing; 
Xenon 
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Title: Zero Power Tests, SM-1A Core III 

Date: 4/1/1965 

Report: BAW-3466-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Elements; 
Criticality; Fabrication; Lattices; Measured Values; Mockup; Plates; Power; Power Plants; Reactivity; 
Reactor Core; Reactors; Rods; Shielding; SM-1A; Testing 
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Author: Clark, R. H. / Batch, M. L. / Pitts, T. G. 

Title: Lumped Burnable Poison Program 

Date: 1/1/1966 

Report: BAW-3492-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Report contains detailed descriptions for each LEU lattice assembly, burnable poison 
rods are B4C or glass. 
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Title: Analysis of Lumped Burnable Poison Critical Experiments 

Date: 4/1/1966 

Report: BAW-3492-1; (suppl.1); TRG-66-22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boron; Computers; Control Elements; 
Distribution; Neutron Flux; Poisoning; Programming; Reactivity; Reactor Core; Reactors; Rods; 
THERMOS-Code 
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Title: Zero Power Tests-PM-3A Core III 

Date: 1/1/1966 

Report: BAW-3576-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Acids; Boron; Control 
Elements; Criticality; Measured Values; Mockup; Neutron Detection; Performance; PM-3A; Pressure 
Vessels; Radiation Detectors; Reactivity; Reactor Core; Reactors; Rods; Shielding; Stainless Steels; 
Standards; Temperature; Temperature Coefficient; Testing 
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Title: Physics Verification Program Quarterly Technical Report No. 1 January - June 1966 

Date: 8/1/1966 

Report: BAW-3647-01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Boron 
Oxides; Buckling; Cadmium; Configuration; Control; Control Systems; Conversion; Critical Assemblies; 
Criticality; Design; Fuels; Indium; Lattices; Neutrons; Power; Reactivity; Research Reactors; Rods; Safety; 
Silver; Spectra; Transients; Uranium Dioxide; Water; Water Moderator 
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C-2035 

2029…..…..…………………..…….……..……ID Number…………………..…..…………….2029 

Author: Clark, R. H. / Baldwin, M. N. / Pettus, W. G. / Pitts, T. G. / Flickinger, R. B. 

Title: Physics Verification Program. Final Report 

Date: 3/1/1967 

Report: BAW-3647-03 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Absorption; 
Boron Oxides; Breeding; Cadmium Alloys; Configuration; Control Elements; Critical Assemblies; 
Criticality; Enrichment; Epithermal Neutrons; Fission; Fuel Elements; Indium Alloys; Measurement; 
Plutonium 239; Poisoning; Production; Reactivity; Rods; Silver Alloys; Temperature; Thermal Neutrons; 
Uranium 235; Uranium 238; Uranium Dioxide; Water Moderator 



 

C-2036 

2030…..…..…………………..…….……..……ID Number…………………..…..…………….2030 

Author: Clark, R. H. / Baldwin, M. N. 

Title: Physics Verification Program. Part II. Quarterly Technical Report, January-March 1967. 

Date: 3/1/1967 

Report: BAW-3647-04 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Systems; Critical Assemblies; Determination; 
Instruments; Measurement; Neutron Flux; Neutrons; Power Plants; Pressure; Reactors; Response; Startup; 
Uses; Water Moderator 
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Author: Clark, R. H. / Baldwin, M. N. 

Title: Physics Verification Program. Part II. Quarterly Technical Report, April-June 1967. 

Date: 9/1/1967 

Report: BAW-3647-05 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Critical Assemblies; Power Plants; 
Pressure; Radiation Detectors; Radiation Effects; Reactors; Semiconductors; Startup; Testing; Water 
Coolant 
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Author: Clark, R. H. / Baldwin, M. N. / Rogers, J. E. 

Title: Physics Verification Program. Part II. Quarterly Technical Report, July-September 1967 

Date: 9/1/1967 

Report: BAW-3647-06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Critical 
Assemblies; Fission; Measurement; Neutron Detection; Radiation Detectors; Reactor Core; Rhodium; 
Standards; Uses; Wires 
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Author: Baldwin, M. N. / Clark, R. H. / Rogers, J. E. 

Title: Physics Verification Program. Part II. Final Report 

Date: 1/1/1968 

Report: BAW-3647-07 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Activation Analysis; Aluminum; 
Aluminum Alloys- Cadmium Alloys- Indium Alloys; Calibration; Control Elements; Critical Assemblies; 
Criticality; Cylinders; Fission Chambers; Fuel Cans; Fuel Elements; Ionization Chambers; Neutron 
Detection; Proportional Counters; Reactivity; Rhodium; Rods; Standards; Uranium Dioxide; Wires 
Aluminum Alloys- Dysprosium Alloys 
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Author: Pettus, W. G. / Baldwin, M. N. / Fairburn, G. T. / Stern, M. E. 

Title: Physics Verification Program Part-3 Quarterly Technical Report January-March 1969 

Date: 6/1/1969 

Report: BAW-3647-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Part III of the Physics Verification Program was initiated by the Babcock & Wilcox 
Company (B&W). Task 1 of the program consisted of a series of experiments to investigate the response 
of an all-solid incore detector, at temperatures approaching those of an operating power reactor. These 
experiments are complete. Tasks 2 and 3 of the program are presently in progress. Task 2 consists of a 
series of experiments to measure the steady state power distribution through critical assembly mock-ups of 
typical PWR designs. Task 3 will consist of a series of small lattice experiments and zoned or mixed lattice 
experiments with uranium dioxide and uranium dioxide-plutonium dioxide fuel. The small lattice 
experiments are intended primarily to yield accurate k(inf) values for poisoned uniform lattices of various 
metal-to-water ratios. In the zoned and mixed lattices the flux and power distribution will be measured for 
various rod configurations. The work of the first quarter consisted of preparations for the experiments 
including license applications, fuel procurement, and facility preparation. 
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2035…..…..…………………..…….……..……ID Number…………………..…..…………….2035 

Author: Pettus, W. G. / Baldwin, M. N. / Fairburn, G. T. / Stern, M. E. 

Title: Physics Verification Program Part-3 Quarterly Technical Report April-June 1969 

Date: 9/1/1969 

Report: BAW-3647-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Part III of the Physics Verification Program was initiated by the Babcock & Wilcox 
Company (B&W) Task 1 of the program has consisted of a series of experiments to investigate the response 
of an all-solid incore detector, at temperatures approaching those of an operating power reactor. These 
experiments are complete. Tasks 2 and 3 of the program are presently in progress. Task 2 consists of a 
series of experiments to measure the steady state power distribution through critical assembly mock-ups of 
typical PWR designs. Task 3 consists of a series of small lattice experiments and zoned or mixed lattice 
experiments with uranium dioxide and uranium dioxide plutonium dioxide fuel. The small lattice 
experiments are intended primarily to yield accurate k(inf) values for poisoned uniform lattices of various 
metal-to-water ratios. In the zoned and mixed lattices the flux and power distribution will be measured for 
various rod configurations. The work of the second quarters consisted primarily of performing the initial 
critical loading for the first small lattice experiment and determining the operating characteristics of this 
assembly. 
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Author: Baldwin, M. N. / Stern, M. E. 

Title: Physics Verification Program. Part-3, Task 4. Quarterly Technical Report, January-March 1970 

Date: 6/1/1970 

Report: BAW-3647-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of a series of experiments to measure the effects of lattice heterogeneities are 
presented. The water moderated critical assembly, fuel rods, and poison rods are described. Unclad Pyrex 
glass rods, aluminum-clad Vicor glass rods, aluminum-clad aluminum oxide rods, and water holes were 
spaced on selected patterns in an otherwise uniform clean lattice and their effects on reactivity and power 
shape were determined. 
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Title: Physics Verification Program, Part III, Task 4, Summary Report 
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Abstract/Keyterms: LEU-COMP-THERM-008 
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Author: Roy, D. H. 

Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Quarterly Technical 
Report, July--September 1967. 

Date: 10/31/1968 

Report: BAW-3867-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Burnup; CDC 6600; Computers; 
Criticality; Design; Digital Systems; Fared-Code; Fast Neutrons; Programming; Reactivity; Reactors 
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Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Quarterly Technical 
Report, October--December 1967. 

Date: 1/1/1968 

Report: BAW-3867-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Breeding; Burnup; 
Computers; Criticality; Design; Fast Neutrons; Mockup; Operation; Programming; Reactivity; Reactors 
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Author: Roy, D. H. 

Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Quarterly Technical 
Report, January--March 1968. 

Date: 10/31/1968 

Report: BAW-3867-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Breeding; Criticality; 
Fared-Code; Fast Neutrons; Fast Reactors; Programming; Reactivity; Reactors 
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Author: Roy, D. H. 

Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Quarterly Technical 
Report, April--June 1968 

Date: 1/1/1968 

Report: BAW-3867-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Breeding; Burnup; Computers; Criticality; Cross 
Sections; Digital Systems; Fared-Code; Fast Neutrons; Fast Reactors; Mc-2-Code; Operation; Performance; 
Programming; Reactivity; Reactors 
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Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Quarterly Technical 
Report, January--March 1969 

Date: 1/1/1969 

Report: BAW-3867-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Breeder Reactors; Computers; 
Criticality; Design; Digital Systems; Errors; Fast Reactors; Programming; Reactivity 
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Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Volume 1. FARED: 
One-Dimensional Fast Reactor Physics Design and Analysis Code 

Date: 1/1/1969 

Report: BAW-3867-9(Vol.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics &Amp; Dynamics; Breeder Reactors; Burnup; 
Computers; Criticality; Cross Sections; Digital Systems; Fared-Code; Fast Reactors; Programming; 
Reactivity; Reactor Kinetics 
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Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Volume 2. Listing 
of FARED and RETAP Programs 

Date: 1/1/1970 

Report: BAW-3867-9(Vol.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics &Amp; Dynamics; Breeder Reactors; Burnup; 
Computers; Criticality; Cross Sections; Digital Systems; Fared-Code; Fast Reactors; Programming; 
Reactivity; Reactor Kinetics 
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Author: Roy, D. H. / Tilford, J. M. / Livolsi, A. Z. / Colpo, P. N. / Carmichael, C. D. / Jacobsen, J. A. 

Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project. Volume 3. Listing 
of Sample Problem Output from RETAP and FARED Programs 

Date: 1/1/1970 

Report: BAW-3867-9(Vol.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics &Amp; Dynamics; Breeder Reactors; Burnup; 
Computers; Criticality; Cross Sections; Digital Systems; Fared-Code; Fast Reactors; Programming; 
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Title: Fast Breeder Reactor Static Physics Methods Development and Analysis Project Volume 4-
Production Tests and Sensitivity Studies Using the FARED Code 

Date: 11/1/1969 

Report: BAW-3867-9(Vol.4) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The FARED computer program and associated library have been used to calculate 
ZPR-3 Assembly 48 and ZPR-3 Assembly 11. The calculated results for k(eff), spectral indices, central 
reactivity worths, Doppler coefficients and fluxes are compared with reported experimental data. Additional 
calculated data on the two assemblies are provided as B&W's contribution to the CSEWG Phase II, ENDF/B 
data evaluation. In addition, sensitivity studies using the B&W-1000 Mw(e) follow-on reference design are 
presented. These studies include: 1) the effect of cross section re-averaging during depletion. 2) the effect 
of homogeneous versus heterogeneous resonance treatment. 3) the effect of the number of groups and 
downscatter groups on criticality and depletion. 4) the effect of buckling values in spectrum generation. 
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Author: n. a. 

Title: Thorium Fuel Cycle for Heavy Water Moderated Organic Cooled Reactors. Technical Progress 
Report No. 7, October 1966-March 1967 

Date: 5/1/1967 

Report: BAW-393-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Design; Fission Products; Nuclear Reactions; 
Power Plants; Reactors; Thorium 232; Uranium 238 
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Author: Fairburn, G. T. 

Title: Zero-Power Tests on PM-4 Reactor Core II 

Date: 1/1/1970 

Report: BAW-4099-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Marine & Portable Power Reactors-Kinetics & Dynamics; Calibration; 
Configuration; Control Elements; Control Rod Worth; Criticality; Reactivity; Reactor Core; Research 
Reactors; Rods; Standards 
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Title: Spectral Shift Control of Pressurized Water Reactors 
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Report: BAW-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control Systems; Conversion; Deuterium; 
Hydrogen; Multiplication Factors; Neutrons; Performance; Pressure; Reactivity; Reactors; Spectra; 
Spectral Shift; Water Coolant; Water Moderator 
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Author: Wittkopf, W. A. / Worley, W. R. / Colpo, P. N. / Thomas, N. C. 

Title: LIFE: A Nuclear Design Package Program 

Date: 1/1/1968 

Report: BAW-TM-402(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Burnup; Computers; Criticality; Fuels; Life-Code; 
Mathematics; Programming; Reactors 
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Title: Long-Term Criticality Control Issues for the MPC (SCPB: N/A) 

Date: 3/19/1996 

Report: BB0000000-01717-0200-00008 REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis prepared by the Mined Geologic Disposal System (MGDS) Waste 
Package Development Department (WPDD) in response to a request received via a QAP-3-12 Design Input 
Data Request (Reference 5.1) from Waste Acceptance, Storage, & Transportation (WAST) Design 
(formerly MRSMPC Design). This design analysis an answer to the Design Input Data Request to provide: 
Specific requirements for long-term criticality control. The time period for long-term criticality control 
requirements encompass the time phases of operations (pre-closure), containment (first 1, 000 years post-
closure), and isolation (the time period beyond the containment phase, at least to 10, 000 years post-closure). 
The purpose and objective of this analysis to provide specific long-term disposal criticality control 
requirements for the Multi-Purpose Canister (MPC) Subsystem Design Procurement Specification (DPS), 
so as to not preclude MPC compatibility with disposal in the MGDS. (References 5.2, 5.3, and 5.4) The 
response is stated in Section 8 herein and will be available for transmittal as an attachment to a QAP-3-12 
Design Input Data Transmittal. 
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Author: Thomas, D. A. 

Title: Material Compositions and Number Densities for Neutronics Calculations 

Date: 1/2/1996 

Report: BBA000000-01717-0200-00002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this analysis to calculate the number densities and isotopic weight 
percentages of the standard materials to be used in the neutronics (criticality and radiation shielding) 
evaluations by the Waste Package Development Department. The objective of this analysis to provide 
material number density information which can be referenced by future neutronics design analyses, such as 
for those supporting the Conceptual Design Report. 
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Author: Mobasheran, A. S. 

Title: Enrico Fermi Fast Reactor Spent Nuclear Fuel Critically Calculations: Intact Mode 

Date: 4/12/1999 

Report: BBA000000-01717-0210-00037 REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this calculation is to perform intact mode and partially degraded mode 
criticality evaluations of the Department of Energy's (DOE) Enrico Fermi (EF) Spent Nuclear Fuel (SNF) 
co-disposed in a 5 Defense High-Level Waste (5-DHLW) Waste Package (WP) and emplaced in a 
Monitored Geologic Repository (MGR). The criticality evaluations estimate the values of the effective 
neutron multiplication factor, k(eff), a measure of nuclear criticality potential, for the 5-DHLW/DOE SNF 
WP with intact or partially degraded internal configurations. These evaluations contribute to the WP design. 
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Author: Davis, J. W. 

Title: Volumes, Masses, and Surface Areas for Shippingport LWBR Spent Nuclear Fuel in a DOE SNF 
Canister 

Date: 10/22/1999 

Report: BBA000000-01717-0210-00056, Rev 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this calculation is to estimate volumes, masses, and surface areas 
associated with (a) an empty Department of Energy (DOE) 18-inch diameter, 15-ft long spent nuclear fuel 
(SNF) canister, (b) an empty DOE 24-inch diameter, 15-ft long SNF canister, (c) Shippingport Light Water 
Breeder Reactor (LWBR) SNF, and (d) the internal basket structure for the 18-in. canister that has been 
designed specifically to accommodate Seed fuel from the Shippingport LWBR. Estimates of volumes, 
masses, and surface areas are needed as input to structural, thermal, geochemical, nuclear criticality, and 
radiation shielding calculations to ensure the viability of the proposed disposal configuration. 
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Author: Habashi, F. 

Title: Doe Spent Nuclear Fuel Disposal Container 

Date: 6/26/1998 

Report: BBA000000-01717-1705-00003 REV 00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The DOE Spent Nuclear Fuel Disposal Container (SNF DC) supports the confinement 
and isolation of waste within the Engineered Barrier System of the Mined Geologic Disposal System 
(MGDS). Disposal containers are loaded and sealed in the surface waste handling facilities, transferred to 
the underground through the access mains, and emplaced in emplacement drifts. The DOE Spent Nuclear 
Fuel Disposal Container provides long term confinement of DOE SNF waste, and withstands the loading, 
transfer, emplacement, and retrieval loads and environments. The DOE SNF Disposal Containers provide 
containment of waste for a designated period of time, and limit radionuclide release thereafter. The disposal 
containers maintain the waste in a designated configuration, withstand maximum handling and rockfall 
loads, limit the individual waste canister temperatures after emplacement. The disposal containers also limit 
the introduction of moderator into the disposal container during the criticality control period, resist 
corrosion in the expected repository environment, and provide complete or limited containment of waste in 
the event of an accident. Multiple disposal container designs may be needed to accommodate the expected 
range of DOE Spent Nuclear Fuel. The disposal container will include outer and inner barrier walls and 
outer and inner barrier lids. Exterior labels will identify the disposal container and contents. Differing metal 
barriers will support the design philosophy of defense in depth. The use of materials with different failure 
mechanisms prevents a single mode failure from breaching the waste package. The corrosion-resistant inner 
barrier and inner barrier lid will be constructed of a high-nickel alloy and the corrosion-allowance outer 
barrier and outer barrier lid will be made of carbon steel. The DOE Spent Nuclear Fuel Disposal Containers 
interface with the emplacement drift environment by transferring heat from the waste to the external 
environment and by protecting the DOE waste canisters and their contents from damage/degradation by the 
external environment. The disposal containers also interface with the SNF by limiting access of moderator 
and oxidizing agents to the waste. The disposal containers interface with the Ex-Container System's 
emplacement drift disposal container supports. The disposal containers interface with the Canister Transfer 
System, Waste Emplacement System, Disposal Container Handling System, and Waste Package 
Remediation System during loading, handling, transfer, emplacement and remediation of the disposal 
container. 



 

C-2062 

2056…..…..…………………..…….……..……ID Number…………………..…..…………….2056 

Author: Gottlieb, P. / Massari, J. R. / McCoy, J. K. 

Title: Second Waste Package Probabilistic Criticality Analysis: Generation and Evaluation of Internal 
Criticality Configurations 

Date: 3/27/1996 

Report: BBA000000-01717-2200-00005 

Conference/Journal:  
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Abstract/Keyterms: This analysis prepared by the Mined Geologic Disposal System (MGDS) Waste 
Package Development (WPD) department to provide an evaluation of the criticality potential within a waste 
package having sonic or all of its contents degraded by corrosion and removal of neutron absorbers. This 
analysis also intended to provide an estimate of the consequences of any internal criticality, particularly in 
terms of any increase in radionuclide inventory. These consequence estimates will be used as part of the 
WPD input to the Total System Performance Assessment. The ultimate objective of this analysis to augment 
the information gained from the Initial Waste Package Probabilistic Criticality Analyses (Ref. 5.8 and 5.9, 
hereafter referred to as IPA) to a degree which will support preliminary waste package design 
recommendations intended to reduce the risk of waste package criticality and the risk to total repository 
system performance posed by the consequences of any criticality. The IPA evaluated the criticality potential 
under the assumption that the waste package basket retained its structural integrity, so that the assemblies 
retained their initial separation, even when the neutron absorbers had been leached from the basket. This 
analysis based on the more realistic condition that removal of the neutron absorbers is a consequence of the 
corrosion of the steel in which they are contained, which has the additional consequence of reducing the 
structural support between assemblies. The result is a set of more reactive configurations having a smaller 
spacing between assemblies, or no inter-assembly spacing at all. Another difference from the IPA is the 
minimal attention to probabilistic evaluation given in this study. Although the IPA covered a time horizon 
to 100, 000 years, the lack of consideration of basket degradation modes made it primarily applicable to the 
first 10, 000 years. In contrast, this study, by focusing on the degraded modes of the basket, is primarily 
applicable to the post 10, 000 year time horizon. The principal probability related objective of this analysis 
to estimate the earliest time at which a criticality can possibly occur, as a function of several environmental 
and material performance parameters, the specific values of which are subject to great uncertainty. It should 
be noted that the longer the possibility of criticality is delayed, the less will be the probability of any 
criticality at all, because of the increased probability that the waste package bottom will be penetrated by 
corrosion so that the waste package can no longer hold enough water to provide the necessary moderation 
to support the criticality. 
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Abstract/Keyterms: This report presents the analysis and conclusions with respect to disposal criticality 
for canisters containing aluminum-based fuels from research reactors. 
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Abstract/Keyterms: As part of the plutonium waste form development and down-select process, repository 
analyses have been conducted to evaluate the long-term performance of these forms for repository 
acceptance. Intact and degraded mode criticality analysis of the mixed oxide (MOX) spent fuel is presented 
in Volume I, while Volume II presents the evaluations of the waste form containing plutonium immobilized 
in a ceramic matrix. Although the ceramic immobilization development program is ongoing, and 
refinements are still being developed and evaluated, this analysis provides value through quick feed-back 
to this development process, and as preparation for the analysis that will be conducted starting in fiscal year 
(FY) 1999 in support of the License Application. While no MOX fuel has been generated in the United 
States using weapons-usable plutonium, Oak Ridge National Laboratory (ORNL) has conducted 
calculations on Westinghouse-type reactors to determine the expected characteristics of such a fuel. These 
spent nuclear fuel (SNF) characteristics have been used to determine the long-term potential for criticality 
in a repository environment. In all instances the methodology and scenarios used in these analyses are 
compatible with those developed and used for Commercial Spent Nuclear Fuel (CSNF) and Defense High 
Level Waste (DHLW), as tailored for the particular characteristics of the waste forms. This provides a 
common basis for comparison of the results. This analysis utilizes dissolution, solubility, and 
thermodynamic data that are currently available. Additional data on long-term behavior is being developed, 
and later analyses (FY 99) to support the License Application will use the very latest information that has 
been generated. Ranges of parameter values are considered to reflect sensitivity to uncertainty. Most of the 
analysis focused on those parameter values that produce the worst case results, so that potential licensing 
issues can be identified. 
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Abstract/Keyterms: A report is given on the discovery of a natural nuclear reactor in the uranium nine of 
Oklo, Gabon in 1972. The small content of the uranium isotope U-235 found in a uranium ore sample in 
this deposit gave a first indication of a possible natural nuclear chain reaction having taken place. The 
evidence was brought up by the determination of the isotope composition of the neodymium in the uranium 
ore as well as by the analysis of the stable end member of the fission product decay series. Whilst the 
physics of the ’Oklo reactor', also known as the Oklo phenomenon, could be explained to a large extent, 
one can only make assumptions as to the formation of the natural reactor. 
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Abstract/Keyterms: This revised contingency plan addresses potential scenarios involving the release of 
radioactively contaminated waste from the Old Hydrofracture Facility Tanks Contents Removal project to 
the environment. The tanks are located at the Oak Ridge National Laboratory. The project involves sluicing 
the contents of the five underground tanks to mix the sludge and supernatant layers, and pumping the 
mixture to the Melton Valley Storage Tanks (MVST) for future processing. The sluicing system to be used 
for the project consists of a spray nozzle designated the “Borehole Miner,” with an associated pump; in-
tank submersible pumps to transfer tank contents from the sluice tanks to the recycle tank; high-pressure 
pumps providing slurry circulation and slurry transport to the MVST; piping; a ventilation system; a process 
water system; an instrumentation and control system centered around a programmable logic controller; a 
video monitoring system; and auxiliary equipment. The earlier version of this plan, which was developed 
during the preliminary design phase of the project, identified eight scenarios in which waste from the tanks 
might be released to the environment as a result of unanticipated equipment failure or an accident (e.g., 
vehicular accident). One of those scenarios, nuclear criticality, is no longer addressed by this plan because 
the tank waste will be isotopically diluted before sluicing begins. The other seven scenarios have been 
combined into three, and a fourth, Borehole Miner Failure, has been added as follows: (1) underground 
release from the tanks; (2) aboveground release or spill from the sluicing system, a tank riser, or the transfer 
pipeline; (3) release of unfiltered air through the ventilation system; and (4) Borehole Miner arm retraction 
failure. Methods for preventing, detecting, and responding to each release scenario are set out in the plan. 
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Abstract/Keyterms: A description is given of the design of the Belgian materials testing reactor, BR2, 
covering its mechanical design, reactor physics, control systems, auxiliary process systems, containment 
building, supporting facilities, administration and operating procedures, site evaluation, and safety analysis. 
Some of the development and research experiments leading up to the final design are summarized and 
critical experiments are reported in some detail. This report serves as the basis for a final hazards evaluation 
prior to the initial start-up. 
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Abstract/Keyterms: The results of nuclear calculations for an H2O moderated and cooled pressurized 
reactor are presented. Curves are included showing the effect on critical mass and conversion factor of such 
variables as fuel rod diameter, lattice geometry and initial fuel enrichment. The fuel is in the form of solid 
cylindrical rods of UO2. A rough economic survey based on these results indicates that an economical 
reactor giving 400 Mw of heat should be possible with fuel rods one inch in diameter and initial enrichment 
of 1.6 to 1.7%. 
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Abstract/Keyterms: This document highlights topics related to the retrieval of nuclear waste from a mined 
geological repository in salt. Retrieval is an event that, although it is not expected, must be planned for. 
Both high-level programmatic documents and Federal regulations require that the waste should be 
retrievable. It is therefore an important design consideration that the option exists to retrieve waste in the 
unlikely event retrieval is needed. There are several broad issues involved in a repository in salt that have 
significant implications to retrieval systems. Among these are high temperatures that can affect mining 
equipment operation and personnel safety; the viscoplastic behavior of salt that results in room closure and 
increased potential for unstable openings; and nuclear issues such as radiation and contamination, 
criticality, and accountability and safeguards. 
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Abstract/Keyterms: The conceptual waste package interim product specifications and data requirements 
presented are applicable to the reference glass composition described in PNL-3838 and carbon steel canister 
described in ONWI-438. They provide preliminary numerical values for the commercial high-level waste 
form parameters and properties identified in the waste form performance specification for geologic isolation 
in salt repositories. Subject areas treated include containment and isolation, operational period safety, 
criticality control, waste form/production canister identification, and waste package performance testing 
requirements. This document was generated for use in the development of conceptual waste package 
designs in salt. It will be revised as additional data, analyses and regulatory requirements become available. 
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Abstract/Keyterms: This document highlights topics related to the retrieval of nuclear waste from a mined 
geologic repository in salt. Retrieval is an event that, although it is not expected, must be planned for. Major 
programmatic documents and Federal regulations require that the waste should be retrievable. It is therefore 
an important design consideration that the option exists to retrieve waste in the unlikely event retrieval is 
needed. There are several broad issues involved in a repository in salt that have significant implications to 
retrieval systems. Among these are high temperatures that can affect mining equipment operation and 
personnel safety; the viscoplastic behavior of salt that results in room closure and increased potential for 
unstable openings; and nuclear issues such as radiation and contamination, criticality, and acountability and 
safeguards. 
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Abstract/Keyterms: This document addresses the theory and experimental data analysis methods for use 
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Abstract/Keyterms: Critical experiments are described, and the hazards attendant to these experiments are 
evaluated for a reflector-controlled boiling-heterogeneous-reactor design. The proposed reactor design is 
water moderated and reflected. However, to provide maximum flexibility and safety, the critical assembly 
is a thermal reactor moderated and reflected with plastic having appropriate voids to simulate water. A 
section of the plastic reflector is movable to represent changes in the water reflector level. The data obtained 
using this reflector-controlled assembly is then supplied to an electronic reactor simulator which is 
connected to a full-scale mock-up of the proposed hydraulic control system. In this manner, the 
characteristics of the complete system are determined. The fuel-element assemblies are composed of strips 
of aluminum and Teflon-coated uranium sandwiched with plastic and placed in aluminum boxes. One-half 
of the core is on a movable table, while the other half is on a fixed table. Primary control and safety of the 
assembly is achieved by inserting or withdrawing sandwiched stainless steel-cadmium regulating and safety 
plates and by increasing or decreasing the distance between the two core halves. For safety, the maximum 
normal rate of reactivity addition has been limited to an estimated 0.04 per cent per sec for control-rod 
withdrawal, table closure, or reflector movement. The system is interlocked so that only one rod can be 
withdrawn at a time and so that the movable table and rods cannot be moved simultaneously. In addition, 
criticality cannot be reached by moving the tables together. The scram system can insert all the rods in 
about 0.4 spec. Hazards calculations are made to determine the dosage from direct irradiation, fall-out, and 
inhalation from a radioactive cloud resulting from an accident. The exclusion area is shown to be adequate 
for even the maximum hypothetical accident. 
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Abstract/Keyterms: Critical-assembly experiments on a solid-fuel reactor system were performed. The 
prototype reactor was fueled by a UO2-stainless steel dispersion, sodium cooled, beryllium or BeO 
moderated and reflected, and controlled by rotating drums, containing B4C over a 120-deg sector, located 
in the radial reflector. The critical-assembly mocks up this system using beryllium blocks for moderator, 
uranium foils for fuel, stainless steel foils to simulate structure and cladding, aluminum to simulate sodium, 
and B4C filled tubes positioned to simulate the control drums. Control of the critical assembly was achieved 
by moving fuel and separating the core into two sections. Experiments were performed to determine the 
critical mass and the complete power distribution for the two extreme positions of the control drums: poison 
completely in, called the 0-deg position, and poison rotated all out, called the 180-deg position. Curves of 
the radial and axial power distributions for these cases are presented. Detailed power-distribution 
measurements within simulated fuel elements are included. The critical masses were 69.00 and 50.78 kg 
for the 0- and 180-deg control drum positions, respectively. From the power-distribution measurements the 
peak-to-average power ratios were obtained. Individual fuel elements have a maximum radial peak-to-
average power ratio of 1.21 and an element ratio of 1.56. The power-distribution measurements show the 
axial and radial functions representing power to be separable within the accuracy of the experiments. 
Danger coefficient measurements were made for several materials. The dollar unit of reactivity was 
calculated to be 0.0085. From the reactivity worth of the uranium-235 and the change in critical mass on 
rotating the critical-assembly control drums, the prototype power-reactor control was estimated to have a 
reactivity worth of 97 or 7.62%. For the critical assembly, each of the two regulator rods was worth 
approximately 3 cents; one safety rod was worth from 16.8 to 21.5 cents; all safety rods were worth from 
68 to 15; and the table gap was worth from 50 to 68 in reactivity for the first inch separation. 
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Abstract/Keyterms: Critical experiments are described, and the hazards attendant to these experiments are 
evaluated for a gas-cooled water-moderated reactor design. Shutdown control of the critical assembly is 
achieved by cadmium control blades and by dumping the water into a storage tank. The maximum normal 
rats of reactivity addition is limited to an estimated 0.04 per cent per sec for all remotely controlled 
operations. The system is interlocked to ensure that safe operational procedures are followed, Hazard 
calculations are made to determine the dosage from direct radiation, fall-out, and inhalation from a 
radioactive cloud resulting from an accident. The exclusion area is shown to be adequate for even the 
maximum hypothetical accident. ( 
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Abstract/Keyterms: Research directed toward an evaluation of a reflector control scheme for a small 
boiling heterogeneous reactor is reported. The control method uses the ambient reactor steam pressure to 
adjust the height of a radial water reflector. Critical-assembly experiments were conducted to measure the 
reflector worth and the effect of nonhomogeneous voids. The critical-assembly core approximated a right 
circular cylinder 24 in. high and 21 in. in diameter. The core was made up of polyethylene strips to simulate 
water channels, aluminum strips, and uranium foil. The reflector consisted of polyethylene blocks and two 
different densities were used to simulate two different water temperatures. The coldwater, hot non-power-
producing, and boiling power producing reactor conditions were mocked-up. These conditions were 
obtained by voiding the moderator plastic strips. The results indicate that sufficient reactivity is available 
in the reflector to compensate for large power variations and equilibrium poisons. However, the reactivity 
worth is not great enough in the system considered to include startup from the cold condition or long-time 
fuel burnup. These experiments also show that in calculations of critical mass and reflector worth the 
assumption of uniform void distributions seems valid for cores of the size studied. ( 
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Title: GCRE Critical-Assembly Studies 
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Report: BMI-1288 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical-assembly studies were made to provide engineering and physics data to aid 
in developing the Gas Cooled Reactor Experiment-1 (GCRE-1). Measurements of critical mass, flux and 
power distributions, and shutdown worth of the GCRE-1 mock-up safety and control blades were obtained. 
The critical assembly consists of aluminum tubes containing four concentric stainless steel cylinders 
wrapped with highly enriched uranium foil. These tubes are supported at each end by grid plates and 
arranged to approximate a right circular cylinder. The entire core structure is supported within a tank which 
can be filled remotely with moderator water. A void beneath the core structure and the air above it represent 
the gas plenums of the GCRE-1 reactor. Critical mass and flux power distributions were determined for 
several cases of four basic cores. The thermal utilization, measured in two core configurations, was 0.780 
for the reactor without burnable poison or a lead reflector. The temperature coefficient of reactivity, 
measured in two cores, was positive at room temperature but negative in the proposed operating-
temperature range. The total reactivity effect in going from 20 to 80 C was a positive 0.22% delta-k/k. The 
worth of control and safety-shutdown blades of several compositions and sizes in various locations was 
determined for a number of core configurations; blades having a sandwich construction of cadmium, 
tungsten, and indium had the greatest shutdown worth. To date these studies have resulted in a 61-element 
core (critical with 54 elements) with a 4-inch lead reflector which has 2.5% delta-k/k excess reactivity for 
startup and for override of poison and burnup. A mock-up blade configuration has been determined which 
will control the excess reactivity introduced by flooding the elements with mineral oil (to simulate water 
flooding when fuel elements are changed in GCRE-1) 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Further engineering and physics data to aid in constructing GCRE-1 were obtained in 
critical-assembly studies. Four major experiments were performed to investigate the effect on reactivity 
caused by changes in axial reflector materials, the effect on reactivity and the power perturbation caused 
by fast safety control-blade guides, the effect of changes in fuel-element material composition, and the 
effect of changes in fuel-element spacing designed to produce uniform radial power-generation rates. All 
studies were performed with a 4-in.-thick lead reflector at the core perimeter. Axial-reflector-material 
studies employed combinations of aluminum and steel reflectors. The reactivity worth of a 2 3/4-in.-thick 
steel reflector was +0.414% DELTA k/k compared with 0.175% DELTA k/k for a similar aluminum 
reflector. The perturbation in the flux distribution caused by the safety-blade guides was localized, and 
affected only the regions immediately adjacent to the guides. The combined reactivity worth of two guides 
was -0.281% DELTA k/k. Fuel-element material compositions were changed by separate additions of fuel 
and stainless steel. An increase in uranium loading from an average value of 303 to 404 g per element would 
provide, based on extrapolations from experimental data, a reactivity of about 4.5% DELTA k/k. An 
increase in steel from 1708 to 2093 g per element decreased the core reactivity by about 1.1% DELTA k/k. 
A change in fuel element spacing reduced the ratio of maximum to average power generation from 1.46 to 
1.24. 
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Core; Reactors; Research Reactors; Safety; Water Moderator 
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Title: Progress Relating to Civilian Applications During March 1960 

Date: 4/1/1960 

Report: BMI-1430 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported for investigations of: reactor materials and components; 
development of fuel elements; fission gas release from refractory fuels; gas-pressure bonding in fuel 
elements; development of UC; radioisotope and radiation applications; heat transfer and void distributions; 
materials development and evaluation; reflective insulations; recovery of spent fuel elements; variable-
moderator reactor critical assemblies; Pebble-Bed Reactor materials; tantalum and tantalum alloys for 
LAMPRE applications; materials development for HTGR and MGCR; development of SM-2; gas-cooled 
reactor program; and corrosion of thorium and uranium under storage conditions. 
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Title: Hazards Summary Report for the VMR Critical-Assembly Experiments 

Date: 6/10/1960 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Moderator Reactor (VMR), a reactor concept under investigation by American-
Standard for the AEC. The VMR is light-water moderated and cooled and is fueled with slightly enriched 
uranium dioxide pellets loaded into aluminum tubes. The core consists of 37 hexagonal fuel cans each 
loaded with 61 fuel pins. The cooling water, which flows upward around the pins inside the fuel can, boils 
in passing through the core. Reactor control in the prototype will be achieved by varying the moderator 
height. The site, laboratory, and the critical assembly, including control and safety mechanisms, are 
described in detail. Special characteristics of the assembly penitent to safety were calculated. The nuclear 
energy released and the average and maximum fuel temperatures resulting from step reactivity increases up 
to 2% DELTA k/k are presented graphically for two cases. In the first case, fuel-temperature effects are 
considered to be the only shutdown mechanism; in the second radiolytic gas is considered to contribute to 
shutdown, in addition to fuel-temperature effects. The accident considered to be the maximum credible 
accident causes a step addition in reactivity of 1.5% DELTA k/k. The nuclear-energy release is between 
160 and 310 megawatt-sec depending on the assumed shutdown mechanisms. This accident does not cause 
any fuel to be vaporized (and probably none to be melted) and, hence, there does not appear to be a hazard 
from fission-product activity. It appears that this critical assembly program can be conducted with 
reasonable assurance of safe operation and that no public persons will be jeopardized by its operation. 
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Abstract/Keyterms: Critical-assembly research was conducted for Advanced Technology Laboratories of 
the American-Standard Corporation as a PAD of a program to evaluate the technical and economic 
feasibility of the Variable Moderator Reactor (VMR) concept. The critical-assembly core consisted of 37 
hexagonal stainless-steel fuel-element cans, each containing 61 fuel pins. The fuel pins were 0.485 in. OD 
aluminum tubing (0.028-in. wall) filled with UO2 pellets, 0.415 in. in diameter and 1.80% enriched. Fuel 
pins and elements were arranged in triangular lattices. Core configurations that were combinations of 0.633- 
and 0.703-in. pin pitches and Light water served as the moderator; whereas water, furfural, furfuryl alcohol, 
and air were used within the fuel elements as coolant-simulating materials. In the various core 
configurations measurements were made of nuclear parameters related to thermal-flux disadvantage factors, 
resonance-escape probability, fast effects in U238 and U/sup 23 / 5>s, and effective neutron temperatures. 
Critical configurations, reactivity worth of liquid levels, core temperature coefficient of reactivity, and flux 
and power distributions were also obtained. 



 

C-2101 

2095…..…..…………………..…….……..……ID Number…………………..…..…………….2095 

Author: Ray, J. W. / Matthews, R. G. / Hogan, W. S. / Dingee, D. A. / Chastain, J. W. 

Title: ML-1-1B Critical Assembly Studies 
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Abstract/Keyterms: Critical-assembly studies were conducted to provide physics and engineering data to 
aid Aerojet-General Nucleonics in the development of the mobile Low-Power Reactor (Ml-1-1B). The ML-
1-1B critical assembly is a multitube assembly consisting of pin-type fuel elements within a radial lead 
reflector. The elements are 19-pin assemblies contained in an insulation liner and a pressure tube, with 
steel-shim poison and cadmium-copper burnable-poison bands present on the insulation liner. The ML-1-
1B core without steel-shim poison was critical with 48 elements containing 31,088.36 grams of uranium-
235. The core with the steel-shim poison was critical with 51 elements containing 32,999.97 grams of 
uranium-235. The fuel tubes were filled with water to simulate flooding the core. In this condition the core 
was critical with 42 elements containing 27, 221.00 grams of uranium-235. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A complete description is presented of code REMUR written in FORTRAN-1900 for 
the ODRA 1305 and compatible computers using ICL software. The basic algorithm of the multigroup 
neutron spectrum and criticality code REMUR (Resonance + MUFT + Reduction) is based on the MUFT 
code, for the solution of the multigroup neutron transport equation in homogeneous media. The extended 
Greuling-Goertzel approximation to neutron slowing-down is used in the program, and the user of the 
program has a possibility to choose either the B-1 or the P-1 approximation of the multigroup neutron 
transport equation. The inclusion of the thermal group makes the criticality search possible. The description 
is given of two versions of the code developed for PWR calculations. The first includes the classical zero-
dimensional solution and is suitable for the calculation of reactor cells, reflector elements, etc. The second 
includes the heterogeneous solution and is suitable for the calculation of cylindrical supercells with 
absorbers and for the calculation of control elements. All nuclear data are contained in the cross section 
library. The output includes multigroup flux and leakage spectra, multiplication factors, reaction rates, 
spectral indices and reduced few-group data for the use in diffusion codes. 
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systems 
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Title: Survey of Materials for Supercritical-Water Reactor 

Date: 11/27/1953 

Report: BMI-890 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A survey was conducted in the search for materials potentially useful in the 
supercritical-water reactor. Tensile strength, 0.2% offset yield strength, 1000 hr rupture strength, endurance 
strength, tensile elongation Young' s modulus, coefficient of thermal expansion, and coefficient of thermal 
conductivity are presented as a function of temperature. Nominal compositions, usual heat treatment, 
density, and thermal-neutron-absorption cross sections are tabulated. Materials covered include SAE 4340, 
Timken 17-22-A, 17-22-A S, and 17- 22-A V, Types 310, 347, 410, and Crucible 422 stainless steels, 
Jessop H46, R.ex 448, Armco 17-4 PH and 17-7 PH, Stainless W, Allegheny A-286, Tinidur, Discaloy, 
Nimonic 75, 80, and 80A, Hastelloys C and X, Inconel X, Copper Alloy V2B, and titanium alloys RC 130B, 
RC A110AT, Til55AX, and Ti-3 Mn complex. 
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Abstract/Keyterms: Physics; Accidents; Air; Buildings; Canning; Contamination; Control Elements; 
Control Systems; Coolant Loops; Critical Assemblies; Criticality; Environment; evaporation; Excursions; 
Failures; Fallout; Fast Neutrons; Fuel Elements; Fuels; Gamma Radiation; Geology; Graphite; Hydrology; 
Instruments; Irradiation; Leaks; Mass; Measured Values; Mechanical Structures; Melting; Metals; 
Moderators; Neutron Beams; Neutron Flux; Operation; Personnel; Planning; Populations; Power; Radiation 
Injuries; Radiation Protection; Reactivity; Reactor Safety; Remote Handling; Research Reactors; 
Seismology; Shielding; Slowdown; Startup; Thermal Neutrons; Tubes; Waste Disposal 
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Title: Hazards Summary Report for the APB Reflector-Control Critical-Assembly Experiment 
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Abstract/Keyterms: Critical experiments are described and the hazards attendant to these experiments are 
evaluated for a reflector-controlled boiling-heterogeneous-reactor design. The proposed reactor design is 
water moderated and reflected. However, to provide maximum flexibility and safety, the critical assembly 
is a thermal reactor moderated and reflected with plastic having appropriate voids to simulate water. A 
section of the plastic reflector is movable to represent changes in the water-reflector level. The data obtained 
using this reflector-controlled assembly is then supplied to an electronic reactor simulator which is 
connected to a full-scale mock-up of the proposed hydraulic control system. In this manner, the 
characteristics of the complete system are determined. The fuel-element assemblies are composed of strips 
of aluminum and Teflon-coated uranium sandwiched with plastic and encased in aluminum boxes. One-
half of the core is on a movable table, while the other half is on a fixed table. Primary control and safety of 
the assembly is achieved by inserting or withdrawing sandwiched stainless steel-cadmium regulating and 
safety plates and by increasing or decreasing the distance between the two core halves. For safety, the 
maximum normal rate of reactivity addition has been limited to an estimated 0.04% per sec for control-rod 
withdrawal, table closure, or reflector movement. The system is interlocked so that only one rod can be 
withdrawn at a time and so that the movable table and rods cannot be moved simultaneously. In addition, 
criticality cannot be reached by moving the tables together. The scram system can insert all the rods in 
about 0.4 sec. Hazards calculations are made to determine the dosage from direct irradiation, fall-out, and 
inhalation from a radioactive cloud resulting from an accident. The exclusion area is show to be adequate 
for even the maximum hypothetical accident. 
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Title: Hazards Summary Report for the Battelle Plastic Reactor Facility 

Date: 1/20/1961 

Report: BMI-ACRS-659 
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Abstract/Keyterms: Experiments using a plastic-moderated assembly as a radiation source are described, 
and the hazards attendant to these experiments are evaluated. The critical assembly, designated Battelle's 
Plastic Reactor Facility, is constructed in the form of a cube. A portion of the plastic and fuel will be 
removed from the center of this reactor to provide a radiation environment for exposing fission-chamber 
devices. This central void region will approximate a flux trap in which a high neutron-to-gamma ratio is 
expected. The fuel-element assemblies are composed of strips of aluminum and Teflon-coated uranium 
sandwiched with plastic and encased in aluminum boxes. One portion of the core is on a movable table, 
while the other part is on a fixed table. The core is assembled remotely by driving the movable table against 
the fixed table. Primary control and safety of the assembly are achieved by inserting or withdrawing 
regulating and safety elements and by increasing or decreasing the distance between the two core halves. 
For safety, the maximum normal rate of reactivity addition has been limited to 0.04% DELTA k/k per sec 
for control-element withdrawal and table closure. The system is interlocked so that only one control element 
can be withdrawn at a time and so that the movable table and elements cannot be moved simultaneously. 
In addition, criticality cannot be reached by only moving the tables together. No experiments with the 
Plastic Reactor Facility are planned since it will serve only as a source of radiation operating at a constant 
power level. Consequently, the hazards of a nuclear excursion are minimized. However, the safety aspects 
of the operations and possible power excursions have been analyzed. The analysis indicates that these 
operations present no significant hazard to the public persons or operating staff. 
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Bibliography; Boiling; Chemical Reactions; Coating; Computers; Coolant Loops; Coolants; Diagrams; 
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Abstract/Keyterms: In criticality safety analyses of a nuclear reprocessing plant one meets great demands 
upon the calculational methods used because of the complexity of the fissile systems, use of special 
materials and of the large dimensions required for process components. The Committee on the Safety of 
Nuclear Installations (CSNI) at the OECD commissioned an international expert group to perform a 
standard problem exercise on the calculation of dissolver systems in reprocessing plants. The working 
group, in which the Gesellschaft fuer Reaktorsicherheit (GRS) is participating, has selected and calculated 
critical experiments for uranium dioxide and uranium plutonium mixed oxide (MOX) lattices in water and 
fissile solution with boron, gadolinium and hafnium as a neutron absorber. The calculations of GRS, which 
generally were performed with the code system SCALE, agree very well with the experimental values for 
systems without neutron poisons and with boron as an absorber. The average deviation of the effective 
multiplication factor amounts to about +/-0.5%. The experiments with gadolinium or hafnium neutron 
absorber are underestimated by about 2% on the average. 
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Abstract/Keyterms: Mathematical expressions for the 238U resonance escape probability are provided; 
an experimental measurement approach is described and applied to the BNL reactor. 
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Abstract/Keyterms: Derivation of 3-group diffusion equations such that epithermal 235U fission cannot 
be inferred from experimentally measured reactor parameters. 
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Report: BNL 818 (T-317) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear physics modeling to predict inelastic scatter 
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2117…..…..…………………..…….……..……ID Number…………………..…..…………….2117 

Author: Pearlstein, S. 

Title: Analysis of (n,2n) Cross Sections for Nuclei of Mass A > 30 

Date: 12/1/1964 

Report: BNL 897 (T-365) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear physics modeling to predict (n,2n) reactions 
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2118…..…..…………………..…….……..……ID Number…………………..…..…………….2118 

Author: Krieger, T. J. / Pearlstein, S. 

Title: Optical Model Analysis of Neutron-Sodium Cross Section in the 1-4 MeV Range 

Date: 1/1/1965 

Report: BNL 904 (N-8) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2119…..…..…………………..…….……..……ID Number…………………..…..…………….2119 

Author: Sher, Rudolph / Felderbaum, Joan 

Title: Least Squares Analysis of the 2200 m/sec Parameters for U233, U235, and Pu239 

Date: 3/1/1965 

Report: BNL 918 (T-377-92-94-2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2120…..…..…………………..…….……..……ID Number…………………..…..…………….2120 

Author: n. a. 

Title: Nuclear Reactor Project Progress Report 

Date: 1/1/1948 

Report: BNL-00014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Brookhaven National Laboratory Efficiency; Planning; Reactors 
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2121…..…..…………………..…….……..……ID Number…………………..…..…………….2121 

Author: Wigner, E. P. 

Title: On the Variation of Gamma with Energy in the 100-1000 Ev Region 

Date: 11/1/1949 

Report: BNL-00025 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2122…..…..…………………..…….……..……ID Number…………………..…..…………….2122 

Author: n. a. 

Title: Classified Progress Report of the Reactor Science and Engineering Department January 1-March 31, 
1950 

Date: 2/14/1957 

Report: BNL-00052 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air- Brookhaven National Laboratory- Coolants- Cooling- Criticality- 
Distribution- Equations- Graphite Moderator- Group Theory- Measured Values- Multiplication Factors- 
Neutron Flux- Reactor Fueling- Reactors- Reflectors- Zones; Bismuth- Brookhaven National Laboratory- 
Chemical Reactions- Diffusion- Fissionable Materials- Fuel Slurries- Fuel Solutions- Fuel Suspensions- 
Fuels- High Temperature- Iron- Lead- Liquid Metals- Liquids- Machine Parts- Metallurgy- Phase 
Diagrams- Planning- Solids- Solubility- Uranium- Uranium Fluorides- Uranium Oxides; Blankets- 
Breeding- Brookhaven National Laboratory- Fluorides- 
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2123…..…..…………………..…….……..……ID Number…………………..…..…………….2123 

Author: Chernick, J. / Kaplan, I. / Kunstadter, J. / Sailor, V. / Williams, C. 

Title: An Experimental and Theoretical Study of the Subcritical BNL Reactor 

Date: 6/15/1950 

Report: BNL-00060 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Exponential Piles; Leakage; Neutrons; Reactors; 
Reflectors; Transients; Uranium; Zones 
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2124…..…..…………………..…….……..……ID Number…………………..…..…………….2124 

Author: n. a. 

Title: Classified Progress Report of the Reactor Science and Engineering Department (for) April 1—June 
30, 1950 

Date: 1/1/1950 

Report: BNL-00067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; BGRR; Bismuth Alloys; Configuration; Criticality; Expansion; 
Friction; Graphite; High Temperature; Iron Alloys; Lead; Lead Alloys; Neutrons; Nickel Alloys; Nickel 
Fluorides; Protactinium 233; Reactor Core; Reactor Fueling; Separation Processes; Solubility; Surfaces; 
Temperature; Thorium Compounds; Thorium Fluorides; Uranium; Variations; Volatility 
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2125…..…..…………………..…….……..……ID Number…………………..…..…………….2125 

Author: Chernick, J. 

Title: The Effect of Variable Local Multiplication on the Statics of a Reactor 

Date: 8/15/1951 

Report: BNL-00126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Multiplication Factors; Neutron Flux; Numericals; Perturbation 
Theory; Planning; Poisoning; Reactivity; Reactors; Temperature; Xenon 
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2126…..…..…………………..…….……..……ID Number…………………..…..…………….2126 

Author: n. a. 

Title: Quarterly Progress Report for October 1—December 31, 1952 

Date: 2/13/1957 

Report: BNL-00225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Fluorides- Neutrons- Plants- Radiation Effects- Regeneration- 
Silicon Oxides- Sintering- Thermal Neutrons- Thorium Compounds- Uranium 235- Uranium 238- Vessels- 
Waste Disposal; Bismuth Alloys- Bismuth Compounds- Dispersions- Iron Alloys- Lead Alloys- Liquid 
Metal Fuel- Liquids- Mockup- Neutron Flux- Nickel Alloys- Phase Diagrams- Reactors- Solutions- 
Thorium Alloys- Thorium Compounds- Tin Alloys- Uranium Alloys- Vessels; Bismuth Alloys- Blankets- 
Boron- Coolants- Criticality- Dispersions- Energy- Energy Range- Fused Salts- Heat Transfer- In Pile 
Loops- Intermetallic Compounds- Lattices- 
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2127…..…..…………………..…….……..……ID Number…………………..…..…………….2127 

Author: n. a. 

Title: Quarterly Progress Report (for) January 1—March 31, 1953 

Date: 1/1/1953 

Report: BNL-00236 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum- Creep- Measured Values- Reactors; Annealing- Impurities- 
Iron- Vacuum; BGRR- Energy- Graphite- Measured Values- Reactors- Storage; Bismuth- Chromium- Iron- 
Liquid Metals- Solubility- Zirconium; Bismuth- Dispersions- Eutectics- Lead- Liquid Metals- Production- 
Thorium; Bismuth- Fuels- Lead- Liquid Metal Fuel- Planning- Reactors- Tin- Uranium; Bismuth- Lead- 
Phase Diagrams- Thorium; Blankets- Breeding- Heat Transfer- Thorium Fluorides; Breeding- Liquid Metal 
Fuel- Reactors- Reprocessing; Buckling- Criticality- Fuel Elements- Measured Values- Metals- Rods- 
Uranium 235- Water; Buckling- Erro 
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2128…..…..…………………..…….……..……ID Number…………………..…..…………….2128 

Author: n. a. 

Title: Quarterly Progress Report (for) November 16, 1953—February 15, 1954 

Date: 1/1/1954 

Report: BNL-00285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The theoretical work on liquid metal fuel reactors has been continued along the lines 
discussed in the last report, with emphasis on the development of improved methods for the calculation of 
core size and breeding gain as functions of fuel concentration. The study of the kinetics of LMFR systems 
has been continued. A 10 weight% Th--Bi slurry has been made and is fluid. The composition of the settled 
slurry is 14% Th, this represents an upper limit for fluid slurries. A temperature-cycled (350--600 deg C) 
5% Th slurry shows a growth of particles from 15 to 30 mu in 100 hr. The special chrome-vanadium alloys 
stand up well in static corrosion tests in Bi and U--Br. None of the nine loops which are in operation have 
plugged this quarter. One 1/2 in. IBS loop, gradient 60 deg C, containing U, Mg, and Zr, has been in 
operation for 1650 hr without any indication of a plug forming. As a result of an intensified effort on the 
chemistry of the fuel process the oxidation-reduction behavior of fused- salt/liquid-metal systems is better 
understood. The object is to find a fused- salt/liquid-metal system which will transfer most of the rare-earth 
fission products to the salt phase at the same time that it holds essentially all the U in the metal. A prolonged 
experiment showed that Mg when added 10 the metal phase in the U-- Bi/ fused-salt system prevents 
transfer of the U to the salt phase. Apparently Mg, rather than U, is oxidized and transfers to the salt phase. 
The so-called “torch process” for extracting Pa and U is described. Two tracer runs made during the quarter 
showed that it is possible 10 extract the major portion of the Pa from ThF4 powder in a single pass through 
the flame. At present, efforts are devoted to: (a) producing a flame powder of narrower particle-size range, 
(b) determining optimum flame temperature, (c) improving Pa recovery efficiency, and (d) improving torch 
design. Experiments on water- moderated, slightly enriched U lattices and the interpretation of these 
experiments are given. Measurements of buckling, migration area, fast fission factor, and thermal utilization 
have been ccntinued. A method has been devised for measuring the critical buckling of lattices of different 
fuel elements (those containing Th of Pu, for example) by determining the critical size of a two- region 
assembly which has the new fuel in a small central region. Samples of graphite cored from the BNL reactor 
after the pile annealing experiment showed no stored energy in the 260 deg C region. The per cent recovery 
in physical dimensions and in c-axis for irradiated graphite annealed at 26O deg C were almost identical. 
A horizontal continuous calciner is being built to study the processing of fission products. In this cornection 
it has been found that sodium nitrate cam be used as a fluxing agent with dried waste solids concentrating 
the fission product in the melt. 



 

C-2135 

2129…..…..…………………..…….……..……ID Number…………………..…..…………….2129 

Author: Fleck, J. A. 

Title: The Energy-Dependent Boltzmann Equation Applied to Criticality Calculations for Bare Graphite-
Moderated Reactors 

Date: 8/1/1954 

Report: BNL-00298 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boltzmann Equation; Criticality; Differential Equations; Diffusion; Fermi 
Age; Finite Difference Method; Graphite Moderator; Integral Equations; Integrals; Mathematics; Neutron 
Flux; Neutrons; Reactors; Scattering 
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2130…..…..…………………..…….……..……ID Number…………………..…..…………….2130 

Author: n. a. 

Title: Quarterly Progress Report (for) May 16—August 15, 1954 

Date: 1/1/1957 

Report: BNL-00309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air; Bismuth; Buckling; Chemical Reactions; Computers; Configuration; 
Coolant Loops; Cooling; Corrosion; Criticality; Cylinders; Decontamination; Delayed Neutrons; Density; 
Diffusion Length; Digital Systems; Enrichment; Errors; Fission Products; Gamma Radiation; Graphite; 
Graphite Moderator; Heat Transfer; Heating; High Temperature; Homogeneous Reactors; Impurities; Iron; 
Irradiation; Liquid Flow; Liquid Metal Fuel; Liquid Metals; Liquids; LMFR; Magnesium; Mass; Materials 
Testing; Measured Values; Multiplication Factors; Natural Uranium Fuel; Neutron Beams; Neutron Flux; 
Neutrons; Numericals; Oxidation; Oxygen; Planning; Power Plants 
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2131…..…..…………………..…….……..……ID Number…………………..…..…………….2131 

Author: n. a. 

Title: Nuclear Engineering Department Quarterly Progress Report (for) August 16—November 15, 1954 

Date: 1/1/1954 

Report: BNL-00316 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Adsorption; Annealing; Bismuth; Bismuth Alloys; Boiling; 
Buckling; Chromium; Chromium Alloys; Compounds; Configuration; Convection; Coolant Loops; 
Corrosion; Corrosion Protection; Croloy; Defects; Delayed Neutrons; Density; Differential Equations; 
Dispersions; Efficiency; Enrichment; Equations; Expansion; Fast Fission Factor; Fuel Elements; Fuels; 
Gamma Radiation; Grain Size; Graphite; Heat Transfer; Heating; High Temperature; Irradiation; Lattices; 
Lead; Lead Alloys; Liquid Flow; Liquid Metal Coolant; Liquid Metal Fuel; Liquid Metals; Liquids; LMFR; 
Losses; Magnesium Alloys; Materials Testing; Mathematics; Measured Values 
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2132…..…..…………………..…….……..……ID Number…………………..…..…………….2132 

Author: n. a. 

Title: Quarterly Progress Report (for) November 16, 1954—February 15, 1955 

Date: 10/1/1957 

Report: BNL-00333 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Bismuth; Bismuth Alloys; Buckling; Chemical Reactions; 
Chromium; Chromium Alloys; Computers; Configuration; Control; Control Systems; Convection; Coolant 
Loops; Corrosion; Croloy; Diffusion Length; Dispersions; Distribution; Equations; Fast Fission Factor; 
Fission Products; Fuel Elements; Fused Salts; Gamma Radiation; Grain Size; Graphite; Heat Transfer; 
Heating; High Temperature; Iron; Irradiation; Lead Alloys; Liquid Flow; Liquid Metal Fuel; Lithium 
Chlorides; LMFR; Low Temperature; Materials Testing; Measured Values; Metals; Mockup; Neutron 
Beams; Neutron Flux; Oxidation; Performance; Planning; Potassium Chlorides; Powders 
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2133…..…..…………………..…….……..……ID Number…………………..…..…………….2133 

Author: Fleck, Jr., J. A. 

Title: Theory of Low Power Kinetics of Circulating Fuel Reactors with Several Groups of Delayed 
Neutrons 

Date: 4/1/1955 

Report: BNL-00334 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Delayed Neutrons; Differential Equations; Distribution; Errors; Fuel 
Slurries; Fuel Solutions; Fuel Suspensions; Group Theory; Liquid Metal Fuel; Neutron Flux; Neutrons; 
Reactivity; Reactor Kinetics; Reactors 



 

C-2140 

2134…..…..…………………..…….……..……ID Number…………………..…..…………….2134 

Author: n. a. 

Title: Quarterly Progress Report (for) February 16—May 15, 1955 

Date: 10/31/1957 

Report: BNL-00348 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Attenuation- Neutrons; Bismuth Alloys- Corrosion- Croloy- Lead- Liquid 
Metals- Magnesium- Tubes- Uranium Alloys; Bismuth Alloys- Lead Alloys- Phase Diagrams- Thorium 
Alloys; Bismuth- Chromium- Corrosion- Iron- Liquid Metals- Numericals- Solubility; Bismuth- Graphite- 
Liquid Metals- Reaction Kinetics- Solutions- Uranium; Bismuth- Liquid Metals- Solubility- Uranium; 
Breeding- LMFR- Mathematics- UNIVAC; Cerium Chlorides- Stability; Corrosion- Purex Process- Steels- 
Waste Solutions; Diffusion- Dispersions- Irradiation- Liquids- Protactinium- Pulses- Temperature- 
Thorium; Distribution- Fused Salts- Liquid 
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2135…..…..…………………..…….……..……ID Number…………………..…..…………….2135 

Author: Auerbach, T. 

Title: Neutron Leakage from Hydrogen-Moderated Systems 

Date: 6/1/1955 

Report: BNL-00354 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Differential Equations; Fission; Hydrogen; Leakage; Moderators; 
Multiplication Factors; Neutron Flux; Neutron Sources; Neutrons; Plates; Surfaces; Transport Theory 
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2136…..…..…………………..…….……..……ID Number…………………..…..…………….2136 

Author: Auerbach, T. 

Title: The Effect of Foil Holders on the Flux in Uranium-Water Lattices 

Date: 11/1/1955 

Report: BNL-00370 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Aluminum; Diffusion; Foils; Lucite; Neutron Flux; Numericals; 
Polymers; Reactors; Transport Theory; Uranium; Water 
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2137…..…..…………………..…….……..……ID Number…………………..…..…………….2137 

Author: Lamarsh, John / Rideout, Stuart S. 

Title: A Two-Group Reactor Card Program for a Small Digital Computer 

Date: 5/1/1956 

Report: BNL-00378; Nucleonics, 14, 8, 100-101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Group Theory; Performance; Planning; Programming; Reactors; 
Transport Theory 
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2138…..…..…………………..…….……..……ID Number…………………..…..…………….2138 

Author: n. a. 

Title: Progress Report (for) May 16-November 15, 1955 

Date: 10/1/1958 

Report: BNL-00380 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Development studies for the Liquid Metal Fuel Reactor are reported in reactor 
physics, chemistry, and chemical engineering, and metallurgy. 
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2139…..…..…………………..…….……..……ID Number…………………..…..…………….2139 

Author: n. a. 

Title: Nuclear Engineering Department Progress Report (for) November 15, 1955—February 15, 1956 

Date: 10/31/1957 

Report: BNL-00418 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Absorption- Bromine Fluorides- Fluid Flow- Fluorides- Impurities- 
Infrared Radiation- Instruments- Liquids- Measured Values- Performance- Photometry- Qualitative 
Analysis- Report- Spectra- Spectrometers- Spectroscopy- Uranium Hexafluoride- Uses- Volatility; 
Bismuth Alloys- Distribution- Eutectics- Fused Salts- Lanthanum- Lanthanum Alloys- Magnesium 
Chlorides- Measured Values- Mixing- Potassium Chlorides- Report- Sodium Chlorides- Uranium Alloys; 
Bismuth- Bismuth Alloys- Chromium- Diagrams- Equations- Iron- Metals- Report- Solubility- 
Temperature- Titanium; Bismuth- Bismuth Alloys- Diagrams- Electric 
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2140…..…..…………………..…….……..……ID Number…………………..…..…………….2140 

Author: n. a. 

Title: Quarterly Progress Report (for) January 1—March 31, 1957 

Date: 10/31/1957 

Report: BNL-00439 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General; Biology; Contamination; Decontamination; Distribution; Liquid Metal Fuel; 
Medicine; Metallurgy; Personnel; Planning; Reactors; Tables 
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2141…..…..…………………..…….……..……ID Number…………………..…..…………….2141 

Author: Maslan, F. 

Title: Nuclear Engineering Department Progress Report (for) January 3—April 30, 1957 

Date: 10/31/1958 

Report: BNL-00472 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As a part of LMFR fuel processing studies, salt-metal distribution coefficients were 
measured for Sm Nd U and Zr in the presence of various Mg concentrations. A polarographic method was 
developed for analyzing dilute molten salt solutions. Molten salt corrosion loop status is reviewed. 
Additional data were obtained on erosion corrosion and mass transfer in circulating bismuth bismuth alloy, 
and bismuth alloy slurry systems. The solubilities of a number of fission products in iiquid bismuth were 
determined An electrolytic method was developed for forming thorium bismuthide dispersions. Results are 
given from studies of uranium dissolution in bromine trifluoride. Radiation induced graft copolymerization 
was also investigated. Isotope separation and purification problems are reviewed. (For preceding period see 
BNL434 



 

C-2148 

2142…..…..…………………..…….……..……ID Number…………………..…..…………….2142 

Author: n. a. 

Title: Thorium-U233 Symposium, Sponsored by the United States Atomic Energy Commission at 
Brookhaven National Laboratory, January 9-10, 1958 

Date: 1/10/1958 

Report: BNL-00483 

Conference/Journal: Thorium-U233 Symposium, Sponsored by The United States Atomic Energy 
Commission At Brookhaven National Laboratory, January 9-10, 1958 

Conference Session:  

Abstract/Keyterms: Fifty-four papers were presented on the following subjects: basic physics, thorium 
crudes to fuel grade thorium, preparation and radiation experience with solid and fluid fuels, chemical 
reprocessing, fuel recycle, and handling. Separate abstracts have been prepared for each paper. 
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2143…..…..…………………..…….……..……ID Number…………………..…..…………….2143 

Author: Plassmann, E. A. / Wood, D. P. 

Title: Criticality Data on Metal Uranium-233 Spherical Systems 

Date: 1/10/1958 

Report: BNL-00483, 073-074 

Conference/Journal: Thorium-U233 Symposium, Sponsored by The United States Atomic Energy 
Commission At Brookhaven National Laboratory, January 9-10, 1958 

Conference Session:  

Abstract/Keyterms: Data consisting of critical reflector thicknesses for 2.41-kg and 10.0-kg uranium-233 
metal spheres are summarized. 
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2144…..…..…………………..…….……..……ID Number…………………..…..…………….2144 

Author: Kouts, H. / Sher, R. 

Title: Experimental Studies of Slightly Enriched Uranium, Water-Moderated Lattices 

Date: 9/1/1957 

Report: BNL-00486 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experimental reactor physics program at Brookhaven has for the past few years 
been given mainly to a study of uranium-water lattices. The purpose of this undertaking has not been to 
provide direct design parameters for pressurized water reactor cores. Rather, it has been the intent to develop 
a body of experimental data which can be compared with the results of calculational schemes. Such work 
should help to improve the theoretical treatments to a point where design calculations of practical 
pressurized water reactor cores can be carried out with confidence. The first phase of this programmatic 
study devoted to the static properties of clean, cold, rod-fueled assemblies, is nearly finished. This work 
has consisted of measurements of as many features of the neutron economy as possible, for a variety of fuel 
rod sizes and enrichments and lattice spacings. The results of these experiments have been reported 
previously in internal memoranda and talks at meetings, also, a fairly complete account of the measurements 
done with 0.600-inch and 0.750-inch-diameter rods was given at the Geneva conference in 1955. In the 
course of collecting data for reports on other rod sizes, it has been decided, for several reasons, that these 
older results should be republished. Most of the quantities have been remeasured since 1955. The accuracy 
of some has thus been improved, and their values have changed slightly. Some systematic errors have been 
removed, notably from the F measurement and from a few determinations of B2. The resonance capture 
experiments, begun in 1954, has led to only tentative results by 1955, and so were not reported in Geneva. 
These are now finished, and their implications must be included in any complete analysis of this work. 
Finally, a complete report on all BNL rod measurements, giving all final results in one place, ought to be 
useful. This Part 1 of the final report. Five ratios of water-to-uranium volumes were studied with each fuel 
enrichment. 
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2145…..…..…………………..…….……..……ID Number…………………..…..…………….2145 

Author: Kouts, Herbert / Sher, Rudolph 

Title: Experimental Studies of Slightly Enriched Uranium, Water Moderated Lattices Part 1. 0.600-in.-
Diameter Rods 

Date: 9/1/1957 

Report: BNL-00486 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Demonstration of how various experimental measurements of reactor parameters can 
be used to infer input data/constants for reactor physics calculations/power reactor design. 
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2146…..…..…………………..…….……..……ID Number…………………..…..…………….2146 

Author: n.a. 

Title: Proceedings of the French-American Conference on Graphite Reactors, Held at Brookhaven National 
Laboratory, November 12 to 15, 1957 

Date: 10/31/1959 

Report: BNL-00489 

Conference/Journal: French-American Conference on Graphite Reactors, November 12 To 15, 1957 

Conference Session:  

Abstract/Keyterms: Twenty-eight of the thirty-five papers presented at the conference are included with 
discussions. Abstracts of the remaining seven papers are given. The seven sessions were devoted to: 
radiation effects on graphite, nuclear properties of graphite, graphite lattice reactivities, chemistry of 
graphite, chemical reactions between liquid Na and Zr, slug canning fer the ORNL Graphite Reactor, and 
critical assemblies. Separate abstracts have been prepared for each of the twenty-eight papers. 
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2147…..…..…………………..…….……..……ID Number…………………..…..…………….2147 

Author: Donahue, D. J. / Lanning, D. D. / Bennett, R. A. / Heineman, R. E. 

Title: Determination of k(inf) from Critical Experiments with the PCTR 

Date: 10/31/1959 

Report: BNL-00489, 069-084 

Conference/Journal: French-American Conference on Graphite Reactors, November 12 To 15, 1957 

Conference Session:  

Abstract/Keyterms: The PCTR is a 7 foot cube of graphite with a large cavity, 2 x 2 x 3 foot located at its 
center. It is made critical by enriched uranium which is distributed on the boundary of the central cavity. 
One end of the assembly 2 x 7 x 7 foot is mounted on a movable cart and can be moved away from the 
reactor proper to allow access to the central test region. The infinite medium, thermal neutron multiplication 
factor of a multiplying material is obtained by determining the amount of thermal absorber which, when 
inserted with the multiplying material into the central region of the PCTR, will change neither the reactivity 
of the assembly nor the energy distribution of neutrons in it. The design of the reactor and the method used 
for determining this absorber mass are discussed, and results for two graphite-natural uranium lattices are 
presented. 
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2148…..…..…………………..…….……..……ID Number…………………..…..…………….2148 

Author: Lanning, D. D. / Donahue, D. J. / Bennett, R. A. 

Title: The Nuclear Parameters of Some Graphite, Natural Uranium Lattices Measured in the PCTR 

Date: 10/31/1959 

Report: BNL-00489, 085-088 

Conference/Journal: French-American Conference on Graphite Reactors, November 12 To 15, 1957 

Conference Session:  

Abstract/Keyterms: The physical constants testing reactor, PCTR, and the method by which it can be used 
to obtain the nuclear properties of a multiplying material have been described in detail in a previous paper. 
In order to gain further insight into the operation of this reactor, and to investigate the nuclear properties of 
a range of graphite moderated, air cooled, natural uranium fueled systems, the infinite medium, thermal 
neutron multiplication factor, and the thermal utilization, of ten such lattices have been determined. The 
results have been further analyzed to obtain a value of the fast neutrons produced per thermal capture in 
natural uranium. Some comparisons are made between the results of the PCTR measurements and those 
obtained by other methods. 
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2149…..…..…………………..…….……..……ID Number…………………..…..…………….2149 

Author: Lanning, D. D. / Donahue, D. J. / Bennett, R. A. 

Title: The Nuclear Parameters of Some Large Process Tube Lattices from PCTR Measurements 

Date: 10/31/1959 

Report: BNL-00489, 089-094 

Conference/Journal: French-American Conference on Graphite Reactors, November 12 To 15, 1957 

Conference Session:  

Abstract/Keyterms: Measurements of k(inf) have been made for three fuel configurations in a 2.125 inch 
OD process tube as a function of the graphite to uranium atomic ratio. These measurements were made in 
the PCTR by the methods previously reported. 
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2150…..…..…………………..…….……..……ID Number…………………..…..…………….2150 

Author: Koechlin, J. C. / Tanguy, P. / Zaleski, C. P. 

Title: French Results on the Natural Uranium-Graphite Lattices 

Date: 10/31/1959 

Report: BNL-00489, 097-126 

Conference/Journal: French-American Conference on Graphite Reactors, November 12 To 15, 1957 

Conference Session:  

Abstract/Keyterms: This report contains three communications presented at the Brookhaven conference 
which summarize some of the most important results of the experiments carried out in 1956 on the G1 
reactor, the first French graphite pile. These experiments were performed and the results interpreted by the 
scientists and technicians of the reactor development department and the industrial direction; they are 
described in detail in CEA Report No. 670 AGP. 
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2151…..…..…………………..…….……..……ID Number…………………..…..…………….2151 

Author: Hendrie, Joseph M. 

Title: Graphite Temperature Coefficient of the Brookhaven National Laboratory Reactor 

Date: 10/31/1959 
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Abstract/Keyterms: This paper gives the results of a series of buckling measurements with enriched 
uranium in graphite lattices. The uranium enrichments used were 0.94%, 1.007%, 1.44%, and highly 
enriched (uranium greater than 90% by weight uranium-235). The bucklings were determined as a function 
of the lattice spacing; the effect of a water coolant channel on the buckling was also investigated. The 
experiments include the results for several hollow fuel elements. Data are also given on natural uranium 
bucklings which can be used for comparison with the enriched uranium cases. 
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exponential experiments and measurements made on the sodium reactor experiment. A series of exponential 
experiments was performed on lattices with 4.6, and 7-rod fuel clusters in a graphite moderator which could 
be arranged to provide one of three different lattice spacings. Lattice buckling and intracell flux distribution 
measurements were made. Experimental measurements in the sodium reactor experiment have not been 
completed to date. The measurements which have been made include determinations of the critical mass 
both with and without sodium in the reactor core and determination of neutron flux distributions, safety rod 
effectiveness, temperature coefficient, and the reactivity value of additional fuel elements beyond the 
critical loading. 
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an experimental check for certain reactor calculation methods and to evaluate a number of experimental 
procedures used in the Oak Ridge National Laboratory critical facility. In order to minimize uncertainties 
in subsequent measurements and calculations, the assembly was kept as simple as possible. The assembly 
approximated a uniformly loaded, unpoisoned, bare cube, containing relatively well-known reactor 
materials. This simple critical assembly proved to be an excellent tool for basic reactor physics studies. The 
size of the assembly was 51.0 x 51.0 x 44.11 inch, and the critical loading was 52.48 kg uranium-235. With 
the critical assembly as a model and assuming an extrapolation distance of 2 cm, a bare reactor, 32 group 
calculations gave a value 0.9912 for the effective multiplications. 
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uranium (93.5% uranium-235) graphite systems. Critical configurations for bare and graphite or beryllium 
reflected cores will be given for carbon to uranium atomic ratios of 600 to 1, 1200 to 1, and 2400 to 1. The 
results of experiments to determine the systematic errors will be given. This allows reduction of the critical 
size data to idealized geometries for comparison with neutronic calculations. By use of a pulsed neutron 
source, data on the prompt neutron population relaxation time as a function of buckling have been obtained. 
The experimental technique and resultant data will be discussed. A comparison of the critical buckling and 
time behavior data with a simple modified Fermi age theory will be made. This will include discussion of 
the prompt neutron lifetime effectiveness of the control and safety rod system, the bulk neutronic properties 
of the graphite, and self shielding effects of the uranium. 
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LASL Honeycomb remotely controlled machine. Information has been obtained on the critical masses of 
systems having carbon to oralloy ratios of 6650 and 4366. A third system at a smaller ratio is planned. The 
reactivity contribution of channels through the core and reflector was determined. 
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distributions were determined. The second set consisted of three assemblies with fixed core to determine 
the effect of redistributing reflector from the ends to the cylindrical wall. This series was done to provide 
the Los Alamos Scientific Laboratory’s theoretical division checks for a two-dimensional diffusion code. 
Flux distributions in the uniformly reflected assembly were mapped extensively with bare and cadmium 
shielded foils of oralloy, gold, and indium. The third set was to establish the minimum volume core at 
carbon to oralloy ratio about 350 that could be made critical with available beryllium. Experimental critical 
data converted to equivalent spherical systems are compared with results of S-4 calculations. 
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Abstract/Keyterms: A description of the Medical Research Reactor (MRR), a heterogeneous tank type 
reactor designed exclusively for medical and biological studies, is given. It is housed in a 60-ft-diameter 
cylindrical gas-tight steel building. The core contains a clean critical mass of 2.24 kg U235 in 17 fuel 
elements of standard curved-plate design. The MRR operates at power levels up to 3 Mw and is cooled by 
the forced circulation of water. The control-rod system consists of three B4C filled safety rods and one 
stainless-steel regulating rod which fit between fuel elements. Nuclear instrumentation includes a safety 
system which will set back or scram the reactor if two out of three identical channels are tripped. Heat 
generated in the dry graphite reflector surrounding the reactor vessel is removed by the flow of filtered air. 
Experimental facilities include two shielded rooms equipped with special treatment ports and vertical 20-
ton shutters. The measured radiation at the treatment port for 1-Mw power is 2.03 x 10/sup 10/ 
neutrons/cm/sup 2/sec (thermal) with an associated gamma fIux of 37 r/min. A broad beam experimental 
area located at the end of a thermal column is used for whole-body irradiation investigations. In addition to 
these facilities, three 4-in. horizontal thimbles, two tangential and one radial to the core, are contained in 
the MRR. 
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method 1, a sub-critical, cylindrical reactor lattice is placed in the neutron field of the Brookhaven reactor 
thermal column. The vertical relaxation length of the neutron-excited thermal neutron flux is then measured 
as a function of the loaded radius, and best values of buckling and reflector savings are found which fit the 
calculated functional dependence to the measured data. In the second procedure, that of the standard 
exponential experiment, buckling and reflector savings are determined from plots of the measured radial 
and axial variation of the thermal neutron flux, determined by foil exposure. Method 3 is essentially that of 
the critical assembly. Uranium is loaded in the presence of a Po-Be source until a k(eff) of 0.99 is attained. 
The source is then removed, and the lattice is partly unloaded by steps. Foil counting methods and 
experimental procedures for obtaining relaxation lengths and radial traverses are explained. Tabulated 
buckling measurements are given for 1.15 and 1.3% enrichment factors at 4:1, 3:1, 2:1, 1.5:1 volume ratios. 
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Distribution; Neutrons; Plates; Programming; Reactor Core; Reactors; Scattering; Spectra; Thermal 
Neutrons; Transport Theory 
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Conference/Journal:  
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Abstract/Keyterms: Buckling measurements at BNL have employed two experimental methods which in 
principle should yield identical results but in practice show a systematic and significant discrepancy. In this 
paper the experimental evidence of these errors is reviewed and their source is traced by means of theory 
to the radial flux transients which perturb the asymptotic neutron spectrum in the exponential assemblies. 
Some alternate and apparently more precise methods of analyzing the data are examined theoretically, 
including the possibility of anisotropy in the leakage probability. 
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Abstract/Keyterms: Physics; Bismuth; Blankets; Breeding; Burnup; Criticality; Dispersions; Economics; 
Fission Products; Fluids; Fuel Solutions; Fuels; Fused Salts; Intermetallic Compounds; Leaching; Lead; 
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Waste Disposal; Waste Processing 
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Abstract/Keyterms: Comprehensive experiment analysis for Brookhaven thermal and fast critical 
experiments. 
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Title: Criticality Measurements on Nearly-Homogeneous Enriched Uranium-Graphite Systems 

Date: 3/1/1968 

Report: BNL-12407 (Rev) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accurate critical parameters have been obtained for bare, nearly homogeneous 
assemblies of enriched uranium and graphite having carbon/uranium atom ratios in the range 960 to 23,000. 
Among the quantities measured were k(eff), critical bucklings, extrapolation distances, spectral indices, 
and neutron lifetimes. Particular attention was paid to the problem of neutrons returning from the 
surroundings. 
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Conference Session:  

Abstract/Keyterms: Analysis of the nearly homogeneous enriched uranium-graphite critical assemblies 
described in the preceding paper by Phelps and Weinstock are reported in this paper. These assemblies are 
characterized mainly by their high leakage rate, and two methods are used for estimating the leakage: (1) 
the conventional B-1 approximation method and (2) the moments methods using Monte Carlo calculations 
for the moments of the slowing down distribution. It is found that the B-1 approximation describes the 
leakage effects quite accurately. Most of the cross sections used in the calculations are from the recent 
evaluated nuclear data file (ENDF/B). Results of calculations for k(eff), neutron lifetimes, and foil 
activation ratios are generally in excellent agreement with the measurements. 
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Abstract/Keyterms: Physics; Atmosphere; Brookhaven National Laboratory Criticality; Measured 
Values; Neutron Flux; Numericals; Pressure; Reactivity; Reactors; Startup; Variations 
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Title: The Brookhaven Nuclear Reactor: Theory and Nuclear Design Calculations 
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Abstract/Keyterms: Physics; Air; Buckling; Control Elements; Criticality; Equations; Errors; Gas 
Coolant; Graphite Moderator; Multiplication Factors; Natural Uranium Fuel; Planning; Poisoning; 
Reactivity; Reactors; Rods; Temperature; Uranium; Volume; Xenon 
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Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Research & Test Reactors & 
Critical Assemblies-Kinetics & Dynamics; Criticality; Fast Reactors; Reactor Kinetics; Tables; ZPR-3; 
ZPR-6; ZPR-9 



 

C-2209 

2203…..…..…………………..…….……..……ID Number…………………..…..…………….2203 

Author: Chernick, J. 

Title: The Dependence of Reactor Kinetics on Temperature 

Date: 12/20/1951 

Report: BNL-173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Numericals; Perturbation Theory; 
Reactivity; Reactor Kinetics; Reactors; Temperature; Variations 
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Title: Cross Section Evaluation Working Group Benchmark Specifications 

Date: 11/1/1974 

Report: BNL-19302 

Conference/Journal: ENDF-202 National Neutron Cross Section Center, Brookhaven National 
Laboratory 

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-001, HEU-MET-FAST-001, PU-SOL-THERM-018, PU-MET-
FAST-001, PU-MET-FAST-002, U233-MET-FAST-001; The utilization of integral experiments has been 
widely accepted by the CSEWG community as a mechanism for validation of the ENDF/B data files. Over 
the past half dozen years a number of fast integral experiments have been given recognizance as CSEWG 
Fast Reactor Benchmarks. These benchmarks have been specified at various times by various people. These 
efforts are recognized as having been very worthwhile. This report represents an attempt by the CSEWG 
community to systematically present specifications for the currently accepted Fast Reactor Benchmarks. 
Specifications for these benchmarks conform to an agreed upon format. All accepted benchmarks have been 
reviewed for completeness and accuracy of the experimental information. It is anticipated that from time to 
time additional benchmarks will be generated from now available integral experiments. With the 
establishment and acceptance of a standard specification format, it is believed that the problems of passing 
from experiment to benchmark will be minimized. 
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Report 
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Conference/Journal:  
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Abstract/Keyterms: The HFBR Spent Fuel Shipping Cask as modified for shipping longer fuel elements 
is described in detail and evaluated against ERDAM 0529 standards for packaging; structural integrity 
under uniform loading or external pressure; criticality; normal transport conditions; hypothetical accident 
conditions; quality assurance; and operating procedures. 
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Abstract/Keyterms: Measurements of thermal utilization for LEU rod lattices. 
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Abstract/Keyterms: Measurements of thermal utilization for LEU rod lattices. 
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Report: BNL-2849 
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Abstract/Keyterms: Measurements of thermal utilization for LEU rod lattices. 
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Title: Critical Assemblies of Light Water Moderated, Slightly Enriched Uranium Rod Lattices at 
Brookhaven Hazards Report 

Date: 2/28/1956 

Report: BNL-3145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiment Design, Plan, Accident Analysis, and Safety Requirements for Leu Rod 
Lattice Experiments 
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Title: Critical Assemblies of Light Water Moderated, Slightly Enriched Uranium Rod Lattices at 
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Abstract/Keyterms: Expanded scope of BNL-3145 to cover smaller-diameter fuel rods. 
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Title: Lecture Notes for Criticality Safety 

Date: 3/1/1992 

Report: BNL-47594 

Conference/Journal:  
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Abstract/Keyterms: These lecture notes for criticality safety are prepared for the training of Department 
of Energy supervisory, project management, and administrative staff. Technical training and basic 
mathematics are assumed. The notes are designed for a two-day course, taught by two lecturers. Video tapes 
may be used at the options of the instructors. The notes provide all the materials that are necessary but 
outside reading will assist in the fullest understanding. The course begins with a nuclear physics overview. 
The reader is led from the macroscopic world into the microscopic world of atoms and the elementary 
particles that constitute atoms. The particles, their masses and sizes and properties associated with 
radioactive decay and fission are introduced along with Einstein’s mass-energy equivalence. Radioactive 
decay, nuclear reactions, radiation penetration, shielding and health-effects are discussed to understand 
protection in case of a criticality accident. Fission, the fission products, particles and energy released are 
presented to appreciate the dangers of criticality. Nuclear cross sections are introduced to understand the 
effectiveness of slow neutrons to produce fission. Chain reactors are presented as an economy; effective 
use of the neutrons from fission leads to more fission resulting in a power reactor or a criticality excursion. 
The six-factor formula is presented for managing the neutron budget. This leads to concepts of material and 
geometric buckling which are used in simple calculations to assure safety from criticality. Experimental 
measurements and computer code calculations of criticality are discussed. To emphasize the reality, 
historical criticality accidents are presented in a table with major ones discussed to provide lessons-learned. 
Finally, standards, NRC guides and regulations, and DOE orders relating to criticality protection are 
presented. 
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Title: Benchmark Eigenvalue Spectrum Calculations with Anisotropic Effects 

Date: 1/1/1993 

Report: BNL-48228; CONF-930651-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Complete eigenvalue spectrum calculations are usually performed for benchmark 
analysis to compare the accuracy of various approximate methods. In one-speed criticality studies the most 
accurate methods either rely on analytical techniques (singular eigenfunction) or high order spatial 
expansion (Carlvik's method). The extension of these techniques to calculate higher order anisotropy is 
somewhat cumbersome and rarely done in practice. In this paper, a low spatial order technique is examined 
for its capability to produce accurate benchmark results with higher order of anisotropy. In the past, the use 
of low-order methods were generally discarded for this type of calculation due to the large computer 
memory and time requirements. With the recent development and availability of greatly improved 
computing power, these limitations are largely removed and low order spatial approximations may also 
produce accurate solutions. 
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Report: BNL-50012-(T-434) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of material buckling and thermal neutron flux distributions were made 
in exponential lattices containing the "kilo-rod" fuel pins. The purpose of these measurements was to 
provide a few definitive data points which can be used to verify design calculations for large power reactors 
utilizing uranium-233 and thorium fuel with organic coolant and heavy water moderator. Consequently, a 
few lattices were chosen which were consistent with the conceptual design of such a reactor, after 
consultation with representatives of the Babcock and Wilcox Company. The "kilo-rod" fuel pins are not 
particularly well suited for these experiments because of their high uranium-233 content and short active 
fuel length. Consequently, stainless steel canisters were incorporated in the design to reduce the material 
buckling and to allow full utilization of the 800 "kilo-rod" fuel pins which were available. In addition, it 
was decided to make the measurements in a bare assembly, i.e. unreflected assembly, in order to minimize 
the effects of neutron spectral transients. 
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Title: Minimum Reflection Critical Facility 

Date: 12/31/1966 

Report: BNL-50023-(S-69) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This facility has been used for a series of experiments with a semihomogeneous 
distribution of uranium-235 in a graphite moderator matrix. The assemblies studied have been large 
rectangular arrays, mounted on a V-frame structure on a platform about 20 feet above ground level. The 
experiments have been designed to be as near as possible to ideal homogeneous structures of the simplest 
kind to facilitate their use in tests of calculational methods and cross sections. Thus the fuel has been 
relatively thin uranium-aluminum alloy, with low neutron self-absorption, sandwiched between graphite 
layers. Measurements have included a wide variety of parameters of interest in the testing of theory 
traverses), the moderator-to-fuel neutron disadvantage factor, the prompt neutron generation time, the 
temperature coefficient, spectral indices, etc. The measurements have been made on six assemblies with a 
range of about 23, 000 to 950 in atom ratios of carbon to uranium-235. During the past year, the final 
measurements in this program have been completed. These were made on the most heavily fueled assembly 
of the set. The critical dimensions were found to be 38.7 x 40.0 x 72.0 inch, and the critical mass was 63 
kg uranium-235. The exact carbon/uranium-235 atom ratio was 958. The buckling was deduced from 
measurements of both the thermal and epithermal flux distributions, and was found to be (20.82 ± 0.14)E-
4 cm-2. This number must still be corrected slightly for the effects of residual return of been measured with 
all assemblies but the last one of the set. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Aluminum; 
Californium 254; Critical Assemblies; Criticality; Exponential Piles; Fast Neutrons; Fluid Flow; Graphite; 
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Abstract/Keyterms: Engineering-Heat Transfer & Fluid Flow; Engineering-Facilities & Equipment; 
Engineering-Radioactive Material Handling; -Physics-Fluid Physics; Accidents- Adsorption- Aerosols- 
Diffusion- Fission Products- LMFBR- Losses- Mockup- Numericals- Radioactivity- Reaction Kinetics- 
Reactors- Sodium- Transport; Adsorption- Burnup- Design- Fuels- Glass- Krypton- Melting- Phosphates- 
Pilot Plant- Radioactive Wastes- Reactors- Solidification- Testing- Waste Disposal; Boiling- Fuel 
Elements- Heat Transfer- Liquid Metals- Magnetohydrodynamics- Metals- Mockup- Rods; Cermets- 
Criticality- Design- Fuels- Molybdenum- Molybdenum Alloys- Numericals- Plutonium Oxides- Research 
Reactors- Testing- Uranium Alloys 
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Title: Guidelines for Gamma-Ray Spectroscopy Measurements of U235 Enrichment 

Date: 3/1/1974 

Report: BNL-50414 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Accountability & Safeguards-Technical; 
Safeguards- Measuring Methods; Uranium 235- Radiometric Analysis; Enriched Uranium; Gamma 
Spectroscopy; Nuclear Materials Management 
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Title: Evaluation of High Plutonium Isotopes for the German Nuclear Data File KEDAK 

Date: 5/1/1979 

Report: BNL-50991 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Evaluations performed at KFK for high plutonium isotopes above the resolved 
resonance region are described. The data discussed are capture cross sections for 240Pu, 241Pu, and 242Pu 
and the fission cross section for 241Pu. The evaluated data have the effect of reducing k(eff) for assemblies 
with high 240Pu content. For the dirty Jezebel assembly this reduction is 1.17%. The contribution of the 
evaluated data in reducing the discrepancy between the calculated and experimental values of the sodium 
void effect is more than 5%. 
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Abstract/Keyterms: A preliminary evaluation of 242Pu nuclear data is presented for the neutron energy 
range from 10 keV to 20 MeV. The fission cross section is based upon recent experimental measurements 
on 242Pu. The remaining cross sections were calculated by use of various nuclear models with parameters 
obtained mainly by both fits on 240Pu experimental data and general reflexions on the actinides. Particular 
care was taken of the direct interactions. The laws of secondary neutron energy spectra and the average 
number of neutrons produced per fission were evaluated. The results were put in ENDF/B-IV format and 
combined with the low-energy region of ENDF/B-IV MAT = 1161 data to make complete the evaluation 
over the whole energy range 10$sup-5$ eV to 20 MeV. Finally, the sensitivities of some of these nuclear 
data available for reactor calculations are given in terms of the variation of the calculated critical masses. 
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Abstract/Keyterms: The U.S. Atomic Energy Commission contracted with the General Electric Company 
to design, construct, and operate the Southwest Experimental Fast Oxide Reactor (SEFOR) to measure the 
Doppler effect for fast neutron breeder reactors. It contracted with Nuclear Fuel Services to fabricate the 
fuel rods for the reactor. When the reactor went critical in May, 1969, it appeared that some of the mixed 
uranium-plutonium oxide (MOX) fuel rods did not contain the specified quantity of plutonium. The SEFOR 
operators soon found several fuel rods which appeared to be low in plutonium. The safeguards group at 
Brookhaven was asked to look into the problem and, if possible, determine how much plutonium was 
missing from the unirradiated rods and from the larger number which had been slightly irradiated in the 
reactor. It was decided that the plutonium content of the unirradiated and irradiated rods could be measured 
relative to a reference rod using a high resolution gamma-ray detector and by neutron measurements using 
an auto-correlation circuit recently developed at the Naval Research Laboratory (NRL). During the next 
two years, Brookhaven personnel and C.V. Strain of NRL made several trips to the SEFOR reactor. About 
250 of the 775 rods were measured by two or more methods, using a sodium-iodide detector, a high-
resolution germanium detector, a neutron detector, or the reactor (to measure reactivity). The research team 
concluded that 4.6 [+-] 0.46 kg of plutonium was missing out of the 433 kg that the rods should have 
contained. This report describes the SEFOR experiment and the procedures used to determine the material 
unaccounted for, or MUF. 
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Report: BNL-5412 

Conference/Journal:  
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Abstract/Keyterms: Flux flattening by nonuniform fuel loading and nonuniform moderation was 
proposed. It is noted that the use of nonuniform moderation usually causes P, the resonance escape 
probability, to vary in most practical reactors. An alternate method is to vary P by changing the S/M ratio 
of the fuel, keeping the fuel loading and moderation uniform. For certain choices of reactor and reflector, a 
comparatively small variation in P is necessary. Two-group equations are included for a uniform loading, 
uniform thermal flux, and uniform moderation. Two critical equations are also included along with an 
example of flux flattening by variation of P. 
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Abstract/Keyterms: General and Miscellaneous; Absorption; Activated Carbon; Activation; Adsorption; 
Aluminum; Aluminum Alloys; Aluminum Oxides; Angular Distribution; Anisotropy; Aromatic 
Hydrocarbons; Bismuth; Bismuth Alloys; Bromine; Bromine Fluorides; Buckling; Burnup; Chemical 
Reactions; Chromium Alloys; Cobalt Fluorides; Control; Copper Alloys; Corrosion; Counter Current; 
Critical Assemblies; Criticality; Cross Sections; Degassing; Diagrams; Diffusion; Distribution; 
Dysprosium 164; Efficiency; Electrochemistry; Energy; Energy Range; Enrichment; Eutectics; eV Range; 
Exponential Piles; Extraction Columns; Fast Fission Factor; Flowmeters; Fluidization; Fluorinated 
Hydrocarbons; Fluorinal 
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Date: 10/31/1961 

Report: BNL-646 
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Abstract/Keyterms: General and Miscellaneous; Absorption; Activation; Adsorption; Anisotropy; 
Aromatic Hydrocarbons; Beryllium; Bismuth; Bismuth Alloys; Chemical Reactions; Critical Assemblies; 
Criticality; Cross Sections; Decomposition; Diffusion; Distribution; Dysprosium 164; Electric Charges; 
Energy Range; Europium 151; eV Range; Fast Fission Factor; Fission Products; Fluorinated Hydrocarbons; 
Fuels; Fused Salts; Gamma Sources; GBF Graphite; Graphite; Heat Transfer; HFBR; High Temperature; 
Hydrofluoric Acid; Iodine; Irradiation; Lead Chlorides; Liquid Metals; Measured Values; Mixing; 
Moderators; Monte Carlo Method; Neutron Flux; Neutron Sources; Neutrons; Nitrogen Oxides; 
Numericals; 
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Abstract/Keyterms: The reactor is designed to provide very intense neutron beams and beams that are 
tailored to particular experiments. Critical experiments were performed to select the parameters for the 
reactor and its facilities. Experiments pertaining to beam tube optimization are discussed along with the 
design of the reactor and its facilities. 
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Abstract/Keyterms: Methods of calculating the Snell Experiment” (the exponential experiment in natural 
uranium) are examined. It is found that integral transport theory is required for accurate predictions. The 
effect of spatial transients upon measured quantities is studied and it is found that experiments have not 
been done in a large enough mass of uranium to achieve an asymptotic neutron distribution. However, 
deviations from the asymptotic values of integral quantities are not large and corrections are calculated and 
applied to recent experiments. It is shown that the use of recent cross section data improves the agreement 
between theory and experiment. The relaxation length and all spectral indices are in fairly good agreement 
except for Np237 to U238 average fission cross section ratio. 



 

C-2232 

2226…..…..…………………..…….……..……ID Number…………………..…..…………….2226 

Author: Reynolds, J. H. ed. 

Title: Nuclear Engineering Department Progress Report, May 1-August 31, 1961 

Date: 10/31/1962 

Report: BNL-696 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory. Reactor Physics Studies of Settled Bed Fuel Reactors Were Obtained 
Over the Full Density Range of Na for the Several Reactor Types Under Consideration. Design Studies of 
Reactor Safety of the HFBR Under Meltdown Conditions Were Completed. Studies of Fuel Storage 
Configurations are Continuing. Studies of High Conversion Ratio, Pu-Fueled Reactors are Continuing. It 
is Found that Specific Powers of Up to 2 Mw (Thermal) / Kg Pu are Obtainable with D2O Cooled Rod 
Clusters of Low Pu Content. the Investigation of the Radiation Field in a Polymerization Vessel Was 
Completed. the Systematic Comparison of Theory and Experiment Was Extended to Integral Measurements 
of Resonance Capture in U-H2O Lattices, to U238 / U235 Fission Ratios Measured in Snell Experiments, 
and in Single Rods in Graphite. Theoretical Calculations of the Thermal Diffusion Length and Diffusion 
Cooling Coefficient in Water and Disadvantage Factors in Water Moderated Slab Lattices Were Compared 
with Recent BNL Experimental Data. the Detailed Comparison of the Anisotropic Neutron Spectrum in the 
Campbell-Poole Lattice Was Completed. Calculations of Criticality in Be Moderated Experimental 
Assemblies are Continuing. More General Work Reported Includes Calculations of Resonance Capture in 
D2O as Well as H2O Cooled Lattices, Transport Theory Calculations of Thermal Diffusion Anisotropy in 
Slab Lattices, Fission Product Poisoning in Fast Reactors, Xe Instability, Neutron Thermalization, and 
Temperature Coefficients of Heterogeneous Reactors, Experimental Reactor Physics. During This Quarter 
Work Continued on the Slightly Enriched U and Uranium Oxide, Light Water Moderated Lattices. 
Additional Pulsed-Neutron and HFBR Experiments Were Carried Out. Measurements Were Performed on 
the 1.3% Enriched Slab Lattice with a Volume Ratio of 1.5:1, the 3% Enriched 1.5 : 1 Uranium Oxide 
Lattice with Poison, Miniature Slab Lattices of All Volume Ratios and Miniature Oxide Lattices of Various 
Volume Ratios.-Other Topics Included are Chemistry; Chemical Technology; Engineering; Hot 
Laboratory; Metallurgy; and Mechanical Engineering 
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Author: Hellens, R. L. / Price, G. A. 

Title: A Review of the Reactor Physics Data for Slightly Enriched Uranium, Water- Moderated Lattices 

Date: 5/1/1963 

Report: BNL-6975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The methods commonly used in making buckling, critical loading, and cell parameter 
measurements are reviewed, and the results of such measurements are summarized. Only simple uniform 
and multiregion lattice experiments are considered. The experimental work done at each of the laboratories 
involved is summarized. The methods of interpreting the various lattice measurements are briefly discussed, 
with emphasis on the sources of systematic errors. 
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Author: Chernick, J. 

Title: Characteristics of Fast Settled-Bed Reactors 

Date: 10/1/1963 

Report: BNL-7592; CONF-334-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fast Settled Bed Reactor is a high-temperature, particulate-fueled, breeder 
concept being studied at Brookhaven. The core is a pot of densely packed fuel lumps through which a liquid 
metal is pumped downward. During reactor shutdown, the flow is reversed and the bed is fluidized for 
removal. Two alternate reactor designs are shown. The geometrical stability of the reactor and the effects 
of container walls and compaction on the packing densities are discussed. A zero-power critical experiment 
being planned to study the stability and control of a settled bed reactor is described. 
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Author: Kim, H. / Lee, Y. -O. / Herman, M. / Mughabghab, S. F. / Oblozinsky, P. / Rochman, D. 

Title: New ENDF/B-VII.0 Evaluations of Neutron Cross Sections for 32 Fission Products. 

Date: 4/22/2007 

Report: BNL-78105-2007-CP 

Conference/Journal: International Conference on Nuclear Data for Science and Technology (ND2007); 
Apr. 22, 2007 - Apr. 27, 2007; Nice, France 

Conference Session:  

Abstract/Keyterms: Neutron cross sections for fission products play important role not only in the design 
of extended burnup core and fast reactors, but also in the study of the backend fuel cycle and the criticality 
analysis of spent fuel. New evaluations in both the resonance and fast neutron regions were performed by 
the KAERI-BNL collaboration for 32 fission products. These were {sup 95}Mo, {sup 101}Ru, {sup 
103}Rh, {sup 105}Pd, {sup 109}Ag, {sup 131}Xe, {sup 133}Cs, {sup 141}Pr, and complete isotope chains 
of {sup 142-148,150}Nd, {sup 144,147,148-154}Sm, and {sup 156,158,160-164}Dy. The evaluations 
cover a large amount of reaction channels, including all those needed for neutronics calculations. Also, they 
cover the entire energy range, from 10{sup -5} eV to 20 MeV, including the thermal, resolved, and 
unresolved resonance regions, and the fast neutron region. 
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Author: Ghatak, A. K. / Honeck, H. C. 

Title: Approach to Equilibrium of a Neutron Pulse in Graphite 

Date: 2/1/1964 

Report: BNL-7823; CONF-446-44 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Diagrams; Differential Equations; 
Equations; Equilibrium; Graphite; Integrals; Mathematics; Neutrons; Numericals; Pulses; Stability 
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Author: Pigni, M. T. / Herman, M. / Oblozinsky, P. / Rochman, D. 

Title: Low-Fidelity Cross Section Covariances for 219 Fission Products in the First Neutron Region. 

Date: 4/27/2007 

Report: BNL-79261-2007-IR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An extensive set of covariances for neutron cross sections in the energy range 5 keV-
20 MeV has been developed to provide initial, low-fidelity but consistent uncertainty data for nuclear 
criticality safety applications. The methodology for the determination of such covariances combines the 
nuclear reaction model code EMPIRE, which calculates sensitivity to nuclear reaction model parameters, 
and the Bayesian code KALMAN to propagate uncertainty of the model parameters to cross sections. 
Taking into account the large scale of the project (219 fission products), only partial reference to 
experimental data has been made. Therefore, the covariances are, to a large extent, derived from the 
perturbation of several critical model parameters selected through the sensitivity analysis. These parameters 
define optical potential, level densities and pre-equilibrium emission. This work represents the first attempt 
ever to generate nuclear data covariances on such a scale. 
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Author: Pigni, M. T. / Herman, M. / Oblozinsky, P. / Rochman, D. 

Title: Extensive Set of Low-Fidelity Covariances in Fast Neutron Region. 

Date: 7/30/2007 

Report: BNL-79512-2007-CP 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An extensive set of covariances for neutron cross sections has been developed to 
provide initial, low-fidelity but consistent uncertainty data for nuclear criticality safety applications. The 
methodology for the determination of such covariances in fast neutron region is presented. It combines the 
nuclear reaction code EMPIRE, which calculates sensitivity to nuclear reaction model parameters and the 
Bayesian code KALMAN to propagate uncertainty of the model parameters onto cross sections. Taking 
into account the large scale of the project (219 fission products), only partial reference to experimental data 
has been made. Therefore, the covariances are, to a large extent, derived from the perturbation of several 
critical model parameters selected through the sensitivity analysis. They define optical potential, level 
densities and pre-equilibrium emission. This exercise represents the first attempt to generate nuclear data 
covariances on such a scale. 
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Author: Pigni, M. T. / Herman, M. / Oblozinsky, P. 

Title: Low-Fidelity Covariances for Neutron Cross Sections on 57 Structural and 31 Heavy Nuclei in the 
Fast Region. 

Date: 3/1/2008 

Report: BNL-79985-2008-IR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: We produced a large set of neutron cross section covariances in the energy range of 
5 keV-20 MeV. The present set of data on 57 structural materials and 31 heavy nuclei follows our earlier 
work on 219 fission product materials and completes our extensive contribution to the low-fidelity 
covariance project (307 materials). This project aims to provide initial, low-fidelity yet consistent estimates 
of covariance data for nuclear criticality safety applications. The evaluation methodology combines the 
nuclear reaction model code EMPIRE which calculates sensitivity to nuclear reaction model parameters, 
and the Bayesian code KALMAN that propagates uncertainties of the model parameters to cross sections. 
Taking into account the large scale of the project, only marginal reference to experimental data was made. 
The covariances were derived from the perturbation of several key model parameters selected by the 
sensitivity analysis. These parameters refer to the optical model potential, the level densities and the 
strength of the pre-equilibrium emission. This work represents the first attempt ever to generate nuclear 
data covariances on such a large scale. 
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Author: Arcilla, R. / Kahler, A. C. / Oblozinsky, P. / Herman, M. 

Title: Processing Neutron Cross Section Covariances Using NJOY-99 and PUFF-IV 

Date: 6/24/2008 

Report: BNL-81628-2008-CP 

Conference/Journal: Covariance Workshop; Port Jefferson, New York ; 20080624 through 20080627 

Conference Session:  

Abstract/Keyterms: With the growing demand for multigroup covariances, the National Nuclear Data 
Center (NNDC) has been experiencing an upsurge in its covariance data processing activities using the two 
US codes NJOY-99 (LANL) and PUFF-IV (ORNL). The code NJOY-99 was upgraded by incorporating 
the new module ERRORJ-2.3, while the NNDC served as the active user and provided feedback. The 
NNDC has been primarily processing neutron cross section covariances on its 64-bit Linux cluster in 
support of two DOE programs, the Global Nuclear Energy Partnership (GNEP) and the Nuclear Criticality 
Safety Program (NCSP). For GNEP, the NNDC used NJOY-99.259 to generate multigroup covariance 
matrices of {sup 56}Fe, {sup 23}Na, 239Pu, 235U and 238U from the JENDL-3.3 library using the 15-, 
33-, and 230-energy group structures. These covariance matrices will be used to test a new collapsing 
algorithm which will subsequently be employed to calculate uncertainties on integral parameters in different 
fast neutron-based systems. For NCSP, we used PUFF-IV 1.0.4 to verify the process-ability of new 
evaluated covariance data of 55Mn, 239Pu, 233U, 235U and 238U generated by a collaboration of ORNL 
and LANL. For the data end-users at large, the NNDC has made available a Web site which provides a 
static visualization interface for all materials with covariance data in the four major data libraries: ENDF/B-
VI.8 (47 materials), ENDF/B-VII.0 (26 materials), JEFF-3.1 (37 materials) and JENDL-3.3 (20 materials) 
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Author: Honeck, H. C. / Quiquemelle, B. C. 

Title: Anisotropic Migration in Slab Lattices 

Date: 2/25/1965 

Report: BNL-8950; CONF-650504-1 

Conference/Journal: AEA Symposium on Pulsed Neutron MEthods, Karlsruhe 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum; Anisotropy; Critical 
Assemblies; Diagrams; Differential Equations; Diffusion Length; Integrals; Lattices; Mixing; Neutrons; 
Numericals; Reactors; Tables; Thickness; Volume; Water 
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Author: n.a. 

Title: Nuclear Engineering Department Annual Report, December 31, 1964 

Date: 10/31/1965 

Report: BNL-900 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; General; Absorption; Angular Distribution; Buckling; Capture; 
Chemical Reactions; Criticality; Cross Sections; Diffusion Length; Excursions; Fast Fission Factor; Fermi 
Age; Laboratory Equipment; Lifetime; Metallurgy; Multiplication Factors; Neutron Flux; Planning; 
Radiochemistry; Reactivity; Reactor Oscillators; Reactors; Resonance Escape Probability; Scattering; 
Slowdown; Thermal Fission Factor; Thermal Utilization; Transfer Functions; Transients 
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Author: Shotkin, L. M. 

Title: Centers and Limit Cycles in Reactor Kinetics 

Date: 3/1/1965 

Report: BNL-9010; CONF-650406-3 

Conference/Journal: Symposium on Neutron Dynamics and Control, Tucson, Ariz. Orig. Receipt Date: 
31-DEC-65 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Distribution; 
Equations; Mathematics; Neutrons; Numericals; Reaction Kinetics; Reactors; Tables; Xenon 
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Author: Chernick, J. 

Title: Evolution of the Finite Escape Time Concept in Reactor Kinetics 

Date: 3/1/1965 

Report: BNL-9011; CONF-650406-4 

Conference/Journal: Symposium on Neutron Dynamics and Control, Tucson, Ariz. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Excursions; 
Integrals; Nuclear Models; Numericals; Reaction Kinetics; Reactivity; Reactors; Temperature; 
Thermodynamics 
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Author: McLane, V. 

Title: ENDF-201, ENDF/B-VI summary documentation supplement 1, ENDF/HE-VI summary 
documentation 

Date: 12/1/1996 

Report: BNL-9011; CONF-650406-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The National Nuclear Data Center (NNDC) provides coordination for and serves as 
the secretariat to the Cross Section Evaluation Working Group (CSWEG). CSEWG is responsible for the 
oversight of the ENDF/B Evaluated Nuclear Data File. All data are checked and reviewed by CSEWG, and 
the file is maintained at the NNDC. For a description of the ENDF/B-VI file, see the ENDF-102 Data 
Formats and Procedures for the Evaluated Nuclear Data File ENDF-6. The purpose of this addendum to the 
ENDF/B-VI Summary Documentation is to provide documentation of Releases 1, 2, 3, and 4 for the 
ENDF/B-VI and ENDF/HE-VI evaluated nuclear data libraries. These releases contain many new and 
revised evaluations for the neutron, photo-atomic interaction, radioactive decay data, spontaneous fission 
product yield, neutron-induced fission product yield, thermal neutron scattering, proton, deuteron, and triton 
sublibraries. The summaries have been extracted mainly from the ENDF/B-VI File 1 comments (MT = 
451), which have been checked, edited, and may also include supplementary information. Some summaries 
have been provided by the evaluators in electronic format, while others are extracted from reports on the 
evaluations. All references have been checked and corrected, or updated where appropriate. A list of the 
laboratories which have contributed evaluations used in ENDF/B-VI is given. 
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Author: Sehgal, B. R. / Goldstein, R. 

Title: Intermediate Resonance Absorption in Heterogeneous Media Including Moderator Scattering 

Date: 7/1/1965 

Report: BNL-9393; CONF-651101-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Energy Range; eV Range; 
Moderators; Neutrons; Reactors; Resonance; Scattering; Uranium 238; USA; Washington; Washington DC 
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Author: Akcasu, A. Z. / Osborn, R. K. 

Title: Application of Langevin's Technique to Space- and Energy-Dependent Noise Analysis 

Date: 9/1/1966 

Report: BNL-9533 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Akcasu, A. Z. / Shotkin, L. M. 

Title: Power Oscillations and the Describing Function in Reactors with Linear Feedback 

Date: 1/1/1965 

Report: BNL-9563 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Criticality; Equations; 
Frequency; Fuels; Neutrons; Oscillations; Power; Pulses; Reactivity; Reactors; Stability; Temperature 
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Author: Sastre, C. 

Title: HFBR Physics Startup Manual 

Date: 10/1/1965 

Report: BNL-9591 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Control Elements; Coolants; 
Criticality; Fluid Flow; Helium; HFBR; Lifetime; Measured Values; Neutrons; Pressure; Reactivity; 
Reactor Core; Reactor Fueling; Research Reactors; Rods; Sampling; Standards; Startup; Temperature; 
Xenon 
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Author: Stephenson, Thomas E. 

Title: The Neutron Cross Section of Sodium Below 40 keV 

Date: 12/1/1965 

Report: BNL-961 (T-401) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Properties and Reactions; Absorption; Cross Sections; eV Range; 
KeV Range; Neutron Beams; Neutrons; Nuclear Reactions; Numericals; Resonance; Scattering; Sodium; 
Spin 
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Author: Lavine, M. M. 

Title: Monte Carlo Methods in Resonance Absorption 

Date: 10/1/1965 

Report: BNL-9644; CONF-660203-1 

Conference/Journal: National Topical Meeting on Reactor Physics in the Resonance and Thermal 
Regions, San Diego, Calif. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Bibliography; Computers; 
Cross Sections; Doppler Effect; Monte Carlo Method; Neutrons; Numericals; Programming; Reactor Core; 
Reactors; Resonance; Resonance Escape Probability; Transport Theory 
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Author: Chadwick, M. B. / Herman, M. / Author / Herman, M. / Oblozinsky, P. / Dunn, M. E. / Danon, 
Y. / Kahler, A. C. / et al. 

Title: ENDF/B-VII.1 Nuclear Data for Science and Technology: Cross Sections, Covariances, Fission 
Product Yields and Decay Data 

Date: 12/1/2011 

Report: BNL-96636-2011-JA 

Conference/Journal: Nuclear Data Sheet Journal; Journal Volume: 112; Journal Issue: 12 

Conference Session:  

Abstract/Keyterms: The ENDF/B-VII.1 library is our latest recommended evaluated nuclear data file for 
use in nuclear science and technology applications, and incorporates advances made in the five years since 
the release of ENDF/B-VII.0. These advances focus on neutron cross sections, covariances, fission product 
yields and decay data, and represent work by the US Cross Section Evaluation Working Group (CSEWG) 
in nuclear data evaluation that utilizes developments in nuclear theory, modeling, simulation, and 
experiment. The principal advances in the new library are: (1) An increase in the breadth of neutron reaction 
cross section coverage, extending from 393 nuclides to 423 nuclides; (2) Covariance uncertainty data for 
190 of the most important nuclides, as documented in companion papers in this edition; (3) R-matrix 
analyses of neutron reactions on light nuclei, including isotopes of He, Li, and Be; (4) Resonance parameter 
analyses at lower energies and statistical high energy reactions for isotopes of Cl, K, Ti, V, Mn, Cr, Ni, Zr 
and W; (5) Modifications to thermal neutron reactions on fission products (isotopes of Mo, Tc, Rh, Ag, Cs, 
Nd, Sm, Eu) and neutron absorber materials (Cd, Gd); (6) Improved minor actinide evaluations for isotopes 
of U, Np, Pu, and Am (we are not making changes to the major actinides {sup 235,238}U and 239Pu at this 
point, except for delayed neutron data and covariances, and instead we intend to update them after a further 
period of research in experiment and theory), and our adoption of JENDL-4.0 evaluations for isotopes of 
Cm, Bk, Cf, Es, Fm, and some other minor actinides; (7) Fission energy release evaluations; (8) Fission 
product yield advances for fission-spectrum neutrons and 14 MeV neutrons incident on 239Pu; and (9) A 
new decay data sublibrary. Integral validation testing of the ENDF/B-VII.1 library is provided for a variety 
of quantities: For nuclear criticality, the VII.1 library maintains the generally-good performance seen for 
VII.0 for a wide range of MCNP simulations of criticality benchmarks, with improved performance coming 
from new structural material evaluations, especially for Ti, Mn, Cr, Zr and W. For Be we see some 
improvements although the fast assembly data appear to be mutually inconsistent. Actinide cross section 
updates are also assessed through comparisons of fission and capture reaction rate measurements in critical 
assemblies and fast reactors, and improvements are evident. Maxwellian-averaged capture cross sections at 
30 keV are also provided for astrophysics applications. We describe the cross section evaluations that have 
been updated for ENDF/B-VII.1 and the measured data and calculations that motivated the changes, and 
therefore this paper augments the ENDF/B-VII.0 publication 'ENDF/B-VII.0: Next Generation Evaluated 
Nuclear Data Library for Nuclear Science and Technology,' Nuclear Data Sheets 107, 2931 (2006). 
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Conference/Journal:  

Conference Session:  
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Author: Cross Section Evaluation Working Group 

Title: ENDF/B-VI Summary Documentation 

Date: 1/1/1991 

Report: BNL-NCS-17541 (ENDF-201) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This publication provides a localized source of descriptions for the evaluations 
contained in the ENDF/B Library. The summary documentation presented is intended to be a more detailed 
description than the (File 1) comments contained in the computer readable data files, but not so detailed as 
the formal reports describing each ENDF/B evaluation. The summary documentations were written by the 
CSEWB (Cross Section Evaluation Working Group) evaluators and compiled by NNDC (National Nuclear 
Data Center). This edition includes documentation for materials found on ENDF/B Version V tapes 501 to 
516 (General Purpose File) excluding tape 504. ENDF/B-V also includes tapes containing partial 
evaluations for the Special Purpose Actinide (521, 522), Dosimetry (531), Activation (532), Gas Production 
(533), and Fission Product (541-546) files. The materials found on these tapes are documented elsewhere. 
Some of the evaluation descriptions in this report contain cross sections or energy level information. 
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Author: Rose, P.F. 

Title: ENDF/B Summary Documentation 

Date: 10/1/1991 

Report: BNL-NCS-17541; ENDF-201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Responsibility for oversight of the ENDF/B Evaluated Nuclear Data file lies with the 
Cross Section Evaluation Working Group (CSEWG), which is comprised of representatives from various 
governmental and industrial laboratories in the United States. Individual evaluations are provided by 
scientists at several US laboratories, including significant contributions by scientists from all over the 
world. In addition, ENDF/B-VI includes for the first time complete evaluations for three materials that were 
provided from laboratories outside the US. All data are checked and reviewed by CSEWG, and the data file 
is maintained and issued by the National Nuclear Data Center at Brookhaven National Laboratory. The 
previous version of the library, ENDF/B-V, was issued in 1979, and two revisions to the data file were 
provided in subsequent years, the latest occurring in 1981. A total of 75 new or extensively modified 
neutron sublibrary evaluations are included in ENDF/B-VI, and are summarized in this document. One 
incident proton sublibrary is described for Fe{sup 56}. The remaining evaluations in ENDF/B-VI have 
been carried over from earlier versions of ENDF, and have been updated to reflect the new formats. The 
release of ENDF/B-VI was carried out between January and June of 1990, with groups of materials being 
released on tapes.” Table 1 is an index to the evaluation summaries, and includes the material identification 
or MAT number, the responsible laboratory, and the tape” number. These evaluations have been released 
without restrictions on their distribution or use 
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Author: Rose, P. F. / Pearlstein, S. 

Title: Benchmark Data Testing for Thermal-Reactor Applications 

Date: 1/1/1981 

Report: BNL-NCS-29827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of the thermal reactor data testing effort is to determine the adequacy of 
basic cross section data in thermal reactor applications, and particularly for beginning of life criticality 
calculations. This data testing effort has (ENDF/B) sets, and thus has stimulated new differential data 
measurements and improved evaluations; provided standard calculated results against which approximate 
or newly developed accurate methods can be tested; identified inadequacies in Integral Experiments; and 
identified problems in specific calculational methods. 
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Title: Plans for ENDF/B-VI 
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Conference/Journal: International seminar on nuclear data, cross section libraries and their application 
in nuclear technology, Bonn, F.R. Germany, 1 Oct 1985 

Conference Session:  

Abstract/Keyterms: Evaluation techniques are discussed for the Evaluated Nuclear Data File (ENDF/B). 
Adequacies and deficiencies of the program are summarized for criticality, fission ratios, capture-to-fission 
ratios, and shielding parameters. In addition, objectives for the future are presented. Evaluated data for 
incident particles, namely protons, will be included in the file. Evaluation improvements are planned for 
material of interest to the fusion and fission reactor programs. Cross section evaluations for 238U(n,f) and 
238U(n, gamma..) 239Pu(n,f), for example, will be added to the traditional list which includes: /sup 
6/Li(n,t), /sup 10/B(n,..cap alpha..), /sup 197/Au(n,..gamma..) and 235U(n,f). 
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Title: ENDF-102 Data Formats and Procedures for the Evaluated Nuclear Data File ENDF-6 
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Conference/Journal:  
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Abstract/Keyterms: The ENDF formats and libraries are decided by the Cross Section Evaluation 
Working Group (CSEWG), a cooperative effort of national laboratories, industry, and universities in the 
US and Canada, and are maintained by the National Nuclear Data Center (NNDC). Earlier versions of the 
ENDF format provided representations for neutron cross sections and distributions, photon production from 
neutron reactions, a limited amount of charged-particle production from neutron reactions, photo-atomic 
interaction data, thermal neutron scattering data, and radionuclide production and decay data (including 
fission products). Version 6 (ENDF-6) allows higher incident energies, adds more complete descriptions of 
the distributions of emitted particles, and provides for incident charged particles and photo-nuclear data by 
partitioning the ENDF library into sublibraries. Decay data, fission product yield data, thermal scattering 
data, and photo-atomic data have also been formally placed in sublibraries. In addition, this rewrite 
represents an extensive update to the Version V manual. 
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2255…..…..…………………..…….……..……ID Number…………………..…..…………….2255 

Author: Majumdar, D. / Pyun, J. J. 

Title: Review of the Transition Phase of Core-Disruptive Accidents in LMFBRS 

Date: 8/15/1976 

Report: BNL-NUREG-21797 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present status of the core-disruptive phase of an accident in a Liquid Metal Fast 
Breeder Reactor (LMFBR) is reviewed. In addition, a critical survey of methods used in analyzing this 
phase is presented. Some general conclusions made in the review are summarized. 
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2256…..…..…………………..…….……..……ID Number…………………..…..…………….2256 

Author: Ludewig, H. 

Title: Preliminary Analysis of the ANL Proposed Safety Related Critical Experiments 

Date: 1/1/1977 

Report: BNL-NUREG-22223 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It has been proposed that a series of safety related critical experiments be carried out 
as benchmarks to check calculational techniques and cross-section data required to predict LMFBR HCDA 
(hypothetical core disruptive accident) and subsequent post accident recriticality phenomena. The ZPR-9 
critical experiment facility at ANL is to be used for this program. The envisioned experimental sequence 
of configurations includes both disrupted geometries which are slumped in (compacted along the centerline) 
and slumped out (compacted along the blanket core interface or compacted in the axial blanket). A 
preliminary analysis of selected assemblies is presented. In addition, selected assemblies are recalculated 
with a 20 cm 238U reflector surrounding them. The techniques used in the analysis and the various 
configurations considered are outlined. Results, conclusions, and suggestions are included. 
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2257…..…..…………………..…….……..……ID Number…………………..…..…………….2257 

Author: Bari, R. A. / Ludewig, H. / Pratt, W. T. / Sun, Y. H. 

Title: Assessment of the Loss-Of-Heat-Sink Accident with Scram in the LMFBR 

Date: 1/1/1978 

Report: BNL-NUREG-24946 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description of a slow core meltdown in a liquid metal fast breeder reactor is 
presented for the conditions of loss-of-heat-sink following neutronic shutdown. Simple models are 
developed for the prediction of phase changes and/or relocation of the core materials including fuel, clad, 
ducts, control rod absorber material (B4C), and plenum gases. The sequence of events is accounted for and 
the accident progression is described up to the point of recriticality. The neutronic behavior of the disrupted 
core is analyzed in R-Z geometry with a static transport theory code. For most scenarios assessed, the 
reactor is expected to become recritical although large ramp rates are not anticipated. 
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2258…..…..…………………..…….……..……ID Number…………………..…..…………….2258 

Author: Weeks, J. R. 

Title: Corrosion Considerations in the use of Boral in Spent Fuel Storage Pool Racks 

Date: 2/22/1979 

Report: BNL-NUREG-25582 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Boral is a cermet of Boron Carbide 'B{sub 4}C' in aluminum clad in aluminum. It is 
manufactured in rolled sheets using techniques similar to those used in the production of uranium aluminum 
fuel elements. The core of the standard Boral contains 35% boron carbide by weight. Cladding material is 
typical 1100 aluminum. Where it is exposed to water in service, the edges of the Boral are recommended 
by the manufacturer to be clad with aluminum by welding. In Spent Fuel Pool (SFP) racks, the Boral is 
usually not a structural member but is inserted in cavities between the spent fuel storage positions in the 
racks. In these locations it is sealed by welding to prevent access of water. Inherently, however, the 
corrosion of the Boral, both the boron carbide-aluminum cermet and the aluminum cladding, should be 
minimal in a spent fuel storage pool. The cavities into which the Boral is sealed are typically fabricated of 
aluminum alloys, i.e. type 6061, or stainless steel. In either case, these are the structural members of the 
SFP racks. In an SFP, water chemistry tends to be strictly controlled because the SFP water mixes with the 
reactor coolant during refueling procedures. In SFP's at BWR sites, water chemistry is typical of that of a 
BWR i.e. high resistivity neutral water. In SFP's at PWR sites water chemistry typically contains 2 to 3,000 
parts per million ppm boron as boric acid, which is there primarily to prevent dilution of the reactor primary 
coolant during refueling and is not relied on for criticality considerations. The water chemistries and 
anticipated corrosion of SFP materials were reviewed in an earlier report. BNL-NUREG 23021, July, 1977. 
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2259…..…..…………………..…….……..……ID Number…………………..…..…………….2259 

Author: Diamond, D. J. / Hsu, Chia-Jung 

Title: Loss of Shutdown Margin during PWR Refueling 

Date: 7/1/1991 

Report: BNL-NUREG-45729 

Conference/Journal: International topical meeting on safety of thermal reactors, Portland, OR (USA), 
21-25 Jul 1991 

Conference Session:  

Abstract/Keyterms: A study has been carried out of the frequency and consequences of misloading fresh 
fuel assemblies during the reloading of a pressurized water reactor. The consequences were in terms of 
losing the required shutdown margin and inadvertent criticality. The calculations used a model of a 
Combustion Engineering reactor and considered different patterns of fresh fuel clustered together which 
would be the result of multiple operator errors. The fresh fuel had a high U-235 enrichment and was 
assumed to be loaded without control element assemblies. Neutronic calculations of shutdown margin were 
complemented by a probabilistic assessment for two patterns. The frequencies of getting these patterns of 
clustered fresh fuel assemblies were calculated taking into account the numerous operator errors and 
equipment malfunctions that could occur during an offload/reload sequence. The study has improved 
understanding of how difficult it is to misload fuel and has quantified the loss of shutdown margin and the 
frequency of occurrence for specific misloadings. 
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2260…..…..…………………..…….……..……ID Number…………………..…..…………….2260 

Author: Fullwood, R. / Higgins, J. / Kroeger, P. 

Title: Methodology Used in the Integrated Assessment of PIUS-600 Safety 

Date: 8/1/1993 

Report: BNL-NUREG-49052 

Conference/Journal: Biennial conference on reactor operating experience, Upton, NY (United States), 
16-18 Aug 1993 

Conference Session:  

Abstract/Keyterms: The revolutionary reactor design, PIUS-600 as described in the Preliminary Safety 
Analysis Report (PSID) was subject to analyses consisting of Failure Modes. Effects and Criticality 
Analysis (FMECA), Hazards and Operability (HAZOP) analysis, and conventional engineering review of 
the stress, neutronics, thermal hydraulics, and corrosion. These results were integrated in the PIUS 
Intermediate Table (PIT) from which accident initiators and mitigators were identified and categorized into 
seven estimated frequency intervals. Accident consequences were classified as: CC-1, minor radiological 
release, CC-2, clad release, CC-3, major release. The systems were analyzed using event sequence diagrams 
(ESDs) and event trees (ETs). The resulting accident sequences of the ET, were categorized into Event 
conditions (ECs) based on initiator frequency and combinations of failures. System interactions were 
considered in the FMECAs, ESDs, ETs and in an interaction table that also identified system safety 
classifications. 
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2261…..…..…………………..…….……..……ID Number…………………..…..…………….2261 

Author: Diamond, D. J. / Kohut, P. / Nourbakhsh, H. / Valtonen, K. / Secker, P. 

Title: Probability and Consequences of a Rapid Boron Dilution Sequence in a PWR 

Date: 10/1/1995 

Report: BNL-NUREG-61713, CONF-9510225-2 

Conference/Journal: OECD/Committee on Safety of Nuclear Installations (CSNI) specialist meeting on 
boron dilution reactivity transients, State College, PA (United States), 18-20 Oct 1995 

Conference Session:  

Abstract/Keyterms: The reactor restart scenario is one of several beyond-design-basis events in a 
pressurized water reactor (PWR) which can lead to rapid boron dilution in the core. This in turn can lead to 
a power excursion and the potential for fuel damage. A probabilistic analysis had been done for this event 
for a European PWR. The estimated core damage frequency was found to be high partially because of a 
high frequency for a LOOP and assumptions regarding operator actions. As a result, a program of analysis 
and experiment was initiated and corrective actions were taken. A system was installed so that the suction 
of the charging pumps would switch to the highly borated refueling water storage tank (RWST) when there 
was a trip of the RCPs. This was felt to reduce the estimated core damage frequency to an acceptable level. 
In the US, this original study prompted the Nuclear Regulatory Commission to issue an information notice 
to follow work being done in this area and to initiate studies such as the work at BNL reported herein. In 
order to see if the core damage frequency might be as high in US plants, a probabilistic assessment of this 
scenario was done for three plants. Two important conservative assumptions in this analysis were that (1) 
the mixing of the injectant was insignificant and (2) fuel damage occurs when the slug passes through the 
core. In order to study the first assumption, analysis was carried out for two of the plants using a mixing 
model. The second assumption was studied by calculating the neutronic response of the core to a slug of 
deborated water for one of the plants. All three types of analyses are summarized below. More information 
is available in the original report. 
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2262…..…..…………………..…….……..……ID Number…………………..…..…………….2262 

Author: Palmedo, P. F. / Weinstock, E. V. 

Title: FS-1 Cores 2 and 2A 

Date: 8/12/1969 

Report: BNL-RP-01 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief description is presented of the experiments performed on Cores 2 and 2A of 
the Brookhaven fast source assembly, FS-1. These cores were designed to incorporate test cells in which 
fine-structure measurements were performed. 
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2263…..…..…………………..…….……..……ID Number…………………..…..…………….2263 

Author: Palmedo, P. F. / Weinstock, E. V. 

Title: Preliminary Fast Reactor Heterogeneity Studies in FS-1 

Date: 8/27/1969 

Report: BNL-RP-02 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary series of heterogeneity studies has been performed on test cells in the 
core of the Brookhaven Fast Source Assembly, FS-1. Uranium-235 and uranium-238 fission foils were used 
to study transient effects in cells of enriched uranium, steel, and graphite. Spatial and spectral equilibria 
were found to be established within 1 cm of the surface of the test cell. 
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2264…..…..…………………..…….……..……ID Number…………………..…..…………….2264 

Author: Phelps, J. / Court, A. J. / Downes, K. 

Title: CEPFR-1A Measurements and Assembly Description 

Date: 9/22/1969 

Report: BNL-RP-06 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first assembly taken critical in the experiment for the Pulsed Fast Reactor had a 
core composed of 26 v% uranium (93% enriched), 41 v% stainless steel, 14 v% aluminum, and 19 v% void, 
reflected by at least 12 inches of stainless steel. The measurements made on this assembly include core 
loading, core volume, k-excess, reactivity worth of various materials in the reflector, neutron lifetime, and 
various operating characteristics. A detailed description of the assembly is given. 
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2265…..…..…………………..…….……..……ID Number…………………..…..…………….2265 

Author: Phelps, J. / Conant, J. / Court, A. J. / Downes, K. / Windsor, H. 

Title: CEPFR-1B Measurements and Assembly Description 

Date: 9/22/1969 

Report: BNL-RP-07 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The second set of assemblies taken critical in the experiments for the Pulsed Fast 
Reactor had cores composed of 26 v% uranium (93% enriched), 41 v% stainless steel, 14 v% aluminum, 
and 19 v% void. They were reflected by at least 12 inches of stainless steel except for one open core face 
in front of which were placed various reflector blocks. Measurements on these assemblies included, 1) the 
reactivity effects of various reflector blocks as a function of position, 2) neutron lifetime, 3) core loading, 
4) core volume, 5) and various operating characteristics. A description of the assemblies is given in the 
appendix. 
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2266…..…..…………………..…….……..……ID Number…………………..…..…………….2266 

Author: Price, G. A. / Windsor, H. 

Title: Plutonium-Aluminum-Water Buckling Measurements 

Date: 10/1/1969 

Report: BNL-RP-08 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of material buckling have been made in a series of sub-critical lattices 
of plutonium-aluminum rods in ordinary water. Comparisons are made with calculations, using the 
HAMMER reactor code, and limitations are established for safe storage and handling of the plutonium-
aluminum fuel rods. 
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2267…..…..…………………..…….……..……ID Number…………………..…..…………….2267 

Author: Windsor, H. / Phelps, J. / Conant, J. 

Title: CEPFR-1C Measurements and Assembly Description 

Date: 10/1/1969 

Report: BNL-RP-09 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The third set of assemblies taken critical in the experiment for the pulsed fast reactor 
had cores composed of 26 v% uranium (93% enriched), 41 v% stainless steel, 14 v% aluminum, and 19 v% 
void. They were reflected by at least 12 inches of stainless steel except for an open core face. The 
experimental emphasis involved reflector block measurements for various sizes and compositions of a block 
which covered a variable width open core face. Neutron lifetimes, core loadings, core volumes, and various 
operating characteristics were also measured. A description of the assemblies is given in the appendix. 
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2268…..…..…………………..…….……..……ID Number…………………..…..…………….2268 

Author: Ludewig, H. 

Title: An Analysis of Four Metal Cores Using ENDF/B Version 2 Data 

Date: 6/1/1970 

Report: BNL-RP-1010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The analysis of four LASL metal cores is discussed. Experimental details pertinent 
to the analysis are given. Three of the cores were plutonium metal and one was uranium metal. All the 
plutonium cores were fabricated from delta-phase metal which has a density of approximately 15.61 
grams/cc. 
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2269…..…..…………………..…….……..……ID Number…………………..…..…………….2269 

Author: Windsor, H. / Phelps, J. 

Title: CEPFR-1D Measurements and Assembly Description 

Date: 5/1/1970 

Report: BNL-RP-11 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fourth set of assemblies taken critical in the experiment for the pulsed fast reactor 
had cores composed of 26 void% uranium (93% enriched), 41 void% stainless steel, 14 void% aluminum, 
and 19 void% void. They were reflected by at least 12 inches of stainless steel except for an open core face. 
The experimental emphasis involved the effect of core cavities on reflector block measurements for various 
sizes and compositions of a block which covered an open core face. Neutron lifetimes, core loadings, core 
volumes, and various operating characteristics were also measured. A description of the assemblies is given 
in the appendix. 
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2270…..…..…………………..…….……..……ID Number…………………..…..…………….2270 

Author: Phelps, J. / Windsor, H. 

Title: CEPFR-1E Measurements and Assembly Description 

Date: 5/1/1970 

Report: BNL-RP-12 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fifth of a set of assemblies taken critical in the experiment for the pulsed fast 
reactor had cores composed of 26 void% uranium (93% enriched), 41 void% stainless steel, 14 void% 
aluminum, and 19 void% void. They were reflected by at least 9 inches of stainless steel except for an open 
core face. The experimental emphasis involved the effect of a 1.5 inch thick vertical baron carbide liner 
isolating the stationary reflector from the core. Reflector block worths, neutron lifetimes, core loadings, 
core volumes, and various operating characteristics were measured. A description of the assemblies is given 
in the appendix. 
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2271…..…..…………………..…….……..……ID Number…………………..…..…………….2271 

Author: Windsor, H. / Phelps, J. / Chandramoleshwar, K. 

Title: CEPFR-1F Measurements and Assembly Description 

Date: 5/1/1970 

Report: BNL-RP-13 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The sixth of a set of assemblies taken critical in the experiment for the pulsed fast 
reactor had cores composed of 26 void% uranium (93% enriched) 41 void% stainless steel, 14 void% 
aluminum, and 19 void% void. They are reflected by at least 7.5 inches of stainless steel except for an open 
core face and a moderator box inserted in the reflector. This series of experiments was primarily designed 
to measure the yield, decay and spectrum of leakage neutrons escaping from various moderating blocks. 
Measurements were also made of reactor lifetime, gamma yield, reactivity worth of reflector bars in 
locations that could be useful for reactor control, and various neutron noise correlation experiments. 
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2272…..…..…………………..…….……..……ID Number…………………..…..…………….2272 

Author: Phelps, J. / Windsor, H. / Chandramoleshwar, K. 

Title: CEPFR-1-2 Measurements and Assembly Description 

Date: 5/1/1970 

Report: BNL-RP-14 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The seventh of a set of assemblies taken critical in the experiment for the pulsed fast 
reactor had cores composed of 18 void% uranium (93% enriched) 49 void% steel, 14 void% aluminum and 
19 void% void. They were reflected by at least 7.5 inches of stainless steel except for an open core face and 
a moderator box inserted in the reflector. This series of experiments was primarily designed to nearly 
approximate, in size, the relatively large cores presently of interest in the pulsed reactor project. The 
principal measurements were criticality, sliding block worths, Rossi alpha, absolute neutron yield, 
moderator block decays and yields, and reflector bar reactivity worths in positions applicable for reactor 
control. 
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2273…..…..…………………..…….……..……ID Number…………………..…..…………….2273 

Author: Price, G. A. / Windsor, H. H. 

Title: Pu-Al-H2O Buckling Measurements 

Date: 10/1/1969 

Report: BNL-RP-8 (F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential measurements of buckling for Pu-Al rods in water 
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2274…..…..…………………..…….……..……ID Number…………………..…..…………….2274 

Author: Carter, L. L. / Richey, C. R. 

Title: A Monte Carlo Study of Homogeneous Plutonium and Uranium Mixtures 

Date: 1/1/1964 

Report: BNWL-0003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Monte Carlo code developed for infinite systems was used to calculate k-infinity, 
limiting critical concentration, etc., as well as physics/diffusion theory parameters (e.g., neutron age) 
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2275…..…..…………………..…….……..……ID Number…………………..…..…………….2275 

Author: Lloyd, R. C. / Clayton, E. D. 

Title: Subcritical Measurements with Storage Containers of Plutonium Nitrate Solution 

Date: 1/1/1965 

Report: BNWL-0019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 1/M measurements were performed. The number of containers was adequate to 
support operational limits but not benchmark data. 
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2276…..…..…………………..…….……..……ID Number…………………..…..…………….2276 

Author: Carter, L. L. / Richey, C. R. / Hughey, C. E. 

Title: GAMTEC II: A Code for Generating Consistent Multigroup Constants Utilized in Diffusion and 
Transport Theory Calculations 

Date: 3/1/1965 

Report: BNWL-0035 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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2277…..…..…………………..…….……..……ID Number…………………..…..…………….2277 

Author: Brown, C. L. / Lloyd, R. C. / Bierman, S. R. / Clayton, E. D. 

Title: Exponential Experiments and Neutron Multiplication Measurements with 1.25% Enriched N-Reactor 
Fuel Elements in Light Water 

Date: 3/1/1965 

Report: BNWL-0052 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001; A series of exponential and neutron multiplication 
experiments have been performed on spike enriched N-reactor fuel elements. The spike enriched fuel 
element is a tube assembly consisting of a 1.25 wt.% enriched outer tube and an 0.95 wt.% enriched inner 
tube. The purpose of the experiments was to provide needed data for nuclear safety guidance in processing 
and storing the spike enriched fuel in N-reactor department. 
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2278…..…..…………………..…….……..……ID Number…………………..…..…………….2278 

Author: Bukowski, K. / Józefowicz, E. T. / Kubowski, J. / Lewicki, K. 

Title: Data for Neutron-physics Calculations of the R-2 Critical Stand for the First Criticality Experiment 

Date: 3/1/1965 

Report: BNWL-0052 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-026 
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2279…..…..…………………..…….……..……ID Number…………………..…..…………….2279 

Author: Richey, C. R. / White, J. D. 

Title: Critical Experiments with Plutonium Dioxide-Polystyrene Compacts 

Date: 1/1/1965 

Report: BNWL-0095 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measured thermal-neutron spectra for several homogeneous, light water and 
polyethylene moderated systems have been compared to spectra calculated by theoretical methods presently 
in use. When plotted as a function of energy, the fluxes produced by these models appear to be similar in 
shape to those measured. A more realistic measure of the adequacy of the models is to compare average 
thermal group cross sections. Previously, average cross sections computed with the models were compared 
to those computed with the model which appeared to yield the most correct spectrum. In this work, average 
thermal group cross sections (chosen as cross sections for neutrons with energies between 0 and 0.683 eV) 
were obtained by integrating energy-dependent cross sections over the measured spectra. These were then 
compared with the corresponding parameters obtained using the theoretical spectra. To confine the 
differences observed to those caused by flux shape, all energy dependent cross sections were taken from 
the same source, the R. B. U. Basic library, and were assumed to be without error. 
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2280…..…..…………………..…….……..……ID Number…………………..…..…………….2280 

Author: Liikala, R. C. / Jenquin, U. P. / Reardon, W. A. 

Title: The PuO2-UO2 Experiment in the EBWR 

Date: 6/1/1965 

Report: BNWL-0126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boiling; Boron Oxides; 
Bubbles; Burnup; Control Elements; EBWR; Errors; Fuel Elements; Fuels; Numericals; Plutonium Oxides; 
Poisoning; Power Plants; Reactivity; Reactor Core; Reactor Safety; Reactors; Rods; Startup; Testing; 
Uranium Dioxide; Water Coolant; Water Moderator 
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2281…..…..…………………..…….……..……ID Number…………………..…..…………….2281 

Author: Carter, L. L. 

Title: Monte Carlo Calculated Material Bucklings of 3 wt% Enriched Uranium-Water Lattices with 
Uranium in the Water Moderator 

Date: 1/1/1965 

Report: BNWL-0127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Criticality; Fuel Elements; 
Lattices; Moderators; Monte Carlo Method; Numericals; Rods; Uranium; Water Moderator 
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2282…..…..…………………..…….……..……ID Number…………………..…..…………….2282 

Author: Lauby, J. H. 

Title: Summary of Water Moderated Experiments with 1.8 wt% Plutonium-Aluminum Fuel in the PRCF 

Date: 7/15/1965 

Report: BNWL-0149, 05-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments have been conducted in the Plutonium Recycle Critical Facility 
(PRCF) with 1.82 wt% plutonium-aluminum fuel. The critical assembly was moderated with light water. 
Results of these experiments will provide comparisons to measurements made with enriched uranium, 
mixed oxides of plutonium and uranium, and plutonium containing different isotopic concentrations. They 
will also furnish tests of analytical methods for calculating reactor parameters. 
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2283…..…..…………………..…….……..……ID Number…………………..…..…………….2283 

Author: Busselman, G. J. 

Title: Physics Analysis of a Uranium-Aluminum Polyethylene System 

Date: 7/15/1965 

Report: BNWL-0149, 27-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One goal of the Phoenix fuel program is to develop methods for calculating the 
nuclear characteristics of plutonium fueled thermal systems. In order to check various calculational 
schemes, a series of experiments have been selected to cover the variables of interest. The experiments 
employ plutonium-aluminum circular fuel plates in conjunction with borated polyethylene discs stacked in 
a cluster of aluminum tubes. The experiment consists of determining the amount of boron necessary to add 
to the moderator to achieve a k(inf) of unity for the plutonium-aluminum poly system. In the first 
experiment, uranium-235 rather than plutonium was used to try out the experimental techniques and 
calculational methods with a system which has neither the low-lying resonance structure of plutonium nor 
the contamination problems of a plutonium experiment. 
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2284…..…..…………………..…….……..……ID Number…………………..…..…………….2284 

Author: Busselman, G. J. 

Title: Preliminary Analysis of Some Plutonium-Aluminum Polyethylene Experiments in the PCTR 

Date: 7/15/1965 

Report: BNWL-0149, 33-35 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments were scheduled for the PCTR which would yield critical 
composition and plate thicknesses for some plutonium-aluminum borated polyethylene systems. One 
requirement of the experiments is that the test cell be buffered with like material to achieve spectral and 
flux flattening across the test cell. These plutonium systems consist of unclad plutonium-aluminum discs 
which are sandwiched between polyethylene discs and then placed in aluminum tubes. This operation must 
take place in a glove box and is a rather lengthy job as the whole system contains some 34,000 discs. 
Obviously one would like to minimize the number of times that the discs be rearranged. 
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2285…..…..…………………..…….……..……ID Number…………………..…..…………….2285 

Author: Skeen, D. R. 

Title: Foil Activation Studies in Two Plutonium Critical Systems 

Date: 7/15/1965 

Report: BNWL-0149, 48-56 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed in two separate critical assemblies to provide neutron 
energy dependent data for calculational comparisons. In these experiments, six sets each of gold and copper 
pin-type detectors were shielded with solutions containing various concentrations of boron and irradiated 
in two separate critical assemblies. Calculations were then made with THERMOS-1 and DTF-2, to calculate 
the relative activities of the foils, and comparisons were made with the experimental reaction rates. 
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2286…..…..…………………..…….……..……ID Number…………………..…..…………….2286 

Author: Carter, L. L. 

Title: Monte Carlo Calculated Values for the Critical Mass of Pu238 as a Function of Hydrogen to Fuel 
Atomic Ratios and Pu239 Enrichment 

Date: 7/15/1965 

Report: BNWL-0149, 57-62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2287…..…..…………………..…….……..……ID Number…………………..…..…………….2287 

Author: Lewins, J. 

Title: The Stationary Calculation of Ratios in Reactor Statics 
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Date: 10/15/1965 

Report: BNWL-0193, 45-56 

Conference/Journal: Physics Research Quarterly Report, July, August, September 1965 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001; Material bucklings and extrapolation distances have been 
measured for light water lattices of 1.002, 1.25, and 1.95 wt.% uranium-235 enriched uranium tubes, and 
1.002 wt.%/1.002 wt.% and 1.25 wt.%/0.95 wt.% uranium-235 enriched uranium tube-in-tube assemblies. 
The purpose of these measurements was to provide needed criticality safety data for the General Electric 
Company, N-reactor department, who are fabricating, storing, and transporting tubular fuels; and to provide 
additional experimental data for correlation to theoretical methods. 
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Abstract/Keyterms: This report gives the results of a series of critical experiments in which the isolating 
properties of various materials were investigated. Those materials tested were placed at the interface 
between two arrays of multiplying media that comprised the core of a critical assembly. The critical length 
of the fuel core was then determined as a function of the test material thickness; the effective isolation 
thickness of a material was taken to be that thickness for which the fuel core critical length approached an 
asymptotic value. Comparative data were also obtained on the reflector savings associated with the various 
test materials, where the reflector savings is defined as the decrease in length due to the presence of the 
reflector. 
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Abstract/Keyterms: Critical experiments are being conducted in the PRCF using water moderator and 0.5 
inch diameter 2 wt% plutonium-dioxide-uranium-dioxide fuel rods. Criticality has been achieved with a 
two-zone loading in which the inner zone contained plutonium with 24 wt% plutonium-240 and the outer 
zone contained plutonium with 16 wt% plutonium-240. The inner zone contained 121 rods and the total 
number of rods required for criticality was 353.4. 



 

C-2299 

2293…..…..…………………..…….……..……ID Number…………………..…..…………….2293 

Author: Bierman, S. R. / Hansen, L. E. / Woodruff, G. L. / Lloyd, R. C. / Hess, G. M. 

Title: Neutron Spectra Experiments 

Date: 10/15/1966 

Report: BNWL-0340, 46-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were completed on three experiments designed to permit studying 
fundamental behavior of neutrons in plutonium fueled critical assemblies. Each of the assemblies had 
different hydrogen/plutonium atomic ratios, but all were parallelepipeds having uniform cells of plutonium 
dioxide-polystyrene and lucite. In addition to the critical approach and pulsed neutron source 
measurements, foil activation measurements were made to determine the intracellular distribution of the 
plutonium-239 fission rate, the indium-115 (n, gamma) reaction, the indium-115 (n,n') indium-
115(metastable) reaction, and the copper-63 (n, gamma) reaction. The critical approach and pulsed neutron 
data at critical are summarized. 
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Abstract/Keyterms: Pulsed neutron source experiments were performed concurrently with the criticality 
experiments on plutonium nitrate solution in the expandable slab tank. Analysis of the data taken on the 
fully reflected tank at a width of 4.6 inch have been completed and the results are shown. The plutonium 
concentration was approximately 58 grams/liter and the length of the tank was 42 inch. The errors shown 
are the least-squares fitting errors only. That is, the experimental values of the decay constant, alpha, used 
to determine the delayed critical alpha were least-squares fit without regard for the error in these numbers. 
By recognizing these errors, an experimental error of ± 3 is found for the delayed critical decay constant. 
This range encompasses the experimental values. The same reasoning applies to the delayed critical height 
as determined by inverse multiplication; and, indeed, recognition of the errors in the fitted points may 
account for the difference in this height shown by experiments 3-4.6-2-356 and 3-4.6-2-359. Chemical 
analyses of the solutions used in these experiments are listed in the section containing the criticality 
experiments. 
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Abstract/Keyterms: U233-SOL-THERM-014; Subcritical neutron interaction experiments were 
performed with bare and lucite reflected arrays of bottles of uranium-233 solution. The effect on criticality 
of adding lucite moderator between the bottles was also studied. These experiments provide data for nuclear 
safety guidance in handling, storage, and shipment of this material and for checking interaction calculations. 
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Abstract/Keyterms: PU-SOL-THERM-024, PU-SOL-THERM-026, PU-SOL-THERM-025; A criticality 
vessel of unique design was installed at the critical mass laboratory. It is a slab vessel such that its thickness 
can be varied throughout a range of 3 to 9 inches, which is made possible by use of a welded stainless steel 
bellows. The sides of the slab are made of.067 inch stainless steel sheet welded to the bellows. Structural 
rigidity over the slab's large thin sides (42 x 42 inches) is accomplished by means of a low density lattice 
reinforcement. Criticality experiments are being carried out with the adjustable slab assembly to determine 
critical thicknesses of bare and water reflected infinite slabs of plutonium nitrate solutions. 
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Abstract/Keyterms: A modified version of the Russian data compilation is used to compute nuclear 
parameters for various fast critical assemblies. Calculated and experimental values of critical mass, fission 
ratios, and reactivity coefficients are compared. For the moderate volume plutonium and uranium 
assemblies analyzed, the data predicts k(eff) within about 1.5%. 
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Conference Session:  

Abstract/Keyterms: A series of critical experiments has been performed in the Plutonium Recycle Critical 
Facility (PRCF) using half-inch diameter uranium-dioxide-2 wt% plutonium-dioxide fuel rods moderated 
with water. The fuel rods are 36 inches long, 0.508 inches in diameter, covered with a Zircaloy-2 sleeve 
0.030 inches thick, and each rod contains an average of 1128 grams of uranium-dioxide-plutonium-dioxide 
mixture. The rods were loaded in a hexagonal lattice with a pitch of 0.85 inches which corresponds to a 
moderator-to-oxide volume ratio of 1.83. 
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Title: Pacific Northwest Laboratory Monthly Activities Report for March 1967 
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Abstract/Keyterms: This document is a Pacific Northwest Laboratory Monthly Activities Report for 
March 1967, for the Division of Production and Hanford Plant Assistance Programs. Included in this report 
are brief status reports on the following programs: (1) Direct AEC Sponsored Programs including Columbia 
River studies, whole-body measurements of Richland school children, field tests using the U235 Analyzer, 
and criticality studies (2) Assistance to Douglas United Nuclear including transducer development studies, 
design of a simulated fuel column, and process technology (3) Assistance to General Electric N-Reactor 
Department including various fuel element studies, N-process tube scratching studies, and other reactor-
related tests and simulations (4) Assistance to Isochem including experimental studies on corrosion, 
separations instrumentation, etc. and (5) Technical Assistance to the Hanford Plant including programs on 
environmental evaluations, dosimetry studies, and instrumentation services. 
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Abstract/Keyterms: At the 1966 ANL conference on "Fast Critical Experiments and Their Analysis," a 
preliminary outline and justification for a series of proposed critical experiments in support of FTR design 
was presented. Since that time, fairly large design changes in the FTR concept have taken place and more 
detailed nuclear design information has been generated, so that a revision, and a more detailed justification 
of the proposed experimental program is in order. The purpose of this report is to identify the uncertainties 
in the FTR design which exist due to the lack of critical experiment data, to assess the degree to which 
additional critical experiments could improve that situation, and to outline briefly the proposed, overall 
FTR critical experiment program. Before proceeding into a specific discussion of the proposed FTR 
program, it is instructive to examine the manner in which critical experiments are used, and to consider 
briefly the types of programs now under way or planned for the near future at various sites engaged in fast 
reactor experimental work. This done in Section II. In Section III, an assessment of the present status of 
fast reactor physics calculational methods and accuracy of current nuclear data is presented. Such an 
assessment is necessary, if one is to evaluate the nuclear design uncertainties of the FTR and the degree to 
which they can be removed by critical experiments. In Section IV, the effects of some calculational 
uncertainties on the FTR nuclear design are enumerated and the possible consequences of these 
uncertainties are described. Finally, in Section V, a brief outline of the entire critical experiment program 
is presented. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Oxides PUO2 / Gamma Dose Rates and Spectra from, Attenuation By 
Thin Stainless Steel Absorbers; Americium Isotopes Am-241 / Gamma Rays from, Absorption By Steel; 
Stainless Steel / Gamma Shielding Properties for Plutonium Dioxide and Americium Sources; Gamma 
Radiation / Dose Rates and Spectra from Plutonium Dioxide, Attenuation By Thin Stainless Steel Absorbers 



 

C-2328 

2322…..…..…………………..…….……..……ID Number…………………..…..…………….2322 

Author: Dawson, F. G. 

Title: Plutonium Utilization Program Technical Activities Quarterly Report, June, July, August 1968 

Date: 11/1/1968 

Report: BNWL-0907 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2329 

2323…..…..…………………..…….……..……ID Number…………………..…..…………….2323 

Author: n. a. 

Title: Fast Flux Test Facility Quarterly Technical Report, July—September 1968 

Date: 1/1/1968 

Report: BNWL-0917 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fast Test Reactor / Design and Development of, July-Sept. 1968; Fast Test Reactor / 
Fuel Assemblies for, Instrumentation Design for; Stainless Steel / Properties of Type 304, Effects of FTR 
Core Environment on; Fast Test Reactor / Coolant Loss Transient Analysis for Primary Pipe Rupture in; 
Fast Test Reactor / Heating and Ventilation System for, Transient Temperature Response of; Fast Test 
Reactor / Fuel Pins for, Temperature Field in Cladding and Coolant from Asymmetrical Cooling of; Fast 
Test Reactor / Fuel Meltdown in, Maximum Energy Release By Expansion of Fuel-Sodium Mixture 
Following; Fast Test Reactor / Poison Rods for, Maximum Temperatures in; Critical Assemblies / 
Reactivity Calculations for NPTR Annular Conical Core Concept; Fast Test Reactor / Core for, Critical 
Measurements in ZPR-3 on Simulated; Critical Assemblies / Fuel Handling at NPTR, Radiation Dose 
Levels from, Fast Flux Test Facility / Loop Pipes for, Gamma Intensity Near Closed Sodium, Fast Flux 
Test Facility / Loop System for, Reliability Analysis of Closed; Critical Assemblies / Accident Analysis in 
NPTF, Fault Tree Outline for; Fast Test Reactor / Fuels for, Development and Testing of; Reactor Fuels / 
Development of FTR Mixed-Oxide, July-Sept. 1968; Reactor Safety / Analyses for FFTF and NPTF, July-
Sept. 1968; Fast Flux Test Facility / Loops for, Design and Development of Closed Sodium; Fast Test 
Reactor / Cooling System for, Radioisotope Transport and Deposition in; Fast Test Reactor / Neutron Flux 
Instrumentation in, Testing of Low Level; Fast Test Reactor / Core Concepts for, Design Evaluation of; 
Fast Test Reactor / Coolant Temperature Sensors in, Testing of In-Pile; Fast Test Reactor / Core Structural 
Materials for, Irradiation and Environment Effects on Type 304 Stainless Steel; Fast Test Reactor / Loop 
Test Specimen Conceptual Design for; Fast Flux Test Facility / Design and Development of, July-Sept. 
1968; Fast Test Reactor / Coolant for, Cover Gas and Impurity Interactions with Sodium 
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Abstract/Keyterms: PU-SOL-THERM-025, PU-SOL-THERM-026 
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Abstract/Keyterms: PU-SOL-THERM-024 



 

C-2332 

2326…..…..…………………..…….……..……ID Number…………………..…..…………….2326 

Author: n.a. 

Title: Physics Research Quarterly Report, January, February, March, 1965 

Date: 7/28/1965 

Report: BNWL-095 

Conference/Journal:  

Conference Session:  
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Elements; Hydrogen; Lifetime; Measured Values; Monte Carlo Method; Neutrons; Noise; NPR; 
Numericals; Plutonium 240; Plutonium Oxides; Polystyrene; Prompt Neutrons; Pulses; Reactivity; Reactor 
Kinetics; Reflectors; Spectra; Transport; Tubes; Variations 
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Conference/Journal: Plutonium Utilization Program Technical Activities Quarterly Report September-
November 1968, BNWL-963, Pacific Northwest Laboratories (1969) 
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Abstract/Keyterms: Mix-Comp-Therm-002, Mix-Comp-Therm-006, Mix-Comp-Therm-005 
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Title: Criticality of Pu(NO3)4 Solutions in Slab Geometry 
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Abstract/Keyterms: PU-SOL-THERM-024, PU-SOL-THERM-026, PU-SOL-THERM-025 
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Abstract/Keyterms: Reactor Components, Fuels & Accessories; Activation Analysis- Boron Fluorides- 
Configuration- Errors- Foils- Indium- Measurement- Neutron Flux- Proportional Counters; Activation 
Analysis- Configuration- Errors- Foils- Gold- Neutron Flux- Reactor Core; Burnup- Fuel Elements- Fuels- 
Plutonium- YAEC; Configuration- Control Elements- Reactivity- Reactivity Worths; Configuration- 
Criticality- Fuel Elements- Heavy Water Coolant- Heavy Water Moderator- Rods; Critical Assemblies; 
Epithermal Neutrons- Equations- Errors- Spectra- Water Coolant- Water Moderator; PRCF; PRTR; 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes summaries for in-progress critical experiments (PuO2 polystyrene compacts 
and depleted uranium, in alternating layers, Pu nitrate solution in slab geometry). 
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Conference/Journal:  
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Equations; Digital Systems; Equations; Excursions; FORTRAN; Integrals; Neutrons; Nuclear Models; 
Numericals; Programming; Prompt Neutrons; Reaction Kinetics 
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Title: Analysis of FTR Phase B Critical Experiments. Part-1. ZPR-3 Assembly 51 

Date: 1/1/1970 

Report: BNWL-1138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purposes of the Fast Flux Test Facility (FFTF) critical experiments programs are 
to provide experimental data for evaluation of calculational methods being used in the design of the fast 
test reactor (FTR), and to provide experimental verification of the design of the FTR. The program has been 
divided into phases A, B, and C. Phases A and B are providing verification of calculational models and 
some basic design data. Phase C will be an engineering mockup study. Phase A consisted of a study of 
control rod configurations in a plutonium fueled nickel-sodium reflected system. This report presents the 
results of an analysis of the first series of Phase B experiments. The experiments were performed by 
Argonne National Laboratory and Battelle-Northwest personnel in ZPR-3, Assembly 51. 
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Title: Analysis of FTR Phase B Critical Experiments, Part 2, ZPR-3 Assemblies 52A, B, C, D, E, and F 

Date: 2/1/1970 

Report: BNWL-1139 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments in support of the design of the fast flux test reactor have been 
carried out in ZPR-3 assemblies 48, 48A, 51, and 52A, B, C, D, E, and F, by personnel of Argonne National 
Laboratory. This report presents the results and analysis of the experiments performed in assemblies 52A, 
B, C, D, E, and F. 
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Date: 8/1/1969 

Report: BNWL-1150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Copy includes only Section 5 (Critical Mass Physics) and 6 (Publications). Includes 
summaries for in-progress critical experiments (PuO2 compacts plus PuO2 polystyrene compacts and 
heterogeneous neutron absorbers). Also includes an assessment of criticality safety impacts on design of 
large-scale plants manufacturing PuO2 -UO2 fuel (LMFBR). 
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Activation; Calcium 48; Calcium 49; Dosimetry; Gamma Radiation; Man; Measurement; Neutron Beams; 
Neutrons; Nuclear Reactions; Radiation Doses 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Recycle Test Reactor / Criticality of, Measurements for Test 4; Uranium 
Oxides UO2 / PUO2-UO2, Radiation Testing of Rod Shaped; Reactivity / Calculation of Leakage Effects 
on Bare and Reflected Spheres; Plutonium Recycle Test Reactor / Fuel Element Assemblies of, Radiation 
Testing of Plutonium Oxide (PUO2)-Uranium Oxide (UO2) Rod Type; Reactor Fuel Elements / Radiation 
Testing of Plutonium Recycle Test Reactor Plutonium Oxide (PUO2)-Uranium Oxide (UO2) Rod Type; 
Reactors, Fast / Neutron Fast Fission in, Calculation of Heterogeneity Correction for; Reactor Fuel 
Elements / Burnup in, Modifications in Bufit Computer Program for; Reactor Fuels / Burnup in Plutonium 
Enriched, Comparison of Althaea and Zodiac Computer Programs for; Plutonium Recycle Test Reactor / 
Operation During June to August 1969; Plutonium Oxides PUO2 / PUO2-UO2, Radiation Testing of Rod 
Shaped 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & DynamicsReactor 
Theory-Kinetics; Accidents; Behavior; Burnup; Computers; Criticality; Design; Digital Systems; 
Expansion; Fast Neutrons; Fast Reactors; FTR; Fuel Elements; Neutron Flux; PCTR; Plutonium Oxides; 
Programming; PRTR; Reactor Core; Research Reactors; Spectra; Swelling 
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Conference/Journal:  
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Abstract/Keyterms: Copy includes only Section 5 (Critical Mass Physics) and 6 (Publications). Section 5 
content is primarily results of code calculations (with comparisons to critical experiment data). 
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Title: Neutron Flux Spectrum Studies in the PCTR Fast Neutron Cavity 
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Report: BNWL-1240, 4.1-4.8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron spectrum results from multiple foil activation measurements were obtained 
over the entire energy spectrum, 10E-10 to 18 MeV. Detailed neutron spectrum structure was measured by 
proton-recoil spectrometer methods in the energy interval, 9.6 keV to 1.4 MeV, comprising 80% of the 
integrated neutron flux. Thus, each of these two experimental methods supplemented and confirmed the 
information obtained from the other. Using both methods permitted the absolute value of the neutron flux 
spectrum to be obtained in the center of the FNC with the PCTR operating at a 100 watt power level. 
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Title: Reflector Savings for Uranyl Nitrate of Low Enrichment 

Date: 11/1/1969 

Report: BNWL-1258 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reflector savings for 2.14 and 3.04 wt% uranium-235 enriched uranyl nitrate 
reflecting a cuboidal core of plutonium-dioxide-polystyrene were experimentally determined and compared 
with calculations using the HFN and DTF codes. HFN computed reflector savings curves for less than 5.0 
wt% uranium-235 enriched uranyl nitrate reflecting a spherical, water-moderated, uranium rod lattice are 
presented with a discussion of the principal parameters which influence reflector savings. 
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Title: 3DB: A Three-Dimensional Diffusion Theory Burnup Code. 

Date: 1/1/1970 

Report: BNWL-1264 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Reactor Theory-Experimental 
Applications; 3DB-Code; Burnup; Computers; Criticality; Digital Systems; Fast Reactors; FORTRAN; 
Fuel Elements; Neutron Flux; Programming; UNIVAC 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physical Constants Testing Reactor / Design Parameters of Fast Neutron Cavity; 
Physical Constants Testing Reactor / Physics Measurements for Plutonium Oxide (PUO2)-Uranium Oxide 
(UO2) Fueled; Fast Test Reactor / Core Components for, Effects of Fast Neutrons on Displacement and 
Swelling of; Neutrons, Fast / Effects on Displacement and Swelling of FTR Core Components; Fast Test 
Reactor / Control Elements for, Use of ZPR-3 for Reactivity Worth Measurements of; Critical Assemblies 
/ Use of ZPR-3, for Reactivity Worth Measurements of FTR Control Elements; Reactivity / Worth 
Measurements of FTR Control Elements, Use of ZPR-3 for; Physical Constants Testing Reactor / Neutron 
Spectra in Fast Neutron Cavity; Critical Assemblies / Criticality of Water Moderated Plutonium Oxide 
(PUO2)-Uranium Oxide (UO2) Fueled CaF, Measurement of; Curium Isotopes Cm-244 / Criticality 
Calculations for Water Moderated High Concentration Assembly; Americium Isotopes Am-241 / Criticality 
Calculations for Water Moderated High Concentration Assembly; Plutonium Isotopes Pu-238 / Criticality 
Calculations for Water Moderated High Concentration Assembly; Plutonium Recycle Test Reactor / 
Physics Calculations for Plutonium Oxide (PUO2)-Uranium Oxide (UO2) Fueled 19 Rod Cluster, 
Comparison of One and Two Dimension; High-Temperature Lattice Test Reactor / Control Rods of, Physics 
Measurements for; Reactors, Thermal / Physics Studies on, Summary of October to December 1969; 
Neptunium Isotopes Np-237 / Criticality Calculations for Water Moderated High Concentration Assembly; 
Plutonium Isotopes Pu-239 / Criticality Calculations for Water Moderated High Concentration Assembly; 
Reactors, Fast / Physics Studies on, Summary of October to December 1969; Reactors / Physics Studies 
on, Digital Computer Programs for; High-Temperature Lattice Test Reactor / Control System for, 
Description of On-Line Digital Computer; Plutonium Isotopes Pu-240 / Criticality Calculations for Water 
Moderated High Concentration Assembly 
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Abstract/Keyterms: Includes summaries for in-progress critical experiments (PuO2 -UO2 rods in water. 
Also, computed criticality data for higher actinides (e.g., ANS-8.15 actinides). 
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Date: 8/1/1975 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001 
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Title: Experimental and Calculated Results for UO2 and UO2-PuO2 Fueled H2O-Moderated Loadings 

Date: 1/1/1970 

Report: BNWL-1379 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-006, MIX-COMP-THERM-008 
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Title: Reactor Physics Quarterly Report, April—June 1970 
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Report: BNWL-1381-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes summaries for in-progress critical experiments (PuO2 -UO2 rods in water, 
Pu-Al rods in water). 
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Title: Experiment Description for PNL Mixed Oxides (UO2-PuO2) Irradiations in the General Electric Test 
Reactor 

Date: 1/1/1970 

Report: BNWL-1382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fast Test Reactor / Fuel Pins for, Irradiation Testing of Prototype; General Electric 
Test Reactor / Fuel Irradiation Testing in, Program for Plutonium Oxide (PUO2)-Uranium Oxide (UO); 
Radiation Target Cans / Design for Testing Stainless Steel Clad Mixed Oxide Fuel Pins 
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Title: BMC-1: The Battelle Monte Carlo Code 

Date: 6/1/1970 

Report: BNWL-1433 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; BMC-1 Code; Computers; Digital Systems; FORTRAN; 
Monte Carlo Method; Programming; Reactivity; Reactor Kinetics; Reactors; Thermal Neutrons; UNIVAC 
Reactors, Thermal / Kinetics of, BMC-1 Computer Program for; Computer Programs / BMC-1, for Kinetics 
of Thermal Reactors, FORTRAN 5 for UNIVAC 1108 
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Date: 6/1/1970 

Report: BNWL-1434 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Computers; Currents; Density; 
FORTRAN; Neutron Flux; Numericals; Programming; Spectra; Thermal Neutrons; Transport Theory; 
Univac Neutrons, Thermal / Density, Flux, and Current Spectra, Computer Program for Calculating Space-
Dependent, Cylinders / Neutron Density and Flux in, Computer Program for Calculating Space-Dependent, 
Computer Programs / Brt-I, for Calculating Space-Dependent Thermal Neutron Density, Flux, and Current 
Spectra, in FORTRAN IV for UNIVAC 1108 
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Abstract/Keyterms: Computers / Programming for Real-Time Control of Criticality and Inventory of 
Fissionable Materials; Nuclear Materials Management / Methods for Criticality and Inventory Control in, 
Computerized Real-Time; Fast Flux Test Facility / Nuclear Materials Control at, Computerized Real-Time 
Method for 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; 
Configuration; Criticality; Heavy Water Moderator; Plutonium Oxides; PRCF; Programming; Reactor 
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Moderated Uranium Oxide(UO2)-Plutonium Oxide (PUO2) Batch Cores In 
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Title: Red Cross. a Code to Compute Resonance Shielded, Temperature Dependent Cross Sections for Fast 
Reactor Analysis 

Date: 8/1/1965 

Report: BNWL-146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Cross Sections; Errors; Fast 
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Title: Critical Experiments in an MTR Mockup Using Phoenix Fuel 

Date: 6/1/1970 

Report: BNWL-1481 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Utilization of plutonium-240 as a convertible poison in plutonium-fueled systems is 
being studied under the Phoenix fuel reactor program at Pacific Northwest Laboratory (PNL). An extensive 
experimental program using phoenix fuel in a critical mockup of the Materials Testing Reactor (MTR) has 
been completed in the Plutonium Recycle Critical Facility (PRCF) at PNL. The PRCF-PHOENIX mockup 
duplicated as closely as possible the physical configuration of the MTR in order to determine the 
characteristics of such a core. The experiments performed in this mockup provided information on the 
reactivity effects and power distributions to be expected of an MTR-PHOENIX fuel core prior to the loading 
of a full core in the MTR. These data have provided an excellent test of the computational methods currently 
being applied to PHOENIX fuel cores. The results of the PRCF experiments are presented in this report. 
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relatively high content of plutonium-240. The work described in this report includes the loading of the MTR 
to critical with the phoenix fuel core; the zero power measurements of shim rod and regulating rod worths, 
power distributions throughout the core, kinetic parameters, and reactivity worths of loss of coolant and 
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C-2377 

2371…..…..…………………..…….……..……ID Number…………………..…..…………….2371 

Author: Oden, D. R. / Seybold, G. D. 

Title: DRAFT A Computer Code for the Calculation of Fission Product Activity Ratios 

Date: 6/1/1971 

Report: BNWL-1607 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Nuclear Theory-Radioactive Decay; Activation; Fission Products; 
FORTRAN; Programming Fission Products / Activity Ratios for, Computer Program for Calculating, 
Computer Programs / Draft, for Fission Product Activity Ratios, in FORTRAN V for UNIVAC 1108 



 

C-2378 

2372…..…..…………………..…….……..……ID Number…………………..…..…………….2372 

Author: Stinson, W. P. / Uotinen, V. O. 

Title: Destructive and Nondestructive Analysis of Plutonium Fuels Used in Lattice Experiments 

Date: 1/1/1971 

Report: BNWL-1627 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-005, MIX-COMP-THERM-008, MIX-COMP-THERM-002; 
Research & Test Reactors--Fuel Systems & Components; Aluminium Alloys; Americium 241; Burnup; 
Destructive Testing; Fuel Rods; Irradiation; Nondestructive Testing; Plutonium Alloys; Plutonium Oxides; 
Uranium Dioxide Related Subject Reactor Fuel Elements/Composition of Irradiated Plutonium Enriched 
Rod, Destructive and Nondestructive Analysis of; Americium Isotopes Am-241/Content In Irradiated 
Plutonium Enriched Fuel Rods 



 

C-2379 

2373…..…..…………………..…….……..……ID Number…………………..…..…………….2373 

Author: n.a. 

Title: Radiation Instrumentation: Radiological Chemistry 

Date: 1/1/1972 

Report: BNWL-1651(Pt.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Analytical & Separations Chemistry; Environmental & Earth Sciences-
Radioactivity Monitoring & Transport; Activation Analysis- Biological Materials- Computers; Background 
Radiation- Gamma Sources- Gamma Spectrometers; Californium 252- Criticality- Multiplication Factors- 
Neutrons; Coatings- Phosphors; Copper- Nails- X-Ray Fluorescence Analysis- Zinc; Environment; 
Quantitative Chemical Analysis; Radioisotopes Activation Analysis- Air- Basalt- Columbia River- 
Radioactive Wastes- Rain- Washington- Water 



 

C-2380 

2374…..…..…………………..…….……..……ID Number…………………..…..…………….2374 

Author: Liikala, R. C. / Uotinen, V. O. / Jenquin, U. P. 

Title: Uncertainties in the Analysis of Plutonium Fueled Light Water Moderated Assemblies 

Date: 5/1/1973 

Report: BNWL-1656 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes a section discussing the influence of experiment and data uncertainties on 
the ability to calculate keff for critical experiments.; A theoretical analysis of UO2-- PuO2 fueled, light-
water-moderated lattice experiments has been performed to aid in establishing technical bases and design 
criteria for the utilization of plutonium bearing fuel in thermal power reactors. Results for UO2 and Al-- Pu 
lattices are included in order to understand the effects due to uranium and plutonium separately. The 
problems involved in calculating high leakage critical experiments are discussed. Estimates of the effects 
of various approximations inherent in the theoretical methods and/or analysis procedures are included along 
with the consequence on the results of the correlation. Uncertainties in the measurements and the neutron 
cross section data are related to uncertainties in the calculated values k(eff).The results of other studies 
which bear on evaluating the calculational methods are summarized. Areas which should be investigated in 
future analyses are also identified. 



 

C-2381 

2375…..…..…………………..…….……..……ID Number…………………..…..…………….2375 

Author: Andersen, B. V. / Carter, L. A. / Droppo, J. G. 

Title: Technological Considerations in Emergency Instrumentation Preparedness. Phase II-B. Emergency 
Radiological and Meteorological Instrumentation for Mixed Oxide Fuel Fabrication Facilities 

Date: 5/1/1974 

Report: BNWL-1742 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments-General Detectors & Monitors; 
Chemistry-Radiochemistry & Nuclear Chemistry-Reactor Fuel Processing; Alarm Systems- 
Recommendations; Fuel Fabrication Plants- Alarm Systems; Radiation Monitors- Recommendations; 
Aerosol Monitoring; Criticality; Environment; Personnel Dosimetry; Plumes; Plutonium Dioxide; 
Radiation Accidents; Radiation Monitoring; Stack Disposal; Uranium Dioxide 



 

C-2382 

2376…..…..…………………..…….……..……ID Number…………………..…..…………….2376 

Author: Merrill, E. T. 

Title: Monte Carlo Calculations of Optimum Loading of Plutonium in Thermal Reactor Fuels 

Date: 10/31/1966 

Report: BNWL-183, Sect.I; CONF-651101-56 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Fuel Elements; Monte Carlo 
Method; North America; Plutonium; Plutonium Oxides; Reactivity; Reactor Fueling; Reactors; Rods; 
Thermal Neutrons; Uranium Dioxide; USA; Washington; Washington DC; Water Moderator 



 

C-2383 

2377…..…..…………………..…….……..……ID Number…………………..…..…………….2377 

Author: Heeb, C. M. / Porath, W. W. / Toffer, H. 

Title: NEWIGL: A Two-Group Time-Dependent One-Dimensional Neutron Diffusion Theory Code 

Date: 5/1/1974 

Report: BNWL-1833 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; ReactorsReactor Theory & 
Calculation; Computer Codes; Cylinders- Neutron Transport; Multigroup Theory- Computer Codes 
Neutron Diffusion Equation- Numerical Solution; Reactors- Neutron Transport; Slabs- Neutron Transport; 
Spheres- Neutron Transport; CDC Computers; Control Elements; FORTRAN; One-Dimensional 
Calculations; Reactivity Worths; Time Dependence; Transients; UNIVAC Computers 



 

C-2384 

2378…..…..…………………..…….……..……ID Number…………………..…..…………….2378 

Author: Bierman, S. R. 

Title: Critical Experiments: Benchmarks (Pu—U Systems) 

Date: 9/1/1974 

Report: BNWL-1862 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-015, MIX-COMP-THERM-016, MIX-COMP-MIXED-001, 
MIX-COMP-THERM-012, MIX-COMP-THERM-014, MIX-COMP-THERM-013; Reactors--Reactor 
Fuels; Nuclear Materials & Waste Management--Handling Equipment & Procedures; CRITICALITY; 
PLUTONIUM-- CRITICALITY; URANIUM-- CRITICALITY; MIXTURES; MULTIGROUP THEORY 



 

C-2385 

2379…..…..…………………..…….……..……ID Number…………………..…..…………….2379 

Author: n.a. 

Title: Physics Research Quarterly Report, July, August, September 1965 

Date: 10/15/1965 

Report: BNWL-193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-2386 

2380…..…..…………………..…….……..……ID Number…………………..…..…………….2380 

Author: Lloyd, R. C. / Bierman, S. R. / Clayton, E. D. / Durst, B. M. 

Title: Criticality Studies of a Neutron Multiplier Lattice 

Date: 4/1/1976 

Report: BNWL-2031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: There has been considerable need for neutron radiation units with high neutron yield. 
Sources of various types have been used for this purpose for many years, but have lacked the intensity and 
volume, with level flux, for larger sample irradiation. While the research reactor can produce desirable 
neutron flux, the operation is rather costly. A neutron multiplier has been designed using a subcritical lattice 
of highly enriched uranium rods with a central cylindrical flux trap. This lattice unit was loaded at the 
Critical Mass Laboratory to study aspects of criticality including temperature, voids, and added material. 
Data from these experiments are presented. 



 

C-2387 

2381…..…..…………………..…….……..……ID Number…………………..…..…………….2381 

Author: Jarrett, J. H. 

Title: LWR fuel recycle program quarterly progress report, April--June 1977 

Date: 8/1/1977 

Report: BNWL-2080-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The LWR Fuel Recycle Program is designed to provide information needed by 
industry to close the back end of the commercial light water reactor (LWR) fuel cycle. Included in this 
program are activities in support of specific design studies as well as activities with more general application 
to fuel recycle technology: economic and environmental studies; spent fuel receipt and storage; head-end 
processes; off-gas treatment; purex process (solvent extraction); finishing processes; waste management; 
environmental effects; and general support. 
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Abstract/Keyterms: This the eighth in a series of quarterly progress reports on studies performed for the 
Alternate Fuel Cycle Technologies/Thorium Fuel Cycle Technologies/International Spent Fuel Receipt and 
Storage (AFCT/TFCT/ISFS) Program, formerly the LWR Fuel Recycle Program. This program is designed 
to provide information needed by industry to close the back end of the power reactor fuel cycle. During the 
past quarter, studies were conducted in the following tasks: Survey of Current Technology of Fuel Handling 
Techniques; Investigation of Air Cleaning Processes for Removing Tributyl Phosphate (TBP) from Off-
Gas Streams; Study of Iodine Chemistry in Process Solutions; Electropolishing to Decontaminate Metallic 
Waste from Alternate and Thorium Converter Fuel Cycles; and U.S. Scale Transport, Dispersion and 
Removal Mode Comparison Safety Criticality Experiments. 



 

C-2389 

2383…..…..…………………..…….……..……ID Number…………………..…..…………….2383 

Author: Hill, O. F. 

Title: AFCT/TFCT/ISFS Program. Technical Progress Report for the Period January 1, 1978--March 31, 
1978 

Date: 4/1/1978 

Report: BNWL--2080-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the ninth in a series of quarterly progress reports on Fuel Cycle 
Technologies/Thorium Fuel Cycle Technologies/International Spent Fuel Receipt and Storage 
(AFCT/TFCT/ISFS) program. This program provides information needed by industry to close the back end 
of the power reactor fuel cycle. Included in the program are activities supporting specific design studies, as 
well as activities for general fuel cycle technology. Studies were conducted in the following tasks: thorium 
resource price analyses; investigation of air cleaning processes for removing TBP from off-gas streams; 
study of iodine chemistry in process solutions; high-level waste treatment; electropolishing to 
decontaminate metallic waste from alternate and thorium converter fuel cycles; U.S. scale transport, 
dispersion and removal model comparison; safety criticality experiments; and criticality research in support 
of thorium fuel cycle technology program. 
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Abstract/Keyterms: Objective is to define the nuclear criticality research program needed in support of 
the HTGR fuel cycle outside reactors. An experimental plan and supportive calculational efforts are 
presented. Currently, some data on well-moderated 235U and 233U exist which are applicable to thorium-
-uranium fuel mixtures. However, experimental data are needed for undermoderated 235U and 233U 
systems. Data are needed also on 235U and 233U containing soluble neutron poisons and in the presence 
of fixed neutron poisons. For future fuels and processes in which thorium and uranium cannot be separated, 
there would be a large economic incentive for including the thorium in the criticality considerations. The 
research program presented covers all aspects of the experiments needed to provide data in the above areas. 
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Abstract/Keyterms: There is a continuing interest in the use of fixed neutron absorbers (poisons) for 
criticality control, since their use would permit safely handling larger quantities of nuclear materials with 
reduced probability of criticality. The effectiveness of such absorbers as neutron poisons depends on self-
shielding effects which in turn are determined by the magnitude of the absorption cross sections and their 
variation with energy, the thickness of material, and the neutron energy spectrum. Experiments were 
previously performed, and reported on, which provided data on the reactivity worths of copper and copper 
containing 1 wt% cadmium at several thicknesses and in two different neutron energy spectrums. Results 
from similar experiments using 304-L steel, 304-L steel containing 1.1 wt% boron, 304-L steel containing 
1.6 wt% boron, uranium depleted to 0.2 wt% 235U, boral, cadmium, and lead as fixed poisons and sets of 
clean, well defined, poisoned critical assemblies that can be used to check calculational techniques and 
cross section data in two different neutron energy spectrums are presented. The measurement data, currently 
being reported, are limited to a single region of a given absorber material in each critical assembly. 
Combinations of absorber materials or multi-regions were not investigated; however, material thicknesses 
were varied from zero up to about 60 mm. 
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Abstract/Keyterms: Isotopic compositions for plutonium generated and recycled in LWR's were estimated 
for use in shielding calculations. The values were obtained by averaging isotopic values from many sources 
in the literature. These isotopic values should provide the basis for a reasonable prediction of exposure rates 
from the range of LWR fuel expected in the future. The isotopic compositions given are meant to be used 
for shielding calculations, and the values are not necessarily applicable to other forms of analysis, such as 
inventory assessment or criticality safety. 



 

C-2394 

2388…..…..…………………..…….……..……ID Number…………………..…..…………….2388 

Author: Gulley, R. L. 

Title: Plutonium Handling and Control Practices at Pacific Northwest Laboratory 

Date: 10/1/1966 

Report: BNWL-287 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of two major facilities used for plutonium fuels research and development studies 
at Battelle-Northwest is the Plutonium Fuels Laboratory (PFL). This facility was specifically designed and 
equipped for research and development studies involving multikilogram quantities of plutonium and its 
mixtures, compounds, and alloys. As at other sites, the design and operation philosophy of the PFL is one 
of complete plutonium containment. Primary plutonium containment is provided by glove boxes, secondary 
containment is provided by individual laboratories, and tertiary containment is supplied by the building 
proper. Air samples, taken throughout the facility, are constantly being monitored for free contamination. 
Personnel exposure caused by X, gamma, and neutron radiation has been primarily omitted by inspiring 
good work habits and housekeeping practices in personnel (i.e., uncontrolled accumulations of plutonium 
are avoided, plutonium is confined as much as possible, exposure times are limited, and shielding 
equipment is used whenever necessary). Rules for the prevention of an inadvertent criticality in the PFL 
are based upon the criteria that at least two control conditions must fail before criticality is imminent. 
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2389…..…..…………………..…….……..……ID Number…………………..…..…………….2389 

Author: n.a. 

Title: Physics Research Quarterly Report, April, May, June 1966. 

Date: 10/31/1967 

Report: BNWL-315 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Absorption- 
Cross Sections- Design- Equations- Programming- Radiations- Search-Code- Shielding; Configuration- 
Criticality- Gamtec-Code- Homogeneous- Numericals- Oxalates- Plutonium Carbides- Plutonium 
Chlorides- Plutonium Compounds- Plutonium Fluorides- Plutonium Hydrides- Plutonium Nitrates- 
Plutonium Nitrides- Programming- Reflection- Solutions- Spheres- Water 



 

C-2396 

2390…..…..…………………..…….……..……ID Number…………………..…..…………….2390 

Author: Staff 

Title: Reactor Physics Department Technical Activities Quarterly Report July, August, September 1966 

Date: 10/15/1966 

Report: BNWL-340 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes summaries for in-progress critical experiments (PuO2 -UO2 rods in water, 
arrays of 233U solution in poly bottles, Pu nitrate solution in slab geometry), and k-infinity measurements 
(graphite-moderated heterogeneous assemblies of Pu-Al-ThO2). 
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2391…..…..…………………..…….……..……ID Number…………………..…..…………….2391 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for November 1966 

Date: 1/1/1966 

Report: BNWL-359 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 



 

C-2398 

2392…..…..…………………..…….……..……ID Number…………………..…..…………….2392 

Author: Uotinen, V. O. 

Title: A ''Poison-Free'' Loading of UO2 and Pu-Al in the PRCF with D2O-Moderator 

Date: 1/1/1967 

Report: BNWL-372 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Fuels; Control Elements; Critical 
Assemblies; Criticality; Heavy Water Moderator; Loading; Measurement; Neutron Flux; Neutrons; 
Poisoning; PRCF 



 

C-2399 

2393…..…..…………………..…….……..……ID Number…………………..…..…………….2393 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for January 1967 

Date: 10/31/1969 

Report: BNWL-375 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 
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2394…..…..…………………..…….……..……ID Number…………………..…..…………….2394 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for February 1967 

Date: 1/1/1967 

Report: BNWL-404 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 



 

C-2401 

2395…..…..…………………..…….……..……ID Number…………………..…..…………….2395 

Author: Fawcett, S. L. 

Title: Pacific Northwest Laboratory Monthly Activities Report for February 1967 

Date: 3/1/1967 

Report: BNWL-405 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Areas of work reported include: general radiation effects; toxicity of radioelements; 
combating detrimental effects of radiation; studies at the molecular and cellular level; environmental 
radiation studies; atmospheric radioactivity and fallout; marine sciences; radiological and health physics; 
and radiation instruments. 



 

C-2402 

2396…..…..…………………..…….……..……ID Number…………………..…..…………….2396 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for March 1967 

Date: 1/1/1967 

Report: BNWL-425 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 



 

C-2403 

2397…..…..…………………..…….……..……ID Number…………………..…..…………….2397 

Author: Bierman S. R. / Clayton E. D. / Hansen L. E. 

Title: Critical Experiments with Homogeneous Oxide Mixtures of Pu and U Containing 8,15, and 30 wt% 
Plutonium 

Date: 5/1/1972 

Report: BNWL-4337 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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2398…..…..…………………..…….……..……ID Number…………………..…..…………….2398 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for April 1967 

Date: 1/1/1967 

Report: BNWL-444 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 



 

C-2405 

2399…..…..…………………..…….……..……ID Number…………………..…..…………….2399 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for May 1967 

Date: 1/1/1967 

Report: BNWL-468 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 



 

C-2406 

2400…..…..…………………..…….……..……ID Number…………………..…..…………….2400 

Author: Boyd, C. L. / Shadel, F. H. / Westsik, J. H. 

Title: Fast Flux Test Facility Reference Concept. Progress Report 

Date: 1/1/1967 

Report: BNWL-470 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Air; Computers; Containment; 
Control Systems; Criticality; Design; Diagrams; Digital Systems; Electricity; FFTF; FTR; Fuel Elements; 
Gas Flow; Heat Exchangers; Heat Transfer; Helium; Impurities; Instruments; Irradiation; Liquid Metal 
Coolant; Liquids; Mass; Numericals; Openings; Operation; Performance; Pipes; Plutonium 239; Rabbits; 
Reactor Core; Reflectors; Research Reactors; Shielding; Sodium; Testing; Transport; Waste Disposal 



 

C-2407 

2401…..…..…………………..…….……..……ID Number…………………..…..…………….2401 

Author: n. a. 

Title: Reactor Theory and Code Development 

Date: 10/31/1968 

Report: BNWL-472 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Activation- 
Analysis- Beryllium Oxides- Configuration- Control Elements- Coolant Loops- Critical Mass- Criticality- 
Doppler Reactivity- Efficiency- Failures- FTR- Gamma Radiation- Heating- Liquid Metal Coolant- Mass- 
Measurement- Motion- Neutron Flux- Radiation Doses- Reactivity- Reactivity Worths- Research Reactors- 
Rods- Shielding- Sodium- Spectra- Spectral Shift- Temperature- Transients- Void Coefficient- ZPR-3; 
Analysis- Binding Energy- Configuration- Crystals- Doppler Reactivity- Reactivity- Reactor Core- 
Research Reactors- SEFOR- Sodium- Spectral Shift- Temperature- Uranium Dioxide- Uranium 23 



 

C-2408 

2402…..…..…………………..…….……..……ID Number…………………..…..…………….2402 

Author: Rising, F. L. 

Title: Neutron Sensitive Criticality Alarm System 

Date: 10/31/1967 

Report: BNWL-481-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Alarm Systems; Boron Fluorides; Criticality; Monitoring; Neutron Detection; Proportional Counters; 
Sensitivity 



 

C-2409 

2403…..…..…………………..…….……..……ID Number…………………..…..…………….2403 

Author: n.a. 

Title: Pacific Northwest Laboratory Monthly Activities Report for June 1967 

Date: 1/1/1967 

Report: BNWL-499 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Fuel Elements; Fuels; Hazards; Plutonium; 
Power Plants; Radiation Detectors; Reactivity; Reactor Safety; Reactors; Safety; Waste Processing 



 

C-2410 

2404…..…..…………………..…….……..……ID Number…………………..…..…………….2404 

Author: Skeen, D. R. / Page, L. J. 

Title: Thermos/Battelle: The Battelle Version of the Thermos Code. 

Date: 1/1/1967 

Report: BNWL-516 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Computers; Configuration; Criticality; Digital 
Systems; Equations; FORTRAN; Mathematics; Programming; Reactivity; Reactors; Transport Theory 



 

C-2411 

2405…..…..…………………..…….……..……ID Number…………………..…..…………….2405 

Author: Bloom, G. R. / Demmitt, T. F. 

Title: Corrosion and Boron Deposition in Boric Acid Solutions 

Date: 1/1/1967 

Report: BNWL-520 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Metals & Alloys-Corrosion & Erosion & 
Surface Phenomena; Aluminum; Boron; Boron Oxides; Corrosion; Criticality; Density; Deposits; Heavy 
Water Moderator; Neutrons; Operation; Plutonium; Poisoning; Power; PRTR; Reactivity; Research 
Reactors 



 

C-2412 

2406…..…..…………………..…….……..……ID Number…………………..…..…………….2406 

Author: Little, W. W. Jr. / Hardie, R. W. 

Title: PYRE--A Multigroup Burnup Code for Fast Reactors 

Date: 4/1/1965 

Report: BNWL-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Digital Systems; 
Equations; Fast Neutrons; Fission Products; Group Theory; IBM 7090; Neutrons; Numericals; 
Programming; Quantity Ratio; Radioisotopes; Reactors; Tables; Transport Theory 



 

C-2413 

2407…..…..…………………..…….……..……ID Number…………………..…..…………….2407 

Author: Matsumoto, D. D. 

Title: ICEDT: An Exponential Data Analysis Code 

Date: 4/1/1965 

Report: BNWL-61 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Computers; Configuration; Data 
Processing; Efficiency; Errors; Exponential Piles; Measured Values; Numericals; Operation; Programming; 
Tables 



 

C-2414 

2408…..…..…………………..…….……..……ID Number…………………..…..…………….2408 

Author: n.a. 

Title: Plutonium Utilization Program Annual Report, Fiscal Year 1967 

Date: 10/31/1968 

Report: BNWL-624 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Leading Abstract Reactors, Power / Fuel Cycles 
for, Development of Plutonium; Plutonium / Use for Power Reactor Fuel, Development Program for 



 

C-2415 

2409…..…..…………………..…….……..……ID Number…………………..…..…………….2409 

Author: n.a. 

Title: Reactor Physics Department Technical Activities Quarterly Report, July-- September 1967 

Date: 10/31/1968 

Report: BNWL-634 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis- 
Criticality- Fuels- Plutonium- PRTR- Reactivity- Research Reactors- Thorium- Uranium- Uses; CNSG- 
Fuels- Plutonium- Reactors- Ships- Thermal Neutrons- Uses; Configuration- Critical Assemblies- Cross 
Sections- Determination- Lithium- Multiplication Factors- Neutrons- Production- Reactor Core- Uranium; 
Critical Assemblies- Criticality- Fuels- Measurement- Mockup- MTR- Plutonium- PRCF- Reactivity- 
Research Reactors 



 

C-2416 

2410…..…..…………………..…….……..……ID Number…………………..…..…………….2410 

Author: Lanning, D. D. / Busselman, G. J. 

Title: Phoenix Fuel Program Progress Report 

Date: 1/1/1967 

Report: BNWL-635 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Burnup- Control Elements- Critical 
Assemblies- Design- Distribution- Fabrication- Fuel Elements- Measurement- Power- PRCF; Burnup- 
Design- Distribution- Fuel Elements- Hydraulics- Isotopes- Loading- Mechanical Structures- MTR- 
Numericals- Plutonium- Power- Reactivity- Reactor Core- Variations- Zones; Criticality- Determination- 
Enrichment- Lattices- Loading- Multiplication Factors- Neutrons- PRTR- Reactor Core- Uses- Variations; 
Economics- Fuel Cycle- Multiplication Factors- Neutrons- Numericals- Reactivity- Ships; Fuels; Phoenix 
Reactor; Research Reactors Economics- Fabrication- HFIR- Neutron Flux- 



 

C-2417 

2411…..…..…………………..…….……..……ID Number…………………..…..…………….2411 

Author: Little, W. W. Jr. / Hardie, R. W. 

Title: 2db: A Two Dimensional Diffusion-Burnup Code for Fast Reactor Analysis. 

Date: 1/1/1968 

Report: BNWL-640 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; 2DB-Code; Burnup; Computers; 
Criticality; Digital Systems; Fast Neutrons; FORTRAN; Measurement; Programming; Reactor Core; 
Reactors; UNIVAC 1108 



 

C-2418 

2412…..…..…………………..…….……..……ID Number…………………..…..…………….2412 

Author: Hanson, J. E. 

Title: Experiment Description and Hazards Evaluation for the Pacific Northwest Laboratory Mixed Oxide 
(UO2—PuO2) Irradiations in EBR-11, Task a, Subtask 1 Irradiations 

Date: 1/1/1968 

Report: BNWL-650 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Oxides UO2 / PUO2-UO2, Irradiation Testing of FTR Fuel Pins of, in EBR-
2; Experimental Breeder Reactor-II / Hazards Analysis for FTR Fuel Irradiation Testing in; Plutonium 
Oxides PUO2 / PUO2-UO2, Irradiation Testing of FTR Fuel Pins of, in EBR-2; Reactor Fuel Elements / 
Radiation Testing of Plutonium Oxide (PUO2)-Uranium Oxide (UO2), in EBR-2; Fast Test Reactor / Fuel 
Element Irradiation Testing in EBR-2, Description and Hazards Evaluation for Plutonium Oxide (PUO2)-
Uranium Oxide (UO ) 



 

C-2419 

2413…..…..…………………..…….……..……ID Number…………………..…..…………….2413 

Author: Vaughn, A. D. 

Title: PCTR Measurement of k(infinity) for Uranium--Bismuth Supercell. 

Date: 1/1/1968 

Report: BNWL-692 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Activation 
Analysis; Bismuth; Computers; Configuration; Criticality; Fuels; Measurement; PCTR; Programming; 
Reactivity; Reactor Core; Research Reactors; Uranium 



 

C-2420 

2414…..…..…………………..…….……..……ID Number…………………..…..…………….2414 

Author: Fox, J. C. / Aase, D. T. / Wise, K. R. / Altschuler, S. J. / Busselman, G. J. / Holeman, R. H. 

Title: Steam-Cooled Fast Breeder Power Reactors Parametric Design Studies 

Date: 1/1/1968 

Report: BNWL-713 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analog Systems; Analysis; Breeding; Computers; 
Configuration; Criticality; Economics; Efficiency; Enrichment; Fast Neutrons; Fuels; Gas Coolant; 
Mockup; Power Plants; Pressure; Reactivity; Reactor Core; Reactors; Steam; Temperature; Water Coolant 



 

C-2421 

2415…..…..…………………..…….……..……ID Number…………………..…..…………….2415 

Author: Loizzo, P. 

Title: Ribot: A Physical Model for Light-Water Lattices Calculations. 

Date: 1/1/1968 

Report: BNWL-735 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Burnup; Computers; 
Criticality; Digital Systems; FORTRAN-IV; Measurement; Programming; Reactivity; Reactors; RIBOT 5-
Code; UNIVAC 1108; Water Moderator 



 

C-2422 

2416…..…..…………………..…….……..……ID Number…………………..…..…………….2416 

Author: Staff 

Title: Reactor Physics Department Technical Activities Quarterly Report January, February, March 1968 

Date: 7/1/1968 

Report: BNWL-775 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes summaries for in-progress critical experiments ( Pu nitrate solution in slab 
geometry, PuO2 polystyrene compacts), and k-infinity measurements (graphite-moderated heterogeneous 
assemblies of Pu-Al-ThO2). Also, has a description of the manufacturing process of Al-clad, Pu-Al fuel 
plates/assemblies. 



 

C-2423 

2417…..…..…………………..…….……..……ID Number…………………..…..…………….2417 

Author: Vaughn, A. D. / Fleischman, R. M. 

Title: PCTR Measurement of k(infinity) for Uranium Thoria Supercell 

Date: 1/1/1968 

Report: BNWL-792 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Criticality; Cross Sections; Distribution; Multiplication Factors; Neutron Flux; PCTR; 
Reactivity; Reactor Core; Research Reactors; Thermal Neutrons; Thorium Oxides 



 

C-2424 

2418…..…..…………………..…….……..……ID Number…………………..…..…………….2418 

Author: Little, W. W. Jr. / Hardie, R. W. 

Title: 2DB User's Manual 

Date: 1/1/1968 

Report: BNWL-831 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; 2DB-Code; Analysis; Burnup; 
Computers; Criticality; Digital Systems; Fast Neutrons; Fast Reactors; FORTRAN; Programming; 
Reactors; UNIVAC 1108 



 

C-2425 

2419…..…..…………………..…….……..……ID Number…………………..…..…………….2419 

Author: Little, W. W. Jr. / Hardie, R. W. 

Title: 2db User's Manual. Revision 1. 

Date: 1/1/1969 

Report: BNWL-831(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; 2DB Code; Burnup; Computers; Criticality; Digital 
Systems; Fast Reactors; FORTRAN; Programming; Reactivity; Reactor Kinetics; Univac 



 

C-2426 

2420…..…..…………………..…….……..……ID Number…………………..…..…………….2420 

Author: Pember, L. A. 

Title: Experiment Description and Hazards Evaluation for the Pacific Northwest Laboratory Mixed Oxide 
(UO2—PuO2) Capsules for Insertion in Subassembly X011 

Date: 1/1/1968 

Report: BNWL-841 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Analysis; 
Design; Fabrication; Fuel Elements; Irradiation; Isotopes; Mixing; Numericals; Performance; Plutonium 
Oxides; Reactors; Testing; Uranium Oxides 



 

C-2427 

2421…..…..…………………..…….……..……ID Number…………………..…..…………….2421 

Author: Bennett, C. L. 

Title: Integral Target Fuel in a Water Cooled Graphite Lattice: Theory-Experiment Correlation. 

Date: 10/31/1969 

Report: BNWL-904 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Capture; Configuration; Conversion; 
Criticality; Disadvantage Factors; Errors; Fission; Fission Ratio; Fuels; Graphite Moderator; Group Theory; 
Measurement; Multiplication Factors; Neutron Flux; Numericals; PCTR; Reactor Core; Reactor Lattices; 
Research Reactors; Resonance Neutrons; Target; Thermal Neutrons; Transport Theory; Water Coolant; 
Zones 



 

C-2428 

2422…..…..…………………..…….……..……ID Number…………………..…..…………….2422 

Author: Staff 

Title: Reactor Physics Quarterly Report July, August, September 1968 

Date: 12/1/1968 

Report: BNWL-921 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes summaries for in-progress critical experiments (Pu nitrate solution in slab 
geometry). 



 

C-2429 

2423…..…..…………………..…….……..……ID Number…………………..…..…………….2423 

Author: Hardie, R. W. / Little, W. W. Jr. 

Title: 1DX: A One-Dimensional Diffusion Code for Generating Effective Nuclear Cross Sections. 

Date: 1/1/1969 

Report: BNWL-954 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Computers; Criticality; Cross 
Sections; Digital Systems; Fast Neutrons; Fast Reactors; FORTRAN; Programming; Reactivity; Reactors; 
UNIVAC 



 

C-2430 

2424…..…..…………………..…….……..……ID Number…………………..…..…………….2424 

Author: n.a. 

Title: Reactor Physics Quarterly Report, October--December 1968. 

Date: 1/1/1969 

Report: BNWL-985 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Buckling- 
Configuration- Criticality- Mass- Plutonium Oxides- Reactor Core- Reactor Lattices- Uranium Dioxide- 
Water Moderator; Burnup- Critical Assemblies- Errors- Fuels- Numericals- Plutonium Oxides- PRCF- 
PRTR- Reactivity- Reactor Core- Research Reactors- Uranium Dioxide; Capture- Epithermal Neutrons- 
Plutonium Oxides- Reactor Lattices- Thermal Neutrons- Uranium Dioxide- Uranium 238- Water 
Moderator; Configuration- Critical Assemblies- Criticality- Detection- Failures- FFTF- FTR- Fuel 
Elements- In Pile Loops- NPTR- Numericals- Pipes- Radiation Doses- Reactivity- Reactor Core- Remote 
Handling- Rese 



 

C-2431 

2425…..…..…………………..…….……..……ID Number…………………..…..…………….2425 

Author: Bierman, S. R. / Clayton, E. D. 

Title: Critical Experiments to Measure the Neutron Poisoning Effects of Copper and Copper-Cadmium 
Plates 

Date: 1/1/1974 

Report: BNWL-B-338 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-016, MIX-COMP-MIXED-001, MIX-COMP-THERM-015, 
MIX-COMP-THERM-014; Shipping casks, storage facilities, and process vessels involved in handling 
fissile materials contain neutron absorbing materials-either for their neutron absorbing properties or for 
structural reasons. These types of systems can be fully utilized, safely, only if the neutron absorbers are 
properly accounted for in the criticality analyses. The reactivity worth of two such materials, copper and 
copper containing 1 wt.% cadmium, was recently measured at the Battelle-Northwest operated critical mass 
laboratory. The results of these measurements are presented in this paper and provide a set of clean, well 
defined, poisoned critical assemblies that can be used to check calculational techniques and cross section 
data. 



 

C-2432 

2426…..…..…………………..…….……..……ID Number…………………..…..…………….2426 

Author: Howes, B. W. / Durst, B. M. / Lewallen, M. A. / Brown, C. L. 

Title: Criticality Safety Review of FFTF Interim Decay Storage Tank 

Date: 10/1/1975 

Report: BNWL-B-451 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Interim Decay Storage tank (IDS) will be located in a concrete cell in the FFTF 
reactor building. The tank will have capacity to store 112 driver fuel assemblies and 10 test assemblies in 
sodium. A criticality safety analysis for the design of the IDS tank was performed. From the analysis, it is 
concluded that under normal operating conditions and minor abnormal conditions that might shift the fuel, 
the IDS tank will remain adequately subcritical. 



 

C-2433 

2427…..…..…………………..…….……..……ID Number…………………..…..…………….2427 

Author: Clayton, E. D. 

Title: Progress Report on Plutonium Criticality Studies 

Date: 2/1/1976 

Report: BNWL-B-468 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality experiments were completed for determining the critical mass and volume 
of fully reflected rectangular parallelepipeds of undermoderated homogeneous assemblies of mixed oxides 
of plutonium and uranium (8.1 wt% plutonium in the oxide). The H/X atomic ratio was 7.33(H/fissile of 
100.6). The uranium was depleted to 0.2 wt% uranium-235 and the plutonium-240 isotopic content of the 
plutonium was 11.5 wt% a summary has been prepared on neutron poisons which includes recent 
experimental data that have been generated on uranium plus plutonium solutions containing mixtures of 
soluble poisons (boron and gadolinium). 



 

C-2434 

2428…..…..…………………..…….……..……ID Number…………………..…..…………….2428 

Author: Lloyd, R. C. / Clayton, E. D. 

Title: Summary of Criticality Data Obtained at Battelle Pacific Northwest Laboratories on Fixed and 
Soluble Poisons in Uranium + Plutonium Nitrate Solutions 

Date: 4/1/1976 

Report: BNWL-B-482 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-SOL-THERM-007, MIX-SOL-THERM-008, MIX-MISC-THERM-004, MIX-
MISC-THERM-004, MIX-SOL-THERM-010, MIX-MISC-THERM-005, MIX-MISC-THERM-005; 
Knowledge of the effects of neutron poisons on uranium + plutonium systems is necessary to better 
establish criticality safety programs. These data are needed in setting of criticality safety specifications for 
storage, processing and shipping of fissile material where it is desired to handle larger quantities with safety 
and efficiency. These data are needed also for validating calculational techniques and cross sections sets. 
Uranium + plutonium solutions containing 30% plutonium in the total uranium + plutonium were used in 
these experiments to determine the effect of neutron poisons. Criticality of heterogeneous systems of 
uranium dioxide-plutonium dioxide rods in a lattice were studied when the uranium + plutonium solutions 
with various amounts of gadolinium and boron were added to the system. Criticality of homogeneous 
systems of the uranium + plutonium nitrate were determined with varying amounts of gadolinium and 
gadolinium + boron added to the solution. Measurements were made to determine also the effect of boron-
glass raschig rings on the criticality of the uranium + plutonium nitrate solution systems. 
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enriched uranyl nitrate dihydrate has no critical mass. However, if the UND were converted to a more dense 
uranium compound, specifically uranium oxide, a critical mass can be formed with 570 pounds of uranium 
as uranium oxide under optimum conditions of geometry, moderation and reflection. This safeguards 
review was performed to assure management of Northwest Laboratories that the potential major hazards 
were identified and sufficient safeguards were present to minimize the probability of a nuclear incident 
during the performance of the UND project. The reader is referred to previous documents for detailed 
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Northwest Laboratory was only recently established, no criticality safety analyses were completed prior to 
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does not have a critical mass, other forms-such as the oxides-do have critical mass limits. Since the nitrate 
form of the uranium might be calcined to the oxide during a fire, a nuclear incident might be possible. For 
this reason, the west side of the 324 Building was defined as the UND Facility and reviewed for safety 
under criticality specification control. The "worst case" event (wherein the normally safe uranyl nitrate 
system could become an unsafe system with the least number of contingencies) was defined as the 
conversion of sufficient uranyl nitrate by a fire to provide a minimum critical mass for a UO3-H2O system. 
This "worst case" event was found to require a minimum of five contingencies (credible accidents) before 
a nuclear incident was possible. In addition, the basic requirement that a sustained fire occur in an area with 
no significant supply of combustible material further stressed the improbability of the worst case. The 
determination of the worst case as being beyond the realm of possibility negates the need for an evaluation 
of the consequences of a nuclear incident in the UND Facility. 
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The Plutonium Laboratory Radiation Work Procedures, Safety Guides, 231-Z Operating Procedures 
Manual and Nuclear Materials Accountability Procedures. Engineered and administrative features 
contribute to the overall safety of personnel, the building, and environs. The consequences of credible 
incidents were considered and are discussed. 
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large, out-of-control fire. The objective of this supplement is to analyze the nuclear safety implications of 
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criticality is significantly increased; and to determine what additional controls may be necessary to ensure 
continued nuclear criticality safety. 
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Conference Session:  

Abstract/Keyterms: Comparison of existing criticality detection system criteria and regulations to criteria 
and regulations for other phases of the nuclear industry is rather startling. USASI has developed a standard 
on an evacuation signal but has not developed a standard on a criticality detection system. The regulatory 
organization of the AEC requires, in 10 CFR 70, the use of criticality detectors but provides little guidance 
on the requirements for such a system. The guidance provided in AEC Manual Chapters for AEC 
contractors is even less than that for the licensee. Several papers on criticality accidents, which have been 
reported in the Health Physics Journal, mention the role that criticality detectors played in alerting 
personnel. However, none of these contain recommendations for such a system. The existing standards for 
criticality detection systems and the regulations governing their use are discussed. The evolution of a fall-
safe neutron criticality alarm system at Battelle --Northwest, with capabilities that surpass the existing 
regulations, is described. New standards which have been proposed will provide better guidance for 
criticality detection systems. Results of tests of the system's components are compared to illustrate the 
practicability of meeting the new proposed standards. 
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Abstract/Keyterms: The results of radiation measurements made on high exposure plutonium are 
presented and the effects that these radiations will have on the design of fuel fabrication facilities using 
such plutonium are discussed briefly. The increase in dose rate from plutonium with time, due to the growth 
of daughter products from /sup 214/Pu and /sup 236/Pu, will be sufficient to make prompt refabrication of 
nuclear fuels an important factor. For most of the plutonium produced in the late 70’s, the gamma and X-
ray surface dose rate will approximately double within one year after chemical purification. Despite rather 
high gamma and X-ray surface dose rates, the neutron dose contribution will probably produce the most 
difficult shielding problems, particularly in fast reactor fuels production facilities. Some shielding will be 
necessary in future fuel manufacturing plants using high burnup plutonium. The most economical process 
will use shield designs in which the interaction of several additional considerations are incorporated 
including criticality specifications, both neutron and gamma shielding, mechanization, unit-mass station 
control, provision for rapid analytical results and continuous accountability. 



 

C-2485 

2479…..…..…………………..…….……..……ID Number…………………..…..…………….2479 

Author: Friend, P. C. / Ratcliffe, C. A. 

Title: Neutron Sensitive Criticality Detection System 

Date: 10/31/1971 

Report: BNWL-SA-3365; CONF-701109-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Accidents; Alarm Systems; Boron Fluorides; Criticality; Design; Monitoring; Neutron Detection; 
Proportional Counters 



 

C-2486 

2480…..…..…………………..…….……..……ID Number…………………..…..…………….2480 

Author: Battelle 

Title: Proceedings of the Third International Symposium on Packaging and Transportation of Radioactive 
Materials 

Date: 8/20/1971 

Report: BNWL-SA-3906 

Conference/Journal: Third International Symposium on Packaging and Transportation of Radioactive 
Materials,  Aug. 16 to 20, 1971 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; -Engineering-Materials Testing; 
Engineering-Heat Transfer & Fluid Flow; -Life Sciences-Health Physics & Safety-Legal Aspects; -Metals, 
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Abstract/Keyterms: A series of experiments has been completed with plutonium obtained from extreme 
high burnup fuel to establish the combined effects of the various isotopes of plutonium on criticality. 
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Abstract/Keyterms: ReactorsReactor Theory & Calculation; - Physics (Nuclear, Experimental)-Nuclear 
Properties & Reactions, -Nuclear Reactions & Scattering-Spontaneous & Induced Fission: Actinides- 
Criticality; Criticality- Actinides; Fission- Actinides; Activation Energy; Analytical Solution; Critical 
Mass; Fissile Materials; Interactions; Neutrons; Thermal Neutrons 
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Abstract/Keyterms: A complex 3-D geometrical model of a sub-critical graphite moderated Pile 
containing a distribution of fuel cartridges, isotope cartridges and penetrations rods has been modeled using 
the independent codes MONK 8B and MCNP• 4b. Both codes were used to derive a keff value. The models 
were set up and run by independent modelers according to a common description. In the case of the 
MONK8B JEF 2.2 nuclear data sets were used while in the case of MCNP4B ENDF/B-VI.2 formed the 
principle source of data. In addition to the base model simulation, calculations for a number of variations 
involving changes to the fuel concentration, number of isotope cartridges and graphite specification were 
also performed. It was found that the values calculated using MONK 8B were systematically higher than 
those generated using MCNP 4b by about 1%. This study is valuable because it demonstrates for a complex 
geometry the level of agreement that can be expected in the calculation of keff using independent state of 
the art codes and data sets. 
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Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; ReactorsReactor Theory & Calculation; Plutonium Dioxide- Critical Mass; 
Plutonium- Decontamination; Zero Power Reactors- Reactor Operation; Air Filters; Containment; 
Criticality; Radiation Protection; Reactor Safety; Removal; Surface Cleaning 
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Conference/Journal:  
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Abstract/Keyterms: MIX-MISC-THERM-004; A series of criticality experiments was performed to 
determine the effectiveness of soluble poison (gadolinium nitrate) on criticality of a heterogeneous 
assembly of FFTF-type fuel pins in plutonium/uranium nitrate solution. The arrangement simulates the 
simplest approach to a possible dissolver configuration, wherein during the dissolution process, a 
heterogeneous system of solids in fissile solution (the partly dissolved fuel) would result. 
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Conference/Journal:  
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Abstract/Keyterms: The criticality safety training program used at Battelle-Northwest is described. In this 
program criticality safety specialists, dealing with small groups of fissile materials handlers, explain the 
principles of criticality safety and show how these principles are actually applied in the laboratory. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed with plutonium-uranium nitrate solutions in water-
reflected spherical and cylindrical vessels. The experiments in spherical geometry involved low plutonium-
240 content (4.6% plutonium-240) material with the plutonium concentration in the uranium being 30 wt% 
of the total plutonium-uranium concentration in the first two experiments and 15 wt% in the latter one; 
those in cylindrical geometry were performed with higher plutonium-240 content 23% plutonium-240 
material in which the plutonium content was 6%. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effectiveness of soluble nuclear poisons used for control of criticality in 
processing reactor fuels was investigated. Results of survey calculations for Gd and B and mixtures of these 
elements indicate that the soluble poison mixtures are more efficient in increasing critical volume than one 
element alone. It is noted that each system in which soluble poisons are used must be evaluated separately 
based on poison costs, separation costs, and factors involving criticality. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The accurate determination of minimum material thicknesses required for isolating 
multiplying media from neutron interaction is a problem of considerable interest in the design of shipping 
containers and storage vaults. The net amount of storage space required for nuclear materials can be 
effectively reduced and criticality controls, improved through the proper use of neutron-absorbing and-
moderating materials near the fuel boundary. A series of critical approach experiments was conducted at 
the Battelle-Northwest Critical Mass Laboratory utilizing a split-table machine in order to measure effective 
isolation thickness values for several materials. Analytical methods were developed for investigating the 
effect of fuel geometry and material compositions upon the experimental results. As a result of the data 
analysis, a simplified experimental technique was developed for determining isolation thickness values 
from the reflector savings data. Also, it was determined that many of the currently acceptable isolation 
thickness values are low by at least a factor of two. It was found that the minimum isolation thickness values 
vary significantly with the cross-sectional area of the fuel system. Diffusion theory calculations indicated 
that the thickness of material necessary for isolating two critical fuel slabs of essentially infinite... 
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2506…..…..…………………..…….……..……ID Number…………………..…..…………….2506 

Author: Thomas, W. / Weber, W. 

Title: Handbuch Der Kritikalitaet. Teil I. Kritikalitaet Und Nukleare Sicherheit. Teil Ii. Daten Zur 
Kritikalitaet. (Handbook of Criticality. Part I. Criticality and Nuclear Safety. Part II. Criticality Data). 

Date: 1/1/1971 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Criticality; Data; Diagrams; Tables 
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2507…..…..…………………..…….……..……ID Number…………………..…..…………….2507 

Author: n.a. 

Title: Criticality Safety in Processing and Handling Fissile Materials. Criticality Data for 235U Metal--
Light Water. Draft 

Date: 1/1/1973 

Report: Book 

Conference/Journal: Book 

Conference Session:  

Abstract/Keyterms: Terminology and graphs of critical masses, critical spherical volumes, critical 
diameters of infinitely extended cylinders and critical layer heights of infinitely extended base areas of 
maximum reflected homogeneous 235U metal-- water mixtures are given. 235U concentration as a function 
of the moderator-fissile material ratio at a 235U density of l8.9 g/cm/sup 3/ is given 
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2508…..…..…………………..…….……..……ID Number…………………..…..…………….2508 

Author: Shihov, S. B. 

Title: Questions on the mathematical theory of reactors. Linear analysis; Voprosy matematicheskoi teorii 
reaktorov. Lineinyi analiz 

Date: 1/1/1973 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A qualitative spectral analysis of the linear operators arising in critical and non-
stationary problems of neutron transfer in a multiplying and non- multiplying inhomogeneous medium of 
finite volume is given. The solution of the critical and non-stationary problem is examined in Banach space 
functions summable according to energy, angular, and space coordinates by use of methods of the theory 
of positive linear operators in Banah space with cones. 
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2509…..…..…………………..…….……..……ID Number…………………..…..…………….2509 

Author: Thomas, A. F. / Abbey, F. 

Title: Calculational methods for interacting arrays of fissile material 

Date: 1/1/1973 

Report: Book 

Conference/Journal: Book 

Conference Session:  

Abstract/Keyterms: Treatment of the subject is aimed at the criticality specialist, describing the basic 
principles involved as illustrated by a number of methods of calculation which have proved their worth in 
daily use at major establishments. The chapters are entitled: the general nature of the interaction problem; 
the problem in practice; simple hand methods (general equilibrium conditions in interacting arrays, the Oak 
Ridge method, the interaction parameter method, comparison of the Oak Ridge method and the interaction 
parameter method, the PQR method); Monte Carlo methods (GEM - neutron tracking). 
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2510…..…..…………………..…….……..……ID Number…………………..…..…………….2510 

Author: Duderstadt, J. J. / Hamilton, L. J. 

Title: Nuclear Reactor Analysis 

Date: 1/1/1976 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This comprehensive introduction covers the fundamental scientific principles 
governing nuclear fission reactors and the methods used in modern nuclear reactor analysis and design. The 
book is divided into four parts of the basic concepts of nuclear fission chain reactions, including a brief 
review of relevant nuclear physics and a survey of modern power reactors. Part 2 develops a simple model 
of nuclear reactor behavior, assuming that the neutrons sustaining the fission chain reactions diffuse from 
point to point in the reactor in such a way that their energy and direction of motion can be ignored (one-
speed diffusion theory). Part 3 generalizes this model to develop the primary tool of nuclear reactor analysis, 
multigroup diffusion theory. Part 4 illustrates the methods of nuclear reactor analysis by considering several 
important applications in reactor engineering, including a brief introduction to reactor core design. The text 
is written exclusively in S1 units and features numerous problems and exercises, many requiring digital 
computation. 
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2511…..…..…………………..…….……..……ID Number…………………..…..…………….2511 

Author: Herbig, J. 

Title: Chain Reaction. The Drama of the Atomic Physicists 

Date: 1/1/1976 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The book describes the development of nuclear energy for peaceful and military uses, 
starting with the discovery of nuclear fission up to the present nuclear controversy regarding the further 
developments in nuclear engineering. 
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2512…..…..…………………..…….……..……ID Number…………………..…..…………….2512 

Author: Kazanskii, Yu. A. / Dulin, V. A. / Zinov'ev, V. P. / Belov, S. P. / Mamontov, V. F. / 
Tyutyunnikov, P. L. 

Title: Techniques for Investigating Reactor Physics on BFS Critical Facilities 

Date: 1/1/1977 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Basic methods of research are examined in critical BFS assemblages, for modeling 
reactors with fast neutrons. Described in detail is one of the most important models, the BFS-2, its 
equipment and loading materials, used for loading critical masses. Basic methods of investigating the 
physical characteristics of critical assemblages are discussed. Examined are methods of measuring 
reactivities, relative sections, and methods of measuring the spectra and energies of neutrons etc. Great 
attention is given to the evaluation of experimental data, extrapolation of some assured coefficients of 
reactivity to zero sizes of specimens, to evaluation of the influence of heterogeneous arrangement of the 
materials in critical assemblages in their physical characteristics etc. The book is intended for scientific 
workers and physical engineers engaged in research on physics of reactors with fast neutrons and may be 
useful to students in advanced courses specializing in engineering physics. 



 

C-2519 

2513…..…..…………………..…….……..……ID Number…………………..…..…………….2513 

Author: Kozlov, V. R. 

Title: Handbook on Radiation Safety 

Date: 1/1/1977 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The handbook reflects changes, in quotas, providing radiation safety in the Soviet 
Union, and in state standards. It includes the data, published in the soviet and foreign press up to 1975 on 
problems of ionizing radiation interaction with a substance, on terminology and units for measuring ionizing 
radiation and radioactivity, doses of background and admissible personnel irradiation in space, resulting 
from natural and artificial sources, from medical procedures. Given are the norms and sanitary rules of 
radiation protection when operating ionizing radiation sources at nuclear power plants, nuclear reactors, 
critical assemblies, placing and operating charged particle accelerators. Included is ample information on 
dosimetry of X-ray, gamma-, and neutron radiation, on dosimetry of charged particles, aerosols and gases, 
on radiometry and spectrometry of internal irradiation and radiation sources. Devices for ionizing radiation 
registration, model radiation sources, radionuclide solutions and their calibration are described. 
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2514…..…..…………………..…….……..……ID Number…………………..…..…………….2514 

Author: Zweifel, P. F 

Title: Reactor Physics 

Date: 1/1/1977 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Main principles of calculated methods of reactor physics study are considered. In this 
case the author represents reactor physics as his own concept neutron distribution in a reactor or an 
experimental assembly. Mainly it is attended to the diffusion theory, in a lesser degree it is attended to the 
transfer theory and neutron moderation process. The single group theory single velocity approximation is 
presented widely. Neutron distribution, criticality of reactor with and without reflector, reactor kinetics, in-
time reactivity change etc. are considered completely in this approximation. Spreading results obtained on 
the multigroup theory, used in practice, is described. Methods of obtaining those parameters, which are to 
use in multigroup calculations are discussed. Complex analytical methods are not discussed; main attention 
is paid to physical validity and methods, which are in the base of computer application. 
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2515…..…..…………………..…….……..……ID Number…………………..…..…………….2515 

Author: Feinberg, S. M. / Shikhov, S. B. / Troyanskii, V. B. 

Title: Nuclear Reactor Theory. V. 1. Elementary Reactor Theory 

Date: 1/1/1978 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Presented is the first manual of nuclear reactor theory written in accordance with the 
program of the course, have been delivered at the Moscow engineering physical institute since 1972. The 
problems connected with the critical reactor state (in one-group, age-theory and multi-group 
approximations), changes of isotopic content, reproduction of new fuel kind, slugging, as well as the 
calculation of neutron-absorbing control rods are set forth in the volume. Much attention has been paid to 
the heterogeneous reactor theory (in particular, the resonance capture theory). The manual is intended for 
students and post-graduates specializing in the area of nuclear power industry. 
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2516…..…..…………………..…….……..……ID Number…………………..…..…………….2516 

Author: Dulin, V. A. 

Title: Perturbation of Reactor Criticality and Improvement of Group Constant 

Date: 1/1/1979 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is made of experiments on the perturbation of reactor properties and 
corresponding computations of their criticality which are undertaken to modify systems of group constants 
used in the design of fast neutron reactors. Primary attention is given to methods of evaluating the accuracy 
of group approximation during computations in the theory of perturbation, in accounting for the actual 
heterogeneous structure of critical assemblies, and the description of the effect of finite dimensions of 
samples with whose aid perturbation is accomplished in experiments on the perturbation of reactor 
criticality. Examples are cited of using evaluation methods for the comparison of computational and 
experimental results for critical assemblies BFS, ZPR, SNEAK, and the production of a modified system 
of group constants. The book is intended for scientists and engineers engaged in the study and design of 
fast neutron reactors, and for senior students enrolled in corresponding courses. 
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2517…..…..…………………..…….……..……ID Number…………………..…..…………….2517 

Author: Kraitor, S. N. 

Title: Dosimetry During Radiation Accidents 

Date: 1/1/1979 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The book reviews the practical and research work in radiation accident dosimetry 
carried out in the USSR and abroad. It contains an analysis of the most typical radiation accidents caused 
by spontaneous chain reactions at critical assemblies and research reactors. Patterns of gamma and neutron 
radiation field formation in experimental rooms containing critical assemblies, and their influence on the 
depth dose distribution in the human body following an accident are examined. A detailed account of the 
methods of individual gamma--n-radiation dosimetry and neutron spectrometry, as well as a description of 
dosimeters and spectrometers used for individual dose monitoring in accident-prone areas and in accident 
dosimetry research is presented. The book provides an insight into some organizational problems of 
individual accident control management, based on the IKS-A--GNEIS system, including the exposed 
personnel dosimetric examination at the accident area and in a radiological center. The book is intended for 
research and technical workers, workers of radiation safety facilities and radiological centers, higher school 
students and post-graduates. 
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2518…..…..…………………..…….……..……ID Number…………………..…..…………….2518 

Author: Libby, L. M. 

Title: Uranium People 

Date: 1/1/1979 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The early years of discovery and development of atomic energy is told by Leona 
Marshall Libby, the youngest and only woman member of the group that built the first nuclear reactor. In 
1942, Enrico Fermi's group at the University of Chicago Metallurgical Laboratory was joined by Leo 
Szilard, Walter Zinn, Herbert Anderson, John Marshall, Albert Wattenberg, and others to participate in 
establishing the first chain reaction. That year the authoress joined the group. Others joining included 
Robert Oppenheimer, Ernest Lawrence, Arthur Compton, James Franck, Luis Alvarez, Glenn Seaborg, 
Robert Mulliken, Eugene Wigner, and others. The book follows the US project and people who worked on 
it across the globe. It not only follows the scientific problems, but also the human drama of those who 
played an important role in our scientific history. 
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2519…..…..…………………..…….……..……ID Number…………………..…..…………….2519 

Author: Rudik, A. P. 

Title: Physical Principles of Nuclear Reactors 

Date: 1/1/1979 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief description is given of the physical processes that take place in a nuclear 
reactor, including slow-down and diffusion of neutrons, nuclear chain reactions, the kinetics of reactor time 
behavior, burn-out of nuclear fuel, the formation of trans-plutonium elements, etc. Approximation formulae 
that make it possible to make fundamental evaluations of the basic physical effects are given. The book is 
designed for designers, builders, power specialists, repair, installation and maintenance specialists, and 
engineers associated with the planning and exploitation of various nuclear power plant units. 
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2520…..…..…………………..…….……..……ID Number…………………..…..…………….2520 

Author: Choppin, G. R. / Rydberg, J. 

Title: Nuclear Chemistry. Theory and Applications 

Date: 1/1/1980 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The subject is covered in chapters, entitled science; nuclei and isotopes; nuclear mass 
and stability; radioactive decay; cosmic radiation and elementary particles; nuclear structure; nuclear 
reactions I reactions II thermonuclear reactions and nucleogenesis; naturally occurring radioactive elements 
and extinct radioactivity; synthetic elements; absorption of nuclear radiation; radiation effects on matter; 
radiation biology and radiation hazards; detection and measurement of nuclear radiation; applications of 
radioactive tracers; nuclear chain reactions; treatment of spent nuclear fuel; nuclear power 
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2521…..…..…………………..…….……..……ID Number…………………..…..…………….2521 

Author: Murray, R. L. 

Title: Nuclear Energy, An Introduction to the Concepts, Systems, and Applications of Nuclear Processes 

Date: 1/1/1980 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The subject is covered in chapters, entitled energy and states of matter; atoms and 
nuclei; radioactivity; nuclear reactions; reaction rates; radiation and materials; fission; fusion; (Part 2-
nuclear systems) particle accelerators; isotope separators; radiation detectors; neutron chain reactions; 
nuclear reactor concepts; energy conversion methods; breeder reactors; fusion reactors; and (Part 3-nuclear 
energy and man) the history of nuclear energy; biological effects of radiation; radiation protection and 
control; reactor safety; radioactive waste processing and disposal; beneficial uses of isotopes; applications 
of radiation; nuclear explosives; alternative nuclear power systems; thermal effects and the environment; 
energy and resources. 



 

C-2528 

2522…..…..…………………..…….……..……ID Number…………………..…..…………….2522 

Author: Bennet, D. J. 

Title: Elements of Nuclear Power 

Date: 1/1/1981 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The subject is covered in chapters, entitled a qualitative description; neutrons and 
their interaction with matter; the chain reaction and principles of nuclear reactors; the theory of nuclear 
reactors-homogeneous thermal reactors; the theory of nuclear reactors-further topics; heat transfer and fluid 
flow in nuclear reactors; thermodynamic aspects of nuclear power plant; the operating characteristics of 
nuclear reactors; radiation hazards and shielding; the implications of nuclear power. 
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2523…..…..…………………..…….……..……ID Number…………………..…..…………….2523 

Author: Bennet, D. J. 

Title: The Elements of Nuclear Power 

Date: 1/1/1981 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This book is based on a one-year course given to Final Year students of Mechanical 
Engineering at the University of Strathclyde. The aim of this course is to give these students an introduction 
to the principles of power generation from nuclear fission. The course begins with a description of the 
physical processes which take place in a nuclear reactor and then it develops simplified theory which 
enables calculations to be made for reactor criticality. Heat transfer in reactors, thermodynamic power 
cycles, reactor operation and radiation shielding are also dealt with briefly. A certain amount of additional 
material, notably further topics on the theory of nuclear reactors, have been included in this book. 



 

C-2530 

2524…..…..…………………..…….……..……ID Number…………………..…..…………….2524 

Author: n. a. 

Title: Manual on Safety Aspects of the Design and Equipment of Hot Laboratories 

Date: 1/1/1981 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Various Radioactive Waste Disposal Systems; Criticality Control; 
Fire Protection; Personnel Monitoring, Including Changing-Room Monitoring and Protective Clothing; 
Standardization and Automation; and Administrative Controls. Although Alpha, Beta, Gamma 
Technologies Have Developed Separately, Equipment Used in Radioactive Work is Common to Many 
Operations. There is a Step Change in Technology Between Work with Uranium and Plutonium and 
Between Work with Plutonium and Other Transuranics; with Plutonium One Enters the Field of Alpha, 
Beta, Gamma Technology. This Manual Reports the Basic Requirements and Gives Reference to More 
Sophisticated Techniques Available. 
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2525…..…..…………………..…….……..……ID Number…………………..…..…………….2525 

Author: Stewart, D. C. 

Title: Handling radioactivity: a practical approach for scientists and engineers 

Date: 1/1/1981 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The aim of this book is to present an overall view in a descriptive and essentially 
nonmathematical way of the practicalities of handling radioactivity. It is hoped that the material will be 
particularly helpful to those entering the nuclear field for the first time and to those working in related areas 
whose responsibilities require them to have a general knowledge of the subject of radioactivity handling 
and its vocabulary. The presentation is primarily for bench-scale operations. There is a considerable 
emphasis on facilities since these are fundamental to the safe handling of active materials. Facility design 
and detail is also unfortunately an area where the relevant information is largely scattered through literature 
sources that are not accessible to most readers. Some of the topics surveyed - such as dosimetry, shielding 
and nuclear criticality - are extremely complex and no pretense is made that the treatment here represents 
more than bare bone summaries of the fields. A considerable effort has been made to cite the key references 
in each area where more detailed information can be found. A few additional useful references not cited 
directly in the text appear in an abbreviated bibliography at the end of the book. 



 

C-2532 

2526…..…..…………………..…….……..……ID Number…………………..…..…………….2526 

Author: Herman, C. 

Title: Introduction to health physics 

Date: 1/1/1983 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This volume, in textbook format, deals with radiation toxicology, environmental 
health, and safety procedures related to radiation exposure. The first five chapters give basic information in 
mechanics, electricity, quantum theory, and atomic and nuclear structure. The remaining chapters deal with 
the biological effects of radiation and radiation protection. The text is descriptive and basically non-
technical nor mathematical. The main purpose of this textbook is to lay the groundwork for attaining 
technical competency in health physics, i.e., the protection of the individual and population groups against 
the harmful effects of ionizing and non- ionizing radiation. Illustrated with plates, graphs, charts, and tables. 



 

C-2533 

2527…..…..…………………..…….……..……ID Number…………………..…..…………….2527 

Author: Knief, R. A. 

Title: Nuclear Criticality Safety 

Date: 1/1/1985 

Report: Book 

Conference/Journal: Book 

Conference Session:  

Abstract/Keyterms: Important facts of the nuclear criticality safety field are covered in this volume. Both 
theoretical and practical aspects of the subject are included, based on insights provided by criticality experts 
and published information from many sources. An overview of nuclear criticality safety theory and a variety 
of practical in-plant operation applications are presented. Underlying principles of nuclear criticality safety 
are introduced and the state of the art of this technical discipline is reviewed. Criticality safety theoretical 
concepts, accident experience, standards, experiments computer calculations, integration of safety methods 
into individual practices, and overall facility operations are all included. 
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2528…..…..…………………..…….……..……ID Number…………………..…..…………….2528 

Author: n. a. 

Title: Safety Series No. 6, Regulations for the Safe Transport of Radioactive Materials, 1985 Edition, 
International Atomic Energy Agency, Vienna (1985) 

Date: 1/1/1985 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2529…..…..…………………..…….……..……ID Number…………………..…..…………….2529 

Author: Turner, J. E. 

Title: Atoms, Radiation, and Radiation Protection 

Date: 1/1/1986 

Report: Book 

Conference/Journal: Book 

Conference Session:  

Abstract/Keyterms: Pergamon Books Inc., Manager/Publishing Services, Maxwell House, Fairview Park, 
Elmsford, NY 10523. 
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2530…..…..…………………..…….……..……ID Number…………………..…..…………….2530 

Author: Mark, J. C. 

Title: Reactor-grade plutonium's explosive properties 

Date: 1/1/1990 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: These comments relate to the question of whether a terrorist organization or a 
threshold state could make use of plutonium recovered from light water reactor fuel to construct a nuclear 
explosive device having a significantly damaging yield. Three aspects of this question will be discussed 
separately: criticality properties of reactor-grade plutonium; effects of predetonation on yield distribution; 
and some of the problems confronting a terrorist organization. Finally, several conclusions are noted. This 
paper is being written at this time because questions appear to persist in some non-proliferation policy 
circles about whether a bomb really could be made from reactor-grade plutonium of especially high burnup 
and whether the task is too daunting for a threshold state or terrorist group, even if it is technically feasible. 
This paper is derived from information in the public domain. It is appropriate, therefore, to make the 
information and its significance available to policymakers and members of the public who are concerned 
about preventing the spread of nuclear explosives. 
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2531…..…..…………………..…….……..……ID Number…………………..…..…………….2531 

Author: Cooper, Raymond 

Title: The Book that Opened the Nuclear Age: Atomic Energy for Military Purposes by Henry D. Smyth 

Date: 9/11/1995 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2532…..…..…………………..…….……..……ID Number…………………..…..…………….2532 

Author: Albin Michel 

Title: Framatome: from the Nuclear Engineering of FICE to the International Group 

Date: 12/1/1995 

Report: Book 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Framatome 
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2533…..…..…………………..…….……..……ID Number…………………..…..…………….2533 

Author: n. a. 

Title: Validation of Calculational Methods for Nuclear Criticality Safety 

Date: 1/1/1975 

Report: Book of ASTM Standards 

Conference/Journal: Book of ASTM Standards (U.S.) Changed to Annu. Book ASTM Stand 

Conference Session:  

Abstract/Keyterms: This Standard states the requirements for establishing the validity and area(s) of 
applicability of any calculational method used in assessing nuclear criticality safety. 
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2534…..…..…………………..…….……..……ID Number…………………..…..…………….2534 

Author: Stewart, D. C. 

Title: Handling Radioactivity a Practical Approach for Scientists and Engineers, Chap. 8, Nuclear 
Criticality 

Date: 1/1/1981 

Report: Book, John Wiley & Sons, New York 

Conference/Journal: Book: John Wiley & Sons 

Conference Session:  

Abstract/Keyterms: The aim of this book is to present an overall view in a descriptive and essentially 
nonmathematical way of the practicalities of handling radioactivity. It is hoped that the material will be 
particularly helpful to those entering the nuclear field for the first time and to those working in related areas 
whose responsibilities require them to have a general knowledge of the subject of radioactivity handling 
and its vocabulary. The presentation is primarily for bench-scale operations. There is a considerable 
emphasis on facilities since these are fundamental to the safe handling of active materials. Facility design 
and detail is also unfortunately an area where the relevant information is largely scattered through literature 
sources that are not accessible to most readers. Some of the topics surveyed-such as dosimetry, shielding 
and nuclear criticality-are extremely complex and no pretense is made that the treatment here represents 
more than bare bone summaries of the fields. A considerable effort has been made to cite the key references 
in each area where more detailed information can be found. A few additional useful references not cited 
directly in the text appear in an abbreviated bibliography at the end of the book. 
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2535…..…..…………………..…….……..……ID Number…………………..…..…………….2535 

Author: Stewart, D. C. 

Title: Handling Radioactivity a Practical Approach for Scientists and Engineers, Chapter 9, Transportation 
of Radioactivity 

Date: 1/1/1981 

Report: Book, John Wiley & Sons, New York 

Conference/Journal: Book: John Wiley & Sons 

Conference Session:  

Abstract/Keyterms: The aim of this book is to present an overall view in a descriptive and essentially 
nonmathematical way of the practicalities of handling radioactivity. It is hoped that the material will be 
particularly helpful to those entering the nuclear field for the first time and to those working in related areas 
whose responsibilities require them to have a general knowledge of the subject of radioactivity handling 
and its vocabulary. The presentation is primarily for bench-scale operations. There is a considerable 
emphasis on facilities since these are fundamental to the safe handling of active materials. Facility design 
and detail is also unfortunately an area where the relevant information is largely scattered through literature 
sources that are not accessible to most readers. Some of the topics surveyed-such as dosimetry, shielding 
and nuclear criticality-are extremely complex and no pretense is made that the treatment here represents 
more than bare bone summaries of the fields. A considerable effort has been made to cite the key references 
in each area where more detailed information can be found. A few additional useful references not cited 
directly in the text appear in an abbreviated bibliography at the end of the book. 
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2536…..…..…………………..…….……..……ID Number…………………..…..…………….2536 

Author: Sills, David L. / Wolf, C. P. / Shelanski, V. B. 

Title: Accident at Three Mile Island: The Human Dimensions 

Date: 1/1/1982 

Report: Book: ISBN 086531-165-X 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2537…..…..…………………..…….……..……ID Number…………………..…..…………….2537 

Author: Yurovoi, L. N. 

Title: Fizika Yadernykh Reaktorov. Vypusk 1. (Nuclear Reactor Physics. Part 1) 

Date: 1/1/1968 

Report: Book: Nuclear Reactor Physics. Part 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Bibliography; Criticality; Mathematics; Reactivity; 
Reactor Kinetics; Reactors 
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2538…..…..…………………..…….……..……ID Number…………………..…..…………….2538 

Author: Popović, D. / Takač, S. / Marković, H. / Raišić, N. / Zdravković, Z. / et al. 

Title: Zero Energy Reactor RB 

Date: 3/1/1959 

Report: Boris Kidrič", Vinča, Vol. 9, No. 168, pp. 1-13, Vinča, Yugoslavia 

Conference/Journal: Bulletin of the Institute of Nuclear Sciences "Boris Kidrič", Vinča, Yugoslavia 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001; LEU-MET-THERM-002, LEU-MET-THERM-015; In 
1958 the zero energy reactor RB was built with the purpose of enabling critical experiments with various 
reactor systems to be carried out. The first core assembly built in the reactor consists of heavy water as 
moderator and natural uranium metal as fuel. In order to be able to obtain very accurate results when 
measuring the main characteristics of the assembly the reactor was built as a completely bare system. 



 

C-2545 

2539…..…..…………………..…….……..……ID Number…………………..…..…………….2539 

Author: Raišić, N. M. / Popović, D. D. / Takač, S. M. / Djordjević, M. M. 

Title: The Experimental Determination of the Buckling in the Bare Heavy Water Natural Uranium Critical 
Assembly "RB" 

Date: 3/1/1960 

Report: Boris Kidrič", Vol. 10, No. 195, pp. 1-6 

Conference/Journal: Bulletin of the Institute of Nuclear Sciences "Boris Kidrič", Vinča, Yugoslavia 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001 
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2540…..…..…………………..…….……..……ID Number…………………..…..…………….2540 

Author: Popović, D. / Raišić, N. / Marković, H. / Takač, S. / Zdravković, Z. / Lolić, B. 

Title: Measurement of M2 k∞ for a Heavy Water - Natural Uranium Assembly 

Date: 3/1/1959 

Report: Boris Kidrič", Vol. 9, No. 169, pp. 15-19 

Conference/Journal: Bulletin of the Institute of Nuclear Sciences "Boris Kidrič", Vinča, Yugoslavia 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001 
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2541…..…..…………………..…….……..……ID Number…………………..…..…………….2541 

Author: Raišić, N. / Popović, D. / Takač, S. / Marković, H. / Martinc, R. / Radanović, L. J. 

Title: Measurement of Safety-Rod Effectiveness of the Zero Energy Reactor "RB" 

Date: 3/1/1959 

Report: Boris Kidrič", Vol. 9, No. 170, pp. 21-27 

Conference/Journal: Bulletin of the Institute of Nuclear Sciences "Boris Kidrič", Vinča, Yugoslavia 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001 
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2542…..…..…………………..…….……..……ID Number…………………..…..…………….2542 

Author: Šotić, O. M. 

Title: Interpretation of Substitution Experiments by Homogeneous Two-group Method, MSc Thesis (in 
Serbian), Faculty of Natural Sciences of the University of Belgrade (February 1970)/see also: IBK Report 
No. 907 

Date: 1/1/1970 

Report: Boris Kidrič” 

Conference/Journal: Bulletin of the Institute of Nuclear Sciences "Boris Kidrič", Vinča, Yugoslavia 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-015 



 

C-2549 

2543…..…..…………………..…….……..……ID Number…………………..…..…………….2543 

Author: n.a. 

Title: Review of Atomic Propulsion 

Date: 4/1/1958 

Report: Brard. Bull. Tech. Bur. Veritas; Vol: 40 

Conference/Journal: Brard. Bull. Tech. Bur. Veritas 

Conference Session:  

Abstract/Keyterms: The fundamentals of the fission process and the suitability of the various possible 
reactor fuels are reviewed. The question of the critical size of a reactor and possible types of reactor for 
marine propulsion are considered. Fuel utilization and methods for prolonging the life of the fuel rods are 
discussed. Some details are given on the operation of a reactor. Pressurized water reactors, boiling water 
reactors, and gas cooled reactors are described in detail, and the subject of shielding is discussed. Other 
subjects considered include the design of the reactor pressure vessel, piping, and evaporators, and the 
weight, space required, and costs for the nuclear installation. 



 

C-2550 

2544…..…..…………………..…….……..……ID Number…………………..…..…………….2544 

Author: El Maftoum, W. R. 

Title: Applicability of the Successive Approximation Methods in the Control Elements Treatment in 
Nuclear Systems with Irregular Geometry 

Date: 1/1/1983 

Report: Brazil: Centro Tecnico Aeroespacial, 1983/111 pp 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Steady-State Wave Equation / Worth of Partially Inserted Rod 



 

C-2551 

2545…..…..…………………..…….……..……ID Number…………………..…..…………….2545 

Author: Dietrich, J. R. 

Title: The Physics of Advanced Reactors 

Date: 1/1/1956 

Report: Brit. J. Appl. Phys.; Vol: Suppl. No. 5 

Conference/Journal: Brit. J. Appl. Phys. 

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Configuration; Conversion; Coolants; Criticality; Economics; 
Efficiency; Energy; Environment; Fast Neutrons; Fertile Materials; Fissionable Materials; Fuel Elements; 
Isotopes; Mass; Measured Values; Mechanical Structures; Moderators; Natural Uranium Fuel; Neutron 
Flux; Planning; Power Plants; Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; Reactors; 
Reprocessing; Thermal Neutrons; Thorium 232; Uranium 235; Uranium 238; Vessels; Zones 



 

C-2552 

2546…..…..…………………..…….……..……ID Number…………………..…..…………….2546 

Author: n. a. 

Title: The Density of Random Close Packing of Spheres 

Date: 1/1/1970 

Report: British Journal of Applied Physics, 2 (2), 863 

Conference/Journal: British Journal of Applied Physics 

Conference Session:  

Abstract/Keyterms:  



 

C-2553 

2547…..…..…………………..…….……..……ID Number…………………..…..…………….2547 

Author: Shepherd, L. R. 

Title: The Zero-Energy Fast Breeder Reactor, ZEPHYR 

Date: 1/1/1956 

Report: British Journal of Applied Physics, Suppl. No. 5, 032-041 

Conference/Journal: British Journal of Applied Physics 

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Configuration; Cooling; Efficiency; Equations; Fast 
Neutrons; Measured Values; Natural Uranium Fuel; Neutron Flux; Plutonium; Power; Reactivity; Reactor 
Core; Reactors; ZEPHYR; Zones 



 

C-2554 

2548…..…..…………………..…….……..……ID Number…………………..…..…………….2548 

Author: Keay, R. T. / Williams, J. A. 

Title: Recoverable Neutron Absorbers 

Date: 8/25/1982 

Report: British Patent 2,093,260/A// 25 Aug 1982/1 pp. Int. Patent Code: G21f1/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the reprocessing of irradiated nuclear fuel elements the nuclear fuel material is 
separated from the material which forms the remainder of the elements by dissolving the nuclear fuel 
material in nitric acid. Neutron absorbers are added to control criticality. The neutron absorbers comprise 
pellets each having a core of neutron absorbing material encased in a sheath of a material which is resistant 
to attack by acid, the core or sheath being magnetic. The sheath protects the core of neutron absorbing 
material from attack by the acid and the magnetic content of the core or sheath enables the absorbers to be 
recovered for reuse by magnetic separation techniques. 



 

C-2555 

2549…..…..…………………..…….……..……ID Number…………………..…..…………….2549 

Author: Kazi, A. H. / Watson, J. L. 

Title: Nuclear Engineering Problems of a Burning Rocket Motor Neutron Irradiation 

Date: 8/1/1972 

Report: BRL MR 2217 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Irradiation test of a (miniature) rocket motor with solid propellant. A fast reactor pulse 
is performed as the rocket motor is firing, with the motor and reactor in very close proximity. 
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2550…..…..…………………..…….……..……ID Number…………………..…..…………….2550 

Author: Crnomarković, M. 

Title: Influence of Voids on Reactivity of Heavy Water Reactor with Tubular Fuel Elements 

Date: 1/1/1980 

Report: BSc Thesis (in Serbian), Faculty of Electrical Enginering of the University of Belgrade, 
Yugoslavia (1980) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-015 
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2551…..…..…………………..…….……..……ID Number…………………..…..…………….2551 

Author: Joo, Hansem 

Title: Application of the RCP01 Code to Depletion of a PWR Spent Nuclear Fuel Sample 

Date: 12/31/1997 

Report: B-T-3425 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An essential component of a proposed burnup credit methodology for commercial 
PWR spent nuclear fuel (SNF) is the validation of the tools used for isotopic and criticality calculations. A 
number of benchmark experiments have been analyzed to establish the validation of the tools and to 
determine biases and corrections. To benchmark the RCP01 Monte Carlo computer code, an isotopic 
validation study was conducted for one of the benchmark experiments, a SNF sample taken from the Calvert 
Cliffs PWR Unit-1 (CCPU1). Modeling considerations and nuclear data associated with the RCP01 
transport/depletion calculations are discussed. The accuracy of RCP01 calculations is demonstrated to be 
very good when RCP01 results are compared to destructive chemical assay data for major actinides and 
important fission products in the SNF sample. 



 

C-2558 

2552…..…..…………………..…….……..……ID Number…………………..…..…………….2552 

Author: Zerkle, M. L. / Meyers, M. E. / Tarves, S. M. / Powers, J. J. 

Title: Specifications, Pre-Experimental Predictions, and Test Plate Characterization Information for the 
Prometheus Critical Experiments 

Date: 4/1/2006 

Report: B-TM-1639 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2553…..…..…………………..…….……..……ID Number…………………..…..…………….2553 

Author: Haon, D. / Leclerc, J. / Labrousse, M. 

Title: Criticality-safety in fissile material transportation 

Date: 3/1/1974 

Report: BUIAA, 190, 21-28 

Conference/Journal: Bull. Inform. Sci. Tech. 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Casks- Safety; Fissile 
Materials- Transport; Design; Packaging; Safety Standards; Transport Regulations 



 

C-2560 

2554…..…..…………………..…….……..……ID Number…………………..…..…………….2554 

Author: Devooght, J. 

Title: On Reactors with Minimum Critical Mass 

Date: 1/1/1957 

Report: Bull. classe sci. Acad. roy. Belg.: Vol: 43 

Conference/Journal: Bull. classe sci. Acad. roy. Belg. 

Conference Session:  

Abstract/Keyterms: The problem of the determination of the distribution of fissile material corresponding 
to a distribution of moderator material and to a given flux of neutrons is solved for the case of two half 
spaces separated by a plane surface for the transport equations of Boltzmann with one neutron group. The 
solution is generalized for thermal neutrons. 



 

C-2561 

2555…..…..…………………..…….……..……ID Number…………………..…..…………….2555 

Author: Clauzon, P. / Gourdon, J. / Chantot, H. / Chenal, J. C. / Coulon, G. / Gouriou, A. / Humbert, G. / 
Jallade, M. / Ladet, J. / Martin, J. 

Title: Tests on PHENIX nuclear power plant. Core testing 

Date: 1/1/1975 

Report: Bull. Inf. Sci. Tech. (Paris), no. 199, pp. 61-74 

Conference/Journal: Bull. Inf. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; PHENIX Reactor- Performance Testing 
Containment; Control Rod Worths; Critical Mass; Criticality; High Temperature; Power Coefficient; Power 
Density; Pressure Coefficient; Reactivity; Reactor Cores; Reactor Fueling; Reactor Start-Up; Spatial 
Distribution; Temperature Coefficient 
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2556…..…..…………………..…….……..……ID Number…………………..…..…………….2556 

Author: Delattre, P. 

Title: Advantages and Disadvantage of the Various Types of Research Reactor. II. Heavy Water Reactors 

Date: 8/1/1963 

Report: Bull. Inform Sci. Tech. (Paris); Vol: No. 75 

Conference/Journal: Bull. Inform Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: The advantages of using heavy water as a moderator must be considered first of all, 
when the reactor fuel is natural uranium, for the following parameters: critical mass, control, conversion 
factor, influence of burnup on reactivity, and volume available for experiments. With enriched uranium, all 
these advantages exist. When very undermoderated systems are needed, the superiority of heavy water is 
shown to be undeniable. The disadvantages of heavy water reactors lie in the rather important investments 
which are needed and in the complexity of operational problems. 
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2557…..…..…………………..…….……..……ID Number…………………..…..…………….2557 

Author: Durand-Smet, R. 

Title: Measurement of the Coefficients of the Coolant Fluid in the Fast Neutron Critical Assembly SNEAK 

Date: 1/1/1967 

Report: Bull. Inform. A.T.E.N. (Ass. Tech. Energ. Nucl.), 65, 047-062 

Conference/Journal: Bull. Inform. A.T.E.N. (Ass. Tech. Energ. Nucl.) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Cooling Systems; Coolants; Critical 
Assemblies; Plutonium 240; Sodium; Steam; Uranium 235 
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2558…..…..…………………..…….……..……ID Number…………………..…..…………….2558 

Author: Houelle, M. 

Title: Source Utilizing Neutron Pulses Produced by a Sudden Increase in the Reactivity of a Homogeneous 
Reactor 

Date: 1/1/1971 

Report: Bull. Inform. A.T.E.N. (Ass. Tech. Energ. Nucl.), Suppl. No. 90, 14- 20 

Conference/Journal: Bull. Inform. A.T.E.N. (Ass. Tech. Energ. Nucl.) 

Conference Session:  

Abstract/Keyterms: Engineering-Materials Testing; Aqueous Homogeneous Reactors; Beam Holes; 
Biological Shielding; Collimators; Criticality; Enriched Uranium Reactors; Neutron Radiography; Neutron 
Sources; Performance; Pulsed Reactors; Reactivity; Reactor Safety; Thermal Reactors; Water Cooled 
Reactors; Water Moderated Reactors; Zero Power Reactors 
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2559…..…..…………………..…….……..……ID Number…………………..…..…………….2559 

Author: Escrive, R. / Jullien, G. / Follin-Arbelet, A. 

Title: Cabri—Experimental Swimming Pool Reactor 

Date: 3/1/1964 

Report: Bull. Inform. A.T.E.N. (Assoc. Tech. Energie Nucl.), 46, 033-034 

Conference/Journal: Bull. Inform. A.T.E.N. (Assoc. Tech. Energie Nucl.) 

Conference Session:  

Abstract/Keyterms: Assessment of the Available 233U Cross Sections Evaluations in the Calculation of 
Critical Benchmark Experiments 



 

C-2566 

2560…..…..…………………..…….……..……ID Number…………………..…..…………….2560 

Author: Planquart, M. J. / Van Geertruyden, M. F. 

Title: High Flux Reactor for Material Testing, the BR-2 

Date: 5/1/1958 

Report: Bull. Inform. Assoc. belge develop. pacifique energie atomique; Vol: No. 14 

Conference/Journal: Bull. Inform. Assoc. belge develop. pacifique energie atomique 

Conference Session:  

Abstract/Keyterms: The design of the BR-2, a high flux research reactor, is described. It is a 
heterogeneous reactor with highly enriched uranium and cooled and moderated by light water under 
pressure. The nuclear and hydrodynamic characteristics are given. 
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2561…..…..…………………..…….……..……ID Number…………………..…..…………….2561 

Author: Planquart, J. 

Title: The Dragon Project. Part III 

Date: 7/1/1961 

Report: Bull. inform. assoc. belge develop. pacifique energie atomique; Vol: No. 33, 11-15 

Conference/Journal: Bull. inform. assoc. belge develop. pacifique energie atomique 

Conference Session:  

Abstract/Keyterms: In this third part of the report on the Dragon Project, the general concept of the reactor 
is reviewed. Then the heat exchange system, the fuel elements, reactor control, and removal of fission 
products are described. The characteristics of the reactor are tabulated. 
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2562…..…..…………………..…….……..……ID Number…………………..…..…………….2562 

Author: n.a. 

Title: Proserpine 

Date: 7/1/1959 

Report: Bull. inform. sci. et tech. (Paris); Vol: No. 31 

Conference/Journal: Bull. inform. sci. et tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Proserpine reactor is briefly described and some critical experiments reported. The 
experiments include critical mass determination, absolute calibration of reactivity, and temperature 
coefficient. 
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2563…..…..…………………..…….……..……ID Number…………………..…..…………….2563 

Author: n.a. 

Title: Measurement of Laplacians by the Method of Progressive Replacement 

Date: 7/1/1959 

Report: Bull. inform. sci. et tech. (Paris); Vol: No. 31 

Conference/Journal: Bull. inform. sci. et tech. (Paris) 

Conference Session:  

Abstract/Keyterms: The replacement method and its applications are briefly discussed. The method 
consists of placing a sample of the lattice to be measured at the center of a critical assembly and deducing 
its Laplacian from the reactivity variation or the critical volume. 
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2564…..…..…………………..…….……..……ID Number…………………..…..…………….2564 

Author: Cherot, J. / Sautiez, B. 

Title: The Swimming Pool Reactors of 1000 Kw, Melusine and Triton. II. Neutron Study 

Date: 12/1/1959 

Report: Bull. inform. sci. et tech. (Paris); Vol: No. 35 

Conference/Journal: Bull. inform. sci. et tech. (Paris) 

Conference Session:  

Abstract/Keyterms: The general characteristics of the Melusine Reactor are tabulated as an introduction 
to the theoretical and experimental study of its neutron characteristics. In the critical mass studies, several 
critical configurations were established in an infinite medium, two of simple geometry and the others with 
a very complex geometry. The temperature coefficient was investigated by heating the water in a uniform 
fashion and measuring the effect of the temperature on the reactivity of the two simple geometric 
configurations and on the reactor in "normal operation." Study of the reactor in "normal operation" included 
investigation of the temperature coefficient for uniform temperature, effect of experimental channels on the 
reactivity, standardization of the control and operating rods, effect of some peripheral elements on the 
reactivity, distribution of thermal and epithermal neutrons in the core and experimental arrangements, 
distribution of fast neutrons in the core and reflector, and effect on the reactivity of xenon poisoning during 
operation of the reactor at 1 Mw for 80 hr. 
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2565…..…..…………………..…….……..……ID Number…………………..…..…………….2565 

Author: Gourdon, C. / Martelly, J. / Sagot, M. / Wanner, G. 

Title: Critical Assembly of Uranium-Beryllium Oxide 

Date: 4/1/1958 

Report: Bull. inform. sci. et tech. 16,009-017 

Conference/Journal: Bull. inform. sci. et tech. 

Conference Session:  

Abstract/Keyterms: Subcritical Laplacien measurements were made on uranium--beryllium oxide lattices 
by the classical exponential method and the Neutrostat method. The assembly used was an onthocylinder 
with a vertical axis. It was composed of 7.5 tons of BeO with 90 fuel channels with a cross section of 5 x 5 
cm/sup 2/, arranged in a square lattice of 15 cm pitch. By charging the assembly with 700 kg of uranium, 
enriched to 1.36%, it was possible to attain criticality under quite favorable conditions. The assembly has 
no radial reflector and the axial reflectors were poisoned with cadmium to have a very small albedo and to 
avoid a perturbation of the neutron spectra. Cadmium tubes around each uranium rod were moved up or 
down to control the reactivity. The material buckling, photoneutron effect in BeO, and the temperature and 
pressure coefficients of reactivity were studied. 
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2566…..…..…………………..…….……..……ID Number…………………..…..…………….2566 

Author: Girard, Y. / Koechlin, J. C. / Moreau, J. M. 

Title: Critical Experiments on the Aquilon Reactor 

Date: 2/1/1958 

Report: Bull. inform. sci. et tech.; Vol: No. 14 

Conference/Journal: Bull. inform. sci. et tech. 

Conference Session:  

Abstract/Keyterms: The Aquilon is a natural uranium research reactor cooled with heavy water. The 
shielding, auxiliary installations and the control installations are described. A study was made of the critical 
conditions of the reactor, and an experimental determination of the buckling was also performed. The values 
obtained are given. 
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2567…..…..…………………..…….……..……ID Number…………………..…..…………….2567 

Author: Teste du Bailler, A. 

Title: Neutron Study of the G-2 and G-3 

Date: 8/1/1958 

Report: Bull. inform. sci. et tech.; Vol: No. 20 

Conference/Journal: Bull. inform. sci. et tech. 

Conference Session:  

Abstract/Keyterms: The essential characteristics, as well as the principal numerical values, of the natural 
uranium-graphite matrix of the G-2 reactor are given. The calculation methods and the formulas used are 
not reproduced. The reactivity control and the flattening of the flax curve are briefly considered. 
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2568…..…..…………………..…….……..……ID Number…………………..…..…………….2568 

Author: Caumette, P. 

Title: Substitution Experiments 

Date: 5/1/1972 

Report: Bull. Inform. Sci. Tech. (Paris) No. 170, 37-40 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors; CESAR Reactor; Criticality; Fast Neutrons; MARIUS 
Reactor; MASURCA Reactor; Material Buckling; Pile Replacement Techniques; Reactivity; Reactor 
Lattices; Thermal Neutrons 
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2569…..…..…………………..…….……..……ID Number…………………..…..…………….2569 

Author: Laponche, B. / Barre, Y. 

Title: Methods of Interpreting Neutronic Experiments 

Date: 5/1/1972 

Report: Bull. Inform. Sci. Tech. (Paris) No. 170, 87-94 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Criticality; Geometric 
Buckling; Material Buckling; Measuring Methods; Neutron Flux; Perturbation Theory; Pile Oscillation 
Techniques; Pile Replacement Techniques; Reactivity; Reactor Kinetics 
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2570…..…..…………………..…….……..……ID Number…………………..…..…………….2570 

Author: Tabardel, R. 

Title: Monte Carlo Method as Applied to Nuclear Criticality Safety Calculations 

Date: 5/1/1963 

Report: Bull. Inform. Sci. Tech. (Paris), 72-3 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms:  
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2571…..…..…………………..…….……..……ID Number…………………..…..…………….2571 

Author: Tabardel, R. 

Title: Activity of the Dosimetry Laboratory 

Date: 5/1/1963 

Report: Bull. Inform. Sci. Tech. (Paris), 72-3, 027-034 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Methodical and regular control of the external irradiation doses received by agents 
on active work is carried out. This control is done by the dosimetry laboratory. The systematic dosimetry 
of BETA, gamma, and x radiations and of rapid and thermal neutrons is based on the use of individual 
detectors: films and pocket meters. The calculation of radiation doses received by the personnel is carried 
out by multi-copying methods. The laboratory undertook the dosing of radiations in the case of a criticality 
accident. 
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2572…..…..…………………..…….……..……ID Number…………………..…..…………….2572 

Author: Faugeras, P. 

Title: The Problem of Irradiated Fuel Treatment in Terms of the Evolution of the Nature of the Fuel 

Date: 11/1/1962 

Report: Bull. Inform. Sci. Tech. (Paris); Vol: No. 66 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: The conventional process for irradiated fuel treatmert is the Purex process which 
makes use of a tributyl phosphate extraction from a nitrate solution for eliminating the fission products 
from U and Pu, and for separating these two elements from each other. In France it is used for extracting 
the Pu from irradiated, non-alloyed uranium. The nature of the fuels and of their cladding is undergoing an 
important evolution. At the moment there is a tendency towards fuels containing inert elements in more or 
less high prop alpha rtions (Mo, Al, Zr, etc.,) and often enriched in fissile materials (U235 or Pu). The Purex 
process must be modified or complemented to meet the problems presented by the new fuels since these 
inert elements very often give extra difficulties during the chemical treatment. Furthermore, the high 
irradiation rates make the irradiated fuels sufficiently radioactive to make necessary important changes in 
the treatment conditions, for example, the solvent is decomposed by the radiations. There is also 
considerable danger due to the large amounts of fissile materials involved (criticality). In certain cases the 
application of the Purex process is so complicated and costly that the possibility is considered of replacing 
it by fundamentally different processes which might be more universal, simple, and less costly. In this 
respect. the so-called dry processes” employing the volatility of U and Pu hexafluorides appear fairly 
promising. 
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2573…..…..…………………..…….……..……ID Number…………………..…..…………….2573 

Author: Del Negro, R. 

Title: Critical Experiment EOLE 

Date: 3/1/1972 

Report: Bull. Inform. Sci. Tech., 168, 71-78 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors; Eole Reactor; Reactivity; Reactor Control Systems; 
Reactor Cores; Reactor Kinetics; Reactor Lattices; Thermionic Converters; Zero Power Reactors 
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2574…..…..…………………..…….……..……ID Number…………………..…..…………….2574 

Author: Bouchard, J. / Lapparent, D. 

Title: Neutron Balance Measurement Using the k(infinity) = 1 Method 

Date: 5/1/1972 

Report: Bull. Inform. Sci. Tech., 170, 31-35 

Conference/Journal: Bull. Inform. Sci. Tech. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Research & Test Reactors-
Physics & Core Engineering; Cavities; Criticality; ERMINE Reactor; Fast Neutrons; MARIUS Reactor; 
Measuring Methods; Multiplication Factors; Pile Oscillation Techniques; Reactivity; Reactor Kinetics 
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2575…..…..…………………..…….……..……ID Number…………………..…..…………….2575 

Author: Agaisse, R. / Barbry, F. / Bouly, J. C. / Lecorche, P. / Mangin, D. / Maubert, L. / Revol, H. 

Title: C.R.A.C. (Consequences Radiologiques D’un Accident de Criticite) Program. Study of Criticality 
Accidents Occurring in Solution 

Date: 7/1/1972 

Report: Bull. Inform. Sci. Tech., 172, 03-27 

Conference/Journal: Bull. Inform. Sci. Tech. (Paris) 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Computer Codes- Codes; Criticality- Uranyl Nitrates; Uranyl Nitrates- Criticality; Critical Mass; Data 
Acquisition; Fissile Materials; Fission; Geometry; Highly Enriched Uranium; Multiplication Factors; 
Neutron Leakage; On-Line Systems; Radiation Accidents; Reactivity Coefficients; Real Time Systems; 
Solutions; Uranium 235 
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2576…..…..…………………..…….……..……ID Number…………………..…..…………….2576 

Author: Savic, P. P. 

Title: The Accident with the Zero Power Reactor on October 15, 1958 

Date: 1/1/1959 

Report: Bull. Inst. Nuclear Sci. "Boris Kidrich" (Belgrade), Vol: 9 

Conference/Journal: Bull. Inst. Nuclear Sci. "Boris Kidrich" (Belgrade) 

Conference Session:  

Abstract/Keyterms: During a subcritical experiment with the zero power reactor, the reactor became 
uncontrolled and went supercritical. Six people within the immediate vicinity of the reactor received very 
high doses of neutron and ionizing radiation. Two additional people received smaller doses, which were, 
however, above the maximum permissible dose. One fatality resulted. The cause of the accident was 
investigated. During the experiments, the alarm system and the automatic shutdown apparatus were not 
functioning. The dosimetry control system and the automatic safety rod drop were constructed with no 
interlock system so that the reactor could be operated without these controls. The personnel detected the 
anomalous operation by the smell of ozone. The power increase was detected by a strong increase of the 
gamma radiation during a time interval of 10 minutes on recorders of atmospheric activity placed 540 m 
from the reactor in a direct line. The neutron and gamma dose received by the personnel was estimated 
from the activity of gold and copper objects on their person and the phosphorus activity of the urine. It was 
estimated that the average total neutron dose was 388 rem and the gamma dose was 295 rem giving a total 
average dose of 683 rem. 
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2577…..…..…………………..…….……..……ID Number…………………..…..…………….2577 

Author: Rouyer, M. / Chazal, G. 

Title: Study by Hybrid Simulation of the Operational Safety of a UPu Extraction Battery and Its Control 

Date: 3/1/1971 

Report: Bull. Instrum. Nucl. No. 43, 5-14 

Conference/Journal: Bull. Instrum. Nucl. 

Conference Session:  

Abstract/Keyterms: Chemistry-Separation Processes; Control; Criticality; Hybrid Computers; Mixer-
Settlers; Plutonium; Safety; Separation Processes; Simulators; Solvent Extraction; Uranium 
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2578…..…..…………………..…….……..……ID Number…………………..…..…………….2578 

Author: Terano, T. / Kurosu, K. / Murayama, Y. / Okumura, Y. 

Title: Hydraulic Instability in Boiling Water Reactors 

Date: 8/1/1963 

Report: Bull. JSME (Japan Soc. Mech. Engrs.); Vol: 6 

Conference/Journal: Bull. JSME (Japan Soc. Mech. Engrs.) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; Boiling; Bubbles; 
Computers; Condensers; Diagrams; Electricity; Fluid Flow; Friction; Heating; Hydraulics; Losses; 
Oscillations; Reactivity; Reactors; Stability; Transfer Functions; Void Coefficient; Zones 
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Title: Experimental Studies on Natural Uranium-Light Water Exponential Pile. Part II 

Date: 1/1/1964 

Report: Bull. Tokyo Inst. of Tech., 61 

Conference/Journal: Bull. Tokyo Inst. of Tech. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Exponential Piles; Lattices; 
Measured Values; Multiplication Factors; Natural Uranium Fuel; Neutrons; Numericals; Reflection; Water 
Coolant; Water Moderator 
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Title: Experimental Studies on Natural Uranium-Light Water Exponential Pile. Part I 

Date: 9/1/1963 

Report: Bull. Tokyo Inst. of Tech., Ser. B; Vol: No. 54 

Conference/Journal: Bull. Tokyo Inst. of Tech. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Distribution; Exponential Piles; Natural 
Uranium Fuel; Neutrons; Water Moderator 
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Author: Mitake, S. / Watarumi, C. / Miyawaki, Y. / Takeda, E. 

Title: Experimental Studies on 20% Enriched Uranium-Light Water Assembly. 3. Critical Buckling 
Measurements 

Date: 3/1/1970 

Report: Bull. Tokyo Inst. Tech, 96, 1-21 

Conference/Journal: Bull. Tokyo Inst. Technol. 

Conference Session:  

Abstract/Keyterms: Here, the experiments performed on our 20% enriched uranium-light water subcritical 
assembly will be reported. The experimental procedures used are exponential pile method and substitution 
method. 
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Author: Tachon, J. 

Title: PROSERPINE – Experience Critique Homogene avec le Plutonium 

Date: 6/1/1958 

Report: Bulletin d’informations scientifiques et techniques- nouvelle série N° 18- Juin 1958 

Conference/Journal: Bulletin d’informations scientifiques et techniques 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019; Reactors; Beryllium Oxides; Boron; Configuration; 
Criticality; Fuel Solutions; Homogeneous Reactors; Mass; Measured Values; Neutron Flux; Numericals; 
Plutonium Sulfates; Poisoning; Proserpine; Reactivity; Reactor Core; Reactors; Reflectors; Standards; 
Temperature; Variations; Vessels; Water Moderator; Zircaloy 
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Author: Leclerc, J. / Maubert, L. / Puit, J. C. 

Title: Safety-Criticality in Nuclear Plants 

Date: 11/1/1975 

Report: Bulletin d'Informations Scientifique et Techniques, 208, 49-67 

Conference/Journal: Bulletin d'Informations Scientifique et Techniques, Commissariat a l'Energie 
Atomique (France) 

Conference Session:  

Abstract/Keyterms: Two aspects of criticality-safety are treated, for plants, other than reactors, where 
fissile materials are handled theoretical means. The different possible control methods, ensuring equipment 
sub-criticality are described with their advantages and disadvantages. The principal calculation methods 
are summarized; a detailed account is done about the Monte-Carlo "MORET" code; a semi empirical and 
original method is proposed, which allows the evaluation of the critical masses of high enriched uranium 
mixtures. 
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Title: Experimental Facilities of Valduc Critical Station 

Date: 11/1/1975 

Report: Bulletin d'Informations Scientifique et Techniques, 208, 69-76 

Conference/Journal: Bulletin d'Informations Scientifique et Techniques 

Conference Session:  

Abstract/Keyterms: The critical facility of Valduc and its experimentation possibilities are described. The 
different experimental programs carried out since 1962 are briefly reviewed. The last program involving a 
plutonium nitrate solution (18.9 wt% 240Pu) in a large parallelepipedic tank is presented and main results 
given. 
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Title: Dose Measurement with Film Badges in the Presence of Thermal Neutrons 

Date: 1/1/1978 

Report: Bulletin of Radiation Protection, 15-17 

Conference/Journal: Bulletin of Radiation Protection (India) 

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: TITAN--A Nuclear Assembly of Tokyo Institute of Technology 

Date: 1/1/1962 

Report: Bulletin of the Tokyo Institute of Technology (Japan); Vol: Spec. No. 49 

Conference/Journal: Bulletin of the Tokyo Institute of Technology (Japan) Superseded in part by Rep. 
Res. Lab. Eng. Mater., Tokyo Inst. Technol. and Bull. Res. Lab. Nucl. 

Conference Session:  

Abstract/Keyterms: A detailed description is given of TITAN, an enriched uranium-light water subcritical 
assembly. The items involved in TITAN are listed, and its components are described: core, fuel element, 
water and gas system, and control system. Criticality measurements are reported. 
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Title: Measurement of Resonance Neutron Flux in Natural Uranium-Light Water Exponential Assembly 

Date: 1/1/1965 

Report: Bulletin of the Tokyo Institute of Technology, Vol: No. 69 

Conference/Journal: Bulletin of the Tokyo Institute of Technology (Japan) Superseded in part by Rep. 
Res. Lab. Eng. Mater., Tokyo Inst. Technol. and Bull. Res. Lab. Nucl. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: n. a. 

Title: Bill to Amend the Third Act to Amend the Atomic Energy Act 

Date: 9/1/1975 

Report: Bundesrat-Drucksache 590, 75, 1-9 

Conference/Journal: Bundesrat-Drucksache (West Germany) 

Conference Session:  

Abstract/Keyterms: This bill, coming into force on 1/10/1975, is to provide the liability basis required for 
the operation of the NS’Otto Hahn' and to avoid a liability limit exceeding the criticality risk in the transport 
of 235 U. These aims will be achieved by Convention on Reactor Ships in the FRG, regardless of its 
effective date under international law, 2) fixing the limit for U-235 at 350 g. 
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Author: n. a. 

Title: Report on and Motion for the Bill Amending the Third Act Amending the Atomic Energy Act Put 
Forward by the Innenausschuss (4. Ausschuss) 

Date: 11/1/1975 

Report: Bundesrat-Drucksache 7, 4347, 1-2 

Conference/Journal: Bundesrat-Drucksache (West Germany) 

Conference Session:  

Abstract/Keyterms: The bill discussed is aimed at securing the necessary liability foundation for the 
operation of the nuclear ship ’Otto Hahn' from 1 October 1976 onwards and at avoiding an exemption limit 
for liability and provision of financial security for the transport of uranium-235, which lies above the 
criticality limit. The targets are to be achieved by 1) the coming into force of the Brussels Convention on 
the liability of operators of nuclear ships in the FRG, independently of its international binding force, 2) 
introduction of an absolute criticality limit of 350 grammes for uranium-235. 
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Author: n.a. 

Title: Liquid Metal Fuel Reactor. Interim Feasibility Report 

Date: 3/31/1955 

Report: BW-AED-501 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An evaluation was made of the design concept of the Liquid Metal Fuel Reactor 
(LMFR). Drawings and specifications covering a preliminary design for a full-scale, practical LMFR 
system including the general arrangement of the reactor vessel, heat exchangers, pumps, pipings, and 
process plants are given. It was concluded that there are no critical items which require development work 
before a LMFR experiment is justified. The research and development work required before a full-scale 
plant is undertaken is discussed. Topics covered include chemistry and chemical engineering, metallurgy 
and materials, nuclear physics, mechanical design, general description of reactor, steani generation and 
chemical process systems, components design, and economic potentials. 
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Title: SCALE 4.4: Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation for Workstations and Personal Computers 

Date: 1/1/1998 

Report: C00545/MNYCP00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Went, J. J. 

Title: Fission Process in a Homogeneous Nuclear Reactor 

Date: 7/31/1962 

Report: CA 645742 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A homogeneous reactor using a suspension of UO2 in D2O may be operated so that 
the waste of neutrons is kept low while keeping the conversion factor at least equal to unity. In the reactor, 
the initial proportion between the moderator and fissile material is selected so that the susceptibility of the 
reactivity to fluctuations in the proportion is minimized, and the reactor is kept critical throughout its life 
by gradually increasing the moderator-fissile material proportion. The fissile material may be diluted with 
a fertile material. 
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Author: Stohr, J. / Gauthron, M. 

Title: Fuel Elements for Nuclear Reactors 

Date: 8/14/1962 

Report: CA 646735 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A reactor fuel element is designed with an annular construction for improved heat 
transfer. The element comprises two concentric annular sheaths between which are located abutting annular 
fuel bodies held in position by deformation of one or both sheaths. The bodies may be of varying thickness, 
neighboring bodies being of unequal and alternate bodies of equal thickness. 
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Title: Nuclear Reactors Reactivity Control 

Date: 3/22/1966 

Report: CA 730779 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Evaporator for Processing Radioactive Solutions 

Date: 7/1/1966 

Report: CA 742921 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Chemistry-Separation Processes; Condensers; Criticality; Density; evaporation; 
Fission Products; Heating; Liquids; Plutonium; Radioisotopes; Safety; Solutions; Vessels 
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Author: Underhill, H. J. 

Title: Valve Construction 

Date: 7/1/1966 

Report: CA 744598 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Systems; Control; Criticality; Design; Heavy 
Water Moderator; Losses; Reactivity; Reactors; Shutdown; Valves 
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Title: Nuclear Safe Dissolving Apparatus 

Date: 1/1/1967 

Report: CA 758513 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Plutonium Isotopes Pu-239 / Dissolution of, Design of Subcritical Apparatus for; 
Fissionable Material / Dissolution of, Design of Subcritical Apparatus for; Dissolvers / Design of 
Subcritical 



 

C-2604 

2598…..…..…………………..…….……..……ID Number…………………..…..…………….2598 

Author: McConchie, Seth / Hausladen, Paul / Mihalczo, John / Blackburn, Brandon / Chichester, David 

Title: Pulsed D-D Neutron Generator Measurements of HEU Oxide Fuel Pins 

Date: 8/15/2008 

Report: CAARI 2008, Ft. Worth, TX, USA, 20080810, 20080815 

Conference/Journal: CAARI 2008, Ft. Worth, TX, USA 

Conference Session:  

Abstract/Keyterms: Pulsed neutron interrogation measurements have been performed on highly enriched 
uranium (HEU) oxide fuel pins and depleted uranium (DU) metal using a D-D neutron generator (2x10{sup 
6} neutrons-s{sup -1}) and moderated 3He tubes at the Idaho National Laboratory Power Burst Facility. 
These measurements demonstrate the ability to distinguish HEU from DU by coincidence counting using a 
pulsed source. The amount of HEU measured was 8 kg in a sealed 55-gallon drum compared to 31 kg of 
DU. Neutron events were counted during and after the pulse with the Nuclear Materials Identification 
System (NMIS) and used to calculate the neutron coincidence time distributions. Passive measurements 
were also performed for comparison with the pulsed measurements. This paper presents the neutron 
coincidence time distribution and Feynman variance results from the measurements. 
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Author: Hausladen, Paul / Mihalczo, John T. / Blackburn, Brandon / Watson, Scott / Jones, James L. / 
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Title: Identifying Nuclear Material via Prompt Photo-Neutron Multiplicity Measurements 

Date: 8/15/2008 

Report: CAARI, Fort Worth, TX, USA, 20080810, 20080815 

Conference/Journal: CAARI 2008, Ft. Worth, TX, USA 

Conference Session:  

Abstract/Keyterms: Proof-of-principle measurements are reported demonstrating that multiplicity 
techniques can be used to identify prompt fission neutrons from photonuclear interrogation under 
circumstances where the fission neutrons may be accompanied by photo dissociated neutrons of an identical 
energy spectrum, and where the emitted neutrons are naturally bunched in time by the pulsed nature of the 
interrogating photon beam. The technique shows promise as a method for the detection of highly enriched 
uranium (HEU) compared to techniques based on delayed neutrons because prompt neutrons are orders of 
magnitude more abundant, and compared to passive multiplicity techniques because actively induced 
fission rates are orders of magnitude higher than spontaneous fission rates in HEU. The technique also 
shows promise in that multiplicity signatures can be used to distinguish HEU from other fissionable 
material. 
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Author: Alsaed, A. 

Title: Configuration Generator Model 

Date: 11/18/2004 

Report: CAL-DS0-NU-000002 REV 00B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 'The Disposal Criticality Analysis Methodology Topical Report” prescribes an 
approach to the methodology for performing postclosure criticality analyses within the monitored geologic 
repository at Yucca Mountain, Nevada. An essential component of the methodology is the “Configuration 
Generator Model for In-Package Criticality” that provides a tool to evaluate the probabilities of degraded 
configurations achieving a critical state. The configuration generator model is a risk-informed, 
performance-based process for evaluating the criticality potential of degraded configurations in the 
monitored geologic repository. The method uses event tree methods to define configuration classes derived 
from criticality scenarios and to identify configuration class characteristics (parameters, ranges, etc.). The 
probabilities of achieving the various configuration classes are derived in part from probability density 
functions for degradation parameters. The NRC has issued “Safety Evaluation Report for Disposal 
Criticality Analysis Methodology Topical Report, Revision 0”. That report contained 28 open items that 
required resolution through additional documentation. of the 28 open items, numbers 5, 6, 9, 10, 18, and 19 
were concerned with a previously proposed software approach to the configuration generator methodology 
and, in particular, the k(eff) regression analysis associated with the methodology. However, the use of a 
k(eff) regression analysis not part of the current configuration generator methodology and, thus, the 
referenced open items are no longer considered applicable and will not be further addressed. 
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Author: Alsaed, A. 

Title: Criticality Model 

Date: 9/14/2004 

Report: CAL-DS0-NU-000003, REV 00A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The “Disposal Criticality Analysis Methodology Topical Report” (YMP 2003) 
presents the methodology for evaluating potential criticality situations in the monitored geologic repository. 
As stated in the referenced Topical Report, the detailed methodology for performing the disposal criticality 
analyses will be documented in model reports. Many of the models developed in support of the Topical 
Report differ from the definition of models as given in the Office of Civilian Radioactive Waste 
Management procedure AP-SIII.10Q,”Models”, in that they are procedural, rather than mathematical. 
These model reports document the detailed methodology necessary to implement the approach presented 
in the Disposal Criticality Analysis Methodology Topical Report and provide calculations utilizing the 
methodology. Thus, the governing procedure for this type of report is AP-3.12Q,”Design Calculations and 
Analyses”. The “Criticality Model” is of this latter type, providing a process evaluating the criticality 
potential of in-package and external configurations. The purpose of this analysis to layout the process for 
calculating the criticality potential for various in-package and external configurations and to calculate 
lower-bound tolerance limit (LBTL) values and determine range of applicability (ROA) parameters. The 
LBTL calculations and the ROA determinations are performed using selected benchmark experiments that 
are applicable to various waste forms and various in-package and external configurations. The waste forms 
considered in this calculation are pressurized water reactor (PWR), boiling water reactor (BWR), Fast Flux 
Test Facility (FFTF), Training Research Isotope General Atomic (TRIGA), Enrico Fermi, Shippingport 
pressurized water reactor, Shippingport light water breeder reactor (LWBR), N-Reactor, Melt and Dilute, 
and Fort Saint Vrain Reactor spent nuclear fuel (SNF). The scope of this analysis to document the criticality 
computational method. The criticality computational method will be used for evaluating the criticality 
potential of configurations of fissionable materials (in-package and external to the waste package) within 
the repository at Yucca Mountain, Nevada for all waste packages/waste forms. The criticality computational 
method is also applicable to preclosure configurations. The criticality computational method is a component 
of the methodology presented in “Disposal Criticality Analysis Methodology Topical Report” (YMP 2003). 
How the criticality computational method fits in the overall disposal criticality analysis methodology is 
illustrated in Figure 1 (YMP 2003, Figure 3). This calculation will not provide direct input to the total 
system performance assessment for license application. It is to be used as necessary to determine the 
criticality potential of configuration classes as determined by the configuration probability analysis of the 
configuration generator mode 
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Author: Radulescu, H. 

Title: External Criticality Calculation for DOE SNF Codisposal Waste Packages 

Date: 10/18/2002 

Report: CAL-DSD-NU-000001 REV A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to evaluate the potential for criticality for the fissile 
material that could accumulate in the near-field (invert) and in the far-field (host rock) beneath the U.S. 
Department of Energy (DOE) spent nuclear fuel (SNF) codisposal waste packages (WPs) as they degrade 
in the proposed monitored geologic repository at Yucca Mountain. The scope of this calculation is limited 
to the following DOE SNF types: Shippingport Pressurized Water Reactor (PWR), Enrico Fermi, Fast Flux 
Test Facility (FFTF), Fort St. Vrain, Melt and Dilute, Shippingport Light Water Breeder Reactor (LWBR), 
N-Reactor, and Training, Research, Isotope, General Atomics reactor (TRIGA). The results of this 
calculation are intended to be used for estimating the probability of criticality in the near-field and in the 
far-field. There are no limitations on use of the results of this calculation. The calculation is associated with 
the waste package design and was developed in accordance with the technical work plan,”Technical Work 
Plan for: Department of Energy Spent Nuclear Fuel and Plutonium Disposition Work Packages” (Bechtel 
SAIC Company, LLC [BSC], 2002a). This calculation is subject to the Quality Assurance Requirements 
and Description (QARD) per the activity evaluation under work package number P6212310Ml in the 
technical work plan TWP-MGR-MD-0000 10 REV 01 (BSC 2002a). 
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Title: Criticality Calculation for the Most Reactive Degraded Configurations of the FFTF SNF Codisposal 
WP Containing an Intact IDENT-69 Container 

Date: 8/28/2002 

Report: CAL-DSD-NU-000002 REV A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this calculation is to perform additional degraded mode criticality 
evaluations of the Department of Energy's (DOE) Fast Flux Test Facility (FFTF) Spent Nuclear Fuel (SNF) 
codisposed in a 5-Defense High-Level Waste (5-DHLW) Waste Package (WP). The scope of this 
calculation is limited to the most reactive degraded configurations of the codisposal WP with an almost 
intact Ident-69 container (breached and flooded but otherwise non-degraded) containing intact FFTF SNF 
pins. The configurations have been identified in a previous analysis (CRWMS M&O 1999a) and the present 
evaluations include additional relevant information that was left out of the original calculations. The 
additional information describes the exact distribution of fissile material in each container (DOE 2002a). 
The effects of the changes that have been included in the baseline design of the codisposal WP (CRWMS 
M&O 2000) are also investigated. The calculation determines the effective neutron multiplication factor 
(k(eff)) for selected degraded mode internal configurations of the codisposal waste package. These 
calculations will support the demonstration of the technical viability of the design solution adopted for 
disposing of MOX (FFTF) spent nuclear fuel in the potential repository. This calculation is subject to the 
Quality Assurance Requirements and Description (QARD) (DOE 2002b) per the activity evaluation under 
work package number P6212310M2 in the technical work plan TWP-MGR-MD-000010 REV 01 (BSC 
2002). 
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Title: Isotopic Generation and Confirmation of the PWR Application Model 

Date: 11/10/2003 

Report: CAL-DSU-NU-000004, Rev. 00A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this calculation is to establish an isotopic database to represent 
commercial spent nuclear fuel (CSNF) from pressurized water reactors (PWRs) in criticality analyses 
performed for the proposed Monitored Geologic Repository at Yucca Mountain, Nevada. Confirmation of 
the conservatism with respect to criticality in the isotopic concentration values represented by this isotopic 
database is performed as described in Section 3.5.3.1.2 of the “Disposal Criticality Analysis Methodology 
Topical Report” (YMP 2000). The isotopic database consists of the set of 14 actinides and 15 fission 
products presented in Section 3.5.2.1.1 of YMP 2000 for use in CSNF burnup credit. This set of 29 isotopes 
is referred to as the principal isotopes. The oxygen isotope from the UO2 fuel is also included in the 
database. The isotopic database covers enrichments of 235U ranging from 1.5 to 5.5 weight percent (wt%) 
and burnups ranging from approximately zero to 75 GWd per metric ton of uranium (mtU). The choice of 
fuel assembly and operating history values used in generating the isotopic database are provided is Section 
5. Tables of isotopic concentrations for the 29 principal isotopes (plus oxygen) as a function of enrichment 
and burnup are provided in Section 6.1. Results of the confirmation of the conservatism with respect to 
criticality in the isotopic concentration values are provided in Section 6.2. 
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Title: BWR Axial Profile 

Date: 9/28/2004 

Report: CAL-DSU-NU-000005 REV 00A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this calculation is to develop axial profiles for estimating the axial 
variation in burnup of a boiling water reactor (BWR) assembly spent nuclear fuel (SNF) given the average 
burnup of an assembly. A discharged fuel assembly typically exhibits higher burnup in the center and lower 
burnup at the ends of the assembly. Criticality safety analyses taking credit for SNF burnup must account 
for axially varying burnup relative to calculations based on uniformly distributed assembly average burnup 
due to the under-burned tips. Thus, accounting for axially varying burnup in criticality analyses is also 
referred to as accounting for the “end effect” reactivity. The magnitude of the reactivity change due to “end 
effect” is dependent on the initial assembly enrichment, the assembly average burnup, and the particular 
axial profile characterizing the burnup distribution. The set of bounding axial profiles should incorporate 
multiple BWR core designs and provide statistical confidence (95 percent confidence that 95 percent of the 
population is bound by the profile) that end nodes are conservatively represented. The profiles should also 
conserve the overall burnup of the fuel assembly. More background on BWR axial profiles is provided in 
Attachment I. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this calculation is to evaluate the required minimum burnup as a 
function of initial pressurized water reactor (PWR) assembly enrichment that would permit loading of spent 
nuclear fuel into the 21 PWR waste packages with absorber plates design as provided in Attachment IV. 
This calculation is an example of the application of the methodology presented in the “Disposal Criticality 
Analysis Methodology Topical Report” (YMP 2003). The scope of this calculation covers a range of 
enrichments from 0 through 5.0 weight percent U-235, and a burnup range of 0 through 45 GWd/MTU. 
Higher burnups were not necessary because 45 GWd/MTU was high enough for the loading curve 
determination. This activity supports the validation of the use of burnup credit for commercial spent nuclear 
fuel applications. The intended use of these results will be in establishing PWR waste package configuration 
loading specifications. Limitations of this evaluation are as follows: (1) The results are based on burnup 
credit for actinides and selected fission products as proposed in YMP (2003, Table 3-1) and referred to as 
the “Principal Isotopes”. Any change to the isotope listing will have a direct impact on the results of this 
report. (2) The results are based on 1.5 wt% Gd in the Ni-Gd Alloy material and having no tuff inside the 
waste package. If the Gd loading is reduced or a process to introduce tuff inside the waste package is 
defined, then this report would need to be reevaluated based on the alternative materials. This calculation 
is subject to the “Quality Assurance Requirements and Description” (QARD) (DOE 2004) because it 
concerns engineered barriers that are included in the “Q-List” (BSC 2004k, Appendix A) as items important 
to safety and waste isolation 
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Conference Session:  

Abstract/Keyterms: The objective of this calculation is to evaluate the required minimum burnup as a 
function of initial boiling water reactor (BWR) assembly enrichment that would permit loading of spent 
nuclear fuel into the 44 BWR waste package configuration as provided in Attachment IV. This calculation 
is an application of the methodology presented in “Disposal Criticality Analysis Methodology Topical 
Report” (YMP 2003). The scope of this calculation covers a range of enrichments from 0 through 5.0 weight 
percent (wt%) U-235, and a burnup range of 0 through 40 GWd/MTU. This activity supports the validation 
of the use of burnup credit for commercial spent nuclear fuel applications. The intended use of these results 
will be in establishing BWR waste package configuration loading specifications. Limitations of this 
evaluation are as follows: (1) The results are based on burnup credit for actinides and selected fission 
products as proposed in YMP (2003, Table 3-1) and referred to as the “Principal Isotopes”. Any change to 
the isotope listing will have a direct impact on the results of this report. (2) The results of 100 percent of 
the current BWR projected waste stream being able to be disposed of in the 44-BWR waste package with 
Ni-Gd Alloy absorber plates is contingent upon the referenced waste stream being sufficiently similar to 
the waste stream received for disposal. (3) The results are based on 1.5 wt% Gd in the Ni-Gd Alloy material 
and having no tuff inside the waste package. If the Gd loading is reduced or a process to introduce tuff 
inside the waste package is defined, then this report would need to be reevaluated based on the alternative 
materials 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this activity is to develop a representative “limiting” axial burnup 
profile for pressurized water reactors (PWRs), which would encompass the isotopic axial variations caused 
by different assembly irradiation histories, and produce conservative isotopics with respect to criticality. 
The effect that the low burnup regions near the ends of spent fuel have on system reactivity is termed the 
“end-effect”. This calculation will quantify the end-effects associated with Pressurized Water Reactor 
(PWR) fuel assemblies emplaced in a hypothetical 21 PWR waste package. The scope of this calculation 
covers an initial enrichment range of 3.0 through 5.0 wt% U-235 and a burnup range of 10 through 50 
GWd/MTU. This activity supports the validation of the process for ensuring conservative generation of 
spent fuel isotopics with respect to criticality safety applications, and the use of burnup credit for 
commercial spent nuclear fuel. The intended use of these results will be in the development of PWR waste 
package loading curves, and applications involving burnup credit. Limitations of this evaluation are that 
the limiting profiles are only confirmed for use with the B&amp; W 15 x 15 fuel assembly design. However, 
this assembly design is considered bounding of all other typical commercial PWR fuel assembly designs. 
This calculation is subject to the Quality Assurance Requirements and Description (QARD) because this 
activity supports investigations of items or barriers on the Q-list (YMP 2001). 
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Abstract/Keyterms: The purpose of this calculation is to evaluate the effects of fission products loss on 
the reactivity of commercial pressurized water reactor (PWR) spent nuclear fuel (SNF) in 21 PWR waste 
packages (WPs) in the event of simultaneous fuel matrix degradation and assembly collapse. 
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Report: CAL-EBS-NU-000007 Rev 00 
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Conference Session:  

Abstract/Keyterms: The purpose of this calculation is to provide a conservative (upper bound) estimate 
of the probability of criticality for mixed oxide (MOX) spent nuclear fuel (SNF) of the Westinghouse 
pressurized water reactor (PWR) design that has been proposed for use. with the Plutonium Disposition 
Program (Ref. 1, p. 2). This calculation uses a Monte Carlo technique similar to that used for ordinary 
commercial SNF (Ref. 2, Sections 2 and 5.2). Several scenarios, covering a range of parameters, are 
evaluated for criticality. Parameters specifying the loss of fission products and iron oxide from the waste 
package are particularly important. This calculation is associated with disposal of MOX SNF. 
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Abstract/Keyterms: The purpose of this calculation is to perform a parametric study to determine the 
effects of fission product leaching, assembly collapse, and iron oxide loss ({Delta}Fe{sub 2}O{sub 3}) on 
the reactivity of a waste package (WP) containing mixed oxide (MOX) spent nuclear fuel (SNF). Previous 
calculations (CRWMS M&O 1998a) have shown that the criticality control features of the WP are adequate 
to prevent criticality of a flooded WP for all the enrichment/burnup pairs expected for the MOX SNF. 
Therefore, the objective of this calculation is to determine the increase in reactivity that might result from 
possible degradation of the WP criticality control features. Specifically, this calculation tests the sensitivity 
of effective neutron multiplication factor (k(eff)) to loss (from the WP) of the following: (1) fission product 
neutron absorbers, or (2) moderator displacement material (principally, the iron oxide that results from the 
corrosion of carbon steel). 
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Abstract/Keyterms: The objective of this calculation is to provide estimates of the amount of fissile 
material flowing out of the waste package (source term) and the accumulation of fissile elements (U and 
Pu) in a crushed-tuff invert. These calculations provide input for the analysis of repository impacts of the 
Pu-ceramic waste forms. In particular, the source term results are used as input to the far-field accumulation 
calculation reported in Ref. 51, and the in-drift accumulation results are used as inputs for the criticality 
calculations reported in Ref. 2. The results are also summarized and interpreted in Ref. 52. The scope of 
this calculation is the waste package (WP) Viability Assessment (VA) design, which consists of an outer 
corrosion-allowance material (CAM) and an inner corrosion-resistant material (CRM). This design is used 
in this calculation in order to be consistent with earlier Pu-ceramic degradation calculations. The impact of 
the new Enhanced Design Alternative-I1 (EDA-11) design on the results will be addressed in a subsequent 
report. The design of the invert (a leveling foundation, which creates a level surface of the drift floor and 
supports the WP mounting structure) is consistent with the EDA-I1 design. The invert will be composed of 
crushed stone and a steel support structure The scope of this calculation is also defined by the nominal 
degradation scenario, which involves the breach of the WP followed by the influx of water. Water in the 
WP may, in time, gradually leach the fissile components and neutron absorbers out of the ceramic waste 
forms. Thus, the water in the WP may become laden with dissolved actinides (e.g., Pu and U), and may 
eventually overflow or leak from the WP. Once the water leaves the WP, it may encounter the invert, in 
which the actinides may reprecipitate. Several factors could induce reprecipitation; these factors include: 
the high surface area of the crushed stone, and the presence of reactive components in the stone (such as 
calcium and silica); the contrasting chemistry of water trapped in the pores of the invert; and the possible 
presence of reducing materials in the support structure. This calculation estimates the amounts of Pu and U 
that may accumulate in the invert as a consequence of chemical precipitation. The degradation scenario is 
consistent with the overall degradation analysis methodology outlined in Section 3.1 of the Disposal 
Criticality Analysis Methodology Topical Report. Specifically, the scenario NF-1 b of Figure 3-2a of that 
document prescribes the processes analyzed in this calculation. The only difference is that the present 
calculation extends the possibilities of in-drift interacting materials to include incompletely oxidized iron, 
which was not a major constituent of the drift at the time the Topical Report was written. 
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Abstract/Keyterms: The Monitored Geologic Repository Waste Package Operations of the Civilian 
Radioactive Waste Management System Management & Operating Contractor (CRWMS M&O) performed 
calculations to provide input for disposal of spent nuclear fuel (SNF) from the Navy. The Navy SNF has 
been considered for disposal at the potential Yucca Mountain site. For some waste packages, the 
containment may breach, allowing the influx of water. Water in the waste package may moderate neutrons, 
increasing the likelihood of a criticality event within the waste package. The water may gradually leach the 
fissile components and neutron absorbers out of the waste package. In addition, the accumulation of silica 
(SiO2) in the waste package over time may further affect the neutronics of the system. This study presents 
calculations of the long-term geochemical behavior of waste packages containing the Enhanced Design 
Alternative (EDA) II inner shell, Navy canister, and basket components. The calculations do not include 
the Navy SNF in the waste package. The specific study objectives were to determine the chemical 
composition of the water and the quantity of silicon (Si) and other solid corrosion products in the waste 
package during the first million years after the waste package is breached. The results of this calculation 
will be used to ensure that the type and amount of criticality control material used in the waste package 
design will prevent criticality. 
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Abstract/Keyterms: The Monitored Geologic Repository (MGR) Waste Package Department of the 
Civilian Radioactive Waste Management System Management & Operating contractor (CRWMS M&O) 
performed calculations to provide input for disposal of spent nuclear fuel (SNF) from the Shippingport 
Light Water Breeder Reactor (LWBR) (Ref. 1). The Shippingport LWBR SNF has been considered for 
disposal at the potential Yucca Mountain site. Because of the high content of fissile material in the SNF, 
the waste package (WP) design requires special consideration of the amount and placement of neutron 
absorbers and the possible loss of absorbers and SNF materials over geologic time. For some WPs, the 
outer shell corrosion-resistant material (CRM) and the corrosion-allowance inner shell may breach allowing 
the influx of water. Water in the WP will moderate neutrons, increasing the likelihood of a criticality event 
within the WP; and the water may, in time, gradually leach the fissile components and neutron absorbers 
from the WP, further affecting the neutronics of the system. This study presents calculations of the long-
term geochemical behavior of WPs containing a Shippingport LWBR SNF seed assembly, and high-level 
waste (HLW) glass canisters arranged according to the codisposal concept. The specific study objectives 
were to determine: (1) The extent to which criticality control material, suggested for this WP design, will 
remain in the WP after corrosion/dissolution of the initial WP configuration (such that it can be effective 
in preventing criticality); (2) The extent to which fissile uranium and fertile thorium will be carried out of 
the degraded WP by infiltrating water (such that internal criticality is no longer possible, but the possibility 
of external criticality may be enhanced); and (3) The nominal chemical composition for the criticality 
evaluations of the WP design, and to suggest the range of parametric variations for additional evaluations. 
The scope of this calculation, the chemical compositions (and subsequent criticality evaluations), of the 
simulations are limited to time periods up to 3.17 x 10{sup 5} years. This longer time frame is closer to the 
one million year time horizon recently recommended by the National Academy of Sciences to the 
Environmental Protection Agency for performance assessment related to a nuclear repository. However, it 
is important to note that after 100, 000 years, most of the materials of interest (fissile and absorber materials) 
will have either been removed from the WP, reached a steady state, or been transmuted. The calculation 
included elements with high neutron-absorption cross sections, notably gadolinium (Gd), as well as the 
fissile materials. The results of this analysis will be used to ensure that the type and amount of criticality 
control material used in the WP design will prevent criticality. 
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Abstract/Keyterms: The objective of this calculation is to characterize the nuclear criticality safety 
concerns associated with the codisposal of the Department of Energy's (DOE) Enrico Fermi (EF) Spent 
Nuclear Fuel (SNF) in a 5-Defense High-Level Waste (5-DHLW) Waste Package (WP) and placed in a 
Monitored Geologic Repository (MGR). The scope of this calculation is limited to the determination of the 
effective neutron multiplication factor (k(eff)) for the degraded mode internal configurations of the 
codisposal WP. The results of this calculation and those of Ref. 8 will be used to evaluate criticality issues 
and support the analysis that will be performed to demonstrate the viability of the codisposal concept for 
the Monitored Geologic Repository. 
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Abstract/Keyterms: The objective of this calculation is to characterize the nuclear criticality safety 
concerns associated with the codisposal of the Department of Energy's (DOE) Enrico Fermi (EF) Spent 
Nuclear Fuel (SNF) in a 5-Defense High-Level Waste (5-DHLW) Waste Package (WP) and placed in a 
Monitored Geologic Repository (MGR). The scope of this calculation is limited to the determination of the 
effective neutron multiplication factor (k(eff)) for the degraded mode internal configurations of the 
codisposal WP. The results of this calculation and those of Ref. 8 will be used to evaluate criticality issues 
and support the analysis that will be performed to demonstrate the viability of the codisposal concept for 
the Monitored Geologic Repository. 
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Title: Intact and Degraded Component Criticality Calculations of N Reactors Spent Nuclear Fuel 

Date: 1/31/2001 
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Abstract/Keyterms: The objective of this calculation is to perform intact and degraded mode criticality 
evaluations of the Department of Energy's (DOE) N Reactor Spent Nuclear Fuel codisposed in a 2-Defense 
High-Level Waste (2-DHLW)/2-Multi-Canister Overpack (MCO) Waste Package (WP) and emplaced in a 
monitored geologic repository (MGR) (see Attachment I). The scope of this calculation is limited to the 
determination of the effective neutron multiplication factor (k(eff)) for both intact and degraded mode 
internal configurations of the codisposal waste package. This calculation will support the analysis that will 
be performed to demonstrate the technical viability for disposing of U-metal (N Reactor) spent nuclear fuel 
in the potential MGR. 
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Abstract/Keyterms: The objective of this calculation is to characterize the nuclear criticality safety 
concerns associated with the codisposal of the U.S. Department of Energy's (DOE) Shippingport Light 
Water Breeder Reactor (SP LWBR) Spent Nuclear Fuel (SNF) in a 5-Defense High-Level Waste (5-
DHLW) Waste Package (WP), which is to be placed in a Monitored Geologic Repository (MGR). The 
scope of this calculation is limited to the determination of the effective neutron multiplication factor (k(eff)) 
for intact- and degraded-mode internal configurations of the codisposal WP containing Shippingport 
LWBR seed-type assemblies. The results of this calculation will be used to evaluate criticality issues and 
support the analysis that is planned to be performed to demonstrate the viability of the codisposal concept 
for the MGR. This calculation is associated with the waste package design and was performed in accordance 
with the DOE SNF Analysis Plan for FY 2000. The document has been prepared in accordance with the 
Administrative Procedure AP-3.12Q, Calculations. 
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Abstract/Keyterms: The objective of this calculation is to evaluate the criticality risk in the surface facility 
for design basis events (DBE) involving Department of Energy (DOE) Spent Nuclear Fuel (SNF) 
standardized canisters (Civilian Radioactive Waste Management System [CRWMS] Management and 
Operating Contractor [M&O] 2000a). Since some of the canisters will be stored in the surface facility before 
they are loaded in the waste package (WP), this calculation supports the demonstration of concept viability 
related to the Surface Facility environment. The scope of this calculation is limited to the consideration of 
three DOE SNF fuels, specifically Enrico Fermi SNF, Training Research Isotope General Atomic (TRIGA) 
SNF, and Mixed Oxide (MOX) Fast Flux Test Facility (FFTF) SNF. 
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Abstract/Keyterms: The purpose of this calculation is to characterize the criticality aspect of the 
codisposal of TRIGA (Training, Research, Isotopes, General Atomic) reactor spent nuclear fuel (SNF) with 
Savannah River Site (SRS) high-level waste (HLW). The TRIGA SNF is loaded into a Department of 
Energy (DOE) standardized SNF canister which is centrally positioned inside a five-canister defense SRS 
HLW waste package (WP). The objective of the calculation is to investigate the criticality issues for the 
WP containing the five SRS HLW and DOE SNF canisters in various stages of degradation. This calculation 
will support the analysis that will be performed to demonstrate the viability of the codisposal concept for 
the Monitored Geologic Repository 
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Title: Commercial Spent Nuclear Fuel Waste Package Misload Analysis 
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Abstract/Keyterms: The purpose of this calculation is to estimate the probability of misloading a 
commercial spent nuclear fuel waste package with a fuel assembly(s) that has a reactivity (i.e., enrichment 
and/or burnup) outside the waste package design. The waste package designs are based on the expected 
commercial spent nuclear fuel assemblies and previous analyses (Macheret, P. 2001, Section 4.1 and Table 
1). For this calculation, a misloaded waste package is defined as a waste package that has a fuel assembly(s) 
loaded into it with an enrichment and/or burnup outside the waste package design. An example of this type 
of misload is a fuel assembly designated for the 21-PWR Control Rod waste package being incorrectly 
loaded into a 21-PWR Absorber Plate waste package. This constitutes a misloaded 21-PWR Absorber Plate 
waste package, because the reactivity (i.e., enrichment and/or burnup) of a 21-PWR Control Rod waste 
package fuel assembly is outside the design of a 21-PWR Absorber Plate waste package. These types of 
misloads (i.e., fuel assembly with enrichment and/or burnup outside waste package design) are the only 
types that are evaluated in this calculation. This calculation utilizes information from “Frequency of SNF 
Misload for Uncanistered Fuel Waste Package” (CRWMS M&amp; O 1998) as the starting point. The 
scope of this calculation is limited to the information available. The information is based on the whole 
population of fuel assemblies and the whole population of waste packages, because there is no information 
about the arrival of the waste stream at this time. The scope of this calculation deviates from that specified 
in “Technical Work Plan for: Risk and Criticality Department” (BSC 2002a, Section 2.1.30) in that only 
waste package misload is evaluated. The remaining issues identified (i.e., flooding and geometry 
reconfiguration) will be addressed elsewhere. The intended use of the calculation is to provide information 
and inputs to the Preclosure Safety Analysis Department. Before using the results of this calculation, the 
reader is cautioned to verify that the assumptions made in this calculation regarding the waste stream, the 
loading process, and the staging of the spent nuclear fuel assemblies are applicable. 
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Abstract/Keyterms: The purpose of this calculation is to estimate the probability of misloading a 
commercial spent nuclear fuel waste package with a fuel assembly(s) that has a reactivity (i.e., enrichment 
and/or burnup) outside the waste package design. The waste package designs are based on the expected 
commercial spent nuclear fuel assemblies and previous analyses (Macheret, P. 2001, Section 4.1 and Table 
1). For this calculation, a misloaded waste package is defined as a waste package that has a fuel assembly(s) 
loaded into it with an enrichment and/or burnup outside the waste package design. An example of this type 
of misload is a fuel assembly designated for the 21-PWR Control Rod waste package being incorrectly 
loaded into a 21-PWR Absorber Plate waste package. This constitutes a misloaded 21-PWR Absorber Plate 
waste package, because the reactivity (i.e., enrichment and/or burnup) of a 21-PWR Control Rod waste 
package fuel assembly is outside the design of a 21-PWR Absorber Plate waste package. These types of 
misloads (i.e., fuel assembly with enrichment and/or burnup outside waste package design) are the only 
types that are evaluated in this calculation. This calculation utilizes information from “Frequency of SNF 
Misload for Uncanistered Fuel Waste Package” (CRWMS M&O 1998) as the starting point. The scope of 
this calculation is limited to the information available. The information is based on the whole population of 
fuel assemblies and the whole population of waste packages, because there is no information about the 
arrival of the waste stream at this time. The scope of this calculation deviates from that specified in 
“Technical Work Plan for: Risk and Criticality Department” (BSC 2002a, Section 2.1.30) in that only waste 
package misload is evaluated. The remaining issues identified (i.e., flooding and geometry reconfiguration) 
will be addressed elsewhere. The intended use of the calculation is to provide information and inputs to the 
Preclosure Safety Analysis Department. Before using the results of this calculation, the reader is cautioned 
to verify that the assumptions made in this calculation regarding the waste stream, the loading process, and 
the staging of the spent nuclear fuel assemblies are applicable. 
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Abstract/Keyterms: A small boron trifluoride detector is traversed through the core at a steady rate so as 
to give a continuous plot of thermal neutron flux with distance. The horizontal and vertical flux distributions 
are plotted for various lattice pitches of a sub-critical, natural uranium, heavy water assembly, and the 
information obtained is used to determine the lattice constants. The performance of the BF3 counter is 
assessed by theoretical flux distributions. The choice of dimensions and circuit parameters for minimum 
errors are also discussed. 
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Abstract/Keyterms: Severe difficulties were experienced at the Canada-India Reactor (Trombay, India) 
soon after criticality was attained on 10 July 1980, mainly in maintenance of the required cooling-water 
flow rates through the annuli around the uranium fuel rods. Troubles included bacterial growth in the 
cooling water and corrosion of the aluminum cladding surface of the fuel rods. Addition of dichromate to 
inhibit bacteria made the corrosion worse. This article details the sixteen months' work which resulted in a 
final solution. 
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Engineering-Facilities & Equipment; Alarm Systems; Background; Criticality; Design; Detection; 
Diagrams; Electronic Equipment; Lithium 6; Monitoring; Neutron Detection; Neutron Flux; Neutrons; 
Noise; Sampling 
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Author: n.a. 

Title: Criticality Detector (21 Dec 1970) (Engineering Materials) 

Date: 10/31/1971 

Report: CAPE-2075 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Alarm Systems; Boron Fluorides; Circuits; Criticality; Cylinders; Design; Diagrams; Moderators; 
Monitoring; Neutrons; Polyethylenes; Proportional Counters; Radiation Detectors 
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2632…..…..…………………..…….……..……ID Number…………………..…..…………….2632 

Author: Dean, G. R. 

Title: Properties of Uranyl Fluoride 

Date: 9/11/1944 

Report: CC-2092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Material Preparation, Solubility, Conductivity, Chemical Properties 
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Author: n. a. 

Title: ANISN-ORNL: One-Dimensional Discrete Ordinates Transport Code with Anisotropic Scattering 

Date: 5/1/1994 

Report: CCC-254 (RSIC) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n. a. 

Title: RSIC Computer Code Collection DOT 3.5 Two Dimensional Discrete Ordinate Radiation Transport 
Code 

Date: 12:00:00 AM 

Report: CCC-276 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2635…..…..…………………..…….……..……ID Number…………………..…..…………….2635 

Author: Baker, V. / Childs, R. L. 

Title: FALSTF: Calculator of Response of Detectors External to Shielding Configuration 

Date: 1/1/1982 

Report: CCC-351 (RSIC) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2642 

2636…..…..…………………..…….……..……ID Number…………………..…..…………….2636 

Author: Notz, K. J. 

Title: ORIGEN2, Version 2.1 Release Notes 

Date: 8/1/1991 

Report: CCC-371, 200-208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2637…..…..…………………..…….……..……ID Number…………………..…..…………….2637 

Author: n. a. 

Title: TWODANT-Two Dimensional Discrete-Ordinates Diffusion-Accelerated Transport Code System 

Date: 10/1/1986 

Report: CCC-456 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2644 

2638…..…..…………………..…….……..……ID Number…………………..…..…………….2638 

Author: Rhoades, W. A. / Childs, R. L. 

Title: TORT-DORT: Two- and Three-Dimensional Ordinates Transport, Version 2.12.14 

Date: 1/1/1995 

Report: CCC-543 (RSIC) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2645 

2639…..…..…………………..…….……..……ID Number…………………..…..…………….2639 

Author: Parks, C. V. 

Title: SCALE-4.3: Modular Code System for Performing Standardized Computer Analysis for Licensing 
Evaluation for Workstations and Personal Computers 

Date: 1/1/1995 

Report: CCC-545 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2646 

2640…..…..…………………..…….……..……ID Number…………………..…..…………….2640 

Author: n. a. 

Title: ANISN: A One-Dimensional Discrete Ordinates Transport Code 

Date: 12:00:00 AM 

Report: CCC-82 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2641…..…..…………………..…….……..……ID Number…………………..…..…………….2641 

Author: Duff, P. A. 

Title: Exact Solid Angle Calculations 

Date: 10/20/1959 

Report: CCD-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2642…..…..…………………..…….……..……ID Number…………………..…..…………….2642 

Author: Gwin, R. 

Title: Criticality Evaluation of Insulating Brick, Graphite, and Water Reflector Data 

Date: 1/1/1955 

Report: CCG-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2649 

2643…..…..…………………..…….……..……ID Number…………………..…..…………….2643 

Author: Gwin, R. / Mee, W. T. 

Title: Critical Conditions for Horizontal Drum 

Date: 1/1/1955 

Report: CCG-003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2650 

2644…..…..…………………..…….……..……ID Number…………………..…..…………….2644 

Author: Gwin, R. / Mee, W. T. 

Title: Critical Conditions for Vertical Drum 

Date: 1/1/1955 

Report: CCG-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2651 

2645…..…..…………………..…….……..……ID Number…………………..…..…………….2645 

Author: Gwin, R. 

Title: Estimated Magnitude of an Accidentally Initiated Fission Burst 

Date: 1/1/1955 

Report: CCG-005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2652 

2646…..…..…………………..…….……..……ID Number…………………..…..…………….2646 

Author: Gwin, R. 

Title: Handling and Storage of Polyethylene Cylinders 

Date: 1/1/1958 

Report: CCG-017 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2653 

2647…..…..…………………..…….……..……ID Number…………………..…..…………….2647 

Author: Pletz 

Title: Pyrex Tubing Poisoning Applications 

Date: 1/1/1958 

Report: CCG-025 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2654 

2648…..…..…………………..…….……..……ID Number…………………..…..…………….2648 

Author: Welfare, F. G. 

Title: Concentration of B or Cd Required to Poison Infinite UO2F2 Solutions 

Date: 1/1/1960 

Report: CCG-033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2655 

2649…..…..…………………..…….……..……ID Number…………………..…..…………….2649 

Author: Cagel, T. J. 

Title: Calculated Critical Parameters for Rover Program 

Date: 1/1/1961 

Report: CCG-036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2656 

2650…..…..…………………..…….……..……ID Number…………………..…..…………….2650 

Author: Mee, W. T. 

Title: Nuclear Safety Analyses of BeO-UO2 Cylinder Pressings 

Date: 1/1/1965 

Report: CCG-045 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2657 

2651…..…..…………………..…….……..……ID Number…………………..…..…………….2651 

Author: Crume, E. C. 

Title: Minimum Critical Geometry 

Date: 1/1/1966 

Report: CCG-050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2658 

2652…..…..…………………..…….……..……ID Number…………………..…..…………….2652 

Author: Crume, E. C. / McLeod 

Title: Estimates of the Critical Number of U(93) Metal Units in a Critical Arrays 

Date: 1/1/1969 

Report: CCG-051, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2653…..…..…………………..…….……..……ID Number…………………..…..…………….2653 

Author: Welfare, F. G. / Crume, E. C. 

Title: Calculated Criticality Parameters for Mixtures of Oralloy(93), Cooling Oil, and Perchloroethylene 

Date: 1/1/1969 

Report: CCG-076 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2654…..…..…………………..…….……..……ID Number…………………..…..…………….2654 

Author: Crume, E. C. 

Title: Safe Amount of Oil in Machine Coolant 

Date: 1/1/1969 

Report: CCG-077 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2661 

2655…..…..…………………..…….……..……ID Number…………………..…..…………….2655 

Author: Handley, G. R. 

Title: Critical Dimensions of Uranium-233 Compounds 

Date: 1/1/1969 

Report: CCG-079 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2656…..…..…………………..…….……..……ID Number…………………..…..…………….2656 

Author: Handley, G. R. 

Title: Some Effects of Unit Shape on the Criticality of Similar Units 

Date: 1/1/1969 

Report: CCG-081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2657…..…..…………………..…….……..……ID Number…………………..…..…………….2657 

Author: Handley, G. R. 

Title: Criticality Considerations on Billet Storage Arrays 

Date: 1/1/1969 

Report: CCG-082 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2664 

2658…..…..…………………..…….……..……ID Number…………………..…..…………….2658 

Author: Handley, G. R. 

Title: Criticality Safety Considerations for Foamglas Containers Shipped with Heavy Water 

Date: 1/1/1969 

Report: CCG-083 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2665 

2659…..…..…………………..…….……..……ID Number…………………..…..…………….2659 

Author: Handley, G. R. 

Title: KKD-1 Shipping Container Criticality Safety Analysis 

Date: 1/1/1970 

Report: CCG-085 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2666 

2660…..…..…………………..…….……..……ID Number…………………..…..…………….2660 

Author: Handley, G. R. 

Title: DOT Specification 6M Shipping Container Loading Limits 

Date: 1/1/1970 

Report: CCG-087 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2667 

2661…..…..…………………..…….……..……ID Number…………………..…..…………….2661 

Author: Handley, G. R. 

Title: Criticality Safety Considerations for Storage of Enriched Uranium in Long Slender Arrays 

Date: 1/1/1970 

Report: CCG-088 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2668 

2662…..…..…………………..…….……..……ID Number…………………..…..…………….2662 

Author: Handley, G. R. 

Title: Maximum Safe Dimensions of Water Reflected U(93.2) Single Units 

Date: 1/1/1970 

Report: CCG-089 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2669 

2663…..…..…………………..…….……..……ID Number…………………..…..…………….2663 

Author: Hopper, C. M. 

Title: Critical Carbon-Uranium-Water Systems 

Date: 1/1/1970 

Report: CCG-090 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2670 

2664…..…..…………………..…….……..……ID Number…………………..…..…………….2664 

Author: Handley, G. R. 

Title: Critical Dimensions of Enriched Uranium Annuli and Spherical Shells 

Date: 1/1/1970 

Report: CCG-092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2671 

2665…..…..…………………..…….……..……ID Number…………………..…..…………….2665 

Author: Handley, G. R. 

Title: Criticality Safety Analysis of 6x6x3 Birdcage Arrays 

Date: 1/1/1970 

Report: CCG-093 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2672 

2666…..…..…………………..…….……..……ID Number…………………..…..…………….2666 

Author: Dyer, H. R. 

Title: Cylinder Data 

Date: 1/1/1970 

Report: CCG-094 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2673 

2667…..…..…………………..…….……..……ID Number…………………..…..…………….2667 

Author: Hopper, C. M. 

Title: Graphitizing Fixture Subcritical Experiment 

Date: 1/1/1970 

Report: CCG-096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2674 

2668…..…..…………………..…….……..……ID Number…………………..…..…………….2668 

Author: Handley, G. R. 

Title: Array Reactivity Change Due to Water Accumulations on the Floor of Moderated Arrays 

Date: 1/1/1970 

Report: CCG-098 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2675 

2669…..…..…………………..…….……..……ID Number…………………..…..…………….2669 

Author: Handley, G. R. 

Title: Variation in Reactivity of a U(93.2) Sphere with Various Thicknesses and Densities 

Date: 1/1/1970 

Report: CCG-099 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2676 

2670…..…..…………………..…….……..……ID Number…………………..…..…………….2670 

Author: Handley, G. R. 

Title: The Effectively Infinite Thickness of Concrete Reflections 

Date: 1/1/1971 

Report: CCG-101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2677 

2671…..…..…………………..…….……..……ID Number…………………..…..…………….2671 

Author: Handley, G. R. 

Title: Criticality Safety Investigation of Moderated Square Arrays of Twenty-inch Birdcages 

Date: 1/1/1971 

Report: CCG-102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2678 

2672…..…..…………………..…….……..……ID Number…………………..…..…………….2672 

Author: Handley, G. R. 

Title: Criticality Safety Analysis of Square Arrays of 24-inch Birdcages 

Date: 1/1/1971 

Report: CCG-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2679 

2673…..…..…………………..…….……..……ID Number…………………..…..…………….2673 

Author: Handley, G. R. 

Title: Criticality Safety of Moderated 6x5x1 Arrays of 24-inch Birdcages 

Date: 1/1/1971 

Report: CCG-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2680 

2674…..…..…………………..…….……..……ID Number…………………..…..…………….2674 

Author: Handley, G. R. 

Title: The Maximum Size of 20kg U(93.2) in Water-Mist Moderated 6x6x3 Arrays of 20-inch Birdcages 

Date: 1/1/1971 

Report: CCG-107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2681 

2675…..…..…………………..…….……..……ID Number…………………..…..…………….2675 

Author: Handley, G. R. 

Title: Criticality Safety Calculations for Storing Uranyl Nitrate Solution in a 6x3x1 Array of Six-inch Tubes 

Date: 1/1/1971 

Report: CCG-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2682 

2676…..…..…………………..…….……..……ID Number…………………..…..…………….2676 

Author: Handley, G. R. / Hopper, C. M. 

Title: Atomic Densities in a Solution of Uranyl Nitrate and Water for Various Enrichments and H/Xs 

Date: 1/1/1971 

Report: CCG-109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2683 

2677…..…..…………………..…….……..……ID Number…………………..…..…………….2677 

Author: Handley, G. R. / Hopper, C. M. 

Title: Atomic Densities of Enriched Uranium (Atoms/cc) 

Date: 1/1/1971 

Report: CCG-110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2684 

2678…..…..…………………..…….……..……ID Number…………………..…..…………….2678 

Author: Handley, G. R. 

Title: Geometry Restrictions on the 35kg U(93.2) Loadings for 24-inch Birdcages in 6x5x2 Mist Moderated 
Arrays 

Date: 1/1/1971 

Report: CCG-111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2685 

2679…..…..…………………..…….……..……ID Number…………………..…..…………….2679 

Author: Handley, G. R. 

Title: Criticality Safety of Water-Moderated Planar Arrays 

Date: 1/1/1971 

Report: CCG-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2686 

2680…..…..…………………..…….……..……ID Number…………………..…..…………….2680 

Author: Handley, G. R. 

Title: Safe Spacing of Water-Moderated 6x6x3 Arrays 

Date: 1/1/1971 

Report: CCG-113 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2687 

2681…..…..…………………..…….……..……ID Number…………………..…..…………….2681 

Author: Handley, G. R. / Hopper, C. M. 

Title: Critical Metal Spheres Centered in Uranyl Nitrate Solution 

Date: 1/1/1971 

Report: CCG-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2688 

2682…..…..…………………..…….……..……ID Number…………………..…..…………….2682 

Author: Handley, G. R. 

Title: Plot of RFP-258 Formula 

Date: 1/1/1971 

Report: CCG-116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2689 

2683…..…..…………………..…….……..……ID Number…………………..…..…………….2683 

Author: Handley, G. R. 

Title: Maximum Safe Height of U(93.4)-10%Mo Cylinder Sitting on Concrete Floor 

Date: 1/1/1971 

Report: CCG-117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2690 

2684…..…..…………………..…….……..……ID Number…………………..…..…………….2684 

Author: Handley, G. R. 

Title: Critical Height of 8.5" Diameter Containers of Uranium-Water Mixture and Uranyl Nitrate 

Date: 1/1/1971 

Report: CCG-118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2691 

2685…..…..…………………..…….……..……ID Number…………………..…..…………….2685 

Author: Handley, G. R. 

Title: A Shipping Container for Enriched Uranium Moderated to Any Extent 

Date: 1/1/1971 

Report: CCG-121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2692 

2686…..…..…………………..…….……..……ID Number…………………..…..…………….2686 

Author: Handley, G. R. 

Title: 20-inch Birdcages in Two 4x5x3 Arrays at a Corner 

Date: 1/1/1971 

Report: CCG-122 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2693 

2687…..…..…………………..…….……..……ID Number…………………..…..…………….2687 

Author: Handley, G. R. 

Title: Storage 20-inch Birdcages in Rows Three Deep and Three High Around a Room 

Date: 1/1/1971 

Report: CCG-123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2694 

2688…..…..…………………..…….……..……ID Number…………………..…..…………….2688 

Author: Handley, G. R. 

Title: Six-Row Storage of 20- and 24-inch Birdcages with an Aisle Down the Middle 

Date: 1/1/1971 

Report: CCG-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2695 

2689…..…..…………………..…….……..……ID Number…………………..…..…………….2689 

Author: Handley, G. R. / Hopper, C. M. 

Title: The Atomic Densities for the Constituents of Uranyl Fluoride Solution 

Date: 1/1/1971 

Report: CCG-125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2696 

2690…..…..…………………..…….……..……ID Number…………………..…..…………….2690 

Author: Handley, G. R. 

Title: Twenty-inch Birdcages in Rows Surrounding Parallel Rows 

Date: 1/1/1971 

Report: CCG-127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2697 

2691…..…..…………………..…….……..……ID Number…………………..…..…………….2691 

Author: Handley, G. R. 

Title: Twenty-inch Birdcages in Rows Surrounding Double Parallel Rows 

Date: 1/1/1972 

Report: CCG-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2698 

2692…..…..…………………..…….……..……ID Number…………………..…..…………….2692 

Author: Handley, G. R. 

Title: Criticality Safety Calculations for Rack Storage of Uranyl Fluoride Solutions in One-Liter Bottles 

Date: 1/1/1972 

Report: CCG-129 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2699 

2693…..…..…………………..…….……..……ID Number…………………..…..…………….2693 

Author: Handley, G. R. 

Title: Comparison of Array Reflectors 

Date: 1/1/1972 

Report: CCG-130 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2700 

2694…..…..…………………..…….……..……ID Number…………………..…..…………….2694 

Author: Handley, G. R. 

Title: The Amount of Cadmium Nitrate Necessary to Produce a Desired Neutron Multiplication in a 
Flooded U(93.2)3O8 System 

Date: 1/1/1973 

Report: CCG-132 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2701 

2695…..…..…………………..…….……..……ID Number…………………..…..…………….2695 

Author: Handley, G. R. 

Title: The Calculated k(eff) of an Annulus for the SPR-III 

Date: 1/1/1973 

Report: CCG-133 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2702 

2696…..…..…………………..…….……..……ID Number…………………..…..…………….2696 

Author: Handley, G. R. 

Title: Sources of Criticality Safety Information for Uranium Systems of Less than Five Percent Enrichment 

Date: 1/1/1973 

Report: CCG-135 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2703 

2697…..…..…………………..…….……..……ID Number…………………..…..…………….2697 

Author: Handley, G. R. 

Title: Increase in the Reflected Spherical Critical Mass Due to Addition of Ten wt% Molybdenum 

Date: 1/1/1974 

Report: CCG-137 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2704 

2698…..…..…………………..…….……..……ID Number…………………..…..…………….2698 

Author: Handley, G. R. 

Title: Categories of Criticality Safety Infractions 

Date: 1/1/1975 

Report: CCG-142 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2705 

2699…..…..…………………..…….……..……ID Number…………………..…..…………….2699 

Author: Hopper, C. M. 

Title: Y-12 NMC Radiation Monitor Response Tests 

Date: 12/5/1975 

Report: CCG-146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2706 

2700…..…..…………………..…….……..……ID Number…………………..…..…………….2700 

Author: Butcher, D. D. / Gilpin, L. L. / Reed, D. A. 

Title: KENO-V.a Calculations of Subcritical Limits for Uranyl Nitrate Crystals 

Date: 8/30/1993 

Report: CCG-287 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2707 

2701…..…..…………………..…….……..……ID Number…………………..…..…………….2701 

Author: n. a. 

Title: Design of Semi-Works, Light-Water-Cooled Heterogeneous P-9 Pile. Terminal Report 

Date: 12/14/1943 

Report: CE-1132; A-1620 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air- Boiling- Condensers- Control- Coolant Loops- Diagrams- Economics- 
Failures- Fluid Flow- Gas Coolant- Heat Exchangers- Heavy Water- Helium- Impurities- Planning- 
Pressure- Shutdown- Tubes; Aluminum- Blankets- Configuration- Control Elements- Cooling- Heat 
Transfer- Metals- Numericals- Planning- Power- Power Plants- Reprocessing- Rods- Shielding- 
Temperature- Thorium- Velocity- Water Coolant- Weight- Zones 



 

C-2708 

2702…..…..…………………..…….……..……ID Number…………………..…..…………….2702 

Author: Barbry, F. Y. 

Title: Dosimetry of Neutron and Gamma Radiation in the CRAC and SILENE Criticality Accident Study 
Program 

Date: 1/1/1991 

Report: CEA 205/91 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-2709 

2703…..…..…………………..…….……..……ID Number…………………..…..…………….2703 

Author: Ertaud, A. / Zaleski, E. 

Title: Mesure Des Densités de Neutrons Par Autoradiographie De Détecteurs 

Date: 1/1/1953 

Report: CEA No. 204 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In French. Use of photographic film to measure neutron flux distribution for 
experiments. 
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2704…..…..…………………..…….……..……ID Number…………………..…..…………….2704 

Author: Bouly, J. C. / Caizergues, R. / Revol, H. 

Title: Expériences de criticité réalisées avec des réseaux d'aiguilles fissiles RAPSODIE Résultats 
expérimentaux - Interprétation théorique 

Date: 1/1/1968 

Report: CEA SEEC-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-MISC-THERM-002, MIX-MISC-THERM-003, MIX-COMP-THERM-011 



 

C-2711 

2705…..…..…………………..…….……..……ID Number…………………..…..…………….2705 

Author: Revol, H. 

Title: Eléments pour un projet d'expériences de criticité réalisées avec des aiguilles fissiles RAPSODIE 
immergées dans des solutions de nitrate de plutonium 

Date: 4/22/1970 

Report: CEA SEEC-70.335 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-011 
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2706…..…..…………………..…….……..……ID Number…………………..…..…………….2706 

Author: n. a. 

Title: Expériences de criticité avec des aiguilles fissiles RAPSODIE dans de l'eau, de l'acide nitrique et des 
solutions de nitrate de plutonium." 

Date: 1/1/1968 

Report: CEA SEEC-85 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-011, MIX-MISC-THERM-002, MIX-MISC-THERM-003 
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2707…..…..…………………..…….……..……ID Number…………………..…..…………….2707 

Author: Barbry, F. 

Title: CRAC – Essai de Synthèse des Résultats Expérimentaux 

Date: 9/1/1973 

Report: CEA, Rapport DSN/SEESNC N°117, septembre 1973 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2708…..…..…………………..…….……..……ID Number…………………..…..…………….2708 

Author: Bouly, J. C. / Deilgat, E. / Houelle, M. 

Title: expériences de criticité réalisées avec une solution homogène de plutonium – résultats expérimentaux 
en géométrie annulaire et cylindrique – effet du plutonium 240 – étude de noyaux et anneaux réflecteurs – 
application de la technique de la source de neut 

Date: 12/1/1966 

Report: CEA/D.U.S.I 42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-032 
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2709…..…..…………………..…….……..……ID Number…………………..…..…………….2709 

Author: Reverdy, L. / Fouillaud, P. 

Title: Guide d'Étude d'Impact Radiologique en cas d'Accident de Criticité 

Date: 1/1/2003 

Report: CEA/DPSN, 2003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2710…..…..…………………..…….……..……ID Number…………………..…..…………….2710 

Author: Bouly, J. C. / Deilgat, E. / Houelle, M. 

Title: rapport sommaire d’exploitation – expériences de criticité réalisées avec une solution de plutonium 
empoisonnée par des tubes en verre Pyrex – campagne du 26 juillet 1966 au 13 décembre 1966 

Date: 1/1/1967 

Report: CEA/DPSR/SEC/44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-033 
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2711…..…..…………………..…….……..……ID Number…………………..…..…………….2711 

Author: Barbry, F. / Mathias, G. 

Title: Etude d’Empoisonnement d’une Solution Homogène de Plutonium par des Tubes en Verre Pyrex – 
Expériences Exponentielles – Résultats et Interprétations Théoriques 

Date: 1/1/1967 

Report: CEA/DPSR/SEC/45 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-033 



 

C-2718 

2712…..…..…………………..…….……..……ID Number…………………..…..…………….2712 

Author: Bouly, J. C. / Deilgat, E. / Houelle, M. 

Title: Expériences de criticité réalisées avec une solution homogène de plutonium – résultats 
expérimentaux en géométrie annulaire et cylindrique – effet du 240Pu – étude de noyaux et anneaux 
réflecteurs – application de la technique de la source de neutrons pul 

Date: 12:00:00 AM 

Report: CEA/DUSI 32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-030 
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2713…..…..…………………..…….……..……ID Number…………………..…..…………….2713 

Author: Barbry, F. Y. 

Title: Slow Kinetics Power Excursions Performed on the SILENE Reactor 

Date: 12/1/1983 

Report: CEA/IPSN/SRSC 83.33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2714…..…..…………………..…….……..……ID Number…………………..…..…………….2714 

Author: Girault, E. / Grivot, P. / Fouillaud, P. / Legendre, J. 

Title: Appareillage B, Caracteristiques des crayons combustibles de type U(4,738)O2 et synthèse des 
études 

Date: 3/1/2005 

Report: CEA/SRNC 03-238. 08 REP” U(4,738)O2 et synthèse des etudes 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-007, LEU-COMP-THERM-039 
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2715…..…..…………………..…….……..……ID Number…………………..…..…………….2715 

Author: Barbry, F. Y. 

Title: SILENE Reactor: Results of Selected Typical Experiments 

Date: 9/1/1994 

Report: CEA/SRSC 223 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2716…..…..…………………..…….……..……ID Number…………………..…..…………….2716 

Author: Jacrot, B. / Netter, F. / Raievski, V. 

Title: Etude de Facteur de Multiplication Dans la Pile de Saclay. (Study of the Multiplication Factor of the 
Saclay Pile) 

Date: 10/1/1953 

Report: CEA-0215 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Critical Assemblies; Criticality; Heavy Water Moderator; 
Levels; Measured Values; Multiplication Factors; Power; Reactivity; Reactors; Startup; Subcritical 
Assemblies; Variations 
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2717…..…..…………………..…….……..……ID Number…………………..…..…………….2717 

Author: n. a. 

Title: Experimental Study of the Pile EL3 

Date: 1/1/1958 

Report: CEA-0794 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of two months' experimcets, carried out at low power following the first 
divergence (July 4, 1957) are presented. These experiments dealt with the following points: comparison of 
experimental and calculated values of the critical size, effects due to the introduction of absorbing materials 
into the principal experimental facilities; flux distribution measurements especially in these facilities; 
calibration of safety, control, and compensating rods; and determination of the average life of the neutrons. 
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2718…..…..…………………..…….……..……ID Number…………………..…..…………….2718 

Author: Audinet, M. / De Lamare, J. / Panossian, J. 

Title: Analyse des Donnees Experimentales Sur Les Resaux a Eau Legere et Uranium Enrichi. 
(Experiments on Lightwater Lattices with Enriched Uranium Fuel.) 

Date: 6/1/1958 

Report: CEA-0807 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments on light-water lattices with slightly enriched uranium fuel were 
performed at Brookhaven and Bettis Plant Laboratories. The results are studied and compared with simple 
theories on reactor calculations. By taking into account shadow effects and nonmaxwellian neutron 
spectrum, which are important in this kind of reactors, the observed results were explained fairly well. A 
constituent set of formulas with which to calculate lattices similar to these is given. 
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2719…..…..…………………..…….……..……ID Number…………………..…..…………….2719 

Author: Achon, J. T. 

Title: Transfer Device for Plutonium Solutions, to Be Used in a Critical Experiment 

Date: 3/1/1958 

Report: CEA-0808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief description is given of the Proserpine Reactor, a homogeneous water boiler. 
The different parts of the active circuit, designed to prevent alpha contamination outside the protected 
region, are described in detail. The means of preventing a number of possible incidents and of meeting the 
problems raised by these incidents are considered. 
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2720…..…..…………………..…….……..……ID Number…………………..…..…………….2720 

Author: Roullier, F. 

Title: Repartition Des Neutrons Dans la Cellule Centrale et Une Cellule Peri-Pherique de la Pile de 
Fontenay-Aux-Roses (Neutron Distribution in the Central Cell and a Peripheral Cell of the Fontenay-Aux-
Roses Pile.) 

Date: 5/1/1958 

Report: CEA-0844 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The distribution of the neutron density was determined in the central cell and a 
peripheral cell of the pile at Fontenay-aux-Roses. This measurement was carried out by the 
autoradiographic method with manganese detectors. The neutron density distribution in the uranium rod 
has already been studied. The measurement was completed by the study of the neutron density in the 
complete cell by means of detectors placed in the uranium and in the heavy water. 
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2721…..…..…………………..…….……..……ID Number…………………..…..…………….2721 

Author: Bertrand, J. / Bonnaure, P. / Clouet D. 'Orval, C. / Corpel, J. / D. eLamare, J. / et al. 

Title: PROSERPINE, Experience Critique Homogene Avec le Plutonium 

Date: 12:00:00 AM 

Report: CEA-0975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019 
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2722…..…..…………………..…….……..……ID Number…………………..…..…………….2722 

Author: Berger, F. / Bertrand, J. 

Title: Measurement and Regulation of the Level of a Homogeneous Plutonium Reactor; Mesure et 
Regulation du Niveau d'un Reacteur Homogene au Plutonium 

Date: 12/1/1958 

Report: CEA-1054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity depends strongly on disturbances of the level of the plutonium solution in 
the homogeneous reactor. Proserpine has a small cylindrical core, 250 mm diameter, and 10 liters volume. 
With a view to reducing the dangers due to corrosion and contamination, the solution level in the core is 
raised by pneumatic pressure. The level is stabilized by means of a regulating system. During critical 
experiments the variations of the level are less than one hundredth part of a millimeter. 
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2723…..…..…………………..…….……..……ID Number…………………..…..…………….2723 

Author: Leroy, J. / Martelly, J. 

Title: Exponential Experiment on a Uranium-Graphite Lattice; Experience Exponentielle sur un Reseau 
Uranium-Graphite 

Date: 12/1/1958 

Report: CEA-1055 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Anisotropy; Buckling; Criticality; Density; Graphite; Lattices; Measured 
Values; Neutron Flux; Neutron Sources; Neutrons; Reflectors; Uranium 
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2724…..…..…………………..…….……..……ID Number…………………..…..…………….2724 

Author: Cherot, J. 

Title: Nuclear Study of Melusine; Etude Neutronique de Melusine 

Date: 1/1/1959 

Report: CEA-1205 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The main nuclear characteristics of a 20 per cent enriched uranium lattice with light 
water as moderator and reflector are presented. The reactor is to operate at 1 Mw. The studies included: 
study of various critical masses, control effectiveness of cadmium, control rods, and stainless steel 
regulating rod, the effect on reactivity of disturbances in the cove center, study of xenon and samarium 
poisoning, temperature factor, and heat exchanges in a fuel element. 
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2725…..…..…………………..…….……..……ID Number…………………..…..…………….2725 

Author: Amouyal, A. / Bacher, P. / Lago, B. / Mengin, F. L. / Parker, E. 

Title: RIFIFI: Analytical Method of Calculation of the Multizone, Two-Groups, One Dimensional, Critical 
Conditions and Fluxes of a Reactor Program for the Ferranti-Mercury Digital Computer; RIFIFI: Methode 
de Calcul Analytique de la Condition Critique et des Flu 

Date: 1/1/1960 

Report: CEA-1398 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Criticality; Cylinders; Group Theory; 
Multiplication Factors; Neutron Flux; Reactors; Spheres; Transport Theory 
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2726…..…..…………………..…….……..……ID Number…………………..…..…………….2726 

Author: Tachon, J. 

Title: Neutronic Study of a Plutonium Reactor, PROSERPINE-Correlations between Neutrons in a Chain 
Reaction 

Date: 1/1/1960 

Report: CEA-1547 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019; The critical mass and kinetic behavior with constant and 
variable temperature of a homogeneous plutonium reactor are studied by theory and experiment. The core 
is a plutonium sulfate solution in light water, and the reflector is beryllium oxide. The lowest critical mass 
is 257.2 g of plutonium. An absolute standard of reactivity permits the measurement of the effectiveness of 
delayed neutrons. The measurement values of the temperature coefficient are compared with an exact 
calculus in two-group theory, which shows the positive contribution of the reflector. The fluctuations of the 
counting rate are measured against reactivity, time of counting, and the positions of the counters in the 
reactor. The prompt-neutron lifetime is deduced. The importance of delayed neutrons in the correlations is 
proved and checks very well with the calculus used. 
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2727…..…..…………………..…….……..……ID Number…………………..…..…………….2727 

Author: Raievski, V. 

Title: Statistical Fluctuations in Reactors; Fluctuations Statistiques dans les Piles 

Date: 1/1/1960 

Report: CEA-1673 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The theory of space-dependent fluctuations is developed, taking into account the 
effect of delayed neutrons. The "diffusion equation" or Fokker- Planck equation is worked out in the case 
of age and two-group theory, but the first one because of its physical significance is used in this report. The 
theory is applied to the study of the spectral density of fluctuations and fluctuations of counting rate and 
current flowing through the charge resistor of an ionization chamber; the effect of the entrance capacity is 
discussed. The space-dependent theory shows that the fluctuations in the core and reflector of a near-critical 
pile obey the same law. The spectral densities in the core and reflector are similar; there is no sensible 
attenuation of high-frequency fluctuations in the reflector. Compared to the space-independent theory, this 
theory gives better agreement with experience. One can use the simple space- independent theory but in 
checking with experiment it is necessary to introduce numerical factors given by the space-dependent 
theory. 



 

C-2734 

2728…..…..…………………..…….……..……ID Number…………………..…..…………….2728 

Author: Weill, J. / Furet, J. / Baillet, J. / Donvez, G. / Duchene, J. / Gras, R. / Mercier, R. / Chenouard, J. 
/ Lecomte, J. 

Title: International Dosimetry Experiment on the Zero Power Pile of the Boris Kidric Institute at Vinca 
(Yugoslavia). Control, Safety, Manipulation of Heavy Water, Study of Reactor at Zero-Power during the 
Experiments; Experience Internationale De Dosimetrie Sur 

Date: 1/1/1961 

Report: CEA-2005; SAER-1344/906 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The measurement and security apparatus installed on the pile for low- and high-
pressure runs are described, as well as the safety equipment added near the control room. Various operations 
and manipulations are described, including filling the pile with heavy water, startup, determination of the 
critical level, testing the efficiency of the rods, and pile operations during the experiments. 
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2729…..…..…………………..…….……..……ID Number…………………..…..…………….2729 

Author: Blaquiere, A. / Pachowska, R. 

Title: Fluctuations in a System Depending on Several Random Parameters. Application to Reactors; 
Fluctuations d'un Systeme Dependant de Plusieurs Parametres Aleatoires. Application aux Reacteurs 
Nucleaires 

Date: 1/1/1962 

Report: CEA-2115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method was previously developed for studying neutronic fluctuations in nuclear 
reactors using the analogy between the behavior of a reactor and that of certain common radioelectric 
circuits. The fluctuations may then be calculated by introducing into the circuit a suitable noise source. By 
this method the over- all fluctuations in a particularly simple form were considered and a physical 
significance was provided for certain results obtained more laboriously by other methods. The object of the 
report is to generalize this method and in particular to extend it to the case of a reactor having a cellular 
structure and to apply it to fluctuations within a cell. It is thus shown that the fluctuations in a cell are the 
resultant of a rapidly evolving poissonian noise, not related to the over- all fluctuations; and a slowly 
evolving noise, when the reactor is not too far from criticality, which is related to the over-all fluctuations. 
The relationship of the new method to the old methods is also stressed. Pile fluctuation theory is placed in 
a more general framework, that of the fluctuations of a system depending on several random parameters; 
from this point of view, the method could easily be transposed and adapted to the study of other physical 
problems of this type. 
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2730…..…..…………………..…….……..……ID Number…………………..…..…………….2730 

Author: Bacher, P. / Cogne, F. 

Title: Physics Experiments in Graphite Lattices 

Date: 7/1/1962 

Report: CEA-2157 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review is made of the various experimental methods used to determine the physics 
of natural uranium graphite, lattices. Integral lattice experiments reviewed include absolute and differential 
effective cross section measurements by activation methods and analysis of irradiated fuels and fine 
structure measurements. A number of experimental results are given. 
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2731…..…..…………………..…….……..……ID Number…………………..…..…………….2731 

Author: Zaleski, C. P. / Vautrey, L. 

Title: The Fast Breeder Reactor RAPSODIE 

Date: 10/23/1961 

Report: CEA-2193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In this report, the authors describe the Rapsodie project, the French fast breeder 
reactor, as it stands at construction actual start-up. The paper provides information about neutronic and 
thermal characteristics, --the reactor and its cooling circuits,.--the main handling devices of radioactive or 
contaminated assemblies,.--the principles and means governing reactor operation,.--the purposes and 
locations of miscellaneous buildings. Rapsodie is expected to be critical by 1964. 



 

C-2738 

2732…..…..…………………..…….……..……ID Number…………………..…..…………….2732 

Author: Sagot, M. / Tellier, H. 

Title: Study of a Slightly Enriched R Reactor Fuel by Means of a Pulsed Neutron Source; Etude d'un 
Reacteur a Combustible Legerement Enrichi (Rubeole) a l'aide de Sources Pulsees de Neutrons 

Date: 4/1/1962 

Report: CEA-2201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A BeO moderated reactor using slightly enriched uranium oxide as fuel was studied 
by the pulsed neutron source technique. The neutron lifetime was measured in two different cores without 
reflection, then attempts were made at the measurement of great negative reactivities introduced into the 
reactor under the following forms: decrease of the volume of the unreflected core, introduction of absorbing 
cadmium rods, removal of fuel at the periphery of the critical core while maintaining a constant height, and 
substitution of fuel elements by less reactive elements. In all cases, the results are compared with the data 
obtained by another type of experiment or by computation. 



 

C-2739 

2733…..…..…………………..…….……..……ID Number…………………..…..…………….2733 

Author: Bruna, J. G. / Brunet, J. P. / Caizergues, R. / Clouet D'Orval, C. / Kremser, J. / Leclerc, J. / 
Verriere, P. 

Title: ALECTO, Criticality Experiment on a Plutonium Solution, Experimental Results 

Date: 1/1/1963 

Report: CEA-2274 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on cylindrical disc assemblies 
constructed of alternate layers of graphite 0.5 inch thick and plutonium metal sheet. The number of 
individual sheets of metal per layer of graphite was varied from one to six. Solid cylindrical slabs of metal, 
graphite end reflected, were also constructed from multiple layers of the metal sheet. The end reflector 
thicknesses ranged from 0.5 inch to 2 inch. Multigroup age theory (40 to 50 groups) and the LASL S-4 
transport code using 16 energy groups were employed to check the experimental mass extrapolations of 
several arrays. 



 

C-2740 

2734…..…..…………………..…….……..……ID Number…………………..…..…………….2734 

Author: Bertrand, J. / Brunet, J. P. / Caizergues, R. / Clouet D'Orval, C. / Kremser, J. / Verriere, P. 

Title: PROSERPINE-Critical Masses and Standards 

Date: 1/1/1963 

Report: CEA-2309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019; The critical mass for the PROSERPINE reactor was 
measured as a function of the solution height in the tank, with various solution concentrations. A reactivity 
standard was then obtained by a boron poisoning technique. The relation to the reactivity of control rod 
displacement, self-shielding of two control rods, and rise of the solution level over the vertical level was 
determined. 
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2735…..…..…………………..…….……..……ID Number…………………..…..…………….2735 

Author: Bertrand, J. / Brunet, J. P. / Caizergues, R. / Clouet d'Orval, C. / Kremser, J. / Verriere, P. 

Title: Proserpine Masses Critiques en Uranium 235 et Etalons de Reactivite. (Proserpine--Critical Masses 
with Uranium-235 and Reactivity Standards 

Date: 1/1/1963 

Report: CEA-2309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass for the PROSERPINE reactor was measured as a function of the 
solution height in the tank, with various solution concentrations. A reactivity standard was then obtained 
by a boron poisoning technique. The relation to the reactivity of control rod displacement, self shielding of 
two control rods, and rise of the solution level over the critical level was determined. 
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2736…..…..…………………..…….……..……ID Number…………………..…..…………….2736 

Author: Ailloud, J. / Chandanson, P. 

Title: An Instrument for Measuring Doubling Time; un Appareillage de Mesure de Temps de Doublement 

Date: 5/1/1956 

Report: CEA-555 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Instruments; Measured Values; Reactors 
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2737…..…..…………………..…….……..……ID Number…………………..…..…………….2737 

Author: Bacher, P. / Eckert, R. / de Mazancourt, R. 

Title: A Study of Uranium-Thorium Mixed Lattices; Etude de Reseaux Mixtes Uranium-Thorium 

Date: 1/1/1957 

Report: CEA-670(D) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some subcritical experiments have been carried out during the charging of the G 1 
pile by introducing thorium bars in a regular lattice into the pile. The spreading out of these experiments 
over a period of three months has permitted work on a pile gradually increasing in size and measurements 
on comparable charges in so far that they have either the same number of bars of thorium, or the same 
concentration of thorium. From the measurements at constant charge and at constant concentration, it is 
possible by extrapolation to determine the critical charges and concentrations. The values obtained have 
shown that the material Laplacian of the lattice depends linearly on the thorium concentration and must 
cancel out for a concentration T = 8.8 plus or minus 0.3 per cent by volume. These results have been found, 
to a very good approximation by a simple calculation. 
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2738…..…..…………………..…….……..……ID Number…………………..…..…………….2738 

Author: Bornand, B. 

Title: Listing of Nuclear Codes for IBM-704, -709, and -7090; Liste des Codes Nucleaires Utilises avec 
les Calculateurs Arithmetiques IBM 704, 709 et 7090 

Date: 1/1/1966 

Report: CEA-Bib-17(Pt.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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2739…..…..…………………..…….……..……ID Number…………………..…..…………….2739 

Author: Grenier, M. 

Title: The New Transport Regulations for Radioactive and Dangerous Materials. Presentation of the New 
Regulations for the Transport of Radioactive Materials 

Date: 3/27/1992 

Report: CEA-CONF-10983; CONF-9203186 

Conference/Journal: Colloquium of the French Society of Radioprotection, Paris (France), 27 Mar 1992 

Conference Session:  

Abstract/Keyterms: French Transport Regulations / IAEA Recommendations/ European Conventions / 
Rail and Road Transport. 
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2740…..…..…………………..…….……..……ID Number…………………..…..…………….2740 

Author: Lamarque, G. / Neige, R. / Romeyer-Dherbey, J. / Szabo, J. L. / Edeline, J. C. / Chabert, J. / 
Mauquest, J. 

Title: Radiation Detectors: Detectors for Fuel Cycle 

Date: 2/1/1993 

Report: CEA-CONF-11737; CONF-9302136 

Conference/Journal: Electronic days on technologies of sensors, Saclay (France), 2-4 Feb 1993 

Conference Session:  

Abstract/Keyterms: Radiation Detectors / Control Systems 



 

C-2747 

2741…..…..…………………..…….……..……ID Number…………………..…..…………….2741 

Author: Bardelle, P. / Mercier, J. P. 

Title: Dry Vault for Spent Fuel Depository. Basic Outsets, Operating Results and Safety of the ''CASCAD’' 
Plant 

Date: 10/1/1994 

Report: CEA-CONF-11877; CONF-941019 

Conference/Journal: European nuclear conference and exhibition, Lyon (France), 2-6 Oct 1994 

Conference Session:  

Abstract/Keyterms: Building / Depository Concrete Cell / 315 Depository Wells 
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2742…..…..…………………..…….……..……ID Number…………………..…..…………….2742 

Author: Benezech, G. / Gey, A. / Renard, C. / Lecorche, P. 

Title: Conception of Protection in Installations Subject to Hazard of Criticality. Test of Active Materials 
Near a Source Reproducing a Real Accident 

Date: 10/31/1970 

Report: CEA-CONF-1420, SM-125/10, CONF-691008-4 

Conference/Journal: Symposium on Radiation Safety Problems in the Design and Operation of Hot 
Facilities, Saclay, France 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments-General Detectors & Monitors; 
Accidents; Criticality; Monitoring; Radiation Detectors; Radiation Protection 
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2743…..…..…………………..…….……..……ID Number…………………..…..…………….2743 

Author: Rouyer, H. / Merle, J. P. 

Title: Contribution of Hybrid Calculation to the Studies of Nuclear Safety of Extractions of Uranium and 
of Plutonium. Case of Continuous Extraction Apparatus 

Date: 4/1/1973 

Report: CEA-CONF-2333; CONF-730460-1 

Conference/Journal: International congress on the use of electronic calculators in the field of chemistry, 
Paris, France, 25 Apr 1973 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Chemistry-Radiochemistry & Nuclear Chemistry-Radioactive Waste Treatment; Chemistry-Inorganic, 
Organic, & Physical Chemistry-Feed Materials Processing; Extraction Columns- Mathematical Models; 
Plutonium- Solvent Extraction; Uranium- Solvent Extraction; Computer Calculations; Criticality; 
Hydrodynamics; Inorganic Acids; Iterative Methods; Mass Transfer; Programming; Safety 
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Abstract/Keyterms: Opened in 1967, the Radiometallurgy Laboratory is responsible for the examination 
of plutonium-239 based nuclear fuels of breeder reactors such as Rapsodie and PHENIX. Part of the same 
laboratory is also responsible for the manufacture of californium 252 sources. These neutron sources can 
have a neutron fluency yield of 2,3 1010n/s/4$pi$ (i.e. 10mg of 252cf). This large laboratory includes a 
total area of 117m2 of hot surfaces. It also includes 14 high activity cells with a capacity of 100000Ci at 
1MeV. Located only 7km from the center of Paris, it must incorporate a special design and a particularly 
sure safety policy. Several statistics are given quantity of fissile material, solid and liquid wastes etc. The 
principles of safety management are outlined and an analysis given of this basic nuclear facility. 
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Abstract/Keyterms: Evolution of criticality and safety problems, due to the production development, is 
examined. The plant of Cadarache for fuel fabrication of French fast reactors is described. 
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Abstract/Keyterms: A calculation method for criticality of PWR elements in storage pool, shipping cask, 
reprocessing plant. was developed and tested. This method is based on use of computer codes Apollo and 
DOT 3.5, solving neutron propagation equation in transport theory. Its validity was checked by comparing 
with results of some criticality experiences and other Benchmarks obtained by computer Monte Carlo code 
Tripoli. 
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Abstract/Keyterms: The major points of the French Fast Reactor Physics programme during the period 
extending from July 1978 to September 1979, are consistent determination of the experimental Breeding 
Gain of PHENIX by two independent methods; the fulfilment of the PRE-RACINE programme which 
ended in July 1979 (the last information provided concern the absorber rods of the SUPER-PHENIX type 
and the sodium void effects in a heterogeneous configuration); fuel cycle; neutron shielding studies; 
experimental technics for critical experiments and for power plant operation. 
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Abstract/Keyterms: In the first part we report a computation with a very accurate transport code of several 
critical and exponential experiments using Uranium 233-Thorium 232 fuels. From the differences between 
the computed values of the criticality factor k(eff) and the experimental ones, we deduced tendencies about 
the neutron data. We found that all seems satisfying for Thorium 232 but that for Uranium 233 it seems 
necessary to change the nu value or the fission spectrum. It is not possible to choose between these two 
assumptions with the available integral experiments. The mean and standard deviations on k(eff) which 
were (+667±90)10$sup-5$ with the non-modified data are reduced to (+1±90)10$sup-5$ with the modified 
data. In the second part, we show that it is possible to use Thorium 232 instead of Uranium 238 in a typical 
PWR without changing the overall fuel assembly geometry. But, to obtain similar performances, it is 
necessary to change the moderating ratio in a different way according to the fissile nuclide (U-233 or Pu-
239). This can be done by increasing or decreasing the fuel pin radii. In all cases the temperature coefficient 
remains below zero. The PWR control rods worth is roughly the same for U-233 or U-235-Thorium fuel 
and slightly lower for Pu-Th fuel. 
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Abstract/Keyterms: The experimental reactor SILENE is an original neutron and gamma radiation source 
because of the large range of its possibilities and the core features. The core, a small size annular vessel (36 
cm diameter), is fueled with a uranyl nitrate solution. The great flexibility of this type of fuel allows to 
operate the reactor in three modes at high level power (1000 Megawatts) in a short time (6 ms); the free 
evolution operation (simulation of criticality accidental excursions); and the steady state operation with a 
range of power level included between 1/100 watt and 1 kilowatt. Moreover the core can be surrounded by 
adequate shields (lead, iron, hydrogenous material) to vary the characteristics of leakage radiations. The 
reactor which is located in a large concrete room is capable to provide integrated doses up to 10$sup 4$ 
rads at 1 m, either in a short time, either in a large scale time (several hours). The main characteristics 
regarding to the radiation field and the measurement techniques are given in this paper. The applications of 
such a source are outlined. It concerns mainly health physics studies (dosimetry, radiobiology), nuclear 
safety studies (criticality alarm tests, criticality accidents, equation of state of fuels) and the other 
applications of thermal neutrons such as neutron radiography. 
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Abstract/Keyterms: Properties of plutonium are first recalled, then the conditions of fabrication are 
exposed including criticality protection against contamination and irradiation. The three main steps of the 
process are examined Quality control, waste processing and evolution of the process are exposed. 



 

C-2761 

2755…..…..…………………..…….……..……ID Number…………………..…..…………….2755 

Author: Lefort, G. / Bourgeois, M. / Poulain, A. / Maigret, C. / Puit, J. C. 

Title: Safety Problems in Fast Reactor Fuel Cycle 

Date: 7/1/1982 

Report: CEA-CONF-6416 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fast neutron reactors fuels have a high proportion of plutonium and undergo severe 
irradiation. Risks during spent fuel reprocessing and subsequent fabrication will depend on isotopic 
composition, fission product content, physico-chemical form of products, quantities handled. These risks 
(criticality, contamination, irradiation) are listed for the different steps of the cycle and methods used to 
control the risks (chemical reaction yields, equipment reliability, intervention, conditions.) are indicated. 
Problem arising from wastes and effluents produced at each step are briefly given. 
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Abstract/Keyterms: A substantial research program was conducted on thorium cycle in the past 15 years 
at C.E.A. ("Commissariat a l'Energie Atomique"), mainly for HTR studies (High temperature reactor). 
Furthermore, since 1975, E.D.F. ("Electricite de France") and C.E.A. have undertaken an evaluation work 
on thorium-M S R (Molten Salt Reactor). In the first part, we outline the work performed on nuclear data 
for the two main isotopes involved in the thorium cycle, i.e., Th 232 and U 233. This work includes 
differential cross section measurements for Th 232, comparison of neutronic calculations with critical 
experiments and data evaluation for both isotopes. Cross sections were subject to significant modifications 
along this period of work. The second part deals with thorium fuel cycle studies carried out on HTR. These 
studies were mainly based on the utilisation of integrated block design. We particularly discuss the results 
concerning a symbiotic system specifically adapted to no recycle or full conversion. This system combines 
two types of cores is optimised in order to obtain a minimum fuel cycle cost without reprocessing and the 
second one using U 233/Th fuel is supposed to be built later, when the reprocessing technology is available. 
In the third part we give some results obtained on MSR. Cross section uncertainties may 
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Abstract/Keyterms: Nuclear Facilities. In addition to that, the experimental program has allowed to select 
the best calculation methods (options for the use of the codes, simplifying hypothesis, cross-sections tables) 
on the basis of the two programs APOLLO and MORET. 



 

C-2766 

2760…..…..…………………..…….……..……ID Number…………………..…..…………….2760 

Author: Moreau, J. 

Title: Principle of a Code Adapted to the Solving of Problems of Criticality by the Monte Carlo Method 

Date: 1/1/1970 

Report: CEA-N-1179 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Computers; Configuration; Critical 
Assemblies; Criticality; Errors; Mathematics; Monte Carlo Method; Programming 



 

C-2767 

2761…..…..…………………..…….……..……ID Number…………………..…..…………….2761 

Author: Renard, C. 

Title: Physical and Electronic Characteristics of Criticality Alarm Devices. Behavior During Actual Critical 
Power-Rises 

Date: 1/1/1970 

Report: CEA-N-1250 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Engineering-Radioactive Material Handling; Accidents; Alarm Systems; Criticality; Design; Monitoring; 
Operation; Performance 



 

C-2768 

2762…..…..…………………..…….……..……ID Number…………………..…..…………….2762 

Author: Combettes, C. / Fruchard, Y. / Gey, A. / Goube, P. / Mercier, C. / Pajot, J. / Trouve, S. 

Title: Safety—Criticality: Recommendations Concerning the Furnaces for Fissile Material Reprocessing 

Date: 1/1/1970 

Report: CEA-N-1260 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Fuels / Reprocessing of, Criticality and Safety Studies on Furnaces for Use 
in; Furnaces / Development for Processing of Fissile Material, Criticality and Safety Considerations for; 
Fissionable Material / Processing of, Criticality and Safety Studies on Furnaces for Use In 



 

C-2769 

2763…..…..…………………..…….……..……ID Number…………………..…..…………….2763 

Author: Nguyen-Ngoc, H. / Charbonneau, S. 

Title: Cesar and Concorde. Application of the Concorde Hexagonal Synthesis Program to Experiments on 
the Cesar Critical Reactor 

Date: 10/1/1970 

Report: CEA-N-1276 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The application of the classical method of finite differences for the solution of the 
diffusion equation leads in general to very long computation times since the heterogeneity of the reactor 
for which one wishes to determine the flux obliges one to undertake the calculations in three spatial 
dimensions. The synthesis method reduces in principle the computational time requirements considerably, 
but the precision of the results depends on verification with actual experiments. It is because of this 
reasoning that we thought it to be interesting to compare the results obtained with the programmes 
Concorde, DCE 231 to those of experiments derived especially from the critical configurations of CESAR 
at Cadarache. Our first internal report developed a comparison with calculations where we did not take into 
account the heterogeneity of the reactor. The results, satisfactorily accurate with regard to the neutron flux 
but not to its criticality value, obliged us to separate the axial and radial leakage in the equations resolved 
by Concorde. 
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Abstract/Keyterms: The results of critical experiments with aqueous 4% uranium-235 enriched solutions 
in cylindrical and spherical geometries are presented. A 0.548 to 1.084 g/cc uranium concentration range 
was investigated. Various calculations are compared with experiments. Calculations were used to establish 
a complete criticality table for uranyl fluoride (4%) solutions. 
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Abstract/Keyterms: PU-SOL-THERM-012, PU-SOL-THERM-022; The results of a critical approach 
performed on plutonium nitrate solutions containing 19% of plutonium-240 in two geometrical shapes are 
presented; the first one is annular cylinders with diameters of 200 and 500 mm, the second one is a 
parallelepiped of great dimensions from 13.2 to 105 g/l has been examined. Various calculation methods 
are compared to experiment. A formula has been established which gives the critical limit concentration 
for a plutonium nitrate solution as a function of acidity and of the plutonium-240 and plutonium-241 
percentages. 
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Abstract/Keyterms: The use of slab fuel elements in the light water reactors is interesting for the 
thermohydraulic aspects, but it induces some difficulties for the neutronic calculations. This thesis devoted 
to the discussion of some of them 238U, effective temperature for the Doppler effect, reduction of the 
number of energy groups, adjustment of the fission cross section of 235U in order to improve the 
temperature coefficient calculation. A complete calculation scheme is proposed and checked against 
experiment. 
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the limit critical concentrations relative to fissionable media which are currently found in facilities. These 
values, established by codes previously validated upon critical experiments in similar fields, are 
approximated by default and can be taken as reference in nuclear criticality safety studies. 
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experiments. The first part deals with the interpretation by CEA's calculational tools of critical experiments 
in uranium-plutonium-light water lattices. In the second part, a thorough analysis of the start-up 
experiments of a pressurized light water power reactor is presented. The calculation was made with both 
FRAMATOME and CEA's tools, which required the development of an interface code. 
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Abstract/Keyterms: PU-SOL-THERM-019; The PROSERPINE homogeneous reactor consists of a tank, 
25 cm diam and 30 cm high, surrounded by a composite reflector made of beryllium oxide and graphite. In 
this tank plutonium or 90% enriched uranium solutions, the fissile substances being in the form of a 
dissolved salt, can be made critical. In varying the concentration of the solution, critical masses were studied 
as a function of the level of the liquid in the tank. The minimum critical mass is 256 g for plutonium and 
409 g for uranium-235. In the range of the critical concentrations studied, the neutronic properties of 
fissionable solutions of plutonium and enriched uranium were compared for identical geometries. 
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Experimentaux. Interpretations Theoriques. (Critical Experiments Carried Out with a Homogeneous 
Plutonium Solution. Experimental Results. Theoretical Interpretations) 
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Conference/Journal:  
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Title: Critical Experiments with Homogeneous Solutions of Plutonium-Experimental Results-Theoretical 
Interpretations 

Date: 12/1/1967 

Report: CEA-R-3367 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-030; This report groups together a series of experimental and 
theoretical studies on cylinders and plates of solution tried out at the Valduc centre. A) comparison of the 
theoretical and experimental results obtained on critical heights of solutions. B) study of the effect of 
nitrogen, introduced in the form of the nitrate ion, on the reactivity of fissile media. C) study of the effect 
of plutonium-240 on the reactivity of these media. 
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Report: CEA-R-3393 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Neutron Flux Distribution in Alize II / Comparison of Measured 
and Calculated Values of; Critical Assemblies / Physics Experiments in Water-Cooled Heavy Water-
Reflected Alize II Comparison of Calculated and Measured Values from; Critical Assemblies / Reactivity 
Measurements in Alize II Comparison with Calculated Values 
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Startup Procedures for, Description of 
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Title: Rapsodie First Core Fabrication; Fabrication du premier coeur de RAPSODIE Deuxième partie : 
résultats de fabrication 

Date: 1/1/1970 

Report: CEA-R-3501 (2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-011; Research & Test Reactors & Critical Assemblies-- Fuels; 
FABRICATION; FUEL ELEMENT CLUSTERS; FUEL PINS; PELLETS; PERFORMANCE; 
RAPSODIE; REACTOR CORE 
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Conference Session:  

Abstract/Keyterms: Plutonium / Separation from Fuel Elements By Solvent Extraction, Criticality 
Problems in Marcoule Plant for; Radiochemical Processing Plants / Criticality Problems in Plutonium 
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Title: Experimental Study of Thermal Neutron Spectra in Graphite Up to 2200 deg K 
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Report: CEA-R-3613 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Energy; Graphite Moderator; 
High Temperature; Neutron Flux; Neutron Sources; Spectra; Temperature; Thermal Neutrons; Time of 
Flight Method Neutron Sources / Neutron Spectra from Graphite Moderator Up to 2200sup0k in Reactor 
Reflector, Time-Of-Flight Measurements on, Neutrons, Thermal / Spectra from Graphite Moderator Up to 
2200sup0k in Reactor Reflector, Time-Of-Flight Measurements on, Neutron Beams / Neutron Spectra from 
Graphite Moderator Up to 2200sup0k in Reactor Reflector, Time-Of- Flight Measurements On 
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Conference/Journal: Thesis Submitted to Univ. of Paris, Orsay, France 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Age; Configuration; Criticality; Decay; 
Determination; Graphite Moderator; Multiplication Factors; Neutron Sources; Pulses; Reactor Core; 
Reactor Lattices; Reactors 
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Title: Theoretical and Experimental Research into the Heterogeneous Poisoning of Fissile-Material 
Solutions by Tubes or Rings of Borosilicate Glass 

Date: 12/1/1969 

Report: CEA-R-3931 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-MISC-THERM-002, MIX-MISC-THERM-003, PU-SOL-THERM-033, MIX-
MISC-THERM-003; We have been led to undertake an experimental and theoretical study on the decrease 
of reactivity by tubes and rings of borated glass due to economic considerations on the control of reactivity. 
The results have been applied to solutions of uranium and permit the definition of rules for the storage of 
fissile materials where the limits imposed by other modes of control have been expanded considerably. For 
the experimental studies, we have used equipment originally designed for criticality studies on the 
dissolution of ingots of fissile materials in liquid acids. This equipment was well suited for the present 
experiments because of its instrumentation to measure the level of solution, independent of that on the 
supply tank for the liquid and readily separated from the network of connective piping, thus permitting the 
analysis of the thermal neutron flux within the poisoned domain. Unfortunately, the dimensions of the 
experimental cylinder were comparatively small and did not permit us to obtain high precision for the 
results of this exponential criticality study. The experimental facility is described in great detail to permit 
its simulation through Monte Carlo calculations which are well suited to calculate the structure and the 
active materials of the study with precision. 
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Title: Neutron Interaction in Air between Cylindrical Containers Holding Either Uranium or Plutonium 
Solutions 

Date: 3/1/1970 

Report: CEA-R-3946 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-016, PU-SOL-THERM-014, PU-SOL-THERM-015, PU-SOL-
THERM-017, PU-SOL-THERM-013, MIX-MISC-THERM-002, MIX-MISC-THERM-003; The main 
experimental results obtained on the neutron interaction, in air, between cylindrical containers filled with 
uranium and plutonium solutions are given. Comparisons have been made between the uranium and the 
plutonium. The results obtained from various calculation methods were compared with experimental data. 
Interaction criteria were drawn up for systems of tubes, in air, filled with uranium and plutonium-containing 
solutions. 
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Solutions; Interaction Neutronique dans l’air de Recipients Cylindriques Contenant soit des Solutions 
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Date: 1/1/1996 

Report: CEA-R-3946, Note Technique SRSC 96.01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-012; Plutonium Nitrates / Neutron Reactions in Air With, 
Contained in Cylindrical Vessels; Uranyl Nitrates / Neutron Reactions in Air With, Contained in Cylindrical 
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Report: CEA-R-4243 

Conference/Journal: Thesis Submitted to Grenoble Univ. (France). Faculte des Sciences 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Correlation Functions; Criticality; 
Decay; Neutrons; Pulsed Neutron Techniques; Pulses; Randomness; Reactors 
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Title: Neutronic Study of Fast-Neutron Multiplying Media on a Fast Thermal Critical Assembly: Ermine 
II 

Date: 1/1/1971 

Report: CEA-R-4246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Coupled 
Reactor Cores; ERMINE Reactor; Fast Critical Assemblies; Fast Neutrons; Multiplication Factors 
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Author: Caizergues, R. 

Title: Interpretation of Experiments on Aqueous Plutonium Nitrate Solutions 

Date: 6/1/1972 

Report: CEA-R-4341 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is an appendix to the interpretations of experiments with aqueous solutions 
of plutonium nitrate which were the object of our report CEA-R-3367. It considers the following studies 
comparison of experimental results with calculations made primarily with the Monte Carlo program. 
Comparison of the Laplacien matrices and Laplacien geometries. The negative reactivity effect of free acid 
with regard to the strength of the concentrations of plutonium and the free radical of nitrogen-trioxide 
(NO3-). Effects of plutonium-240. Extensions of the results on the effect of the acidity and the plutonium-
240 for spheres of plutonium nitrate solutions. 
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Author: Gilly, Louis 

Title: Angle Solide Sous-Tendu en un Point par un Disque Circulaire 

Date: 1/1/1974 

Report: CEA-R-4521 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Caizergues, R. 

Title: MORET a Monte Carlo Program for Fast Computation of the Effective Multiplying Factors of Fissile 
Media Within Complex Geometries 

Date: 6/1/1976 

Report: CEA-R-4752 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The MORET code determines effective multiplying factors. It uses the Monte Carlo 
technique and the multigroup theory; a collision is taken as isotropic, but anisotropy is taken into account 
by means of the transport correction. Complex geometries can be rapidly treated studied is divided in simple 
elementary volumes (spheres, cylinders, boxes, cones, half space planes). to which are applied operators of 
the theory of sets. Some constant or differential (albedos) reflection coefficients simulate neighboring 
reflections on the outer volume. 
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Author: Prigent, R. / Renard, C. 

Title: Ensemble de Dètection et d’Alarme de Criticité. Characeistiques Physiques et Électroniques 

Date: 1/1/1976 

Report: CEA-R-4784 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Neutron Study of Fast Neutron Reactor Systems by Exponential Experiments on Harmonie-Graphite 
Program HUG-PHUG-Oxide Program PHRIXOS-Uranium Program UK 

Date: 12/1/1977 

Report: CEA-R-4907 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential experiments allow the obtaining of fundamental characteristics of a 
lattice (material buckling, reaction rate ratios) more economically than critical experiments. This report 
describes the experimental techniques and the methods of analysis used for this type of experiments. The 
results obtained with three programs performed with the source reactor HARMONIE are given lattices); 
oxide-fuel program (4 PuO2-UO2 lattices); pure uranium program (one lattice). Some of these lattices were 
also studied in critical experiments. The coherence of the results obtained by the two types of experiments 
is established. 
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Author: Chaudat, J. P. 

Title: Fast Neutron Reactor Core Research at the C.E.A 

Date: 5/1/1978 

Report: CEA-R-4911 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report covers all physical studies of fast neutron reactors carried out by the 
C.E.A., to provide basic data (multi-group cross sections) and computer methods which may be used to 
calculate nuclear power plant neutron properties with the precision required by the project. The approach 
adopted to establish the basic data used in all core calculations is described in great detail mode calculations 
(CARNAVAL set), choice of particular experimental programs to reduce uncertainties in connection with 
the formula set, adjustment of cross sections on integral parameters measured on critical experiments. The 
development of the formula set is closely connected with the project requirements; hence the set is modified 
with respect to the core characteristics of the power plant studied. Following an explanation of how the 
CARNAVAL III and IV formula sets-used for PHENIX and SUPER-PHENIX respectively-were derived, 
current studies for heterogeneous cores are described. 
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Title: Quick Evaluation of the Neutron Dose Following a Criticality Accident by Measurement of Sodium 
24 Activity 

Date: 7/1/1984 

Report: CEA-R-5276 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sort Out the Irradiated Individuals / Criticality Accident / Neutron Dose 
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Title: Determination de la relation liant la masse voluminique de Solutions aqueuses a leur Concentration 
en acide Nitrique, Uranium et Plutonium et a la Temperature 

Date: 9/1/1985 

Report: CEA-R-5322 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-016 
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Author: Rendu, Michel 

Title: Filière Uranium Naturel Graphite Gaz – Comportement dans les Réacteurs de Puissance des 
Éléments Combustibles Sicral F1 À Ame de Graphite 

Date: 2/1/1987 

Report: CEA-R-5384 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-006 
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Title: On Influence of Anisotropic Scattering on Criticality of a Multiplying Sphere 

Date: 6/1/1960 

Report: CEA-tr-R-159 

Conference/Journal: Vestnik Moskov. Univ., Ser. III, Fiz. Astron. 

Conference Session:  

Abstract/Keyterms: A generalized Carlson method is used for evaluating the influence of anisotropic 
scattering on the critical radius and spatial neutron flux density distribution in homogeneous, spherical fast 
reactors without reflectors. The results derived by the transport equation and by the developed method are 
correlated. An attempt was made to determine the applicability limits of transportation approximation. 
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Title: Managing the Fuel for AGRS 

Date: 12/1/1975 

Report: CEGB, 3, 21-30 

Conference/Journal: CEGB (Central Electricity Generating Board) Research (England) 

Conference Session:  

Abstract/Keyterms: Reactor fuel has to be “managed” according to a programme designed to minimise 
capital and operating costs. Each piece of fuel must be made to give up as much energy as possible before 
it has to be discharged, and the reactor as a whole must maintain criticality with an acceptable internal 
power distribution throughout its life. The advanced gas-cooled reactors are designed for continuous on-
load refueling. The fuel loses reactivity continuously as the reactor operates and, with an initial fuel charge 
just sufficient to give criticality, refueling would normally have to begin within the first few weeks of 
operation. Many fuel management schemes have been proposed to minimise this potentially wasteful 
rejection of only partially burned-up fuel. The various possibilities for AGRs are outlined and some of the 
reasons behind the adoption of the particular strategies to be followed in the current commissioning program 
are discussed. 



 

C-2850 

2844…..…..…………………..…….……..……ID Number…………………..…..…………….2844 

Author: Heffer, P. J. H. 

Title: Calculation of Criticality Using the Three Dimensional Monte Carlo Particle Transport Code Spartan 

Date: 8/1/1978 

Report: CEGB-RD/B/N-4362 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two methods of calculating criticality are available in the 3D generalised geometry 
Monte Carlo particle transport code SPARTAN (Bending and Heffer, 1975). The first is a matrix technique 
in which the multiplication constant and source distribution of the system under study are calculated from 
estimates of fission probabilities and the second a method in which the multiplication constant is inferred 
from estimates of changes in neutron population over a number of neutron generations. Modifications are 
described which have been made to the way in which these methods are used in SPARTAN in order to 
improve the efficiency of criticality calculations. 
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Author: Arnal, T. / Cousinou, G. 

Title: Determination des Quantites de Matieres Fissiles Contenues Dans Les Dechets Provenant des 
Ateliers de Fabrication des Combustibles a Base de Plutonium 

Date: 1/1/1976 

Report: CEN-Cadarache, 497-510 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The internal accounting system of the Fabrication and Radiometallurgical Inspection 
Service (SFER) is basically designed to meet national and international requirements for nuclear materials 
accountancy as applied to feed materials. The authors discuss the principles underlying this accounting 
system for the case of the Plutonium Fuel Assembly Fabrication Complex at Cadarache. The sphere of 
application of the system covers more than 200 work stations and approximately 100 different materials. 
Some 20000 movements of feed materials per year represent transfers of a cumulative mass much greater 
than one ton of fissile material. A data processing system has therefore become essential in order to ensure 
the rapid and reliable acquisition of accounting data relating to these movements. The authors describe the 
system (definition of stations and material codes, description of supporting facilities used) and discuss the 
mode of acquisition with particular reference to relative speed of action. In conclusion, the authors indicate 
that the system offers interesting possibilities, in addition to its original purpose, in the following areas 
regulations to avert the risk of criticality; discouragement of possible diversion. 
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Title: Determination of the Quantity of Fissile Material Contained in the Wastes from Fabrication of 
Plutonium Based Fuels 

Date: 1/1/1979 

Report: CEN-CADARACHE, 497-510 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is described which, although complex, permits obtaining quite rapidly the 
values of the quantities of nuclear materials contained in the solid wastes resulting from the production of 
mixed oxide fuels. It facilitates materials accounting, criticality safety and understanding the fissile material 
content (plutonium and enriched uranium). These two elements may be presented simultaneously or 
separately. The method uses two techniques simultaneously on the sorted wastes from spontaneous fissions 
of the isotope pairs of plutonium, by means of equipment adapted to the geometry of the 100 liter cask, 
specifically allowing descending to a limit of detection in the vicinity of 20 mg of plutonium per cask. (2) 
Gamma spectrometry with high resolution. The evaluation of properly chosen peak ratios 235U/ 239Pu and 
241Pu/ 239Pu facilitates isotopic analysis of the plutonium and calculation of the 235U content by referring 
to the graphs. The precision of this last determination is about 40%. 
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Title: Boiling Nuclear Superheater (BONUS) Power Station: Final Hazards Summary Report 
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Conference/Journal:  
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Title: Boiling Nuclear Superheater (BONUS) Power Station: Startup Summary Report, February 1966 

Date: 10/31/1966 

Report: CEND/PRWRA-257 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boiling; Bonus; 
Contamination; Control Elements; Control Systems; Criticality; Operation; Performance; Poisoning; 
Power; Pressure; Radiations; Radioactivity; Reactivity; Reactors; Rods; Startup; Steam; Superheating; 
Temperature; Testing; Transients; Waste Disposal; Water Coolant 



 

C-2855 

2849…..…..…………………..…….……..……ID Number…………………..…..…………….2849 

Author: Drawbaugh, D. W. 

Title: Study of Slightly-Enriched Uranium-Water Lattices with High Conversion Ratio. Resonance 
Absorption in Water Moderated Lattices. Quarterly Progress Report, February 1 to April 30, 1960 
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Report: CEND-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review is given of progress in recent years on the problem of calculating the 
resonance escape probability from the resonance parameters. A computer program (QUERY) for applying 
the Adler-Hinman-Nordheim method of calculating resonance escape in a lattice is also reviewed and 
applied to a series of calculations of integrals for U--water, and UO2--water systems at various fuel 
temperatures. The results are compared with those obtained in Monte Carlo calculations for a variety of 
lattices at room temperature. Monte Carlo calculations at elevated temperatures were also made for 
comparison. Comparisons were also attempted for resonance escape calculations with experimental 
measurements of ratios of epithermal to-thermal capture in U in various lattices. Problems involved in 
making such comparisons when enriched fuel elements are involved are discussed. 



 

C-2856 

2850…..…..…………………..…….……..……ID Number…………………..…..…………….2850 

Author: Harding, R. S. / Slater, M. 

Title: Advanced Critical Experiment Safeguards Report. Supplement No. 2. NUSU Phase B and C 

Date: 1/1/1960 

Report: CEND-105(Suppl.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Safety & Siting; Analysis; Bonus; 
Critical Assemblies; NUSU; Power Plants; Reactor Safety; Reactors 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Boiling; 
Configuration; Critical Assemblies; Distribution; Measurement; Power; Reactivity; Reactors; 
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Title: Fabrication of Superheater Fuel Rod Assemblies for Bonus Critical Experiments 
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Report: CEND-118 
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Abstract/Keyterms: The BONUS critical fuel rods incorporate an enriched UO/sup 2/ fuel pellet stack 
encased in a stainless steel tubular sheath and sealed at both ends by a solid plug welded to the cladding 
tube. The techniques and procedures involved in the fabrication of the components are outlined. Inspection 
procedures are described. of the 900 fuel rods started in production 888 were shipped as acceptable 
components. The rejected components contained the same defect: a leak in the tube wall located several 
inches above the bottom plug weld. 
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Title: Studies on Low Enriched Cores Containing Simple Nuclear Superheat Elements Part I - Critical 
Experiments 

Date: 2/1/1966 

Report: CEND-121 
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Abstract/Keyterms: Activities in investigations to better understand the physics of Integral Nuclear 
Superheat Reactors are reported. Criticality measurements on clean arrays of rod-type elements (at partial 
water height) of the power distribution, lattice parameters, and reactivity coefficients at two array were 
made. The experimental methods are discussed and results are included. 
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Title: Critical Experiments with Low Enriched Double Annular Superheat Elements in Light Water and 
their Analysis 
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Report: CEND-131 

Conference/Journal:  
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Abstract/Keyterms: Experiments were carried out on a series of light water-moderated hexagonal 
configurations of double annular elements on a triangular lattice. Measurements were made on the core 
criticality in terms of partial water height and rod bank position, power distributions, lattice parameters, 
and reactivity coefficient. The experiments included double annular elements encased in poison sleeves, 
flooding of outer zones, etc. The analytical design method for simple rods was used for the complex double 
annular elements, and the calculated results are compared with the experimental results. The agreement was 
good for the eigenvalue and power distributions, although large discrepancies (<13%) occurred in the power 
distributions in cores containing large explicit slab and Y water channels. 
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Abstract/Keyterms: Calculations were performed on the beginning of life characteristics of uranium-
fueled water-moderated lattices with water-to-uranium volume ratios of 0.4 to 4.0 and enrichments of 1 to 
4%. Both uranium metal and UO2 fuel were investigated. Results indicated that an initial conversion ratio 
of the order of 0.9 may be attainable in low enrichment uranium-fueled, water-moderated reactors with 
sufficient initial excess reactivity to allow a reasonable lifetime. The maximum conversion ratio for a given 
initial excess reactivity corresponded to fairly dry cores, with metal-to-water volume ratios of the order of 
one. 
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2857…..…..…………………..…….……..……ID Number…………………..…..…………….2857 

Author: Bengston, J. / Ravets, J. M. / Rickert, R. J. 

Title: Lifetime Characteristics and Economics and Economics of Slightly Enriched Uranium Dioxide in 
Water Lattices. Final Report on Study of Slightly-Enriched Uranium-Water Lattices with High Conversion 
Ratio 

Date: 9/30/1961 

Report: CEND-145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fairly general use of C. H. Westcott's scheme for obtaining one- group effective 
cross sections especially for calculating long-term reactivity changes for low enriched uranium-fueled 
reactors motivated a comparison with another commonly used method, namely, MUFT and SOFOCATE. 
The apparently better agreement with plutonium critical experiments that Westcott's method yields is traced 
to his better Pu/sub 239/ thermal cross sections. The limitations of his method for drier and hence more 
epithermal spectrum cores is analyzed. Suggestions for improving the SOFOCATE, and in particular the 
CANDLE cross sections, are made. The practical effect of Westcott's method in predicting increased long-
term reactivity is illustrated. It was concluded that Westcott's schemen is adequate for well-moderated 
reactors but that his epithermal alpha values are too optimistic and hence for drier lattices the MUFT-
SOFOCATE method should be used. 
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2858…..…..…………………..…….……..……ID Number…………………..…..…………….2858 

Author: Fein, E. / Noderer, L.C. 

Title: An Evaluation of Effective Plutonium Cross Sections in Reactivity Calculations 

Date: 9/1/1961 

Report: CEND-146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fairly general use of Westcott's scheme for obtaining one-group effective cross 
sections especially for calculating long-term reactivity changes for low enriched U-fueled reactors 
motivated a comparison with MUFT and SOFOCATE. The apparently better agreement with Fu critical 
experiments that Westcott's method yields is traced to his better Pu239 thermal cross sections. The 
limitations of his method for drier and hence more epithermal spectrum cores is analyzed. Suggestions for 
improving the SOFOCATE, and in particular the CANDLE cross sections, are made. The practical effect 
of Westcott's method in predicting increased long-term reactivity is illustrated. It is concluded that 
Westcott's scheme is adequate for well moderated reactors but that his epithermal alpha values are too 
optimistic and hence for drier lattices the MUFTSOFOCATE method should be used. 
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2859…..…..…………………..…….……..……ID Number…………………..…..…………….2859 

Author: n.a. 

Title: ABWR Quarterly Progress Report, April 1-June 30, 1962. Design and Development 

Date: 7/1/1962 

Report: CEND-160 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activities in the program were directed toward reactor development and evaluation 
in the areas of control rod drive mechanisms, plant simulation, and core evaluation. Other work is reported 
on PL-2 critical experiments. Data are included on power distributions and reactivity. An analysis of PL-2 
core lifetime is also included. 
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2860…..…..…………………..…….……..……ID Number…………………..…..…………….2860 

Author: Klann, P. G. / Dechand, C. O. / Fein, E. / Gormley, M. F. 

Title: Description and Analysis of Critical Experiments on Double Annular UO2 Fuel Elements in the 
NUSU Superheater Mockup 

Date: 1/1/1962 

Report: CEND-161 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; Fuel 
Elements; Measurement; Mockup; NUSU; Power Plants; Reactors; Rings; Superheating; Water Moderator 
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2861…..…..…………………..…….……..……ID Number…………………..…..…………….2861 

Author: Gailar, O. / Harding, R. S. / Knapp, R. W. 

Title: Critical Experiments for Pl-2 and their Analysis 

Date: 8/1/1962 

Report: CEND-164 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical experiments showed that the original specification of 1.0 wt% for the 
boron concentration could be reduced to 0.25 wt% without reducing the one-rod-out shutdown margin 
below 2 1/2% reactivity as measured by rod drop experiments. Good agreement was obtained between 
calculated and measured eigenvalues for the small, clean cores which were analyzed. In cores with no 
control rods and containing all fuel, 0.0, 0.25, or 1.1 wt% boron stainless steel, and with all 0.25 wt% boron-
stainless steel and fuel elements surrounded by aluminum-water displacers, the calculated eigenvalues were 
0.7 to 1.0% greater than the measured values. In a core with 0.25 wt% boron stainless steel and with the 
center control rod fully inserted, the calculated eigenvalue was 1.0% larger than measured. In one case, a 
core composed entirely of fuel and with the center control rod fully inserted, the calculated eigenvalue was 
0.33% DELTA k smaller than that measured. The calculated power distributions compared extremely well 
with those measured in the fuel assemblies. Shutdown measured by the boron substitution method, where 
the worth of the boron was measured by calibrating both a single control rod and a bank of rods, was found 
to give consistent results which in turn agreed to within 0.5% DELTA k with shutdown measured by the 
rod drop technique. The rod drop measurements with 0.25 wt% boron gave a shutdown of 2.52% with the 
central control rod withdrawn. Correcting for the small difference between the mockup and the reference 
core, the shutdown margin for the PL-2 was 3% DELTA k/k. Shutdown measurements obtained by moving 
a calibrated control rod from all into its critical position and maintaining criticality by the compensating 
motion of another rod or rods, were found to give widely differing results depending on the combination of 
rods used. Measurements in a boron-stainless steel zoned core where the boron-stainless steel poison rods 
were removed from the outer 12 peripheral subassemblies and replaced with fuel elements, show that the 
center rod remains the strongest, that the center-rod- stuck-out shutdown margin is reduced very little (--
0.28% DELTA k) from the core containing boron stainless steel in all subassemblies, and that 1.09% 
reactivity is gained at beginning of life by removing this boron stainless steel. 
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2862…..…..…………………..…….……..……ID Number…………………..…..…………….2862 

Author: Klann, P. G. / Dechand, C. O. / Gormley, M. F. / Crudele, J. S. 

Title: Description and Analysis of NUSU Critical Experiments with Annular Multi- Tube Superheater Fuel 
Elements 

Date: 8/1/1962 

Report: CEND-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In previous phases of the Nuclear Superheat Program (NUSU), measurements were 
made with critical arrays of rod type and of double annular type fuel elements in both clean arrays and in 
geometries simulating superheating core designs. The assemblies were light water moderated and the steam 
channels contained either water (flooded) or air (voided). Experiments and analysis were continued on 
critical cores built of annular multitube fuel elements spaced on a triangular lattice, with two lattice 
spacings. These fuel elements consist of two concentric stainless steel tubes in which the annular region 
between the tubes is filled with 2.55 wt.% enriched UO2 vibratory compacted to 84% theoretical density. 
The fused oxide was re-claimed from the double annular elements and was re-used without any re-
processing. The fuel annulus is penetrated by the steam superheater channels which are 15 full length 
stainless steel tubes arranged in a circular pattern. In the operating reactor, water is evaporated on the inner 
and outer clad surfaces of the fuel element. The annular multitube fuel element design is considered superior 
to the double annular fuel element from the standpoint of performance, reliability, and cost of fabrication 
and was therefore suggested as an alternate fuel element for the NUSU Reference Design. Data were 
obtained for checking the validity of the physics analysis methods which were developed for the superheat 
fuel elements previously investigated, and to guide any further development of analysis techniques. 
Comparisons were made between calculation and measurement of criticality and power distribution, and of 
the lattice parameters connected with the resonance escape probability and thermal utilization. 
Measurements were made at water-to-oxide volume ratios of 2.210, 1.485, and 1.300, which correspond to 
the hydrogen-to-U235 atomic ratios encountered in operating cores. Agreement on reactivity to within one 
percent was obtained between calculation and measurement for clean critical configurations at these water-
to-oxide volume ratios, with the steam tubes alternately flooded and voided, and for critical configurations 
containing heterogeneities such as water gaps formed by removing fuel elements or by the addition of 
poison elements. Reasonable agreement between measured and calculated power distributions around 
centrally located core heterogeneities was also obtained with an over-estimation in power of about 18% 
noted for fuel elements located at the vertices of rather thick, 2.86 in., Y- shaped water gaps at the center 
of the core. The tendency to over-estimate the power near water gaps was previously noted in the analysis 
of double annular cores. It was shown that the predicted power in a fuel element is insensitive to the thermal 
cross section scheme. Also, it was shown that the over-estimate is not caused by the procedure of 
homogenizing the fuel rods adjacent to water channels as though they were in an infinite lattice. 
Measurements were made of the dimensional and fuel loading variances along the length as well as around 
the annular circumference near the axial midsection of the fuel elements used in the critical experiments, 
and the effect of these non-uniformities on the physics characteristics of the core was determined. The 
variation of the azimuthal power generation around fuel elements situated adjacent to large water gaps was 
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also measured to determine azimuthal power peaking factors which must be taken into account in the 
thermal analysis. In addition, criticality measurements were made using flux trap or rectifier control 
elements. The flux trap control element is essentially a tubular, water-filled control rod consisting of an 
annulus of neutron-absorbing control material surrounding a central water region. The potential advantages 
of this element lie in the additional control worth obtained, due to capture of neutrons slowed down in the 
water hole. Elements of this type were specified in the NUSU reference design. 
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2863…..…..…………………..…….……..……ID Number…………………..…..…………….2863 

Author: Zmola, P. C. / Flinn, W. S. / Rickert, R. J. / Notari, G. V. / Young, R. H. 

Title: The Unified Modular Plant, A Compact Nuclear Steam Generator for Marine Application 

Date: 1/1/1962 

Report: CEND-169 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A conceptual design of a compact, demand controlled, maritime reactor plant is 
presented. Reactor operation without the use of control rods is featured. The economics of application to a 
tanker are discussed. 
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2864…..…..…………………..…….……..……ID Number…………………..…..…………….2864 

Author: n. a. 

Title: C-E Critical Heat Flux. Critical Heat Flux Correlation for C-E Fuel Assemblies with Standard Spacer 
Grids. Part 1. Uniform Axial Power Distribution 

Date: 4/1/1975 

Report: CENPD-162 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Non-Breeding, Light-Water Moderated, Non-Boiling 
Water-Cooled; Pebble Bed Reactors- Reactor Kinetics; Accuracy; Computer Codes; Control Rod Worths; 
Critical Mass; Criticality; Design; Mockup; Nuclear Reaction Kinetics 
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2865…..…..…………………..…….……..……ID Number…………………..…..…………….2865 

Author: Toops, E. C. 

Title: Reactor Kinetics 

Date: 3/1/1961 

Report: CENRD-163 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The inhour equation was derived using the bare core approximation and few group 
diffusion theory. The method can be used for any reasonable number of groups. Simple analytical 
expressions for the prompt neutron lifetime are given for two, three, four, or more neutron groups. Different 
constants were used for the prompt fast and delayed neutron energy groups. The effective delayed neutron 
fraction is shown to be numerically equal to the delayed multiplication constant” times the delayed neutron 
fraction. The expressions are suited to hand calculation for the interpretation of critical experiments or the 
analysis of reactor transients for safeguard studies. 
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2866…..…..…………………..…….……..……ID Number…………………..…..…………….2866 

Author: n. a. 

Title: Summary of Progress in Unclassified Areas of Reactor Technology 

Date: 10/18/1957 

Report: CERD-0005-RS-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on fast neutron scattering calculations, few group constants for 
criticality, cold startup analysis, flux behavior near control rods, and the radioautographic technique for 
power distribution measurements in a critical assembly. (For preceding period see CERD-0005-RS-5.) 
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2867…..…..…………………..…….……..……ID Number…………………..…..…………….2867 

Author: Auxier, J. A. / Sanders, F. W. / Haywood, F. F. / Thorngate, J. H. / Cheka, J. S. 

Title: Technical Concept-Operation BREN 

Date: 12/1/1961 

Report: CEX-62.01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Oak Ridge National Laboratory (ORNL) Health Physics Research Reactor is to 
be attached to a hoist platform on a l500-ft tower at the Nevada Test Site (NTS). The project is a 
continuation of the studies commenced in l956 for evaluating the radiation doses of persons exposed to 
nuclear weapons, especially the residents of Hiroshima and Nagasaki, Japan. Measurements will be made 
of the energy, angular, and spatial distributions of the radiation from the reactor. Various shields, including 
facsimiles of Japanese houses typical of those in Hiroshima and Nagasaki in 1945, will be studied. 
Experimentation is scheduled for early l962. 
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2868…..…..…………………..…….……..……ID Number…………………..…..…………….2868 

Author: Sanders, F. W. / Haywood, F. F. / Lundin, M. I. / Gilley, L. W. / Cheka, J. S. / Ward, D. R. 

Title: Operation Plan and Hazards Report - Operation Bren 

Date: 1/1/1962 

Report: CEX-62.02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operation BREN is a continuation of the studies begun in 1956 for evaluating the 
radiation doses received by persons exposed to nuclear weapons, especially the residents of Hiroshima and 
Nagasaki, Japan. The Oak Ridge National Laboratory Health Physics Research Reactor (HPRR) will be 
mounted in a hoist car on the side of a 1500-ft tower in Area 4 of the Nevada Test Site and will be operated 
at various elevations. When experiments utilizing the reactor are completed, a 1200-curie Co/sup60/ 
gamma-ray source will be substituted for the reactor. Measurements of the energy, angular, and spacial 
distributions of the radiations from these sources will be performed. Various shields, including facsimiles 
of Japanese houses typical of those in Hiroshima and Nagasaki in 1945, will be studied. These experiments 
are organized into Program 1. Other selected programs that can utilize the radiation fields available on a 
noninterference basis are included as parts of the Operation. Descriptions of the HPRR and the Co/sup 60/ 
source, their operating procedures, the manner in which they will be used, and possible hazards are included. 
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2869…..…..…………………..…….……..……ID Number…………………..…..…………….2869 

Author: Thorngate, J. H. / Johnson, D. R. / Perdue, P. T. 

Title: Neutron and Gamma-Ray Leakage from the Ichiban Critical Assembly 

Date: 12/1/1965 

Report: CEX-64-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors 
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2870…..…..…………………..…….……..……ID Number…………………..…..…………….2870 

Author: n. a. 

Title: Investigation Board Report for the Lawrence Radiation 

Date: 1/1/1956 

Report: CF-0001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2871…..…..…………………..…….……..……ID Number…………………..…..…………….2871 

Author: Feld, Bernard T. / Szilard, Leo 

Title: Memorandum on the Critical Condition for a Fast Neutron Chain Reaction Inside a Spherical Shell 
of Uranium Metal 

Date: 12/26/1941 

Report: CF-0338; A-387 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Cross Sections; Diffusion; Energy Levels; Equations; Fast 
Neutrons; Fission; Mass; Nuclear Reactions; Numericals; Reactor Core; Reactors; Scattering; Shells; 
Spheres; Thermal Neutrons; Uranium 235; Uranium 238 
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2872…..…..…………………..…….……..……ID Number…………………..…..…………….2872 

Author: Konopinski, E. / Metropolis, N. / Teller, E. / Woods, L. 

Title: Critical Amounts of Uranium Compounds 

Date: 3/19/1943 

Report: CF-0548; A-673 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Physics and Radiation Physics; Critical Assemblies; Enrichment; Mass; 
Numericals; Uranium 235; Uranium Fluorides; Uranium Oxides 
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2873…..…..…………………..…….……..……ID Number…………………..…..…………….2873 

Author: Snell, A. H. / Brolley, J. E. / Levinger, J. S. / Wilkinson, R. 

Title: Studies in a Five Ton Metal Pile 

Date: 4/17/1943 

Report: CF-0589 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A pile of pure metal, 22 inches high, 22 inches wide, and 28 inches long was erected 
near the beryllium target of the Chicago cyclotron. Fission/capture measurements were made in it, leading 
to the result that for the equilibrium spectrum of neutrons which prevails when fission neutrons are being 
generated, partly slowed down, and absorbed in metal, the macroscopic absorption cross section for fission 
is one-tenth of that for resonance capture. Use was made of separated isotopes in a double fission chamber 
to measure the relative atomic cross sections of uranium-235 and uranium-238 at various points in the pile, 
with the result that for the equilibrium pile neutrons sigma (fiss, uranium-235)=200 sigma(fiss, uranium-
238). Taken together, these results lead to the conclusion that a very large body of metal would have to 
have its uranium-235 concentration increased by a factor of 12 in order to start chain-reacting. 
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2874…..…..…………………..…….……..……ID Number…………………..…..…………….2874 

Author: Brolley, J. E. / Byerley, F. J. / Feld, B. T. / Olds, A. E. / Schalettar, R. / Slotin, S. L. / Stewart, R. 
B. 

Title: Neutron Multiplication in a Mass of Uranium Metal 

Date: 4/1/1944 

Report: CF-1627 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were made of neutron multiplication in 35 tons of uranium metal, 
using the Clinton pile as a neutron source, a three-group approximation was used to derive the neutron 
distribution in the metal. Detailed descriptions of the experimental set-up and measurements are also given. 
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2875…..…..…………………..…….……..……ID Number…………………..…..…………….2875 

Author: Dempster, A. J. 

Title: Chicago. Univ. Metallurgical Lab. Physics Division Report for Month Ending April 15, 1945 

Date: 5/9/1945 

Report: CF-2926 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Benzoic Acid- Fluid Flow- Spheres- Vessels- Water; Borohydrides- Ethane- 
Preparation- Separation Processes; Breeding- Criticality- Equations- Fertile Materials- Heat Transfer- 
Numericals- Reactors- Resonance; Breeding- Reactors; Bubbles- Liquid Flow- Measured Values- Pipes- 
Production- Solutions- Supersaturation- Water; Bubbles- Production- Reactors; Compound Nuclei- 
Energy- Equations- Excitation- Nuclear Reactions- Nuclei- Resonance- Wave Mechanics; Configuration- 
Control Elements- Graphite- Irradiation- Lattices; Configuration- Density- Lattices- Neptunium Sulfides- 
Niobium Oxides- Numericals- Tanta 
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2876…..…..…………………..…….……..……ID Number…………………..…..…………….2876 

Author: Wilkins, Jr., J. Ernest / Friedman, F. L. 

Title: Water Effects on a BeO Pile 

Date: 11/14/1945 

Report: CF-3341 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium Moderator; Beryllium Oxides; Diagrams; Liquefying; Reactivity; 
Reactors; Tables; Variations; Water 
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2877…..…..…………………..…….……..……ID Number…………………..…..…………….2877 

Author: Finkelstein, R. J. 

Title: The Critical Size of a Cylindrical Pile Having a Vertical Temperature Gradient 

Date: 8/19/1946 

Report: CF-3599 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium Oxides; Configuration; Criticality; Cylinders; Equations; Errors; 
Mass; Reactor Core; Reactors; Temperature; Volume; Zones 
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2878…..…..…………………..…….……..……ID Number…………………..…..…………….2878 

Author: Smith, C. D. / Howe, J. T. / Drosten, F. W. 

Title: Feasibility Report on Production of Fuel Rods for MTR Critical Experiment 

Date: 10/31/1949 

Report: CF-49-10-209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Fuel Elements; Materials Testing; MTR; Production; Reactors 
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2879…..…..…………………..…….……..……ID Number…………………..…..…………….2879 

Author: Sholl, W. E. Jr. 

Title: Thermal Shield for the Materials Testing Reactor 

Date: 1/25/1950 

Report: CF-50-1 125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Efficiency; Materials Testing; MTR; Neutrons; 
Planning; Reactors; Shielding; Thermal Insulation 
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2880…..…..…………………..…….……..……ID Number…………………..…..…………….2880 

Author: Katz, D. L. 

Title: Nucleation and Rate of Bubble Growth in Homogeneous Reactor Experiment 

Date: 8/24/1951 

Report: CF-50-4-83 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Criticality; Excursions; Fuel Solutions; Homogeneous Reactors; 
HRE-1; Reactors; Research Reactors; Sulfates; Uranyl Compounds; Variations; Water 
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2881…..…..…………………..…….……..……ID Number…………………..…..…………….2881 

Author: Burnett, T. H. J. 

Title: Safety Recommendations, Uranium-Aluminum Handling 

Date: 5/11/1950 

Report: CF-50-5-146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2882…..…..…………………..…….……..……ID Number…………………..…..…………….2882 

Author: Visner, S. 

Title: Nuclear Calculations for Homogeneous Reactors Producing U-233 

Date: 10/22/1951 

Report: CF-51-10-110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As an aid in evaluating the economics and engineering feasibility of large-scale 
homogeneous reactors for producing power and U233, nuclear calculations are made for highly enriched 
spherical reactors of both the one- region and tworegion types. The two-region reactors investigated have 
a central core surrounded by ThO2-D2O slurry in a blanket. Separating the core and blanket is a Zr shell 
whose absorption is taken into account in the calculations. In the core is a solution of UO2SO4 in D2O, the 
fuel isotope being U235 for the converters and U233 for the breeders. Calculations are made with various 
relative power levels in the blanket due to the fission of the U produced. Among the other parameters 
studied are thickness of the core shell, temperatures of the core and blanket, concentration of Th in the 
blanket, and blanket thickness. A study is made of the behavior of the reactors as a function of operation 
time in order to take into account the build-up of higher isotopes of U. Singleregion reactors with no blanket 
or reflector are also investigated, but not as extensively. The fuel solution, UO2SO4 in D2O, is considered 
homogeneously mixed with ThO2 in various concentrations. 
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2883…..…..…………………..…….……..……ID Number…………………..…..…………….2883 

Author: Visner, S. 

Title: Experimental Physics Program for the HRE 

Date: 11/28/1951 

Report: CF-51-11-149 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Criticality; Homogeneous Reactors; HRE-1; Measured 
Values; Performance; Reactivity; Reactors; Standards; Uses; Variations 
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2884…..…..…………………..…….……..……ID Number…………………..…..…………….2884 

Author: Williams, H. T. 

Title: Nuclear Constants of the HRE 

Date: 11/19/1951 

Report: CF-51-11-94 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Equations; Fuel Solutions; Homogeneous Reactors; HRE-1; 
Multiplication Factors; Reactors 
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2885…..…..…………………..…….……..……ID Number…………………..…..…………….2885 

Author: Aven, R. E. 

Title: Delayed Neutrons and their Reactivity Contribution to the Homogeneous Reactor 

Date: 12/4/1951 

Report: CF-51-12-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Delayed Neutrons; Diagrams; Equations; Homogeneous Reactors; 
Numericals; Reactivity; Reactors; Tables 
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2886…..…..…………………..…….……..……ID Number…………………..…..…………….2886 

Author: Quarles, L. R. 

Title: Experimental Program for the HRE 

Date: 1/30/1951 

Report: CF-51-1-97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Economics; Measured Values; Neutron Flux; Reactors; Testing 
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Author: Stein, J. M. 

Title: Simplified Reactor Theory Lecture Series. Lecture I. Bulk Conservation of Neutrons 

Date: 5/10/1951 

Report: CF-51-5-113, Lecture I 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Multiplication Factors; Neutrons 
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Author: Stein, J. M. 

Title: Absorption, Leakage and Moderation, Lecture II of Simplified Reactor Theory Lecture Series 

Date: 5/18/1951 

Report: CF-51-5-113, Lecture II 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2889…..…..…………………..…….……..……ID Number…………………..…..…………….2889 

Author: Stein, J. M. 

Title: Kinetic Equations, Lecture III of Simplified Reactor Lecture Series 

Date: 6/4/1951 

Report: CF-51-5-113, Lecture III 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2890…..…..…………………..…….……..……ID Number…………………..…..…………….2890 

Author: Stein, J. M. 

Title: Stability of Reactors - Thermal, Lecture IV of Simplified Reactor Theory Lecture Series 

Date: 6/11/1951 

Report: CF-51-5-113, Lecture IV 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2891…..…..…………………..…….……..……ID Number…………………..…..…………….2891 

Author: Weinberg, Alvin M. / Noderer, L. C. 

Title: Theory of Neutron Chain Reactions: Volume 1. Diffusion and Slowing Down of Neutrons, Chapters 
1-IV 

Date: 5/15/1951 

Report: CF-51-5-98 (Vol. I); AECD-3471 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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2892…..…..…………………..…….……..……ID Number…………………..…..…………….2892 

Author: Weinberg, Alvin M. / Noderer, L. C. 

Title: Theory of Neutron Chain Reactions. Volume II, Part I. Homogeneous Nuclear Chain Reactions. 
Chapter V. Neutron Chain Reactions. Chapter VI. Pile Equations. Chapter VII. Theory of Reflector and the 
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C-2948 

2941…..…..…………………..…….……..……ID Number…………………..…..…………….2941 

Author: Rosen, M. A. / Coburn, D. B. / Flynn, T. A. / Hemmerle, E. H. / Klotz, C. E. / MacPhee, J. / 
McIntosh, T. W. / Rhode, G. K. / Struyk, J. R. 

Title: A Ten Megawatt Boiling Heterogeneous Package Power Reactor. Reactor Design and Feasibility 
Problem 

Date: 8/1/1954 

Report: CF-54-8-237 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A reactor and associated power plant designed to produce 1.05 Mwh and 3.535 Mwh 
of steam for heating purposes are described. The total thermal output of the reactor is 10 Mwh. The fuel 
plates consist of highly enriched UO2 imbedded in a matrix or stainless steel and clad on all sides with 
stainless steel. The core is cooled and moderated by naturally circulated, boiling, light water. At full power 
the core has an average void fraction of 20% by volume in the coolant. The saturated steam, at 415 psia and 
448.2 deg F, is used to drive a turbogenerator. This steam is also used to generate non-radioactive steam 
for space heating. The reactor is loadsd with 18.1 kg of U235 and will supply 15 Mw-years of energy before 
refueling is required. This corresponds to 2.5 years of operation at an average load factor of 60%. Burnout 
poison in the form of B4C is incorporated to reduce the reactivity excursion and thus facilitate control. Ths 
estimated capital investment is 258,400. The estimated cost per kw-hour for net electric and steam power 
at the bus, based on a 60% load demand is 4.43 cents and 1.06 cents, respectively. 
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Title: Summary of Low-Enrichment Research Reactor Calculations 

Date: 9/23/1954 

Report: CF-54-9-140 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Configuration; CP-5; Criticality; Enrichment; Equations; Fuel 
Elements; Mass; MTR; Neutron Flux; Power; Reactor Core; Research Reactors; Swimming Pool; 
Variations; Water Coolant; Water Moderator 
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Title: HRT Safety Considerations 

Date: 9/30/1954 

Report: CF-54-9-226 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Criticality; Fuel Solutions; Homogeneous Reactors; HRT; 
Operation; Planning; Reactivity; Reactor Core; Reactor Safety; Reactors; Startup; Variations 
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Conference Session:  
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Author: Williams, D. V. P. 

Title: Preliminary Results of APPR Critical Experiments Part II 

Date: 11/29/1955 

Report: CF-55-11-165 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preliminary results of measurements of APPR neutron flux and power distributions 
are presented. 
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Author: Gallagher, J. G. / Blosser, H. G. / Mann, J. E. 

Title: Test Element for APPR Critical Experiments 

Date: 11/9/1955 

Report: CF-55-11-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Army Package Power Reactor critical experiment employs separate fuel, boron, 
and steel plates. The fuel plates consist of 0.002 in. x 2.5 in. x 22 in. enriched uranium foil clad with stainless 
steel. The boron plates consist of B4C in a matrix of iron clad with stainless steel. In the APPR, the uranium 
and boron will be present in a stainless steel matrix as UO2 and B4C equally distributed in all plates. 
Retailed drawings of the test element are presented. 
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Title: Experimental Physics Program for the HRT 

Date: 2/28/1955 

Report: CF-55-2-178 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control; Criticality; Distribution; Heat Transfer; Homogeneous Reactors; 
Measured Values; Neutron Flux; Performance; Power Plants; Reactivity; Reactor Core; Stability; 
Temperature; Transients; Variations 
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Author: Kasten, Paul R. 

Title: HRT Safety Calculations 

Date: 2/14/1955 

Report: CF-55-2-75 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Criticality; Fuel Solutions; Homogeneous Reactors; HRT; 
Operation; Planning; Reactivity; Reactor Core; Reactor Safety; Reactors; Startup; Variations 
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Author: Kasten, Paul R. / Stone, R. S. 

Title: Cooling of HRT Fuel Solution as a Result of Changing Heat Exchanger Operating Conditions 

Date: 4/1/1955 

Report: CF-55-4-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cooling; Fuel Solutions; Heat Exchangers; Homogeneous Reactors; HRT; 
Instruments; Operation; Pressure; Pumps; Reactivity; Reactor Safety; Reactors; Shells; Steam; 
Temperature; Variations; Water Moderator 
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Author: Gallagher, J. G. / Bate, R. E. / Mann, J. E. / Callihan, A. D. 

Title: APPR Critical Experiment 

Date: 5/18/1955 

Report: CF-55-5-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boron; Control Elements; Criticality; Distribution; Mass; Mockup; Neutron 
Flux; Poisoning; Power; Reactors; Rods; SM-1 
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Author: Claiborne, H. C. / Fowler, T. B. 

Title: Effect of Slurry Settling on Reactivity in a One-Region Thorium Breeder Reactor 

Date: 5/18/1955 

Report: CF-55-5-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Configuration; Criticality; Economics; Fuel Slurries; Heavy 
Water Moderator; Mixing; Reactivity; Reactors; Separation Processes; Slurries; Thorium; Thorium Oxides; 
Uranium Oxides; Zones 
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Author: Gallagher, J. G. / Bate, R. R. 

Title: Boron Plate Specifications for APPR Critical Experiment 

Date: 5/4/1955 

Report: CF-55-5-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A general description of the boron carbide plate is given along with design data, 
material specifications, material identification, and method of plate inspection. 
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Author: Kasten, P. R. 

Title: Homogeneous Reactor Safety 

Date: 5/1/1955 

Report: CF-55-5-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Equations; Excursions; Homogeneous Reactors; Lifetime; 
Multiplication Factors; Neutron Flux; Neutron Sources; Power; Prompt Neutrons; Reactivity; Reactor 
Safety; Reactors; Stability; Temperature; Transfer Functions; Transients 
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Author: Johnson, E. B. / Henry, K. M. 

Title: Critical Tests for the Pennsylvania State University Reactor 

Date: 6/30/1955 

Report: CF-55-6-148 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; BSR-1; Configuration; Control Elements; Critical Assemblies; Criticality; 
Fuel Elements; Measured Values; ORNL; Reactor Fueling; Reactors; Reflectors; Rods; Testing; Water 
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Author: Blosser, H. G. 

Title: Control Rod Absorber Section Specifications for APPR Critical Experiment 

Date: 6/28/1955 

Report: CF-55-6-165 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Design data, specifications, and drawings are presented for control rod absorber plates 
for the Army Package Power Reactor critical experiment. 
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Author: Kasten, P. R. / Rosenthal, M. W. 

Title: Temperature Coefficient and Reactor Safety 

Date: 8/18/1955 

Report: CF-55-8-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cooling; Criticality; Fuel Solutions; Homogeneous Reactors; Pressure; 
Reactivity; Reactor Core; Reactor Safety; Reactors; Temperature; Variations; Zones 
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Author: Burch, W. D. / Cater, C. H. / Hathaway, D. L. / Maxon, B. S. / Williamson, N. R. / Yarbro, O. O. 

Title: Immiscible-Liquid-Cooled, Fluid-Fuel Reactor 

Date: 1/1/1955 

Report: CF-55-8-188 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolant Loops; Coolants; Cooling; Efficiency; Fuels; Heat Exchangers; 
Heat Transfer; High Temperature; Liquid Flow; Liquids; Planning; Power Plants; Reactor Core; Surfaces; 
Thermal Conductivity 
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Author: Garrick, B. John 

Title: Multigroup-Multiregion Theory for the Consistent P1 Approximation to the Boltzmann Equation 

Date: 8/1/1955 

Report: CF-55-8-189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Collisions; Differential Equations; Diffusion; Errors; Group Theory; 
Interactions; Moderators; Neutron Flux; Neutrons; Reactor Core; Reactors; Slowdown; Spectra; Transport 
Theory; Velocity; Volume; Zones 
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Author: Galagher, J. G. 

Title: Two-Group Calculations for a Steel Water Critical Experiment and the APPR 

Date: 9/28/1955 

Report: CF-55-9-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two-group constants have been prepared for a range of steel-water volume ratios. A 
calculation of critical mass and flux distribution has been made for an existing steel water critical 
experiment. In order to check the experimental critical mass the age was increased. The effect of this 
adjustment on flux distribution was noted. The critical mass and flux distribution were calculated for the 
clean APPR critical experiment using the adjusted curve of age vs steel- water volume ratio. The calculated 
critical mass of the clean APPR critical experiment was 9.04 kg of U235. 
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Author: Gallagher, J. G. 

Title: Two-Group Calculations for a Steel-Water Critical Experiment and the APPR 

Date: 9/28/1955 

Report: CF-55-9-167; 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two-group constants have been prepared for a range of steel-water volume ratios. A 
calculation of critical mass and flux distribution has been made for an existing steel water critical 
experiment. In order to check the experimental critical mass the age was increased. The effect of this 
adjustment on flux distribution was noted. The critical mass and flux distribution were calculated for the 
clean APPR critical experiment using the adjusted curve of age vs steel-water volume ratio. The calculated 
critical mass of the clean APPR critical experiment was 9.04 kg of U235 
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Author: Bradshaw, C. L. 

Title: Reactor Studies in Two Dimensions and Two Regions 

Date: 9/1/1955 

Report: CF-55-9-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Buckling; Configuration; Criticality; Differential 
Equations; Equations; Errors; Mass; Multiplication Factors; Numericals; Plates; Reactor Core; Reactors; 
Zones 
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Author: Burchsted, C. A. / Segaser, C. L. 

Title: HRT Source Handling Facilities 

Date: 11/15/1956 

Report: CF-56-11-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Antimony; Beryllium; Boron; Criticality; Fuel Solutions; Homogeneous 
Reactors; HRT; Lead; LITR; Neutron Sources; Reactors; Shielding; Steels; Storage; Transport; Vessels; 
Water 
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Author: Jaye, Seymour 

Title: Resonance Effects in One-Region Thorium Breeder Reactors 

Date: 12/10/1956 

Report: CF-56-12-61 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Criticality; Efficiency; Enrichment; Equations; Errors; Mass; 
Multiplication Factors; Numericals; Reactor Core; Reactors; Resonance Escape Probability; Resonance 
Neutrons; Thermal Neutrons; Thorium; Thorium 232; Uranium 233; Zones 
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Author: Rosenthal, M. W. / Tobias, M. 

Title: Nuclear Characteristics of Two-Region Slurry Reactors 

Date: 12/20/1956 

Report: CF-56-12-82 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Configuration; Criticality; Diagrams; Efficiency; 
Equations; Errors; Fuel Slurries; Heating; Heavy Water; Homogeneous Reactors; Mass; Mechanical 
Structures; Neutron Flux; Planning; Poisoning; Power; Reactivity; Reactor Core; Reactors; Spheres; 
Thorium Oxides; Uranium 233; Uranium Dioxide; Zones 
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Author: Williams, D. V. P. 

Title: Preliminary Results of APPR Critical Experiments Part III 

Date: 2/8/1956 

Report: CF-56-2-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were made of the value of the Army Package Power Reactor control 
rods in various locations in terms of the mass of U235 required to maintain criticality, and the results are 
tabulated. The critical mass was also obtained as a function of the boron loading. 
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Author: Magnuson, D. W. / Callihan, A. D. 

Title: Critical Experiments for a Proposed Tower Shielding Reactor 

Date: 3/28/1956 

Report: CF-56-3-159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Mass; Measured Values; Neutron Flux; Reactor 
Core; Reactor Fueling; Reactors; Shielding 
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Author: Bengston, Joel 

Title: Two-Group Perturbation Calculation of Change in Multiplication Constant with Mass for the ARE 

Date: 3/12/1956 

Report: CF-56-3-178 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Are; Buckling; Configuration; Criticality; Cross Sections; Energy; Energy 
Range; Epithermal Neutrons; Errors; Fast Fission Factor; Fast Neutrons; Fission; Group Theory; Mass; 
Multiplication Factors; Perturbation Theory; Reactivity; Reactor Core; Reactors; Reflectors; Standards; 
Thermal Fission Factor; Thermal Neutrons; Uranium; Variations; Zones 
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Author: Scott, Dunlap / Lynn, J. J. / Sandin, E. V. / Snyder, Stuart 

Title: Three-Region Reflector-Moderated Critical Assembly with End Products. Experimental Results with 
CA-21-2. Reduced Concentration 

Date: 4/12/1956 

Report: CF-56-4 128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Gilfillan, D. R. / Nestor, Jr., C. W. 

Title: Permissible Fuel Concentration in the Dump Tank of the Homogeneous Research Reactor 

Date: 4/26/1956 

Report: CF-56-4-170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Cylinders; Enrichment; Fuel Solutions; Homogeneous Reactors; 
HRT; Reactors; Storage; Vessels; Volume 
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Author: Ergen, W. K. 

Title: Uranium Investment in a Circulating Fluoride Power-Producing Reactor 

Date: 4/4/1956 

Report: CF-56-4-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolant Loops; Criticality; Density; Fluorides; Fuel Solutions; Fuels; 
Homogeneous Reactors; Liquid Flow; Mass; Power Plants; Reactor Core; Sodium Compounds; Spheres; 
Uranium; Uranium 235; Uranium Tetrafluoride; Variations; Vessels; Volume; Zirconium Compounds 
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Author: Nestor, C. W. Jr. / Kasten, P. R. 

Title: HRT Fuel Concentration as a Function of Poison Level 

Date: 4/11/1956 

Report: CF-56-4-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Configuration; Corrosion; Criticality; Density; Equations; Fluid 
Flow; Heavy Water Moderator; High Temperature; Homogeneous Reactors; HRT; Irradiation; Mass; 
Materials Testing; Measured Values; Mechanical Structures; Numericals; Planning; Poisoning; Power 
Plants; Reactivity; Reactor Core; Variations 
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Author: Nestor, Jr., C. W. 

Title: Results of Preliminary Calculations for a Homogeneous Research Reactor 

Date: 4/12/1956 

Report: CF-56-4-75 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass, fuel concentration, power, maximum power density, and wall power 
density were obtained for bare spherical reactors having diameters of 8, 10, 11, and 12 ft., operating at 20, 
100, 2OO, and 300 deg C. 
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Author: Nestor, Jr., C. W. 

Title: HRT Critical Concentration as a Function of Temperature 

Date: 6/20/1956 

Report: CF-56-6-123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Equations; Fuel Solutions; Group Theory; Homogeneous 
Reactors; HRT; Quantity Ratio; Reactors; Temperature; Variations; Zones 
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Author: Gilfillan, D. R. 

Title: HRR Fuel Enrichment 

Date: 6/5/1956 

Report: CF-56-6-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Enrichment; Fuels; HRR; Reactors 
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Author: Michelson, R. C. 

Title: Shutdown and Startup Procedure for HRR 

Date: 7/24/1956 

Report: CF-56-7-107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Fluid Flow; Fuel Solutions; Heavy Water Moderator; High 
Temperature; Homogeneous Reactors; Hrr; Pressure; Research Reactors; Shutdown; Startup; Thermal 
Stresses 
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Author: Michelson, C. 

Title: Maintaining High Pressure System of the HRR at Temperature After Dump 

Date: 7/10/1956 

Report: CF-56-7-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Damping; Decay; evaporation; Explosions; Fission 
Products; Fuel Solutions; Heat Exchangers; Heat Transfer; Heavy Water Moderator; High Temperature; 
Homogeneous Reactors; HRR; Losses; Pipes; Planning; Pressure; Reactor Safety; Research Reactors; 
Shutdown; Storage 
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Nowstrup, E. I. / Pokallus, L. W. 

Title: A Low Cost Physics and Engineering Training Reactor. Reactor Design and Feasibility Study 

Date: 8/1/1956 

Report: CF-56-8-203 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conceptual design of a low cost training reactor for the instruction of physicists 
and engineers is covered. It is conceived as an instructional tool for a course such as that given at the Oak 
Ridge School of Reactor Technology. The reactor is of a modified pool type, and is designed for a maximum 
power level of one Mw. This arrangement will accommodate engineering experiments, shielding 
experiments, and critical experiments as well as being useful as a neutron and gamma source. 
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Title: 600 Mw Fused Salt Homogenous Reactor Power Plant 

Date: 8/1/1956 

Report: CF-56-8-208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Alexander, L. G. 

Title: The Curriculum of the Oak Ridge School of Reactor Technology 

Date: 8/1/1956 

Report: CF-56-8-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Chemical Reactions; Configuration; Control Systems; Coolant Loops; 
Coolants; Criticality; Fuels; Heat Transfer; Instruments; Materials Testing; Mechanical Structures; 
Metallurgy; Moderators; Multiplication Factors; Neutron Flux; Personnel; Planning; Radiation Protection; 
Reactivity; Reactor Core; Reactors; Shielding 
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Author: Johnson, E. B. 

Title: Power Calibration for BSR Loading 33 

Date: 11/28/1957 

Report: CF-57-11-30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: BSR Loading 33 consists of an essentially 5 by 6 fuel element array completely 
reflected by water. It was controlled by means of two boron carbide shim-safety rods and a type 347 
stainless steel regulating rod with an 57-mil wall, located as shown in Fig. a. The critical mass was about 
3.4 kg of U235, with an excess reactivity for the clean cold loading of about 0.6%. The total mass in the 
initial loading was 3.6 kg of U235. Loading 33 was initially assembled in November 1954, from clean cold 
fuel elements. The power calibration was made during the first series of runs at power levels appreciably 
above 1 watt. Cobalt foils were used as the detector material for the thermal neutron flux determination in 
the lattice. The foils were exposed at 6-in. intervals in vertical traverses in the water passage between the 
last two plates on the outside of the fuel elements. Measurements were also made along the vertical axis of 
the element in lattice position 25, which was approximately at the center of the configuration. Cadmium 
ratios were determined at centerline and at 6in. intervals below centerline. Symmetrical flux distribution 
was assumed around the north-south centerline of the core and cadmium ratios were assumed to be 
symmetrical around the reactor horizontal centerline. The treatment of the data has been described in detail 
in ORNL-1027 and ORNL-1682. 
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Title: Change in Critical Concentration in a Cylindrical Reactor Due to a Longitudinal Hole 

Date: 11/8/1957 

Report: CF-57-11-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The change in critical concentration due to axial holes of various diameters in a right 
circular cylinder containing D2O and pure U233 or U235 is discussed. This geometry is intended to 
represent an aqueous homogeneous reactor with a central void due to rotating flow of the fluid through the 
core. The critical equations and results of calculations are given. 
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Title: Flux Distribution in a Reactor Consisting of a Spherical Shell of Fuel in an Infinite Moderator 

Date: 12/24/1957 

Report: CF-57-12-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Boundary Conditions; Criticality; Diffusion; Distribution; 
Equations; Fission; Fuels; Mathematics; Moderators; Neutron Flux; Neutrons; Reactors; Shells; Slowdown; 
Spheres; Thermal Neutrons 
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and Fission Product Poisons 

Date: 2/26/1957 

Report: CF-57-2-120 

Conference/Journal:  
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Abstract/Keyterms: Physics; Burnup; Conversion; Enrichment; Equations; Fission Products; Fuel 
Elements; Fuels; Heavy Water Moderator; Poisoning; Reactivity; Reactor Core; Reactor Fueling; Reactors; 
Spheres; Thorium 232; Thorium Oxides; Uranium 233; Uranium 235; Uranium Trioxide 
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Abstract/Keyterms: A preliminary study of molten salt power reactors was made. The most promising 
fuel carrier salts were the fluorides and chlorides of the alkali metals, zirconium, and beryllium. The 
chlorides were found to have lower melting points but were less stable and more corrosive than the 
fluorides. A Li7 F-- BeF2 mixture with ThF4 and UF4appeared to perform best. of the numerous alloys 
tested as container material, Inconel and a nickel--molybdenum alloy INOR-8 appeared to be the most 
resistant to corrosion. To study the performance, safety, economics, and construction costs of a typical 
molten salt reactor, a reactor of specific type and size was chosen for study. The reference design reactor 
was a two-region homogeneous converter with a core salt of 70 mole% Li7F and 30% BeF2. ThF4 and 
enough VF4 for criticality were added. Study indicated that a molten salt reactor would produce economical 
power, but the problem of developing a salt core and a container metal which would last for many years of 
operation needed further study. 
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Author: Nestor, Jr., C. W. 

Title: Two-Group Analysis of Thermal, One-Dimensional, Multi-Region Spherical Reactors 

Date: 5/1/1957 

Report: CF-57-5-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The formulation of a set of two-group neutron diffusion equations and the solution 
for the critical fuel cross section in a one-dimensional, multi- region spherical reactor are described. 
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Author: Binford, F. T. 

Title: Two-Group Calculations for Flux Distribution and Critical Mass in Clean Cold OrRR Cores 

Date: 3/11/1958 

Report: CF-57-5-31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Diagrams; Distribution; Errors; Fast Neutrons; 
Fission Products; Group Theory; Mass; Multiplication Factors; Neutron Flux; Numericals; Orr; Planning; 
Poisoning; Programming; Reactivity; Reactor Core; Reactors; Reflectors; Surfaces; Thermal Neutrons; 
Variations 



 

C-2994 

2987…..…..…………………..…….……..……ID Number…………………..…..…………….2987 

Author: Alexander, L. G. / Carrison, D. A. / Roberts, J. T. / Van Norton, R. 

Title: Operating Instructions for the UNIVAC Program OCUSOL-A, A Modification of the Eyewash 
Program 

Date: 6/1/1957 

Report: CF-57-6-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Computers; Criticality; Digital Systems; Distribution; Fission; 
Isotopes; Neutrons; Programming; Reactors; Resonance; Thorium; UNIVAC 
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Author: Haubenreich, Paul N. 

Title: Effect of Core Corrosion, Sample Assembly Critical Concentration 

Date: 7/18/1957 

Report: CF-57-7-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Corrosion; Diagrams; Enrichment; Heavy Water; High Temperature; 
Homogeneous Reactors; HRT; Reactor Core; Reactors; Uranium 235 
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Author: Rosenthal, M. W. / Fowler, T. B. 

Title: Nuclear Computations for Hre-3 Design: Equilibrium Results 

Date: 7/10/1957 

Report: CF-57-7-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Computers; Copper; Corrosion; Criticality; Digital 
Systems; Distribution; Fission Products; Homogeneous Reactors; Isotopes; Oracle-Code; Planning; 
Programming; Reactors; Spheres; Storage; Tables; Thorium; Vessels; Water 
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Author: Edlund, M. C. / Noderer, L. C. 

Title: Analysis of Borax Experiments 

Date: 1/1/1955 

Report: CF-57-7-92 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis of the self-limitation of power excursions by steam production in 
heterogeneous water-moderated reactors using MTR- type fuel elements seems to give excellent agreement 
with Borax data on both fuel plate temperature rise and total energy for excursions in which the reactor is 
initially at saturation temperature. A simple model for steam production is developed from thermodynamic 
and heat diffusion considerations. In those cases for which the reactor is substantially sub-cooled, it appears 
that for MTR fuel elements, at least, all the water in the coolant channels at the hottest part of the reactor 
must be heated to saturation temperature before steam is produced. The theory is used to discuss the safety 
merits of research reactors which differ in neutron generation time, steam void coefficients and 
hydrodynamic characteristics. It is shown that D2O reactors of the CP-5 type, because of their long neutron 
lifetime, can safely self limit power excursions resulting from much larger reactivities than can the H2O 
reactors of the swimming pool type. On the other hand, the response of the two reactor types to equivalent 
accidents, such as the addition of a given amount of fissionable material, is practically the same. 
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Author: Haubenreich, P. N. 

Title: Proposed HRT Experimental Program from Initial Critical Experiment to Sustained Power Operation 

Date: 8/6/1957 

Report: CF-57-8-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Homogeneous Reactors; HRT; Operation; Planning; Power; 
Reactors 
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Author: Benumof, R. / Nestor, Jr., C. W. 

Title: Fuel Exposures in Uranium- Thorium Reactors with Boric-Acid Control 

Date: 9/23/1957 

Report: CF-57-9-68 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactivity lifetimes of a U-Th slab reactor, 20 feet thick, and of a spherical reactor, 
20 feet in diameter, were calculated for Th concentrations of 100 and 200 g per l. For Th concentrations of 
100 g/l, exposures of about 5000 Mwd/t appears possible. The reactors were kept critical by modifying the 
concentration of H3BO3 in a control region. The results for a slab reactor indicate that increasing the Th 
concentration from 100 to 200 g/l increases the maximum possible fuel exposure by a factor of three and 
increases the fissionable-fuel concentration by a factor of 2.2. Furthermore, for Th concentrations greater 
than 100 g per l, there is a large initial increase in the H3BO3 concentration required to keep the reactor 
critical; control of the reactor by this means alone may not be feasible, since the reactivity control associated 
with the addition of poison to the control region decreases as the acid concentration increases. Clearly, if 
the control region is initially "black" to neutrons, no additional reactivity decrease can be gained from 
additional poison in the control region. The results for the spherical reactor are in good agreement with 
those for the slab reactor. In addition, the results for the spherical reactor containing 100 g Th/l indicate 
that if the initial poison concentration were raised so as to require an increase of 1% in the initial fissionable-
fuel concentration, the accompanying increase in exposure would be about 1500 Mwd/t. 
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2993…..…..…………………..…….……..……ID Number…………………..…..…………….2993 

Author: Engel, J. R. / Haubenreich, P. N. / Hernandez-Fragoso, J. / Richardson, D. M. 

Title: Summary of HRE-2 Run 13 (Initial Power Operation) 

Date: 10/29/1958 

Report: CF-58-10-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first power operation of the HRE-2, referred to as Run 13, occurred in February 
1958. In five days of power operation, the maximum sustained power was 1.5 Mw and the total power 
generated was 4B Mw-hr. During the first part of the power operation, the fuel solution contained very little 
internal recombination catalyst. This part of the run was characterized by high concentrations of radiolytic 
gas and significant loss of reactivity at very low powers. After an addition of copper and acid, reactivity 
losses were observed only nt higher powers. Power operation was terminated after samples showed high 
nickel concentrations in the fuel solution, indicating a very high stainless steel corrosion rate. Subsequent 
subcritical operation ended because of power wiring insulation failures. 
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Author: Prince, B. E. / Rosenthal, M. W. 

Title: Criticality in Dump Tanks for HRE-3 Blanket 

Date: 1/31/1958 

Report: CF-58-1-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The possibility of criticality occurring in the HRE-3 slurry dump tanks was examined 
by estimating the critical concentration for an infinite system and comparing it to the concentrations which 
might conceivably occur with mixing 
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Author: Shank, E. M. 

Title: Trip Report. Eurochemic Company Assistance: Hanford Atomic Products Operation Spent Fuel 
Processing Technology 

Date: 6/23/1959 

Report: CF-58-11-51(Rev.1)(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information obtained from HAPO during visit by M.K. Twichell, UCNC, and E.M. 
Shank, ORNL, is given. Included are the tentative procedures for obtaining and transmitting information to 
the Eurochemic company. Discussions are given on pulsed columns, corrosion, pulse generators, 
centrifuges, valves, in-line instrumentation, evaporators, resin column design, off-gas processing, solvent 
recovery, liquid-waste handling, process control, equipment decontamination, criticality, radiation 
protection, diluent, and solvent stability, backmixing in a pulsed column, and use of 40% TBP in the Purex 
flowsheet. 
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Author: Blanco, R. E. 

Title: Monthly Progress Report for Chemical Development, Section B for October 1958 

Date: 11/1/1958 

Report: CF-58-11-96 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The one-hour dissolution rate of 304L stainless steel in 4 or 6 M H2SO4/ containing 
5 g of stainless steel per liter is less than 0.004 mg/min/ cm/sup 2/. Head-end treatments of synthetic 
Consolidated Edison fuel do not remove B or Cd which may be added as homogeneous criticality controls. 
Washing used solvent with 0.1 M KOH followed by a lime slurry has satisfactorily purified solvent which 
was more highly degraded than is anticipated in the present power reactor fuel processing program. M-388 
alloy (99% Ar-1% Ni) dissolves in boiling NaOH solution at essentially the same rate as pure aluminum. 
Approximately 20 hours was required for dissolution of EBWR plate in 6 M NH4F. Further sulfex process 
corrosion studies were performed on Carpenter 20 Cb stainless steel and type 304 stainless steel. Gas 
impingement specimens of INOR- 1 and -8 exposed for 425 hours in fused 50% NaF-50% ZrFi at 650 C 
under a simulated off-Ras consisting of 2.4 wt.% H2-97.6% HF showed rates of 0.003 and 0.09 mils per 
month, respectively. When irradiated with 1-Mev electrons, diethyl carbonate decomposes to the extent of 
5.5 molecules per 100 ev of energy absorbed. Thorium solubility in Hg was found to increase from 0.0024 
to 0.0264 wt.% as the temperature was increased from 40 to 356 C. A flowsheet for the lithium amalgam 
reduction of UF6 to U has been prepared and demonstrated on a 10-g U scale. 
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Author: Prince, B. E. 

Title: Survey of the Static Nuclear Characteristics of Small One-Region Slurry Reactors: Part II 

Date: 11/26/1958 

Report: CF-58-11-98 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical U235-to-thorium ratios in single-region slurry reactors were calculated 
for various ratios of H2O to D2O in the moderator. Reactors studied had diameters between 3.5 and 5.5 ft 
(hare sphere diameters), temperatures of 280 deg C, and slurry' concentrations between 50 and 900 g 
thorium/liter. It was found that the addition of small amounts of H2O to D2O (< about 20%) causes the 
critical mass ratio to become smaller and the minimum ratio for a given reactor size to occur at higher 
thorium concentrations. For example, in a 4.5ft reactor the minimum ratio was 0.13 g U235 g Th at the 
conditions of 150 g thorium/liter and 99.8% D2O in the moderator. If the moderator was 30% H2O, the 
minimum ratio was 0.04 g U235 g Th at the concentration of 500 g thorium/liter. 
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Author: Prince, B. E. / Lietzke, M. P. 

Title: Survey of the Static Nuclear Characteristics of Small One-Region Slurry Reactors. Part III 

Date: 12/8/1958 

Report: CF-58-12-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A summary is given of computed criticality parameters for U235 fueled, spherical 
ThO2-H2 D2O reactors smaller than 3 ft in diameter and moderated with H2O-D2O mixtures above 20% 
in H2O. Thorium concentrations were varied between 200 and 1000 g/liter, and the temperature range was 
20 to 200 deg C. The parameters calculated were critical uranium-to-thorium ratios and the reactivity 
coefficients of temperature, void, and slurry concentration. As a typical example, a 2.5-ft reactor, moderated 
with an 80% D2O-20% H2O mixture, has a minimum critical mass ratio and a maximum critical 
temperature at about 500 g Th/liter. These values were about 0.08 g U235/g Th and 2O0 deg, respectively. 
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Author: Chalkley, R. 

Title: Critical Concentration Data for HRT-Type Reactors Moderated by D2O-H2O Mixtures 

Date: 12/15/1958 

Report: CF-58-12-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies were made concerning the smallest core diameter and the most appropriate 
D2O -H2O composition ratio which would permit criticality in an HRT-type reactor; the fuel solution 
should contain no more than 10 g U/ liter at 280 deg C. For the present core diameter of 32 inches (two-
region operation), it was found that an addition of 10% light water to the moderator would reduce the critical 
concentration from 9.2 to about7.8 g U/liter at 280 deg C (concentrations in g total U/liter, based on U of 
93.4% enrichment). The smallest core diameter for which the reactor would remain critical with less than 
10 g U/liter; s about 29 inches. This occurred with a moderator composition of about 85% D2O. 
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Author: Kasten, P. R. / Rosenthal, M. W. / Thomas, D. G. / Tobias, M. 

Title: The Utility of Critical Experiments in Designing for Reactor Safety in the HRE-3 Program 

Date: 1/6/1958 

Report: CF-58-1-52 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A discussion of the determination of criticality and reactor behavior as a function of 
fuel position is presented as a part of exploratory HRE-3 design considerations. It is pointed out that an 
experimental program should be aimed at an evaluation of reactor behavior in the event of slurry settling 
and/or twophase solution separation, as well as under more uniform conditions. Data from high-temperature 
power experiments and information on criticality as a function of temperature and fuel distribution would 
aid in evaluating reactor safety and stability as a function of specific design. Utilization of HRT to obtain 
the information is recommended. 
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Author: Mclain, H. A. 

Title: Mixing Rates Between the HRT High Pressure Systems 

Date: 5/12/1958 

Report: CF-58-5-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Transient effects of making step changes of the core dump tank concentration are 
studied for single-region operation of the Homogeneous Reactor Test. It is assumed that the feed and the 
letdown streams are only between the core high-pressure system and the core dump tanks, and that transfer 
of fuel to or from the blanket can only be made through the core high pressure system. Transfer rates 
between the HRT high-pressure systems of 75 to 100 lb/min will give reasonable mixing times, about 4 
hours, without peaking of fuel concentration which may cause premature critical conditions in the core. 
Lower transfer rates could be used for lower feed rates, but the mixing time will be longer. Transfer rates 
greater than 100 lb/min would not shorten the mixing time appreciably and, therefore, they need not be 
considered. 
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Title: Analytical Study of Some Aspects of Vortex Tubes for Gas-Phase Fission Heating 

Date: 7/21/1958 

Report: CF-58-7-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several problems connected with vortex cavity reactors were studied analytically. 
They include, the generation of high-strength vortices by utilization of bleed through a porous tube wall to 
stabilize the shear layer on the wall; the nuclear criticality problem; the suitability of various compounds 
of plutonium as gaseous fissionable materials; and the problem of retaining the fission fragments within the 
vortex tube. It is concluded that the shear layer on the vortex tube wall can be stabilized if a mass flow 
greater than or equal to the vortex through flow is bled through the porous wall, and that the tangential 
Mach numbers which can be obtained are then slightly more than one-half the inviscid values. Beryllium 
oxide or graphite-moderated reactors of reasonable size and weight can attain criticality if the product of 
the hydrogen pressure in the vortex core and the maximum value of the ratio of fissionable gas density to 
hydrogen density in the tube is greater than about 100 atm. The reactor weights are then in the order of 
10,000 lb or less. of the several compounds of plutonium considered as gaseous fuel carriers, plutonium 
trifluoride and plutonium tribromide appear to be the most promising. It is probable that they can be held 
in gaseous form in hydrogen, under the desired concentrations. The rate of loss of fission fragments from 
the vortex tube can be reduced to a small fraction of the rate of their generation by making the vortex tubes 
about twice the minimum size that is allowable for satisfactory retention of the fissionable material. 
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Title: Thorex Pilot Plant: Criticality Review of the Thorex Pilot Plant Using the INT-23 Process 

Date: 7/1/1958 

Report: CF-58-7-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a criticality review of the ORNL Thorex pilot plant are presented for 
the condition where a low TBP (INT-23) flowsheet is used in recovering U233 from irradiated thorium. 
Criticality control will be maintained by limiting the U233 inventory in the solvent extraction system to 
less than 550g by means of streamvolume and U233 material balances determined at 8 hr intervals. 
Equipment modification and improved operating procedures for safe plant operation are outlined. 
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Author: Prince, B. E. / Rosenthal, M. W. 

Title: Survey of the Static Nuclear Characteristics of Small, One-Region Slurry Reactors 

Date: 7/28/1958 

Report: CF-58-7-76 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Density; Equations; Fuel Slurries; Heavy Water 
Moderator; Mass; Reactor Core; Reactors; Spheres; Temperature; Thorium; Thorium Oxides; Uranium 
233; Uranium 235; Water Moderator 
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Author: Caliborne, H. C. 

Title: A Comparison of Transport Theory and Diffusion Theory Calculations for the High Flux Isotope 
Reactor 

Date: 10/27/1959 

Report: CF-59-10-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Comparison calculations for the High Flux Isotope Reactor (HFIR) show good 
agreement between multigroup diffusion-theory results and transport-theory results. Two-group diffusion 
theory underestimates the critical mass and the flux peaking. The calculations do substantiate the 
expectation of obtaining maximum unperturbed thermal fluxes of about 5 x 10/sup 15/ n/cm/sup 2/-sec in 
the HFIR at 100 Mw. 



 

C-3013 

3006…..…..…………………..…….……..……ID Number…………………..…..…………….3006 

Author: Inonu, E. 

Title: The Analysis of Flux-Traverse Measurements in the Gwin-Magnuson Critical Experiments 

Date: 12/1/1959 

Report: CF-59-12-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One set of the experiments consisted of flux traverse measurements taken along the 
vertical axis of two critical cylinders (of height 19 and 42 in.) with U235, cadmium covered U235, and 
U238 fission chambers. When the data were fitted with a cosine distribution y = B2, cos a(z + D/sub 3/), 
the extrapolation lengths for the three distributions did not agree with each other as well as expected. 
Agreement was improved by refitting the data and leaving out points within 3 and 5 in. of the ends of the 
19-in. cylinder and within 7in. of the ends for the 42-in. cylinder. 
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Title: Reactivity Control by Addition of Neutron Poisons to Slurry Reactors 

Date: 12/22/1959 

Report: CF-59-12-94 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations show that slurry fueled reactors may be maintained subcritical at 
arbitrary concentrations and at reactor temperatures above a specified minimum by addition of a soluble 
neutron poison to the slurry. Experiments with a boric acid poisoned aqueous urania-thoria slurry at 
simulated reactor concentrations and temperatures indicate that adequate removal of the boron can be 
obtained. If a slurry type homogeneous reactor fueled with 1080 x- Cfired oxides of thorium and uranium 
is poisoned with boric acid prior to start-up and the boron in the supernatant liquor subsequently removed, 
the neutron loss by adsorbed boron can be small enough to permit breeding to take place during operation. 
However, oxide fired at 650 x- C has too high a surface area and too low a desorption rate to permit the 
required boron removal. 
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Title: A Preliminary Study of the Nuclear Stability of Fluidized Bed Reactors 

Date: 1/12/1959 

Report: CF-59-1-31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary study was made of the nuclear stability of reactors in which particles 
containing U233 and Th232 are fluidized by liquid water. D2O moderated reactors were found to be least 
sensitive to changes in bed height at thorium concentrations in the range 80 to 120 g/liter, H2O reactors in 
the range 1500 to 2400 g Th/ liter, and mixed H2O-D2O reactors at thorium concentrations between those 
for pure moderators. A reactor operated at the thorium concentration at which it is least sensitive to change 
in bed height was found to be stable in response to a cyclical variation in height. 
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Title: Operation of the HRT with Different Core and Blanket Temperatures 

Date: 1/15/1959 

Report: CF-59-1-34 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A parameter study was made of some of the nuclear characteristics the HRT would 
have if the core and blanket were operated at different temperatures. The power density in the fuel solution 
at the inner surface of the core tank was found to be affected very little by the temperature distribution. 
However, the thermal flux at the core-tank wall increased when the blanket temperature was reduced (a 
consequence of the reduced critical concentration). 
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Title: Reactivity Changes Associated with Slurry Settling in Small Slurry Reactors 

Date: 2/9/1959 

Report: CF-59-2-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactivity changes resulting from slurry settling were computed for a number of 
small one-region slurry reactors using an IBM-704 routine. Calculations were performed for three 
temperatures, two sizes, and five initial thorium concentrations. In general, reactivity additions on settling 
were observed which decreased with increasing thorium inventory, increasing temperature, and decreasing 
diameter. For example, at l00 deg C a 2.5-ft diameter square” cylinder (height equal to diameter) showed a 
maximum reactivity introduction of 4% sigma k/k with an initial concentration of 100 g Th/l and a 
moderator composition of 75% D2O, 25% H2O; at 200 deg C the maximum reactlvity introduction was 
3.6%. With the same conditions, a 2-ft diameter square” cylinder was subcritical on settling. For an initial 
thorium concentration of 400 g Th/l the 2.5-ft reactor showed a reactivity introduction of 1.4% at 100 deg 
C and 0.7% at 200 deg C. 
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Title: Critical Concentrations for HRT-Type Reactors Subjected to Various Conditions 

Date: 2/6/1959 

Report: CF-59-2-25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical concentration calculations were made for several D2O-H/ sub 2/O moderated 
HRT-type reactors with 30- and 28-in. core diameters and pressure vessel diameters of 60 and 54 in. A core 
temperature of 300 C was assumed for all cases while the blanket temperatures assumed the values 250, 
280, and 300 C. The assumed moderator compositions were 80, 90, and 100% D2O 
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Title: High Flux Isotope Reactor Preliminary Design Study 

Date: 3/20/1959 

Report: CF-59-2-65 

Conference/Journal:  
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Abstract/Keyterms: A comparison of the hazards involved in the existing process and the electrolytic 
process for dissolving plutonium metal shows that, in the opinion of the review team, no net increase in 
hazards will occur by operating the electrolytic dissolvers. This new process eliminates several hazardous 
operations such as metal burning and PuO2 powder handling, and reduces operator time and, therefore, 
exposure. The new facility can be operated safely provided that the recommendations given previously are 
implemented. 
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Title: Analysis of Neutron Pulses in a Godiva-Type Reactor 
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Abstract/Keyterms: Some calculations have been made to estimate the characteristics of a neutron-burst 
type fast reactor similar to Godiva but made up of relatively small component parts--the so-called "layered 
assembly." One spherical and three cylindrical assemblies have been considered. Critical masses, assuming 
5% voids, range from 58 to 65 kg of 93.4% enriched U235. For a reactivity addition of 0.33 dollars above 
prompt criticals bursts between 2 x 10/sup 17/ and 6.7 x 10/ sup 17/ fissions were computed with 
accompanying temperature rises varying from 514 to 1600 deg C. The burst width at half-maximum was 
about 12 microseconds. To obtain an idea of the possibilities of stress reduction which might be achieved 
by layering an assembly made of small rings was considered. While the critical masses obtained here are 
believed to be fairly accurate the predictions concerning mechanical energy generated, total fissions, and 
burst width may be subject to sizeable error due to the many simplifications required to allow hand 
computations. Nevertheless considerable improvement in safety and burst-size is indicated by the use of a 
"layered assembly" instead of an assembly composed of relatively thick parts. 
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Title: Eurochemic Assistance Program: Comments by ICPP, Dated March 17, 1959, on Questions for 
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Conference/Journal:  
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Abstract/Keyterms: Comments by ICPP personnel on questions posed by Eurochemic Company are 
presented. Included is information on a fumeless dissolution system, recycle and rework system, liquid 
waste storage, criticality. in-line instrumentation, and a report listing Idaho Operations Area costs. 



 

C-3022 

3015…..…..…………………..…….……..……ID Number…………………..…..…………….3015 

Author: Mihalczo, J. T. / Lynn, J. J. / Scott, Dunlap / Connolly, W. C. 

Title: Preliminary Report on 2% U235-Enriched UF4-C25H52 Critical Assemblies 

Date: 4/22/1959 

Report: CF-59-4-120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-033; A series of critical experiments with blocks of 2% U235-
-enriched UF4-C/sub 25/sub 5/H/sub 52/ was initiated at the ORN L Critical Experiments Facility. Thus 
far assemblies with H:U235 atomic ratios of 195 and 294 were built in parallelepipedal and simulated 
cylindrical geometries, both reflected and unreflected. From the results the minimum critical masses for 
reflected spheres were determined to be 16.3 and 8.5 kg of U235 for fuel mixtures with H:U atomic ratios 
of 195 and 294, respectively. The minimum critical masses for unreflected spheres of these two fuel 
mixtures are 24.3 and 12.7 kg of U235 respectively. 
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3016…..…..…………………..…….……..……ID Number…………………..…..…………….3016 

Author: Piper, H. B. / Haubenreich, P. N. 

Title: Description of the IBM-704 Code for the Calculation of Concentration Transients in the HRT 

Date: 10/1/1960 

Report: CF-60-10-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The calculation of concentration transients in the homogeneous Reactor Test caused 
by mixing in the interconnected three-body system of the fuel dump tanks, core, and blanket was coded for 
the IBM-704. The system of equations includes material balances, the dependence of critical temperature 
on core and blanket concentrations, and the effect of temperature (density) changes on flow rates. The 
controllable flow rates, the fuel dump tank weight and the initial conditions are input variables. Outputs 
include core and blanket concentrations, critical temperature, concentration ratio, and power ratio. 
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3017…..…..…………………..…….……..……ID Number…………………..…..…………….3017 

Author: Fowler, T. B. 

Title: 2G-2R Spherical Reactor Code for the IBM-704 

Date: 1/26/1960 

Report: CF-60-1-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A code, based on the analytical solution of a spherical, two-group, two- region reactor 
problem, was written for the IBM-704. Both the core and blanket can handle two fuel components, 
moderator, fertile material (Th232 or U238) poison, and 5 additional components. Each of the core 
component concentrations may be specified either as ratio of the critical fuel concentration or as a constant 
value. Fact fissions may be accounted for and the adjoint fluxes may be computed if desired as well as the 
temperature coefficient of reactivity. Provisions were made for computing the multiplication constant for 
reactors with specified core fuel concentrations. 
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3018…..…..…………………..…….……..……ID Number…………………..…..…………….3018 

Author: Nestor, C. W. Jr. 

Title: Homogeneous Molten Salt Reactors 

Date: 12/13/1960 

Report: CF-60-12-111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multigroup one-dimensional calculations were done recently to obtain estimates of 
critical masses, power density distributions, and fissioning spectra for some homogeneous molten salt 
reactors having outer reflectors and central islands, which are to be placed inside the currently proposed 
MSRE vessel. For a 5-in.-thick outer reflector and a 1-ft-diameter island, both of which are beryllium, the 
calculated critical mass is 108 kg; 40% of the fissions occur at thermal, and the maximum power density of 
3.9 times the core mean power density occurs at the island-salt interface. If the reflector thickness is 
increased to 10 in., the critical mass is reduced to 34 kg; 67% of the fissions occur at thermal, and the peak 
power density of twice the core mean again occurs at the core island-salt interface. 
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3019…..…..…………………..…….……..……ID Number…………………..…..…………….3019 

Author: Cole, T. E. 

Title: High Flux Isotope Reactor—A General Description 

Date: 3/1/1960 

Report: CF-60-3-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The High Flax lsotope Reactor (HFIR) is being planned for construction at Oak Ridge 
National Laboratory as a supporting facility in the program of investigation of the properties of the 
transplutonium elements. The reactor will be a flux-trap reactor consisting of a beryllium reflected, light-
water-cooled annular fuel region surrounding g a light-water island. An irradiation sample of 200 to 300 g 
of Pu/sup 242/ will be placed in the island where a thermal neutron flux of approximately 3 x 10/sup 15/ 
n/cm/sup 2//sec can be achieved on the average during an irradiation period of about 1 year. It is estimated 
that more than 100 mg of Cf252 will be produced by such an irradiation. In addition to the central irradiation 
facility for heavy-element production, the HIKIR will have eight hydraulic rabbit tubes located in the 
beryllium reflector and four beam holes for basic research. Preliminary design of the reactor was based on 
the results of a parametric study of the dimensions of the island and fuel region, heat-removal rates, and 
fuel loading on the achievable thermal-neutron fluxes in the island and reflector. A research and 
development program ding critical experiments, heat transfer, corrosion, a clu fuel element studies has been 
in progress to verify the important parameters used in the design. The present design results in an average 
power density of 2.2 Mw/l in the active core and requires a maximum heat-transfer rate from fuel-plate 
surfaces of 1.5 x 10/sup 6/ Btu/ft/sup 2//hr. This heat transfer rate is achieved by flowing H2O, at an inlet 
temperature of 120 F, and a pressure of 600 to 900 psig, through the 0.05-in. coolant channels at a velocity 
of 40 fps. A preliminary analysis of the hazards brought on by a reactor core meltdown shows that a 
controlled-leakage, filter-scrubber, stack release system of the ORR type will limit the consequences of 
such an accident to an acceptable degree. Construction is scheduled to start in early 1961 with operation at 
power scheduled for Jan. 1964. 
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3020…..…..…………………..…….……..……ID Number…………………..…..…………….3020 

Author: Gwin, R. / Magnuson, D. W. 

Title: Determination of Eta by Comparison of Eta(a) For U235 in a Flux Trap Critical Assembly 

Date: 4/6/1960 

Report: CF-60-4-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Measured Values; Neutron Flux; 
Plutonium 239; Reactivity; Research Reactors; Solutions; Thermal Neutrons; Uranium 233; Uranium 235; 
Water 
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3021…..…..…………………..…….……..……ID Number…………………..…..…………….3021 

Author: Gwin, R. / Magnuson, D. W. 

Title: Critical Experiments for Reactor Physics Studies 

Date: 9/16/1960 

Report: CF-60-4-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: U233-SOL-THERM-001, U233-SOL-THERM-008, U233-SOL-THERM-009; The 
thermal value of eta-bar for uranium-233 and for uranium-235 has been determined in a series of 
experiments involving direct comparison of the critical parameters of unreflected homogeneous aqueous 
solutions of the two isotopes. Auxiliary experiments establishing limits of error, testing certain aspects of 
the theoretical model employed, and experimentally determining the parameters in the critical equation, 
have been performed. Experiments performed with 27-inch-diameter and 48-inch-diameter spheres, and 5-
foot-diameter and 9-foot-diameter cylinders have yielded consistent values of eta measurements of the 
nonleakage probability in cylindrical geometry have given values consistent with those predicted by a two-
group model in which the theoretical value of the age was used. Within the experimental error no differences 
were found in the ages of fission neutrons for uranium-233 and uranium-235. The average thermal values 
of eta determined are uranium-235, 2.074 ± 0.015. The 2200 meters/second values are the same since the 
G-factors for eta are unity. 
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3022…..…..…………………..…….……..……ID Number…………………..…..…………….3022 

Author: Mihalczo, J. T. 

Title: Comparison of K(infinity) Measurements in a Critical Assembly with K(infinity) Measurements in 
the Physical Constants Testing Reactor 

Date: 5/1/1960 

Report: CF-60-4-24 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Critical Assemblies; Criticality; Errors; Group Theory; 
Homogeneous Reactors; Leakage; Measured Values; Mixing; Moderators; Multiplication Factors; Paraffin; 
PCTR; Reactivity; Research Reactors; Uranium 235; Uranium Tetrafluoride; Variations 
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3023…..…..…………………..…….……..……ID Number…………………..…..…………….3023 

Author: Vondy, D. R. 

Title: Nuclear Characteristics of Cylindrical Breeder Reactors Containing Thorium in Pellet Form 

Date: 5/1/1960 

Report: CF-60-5-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of nuclear calculations for aqueous homogeneous reactors containing 
blanket thorium in pellet form are presented. Critical core fuel concentrations, gross breeding ratios, power 
densities, and multiplication as dependent on core fuel concentration and neutron balances are included. 
Critical U233 core concentration for a 24in.-diam. core was 8.4 gm/l when U/Th was 0.003 in the blanket 
and the relative power density at the core wall was 1.04 kw/ l/Mw. A 48-in.-diam. core required 1.6 g 
U233/l in the core and the relative power density at the core wall was 0.095 kw/l/Mw. The reactors had 
gross breeding ratios of 1.12 and 1.09, respectively. 
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3024…..…..…………………..…….……..……ID Number…………………..…..…………….3024 

Author: Silver, E. G. 

Title: A Proposal for Criticality Control Measurements Using Pulsed Neutron Methods 

Date: 5/16/1960 

Report: CF-60-5-130 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Consideration is given to the possibility that in certain types of processing or storage 
facilities handling enriched fissionable isotopes the pulsed neutron method can give a useful measure of the 
subcriticality of the system. The proposed method describes how the concentration and multiplication 
constant are determined for an assembly of unknown concentrations. Such measurements might be 
undertaken if high levels indicate the possibility of excessive concentrations of fissionable materials. 
Experiments were performed at the BSF in which progressively more subcritical configurations of BSR-I 
fuel elements were assembled. The multiplication constants were measured by the source-and-detector and 
pulsed-neutron methods. 
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3025…..…..…………………..…….……..……ID Number…………………..…..…………….3025 

Author: Bennett, L. L. / Jaye, S. 

Title: Pressure Rise in the Reversed Flow HRT Following a Cold Fluid Accident During Startup 

Date: 7/20/1960 

Report: CF-60-7-61 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The maximum pressure rise in the core of the Homogeneous Reactor Test following 
a cold water accident during startup was calculated for upward flow of core fluid and for reversed flow. 
With the reactor initially critical at 260 tained C and a power level of 0.04 w, fuel solution at 100 tained C 
wse considered to enter the core at a flow rate of 150 gpm. With reversed flow this added reactivity at sn 
average rate of 1.7% o degradation t k/sub e// sec, while with upward flow the rate was 0.67% o degradation 
t k/sub e//sec. The core pressure incressed rapidly to a maxi-mum of 550 psi above normal operating 
pressure with reversed flow and 400 psi with upward flow when only the core pressurizer was available for 
fluid expansion. With the core and blanket pressurizers connected, the excess pressures were 375 and 210 
psi, respectively. 
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3026…..…..…………………..…….……..……ID Number…………………..…..…………….3026 

Author: Jaye, S. / Bennett, L. L. 

Title: Criticality in the HRT Transfer Vessel 

Date: 7/26/1960 

Report: CF-60-7-81 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Accidents; Criticality; Distribution; Fuel Solutions; 
Gadolinium; Homogeneous Reactors; HRT; Multiplication Factors; Precipitation; Reactors; Transport; 
Uranium; Vessels 
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3027…..…..…………………..…….……..……ID Number…………………..…..…………….3027 

Author: Nestor, C. W. Jr. 

Title: Reactor Physics Calculations for the MSRE 

Date: 7/26/1960 

Report: CF-60-7-96 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A compilation of benchmark critical experiments was made for essentially one-
dimensional systems containing plutonium. The systems consist of spheres, series of experiments with 
cylinders and cuboids that permit extrapolation to infinite cylinders and slabs, and large cylinders for which 
separability of the neutron flux into a product of spatial components is a good approximation. Data from 
the experiments were placed in a form readily usable as computer code input. Aqueous solutions of 
Pu(NO3)4 are treated as solutions of PuO2 in nitric acid. The apparent molal volume of PuO2 as a function 
of plutonium concentration was derived from analyses of solution density data and was incorporated in the 
Savannah River Laboratory computer codes along with density tables for nitric acid. The biases of three 
methods of calculation were established by correlation with the benchmark experiments. The oldest method 
involves two-group diffusion theory and has been used extensively at the Savannah River Laboratory. The 
other two involve S/sub n/ transport theory with, in one method, Hansen-Roach cross sections and, in the 
other, cross sections derived from ENDF/B-IV. Subcritical limits were calculated by all three methods. 
Significant differences were found among the results and between the results and limits currently in the 
American National Standard for Nuclear Criticality Safety in Operations with Fissionable Materials Outside 
Reactors (ANS N16.1), which were calculated by yet another method, despite the normalization of all four 
methods to the same experimental data. The differences were studied, and a set of subcritical limits was 
proposed to supplement and in some cases to replace those in the ANSI Standard. 
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3028…..…..…………………..…….……..……ID Number…………………..…..…………….3028 

Author: Kasten, P. R. / Cheverton, R. D. 

Title: Revised Version of HFIR Critical Experiment-2 (HFCE-2) 

Date: 1/16/1961 

Report: CF-61-1-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A listing and description is given of the experiments associated with the HFIR Critical 
Experiment-2. The primary experiments concern the reactivity of the bare core, reactivity worth of "gray" 
control plates, core-power distribution, reactivity worth of "black" control plates, temperature coefficients 
of reactivity, and the island void coefficient of reactivity. The secondary experiments concern the reactivity 
of the fuel, and the reactivity worth of a "partial" gray plate. 
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3029…..…..…………………..…….……..……ID Number…………………..…..…………….3029 

Author: Stone, R. S. / Colomb, A. L. 

Title: Orr Startup Accident and Cooling Flow Coastdown Analog Analysis 

Date: 1/1/1961 

Report: CF-61-1-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Start-up accident and pump run-down on the ORR were simulated on the Reactor 
controls Analog Facility. At full flow the 150% level scram (45 Mw) easily terminates the start-up accident 
before the metal temperature gets above 180 deg F. For very low flows typical of criticality runs, 
temperature coefficients turn the excursion before it reaches 150% of full power; and temperatures climb 
to boiling, a potentially hazardous condition. This same behavior can occur at full flow if the powe is 
increased to the point where the level scram must be set above 5O Mw. For a pump failure and run-down, 
it was found that a scram at 8O% of flow holds the average metal temprrature to 165 deg C, making this a 
relatively innocuous accident. This analysis ignored fission product after-heating, which must be considered 
a separate problem in the long term case at zero flow. 
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3030…..…..…………………..…….……..……ID Number…………………..…..…………….3030 

Author: Cheverton, R. D. 

Title: Fuel-Cycle Analysis and Proposed Fuel and Burnable Poison Distribution and Loading for the HFIR 
and Hfce-2 

Date: 2/1/1961 

Report: CF-61-2-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations were made to determine the desired radial fuel distribution in the HFIR 
and in the forthcoming HFIR critical experiment. In the process the design of the core was changed to 
include a 1-cm-thick annular space of water between the two nearly equally thick fuel annuli, a metal-to-
water ratio in the fuel annuli of 1.0 (0.050-in.-thick plates and coolant channels) was specified, and the 
active length of the core was increased from l8 to 20 in. Results of the calculations indicated that the largest 
ratio of maximum meat thickness to minimum meat thickness occurred in the inner fuel annulus and was 
equal to 3.6, while the maximum fuel concentration occurred in the outer fuel annulus and was equivalent 
to about 0.7 g of U235/cm/sup 3/ of meat. The total U/sup 2/3/ sup 5/loading for the core was 8.01 kg, 
which resulted in a>s core lifetime of about 14 days. Other problems investigated were control-plate worth, 
xenon and samarium poisoning, and variations in neutron multiplication associated with the plutonium 
target and the core environment. Results from the latter analytical study indicate that a clean core submerged 
in water will be 1 to 2% subcritical, while the outer annulus (containing over two-thirds of the fuel and no 
burnable poison) will be 25% subcritical. 
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3031…..…..…………………..…….……..……ID Number…………………..…..…………….3031 

Author: Vondy, D. R. / Tobias, M. 

Title: Nuclear Characteristics of Possible Replacement Reactors for the HRT 

Date: 3/28/1961 

Report: CF-61-3-136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made to establish the dependence of the nuclear characteristics on several 
variables for certain possible replacement reactors for the HRT. Two-dimensional, two-group, neutron 
diffusion calculations were made for arrangements appearing most feasible from one-dimensional, 
multigroup survey calculations. For a 21-in. diameter, 200-liter core, reflected by a 4-in.- thick beryllium 
cylinder and contained in a 52-in. I.D. pressure vessel, the critical core concentration was found to be 5.0 
gm U233/l with no fertile material, and 6.6 gm U233/l or about 10.0 gm U235/l when loaded with a total 
of 4,000 Kg Th232 in the blanket. Associated maximum relative power densities were 6.2, 6.7, and 7.0 
Kw/l/Mw, respectively, and core-wall relative power densities were 5.5, 5.6, and 5.2 Kw/l/Mw. The gross 
breeding ratio was estimated at 1.070 with no fuel in the blanket and 1.039 with 10 gm U233/l in the inner 
fertile region. The relation between the accuracy of measurements of the conversion ratio and errors in 
measurement of fuel inventory is discussed. Estimates are made of the value of the true conversion ratio 
which would be required in order to show that a measurement of it exceeds a given amount. 
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3032…..…..…………………..…….……..……ID Number…………………..…..…………….3032 

Author: Nestor, C. W. Jr. 

Title: A Computational Survey of Some Graphite-Moderated Molten Salt Reactors 

Date: 3/15/1961 

Report: CF-61-3-98 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a number of reactor physics calculations performed in connection with 
the preliminary nuclear design of the MSRE are presented. Estimates were made of core critical mass, 
circulating system inventory, temperature coefficient of reactivity associated with salt expansion and other 
core parameters for cylindrical, graphite-moderated, molten salt reactors having fuel volume fractions from 
12 to 25%; additional calculations were done to determine whether significant power flattening or reduction 
in circulating inventory would result from dividing the core into two or three sections of different fuel 
volume fraction. In the one-region cases, a shallow ciinimum was found in the circulating inventory at 
about 18 vol.% fuel; at 12% the computed U-235 inventory was 51 kilograms, at 2S% 52 kilograms; the 
minimum inventory was 47 kilograms. The calculated temperature coefficient of reactivity due to expansion 
of the fuel salt decreased from --3.9 x 10/sup -5// deg F at 12 vol.% fuel to --2.9 x 10/sup -5// deg F at 28 
vol.%; the reactivity introduced by fuel-salt penetration of the core graphite also decreased, from 11% delta 
k/k at 12 vol.% fuel to 3.5% delta k/k at 28 vol.% fuel It was found that the core critical mass could be 
reduced in a three-region reactor to 9.3 kilograms U-235 by using fuel volume percentages of 25, 6, and 4 
in the inner, middle and outer rings, but the associated inventory was found to be 14 kilograms, and the 
peak-to-average power density ratio was increased to 4.0 as compared to 3.1 in a uniform reactor. It was 
concluded that the improvements obtained were not large enough to justify the additional complications in 
the fabrication of multi-region cores. 
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3033…..…..…………………..…….……..……ID Number…………………..…..…………….3033 

Author: Nestor, C. W. Jr. 

Title: MSRE Preliminary Physics Report 

Date: 4/19/1961 

Report: CF-61-4-62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of reactor physics calculations for the currently proposed MSRE core 
design were compiled. The core was assumed to consist of a homogeneous mixture of fuel salt and graphite, 
with 22.5% of the core volume occupied by fuel; the salt composition was the currently proposed mixture 
of 70 mole% LiF, 23 mole % BeF2, 5 mole% ZrF4, 1 mole% ThF4, and UF4 as required for criticality. The 
calculated critical mole%, assuming 93.5% U235, was 0.2 mole% UF4; the associated inventory of U235 
in the circulating system was 45 kilograms. Mean core thermal flux was estimated to be 2.9 x 10/sup 13/ 
n/cm/sup 2/ sec with an associated mean power density of 3.9 watts/cm/sup 3/ For 10 megawatts total 
reactor power. 



 

C-3041 

3034…..…..…………………..…….……..……ID Number…………………..…..…………….3034 

Author: Claiborne, H. C. 

Title: Solution Critical Experiments for the High Flux Isotope Reactor: Preliminary Calculations 

Date: 8/15/1961 

Report: CF-61-8-57 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A condensed version of this report was presented on Dec. 12, 1960, at the San 
Francisco meeting of the American Nuclear Society under the title, “Solution Critical Experiments for High 
Flux Isotope Reactor Studies: Part B, Calculations.” Nuclear calculations were made for critical 
experiments of a flux- trap type reactor that, neutronwise, resembled the proposed High Flux Isotope 
Reactor. The purpose was to evaluate the adequacy of certain calculational models for use in HFIR studies. 
In general, it was concluded that a multigroup two-dimensional calculation is required before there is a 
possibility of good agreement between theory and experiment. 
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3035…..…..…………………..…….……..……ID Number…………………..…..…………….3035 

Author: Kinney, W. E. / Mihalczo, J. T. 

Title: Oak Ridge National Laboratory Fast Burst Reactor: Critical Experiments and Calculations 

Date: 8/24/1961 

Report: CF-61-8-71 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Determinations of critical masses and void coefficients of reactivity on three 
unmoderated, unreflected assemblies and the critical masses of ten unmoderated, reflected assemblies are 
reported. Multigroup and one-group transport theory and perturbation theory calculations were performed 
to aid in predicting results of experiments with an unmoderated and unreflected research reactor capable of 
producing intense bursts of fast neutrons. A description of the Fast Burst Reactor is included along with a 
discussion of calculation methods. 
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3036…..…..…………………..…….……..……ID Number…………………..…..…………….3036 

Author: Householder, A. S. 

Title: Some Observations on Reactor Criticality Calculations 

Date: 4/24/1956 

Report: CF-6-4-191 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Equations; Group Theory; Numericals; 
Reactors 
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3037…..…..…………………..…….……..……ID Number…………………..…..…………….3037 

Author: Haire, M. J. / Jordan, W. C. / Jollay, L. J., III. / Dahl, T. L. 

Title: Nuclear Criticality Safety Controls for Uranium Deposits During D and D at the Oak Ridge Gaseous 
Diffusion Plant 

Date: 9/11/1997 

Report: Chelan, ; CONF-970926-2 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Paper not included in the Proceedings 

Abstract/Keyterms: The US Department of Energy (DOE) Deputy Assistant Secretary of Energy for 
Environmental Management has issued a challenge to complete DOE environmental cleanup within a 
decade. The response for Oak Ridge facilities is in accordance with the DOE ten-year plan which calls for 
completion of> 95% of environmental management work by the year 2006. This will result in a 99% risk 
reduction and in a significant savings in base line costs in waste management (legacy waste); remedial 
action (groundwater, soil, etc.); and decontamination and decommissioning (D and D). It is assumed that 
there will be long-term institutional control of cascade equipment, i.e., there will be no walk away from 
sites, and that there will be firm radioactivity release limits by 1999 for recycle metals. An integral part of 
these plants is the removal of uranium deposits which pose nuclear criticality safety concerns in the shut 
down of the Oak Ridge Gaseous Diffusion Plant. DOE has initiated the Nuclear Criticality Stabilization 
Program to improve nuclear criticality safety by removing the larger uranium deposits from unfavorable 
geometry equipment. Nondestructive assay (NDA) measurements have identified the location of these 
deposits. The objective of the K-25 Site Nuclear Criticality Stabilization Program is to remove and place 
uranium deposits into safe geometry storage containers to meet the double contingency principle. Each step 
of the removal process results in safer conditions where multiple controls are present. Upon completion of 
the Program, nuclear criticality risks will be greatly reduced. 
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Author: Cabrilla, Dennis E. / Westfall, R. Michael 

Title: Meeting the Challenge: Assuring Adequate Criticality Predictability 

Date: 9/11/1997 

Report: Chelan, 003-008 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Plenary: Programs and Ideas to Meet the Challenges 

Abstract/Keyterms: n.a. 
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Author: Alexander, Donald H. 

Title: Meeting the Challenge: Handling a Legacy of Fissile Material Waste 

Date: 9/11/1997 

Report: Chelan, 009-011 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Plenary: Programs and Ideas to Meet the Challenges 

Abstract/Keyterms: n.a. 
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Author: Primm, R. T., III 

Title: Meeting the Challenge: Disposition of Surplus Weapons-Grade Plutonium in Reactors 

Date: 9/11/1997 

Report: Chelan, 012-014 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Plenary: Programs and Ideas to Meet the Challenges 

Abstract/Keyterms: n.a. 
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Author: Thorne, Peter R. 

Title: The Challenge: The Ever-Changing Horizons of Nuclear Criticality Safety 

Date: 9/11/1997 

Report: Chelan, 015-019 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Plenary: Programs and Ideas to Meet the Challenges 

Abstract/Keyterms: n.a. 
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Author: Hollenbach, D. F. / Hopper, C. M. 

Title: Criticality Safety Considerations for MSRE Fuel Drain Tank Uranium Aggregation 

Date: 9/11/1997 

Report: Chelan, 023-030 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: On-Site Storage and Cleanup of Fissile Material Waste 

Abstract/Keyterms: This paper presents the results of a preliminary criticality safety study of some 
potential effects of uranium reduction and aggregation in the Molten Salt Reactor Experiment (MSRE) fuel 
drain tanks (FDTs) during salt removal operations. Since the salt was transferred to the FDTs in 1969, 
radiological and chemical reactions have been converting the uranium and fluorine in the salt to UF6 and 
free fluorine. Significant amounts of uranium (at least 3 kg) and fluorine have migrated out of the FDTs 
and into the off-gas system (OGS) and the auxiliary charcoal bed (ACB). The loss of uranium and fluorine 
from the salt changes the chemical properties of the salt sufficiently to possibly allow the reduction of the 
UF4 in the salt to uranium metal as the salt is remelted prior to removal. It has been postulated that up to 9 
kg of the maximum 19.4 kg of uranium in one FDT could be reduced to metal and concentrated. This study 
shows that criticality becomes a concern when more than 5 kg of uranium concentrates to over 8 wt% of 
the salt in a favorable geometry. 
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Abstract/Keyterms: Nuclear criticality parameters were developed as a basis for evaluating criticality 
safety for waste stored in the high-level waste tank farms on the Hanford Site in Washington State. The 
plutonium critical concentration and critical mass were calculated using a conservative waste model 
(CWM). The primary requirement of a CWM is that it have a lower neutron absorption than any actual 
waste. Graphs are provided of the critical mass as a function of plutonium concentration for spheres and 
for uniform slab layers in a 22.9-m-diameter tank. Minimum subcritical absorber-to-plutonium mass rates 
were calculated for waste components selected for their relative abundance and neutron absorption capacity. 
Comparison of measured absorber-to-plutonium mass ratios in their corresponding subcritical limit mass 
ratios provides a means of assessing whether criticality is possible for waste of the measured composition. 
A comparison is made between the plutonium critical concentrations in CWM solids and in a postulated 
real waste. This comparison shows that the actual critical parameters are likely to be significantly larger 
than those obtained using the CWM, thus providing confidence that the margin of safety obtained to the 
criticality safety evaluation is conservative. 
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Abstract/Keyterms: Evaluations were done to determine conditions that could permit nuclear criticality 
with fissile uranium in low-level-waste (LLW) facilities and to estimate potential radiation exposures to 
personnel if there were such an accident. Simultaneous hydro geochemical and nuclear criticality studies 
were done (1) to identify some realistic scenarios for uranium migration and concentration increase at LLW 
disposal facilities, (2) to model groundwater transport and subsequent concentration via sorption or 
precipitation of uranium, (3) to evaluate the potential for nuclear criticality resulting from potential 
increases in uranium concentration over disposal limits, and (4) to estimate potential radiation exposures to 
personnel resulting from criticality consequences. The scope of the referenced work was restricted to 
uranium at an assumed 100 wt% 235U enrichment. Three outcomes of uranium concentration are possible: 
uranium concentration is increased to levels that do pose a criticality safety concern; uranium concentration 
is increased, but levels do not pose a criticality safety concern; or uranium concentration does not increase. 
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Abstract/Keyterms: Nuclear performance of potential neutron poisons (Gd, Eu, Hf, In and Sm) are 
compared, analytically, for criticality control in degraded waste forms of immobilized surplus weapons 
plutonium. 
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Abstract/Keyterms: Plant photosynthesis has created a unique planetary-wide geochemistry - an oxidizing 
atmosphere with oxidizing surface waters on a planetary body with chemically reducing conditions near or 
at some distance below the surface. Uranium is four orders of magnitude more soluble under chemically 
oxidizing conditions than it is under chemically reducing conditions. Thus, uranium tends to leach from 
surface rock and disposal sites, move with groundwater, and concentrate where chemically reducing 
conditions appear. Earth’s geochemistry concentrates uranium and can separate uranium from all other 
elements except oxygen, hydrogen (in water), and silicon (silicates, etc.). Fissile isotopes include 235U, 
233U, and many higher actinides that eventually decay to one of these two uranium isotopes. The potential 
for nuclear criticality exists if the precipitated uranium from disposal sites has a significant fissile 
enrichment, mass, and volume. The earth’s geochemistry suggests that isotopic dilution of fissile materials 
in waste with238U is a preferred strategy to prevent long-term nuclear criticality in and beyond the 
boundaries of waste disposal facilities because the238U does not separate from the fissile uranium isotopes. 
Geological, laboratory, and theoretical data indicate that the potential for nuclear criticality can be 
minimized by diluting fissile materials with-238U to 1 wt% 235U equivalent. 
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Abstract/Keyterms: This paper provides the basis for the position that the current U.S. Nuclear Regulatory 
Commission (NRC) criticality regulation is in need of revision to address problems in implementing it for 
the postclosure period in a geologic high-level waste repository. The authors believe that the applicant for 
such a facility should be able to demonstrate that postulated postclosure criticality events will not cause 
unacceptable risk of deleterious effects on public health and safety. In addition, the applicant should be 
expected to take practical and feasible measures to reduce the probability of a criticality occurring, even if 
(as expected) the consequences of such a criticality for repository performance and public health and safety 
would be negligible. This approach, while recognizing the probabilistic nature of analyses of events and 
conditions in the distant future, is also arguably consistent with the defense in depth concept that has been 
successfully applied to nuclear reactor regulation. The authors believe regulations for postclosure criticality 
control should support this dual approach, rather than require a deterministic prohibition of criticality as 
does the current rule. The existing rule seems appropriate for the preclosure period, as long as it is clearly 
specified to apply only to that period. 
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Abstract/Keyterms: This study extends an exploration of array criticality summarized in earlier papers. 
One of the goals of this study is to provide an understanding of optimum array moderation in order to permit 
possible extension of ANS/ANSI 8.7, Nuclear Criticality Safety in the Storage of Fissile Materials. (The 
RFP report has some minor corrections to the Chelan paper). 
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Abstract/Keyterms: Neutron-Sensitive Radiation Detectors are Used in the Portsmouth Gaseous Diffusion 
Plant`S (Ports) Criticality Accident Alarm System (Caas). the Caas is Composed of Numerous Detectors, 
Electronics, and Logic Units. It Uses a Telemetry System to Sound Building evacuation Horns and to 
Provide Remote Alarm Status in a Central Control Facility. the Ansi Standard for a Caas Uses a Free-In-
Air Dose Rate to Define the Detection Criteria for a Minimum Accident-Of-Concern. Previously, the Free-
In-Air Absorbed Dose Rate from Neutrons Was Used for Determining the Areal Coverage of Criticality 
Detection Within Ports Buildings Handling Fissile Materials. However, the Free-In-Air Dose Rate Does 
not Accurately Reflect the Response of the Neutron Detectors in Use at Ports. Because the Cost of Placing 
Additional Caas Detectors in Areas of Questionable Coverage (Based on a Free-In-Air Absorbed Dose 
Rate) is High, the Actual Response Function for the Caas Neutron Detectors Was Determined. This Report, 
Which is Organized into Three Major Sections, Discusses How the Actual Response Function for the Ports 
Caas Neutron Detectors Was Determined. 
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Abstract/Keyterms: The effect of heterogeneity on reactivity of low-, medium-, and high-enriched, water-
moderated uranium metal systems has been examined for various hydrogen-to-fissile (H/X) ratios using the 
CSAS1X sequence in SCALE and MCNP. For the calculations, an infinite array of close-packed unit cells 
was modeled which consisted of centered uranium metal spheres surrounded by water. The enrichments 
used correspond to the average enrichments of fragmented fuel plates in three proposed waste shipments 
from Oak Ridge National Laboratory. The analysis performed to obtain peak reactivity for each enrichment 
as a function of particle size and H/X ratio led to the development of the topic discussed in this paper. 
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Abstract/Keyterms: The disposal of excess 233U as waste is being considered. Because 233U is a fissile 
material, a key requirement for processing 233U to a final waste form and disposing of it is the avoidance 
of nuclear criticality. For many processing and disposal options, isotopic dilution is the most feasible and 
preferred option to avoid nuclear criticality. Isotopic dilution is dilution of fissile 233U with 
nonfissile238U. The use of isotopic dilution removes any need to control nuclear criticality in process or 
disposal facilities through geometry or chemical composition. Isotopic dilution allows the use of existing 
waste management facilities that are not designed for significant quantities of fissile materials to be used 
for processing and disposing of 233U. The amount of isotopic dilution required to reduce criticality 
concerns to reasonable levels was determined in this study to be approximately 0.53 wt% 233U. The 
numerical calculations used to define this limit consisted of a homogeneous system of silicon dioxide 
(SiO2), water (H2O), 233U and depleted uranium (DU) in which the ratio of each component was varied 
to learn the conditions of maximum nuclear reactivity. About 188 parts of DU (0.2 wt% 235U) are required 
to dilute 1 part of 233U to this limit in a water-moderated system with no SiO2 present. Thus for the U.S. 
inventory of 233U, several hundred metric tons of DU would be required for isotopic dilution. 
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Abstract/Keyterms: Nuclear Facilities are forced to become more efficient in operations aimed at 
satisfying regulatory requirements. Efficiency necessitates increased cooperation between the regulator 
(DOE) and facility management, and often a mutually agreeable innovative solution. At Argonne National 
Laboratory - East (ANL-E), one issue that required such an innovative solution and cooperation between 
contractor and regulator was the determination of whether the risk associated with an inadvertent criticality 
event justified the purchase and maintenance of a Criticality Alarm System (CAS) meeting ANSI/ANS-
8.3-1986 requirements. According to DOE Order 420.1, the need for a CAS is based on the probability of 
occurrence of a criticality accident. If the probability is<10{sup{minus}6}/yr. (i.e., incredible) as 
determined by “commonly accepted engineering judgement,” then a CAS is not necessary. Installation of 
a CAS after such a conclusion would be a conservative decision and an unnecessary expense. This paper 
discusses the use of “commonly accepted engineering judgement “ to show that the probability of an 
inadvertent criticality at a nonreactor nuclear facility (e.g., the Alpha-Gamma Hot Cell Facility) 
is<10{sup{minus}6}/yr. and is therefore an incredible event. 
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Abstract/Keyterms: This paper discusses the regulatory exemptions for shipping packages that contain 
limited amounts of fissile material and concerns that have arisen over the adequacy of these regulations. 
The results of an ongoing review of these exemptions by the various regulatory agencies will be presented 
in the session. 
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Abstract/Keyterms: A training and qualification program for nuclear criticality safety technical staff 
personnel has been developed and implemented. All personnel who are to perform nuclear criticality safety 
technical work are required to participate in the program. The program includes both general nuclear 
criticality safety and plant specific knowledge components. Advantage can be taken of previous experience 
for that knowledge which is portable such as performance of computer calculations. Candidates step 
through a structured process which exposes them to basic background information, general plant 
information, and plant specific information which they need to safely and competently perform their jobs. 
Extensive documentation is generated to demonstrate that candidates have met the standards established 
for qualification. 
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Abstract/Keyterms: The mission of the Criticality Safety Information Resource Center (CSIRC) at Los 
Alamos National Laboratory (LANL) is the preservation of primary documentation supporting criticality 
safety. In many cases, but not all, this primary documentation consists of experimentalists` logbooks. 
Experience has shown that the logbooks and other primary information are vulnerable to being discarded. 
Destruction of these logbooks results in a permanent loss to the criticality safety community. 



 

C-3080 

3073…..…..…………………..…….……..……ID Number…………………..…..…………….3073 

Author: Bhatnagar, S. K. 

Title: Need for Consensus on the Determination of the Margin of Subcriticality 

Date: 9/11/1997 

Report: Chelan, 235-239 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Subcritical Margins 

Abstract/Keyterms: n.a. 



 

C-3081 

3074…..…..…………………..…….……..……ID Number…………………..…..…………….3074 

Author: Smith, Nigel R. / Thorne, Peter R. 

Title: The Accurate Determination of Sub-Critical Margins to Meet Emerging Criticality Needs 

Date: 9/11/1997 

Report: Chelan, 240-246 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Subcritical Margins 

Abstract/Keyterms: n.a. 



 

C-3082 

3075…..…..…………………..…….……..……ID Number…………………..…..…………….3075 

Author: Kimbal, K. D. / Trumble, E. F. 

Title: Statistical Methods for Accurately Determining Criticality Code Bias 

Date: 9/11/1997 

Report: Chelan, 247-254 

Conference/Journal: American Nuclear Society Topical Meeting on Criticality Safety Challenges in the 
Next Decade, Chelan, WA, 7-11 Sep 1997 

Conference Session: Subcritical Margins 
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specific mechanical-chemical processes used in aluminum, stainless steel, and Zircaloy cladding removal 
are described. Fuel processing after cladding removal of UO2 U-Mo dissolutions are discussed. Waste 
disposal and criticality problems are outlined. 
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Conference/Journal: Chem.-Ing.-Tech. 
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Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Criticality; Fuels; Plutonium; Purex Process; Radiolysis; Reprocessing; Separation Processes; Uranium 
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Title: Criticality and Nuclear Safety of Slightly Enriched Uranium 

Date: 1/1/1965 

Report: Chemical Engineering Progress Symposium Series, 61, No. 60, 33-43 

Conference/Journal: Chemical Engineering Progress Symposium Series 

Conference Session:  

Abstract/Keyterms: Fissile materials must be handled in such manner as to prevent inadvertent criticality 
outside reactors. Criticality reviews are thus required in fuel element fabrication processes and reactor fuels 
reprocessing operations involving enriched U. Safe mass or volume limits can vary widely subject to the 
degree of moderation and homogeneity of the U-H2O systems under consideration. In connection with 
these criticality problems, mass and volume limits (bucklings) are discussed for slightly enriched U 
solutions, solid U rods, and tubes (hollow rods), including some comments on criticality problems in 
handling large billets. Factors affecting criticality are reviewed together with methods of criticality control 
for U with enrichment in the range 0.72 to 5%. 
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Conference/Journal: Chemiker-Zeitung (West Germany) Published 1959-69 as Chem.-Ztg., Chem. 
Appar 

Conference Session:  

Abstract/Keyterms: The discovery in summer 1972 by a French scientist that the 235U-concentration of 
uranium from the Oklo nine in Gabun/Africa was slightly less than what one would expect from natural 
uranium led to a very remarkable discovery been located up to now at the Oklo nine at which nuclear chain 
reactions took place about two billion years ago. The nuclear-physical data of the Oklo phenomenon are 
largely comparable with those of our present modern light-water reactors. Several elements found in the 
uranium lenses with their high uranium content show isotopic compositions quite different from those 
which we know for naturally occurring elements. The deviation in isotopic composition of, e.g. neodymium, 
ruthenium, europium etc. enables the modern chemist and physicist to get a very clear and reliable picture 
upon the properties of the ancient nuclear reactor (e.g., neutron flux, time and duration of the event, burn-
up, production of plutonium via neutron capture of uranium). A comprehensive description is given on what 
is presently known of this exceptional event. A more detailed discussion is devoted to the nuclear-physical 
properties of the Oklo phenomenon and the behaviour of the fission products part of which have not 
migrated even a few millimeters during the past nearly two billion years. 
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Report: Chemiker-Zeitung 101, 1, 001-008 

Conference/Journal: Chemiker-Zeitung (West Germany) Published 1959-69 as Chem.-Ztg., Chem. 
Appar 

Conference Session:  

Abstract/Keyterms: It is evident that plutonium as the only fissile transmutant of uranium 238 must be 
used in current nuclear power stations. During the first 30 years of its industrial use plutonium was 
considered as an interesting economic contribution within the fuel cycle. For reasons of long term 
environmental pollution risks as well as for fast breeder fuel cycle demonstration a further increase of 
plutonium stored in any form should be avoided. Measures against possible misuse of plutonium and 
protection measures against criticality and dispersion of this radiotoxic material are described for normal 
handling and accidental conditions. Plutonium has never caused any injury during its industrial application. 
Public acceptance for minimized quantities of Pu in the fuel cycle by rapid recycle should be attempted. 
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Report: Chemiker-Zeitung 101, 2, 064-081 

Conference/Journal: Chemiker-Zeitung (West Germany) Published 1959-69 as Chem.-Ztg., Chem. 
Appar 

Conference Session:  

Abstract/Keyterms: The reprocessing of nuclear fuels from atomic power stations has a twofold goal. On 
the one hand it is serving for fuel supply by recovering the fissile materials which have not been consumed 
or which have been freshly generated in the reactor. On the other hand the radioactive waste products from 
nuclear power generation are pretreated for long-term safe disposal. The core element of the chemical 
processing is the PUREX Process, a counter-current solvent extraction procedure using tributyl phosphate 
(TBP) as the solvent for uranium and plutonium. The chemical basis and the technological performance of 
the process are discussed. 
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Conference/Journal: Chemiker-Zeitung (West Germany) Published 1959-69 as Chem.-Ztg., Chem. 
Appar 

Conference Session:  

Abstract/Keyterms: On the occasion of the 100th anniversary of Otto Hahn's birth, the fascinating story 
is recollected how the search for transuranic elements led to the discovery of fission 40 years ago. 
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Report: Chemistry and Industry, 22, 894-897 

Conference/Journal: Chemistry and Industry (London) (England) 

Conference Session:  

Abstract/Keyterms: Radiological protection in UK nuclear industry is discussed, with special reference to 
British Nuclear Fuels Ltd. The following aspects are covered principles; radioactive decay processes 
(fission, fission products, radio-isotopes, ionizing radiations, neutrons); risk assessment (historical, 
biological radiation effects; ICRP recommendations, dose limits); cost effectiveness of protection; plant 
design principles; examples of containment (shielding, ventilation and contamination control required for 
various types of radioactive materials, e.g. fission products, plutonium, depleted uranium; fuel rod storage 
ponds and decanning caves; fission products at dissolution stage; glovebox handling of Pu operations; 
critical assembly of fissile materials; surface contamination control; monitoring radiation levels). 
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Report: China institute of atomic energy annual report, 87 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: MCNP5 Criticality Validation and Bias for Intermediate Enriched Uranium Systems 

Date: 12/10/2009 

Report: CHPRC-00455 Rev 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this analysis to validate the Monte Carlo N-Particle 5 (MCNP5) code 
Version 1.40 (LA-UR-03-1987, 2005) and its cross-section database for k-code calculations of intermediate 
enriched uranium systems on INTEL processor based PC's running any version of the WINDOWS 
operating system. Configurations with intermediate enriched uranium were modeled with the moderator 
range of 39 H/Fissile 1438. See Table 2-1 for brief descriptions of selected cases and Table 3-1 for the 
range of applicability for this validation. A total of 167 input cases were evaluated including bare and 
reflected systems in a single body or arrays. The 167 cases were taken directly from the previous (Version 
4C [Lan 2005]) validation database. Section 2.0 list data used to calculate k-effective (k(eff)) for the 167 
experimental criticality benchmark cases using the MCNP5 code v1.40 and its cross section database. 
Appendix B lists the MCNP cross-section database entries validated for use in evaluating the intermediate 
enriched uranium systems for criticality safety. The dimensions and atom densities for the intermediate 
enriched uranium experiments were taken from NEA/NSC/DOC(95)03, September 2005, which will be 
referred to as the benchmark handbook throughout the report. For these input values, the experimental 
benchmark k(eff) is approximately 1.0. The MCNP validation computer runs ran to an accuracy of 
approximately {+-} 0.001. For the cases where the reported benchmark k(eff) was not equal to 1.0000 the 
MCNP calculational results were normalized. The difference between the MCNP validation computer runs 
and the experimentally measured k(eff) is the MCNP5 v1.40 bias. The USLSTATS code (ORNL 1998) 
was utilized to perform the statistical analysis and generate an acceptable maximum k(eff) limit for 
calculations of the intermediate enriched uranium type systems. 
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Title: MCNP5 Calculations Replicating ARH-600 Nitrate Data 

Date: 10/25/2011 

Report: CHPRC-01552 Rev 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report serves to extend the previous document: 'MCNP Calculations Replicating 
ARH-600 Data' by replicating the nitrate curves found in ARH-600. This report includes the MCNP models 
used, the calculated critical dimension for each analyzed parameter set, and the resulting data libraries for 
use with the CritView code. As with the ARH-600 data, this report is not meant to replace the analysis of 
the fissile systems by qualified criticality personnel. The M CNP data is presented without accounting for 
the statistical uncertainty (although this typically less than 0.001) or bias and, as such, the application of a 
reasonable safety margin is required. The data that follows pertains to the uranyl nitrate and plutonium 
nitrate spheres, infinite cylinders, and infinite slabs of varying isotopic composition, reflector thickness, 
and molarity. Each of the cases was modeled in MCNP (version 5.1.40), using the ENDF/B-VI cross section 
set. Given a molarity, isotopic composition, and reflector thickness, the fissile concentration and diameter 
(or thicknesses in the case of the slab geometries) were varied. The diameter for which k-effective equals 
1.00 for a given concentration could then be calculated and graphed. These graphs are included in this 
report. The pages that follow describe the regions modeled, formulas for calculating the various parameters, 
a list of cross-sections used in the calculations, a description of the automation routine and data, and finally 
the data output. The data of most interest are the critical dimensions of the various systems analyzed. This 
presented graphically, and in table format, in Appendix B. Appendix C provides a text listing of the same 
data in a format that is compatible with the CritView code. Appendices D and E provide listing of example 
Template files and MCNP input files (these are discussed further in Section 4). Appendix F is a complete 
listing of all of the output data (i.e., all of the analyzed dimensions and the resulting k(eff) values). 
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Title: Study of a Natural Uranium-Light Water Subcritical System 

Date: 7/1/1977 

Report: Cienc. Cult. (Sao Paulo) Supl. /Vol/Issue: 29:7 

Conference/Journal: Annual Meeting of the Brazilian society for the Advancement of Science, 6-13 
July, 1977 

Conference Session:  

Abstract/Keyterms: Nuclear Reactor Technology- Research, Test & Experimental Reactors; Subcritical 
Assemblies; Fast Neutrons; Fuel Management; Moderators; Natural Uranium; Neutron Flux; Performance; 
Pulsed Neutron Techniques; Thermal Neutrons; Water 
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Title: Thermal Neutrons Diffusion in Two Finite Moderators, Adjacent, Studied by Pulsed Source 
Techniques 

Date: 7/1/1977 

Report: Cienc. Cult. (Sao Paulo) Supl. /Vol/Issue: 29:7 

Conference/Journal: Annual Meeting of the Brazilian society for the Advancement of Science, 6-13 
July, 1977 

Conference Session:  

Abstract/Keyterms: Radiation & Shielding Physics- Neutron Interactions with Matter; Thermal Neutrons- 
Diffusion; Decay; Graphite; Heavy Water; Moderators; Pulsed Neutron Techniques; Subcritical 
Assemblies 



 

C-3140 

3133…..…..…………………..…….……..……ID Number…………………..…..…………….3133 

Author: Lazzarini, E. / Fantola Lazzarini, A. L. 
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Report: CINMAB, 75 (1), 26-36 

Conference/Journal: Chimica e l'Industria (Milan) (Italy)/ 75 (1): 26-36/ Jan 1993 

Conference Session:  

Abstract/Keyterms: Fiftieth Anniversary of the Creation of the First Atomic Pile / Enrico Fermi 
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Title: Criteria of a Project for a 10-Mw Natural Uranium, Heavy Water Reactor: Characteristics and 
Dimensions; Criteri di Progetto pe un Reattore da 10-Mw a Uranio Naturale e Acqua Pesante: 
Caratteristiche e Dimensionamento 

Date: 2/1/1957 

Report: CISE-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Heavy Water Moderator; Mass; Natural Uranium 
Fuel; Neutron Flux; Reactivity; Reactor Core; Reactors 
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Title: Calculation Methods for the Critical Size of a D2O Moderated, Wet Steam Cooled Reactor, with a 
Natural Uranium Cluster Fuel Element 

Date: 5/1/1959 

Report: CISE-67 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel elements and the design of a heavy water moderated, steam cooled reactor are 
described. Multiplication factors, critical size, and reactivity are evaluated for several lattice spacings. 
Further developments are also outlined. 
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Title: Criticality Calculations in the Case of a Concentric Annuli Fuel Element Lattice Proposed for Can-
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Date: 2/1/1960 

Report: CISE-73 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Cylinders; Errors; Fuel Elements; Mathematics; 
Measured Values; Reactor Core; Reactors; Volume 
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Title: COCCO BILL. A Criticality Calculation Code 

Date: 8/1/1961 

Report: CISE-89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A code to be used with ELEA 9002 Olivetti computer is described for criticality 
calculations for heavy water and graphite moderated reactors having fuel elements of cluster or cylindrical 
geometry. Outputs are microscopic and macroscopic parameters involved in the calculations. 
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Title: COCCO BILL: A Criticality Calculation Code (Revised Edition) 

Date: 5/1/1963 

Report: CISE-94 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A modified two-group criticality calculation code to be used with the ELEA 6001 
Olivetti digital computer is described. This program, a revised and improved version of a previous one with 
the same name, gives as outputs all microscopic and macroscopic lattice parameters concerning criticality 
calculation on heavy water or graphite moderated reactors, with the fuel elements in cylindrical or clustered 
geometry. The program, planned in view of parametric studies, allows criticality studies to be carried out 
for several lattices in a single machine run. 
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Title: Preliminary Report on Uranium Metal Tube Cluster-Heavy Water Lattice Measurements. Topical 
Report No. 2 

Date: 2/1/1964 

Report: CISE-R-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes all the preliminary work to set up a program of buckling and 
fine flux measurements on heavy water lattices with fuel elements made up of a seven uranium tube cluster 
and with polystyrene to simulate the actual coolant. The philosophy which led to the choice of the set of 
experimental configurations, the fuel element design and the results of preliminary calculations and 
calibrations are given in detail. 
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Title: Uranium Metal-Heavy Water Lattices-a General Survey. Topical Report No. 3 

Date: 9/1/1964 

Report: CISE-R-101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report has the twofold aim of providing a critical survey of the world-wide 
literature about experiments on natural uranium metal fueled, heavy water moderated lattices, together with 
an effort of interpreting the experimental data on a sound theoretical basis. The interest of this survey was 
primarily centered on the measurement (and theoretical prediction) of material bucklings, especially for 
lattice configurations typically arising in the design of power reactors, in view of the assessment of a proper 
formulation of the reactor physics problems occurring in the CISE fog cooled reactor project. However, 
attention has also been paid to the most reliable measurements of detailed cell parameters (regarding fast 
fission, resonance escape, thermal fine flux distribution, etc.), in order for a detailed check of the theories 
used at present to be possible. 
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Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; Differential Equations; 
Distribution; Mathematics; Neutron Flux; Reactor Core; Reactors 
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Abstract/Keyterms: Reactor Theory-Kinetics; Physics (Nuclear)-Neutron Interactions with Matter; 
Analytical Solution; Differential Equations; Group Theory; Helmholtz Theorem; Kinetic Equations; 
Mathematics; Reactors; Vectors 
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Abstract/Keyterms: Physics; Beryllium; Bismuth; Breeding; Fast Neutrons; Fission; Multiplication 
Factors; Numericals; Reactor Core; Reactors; Thermal Neutrons; Uranium 233; Zones 
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Abstract/Keyterms: Physics; Absorption; Blankets; Breeding; Capture; Economics; Efficiency; 
Impurities; Production; Radioisotopes; Reactor Core; Reactors; Thermal Neutrons; Thorium; Uranium 233; 
Variations 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Activation 
Analysis; Configuration; Criticality; Distribution; Enrichment; Epithermal Neutrons; Fabrication; Foils; 
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Report: CNAM-5 

Conference/Journal:  
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Abstract/Keyterms: It is shown that for a multiplying medium that is bare, homogeneous, and critical, the 
conversion factor is independent of the geometry, and that it is equal to the difference between the 
conversion factor and reactivity excess of the corresponding infinite medium. 
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Title: Criticality Calculations. Two- and Three-Region Reactors; Calcoli di Criticita. Reattori a Due e Tre 
Regioni 

Date: 7/1/1959 

Report: CNC-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: From the reactor critical equation in the Boltzmann transport theory, the group theory 
is developed in the neutron scattering approximation. The scattering equations in the multigroup theory are 
applied to two- and three- region reactors with reflector and blanket of fertile material. The critical 
dimensions are then derived. The buckling, beginning with the distribution of the neutron flux in the critical 
assembly, is measured experimentally. The correlation between experimental and theoretical data is 
discussed. 
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Regioni 

Date: 3/1/1960 

Report: CNC-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The dual problem relative to the calculation of the criticality factor k(eff) in a non-
critical reactor, i.e., in a reactor whose dimensions are different from the critical ones is considered. The 
determination of the criticality factor is reduced to calculating the dominant eigenvalue of the reactor 
characteristic matrix. Reference is finally made both to the calculation of k(eff) dealt with in the 
perturbation theory and in the theory of coupled reactors and to the correlation between experimental and 
theoretical results. 
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Title: Sui Parametri Nucleari di un Reattore Tipo TRIGA e Sul Coefficiente di Temperatura di "Speeding-
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Report: CNC-36 

Conference/Journal:  
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Abstract/Keyterms: The influence of zirconium hydride on the mean values of the nuclear constants of a 
TRIGA reactor was evaluated according to the theory of the isotropic oscillator model. This evaluation, 
covering the cross sections that do not follow the 1/v law, led to the determination of corrective (not 1/v) 
factors, referred to a constant spectral distribution in the 0 to 0.13 ev energy region. Temperature influence 
on nuclear constants, due to the "speeding-up" phenomenon, was evaluated together with the connected 
reactivity coefficient. This required the determination of the transport cross section of the hydrogen in the 
hydride as a function of neutron energy, taking also in consideration an elastic scattering in the 0.13 to 0.26 
ev energy region. The influence of cooling water on neutron thermalization was neglected. Mean values of 
the constants were determined independently of experimental data, considering a step variation both for the 
nuclear constants in the fast region and for the slowing down neutron spectrum, instead of a continuous 
variation, as a function of energy. The results were compared with the data used by General Atomics for 
the criticality calculations of the TRIGA prototype. 
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Conference Session:  

Abstract/Keyterms: The results of several critical experiments performed on the Ispra I reactor are 
discussed and compared with calculations. Two-group theory is shown to yield accurate results in most 
cases. The relevance of the various effects, in experiment and calculation, is analyzed. 
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Dosimetry & Monitoring; Accidents; Calibration; Criticality; Dosemeters; Monitoring; Personnel; 
Photographic Film Detectors; Standards 
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Title: Comparison of KAPL Clean Critical and Subcritical Experiments with Calculations 

Date: 1/1/1962 

Report: CONF-133-1 

Conference/Journal: Other Information: For Presentation at IAEA Symposium of Exponential and 
Critical Experiments with Calculations, Amsterdam, Sept. 1963 

Conference Session:  

Abstract/Keyterms: An intensive program of critical and subcritical experiments and associated 
calculations was conducted on highly enriched, hydrogen-moderated systems. Interest was centered on 
overall effects such as reactivity, prompt neutron decay constants, and region-wide spectra, and experiments 
were performed as a function of fuel density, core size, metal to water ratio, and temperature. The effects 
of theoretical improvements on the agreement between calculations and experiments were studied. The 
experiments were carried out in the Solid Homogeneous Assembly, Pressurized Test Reactor, pulsed 
subcritical systems, and a series of subcritical lattices having a volume of 1 cubic foot. The results showed 
a consistent discrepancy between calculation and experiment in the clean critical experiments, with the 
calculated reproduction constants being 1 to 3% high. Good agreement was obtained between calculated 
and measured low-energy spectra in weakly absorbing media but not in highly absorbing media. No 
consistent discrepancy was observed in the pulsed measurements, but the accuracy was poor. 
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Abstract/Keyterms: Reactor Technology; Critical Assemblies; Diffusion; Energy; Enrichment; 
Epithermal Neutrons; Errors; Graphite Moderator; Group Theory; Mathematics; Measured Values; 
Multiplication Factors; Natural Uranium Fuel; Neutron Flux; PCTR; Quantitative Analysis; Research 
Reactors; Testing; Variations; Zones 
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Report: CONF-187-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel blocks of compacted ZrO2 and UO2 powder in paraffin were added axially to 
two unreflected assemblies (20 x 16 in, and 20 x 24 in. cross sections). The separation of the assembly 
halves when criticality occurred was determined, and the reactivity worth at a given critical gap size was 
obtained by bringing the halves slightly closer together and observing the reactor period. The core with the 
larger cross section had a maximum gap twice that of the smaller core. Diffusion theory treatment agreed 
with the data reasonably well for small gap thickness. 
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Report: CONF-187-24 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: One-region buckling measurements that were made on a series of D2O- moderated 
lattices of heavy uranium metal tubes in the Process Development Pile at Savannah River Laboratory are 
presented. The purposes of these measurements are to provide normalization points for lattice bucklings 
and to extend the study of natural uranium- D2O systems. The dependence of bucking on the moderator to-
fuel ratio is studied for two types of lattices. 
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Abstract/Keyterms: Reactor Technology; Aluminum; Buckling; Cadmium; Cadmium Ratio; Canning; 
Criticality; Enrichment; Fission Ratio; Fuels; Hydrogen; Mass; Measured Values; Neutron Flux; Neutrons; 
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Date: 11/15/1963 

Report: CONF-187-69; AED-Conf-63-225-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The following critical and subcritical measurements were made in the EVESR core: 
reactivity with no control rods; full core reactivity with control rods; and power distribution in the full core 
with control rods. The fuel was UO2, and the elements were of the superheating type. The reactor was light- 
water-cooled and -moderated. 
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Conference/Journal: I Reattori Veloci. Rome, Comitato Nazionale Energia Nucleare, 1967.; 8th Nuclear 
Congress, Rome, June 1963 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Aluminum; 
Beryllium; Carbon; Criticality; Fast Neutrons; Neutron Flux; Numericals; Oxides; Reactors; Reflectors 
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Research Reactors; SEFOR; Shells 
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Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Configuration; Critical 
Assemblies; Criticality; Design; Reactivity; Research Reactors; SNEAK 
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Report: CONF-193-11 

Conference/Journal: 8th Nuclear Congress, Rome, June 1963 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Breeding; Burnup; 
Doppler Effect; Expansion; Fast Neutrons; Fuel Cycle; Fuel Elements; Fuels; Italy; Liquid Metal Coolant; 
Losses; Numericals; Performance; Planning; Plutonium; Plutonium Isotopes; Power Plants; Reactivity; 
Reactor Safety; Reactors; Sodium; Spectral Shift; Tables; Temperature; Thorium; Thorium Isotopes; 
Uranium; Uranium Isotopes; Variations; Zones 
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Report: CONF-39-48; TM-63-6-700 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 630A reactor is light water-moderated, beryllium reflected, gas- cooled, and the 
fuel cartridges consist of multiple-stage, concentric ring, metallic fuel elements containing fully enriched 
uranium. Boron steel is wrapped around each fuel cartridge to provide additional reactivity control over the 
15,000-hr core life at an average operating power of 66 Mw thermal. The reactor is to be used for producing 
steam for ship propulsion. The critical experiment reactor is studied with regard to power distribution 
measurements and reactivity measurements. The data obtained are now being used to define rnajor changes 
to the configuration. 
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Report: CONF-39-69 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description of ZPR-III Assembly 41 and some of the experiments performed with 
it, along with the primary details of the fast exponential and the fast-thermal critical system are given. 
Experiments with steel and aluminum reflectors in the assembly blankets are reported, and their results are 
compared with reflector savings measurements on the fast exponential and to theoretical calculations. 
Fission ratios obtained in the three 5: 1 systems are compared, as well as central reactivity coefficients from 
the two critical studies. Experiments concerned with the conversion of uranium-238 to plutonium in EBR-
II type blankets are described. 
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Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.; Conference 
on Physics of Reactors, Milan. CONF-469 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Criticality; Differential 
Equations; Reactivity; Reactor Kinetics; Reactors 
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Title: Experimental Reactor Rb-1. Calibration and Measurement of k for a Natural Uranium Lattice 
Moderated by Graphite 

Date: 1/1/1966 

Report: CONF-469, 341-360 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.; Conference 
on Physics of Reactors, Milan. 

Conference Session:  

Abstract/Keyterms: Reactors, Research / Control System for RB-1, Calibration of; Reactors, Research / 
Reactivity Measurements in RB-1, Use of Supercritical Period Method for; Reactors, Research / Neutron 
Multiplication Factor Measurements in; Reactors, Research / Neutron Flux Measurements in, Use of 
Activation Detectors for 
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Title: Design of a Fast Reactor for Preparation of Technical Experiments 
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Report: CONF-469, 373-394 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.; Conference 
on Physics of Reactors, Milan. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Activation; 
Analysis; Criticality; Design; Mass; Numericals; Reactor Core; Reactor Safety; Reflectors; Research 
Reactors; Safety; Tables; TAPIRO 
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Title: Experiments and Calculations on the ISPRA-2 Reactor 

Date: 10/31/1968 

Report: CONF-469, 463-478 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.;Conference 
on Physics of Reactors, Milan. CONF-469 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Criticality; ISPRA-2; Measurement; Numericals; Reactivity; Reactor Core; Research 
Reactors; Variations 
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Report: CONF-469, 479-484 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.; Conference 
on Physics of Reactors, Milan. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Critical Assemblies; Criticality; Heavy Water Moderator; Measurement; Natural Uranium Fuel 
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Title: Importance of Nuclear Materials Management in the Assurance of Nuclear Safety 
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Report: CONF-620-2 

Conference/Journal: Institute of Nuclear Materials Management 5th Annual Meeting, Pittsburgh, May 
1964 

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Control; Criticality; Environment; Fissionable 
Materials; Inspection; Measured Values; Monitoring; Personnel; Plutonium; Radiation Injuries; 
Radioactivity; Reactor Safety; Reprocessing; Safety; Separation Processes; Toxicity; Uranium 
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Title: Future Needs for Critical and Exponential Experiments 
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Report: CONF-627-1 

Conference/Journal: European-American Committee on Reactor Physics, Hanko, Norway, June 1964. 
Orig. Receipt Date: 31-DEC-64 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Critical Assemblies; Criticality; Errors; Exponential Piles; 
Reactors; Uses 
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Title: Studies in the Field of Heterogeneous Reactor Theory 
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Report: CONF-640405-1; EUR-2105.e 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Distribution; Equations; Heavy Water 
Moderator; Lattices; Numericals; Organic Coolant; Orgel Reactor; Reactivity; Reactor Core; Reactors; 
Research Reactors; Zones 
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Report: CONF-650302-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation; Radiation Detection; Accidents; Activation; Copper; Criticality; 
Dosemeters; Energy; Energy Range; Fission; Gamma Radiation; Indium; Ionization Chambers; Lithium 
Fluorides; Luminescence; Measured Values; Neutrons; Planning; Pocket Chambers; Radiation Doses; 
Radiation Protection; Spectra; Sulfur; Temperature; Testing 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Delayed Neutrons; 
Diffusion; Measured Values; Neutron Beams; Neutron Flux; Prompt Neutrons; Pulses; Reaction Kinetics; 
Reactivity; Reactors; Volume 
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Conference/Journal: Symposium on Neutron Dynamics and Control, Tucson, Ariz.; AED-CONF-65- 
042-21. Orig. Receipt Date: 31-DEC-66 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boltzmann Equation; Computers; 
Differential Equations; Diffusion; Neutrons; Programming; Reactors; Transport Theory; UFTR 
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Date: 10/31/1966 

Report: CONF-650602-61; CONF-65-125-42 

Conference/Journal:  

Conference Session:  
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650602-68; AED-CONF-64-219-135. Orig. Receipt Date: 31-DEC-66 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Cadmium; Cadmium Ratio; Critical 
Assemblies; Moderators; Neutrons; Reactor Core; Spectra; Tennessee; USA 
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Conference/Journal: Health Physics Society Annual Meeting, Los Angeles, June 16, 1965 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; Blood; 
Criticality; Fast Neutrons; Fission; Gamma Radiation; Hair; Neutrons; Personnel; Radiation Doses; Skin; 
Sodium; Sulfur; Thermal Neutrons; Uranium 
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Conference/Journal: IAEA Symposium on Nuclear Materials Management, Vienna 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Austria; Burnup; 
Criticality; Numericals; Plutonium; Power Plants; Production; Reactivity; Reactors; Water Moderator 
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Abstract/Keyterms: Health and Safety; Austria; Configuration; Control; Criticality; Fissionable Materials; 
Mass; Quantity Ratio; Transport 
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Conference Session:  
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Conference Session:  
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Criticality; Design; Fuel Elements; Laboratory Equipment; Remote Handling; Reprocessing; Safety; 
Shielding; Volatility 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; California; Computers; Configuration; 
Diffusion; Economics; Neutron Flux; Neutrons; Numericals; Operation; Planning; Programming; Reactor 
Core; Reactors; USA 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Coolant Loops; Distribution; Equations; 
Heat Transfer; Hot Channel Factors; Numericals; Power; Power Plants; Reactors; Statistics 
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Abstract/Keyterms: Power Reactor Development; Criticality; Diffusion; Exponential Piles; Fermi Age; 
Group Theory; Heavy Water Moderator; Natural Uranium Fuel; Reactors; Thermal Neutrons; Wave 
Propagation 
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Detection; Diffusion; Energy; Frequency; Mathematics; Neutrons; Noise; Power; Reactors; Spectra; 
Subcritical Assemblies; Volume 
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Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Criticality; Excitation; Instruments; 
Measurement; Neutrons; Prompt Neutrons; Pulse Generators; Pulses; Random Phase Approximation; 
Reactor Period; Rossi Alpha Method; Statistics; Subcritical Assemblies 
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Abstract/Keyterms: This paper presents calculations of the plutonium-239 fueled ZPR-3 Assembly 48 
and the uranium-235 fueled ZPR-6 Assembly 2 using two cross section data files-the recently compiled 
ENDF/B data file and a modified ENDF/B data file. Modifications made to the ENDF/B file incorporate 
some of the significant cross section uncertainties important to fast reactors. The modified data file includes 
the following differences from the ENDF/B data fission cross sections other than for uranium-235 is placed 
on the evaluation of fission cross section ratio measurements above 15 keV; all fission cross sections above 
2.5 MeV incorporate the recent corrections for inelastic scattering by Hansen et al to the uranium-235 
fission cross section; higher alpha values are used for plutonium-239 below 20 keV; lower capture and 
modified inelastic cross sections are used for uranium-238; resonance parameters are used to calculate the 
iron capture cross section below 50 keV; chromium capture and inelastic cross sections were re-evaluated; 
a j= 2 spin state is assumed for the 2.85 keV resonance in sodium rather than the j=1 state used in ENDF/B. 
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Plutonium-Uranium Lattices; Plutonium Alloys and Systems / Pu-U, Fuel Burnup in Graphite and Heavy 
Water Moderated Lattices of, Computer Analysis of; Uranium / Burnup in Graphite and Heavy Water 
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Analysis of Zero-Reactivity Method for, Reactors, Research / Reactivity Measurements in ECO and RB-1, 
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Isotopes; Einsteinium; Fermium; Neptunium; Plutonium; Plutonium 238; Production; Transplutonium 
Elements; Uses 



 

C-3280 

3273…..…..…………………..…….……..……ID Number…………………..…..…………….3273 

Author: Schuske, C. L. 

Title: Criticality Considerations in Fluoride Volatility Processing 

Date: 10/31/1969 

Report: CONF-680610- 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Criticality; Fluorides; Measurement; Plutonium 239; Volatility 



 

C-3281 

3274…..…..…………………..…….……..……ID Number…………………..…..…………….3274 

Author: Pruvost, N. L. / Kolar, O. C. 

Title: Proceedings of the Livermore Array Symposium, September 23-25, 1968 

Date: 9/23/1968 

Report: CONF-680909 

Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Criticality / Neutron Interaction in Arrays of Fissile Material, Symposium on 



 

C-3282 

3275…..…..…………………..…….……..……ID Number…………………..…..…………….3275 

Author: Teller, E. 

Title: Prehistoric Safety Studies 

Date: 9/23/1968 

Report: CONF-680909, 001-005 

Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms:  



 

C-3283 

3276…..…..…………………..…….……..……ID Number…………………..…..…………….3276 

Author: Paxton, H. C. 

Title: Density Analog Techniques 

Date: 9/23/1968 

Report: CONF-680909, 006-011 

Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Fissionable Material / Storage of, Density-Analog and Surface-Density Techniques 
for Determining Critical Mass During; Criticality / Surface-Density Technique for Stored Fissile Materials, 
Description and Limits for; Criticality / Density-Analog Technique for Stored Fissile Materials, Description 
of 
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Conference Session:  

Abstract/Keyterms: Reactor Theory Kinetics; Adjoint Flux; Equations; Monte Carlo Method; Neutron 
Flux; Neutrons; Reactors; Sampling; Statistics; Transport Theory; / Neutron Transport Equations for, 
Development of Zero-Variance and Coupled Sampling Procedures for Adjoint Monte Carlo Solutions To; 
Sampling Schemes for Adjoint Monte Carlo, Description of Zero-Variance and Coupled; Equations for, 
Use of Monte Carlo Techniques for Sampling Adjoint; Neutrons / Transport Equations for, Development 
of Zero-Variance and Coupled Sampling Procedures for Adjoint Monte Carlo Solutions to 
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Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Reactor Theory Experimental Applications; Critical Assemblies; Criticality; 
Enriched Materials; Moderators; Monte Carlo Method; Numerical Solution; Numericals; Paraffin; 
Programming Computer Programs / For Criticality Calculations for Multiplying Systems, Comparison of 
KENO and O5R; Critical Assemblies / Criticality Calculations for Bare and Paraffin Moderated Enriched 
Uranium, Evaluation of KENO Monte Carlo Program for; Criticality / Application of Monte Carlo 
Techniques To, Comparison of KENO and O5R Programs for 
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Conference Session:  
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Method; Programming Criticality / Computer Programs for, Development of Multigroup Monte Carlo 
KENO; Monte Carlo Method / Development of Computer Code KENO for Application of Multigroup, 
Description of 
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Abstract/Keyterms: Reactor Theory Experimental Applications; Collisions; Exponential Piles; 
Multiplication Factors; Neutrons; Numerical Solution; Numericals; Probability; Statistics Neutrons / 
Multiplication Factors for, Description of Collision Probability Method for Calculating; Exponential Piles 
/ Neutron Multiplications for, Description of Collision Probability Method for Calculating 
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Abstract/Keyterms: Reactor Theory Experimental Applications; Analytic Functions; Angular 
Distribution; Currents; Distribution; Exponential Piles; Lattices; Mathematics; Neutrons; Probability; 
Statistics; Surfaces; Transport Exponential Piles / Neutron Currents in, Analytical Expression for Angular 
and Surface Distributions of; Neutrons / Current Distributions for One Dimensional Lattices, Derivation of 
Angular and Surface; Neutrons / Transmission Probabilities for One Dimensional Lattices, Derivation of 
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Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Reactor Theory Experimental Applications; Configuration; Criticality; Density; 
Equations; Exponential Piles; Mass; Numericals; Surfaces Criticality / Mass Determinations for Cubic and 
Planar Arrays, Calculations and Equations for Surface Density Method for; Exponential Piles / Critical 
Mass Determination for Cubic and Planar Array, Calculations and Equations for Surface Density Method 
for 
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Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Reactor Theory Experimental Applications; Angular Distribution; Collisions; 
Criticality; Energy; Errors; Exponential Piles; Losses; Multiplication Factors; Neutron Flux; Neutrons; 
Numericals; Programming; Scattering; Statistics, Exponential Piles / Neutron Multiplication for, Use of 
O5R Program for Calculating Effective; Neutron Flux for, Use of O5R Program for Calculating; Critical 
Parameters for, Statistical Errors Resulting from Use of Russian Roulette Method in O5R Calculations of / 
Neutron Collisions in, Use of O5R for Calculating Average Energy Loss in; Exponential Piles / Neutron 
Scattering Angle for, Use of O5R Program for Calculating Average Cosine of 
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Conference Session:  

Abstract/Keyterms: Reactor Theory Experimental Applications; Configuration; Criticality; Density; 
Exponential Piles; Leaks; Mass; Multiplication Factors; Neutrons; Plutonium; Spheres; Standards; 
Uranium; Variations Criticality / Bases and Philosophies for, Description of; Exponential Piles / Neutron 
Leakage from, Effects on Neutron Multiplication of; Criticality / Array Shape Effects on, Comparison of; 
Criticality / Arrays for, Monte Carlo Calculations for and Descriptions of Density-Scaled; Exponential Piles 
/ Fissile Material Density for, Variations of Number of Spherical Units with Uranium and Plutonium 
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Abstract/Keyterms: Criticality / Factors for Identical and Non-Identical Arrays, Use of Solid Angle 
Method for Determining; Exponential Piles / Assembly of, Equations and Description of Solid Angle 
Method of; Exponential Piles / Criticality Factors Determination for, Solid Angle Method for; Exponential 
Piles / Neutron Multiplication Factors for, Determination of Spacing Effects on 
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Conference Session:  

Abstract/Keyterms: Radiochemical Processing Plants / Criticality Parameters for Intersecting Pipes 
Containing Enriched Uranyl Nitrate Solutions, Empirical Method for Calculation of; Pipes / Configurations 
of Enriched Uranyl Nitrates in Multiple Intersecting, Criticality Parameters for, Uranyl Nitrates / Critical 
Configurations of Multiple Intersecting Pipes Containing Enriched, Parameters for 
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Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Criticality / Parameters for Arrays of Fissile Material in Diffusive Media and Air, 
Use of Diffusion Theory for Calculations of; Exponential Piles / Criticality Parameters for, Use of One-
Dimensional Two-Group Two-Region Diffusion Theory for Calculating 
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Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: Reactor Theory Experimental Applications; Absorption; Exponential Piles; Lattices; 
Numericals; Resonance; Transport Theory Exponential Piles / Lattices in, One Dimensional Transport 
Theory for Calculating Resonance Absorption in Tightly Packed 
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Report: CONF-680909, 096-107 

Conference/Journal: Livermore Array Symposium 23-25 September, 1968 

Conference Session:  

Abstract/Keyterms: The DTF-IV transport code is used to evaluate the interaction between boron-
poisoned slabs and uranium solution slabs when arranged in an infinite periodic array. The calculated results 
are compared with experimental results from a system closely approximating the one calculated. The 
experimental poison slabs are stainless-steel plates containing 1.02 wt% boron; the uranium solution 
contains 450.8 grams U(93.19 wt% per liter). Two apparent failures of transport codes to produce physically 
possible results are cited. 
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Conference Session:  

Abstract/Keyterms: An experimental program for arrays of plutonium-metal units was begun at the 
Lawrence Radiation Laboratory. Twenty-two critical configurations have been experimentally determined 
to date. 
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Conference Session:  

Abstract/Keyterms: Shipping / Containers for Radioactive Material, Implementation of AEC Regulation 
10 Cfr 71 for; Packaging / Regulations for Radioactive Material, Implementation of AEC; Safety / 
Regulations for Packaging of Transportable Radioactive Materials, Implementation of AEC; Radioactive 
Materials / Shipping of, Implementation of AEC Regulation 10 Cfr 71 for Containers for; Atomic Energy, 
Legal Aspects / Regulations for Packaging of Transportable Radioactive Materials, Implementation of AEC 
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Conference Session:  

Abstract/Keyterms: Shipping / Containers for Radioactive Material, Computer Analysis of Criticality 
Safety of; Safety / Analysis of Criticality, of Radioactive Materials Shipping Containers, Computer 
Programs for; Radioactive Materials / Shipping of, Computer Analysis of Criticality Safety of Containers 
for; Shielded Containers / Safety Analysis of Y-12 Model Fd, for Shipping Radioactive Materials, Use of 
Computer Programs for; Computer Programs / ANISN, Dot, and KENO, for Criticality Analysis of 
Radioactive Materials Shipping Containers 
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Materials, October 14-18, 1968, Gatlinburg, Tennessee 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Containers; Criticality; Design; 
Fabrication; Fuel Elements; Heat Transfer; Legal Aspects; Materials Testing; Performance; Safety; 
Shielding; Transport; Vessels 
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Conference/Journal: American Nuclear Society National Topical Meeting on Fast Burst Reactors, 
Albuquerque, 28-30 January, 1969 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Boltzmann 
Equation; Differential Equations; Neutron Beams; Pulses; Reactivity; Reactor Kinetics; Research Reactors; 
Transport Theory 
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Conference Session:  

Abstract/Keyterms: Preliminary results obtained with a new fast burst assembly are presented. The fuel 
is uranium-1.5 wt.% molybdenum alloy. Assembly features include a new scheme for securing fuel 
components in the core. 
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Title: Emergency decontamination facilities 

Date: 1/1/1972 

Report: CONF-690103-P3 

Conference/Journal: Health Physics Society midyear topical symposium, Los Angeles, California, USA, 
29 Jan 1969 

Conference Session:  

Abstract/Keyterms: The SL-1” criticality accident provided an opportunity for atomic energy installations 
to examine their capabilities and facilities for handling such an accident. It became apparent to Hanford 
personnel that they were unprepared for such an occurrence and corrective measures were initiated. The 
resulting radiosurgery and decontamination facilities are described. 
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Title: Experience Gained During a Criticality Accident Which Affected a Critical Assembly in MOL 
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Conference/Journal: Nuclear Accident Dosimetry Systems. Vienna ;International Atomic Energy 
Agency (1970).; From Panel on Nuclear Accident Dosimetry Systems, Vienna, Austria 

Conference Session:  

Abstract/Keyterms: Neutrons, Fast / Dosimetry in Tissue-Equivalent Phantoms Following Criticality 
Accidents; Phantoms / Radiation Dosimetry in Tissue-Equivalent, Following Criticality Accident, 
$Gamma$ and Fast Neutron; Gamma Radiation / Dosimetry in Tissue-Equivalent Phantoms Following 
Criticality Accidents; Accidents / Radiation Dosimetry of Personnel Following Criticality, Methods for 
$Gamma$ and Fast Neutron; Personnel / Radiation Dosimetry in, Following Criticality Accidents, Use of 
Tissue-Equivalent Phantoms for $Gamma$ and Fast Neutron 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Criticality; Lattices; Monte Carlo 
Method; Numericals; Programming 
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Report: CONF-690411, 077-078 

Conference/Journal: Tenth Annual Meeting of the Institute of Nuclear Materials Management, Las 
Vegas, Nevada, April 28--30, 1969 

Conference Session:  

Abstract/Keyterms: Liquid Metal Fast Breeder Reactor / Fuel Fabrication for, Effects of Criticality Safety 
on Economics of; Safety / Effects of Criticality, on Economics of LMFBR Fuel Fabrication; Reactor Fuels 
/ Fabrication of, Effects of Criticality Safety on Economics of 
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Title: Effect of Nuclear Standards on the Nuclear Industry 
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Conference/Journal: Proceedings of the Tenth Annual Meeting of the Institute of Nuclear Materials 
Management, Las Vegas, Nevada, April 28--30, 1969. Columbus, Ohio 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Engineering-Facilities & Equipment; 
Criticality; Design; Materials Testing; Operation; Packaging; Radiation Effects; Radiation Protection; 
Radioactivity; Safety; Standards; Transport 
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Title: Argonne National Laboratory Critical Experiment Program 
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Report: CONF-690634, 040-049 

Conference/Journal: The British Nuclear Energy Society-the Physics of Fast Reactor Operation and 
Design-International Conference, London, 24-26 June 1969 

Conference Session:  

Abstract/Keyterms: The ANL critical facilities are described briefly, in the context of their capabilities 
and limitations, and certain major modifications to the facilities that reduce or remove some of these 
limitations are described. The directions of the current program are outlined, and the results from two recent 
series of basic physics assemblies of general interest are given in some detail. The first series are null-
reactivity assemblies that give integral information on the plutonium-239 alpha in the kilovolt energy 
region, and the second series are simple-composition plutonium fueled assemblies that give general 
information on plutonium cross sections. In each case, the major experimental results are compared with 
analysis made using ENDF/B data. The planned program of large plutonium-fueled benchmark assemblies 
is then outlined briefly and as an example of the current status of one of the more important measurements 
made on assemblies of this kind, the measurements of the uranium-238 Doppler effect are selected for 
discussion in detail. The discussion first gives the results of measurements made to establish the 
measurement technique itself, and then focuses on the status of comparisons of the measurements with 
analyses made using ENDF/B data. 
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Title: Evaluation of Fast Critical Experiments by Use of Recent Methods and Data 

Date: 6/24/1969 

Report: CONF-690634, 094-100 

Conference/Journal: The British Nuclear Energy Society-the Physics of Fast Reactor Operation and 
Design-International Conference, London, 24-26 June 1969 

Conference Session:  

Abstract/Keyterms: The analysis of a series of fast critical experiments, with the latest information on 
basic nuclear data, was performed in the attempt to find reasons for the known deviations between 
theoretical prediction and experimental result. First, the theoretical methods used and the errors due to 
certain approximations (transport effects, multigroup scheme) are discussed. From the various data 
uncertainties those of the cross sections of heavy isotopes were investigated. In inelastic scattering the effect 
of the replacement on ABN probabilities by Karlsruhe data is considered. The results of this investigation 
will hopefully allow judging to a higher degree of confidence the accuracy of the predicted physical 
properties of large fast power reactors. 
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Conference/Journal: The British Nuclear Energy Society-the Physics of Fast Reactor Operation and 
Design-International Conference, London, 24-26 June 1969 

Conference Session:  

Abstract/Keyterms: Two methods of using integral experiments to improve the basic neutron data of a 
multigroup cross section set are described. First a statistical analysis of a large number of integral 
parameters measured in fast critical assemblies indicate modifications in cross sections for uranium-235, 
uranium-238, plutonium-239 and iron, leading to a new cross section set. Secondly, the utility of specific 
critical experiments for basic neutron data is demonstrated for the capture cross section of nickel and high 
energy cross sections of fissile isotopes. 
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Report: CONF-690634, 299-302 

Conference/Journal: International Conference on the Physics of Fast Reactor Operation and Design, 
London, England 

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Fuels; Critical Assemblies; Design; EFFBR; Fuels; 
Hazards; Measurement; Mixtures; Oxides; Reactor Lattices; Reactor Safety; Reliability 
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Date: 1/1/1969 

Report: CONF-690634, 82-89 

Conference/Journal: International Conference on the Physics of Fast Reactor Operation and Design, 
London, England 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Reactor Theory-Experimental 
Applications; Capture; Correlation; Critical Assemblies; Criticality; Cross Sections; Energy Range; 
Fission; Fission Ratio; Intermediate Neutrons; Measurement; Numericals; Plutonium 239; Reactivity 
Worths; Reactor Lattices; Stainless Steels; Uranium 235; Uranium 238 
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Title: Safe Transport of Fissile and Radioactive Materials 
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Report: CONF-700549-1 

Conference/Journal: Meeting of Society of Automotive Engineers, Detroit, Mich. 

Conference Session:  

Abstract/Keyterms: Radioactive Material Handling; Accidents; Containers; Criticality; Fission Products; 
Fuels; Legal Aspects; Packaging; Personnel; Radioactivity; Safety; Shielding; Transport 
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Title: Proceedings of the Third Conference on Neutron Cross Section Technology, Knoxville, 15-17 March 
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Date: 3/15/1971 

Report: CONF-710301 

Conference/Journal: Third Conference on Neutron Cross Section Technology, Knoxville, 15 March 
1971 

Conference Session:  

Abstract/Keyterms:  
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Title: Integral Comparisons for Fast Critical Assemblies 

Date: 10/31/1972 

Report: CONF-710301-(Vol.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Physics (Nuclear)-Neutron Interactions with Matter; 
Critical Assemblies; Criticality; Cross Sections; Fast Reactors; Neutrons; Reactor Kinetics 
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Title: Study of Methods of Cross-Section Error Identification Utilizing Integral Data from Fast Critical 
Assemblies 

Date: 10/31/1972 

Report: CONF-710301-(Vol.1) 

Conference/Journal: Cconference on neutron cross sections and technology; Knoxville, Tenn. (15 Mar 
1971) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Physics (Nuclear)-Neutron Interactions with Matter; 
Critical Assemblies; Criticality; Cross Sections; Errors; Fast Reactors; Neutrons; Reactor Kinetics 
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Conference/Journal: Conference on neutron cross sections and technology; Knoxville, Tenn. (15 Mar 
1971) 

Conference Session:  

Abstract/Keyterms: Reactor Theory; Physics (Nuclear)- Neutron Interactions with Matter; Critical 
Assemblies; Criticality; Cross Sections; Evaluation; Neutron Spectra; Neutrons; Nuclear Reactions; 
Reactor Kinetics 
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Title: Integral Testing of Modifications to ENDF/B Version II Data 

Date: 3/15/1971 

Report: CONF-710301, 1, 44-50 

Conference/Journal: Third Conference on Neutron Cross Section Technology, Knoxville, 15 March 
1971 

Conference Session:  

Abstract/Keyterms: This paper describes the results of integral testing against critical experiments of 
ENDF/B Version II data and of modifications to this data. Modifications of the data have been tested against 
experiment individually and collectively to obtain a modified data set which yields improved agreement 
with integral experiments of interest to LMFBR design analyses. Eleven critical assemblies have been 
analyzed in this study including assemblies covering a wide range of neutron spectra, fissile/fertile ratios, 
and core size with both uranium blankets and nickel reflectors. Assemblies of particular interest to LMFBR 
design include ZPPR-2, ZPR-3-56B, ZPR-3-48, ZPR-6-6A and ZPR-6-7. Eigenvalues have been calculated 
to better than 1% accuracy for nine of eleven assemblies with only ZEBRA 2 and 3 having eigenvalues 
1.3% low. Central reaction rate ratio calculations with adjusted ENDF/B Version II data are shown to be in 
good agreement with measured ratios. This adjusted data improves the central material worths in ZPR-3-
48. 
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Report: CONF-740901-P2 

Conference/Journal: International symposium on packaging and transportation of radioactive materials/ 
22 Sep 1974/ Miami Beach, Florida, USA 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation-Containers; Casks- 
Criticality; Criticality- Computer Calculations; Fuel Elements- Transport; BWR Type Reactors; PWR Type 
Reactors; Safety 
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3394…..…..…………………..…….……..……ID Number…………………..…..…………….3394 

Author: Thomas, J. T. 

Title: Nuclear Criticality Safety and Transport Container Utility 

Date: 9/22/1974 

Report: CONF-740901-P2, 608-610 

Conference/Journal: International symposium on packaging and transportation of radioactive materials/ 
22 Sep 1974/ Miami Beach, Florida, USA 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation-Containers; Casks- Safety; 
Fissile Materials- Transport; Criticality; Standards 
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3395…..…..…………………..…….……..……ID Number…………………..…..…………….3395 

Author: Shultz, K. R. 

Title: Panel Discussion on "Nuclear Criticality Safety" 

Date: 9/1/1974 

Report: CONF-740901-P3, 1067-1069 

Conference/Journal: International symposium on packaging and transportation of radioactive materials, 
Miami Beach, Florida, USA, 22 Sep 1974 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Casks- Safety; Fissile 
Materials- Transport Regulations; Canada; Criticality 
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3396…..…..…………………..…….……..……ID Number…………………..…..…………….3396 

Author: Pond, R. B. / Travelli, A. / Robinson, W. R. / Armani, R. J. / Beitel, J. C. / Kallfelz, J. M. 

Title: European Oxide Measurements in the Engineering Mockup Critical Assembly of the Fast Test 
Reactor 

Date: 9/1/1974 

Report: CONF-740903 

Conference/Journal: Meeting on advanced reactors;physics, design and economics; 8 Sep 1974; Atlanta, 
Georgia, USA; Advanced reactors: physics, design, and economics 

Conference Session:  

Abstract/Keyterms: Worth measurements of Eu2O3 and B4C have been made at the location of a 
peripheral shim rod, of a control rod, and of a safety rod in the Engineering Mockup Critical (EMC) 
Assembly of the Fast Test Reactor (FTR). The worths were measured as a function of the volume fraction 
of control material in the rods over a range from 4 to 32 percent. The measurements indicate that europia 
is approximately equivalent to natural boron carbide on a reactivity worth per unit volume basis. Calculation 
of the worths and comparison with the experimental results have also been performed. 
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3397…..…..…………………..…….……..……ID Number…………………..…..…………….3397 

Author: Boehme, R. / Helm, F. / Pilate, S. / Pinter, M. / Scholtyssek, W. / Kallfelz, J. M. 

Title: Critical experiments at SNEAK in support of fast reactor design 

Date: 9/8/1974 

Report: CONF-740903 

Conference/Journal: Meeting on advanced reactors; physics, design and economics, Atlanta, Georgia, 
USA, 8 Sep 1974 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; Nuclear Power Plants-Power Reactors, 
Breeding; SNEAK Reactor- Reactor Operation; Snr Reactor- Fuel Assemblies; Control Rod Worths; 
Criticality; Design; Multiplication Factors; Reactor Components; Reactor Kinetics 
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3398…..…..…………………..…….……..……ID Number…………………..…..…………….3398 

Author: Mihalczo, J. T. / Pare, V. K. 

Title: Theory of correlation measurement in time and frequency domains with 252Cf 

Date: 1/1/1974 

Report: CONF-741065-41; ORNL-TM-4732 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Reactor Noise; Reactivity- Measuring 
Methods; Californium 252; Correlations; Ionization Chambers; Neutron Sources; Reactor Kinetics; Rossi 
Alpha Method 
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3399…..…..…………………..…….……..……ID Number…………………..…..…………….3399 

Author: Sundaram, V. K. / Gopinath, D. V. 

Title: Criticality calculations by source-collision iteration technique for cylindrical systems 

Date: 11/30/1974 

Report: CONF-741109; Natl. Bur. Stand. (U.S.), Spec. Publ.; Volume: 461 

Conference/Journal: International symposium on radiation physics, Calcutta, India, 30 Nov 1974 

Conference Session:  

Abstract/Keyterms: A fast-converging iterative technique is presented which uses first collision 
probabilities developed for obtaining criticality parameters in two-region cylindrical systems with 
multigroup structure in energy of the neutrons. The space transmission matrix is obtained part analytically 
and part numerically through evaluation of a single-fold integral. Critical dimensions for condensed systems 
of uranium and plutonium computed using this method are presented and compared with published values. 
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3400…..…..…………………..…….……..……ID Number…………………..…..…………….3400 

Author: Mathis, M. V. / De Lorenzo, J. T. / Chiles, M. M. / Mihalczo, J. T. 

Title: Nuclear detection instrumentation for RSP measurements with the FFTF engineering mockup core 

Date: 11/26/1974 

Report: CONF-741212-3 

Conference/Journal: scintillation and semiconductor symposium/ 11 Dec 1974/ Washington, District of 
Columbia, USA 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; -Reactors-Power Reactors, Breeding; -Instrumentation-Radiation Detection 
Instruments-General Detectors & Monitors; FFTF Reactor- Reactivity; Reactivity- Measuring Methods; 
Mockup; Monitoring; Neutron Flux; Reactor Noise; Rod Drop Method; Sensitivity; Testing 
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3401…..…..…………………..…….……..……ID Number…………………..…..…………….3401 

Author: Macbeth, P. J. / Kunze, J. F. / Rogers, V. C. 

Title: Relationship of Observed Flow Patterns to Gas Core Reactor Criticality 

Date: 1/1/1975 

Report: CONF-750607-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The gas core reactor requires the establishment of stable and unique flow patterns. A 
recent series of room temperature flow tests have studied the hydrodynamics, particularly involving gases 
of differing densities. In an actual operating gas core reactor, the central gas of vaporized uranium will have 
a much higher density than the surrounding coolant. Testing was done in two different sized chambers (18 
inch and 36 inch diameter) to study hydrodynamic scaling. Air was employed as the “coolant” gas. Air, 
argon, and freon, smoked for identification, was used to simulate the fuel. A variety of injectors at various 
locations in the cavity were employed. 
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3402…..…..…………………..…….……..……ID Number…………………..…..…………….3402 

Author: Guanajuato Univ. 

Title: Second National Congress, Mexican Academy of Science and Nuclear Technology 

Date: 1/1/1975 

Report: CONF-7510112-P1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first volume contains papers on the applications of radiation and radioactive 
material and papers on nuclear materials and installations. The primary applications considered were 
biological and chemical. The papers on nuclear materials discussed analysis of UF4, critical mass, 
shielding, nuclear reactors, fuel production, and reactor physics. Each paper is listed and indexed separately. 
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3403…..…..…………………..…….……..……ID Number…………………..…..…………….3403 

Author: Spencer, W. F. / Affel, R. G. / Austin, H. C. / Nichols, J. P. / Stoutt, B. H. / Wachter, J. W. 

Title: Computerized real-time materials accountability system for safeguards material control 

Date: 10/20/1975 

Report: CONF-751017-1 

Conference/Journal: Symposium on safeguards of nuclear materials, Vienna, Austria, 20 Oct 1975 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Accountability & Safeguards; ORNL- 
Safeguards; Safeguards- Accounting; Computer Calculations; Computers; Material Balance Area; Nuclear 
Materials Management 
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3404…..…..…………………..…….……..……ID Number…………………..…..…………….3404 

Author: Hetrick, D. L. 

Title: Nuclear Safety, 1975 

Date: 10/1/1975 

Report: CONF-751044 

Conference/Journal: ANS topical meeting on nuclear safety/ 5 Oct 1975/ Tucson, Arizona, USA 

Conference Session:  

Abstract/Keyterms: Separate abstracts are included for 29 of the 31 papers presented on reactor safety, 
radioactive materials management, criticality accidents, and radioactive waste management. Two of the 
papers have been previously abstracted and included in ERA. 



 

C-3412 

3405…..…..…………………..…….……..……ID Number…………………..…..…………….3405 

Author: Morrison, G. W. / Pike, D. H. / Petrie, L. M. 

Title: Linear Filtering Applied to Monte Carlo Criticality Calculations 

Date: 1/1/1975 

Report: CONF-751101-30 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: A significant improvement in the acceleration of the convergence of the eigenvalue 
computed by Monte Carlo techniques has been developed by applying linear filtering theory to Monte Carlo 
calculations for multiplying systems. A Kalman filter was applied to a KENO Monte Carlo calculation of 
an experimental critical system consisting of eight interacting units of fissile material. A comparison of the 
filter estimate and the Monte Carlo realization was made. The Kalman filter converged in five iterations to 
0.9977. After 95 iterations, the average k-eff from the Monte Carlo calculation was 0.9981.This 
demonstrates that the Kalman filter has the potential of reducing the calculational effort of multiplying 
systems. Other examples and results are discussed. 
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3406…..…..…………………..…….……..……ID Number…………………..…..…………….3406 

Author: Kumar, V. / Dwivedi, S. R. 

Title: Application of 'MND' Model in Two Dimensional Power Distribution Calculation 

Date: 3/1/1978 

Report: CONF-7603107, 222-225 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: In the analysis of UO2 enriched and water moderated critical assemblies it was 
noticed that conventional two group calculations give rise to large uncertainties in power distribution near 
core reflector boundary. A study was made to see if improvements could be made by using Mixed Number 
Density (MND) model. Two types of assemblies containing 4 wt.% UO2 fuel were analysed. For generating 
two group conventional and MND parameters lattice code MURLI was used. These two group parameters 
were used in 2DXY to obtain power distribution in two dimensional configurations. MND model predicts 
slightly higher k(eff) while power distribution calculations are within 5%. 
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3407…..…..…………………..…….……..……ID Number…………………..…..…………….3407 

Author: Jain, V. K. 

Title: Feasibility Study of Light Water Lattice Experiments in Zerlina Reactor 

Date: 3/1/1978 

Report: CONF-7603107, 226-230 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: Accurate prediction of reactivity and power distribution in a fuel bundle of a boiling 
light water reactor is of vital importance for the fuel management of the reactor. The analysis of TAPS fuel 
bundles as a function of a burnup and void shows that still some improvements are needed. With this aim, 
it is proposed to do some light water lattice experiments in the Zerlina reactor. The results of the feasibility 
studies carried out are presented. The code 2DB was used for the study. It is seen that in some configurations 
criticality can be achieved. 



 

C-3415 

3408…..…..…………………..…….……..……ID Number…………………..…..…………….3408 

Author: Subramanian, M. / Mehta, S. K. / Deniz, V. C. / Dhodapkar, S. D. / Koparde, R. V. / Rasheed, K. 
K. 

Title: Reactivity Worth Measurements of Pu-Al Booster Rods and R-5 Gadolinium Liquid Poison Tubes 
in the Zerlina Reactor 

Date: 3/1/1978 

Report: CONF-7603107, 360-363 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: Reactivity worths of Pu-Al booster rods were measured in ZERLINA for two 
plutonium enrichments, viz, 10.45 wt.%, and 18.14 wt.% in Pu-Al alloy. The reactivity worths were 
measured by “Silver Wire Method”, where the reactor is calibrated by comparing the theoretical worth of 
a full length silver wire and the measured change in axial buckling of the core caused by the silver wire. 
The reactivity worth of a R-5 gadolinium liquid poison tube as a function of gadolinium concentration in 
the range 0-25,000 ppm of gadolinium by weight and the tube location in the ZERLINA core is being 
measured. The reactivity worth is obtained by measuring the level co-efficient of reactivity for unperturbed 
core and the change in buckling caused by the liquid poison tube. The shadowing effect of the poison tubes 
are studied by measuring the reactivity worths of groups of poison tubes. Some representative results of 
these measurements are presented. 



 

C-3416 

3409…..…..…………………..…….……..……ID Number…………………..…..…………….3409 

Author: Deniz, V. C. / Potti, T. 

Title: Substitution Experiments in Zerlina for Measuring Small Changes in a Lattice 

Date: 3/1/1978 

Report: CONF-7603107, 364-367 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: The procedures for analysing experiments using the substitution technique have been 
developed to a considerable extent and can now be used with a fair degree of confidence in cases where the 
substituted lattice is considerably different from the reference lattice. The technique, however, remains of 
great utility to measure the effects of small changes in a given lattice. In this case, the reference lattice is 
the one without the changes, and the substituted lattice is the one in which the small changes are 
incorporated. The consistency of results obtained in the case of small changes is demonstrated. Experiments 
were performed in ZERLINA in which the substituted lattice consists of fuel elements exactly similar to 
those in the reference lattice except that the substituted elements were fabricated many years after those in 
the reference lattice, with consequent small differences in the materials used, for example in the aluminum 
used for cladding. Different sources of supply can mean different contents of boron impurity and the 
substitution experiments are a good way of examining the incidence of such differences on the reactivity 
of the reactor. The results of the experiments are presented. 
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3410…..…..…………………..…….……..……ID Number…………………..…..…………….3410 

Author: Singh, R. S. 

Title: Current Developments in Fast Reactor Physics 

Date: 3/1/1978 

Report: CONF-7603107, 373-387 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: The different areas of development in physics of fast reactors have been identified 
and briefly reviewed. These include reactor theory and analysis, nuclear data evaluation and processing, 
critical experiments and their analysis and problems in the physics design of fast power reactors. Recent 
developments in each of these areas have been discussed and the future trends indicated. An assessment of 
the target accuracies in the prediction of physical parameters of fast power reactors and their present status 
have also been included. 
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3411…..…..…………………..…….……..……ID Number…………………..…..…………….3411 

Author: Srinivasan, M. 

Title: Innovations in Reactor Physics Experiments 

Date: 3/1/1978 

Report: CONF-7603107, 443-455 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: Some of the exciting reactor physics experiments which have played an important 
role in the early development of the theory of fission chain reactions are briefly recapitulated. Interesting 
concepts in reactor physics such as coupled reactors, the dissolver paradox," thin foil minimum critical 
mass systems etc. are discussed. The relation between criticality and material density is reviewed, leading 
to the concept of laser imploded micro fission systems, which is currently receiving much worldwide 
attention. Certain attractive features of an elliptic reactor for conducting neutron fluctuation measurements 
are also pointed out. 
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3412…..…..…………………..…….……..……ID Number…………………..…..…………….3412 

Author: Job, P. K. / Srinivasan, M. / Nargundkar, V. R. / Chandramoleshwar, K. / Pasupathy, C. S. / Das, 
S. / Mayankutty, P. C. 

Title: Subcritical Multiplication Measurements with a BeO Reflected 233U Uranyl Nitrate Solution System 

Date: 3/1/1976 

Report: CONF-7603107, 456-462 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: A series of subcritical multiplication measurements were carried out in PURNIMA 
with 233U uranyl nitrate solution contained in an 11 x 11 cm2 square sectional tank and reflected by 30 cm 
thickness of BeO on all sides. The objective of these experiments was to determine the ‘Minimum critical 
mass' of the system in rectangular parallelepiped geometry. The rectangular aluminum core tank was 
attached to the bottom of an alpha tight glove box. BeO reflector was arranged below the glove box outside 
the core tank. The system multiplication was measured as a function of solution concentration and core 
volume by means of neutron detectors placed outside the assembly. The extrapolated critical mass was 
obtained through conventional inverse counts plot. The maximum amount of 233U used was 120 gms. The 
rectangular geometry was estimated to be 235 ± 10 gms, in the concentration range of 80 to 120 gms/litre 
of 233U. The experimental set up, procedure adopted, method of analysis and the details of the results are 
described. 
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3413…..…..…………………..…….……..……ID Number…………………..…..…………….3413 

Author: Kumar, V. 

Title: Minimum Critical Mass of 233U Aqueous Solution with BeO Reflector in Spherical Geometry 

Date: 3/1/1978 

Report: CONF-7603107, 474-476 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: The minimum critical mass, critical volume and concentration for an aqueous solution 
of 233U sphere in BeO reflector are presented within the frame of one group diffusion theory. Although 
the one group treatment fails for water as the moderator, the fitting of the data is achieved by choosing an 
extrapolation length for the bare sphere and varying the neutron age in water with H/233U ratio. Firstly the 
criticality equation for a bare homogeneous and spherical reactor is solved. In the next step the reflector 
saving of BeO reflector is calculated. The calculated critical mass of 233U is 262 gm. 
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Author: Menon, S. V. g. / Sahni, D. C. 

Title: Analysis of Criticality Experiments with Uranyl Nitrate 233U Solution 

Date: 3/1/1978 

Report: CONF-7603107, 477-480 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms:  



 

C-3422 
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Author: Das, S. / Srinivasan, M. 

Title: Effect of Reflector-Returned Neutrons on Reactor Kinetics 

Date: 3/1/1978 

Report: CONF-7603107, 489-494 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms:  
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3416…..…..…………………..…….……..……ID Number…………………..…..…………….3416 

Author: Basu, T. K. / Srinivasan, M. / Subba Rao, K. / Nargundkar, V. R. / Chandramoleshwar, K. / 
Pasupathy, C. S. / Job, P. K. / Das, S. 

Title: Effect of Heterogeneity on Critical Mass of Water Reflected PuO2-H2O Lattices 

Date: 1/1/1978 

Report: CONF-7603107, 503-509 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: A series of subcritical multiplication measurements were carried out at PURNIMA 
with PuO2 fuel pins arranged in various square and triangular lattices covering a Vsub(H2O) to 
Vsub(PuO2) range of 0.3-46.0, with a view to find the optimum lattice arrangement that would give a 
critical configuration having the minimum critical mass. The experiments indicated that the minimum 
critical mass is in the region of 5-7 kg of Pu, and is obtained with a square lattice pitch of 4-5 cm (H:Pu = 
50-80). It is, however, known that the minimum critical mass of water reflected Pu-H2O homogeneous 
solution systems is approximately 500 gms only. The high critical mass for the PuO2 pins in water is mainly 
attributed to the heterogeneity effect (lumping of fuel). The general question of the effect of heterogeneity 
on critical mass of highly enriched fuel is reviewed and the PURNIMA experimental results are compared 
with DTF-IV calculations and other published data. 
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3417…..…..…………………..…….……..……ID Number…………………..…..…………….3417 

Author: Godwal, B. K. / Phiske, M. R. / Navalkar, M. P. 

Title: Measurement of Physics Parameters of Systems, Large and Small Using Gamma-Gamma Relation 

Date: 3/1/1978 

Report: CONF-7603107, 514-517 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: The conventional Rossi-alpha method based on neutron fluctuations has two 
limitations, namely, it cannot be used for highly sub-critical systems and secondly for small systems. 
Therefore a method based on gamma-gamma fluctuations as an alternative has been proposed. As a first 
step to employing the method for small systems, some of the physics parameters for a thermal system like 
ZERLINA have been measured. Measurements have been done for alphas for three levels of criticality i.e. 
delayed, 7.5 and 15.8 dollars subcritical. From the measured alphas, neutron life time for core 59 BQ has 
been obtained as 1 m secs which is in good agreement with the expected value of 1.2 m secs. 
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3418…..…..…………………..…….……..……ID Number…………………..…..…………….3418 

Author: Kapil, S. K. 

Title: Core Disruptive Accidents in Fast Reactors 

Date: 3/1/1978 

Report: CONF-7603107, 629-647 

Conference/Journal: Symposium on Reactor Physics, Bombay, India, 1 March 1976 

Conference Session:  

Abstract/Keyterms: The nuclear safety of fast reactors is important in determining the feasibility of the 
large scale introduction of fast power reactors. The core disruptive accidents, involving the attainment of 
super prompt criticality, are often the severest accidents which can be hypothesized. Although the 
possibility of such accidents in a well designed reactor is small, they are studied due to their severe 
consequences. The core disruptive accidents can be initiated among other causes, by the loss of cooling, 
uncontrolled reactivity addition and the propagation of an abnormal local condition. The detailed sequence 
of events leading to such an accident is often difficult to identify in a unique manner. Most of the physical 
processes involved in this initiating phase are not very well understood. A study of the severe accidents 
involves many interacting phenomena and disciplines. The current status of the study of the physics of core 
disruptive accidents, the available computational tools and the problem areas are discussed. Some recent 
work done in this field, including the development of space-time codes and the relevant thermodynamic 
data, is summarised. 
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3419…..…..…………………..…….……..……ID Number…………………..…..…………….3419 

Author: Berger, H. 

Title: Californium-252 as a Source for Thermal Neutron Radiography 

Date: 1/1/1976 

Report: CONF-760436-P2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thermal neutron radiography is compared to other methods for nondestructive 
evaluation; it is shown to offer advantages in many aerospace and nuclear inspection areas. One example 
concerns problems such as detection of nonbonds or cracks open to the surface, where liquid contrast agents 
can be used to help image defect areas. Descriptions and economics of neutron sources including reactors, 
subcritical assemblies, accelerators and radioactive sources are given. All the sources can be considered for 
in-plant inspection use; the higher yield sources offer initial economic advantages. Radioactive sources are 
well suited for field applications. The inspection effectiveness of 252Cf has been demonstrated. This source 
seems particularly useful where a peak thermal flux of greater than or equal to 10$sup 7$ n/cm2 s is needed. 
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3420…..…..…………………..…….……..……ID Number…………………..…..…………….3420 

Author: Tyufyakov, N. D. 

Title: Use of 252Cf Neutron Sources in the USSR 

Date: 1/1/1976 

Report: CONF-760436-P2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Topics discussed include use of 252Cf in neutron multipliers; and neutron 
radiography. 
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3421…..…..…………………..…….……..……ID Number…………………..…..…………….3421 

Author: Latham, T. S. / Rodgers, R. J. 

Title: Plasma Core Reactor Applications 

Date: 9/1/1976 

Report: CONF-760646 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analytical and experimental investigations are being conducted to demonstrate the 
feasibility of fissioning uranium plasma core reactors and to characterize space and terrestrial applications 
for such reactors. Uranium hexafluoride (UF6) fuel is injected into core cavities and confined away from 
the surface by argon buffer gas injected tangentially from the peripheral walls. Power, in the form of thermal 
radiation emitted from the high-temperature nuclear fuel, is transmitted through fused-silica transparent 
walls to working fluids which flow in axial channels embedded in segments of the cavity walls. Radiant 
heat transfer calculations were performed for a six-cavity reactor configuration; each cavity is 
approximately 1 m in diameter by 4.35 m in length. Axial working fluid channels are located along a 
fraction of each cavity peripheral wall. 
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3422…..…..…………………..…….……..……ID Number…………………..…..…………….3422 

Author: Rodgers, R. J. / Latham, T. S. 

Title: Parametric Analyses of Planned Flowing Uranium Hexafluoride Critical Experiments 

Date: 9/1/1976 

Report: CONF-760646 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analytical investigations were conducted to determine preliminary design and 
operating characteristics of flowing uranium hexafluoride (UF6) gaseous nuclear reactor experiments in 
which a hybrid core configuration comprised of UF6 gas and a region of solid fuel will be employed. The 
results indicate that confined flow tests of a gaseous UF6-uranium fuel element hybrid core configuration 
appear feasible. A preliminary design is described for an argon buffer gas confined, UF6 flow loop system 
for future use in flowing critical experiments. Flowing gaseous UF6 would be confined within the cavity 
core Canister by Tangential Injection of Argon Buffer Gas to Produce a Radial Inflow Vortex Flow Pattern. 
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Author: Thomas, J. T. 

Title: Evaluation of Criticality Criteria for Class II Packages in Transportation 

Date: 1/1/1976 

Report: CONF-760813-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations were made for U(93.2) and typical insulation materials (Celotex) in ideal 
cubic arrays under various reflector conditions (three-and six-sided water and concrete). The reflector effect 
is greatly reduced because of the packaging materials. It is concluded that transportation criteria for 
criticality assessment of Class II packages have practical bases and that mass limits based on air-spaced 
units are suitable as mass limits for packages. 
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3424…..…..…………………..…….……..……ID Number…………………..…..…………….3424 

Author: Lewis, R. A. / Rardin, D. C. / Travelli, A. 

Title: STF Design Features and Estimated Performance 

Date: 10/5/1976 

Report: CONF-761001-41 

Conference/Journal: International meeting on fast reactor safety and related physics/ 5 Oct 1976/ 
Chicago, IL, USA 

Conference Session:  

Abstract/Keyterms: A new test reactor facility, the STF, currently scheduled for criticality in 1982, is 
being designed by ANL to meet needs for increased testing capabilities in the U.S. fast reactor safety testing 
program. The reactor will provide a fast reactor neutron spectrum and prototypical radial and axial power 
profiles over a large central test region capable of accommodating full-size commercial LMFBR and GCFR 
fuel elements in test sizes up to the equivalent of several subassemblies. Extensive access for fuel-motion 
monitoring (including multiple neutron-hodoscopes) and other test-diagnostic equipment will be provided. 
Cost and schedule considerations have resulted in a burst-type heat-capacity design capable of delivering 
the energy equivalent of approximately 30 seconds of normal full-power test-fuel operation in arbitrary 
complex power-time shapes including short period power bursts (down to 1 ms). 
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3425…..…..…………………..…….……..……ID Number…………………..…..…………….3425 

Author: Bhattacharyya, S. K. / Bohn, E. M. / Lesage, L. G. / Pond, R. B. 

Title: Experimental Studies of GCFR Safety Physics Parameters in the ZPR-9 Critical Assemblies 

Date: 1/1/1976 

Report: CONF-761001-P2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics parameters related to the safety analysis of the Gas-Cooled Fast Reactor 
(GCFR) have been measured in a series of critical assemblies constructed on ZPR-9. These measurements 
represent the first full-scale experimental study of GCFR physics. The critical assemblies were modeled 
after the 300 MWe GCFR Demonstration Plant designed by General Atomic Company. The specific 
integral parameters studied were the coolant (helium) depressurization worth, the 238U Doppler effect, 
control rod worths and the reactivity worth of materials of importance to GCFR safety. An extensive study 
was made of the effects of steam entry in a GCFR core. The results showed that the helium depressurization 
worth is small and considerably over predicted (by approximately 35 percent) by standard methods, and 
that the GCFR spectrum was harder than corresponding LMFBR spectra as evidenced by the decreased 
238U Doppler effect and control rod worths and central reactivity worths. Steam entry in the critical 
assembly was shown to result in a positive reactivity insertion and cause a large change in the magnitudes 
of the safety related physics parameters. The results provide a basis for validating the methods used for 
GCFR safety analyses. 
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3426…..…..…………………..…….……..……ID Number…………………..…..…………….3426 

Author: Pena, J. / Froehlich, R. / Schmuck, P. 

Title: Critical Configurations and Secondary Excursions for High Temperature Fuel/Steel Mixtures 

Date: 1/1/1976 

Report: CONF-761001-P3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The amount of fuel necessary for obtaining neutronically critical configurations is 
studied. Critical spheres of fuel or of fuel/steel mixtures embedded in sodium are considered and the 
necessary amount of fuel is determined as function of Pu-enrichment, void fraction, and steel content. It is 
found that rather large fuel masses are necessary, especially for high void fractions (low smeared densities) 
or relatively high steel content. The calculations have been done by applying transport and diffusion theory 
by using the 26 group KFK-INR cross section set. Secondary excursions are analysed for high temperature 
fuel masses by using a two partner model, where one mass is resting on depleted UO2 and the other mass 
is falling on top of the first one. High and low density systems are studied. Free fall, fall in sodium, and in 
addition a rather slow fall are considered. For high density masses large reactivity ramps, high pressure 
pulses, but very low thermal energy releases are encountered. For low density systems relatively low 
reactivity ramps, relatively low pressures, but high thermal energy releases are obtained. The calculations 
have been performed by using the neutronic-hydrodynamics program KADIS and by starting from rather 
pessimistic assumptions. For the SNR-300 it can be concluded that secondary excursions in the external 
core 
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3427…..…..…………………..…….……..……ID Number…………………..…..…………….3427 

Author: Fauske, H. K. 

Title: Boiling and Two-Phase Flow Problems in Liquid Metal Fast Breeder Reactor Safety Analysis 

Date: 10/1/1976 

Report: CONF-761039-2 

Conference/Journal: Two-phase flow and heat transfer symposium/ 18 Oct 1976/ Fort Lauderdale, FL, 
USA 

Conference Session:  

Abstract/Keyterms: Accident energetics problems generic to the liquid metal cooled fast breeder reactor 
concept are briefly discussed, including the concern over energetic recriticality and energetic fuel-coolant 
interaction events following a low probability core disruptive accident. Application of well-known two-
phase flow and nucleation concepts suggest that (1) disrupted core material would experience boilup even 
at decay heat power levels and would not be prone to slump or compact causing energetic recriticality and 
(2) since the contact temperature between the molten oxide fuel and liquid sodium is well below the 
spontaneous nucleation temperature for sodium, large-scale energetic fuel-coolant thermal interactions 
(vapor explosions) should not occur. 
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3428…..…..…………………..…….……..……ID Number…………………..…..…………….3428 

Author: Rhoades, W. A. 

Title: DOT IV Variable Mesh Discrete Ordinates Transport Code 

Date: 1/1/1977 

Report: CONF-770401-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: DOT IV is designed to allow very large problems to be solved on a wide range of 
computers and memory arrangements. New flexibility in both space-mesh and directional-quadrature 
specification is allowed. For example, the radial mesh in an R-Z problem can vary with axial position. The 
directional quadrature can vary with both space and energy group. Several features improve performance 
on both deep penetration and criticality problems. Application to a difficult void-streaming problem is 
illustrated. 



 

C-3436 

3429…..…..…………………..…….……..……ID Number…………………..…..…………….3429 

Author: Orr, W. L. 

Title: Westinghouse Pu Recycle Experience and Design 

Date: 1/1/1977 

Report: CONF-770554 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Westinghouse plutonium recycle experience began in the mid-1960's with the 
Saxton Plutonium Program. Later, with the Edison Electric Institute (EEI), commercial recycle applications 
were investigated and then demonstrated by irradiating four plutonium fuel assemblies for two cycles in 
the San Onofre Reactor. A series of critical experiments was also performed sponsored by the Empire State 
Atomic Development Associated, Inc. (ESADA). Westinghouse funded tasks, carried out in parallel, 
include physics methods development and design studies, construction and operation of the Plutonium 
Fuels Development Laboratory, development of process technology for a large commercial plutonium 
manufacturing facility, and the design of the Recycle Fuels Plant to be built near anderson, South Carolina. 
The good agreement between calculated and measured nuclear parameters validates the accuracy of nuclear 
design methods and justifies the conclusion that the nuclear design of a plutonium recycle core requires no 
additional uncertainty over that of a core fueled solely with uranium. 
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3430…..…..…………………..…….……..……ID Number…………………..…..…………….3430 

Author: Fauske, H. K. 

Title: Assessment of Accident Energetics in LMFBR Core-Disruptive Accidents 

Date: 8/22/1977 

Report: CONF-770817-3 

Conference/Journal: International seminar on containment of fast breeder reactors/ 22 Aug 1977/ San 
Francisco, California, USA 

Conference Session:  

Abstract/Keyterms: An assessment of accident energetics in LMFBR core-disruptive accidents is given 
with emphasis on the generic issues of energetic recriticality and energetic fuel-coolant interaction events. 
Application of a few general behavior principles to the oxide-fueled system suggests that such events are 
highly unlikely following a postulated core meltdown event. 



 

C-3438 

3431…..…..…………………..…….……..……ID Number…………………..…..…………….3431 

Author: Maschek, W. / Struwe, D. 

Title: Recriticality Considerations and Core Material Distribution in the Reactor Vessel of SNR-300 as 
Consequence of Unprotected Loss-of-Flow Transients in the Mark-1a Core 

Date: 1/1/1979 

Report: CONF-771222, 721-732 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the context of consequence evaluation of LOF-accidents for SNR-300 the potential 
for recriticality events during core meltdown and the molten core material redistribution in the reactor vessel 
have been analyzed. Parametric investigations of both items are presented. 
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3432…..…..…………………..…….……..……ID Number…………………..…..…………….3432 

Author: Lakey, L. T. 

Title: Safety Analysis for the Nuclear Fuel Recovery and Recycling Center 

Date: 3/19/1978 

Report: CONF-780304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The analysis showed that the plant is designed with sufficient confinement barriers 
and redundancy that in-plant accidents would not result in excessive radiation doses to the public. The worst 
credible accident results in an off-site individual whole body dose which is more than a thousand-fold lower 
than the guideline value of 25 rem applicable to nuclear reactors. Seventeen major accidents were evaluated 
to estimate the environmental impact. 
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3433…..…..…………………..…….……..……ID Number…………………..…..…………….3433 

Author: Blomeke, J. O. / Ferguson, D. E. / Croff, A. G. 

Title: Disposal of Spent Fuel 

Date: 3/5/1978 

Report: CONF-780316-4 

Conference/Journal: Waste management fuel cycles/ 5 Mar 1978/ Tucson, AZ, USA 

Conference Session:  

Abstract/Keyterms: Based on preliminary analyses, spent fuel assemblies are an acceptable form for waste 
disposal. The following studies appear necessary to bring our knowledge of spent fuel as a final disposal 
form to a level comparable with that of the solidified wastes from reprocessing systems analysis needed of 
spent fuel disposition from reactor discharge to final isolation in a repository. 2. Since it appears desirable 
to encase the spent fuel assembly in a metal canister, candidate materials for this container need to be 
studied. 3. It is highly likely that some "filler" material will be needed between the fuel elements and the 
can. 4. Leachability, stability, and waste-rock interaction studies should be carried out on the fuels. The 
major disadvantages of spent fuel as a disposal form are the lower maximum heat loading, 60 kW/acre 
versus 150 kW/acre for high-level waste from a reprocessing plant; the greater long-term potential hazard 
due to the larger quantities of plutonium and uranium introduced into a repository; and the possibility of 
criticality in case the repository is breached. The major advantages are the lower cost and increased near-
term safety resulting from eliminating reprocessing and the treatment and handling of the wastes therefrom. 
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3434…..…..…………………..…….……..……ID Number…………………..…..…………….3434 

Author: Bouget, Y. H 

Title: Physics Studies of Neutronic Problems Related to the Heterogeneous Fast Reactor Core Concept 
Experimental Programme PRE-RACINE Performed on MASURCA 

Date: 4/1/1978 

Report: CONF-780401 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: To support the heterogeneous fast reactor core concept studies, CEA and CNEN have 
developed an important experimental program at Cadarache on the critical facility MASURCA. This 
programme includes two main parts PRE-RACINE programme (1976 to 1978), which is devoted to studies 
of elementary neutronic properties of one central internal fertile zone; and (2) The RACINE programme 
(1979 to 1981), which will consider a configuration with several fertile zones and control rods. Studies of 
axial zones inserted at the center of the core have also been performed. They confirm the tendencies 
observed with the complete central fertile zone. The analysis of these experiments will provide the 
calculation bias factors for the following parameters breeding gain, power distribution, and sodium void 
reactivity effects. 
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3435…..…..…………………..…….……..……ID Number…………………..…..…………….3435 

Author: Greenspan, E. / Schneider, A. / Misolovin, A. 

Title: Physics and Applications of Subcritical Light Water U-Pu Lattices 

Date: 4/1/1978 

Report: CONF-780401 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: The physics of source driven breeding thermal lattices is investigated. The subset of 
H2O and D2O moderated, U-Pu fueled lattices which maintain equilibrium fissile fuel content is identified, 
and the corresponding neutron and energy multiplication properties are determined. For a given equilibrium 
fissile fuel content, H2O is found to be the better moderator. Several breeding H2O lattices that might 
provide the basis for self-contained nuclear power systems are identified. These systems open new options 
for the efficient utilization of natural uranium, depleted uranium and spent fuel from LWRs and HWRs 
while being free from the need for uranium enrichment and for the separation of plutonium. 
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3436…..…..…………………..…….……..……ID Number…………………..…..…………….3436 

Author: McKnight, R. D. 

Title: Sensitivity Analyses for the Advanced Fuels Program: Carbide Benchmark Critical Assembly 

Date: 4/1/1978 

Report: CONF-780401 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: The study described generates both nuclear data sensitivity coefficients and number 
density sensitivity coefficients for the principal constituents of the Advanced Fuels Program carbide 
benchmark critical assembly. This assembly has been designed to have a relatively simple, uniform 
composition with a simple geometry for purposes of testing carbide-fuel nuclear data and design analysis 
methods and is ideal as a nuclear data-testing benchmark assembly. Nuclear data sensitivity coefficients 
have been calculated as a function of nuclide, reaction type, and energy range. Number density sensitivity 
coefficients have been calculated for the principal materials in the core. These results are combined with 
estimated mass uncertainties in the ZPR reactor materials to assess the impact that uncertainties in atom 
concentrations of the critical assembly have on calculated integral parameters. These material sensitivities 
have also been combined with the number density differences between a 1200 MWe reference carbide-
fueled reactor design and the”as-built” Advanced Fuels Program carbide benchmark critical assembly. The 
impact of differences between the power reactor design and the critical mockup have been assessed. 
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3437…..…..…………………..…….……..……ID Number…………………..…..…………….3437 

Author: Collins, P. J. / Beck, C. L. / McFarlane, H. F. / Lineberry, M. J. / Carpenter, S. G. 

Title: A Comparison Between Physics Parameters in Conventional and Heterogeneous LMFBRs Using 
Results from ZPPR 

Date: 4/1/1978 

Report: CONF-780401, 207-216 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: ZPPR-7; The analysis of several ZPPR experiments has been made using consistent 
methods and data. Results for conventional and heterogeneous LMFBR designs are compared in some 
detail. 
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3438…..…..…………………..…….……..……ID Number…………………..…..…………….3438 

Author: Carpenter, S. G. / McFarlane, H. F. / Lineberry, M. J. / Beck, C. L. 

Title: Conclusions Drawn from Subcritical Multiplication Results in ZPPR 

Date: 4/1/1978 

Report: CONF-780401, 467-477 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: ZPPR-5, ZPPR-7; Experimental Methods; Modified source multiplication (MSM) 
has been investigated as a measurement technique for several LMFBR designs in the 1000 Mwt class. This 
investigation has been based on the results of hundreds of measurements in ZPPR as well as on detailed 
analysis of some of the components of the method. The results of this study have special significance for 
critical-experiment planning and for the use of ex-vessel detectors in operating LMFBRs. The calculated 
factors that are applied in the MSM technique for ex-core detectors were found to be particularly insensitive 
to the calculational method. This apparently resulted from two facts sensitivity to first order corrections, 
and (2) most neutrons which cause reactions in an ex-core detector originate in the small volume of core 
nearest to the detector. Maps of key parameters in the MSM technique have been generated to promote a 
general understanding of the method and to assure its proper application. 
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3439…..…..…………………..…….……..……ID Number…………………..…..…………….3439 

Author: Bhattacharyya, S. K. / Wade, D. C. / Bucher, R. G. 

Title: Comparative Safety Physics Parameters in the Advanced Fuels Critical Assemblies 

Date: 4/1/1978 

Report: CONF-780401, 493-504; ZPR-TM-312 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: ZPR9-31; The interest in the use of advanced fuels (carbide and advanced oxide) in 
LMFBR`s stems from the projected improvement in breeding properties over conventional mixed-oxide 
fuels. This improvement in breeding is a consequence of the higher fuel volume fractions achievable in the 
advanced fuels designs and the concomitant harder neutron spectrum and lower enrichment. The impact of 
these changes, not only on the breeding properties but also on the safety physics parameters (238U Doppler 
effect, sodium void effect, and /sup 10/B control rod worth), has a strong bearing on whether these fuels 
are ultimately adopted. A set of key integral physics parameters were measured in a series of advanced 
fuels critical assemblies constructed on ZPR-9 to assess the relative safety and breeding properties of 
candidate advanced fuels. The experimental results confirmed the projected improvement in the breeding 
properties in advanced fuels cores relative to current oxide LMFBR cores, and revealed that the 
accompanying changes in the safety-related physics parameters were generally large and of unfavorable 
sign. Specifically, it was found that relative to the ZPR-6, assembly 7 benchmark ``current mixed-oxide`` 
values for normalized parameters, the central 238U Doppler worth decreased by 20-40%, the central /sup 
10/B worth decreased by 10 to 20% and the central (non-leakage component) sodium void reactivity worth 
increased by 30 to 40% in the advanced fuels compositions. It was shown that the C/E values on safety 
parameters in the advanced fuels compositions are of comparable size to those in current oxide assemblies. 
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3440…..…..…………………..…….……..……ID Number…………………..…..…………….3440 

Author: Weisbin, C. R. / Marable, J. H. / Hardy, J., Jr. / McKnight, R. D. 

Title: Projections of ENDF/B Version V Performance for Fast and Thermal Reactors Using Sensitivity 
Coefficients 

Date: 4/1/1978 

Report: CONF-780401-10 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: Proposed reductions to 235U(anti nu) and 235U(n, f) in the fast energy range have 
significant impact for uranium fueled fast critical assemblies. The long-standing LMFBR 28c/49f calculated 
over prediction is not resolved by proposed Version 5 cross section modifications for 238U(n, gamma) and 
239Pu(n, f). The upward evaluation for the 239Pu(n, f)/235U(n, f) ratio improves criticality predictions for 
Pu fueled fast assemblies. For thermal reactors, changes to the 238U resonance parameters significantly 
reduce the long-standing 28rho discrepancy. Reduced resonance capture in the 1 eV 240Pu resonance has 
significant implications for LWR fuel cycle studies. 
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3441…..…..…………………..…….……..……ID Number…………………..…..…………….3441 

Author: Beck, C. L. / Lineberry, M. J. / Schaefer, R. W. / Carpenter, S. G. / Wade, D. C. 

Title: Evaluation of Fast Integral Data Related to 233U and Thorium 

Date: 4/1/1978 

Report: CONF-780401-14 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: ZPPR-7 Fast integral data which relate to the 233U-Th fuel cycle are compiled and 
evaluated. Much of the discussion deals with an analysis of the AETR critical experiments with ENDF/B 
Version IV cross sections, but experiments from several other fast reactors or assemblies are also 
considered. 
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3442…..…..…………………..…….……..……ID Number…………………..…..…………….3442 

Author: Kujawski, E. / Hartman, A. K. / Stewart, S. L. 

Title: Comparative Analysis of Homogeneous and Heterogeneous Core Critical Experiments 

Date: 4/1/1978 

Report: CONF-780401-2 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: Comparative analyses of the homogeneous core critical assembly ZPPR-4 Phase 1 
and the heterogeneous core critical assembly ZPPR-7 Phase A have been performed whereby the impact of 
identical data and data processing changes is assessed for both types of cores. The data changes reflect the 
differences between ENDF/B-III and ENDF/B-IV, and the changes in data processing reflect differences 
in the heterogeneity treatment and in the calculation of the elastic removal cross sections. These differences 
impact differently on the homogeneous and heterogeneous cores. Use of the ENDF/B-IV data and the more 
rigorous data processing techniques removes a large part of the C/E discrepancies noted in ZPPR-7 Phase 
A, and both types of cores are essentially predicted consistently. 
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3443…..…..…………………..…….……..……ID Number…………………..…..…………….3443 

Author: Hartman, A. K. / Kujawski, E. / Stewart, S. L. 

Title: Sensitivity of the Analysis of Heterogeneous Core Critical Assemblies to Cell Modeling 

Date: 4/1/1978 

Report: CONF-780401-3 

Conference/Journal: American Nuclear Society Topical Meeting, Advances in Reactor Physics, 
Gatlinburg, Tennessee, April 10-12, 1978 

Conference Session:  

Abstract/Keyterms: The ZPPR-7 Phase A critical experiments have been analyzed using multigroup cross 
sections generated for several different cell models of the drawers and self-shielding approximations. Single 
drawer models and four-drawer models consisting of fuel and blanket regions are considered. The cross 
sections are self-shielded using both a multi-region equivalence relation and a "two-region equivalence 
relation." Provided the multigroup constants are properly self-shielded, criticality and the reaction rates are 
only slightly sensitive to the cell modeling. 
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3444…..…..…………………..…….……..……ID Number…………………..…..…………….3444 

Author: Baeuerle, W. / Hille, R. 

Title: Criticality Aspects for Important Components of Reprocessing Plants 

Date: 4/1/1978 

Report: CONF-780465 

Conference/Journal: Reactor Congress, Hannover, April, 1978 

Conference Session:  

Abstract/Keyterms: n.a. 
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3445…..…..…………………..…….……..……ID Number…………………..…..…………….3445 

Author: n. a. 

Title: Proceedings of the Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada, Volume II 

Date: 5/1/1978 

Report: CONF-780506 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms:  
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3446…..…..…………………..…….……..……ID Number…………………..…..…………….3446 

Author: Andersen, J. A. 

Title: Parc (Plutonium Accident Resistant Container) Project 

Date: 5/1/1978 

Report: CONF-780506, 251-261 

Conference/Journal: Fifth International Packaging and Transportation of Radioactive Materials, May 7-
12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: Response by the US Nuclear Regulatory Commission (NRC) to a public law limiting 
the air transport of plutonium resulted in a new Qualification Criteria and led to the PARC project. The 
PARC project resulted in the design, development, and certification testing of a crashworthy air 
transportable radioactive materials package for certification by the NRC. This package, identified by the 
NRC as the Model PAT-1 Package (PAT = Plutonium Air Transportable), has a mass capacity of 2 kg of 
PuO2 and a thermal capacity of 25 watts; the internal volume of the inner containment vessel is 1460 cc; 
the package dimensions are 62 cm (24-1/2 in.) OD. x 108 cm (42-1/2 in.) length and a mass of 227 kg (500 
lbs). The design rationale for very high energy absorption (impact, crush, puncture, and slash protection) 
with residual high-level fire protection, resulted in a reasonably small air-transportable package, advancing 
the packaging state-of-the-art. Optimization design interactions were utilized in the areas of impact energy 
absorption and stress and thermal analysis. Package test results are presented in relation to the containment 
acceptance criteria of the Qualification Criteria and ANSI N 14.5 leak tight standards and the IAEA Safety 
Series No. 6 A2 radioactive material release quantities. 
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3447…..…..…………………..…….……..……ID Number…………………..…..…………….3447 

Author: Marshall, A. C. / Marotta, C. R. 

Title: Effect of Compression on Reactivity of Plutonium Based Materials 

Date: 5/1/1978 

Report: CONF-780506, 271-278; SAND-77-1315C 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: An analysis was made to determine if criticality could occur due to compression of 
bare spheres of Pu and PuO2 (solid or powdered) during a high-speed impact accident of an air transportable 
plutonium package. It was calculated that an initial k(eff) less than 0.70 would not result in a critical 
condition (less than 0.97); thus, a conservative max permissible design value of k(eff) for a Pu air 
transportable package is 0.70. 
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3448…..…..…………………..…….……..……ID Number…………………..…..…………….3448 

Author: Smith, D. R. / Thomas, J. T. 

Title: Review of the Bases for Regulations Governing the Transport of Fissile and Other Radioactive 
Material 

Date: 5/1/1978 

Report: CONF-780506, 549-552 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: The outstanding record of transport of radioactive materials prompted this brief 
review of the history of the regulations. IAEA as well as DOT regulations are discussed, as are all classes 
of shipments and materials (Class I, II, III) 
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3449…..…..…………………..…….……..……ID Number…………………..…..…………….3449 

Author: West, J. T. / Petrie, L. M. 

Title: Shipping Cask Criticality Analysis Utilizing Combinatorial Geometry with KENO-IV 

Date: 5/1/1978 

Report: CONF-780506, 553-560 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: KENO-IV/CG represents an important step forward in geometric modeling capability 
for criticality analysis. With the merging of KENO geometry's repeating cell feature and combinatorial 
geometry's detailed modeling ability and simplified input specifications, many geometric approximations 
required for previous criticality calculations are no longer necessary. Also, many of the features in KENO-
IV/CG lend themselves to further development. Therefore, it represents a step forward in the state-of-the-
art for Monte Carlo criticality analysis. All of the problems analyzed with KENO-IV/CG at ORNL have 
agreed well with experimental data where results are available. KENO-IV/CG provides industry with a very 
powerful tool for accurately modeling very complex geometries. 
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3450…..…..…………………..…….……..……ID Number…………………..…..…………….3450 

Author: Thomas, J. T. / Smith, D. R. 

Title: Review of Criteria for Nuclear Criticality Safety Control in Transportation 

Date: 5/1/1978 

Report: CONF-780506, 561-570 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: Basic elements in the review of criteria for nuclear criticality safety in transportation 
are the magnitudes of reactivity changes that may occur to a shipment of packages and those inherent in the 
regulatory procedure of assessment. The generic representation of criticality of reflected arrays of 
uncontained fissionable materials is used as a basis for comparison of packaged fissionable materials. The 
reactivities associated with array changes and perturbations representative of credible conditions that may 
occur in storage or transportation are summarized for air-spaced units of fissionable materials. Calculations 
of packaged fissionable material determined reactivities associated with similar changes to arrays of 
packages. Typical thermal insulating materials being studied are Celotex, wood, Foamglas, and a bonded 
vermiculite. The effect on the array neutron multiplication of these, with and without steel as an inner and 
outer container material, is examined. The present stage of the study has produced results illustrating the 
variable margin of subcriticality manifested by the criteria. Depending upon the packaging, mass loading 
and array reflector condition, the margin of subcriticality can be of the order of 1% in k(eff). 
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3451…..…..…………………..…….……..……ID Number…………………..…..…………….3451 

Author: Ridihalgh, J. L. / Genser, J. R. 

Title: Criticality Safety Analysis Method to Determine Maximum Reactivity of LWR Fuels in Spent Fuel 
Shipping Casks 

Date: 5/1/1978 

Report: CONF-780506, 571 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms:  
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3452…..…..…………………..…….……..……ID Number…………………..…..…………….3452 

Author: Odegaarden, R. H. 

Title: Application of SCALE System to Nuclear and Thermal Review of Radioactive Material Package 
Designs 

Date: 5/1/1978 

Report: CONF-780506, 837-841 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: The purpose of this paper is to present the background and intended use of the SCALE 
(Standardized Cask Analyses for Licensing Evaluation) system for evaluating transport package designs. 
This system currently incorporates criticality, radioactive source term, shielding, and thermal computer 
programs. The principal idea in developing such a system is to provide a standard method for use by NRC 
licensees and the NRC staff in evaluating package designs. This would allow licensees to know in advance 
how their package designs would be evaluated. In developing the SCALE system, the following items were 
considered computer systems; (2) readily available; (3) minimum computer core; (4) minimum running 
time; (5) minimum input description; (6) documentation of programs; (7) direct correlation with 
experiments; (8) range of applicability; and (9) publication of regulatory guides. NRC contracted with 
Computer Sciences Division (CSD), ORNL, to develop the control system utilizing previously developed 
and accepted computer programs. The control system will permit the analyst to input the minimum amount 
of information into SCALE. SCALE will calculate its own atomic densities, material properties, etc. unless 
it is overridden by the user. 
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Author: Westfall, Robert M. / Petrie, Lester M. 

Title: Standardized Safety Analysis of Nuclear Fuel Shipping Containers 

Date: 5/1/1978 

Report: CONF-780506, 842-850 

Conference/Journal: Fifth International Symposium Packaging and Transportation of Radioactive 
Materials, May 7-12, 1978, Las Vegas, Nevada 

Conference Session:  

Abstract/Keyterms: The objective of this effort is a modular system of computer programs called SCALE. 
(SCALE is an acronym for Standardized Computer-Analysis for Licensing Evaluation.) The anticipated 
NRC applications and design criteria for the SCALE system are described in a companion paper by R.H. 
Odegaarden. The purpose of the present paper is to describe the components and capabilities of the initial 
version of the SCALE system, with emphasis being placed on those aspects of the system that lead to 
analytical standardization. The SCALE system draws heavily from basic neutron-transport, data-
processing, and heat-transfer methods technology developed at Oak Ridge over the past several years. The 
data-processing is a direct outgrowth of that employed in AMPX, a modular code system for processing 
coupled neutron-photon cross sections from ENDF/B. Modified versions of the AMPX problem-dependent 
data-processing modules NITAWL and XSDRNPM are incorporated into SCALE. However, even though 
some of the functions performed in AMPX and SCALE are the same, the overall purpose and organizational 
structure of SCALE is substantially different from that of AMPX. 
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3454…..…..…………………..…….……..……ID Number…………………..…..…………….3454 

Author: Stefanovic, D. / Sotic, O. / Pesic, M. / Dimitrijevic, Z. 

Title: Some Experiences with Highly Enriched Fuel at the Reactor RB 

Date: 5/1/1978 

Report: CONF-7805187, 147-153 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Partial and complete substitutions of fuel elements in some standard core lattices in 
the zero power reactor with fuel elements of 80% enriched uranium were performed. The results of these 
initial, basic measurements of the core properties are shown in this paper. They represent our first 
experience with the use of highly enriched fuel in the heavy water reactor. 
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Author: Antic, D. 

Title: Determining of Material Buckling for Mixed Lattices with Two Types of Fuel (Students Paper) 

Date: 6/1/1978 

Report: CONF-7806178, 4, 115-123 

Conference/Journal: Conference of Electronics, Telecommunications, automation and Nuclear 
Engineering, Zadar, Yugoslavia, 12 June 1978 

Conference Session:  

Abstract/Keyterms: The purpose of the work is to determine the material buckling for the zero-power 
heavy water reactor RB in Institute for Nuclear Sciences Boris Kidric-Vinca, for the case of regularly mixed 
lattices with two types of fuel. That was done experimentally and theoretically, and the results are 
compared. Fuel of natural uranium and 80% enriched were used in the experiments. The experiment was 
to determine the influence of resonance absorption upon the critical height of moderator in the reactor. 



 

C-3463 

3456…..…..…………………..…….……..……ID Number…………………..…..…………….3456 

Author: Huppert, K. L. 

Title: Spent Fuel Storage-Philosophies and Experience 

Date: 6/1/1978 

Report: CONF-780658, 19-29 

Conference/Journal: Seminar on the Storage of Spent Fuel Elements, Madrid, Spain, June, 1978 

Conference Session:  

Abstract/Keyterms: In the past, spent fuel storage was considered as standard practice and an interim step 
in the nuclear fuel cycle, hardly worth mentioning. This part of the fuel cycle has gained actual interest 
because the establishment of reprocessing capacity has not taken place as planned in some states or because 
the recovery of fissile material has been deferred. Independent of the differing policies, interim storage is 
indispensable after discharge of fuel elements from the reactor. Experience shows that high burn-up oxide 
fuel with corrosion resistant cladding may be stored under water over several decades, provided that 
favourable pool water conditions can be maintained. Dry storage of element bundles which is discussed for 
final disposal of fuel, is under development in the U.S., but not yet exercised. 
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3457…..…..…………………..…….……..……ID Number…………………..…..…………….3457 

Author: Caro, R. / Martinez-Val, J. M. / Donoso, E. / Martinez-Val, Jose M. 

Title: Neutron Analysis of Spent Fuel Storage Pools 

Date: 6/1/1978 

Report: CONF-780658, 291-309 

Conference/Journal: Seminar on the Storage of Sent Fuel Elements, Madrid Spain, June, 1978 

Conference Session:  

Abstract/Keyterms: The neutron physics of light-water-reactor fuel elements storage is analyzed for 
reviewing the calculation methodologies and pointing out its characteristics, especially those related to the 
safety analysis report. Some numerical results are presented, involving both clean and poisoned storage 
pools. Besides the conventional criticality calculations in nominal and accidental circumstances, the so-
called optimum moderation phenomenon is dealt with special emphasis. 



 

C-3465 

3458…..…..…………………..…….……..……ID Number…………………..…..…………….3458 

Author: Brumbach, S. B. 

Title: Autoradiography as a Safeguards Technique 

Date: 1/1/1978 

Report: CONF-780872-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Autoradiography gives a simultaneous piece count and attribute check for special 
nuclear material without, however, a quantitative measurement of fissile material. Applications to fuel 
elements containing plutonium for fast critical assemblies or uranium for LWRs are discussed. 1 
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3459…..…..…………………..…….……..……ID Number…………………..…..…………….3459 

Author: Kuesters, H. / Lalovic, M. / Wiese, H. W. 

Title: Fuel Handling, Reprocessing and Waste and Related Nuclear Data Aspects 

Date: 1/1/1978 

Report: CONF-780921, 518-550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The essential processes in the out-of-pile nuclear fuel cycle are described, i.e. mining 
and milling of uranium ores, enrichment, fuel fabrication, storage, transportation, reprocessing of irradiated 
fuel, waste treatment and waste disposal. The aspects of radiation (mainly gammas and neutrons) and of 
heat production, as well as special safety considerations are outlined with respect to their potential 
operational impacts and long-term hazards. In this context the importance of nuclear data for the out-of-
pile fuel cycle is discussed. Special weight is given to the LWR fuel cycle including recycling; the 
differences of LMFBR high burn-up fuel with large PUO2 content are described. The HTR fuel cycle is 
discussed briefly as well as some alternative fuel cycle concepts. 



 

C-3467 

3460…..…..…………………..…….……..……ID Number…………………..…..…………….3460 

Author: Darrouzet, M. / Giacometti, A. / Robin, M. 

Title: Formation and Decay of Secondary Actinides in Water Reactor and Fast Neutron Reactors 

Date: 9/25/1978 

Report: CONF-780921, 597-603 

Conference/Journal: Conference on Neutron Physics and Other Applied Purposes, Harwell, UK, 25 
Sept. 1978 

Conference Session:  

Abstract/Keyterms: Actinides other than the main uranium or plutonium isotopes take a growing part in 
the different stages of the nuclear cycle. For the French nuclear power program based on the development 
of light water reactors and fast breeders, many evaluations of the secondary actinides build up are made for 
the both reactor types using mainly the existing reactor codes. The comparison of these foreseen 
compositions with experimental results allows to perform some adjustments of the neutronic data. The 
secondary actinide compositions are given for some typical fuels and their consequences on the nuclear 
cycle are discussed. An hypothetical burning of these wastes in fast reactors has been studied and the main 
conclusions are reported. 
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Author: Wade, D. C. 

Title: Monte Carlo-Based Validation of the ENDF/MC2-II/SDX Cell Homogenization Path 

Date: 11/1/1978 

Report: CONF-7811105-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results are summarized of a program of validation of the unit cell homogenization 
prescriptions and codes used for the analysis of Zero Power Reactor (ZPR) fast breeder reactor critical 
experiments. The ZPR drawer loading patterns comprise both plate type and pin-calandria type unit cells. 
A prescription is used to convert the three dimensional physical geometry of the drawer loadings into one 
dimensional calculational models. The ETOE-II/MC2-II/SDX code sequence is used to transform ENDF/B 
basic nuclear data into unit cell average broad group cross sections based on the 1D models. Cell average, 
broad group anisotropic diffusion coefficients are generated using the methods of Benoist or of Gelbard. 
The resulting broad (approx. 10 to 30) group parameters are used in multigroup diffusion and SN transport 
calculations of full core XY or RZ models which employ smeared atom densities to represent the contents 
of the unit cells. 
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Author: Kuehnel, R. / Eigenwillig, G. 

Title: Spent Fuel Element Storage 

Date: 4/1/1978 

Report: CONF-78-465 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Vondy, D. R. / Cunningham, G. W. / Fowler, T. B. 

Title: Exploiting the Steady State, Continuous Fueling Reactor Model 

Date: 1/1/1979 

Report: CONF-790402-24 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A continuously fueled reactor presents an analysis challenge, especially so when the 
neutron accounting is sensitive to the core design and the fuel handling. A scheme was implemented to 
solve the steady state, continuous fueling problem. This problem is an accurate model of the reactor for 
assessing performance at a point in its operating history. Available capability in a modular code system 
developed to treat fixed fuel reactors was extended in this effort. Parametric studies have been made with 
this capability to assess the performance of a pebble bed power plant reactor over a wide range of fueling 
possibilities. The model and the calculational methods are discussed. A global iteration scheme is used to 
affect a solution for the critical reactor state. The schemes used to accelerate the rate of convergence of one- 
and two-dimensional problems are described, and the interactive behavior is shown for representative 
problems. 
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Author: Idaho National Engineering Lab., Idaho Falls 

Title: ICPP Criticality Event of October 17, 1978. Facts and Sequential Description of Criticality Event 
and Precursor Events 

Date: 1/1/1979 

Report: CONF-790561-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On October 17 during the period of approximately 8 criticality event occurred in the 
base of IB column, H-100. The inventory of medium short-lived fission products used to determine the 
number of fissions indicates that the criticality occurred in column H-100 aqueous phase and the sampling 
of the column wall with counting of the filings clearly indicates that the event occurred in the column base. 
The events leading up to the accident are described. The event produced no personnel injury, on-or off-site 
contamination, nor damage to equipment or property. 
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Author: Fergus, R. W. / Moe, H. J., Sr. 

Title: Nuclear Criticality Evacuation with Telemonitoring and Microprocessors 

Date: 5/1/1979 

Report: CONF-790590-1 

Conference/Journal: Aerospace/test measurement symposium/ 6 May 1979/ Canoga Park, CA, USA 

Conference Session:  

Abstract/Keyterms: At Argonne National Laboratory, criticality alarms are required at widely separated 
locations to evacuate personnel in case of accident while emergency teams or maintenance personnel 
respond from a central location. The system functions have been divided in a similar manner. The alarm 
site hardware can independently detect a criticality and sound the evacuation signal while general 
monitoring and routine tests are handled by a communication link to a central monitoring station. The 
radiation detectors and evacuation sounders at each site are interconnected by a common two conductor 
cable in a unique telemonitoring format. This format allows both control and data information to be received 
or transmitted at any point on the cable which can be up to 3000 meters total length. The site microprocessor 
maintains a current data table, detects several faults, drives a printer, and communicates with the central 
telemonitoring station. The radiation detectors are made with plastic scintillators and photomultiplier tubes 
operated in a constant current mode with a 4 decade measurement range. The detectors also respond within 
microseconds to the criticality radiation burst. These characteristics can be tested with an internal light 
emitting diode either completely with a manual procedure or routinely with a system test initiated by the 
central monitoring station. Although the system was developed for a criticality alarm which requires reliable 
and redundant features, the basic techniques are useable for other monitoring and instrumentation 
applications. 
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Author: Ullo, J. L. / Hardy, J. Jr. / Steen, N. M. 

Title: Implications of prompt fission spectrum uncertainties for integral data testing 

Date: 6/1/1979 

Report: CONF-790602-(Summ.) 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Nuclear Physics and Radiation Physics; Neutron Reactions; Fission; Prompt 
Neutrons; Energy Spectra; Uranium 233 Target; Uranium 235 Target; Accuracy; Criticality; Integral Cross 
Sections; Neutron Age; Neutron Leakage; Baryon Reactions; Baryons; Cross Sections; Elementary 
Particles; Fermions; Fission Neutrons; Hadron Reactions; Hadrons; Neutrons; Nuclear Reactions; Nucleon 
Reactions; Nucleons; Spectra; Targets 
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Author: Mincey, J. F. / Kerr, H. T. / Durst, B. M. 

Title: Interlaboratory Computational Comparisons of Critical Fast Test Reactor Pin Lattices 

Date: 1/1/1979 

Report: CONF-790602-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An objective of the Consolidated Fuel Reprocessing Program's (CFRP) nuclear 
engineering group at Oak Ridge National Laboratory (ORNL) is to ensure that chemical equipment 
components designed for the reprocessing of spent LMFBR fuel (among other fuel types) are safe from a 
criticality standpoint. As existing data are inadequate for the general validation of computational models 
describing mixed plutonium-uranium oxide systems with isotopic compositions typical of LMFBR fuel, a 
program of critical experiments has been initiated at the Battelle Pacific Northwest Laboratories (PNL). 
The first series of benchmark experiments consisted of five square-pitched lattices of unirradiated Fast Test 
Reactor (FTR) fuel moderated and reflected by light water. Calculations of these five experiments have 
been conducted by both ORNL/CFRP and PNL personnel with the purpose of exploring how accurately 
various computational models will predict k(eff) values for such neutronic systems and if differences 
between k(eff) values obtained with these different models are significant. 
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Author: Strugar, P. / Raisic, N. / Obradovic, D. / Iovanovic, S. 

Title: Use of a Critical Assembly in Obtaining Data for Installing a Flux Trap in a Research Reactor 

Date: 10/31/1964 

Report: CONF-791, 063-070 

Conference/Journal: Study Group on Research Reactor Experimental Techniques, Bucharest, Oct. 26- 
31, 1964 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Critical Assemblies; Efficiency; Measurement; Neutron Flux; R-B; Reactivity; Reactor 
Core; Research Reactors 
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Author: Hummel, H. H. 

Title: Current Status of Fast Reactor Physics 

Date: 1/1/1979 

Report: CONF-7910112-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The subject of calculation of reactivity coefficients for fast reactors is developed, 
starting with a discussion of the status of relevant nuclear data and proceeding to the subjects of group cross 
section generation and of methods of obtaining reactivity coefficients from group cross sections. Reactivity 
coefficients measured in critical experiments are compared with calculated values. Dependence of reactivity 
coefficients on reactor design is discussed. Finally, results of the recent international comparison of 
calculated reactivity coefficients are presented. 
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Author: Leclerc, J. / Puit, J. C. 

Title: Basic Criteria of Criticality-Safety in the Conception of Facilities 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 021-049 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: An examination is made of the various parameters acting on the neutron balance 
poisoning. The monitoring methods are deduced from this. Using two examples, it is shown how the various 
parameters act together and in different ways so that it is difficult to predict the results and that it is 
necessary to have calculation codes well qualified on experience. 
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Author: Chappellier, Simonne 

Title: Fire and Criticality Risks 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 050-064 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: The examination is made of the problems arising from the development of a fire in a 
place containing fissile substances that can destroy favourable geometries and provoke dangerous 
regroupings and those arising from its extinguishing which can modify the moderation. The various types 
of fires and the extinguishing agents are listed in an addendum. 
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Author: Puit, J. C. / Simonneau, M. 

Title: Criticality-Safety in Reprocessing Plants and Fuel Element Fabrication Plants 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 065-090 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: After briefly mentioning processes, the principal measures used to guaranty the 
safety-criticality as well as the way to apply them are reviewed. 
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Author: Haon, D. / Cohendy, G. 

Title: Criticality-Safety for the Transport of Fissile Materials 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 091-120 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: The general measures concerning nuclear safety in transport and the calculation codes 
are recalled. A study is made of the configuration and the moderation on examples, then in the transport of 
fuel elements, first on packages taken in isolation then on a set of packages, to comply with safety 
regulations. 
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Author: Lecorche, P. 

Title: Les Experiences de Criticite dans le Monde 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 121-122 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms:  
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Author: Houelle, M. / Mangin, D. / Maubert, L. 

Title: Results of 16 Years' Experiments at the Critical Facility of Valduc 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 123-138 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: After briefly recalling the sub-critical approach procedure, the fields of experimental 
studies on criticality explored at the Valduc Criticality Station since 1963 are listed. This was the year in 
which the "Appareillage B" went into service as the first installation of sub-critical experiments of the 
Section. 
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Author: Mangin, D. / Colomb, G. / Maubert, L. / Poulot, G. 

Title: Main Results from Experiments with Pencils for PWR Type Reactors 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 139-179 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: The development of the PWR system in France required safety-criticality 
experiments to be carried out on the fuel to solve the problems arising right throughout the cycle and qualify 
the APOLLO and MORET calculation codes. The programme implemented for simulating the various 
configurations encountered throughout the fuel cycle is as follows grids of UO2 rods in water, determining 
the effect of gadolinium or nitrate ion dissolved in the water immersing the grids, neutron disconnection of 
two grids by screens of increasing boron levels, study of the neutron interaction of representative assemblies 
of PWR elements in configurations simulating absorbing shield, dry storage and a transport flask. 
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Author: Maubert, L. / Mandin, D. 

Title: Experiment Projects 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 180-208 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: An experimental study has been made of the criticality of uranium containing 
environments with a 235U enrichment of under 5% with moderation ratios H/U <=5 for applications to 
isotopic separation by gas diffusion, fuel element fabrication shops and reprocessing plants. The poisoning 
by dissolved gadolinium of grids of UO2 rods and plutonium nitrate solutions and mixed nitrate solutions 
to solve the problems linked to the dissolution of the exhausted fuel elements of breeders was also studied 
as were the neutron shields particularly in boron and non-boron concrete that could be used and for compact 
storage of concentrated solutions of Pu Nitrate as grids of plates separated by a small thickness of boron 
concrete. 
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Author: Bouchard, J. / Darrouzet, N. / Golinelli, C. / Hebert, D. 

Title: Les Experiences "CRISTO": Etudes du Stockage d'Elements Combustibles de Reacteurs a eau 
Ordinaire 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 209-212 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms:  
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Author: Ermumcu, G. / Gonnord, J. / Monnier, A. / Nimal, J. C. 

Title: Presentation and Qualification of Criticality Calculation in Fuel Element Storage 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 213-238 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: Faced with the growing size of criticality calculation requests a fast and slightly 
conservative method has been perfected for evaluating the effective multiplication constant of sites 
containing PWR type elements. This method is based on the use of the DOT 3.5 code which requires a bi-
dimensional modelisation of the geometry of the problem and the placing into groups of the macroscopic 
cross sections of the various materials. This preliminary work is effected by various APOLLO calculations. 
This diagram is qualified by comparison with the results obtained by the Monte Carlo TRIPOLI code. 
Comparing the values obtained by MORET and APOLLO-DOT for the criticality of transport flask end in 
good agreement. For the parametric studies, a large number of calculations can be necessary, and analytical 
methods cost little for simple geometries. This diagram can be used for studying small transport flasks but 
it is particularly advantageous for storages. 
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Author: Poullot, G. / Puit, M. F. / Villeneuve, M. 

Title: Characteristic of a Criticality Accident and Review of Accidents that Have Occurred in Fuel Cycle 
Facilities 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 239-255 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: Since the beginning of the nuclear age, there have been seven known accidents in the 
fuel cycle installations, six in the USA and one in the UK. All of them occurred in chemical treatment plants 
employing the aqueous method. Four of them had used plutonium solutions. They led to the death of two 
operators and to significant irradiation of nineteen other persons. The first thing to be learnt is that an 
installation or an operational method must never be modified without an examination in depth of the 
possible repercussions with respect to criticality on the whole of the installation. Any modification, no 
matter how small and temporary, must be the subject of a written procedure and submitted to a criticality 
specialist. The second lesson to be learnt is that it is necessary for the personnel to be well informed on the 
criticality hazard, on the preventive means set up and the arrangements made to limit the consequences of 
any accident. 
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Author: Barbry, M. / Dousset, M. 

Title: Criticality Accidents in Solution (CRAC and SILENE Programmes) and Complementary Studies of 
Accidents/Radiation Dosimetry in Human Organism During the CRAC Programme 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 256-289 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: C.R.A.C. (Criticality occurring ACcidentally) programme is intended to study 
experimentally the development of a criticality accident as it could occur when handling solutions of fissile 
material as well as the radiological consequences of such an accident. The fissile matter solutions have been 
chosen (a) for practical considerations of use and (b) because the probability of an accident occurring seems 
greater with this type of environment, as the known accidents have shown. The programme is twofold 
oscillations, boil up of solutions) the most probable maximum power, minimal power, flux and radiation 
spectra emitted, freed energy, associated effects, radiolysis, constraints, etc., study of radiological 
consequences studies, etc. Additional criticality Accident experiments have been and continue to be made 
on the SILENE reactor in the following principal domains and aerosols, area dosimetry and health 
dosimetry in the presence of shields around the core to vary the neutron and gamma components of the 
radiation field. Improvement in the knowledge of certain particular aspects of the power excursion, 
radiolysis gas and pressure wave,… 
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Author: Prigent, R. / Renard, C. 

Title: Detection of Criticality Accidents 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 290-308 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: It is necessary to shield the personnel from the radiological consequences of a 
criticality accident. In the past ten years the study programmes have highlighted fresh data which have led 
to new thinking on the detection philosophy and as a consequence the design of detection equipment. 
Concurrently, new recommendations have been drawn up by the Safety Criticality Committee. The new 
detection equipment was developed by the CEA on the basis of the CRAC and SILENE experiments. Its 
industrialization was entrusted to the Intertechnique Company and the first network installed dates back to 
1976. An examination is made of the problem of accident detection, dealing in turn with detection, the 
characteristics of the equipment and the installation rules. To clarify the various points discussed, a parallel 
has been drawn between the equipment existing up to 1975 and the new generation developed since then. 
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Author: Manaranche, J. C. 

Title: Presentation des Activites et des Installations 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 309-310 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms:  
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Author: Long, J. J. 

Title: Presentation des Activites Neutroniques de la S.E.C.R. 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 311-312 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  
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Conference Session:  
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Author: Breschet, C. / Chotin, M. / Peyresblanques, H. / Riolfo, R. 

Title: Problems for Application of Criticality in Reprocessing 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 318-332 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: Reprocessing is carried out in installations that have been improved, hence modified, 
since their commissioning up to their shut-down. These modifications cover the process, equipment and the 
operating methods. Frequently, their aim is to increase the capacities of the installation, the amount of fissile 
material reprocessed, and therefore they increase the potential problems of criticality, without this being 
perceived as much as one would wish. 
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Author: Dettwiller, J. 

Title: Criticality-Safety Problems in the Plutonium Recovery at the LCAC Installation 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 333-346 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: The recuperation of plutonium from wastes of various origins with a view to obtaining 
pure PuO2 is described. An examination is made of the criticality problems which arise during the handling, 
treatment, transfer and storage. The principles to be respected are limitation of mass and poisoning. 
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Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 352-381 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: The Tricastin plant is described, particularly the heat exchangers for cooling 
compressed UF6, before dealing with the safety-criticality problems posed by the water exchangers in a gas 
diffusion plant. A criticality risk arises in the diffusion cascade only if solid or liquid uraniferous 
compounds are formed on the one hand and a moderator is present on the other, that is to say a water leak 
or UF6 crystallization in the exchanger. The poisoning of the cooling water system by potassium tetraborate 
is examined. 
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Title: Criticality-Safety in Stoves for UF6 Containers Heated with Steam Safety Study 

Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 382 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: At the present time the liquefaction of UF6 is carried out in hot air stoves. The safety-
criticality problems arising are examined with respect to the use of steam ovens and particularly the bursting 
or deterioration of a valve bringing uranium 5% enriched with U 235 into contact with water or steam. The 
safety-criticality is guaranteed by monitoring the moderation of the medium. Checks are carried out by 
pressure variation or pH detection or by gamma detection. 
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Date: 10/16/1979 

Report: CONF-7910172, Vol. 1, 384-404 

Conference/Journal: Seminar on Safety-Criticality, Valduc, France, 16 October, 1979 

Conference Session:  

Abstract/Keyterms: The installations of the UP2 plant and particularly the geometry of the HAO shop 
equipment were defined for reprocessing fuels from the ordinary water system. The high fissile substance 
level of fuels from the fast neutron system necessitated certain modifications to the installations and some 
operating restrictions so that they could be treated in the existing installation. After reviewing the 
characteristics of the reference fuel and describing the particular restrictions to be respected for safety-
criticality, the choices made with respect to installation modifications and operating restrictions are 
presented. The observations made during a first treatment campaign confirm the validity of the options 
chosen. 
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Abstract/Keyterms: Selected papers are indexed separately. 
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Title: SCALE System Cross Section Validation with Shipping-Cask Critical Experiments 

Date: 1/1/1979 

Report: CONF-791103-91 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results are presented of 70 critical experiments simulating LWR fuel element 
shipping casks and storage pools. Four series of experiments were analyzed 4.29 % enriched rods at 2.54 
cm pitch, and these lattices positioned between simulated Pb and depleted U shields. Results show that each 
of the three libraries (ENDF/B-IV, GAM-THERMOS, Hansen-Roach) is adequate. 
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Title: Power Spectral Density Measurements with 252Cf for a Light Water Moderated Research Reactor 
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Report: CONF-791103-95 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method of determining the reactivity of far subcritical systems from neutron noise 
power spectral density measurements with 252Cf has previously been tested in fast reactor critical 
assemblies the Fast Flux Test Facility reactor and a uranium metal sphere. Calculations indicated that this 
measurement was feasible for a pressurized water reactor (PWR). In order to evaluate the ability to perform 
these measurements with moderated reactors which have long prompt neutron lifetimes, measurements 
were performed with a small plate-type research reactor whose neutron lifetime (57 microseconds) was 
about a factor of three longer than that of a PWR and approx. 50% longer than that of a boiling water 
reactor. The results of the first measurements of power spectral densities with 252Cf for a water moderated 
reactor are presented. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method of determining the reactivity of far-subcritical systems from neutron noise 
power spectral density measurements with 252Cf has previously been tested in fast reactor critical 
assemblies the Fast Flux Test Facility reactor and a uranium metal sphere. Calculations indicated that this 
measurement was feasible for a pressurized water reactor (PWR). 
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Conference/Journal: Materials Research Society Annual Meeting, Boston, MA, 26, Nov. 1979 

Conference Session:  

Abstract/Keyterms: This work demonstrates the utility of the Oklo uranium ore deposit and natural fission 
reactors as a long time scale analogue for man-made radioactive waste repositories. It has been shown that 
the ores and nearby rocks were open to the loss and gain of 99Tc, ruthenium, and lead relative to uranium. 
Identified regions of element deficiencies and those which are correspondingly enriched are separated by 
less than 10 meters. However, more extensive sampling is required to define the overall extent of the 
element migration. Element fractionation took place on at least two vastly different time scales; 99Tc was 
fractionated from ruthenium within one million years of the end of reactor criticality. Lead-uranium 
fractionation has been ongoing for most of the two billion years since the ores were formed. Diffusion loss 
of lead from host uraninite appears to be an important process in the fractionation of lead from uranium. 
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Report: CONF-800313-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Approximately 75% of the defense low-level transuranic (TRU) waste stored in the 
United States and 25% of the buried TRU waste is located at the Idaho National Engineering Laboratory 
(INEL). Studies have been performed to identify and evaluate technical alternatives for the long-term 
management of this waste. (The alternatives range from leaving the waste in place as is to reviewing, 
processing, and shipping it to an offsite geological repository.) Among the evaluations that have been 
performed were preliminary risk evaluations. The dose commitment and risk of hypothetical, near-term, 
accidental or uncontrolled releases of radionuclides have been evaluated for each alternative. The following 
potential causes of radionuclide release have been studied handling accidents, shipping accidents, natural 
events (e.g., earthquakes), man-caused events (e.g., airplane crashes), and future intrusion by individuals 
or small populations after loss of societal control over the waste. The hypothetical releases have been 
evaluated, in terms of dose commitment and (if pertinent) probability and risk, for all operational steps 
making up each concept. The dominant scenarios in terms of near-term risk are (1) lava flow up through or 
over the waste, leading to airborne releases; (2) an explosion or a criticality accident in the… 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: Influence of Safeguards and Fire Protection on Criticality Safety 

Date: 4/1/1980 

Report: CONF-800431-5 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: There are several positive influences of safeguards and fire protection on criticality 
safety. Experts in each discipline must be aware of regulations and requirements of the others and work 
together to ensure a fault-tree design. EG and G Idaho, Inc., routinely uses an Occupancy-Use Readiness 
Manual to consider all aspects of criticality safety, fire protection, and safeguards. The use of the analytical 
tree is described. 
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Title: Nuclear Safety Guide TID-7016 Revision 2 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The present revision of TID-7016 Nuclear Safety Guide is discussed. This Guide 
differs significantly from its predecessor in that the latter was intentionally conservative in its 
recommendations. Firmly based on experimental evidence of criticality, the original Guide and the first 
revision were considered to be of most value to organizations whose activities with fissionable materials 
were not extensive and, secondarily, that it would serve as a point of departure for members of established 
nuclear safety teams, experienced in the field. The reader will find a significant change in the character of 
information presented in this version. Nuclear Criticality Safety has matured in the past twelve years. The 
advance of calculational capability has permitted validated calculations to extend and substitute for 
experimental data. The broadened data base has enabled better interpolation, extension, and understanding 
of available, information, especially in areas previously addressed by undefined but adequate factors of 
safety. The content has been thereby enriched in qualitative guidance. The information inherently contains, 
and the user can recapture, the quantitative guidance characteristic of the former Guides by employing 
appropriate safety factors. In fact, it becomes incumbent on the Criticality Safety Specialist to necessarily 
impose safety factors consistent with the possible normal and abnormal credible contingencies of an 
operation as revealed by his evaluation. In its present form the Guide easily becomes a suitable module in 
any compendium or handbook tailored for internal use by organizations. It is hoped the Guide will continue 
to serve immediate needs and will encourage continuing and more comprehensive efforts toward organizing 
nuclear criticality safety information. 
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Title: CSRL-V: an ENDF/B-V 227-Group Cross Section Library for Criticality Safety Studies 

Date: 1/1/1980 

Report: CONF-800607-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The AMPX system was used to generate a P3 227-neutron-group master cross-section 
library containing data for all materials in the ENDF/B-V general purpose file. CSRL-V is a data base for 
the subsequent generation of problem-dependent fine- and/or broad-group cross sections for shipping cask 
calculations and other criticality safety analyses. The problem-dependent data can be used with codes such 
as KENO IV, ANISN, XSDRNPM, VENTURE, DOT, MORSE, etc. CSRL-V data can be coupled with 
photon-production and photon-interaction multigroup data produced with the AMPX system to produce 
coupled neutron-gamma cross-section libraries. Consideration was given to the resonance structure of 
prominent nuclei, the thresholds of important reactions, and various fission spectra. Data in the CSRL-V 
library were checked for first-order consistencies and tested in performance parameter calculations for a 
series of benchmark critical experiments. The CSRL-V library is available on magnetic tape 
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Author: Ford, W. E. III. / Westfall, R. M. / Diggs, B. R. / Webster, C. C. / Knight, J. R. 

Title: CSRL-V an ENDF/B-V 227-Group Cross Section Library for Criticality Safety Studies 

Date: 1/1/1980 

Report: CONF-800607-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The AMPX system was used to generate a P3 227-neutron-group master cross-section 
library containing data for all materials in the ENDF/B-V general purpose file. CSRL-V is a data base for 
the subsequent generation of problem-dependent fine-and/or broad-group cross sections for shipping cask 
calculations and other criticality safety analyses. The problem-dependent data can be used with codes such 
as KENO IV, ANISN, XSDRNPM, VENTURE, DOT, MORSE, etc. CSRL-V data can be coupled with 
photon-production and photon-interaction multigroup data produced with the AMPX system to produce 
coupled neutron-gamma cross-section libraries. Consideration was given to the resonance structure of 
prominent nuclei, the thresholds of important reactions, and various fission spectra. Data in the CSRL-V 
library were checked for first-order consistencies and tested in performance parameter calculations for a 
series of benchmark critical experiments. The CSRL-V library is available on magnetic tape. 
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Author: Zoltowski, T. / Hoffmann, P. M. / Zalewski, J. / Landeyro, P. A. / Grossi, G. 

Title: On-Line Computer System for Continuous Criticality Control of Some Nuclear Fuel Reprocessing 
Facilities 

Date: 10/14/1980 

Report: CONF-801026, 213-218 

Conference/Journal: IFAC/IFIP Conference on digital Computer Application to Process Control, 
duesseldor, F. R. Germany, 14 October, 1980 

Conference Session:  

Abstract/Keyterms: Continuous surveillance of some technological units in a fuel cycle in order to control 
their nuclear reactivity has a basic importance to performing a process safely and in optimal regime. An 
automated system based on PDP-11/45 on-line computer is presented that recognizes actual subcriticality 
state of units charged with nuclear-material-containing solutions or slurries. The system recognizes actual 
subcriticality states using a pattern recognition technique applied to neutron epithermal flux profiles 
measured with a movable neutron source. A system state estimation allows the security assessment. Some 
selected heuristics are used to secure the facility against too high nuclear reactivity. 
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Author: Fry, N. / Clapp, N. E. Jr. / Sides, W. H. Jr. / Mihalczo, J. T. / King, W. T. 

Title: Advances in Noise Analysis for Nuclear Plant Surveillance and Diagnostics 

Date: 1/1/1980 

Report: CONF-801053-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An automated surveillance and baseline noise signature acquisition system is being 
demonstrated at Sequoyah-1. A nonperturbing method is also being developed for monitoring the 
subcritical reactivity during initial core loading in LWRs, in fuel storage and processing facilities, and 
during postaccident recovery operations such as Three Mile Island-2. 
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Author: Westfall, R 

Title: TMI-2 Criticality Analysis: Parametric Studies and Overall Results 

Date: 1/1/1980 

Report: CONF-801107-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three hypothetical disrupted core models were analyzed for the President's 
Commission on the Accident at Three Mile Island Unit 2. The purpose of this paper is to provide a summary 
of the results obtained from preliminary parametric studies and from the analyses of the disrupted core 
models. Hopefully, the implications from these results are useful in planning plant recovery operations. 
However, the scope of this study did not include a quantitative determination of the probable condition of 
the reactor core or, on the other end, the development of recommendations for specific actions to assure the 
criticality safety of the plant. 
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Title: PATRAM ‘80. Proceedings. Volume 2 

Date: 11/1/1980 

Report: CONF-801115- 2 

Conference/Journal: International symposium on packaging and transporting radioactive material/ 10 
Nov 1980/ Berlin, F.R. Germany 

Conference Session:  

Abstract/Keyterms: Volume 2 contains papers from the following sessions: Safeguards-Related Problems; 
Neutronics and Criticality; Operations and Systems Experience II; Plutonium Systems; Intermediate 
Storage in Casks; Operations and Systems Planning; Institutional Issues; Structural and Thermal Evaluation 
I; Poster Session B; Extended Testing I; Structural and Thermal Evaluation II; Extended Testing II; and 
Emergency Preparedness and Response. Individual papers were processed. 
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Author: Kanda, K. / Nakagome, Y. / Hayashi, M. 

Title: Licensing Procedures and Safety Criteria for Core Conversion in Japan 

Date: 11/1/1980 

Report: CONF-801144, 36-50 

Conference/Journal: International meeting on development, fabrication, and application of reduced-
enrichment fuels for research and test reactors, Argonne, IL, USA, 13 Nov 1980 

Conference Session:  

Abstract/Keyterms: Procedures relating to the construction and operation of reactor facilities are 
discussed. Specifically, the Safety Analysis Report on the Kyoto University Critical Assembly (KUCA) 
core conversion (93% to 45% enrichment) is noted. The results of critical experiments in the KUCA and of 
burnup tests in the Oak Ridge Research (ORR) Reactor will be used in the final determination of the 
feasibility of the conversion of the Kyoto University High Flux Reactor (KUHFR) to the use of 45% 
enrichment. 
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Author: Bretscher, M. M. / Snelgrove, J. L. / Cornella, R. J. 

Title: Neutronic Performance of a 14 MW TRIGA Reactor LEU vs. HEU Fuel 

Date: 8/1/1983 

Report: CONF-801144, 548-551 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A primary objective of the US Reduced Enrichment Research and Test Reactor 
(RERTR) Program is to develop means for replacing, wherever possible, currently used highly-enriched 
uranium (HEU) fuel ( 235U enrichment > 90%) with low-enriched uranium (LEU) fuel ( 235U enrichment 
< 20%) without significantly degrading the performance of research and test reactors. The General Atomic 
Company has developed a low-enriched but high uranium content Er-U-ZrH/sub 1.6/ fuel to enable the 
conversion of TRIGA reactors (and others) from HEU to LEU. One possible application is to the water-
moderated 14 MW TRIGA Steady State Reactor (SSR) at the Romanian Institute for Nuclear Power 
Reactors. The work reported here was undertaken for the purpose of comparing the neutronic performance 
of the SSR for HEU fuel with that for LEU fuel. In order to make these relative comparisons as valid as 
possible, identical methods and models were used for the neutronic calculations. 
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Author: Wright, J. B. 

Title: Spent Fuel Dry Storage: A Look at the Past, Present and Future 

Date: 1/1/1981 

Report: CONF-810324-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several dry storage techniques are under evaluation in the United States and abroad. 
In the U.S., the most relevant information has been developed in programs sponsored by the DOE. Since 
1978, Westinghouse Advanced Energy Systems Division, along with many other contractors, has been 
actively involved in these DOE technology development programs. In this paper, experience from the past 
four years of involvement with DOE dry storage technology development programs is used to summarize 
the history, current state and potential future of dry storage for LWR spent fuel. 
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Author: Schuerrer, F. / Mueller, H. / Ninaus, W. / Rabitsch, H. / Neef, R. D. 

Title: Critical Experiments to Investigate Ingress of Water into AVR Pebble Beds Out in the Argonaut 
Reactor 

Date: 5/25/1980 

Report: CONF-810326, 23-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In gas-cooled HTR reactors, ingress of water into the core is possible and should be 
taken into account in safety considerations. Critical experiments have been carried out at the Graz Siemens-
Argonaut reactor (SAR) with the goal of testing the GAMTEREX reactor programme. 
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Author: Mihalczo, J. T. / Kryter, R. C. / King, W. T. 

Title: Preliminary Investigation of 252Cf-Driven Neutron Noise Analysis for Subcritical Fuel Solution 
Systems 

Date: 1/1/1981 

Report: CONF-810606-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method for determining the reactivity of highly subcritical systems of fissile 
material, using neutron-noise power spectral densities in conjunction with a 252Cf source, had previously 
been tested in two fast reactor critical assemblies (a mockup of the Fast Flux Test Facility reactor and 
unreflected enriched uranium metal assemblies) and one thermal reactor (a light-water moderated and 
reflected lattice of Oak Ridge Research Reactor fuel elements). The last-mentioned test demonstrated the 
effectiveness of the method in water-moderated systems and thereby prompted the present study of its 
application to facilities for fuel preparation, reprocessing, and storage. To investigate the applicability of 
this method to facilities for fuel preparation, reprocessing, and storage, limited experiments were performed 
with a uranyl fluoride solution. The Los Alamos National Laboratory SHEBA facility, an unreflected 
cylindrical tank (56 cm diam), was partially filled with a solution containing 5 wt% 235U-enriched uranium 
(rho (U) approx. 1 g/cc, H/U atomic ratio approx. 550). The tank had a central 5-cm-diam axial hole in 
which the 252Cf source was placed at the midpoint of the solution. Measurements were performed at 
various solution heights from 60% of the critical height to near-critical height (approx.) 
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Title: Acceptability of Reactors in Space 
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Conference/Journal: Intersoc. Energy Convers. Eng. Conference; (United States); Journal Volume: 1; 
IECEC conference, Atlanta, GA, USA, 9 Aug 1981 

Conference Session:  

Abstract/Keyterms: Reactors are discussed relative to future expansion into space. However, there has 
been some confusion in the public as to whether they are a safe and acceptable technology for use in space. 
The answer to these questions is explored. 
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Title: Calculated K-Effectives Using ENDF/B-V Data for U + Pu Solution Critical Experiments 

Date: 1/1/1981 

Report: CONF-811103-82 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Effective multiplication factors for 12 critical experiments have been calculated using 
multigroup cross sections derived from the ENDF/B-V library. All 12 experiments contained mixed 
plutonium and uranium nitrate solutions. The range of hydrogen-to-fissile plutonium atom ratios spanned 
by these experiments was 200 to 2200. A comparison with K-effectives calculated with ENDF/B-IV data 
is presented. 
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Date: 11/9/1981 

Report: CONF-811154, 257-260 

Conference/Journal: International conference on fast reactor fuel cycles, London, UK, 9 Nov 1981 

Conference Session:  

Abstract/Keyterms: Transport of Fuel / KNK II Test Reactor / SNR 300 Demonstration Plant. 
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Report: CONF-820566, 16.1-16.28 

Conference/Journal: Thermal reactor benchmark calculations, techniques, results and applications 
seminar, Upton, NY, USA, 17 May 1982 

Conference Session:  

Abstract/Keyterms: The thermal reactor data testing effort is centered in a series of benchmark critical 
assemblies for the principal fissile and fertile materials. Included are homogeneous aqueous assemblies and 
simple rod lattices. An extensive amount of testing was done by many laboratories with ENDF/B-IV, and 
in the preparation of ENDF/B-V. This paper summarizes results obtained to date with ENDF/B-V. 
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Conference Session:  
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Abstract/Keyterms: CSRL-V, an ENDF/B-V 227-group neutron cross-section library which has recently 
been expanded to include Bondarenko factor data for unresolved resonance processing, was used to 
calculate performance parameters for a series of thermal reactor and criticality safety benchmarks. Among 
the thermal benchmarks calculated were the Babcock and Wilcox lattice critical experiments B and W-XIII 
and B and W-XX. These two slightly-enriched (2.46%) UO2, water-moderated, tight-pitch lattice 
experiments were chosen because (a) they have similar U238 resonance shielding characteristics as power 
reactor cores, and (b) they provide benchmark results representative of high-leakage and low-leakage 
lattices, respectively. Among the criticality safety benchmarks calculated were homogeneous, highly-
enriched (93.2%) uranyl fluoride spheres with hydrogen-to-uranium ratios varying from 76 to 972. 
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Abstract/Keyterms: The Department of Energy's Consolidated Fuel Reprocessing Program has as a goal 
the design of nuclear fuel reprocessing equipment. In order to validate computer codes used for criticality 
analyses in the design of such equipment, k-effectives have been calculated for several U + Pu nitrate 
solution critical experiments. As of January 1981, descriptions of 45 unpoisoned, U + Pu solution 
experiments were available in the open literature. Twelve of these experiments were performed with 
solutions which have physical characteristics typical of dissolved, light water reactor fuel. This paper 
contains a discussion of these twelve experiments, a review of the calculational procedure used to determine 
k-effectives, and the results of the calculations. 
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Abstract/Keyterms: Computer Sciences at Oak Ridge National Laboratory, under a contract with the 
Nuclear Regulatory Commission, has developed the SCALE system for performing standardized criticality, 
shielding, and heat transfer analyses of nuclear systems. During the early phase of shielding development 
in SCALE, it was established that Monte Carlo calculations of radiation levels exterior to a spent fuel 
shipping cask would be extremely expensive. This cost can be substantially reduced by proper biasing of 
the Monte Carlo histories. The purpose of this study is to develop and test an automated biasing procedure 
for the MORSE-SGC/S module of the SCALE system. 



 

C-3528 

3521…..…..…………………..…….……..……ID Number…………………..…..…………….3521 

Author: Lefort, G. / Bourgeois, M. / Poulain, A. / Maigret, C. / Puit, J. C. 

Title: Safety Problems in the Fast Breeder Reactor Fuel Cycle 

Date: 7/18/1982 

Report: CONF-820704-Vol.2, 421-429 

Conference/Journal: International topical meeting on LMFBR safety, Lyon, France, 18 Jul 1982 

Conference Session:  

Abstract/Keyterms: Fast Breeder Reactors / Processing of Spent Fuel / Fabrication / Waste and Effluent 



 

C-3529 

3522…..…..…………………..…….……..……ID Number…………………..…..…………….3522 

Author: Maschek, W. / Fischer, E. A. / Asprey, M. W. 

Title: Transition Phase and Recriticality Analyses for a SNR-Type Homogeneous Core with the SIMMER-
II Code 

Date: 7/18/1982 

Report: CONF-820704-Vol.3, 357-368 

Conference/Journal: International topical meeting on LMFBR safety, Lyon, France, 18 Jul 1982 

Conference Session:  

Abstract/Keyterms: Homogeneous Reactor Core / Loss of Flow Accident / SIMMER-II Code / Core 
Material Redistribution Processes / Thermodynamic Behaviour / Autocatalytic Reactivity Effects / 
Secondary Power Excursion 



 

C-3530 

3523…..…..…………………..…….……..……ID Number…………………..…..…………….3523 

Author: Padilla, A., Jr. / O’Dell, L. D. / Yung, S. C. / Wilburn, N. P. / Culley, G. E. / Waltar, A. E. 

Title: Consequences of Axial Midplane Failures During Hypothetical Transient Overpower Accidents 

Date: 7/18/1982 

Report: CONF-820704-Vol.4, 139-148 

Conference/Journal: International topical meeting on LMFBR safety, Lyon, France, 18 Jul 1982 

Conference Session:  

Abstract/Keyterms: Coherent Fuel Pin Failures / Hypothetical Transient Overpower Accidents / 
Superprompt-Critical Excursion 



 

C-3531 

3524…..…..…………………..…….……..……ID Number…………………..…..…………….3524 

Author: Avery, R. 

Title: Status of Fast-Breeder-Reactor Safety 

Date: 1/1/1982 

Report: CONF-820814-39 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The current state of knowledge of fast breeder reactors is reviewed. The primary focus 
on the analysis of postulated accident sequences and the implications to fast-reactor design. The accidents 
considered include loss-of-coolant flow and transient overpower, both with a postulated failure to scram. 
The associated accident phenomena considered largely relate to the potential for energetic disassembly and 
include fuel, clad, and coolant motions during the accident sequence, fuel-coolant thermal interactions, and 
potential recriticality phenomena. 
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Abstract/Keyterms: In 1977, spent fuel storage capacity of Ko-Ri Unit 1 was raised to contain 4-2/3 core, 
by reducing the center-to-center spacing between fuel assemblies from 53.34cm to 36cm. In this paper the 
adequacy is discussed in detail by examining the previous design analysis report. According to the analytic 
method presented by Core Performance Branch, study on credible abnormal moderator density condition 
is performed by using KENO-IV for the redesigned spent fuel storage facility. Result shows that 36cm for 
the center-to-center spacing between fuel assemblies is not enough to keep the storage safe at water density 
of 0.1143g/cc, which gives the maximum k(eff) 0.9958±0.0048, which exceeds the CPB regulation limit 
0.98. A sensitivity study regarding center-to-center spacing indicates that it should be maintained at a 
distance greater than 43cm in order to meet the CPB requirements. 



 

C-3535 

3528…..…..…………………..…….……..……ID Number…………………..…..…………….3528 

Author: Pope, R. 

Title: Excerpts from: Safety Analysis Report for Packaging of TRIGA and MTR Irradiated Fuel 
Assemblies in MH-1A Spent-Fuel Shipping Cask 

Date: 11/8/1982 

Report: CONF-821155, 501-513 

Conference/Journal: International meeting on research and test reactor core conversions from HEU to 
LEU fuels, Argonne, IL, USA, 8 Nov 1982 

Conference Session:  

Abstract/Keyterms: MH-1A Cask / TRIGA-Type Fuels / MTR-Type Fuels 



 

C-3536 

3529…..…..…………………..…….……..……ID Number…………………..…..…………….3529 

Author: Deen, J. R. / Snelgrove, J. L. / Hobbs, R. W. 

Title: Measurements and Analysis of Critical Assemblies for Research Reactors with Mixed Enrichments 

Date: 11/8/1982 

Report: CONF-821155-2 

Conference/Journal: International meeting on research and test reactor core conversions from HEU to 
LEU fuels, Argonne, IL, USA, 8 Nov 1982 

Conference Session:  

Abstract/Keyterms: As part of the RERTR Program whole-core demonstration in the Ford Nuclear 
Reactor (FNR) at the University of Michigan, data have been obtained which will allow more extensive 
validation of neutronics methods for whole-core calculations of an equilibrium high-enriched-uranium 
(HEU) core and a fresh low-enriched-uranium (LEU) core. A series of experiments designed to provide the 
data needed for these validations has been performed in the Pool Critical Assembly (PCA) at the Oak Ridge 
National laboratory (ORNL). This paper reports the results of the measurements and of the subsequent 
validation calculations performed at ANL. Measurements were made on approximately 20 different critical 
configurations in the PCA during the period June 15 to 26, 1981. The normal PCA fuel elements contained 
high-enriched uranium (HEU, 93 wt% 235U) while the reduced-enrichment fuel elements, obtained for 
irradiation testing in the Oak Ridge Research Reactor (ORR) under the fuel demonstration activity of the 
RERTR Program, contained either medium-enriched uranium (MEU, 45 wt% 235U) or low-enriched 
uranium (LEU, 19.8 wt% 235U). 
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Abstract/Keyterms: The Ford Nuclear Reactor (FNR) went critical on December 8, 1981 with 23 LEU 
fuel elements. Five of these 23 elements were fabricated by CERCA and the others by NUKEM. Since that 
time a substantial data base of experimental results for LEU cores has been accumulated by the University 
of Michigan FNR staff. This paper compares some of the experimental data with analytical calculations 
based, for the most part, on three-dimensional diffusion theory. The critical configuration, control rod 
worths, axial rhodium reaction rate profiles and thermal flux distributions have been calculated and 
compared with measurements. 
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Abstract/Keyterms: Due to mutual concerns in the USA and Japan about the proliferation potential of 
highly-enriched uranium (HEU), a joint study program was initiated between Argonne National Laboratory 
(ANL) and Kyoto University Research Reactor Institute (KURRI) in 1978. In accordance with the reduced 
enrichment for research and test reactor (RERTR) program, the alternatives were studied for reducing the 
enrichment of the fuel to be used in the Kyoto University High Flux Reactor (KUHFR). The KUHFR has 
a distinct feature in its core configuration: it is a coupled-core. Each annular shaped core is light-water-
moderated and placed within a heavy water reflector with a certain distance between them. 
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Abstract/Keyterms: This paper describes improved capabilities for analyses of nuclear fuel shipping 
containers within SCALE--a modular code system for Standardized Computer Analyses for Licensing 
Evaluation. Criticality analysis improvements include the new KENO V, a code which contains an 
enhanced geometry package and a new control module which uses KENO V and allows a criticality search 
on optimum pitch (maximum k-effective) to be performed. The SAS2 sequence is a new shielding analysis 
module which couples fuel burnup, source term generation, and radial cask shielding. The SAS5 shielding 
sequence allows a multidimensional Monte Carlo analysis of a shipping cask with code generated biasing 
of the particle histories. The thermal analysis sequence (HTAS1) provides an easy-to-use tool for evaluating 
a shipping cask response to the accident capability of the SCALE system to provide the cask designer or 
evaluator with a computational system that provides the automated procedures and easy-to-understand input 
that leads to standarization. 
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Abstract/Keyterms: The BIZET program consists of or series of physical experiments that are conducted 
at the ZEBRA-zero-energy installation at Winfrith under the collaboration of the UK and DEBENE fast-
breeder projects. The core BZB in fig. 1 is a model of homogeneously sodium-cooled large breeder. The 
core consists of a few rod cells, but mainly of plate cells. It has a core diameter of 2.4 m, a core height of 
89 cm and an axial breeder coating of 2 x 30 cm. The Pu enrichment of the inner core zone amounts to 
16%, that of the outer core zone 21%. There are 27 C and G areas with partially retracted B4C absorbers 
which simulate in 3 rings a control configuration that is typical for power reactors. The following security 
and efficiency aspects of power reactors are being addressed by the experimental calculations given here 
effectiveness, critical mass, fuel power, and criticality monitoring. 
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Abstract/Keyterms: In November 1980, Westinghouse Hanford Company installed the initial version of 
the Safeguards Active Response Inventory System (SARIS). It was designed as an advanced accountability 
system to meet the needs of process, safeguards, criticality, safety, and inventory control. A single database 
translates information about a quantity of nuclear material into the language used by process operators or 
accountants. Modifications made through functions that model the process automatically generate changes 
in nuclear material reports, including input of transactions to the NMMSS system at Oak Ridge, Tennessee. 
During the past two years, the user attitude about SARIS has improved, largely due to the changes 
implemented in four major additions. Problems encountered during development include: obtaining 
accurate and complete data to load the database, slow computer response, insufficient communication 
between users and developers, insufficient training of users before system implementation, and functions 
that did not exactly meet the user’s needs. The benefits of SARIS have included: consistency in data 
reporting, fewer errors due to immediate resolution of discrepancies, a standardized audit trail, and 
elimination of manual methods. The most important improvement is a reporting scheme that enables rapid 
conduction and reconciliation of physical inventories. 
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techniques, MORSE has been, since its inception at ORNL in the late 1960s, the most widely used Monte 
Carlo radiation transport code. The principal reason for this popularity is that MORSE is relatively easy to 
use, independent of any installation or distribution center, and it can be easily customized to fit almost any 
specific need. Features of the MORSE code are described. 
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towards the verification of low level encapsulated waste. 
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Abstract/Keyterms: A major safety concern for nuclear reactors in space power applications is the effect 
of accidental submersion of the reactors in water. Such a situation might be postulated, for example, as a 
consequence of a launch PAD accident. The classes of reactors proposed most frequently for use in space 
are fast spectrum reactors, for which submersion results in a softened core neutron spectrum caused by the 
displacement of the liquid metal coolant by the water. The softened spectrum alters the neutron balance in 
the core - neutron capture and fission are increased while leakage from the core is reduced. Water outside 
the submerged core introduces an increased number of reflected thermalized neutrons into the core. The net 
effect is a function of the specific features of the reactor design (composition, size, etc.) and can be positive 
or negative depending upon the contributions of the individual effects. Analysis of the magnitude of the 
effect requires an accurate evaluation of the individual components. At present a designer must rely on 
detailed calculations performed after key design parameters are settled to determine the effects of 
submersion. The purpose of our work is to develop generic features of the submersion phenomenon to 
provide designers a means to an a priori knowledge of the impact of potential design choices on submersion 
reactivity. 
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with void fraction. The purpose of this presentation is to describe and demonstrate our analytical capability 
for the determination of minimum reactor size. The analysis based on combining neutronic criticality 
calculations with OPTION-code thermal-fluid calculations. 
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Abstract/Keyterms: The relationship between neutron multiplication and reactivity is briefly discussed 
and data presented to illustrate problems associated with the absolute measurement of neutron 
multiplication and reactivity in subcritical systems. A number of curves of inverse multiplication have been 
selected from a variety of experiments showing variations observed in multiplication during the course of 
critical and subcritical experiments where different methods of reactivity addition were used, with different 
neutron source detector position locations. The inverse multiplication curves show that as the system 
approaches criticality, source, counter, and geometry effects become relatively small near delayed criticality 
and good estimates of criticality are possible by extrapolation of the curves. Conditions known to result in 
anomalous multiplication leading to poor (unsafe) extrapolations of criticality are pointed out. The absolute 
measurement of neutron multiplication appears to be straightforward only in the case of some small fast-
neutron metal assemblies. Particularly in the case of hydrogen-moderated systems that are subcritical by 
more than a few dollars, modal effects, source detector locations and geometry effects become difficult to 
interpret and a precise measurement of reactivity from neutron multiplication during an approach-to-
criticality experiment under these circumstances may not be possible. Concern is raised regarding the 
meaning and interpretation of k(eff) as might be measured in a far subcritical system because of the modal 
effects and spectrum differences that exist between the subcritical and critical systems. Because of this, the 
calculation of k(eff) identical to unity for a critical assembly, although necessary, may not be sufficient to 
assure safety margins in calculations pertaining to far subcritical systems. 
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Abstract/Keyterms: An analytical/experiment method was developed to monitor the subcritical reactivity 
and unfold the k/sub infinity/ distribution of a degraded reactor core. The method uses several fixed neutron 
detectors and a Cf-252 neutron source placed sequentially in multiple positions in the core. Therefore, it is 
called the asymmetric multiple position neutron source (AMPNS) method. The AMPNS method employs 
the nucleonic codes to analyze in two dimensions the neutron multiplication of a Cf-252 neutron source. 
The method uses the tilt independent asymmetric count rate ratios of two neutron detectors positioned at 
opposite sides of the core to determine the core k(eff). An optimization program, GPM, has been utilized 
to unfold the K/sub infinity/ distribution of the degraded core, in which the desired performance measure 
minimizes the error between the calculated and the measured count rates of the degraded reactor core. The 
analytical/experimental approach was validated by performing experiments using the Penn State Breazeale 
TRIGA Reactor (PSBR). The experiments involved supercritical, critical and subcritical cores. A 
comparison of the experimental data with the analytical results showed good agreement, indicating the 
analytical model of the core used is valid. 



 

C-3602 

3595…..…..…………………..…….……..……ID Number…………………..…..…………….3595 

Author: Spriggs, Gregory D. / Pederson, Ray A. 

Title: Source-Jerk Analysis Using a Semi-Explicit Inverse Kinetic Technique 

Date: 8/29/1985 

Report: CONF-8508105, 084-094 

Conference/Journal: DOE subcritical reactivity measurements workshop, Albuquerque, NM, USA, 26-
29 Aug 1985 
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Abstract/Keyterms: A method is proposed for measuring the effective reproduction factor, k, in subcritical 
systems. The method uses the transient response of a subcritical system to the sudden removal of an 
extraneous neutron source (i.e., a source jerk). The response is analyzed using an inverse kinetic technique 
that least-squares fits the exact analytical solution corresponding to a source-jerk transient as derived from 
the point-reactor model. It has been found that the technique can provide an accurate means of measuring 
k in systems that are close to critical (i.e., 0.95 < k < 1.0). As a system becomes more subcritical (i.e., k << 
1.0) spatial effects can introduce significant biases depending on the source and detector positions. 
However, methods are available that can correct for these biases and, hence, can allow measuring 
subcriticality in systems with k as low as 0.5. 
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Abstract/Keyterms: The Feynman and other fluctuation techniques have been shown to be useful for 
determining the multiplication of subcritical systems. The moments of the counting distribution from 
neutron detectors is analyzed to yield the multiplication value. We present the methodology and some 
selected applications and results and comparisons with Monte Carlo calculations. 
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Abstract/Keyterms: The author studied the statistics of detected neutrons that leaked from four subcritical 
reflected, enriched-uranium assemblies, to explore the feasibility of developing a criticality warning system 
based on neutron noise analysis. The calculated multiplication factors of the assemblies are 0.59, 0.74, 0.82, 
and 0.92. The author studied three possible discriminators, i.e., three signatures that might be used to 
discriminate among assemblies of various multiplications. They are: (1) variance-to-mean ratio of the 
counts in a time bin (V/M); (2) covariance-to-mean ratio of the counts in a common time bin from two 
different detectors (C/M); and (3) covariance-to-mean ratio of the counts from a single detector in two 
adjacent time bins of equal length, which the author calls the serial-covariance-to-mean ratio (SC/M). The 
performances of the three discriminators were not greatly different, but a hierarchy did emerge: SC/M 
greater than or equal to V/M greater than or equal to C/M. An example of some results: in the neighborhood 
of k = 0.6 the..delta..k required for satisfactory discrimination varies from about 3% to 7% as detector solid 
angle varies from 19% to 5%. In the neighborhood of k = 0.8 the corresponding delta..ks are 1% and 2%. 
The noise analysis techniques studied performed well enough in deeply subcritical situations to deserve 
testing in an applications environment. They have a good chance of detecting changes in reactivity that are 
potentially dangerous. One can expect sharpest results when doing comparisons, i.e., when comparing two 
records, one taken in the past under circumstances known to be normal and one taken now to search for 
change. 
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Conference Session:  

Abstract/Keyterms: The 252Cf-source-driven neutron noise analysis method has been tested in a wide 
variety of experiments that have indicated the broad range of applicability of the method. The neutron 
multiplication factor k(eff) has been satisfactorily determined for a variety of materials including uranium 
metal, light water reactor fuel pins, fissile solutions, fuel plates in water, and interacting cylinders. For a 
uranyl nitrate solution tank which is typical of a fuel processing or reprocessing plant, the k(eff) values 
were satisfactorily determined for values between 0.92 and 0.5 using a simple point kinetics interpretation 
of the experimental data. The short measurement times, in several cases as low as 1 min, have shown that 
the development of this method can lead to a practical subcriticality monitor for many in-plant applications. 
The further development of the method will require experiments oriented toward particular applications 
including dynamic experiments and the development of theoretical methods to predict the experimental 
observables. 
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Abstract/Keyterms: This report gives a brief description of the potential applications of a reliable method 
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Abstract/Keyterms: This book presents the papers given at a conference on the safety of nuclear fuel 
storage. Topics considered at the conference included the criticality implications of extended fuel burnup, 
enrichment and fuel manufacturing, solution storage vessels, waste storage tank experience, fresh and spent 
fuel storage, vault and transport storage, calculation methods, calculational margins, calculational 
benchmarks, safety standards, and the joint US-Japanese criticality data development program. 
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Abstract/Keyterms: Spent Fuel Storage and Handling Operations at the Hanford N Reactor Utilize Sizable 
Tanks and Storage Basins for Fissile Isotope Bearing Liquids and Irradiated Fuel Elements. Criticality 
Control Measures are Fairly Straightforward for Homogeneous Solutions and Regular Arrays. However, If 
Inhomogeneities Can Occur, Criticality Control Becomes a Much More Complex Process. Criticality 
Control Methods are Described for Both Normal and Accident Conditions for Spent Fuel Storage. in 
Addition, a Method of Analysis is Presented that Provides An Estimate of Neutron Detector Response for 
Different Fissile Material Configurations. This Method Can Be Adapted to Other Configurations Where 
Physical Constraints Alone Cannot Prevent a Significant Accumulation of Fissile Materials and 
Administrative Controls Must Be Relied Upon for the Prevention of a Criticality Accident. 



 

C-3625 

3618…..…..…………………..…….……..……ID Number…………………..…..…………….3618 

Author: Thompson, O. D. / Yearwood, D. D. 

Title: Plutonium Solution Storage in Arrays of Six-inch Pipes 

Date: 9/1/1985 

Report: CONF-850917, 092-098 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Solution Storage Vessels / Waste Storage Tank Experience 

Abstract/Keyterms:  



 

C-3626 

3619…..…..…………………..…….……..……ID Number…………………..…..…………….3619 

Author: Clemson, P. D. / Mayson, R. T. H. 

Title: Criticality Aspects of BNFL Irradiated Fuel Storage for Dismantled CAGR Fuel 

Date: 9/1/1985 

Report: CONF-850917, 099-109 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Fresh and Spent Fuel Storage 

Abstract/Keyterms:  



 

C-3627 

3620…..…..…………………..…….……..……ID Number…………………..…..…………….3620 

Author: Gerrald, L. D. / Brown, O. C. 

Title: Taking Credit for Burnable Absorber in BWR Fuel Criticality Safety 

Date: 9/1/1985 

Report: CONF-850917, 110-116 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Fresh and Spent Fuel Storage 

Abstract/Keyterms:  



 

C-3628 

3621…..…..…………………..…….……..……ID Number…………………..…..…………….3621 

Author: Putman, V. L. 

Title: Normal and Off-Normal Conditions with 235U Fuel Units in Underwater Rack Storage 

Date: 9/1/1985 

Report: CONF-850917, 117-129 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Fresh and Spent Fuel Storage 

Abstract/Keyterms:  



 

C-3629 

3622…..…..…………………..…….……..……ID Number…………………..…..…………….3622 

Author: Rogers, C. A. / Morford, R. J. 

Title: Fuel Storage Facilities at the Hanford Engineering Development Laboratory 

Date: 9/1/1985 

Report: CONF-850917, 130-134 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Fresh and Spent Fuel Storage 

Abstract/Keyterms:  



 

C-3630 

3623…..…..…………………..…….……..……ID Number…………………..…..…………….3623 

Author: McCowan, J. R. 

Title: Generic Reactivity Equivalence of PWR Fuel in Spent Fuel Storage 

Date: 9/1/1985 

Report: CONF-850917, 135-142 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Fresh and Spent Fuel Storage 

Abstract/Keyterms:  



 

C-3631 

3624…..…..…………………..…….……..……ID Number…………………..…..…………….3624 

Author: Stevenson, J. M. / Ingram, G. 

Title: Critical and Sub-Critical Measurements with 3.0% Enriched Uranium Oxide Pins in a Boron-Steel 
Walled CAGR Skip 

Date: 9/1/1985 

Report: CONF-850917, 143-157 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Fresh and Spent Fuel Storage 

Abstract/Keyterms:  



 

C-3632 

3625…..…..…………………..…….……..……ID Number…………………..…..…………….3625 

Author: Thomas, J. T. 

Title: Applications of the ANSI/ANS Standard on the Storage of Fissile Materials 

Date: 9/1/1985 

Report: CONF-850917, 158 

Conference/Journal: Topical Meeting on Criticality Safety in the Storage of Fissile Material, Jackson, 
WY, USA, 9 Sep 1985 

Conference Session: Vault and Transport Storage 

Abstract/Keyterms: The American National Standard “Guide for Nuclear Criticality Safety in the Storage 
of Fissile Materials,” ANSI/N16.5-1975 is the subject of this paper. The Guide was reaffirmed in 1982. The 
technical bases for the conditions and requirements are discussed. Suggestions for applications and several 
general problems addressed by the Guide are presented. The development of information needed for future 
extensions of the area of applicability is given. 
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Abstract/Keyterms: Fuel handling at the Zero Power Plutonium Reactor (ZPPR) led to two requirements 
for storage of ZPPR fuel: a low neutron multiplication and shielded storage to minimize personnel doses. 
Boron-poisoned concrete was chosen as the storage medium with boron frit as the poisoning agent. The 
calculated effects of water content and boron concentration led to specifying a concrete with a water content 
that was higher than ordinary concrete. The finite size of the boron frit particles caused concern about 
reduced effectiveness due to self-shielding. The self-shielding was evaluated using optical path lengths for 
spheres and tabulated self-shielding for slabs. The results showed that the finite-sized particles were at least 
80% as effective as infinitely dilute absorption. Neutron and gamma dose rates measured in the vault 
verified that personnel could work in the vault on a regular basis without exceeding personnel dose limits. 
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Abstract/Keyterms: A joint program on the subject of criticality data development has been initiated by 
the US Department of Energy and the Japan Power Reactor and Nuclear Fuel Development Corporation. A 
large number of critical experiments are planned to enhance the data base of mixed plutonium and uranium 
solution experiments. These data will be used to validate computer codes and cross-section libraries so that 
nuclear fuel recycling facilities can be designed to operate more safely and economically. The program also 
encompasses the development of a Subcriticality Measurement System which utilizes the 252Cf source-
driven neutron noise analysis method. The system will be used to measure the subcriticality states of several 
experimental arrangements. 
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Abstract/Keyterms: A bounding strategy has been adopted for assuring subcriticality during all TMI-2 
defueling operations. The strategy is based upon establishing a safe soluble boron level for the entire reactor 
core in an optimum reactivity configuration. This paper presents the determination of a fuel rubble model 
which yields a maximum infinite lattice multiplication factor and the subsequent application of cell-
averaged constants in finite system analyses. Included in the analyses are the effects of fuel burnup 
determined from a simplified power history of the reactor. A discussion of the analytical methods employed 
and the determination of an analytical bias with benchmark critical experiments completes the presentation. 
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Abstract/Keyterms: Criteria for establishing the validity of a computational method to be used in assessing 
nuclear criticality safety, as set forth in "American Standard for Nuclear Criticality Safety in Operations 
with Fissionable Materials Outside Reactors," ANSI/ANS-8.1-1983, are examined and discussed. 
Application of the criteria is illustrated by describing the procedures followed in deriving subcritical limits 
that have been incorporated in the Standard. 
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Abstract/Keyterms: The evolution of Federal involvement with nuclear criticality safety has traversed 
through the 1940’s and early 1950’s with the Manhattan Engineering District, the 1950’s and 1960’s with 
the Atomic Energy Commission, the early 1970’s with the Energy Research and Development 
Administration, and the late 1970’s to date with the US Department of Energy. The importance of nuclear 
criticality safety has been maintained throughout these periods; however, criticality safety has received 
shifting emphases in research/applications, promulgations of regulations/standards, origins of fiscal support 
and organization. In June 1981 the Office of Nuclear Safety was established in response to a Department 
of Energy study of the impact of the March 1979 Three Mile Island accident. The organizational structure 
of the ONS, its program for establishing and maintaining a progressive nuclear criticality safety program, 
and associated projects, and current history of ONS’s fiscal support of program projects is presented. With 
the establishment of the ONS came concomitant missions to develop and maintain nuclear safety policy 
and requirements, to provide independent assurance that nuclear operations are performed safely, to provide 
resources and management for DOE responses to nuclear accidents, and to provide technical support. In 
the past four years, ONS has developed and initiated a continuing Department Nuclear Criticality Safety 
Program in such areas as communications and information, physics of criticality, knowledge of factors 
affecting criticality, and computational capability. 
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Abstract/Keyterms: This report summarizes the Environmental, Safety and Health programs to control 
uranium hazards at the Portsmouth Gaseous Diffusion Plant. A description of the physical plant, the facility 
processes and the attendant uranium flows and effluents are provided. The hazards of uranium are discussed 
and the control systems are outlined. Finally, the monitoring programs are described and summaries of 
recent data are provided. 
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Abstract/Keyterms: The Ultimate Safe (US) Reactor is a reactor that eliminates the traditional safety 
concerns of nuclear fission reactors. The US reactor has an insignificant source term and no reasonable 
criticality accident. Furthermore, the negligible residual after-heat in the reactor renders its shutdown 
capability comparable or superior to conventional power sources. Fission products are continuously 
removed at the rate they are produced. The reactor is operated with no excess criticality, hence no criticality 
accident is reasonably possible. The reactor is controlled safely by its negative temperature coefficient. The 
reactor maintains criticality by an internal breeding ratio that is trimmed to be exactly one. The US reactor 
requires a fluid fuel and on-line, continuous fuel processing. Molten salt fuel was selected for its low vapor 
pressure at high temperature; adequate solubility of uranium and thorium as fluorides; good compatibility 
with structural materials; absence of irradiation damage; high negative temperature coefficient and amply 
developed technology and experience. 
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Abstract/Keyterms: The March 1979 incident at the Three Mile Island Nuclear Power Station (TMI) 
which damaged the core of the Unit 2 reactor resulted in numerous scientific and technical challenges. 
Some of those challenges involve removing, packaging, and transporting the core debris to the Idaho 
National Engineering Laboratory (INEL) for storage, examination, and preparation for final disposal. This 
paper highlights preparations for transporting the core debris from TMI to INEL and receiving and storing 
that material at INEL. Issues discussed include interfacing of equipment and facilities at TMI, loading 
operations, transportation activities using a newly designed cask, receiving and storing operations at INEL, 
and criticality control during storage. Key to the transportation effort was designing, testing, fabricating, 
and licensing two rail casks which individually provide double containment of the damaged fuel. 
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Abstract/Keyterms: A thermal denitration in-the-storage-can process has been developed for use in the 
Consolidated Edison Uranium Solidification Program Facility. This process is being used to convert approx. 
1000 kg of highly fissile and radioactive uranium to a solid form for safe long-term storage. The material 
being solidified also contains approx. 300 kg of cadmium and approx. 40 kg of gadolinium which had been 
combined with the uranium to provide criticality safety. The unique thermal denitration process was found 
to be extremely susceptible to entrainment of solids by splattering, foaming, or expulsion actions. The 
process connection nozzle, through which the feed solution and purging air are supplied and the emerging 
off-gases are discharged, and the off-gas handling system were modified extensively to permit operation 
without development of nozzle or line pluggage due to accumulation of solid deposits. A process study was 
made to determine the effects of feed components and process variables on the tendency of the reacting 
mixture to splatter, foam, or be expelled. Because of the equipment modifications and the selection of 
appropriate processing conditions, the feed material is being denitrated without significant problems. 
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Abstract/Keyterms: SCALE - a modular code system for Standardized Computer Analysis for Licensing 
Evaluation - has been developed at Oak Ridge National Laboratory at the request of the US Nuclear 
Regulatory Commission staff. The SCALE system utilizes well-established computer codes and methods 
within standard analytic sequences that (1) allow simplified free-form input, (2) automate the data 
processing and coupling between codes, and (3) provide accurate and reliable results. System development 
has been directed at criticality safety, shielding, and heat transfer analysis of spent fuel transport and/or 
storage casks. However, only a few of the sequences (and none of the individual functional modules) are 
restricted to cask applications. This paper will provide a background on the history of the SCALE 
development and review the components and their function within the system. 



 

C-3668 

3661…..…..…………………..…….……..……ID Number…………………..…..…………….3661 

Author: Parks, C. V. / Petrie, L. M. / Landers, N. F. / Bucholz, J. A. 

Title: Computational Methods for Criticality Safety Analysis Within the SCALE System 

Date: 6/24/1986 

Report: CONF-8606146-5 

Conference/Journal: SCALE workshop, Paris, France, 24 Jun 1986 

Conference Session:  

Abstract/Keyterms: The criticality safety analysis capabilities within the SCALE system are centered 
around the Monte Carlo codes KENO IV and KENO V.a, which are both included in SCALE as functional 
modules. The XSDRNPM-S module is also an important tool within SCALE for obtaining multiplication 
factors for one-dimensional system models. This paper reviews the features and modeling capabilities of 
these codes along with their implementation within the Criticality Safety Analysis Sequences (CSAS) of 
SCALE. The CSAS modules provide automated cross-section processing and user-friendly input that allow 
criticality safety analyses to be done in an efficient and accurate manner. 
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ICE-S, and the Material Information Processor. The automated procedure for cross-section processing is 
described with examples 
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Abstract/Keyterms: This paper is a report on the Agency experience in verifying heavy water inventories 
in power plants. The safeguards objectives and goals for such activities are defined in the paper. The heavy 
water is stratified according to the flow within the power plant, including upgraders. A safeguards scheme 
based on a combination of records auditing, comparing records and reports, and physical verification has 
been developed. This scheme has elevated the status of heavy water safeguards to a level comparable to 
nuclear material safeguards in bulk facilities. It leads to attribute and variable verification of the heavy 
water inventory in the different system components and in the store. The verification methods include 
volume and weight determination, sampling and analysis, non-destructive assay (NDA), and criticality 
check. The analysis of the different measurement methods and their limits of accuracy are discussed in the 
paper. 
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factor using the 252Cf source-driven neutron noise analysis method. This work was supported by a program 
of collaboration between the United States Department of Energy and the Power Reactor and Nuclear Fuel 
Development Corporation of Japan related to the development of fast breeder technology. The experiment 
reported consists of a configuration of two interacting tanks of uranyl nitrate aqueous solution with different 
uranium concentrations in each tank. The 252Cf-source-driven neutron noise analysis method obtains the 
subcriticality from the signals of three detectors: the first, a parallel plate ionization chamber with 252Cf 
electroplated on one of its plates that is located in or near the system containing the fissile material, and 
produces an electrical pulse for every spontaneous fission that occurs and thereby serves as a timed source 
of fission neutrons; and the second and third detectors that are placed in or near the system containing fissile 
material and serve to detect particles from the fission chain multiplication process. 
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/ Split-Table Type Facility / Light Water Moderated Critical Facility / Low Enriched UO / PuO-UO Fuel / 
Swimming Pool Type Critical Facility 
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Conference/Journal: Reduced Enrichment for Research and Test Reactors (RERTR) program 
international meeting, Gatlinburg, TN (USA), 3-6 Nov 1986 

Conference Session:  

Abstract/Keyterms: High Flux Engineering Test Reactor (HFETR) / Southwest Centre of Reactor 
Research and Design (SWCR) / Chengdu, Southwest China 
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Report: CONF-861185-9 

Conference/Journal: Reduced Enrichment for Research and Test Reactors (RERTR) program 
international meeting, Gatlinburg, TN, USA, 3 Nov 1986 

Conference Session:  

Abstract/Keyterms: Analytical methods used to analyze neutronic data from the whole-core LEU fuel 
demonstration in the Oak Ridge Research Reactor are briefly discussed. Calculated eigenvalues 
corresponding to measured critical control rod positions are presented for each core used in the gradual 
transition from an all HEU to an all LEU configuration. Some calculated and measured results, 
including..beta../sub eff//l/sub p/, are compared for HEU and LEU fresh fuel criticals. Finally, the 
perturbing influences of the six voided beam tubes on certain core parameters are examined. For reasons 
yet to be determined, differential shim rod worths are not well-calculated in partially burned cores. 
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Report: CONF-870102-12 

Conference/Journal: Symposium on space nuclear power systems, Albuquerque, NM, USA, 13 Jan 
1986 

Conference Session:  

Abstract/Keyterms: Data from a number of previous critical experiments exist that are relevant to the 
design concepts being considered for SP-100 and MMW space reactors. Although substantial 
improvements in experiment techniques have since made some of the measured quantities somewhat 
suspect, the basic criticality data are still useful in most cases. However, the old experiments require 
recalculation with modern computational methods and nuclear cross section data before they can be applied 
to today's designs. Recently, we have calculated about 20 fast benchmark critical experiments with the latest 
ENDF/B data and modern transport codes. These calculations were undertaken as a part of the planning 
process for a new series of benchmark experiments aimed at supporting preliminary designs of SP-100 and 
MMW space reactors. 
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Date: 3/1/1987 

Report: CONF-870306, 411-416 

Conference/Journal: Waste management '87, Tucson, AZ, USA, 1 Mar 1987 

Conference Session:  

Abstract/Keyterms: An analysis has been completed which indicates that the consideration of spent fuel 
histories ('burnup credit') in the criticality design of spent fuel shipping casks could result in significant 
public risk benefits and cost savings in the transport of spent nuclear fuel. Capacities of casks could be 
increased considerably in some cases. These capacity increases result in lower public and occupational 
exposures to ionizing radiation due to the reduced number of shipments necessary to transport a given 
amount of fuel. Additional safety benefits result from reduced non-radiological risks to both public and 
occupational sectors. In addition, economic benefits result from lower in-transit shipping costs, reduced 
transportation fleet capital costs, and fewer cask handling requirements at both shipping and receiving 
facilities. 



 

C-3679 

3672…..…..…………………..…….……..……ID Number…………………..…..…………….3672 

Author: Thomas, J. T. 

Title: Some Discrepancies Between Experiments and Calculations 

Date: 3/23/1987 

Report: CONF-8703156-1 
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Tucson, AZ, USA, 23 Mar 1987 

Conference Session:  

Abstract/Keyterms: The results of several experiments and calculations are compared. The apparent 
discrepancies observed are evidence that the representations of neutron kinematics in the thermal and epi-
thermal regions of the neutron energy spectrum are not correct in the computer codes used. 
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Abstract/Keyterms: Boron Carbide / Lynn Industrial Coatings Inc. of Boise, Idaho / Criticality Control / 
Spent Fuel Shipping Casks / Storage Pools / Agn-201 / Idaho State University 
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Mar 1987 

Conference Session:  

Abstract/Keyterms: Chernobyl Reactor Accident / Wackersdorf Reprocessing Plant 
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Abstract/Keyterms: Plant Availability / Radioactive Discharges / Waste Volume /Radiation Exposure / 
Federal Republic of Germany 



 

C-3683 

3676…..…..…………………..…….……..……ID Number…………………..…..…………….3676 

Author: Illi, H. / Ammon, R. V. 
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Abstract/Keyterms: Konrad Repository / Atomic Energy Act / Radiation Protection Ordinance 
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Conference/Journal: Contractors nuclear criticality safety meeting/ 27 Apr 1987/ Las Vegas, NV, USA 

Conference Session:  

Abstract/Keyterms: This report addresses questions raised by criticality safety violation at several DOE 
plants. Two charts are included that define the severity and reporting requirements for the six levels of 
accidents. A summary is given of all reported criticality incident at the DOE plants involved. The report 
concludes with Martin Marietta’s Nuclear Criticality Safety Policy Statement. 
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Conference/Journal: American Nuclear Society (ANS) international topical meeting on advances in 
reactor physics, mathematics and computation, Paris (France), 27-30 Apr 1987 

Conference Session:  

Abstract/Keyterms: Calculations with ENDF/B-V.2 data have been made for twenty-five fast-spectrum 
integral assemblies covering a wide range of sizes and compositions. Analysis was done by transport codes 
with refined cross section processing methods and detailed reactor modelling. The predictions of fission 
rate distributions and control rod worths were emphasized for the more prototypic benchmark cores. The 
results show considerable improvements in agreement with experiment compared with analysis using 
ENDF/B-IV data, but it is apparent that significant errors remain for fast reactor design calculations. 
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Conference/Journal: American Nuclear Society international meeting on advances in reactor physics, 
mathematics and computation/ 27 Apr 1987/ Paris, France 

Conference Session:  

Abstract/Keyterms: Representatives from eleven Organization for Economic Co-operation and 
Development member countries participated in an exercise to validate computer calculations to evaluate 
the criticality safety for several fissile material transport and handling situations. A procedure evolved from 
this work which has been shown to demonstrate whether a given computation method produces “valid” 
results. This procedure is expected to provide a basis for acceptance of computational results on an 
international basis by regulatory authorities through the comparison of methods used by the various 
countries. This work will also provide the framework for validating computational methods for other 
applications such as heat transfer and neutron/gamma shielding. 
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Conference/Journal: American Nuclear Society international meeting on advances in reactor physics, 
mathematics and computation/ 27 Apr 1987/ Paris, France 

Conference Session:  

Abstract/Keyterms: In the last two years a shift in emphasis to inherent safety and economic 
competitiveness has led to a resurgence in US interest in metallic-alloy fuels for LMRs. Argonne National 
Laboratory initiated an extensive testing program for metallic-fueled LMR technology that has included 
benchmark physics as one component. The tests done in the ZPPR-15 Program produced the first physics 
results in over 20 years for a metal-composition LMR core. 
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Abstract/Keyterms: The capability to measure the subcriticality for a multiplying system with k-effective 
values as low as 0.3 was demonstrated for measurement times of approximately 10 s; the measured k-
effective values obtained do not depend on the speed with which the solution height is changed or on 
whether the tank is filling or draining. As in previous experiments, the low-frequency ratios of spectral 
densities are all that are needed to obtain the k-effective value. This method's effectiveness for systems 
where conditions are changing with time as demonstrated probably exceeds the dynamic requirements for 
most nuclear fuel plant processing applications. The calculated k-effective values using the KENO code 
and Hansen-Roach cross-sections compare well with the experimental values. Before the dynamic 
capability of the method can be considered fully explored, additional dynamic experiments are required for 
other geometries and fuel concentrations. 
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Abstract/Keyterms: Sandia National Laboratories / Standard Problems / Structural and Thermal Computer 
Codes / Nuclear Materials Packagings 
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Abstract/Keyterms: Metal-Oxide Heterogeneous Core Models / Fast Power Reactors / Bfs-46 Assembly 
/ Bfs-50 Assembly / BN-350 / Bn-600 
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Conference/Journal: International conference on nuclear fuel reprocessing and waste management 
(RECOD '87), Paris, France, 24 Aug 1987 

Conference Session:  

Abstract/Keyterms: ENEA / Expert System 
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Conference/Journal: Intersociety energy conversion engineering conference, Philadelphia, PA, USA, 10 
Aug 1987 

Conference Session:  

Abstract/Keyterms: Pluto Nuclear Ramjet / Space Power Systems / Beryllium Oxide / Uranium Dioxide 
/ Burnable Poison / Variable-Leakage Reflector / Internal Control Rods / Alice Monte Carlo Code 
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1987/ Oak Ridge, TN, USA 

Conference Session:  

Abstract/Keyterms: Two explosions, one immediately following the other, in Unit 4 of the Chernobyl 
nuclear power station in the Soviet Union signaled the worst disaster ever to befall the commercial nuclear 
power production industry. This accident, which occurred at 1:24 a.m. On April 26, 1986, resulted from an 
almost incredible series of operational errors associated, ironically, with an attempt to enhance the 
capability of the reactor to safely accommodate station blackout accidents (i.e., accidents arising from a 
loss of station electrical power). Disruption of the core, due to a prompt criticality excursion, resulted in the 
destruction of the core vault and reactor building and the sudden dispersal of about 3% of the fuel from the 
core region into the environment. Lesser but significant releases of radioactivity continued through May 6, 
1986, before attempts to certain the radioactivity and cool the remnants of the core were successful. The 
amount and composition of material released in the course of the accident remain somewhat uncertain, and 
inconsistencies in the release estimates are evident. The Soviet estimates, in addition to the dispersal of 
about 3% of the fuel, include complete release of the noble gas core inventory, 20% of the fission product 
iodine inventory, 15% of the tellurium inventory, and 10 to 13% of the fission product cesium inventory. 
The iodine and cesium release estimates are not consistent with the noble gas values, and are as much as a 
factor of two less than some estimates made by experts outside the Soviet Union. 
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Conference/Journal: International meeting on Reduced Enrichment for Research and Test Reactors 
(RERTR), Buenos Aires (Argentina), 28 Sep - 1 Oct 1987 

Conference Session:  

Abstract/Keyterms: Fuel Elements Fabrication / Research Reactors U3o8 Powder Preparation / U3O8 - 
AL 
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Abstract/Keyterms: Reactivity Transients / MTR Cores / Leu / HEU Fuels / RA-2Critical Facility / Paret 
Code Calculations / Spert I / Cabri 
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Conference/Journal: Nuclear science symposium and nuclear power systems symposium, San 
Francisco, CA, USA, 21 Oct 1987; 

Conference Session:  

Abstract/Keyterms: A portable system has been assembled that is capable of measuring the subcriticality 
of fissile materials using the 252Cf-source-driven neutron noise analysis method. The measurement system 
consists of a parallel-plate ionization chamber containing 252Cf, two 3He proportional counters with their 
associated electronics, and a small computer containing anti-aliasing filters and A/D convertors. The system 
Fourier analyzes the digitized data and forms the appropriate auto and cross-power spectral densities. These 
spectra are used to form a ratio of spectral densities, G/sub 12/G/sub 13//G/sub 11/G/sub 23/, where 1 refers 
to the ionization chamber, and 2 and 3 refer to the 3He counters, from which subcriticality can be 
determined. The chamber and detectors are located appropriately near the fissile material. The system is 
capable of sampling signals at rates of up to 80 kHz and processing these data at rates of 2 kHz to form the 
appropriate spectra. The presently configured system is a two-channel system, hence the measurement of 
G/sub 12/, G/sub 13/, and G/sub 23/ must be done sequentially before the ratio of spectral densities is 
obtained. Future improvements of the system will allow simultaneous measurement of all spectra and will 
further reduce size, thereby enhancing portability. This measurement system can provide reliable, cost 
effective, and convenient determination of the subcriticality of a wide variety of fissile materials and 
moderators. 
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Conference Session:  

Abstract/Keyterms: Subcriticality experiments require high-efficiency radiation detectors that are 
sensitive to neutrons (thermal and fast) over a wide energy range and to gamma radiation. The need for 
such detectors arises from various requirements including physical limitations, cost effectiveness, and 
simplicity. The objective of this development project was to provide a single detector that meets these 
requirements to replace the separate detectors previously needed to detect the different radiation emissions. 
This report describes a new scintillation detector design, which consists of two scintillators assembled on a 
single photomultiplier tube. One scintillator is glass loaded with lithium enriched in /sup 6/Li and has high 
efficiency for low energy neutrons. The second scintillator is a plastic having very good efficiency for 
higher energy neutrons. Efficiency values are reported for various neutron energy ranges and for gamma 
radiation. 
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Abstract/Keyterms: Spent Fuel Surveillance and Monitoring Methods / International Standing Advisory 
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Report: CONF-871045-8 
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Conference Session:  

Abstract/Keyterms: Representatives from eleven member countries of the Organization for Economic Co-
operation and Development (OECD) participated in an exercise to validate computer calculations designed 
to evaluate the criticality safety for several fissile material transport and handling situations. A procedure 
evolved from this work which has been shown to demonstrate whether a given computation method 
produces “valid” results. This procedure is expected to provide a basis for acceptance of computational 
results on an international basis by regulatory authorities through the comparison of methods used by the 
various countries. Even though not an initial topic for the Working Group, the study demonstrates the need 
for additional critical experiments. This paper examines each study and identifies experiments that could 
(1) provide useful extensions to the validation and (in the case of the current study) (2) identify a need 
which is essential for a rigorous validation of systems in which fissile material in solid form is surrounded 
by fissile material in solution. 
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Title: Benchmarking of the 99-group ANSL-V Library 
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Conference Session:  

Abstract/Keyterms: The purpose of this paper is to present thermal benchmark data testing results for the 
BAPL-1, TRX-1, and SEEP-1 lattices, using selected processed cross-sections from the ANSL-V 99-group 
library. 
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Abstract/Keyterms: This paper describes the results of computations performed on a set of critical 
experiments designed to simulate high-density storage of reactor fuel pins. The purpose of these 
computations is to validate the Monte Carlo criticality code KENO V.a with the four cross-section libraries 
provided with the SCALE modular code system. The principal conclusion drawn from this study is the 
satisfactory performance of the SCALE cross-section libraries in the analysis of systems containing 
consolidated light-water reactor fuel. As observed in previous studies, the ENDF/B-IV-based libraries 
undercalculate the effective neutron multiplication factor (k(eff)) by 1 to 2% k, depending on the degree of 
neutron moderation. 
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Report: CONF-871110 
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Conference Session:  

Abstract/Keyterms: Facility operations and new facility designs must incorporate a number of 
considerations that should be mutually supportive. Operational considerations dominate, because without 
the need to operate or build the facility there would be no need for supporting services. It is important to 
recognize that these supporting services cannot be treated in isolation. Together, they form a conglomerate 
or coherent whole that must interface with facility design and operations. This conglomerate of interactive 
professions and activities comprises not only safeguards, but also health, safety, criticality control, 
environmental protection, nuclear materials management, waste management, transportation, personnel 
assurance, and human reliability. As a conglomerate, however, the solution is not so obvious without 
recognizing the interrelationship and need for coordination, communication, and cooperation among the 
shareholders. An improved interrelationship will be difficult, but important. An efficient operating and 
processing facility is usually based on will-engineered and well thought out steps, and in turn, offers 
technological benefits to safeguards. 
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1987/ 

Conference Session:  

Abstract/Keyterms: At conventional mixed-oxide (MOX) fuel fabrication facilities, the personal radiation 
exposure of operators increases in proportion to the amount of plutonium to be handled. To resolve this 
issue, automated techniques in high-level radiation areas have been introduced at Japan’s new MOX 
facility, the plutonium fuel production facility (PFPF). The PFPF incorporates a fully automated operating 
scheme into the main process and storage areas. Unlike conventional MOX fuel fabrication facilities, 
operators do not need direct access to nuclear material during normal plant operation. To achieve process 
control including criticality safety, PFPF has introduced an on-line computerized advanced accountancy 
system (AAS), which is capable of obtaining all inventory information throughout the entire facility in 
detail. The AAS can acquire material accounting data from equipment installed in each storage unit. All 
materials in the process areas are itemized as each transfer container is moved, and each container is 
measured at internal measurement points between a glovebox and any intermediate storage unit. The AAS 
can acquire material accounting data from information on the amount of nuclear material transferred. Thus, 
all material accounting data are obtained automatically by management on a real-time basis. 
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Abstract/Keyterms: Researchers have recently calculated nuclear excursions in homogeneous solution 
reactors and in hypothetical criticality accidents with fissile solutions in chemical processing plants. Two 
new features have been incorporated: the use of a complete equation of state for liquid containing gas 
bubbles and an improved computation of the reactivity feedback. The new approach represents the first 
computations of fissile solution excursions from basic principles with a complete equation of state. An 
important conclusion is that gas bubbles tend to appear just before peak power (less than one period), but 
that the gas production is very important in limiting the power. Another important conclusion is that the 
compressibility of the solution increases dramatically when gas appears. This has the effect of greatly 
limiting the pressure pulses. 
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Abstract/Keyterms: In 1986 Virginia Power began storing spent LWR fuel in a metal cask Independent 
Spent Fuel Storage Installation (ISFSI) at its Surry Power Station. The first casks used were CASTOR V/21 
storage casks supplied by General Nuclear Systems, Inc., which are designed for storage of 21 spent fuel 
assemblies. Like other casks, their basket is designed to maintain subcriticality even when loaded with fresh 
fuel assemblies. This imposes a penalty on the number of assemblies that can be loaded into the cask. 
Taking credit for the depletion of U235 and the buildup of fissile plutonium and non-gaseous fission 
products in criticality analysis referred to as ``burnup credit``. In this report, the use of burnup credit for 
criticality control in dry storage casks is examined for several fuel types and basket and cask body materials. 
Several casks are analyzed for criticality, structural, shielding and thermal adequacy. Operations in spent 
fuel pools and the controls needed to ensure proper loading of storage cask are examined. The application 
of burnup credit to pool storage is also addressed. The regulatory requirements for storage pools and storage 
casks are reviewed and the economic benefits are presented 
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Abstract/Keyterms: Criticality experiments can be performed with irradiated LWR fuel under very well 
defined and controlled conditions to provide data suitable for verifying calculational models. Two facilities 
currently exist in which such experiments could be performed. Furthermore, the experiments can be 
performed in a timely manner and for a relatively reasonable cost. It is expected the cost will be greater 
than those normally incurred for similar experiments with unirradiated fuel because of the handling 
problems created by the high radiation fields. Although the cost will of course depend on the scope of the 
experimental programs, current estimates indicate the costs will be less or comparable to a similar level of 
effort in other activities with irradiated fuel (e.g., Dry Rod Consolation Project) 
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thicknesses of both 235U and /sup 239/Pu at liquid nitrogen temperature and on three of /sup 238/U at room 
temperature using neutrons from the water-moderated ORELA target. The data on 235U and /sup 239/Pu 
from 1 to 10,000 eV were obtained using /sup 6/Li glass scintillation detectors at 17.909-and 80.394-m 
flight paths. The /sup 238/U data from 1 to 100 keV were obtained using a new NE 110 proton-recoil 
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Abstract/Keyterms: Requirements at Argonne National Laboratory to establish the best estimates and 
uncertainties for LMR design parameters have lead to an extensive evaluation of the available critical 
experiment database. Emphasis has been put upon selection of a wide range of cores, including both 
benchmark, assemblies covering a range of spectra and compositions and power reactor mock-up 
assemblies with diverse measured parameters. The integral measurements have been revised, where 
necessary, using the most recent reference data and a covariance matrix constructed. A sensitivity database 
has been calculated, embracing all parameters, which enables quantification of the relevance of the integral 
data to parameters calculated with ENDF/B-V.2 cross sections. 
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operators, engineers, scientists, managers, educators, and others to meet and share experiences of mutual 
concern, the conference is also intended to provide the participants with a more complete knowledge of 
technical and operational issues. The topics for the papers in the proceedings are widely varied and include 
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Abstract/Keyterms: In support of its radioactive material packaging certification program, the U.S. 
Department of Energy (DOE) has established a special training workshop. The purpose of the two-week 
workshop is to develop skills in reviewing Safety Analysis Reports for Packagings (SARPs) and performing 
confirmatory analyses. The workshop, conducted by the Lawrence Livermore National Laboratory (LLNL) 
for DOE, is divided into two parts: methods of review and methods of analysis. The sessions covering 
methods of review are based on the DOE document, “Packaging Review Guide for Reviewing Safety 
Analysis Reports for Packagings” (PRG). The sessions cover relevant DOE Orders and all areas of review 
in the applicable Nuclear Regulatory Commission (NRC) Regulatory Guides. The technical areas addressed 
include structural and thermal behavior, materials, shielding, criticality, and containment. The course 
sessions on methods of analysis provide hands-on experience in the use of calculational methods and codes 
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and the corresponding implications for authentication equipment design. Although the approach is specific 
to FCA the principles described have possible relevance to other operator-provided systems. The final 
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dictated by field experience. 
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Abstract/Keyterms: Results are presented for experiments in ZPPR characterizing the neutron flux and 
neutron spectra through prototype LMR shields. Shield compositions were (by volume) 90% stainless 
steel/10% sodium and 39% natural B4C/21% stainless steel/40% sodium. Measurements were made 
through core, blanket, reflector, shield and ex-core sodium pool regions with foils of STVU, STYU and 
indium and boron chambers. Proton recoil spectra were measured in the sodium pool. Core analysis 
methods (nodal transport, xy geometry, 21 energy groups) were used to calculate spectra and reaction rates. 
Agreement with measurement varied among regions, with C/E values for STVU fission larger than unity 
in thick steel regions and with C/E for other reactions decreasing with radius through the shield and sodium 
pool. 
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Abstract/Keyterms: Experiments done in several LMR-type critical assemblies simulated core axial 
expansion, core radial expansion and bowing, coolant expansion, and control driveline expansion. For the 
most part new experimental techniques were developed to do these experiments. Calculations of the 
experiments basically used design-level methods, except when it was necessary to investigate complexities 
peculiar to the experiments. It was found that these feedback reactivities generally are overpredicted, but 
the predictions are within 30% of the experimental values. 
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Abstract/Keyterms: Experiments in ZPPR-17 provided physics data for a full-scale (700 MWe) axially 
heterogeneous LMR. Measurements and analysis are reported for control rod worths, reaction rate 
distributions, gamma dose distribution, sodium void worths and criticality. Agreement between 
measurement and calculation are generally satisfactory, but the axial heterogeneity did introduce analytical 
complications. Some calculational methods gave less good agreement with measurements than in previous 
homogeneous or radially heterogeneous assemblies 
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Abstract/Keyterms: We performed six-group two-dimensional, r-z criticality calculations for a previous 
candidate design for the Advanced Neutron Source (ANS) reactor using a diffusion theory code (BOLD-
VENTURE) and a transport code (DORT). Several quantities of practical interest in the design of the ANS 
were evaluated from the converged solution and compared to one another. The relative difference between 
the diffusion and transport estimates of these quantities was also compared to a recently obtained estimate 
of the accuracy of the transport calculation itself in order to evaluate the diffusion approximation. Our 
results confirmed that most diffusion calculated quantities are sufficiently accurate with the error mostly 
arising from the finite size of the computational cells rather than from the underlying theory. 
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Abstract/Keyterms: The accurate prediction of control rod worths has been of great concern in the United 
States. Optimum control configurations need to balance several often conflicting requirements of control 
through the operating cycle, while maintaining acceptable power shapes, safety considerations of overriding 
importance, together with seeking economy by minimizing the number of rods, reducing boron enrichment 
and lengthening replacement intervals. After control and shutdown requirements have been met, the most 
important safety concern is the transient overpower condition (TOP) which may be initiated by uncontrolled 
run-out of a primary rod. Stringent criteria for the primary and secondary systems may be that they are 
independently capable of shutting down the reactor even with one rod stuck. The TOP initiator may be 
greatly enhanced by control rod interaction effects. Control rod effects may have a strong impact on core 
design. For example, work on the integral fast reactor with metallic fuel at ANL has studied core designs 
which minimize the TOP reactivity by maintaining a minimum primary control bank insertion through 
tailoring the internal breeding gain. The predicted control rod worths are very sensitive to the calculation 
methods used and to the accuracy of the basic nuclear data files. Required accuracies have been achieved 
only through the use of critical experiments on the ZPR and ZPPR facilities. Experiments on ZPR-3 and 
ZPR-9 produced satisfactory control predictions for the SEFOR, EBR-II and FFTF reactors. This document 
provides a survey of control rod measurements and compares calculated and experimental results. 
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Abstract/Keyterms: A PRA approach which uses comparison of alternative safety systems is proposed. 
The method assumes a linear risk model, and uses a selected probability function to compare the system of 
interest and an acceptable reference system. Features of the reference system may be varied to assess effects 
on system safety. The method is demonstrated by addressing effects of burnup credit on criticality control, 
an issue of current interest in the area of transport of radioactive materials. The example illustrates how the 
method measure effects of system changes, and how compensatory features can be introduced and assessed 
in terms of risk or reliability control. 
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Conference Session:  

Abstract/Keyterms: Over 25 years of experience at Hanford in adapting and using the pulse neutron source 
technique to measure the reactivity of out-of-reactor systems are covered. The emphasis at PNL has been 
to develop a measurement system that was transportable and adaptable to plant conditions. The system that 
has evolved over the years in centered about a non-cooled 10{sup 9} n/sec, 50 pulses per second neutron 
source and a data acquisition/analyses system involving four simultaneous data gathering channels and an 
online PC computer. Measurements can currently be performed and analyzed for k(eff) in about 30 minutes. 
However, direct reactivity determinations are effectively limited to systems having k(eff) of about 0.8 or 
greater by the relatively small portable source. Actual plant systems and systems simulating plant 
conditions, on which measurements have been performed, are presented and the results briefly discussed 
with references. 
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Conference Session:  

Abstract/Keyterms: Design aspects are given of a neutron shuffler designed to measure fissile material 
content of spent, highly enriched reactor fuel. The mode of operation used, results of analyzing 176 fuel 
packages and recommended system improvements are also discussed. Four measurements were made on 
each of the fuel packages with the mean of the 176 standard deviations being 1.7 percent of value. The 
maximum individual standard deviation was 6.3%. Use of a stronger neutron source, an improved neutron 
source shuffler, an improved fuel package motion system and modernized computer system should permit 
significant improvement of present performance. 
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Conference Session:  

Abstract/Keyterms: The development of a neutron poison monitoring system was first reported in 1958 
and systems implemented by others have copied that design. The present work shows that the 1958 physical 
configuration does not yield maximum sensitivity (i.e. sensitivity = fractional change in neutron count rate 
for given fractional change in concentration). The maximum sensitivity design being reported was 
configured by using neutron transport calculations to determine sensitivity versus configuration. Data from 
the new and the 1958 types are compared. 
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Conference Session:  

Abstract/Keyterms: The Naval Fuel facility, located at the Savannah River Site, manufacturers fuel for 
the Naval Reactor program. The facility incorporates the use of six-inch-diameter borosilicate glass 
columns manifolded together for the majority of the fissile solution processing and storage. The use of the 
glass and the reliance on the natural neutron poisons in the glass, specifically {sup 10}B, allows for a larger 
diameter column vessel and a closer column spacing than most other columnar vessel configurations. The 
use of the glass has resulted in a greater reliance on the materials of construction and a fewer administrative 
controls, while providing an adequate margin of safety for facility operation. 
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Report: CONF-891118-3 
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Abstract/Keyterms: An inability to model the structural performance of borated steel baskets under 
accident conditions forced the specially designed TN-BRP and TN-REG casks to be modified for half-
loaded shipments. This paper discusses the approach used to demonstrate that the half-loaded casks would 
remain safely subcritical even if no credit were taken for the borated basket. Normal and accident 
configurations were analyzed with the KENO V.a code. The strategy conceived and the analyses performed 
to demonstrate an acceptable margin of safety are discussed. 



 

C-3787 

3780…..…..…………………..…….……..……ID Number…………………..…..…………….3780 

Author: Difilippo, F. C. 

Title: Theoretical Analysis of Reactivity Measurement with the 252CF Source Ratio Method 

Date: 11/1/1989 

Report: CONF-891118-4 

Conference/Journal: International Meeting on Nuclear Criticality Safety Margins, San Francisco, CA 
(USA), 26 Nov - 1 Dec 1989 

Conference Session:  

Abstract/Keyterms: Stochastic descriptors are calculated using the concepts of detector field of view and 
an equivalent source of noise with results that are compatible with a more basic formalism based on a 
probabilistic analysis of Markovian processes. The model expansion of the detectors fields of view are 
further used to relate reactivities to observables measured with the 252Cf ratio method. Results from the 
analysis of experiments are shown together with a numerical analysis of spatial effects. 



 

C-3788 

3781…..…..…………………..…….……..……ID Number…………………..…..…………….3781 

Author: Briggs, J. B. / Jones, R. R. / Martin, M. R. 

Title: Criticality Safety Margins Provided by Moderator Control in the TMI-2 Dry Storage Cask 

Date: 11/1/1989 

Report: CONF-891118-5, EGG-M-89256 

Conference/Journal: International Meeting on Nuclear Criticality Safety Margins, San Francisco, CA 
(USA), 26 Nov - 1 Dec 1989 

Conference Session:  

Abstract/Keyterms: A dry storage cask has been designed to provide storage for TMI-2 defueling canisters 
at the Idaho National Engineering Laboratory. Criticality safety margins will be provided by moderator 
controls imposed on the canisters (prior to insertion into the cask) and on the cask (during a 50-yr storage 
time). Criticality safety calculations demonstrate that an adequate margin of safety exists for the proposed 
storage of defueling canisters in the TMI-2 dry storage cask. 
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Abstract/Keyterms: Nuclear Facilities Outside Reactors.” The inherent benefits of fixed neutron absorbers 
are described, the contents of the standard are explained, and the use of fixed absorber applied to the N 
Reactor fuel storage basin is used as an illustration. The availability of the new standard, the evolution in 
high-speed computational techniques, and the additional data available measuring the impacts of fixed 
absorbers should contribute to the more extensive use of this control method in the future. 
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Report: CONF-891118-9 
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Conference Session:  

Abstract/Keyterms: This paper is a summary of new results in computer simulation of nuclear excursions 
in water solutions of uranium sulphate and nitrate. An equation of state for water containing bubbles of 
radiolytic gas is coupled with equations for fluid acceleration and neutron dynamics. Computed power and 
pressure pulses are compared with data from research reactors and laboratory simulations of criticality 
accidents (KEWB, CRAC and SILENE). The model is successful in matching date for peak power and 
pressure in each of the three systems using only one adjustable parameter for each system. Research in 
progress includes improved models for gas production, bubble growth, hydrodynamics, and reactivity 
feedbacks. The goal is a general computational method for predicting the consequences of postulated 
criticality accidents in water solutions. 
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Conference Session:  

Abstract/Keyterms: Since 1973 the Savannah River Laboratory (SRL) has used Probabilistic Risk 
Assessment to determine the frequency for criticality accidents at the Savannah River Site. The Savannah 
River Site is unique in that it has a detailed, site specific, data bank based on 35 years of facility operation. 
Use of this data bank with Probabilistic Risk Assessment precipitated facility actions which resulted in the 
reduction of the calculated criticality frequency by as much as two orders of magnitude. Probabilistic Risk 
Assessment has also been used to quantify the impact of non-process-related systems on criticality safety. 
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Conference Session:  

Abstract/Keyterms: Reprocessing / MOX Fuel / Up2-800 Plant / La Hague / Recycling / Irradiation / 
Plutonium / LWR / COGEMA / UO2 Fuel 
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(France), 20-22 Nov 1989 

Conference Session:  

Abstract/Keyterms: A flowing raffinate stream is to be continuously assayed by a delayed-neutron 
instrument to detect concentrations of 235U that could cause a criticality problem in a holding tank. The 
instrument is to assay a concentration of 0.034 (g {sup 235}235U)/L in 100 s with a precision of 10% (1 
{sigma}) and to operate unattended for a few months at a time, so it can detect and adjust for changes in 
the neutron background, the flow rate, and for electronic drifts and malfunctions. In laboratory tests with 
conditions slightly different from what may be found in the plant, repeated assays on a solution with 0.034 
(g 235U)/L flowing at 80 L/h through the 2-L assay tank had relative precisions of 9-11%. 
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Conference Session:  

Abstract/Keyterms: ZR-6M Assembly / Burnable Absorbers / GD2O3 - Al2O3 Rods / WIMS-D4 Code / 
Cluster / Spectral Indexes / Disadvantage Factors / Absorber Rod Cell 
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Abstract/Keyterms: Sellafield Plant / British Nuclear Fuels / Decommissioning Program / Mixed Oxide 
Fuel Manufacturing Plant / Plutonium Residues / Glove Boxes / Storage Tanks / Plutonium 
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Conference Session:  

Abstract/Keyterms: An innovative analysis approach for performing whole core reactor physics 
calculations for TRIGA reactors has been employed recently at the Westinghouse Hanford Company. A 
deterministic transport theory model with sufficient geometric complexity to evaluate asymmetric loading 
patterns was used. Calculations of this complexity have been performed in the past using Monte Carlo 
simulation, such as the MCNP code. However, the Monte Carlo calculations are more difficult to prepare 
and require more computer time. On the Hanford Site CRAY XMP-18 computer, the new methods required 
less than one-third of the central processing unit time per calculation as compared to an MCNP calculation 
using 100,000 neutron histories. 
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Abstract/Keyterms: This presentation discusses work in progress on criticality analysis verification for 
designs which take account of the burnup and age of transported fuel. The work includes verification of 
cross section data, correlation with experiments, proper extension of the methods into regimes not covered 
by experiments, establishing adequate reactivity margins, and complete documentation of the project. 
Recommendations for safe operational procedures are included, as well as a discussion of the economic 
and safety benefits of such designs. 
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Report: CONF-900406-78 

Conference/Journal: International conference for high-level radioactive waste management, Las Vegas, 
NV (USA), 8-12 Apr 1990 

Conference Session:  

Abstract/Keyterms: The original cask designs for a cask demonstration project featured fuel baskets 
constructed of borated stainless steel (BSS) as a structural material. The project is intended to demonstrate 
casks that can be used for both shipping and storing spent nuclear fuel assemblies. The baskets were 
intended to maintain the fuel assemblies in a subcritical array for both normal and accident conditions. The 
Nuclear Regulatory Commission, however, judged BSS to be unacceptable as a structural material. The 
cask designs were subsequently modified. The knowledge gained during this cask demonstration project 
may be applicable to development of BSS as a basket material in future cask design. 
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Abstract/Keyterms: Physics of Reactors 
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Abstract/Keyterms: ZLFR Reactor / Technische Hochschule Zittau / Soviet Fuel Assemblies of The ECH-
1 Type / Training 
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Conference Session:  

Abstract/Keyterms: ZPPR-18; ZPPR-19; Experiments in ZPPR 18 and 19 provided physics data for large 
(1100 MWe) conventional LMRs. Measurements focused on the spatial distributions of fission rates and 
control worths. Experimental results were obtained for the fundamental to first-harmonic eigenvalue 
separation. In the outer core of ZPPR-18, fuel was arranged in sectors with uranium about the y axis and 
plutonium about the x axis. In ZPPR-19, the fuel was rearranged to give a uniform outer core distribution. 
Fission rate C/E values were essentially invariant with radius through the plutonium zones. The control 
worth C/E values were influences by their proximity to the uranium sectors 
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Abstract/Keyterms: The first physics measurements of a heterogeneous core on the critical assembly 
ZPPR-7 at ANL showed that the C/E ratios with ENDF/B data for the worths of the control rods in the outer 
bank were several percent higher than those at the inner bank positions. This radial variation in the C/E for 
the rod worths was further confirmed in the analysis of the large conventional core ZPPR-10, and again in 
the analysis of the large heterogeneous core series ZPPR-13. In the design of a power reactor, the number 
of control rods, and their disposition, are determined by calculations. Misprediction of the worth of the 
control rods can lead to serious economic penalties by restricting the operation of the core. Retrofitting a 
core to accommodate more worth will be costly and is likely to lead to a non-optimized core. This document 
provides a discussion of these calculations. 
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Abstract/Keyterms: The value of international comparison studies by the OECD-NEA Criticality 
Working Group has again been demonstrated by this study. Computational methods that had been 
commonly used for criticality safety calculations and which were shown to be valid for systems for which 
experimental data existed, were demonstrated to be inadequate when extrapolated to some simulated actual 
situations. The major source of dispersion in the results in international criticality benchmark calculations 
on problems treating a fuel double heterogeneity is shown to be the incorrect evaluation of effective 
resonance cross sections for 238U. A reference calculational method is proposed and used to evaluate 
theoretically the errors created by various standard methods of calculating the effects of self-shielding of 
resonance cross sections. 
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Abstract/Keyterms: Analytical Methods / HTGRS / Uncertainty Evaluations / Analytical Methods / 
Predictions of Performance of Future HTGRS / Uncertainty Evaluations / Critical Experiments - Planning 
and Results / Uncertainty Evaluations 
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Abstract/Keyterms: Because the number of neutrons and gamma rays and the energy spectrum of particles 
from spontaneous fission are well characterized for 252Cf, it can be used as a timed source of fission 
neutrons and gamma rays. The first such usage incorporated a 252Cf source into gas scintillators. This 
paper describes a timed source of neutrons and gamma rays made by depositing 252Cf on one electrode of 
a parallel plate ionization chamber that can then be used for determining detection-system characteristics. 
The emission time of neutrons from spontaneous fission has also been determined by recording the emission 
time of prompt gamma rays from a 252Cf source (not incorporated into a detector) adjacent to the surface 
of a solid or liquid scintillator. This well characterized source of neutrons can thus be used as a randomly 
pulsed source for a variety of applications. This paper illustrates the use of this type of source to determine 
the time resolution of detection systems, the efficiency for detection of neutrons between 0.5 and 5 MeV, 
the effectiveness of pulse shape discrimination systems, and the overall efficiency for detection of prompt 
fission gamma rays. 
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Abstract/Keyterms: The central feature of the Fast Flux Test Facility (FFTF) is the fast test reactor (FTR), 
which is a liquid-sodium-cooled fast reactor providing high fast-neutron flux for irradiation testing of fuels 
and materials. The FTR also provides a means to develop breeder reactor core components and to gain 
reactor systems operating experience for future liquid-metal fast breeder reactors (LMFBRs). In the FTR 
core, there are 82 incore positions (within rows 1 through 6) available for driver fuel assemblies and/or test 
assemblies. In addition, there are three safety rods and six control rods located in rows 3 and 5, respectively, 
in the three symmetric core sectors. The FFTF has been successfully and continuously operated for more 
than 11 reactor cycles. For the first 8 cycles, the core loadings were composed of the mixed-oxide driver 
fuel assemblies and some test assemblies. These assemblies have an active core section of 91.5 cm with 
15.2-cm upper and lower reflectors. Neutronically, these assemblies are essentially symmetrical about the 
core center, and the differential control rod worth profiles were developed with this symmetry. 
Experimentally, these differential rod profiles proved to be satisfactory for these core loadings. The primary 
objective of this paper is to present the experimentally observed effects of axial blankets on the symmetric 
differential rod worth profiles. 
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Abstract/Keyterms: Current criteria for criticality safety for spent fuel shipping and storage casks are 
conservative because no credit is permitted for the effects of burnup of the fuel inside the cask. Cask designs 
that will transport and store large numbers of fuel assemblies (20 or more) must devote a substantial part 
of their payload to criticality control measures if they are to meet this criteria. The Department of Energy 
is developing the data necessary to support safety analyses that incorporate the effects of burnup for the 
next generation of spent fuel shipping casks. The efforts described here are devoted to the development of 
acceptance criteria that will be the basis for accepting safety analyses. Preliminary estimates of the 
uncertainties of the effects of burnup have been developed to provide a basis for the consideration of 
critically safety criteria. The criticality safety margins in a spent fuel shipping or storage cask are dominated 
by the portions of a fuel assembly that are in low power regions of a reactor core, and the reactor operating 
conditions are very different from spent fuel storage or transport cask conditions. Consequently, the 
experience that has been gathered during years of reactor operation does not apply directly to the prediction 
of criticality safety margins for spent fuel shipping or storage casks. The preliminary estimates of the 
uncertainties presented in this paper must be refined by both analytical and empirical studies that address 
both the magnitude of the uncertainties and their interdependence. 
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Abstract/Keyterms: The Criticality Alarm Detectors currently in use at the Rocky Flats plant consists of 
various types. One of these is a Tennelec Model {number sign} CAM 500 Surface Barrier Detector with a 
490 square millimeter surface area. This document discusses the development of compliance specifications 
for Rocky Flats Plant criticality alarm detectors. 
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Abstract/Keyterms: In Situ Vitrification (ISV) process is being assessed by the Idaho National 
Engineering Laboratory (INEL) to determine its applicability to transuranic and mixed wastes buried at 
INEL’S Subsurface Disposal Area (SDA). This process uses electrical resistance heating to melt waste and 
contaminated soil in place to produce a durable glasslike material that encapsulates and immobilizes buried 
wastes. This paper outlines the requirements for the model being developed at the INEL which will provide 
analytical support for the ISV technology assessment program. The model includes representations of the 
electric potential field, thermal transport with melting, gas and particulate release, vapor migration, off-gas 
combustion and process chemistry. The modeling objectives are to help determine the safety of the process 
by assessing the air and surrounding soil radionuclides and chemical pollution hazards, the nuclear 
criticality hazard, and the explosion and fire hazards, help determine the suitability of the ISV process for 
stabilizing the buried wastes involved, and help design laboratory and field tests and interpret results. 
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Abstract/Keyterms: The Taiwan Power Company (TPC) operates two General Electric boiling water 
reactors (BWR)/4s at the Chin Shan site in Taiwan. During the start-up of unit 1, cycle 9, the technical 
specification for minimum shutdown margin (SDM) was not met. Investigations demonstrated that TPC's 
analytical models had been properly used to determine an acceptable loading pattern that met the SDM 
acceptance criteria. Subsequent investigations led to the conclusion that deficiencies in the analytical 
models themselves were responsible for the misprediction of SDM. The core loading pattern was then 
redesigned, and SDM analysis was performed using more accurate analytical models. As a result of the 
redesign and subsequent reloading of Chin Shan unit 1, start-up was delayed for [approximately]2 months. 
Following the recent introduction of the Studsvik core management system (Studsvik-CMS) in Taiwan, 
SDM predictions for Chin Shan Cycle 9 have been reinvestigated. The objective of the study was to evaluate 
both the original and revised loading patterns in terms of SDM and to determine the key issues associated 
with the SDM evaluation. 
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Abstract/Keyterms: This paper presents the results of criticality calculations performed to validate the 
recently released SCALE-4 modular code system for light water reactor (LWR) fuel under various 
conditions typical of transportation and storage casks. The modifications in SCALE-4 include NITAWL-
II, an updated version of the NITAWL code that performs resonance self-shielding calculations using the 
Nordeim Integral Treatment. In order to validate SCALE-4 with the new resonance self-shielding treatment, 
the CSAS4 control module was used to calculate the effective neutron multiplication factor k(eff) via the 
BONAMI{sup 3}, NITAWL-II, and KENO V.a{sup 4} codes. The cross section library used was the 27 
group ENDF/B-IV library, which has been updated for use with NITAWL-II. 
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Abstract/Keyterms: The Dynamic Isotope Power Subsystem has been identified for potential applications 
for the Space Exploration Initiative. A qualitative safety assessment has been performed to demonstrate the 
overall safety adequacy of the Dynamic Isotope Power Subsystem for these applications. Mission profiles 
were defined for reference lunar and Martian flights. Accident scenarios were qualitatively defined for all 
mission phases. Safety issues were then identified. The safety issues included radiation exposure, fuel 
containment, criticality, diversion, toxic materials, heat flux to the extravehicular mobility unit, and 
disposal. The design was reviewed for areas where safety might be further improved. Safety would be 
improved by launching the fuel separate from the rest of the subsystem on expendable launch vehicles, 
using a fuel handling tool during unloading of the hot fuel canister, and constructing a cage-like structure 
around the reversible heat removal system lithium heat pipes. The results of the safety assessment indicate 
that the DIPS design with minor modifications will produce a low risk concept 
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Abstract/Keyterms: The treatment of the detection process in the point reactor model significantly affects 
the predicted cross power spectral density between a pair of detectors because a count in one detector can 
be associated with a change in the population of a fission chain. This change can affect the probability of a 
correlated count in the other detector. This paper summarizes the results of the point reactor model for a 
variety of detection processes involving different population changes. The point reactor model assumes that 
the detectors have equal access to fission chains of all sizes, but in a typical experiment the detector 
locations are such that only extremely long fission chain populations are sampled. The effects of the 
detection process on the subsequent fission chain population are minimized, and the detection process may 
not satisfy the point reactor assumptions. Formulas modified to incorporate this minimization of detection 
effects have been used successfully to interpret 252Cf source-driven noise-analysis measurements of the 
subcritical neutron multiplication factor k for a wide variety of fissile systems with k varying from 
{approximately}0.3 to {approximately}0.999. A more general conclusion is that formulas derived from the 
point reactor model should be based on assumptions concerning detection that are consistent with the actual 
three-dimensional structure of the measurement setup. Results are presented for an experiment that 
employed multiple pairs of detectors. Data from the pairs positioned far from each other agreed with the 
modified point reactor model, while data from the other pairs close to each other and the source required 
different assumptions about the detection process to yield the correct multiplication factor. 
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Abstract/Keyterms: The SCALE (Standardized Computer Analyses for Licensing Evaluation) code 
system is used extensively to perform away-from-reactor safety analysis (particularly criticality safety, 
shielding, heat transfer analyses) for spent light water reactor (LWR) fuel. Spent fuel characteristics such 
as radiation sources, heat generation sources, and isotopic concentrations can be computed within SCALE 
using the SAS2 control module. A significantly enhanced version of the SAS2 control module, which is 
denoted as SAS2H, has been made available with the release of SCALE-4. For each time-dependent fuel 
composition, SAS2H performs one-dimensional (1-D) neutron transport analyses (via XSDRNPM-S) of 
the reactor fuel assembly using a two-part procedure with two separate unit-cell-lattice models. The cross 
sections derived from a transport analysis at each time step are used in a point-depletion computation (via 
ORIGEN-S) that produces the burnup-dependent fuel composition to be used in the next spectral 
calculation. A final ORIGEN-S case is used to perform the complete depletion/decay analysis using the 
burnup-dependent cross sections. The techniques used by SAS2H and two recent applications of the code 
are reviewed in this paper. 



 

C-3826 

3819…..…..…………………..…….……..……ID Number…………………..…..…………….3819 

Author: Carrico, C. B. / Lewis, E. E. 

Title: Variational Nodal Solution Algorithms for Multigroup Criticality Problems 

Date: 4/1/1991 

Report: CONF-910414-38 

Conference/Journal: International topical meeting on advances in mathematics, computation and reactor 
physics/ 28 Apr - 2 May 1991/ Pittsburgh, PA (USA) 

Conference Session:  

Abstract/Keyterms: Variational nodal transport methods are generalized for the treatment of multigroup 
criticality problems. The generation of variational response matrices is streamlined and automated through 
the use of symbolic manipulation. A new red-black partitioned matrix algorithm for the solution of the 
within-group equations is formulated and shown to be at once both a regular matrix splitting and a synthetic 
acceleration method. The methods are implemented in X- Y geometry as a module of the Argonne National 
Laboratory code DIF3D. For few group problems highly accurate P[sub 3] eigenvalues are obtained with 
computing times comparable to those of an existing interface-current nodal transport method. 
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Abstract/Keyterms: The SCALE system was developed for the NRC to satisfy a need for a standardized 
method of analysis for the evaluation of nuclear fuel facility and package designs. In its present form, the 
system has the capability of performing criticality, shielding, and heat transfer analyses using well-
established functional modules tailored to the SCALE system. Spent fuel characteristics for these analyses 
can be obtained from a module that performs a depletion/decay calculation. This report discusses some of 
the features of this program. 
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Abstract/Keyterms: An independent group has been designated by Martin Marietta Energy Systems, Inc., 
(MMES) to internally review Safety Analysis Reports for Packaging (SARPs) that describe containers for 
shipment of radioactive material. This group is called the Energy Systems Independent Review Group 
(ESIRG), reporting to the MMES Transportation Safety Manager as part of a central staff function. The 
ESIRG focus is Y-12 Plant packages, with additional review responsibilities for the Paducah Tiger UF6 
overpack and 6M package. Review questions are posed directly to the SARP preparers. This paper 
addresses three generic issues that arose during the ESIRG criticality reviews: analysis tools, uncertainties 
in results, and resulting (finite) probability of criticality. 
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Abstract/Keyterms: The SCALE code system has a standardized scheme for processing problem-
dependent cross section from problem-independent waste libraries. Some improvements and new 
capabilities in the processing scheme have been incorporated into the new Version 4 release of the SCALE 
system. The new features include the capability to consider annular cylindrical and spherical unit cells, and 
improved Dancoff factor formulation, and changes to the NITAWL-II module to perform resonance self-
shielding with reference to infinite dilute values. A review of these major changes in the cross-section 
processing scheme for SCALE-4 is presented in this paper. 
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Abstract/Keyterms: SCALE -- a modular code system for Standardized Computer Analyses for Licensing 
Evaluation -- was developed by Oak Ridge National Laboratory at the request of the US Nuclear Regulatory 
Commission staff. The SCALE system utilizes well-established computer codes and methods within 
standard sequences that (1) allow an input format designed for the occasional user and/or novice, (2) 
automate the data processing and coupling between codes, and (3) provide accurate and reliable results. 
System development has been directed at criticality safety, shielding, heat transfer, and depletion/decay 
analysis. Since the initial release of SCALE in 1980, the code system has been heavily used for evaluations 
of nuclear fuel facility and package designs. This paper briefly reviews the evolution of the SCALE system 
from its inception in 1976 to the recent release of version 4.0. The new features provided with the SCALE-
4 release are discussed, along with plans for future development and system modifications. 



 

C-3835 

3828…..…..…………………..…….……..……ID Number…………………..…..…………….3828 

Author: Bowman, S. M. 

Title: OFFSCALE: PC input processor for SCALE-4 criticality sequences 

Date: 9/1/1991 

Report: CONF-9109217-8 

Conference/Journal: Seminar on SCALE-4 and related modular systems for the evaluation of nuclear 
fuel facilities and package design featuring criticality, shielding and heat transfer capabilities/ 17-20 Sep 
1991/ Gif-sur-Yvette (France) 

Conference Session:  

Abstract/Keyterms: OFFSCALE is a personal computer program that serves as a user-friendly interface 
for the Criticality Safety Analysis Sequences (CSAS) available in SCALE-4. It is designed to assist a 
SCALE-4 user in preparing an input file for execution of criticality safety problems. Output from 
OFFSCALE is a card-image input file that may be uploaded to a mainframe computer to execute the CSAS4 
control module in SCALE-4. OFFSCALE features a pulldown menu system that accesses sophisticated 
data entry screens. The program allows the user to quickly set up a CSAS4 input file and perform data 
checking. 
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Abstract/Keyterms: The development of the vector processor, which is used in the current generation of 
supercomputers and is beginning to be used in workstations, provides the potential for dramatic speed-up 
for codes that are able to process data as vectors. Unfortunately, the stochastic nature of Monte Carlo codes 
prevents the old scalar version of these codes from taking advantage of the vector processors. New Monte 
Carlo algorithms that process all the histories undergoing the same event as a batch are required. Recently, 
new vectorized Monte Carlo codes have been developed that show significant speed-ups when compared 
to the scalar version of themselves or equivalent codes. This paper discusses the vectorization of an already 
existing and widely used criticality safety code, KENO V.a All the changes made to KENO V.a are 
transparent to the user making it possible to upgrade from the standard scalar version of KENO V.a to the 
vectorized version without learning a new code. 
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Abstract/Keyterms: The concept of allowing reactivity credit for the transmuted state of spent fuel 
complicates the criticality analysis by requiring the specification of the fuel mixture to potentially include 
large numbers of isotopes representative of the fuel conditions. These conditions include the initial 
enrichment, local or average burnup conditions depending on the analysis approach, and the post-shutdown 
cooling time. In the development of an analysis methodology to evaluate spent fuel shipping and transport 
casks (flasks) based on this burnup credit, commercial reactor critical configurations were evaluated as 
potential experimental spent fuel criticals. This paper describes how the SCALE-4 depletion sequences 
(SAS2H), the cross-section processing sequence (CSASN), and the criticality module (KENO V.a) were 
used to evaluate these reactor criticals. A description of a newly developed sequence for linking SAS2H 
calculated burnup-dependent isotopics to KENO V.a mixing tables (SAS2H Nuclide Inventories for KENO 
Runs (SNIKR)) is also included. 
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Abstract/Keyterms: The United States Department of Energy, Oak Ridge Field Office, and Martin 
Marietta Energy Systems, Inc., are co-sponsoring this Second International Conference on Uranium 
Hexafluoride Handling. The conference is offered as a forum for the exchange of information and concepts 
regarding the technical and regulatory issues and the safety aspects which relate to the handling of uranium 
hexafluoride. Through the papers presented here, we attempt not only to share technological advances and 
lessons learned, but also to demonstrate that we are concerned about the health and safety of our workers 
and the public, and are good stewards of the environment in which we all work and live. These proceedings 
are a compilation of the work of many experts in that phase of world-wide industry which comprises the 
nuclear fuel cycle. Their experience spans the entire range over which uranium hexafluoride is involved in 
the fuel cycle, from the production of UF6 from the naturally-occurring oxide to its re-conversion to oxide 
for reactor fuels. The papers furnish insights into the chemical, physical, and nuclear properties of uranium 
hexafluoride as they influence its transport, storage, and the design and operation of plant-scale facilities 
for production, processing, and conversion to oxide. The papers demonstrate, in an industry often cited for 
its excellent safety record, continuing efforts to further improve safety in all areas of handling uranium 
hexafluoride. Selected papers were processed separately for inclusion in the Energy Science and 
Technology Database. 
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Abstract/Keyterms: A probabilistic safety study of UF6 handling activities at the Portsmouth Gaseous 
Diffusion Plant has recently been completed. The analysis provides a unique perspective on the safety of 
UF6 handling activities. The estimated release frequencies provide an understanding of current risks, and 
the examination of individual contributors yields a ranking of important plant features and operations. Aside 
from the probabilistic results, however, there is an even more important benefit derived from a systematic 
modeling of all operations. The integrated approach employed in the analysis allows the interrelationships 
among the equipment and the required operations to be explored in depth. This paper summarizes the 
methods used in the study and provides an overview of some of the technical insights that were obtained. 
Specific areas of possible improvement in operations are described. 
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Conference/Journal: Second International Conference on Uranium Hexafluoride Handling, Oak Ridge, 
TN, 29-31 Oct 1991 

Conference Session:  

Abstract/Keyterms: In June 1990, during a three-site inspection of cylinders being used for long-term 
storage of solid depleted UF6, two 14-ton cylinders at Portsmouth, Ohio, were discovered with holes in the 
barrel section of the cylinders. An investigation team was immediately formed to determine the cause of 
the failures and their impact on future storage procedures and to recommend corrective actions. Subsequent 
investigation showed that the failures most probably resulted from mechanical damage that occurred at the 
time that the cylinders had been placed in the storage yard. In both cylinders evidence pointed to the impact 
of a lifting lug of an adjacent cylinder near the front stiffening ring, where deflection of the cylinder could 
occur only by tearing the cylinder. The impacts appear to have punctured the cylinders and thereby set up 
corrosion processes that greatly extended the openings in the wall and obliterated the original crack. 
Fortunately, the reaction products formed by this process were relatively protective and prevented any 
large-scale loss of uranium. The main factors that precipitated the failures were inadequate spacing between 
cylinders and deviations in the orientations of lifting lugs from their intended horizontal position. After 
reviewing the causes and effects of the failures, the team`s principal recommendation for remedial action 
concerned improved cylinder handling and inspection procedures. Design modifications and supplementary 
mechanical tests were also recommended to improve the cylinder containment integrity during the stacking 
operation. 
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Abstract/Keyterms: The United States Department of Energy, Oak Ridge Field Office, and Martin 
Marietta Energy Systems, Inc., are co-sponsoring this Second International Conference on Uranium 
Hexafluoride Handling. The conference is offered as a forum for the exchange of information and concepts 
regarding the technical and regulatory issues and the safety aspects which relate to the handling of uranium 
hexafluoride. Through the papers presented here, we attempt not only to share technological advances and 
lessons learned, but also to demonstrate that we are concerned about the health and safety of our workers 
and the public, and are good stewards of the environment in which we all work and live. These proceedings 
are a compilation of the work of many experts in that phase of world-wide industry which comprises the 
nuclear fuel cycle. Their experience spans the entire range over which uranium hexafluoride is involved in 
the fuel cycle, from the production of UF6 from the naturally-occurring oxide to its re-conversion to oxide 
for reactor fuels. The papers furnish insights into the chemical, physical, and nuclear properties of uranium 
hexafluoride as they influence its transport, storage, and the design and operation of plant-scale facilities 
for production, processing, and conversion to oxide. The papers demonstrate, in an industry often cited for 
its excellent safety record, continuing efforts to further improve safety in all areas of handling uranium 
hexafluoride. Selected papers were processed separately for inclusion in the Energy Science and 
Technology Database. 
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Abstract/Keyterms: In this paper we present information that can be used in severe accident management 
by providing an improved understanding of the effects of water addition to a degraded core. This improved 
understanding is developed using a diagram showing a sequence of core damage states. Whenever possible, 
a temperature and a time after accident initiation are estimated for each damage state in the sequence 
diagram. This diagram can be used to anticipate the evolution of events during an accident. Possible 
responses of plant instruments are described to identify these damage states and the effects of water 
addition. The rate and amount of water addition needed (1) to remove energy from the core, (2) to stabilize 
the core or (3) to not adversely affect the damage progression, are estimated. Analysis of the capability to 
remove energy from large cohesive and particulate debris beds indicates that these beds may not be 
stabilized in the core region and they may partially relocate to the lower plenum of the reactor vessel. 
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Conference Session:  

Abstract/Keyterms: ORNL’s computer-generated test our program, developed using computer-based 
training (CBT) technology, allows employees the option of testing out” instead of attending the General 
Employee Retraining (GER) class. The program contains a bank” of questions; 20 different questions 
randomly selected by the computer for each exam. The exam is administered by computer; minimum input 
is required of the individual taking the exam. The training organization inputs the bank of exam questions, 
the type of questions to be used, and categorizes questions according to subject, such as Quality Assurance, 
Hazard Communication, Radiation Safety, and so forth. The exam is graded by the computer and a hard-
copy record may be generated. Exam results may be stored on a floppy disk. Compliance training, as 
required by the US Department of Energy (DOE) in many areas, has become an activity which requires 
individuals to spend more and more of their time in training. Compliance training could be defined as, 
training that is required for individuals who perform certain activities.” In other words, it is training that is 
not optional. Compliance training exists for subjects that are general in nature such as General Employee 
Training (GET), and for subjects of a more technical nature such as Rad Worker, SARA/OSHA, and so 
forth. The computer-generated program, developed by ORNL using computer-based training technology, 
meets the criteria for compliance training, but training time” or man training hours” in the pilot program 
was reduced from two hours per person to about 20 minutes per person. Overall training time for the pilot 
program was reduced by almost sixty percent. 
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Abstract/Keyterms: Use of subcritical source multiplication measurements during refueling has been 
investigated as a possible replacement for out-of-reactor subcriticality measurements formerly made on 
fresh HFIR fuel elements at the ORNL Critical Experiment Facility. These measurements have been used 
in the past for preparation of estimated critical rod positions, and as a partial verification, prior to reactor 
startup, that the requirements for operational shutdown margin would be met. Results of subcritical count 
rate data collection during recent HFIR refuelings and supporting calculations are described illustrating the 
intended measurement method and its expected uncertainty. These results are compared to historical uses 
of the out-of-reactor core measurements and their accuracy requirements, and a planned in-reactor test is 
described which will establish the sensitivity of the method and calibrate it for future routine use during 
HFIR refueling. 
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Abstract/Keyterms: Six critical experiments were performed shortly before the initial ascension to power 
of the High Flux Isotope Reactor (HFIR). Critical configurations were determined at various control rod 
positions by varying the soluble boron content in the light water coolant. Calculated k-effective was 2% 
high at beginning-of-life (BOL) typical conditions, but was 1.0 at end-of-life (EOL) typical conditions. 
Axially averaged power distributions for a given radial location were frequently within experimental error. 
At specific R,Z locations with the core, the calculated power densities were significantly different from the 
experimentally derived values. A reassessment of the foil activation data seems desirable. 
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Abstract/Keyterms: This document, Volume 1, presents proceedings of the 1992 Topical Meeting on 
Advances in Reactor Physics on March 8--11, 1992 at Charleston, SC. Session topics were as follows: Code 
Benchmarks and Validation; Fuel Management; Nodal Methods for Diffusion Theory; Criticality Safety 
and Applications and Waste; Core Computational Systems; Nuclear Data; Safety Aspects of Heavy Water 
Reactors; and Space-Time Core Kinetics. The individual papers have been cataloged separately. 
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Abstract/Keyterms: This document, Volume 2, presents proceedings of the 1992 Topical Meeting on 
Advances in Reactor Physics on March 8--11, 1992 at Charleston, SC. Session topics were as follows: 
Transport Theory; Fast Reactors; Plant Analyzers; Integral Experiments/Measurements & Analysis; Core 
Computational Systems; Reactor Physics; Monte Carlo; Safety Aspects of Heavy Water Reactors; and 
Space-Time Core Kinetics. The individual reports have been cataloged separately. 
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Abstract/Keyterms: General Atomics (GA) will be submitting an application for certification to the US 
Nuclear Regulatory Commission (NRC) for the GA-4 and GA-9 Casks In 1992. The GA-4 and GA-9 Casks 
are high-capacity legal weight truck casks designed to transport light water reactor spent fuel assemblies. 
To maintain a capacity of four pressurized-water-reactor (PWR) spent fuel assemblies, the GA-4 Cask uses 
burnup credit as part of the criticality control for initial enrichments over 3.0 wt% U-235. Using the US 
Department of Energy (DOE) Burnup Credit Program as a basis, GA has performed burnup credit analysis 
which is included in the Safety Analysis Report for Packaging (SARP). The GA-9 Cask can meet the 
criticality safety requirements using the fresh fuel” assumption. Our approach to shielding design is to 
optimize the GA-4 and GA-9 Cask shielding configurations for minimum weights and maximum payloads. 
This optimization involves the use of the most effective shielding material, square cross-section geometry 
with rounded corners and tapered neutron shielding sections in the non-fuel regions. 
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Abstract/Keyterms: The ORIGEN2 computer code was developed by Oak Ridge National Laboratory 
(ORNL) in the late 1970s and made available to users worldwide in 1980 through the Radiation Shielding 
Information Center (RSIC). The purpose of ORIGEN2 is to calculate the buildup, decay, and processing of 
radioactive materials. Since 1980, more than 500 users have acquired the ORIGEN2 code from RSIC. 
ORIGEN2 is often the starting point for many analyses involving the shielding, criticality, safety, 
performance assessment, accident analysis, risk assessment, and design of reactors, transportation casks, 
reprocessing plants, and waste disposal facilities. An updated version of the ORIGEN2 code package has 
been prepared by ORNL. This new version of the ORIGEN2 package (called ORIGEN2, Version 2.1 (8-1-
91)) includes revised ORIGEN2 cross-section libraries for standard- and extended-burnup pressurized-
water and boiling-water reactors (PWRs and BWRs). These libraries were used in the preparation of 
Revision 1 of the Characteristic Data Base (CDB). The ORIGEN2 code has also been revised to include 
numerous maintenance fixes and to consolidate various hardware versions into a single source code capable 
of execution of both 80386/80486 PCs as well as most mainframe computers; these improvements are part 
of Version 2.1. 
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Abstract/Keyterms: The additional reactivity, {Delta}K/K, incurred from the relatively underburned tips 
of a PWR spent fuel assembly (the End-Effects problem in burnup-credit analyses) is estimated in this paper 
by simple k{inf) enrichment perturbation calculations based solely on the estimated U-235 enrichment 
difference between the tip (1 ft) and the central (10 ft) portions of the assembly. The difference is established 
from the utility’s quoted” average U-235 discharge enrichment of the assembly and a measured (or 
conservatively calculated) ratio, R, which is the axial burnup (or gross gamma activity) averaged over the 
tip 1 ft regions considered identical. It is assumed that the regional residual U-235 enrichment is inverse to 
the region burnup. R as defined and interpreted gives proper dependence of the End-Effect reactivity with 
burnup and cooling time. The method is independent of size, internals, and shield materials of transport and 
storage casks containing such spent fuel and predicts {Delta}K/K in the range of 2.5% to 4.5% for a realistic 
R of 1.75 and discharge enrichments between 2.0 w/o to 0.8 w/o U-235. 
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Abstract/Keyterms: The 252Cf-Source-driven noise analysis method can be used for measuring the 
subcritical neutron multiplication factor k of arrays of spent light water reactor (LWR) fuel. This type of 
measurement provides a parameter that is directly related to the criticality state of arrays of LWR fuel. 
Measurements of this parameter can verify the criticality safety margins of spent LWR fuel configurations 
and thus could be a means of obtaining the information to justify burnup credit for spent LWR 
transportation/storage casks. The practicality of a measurement depends on the ability to install the 
hardware required to perform the measurement. Source chambers containing the 252Cf at the required 
source intensity for this application have been constructed and have operated successfully for 
{approximately}10 years and can be fabricated to fit into control rod guide tubes of PWR fuel elements. 
Fission counters especially developed for spent-fuel measurements are available that would allow 
measurements of a special 3 {times} 3 spent fuel array and a typical burnup credit rail cask with spent fuel 
in unborated water. Adding a moderator around these fission counters would allow measurements with the 
typical burnup credit rail cask with borated water and the special 3 {times} 3 array with borated water. The 
recent work of Ficaro on modifying the KENO Va code to calculate by the Monte Carlo method the time 
sequences of pulses at two detectors near a fissile assembly from the fission chain multiplication process, 
initiated by a 252Cf source in the assembly allows a direct computer calculation of the noise analysis data 
from this measurement method. 
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Abstract/Keyterms: An interagency Nuclear Safety Policy Working Group (NSPWG) was chartered to 
recommend nuclear safety policy, requirements, and guidelines for the Space Exploration Initiative (SEI) 
nuclear propulsion program to facilitate the implementation of mission planning and conceptual design 
studies. The NSPWG developed a top-level policy to provide the guiding principles for the development 
and implementation of the nuclear propulsion safety program and the development of safety functional 
requirements. In addition, the NSPWG reviewed safety issues for nuclear propulsion and recommended 
top-level safety requirements and guidelines to address these issues. Safety requirements were developed 
for reactor start-up, inadvertent criticality, radiological release and exposure, disposal, entry, and 
safeguards. Guidelines were recommended for risk/reliability, operational safety, flight trajectory and 
mission abort, space debris and meteoroids, and ground test safety. In this paper the specific requirements 
and guidelines will be discussed 
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Abstract/Keyterms: Fission nuclear power is foreseen as the source for electricity in colonization 
exploration. A gas-cooled, cermet-fueled reactor is proposed that can meet many of the design objectives. 
The highly enriched core is compact and can operate at high temperature for a long life. The helium coolant 
powers a Brayton cycle that compares well with the SP-100-based Brayton cycle. The power cycle can be 
upgraded further under certain siting-related conditions by the addition of a low temperature Rankine cycle. 
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Conference Session:  

Abstract/Keyterms: The four elements of concern in the design of transport packages for radioactive 
material are structural integrity, thermal performance, criticality safety, and the adequacy of the package as 
a shield from radioactivity. Computational analysis has become the major tool for demonstrating that 
transportation packages meet the required criticality safety and shield criteria. The purpose of this summary 
is to briefly review the type of analyses performed and the computational tools and data that are utilized for 
criticality and shielding evaluations. areas for potential work will be discussed. 
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Abstract/Keyterms: This report discusses lumped parameter and detailed multi-dimensional thermal 
analyses of a New Production Modular High Temperature Gas Cooled Reactor (NP-MHTGR) fuel block 
were conducted that indicated that during a power transient, the target temperature would rise significantly 
later than the fuel temperature. This behavior, which is due to radiative, convective and conductive heat 
transport phenomena within the fuel block coupled with the significantly different thermal physical 
properties of the fuel block materials, leads to the potential for a delayed positive contribution to the 
temperature coefficient of reactivity of the NP-MHTGR core during TOP events. These results have 
indicated the need for additional experimental and analytical studies in order to more fully assess the design, 
operational and safety implications of this phenomenon. In addition, experiments in the TREAT facility are 
planned to provide additional data to assist in the capabilities to predict the reactivity feedback 
characteristics of the NP-MHTGR core. These studies will be the subject of a future paper. 
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Conference Session:  

Abstract/Keyterms: One precept of the current radioactive material transportation regulations is that the 
package is the primary protection for the public. A packaging is chosen to provide containment, shielding, 
and criticality control suitable to the quantity and characteristics of the radionuclide being transported. 
Occasionally, radioactive materials requiring transport are not of a mass or size that would allow the 
materials to be shipped in an appropriate packaging. Where the shipment to be made is relatively infrequent, 
there may be economic and time penalties that may hamper shipment or force the shipper into uneconomic 
or high risk options. However, there is recognition of such situations in the International Atomic Energy 
Agency (IAEA) regulations under the provisions for Special Arrangement. The principal paragraphs 
defining Special Arrangement in Regulations for the Safe of Radioactive Material; Safety Series 6 (SS6) 
[IAEA, 1990a] are 141, 211, 720, and 727. In the US regulations the applicable term is Exemption.” An 
exemption is obtained from either the United States Department of Transportation (USDOT) or the United 
States Nuclear Regulatory Commission (USNRC) depending on the character of the needed exemption. 
The essential concept is that some requirements of the regulations that apply in a given situation are not 
required if the shipment is subjected to other operational controls that provide an equivalent level of risk to 
that attained if the regulations were observed fully. This paper deals primarily with changing of packaging 
requirements in Special Arrangements, but it is also true that operational requirements also may be changed 
as a result of an Exemption or Special Arrangement approval by a regulatory authority. 
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Abstract/Keyterms: Transport Casks / Infinite Array / Fuel Rods / Homogeneous Cell / Monte Carlo Code 
MULTI-KENO / Japan Atomic Energy Research Institute (JAERI) /SUPER BOX 
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Conference Session:  

Abstract/Keyterms: Reliance on the reduced reactivity of spent fuel for criticality control during 
transportation and storage is referred to as burnup credit. This concept has attracted international interest 
and is being actively pursued in the United States in the development of a new generation of transport casks. 
An overview of the US experience in developing a methodology to implement burnup credit in an integrated 
approach to transport cask design is presented in this paper. Specifically, technical issues related to the 
analysis, validation and implementation of burnup credit are identified and discussed. 
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Abstract/Keyterms: Transport / Spent Fuel / Japan / Magnox Fuel / Flasks / Spent LWR Fuel / Higher 
Burnup / Initial Enrichment 
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Conference Session:  

Abstract/Keyterms: CRIEPI / Spent-Fuel / Storage / Shipping / Casks / Cask-Storage Facility 
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Conference Session:  

Abstract/Keyterms: General Atomics (GA) is developing two legal-weight-truck spent-fuel shipping 
casks for transporting commercial reactor spent fuel. The GA-4 pressurized-water-reactor (PWR) and the 
GA-9 boiling-water-reactor (BWR) casks are stainless steel with non-circular cross sections. Depleted 
uranium (DU) and boron polypropylene are used for gamma and neutron shielding. Solid pellets of boron 
carbide contained in a removable stainless steel fuel support structure provide criticality control. The GA-
4 Cask utilizes burnup credit to maintain a capacity of four spent fuel assemblies for enrichments greater 
than 3.0 U-235 wt %. Aluminum honeycomb impact limiters and a dedicated semitrailer contribute to the 
overall efficiency and safety of the system. Design verification testing of a half-scale model cask will 
confirm the adequacy of the structural design. 
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A, Fissile) / Safety Analysis Report of the Packaging (SARP) / Tests 
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Abstract/Keyterms: The report A Guide for the Design Fabrication, and Operation of Shipping Casks for 
Nuclear Applications, ORNL-NSIC-68, commonly called the Cask Designers Guide, is being revised at the 
request of the Transportation and Packaging Safety Division of the Department of Energy (DOE). The new 
document will be called the Packaging Handbook. The Cask Designers Guide was published in 1970 during 
the period when many radioactive materials packagings were being developed and many technical studies 
applicable to these packagings were being performed. Since that period, many improvements in packaging 
design have appeared, designers have improved their calculational techniques, and much effort has gone 
into applying Quality Assurance (QA) principles to cask development Materials, and their limitations, have 
surfaced as a very important consideration in the licensing process. While the Packaging Handbook 
considers all Type B packages, most of the authors’ experience lies in the technical areas found in the 
licensing of spent nuclear fuel (SNF) packagings and this reflected in the document. 



 

C-3885 

3878…..…..…………………..…….……..……ID Number…………………..…..…………….3878 

Author: Qvist, J. / Nonbol, E. 

Title: Intermediate Fuel Element Storage Facility at Reactor DR 3 

Date: 10/1/1992 

Report: CONF-9209266, 220-227 

Conference/Journal: International meeting on reduced enrichment for research and test reactors, 
Roskilde (Denmark), 27 Sep - 1 Oct 1992 

Conference Session:  

Abstract/Keyterms: Back End / Fuel Cycle / Dry Vertical Storage Facility / DR 3 / PLUTO type MTR 
reactor. The capacity of the facility corresponds to ten years of reactor operation. The facility consists of 
four blocks with 12 storage holes each. Each hole houses the equivalent of 9 fuel elements. Each storage 
hole is ventilated in order to facilitate monitoring of air humidity and contamination. Special emphasis 
placed on the criticality aspect due to the compact design of the facility. 
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Abstract/Keyterms: This paper describes a small diameter, double contained 252Cf fission chamber 
design that can be inserted into a 0.95cm (0.375 in) diameter hole or tube such as the control rod guide 
tubes in pressurized water reactor (PWR) fuel elements. Thus, this fission chamber can be used as a neutron 
driver for subcriticality measurements with irradiated PWR fuel elements. This prototype contains 
[approximately]0.1 [mu]g of 252Cf, but the design has flexibility to accommodate larger amounts of 
fissionable material required for PWR tests. Details of the design are presented as well as some of the 
instrument's operational parameters and performance characteristics. 
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Abstract/Keyterms: In an assessment of criticality safety it is reported that human elements are the primary 
criticality risk at the Rocky Flats Plant. This statement was based on two findings. First, the most of the 
tasks and manipulations conducted with radioactive material used in the manufacture of nuclear weapons 
components are carried out by humans. Secondly, and more importantly, that the results of an analysis of 
recent criticality safety procedural infractions indicates that many infractions are due to human error and 
human performance issues. The results of this investigation are supported by analysis of all criticality safety 
procedural infractions that have occurred at the Rocky Flats Plant (RFP) through July 1989. 
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Conference Session:  

Abstract/Keyterms: The capability of S[sub N] methodology to accurately predict the neutronics behavior 
of a compact, light water-moderated reactor is examined. This includes examining the effects of cross-
section modeling and the choice of spatial and angular representation. The isothermal temperature 
coefficient in the range of 293 K to 355 K is analyzed, as well as the radial fission density profile across 
the central fuel element. Measured data from a series of critical experiments are used for these analyses. 
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Conference Session:  

Abstract/Keyterms: The safety test program to be conducted as part of the SP-100 Power System 
Qualification Program is described. Safety tests needed to establish SP-100 technology readiness are 
identified through consideration of uncertainties in analytical predictions. Critical experiments already 
completed provide sufficient confidence in the technology supporting criticality predictions under accident 
conditions. Plans for the future include: testing of safety rod retention under earth impact loads, tests to 
define the launch five environment and validate capability to remain subcritical in that environment, and 
tests to assure that the reactor is capable of remaining intact during reentry. 
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Abstract/Keyterms: This paper describes the application of Modern Control” design techniques to the 
problem of nuclear reactor control. The control algorithm consists of generating a nominal trajectory within 
the control authority of the reactor rod drives, and then following this trajectory with a gain scheduled linear 
quadratic regulator (LQR). A controller based on this algorithm has generated power pulses up to 100 mW 
on Sandia's Annular Core Research Reactor (ACRR). Prompt critical control at $1.02 net reactivity and at 
start-up rates over 350 decades per minute (DPM) has also been demonstrated using this controller. 
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Abstract/Keyterms: Fission nuclear power is foreseen as the source for electricity in planetary 
colonization and exploration. A six module gas-cooled, cermet-fueled reactor is proposed that can meet the 
design objectives. The highly enriched core is compact and can operate at high temperature for a long life. 
The helium coolant powers six modular Brayton cycles that compare favorably with the SP-100-based 
Brayton cycle. 
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Abstract/Keyterms: A reactor designed to perform criticality experiments in support of the Space Nuclear 
Thermal Propulsion program is currently in operation at the Sandia National Laboratories’ reactor facility. 
The reactor is a small, water-moderated system that uses highly enriched uranium particle fuel in a 19-
element configuration. Its purpose is to obtain neutronic measurements under a variety of experimental 
conditions that are subsequently used to benchmark rector-design computer codes. Brookhaven National 
Laboratory, Babcock Wilcox, and Sandia National Laboratories participated in determining the reactor’s 
performance requirements, design, follow-on experimentation, and in obtaining the licensing approvals. 
Brookhaven National Laboratory is primarily responsible for the analytical support, Babcock Wilcox the 
hardware design, and Sandia National Laboratories the operational safety. All of the team members 
participate in determining the experimentation requirements, performance, and data reduction. Initial 
criticality was achieved in October 1989. An overall description of the reactor is presented along with key 
design features and safety-related aspects. 
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Abstract/Keyterms: This paper discusses salient aspects of severe-accident-related recriticality modeling 
and analysis in the Advanced Neutron Source (ANS) reactor. The development of an analytical capability 
using the KEN05A-SCALE system is described including evaluation of suitable nuclear cross-section sets 
to account for the effects of system geometry, mixture temperature, material dispersion and other thermal-
hydraulic conditions. Benchmarking and validation efforts conducted with KEN05-SCALE and other 
neutronic codes against critical experiment data are described. Potential deviations and biases resulting 
from use of the 16-group Hansen-Roach library are shown. A comprehensive test matrix of calculations to 
evaluate the threat of a criticality event in the ANS is described. Strong dependencies on geometry, material 
constituents, and thermal-hydraulic conditions are described. The introduction of designed mitigative 
features are described. 
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Abstract/Keyterms: This paper describes work done at the Oak Ridge National Laboratory (ORNL) for 
evaluating the potential and resulting consequences of a hypothetical criticality accident during refueling 
of the 330-MW Advanced Neutron Source (ANS) research reactor. The development of an analytical 
capability is described. Modeling and problem formulation were conducted using concepts of reactor 
neutronic theory for determining power level escalation, coupled with ORIGEN and MELCOR code 
simulations for radionuclide buildup and containment transport Gaussian plume transport modeling was 
done for determining off-site radiological consequences. Nuances associated with modeling this blast-type 
scenario are described. Analysis results for ANS containment response under a variety of postulated 
scenarios and containment failure modes are presented. It is demonstrated that individuals at the reactor site 
boundary will not receive doses beyond regulatory limits for any of the containment configurations studied. 
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the need to perform a Probabilistic Risk Assessment (PRA) on the reactor. It was decided by ORNL 
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risk to human health and the environment from ongoing or probable releases within a one year time period. 
The Worker Exposure Index (WEI) calculates the risk to workers, occupants, and visitors in D D facilities 
of contaminant exposure. The Future Release Index (FRI) calculates the risk of future releases of 
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cross sections than the neutron multiplication factor by a factor of as much as {approximately}50 for this 
fissile plutonium solution. This increased sensitivity means that for verifying calculational methods, a 
subcritical experiment at a k {approx} 0.9 by the 252Cf-source-driven noise analysis method is more useful 
than experiments at k = 1. 
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To maintain an efficient operation within appropriate safety limits, it is necessary to formulate a nuclear 
criticality safety program that integrates equipment design, process development, process modeling, 
conduct of operations, a measurement program, adequate material control procedures, and nuclear 
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nuclides contribute to such changes. The analysis employs the use of the effective one-group cross-section 
data of each nuclide studied. The primary contributors to k{infinity} changes during long-term spent fuel 
storage were identified as 239Pu, {sup 240}Pu, 241Pu, 241Am, and {sup 235U. The approach presented 
here can be processed simply by spreadsheet-type calculations on a personal computer after performing 
only one SAS2H calculation to obtain one-group cross-section data and nuclide densities. 
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control over this time have been investigated. 
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Abstract/Keyterms: The Packaging Handbook, dealing with the development of packagings designed to 
carry radioactive material, is being written for DOE’s Transportation and Packaging Safety Division. The 
primary goal of the Handbook is to provide sufficient technical information and guidance to improve the 
quality of Safety Analysis Reports on Type B Packagings (SARPs) that are submitted to DOE for 
certification. This paper provides an update on the status of the Handbook. 
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ultimate storage at this site. Plutonium in the form of PuO2 may be added to borosilicate glass for ultimate 
disposal in the repository. The maximum amount of this fissile that may be added to a glass log will be 
limited by its ability to sustain a chain reaction. In this study, the removal of neutron absorbers from a glass 
log and the subsequent possibility of water infiltration were studied to find corresponding neutron 
multiplication factors. Weight fractions of 1%, 2%, and 3% PuO2 were analyzed in the study. The results 
show the maximum amount of plutonium fissile that may be safely added to a glass log under conditions 
that lead to leaching of the principal neutron absorbers from the glass. 
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intrusion. Due to the low corrosion rates of the fuel matrix and the Zircaloy cladding, there is a possibility 
that the neutron absorbing material will corrode and leak from the waste container long before the 
subsequent release of fuel matrix material. An analysis of the release of fuel matrix and neutron absorber 
material based on a probabilistic model was conducted and the results were used to prepare input to KENO-
V, an neutron criticality code. The results demonstrate that, in the presence of water, the computed values 
of k(eff) exceeded the maximum of 0.95 for an extended period of time. 
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the storage pool. This report deals with the application of the FORK system to burnup credit operations 
based on measurements performed on spent fuel assemblies at the Oconee Nuclear Station of Duke Power 
Company. 
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Abstract/Keyterms: PAKS NPP Dry Storage System / Fuel Temperature / Unirradiated Condition / Decay 
Heat Removal / Dose Uptake to the Operators and Public / Protection of Environment / Volume of Waste / 
Operation / Decommissioning / Stored Irradiated Fuel Assemblies / IAEA Safeguards Assurance / GEC 
ALSTHOM Modular Vault Dry Store (MVDS) System / Passively Cooled Dry Storage Facility 
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Abstract/Keyterms: Liquid-Metal-Cooled Fast Breeder Reactors / Experimental Research Needs / In-Pile 
Experiments / Recriticality events in Hypothetical Core Disruptive Accidents / Discharging Fuel 
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Factor / Na Cooled 
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Abstract/Keyterms: This paper describes dynamic experiments for 3 pulsed reactors. 1st reactor was 
pulsed from some average power by rotating a partial Be reflector past an unreflected core face; the other 
2 reactors were pulsed by rapid insertion of a fuel rod into the unmoderated and unreflected reactor at 
essentially zero neutron level with no significant neutron source present. The first reactor was a mockup of 
an EURATOM design (never constructed) of the proposed SORA Reactor, and the other two were the 
Health Physics Research Reactor and the Army Pulse Radiation Facility Reactor (APRFR). This paper 
describes the experiments performed in initial testing of these systems, including destructive tests of 
APRFR, to set operating limits for this type of reactor in pulsed operation. All the experiments described 
were performed at the Oak Ridge Critical Experiments Facility. 
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Breeding Fuel 
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(SARP) / Savannah River Site / Shipping Casks 



 

C-3983 

3976…..…..…………………..…….……..……ID Number…………………..…..…………….3976 

Author: Clarksean, R. L. / Zahn, T. P. 

Title: Safety Issues of Dry Fuel Storage at RSWF 

Date: 12/1/1994 

Report: CONF-941207-19, ANL/TD/CP-84443 

Conference/Journal: Spent nuclear fuel meeting: challenges and initiatives, Salt Lake City, UT (United 
States), 14-16 Dec 1994 
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Abstract/Keyterms: Safety issues associated with the dry storage of EBR-II spent fuel are presented and 
discussed. The containers for the fuel have been designed to prevent a leak of fission gases to the 
environment. The storage system has four barriers for the fission gases. These barriers are the fuel cladding, 
an inner container, an outer container, and the liner at the RSWF. Analysis has shown that the probability 
of a leak to the environment is much less than 10[sup [minus]6] per year, indicating that such an event is 
not considered credible. A drop accident, excessive thermal loads, criticality, and possible failure modes of 
the containers are also addressed. 
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Abstract/Keyterms: Packaging / Al-Clad / High-Enriched Uranium (HEU) / Spent Fuels / Geologic 
Repository / Neutron Poisons / U-Al Alloy Fuel / Waste Glass 
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(TRA) / Dry Storage / Foreign Research Reactor (FRR) / Spent Nuclear Fuel (SNF) 
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Conference Session:  

Abstract/Keyterms: Spent nuclear fuel may be unacceptable for direct repository storage because of 
composition, enrichment, form, physical condition, or the presence of undesirable materials such as sodium. 
Fuel types which are not acceptable for direct storage must be processed or conditioned to produce physical 
forms which can safely be stored in a repository. One possible approach to conditioning is the pyroprocess 
implemented in the Fuel Cycle Facility (FCF) at Argonne National Laboratory-West. Conditioning of 
binary (U-Zr) and ternary (U-Pu-Zr) metallic fuels from the EBR-2 reactor is used to demonstrate the 
process. Criticality safety considerations limit batch sizes during the conditioning steps and provide one 
constraint on the final form of conditioned material. Criticality safety during conditioning is assured by the 
integration of criticality safety analysis, equipment design, process development, a measurement program, 
accountability procedures, and a computerized Mass Tracking System. Criticality issues related to storage 
and shipment of conditioned material have been examined. 
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Abstract/Keyterms: The field of nuclear criticality safety is confronted with growing technical challenges 
and the need for forward-thinking initiatives to address and resolve issues surrounding economic, safe and 
secure packaging, transport, interim storage, and long-term disposal of spent nuclear fuel. These challenges 
are reflected in multiparameter problems involving optimization of packaging designs for maximizing the 
density of material per package while ensuring subcriticality and safety under variable normal and 
hypothetical transport and storage conditions and for minimizing costs. Historic and recently revealed 
uncertainties in basic data used for performing nuclear subcriticality evaluations and safety analyses 
highlight the need to be vigilant in assessing the validity and range of applicability of calculational 
evaluations that represent extrapolations from “benchmark” data. Examples of these uncertainties are 
provided. Additionally, uncertainties resulting from the safeguarding of various forms of fissionable 
materials in transit and storage are discussed. 
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Abstract/Keyterms: Research and Defense Reactor / Spent Fuel / Direct Disposal / Regulations / 
Repository / Mined Geologic Repository 
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Conference Session:  

Abstract/Keyterms: In December 1991, the Strategic Defense Initiative Organization decided to 
investigate the possibility of launching a Russian Topaz-2 space nuclear power system. Functional safety 
requirements developed for the Topaz mission mandated that the reactor remain subcritical when flooded 
and immersed in water. Initial experiments and analyses performed in Russia and the United States 
indicated that the reactor could potentially become supercritical in several water- or sand-immersion 
scenarios. Consequently, a series of critical experiments was performed on the Narciss M-II facility at the 
Kurchatov Institute to measure the reactivity effects of water and sand immersion, to quantify the 
effectiveness of reactor modifications proposed to preclude criticality, and to benchmark the calculational 
methods and nuclear data used in the Topaz-2 safety analyses. In this paper we describe the Narciss M-II 
experimental configurations along with the associated calculational models and methods. We also present 
and compare the measured and calculated results for the dry experimental configurations. {copyright}{ital 
1995}{ital American}{ital Institute}{ital of}{ital Physics} 
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Conference Session:  

Abstract/Keyterms: As a result of nuclear disarmament activities, many thousands of nuclear weapons are 
being retired in the US and Russia, producing a surplus of about 50 MT of weapons grade plutonium (Pu) 
in each country. In addition, the Department of Energy (DOE) has more than 20 MT of Pu scrap, residue, 
etc., and Russia is also believed to have at least as much of this type of material. The entire surplus Pu 
inventories in the US and Russia present a clear and immediate danger to national and international security. 
It is important that a solution be found to secure and manage this material effectively and that such an effort 
be implemented as quickly as possible. One option under consideration is vitrification of Pu into a relatively 
safe, durable, accountable, proliferation-resistant form. As a result of decades of experience within the DOE 
community involving vitrification of a variety of hazardous and radioactive wastes, this existing technology 
can now be expanded to include immobilization of large amounts of Pu. This technology can then be 
implemented rapidly using the many existing resources currently available. A strategy to vitrify many 
different types of Pu will be discussed. In this strategy, the arsenal of vitrification tools, procedures and 
techniques already developed throughout the waste management community can be used in a staged Pu 
vitrification effort. This approach uses the flexible vitrification technology already available and can even 
be made portable so that it may be brought to the source and ultimately, used to produce a common, 
borosilicate glass form for the vitrified Pu. The final composition of this product can be made similar to 
nationally and internationally accepted HLW glasses. 



 

C-3992 

3985…..…..…………………..…….……..……ID Number…………………..…..…………….3985 

Author: Halsey, W. G. 

Title: Regulatory Issues for Deep Borehole Plutonium Disposition 

Date: 3/29/1995 

Report: CONF-9503166-1 

Conference/Journal: Fluor Daniel at Lawrence Livermore National Laboratory, Livermore, CA (United 
States), 29 Mar 1995 

Conference Session:  

Abstract/Keyterms: As a result of recent changes throughout the world, a substantial inventory of excess 
separated plutonium is expected to result from dismantlement of US nuclear weapons. The safe and secure 
management and eventual disposition of this plutonium, and of a similar inventory in Russia, is a high 
priority. A variety of options (both interim and permanent) are under consideration to manage this material. 
The permanent solutions can be categorized into two broad groups: direct disposal and utilization. The deep 
borehole disposition concept involves placing excess plutonium deep into old stable rock formations with 
little free water present. Issues of concern include the regulatory, statutory and policy status of such a 
facility, the availability of sites with desirable characteristics and the technologies required for drilling deep 
holes, characterizing them, emplacing excess plutonium and sealing the holes. This white paper discusses 
the regulatory issues. Regulatory issues concerning construction, operation and decommissioning of the 
surface facility do not appear to be controversial, with existing regulations providing adequate coverage. It 
is in the areas of siting, licensing and long term environmental protection that current regulations may be 
inappropriate. This because many current regulations are by intent or by default specific to waste forms, 
facilities or missions significantly different from deep borehole disposition of excess weapons usable fissile 
material. It is expected that custom regulations can be evolved in the context of this mission. 
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Conference Session:  

Abstract/Keyterms: The two-dimensional cylindrical model of HTR-ASTRA fuel pebble bed assembly 
was used in the transport calculations of k(eff) and corresponding Rossi-{alpha} for interpretation of pulsed 
neutron measurements which have been carrying out during approach to critical mass. This analysis 
demonstrates possibility to evaluate k(eff) above 0.9 using {alpha}-prompt decay constant measured during 
core loading by fuel balls and to extrapolate these data for determination of critical mass similar to inverse 
counting technique. 
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Conference/Journal: International conference on mathematics and computations, reactor physics, and 
environmental analyses, Portland, OR (United States), 30 Apr - 4 May 1995 

Conference Session:  

Abstract/Keyterms: MCU-RFFI is a general-purpose, continuous-energy, general geometry Monte Carlo 
code for solving external source or criticality problems for neutron transport in the energy range of 20 MeV 
to 10{sup {minus}5} eV. The main fields of MCU-RFFI applications are as follows: (a) nuclear data 
validation; (b) design calculations (space reactors and other); (c) verification of design codes. MCU-RFFI 
is also supplied with tools to check the accuracy of design codes. These tools permit the user to calculate: 
the few group parameters of reactor cells, including the diffusion coefficients defined in a variety of ways, 
reaction rates for various nuclei, energy and space bins, and the kinetic parameters of systems, taking into 
account delayed neutrons. Boundary conditions include vacuum, white and specular reflection, and the 
condition of translational symmetry. The criticals with the neutron leakage given by the buckling vector 
may be calculated by solving Benoist`s problem. The curve of criticality coefficient dependence on 
buckling may be determined during the single code run and critical buckling may be determined. Double 
heterogeneous systems with fuel elements containing many thousands of spherical microcells can be solved. 
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Conference Session:  

Abstract/Keyterms: The heuristically based generalized perturbation theory (HGPT) applied to the 
neutron field of a reactor system is discussed in relation to the criticality reset procedure. This procedure is 
implicit within the GPT methodology, corresponding to the so called filtering of the importance function 
relevant to the neutron field from the fundamental mode contamination. It is common practice to use the so 
called {gamma}-mode filter. In order to account for any possible reset option, a general definition is 
introduced of an intensive control variable ({rho}) entering into the governing equations, and 
correspondingly a fundamental {rho}-mode filtering of the importance function is defined, relevant to the 
real criticality reset mechanism (control) adopted. A simple example illustrates the need in many 
circumstances of interest of taking into proper account the correct filtering so to avoid significant 
inaccuracies in the sensitivity calculation results. 
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Conference Session:  

Abstract/Keyterms: An advanced assembly code system that can efficiently and accurately analyze 
various designs (current and advanced) proposed for plutonium disposition is being developed by “marrying 
“ two existing state-of-the-art methodologies-GTRAN2 and SCALE 4.2. The resulting code system, GT-
SCALE, possess several unique characteristics: exact 2D representation of a complete fuel assembly, while 
preserving the heterogeneity of each of its pin cells; flexibility in the energy group structure, the present 
upper limit being 218 groups; a comprehensive cross-section library and material data base; and accurate 
burnup calculations. The resulting GT-SCALE is expected to be very useful for a wide variety of 
applications, including the analysis of very heterogeneous UO2 fueled LWR fuel assemblies; of hexagonal 
shaped fuel assemblies as of the Russian LWRs; of fuel assemblies for HTGRs; as well as for the analysis 
of criticality safety and for calculation of the source term of spent fuel. 
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Abstract/Keyterms: Monte Carlo neutron transport methods can be used to verify the applicability of point 
kinetics for safety analysis of nuclear reactors. KENO-NR was used to obtain the transfer function of the 
Advanced Neutron Source reactor and the time delay between the core power production and the external 
detectors, a parameter of interest to the safety systems design. The good agreement between the Monte 
Carlo generated transfer function and the point kinetics transfer function validates that the uncommon ANS 
geometry does not preclude the use of point kinetics in the frequency range that was investigated. Various 
features of the power spectral densities also demonstrated the applicability of point kinetics. The time delay 
was obtained from the cross-power spectral density (CPSD) and is {approximately}15 ms. These analyses 
show that frequency analysis can be used experimentally to investigate the validity of the use of point 
kinetics models in critical experiments or zero power testing of reactors. 
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Abstract/Keyterms: This report contains the abstracts from the conference presentations. Sessions were 
divided into the following topics: Waste treatment; Spent fuel treatment; Issues and responses to Defense 
Nuclear Facility Safety Board 94-1; Pyrochemical technologies; Disposition technologies; and Aqueous 
separation technologies. 
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Abstract/Keyterms: WIMS 
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Conference Session:  

Abstract/Keyterms: As more time is spent on power generation, more nuclear plants will face the dilemma 
of finding spent fuel storage space. Presently, there are numerous options available to nuclear power plant 
owners. The most common options are wet storage, such as fuel consolidation in a spent fuel pool, and dry 
storage, such as vault and cask storage. Choosing the most suitable option for a particular power plant is 
not an easy task. The primary selection considerations are licensing and financial. To achieve the optimum 
licensing and financial goals, a thorough technical evaluation of plant design, environmental requirements, 
and safety significance are essential. The purpose of this presentation is to benefit other nuclear plant 
owners by sharing the knowledge gained in selecting and evaluating the on-site spent fuel storage plan 
implemented at Power Company`s Palisades Plant. 
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Abstract/Keyterms: A crucial element of the safety policy of the UK Atomic Weapons Establishment 
(AWE) is that concerned with the safe control of fissile material in order to minimize the potential for 
unplanned criticality. The principles by which AWE controls fissile material advocate a simple Line of 
Defense (LOD) approach to assessing criticality-safety related aspects of fissile operations. An LOD 
assessment provides a measure of the depth of defense available to prevent general types of criticality 
accident and can be used to demonstrate compliance with the risk-based Basic Safety Limits (BSLs) and 
Objectives (BSOs) used by the UK Nuclear Installations Inspectorate (NII) to judge the safety of operations 
in accordance with its Safety Assessment Principles (SAPs) for Nuclear Plants. This paper discusses the 
LOD concept, the basis of LOD assessment and describes LODs specific to criticality control. 
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restrictive for the facility. Due to the dynamic and varied nature of its radioactive material inventory, careful 
tracking of the inventory at WEAF is needed. The Radioactive Material Inventory System (RMIS) was 
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and available for disposition by the year 2003 in Russia and a similar amount in the US. Per two reports 
from the Committee on International Security and Arms Control of the National Academy of Sciences 
(1994 and 1995), the hazard of theft and incorporation into nuclear weapons impels one to guard this Pu 
carefully and as soon as possible to transform it into a form less accessible for use in nuclear weapons. To 
this end, CISAC adopted the ``Spent Fuel Standard`` for the disposed WPu, which, if met, renders the WPu 
no greater hazard per kg than the much larger amount of reactor Pu in the form of spent fuel, since CISAC 
finds that separated RPu can be used for nuclear weapons with little additional difficulty beyond that posed 
by separated WPu. Many disposition routes can be eliminated on the basis of cost or other metric. The two 
principal survivors (of about equal cost and difficulty for the US) are the partial burning of WPu as MOX 
and the direct vitrification of WPu (as oxide) with high-level defense wastes. Both these approaches should 
be pursued urgently, with experiments to qualify the processes, until one is selected on the basis of hard 
evidence. Either approach would cost about $1 B, within a factor two, to dispose of 50 tons of excess WPu. 
The CISAC analysis will be presented, with comments on utility of RPu in weapons, on the DOE Plutonium 
Disposition Study, and on explosive criticality in the repository 



 

C-4034 

4027…..…..…………………..…….……..……ID Number…………………..…..…………….4027 

Author: Louthan, M. R. Jr. / Iyer, N. C. / Sindelar, R. L. / Peacock, H. B. Jr. 

Title: Disposal of Aluminum Based Spent Fuels in a Repository 

Date: 12/1/1995 

Report: CONF-951155, 091-098 

Conference/Journal: Fall meeting of the Materials Research Society (MRS), Boston, MA (United 
States), 27 Nov - 1 Dec 1995 

Conference Session:  

Abstract/Keyterms: Aluminum clad fuel and target elements represent approximately 10% of the DOE 
owned spent nuclear fuels. The uranium in a large fraction of these fuels is highly enriched and is present 
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acceptance criteria are expected to limit the dry storage temperature for aluminum based fuels to 
approximately 200 C. The rock temperature near the center of a repository may exceed 200 C if the thermal 
loading approaches 110 kW/acre. This combination may force the placement of canisters containing 
aluminum based fuels near the repository periphery. The warm, moist environment anticipated at the 
periphery may provide aggressive conditions for corrosion of the canister and the highly enriched, 
aluminum based fuels. Peripheral locations may also be the most vulnerable to covert fuel removal 
operations. Possible consequences of mixing aluminum based fuels with other fuels in a repository are 
discussed in this paper 
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recycling of alloy swarf. The current recycling of swarf involves the cleaning and compaction of swarf to 
pellets, these are then melted in a VIF with losses of > 20% of the metal as dross lift in the crucible. This 
has to be converted to oxide and then chemically recycled, a very expensive process. Use of the EBM would 
limit losses to less than 3% and make significant savings and solve some safety problems. The EBM will 
be attached to a glove box and fume cupboard and the hazards addressed by the design include: (1) 
Criticality, (2) Radiation, (3) Release of Radioactive Contamination, (4) Explosion, (5) Fire, (6) Mechanical 
Handling, (7) Electrical, (8) Other Safety Considerations. These are addressed with details of the 
considerations including interlocks required to mitigate the hazards. The requirements of Safety 
documentation and Hazard and Operability studies are outlined together with Quality Assurance demands 
and training requirements. A number of safety considerations are based on previous accident scenarios in 
which Dangerous Occurrences took place involving equipment faults and operator errors on high vacuum 
equipment associated with glove boxes in a radioactive controlled area. 
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focuses on the design aspects of a packaging. The Handbook, which is being prepared under the direction 
of the US Department of Energy, is intended to provide a wealth of technical guidance that will give 
designers a better understanding of the regulatory approval process, preferences of regulators in specific 
aspects of packaging design, and the types of analyses that should be seriously considered when developing 
the packaging design. Even though the Handbook is concerned with all packagings, most of the emphasis 
placed on large packagings that are capable of transporting large radioactive sources that are also fissile 
(e.g., spent fuel). These are the types of packagings that must address the widest range of technical topics 
in order to meet domestic and international regulations. Most of the chapters in the Handbook have been 
drafted and submitted to the Oak Ridge National Laboratory for editing; the majority of these have been 
edited. This report summarizes the contents. 
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(DOE), as no double containment packaging for single drums of Type B radioactive material is currently 
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weight of these containers present multiple operational challenges for single-drum shipments. The Type B 
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be any organization with a need to ship single drums of Type B radioactive material. Those users include 
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radioactive materials, Las Vegas, NV (United States), 3-8 Dec 1995 

Conference Session:  

Abstract/Keyterms: The regulations (governing disposal criticality require that criticality not be possible, 
except under certain very unlikely sequences of events, and that the risk of criticality (probability times 
consequences) not violate repository performance Guidelines. This paper describes the analysis and results 
of a probabilistic evaluation of the likelihood that the events/conditions required for a criticality event 
internal to the waste package (WP) during the postclosure phase of the repository will occur. This analysis 
supports a determination of licensability as it is affected by criticality control. 
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Report: CONF-951203-71 

Conference/Journal: PATRAM '95: 11. international conference on packaging and transportation of 
radioactive materials, Las Vegas, NV (United States), 3-8 Dec 1995 

Conference Session:  

Abstract/Keyterms: The staff of the Nuclear Engineering Applications Section (NEAS) at Oak Ridge 
National Laboratory (ORNL) have been involved for over 25 years with the development and application 
of computational tools for use in analyzing the criticality safety and shielding features of transportation 
packages carrying radioactive material (RAM). The majority of the computational tools developed by 
ORNL/NEAS have been included within the SCALE modular code system (SCALE 1995). This code 
system has been used throughout the world for the evaluation of nuclear facility and package designs. With 
this development and application experience as a basis, this paper highlights a number of criticality safety 
and shielding analysis issues that confront the designer and reviewer of a new RAM package. Changes in 
the types and quantities of material that need to be shipped will keep these issues before the technical 
community and provide challenges to future package design and certification. 
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Report: CONF-9512139, 141-162 

Conference/Journal: Annual meeting of INMM Japan Chapter, Tokyo (Japan), 7-8 Dec 1995 

Conference Session:  

Abstract/Keyterms: Alpha Beta / Gamma Waste Facility / Harwell / Assay / Re-Packing / Intermediate 
Level Waste (Ilw) / Cans / Drums / Vault / Disposal 
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States), 12-14 Dec 1995 

Conference Session:  

Abstract/Keyterms: If plutonium and other actinides are to be immobilized in glass, then achieving high 
concentrations in the glass is desirable. This will lead to reduced costs and more rapid immobilization. 
However, glasses with high actinide concentrations also bring with them undersirable characteristics, 
especially a greater concern about nuclear criticality, particularly in a geologic repository. The key to 
achieving a high concentration of actinide elements in a glass is to formulate the glass so that the solubility 
of actinides is high. At the same time, the glass must be formulated so that the glass also contains neutron 
poisons, which will prevent criticality during processing and in a geologic repository. In this paper, the 
solubility of actinides, particularly plutonium, in three types of glasses are discussed. Plutonium solubilities 
are in the 2-4 wt% range for borosilicate high-level waste (HLW) glasses of the type which will be produced 
in the US. This type of glass is generally melted at relatively low temperatures, ca. 1150{degrees}C. For 
this melting temperature, the glass can be reformulated to achieve plutonium solubilities of at least 7 wt%. 
This low melting temperature is desirable if one must retain volatile cesium-137 in the glass. If one is not 
concerned about cesium volatility, then glasses can be formulated which can contain much larger amounts 
of plutonium and other actinides. Plutonium concentrations of at least 15 wt% have been achieved. Thus, 
there is confidence that high ({ge}5 wt%) concentrations of actinides can be achieved under a variety of 
conditions. 
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Abstract/Keyterms: This report evaluates the possibilities for immobilizing weapons-grade plutonium in 
glass-type materials that satisfy requirements for eventual burial in deep geologic repositories and 
correspond to the standards set for spent fuel. 
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Conference Session:  

Abstract/Keyterms: Vitrification of plutonium is one means of mitigating its potential danger. This option 
is technically feasible, even if it is not the solution advocated in France. Two situations are possible, 
depending on whether or not the glass matrix also contains fission products; concentrations of up to 15% 
should be achievable for plutonium alone, whereas the upper limit is 3% in the presence of fission products. 
The French continuous vitrification process appears to be particularly suitable for plutonium vitrification: 
its capacity is compatible with the required throughout, and the compact dimensions of the process 
equipment prevent a criticality hazard. Preprocessing of plutonium metal, to convert it to PuO2 or to a nitric 
acid solution, may prove advantageous or even necessary depending on whether a dry or wet process is 
adopted. The process may involve a single step (vitrification of Pu or PuO2 mixed with glass frit) or may 
include a prior calcination step - notably if the plutonium is to be incorporated into a fission product glass. 
It is important to weigh the advantages and drawbacks of all the possible options in terms of feasibility, 
safety and cost-effectiveness. 
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Report: CONF-951259-3 

Conference/Journal: Plutonium stabilization and immobilization workshop, Washington, DC (United 
States), 12-14 Dec 1995 

Conference Session:  

Abstract/Keyterms: Plutonium scrap and residue represent major national and international concerns 
because (1) significant environmental, safety, and health (ES&H) problems have been identified with their 
storage; (2) all plutonium recovered from the black market in Europe has been from this category; (3) 
storage costs are high; and (4) safeguards are difficult. It is proposed to address these problems by 
conversion of plutonium scrap and residue to a CRACHIP (CRiticality, Aerosol, and CHemically Inert 
Plutonium) glass using the Glass Material Oxidation and Dissolution System (GMODS). CRACHIP refers 
to a set of requirements for plutonium storage forms that minimize ES&H concerns. The concept is several 
decades old. Conversion of plutonium from complex chemical mixtures and variable geometries into a 
certified, qualified, homogeneous CRACHIP glass creates a stable chemical form that minimizes ES&H 
risks, simplifies safeguards and security, provides an easy-to-store form, decreases storage costs, and allows 
for future disposition options. GMODS is a new process to directly convert metals, ceramics, and 
amorphous solids to glass; oxidize organics with the residue converted to glass; and convert chlorides to 
borosilicate glass and a secondary sodium chloride stream. Laboratory work has demonstrated the 
conversion of cerium (a plutonium surrogate), uranium (a plutonium surrogate), Zircaloy, stainless steel, 
and other materials to glass. GMODS is an enabling technology that creates new options. Conventional 
glassmaking processes require conversion of feeds to oxide-like forms before final conversion to glass. 
Such chemical conversion and separation processes are often complex and expensive. 
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NM (United States), 7-11 Jan 1996 

Conference Session:  

Abstract/Keyterms: Space reactor safety activities and decisions have evolved over the last decade. 
Important safety decisions have been made in the SP-100, Space Exploration Initiative, NEPSTP, SNTP, 
and Bimodal Space Reactor programs. In addition, international guidance on space reactor safety has been 
instituted. Space reactor safety decisions and practices have developed in the areas of inadvertent criticality, 
reentry, radiological release, orbital operation, programmatic, and policy. In general, the lessons learned 
point out the importance of carefully reviewing previous safety practices for appropriateness to space 
nuclear programs in general and to the specific mission under consideration. 
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NM (United States), 7-11 Jan 1996 

Conference Session:  

Abstract/Keyterms: Within the framework of the French nuclear thermal propulsion program called 
MAPS (Lenain 1996), several neutronics studies and analyses were performed. The aim was to determine 
the basic design features of a reactor based on the Pebble Bed Reactor concept (Powell 1985) and needing 
minimum technological developments. In the concern to further enhance the reactor safety posture and to 
maintain a minimum engine mass breakdown, a beryllium moderated/reflected reactor using highly 
enriched UO2 or UC2 as fuel has been designed with a mean hydrogen core outlet temperature of 2200 K 
(theoretical ISP of 859 s). The objective of this paper is to give a detailed neutronics analysis of the MAPS 
reactor. 
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Abstract/Keyterms:  
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Abstract/Keyterms: Critical events / Disrupt / Reactor Confinement 
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LA (United States), 26-29 Feb 1996 

Conference Session:  

Abstract/Keyterms: A Depleted Uranium Silicate Container Backfill System (DUSCOBS) is proposed 
that would use small, isotopically-depleted uranium silicate glass beads as a backfill material inside 
repository waste packages containing spent nuclear fuel (SNF). The uranium silicate glass beads would fill 
the void space inside the package including the coolant channels inside SNF assemblies. Based on 
preliminary analysis, the following benefits have been identified. DUSCOBS improves repository waste 
package performance by three mechanisms. First, it reduces the radionuclide releases from SNF when water 
enters the waste package by creating a local uranium silicate saturated groundwater environment that 
suppresses (a) the dissolution and/or transformation of uranium dioxide fuel pellets and, hence, (b) the 
release of radionuclides incorporated into the SNF pellets. Second, the potential for long-term nuclear 
criticality is reduced by isotopic exchange of enriched uranium in SNF with the depleted uranium (DU) in 
the glass. Third, the backfill reduces radiation interactions between SNF and the local environment 
(package and local geology) and thus reduces generation of hydrogen, acids, and other chemicals that 
degrade the waste package system. Finally, DUSCOBS provides a potential method to dispose of significant 
quantities of excess DU from uranium enrichment plants at potential economic savings. DUSCOBS is a 
new concept. Consequently, the concept has not been optimized or demonstrated in laboratory experiments. 
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Report: CONF-960306-32 
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Orleans, LA (United States), 10-13 Mar 1996 

Conference Session:  

Abstract/Keyterms: Transport casks used to move spent nuclear fuel between storage locations must be 
designed for accidental drops which may occur during cask handling. The potential for damage is especially 
significant for side drops, where deformations of the cask inner cavity are likely to be the most severe. 
There are various analytical methods available to evaluate the deceleration and deformation of a cask for a 
postulated side drop, but little test data to support them. In this study, three techniques to determine the 
damage to a cask resulting from a side drop were compared: the classical closed-form method, the finite 
element static equivalent method, and the finite element dynamic method. In addition, the effect of the 
dynamic yield stress chosen for the lead shielding was examined, along with other analytical parameters. 
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Conference/Journal: Spring national meeting of the American Chemical Society (ACS), New Orleans, 
LA (United States), 24-28 Mar 1996 

Conference Session:  

Abstract/Keyterms: The Savannah River Site will be vitrifying high level nuclear waste in the Defense 
Waste Processing Facility (DWPF) for long term storage and eventual disposal. Initially, there was a 
concern that fissile material might become segregated and accumulated in a process vessel during the 
precipitate hydrolysis process. This talk will discuss the experimental work, involving a specially made 
feed material containing depleted uranium, to address the related criticality issues. It will be shown that 
there is no credible risk of nuclear criticality during the acid hydrolysis processing of the tetraphenylborate 
precipitate feed. A fraction of uranium was found to segregate, but it cannot form an accumulation because 
of tile solubility chemistry behavior of uranium under the reaction conditions. Experimental data from a 
small scale precipitate hydrolysis process demonstration with actual radioactive precipitate feed from Tank 
48 also supported this conclusion. 
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Conference Session:  

Abstract/Keyterms: The Gunite Tanks have been present at the Oak Ridge National Laboratory since the 
days of the original Manhattan Project. In the early 1970`s the Atomic Energy Commission removed the 
kettle-shaped tanks from service, but characterization of the tanks for cleanup has not been carried out in 
detail until recently. Analysis of the tank contents to determine feasibility for treatability has been 
successfully carried out on site at the Radioactive Materials Analytical Laboratory. In general, it has been 
found that the tanks contain an upper layer of liquid, or supernatant, and a lower layer of sludge sediment, 
in varying proportions with respect to each tank. With both the sludge and supernatant phases, specific 
analyses have been carried out to quantify important characteristics such as RCRA metals, radionuclides, 
and anions. Also, Plutonium and Uranium isotopes were determined to satisfy criticality concerns, as well 
as a modified K{sub D} determination to account for long term movement of radionuclides. In this 
presentation, four main aspects will be addressed: (1) the unique sampling methods used; (2) the 
performance of each analyses carried out; (3) a summary of the inorganic and physical data with respect to 
each tank, and (4) outline tentative plans for dealing with these historic monuments. 
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Conference Session:  

Abstract/Keyterms: SINBAD is a new electronic database developed to store a variety of radiation 
shielding benchmark data so that users can easily retrieve and incorporate the data into their calculations. 
SINBAD is an excellent data source for users who require the quality assurance necessary in developing 
cross-section libraries or radiation transport codes. The future needs of the scientific community are best 
served by the electronic database format of SINBAD and its user-friendly interface, combined with its data 
accuracy and integrity. 
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Conference Session:  

Abstract/Keyterms: The SCAMPI code package consists of a set of SCALE and AMPX modules that 
have been assembled to facilitate user needs for preparation of problem-specific, multigroup cross-section 
libraries. The function of each module contained in the SCANTI code package is discussed, along with 
illustrations of their use in practical analyses. Ideas are presented for future work that can enable one-step 
processing from a fine-group, problem-independent library to a broad-group, problem-specific library ready 
for a shielding analysis. 
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Conference Session:  

Abstract/Keyterms: The SCALE computational system is a modular code system for analyses of nuclear 
fuel facility and package designs. With the release of SCALE-PC Version 4.3, the radiation shielding 
analysis community now has the capability to execute the SCALE shielding analysis sequences contained 
in the control modules SAS1, SAS2, SAS3, and SAS4 on a MS- DOS personal computer (PC). In addition, 
SCALE-PC includes two new sequences, QADS and ORIGEN-ARP. The capabilities of each sequence are 
presented, along with example applications. 
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Abstract/Keyterms: This paper compares solutions using Monte Carlo and discrete- ordinates methods 
applied to two actual shielding situations in order to make some general observations concerning the 
efficiency and advantages/disadvantages of the two approaches. The discrete- ordinates solutions are 
performed using two-dimensional geometries, while the Monte Carlo approaches utilize three-dimensional 
geometries with both multigroup and point cross-section data. 
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Abstract/Keyterms: Radioactive Waste / Operational Controls / Rocky Flats Environmental Technology 
Site (RFETS) 
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Conference Session:  

Abstract/Keyterms: An assessment has been made of the benefits and impacts which can be derived by 
filling a spent nuclear fuel multi-purpose canister with depleted uranium silicate (DUS) glass at a reactor 
site. Although the primary purpose of the DUS glass fill would be to enhance repository performance 
assessment and control criticality of geologic times, a number of benefits to the waste management system 
can be derived from adding the DUS glass prior to shipment from the reactor site. 
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Conference Session:  

Abstract/Keyterms: Those conducting waste management studies to reduce the potential for a nuclear 
criticality accident in a future geological repository must examine the quantities and distribution of fissile 
isotopes that are present in discharged boiling-water reactor (BWR) and pressurized-water reactor (PWR) 
spent nuclear fuel (SNF) scheduled for disposition. The major fissile isotopes present in LWR fuels that 
impact criticality safety are the nuclides,235U, 239Pu, and{sup 24l}Pu. The sum of the quantities of these 
three nuclides, expressed as a percentage of the total amount of all U and Pu isotopes present in a batch of 
discharged fuel, determines the final enrichment of the fuel batch under consideration. The final enrichment 
provides an approximate measure of the nuclear criticality potential. As the final enrichment increases, the 
mass, geometry, or administrative controls that must be in place to prevent nuclear criticality become more 
stringent. Below an enrichment of about 0.7%, however, criticality is no longer a concern because the 
infinite multiplication factor for any heterogeneous or homogeneous mixture of fuel and water, even under 
conditions of optimum moderation, is less than unity. The current study examines the distribution of the 
final enrichment of the LWR SNF which was discharged through December 31, 1993, and which currently 
resides in the fuel storage pools of the various utilities or in one of several AFR facilities. 
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Conference Session:  

Abstract/Keyterms: The 252Cf-source-driven frequency analysis method can be used for measuring the 
subcritical neutron multiplication factor of arrays of LWR fuel and as little as a single PWR fuel assembly. 
These measurements can be used to verify the criticality safety margins of spent LWR fuel configurations 
and thus could be a means of obtaining the information to justify burnup credit for spent LWR 
transportation/storage casks. In addition, the data can be used to validate calculational methods for 
criticality safety. These measurements provide parameters that have a higher sensitivity to changes in fissile 
mass than neutron multiplication factor and thus serve as a better test of calculational methods. The analysis 
have also shown that measurement of the cross power spectral density (CPSD) between detectors on one 
side of a single fuel assembly and an internal or external 252Cf source driving the fission chain 
multiplication process can be used for nondestructive assay of fissile mass along the length of the assembly. 
This CPSD is a smooth function of fissile mass and does not depend on the varying inherent source in the 
fuel assembly and thus is ideal for fissile mass assay. 
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Conference Session:  

Abstract/Keyterms: The Rover dry headend process combusted Rover graphite fuels in preparation for 
dissolution and solvent extraction for the recovery of 235U. At the end of the Rover processing campaign, 
significant quantities of 235U were left in the dry system. The Rover Dry Headend Process Deactivation 
Project goal is to remove the remaining uranium bearing material (UBM) from the dry system and then 
decontaminate the cells. Criticality safety issues associated with the Rover Deactivation Project have been 
influenced by project design refinement and schedule acceleration initiatives. The uranium ash composition 
used for calculations must envelope a wide range of material compositions, and yet result in cost effective 
final packaging and storage. Innovative thinking must be used to provide a timely safety authorization basis 
while the project design continues to be refined. 



 

C-4065 

4058…..…..…………………..…….……..……ID Number…………………..…..…………….4058 

Author: Arinkin, F. M. / Bejsebaev, A. O. / Gizatulin, Sh. Kh. / Zhotabaev, Zh. R. / Talanov, S. V. / 
Chekushin, A. I. 

Title: Experimental and Calculated Substation of the Program for Critical Mass Making-Up and Operation 
Charge Forming for WWER-K Reactor Core 

Date: 6/1/1996 

Report: CONF-9606310, 95 

Conference/Journal: International scientific practical conference: nuclear power engineering in the 
Republic of Kazakstan/ perspectives of development, Aktau (Kazakhstan), 24-27 Jun 1996 

Conference Session:  

Abstract/Keyterms: Research Reactor WWER-K Reactor / Calculations / Experiments / Monte Carlo / 
MCU-RFFU Code Set 



 

C-4066 

4059…..…..…………………..…….……..……ID Number…………………..…..…………….4059 

Author: Marinkovic, N. / Matausek, M. 

Title: Effects of Structural Changes in Reactor RA Spent Fuel Storage on Its Criticality Parameters 

Date: 6/1/1996 

Report: CONF-9606326, 294-297 

Conference/Journal: ETRAN 96: Society for Electronics, Telecommunications, Computers, Automation 
and Nuclear Engineering, Budva (Yugoslavia), 4-7 Jun 1996 

Conference Session:  

Abstract/Keyterms: Research Reactor Ra / Spent Fuel Storage / Structural Changes / Storage 



 

C-4067 

4060…..…..…………………..…….……..……ID Number…………………..…..…………….4060 

Author: Choi, Jor-Shan 

Title: Underground Autocatalytic Criticality Potential and Its Implications to Weapons Fissile-Material 
Disposition 

Date: 6/1/1996 

Report: CONF-9606373, 224-225 

Conference/Journal: International workshop meeting on defense of nuclear waste disposal in Russia, 
Krasnoyarsk (Russian Federation), 22-27 Jun 1996 

Conference Session:  

Abstract/Keyterms:  



 

C-4068 

4061…..…..…………………..…….……..……ID Number…………………..…..…………….4061 

Author: Gerasimov, A. S. / Zaritskaya, T. C. / Kiselev, G. V. 

Title: 233Pa Influence on Nuclear Safety of the 233U Production Modes in Accelerator-Driven Systems 

Date: 6/1/1996 

Report: CONF-960639, 367-369 

Conference/Journal: International conference on accelerator-driven transmutation technologies and 
applications, Kalmar (Sweden), 3-7 Jun 1996 

Conference Session:  

Abstract/Keyterms: Thorium Fuel Cycle / Radioactive Wastes / U-233 



 

C-4069 

4062…..…..…………………..…….……..……ID Number…………………..…..…………….4062 

Author: Umeda, M. / Sugikawa, S. / Miyauchi, M. / Okazaki, S. / Izawa, N 

Title: Outline and Operational Experience of the Fuel Treatment System for Criticality Safety Experiments 
in NUCEF 

Date: 6/1/1996 

Report: CONF-960653, 322-329 

Conference/Journal: International ENS Class 1 topical meeting on research facilities for the future of 
nuclear energy, Brussels (Belgium), 4-6 Jun 1996 

Conference Session:  

Abstract/Keyterms: Experiments / Solution / Nuclear Fuel Cycle Safety Engineering Facility (NUCEF) / 
JAERI 



 

C-4070 

4063…..…..…………………..…….……..……ID Number…………………..…..…………….4063 

Author: Benton, H. A. 

Title: Packaging Radioactive Wastes for Geologic Disposal 

Date: 7/1/1996 

Report: CONF-960767-23 

Conference/Journal: Annual meeting of the Institute of Nuclear Materials Management, Naples, FL 
(United States), 28-31 Jul 1996 

Conference Session:  

Abstract/Keyterms: The M&O contractor for the DOE Office of Civilian Radioactive Waste Management 
is developing designs of waste packages that will contain the spent nuclear fuel assemblies from commercial 
and Navy reactor plants and various civilian and government research reactor plants, as well as high-level 
wastes vitrified in glass. The safe and cost effective disposal of the large and growing stockpile of nuclear 
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regulatory issues that have governed the development are summarized and the expected performance in 
meeting the requirements are discussed. 
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239Pu ring. Signatures for each ring can be used to track and confirm the presence of these two types of Pu 
rings. Because of the sensitivity of these signatures to mass, these measurements can also confirm the Pu 
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this application. 
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can yield the fissile stream velocity and, with calibration, the 235U content. The product of velocity and 
content integrated over the pipe gives the fissile mass flow in each leg. Also, the ratio of fissile contents in 
each pipe: HEU/LEU, HEU/PEU, and PEU/LEU, are obtained. By modulating the source on the input HEU 
pipe differently from that on the output pipe, the HEU gas can be tracked through the blend point. This 
method can be useful for monitoring flow velocity, fissile content, and fissile mass flow in HEU blenddown 
of UF6 if the pressures are high enough to contain some of the induced fission products. This method can 
also be used to monitor transfer of fissile liquids and other gases and liquids that emit radiation delayed 
from particle capture. These preliminary experiments with the Oak Ridge apparatus show that the method 
will work and the modeling is adequate. 
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without requiring the canister to be opened. This paper addresses the application of the 252Cf-source-driven 
frequency analysis measurements for verification of the fissile material content of sealed spent fuel 
canisters. The cross-power spectral density (CPSD) between the 252Cf source in an ionization chamber and 
external neutron detectors depends only on the induced fission rate in the fissile system and is independent 
of inherent sources. Thus the source-to-detector CPSD is ideal for determination of fissile material content 
of the spent fuel. This paper evaluates the application of this method to a 125 ton spent fuel canister that 
contained 21 pressurized-water reactor fuel elements. The results demonstrate that the fissile materials 
content of a sealed spent fuel canister could be obtained using the 252Cf frequency analysis method if 
calibration standards were available. The results also indicate that a measurement could be performed in 
less than a day for burnups up to 36 GWd/MTU and in less time for lower burnups. 
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assembly in a 1500-ppM borated water storage pool were used. In the models, the fuel burnup profile was 
represented using seven axial burnup zones, each with isotopics estimated by the PDQ code. Four different 
fuel assemblies with average burnups from fresh to 32 GWd/MTU were modeled and analyzed. Analysis 
of the fuel assemblies was simulated by inducing fission in the fuel using a 252Cf source adjacent to the 
assembly and correlating source fissions with the response of a bank of3He detectors adjacent to the 
assembly opposite the source. This analysis was performed at 7 different axial positions on each of the 4 
assemblies, and the source-detector cross-spectrum signature was calculated for each of these 28 simulated 
measurements. The magnitude of the cross-spectrum signature follows a smooth upward trend with 
increasing fissile material (235U and 239Pu) content, and the signature is independent of the concentration 
of spontaneously fissioning isotopes (e.g., {244Cm) and ({alpha}, n) sources. Furthermore, the cross-
spectrum signature is highly sensitive to changes in fissile material content. This feasibility study indicated 
that the signature would increase{similar to}100% in response to an increase of only 0.1 g/cm{sup 3} of 
fissile material. 
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of spent nuclear fuel (SNF), thus reducing both radionuclide release rates from the waste package and the 
potential for repository nuclear criticality events. DUSCOFS may also provide benefits for SNF storage 
and transport if it is loaded into the container early in the waste management cycle. Assessments have been 
made of the benefits to be derived by placing depleted uranium silicate (DUS) glass into SNF containers 
for enhancing repository performance assessment and controlling criticality over geologic times in the 
repository. Also, the performance, benefits, and impacts which can be derived if the SNF is loaded into a 
multi-purpose canister with DUS glass at a reactor site have been assessed. The DUSCOFS concept and 
the benefits to the waste management cycle of implementing DUSCOFS early in the cycle are discussed in 
this paper. 
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Abstract/Keyterms: During the investigation of various surplus fissile material disposition proposals, 
uncertainties in the data of SiO2/Pu mixtures were discovered. These uncertainties were detected for Si/Pu 
ratios ranging from approximately 20:1 to 200:1. Additionally, it has been reported that metal/U235 
mixtures also have data uncertainties. These problems with large data uncertainties are typically 
intermediate spectrum problems, i.e. problems which are dominated by scattering and fissions occurring in 
the energy range of 10 eV to 1 MeV. ANSI/ANS-8.1-1983 states that the ``bias shall be established by 
correlating the results of criticality experiments with the results obtained for these same systems by the 
method being validated``. There is however, a definite lack of critical experiments with an intermediate 
neutron spectrum. We have identified two potential areas from which these uncertainties may arise. The 
first potential source of uncertainty in the nuclear data is due to fact that the cross-sections of the fissile 
material have not been tested in an intermediate energy spectrum. The second potential source of 
uncertainty is that the non-fissile material in the mixture may not have been appropriately tested in a critical 
experiment. To provide this benchmark data a critical experiment is necessary. 
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model of an RBMK (Russian) reactor. Future work will involve the use of this neutronic model and a 
thermal-hydraulic model in coupled calculations. The lattice code, WIMS-D, was used to obtain the cross 
sections for the static neutronic calculations. The static reactor neutronic calculations were made with 
NESTLE, a three-dimensional nodal diffusion code. The methods used to establish an RBMK reactor model 
for use in these codes are discussed, and the cross sections calculated are given. 
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Abstract/Keyterms: One primary concern for design of safety systems for reactors is the time response of 
external detectors to changes in the core. This paper describes a way to estimate the time delay between the 
core power production and the external detector response using Monte Carlo calculations and suggests a 
technique to measure the time delay. The Monte Carlo code KENO-NR was used to determine the time 
delay between the core power production and the external detector response for a conceptual design of the 
Advanced Neutron Source (ANS) reactor. The Monte Carlo estimated time delay was determined to be 
about 10 ms for this conceptual design of the ANS reactor. 
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Abstract/Keyterms: Prompt neutron decay constants were measured for a delayed critical, unmoderated 
and unreflected U metal sphere at the Oak Ridge Critical Experiments Facility. Prompt neutron decay 
constant was 1.1095{+-}0.0013{mu}s{sup -1}. This can be used to verify calculational methods, both 
deterministic and Monte Carlo neutron transport methods. This value is in agreement with the value from 
Godiva I data corrected for effects of support structure (1.10{+-}0.01{mu}s{sup -1}) but has a much 
smaller error as a result of the large number (167) of the measurements here and the high degree of 
sphericity of the sphere. 
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delayed neutrons from fast fission of {sup 235U and {sup 237}Np. These measurements were performed 
in a pool type reactor using a fast flux in-core irradiation device. The energy dependent neutron flux 
spectrum within the irradiation device was characterized using a foil activation technique and the SAND-
II unfolding code. Five delayed neutron groups were measured. The total yield (sum of the five group 
yields) for {sup 235U was found to be 0.0141 {+-} 0. 0009. The total yield for {sup 237}Np was found to 
be 0.0102 {+-} 0. 0008. The total delayed neutron yield data were found to be in good agreement with 
previous measurements. The individual group yields reported here are preliminary and are being further 
refined 
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Conference/Journal: Fall meeting of the Materials Research Society (MRS), Boston, MA (United 
States), 2-6 Dec 1996 

Conference Session:  

Abstract/Keyterms: A single-step plasma arc-vitreous ceramic (PAVC) process is described for 
converting spent nuclear fuel (SNF), SNF sludges, and associated wastes into a vitreous ceramic waste 
form. This proposed technology is built on extensive experience of nuclear waste form development and 
nuclear waste treatment using the commercially available plasma arc centrifugal (PAC) system. SNF 
elements will be loaded directly into a PAC furnace with minimum additives and converted into vitreous 
ceramics with up to 90 wt% waste loading. The vitreous ceramic waste form should meet the functional 
requirements for borosilicate glasses for permanent disposal in a geologic repository and for interim storage. 
Criticality safety would be ensured through the use of batch modes, and controlling the amount of fuel 
processed in one batch. The minimum requirements on SNF characterization and pretreatment, the one-step 
process, and minimum secondary waste generation may reduce treatment duration, radiation exposure, and 
treatment cost. 



 

C-4100 

4093…..…..…………………..…….……..……ID Number…………………..…..…………….4093 

Author: Choi, J. S. / Pigford, T. H. 

Title: Underground Criticality in Geologic Disposal 

Date: 12/31/1997 

Report: CONF-961202, 1273-1280 

Conference/Journal: Fall meeting of the Materials Research Society (MRS), Boston, MA (United 
States), 2-6 Dec 1996 

Conference Session:  

Abstract/Keyterms: Disposition / Weapons Fissile Material / MOX Fuel / Immobilization in Waste Glass 
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Date: 2/1/1997 

Report: CONF-970228, 157-160 

Conference/Journal: International topical meeting on research reactor fuel management, Brugge 
(Belgium), 5-7 Feb 1997 

Conference Session:  

Abstract/Keyterms: Pool Type Storage / TRIGA Spent Fuel / Jozef Stefan Institute / Ljubljana, Slovenia 
/ Postulated Accidents / MCNP44 / ENDF-B / V / Three Dimensional Fuel Rack Model 



 

C-4102 

4095…..…..…………………..…….……..……ID Number…………………..…..…………….4095 

Author: Christen, R. / Hammer, J. / Heyck, H. / Lehmann, E. 

Title: Experiences from Operation, Shut Down and Dismantlement of the MTR-Research Reactor SAPHIR 

Date: 2/1/1997 

Report: CONF-970281, 174-177 

Conference/Journal: RRFM '97. 1. International topical meeting on research reactor fuel management, 
organized by the European Nuclear Society in cooperation with the Belgium Nuclear Society and the 
International Atomic Energy Agency, Bruges (Belgium), 5-7 Feb 1997 

Conference Session:  

Abstract/Keyterms: Swimming Pool Research Reactor SAPHIR / MTR / Switzerland 
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Abstract/Keyterms: increasing / spent fuel storage capacity / fuel burnup 
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Abstract/Keyterms: Gabonese Republic / Africa / Oklo Deposits 
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Abstract/Keyterms: Shutdown Systems (SDSS) 
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Abstract/Keyterms: Nuclear Facilities Safety Board is currently reviewing the technical basis. 
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Conference/Journal: Waste Management '97, Tucson, AZ (United States), 2-7 Mar 1997 

Conference Session:  

Abstract/Keyterms: Past practices associated with the civilian and military use of nuclear power in NW 
Russia present large environmental security risks of international concern. These risks arise from a variety 
of practices associated with weapons production, testing, power production and waste management. The 
threats presented by these activities are multimedia in nature, span political boundaries and cannot be 
simply or inexpensively remediated. Today, cooperative efforts are being undertaken to improve 
environmental security by remediating existing and potential emission sources. Initial efforts focused on 
the upgrade and expansion of the Murmansk Low-level Liquid Waste Treatment Facility, Murmansk, 
Russia. This facility handles wastes generated during the decommissioning of Russian Nuclear Navy 
submarines and from the operation of the Russian commercial nuclear-powered icebreaker fleet. This 
upgraded facility is now being constructed and is expected to be completed by March 1998. Completion of 
this facility will result in the cessation of any future dumping of liquid radioactive wastes into the Barents 
and Kara Seas. Another large environmental security risk is the LEPSE. The LEPSE is a ship docked in 
Murmansk, Russia, that contains{approximately}650 spent fuel elements as well as other solid and liquid 
wastes from Russian nuclear vessels. International efforts are now being mounted to remove the spent and 
damaged fuel from this ship, including the safe removal and storage/disposal of the fuel elements. This 
paper will summarize the environmental security problems presented by these different sources and the 
likely environmental security benefits associated with their remediation 
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Conference Session:  

Abstract/Keyterms: Institute for Theoretical and Experimental Physics (ITEP) / Subcritical Electro-
Neutron Source (SENNSE) / accelerator / neutron-producing target / subcritical blanket 
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OMEGA Project / ATW / MSBR 
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Conference Session:  

Abstract/Keyterms: Helios Verification / Venus / PWR / Critical Experiments / Plutonium / Mixed Oxide 
Fuels 
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Date: 5/1/1997 

Report: CONF-9705224, 033-038 

Conference/Journal: Korean Nuclear Society spring meeting, Kwangju (Korea, Republic of), 30-31 May 
1997 

Conference Session:  

Abstract/Keyterms: Experiments / Fixed Neutron Poison Plates 
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Conference/Journal: Korean Nuclear Society spring meeting, Kwangju (Korea, Republic of), 30-31 May 
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Conference Session:  

Abstract/Keyterms: Circulating / Fluid-Fueled / Subcritical Reactor / Temperature Feedback / External 
Neutron Source 
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Conference Session:  

Abstract/Keyterms: Parametric / Sensitivity Study / Recriticality Risk / Fast Reactor Cores / Core 
Meltdown Accident 
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Report: CONF-970607-3 

Conference/Journal: ARS '97: American Nuclear Society (ANS) international meeting on advanced 
reactors safety, Orlando, FL (United States), 1-5 Jun 1997 

Conference Session:  

Abstract/Keyterms: The 252Cf-source-driven noise analysis method is a versatile measurements tool that 
has been applied to measurements for initial loading of reactors, quality assurance of reactor fuel elements, 
fuel processing facilities, fuel reprocessing facilities, fuel storage facilities, zero-power testing of reactors, 
verification of calculational methods, process monitoring, characterization of storage vaults, and nuclear 
weapons identification. This method’s broad range of application is due to the wide variety of time- and 
frequency domain signatures, each with unique properties, obtained from the measurement. The following 
parameters are obtained from this measurement: average detector count rates, detector multiplicities, 
detector autocorrelations, cross-correlation between detectors, detector autopower spectral densities, cross-
power spectral densities between detectors, coherences, and ratios of spectral densities. All of these 
measured parameters can also be calculated using the MCNP-DSP Monte Carlo code. This paper presents 
a review of the time-domain signatures obtained from this measurement. 
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Conference/Journal: ARS '97: American Nuclear Society (ANS) international meeting on advanced 
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Conference Session:  

Abstract/Keyterms: CAPRA Program (Consommation Accrue de Plutonium dans les RApides)/ fast 
reactors 
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Abstract/Keyterms: Cold Pressurization Accident / Recriticality / Main Steam Isolation Valves (MSIV) 
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Abstract/Keyterms: Low and High Enriched Uranium / Fuel Elements / Wooden Storage Case / RB 
Research Reactor / MCNP / Arrays / Tightly Closed Fuel Channels 
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Report: CONF-970649-6 

Conference/Journal: International topical meeting on advanced reactor safety, Orlando, FL (United 
States), 1-4 Jun 1997 

Conference Session:  

Abstract/Keyterms: Safety features and attributes of molten salt reactors (MSR) are described. The unique 
features of fluid fuel reactors of on-line continuous processing and the ability for so-called external cooling 
result in simple and safe designs with low excess reactivity, low fission product inventory, and small source 
term. These, in turn, make a criticality accident unlikely and reduce the severity of a loss of coolant to 
where they are no longer severe accidents. A melt down is not an accident for a reactor that uses molten 
fuel. The molten salts are stable, non-reactive and efficient heat transfer media that operate at high 
temperatures at low pressures and are highly compatible with selected structural materials. All these 
features reduce the accident plethora. Freeze valves can be used for added safety. An ultimate safe reactor 
(U.S.R) is described with safety features that are passive, inherent and non-tamperable 
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Report: CONF-970661 

Conference/Journal: Safety analysis workshop, Oakland, CA (United States), 9-13 Jun 1997 

Conference Session:  

Abstract/Keyterms: A program was developed and implemented at LLNL to provide more detailed, 
documented Criticality Safety Evaluations of operations in an R&D facility. The new Criticality Safety 
evaluations were consistent with regulatory requirements of the then new DOE Order 5480.24, Nuclear 
Criticality Safety. The evaluations provide a criticality safety basis for each operation in the facility in 
support of the facility Safety Analysis Report. This implementation program provided a transition from one 
method of conducting and documenting Criticality Safety Evaluations to a new method consistent with new 
regulatory requirements. The program also allowed continued safe operation of the facility while the new 
implementation level Criticality Safety Evaluations were developed. 
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Abstract/Keyterms: Geologic Disposal System / Probability / Consequence / Waste Isolation Pilot Plant 
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Conference Session:  

Abstract/Keyterms: Basis for measuring fissile mass flow in slurries, liquid, and gaseous streams is 
activation of a fissile stream by neutrons and then detection of delayed radiation from resulting fission 
products. This paper describes recent simulation measurements with the first prototype of the system for 
fissile mass flow measurements with HEU UF6 gas for use in blenddown facilities. Theory was only 15% 
higher than actual measured; thus calibration factor would be 0.85. This simulation of HEU gas flow 
confirms well the understanding of the physical phenomena associated with this measurement system. 
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Abstract/Keyterms: The unrecognized oxidation of plutonium in "sealed” canisters poses a unique 
problem for both material control and accountability. A feasibility study was performed to address the use 
of randomly pulsed neutron measurements with 252Cf to determine if plutonium metal in a canister has 
oxidized without opening the container. The Monte Carlo code MCNP-DSP was used to determine if time-
of-flight transmission measurements could be used to determine oxidation of plutonium in "sealed” cans. 
In the Monte Carlo models, a plutonium button in a can was positioned  between a 252Cf source and a 
scintillation detector, and the time distribution of counts after 252Cf fission in the detector was calculated. 
The time distribution of counts after 252Cf fission differs between plutonium metal and plutonium oxide 
because resonances in oxygen will affect transmission of certain energy neutrons from 252Cf sources in 
ionization chambers. This method could be used to determine the presence of other materials that react with 
plutonium in "sealed"cans. 
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Title: Detector and Front-End Electronics of a Fissile Mass Flow Monitoring System 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detector and front-end electronics unit with secure data transmission has been 
designed and implemented for a fissile mass flow monitoring system for fissile mass flow of gases and 
liquids in a pipe. The unit consists of 4 bismuth germanate (BGO) scintillation detectors, pulse-shaping and 
counting electronics, local temperature sensors, and on-board local area network nodes which locally 
acquire data and report to the master computer via a secure network link. The signal gain of the pulse-
shaping circuitry and energy windows of the pulse-counting circuitry are periodically self-calibrated and 
self-adjusted in situ using a characteristic line in the fissile material pulse height spectrum as a reference 
point to compensate for drift such as in the detector gain due to PM tube aging. The temperature- dependent 
signal amplitude variations due to the intrinsic temperature coefficients of the PM tube gain and BGO 
scintillation efficiency have been characterized and real-time gain corrections introduced. The detector and 
electronics design, measured intrinsic performance of the detectors and electronics, and the performance of 
the detector and electronics within the fissile mass flow monitoring system are described. 
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Abstract/Keyterms: The system measures the flow rate and uranium-235 content in liquid or gas streams; 
it does not penetrate the process piping. A moderated fission neutron source is used to periodically introduce 
a burst of thermal neutrons into the fluid stream to induce fission; delayed gamma emissions from the 
resulting fission fragments are detected by high-efficiency scintillators downstream of the neutron source. 
The fluid flow rate is measure from the time between initiation of the thermal neutron burst and detection 
of the fission product gamma emissions, and the U-235 content is inferred from the intensity of the gamma 
burst detected. Design of the fissile mass flow monitor requires satisfaction of several competing 
constraints. Efficient operation of the monitor requires that source-induced fission rate and detection 
efficiency be maximized while the source-induced background rate is simultaneously minimized. Near 
optical nuclear design of the system was achieved using numerous Monte Carlo calculations and 
measurements. This paper addresses calculational aspects of the physics design for the system applied to 
UF6 gas. 
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or precipitation, (3) to evaluate the potential for nuclear criticality resulting from potential increases in 
uranium concentration over disposal limits, and (4) to estimate potential radiation exposures to personnel 
resulting from criticality consequences. This paper presents the details of the radiation exposure 
calculations relying on the conditions as determined from the preceding studies detailed in a cited reference. 
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Environmental Technology Site near Denver, Colorado, USA. The clean-up of this site requires this 
material to be packaged in such a way as to allow for efficient transportation to other sites or to a permanent 
geologic repository. Prior to off-site shipment of the material, it may be stored on-site for a period of time. 
For this reason, it is desirable to have a container capable of meeting the requirements for storage as well 
as the requirements for transportation. Most of the off-site transportation is envisioned to take place using 
the TRUPACT-II Type B package, with the Waste Isolation Pilot Plant (WIPP) as the destination. Prior to 
the development of this new container, the TRUPACT-II had a limit of 325 FGE (fissile gram equivalents) 
of plutonium due to criticality control concerns. Because of the relatively high plutonium content in the 
material to be transported, transporting 325 FGE per TRUPACT-II is uneconomical. Thus, the purpose of 
the new containers is to provide criticality control to increase the allowed TRUPACT-II payload and to 
provide a safe method for on-site storage prior to transport. This paper will describe the analysis and testing 
used to demonstrate that the Pipe Overpack Container provides safe on-site storage of plutonium bearing 
materials in unhardened buildings and provides criticality control during transportation within the 
TRUPACT-II. Analyses included worst-case criticality analyses, analyses of fork-lift time impacts, and 
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been completed and submitted to the Oak Ridge National Laboratory (ORNL) electronics publishing group 
for layout and printing; it is scheduled to be printed in late spring 1998. The Handbook, written by experts 
in their particular fields, is a compilation of technical chapters that address the design aspects of a package 
intended for transporting radioactive material in normal commerce; it was prepared under the direction of 
M. E. Wangler of the US Department of Energy (DOE) and is intended to provide a wealth of technical 
guidance that will give designers a better understanding of the regulatory approval process, preferences of 
regulators on specific aspects of package design, and the types of analyses that should be considered when 
designing a package to carry radioactive materials. 
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Abstract/Keyterms: New issues in criticality safety continue to emerge as spent fuel storage facilities 
reach the saturation point, fuel enrichments and burn-ups increase and new types of plutonium-carrying 
fuels are being developed. The new challenges related to the manipulation, transportation and storage of 
fuel demand further work to improve models predicting behavior through new experiments, especially 
where there is a lack of data in the present databases. This article summarizes the activities of the 
OECD/NEA working groups that coordinate and carry out work in the domain of criticality safety. 
Particular attention is devoted to establishing sound databases required in this area and to addressing issues 
of high relevance such as burn-up credit. This aimed toward improving safety and identifying economic 
solutions to issues concerning the back end of the fuel cycle. 
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the prompt neutron decay constants. These prompt neutron decay constants represent an eigenvalue 
characteristic of this particular assembly, which can be used to infer the amount of fissile material in the 
assembly. In addition, subcritical measurements using Rossi-Alpha and the source-jerk techniques were 
also performed on the SHEBA assembly. These measurements were compared against TWODANT 
calculations and agreed quite well. The subcritical measurements were also used to obtain a unique 
signature that represented the amount of material associated with the degree of subcriticality of the SHEBA 
assembly. Finally, the Feynman variance-to-mean technique in conjunction with TWODANT, were used 
to determine the effective delayed neutron fraction for the SHEBA assembly. 
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castings of different enrichments to investigate the use of 252Cf-source-driven noise analysis measurements 
as a means to quantify the amount of special nuclear material (SNM) in the casting. Previous measurements 
and calculational studies have shown that many of the signatures obtained from the source-driven 
measurement are sensitive to fissile mass. Measurements were performed to assess the applicability of this 
method to standard annular uranium metal castings at the Oak Ridge Y-12 plant under verification by the 
International Atomic Energy Agency (IAEA) using the Nuclear Weapons Identification System (NWIS) 
processor. The sensitivity of the measured parameters to fissile mass was investigated using four castings 
each with a different enrichment. Preliminary results are presented that demonstrate the sensitivity of the 
measured parameter to fissile mass. However, these preliminary results do not represent an optimized 
measurement configuration but are intended to demonstrate possible applications of this method. 
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Author: Komuro, Yuichi / Sakai, Tomohiro 

Title: NUCDAS: A Database of Nuclear Criticality Data Around the World 

Date: 3/1/1999 

Report: CONF-981185, 443-454 

Conference/Journal: 2nd NUCEF international symposium NUCEF'98. Safety research and 
development of base technology on nuclear fuel cycle., Mar 1999 

Conference Session:  

Abstract/Keyterms: Nucdas Database / Handbooks / JAERI 
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Author: Lipinski, R. J. / Wright, S. A. / Lenard, R. X. / Harms, G. A. 

Title: A Gas-Cooled Reactor Surface Power System 

Date: 2/4/1999 

Report: CONF-990103, 1470-1475; SAND98-2494C 

Conference/Journal: AIP Conference Proceedings; Volume: 458; 1999 space technology and 
applications international forum, Albuquerque, NM (United States), 31 Jan - 4 Feb 1999 

Conference Session:  

Abstract/Keyterms: A human outpost on Mars requires plentiful power to assure survival of the astronauts. 
Anywhere from 50 to 500 kW of electric power (kWe) will be needed, depending on the number of 
astronauts, level of scientific activity, and life- cycle closure desired. This paper describes a 250-kWe power 
system based on a gas-cooled nuclear reactor with a recuperated closed Brayton cycle conversion system. 
The design draws upon the extensive data and engineering experience developed under the various high-
temperature gas cooled reactor programs and under the SP-100 program. The reactor core is similar in 
power and size to the research reactors found on numerous university campuses. The fuel is uranium nitride 
clad in Nb 1 %Zr, which has been extensively tested under the SP-I 00 program The fuel rods are arranged 
in a hexagonal array within a BeO block. The BeO softens the spectrum, allowing better use of the fuel and 
stabilizing the geometry against deformation during impact or other loadings. The system has a negative 
temperature feedback coefficient so that the power level will automatically follow a variable load without 
the need for continuous adjustment of control elements. Waste heat is removed by an air-cooled heat 
exchanger using cold Martian air. The amount of radioactivity in the reactor at launch is very small (less 
than a Curie, and about equal to a truckload of uranium ore). The system will need to be engineered so that 
criticality cannot occur for any launch accident. This system is also adaptable for electric propulsion or life-
support during transit to and from Mars. 
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Author: Oelgaard, P. L. 

Title: A Simple Approach to the Estimation of the Energy Release in Destructive LWR Criticality 
Accidents 

Date: 5/1/1999 

Report: CONF-990512, 21.1-21.7 

Conference/Journal: Reactor physics calculations in the Nordic countries, Goeteborg (Sweden), 6-7 
May 1999 

Conference Session:  

Abstract/Keyterms: LWR / Criticality Accidents / Chernobyl Accident 
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Author: Cecchini, G. P. / Farinelli, U. / Gandini, A. / Salvatores, M. 

Title: Improvement of Fast Reactor Evaluation by Integral Experiments 

Date: 10/31/1968 

Report: Conference on Physics of Reactors, Milan, 395-410 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.; Conference 
on Physics of Reactors, Milan. CONF-469 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Critical Assemblies; Criticality; Cross Sections; Fast Neutrons; Fast Reactors; 
Measurement; Performance; Reactivity; Reactor Core; Reactor Kinetics; Reactors; Sensitivity 
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Author: Azzoni, P. / Cicognani, G. / Pierantoni, F. 

Title: Preliminary Considerations on Several Types of Fast Reactors of the Dilute Raptus Type 

Date: 10/31/1968 

Report: Conference on Physics of Reactors, Milan. CONF-469, pp 411-28 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966.; Conference 
on Physics of Reactors, Milan 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Criticality; 
Determination; Fast Neutrons; Mass; Numericals; Plutonium; Reactor Core; Reactors; Thorium; Uranium 
233 
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Author: Madero, C. C. 

Title: Studies at Fast Critical Assemblies for Justification of Thorium Utilization in Fuel Cycle 

Date: 12:00:00 AM 

Report: Conference on Problems in Reactor Physics VOLGA-93, Vol. 2, p. 55 

Conference/Journal: Conference on Problems in Reactor Physics VOLGA-93 

Conference Session:  

Abstract/Keyterms: IEU-COMP-INTER-001 
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Author: Lundin, M. I. 

Title: The ORNL Fast Burst Reactor 

Date: 1/1/1960 

Report: Conference on Pulse Radiation Testing, Kirtland AFB, New Mexico, September 13, 1960 

Conference/Journal: Conference on Pulse Radiation Testing, Kirtland AFB, New Mexico, September 
13, 1960 

Conference Session:  

Abstract/Keyterms:  
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Author: Adyasevich, V. P. / Frank, I. M. / Kozinets, O. I. / Shapiro, F. L. / et al. 

Title: Measurement of Temperature Effects in Uranium-Graphite Subcritical Systems 

Date: 7/1/1955 

Report: Conference on the Peaceful Uses of Atomic Energy, July 1-5, 1955 

Conference/Journal: Academy of Sciences of the USSR 

Conference Session:  

Abstract/Keyterms:  
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Author: Martinc, R. / Bulovid, V. / Šotid, O. / Ekarv, R. / Petrunin, D. / et al. 

Title: Nondestructive Testing of Fresh and Irradiated Fuel of Research Reactor RA 

Date: 5/20/1978 

Report: Conference on 'Utilization of Research Reactors in Yugoslavia,' pp. 539-550 

Conference/Journal: Conference on 'Utilization of Research Reactors in Yugoslavia, Beograd, 
Yugoslavia (May 17-20, 1978) 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-002, LEU-MET-THERM-015 
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Author: Assaillit, G. / Syromski, P. 

Title: Fast Burst Reactor CALIBAN 

Date: 9/1/1999 

Report: Conference RADECS 99 (Radiation Effects on Components and Systems), Fontevrad, France, 
September 19-27 

Conference/Journal: Conference RADECS 99 (Radiation Effects on Components and Systems), 
Fontevrad, France, September 19-27 

Conference Session:  

Abstract/Keyterms:  
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Author: Henry, H. F. 

Title: Radiation Accidents. Part II. Is There a Prevention? V. The Problem of Protection. B. from Peacetime 
Reactors. There Are People to Protect 

Date: 4/1/1964 

Report: Connecticut Medicine (U.S.), Vol: 28, 269-270 

Conference/Journal: Connecticut Medicine (U.S.) 

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Air; Beta Detection; Body; Contamination; Counters; 
Criticality; Gamma Detection; Man; Neutron Detection; Neutron Sources; Personnel; Radiation Protection; 
Reactor Safety 
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Author: Kiefhaber, E. / Thiem, D. 

Title: Influence of Fission Neutron Spectra on Integral Nuclear Quantities of Fast Reactors. 

Date: 4/30/1973 

Report: Consultants' meeting on prompt fission neutron spectra, Vienna, Austria, 25 -27 Aug 1971, 129-
148 

Conference/Journal: Consultants' meeting on prompt fission neutron spectra, Vienna, Austria, 25 -27 
Aug 1971 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Physics & Core Engineering; Criticality; Fast Reactors; 
Fission Neutrons; Neutron Spectra; Power Reactors; Zero Power Reactors 
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Author: Pillu, J. M. 

Title: Conversion of Reprocessed Uranium 

Date: 4/1/1997 

Report: CONTFB, 116, 43-44 

Conference/Journal: Controle (Paris) 

Conference Session:  

Abstract/Keyterms: Spent Fuel Reprocessing / MOX / UF6 / Immediate Re Enrichment / U3O8 
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Author: Giraud-Heraud, F. 

Title: The Safety of Uranium Enrichment 

Date: 4/1/1997 

Report: CONTFB, 116, 45-46 

Conference/Journal: Controle (Paris) 

Conference Session:  

Abstract/Keyterms: Risks Related to Uranium Enrichment 



 

C-4187 

4180…..…..…………………..…….……..……ID Number…………………..…..…………….4180 

Author: Beaudoin, Ph. 

Title: Fuel Assembly, Convergence of Three Professions 

Date: 4/1/1997 

Report: CONTFB, 116, 47-50 

Conference/Journal: Controle (Paris) 

Conference Session:  

Abstract/Keyterms: Fuel Assemblies 
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Author: Gilbert, C. P. / Humphreys, J. J. 

Title: Instrumentation and Control in Nuclear Power Stations. Part I 

Date: 3/1/1972 

Report: Contr. Syst. 4: No. 1, 11-17 

Conference/Journal: Contr. Syst. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Elements, Systems & Instrumentation; Control 
Equipment; Criticality; Failed Element Detection; in Core Instruments; Magnox Type Reactors; Neutron 
Detectors; Neutron Flux; Nuclear Power Plants; Poisoning; Reactivity; Reactivity Coefficients; Reactor 
Control Systems; Reactor Kinetics; Reactor Operation; Reactor Safety; Reactor Shutdown; Reactor Start-
Up 
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Author: Cashwell, R. J. 

Title: Core Test Program: UWNR Mixed TRIGA—FLIP Core 

Date: 7/1/1974 

Report: COO-1560-7B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; UWNR Reactor- Reactor Operation; Calibration; Configuration; Criticality; Data; 
Performance Testing; Power Density; Reactivity Worths; Reactor Cores; Reactor Kinetics; Reactor 
Maintenance; Reactor Period 
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Author: Brobst, William A. 

Title: Health and Safety Considerations for Uranium Fuel Fabrication Facilities 

Date: 8/1/1958 

Report: COO-212 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: With the advent of the reactor power program, a large number of firms are becoming 
involved in the manufacture of reactor fuel elements. This publication has been prepared to insure that these 
firms are aware of the health and safety problems involved and to offer some solutions to these problems. 
The manual presents situations to be considered, lists pitfalls to be avoided, and states the minimum 
standards of the Chicago Operations Office regarding the handling of uranium. 
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Author: Hansen, K. F. / Henry, A. F. 

Title: Annual Progress Report FY 1976 

Date: 3/1/1976 

Report: COO-2262-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This project is directed toward development of numerical methods suitable for the 
computer solution of problems in reactor dynamics and safety. Specific areas of research include methods 
of integration of the time-dependent diffusion equations by finite difference and finite element methods; 
representation of reactor properties by various homogenization procedures; application of synthesis 
methods; and development of response matrix techniques. 
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Author: Ott, K. O. 

Title: Fast Breeder Blanket Facility (FBBF). Quarterly Progress Report, April 1, 1977-June 30, 1977 

Date: 6/1/1977 

Report: COO-2826-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The work performed in the reporting period was primarily concerned with aspects of 
the pre-analysis and the corresponding safety investigations of the Fast Breeder Blanket Facility (FBBF). 
Progress on the loading of the first configuration, testing experimental equipment, and performing check-
out tests is also summarized. It is necessary that a neutron poison (B4C) be placed in the converter regions 
in order to hold the value of k(eff) for a hypothetical flooded FBBF of future loadings below the licensed 
limit of 0.75. It appears that this limit on k(eff) can be attained for all loadings if one of the 180 deg 
configurations consists of stainless steel double clad natural uranium rods. The safety of one of the most 
reactive configurations is investigated and the need for B4C verified. In addition, the safety of other FBBF 
loadings is investigated. 
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Author: n. a. 

Title: Educational and Research Activities January 1, 1969--December 31, 1969. 

Date: 1/1/1970 

Report: COO-385-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Criticality; Fnr; 
Operation; Performance; Personnel; Radioisotopes; Research Reactors; Schools; Training 
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Author: n.a. 

Title: Elk River Reactor. Monthly Operating Report No. 23, September 1964 

Date: 10/31/1965 

Report: COO-651-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Elements; Control 
Systems; Coolant Loops; Criticality; Detection; Efficiency; Err; Fission Products; Fuel Elements; Gases; 
Inspection; Leaks; Maintenance; Operation; Performance; Power; Power Plants; Pressure; Pressure 
Vessels; Reactors; Rods; Shutdown; Standards; Storage; Superheating; Testing; Turbines; Vessels; Waste 
Disposal; Water Coolant 
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Author: n.a. 

Title: Elk River Reactor. Monthly Operating Report No. 24, October 1964 

Date: 10/31/1965 

Report: COO-651-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Elements; Coolant 
Loops; Criticality; ERR; Fission Products; Fuel Elements; Gases; Generators; Inspection; Maintenance; 
Operation; Performance; Power; Power Plants; Pressure Vessels; Production; Reactor Core; Reactors; 
Rods; Shutdown; Startup; Storage; Superheating; Testing; Turbines; Vessels; Waste Disposal; Water; 
Water Coolant 
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Author: Dunbar, K. A. 

Title: Safety Survey Report EBR-II Safety Survey, ANL-West Health Protection, Industrial Safety and Fire 
Protection Survey 

Date: 1/10/1972 

Report: COO-97002660 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A safety survey covering the disciplines of Reactor Safety, Nuclear Criticality Safety, 
Health Protection and Industrial Safety and Fire Protection was conducted at the ANL-West EBR-II FEF 
Complex during the period January 10-18, 1972. In addition, the entire ANL-West site was surveyed for 
Health Protection and Industrial Safety and Fire Protection. The survey was conducted by members of the 
AEC Chicago Operations Office, a member of RDT-HQ and a member of the RDT-ID site office. Eighteen 
recommendations resulted from the survey, eleven in the area of Industrial Safety and Fire Protection, five 
in the area of Reactor Safety and two in the area of Nuclear Criticality Safety. 
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Author: Aron, Walter 

Title: Interim List of Spherical Critical Assemblies for Code Comparisons 

Date: 3/12/1962 

Report: COT-62-23 (LLNL Internal Report) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Morton, J. R. 

Title: Hazards Summary Report: Tory II-C Cold Critical Assembly 

Date: 1/15/1963 

Report: COVA-750(Add.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; TORY-2C 
Reactor- Reactor Safety; Containment Shells; Control Rod Worths; Radiation Hazards; Reactor Control 
Systems; Testing 
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Author: Christy, Robert F. / Wheeler, John A. 

Title: Chain Reaction of Pure Fissionable Materials in Solution 

Date: 1/1/1943 

Report: CP-0400; A-451 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Fissionable Materials; Mixing; Moderators; Nuclear Reactions; 
Numericals; Plutonium 239; Safety; Solutions; Uranium 235 
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Author: Ibser, H. W. 

Title: Low-Density UO2 Pile 

Date: 2/24/1943 

Report: CP-0445 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Density; Equations; Multiplication Factors; Powders; Reactors; 
Uranium Oxides; Volume 
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Author: Castle, H. / Ibser, H. / Sacher, G. / Weinberg, A. M. 

Title: The Effect of Fast Fission on k 

Date: 5/4/1943 

Report: CP-0644; A-0849 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Cylinders; Equations; Fast Fission Factor; Fast Neutrons; 
Fission; Mathematics; Multiplication Factors; Plates; Spheres 
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Author: Wigner, E. P. / Stephenson, J. 

Title: On the Multiplication Constant of Homogeneous Mixtures of U with Various Moderators 

Date: 5/15/1943 

Report: CP-0668; A-0872 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Carbon; Criticality; Heavy Water; Helium; Hydrogen; Mixing; 
Moderators; Multiplication Factors; Numericals; Paraffin; Spheres; Uranium; Water 
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Author: Kudrik, Igor 

Title: Nuclear Incident at Novosibirsk Chemical Concentrates Plant 

Date: 5/21/1997 

Report: CP1251 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Wigner, E. P. / Weinberg, A. M. / Stephenson, J. 

Title: Recalculation of the Critical Size and Multiplication Constant of Homogeneous UO2-D2O Mixtures 

Date: 2/11/1944 

Report: CP-1361; A-2006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Equations; Fuel Slurries; Heavy Water; 
Homogeneous Reactors; Multiplication Factors; Numericals; Reactivity; Reactors; Resonance Escape 
Probability; Resonance Neutrons; Uranium Oxides; Volume 



 

C-4205 

4198…..…..…………………..…….……..……ID Number…………………..…..…………….4198 

Author: Young, G. / Murray, F. H. / Castle, H. 

Title: Calculations for Some Pile Shapes of Which the Boundaries Are Partly Spherical/Characteristic 
Numbers and Functions for Regions Which Are Approximately Cylindrical or Spherical 

Date: 2/25/1944 

Report: CP-1456; A-2043 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Cylinders; Equations; Homogeneous Reactors; 
Multiplication Factors; Numericals; Reactivity; Reactors; Spheres; Vessels; Zones 
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Author: Arnette, T. 

Title: Exponential Experiments with Water-Metal Rod Lattices 

Date: 10/3/1944 

Report: CP-2048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Exponential Piles; Fuel Elements; Mass; 
Measured Values; Multiplication Factors; Reactor Core; Rods; Volume; Water Moderator; Zones 
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Author: Way, Katharine 

Title: Fission Product Poisoning in a Pile 

Date: 12/15/1944 

Report: CP-2468 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cross Sections; Decay; Efficiency; Equations; Fission; Fission Products; 
Gases; Half-Life; Isotopes; Neutron Flux; Neutrons; Numericals; Operation; Poisoning; Production; 
Quantity Ratio; Reactors 
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Author: n. a. 

Title: Physics Section Monthly Report for the Period Ending January 31, 1945 

Date: 2/1/1945 

Report: CP-2568 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics 



 

C-4209 
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Author: n. a. 

Title: Physics Section Monthly Report for the Period Ending February 28, 1945 

Date: 3/2/1945 

Report: CP-2589 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics 



 

C-4210 

4203…..…..…………………..…….……..……ID Number…………………..…..…………….4203 

Author: n.a. 

Title: Physics Section Monthly Report for Period Ending May 31, 1945 

Date: 10/31/1956 

Report: CP-2824 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Configuration; Control Elements; Criticality; Cross Sections; 
Diffraction; Enrichment; Equations; Group Theory; Measured Values; Neutrons; Poisoning; Reactivity; 
Reactors; Reflectors; Variations; Water; Zones 
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Author: Branch, G. / Jones, H. / Rush, J. H. / Weinberg, A. M. 

Title: Water Lattice Experiments 

Date: 10/26/1945 

Report: CP-2841 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Laplacians and migration areas of water-uranium rod lattices have been studied 
by the exponential pile technique. The best multiplication (k) obtained at room temperature in a no-gap 
geometry was 0.993 for a volume ratio of 1.36 and a rod radius of 1.5 cm. An enrichment in uranium-235 
to 0.75% would therefore almost certainly make an ordinary water no-gap system potentially chain reacting 
at room temperature. A one-cm gap around the rods increased to k to 1.003 and shifted to optimum volume 
ratio to 1.56-the k optimum for 1.4-1.5 cm rods is 0.6% higher than for 1.0 cm rods-opposite that predicted 
by theory. The report gives a detailed account with diagrams, pictures of the experiments, dimensions of 
lattices, graphs of activity vs. position, k vs. volume ratio at different temperatures, a survey of exponential 
theory, plots of Laplacian vs. water to metal volume ratio. 
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Author: Branch, C. / et al. 

Title: Final Report, Water Lattice Experiments, Problem Assignment No. PX-10-2 

Date: 6/30/1945 

Report: CP-2842 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Weinberg, A. M. / Jones, Haydn 

Title: Water Lattice Experiments 

Date: 10/26/1945 

Report: CP-2842 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Attempts to determine if criticality could be attained with normal enrichment uranium 
(uranium as metal rods in lattice). Exponential measurements done in a water tank located on top of the 
Oak Ridge Graphite Reactor. 
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Author: Risner, V. L. / Barber, E. J. 

Title: Standard Practices Procedures, Nuclear Criticality Safety 

Date: 6/20/1994 

Report: CP2-SH-NS 1031, Rev I 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Plass, Gilbert N. / Ginsburg, Mildred 

Title: Intermittent Operation of a Pile 

Date: 7/23/1945 

Report: CP-3112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Decay; Equations; Losses; Neutrons; Numericals; Operation; Poisoning; 
Power; Reactors; Shutdown; Startup; Variations; Xenon 135 
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Author: Wattenburg, A. 

Title: Exponential Measurements with D2O and Solutions of UO2F2 

Date: 2/2/1946 

Report: CP-3364 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential measurements performed in a tank located on top of reactor CP-2. 
Measurements were done on near-pure D2O and uranyl fluoride in D2O solution. 
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Author: Goldberger, M. / Wattenberg, A. / Zinn, W. 

Title: The Laplacian for a Beryllium Metal Lattice of Volume Ratio 17.2 

Date: 1/16/1946 

Report: CP-3407 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Beryllium Moderator; Bibliography; Configuration; Cp-2; 
Critical Assemblies; Distribution; Errors; Fuels; Hydrogen; Laplacian; Losses; Measured Values; 
Mechanical Structures; Metals; Moderators; Neutrons; Radiation Sources; Radiobiology; Reactors; 
Solutions; Tracer Techniques; Tritium; Uranium; Uses; Variations; Volume; Zones 
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Title: Informe de Seguridad del Reactor Rápido Experimental CORAL-I 

Date: 1/1/1968 

Report: CR/28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-062 
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Abstract/Keyterms: Calculations of the ZPPR-7 critical experiments have provided estimates of design 
bias factors and uncertainties for standard nuclear design tools used in the analysis of radial heterogeneous 
cores. The analysis concentrated on calculations of criticality, neutron reaction rate distributions, sodium 
void worths, small sample reactivity worths, and control and refueling worths. Differences were observed 
in the accuracy of the predicted nuclear performance of heterogeneous cores relative to conventional 
designs. However, nothing was found which would impact the viability of using standard design techniques 
for radial heterogeneous designs since the calculated differences were generally found to be in a 
conservative direction. 
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Abstract/Keyterms: This report presents analysis of critical experiments performed in the Zero Power 
Plutonium Reactor (ZPPR) in support of the Clinch River Breeder Reactor Project (CRBRP) initial core 
critical, power distribution, and neutron and gamma flux distribution. The major emphasis on analysis of 
the CRBRP Engineering Mockup Critical (EMC) Experiment Phase 2A also identified as ZPPR Assembly 
6. 



 

C-4222 

4215…..…..…………………..…….……..……ID Number…………………..…..…………….4215 

Author: Callihan, Dixon 

Title: Radiation Incident of February 1, 1956 

Date: 2/15/1956 

Report: CRCA 2, 530 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Critical Assemblies; Criticality; Fluorides; Fuel Solutions; 
Homogeneous Reactors; Irradiation; Reactivity; Uranium Compounds; Uranyl Compounds; Uranyl 
Fluorides; Variations; Water Moderator 



 

C-4223 

4216…..…..…………………..…….……..……ID Number…………………..…..…………….4216 

Author: Watson, A. L. 

Title: Durability Study of Borosilicate Glass Raschig Rings 

Date: 1/4/1977 

Report: CRD 77-002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4224 

4217…..…..…………………..…….……..……ID Number…………………..…..…………….4217 

Author: Haas, Francis X. 

Title: Neutron Poison Monitor for Advance Size Reduction Facility 

Date: 2/20/1979 

Report: CRD-79-025 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4225 

4218…..…..…………………..…….……..……ID Number…………………..…..…………….4218 

Author: Harlan, R. A. / Tesitor, C. N. 

Title: Surveying Plutonium and Uranium Holdup in Process Tanks 

Date: 12/20/1976 

Report: CRDL 950180-102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4226 

4219…..…..…………………..…….……..……ID Number…………………..…..…………….4219 

Author: Clayton, H. H. 

Title: Introduction to Pile Theory: Chapter I of Report on the NRX Pile 

Date: 9/1/1948 

Report: CRE-400-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4227 

4220…..…..…………………..…….……..……ID Number…………………..…..…………….4220 

Author: Poullot, G. / Anno, G. / Courtois / Leclaire, N. 

Title: Density laws of Actinides Nitric Solutions and Their Mixtures: Uranium (VI), Uranium (IV), 
Plutonium (IV), Plutonium (III), Americium (III) and Thorium (IV) 

Date: 1/1/2003 

Report: CRISTAL-V0/DT/03.01/A, IRSN, Jan. 30, 2003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4228 

4221…..…..…………………..…….……..……ID Number…………………..…..…………….4221 

Author: Scott 

Title: 1.42% U-235 Critical Experiments, Provisional Results of Critical Dimensions of Columns, Slabs, 
and Cylinders 

Date: 1/1/1960 

Report: CRIT/NOTE 78 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4229 

4222…..…..…………………..…….……..……ID Number…………………..…..…………….4222 

Author: Scott 

Title: 1.42% U-235 Critical Assemblies, Measurements of the Interaction between Two Sub-Critical 
Rectangular Stacks 

Date: 1/1/1960 

Report: CRIT/NOTE 83 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4230 

4223…..…..…………………..…….……..……ID Number…………………..…..…………….4223 

Author: Hack 

Title: 1.4% U-235 Critical Experiments, Provisional Results at H:U Total = 8.1 

Date: 1/1/1960 

Report: CRIT/NOTE 90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4231 

4224…..…..…………………..…….……..……ID Number…………………..…..…………….4224 

Author: Lane, R. C. / Thomas, A. F. 

Title: Measurement of the Critical Mass of 37.5% Enriched Uranium Reflected by Wood, Concrete, or 
Polythene 

Date: 10/9/1963 

Report: CRIT/OP/3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of criticality experiments were carried out using the 37.5% enriched uranium 
fuel tablets destined for the ZEBRA reactor at A.E.E. Winfrith. The tablets were in the form of thin slabs, 
nominally 2 inch x 2 inch x 1/8 inch, each containing 56.5 g of the uranium-235 isotope. Near critical 
rectangular parallelepipeds were constructed with this material when reflected by polythene, concrete and 
wood, from which the critical size could be estimated by extrapolation of the reciprocal count rate ratio. 
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Abstract/Keyterms: Experiments carried out in the ZED-2 reactor to determine lattice parameters for fuel 
assemblies which are similar to the fuel channels of the NPD and CANDU power reactors are described. 
Bucklings were determined from macroscopic neutron flux distribution and reactivity measurements. 
Microscopic neutron flux distribution measurements were made in central lattice cells and the results 
combined with measurements of the Westcott epithermal neutron spectrum parameter (r) and effective 
neutron temperatures to determine the thermal utilization (f), and the thermal diffusion area (L/sup 2/). Fast 
fission ratios and initial conversion ratios were also measured from which values of the fast fission factor 
(epsilon) and the resonance escape probability (p), respectively, were deduced. Measurements were made 
at various fuel assembly spacings in the range 18 to 36 cm in hexagonal lattices. The experimental results 
were compared with calculated parameters obtained from the latest version of the Chalk River lattice 
calculation program. 
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Abstract/Keyterms: A procedure is given which systematically and without loss of precision, reduces a 
problem of solving the one-dimensional, two-group diffusion equations in cylindrically symmetric multi-
region reactors to that of a single annular region. This accomplished by using the given boundary conditions 
at the outermost (or innermost) boundary of the reactor to eliminate the unknowns in the outermost (or 
innermost) annular region and to calculate new boundary conditions to be applied to the remaining system 
of annuli. Repetition of the procedure reduces the problem to that of a single region and once the critical 
condition is satisfied in this single region, the fluxes at other interfaces in the original problem may be 
easily generated. The method is essentially one-dimensional but may be applied to other geometries, other 
modes and to other than two-group theory. 
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Abstract/Keyterms: Results are shown for experimental measurements of the uniform temperature 
coefficients of the NRX reactor, for both moderator and rod-assembly temperature changes. The agreement 
of calculated and experimental values of the uniform temperature coefficient is better than the accuracy of 
the data used in the calculations would warrant. In Part B, experimental measurements of the uniform 
temperature coefficient of a ZEEP lattice are compared with the calculated values. There is good agreement 
between the calculations and experiment. For lattices of the type described, the leakage terms dominate the 
contributions to the temperature coefficient. Large corrections are required for changes of radial and vertical 
extrapolation lengths. 
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Abstract/Keyterms: Studies are underway in Canada for a power reactor (CANDU) to be fueIIed with 
natural uranium and to produce 200 Mwe. This reactor would be moderated by heavy water at 
approximately atmospheric pressure and at a temperature below 200 deg F. The moderator in the core is 
contained in a cylindrical aluminum calandria” with its axis horizontal. A large number of thin walled 
aluminium tubes run from end to end of the cylinder so that the calandria resembles a fire-tube boller. 
Through each calandria tube runs a separate Zirca1oy pressure tube which contains coolant and fuel at a 
temperature around 500 deg F. The whole core is located under a main shielding floor. Steam raisers and 
fuel-changing gear make access to the sides difficult and to the ends almost impossible. The reactor will be 
operated with a very smna1l margin of excess reactivity so that unless special measures are adopted, a 
stoppage lasting more than a few minutes will be prolonged into a long shutdown by the build-up of Xe135. 
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Abstract/Keyterms: Some of the reactor startup control electrical components currently being developed 
in the ANP Department are described. The system function, electrical performance requirements, sensitivity 
to temperature, and the size and shape characteristics are described. Planned environmental tests and 
development goals are listed. Component life in nuclear radiation fields is estimated. Block diagrams, 
electrical schematics, response plots, photographs and drawings are used to give an up-to-date picture of 
the status of these developments. The automatic checkout feature of the system is presented and described. 
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Abstract/Keyterms: In the design of power reactors the engineering requirements of high heat transfer 
rates lead to complex fuel assemblies with a large surface-to-mass ratio. The exact calculations of the 
properties of lattices made up of these assemblies is difficult and simple models or recipes are used. To test 
the validity of these simple models measurements of the properties of various lattices must be made. The 
present investigation is a continuation of the study of natural uranium-heavy water systems which has been 
carried out in the ZEEP reactor. An assembly or cluster of nineteen uranium metal rods was used in these 
experiments. This arrangement was similar to one of the proposed fuel rods for the NPD reactor. However 
the present NPD design calls for the use of uranium oxide as fuel. The natural uranium metal fuel was in 
the form of cylindrical slugs 1.31 cm. In diameter. The slugs were 15 cm. Long and fitted loosely in 
aluminum tubes 1.59 cm. OD with 0.10 cm. wall thickness. The density of the uranium was 18.93 g/cc. 
Each rod was made up of 14 slugs giving a total length of 210 cm. of uranium. Nineteen such rods arranged 
in a hexagonal array made up a single cluster. 
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Abstract/Keyterms: An iteration method is described for solving the twogroup diffusion equations on a 
square mesh using a digital computer. Either RZ or XY geometry can be used. All the two-group parameters 
can be varied at each mesh point. The computer obtains the value of nu necessary to bring the reactor critical 
in a given geometry and the fast and slow fluxes. If the computer has IBM-card output a special output 
routine can be used to present the fluxes directly on a two-dimensional map using an IBM 407. The 
DATATRON program for the problem is given in an Appendix. With the DATATRON the number of 
space points is limited to 324 and one iteration takes 46 seconds. Flux distributions calculated for a 
swimming pool reactor are given as examples. The treatment of the adjoint diffusion equations follows 
closely that of the ordinary equation and is discussed in an appendix. 
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Abstract/Keyterms: The critical masses, the fast and slow neutron flux distributions, and the fast and slow 
adjoint functions are calculated for Pool Test Reactor having D2O thermal columns of 7 different diameters, 
3 with a central H2O column. The sensitivities of PTR to fissionable samples, and absorbers as well as the 
mean lifetimes of the neutrons are determined for the different size thermal columns. 
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Abstract/Keyterms: The temperature coefficients of reactivity have been calculated for PTR with internal 
thermal columns of various sizes consisting of light water and of graphite. The contributions from the 
changes in the nuclear constants in the core, reflector and the internal thermal column, and the change in 
geometry are given separately. The prompt coefficients which are of interest in safety considerations are 
all predicted to be negative. The overall temperature coefficients for the various loadings at 2O deg C are 
in the range +0.68 x 10/sup -4/ to--2.18 x 10/sup -4/ per deg C. 
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Abstract/Keyterms: Rods designed for the 200 Mw research reactor HRU were studied at low power in 
the heavy-water moderated critical-facility ZEEP. The buckling and the distribution of the thermal neutrons 
in a cell have been measured for various lattice spacings. NRU lattice constants are deduced from these 
measurements. The umiform temperature coefficient of reactivity was measured at one spacing. 
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Abstract/Keyterms: The United States Department of Energy has submitted a license application (LA) for 
construction authorization of a deep geologic repository at Yucca Mountain, Nevada. The license 
application is currently under review by the United States Nuclear Regulatory Commission (NRC). This 
paper will describe the methodology and approach used in the LA to address the issue of criticality and the 
role of burnup credit during the postclosure period. The most significant and effective measures for 
prevention of criticality in the repository include multiple redundant barriers that act to isolate fissionable 
material from water (which can act as a moderator, corrosive agent, and transporter of fissile material); 
inherent geometry of waste package internals and waste forms; presence of fixed neutron absorbers in waste 
package internals; and fuel burnup for commercial spent nuclear fuel. A probabilistic approach has been 
used to screen criticality from the total system performance assessment. Within the probabilistic approach, 
criticality is considered an event, and the total probability of a criticality event occurring within 10, 000 
years of disposal is calculated and compared against the regulatory criterion. The total probability of 
criticality includes contributions associated with both internal (within waste packages) and external 
(external to waste packages) criticality for each of the initiating events that could lead to waste package 
breach. The occurrence of and conditions necessary for criticality in the repository have been thoroughly 
evaluated using a comprehensive range of parameter distributions. A simplified design-basis modeling 
approach has been used to evaluate the probability of criticality by using numerous significant and 
conservative assumptions. Burnup credit is used only for evaluations of in-package configurations and uses 
a combination of conservative and bounding modeling approximations to ensure conservatism. This paper 
will review the NRC regulatory criteria relevant to postclosure criticality, explain the role of criticality 
within the overall repository performance assessment, describe the strategy for preventing criticality via 
design features and waste form properties, and discuss the numerous considerations relevant to criticality 
and burnup credit for spent nuclear fuel disposed of in a geologic repository, with emphasis on the burnup 
credit approach and analyses. 
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Abstract/Keyterms: The one dimensional discrete ordinates code ANISN-F was used to calculate the 
thermal neutron flux distribution in water from a Ra-Be neutron source. The calculations were performed 
in order to investigate the different possibilities of the code as well as to verify the results of the calculations 
in terms of comparisons to corresponding experimental data. Two different group cross section libraries 
were used in the calculations and conclusions were drawn on the adequacy of these libraries for a fixed 
source type calculation. Furthermore, critically calculations were performed for an infinite homogeneous 
slab of multiplying material using different angular and spatial approximations. The results of these 
calculations were then compared to the corresponding results previously obtained at this department by a 
different method and a different code. 
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Abstract/Keyterms: Progress is reported on the development of the Carolinas-Virginia Power Reactor. 
Nuclear design, pressure tube assembly development and analysis, fuel development, irradiation 
experiments and analyses, materials development and fabrication techniques, component development, 
plant system development, instrumentation and control, safety analysis and evaluation, and critical 
experiments are discussed. 
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Abstract/Keyterms: Research and development progress on the Parr Shoals Power Reactor is reported. 
Nuclear design, pressure tube assembly development and analysis, fuel development, irradiation 
experiments and analysis, materials development and fabrication technique, component development, plant 
system development, instrumentation and control, safety analysis and evaluation, and critical experiments 
are discussed. 
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Abstract/Keyterms: An experimental and an analytic investigation of the effects of changes in the lattice 
of a core consisting of slightly enriched UO2 rod clusters moderated by D2O is described. Quantities related 
to thermal utilization and resonance escape probability are obtained for different water-to- U volume ratios. 
Thermal spectrum and conversion ratios are investigated by integral experiments. Critical masses and 
bucklings are given for different lattice pitches as well as spatial and total void coefficients. An optimum 
computational model is selected which gives good agreement with experimental values of selected 
parameters. 
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Abstract/Keyterms: The NDC (Nuclear Design Calculations) Program was developed in FORTRAN for 
use on the IBM-704/709/7090 to compute the reactivity and burnup properties of pressure-tube lattices with 
clustered fuel rods by applying the unit cell method. The required input consists of the fuel assembly and 
the tube lattice geometry, the material distributions, and some physical data. The unit cell analysis applied 
to a piecewise homogeneous, cylindrical, equivalent model of the actual reactor structure. The Amouyal 
Benoist method is used to obtain the thermal utilization. The Dancoff correction and the Doppler factor is 
applied in evaluating the resonance integral for the fissionable materials. The Spinrad approach is used to 
compute the fast fission factor. The resonance fissions feedback is taken into account in the neutron cycle. 
Only the U- Pu series is considered in the cell-homogenized depletion calculations. The program output 
includes the equivalent cylindrical geometry, the various cross sections, the criticality factors, the initial 
conversion ratio, and the burnup results. Provision for temperature and void coefficients evaluation is made. 
A 32 k machine is required. Typical problem running times on the IBM-7090 are of the order of a minute. 
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Topics covered include: project administration, nuclear design, pressure tube assembly development and 
analysis, fuel development, irradiation experiments and analysis, materials development and fabrication 
techniques, and critical experiments. 
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analysis, fuel development, irradiation experiments, materials development and fabrication techniques, 
chemical surveillance and evaluation of CVTR materials and systems, component development, plant 
system development, instrumentation and control, safety analysis and evaluation, and critical experiments. 
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Abstract/Keyterms: A report is presented of research and development being carried on at the Parr Shoals 
reactor. Projects discussed include nuclear design, pressure tube assembly development, irradiation 
experiments, materials and components development, plant system development, and critical experiments. 
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Abstract/Keyterms: MAGNET IV is designed to attack two basic problems in fast reactor analysis. First, 
fast reactor criticality, neutron lifetime, isotopic absorption ratios, inelastic scattering by isotopes, leakage 
spectra, etc., in many region spherical and two dimensional cylindrical geometries. Second, for arbitrary 
source type, transmission through spherical and cylindrical annuli and absorption and energy loss in such 
annuli are determined. 
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Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Buckling; Criticality; Mathematics; 
Reactor Kinetics; Reactors; Zones 



 

C-4318 

4311…..…..…………………..…….……..……ID Number…………………..…..…………….4311 

Author: Trlifaj, L. 

Title: Some Aspects of the Spherical Harmonics Method for Neutron-Transport Problems in Cylindrical 
Geometry 

Date: 1/1/1958 

Report: Czechoslov. J. Phys.; Vol: 8 

Conference/Journal: Czechoslov. J. Phys. 

Conference Session:  

Abstract/Keyterms: Equation for the transport of monoenergetic neutrons in a complete cylindrically 
symmetrical medium, which scatters neutrons isotopically, according to the method of spherical harmonics. 
The constants of integration, on the other hand, are then expressed by means of the terms of the spherical 
harmonics moments. A simpler procedure in obtaining the results of Davison (Can. J. Phys. 35, 576 (1957)) 
is shown. The given procedure, however, permits of a simple extension of the results to the case when the 
medium scatters neutrons anisotropic ally. 



 

C-4319 

4312…..…..…………………..…….……..……ID Number…………………..…..…………….4312 

Author: Trlifaj, L. 

Title: Partially Inserted Block in Square Lattice 

Date: 1/1/1962 

Report: Czechoslovak Journal of Physics (Czechoslovakia); Vol: 12 

Conference/Journal: Czechoslovak Journal of Physics (Czechoslovakia) 

Conference Session:  

Abstract/Keyterms: A theory is given of the partially inserted block (control rod) in a reactor of finite 
height, consisting of a square lattice of fuel blocks and a moderator. The partially inserted block replaces a 
block of the original lattice, located in the axis of cylindrical symmetry of the reactor. The results obtained 
agree with the relations for a homogeneous medium, and are thereby justified for homogenized reactors. 



 

C-4320 

4313…..…..…………………..…….……..……ID Number…………………..…..…………….4313 

Author: Yanagisawa, H. 

Title: Study on Evaluation of Power Histories and Photon Exposure Rates during Reactivity-Initiated 
Power Burst Experiments for a Solution Fuel System 

Date: 1/1/2002 

Report: D. Eng. Dissertation, Nagoya Univ., Grad. School of Eng., Japan 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4321 

4314…..…..…………………..…….……..……ID Number…………………..…..…………….4314 

Author: Charlesworth, F. R. 

Title: Criticality Guide to the Choice of Safe Vessel Dimensions for the Processing and Storage of U235 
and Pu239 

Date: 11/23/1959 

Report: D.E.G. Memorandum 329 (R) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses computed results from U.K.A.E.A. report IG Memorandum 462 to provide 
guidance for designs of dissolvers and solution storage vessels. 



 

C-4322 

4315…..…..…………………..…….……..……ID Number…………………..…..…………….4315 

Author: n. a. 

Title: Auswirkungen des Temperatur- und Spaltproduktverhaltens auf die Reaktivitat von 
Hochtemperaturreaktoren 

Date: 3/1/1983 

Report: D: 8306013167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4323 

4316…..…..…………………..…….……..……ID Number…………………..…..…………….4316 

Author: Staff 

Title: Evaluation of Autoclave Steam Pressure Transients at Paducah 

Date: 5/17/1995 

Report: DAC-19045-CCA-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4324 

4317…..…..…………………..…….……..……ID Number…………………..…..…………….4317 

Author: Staff 

Title: Evaluation of Autoclave Water Inventory Control, High Pressure Isolation, and Pressure Relief 
Systems 

Date: 6/30/1995 

Report: DAC-19045-CCA-52 Draft 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4325 

4318…..…..…………………..…….……..……ID Number…………………..…..…………….4318 

Author: Staff 

Title: Evaluation of Autoclave Steam Pressure Transients at Portsmouth 

Date: 5/17/1995 

Report: DAC-M0848401- SAR-35 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4326 

4319…..…..…………………..…….……..……ID Number…………………..…..…………….4319 

Author: Staff 

Title: Source Terms for Threshold Consequence Analysis 

Date: 4/28/1995 

Report: DAC-M0848401- SAR-37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4327 

4320…..…..…………………..…….……..……ID Number…………………..…..…………….4320 

Author: Reddy, C. P. / Radha, E. 

Title: KAMINI benchmarking by Monte Carlo methods-experience and Sensitivity Studies 

Date: 3/10/2005 

Report: DAE-BRNS National Workshop on Nuclear Data for Reactor Technology and Fuel Cycle, 
March 7-10, 2005, Bhabha Atomic Research Centre 

Conference/Journal: DAE-BRNS National Workshop on Nuclear Data for Reactor Technology and Fuel 
Cycle, March 7-10, 2005, Bhabha Atomic Research Centre (2005) 

Conference Session:  

Abstract/Keyterms: U233-MET-THERM-001 



 

C-4328 

4321…..…..…………………..…….……..……ID Number…………………..…..…………….4321 

Author: Feoktistov, L. P. 

Title: The Problem of Utilization of the Military Uranium and Plutonium 

Date: 11/1/1995 

Report: DAKNEQ, 345 (1), 39-42 

Conference/Journal: Doklady Akademii Nauk - Rossijskaya Akademiya Nauk 

Conference Session:  

Abstract/Keyterms: Military / Uranium / Plutonium 



 

C-4329 

4322…..…..…………………..…….……..……ID Number…………………..…..…………….4322 

Author: Hilsdorf, H. / et al. 

Title: The Water Content of Hardened Concrete 

Date: 2/1/1967 

Report: DASA-1875 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics-Shielding; Abundance; Concretes; Determination; Shielding Materials; 
Water 



 

C-4330 

4323…..…..…………………..…….……..……ID Number…………………..…..…………….4323 

Author: Ness, A. J. 

Title: 704 Computer Evaluation of Annular Reactor Analytic, Two-Energy-Group Analysis 

Date: 12/15/1956 

Report: DC 57-1-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Program 0 computes fast and slow flux and fission source distribution at lattice points 
between two given radii in a bare annular reactor having a central control rod. The problem is computed on 
the IBM 704 using GEPRO loading and output routines. Machine operation time is approximately thirty 
seconds per case. 



 

C-4331 

4324…..…..…………………..…….……..……ID Number…………………..…..…………….4324 

Author: Gabriel, S. W. / Lewis, G. R. / Masson, L. S. 

Title: Data Results from LPT No. 3-4 and LPT No. 3-5 

Date: 10/1/1959 

Report: DC 59-10-707 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical experiment results from LPT #3-4 and #3-5 are presented. The mockup 
HTRE #2 reactor was used as the parent core. Power distribution measurements, rod calibrations, and 
gamma dose rate measurements were made on inserts L1F, L1C, and on three modified parent core fuel 
cartridges placed in tubes 6, 11, and 29 of the parent core. The experiments were carried out at LPT during 
the period from March 19, 1959 to May 12, 1959. 



 

C-4332 

4325…..…..…………………..…….……..……ID Number…………………..…..…………….4325 

Author: Wetzel, D. E. 

Title: Criticality Hazards Study on Reactive Mixtures of BeO, H2O and Oralloy 

Date: 11/10/1959 

Report: DC 59-11-73 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass and radius data are presented for reactive mixtures containing beryllium 
oxide, water, and Oralloy (93.2% U235 by weight) reflected with an approximately infinite thickness of 
water. These data were generated by a multiregion, nineteen energy level plus thermal, diffusion theory 
reactor program. Results show that the minimum critical mass occurs at a relative concentration of 250 
molecules of water to one atom of U235. Critical mass and radius at this point are 0.96 kg of U235 and l6.4 
cm, respectively. Additions of beryllium oxide (54 and 81 molecules per U235 atom) had little effect on 
critical mass, particularly at high water concentrations. These results are to be used in support of study of 
safety practices employed in ceramic type fuel element fabrication and storage. 



 

C-4333 

4326…..…..…………………..…….……..……ID Number…………………..…..…………….4326 

Author: Hunter, J. A. 

Title: Report on Critical Experiments for a Water Moderator (CA-2) 

Date: 1/1/1951 

Report: DC-51-9-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments performed at ORNL Bldg 9213. Thin plates of U(93) metal interspersed 
with graphite and Plexiglas blocks to simulate aircraft reactor concepts. The author's name does not appear 
in the report (see ORNL-1175 p. 7, footnote) 



 

C-4334 

4327…..…..…………………..…….……..……ID Number…………………..…..…………….4327 

Author: Corbin, A. 

Title: Criticality in Water Moderated Reactors with Metallic Fuel Elements 

Date: 10/31/1962 

Report: DC-51-9-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality calculations are presented for water moderated reactors with metallic fuel 
elements. The reactor is composed of SiO2 insulating material (8% by volume), Al structural material (4% 
by volume), H2O moderator (20 to 40% by volume), and a metallic fuel element containing U235 O2 and 
air. The fuel element was considered as being a metallic sandwich composed of any one of three metals, 
stainless steel type-310, stainless steel type-309, or 50% stainless steel type-309 + 50% Nb. Both a shelf 
design and a cylindrical design were considered for the reactor. 



 

C-4335 

4328…..…..…………………..…….……..……ID Number…………………..…..…………….4328 

Author: Swanson, J. L. / Welch, F. H. 

Title: Fabrication of Critical Experiment Fuel Elements-Task 7323 

Date: 8/17/1956 

Report: DC-56-8-140 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The early development work and the results of the production run using enriched 
U3O6/ are summarized. The results of the sampling procedure for determination of SS factor weight, and 
the SS Accountability balance for the production are presented, and the results of the tensile strength and 
bending angle test on irradiated and control modified fuel elements are summarized. 



 

C-4336 

4329…..…..…………………..…….……..……ID Number…………………..…..…………….4329 

Author: Bermanis, H. L. / Link, B. W. 

Title: TSM Measurements Report No. 2 

Date: 5/1/1957 

Report: DC-57-5-78 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity and nuclear measurements on the HTRE-3 critical experiment mockup are 
presented. The experimental work was conducted on a core with a peripheral manual poison rod placement 
pattern. 



 

C-4337 

4330…..…..…………………..…….……..……ID Number…………………..…..…………….4330 

Author: Cook, R. G. / Eckart, L. E. 

Title: Investigation of Thermal Expansion Problems in P-102 Moderator 

Date: 1/14/1958 

Report: DC-58-1-191 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation of the thermal expansion between the support tube assembly and 
moderator in the unclad P-l02 Reactor was conducted. Isothermal temperature conditions, such as would 
be present in the hot critical experiment, and reactor operating temperature conditions were considered and 
data on the thermal expansion coefficient of zirconium hydride were obtained. 



 

C-4338 

4331…..…..…………………..…….……..……ID Number…………………..…..…………….4331 

Author: Schoenberger, M. 

Title: 102 Project Data Book. Sixth Issue 

Date: 2/14/1958 

Report: DC-58-2-118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reference information is included for the D102-A Assembly, which consists of a 
solid hydrided zirconium moderator reactor, nichrome fuel elements, primary flight-type shield, external 
auxiliary shielding, engine reactor ducting, single chemical combustor, accessories and turbojet engines. 
The information is given in terms of nuclear and thermodynamic design, shield, engines and combustor, 
structure, accessories, remote handling, reactor, controls and instrumentation, and heated critical 
experiment. 



 

C-4339 

4332…..…..…………………..…….……..……ID Number…………………..…..…………….4332 

Author: White, E. R. 

Title: Analysis of Livermore Graphite Moderated Critical Experiment and Comparison with Experimental 
Data 

Date: 10/20/1959 

Report: DC-59-11-158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of nuclear analysis on a graphite moderated, critical experiment are presented. 
lt was found that critical masses in this system could be calculated it elevated temperatures with significant 
correlation with experimental data. 



 

C-4340 

4333…..…..…………………..…….……..……ID Number…………………..…..…………….4333 

Author: Gralenski, N. M. / Schroeder, J. E. 

Title: Description and Analysis of a Sensitive BF3 Filled Uncompensated Ionization Chamber 

Date: 11/10/1960 

Report: DC-60-11-73 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information and data pertaining to twenty-two chambers recently received by the 
Critical Experiments Unit are presented. The thermal neutron response of the chambers was obtained 
experimentally and analytically. Test results of amperes obtained at various voltages were compared to 
calculated results. At the operating voltage of the chambers, the calculations gave results higher (as 
expected) by about 5%. Techniques in generation of enriched BF3 gas are also given. 



 

C-4341 

4334…..…..…………………..…….……..……ID Number…………………..…..…………….4334 

Author: Hironaga, Michihiko / Maki, Yasuro / Ohnuma, Hiroshi / Saegusa, Toshiari 

Title: Conceptual Design and Cost Estimation of Vault Storage Facility for Spent Fuel 

Date: 10/1/1986 

Report: DCKHD, 385040, 1-38 

Conference/Journal: Denryoku Chuo Kenkyusho Hokoku 

Conference Session:  

Abstract/Keyterms: Optimum Storage Method / Spent Fuel / Storage Methods 



 

C-4342 

4335…..…..…………………..…….……..……ID Number…………………..…..…………….4335 

Author: Dierckx, R. / Kistner, G. / Meister, H. 

Title: Method and Means for the Pulsation of Nuclear Reactors 

Date: 1/1/1965 

Report: DE 1184873 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Fissionable Materials; Magnetic Materials; 
Motion; Pulse Generators; Pulses; Reactor Core; Reactors 



 

C-4343 

4336…..…..…………………..…….……..……ID Number…………………..…..…………….4336 

Author: Kistner, G. / Meister, H. / Raievski, V. 

Title: Pulsed Neutron Source Produced from a Fast Reactor 

Date: 1/14/1965 

Report: DE 1185307 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Criticality; Fast Neutrons; 
Fissionable Materials; Neutron Sources; Planning; Pulses; Reactors; Reflectors; Shielding; Windows 



 

C-4344 

4337…..…..…………………..…….……..……ID Number…………………..…..…………….4337 

Author: Syros, C. 

Title: Method of Local Reduction of the Neutron Flux Density in a Nuclear Reactor During the Exchange 
of Fuel Elements 

Date: 2/11/1965 

Report: DE 1186957 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Configuration; Control; Control 
Elements; Density; Fuel Elements; Mechanical Structures; Neutron Flux; Neutrons; Planning; Reactor 
Core; Reactor Fueling; Reactors 



 

C-4345 

4338…..…..…………………..…….……..……ID Number…………………..…..…………….4338 

Author: Fishman, Y. 

Title: Method for Operation of a Nuclear Reactor and Nuclear Reactor for Carrying Out this Method 

Date: 4/29/1965 

Report: DE 1191919 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control Systems; Coolants; Fluid Flow; 
Neutron Flux; Operation; Reactors; Temperature; Velocity 



 

C-4346 

4339…..…..…………………..…….……..……ID Number…………………..…..…………….4339 

Author: Maennich, O. 

Title: Method of Carrying Out Chemical Metallurgical Processes with Use of the Heat, Which Is Produced 
in a Nuclear Reactor 

Date: 6/16/1965 

Report: DE 1194994 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Chemistry; Inorganic and Physical Chemistry; Chemical Reactions; Control; Control 
Elements; Cooling; Criticality; Heating; Metallurgy; Power Plants; Reactors; Temperature; Uses 



 

C-4347 

4340…..…..…………………..…….……..……ID Number…………………..…..…………….4340 

Author: Amano, N. 

Title: Circuit Arrangement for the Measurement of the Reciprocal of the Period of a Nuclear Reactor 

Date: 11/18/1965 

Report: DE 1205206 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Circuits; Frequency; Measured Values; 
Neutron Detection; Neutron Flux; Oscillations; Oscillators; Radiation Detectors; Reactivity; Reactors; 
Signals 



 

C-4348 

4341…..…..…………………..…….……..……ID Number…………………..…..…………….4341 

Author: Friedling, G. / Vaux, C. 

Title: Connection Arrangement for Measuring the Periods of Nuclear Reactors 

Date: 2/10/1966 

Report: DE 1210499 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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4342…..…..…………………..…….……..……ID Number…………………..…..…………….4342 

Author: Flachs, P. / Lapicque, G. / Nicolo, G. 

Title: Process and Device for Measuring the Excess Reactivity for a Reactor in the Subcritical Region 

Date: 4/1/1966 

Report: DE 1213934 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Decay; Electric Potential; 
Instruments; Measured Values; Neutron Flux; Neutron Sources; Planning; Quantity Ratio; Radiation 
Detectors; Reactivity; Reactors; Shape; Variations 



 

C-4350 

4343…..…..…………………..…….……..……ID Number…………………..…..…………….4343 

Author: Challender, R. S. 

Title: Control Mechanism for Nuclear Reactors 

Date: 7/1/1966 

Report: DE 1227574 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Configuration; Control Elements; 
Criticality; Cylinders; Design; Machine Parts; Operation; Pistons; Pressure; Safety; Valves; Water 



 

C-4351 

4344…..…..…………………..…….……..……ID Number…………………..…..…………….4344 

Author: Bubowskii, B. G. / Bogatyrew, W. K. / Wladykow, G. M. / Swiridenko, W. J. 

Title: Storage and Processing System for Fissile Materials 

Date: 3/4/1976 

Report: DE 2239050 /B 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The invention concerns the construction of a radiation protection wall by which the 
reflection of neutrons in a container arranged in the vicinity of the wall is reduced. The radiation protection 
wall has a coating of neutron-retarding material on top of which there is a layer of neutron absorbing 
material, the former having a surface structured with regular projections and recesses spaced at 1/8 to 3 
neutron ranges. The recesses may be filled with porous material or take up neutron radiation detectors. 
Other construction features are described. 



 

C-4352 

4345…..…..…………………..…….……..……ID Number…………………..…..…………….4345 

Author: Pfeifer, K. / Kuhn, K. D. / Scheffler, K. 

Title: Arrangement of Filters to Filter Fissile Material Out of a Suspension 

Date: 11/10/1977 

Report: DE 2618505 /A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fissile materials obtained during reprocessing, e.g. Pu-oxalate finely dispersed in a 
suspension, is to be separated in such manner that the amounts obtained are never higher than the critical 
mass of the material. The invention proposes to lead the suspension through a rotable filter trough whose 
diameter depends on the critical amount of material. The filter cake is cut into pieces by wires on falling 
into the collecting pan. Technical details of the arrangement are given. 



 

C-4353 

4346…..…..…………………..…….……..……ID Number…………………..…..…………….4346 

Author: Wade, E. E. 

Title: Facility for Storing Elongated Nuclear Fuel Assemblies 

Date: 8/4/1977 

Report: DE 2655403 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The patent deals with a reduction of the space and financial effort caused by 
simultaneous storage of several core charges of spent fuel, which possibly may be required in the future. 
This facility tries to find an optimal solution by means of a compact but sufficiently safe configuration. 
Thereby it is avoided to place the active zones of neighboring fuel assemblies, extending only over part of 
their length, e.g. 1/4, directly beside one another, i.e. at the same level. Thus the hazard of a reciprocal 
reaction as well as the local concentration of the heat going to be produced is excluded. A framework 
contains cells, arranged close together in a honeycomb structure, each of which may contain a vertically 
placed fuel assembly. By means of a bottom plate which is individually adjusted within each cell each fuel 
assembly is positioned in a level which is different from that of the 6 neighboring assemblies surrounding 
it. It is shown that this requirement is met by only 4 level steps. Thus in the rows 1, 3, 5 etc. the levels ’a' 
and ’b' are alternatingly fixed and in the rows 2, 4, 6 etc. the levels ’c' and ’d'. Always two of the 6 
neighboring assemblies of a fuel assembly with the level ’a' are positioned at the levels ’b', ’c', and ’d'. The 
difference of level from one step to the next is equal to the length resp. 



 

C-4354 

4347…..…..…………………..…….……..……ID Number…………………..…..…………….4347 

Author: Bevilacqua, F. 

Title: Device to Store Fissionable Masses 

Date: 8/18/1977 

Report: DE 2701137 /A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The storage device serves to store under water, e.g., new or spent fuel assemblies 
while accounting for the critical geometry and the seismic criteria of NRC. Therefore the storage device is 
designed in such manner that the fuel assemblies are arranged in tube-shaped, neutron-absorbing shieldings 
of e.g. square cross-section perimetrically enclosing the fissionable masses. These shieldings are supported 
by two grids placed at different heights. The grids themselves consist each of two parallel rows of bands 
lying one above the other and forming an angle with respect to one another. The bands as well as the 
shieldings consist of stainless steel. At least two intersecting bands are welded to a shield. The distance of 
the individual shields from one another is greater than the largest cross-section of the shields plus a 
minimum neutron slowing-down length. 
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4348…..…..…………………..…….……..……ID Number…………………..…..…………….4348 

Author: Vietzke, H. / Bernhardt, R. 

Title: Flat Tank for Enriched Fissionable Material 

Date: 11/16/1978 

Report: DE 2721183 /A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The flat tank serves to contain solutions of enriched uranium. In regular intervals 
spacers are welded into it. They have the shape of pins with a cylindrical shank and disc-respectively plate-
shaped ends, the transition from the shank to the ends being rounded off. In case of a pressure vessel the 
roundness is circular. At higher internal pressure (> 3 bar) the plate surfaces are made tretagonal or 
hexagonal and directly buttwelded to each other. By this means the inner cross-section becomes spherical. 



 

C-4356 

4349…..…..…………………..…….……..……ID Number…………………..…..…………….4349 

Author: Schulze, I. / Gutscher, E. 

Title: Nuclear Reactor 

Date: 1/31/1980 

Report: DE-2055577 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The core contains a critical mass of UN or U2N3 in the form of a noncritical solution 
with melted Sn being kept below a N atmosphere. The lining of the reactor core consists of graphite. If 
fission progresses part of the melted metal solution is removed and cleaned from fission products. The 
reactor temperatures lie in the range of 300 to 2000 deg C. (Examples and tables). 
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4350…..…..…………………..…….……..……ID Number…………………..…..…………….4350 

Author: Barnett, S. 

Title: Lattice Calculations for Slightly Enriched Uranium Oxide - Light Water Assemblies 

Date: 4/1/1960 

Report: DEG Memorandum 812 (R) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Bucking relationships were derived/applied to three sets of LEU rod experiments of 
differing enrichments, then used to predict critical parameters within the enrichment range and lattice 
parameters. 
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4351…..…..…………………..…….……..……ID Number…………………..…..…………….4351 

Author: Perks, M. A. 

Title: Criticality Data for Homogeneous Uranium-Water Mixtures of Enrichments in the Range 5 to 93% 

Date: 1/1/1960 

Report: DEG Report 153 (R) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses diffusion theory, buckling conversions, etc. to calculate simple-geometry limits 
for design applications. 
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4352…..…..…………………..…….……..……ID Number…………………..…..…………….4352 

Author: Charlesworth, F. R. 

Title: Critical Mass Data for Low-Enriched Uranium Systems 

Date: 1/1/1959 

Report: DEG Report 25 (R) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4353…..…..…………………..…….……..……ID Number…………………..…..…………….4353 

Author: Thornton, D. E. J. 

Title: The Effect of Isotopic Content on the Criticality of Plutonium-Water Systems 

Date: 1/1/1960 

Report: DEG Report 82 (R) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Discusses need for Pu integral data to support credit for 240Pu content, for 
design/operation of processing facilities. 
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4354…..…..…………………..…….……..……ID Number…………………..…..…………….4354 

Author: Perka, M. A. / Thornton, D. E. J. 

Title: Criticality of Homogeneous Uranium Systems of Enrichment Below 2.5% 

Date: 2/1/1960 

Report: DEG-MEMO-417 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses U. S. and British LEU experiments, applies diffusion/buckling methods to 
calculate simple-geometry limits for chemical plant designs. 
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4355…..…..…………………..…….……..……ID Number…………………..…..…………….4355 

Author: Smith, J. C. / Parker, A. V. / Walford, J. G. / White, C. 

Title: Criticality of 30% Enriched Uranium Solutions in Cylindrical Geometry. Interim Report 

Date: 3/1/1960 

Report: DEG-MEMO-633 (D) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An experimental survey is being carried out jointly by AWRE and DERE of the 
critical parameters of uranium-hydrogen mixture at 30% enrichment. The DERE phase of this survey is 
concerned with the criticality of aqueous uranium solutions and covers the range in hydrogen to uranium-
235 ratio from about 50 upwards; the AWRE phase will make use of solid compacts of uranium-dioxide 
and paraffin. 
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4356…..…..…………………..…….……..……ID Number…………………..…..…………….4356 

Author: McKinlay, P. / Charlesworth, F. R. 

Title: Shielding Against Critical Excursions in Plants Processing Fissile Materials 

Date: 3/29/1960 

Report: DEG-Report-123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nominal wall thicknesses such as 2 ft of concrete have been mentioned as being 
sufficient to protect an operator from radiation injury in fissile- material processing excursions. The 
probable radiation hazard for a standard incident of 10/sup 17/ fissions is defined, and the effects of 
shielding and prompt operator action are defined. The implications of increasing standard wall thicknesses 
to a sufficient extent to protect an operator from receiving an emergency dose of 25 R are discussed. 



 

C-4364 

4357…..…..…………………..…….……..……ID Number…………………..…..…………….4357 

Author: Diggle, W. R. / Jardine, G. C. 

Title: The Assay of Sulphur and Tantalum Discs from Criticality Incident Dosimeters 

Date: 4/5/1960 

Report: DEG-Report-156 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work on the selection of methods to be used, in the event of a critical incident, for 
the assay of P/sup 32/ and Ta/sup 182/ is described. Techniques considered are end-window Geiger 
counting, gamma scintillation counting, and beta scintillation counting. Conclusions and recommendations 
are presented and procedures are detailed in appendixes. 



 

C-4365 

4358…..…..…………………..…….……..……ID Number…………………..…..…………….4358 

Author: Thornton, G. 

Title: Criticality of Poorly Moderated Plutonium Systems 

Date: 1/1/1959 

Report: DEG-Report-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4366 

4359…..…..…………………..…….……..……ID Number…………………..…..…………….4359 

Author: Ackroyd, R. T. / Ball, J. M. 

Title: The Multi-Group Albedo Method 

Date: 5/15/1961 

Report: DEG-Report-96 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A multi-group version is given of the albedo method for calculating the critical sizes 
of fast cores with moderating reflectors. Fairly accurate results for critical sizes were obtained for bare 
spheres and cylinders of U/sup 2//sup 3/ /sup 5/ and Pu/sup 2//sup 3/>s9< s without the need to adjust the 
core cross- sections, as in the simple albedo method which uses one group in the core and two groups in 
the reflector. The multi-group albedo method, because of its simplicity, in suitable for calculations on the 
interaction of arrays of fissile cores. The method can be applied also to cores of awkward shape without 
any difficulty. 



 

C-4367 

4360…..…..…………………..…….……..……ID Number…………………..…..…………….4360 

Author: n. a. 

Title: Embellage pour le Transport des Elements Combustibles Irradies 

Date: 3/14/1977 

Report: Demande de Brevet d'Invention No. 77 07568 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4361…..…..…………………..…….……..……ID Number…………………..…..…………….4361 

Author: Ribeiro, A. A. T. / Muniz, A. A. B. 

Title: Modelo de Simulacao da Operacao de Usinas Nucleares para Pjanejamento 

Date: 7/1/1979 

Report: DENE-TN-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4369 

4362…..…..…………………..…….……..……ID Number…………………..…..…………….4362 

Author: Yuki, A. 

Title: Present State and Problems of Uranium Fuel Fabrication Businesses 

Date: 6/1/1981 

Report: Denki Kyokai Zasshi, 692, 18-23 

Conference/Journal: Denki Kyokai Zasshi (Japan) 

Conference Session:  

Abstract/Keyterms: The businesses of uranium fuel fabrication converting uranium hexafluoride to 
uranium dioxide powder and forming fuel assemblies are the field of most advanced industrialization 
among nuclear fuel cycle industries in Japan. At present, five plants of four companies engage in this 
business, and their yearly sales exceeded 20 billion yen. All companies are planning the augmentation of 
installation capacity to meet the growth of nuclear power generation. The companies of uranium fuel 
fabrication make the nuclear fuel of the specifications specified by reactor manufacturers as the 
subcontractors. In addition to initially loaded fuel, the fuel for replacement is required, therefore the demand 
of uranium fuel is relatively stable. As for the safety of enriched uranium flowing through the fabricating 
processes, the prevention of inhaling uranium powder by workers and the precaution against criticality are 
necessary. Also the safeguard measures are imposed so as not to convert enriched uranium to other purposes 
than peaceful ones. The strict quality control and many times of inspections are carried out to insure the 
soundness of nuclear fuel. The growth of the business of uranium fuel fabrication and the regulation of the 
businesses by laws are described. As the problems for the future, the reduction of fabrication cost, the 
promotion of research 



 

C-4370 

4363…..…..…………………..…….……..……ID Number…………………..…..…………….4363 

Author: Amano, F. 

Title: An Analytical Approach for the Combined Age-Diffusion Equation 

Date: 10/1/1963 

Report: Denki Shikensho Iho (Japan) Vol: 27 

Conference/Journal: Denki Shikensho Iho (Japan) 

Conference Session:  

Abstract/Keyterms: An analytic method is developed for the solution of the multiregion reactor system. 
The neutron fluxes are expanded in a series of eigenfunctions which are solutions of the Helmholtz 
equation, the eigenvalue problem is derived from the equation satisfied by these expansion coefficients, 
and thus the criticality condition considering completely the fast-neutron-flux space dependence is de nlved. 
This method is developed for one- and two-dimensional problems. As an example, calculations for a 
fictitious slab reactor are made on the IBM-7090 and ETL Mark V. 



 

C-4371 

4364…..…..…………………..…….……..……ID Number…………………..…..…………….4364 

Author: Amano, F. 

Title: A New Analytic Method for the Solution of Two-Dimensional Multiregion Reactor Theory 

Date: 2/1/1963 

Report: Denki Shikensho Iho (Japan), 27 

Conference/Journal: Denki Shikensho Iho (Japan) Changed to Denshi Gijutsu Sogo Kenkyusho Iho 

Conference Session:  

Abstract/Keyterms: A new analytic method for the solution of two-dimensional (R,Z) multigroup 
multiregion problems is described. The solutions are gained by expanding each of the fluxes in a double 
series of eigenfunctions valid over the entire reactor, without the requirement that fluxes and currents be 
continuous at the interfaces in the conventional nuclear reactor theory. The eigenfunctions used are 
solutions of a two-dimensional Helmholtz equation that vanish at the outer boundary of the reactor. Finally, 
by applying this theory to a particular reactor, in which a cylindrical core is surrounded by cylindrical 
reflector symmetrically, the relations between the eigenvalue of the criticality equation and the number of 
modes of neutron flux are examined. 



 

C-4372 

4365…..…..…………………..…….……..……ID Number…………………..…..…………….4365 

Author: Nagayama, S. 

Title: Critical Equation of Reactor. II. on the Neutron Temperature 

Date: 4/1/1963 

Report: Denki Shikensho Iho (Japan),Vol: 27 

Conference/Journal: Denki Shikensho Iho (Japan) Changed to Denshi Gijutsu Sogo Kenkyusho Iho; 
Vol: 27 

Conference Session:  

Abstract/Keyterms: A critical calculation was carried out on a D2O reactor according to the same theory 
concerning a critical equation of a reactor that uses the eigen cross sections as is given in a previous report, 
and the validity of this theory was demonstrated. These results are compared with results obtained by other 
methods that use the effective cross section. It was concluded that this method is superior to other ones 
from the viewpoint of the accuracy of calculation and the length of the time required for the calculation. 



 

C-4373 

4366…..…..…………………..…….……..……ID Number…………………..…..…………….4366 

Author: Sato, T. 

Title: Optimal Power Decrease for Minimizing Xenon Poisoning 

Date: 6/1/1965 

Report: Denki Shikensho Iho (Japan): Vol: 29 

Conference/Journal: Denki Shikensho Iho (Japan) Changed to Denshi Gijutsu Sogo Kenkyusho Iho 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Control; Efficiency; Iodine 135; 
Mathematics; Neutron Flux; Neutrons; Numericals; Poisoning; Power; Quantity Ratio; Reactors; 
Variations; Xenon 135 



 

C-4374 

4367…..…..…………………..…….……..……ID Number…………………..…..…………….4367 

Author: Nagayama, S. 

Title: The Critical Equation of Reactor. I. Theory 

Date: 1/1/1963 

Report: Denki Shikensho Iho (Japan); Vol: 27 

Conference/Journal: Denki Shikensho Iho (Japan) Changed to Denshi Gijutsu Sogo Kenkyusho Iho 

Conference Session:  

Abstract/Keyterms: A second-order differential equation is developed to describe the asymptotic space 
dependent thermal neutron spectrum in a finite medium by using Wilkin's method in the thermal energy 
region, and the fast neutron spectrum is assumed to be of 1/E distribution. The differential equation is 
expanded by the space eigenfunction and the energy eigenfunction, and the critical equation of the energy-
space dependence on the neutron spectrum was developed. The conclusion shows that solving the effective 
cross section is equal to solving this critical equation which is higher in accuracy and is easier in calculation 
than usual critical equations. The usefulness of this method is emphasized. 



 

C-4375 

4368…..…..…………………..…….……..……ID Number…………………..…..…………….4368 

Author: Matsumura, T. / Mimura, M. / Naito, Y. 

Title: Development of a Multi-Group Nuclear Constants Library for Light Water Reactors 

Date: 8/1/1980 

Report: Denryoku Chuo Kenkyusho Hokoku, 279065, 1-51 

Conference/Journal: Denryoku Chuo Kenkyusho Hokoku (Japan) 

Conference Session:  

Abstract/Keyterms: The Multi-Group Nuclear Constants Library (MGCL) was developed to reduce 
difficulty in producing multi-group nuclear constants which are essential to analyses of LWR's. A computer 
code system to produce the MGCL with the Nuclear data file ENDF/B-IV and another computer code 
system to produce multi-group nuclear constants with the MGCL were developed. To evaluate the MGCL 
and the computer code systems, analyses of critical experiments at the Tank-Type critical Assembly (TCA) 
were performed with the Monte Carlo Code KENO-IV. Following two conclusions were attained. (1) At 
whole experiment geometry computed effective multiplication factors (k(eff)) were agreed with measured 
ones within about 1% deltak/k. (2) Computed power distributions were generally agreed with measured 
ones. 



 

C-4376 

4369…..…..…………………..…….……..……ID Number…………………..…..…………….4369 

Author: Artur, Y. 

Title: Densite des Solutions Aqueuses de Sulfate de Plutonium IV 

Date: 9/1/1957 

Report: Département de Chimie /Service Plutonium /N° 73 Septembre 1957, 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019 



 

C-4377 

4370…..…..…………………..…….……..……ID Number…………………..…..…………….4370 

Author: n.a. 

Title: Research Intentions Concerning the Advanced Instrumentation of Nuclear Reactors and the 
Dynamics and Stability of Large Power Reactors with Regard to Safety. Annual Report 1970 

Date: 1/1/1970 

Report: DEU-72-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Control Systems; Nuclear Power Plants- Reactor Instrumentation; 
On-Line Control Systems- Research Programs; Reactor Instrumentation- Reliability; Computers; 
Criticality; Data Processing; Reactor Components; Reactor Kinetics; Reactor Operation; Reactor Safety; 
Specifications; Stochastic Processes; Transients 



 

C-4378 

4371…..…..…………………..…….……..……ID Number…………………..…..…………….4371 

Author: Coleman, J. R. 

Title: Review of ANSI Nuclear Standards Activities 

Date: 4/28/1974 

Report: DHEW/FDA-75-8010; CONF-740483- 

Conference/Journal: Annual national conference on radiation control, San Antonio, Texas, USA, 28 Apr 
1974 

Conference Session:  

Abstract/Keyterms: Physics (Radiation & Shielding)-Radiation Source Calibration & Standardization; 
Physics (Radiation & Shielding)-Radiation Protection Standards; Reactor Technology & Regulation; 
Isotope & Radiation Source Technology-Radiation Sources; Life Sciences; Chemistry-Radiochemistry & 
Nuclear Chemistry; Physics (Nuclear, Experimental)-Nuclear Properties & Reactions, 90 <= A <= 149; 
Instrumentation; Criticality- Standards; Nuclear Energy- Standards; Nuclear Industry- Standards; Nuclear 
Medicine- Standards; Radioactive Materials- Standards; Hospitals; Materials Testing; Nuclear Fuels; 
Nuclear Materials Management; Nuclear Power Plants; Radiation Detectors; Radiation Protection; 
Radiation Sources; Radioactive Waste Disposal; Radiotherapy; Reactors; Safety Standards 



 

C-4379 

4372…..…..…………………..…….……..……ID Number…………………..…..…………….4372 

Author: n. a. 

Title: Digest Institute of Physics and Power Engineering. Moscow, Atomizdat, 1974, P. 11 

Date: 1/1/1974 

Report: Digest Institute of Physics and Power Engineering." Moscow, Atomizdat, 1974, p. 11 

Conference/Journal: Digest Institute of Physics and Power Engineering 

Conference Session:  

Abstract/Keyterms: IEU-COMP-THERM-002 



 

C-4380 

4373…..…..…………………..…….……..……ID Number…………………..…..…………….4373 

Author: n. a. 

Title: Criticality Safety in Processing and Handling Fissile Materials. Pt. 2. Criticality Data for Uranium 
235 Metal Light-Water Mixtures; Kritikalitaetssicherheit Bei der Herstellung Und Handhabung Von 
Kernbrennstoffen. T. 1. Kritikalitaetsdaten Fuer Uran-235- 

Date: 8/1/1975 

Report: DIN-25403 (Pt.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Engineering--Facilities & Equipment--Handling Equipment & Procedures; Uranium 235-- Criticality; 
Configuration Control; Data; Metals; Mixtures; Neutron Reflectors; Specifications; Standards; Water 



 

C-4381 

4374…..…..…………………..…….……..……ID Number…………………..…..…………….4374 

Author: n. a. 

Title: Criticality Safety in Processing and Handling Fissile Materials. Pt. 3. Criticality Data for Plutonium 
239 Metal Light-Water-Mixtures; Kritikalitaetssicherheit Bei der Herstellung Und Handhabung von 
Kernbrennstoffen. T. 3. Kritikalitaetsdaten Fuer Plutoni 

Date: 8/1/1975 

Report: DIN-25403 (Pt.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Engineering--Facilities & Equipment--Handling Equipment & Procedures; Plutonium 239-- Criticality; 
Configuration Control; Data; Metals; Mixtures; Neutron Reflectors; Nuclear Fuels; Specifications; Water 



 

C-4382 

4375…..…..…………………..…….……..……ID Number…………………..…..…………….4375 

Author: n. a. 

Title: Criticality Safety in Processing and Handling Fissile Materials. Criticality Data for Uranium 235 
Dioxide Light Water Mixtures. Draft; Kritikalitaetssicherheit Bei der Herstellung und Handhabung von 
Kernbrennstoffen. Kritikalitaetsdaten Fuer Uran 235-Diox 

Date: 1/1/1977 

Report: DIN-25403 Bl. 4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the form of numerical data and graphical representations the smallest critical values 
for a system of uranium-235 dioxide homogeneously distributed in light water at maximum reflection 
through water are given. 



 

C-4383 

4376…..…..…………………..…….……..……ID Number…………………..…..…………….4376 

Author: n. a. 

Title: Criticality Safety in Processing and Handling Fissile Materials. Criticality Data for Plutonium-239-
Dioxide Light-Water-Mixtures 

Date: 1/1/1977 

Report: DIN-25403 Bl. 5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the form of numerical data and graphical representations the smallest critical values 
for plutonium-239-dioxide light-water-mixtures in dependence of the moderator-fuel ratio are given. 



 

C-4384 

4377…..…..…………………..…….……..……ID Number…………………..…..…………….4377 

Author: n. a. 

Title: Criticality Safety in Processing and Handling Fissile Materials. Criticality Data for Plutonium-239 
Nitrate Light-Water-Mixtures 

Date: 1/1/1977 

Report: DIN-25403 Bl. 6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the form of numerical data and graphical representations, the smallest critical 
values for a system of plutonium 239 nitrate homogeneously distributed in light water at maximum 
reflection through light water are given. 



 

C-4385 

4378…..…..…………………..…….……..……ID Number…………………..…..…………….4378 

Author: n. a. 

Title: Criticality Safety in Processing and Handling Fissile Materials/Principles/Kritikalitaetssicherheit Bei 
der Verarbeitung Und Handhabung von Kernbrennstoffen. Grundsaetze 

Date: 9/1/1990 

Report: DIN-25403(pt.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities. The core of nuclear reactors is to be excluded. The standard 
contains technical criteria and recommendations to assure criticality safety in processing and handling of 
fissile materials. The subject of the present part 1 of the standard is general criteria, principles of safety and 
criteria of criticality safety. The draft suspended DIN 25403 (pt. 1), version 1980. 



 

C-4386 

4379…..…..…………………..…….……..……ID Number…………………..…..…………….4379 

Author: n. a. 

Title: Criticality Safety in Processing and Handling of Fissile Materials 

Date: 10/1/1981 

Report: DIN-25403(Pt.8) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The indicated numerical values and curves refer to an isolated system of uranyl nitrate 
(UO2 (NO3)2) (100% uranium-235) homogeneously distributed in light water (H2O) with maximum 
reflection by light water. Maximum reflection is obtained by an at least 30 cm thick water layer with a 
density of 1 g/cc. 



 

C-4387 

4380…..…..…………………..…….……..……ID Number…………………..…..…………….4380 

Author: n. a. 

Title: Measures of Administrative Character for Conservation of Criticality Safety in Nuclear Facilities 
Excluding Reactors 

Date: 1/1/1987 

Report: DIN-25474 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Determination and Checking / Enrichment / Fissile Fuel Composition / Fissile Fuel 
Content / Mass / Density / Concentration / Moderating Degree /Chemical Composition 



 

C-4388 

4381…..…..…………………..…….……..……ID Number…………………..…..…………….4381 

Author: n. a. 

Title: Kritikalit¨Atssicherheit bei der Herstellung und Handhabung von Kernbrennstoffen. 
Kritikalit¨Atsdaten f¨ur Niedrig Angereicherte Urandioxid-Stabgitter in Wasser 

Date: 1/1/1980 

Report: DIN-Norm 25403, Teil 7, DIN Deutsches Institut f¨ur Normung 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4389 

4382…..…..…………………..…….……..……ID Number…………………..…..…………….4382 

Author: n. a. 

Title: Research, Test and Experimental Reactors 

Date: 1/1/1965 

Report: Directory of Nuclear Reactors, Vol. V, IAEA, Vienna 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-4390 

4383…..…..…………………..…….……..……ID Number…………………..…..…………….4383 

Author: n. a. 

Title: Directory of Nuclear Reactors: Reactor RA, Vol. V, pp. 217-222 

Date: 12:00:00 AM 

Report: Directory of Nuclear Reactors: Reactor RA, Vol. V, pp. 217-222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-002 



 

C-4391 

4384…..…..…………………..…….……..……ID Number…………………..…..…………….4384 

Author: Markett, J. 

Title: Methodology and Development of Instruments for the Safety Analysis of a Nuclear Reprocessing 
Plant 

Date: 7/16/1987 

Report: Diss [Dr.-Ing.]/Aachen, Germany, F.R.: Technische Hochschule, 16 Jul 1987/247 pp 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Safety Analyses / Wackersdorf / Design-Basis Accidents / Criticality, Self-Heating, 
Fire, Explosion, Leakages, Earthquakes 



 

C-4392 

4385…..…..…………………..…….……..……ID Number…………………..…..…………….4385 

Author: Ravets, J. M. 

Title: Use of Nonuniform Moderation to Obtain Flat Flux and Power for Nuclear Reactors and Related 
Topics 

Date: 2/1/1962 

Report: Dissertation Abstr.; Vol: 22 

Conference/Journal: Dissertation Abstr. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Beryllium Moderator; Computers; Configuration; 
Criticality; Cross Sections; Cylinders; Density; Differential Equations; Diffusion; Digital Systems; 
Distribution; Enrichment; Fuel Elements; Graphite Moderator; Group Theory; Heavy Water Moderator; 
Mass; Mixing; Moderators; Neutron Flux; Neutrons; Numericals; Plates; Poisoning; Programming; Reactor 
Core; Reactors; Reflectors; Spheres; Thermal Neutrons; Thickness; Variations; Water Moderator 



 

C-4393 

4386…..…..…………………..…….……..……ID Number…………………..…..…………….4386 

Author: Stevens, C. A. 

Title: The Harmonics Method for Nuclear Reactor Analysis 

Date: 7/1/1962 

Report: Dissertation Abstr.; Vol: 23 

Conference/Journal: Dissertation Abstr. 

Conference Session:  

Abstract/Keyterms: The harmonics method for the analysis of nuclear reactors was developed to a much 
greater extent than has been published previously. The multigroup diffusion equations commonly used for 
reactor criticality calculations are solved by expanding the fluxes in terms of eigenfunctions of the 
Helmholtz equation. In this manner, the original coupled differential equations are reduced to algebraic 
equations. The number of these equations is quite large for most practical applications. Thus an iterative 
procedure, based on a variational principle, is developed to handle the equations in a very efficient manner. 
In this way, the neutron fluxes, flux adjoints, and effective multiplication factor of a reactor are obtained. 
A similar procedure is developed for the non-critical reactor. By taking Laplace transforms of the time-
dependent multigroup equations, a generalized inhour equation is obtained. The harmonics method is shown 
to compare quite favorably with the more commonly used finite difference methods. 



 

C-4394 

4387…..…..…………………..…….……..……ID Number…………………..…..…………….4387 

Author: Semenov, V. P. 

Title: Research and Development of a Method of Spectrometry of Neutrons in a Wide Energy Range (from 
0.025 eV up to 15 MeV) 

Date: 1/1/1975 

Report: Dissertation on Competition of a Scientific Degree of Candidate of Physical and Mathematical 
Sciences, Obninsk, 1975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ALARM-CF-FE-SHIELD-001 



 

C-4395 

4388…..…..…………………..…….……..……ID Number…………………..…..…………….4388 

Author: n. a. 

Title: Version 4, Standard Neutron Cross Section Data Library Based in Part on ENDF/B-V, (1994) 

Date: 12:00:00 AM 

Report: DLC-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4389…..…..…………………..…….……..……ID Number…………………..…..…………….4389 

Author: n.a. 

Title: Control Rod Positions for Criticality. Core 1, Seed 1, 5532.3 EFPH. Section 1. Test Results T-550130 

Date: 10/1/1960 

Report: DLCS-1490109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical bank heights and bank worths for various rod configurations at ambient 
temperature were determined and are presented. 
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4390…..…..…………………..…….……..……ID Number…………………..…..…………….4390 

Author: n.a. 

Title: Control Rod Positions for Criticality 0 EFPH. Core 1, Seed 2. Test Results T-550130. Section 2 

Date: 8/1/1960 

Report: DLCS-1490110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical bank heights and worths were determined for various rod configurations 
at ambient temperature. Results are reported. 



 

C-4398 

4391…..…..…………………..…….……..……ID Number…………………..…..…………….4391 

Author: n.a. 

Title: Control Rod Positions for Criticality. Core I, Seed 1. 5532 EFPH. Section 2. Test Results T-550130 

Date: 10/17/1960 

Report: DLCS-1490208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical control rod bank heights and bank worths were determined for three 
different control rod configurations in the Shippingport PWR at 520 deg F and 1800 psig after 5,532 EFPH's 
of reactor operation. 
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4392…..…..…………………..…….……..……ID Number…………………..…..…………….4392 

Author: n.a. 

Title: Control Rod Positions for Criticality 0 EFPH. Core I, Seed 2. Test Results (T-550130) 

Date: 7/13/1960 

Report: DLCS-1490209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical bark heights and bark worths were determined for four different control 
rod configurations of the Shippingport Pressurized Water Reactor at O EFPH with a coolant temperature 
of 500 deg F and a pressure of 1800 psig. 



 

C-4400 

4393…..…..…………………..…….……..……ID Number…………………..…..…………….4393 

Author: n.a. 

Title: Calibration and Intercomparison of Control Rods. Core I, Seed 2. Test Results (T-550131) 

Date: 1/13/1961 

Report: DLCS-1500103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation was conducted to determine the reactivity symmetry of the core, the 
mod worths and critical heights fon individual nods, and the cone reactivity with any one rod stuck in its 
uppermost position. The reactor remained subcritical with any single rod stuck in its uppermost position 
except in the cases of rods 8l, 82, and 83, however at the test conditions, criticality could not be established 
in these cases. 



 

C-4401 

4394…..…..…………………..…….……..……ID Number…………………..…..…………….4394 

Author: n.a. 

Title: Calibration and Intercomparison of Control Rods. Core I, Seed 1. 5532 EFPH. Section 3. Test Results 
T-550131 

Date: 10/28/1960 

Report: DLCS-1500301 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At the end of Core I, Seed 1 life a comparison of rod bank critical heights and bank 
worths in the four corners of the reactor showed that fuel depletion of the core was essentially uniform. The 
small discrepancy present did not affect operating characteristics at the end of Core 1, Seed 1 life. With a 
given number of control rods in bank, criticality is more readily obtained with the bank symmetrical about 
a corner of the core than with the bank symmetrical on a side. If adequate reactivity is present, any section 
of the core can be brought critical by the use of selective control rod grouping while the remainder of the 
core is held subcritical. 



 

C-4402 

4395…..…..…………………..…….……..……ID Number…………………..…..…………….4395 

Author: n.a. 

Title: Xenon Transient. Core I, Seed 1, EFPH 2790.5. Section 1. Test Results T-612081 

Date: 4/27/1961 

Report: DLCS-1560103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test on the Shippingport PWR was described, whose purposes were to determine if 
sufficient reactivity was present in the core to override a peak xenon transient, and to obtain data for rod 
worth calculations. Equilibrium xenon was established at 60 Mw net electrical output for approximately 35 
hours prior to shutdown. The flux was then reduced to approximately 100 mu mu a. The reactor was 
maintained critical by withdrawing or inserting rods as necessary. Startup rates were measured by a mu mu 
ammeter. The xenon transient was followed in this manner for 60 hours. Override of peak xenon occurred 
8 hr 50 min after shutdown. 



 

C-4403 

4396…..…..…………………..…….……..……ID Number…………………..…..…………….4396 

Author: n.a. 

Title: Xenon Transient. Core 1, Seed 1, EFPH 4947.6. Section 1. Test Results T-612081 

Date: 4/20/1961 

Report: DLCS-1560105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Tests were conducted to determine if sufficient reactivity was in the core to override 
a peak xenon transient. After 4947.6 EFPH, there was not enough excess reactivity to override the poisoning 
with all rods fully withdrawn. 
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Title: Xenon Transient Tests. Core I, Seed 2, 149.8 EFPH. Section 1. Test Results T-612081 

Date: 10/25/1960 

Report: DLCS-1560107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test was made to determine if there is sufficient excess reactivity in the core to 
override a peak xenon transient and to obtain data for rod-worth calculations. After 149.8 EFPH's of plant 
operation on seed 2, there was sufficient excess reactivity to override peak xenon. Criticality during peak 
xenon was maintained with group III and group IV rods inserted, group I rods withdrawn to approximately 
-69 in., and group II rods withdrawn to approximately - 29 in. The override of peak xenon occurred 8 hr 
and 45 min after shutdown. 
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Report: DLCS-1580302 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Tests were conducted to assure proper operation of the control-rod mechanisms of 
the Shippingport Pressurized Water Reactor under normal operating conditions. 
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Title: Initial Approach to Criticality. Core I, Seed 2. Test Results T-550126 

Date: 6/1/1960 

Report: DLCS-1600102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test was made to bring core 1, seed 2 to the critical condition and to determine the 
critical rod bank height. Core 1, seed 2 was brought to criticality on a rod bank consisting of the control 
rods on inverters one and seven at a rod bank height of 24.70 in. 
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Title: Basic Considerations in the Design of the Full Scale Heavy Water and Natural Uranium Power 
Reactor 

Date: 3/28/1959 

Report: DM-57; AECL-785 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An interim review is presented showing derivation of two reference designs for a 200-
megawatt nuclear generating plant. The first uses 31-element UO2 fuel in 4.25-inch inside diam. pressure 
tubes and has 204 channels. The second uses 19-element MPD-2 type) fuel in 3.25-inch inside diam. 
pressure tubes and has 296 fuel channels. A coolant outlet temperature of 570 F (300 C) allows a turbine 
cycle efficiency of 32 nd an over-all plant efficiency of 27.5 to 28.2%. By flux flattening and some 
enlargement of the reactor vessel (~ 130 tons D2O) the fuel requirement is greatly reduced and the burn-up 
slightly increased to about 10,000 Mwd/ton U. Results of some cost optimizing studies by a computer 
program are given in an appendix. Design aspects that promise further reduction in the cost of power are 
reviewed, in particular stronger zirconium alloys and revised construction for pressure tubes would permit 
still better steam conditions. Also further fuel development seems possible. 
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Title: Task-2 Assessment Oak Ridge Y-12 Facility DNFSB 94-4, November 28, 1995 
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Report: DNFSB 94-1 
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Title: Task-3 Assessment Oak Ridge Y-12 Facility DNFSB 94-4, October 1996 
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Title: Principles for the Protection of the Public and Workers in the Event of Accidental Releases of 
Radioactive Materials into the Environment and other Radiological Emergencies 
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Conference/Journal:  
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Abstract/Keyterms:  
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Title: Risk of Radiation-Induced Cancer at Low Doses and Low Dose Rates for Radiation Protection 
Purposes 
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Abstract/Keyterms:  
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Conference/Journal:  
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Abstract/Keyterms:  
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Title: Second Waste Package Probabilistic Criticality Analysis: Generation and Evaluation of Internal 
Criticality Configurations 

Date: 3/27/1996 

Report: Doc. No. BBA-000000-01717-2200-00005 Rev. 0, 55-62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis prepared by the Mined Geologic Disposal System (MGDS) Waste 
Package Development (WPD) department to provide an evaluation of the criticality potential within a waste 
package having sonic or all of its contents degraded by corrosion and removal of neutron absorbers. This 
analysis also intended to provide an estimate of the consequences of any internal criticality, particularly in 
terms of any increase in radionuclide inventory. These consequence estimates will be used as part of the 
WPD input to the Total System Performance Assessment. The ultimate objective of this analysis to augment 
the information gained from the Initial Waste Package Probabilistic Criticality Analyses (Ref. 5.8 and 5.9, 
hereafter referred to as IPA) to a degree which will support preliminary waste package design 
recommendations intended to reduce the risk of waste package criticality and the risk to total repository 
system performance posed by the consequences of any criticality. The IPA evaluated the criticality potential 
under the assumption that the waste package basket retained its structural integrity, so that the assemblies 
retained their initial separation, even when the neutron absorbers had been leached from the basket. This 
analysis based on the more realistic condition that removal of the neutron absorbers is a consequence of the 
corrosion of the steel in which they are contained, which has the additional consequence of reducing the 
structural support between assemblies. The result is a set of more reactive configurations having a smaller 
spacing between assemblies, or no inter-assembly spacing at all. Another difference from the IPA is the 
minimal attention to probabilistic evaluation given in this study. Although the IPA covered a time horizon 
to 100, 000 years, the lack of consideration of basket degradation modes made it primarily applicable to the 
first 10, 000 years. In contrast, this study, by focusing on the degraded modes of the basket, is primarily 
applicable to the post 10, 000 year time horizon. The principal probability related objective of this analysis 
to estimate the earliest time at which a criticality can possibly occur, as a function of several environmental 
and material performance parameters, the specific values of which are subject to great uncertainty. It should 
be noted that the longer the possibility of criticality is delayed, the less will be the probability of any 
criticality at all, because of the increased probability that the waste package bottom will be penetrated by 
corrosion so that the waste package can no longer hold enough water to provide the necessary moderation 
to support the criticality. 
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Amendment 6, Suppl 1 
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Title: Nuclear Fuel Recovery and Recycling Center. License Application, PSAR, Volume 7 

Date: 1/1/1976 

Report: DOCKET-50564-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Volume 7 comprises the Appendices for the Preliminary Safety Analysis Report. 
Contained in the Appendices are test boring records obtained from the Bear Creek Site located in Oak 
Ridge, TN; radionuclide content of the fuel to be processed; results of probabilistic analysis of tornado-
generated missiles; criticality safety bases; radionuclide behavior in accidents; and results of explosion 
calculations made by an outside consultant in support of the safety analyses for the center. 
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Abstract/Keyterms: Heterogeneities / Boron Field / Pressurized Water Reactor / TRAC-PF1 
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Abstract/Keyterms: This paper describes the validation, in accordance with ANSI/ANS-8.1-1983(R1988), 
of KENO V.a using the 27-group ENDF/B-IV cross section library for some neutronic systems containing 
highly-enriched uranium, carbon, and hydrogen. This constituent combination is present in many packaging 
applications for the safe transportation of fissile and fissionable materials. The validation has been 
performed for two separate computational platforms: an IBM 3090 mainframe and an HP 9000 Series 700 
workstation, both using the Oak Ridge Y-12 Plant Nuclear Criticality Safety Software (NCSS) code 
package. Critical experiments performed at the Oak Ridge Critical Experiments Facility in support of the 
Rover reactor program were identified as having the constituents desired for this validation as well as 
sufficient experimental detail to allow accurate construction of KENO V.a calculational models. Calculated 
values of k(eff) for the Rover experiments, which contain uranium, carbon, and hydrogen, are between 
1.0012 [+-] 0.0026 and 1.0245 [+-] 0.0023. These experiments can now be added to KENO V.a and other 
computer code critical experiment data bases which are used for validation and to establish upper limits on 
calculated values of k(eff) for specific applications. 
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Title: Occurrence Reporting and Processing of Operations Information 
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Conference/Journal:  
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Abstract/Keyterms: Notification and reporting requirements for abnormal events including criticality 
accidents 
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Abstract/Keyterms:  
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Conference/Journal:  
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Abstract/Keyterms:  
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Title: Site Characterization Plan, Overview, Yucca Mountain Site, Nevada Research and Development 
Area, Nevada 

Date: 12/1/1988 

Report: DOE.RW-0198 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To help the public better understand both the SCP and the site characterization 
program, the DOE has prepared this overview and the SCP Public Handbook. The overview presents 
summaries of selected topics covered in the SCP; it is not a substitute for the SCP. The organization of the 
overview is similar to that of the SCP itself, with brief descriptions of the Yucca Mountain site, the 
repository, and the containers in which the waste would be packaged, followed by a discussion of the 
characterization program to be carried out at the Yucca Mountain site. This overview is intended primarily 
for those persons who want to understand the general scope and basis of the site-characterization program, 
the activities to be conducted, and the facilities to be constructed without spending the time necessary to 
become familiar with all of the technical details presented in the SCP. For the readers of the SCP, the 
overview will be useful as a general guide to the plan. The SCP Public Handbook is a short document that 
contains brief descriptions of the SCP process and the contents of the SCP. It also explains how the public 
can submit comments on the SCP and lists the libraries and reading rooms at which the SCP is available 
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Title: Hanford Process Review 

Date: 12/1/1991 

Report: DOE/AD-0015 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is a summary of past incidents at the US Department of Energy’s (DOE) 
Hanford Site. The purpose of the report is to provide the major, significant, nuclear-safety-related incidents 
which incurred at the Hanford Site in a single document for ease of historical research. It should be noted 
that the last major accident occurred in 1980. This document is a summary of reports released and available 
to the public in the DOE Headquarters and Richland public reading rooms. This document provides no new 
information that has not previously been reported. This report is not intended to cover all instances of 
radioactivity release or contamination, which are already the subject of other major reviews, several of 
which are referenced in Section 1.3. 
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Title: Waste Isolation Pilot Plant Safety Analysis Report Volume 4 

Date: 1/1/1986 

Report: DOE/AL/05346-T6-Vol.4 

Conference/Journal:  
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Abstract/Keyterms: This Safety Analysis Report (SAR) has been prepared by the US Department of 
Energy (DOE) to support the construction and operation of the Waste Isolation Pilot Plant (WIPP) in 
southeastern New Mexico. The WIPP facility is designed to receive, inspect, emplace, and store 
unclassified defense-generated transuranic wastes in a retrievable fashion in an underground salt medium 
and to conduct studies and perform experiments in salt with high-level wastes. Upon the successful 
completion of these studies and experiments, WIPP is designed to serve as a permanent facility. The first 
chapter of this report provides a summary of the location and major design features of WIPP. Chapters 2 
through 5 describe the site characteristics, design criteria, and design bases used in the design of the plant 
and the plant operations. Chapter 6 discusses radiation protection; Chapters 7 and 8 present an accident 
analysis of the plant and an assessment of the long-term waste isolation at WIPP. The conduct of operations 
and operating controls and limits are discussed in Chapters 9 and 10. The quality assurance programs are 
described in Chapter 11. 
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Title: Augmented Evaluation of the False Criticality Alarm at Idaho Chemical Processing Plant 

Date: 5/1/1992 

Report: DOE/DP-0101T 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Office of Self-Assessment formed an Augmented Evaluation Team (AET) for an 
on-site diagnostic assessment of the CAS at ICPP. The AET’s on-site evaluation process included briefings 
by ICPP management, discussions with pertinent technical supervisors and managers, an examination of 
relevant CAS documentation, physical examination of failed equipment, and a walk-through of the ICPP 
CAS. The AET judged that the most probable direct causes of the CAS failure were the heat induced failure 
of a low voltage power supply combined with the concurrent and/or prior failure of its back-up nickel 
cadium (NiCad) battery located in the CAS. The battery was not adequately maintained. These judgments 
are consistent with WINCO’s analyses. 
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Conference/Journal: Office of Defense programs (DP) workshop in Albuquerque, New Mexico on May 
26-27, 1993 

Conference Session:  

Abstract/Keyterms: The Department of Energy (DOE) mission for utilization and storage of nuclear 
materials has recently changed as a result of the end of the ``Cold War`` era. Past and current plutonium 
storage practices largely reflect a temporary, in-process, or in-use storage condition which must now be 
changed to accommodate longer-term storage. This report summarizes information concerning current 
plutonium metal and oxide storage practices which was presented at the Office of Defense programs (DP) 
workshop in Albuquerque, New Mexico on May 26-27, 1993 and contained in responses to questions by 
DP-62 from the field organizations. 



 

C-4436 

4429…..…..…………………..…….……..……ID Number…………………..…..…………….4429 

Author: n. a. 

Title: Plutonium Finishing Plant safety evaluation report 
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Conference/Journal:  
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Abstract/Keyterms: The Plutonium Finishing Plant (PFP) previously known as the Plutonium Process and 
Storage Facility, or Z-Plant, was built and put into operation in 1949. Since 1949 PFP has been used for 
various processing missions, including plutonium purification, oxide production, metal production, parts 
fabrication, plutonium recovery, and the recovery of americium (Am-241). The PFP has also been used for 
receipt and large scale storage of plutonium scrap and product materials. The PFP Final Safety Analysis 
Report (FSAR) was prepared by WHC to document the hazards associated with the facility, present safety 
analyses of potential accident scenarios, and demonstrate the adequacy of safety class structures, systems, 
and components (SSCs) and operational safety requirements (OSRs) necessary to eliminate, control, or 
mitigate the identified hazards. Documented in this Safety Evaluation Report (SER) is DOE’s independent 
review and evaluation of the PFP FSAR and the basis for approval of the PFP FSAR. The evaluation is 
presented in a format that parallels the format of the PFP FSAR. As an aid to the reactor, a list of acronyms 
has been included at the beginning of this report. The DOE review concluded that the risks associated with 
conducting plutonium handling, processing, and storage operations within PFP facilities, as described in 
the PFP FSAR, are acceptable, since the accident safety analyses associated with these activities meet the 
WHC risk acceptance guidelines and DOE safety goals in SEN-35-91. 
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Report: DOE/EA-0787 

Conference/Journal:  
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Abstract/Keyterms: This Environmental Assessment provides the necessary information so that a decision 
can be made on whether a Finding of No Significant Impact Environmental Impact Statement should be 
prepared for the proposed action. The proposed action is to transfer 2, 592 low enriched uranium billets to 
the United Kingdom. The billets are currently stored in the 300 Area of the Hanford Site, Richland, 
Washington. The proposed action would consist of two types of activities: loading and transportation. The 
loading activities would include placing the billets into the appropriate containers for transportation. The 
transportation activities would include the tasks required to transport the containers 215 miles (344 km) via 
highway to the Port of Seattle, Washington, and transfer the containers aboard an ocean cargo vessel for 
transportation to the United Kingdom. The Department of Energy would only be responsible for conducting 
the loading activities. The United Kingdom would be responsible for conducting the transportation 
activities in compliance with all applicable United States and international transportation laws. The tasks 
associated with the proposed action activities have been performed before and are well defined in terms of 
requirements and consequences. A risk assessment and a nuclear safety evaluation were performed to 
address safety issues associated with the proposed action. The risk assessment determined the exposure risk 
from normal operation and from the maximum credible accident that involves a truck or ship collision 
followed by a fire that engulfs all the billets in the shipment and the release of the radiological contents of 
the shipment to the environment. The criticality assessment determined the nuclear safety limits for 
handling, transporting and storing the shipment under incident-free and accident transport conditions. 



 

C-4438 

4431…..…..…………………..…….……..……ID Number…………………..…..…………….4431 

Author: n. a. 

Title: Environmental Assessment: Waste Tank Safety Program, Hanford Site, Richland, Washington 
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Abstract/Keyterms: The US Department of Energy (DOE) needs to take action in the near-term, to 
accelerate resolution of waste tank safety issues at the Hanford Site near the City of Richland, Washington, 
and reduce the risks associated with operations and management of the waste tanks. The DOE has 
conducted nuclear waste management operations at the Hanford Site for nearly 50 years. Operations have 
included storage of high-level nuclear waste in 177 underground storage tanks (UST), both in single-shell 
tank (SST) and double-shell tank configurations. Many of the tanks, and the equipment needed to operate 
them, are deteriorated. Sixty-seven SSTs are presumed to have leaked a total approximately 3, 800, 000 
liters (1 million gallons) of radioactive waste to the soil. Safety issues associated with the waste have been 
identified, and include (1) flammable gas generation and episodic release; (2) ferrocyanide-containing 
wastes; (3) a floating organic solvent layer in Tank 241-C-103; (4) nuclear criticality; (5) toxic vapors; (6) 
infrastructure upgrades; and (7) interim stabilization of SSTs. Initial actions have been taken in all of these 
areas; however, much work remains before a full understanding of the tank waste behavior is achieved. The 
DOE needs to accelerate the resolution of tank safety concerns to reduce the risk of an unanticipated 
radioactive or chemical release to the environment, while continuing to manage the wastes safely. 
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Abstract/Keyterms: In support of its assigned missions and because of the importance of avoiding nuclear 
criticality accidents, DOE has adopted a policy to reduce identifiable nuclear criticality safety risks and to 
protect the public, workers, government property and essential operations from the effects of a criticality 
accident. In support of this policy, the Los Alamos Critical Experiments Facility (LACEF) at the Los 
Alamos National Laboratory (LANL) Technical Area (TA) 18, provides a program of general purpose 
critical experiments. This program, the only remaining one of its kind in the United States, seeks to maintain 
a sound basis of information for criticality control in those physical situations that DOE will encounter in 
handling and storing fissionable material in the future, and ensuring the presence of a community of 
individuals competent in practicing this control. 
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Abstract/Keyterms: This a report on the 1989 independent Criticality Safety Assessment of the Rocky 
Flats Plant, primarily in response to public concerns that nuclear criticality accidents involving plutonium 
may have occurred at this nuclear weapon component fabrication and processing plant. The report evaluates 
environmental issues, fissile material storage practices, ventilation system problem areas, and criticality 
safety practices. While no evidence of a criticality accident was found, several recommendations are made 
for criticality safety improvements. 
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Conference/Journal:  
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Abstract/Keyterms: This summarizes the findings of the Technical Safety Appraisal of the High Flux 
Beam Reactor (HFBR) facility at the Brookhaven National Laboratory (BNL) which was conducted from 
June 2-5, and from June 15-25, 1987. No indication was found that a serious accident is likely to occur in 
the operation of the HFBR; the facility appears to be well maintained and is operated by experienced 
personnel. The review found overall safety performance acceptable, subject to specific actions noted to 
assure conformance with DOE requirements or accepted practice, or to further excellence in specific areas 
already deemed generally good. Neither the general Laboratory population nor the general public are being 
subjected to unacceptable risks. Programs in 57 of the 112 Performance Objectives considered in the 
appraisal were found adequate and no concerns were identified. However, many instances were found 
where a greater level of safety could be attained, and the report contains 95 concerns related to enhancing 
the safety of operations. 
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Author: Schleiter, T. G. 

Title: Technical Safety Appraisal of the EBR-II, Argonne National Laboratory—West 

Date: 4/1/1988 

Report: DOE/EH-0064 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of the Technical Safety Appraisal Program is to strengthen DOE nuclear 
operations by encouraging contractors to improve compliance with DOE Orders, to incorporate industry 
lessons learned, and to promote excellence in safety. Thus, the appraisals address more issues than would 
be addressed in a strictly compliance-oriented appraisal. The EBR-II is a liquid-metal-cooled fast breeder 
reactor. It is cooled with molten sodium metal and its chain reactors is perpetuated with very energetic (fast) 
neutrons. A total of 50 concerns with respect to EBR-II operations were identified. None of these were 
judged to require prompt or expedited action. No concerns were identified with respect to 54 of the 95 
Performance Objectives considered in the appraisal. Programs in the areas of these Performance Objectives 
were considered adequate. One Noteworthy Practice was identified in the technical area of Maintenance. 
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Author: n. a. 

Title: Technical Safety Appraisal of the Advanced Test Reactor, EG and G Idaho, Inc. 

Date: 4/1/1988 

Report: DOE/EH-0067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the results of one in a series of Technical Safety Appraisals being 
conducted of the Department of Energy`s nuclear operations by the Assistant Secretary for Environment, 
Safety, and Health`s Office of Nuclear Safety. This Technical Safety Appraisal of the Advanced Test 
Reactor at the Idaho National Engineering Laboratory site in southeastern Idaho was conducted during the 
time period of October 12 through November 6, 1987. This Technical Safety Appraisal addresses all 
operations associated with the Advanced Test Reactor (ATR) with the exception of the operation of the 
ATR Critical Facility. This low-power (5000 watts) facility is housed in an extension of the ATR spent-
fuel storage pool and is operated as needed in support of the ATR Program. It was not in operation during 
the appraisal. Being an operational safety evaluation of an operating facility, this appraisal accepts as a 
given that the facility and its equipment have been appropriately designed, constructed, and tested. It also 
accepts as a given that the current safety analysis report adequately evaluates the risks presented by the 
operation. This appraisal does address, however, whether the facility and its current operations are 
consistent with those described in the safety analysis report and particularly whether the current operations 
are being conducted within the bounds of the operational safety requirements established for the operation. 
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Author: n. a. 

Title: Technical Safety Appraisal of the Sandia Reactors, ACRR [Annular Core Research Reactor], SPR 
III 

Date: 5/1/1989 

Report: DOE/EH-0073 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents findings and concerns resulting from a Technical Safety 
Appraisal of Sandia National Laboratories’ Sandia Pulse Reactor III (SPR III) and the Annular Core 
Research Reactor (ACRR). It was conducted by an appraisal team for the Department of Energy’s Office 
of Safety Appraisals during site visits July 18--22 and August 1--12, 1988. The two reactors are located in 
Technical Area V of the Sandia Albuquerque site. A third reactor, SPR II, is stored assembled in a vault at 
the SPR III facility. While the SPR II reactor is still considered operational, there are no plans to use it in 
the foreseeable future. It was last operated in 1984. This appraisal addresses only the operations associated 
with SPR III and ACRR. The principle hazards presented by operations in these facilities are routine 
industrial safety hazards, the beta and gamma radiation fields experienced during maintenance operations 
at SPR III and during the handling of experimental packages after irradiation in either of the reactors, and 
localized radiation fields that could result from a highly-unlikely, severe accident. The findings and 
concerns developed by the appraisal team were shared with senior managers of Sandia National 
Laboratories and the Albuquerque Operations Office in exit meetings held on August 11 and 12, 1988. The 
final report of the team has been validated for factual accuracy with Sandia and the Albuquerque Operations 
Office. 
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Author: n. a. 

Title: Technical Safety Appraisal of the Rocky Flats Plant 

Date: 1/1/1989 

Report: DOE/EH-0081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides the results of a Technical Safety Appraisal (TSA) of the Rocky 
Flats Plant (RFP) conducted November 14 to 18 and November 28 to December 9, 1988. This appraisal 
covered the effectiveness and improvements in the RFP safety program across the site, evaluating progress 
to date against standards of accepted practice. The appraisal included coverage of the timeliness and 
effectiveness of actions taken in response to the recommendations/concerns in three previous Technical 
Safety Appraisals (TSAs) of RFP Bldg. 707 conducted in July 1986, Bldgs. 771/774 conducted in 
October/November 1986, and Bldgs. 776/777 conducted in January/February 1988. Results of this appraisal 
are given in Section IV for each of 14 technical safety areas at RFP. These results include a discussion, 
conclusions and any new safety concerns for each technical safety area. Appendix A contains a description 
of the system for categorizing concerns, and the concerns are tabulated in Appendix B. Appendix C reports 
on the evaluation of the contractor’s actions and the current status of each of the 230 recommendations and 
concerns contained in the three previous TSA reports. 



 

C-4446 

4439…..…..…………………..…….……..……ID Number…………………..…..…………….4439 

Author: n. a. 

Title: Technical Safety Appraisal of the Omega West Reactor, Los Alamos National Laboratory USDOE 
Assistant Secretary for Environment, Safety, and Health, Washington, DC 

Date: 7/1/1989 

Report: DOE/EH-0093 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the results of the Technical Safety Appraisal (TSA) of the Omega 
West Reactor (OWR) at Los Alamos National Laboratory (LANL), conducted by the DOE Office of the 
Assistant Secretary for Environment, Safety and Health, Office of Safety Appraisals, during May 1 to May 
26, 1989. TSAs are one of the initiatives announced by the Secretary of Energy on September 18, 1985, to 
enhance the DOE Environment, Safety and Health Program. The overall safety assessment of the OWR by 
the DOE Headquarters Office of Safety Appraisals is presented in Section II, PERFORMANCE 
EVALUATION. The assessment was based on the direct involvement in the appraisal process by a senior 
Headquarters manager, discussions among Headquarters managers and staff, and consideration of the 
Appraisal Team’s results provided in Section III, REVIEW FINDINGS. 
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Author: n. a. 

Title: Program Appraisal of Radiological Protection at the Martin Marietta Energy Systems Oak Ridge 
Complex 

Date: 9/1/1989 

Report: DOE/EH-0098 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the results of a special Radiological Protection Program 
Appraisal (RPPA) which was commissioned by the Deputy Assistant Secretary for Safety, Health, and 
Quality Assurance (DAS/SHQA) to assess the technical aspects of the radiation protection and safety 
program for the Oak Ridge complex. The three sites appraised, viz, the Oak Ridge National Laboratory 
(ORNL), the Y-12 Plant, and the Oak Ridge Gaseous Diffusion Plant (ORGDP) are operated by Martin 
Marietta Energy Systems, Inc. (MMES). The appraisal was conducted July 11--14, 1989, and July 24--
August 4, 1989, and a draft copy of the report was provided to the Oak Ridge Operations Office and MMES 
at the close-out briefing on August 4, 1989. 
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Author: n. a. 

Title: Technical Safety Appraisal of the Brookhaven National Laboratory 

Date: 12/1/1990 

Report: DOE/EH-0104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of the Technical Safety Appraisal (TSA) was to assess the effectiveness 
of representative safety and health programs at the Brookhaven National Laboratory (BNL) through the 
evaluation of activities at selected facilities and in selected safety disciplines. The TSA was conducted in 
accordance with established procedures. The following BNL safety and health program elements were 
reviewed as a part of this TSA: Organization and Administration, Operations, Maintenance, Training and 
Certification, Nuclear Criticality Safety, Auxiliary Systems, Technical Support, Site/Facility Safety 
Review, Emergency Preparedness, Radiological Protection, Industrial Hygiene, Occupational Safety, Fire 
Protection, Quality Verification, and Medical Services. The TSA was conducted from March 26--April 12, 
1990. The evaluation was conducted by a team of experts assembled by EH, Office of Safety Appraisals 
(OSA). TSAs are operationally focused. As such, in terms of safety, health, and quality verification, the site 
and selected facilities were appraised relative to operations, and the condition of equipment and facilities. 
The evaluation thus addresses whether current operations are being conducted within the operational safety 
procedures established for specific facilities and activities. 
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Author: n. a. 

Title: Technical Safety Appraisal of the Advanced Test Reactor, EG and G, Idaho 

Date: 12/1/1989 

Report: DOE/EH-0112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the results from the second Technical Safety Appraisal (TSA) 
performed at the ATR. This TSA was a focused appraisal conducted during a site visit from September 25 
to October 5, 1989. The first TSA was conducted during the time period of October 12--November 6, 1987, 
and the results were reported in DOE/EH-067, dated April 1988. A TSA Followup was conducted during a 
site visit from February 13--17, 1989. TSAs are operationally focused evaluations. As such, a TSA 
appraises how safely a facility or site is being operated and the condition of its equipment. The design of a 
facility and its systems to permit safe operation is presumed by the TSA process to be adequate. This 
approach is based upon the presumption of an appropriate selection and application of design standards by 
the architect-engineer; and of appropriate independent reviews by DOE or its predecessor agencies of the 
design, the construction activities, and the SARs. This TSA does address whether the facility design and 
current operations are consistent with the SARs, and particularly whether the current operations are being 
conducted within the bounds of the Technical Specifications established for the facility. In its focus, this 
TSA appraised 49 Performance Objectives out of a possible 70 in the areas of Organization and 
Administration, Operations, Maintenance, Training and Certification, Auxiliary Systems, Technical 
Support, Facility Safety Review, and Radiological Protection. This TSA addresses all operations associated 
with the ATR, except the ATR Critical Facility which was not in operation during this Appraisal. 
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Author: n. a. 

Title: Performance Objectives and Criteria for Technical Safety Appraisals at Department of Energy 
Facilities and Sites 

Date: 6/1/1990 

Report: DOE/EH-0135 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document contains Performance Objectives and Criteria intended to serve as a 
working reference for the Department of Energy’s Office of the Deputy Assistant Secretary for Safety and 
Quality Assurance in its Technical Safety Appraisals of the Department’s more significant facilities and 
sites. The Performance Objectives are broad in scope. Each generally covers a single, well-defined 
management area. The supporting Criteria are more specific in scope and typically describe a particular 
activity that are listed under each Performance Objective. These criteria address requirements of a DOE 
Order, appropriate nuclear industry lesson-learned, appropriate NRC-licensed facility requirement, or 
appropriate industry standard. 
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Author: n. a. 

Title: Tiger Team Assessment of the Idaho National Engineering Laboratory Volume 2 

Date: 8/1/1991 

Report: DOE/EH-0178-Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of the Safety and Health (S H) Subteam assessment was to determine 
the effectiveness of representative safety and health programs at the Idaho National Engineering Laboratory 
(INEL) site. Four Technical Safety Appraisal (TSA) Teams were assembled for this purpose by the US 
Department of Energy (DOE), Deputy Assistant Secretary for Safety and Quality Assurance, Office of 
Safety Appraisals (OSA). Team No. 1 reviewed EG G Idaho, Inc. (EG G Idaho) and the Department of 
Energy Field Office, Idaho (ID) Fire Department. Team No. 2 reviewed Argonne National Laboratory-
West (ANL-W). Team No. 3 reviewed selected contractors at the INEL; specifically, Morrison Knudsen-
Ferguson of Idaho Company (MK-FIC), Protection Technology of Idaho, Inc. (PTI), Radiological and 
Environmental Sciences Laboratory (RESL), and Rockwell-INEL. Team No. 4 provided an Occupational 
Safety and Health Act (OSHA)-type compliance sitewide assessment of INEL. The S H Subteam 
assessment was performed concurrently with assessments conducted by Environmental and Management 
Subteams. Performance was appraised in the following technical areas: Organization and Administration, 
Quality Verification, Operations, Maintenance, Training and Certification, Auxiliary Systems, Emergency 
Preparedness, Technical Support, Packaging and Transportation, Nuclear Criticality Safety, Security/Safety 
Interface, Experimental Activities, Site/Facility Safety Review, Radiological Protection, Personnel 
Protection, Worker Safety and Health (OSHA) Compliance, Fire Protection, Aviation Safety, Medical 
Services, and Firearms Safety. 



 

C-4452 

4445…..…..…………………..…….……..……ID Number…………………..…..…………….4445 

Author: n. a. 

Title: Technical Safety Appraisal of the Idaho Chemical Processing Plant 

Date: 5/1/1992 

Report: DOE/EH-0252 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On June 27, 1989, Secretary of Energy, Admiral James D. Watkins, US Navy 
(Retired), announced a 10-point initiative to strengthen environment, safety, and health (ES H) programs 
and waste management operations in the Department of Energy (DOE). One of the initiatives involved 
conducting independent Tiger Team Assessments (TTA) at DOE operating facilities. A TTA of the Idaho 
National Engineering Laboratory (INEL) was performed during June and July 1991. Technical Safety 
Appraisals (TSA) were conducted in conjunction with the TTA as its Safety and Health portion. However, 
because of operational constraints the Idaho Chemical Processing Plant (ICPP), operated for the DOE by 
Westinghouse Idaho Nuclear Company, Inc. (WINCO), was not included in the Safety and Health Subteam 
assessment at that time. This TSA, conducted April 12 - May 8, 1992, was performed by the DOE Office 
of Performance Assessment to complete the normal scope of the Safety and Health portion of the Tiger 
Team Assessment of the Idaho National Engineering Laboratory. The purpose of TSAs is to evaluate and 
strengthen DOE operations by verifying contractor compliance with DOE Orders, to assure that lessons 
learned from commercial operations are incorporated into facility operations, and to stimulate and 
encourage pursuit of excellence; thus, the appraisal addresses more issues than would be addressed in a 
strictly compliance-oriented appraisal. A total of 139 Performance Objectives have been addressed by this 
appraisal in 19 subject areas. These 19 areas are: organization and administration, quality verification, 
operations, maintenance, training and certification, auxiliary systems, emergency preparedness, technical 
support, packaging and transportation, nuclear criticality safety, safety/security interface, experimental 
activities, site/facility safety review, radiological protection, worker safety and health compliance, 
personnel protection, fire protection, medical services and natural phenomena. 
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Author: n. a. 

Title: US Department of Energy radiological control manual. Revision 1 

Date: 4/1/1994 

Report: DOE/EH-0256T-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual establishes practices for the conduct of Department of Energy 
radiological control activities. The Manual states DOE`s positions and views on the best courses of action 
currently available in the area of radiological controls. Accordingly, the provisions in the Manual should 
be viewed by contractors as an acceptable technique, method or solution for fulfilling their duties and 
responsibilities. This Manual shall be used by DOE in evaluating the performance of its contractors. This 
Manual is not a substitute for Regulations; it is intended to be consistent with all relevant statutory and 
regulatory requirements and shall be revised whenever necessary to ensure such consistency. Some of the 
Manual provisions, however, challenge the user to go well beyond minimum requirements. Following the 
course of action delineated in the Manual will result in achieving and surpassing related statutory or 
regulatory requirements. 
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Author: n. a. 

Title: Environment, Safety and Health Progress Assessment of the Oak Ridge Y-12 Plant, Oak Ridge, 
Tennessee 

Date: 2/1/1992 

Report: DOE/EH-0265 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the results of the US Department of Energy’s (DOE’s) 
Environment, Safety and Health (ES H) Progress Assessment of the Y-12 Plant in Oak Ridge, Tennessee. 
The assessment, which was conducted during the period of February 10 through February 21, 1992, 
included a selective review of the ES H management systems and programs of the responsible DOE 
Headquarters (HQ) Program Office (Defense Programs (DP)), the DOE Field Office (Oak Ridge Field 
Office (OR)), the DOE Y-12 Site Office, and the site contractor (Martin Marietta Energy Systems 
(MMES)). The ES H Progress Assessments are part of the Secretary of Energy’s continuing effort to 
institutionalize line management accountability and the self-assessment process throughout DOE and its 
contractor organizations. The purpose of the Y-12 ES H Progress Assessment is to provide the Secretary 
with an independent assessment of the adequacy and effectiveness of the ODE and contractor management 
structures, resources, and systems to address ES H problems and requirements. They are not intended to be 
comprehensive compliance assessments of ES H activities. The Y-12 Progress Assessment was conducted 
by a team of 13 professionals from various DOE offices and their support contractors, with expertise in the 
areas of environment, safety, health, and management. 
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Title: Noteworthy Practices as Identified by the U.S. Department of Energy Environmental, Safety, and 
Health First 31 Tiger Team Assessments 

Date: 5/1/1992 

Report: DOE/EH-0269 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Noteworthy Practices are exceptional ways of accomplishing a performance objective 
or some aspect of it. Other DOE facilities are encouraged to adopt these practices when they are applicable 
to their operation. Noteworthy Practices included in this report have been drawn from the first 31 Tiger 
Team Assessments at DOE sites. This report includes all noteworthy practices listed in an earlier tabulation 
(June 1990) which the Secretary of the US Department of Energy distributed for information on July 31, 
1990. This earlier tabulation included noteworthy practices from the first thirteen Tiger Team Assessments. 
A brief key-word title has been assigned to each Noteworthy Practice. This title provides a brief description 
of each Noteworthy Practice. The reader may peruse these titles in the table of contents to identify 
Noteworthy Practices that may be applicable to their site, facility, or operations. A flexible-disk copy of 
this compilation is also available in ASCII format on personal-computer, DOS-formatted disks from the 
Office of Special Projects in the Office of Environment, Safety, and Health at the Headquarters of the US 
Department of Energy. The ASCII file may be used in combination with word processing software for more 
detailed word and text-string searches. 
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Title: Plutonium Working Group Report on Environmental, Safety and Health Vulnerabilities Associated 
with the Department's Plutonium Storage. Volume II, Part 6 

Date: 9/1/1994 

Report: DOE/EH-0415-Vol.2-Pt.6 

Conference/Journal:  
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Abstract/Keyterms: Long-Term Options / Disposition / Surplus Plutonium 
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Title: Highly Enriched Uranium Working Group Report 

Date: 12/1/1996 

Report: DOE/EH-0525 

Conference/Journal:  
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Abstract/Keyterms:  
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Title: Disposal of Hanford Defense High-Level, Transuranic and Tank Wastes, Hanford Site, Richland, 
Washington. Draft Environmental Impact Statement. Volume 3 

Date: 3/1/1986 

Report: DOE/EIS-0113-Vol.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Environmental Impact Statement (EIS) / Hanford Site / Waste Treatment Facilities 
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Title: Special Isotope Separation Project; Final Environmental Impact Statement 

Date: 11/1/1988 

Report: DOE/EIS-0136 

Conference/Journal:  
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Title: Disposition of Surplus Highly Enriched Uranium Final Environmental Impact Statement 

Date: 6/1/1996 

Report: DOE/EIS-0240 

Conference/Journal:  
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Abstract/Keyterms:  
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Title: Final Environmental Impact Statement for the Proposed Relocation of Technical Area 18 Capabilities 
and Materials at the Los Alamos National Laboratory 

Date: 9/20/2002 

Report: DOE/EIS-0319 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The National Nuclear Security Administration, a separately organized agency within 
DOE, is responsible for providing the Nation with nuclear weapons, ensuring the safety and reliability of 
those nuclear weapons, and supporting programs that reduce global nuclear proliferation. These missions 
are accomplished with a core team of highly trained nuclear experts. One of the major training facilities for 
these personnel is located at Technical Area 18 (TA-18), within the Los Alamos National Laboratory 
(LANL), Los Alamos, New Mexico. Principal TA-18 operational activities involve research in and the 
design, development, construction, and application of experiments on nuclear criticality. Though TA-18 is 
judged to be secure by DOE's independent inspection office, its buildings and infrastructure are from 30 to 
more than 50 years old and are increasingly expensive to maintain and operate. Additionally, the TA-18 
operations are located in a relatively isolated area, resulting in increasingly high costs to maintain a security 
Category I infrastructure. NNSA wishes to maintain the important capabilities currently provided at TA-18 
in a manner that reduces the long-term costs for safeguards and security. NNSA proposes to accomplish 
this by relocating the TA-18 security Category I/II capabilities and materials to new locations. The TA-18 
Relocation EIS evaluates the potential direct, indirect, and cumulative environmental impacts associated 
with this proposed action at the following DOE sites: (1) a different site at LANL at Los Alamos, New 
Mexico; (2) the Sandia National Laboratories/New Mexico at Albuquerque, New Mexico; (3) the Nevada 
Test Site near Las Vegas, Nevada (the Preferred Alternative); and (4) the Argonne National Laboratory-
West near Idaho Falls, Idaho. The EIS also analyzes the alternatives of upgrading the existing TA-18 
facilities and the No Action Alternative of maintaining the operations at the current TA-18 location. 
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Title: Variational Nodal Transport Methods for Hexagonal and Three-Dimensional Geometries. Final 
Report 

Date: 2/1/1992 

Report: DOE/ER/12810-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The properties of the variational nodal method for neutron transport calculations are 
investigated. The method is generalized for three-dimensional multigroup criticality problems in both 
hexagonal-z and Cartesian geometries. The method is implemented as part of the Argonne National 
Laboratory Code DIF3D, and applied to a series of benchmark reactor calculations. Variational nodal 
methods are compared of nodal transport methods based on both interface-current and discrete ordinate 
approximations. Model problems are used to examine the effect of running each of the three classes of 
nodal transport methods on computers with massively parallel architectures. 
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Author: Kim, S. S. / Levine, S. H. / Imel, G. 

Title: Develop a Practical Means to Monitor the Criticality of the TMI-2 Core 
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Report: DOE/ER/75088-1 
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Abstract/Keyterms: A method has been developed to monitor the subcritical reactivity and unfold the 
k/sub infinity/ distribution of a degraded reactor core. The method uses several fixed neutron detectors and 
a Cf-252 neutron source placed sequentially in multiple positions in the core. It is called the Asymmetric 
Multiple Position Neutron Source (AMPNS) method. The AMPNS method employs the nucleonic codes 
to analyze in two dimensions the neutron multiplication of a Cf-252 neutron source. Experiments were 
performed on the Penn State Breazeale TRIGA Reactor (PSBR). The first set of experiments calibrates the 
k/sub infinity/'s of the fuel elements moved during the second set of experiments. The second set of 
experiments provides a means for both developing and validating the AMPNS method. Several test runs of 
optimization calculations have been made on the PSBR core assuming one of the subcritical configurations 
is a damaged core. Test runs of the AMPNS method reveals that when the core cell size and source position 
are correctly chosen, the solution converges to the correct k(eff) and k/sub infinity/ distribution without any 
oscillations or instabilities. Application of the AMPNS method to the degraded TMI-2 core has been studied 
to provide some initial insight into this problem. 
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Title: Report on Conversion of the Worcester Polytechnic Institute Nuclear Reactor Facility to Low-
Enriched Uranium 
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Report: DOE/ER/75271-T2 
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Abstract/Keyterms: On 20 December 1988, WPI received 28 LEU 18 plate aluminide elements for use in 
the reactor core, replacing HEU fuel unloaded on 16 December 1988. Initial loading began on 27 December 
1988, with initial criticality being achieved on 29 December 1988. Testing on the LEU core was performed 
and the results compared with calculations performed for WPI by Argonne National Laboratory (ANL). It 
should be noted that the ANL calculations were in all cases based on the reference 24 element core shown 
in Figure 1. HEU measurements were made using the reference core. It was not possible, however, to 
perform LEU measurements with the reference 24 element core since criticality occurred at a fuel loading 
of slightly greater than 21 elements. 
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Title: Low Enrichment Fuel Conversion for Iowa State University. Progress Report, August 1, 1991—July 
31, 1992 

Date: 8/1/1992 
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Abstract/Keyterms: This report discusses the UTR-10 reactor at Iowa State University which went critical 
on low enriched uranium (LEU) fuel on August 14, 1991. However, subsequent to the criticality 
experiments the fuel plates started to discolor. In addition, roll pins used to lift the fuel assemblies were 
discovered to be cracked. It was determined that these problems were due to chemical agents in the primary 
coolant water. The roll pins were replaced by solid stainless steel pins. The primary coolant was replaced 
and the reactor is currently in operation. Surveillance specimens will be used to monitor any possible future 
discoloration. The high enriched fuel (HEU) is being prepared for eventual shipment to a high enriched fuel 
receiving facility. 
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Title: Conversion of Input Data between KENO and MCNP File Formats for Computer Criticality 
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Date: 11/30/2006 

Report: DOE/ER/84178-1 

Conference/Journal:  
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Abstract/Keyterms: KENO is a Monte Carlo criticality code that is maintained by Oak Ridge National 
Laboratory (ORNL). KENO is included in the SCALE (Standardized Computer Analysis for Licensing 
Evaluation) package. KENO is often used because it was specifically designed for criticality calculations. 
Because KENO has convenient geometry input, including the treatment of lattice arrays of materials, it is 
frequently used for production calculations. Monte Carlo N-Particle (MCNP) is a Monte Carlo transport 
code maintained by Los Alamos National Laboratory (LANL). MCNP has a powerful 3D geometry package 
and an extensive cross section database. It is a general-purpose code and may be used for calculations 
involving shielding or medical facilities, for example, but can also be used for criticality calculations. 
MCNP is becoming increasingly more popular for performing production criticality calculations. Both 
codes have their own specific advantages. After a criticality calculation has been performed with one of the 
codes, it is often desirable (or may be a safety requirement) to repeat the calculation with the other code to 
compare the important parameters using a different geometry treatment and cross section database. This 
manual conversion of input files between the two codes is labor intensive. The industry needs the capability 
of converting geometry models between MCNP and KENO without a large investment in manpower. The 
proposed conversion package will aid the user in converting between the codes. It is not intended to be used 
as a “black box”. The resulting input file will need to be carefully inspected by criticality safety personnel 
to verify the intent of the calculation is preserved in the conversion. The purpose of this package is to help 
the criticality specialist in the conversion process by converting the geometry, materials, and pertinent data 
cards. 
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Author: n.a. 

Title: Ohio State University reactor sharing program. Progress report, September 1, 1980-April 30, 1981 

Date: 1/1/1981 

Report: DOE/ER-10727 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The utilization of the OSURR and GRSS by colleges and universities is summarized. 
Two student laboratory exercises were developed during this period and are included: control rod 
calibration and approach to critical. 
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Author: Moss, H. D. 

Title: Extended Fuel Burnup Demonstration Program. Summary Final Report 

Date: 9/1/1984 

Report: DOE/ET/34014-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program covered five areas of investigation. The Generic Technical Studies 
portion investigated the implications of extended fuel burnup relating to nuclear design considerations, 
safety and licensing analysis, fuel management schemes, and related fuel cycle service concerns. The Surry 
2 Burnup Extension obtained fuel performance data with nondestructive and destructive examinations on a 
Westinghouse 17 x 17 demonstration fuel assembly operated to extended burnup in VEPCO's Surry Unit 2 
reactor. The Fuel Storage Analysis included fuel storage rack criticality and high burnup source term 
evaluation. The Shipping Cask Analyses investigated whether shipping cask designs were sufficient for 
shipping PWR and BWR fuel assemblies with average burnups of up to 55, 000 MWD/MTU and 50, 000 
MWD/MTU, respectively. The final area was a burnup meter development and qualification, which 
included preliminary engineering analysis, prototype design procurement, manufacture and checkout, and 
an onsite demonstration. 
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Author: Capo, M. A. / Cooney, B. F. / Nassano, R. N. / Lemaster, R. D. / Chickering, R. W. 

Title: Fuel-Storage-Rack Criticality Analysis for High-Burnup Fuels 

Date: 3/1/1983 

Report: DOE/ET/34014-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents a parametric criticality evaluation of typical existing spent-fuel 
and new-fuel storage racks. Current fuel-rack designs were analyzed to determine the maximum licensable 
fuel enrichments that could be stored. The impetus for the study was to determine whether or not increased 
discharge-fuel burnups require either a hardware change to existing storage racks or a licensing change to 
meet the increased enrichment requirement. Four types of spent-fuel storage racks were analyzed fuel, (3) 
a thin-wall stainless steel cell for both PWR and BWR fuels, and (4) a thick-wall stainless steel cell for both 
PWR and BWR fuels. Two types of new-fuel storage racks were analyzed arrangement for PWR fuels and 
(2) an aluminum cell arrangement for BWR fuel. Center-to-center spacing of the storage cells was varied 
parametrically. The KENO-IV computer code was used in this study to compute the neutron multiplication 
factor, k(eff), for the various fuel-assembly storage-cell configurations. 
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Author: King, R. A. 

Title: Safety Analysis Report Supplement for Consolidated Fuel Rod Storage at an Independent Spent Fuel 
Storage Installation. Volume IV 

Date: 9/1/1981 

Report: DOE/ET/47912-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this report is to supplement a safety analysis report for an independent 
spent fuel storage installation to allow the incorporation of consolidated nuclear fuel into an otherwise 
licensed facility. This report presents only information regarding storage of consolidated pressurized water 
reactor fuel. The document contains supplemental criticality, radiological, structural, and thermal 
information which must be added to an existing safety analysis report to permit upgrading the method of 
fuel storage to consolidated fuel rod storage. 
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Author: Fiore, C. L. 

Title: Alcator C-MOD Final Safety Analysis 

Date: 6/1/1989 

Report: DOE/ET/51013-270, PFC/RR-89-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is designed to address the safety issues involved with the Alcator C-
Mod project. This report will begin with a brief description of the experimental objectives which will be 
followed by information concerning the site. The Alcator C-Mod experiment is a pulsed fusion experiment 
in which a plasma formed from small amounts of hydrogen or deuterium gas is confined in a magnetic field 
for short periods (/approximately/1 s). No radioactive fuels or fissile materials are used in the device, so 
that no criticality hazard exists and no credible nuclear accident can occur. During deuterium operation, the 
production of a small number of neutrons from a short pulse could result in a small amount of short- and 
intermediate-lived radioactive isotopes being produced inside the experimental cell. This report will 
demonstrate that this does not pose an additional hazard to the general population. The health and safety 
hazards resulting from Alcator C-Mod occur to the workers on the experiment, each of which is described 
in its own chapter with the steps taken to minimize the risk to employees. These hazards include fire, 
chemicals and cryogenics, air quality, electrical, electromagnetic radiation, ionizing radiation, and 
mechanical and natural phenomena. None of these hazards is unique to the facility, and methods of 
protection from them are well defined and are discussed in the chapter which describes each hazard. The 
quality assurance program, critical to ensuring the safety aspects of the program, will also be described. 
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Author: n. a. 

Title: Guidance for Training Program Evaluation 

Date: 1/1/1984 

Report: DOE/EV/10782-T1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An increased concern about the training of nuclear reactor operators resulted from 
the incident at TMI-2 in 1979. Purpose of this guide is to provide a general framework for the systematic 
evaluation of training programs for DOE Category-A reactors. The primary goal of such evaluations is to 
promote continuing quality improvements in the selection, training and qualification programs. 
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Author: n. a. 

Title: Nuclear Energy 

Date: 6/1/1978 

Report: DOE/EV-0015 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear energy studies supported under DOE contracts consisted of assessment of 
the environmental aspects of alternative nuclear fuel cycles; assessments of long-term waste management 
concepts including investigation of the environmental feasibility of deep ocean bed disposal; and 
development of methods for assessing the adequacy of environmental protection afforded by DOE nuclear 
energy material shipping containers. Nineteen individual projects are briefly summarized. 
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Title: PCDP [Prototypical Spent Fuel Consolidation Equipment Demonstration Project] Design Basis 
Accident Report 9315-P-103, Rev. a 

Date: 12/1/1987 

Report: DOE/ID/12651-2-Rev.A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Department of Energy’s Office of Civilian Radioactive Waste Management 
(OCRWM) has identified a requirement to integrate the spent fuel rod consolidation design activities of 
each of several proposed geological repository facilities and the Monitored Retrievable Storage (MRS) 
facility, and to develop efficient and cost-effective equipment for the consolidation process. The equipment 
to be developed for the rod consolidation system will be required to operate in a dry environment at rates 
which can be appropriately scaled to approximate the waste management system acceptance rates, 
irrespective of repository geologic characteristics or the existence of an MRS facility in the waste 
management system. The purpose of this report is to identify and analyze the range of facility credible 
events and accident occurrences (from minor to the design basis accidents) and their causes and 
consequences. For each situation, the considerations to prevent or mitigate the event or accident is 
addressed. 
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Author: n. a. 

Title: Prototypical Rod Consolidation Demonstration Project. Phase 3, Final Report: Volume 2, Design 
Description, Book 1. NUS Corp 

Date: 5/1/1993 

Report: DOE/ID/12651-3-Vol.2-Bk.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of Phase III of the Prototypical Rod Consolidation Demonstration 
Project (PRCDP) was to procure, fabricate, assemble, and test the Prototypical Rod Consolidation System 
as described in the NUS Phase II Final Design Report. This effort required providing the materials, 
components, and fabricated parts which make up all of the system equipment. In addition, it included the 
assembly, installation, and setup of this equipment at the Cold Test Facility. During the Phase III effort the 
system was tested on a component, subsystem, and system level. Volume II of this report provides a detailed 
design description of the Prototypical Rod Consolidation System as it was designed and installed at the 
Phase III Cold Test Facility located in Pittsburgh, Pennsylvania. This document, Book 1 of Volume 2 
discusses: System Descriptions; Detailed Design Descriptions; and Facility Interface Data. 
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Title: Prototypical Rod Consolidation Demonstration Project. Phase 3, Final Report: Volume 2, Design 
Description, Appendices, Book 2 

Date: 5/1/1993 

Report: DOE/ID/12651-3-Vol.2-Bk.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of Phase III of the Prototypical Rod Consolidation Demonstration 
Project (PRCDP) was to procure, fabricate, assemble, and test the Prototypical Rod Consolidation System 
as described in the NUS Phase II Final Design Report. This effort required providing the materials, 
components, and fabricated parts which make up all of the system equipment. In addition, it included the 
assembly, installation, and setup of this equipment at the Cold Test Facility. During the Phase III effort the 
system was tested on a component, subsystem, and system level. Volume II of this report provides a detailed 
design description of the Prototypical Rod Consolidation System as it was designed and installed at the 
Phase III Cold Test Facility located in Pittsburgh, Pennsylvania. This document, Book 2 of Volume 2 
discusses: Criticality Analysis Data; Thermal Analysis Data; Throughput Analysis Data; Vacuum System 
Supporting Analysis; Radiation Specification and TID Information; BWR 7 {times} 7 Center Rod Handling 
Summary; RBT Maintenance Operation Summary; Handling of Pyrophoric Particles; Use of Alignment 
Combs; and, Closed Circuit Television System Study. 
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Author: n. a. 

Title: GA-4/GA-9 Legal Weight Truck from Reactor Spent Fuel Shipping Casks. Preliminary Design 
Report: Volume 2 

Date: 4/1/1990 

Report: DOE/ID/12698-1-Vol.2; GA-A-19862-Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The preliminary design report presents the results of General Atomics (GA) 
preliminary design effort to develop weight truck from reactor spent fuel shipping casks. The thermal 
evaluation of the Office of Civilian Radioactive Waste Management (OCRWM) cask considered normal 
and hypothetical accident conditions of transport. We employed analytical modeling as well as fire testing 
of the neutron shielding material to perform the evaluation. This document addresses the thermal design 
features of the cask, discusses thermal criteria, and summarizes the results of the thermal evaluation, as 
well as results of structural containment and nuclear evaluations that support the design. Also included are 
the results of trade-off studies 
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Author: n. a. 

Title: TITAN Legal Weight Truck Cask Preliminary Design Report. Volume 2 

Date: 4/1/1990 

Report: DOE/ID/12699-1-Vol.2; NWD-TR-025-Vol.2-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Preliminary Design of the TITAN Legal Weight Truck (LWT) Cask System and 
Ancillary Equipment is presented in this document. The scope of this document includes the LWT cask 
with fuel baskets, impact limiters, and lifting and tiedown features; the cask support system for 
transportation; intermodal transfer skid; personnel barrier; and cask lifting yoke assembly. The results of 
the tradeoff studies and evaluations that were performed during the preliminary design are presented in 
Appendix A to this report 
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Author: n. a. 

Title: Development of NUPAC 140B 100 Ton Rail/Barge Cask 

Date: 4/1/1990 

Report: DOE/ID/12700-1- 1-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The NuPac 140-B 100 Ton Rail/Barge Shipping Cask Preliminary Design Report 
(PDR) presents a general introduction to, and description of, the NuPac 140-B Cask and its fuel payload. 
The NuPac 140-B Cask, Model: NuPac 140-B, is being designed by Nuclear Packaging, Inc., to meet or 
exceed all NRC and Department of Transportation regulations governing the shipment of radioactive 
material. Specifically the Cask is being developed as a safe means of transporting spent light-water-reactor 
(LWR) fuels from existing and proposed reactor facilities to a repository and/or a monitored retrievable 
storage (MRS) facility. The primary transportation mode is by railroad, although the shipping package is 
designed to be transported by barge and by truck shipment on a special overweight basis for short distances. 
This feature allows the servicing of reactor sites and other facilities which lack direct railroad access. 
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Author: n. a. 

Title: Development of NUPAC 140B 100 Ton Rail/Barge Cask. Preliminary Design Report, Volume 1: 
Revision 1 

Date: 4/1/1990 

Report: DOE/ID/12700-1-Vol.1-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The NuPac 140-B 100 Ton Rail/Barge Shipping Cask Preliminary Design Report 
(PDR) presents a general introduction to, and description of, the NuPac 140-B Cask and its fuel payload. 
The NuPac 140-B Cask, Model: NuPac 140-B, is being designed by Nuclear Packaging, Inc., to meet or 
exceed all NRC and Department of Transportation regulations governing the shipment of radioactive 
material. Specifically the Cask is being developed as a safe means of transporting spent light-water-reactor 
(LWR) fuels from existing and proposed reactor facilities to a repository and/or a monitored retrievable 
storage (MRS) facility. The primary transportation mode is by railroad, although the shipping package is 
designed to be transported by barge and by truck shipment on a special overweight basis for short distances. 
This feature allows the servicing of reactor sites and other facilities which lack direct railroad access 
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Author: n. a. 

Title: Babcock and Wilcox BR-100 100-Ton Rail/Barge Spent Fuel Shipping Cask. Preliminary Design 
Report: Volume 1 

Date: 2/1/1990 

Report: DOE/ID/12701-1-Vol.1; BW-51-1177082-02-Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Preliminary Design Report (PDR) provides a detailed description of the design, 
analyses, and testing programs for the BR-100 cask. The BR-100 is a Type B(U) cask designed for transport 
by rail or barge. This report presents the preliminary analyses and tests which have been performed for the 
BR-100 and outlines the confirmatory analyses and tests which will be performed. 
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Author: n. a. 

Title: Preliminary Design Report: Babcock and Wilcox BR-100 100-Ton Rail/Barge Spent Fuel Shipping 
Cask. Volume 2. B and W Fuel Co 

Date: 2/1/1990 

Report: DOE/ID/12701-1-Vol.2; BW-51-1177082-02-Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to provide information on burnup credit as applied 
to the preliminary design of the BR-100 shipping cask. There is a brief description of the preliminary basket 
design and the features used to maintain a critically safe system. Following the basket description is a 
discussion of various criticality analyses used to evaluate burnup credit. The results from these analyses are 
then reviewed in the perspective of fuel burnups expected to be shipped to either the final repository or a 
Monitored Retrievable Storage (MRS) facility. The hurdles to employing burnup credit in the certification 
of any cask are then outlines and reviewed. The last section gives conclusions reached as to burnup credit 
for the BR-100 cask, based on our analyses and experience. All information in this study refers to the cask 
configured to transport PWR fuel. Boiling Water Reactor (BWR) fuel satisfies the criticality requirements 
so that burnup credit is not needed. All calculations generated in the preparation of this report were based 
upon the preliminary design which will be optimized during the final design. 
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Author: n. a. 

Title: Preliminary Design Report for the NAC Combined Transport Cask. Volume 1 

Date: 4/1/1990 

Report: DOE/ID/12702-1-Vol.1; NAC-T-89009-Vol.1; DOCKET-71-9231-Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Assurance Corporation (NAC) / Cask Transportation System / Nuclear Spent 
Fuel / Preliminary Design Package (PDP) / NAC Combined Transport Cask (NAC-CTC) 



 

C-4485 

4478…..…..…………………..…….……..……ID Number…………………..…..…………….4478 

Author: n. a. 

Title: Multimegawatt Space Nuclear Power Supply: Phase 1, Final Report. Volume 3, Annotated Outline 
of Preliminary Safety Assessment 

Date: 2/17/1989 

Report: DOE/ID/12754-T2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The preliminary safety assessment report analyzes the potential radiological risk of 
the integrated MSNPS with the launch vehicle including interface with the weapon system. Most emphasis 
will be placed the prime power concept design. Safety problems can occur any time during the entire life 
cycle of the system including contingency phases. The preliminary safety assessment report is to be 
delivered at the end of phase 2. This assessment will be the basis of the safety requirements which will be 
applied to the design of the MSNPS as it develops in subsequent phases. The assessment also focuses design 
activities on specific high-risk scenarios and missions that may impact safety. 
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Author: n. a. 

Title: Topical Safety Analysis Report for the Transportation of the NUHOMS Dry Shielded Canister 

Date: 8/1/1993 

Report: DOE/ID/13041-1-1; INEL/MISC-93125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Topical Safety Analysis Report (SAR) describes the design and the generic 
transportation licensing basis for utilizing the NUTECH HORIZONTAL MODULAR STORAGE 
(NUHOMS[reg sign]) system dry shielded canister (DSC) containing twenty-four pressurized water reactor 
(PWR) spent fuel assemblies (SFA) in conjunction with a conceptually designed Transportation Cask. This 
SAR documents the design qualification of the NUHOMS[reg sign] DSC as an integral part of a 10CFR71 
Fissile Material Class III, Type B(M) Transportation Package. The package consists of the canister and a 
conceptual transportation cask (NUHOMS[reg sign] Transportation Cask) with impact limiters. 
Engineering analysis performed for the canister to confirm that the existing canister design complies with 
10CFR71 transportation requirements. Evaluations and/or analyses is performed for criticality safety, 
shielding, structural, and thermal performance. Detailed engineering analysis for the transportation cask 
will be submitted in a future SAR requesting 10CFR71 certification of the complete waste package. 
Transportation operational considerations describe various operational aspects of the canister/transportation 
cask system. operational sequences are developed for canister transfer from storage to the transportation 
cask and interfaces with the cask auxiliary equipment for on- and off-site transport. 
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Author: Williams, Mark L. 

Title: Pointwise Energy Solution of the Boltzmann Transport Equation for Thermal Neutrons - Final Report 
- 07/01/1999 - 06/30/2001 

Date: 6/30/2001 

Report: DOE/ID/13765 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In July of 1999 Louisiana State University (LSU) was awarded a two year research 
grant by the D.O.E. NEER program to develop a methodology for neutron transport calculations using 
pointwise (PW) nuclear data in the thermal energy range, and to implement the method into the CENTRM 
transport code being developed at LSU for Oak Ridge National Laboratory (ORNL). This work has 
extended CENTRM's current epithermal PW calculation to encompass the thermal range, providing a 
continuous-energy deterministic transport code that can address problems that may not be adequately 
treated using multigroup methods. The new version of the CENTRM code was completed, and provided to 
ORNL for inclusion in the next release of the SCALE code system. The new thermal calculation developed 
by the NEER project is a significant improvement in the CENTRM capability, and should have an impact 
on criticality and shipping cask analysis done by numerous organizations who use this code system. 
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Title: Bayesian Methods for Radiation Detection and Dosimetry 
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Report: DOE/ID/13766 
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Abstract/Keyterms: We performed work in three areas: radiation detection, external and internal radiation 
dosimetry. In radiation detection we developed Bayesian techniques to estimate the net activity of high and 
low activity radioactive samples. These techniques have the advantage that the remaining uncertainty about 
the net activity is described by probability densities. Graphs of the densities show the uncertainty in pictorial 
form. Figure 1 below demonstrates this point. We applied stochastic processes for a method to obtain 
Bayesian estimates of 222Rn-daughter products from observed counting rates. In external radiation 
dosimetry we studied and developed Bayesian methods to estimate radiation doses to an individual with 
radiation induced chromosome aberrations. We analyzed chromosome aberrations after exposure to 
gammas and neutrons and developed a method for dose-estimation after criticality accidents. The research 
in internal radiation dosimetry focused on parameter estimation for compartmental models from observed 
compartmental activities. From the estimated probability densities of the model parameters we were able 
to derive the densities for compartmental activities for a two compartment catenary model at different times. 
We also calculated the average activities and their standard deviation for a simple two compartment model. 
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Title: Hybrid Monte Carlo-Deterministic Methods for Nuclear Reactor-Related Criticality Calculations 

Date: 2/17/2004 

Report: DOE/ID/13920 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The overall goal of this project is to develop, implement, and test new Hybrid Monte 
Carlo-deterministic (or simply Hybrid) methods for the more efficient and more accurate calculation of 
nuclear engineering criticality problems. These new methods will make use of two (philosophically and 
practically) very different techniques - the Monte Carlo technique, and the deterministic technique - which 
have been developed completely independently during the past 50 years. The concept of this proposal is to 
merge these two approaches and develop fundamentally new computational techniques that enhance the 
strengths of the individual Monte Carlo and deterministic approaches, while minimizing their weaknesses. 
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Date: 9/8/2003 

Report: DOE/ID/13961 

Conference/Journal:  
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Abstract/Keyterms: In this NEER project, researchers from Oregon State University have investigated the 
limitations of the treatment of two-phase coolants as a homogeneous mixture in neutron transport 
calculations. Improved methods of calculating the neutron distribution in binary stochastic mixtures have 
been developed over the past 10-15 years and are readily available in the transport literature. These methods 
are computationally more expensive than the homogeneous (or atomic mix) models, but can give much 
more accurate estimates of ensemble average fluxes and reaction rates provided statistical descriptions of 
the distributions of the two materials are known. A thorough review of the two-phase flow literature has 
been completed and the relevant mixture distributions have been identified. Using these distributions, we 
have performed Monte Carlo criticality calculations of fuel assemblies to assess the accuracy of the atomic 
mix approximation when compared to a resolved treatment of the two-phase coolant. To understand the 
benefit of more advanced binary stochastic mixture models, we have also compared Levermore-Pomraning 
BSM transport calculations to atomic mix and benchmark calculations in mixtures of a material in a near 
void. These comparisons yield valuable information about both the ensemble average scalar flux and the 
variance in the scalar flux. 
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Report: DOE/ID/14113 
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Abstract/Keyterms: Verification of large-scale computational algorithms used in nuclear engineering and 
radiological applications is an essential element of reliable code performance. For this reason, the 
development of a suite of multidimensional semi-analytical benchmarks has been undertaken to provide 
independent verification of proper operation of codes dealing with the transport of neutral particles. The 
benchmarks considered cover several one-dimensional, multidimensional, monoenergetic and multigroup, 
fixed source and critical transport scenarios. The first approach, called the Green's Function. In slab 
geometry, the Green's function is incorporated into a set of integral equations for the boundary fluxes. 
Through a numerical Fourier transform inversion and subsequent matrix inversion for the boundary fluxes, 
a semi-analytical benchmark emerges. Multidimensional solutions in a variety of infinite media are also 
based on the slab Green's function. In a second approach, a new converged SN method is developed. In this 
method, the SN solution is “minded” to bring out hidden high quality solutions. For this case multigroup 
fixed source and criticality transport problems are considered. Remarkably accurate solutions can be 
obtained with this new method called the Multigroup Converged SN (MGCSN) method as will be 
demonstrated. 
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Engineering Laboratory Site 

Date: 7/12/1996 
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Abstract/Keyterms:  
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Abstract/Keyterms: Nuclear Reactor Technology- Reactor Safety; Nuclear Reactor Technology- Theory 
& Calculation; Radiation Hazards- Meetings; Reactor Physics- Meetings; Leading Abstract; Reactor Safety 
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Report: DOE/NBM-97003527 

Conference/Journal:  
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Abstract/Keyterms: The ZPPR-13 experiments provide basic physics data for radial heterogeneous 
LMFBR cores of approximately 700MWe size. Assemblies ZPPR-13A, ZPPR-13B and ZPPR-13A 
comprised the JUPITER-II cooperative program between the U.S. Department of Energy (US DOE) and 
PNC of Japan. The measurements were made between August 1982 and April 1984. The core designs and 
the measurements were planned jointly by the two parties with substantial input from U.S. industrial 
interests to ensure coverage of the design requirements. This report describes in detail the results of the 
Argonne National Laboratory (ANL) analyses of phases 13A and 13B/1 and includes preliminary results 
for the later assemblies of phase 13B.. 
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Title: Reports of Jupiter II: Measurements and Analysis 

Date: 12/31/1986 

Report: DOE/NBM-97003529 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Power Reactors and Associated Plants; Nuclear Reactor Technology; 
LMFBR Type Reactors; Reactor Physics; Heterogeneous Reactor Cores; Reactor Fueling; ZPPR Reactor; 
Coordinated Research Programs; USA; Japan; PNC; US DOE; International Cooperation; Foils; Plutonium 
240; Uranium 235; Plutonium 239; Uranium 239; Uranium 238; Calculation Methods; Measuring Methods; 
Reactivity; Data Analysis; Experimental Data; Fuel Pins; Criticality; Uranium Oxides U3o8 
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Title: Review of the State of Criticality of the Three Mile Island Unit 2 Core and Reactor Vessel 

Date: 4/15/1987 

Report: DOE/NCT-01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this report is to review the available information about the physical 
and chemical state of the fuel in the Three Mile Island Unit 2 (TMI-2) reactor, to review calculations of the 
reactivity of the core in its present configuration, and to estimate the margin of safety and show what level 
of dissolved boron is needed to maintain subcriticality during defueling. Some background information on 
the meaning of reactivity and the criticality physics of slightly enriched uranium has been added as an 
Appendix. 
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Title: Nuclear Criticality Safety Five-Year Outlay Program Plan, FY 1987—1991 

Date: 11/16/1988 

Report: DOE/NCT-02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This five-year Outlay Program Plan documents the bases and plans for the nuclear 
criticality safety budget of the DOE Office of Safety Appraisals. Actual expenditures in FY 1987 and 
current funding levels for FY 1988 are presented, with descriptions of the various program elements. This 
Plant also specifies the bases, assumptions and task planning for the FY 1989, 1990, and 1991 budgets. The 
FY 1988 funding level is $1390K, and is 75% of last year’s projection. Objectives of the program and future 
obligations dictate expenditures about double the OMB submittal of $1355K as the operating funding. 
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Title: Forecast of Criticality Experiments Needed to Support U.S. DOE Contractor Operations: 1987-1992 

Date: 5/1/1987 

Report: DOE/NCT-03 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents a master listing of those nuclear criticality experiments that have 
been identified as necessary to support U.S. Dept. of Energy programs and production operations, and U.S. 
nuclear fuel cycle activities. Also included are several experiments needed to resolve criticality physics 
questions and to strengthen the calculational methods currently used for criticality analysis. 
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Date: 9/1/1987 

Report: DOE/NCT-03 (Update) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents a master listing of those nuclear criticality experiments that have 
been identified as necessary to support U.S. Dept. of Energy programs and production operations, and U.S. 
nuclear fuel cycle activities. Also included are several experiments needed to resolve criticality physics 
questions and to strengthen the calculational methods currently used for criticality analysis. 
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Author: Stratton, William R. / Smith, David R. 

Title: A Review of Criticality Accidents 

Date: 3/1/1989 

Report: DOE/NCT-04 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality accidents and the characteristics of prompt power excursions are discussed. 
Forty-one accidental power transients are reviewed. In each case where available, enough detail is given to 
help visualize the physical situation, the cause or causes of the accident, the history and characteristics of 
the transient, the energy release, and the consequences, if any, to personnel and property 
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Title: Transactions of the Criticality Alarm Systems Workshop, Sept. 20-22, 1988 

Date: 9/1/1988 

Report: DOE/NCT-05 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: The first Criticality Alarm workshop was held by the US Department of Energy 
Albuquerque Operations Office in 1985. This second workshop is the first held on an international level. 
There were 98 persons in attendance. They represented the Department of Energy (DOE) field offices, DOE 
contractors, the Nuclear Regulatory Commission (NRC), NRC licensees, and agencies in the United 
Kingdom, France, West Germany, and Japan. Topics were on practices experience, and development. A 
key value of the workshop was the sharing of critical alarm system experiences, problems, and advances in 
the state of the art. In addition, several Criticality Alarm Systems (CAS) equipment systems were exhibited. 
Papers were presented on: nature of criticality accidents; lessons learned from past accidents; application 
of ANS 8.3 standard; gamma and neutron detection systems; research and development in progress; testing 
at Oak Ridge and Los Alamos; methods used to place detectors; centralized readout feature; false alarms; 
trip-point settings; and testing and maintenance. The individual papers have been cataloged separately. 
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Title: Introduction 

Date: 9/1/1988 

Report: DOE/NCT-05, 001 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: The first Criticality Alarm workshop was held by the US Department of Energy 
Albuquerque Operations Office in 1985. This second workshop is the first held on an international level. 
There were 98 persons in attendance. They represented the Department of Energy (DOE) field offices, DOE 
contractors, the Nuclear Regulatory Commission (NRC), NRC licensees, and agencies in the United 
Kingdom, France, West Germany, and Japan. Topics were on practices experience, and development. A 
key value of the workshop was the sharing of critical alarm system experiences, problems, and advances in 
the state of the art. In addition, several Criticality Alarm Systems (CAS) equipment systems were exhibited. 
Papers were presented on: nature of criticality accidents; lessons learned from past accidents; application 
of ANS 8.3 standard; gamma and neutron detection systems; research and development in progress; testing 
at Oak Ridge and Los Alamos; methods used to place detectors; centralized readout feature; false alarms; 
trip-point settings; and testing and maintenance. The individual papers have been cataloged separately. 
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Report: DOE/NCT-05, 003-004 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: The Development of Criticality Accident Alarm System Standards 

Date: 9/1/1988 

Report: DOE/NCT-05, 013-018 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: Criticality Alarm System Verification at the Los Alamos Critical Experiments Facility: Past 
Experience and Present Capabilities 

Date: 9/1/1988 

Report: DOE/NCT-05, 019-026 

Conference/Journal: DOE criticality alarm system workshop, Richland, WA, USA, 20 Sep 1988 

Conference Session:  

Abstract/Keyterms: Los Alamos Critical Experiments Facility (LACEF) / Criticality Accident Alarm 
Systems / Godiva-IV Burst Assembly / Sheba / Skua / Burst Operation 
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Date: 9/1/1988 

Report: DOE/NCT-05, 027-034 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: Experience with the SHEBA solution critical assembly during validation testing of 
accidental criticality alarm detectors provided several insights into the character of potential accidental 
excursions. Two observations were of particular interest. First, it is nearly impossible to maintain a solution 
system, particularly one employing low-enrichment material, in a constant state. If super-critical, the system 
will heat up, expand (or form bubbles), return to a sub-critical state, and shut down of its own accord without 
going into short period oscillations. Second, a very slow change in the system could produce a long ̀ `pulse`` 
resulting in lengthy exposures, a high dose, but a low dose rate. The experiments dramatically contradicted 
the popular contention that accidental criticality is characterized by a blue flash, a clap of thunder, and 
violet expulsion of material. 
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Title: The Y-12 Criticality Alarm System 

Date: 9/1/1988 

Report: DOE/NCT-05, 035-046 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: Savannah River NIM System Maintenance Program 

Date: 9/1/1988 

Report: DOE/NCT-05, 047-058 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: The Savannah River Plant (SRP) uses 260 Nuclear Incident Monitors (NIMs) of its 
own design to detect and alarm nuclear criticality. The in-house maintenance program includes routine field 
testing, with central facility repair and calibration. A central file of malfunction and calibration data is 
maintained and analyzed to determine component reliability determination. 
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Author: Eversole, Michael J. / Lindenschmidt, David J. 

Title: Criticality Alarm System Design and Operational Experience at the Westinghouse Materials 
Company of Ohio 

Date: 9/1/1988 

Report: DOE/NCT-05, 059-066 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: The Feed Materials Production Center (FMPC) handles a wide variety of uranium 
materials ranging in enrichment from depleted to 19.99% U235. Due to the presence of enriched uranium 
materials onsite, a criticality alarm system is required. This paper describes past, present, and future 
criticality alarm system designs, as well as problems which have been encountered during design, 
installation, and operation of those systems. 
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Title: Criticality Alarm Systems at the Idaho Chemical Processing Plant 

Date: 9/1/1988 

Report: DOE/NCT-05, 067-068 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: Experience with Neutron Criticality Alarm Systems at Westinghouse Hanford Company 

Date: 9/1/1988 

Report: DOE/NCT-05, 069-078 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: The neutron-sensitive criticality alarm system developed at the Hanford Site was 
installed in a number of buildings and has demonstrated satisfactory performance during approximately 20 
yr of operation. Neutron detection is provided by a boron-10 trifluoride (BR/sub 3/) tube in each detector. 
A description of the criticality alarm system is provided and the results of testing with short duration 
radiation pulses are discussed. Early and long-term operating experience is addressed including resolution 
of operating problems, spurious alarms, and trip levels. Modification, testing, and maintenance of the 
system is discussed including lessons learned. The commercial neutron-sensitive criticality alarm system 
was recently installed in a large facility is also described. Important aspects of installing/testing the system 
and operating experience are discussed. 
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Title: Criticality Alarm System for the Lawrence Livermore National Laboratory 

Date: 9/1/1988 

Report: DOE/NCT-05, 079-102 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Report: DOE/NCT-05, 103-110 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: Design Criteria and the Principles Underlying the UKAEA Code of Practice on the Provision of 
Criticality Alarm Systems 

Date: 9/1/1988 

Report: DOE/NCT-05, 111-124 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: Transportable Criticality Alarm System 

Date: 9/1/1988 

Report: DOE/NCT-05, 125-132 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: The Transportable Criticality Alarm System was developed at the Hanford Site in 
1982 to comply with the requirements of US Department of Energy Order DOE 5480.1, 12/18/80, and 
ANSI/ANS-8.3- 1979. The portable unit that it replaced failed to comply with the new requirements in that 
it did not provide the necessary warning of malfunctions, nor did it provide the Hanford Site standard 
criticality alarm signal. Modern technology allowed the Transportable Criticality Alarm System to comply 
with the criticality requirements cited and to incorporate other features that make it more usable, 
maintainable, and reliable. The Transportable Criticality Alarm System (TCAS) provides temporary 
criticality coverage in manned areas where the facility criticality alarm system is not operable. This gamma 
radiation-sensitive system has been in use for the past 6 yr at the Hanford Site. 
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Author: Kindleben, Gerd 

Title: Design of and Experience with the Gamma-Detecting Criticality Accident Alarm System at ALKEM 
MOX Fuel Fabrication Plant 

Date: 9/1/1988 

Report: DOE/NCT-05, 133-144 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Title: MCNP Transport Calculations for Detector Locations 

Date: 9/1/1988 

Report: DOE/NCT-05, 145-156 

Conference/Journal: DOE criticality alarm system workshop, Richland, WA, USA, 20 Sep 1988 

Conference Session:  

Abstract/Keyterms: The MCNP code was used to generate time and energy spectra for neutron and photon 
transport throughout a fictitious facility. Calculations of this type will be utilized to design a new Los 
Alamos criticality alarm system. 
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Date: 9/1/1988 

Report: DOE/NCT-05, 157-162 

Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms: A description of the computer program LOCAS is given. LOCAS was developed at 
the Hanford site to assist in evaluating what areas in a facility are covered by the gamma-sensitive criticality 
detectors for various alarm trip settings. Detectors may be grouped into “2 of n” sets, and there may be 
multiple sets. Representations of facility walls are stored in a wall library file, and detector coordinates may 
also be stored in a library file. Program output consists of numerical tables of dose rates and/or printhead 
graphics with print characters representing dose rates in a user-defined search plane. The primary 
limitations of the code are: the assumed photon spectrum is that of prompt gammas from fission, without 
including the effect of neutron interactions, which tend to produce higher energy photons, and limited 
inclusion of photon scattering through the use of dose buildup factors. For the purpose of evaluating the 
areas covered by a detector set, these limitations are conservative, i.e., they tend to underestimate the areas 
covered by the detection system. 
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Conference/Journal: Criticality Alarm Systems Workshop, Richland, Washington, Sept. 20-22, 1988 

Conference Session:  

Abstract/Keyterms:  
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Author: Harms, Gary A. / Helmick, Paul H. / Ford, John T. / Walker, Sharon A. / Berry, Donald T. / 
Pickard, Paul S. 

Title: Experimental Investigation of Burnup Credit for Safe Transport, Storage, and Disposal of Spent 
Nuclear Fuel 

Date: 4/1/2004 

Report: DOE/NE 99-0200 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes criticality benchmark experiments containing rhodium that were 
conducted as part of a Department of Energy Nuclear Energy Research Initiative project. Rhodium is an 
important fission product absorber. A capability to perform critical experiments with low-enriched uranium 
fuel was established as part of the project. Ten critical experiments, some containing rhodium and others 
without, were conducted. The experiments were performed in such a way that the effects of the rhodium 
could be accurately isolated. The use of the experimental results to test neutronics codes is demonstrated 
by example for two Monte Carlo codes. These comparisons indicate that the codes predict the behavior of 
the rhodium in the critical systems within the experimental uncertainties. The results from this project, 
coupled with the results of follow-on experiments that investigate other fission products, can be used to 
quantify and reduce the conservatism of spent nuclear fuel safety analyses while still providing the 
necessary level of safety. 
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Title: Interfacial Instabilities and Their Relation to Recriticality in a Disrupted LMFBR Core 
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Report: DOE/NE/37253-T1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Considerations of molten fuel-slug acceleration indicate that the Taylor instability 
mechanism will cause fuel disintegration following a mild power burst in a disrupted subassembly. This 
observation is used to obtain a simple expression for the fuel-slug acceleration length over which fuel 
breakup occurs and to develop a simple criterion for the threshold fuel-pool size below which it is possible 
to bound the degree of energetics when arbitrary mild recriticality situations are postulated. The possibility 
of molten hexcan wall steel mixing with molten fuel (Kelvin-Helmholtz instability) in a disrupted 
subassembly is also discussed and tentatively ruled out on the basis of available experimental information. 
Finally, a simple analysis of transient steel vapor condensation on upper pool liquid sodium demonstrates 
that sodium re-entry into the core by rapid steel vapor depressurization is prevented by sodium evaporation. 
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1982 

Date: 12/1/1982 

Report: DOE/NE-0030/6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information is presented for US nuclear power plants concerning power capacity; 
reactor type; licensing dates; construction activities; initial criticality; full-power operation; and commercial 
operation. 
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Report: DOE/NV/00597-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Spent Fuel Handling and Packaging Program Demonstration was initiated in 
1977 to develop and test the capability to satisfactorily encapsulate typical spent fuel assemblies from 
commercial light water nuclear power plants and to establish the suitability of surface (Sealed Storage Cask) 
and near surface (drywell) concepts for the interim dry storage of the encapsulated spent fuel assemblies. 
The E-MAD facility at the Nevada Test Site was chosen as the location for this demonstration. This 
document describes the Sealed Storage Cask and drywell storage configuration, the processes and 
equipment utilized to encapsulate the spent fuel assemblies and place them into the storage configurations, 
and the thermal tests performed to establish the suitability of the storage configurations. Also presented is 
a criticality safety evaluation for the spent fuel handling operations and the storage configurations. 
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Conference/Journal:  
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Abstract/Keyterms: The objectives for spent fuel handling and packaging demonstration are to develop 
the capability to satisfactorily encapsulate typical commercial nuclear reactor spent fuel assemblies and to 
establish the suitability of interim dry surface and near surface storage concepts. To accomplish these 
objectives, spent fuel assemblies from a pressurized water reactor have been received, encapsulated in steel 
canisters, and emplaced in on-site storage facilities and subjected to other tests. As an essential element of 
these demonstrations, a thorough safety assessment of the demonstration activities conducted at the E-MAD 
facility has been completed. This document describes the site location and characteristics, the existing E-
MAD facility, and the facility modifications and equipment additions made specifically for the 
demonstrations. The document also summarizes the Quality Assurance Program utilized, and specifies the 
principal design criteria applicable to the facility modifications, equipment additions, and process 
operations. Evaluations have been made of the radiological impacts of normal operations, abnormal 
operations, and postulated accidents. Analyses have been performed to determine the affects on nuclear 
criticality safety of postulated accidents and credible natural phenomena. The consequences of postulated 
accidents resulting in fission product gas release have also been estimated. This document identifies the 
engineered safety features, procedures, and site characteristics that (1) prevent the occurrence of potential 
accidents or (2) assure that the consequences of postulated accidents are either insignificant or adequately 
mitigated. 
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Abstract/Keyterms: The Area 5 Radioactive Waste Management Safety Assessment Document contains 
evaluations of site characteristics, facilities, and operating practices that contribute to the safe handling, 
storage, and disposal of low-level radioactive wastes at the Nevada Test Site. Physical geography, cultural 
factors, climate and meteorology, geology, hydrology (with emphasis on radionuclide migration), ecology, 
natural phenomena, and natural resources are discussed and determined to be suitable for effective 
containment of radionuclides. A separate section considers facilities and operating practices such as 
monitoring, storage/disposal criteria, site maintenance, equipment, and support. The section also considers 
the transportation and waste handling requirements supporting the new Greater Confinement Disposal 
Facility (GCDF), GCDF demonstration project, and other requirements for the safe handling, storage, and 
disposal of low-level radioactive wastes. Finally, the document provides an analysis of releases and an 
assessment of the near-term operational impacts and dose commitments to operating personnel and the 
general public from normal operations and anticipated accidental occurrences. The conclusion of this report 
is that the Area 5 Radioactive Waste Management Site is suitable for low-level radioactive waste handling, 
storage, and disposal. Also, the new GCDF demonstration project will not affect the overall safety of the 
Area 5 Radioactive Waste Management Site. 
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Abstract/Keyterms: Nuclear Fuels- Waste Disposal & Storage - Nuclear Fuels- Transport, Handling, & 
Storage - Engineering- Shipping Containers; Spent Fuel Casks- Materials Testing; Spent Fuel Casks- Stress 
Analysis; Corrosion; Criticality; Fluid Flow; Heat Transfer; Progress Report; Spent Fuel Elements; Stability 
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Abstract/Keyterms: Control of criticality in spent nuclear fuel is necessary during all phases of fuel 
management during storage, transportation, and permanent disposal. Work completed to date is described. 
Tasks in the original proposal include: seek coverage by an approved quality control program, review 
documents related to criticality, attend criticality meetings and workshops, and maintain an expertise in 
criticality. Current work is covered by Univ. of Nevada QA plan, however, coverage under a more thorough 
plan will be sought in order that the results can be used during NRC licensing. 
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Title: Nuclear Waste Criticality Analysis. Quarterly Progress Report, 1 October--31 December 1995 
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Conference/Journal:  
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Abstract/Keyterms: The work to date includes the preparation of a report related to criticality in spent 
fuel, a report on the Oklo reactors and their relevance to Yucca Mountain, and the creation of a computer 
program to model the Oklo reactors. The objective of the program includes a computational model of the 
only known natural analogue to an underground nuclear waste repository and the possible application of 
the model to predict the long-term behavior of Yucca Mountain. A final summary of all work completed 
will be presented after the end of the project on February 29, 1996. 
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4523…..…..…………………..…….……..……ID Number…………………..…..…………….4523 

Author: Culbreth, W. G. 

Title: Nuclear Waste Criticality Analysis. Final Report, 1 July 1995-30 June 1996 

Date: 7/3/1996 

Report: DOE/NV/10872-T274 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The natural reactors that occurred in Gabon, Africa over 2 billion years ago present 
an interesting analog to the underground repositories proposed around the world for the long-term storage 
of high-level spent nuclear fuel. Many articles have been written concerning the low migration rates of 
actinides and fission products from the Oklo reactor sites, but Oklo also presents researchers with an 
opportunity to discover the conditions that led to nuclear criticality in uranium oxides with low enrichments. 
A computer model was developed to predict the conditions that were necessary to lead to criticality in the 
Oklo reactors. Critical core dimensions and infinite multiplication factors are presented as a function of 
time, the porosity of the host rock, and the water and uranium content of the sandstone deposits at Oklo. 
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Author: Ladkany, S. G. 

Title: Quarterly Progress Report on the Waste Package Project at the University of Nevada, Las Vegas, 
January 1, 1993—March 31, 1993 

Date: 1/1/1993 

Report: DOE/NV/10872-T55 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accomplishments for the past quarter are briefly described for: task A.2.1 on 
criticality studies and drift emplacement model; and for task A.2.2. On waste container alternate design 
considerations. 
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4525…..…..…………………..…….……..……ID Number…………………..…..…………….4525 

Author: Ladkany, S. G. 

Title: Quarterly Progress Report on the DOE Waste Package Project at the University of Nevada, Las 
Vegas, July 1, 1993 Through September 30, 1993 

Date: 1/1/1993 

Report: DOE/NV/10872-T84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress reports are presented for the following tasks: overview and progress of waste 
package project and container design; waste container design considerations (criticality analysis, 
experimental drift model); waste container alternate design considerations; thermal simulation of high level 
nuclear waste canister emplacement; structural analysis and design of nuclear waste package canister; 
robotic manipulation of the nuclear waste container; investigation of stress in a circular tunnel due to 
overburden & thermal loading of horizontally placed 21PWR multi-purpose canisters; investigation of 
faulted tunnel models by combined photoelasticity and finite element analysis; and transport phenomena in 
the near field. 
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Author: Radiological Control Managers’ Council 

Title: Nevada National Security Site Radiological Control Manual 

Date: 3/26/2012 

Report: DOE/NV/25946-801 Revision 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document supersedes DOE/NV/25946--801,”Nevada Test Site Radiological 
Control Manual, Revision 1,” issued in February 2010. Brief Description of Revision: A complete revision 
to reflect a recent change in name for the NTS; changes in name for some tenant organizations; and to 
update references to current DOE policies, orders, and guidance documents. Article 237.2 was deleted. 
Appendix 3B was updated. Article 411.2 was modified. Article 422 was re-written to reflect the wording 
of DOE O 458.1. Article 431.6.d was modified. The glossary was updated. This manual contains the 
radiological control requirements to be used for all radiological activities conducted by programs under the 
purview of the U.S. Department of Energy (DOE) and the U.S. Department of Energy, National Nuclear 
Security Administration Nevada Site Office (NNSA/NSO). Compliance with these requirements will 
ensure compliance with Title 10 Code of Federal Regulations (CFR) Part 835, 'Occupational Radiation 
Protection.' Programs covered by this manual are located at the Nevada National Security Site (NNSS); 
Nellis Air Force Base and North Las Vegas, Nevada; Santa Barbara and Livermore, California; and andrews 
Air Force Base, Maryland. In addition, fieldwork by NNSA/NSO at other locations is covered by this 
manual. Current activities at NNSS include operating low-level radioactive and mixed waste disposal 
facilities for United States defense-generated waste, assembly and execution of subcritical experiments, 
assembly/disassembly of special experiments, the storage and use of special nuclear materials, performing 
criticality experiments, emergency responder training, surface cleanup and site characterization of 
contaminated land areas, environmental activity by the University system, and nonnuclear test operations, 
such as controlled spills of hazardous materials at the Hazardous Materials Spill Center. Currently, the 
major potential for occupational radiation exposure is associated with the burial of low-level radioactive 
waste and the handling of radioactive sources. Remediation of contaminated land areas may also result in 
radiological exposures. 
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4527…..…..…………………..…….……..……ID Number…………………..…..…………….4527 

Author: n. a. 

Title: Methodology for Calculating Guideline Concentrations for Safety Shot Sites 

Date: 6/1/1997 

Report: DOE/NV-481 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Residual plutonium (Pu), with trace quantities of depleted uranium (DU) or weapons 
grade uranium (WU), exists in surficial soils at the Nevada Test Site (NTS), Nellis Air Force Range 
(NAFR), and the Tonopah Test Range (TTR) as the result of the above-ground testing of nuclear weapons 
and special experiments involving the detonation of plutonium-bearing devices. The special experiments 
(referred to as safety shots) involving plutonium-bearing devices were conducted to study the behavior of 
Pu as it was being explosively compressed; ensure that the accidental detonation of the chemical explosive 
in a production weapon would not result in criticality; evaluate the ability of personnel to manage large-
scale Pu dispersal accidents; and develop criteria for transportation and storage of nuclear weapons. These 
sites do not pose a health threat to either workers or the general public because they are under active 
institutional control. The DOE is committed to remediating the safety shot sites so that radiation exposure 
to the public, both now and in the future, will be maintained within the established limits and be as low as 
reasonably achievable. Remediation requires calculation of a guideline concentration for the Pu, U, and 
their decay products that are present in the surface soil. This document presents the methodology for 
calculating guideline concentrations of weapons grade plutonium, weapons grade uranium, and depleted 
uranium in surface soils at the safety shot sites. Emphasis placed on obtaining site-specific data for use in 
calculating dose to potential residents from the residual soil contamination. 
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4528…..…..…………………..…….……..……ID Number…………………..…..…………….4528 

Author: Betts, S. E. 

Title: Determination of Vapor-Liquid Equilibrium Data and Decontamination Factors Needed for the 
Development of Evaporator Technology for Use in Volume Reduction of Radioactive Waste Streams 

Date: 10/1/1993 

Report: DOE/OR/00033-T544 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program is currently in progress at Argonne National Laboratory to evaluate and 
develop evaporator technology for concentrating radioactive waste streams. By concentrating radioactive 
waste streams, disposal costs can be significantly reduced. To effectively reduce the volume of waste, the 
evaporator must achieve high decontamination factors so that the distillate is sufficiently free of radioactive 
material. One technology that shows a great deal of potential for this application is being developed by 
LICON, Inc. In this program, Argonne plans to apply LICON’s evaporator designs to the processing of 
radioactive solutions. Concepts that need to be incorporated into the design of the evaporator include, 
criticality safety, remote operation and maintenance, and materials of construction. To design an effective 
process for concentrating waste streams, both solubility and vapor-liquid equilibrium data are needed. The 
key issue, however, is the high decontamination factors that have been demonstrated by this equipment. 
Two major contributions were made to this project. First, a literature survey was completed to obtain 
available solubility and vapor-liquid equilibrium data. Some vapor-liquid data necessary for the project but 
not available in the literature was obtained experimentally. Second, the decontamination factor for the 
evaporator was determined using neutron activation analysis. 
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4529…..…..…………………..…….……..……ID Number…………………..…..…………….4529 

Author: Sylvester, K. W. B. 

Title: A Strategy for Weapons-Grade Plutonium Disposition 

Date: 9/1/1994 

Report: DOE/OR/00033-T757 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A political as well as technical analysis was performed to determine the feasibility of 
glassification (vitrification) for weapons grade plutonium (WGPu) disposition. The political analysis 
provided the criteria necessary to compare alternative storage forms. The technical areas of weapon 
usability and environmental safety were then computationally and experimentally explored and a 
vitrification implementation strategy postulated. The Monte Carlo Neutron Photon (MCNP) computer code 
was used to model the effect of blending WGPu with reactor grade Pu (RGPu). A mixture of 30% RGPu 
and 70% WGPu more than doubled the surface flux from a bare sphere of the mixture which assumedly 
correlates to a significantly increased predetonation probability. Rare earth diluents were also examined 
(using MCNP) for their ability to increase the compressed critical mass of the WGPu mixture. The rare 
earths (notably Eu) were effective in this regard. As Pu-239 has a 24,100 year half life, reactivity control 
in the long term is an environmental safety issue. Rare earths were investigated as criticality controllers due 
to their neutron absorption capabilities and insolubility in aqueous environments. Thorium (a Pu surrogate) 
and the rare earths Eu, Gd, and Sm were added to two standard frits (ARM-1 and SRL-165) and formed 
into glass. Aqueous leach tests were performed (using MCC-1P guidelines) to measure rare earth leaching 
and determine the added elements’ effects on glass durability. Europium was much more leach resistant 
than boron in the glasses tested. The elements had no negative effect on the environmental durability of the 
glasses tested at 90 C and minimal effect at room temperature. No fission product releases were detected in 
the ARM-1 compositions (which contained numerous simulated fission products). 
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4530…..…..…………………..…….……..……ID Number…………………..…..…………….4530 

Author: Yue, H. J. / Latshaw, D. R. / Slager, T. L. / Elliott, D. R. / Tewari, K. C. / Parees, D. M. / 
Kamzelski, A. Z. / Moyer, J. D. / Palopoli, S. F. 

Title: SRC-1 Demonstration Plant Analytical Laboratory 

Date: 10/1/1981 

Report: DOE/OR/03054-4-Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Effective operation of the Demonstration Plant will rely on monitoring process 
streams to provide data for environmental monitoring, process material balances and product quality 
control. The plant's analytical laboratory will be required to provide rapid, accurate analyses, particularly 
during start-up periods or when operating conditions must be adjusted. Thus, the laboratory must be 
functional by start-up. To achieve this goal a special program will be used to select and evaluate the 
analytical tests to be performed. Progress has focused on four areas development of qualitative and 
quantitative gas chromatographic/mass spectrometric (GC/MS) analyses of coal liquids; development of 
analysis by simulated distillation; development of nuclear magnetic resonance (NMR) analysis; and 
refinement of microanalytical techniques. Our GC/MS analyses have expanded the data base for qualitative 
identification of components in SRC-1 coal liquids. To reduce the cost of distillation analyses in the plant's 
analytical laboratory, a simulated distillation technique is being developed for coal liquids and the total 
liquid product. Published reports show that both qualitative and quantitative NMR techniques are used to 
characterize SRC and related materials. Our efforts to develop NMR methods are reported here. 
Commercial carbon, hydrogen, and nitrogen 
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4531…..…..…………………..…….……..……ID Number…………………..…..…………….4531 

Author: Staff 

Title: Guidance for Preparation of Safety Analysis Reports 

Date: 6/11/1992 

Report: DOE/OR-901 (Rev 2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Department of Energy (DOE) Orders 5480.23, ``Nuclear Safety Analysis Reports,`` 
and 5481.1B, ``Safety Analysis and Review System`` require the preparation of appropriate safety analyses 
for each DOE operation and subsequent significant modifications including decommissioning, and 
independent review of each safety analysis. The purpose of this guide is to assist in the preparation and 
review of safety documentation for Oak Ridge Field Office (OR) nonreactor facilities and operation. 
Appendix A lists DOE Orders, NRC Regulatory Guides and other documents applicable to the preparation 
of safety analysis reports. 
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4532…..…..…………………..…….……..……ID Number…………………..…..…………….4532 

Author: Henry, H. F. / Mallett, A. J. / Newlon, C. E. 

Title: Basic Critical Mass Information and Its Application to Oak Ridge Gaseous Diffusion Plant Design 
and Operation 

Date: 5/23/1958 

Report: DOE/OT/21400-T7, K-1019-Rev.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The current minimum experimental values of the basic criticality control parameters 
for U-235 assays between 2% and approximately 90% are presented together with the basic criticality 
control methods currently in effect at ORGDP. The fundamental nuclear safety criteria remain essentially 
unchanged from previous editions of the report with the exception of the neutron interaction specifications, 
which have been extended considerably, and the approval, for the first time, of the limited use of water in 
cascade fire control activities. A chart of the organization for nuclear safety control at ORGDP and a 
glossary are also included. 
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Author: n. a. 

Title: The 1994 United Kingdom Radioactive Waste Inventory 

Date: 12:00:00 AM 

Report: DOE/RAS/96.001, UK Nirex Report 695 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n. a. 

Title: Criticality Safety Considerations. Integral Monitored Retrievable Storage (MRS) Facility 

Date: 9/1/1986 

Report: DOE/RL/10436-T1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report summarizes the criticality analysis performed to address criticality safety 
concerns and to support facility design during the conceptual design phase of the Monitored Retrievable 
Storage (MRS) Facility. The report addresses the criticality safety concerns, the design features of the 
facility relative to criticality, and the results of the analysis of both normal operating and hypothetical off-
normal conditions. Key references are provided (Appendix C) if additional information is desired by the 
reader. The MRS Facility design was developed and the related analysis was performed in accordance with 
the MRS Facility Functional Design Criteria and the Basis for Design. The detailed description and 
calculations are documented in the Integral MRS Facility Conceptual Design Report. In addition to the 
summary portion of this report, explanatory notes for various terms, calculation methodology, and design 
parameters are presented in Appendix A. Appendix B provides a brief glossary of technical terms. 
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Author: n. a. 

Title: Integral Monitored Retrievable Storage (MRS) Facility Conceptual Design Report. Volume 6, Book 
2, Design Studies 

Date: 9/1/1985 

Report: DOE/RL/10436-T2-Vol.6-Bk.2; MRS-11-Vol.6-Bk.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document, Volume 6 Book 2, contains design studies for a Monitored 
Retrievable Storage (MRS) Facility. Topics discussed include: materials handling; processing; support 
systems; support utilities; spent fuel; high-level radioactive wastes and storage; field drywell storage; 
ALARA consideration; safety considerations; and design approach. (KJD) 
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4536…..…..…………………..…….……..……ID Number…………………..…..…………….4536 

Author: Nirider, L. T. 

Title: Assessment of the Plutonium Finishing Plant Criticality Alarm System U.S. Department of Energy 
Richland Operations Office 

Date: 10/1/2002 

Report: DOE/RL-2002-58, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At the request of the Assistant Manager for Safety and Engineering, the U.S. 
Department of Energy Richland Operations Office (RL) Engineering Support Division, performed an 
oversight review of the Plutonium Finishing Plant (PFP) nuclear Criticality Alarm System (CAS). The 
review was conducted to satisfy requirements and agreements associated with Defense Nuclear Facility 
Safety Board (DNFSB) Recommendation 2000-2,”Vital Safety Systems.” The PFP is managed by Fluor 
Hanford, Inc. for RL. The field assessment and staff interviews were conducted August 12 through August 
19,2002. This was a limited scope assessment that consisted of a review of the nuclear CAS operations, 
maintenance, and compliance with National Consensus Standards Requirements. The main purpose of the 
assessment was to determine the adequacy of the existing alarm system and its associated infrastructure to 
support the PFP facility mission through the remaining facility lifetime. The Review Plan was modeled 
upon Criteria and Review Approach Documents (CRAD) developed for DNFSB Recommendation 2000-2 
reviews conducted across the Hanford Site. Concerns regarding component degradation and failure, 
increasing numbers of occurrence reports associated with the alarm system, and reliability issues were 
addressed. Additionally, RL performed a review of the engineering aspects of the CAS including the 
functions of design authorities and aspects of systems engineering. However, the focus of the assessment 
was on operations, maintenance, and reliability of the CAS, associated procurement practices, adequacy of 
safety and engineering policies and procedures, safety documentation, and fundamental engineering 
practices including training, qualification, and systems engineering. This assessment revealed that the PFP 
CAS and its associated infrastructure, administrative procedures, and conduct of operations are generally 
effective. There are no imminent criticality safety issues associated with the operation of the existing CAS. 
The Assessment Team believes that the CAS, as it presently exists at the PFP facility, is adequate to support 
the remaining mission lifetime of the facility while continuing to ensure personnel safety. This conclusion 
is dependent upon a continued level of funding adequate to support the required maintenance and occasional 
system upgrade. Two findings were identified during this assessment. Additionally, the report identified 
eight observations and two recommendations. The assessment revealed that recent changes to OSR 
compliance procedures and other documents do not contain the signature of the CSR as required by 
procedure. Lack of appropriate approval signatures is a noncompliance with site-level procedures. 
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Author: Nirider, L. T. 

Title: Criticality Safety Lessons Learned in a Deactivation and Decommissioning Environment [A Guide 
for Facility and Project Managers] 

Date: 7/6/2003 

Report: DOE/RL-2003-36, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document was designed as a reference and a primer for facility and project 
managers responsible for Deactivation and Decommissioning (D&D) processes in facilities containing 
significant inventories of fissionable materials. The document contains lessons learned and guidance for 
the development and management of criticality safety programs. It also contains information gleaned from 
occurrence reports, assessment reports, facility operations and management, NDA program reviews, 
criticality safety experts, and criticality safety evaluations. This information is designed to assist in the 
planning process and operational activities. Sufficient details are provided to allow the reader to understand 
the events, the lessons learned, and how to apply the information to present or planned D&D processes. 
Information is also provided on general lessons learned including criticality safety evaluations and 
criticality safety program requirements during D&D activities. The document also explores recent and past 
criticality accidents in operating facilities, and it extracts lessons learned pertinent to D&D activities. A 
reference section is included to provide additional information. This document does not address D&D 
lessons learned that are not pertinent to criticality safety. 
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Author: Rahimi, M. / Lancaster, D. 

Title: Isotopic Validation for PWR Actinide-Only Burnup Credit Using Mihama-3 Data 

Date: 5/1/1998 

Report: DOE/RW/00134-M96-012, CONF-961103-8 

Conference/Journal: International high-level radioactive waste management conference, Las Vegas, NV 
(United States), 11-14 May 1998 

Conference Session:  

Abstract/Keyterms: This report augments a US Department of Energy Topical Report on Actinide-Only 
Burnup Credit for PWR Spent Nuclear Fuel Packages submitted to the Nuclear Regulatory Commission 
(NRC). The purpose of the topical report was to obtain NRC approval on a generic burnup credit 
methodology. A major part of the methodology is the validation of the neutronics model used for designing 
the criticality control system. The validation methodology presented in the topical report established 
isotopic correction factors based on 19 isotopic samples. This report presents additional data points for 
isotopic validation. Measured and calculated isotopic quantities for nine samples from three spent fuel 
assemblies discharged from the Japanese Mihama-3 reactor are tabulated. 
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4539…..…..…………………..…….……..……ID Number…………………..…..…………….4539 

Author: Lancaster, D. / Fuentes, E. 

Title: Appropriate Burnup Measurements for Transportation Burnup Credit 

Date: 6/5/1997 

Report: DOE/RW/00134-M97-001, CONF-970607-10 

Conference/Journal: ARS '97: American Nuclear Society (ANS) international meeting on advanced 
reactors safety, Orlando, FL (United States), 1-5 Jun 1997 

Conference Session:  

Abstract/Keyterms: This paper addresses two of the measurement specifications used in analyzing spent 
fuel packages to gain burnup credit. The philosophy and calculation of rejection criteria and measurement 
accuracy are discussed. Any assembly for which the declared measured value and reactor record value 
deviate by more than 10% will be rejected. Measurement accuracy requirements are established for 
dependent and independent systems. The requirements have been tested and are achievable, ensuring safe 
operation without extra cost. 
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Author: Fuentes, E. / Lancaster, D. 

Title: Criticality Validation for Burnup Credit Using Recycle Pu Criticals 

Date: 6/5/1997 

Report: DOE/RW/00134-M97-002, CONF-970607-9 

Conference/Journal: ARS '97: American Nuclear Society (ANS) international meeting on advanced 
reactors safety, Orlando, FL (United States), 1-5 Jun 1997 

Conference Session:  

Abstract/Keyterms: A set of 23 additional critical experiments were analyzed to provide additional input 
to the criticality validation portion of spent fuel cask analysis. The results of this analyses were combined 
with the previously analyzed criticals to determine the upper safety limit on k(eff). The combined set of 
criticals can be used for criticality validation for burnup credit, and are better suited for the range of 
isotopics in spent nuclear fuels. A trend observed in the analysis was that the calculated k(eff) deviates from 
the criticals in the positive direction, implying that increased burnup results in increased safety margin. 
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Author: Kang, C. H. / Lancaster, D. B. 

Title: End Effect K(eff) Bias Curve for Actinide-Only Burnup Credit Casks 

Date: 3/1/1997 

Report: DOE/RW/00134-M97-004; CONF-970607-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A conservative end effect k(eff) bias curve for actinide-only burnup credit for spent 
fuel casks is presented in this paper. The k(eff) bias values can be added to the uniform axial burnup analysis 
to conservatively bound the actinide-only end effect. A normalized axial burnup distribution for the 
standard Westinghouse 17 x 17 assembly design is used for calculating k(eff). The end effect calculated is 
a strong function of burnup, and increases as cask size decreases. The presence of poison plates increases 
the end effect. The bias curve presented is based on the most limiting cask configuration of a single PWR 
assembly with completely black poison plates. Therefore, axially uniform criticality calculations with 
application of the proposed k(eff) could eliminate the need for axially burnup dependent analyses 
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Author: Kang, C. / Lancaster, D. 

Title: Conservative Axial Burnup Distributions for Actinide-Only Burnup Credit 

Date: 5/1/1998 

Report: DOE/RW/00134-M97-019, CONF-980516 

Conference/Journal: International high-level radioactive waste management conference, Las Vegas, NV 
(United States), 11-14 May 1998 

Conference Session:  

Abstract/Keyterms: Unlike the fresh fuel approach, which assumes the initial isotopic compositions for 
criticality analyses, any burnup credit methodology must address the proper treatment of axial burnup 
distributions. A straightforward way of treating a given axial burnup distribution is to segment the fuel 
assembly into multiple meshes and to model each burnup mesh with the corresponding isotopic 
compositions. Although this approach represents a significant increase in modeling efforts compared to the 
uniform average burnup approach, it can adequately determine the reactivity effect of the axial burnup 
distribution. A major consideration is what axial burnup distributions are appropriate for use in light of 
many possible distributions depending on core operating conditions and histories. This paper summarizes 
criticality analyses performed to determine conservative axial burnup distributions. The conservative axial 
burnup distributions presented in this paper are included in the Topical Report on Actinide-Only Burnup 
Credit for Pressurized Water Reactor Spent Nuclear Fuel Packages, Revision 1 submitted in May 1997 by 
the US Department of Energy (DOE) to the US Nuclear Regulatory Commission (NRC). When approved 
by NRC, the conservative axial burnup distributions may be used to model PWR spent nuclear fuel for the 
purpose of gaining actinide only burnup credit. 



 

C-4550 

4543…..…..…………………..…….……..……ID Number…………………..…..…………….4543 

Author: n. a. 

Title: Isotopic Validation for PWR Actinide-Only Burnup Credit Using Yankee Rowe Data 

Date: 11/1/1997 

Report: DOE/RW/00134-M97-020, CONF-980516 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Safety analyses of criticality control systems for transportation packages include an 
assumption that the spent nuclear fuel (SNF) loaded into the package is fresh or unirradiated. In other words, 
the spent fuel is assumed to have its original, as-manufactured U-235 isotopic content. The”fresh fuel” 
assumption is very conservative since the potential reactivity of the nuclear fuel is substantially reduced 
after being irradiated in the reactor core. The concept of taking credit for this reduction in nuclear fuel 
reactivity due to burnup of the fuel, instead of using the fresh fuel assumption in the criticality safety 
analysis, is referred to as”Burnup Credit.” Burnup credit uses the actual physical composition of the fuel 
and accounts for the net reduction of fissile material and the buildup of neutron absorbers in the fuel as it 
is irradiated. Neutron absorbers include actinides and other isotopes generated as a result of the fission 
process. Using only the change in actinide isotopes in the burnup credit criticality analysis referred to 
as”Actinide-Only Burnup Credit.” The use of burnup credit in the design of criticality control systems 
enables more spent fuel to be placed in a package. Increased package capacity results in a reduced number 
of storage, shipping and disposal containers for a given number of SNF assemblies. Fewer shipments result 
in a lower risk of accidents associated with the handling and transportation of spent fuel, thus reducing both 
radiological and nonradiological risk to the public. This paper describes the modeling and the results of 
comparison between measured and calculated isotopic inventories for a selected number of samples taken 
from a Yankee Rowe spent fuel assembly. 
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Author: Lancaster, D. B. / Fuentes, E. / Kang, C. 

Title: Method for Adding Additional Isotopes to Actinide-Only Burnup Credit 

Date: 5/1/1998 

Report: DOE/RW/00134-M97-023, CONF-980516 

Conference/Journal: International high-level radioactive waste management conference, Las Vegas, NV 
(United States), 11-14 May 1998 

Conference Session:  

Abstract/Keyterms: The Topical Report on Actinide-Only Burnup Credit for Pressurized Water Reactor 
Spent Nuclear Fuel Packages requires computer code validation to be performed against a benchmark set 
of chemical assays for isotopic concentration and against a benchmark set of critical experiments for 
package criticality. Both sets contain all the isotopes included in the methodology. The chemical assays 
used include the uranium and plutonium isotopes, while the critical experiments were composed of UO2 or 
MOX rods, covering the isotopes in the actinide only approach. Since other isotopes are not included in the 
validation benchmark sets, it would be necessary to justify both the content and worth of any additional 
isotope for which burnup credit is to be taken (i.e., both the concentration and criticality effect of each 
particular isotope must be validated). A method is proposed here that can be used for any number of 
additional isotopes. As does the actinide-only burnup credit methodology, this method makes use of 
chemical assay data to establish the conservatism in the prediction of each isotope’s concentration. 
Criticality validation is also performed using a benchmark set of UO2 and MOX critical experiments, where 
the additional isotopes are validated using worth experiments to conservatively account for any uncertainty 
in their cross sections. The remaining requirements (analysis and modeling parameters, loading criteria 
generation, and physical implementation and controls) are performed exactly as described in the actinide-
only burnup credit methodology. This report provides insight into each particular requirement in the new 
methodology. 
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Author: Ingram, J. C. 

Title: Site Characterization Plan, Reference Repository Location, Hanford Site, Washington 

Date: 1/1/1988 

Report: DOE/RW-0164, Vol. 3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the process for siting the nation's first geologic repository for radioactive 
waste, the Department of Energy (DOE) is preparing a site characterization plan for the Hanford site in 
Benton County, Washington. As a step in the preparation of that plan, the DOE has provided, for 
information and review, a consultation draft of the plan to the State of Washington, the affected Indian 
Tribes - the Confederated Tribes of the Umatilla Indian Reservation, the Nez Perce Indian Tribe, and the 
Yakima Indian Nation - and the US Nuclear Regulatory Commission. The Hanford site is one of three sites 
that the DOE currently plans to characterize; the other sites are the Deaf Smith County site in Texas and 
the Yucca Mountain site in Nevada. After site characterization has been completed and its results evaluated, 
the DOE will identify from among the three characterized sites the site that is preferred for the repository. 
The overview presented here consists of brief summaries of important topics covered in the consultation 
draft of the site characterization plan; it is not a substitute for the site characterization plan. The arrangement 
of the overview is similar to that of the plan itself, with brief descriptions of the disposal system - the site, 
the repository, and the waste package - preceding the discussion of the characterization program to be 
carried out at the Hanford site. It is intended primarily for the management staff of organizations involved 
in the DOE's repository program or other persons who might wish to understand the general scope of the 
site-characterization program, the activities to be conducted, and the facilities to be constructed rather than 
the technical details of site characterization 
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Author: DOE 

Title: Topical Report on Actinide-Only Burnup Credit for PWR Spent Nuclear Fuel Packages 

Date: 4/1/1997 

Report: DOE/RW-0472 REV 01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A methodology for performing and applying nuclear criticality safety calculations, 
for PWR spent nuclear fuel (SNF) packages with actinide-only burnup credit, is described. The changes in 
the U-234, U-235, U-236, U-238, Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, and Am-241 concentration 
with burnup are used in burnup credit criticality analyses. No credit for fission product neutron absorbers 
is taken. The methodology consists of five major steps. (1) Validate a computer code system to calculate 
isotopic concentrations of SNF created during burnup in the reactor core and subsequent decay. A set of 
chemical assay benchmarks is presented for this purpose as well as a method for assessing the calculational 
bias and uncertainty, and conservative correction factors for each isotope. (2) Validate a computer code 
system to predict the subcritical multiplication factor, k(eff), of a spent nuclear fuel package. Fifty-seven 
UO2, UO2/GD2O3, and UO2/PuO2 critical experiments have been selected to cover anticipated conditions 
of SNF. The method uses an upper safety limit on k(eff) (which can be a function of the trending parameters) 
such that the biased k(eff), when increased for the uncertainty is less than 0.95. (3) Establish bounding 
conditions for the isotopic concentration and criticality calculations. Three bounding axial profiles have 
been established to assure the “end effect” is accounted for conservatively. (4) Use the validated codes and 
bounding conditions to generate package loading criteria (burnup credit loading curves). Burnup credit 
loading curves show the minimum burnup required for a given initial enrichment. The utility burnup record 
is compared to this requirement after the utility accounts for the uncertainty in its record. Separate curves 
may be generated for each assembly design, various minimum cooling times and burnable absorber 
histories. (5) Verify that SNF assemblies meet the package loading criteria and confirm proper assembly 
selection prior to loading. A measurement of the average assembly burnup is required and that measurement 
must be within 10% of the utility burnup record for the assembly to be accepted. The measurement device 
must be accurate to within 10%. Each step is described in detail for use with any computer code system and 
is then demonstrated with the SCALE 4.2 computer code package using 27BURNUPLIB cross sections. 
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Date: 1/1/1998 

Report: DOE/RW-0472 Rev 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this topical report is to present to the NRC for review and acceptance 
a methodology for using burnup credit in the design of criticality control systems for PWR spent fuel 
transportation packages, while maintaining the criticality safety margins and related requirements of 10 
CFR Part 71 and 72. The proposed methodology consists of five major steps as summarized below: (1) 
Validate a computer code system to calculate isotopic concentrations in SNF created during burnup in the 
reactor core and subsequent decay. (2) Validate a computer code system to predict the subcritical 
multiplication factor, keff, of a spent nuclear fuel package. (3) Establish bounding conditions for the 
isotopic concentration and criticality calculations. (4) Use the validated codes and bounding conditions to 
generate package loading criteria (burnup credit loading curves) and (5) Verify that SNF assemblies meet 
the package loading criteria and confirm proper fuel assembly selection prior to loading. (This step is 
required but the details are outside the scope of this topical report.) When reviewed and accepted by the 
NRC, this topical report will serve as a criterion document for criticality control analysts and will provide 
steps for the use of actinide-only burnup credit in the design of criticality control systems. The NRC-
accepted burnup credit methodology will be used by commercial SNF storage and transportation package 
designers. Design-specific burnup credit criticality analyses will be defined, developed, and documented in 
the Safety Analysis Report (SAR) for each specific storage or transportation package that uses burnup 
credit. These SARs will then be submitted to the NRC for review and approval. This topical report is 
expected to be referenced in a number of storage and transportation cask applications to be submitted by 
commercial cask and canister designers to the NRC. Therefore, NRC acceptance of this topical report will 
result in increased efficiency of the review process for these SNF storage and transportation cask 
applications. The DOE will also reference NRC-accepted topical reports in its license application for a 
geologic repository. DOE is requesting NRC acceptance for two general aspects of the actinide-only burnup 
credit methodology. First, data is sufficient to validate the burnup credit criticality analysis methodology 
presented in this topical report. This includes the chemical assay data used to validate the spent fuel isotopic 
concentration calculations and critical experiments used to validate the burnup credit criticality calculations. 
Second, the conservative methodology in utilizing this data for burnup credit is acceptable. A detailed 
breakdown of what the DOE is specifically seeking NRC acceptance of is presented in Section 1.6. 
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Abstract/Keyterms: This paper describes the disposal criticality analysis for canisters containing highly 
enriched uranium (HEU) in the form of aluminum-based Department of Energy spent nuclear fuel (DOE-
SNF). The analysis based on Massachusetts Institute of Technology (MIT) U-Al fuel with 93.5% enriched 
uranium which has a relatively heavy linear uranium loading. A canister design with 64 MIT assemblies 
(16/layer, 4 layers) totaling 35.2 kg of uranium was developed for this fuel type. A radial cross-sectional 
view of the MIT SNF canister is shown in a figure. Gadolinium phosphate (GdPO{sub 4}) distributed on, 
or in, carbon steel plates was incorporated into a carbon steel internal basket structure within a 439 mm 
OD, 15 mm thick XM-19 canister shell. The DOE-SNF canister is placed in a Codisposal waste package 
(CWP) centered in a pentagonal array of five HLW canisters. The disposal criticality analysis methodology 
was applied to develop the following scenarios unique to the CWP in general, and to the Al-based fuel in 
particular: (1) aqueous corrosion of stainless steel HLW and fuel containers; (2) degradation of HLW glass 
to clay; (3) degradation of Al-based fuel concurrent with or after the HLW glass; and (4) degradation of 
fuel canister basket materials including criticality control material, coupled with flushing soluble 
compounds from the CWP. The EQ3/6 program was used to analyze the chemistry/geochemistry of the 
system. Parametric analyses were run on a range of possible distributions of fuel within the CWP using 
MCNP to identify the most reactive configurations and determine the minimum amount of neutron absorber 
required to be distributed with the fuel in its degraded configuration. 
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Abstract/Keyterms: A general methodology has been developed to evaluate the criticality potential of the 
wide range of waste forms planned for geologic disposal. The range of waste forms include commercial 
spent fuel, high level waste, DOE spent fuel (including highly enriched), MOX using weapons grade 
plutonium, and immobilized plutonium. The disposal of these waste forms will be in a container with 
sufficiently thick corrosion resistant barriers to prevent water penetration for up to 10,000 years. The 
criticality control for DOE spent fuel is primarily provided by neutron absorber material incorporated into 
the basket holding the individual assemblies. For the immobilized plutonium, the neutron absorber material 
is incorporated into the waste form itself. The disposal criticality analysis methodology includes the analysis 
of geochemical and physical processes that can breach the waste package and affect the waste forms within. 
The basic purpose of the methodology is to guide the criticality control features of the waste package design, 
and to demonstrate that the final design meets the criticality control licensing requirements. The 
methodology can also be extended to the analysis of criticality consequences (primarily increased 
radionuclide inventory), which will support the total performance assessment for the repository. 
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Title: Disposal Criticality Analysis for Immobilized Plutonium: Internal Configurations 

Date: 3/1/1998 

Report: DOE/RW-98005823 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The analysis for immobilized Pu follows the disposal criticality analysis 
methodology. In this study the focus is on determining the range of chemical compositions of the 
configurations which can occur following the aqueous degradation processes, particularly with respect to 
the concentrations of uranium, plutonium, and the principal neutron absorber, gadolinium. The principal 
analysis tool is a mass balance program that computes the amounts of plutonium, uranium, gadolinium, and 
chromium in solution as a function of time with inputs from a range of possible waste form dissolution 
rates, stainless steel corrosion rates, and compound solubilities for the neutronically significant elements. 
For the waste forms and degradation modes considered here, it is possible to preclude the possibility of 
criticality by maintaining a plutonium loading limit. Since the presence of hafnium is shown to increase 
this loading limit, the defense-in-depth policy would suggest the maximization of the amount of Hf as a 
backup criticality control material. At the end of 1997, after this study was completed, the ceramic waste 
form was downselected and a new formulation was developed, with the amount of Hf increased to the point 
where internal criticality may no longer be possible. In addition, recent calculations indicate that GdPO4 is 
insoluble over a much broader range of pH than is GD2O3, so that its use as the Gd carrier in the waste 
form would provide an extra margin of defense-in-depth. 



 

C-4559 

4552…..…..…………………..…….……..……ID Number…………………..…..…………….4552 

Author: Gottlieb, P. / Goluoglu, S. / Cloke, P. L. 
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Abstract/Keyterms: The problem of potential external criticality is defined according to the following 
features and issues: The environment outside the waste package is most conveniently divided into 3 zones: 
(1) Near-field, in the drift, external to the waste package; (2) Near far-field, several meters into the host 
rock immediately adjacent to the drift; (3) Far far-field, everything beyond the near far-field. These zones 
have different mechanisms for accumulating a critical mass from the passing waste package outflow. Fissile 
material can be transported outside of the waste package thereby becoming separated from the neutron 
absorber. Descriptions of uranium mineral deposits imply that concentrations sufficient for criticality can 
be accumulated by natural processes, particularly if the uranium is highly enriched. Some configurations 
of fissile material in the external environment have been identified as having the potential for autocatalytic 
criticality behavior, but without examining the likelihood of the processes necessary to achieve such 
configurations. The following factors limit the possibility of external criticality: absence of geologic 
formations in Yucca Mountain which can cause sufficient concentration, and length of time required to 
form the typical geologic mineral deposit. The paper summarizes the approach used to analyze criticality 
and gives results and conclusions of the analysis. 
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Title: Disposal Criticality Analysis for Aluminum-Based DOE Fuels 

Date: 11/1/1997 
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Abstract/Keyterms: This paper describes the disposal criticality analysis for canisters containing 
aluminum-based Department of Energy fuels from research reactors. Different canisters were designed for 
disposal of highly enriched uranium (HEU) and medium enriched uranium (MEU) fuel. In addition to the 
standard criticality concerns in storage and transportation, such as flooding, the disposal criticality analysis 
must consider the degradation of the fuel and components within the waste package. Massachusetts Institute 
of Technology (MIT) U-Al fuel with 93.5% enriched uranium and Oak Ridge Research Reactor (ORR) U-
Si-Al fuel with 21% enriched uranium are representative of the HEU and MEU fuel inventories, 
respectively. Conceptual canister designs with 64 MIT assemblies (16/layer, 4 layers) or 40 ORR 
assemblies (10/layer, 4 layers) were developed for these fuel types. Borated stainless steel plates were 
incorporated into a stainless steel internal basket structure within a 439 mm OD, 15 mm thick XM-19 
canister shell. The Codisposal waste package contains 5 HLW canisters (represented by 5 Defense Waste 
Processing Facility canisters from the Savannah River Site) with the fuel canister placed in the center. It is 
concluded that without the presence of a fairly insoluble neutron absorber, the long-term action of 
infiltrating water can lead to a small, but significant, probability of criticality for both the HEU and MEU 
fuels. The use of 1.5kg of Gd distributed throughout the MIT fuel and the use of carbon steels for the 
structural basket or 1.1 kg of Gd distributed in the ORR fuel will reduce the probability of criticality to 
virtually zero for both fuels. 
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Report: DOE/RW-98005877 
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Abstract/Keyterms: This paper describes a parametric evaluation of the fraction of the pressurized water 
reactor (PWR) assembly waste stream with the potential for the criticality threshold in a flooded 21 PWR 
waste package (WP). The parameters considered were: (1) fuel isotopics (i.e., burnup, enrichment, and age), 
(2) time of WP breach, (3) the degree of basket degradation, (4) the distribution of the resulting corrosion 
products, and (5) the infiltration rate. For this evaluation, a k(eff) of 0.93 was chosen as the threshold for 
criticality based on the 5% margin of safety required by 10CFR60.131(h), plus an additional 2% to allow 
for the expected bias and uncertainty in the method of calculation. This and similar evaluations will be used 
to support probabilistic analyses of WP criticality and the development of WP loading curves. 
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Abstract/Keyterms: This report describes surety evaluations conducted during GFY 1985 in support of 
the General Electric design for a Space Nuclear Power System - SP-100. Those surety evaluations address 
both safety and safeguards requirements, which are derived from OSNP-1 and supporting documents. The 
report includes results of neutronics (criticality) calculations performed by Los Alamos. The results have 
been benchmarked against independent calculations performed by General Electric with different codes. 
These comparisons show close agreement, and are summarized. Los Alamos has also provided 
specifications of explosion and fire environments, which have been used in evaluation of the GE SP-100 
concept. Following the summary of key results, surety requirements are given and recommendations toward 
specification of requirements for later SP-100 project phases are presented. A conceptual design summary 
is presented. To establish a comprehensive background for surety evaluations, a reference mission profile 
and potential accidents for each phase of the mission are identified. The main body of the report addresses 
surety of the General Electric Thermoelectric Conversion design. GE has also developed a Stirling Engine 
concept, and performed comprehensive surety evaluations for it. These evaluations are reported. 
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Abstract/Keyterms: This report, entitled Combustion Engineering Standard Safety Analysis Report -- 
Design Certification (CESSAR-DC), has been prepared in support of the industry effort to standardize 
nuclear plant designs. These volumes describe the Combustion Engineering, Inc. System 80[sup 
+][trademark] Standard Design. This volume 11 discusses Radiation Protection, Conduct of Operations, 
and the Initial Test Program. 
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Abstract/Keyterms: This report, entitled Combustion Engineering Standard Safety Analysis Report - 
Design Certification (CESSAR-DC), has been prepared in support of the industry effort to standardize 
nuclear plant designs. These documents describe the Combustion Engineering, Inc. System 80+[sup TM] 
Standard Design. This report, Volume 4, provides a description of the reactor, reactor internals, fuel 
assemblies, and associated design requirements. 
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Abstract/Keyterms: This report has been prepared in support of the industry effort to standardize nuclear 
plant designs. The documents in this series describe the Combustion Engineering, Inc. System 80+[sup 
TM] Standard Design. 
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Abstract/Keyterms: A meeting was held between DOE personnel and the BNFL team to review the 
proposed resolutions to DOE comments on the initial issue of the system specification and system design 
document for the Plutonium Stabilization and Packaging System. The objectives of this project are to 
design, fabricate, install, and start up a glovebox system for the safe repackaging of plutonium oxide and 
metal, with a requirement of a 50-year storage period. The areas discussed at the meeting were: nitrogen in 
can; moisture instrumentation; glovebox atmosphere; can marking-bar coding; weld quality; NFPA-101 
references; inner can swabbing; ultimate storage environment; throughput; convenience can screw-top 
design; furnace/trays; authorization basis; compactor safety; schedule for DOE review actions; fire 
protection; criticality safety; applicable standards; approach to Mc and A; homogeneous oxide; resistance 
welder power; and tray overfill. Revised resolutions were drafted and are presented. 
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Abstract/Keyterms: The nuclear industry interest in advanced fuel and reactor design often drives towards 
fuel with uranium enrichments greater than 5 wt% 235U. Unfortunately, little data exists, in the form of 
reactor physics and criticality benchmarks, for uranium enrichments ranging between 5 and 10 wt% 235U. 
The primary purpose of this project is to provide benchmarks for fuel similar to what may be required for 
advanced light water reactors (LWRs). These experiments will ultimately provide additional information 
for application to the criticality-safety bases for commercial fuel facilities handling greater than 5 wt% 
235U fuel. 
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Abstract/Keyterms: The GE Plutonium Laboratory includes facilities and equipment for development and 
demonstration of the plutonium fuel fabrication cycle (Plutonium nitrate/oxide receipt, conversion to 
plutonium oxide or mixed (plutonium-uranium) oxide, mixed oxide fuel rod fabrication, scrap recovery, 
and real-time nuclear material control. These GE facilities and personnel provide excellent capability and 
resources to develop, demonstrate and test the plutonium fuel fabrication cycle under NRC license 
conditions. This proposal describes a program for development and demonstration of a plutonium fuel 
factory control. 
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Abstract/Keyterms: The US Department of Energy Office of Environmental Management's (DOE/EM's) 
National Spent Nuclear Fuel Program (NSNFP), through a collaboration between Sandia National 
Laboratories (SNL) and Idaho National Engineering and Environmental Laboratory (INEEL), is conducting 
a systematic Nuclear Dynamics Consequence Analysis (NDCA) of the disposal of SNFs in an underground 
geologic repository sited in unsaturated tuff. This analysis intended to provide interim guidance to the DOE 
for the management of the SNF while they prepare for final compliance evaluation. This report presents 
results from a Nuclear Dynamics Consequence Analysis (NDCA) that examined the potential consequences 
and risks of criticality during the long-term disposal of spent nuclear fuel owned by DOE-EM. This analysis 
investigated the potential of post-closure criticality, the consequences of a criticality excursion, and the 
probability frequency for post-closure criticality. The results of the NDCA are intended to provide the DOE-
EM with a technical basis for measuring risk which can be used for screening arguments to eliminate post-
closure criticality FEPs (features, events and processes) from consideration in the compliance assessment 
because of either low probability or low consequences. This report is composed of an executive summary 
(Volume 1), the methodology and results of the NDCA (Volume 2), and the applicable appendices (Volume 
3). 
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Abstract/Keyterms: The US Department of Energy Office of Environmental Management's (DOE/EM's) 
National Spent Nuclear Fuel Program (NSNFP), through a collaboration between Sandia National 
Laboratories (SNL) and Idaho National Engineering and Environmental Laboratory (INEEL), is conducting 
a systematic Nuclear Dynamics Consequence Analysis (NDCA) of the disposal of SNFs in an underground 
geologic repository sited in unsaturated tuff. This analysis intended to provide interim guidance to the DOE 
for the management of the SNF while they prepare for final compliance evaluation. This report presents 
results from a Nuclear Dynamics Consequence Analysis (NDCA) that examined the potential consequences 
and risks of criticality during the long-term disposal of spent nuclear fuel owned by DOE-EM. This analysis 
investigated the potential of post-closure criticality, the consequences of a criticality excursion, and the 
probability frequency for post-closure criticality. The results of the NDCA are intended to provide the DOE-
EM with a technical basis for measuring risk which can be used for screening arguments to eliminate post-
closure criticality FEPs (features, events and processes) from consideration in the compliance assessment 
because of either low probability or low consequences. This report is composed of an executive summary 
(Volume 1), the methodology and results of the NDCA (Volume 2), and the applicable appendices (Volume 
3). 
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Abstract/Keyterms: The United States Department of Energy Office of Environmental Management's 
(DOE/EM's) National Spent Nuclear Fuel Program (NSNFP), through a collaboration between Sandia 
National Laboratories (SNL) and Idaho National Engineering and Environmental Laboratory (INEEL), is 
conducting a systematic Nuclear Dynamics Consequence Analysis (NDCA) of the disposal of SNFs in an 
underground geologic repository sited in unsaturated tuff. This analysis intended to provide interim 
guidance to the DOE for the management of the SNF while they prepare for final compliance evaluation. 
This report presents results from a Nuclear Dynamics Consequence Analysis (NDCA) that examined the 
potential consequences and risks of criticality during the long-term disposal of spent nuclear fuel owned by 
DOE-EM. This analysis investigated the potential of post-closure criticality, the consequences of a 
criticality excursion, and the probability frequency for post-closure criticality. The results of the NDCA are 
intended to provide the DOE-EM with a technical basis for measuring risk which can be used for screening 
arguments to eliminate post-closure criticality FEPs (features, events and processes) from consideration in 
the compliance assessment because of either low probability or low consequences. This report is composed 
of an executive summary (Volume 1), the methodology and results of the NDCA (Volume 2), and the 
applicable appendices (Volume 3). 
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Abstract/Keyterms: The Department of Energy's (DOE's) National Spent Nuclear Fuel Program is 
developing a standardized set of canisters for DOE spent nuclear fuel (SNF). These canisters will be used 
for DOE SNF handling, interim storage, transportation, and disposal in the national repository. Several 
fuels are being examined in conjunction with the DOE SNF canisters. This report summarizes the 
preliminary criticality safety analysis that addresses general fissile loading limits for Peach Bottom graphite 
fuel in the DOE SNF canister. The canister is considered both alone and inside the 5-HLW/DOE Long 
Spent Fuel Co-disposal Waste Package, and in intact and degraded conditions. Results are appropriate for 
a single DOE SNF canister. Specific facilities, equipment, canister internal structures, and scenarios for 
handling, storage, and transportation have not yet been defined and are not evaluated in this analysis. The 
analysis assumes that the DOE SNF canister is designed so that it maintains reasonable geometric integrity. 
Parameters important to the results are the canister outer diameter, inner diameter, and wall thickness. These 
parameters are assumed to have nominal dimensions of 45.7-cm (18.0-in.), 43.815-cm (17.25-in), and 
0.953-cm (0.375-in.), respectively. Based on the analysis results, the recommended fissile loading for the 
DOE SNF canister is 13 Peach Bottom fuel elements if no internal steel is present and 15 Peach Bottom 
fuel elements if credit is taken for internal steel. 
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Title: DOE Spent Nuclear Fuel Group in Support of Criticality, DBE, TSPA-LA 

Date: 5/1/2000 

Report: DOE/SNF/REP-046 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the basis for grouping the over 250 Department of Energy (DOE) 
spent nuclear fuel (SNF) types in support of analyses for final repository disposal. For each of the required 
analyses, the parameters needed in conducting the analyses were identified and reviewed. The grouping 
proposed for the three types of analyses (criticality, design basis events, and total system performance 
assessment) are based on the similarities of DOE SNF as a function of these parameters. As necessary, 
further justifications are provided to further reduce the DOE SNF grouping in support of the Office of 
Civilian Radioactive Waste Management System’s preclosure and postclosure safety cases. 
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Date: 9/1/1999 

Report: DOE/SNF/REP-051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Department of Energy (DOE)-owned spent nuclear fuels encompass many fuel types. 
In an effort to facilitate criticality analysis for these various fuel types, they were categorized into eight 
characteristic fuel groups with emphasis on fuel matrix composition. Out of each fuel group, a 
representative fuel type was chosen for analysis as a bounding case within that fuel group. Generally, 
burnup data, fissile enrichments, and total fuel and fissile mass govern the selection of the representative 
or candidate fuel within that group. The Shippingport Light Water Breeder Reactor (LWBR) fuels 
incorporate more of the conventional materials (zirconium cladding/heavy metal oxides) and fabrication 
details (rods and spacers) that make them comparable to a typical commercial fuel assembly. The LWBR 
seed/blanket configuration tested a light-water breeder concept with Th-232/U-233 binary fuel matrix. 
Reactor design used several assembly configurations at different locations within the same core. The seed 
assemblies contain the greatest fissile mass per (displaced) unit volume, but the blanket assemblies actually 
contain more fissile mass in a larger volume; the atom-densities are comparable. 
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Abstract/Keyterms: DOE-owned spent nuclear fuels encompass many fuel types. In an effort to facilitate 
criticality analysis for these various fuel types, they were categorized into nine characteristic fuel groups 
with emphasis on fuel matrix composition. Out of each fuel group, a representative fuel type was chosen 
for analysis as a bounding case within that fuel group. Generally, burnup data, fissile enrichments, and total 
fuel and fissile mass govern the selection of the representative or candidate fuel within that group. 
Additionally, the criticality analysis will also require data to support design of the canister internals, 
thermal, and radiation shielding. The purpose of this report is to consolidate and provide in a concise format, 
material and information/data needed to perform supporting analyses to qualify N-Reactor fuels for 
acceptance into the designated repository. The N Reactor fuels incorporate zirconium cladding and uranium 
metal with unique fabrication details in terms of physical size, and method of construction. The fuel 
construction and post-irradiation handling have created attendant issues relative to cladding failure in the 
underwater storage environment. These fuels were comprised of low-enriched metal (0.947 to 1.25 wt% 
235U) that were originally intended to generate weapons-grade plutonium for national defense. 
Modifications in subsequent fuel design and changes in the mode of reactor operation in later years were 
focused more toward power production. 
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Abstract/Keyterms: DOE-owned spent nuclear fuels encompass many fuel types. In an effort to facilitate 
criticality analysis for these various fuel types, they were categorized into eight characteristic fuel groups 
with emphasis on fuel matrix composition. Out of each fuel group, a representative fuel type was chosen 
for analysis as a bounding case within that fuel group. Generally, burnup data, fissile enrichments and total 
fuel mass govern the selection of the representative or candidate fuel within that group. For the HTGR 
group, the Fort Saint Vrain (FSV) reactor fuel has been chosen for the evaluation of viability for waste co-
disposal. The FSV reactor was operated by Public Service of Colorado as a licensed power reactor. The 
FSV fuel employs a U/Th carbide matrix in individually pyrolytic carbon-coated particles. These individual 
particles are in turn coated with silicon carbide (SiC) and contained within fuel compacts, that are in turn 
embedded in graphite blocks that comprised the structural core of the reactor. 
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Report: DOE/SNF/REP-084 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the reported contents of the Three Mile Island Unit 2 (TMI-2) 
canisters. Proposed packaging, and degradation scenarios expected in the repository. Most fuels within the 
U.S. Department of Energy spent nuclear fuel inventory deal with highly enriched uranium, that in most 
cases require some form of neutronic poisoning inside the fuel canister. The TMI-2 fuel represents a 
departure from these fuel forms due to its lower enrichment (2.96% max.) values and the disrupted nature 
of the fuel itself. Criticality analysis of these fuel canisters has been performed over the years to reflect 
conditions expected during transit from the reactor to the Idaho National Engineering and Environmental 
Laboratory, water pool storage,1 and transport/dry-pack storage at Idaho Nuclear Technology and 
Engineering Center.2,3 None of these prior analyses reflect the potential disposal conditions for this fuel 
inside a postclosure repository. 
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Report: DOE/SNF/REP-090 

Conference/Journal:  
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Abstract/Keyterms: Since 1998, there has been an ongoing effort to gain acceptance of U.S. Department 
of Energy (DOE)-owned spent nuclear fuel (SNF) in the national repository. To accomplish this goal, the 
fuel matrix was used as a discriminating feature to segregate fuels into nine distinct groups. From each of 
those groups, a characteristic fuel was selected and analyzed for criticality safety based on a proposed 
packaging strategy. This report identifies and quantifies the important criticality parameters for the 
canisterized fuels within each criticality group to: (1) demonstrate how the “other” fuels in the group are 
bounded by the baseline calculations or (2) allow identification of individual type fuels that might require 
special analysis and packaging. 
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Date: 12/1/1981 

Report: DOE/SR/00952-T6 
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Abstract/Keyterms: This educational module on criticality safety has chapters devoted to fundamentals 
of nuclear criticality safety, nuclear criticality safety experience base, tools for criticality evaluation, 
subcritical limits, regulation and related impacts, the general practice of nuclear criticality safety, and plant 
applications. 
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Title: Technical Overview of Intermediate Dry Storage of Spent Fuel 
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Abstract/Keyterms: This paper summarizes the principal technical concepts of intermediate dry storage 
of spent fuel. The status of research and experience is discussed on a country by country basis. Recognizing 
that specific key design problems exist, the author identifies them to be maximum temperature in the stored 
fuel; criticality; shielding control; and inspection and safety. Using the key design considerations, certain 
evaluating criteria for comparing the various dry storage alternatives were developed. The criteria used for 
the comparison were barriers; system passivity; fuel recovery; inspection and control; secondary waste; site 
decommissioning; concept economics; development; external safety; and safeguards. According to the 
author, results indicate that dry-cooling storage of spent fuel is an advantageous alternative to water-cooled 
pools from both the technical and economic standpoint. 
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Abstract/Keyterms: This paper presents the current direction and progress of the underwater fuel 
disassembly and rod storage system. It shows what equipment has been designed, fabricated, and procured. 
The mechanical, radiological, criticality, and thermal design bases and analyses are discussed, and operation 
procedures are outlined. Out of the cold demonstration tests at the Allied General Nuclear Services and the 
following hot demonstration tests at utilities, a reliable and efficient system will be developed and made 
available to compact spent reactor fuel. 
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Abstract/Keyterms: This report contains the User`s Manual for MORT (Management Oversight and Risk 
Tree), a logic diagram in the form of a work sheet that illustrates a long series of interrelated questions. 
MORT is a comprehensive analytical procedure that provides a disciplined method for determining the 
causes and contributing factors of major accidents. Alternatively, it serves as a tool to evaluate the quality 
of an existing system. While similar in many respects to fault tree analysis, MORT is more generalized and 
presents over 1500 specific elements of an ideal universal management program for optimizing 
environment, safety and health, and other programs. This User`s Manual is intended to be used with the 
MORT diagram dated February 1992. 
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Conference Session:  

Abstract/Keyterms: The 2-billion-year-old fossil reactors at Oklo are ancient natural nuclear waste sites. 
Isotope dilution mass spectrometric analyses of the fission products in the reactor core uraninite and the 
peripheral pelitic sandstone provide data for calculating the reactor operating parameters, the quantities of 
fissiogenic isotopes produced, the fraction of these isotopes retained in the cores, and the location in the 
peripheral rocks of the fissiogenic fraction lost from the cores. For a duration of criticality of 3 x 10$sup 
5$ yrs, the thermal plus resonance neutron fluence ranged between 10$sup 20$ and 10$sup 21$ 
neutrons/cm2. The fraction of technetium (60 to 85%), ruthenium (75 to 90%), and neodymium (85 to 
100%) retained is negatively correlated with fluence. The lost fission products are contained within a few 
tens of meters of their source, the reactor cores. The systematics of the decay of 99Tc (t/sub 1/2/ = 2.13 x 
10$sup 5$ yr) to 99Ru limits the period of fissiogenic element migration to approximately 1 million yr at a 
time 2 billion yr ago. Thermodynamic calculations of the temperature-dependent solubilities indicate that 
the loss of fissiogenic elements is diffusion controlled, whereas retention in the surrounding rocks is a result 
of temperature-dependent deposition from an aqueous solution. 
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Title: Nuclear Criticality Safety Training: Guidelines for DOE Contractors 
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Report: DOE/TIC-4633; ORAU-213 
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Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities. This Guide Has Been Developed as An Aid to 
Implementing the Chapter V Requirements Pertaining to Nuclear Criticality Safety Training. the Guide 
Outlines Relevant Conceptual Knowledge and Demonstrated Good Practices in Job Performance. It 
Addresses Training Program Operations Requirements in the Areas of Employee Evaluations, Employee 
Training Records, Training Program Evaluations, and Training Program Records. It Also Suggests 
Appropriate Feedback Mechanisms for Criticality Safety Training Program Improvement. the Emphasis is 
on Academic Rather Than Hands-On Training. This Allows a Decoupling of These Guidelines from 
Specific Facilities. It Would Be Unrealistic to Dictate a Universal Program of Training Because of the Wide 
Variation of Operations, Levels of Experience, and Work Environments Among Doe Contractors and 
Facilities. Hence, These Guidelines Do not Address the Actual Implementation of a Nuclear Criticality 
Safety Training Program, But Rather They Outline the General Characteristics that Should Be Included. 
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Abstract/Keyterms: This semiannual compilation provides current information about facilities for 
domestic use or export which are capable of sustaining a nuclear chain reaction. Civilian, production, and 
military reactors are listed, as are reactors for export and critical assembly facilities. Information given 
includes location, owner, principal nuclear contractor, type, power rating, docket number, and start-up and 
shutdown dates. 
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Abstract/Keyterms: The Waste Isolation Pilot Plant (WIPP) is a facility designed to store transuranic 
(TRU) waste underground in a mined salt bed. All fissile nuclides except U235 are considered TRU 
nuclides. The waste material will be contained in 55 gallon steel drums and steel boxes. In general the fissile 
waste material is mainly surface contamination on clothing, wipes, wrappings, tools, etc., or mixed in 
evaporator heels and resins. Other fissile material may be contained in absorbent mixtures. As a result, the 
fissile material will typically be spread over a large fraction of the volume in most storage drums and boxes. 
Typical isotopic content of the fissile material is shown. This analysis will analyze the waste storage 
configurations at the WIPP site to show that up to 200 grams of fissile material per box can be stored at the 
site. 
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Abstract/Keyterms: The Waste Isolation Pilot Plant (WIPP) is a facility designed to store transuranic 
(TRU) waste underground in a mined salt bed. All fissile nuclides except U235 are considered TRU 
nuclides. This report presents the results of the nuclear criticality analysis for Remote-Handled (RH) TRU 
waste stored at the WIPP site. The RH waste material will be contained in steel canisters that are five feet 
or ten feet long. Each ten foot canister is capable of holding three 55 gallon drums of waste material. The 
five foot canisters are to be welded together to form one ten foot long canister. In general the fissile waste 
material is mainly surface contamination on clothing, wipes, wrappings, tools, etc., or mixed in a 
borosilicate glass matrix or concrete. Other fissile material may be contained in absorbent mixtures. As a 
result, the fissile material will typically be spread over a large fraction of the volume in most of the waste 
storage canisters. Typical isotopic content of the fissile/other radioactive material is shown in Table 1-1. 
This analysis will analyze the RH waste storage and handling configurations at the WIPP site to show that 
up to 600 grams of fissile material per ten foot canister can be received and stored at the site without 
criticality safety concerns. 
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Abstract/Keyterms: The condensed version of the TRUPACT-II Contact Handled Transuranic Waste 
Safety Analysis Report for Packaging (SARP) contains essential material required by TRUPACT-II users, 
plus additional contents (payload) information previously submitted to the U.S. Nuclear Regulatory 
Commission. All or part of the following sections, which are not required by users of the TRUPACT-II, are 
deleted from the condensed version: (i) structural analysis, (ii) thermal analysis, (iii) containment analysis, 
(iv) criticality analysis, (v) shielding analysis, and (vi) hypothetical accident test results. 
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Abstract/Keyterms: The Department of Energy (DOE) Fire Protection Program is delineated in a number 
of source documents including; the Code of Federal Regulations (CFR), DOE Policy Statements and 
Orders, DOE and national consensus standards (such as those promulgated by the National Fire Protection 
Association), and supplementary guidance, This Handbook is intended to bring together in one location as 
much of this material as possible to facilitate understanding and ease of use. The applicability of any of 
these directives to individual Maintenance and Operating Contractors or to given facilities and operations 
is governed by existing contracts. Questions regarding applicability should be directed to the DOE 
Authority Having Jurisdiction for fire safety. The information provided within includes copies of those 
DOE directives that are directly applicable to the implementation of a comprehensive fire protection 
program. They are delineated in the Table of Contents. The items marked with an asterisk () are included 
on the disks in WordPerfect 5.1 format, with the filename noted below. The items marked with double 
asterisks are provided as hard copies as well as on the disk. For those using MAC disks, the files are in 
Wordperfect 2.1 for MAC. 
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Abstract/Keyterms: Nuclear Facilities. Adherence to these guidelines will provide consistency and 
uniformity in criticality safety evaluations (CSEs) across the complex and will document compliance with 
the requirements of DOE Order 5480.24. 
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Abstract/Keyterms: Engineering; Batteries; Critical Assemblies; Diodes; Electrolytes; Irradiation; 
Neutron Beams; Neutron Sources; Radiation Doses; Radiation Effects; Semiconductors; Solids; Testing; 
Transistors; Uranium 235 
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Abstract/Keyterms: This paper is devoted to the outline of JUPITER program which is a joint program 
between Japan and U.S. for the development of the nuclear design method for large fast breeder reactors. 
The purpose of the program is to obtain information concerning the nuclear properties of two-region 
homogeneous reactors by using a large size reactor, to investigate into the size effect on the characteristics 
and to estimate the accuracy of present analytical method. The reactor for the present program is ZPPR of 
ANL. This a horizontally divided critical assembly. The standard fuel material is Pu-U-Mo alloy. The 
measurement of the various kinds of reactivity was made by the inverse kinetics technique. A basic equation 
of dynamic characteristics was introduced, and analysis was made by the equation. As the results of studies, 
it was found that the overall nuclear characteristics of a large homogeneous reactor was obtained, the 
agreement between calculated values and experimental values on the output distribution, Na void effect and 
control rod worth was not good, and the experimental values of the radial direction distribution of neutron 
flux shifted from the calculated values systematically. 
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Abstract/Keyterms: Material buckling and multiplication measurements were taken for lattices of tubes 
of enriched uranium-aluminum alloy in light water. Different tube sizes were used at a variety of tube 
spacings to cover a range of fuel-to-moderator ratios from 20 to 90 grams of U-235 per liter of H2O. The 
effects of voids and poisons in the lattices were also determined. The results are applicable both for 
specifying safe methods of handling the tubes to prevent unwanted criticality and for the design of critical 
assemblies. 
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Abstract/Keyterms: Design information and preliminary operating characteristics are given for a critically 
safe mixer-settler, two continuous solvent washing units, and a number of steam jet syphons that have been 
tested on nitric acid--tributyl phosphate systems. 
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Abstract/Keyterms: In processes for recovery of spent fuel from nuclear reactors, careful control of 
plutonium inventory is necessary. Instrumentation is described for determining the plutonium inventory in 
process vessels by measuring neutron activity associated with plutonium compounds. Instruments have 
been used successfully in plutonium inventory measurement for more than a year. 
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rates of increase in concentration were studied and various restraints were imposed on the expansion of the 
systems. The neutron kinetics equation. 
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Abstract/Keyterms: A simple, generally conservative, and reasonably accurate method is developed for 
computing safe spacings of vessels containing fissile material, such as those encountered in separations 
process equipment. Simplifying assumptions are made to permit the fraction of the neutrons escaping from 
one component that enters another to be obtained by a purely geometric calculation, independent of the 
details of the flux distribution. For each component the albedo and the effective reflector saving provided 
by the other components are expressed in terms of these fractions. Interactions between slabs (both parallel 
and perpendicular) between cylinders, with reflectors, and self-interactions in the case of annuli are 
considered. Comparisons with experiments are made. 
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Abstract/Keyterms: Several casks externally finned for heat dissipation, with an internal length of 15 feet 
and weighing about 70 tons, were constructed for off-plant shipment of radioactive material. Basic safety 
considerations leading to the selection of this type of cask are discussed. Unusual design and fabrication 
problems, and operating experience with the casks, are described. The principal fabrication difficulties were 
maintaining the required dimensional tolerances in view of the large amount of welding and producing the 
desired degree of metallurgical bond between the lead fill and the steel box. Special techniques were 
developed by the vendor to overcome these difficulties. A "floating load: principle is used for attaching the 
cask to the railroad car, in order to avoid excessive stress from thermal expansion. Measurements of 
shielding effect and heat dissipation have agreed reasonably well with design values. 
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Abstract/Keyterms: A method is described for installing a BF/sub 3/ counter used for neutron 
measurements at an inaccessible location. The counter is pushed through pipe conduits up to 50 feet long. 
A simple circuit, involving no electronic components at the detector location, serves to transmit the pulses 
from the counter over long lengths of cable. 
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Abstract/Keyterms: Discussions are given of the factors that determine a critical mass, consequences of 
attaining a critical mass, theory of chain reactions, and margins of safety. Critical and safe conditions are 
included for the fissionable materials, U233, U235, and plutonium, both as pure metals and when alloyed 
with other metals. Considerations are given for heterogeneously and homogeneously moderated systems, 
and interactions occurring between units in air and water. 
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Abstract/Keyterms: A neutron multiplication technique was developed to indicate the build- up of U235 
in radiochemical separations Plants. In dilute U235 solutions, the count rate of the monitor increased about 
5% for each additional gram of U235 per liter. 
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Abstract/Keyterms: Multigroup, infinite medium calculations employing transport approximation are 
made for homogeneous Pu-H2O systems. The bucklings and average cross sections obtained in these 
calculations are then used in two-group calculations to find the critical dimensions of bare and water-
reflected systems. Justifications are presented for the theoretical approximations employed. Agreement of 
the calculations with experiment and with other calculations is shown to be quite good. Tables of bucklings 
and extrapolation distances, and graphs of critical dimensions are given for a wide range of plutonium 
concentrations. 



 

C-4631 

4624…..…..…………………..…….……..……ID Number…………………..…..…………….4624 

Author: Hurley, T. J. 

Title: Measured Lattice Parameters for Natural Uranium Metal Rod Lattices in Heavy Water 

Date: 8/1/1963 

Report: DP-0777 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear parameters of sixteen deuterium-oxide-moderated lattices of natural uranium 
rod clusters were measured in the process development pile. The clusters consisted of 1, 3, 7, or 19 uranium 
metal rods. Each rod was 1 inch in diameter and was clad with 0.032 inch of aluminum. Triangular lattice 
spacings between clusters ranged from 7 to 21 inches, center to center. The parameters that were measured 
included the number of fission neutrons per thermal neutron absorption, the fast fission factor, the resonance 
escape probability, the thermal utilization, and the thermal diffusion area. 



 

C-4632 

4625…..…..…………………..…….……..……ID Number…………………..…..…………….4625 

Author: Clark, H. K. 

Title: Comparison of a Simple Theoretical Treatment of Critical Arrays of Fissionable Units with 
Experiment 

Date: 1/1/1964 

Report: DP-0868 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations of the critical sizes of cubic arrays of interacting fissionable units are 
compared with critical experiments. The units were of two types solution of highly enriched uranium and 
cylinders of highly enriched uranium metal. The arrays were surrounded by various thicknesses of 
hydrogenous reflectors. Agreement between calculation and experiment is reasonably good when 
consideration is given to the simplicity of the method of calculation. Curves are presented for computing 
critical sizes of cubic arrays of 8, 27, 64, or 125 identical units as a function of the albedo of the reflector 
surrounding the array and of the reactivity of an individual unit. 
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Abstract/Keyterms: Material bucklings for a variety of uranium-oxide rod clusters on a triangular 9.33-
inch lattice pitch in deuterium-oxide were determined by substitution experiments in the process 
development pile. Measurements were made with clusters of 19, 31, and 37 half-inch uranium-oxide rods 
in which the coolant media were varied to include deuterium-oxide, water, organics, or air. The bucklings, 
which were determined both by a one-group perturbation method and by a two-group flux matching 
method, ranged from 0.80 to 5.60 m-2.. 
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reflected lattices of slightly enriched uranium and uranium oxide rods. Calculations are made for these 
lattices by an asymptotic multigroup buckling code and by a two-group diffusion theory code employing 
parameters generated in the first code. Comparison between calculations and experiments is made in terms 
of a k(eff), which is the ratio of the calculated k to that calculated from the experimental dimensions and 
flux traverses and from the calculated migration areas and extrapolation distances. For some of the data, 
comparisons are also made between the present method of calculation and a more highly sophisticated 
method. 
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Abstract/Keyterms: Rods were fabricated of PuO2 mixed with depleted UO2 to simulate heavy metal 
oxide content of irradiation natural uranium fuel. Measurements included buckling, temperature effects on 
buckling, thermal neutron distributions, conversion ratios, etc. 
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Abstract/Keyterms: Measurements involving only rods containing thorium were far subcritical and 
limited to lattice physics parameters. The critical experiments involved substitution measurements where 
only a fraction of the fuel rods contained thorium. "HWOCR" was an ANL acronym for Heavy Water 
Organic-Cooled Reactor." 
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Abstract/Keyterms: The Nuclear Test Gauge was used to confirm reactivity of inserted fuel items or 
assemblies; it was intended to remain subcritical in all operating modes. The consequences of a potential 
criticality accident (due to insertion of off-specification items) are evaluated. 
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Abstract/Keyterms: Integral reaction rate parameters, intracell thermal neutron flux profiles, and material 
bucklings were measured for D2O-moderated uniform lattices in the exponential facility at the Savannah 
River Laboratory. Two different slightly enriched coaxial uranium fuel assemblies were examined over a 
wide range of triangular lattice pitches. Integral parameters are reported for inner and outer fuel separately 
providing data for a more detailed and rigorous comparison with computation than has been previously 
available. Results are compared with RAHAB calculations using ENDF/B-IV cross sections. Large 
discrepancies in agreement between calculation and experiment, outside of experimental errors and 
uncertainties in the input cross sections, probably result from the resonance capture models used by 
RAHAB. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mass limits are developed and presented for safe dissolution of fissile materials in the 
Ten-Well Insert, an improved device for limiting the configuration of fuel in SRP dissolvers. This insert 
permits high-capacity dissolution of SRP fuels, offsite fuels, and scrap fissile materials with adequate 
margins of nuclear safety. Limits were developed by calculating the safe (subcritical) mass per well as a 
function of the concentration of fissile material in the dissolver solution. Safe mass values were then 
selected for use as well-loading limits so as to ensure subcriticality throughout the dissolution. Well-loading 
limits are presented for uranium metal, uranium-aluminum alloy, U3O8-aluminum cermet, plutonium-
aluminum alloy, and uranium-plutonium-aluminum alloy. With these limits, the maximum k(eff) is 0.95. 
Nuclear safety is maintained in process operations by conforming to well-loading limits calculated from 
the safe mass values, conforming to dissolver-loading limits, and maintaining the concentration of fissile 
material in solution below 4.0g/l. 



 

C-4651 

4644…..…..…………………..…….……..……ID Number…………………..…..…………….4644 

Author: Sheldon, E. B. 

Title: Experience with Processing Irradiated Fuel at the Savannah River Plant (1954-1976) 

Date: 9/1/1977 

Report: DP-1467 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The processing facilities for recovery of uranium and plutonium from irradiated fuel 
elements have operated since 1954 without major unplanned interruptions. The operation has comprised 
campaigns ranging from a few weeks to two years, with no prolonged outages except for a period of about 
two years when one of the two processing facilities was remodeled to increase its capacity. Over the 23-
year period 1954-1976, approximately 30, 000 metric tons of irradiated uranium were processed. Since 
1958, in addition to recovery of uranium and weapons-grade 239Pu, the plant has produced 238Pu, which 
is used principally as a heat source. Through June 1976, a total of 320 kg of 238Pu has been shipped offsite. 
There have been no lost-time injuries due to radiation and no criticality accidents in these or other Savannah 
River Plant (SRP) facilities. Radiation exposures to individual workers in fuel reprocessing at SRP have 
averaged 0.3 to 0.7 rem per year. Releases of radioactivity to the atmosphere and to plant streams and 
environmental levels of radionuclides have been monitored since startup. Fuel irradiated in SRP reactors is 
stored in a water-filled basin at each reactor for a period of time to permit decay of short-lived radioactivity 
before shipment to the reprocessing areas. Currently that storage period is a minimum of 200 
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Author: Parks, P. B. 

Title: Evaluations of the Generalized Area and the Alpha/Nu Methods of Interpreting Pulsed Neutron 
Measurements for Subcritical Reactivity 

Date: 8/1/1978 

Report: DP-1479 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Generalized Area and alpha/nu Methods of interpretation of pulsed-neutron 
measurements for subcritical reactivity were found to minimize the error caused by source-induced 
harmonics and kinetic distortion. The use of multiple neutron detectors distributed over the core of the 
reactor in the pulsed source measurements is recommended for increased accuracy of interpretation. The 
measured data are reduced to a reported value of the subcritical reactivity by the use of numerical solutions 
to the reactor eigenvalue problems. In the Generalized Area Method, the numerical solution provides an 
estimate of the static adjoint function which is used to weight the prompt and delayed neutron flux integrals 
measured in the experiment. These weighted integrals are then used to form the subcritical reactivity. In the 
alpha/nu Method, the static eigenequation solved by numerical methods is transformed to a time 
eigenequation to provide a bridge between the measured decay constant of the fundamental mode and the 
subcritical static reactivity. Also, the transformation provides a means of normalizing the reported static 
reactivity. The evaluations were performed by applying both methods to numerical data generated by one-
dimensional, space--time diffusion theory for which k(eff) was known precisely. 
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4646…..…..…………………..…….……..……ID Number…………………..…..…………….4646 

Author: Phillips, T. D. 

Title: Nuclear Incident Monitor 

Date: 1/1/1979 

Report: DP-1501 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes an improved instrument to detect radiation that would be emitted 
by the accidental assembly of a critical mass of fissionable material. The instrument is a solid-state model 
designed to supersede a vacuum-tube-circuit model that has been in use for several years. The new 
instrument provides audible and visible alarms within 4 seconds after exposure to gamma radiation 
exceeding 1 R/hr. The instrument alarms within 0.3 second after exposure to a 50 microsecond burst of 
radiation that induces a dose of 0.6 mR. 



 

C-4654 

4647…..…..…………………..…….……..……ID Number…………………..…..…………….4647 

Author: Clark, H. K. 

Title: Correlation of Nuclear Criticality Safety Computer Codes with Plutonium Benchmark Experiments 
and Derivation of Subcritical Limits 

Date: 10/1/1981 

Report: DP-1565 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A compilation was made of core loadings of the NRL Research Reactor from 
September 1956 to July 1958. Properties measured include critical mass, excess reactivity, total mass, and 
critical rod positions. Configurations investigated include external reflector variations, split cores, and cores 
containing fuel- free regions. 
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4648…..…..…………………..…….……..……ID Number…………………..…..…………….4648 

Author: Wade, James W. 

Title: Neutron Age in Mixtures of Light and Heavy Water 

Date: 6/1/1956 

Report: DP-163 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental measurements for D2O-H2O mixtures ranging from 92 to 100% D2O. 
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Author: Chesna, J. C. / Gray, L. W. 

Title: Dissolution of Uranium Fuel Tubes in Nitric Acid 

Date: 2/1/1984 

Report: DP-1671 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The dissolving and crushing characteristics of uranium fuel tubes were studied to 
provide data required for nuclear safety evaluations. Dissolution of low-enriched fuel in the Savannah River 
Plant annular dissolver would be restricted if fragments formed that could escape from the annulus and 
form a more reactive lattice. Experimental studies showed that significant quantities of fragments will not 
be formed even in the event of accidentally double-batching the dissolver. Any fragments that are formed 
will be readily dissolved and a more reactive configuration is never formed. 
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4650…..…..…………………..…….……..……ID Number…………………..…..…………….4650 

Author: Baumann, N. P. 

Title: Process Development Pile Measurements of Lattice Parameters of Natural Uranium in Heavy Water 

Date: 7/1/1959 

Report: DP-407 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Buckling; Configuration; Critical Assemblies; Criticality; 
Diffusion Length; Fast Fission Factor; Fuel Cans; Fuel Elements; Gases; Heavy Water Moderator; 
Impurities; Metals; Multiplication Factors; Natural Uranium Fuel; Plates; Reactor Core; Resonance Escape 
Probability; Rods; Spacers; Thermal Utilization; Tubes; Uranium Dioxide; Variations 
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Author: Occhipinti, E. S. comp. 

Title: Reprocessing of Power Reactor Fuels. Quarterly Progress Report No. 8 for July 1 to October 1, 1959 

Date: 11/1/1959 

Report: DP-439 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Niobium can be used as an inert metal connector for electrolytic dissolution of 
stainless steel; zirconium metal and zirconium-10 wt.% uranium alloy can be electrolytic ally disintegrated 
in 8 to 13M HNO3. Criticality calculations show that it is safe to dissolve a group of four subassemblies of 
PRDC elements in the large plant dissolvers, provided that the subassemblies are held in a single row. 
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4652…..…..…………………..…….……..……ID Number…………………..…..…………….4652 

Author: Graves, W. E. 

Title: Physics Data from a Mockup of the HWCTR Lattice in the PDP 

Date: 2/1/1960 

Report: DP-457 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed in the Process Development Pile (PDP) with a critical 
mockup of the Heavy Water Components Test Reactor (HWCTR) lattice. Reactivity measurements served 
to determine control rod worths, the temperature coefficient of the reactor at low temperatures, the 
dependence of k(eff) on concentrations of U235 and poisons in the driver” region of the reactor, and the 
charges in k(eff) that occur in certain conceivable accidents in the HWCTR. Flux distribution measurements 
were made to determine over-all flux shapes, local flux variations around individual components, azimuthal 
flux variations due to asymmetrical combinations of control rods, and vertical flux variations obtainable 
through the use of control rods of partial length. Sufficiently detailed flux measurements were made to 
permit the calculation of neutron economy tables and to determine the neutron leakage from the reactor. 
Suitable adjustments in the input parameters made it possible to fit the experimental results with a two-
group calculation. 
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Author: Hood, R. R. 

Title: Heavy Water Moderated Power Reactors. Progress Report, January 1961 

Date: 3/1/1961 

Report: DP-585 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At the end of January 1961, construction of the Heavy Water Components Test 
Reactor (HWCTR) was 50% complete. Installation of process equipment in the reactor building was started. 
Measurements were made in an exponential facility of the reactivity effects of D2O coolant voids in a fuel 
assembly comprising four concentric tubes of natural uranium metal. The results support previous 
conclusions to the effect that a boiling D2O reactor fueled with such assemblies would not be stable. Further 
buckling data on lattices of uranium oxide rods in D2O were obtained from critical substitution 
experiments. Two experimental assemblies that contained short Zircaloy clad tubes of swaged uranium 
oxide apparently failed during irradiation in a Savannah River reactor and were discharged. Studies directed 
toward identification of the causes and mechanism of failure are in progress. Measurements were made of 
the hydrodynamic stability of boiling water flow inside an electrically heated tube to determine the amount 
of upstream orificing that would be required to ensure flow stability in the fuel assemblies of a boiling D2O 
reactor. 
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4654…..…..…………………..…….……..……ID Number…………………..…..…………….4654 

Author: Jacks, G. M. 

Title: A Study of Thermal and Resonance Neutron Flux Detectors 

Date: 8/1/1961 

Report: DP-608 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of cadmium ratios and self-shielding for foils of gold, indium, 
tungsten, europium, manganese, lutecium, and dysprosium. 
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Author: Rogers, W. B. Jr. 

Title: Exponential Void Coefficient Measurements for Natural Uranium Tubes in D2O 

Date: 9/1/1961 

Report: DP-643 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bubbles; Coolant Loops; Criticality; Heavy Water Coolant; Lattices; 
Measured Values; Metals; Moderators; Reactivity; Tubes; Uranium; Void Coefficient; Water; Zones 
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Author: Kinard, F. E. 

Title: Nuclear Parameters of Massive Uranium Rods in D2O 

Date: 11/1/1961 

Report: DP-644 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of lattice physics parameters for a lattice of 3-inch dia U(3) metal rods 
in D2O, with 18-in triangular pitch 
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Author: Woodward, W. J. 

Title: A Travelling Flux Monitor for Exponential Piles 

Date: 10/1/1961 

Report: DP-659 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A traveling monitor was designed and constructed for use in the Subcritical 
Experiment and the Pressurized Subcritical Experiment facilities at the Savannah River Laboratory. The 
instrument records the axial neutron flux distribution by plotting a continuous curve position as a function 
of current from a gamma-compensated ion chamber. 
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Author: Hood, R. R. 

Title: Heavy Water Moderated Power Reactors. Progress Report, February 1962 

Date: 3/1/1962 

Report: DP-715 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Final preparations were made for the initial approach to criticality in the Heavy Water 
Components Test Reactor (HWCTR). Fabrication was completed on the first fifteen pairs of thin-walled 
uranium tubes for HWCTR irradiation tests. Work continued on the fabrication by mechanical compaction 
of Zircaloy-clad tubes of uranium oxide for irradiation tests. A 19-rod test section cooled by forced flow of 
boiling water at 1000 psia was tested to destruction by heat transfer burnout; the burnout data were in 
reasonable agreement with previous data for similar test sections. 
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Author: Hood, R. R. 

Title: Heavy Water Moderated Power Reactors. Progress Report, March 1962 

Date: 4/1/1962 

Report: DP-725 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The initial critical experiment was performed satisfactorily in the Heavy Water 
Components Test Reactor (HWCTR); low power physics tests are underway in the facility. Zr-clad tubes 
of U metal that were irradiated to moderate exposures in insulated capsules at high temperatures exhibited 
the relatively small core volume increase of approximately 5%. All the data on subcooled heat transfer 
burnout that were obtained at Savannah River Laboratory with water at pressures between 60 and 1200 psia 
are summarized, and correlating equations for these data are presented. The technological limits that are 
being used in the study for optimizing designs of natural-U-fueled, D2Ocooled-and-moderated reactors are 
defined. Three preliminary reference designs of 300-Mwe power reactors were established within these 
technical limits. Work has also begin on the code modifications that will be required to incorporate organic-
cooled reactors into this optimization study. 
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Author: Baumann, N. P. 

Title: Exponential Measurements on 19-Rod Clusters of UO2 Rods in D2O 

Date: 8/1/1962 

Report: DP-758 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling measurements were made in the Savannah River Laboratory Exponential 
facilities on D2O-moderated, 19rod clusters of natural uranium oxide rods. Four triangular lattice pitches 
from 7.00 to 12.12 inches and a single square pitch of 8.00 pinches were used. Measurements were made 
at room temperature and at selected temperatures up to 218 deg C. Buckling changes resulting from voids 
inside housing tubes that surrounded the clusters were also measured. Intercomparisons of the results with 
critical void coefficient measurements demonstrated the validity of calculations for the anisotropic diffusion 
effects oi the voided lattices. Foil activation measurements of the lattice parameters f, L/sup 2/, p, and 
epsilon were made for representative lattices. The experimental results are compared with calculations. 
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Author: Hood, R. R. / Isakoff, L. 

Title: Heavy Water Moderated Power Reactors. Progress Report, July 1962 

Date: 8/1/1962 

Report: DP-765 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Various modifications were made to the Heavy Water Components Test Reactor 
(HWCTR) to preclude the formation of undesired gas voids in the moderator space of the reactor during 
operation at power. Final preparations were made for the initial operation of the reactor at power with no 
test fuel elements in the core. Good agreement was obtained in a comparison of data from the Process 
Development Pile (PDP) and the Pawling Lattice Test Rig (PLATR) on the nuclear reactivity of heavy 
water lattices of natural UO2 rods. Fabrication was completed on twelve Zircaloy-clad tubular specimens 
of U --350 ppm Fe --900 ppm Al for capsule irradiations at Savannah River. The free gas contents of five 
Zircaloy-clad tubes of compacted uranium oxide were measured after the tubes were irradiated at Savannah 
River. 
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Author: Hood, R. R. / Isakoff, L. 

Title: Heavy Water Moderated Power Reactors. Progress Report, September 1962 

Date: 10/1/1962 

Report: DP-785 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The HWCTR was operated satisfactorily at a maximum power of 24 Mw with driver 
fuel only in the core for a period of approximately one month prior to the loading of the first test fuel charge. 
Test irradiations are to start early in October. Precise buckling measurements were made in the PDP and 
SE on a variety of D2O-moderated lattices of U and uranium oxide fuel tubes that cortained gas, D2O, 
H2O, or organic liquid in the coolant channels. The conditions for manufacturing long brazed closures at 
the ends of Zircaloy-clad U metal tubes were established at Nuclear Metals, Inc. Preliminary evaluations at 
SRL indicate that direct extrusion holds promise for the manufacture of satisfactory thin-walled Zircaloy 
cladding for large-diameter oxide tubes. 
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Author: Crandall, J. L. 

Title: Status of United States Effort in D2O Reactor Physics 

Date: 9/1/1961 

Report: DP-787 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A summary is given of the current status and the accomplishments of the U. S. 
program in D2O reactor physics. Particular emphasis placed on those aspects of the program dealing with 
the design of heterogeneous, D2/ moderated power reactors. 
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Author: Baxter, W. V. 

Title: Fortran Codes for Computing Reactor Flux Shapes in One Dimension 

Date: 11/1/1962 

Report: DP-804 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two FORTRAN codes were prepared for the IBM 704 computer to obtain one-
dimensional solutions of the steady state neutron-diffusion equation in a cylindrical reactor. Solutions are 
obtained in either a radial or an axial direction. The axial solution was used in a rod positioning code 
designed to approximate the control rod setting which will provide an optimal flux shape. A maximum of 
six homogeneous regions may be used for the flux solution in either direction. Criticality is achieved by 
variation of the materlal buckling in all or in any one of the six regions, or by adjustment of an interface. 
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Author: Owen, J. H. comp. 

Title: Processing of Power Reactor Fuels. Quarterly Progress Report No. 20, July 1-October 1, 1962 

Date: 12/1/1962 

Report: DP-811 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Cermet fuel assemblies of the APPR type were successfully dissolved in the 
semiworks electrolytic dissolver; a nonconducting basket of NEMA Grade G-7 plastic held the fuel during 
dissolution. Stray-current corrosion of the stainless steel dissolver vessel was eliminated by shielding the 
anode from the vessel. Recent semiworks tests suggest that some sodium-bonded power fuels might be 
dissolved safely in nitric acid in an electrolytic dissolver; the sodium was gradually exposed to the acid 
when a fuel rod was slowly lowered into an electrolytically active region at a temperature low enough (40 
to 45 deg C) to prevent the sodium from flowing from the rod. 
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Author: Katz, S. M. / St. John, D. S. 

Title: LASS-An IBM 704 Program for Calculating System Stability 

Date: 7/1/1964 

Report: DP-894 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Occhipinti, B. B 

Title: Xenon and Samarium Tables 

Date: 7/1/1965 

Report: DP-958 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Fission; Neutron Flux; Power; 
Quantitative Analysis; Reactivity; Reactors; Samarium 149; Tables; Thermal Neutrons; Transients; 
Uranium 235; Variations; Xenon 135 
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Author: Clark, H. K. 

Title: Establishing Subcritical Limits 

Date: 6/1/1973 

Report: DP-MS-73-27 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality- Standards; Plutonium 239- Criticality; Aqueous Solutions; Control; 
Critical Mass; Safety 
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Author: Smotrel, J. R. 

Title: Light-Water-Moderated Reactivity of Tubular Slug Pairs Containing 1. 1 wt% Uranium-235 

Date: 11/1/1973 

Report: DP-MS-73-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments in the exponential facility at the Savannah River Laboratory have 
provided a basis for safe storage and handling of slightly enriched tubular uranium slugs. The reactivities 
of light-water-moderated and reflected arrays of clustered fuel slugs enriched to 1.1 wt% uranium-235 were 
measured as a function of pitch, both square and triangular. This work represents an expansion of nuclear 
safety data presently available by providing new data on larger and concentric tubular assemblies. These 
data can be used to extend experimental correlations of calculational codes. 
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Author: Clark, H. K. 

Title: Albedo Method - Application of Neutron Interaction Methods 

Date: 11/1/1973 

Report: DP-MS-73-52; CONF-731101-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Uranyl Fluorides; Uranyl Fluorides- Criticality; Albedo; Analytical Solution; Casks; Storage; 
Uranyl Fluorides 
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Author: Clark, H. K. 

Title: Subcritical Mass Limits for the T-Insert 

Date: 1/1/1975 

Report: DP-MS-75-89, CONF-751101-43 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Safe limits are derived for Class III shipments of 235U, 239Pu, and 233U in the T-
insert within the ANL T-2 cask. The cask has a 6.063-in.-dia cavity enclosed by lead 8 in. thick and clad 
with steel. The insert is 5-in. Schedule 40 stainless steel. No control is exercised over the configuration of 
the fissile material. The most restrictive of the conditions that must be satisfied for a Class III shipment is 
the requirement that the cask be subcritical when flooded internally and externally with water. Mass limits 
for the cask were calculated by ANISN with S$sub 4$ quadrature. Hansen-Roach cross sections were used, 
supplemented by some with the same group structure from other sources. To establish the bias in the 
method, calculations of k(eff) were compared with appropriate critical experiments with aqueous solutions 
of 233U, 235U, and Pu and with HFIR experiments in which the core was reflected by steel, lead, and 
water. 
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Author: Clark, H. K. 

Title: Ensuring the Validity of Calculated Subcritical Limits 

Date: 1/1/1977 

Report: DP-MS-77-125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The care taken at the Savannah River Laboratory and Plant to ensure the validity of 
calculated subcritical limits is described. Close attention is given to ANSI N16.1-1975,”Validation of 
Calculational Methods for Nuclear Criticality Safety." The computer codes used for criticality safety 
computations, which are listed and are briefly described, have been placed in the SRL JOSHUA system to 
facilitate calculation and to reduce input errors. A driver module, KOKO, simplifies and standardizes input 
and links the codes together in various ways. For any criticality safety evaluation, correlations of the 
calculational methods are made with experiment to establish bias. Occasionally subcritical experiments are 
performed expressly to provide benchmarks. Calculated subcritical limits contain an adequate but not 
excessive margin to allow for uncertainty in the bias. The final step in any criticality safety evaluation is 
the writing of a report describing the calculations and justifying the margin. 
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Author: Baumann, N. P. / Jarriel, J. L. 

Title: Improved Reactivity Monitor Using a Shuttling 252Cf Source 

Date: 1/1/1977 

Report: DP-MS-77-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technique for measuring reactivities of moderated arrays of nuclear fuels with a 
shuttling 252Cf source has been significantly extended and refined. In the old method, the shuttle time was 
so short that details of the delayed neutron time behavior could be neglected. Specifically, the average 
delayed neutron population during the on part of the cycles was assumed to be equal to that during the Off 
part. In the new method, the detailed behavior of the delayed neutrons is explicitly exploited. 
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Author: Pellarin, D. J. / Jarriel, J. L. 

Title: Pulsed Reactivity Measurements of Large Uranium-235-Aluminum Castings in Water 

Date: 11/27/1977 

Report: DP-MS-77-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The margin of error in reactivity calculations with KENO-IV was investigated over 
a wide range of subcritical reactivities for water-moderated lattices of massive, highly enriched uranium-
235-aluminum alloy fuel forms. A previous paper describes pulsed reactivity measurements and 
calculations for regularly spaced, rectangular, subcritical arrays of large alloy (1.94 kg uranium-235 per 
foot) fuel castings in water. In this paper, the measurements are extended to castings with 5.30 kg uranium-
235 per foot, the pulsed experiments are more accurately analyzed, and the measurements for both 7-
assembly hexagonal and 2 x 3 square pitch are compared with KENO-IV calculations. 
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Author: Pellarin, D. J. / Ahlfeld, C. E. / Baumann, N. P. 

Title: Reactivity and Parameter Measurements in a Coaxial Uranium Fuel-D2O Moderated Critical Lattice 

Date: 1/1/1978 

Report: DP-MS-78-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity and reaction rate parameters were measured for a 7-inch triangular pitch 
lattice of coaxial uranium fuel in a critical, D2O-moderated reactor. The results were compared with 
RAHABR computations using ENDF/B-IV cross sections and with an earlier subcritical exponential 
measurement of the same lattice. Measured and calculated reactivity are in good agreement, however, the 
calculated ratio of epicadmium 238U captures to subcadmium 238U captures (r28) was 10% lower than 
measured. Indirect verification of the r28 measurement was obtained by measurement of a new conversion 
ratio parameter (C+) defined as the ratio of 238U captures to total fissions. Agreement between measured 
and calculated inner-to-outer fuel activation ratios suggests that the discrepancy is caused by under 
prediction of epicadmium captures in 238U or by erroneously high measured values of r28 and C+. 
However, any adjustment of 238U captures to match the measured r28 will cause the calculated reactivity 
to be under predicted. An unresolved concern is that the experimental results do not satisfy an internal 
consistency criterion based on the two group neutron balance equation even though all known systematic 
errors have been accounted for and well known experimental techniques are used. Reaction rate parameters 
from the critical experiment agree with the exponential measurements indicating that the neutron spectra in 
the measurement regions were closely identical. The measured buckling in the critical facility is 0.52 m-2 
lower than in the exponential. Other studies have shown systematic differences in reactivity between D2O 
critical and exponential measurements. 
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Author: DOE 

Title: Subcritical Limits for Special Fissile Actinides 

Date: 12:00:00 AM 

Report: DP-MS-79-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An empirical equation has been developed which gives gamma dose equivalent rate 
as a function of time, distance, and fission yield after a pulsed operation of Oak Ridge National Laboratory`s 
(ORNL) unshielded Health Physics Research Reactor (HPRR). A related expression which is applicable to 
steady-state reactor operation has been mathematically derived from the aforementioned empirical 
equation. The two relations can be used to predict the gamma dose equivalent rate to within 25% for times 
between 1 minute and 90 minutes after reactor shutdown. Similar agreement is expected for up to several 
days. In most cases the relations are expected to overestimate the gamma dose equivalent rate. 
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4677…..…..…………………..…….……..……ID Number…………………..…..…………….4677 

Author: Hodges, M. E. 

Title: Safety Evaluation of a Conceptual Fuel Recycle Complex 

Date: 9/29/1980 

Report: DP-MS-80-6, CONF-800943-17 

Conference/Journal: National topical meeting of fuel cycles for the 80`s/ 29 Sep 1980/ Gatlinburg, TN, 
USA 

Conference Session:  

Abstract/Keyterms: A conceptual design integration study for an integrated Fuel Recycle Complex (FRC) 
has been completed. A safety evaluation of the radiation shielding, fire precautions, handling of 
nonradioactive hazardous materials, criticality hazards, operating errors, and the influence of natural 
phenomena on the FRC shows that all federal regulations are met or exceeded. 



 

C-4685 

4678…..…..…………………..…….……..……ID Number…………………..…..…………….4678 

Author: Clark, H. K. 

Title: Subcritical Limits for 233U Systems 

Date: 10/21/1981 

Report: DP-MS-81-67 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As a contribution to the required quinquennial review of American National Standard 
for Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors (ANSI N16.1-
1975/ANS-8.1), limits for homogeneous 233U systems have been recalculated to confirm their sub-
criticality or, where there were doubts, to propose more restrictive values. In addition, other limits were 
calculated to be proposed for inclusion, namely, limits for aqueous solutions of UO2(NO3)2 and limits for 
uranium oxides. The same three methods of calculation were used as in similar work done recently for 
plutonium and 235U systems. The validity of each was established by correlation with the results of 
pertinent critical experiments. This report discusses this study. 
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4679…..…..…………………..…….……..……ID Number…………………..…..…………….4679 

Author: Durant, William S. 

Title: Savannah River Laboratory Data Banks for Risk Assessment of fuel Reprocessing Plants 

Date: 10/26/1981 

Report: DP-MS-81-90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Savannah River Laboratory maintains a series of computerized data banks 
primarily as an aid in probabilistic risk assessment studies in the fuel reprocessing facilities. These include 
component failure rates, generic incidents, and reports of specific deviations from normal operating 
conditions. In addition to providing data for probability studies, these banks, have served as a valuable aid 
in trend analysis, equipment histories, process hazards analysis, consequence assessments, incident audit, 
process problem solving, and training. 
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Author: Perkins, W. C. 

Title: Avoidance of Accidents 

Date: 10/1/1981 

Report: DP-MS-81-94, CONF-811085-1 

Conference/Journal: DOE nuclear facility safety conference/ 26 Oct 1981/ Augusta, GA, USA 

Conference Session:  

Abstract/Keyterms: A summary is presented of the subjects that should be included in safety analysis 
documents to avoid accidents during reprocessing of nuclear fuel. As a specific example, a potential 
criticality accident is used to illustrate how this accident is avoided in the dissolvers at the Savannah River 
Plant. 
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4681…..…..…………………..…….……..……ID Number…………………..…..…………….4681 

Author: Scheffter, K. E. 

Title: Neutron Transmission Measurement Technique for Verifying Boron or Chlorine Composition in 
Process Vessel Walls 

Date: 10/1/1985 

Report: DP-MS-85-135, CONF-8510178-4 

Conference/Journal: Du Pont process analytical symposium/ 16 Oct 1985/ Wilmington, DE, USA 

Conference Session:  

Abstract/Keyterms: This paper describes a neutron transmission measurement technique for verifying 
boron or chlorine composition in borosilicate glass or chlorinated polyvinyl chloride process vessel walls. 
Such verification can allow nuclear criticality safety studies to take credit for the presence of sufficient 
quantities of a neutron-absorbing element. This could permit reduced vessel spacing or an increase in the 
amount of nuclear material contained in the vessel. 
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4682…..…..…………………..…….……..……ID Number…………………..…..…………….4682 

Author: Studley, R. V. 

Title: Blue Collar NDA (Nondestructive Assay) Systems 

Date: 7/1/1989 

Report: DP-MS-89-22, CONF-890736-33 

Conference/Journal: Annual meeting of the Institute of Nuclear Materials Management/ 9 Jul 1989/ 
Orlando, FL, USA 

Conference Session:  

Abstract/Keyterms: One of the facilities at the Savannah River Plant includes eight high-technology 
microcomputer based nondestructive assay systems. These assay instruments were developed and 
fabricated for this facility by the N-1 group at Los Alamos National Laboratories. Thirty two additional 
NDA systems of three types are also used in this facility. These instruments provide valuable service for 
accountability and material control and in addition for nuclear criticality safety and process control. While 
this equipment is assembled from more mundane commercially available or simple, locally constructed 
mechanical assemblies plus commercially available instrumentation, some mechanical and instrument 
arrangements are unique and similar systems have not been seen in many SNM handling facilities. A special 
procedure providing traceability of calibrations to national measurement standards is used for most of this 
equipment. This paper will concentrate on the mechanical and instrument arrangements of these blue collar 
systems, their calibration and how they have been useful in this process. 
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4683…..…..…………………..…….……..……ID Number…………………..…..…………….4683 

Author: Kalnaes, O. / Massimo, L. 

Title: A One Dimensional Analytical Six Group Criticality Programme. Project Dragon 

Date: 1/1/1962 

Report: DP-Report-74 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Reactor Theory-Experimental 
Applications; Computers; Criticality; Digital Systems; Distribution; Dragon; Mathematics; Neutron Flux; 
Power Reactors; Programming 
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4684…..…..…………………..…….……..……ID Number…………………..…..…………….4684 

Author: Vincenti, E. / Clusaz, A. 

Title: Two Dimensional Dynamics Code for HTR’s Code for HTR’s with Tubular Fuel Elements 

Date: 11/24/1971 

Report: DP-Report-789, CONF-711163 

Conference/Journal: Safety aspects of high temperature reactor systems/ 24 Nov 1971/ Paris, France/ 
Safety aspects of high temperature reactor systems 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Non-Breeding, Graphite Moderated; Nuclear Power 
Plants-Power Reactors, Non-Breeding, Graphite Moderated; HTGR Type Reactors- Reactor Kinetics; 
Criticality; Fuel Elements; Heat Transfer; Hydraulics; Neutron Diffusion Equation; Reactor Cores; Two-
Dimensional Calculations 
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4685…..…..…………………..…….……..……ID Number…………………..…..…………….4685 

Author: Campbell, T. G. 

Title: Maximum Credible Uranium-235 Release from 211-H to the ETF 

Date: 9/1/1988 

Report: DPSP-88-272-106 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Effluent Treatment Facility (ETF) criticality review identifies two potential 
scenarios for criticality: (1) An instantaneous release of a significant quantity of fissile material from a 
process upset; and (2) A gradual accumulation of fissile material in process vessels. The potential for an 
instantaneous release from 211-H will be eliminated by the installation of a nuclear safety blank as 
recommended in the criticality review. With the nuclear safety blank installed, the only mechanism for 
introducing a gradual accumulation of uranium to the ETF from 211-H will be via Acid Recovery Unit 
(ARU) and General Purpose (GP) evaporator overheads. This study has determined that the maximum 
credible annual release of uranium-235 to the ETF from these sources is 106 grams. 
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4686…..…..…………………..…….……..……ID Number…………………..…..…………….4686 

Author: Bullington, J. S. 

Title: Nuclear Criticality Safety Analysis 88-12: Mass Volume Limits for Plutonium Containing 0%, 2%, 
and 4% 240Pu 

Date: 11/27/1988 

Report: DPSP-88-272-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mass volume limits are frequently used in the Separations Areas recovery operations 
where precise modelling may not be feasible or justified. Mass volume limits also provide a quick, ready 
and conservative reference to Nuclear Safety personnel when called upon for guidance. Specifically, New 
Special Recovery Personnel requested mass volume limits directly applicable to the Sample Handling 
operations. Earlier Nuclear Safety Analysis by J.L. Forstner provided limits at 0%, 2% and 4%240Pu that 
could be applied but were in graphical form and the actual data for the 2%240Pu log-log curve could not 
be found. Further, recently concerns were expressed as to operations personnel reading log-log plots, 
extracting meaningful information and directly applying as nuclear safety limits. Data included in the 
attached charts and tables is the author’s attempt to remedy this condition. Table 2 provides mass volume 
limits that can be extracted in part or completely and directly applied to the Nuclear Criticality Safety 
Supplements and operating procedures. Figures 1 through 7 are for the purists who prefer graphical 
representations. 
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4687…..…..…………………..…….……..……ID Number…………………..…..…………….4687 

Author: Waltz, W. R. 

Title: Engineering Design Guidelines for Nuclear Criticality Safety 

Date: 8/1/1988 

Report: DPSPM-SITE-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides general engineering design guidelines specific to nuclear 
criticality safety for a facility where the potential for a criticality accident exists. The guide is applicable to 
the design of new SRP/SRL facilities and to major modifications of existing facilities. The document is 
intended an: A guide for persons actively engaged in the design process. A resource document for persons 
charged with design review for adequacy relative to criticality safety. A resource document for facility 
operating personnel. The guide defines six basic criticality safety design objectives and provides 
information to assist in accomplishing each objective. The guide in intended to supplement the design 
requirements relating to criticality safety contained in applicable Department of Energy (DOE) documents. 
The scope of the guide is limited to engineering design guidelines associated with criticality safety and does 
not include other areas of the design process, such as: criticality safety analytical methods and modeling, 
nor requirements for control of the design process. 
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4688…..…..…………………..…….……..……ID Number…………………..…..…………….4688 

Author: Langhaar, J. W. / Scaggs, R. A. 

Title: Safety Summary Report: PM-3A-M Cask (Packaging of Radioactive and Fissile Materials). Final 
Report 

Date: 1/1/1971 

Report: DPSPU-71-124-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Shielded Containers / Safety Evaluation of PM-3A-M, for Shipping Spent Fuel 
Elements; Reactor Fuel Elements / Shipping of Spent, Safety Evaluation of PM-3A-M Containers for 
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4689…..…..…………………..…….……..……ID Number…………………..…..…………….4689 

Author: Fernandez, L. P. 

Title: Nuclear Safety Evaluation of Units Containing 238Pu and 239Pu as Oxides 

Date: 3/9/2001 

Report: DPSPU-71-205 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This study evaluates the nuclear safety of 238Pu and PuO2 under a variety of 
conditions for shipping and storage and is applicable to mixtures of 238Pu- 239Pu oxides. Evaluations were 
made for a three-container shipping package (Plutonium Finishing Shipping Cask) for compliance with 
AECM Chapter 0529 Shipping Regulations. Some calculations were also made for the two inner containers 
as a storage unit to extend the usefulness to cover B-Line storage. This safety analysis was developed with 
239Pu and 238Pu cross sections using KENO, a multigroup Monte Carlo criticality program. Conservative 
allowances were made so that the results are valid for all mixtures of 238Pu- 239Pu. For storage conditions 
a planar array one unit tall of two or three container packages is shown to be safe regardless of water 
moderation provided the spacing is 2.375” center-to-center or greater. 
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4690…..…..…………………..…….……..……ID Number…………………..…..…………….4690 

Author: Evans, J. E. / Gates, A. A. 

Title: Safety Analysis Report Packages. LLD-1 Package (Packaging of Fissile and other Radioactive 
Materials). Final Report 

Date: 4/1/1976 

Report: DPSPU-74-124-2 (Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The LLD-1 cask is used by the Savannah River Plant to ship plutonium buttons. 
Design parameters, structural integrity, and criticality safety of the cask are analyzed. 
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Author: Gates, A. A. / Mccarthy, P. G. / Edl, J. W. 

Title: Safety Analysis Report: Packages. LP-50 Tritium Package (Packaging of Fissile and Other 
Radioactive Materials). Final Report 

Date: 4/1/1975 

Report: DPSPU-74-124-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation; Casks- Safety; Tritium- 
Transport; Accidents; Containment; Criticality; Design; Heat Transfer; Mechanical Tests; Packaging; 
Quality Assurance; Shielding 
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Author: Maloney, J. P. / Schaumann, S. M. / Stone, E. 

Title: Computer-Assisted Nuclear Fuel Manufacture 

Date: 9/1/1976 

Report: DPSPU-74-30-16A 

Conference/Journal: Nuclear Materials Management (U.S.) 

Conference Session:  

Abstract/Keyterms: At the ERDA Savannah River Plant, a process monitor, which incorporates an online 
digital computer, assists in manufacturing fuel elements used to produce nuclides such as plutonium, 
tritium, and californium in the plant's nuclear reactors. Also, inventory functions assist in safeguarding 
fissile material and protecting against accidental nuclear criticality. Terminals at strategic locations 
throughout the process area enable production operators to send and receive instructions and information 
on each manufacturing step. 
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4693…..…..…………………..…….……..……ID Number…………………..…..…………….4693 

Author: Meyer, C. A. 

Title: Safety Analysis Report: Packages. Argonne National Laboratory SLSF Test Train Shipping 
Container, P-1 Shipment. Fissile Material. Final Report 

Date: 6/1/1975 

Report: DPSPU-75-124-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The package is used to ship an instrumented test fuel bundle (test train) containing 
fissile material. The package assembly is Argonne National Laboratory (ANL) Model R1010-0032. The 
shipment is fissile class III. The packaging consists of an outer carbon steel container into which an inner 
container is placed; the inner container is separated from the outer container by urethane foam cushioning 
material. The test train is supported in the inner container by a series of transverse supports spaced along 
the length of the test train. Both the inner and outer containers are closed with bolted covers. The covers do 
not seal the containers in a leak tight manner. The gross weight of the shipment is about 8350 lb. The 
unirradiated fissile material content is less than 3 kg of UO2 of up to 93.2 percent enrichment. This a Type 
A quantity (transport group III and less than 3 curies) of radioactive material which does not require 
shielding, cooling or heating, or neutron absorption or moderation functions in its packaging. The maximum 
exterior dimensions of the container are 37 ft 11 in. long, 24$sup 1$/$sub 2$ in. wide, and 19$sup 3$/$sub 
4$ in. high. 
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Author: Chalfant, G 

Title: Safety Analysis Report Packages. Pu Oxide and Am Oxide Shipping Cask (Packaging of Fissile and 
Other Radioactive Materials. Final Report 

Date: 5/1/1980 

Report: DPSPU-79-124-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PuO2 cask or SP 5320-2 and 3 cask is designed for surface shipment of 
americium or plutonium. The cask design was physically tested to demonstrate that it met the criteria 
specified in US ERDA Manual Chapter 0529, and Chapter I, Interstate Commerce Commission. The 
package has been assessed for transport of up to 357 grams of plutonium (403 grams PuO2 powder) and up 
to 176 grams of americium (200 grams AmO2 powder), having a maximum decay heat of 203 watts. 
Criticality evaluation alone would allow the shipment as Fissile Class II but the radiation level of the cask, 
measured at the time of shipment, may exceed 50 mrem/h at the surface and require shipment as Fissile 
Class III. Sample calculations address only the more restrictive of the two materials, which in most cases 
is 238PuO2. 
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Author: Chalfant, G. G. 

Title: Safety Analysis Report: Packages, Pu Oxide and Am Oxide Shipping Cask: Packaging of Fissile and 
Other Radioactive Materials: Final Report 

Date: 12/1/1984 

Report: DPSPU-79-124-1( Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PuO2 cask or 5320-3 cask is designed for shipment of americium or plutonium 
by surface transportation modes. The cask design was physically tested to demonstrate that it met the criteria 
specified in US ERDA Manual Chapter 0529, dated 12/21/76, which invokes Title 10 Code of Federal 
Regulations, Part 71 (10 CFR 71) “Packaging of Radioactive Materials for Transport,” and Title 49 CFR 
Parts 171.179 “Hazardous Materials Regulations.” (US DOE Order 4580.1A, Chapter III, superseded 
manual chapter 0529 effective May 1981, but it retained the same 10 CFR 71 and 49 CFR 171-179 
references. 
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Author: Reilly, T. A. 

Title: Nuclear Criticality Safety in Shipping Radioactive Waste to Building 643-7G 

Date: 8/11/1982 

Report: DPSPU-82-272-103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report discusses the safety of shipping radioactive waste to Building 643-G at 
the Savannah River Plant for storage. It was conservatively recommended that the sum of nuclear safety 
fractions for a shipment be two or less. For Pu-239 this means 390 grams or less per shipment, which was 
found to be too restrictive for JB-Line operations. This study was undertaken to study shipping 
configurations of 55 gal drums containing up to the drum limit of 195g Pu-239 and provide limits based on 
these calculations. 
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Author: Forstner, J. L. 

Title: Criticality Safety of the Ten-Well Insert for the Pot Dissolver 

Date: 5/1/1982 

Report: DPSPU-82-30-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety for most fuels dissolved at SRP is ensured by some form of insert with 
a favorable geometry in a pot dissolver. A ten-well insert was designed which would permit an adequate 
charge of highly enriched U-Al alloy fuels of the MTR type. It can handle cylindrical fuel bundles up to 5 
in. dia. Dependence on administrative control is reduced. 
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Author: Chalfant, G. G. 

Title: Safety Analysis Report for Packages Packaging of Fissile and Other Radioactive Materials. Final 
Report 

Date: 1/1/1984 

Report: DPSPU-83-124-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 9965, 9966, 9967, and 9968 packages are designed for surface shipment of fissile 
and other radioactive materials where a high degree of containment (either single or double) is required. 
Provisions are made to add shielding material to the packaging as required. The package was physically 
tested to demonstrate that it meets the criteria specified in USDOE Order No. 5480.1, Chapter III, dated 
5/1/81, which invokes Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packing and 
Transportation of Radioactive Material, and Title 49, Code of Federal Regulations, Part 100-179, 
Transportation. By restricting the maximum normal operating pressure of the packages to less than 7 
kg/cm2 (gauge) (99 to 54 psig), the packages will comply with Type B(U) regulations of the International 
Atomic Energy Agency (IAEA) in its Regulations for the Safe Transport of Radioactive Materials, Safety 
Series No. 6, 1973 Revised Edition, and may be used for export and import shipments. These packages 
have been assessed for transport of up to 14.5 kilograms of uranium, excluding uranium-233, or 4.4 
kilograms of plutonium metal, oxides, or scrap having a maximum radioactive decay energy of 30 watts. 
Specific maximum package contents are given. This quantity and the configuration of uranium or plutonium 
metal cannot be made critical by any... 
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Author: Zeh, C. W. 

Title: Safety Analysis Report - Packages. DOT Specification 7A, Type a Container Uranium Trioxide 
(UO3) Shipping Package 

Date: 6/1/1984 

Report: DPSPU-83-124-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Safety Analysis Report - Packages (SARP) documents compliance of the 
package design, construction methods, material and test performance with Specification 7A, type A 
packaging regulations. 



 

C-4707 

4700…..…..…………………..…….……..……ID Number…………………..…..…………….4700 

Author: Zeh, C. W. 

Title: Safety Analysis Report Packages. DOT Specification 7A-Type a Container Mark 15 Sludge Shipping 
Package 

Date: 3/1/1985 

Report: DPSPU-83-124-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sludge or filter cake containing 1.1 wt% 235U enriched uranium from Mark 15 
fabrication will be packaged in 55-gallon containers and shipped from SRP to NLO, Fernald, Ohio for 
recovery of product. About 7 Metric Tons (MT) of filter cake will be produced from fabricating Mark 15 
slugs each reactor charge. Packaged shipments of this material, consigned as exclusive use, will be shipped 
to NLO in Department of Transportation (DOT) Specification 7A-Type A packages under a DOE 
Certificate of Compliance for Fissile Class III shipment. "Type A packaging" is designed to retain 
containment and shielding integrity under normal conditions of transport. This report documents 
compliance of the package design, construction methods, material and test performance with DOT 
Specification 7A. This DOT 7A Type A package contains a carbon steel outer container which is a 0.060-
in.-thick 55-gal, galvanized drum equipped with a gasketed closure. The outer container encloses a 0.090-
in.-thick, open head, polyethylene liner with lid. 
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Author: Cadelli, G. / Kennedy, W. R., Jr. 

Title: Safety analysis report for packaging (Oak Ridge Y-12 Plant Model DT-14A package for enriched 
uranium), Y/DD-326 Supplement No. 1 (Rev. 0) 

Date: 1/29/1986 

Report: DPSPU-85-124-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Supplement to the Safety Analysis Report Y/DD-326 (1.4.1) was prepared in 
accordance with US NRC Regulatory Guide 7.9 to address the Naval Fuel contents to be shipped in the 
DT-14A packaging. New chapters were written for Shielding, Critcality and Quality Assurance. 
Independent reviews were obtained for each of these chapters and for a product leakage analysis referenced 
in Chapter 7.0 of this document. Other chapters invoke the Y/DD-326 SARP with minor changes or 
additions as indicated in the Supplement. All references to form or composition of the fuel are classified 
Confidential NNPI in the interest of national security. 
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Author: Reilly, T. A. 

Title: Safe Thickness for D1 Dissolver with 1500 GM Plutonium 

Date: 1/20/1988 

Report: DPSPU-88-272-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: There is some concern that the FB-Line D1 dissolver may have been pressurized 
above the liquid head pressure by a reaction that occurred in the dissolver. The D1 Pu limit of 8.8 kg is 
based on a tank with an inner slab thickness of 3.34 inches and a wall thickness of 0.40 inches for a total 
slab thickness of 4.14 inches. When the incident occurred, there was less than 1, 500 gm Pu (1, 323 gm) in 
the dissolver. Some calculations were made to determine the safe slab thickness for 1, 500 gm Pu in the D1 
dissolver. Calculations show that 1, 500 gm Pu can be safely contained in a 6 inch thick D1 dissolver 
provided the cabinet panels are in place. 
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Author: Clark, H. K. 

Title: Extrapolating Data and Margins of Safety 

Date: 1/1/1959 

Report: DPST-59-443 

Conference/Journal: Conference held at Savannah River Laboratory in March 1959 

Conference Session:  

Abstract/Keyterms: Paper was presented at a nuclear safety conference held at Savannah River Laboratory 
in March 1959, copy transmitted by memo to Dixon Callihan. 
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Author: Hilborn, H. S. comp. 

Title: USAEC-AECL Cooperative Program Monthly Progress Report, October 1964 

Date: 11/19/1964 

Report: DPST-64-83-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General and Miscellaneous; Boiling; Burnup; Criticality; Ductility; Fuels; Heat 
Transfer; Heavy Water Coolant; Heavy Water Moderator; Hydrides; Hydrogen; Power Plants; Rods; 
Testing; Thickness; Tubes; Zircaloy; Zirconium Alloys 
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Author: Clark, H. K. / Hootman, H. E. 

Title: ANISN: SRL 

Date: 1/22/1970 

Report: DPST-70-233 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This memorandum describes the input required for using the ANISN code for 
criticality and shielding problems. Both input and output of the standard ANISN code have been modified 
for increased convenience to the user. Hansen-Roach cross sections have been added for criticality 
calculations. A dose rate output option was added and a 22-group coupled neutron-gamma nuclide cross 
section library has been generated to allow analysis of complex shield compositions with restricted 
computer core volumes (<400 k). W. W. Engle's User's Manual has been updated and expanded to reflect 
the locally incorporated options. Sample problems for both criticality and shielding applications have been 
included to aid the user in interpreting the input format. 
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Author: Clark, H. K. 

Title: Nuclear Criticality Safety Specified for Mark-15 in 100 Area 

Date: 1/1/1981 

Report: DPST-81-527 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Pillinger, W. L. 

Title: 300-Area Accident Analysis for Emergency Planning Zones 

Date: 6/27/1983 

Report: DPST-83-625 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Department of Energy has requested SRL assistance in developing offsite 
Emergency Planning Zones (EPZs) for the Savannah River Plant, based on projected dose consequences of 
atmospheric releases of radioactivity from potential credible accidents in the SRP operating areas. This 
memorandum presents the assessment of the offsite doses via the plume exposure pathway from the 300-
Area potential accidents. 
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Author: n. a. 

Title: Savannah River Laboratory Monthly Report 

Date: 10/1/1985 

Report: DPST-85-1-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information is presented concerning the L-lake thermal monitoring system, nuclear 
criticality safety evaluation of the naval fuel material facility, probabilistic risk assessment of SRP reactor 
operation, Fuel Production Facility PSAR, dielectric properties of plutonium compounds, corrosion tests of 
materials for FB-line waste transfer piping, systems analysis of FB-line operations, FPF nuclear material 
accountability plan, laboratory facilities and analytical methods for the Defense Waste Processing Facility, 
fish stocking in L-lake, new radiation standards, DWPF liquid sampling system, demonstration of high 
level cells, contaminant release from the saltstone landfill, and temperature control for the laser iodine 
detector. 
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4709…..…..…………………..…….……..……ID Number…………………..…..…………….4709 

Author: Young, R. H. 

Title: Reaction of Uranium and the Fluorocarbon FC-75 

Date: 4/4/1985 

Report: DPST-85-273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Because of criticality concerns with water cooling in enriched uranium upgrading, a 
fluorocarbon has been evaluated as a replacement coolant for internal module components in the Plasma 
Separation Process (PSP). The interaction of bulk uranium and of powdered uranium with FC-75 has been 
investigated at temperatures between 200 and 700 deg C. The gas pressure and the metal temperature were 
monitored as a function of time. Modest temperature changes of 50 to 100 deg C were observed for the 
bulk uranium/fluorocarbon reaction. Much larger changes (up to 1000 deg C) were noted for the reaction 
involving high surface area uranium powder. These temperature transients, particularly for the powdered 
uranium reaction, were short-lived (<10 seconds) and indicative of the formation of a protective layer of 
reaction products. Analysis of residual gas products by infrared spectroscopy indicated that one potentially 
serious hazard, UF6, was not present; however, several small toxic fluorocarbons were produced by 
thermolysis and/or reaction. X-ray diffraction analysis of the residual solids indicated UF4 and UO2 were 
the major solid products. 
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4710…..…..…………………..…….……..……ID Number…………………..…..…………….4710 

Author: n. a. 

Title: Nuclear Criticality Safety of Containers of Dried Resin 

Date: 3/27/1986 

Report: DPST-86-343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A request has been made for nuclear criticality safety analyses for the Fuel Production 
Facility. According to the terms of the request, the FPF Project Liaison Team will issue a memorandum for 
each individual NCSA that provides the information necessary to perform the analysis. In response to the 
first memorandum, an analysis was done for the worst-case scenario to which it refers, in which five transfer 
enclosure as the result of an earthquake. A cage diameter of at least 15 inches, i.e., one that maintains a 
triangular pitch of at least 15 inches, was calculated to be necessary to provide a comfortable margin of 
subcriticality if flooding of containers and inleakage of water is considered credible. If flooding is not 
credible, no cage is necessary. 
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4711…..…..…………………..…….……..……ID Number…………………..…..…………….4711 

Author: Clark, H. K. 

Title: Nuclear Criticality Safety Analysis of Isostatic Press 

Date: 1/1/1988 

Report: DPST-87-723 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In response to your request a nuclear criticality safety analysis was done for the 
isostatic press for conditions that were specified. Under normal conditions the press is subcritical by a large 
margin. It is considered remotely possible, however, that the polyurethane compaction bag might rupture 
and release its contents. To prevent criticality from occurring should the contents be dispersed in the water 
in the press poison plates have been provided. The design of the plates has been altered from that previously 
analyzed, and it is desirable to substitute some other material for the cadmium sheet originally proposed. It 
was calculated that with stainless steel plates containing at least 1.0% natural boron, or alternatively, coated 
on both sides with 0.008” of porcelain enamel containing high concentrations of cadmium and boron, 1.8 
kg of 235U may be dispersed among the plates without becoming critical. A poison plate should also be 
provided above the bag and a poison ring below it if dispersal of U3O8 in these regions around the 
compaction tooling is considered credible. 
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4712…..…..…………………..…….……..……ID Number…………………..…..…………….4712 

Author: Du Pont De Nemours 

Title: Light Water Reactor Fuel Recycle. Savannah River Laboratory Quarterly Report, April-June 1976 

Date: 6/1/1976 

Report: DPST-LWR-76-1-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Solidification and terminal storage of high-activity waste from reprocessing spent 
LWR fuel is forecast to be approximately 1 percent of the cost of generating electricity. A series of 
experiments was planned to determine the effects of fuel type, burnup, and initial plutonium content on the 
headend process. Study of (1) regeneration of silver iodine sorbents, and (2) recycle of mercury from iodine 
scrubber solutions was planned. Evaluation of an alternative to voloxidation for isolating and concentrating 
tritium from LWR reprocessing was begun. In this method, tritium would accompany the fuel to the 
dissolver and would be separated from the water in the aqueous raffinate from the 1A mixer-settler by 
fractional distillation. Definition of Purex Process flowsheet parameters for solvent extraction separation 
of LWR fuel was begun. A Shield Computation System is being developed to provide shield assessment 
data for conceptual design studies of facilities for fuel reprocessing, waste handling, and fabrication of 
mixed oxide fuel. 
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4713…..…..…………………..…….……..……ID Number…………………..…..…………….4713 

Author: Du Pont De Nemours 

Title: Light Water Reactor Fuel Recycle. Savannah River Laboratory Quarterly Report, July-September 
1976 

Date: 12/1/1976 

Report: DPST-LWR-76-1-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A calculational study of the impact of a new reprocessing facility was completed. A 
computer model is being developed to forecast storage basin inventories and the consequences of limited 
storage capacity based on projections of fuel discharges and reprocessing schedules. An economic analysis 
shows that a receiving basin with a capacity of 800 MTU (metric tons of uranium) is adequate to service a 
10-MTU/day LWR fuel reprocessing plant. An economic study indicates that LWR fuel from foreign 
reactors can be stored in water basins in the U. S. at a cost of approximately $10/; (kg)(yr). A draft 
environmental statement on the LWR reprocessing and recycle industry was prepared. Dissolution tests 
began with irradiated UO2 fuel from the h B. Robinson 2 reactor, to prepare feed for solvent-extraction 
studies and to define technical problems associated with fuel dissolution. The advantages and disadvantages 
of reprocessing LWR fuel without partitioning of uranium and plutonium were evaluated. A new method 
was developed in the laboratory to prepare uranous nitrate solutions. A process for fixation of LWR high-
level liquid waste (HLLW) was outlined for use in design and cost studies of the back end of the commercial 
nuclear fuel cycle. A rapid, quantitative ion-exchange technique was developed to remove radioactive 
fission products and 
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4714…..…..…………………..…….……..……ID Number…………………..…..…………….4714 

Author: Du Pont De Nemours 

Title: Light Water Reactor Fuel Recycle. Composite Quarterly Report, January-March 1976 

Date: 1/1/1976 

Report: DPST-LWR-76-2-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report summarizes research and development studies by participating ERDA 
sites to provide information needed by industry to close the back end of the commercial LWR fuel cycle. 
This report describes accomplishments in the following categories receipt, head-end processes, off-gas 
treatment, PUREX process, finishing processes, waste management, environmental effects, and general 
support (criticality and shielding studies). 
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4715…..…..…………………..…….……..……ID Number…………………..…..…………….4715 

Author: Snyder, D. E. 

Title: Process Hazards Review of the 904-a Trench 

Date: 8/26/1988 

Report: DPSTPH-776-A-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 904-A trench is an enclosed underground concrete containment for high level 
and low level radioactive waste lines between the main Laboratory Building 773-A and waste storage and 
shipping Building 776-A. The waste generated in laboratories and other facilities in 773-A flows by gravity 
into the high level and low level drain lines, which proceed from 773-A through the 904-A trench. The 
trench ends at 776-2A, where the underground was handling tanks for both high level and low level liquids 
are located. The trench serves to contain any leaks originating in the drain lines. The trench is sloped 
downward toward the Building 776-2A pipe gallery. Any liquid collected from the sump can be pumped 
automatically to a waste tank sampled. The review of the 904-A trench system included a study of the 
trench and piping itself, as well as a study of the high level and low level drain lines from the laboratories 
to the trench. The present review emphasized on examination of the hazards involved in chemical reactions 
in the drain lines, misuse of the drains, and criticality. The following items were examined: Process Hazards 
Review of the Liquid Waste Collection System, Nuclear Criticality Review of the High Level Drain System, 
Improvements in the 904-A Trench System, Operating Procedures, and Unusual Incidents. 
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4716…..…..…………………..…….……..……ID Number…………………..…..…………….4716 

Author: n. a. 

Title: Safety Analysis, 200 Area, Savannah River Plant: Separations Area Operations. Building 221-H, B-
Line, Scrap Recovery Facility (Supplement 2A): Revision 1 

Date: 7/1/1991 

Report: DPSTSA-200-10-2-Suppl.2A-Rev.1-Del.Ver 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HB-Line / 221-H Building 
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4717…..…..…………………..…….……..……ID Number…………………..…..…………….4717 

Author: Allen, P. M. 

Title: Safety Analysis, 200 Area, Savannah River Plant: Separations Area Operations. Receiving Basin for 
of FSITE Fuel (Supplement 3) 

Date: 9/1/1983 

Report: DPSTSA-200-10-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analysis of the Savannah River Plant RBOF and RRF included an evaluation of the 
reliability of process equipment and controls, administrative controls, and engineered safety features. The 
evaluation also identified potential scenarios and radiological consequences. Risks were calculated in terms 
of 50-year population dose commitment per year (man-rem/year) to the onsite and offsite population within 
an 80 Km radius of RBOF and RRF, and to an individual at the plant boundary. The total 50-year onsite 
and offsite population radiological risks of operating the RBOF and RRF were estimated to be 1.0 man-
rem/year. These risks are significantly less than the population dose of 54,000 man/rem/yr for natural 
background radiation in a 50-mile radius. The 50-year maximum offsite individual risk from operating the 
facility was estimated to be 2.1 [times] 10[sup 5] rem/yr. These risks are significantly lower than 93 
mrem/yr an individual is expected to receive from natural background radiation in this area. The analysis 
shows. that the RBOF and RRF can be operated without undue risk to onsite personnel or to the general 
public. 
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4718…..…..…………………..…….……..……ID Number…………………..…..…………….4718 

Author: n. a. 

Title: Technical Standard: Nuclear Incident Alarm System. Du Pont De Nemours [E.I.] and Co., Aiken, 
SC 

Date: 1/1/1986 

Report: DPSTS-NIM-85 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Standard establishes the requirements for installing and operating Nuclear 
Incident Alarm Systems in all areas of the Savannah River Plant and Laboratory where fissile material is 
handled and processed. These systems contain instruments for detecting gamma radiation. 
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4719…..…..…………………..…….……..……ID Number…………………..…..…………….4719 

Author: n. a. 

Title: U-233 Button Fabrication and Metallurgy Los Alamos Visit October 16-19, 1951 

Date: 10/25/1951 

Report: DPW-3604 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4720…..…..…………………..…….……..……ID Number…………………..…..…………….4720 

Author: Lewis, W. B. 

Title: Calculated Reactivity Changes in the Long Irradiation of Natural Uranium (Supplement to DR-21) 

Date: 1/6/1953 

Report: DR-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4721…..…..…………………..…….……..……ID Number…………………..…..…………….4721 

Author: Lewis, W. B. 

Title: Interim Report at January 9, 1953 on Problems Arising from the NRX Incident of December 12, 
1952 

Date: 2/1/1953 

Report: DR-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chalk River Accident, December 12, 1952 
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4722…..…..…………………..…….……..……ID Number…………………..…..…………….4722 

Author: Lewis, W. B. 

Title: The Accident to the NRX Reactor on December 12, 1952 

Date: 1/1/1953 

Report: DR-32; AECL-232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Because of a complex concurrence of mechanical defects in the shut-off-rod system 
and operating errors which alone would not have caused serious trouble, a power surge occurred in the 
NRX reactor during preparations for experiments at low power. Some of the cooling arrangements at the 
time were adequate only for low-power operation. Consequently some of the natural-uranium metal melted 
and ruptured the aluminum sheathing and tubes which separated the heavy-water, air, and cooling-water 
systems. As a result some 20,000 curies of fission products from long-irradiated uranium were carried by a 
flood of 1,000,000 gal of cooling water into the basement. Fused masses of highly irradiated uranium and 
uranium oxide were left inside the calandria, and the core vessel of the reactor and tubes of the calandria 
were severely damaged. In such a high-flux reactor where the transient xenon poison may affect the 
reactivity by 40 milli-k (mk), the shut-off rods have to cover a reactivity range of about 70 mk. As one 
lesson from the accident it appears preferable to withdraw the first or safeguard bank of shut-off rods soon 
after shutting down, instead of making this the first step of the actual start-up 
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4723…..…..…………………..…….……..……ID Number…………………..…..…………….4723 

Author: Lewis, W. B. 

Title: Cost of Light Water as Coolant for Enriched Power Reactors 

Date: 3/12/1954 

Report: DR-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4724…..…..…………………..…….……..……ID Number…………………..…..…………….4724 

Author: Pinheiro, R. B. 

Title: Project of a Critical Assembly. Codes Under Development 

Date: 1/1/1972 

Report: DR-52 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies Computer Codes- Codes; Water Moderated Reactors- Reactor Kinetics; Zero Power 
Reactors- Reactor Kinetics; Boltzmann Equation; Cylindrical Configuration; Water Moderator 
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4725…..…..…………………..…….……..……ID Number…………………..…..…………….4725 

Author: Paxton, H. C. / Orndoff, J. D. / Linenberger, G. A. 

Title: Oralloy Hydride Critical Assemblies 

Date: 5/22/1950 

Report: D-RL-902 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Cadmium; Canning; Configuration; Critical Assemblies; 
Criticality; Density; Epithermal Neutrons; Foils; Fuel Elements; Gold; Mass; Measured Values; 
Moderators; Multiplication Factors; Neutron Flux; Nickel; Poisoning; Reactivity; Reactor Core; Resonance 
Escape Probability; Spheres; Sulfur; Thermal Neutrons; Thermal Utilization; Uranium; Uranium 235; 
Uranium 238; Volume; Weight; Zones 
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4726…..…..…………………..…….……..……ID Number…………………..…..…………….4726 

Author: Hansen, G. E. / Wood, D. P. 

Title: Precision Critical-Mass Determinations for Oralloy and Plutonium in Spherical Tuballoy Tampers 

Date: 1/1/1951 

Report: D-RL-904 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is LA-1356(Del). Distributed as Reference 135 of the LA-10680-MS 
reference set. Some words within the document and the document distribution list have been removed (cut 
out). LA-1356(Del.) was not found on the LANL external website. This appears to have been a declassified 
version provided to Callihan by Savannah River Laboratory. 
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4727…..…..…………………..…….……..……ID Number…………………..…..…………….4727 

Author: Courtois, G. / Moret-Bailly, J. / Poullot. G. 

Title: MORET III. Un Programme Monte Carlo Pour le Calcul Rapide des Coefficients de Multiplication 
Effectifs de Milieux Fissiles dans des Geometries Complexes 

Date: 12:00:00 AM 

Report: DRS 93/3 Revision B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4728…..…..…………………..…….……..……ID Number…………………..…..…………….4728 

Author: Grivot, P. / Honoré, J. M. / Poullot, G. 

Title: Etude Expérimentale de la Criticité de Crayons Combustibles de Type PWR dans Différentes 
Configurations 

Date: 1/1/1996 

Report: DSN 399/80, Note Technique SRSC 96.01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-029 
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4729…..…..…………………..…….……..……ID Number…………………..…..…………….4729 

Author: Anno, J. / Grivot, P. / Poullot, G. / Leclaire, N. / Hyneck, D. 

Title: Additif Aux Notes et Rapport d’Expériences Relatifs Aux Cylindres Annulaires Contenant du Nitrate 
de Plutonium, Réalisés Entre 1963 et 1976 À Valduc 

Date: 12:00:00 AM 

Report: DSU/SEC/NT/2004.32 – SRNC/04/04 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-029, PU-SOL-THERM-030, PU-SOL-THERM-032, PU-SOL-
THERM-028, PU-SOL-THERM-022 
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4730…..…..…………………..…….……..……ID Number…………………..…..…………….4730 

Author: Bareiss, E. H. 

Title: Flexible Transport Theory Routines for Nuclear Reactor Design 

Date: 12/1/1955 

Report: DTMB-1030 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Configuration; Criticality; Digital Systems; Equations; Mass; 
Mechanical Structures; Multiplication Factors; Neutron Flux; Norc; Numericals; Planning; Programming; 
Reactor Core; Reactors; Thermal Neutrons; Transport Theory 
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4731…..…..…………………..…….……..……ID Number…………………..…..…………….4731 

Author: Dodridge, S. J. / Davies, A. S. 

Title: Specification of DIMPLE Assemblies S06/20/A and B, S03/20/H and I and S04/20/D and E 

Date: 9/1/1989 

Report: DTN/S06/10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-055 
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4732…..…..…………………..…….……..……ID Number…………………..…..…………….4732 

Author: Toffer, H. 

Title: Technical Bases for Criticality Control of Uranium Metal Scrap Below Five wt% U-235 Enrichment 

Date: 1/1/1966 

Report: DUN-1737 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4733…..…..…………………..…….……..……ID Number…………………..…..…………….4733 

Author: Chitwood, R. A. 

Title: Technical Bases for Ex-Reactor Criticality Safety Specifications and Process Standards 

Date: 1/1/1969 

Report: DUN-2894 (Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Hanford Production Reactors / Fuel Elements for, Criticality Safety Specifications 
for Processing 
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4734…..…..…………………..…….……..……ID Number…………………..…..…………….4734 

Author: Kupinski, A. F. / Toffer, H. 

Title: Use of the HAMMER system for evaluating light--water moderated, critical assemblies 

Date: 10/30/1970 

Report: DUN-7286 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Zero Power Reactors- Reactor Kinetics; Buckling; Critical Mass; Criticality; Cross 
Sections Neutron Flux; Reactor Cells; Reactor Lattice Parameters; Reliability; Shape Water Moderator 
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4735…..…..…………………..…….……..……ID Number…………………..…..…………….4735 

Author: Stickney, R. R. 

Title: Criticality Safety Analysis Report: Handling and Storage of Enriched Uranium to 1.25 Weight 
Percent in DUN Facilities 313 and 3712 Buildings 

Date: 1/1/1972 

Report: DUN-7807 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality; Materials Handling; Safety; Slightly Enriched Uranium; Storage 
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4736…..…..…………………..…….……..……ID Number…………………..…..…………….4736 

Author: Toffer, H. 

Title: Criticality Safety Analysis Report, Subcritical Measurements in the Hanford N Reactor Fuel Storage 
Basin 

Date: 2/27/1975 

Report: DUN-7824 (Add.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001; Subcritical measurements designed to provide essential 
information for achieving maximum utilization of space for storing of irradiated N Reactor fuel in the K 
Reactor fuel storage basins are proposed. The tests will provide experimental data for establishing criticality 
safety margins for fuel storage configurations allowing for fuel exposure effects. 
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4737…..…..…………………..…….……..……ID Number…………………..…..…………….4737 

Author: Toffer, H. 

Title: Criticality Safety of Uranium Metal Scrap in Masonry Concrete Billets 

Date: 6/1/1972 

Report: DUN-7988 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality / Safety of Shipping and Storage of Uranium Scrap as Aggregate for 
Concrete Billets; Concretes / Uranium Incorporation in Masonry Billets of, Criticality Safety of; Uranium 
/ Shipping and Storage of Scrap, as Aggregate for Concrete Billets, Criticality and Pyrophoric Safety of 
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4738…..…..…………………..…….……..……ID Number…………………..…..…………….4738 

Author: Toffer, H. 

Title: Fuel Storage Basin Criticality Safety Analysis Report and Technical Basis 

Date: 12/1/1971 

Report: DUN-NUSAR-7824 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The criticality safety analysis was performed to provide a detailed answer to an AEC-
RL inquiry about the feasibility of storing a full N Reactor fuel discharge in the storage basin with fully-
loaded cubicles. This would require storage on top of the existing concrete cubicles which was not 
considered in the previous N fuel basin criticality analyses. No experimental criticality data exist for this 
particular configuration, so criticality control requirements were established by several independent 
computational methods. In addition, the storage system studied was too complex to evaluate against current 
N Reactor criticality criteria; there a set of criteria based on the effective neutron multiplication factor, 
k(eff), was formulated. The report describes the results of the criticality calculations, related hazards 
analyses, and provides a technical basis for specifying safe limits for storage of fuel on top of the cubicles 
in the fuel basin. The discussion includes seismic analysis and a description of modifications to structures 
which would provide adequate criticality control for the proposed storage method and increase utilization 
of available storage space. An engineering study is required to finally establish economic feasibility of the 
proposed storage configuration. 
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4739…..…..…………………..…….……..……ID Number…………………..…..…………….4739 

Author: Eichholz / Hendrix 

Title: Development of Suspended Poisons for Criticality Safety 

Date: 1/1/1971 

Report: E-900-611 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4740…..…..…………………..…….……..……ID Number…………………..…..…………….4740 

Author: n. a. 

Title: E-Alerts: Nuclear Science and Technology (Reactor Physics). E-Mail Newsletter 

Date: 1/1/1999 

Report: EA-77KNST/XAB 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Topics include: reactor kinetics; reactor theory; neutron transport theory; and 
critically. Also included are critical assemblies and reactor simulators. 
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4741…..…..…………………..…….……..……ID Number…………………..…..…………….4741 

Author: Askew, J. R. 

Title: Thermal Reactors 

Date: 10/31/1971 

Report: EACRP-A-135 

Conference/Journal: ENEA Computer Programme Library Newsletter, N. 11, March 1971. 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Design; Programming; Reactor Core; Reactor Kinetics 
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4742…..…..…………………..…….……..……ID Number…………………..…..…………….4742 

Author: Brissenden, R. J. 

Title: Fast Reactors: The FLOTRAN Modular Scheme 

Date: 10/31/1971 

Report: EACRP-A-135 

Conference/Journal: ENEA Computer Programme Library Newsletter, N. 11, March 1971. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Fast Reactors; Programming; 
Reactor Kinetics 
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4743…..…..…………………..…….……..……ID Number…………………..…..…………….4743 

Author: n. a. 

Title: Neutron Spectra 

Date: 10/1/1965 

Report: EACRP-L-62, VOLS. 1 AND 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This publication is a compilation of various neutron spectra measurements using both 
simple and complex geometries. The experiments include pulsed, bulk, homogeneous, and heterogeneous 
assemblies composed of various materials. In some experiments, comparisons are made with calculations. 
Also, some corrections to the experimental system are listed. 
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4744…..…..…………………..…….……..……ID Number…………………..…..…………….4744 

Author: Kallfelz, J. M. / Zolotar, B. A. / Sehgal, B. R. 

Title: Modifications to Fissile Element Cross Sections and their Influence on Calculated Fast Reactor 
Parameters 

Date: 10/1/1969 

Report: EACRP-L-77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this study was to test the agreement of calculated and measured 
integral physics parameter for a number of fast critical assemblies with several differential cross section 
sets. With ENDF/B cross sections used as the base values, the investigations concerned the influence of 
changing the capture and fission cross sections of the important fissile elements according to consistent 
experimental results. The effect of modifications in the inelastic scattering of uranium-238 and the fission 
spectrum of uranium-235 were also studied. 
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4745…..…..…………………..…….……..……ID Number…………………..…..…………….4745 

Author: Spinrad, B. I. / Meier, R. W. 

Title: First Biennial Report of the Activities of the European American Committee on Reactor Physics 

Date: 6/1/1964 

Report: EACRP-U-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; General; Bibliography; Buckling; Burnup; Computers; 
Criticality; Heavy Water Moderator; Matrices; Measured Values; Neutrons; Numericals; Programming; 
Radiation Detectors; Reactor Core; Reactors; Spectra; Thermal Neutrons 
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4746…..…..…………………..…….……..……ID Number…………………..…..…………….4746 

Author: Spacpen, J. 

Title: Progress Report on Nuclear Data Research in the Euratom Community 

Date: 10/1/1963 

Report: EANDC(E)-49(L) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Isotopes; Laboratory Equipment; Neutrons; Nuclear Structure; 
Nuclear Theory; Reactors; Standards 
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4747…..…..…………………..…….……..……ID Number…………………..…..…………….4747 

Author: n. a. 

Title: Nuclear Data Research in The Euratom Community. Progress Report, July 1, 1963-December 31, 
1964 

Date: 12/31/1964 

Report: EANDC(E)-57(U) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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4748…..…..…………………..…….……..……ID Number…………………..…..…………….4748 

Author: n. a. 

Title: Progress Report on Nuclear Data Research in the Euratom Community for the Period January 1-
December 31, 1965 

Date: 2/1/1966 

Report: EANDC(E)-66(U) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Properties and Reactions 
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Abstract/Keyterms:  
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Title: Criticality Safety Benchmarking of PASC-3 and ECNJEF1.1 

Date: 9/1/1992 

Report: ECN-I-92-035 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To validate the code system PASC-3 and the multigroup cross section library 
ECNJEF1.1 on various applications many benchmarks are required. This report presents the results of 
critically safety benchmarking for five calculational and four experimental benchmarks. These benchmarks 
are related to the transport package of fissile materials such as spent fuel. The fissile nuclides in these 
benchmarks are U235 and Pu239. The modules of PASC-3 which have been used for the calculations are 
BONAMI, NITAWL and KENO.5A. The final results for the experimental benchmarks do agree well with 
experimental data. For the calculational benchmarks the results presented here are in reasonable agreement 
with the results from other investigations. 
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Conference/Journal: High temperature engineering research facilities and experiments. Proceedings of 
an OECD/NEA Workshop held in Petten, Netherlands, 12-14 November 1997., Sep 1998/ 214 pp 

Conference Session:  

Abstract/Keyterms: High Temperature Helium-Cooled Reactors / HTR / Interfaculty Reactor Institute 
(IRI)/ Delft University of Technology / PROTEUS Facility / Paul Scherrer Institute / Pebble-Bed HTR Core 
/ IAEA Co-Ordinated Research Programme / Japanese HTTR 
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Conference/Journal: Economic Geology 

Conference Session:  

Abstract/Keyterms: Fourteen natural fission reactors are known to date in three different ore deposits 
located in the Franceville basin. The most famous and the first discovered are those in the Oklo uranium 
ore deposit. Petrographic, geochemical, and oxygen isotope studies have been performed in an attempt to 
answer these questions: (1) what are the main characteristics of the uranium ores in which fission reactions 
took place? (2) what are the processes that created such exceptionally high-grade ores? and what are the 
effects of such fission reactions on the host rocks? 
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Nucleaire, Hydraulique, Thermique (France) 

Conference Session:  

Abstract/Keyterms: Generalized Perturbation Theory (GPT) / Doppler Reactivity Coefficient 
Optimization 
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Conference/Journal: EFNUDAT Slow and Resonance Neutrons, A Scientific Workshop on Nuclear 
Data Measurements, Theory and Applications, Budapest, Hungary, 20090923, 20090925 

Conference Session:  

Abstract/Keyterms: Over the last three decades, the Oak Ridge Electron Linear Accelerator (ORELA) has 
produced many neutron-induced cross-section data. ORELA is the only high-power white neutron source 
with excellent time resolution still operating in the United States and is ideally suited for experiments to 
measure neutron fission, total, (n,), and capture cross sections in the energy range from 1 eV to as high as 
several MeV. Recent measurements have included neutron capture measurements on 39,41K, 35,37Cl, F, 
Mn, 58,60Ni, 53Cr, natural Cr, 48Ti, natural Ti, and 95Mo and total cross-section measurements on natural 
Cl, natural K, 95Mo, Mn, 53Cr, natural Cr, 48Ti, natural Ti, and 64Zn(n,). Many of these measurements 
were carried out to support the U.S. Nuclear Criticality Safety Program. Concerns have been raised about 
many of the older nuclear data evaluations important for criticality safety. For example, the time-of-flight 
resolution and accuracy of some of the existing data are too poor for new evaluations and thus applications. 
Several of these data are also important input parameters for the ongoing nuclear astrophysics program, 
which investigates the s-process nucleosynthesis in asymptotic giant branch stars. Here the Maxwellian-
averaged neutron capture cross sections at kT = 8 and 30 keV are of importance. This paper provides an 
overview of the high-resolution cross-section measurement facility ORELA and describes the current 
measurement activities. 
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Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Distribution; 
Mockup; Phantoms; Radiation Doses; Tissues Neutrons / Dose Depth Distribution in Small Volumes, 
Technique for Determining; Phantoms / Radiation Dosimetry in, Experimental and Theoretical 
Determination of; Neutrons / Dose Depth Distribution in Phantoms, Experimental and Theoretical 
Determination of 
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Report: EGG-2017 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Slagging Pyrolysis Incinerator (SPI) Facility is being developed to process 
transuranic waste stored and buried at the Idaho National Engineering Laboratory (INEL) into a chemically 
inert, physically stable, basalt-like residue acceptable for a Federal Repository. A task force was established 
by the SPI Project Division to review and assess all aspects of criticality safety for the SPI Facility. This 
document presents the initial review, evaluations, and recommendations of the task force and includes the 
following and criticality control approaches and philosophies, a description of the SPI Facility Waste 
Processing Building, a review and assessment of potentially relevant codes and regulations; a review and 
assessment of the present state of criticality and assaying/monitoring studies, and recommendations for 
changes in and additions to these studies. The review and assessment of potentially relevant codes and 
regulations indicate that ERDAM 0530, Nuclear Criticality Safety should be the controlling document for 
criticality safety for the SPI Project. In general, the criticality control approaches and philosophies for the 
SPI Project comply with this document. 
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Report: EGG-2055 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Transuranic Waste Treatment Facility (TWTF) is being developed to process 
transuranic waste, stored and buried at the Idaho National Engineering Laboratory, into a chemically inert, 
physically stable basalt-like residue acceptable at a federal repository. A task force was assembled by the 
TWTF Project Division to review and assess all aspects of criticality safety for the TWTF. This document 
presents the final review, assessments, and recommendations of this task force. The following conclusions 
were made entire envelope of feed compositions and temperature effects. Safe operating k(eff) 's need to 
be determined for process components. Criticality analyses validation experiments may also be required. 
SRP neutron interrogation should be replaced by DDT neutron interrogation. Accuracy studies need to be 
performed for the proposed assaying techniques. Time-correlated neutron monitoring needs to be mocked 
up for process components to prove feasibility and determine accuracy. The criticality control techniques 
developed for the TWTF conceptual design are in compliance with ERDAM 0530, including the Double 
Contingency Rule. Detailed procedures and controls need to be developed. 
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Abstract/Keyterms: The ATR Fuel Element Shipping Container USA/9099/B(U)F (NRC) is used for 
shipping new unirradiated fuel elements from the supplier to the Advanced Test Reactor (ATR) at the Idaho 
National Engineering Laboratory (INEL). The container consists of an inner containment box and an outer 
overpack designed to meet the requirements for Normal Conditions of Transport and of the Hypothetical 
Accident Conditions of Transport. The container is designed to hold four ATR fuel elements in the 
horizontal position. The authorized uranium fissile content limit is 12 kilograms, but not to exceed 700 
grams of U-235 in any one linear foot of each of the four storage positions of each container. The container 
has been evaluated to demonstrate that the ATR Fuel Element Shipping Container has an adequate margin 
of safety below criticality when loaded with the maximum permitted quantity of fissile materials in the 
most reactive configuration, and subject to the maximum credible accident conditions. Therefore, analysis 
and testing has shown compliance with Standards for Normal Conditions of Transport and Hypothetical 
Accident Conditions of Transport. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Water loss calculations for the concrete FAST interim fuel storage rack were 
performed at the request of Exxon Nuclear. Because water in concrete, whether chemically combined or in 
a free state, is a critical component for neutron attenuation and radiation shielding, loss of water within a 
concrete structure designed to contain various forms of nuclear material could present a criticality problem 
within the structure. Although a definitive optimum water content has not been presented at this time, it 
appears that 4 weight % is a minimum content for efficient attenuation. Although other elements in concrete 
contribute to neutron attenuation, hydrogen with its large cross section is the dominant attenuating element. 
The results of calculations indicate that the present design of the fuel rack is inadequate for the proposed 
total fluence and that the minimum safe water content would be reached within one year's operation. 
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Title: Criticality Analysis of Low-Density Fissile Material in Radioactive Waste 

Date: 1/1/1981 

Report: EGG-M-06381 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis was performed to show that large arrays of waste contaminated with 
small amounts of fissile materials are critically safe. An analysis technique is described that made expensive 
time-consuming engineering studies of the behavior of the waste over long periods of time unnecessary. 
Results of these studies can be used to determine criticality safety limits for large arrays of waste 
contaminated with low density fissile material. The analysis was made possible by the proper identification 
and acceptance of the assumption that neutron-absorbing and diluent materials will not significantly 
separate from the low-density fissile materials. 
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Conference Session:  

Abstract/Keyterms: EGandG Idaho, Inc., acting on behalf of the US Department of Energy, is responsible 
for transporting core debris from Three Mile Island-Unit 2 to the Idaho National Engineering Laboratory. 
Transportation of the debris being accomplished using an NRC licensed container, called the NuPac 125-
B. This paper describes the NuPac 125-B Rail Cask and the quality assurance (QA) requirements for that 
system. Also discussed are the QA roles of the various organizations involved in designing, building, 
inspecting and testing the NuPac 125-B. The paper presents QA/QC systems implemented during the 
design, procurement, and fabrication of the cask to assure compliance with all applicable technical codes, 
standards and regulations. It also goes beyond the requirements aspect and describes unique QA/QC 
measures employed to assure that the cask was built with minimum QA problems. Finally, the lessons 
learned from the NuPac 125-B project is discussed 
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Conference Session:  

Abstract/Keyterms: The Process Experimental Pilot Plant (PREPP) was designed and constructed for the 
incineration of radioactive waste retrieved from the transuranic (TRU) waste storage area at the Idaho 
National Engineering Laboratory (INEL). Transuranic is defined as those elements with atomic numbers 
higher than that of uranium. The goal for processing the waste is to convert it to a form acceptable for 
permanent disposal at the Waste Isolation Pilot Plant (WIPP) located near Carlsbad, New Mexico. The 
primary TRU elements in the waste are plutonium and americium. The TRU waste also contains a wide 
variety of materials considered hazardous by EPA including lead. Partitioning of both the TRU and the 
hazardous constituents of the waste is of interest for PREPP from the standpoints of criticality control, 
radiation protection and control of hazardous materials. Two incineration operations were completed which 
provided data on the partitioning; first, dysprosia (DyO2) was processed along with simulated TRU waste 
to simulate the behavior of plutonium oxide and second, electronic components containing several metals 
provided data on the behavior of lead. 
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Conference Session:  

Abstract/Keyterms: There is a general lack of data available with regards to criticality control in the use 
of incineration for full scale processing of TRU waste. In addition to the new analytical tools, such as PRA, 
are only now starting to be applied to criticality control. These factors have made the development of the 
PREPP Criticality Control Plan somewhat unique. It is hoped that the PREPP experiences gained in these 
efforts will provide new insight which will be useful to future facilities processing waste material containing 
fissile material. 
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Conference/Journal: international topical meeting on high-level radioactive waste management, Las 
Vegas, NV (USA), 8-12 Apr 1990 

Conference Session:  

Abstract/Keyterms: Continued public acceptance of commercial nuclear power is contingent to a large 
degree on the US Department of Energy (DOE) establishing an integrated waste management system for 
spent nuclear fuel. As part of the from-reactor transportation segment of this system, the B W Fuel Company 
(BWFC) is under contract to the DOE to develop a spent-fuel cask that is compatible with both rail and 
barge modes of transportation. Innovative design approaches were the keys to achieving a cask design that 
maximizes payload capacity and cask performance. The result is the BR-100, a 100-ton rail/barge cask with 
a capacity of 21 PWR or 52 BWR ten-year cooled, intact fuel assemblies. 
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Conference/Journal: International technology exchange program conference/ 17-20 Oct 1989/ Mito 
(Japan) 

Conference Session:  

Abstract/Keyterms: The Process Experimental Pilot Plant (PREPP) is a rotary kiln incineration facility 
being developed at the Idaho National Engineering Laboratory (INEL) to thermally treat contact handled 
Transuranic (TRU) and mixed hazardous wastes. The majority of the TRU waste will be certified and 
shipped directly to the Waste Isolation Pilot Plant (WIPP) for disposal. PREPP’s mission is to process 
uncertifiable TRU and low level mixed waste, about half of the waste stored at INEL. This document 
discusses the planning of PREPP. Included are a PREPP system description, process modifications in 
process, the plutonium monitoring system, and a criticality control plan. 
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reactor research and irradiation facilities, Boise, ID (USA), 30 Sep - 3 Oct 1990 

Conference Session:  

Abstract/Keyterms: An Advanced Neutron Source (ANS) with a peak thermal neutron flux of about 8.5 
{times} 10{sup 19} m{sup {minus}2}s{sup {minus}1} is being designed for condensed matter physics, 
materials science, isotope production, and fundamental physics research. The ANS is a new reactor-based 
research facility being planned by Oak Ridge National Laboratory (ORNL) to meet the need for an intense 
steady-state source of neutrons. The design effort is currently in the conceptual phase. A reference reactor 
design has been selected in order to examine the safety, performance, and costs associated with this one 
design. The ANS Project has an established, documented safety philosophy, and safety-related design 
criteria are currently being established. The purpose of this paper is to present analyses of safety aspects of 
the reference reactor design that are related to core reactivity events. These analyses include control rod 
worth, shutdown rod worth, heavy water voiding, neutron beam tube flooding, light water ingress, and 
single fuel element criticality. Understanding these safety aspects will allow us to make design 
modifications that improve the reactor safety and achieve the safety related design criteria. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The original cask designs for a cask demonstration project featured fuel baskets 
constructed of borated stainless steel (bss) as a structural material. The project is intended to demonstrate 
casks that can be used for both shipping and storing spent nuclear fuel assemblies. The baskets were 
intended to maintain the fuel assemblies in a subcritical array for both normal and accident conditions. The 
Nuclear Regulatory Commission, however, judged bss to be unacceptable as a structural material. The cask 
designs were subsequently modified. The knowledge gained during this cask demonstration project may be 
applicable to development of bss as a basket material in future cask design. 
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Conference Session:  

Abstract/Keyterms: Canisters containing the Three Mile Island (TMI) spent fuel and debris are being 
stored in a storage pool at the Idaho National Engineering Laboratory (INEL). In order to store these 
canisters in dry storage casks, a system is being designed to remove entrained water from the canisters. The 
conceptual design for this drying process was evaluated in respect to the occurrence of a nuclear criticality. 
The system design was evaluated to address the mechanical failure of the components. Also, human 
interfaces with the equipment were assessed. The integration of these two facets resulted in a model that 
was quantified to calculate the occurrence frequency of a nuclear criticality. Changes to design, 
administrative guidelines, and procedures were recommended so that an acceptable level of risk based on 
nuclear criticality occurrence frequency could be achieved. 
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Conference Session:  

Abstract/Keyterms: General Atomics (GA) will be submitting an application for certification to the US 
Nuclear Regulatory Commission (NRC) for the GA-4 and GA-9 Casks in 1992. To maintain a capacity of 
four pressurized-water-reactor (PWR) spent fuel assemblies, the GA-4 Cask uses burnup credit as part of 
the criticality control for the higher enrichments. Using the US Department of Energy (DOE) Burnup Credit 
Program as a basis, GA presents here an approach to burnup credit analysis to be included in the Safety 
Analysis Report for Packaging (SARP). 
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Conference Session:  

Abstract/Keyterms: General Atomics (GA) is developing two legal-weight-truck spent-fuel shipping 
casks for transporting commercial reactor spent fuel. The GA-4 pressurized-water-reactor (PWR) and the 
GA-9 boiling-water-reactor (BWR) casks are stainless steel with non-circular cross sections. Depleted 
uranium (DU) and boron polypropylene are used for gamma and neutron shielding. Solid pellets of boron 
carbide contained in a removable stainless steel fuel support structure provide criticality control. The GA-
4 Cask utilizes burnup credit to maintain a capacity of four spent fuel assemblies for enrichments greater 
than 3.0 U-235 wt %. Aluminum honeycomb impact limiters and a dedicated semitrailer contribute to the 
overall efficiency and safety of the system. Design verification testing of a half-scale model cask will 
confirm the adequacy of the structural design. 
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Las Vegas, NV (United States), 12-16 Apr 1992 

Conference Session:  

Abstract/Keyterms: General Atomics (GA) has developed two legal-weight truck spent fuel shipping 
casks for transporting commercial reactor spent fuel. The GA-4 Cask carries four pressurized-water reactor 
(PWR) assemblies, and the GA-9 Cask carries nine boiling-water reactor (BWR) assemblies. Depleted 
uranium and a borated polymer are the gamma an neutron shielding materials. Type XM-19 stainless steel 
is the structural material used for the cask body, closure and the structure which supports the fuel 
assemblies. The impact limiters are made of aluminum honeycomb. Solid boron carbide, contained in the 
removable fuel support structure, provides poison for criticality control. The GA-4 Cask uses burnup credit 
to maintain criticality safety with spent fuel assemblies having enrichments greater than 3 wt% U-235. GA 
has conducted an extensive test program for the neutron shield material and the aluminum honeycomb 
impact limiters. Additional planned testing includes verification testing of a half-scale model to confirm 
the structural design, full-scale high and low temperature leak testing of the closure seal design, and 
endurance testing of the semitrailer design. 
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Conference Session:  

Abstract/Keyterms: Nuclear propulsion is necessary for successful Mars exploration to enhance crew 
safety and reduce mission costs. Safety concerns are considered by some to be an implements to the use of 
nuclear thermal rockets for these missions. Therefore, an assessment was made of the various types of 
possible accident conditions that might occur and whether design or operational solutions exist. With the 
previous work on the NERVA nuclear rocket, most of the issues have been addressed in some detail. Thus, 
a large data base exist to use in an agreement. The assessment includes evaluating both ground, launch, 
space operations and disposal conditions. The conclusion is that design and operational solutions do exist 
for the safe use of nuclear thermal rockets and that both the environment and crews be protected against 
harmful radiation. Further, it is concluded that the use of nuclear thermal propulsion will reduce the 
radiation and mission risks to the Mars crews. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Department of Energy (DOE), Office of Environmental Restoration and Waste 
Management, has chartered a study to evaluate alternative management strategies for depleted uranium 
(DU) currently stored throughout the DOE complex. Historically, DU has been maintained as a strategic 
resource because of uses for DU metal and potential uses for further enrichment or for uranium oxide as 
breeder reactor blanket fuel. This study has focused on evaluating the disposal options for DU if it were 
considered a waste. This report is in no way declaring these DU reserves a waste, but is intended to provide 
baseline data for comparison with other management options for use of DU. To PICS considered in this 
report include: Retrievable disposal; permanent disposal; health hazards; radiation toxicity and chemical 
toxicity. 
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Abstract/Keyterms: Beginning in 1957 and continuing into the mid 1970s, the USSR conducted an 
extensive investigation into the use of both solid and gas core nuclear thermal rocket engines for space 
missions. During this time the scientific and engineering. problems associated with the development of a 
solid core engine were resolved. At the same time research was undertaken on a gas core engine, and some 
of the basic engineering problems associated with the concept were investigated. At the conclusion of the 
program, the basic principles of the solid core concept were established. However, a prototype solid core 
engine was not built because no established mission required such an engine. For the gas core concept, 
some of the basic physical processes involved were studied both theoretically and experimentally. However, 
no simple method of conducting proof-of-principle tests in a neutron flux was devised. This report focuses 
primarily on the development of the. gas core concept in the former USSR. A variety of gas core engine 
system parameters and designs are presented, along with a summary discussion of the basic physical 
principles and limitations involved in their design. The parallel development of the solid core concept is 
briefly described to provide an overall perspective of the magnitude of the nuclear thermal propulsion 
program and a technical comparison with the gas core concept 
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Title: Reactivity Studies on the Final Preconceptual Reference Design of the Advanced Neutron Source 

Date: 4/1/1990 

Report: EGG-NE-8940 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An Advanced Neutron Source (ANS) with a peak thermal neutron flux of 8.0 {minus} 
9.0 {times} 10{sup 19} m{sup {minus}2}s{sup {minus}1} is being designed for condensed matter physics, 
materials science, isotope production, and fundamental physics research. A final preconceptual reference 
reactor design has been selected in order to examine the safety, performance, and costs associated with this 
one design. This report presents reactor physics analyses of safety aspects of the reference reactor design 
that are related to core reactivity changes. These analyses include control rod worth, shutdown rod worth, 
heavy water voiding, light water ingress, single fuel element criticality, fuel element movement, and 
neutron beam tube flooding. The positive and negative findings are explored for each of these analyses. 
Based on these analyses, some design modifications that further improve the reactor safety are identified 
and recommended. 
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Title: Criticality Safety Evaluation of Rocky Flats Plant One-Gallon Shipping Containers 

Date: 2/1/1991 

Report: EGG-NE-9518 
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Abstract/Keyterms: Intraplant shipment of small quantities of plutonium and uranium at the Rocky Flats 
Plant (RFP) are made in one-gallon shipping containers. Criticality safety calculations have been performed 
to provide an analytical basis upon which handling, storage, and transportation limits on these containers 
are based. The calculations and results are documented in this report. This analysis was categorized as 
Quality Level A (according to the EGG Idaho Quality Manual) in that it is a service whose failure could 
cause undue risks to employees or public health and safety. It is intended to comply with NQA-1. 
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Title: Criticality Safety Evaluation of Rocky Flats Plant One-Gallon Shipping Containers 

Date: 12/1/1991 

Report: EGG-NE-9768 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality safety calculations have been performed to provide an analytical basis for 
handling, storage and transport of Rocky Flats Plant (RFP) one-gallon shipping containers. A mass limit 
was established for metal (solid uranium or plutonium) and slurries (undissolved U or Pu solids in a mud,” 
sludge,” or slurry”). A separate volume limit was developed for plutonium solutions (liquids, either aqueous 
or organic, containing no visible undissolved solids). 
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Title: Criticality Safety Evaluation for Pathfinder Fuel Elements in Model No. RA-3 Shipping Containers 
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Abstract/Keyterms: Pennsylvania State University presently processes approximately 415 Pathfinder fuel 
elements which will require shipment from their nuclear facility. Criticality safety calculations have been 
performed with the Monte Carlo code, KENO-IV, and 16-group Hansen-Roach cross sections for shipment 
of these fuel elements in Model No. RA-3 shipping containers. Except for a slightly higher U-235 
enrichment in the UO2 rods of the Pathfinder fuel elements, the parameters for the proposed shipment are 
within those limits currently approved in Certificate of Compliance No. 4986, Revision No. 17, for 
shipment of UO2 fuel rods in the Model RA-3 shipping containers. The analysis in this report verifies an 
adequate margin of criticality safety for the Pathfinder fuel elements in Model RA-3 containers for a Fissile 
Class 1 shipment. 
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Title: Criticality Safety Evaluation for Pathfinder Fuel Elements in Model No. RA-3 Shipping Containers: 
Revision 1 
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Abstract/Keyterms: Pennsylvania State University presently possesses approximately 415 Pathfinder fuel 
elements which require shipment from their nuclear facility. It is planned to use Model No. RA-3 shipping 
containers for shipment of these elements. Certificate of Compliance No. 4986, Revision No. 18, Docket 
No. 71-4986 authorizes the use of these containers for Fissile Class I shipments of UO2 fuel assemblies 
and UO2 fuel rods with parameters similar to the Pathfinder fuel elements. Criticality safety calculations 
have been performed with the Monte Carlo code, KENO-V.a and 16-group Hansen-Roach cross sections 
for shipment of Pathfinder fuel elements in Model No. RA-3 shipping containers. The analysis described 
and the results are given in this report. This analysis demonstrates that the RA-3 container with Pathfinder 
fuel elements complies with the requirements of 10 CFR 71.59 for Fissile Class II shipping containers with 
six as the allowable number of containers in a single shipment. 
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Title: Criticality Safety Evaluation for Pathfinder Fuel Elements in Model No. RA-3 Shipping Containers 
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Abstract/Keyterms: Pennsylvania State University presently possesses approximately 415 Pathfinder fuel 
elements which require shipment from their nuclear facility. It is planned to use Model No. RA-3 shipping 
containers for shipment of these elements. Certificate of Compliance No. 4986, Revision No. 22, Docket 
No. 71-4986 authorizes the use of these containers for Fissile Class 1 shipments of UO2 fuel assemblies 
and UO2 fuel rods with parameters similar to the Pathfinder fuel elements. Criticality safety calculations 
have been performed with the Monte Carlo code, KENO-V.a and 16-group Hansen-Roach cross sections 
for shipment of Pathfinder fuel elements in Model No. RA-3 shipping containers. The analysis described 
and the results are given in this report. This analysis demonstrates that the RA-3 container with Pathfinder 
fuel elements complies with the requirements of 10 CFR 71.59 for Fissile Class 2 shipping containers with 
six as the allowable number of containers in a single shipment. 
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Title: Criticality Safety Evaluation for TRU Waste in Storage at RWMC 
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Report: EGG-NRE-10754 

Conference/Journal:  
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Abstract/Keyterms: Stored containers (drums, boxes, and bins) of transuranic waste at the Radioactive 
Waste Management Complex (RWMC) facility located at the Idaho National Engineering Laboratory 
(INEL) were evaluated based on inherent neutron absorption characteristics of the waste materials. It was 
demonstrated that these properties are sufficient to preclude a criticality accident at the actual fissile levels 
present in the waste stored at the RWMC. Based on the database information available, the results reported 
herein confirm that the waste drums, boxes, and bins currently stored at the RWMC will remain safely 
subcritical if rearranged, restacked, or otherwise handled. Acceptance criteria for receiving future drum 
shipments were established based on fully infinite systems. 
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Report: EGG-NRE-11406 

Conference/Journal:  
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Abstract/Keyterms: NESTLE is a FORTRAN77 code that solves the few-group neutron diffusion 
equation utilizing the Nodal Expansion Method (NEM). NESTLE can solve the eigenvalue (criticality); 
eigenvalue adjoint; external fixed-source steady-state; or external fixed-source. or eigenvalue initiated 
transient problems. The code name NESTLE originates from the multi-problem solution capability, 
abbreviating Nodal Eigenvalue, Steady-state, Transient, Le core Evaluator. The eigenvalue problem allows 
criticality searches to be completed, and the external fixed-source steady-state problem can search to 
achieve a specified power level. Transient problems model delayed neutrons via precursor groups. Several 
core properties can be input as time dependent. Two or four energy groups can be utilized, with all energy 
groups being thermal groups (i.e. upscatter exits) if desired. Core geometries modelled include Cartesian 
and Hexagonal. Three, two and one dimensional models can be utilized with various symmetries. The non-
linear iterative strategy associated with the NEM method is employed. An advantage of the non-linear 
iterative strategy is that NSTLE can be utilized to solve either the nodal or Finite Difference Method 
representation of the few-group neutron diffusion equation. 



 

C-4794 

4787…..…..…………………..…….……..……ID Number…………………..…..…………….4787 

Author: n. a. 

Title: Summary of Tiger Team Assessment and Technical Safety Appraisal Recurring Concerns in the 
Training Area. DOE Training Coordination Program. EG and G Idaho, Inc., Idaho Falls, ID 
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Report: EGG-OTTA-10636 
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Abstract/Keyterms: Nuclear Facilities in their reports. The Tiger Team Assessments and TSA reports both 
used TSA performance objectives, and list concerns” as a result of their findings. However, the TSA reports 
categorized concerns into the following functional areas: (1) Organization and Administration, (2) 
Radiation Protection, (3) Nuclear Criticality Safety, (4) Occupational Safety, (5) Engineering/Technical 
Support, (6) Emergency Preparedness, (7) Safety Assessments, (8) Quality Verification, (9) Fire Protection, 
(10) Environmental Protection, and I (1) Energetic Materials Safety. Although these functional areas match 
most of the TSA performance objectives, not all of the TSA performance objectives are addressed. For 
example, the TSA reports did not include Training, Maintenance, and Operations as functional areas. 
Rather, they included concerns that related to these topics throughout the 11 functional areas identified 
above. For consistency, the Training concerns that were identified in each of the TSA report functional 
areas have been included in this summary with the corresponding TSA performance objective. 
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Title: Summary of Tiger Team Assessment and Technical Safety Appraisal Recurring Concerns in the 
Operations Area. DOE Training Coordination Program. EG and G Idaho, Inc., Idaho Falls, ID 
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Abstract/Keyterms: Nuclear Facilities in their reports. The Tiger Team Assessments and TSA reports both 
used TSA performance objectives, and list concerns” as a result of their findings. However, the TSA reports 
categorized concerns into the following functional areas: (1) Organization and Administration, (2) 
Radiation Protection, (3) Nuclear Criticality Safety, (4) Occupational Safety, (5) Engineering/Technical 
Support, (6) Emergency Preparedness, (7) Safety Assessments, (8) Quality Verification, (9) Fire Protection, 
(10) Environmental Protection, and (11) Energetic Materials Safety. Although these functional areas match 
most of the TSA performance objectives, not all of the TSA performance objectives are addressed. For 
example, the TSA reports did not include Training, Maintenance, and Operations as functional areas. 
Rather, they included concerns that related to these topics throughout the 11 functional areas identified 
above. For consistency, the Operations concerns that were identified in each of the TSA report functional 
areas have been included in this summary with the corresponding TSA performance objective. 
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Title: Assessment of Criticality Monitoring Techniques for a Transuranic Waste Treatment Facility 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Passive monitoring techniques were studied and compared for determining the 
amount of fissile material in transuranic (TRU) waste while in the Transuranic Waste Treatment Facility 
(TWTF). The passive counting techniques investigated were gamma ray, neutron, x-ray, and alpha particle. 
In addition, coincidence techniques using the correlation in time between the neutrons and/or gamma rays 
emitted by fissioning nuclei in a chain reaction were considered. Recommendations are given for the best 
method of monitoring the waste within the TWTF. 
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Title: Criticality Safety Evaluation for SNM Vessels in S-Cell 

Date: 5/1/1981 

Report: EGG-PHYS-5441 

Conference/Journal:  
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Abstract/Keyterms: The results are given of a criticality safety evaluation for an array of up to six large 
diameter (O.D.. = 91.44 cm) annular vessels (annular fuel region thickness = 3.81 cm) containing a uranyl 
nitrate solution. A layer of neutron absorbing material was attached to the outside of each vessel to reduce 
the neutronic interaction and the effects of wall reflection. The effects of various degrees of moderation and 
reflection, variations in uranium concentration, annulus thickness, and neutron absorbing material thickness 
were also evaluated. Three-dimensional Monte Carlo and one-dimensional SN discrete-ordinate methods 
were used for the evaluation. 
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Title: Preliminary Reactor Physics Calculations for Phase II Severe Fuel Damage Tests in the Power Burst 
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Abstract/Keyterms: This report documents the results of some preliminary scoping calculations 
completed in support of various recent proposals for conducting advanced severe fuel damage experiments 
in the Power Burst Facility (PBF). For these experiments the PBF core would be modified by installation 
of a large (44 cm O.D..) in-pile tube. This would allow testing of large bundles of commercial fuel rods in 
order to study various fuel damage mechanisms. It would also allow testing of large, homogeneous 
cylindrical capsules of fuel-cladding materials in order to study interactions between melted fuel and 
selected containment materials such as steel and concrete. Calculations of estimated attainable heat 
generation rates have been completed for 60 cases involving parametric changes on several conceptual 
capsule designs and conceptual bundle designs. These calculations were based on one-dimensional (radial) 
S/sub n/ transport theory models of the PBF core and enlarged experiment space. The S/sub n/ calculations 
were benchmarked against corresponding three-dimensional Monte Carlo calculations for two selected 
cases. The results obtained in this work indicate that axial and radial average heating rates of 0.06 to 1.25 
watts/cm/sup 3/ per MW of PBF core power are attainable in homogeneous cylindrical test capsules of 
various designs. For bundles of commercial fuel rods, axial average heating rates of approximately 0.16 
kW/m (0.05 kW/ft) per rod per MW of core power are attainable in 289-rod assemblies of 2.5%-enriched 
PWR 17 x 17-type rods. This can be increased somewhat by higher test fuel enrichments, however, 
criticality safety considerations are expected to limit the enrichment of such large bundles to about 7% or 
less. 
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Title: Safety Analysis Report for Packaging for the Idaho National Engineering Laboratory TRA Type 1 
Shipping Container and TRA Type 2 Shipping Capsule 

Date: 7/27/1992 

Report: EGG-PRP-10372 
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Abstract/Keyterms: The TRA Type I Shipping Container and TRA Type II Shipping Capsule were 
designed and fabricated at the Idaho National Engineering Laboratory as special form containers for the 
transport of non-fissile radioisotopes and fissile radioisotopes in exempt quantities. The Type I container 
measures 0.75 in. outside diameter and 3.000 in long. The Type II capsule is 0.495 in. outside diameter 
2.000 in. long. The container and capsule were tested and evaluated to determine their compliance with 
Title 49 Code of Federal Regulations 173, which governs packages for special form radioactive material. 
This report is based upon those tests and evaluations. The results of those tests and evaluations demonstrate 
the container and capsule are in full compliance with the special form shipping container regulations of 49 
CFR 173. 
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Abstract/Keyterms: This a report of the feasibility of multipurpose canisters for transporting, storing, and 
sing of Department of Energy research and production spent nuclear fuel. Six representative Department of 
Energy fuel assemblies were selected, and preconceptual canister designs were developed to accommodate 
these assemblies. The study considered physical interface, structural adequacy, criticality safety, shielding 
capability, thermal performance of the canisters, and fuel storage site infrastructure. The external envelope 
of the canisters was designed to fit within the overpack casks for commercial canisters being developed for 
the Department of Energy Office of Civilian Radioactive Waste Management. The budgetary cost of 
canisters to handle all fuel considered is estimated at $170.8M. One large conceptual boiling water reactor 
canister design, developed for the Office of Civilian Radioactive Waste Management, and two new canister 
designs can accommodate at least 85% of the volume of the Department of Energy fuel considered. Canister 
use minimizes public radiation exposure and is cost effective compared with bare fuel handling. Results 
suggest the need for additional study of issues affecting canister use and for conceptual design development 
of the three canisters. 
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Title: Technical Plan for the Development of an Assay System for INEL-Stored TRU Waste 
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Abstract/Keyterms: The purposes of this technical plan are development, construction, and testing of a 
system for assaying INEL stored transuranic (TRU) waste for fissile inventory, estimating the thermal 
power density of the waste, and identifying waste containing less than 100 nCi/g (this assay information 
will be used for waste certification and for criticality control in the Processing Experimental Pilot Plant 
(PREPP)); and to identify the decisions to be made in developing the system, and the tasks that will generate 
the data necessary to make each decision. Two counters will be developed be delivered to the Stored Waste 
Examination Pilot Plant (SWEPP) at the end of FY 1984; and a box/bin counter to be delivered at the end 
of FY 1986. Both systems will use the differential dieaway technique (DDT), an active neutron 
interrogation technique. Los Alamos National Laboratory is responsible for design and construction of the 
assay system. EG and G is responsible for program direction and all SWEPP interfaces with the assay 
system. 
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Abstract/Keyterms: This document outlines the requirements for the model being developed at the INEL 
which will provide analytical support for the ISV technology assessment program. The model includes 
representations of the electric potential field, thermal transport with melting, gas and particulate release, 
vapor migration, off-gas combustion and process chemistry. The modeling objectives are to (1) help 
determine the safety of the process by assessing the air and surrounding soil radionuclide and chemical 
pollution hazards, the nuclear criticality hazard, and the explosion and fire hazards, (2) help determine the 
suitability of the ISV process for stabilizing the buried wastes involved, and (3) help design laboratory and 
field tests and interpret results therefrom. 
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Abstract/Keyterms: This document consolidates and organizes information available concerning in situ 
vitrification (ISV) melt behavior and confinement hood performance. This information is derived from 
reports of various scaled ISV tests conducted at the Pacific Northwest Laboratory (PNL), the Oak Ridge 
National Laboratory (ORNL), and the Idaho National Engineering Laboratory (INEL). The objective of 
this document is twofold: (1) to serve as a central reference of information concerning the reported melt 
and confinement hood performance under various operating conditions and (2) to identify ISV melt and 
hood characteristics that require alteration or further investigation through either additional field tests or 
laboratory experiments. 
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Abstract/Keyterms: This report describes the results of an analysis for processing and final disposal of 
Fort St. Vrain (FSV) irradiated fuel in Rover-type equipment or technologies. This analysis includes an 
evaluation of the current Rover equipment status and the applicability of this technology in processing FSV 
fuel. The analyses are based on the physical characteristics of the FSV fuel and processing capabilities of 
the Rover equipment. Alternate FSV fuel disposal options are also considered including fuel-rod removal 
from the block, disposal of the empty block, or disposal of the entire fuel-containing block. The results of 
these analyses document that the current Rover hardware is not operable for any purpose, and any effort to 
restart this hardware will require extensive modifications and re-evaluation. However, various aspects of 
the Rover technology, such as the successful fluid-bed burner design, can be applied with modification to 
FSV fuel processing. The current regulatory climate and technical knowledge are not adequately defined to 
allow a complete analysis and conclusion with respect to the disposal of intact fuel blocks with or without 
the fuel rods removed. The primary unknowns include the various aspects of fuel-rod removal from the 
block, concentration of radionuclides remaining in the graphite block after rod removal, and acceptability 
of carbon in the form of graphite in a high level waste repository. 
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Abstract/Keyterms: The System Design Study (SDS), part of the Waste Technology Development 
Department at the Idaho National Engineering Laboratory (INEL), examined techniques available for the 
remediation of hazardous and transuranic waste stored at the Radioactive Waste Management Complex`s 
Subsurface Disposal Area at the INEL. Using specific technologies, system concepts for treating the buried 
waste and the surrounding contaminated soil were evaluated. Evaluation included implementability, 
effectiveness, and cost. The SDS resulted in the development of technology requirements including 
demonstration, testing, and evaluation activities needed for implementing each concept. 
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Abstract/Keyterms: System Design Study (SDS) / Waste Technology Development Department / Idaho 
National Engineering Laboratory (INEL) / Hazardous and Transuranic Waste / Radioactive Waste 
Management Complex's Subsurface Disposal Area 
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Abstract/Keyterms: The System Design Study (SDS), part of the Waste Technology Development 
Department of the Idaho National Engineering Laboratory (INEL), examined techniques available for the 
remediation of hazardous and transuranic waste stored at the Radioactive Waste Management Complex’s 
Subsurface Disposal Area at the INEL. Using specific technologies, system concepts for treating the buried 
waste and the surrounding contaminated soil were evaluated. Evaluation included implementability, 
effectiveness, and cost. The SDS resulted in the development of technology requirements including 
demonstration, testing, and evaluation activities needed for implementing each concept. The SDS results 
are published in eight volumes. Volume I contains an executive summary. The SDS summary and analysis 
of results are presented in Volume II. Volumes III through VII contain descriptions of twelve system and 
four subsystem concepts. Volume VIII contains the appendixes. 
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Abstract/Keyterms: System Design Study (SDS) / Waste Technology Development Department / Idaho 
National Engineering Laboratory (INEL) / Hazardous and Transuranic Waste / Radioactive Waste 
Management Complex's Subsurface Disposal Area 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The System Design Study (SDS), part of the Waste Technology Development 
Department at the Idaho National Engineering Laboratory (INEL), examined techniques for the remediation 
of hazardous and transuranic waste stored at Radioactive Waste Management Complex’s Subsurface 
Disposal Area at the INEL. Using specific technologies, system concepts for treating the buried waste and 
the surrounding contaminated soil were evaluated. Evaluation included implementability, effectiveness, 
and cost. The SDS resulted in the development of technology requirements including demonstration, 
testing, and evaluation activities needed for implementing each concept. This volume contains introduction 
section containing a brief SDS background and lists the general assumptions and considerations used during 
the development of the system concepts. The introduction section is followed by sections describing two 
system concepts that produce a waste form in compliance with the Waste Isolation Pilot Plant (WIPP) 
Waste Acceptance Criteria (WAC) and transportation package (TRAMPAC) requirements. This system 
concept category is referred to as Waste Form 4, WIPP and TRAMPAC Acceptable.” The following two 
system concepts are under this category: Sort, Treat, and Repackage System (4-BE-2); Volume Reduction 
and Packaging System (4-BE-4). 
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Title: Technical Issues Associated with in Situ Vitrification of the INEL Subsurface Disposal Area. Volume 
1, A Systematic Approach for Identification, Prioritization, and Closure of Technical Issues 

Date: 12/1/1991 

Report: EGG-WTD-9985-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In situ vitrification (ISV) has been identified as an alternative technology for 
remediation of the Acid Pit and Transuranic Pits and Trenches (TRU-PTs) that are present at the Idaho 
National Engineering Laboratory (INEL) Subsurface Disposal Area (SDA). However, a number of 
technical issues exist that must be resolved before ISV can be considered applicable to these waste sites. 
To assist in the ISV technology evaluation, an ISV Steering Committee was formed to identify, prioritize, 
and develop closure roadmaps for technical issues associated with ISV application at the INEL SDA. The 
activities of the ISV Steering Committee are summarized in three volumes of this report. This document, 
Volume 1, identifies the systematic approach used to identify and prioritize the ISV technical issues, and 
briefly discusses the methodology that will be employed to resolve these issues. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In situ vitrification (ISV) has been identified as an alternative technology for 
remediation of the Acid Pit and Transuranic Pits and Trenches (TRU-PTs) that are present at the Idaho 
National Engineering Laboratory (INEL) Subsurface Disposal Area (SDA). However, a number of 
technical issues exist that must be resolved before ISV can be considered applicable to these waste sites. 
To assist in the ISV technology evaluation, an ISV Steering Committee was formed to identify, prioritize, 
and develop closure roadmaps for technical issues associated with ISV application at the INEL SDA. The 
activities of the ISV Steering Committee are summarized in three volumes of this report. Volume 1 
identifies the systematic approach used to identify and prioritize the ISV technical issues, and briefly 
discusses the methodology that will be employed to resolve these issues. This document Volume 2 and 
Volume 3 discusses each technical issue in greater detail and suggest specific closure roadmaps to be used 
in resolving technical issues associated with ISV at the SDA Acid Pit and TRU-PTs, respectively. 
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Abstract/Keyterms: In situ vitrification (ISV) has been identified as an alternative technology for 
remediation of the acid pit and transuranic pits and trenches (TRU-PTs) at the Idaho National Engineering 
Laboratory (INEL) Subsurface Disposal Area (SDA). However, a number of technical issues must be 
resolved before ISV can be considered applicable to these waste sites. To assist in the ISV technology 
evaluation, an ISV Steering Committee was formed to identify, prioritize, and develop closure roadmaps 
for technical issues … with ISV application at the SDA. The activities of the ISV Steering Committee are 
summarized in a three-volume report. Volume I identifies the systematic approach used to identify and 
prioritize the ISV technical issues and briefly discusses the methodology that will be employed to resolve 
these issues. Volumes 2 and 3 discuss each technical issue in greater detail and suggest specific closure 
roadmaps to be used in resolving technical issues associated with ISV at the SDA Acid Pit and TRU-PTS, 
respectively. The three-volume report is a working document that will be updated as necessary to reflect 
current evaluation strategy for the ISV technology. This Volume 3 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In situ vitrification (ISV) has been identified as an alternative technology for 
remediation of the Acid Pit and Transuranic Pits and Trenches (TRU-PTs) that are present at the Idaho 
National Engineering Laboratory (INEL) Subsurface Disposal Area (SDA). However, a number of 
technical issues exist that must be resolved before ISV can be considered applicable to these waste sites. 
To assist in the ISV technology evaluation, an ISV Steering Committee was formed to identify, prioritize, 
and develop closure roadmaps for technical issues associated with ISV application at the INEL SDA. The 
activities of the ISV Steering Committee are summarized in three volumes of this report. Volume 1 
identifies the systematic approach used to identify and prioritize the ISV technical issues, and briefly 
discusses the methodology that will be employed to resolve these issues. This document Volume 2 and 
Volume 3 discusses each technical issue in greater detail and suggest specific closure roadmaps to be used 
in resolving technical issues associated with ISV at the SDA Acid Pit and TRU-PTs, respectively. 
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Conference/Journal: Eighth International Topical Meeting on Nuclear Applications and Utilization of 
Accelerators, Pocatello, ID, USA, 20070730, 20070802 

Conference Session:  

Abstract/Keyterms: Computational tools are available to utilize sensitivity and uncertainty (S/U) methods 
for a wide variety of applications in reactor analysis and criticality safety. S/U analysis generally requires 
knowledge of the underlying uncertainties in evaluated nuclear data, as expressed by covariance matrices; 
however, only a few nuclides currently have covariance information available in ENDF/B-VII. Recently 
new covariance evaluations have become available for several important nuclides, but a complete set of 
uncertainties for all materials needed in nuclear applications is unlikely to be available for several years at 
least. Therefore if the potential power of S/U techniques is to be realized for near-term projects in advanced 
reactor design and criticality safety analysis, it is necessary to establish procedures for generating 
approximate covariance data. This paper discusses an approach to create applications-oriented covariance 
data by applying integral uncertainties to differential data within the corresponding energy range. 
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Abstract/Keyterms: Uranium Isotopes U-238 Neutron Capture Rate in Heavy Water Moderated Lattices 
of Natural Uranium Oxide UO2cluster Fuel Elements, Ratio of Copper-63 Neutron Capture Rate To; 
Neutrons / Buckling in Heavy Water Moderated Lattices of Natural Uranium Oxide UO2cluster Fuel 
Elements; Neutrons / Capture Rate in Heavy Water Moderated Lattices of Natural Uranium Oxide 
UO2cluster Fuel Elements, Ratio of Uranium-238 to Copper-63; Neutrons / Density Fine Structure in 
Heavy Water Moderated Lattices of Natural Uranium Oxide UO2cluster Fuel Elements; Exponential Piles 
/ Physics Parameters for Uranium Oxide UO2fueled Heavy Water Moderated Lattices in Minor, 
Comparison of Calculated and Measured 
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Abstract/Keyterms: Reactors, Heterogeneous / Neutron Flux Distribution in Unreflected, Source-Sink 
Theory Method for; Neutrons / Flux Distribution in Unreflected Reactor Lattices, Source-Sink Theory 
Method for 
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Title: Investigation of space-energy effects in the reactivity measurement by neutron noise with excore 
detectors in a reflected LWR 
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Report: EIR-446 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Practical application of the zero-crossing correlation method for measuring slightly-
subcritical reactivities in a swimming-pool reactor required the use of detector locations in the reflector 
zone near to the core boundary. Experimental investigations of neutron-noise cross-power spectra showed 
significant deviations from the point-reactor model at higher frequencies (> 100 Hz). Nevertheless, the use 
of the point-reactor model was found to be a useful approach in the analysis of the zero-crossing correlation 
method, yielding results which agreed well with those obtained from the rod-drop method. The theoretical 
part of the work is concerned with a space-dependent model calculation in two-group diffusion theory to 
support the experimental findings. The model calculation can explain the trends observed in the neutron-
noise spectra as well as the applicability of the point-reactor model to the zero-crossing correlation method. 
To obtain better insight, the calculations have been extended to neutron-noise spectra when one or both 
detectors are located in the core zone. In the case of a large core and widely-spaced detectors, with at least 
one detector in the core zone, a sink frequency appears in the spectra. This effect is well known in coupled-
core kinetics. 
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Abstract/Keyterms: 2-Dimensional Multigroup Diffusion Equations / Hexagonal Geometry 
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Date: 8/1/1963 

Report: EIR-57; CONF-133-38 

Conference/Journal: International Atomic Energy Agency Symposium of Exponential and Critical 
Experiments with Calculations, Amsterdam, Sept. 1963 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Configuration; Critical Assemblies; Diagrams; Distribution; 
Fuel Elements; Group Theory; Heavy Water Moderator; Measured Values; Neutron Flux; Reactor Fueling; 
Uranium; Zones 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Ceramics; Differential Equations; Fast 
Neutrons; Fuel Elements; Heat Transfer; Mockup; Power Plants; Reactivity; Reactor Safety; Reactors; 
Spectral Shift; Stability; Steam; Temperature; Voids; Water Coolant; Zones 
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Date: 10/1/1964 

Report: EIR-73 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Absorption; Anisotropy; 
Configuration; Critical Assemblies; Criticality; Decay; Delayed Neutrons; Diffusion; Fuel Elements; Fuels; 
Heavy Water Moderator; Measured Values; Multiplication Factors; Natural Uranium Fuel; Neutron Flux; 
Neutron Sources; Neutrons; Pulses; Reactivity; Research Reactors; Subcritical; Temperature; Uranium; 
Uses 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Delayed Neutrons; Diagrams; Differential 
Equations; Equations; Integrals; Mathematics; Multiplication Factors; Neutron Beams; Neutron Sources; 
Performance; Prompt Neutrons; Pulses; Reactivity; Reactors; Stability; Statistics; Tables 
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Abstract/Keyterms: Reactor Technology; Design and Feasibility; Criticality; Dfr; Fast Neutrons; 
Neutrons; Numericals; Planning; Reactivity; Reactors; Shielding 



 

C-4825 

4818…..…..…………………..…….……..……ID Number…………………..…..…………….4818 

Author: Utroska, D. 

Title: Will TMI remain stable during funding debate: NRC issues policy statement on cleanup 

Date: 6/1/1981 

Report: Electr. Light Power; (United States); Volume: 59:6 

Conference/Journal: Electr. Light Power; (United States) 

Conference Session:  

Abstract/Keyterms: Nuclear safety at the Three Mile Island (TMI) facility risks compromise unless the 
cleanup proceeds without delay. Concerns focus on the possibility of recriticality and instrument 
deterioration if the cleanup is delayed too long. The Nuclear Regulatory Commission will not accept the 
utility's funding difficulties as adequate reason for delay. A task force has set technical milestones for 
evaluating cleanup results in a sequential recovery program. The task force recommends tripling the funding 
level to keep the plants within a safe status. The first activity will involve the 700,000 gallons of radioactive 
water in the containment building, which was not designed as a swimming pool and could allow some 
migration of water into the surrounding soil and ground water. Leakage concerns outweigh those of 
recriticality, but extensive monitoring indicates that neither is an imminent danger. 
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Elements; Netherlands; Reactors; Safety; Standards 
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Abstract/Keyterms: The KEMA sub-critical suspension reactor is provided with three safety rods of boron 
carbide which are suspended from electromagnets. The operation and performance of these safely rods are 
discussed. (Reactor Centrum Nederland) 



 

C-4828 

4821…..…..…………………..…….……..……ID Number…………………..…..…………….4821 

Author: Shapiro, A. 

Title: Reactor Physics Computations 

Date: 1/1/1983 

Report: Elements of nuclear reactor design. Second edition. Melbourne, FL: Robert E. Krieger Pub. Co., 
1983/81-112 pp 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor-Core Calculations 
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Abstract/Keyterms: On March 28, 1979, the Federal Government and the nuclear power industry were 
awakened by the most serious accident in the history of US commercial nuclear power. Although no one 
died as a result of this accident, the realization that a major accident is possible renewed the national and 
international debate on the safety and reliability of nuclear power. Reactor safety and Federal regulatory 
policies and practices have been thoroughly examined and criticized since the accident. Long overdue 
changes in reactor operations and designs have been made and others are being considered. Both the nuclear 
industry and Federal Government appear to have changed their attitudes toward improving safety and 
reducing the probability of future accidents. Only time will tell, however, whether this change is permanent 
or short-term. GAO believes that oversight of Federal plans to correct known safety and regulatory 
deficiencies should continue. 
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Abstract/Keyterms: The objective of this project is to develop and demonstrate prototypical analysis 
capabilities that can be used by nuclear safety analysis practitioners to: (1) provide a more thorough 
understanding of the underlying physics phenomena that can lead to improved reliability and defensibility 
of safety evaluations; and (2) optimize operations related to the handling, storage, transportation, and 
disposal of fissile material and DOE spent fuel. To address these problems, this project will investigate the 
implementation of sensitivity and uncertainty methods within existing Monte Carlo codes used for 
criticality safety analyses, as well as within a new deterministic code that allows for specification of 
arbitrary grids to accurately model geometric details required in a criticality safety analysis. This capability 
can facilitate improved estimations of the required subcritical margin and potentially enable the use of a 
broader range of experiments in the validation process. The new arbitrary-grid radiation transport code will 
also enable detailed geometric modeling valuable for improved accuracy in application to a myriad of other 
problems related to waste characterization. Application to these problems will also be explored. 



 

C-4851 

4844…..…..…………………..…….……..……ID Number…………………..…..…………….4844 

Author: Parks, C. V. / Rearden, B. T. / Broadhead, B. L. / Petrie, L. M. / Dehart, M. D. / Hopper, C. M. 

Title: Development of Nuclear Analysis Capabilities for DOE Waste Management Activities 

Date: 6/1/2000 

Report: EMSP-60077-2000 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this project is to develop and demonstrate prototypical analysis 
capabilities that can be used by nuclear safety analysis practitioners to: (1) demonstrate a more thorough 
understanding of the underlying physics phenomena that can lead to improved reliability and defensibility 
of safety evaluations; and (2) optimize operations related to the handling, storage, transportation, and 
disposal of fissile material and DOE spent fuel. To address these problems, this project has been 
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analysis. This capability can facilitate improved estimations of the required subcritical margin and 
potentially enable the use of a broader range of experiments in the validation process. The new arbitrary 
grid radiation transport code will also enable detailed geometric modeling valuable for improved accuracy 
in application to a myriad of other problems related to waste characterization. Application to these problems 
will also be explored. 
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implementation of sensitivity and uncertainty methods within existing Monte Carlo codes used for 
criticality safety analyses, as well as within a new deterministic code that allows specification of arbitrary 
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summarizes the progress achieved after only seven months of work on a three-year project. 
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3 of the German Federal radiation protection laws. 
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criticality hazard exists. The prevention of a criticality incident, or inadvertent uncontrolled critical nuclear 
reaction, is of primordial importance because of the potentially serious consequences which can result. The 
nuclear safety problems which are encountered in the handling and processing of fissile materials outside 
of reactors are especially complex criticality be considered for the standard operating conditions of the 
plant, but also for those off-standard conditions which are physically possible and, at the same time, perhaps 
most favourable for the chain reaction. In determining the nuclear safety of a chemical and metallurgical 
processing plant, all aspects of reactor theory may be involved, including both moderated and unmoderated 
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Abstract/Keyterms: Engineering-Radioactive Material Handling; Accidents; Control; Criticality; 
Failures; Fuel Elements; Plants; Poisoning; Reactors; Reprocessing; Safety 
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Conference/Journal: Energ. Nucl. (Paris) 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Fissionable Materials; 
Packaging; Radioisotopes; Safety; Standards; Transport 
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Report: Energ. Nucl. , 21, 12, 693-696 

Conference/Journal: Energ. Nucl. (Milan), v. 21, no. 12, pp. 693-696 

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Components & Accessories; Pulsed Neutron Techniques; Reactor 
Instrumentation- Pulsed Neutron Techniques; Criticality; Reactivity 



 

C-4894 

4887…..…..…………………..…….……..……ID Number…………………..…..…………….4887 

Author: Musso, B. 

Title: Analytical Study of Dynamics of a Compact Nuclear Fast System 

Date: 3/1/1968 

Report: Energ. Nucl., 15, 198-203 
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Criticality; Equations; Fast Neutrons; Mathematics; Numericals; Reactivity; Research Reactors; TAPIRO 
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Conference/Journal: Energ. Nucl. (Milan) 
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Abstract/Keyterms: Commercial Power Reactors-Kinetics & Dynamics; Analog Systems; Computers; 
Criticality; Design; Digital Systems; Economics; Efficiency; Optimization; Power Reactors; Programming; 
Reactivity 
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Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; Differential Equations; 
Mathematics; Reactors 
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Title: Measurements of Neutron Temperature in System ZR-2 
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Report: Energia Atomtech.; Vol: 17 

Conference/Journal: Energia Atomtech. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Aluminum; Bibliography; Boron; Boron Oxides; 
Burnout; Cadmium; Cadmium Nitrates; Canning; Coating; Configuration; Critical Assemblies; Criticality; 
Dysprosium; Dysprosium Nitrates; Enrichment; Fuel Elements; Magnesium; Measured Values; Neutrons; 
Numericals; Polymers; Power Plants; Quantitative Analysis; Quantity Ratio; Reactivity; Reactor Core; 
Reactors; Reflectors; Review; Silver; Silver Nitrates; Solutions; Spectra; Temperature; Uranium Dioxide; 
Vessels; Water; Water Moderator 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Control Elements; Exponential Piles; 
Measured Values; Neutron Sources; Reactivity; Rods 



 

C-4899 

4892…..…..…………………..…….……..……ID Number…………………..…..…………….4892 

Author: Lesnoni, G. / Sani, L. 

Title: Coefficients of Air Pressure in Reactivity Measurements of Gas Cooled Nuclear Reactors 

Date: 1/1/1963 

Report: Energia Elettrica; Vol: 40 
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Conference Session:  

Abstract/Keyterms: The characteristics of spherical homogeneous neutron amplifiers, moderated with 
water or heavy water and equipped with suitable reflectors, are studied. It is found that a reflector around 
the core reduces the critical flux and slightly raises the multiplication factor. If the moderator is water, a 
reflector of infinite thickness is desirable. For D2O a reflector thickness can be found at which both the 
multiplication factor and the cost are most favorable. The interrelation between the multiplication factor 
and reactivity is about the same as when no reflector is used. The necessary corrections can be made on the 
basis of presented graphs. A comparison of the two moderators shows that with respect to the multiplication 
factor, and particularly to the cost, H2O is the better moderator. These computations were made for enriched 
uranium fuel containing 20% U235, but the results are generally applicable. Natural uranium is an exception 
because with water it can produce only a definite subcritical system. But even with D2O and natural 
uranium the costs are prohibitively high. If water-moderated homogeneous neutron amplifiers are used it is 
possible to find for any concentration of U235 a dilution ratio at which the fuel cost is minimum. Either 
this state or the one that gives the highest ratio of multiplication per unit cost can be regarded as the 
optimum. A higher U235 concentration reduces the multiplication factor and more so the fuel cost. The 
effects of a reflector around the neutron source are studied. If water is the moderator, a small reflector 
around the neutron source slightly increases the multiplication factor, but generally the increase in the 
amount of fuel required is even higher. If D2O is used, even the multiplication factor drops. Consequently, 
the use of a reflector around the neutron source is not practical. 
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Conference/Journal: Energia Nucl. (Madrid) 

Conference Session:  

Abstract/Keyterms: The radiation dangers in the fabrication of U and its compounds are described in some 
detail. The radioisotopes present in the fabrication process, the problems they present, and the maximum 
permissible concentrations are discussed. The special controls required because of criticality and the 
pyrophoretic properties of uranium are decsribed. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Cross Sections; Differential 
Equations; Equations; Fission; Fission Products; Fuels; Integrals; Neutrons; Nuclear Reactions; 
Numericals; Poisoning; Reactors; Resonance; Spectra; Thermal Neutrons; Uranium 233; Uranium 235 
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Elements; Programming; Reactors; Thermal Neutrons; Tubes 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Fuel Elements; Heavy Water Moderator; 
Hyperfine Structure; Neutron Flux; Organic Coolant; Reactors; Spectra; Thermal Neutrons; Uranium 
Carbides 
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Acid Solutions 
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Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: The extraction of uranium (VI), cesium, zirconium, and ruthenium by tri- iso-
octylamine diluted in xylene from nitric acid solutions is investigated. Extraction coefficients of uranium 
(VI) and of the individual fission product elements are given under varied extraction conditions, such as 
salting agent (HNO3 or NH4NO3) concentration, amine concentration in the inert diluent, etc. 
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Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: The matrical formulation (with an arbitrary energy group number) of an iterative 
method for the calculation of the reproduction factor is given with emphasis on “non-separable”' 
multiplying systems and the approximation of the diffusion theory. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Energy; Energy Range; Errors; 
Mathematics; Measured Values; Neutron Spectrometers; Neutrons; Radiation Detectors; Reactors; 
Spectroscopy; Testing; Threshold Detectors 
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Abstract/Keyterms: Mathematics and Computers; Criticality; Differential Equations; Equations; 
Integrals; Laplacian; Mathematics; Numericals 
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Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Control Elements; Criticality; 
Measured Values; Neutron Sources; Reactivity; Research Reactors; Startup 
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Exponential Piles; Numericals; Planning; Reactors; Uses 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; BR-3; Control Elements; 
Criticality; Fast Neutrons; Lifetime; Operation; Reactivity; Reactor Core; Reactors; Rods; Thermal 
Neutrons 
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Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: The flux distribution of a plane homogeneous reactor at power level is proved to have 
one maximum and no analytic minimum when the buckling decreases with flux. The maximum flux is 
bounded and the critical size increases when the maximum flux increases. 
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Title: Thermal and Physical Calculations on the Reactor of the Nuclear Thermoelectric Station of the 
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Abstract/Keyterms: Physics; Coolant Loops; Criticality; Electricity; Equations; Generators; Heat 
Exchangers; Heat Transfer; Mass; Neutron Flux; Numericals; Power Plants; Reactivity; Turbines; Ussr 
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Title: Critical Experiments on Natural Uranium Oxide, Organic Cooled, Heavy Water Moderated Lattices 

Date: 8/1/1962 

Report: Energia nuclear, Vol: 9 

Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: A series of critical experiments was carried out at Saclay, France, by the Reactor 
Physics Department of the C.C.R., Euratom. The purpose of the measurements was to determine the 
material buckling of nine different ORGEL lattices using natural uranium oxide fuel elements, moderated 
by heavy water and cooled by an organic liquid. The experimental technique, the results obtained, and their 
comparison with calculated values are described. The latter turn out to be systematically lower than the 
former. Some criteria are given to improve the agreement between the two sets of values. 
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Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: An improved neutron calculation for a D2O reactor with a concentric annuli fuel 
element is given. A consistent correlation method is also proposed to check theoretical parameters with 
experimental ones; the neutron calculation is based on a preliminary correlation from Aquilon experimental 
data. 
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Date: 7/1/1961 

Report: Energia nucleare (Milan); Journal Volume: Vol: 8 

Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: Available experimental data on material buckling for heterogeneous, heavy water 
lattices were statistically analyzed with quadratic polynomial correlations. The data were divided in four 
groups: metal, single bar lattices; metal, bundles of bars; metal, bundles of plates; oxide, bundles of bars. 
For each group correlations were obtained and compared. In the case of bundles-of- bars lattices, three 
different definitions for the effective bundle surface were tested. For the case of bundles-of-plates lattices, 
the difference between experimentally and theoretically determined values were statistically analyzed and 
a statistically significant deviation between experimental and theoretical values was indicated. 
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Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: The NRU reactor became critical, for the first time, in November 1957. It is a high 
flux, natural uranium fueled, heavy water moderated and cooled material testing reactor. Its thermal power 
is 200 Mw. This paper describes briefly the NRU plant pointing out some of the most outstanding features 
which are embodied in its design. 
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Date: 12/1/1959 

Report: Energia nucleare (Milan); Vol: 6, 753-762 

Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: An account is given of the preparation to the start-up of the SORIN's Avogadro RSI 
reactor. The check of the control instrumentation and the training of the staff are particularly dealt with. A 
short description of the main startup equipment and a concise report on the first critical experiment are also 
given. 
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Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: Measurements and controls are described of the reactor characteristics. The 
information is necessary both for critical experiments and for further normal operation. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-4922 

4915…..…..…………………..…….……..……ID Number…………………..…..…………….4915 

Author: Boffi, V. C. / Molinari, V. G. 

Title: On the Effective Boundary Condition Method for Calculating the Critical Dimensions of Reflected 
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Date: 8/1/1960 

Report: Energia nucleare, Vol: 7 

Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: A new procedure was developed for calculating the critical dimensions of reflected 
reactors. It was carried out by using the method of the effective boundary condition in the frame of two-
group diffusion theory. 
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Title: Health Physics in Critical Experiment of CESNEF L-54 Reactor 

Date: 11/1/1961 

Report: Energia nucleare, Vol: 8 

Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: The operations of health physics during and after the critical experiment of the L-54 
reactor of CESNEF are described. 
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Title: Effect of an External Neutron Source on a Subcritical, Critical and Supercritical Reactor 

Date: 2/1/1962 

Report: Energia nucleare: Vol: 9 

Conference/Journal: Energia Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: An elementary theory is used to describe the time behavior of a subcritical, critical, 
and supercritical reactor when an external source is put near it. Neutron absorption by the source is 
considered. Experiments performed at the Sorin swimming-pool reactor confirm the theoretical predictions. 
Criteria for better positioning and removing of the start-up source are deduced from the time behavior of a 
supercritical reactor. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Detection; Errors; Instruments; Measured 
Values; Power; Reactivity; Reactors; Signals; Spectra; Statistics; Transients 
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Title: The Reactor Argonaut-AGIP Nucleare (RB-2) of Montecuccolino 

Date: 12/1/1963 

Report: Energie Nucl. (Milan); Vol: 10 

Conference/Journal: Energie Nucl. (Milan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality; Research Reactors 
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Title: The Hot Critical Assembly 4Cesar4 

Date: 7/1/1963 

Report: Energie Nucl., 05, 349-354 

Conference/Journal: Energie Nucl.; 

Conference Session:  

Abstract/Keyterms: With Cesar, the Cadarache Center for Nuclear Studies will be equipped with a zero-
power critical assembly, which will enable it to obtain the data necessary for the development of natural 
uranium, graphite, gas reactors. Reactivity balance, evolution of the reactivity, and deformation of the flux 
curves are to be studied. These studies will complement those already being done on Marius, but carried 
out at room temperature; in Cesar the graphite temperature can reach 500 deg C. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Burnup; Criticality; Differential Equations; Distribution; 
Eigenvalues; Fuel Cycle; Irradiation; Mathematics; Neutron Flux; Numericals; Operation; Reactors 
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Title: The Marius Experimental Assembly 

Date: 6/1/1963 

Report: Energie Nucl.; Vol: 5 

Conference/Journal: Energie Nucl. 

Conference Session:  

Abstract/Keyterms: The Marius critical assembly is used for the study of the physics of natural U -- 
graphite systems, using substitution and oscillation methods. The lattice pitches, channel diameter, and fuel 
elements of the central zone can be modified. The assembly was used to determine the characteristics of 
the EDF-1 and to orient the study of succeeding projects. 
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Title: The Plutonium Extraction Industrial Unit at Marcoule. The Plant, Its Development, and Its Annexes 

Date: 6/1/1963 

Report: Energie Nucl.; Vol: 5 

Conference/Journal: Energie Nucl. 

Conference Session:  

Abstract/Keyterms: During a brief description of the extraction, concentration, and purification processes, 
which result in Pu, uranyl nitrate, none, and fission products from irradiated fuel elements, the selection of 
techniques and equipment, and the modifications made to the original methods are explained. A new 
continuous dissolution process is emphasized. A detailed description of the Atelier 100,” a new Pu 
purification unit, shows the particular elements of the plant designed to control the radioactivity, metal 
toxicity, and criticality problems. 
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Title: Criticality 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Conditions in which criticality accidents can happen in plants where large quantities 
of fissile substances (associated or not with neutron moderators or absorbers) are manipulated are reviewed 
and the measures in which knowledge on this problem can be applied to simple systems in order to conceive 
and develop plants with complete security were examined. An examination of accidents that occurred in 
chemical plants and of their causes led to the discussion of security rules and classifications proposed in 
function of the importance of criticality overpower as evaluated in fission numbers. Simple relations likely 
to help in plant waste disposal and in first-aid are suggested. 
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Conference Session:  

Abstract/Keyterms: A summary is given of the theoretical and practical factors for safe operations in the 
transport, storage, and treatment of fissile materials. 
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Abstract/Keyterms: Radioactive aqueous wastes generated by the solvent extraction of uranium from 
expended fuels at ICPP will be calcined in the New Waste Calcining Facility (NWCF). The calcined solids 
are pneumatically transferred to stainless steel bins enclosed in concrete vaults for interim storage of up to 
500 years. The Fifth Calcined Solids Storage Facility (CSSF) provides 1000 m3 of storage and consists of 
seven annular stainless steel bins inside a reinforced concrete vault set on bedrock. Storage of calcined 
solids is essentially a passive operation with very little opportunity for release of radionuclides and with no 
potential for criticality. There will be no potential for fire or explosion. Shielding has been designed to 
assure that the radiation levels at the vault exterior surfaces will be limited to less than 0.5 mrem/h. A sump 
in the vault floor will collect any in-leakage that may occur. Any water that collects in the sump will be 
sampled then removed with the sump jet. There will be an extremely small chance of release of radioactive 
particulates into the atmosphere as a result of a bin leak. The Design Basis Accident (DBA) postulates the 
spill of solids from an eroded fill line into the vault coupled with a failure of the vault cooling air radiation 
monitor. For the DBA, the maximum calculated radiation dose to an exposed... 
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Abstract/Keyterms: The mixing and solids suspension characteristics of a critically safe annular tank were 
studied. The study demonstrated the feasibility of using an annular tank for uranium solution storage. 
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Abstract/Keyterms: The Savannah River Site (SRS) High Level Nuclear Waste will be vitrified in the 
Defense Waste Processing Facility (DWPF) for long term storage and disposal. This a nuclear criticality 
safety evaluation for the Late Wash Facility (LWF), the Salt Processing Cell (SPC) and the Chemical 
Processing Cell (CPC). of the DWPF. Waste salt solution is processed in the Tank Farm In-Tank 
Precipitation (ITP) process and is then further washed in the DWPF Late Wash Facility (LWF) before it is 
fed to the DWPF Salt Processing Cell. In the Salt Processing Cell the precipitate slurry is processed in the 
Precipitate Reactor (PR) and the resultant Precipitate Hydrolysis Aqueous (PHA) produce is combined with 
the sludge feed and frit in the DWPF Chemical Process Cell to produce a melter feed. The waste is finally 
immobilized in the Melt Cell. Material in the Tank Farm and the ITP and Extended Sludge processes have 
been shown to be safe against a nuclear criticality by others. The precipitate slurry feed from ITP and the 
first six batches of sludge feed are safe against a nuclear criticality and this evaluation demonstrates that 
the processes in the LWF, the SPC and the CPC do not alter the characteristics of the materials to 
compromise safety. 
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Abstract/Keyterms: This work investigates the potential for accidental criticality of the fissionable blanket 
of a fusion-fission hybrid reactor. The meltdown of the blanket and the ingress of steam into the blanket 
are analyzed in detail, using simple numerical techniques. The analysis carried out over the blanket lifetime 
in order to determine the effects of plutonium production on the potential for blanket criticality. These 
analyses indicate that the various blanket configurations and compositions achieved during an accident will 
not produce a critical system except under extremely unlikely circumstances. A review of the current state-
of-the-art of the technology of fusion-fission hybrids is also presented. 
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Abstract/Keyterms: The objective of this study was to make a preliminary examination of some potential 
safety questions for conceptual fusion-fission hybrid reactors. The study and subsequent analysis was 
largely based upon reference to one design, a conceptual mirror fusion-fission reactor, operating on the 
deuterium-tritium plasma fusion fuel cycle and the uranium-plutonium fission fuel cycle. The blanket is a 
fast-spectrum, uranium carbide, helium cooled, subcritical reactor, optimized for the production of fissile 
fuel. An attempt was made to generalize the results wherever possible. 
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Abstract/Keyterms: MIX-COMP-THERM-006, MIX-COMP-THERM-002; The experimental 
measurements program reported provides benchmark neutronics data for use in assessing the accuracy of 
neutronics analysis methods for slightly enriched uranium lattices and for mixed oxide (uranium dioxide-
plutonium dioxide). A series of twelve lattice experiments has been performed to determine neutronics 
parameters, such as the number of fuel rods needed to achieve criticality unborated or the boron 
concentration needed in the moderator to achieve criticality when borated, and to measure the power 
distributions throughout the cores. The twelve experiments consisted of six lattices containing uranium 
dioxide-2.35% uranium-235 fuel and six lattices containing uranium dioxide-2 wt.% plutonium dioxide 
(8% plutonium-240). The lattice pitches were selected to provide configurations which were 
undermoderated, near optimum moderation, or overmoderated and which had approximately the same 
water-to-fuel volume ratio for both fuel types in each degree of moderation. 
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Abstract/Keyterms: Mix-Comp-Therm-002, Mix-Comp-Therm-006; Foil Activation Measurements Were 
Made in Twelve Critical Configurations. Six Configurations Utilized Rods Containing UO2-2.35 Percent 
235u and Six Configurations Utilized Rods Containing UO2-2 Wt. Percent PUO2. Three Lattice Pitches 
Were Used with Each Fuel Type to Obtain Fuel to Moderator Ratios of About 1.2 (Under-Moderated), 
About 2.5 (Near-Optimum), and About 3.7 (Over-Moderated). Measurements Were Made in Each Lattice 
Pitch with the Moderator Borated and Unborated. the Average Values of Delta28 in the Interior of the 
Unborated UO2-2.35 Percent 235u Assemblies Were ± 0.0055 and Delta28 (M / F = 3.687) = 0.0341 ± 
0.0028. the Average Values for Rho28 in the Same Assemblies Were 1.196) = 2.227 ± 0.175 and Rho28 
(M / F = 3.687) = 1.355 ± 0.117. Data are Presented from Which Cell Disadvantage Factors Can Be Derived 
for All Twelve Critical Configurations. 
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Abstract/Keyterms: Experimental values of integral parameters of the lattices studied in this report, i.e., 
the MIT(D2O) and TRX benchmark lattices have been re-examined and revised. The revisions correct 
several systematic errors that have been previously ignored or considered insignificant. These systematic 
errors are discussed in detail. The final corrected values are presented. 
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Abstract/Keyterms: Mix-Comp-Therm-002; Critical Experiments on Twelve Water-Moderated Lattices 
Performed at Battelle Northwest Laboratories in 1975 are Reviewed. Six Lattices Were Fueled with UO2, 
Six with Mixed-Oxide (2% Pu) Fuel. for Each Fuel, Half the Lattices Had Borated Water. Critical Loadings 
for All Lattices, and R28, D28, and Disadvantage Factors for Some Were Measured. Certain Experimental 
Corrections are Discussed and Applied to These Measurements. in Addition, Multi-Group Transport and 
Monte Carlo Calculations of These Lattices are Reported. It is Concluded that These Experiments are 
Useful Benchmarks for Keff, But that Uncertainties and Inconsistencies in Most of the Reaction Rate 
Measurements Probably Preclude the Use of the Latter Data as Benchmarks. 
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Abstract/Keyterms: A criticality capability has been developed and implemented in the SAM-CE Monte 
Carlo system. The data processing component, SAM-X, preserves, to any required accuracy, the data 
quality inherent in the ENDF/B library. The generated data is Doppler-broadened and includes (where 
applicable) probability tables for the unresolved resonance range, and thermal-scattering law data. Curves 
of several total and partial cross sections are generated and displayed. The Monte Carlo component, SAM-
F, includes several eigenvalue estimators and variance reduction schemes. Stratification was found to effect 
significant improvement in calculational efficiency, but the usefulness of importance sampling is marginal 
in criticality problems. The entire system has been installed at BNL, for the analysis of TRX benchmarks. 
The TRX-1 and TRX-2 cell calculations have been performed, with estimated eigenvalues of 1.1751 ± 
0.0016 and 1.1605 ±.0015, respectively. These results are shown to be statistically consistent with other 
sources. 
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Abstract/Keyterms: The thermal-reactor benchmark testing of ENDF/B-IV data for U235 and U238 is 
reviewed. Criticality and integral parameter results obtained by different calculational methods are 
compared and consistency of the measured integral parameters is discussed. The major deficiencies 
observed are an underprediction of leakage in homogeneous critical assemblies, and an overprediction of 
U238 resonance capture in lattices. The major difference among calculational methods is in the prediction 
of resonance capture in lattices. A new harder U235 fission spectrum significantly improves k(eff) vs 
leakage. New resonance parameters for U238 remove about half of the disagreement with integral 
experiment. 
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Abstract/Keyterms: The proceedings of a symposium on the status of nuclear data for thermal reactor 
applications are presented. The following areas were specifically addressed in the symposium: status of the 
microscopic nuclear data of importance to thermal reactors; status of clean critical benchmark experiments 
used for testing the validity of nuclear data and computational methods; status of fission product and heavy 
actinide data and related integral experiments; and problems associated with using nuclear data files in 
calculations and industry experience with the dependence of reactor design methods on nuclear data 
uncertainties. 
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Abstract/Keyterms: The sensitivities of a mixed oxide (2wt%PuO2 - 8% 240Pu) fueled, light water 
moderated critical lattice experiment carried out at Battelle Northwest Laboratories under EPRI sponsorship 
have been determined. A two-dimensional diffusion theory analysis was performed and the sensitivity of 
the eigenvalue (k) and four reaction rate ratios to changes in nuclear data have been determined. The 
sensitivity analysis capability was extended to include upscattering and multi-dimension ability. A 
covariance matrix has been developed for 239Pu, and the uncertainty associated with calculated 
performance parameters due to uncertainties in nuclear data has been obtained. 
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Abstract/Keyterms: A series of mixed-oxide critical experiments carried out in Belgium during 1967-
1971 are investigated in order to determine their adequacy for benchmarking LWR design methods. These 
experiments are of interest because various types of fuel containing a range of enrichments and plutonium 
fractions were utilized in similar configurations. The method of analysis consisted of using HAMMER code 
with ENDF/B-IV data in order to obtain four-group, cell-averaged cross sections. These cross sections were 
used in the SN transport theory code ANISN to obtain a one-dimensional cylindrical representation of the 
critical assemblies. 



 

C-4961 

4954…..…..…………………..…….……..……ID Number…………………..…..…………….4954 

Author: Becker, M. / Harris, D. R. 

Title: Sensitivity of Nuclear Fuel-Cycle Cost to Uncertainties in Nuclear Data. Final Report 

Date: 11/1/1980 

Report: EPRI-NP-1632 
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Abstract/Keyterms: An improved capability for assessing the economic implications of uncertainties in 
nuclear data and methods on the power reactor fuel cycle was developed. This capability is applied to the 
sensitivity analysis of fuel-cycle cost with respect to changes in nuclear data and related computational 
methods. Broad group sensitivities for both a typical BWR and a PWR are determined under the assumption 
of a throwaway fuel cycle as well as for a scenario under which reprocessing is allowed. Particularly large 
dollar implications are found for the thermal and resonance cross sections of fissile and fertile materials. 
Sensitivities for the throwaway case are found to be significantly larger than for the recycle case. 
Constrained sensitivities obtained for cases in which information from critical experiments or other 
benchmarks is used in the design calculation to adjust a parameter such as anti $nu$ are compared with 
unconstrained sensitivities. Sensitivities of various alternate fuel cycles were examined. These included the 
extended-burnup (18-month) LWR cycle, the mixed-oxide (plutonium) cycle, uranium-thorium and 
denatured uranium-thorium cycles, as well as CANDU-type reactor cycles. The importance of the thermal 
capture and fission cross sections of 239Pu is shown to be very large in all cases. Detailed, energy dependent 
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Abstract/Keyterms: The criticality capability of the SAM-CE Monte Carlo system has been expanded to 
enable validation of ENDF/B-V cross sections. Treatment of both prompt and delayed fission spectra has 
been implemented. Significant improvement of calculation efficiency has been achieved by the 
implementation of a minimum variance eigenvalue estimator and the development of special code modules 
that address the specific characteristics of typical in editing capabilities, development of an input pre-
processor, and provisions for simplified job control procedures at several installations. Several benchmark 
calculations were supported, and a detailed analysis of the BAPL-UO2 Assembly was performed. Results 
for the latter benchmark are presented and shown to be in excellent agreement with experiment. 
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Title: Fast Breeder Blanket Facility. Interim Report, January 1981 
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Report: EPRI-NP-1657 
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Conference Session:  

Abstract/Keyterms: The Fast Breeder Blanket Facility (FBBF) located at Purdue University is a subcritical 
facility designed to investigate the neutron and gamma-ray physics of the blankets of fast breeder reactors 
(FBR). The facility was designed to mock-up, using UO2 fuel rods, the blanket regions of FBR’s. The 
facility, using a cylindrical geometry and an isotopic neutron source, drives the experimental blanket region 
with a neutron flux that has an energy and spatial dependence similar to a 1000 ME(e) FBR. Measurements 
of the neutron reaction rates, both capture and fission, neutron energy spectra, and gamma-ray absorption 
rates as a function of position in the blankets can be measured and then compared with calculated values. 
This report contains a summary of the philosophy and design considerations in the facility. Since the facility 
was to be built and operated at a university, special safety considerations had to be factored into the design. 
The report also contains a detailed description of the facility together with a summary of criticality 
calculations that were made to insure the safety of the facility under both normal and accidental flooding 
conditions. A summary of the measurements of k(eff) and the shielding, as required by part of the license 
conditions are also presented. Finally, samples of some of the preliminary experimental measurements are 
presented. 
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Abstract/Keyterms: Integral tests of a variety of dosimetry cross sections have been performed using the 
Fast Breeder Blanket Facility (FBBF). A number of dosimetry reaction rates (both fission and activation) 
were measured at selected positions within the FBBF. The reactions studied were chosen from the set of 
dosimetry reactions being used in EPRI's pressure vessel surveillance program. Neutron spectra were 
measured at the same positions using proton recoil spectrometry; calculated spectra were also available for 
those positions. Composite neutron spectra, based on measurements as well as calculations, were used with 
the ENDF/B-IV dosimetry file to calculate the dosimetry reactions rates. These calculated reaction rates 
have been compared with measured reaction rates. Several recommendations on the adequacy of dosimetry 
cross sections have been based on the results of these integral tests. 
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Abstract/Keyterms: Selected critical experiments-TRX 1 and 2 (U metal; BNL 1, 2, 3, (ThO2/U-233); 
and B and W TUPE 15B (ThO2/U-235)-were analyzed using ENDF/B-V data, and the results were 
compared to the measured parameters and to values obtained using ENDF/B-IV. Calculations were 
performed with DIT, an integral transport assembly design code developed at C-E. A heterogeneous cell 
calculation in 85 energy groups was performed for each configuration. Leakage was accounted for through 
B-1 calculation using the measured bucklings. Overall, ENDF/B-V data have been found to improve the 
agreement with experimental results with the exception of the TUPE 15B core. However, the changes in 
the capture cross sections of U-238 (epithermal) and Th-232 do not fully resolve the long-standing 
differences with the measurements. 
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Abstract/Keyterms: Cross sections for 235U, 238U, 239Pu, 240Pu, 241Pu, and 242Pu were generated by 
processing the ENDF/B-V files. One-rod-cell Monte Carlo calculations with zero leakage were completed, 
and the resulting eigenvalues are compared with ENDF/B-IV eigenvalues. Also compared is the neutron 
balance of the infinite TRX-cell for two ENDF/B versions. 
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Abstract/Keyterms: The results of Monte Carlo simulations with two state-of-the-art Monte Carlo 
programs, SAM-CE and RCP01, using ENDF/B-V nuclear data, for the TRX-1 lattice and for two critical 
experiments that are typical of configurations encountered in LWR fuel storage pools are presented. The 
TRX results are compared to the experiment as well as other ENDF/B-V benchmarking. The PNL critical 
results are also compared to previously published results. 
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4961…..…..…………………..…….……..……ID Number…………………..…..…………….4961 

Author: Crump, M. W. / Durston, C. / Jonsson, A. / Singh, U. N. 

Title: Analysis of Selected Critical Experiments Using ENDF/B-IV and ENDF/B-V Data 

Date: 2/1/1983 

Report: EPRI-NP-2855, 23-1-23 

Conference/Journal: Thermal-Reactor Benchmark Calculations, Techniques, Results, and Applications 

Conference Session:  

Abstract/Keyterms: Selected critical experiments were analyzed using ENDF/B-V data and results 
compared with measured parameters and with values obtained using ENDF/B-IV. The TRX-1 and-2 U-
metal criticals were reanalyzed using ENDF/B-V with consistent multilevel processing of U-238 resonance 
data and increased spatial detail in the resonance slowing down calculations. The improved resonance 
treatment was applied in TRX cell calculations performed with the DIT code, and resulted in reduced 
predictions of U-238 capture by more than two percent relative to previous calculations. The results of the 
TRX analyses using ENDF/B-V indicate calculated r28 values 2 to 3% higher than measurements, and are 
found in overall agreement with results reported by other laboratories. Full core calculations for the TRX 
criticals were performed with the ANISN code using cross sections obtained from DIT core-reflector lattice 
calculations. An evaluation of core versus cell calculations for these criticals indicates differences 
corresponding to about one half percent in predicted reactivity. 
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4962…..…..…………………..…….……..……ID Number…………………..…..…………….4962 

Author: Hettergott, E. / Chawla, R. / Gmur, K. 

Title: Analysis of Test-Lattice Experiments in the Light-Water High-Conversion Reactor PROTEUS. Final 
Report 

Date: 7/1/1983 

Report: EPRI-NP-3190 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the preliminary analysis of a series of tight-pitch lattice 
experiments. The first phase of an experimental program was recently completed at the PROTEUS zero-
power reactor facility. The primary purpose of the program was to obtain experimental data on a 
PuO2/UO2-fueled test lattice with a fuel-to-moderator ratio of approximately 2.0. Reaction rate ratios were 
measured in the center of the test lattice. Measurements included the capture rates in U-238 and fission 
rates in U-235, U-238, Pu-239, and Pu-241. Radial and axial reaction-rate traverses across the test lattice 
were also measured to determine material buckling. EPRI-CPM and its associated production library 
CPMLIB3 were used in the calculations of the lattice parameters (reaction rate ratios and k/sub infinity/), 
the results of which were subsequently compared to the measured parameters. 
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4963…..…..…………………..…….……..……ID Number…………………..…..…………….4963 

Author: Tomlinson, E. T. / Desaussure, G. / Weisbin, C. R. 

Title: Sensitivity Analysis of TRX-2 Lattice Parameters with Emphasis on Epithermal 238U Capture. Final 
Report 

Date: 3/1/1977 

Report: EPRI-NP-346 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The main purpose of the study is the determination of the sensitivity of TRX-2 
thermal lattice performance parameters to nuclear cross section data, particularly the epithermal resonance 
capture cross section of 238U. An energy-dependent sensitivity profile was generated for each of the 
performance parameters, to the most important cross sections of the various isotopes in the lattice. 
Uncertainties in the calculated values of the performance parameters due to estimated uncertainties in the 
basic nuclear data, deduced in this study, were shown to be small compared to the uncertainties in the 
measured values of the performance parameter and compared to differences among calculations based upon 
the same data but with different methodologies. 
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Author: Surjanto, T. B. / Hommerson, R. A. 

Title: Analysis of a Hypothetical Boron Dilution Event with RETRAN-02 

Date: 4/1/1984 

Report: EPRI-NP-3803-SR, 15.1-15.14 

Conference/Journal: International RETRAN meeting, Las Vegas, NV, USA, 9 Apr 1984 

Conference Session:  

Abstract/Keyterms: Boron Dilution event / Pressurized Water Reactor (PWR) / Safety Analysis / 
RETRAN-02 Computer Code 
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Author: Mosteller, R. D. 

Title: ARMP-02 Documentation: Part 2, Chapter 5, EPRI-PRESS Computer Code Manuals: Volume 1, 
Theory and Numerics 

Date: 10/1/1989 

Report: EPRI-NP-4574-CCM-Pt.2-Ch.5-Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: EPRI-PRESS is a computer program that automates the ARMP PWR calculational 
path. The CELL-2, NUPUNCHER-2, APLB, GAD, and PDQ7-E modules, which previously functioned as 
stand-alone codes, are combined into a single application which generates cross sections and other data for 
eventual use in the nodal programs SIMULATE-E and NODE-P2. In addition, the cross sections so 
generated can be input to stand-alone PDQ7-E calculations. Based on internal procedures, the CELL-2 
module generates cross sections and other data for normal fuel pins, non-fuel regions, lumped burnable 
poison rods, and gadolinia-loaded fuel pins. Generic” control-rod cross sections for a variety of PWR 
assembly designs are stored internally and can be used if the user so chooses. The NUPUNCHER-2, APLB, 
and GAD modules process the data from CELL-2 into input for the PDQ7-E module, performing transport-
to-diffusion parameterizations where necessary. EPRI-PRESS contains case lists for so-called one-
temperature” and three-temperature” models, and it will execute cases for whichever one of these models 
the user specifies. EPRI-PRESS builds input, executes all the specified cases, manages all data files, and 
produces a binary integral file which can be processed by the NORGE-P linkage code into input for either 
SIMULATE-E or NODE-P2. By doing so, it dramatically reduces the amount of effort and time required 
to perform these functions. It also simplifies traceability through the reduction of input and the use of 
automated data management. 
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Author: Schmidt, E. / Rose, P. F. 

Title: Testing of the ENDF/B-V Nuclear Data Library in Thermal Benchmark Experiments: Final Report 

Date: 2/1/1987 

Report: EPRI-NP-5058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of an Electric Power Research Institute program for improving the nuclear 
data base used as input for commercial power reactor analysis and design, an extensive series of thermal 
benchmark assembly calculations have been made using Monte Carlo methods. Benchmark calculations 
are reported for critical homogeneous U233, U235 and plutonium solutions, as well as for various 
heterogeneous water moderated rod lattices. Comparisons with experiment are given where possible. 
Numerical benchmarks generated for validation of design tools are also presented. 
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Author: Gaudio, P. J. Jr. / Jamison, D. S. 

Title: Computerized Diagnostic Aid-Success Path Monitor: Final Report 

Date: 3/1/1987 

Report: EPRI-NP-5088 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The utility implementation of computer based nuclear power plant Safety Parameter 
Display Systems provides a great impetus for the development of operator information systems which 
would enhance the operator’s ability to effectively monitor and control the plant process. The goal of the 
Success Path Monitoring System (SPMS) project has been the development of a real-time monitoring 
system which would enhance the ability of the operating crew to identify problems impacting safety, 
determine appropriate corrective actions, and verify the success of these actions, by providing the plant 
operator with the ability to rapidly assess critical safety function status, and associated success path status. 
The design of the SPMS is predicated on the fundamental hypothesis that an operator’s ability to handle 
complex transients in the functional domain, via the deployment of success paths, can be improved by 
providing him with a system which provides a high level overview representation of success path status. 
The Success Path Monitoring System prototype represents a vehicle by which this hypothesis can be 
proven. This report describes the SPMS prototype. 
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Author: Levitt, L. / Magurno, B. / Rose, P. 

Title: Improvement of Reference Nuclear Data for Commercial Power Reactor Analysis and Design. Final 
Report 

Date: 10/1/1977 

Report: EPRI-NP-556 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The National Neutron Cross Section Center (NNCSC) has participated in the Electric 
Power Research Institute (EPRI) program of improving the nuclear data base to be used as input for the 
analysis of power reactors. The NNCSC contribution consisted of organizing and participating in 
specialists' meetings on the Thermal Neutron Cross Sections for the Actinides and Fission Products, 
participating in a meeting on the recommended value for the 252Cf anti nu, and keeping abreast of new 
measurements on the low energy resonance parameters of 238U. In addition, complete evaluations for seven 
isotopes of gadolinium have been produced for the next version of the data library. Definitive benchmark 
calculations using the Monte Carlo code RECAP have been carried out for two homogeneous uranium 
nitrate critical spheres (ORNL 1 and 2), two water moderated uranium metal lattices (TRX-1 and 2), and 
three plutonium nitrate spheres (PNL 2, 3, and 5). Results for the uranium spheres gave good agreement 
with experiments and with previous calculations. The calculation of the TRX lattice parameters, however, 
casts doubt on the validity of analytic leakage corrections used previously. Eigenvalues of the plutonium 
nitrate spheres are found to increase with increasing ratio of total 240Pu/ 239Pu captures. 
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Author: Williams, M. L. 

Title: Validation of CELL-2 calculations for predicting the isotopic content of exposed LWR fuel: Final 
report 

Date: 7/1/1989 

Report: EPRI-NP-6440 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The one-dimensional pin-cell analysis code CELL-2 has recently been released by 
EPRI as part of a major core physics design package referred to as ARMP-02. Within this package, CELL-
2 is used to parameterize different sections of a fuel assembly (fuel cell, burnable poison cell, guide tube, 
etc.) at different exposure points and under different core conditions (moderator and fuel temperature, void 
or soluble boron concentration, etc.). The adequacy of CELL-2 for core physics calculations has been 
validated in the ARMP-02 documentation. The objective of the present work is to demonstrate its suitability 
for use in calculating the isotopic compositions of spent fuel. To validate the accuracy of CELL-2 
calculations performed with the ENDF/B-V cross section libraries, six experiments for which measured 
isotopics data is available have been analyzed. This study demonstrates that CELL-2, using the ENDF/B-
V cross section library, produces reliable predictions for the isotopics of exposed fuel. The calculated results 
nearly always agree within 5% of the measured values, and are most often within the claimed experimental 
uncertainty of the measurements. In the few instances where the disagreement exceeds 5%, the cause can 
usually be attributed to significant non-uniformities in the reactor lattice configuration, for which the one-
dimensional supercell model in CELL-2 is expected to break down, or to uncertainties in the fuel 
temperatures. Therefore the present results, along with the conclusions of the earlier work, provide strong 
evidence that the ENDF/B-V CELL-2 code will be able to accurately predict the reactivity of exposed LWR 
fuel pins in addition to their isotopic contents. 
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Author: Supko, E. M. 

Title: Proceedings: 1991 EEI/UWASTE-EPRI Workshop on at-Reactor Spent-Fuel Storage 

Date: 10/1/1991 

Report: EPRI-TR-100676 

Conference/Journal: Edison Electric Institute/UWASTE-Electric Power Research Institute 
(EEI/UWASTE-EPRI) workshop on at-reactor spent-fuel storage, Charlotte, NC (United States), 15-17 
Oct 1991 

Conference Session:  

Abstract/Keyterms: Electric Power Research Institute (EPRI) / Edison Electric Institute / Spent Fuel 
Storage 
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Author: Broadhead, B. L. / Tang, J. S. / Childs, R. L. / Parks, C. V. / Taniuchi, Hiroaki 

Title: Evaluation of Shielding Analysis Methods in Spent-Fuel Cask Environments 

Date: 10/1/1991 

Report: EPRI-TR-104329 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accurate results from shielding analyses of spent fuel casks are increasingly 
important as the desire for optimized designs increases. ALARA concerns also contribute to the need for 
accurate dose evaluations for casks. Three areas require the attention of cask shielding analysts --- radiation 
source generation, utilization of cross-section data, and the radiation transport and dose evaluation. This 
paper reviews recent efforts carried out at Oak Ridge National Laboratory (ORNL) to evaluate the impact 
of various codes, data, and analysis assumptions on the calculation of radiation doses from spent fuel casks 
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Author: Heroin, G. / Aupied, J. / Sanchis, G. 

Title: Experimental Adoption of RCM in EDF Substations 

Date: 8/1/1996 

Report: EPRI-TR-106069; CONF-9512103 

Conference/Journal: Reliability centered maintenance for substation equipment conference, Newport 
Beach, CA (United States), 4-7 Dec 1995; Other Information: PBD: Aug 1996; 

Conference Session:  

Abstract/Keyterms: EDF, after testing Reliability Centered Maintenance (RCM) on systems used in 
nuclear power plants, has now successfully extended RCM to all of its nuclear power plants. In the light of 
this experience, EDF has committed itself to a pilot study on a line bay of a 400 kV substation in 1992. The 
RCM method as applied benefited from EDF`s policy of maintenance, introduced five years ago on all 
substations, which has enhanced prospects of reliability. The original feature in the selection of maintenance 
tasks was that it brought into play two criteria for failure assessment - frequency and seriousness - and two 
criteria for maintenance task selection - efficiency and facility. The final outcome of RCM as applied to 
substation maintenance is to categorize maintenance tasks into: (1) essential maintenance tasks, (2) optional 
tasks, depending on the type and location of the substation, as well as on factors relating to local 
management of maintenance policy, and (3) unnecessary tasks 
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Author: Atkinson, C. A. 

Title: Calculations of Selected SPERT-D Benchmark Critical Experiments with 16-Group Hansen Roach 
and 27-Group ENDF/B-IV Cross Section Data 

Date: 8/1/1993 

Report: ERA-NRE-93-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-006 
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Author: n. a. 

Title: The Management and Storage of Commercial Power Reactor Wastes 

Date: 5/1/1976 

Report: ERDA-76-162 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In May 1976, a technical document, ERDA--76-43, entitled “Alternatives for 
Managing Wastes from Reactors and Post-Fission Operations in the LWR Fuel Cycle” was published by 
the United States Energy Research and Development Administration. This 1500-page document describes 
technical alternatives for managing wastes from the commercial light-water-reactor fuel cycle. It does not 
select preferred waste management technologies or make comparative assessments. This report, ERDA--
76-162, is a brief summary of the salient points in the 1500-page document and should provide an 
appreciation of the present technology and methods for handling the various forms of radioactive waste. In 
a major expansion of ERDA's waste management program, the U.S. has initiated efforts to identify 
acceptable geologic formations within the continental U.S. for ultimate disposition of reactor wastes. This 
technique represents the most advanced alternative presently available for the long-term management of 
these wastes. 
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Author: Briscoe, G. J. 

Title: Risk Management Guide 

Date: 6/1/1977 

Report: ERDA-76-45/11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Risk management requires an assessment or a knowledge of risk. This, in turn, 
requires identification of hazards (sources of risk) and a determination of risk (evaluation of the hazard 
degree). The hazard identification and risk analysis techniques presented in this Guide are, in general, based 
on the MORT concept that accidents result from unwanted energy flow in the absence of adequate controls 
and/or barriers. This Guide presents an analytical tree designed to prevent oversight of specific energy 
sources in risk identification. Hazard identification by field personnel is also discussed. Quantitative risk 
analysis discussed in the following section. A method for summary of the risks for each energy 
classification is given. This method uses a graphical log-normal projection so that low probability events, 
which are not adequately represented in the experience data, are included in the risk assessment. This 
permits a more acceptable risk assessment since catastrophes are not ignored, even though the actual risk 
is only approximated. In addition, a few examples of risk analysis of specific hazards are given. 
Rudimentary probability and fault tree theory are used in these examples. Total risk assessment and 
resource allocation and safety performance trend analysis are discussed. 
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Author: Nertney, R. J. / Clark, J. L. / Eicher, R. W. 

Title: Occupancy-Use Readiness Manual - Safety Considerations 

Date: 9/1/1975 

Report: ERDA-76-45-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Originally, this guideline manual was designed for use by MORT (Management 
Oversight and Risk Tree) certified system safety analysts. This revision represents an attempt to present 
sufficient additional detail and accompanying narrative for non-MORT users to apply this document's 
principles in preparation for occupancy and use of new or modified facilities. However, complex facilities 
or operations can present a more involved analysis, in which case this document may be inadequate for a 
non-MORT user. It is beyond the scope of this guide to review all of the MORT lessons which could apply 
to an involved analysis. In such situations, a MORT certified individual should perform the analysis or, as 
a minimum, should serve as consultant. 
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Author: Goedkoop, J. A. 

Title: Symposium at the Equator 

Date: 12/1/1975 

Report: ERDA-TR-123 

Conference/Journal: Symposium Held in Gabon on the Oklo Phenomenon rrom June 23 To 27, 1975 

Conference Session:  

Abstract/Keyterms: From June 23 to 27, 1975, a symposium was held in Gabon on the Oklo Phenomenon. 
This document discusses the discovery of the phenomenon, the air trip to the meeting site, the origin of the 
natural reactors in the Francevillien formation, the sequence of events in the past, average power, reactor 
physics aspects, reaction duration and power, fine structure of reactors, decay, fission products, etc. The 
question of whether the Oklo Phenomenon is unique is addressed. 
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Author: Mattigod, Shas / Hobbs, D. T. / Wellman, D. M. / Aksay, I. 

Title: Aluminum-Containing Phases in Tank Waste: Precipitation and Deposition of Aluminum-Containing 
Phases 

Date: 6/1/2006 

Report: ERSD-195016-2006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Aluminosilicate deposit buildup experienced during the tank waste volume-reduction 
process at the Savannah River Site (SRS) required an evaporator to be shut down in October 1999. Recent 
investigations illustrated the accumulation 7 wt% uranium, 3% was 235U and absent of neutron poisons, 
within these deposits and presented a criticality concern. The Waste Processing Technology Section of 
Westinghouse Savannah River Company at SRS is now collaborating with a team from Pacific Northwest 
National Laboratory in efforts to identify the phases controlling uranium solubility and understand the 
conditions under which they precipitate. 
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Author: n. a. 

Title: Safety Analysis Report Methodology for Nonreactor Facilities. Safety Analysis Report Update 
Program 

Date: 12/1/1991 

Report: ES/CSET-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Martin Marietta Energy Systems, Inc., is committed to performing and documenting 
safety analyses for the facilities it manages for the Department of Energy (DOE). For facilities posing 
hazards greater than generally accepted by the public, Energy Systems is preparing safety analysis 
documentation as outlined in this Safety Analysis Report (SAR) methodology document. The primary 
purpose of a Safety Analysis Report is to provide Energy Systems and DOE with a basis for judging the 
adequacy of a facility`s safety. Each Safety Analysis Report documents the safety analysis that 
systematically identifies the uncommon industrial hazards posed by a facility, analyzes the consequences 
of potential accidents, and demonstrates the adequacy of hazard control measures that protect the health 
and safety of the public and employees. In addition, Safety Analysis Reports often document, as Operational 
Safety Requirements, technical and administrative requirements that ensure the facility is operated within 
safe limits. 
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Author: n. a. 

Title: Nuclear Criticality Safety Application Guide: Safety Analysis Report Update Program 

Date: 2/1/1994 

Report: ES/CSET-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Martin Marietta Energy Systems, Inc. (MMES) is committed to performing and 
documenting safety analyses for facilities it manages for the Department of Energy (DOE). Safety analyses 
are performed to identify hazards and potential accidents; to analyze the adequacy of measures taken to 
eliminate, control, or mitigate hazards; and to evaluate potential accidents and determine associated risks. 
Safety Analysis Reports (SARs) are prepared to document the safety analysis to ensure facilities can be 
operated safely and in accordance with regulations. Many of the facilities requiring a SAR process 
fissionable material creating the potential for a nuclear criticality accident. MMES has long had a nuclear 
criticality safety program that provides the technical support to fissionable material operations to ensure the 
safe processing and storage of fissionable materials. The guiding philosophy of the program has always 
been the application of the double-contingency principle, which states: “process designs shall incorporate 
sufficient factors of safety to require at least two unlikely, independent, and concurrent changes in process 
conditions before a criticality accident is possible.” At Energy Systems analyses have generally been 
maintained to document that no single normal or abnormal operating conditions that could reasonably be 
expected to occur can cause a nuclear criticality accident. This application guide provides a summary 
description of the MMES Nuclear Criticality Safety Program and the MMES Criticality Accident Alarm 
System requirements for inclusion in facility SARs. The guide also suggests a way to incorporate the 
analyses conducted pursuant to the double-contingency principle into the SAR. The prime objective is to 
minimize duplicative effort between the NCSA process and the SAR process and yet adequately describe 
the methodology utilized to prevent a nuclear criticality accident. 
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Author: Robers, S. K. / Golden, K. M. / Wollert, D. A. 

Title: D & D Screening Risk Evaluation Guidance 

Date: 9/1/1995 

Report: ES/ER/TM-165 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Screening Risk Evaluation (SRE) / Decontamination / Decommissioning / D&D 
Facilities /Transition (EM-60) Facilities / Current Release Index (CRI) / Worker Exposure Index (WEI) / 
Physical Hazards Index (PHI) / Total Risk 
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Author: Lockheed Martin. Energy Systems 

Title: Waste Acceptance Criteria for the Oak Ridge Reservation 

Date: 2/1/1996 

Report: ES/WM-IO, Rev. I 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Murri, R. L. / Hume, M. W. / Morris, R. N. 

Title: Inspection of Raschig Rings Using Neutron Absorption Methods 

Date: 8/19/1975 

Report: ES-376-75-172 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Mullens, James Allen / Hausladen, Paul / Bingham, Philip R. / Archer, Daniel E. / Grogan, 
Brandon R. / Mihalczo, John T. 

Title: Use of Imaging for Nuclear Material Control and Accountability 

Date: 5/1/2007 

Report: ESARDA, Aix en Provence, France, 20070522, 20070524 

Conference/Journal: ESARDA, Aix en Provence, France 

Conference Session:  

Abstract/Keyterms: The recent addition of imaging to the Nuclear Materials and Identification System 
(NMIS) using a small portable DT neutron generator with an embedded alpha detector to time and 
directionally tag neutrons from the DT reaction is discussed. The generator weighs {approx}35 lbs 
including power supplies (5 x 10{sup 7} n/sec) and operates on 50 watts power. Thus, the source can be 
easily moved to a variety of locations within an operational facility with minimum impact on operations or 
can be used at a fixed location for example to monitor receipts. Imaging NMIS (INMIS) not only 
characterizes the detailed shape of a containerized object by transmission tomography but determines the 
presence of fissile material by measuring the emitted radiation from induced fission. Previous work has 
shown that this type of imaging has a variety of applications other than nuclear material control and 
accountability (NMC&amp; A). These include nonproliferation applications such as verification of 
configuration of nuclear weapons/components shipped or received, warhead authentication behind an 
information barrier, and traceability of weapons components both fissile and non fissile in dismantlement 
and counter terrorism. This paper concentrates on the use for NMC&amp; A. Some of the NMC&amp; A 
applications discussed are: verifying inventory and receipts, making more accurate holdup measurements 
especially where thicknesses of materials affect gamma ray spectrometry, determining the shape of 
unknown configurations of fissile materials where the material type may be known but not the form, 
determining the oxidation of fissile metal in storage cans, fingerprinting the content of storage containers 
going into a storage facility, and determining unknown configurations for criticality safety. 
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Author: Grogan, Brandon R. / Mihalczo, John T. 

Title: Simulated Verification of Fuel Element Inventory in a Small Reactor Core Using the Nuclear 
Materials Identification System (NMIS) 

Date: 5/1/2009 

Report: ESARDA, Vilnius, Lithuania, 20090526, 20090529 

Conference/Journal: ESARDA, Vilnius, Lithuania 

Conference Session:  

Abstract/Keyterms: The International Panel on Climate Change projects that by 2050 the world energy 
demand may double. Although the primary focus for new nuclear power plants in industrialized nations is 
on large plants in the 1000-1600 MWe range, there is an increasing demand for small and medium reactors 
(SMRs). About half of the innovative SMR concepts are for small (&lt; 300 MWe) reactors with a 5-30 
year life without on-site refueling. This type of reactor is also known as a battery-type reactor. These 
reactors are particularly attractive to countries with small power grids and for non-electrical purposes such 
as heating, hydrogen production, and seawater desalination. Traditionally, this type of reactor has been used 
in a nautical propulsion role. This type of reactor is designed as a permanently sealed unit to prevent the 
diversion of the uranium in the core by the user. However, after initial fabrication it will be necessary to 
verify that the newly fabricated reactor core contains the quantity of uranium that initially entered the fuel 
fabrication plant. In most instances, traditional inspection techniques can be used to perform this 
verification, but in certain situations the core design will be considered sensitive. Non-intrusive verification 
techniques must be utilized in these situations. The Nuclear Materials Identification System (NMIS) with 
imaging uses active interrogation and a fast time correlation processor to characterize fissile material. The 
MCNP-PoliMi computer code was used to simulate NMIS measurements of a small, sealed reactor core. 
Because most battery-type reactor designs are still in the early design phase, a more traditional design based 
on a Russian icebreaker core was used in the simulations. These simulations show how the radiography 
capabilities of the NMIS could be used to detect the diversion of fissile material by detecting void areas in 
the assembled core where fuel elements have been removed. 
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Author: Harty, R. B. 
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Abstract/Keyterms: KENO4/S is a multigroup, Monte Carlo criticality code containing a special geometry 
package which allows easy description of systems composed of cylinders, spheres, and cuboids (rectangular 
parallelepipeds) arranged in any order with only one restriction. They cannot be rotated or translated. Each 
geometrical region must be described as completely enclosing all regions interior to it. For systems not 
describable using this special geometry package, the program can use the generalized geometry package 
(GEOM) developed for the O5R Monte Carlo code. It allows any system that can be described by a 
collection of planes and/or quadratic surfaces, arbitrarily oriented and intersecting in arbitrary fashion. The 
entire problem can be mocked up in generalized geometry, or one generalized geometry unit or box type 
can be used alone or in combination with standard KENO units or box types. Rectangular arrays of fissile 
units are allowed with or without external reflector regions. Output from KENO4/S consists of keff for the 
system plus an estimate of its standard deviation and the leakage, absorption, and fissions for each energy 
group plus the totals for all groups. Flux as a function of energy group and region and fission densities as a 
function of region are optional output. 
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The calculations of k(eff) were performed using the CSAS25 module of SCALE 4. The CSAS25 module 
is made up of three distinct programs, BONAMI-II, NITAWL-II, and KENO V.a. BONAMI-II and 
NITAWL-II are cross section manipulation routines capable of adjusting cross sections to take into account 
effects due to temperature, geometry, and composition. KENO V.a is a Monte Carlo program that 
determines k(eff) using the adjusted cross sections. Three cross section libraries available in SCALE were 
used for this study, the 16 group Hansen-Roach, the 27 group ENDF/B-IV, and the 123 group Gam-
Thermos. Part 1 includes descriptions of the cross sections and the cross section manipulation routines. 
What follows in Section 2 are general descriptions of the experiments performed. Section 3, Results, 
consists primarily of tables listing the calculated k(eff) ̀ s. Lastly, Sections 4 and 5 give a general discussion 
of observed trends in the results and suggested biases. 



 

C-4999 

4992…..…..…………………..…….……..……ID Number…………………..…..…………….4992 

Author: Vigil, J. C. 

Title: 3DDT. 3-d Multigroup Diffusion Xyz R-Theta-z 

Date: 2/1/1970 

Report: ESTSC-000374C660000; NESC-463 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 3DDT is a three dimensional (x y z or r theta z) multigroup, diffusion theory code for 
use in fast reactor analysis. The code can be used to compute keff or to perform criticality searches on 
reactor composition, time absorption, and reactor dimensions by either the regular or the adjoint flux 
equations. Material burnup and fission product build up can be computed for specified time intervals, and 
criticality searches can be performed during burnup to compensate for fuel depletion and fission product 
growth. 
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solved and fuel managed for multi-cycle analysis. Extensive first order perturbation results may be obtained 
given microscopic data and nuclide concentrations. Statics problems may be solved and perturbation results 
obtained with microscopic data. 
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Other capabilities include the coalescing of multigroup cross sections and the computation of disadvantage 
factors. APE, the interactive ANISN Processor and Evaluator, which is included, can be used either to 
generate or to modify ANISN/PC input data. APE contains a rule-based checker to check consistency of 
ANISN input. A utility, LMOD, is also available for selecting materials from an ASCII CCCC ISOTXS 
file and placing them on an ANISN CCCC input file. 
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principal codes are a code for computing the buckling of fissile material moderated by water (MGBS) and 
a two-group diffusion theory code that uses parameters generated by the buckling code (TGAN). KEFF is 
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Abstract/Keyterms: REBUS2 is a system of codes designed for the analysis of fast reactor fuel cycles. 
Two basic types of analysis problems are solved--the infinite-time, or equilibrium, conditions of a reactor 
operating under a fixed fuel management scheme, and the explicit cycle-by-cycle, or nonequilibrium, 
operation of a reactor under a specified periodic fuel management program. For the equilibrium type 
problems, the code uses specified external fuel supplies to load the reactor. Optionally, reprocessing may 
be included in the specification of the external fuel cycle and discharged fuel may be recycled back into the 
reactor. For non-equilibrium cases, the initial composition of the reactor core may be explicitly specified 
or the core may be loaded from external feeds as in equilibrium problems. Three types of search procedures 
may be carried out in order to satisfy user-supplied constraints - (a) adjustment of the reactor burn cycle 
time to achieve a specified discharge burnup, (b) adjustment of the fresh fuel enrichment to achieve a 
specified multiplication constant at a specified point during the burn cycle, and (c) adjustment of the control 
poison density to maintain a specified value of the multiplication constant throughout the reactor burn cycle. 
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poison density to maintain a specified value of the multiplication constant throughout the reactor burn cycle. 
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Abstract/Keyterms: The influence on the neutron balance of small variations of some nuclear parameters 
in a natural-uranium power reactor was investigated. The most important nuclear cross section influences 
were found to be due to U235 and Pu239 fuel isotopes. In particular, a variation of 1% in the fission cross 
section of Pu239 gave a variation of about 0.6% in the reactivity for an ORGEL-type reactor. As far as the 
lattice parameters are concerned, the calculations confirmed the necessity of improving the accuracy of the 
activation experiments, in particular for resonance escape probability determination, in order to have results 
comparable with criticality measurements. 
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Abstract/Keyterms: The computer program Louise I, which calculates the criticality, constant and the 
critical flux of a reactor in the few group diffusion approximation in one dimension, is described. The 
program uses an iteration variable technique but is operatively as efficient as programs using finite 
difference methods. The Fortran listing of the program is included. 
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Abstract/Keyterms: The reflection and the transmission of neutrons for a homogeneous slab were dealt 
with analytically by the multiple collision method or the random walk approach, where the elementary 
processes of the neutron are followed statistically in order of its spatial movement. Under the assumption 
that the scattering of neutrons is spherically symmetric in the L system, the number of neutrons leaking 
from the slab with mu, a directional cosine of the emission angle, as a result of the N-th collision of an 
incident neutron was derived. The total number of the leakage neutrons, the total neutron current at the 
boundary of the slab, etc. were also written in the form of an infinite series of the spherical Bessel functions. 
The numerical results were obtained by truncating the sum of the first five terms; and it was shown, by 
comparing some results with the exact ones, that the present approximation gives a very accurate result. 
The critical condition of the slab in the one-group approximation was derived and was shown to exactly 
coincide with the one obtained previously. 
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Abstract/Keyterms: In the paper is outlined a comparative analysis between critical and exponential 
experiments carried-out in the ISPRA heavy water facilities ECO and EXPO. In the measurements, the test 
fuel elements were clusters of natural uranium metal and carbide with seventeen and nineteen rods per 
bundle, cooled by an organic liquid. 
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Abstract/Keyterms: This report summarizes the results of the analysis of the critical experiment for the 
pulsed fast reactor SORA by the use of the Carlson S-N method. Six-group two-dimensional S-4 
calculations of the reactivity for measured critical configurations confirm that the criticality of the SORA 
reactor can be predicted to within about 1% in the reactivity with the well known cross-sections tested for 
spherical critical assemblies. An analysis of measurements on the reactivity worth of a control rod or 
scatterer shows that the two-dimensional S-N code can be used to estimate the worth with a reasonable 
accuracy in the case where a precise treatment of the three-dimensional geometry is not essential. 
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Abstract/Keyterms: The inhour equation of a fast reactor puised by periodical reactivity variations is 
derived by two techniques. The first method defines a mean multiplication factor which is the ratio number 
of neutrons produced during one period to number of neutrons absorbed during one period. The second 
method uses a multiplication factor for the mean power which is defined by the ratio number of delayed 
neutron emitters formed during one power pulse to the number of delayed emitters decaying during one 
power pulse. The inhour equation obtained by the second method shows the influence on the inhour 
equation of the time intervals during which the reactor is subcritical. For cases in which the influence of 
these time intervals is negligible, the equivalence of the two derivations is shown. 
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Abstract/Keyterms: The program LOUlSE III, in FORTRAN for the IBM 7090, calculates the criticality 
constant and critical fluxes of multiregion (up to 25) reactors in the multigroup (up to 10) approximation. 
Calculations can be performed in up to 7 dimensions, and an iterative-variational technique is used. The 
diffusion differential equations considered are included, together with a sample problem and the 
FORTRAN listing. LOUISE III has given results in agreement with WHIRLAWAY, while requiring a 
much shorter execution time. 
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Abstract/Keyterms: The present paper gives a brief review of a work which was executed mainly during 
1967 and 1968 in the field of the application of heterogeneous methods for the interpretation of exponential 
experiments with ORGEL type lattices (lattices of natural uranium cluster elements with organic coolants 
moderated by heavy water). In the frame of this work a heterogeneous computer program, in (r, gamma) 
geometry was written which is based on the NORDHEIM method using a uniform moderator, three energy 
groups and monopol and dipol sources. This code is especially adapted for regular square lattices in a 
cylindrical tank. Full use of lattice symmetry was made for reducing the numerical job of the theory. A 
further reduction was obtained by introducing a group averaged extrapolation distance at the external 
boundary. Channel parameters were evaluated by the PINOCCHIO code. Comparisons of calculated and 
measured thermal neutron flux showed good agreement. 
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Abstract/Keyterms: For the calculation of D2O-moderated, organic-cooled natural uranium lattices, a 
calculational procedure is proposed based on the most refined reactor codes available at Ispra. For the 
calculation of fast group constants, the GAM-I multigroup program is used. Weighting factors to take into 
account the heterogeneity of the lattice cell are calculated by the DSN program for macro- and microcells. 
For the calculation of thermal cross sections the THERMOS-code is used, and the disadvantage factors for 
the different materials in the cell are obtained by a onegroup calculation using the DSN program. On the 
basis of this procedure, an analysis of critical experiments for 7-UO2-rod, organic- cooled fuel elements 
was performed. Reasonable agreement was found for material buckling as well as for the measured thermal 
disadvantage factors, initial conversion ratio, and fast fission ratio. 
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Abstract/Keyterms: A plutonium oxide storage unit alongside the reference plant for the fabrication of 
fuels based on mixed uranium and plutonium oxides which has been projected for 1990 is described. The 
main characteristics sought in such a storage unit is mechanization and, whenever possible, automation of 
the plutonium handling operations in order to reduce workers' exposure as much as possible. The study 
determines the standard storage containers' design, the storage facility and the specifications for mechanized 
handling of the containers. The study demonstrates the need of improvements for powder transfer 
technology and counting instruments for correct evaluation of plutonium quantities. 
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Abstract/Keyterms: The multigroup cross section sets, mainly based on evaluated nuclear data files are 
tested against the results obtained through suitable integral experiments in critical or sub-critical assemblies. 
An experimental programme for the determination of ratios between the integral capture rate and that of 
U235 integral fission for various structural materials has been undertaken on the RB-2 fast-thermal facility. 
The results obtained for Fe, Ni, Cr and stainless steel, by means of the "null reactivity method" in spectra 
tailored to produce the maximum number of capture events in the energy range between 1 keV and 110 
keV are reported. The results of complementary reactivity worth measurements performed for the above 
mentioned materials plus Mn, Mo and Ti are here reported too. 
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Abstract/Keyterms: A wide range of solid waste materials of varying {alpha}, {beta} and {gamma} 
activity will be produced at the Dounreay Nuclear Power Development Establishment (DNPDE) from 
reprocessing and post irradiation examination of irradiated fuel from the Prototype Fast Reactor. Disposal 
and storage requirements for these wastes are determined by the level and type of radioactive species 
present. An integrated waste management system has been designed and commissioned which can meet the 
authorised disposal limits or relative storage category and which can also comply with fissile material 
accountancy, criticality and plant operational control. The basic criteria which were used to ensure safe 
disposal or storage of these were, firstly that all wastes will be retained within the site boundary and 
secondly that waste will be segregated according to the level of activity present and, if greater than 20 milli 
Ci of {alpha} activity per M^3 (after 100 years storage), will be stored in a manner which will allow 
retrieval for further treatment. These criteria led to two basic measurement requirements: (i) Measurement 
for sentencing of waste where the plutonium level is very low (of the order of a few milligrams) and 
therefore a sensitive but relatively imprecise technique is acceptable. (ii) Measurement for accountancy, 
criticality, plant control and safeguards where the levels of plutonium present require precise measurement 
prior to retrievable storage. No individual technique can meet these requirements for all of the waste 
categories envisaged and thus an integrated system was designed which comprises ten nondestructive 
analysis facilities. For sentencing of waste the preferred approach is passive neutron counting while for 
Accountancy Gamma Emission or Neutron Interrogation are Used, Depending on the Density and the 
Associated Gamma Activity. 
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Abstract/Keyterms: A system for active and passive neutron measurements on spent LWR fuel elements 
has been constructed. It is intended for criticality safety control in the head end of reprocessing plants and 
for burnup and plutonium determination of spent elements. Both applications are described and results of 
measurements on unirradiated and spent LWR fuel elements are discussed. With the present knowledge of 
burnup dependent neutron emission and Pu buildup in spent fuel the maximum criticality of the dissolver 
fuel charge can be predicted with an accuracy of 3,5% and spent fuel burnup can be determined with an 
uncertainty of 1200 MWd/tU by measurements. Verification of the amount of Pu of spent fuel elements is 
possible with an uncertainty of ± 0,5 kg Pu/tU. A simple method to determine burnup dependent Cm buildup 
using neutron measurements is proposed. 
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Title: Helium Generation Reaction Rates for 6Li and 10B in Benchmark Facilities 

Date: 1/1/1980 

Report: EUR-6813 (Vol.1) 

Conference/Journal: Dosimetry Methods for Fuels, Cladding, and Structural Materials, Petten, 
Netherlands, 1980 

Conference Session:  

Abstract/Keyterms: The helium generation rates for 10B and 6Li have been measured in two benchmark 
reactor facilities having neutron spectra similar to those found in a breeder reactor. The irradiations took 
place in the Coupled Fast Reactivity Measurements Facility (CFRMF) and in the 10% enriched 235U 
critical assembly, BIG-10. The helium reaction rates were obtained by precise high-sensitivity gas mass 
spectrometric analyses of the helium content of numerous small samples. Comparison of these reaction 
rates with other reaction rates measured in the same facilities, and with rates calculated from published 
cross sections and from best estimates of the neutron spectral shapes, indicate significant discrepancies in 
the calculated values. Additional irradiations in other benchmark facilities have been undertaken to better 
determine the energy ranges where the discrepancies lie. 
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Date: 1/1/1980 

Report: EUR-6813 (Vol.2) 

Conference/Journal: Dosimetry Methods for Fuels, Cladding, and Structural Materials, Petten, 
Netherlands, 1980 

Conference Session:  

Abstract/Keyterms: The central neutron-flux spectrum of the Los Alamos Scientific Laboratory's critical 
assembly, Big Ten, was measured with a 6Li spectrometer and techniques developed at the Centre d'Etude 
de l'Energie Nucleaire, MOL, as part of an experimental program to establish the characteristics of Big Ten. 
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Date: 1/1/1980 

Report: EUR-6813 (Vol.2) 

Conference/Journal: Dosimetry Methods for Fuels, Cladding, and Structural Materials, Petten, 
Netherlands, 1980 

Conference Session:  

Abstract/Keyterms: Measured average reaction cross sections for the Big Ten central flux spectrum are 
given together with calculated values based on the U.S. Evaluated Nuclear Data File ENDF/B-IV. Central 
reactivity coefficients for 233U, 235U, 239Pu, 6Li and 10B are given to check consistency of bias between 
measured and calculated reaction cross sections for these isotopes. Spectral indexes for the Los Alamos 
233U, 235U and 239Pu metal critical assemblies are updated, utilizing the Big Ten measurements and 
interassembly calibrations, and their implications for inelastic scattering are reiterated. 
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Title: Review for Session K-Benchmarks 

Date: 1/1/1980 

Report: EUR-6813 (Vol.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Eight of the papers to be considered in Session K are directly concerned, at least in 
part, with the Pool Critical Assembly (P.C.A.) benchmark at Oak Ridge. The remaining seven papers in 
this session, the subject of this review, are concerned with a variety of topics related to the general theme 
of Benchmarks and will be considered individually. 
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Author: Moussez, C. / Rosuel, A. / Sourioux, G. G. / Eidelman, D. 

Title: Swirl Flows in Boiling Water. Final Report No. 1 

Date: 9/29/1964 

Report: EURAEC-1114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A broad outline is given of the different research programs being carried out by the 
Atomic Division of S.N.E.C.M.A. (Societe Nationale d'Etudes et de Constructions de Moteurs d'Aviation). 
They are designed to improve the heat performances of a boiling water reactor. It is hoped to obtain this 
improvement by causing a two-phase (water-air) mixture to rotate. With fuel rod bundles in particular, the 
authors were led to investigate a collection of parallel vortices, each vortex occupying one sub-channel 
bounded by four adjacent rods of the square mesh bundle. The report represents a summary of the 
experiments and remarks made on the results. 
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Author: Moussez, C. / Rosuel, A. / Sourioux, G. G. / Eidelman, D. 

Title: Swirl Flows in Boiling Water. Final Report No. 1 

Date: 9/29/1964 

Report: EURAEC-1114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A broad outline is given of the different research programs being carried out by the 
Atomic Division of S.N.E.C.M.A. (Societe Nationale d'Etudes et de Constructions de Moteurs d'Aviation). 
They are designed to improve the heat performances of a boiling water reactor. It is hoped to obtain this 
improvement by causing a two-phase (water-air) mixture to rotate. With fuel rod bundles in particular, the 
authors were led to investigate a collection of parallel vortices, each vortex occupying one sub-channel 
bounded by four adjacent rods of the square mesh bundle. The report represents a summary of the 
experiments and remarks made on the results. 
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Title: Research to Determine the Long-Term Mechanical Properties of Metals Subjected to Mechanical 
Stress at Elevated Temperatures and Neutron Irradiation. Final Report 

Date: 12/1/1964 

Report: EURAEC-1268 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, and Other Materials; Radiation Effects; Alloys; Boron 10; Creep; 
Critical Assemblies; Criticality; Crystals; Deformation; Failures; Fuel Elements; Generators; Grain 
Boundaries; High Temperature; Irradiation; Measured Values; Mechanical Properties; Metals; Neutron 
Beams; Neutron Sources; Neutrons; Power Plants; Pulses; Radiation Effects; Reactivity; Reactors; 
Reflection; Startup; Stresses; Uranium Dioxide; Water Moderator 
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Title: The Steady State and Dynamic Behaviour of a Boiling Water Reactor. Quarterly Progress Report 
XV, July 1-October 1, 1964 

Date: 10/31/1965 

Report: EURAEC-1290; WW016-R78 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Coolant Loops; Distribution; Fluid 
Flow; Heat Transfer; Oscillations; Performance; Power Plants; Pressure; Reaction Kinetics; Reactors; 
Suspensions; Temperature; Transfer Functions; Two-Phase Flow; Water; Water Coolant; Water Moderator 



 

C-5076 

5069…..…..…………………..…….……..……ID Number…………………..…..…………….5069 

Author: du Boucheron, G. / Martinaud, J. 

Title: Swirl Flows in Boiling Water. CORELO--A Neutronic Constants Calculation Program for Light 
Water and Slightly Enriched Uranium Oxide Reactors. Special Report No. 18 

Date: 10/31/1965 

Report: EURAEC-1302; EURATOM-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Computers; Digital Systems; 
Distribution; Enrichment; Fuels; IBM 7040; Multiplication Factors; Neutron Flux; Neutrons; Numericals; 
Programming; Reactivity; Reactors; Uranium Oxides; WANDA-Code; Water Coolant; Zones 
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Control Rods. Special Report No. 19 
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Report: EURAEC-1303; EURATOM-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Computers; Coolant Loops; 
Deformation; Diffusion; Distribution; Neutron Flux; Neutrons; Numericals; Programming; Reactivity; 
Reactors; WANDA-Code; Zones 
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Title: Stability Investigations for Boiling Water Reactors. Quarterly Report No. 4, January 1-March 31, 
1965 

Date: 10/31/1966 

Report: EURAEC-1353; EUR-2328 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Bubbles; Configuration; Control 
Systems; Cross Sections; Density; Differential Equations; Integrals; Measured Values; Modulation; 
Motion; Numericals; Quantitative Analysis; Reactors; Stability; Standards; Steam; Transfer Functions; 
Variations; Velocity 
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Author: n.a. 

Title: The Steady-State and Dynamic Behaviour of a Boiling Water Reactor. Quarterly Progress Report 
No. 18, April 1, 1965-July 1, 1965 

Date: 7/1/1965 

Report: EURAEC-1523; EUR-2675; WWO-16- 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Use of Plutonium as a Fuel in Nuclear Reactors. Quarterly Report No. 7 

Date: 12/1/1965 

Report: EURAEC-1552; EUR-2694; BN-6512 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, and Other Materials; General; Compacting; Configuration; 
Criticality; Density; Distribution; Fuel Cans; Fuel Elements; Grain Size; Heat Transfer; Homogeneous 
Reactors; Irradiation; Lattices; Neutron Flux; Plutonium; Plutonium Oxides; Poisoning; Powders; Power; 
Reactivity; Temperature; Uranium Dioxide; Vibrations; Water Moderator 
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Title: Reprocessing of Irradiated Fuels: Criticality Calculations 

Date: 4/1/1967 

Report: EURAEC-1858; EUR-3363 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Aluminum Oxides; Criticality; Fluorination; Fuel Elements; Plutonium Oxides; Reactors; Reprocessing; 
Volatility Plutonium Fluorides 
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Title: Quarterly Report No. 4 [On Reactor Cooling], December 15, 1966--March 31, 1967 

Date: 10/31/1968 

Report: EURAEC-1873; EUR-3375 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Burnout; Configuration; Criticality; 
Diffusion; Heating; Measurement; Thermal Neutrons; Velocity 
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Title: Results of Subcritical Experiments Carried Out on 5% Enriched Water/Uranium Dioxide Lattices 

Date: 1/1/1967 

Report: EURAEC-1882 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of all the different types of measurements carried out on subcritical 
assemblies using uranium dioxide with a 5% uranium-235 enrichment in the THETIS reactor at the Centre 
D’Etude de L'Energie Nucleaire (CEN) at MOL are presented. The lattices studied were of the square pitch 
type and the water/uranium dioxide ratio had successively the five following values and 9.35. The 
maximum number of fuel elements available was 500, these having a useful length of 376.5 mm and a 
useful diameter of 7.6 mm. The cladding is steel (304) with a thickness of 0.2 mm. 



 

C-5084 

5077…..…..…………………..…….……..……ID Number…………………..…..…………….5077 

Author: Debrue, J. / Mewissen, L. / Motte, F. / Basselier, J. / Delrue, R. / Fossoul, E. / Haubert, N. / 
Lamotte, H. / Stievenart, M. / Van Deyck, D. 

Title: Results of Subcritical Experiments Carried Out on 5% Enriched Water/Uranium Dioxide Lattices 

Date: 1/1/1967 

Report: EURAEC-1882( ANNEX) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of physics measurements carried out on subcritical assemblies using uranium 
dioxide with a 5% uranium-235 enrichment in the THETIS reactor are given. The lattices studied were of 
the square pitch type and the water/uranium dioxide ratio had successively the five following values 9.35. 
The maximum number of fuel elements available was 500, these having a useful length of 376.5 mm and a 
useful diameter of 7.6 mm. The cladding is steel (304) with a thickness of 0.2 mm. 



 

C-5085 

5078…..…..…………………..…….……..……ID Number…………………..…..…………….5078 

Author: n.a. 

Title: Quarterly Report No. 5 [On Reactor Cooling], April 1--June 30, 1967. Technical Report No. 2 

Date: 10/31/1968 

Report: EURAEC-1912; EUR-3396 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Configuration; Criticality; Fluid Flow; 
Heating; Mechanical Properties; Temperature; Thermal Neutrons; Velocity 
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Title: Use of Plutonium as Fuel in Nuclear Reactors. Quarterly Report No. 14 

Date: 1/1/1967 

Report: EURAEC-1929; EUR-3755 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis- Chooz- Fuels- Plutonium- 
Power Plants- Reactors- Recycling- Reprocessing- Uses; Analysis- Configuration- Critical Assemblies- 
Criticality- Measurement- Plutonium Oxides- Programming- Reactivity- Reactor Core- Uranium Oxides- 
Venus- Water Moderator; BR-2- Compacting- Enrichment- Fabrication- Fuel Elements- Fuels- Irradiation- 
Plutonium- Powders- Production- Research Reactors- Testing- Uranium- Uses- Vibrations 



 

C-5087 

5080…..…..…………………..…….……..……ID Number…………………..…..…………….5080 

Author: n.a. 

Title: Use of Plutonium as Nuclear Reactor Fuel. Quarterly Report No. 17, January 1--March 31, 1968 

Date: 1/1/1968 

Report: EURAEC-2036; EUR-3986; BN-6804-01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Ceramics & Cermets-Properties Evaluations; 
Burnout; Chooz; Criticality; Density; Determination; Fabrication; Fuels; Gases; Homogeneous; Irradiation; 
Measurement; Plutonium 239; Plutonium Oxides; Power Plants; Reactors; Rods; Testing; Uranium 235; 
Uranium Oxides; Uses; Volume; Vulcain 
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Title: Measurement and Calculation of the Reactivity Worth of Samples in a Fast Heterogeneous Zero 
Power Reactor 

Date: 1/1/1969 

Report: EURFNR-0702 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Critical Assemblies; Fast Reactors; Perturbation Theory; 
Probability; Reactivity; Statistics; Transport Theory; Zones 
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Author: Kiefhaber, E. / Schmidt, J. J. 

Title: Evaluation of Fast Critical Experiments Using Recent Methods and Data 

Date: 9/1/1970 

Report: EURFNR-0858 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In this work we study systematically the influence of changes in nuclear data on the 
calculated values for the criticality and other important parameters of critical assemblies. The analysis done 
for a variety of assemblies which differ in geometry, material composition, and energy distribution of the 
normal and adjoint flux. The primary objective is: (a) to detect deficiencies in nuclear data and calculational 
methods, (b) to get first preliminary improvements and, (c) to get indications in which respect and in which 
may further long-range improvements should be carried on. The long-range aim of this kind of 
investigations is to provide or establish satisfactory nuclear data and calculational methods which can 
reliably be applied to the calculation of fast critical assemblies and of large fast power reactors. In the 
present investigation the differences between calculated and measured results for the critical assemblies 
studied are not yet reduced to a satisfactory level. Therefore this study must be considered as one step in 
the desired direction but further investigations along the same line will be necessary. 
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Author: Boehnel, K. / Meister, H. 

Title: Fast Reactor Lattice Experiment for Investigation of k(inf) and Reaction Rate Ratios in SNEAK, 
Assembly 5 

Date: 6/1/1970 

Report: EURFNR-0861 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A fast reactor lattice experiment was carried out in the zero-power facility SNEAK, 
Assembly 5, to determine k(inf) and reaction rate ratios. The assembly consists of a central test zone 
surrounded by axial and radial driver regions. The test zone contains platelets of plutonium oxide/uranium 
oxide mixed oxide, depleted and natural uranium metal, and graphite as a moderating material. Its 
composition was chosen to render k(inf) close to unity. The k(inf) values of systems with different 
carbon/uranium-238-ratio were determined by voiding a central region of the test zone and measuring 
associated reactivity change. Fission rates of uranium-235 and uranium-238 inside the lattice cell were 
measured with solid state track detectors, the uranium-238-capture rate by activation of depleted uranium 
foils and subsequent gamma-x-ray coincidence counting. The experimental results are compared with 26-
group calculations using different methods and cross section sets. 
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Title: Microscopic Neutron Nuclear Data and 5-Group Cross Sections for the Actinides 231-Pa, 232-U, 
234-U, 236-U, 237-U, 237-Np, 236-Pu, 238-Pu, 241-Am, 242-Cm 

Date: 7/1/1970 

Report: EURFNR-0862 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Nuclear Properties & Reactions, A >= 90-Nuclear Reactions & 
Scattering; Americium 241; Cross Sections; Curium 242; Fission; Neptunium 237; Neptunium 238; 
Neutron Beams; Nuclear Reactions; Plutonium 236; Plutonium 238; Protactinium 231; Radiative Capture; 
Uranium 232; Uranium 234; Uranium 236; Uranium 237 Uranium Isotopes U-232 / Neutron Reactions 
With, Microscopic Nuclear Data and Five-Group Cross Sections for, Uranium Isotopes U-236 / Neutron 
Reactions With, Microscopic Nuclear Data and Five-Group Cross Sections for, Protactinium Isotopes Pa-
231 / Neutron Reactions With, Microscopic Nuclear Data and Five-Group Cross Sections for, Americium 
Isotopes Am-241 / Neutron Reactions With, Microscopic Nuclear Data and Five-Group Cross Sections for, 
Neutrons / Reactions with Transactinium Isotopes, Microscopic Nuclear Data and Five-Group Cross 
Sections for, Neptunium Isotopes Np-237 / Neutron Reactions With, Microscopic Nuclear Data and Five-
Group Cross Sections for, Plutonium Isotopes Pu-238 / Neutron Reactions With, Microscopic Nuclear Data 
and Five-Group Cross Sections for, Uranium Isotopes U-234 / Neutron Reactions With, Microscopic 
Nuclear Data and Five-Group Cross Sections for, Curium Isotopes Cm-242 / Neutron Reactions With, 
Microscopic Nuclear Data 
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Title: Influence of Fission Neutron Spectra on Integral Nuclear Quantities of Fast Reactors 

Date: 7/1/1972 

Report: EURFNR-1008; KFK-1561 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons, Fission / Spectra for, Effects on Fast Reactor Physics Measurements of; 
Reactors, Power / Physics Measurements for Fast, Effects of Fission Neutron Spectra on; Critical 
Assemblies / Physics Measurements for Fast, Effects of Fission Neutron Spectra on; Reactors, Fast / Physics 
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Title: KFKINR-Set of Group Constants; Nuclear Data Basis and First Results of Its Application to the 
Recalculation of Fast Zero-Power Reactors 

Date: 7/1/1972 

Report: EURFNR-1016; KFK-1572 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Criticality; Fast Reactors; 
Mathematics; Multiplication Factors; Neutron Flux; Reactor Kinetics; Spectra; Zero Power Reactors 
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Title: Fine Group Calculations for Reactivity Coefficients of Structural Materials in Fast Reactors 

Date: 2/15/1973 

Report: EURFNR-1082; KFK-1759 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Fast Reactors- Reactor Materials; Reactor 
Materials- Reactivity Coefficients; Cross Sections; Fine Structure; Group Constants; Perturbation Theory; 
Scattering; Zero Power Reactors 
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Title: Physics Investigations of Two Plutonium-Fueled Fast Critical Assemblies SNEAK-7A and 7B 

Date: 3/1/1974 

Report: EURFNR-1193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two plutonium-fueled fast critical assemblies of different enrichment were studied 
in the Karlsruhe fast critical facility SNEAK for the purpose of testing cross section data and calculational 
methods. The measurements suitable for such purpose are central reaction rates and reactivity worths. To 
investigate the discrepancy in the reactivity scale of fast reactors measurements of the normalization 
integral and beta-effective were performed. In addition, measurements of the core material buckling, which 
characterizes the core material independent of its geometry and environment, were also included. The 
measurement procedures employed are described in some detail. The evaluation of the measurements was 
performed with the most recent cross section sets and computer codes available at Karlsruhe. Some of the 
evaluations were also performed with a cross section set based on ENDF/B data. 



 

C-5096 

5089…..…..…………………..…….……..……ID Number…………………..…..…………….5089 

Author: Goal, B. / Weller, F. 

Title: Evaluations for the German Nuclear Data Library KEDAK-3. Part 2. Fissile and Fertile Materials 

Date: 3/1/1977 

Report: EURFNR-1436 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Evaluations for the fissile and fertile isotopes performed at KFK during the years 
1973 to 1976 are presented. In particular, the evaluations of the data for 235U, 238U, 239Pu, 240Pu, and 
241Pu are described. Results of a preliminary check of the evaluated data for a variety of critical assemblies 
are also given. 
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Title: An Analysis of Errors Involved in the Sub-Prompt Critical Transient Experiments in SEFOR 

Date: 2/15/1967 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Criticality; Doppler Reactivity; Errors; Reactivity; Research Reactors; SEFOR; Spectral Shift; 
Temperature; Transients 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Analysis; Critical Assemblies; 
Criticality; Decay; Measurement; Neutron Flux; Prompt Neutrons; Reactivity; Research Reactors; SNEAK; 
ZPR-3 
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Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; Fast 
Neutrons; Power Plants; Reactivity; Reactors 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Criticality; Fast Neutrons; Fast 
Reactors; Fuels; Reactivity; Reactors; Research Reactors; SNEAK; Steam; Steam Coolant; Superheating; 
Uranium; Water Coolant 
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Conference/Journal:  
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Title: Method of Evaluating Progressive Substitution Experiments for the Determination of Bucklings and 
Critical Radii 

Date: 9/1/1969 

Report: EURFNR-684; EUR-4175; KFK-975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Critical Assemblies; Criticality; Differential Equations; 
Errors; MASURCA; Perturbation Theory; Reactivity; Reactor Core; Reactors; Research Reactors; SNEAK 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Reactor 
Theory-Kinetics; Physics (Nuclear)-Nuclear Theory-Nuclear Reactions & Scattering; Critical Assemblies; 
Distribution; Errors; Mathematics; Reaction Kinetics; SNEAK; Uranium 235; Uranium 238 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Physics Parameter Measurements in SNEAK and SUAK, 
Comparison of Calculations with Integral; Reactors, Fast / Physics Parameters of, Comparison of 
Calculations and Integral Measurements of 
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Title: The CIRENE Project 

Date: 5/1/1965 

Report: Euro Nucl.; Vol: 2 

Conference/Journal: Euro Nucl. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Corrosion; Criticality; 
Diagrams; Fluid Flow; Fuel Elements; Fuels; Heat Transfer; Heavy Water Moderator; Materials Testing; 
Power; Reactors; Steam; Testing; Uranium; Water Coolant 
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Report: Euro Nuclear 

Conference/Journal: Euro Nuclear; Vol: 2 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Buckling; Critical Assemblies; 
Criticality; FR-0; Heat Transfer; Hot Cells; Isotopes; Laboratory Equipment; Mechanical Structures; 
Neutron Sources; Production; R0; R2; Radiation Protection; Remote Handling; Research Reactors; 
Sweden; Van De Graaff Accelerators; ZEBRA Research Reactor 
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Title: Criticality Study 
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Report: Eurochemic, Tech. Rpt. 68 (ETR-068) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fast multiplication effect of beryllium, which is due to the (n,2n) reaction, is 
considered. To this end a review of the available information on this effect and on the relevant cross section 
data is given. Based on this information, an upper and a lower estimate of the (n,2n) cross section is given. 
To compute the fast multiplication effect the spectrum in an infinite homogeneous beryllium moderator is 
calculated supposing that the source neutrons have a fission neutron distribution. The whole angular 
distribution of the elastically scattered neutrons is taken into account. The upper limit of the net 
multiplication effect is 7,6%, the lower limit 5.1%. Attention is given to the poisoning effect which is 
created by the daughter products of the (n, alpha) reaction. At fluxes of about 5 x 10/sup 13/ n/cms sec it 
lowers the reactivity gain by about 5% after about two years. 
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Conference/Journal: EuroNuclear 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Blankets; Breeding; 
Carbides; Computers; Criticality; Efficiency; Enrichment; Fast Neutrons; Oxides; Planning; Plutonium; 
Reactors; Spectra; Uranium 
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Report: European Applied Research Reports, Nuclear Science and Technology Section, 1, 3, 783-808 

Conference/Journal: European Applied Research Reports, Nuclear Science and Technology Section 
(U.S.) 

Conference Session:  

Abstract/Keyterms: The scope of the study is to produce an assessment of the suitability of existing spent-
fuel shipping casks for the transport of spent mixed-oxide fuel assemblies irradiated in light water reactors. 
The study comprises an evaluation of shielding, decay heat dissipation and criticality safety. It is concluded 
that certain existing casks are suitable for mixed oxide fuel under the condition of mixed loading with 
uranium oxide fuel and extended cooling time. High burn up fuel requires design modifications in respect 
to neutron shielding. 
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Conference/Journal: Ninth Seminar on Problems of Reactor Physics, Safety Problems of Nuclear Power 
Installations, Moscow, MEPhI-Volga-1995 (In Russian) 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-061 
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Title: Criticality Safety Evaluation of Disposing of K Basin Sludge in Double-Shell Tank AW-105 

Date: 6/4/1999 

Report: F-3500-REV0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety evaluation is made of the disposal of K Basin sludge in double-
shell tank (DST) AW-105 located in the 200 east area of Hanford Site. The technical basis provided for 
limits and controls to be used in the development of a criticality prevention specification (CPS). A model 
of K Basin sludge is developed to account for fuel burnup. The iron/uranium mass ration required to ensure 
an acceptable margin of subcriticality is determined. 
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Report: F-55-3-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Circuits; Control Systems; Coolant Loops; Cooling; Failures; Fluid Flow; 
Fuel Solutions; Heat Transfer; Homogeneous Reactors; Instruments; Pressure; Pumps; Reactivity; 
Reactors; Remote Control; Stability; Transients 



 

C-5113 

5106…..…..…………………..…….……..……ID Number…………………..…..…………….5106 

Author: Ando, T. / Ide, A. 
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Report: FAPIG (Tokyo), 56, 237-241 

Conference/Journal: FAPIG (Tokyo) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Configuration; Critical Assemblies; 
DCA; Design 
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Report: FAPIG (Tokyo), 56, 257-262 

Conference/Journal: FAPIG (Tokyo) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Control Systems; Circuits; Control 
Systems; Critical Assemblies; DCA Assembly; Heavy Water Moderator; Operation; Reactor Safety 
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Conference/Journal: FAPIG (Tokyo) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Buildings; Containment; DCA 
Assembly; Design 
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Title: Criticality Safety of FBR Fuel Storage Facilities 
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Report: FAPIG, 97, 19-23 

Conference/Journal: FAPIG (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: The fuel assemblies for a FBR (Fast Breeder Reactor) are stored temporarily in a 
reactor auxiliary building, before and after loading in the reactor. The criticality control in this case is made 
mainly on the basis of the experiences with LWRs (Light Water Reactor). However, since the fuel is of 
plutonium type, and the storage atmosphere is different, the technology requires further development. The 
circumstances arisen from the problem of nuclear fuel cycle are first explained. Then, the basic ideas in the 
evaluation of the criticality safety in FBR fuel storage are summarized. A review is made on the current 
status of the analysis techniques and their verification by experiment in the analysis and evaluation of 
effective neutron multiplication factor as a principal safety factor in the storage system. The purpose is to 
reveal the direction in the rational design of the storage facilities. 
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Date: 10/31/1968 

Report: Fast Breeder Reactors, pp 403-20 

Conference/Journal: British Nuclear Energy Society Conference on Fast Breeder Reactors, London. 
CONF-660502 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Bubbles; Criticality; Cross 
Sections; Doppler Reactivity; Fast Neutrons; Measurement; Neutrons; Reactivity; Reactors; Research 
Reactors; SEFOR; Sodium; Spectral Shift; Temperature; TREAT; Void Coefficient; Zones 
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Conference/Journal: British Nuclear Energy Society Conference on Fast Breeder Reactors, London. 
CONF-660502 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; Doppler 
Reactivity; Fast Neutrons; Liquid Metal Coolant; Mockup; Neutrons; Reactivity; Reactors; Sodium; 
Spectral Shift; Temperature 
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Title: Physics Investigations of a 670-Litre Steam-Cooled Fast-Reactor System in SNEAK, Assembly 3A-
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Report: Fast Reactor Physics. Vol. II., pp 79-112 

Conference/Journal: Symposium on Fast Reactor Physics and Related Safety Problems, Karlsruhe, 
Germany 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Coolants; Criticality; Fast Neutrons; Measurement; Reactivity; Reactor Core; Research 
Reactors; SNEAK; Steam 
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Abstract/Keyterms: Computational Method 
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Report: FE-1138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Bakov, A. T. / Volkov, V. A. / Milovanov, Yu. L. / Suvorov, V. D. / Telyatnikov, V. A. 

Title: On-Line System for Study of the Physical Performances of the BFS Critical Assemblies on the M-
6000 Computer Basis 

Date: 1/1/1980 

Report: FEI-1022 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The block diagram algorithms and functional operation regimes of the measuring 
complex on the M-6000 computer basis meant for the study of physical performances of the BFS critical 
assemblies is considered. The algorithms developed and the programs created assure automation of 
experiments in three directions measuring, investigation of temperature field dynamics. The monitoring 
system assuring the real time operation regime of measuring complex is described. As temperature 
transducers quarts resonators are used the sensitivity, of which is not worse than 0.005 deg C. A brief 
description of the system software measuring reactivity REAK and programs for investigation on the 
temperature field dynamics is given as well. The programs described served as a basis for creating software 
for physical start up of the BH-600 reactor realized in the "Complex-Uranium" system on the M-7000 
computer. 
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Timokhin, L. A. 

Title: Application of the Neutron Pulse Technique for Reactivity Measurement in Fast Zero Power Reactors 

Date: 1/1/1980 

Report: FEI-1028 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of the study of the alpha-method applicability for reactivity measurement 
in a wide spectrum of fast zero power reactors BFS are presented. Experimental and calculational 
investigations of instantaneous neutron kinetics in a series of fast zero power reactors BFS with oxide and 
metal fuel are carried out. The existence range (in the reactivity scale) of quasi asymptotic neutron 
distributions and the generation time variation degree in the creation of subcritical states are determined by 
different methods in a single-zone and multizone systems. The influence of reflectors on the base of oxide 
and metallic natural uranium on the total form of the transition process at a neutron field pulse excitation is 
investigated. The measurements are performed by a multisensor multichannel equipment with a high time 
resolution being a part of a pulse reactivity meter set. The experiment results are in good agreement with 
calculations on multigroup two-dimensional programs of the solution of the nonstationary neutron transport 
equation. The conclusion is drawn that major negative reactivities (-10±15)% deltak/k can be measured 
with high accuracy (±5%) by a pulse neutron method in single-, two-and-multizone multiplying systems, 
subcritical states of which are obtained practically by the realizable methods of reactivity variation. 
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Date: 1/1/1967 

Report: FEI-103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality; Differential 
Equations; Eigenfunctions; Integral Equations; Kinetic Equations; Multiplication Factors; Neutron Flux; 
Neutrons; Numericals; Perturbation Theory; Reactors 
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Title: Measuring K/Sub Eff/Reactivity and Multiplication of Deeply Subcritical Systems by the Reverse 
Counting Rate Method 

Date: 1/1/1980 

Report: FEI-1033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method for measuring k(eff), reactivity and multiplication is presented based on 
experimental values of the reverse counting rate in the whole range of k(eff) variation from 0 to 1 by means 
of introduction of the computed corrections determined by Monte Carlo method. The method is considered 
using the example of the set of critical mass of the zero power physical test bed. 
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Title: Reactivity Integrals and their Use for the Solution of Certain Problems in Reactor Physics 
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Report: FEI-142 

Conference/Journal:  
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Abstract/Keyterms: Reactor Theory-Kinetics; Boltzmann Equation; Criticality; Differential Equations; 
Integral Equations; Integrals; Mathematics; Numericals; Reactivity; Reactor Kinetics; Reactors; Transport 
Theory 
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Conference Session:  

Abstract/Keyterms: Three-Group Constants / Gadolinium 
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Title: Calculation Determining a Rod Worth in a Subcritical Reactor with External Local Source by the 
Method of Reverse Multiplication 

Date: 1/1/1986 

Report: FEI-1768 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Few-Group Diffusion Program 
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Title: Effect of Heterogeneity of Absorbing Rod Position in a Core Formation of the Reactivity 
Temperature Coefficient in Uranium Water Assemblies 

Date: 1/1/1986 

Report: FEI-1795 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity Temperature Coefficients (RTC) / Uranium-Water Assemblies / 
Gadolinium Burnable Poison Rods (BPR) 
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Title: Studies of Physical Characteristics of the Critical Assembly Mockup for the BOR-Reactor 

Date: 1/1/1970 

Report: FEI-201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Commercial 
Power Reactors-Kinetics & Dynamics; Bor; Configuration; Critical Assemblies; Mockup; Neutron Flux; 
Reactivity; Reactor Core; Reactor Kinetics 
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Title: Experimental Testing of the Monte Carlo Calculations for Prompt Neutron Lifetime Dependence on 
Reactivity of a Fast Reactor with Slowing-Down Reflector 

Date: 1/1/1989 

Report: FEI-2027 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: measuring asymptotic decrement of prompt neutron pulse attenuation / fast breeder 
reactor / slowing down reflector (SR FBR) 
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Title: Model of Reactor Space Kinetics. Part 1. Theory 
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Report: FEI-2054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Space Kinetics / Fission Neutron Production 
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Title: Estimation of Subcritical Reactivity by the Pulsed Alpha-Method 

Date: 1/1/1974 

Report: FEI-479 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technique for calculating the neutron generation time is considered. It is based on 
the use of only basic (non-conjugate) conditionally critical reactor equations. The formula is drawn to show 
the relation between the reactivity coefficient k(eff), damping decrement and neutron generation time. Some 
transformations result in a conditionally critical equation at k(eff) equal to unit, from which the neutron 
generation time is found that is necessary to measure subcritical reactivity by the alpha-method. 
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Title: Criticality and Breeding Ratio Correlations 

Date: 1/1/1974 

Report: FEI-518 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The error estimation of breeding ratio in fast reactors is required for forecasting and 
designing fast reactors as well as for planning experiments to verify it. Not only the total breeding ratio but 
its components for the core and blanket are of practical value as well. The work deals with the problem of 
the breeding ratio relation to the criticality condition in the estimation of errors in these parameters due to 
constants. The uncertainties in the breeding ratio for the core and for the blanket due to the one-group 
constant uncertainties are presented. From the estimations obtained the breeding ratio errors are found to 
be connected with the capture cross section for 239U(239sigmasub(c)) and with the inelastic scattering 
cross section. While compensating reactivity by varying enrichment, in the dispersion of breeding ratio in 
the core sup(238)sigmasub(c) is of secondary importance but while compensating reactivity by varying 
dimensions this component turns out to be the main one. Some results relating to the planning of 
experiments have been obtained. The estimation of the plutonium buildup in a commercial reactor with 
account for the critical experiment and without it is given. 
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Title: Study of Neutron Spectra in the BFS-28, BFS-30, BFS-33 Fast Critical Assemblies Using CINI and 
FEI Spectrometers with Proportional Counters of Recoil Protons 
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Report: FEI-698 

Conference/Journal:  
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Abstract/Keyterms: Results are given of developing a hydrogen-counter neutron spectrometer alongside 
with experiences in using hydrogen counters for measuring neutron spectra in fast critical BPHS assemblies. 
A brief account is presented of spectrometer characteristics, methods of measuring output proton spectra 
and transformation of the latter into neutron spectra. Neutron spectra measured in three critical fast neutron 
assemblies, and a brief discussion of experimental results obtained and calculations made are presented. 
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Title: Teorema Ob Integrale Reaktivnosti Kriticheskogo Reaktora. (Reactivity Integral Theorem for a 
Critical Reactor) 
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Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Criticality; Equations; 
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Title: Fast Neutron Attenuation in Reactor Reflector Material 

Date: 1/1/1977 

Report: FEI-786 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radial distributions of fast neutrons in aluminum, stainless steel, beryllium and water 
reflectors have been experimentally investigated. The experiments are conducted using a critical assembly 
consisting of one or three sections of a sectional type research and test reactor. The measurements have 
been carried out with 237Np fission chambers in cadmium sheath. Presented are basic parameters of the 
assemblies, experimental and calculated neutron relaxation lengths. The calculations are performed in terms 
of the P(I)-approximation using a one-dimensional 18-group code. The measurements have proved the 
additivity property of neutron fluences from several sources. The experimental lengths weakly depend on 
the core height and are in a good agreement with the calculated ones for the reflector materials. 
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Report: FEI-807 

Conference/Journal:  
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Abstract/Keyterms: Techniques for measuring and calculating the temperature dependence of reactivity 
of regular heterogeneous uranium-water critical assemblies are shortly described. The experiments were 
conducted in the temperature range from 20 to 240 deg C with three types of the critical assemblies differing 
in the number of fuel elements, structural materials and neutron absorbers (gadolinium or cadmium oxides). 
Two experimental techniques were used measuring the drho/dT = f(T) dependence with subsequent 
integration and measuring reactivity of the system in a subcritical reactor by the pulse alpha method (alpha-
damping decrement of prompt neutron flux). The calculations were performed in a two-group diffusion 
approximation using the SN method to determine thermal neutron constants. It is concluded that the 
calculated and experimental techniques proposed are adequate to study the regular assemblies with heavily 
blocked neutron absorbers. 
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Date: 1/1/1980 
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Conference/Journal:  
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Abstract/Keyterms: For a series of hypothetical "bare" cylindrical reactors with various neutron spectra 
calculational study has been carried out of the dependence of the extrapolated safety margin, the effective 
delayed-neutron fraction, the extrapolated reactivities of uranium-235 and carbon, the boron reactivity 
coefficient, as well as the median energy value (according to the number of uranium-235 fissions) 
characterizing the neutron spectrum in the reactor, and the neutron importance energy distribution on the 
value of the initial excess reactivity. Core variants are considered having a similar nuclear and physical 
composition with k(eff) > 1 containing uranium-235 and carbon and characterized by a relative moderating 
power equal to 100 b/U-235 nucleus with various values of the initial excess reactivity achieved by 
increasing the core dimensions. It is shown that considered physical characteristics are significantly varied 
with the increase in the initial excess reactivity and depend on the methods of bringing the reactor to the 
critical state. A conclusion has been drawn that the value of U-2.35 extrapolated reactivity obtained from 
the calculation without reactor control system will be always understated, while the value of the carbon 
extrapolated reactivity will be overstated as compared with similar values in a real reactor compensated by 
the 
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Abstract/Keyterms: The purpose of this paper is to give a description of the Criticality Accident Alarm 
System (CAAS) presently installed at the Fernald Environmental Management Project (FEMP) for 
monitoring areas requiring criticality controls, and some of the concerns associated with the operation of 
this system. The system at the FEMP is known as the Radiation Detection Alarm (RDA) System. 
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Abstract/Keyterms: Appendix H, Section H.3.3.10.11 of the Final Safety Analysis Report (FSAR), 
provides the limits to be observed for fueled components authorized for storage in the Fast Flux Test Facility 
(FFTF) spent fuel storage system. Currently, the authorization basis allows standard driver fuel assemblies 
(DFA), as described in the FSAR Chapter 17, Section 17.5.3.1, to be stored provided decay power per 
assembly is {le} 250 watts, post-irradiation time is four years minimum, average assembly burn-up is 
150,000 MWD/MTHM maximum and the pre-irradiation enrichment is 29.3% maximum (per H.3.3.10.11). 
In addition, driver evaluation (DE), core characterizer assemblies (CCA), and run-to-cladding-breach 
(RTCB) assemblies are included based on their similarities to a standard DFA. Ident-69 pin containers with 
fuel pins from these DFAs can also be stored. Section H.3.3.10.11 states that fuel types outside the 
specification criteria above will be addressed on a case-by-case basis. There are many different types of 
fuel and blanket experiments that were irradiated in the FFTF which now require offload to the spent fuel 
storage system. Two reviews were completed for a portion of these special type fuel components to 
determine if placement into the Core Component Container (CCC)/Interim Storage Cask (ISC) would 
require any special considerations or changes to the authorization basis. Project mission priorities coupled 
with availability of resources and analysts prevented these evaluations from being completed as a single 
effort. Areas of review have included radiological accident release consequences, radiological shielding 
adequacy, criticality safety, thermal limits, confinement, and stress. The results of these reviews are 
available in WHC-SD-FF-RPT-005, Rev. 0 and 1,”Review of FFTF Fuel Experiments for Storage at ISA”, 
(Reference I), which subsequently allowed a large portion of these components to be included in the 
authorization basis (Table H.3.3-21). The report also identified additional components and actions in 
Section 3.0 and Table 3 that require further evaluation. The purpose of this report is to evaluate another 
portion of the remaining inventory (i.e., delayed neutron signal fuel, blanket assemblies, highly enriched 
assemblies, newly loaded Ident-69 pin containers, and returned fuel) to ensure it can be safely off loaded to 
the FFTF spent fuel storage system. 
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Conference Session:  

Abstract/Keyterms: In support of the U.S. Nuclear Regulatory Commission, ORNL is updating the 
nuclear analysis methods and data in the SCALE code system to support modeling of HTGRs. Development 
activities include methods used for reactor physics, criticality safety, and radiation shielding. This paper 
focuses on the nuclear methods in support of reactor physics, which primarily include lattice physics for 
cross-section processing of both prismatic and pebble-bed designs, Monte Carlo depletion methods and 
efficiency improvements for double heterogeneous fuels, and validation against relevant experiments. 
These methods enhancements are being validated using available experimental data from the HTTR and 
HTR-10 startup and initial criticality experiments. Results obtained with three-dimensional Monte Carlo 
models of the HTTR initial core critical configurations with SCALE6/KENO show excellent agreement 
between the continuous energy and multigroup methods and the results are consistent with results obtained 
by others. A three-dimensional multigroup Monte Carlo model for the initial critical core of the HTR-10 
has been developed with SCALE6/KENO based on the benchmark specifications included in the IRPhE 
Handbook. The core eigenvalue obtained with this model is in very good agreement with the corresponding 
value obtained with a consistent continuous energy MCNP5 core model. 
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Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; BR-3; 
Critical Assemblies; Distribution; Dosimetry; Gamma Radiation; Man; Mockup; Neutrons; Personnel; 
Phantoms; Radiation Doses; Reactors; Time Related Subject Personnel / Radiation Dosimetry in, Following 
Reactor Accident, Mockup for; Belgian Reactor-3 / Radiation Dose to Personnel in Accident At; Accidents 
/ Radiation Dosimetry in Personnel Following BR-3 Reactor; Reactor Safety / Accidents, Radiation Dose 
to Personnel Following 
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Abstract/Keyterms: Life Sciences-Medicine-Radiation Sickness & Injuries; Accidents; Body; BR-3; 
Critical Assemblies; Irradiation; Legs; Limbs; Medicine; Personnel; Radiation Injuries; Radiation Sickness; 
Reactors; Therapy; Whole-Body Irradiation Related Subject Man / Radiation Sickness in, Following 
Accidental Exposure, Clinical Observations and Treatment of; Diseases, Traumatic / Radiation Sickness, 
Treatment of Personnel Following Accidental Exposure; Accidents / Radiation, Clinical Observations and 
Treatment Following Personnel Description 
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Efficiency; Radiation Injuries; Radiation Protection; Safety; Surfaces 
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Criticality; Differential Equations; Green Function; Integral Equations; Milne Problem; Monoenergetic 
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Conference/Journal: Fizikai Szemle (Hungary) 

Conference Session:  

Abstract/Keyterms: On the basis of several geological phenomena the theory of Kuroda on the existence 
of the natural reactor may be considered as confirmed. The existence of the Oklo phenomenon is supported 
by several facts in connection with the changes in uranium concentration. The output of the natural reactor 
is equal to that of an experimental reactor. It is also an evidence for the spontaneous fission of heavy 
elements and the spontaneous fusion of light elements in nature (the process of energy generation in the 
stars). The neutron bomb, or the Enhanced Radiation Warhead as called originally, has a high specific 
radiation effect as compared with other nuclear warheads. The possibilities of protection are based on the 
radiation attenuation factors of various materials. 
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Conference/Journal: Fizikai Szemle (Hungary) 

Conference Session:  

Abstract/Keyterms: The history of the discovery of the chain reaction of nuclear fission and of its 
application in nuclear power plants is reviewed. The copies of Leo Szilard's paper from 1939 and those of 
the invention patent of Fermi and Szilard from 1944 are also presented. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Feed Materials Production Center (FMPC) produces uranium metal for DOE 
defense programs at the Washington and South Carolina reactor sites, and DOE facilities elsewhere. Since 
the FMPC produces uranium metal products in support of various DOE defense programs, it is important 
that the FMPC maintain high standards of operation in a safe and environmentally compatible manner. This 
Environmental, Safety and Health (ES and H) Management Plan is a vital initial step to bring together all 
of the ES and H programs as an integrated plan which meets site ES and H concerns, and supports continued 
operations to fulfill FMPC mission requirements. The ES and H Management Plan report explains the 
FMPC mission and history, describes the site and surrounding area, and details the purpose and organization 
of the report; describes Air Pollution Control, Water Pollution Control, Solid Waste Management, and the 
Remedial Action Plan at the FMPC; describes the Safety Analyses program, Health Physics/Radiation 
Protection, Nuclear Criticality Prevention, Industrial Hygiene, and Safety/Fire Protection programs; and 
describes the FMPC Emergency Preparedness Plan. 
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Abstract/Keyterms: An analytical evaluation of the DOT 17C and 17H steel Drums has been made to 
demonstrate its compliance with regulations governing the offsite shipment of radioactive materials. The 
evaluation encompasses four primary categories: structural integrity, thermal integrity, nuclear criticality 
safety and quality assurance. The results of this evaluation show that the drums comply with the regulations, 
for the shipment of various uranium metal shapes and residue enriched up to 1.25 wt.% 235U. 
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Abstract/Keyterms: Nuclear Facilities in areas where fissile material is processed or stored. Regulatory 
guidance is provided in the American National Standard Institute 8.3,”Criticality Alarm System”. The 
application of this standard for a low enriched uranium metal fuel production facility will be discussed. 
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Abstract/Keyterms: Nuclear Facilities. Also, an American National Standard Institute standard has been 
proposed to establish guidelines for Nuclear Criticality Safety training programs for fissile material 
workers. The regulatory guidance for training programs will be discussed and selected portions of a training 
program for fissile material workers at a low enriched uranium metal fuel fabrication facility will be 
presented. 
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Abstract/Keyterms: To calculate a nuclear criticality safety limit for a lattice of uranium pieces of uniform 
size and shape in water, an optimum lattice pitch search is typically performed to determine the pitch that 
will give the highest neutron multiplication factor and therefore ensure that a calculation of a nuclear 
criticality safety limit is conservative. When a safety limit for metal scarp of random size and shape is to 
be calculated, the size and shape of the metal that gives the highest neutron multiplication factor must also 
be determined. A criticality safety analysis for the shipment of low enriched uranium metal scrap is 
discussed in which an optimum triangular lattice pitch, metal size, and metal shape search were performed. 
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Abstract/Keyterms: Protection against the effects of nuclear warfare involves the analysis of the forms of 
results of a nuclear charge explosion producing neutron and gamma radiation. It brings out problems 
leading to the calculation of criticality, leakage, and deep transmission. Methods have been developed for 
various kinds of particle transport problems. Applications to radiation therapy, storage of fissile materials, 
and fast reactors are discussed. A list (with brief description) of all neutron and gamma transport 
programmes of the FOA is given. 
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Abstract/Keyterms: A pulsing reactor may be defined as a reactor of periodic criticality, in which pulses 
of prompt neutrons with a known and fixed energy are produced. The principles of such a reactor, proposed 
by T. N. Zubariov, are described with emphasis on the hydrodynamic and thermodynamic characteristics. 
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Author: n.a. 

Title: Fissile Mass in Circulation 

Date: 1/14/1960 

Report: FR 1202926 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A reaction process is described for a reactor, wherein a homogeneous fluid 
composition of fissile material is passed through a flow path and a reaction zone; a sustained reaction is 
maintained in this zone. The cross- sectional area of a portion of the flow path is equal to the crosssectional 
area of the reaction zone. An absorbing material having a capture cross-section above 10 barns per atom 
for neutrons with an energy range of 0.025 to 2.5 ev is positioned in neutron absorbing relationship in the 
flow path to maintain a subcritical condition. Preferably a neutron reflector or a chemical processing zone 
is disposed about the reaction zone. The chemical processing zone is formed by a processing chamber 
adapted to contain flowing organic material undergoing neutron irradiation. 



 

C-5182 

5175…..…..…………………..…….……..……ID Number…………………..…..…………….5175 

Author: n.a. 

Title: Improvements Relating to Nuclear Reactors 

Date: 1/27/1960 

Report: FR 1204689 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A nuclear reactor is described with a parallelepiped shaped core, one of the horizontal 
dimensions being much longer than the other two dimensions. This possible for very large reactors where 
the relation between the volume of the core and its surface is not so decisive in the design calculations of 
the critical mass as for relatively small reactors. In this way the cores of reactors having different peak 
powers may be built up by using a plurality of standard core units arranged one beside the other. The longest 
dimension may be more than twice the other dimensions. The reactor channels traverse the core in a 
direction crossing the said longest dimension. Preferably the core is surrounded by a steel vessel, the latter 
being placed within a concrete radiation shielding. The pressure in the interspace bounded by the vessel 
wall and the inner surface of the shielding may be higher than the atmospheric pressure. 



 

C-5183 

5176…..…..…………………..…….……..……ID Number…………………..…..…………….5176 

Author: n.a. 

Title: Nuclear Fast Breeder Reactor 

Date: 4/19/1960 

Report: FR 1215419 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Three types of fast breeder reactors are described. The reactor cores are supported 
inside a container so as to be spaced from the walls. Molten fuel including plutonium is arranged inside 
spaces bounded by the walls of suitable parallel tubes, which are in contact at their ends through headers 
inside the core. The amount of plutonium within the core is sufficient for critical reactivity. The tubes form 
a heat exchanger transferring the heat to molten sodium flowing through the core. Suitably the reactors 
have breeding blankets of natural uranium. Control of the reactivity may be affected by variation of the 
amount of molten fuel within the reactors. 



 

C-5184 

5177…..…..…………………..…….……..……ID Number…………………..…..…………….5177 

Author: n.a. 

Title: Temperature Controlled Nuclear Reactor 

Date: 6/1/1960 

Report: FR 1221255 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: In a nuclear reactor having a strong negative temperature coefficient of reactivity, the 
liquid moderator is kept at a temperature below a maximum where the reactor becomes subcritical. This 
temperature control is achieved by regulating the temperature of the liquid moderator flowing in natural 
circulation from the bottom to the top and afterward sinking down in an annular space between the core 
and the containing shell; after being cooled at the containing wall, the temperature is controlled by a cooling 
skirt arranged outside the said shell. The reactivity may be adjusted by arranging supplementary fuel 
elements in the center of the reactor core. 



 

C-5185 

5178…..…..…………………..…….……..……ID Number…………………..…..…………….5178 

Author: n.a. 

Title: Chemical Processing Vessel 

Date: 1/18/1960 

Report: FR 1222135 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A vessel is described for dissolving irradiated fuels. The vessel consists of a vertical 
cylindrical container, which is provided at the bottom and top side with a steam jacket and a cooling jacket 
respectively, and a separate vertical plate shaped container. Suitably placed conduits enable the solvent to 
circulate by convection through both containers. All dimensions are such that critical conditions cannot be 
established. 



 

C-5186 

5179…..…..…………………..…….……..……ID Number…………………..…..…………….5179 

Author: Diebner, K. 

Title: Process and Plant for the Thermal Breeding of Plutonium 

Date: 7/11/1960 

Report: FR 1226419 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: For breeding plutonium in a thermal reactor, the reactor system must have a central 
reactor stage and one or more outer reactor stages, wherein the central reactor stage is operated in a super-
critical state emitting thermal neutrons and the outer stages are operated in a subcritical state. The transition 
from the super-critical stage to the subcritical stage is carried out discontinuously, in one or several steps, 
so as to use a conversion factor greater than one of a uranium moderator mixture with a K smaller than one. 
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5180…..…..…………………..…….……..……ID Number…………………..…..…………….5180 

Author: n.a. 

Title: Process and Device for the Automatic Control of a Nuclear Reactor 

Date: 9/1/1960 

Report: FR 1229780 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A process and device are described for the automatic startup of a nuclear reactor and 
its automatic control when in full power operation. A measuring head, displaceable along a path in the 
proximity of the reactor core, measures the neutron flux, and the measuring signal from this head is 
compared with a reference signal. The difference signal is used to influence the control rods or other means 
controlling the reactivity, so that during the subcritical state the multiplication factor is increased. During 
this state, the movement of the measuring head is affected by a servomechanism controlled by the program 
unit to operate at a higher speed than in the following stage. As the critical state nns approached, the speed 
of this movement is decreased, so that the new speed corresponds to the reactor period desired, until the 
full operation power is attained. The operation is then continued at a predetermined power level by 
maintaining the measuring head in a predetermined position. 



 

C-5188 

5181…..…..…………………..…….……..……ID Number…………………..…..…………….5181 

Author: n.a. 

Title: Method of Operating Nuclear Reactors 

Date: 5/16/1960 

Report: FR 1234508 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A reactor in which the coolant consists of aromatic hydrocarbons, preferably benzene 
and/or its lower homologues or aromatic petroleum fractions, is operated under such conditions of pressure 
and temperature (more than 50 atm and 370 deg C will generally suffice) that the system is kept in the 
supercritical state. 



 

C-5189 

5182…..…..…………………..…….……..……ID Number…………………..…..…………….5182 

Author: n.a. 

Title: Nuclear Reactor Control 

Date: 9/19/1960 

Report: FR 1244854 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A nuclear reactor comprises fuel element assemblies immersed in a liquid coolant. 
These assemblies are held in the normal position with respect to each other by forces exerted on them by 
the coolant flowing through the reactor core. A decrease of these forces caused by a coolant loss releases 
the assemblies, so that they get out of place such as to produce a dispersion of the core and make it 
subcritical. For producing these forces, blades are mounted on both the reactor structure and the fuel element 
assemblies, so that these blades cause changes in the flow direction of the coolant circulating through the 
core. Preferably these assemblies are supported such that they fall out of place under the action of gravity 
when they are released. 



 

C-5190 

5183…..…..…………………..…….……..……ID Number…………………..…..…………….5183 

Author: n.a. 

Title: Installation for a Containment Shell of a Nuclear Reactor 

Date: 11/14/1960 

Report: FR 1249093 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: For security, reactor installations sometimes are enclosed in containment shells 
preventing any escape of radioactiwe effluents into the atmosphere. According to the patent, the 
containment shell of a nuclear reactor encloses an inner shell enclosing the reactor and a liquid in a lower 
portion of the space bounded by the containment shell and the said inner shell. Fluids which may escape 
from the circuits of the reactor installation are discharged via pipes into the mass of said liquid, the 
extremities of these pipes ending at a lower level than the liquid surface level. Suitably, the said liquid is 
loaded with a reactor poison and may be led through the reactor core in order to prevent there a supercritical 
state and to remove the heat deveIoped after the reactor shut-down. Preferably, a large number of bell-
shaped baffles are positioned in the mass of the liquid in order to retain non-condensable gases discharged 
into the liquid. The discharge lines suitably are closed and are opened only by a predetermined increase of 
the fluid pressure in the associated reactor circuit. 



 

C-5191 

5184…..…..…………………..…….……..……ID Number…………………..…..…………….5184 

Author: n.a. 

Title: Experimental Reactor Having Different Zones 

Date: 7/3/1961 

Report: FR 1269403 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: To examine the behavior of reactor lattices of planned power reactors it is known to 
use experimental reactors into which the lattice to be studied is placed. Measures are taken for reproducing 
the neutron spectrum to be expected in the power reactor. Generally the lattice is placed in a central zone 
of the experimental reactor while enriched fuel elements are placed in a marginal zone. According to this 
patent, the flux of fast neutrons and the flux of thermal neutrons as well as densities of them are controlled 
by changing the radial position of the enriched fuel elements with respect to the lattice to be studied. E.g., 
an outward displacement necessarily results in an increase of the liquid moderator layer between said 
elements and the lattice, and thus in an increase of the thermal flux with respect to the fast flux. This has 
the advantage that the critical state of the reactor is not much influenced. 



 

C-5192 

5185…..…..…………………..…….……..……ID Number…………………..…..…………….5185 

Author: n.a. 

Title: Process for Operating and Controlling a Nuclear Reactor 

Date: 9/1/1961 

Report: FR 1273431 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A process is described for operating and controlling a heterogeneous nuclear reactor 
moderated by graphite and water or light water, which consists in regulating the quantity of light water in 
the reactor core for controlling its effective reactivity. This core ls fueled with fissile and fertile material 
distributed according to a lattice in said graphite moderator and is cooled by said water, the reactor being 
sub-moderated with respect to the graphite. The cooling water enters the core in the form of a spray, so that 
at each moment in each channel the relation between fast and thermal neutron flux is maintained at a given 
value, while the reactor remains in the critical state. 



 

C-5193 

5186…..…..…………………..…….……..……ID Number…………………..…..…………….5186 

Author: n.a. 

Title: Nuclear Magnetohydroelectric Generator 

Date: 5/2/1962 

Report: FR 1295806 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Nuclear magneto hydroelectric generators are known in which a highly ionized fluid 
coming from a nuclear reactor passes through a magnetic field, so that this fluid flow, forming an electric 
conductor, cuts the lines of force of the magnetic field and generates in this way electric energy. The 
efficiency of this energy generation is limited by the maximum admissible coolant temperature within the 
reactor. In order to pass beyond these limits, the temperature of the working fluid is increased by the fission 
of a material forming a constituent of this fluid. The fissile material is brought into the critical state in a 
special region of the working circuit in immediate proximity of the region of odiment, a tubular reaction 
chamber is provided enclosed over a portion of its length by a reflector that induces the criticality of the 
fluid system within the portion while the magnetic field and the electrodes of the electric generator occupy 
a portion of the tube length that is slightly shifted into a downstream direction with respect to the reflector 
region. According to another embodiment an annular comis provided, through which the ionized fluid 
passes in a vortex-like flow scheme. 



 

C-5194 

5187…..…..…………………..…….……..……ID Number…………………..…..…………….5187 

Author: n.a. 

Title: Method and Device for Controlling the Reactivity in Subcritical State 

Date: 8/1/1962 

Report: FR 1303489 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The excess reactivity of a nuclear reactor in sub-critical state is determined by placing 
a neutron source into the reactor and measuring the neutron flux by an appropriate detector. The flux is a 
function of the excess-reactivity and is proportional to the intensity of the source. In order to compensate 
the diminution of the source intensity with the time, a reference voltage is produced with the aid of a 
potentiometric device that is graduated in time. The reference voltage is compared with the output voltage 
of the detector and is initially adjusted to its original value. The reference voltage is decreased by switching 
of the potentiometric device, according to the sarae exponential function as the function indicating the 
decrease of the intensity of the source. A warning signal is produced if the output voltage of the detector 
increases the reference signal. 



 

C-5195 

5188…..…..…………………..…….……..……ID Number…………………..…..…………….5188 

Author: n.a. 

Title: Improvements Relating to Nuclear Reactors 

Date: 9/10/1962 

Report: FR 1307044 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A core is described comprising a series of regions at least one of which is movable 
between an active position in which it fits in the remaining core and an inactive position in which the core 
is subcritical. For shutting down the reactor this movable region is quickly moved from the active to the 
inactive position. More generally, all the regions of the reactor are independently supported. A movement 
of the corresponding supports brings said regions from the; active into the inactive position and vice-versa. 
Preferably, this movement consists in a translation in order to separate the corresponding region from the 
core and a succeeding rotation in order to bring it into a position in alignment with the charging and 
discharging facilities. 



 

C-5196 

5189…..…..…………………..…….……..……ID Number…………………..…..…………….5189 

Author: n.a. 

Title: Method for Provoking a Nuclear Explosion 

Date: 7/1/1963 

Report: FR 1332110 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Engineering-Nuclear Explosions; Collisions; Criticality; Magnetic Fields; Mass; 
Nuclear Explosions; Propulsion; Startup; Subcritical Assemblies 



 

C-5197 

5190…..…..…………………..…….……..……ID Number…………………..…..…………….5190 

Author: n.a. 

Title: Improvements Relating to Nuclear Reactors 

Date: 2/24/1964 

Report: FR 1357382 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Boiling; Configuration; Control; 
Control Systems; Criticality; Levels; Planning; Power Plants; Pressure; Pressure Vessels; Reactor Core; 
Reactors; Shielding; Steam; Storage; Vapors; Water Coolant; Water Moderator 



 

C-5198 

5191…..…..…………………..…….……..……ID Number…………………..…..…………….5191 

Author: Lecorche, P. 

Title: Device for Producing Neutron Bursts 

Date: 1/1/1971 

Report: FR 2052189 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality; Fissionable 
Materials; Neutron Beams; Neutron Reflectors; Neutron Sources; Patent; Pulses; Solutions 



 

C-5199 

5192…..…..…………………..…….……..……ID Number…………………..…..…………….5192 

Author: Le Breton, J. / Prigent, R. / Renard, C. 

Title: A Method and Device for the Detection of Safety Maximum Permissible Doses for the Protection 
Against Casualties Arising from Radioactivity 

Date: 5/15/1972 

Report: FR 2184399 A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments-General Detectors & Monitors; 
Alarm Systems- Design; Radiation Monitors- Design; Criticality; Dose Limits; Dose Rates; Gamma 
Detection; Neutron Detection; Performance; Personnel Monitoring; Radiation Accidents; Scintillation 
Counters; Trigger Circuits 



 

C-5200 

5193…..…..…………………..…….……..……ID Number…………………..…..…………….5193 

Author: Dubovsky, B. G. / Bogatyrev, V. K. / Vladykov, G. M. / Sviridenko, V. Y. 

Title: An Apparatus for Storing and Processing Fissile Substances 

Date: 8/29/1972 

Report: FR 2198224 A 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Chemistry-Radiochemistry & Nuclear Chemistry-Properties of Radioactive Materials; Casks- Design; 
Plutonium- Storage; Uranium- Storage; Criticality; Fissile Materials; Moderators; Neutron Absorbers; 
Reprocessing; Shielding 



 

C-5201 

5194…..…..…………………..…….……..……ID Number…………………..…..…………….5194 

Author: Wade, E. E. 

Title: Storage Arrangement for Nuclear Reactor Fuel Assemblies 

Date: 1/26/1977 

Report: FR 2339940 /A 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Said invention is intended for providing an arrangement of spent fuel assembly 
storage inside which the space is efficiently used without accumulating a critical mass. The storage is 
provided for long fuel assemblies having along their longitudinal axis an active part containing the fuel and 
an inactive part empty of fuel. Said storage arrangement comprises a framework constituting some long-
shaped cells designed so as each of them can receive a fuel assembly. Means of axial positioning of said 
assembly in a cell make it possible to support the fuel assemblies inside the framework according to a 
spacing ratio, along the cell axis, such as the active part of an assembly is adjacent to the inactive part of 
the adjacent assemblies. 



 

C-5202 

5195…..…..…………………..…….……..……ID Number…………………..…..…………….5195 

Author: Sueur, S. 

Title: High Storage Density Rack in Neutron Absorbing Boric Concrete for New or Spent Nuclear Fuels 

Date: 11/13/1981 

Report: FR 2482354 /A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear fuel storage rack characterised in that it comprises storage bays connected 
by two sole plates sunk into a special neutron absorbing concrete containing a high level of boron or boron 
ore whose high neutron capture power allows for high storage density without risk of criticality. 



 

C-5203 

5196…..…..…………………..…….……..……ID Number…………………..…..…………….5196 

Author: Bernard, P. / Cloue, J. / Pinel, J. / Romeyer-Dherbey, J 

Title: Criticality Monitoring Device and Fissile Materials Concentration Measurement 

Date: 3/10/1989 

Report: FR 2620235/A// 10 Mar 1989/18 pp. Int. Patent Code: G01t1/167/G01t3/00/G01n23/222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron Activation Inducing Nuclear Reactions / Neutron Source / Hydrogenated 
Materials 



 

C-5204 

5197…..…..…………………..…….……..……ID Number…………………..…..…………….5197 

Author: Raisson, G. / Helary, J. L. 

Title: Fabrication Process of a Product for Neutron Absorption, Product Obtained and Applications 

Date: 10/19/1990 

Report: FR 2646007/A// 19 Oct 1990/22 pp. Int. Patent Code: G21f1/08/G21f3/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Homogeneous Mixture / Two Fine Powders / Corrosion Resistant Material / Neutron 
Absorber / Hot Isostatic Compression / Composite / Spent Fuel Shipping Containers 



 

C-5205 

5198…..…..…………………..…….……..……ID Number…………………..…..…………….5198 

Author: Ciccariello, J. C. / Bonny, P. 

Title: Demountable Industrial Vacuum Cleaner, Especially for Spent Fuel Reprocessing Plants 

Date: 9/11/1992 

Report: FR 2673523/A// 11 Sep 1992/16 pp. Int. Patent Code: 
A47l7/02/G21f7/015/G21f9/28/G21c19/42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Vacuum Cleaner / Cleaning Hot Cell / Reprocessing Plants 



 

C-5206 

5199…..…..…………………..…….……..……ID Number…………………..…..…………….5199 

Author: Robatel, M. / Fraux, A. / Davier, J. P. 

Title: Decanter in Incessant Movement to Treat Nuclear Products 

Date: 12/16/1994 

Report: FR 2706216/A// 16 Dec 1994/13 pp. Int. Patent Code: 
G21f9/06/B01d21/26/B01d21/28/B04b5/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Decant Nuclear Products 



 

C-5207 

5200…..…..…………………..…….……..……ID Number…………………..…..…………….5200 

Author: Andersen, E. 

Title: Fossil Nuclear Reactors in Gabon 

Date: 1/1/1976 

Report: Fra Fysikkens Verden, 38, 3, 66-72 

Conference/Journal: Fra Fysikkens Verden (Norway) 

Conference Session:  

Abstract/Keyterms: The Oklo phenomenon is described and discussed. It is shown how the study of the 
fission products indicates that the effect level seems to have been about 15 kW over a period of about 600, 
000 years. The control mechanism is said to have been by thermal regulation of the water moderator 
proportion in the short term, while lanthanides in the mineral have acted as burnable poison for long term 
control. Study of the migration of the fission products is of interest for radioactive waste disposal, and it 
appears that, amongst others, Sr and Cs have migrated considerably. The possible existence of other 
phenomena of a similar nature is discussed, and, while it cannot be excluded, the possibility appears to be 
remote. 



 

C-5208 

5201…..…..…………………..…….……..……ID Number…………………..…..…………….5201 

Author: Mattera, Ch 

Title: Development and Experimental Testing of the New Safety-Criticality CRISTAL Package 

Date: 11/1/1998 

Report: FRCEA-TH-713 

Conference/Journal: These Physique et modelisation des systemes complexes/ 10 Nov 1998/ 208 pp 

Conference Session:  

Abstract/Keyterms: Thesis / French Nuclear Fuel Cycle / CRISTAL / CEA93 / APOLLO2, MORET4, 
TRIPOLI4 



 

C-5209 

5202…..…..…………………..…….……..……ID Number…………………..…..…………….5202 

Author: Foussard, J. F. J. 

Title: Structure and Means for Storing Nuclear Fuel Elements 

Date: 10/1/1984 

Report: French Patent 2544541/A// 19 Oct 1984/32 pp. Int. Patent Code: G21c19/40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron Absorbers / Fuel Elements / Swimming Pool Racks / Shipping Containers 



 

C-5210 

5203…..…..…………………..…….……..……ID Number…………………..…..…………….5203 

Author: Middleton, Peter / Smith, J. R. 

Title: Pulsed Column for a Solvent Extraction Process with Horizontal Perforated Plates Spaced by a 
Metallic Material Absorbing Neutrons for Reprocessing Spent Nuclear Fuels 

Date: 9/22/1978 

Report: French Patent, 7827243 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A pulsed column is used for solvent extraction processes. The column includes a 
vertical tube containing horizontal perforated plates vertically spaced separated by spacers made of a 
neutron absorbing metallic substance. This metallic substance absorbing the neutrons is stainless steel 
containing alloyed boron or stainless steel containing gadolinium, hafnium or hafnium alloys. 



 

C-5211 

5204…..…..…………………..…….……..……ID Number…………………..…..…………….5204 

Author: Becker, J. S. / Dietze, H. J. 

Title: Precise and Accurate Isotope Ratio Measurements by ICP-MS 

Date: 1/1/2000 

Report: Fresenius J. Anal. Chem, 368, 23 

Conference/Journal: Journal of Analytical Chemistry 

Conference Session:  

Abstract/Keyterms:  



 

C-5212 

5205…..…..…………………..…….……..……ID Number…………………..…..…………….5205 

Author: Marsault, Philippe 

Title: Contribution a la Qualification Experimentale de Methodes de Calculs des Stockages de 
Combustibles Vierges des Reacteurs de Type PWR 

Date: 12/1/1980 

Report: FRNC-TH-1044 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5213 

5206…..…..…………………..…….……..……ID Number…………………..…..…………….5206 

Author: Massoutie, M. 

Title: Calibration of Activation Detectors in a Monoenergetic Neutron Beam. Contribution to Criticality 
Dosimetry 

Date: 5/1/1981 

Report: FRNC-TH-1066 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activation detectors have been calibrated for critical dosimetry applications. 
Measurements are made using a monoenergetic neutron flux. 14 MeV neutrons obtained par (D-T) reaction 
are produced by 150 kV accelerator. Neutron flux determined by different methods leads us to obtain an 
accuracy better than 6%. The present dosimetric system (Activation Neutron Spectrometer-SNAC) gives 
few information in the (10 keV-2 MeV) energetic range. The system has been improved and modified so 
that SNAC detectors must be read out by gamma spectrometer. 



 

C-5214 

5207…..…..…………………..…….……..……ID Number…………………..…..…………….5207 

Author: Bioux, P. 

Title: Experimental Study of the Higher Isotopes of Plutonium in the Coupled Fast-Thermal Assembly 
Ermine 

Date: 1/1/1973 

Report: FRNC-TH-618 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The most important results so far of the plutonium isotopes programme carried out in 
Ermine are reviewed. The results were obtained on four networks these four networks was essentially based 
on the energy range of their nuclear reactions, wide enough to include the large reactor energy range, and 
yet realistic, with a neutron energy distribution in the 4 networks which is never very far from that 
encountered in a power reactor. The information relative to the high isotopes of plutonium which were 
obtained in these networks mostly came from networks, the study of the balance in the two media at 
k(infinite)=1, reactivity measurements on cell replacements and on various plutonium samples, carried out 
on the three plutonium fuel networks. 
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5208…..…..…………………..…….……..……ID Number…………………..…..…………….5208 

Author: Kikuchi, T. / Kubota, R. 

Title: Uranium-Oxide Graphite-Moderated Subcritical Experiments. Part II 

Date: 8/1/1963 

Report: Fuji Jiho (Japan); Vol: 36 

Conference/Journal: Fuji Jiho (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Buckling; Configuration; Critical Assemblies; 
Criticality; Diffusion; Epithermal Neutrons; Equations; Errors; Extrapolation Length; Fuel Elements; Fuels; 
Graphite Moderator; Measured Values; Multiplication Factors; Neutron Flux; Neutrons; Numericals; 
Reactor Core; Research Reactors; Resonance Escape Probability; Thermal Fission Factor; Thermal 
Neutrons; Thermal Utilization; Uranium Oxides; Zones 
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5209…..…..…………………..…….……..……ID Number…………………..…..…………….5209 

Author: Nagata, K. 

Title: Fast Reactor Critical Assembly for the Japan Atomic Energy Research Institute 

Date: 9/1/1966 

Report: Fuji Jiho, 39, 629-636 

Conference/Journal: Fuji Jiho (Japan) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Breeding; Design; Fast Neutrons; 
Japan; Research Reactors 
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5210…..…..…………………..…….……..……ID Number…………………..…..…………….5210 

Author: Ide, A. / Yoshida, N. / Isozaki, O. 

Title: Heavy-Water Critical Assembly 

Date: 4/1/1970 

Report: Fuji Jiho, 43, 397-406 

Conference/Journal: Fuji Jiho (Japan) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Critical Assemblies; Design; Heavy 
Water Moderator; Japan; Pressure; Tubes; Water Coolant 
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5211…..…..…………………..…….……..……ID Number…………………..…..…………….5211 

Author: Kirimura, Y. 

Title: Fuel heating equipment with Deuterium Critical Assembly 

Date: 9/10/1973 

Report: Fuji Jiho, 46, 797-802 

Conference/Journal: Fuji Jiho (Japan) 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; DCA Reactor- Heaters; Compressors; Control Equipment; Filters; Fuel Elements; 
Heat Exchangers; Helium; High Temperature; Planning; Reactor Experimental Facilities; Reactor 
Instrumentation; Temperature Control 
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5212…..…..…………………..…….……..……ID Number…………………..…..…………….5212 

Author: Yamaguchi, K. / Matsuno, K. / Kusudo, T. 

Title: Criticality Detection and Alarm System for Nuclear Fuel Facility 

Date: 6/1/1975 

Report: Fuji Jiho, 48, 6, 382-386 

Conference/Journal: Fuji Jiho (Japan) 

Conference Session:  

Abstract/Keyterms: A criticality detection and alarm system was delivered to Japan Atomic Energy 
Research Institute, and its design and the results of performance test are described. The system uses a plastic 
scintillator of DC type, so that the sensitivity to gamma-ray is high, and the protection against external noise 
is considerable. For the countermeasure to evade an erroneous alarm, criticality alarm is given by the logical 
signal of 2 out of 5, by using the redundant circuit with five channels. 
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5213…..…..…………………..…….……..……ID Number…………………..…..…………….5213 

Author: n.a. 

Title: Reactor Technology Programs 

Date: 10/31/1967 

Report: Fundamental Nuclear Energy Research, 1966. Washington, D. C., Atomic Energy Commission, 
1966, pp 225-324 

Conference/Journal: pp 225-324 of Fundamental Nuclear Energy Research, 1966. Washington, D. C., 
Atomic Energy Commission, 1966 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Absorption; Accelerators; Accidents; Activated 
Carbon; Aerosols; Air; Alloys; ASTR; Bearings; Beryllium; Bitumens; Boiling; Boron; Boron 11; Bubbles; 
Burnup; Ceramics; Cerium Alloys; Cesium; Chemical Reactions; Chromium Alloys; Chromium Steels; 
Cobalt Alloys; Combustion; Confinement; Control Systems; Convection; Coolant Loops; Corrosion; 
Creep; Critical Assemblies; Criticality; Cross Sections; Crystals; Decay; Defects; Design; Diffusion; 
Efficiency; Electricity; Electrodynamics; Energy; Enrichment; Exponential Piles; Fabrication; Fast 
Neutrons; Fission Products; Fluid Flow; Fuel Cans; Fuel Elements; Fuels; Gamma Radiation; Gases; 
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5214…..…..…………………..…….……..……ID Number…………………..…..…………….5214 

Author: Kim, Soon Sam / Schaefer, Robert W. 

Title: NIST Sphere Experiments for 235U, 239Pu, 238U, and 237Np Fission Rates 

Date: 9/30/2006 

Report: FUND-NIST-CF-MULT-FISS-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of neutron transport experiments was performed in 1989 and 1990 at NIST 
(National Institute of Standards and Technology), in Gaithersburg Maryland, using a spherical stainless 
steel container and fission chambers. A lightly encapsulated 252Cf neutron source was placed at the center 
of the spherical shell of stainless steel, and absolute fission rates of 235U, 239Pu, 238U, and 237Np deposits 
in fission chambers positioned outside the spherical container were measured. The measurements were 
performed for spherical containers of three different diameters; 3-in., 4-in. and 5-in., with and without water 
in the spherical container. Experiments performed with bare fission chambers are evaluated here, while 
those performed with cadmium-covered fission chambers are evaluated in FUND-NIST-CF-MULT-FISS-
002. These experiments were performed to help understand errors observed in criticality calculations for 
arrays of individually subcritical components, particularly solution arrays. They were supported by the U. 
S. Department of Energy, Environment and Health, Nuclear Criticality Technology and Safety Project. The 
intent was to evaluate the possibility that the criticality prediction errors stem from errors in the calculation 
of neutron leakage from individual components of the array. Thus, the explicit product of the experiments 
was the measurement of the leakage flux, as characterized by various Cd-shielded and unshielded fission 
rates. Because the various fission rates have different neutron-energy sensitivities, collectively they give an 
indication of the energy dependence of the leakage flux. Leakage and moderation were varied 
systematically through the use of different diameter spheres, with and without water. These are 
fundamental, diagnostic experiments, related to criticality but are not criticality measurements. Funding for 
these experiments ended before they could be documented thoroughly. Most of the measurements were 
analyzed and their results were reported. But these experiments are not as well documented as other similar 
experiments reported by the same group. One of the experimenters, David M. Gilliam, did his best to answer 
questions, and he provided access to his private files on these experiments. Collectively, this information 
is sufficient to allow a good assessment of the experiments. A total of 24 experiments are evaluated in this 
report. Experimental results were never published for four of these experiments. All of the others are judged 
to be acceptable as benchmark data. If the experimental results for the four missing cases become available, 
they would be acceptable benchmark data. 
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5215…..…..…………………..…….……..……ID Number…………………..…..…………….5215 

Author: Karni, Y. / Greenspan, E. 

Title: Minimum Thickness Blanket - Shield for Fusion Reactors 

Date: 1/1/1989 

Report: Fusion Eng. and Design, 63-69 

Conference/Journal: Fusion Eng. and Design 

Conference Session:  

Abstract/Keyterms:  
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5216…..…..…………………..…….……..……ID Number…………………..…..…………….5216 

Author: Offutt, W. J. 

Title: Relationship of Reflector Thicknesses Less Than 30 Centimeters to Critical Mass for the 300 
Megawatt P&WA Fireball Reactor 

Date: 12/1/1955 

Report: FXM-1447 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to decrease the over-all size and weight of the Fireball Reactor, a decrease in 
the size of the reflector was considered. The resulting change in critical mass was studied. A spherical 
mock-up of the PWAR was used for this study. Four cases involving four different reflector sizes were run 
on the IBM-701. A curve was plotted which showed that the per cent change in critical mass increased 
rapidly as the thickness of the reflector was decreased. 
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5217…..…..…………………..…….……..……ID Number…………………..…..…………….5217 

Author: Shapiro, D. / Wagner, E. 

Title: Analysis of Quiescent Liquid Fuel Reactor 

Date: 4/1/1957 

Report: FXM-2739 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The distinguishing characteristics of a quiescent liquid fuel reactor are discussed. In 
the reactor analysis, the heat exchange of the PWAR-1 was inserted into the core of the various nickel-
reflected mockups of FXM-2252. The critical mole% of UF4 in the fuel, the effects of control rods, 
permanent poisons buildup, and xenon and samarium buildups on reactivity were computed for various 
core outside radii and reflector outside radii, As the core volume increased and the reflector became thinner 
the mole% needed for criticality became smaller. The nickel reflector was replaced by lead, and studies 
were continued. Results are presented in graph form. 
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5218…..…..…………………..…….……..……ID Number…………………..…..…………….5218 

Author: Moy, T. S. 

Title: Effect of Varying the Fuel Element Dimensions on the Amount of Uranium and Stainless Steel in 
the Reactor 

Date: 4/28/1953 

Report: FXM-402 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of a study are presented concerning the uraniumstainless steel quantitative 
relations over a range of reactor fuel element dimensions for use in a critical experiment. Only the size and 
shape of the triangular channels were varied while other variables in the element were held constant. 
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5219…..…..…………………..…….……..……ID Number…………………..…..…………….5219 

Author: Lamarsh, J. R. / West, E. M. 

Title: Reactor Deadtimes 

Date: 4/30/1953 

Report: FXM-406 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The deadtime of a reactor following shutdown after each mission was calculated. The 
effect on the deadtime of keeping the reactor critical at low power level following a mission was also 
computed. The results are presented as a set of curves valid for any reactor, once its over-ride characteristics 
are known. The poison buildup after any mission is discussed. The distinction between deadtime and the 
time before which the reactor can be restarted is outlined. 
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5220…..…..…………………..…….……..……ID Number…………………..…..…………….5220 

Author: McWhirter, J. W. 

Title: Computer Codes for Reactor and Hazard Analyses at NARF 

Date: 3/1/1965 

Report: FZK-211; WL-TR-64-138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Programming; Radiation Doses; 
Reactor Safety; Reactors 
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5221…..…..…………………..…….……..……ID Number…………………..…..…………….5221 

Author: Couchman, J. C. 

Title: A Digital Computer Code for Reactor Hazards Analysis 

Date: 6/15/1959 

Report: FZM-1807 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Paper presented at the Summer Meeting of the American Nuclear Society, Gatlinburg, 
Tennessee, June 15-17, 1959. To facilitate reactor-hazards predictions, numerical operations were 
programmed for the IBM-704 digital computer. 
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5222…..…..…………………..…….……..……ID Number…………………..…..…………….5222 

Author: n. a. 

Title: Pulsed Nuclear Radiation Testing of Electronic Systems 

Date: 4/1/1957 

Report: FZM-715A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Borates; Borax; Economics; Electronic Equipment; Fast 
Neutrons; Gamma Radiation; Neutron Flux; Neutrons; Planning; Pulses; Radiation Sources; Reactors; 
Research Reactors; Sodium Compounds; Testing 
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5223…..…..…………………..…….……..……ID Number…………………..…..…………….5223 

Author: Kumpf, H. / Rindelhardt, U. 

Title: Recriticality Calculations for Uranium Dioxide-Water Systems with MCNP 

Date: 10/1/1998 

Report: FZR-238, 104-107 

Conference/Journal: Forschungszentrum Rossendorf, Institute of Safety Research. Annual report 1997., 
Oct 1998 

Conference Session:  

Abstract/Keyterms: Severe Accidents / Power Reactors / Fuel Mixtures 
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5224…..…..…………………..…….……..……ID Number…………………..…..…………….5224 

Author: Sargis, D. A. / Moore, R. . A. / Sharp, R. 

Title: Measurement and Analysis of Doppler Reactivities in the Thermionic Critical Experiment, Assembly 
No. 1 

Date: 1/1/1970 

Report: GA-10152 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Metals, 
Ceramics, & Other Materials-Metals & Alloys-Properties Evaluations; Metals, Ceramics, & Other 
Materials-Ceramics & Cermets-Properties Evaluations; Configuration; Critical Assemblies; Doppler 
Reactivity; Dysprosium Oxides; Niobium; Operation; Samarium Oxides; Tantalum; Thermionic Critical 
Facility; Tungsten; Uranium 238 
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5225…..…..…………………..…….……..……ID Number…………………..…..…………….5225 

Author: Young, J. C. / D'oultremont, P. / Borgonovi, G. M. / Rindfleisch, C. / Profio, A. E. 

Title: Fast Reactor Spectrum Measurements. Quarterly Progress Report for the Period Ending July 31, 
1970. 

Date: 1/1/1970 

Report: GA-10280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Critical 
Assemblies; Criticality; Errors; Exponential Piles; Fast Neutrons; Fast Reactors; Neutron Flux; Neutron 
Spectrometers; Performance; Radiation Detectors; Reactivity; Reactor Core; Scintillation Counters; 
Spectra; STSF Assembly; Testing 
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5226…..…..…………………..…….……..……ID Number…………………..…..…………….5226 

Author: n.a. 

Title: Maritime Gas-Cooled Reactor Program Quarterly Progress Report for the Period Ending March 31, 
1959 

Date: 10/31/1960 

Report: GA-1030 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Turbomachinery considerations indicated that it would be desirable to reduce the 
cycle pressure from 1,000 to 800 psia. The problem of determining the temperature distribution and the 
resulting thermal stress pattern within the graphite was considered. Preliminary designs for a heterogeneous 
fuel element and a semi homogeneous fuel element were developed. Utilization of the Hanford in- pile gas 
loop for fuel element testing is discussed. Two-group PDQ calculations were run to estimate control rod 
worth for the preliminary design core under cold, clean conditions. Curves of rod worth versus position 
were developed for the hot, clean and the cold, clean preliminary design core. A detailed lifetime calculation 
was made for the preliminary design heterogeneous core. Fuel cycle costs were estimated on the basis of 
the effect of B in the fuel elements. The schedule and facilities for the critical experiments are discussed in 
some detail. The speed of the main turbine shaft was tentatively set at about 12,200 rpm. The design and 
fabrication of a test stand to evaluate shaft seals and seal systems were completed and trial runs were made. 
The effects of minor heat transfer due to heat leakage, fluid flow, and thermodynamic phenomena on 
MGCR full-load cycle performance were studied. Operating characteristics of the heat exchanger test 
facility are described. A critical review was conducted on the desirability of using concentric ducts and 
valves. Block diagrams outlining reactor power level, outlet temperature, and plant inventory control are 
presented. Equations which permit the dynamic analysis of a closed-cycle gas-turbine plant were programed 
for a digital computer. Descriptions were prepared for fluid-mechanical systems. Several methods of 
purifying He in both storage bank and main loop were investigated. Investigations into the maximum 
operating temperatures of the various electrical equipment indicate that temperatures up to 140 deg F can 
be tolerated. Preliminary design work was carried out on an emergency cooldown system which uses a 
stored inert coolant. Work on the irradiation stability of fuel materials indicated that conversion from the 
monocarbide to the dicarbide can take place at 2,350 deg F in graphite bodies containing UC. Densities as 
high as 96.6% theoretical were obtained in alumina pellets sintered in H. Xenon released from irradiated 
UO2 granules was measured. Progress was made in the development of high-temperature x-ray-diffraction 
techniques. Tests were conducted to investigate the effects of coolant and impurities in the coolant on plant 
materials and the effects of gettering on inhibiting reactions. Economic studies were continued with the 
objective of determining the optimum size and power ranges for both nuclear and conventionally powered 
ships. (For preceding period see GA-744.) 
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5227…..…..…………………..…….……..……ID Number…………………..…..…………….5227 

Author: Amyot, L. R. / Goodjohn, A. J. / Levine, S. H. / McWhirter, A. D. / Stein, J. M. / Vieweg, H. A. 

Title: Safeguards Report for the MGCR Critical Experiment 

Date: 12/18/1959 

Report: GA-1100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is given of a critical facility for the Maritime Gas-cooled Reactor. The 
flexibility of the assembly design permits the use of either BeO or graphite as a moderator. Descriptions 
are given of the buildings, assembly, associated equipment, procedures, and planned experimental program. 
Salient features of the facility include large honeycomb aluminum assembly, a Met-L-Flex shock absorber, 
24-hr neutron monitoring, U235-activated BF3 fuses, and a specially designed fuel assembly which, in case 
of fuel melting, assumes a much less reactive configuration. A hazards analysis presented concerning the 
facility and test program, which offers evidence to show that operation of the facility will create no undue 
risk io the health and safety of the public or laboratory personnel. 
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5228…..…..…………………..…….……..……ID Number…………………..…..…………….5228 

Author: Levine, S. H. / Goodjohn, A. J. 

Title: Maritime Gas-Cooled Reactor Program. Safeguards Report for the MGCR Critical Experiment 

Date: 1/1/1960 

Report: GA-1100 (Suppl. 1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plans for critical experiments in the development of a beryllium oxide-moderated 
reactor (BOB.E) are discussed. The purpose of BORE is to demonstrate the feasibility of this type reactor. 
The existing MGCR critical facility will be used to perform the BORE critical experiments. A hazards 
analysis for the BORE critical experiments is presented which offers evidence that performance of these 
experiments will create no undue risk to personnel. 
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5229…..…..…………………..…….……..……ID Number…………………..…..…………….5229 

Author: McWhirter, A. D. / Levine, S. H. / Stein, J. M. 

Title: Maritime Gas-Cooled Reactor Program. Safeguards Report for the MGCR Critical Experiment 

Date: 12/1/1960 

Report: GA-1100 (Suppl. 2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plans for critical experiments in the development of a beryllium oxide-moderated 
reactor (BOB.E) are discussed. The purpose of BORE is to demonstrate the feasibility of this type reactor. 
The existing MGCR critical facility will be used to perform the BORE critical experiments. A hazards 
analysis for the BORE critical experiments is presented which offers evidence that performance of these 
experiments will create no undue risk to personnel. 
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5230…..…..…………………..…….……..……ID Number…………………..…..…………….5230 

Author: n. a. 

Title: Maritime Gas-Cooled Reactor Program Quarterly Progress Report for the Period Ending December 
31, 1959 

Date: 10/31/1961 

Report: GA-1195 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Air; Analog Systems; Control Elements; Coolant Loops; Fuel 
Elements; Gas Coolant; Gas Flow; High Temperature; MGCR; Pressure; Propulsion; Reactor Core; 
Reactors; Rods; Ships; Simulators; Stresses; Testing; Transport; Accidents; Air; Compressors; Computers; 
Coolants; Cooling; Excursions; Fluid Flow; Gas Coolant; Gas Flow; Helium; High Temperature; IBM 704; 
Leaks; MGCR; Pipes; Pressure; Programming; Propulsion; Reactivity; Reactor Core; Reactors; Ships; 
Stresses; Surfaces; Temperature; Valves; Compressors; Computers; Gas Coolant; Gases; Heat Transfer; 
IBM; MGCR; Oils; Pressure; Propulsion; Reactors; Sea; Seals; Ships; Temperature; Turbines; Aluminum; 
Beryllium Moderator; Beryllium Oxides; Computers; Criticality; Fuel Elements; Gas Coolant; Graphite 
Moderator; IBM 704; Lattices; Mechanical Structures; MGCR; Programming; Propulsion; Reactivity; 
Reactor Core; Reactors; Resonance Neutrons; Safety; Ships; Slowdown; Temperature; Aluminum Alloys; 
Carbon Monoxide; Chromium Alloys; Inconel Alloys; Nickel Alloys; Niobium Alloys; Titanium Alloys 



 

C-5238 

5231…..…..…………………..…….……..……ID Number…………………..…..…………….5231 

Author: n.a. 

Title: Maritime Gas-Cooled Reactor Program Quarterly Progress Report for the Period Ending March 31, 
1960 

Date: 10/31/1961 

Report: GA-1259 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor design activities continued with emphasis on fuel elements. Two fuel-
element concepts were chosen for development. Both were based on the concept of 19-rod clusters with 
spiral spacers. One is comprised of 1/4- in. diameter rods with pure UO2 fuel bodies whereas the other uses 
3/8-in.- diameter rods with UO2-BeO fuel bodies. A program is under way to develop methods for the 
fabrication of fuel rods. Two points receiving most attention are the method of attaching the spiral spacers 
and the creep shrink process for controlled collapse of the cladding on the fuel bodies. Tests are being 
carried out to determine the internal pressures that will cause bursting of the cladding tubes at various 
temperatures. A mock-up of a part of a semi-homogeneous graphite plate-type fuel element with nickel-
clad fuel rods was tested for approximately 1000 hr at a surface temperature of 1500 deg F. The initial 
visual examination showed no signs of damage. Tests are continuing on the heat-transfer characteristics of 
high-pressure helium in tube bundles. A study of the thermodynamic properties of helium at high pressures 
was completed. Studies were carried out to determine the particular arrangement that satisfies the 
requirements of accessibility, compactness, low-pressure loss in the ducting, and acceptable thermal stress. 
A method was developed for analysis of the dynamics of the MGCR power plant by digital computer. 
Calculations made to date indicate that the system is inherently stable. A start-up accident brought about 
by too much rod withdrawal was analyzed. It was found that the excursion could be terminated by insertion 
of the control rods at normal speeds. Analysis of a loss- of-coolant accident indicates that the fuel elements 
can lose heat to the moderator by radiation for approximately 1 hr before it is necessary to initiate 
emergency cooling measures to avoid dangerous temperatures on the fuel cladding. Reactor physics work 
included completion of a survey of the effect of the independent variables: core size, reflector material, 
void volume, and fuel enrichment on total power cost. Studies were made of the effect of core structure on 
power cost. The effects were calculated of four different metallic fuel-element shrouds and one alumina 
sleeve design. Calculated control-rod requirements indicate a need for control of 49% reactivity to cover 
the range of conditions from hot to cold and flooded. Flux contours were calculated in three different 
degrees of detail. By using combinations of these distributions, it is possible to obtain approximate flux at 
any point in the core. The generation of tritium by n, alpha reaction in the BeO moderator was calculated. 
Methods of calculating criticality are being checked against critical experiments at Livermore and the NTS 
"Hot Box," Materials work is continuing with development of techniques for fabrication of ceramic fuel 
bodies. Specimens of UO2Al2O3 bodies were irradiated to 9000 Mwd/t. Investigation is continuing to 
establish the best means of fabrication of beryllia shapes for the moderator and reflector. Tests are 
continuing to establish creep-rupture and fatigue strength of structural metals in high-temperature helium. 
(For preceding period see GA- 1195.) 
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5232…..…..…………………..…….……..……ID Number…………………..…..…………….5232 

Author: n.a. 

Title: Maritime Gas-Cooled Reactor Program Quarterly Progress Report for Period Ending, September 30, 
1960 

Date: 9/30/1960 

Report: GA-1738 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The feasibility was studied and a cost estimate prepared of an experimental reactor to 
determine the operating characteristics of beryllia- moderated, gas-cooled systems within a power limit of 
10 Mw(t). The heat energy produced by the experimental reactor is to be dissipated in a heat dump. No 
machinery for production of power was to be provided. Other requirements were that the reactor should be 
capable of testing core types different from the current MGCR design, and the system should permit use of 
gases other than helium. It was further directed that the reactor should be designated BORE for Beryllium- 
Oxide Reactor Experiment. Reactor development work was mainly in connection with the BORE 
preliminary design. It was established that the most important information which could be provided by a 
10 Mw(t) reactor experiment would be on performance of fuel elements and moderator bodies. This 
required that the experiment duplicate the power density in the fuel and moderator that would exist in the 
full size reactor and made it advisable to use full length fuel elements. This resulted in an unconventionally 
shaped core which is roughly cylindrical with the length more than twice its mean diameter. Studies 
continued on performance of fuel elements, and methods were developed for calculation of thermal stress 
in BeO-moderated modules. These studies are equally applicable to the MGCR prototype and BORE. A 
thermal analysis of the MGCR pressure vessel and thermal shields was performed and means of externally 
cooling the vessel were studied. Some of the components of the experimental control rod drive mechanism 
were received. Endurance tests of a ball-nut lead screw in hot helium continued. Heat exchanger tests were 
resumed after an interruption due to leaks in the tube to tubesheet joints in the test unit. Plant control studies 
were continued with analyses of the system dynamics with a turbomachinery configuration in which the 
high pressure turbine provides the output power. This arrangement was found to be more sensitive than the 
low-pressure drive system. Turbomachinery component tests are providing stage performance data. The 
seal and bearing test rig was completed and tests were begun. Physics calculations were made for the BORE 
design. Basic physics information on Fermi age and neutron thermalization in BeO was provided during 
the quarter by experiments in the linear accelerator. Materials work continued with further investigations 
of the effect of additives on properties of UC2--BeO diluted fuel bodies. Hot cell examination of the MTR-
31-3 fuel capsule indicated no significant dimensional changes after burnups from 30,000 to 45,000 Mwd/T. 
An experiment to determine irradiation effects on BeO was inserted in GETR during September. Work was 
started on development of high density BeO bodies. Structural materials research continued with 
completion of a second series of self-welding tests of different metal pairs in high temperature helium. A 
series of galling tests and a series of creep rupture tests of weld specimens in SA302-B steel were 
completed. Work on site development included establishing requirements of the BORE for buildings, 
auxiliary facilities, and utilities. 
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5233…..…..…………………..…….……..……ID Number…………………..…..…………….5233 

Author: n.a. 

Title: 40-Mw(E) Prototype High-Temperature Gas-Cooled Reactor Research and Development Program. 
Quarterly Progress Report for the Period Ending September 30, 1960 

Date: 4/1/1961 

Report: GA-1774 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The more important developments in the HTGR program during this quarter are 
summarized. The materials program continued to emphasize work on the development of the all-graphite 
fuel element. Trial fuel compacts were fabricated for use in the irradiation testing program. Some test 
compacts were made using as starting material fuel particles of uranium-thorium carbide coated with 
pyrolytic carbon. Such fuel compacts were found to have good resistance to attack by moist air at 
temperatures of approximately 50 deg C. Tracer experiments were carried out to measure the holdup time 
for Xe/sup 1//sup 3//sup 3/ at elevated temperatures in such compacts made from coated fuel particles. 
These experiments indicate that in the unirradiated condition, these compacts will hold up Xe/sup 1//sup 
3//sup 3/ For much longer times than uncoated test compacts which have previously been prepared in our 
program. Experiments are being initiated to study the holdup in heavily irradiated fuel compacts. A 
continuing effort is being made to develop an impregnation process to make low-permeability graphite. 
Some success has been attained in producing small samples with permeabilities as low as 10/sup -//sup 6/ 
cm/sup 2//sec. Test pieces are now being impregnated which have the full 3 1/2-in. fuel element diameter. 
The investigation of the possible migration of U and Th within the fuel compacts at high temperatures has 
received continued study. Results to date indicate that the phenomenon may be more complicated than was 
previously supposed. These experiments indicate that the diffusion coefficient of Th and U in graphite is 
approximately 2 x 10/sup -//sup 9/ cm/sup 2//sec at 1950 deg C. Construction of the inpile loop was 
approximately 80% complete at the end of this quarterly period. Good progress was made on the nuclear 
calculations necessary for the reactor core design. Specifications for the two-dimensional burnup code were 
completed and programming work is in progress. Calculations on the gamma-ray heating and fast-neutron 
doses in the pressure vessel were completed. Construction on the half scale model of the reactor core and 
pressure vessel is well along and delivery of the model is expected in November, 1960. The instrumentation, 
the circulator, and all of the coolant ducts were completed. The critical facility achieved initial criticality. 
Measurements were carried out to determine the worth of the HTGR mockup control rods. The worth of 
two different rods having different boron concentration was determined in terms of distributed boron 
poison. The results obtained to date show that the worth of the reference-design HTGR control rod in its 
own cell of influence is approximately 20%. 
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5234…..…..…………………..…….……..……ID Number…………………..…..…………….5234 

Author: n.a. 

Title: Maritime Gas-Cooled Reactor Program Quarterly Progress Report for the Period Ending December 
31, 1960 

Date: 10/31/1962 

Report: GA-1954 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in the MGCR project incorporating the development of the Beryllium Oxide 
Reactor Experiment is described. Reactor development, fluid systems and plant arrangement, rotating 
machinery, reactor physics, materials development, and site development are discussed. 
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5235…..…..…………………..…….……..……ID Number…………………..…..…………….5235 

Author: Beyster, J. R. 

Title: Neutron Thermalization Measurements Using an Electron-Linear Accelerator 

Date: 4/1/1962 

Report: GA-2510; Neutron Physics, 215 

Conference/Journal: Academic Press, Inc. N.Y.1962 

Conference Session:  

Abstract/Keyterms: Discussions are presented concerning integral experiments primarily on water and 
graphite systems. A description of experimental facilities is included along with details of die-away 
experiments, infinite-medium spectrum measurements, spatially dependent spectrum measurements, 
spectrum measurements for graphite systems, and development of a subcritical assembly program. 
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5236…..…..…………………..…….……..……ID Number…………………..…..…………….5236 

Author: Nordheim, L. W. 

Title: A Program of Research and Calculations of Resonance Absorption. Final Report 

Date: 8/28/1961 

Report: GA-2527 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A direct numerical integration of the integral equation for the average collision 
density in the absorber was previously suggested in a discussion of resonance absorption. The 
implementation of this program is considered. The method of calculation, comparison with experimental 
data, and the computer code developed are described. The method of integration, computation of cross 
sections, selection of mesh size, integration interval, outside correction, the Dancoff correction, and 
unresolved resonances are discussed. Resonance integrals for U235/ and Th2/sup >/s3>s/sup 2/ were 
calculated and compared with experiment. 
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Author: Sampson, J. B. 

Title: Analysis of Activation Measurements of Th232 Resonance Captures in the Peach Bottom (40-Mw(E) 
Prototype HTGR) Critical Assembly 

Date: 9/14/1962 

Report: GA-3069 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of thorium resonance-capture activations relative to those of Au/sup 
197/, which were made in the Peach Bottom (HTGR) critical assembly, are analyzed and compared with 
thorium resonance activations calculated from tabulated values of the resonance parameters. The new 
vanadium-subtraction method that was applied is shown to measure thorium resonance captures relative to 
those of Au/sup 197/ to within several per cent in this geometry. The measurements show that the lowest 
several resonances of thorium capture less strongly than would be predicted by the listed parameters. This 
reduced capture is such that the thin-limit, epicadmium 1/E-spectrum resonance integral is about 84 b 
instead of the 96 b predicted by listed parameters; the thorium resonance captures for the critical assembly 
are about 6% less. The approximations currently used in calculating resonance captures in annular lattices 
probably underestimate captures by several per cent. The 300 deg K resonance-capture rate of ThO2 in the 
annulus is indicated to be several per cent larger than that of metallic thorium, presumably because of a 
solid-state effect. 
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Author: n.a. 

Title: Experimental Beryllium Oxide Reactor Program. Quarterly Progress Report for the Period Ending 
June 30, 1962 

Date: 7/26/1962 

Report: GA-3307 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Attention is given to developmental activities, physics calculations, critical-assembly 
studies, component development and testing, and materials development and testing. 
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Author: Brown, J. R. / Sampson, J. B. 

Title: Measured Doppler Coefficient of Thorium Dispersed in Graphite 

Date: 2/1/1963 

Report: GA-3422 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Doppler coefficient in thorium dispersed in graphite was measured in a reactor 
spectrum developed in the HTGR critical assembly, using a reactivity technique that compares the reactivity 
of a single cold element and a single hot element heated to 700 deg K. The considerable correction due to 
the small perturbation in neutron temperature resulting from the heating has been experimentally 
determined by auxiliary measurements. An activation technique has been used to check the results. In this 
activation technique, the thermal-base effect has also been experimentally subtracted by measuring the 1/v 
component of the captures at each temperature in vanadium. Measurements of the Doppler coefficient 
obtained by these two different techniques agree to within 10%. This agreement, demonstrated by applying 
both techniques for the first time in the same laboratory, shows that the previously reported spread of results 
and apparent disagreement between results of these two techniques are avoidable. The average Doppler 
coefficient for the temperature interval from 300 to 700 deg K, for a carbon-to-thorium ratio of about 50 in 
the thorium-bearing region, was measured to be 3.6 x 10/sup -4// deg C to within about 10% uncertainty. 
The measured results are in satisfactory agreement with calculated values 
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Author: Sampson, J. B. 

Title: Description of Peach Bottom HTGR Critical Assembly Loading with Central Exact Region 

Date: 10/25/1962 

Report: GA-3539 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Peach Bottom 40-Mw(e) HTGR critical assembly built to simulate in a small 
region the neutron events of the large power reactor is described along with loading techniques. The critical 
assembly is built of separable halves and controlled by vertical safety rods and a horizontal control rod in 
each half. The loading closely simulates, at the center, the correct geometry and neutron spectrum of the 
power reactor. The design, characteristics, composition, and operation of the critical assembly are described 
and discussed. ( 
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Author: Brown, J. R. / Drake, M. K. / Van Howe, K. R. 

Title: Correlation of Calculations and Experimental Measurements Made Using a Partial Core Mockup 
(Critical Assembly) of the Peach Bottom HTGR 

Date: 3/5/1963 

Report: GA-3799 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The development of calculational and analytical techniques and input data for 
specification of Peach Bottom HTGR core loading is discussed. Results obtained from experimental 
measurements made in the critical assembly constructed to test these techniques are included and compared 
with results obtained by the calculational methods. 
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Author: van Lint, V. A. J. / Harrity, J. W. / Horiye, H. / Kurnick, S. W. / Nichols, D. K. / Snowden, D. P. 
/ Wikner, E. G. / Wyatt, M. E. Jr. 

Title: Radiation Effects on Silicon Solar Cells. Final Report, December 1, 1961- December 31, 1962 

Date: 2/15/1963 

Report: GA-3872 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed to study the defects introduced into Si by high energy 
(approximates 30 Mev) electron irradiation. These defects are expected to be similar to those produced by 
high-energy protons. The diagnostic tools used include measurements of Galvano-magnetic coefficients, 
excess carrier lifetime, electron-spin resonance, and infrared absorption. The results indicate that the A 
center in quartz-crucible-grown Si is not the primary excess-carrier recombination center. Instead, 
recombination in quartz-crucible-grown and floating-zone refined Si appears to be dominated by the same 
center. This center exhibits a strong dependence of the excess-carrier lifetime on excess-carrier density, 
with increasing lifetime at higher densities. The temperature dependence of the excess carrier lifetime 
appears to indicate an ionization energy of approximately 0.12 ev, and this same level is seen in the Galvano 
magnetic measurements. However, this activation energy may not be real, since there is a strong 
temperature dependence associated with the recombination cross sections. A variety of other energy levels 
were identified by the Galvano magnetic measurements and the rates of introduction of defects were 
measured. 
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Author: Brown, J. R. / Russell, J. L. 

Title: Hazards Summary Report for the Metal Assembly 

Date: 8/15/1963 

Report: GA-4488 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plans for short-term use of a bare assembly of HEU metal from Oak Ridge, to be 
pulsed by accelerator-produced neutrons. Purpose is to design a similar metal assembly for the GA 
accelerator to testing of transient radiation effects on electronics. 
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Author: n.a. 

Title: 40-Mw(E) Prototype High-Temperature Gas-Cooled Reactor Research and Development Program. 
Quarterly Progress Report for the Period Ending June 30, 1963 

Date: 10/31/1964 

Report: GA-4786 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum Alloys; Cesium Iodides; Chromium Alloys; 
Corrosion; Critical Assemblies; Criticality; Equations; Fission Products; Fuel Elements; Gas Coolant; 
Helium; High Temperature; HTGR; Inspection; Instruments; Iodine; Losses; Nickel Alloys; Niobium 
Alloys; Power Plants; Reactivity; Reactor Core; Reactors; Reflectors; Remote Handling; Seals; Silver 
Iodides; Startup; Testing; Titanium Alloys; Tools; Transport Theory 
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Author: Brown, J. R. 

Title: Measurements of Subcritical Reactivity Using a Pulsed-Neutron Source 

Date: 1/15/1964 

Report: GA-4838; CONF-187-68 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pulsed neutron source measurements were made for a series of subcritical to critical 
loadings on a bare U235 water assembly in slab geometry. For each loading, the assembly was repetitively 
pulsed, and the time distribution of thermal neutrons in the core was recorded on time analyzers. From these 
data, the reciprocal die-away time ( alpha), the delayed neutron background, and the reactivity of the system 
were determined. Measurements at various positions in the assembly verified that spatial modes do not 
affect the reactivity determination. 
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Author: Russell, J. L. Jr. / Brown, J. R. / Herring, D. F. / Kazi, H. A. / et al. 

Title: Feasibility Study of the Accelerator Pulsed Fast Assembly Technical Summary Report October 1, 
1962 through September 30, 1963 

Date: 12/31/1963 

Report: GA-4873 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Similar to GA-4488 except the primary focus is on the final GA assembly (which 
would likely be a 233U metal assembly). 
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Author: n. a. 

Title: Advanced Beryllium Oxide Concepts. Progress Report, October 1-December 31, 1963 

Date: 1/29/1964 

Report: GA-4966 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Aluminum Alloys; 
Aluminum Oxides; Beryllium Oxides; Chromium Alloys; Cobalt Alloys; Configuration; Cooling; Cross 
Sections; Diffusion; Dispersions; Distribution; Ebor; Economics; Fission Products; Fissionable Materials; 
Fuel Cans; Fuel Elements; Fuels; Gases; Grain Size; Graphite; Hastelloy; Incoloy; Inconel Alloys; Iron 
Alloys; Magnesium Oxides; Measured Values; Mixing; Moderators; Molybdenum Alloys; Nickel Alloys; 
Niobium Alloys; Oxides; Planning; Plutonium 240; Quantity Ratio; Radiation Effects; Radiations; 
Reactivity; Reactors; Resonance; Stainless Steels; Targets; Temperature; Testing; Thermal Stresses; 
Thorium Oxides; Titanium Alloys 
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Author: n. a. 

Title: Technical Feasibility Report for the KAPL West Milton Area Reactor 

Date: 1/1/1965 

Report: GA-5846 (Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This feasibility report is presented under the following topics: objectives of the 
program; description of reactor system; criticality considerations; nuclear components--design, materials, 
fabrication, assembly, and testing; reactor structure; reactor controls; liquid metal heat transfer systems; 
power conversion; loading, transfer and storage facilities; shielding; processing fuel and breeder rods; 
experimental program and facilities; servicing reactor components; special waste handling facilities: and 
plan for reactor operation. 
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Author: n. a. 

Title: Tungsten Nuclear Rocket Critical Facility: Description and Hazards Analysis 

Date: 1/1/1965 

Report: GA-5846 Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Accidents; Analysis; Critical Assemblies; 
Criticality; Failures; Measurement; Numericals; Reactor Safety; Rockets; Seismology; Testing 
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Author: n.a. 

Title: Target. A Program for a 1000-Mw(E) High-Temperature Gas-Cooled Reactor. Quarterly Progress 
Report for the Period Ending November 30, 1964 

Date: 12/31/1964 

Report: GA-5866 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Adsorption; Beryllium 
Oxides; Breeding; Burnup; Capsules; Coating; Concretes; Criticality; Fission Products; Fuel Elements; Gas 
Coolant; Graphite; Heat Transfer; Helium; High Temperature; Irradiation; Particles; Planning; Power; 
Pressure; Pressure Vessels; Reactor Core; Reactors; Stresses; Temperature; Testing; Thermal Insulation; 
Transport 
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Author: n.a. 

Title: 40-Mw(E) Prototype High-Temperature Gas-Cooled Reactor Postconstruction Research and 
Development Program. Summary Progress Report for the Period Ending, October 1964 

Date: 12/15/1964 

Report: GA-5924 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Absorption; Control 
Elements; Criticality; Cross Sections; Distribution; Efficiency; Gas Coolant; High Temperature; HTGR; 
Measured Values; Neutrons; Planning; Poisoning; Power; Reactivity; Reactor Core; Reactors; Rods; 
Startup 
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Author: Beyster, J. R. / Russell, J. L. 

Title: Repetitively Pulsed Accelerator Boosters 

Date: 2/15/1965 

Report: GA-6168; CONF-650217-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Accelerators; Criticality; 
Efficiency; Electron Beams; Fast Neutrons; Neutron Flux; Neutron Sources; Nuclear Reactions; Planning; 
Pulses; Reactor Core; Thermal Neutrons 
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Author: Scalettar, R. 

Title: An Adiabatic Treatment of the Xenon Problem 

Date: 4/1/1965 

Report: GA-6283; CONF-650413-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Adiabatic Approximation; Arizona; 
Conference; Configuration; Mechanics; Numericals; Reactivity; Reactors; Thermodynamics; Transients; 
USA; Variations; Xenon 
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Author: Dybs, M. W. / Pomraning, G. C. 

Title: Effective Thermal Neutron Cross Sections for Materials with Grain Structure 

Date: 5/27/1965 

Report: GA-6286 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Beryllium Oxides; Cermets; 
Cross Sections; Diagrams; Differential Equations; Dispersions; Equations; Fuel Elements; Grain Size; 
Integrals; Lattices; Mathematics; Measured Values; Mixing; Neutrons; Numericals; Plutonium; Scattering; 
Tables; Thermal Neutrons 
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Author: Fenech, H. / Goodjohn, A. / Pomraning, G. C. 

Title: A Survey of Several Methods for Computing Cell Cross Sections 

Date: 6/16/1965 

Report: GA-6462 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Cross Sections; Diagrams; 
Differential Equations; Distribution; Energy; Equations; Integrals; Mathematics; Neutron Flux; Neutrons; 
Numericals; Reactors; Space; Tables 
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Author: Dorsey, J. P. 

Title: GAMBLE-4. A Program for the Solution of the Multigroup Neutron-Diffusion Equations in Two 
Dimensions, with Arbitrary Group Scattering, for the IBM-7044 Fortran IV System 

Date: 7/1/1965 

Report: GA-6540 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Diffusion; Equations; 
FORTRAN; IBM 7044; Neutrons; Numericals; Programming; Reactors 
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Author: Todt, F. 

Title: Reload Fever-A One-Dimensional Few-Group Depletion Program for Reactor Fuel Cycle Analysis 

Date: 9/28/1965 

Report: GA-6612 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Depletion; Diffusion; 
Digital Systems; Distribution; FORTRAN; Fuels; IBM 7044; Irradiation; Multiplication Factors; Neutron 
Flux; Neutrons; Power; Programming; Reactivity; Reactors 
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Author: Peak, J. C. / Lovallo, J. M. 

Title: Precritical Calculations for the 2.9 In. Pitch, TWMR Critical Assembly 

Date: 8/1/1965 

Report: GA-6633; NASA-CR-54644; NASA-CR-54644 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Criticality; Errors; Fast 
Neutrons; Multiplication Factors; Neutron Flux; Propulsion; Reactivity; Reactors; Reflectors; Rockets; 
Spectra; Thermal Neutrons; Tungsten; Water Moderator; Zones 
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Author: Todt, F. W. 

Title: TEMCO-A Fortran Program for Computing Temperature Coefficients 

Date: 12/28/1965 

Report: GA-6734 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Cross Sections; Diffusion; 
Digital Systems; FORTRAN; IBM 7044; Neutrons; Programming; Quantitative Analysis; Reactivity; 
Reactors; Resonance Escape Probability; Temperature; Temperature Coefficient; Thermal Utilization 
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Author: Peak, J. C. / Lovallo, J. M. 

Title: Precritical Calculations for the 3.0 In. Pitch, Beryllium Reflected, TWMR Critical Assembly 

Date: 11/8/1965 

Report: GA-6807; NASA-CR-54786; NASA-CR-54786 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space 
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Author: Neill, J. M. / Young, J. C. 

Title: The Role of Thermal Spectrum Measurements in Reactor Design 

Date: 1/14/1966 

Report: GA-6901 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Beryllium Moderator; Errors; Graphite 
Moderator; Measured Values; Moderators; Nuclear Models; Planning; Reactors; Scattering; Spectra; 
Thermal Neutrons 



 

C-5269 

5262…..…..…………………..…….……..……ID Number…………………..…..…………….5262 

Author: West, G. B. 

Title: The Influence of Thermalization Models on the Reactivity and Temperature Coefficient of Zirconium 
Hydride Reactors 

Date: 10/31/1966 

Report: GA-6930; App. B; GA-6847 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Hydrogen; Moderators; Neutrons; Nuclear 
Models; Reactivity; Reactors; Slowdown; Temperature; Temperature Coefficient; TRIGA Series; Water 
Moderator; Zirconium Hydrides 
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Author: Van Konynenburg, R. A. 

Title: Gamma and Neutron Dose Measurements for a Thermal Tungsten Nuclear Rocket Critical 
Experiment 

Date: 10/31/1967 

Report: GA-6942; NASA-CR-72081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors-Safety; Criticality; Distribution; Fuel Elements; Gamma 
Radiation; Measurement; Neutron Flux; Neutrons; Reactor Core; Reactors; Rockets; Water Moderator 
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Author: n.a. 

Title: Public Service Company of Colorado 330-Mw(E) High-Temperature Gas-Cooled Reactor Research 
and Development Program. Quarterly Progress Report for the Period Ending December 31, 1965 

Date: 1/1/1966 

Report: GA-6950 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Absorption; Adsorption; Analysis; Boiling; Carbides; 
Carbon; Cesium; Cleaning; Coating; Compressors; Concretes; Configuration; Contraction; Control 
Elements; Coolants; Cooling; Criticality; Deformation; Design; Determination; Diffusion; Distribution; 
Dusts; Economics; Fabrication; Fast Neutrons; Fission Products; fort St. Vrain Reactor; FREVAP 2-Code; 
Fuel Cycle; Fuel Elements; Fuels; Gas Coolant; Gases; Graphite; Group Theory; Heat Transfer; Helium; 
High Temperature; Impurities; Irradiation; Liquid Flow; Loading; Mechanical Properties; Metals; Mixing; 
Mockup; Motors; Numericals; Openings; Operation; Orifices; Particles; Pebble Bed; Performance 
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Author: Russell, J. L. Jr. / Profio, A. E. 

Title: Adequacy of Fast and Intermediate Cross Section Data from Measurement of Neutron Spectra in 
Bulk Media 

Date: 4/27/1966 

Report: GA-7059; CONF-660303-45 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Beyster, J. R. / Neill, J. M. 

Title: The Influence of Neutron Cross Sections on Thermal Reactor Spectra 

Date: 4/1/1966 

Report: GA-7072; CONF-660303-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Dyos, M. W. 

Title: Calculation of Resonance Absorption in Doubly Heterogeneous Media 

Date: 4/1/1966 

Report: GA-7077 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Profio, A. E. / Antunez, H. M. / Crosbie, K. L. / Russell, J. L. Jr. 

Title: Time-Of-Flight Measurement of the Neutron Spectrum from a Spherical 235U Fast Reactor 

Date: 10/31/1966 

Report: GA-7091; (App.C) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Crosbie, K. L. / Russell, J. L. 

Title: Hazards Summary Report for APFA-III 

Date: 4/7/1966 

Report: GA-7102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Atomic, division of General Dynamics Corporation, has tested a complete 
prototype accelerator pulsed fast assembly (APFA-I) to verify the methods and theory to be used in 
designing an APFA facility. the assembly unit and the fuel were provided by Oak Ridge National 
Laboratory and the system was tested in the critical cell of the high temperature gas-cooled reactor. The 
General Atomic linear accelerator facility (LINAC) and the critical facility are described in the hazards 
summary report for the metal assembly (GA-4488). APFA-III is the Kukla prompt critical assembly from 
Lawrence Radiation Laboratory at Livermore, California modified to operate as an accelerator pulsed fast 
assembly. The modification is in the method and amount of excess reactivity added to the system. In Kukla 
operations reactivity was added rapidly by means of an air ram to bring the system above prompt critical. 
For APFA-III the reactivity is added slowly by means of a mechanical drive mechanism to bring the system 
less than prompt critical. The purpose of this document is to provide the information necessary to obtain 
authorization to install and operate APFA-III in the areas referred to below and to show that such operation 
will not create undue risk to the health and safety of personnel or damage to the facility. Much of the 
descriptive material provided in this document concerning the reactor was extracted from Lawrence 
Radiation Laboratory Report UCRL-6105. 
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Author: Bardes, R. G. / Bohren, C. F. / Cohen, S. C. / Peak, J. C. 

Title: Tungsten Nuclear Rocket. Phase II, Final Report. Part I 

Date: 1/1/1966 

Report: GA-7190; NASA-CR-54986 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors-Kinetics & Dynamics; Aluminum Alloys; Beryllium; 
Critical Assemblies; Criticality; Design; Foils; Fuel Elements; Fuels; Reactivity; Reactors; Reflectors; 
Rockets; TWMR; Uranium Alloys; Water Moderator 
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Author: Profio, A. E. / Phelps, P. L. / Riggs, J. W. / Young, J. C. 

Title: Design and Efficiency Calibration of the 5-cm and 14-cm Fast Neutron Detectors 

Date: 12/1/1966 

Report: GA-7483 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n. a. 

Title: Experimental Beryllium Oxide Reactor Program. Quarterly Progress Report, September 30, 1966—
December 31, 1966 

Date: 1/1/1967 

Report: GA-7485 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5280 

5273…..…..…………………..…….……..……ID Number…………………..…..…………….5273 

Author: Archibald, R. J. / Mathews, D. R. 

Title: The GAF/GAR/GAND Fast Reactor Cross Section Preparation System. Volume I. Gafgar: A 
Program for the Calculation of Neutron Spectra and Group-Averaged Cross Sections 

Date: 1/1/1968 

Report: GA-7542(Vol.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Computers; Criticality; Digital Systems; 
Equations; Fast Neutrons; FORTRAN; GAFGAR-Code; Mathematics; Neutron Flux; Programming; 
Reactivity; Reactors; UNIVAC 
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Author: Trimble, G. C. / Gozani, T. / Neill, J. M. / Orphan, V. / Preskitt, C. A. 

Title: Lattice Physics Studies. Quarterly Progress Report for the Period Ending March 31, 1967 

Date: 4/11/1967 

Report: GA-7934 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Activation; Aluminum; Boron; Carbides; 
Configuration; Disadvantage Factors; Efficiency; Erbium Nitrates; Foils; Fuel Elements; High 
Temperature; Lead; Measurement; Multiplication Factors; Neutron Flux; Neutrons; Pressure; Reactivity; 
Reactor Core; Safety; Spectra; Testing; Vessels; Zones 
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Title: Physics Performance of the Peach Bottom HTGR 
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Report: GA-8117; CONF-670713-6 
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Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Control; Criticality; 
Distribution; HTGR; Measurement; Neutron Sources; Neutrons; Performance; Pulses; Reactivity; 
Reactors; Rods; Startup 
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Title: Fast Reactor Spectrum Measurements. Quarterly Progress Report for the Period Ending July 31, 1967 

Date: 1/1/1967 
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Title: Studies in Uranium-235 
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Report: GA-8280, 135-145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Spectrum measurements have been made this year in a bare near-critical, enriched 
uranium-235 spherical reactor (APFA-III). The measurements were made at the various positions shown in 
the figure by inserting slugs of uranium-235 into the through hole. The reactor was brought to near critical 
by insertion of the safety block and removal of the control and reactivity rods. This configuration was 
maintained throughout the studies so that the reactivity level changed as the slugs were inserted as indicated 
by the k(eff) table. 
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Conference/Journal: IEEE Thermionic Conversion Specialist Conference, Framingham, Mass 

Conference Session:  

Abstract/Keyterms: The objective of the thermionic critical experiment is to compare integral neutronic 
data from a series of critical assemblies with detailed neutronic calculations and to check analytical methods 
and cross section data used in the core design of thermionic space power reactors. An orderly progression 
of assemblies ranging from the very simple in composition and configuration to actual zero-power mockups 
of thermionic reactors is planned. The early experiments will feature bare, homogeneous assemblies which 
will provide clean integral data concerning the cross sections of thermionic materials. The integral data will 
be augmented by differential neutron spectrum measurements by the pulsed source, time-of-flight method. 
Assembly No. 1, a bare, neutronically homogeneous mixture of fully enriched uranium and polyethylene, 
was taken critical on May 10, 1968. The composition was chosen to provide a reasonably clean neutronic 
simulation of the neutron spectrum for a thermionic reactor core reflected with beryllium oxide. 
Measurements completed to date include critical mass, sub-critical neutron spectrum, and central reactivity 
worths of thermionic reactor materials. The results of these initial experiments are compared with analysis. 
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Abstract/Keyterms: A study of the fast critical reactor ZPR-3 Assembly 48 has been performed using 
ENDF/B cross sections. Minor alterations of the ENDF/B data were made to conform with the format 
requirements of the cross section preparation programs. A comparison was made of experimental and 
calculated results for various integral quantities, including central reactivity worths, fission and capture 
ratios, and Doppler and sodium-void coefficients. The comparison indicated some possible areas of 
uncertainty in the basic cross section data. Real and adjoint neutron spectra were also computed for 
comparison with calculated and measured results. The study was performed primarily to test the unmodified 
ENDF/B data file in cooperation with the cross section evaluation working group's evaluation program. For 
this reason modifications to the ENDF/B data were limited to minor alterations and energy range 
corrections. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron spectrum for a subcritical section of the Thermionic Critical Experiment, 
Assembly No. 1, was measured by the pulsed source, time-of-flight method. The measurement was 
performed in a calculable slab configuration so that the results would be directly applicable to the critical 
assembly. The measured spectrum was compared with multigroup transport calculations based upon various 
cross section data sets and cross section treatments. The results demonstrate the need for consideration of 
unresolved resonance self-shielding in uranium-235, and suggest that the uranium-235 absorption cross 
section data may be slightly high at low energies (100 eV (less than) E (less than) 2 keV). 
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Conference/Journal:  
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Abstract/Keyterms: This program, is designed to develop experimental techniques and to provide data on 
fast neutron spectra for the verification of calculational techniques and basic data employed in the design 
of fast breeder reactors. The principal facility used in this program is the subcritical time-of-flight spectrum 
facility (STSF) constructed at the initiation of the program. The STSF is a split-bed, fast reactor assembly 
machine with a geometry essentially identical to the ZPR reactors operated by the Argonne National 
Laboratory. It is licensed for loadings within 10 dollars of critical and containing up to 600 kg of uranium-
235. For time-of-flight measurements the STSF is pulsed by the Gulf General Atomic electron linear 
accelerator (LINAC) and is viewed by an evacuated flight path with detector stations at distances of 
approximately 215, 113, and 45 meters. To date, four assemblies have been studied in the STSF. These 
consisted of loadings from about 60 kg, for the first two assemblies, up to about 400 kg for the other two. 
The larger assemblies were zoned systems with the central region having a composition typical of a dilute 
uranium-dioxide-fueled LMFBR. The first large assembly contained sodium, while the second was 
identical in composition except that the sodium was removed. 
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Abstract/Keyterms: This quarterly progress report describes the work performed on the program of fast 
reactor spectrum measurements. We have started work on the reactor assembly, STSF-2, which is similar 
to assembly 17 of ZPR-3. The assembly has been loaded and a detailed experimental program has been 
planned. Part of this program will include studies to explain small anomalies in experimental data from 
previous assemblies, and to understand, in particular, possible effects due to source anisotropy and re-
entrant hole perturbation. Experiments are also planned in STSF-2 for two-parameter data taking with a 
proton recoil liquid scintillator to unfold the spectrum at high neutron energies where the emission times 
have comparable magnitude to the flight times. To prepare for these experiments, calculations have been 
performed to determine the number of counts necessary to obtain satisfactory results after unfolding and to 
determine the energy range over which this scintillator can be used effectively. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fort St. Vrain program has progressed through construction, preoperational 
testing, fuel loading, initial criticality, and operational testing at power levels up to 2 percent related power. 
To date, all tests necessary before the rise to full power have been completed, and the rise-to-power program 
is expected to be resumed again in late 1975.Major plant systems, including the prestressed concrete reactor 
vessel and circulators, have demonstrated adequate performance. Extensive tests on the reactor core at zero 
power and up to 2 percent power have demonstrated the accuracy in the design predictions of such core 
characteristics as critical rod position, control system worths, neutron flux distributions, and temperature 
coefficients. Gaseous fission product release measurements to date have confirmed the extensive analytical 
estimates. 
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Abstract/Keyterms: This topical report describes the data testing activities for Version IV of the Evaluated 
Nuclear Data File which were carried out at General Atomic Company. A total of six selected benchmark 
critical assemblies were analyzed using General Atomic design methods. Calculations of derived 
parameters such as eigenvalues, reaction rates, and central worths were compared with calculations made 
by other agencies. Close inspection of spectral indices indicates possible methods for code improvements. 
Adequacy of Version IV data is discussed. 
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Title: Analysis of Safety-Related Physics Measurements in the Initial Gas-Cooled Fast Breeder Reactor 
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Abstract/Keyterms: Analyses of experiments in the initial critical assemblies for the gas-cooled fast 
breeder reactor (GCFR) were conducted using the calculational methods at General Atomic (GA) for GCFR 
design. The assemblies, constructed on the ZPR-9 facility at Argonne National Laboratory, simulated 
features of the 300-MW(e) GCFR demonstration reactor. Studies relating to the safety of this reactor design 
and to the GCFR concept in general were concerned with (1) reactivity coefficients of fuel and poison 
materials to evaluate loading and control requirements, (2) the worth of helium coolant in a depressurization 
event, (3) the Doppler effect in uranium to determine power coefficients, and (4) the effect of hypothesized 
steam ingress into coolant channels as a potential for reactivity addition and altering core neutronic and 
control characteristics. Results are reported for GA analyses of such safety-related physics measurements 
in two basic assemblies, the 3150-liter phase I core with a coolant void fraction of 55% and the 1300-liter 
phase II core with a 45% void fraction. 
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Title: Thermal Analysis of Reprocessing Particle Hoppers 
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Abstract/Keyterms: Thermal analyses were performed on the particle hoppers required in an HTGR head-
end reprocessing facility. Constraints on hopper sizing have been established with respect to different 
modes of decay heat removal. Criticality considerations may impose more severe constraints in some cases, 
although a more definitive criticality analysis will be needed. 
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Abstract/Keyterms: As part of the overall effort to resolve the issues of nuclear materials diversion and 
weapons proliferation, General Atomic (GA) has undertaken a study on the effective utilization on low 
enrichment uranium (LEU) fuel cycles in the High Temperature Gas-Cooled Reactor (HTGR). In the area 
of the core design, this work involved a thorough evaluation of the feasibility of various possible LEU fuel 
cycles including a definition of potential problems. Among the items considered in this core study were 
calculational methods for LEU fuel in HTGRs. In this regard, a review was undertaken of the available 
experimental data from critical facilities using LEU in HTGR or HTGR-like assemblies, which could be 
used to validate the physics design codes used at GA for the non-proliferation design work. The results of 
this review are summarized. 
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Abstract/Keyterms: The initial three-phase program of critical experiments conducted in behalf of design 
and safety evaluations for the 300-MW(e) GCFR demonstration plant included extensive studies of steam-
entry effects. The report presents results of a General Atomic analysis of the simulated steam ingress 
experiments in a central 47-liter region of the 3150-liter-core Phase-I GCFR assembly. Investigations of 
differences in calculated steam worth due to variations in analytical techniques are reported, including 
methods for cross-section generation, adjustments for heterogeneity, neutron-streaming effects, group 
structure, and the use of various stages of perturbation theory. For each of the densities of steam simulated 
by CH2 (up to the equivalent of 45 g/lter H2O in the “coolant” channels), the regeneration of cross-section 
sets for the zone fuel materials with the hydrogen-degraded spectra was found essential for obtaining 
reasonable agreement of calculated and measured flooding worths. Also, it was necessary to use exact 
perturbation theory methods, since first-order perturbation was found to be completely inappropriate with 
the 10- and 28-group structures employed. 
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Abstract/Keyterms: The initial program of bench mark critical experiments conducted on behalf of the 
design and safety evaluations for the 300 MW(e) gas cooled fast breeder reactor demonstration plant 
included extensive measurements of the reactivity effects of accidental steam ingress. Insertions of 
polyethylene (CH2) foam into all of the void channels in the 1250-liter (l) core, the radial blankets, and the 
axial blankets of the Phase II GCFR critical assembly gave simulated floodings of up to 2.25% steam in the 
coolant. The report presents results of General Atomic Company (GA) analyses of the Phase II steam entry 
experiments, giving comparisons of calculated and measured flooding worths under various conditions, 
including changes in core geometry and introduction of control rod poisoning. Also studied were the effects 
of steam flooding on control material worth and other physics parameters. Calculated worths of 
hydrogenous materials were found to be significantly sensitive to variations in analytical models and 
methods. Good agreement with experiments was obtained by a 28-group analysis when a rigorous 
regeneration of cross sections, cell-heterogeneity factors, and directional diffusion coefficients was 
provided at each specific flooding density to account for the moderated spectra. Steam worths in a rodded 
core can be similarly well predicted provided that rod shielding effects are re-evaluated in the steam 
environment. Extrapolations based on these experiments clearly suggest that should a steam leak occur, it 
would not be a major safety concern, even in a small GCFR demonstration plant. Details of the analytical 
procedures and models utilized are presented. 
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Abstract/Keyterms: This report presents a hypothetical core disruptive accident safety assessment and a 
post-accident fuel containment evaluation which were performed for the upflow versus downflow core 
design decision for the GCFR. Differences between the upflow and downflow unprotected accident 
sequences were not significant. However, differences do appear when potential accident mitigation and 
recriticality prevention design concepts are investigated for the loss of shutdown cooling and flow blockage 
accidents. An in-vessel molten fuel containment system is preferred over an ex-vessel system for both the 
upflow and downflow concepts. 



 

C-5310 

5303…..…..…………………..…….……..……ID Number…………………..…..…………….5303 

Author: Torri, A. / Frank, M. V. / Kang, C. 

Title: Assessment of a Core Meltdown in the Gas-Cooled Fast Breeder Reactor with an Upflow Core 

Date: 7/1/1979 

Report: GA-A-15520 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper discusses the chronological sequence of events and supporting analysis of 
a postulated total loss of all coolant circulation in the gas-cooled fast breeder reactor (GCFR) with an upflow 
core. Redundant and diverse cooling systems are provided for decay heat removal, including pressurized 
natural circulation in the core auxiliary cooling system, which reduce the probability of this postulated event 
below the range of plant design bases. Nevertheless, this postulated accident has been considered so that 
the potential for consequence mitigation and containment margin could be investigated. Two distinct phases 
of the sequence are discussed: (1) the core response to a total loss of forced and natural coolant circulation 
and (2) the capability of the prestressed concrete reactor vessel (PCRV) to retain molten fuel debris. Specific 
design features of the GCFR which prevent recriticality and fuel vaporization due to fuel slumping are 
under investigation. Analytical work has been initiated to determine the potential for consequence 
mitigation in the PCRV and the containment. Several concepts for postaccident fuel containment have been 
identified and appear technically feasible. 
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Conference Session:  

Abstract/Keyterms: A summary is presented of the core-wide sequence of events of a postulated total loss 
of forced and natural convection decay heat removal in a shutdown Gas-Cooled Fast Reactor (GCFR). It 
outlines the analytical methods and results for the progression of the accident sequence. This hypothetical 
accident proceeds in the distinct phases of cladding melting, assembly wall melting and molten steel 
relocation into the interassembly spacing, and fuel relocation. It identifies the key phenomena of the event 
sequence and the concerns and mechanisms of both recriticality and recriticality prevention. 
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Abstract/Keyterms: A preliminary generic safety evaluation of the fusion-fission hybrid reactor concept 
has been performed and a hybrid reactor safety program plan for guiding future safety work has been 
proposed. The emphasis of the work was limited to accident analysis where the main concern is for the 
health and safety of the public. Major radioactive sources in the hybrid were identified and their inventories 
compared to those of fission reactors. The means for accidental release of radioactivity to the public were 
identified, as were the barriers which preclude such accidental releases. Consequence analyses of 
hypothetical bounding accidents potentially defining the upper bound envelope of risk/consequence to the 
population and environment surrounding the hybrid site were performed. 
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Abstract/Keyterms: Experiments carried out in the third gas-cooled fast breeder reactor (GCFR) 
benchmark critical assembly on the Zero Power Reactor-9 at Argonne National Laboratory were analyzed 
using methods and computer codes employed routinely for design and performance evaluations on power-
plant GCFR cores. The program for the Phase III GCFR assembly, with a 1900-liter, three-enrichment zone 
core, included measurements of reaction-rate profiles in a typical power-flattened design, studies of material 
reactivity coefficients, reaction ratio and breeding parameter determinations, and comparison of pin with 
plate fuel loadings. Calculated parameters to compare with all of the measured results were obtained using 
10-group cross sections based on ENDF/B-4 and two-dimensional diffusion theory, with adjustments for 
fuel-cell heterogeneity and void-lattice streaming effects. 
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Abstract/Keyterms: An HTGR safety research program is being performed supporting and guided in 
priorities by the AIPA Probabilistic Risk Study. Analytical and experimental studies have been conducted 
in four general areas where modeling or data assumptions contribute to large uncertainties in the 
consequence assessments and thus, in the risk assessment for key core heat-up accident scenarios. 
Experimental data have been obtained on time-dependent release of fission products from the fuel particles, 
and plateout characteristics of condensable fission products in the primary circuit. Potential failure modes 
of primarily top head PCRV components as well as concrete degradation processes have been analyzed 
using a series of newly developed models and interlinked computer programs. Containment phenomena, 
including fission product deposition and potential flammability of liberated combustible gases have been 
studied analytically. 
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Abstract/Keyterms: CALIOP is a design code for fluid-cooled reactors composed of parallel fuel tubes in 
hexagonal or cylindrical ducts. It may be used with gaseous or liquid coolants. It has been used chiefly for 
design of a helium-cooled fast breeder reactor and has built-in cross section information to permit 
calculations of fuel loading, breeding ratio, and doubling time. Optional cross-section input allows the code 
to be used with moderated cores and with other fuels. 
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Conference Session:  

Abstract/Keyterms: General Atomics (GA) has designed two legal weight truck (LWT) casks, the GA-4 
and GA-9, to carry four pressurized-water-reactor (PWR) and nine boiling-water-reactor (BWR) fuel 
assemblies, respectively. GA plans to submit applications for certification to the US Nuclear Regulatory 
Commission (NRC) for the two casks in mid-1993. GA will include burnup credit analysis in the Safety 
Analysis Report for Packaging (SARP) for the GA-4 Cask. By including burnup credit in the criticality 
safety analysis for PWR fuels with initial enrichments above 3% U-235, public and occupation risks are 
reduced and cost savings are realized. The GA approach to burnup credit analysis incorporates the 
information produced in the US Department of Energy Burnup Credit Program. This paper describes the 
application of burnup credit to the criticality control design of the GA-4 Cask. 
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Abstract/Keyterms: The application to alter the undertaking of making fuel assemblies for LWRs was 
presented by Japan Nuclear Fuel Co., Ltd. to the Prime Minister on December 6, 1978. The contents of the 
alteration are the construction of two buildings for storing wastes and the installation of a high temperature 
dryer for uranium pellets. The Prime Minister inquired the opinion of the Atomic Energy Safety 
Commission on the application of the standards based on the law concerning the regulation of nuclear raw 
materials, nuclear fuel materials and nuclear reactors, on February 20, 1979, through the investigation into 
the safety by the Atomic Energy Safety Bureau, Science and Technology Agency. The draft of the 
investigation result and the draft of the safety investigation result were attached, which said that the 
company has the technical capability to achieve the undertaking after the alteration as it has accumulated 
the experiences over 20 years, there are the sections of production, technology, environment control and 
quality assurance, and about 100 specialists engage in the works. 
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Conference/Journal: Genshiryoku Anzen Iinkai Geppo (Japan) 

Conference Session:  

Abstract/Keyterms: Application was made to the director of the Science and Technology Agency (STA) 
for the license relating to the modification of usage of nuclear fuel material (the establishment of waste 
safety testing facility) from the director of the Japan Atomic Energy Research Institute on November 30, 
1978. After passing through the safety evaluation in the Nuclear Safety Bureau of STA, inquiry was 
conducted to the head of the Atomic Energy Safety Commission (AESC) on June 6, 1979, from the director 
of the STA. The head of AESC directed to conduct the safety examination to the head of the Nuclear Fuel 
Safety Examination Specialist Committee on June 7, 1979. The content of the modification of usage of 
nuclear fuel material is the establishment of waste safety testing facility to study and test the safety relating 
to the treatment and disposal of high level radioactive liquid wastes due to the reprocessing of spent fuel. 
As for the results of the safety examination, the siting of the waste safety testing facility which is located 
in the Tokai Laboratory, Japan Atomic Energy Research Institute (JAERI), and the test plan of the glass 
solidification of high level radioactive liquid are presented as the outline of the study plan. The building, 
main equipments including six cells, the isolation room and the glove box, the storage, and the disposal 
facilities for gas, liquid. 
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Conference Session:  

Abstract/Keyterms: The Nuclear Safety Commission accepted the report by the Subcommittee on Safety 
Standards of Nuclear Fuels concerning the guidelines, and has decided subsequently the guidelines for the 
safety examination of uranium processing facilities on December 22, 1980. The guidelines should therefore 
be observed in the safety examination of such facilities by the Committee on Examination of Nuclear Fuel 
Safety. The purpose is to perform objectively and rationally the safety examination of uranium processing 
facilities for the permission of such enterprises. The guidelines are described as follows site conditions of 
fundamental, normal and accidental, radiation control in containment and radiation exposure, 
environmental safety involving radioactive waste control and storage, criticality safety in both single and 
plural units, and other safety measures in earthquakes, natural phenomena, and others. 
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Abstract/Keyterms: A report to the Prime Minister by the Nuclear Safety Commission was presented 
concerning the permission of the alteration in the nuclear fuel material processing business of JNFC. Safety 
after the alteration and the technical capabilities were confirmed. The alteration, for which the safety 
examination was made by the Committee on Examination of Nuclear Fuel Safety, involves the following 
matters resistance of processing and waste storage buildings and transport passages, the aseismicity and 
scattering of uranium oxide powder in uranium oxide storage shelves and automatic transfer devices, 
criticality management for uranium oxide storage shelves, release control of gaseous wastes, treatment of 
liquid wastes, management of solid wastes, and normal radiation exposure dose of the local people. 
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Abstract/Keyterms: A report of the Committee on Examination of Nuclear Fuel Safety was presented to 
the Atomic Energy Commission of Japan, which is concerned with the safety in the alteration of fuel 
material usage (new installation of the uranium enrichment pilot plant) at the Ningyo Pass Mine. Its safety 
was confirmed. The alteration, i.e. installation of the uranium enrichment pilot plant, is as follows. Intended 
for the overall test of centrifugal uranium enrichment technology, the pilot plant includes a two-storied 
main building of about 9,000 m2 floor space, containing centrifuges, UF6 equipment, etc., a uranium 
storage of about 1,000 m2 floor space, and a waste water treatment facility, two-storied with about 300 m2 
floor space. The contents of the examination are safety of the facilities, criticality control, radiation control, 
waste treatment, and effects of accidents on the surrounding environment. 
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Abstract/Keyterms: The effect of the spatial dependence of the energy spectrum (fast and thermal) and of 
the flux angular distribution on k(eff) and its temperature dependence was evaluated for a reactive assembly. 
A series of criticality calculations was performed for the HTGR assembly using the DSN code with the 
S2,S/sub 4/, S/sub 6/, S/sub 8/, and S/sub 16/ approximations and 1, 2, 6, and 18 thermal groups with three 
fast groups. Results for slab geometry are given.( 
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Abstract/Keyterms: Duo-Dimensional Burnout (DDB) is a five-group, twospace-dimensional reactor 
diffusion code with burnout options. A maximum of four thousand mesh points are allowed; down 
scattering two groups from the third group and upscattering one group from the fifth group is allowed. DDB 
may be used to perform static calculations with or without a criticality search to obtain flux and power 
distributions. DDB is written in the FORTRAN 7090 language to facilitate modification. The diffusion 
portion of DDB is basically a translation into FORTRAN of the UCRL program ANGIE. A set of special 
tape subroutines are used to take maximum advantage of the IBM 7090's ability to do multiple tape 
operations while performing calculations. Operating experience indicates that the diffusion calculations 
running time compares quite favorably with ANGIE. 
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which simulated water flooding, were measured and calculated. Other determinations included core 
symmetrics, reactivity worths of rods and rod voids, and perturbations on assembly reactivities. The 
experimental arrangements and measurements, the calculational methods used in the analysis, and the 
results of the analytical-experimental comparison are described. 
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large” type HTGR fuel annulus. The graininess was found to reduce the resonance integral by 6%, and to 
slightly increase (dI/dT). 
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vanish. If several sets of input data are supplied, a critical reactor is found for each one. The reactor 
parameters are used to find the fluxes, the adjoint fluxes, and some other useful results. 
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5341…..…..…………………..…….……..……ID Number…………………..…..…………….5341 

Author: Malakhof, V. / Simon, W. 

Title: Criticality of Fuel Reprocessing Equipment 

Date: 1/1/1965 

Report: GAMD-6623 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Carbon; Coating; Configuration; Criticality; Diagrams; Fuels; 
Particles; Pyrolysis; Reprocessing; Storage; Thorium 232; Uranium 233; Uranium Oxides; Vessels 
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5342…..…..…………………..…….……..……ID Number…………………..…..…………….5342 

Author: Merrill, M. 

Title: BLOOST-5: A Combined Reactor Kinetics-Heat Transfer Code for the IBM-7044. Preliminary 
Description 

Date: 11/1/1965 

Report: GAMD-6644; (Add.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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5343…..…..…………………..…….……..……ID Number…………………..…..…………….5343 

Author: Brown, J. R. / Van Howe, K. R. 

Title: GAPS: A Fortran Code for Analyzing Data from Pulsed Neutron Source Experiments 

Date: 10/11/1965 

Report: GAMD-6781 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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5344…..…..…………………..…….……..……ID Number…………………..…..…………….5344 

Author: Nichols, P. F. 

Title: Null Reactivity Measurements of Multiplication Characteristics for High-Temperature, Gas-Cooled 
Reactor Cores in the Modified HTGR Critical Facility 

Date: 1/1/1966 

Report: GAMD-7230 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Breeding; Fission; Fission 
Products; HTGR; Loading; Multiplication Factors; Neutrons; PCTR; Reactor Core; Reactors; Research 
Reactors; Spectra; Thorium 232; Uranium 235 
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5345…..…..…………………..…….……..……ID Number…………………..…..…………….5345 

Author: Brown, J. R. / Van Howe, K. R. 

Title: Peach Bottom, Initial Loading to Criticality: Results of Post Construction R and D Test Procedure 
Bp-1 

Date: 1/1/1966 

Report: GAMD-7351 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Criticality; Fuels; Gas Coolant; Graphite 
Moderator; HTGR; Loading; Power Plants; Reactors; Testing 
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5346…..…..…………………..…….……..……ID Number…………………..…..…………….5346 

Author: Traylor, R. C. 

Title: An Evaluation of Uranium-233 Cross Sections with Numerical Analysis of Integral Experiments 

Date: 9/26/1968 

Report: GAMD-8067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Evaluations and measurements of uranium-233 neutron cross sections have provided 
detailed differential information over a wide energy range. As an integral numerical evaluation of these 
cross sections, an analysis of three homogeneous water moderated critical assemblies was undertaken. The 
analysis of these soft spectrum critical assemblies supplements the reactivity coefficient experiments with 
uranium-233 in the harder spectrum HTGR critical assembly. The three spherical assemblies are 
characterized by hydrogen-to-fissile atom ratios of 1521, 405, and 381; the first and last were bare while 
the hydrogen/uranium-233 = 405 assembly was reflected. To help understand the results of uranium-233 
assembly analysis, a uranium-235 assembly with spectrum similar to the harder uranium-233 assemblies 
was also analyzed (hydrogen/uranium-235 = 525) using the latest evaluation of the better known cross 
sections for uranium-235. Multi-group one-dimensional diffusion theory and transport theory codes, GAZE 
and IDF, were used to calculate the effective multiplication constant (k-eff) of each assembly. Broad group 
cross sections were prepared with the GGC-II code. Hydrogen scattering kernels in the thermal region were 
based on the Nelkin model as employed in the GAKER code. 
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5347…..…..…………………..…….……..……ID Number…………………..…..…………….5347 

Author: Mathews, D. R. 

Title: One-Group Two-Dimensional Critical Size Prediction Subroutine 

Date: 1/1/1968 

Report: GAMD-8718 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Computers; Criticality; Cylinders; 
Digital Systems; Equations; Errors; Mathematics; Programming; Reactors 
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5348…..…..…………………..…….……..……ID Number…………………..…..…………….5348 

Author: Unknown 

Title: 4.2 UF6 Feed, Withdrawal, Sampling, Handling, and Cylinder Storage Facilities and Systems 

Date: 4/24/1987 

Report: GAT/GDP-1073 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5349…..…..…………………..…….……..……ID Number…………………..…..…………….5349 

Author: Tayloe, Jr., R. W. 

Title: Rationale for not using Raschig Rings in Autoclaves at ORGDP 

Date: 8/11/1983 

Report: GAT-051-83-77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5350…..…..…………………..…….……..……ID Number…………………..…..…………….5350 

Author: Feuerbacher, J. L. 

Title: Use of Raschig Rings 

Date: 7/3/1984 

Report: GAT-051-84-092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5351…..…..…………………..…….……..……ID Number…………………..…..…………….5351 

Author: Staff 

Title: Raschig Rings in Autoclaves 

Date: 11/20/1984 

Report: GAT-051-84-162 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5352…..…..…………………..…….……..……ID Number…………………..…..…………….5352 

Author: Staff 

Title: Minutes of the GDP NCS Committee, 3rd Quarter, 1985 

Date: 4/24/1985 

Report: GAT-051-85-036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5353…..…..…………………..…….……..……ID Number…………………..…..…………….5353 

Author: Tayloe, Jr., R. W. 

Title: Memo-6-month Evaluation for GAT NCS 

Date: 3/20/1985 

Report: GAT-051-85-27 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5354…..…..…………………..…….……..……ID Number…………………..…..…………….5354 

Author: Pond, J. A. 

Title: Critical Geometries for Bare Cylinders 

Date: 7/20/1956 

Report: GAT-189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In Section I, a modified two-group treatment is used to study neutron transport in 
aqueous solutions of uranyl fluoride. For a bare reactor, the critical condition k = (eta)(f)(u(sub-t))(u(sub-
f)) = 1 is investigated. This tested on experimental data from critical mass studies carried out at the union 
carbide nuclear company. It is shown that an always-safe, unreflected cylinder diameter of 20 cm. Results 
from this argument as does an always-safe moderation, hydrogen/x = 2270. The derived safe radius for a 
cylinder of infinite length, r, is developed as a function of moderation hydrogen/x. The derived critical 
radius for a bare sphere, r(sub-s, super-bc), is expressed as a function of both uranium-235 assay and 
moderation. In section II, the multiplication factor, k, is developed for a system of right circular cylinders 
in line. In each case, k is expressed in terms of omega(average, sub-f), the average fractional solid angle 
subtended by a cylinder on an adjacent cylinder. Data are presented for critical systems showing how nearly 
the condition k = 1 is satisfied by critical data taken from studies conducted by the Union Carbide Nuclear 
Company. 
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5355…..…..…………………..…….……..……ID Number…………………..…..…………….5355 

Author: Feuerbacher, J. L. 

Title: Nuclear safety Guide for the Portsmouth Gaseous Diffusion Plant 

Date: 6/30/1976 

Report: GAT-225 (Rev.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Safe geometrical, mass, and concentration limits are presented, together with the 
criticality control methods currently in use at the Portsmouth Gaseous Diffusion Plant. Basic information 
presented includes technical background, experimental data, and the best values inferred from experiments. 
Various tables and graphs are included. Design criteria include basic assumptions, fundamentals, concepts, 
applicable methods, and maintenance of safe geometry. Operating criteria include the operating philosophy 
at the Goodyear Atomic Corporation Gaseous Diffusion Plant and applied operating techniques. The 
appendixes contain graphs, figures, a chart showing Goodyear organization for nuclear safety, a glossary, 
tables of critical values, methods for calculating solid angles, and the bases for safe handling of high-
uranium-density compounds and uranium metal in various forms. A list of references is also included. This 
Second Revision is being issued to make many minor corrections to or modifications of Revision 1 and to 
deal with problems arising from the appearance on plant site of uranium metal. Calculational methods for 
multiplication factor, formerly included as Appendix G, will be found in a separate document, GAT-T-692, 
Revision No. 1. 
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5356…..…..…………………..…….……..……ID Number…………………..…..…………….5356 

Author: Feuerbacher, J. L. 

Title: Nuclear Criticality Safety Guide for the Portsmouth Gaseous Diffusion Plant 

Date: 3/15/1981 

Report: GAT-225 Rev.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Safe geometrical, mass, and concentration limits are presented, together with the 
criticality control methods currently in use at the Portsmouth Gaseous Diffusion Plant. Basic information 
presented includes technical background, experimental data, and the best values inferred from experiments. 
Various tables and graphs are included. Design criteria include basic assumptions, fundamentals, concepts, 
applicable methods, and maintenance of safe geometry. Operating criteria include the operating philosophy 
at the Goodyear Atomic Corporation Gaseous Diffusion Plant and applied operating techniques. The 
appendices contain graphs, figures, a chart showing Goodyear organization for nuclear safety, a glossary, 
tables of critical values, methods for calculating solid angles, and the bases for safe handling of high-
uranium-density compounds and uranium metal in various forms. 
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5357…..…..…………………..…….……..……ID Number…………………..…..…………….5357 

Author: DeWitt, R. 

Title: Uranium Hexafluoride: A Survey of the Physico-Chemical Properties 

Date: 8/12/1960 

Report: GAT-280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A handbook containing all available current physicochemical data on UF/ sub 5/ is 
presented. Every effort was made to obtain and consider all reports of original data for incorporation in the 
compilation. One hundred and forty-nine references are given. 
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5358…..…..…………………..…….……..……ID Number…………………..…..…………….5358 

Author: n. a. 

Title: A Guide to Nuclear Safety: Portsmouth Area Gaseous Diffusion Plant 

Date: 1/1/1972 

Report: GAT-371 (Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Isotopes U-235 / Handling in Gaseous Diffusion Plants, Personnel Safety 
Guide for; Gaseous Diffusion Plants / Safety Guide for Personnel in; Personnel / Safety Guide for Gaseous 
Diffusion Plant 
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5359…..…..…………………..…….……..……ID Number…………………..…..…………….5359 

Author: Tayloe, Jr., R. W. 

Title: Raschig Rings in X-344 and X-342 

Date: 2/26/1981 

Report: GAT-530-81-166 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5360…..…..…………………..…….……..……ID Number…………………..…..…………….5360 

Author: Feuerbacher, J. L. 

Title: A Re-Study of the Uranium Concentration or Density Values Over the Full Range of Hydrogenous 
Moderations, for UF6 and UO2F2 

Date: 5/24/1967 

Report: GAT-532-67-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Correlations of U density and H:U atom ratio for moderated uranyl fluoride mixtures. 
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5361…..…..…………………..…….……..……ID Number…………………..…..…………….5361 

Author: Steinhauer, H. 

Title: Radiation Alarm Instrument Burst Tests at Sandia May 6,7, and 8, 1963 

Date: 5/24/1963 

Report: GAT-535-63-112 Internal Correspondence 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5362…..…..…………………..…….……..……ID Number…………………..…..…………….5362 

Author: Brown, B. A. 

Title: Removal of Raschig Rings from Autoclaves 

Date: 3/12/1980 

Report: GAT-822-80-24 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5363…..…..…………………..…….……..……ID Number…………………..…..…………….5363 

Author: Johns, R. E. 

Title: Water Inventory Testing of Feed Autoclaves 

Date: 3/22/1984 

Report: GAT-822-84-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5364…..…..…………………..…….……..……ID Number…………………..…..…………….5364 

Author: Johns, R. E. / Knittelet al., D. L. / et al. 

Title: Use of Raschig Rings in Autoclaves 

Date: 4/25/1985 

Report: GAT-822-85-52 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5365…..…..…………………..…….……..……ID Number…………………..…..…………….5365 

Author: Hawkins, H. F. 

Title: Autoclave Water Inventory Tests 

Date: 6/16/1982 

Report: GAT-829-82-71 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5366…..…..…………………..…….……..……ID Number…………………..…..…………….5366 

Author: Adams, T. C. 

Title: Risk Assessment of the X-343 Autoclaves Reflecting the Excessive Water Inventory 

Date: 3/25/1983 

Report: GAT-843-83-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5367…..…..…………………..…….……..……ID Number…………………..…..…………….5367 

Author: Goodyear Atomic Co. 

Title: Upgrade Uranium Recovery Project No. 34110 Final Safety Analysis Report 

Date: 9/1/1981 

Report: GAT-976 Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The accident analysis of the upgrade uranium recovery system indicated three 
potential hazards solutions, and (3) release of toxic uranyl nitrate solutions. Any of these are capable of 
causing the death of one or more employees; therefore, they form the basis for the residual risks identified 
below. The analysis found no hazardous energies or substances capable of causing irreversible injury to, or 
the death of, any members of the public. The following residual risks will be controlled administratively by 
procedural constraints operator or maintenance error will cause 235U to be transferred into an unsafe 
container and cause a criticality. An operator or maintenance error will cause containers of 235U bearing 
material to be improperly spaced and cause a criticality. Extensive corrosion will cause a hole to form in a 
calciner tube, the corrosion will go undetected, and a criticality will result, and a loss of system and/or 
building solution containment will occur concurrent with a drain being open resulting in a criticality and/or 
release of toxic material. Additional residual risks that have a small probability are that an earthquake or 
tornado will affect the building, alter the system geometry, and initiate a criticality; that the compressed-
gas (nitrogen) cylinder valve will be... 
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5368…..…..…………………..…….……..……ID Number…………………..…..…………….5368 

Author: Goodyear Atomic Co. 

Title: Environmental Protection Facilities Safety Study Portsmouth Gaseous Diffusion Plant 

Date: 5/1/1982 

Report: GAT-994 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this Safety Study is to examine the existing facilities at the Portsmouth 
Gaseous Diffusion Plant that are dedicated to environmental protection. Seven separate, numbered facilities 
and five unnumbered continuous air sampling stations are identified as the fixed facilities to protect the 
environment. Each is examined from the standpoint of hazardous materials, monitoring and protection 
systems, confinement systems, ventilation systems, criticality control systems, fire protection systems, 
waste disposal systems, and safety systems. 
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5369…..…..…………………..…….……..……ID Number…………………..…..…………….5369 

Author: Vausher, A. L. 

Title: Nuclear Criticality Safety Basics for Personnel Working with Nuclear Fissionable Materials. Phase 
I 

Date: 10/1/1984 

Report: GAT-A-258 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities. the ‘‘Nuclear Criticality Safety Basic Program - 
Phase I’’ is Documented in This Report. the Revised Program Has Been Developed to Clearly Illustrate the 
Concept of Nuclear Safety and to Help the Individual Employee Incorporate Safe Behavior in His Daily 
Work Performance. Because of This, the Subject of Safety Has Been Approached Through Its Three 
Fundamentals: Scientific Basis, Engineering Criteria, and Administrative Controls. Only Basics of These 
Three Elements Were Presented. 
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5370…..…..…………………..…….……..……ID Number…………………..…..…………….5370 

Author: Feuerbacher, J. L. 

Title: Nuclearly Safe Handling of 5" I.D. Cans of High Assay Uranium Oxide 

Date: 1/1/1963 

Report: GAT-DM-1045 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5371…..…..…………………..…….……..……ID Number…………………..…..…………….5371 

Author: Feuerbacher, J. L. 

Title: Nuclear Safety Considerations for Withdrawal of UF6 at Assays up to 5% U-235 at the Tails Area 

Date: 2/24/1972 

Report: GAT-DM-1058, Rev 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5372…..…..…………………..…….……..……ID Number…………………..…..…………….5372 

Author: Feuerbacher, J. L. 

Title: New Safe Assays for 8" I. D. and 12" I. D. UF6 Cylinders with Limited Moderation--A Report on 
the Computer Calculations and Results 

Date: 7/12/1968 

Report: GAT-DM-1123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5373…..…..…………………..…….……..……ID Number…………………..…..…………….5373 

Author: Feuerbacher, J. L. 

Title: A Guide to Nuclearly Safe Use of 8" I. D. Cylinders for UF6 at Assays Above 12.5% U-235 and 12" 
I. D. Cylinders at Assays Above 5% U-235 

Date: 10/30/1968 

Report: GAT-DM-1125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Fluorides UF6 Storage of Enriched, Safety Guide for Moderation Control 
in 8- and 12-In. ID Cylinders for; Shielded Containers / Criticality Safety of 8- and 12-In. ID Cylindrical, 
for Storage of Uranium Hexafluoride, Guide for Moderation Control in; Criticality / Calculations for 8- and 
12-In. ID Cylinders for Uranium Hexafluoride Using Moderation Control 
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5374…..…..…………………..…….……..……ID Number…………………..…..…………….5374 

Author: Feuerbacher, J. L. 

Title: Guide to Nuclearly Safe Use of 8" I.D. Cylinders for Uf6 at Assays Above 12.5 Percent 235u, and 
12" I.D. Cylinders at Assays Above 5 Percent 235U 

Date: 10/30/1968 

Report: GAT-DM-1125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Fluorides UF6 Storage of Enriched, Safety Guide for Moderation Control 
in 8- and 12-In. ID Cylinders for; Shielded Containers / Criticality Safety of 8- and 12-In. ID Cylindrical, 
for Storage of Uranium Hexafluoride, Guide for Moderation Control in; Criticality / Calculations for 8- and 
12-In. ID Cylinders for Uranium Hexafluoride Using Moderation Control 
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5375…..…..…………………..…….……..……ID Number…………………..…..…………….5375 

Author: Feuerbacher, J. L. 

Title: Increased Safe Pipe Diameter and Annulus Thickness Based on the Use of Neutron Absorber Shields 
or Alloys 

Date: 11/27/1968 

Report: GAT-DM-1127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses ANISN calculations to justify increased dimensional limits for process vessels. 
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5376…..…..…………………..…….……..……ID Number…………………..…..…………….5376 

Author: Feuerbacher, J. L. 

Title: A Nuclear Safety Guide for Handling, Storing, and Recovering Uranium Metal Slugs, Pellets, and 
Shavings, and High-Density Uranium Compounds 

Date: 2/21/1969 

Report: GAT-DM-1128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The safe limits for mass, cylinder diameter, volume, and slab thickness are 
considerably different for uranium metal slugs, pellets, or shaving, and high-density uranium compounds 
or mixtures, from those for homogeneous solutions or solids having the uranium bulk densities ordinarily 
encountered at the Portsmouth Plant. The safe limits are described and their application explained. Safe 
methods of recovery are also described. 



 

C-5384 

5377…..…..…………………..…….……..……ID Number…………………..…..…………….5377 

Author: Feuerbacher, J. L. 

Title: A Nuclear Safety Guide for Handling, Storing, and Recovering Uranium Metal Slugs, Pellets, and 
High-Density Uranium Compounds: Addendum 1, Nuclearly Safe Handling and Recovery of Uranium 
Oxide Pellets or Powder, A Detailed Treatment 

Date: 12/5/1969 

Report: GAT-DM-1128-Add.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A straightforward comprehensive outline of the nuclearly safe methods of handling 
and recovering uranium oxide pellets or powder of excessive or unknown density appears to be needed at 
this time. Such an outline or guide has been prepared and is presented. It is assumed that the U-235 assay, 
grams of uranium, and gram of U per gram are correctly known. The outline follows. The oxide is assumed 
to be UO2, and the uranium density of the pellets (and of powder, until correctly determined) is assumed 
to be 9.61 gms. U/cc. These assumptions will be correct or conservative for all oxide pellets and powder 
for the operations and calculations described herein. 
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5378…..…..…………………..…….……..……ID Number…………………..…..…………….5378 

Author: Feuerbacher, J. L. 

Title: Relative Efficacy of Various Means of Adding Nuclear Absorbers to Direct- Steam-Heated 
Vaporization Bays for 10-Ton and 14-Ton UF6 Cylinders. 

Date: 1/1/1970 

Report: GAT-DM-1136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Boron; 
Containers; Control; Criticality; evaporation; Steam; Uranium Hexafluoride 
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5379…..…..…………………..…….……..……ID Number…………………..…..…………….5379 

Author: Feuerbacher, J. L. 

Title: Relative Efficacy of Various Means of Adding Nuclear Absorbers to Direct- Steam-Heated 
Vaporization Bays for 10-Ton and 14-Ton UF6 Cylinders, Addendum No. 1. 

Date: 1/1/1970 

Report: GAT-DM-1136(Add.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Boron; 
Containers; Control; Criticality; evaporation; Steam; Uranium Hexafluoride 
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5380…..…..…………………..…….……..……ID Number…………………..…..…………….5380 

Author: Feuerbacher, J. L. 

Title: Computer Check of 2 1/2-Ton UF6 Cylinders At 5% Assay in Direct Steam- Heated Vaporization 
Bays Containing Chlorinated Polyvinyl Chloride Pipes Filled with Boric Acid. 

Date: 1/1/1970 

Report: GAT-DM-1137 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Boron; 
Containers; Control; Criticality; evaporation; Steam; Uranium Hexafluoride 
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5381…..…..…………………..…….……..……ID Number…………………..…..…………….5381 

Author: Feuerbacher, J. L. 

Title: Nuclear Safety in the Filling of 2.5 Ton 12" I. D. and 8" I. D. UF6 Cylinders from the X-705 Oxide 
Conversion Cold Traps 

Date: 9/7/1971 

Report: GAT-DM-1164 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5382…..…..…………………..…….……..……ID Number…………………..…..…………….5382 

Author: Feuerbacher, J. L. 

Title: Shipment of 8-inch I. D. Cylinders of UF6 at Enrichments to 97.65% U-235 and 12-inch I. D. 
Cylinders of UF6 at Enrichments to 30.00% U-235 at Limited Moderation, and Subsequent Cylinder 
Cleaning 

Date: 1/29/1973 

Report: GAT-DM-1175 Rev 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Computers; Criticality; Isotope 
Enriched Materials; Numerical Solution; Safety; Transport; Uranium Hexafluoride; Volume 
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5383…..…..…………………..…….……..……ID Number…………………..…..…………….5383 

Author: Feuerbacher, J. L. 

Title: Preliminary Report on Gamma Spectrometer Enrichment Monitor and Neutron Probe Enrichment 
Monitor 

Date: 6/29/1973 

Report: GAT-DM-1235 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A gamma spectrometer enrichment monitor and a neutron probe enrichment monitor 
have been installed at the No. 2 Extended Range Product Station, on the line between the 8” 1.D. liquid 
UF6 accumulator and the valve going to the withdrawal cylinder. Both instruments appear to be satisfactory 
as enrichment monitors, from the standpoint of nuclear criticality safety. The monitors will continue to be 
operated on an experimental basis for the near future. Eventually a decision will be made as to final disposal. 
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5384…..…..…………………..…….……..……ID Number…………………..…..…………….5384 

Author: Pond, J. A. 

Title: Right Circular Cylinder, Solid Angle Calculations 

Date: 1/1/1956 

Report: GAT-DM-455 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5385…..…..…………………..…….……..……ID Number…………………..…..…………….5385 

Author: Feuerbacher, J. L. 

Title: A New Study of Nuclear Hazards of Process Gas Coolers, Add. 1 

Date: 9/17/1959 

Report: GAT-DM-639, Add. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Proposes increases in enrichment limits for gas coolers in the Portsmouth diffusion 
plant. 
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5386…..…..…………………..…….……..……ID Number…………………..…..…………….5386 

Author: Fuerbacher, J. L. 

Title: Nuclear Hazards Summary for X-342 and X-344 Operations--Autoclaves in X-344 

Date: 5/20/1975 

Report: GAT-DM-714 Rev 2, Add 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5387…..…..…………………..…….……..……ID Number…………………..…..…………….5387 

Author: Feuerbacher, J. L. 

Title: Nuclear Criticality Safety in X-342 and X-344 

Date: 11/1/1984 

Report: GAT-DM-714 Rev 3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5395 

5388…..…..…………………..…….……..……ID Number…………………..…..…………….5388 

Author: Feuerbacher, J. L. 

Title: Safe Geometries and Mass at Assays Below Five Per Cent U235 

Date: 5/18/1959 

Report: GAT-DM-769 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Investigations were made to determine the most reliable method of estimating safe 
geometries at assays below 5% U235 Conservative methods of estimating safe mass at the assays 
considered are also examined. Data on safe geometrical and mass parameters are included. 



 

C-5396 

5389…..…..…………………..…….……..……ID Number…………………..…..…………….5389 

Author: Patterson, T. B. 

Title: Program for Computing k-infinity for Uranium Salts 

Date: 11/1/1959 

Report: GAT-DM-787 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Criticality; Elements; IBM 650; Moderators; Multiplication 
Factors; Numericals; Programming; Salts; Uranium 



 

C-5397 

5390…..…..…………………..…….……..……ID Number…………………..…..…………….5390 

Author: Patterson, T. B. 

Title: Program for Computing Minimum Critical Sphere Radii for Uranium Salts 

Date: 11/27/1959 

Report: GAT-DM-792 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An IBM-650 program for computing the minimum critical sphere radii for optimally 
moderated systems of uranium salts at various assays was written. The program was checked out and is 
identified as Deck Number 690. 



 

C-5398 

5391…..…..…………………..…….……..……ID Number…………………..…..…………….5391 

Author: Pond, John A. 

Title: Reflector Savings for Homogeneous Aqueous Solutions of U-235 

Date: 1/13/1958 

Report: GAT-DR-275 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Extrapolation length values are calculated for various reflector and other conditions, 
based on two-group theory. 



 

C-5399 

5392…..…..…………………..…….……..……ID Number…………………..…..…………….5392 

Author: Hary, L. F. 

Title: Biodegradation of Uranium-Contaminated Waste Oil 

Date: 3/14/1983 

Report: GAT-S-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Portsmouth Gaseous Diffusion Plant routinely generates quantities of uranium-
contaminated waste oil. The current generation rate of waste oil is approximately 2000 gallons per year. 
The waste is presently biodegraded by landfarming on open field soil plots. However, due to the 
environmental concerns associated with this treatment process, studies were conducted to determine the 
optimum biodegradation conditions required for the destruction of this waste. Tests using respirometric 
flasks were conducted to determine the biodegradation rate for various types of Portsmouth waste oil. These 
tests were performed at three different loading rates, and on unfertilized and fertilized soil. Additional 
studies were conducted to evaluate the effectiveness of open field land farming versus treatment at a 
greenhouse-like enclosure for the purpose of maintaining soil temperatures above ambient conditions. The 
respirometric tests concluded that the optimum waste oil loading rate is 10% weight of oil-carbon/weight 
of soil (30, 600 gallons of uranium-contaminated waste oil/acre) on soils with adjusted carbon:nitrogen and 
carbon:phosphorus ratios of 60:1 and 800:1, respectively. Also, calculational results indicated that 
greenhouse technology does not provide a significant increase in biodegradation efficiency. Based on these 
study results, a 6300 ft./sup 2/ abandoned anaerobic digester sludge drying bed is being modified into a 
permanent waste oil biodegradation facility. The advantage of using this area is that uranium contamination 
will be contained by the bed's existing leachate collection system. This modified facility will be capable of 
handling approximately 4500 gallons of waste oil per year; accordingly current waste generation quantities 
will be satisfactorily treated. 



 

C-5400 

5393…..…..…………………..…….……..……ID Number…………………..…..…………….5393 

Author: Feuerbacher, J. L. 

Title: Preliminary Tests of a Gamma Spectrometer as an Enrichment Monitor in the Extended Range 
Product Station 

Date: 10/1/1972 

Report: GAT-T-1917 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Ludlum gamma spectrometer was installed in the Extended Range Product Station 
with necessary auxiliary electronic components and printout system, to monitor 235U enrichment. The 
probe was mounted under the insulated 8” I.D. accumulator line of the No. 2 Station. Data were collected 
in the original orientation for several weeks; then the probe was moved to a position underneath a new 1' 
Monel line which had been installed inside the pipe housing. The new line was installed to bypass an 
existing block valve on the liquid UF6 drain line to the withdrawal cylinder to assure that a constant volume 
of UF6 would be monitored. Data were taken in this position for four days. Then the equipment was returned 
to LASL. The gamma spectrometer probe should be satisfactory as an enrichment monitor for nuclear 
criticality safety purposes. Installation of a more permanent unit is recommended, to allow further study 
and perhaps serve as a permanent assay monitor on one of the systems. 



 

C-5401 

5394…..…..…………………..…….……..……ID Number…………………..…..…………….5394 

Author: Newlon, C. E. / Smith, R. F. / Feuerbacher, J. L. 

Title: Nuclear Criticality Safety at a Gaseous Diffusion Plant 

Date: 9/9/1975 

Report: GAT-T-2405 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5402 

5395…..…..…………………..…….……..……ID Number…………………..…..…………….5395 

Author: Yates, K. R. 

Title: A Nuclear Criticality Study of Minimum Critical Mass for Low Assay Material (Less Than 5%/Sup 
235/U) 

Date: 5/24/1977 

Report: GAT-T-2724 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The minimum critical mass of UO2 plus H2O, at a H/U235 atomic ratio of 
approximately 500 and at assays less than 5 percent 235U, has been studied using the KENO computer 
code. The minimum critical mass ranges from 45.46 kg U at 5 percent 235U to 11815 kg U at 1.1 percent 
235U. 



 

C-5403 

5396…..…..…………………..…….……..……ID Number…………………..…..…………….5396 

Author: Steinhauer, Jr., H. 

Title: Testing Radiation Alarm Instruments with Critical Assemblies 

Date: 5/1/1983 

Report: GAT-T-3089 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5397…..…..…………………..…….……..……ID Number…………………..…..…………….5397 

Author: Jones, S. A. 

Title: Project Summary Report Criticality Experiments on Low Assay Solutions 

Date: 9/21/1981 

Report: GAT-T-3100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5405 

5398…..…..…………………..…….……..……ID Number…………………..…..…………….5398 

Author: Lux, C. J. 

Title: Evaluation of Techniques for Controlling UF6 Release Clouds in the GAT Environmental Chamber 

Date: 4/1/1982 

Report: GAT-T-3116 

Conference/Journal: UCC-ND and GAT environmental protection seminar, Gatlinburg, TN, USA, 5 
Apr 1982 

Conference Session:  

Abstract/Keyterms: Studies designed to characterize the reaction between UF6 and atmospheric moisture, 
evaluate environmental variables of UF6 cloud formation and ultimate cloud fate, and UF6 release cloud 
control procedure have been conducted in the 1200 cu. ft. GAT environmental chamber. In earlier chamber 
experiments, 30 separate UF6 release tests indicated that variations of atmospheric conditions and sample 
sizes had no significant effect on UO2F2 particle size distribution, release cloud formation, or cloud settling 
rates. During the past year, numerous procedures have been evaluated for accelerating UF6 cloud 
knockdown in a series of 37 environmental chamber releases. Knockdown procedures included: coarse 
water spray; air jet; steam spray (electrostatically charged and uncharged); carbon dioxide; Freon-12; fine 
water mist (uncharged); boric acid mist (charged and uncharged); and an ionized dry air stream. UF6 
hydrolysis cloud settling rates monitored by a laser/powermeter densitometer, indicated the relative 
effectiveness of various cloud knockdown techniques. Electrostatically charged boric acid/water mist, and 
electrostatically ionized dry air were both found to be very effective, knocking down the UO2F2 release 
cloud particles in two to five minutes. Work to adapt these knockdown techniques for use under field 
conditions is continuing, taking into account recovery of the released uranium as well as nuclear criticality 
constraints 



 

C-5406 

5399…..…..…………………..…….……..……ID Number…………………..…..…………….5399 

Author: Jones, S. A. 

Title: Technology Assessment for Improved Criticality Radiation Alarm Monitors 

Date: 1/29/1982 

Report: GAT-T-3133 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5400…..…..…………………..…….……..……ID Number…………………..…..…………….5400 

Author: Jones, S. A. / Kniss, T. A. 

Title: Project Report on Cluster Sensitivity Enhancements 

Date: 4/16/1982 

Report: GAT-T-3136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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5401…..…..…………………..…….……..……ID Number…………………..…..…………….5401 

Author: Jones, S. A. 

Title: Technology Transfer for Criticality Radiation Alarm Monitors 

Date: 3/30/1983 

Report: GAT-T-3225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5409 

5402…..…..…………………..…….……..……ID Number…………………..…..…………….5402 

Author: Plecenik, M. C. 

Title: The Effect of Raschig Rings on Autoclave Water Inventory at X-344 

Date: 5/8/1984 

Report: GAT-T-3278 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5410 

5403…..…..…………………..…….……..……ID Number…………………..…..…………….5403 

Author: Newvahner, R. L. 

Title: Nuclear Criticality Safety Design Review of the GCEP MST Facility: Decontamination and Cleaning 
Area 

Date: 3/15/1985 

Report: GAT-T-3339 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-5411 

5404…..…..…………………..…….……..……ID Number…………………..…..…………….5404 

Author: Feuerbacher, J. L. 

Title: Estimated Minimum Critical Mass and Safe Parameters of Uranium Below 5% U-235 Assay in 
Mixtures of Uranyl Fluoride and Water 

Date: 9/11/1958 

Report: GAT-T-551 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Proposes higher safe/subcritical mass limits for moderated uranyl fluoride at 2.0 and 
1.2 % enrichment based on diffusion/buckling techniques. 



 

C-5412 

5405…..…..…………………..…….……..……ID Number…………………..…..…………….5405 

Author: Feuerbacher, J. L. 

Title: Rapid Calculation of Maximum Nuclear Reactivity of Homogeneous Uranyl Fluoride - Water 
Mixtures at All U-235 Enrichments 

Date: 10/15/1959 

Report: GAT-T-670/Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Method is simple calculation of geometric buckling, application of leakage and 
tabulated k-infinity terms. 



 

C-5413 

5406…..…..…………………..…….……..……ID Number…………………..…..…………….5406 

Author: Feuerbacher, J. L. 

Title: Moderating Ratios and Poisoning Ratios of the Elements and Some Compounds 

Date: 9/1/1959 

Report: GAT-T-673 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Basic use of thermal cross sections and atom masses to tabulate the noted ratios. No 
guidance on usage. 



 

C-5414 

5407…..…..…………………..…….……..……ID Number…………………..…..…………….5407 

Author: Feuerbacher, J. L. 

Title: Practical Methods for Calculating Reactivity of Homogeneous Uranium Compounds 

Date: 10/15/1959 

Report: GAT-T-692 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Basic use of a six-factor formula, with terms read from graphs or calculated, to 
perform keff estimates. 



 

C-5415 

5408…..…..…………………..…….……..……ID Number…………………..…..…………….5408 

Author: n.a. 

Title: Improvements in and Relating to Nuclear Reactor Plants 

Date: 12/1/1965 

Report: GB 1012615 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boilers; Boiling; Control Systems; Coolant 
Loops; Detection; Generators; Heat Transfer; Power Plants; Reactors; Steam; Temperature 



 

C-5416 

5409…..…..…………………..…….……..……ID Number…………………..…..…………….5409 

Author: Martin, A. F. 

Title: Improvements in or Relating to Apparatus and Method for Producing Controllable Slow Neutron 
Chain Reaction 

Date: 1/1/1966 

Report: GB 1016048 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Control; Criticality; Fission; Fission 
Products; Fissionable Materials; Fuels; Gas Coolant; Heat Exchangers; Mass; Moderators; Multiplication 
Factors; Planning; Powders; Production; Reactor Core; Reactors; Reprocessing; Suspensions; Thermal 
Neutrons 



 

C-5417 

5410…..…..…………………..…….……..……ID Number…………………..…..…………….5410 

Author: Nettley, P. T. / Fazackerley, C. H. 

Title: Improvements in or Relating to Neutron Absorber Material 

Date: 5/4/1966 

Report: GB 1028221 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-5418 

5411…..…..…………………..…….……..……ID Number…………………..…..…………….5411 

Author: Riccobono, G. 

Title: Reactivity Pulsing Device for Pulsed Fast Reactors 

Date: 5/11/1966 

Report: GB 1029415 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-5419 

5412…..…..…………………..…….……..……ID Number…………………..…..…………….5412 

Author: Armstrong, E. / Hawgood, J. 

Title: Improvements in Thermal Insulation and Insulating Materials 

Date: 1/1/1967 

Report: GB 1061385 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Metals & Alloys-Preparation & Fabrication; 
Barriers; Coolants; Cooling; Criticality; Deformation; Equations; Gases; Heat Transfer; Liquids; 
Metallurgy; Reactors; Sheets; Spacers; Stainless Steels; Temperature; Thermal Diffusion; Thermal 
Insulation; Wires 



 

C-5420 

5413…..…..…………………..…….……..……ID Number…………………..…..…………….5413 

Author: n.a. 

Title: Nuclear Reactor 

Date: 7/1/1967 

Report: GB 1064431 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors; Configuration; Criticality; Design; Power Plants; Reactors; 
Spheres; Uranium 233 



 

C-5421 

5414…..…..…………………..…….……..……ID Number…………………..…..…………….5414 

Author: n.a. 

Title: Neutron Source Forming a Pulsed Fast Reactor 

Date: 1/1/1967 

Report: GB 1071442 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Barriers; Belgium; Configuration; Control; Criticality; 
Design; Euratom; Europe; Filters; Neutron Sources; Pulses; Reactivity; Reactors; Reflectors; Windows 



 

C-5422 

5415…..…..…………………..…….……..……ID Number…………………..…..…………….5415 

Author: Kistner, G. / Meister, H. / Raievski, V. 

Title: Improvements Relating to Pulsed Nuclear Reactors 

Date: 1/1/1967 

Report: GB 1071443 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Barriers; Belgium; Configuration; Control; Criticality; 
Delayed Neutrons; Design; Euratom; Europe; Filters; Frequency; Lifetime; Neutron Sources; Neutrons; 
Pulse Generators; Pulses; Reactivity; Reactors; Reflectors; Velocity; Windows 



 

C-5423 

5416…..…..…………………..…….……..……ID Number…………………..…..…………….5416 

Author: Barker, A. 

Title: Improvements Relating to Nuclear Reactors 

Date: 1/1/1967 

Report: GB 1074281 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Boiling; Coolant Loops; Criticality; Fast Neutrons; 
Pressure; Pumps; Reactors; Water Coolant 



 

C-5424 

5417…..…..…………………..…….……..……ID Number…………………..…..…………….5417 

Author: Alexandre, D. / Auchapt, P. / Bouzou, G. / Mazoyer, B. / Milhes, J. / Sarrat, P. 

Title: Improvements in or Relating to Mixer-Settler Apparatus 

Date: 7/1/1967 

Report: GB 1087198 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Butyl Phosphates; Counter Current; Criticality; 
Design; Fission Products; Impurities; Laboratory Equipment; Mixing; Organic Compounds; Plutonium; 
Separation Processes; Uranium 



 

C-5425 

5418…..…..…………………..…….……..……ID Number…………………..…..…………….5418 

Author: Ferrari, A. / Lacour, J. / Parroco, R. / Polychronakis, G. 

Title: Process and Apparatus for Measuring the Doubling Time of a Nuclear Reactor 

Date: 7/1/1968 

Report: GB 1106320 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Configuration; Criticality; Design; 
Digital Systems; Electronic Equipment; Measurement; Reactivity; Reactors 



 

C-5426 

5419…..…..…………………..…….……..……ID Number…………………..…..…………….5419 

Author: Stamford, S. / Terry, J. B. / May, W. C. 

Title: Improvements in or Relating to Nuclear Reactors 

Date: 1/1/1969 

Report: GB 1162641 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors, Pressurized-Water / Core Cooling System for, Description of Pressure 
Actuated Emergency Spray; Spray Cooling Systems / Pressure Activated Emergency, for Pressurized Water 
Reactor 



 

C-5427 

5420…..…..…………………..…….……..……ID Number…………………..…..…………….5420 

Author: Gratton, C. P. / Stamford, S. / Terry, J. B. 

Title: Improvements in or Relating to the Control of Nuclear Reactors 

Date: 7/1/1969 

Report: GB 1162642 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Systems; Absorption; Configuration; Control 
Systems; Coolants; Critical Pressure; Criticality; Design; Fuels; Moderators; Operation; Patent; Reactor 
Core; Reactors; Steam; Supercritical Pressure; Superheating; Thermal Neutrons; Water 



 

C-5428 

5421…..…..…………………..…….……..……ID Number…………………..…..…………….5421 

Author: Dajlevic, R. / Carpentier, S. / Delarue, R. / Francois, H. / Portal, G. / Pradel, J. / Soudain, G. 

Title: Thermo-Luminescent Material for Ionizing Radiation Dosimetry 

Date: 7/1/1970 

Report: GB 1195521 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Dosimeters; Accidents; Aluminum Oxides; Crystals; 
Dosemeters; Dosimetry; Luminescence; Luminescent Detectors; Patent; Radiation Detectors; Radiation 
Doses; Temperature; Thermoluminescence 



 

C-5429 

5422…..…..…………………..…….……..……ID Number…………………..…..…………….5422 

Author: Moore, R. L. 

Title: Nuclear Reactor Motor 

Date: 1/1/1971 

Report: GB 1249430 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Control Rod Drives; Energy; Fission; Moderator-Fuel 
Ratio; Motors; Patent; Power Reactors; Reactivity; Resonance 



 

C-5430 

5423…..…..…………………..…….……..……ID Number…………………..…..…………….5423 

Author: n.a. 

Title: Nuclear Reactor Control 

Date: 3/1/1960 

Report: GB 829427 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A reactor control system is described. Approach to criticality is detected by 
periodically varying the reactivity at a predetermined frequency large compared to the reciprocal of the 
period of delayed neutrons but small compared to the reciprocal of the period of prompt neutrons and 
measuring the prompt neutron fraction. The multiplication factor is controlled by this measurement by 
suitable electronic and mechanical means which are described. 



 

C-5431 

5424…..…..…………………..…….……..……ID Number…………………..…..…………….5424 

Author: n.a. 

Title: High Flux Homogeneous Nuclear Process and Reactor with Circulating Fissile Material 

Date: 5/4/1960 

Report: GB 834371 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A homogeneous reactor is described which has neutron absorbing material disposed 
about the core inlet and outlet to prevent criticality. The cooling takes place mostly outside the core so that 
high fluxes and power levels are possible. The fuel can be a solution, gas, or fluidized solid. 



 

C-5432 

5425…..…..…………………..…….……..……ID Number…………………..…..…………….5425 

Author: Lowes, L. / Tanner, M. C. 

Title: Improvements in or Relating to Liquid-Liquid Contacting Apparatus 

Date: 3/25/1960 

Report: GB 835912 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Criticality; Fission Products; Instruments; Mixing; Planning; Remote 
Handling; Safety; Separation Processes 



 

C-5433 

5426…..…..…………………..…….……..……ID Number…………………..…..…………….5426 

Author: Garner, P. J. 

Title: Improvements in and Relating to Nuclear Reactors and their Operation 

Date: 6/22/1960 

Report: GB 838390 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A method is presented for operating a nuclear reactor in which the reaction zone is 
cooled and moderated by an aromatic hydrocarbon. The hydrocarbon is circulated from the reaction zone 
under conditions of temperature and pressure above critical values for hydrocarbons. 



 

C-5434 

5427…..…..…………………..…….……..……ID Number…………………..…..…………….5427 

Author: n.a. 

Title: Nuclear Reactor Control 

Date: 6/29/1960 

Report: GB 839940 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A reactor control system is proposed for nuclear power plants whose power load is 
variable, e.g., reactor propelled craft and vehicles. The system is based on cyclically varying the 
multiplication factor, determining the corresponding variations in the neutronic density, and operating the 
reactor controls as a servo-loop in response to the time lag between the factor and density variations. In this 
system. There are two main channels, one delivering a cyclic signal from the multiplication factor variations 
(modulating) and the other delivering the corresponding signal from the neutron density variations 
(detecting); the signals are applied to a phase detector. The phase detector output is used with an automatic 
program device to operate the control rods by means of a servo motor. This system can control a reactor in 
the subcritical, critical, and supercritical ranges. Block diagrams of the system are given. 



 

C-5435 

5428…..…..…………………..…….……..……ID Number…………………..…..…………….5428 

Author: n.a. 

Title: A Steam Stirred Homogeneous Nuclear Reactor 

Date: 7/13/1960 

Report: GB 840740 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Boiling; Bubbles; Control; Coolant Loops; Criticality; Fluid 
Flow; Fuel Solutions; Heat Exchangers; Heat Transfer; Homogeneous Reactors; Patent; Planning; 
Reactivity; Reactor Core; Reactors; Steam; Temperature; Tubes 



 

C-5436 

5429…..…..…………………..…….……..……ID Number…………………..…..…………….5429 

Author: n.a. 

Title: Nuclear Energy Turbine 

Date: 7/20/1960 

Report: GB 841972 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A process is presented for converting nuclear energy to mechanical energy which 
then can be converted to electrical energy. The process consists of compressing gas containing fissionable 
materials in a sub-critical condition to a critical degree. The fissionable gas is passed through a reaction 
zone which contains sufficient moderator to achieve a nuclear reaction in the gaseous medium. The enthalpy 
of the gaseous medium is increased and the gas is expanded through a turbine engine zone to reduce the 
enthalpy. The gaseous medium is then cooled and recycled. 



 

C-5437 

5430…..…..…………………..…….……..……ID Number…………………..…..…………….5430 

Author: Diebner, K. 

Title: Method of Constructing a Nuclear Reactor 

Date: 8/17/1960 

Report: GB 844694 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A scheme is outlined for producing nuclear fuel for a ship provided with a critical 
reactor; it consists of the following steps: (1) Natural uranium rods are arranged around a critical reactor, 
producing plutonium by neutron resonance absorption in U238 with a conversion factor>1. (2) The enriched 
uranium rods are immersed in a water reservoir connected to a duct or channel which leads to the ship. (3) 
The rods are moved to the ship and placed in its reactor without removal from water. thereby ensuring 
safety. The advantage of this scheme is that no chemical processes (e.g., isotope separation) are necessary. 



 

C-5438 

5431…..…..…………………..…….……..……ID Number…………………..…..…………….5431 

Author: n.a. 

Title: Neutron Amplifier 

Date: 10/12/1960 

Report: GB 850876 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A thorough description is given of the design, operation, and possible variations of a 
neutron amplifier for controllable neutron outputs produced by subcritical chain reactions. The amplifier 
comprises a cascaded series of stages consisting of fissionable fuel cells separated from each other by 
neutron moderator walls. In operation a neutron source is positioned at one end of the cascade; a fission 
reaction is induced by the source in the first cell, producing more neutrons which then serve to induce a 
fission reaction in the second cell, etc. The fissionable fuel is solid U235 or a solution of UO2(N0/sub 3/)2 
or UO2SO4 and the moderator is usually D2O. Characteristic data are given for all the possible fuel and 
moderator materials. Various methods are described for using feedback to stabilize the amplifier at a given 
neutron generation level so that it will be self-sustaining when the neutron source is withdrawn. Two of 
these methods are (1) passing neutrons backward from one stage into the previous stage to induce more 
fission reactions and (2) transferring the fuel material (where it is fluid) of one stage into a preceding stage. 
The possible use of control rods to enhance or lessen the fission reaction is discussed. An amplifier design 
with concentric spheres is included together with drawings for all the designs. 



 

C-5439 

5432…..…..…………………..…….……..……ID Number…………………..…..…………….5432 

Author: n.a. 

Title: Push-Pull Tandem Nuclear Reactor Using a Liquid Fuel 

Date: 12/1/1960 

Report: GB 855671 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A homogeneous reactor system is designed which utilizes a new method for 
circulating the liquid fuel through a heat exchanger. The reactor system consists of two reactors connected 
to each other through a heat exchanger, and each reactor contains a critical region and a vapor region. When 
the liquid in the first critical region becomes critical, its temperature rises, leading to an increased vapor 
pressure which forces the liquid out through the heat exchanger into the second critical region. This situation 
is repeated in the second critical region. 
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5433…..…..…………………..…….……..……ID Number…………………..…..…………….5433 

Author: Diebner, K. 

Title: Process and Plant for the Thermal Breeding of Plutonium 

Date: 12/14/1960 

Report: GB 856054 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A thermal breeder reactor system for breeding plutonium is designed comprising two 
or more reactor stages, one supercritical central stage and one or more subcritical blanket stages surrounding 
the central stage and separated from the central stage by a gas-filled space so that the tendency of the 
neutrons escaping from the central stage to reflect back is reduced. In this way, plutonium production 
exceeds U235 consumption. Means are provided for equalizing the pressures in this system. Drawings are 
presented illustrating the relation between the conversion factor, the multiplication factor, and the 
moderator-volume ratio and the system. 
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5434…..…..…………………..…….……..……ID Number…………………..…..…………….5434 

Author: n.a. 

Title: Nuclear Reactor 

Date: 9/27/1961 

Report: GB 878180 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The design, characteristics, operation, and performance of a molten plutonium fueled 
fast breeder reactor are described. The reactor consists of a vessel, a core supported within the vessel and 
spaced in relation to the vessel, the core containing a quantity of molten plutonium-containing fuel, the 
quantity of plutonium in the fuel being sufficient to sustain a condition of criticality, the fuel being confined 
by the walls of at least one tube within the core, means including a coolant in conductive contact with the 
walls of the tube for removing heat from the core, and means for controlling the reactivity in the core. The 
fuel is supplied by injection means. The injection device includes a noncritical reservoir located external to 
the core. The reservoir is connected to the top and bottom of the core and has means for heating the fuel 
and displacing the fuel into the core by the injection means. A reflector is also provided around the core 
and contains coolant channels. 
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5435…..…..…………………..…….……..……ID Number…………………..…..…………….5435 

Author: Bornstein, I. 

Title: Samarium Compensator 

Date: 11/15/1961 

Report: GB 882117 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The formation of an equilibrium concentration of Sm149 with a high poisoning effect 
in U235 fuel necessitates the addition of excess reactivity to reactor cores to compensate for the poisoning. 
However, since the Sm149 equilibrium concentration takes quite a long time to build up, especially in 
reactors with low neutron flux, there is a danger of runaway in the initial period of reactor operation due to 
the excess reactivity. This danger can be alleviated simply by adding to each fuel element an amount of 
Sm149 equivalent to one to two times the amount of the Sm149 equilibrium concentration. The optimum 
proportion of natural Sm2O3 for addition to UO2 in this manner is approximates 0.068 wt.% relative to the 
weight of U235O2 present. 
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5436…..…..…………………..…….……..……ID Number…………………..…..…………….5436 

Author: Clelland, D. W. / Marshall, W. W. / Evans, G. R. 

Title: Improvements in or Relating to the Production of Plutonium 

Date: 11/22/1961 

Report: GB 882950 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A process and an apparatus are described for carrying out the step of plutonium 
oxalate precipitation from plutonium nitrate solutions in a continuous and economical manner without 
criticality risks. In this process, plutonium nitrate and oxalic acid solutions are fed to a stirred vessel at 80 
deg C to effect precipitation, and the resulting slurry is passed by gravity flow to a cooler at 25 deg C and 
thence to a column having an upward flow feed of a washing mixture of oxalic and nitric acids. The 
precipitate settles to the bottom of the column, from which it may be continuously withdrawn through a 
valve. The apparatus is of eversafe geometry. 
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5437…..…..…………………..…….……..……ID Number…………………..…..…………….5437 

Author: n.a. 

Title: Improvements in Storage Arrangements for Radioactive Components 

Date: 1/1/1962 

Report: GB 886294 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A facility for storing radioactive components after use in a reactor is designed which 
eliminates the danger of stored fissile materials inadvertently achieving criticality. The facility comprises a 
chamber for containing a shielding liquid, means for suspending fissile components within the liquid, and 
guide means for permitting suspension only at predetermined safe locations. An embodiment of the facility 
is described for transfer of reactor fuel elements from reactors and storage. 
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5438…..…..…………………..…….……..……ID Number…………………..…..…………….5438 

Author: Huet, A. 

Title: Improvements in or Relating to Nuclear Reactors 

Date: 2/28/1962 

Report: GB 890330 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A modification of the reactor described ln British Patent 857,675, in which control ls 
effected by moving the fuel rods together or away from each other by means oi articulated quadrilaterals. 
ls described. A fixed point ls provided for each control so that the movement of the fuel rods ls effected 
about this fixed point and the modification consists of a device for shifting the fixed point ln case some of 
the fuel rod rows are removed from the reactor. 
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5439…..…..…………………..…….……..……ID Number…………………..…..…………….5439 

Author: Blake, L. R. 

Title: Improvements in or Relating to the Controlling of Nuclear Reactors 

Date: 10/1/1962 

Report: GB 907394 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A fast reactor is designed with a control system which is actuated by a fall in the 
coolant pressure. Means for holding the fuel elements in the critical position against a bias towards a non-
critical position is provided which is powered by the coolant flow. On failure of the coolant flow, the fuel 
elements are moved by gravity to noncriticality. 



 

C-5447 

5440…..…..…………………..…….……..……ID Number…………………..…..…………….5440 

Author: n.a. 

Title: Apparatus for the Generation of Short-Time Neutron Impulses 

Date: 12/1/1962 

Report: GB 912222 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A reactor is designed for generating neutron pulses by passing fissile material through 
channels in the reactor vessel. The stationary fissile material in the vessel is subcritical, and the speed of 
the passing fissile material may be varied by varying the resistance inside the channels. The flssile material 
may be in the form of fuel embedded in graphite balls. 
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5441…..…..…………………..…….……..……ID Number…………………..…..…………….5441 

Author: n.a. 

Title: Nuclear Power Reactor 

Date: 2/27/1963 

Report: GB 919637 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The reactor comprises a reactor core constructed of a fissile material and a neutron 
injecting device, both being subcritical. The neutron injecting device is capable of injecting neutrons into 
the reactor core in such proportions that the reactor becomes and remains critical. 
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5442…..…..…………………..…….……..……ID Number…………………..…..…………….5442 

Author: Gerrard, T. H. / Pender, R. R. 

Title: Improvements Relating to the Storage of Materials Having a Fissionable Content 

Date: 5/15/1963 

Report: GB 926302 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design of a storage pillar for storing containers of 2 close-fitting concentric 
cylindrical tubes with axially spaced apertures. The tubes can be swiveled relative to compartments within 
the tubes, or so that the apertures are not lined up, closing the compartments. The inner tube has several 
transverse floors, so that containers may be stored in the compartments. Drainage space is provided below 
the floor of the lowest compartment, and holes are made in the floors to allow leaks to drain into the 
reservoir. A storage area would consist of a plurality of pillars spaced sufficiently far apart to prevent 
criticality of the material stored in the pillars. 
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5443…..…..…………………..…….……..……ID Number…………………..…..…………….5443 

Author: n.a. 

Title: An Improved Nuclear Reactor 

Date: 5/29/1963 

Report: GB 927539 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A heterogeneous light-water-and-graphite-moderated reactor, which is 
undermoderated with respect to graphite, is patented. The graphite moderator is traversed by passages 
containing light water as coolant and moderator. The coolant is introduced into each passage in the form of 
a spray or film on the walls of the passage. Criticality cannot be reached until the reactor moderation is 
completed by the injection of a sufficient amount of water into the passages. A burst of power in the reactor 
will increase the fuel/moderator ratio by evaporating the water film, thereby reducing the reactivity. 
Therefore, the effective multiplication factor of the reactor can be maintained within predetermined limits 
by controlling the rate of supply of light-water coolant. The operating temperature of the reactor is such 
that Pu fissions in preference to U and is prevented from accumulating in the reactor. 
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5444…..…..…………………..…….……..……ID Number…………………..…..…………….5444 

Author: n.a. 

Title: Improvements in Homogeneous Nuclear Reactors 

Date: 8/14/1963 

Report: GB 934223 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A method of controlling the reactivity of a homogeneous boiling reactor is patented. 
The reactor contains heavy or light water as a moderator with fissile material dissolved or dispersed in at 
least part of the moderator. Steam is produced by the moderator, and heat is removed from the steam during 
condensation in the primary steam circuit. The reactor vessel is connected to at least one vessel, in which 
the fuel cannot become critical, and the moderator is distributed between the reactor vessel and the 
subcritical vessel. The distribution of the moderator is controlled by regulating the pressure of the gas 
phases in the respective vessels with a gas flowing between the vessels and points in the primary steam 
circuit. The gas conduits contain adjustable regulators to resist the flow of gas. (M.P.G. 
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5445…..…..…………………..…….……..……ID Number…………………..…..…………….5445 

Author: n.a. 

Title: Improvement in Nuclear Reactor Containment Apparatus 

Date: 9/11/1963 

Report: GB 936626 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: An improved nuclear containment structure, including means for terminating a 
nuclear reaction and absorbing heat after an accident, is patented. The reactor is enclosed in a sealed inner 
container. An outer container surrounds the inner container and holds a pool of liquid between the 
containers. In an emergency liquids from the reactor can be emptied directly into the pool, and liquid from 
the pool can be introduced into the reactor core to absorb heat and make the core subcritical. The pool liquid 
is alkaline to increase the absorption of acidic fission products. 
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5446…..…..…………………..…….……..……ID Number…………………..…..…………….5446 

Author: Grainger, I. R. 

Title: Master and Slave Arm Manipulating Apparatus 

Date: 4/1/1964 

Report: GB 954014 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Engineering; Beryllium Oxides; Critical Assemblies; Criticality; Density; 
Enrichment; Foils; Fuel Elements; Homogeneous Reactors; Measured Values; Moderator-Fuel Ratio; 
Moderators; Neutron Flux; Operation; Oralloy; Patent; Remote Handling; Shielding; Thickness; Tools; 
Uranium 232; Uranium 235; Variations; Zones 
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5447…..…..…………………..…….……..……ID Number…………………..…..…………….5447 

Author: n.a. 

Title: A Rapid Occultation Device for a Radioactive Source 

Date: 5/6/1964 

Report: GB 957141 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Engineering; Configuration; Criticality; Energy; Fast Neutrons; Group Theory; Mass; 
Mathematics; Motion; Neutrons; Numericals; Patent; Perturbation Theory; Pneumatics; Radiation Sources; 
Reactor Core; Reactors; Reflectors; Shielding; Spectra; Thickness; Variations; Velocity; Volume; Zones 
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5448…..…..…………………..…….……..……ID Number…………………..…..…………….5448 

Author: Dodd, J. A. 

Title: Nuclear Reactors 

Date: 7/15/1964 

Report: GB 963791 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Control; Control Systems; Criticality; Fertile Materials; Fuel 
Elements; Moderators; Neutrons; Propulsion; Reactivity; Reactor Core; Reactors; Rotation; Ships; Uses; 
Variations 
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5449…..…..…………………..…….……..……ID Number…………………..…..…………….5449 

Author: Scott, J. A. 

Title: Improvements Relating to Nuclear Reactors 

Date: 11/1/1964 

Report: GB 974129 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Auxiliaries and Components; Control Elements; Control 
Systems; Criticality; Neutron Flux; Planning; Reactivity; Rods; Stainless Steels; Temperature 
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5450…..…..…………………..…….……..……ID Number…………………..…..…………….5450 

Author: n.a. 

Title: Nuclear Reactor 

Date: 1/1/1965 

Report: GB 979937 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Breeding; Burnup; 
Criticality; Fertile Materials; Fission Products; Fissionable Materials; Fuels; Planning; Plutonium 240; 
Power Plants; Quantity Ratio; Reactivity; Reactors 
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5451…..…..…………………..…….……..……ID Number…………………..…..…………….5451 

Author: n.a. 

Title: Means for Improving the Neutron Flux Distribution in the Axial Direction of a Nuclear Reactor 

Date: 1/20/1965 

Report: GB 980943 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Distribution; Fissionable 
Materials; Fuel Elements; Neutron Flux; Planning; Quantity Ratio; Reactor Core; Reactors; Research 
Reactors; Thermal Neutrons; Variations; Volume; Zones 
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5452…..…..…………………..…….……..……ID Number…………………..…..…………….5452 

Author: n.a. 

Title: Improvements in or Relating to Nuclear Reactors 

Date: 2/24/1965 

Report: GB 984193 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Absorption; Blankets; Breeding; 
Control Systems; Conversion; Criticality; Fertile Materials; Heavy Water Moderator; Irradiation; Mixing; 
Moderators; Neutrons; Planning; Power Plants; Pressure; Reactors; Thermal Neutrons; Water; Water 
Coolant; Water Moderator 
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5453…..…..…………………..…….……..……ID Number…………………..…..…………….5453 

Author: Faugeras, P. / Minart, P. / Pouchot, P. / Talmont, X. 

Title: Plant for Liquid-Liquid Extraction by the Counter-Current Flow Process 

Date: 7/7/1965 

Report: GB 997712 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Chemistry; Separation Processes and Procedures; Counter Current; Criticality; 
Decomposition; Extraction Columns; Laboratory Equipment; Liquids; Mixing; Nozzles; Planning; 
Pressure; Radioactivity; Separation Processes; Solutions; Solvent Extraction; Solvents 
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5454…..…..…………………..…….……..……ID Number…………………..…..…………….5454 

Author: Bolliet, R. 

Title: Device for Determining the Rate of Increase of the Neutron Flux in a Nuclear Reactor 

Date: 7/14/1965 

Report: GB 997925 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Amplifiers; Circuits; Currents; Direct 
Current; Electric Potential; Exponential Piles; Instruments; Integrals; Measured Values; Motors; Neutron 
Flux; Numericals; Planning; Reactivity; Reactor Period; Reactors; Recording Systems; Variations 
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5455…..…..…………………..…….……..……ID Number…………………..…..…………….5455 

Author: Sege, G. 

Title: Preliminary Hazards Summary Report for the Dresden Nuclear Power Station 

Date: 1/1/1957 

Report: GEAP-01044 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The main design features of the plant are described and analyzed from the safety 
standpoint. Salient design features and specific safety features are amplified in detail. It is concluded that 
no person on or off the plant premises will be exposed to radiation in excess of the permissible limits in any 
of the normal plant operation, including disposal of all radioactive materials produced. 
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5456…..…..…………………..…….……..……ID Number…………………..…..…………….5456 

Author: Brammer, H. A. 

Title: N.S. Savannah Fuel Design and Development Program. Core II Critical Assembly Analysis 

Date: 11/15/1961 

Report: GEAP-03514 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space; Critical Assemblies; Diagrams; 
Equations; Fuel Elements; Planning; Power Plants; Pressure; Propulsion; Reactor Fueling; Reactors; 
Savannah; Ships; Tables; Water; Water Coolant; Water Moderator 
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5457…..…..…………………..…….……..……ID Number…………………..…..…………….5457 

Author: Reynolds, A. B. 

Title: Physics Design of the Mixed-Spectrum Critical Assembly 

Date: 8/1/1963 

Report: GEAP-04320 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The assembly will be a mockup of the Mixed Spectrum Superheater Reactor, an 
integral superheater reactor in which boiling occurs in an annular thermal section and steam is superheated 
in an unmoderated fast section in the center. The assembly is described, and the results of physics design 
calculations are presented. Power distributions, criticality parameters, loadings, reactivity distributions, 
control system and core worths, reactivity due to Doppler effect and axial fuel expansion in the fast section, 
effects of flooding the fast section, and thermal-core Doppler and void coefficients were calculated. Three 
methods under consideration for the measurement of the Doppler effect in the fast core are also discussed. 
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5458…..…..…………………..…….……..……ID Number…………………..…..…………….5458 

Author: Horst, K. M. 

Title: Southwest Experimental Fast Oxide Reactor Development Program 

Date: 7/1/1964 

Report: GEAP-04594 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report summarizes the work conducted on the SEFOR research and development 
program which is performed under contract with the United States Atomic Energy Commission. The report 
covers the first quarter of work beginning March 25, 1964 and ending June 26, 1964. SEFOR (Southwest 
Experimental Fast Oxide Reactor) is a 20 Mwt fast sodium cooled reactor with characteristics similar to the 
large, soft-spectrum fast breeder reactors fueled with mixed plutonium dioxide uranium-238 dioxide, which 
studies indicate the potential for producing low cost power. SEFOR will be used to obtain physics and 
engineering data at fuel compositions, temperatures, and crystalline states characteristic of power reactor 
operating conditions. SEFOR is particularly designed for the systematic determination of the Doppler 
coefficient of reactivity at temperatures up to the vicinity of fuel melting. The SEFOR project consists of 
two major parts reactor facility and the related research and development program. Funds for the design 
and construction of the facility are being provided by the southwest atomic energy associates (a group of 
seventeen investor-owned utility companies located in the south and southwest of the United States). 
Together with the Karlsruhe Laboratory of West Germany, Euratom and the General Electric Company. 
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5459…..…..…………………..…….……..……ID Number…………………..…..…………….5459 

Author: Wall, I. B. / Warzek, F. G. 

Title: Mixed Spectrum Superheater Critical Experiment Coupled Reactor Measurements 

Date: 11/1/1965 

Report: GEAP-04680 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Doppler 
Effect; Fast Neutrons; Measurement; Mixed Spectrum Assembly; Neutrons; Reactivity; Reactor Core; 
Reactor Coupling; Reactors; Spectra; Spectral Shift; Thermal Neutrons; Velocity 
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5460…..…..…………………..…….……..……ID Number…………………..…..…………….5460 

Author: Greebler, P. / Gyorey, G. L. / Hutchings, B. A. / Segal, B. M. 

Title: Implications of Recent Fast Critical Experiments on Basic Fast Reactor Design Data and 
Calculational Methods 

Date: 10/1/1967 

Report: GEAP-05271 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Critical 
Assemblies; Cross Sections; Design; Determination; Doppler Effect; Fast Neutrons; Fuels; Measurement; 
Plutonium; Reactors; Research Reactors; Spectral Shift; Velocity; ZPR-3 
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5461…..…..…………………..…….……..……ID Number…………………..…..…………….5461 

Author: Reynolds, A. B. / Stewart, S. L. 

Title: Analysis of the SEFOR Mockup Critical Experiments in ZPR-3 

Date: 1/1/1967 

Report: GEAP-05294 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Analysis; 
Control; Criticality; Design; Determination; Measurement; Mockup; Prompt Neutrons; Pulsed Neutron 
Technique; Reactivity; Research Reactors; Safety; SEFOR; Sodium; Testing; Uranium 238; ZPR-3 
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5462…..…..…………………..…….……..……ID Number…………………..…..…………….5462 

Author: Brown, P. S. / Weitzberg, A. 

Title: Neutron Spectrum Measurements in a Fast Plutonium Assembly, ZPR-III Assembly 48 

Date: 1/1/1967 

Report: GEAP-05340 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Critical 
Assemblies; Fast Neutrons; Measurement; Neutrons; Plutonium; Recoils; Research Reactors; Spectra; 
Spectrometers; ZPR-3 
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5463…..…..…………………..…….……..……ID Number…………………..…..…………….5463 

Author: Pflasterer, G. R. / Becker, R. A. 

Title: Southwest Experimental Fast Oxide Reactor Development Program. Quarterly Report No. 20, 
February--April 1969 

Date: 1/1/1969 

Report: GEAP-10010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Criticality; Fabrication; Fuel 
Elements; Gases; Neutron Flux; Plutonium Oxides; Pressure; Reactivity; Reactor Core; Research Reactors; 
SEFOR; Testing; Transients; Uranium Dioxide 
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5464…..…..…………………..…….……..……ID Number…………………..…..…………….5464 

Author: n.a 

Title: Task 10: Startup Testing 

Date: 10/31/1970 

Report: GEAP-10010-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Criticality; 
Loading; Plutonium Oxides; Reactivity; Reactor Core; Research Reactors; SEFOR; Startup; Uranium 
Dioxide 
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5465…..…..…………………..…….……..……ID Number…………………..…..…………….5465 

Author: Pflasterer, G. R. / Becker, R. A. 

Title: Southwest Experimental Fast Oxide Reactor Development Program. Quarterly Report No. 30, 
August--October 1971 

Date: 1/1/1971 

Report: GEAP-10010-30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Operation & Economics; Control Elements; Criticality; 
Fabrication; Fuel Elements; Plutonium Oxides; Pressure Vessels; Reactivity Worths; Reactor Cores; 
Reactor Maintenance; Reactor Operation; SEFOR Reactor; Stresses; Thermocouples; Transients; Uranium 
Dioxide 
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5466…..…..…………………..…….……..……ID Number…………………..…..…………….5466 

Author: Noble, L. D. / Mitzel, F. / Sarma, B. / Wintzer, D. / Lu, Y. S. / Kessler, G. / Pflasterer, G. R. / 
Becker, R. A. / Mansur, L. 

Title: Results of SEFOR Zero Power Experiments 

Date: 3/1/1970 

Report: GEAP-13588 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The SEFOR experimental program is comprised of a series of tests beginning with 
low power tests, proceeding through static and frequency response tests at various power levels up to full 
power, and culminating in a series of sub-prompt and super-prompt critical transients. The results of the 
low (zero) power tests are reported here and are compared with calculations. The agreement between 
experiment and calculation is generally good. The tests were conducted at low power and included such 
experiments as the approach to the minimum critical core size, calibration of the reflector control, 
measurement of fission rate distributions, material reactivity worth measurements, uniform non-nuclear 
heating of the reactor to determine the reactivity temperature coefficient, and the measurement of the ratio 
of the prompt neutron lifetime to the effective delayed neutron fraction. 
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5467…..…..…………………..…….……..……ID Number…………………..…..…………….5467 

Author: General Electric Co. 

Title: Critical Experiments and Analysis. Seventeenth Quarterly Report, October-December 1975 

Date: 1/1/1976 

Report: GEAP-13771-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress for the period October through December 
1975 are reported for three subtasks. Subtask A covers the technical direction for critical experiments and 
analysis as applicable to LMFBR commercial plants and the Clinch River Breeder Reactor Plant 
Benchmark Critical Experiments in ZPPR Assembly 4 and the CRBRP EMC. Subtask B is directed toward 
the development of LMFBR plant calculational methods that also can be used at the site of the Clinch River 
Breeder Reactor to determine the reactor power distribution, reactivity and fuel status, and for consideration 
of alternative fuel and control management schemes. Subtask C is directed toward the development of 
nuclear design extrapolation techniques which will allow the extrapolation of nuclear design data from one 
LMFBR design to another, e.g., extrapolation of critical experiment data to LMFBR. 



 

C-5475 

5468…..…..…………………..…….……..……ID Number…………………..…..…………….5468 

Author: General Electric Co. 

Title: Critical Experiments and Analysis. Eighteenth Quarterly Report, January-March 1976 

Date: 4/1/1976 

Report: GEAP-13771-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress for the period January through March 1976 
are reported for three subtasks. Subtask A covers the technical direction for critical experiments and 
analysis as applicable to LMFBR commercial plants and the Clinch River Breeder Reactor Plant 
Benchmark Critical Experiments in ZPPR Assembly 4 and the CRBRP EMC. Subtask B is directed toward 
the development of LMFBR plant calculational methods that also can be used at the sites of the Clinch 
River Breeder Reactor to determine the reactor power distribution, reactivity and fuel status, and for 
consideration of alternative fuel and control management schemes. Subtask C is directed toward the 
development of nuclear design extrapolation techniques which will allow the extrapolation of nuclear 
design data from one LMFBR design to another, e.g., extrapolation of critical experiment data to LMFBR. 



 

C-5476 

5469…..…..…………………..…….……..……ID Number…………………..…..…………….5469 

Author: General Electric Co. 

Title: Critical Experiments and Analysis Nineteenth Quarterly Report, April-June 1976 

Date: 7/1/1976 

Report: GEAP-13771-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress are reported for three subtasks. Subtask A 
covers the technical direction for critical experiments and analysis as applicable to LMFBR commercial 
plants and the Clinch River Breeder Reactor Plant Benchmark Critical Experiments in ZPPR Assembly 4 
and the CRBRP EMC. Subtask B is directed toward the development of LMFBR plant calculational 
methods that also can be used at the sites of the Clinch River Breeder Reactor to determine the reactor 
power distribution, reactivity and fuel status, and for consideration of alternative fuel and control 
management schemes. Subtask C is directed toward the development of nuclear design extrapolation 
techniques which will allow the extrapolation of nuclear design data from one LMFBR design to another, 
e.g., extrapolation of critical experiment data to LMFBR. 
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5470…..…..…………………..…….……..……ID Number…………………..…..…………….5470 

Author: n. a. 

Title: Critical Experiments and Cooperative Evaluations Program. Second Quarterly Report, January--
March 1972. 

Date: 1/1/1972 

Report: GEAP-13771-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Physics Calculations for ZPPR Assembly 3, Nuclear Data and 
Methods Development for; Critical Assemblies / Criticality Measurements in ZPPR Assembly 3; Critical 
Assemblies / Core for ZPPR, Loading Plan for Assembly 3; Critical Assemblies / Control Rods for ZPPR 
Assembly 3, Worth Measurements On 
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5471…..…..…………………..…….……..……ID Number…………………..…..…………….5471 

Author: General Electric Co. 

Title: Liquid Metal Fast Breeder Reactor Program. Critical Experiments and Analysis Twentieth Quarterly 
Report, July-September 1976 

Date: 10/1/1976 

Report: GEAP-13771-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress are reported for three subtasks. Subtask A 
covers the technical direction for critical experiments and analysis as applicable to LMFBR commercial 
plants and the Clinch River Breeder Reactor Plant Benchmark Critical Experiments in ZPPR Assembly 4 
and the CRBRP EMC. Subtask B is directed towards the analysis of advanced fuels critical experiments 
that can provide a consistent data base for testing the computational tools, nuclear analysis techniques and 
basic nuclear data which are used in the LMFBR design effort, and for evaluating the nuclear performance 
and safety characteristics of advanced fuel materials. Subtask C is directed towards the development of 
LMFBR plant calculational methods that also can be used at the sites of the Clinch River Breeder Reactor 
to determine the reactor power distribution, reactivity and fuel status, and for consideration of alternative 
fuel and control management schemes. 
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5472…..…..…………………..…….……..……ID Number…………………..…..…………….5472 

Author: General Electric Co. 

Title: Critical Experiments and Analysis Twenty-First Quarterly Report, October-December 1976 

Date: 1/1/1977 

Report: GEAP-13771-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress for the period October through December 
1976 are reported for two subtasks. Subtask A covers the technical direction for critical experiments and 
analysis as applicable to LMFBR commercial plants and the Clinch River Breeder Reactor Plant 
Benchmark Critical Experiments in ZPPR Assembly 4 and the CRBRP EMC. Subtask B is directed towards 
the analysis of advanced fuels critical experiments that can provide a consistent data base for testing the 
computational tools, nuclear analysis techniques and basic nuclear data which are used in the LMFBR 
design effort, and for evaluating the nuclear performance and safety characteristics of advanced fuel 
materials. 
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5473…..…..…………………..…….……..……ID Number…………………..…..…………….5473 

Author: n. a. 

Title: Critical Experiments and Cooperative Evaluations Program. Third Quarterly Report, April--June 
1972. 

Date: 1/1/1972 

Report: GEAP-13771-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Test Facilities; Criticality; Data; Planning; Reactor 
Operation; Testing; ZPPR Reactor 
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5474…..…..…………………..…….……..……ID Number…………………..…..…………….5474 

Author: n. a. 

Title: Critical Experiments and Cooperative Evaluations Program. Sixth Quarterly Report, January--March 
1973 

Date: 3/1/1973 

Report: GEAP-13771-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Configuration- Control Rod Worths- Criticality- Reactor Cores- Reactor Lattice 
Parameters- ZPPR Reactor; Cross Sections- Data- FBR Type Reactors- Fuel Management- Neutrons- 
Plutonium 239- Reactor Kinetics- Research Programs- Sodium Cooled Reactors 
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5475…..…..…………………..…….……..……ID Number…………………..…..…………….5475 

Author: n. a. 

Title: Critical Experiments and Cooperative Evaluations Program seventh quarterly report, April—June 
1973 

Date: 6/1/1973 

Report: GEAP-13771-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress for the period April through June 1973 are 
reported for two subtasks. Subtask A covers the planning and analysis of critical experiments in ZPPR-3. 
Subtask B progress is reported for nuclear data evaluation and testing and methods development in support 
of Subtask A. 
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5476…..…..…………………..…….……..……ID Number…………………..…..…………….5476 

Author: n.a. 

Title: LMFBR In-Core Instrumentation and In-Vessel Surveillance Systems. Second Quarterly Report, 
April--June 1972 

Date: 1/1/1972 

Report: GEAP-13825-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Elements, Systems & Instrumentation; 
Acoustic Testing; Computers; Criticality; FBR Type Reactors; in Core Instruments; Mechanical Vibrations; 
Neutron Detectors; Neutron Monitors; On-Line Systems; Reactivity; Reactor Control Systems; Reactor 
Instrumentation; Reactor Operation; Sodium Cooled Reactors; Sound Waves 
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5477…..…..…………………..…….……..……ID Number…………………..…..…………….5477 

Author: Stewart, S. L. 

Title: Specification of ZPPR Assembly 3, Phases 2 and 3 experimental program 

Date: 6/1/1973 

Report: GEAP-13964 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; ZPPR Reactor- Research Programs; Control Elements; Criticality; Reactor 
Kinetics; Simulation; Specifications; Testing 
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5478…..…..…………………..…….……..……ID Number…………………..…..…………….5478 

Author: Stewart, S. L. / Hartman, A. K. / Crick, S. C. 

Title: Evaluation and Analysis of ZPPR Assembly 3 Critical Experiments 

Date: 4/1/1974 

Report: GEAP-14001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments have been performed in ZPPR Assembly 3 investigate 
the effects of the control system on nuclear parameters of a demonstration plant as part of the demonstration 
plant benchmark critical program. The intent of ZPPR-3 was to examine the influence of a specific control 
system design on the nuclear parameters of a typical LMFBR demonstration reactor. The principal reactor 
parameters experimentally studied in ZPPR-3 were power distribution, control worth, and sodium void 
reactivity effects. ZPPR-3 was a 2400 liter two enrichment zone core with 19 simulated controls rods. The 
experimental program is divided into 3 phases corresponding to end-of-cycle, middle-of-cycle, and 
beginning of-cycle control conditions. The analytical approach used was to use normal reactor design 
methods where possible and to calibrate these methods against experimental data. Most analysis was 
performed with two-dimensional (X, Y geometry) diffusion theory calculations in 6 energy groups. 
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5479…..…..…………………..…….……..……ID Number…………………..…..…………….5479 

Author: Crick, S. 

Title: FONDLE: A Computer Code for Comparing Experimental and Analytical Data 

Date: 3/1/1975 

Report: GEAP-14014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Computer Codes- Codes; Reaction Kinetics- 
Three-Dimensional Calculations; Criticality; Reactor Kinetics 
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5480…..…..…………………..…….……..……ID Number…………………..…..…………….5480 

Author: Hitchcock, J. T. / Hartman, A. K. 

Title: Analysis of the ZPPR-4 Critical Experiments: Phases 1 and 2 

Date: 2/1/1976 

Report: GEAP-14077 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The primary purpose of Assembly 4 of ZPPR was to provide a benchmark study of 
LMFBR blanket characteristics and the interaction effects of control and blanket fissile buildup. The data 
was used to resolve nuclear performance uncertainties for the design of radial blankets. The ZPPR-4 
program was separated into four experimental phases, each with several critical configurations. The main 
references included simulations of initial and equilibrium cores at both beginning and end of cycle. This 
report presents the analyses of the initial core experiments, designated as Phases 1 and 2. These initial core 
studies provide information on the accuracy of analytical techniques used to predict criticality, power 
distributions, fertile capture distributions, and control rod and material worths. The analytical emphasis was 
on the evaluation and calibration of standard design techniques. An attempt was made to lower and quantify 
the nuclear design uncertainties. The primary calculational tool was few group (nine), two-dimensional 
diffusion theory. The cross section data base was ENDF/B Version III. 
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5481…..…..…………………..…….……..……ID Number…………………..…..…………….5481 

Author: Hopkins, G. C. 

Title: Once-Through Thorium Fuel Cycle Evaluation for TVA's Browns Ferry-3 Boiling Water Reactor 

Date: 5/1/1982 

Report: GEAP-25506 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents benchmark evaluations to test thorium lattice predictive 
methods and neutron cross sections against available data and summarizes specific evaluations of the once-
through thorium cycle when applied to the Browns Ferry-3 BWR. It was concluded that appreciable 
uncertainties in thorium cycle nuclear data cloud the ability to reliably predict the fuel cycle performance 
and that power reactor irradiations of ThO2 rods in BWRs are desirable to resolve uncertainties. Benchmark 
evaluations indicated that the ENDF/B-IV data used in the evaluations should cause an underprediction of 
U-233/ThO2 fuel reactivity, and, therefore, the results of the preliminary evaluations completed under the 
program should be conservative. 
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5482…..…..…………………..…….……..……ID Number…………………..…..…………….5482 

Author: Greebler, P. / Harker, W. H. / Harriman, J. M. 

Title: Neutron Thermalization Calculations for a Heterogeneous Lattice Containing Uranium and 
Plutonium Fuel in Water 

Date: 4/14/1958 

Report: GEAP-3001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Assessment of methods/data used to account for non-1/v absorption effects in Pu-
239. 
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5483…..…..…………………..…….……..……ID Number…………………..…..…………….5483 

Author: Fischer, D. L. 

Title: CER Startup Experiments 

Date: 7/1/1958 

Report: GEAP-3040; VAL-88 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a series of start-up experiments per formed at the Lockheed CER during 
the period June 4 to. 18, 1958 are presented. The purpose of the experiments was to demonstrate the 
satisfactory nuclear characteristics of this reactor. The following reactor characteristics were measured 
critical loading, operational loading, temperature coefficient, average void coefficient, regulating rod 
strength, and control system strength. These results were in good agreement with the design characteristics 
predicted before start-up. 
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5484…..…..…………………..…….……..……ID Number…………………..…..…………….5484 

Author: n.a. 

Title: Survey of the Physics Metallurgy and Engineering Aspects of Reactor Control Materials 

Date: 6/1/1959 

Report: GEAP-3183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A survey of the present state of knowledge of the theory of control in nuclear reactors 
and a list of references to the literature in this field are presented. Recommendations for a program of work, 
both theoretical and experimental, are included. The choice of high neutron absorber material for a specific 
reactor application depends on many factors among which are: nuclear considerations, metallurgical 
fabricability, radiation stability, corrosion resistance, mechanical strength, cost, and availability. Materials 
are discussed from the engineering application standpoint. ( 
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5485…..…..…………………..…….……..……ID Number…………………..…..…………….5485 

Author: Becker, R. A. / Russell, Jr., J. L. 

Title: Relative Effectiveness of Reactor Control Materials 

Date: 7/20/1959 

Report: GEAP-3201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The boron equivalence of high cross section elements for slab geometries was 
measured. Data were obtained for several thicknesses of 19 elements. Because the measurement constants 
of conventional relative worth determination of slabs of various sample materials. the data are presented as 
relative worths vs. sample surface density. as well as sample surface density vs. equivalent boron surface 
density. 
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5486…..…..…………………..…….……..……ID Number…………………..…..…………….5486 

Author: Becker, R. A. / Russell, Jr., J. L. / Ballowe, W. C. 

Title: Relative Effectiveness of Reactor Control Materials (Supplement) 

Date: 1/11/1961 

Report: GEAP-3201(Suppl.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were made on Li6/, Ag--In-- Cd mixtures, EuB/sub 6/-- Cu-- stalnless 
steel sandwiches, 0.161-in. B4C and Dy/sub 2/O3 rods, and were repeated for Au, B, Er/sub 2/O3, and 
TB4O/sub 7/ i. The data are presented in tables giving relative worth and equivalent surface density of 
boron. Graphs plotting relative worth vs. sample surface density and sample surface density vs. boron 
equivalent surface density are presented. 
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5487…..…..…………………..…….……..……ID Number…………………..…..…………….5487 

Author: n.a. 

Title: 300kwe Capsule Nuclear Power Plant Study. Final Report 

Date: 8/15/1960 

Report: GEAP-3485 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A conceptual design study is described of a 300 kwe capsule power reactor whose 
purpose is continuous unattended operation in locations of limited access to humans. The most promising 
concept comprises a direct-cycle, boiling- water reactor using a UO2-stainless steel dispersion as fuel. At 
the start of plant life, the metal/fuel ratio is 14:1; there are 14 to 16 kg of UO2 in the reactor; and the fuel 
enrichment is 93%. The fuel is contained in 370 plates. A burnup of 1.6 to 3.7 kg of U235 may be achieved 
over the 3-year lifetime. The reactor is self-controlled by its negative temperature coefficient, so that no 
control rods are necessary. The core is in the form of aright cylinder. The capsule must be submersed in 
water, which provides a heat sink. 
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5488…..…..…………………..…….……..……ID Number…………………..…..…………….5488 

Author: Cook, W. H. 

Title: Fuel Cycle Program. A Boiling Water Reactor Research and Development Program. Quarterly 
Report No. 1, August 1960-September 1960 

Date: 10/10/1960 

Report: GEAP-3558 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The completed Zircaloy-clad fuel design is described, and its fission- gas release and 
heat-transfer and fluid flow characteristics are discussed. Results of physical calculations of three "just-
critical" Vallecitos BWR core arrays are reported, and the COFFI program for the IBM704 for steady-state 
operating characteristics of a reactor is described. Fabrication of stainless- steel fuel assemblies is described, 
and a detailed description of instrumented assembly designs for core performance and hydrodynamic 
stability is given. Nonuniform single-rod burn-out data are given, and a new burn-out test section is briefly 
described. Prototype single- and two-phase pressure-drop measurements were made. 
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5489…..…..…………………..…….……..……ID Number…………………..…..…………….5489 

Author: Pennington, R. T. 

Title: Nuclear Superheat Project Eighth Quarterly Progress Report, April-June 1961 

Date: 10/31/1962 

Report: GEAP-3785 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies on the use of erbium burnable poison in superheat fuel indicate that significant 
amounts of control can be accomplished which may result in acceptability of gray control rods with 
associated reduction in maximum rod worth and power perturbations. Satisfactory performance of the SH-
4 fuel elements during irradiation testing is reported. All experimental physics measurements in the VAL 
critical facility were completed during the period. Exposures for 500, 1000, and 2465 hrs were completed 
on type 304 stainless steel specimens under dynamic heat transfer conditions with controlled superheat 
environment. Measured corrosion rates are reported. In development work on the radial vane type primary 
steam separator, a full circle of radial vanes was found to operate with moisture carry-over of 6% and vapor 
carry-under of 0.2% by weight at about 20,000 ft/sup 3//hr of 1000 psig saturated steam-water flow. Work 
was initiated on the design of a small prototype reactor to demonstrate the important features of a mixed 
spectrum superheater. Results of thermo hydraulics, nuclear physics, and safety aspects of fast core 
meltdown are reported. Completion of a preliminary hazards review for the Mixed Spectrum Superheater 
is also reported. 



 

C-5497 

5490…..…..…………………..…….……..……ID Number…………………..…..…………….5490 

Author: Petersen, G. T. / Warzek, F. G. 

Title: AEC Superheat Criticals - A Comparison of Experiment and Theory on Uniform Lattices 

Date: 1/1/1962 

Report: GEAP-3882 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Configuration; Conversion; Critical Assemblies; Criticality; 
Distribution; Equations; Fuels; Mass; Measured Values; Neutron Flux; Planning; Power Plants; Reactivity; 
Reactor Core; Reactors; Superheating; Temperature; Thermal Utilization; Uranium Oxides; Variations; 
Water Moderator; Zones 
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5491…..…..…………………..…….……..……ID Number…………………..…..…………….5491 

Author: Megerth, F. H. / Zimmerman, D. L. 

Title: VBWR Irradiation of Reactor Control Materials in Tubes Containing Simulated Defects 

Date: 6/1/1962 

Report: GEAP-3927 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Samples of B4C, EuBO3, and TiO2-stabilized Dy2O/ sub 3 /, in pellet and compacted 
powder forms, were irradiated in the Vallecitos Boiling Water Reactor (VBWR). These neutron absorbing 
control materials were clad with 304 stainless steel tubes containing simulated defects. The effect of reactor 
exposure on pellet and powder stability was determined by measurements of sample weights and cladding 
dimensions, and by visual inspection of the irradiated absorber materials. The post-irradiation examination 
revealed no significant loss of materials or change in cladding dimensions. 
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5492…..…..…………………..…….……..……ID Number…………………..…..…………….5492 

Author: Leitz, F. J., ed. 

Title: Sodium-Cooled Reactors Program. Fast Ceramic Reactor Development Program. Second Quarterly 
Report, January-March 1962 

Date: 10/31/1963 

Report: GEAP-3957 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on the development of the Experimental Fast Ceramic Reactor 
and Fast Ceramic Reactor and demonstrations of low fuel cycle cost capability for the reactors. Further 
design work was accomplished on a fast reactivity excursion device for the EFCR. Preliminary experiments 
were accomplished involving gas charging used for pneumatic activation. Modification of the conceptual 
design of the original EFCR facility and scoping of the EFCR for a broader experimental program than 
originally proposed is reported. Evaluation of the transport of fission products in previously irradiated Phase 
I specimens was accomplished. Transient testing of EFCR-type fuel rods is reported. A study comparing 
the economic potential of mixed carbide fuel with mixed oxide fuel for fast reactors was conducted. A study 
was made of the processes available for fabrication of plutonium-containing fuel for a fast ceramic reactor, 
and for chemical reprocessing of irradiated fuel. A 37 fuel pin FCR prototype assembly and a 19 
(individually encapsulated) FCR fuel pin assembly were designed for prospective fast flux testing in the 
EBR-II reactor. A single fuel pin test capsule was designed for the Dounreay Fast Reactor. Refinement and 
debugging of the FORE digital computer code, designed to analyze the transient thermal-nuclear behavior 
of fast reactors, has proceeded to the point where the code is being run on a routine basis. The transient 
characteristics of a large fast ceramic reactor configuration were investigated using the FORE code. The 
preliminary design status of a 500 Mw(e) FCR power plant is summarized. The EICA (Elastic -Inelastic 
Cross Section DELTA averaging) computer code is specified in sufficient detail to permit coding to start. 
The RAPTURE computer code designed for the computation of Doppler coefficients in fast reactors is 
described. Technical evaluation of a proposed series of FCR critical experiments to be carried out in the 
ZPR III facility was made. 
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5493…..…..…………………..…….……..……ID Number…………………..…..…………….5493 

Author: Brynsvold, G. V. / Hikido, K. / Reynolds, A. B. / Riley, D. R. 

Title: Conceptual Design for a 75 Mwe Mixed Spectrum Superheating Reactor Power Plant 

Date: 2/25/1962 

Report: GEAP-4016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design, performance, and cost information on the nuclear portion of the Mixed 
Spectrum Superheater power plant are emphasized. The research and development programs required to 
ensure plant feasibility are also presented. The nuclear steam supply system, reactor auxiliary systems, 
radiation control systems, control and instrumentation, special test instrumentation, plant operation and 
maintenance, steam cycle, turbine plant, general service systems, preliminary safeguards considerations, 
expansion of plant power output to 150 Mw(e), and MSSR critical experiment are described. 
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5494…..…..…………………..…….……..……ID Number…………………..…..…………….5494 

Author: Meyer, P. / Garelis, E. 

Title: Development of Pulsed Neutron Application to Power Reactor Start-Up Procedures. First Quarterly 
Progress Report, April 1-June 30, 1962 

Date: 7/1/1962 

Report: GEAP-4047 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activities in a program to develop techniques in the use of pulsed neutron sources to 
measure shutdown parameters related to large thermal power reactors are reported. The experimental work 
centers around aspects of detecting neutrons in the presence of 10/sup 7/ r/hr gamma fields. The feasibility 
of U235 coated solid state detectors for use in these measurements is being studied. A theoretical 
investigation is also in progress on the effects of a multi-region assembly on the fundamental decay constant 
of injected bursts of neutrons. Other work is reported on the time-dependent neutron thermalization for bare 
multiplying media, particular attention is directed to the exponential time decay for pulsed bare multiplying 
homogeneous assemblies. Numerical expressions are given for the fundamental eigenfunction and 
eigenvalue to the first and second order, respectively. An explicit analytical expression for the eigenfunction 
is included. 



 

C-5502 

5495…..…..…………………..…….……..……ID Number…………………..…..…………….5495 

Author: Carver, J. G. / Morgan, W. R. / Robkin, M. A. / Lagache, M. P. 

Title: Program for the Development of Plutonium Recycle for Use in Light Water Moderated Reactors. 
Program Summary. Sixth Quarterly Report, July 1-September 30, 1962 

Date: 10/15/1962 

Report: GEAP-4081; EURAEC-514 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program fuel element achieved a burnup of about 790 Mwd/t at the center of the 
Pu-enriched segment, and a cumulative burnup of about 2430 Mwd/t. Analysis of data from gamma 
radiation scans of activated resonance wires is in progress. Calculations concerning the effects of thermal 
inelastic scattering in UO2 on the fission rate and reactivity in fuel cells typical of the program fuel element 
showed a fractional change on the order of 1/2 to 1% in the fission rate. Work on a THERMOS calculation 
of the detailed self-shielding of the Pu resonances was initiated. 
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5496…..…..…………………..…….……..……ID Number…………………..…..…………….5496 

Author: Hackney, M. R. / Ruiz, C. P. 

Title: Heavy Element Isotopic Analysis of UO2 Fuel Irradiated in the VBWR. Report No. 1 

Date: 12/28/1962 

Report: GEAP-4107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Slightly enriched UO2 fuel, irradiated in the Vallecitos Boiling Water Reactor 
(VBWR), with exposures ranging from 100 Mwd/t to 3200 Mwd/t was analyzed for heavy element isotopic 
composition and compared with computed data. The primary objective of this program is to obtain 
improved data on the changes in nuclear characteristics with burnup of UO2 fuel in a boiling water reactor. 
This information is important in both evaluating the economics of a given reactor design and in providing 
a sounder physics basis for improving reactor designs to minimize the resuiting fuel costs. Uranium oxide 
pellets, with an enrichment of 2.8 atom percent, were analyzed at several axial positions along the fuel rod, 
spanning the void (steam fraction) range of 0 to 30%. The isotopic composition for each pellet was 
computed, utilizing a general fuel cycle depletion code. Results of the analysis of the comparison of the 
measured and computed data indicate that the total amount of Pu computed is consistently lower than that 
implied from the measurement by approximately 10%, and the percentage difference between the measured 
and computed data increases slightly with exposure. One rod was irradiated near a control rod which was 
approximately 25% inserted. As expected, since no control rod effects were included in the calcuiation, the 
measured data in that region of the rod shows a greater Pu production per Mwd/t than computed. Physical 
effects which might explain the small, but apparentiy consistent, differences between the measured and 
computed data were postulated. It is concluded that the observed differences are the result of a substantial 
underestimate of void fraction and small uncertainties in fuel exposure and cross sections. 
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5497…..…..…………………..…….……..……ID Number…………………..…..…………….5497 

Author: Pennington, R. T. 

Title: EVESR-Nuclear Superheat Fuel Development Project Second Quarterly Report, September-
November 1962 

Date: 12/1/1962 

Report: GEAP-4146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Program activity during the period was primarily in the areas of planning, design, and 
fuel fabrication. Plans concerning fuel development are outlined along with those concerning cladding 
development and reactor research and development. The EVESR was scheduled to go critical in February 
1983. 
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5498…..…..…………………..…….……..……ID Number…………………..…..…………….5498 

Author: Pennington, R. T. 

Title: Nuclear Superheat Project Fourteenth Quarterly Report, October-December 1962 

Date: 1/15/1963 

Report: GEAP-4153 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The problem of steam flow control in large separate superheat reactors was 
investigated. Findings concerning steady-state pressure drop at full load are presented along with those 
concerning fuel bundle orificing requirements under normal operating conditions, and use of converging 
diverging nozzles in the exit steam piping to limit differential across the process tube under the accident 
conditions of external steam pipe rupture. Results of post-irradiation ESH-1 fuel element examination are 
included along with results of 310 and 304 stainless steel tensile tests. No changes in Hastelloy X grain 
structure were noted after 1000 to 2000 hours of superheat environmental testing. Data on clad material 
corrosion by boiling MgCl2 are summarized. Thermal cycling test results for coolant systems stainless 
steels are presented, and data on heat transfer with superheated steam are included. Results of efforts to 
learn more about the velocity and pressure distribution in the flow on the vessel wall simulator of the fill 
circle radial vane separator are reported. Other data are given on design of the ESH-1 and -2 fuel elements. 
The conceptual design of the mixed Spectrum Superheater Critical Experiment is described. 
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5499…..…..…………………..…….……..……ID Number…………………..…..…………….5499 

Author: Gietzen, A. J. / Tillinghast, T. / Weiss, M. L. 

Title: Physics Pre-Startup Report. ESADA Vallecitos Experimental Super-Heat Reactor 

Date: 4/12/1963 

Report: GEAP-4213 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The scope of the initial core loading and critical testing program is defined, and 
acceptable methods for the execution of the tests are indicated. A compilation of results and conclusions 
from physics calculations performed to guide the testing and startup of the ESADA-Vallecitos Experimental 
Superheat Reactor (EVESR) is included. 
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5500…..…..…………………..…….……..……ID Number…………………..…..…………….5500 

Author: General Electric Co. Atomic Power Equipment Dept., San Jose, Calif. 

Title: EVESR-Nuclear Superheat Fuel Development Project Fourth Quarterly Report, March-May 1963 

Date: 6/1/1963 

Report: GEAP-4277 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Construction of the EVESR reactor and plant is 99% complete. Installation of the fuel 
evaluation instrumentation and coolant sampling system is 70% complete. Design work was initiated on 
specialized instrumentation to obtain the additional data that will be required to evaluate the developmental 
superheat fuel. Fabrication of the fuel bundles is scheduled to be completed in July. Coupon samples of 
superheat fuel clad materials were prepared for irradiation in the EVESR core. Control samples will be 
exposed to superheated steam outside the core. The physics prestartup report which outiines the EVESR 
critical tests to be performed and the expected results was completed. Considerable progress was made 
toward completing the computer codes to be used for storing, processing, and reducing the vast quantities 
of fuel fabrication and performance data that will result from the EVESR superheat fuel development 
program. Pre-irradiation measurements of the fuel are being made. Preliminary plans were made for the 
advanced fuel bundles. 
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5501…..…..…………………..…….……..……ID Number…………………..…..…………….5501 

Author: Sorlie, T. 

Title: Development Program for Increased Output in the Garigliano Nuclear Reactor. Quarterly Report No. 
3 

Date: 7/1/1963 

Report: GEAP-4306; EURAEC-752 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The encapsulated material test specimens and the capsule baskets were received at 
the SENN site. All specimen capsules were mounted in the baskets, and the baskets installed in 
predetermined locations inside the reactor vessel and steam drum. The installation of computer cable and 
instrumentation was completed in all critical areas. Computer input-output functions and computational 
functions were completed and flow-charted in the areas of plant performance and core performance. In the 
area of physics the specification of the core power distribution module is being completed at the present 
time. The specified method solves the critical wave equation in three dimensions utilizing essentially a one-
energy neutron group and a very coarse geometry. Standard methods of iterating steam void and power 
distribution are employed in arriving at a converged solution in both power distribution and steam voids. 
ln preliminary calculations the method was producing excellent agreement with standard few-group two-
dimensional calculations using PDB-4. 
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5502…..…..…………………..…….……..……ID Number…………………..…..…………….5502 

Author: Luci, B. C. / Riley, D. R. / Friedman, N. F. 

Title: Fast Reactor Meltdown Excursions. Analysis and Computer Program, FARM I 

Date: 12/15/1963 
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work a number of measurements taken in Phases A, B, and C were reanalyzed using ENDF/B-IV data, and 
the emphasis was on investigating the sensitivity of the predictions to the nuclear data, data processing and 
neutronics methods. Calculations for criticality, neutron reaction rate distributions, control rod worth, and 
sodium void worth are reported. Changes in data and data processing were found to be important and to 
impact differently on homogeneous and heterogeneous cores. Transport corrections are important for 
criticality and control rod worth predictions in heterogeneous cores. Mesh effects are especially significant 
for control rod worth calculated with diffusion theory. Criticality is generally underpredicted by 1.0 to 
1.5%. Transport corrections for Phase B are 0.43% dk/k. The average (C/E) for the control rod worth in 
Phases B and C using four meshes per drawer and transport theory is 0.96, while using one mesh per drawer 
and diffusion theory the average (C/E) for the control worth is 0.91. The present analysis indicates the need 
for accurate cross sections and refined neutronics methods when analyzing heterogeneous cores. The 
general conclusion is that the nuclear performance of heterogeneous cores can be predicted with an accuracy 
consistent with homogeneous cores when due care is given to the analysis. The calculated parameters for 
Phase C, however, are in better agreement with the measurements than those for Phase B, which is 
indicative of the greater difficulties in accurately predicting heterogeneous cores. Remaining discrepancies 
appear to be consistent with the uncertainty in the nuclear data. 
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experiments provided data to examine the relative breeding, core performance, and safety parameters of 
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parfait) reference configuration which uses thorium in the internal blanket regions. The experimental 
program in ZPPR-8 was specified to provide a benchmark study of the neutronic behavior of a 
heterogeneous LMFBR core with an emphasis on the impact of a thorium blanket. A thorium blanket was 
loaded at different locations for various phases of ZPPR Assembly 8. This report presents details on the 
experimental program, criticality, core midplane reaction rate distributions, sodium void and subassembly 
worth measurements, control worth measurements and loading error simulations, and finally the 
conclusions. 



 

C-5532 

5525…..…..…………………..…….……..……ID Number…………………..…..…………….5525 

Author: General Electric Co. 

Title: Critical Experiments and Analysis Twenty-Second Quarterly Report, January-March 1977 

Date: 4/1/1977 

Report: GEFR-13771-22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current activities and technical progress for the period January through March 1977 
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advanced fuels critical experiments that can provide a consistent data base for testing the computational 
tools, nuclear analysis techniques and basic nuclear data which are used in the LMFBR design effort, and 
for evaluating the nuclear performance and safety characteristics of advanced fuel materials. 
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advanced fuels critical experiments that can provide a consistent data base for testing the computational 
tools, nuclear analysis techniques and basic nuclear data which are used in the LMFBR design effort, and 
for evaluating the nuclear performance and safety characteristics of advanced fuel materials. 
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Experiments in ZPPR Assembly 4 and the CRBRP EMC. Subtask B is directed towards the analysis of 
advanced fuels critical experiments that can provide a consistent data base for testing the computational 
tools, nuclear analysis techniques and basic nuclear data which are used in the LMFBR design effort, and 
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and the CRBRP EMC. Subtask B is directed towards the analysis of advanced fuels critical experiments 
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reported for two subtasks. Subtask A covers the technical direction for critical experiments and analysis as 
applicable to LMFBR commercial plants and the Clinch River Breeder Reactor Plant Benchmark Critical 
Experiments in ZPPR Assembly 4 and the CRBRP EMC. Subtask B is directed towards the analysis of 
advanced fuels critical experiments that can provide a consistent data base for testing the computational 
tools, nuclear analysis techniques and basic nuclear data which are used in the LMFBR design effort, and 
for evaluating the nuclear performance and safety characteristics of advanced fuel materials. 
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Abstract/Keyterms: Current activities and technical progress are reported for the technical direction for 
critical experiments and analysis as applicable to LMFBR commercial plants and the Clinch River Breeder 
Reactor Plant Benchmark Critical Experiments in ZPPR Assembly 4 and the CRBRP EMC. 
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Abstract/Keyterms: Current activities and technical progress for the period October through December 
1978 are reported. This report covers the technical direction for critical experiments and analysis as 
applicable to LMFBR commercial plants and the Clinch River Breeder Reactor Plant Benchmark Critical 
Experiments in ZPPR Assembly 4 and the CRBRP EMC. 
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Abstract/Keyterms: This report is the thirtieth in a series of quarterly reports published under the LMFBR 
Critical Experiments and Analysis Program. Current activities and technical progress for the period January 
through March 1979 are reported herein. This report covers the technical direction for critical experiments 
and analysis as applicable to LMFBR commercial plants and the Clinch River Breeder Reactor Plant. 
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Abstract/Keyterms: The Phase I Reviews of U-238, Cf-249, Cf-250 and Cf-251 as evaluated for Version 
V of ENDF/B have been completed. The recommended Pu-239 data for ENDF/B-V has been tested for a 
fast critical assembly to determine the effects of the changes with respect to ENDF/B-IV. Calculations for 
several fast CSEWG benchmarks have been performed using ENDF/B-IV data and the latest version of the 
data processing code TDOWN. The second LCCEWG benchmark, which is the sodium voiding of a large 
homogeneous fast reactor, has been analyzed. The results for the 21-and 4-energy group calculations are 
reported. A survey of the literature on actinide partitioning and actinide burnup has been carried out. 
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Abstract/Keyterms: Analysis of heterogeneous core critical experiments was carried out at GE-ARSD and 
the results from the analysis provided a basis to: (1) assess the adequacy of the current design methodology; 
(2) verify the consistency of the basic nuclear data; and (3) address the important observations that may 
lead to the characterization of the neutronic behavior of a heterogeneous design. The critical experiments 
were performed in the Zero Power Plutonium Reactor (ZPPR) by Argonne National Laboratory and the 
assemblies were identified as ZPPR-7 and ZPPR-8. The analysis of the eigenvalue and reaction rate 
measurements in these heterogeneous critical assemblies is of primary interest and provides valuable 
information in application of integral measurements to reactor design. The purpose of this paper is to 
present: (1) some selected analysis results and important observations; (2) cross section sensitivity study 
results and possible correlations; and (3) implications of the analysis results to reactor design. 
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Conference Session:  

Abstract/Keyterms: Secondary criticality analyses have been performed for an early-sized LMFBR. The 
results indicate that recriticality will occur only as a result of extremely unlikely combinations of failures 
which lead to meltdown of a large portion of the reactor core, subsequent formation of a relatively pure fuel 
layer, and/or substantial vessel deformation. Design features were identified that could be used to eliminate 
recriticality or mitigate its effects if needed to meet safety requirements. The presently existing large 
uncertainties in the containment response and radiological consequences of single or multiple recriticalities 
may be reduced with the aid of dynamic analyses that couple neutronic, thermal, and hydrodynamic 
methods. 
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Abstract/Keyterms: A series of loading error simulations and control worth measurements were 
performed in ZPPR-8, Phase F, which was a part of the benchmark study of a demonstration-reactor-sized 
heterogeneous (radial parfait) LMFBR core. The results are presented of both experiments and analyses, 
and the significance of the observation on neutron flux redistribution due to control insertion in a 
heterogeneous core is analyzed. 
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Abstract/Keyterms: Work on the 630A Maritime Nuclear Steam Generator Scoping Study is summarized. 
The objective of the program is to establish a specific 630A configuration and to develop specifications for 
components and test equipment. During the period, work was initiated in critical experiment design and 
fabrication, additional fuel and materials investigations, boiler-test design and fabrication; blower studies; 
design of component tests; nuclear, thermodynamic, mechanical and safety analysis, and test facility and 
equipment studies. Design of the critical experiment mockup and test equipment was completed and 
fabrication of the parts is approximately 50% complete. A rough draft of the critical experiment hazards 
report was completed. A fuel test in the ORR completed 876.5 hr of testing out of a planned 2200-hr test 
without indication of failure. The burnup was equivalent to about 6000 hr of 630A operation. Damage to 
the capsule during refueling of the ORR caused termination of the test. The design of an MTR fuel-burnup 
test was completed and fabrication of the sample initiated. Ni-Cr fuel sheet and cladding stock are being 
tested for creep and oxidation properties at temperatures up to 1750 deg F and have accumulated times up 
to 5000 hr; no failures have occurred. These tests are continuing. Specimens of Ni-Cr were fabricated and 
will be tested to determine the effect of neutron irradiation. Cycle operating conditions with 120O deg F 
reactor-discharge-air temperature were studied and found to be acceptable for the proposed maritime 
application. Increases in cycle efficiency above 30.2% appear to be possible and practical. Studies during 
the period indicate that an acceptable power distribution can be maintained through the life of the reactor 
and the maximum hot spot temperature and maximum burnup location would not coincide. Specifications 
for the fuel loading of the critical experiment are being prepared. Study of the pressure vessel resulted in 
selection of 304 SS. Containment studies indicated the practicality of designing the shield tank outer shell 
as part of the containment vessel. A blower scoping study subcontract was completed. The study verified 
the feasibility of the main and afterblower concept. Alternate shaft-seal designs were proposed. The design 
of a performance test for the two seal types has been initiated. The design of the boiler test from which 
control characteristics will be determined was completed and fabrication started. The decision was made 
that the Low Power Test Facility (LPTF) will be the site used for the critical experiment. A preliminary 
study of the power test facility requirements were completed. The study indicated that locating the facility 
adjacent to the LPTF would be operationally and economically feasible. 
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Abstract/Keyterms: A layout of a reduced-height 630A assembly (34 to 23 ft) was prepared and is 
presently being evaluated for use in a merchant vessel. While shielding studies indicate the need for some 
rearrangement of the shield materials, the desired radiation constraint can be obtained without an increase 
in shielding weight. A preliminary stress analysis of the pressure vessel, flow path analysis, and insulation 
evaluation was completed and showed no major problems. Evaluation of the total containment design 
indicates a design pressure of 45 psig. The Critical Experiment (CE) mockup is about 80% complete. The 
CE tank and dolly is about 50% complete. The CE hazards report was reviewed and approved. The draft of 
the test program and procedures document is 75% complete. The LPT control room modifications were 
made, and the draft of the standard operating procedures completed. The CE fuel was inspected and a 
significant portion was found to be of no use, about 60% requires recoating. Creep and oxidation test time 
on some of the fuel sheet has exceeded 3000 hr with no significant oxidation or elongation on any of the 
samples. The nickel -chromium alloy sheet high- temperature (1750 F) stress and oxidating testing have 
exceeded 5000 hr with elongations below 0.8% except for one sample of 2.3%. Experimental fuel sheet 
samples were prepared and comparative property studies were initiated. Fabrication of the ring test 
assembly, 3-F-1, for test in the MTR is essentially complete. The design of the test ring for seal evaluations 
was initiated. A detailed schedule for the work in FY 63 was prepared and issued for comments and 
concurrence. 
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Abstract/Keyterms: A summary of the progress made on the 630 A Maritime Nuclear Steam Generator is 
presented. Information is included on propulsion system investigations, reactor design, side shield 
development, boiler design, containment development, development of controls, development of primary 
coolant blowers, development of fuel materials, development of nonfuel materials, critical experiments, 
safety analyses, and development of facilities and equipment. 
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Abstract/Keyterms: Studies showed that four feedwater heaters in cycle give the highest efficiency, but 
the efficiency is only 0.8 of an efficiency point lower with only one heater. Aftercooling studies showed 
that the maximum temperature, with a sudden loss in primary cooling, a 1-second scram delay, and a 3-
second delay for the aftercooling flow to reach 7.5 lb/ sec, would be 1845 deg F. A study was completed 
on reducing the length of the reactor vessel by 20.5 inches. This could reduce the system weight by 18 tons. 
Measurement of a scrammed, flooded cell showed a lower reactivity than a dry cell without the rod inserted. 
Additional boron worth measurements are required to establish the cold clean reactivity of the critical 
assembly. The lowest value indicated is about 10.5 per cent DELTA k/k. Studies to position the nuclear 
sensors in the front shield plug are in progress. This location will provide monitoring of the reactor at ali 
times and permit servicing of the sensors without disturbing other systems. A modified side shield, which 
would serve as a total containment vessel is being studied. This concept will provide shielding even in the 
event of fission product release from both the fuel and the pressure vessel. With this shielded- containment” 
concept, the pressure vessel will operate at temperatures close to those of the lower head, thus reducing 
thermal stresses in these components. The coil for the two-tube boiler test was received; specified 
fabrication tolerances were exceeded. Studies were made to determine the effect of only shim insert, without 
period scram, in the intermediate power range. The power levels reached were not excessive, which 
indicates that it may be possible to bypass period scram at low powers where electrical noise is troublesome. 
Calculations indicate that the scram time for the first 5-inch insertion of the rods is only 5 per cent longer 
in water than air. An order was placed for the fabrication and testing of the blower seal. The ORF-3 high 
burnup test has accumulated 1750 hours at 1450 deg F, which is equivalent to about 12,000 hours of 630A 
operation. Thermal cycle specimen EB-6 appeared to be in good condition after 5615 hours at 1600 deg F 
and 44 cycles to room temperature. The shakedown MTR sample 3-F-1 appeared to be in satisfactory 
condition after 591 hours at 1480 deg F. This sample will be inspected and, if no problems are found, sample 
3-F-2 will be inserted for the long-time burnup test. Creep test of fuel sheets have reached 6000 hours at 
temperatures ranging from 1300 deg to 1800 deg F and stresses of 300 and 600 psi. Maximum elongation 
recorded is 0.3 per cent, Work is underway on the preparation of a preliminary safety report. All required 
operations are being studied and various accidents are being evaluated. Preliminary procedures, equipment, 
and facilities for handling maintenance operations are being established. The critical experiment reached 
criticality November 15, 1982, and various measurements such as rod worths, power distributions, boron 
worths, and cell flooding have been made. 
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Abstract/Keyterms: The current status of the 630A Nuclear Steam Generator program is given in a 
summary of design features, safety assessments, and development work. Thermodynamic studies of the 85-
cell 630A indicate that a 63,000 SHP capability can be achieved by using steam as the primary coolant; 
weight, size, and capital cost would be essentially the same as for the 30,000 SHP air-cooled unit. A 
lightweight air-cooled 50,000 SHP unit was investigated. The weight of this assembly was estimated to be 
446 tons. The power rating of this unit could be increased to 100,000 SHP with steam cooling. 
Measurements in the critical experiment show that, with a minor redistribution of moderator volume 
fraction and fuel, the desired gross radial power can be achieved. The two-tube boiler test rig was operated 
and steam design conditions of 850 psia and 950 deg F were obtained. Stability between tubes was 
demonstrated in steady state and transient conditions and the feedwater control demonstrated the capability 
of controlling the steam superheat temperature under steady state and transient conditions. Fabrication of 
the blower seal test was begun. The ORF-4 fuel burnup sample was placed on test and has accumulated 
over 200 test hours. The ORF-3 fuel burnup test completed the equivalent of over 20,000 hours of 630A 
operation. The MTR 3- F-2 fuel burnup sample was removed from test after about 5000 hours at equivalent 
630A operation. Laboratory stress and oxidation tests on fuel samples have exceeded 10,000 hours at 
temperatures above those expected in the 630A without excessive creep and apparently without excessive 
oxidation. 
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Office of NASA and the AEC. The report covers the technical accomplishments and experimental results. 
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Abstract/Keyterms: The physical and chemical properties of six elements were studied and combined with 
cost estimates to determine the feasibility of adding them to the TMI-2 reactor coolant to depress k(eff) to 
less than or equal to 0.95. Both soluble and insoluble forms of the elements B, Cd, Gd, Li, Sm, and Eu were 
examined. Criticality calculations were performed by Oak Ridge National Laboratory to determine the 
absorber concentration required to meet the 0.95 k(eff) criterion. The conclusion reached is that all elements 
with the exception of boron have overriding disadvantages which preclude their use in this reactor. 
Solubility experiments in the reactor coolant show that boron solubility is the same as that of boron in pure 
aqueous solutions of sodium hydroxide and boric acid; consequently, solubility is not a limiting factor in 
reaching the k(eff) criterion. Examination of the effect of pH on sodium requirements and costs for 
processing to remove radionuclides revealed a sharp dependence; small decreases in pH lead to a large 
decrease in both sodium requirements and processing costs. Boron addition to meet any contemplated 
reactor safety requirements can be accomplished with existing equipment; however, this addition must be 
made with the reactor coolant system filled and pressurized to ensure uniform boron concentration. 
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Abstract/Keyterms: A bounding strategy has been adopted for assuring subcriticality during all TMI-2 
defueling operations. The strategy is based upon establishing a safe soluble boron level for the entire reactor 
core in an optimum reactivity configuration. This paper presents the determination of a fuel rubble model 
which yields a maximum infinite lattice multiplication factor and the subsequent application of cell-
averaged constants in finite system analyses. Included in the analyses are the effects of fuel burnup 
determined from a simplified power history of the reactor. A discussion of the analytical methods employed 
and the determination of an analytical bias with benchmark critical experiments completes the presentation. 
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Abstract/Keyterms: An alternate reactor arrangement was developed to permit the use of mechanical 
steam separators to supplement gravitational separation. An alternate NUSU reference design using annular 
multitube elements and a Hy-Ball control system is being worked up. Power flattening by Hy-Ball control 
systems was investigated in both the axial and radial directions. A preliminary investigation of the heat-
transfer characteristics of annular multitube fuel elements was initiated, using the relaxation method. 
Criticality data collected for various cores containing double-annular fuel elements are presented for both 
flooded and voided conditions. An analytical method was developed which accurately predicts criticality, 
water-gap peaking, and power distribution for cores with both rod-type and double-annular elements. Test 
results of steam separators are described. A program for testing double-annular fuel elements is described. 
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Abstract/Keyterms: During the past few years several laboratories operated for the United States Atomic 
Energy Commission have carried on extensive experimental programs with critical assemblies. It is the 
purpose of this paper to present a survey of the data obtained in three laboratories from measurements on 
critical arrays of aqueous solutions containing uranium-233, uranium-235 and plutonium-239. 
Representative results have been selected from an extensive accumulation of data and are intended to 
summarize the critical parameters for these isotopes. Typical experimental equipment and procedures are 
briefly described. 
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Abstract/Keyterms: The experiments described in this paper were carried out to provide data on which 
the design of storage vessels for plutonium solution could be based, and to check the validity of theoretical 
methods of critical size calculations on aqueous solutions of fissile material. Preliminary calculations 
showed that the variation of critical mass in aqueous solution should exhibit a minimum at a hydrogen to 
plutonium atomic ratio of about 600; experiments were therefore planned to measure the critical mass as a 
function of concentration in this region. Three concentrations were chosen, one at the expected minimum, 
and two at concentrations bracketing this value; the hydrogen to plutonium-239 ratios finally achieved were 
397, 655 and 892. In order that the experiment should use a small amount of fissile material, it was decided 
to use a water-reflected system, and the geometry of a cylinder reflected at the sides only was chosen as the 
most convenient shape. The solution was obtained in the form of plutonium nitrate dissolved in nitric acid, 
the free acidity of the solution was kept as low as possible in order to make the hydrogen concentration in 
the solution as near as possible to that in the reflector. The acidity used in the experiments was in fact 1.7N, 
a value considered necessary to avoid hydrolysis. 
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Abstract/Keyterms: A zero-power or critical assembly has been constructed and operated by the Knolls 
Atomic Power Laboratory since early 1948. This assembly was designed with the objective of permitting 
study of as many of the nuclear characteristics of a wide variety of reactors as possible. The experience 
through 1950 was concerned with studies of intermediate neutron energy reactors using highly enriched 
uranium-235. The object of these studies was to explore the possibility of breeding with plutonium in an 
intermediate spectrum. For this type of reactor the laboratory chose sodium as a coolant and beryllium as a 
moderator. At that time there was very little available knowledge of neutron cross sections; therefore 
calculations of the neutron energy spectrum, critical masses, power distributions, control properties, etc., 
were especially difficult and uncertain. The KAPL "preliminary pile assembly" was built to supply answers 
to these problems. 
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Abstract/Keyterms: A review of exponential experiments with slightly enriched uranium rods in light 
water, during the period from 1944 to 1955. Measurements were done at the Oak Ridge National 
Laboratory, Brookhaven National Laboratory, and Westinghouse. 
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Abstract/Keyterms: The aims of the PWR critical experiment program are (1) to provide essential reactor 
physics information which cannot be obtained by available calculational procedures, (2) to provide general 
guidance to the analytical nuclear design program and (3) to substantiate and verify the significant reactor 
calculations. There are two distinct parts to the critical experiment program which meet substantially 
different needs. One part of the program relates specifically to the actual PWR design. The information 
developed in this part of the program deals primarily with reactor control, flux distributions and the 
temperature coefficient of reactivity. By its nature an experiment designed to provide this type of 
information becomes in many respects a nuclear mockup of the actual reactor design. The other part of the 
experimental reactor physics program and of equal importance to the first aims to provide experimental 
information of considerably broader scope. As remarked above the nuclear mockup experiment provides 
little or no explanation of basic difficulties which may arise in a design and equally little guidance as to 
significant directions in reactor design. The second part of the experimental program, particularly when 
coupled with a strong theoretical program, supplies this need. 
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Abstract/Keyterms: In Sweden we have, in co-operation with the Dutch-Norwegian organization, JENER, 
performed some exponential experiments with rods of natural uranium in heavy water. Our experimental 
arrangement was built with particular attention to flexibility and a rapid determination of the material 
buckling. We have used a cylindrical tank, 3.0 m high and 1.0 m in diameter. This diameter was chosen 
primarily because of a shortage of uranium but also in order to have an exponential decay in the axial 
direction without too large corrections for the harmonics and for the end effect. The neutron source, about 
1.5 curie Ra-Be, is placed 0.5 m above the bottom. The tank wall is of 10 mm aluminum and is covered 
with boron plastic, 3-4 mm thick. The plastic (polyethylene) contains about 0.3 g boron carbide per square 
centimeter. Its advantages in comparison to cadmium will be mentioned below. 
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Abstract/Keyterms: A program to investigate the basic physics of lattices of uranium metal rods in a 
heavy-water moderator has been carried out at North American Aviation, Inc. and, to a smaller extent, at 
Argonne National Laboratory over the last five years. The basic experimental programs have been limited 
to the consideration of rods of uranium from 0.75 to 2.00 inch in diameter. The lattice spacings were chosen 
to give ratios of moderator volume to uranium volume from 15 to 200. In all cases the lattice was a square 
array. Experiments at the two laboratories were coordinated and the design of facilities was planned so that 
inter-comparisons between laboratories could be made. 
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Abstract/Keyterms: A large amount of data is now available giving the bucklings measured in exponential 
experiments on a variety of water cooled, graphite moderated lattices. Analysis of this data in terms of 
theory has just begun and the subject is presently in a rather chaotic state. Initial attempts to fit the data by 
the classical four-factor formula for the multiplication constant have not been completely successful even 
for a restricted selection of measurements from all the available data. Shortcomings in the classical formula 
are readily apparent and ways to improve the treatment are presently known but have not yet been applied 
because of calculational complexity. The methods are adapted for high speed computer use and some 
computations are now in progress. Success in developing a satisfactory lattice theory will be dependent 
upon reducing the number of adjustable parameters through independent measurement of such quantities 
as the thermal utilization and the resonance escape probability. A test reactor which will provide sufficient 
neutron flux to facilitate such measurements is now under construction and will soon be in operation. With 
the application of methods now known, and the accumulation of additional experimental data it can be 
expected a satisfactory theory of graphite uranium lattices will be developed. 
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Abstract/Keyterms: The first exponential experiments in the United States with graphite-uranium systems 
were begun in 1941. This series of measurements had as its single-minded objective the discovery of the 
lattice which would most likely permit construction of a chain-reacting pile for plutonium production. More 
than fifty lattices were measured in a period of three years. Most of the measurements were made under the 
handicaps of a shortage of time and materials. The Hanford lattice was chosen on the basis of these 
measurements. These experiments are now mostly of historic importance because of their limited nature 
and necessarily complex experimental arrangements. When additional reactor construction was undertaken 
at Hanford, a new series of exponential measurements was begun, since the state of pile theory still 
precluded calculation of improved reactor designs. These exponential experiments were directed toward 
two main objectives: (1) finding a better water-cooled graphite lattice for plutonium production in view of 
the increase in quality of available materials and the changing definition of the optimum lattice, and (2) 
providing improved knowledge of lattice theory, both for its own sake and to permit more accurate lattice 
calculations for future reactor designs. To date, these measurements have included nearly 100 exponential 
experiments using natural uranium. 
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Abstract/Keyterms: The Fast Exponential Experiment was designed to obtain fundamental information 
about the physics of dilute fast reactors in the range of compositions contemplated for such systems as set 
by such engineering considerations as heat transfer, structural support and coolant flow. The exponential 
experiment was chosen for this purpose because it combines a low investment of fuel with a high degree of 
safety. The measurements have so far yielded accurate values for the bucklings of systems with various 
mixtures of fuel and diluent material, and with isotopic ratios of uranium-238 and uranium-235 in the range 
3 uranium, and aluminum have been measured, and an indication of the various energy spectra has been 
obtained by measuring the uranium-235-uranium-238 fission ratio. The behavior of equilibrium neutrons 
in natural uranium has also been investigated. 
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Abstract/Keyterms: Early measurements of the thermal neutron cross sections of plutonium made it 
evident that the prospects of a plutonium breeding cycle utilizing thermal-neutron reactors were poor. As a 
result, there was interest in exploring the possibilities of intermediate power breeder reactors. A program 
of critical experimentation was undertaken for the purpose of studying the properties of assemblies in which 
the majority of the fissions are caused by neutrons of intermediate energy. Although as an outcome of this 
and related programs it was learned that intermediate energy plutonium breeders are not feasible, a great 
deal of interesting information was obtained which is relevant to other types of power reactors. The 
experimental program, which is described in another paper by T. M. Snyder, was accompanied by an 
extensive program of reactor calculations. The nature of these calculations and the comparison of the results 
with experimental measurements will be described in this paper. 
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Conference Session:  

Abstract/Keyterms: Zenith is a zero energy reactor in which various types of experiments at high 
temperatures may be carried out in order to obtain data for high temperature gas cooled reactors. In order 
to produce the expected mean temperatures of core and reflector of larger reactors the circulating coolant 
gas is electrically heated prior to entering the core and the waste heat is rejected from the system in a gas 
io water heat exchanger. It is expected to go critical in early 1959. Components described include core and 
reflector, pressure vessel, gas circuit and blower, control and instrumentation, shielding and containment, 
charge-discharge, and ventilation plant. 
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Abstract/Keyterms: Mineralogy, Metallurgy, and Ceramics; Diffusion; Fission Products; Gamma 
Radiation; Graphite; High Temperature; Magnesium; Mathematics; Matrices; Molybdenum; Neutrons; 
Reaction Kinetics; Refractories; Rods; Silicon Oxides; Silver; Temperature; Zirconium 
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Abstract/Keyterms: The Argonne Experimental Breeder Reactor-II is a completely integrated nuclear 
power plant which employs an unmoderated reactor as a heat source, and generates 20,000 kw of electricity. 
The integrated nuclear plant includes the fuel re-processing and fabrication cycle and thereby makes a 
significant contribution to power reactor technology by operating on recycled fuel. The preliminary design 
of this plant was described at the First International Conference on the Peaceful Uses of Atomic Energy in 
1955. Although the basic design concept and objectives have remained unchanged, many modifications 
have been made in the detailed design, including separation of the facility into several plants and providing 
containment for the reactor system. The plant capacity and basic power cycle have remained essentially 
unchanged: 62.5 Mw thermal, 900F reactor sodium outlet temperature, and 1250-psig steam at 850F at the 
turbine throttle. The feed-water temperature, however, has been increased to 550F to reduce thermal stresses 
in the steam generator. 
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Abstract/Keyterms: The University of Washington Subcritical Reactor is briefly described. Experiments 
performed in the instructional program are described, and typical data are presented. 
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Abstract/Keyterms: Details of the reactor construction are presented. The core of the reactor is a right 
circular cylinder consisting of a lattice of cylindrical fuel elements in water. The active part of each fuel 
element is 1.4 in. in diameter and 14 in. long and is made of a homogeneous mixture of hydrided uranium- 
zirconium alloy containing 8 wt.% of uranium enriched to 20% in U235. The hydrogen-to-zirconium atomic 
ratio is approximately one. Each fuel element is jacketed with aluminum. Spacing of the fuel elements is 
such that approximately 35% of the core volume is occupied by water. Cooling of the core is provided by 
natural circulation of water. The core is located inside a cylindrical graphite reflector of approximately 1 ft. 
in thickness. Several facilities are provided for production of radioactive isotopes. The largest of these is a 
rotary specimen rack located in the reflector which provides space for the simultaneous irradiation of 40 
samples of material. 
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Abstract/Keyterms: Physics; Animals; Conference; Control Systems; Fission; Godiva-1; Godiva-2; 
Instruments; Interactions; Irradiation; Materials Testing; Neutron Beams; Neutron Sources; Nuclear 
Reactions; Planning; Radiation Doses; Radiation Effects; Radiation Injuries; Reactors 
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Abstract/Keyterms: The KEWB Program is devoted to the study of the dynamic behavior of homogeneous 
type research reactors. The objectives of this program include studies to develop better and more complete 
understanding of phenomena which contribute to the kinetic behavior and the inherent safety of the water 
boiler reactor. The approach to the objectives has heen to construct a prototype 50 kw homogeneous reactor 
with the necessary auxiliary apparatus and to study the transient behavior of the system as a function of the 
more significant parameters which affect this behavior. These include the amount of reactivity release, rate 
of reactivity release, initial core pressure, initial core temperature, initial reactor power, and void volume 
above the core. Data are plotted. 
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Abstract/Keyterms: HEU-MET-THERM-001; A large number of elementary fast-neutron critical 
assemblies have been prepared at the Los Alamos Scientific Laboratory. The kinetic, spectral, and 
perturbative properties of a few, such as Godiva (unreflected spherical oralloy, 93.7%), Topsy (thick normal 
uranium reflected spherical oralloy, 94.1%), and their plutonium analogues have been studied in detail. 
These data furnish a foundation for predictions regarding the behaviors of more complex systems, and it is 
the present purpose to give some of their typical features. Perhaps the most important and readily 
documented feature of a critical system is its mass or size, and sections 2 and 3 are devoted to the influences 
of shape and material composition on this quantity. These two sections are mainly of a correlative or 
empirical nature. Section 4 is then restricted to the properties of spherical uranium and plutonium 
assemblies, such assemblies being ideally suited to accurate theoretical analyses. 
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Abstract/Keyterms: The Argonne National Laboratory has put into operation a flexible, fast, zero-power 
critical facility, named ZPR-3. This reactor has been the scene of more than 30 criticals of widely varying 
geometries and composition. The ZPR-3 program has extended the available experimental data through the 
use of a critical assembly flexible enough that its potential range of compositions, configurations and 
spectra can include most if not all of the fast power reactors currently envisioned. In addition to specific 
power reactors, assemblies having the same composition but simpler geometry, and hence which are more 
suitable for analysis, have been constructed. This has provided a basis for improving and confirming the 
techniques of fast reactor calculations. There are two phases to the experimental program. First there are 
critical experiments designed to investigate specific reactors, either existing or proposed. In such 
experiments the actual reactor shape and composition, structural materials and coolant, are copied as nearly 
as possible. This has been done for EBR-I and the proposed EBR-II. Second, there is a class of critical 
experiments designed to check the accuracy of the current methods of analysis. Included in this category 
are reactors of a number of different geometric shapes; cylinders with different length to diameter rations, 
rectangles and spheres, all having the same composition. Various compositions have also been studied, for 
example, changes of uranium concentration and enrichment. Also included in this study are reactors whose 
composition is especially designed to emphasize certain regions of the neutron spectrum. For example, 
graphite has been added to some typical fast reactor compositions to produce the softer spectra characteristic 
of larger power reactors. 
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Abstract/Keyterms: The nuclear characteristics of a wide variety of sodium-cooled, beryllium-moderated, 
intermediate energy critical assemblies have been studied at the knolls atomic power laboratory over a 
period of about eight years. These assemblies encompass a wide range of compositions as they were used 
to simulate the clean and depleted conditions in reactors of interest to the intermediate power breeder and 
other intermediate energy reactor programs. The fuel loadings of these reactors ranged from about 40 to 
125 kg of uranium-235 while the associated beryllium-to-uranium ratios ranged from about 195 to 1.7. In 
this paper a short description of various pertinent critical assemblies is given. Reactivity coefficient 
measurements in these assemblies are summarized and the observed spectral dependence of this data is 
interpreted using perturbation theory formalism. 
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Abstract/Keyterms: The nuclear performance of various conceptual flat power breeder reactor systems is 
reviewed in terms of existing experimental critical assembly data. A single set of nuclear constants serves 
to bridge the gap between existing experimental data and conceptual systems. Current knowledge of 
pertinent neutron crosssections and fission parameters is reviewed. 
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Abstract/Keyterms: The coupled fast-thermal critical facility ZPR-5 was constructed at the Argonne 
National Laboratory primarily to perform fast reactor physics measurements not possible with the fast 
exponential experiment. These included reactivity (including critical mass) measurements, activation 
measurements, and spectrum studies for typical dilute breeder core compositions. Because of the growing 
interest in mixed fast-thermal systems, studies of the characteristics of ZPR-5 as such a system have formed 
part of the program. These studies included measurement of flux and power distributions, measurement of 
distribution of reactivity and determination of prompt neutron lifetime. 
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Abstract/Keyterms: Physics; Accidents; Conference; Configuration; Density; Equations; Excursions; 
Explosions; Fast Neutrons; Homogeneous Reactors; Mechanical Structures; Melting; Moderators; Motion; 
Nuclear Explosions; Numericals; Prompt Neutrons; Reactivity; Reactor Core; Reactors; Reflectors; 
Spheres; Thermodynamics; Uranium; Velocity; Zones 
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Abstract/Keyterms: Lattices of natural uranium and heavy water were investigated for two types of fuel 
elements ---the rod cluster and tube cluster types. The geometric dimensions of uranium are determined by 
thermal considerations assuming a surface heat flux of 100 w/cm/sup 2/ and fixing the number of 
subelements per cluster. The specific power (w/g of fuel) is a parameter varied within reasonable limits. 
New methods for the calculation of the lattice parameters xi, p, and f were employed, including recently 
published American, Canadian, and French methods. Some further refinements for the resonance capture 
of interior surfaces of the composite elements were developed which are applicable to systems with a 
coolant material different from the moderator. finally, the material buckling is obtained for the cold-clean 
as well as the hot-poisoned case. The methods of calculation are then applied for other subdivided elements 
very similar in geometric shape for which the material bucking is known from exponential or critical 
experiments. 
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Abstract/Keyterms: Accurate knowledge of the reactivity balance is required for the successful design 
and operation of a reactor. For this reason lattice experiments and analyses have been carried out as part of 
the design studies of the NRX, NRU and NPD reactors. A continuing experimental and theoretical program 
is under way to increase our knowledge of the neutron physics of heavy-water-moderated lattices and to 
provide a sound basis for design studies of proposed reactors. 
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Abstract/Keyterms: Our exponential assembly has been described elsewhere and some measurements on 
single-rod lattices have also been reported. This paper gives first a short description of some unique features 
of the experimental facility and a theoretical treatment of mixed lattices, followed by a report on 
measurements of (a) the buckling for lattices consisting of clusters of uranium metal and oxide rods in 
heavy water at room temperature, (b) the temperature coefficient between 10 degrees C and 80 degrees C 
for heavy water and for different lattices, and (c) control rod effectiveness. 
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Abstract/Keyterms: LEU-MET-THERM-001, LEU-MET-THERM-015, LEU-MET-THERM-002; The 
first reactor built in Yugoslavia was the bare zero energy heavy water and natural uranium assembly at the 
Boris Kidric Institute of Nuclear Sciences, Belgrade. The possession of four tons of natural uranium metal 
and the temporary availability of seven tons of heavy water encouraged the staff of the institute to build a 
critical assembly. A critical assembly was chosen, rather than a higher flux reactor, because the heavy water 
was available only temporarily. Besides, a 10 Mw, enriched uranium, research reactor is being built at the 
same institute and should be ready for operation late this year. It was supposed that the zero energy reactor 
would be a very useful tool which would provide experience in carrying out critical experiments, 
operational experience with nuclear reactors, and the possibility for an extensive program in reactor physics. 
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Abstract/Keyterms: The experimental program to establish the nuclear properties of thoria-urania-heavy 
water systems was initiated because of several definite advantages in a boiling power reactor of this 
composition. A ceramic composed of thorium oxide with a relatively small amount of enriched uranium 
oxide is particularly attractive as a fuel element for use in water reactors because of its corrosion and 
radiation stability, simplicity and economy in fabrication, and the utilization of thorium reserves by 
conversion. In the initial study of a thoria-uranium-heavy-water core for the EBWR-II it was recognized 
that the precision in the required nuclear data for a system containing thorium was inadequate. This was 
particularly true in regard to resonance escape probability and age. In addition, there was much uncertainty 
in void coefficients necessary for boiling reactor design. Consequently exponential and critical facilities 
were constructed to acquire both general information on lattice and criticality parameters and data on void 
coefficients of reactivity of dominant interest in boiling systems. 
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Abstract/Keyterms: The three years since the last Geneva conference have seen a notable improvement 
in the knowledge and understanding of the neutron behavior of reactor cores of slightly enriched uranium 
in light water. During this interval, the measurements of the parameters have been improved and extended, 
so that the body of data against which methods of analysis can be tried is now quite large. Not all interesting 
situations and conditions are covered by the range of completed experiments, and so there is likely to be 
activity in this field for still a few more years. The methods of calculation used for finding the critical 
parameters and the relative reaction rates have undergone a great deal of change. It has become apparent 
that the classical ways by which these quantities were calculated would not suffice, for they do not permit 
analysis of multi-region systems or of reactor cores in which a substantial amount of burnup has taken 
place. The theoretical methods have thus been forced to multigroup and related few-group forms, in which 
the properties of the assemblies are homogenized. Since both the measurements and the theory are still not 
completely developed, it would be too much to hope that a progress report of this nature could demonstrate 
excellent agreement in all respects. Broadly speaking, however, the measured parameters are quite well 
reproduced by the calculations. It may be expected that this situation will improve even more as methods 
are made increasingly better. One definite feature of the incompleteness of this report is a changing attitude 
toward neutron leakage and the migration area. This reflected in a situation where the experiments are still 
being analyzed by old methods, while at the same time the theory is pointing toward a need for changing 
to new methods. It is to be expected that the next stage in the improvement of the physical understanding 
of these systems will be reconciling of these two points of view. 
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Abstract/Keyterms: This report describes exponential experiments that have been performed with lattices 
of cylindrical uranium metal rods in liquid diphenyl. This choice of fuel provides a direct comparison with 
the extensive data already existing for uranium metal lattices in other moderators. Diphenyl is readily 
available and closely approximates the properties of the polyphenols now being considered for use in 
reactors. The work includes measurement of the nuclear properties of both moderator and lattices. For the 
moderator, the transport mean free path, diffusion length and slowing down length were measured. For the 
lattices, measurements of buckling and thermal neutron distribution within a lattice cell were made. The 
fuel used consists of 1 inch diameter uranium rods of enrichments 0.721 (natural) and 0.912 atomic% 
uranium-235. For each enrichment, lattices of moderator to fuel volume ratios 1.5, 2.0, 3.0 and 4.0 were 
studied. 
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Abstract/Keyterms: An extensive program investigating neutron chain-reacting assemblies of aqueous 
solutions of fissionable uranium isotopes has been in progress at the Oak Ridge National Laboratory for a 
number of years. The results of many of the experiments established the critical dimensions of the solutions; 
these experiments have been analyzed by several well-known methods which differ according to the method 
of treating energy degradation of neutrons by water. Most of the previously published work has been 
concerned with reflected systems. The present paper deals exclusively with bare fully enriched uranyl-
fluoride-water systems. The experimental data are better than most previously published results in that the 
effect of neutron reflection back into the system has been largely eliminated. In the theoretical analysis, the 
empirical kernel method, rather than the more customary Goertzel-Selengut method, is employed. 
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Abstract/Keyterms: PU-SOL-THERM-019; PROSERPINE is a Zero Power Reactor which uses 
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Abstract/Keyterms: The paper outlines the experimental results obtained with zero power beryllium 
moderated reactor. The reactor was assembled for obtaining experimental values of critical masses, for 
determining lattice multiplication parameters, for investigating the contribution of the beryllium (n, 2n) 
reaction to the value of the effective multiplication factor and for studying the effect of delayed 
photoneutrons on the reactor kinetics. The quantity of beryllium (1500 kg) at our disposal was insufficient 
for investigating the critical assemblies of beryllium with natural or slightly enriched uranium. Apart from 
this, costly beryllium could not compete in the near future with graphite and ordinary water, the more 
available moderators. For this reason it seemed more expedient to use beryllium for studying small-sized 
reactors with enriched uranium. 
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Abstract/Keyterms: The medium under study is a vertical prism 140 cm high with a mean radius of 80.5 
cm. It is made up of beryllium oxide bricks, the density of which is 2.95 grams/cc and uranium rods jacketed 
in A5 aluminum, 0.1 cm thick (rods 2.60 and 2.92 cm in diameter) or 0.07 cm (3.56 cm rods). These rods 
(90 in all) go through the prism parallel to its axis in channels having a cross section of 5 x 5 cm, arranged 
in a square lattice of 15 cm pitch and strengthened internally with drawn aluminum (a-5), 0.05 cm thick, 
with a linear density of 2.7 grams/cc. Seventy-eight vertical channels, having a cross section of 5 x 0.5 cm 
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points where the microscopic flux is a maximum, namely, at the centers of the above mentioned lattice 
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Abstract/Keyterms: Although natural uranium graphite-moderated systems have received extensive 
treatment in the past, little consideration has been given to enriched uranium, graphite-moderated systems. 
Zimmerman reported critical measurements on a single enriched uranium, graphite-moderated, graphite-
reflected system. This paper presents experimental results on a variety of enriched uranium, graphite-
moderated systems, both with and without reflectors. Also included are the results of the multigroup 
transport and one-and two-dimensional diffusion calculations used to interpret the data. In general the 
UCRL systems were bare or one-dimensional in order to simplify the analysis. Efforts were made to obtain 
systems as close as possible to an idealized system containing only a homogeneous mixture of moderator 
and fuel with all extraneous factors removed. The LASL experiments were carried out with more complex 
geometries approaching more closely potential reactor systems. All of the assemblies utilized 
heterogeneous arrangements of moderator and thin uranium foils. The bare systems range in carbon-to-
uranium atomic ratios (C/U) from 300/1 to 2500/1. These systems are not truly thermal and are in a range 
where critical mass is extremely sensitive to size or buckling. Experiments were performed for these 
systems to determine accurately the effects of extraneous factors such as room return, control-rod void 
spaces, nonhomogeneity of fuel loading, moderator block porosities and poison content. The reflectors 
include graphite and beryllium in one-, two-, and three-dimensional arrangements. 
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Abstract/Keyterms: This being the time at which natural uranium graphite-moderated reactors are entering 
the industrial phase, it seemed particularly important to us to have a precise knowledge of the neutron 
properties of their lattices. Among the many experimental results published concerning these lattices, the 
majority have been found to be unusable, unfortunately. Often the experimental accuracy was not sufficient; 
above all, the lack of detailed information concerning the constituents of the lattice caused uncertainty in 
any interpretation and use of the results. We have taken advantage of the start-up of the Marcoule reactors 
G1 and G2 to perform a series of lattices of certain other installations (tubular or divided elements, sub-
moderated lattices, etc.). In order to facilitate a proper interpretation of the results, this report will begin 
with as detailed a description as possible of the lattices studied. The second part of the paper deals with 
buckling measurements which have been obtained either by neutron flux distributions or by the substitution 
method, whose principle as well as an exact experimental justification are given in detail. The third part 
deals with the results of complementary measurements made on G1: a study of mixed uranium-thorium 
lattices, the p, f, the effect of a central gap, etc. 
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Abstract/Keyterms: A series of exponential experiments were carried out on graphite- moderated lattices 
containing multi-rod fuel clusters, in order to obtain information for design calculations on sodium-graphite 
power reactors. Measurements of the lattice buckling and intracell flux distribution were included. 
Experimental measurements of the critical mass with and without sodium in the core of the Sodium Reactor 
Experiment were intended as a check on the application of exponential experiment results to a critical 
assembly. 
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Abstract/Keyterms: Plastic-moderated critical assemblies are being used extensively to study water-
moderated reactor systems and to a lesser extent to study organic-moderated reactors. The use of plastic is 
possible because plastics may be selected which have nuclear properties similar to the liquid being studied. 
For example, polyethylene with two hydrogen atoms for each carbon atom resembles water with the oxygen 
replaced by carbon. By choosing the proper density of polyethylene for an experiment, the nuclear 
properties of water are duplicated to a high degree. Likewise, polystyrene, C8H8, would be expected to 
have nuclear properties fairly close to diphenyl, C6H5. Plastic-moderated assemblies are versatile and 
flexible. Because the configuration and compositions can be modified rapidly and easily, a large number of 
tests can be performed in a reasonable length of time. This quality is valuable when it is necessary to modify 
conditions to reach a given result or to make a survey over a large range of conditions. The accessibility of 
a plastic-moderated reactor core permits work to be performed more rapidly. There is no tank surrounding 
the core as there would be in a liquid system. It is possible to reach the core and the core components to 
measure flux, power, temperature distributions, and any other quantities of interest. It is also possible to 
easily insert samples at any point in the core for reactivity tests. 
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Abstract/Keyterms: The methods of calculation on which the Calder work was based together with their 
correlation with integral experiments are presented. The calculations are compared with the results of the 
commissioning experiments and explanations are suggested for the discrepancies. Attention is drawn to the 
difficulties of extending the system of calculation to reactor fuels containing plutonium and a provisional 
method for this described. A new proposal for a system of lattice calculations requiring a new correlation 
with integral experiments is outlined. 
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Abstract/Keyterms: A heuristic method is presented for calculating critical sizes of small cores. The theory 
is simple, and the method in its variational form demands no more than the solution of a simple quadratic 
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Abstract/Keyterms: The design is described of Swedish Reactor (R-3), which will be used for supplying 
70 Mw of heat to a district heating scheme and 15 Mw of electricity to the Swedish power system. Particular 
attention is given to mechanical and thermal engineering aspects of the design including a detailed analysis 
of the measures taken to prevent damage to the plant in the event of equipment failure occurring. The 
underground building is described in some detail. Results of reactivity calculations and optimization studies 
are included. 
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Abstract/Keyterms: heterogeneous reactors containing highly enriched a and using H2O as a moderator 
and reflector. Originally, this model did not include a scheme for evaluating the epithermal constants for a 
cross-shaped Hf control rod. Since the analysis of critical assemblies without control rods showed the model 
could calculate the multiplication factor satisfactorily for an unrodded reactor, experiments were designed 
with control rods inserted. These are analyzed to yield a value for the epithermal cross section of cross-
shaped control rods that would give the least error in the calculated multiplication factor for the 
experimental conditions. 
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Abstract/Keyterms: Some properties of critical reactor systems which can be decomposed into two or 
more nearly critical subsystems are discussed. Such systems may be said to be weakly coupled. Some 
examples of this class of reactor are the coupled fast-thermal critical assembly of the Argonne National 
Laboratory, the Convergatron” introduced by Borst of New York University, and in fact any reactor whose 
core dimensions are sufficiently large compared to the neutron migration length. In such a system the over-
all distribution of neutron flux and importance can be represented to a good approximation by a linear 
combination of the fundamental critical modes of the subsystems. The coefficients in this linear 
combination are readily found in terms of simple integrals over the subsystem critical modes, admitting 
easy physical interpretation as coupling parameters. A weakly coupled system which has generated much 
interest in recent months is the Convergatron,” in which the interaction between subsystems is, ideally, 
highly asymmetric; that is, neutrons are permitted to migrate much more readily in one direction than in the 
opposite direction. This type of coupling leads to the possibility of amplification” of small neutron source 
to excite a high-power subcritical system. Some characteristics of this device are examined by the method 
outlined above; in particular, a relation emerges giving an upper bound oo the margin of safety available at 
a given neutron amplification per stage 
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Abstract/Keyterms: The over-all behavior of a two-region reactor was investigated in the case in which 
the inner region contains a mixture of fertile and fissionable material and the external region contains natural 
uranium. It is shown that such a reactor may produce a considerable amount of U235. The calculations are 
a very crude one-group approximation assuming a spherical geometry. 
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Abstract/Keyterms: An introductory review is given of the problem of meeting a varying demand on an 
electricity generating system. Typical daily load curves and annual load duration curves are shown for 
different systems. Estimates are compared of the annual capital charges and running costs for different 
types of plant which will be operating in Western Europe in 1965-8. Particular reference is made to 
estimates for base-load nuclear stations, modern high-efficiency thermal plants, obsolescent thermal 
stations, and for conventional and pumped-storage hydro plants. Estimates for transmission costs are also 
given. A detailed comparison is made between nuclear and conventional thermal plants under conditions 
appropriate to Western Europe. Limiting load-factors, above which nuclear plants will be able to show a 
saving, are noted and estimates are given for the maximum economic nuclear capacity determined for the 
UK in this manner. 
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Abstract/Keyterms: The RA-1, which went critical on Jan. 17, 1958, is a heterogeous reactor which uses 
20% enriched UO2 in aluminum water cooled cans. The fuel is arranged in a circular annular space and the 
shield, made of cement blocks, is provided outside the graphite reflector. The main differences with respect 
to the “Argonaut” are described in detail. The theoretical results obtained in the computation of the critical 
mass and other reactor parameters were compared with the experimental findings and the differences are 
discussed. A summary of the first experimental work is presented. 
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Abstract/Keyterms: The construction of a subcritical circulating suspension assembly is described. It 
enables rapid changes in the uranium oxide concentration; continuous determination of the concentration, 
and temperature control within 0.05 to 80 deg C. With a hydrocyclone the fuel can be removed rapidly from 
the reactor circuit. The total recovery of the fuel from the system is better than 99.5%. Operational 
experience is discussed. An accelerator tube is used as an extenal neutron source, and for measuring 
fluctuations fission counters with fast discriminating counting units up to 6 decades are used. 
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Abstract/Keyterms: Neutron studies, theoretical and experimental, carried on with the swimming pool 
reactor, APSARA are reported. The results of the calculations of critical masses and fluxes in some 
configurations of the core, with and without holes at the center, are presented and compared with 
experiment. Neutron fluxes in the thermal column and in the water of the tank were measured; and the 
temperature coefficient, power coefficient, and transfer function were obtained. 
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Abstract/Keyterms: Experimental reactor physics data for thorium water reactors are summarized. 
Reactivity lifetime considerations are presented including a comparison of the reactivity lifetime of U238 
and Th reactors fueled with U235. Critical experiments and results on several water moderated enriched U- 
Th assemblies are reported. Values of infinite medium multiplication constants and migration areas were 
derived using the supplementary measurement of the rate of change of reactivity with water height as a 
function of water height. The effective resonance integral of the metal and ThO2 in the water lattices were 
derived from measurements of cadmium ratios of Th. The experimental results were compared with theory 
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Abstract/Keyterms: An experimental reactor using UF6 as fuel is described. The reactor is heterogeneous, 
beryllium moderated, and graphite reflected. Using 9% enriched uranium, criticality was achieved at 
approximately atmospheric pressure. Possibilities of continuous plutonium and fission product extraction 
and of using the UF6 as a coolant and prime mover are discussed. Photographs of the reactor are given. 
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Abstract/Keyterms: An account is given of the major changes on the swimming pool reactor operated by 
the USAEC at the first Geneva Conference now operating at Wurenlingen. The calibration of the control 
rods and the measurement of their release time are described. Several critical arrangements are shown. The 
flux distribution and power calibration are given. The temperature, power, and xenon effects are discussed. 
The influence of beam holes on reactivity is shown. The results are given for several methods of determining 
the pool water activity. The decay of N/ sup 156/ in the hold-up tank was measured. 
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Abstract/Keyterms: Variational principles are given for one- and two-group diffusion theory for bare and 
reflected reactors. A variational principle is also given for the albedo method of calculating critical sizes of 
small fast systems with moderating reflectors. These principles can be used directly to give reasonably close 
upper and lower bounds for critical size, or they can be used with either the Rayleigh-Ritz procedure or the 
methods of optimized parameters and optimized coefficients to obtain more accurate upper bounds. 
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Abstract/Keyterms: The two-group neutron diffusion equations are developed with one equation referring 
strictly to thermal neutron events only, and the other to epithermal events. Particular attention is paid to 
averaging the diffusion parameters correctly over the appropriate region of the neutron velocity spectrum 
adopted. The effects of epithermal neutron absorption upon the slowing down area are taken into account. 
The experimental information necessary to elucidate the neutron fates within this theoretical framework is 
discussed, together with ways in which this may be restricted for more complex fuel shapes, in the light of 
information obtained from experiments with simple fuel arrangements. The experimental difficulties are 
discussed and the techniques adopted are outlined. The correlation of these results is described, and the 
method is applied to the cases of hydrogenous and graphite moderated assemblies. Problems associated 
with the physics of systems with a relatively small number of fuel elements for criticality are discussed. 
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Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
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Conference Session:  

Abstract/Keyterms: zirconium, light water moderated assemblies in simple geometry is summarized. The 
assemblies consist of both uniform highly enriched media and seed-blanket slab arrays containing a natural 
uranium alloy blanket in plate form. A review is given of the typical experimental techniques and 
experimental data obtained in the process of validating power reactor designs involving these core media. 
The discussion is divided into two parts; the first covering experimental techniques and the second covering 
certain of the data obtained. 
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Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: The physics aspects of seed and blanket cores, including the conceptual basis, design 
problems and procedures, and the long-term prospects and future development of this reactor type, are 
presented. The work is limited to studies of light-water-moderated cores. The PWR core is used as an 
example to illustrate the principles outlined and to furnish a comparison of theory and experience 
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Conference Session:  

Abstract/Keyterms: The physics problems arising in the design of a research reactor, capable of operating 
at a peak thermal neutron flux of near 10/sup 14/ neutrons/ cm/sup 2//sec, are described and discussed. The 
reactor core calculations, when the core is reflected by either water or beryllia, are considered and results 
obtained using sub-critical facilities are given. These include temperature coefficients, void coefficients, 
the effects of voids outside the core, the critical masses for various core configurations and the effects of 
the plate-type control elements. The designs of the radiation shielding and thermal columns are described; 
the data and methods used are discussed. Calculations concerning the safety aspects of the reactor are 
described and discussed, the neutron sources and special instruments developed for this fission product 
detector and a very sensitive gamma -radiation detector. 
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Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: The physics aspects of the use of burnable poisons in various applications as 
extension of reactor endurance, improved core performance through better flux factors, and reduced 
mechanical control and improved temperature coefficient of reactivity are presented. 
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Conference Session:  

Abstract/Keyterms: The proposed Indian zero-energy D2O reactor (ZERLINA) will have a core diameter 
of about 2.3 meters. The purpose of this study is to consider the feasibility of increasing its usefulness by 
arranging the fuel in two zones. The possibility is discussed of studying lattices with very low material 
buckling by surrounding them with a high buckling lattice forming the outer zone. The use of the reactor 
for cross section measurements in an essentially pure thermal neutron flux by carrying them out in a fuel-
free zone at the center of the reactor is considered. It is expected that it is possible to get such a zone of 
radius of about 60 cm with a ratio of thermal to fast flux of approximately 400 
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Conference Session:  

Abstract/Keyterms: The College of Engineering at the University of Florida has set up a facility for 
instruction in nuclear technology comprising a subcritical assembly with special electronic instrumentation 
which simulates critical operation. Necessary auxiliary instruments for measurement and control are 
integrated with the system so that engineering instruction can be carried out in a realistic environment. 
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Conference Session:  

Abstract/Keyterms: Description is given of studies of fission neutron propagation through thick spheres 
of U238. The experiments helped to determine a number of U238 properties defining the role of U238 
fission in fast neutron reactors. Experimental results achieved on a series of critical assemblies are given 
for reactor power not in excess of 30 w. The reactor core consisted of plutonium rods. The critical facility 
design made it possible to study the reactor cores with relatively high plutonium content. The reactor control 
was accomplished by moving the inner parts of screens. Three reactor design versions are described in 
detail. In one of them the screen is made of solid uranium slugs. In the second reactor design version it 
consists of a close uranium water lattice separated from the core by a layer of solid uranium. In the third 
design version a nonfissionable screen made of copper is used. Neutron detectors of different sensitivity to 
neutron energy allow determination of the neutron energy spectrum in different parts of the reactor. Direct 
measurements of the neutron spectrum were made. The reactivity perturbations caused by foreign particles 
in the reactor vessel were measured, and measurements of space dependence of the neutron value for 
different neutron energies were made. Experimental results are compared with the data calculated by the 
multigroup kinetic theory. Basic results of nuclear research of the 100-kw experimental fast neutron reactor 
with mercury cooling are described. Space distribution of different processes, neutron energy spectrum, 
efficiency of regulating instruments, temperature effects, and other parameters of the reactor have been 
measured. Comparison is made of the experimental results with the results of theoretical calculations. 
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Abstract/Keyterms: The essential reactivity characteristics of a fast reactor are presented with discussion 
of the relative magnitude of thin various nuclear, geometric, and density effects as well as their dependence 
on temperature, time, and the details of the mechanical design. Thermal characteristics of the general type 
are discussed in regard to their role in temperature-reactivity feed back effects. The types of accidents 
examined are those initiated by reactivity insertion and initiated by loss of effective cooling. The course of 
accidents falling in these categories is traced either to termination of the incident or to the point where the 
fuel in the reactor melts. The role of protective devices in preventing the accidents is discussed, together 
with the limitations of such devices. Since geometric redistribution of fuel in a fast reactor following 
melting can in principle cause large reactivity increases, the important features of meltdown are presented, 
emphasizing the theoretical work under way and discussing possible experiments to aid in this work. The 
limits ef reactivity available in the EBR- II and EFR due to redistribution of fuel are shown together with 
discussion ef the actual fuel distribution found upon examination of the EBR-I Mark II core which melted 
in November 1955. Since the magnitude of any nuclear energy release caused by meltdown is a function of 
the rate of assembly of the molten material, limits of this rate are established and several models which 
have been used in calculation are presented and discussed. Finally the energy release resulting from various 
meltdown accidents is estimated, together with a discussion of the major uncertainties involved in such 
calculations and the parameters upon which the results are most dependent. 
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Report: GENEVA-2, 12; A/CONF.15/P/2184 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: A pressurized-water reactor in which light water is used as a moderator and coolant 
has been selected for a number of atomic power stations of the Soviet Union. The paper briefly outlines the 
considerations underlying the selection of the parameters. The pressure and water temperature values in the 
reactor circuit are determined by the choice of the turbine circuit parameters. The neutron physical 
characteristics accounted for the design and arrangement of the core in which it is possible to obtain 
sufficiently intensive burn-up of the nuclear fuel. The specffic power in the reactor come is determined by 
the limiting temperatures on the axis of the cylindrical fuel elements and the heat rate on the surface (not 
over 1.5 x 10/sup 6//kcal/m/sup 2/hr), sufficiently remote from the value of critical heat rate. The final 
dimensions of the core and total thermal power (760 Mw) were fixed, proceeding from the over-all 
dimensions of the reactor steel vessel, which were to provide transportation of the vessel and its parts by 
rail. 
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Assemblies; Criticality; Cross Sections; Epithermal Neutrons; Errors; Hafnium; Mass; Measured Values; 
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Report: GENEVA-2, 12; A/CONF.15/P/335 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: The EL3 was started up in December 1957. The core, comprising 100 cells arranged 
according to a centered hexagonal lattice, is surrounded by a first reflector 0.40 m thick of heavy water, 
then by a second reflector of graphite. The primary cooling is ensured by a circuit of heavy water flowing 
at 1000 m/sup 3//h, cooled by a circuit of light water flowing at 2000 m/sup 3//h which loses its heat in an 
atmospheric coolant. The secondary cooling system is an open air circuit, whose first objective is to ensure 
the ventilation of the pile hall and which, on leaving the pile, is discharged to the atmosphere through a 
chimney after a thorough filtration. The control system comprises, in addition to the power measurement 
and pile operation installations, numerous thermodynamic measurement instruments and a device for 
detecting bursts in the canning, cell by cell. The pile EL3 possesses many experimental appliances placed 
in the pile core, heavy water reflector, graphite reflector, and in various locations for protection. Circuits of 
demineralized water, carbon dioxide, compressed air, and electricity supply these experimental appliances. 
Active materials are unloaded by means of tools specially studied for each type of canal. The neutron flux 
in the pile is limited by the heat flux at the surface of the fuel elements. The thickness of uranium is 
dependent on this, and tubes 22 to 29 mm in diameter were chosen. The calculation of critical dimensions 
is identical to that used for D2O--natural uranium lattices. The effect of experimental holes necessitates a 
more elaborate theory, especially where the radial canals situated in the reflector are concerned. The critical 
mass rises from 285 kg for the cold pile to 650 kg for the hot pile, poisoned and loaded with the experimental 
appliances. These extreme values bring about a corresponding variation in the neutron flux distribution and 
in the efficiency of the control systems. In order to study this variation, starting-up experiments have been 
carried out on two cold piles, the ratio of whose volumes was two. The large-volume pile is obtained by 
removing in a regular fashion one uranium red in three, thus forming a hexagonal non-centered lattice. 
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Report: GENEVA-2, 12; A/CONF.15/P/523 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: Contrary to the published literature, the single-step reduction of uranium hexafluoride 
to uranium tetrafluoride with hydrogen was found to be quantitative process, both safe and economical, 
was developed and adapted for large-scale production use. The uranium tetrafluoride product was of high 
density and purity. The basoc hydrogen reduction method is actually uncomplicated; uranium hexafluoride 
and about 100% excess hydrogen both preheated to approximately 500 deg F, are charged into the top of a 
vertical pipe reactor which is heated to about 1000 deg F, and complete reduction to uranium tetrafluoride 
is realized almost instantaneously. The uranium tetrafluoride, having a packed density of 220 lb/ft/sup 3/ 
(3.5 g/cc) and an impurity content of 30 to 50 ppm, is collected in a hopper at the bottom of the pipe. The 
gaseous products are passed through a metallic filter to remove entrained solids, and pure anhydrous 
hydrogen fluoride is recovered as a reaction by-product. The only operating difficulty noted is that slow 
accumulation of fused uranium fluorides. UF/sub 5/, U2P/sub 9/, and U/sub 4/F/sub 9/, on the hot reactor 
walls necessitates periodic deslagging of the unit; however, where large quantities of low assay materials 
are required and relatively large equipment can be used, the loss in operating time is small. The significance 
of the development of the hydrogen reduction method is best realized by comparing it to existing wet 
processing schemes. Feasibility studies showed that the latter methods were both economically and 
operationally unattractive for handing large quantities of uranium hexafluoride. Bulky equipment built to 
withstand corrosion from aqueous hydrogen fluoride solutions as well as expensive precipitators. filters, 
dryers, and converters for the required multiplicity of operation made costs prohibitive. Some modification 
of the “hot wall” method was necessary to process higher assay uranium hexafluoride. Since the equipment 
must be small to meet criticality dimensional requirements, and opportunities for loss of uranium must be 
minimized, slagging of the reactor became a serious problem. It was found that the solid deposits could be 
eliminated entirely if fluorine was added to the uranium hexafluoride stream and the reactor walls were 
maintained at low temperature i.e., about 300 deg F. The highly exothermic reaction of the fluorine with 
hydrogen supplied the energy required to initiate and sustain the reduction, and the major portion of the 
reaction appeared to take place in a narrow flame directly below the gas nozzles. The solid product did not 
stick to the cool factor walls, and a reliable correlation between the uranium tetrafluoride density and the 
amount of fluorine added was established. A process to reduce uranium hexafluoride with gaseous 
trichloroethylens was also developed. Complete conversion to uranium tetrafluoride was realized, but under 
most condition the product was low in density and highly contaminated with the organic by-products; thus, 
additional treatment was required to make an acceptable material. Pure uranium tetrafluoride could be 
obtained directly by this method, however, if the stream containing uranium hexafluoride was very dilute. 
i.e., about 1% uranium hexafluoride in nitrogen Complete reduction of uranium hexafluoride was also 
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possible with liquid trichloroethylene in a spray column, but it was difficult to separate the solid product 
from the liquid. 
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Abstract/Keyterms: Prepared for the Second U. N. International Conference on the Peaceful Uses of 
Atomic Energy, 1958. The neutron cross sections which are of particular interest for reactors and for which 
significant new advances in knowledge have occurred are reported. The thermal cross sections for boron, 
graphite, fissionable nuclides, and fission products are given. Resonance parameters for U233, U235, and 
Pu239 are tabulated. Partial cross sections and prediction of cross sections from theory are discussed. 
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Abstract/Keyterms: A laboratory was constructed at the Dounreay U.K.A.E.A. research station for critical 
assembly experiments upon a wide variety of systems. The immediate object was the investigation of 
certain safety problems associated with the Authority's fissile material processing factories. Three different 
types of critical experiments are described which were carried out in order to assist with the safety problems 
which arise in fissile material processing plants handling aqueous and organic solutions of highly enriched 
U. 
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Abstract/Keyterms: The operating characteristics of critically-safe “slab” mixer-settlers and continuous 
solvent washers are described. The effectiveness of some experimental units of each type was evaluated for 
a number of tributyl - phosphate-kerosene and uranyl nitrate-nitric acid aluminum nitrate systems. The units 
described are prototypes of equipment that could be used in a full scale he mixer-settlers are of the “pump-
mix” type and are shaped in the form of slabs, three inches high. When positioned in an operating area so 
that the large faces of the slab are at least six feet away from solid reflectors, the slabs are critically safe for 
concentrations of fissionable materials as high as 400 grams per liter of solution. The critically-safe solvent 
washers are cylinders, 7 inches in diameter and 12 feet hdgh. A continuous washer was evaluated with 6 
and 30% tributyl phosphate in kerosene solutions. The effect of mixing speed, recirculation rate, cylinder 
height, and solution properties on the entrainment of a sodium carbonate wash in the solvent was determined 
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directly to two mixer-settlers in such a way as to provide a closed solvent circuit is presented to illustrate a 
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Abstract/Keyterms: Strict limitations must be imposed on the design and operation of industrial facilities 
processing fissionable material in order to prevent accidental nuclear chain reactions. Freedom from such 
criticality hazards can be attained by a program of nuclear safety incorporating geometric, administrative, 
and operational controls. This paper discusses briefly the fundamental nuclear safety methods common to 
all uranium processing and considers how, with changing emphasis, these basic rules can he applied to the 
divergent problems encountered in the unirradiated processing phases of a typical uranium fuel cycle. Such 
a cycle might incorporate a gaseous diffusion plant, a chemical processing facility, a fuel element 
fabrication plant and-a scrap recovery recycle operation, each of which is characterized by particular 
criticality problems. This paper is intended to acquaint prospective participants with these unique problems 
and to indicate the corresponding design criteria and operating procedures which can be applied to achieve 
nuclear safety in an efficient and effective manor. Experimental criticality data, as presented heretofore, 
form the basis for the fundamental nuclear safety controls, and the factors considered in adapting such data 
for production purposes are reviewed briefly. The safe parameters” thus obtained identify the nuclear 
variables that enter into every criticality problem, namely, geometry, concentrations of fuel, moderator and 
poison, reflection, and interaction. Nuclear safety is ensured by establishing control over one or more of 
these variables and guarding against contingencies arising from possible production mishaps. Illustrative 
examples and tables summarizing contingencies, possible mishaps and corresponding safeguards for each 
nuclear variable are presented. The reduction of uranium tetrafluoride to metal and the subsequent handling 
and processing of enriched metal requires the strict isolation of individual pieces. Means, both mechanical 
and administrative, of effecting this are discussed. Alloy fuel elements possess the advantages of poorly 
moderated systems, but require special care in storage and shipping. The treatment of scrap for recycling 
incorporates all the above problems and presents added difficulties arising from the exceedingly small 
uranium concentrations. Shipping container designs are discussed which allow a wide range of types and 
concentrations of enriched uranium materials to be handled safely and economically. 
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Abstract/Keyterms: Certain criteria concerning the selection of the building-site are given. Devices of the 
experimental reactor are described. Measures for preventing escape of radioactive waste waters are 
examined. Reactor data, including those concerning critical mass, based on results of test operation and 
certain results of measurements are indicated. 
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Abstract/Keyterms: A survey of the reactor physics of natural U-D2O systems is presented. Physical 
parameters of more than 250 different lattices were measured at the Savannah River Laboratory. Along 
with a physics analysis of the designs, consideration was given to the operability of the reactor. Possible 
instabilities arising from spontaneous redistribution of Xe, or from the coupling between neutron kinetics 
and heat exchange, were studied. Discussion and data are included on buckling measurements in cold, clean 
lattices; evaluation of lattice parameters; the effects of H2O in the moderator; temperature coefficients; and 
reactivity transients and core life. 
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Abstract/Keyterms: Argonaut is a 10-kw (max.) thermal reactor moderated by water and reflected by 
graphite. It is a flexible, low-cost facility designed primarily for instruction and research in reactor 
technology. Plate-type fuel elements are spaced with graphite wedges to form an angular core; thus various 
fuel patterns, from pseudoslab to multiple groups, can be effected. With 20% enriched fuel, the nominal 
critical mass is 3 6 kg U235 in a double slab configuration. A graphite column within the fuel ring provides 
a large (2 ft OD by 4 ft high) region for internal exponentials, danger coefficient, and irradiation 
experiments. Surrounding the core region is a graphite reflector extended on one side to form a thermal 
column (5 ft square cross section). A movable tank for shielding or migration measurements faces one of 
the reflector sides. Stacked concrete block constitutes the main body of shieki, so that tunnels for large 
experiments or a second thermal column can be provided. The nuclear characteristics of Argonaut make it 
self-limiting in the BORAX manner. Measurements show the void and temperature coefficients to be 
negative: -0.25% k per void%, and -2 x 10/sup -4/ k deg C, respectively. The measured neutron lifetime is 
220 mu sec. Routine control is by insertion of poison rods. Secondary safety is available through removal, 
and nitrogen injection to reduce moderator density. Total cost for construction of the reactor was ~ 0,000. 
A 20-minute color film showing design details and student participation in experimental uses is available. 
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Abstract/Keyterms: The operating characteristics of the Materials Testing Reactor with a 20% enriched 
uranium core and with a plutonium core have been compared with those of the standard 93% enriched 
uranium core. A series of reactor physics and engineering tests has been made on each core. This was 
followed by operation at 30 megawatts, the full design power of the MTR. 
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Abstract/Keyterms: Fuel costs are estimated for nuclear power reactors using either plutonium or U235 
fuels. Minimum costs in a wide range of reactor types and sizes are compared for each of the two fuel 
systems. Based upon the preseat pricing schedule for enriched uranium, and upon the achievement of 
research and deveiopmeat goals, plutonium may have a significant positive value as fuel for thermal 
reactors. It is anticipated that this value can be maintained, even for highly exposed plutonium, in properly 
desigued reactors. 
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Abstract/Keyterms: A new method is presented for the calculation of fine structure in large heterogeneous 
reactors. The method is applied for calculating the neutron flux in critical cylindrical reactors with 
cylindrical fuel elements inserted in parallel to the axis in a moderator material. Certain general formulas 
are drawn up for a cubic lattice of small fuel elements and for a square lattice of thin fuel rods. 
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Conference Session:  

Abstract/Keyterms: The characteristics and the over-all plan of the EDF-1 and -2 plants are described. 
The construction and work programs are reviewed. Both plants are natural uranium graphite reactors cooled 
by CO2 under 355 lb/in./sup 2/ pressure The EDF-1 is a 82 Mwe plart using 140 tons of U with the steam 
pressure lower than the CO2 pressure. The EDF-2 is a 200 Mwe plant using 250 tons of natural U with the 
steam pressure everywhere greater than the CO/sub2/ pressure. 
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Conference Session:  

Abstract/Keyterms: The period of preliminary tests, while the Marcoule G-1 reactor was being put into 
service, was used to carry out several neutron physics experiments. These experiments, including neutron 
diffusion length in graphite, effect of thorium contamination, criticality studies, flux distributions, etc., are 
described. 
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Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: A sub-critical experimental method is described in which the medium being 
investigated is surface irradiated by a neutron source of uniform density. The surface of the medium is 
spherical for small samples and cylindrical for large samples. The neutron density in the medium is uniform 
if the medium is a perfect sensitive indication of the multiplying or absorptive properties of the medium. 
The methods of irradiation are discussed, and the method is applied to the measurement of the Laplacian 
of a sub-critical lattice. Correction terms are discussed. Advantages of this method over those of the 
exponential experiments are the avoidance of the anisotropy and uncertainty over the extrapolation length 
as the flux distribution is the same as in the axial region of a critical cylindrical lattice. The principle of the 
method is illustrated by measurements made on the Laplacian of natural U--BeO lattices. The application 
of this method to the study of non-multiplying media is discussed. 
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Conference Session:  

Abstract/Keyterms: A generalization of Garabedian's treatment and N full length control rods in arbitrary 
positions are dealt with. Up to a certain point the formalism has been treated in general terms. Before setting 
up the critical equation, a zero-order approximation is introduced which neglects the angular dependence 
of both singular and nonsingular terms, thus reducing the number of unknown constants. The solution of 
the equation then obtained gives the radial buckling which represents the total thermal neutron leakage from 
the active reactor core in the radial direction, i.e., the neutrons streaming out from the reflector and the 
neutron absorption in the black control rods. Reduced formulas are given in the simple cases of up to four 
concentric rings, each ring consisting of up to eight rods. Results from the numerical evaluation of such 
ring cases are presented. The case of a large number of control rods arranged in a regular lattice which 
occupies a coaxial cylindrical region of the reactor is treated. The control rod region is divided into cells 
with one control rod in each of them, and the region is homogenized in a manner analogous to that used for 
calculating the thermal utilization. This gives a new multiplication constant and a new diffusion length in 
the control rod region. For a certain natural uranium heavy water reactor, the calculated control rod effect 
is given in a number of cases for different rod radii, rod lengths, and numbers of rods. In some cases the 
corresponding value for the equivalent extrapolated reactor is given for comparison. In one case, with full 
length control rods, a comparison is made between the results from the generalized Nordheim-Scalettar and 
Garabedian method and from the homogenization method. 
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Conference Session:  

Abstract/Keyterms: The description and reports on the design details of Apsara, the first atomic reactor 
to go into operation in Asia, are given. The reactor, which is of the swimming pool type, is designed for a 
maximum power level of one megawatt. It is a very versatile research tool, being provided with a thermal 
column, 8 experimental holes, a through channel next to the core for oscillation experiments, and a special 
shielding corner facility. It is being used, among other things, for research in nuclear physics, for the 
production of radioisotopes, and for the training of personnel. The reactor reached criticality for the first 
time on August 4, 1956, and experience with its operation in tropical conditions over a period of 18 months 
is reported. Data on the utilization of the reactor are given. 
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Conference Session:  

Abstract/Keyterms: It is felt that graphite-moderated gas-cooled reactors using natural uranium start 
becoming unattractive for power outputs below about 60 Mw(e). Preliminary design studies were conducted 
on BeO-moderated gas cooled and D2O-moderated gas-cooled reactors. The considerations affecting the 
design of reactors of these sizes and the effect of local conditions are set out. Moderate pressure and 
temperature conditions were assumed. Results of calculations on BeO- moderated gas-cooled and D2O-
moderated gas-cooled reactors for different station sizes in the range of 10 to 50 Mw(e) are presented. 
Moderator and fuel inventories required are given. The problems, advantages, and disadvantages of these 
reactor types are discussed. The economic aspects of these reactors and of conventional stations of similar 
sizes are examined. These comparisons should be of interest for more detailed studies. 
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Conference Session:  

Abstract/Keyterms: Reduction of enriched gaseous uranium hexafluoride to uranium tetrafluoride with 
dissociated ammonia, reduction of uranium tetrafluoride to metal with magnesium metal, vacuum casting 
of uranium ingots, and subsequent fabrication steps such as swaging and re other aspects of production such 
as: the reclamation and direct recycle of enriched metallic residues by the technique of atmospheric melting 
under a salt cover. the handling of enriched wastes requiring Chemical recovery, and the nuclear safety 
criteria adopted in a this production and fabrication operation to insure that these amounts of enriched 
uranium do not approach a nuclear or critical incident. Such criticality controls will also be discussed as an 
important aspect of the shipment of finished fuel elements by various means of transportation 
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Conference Session:  

Abstract/Keyterms: Nuclear study for a small-sized BeO-moderated natural uranium, CO2- cooled power 
reactor was made. The core parameters, including the bucklings with and without allowances for poisoning 
and temperature effects, were calculated for several sets of solid rod radii and the channel and cell sizes. 
Fixing the core size about 3 m high and 3.6 m in diameter, with 90 cm thick graphite reflector and the rod 
and channel radii at 1.35 cm and 4.0 cm respectively, so as to conform with 2.54 cm thick steel pressure 
vessel of diameter about 6 m and the heat transfer calculations, it is found that the thermal power output, 
which is about 33 Mw for the uniform core, can be increased by about 20% on breaking the core into two 
zones, while the fuel inventory is decreased by about 9%. The extra reactivity required for poison and 
temperature effects is found to be about 4%. 
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Conference Session:  

Abstract/Keyterms: Calculations for a heavy water heterogeneous reactor critical experiment are outlined. 
The calculations were made by homogeneous equations, but a correction is introduced for heterogeneity 
obtained by solving heterogeneous equations for an idealized model. The results of the calculations are 
compared with the test, and an appraisal is given of the accuracy of the initial constants. 
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Abstract/Keyterms: An analysis made of the properties of the safety and signalization circuits of reactors, 
based on the use of a detector automatically moved so, as to be always in a position, where there is a 
constant neutron flux, irrespective of the immediate power of the reactor. Such circuits may consist of 
simple elements and may by themselves check their own correct functioning. The properties of the control 
systems based on the principle of the automatic control of the reactor power according to the movement of 
the detector are examined. Systems are designed for the automatic starting of the reactor from subcritical 
state, for reaching the predetermined power by the chosen period, and for the control of the power. Compact 
schemes of automatic reactor control may be obtained by supplementing this equipment by independent 
signalization circuits with an automatically transferred detector. 
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Conference Session:  

Abstract/Keyterms: AThe results of calculations of some physical parameters for homogeneous reactors 
are given. The paper deals with critical size and critical masses, temperature coefficient, and kinetics 
calculations from a heavy and light water reactor fueled with U238enriched with U235 or Pu239/, which 
are made for various degrees of fuel enrichment, fuel concentration in the moderator, and for four 
temperatures from 293 to 600 deg K. In view of the large number of calculated cases a modified one-group 
method was used for the determination of critical sizes. Calculations concerning certain variants of a light 
water reactor with U235 were carried out with the three-group method. For some important cases kinetics 
are calculated. The change of isotopic fuel composition, chemical composition of the mixture, and the time 
of operation under different was of mixture cleaning and fuel exchange are examined. 
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Conference Session:  

Abstract/Keyterms: An intermediate research reactor designed for obtaining high thermal and fast neutron 
fluxes is described. The reactor consists of a core with plate fuel elements containing highly enriched 
uranium. The fuel elements are cooled by water flowing through the gaps between the plates. The core is 
surrounded by a reflector of beryllium oxide. In the center of the core there is a water thermal column where 
the maximum thermal neutron flux is produced. The ratio of the maximum neutron flux to heat output 
characterizing the performance of the research reactor is several times greater than that for thermal reactors. 
Theoretical premises for the use of intermediate reactors are given and their advantages are shown. The 
results of experiments with critical assemblies carried out with the aim of studying uranium--water 
intermediate reactor physics are discussed. 
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Abstract/Keyterms: The method and the results are reported of numerical calculations of fuel burning in 
ordinary water-cooled and -moderated reactors with a homogeneous core which use fresh slightly enriched 
fuel. The point of departure of the method is the notion of stationary conditions at which the process is 
maintained in the reactor as a result of a regular replacement of the burned-out fuel by fresh fuel. The results 
of the calculations allow a conclusion to be drawn regarding the dependence of the fuel life and the isotopic 
composition of the discharged material on such factors as the percentage of enrichment of the fresh fuel, 
the water--uranium volume ratio, the dimensions of tbe core, and the frequency of fuel reloading. A study 
is made of the dependence of the fuel life and irregular heat production in the - reactor on the trajectory of 
motion of the burning fuel in the core. The theory of a uranium--water reactor is proposed, which is formed 
by a periodic structure of greatly or slightly enriched zones. The results are given of experimentally studying 
the physical parameters of a uranium--water lattice. Slugs of natural and enriched uranium were 
investigated. The material parameter of the lattice was determined from measurements of neutron 
distribution. A new interpretation is discussed of the multiplication fuctor and of its components, suitable 
for a reactor with a hand spectrum of neutrons. Various parameters of the lattice are dealt with from this 
viewpoint. 
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Conference Session:  

Abstract/Keyterms: The recycle of plutonium in low enrichment thermal reactors affords a possible way 
of reducing or eliminating the requirement for makeup with enriched uranium. Analysis of fuel cycles 
incorporating plutonium recycle has been made, taking into account the calculation of the isotopic 
composition and reactivity history of the fuel for realistic reactor configurations, and the evaluation of 
alternate fuel cycles for reasonable variations in the supply and cost of materials, processing, and fabrication 
associated with fuel. The light water boiling reactor was studied in detail because many of the alternate fuel 
cycles available give fuel costs lower than fossil fuel costs, and because the total of fuel, capital and 
operating costs has good prospects of being attractive under many circumstances. A general model is 
developed which simultaneously takes into account the shifting neutron spectrum effects, the effect of 
spatial power variation, and of partial-butch recycling. The model chosen utilizes four collateral resonance 
groups below 6 ev and a thermal group whose detailed behavior is determined by solution of the Wilkins 
equation. Application of the model to large light-water boiling reactors is shown, together with a mapping 
ef reactivities and isotopic compositions for varying lattices, enrichments and cycle times. Reactor cases 
are presented which, even though they may be capable ef operating on natural uranium makeup, would 
normally attain minimum power costs by using recycle plus partial makeup with slightly enriched uranium. 
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Conference Session:  

Abstract/Keyterms: A homogeneous natural-uranium heavy water power reactor using the plutonium 
produced in the reactor as an additional fuel is discussed. Most of the time the reactor operates under 
stationary conditions. In these conditions the reactor is continually loaded with a certain amount of natural 
uranium. Simultaneously, a mixture of the same amount is discharged from the reactor. Calculations are 
presented of the critical dimensions for a number of possible stationary regimes, corresponding to different 
concentrations of uranium in heavy water and to different fuel circulation times. Several possible ways of 
reaching a stationary level are considered. 
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Conference Session:  

Abstract/Keyterms: An outline of the progress in the Liquid Metal Fuel Reactor program since the last 
Geneva Conference is presented, along with the results of a number of feasibility and economic evaluation 
studies on various LMFR designs. Exponential and critical experiments are underway to establish core 
design parameters. The chemistry research to date indicates that either continuous processing plants or 
batch processing is feasible for the uranium-bismuth circulating fuel. 2 1/4 Cr-1 Mo has been extensively 
tested in thermally convected and pumped loops and appears to be a possible container material. Steels with 
lower chrome or no chrome content appear to corrode even less. Graphite exposed to bismuth-uranium 
solution appears to be a satisfactory container material. Studies are underway on slurries both of ThBi and 
ThO in liquid bismuth. of the various designs considered, the most attractive appears to be a single region 
reactor in which the fuel mixture of U233Th-Bi is circulated through an external heat exchanger. A two 
region reactor with U233-Bi solution fuel circulates through the core and a ThBi2 in liquid bismuth slurry 
is circulated through a blanket region surrounding the core and separated from it by a graphite burner. 
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Conference Session:  

Abstract/Keyterms: Experience to date with the reloaded reactor, with emphasis on critical dimensions, 
flux distributions, temperature coefficients, and over-all operating experience with the new elements, is 
discussed. 
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Conference Session:  

Abstract/Keyterms: The AGN 211 reactor is a small pool-type reactor, designed as an inexpensive, low-
power, inherently safe instrument for educational, medical, and experimental purposes. The fuel elements 
containing enriched (20% U235) uranium dioxide particles homogeneously dispersed in radiation-
stabilized polyethylene plastic moderator. The critical mass is approximately 780 g of U235. Although the 
reactor was initially planned for one-watt operation, continuous operation up to 100 watts is possible, and 
the reactor may be intermittently operated up to powers of one kilowatt. 
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Conference Session:  

Abstract/Keyterms: Details of some of the measurements made during the commissioning and early 
operation of the Calder reactors are presented. The measurements include critical size, lattice constants, 
control rod calibration, xenon poisoning, temperature coefficients, and reactivity build-up. Brief mention 
is made of future experimental work on control rods and temperature coefficients. 
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Abstract/Keyterms: A group of Laplacian determinations were made, under critical running conditions in 
the heavy waternatural uranium pile "Aquilon” constructed for this purpose, using either complete lattices 
or samples of lattices employing a two-zone method. The experimental equipment and methods of 
measurement are briefly described. Measurements were made for square lattice cells, going in 20 mm 
intervals from 130 to 250 mm. Results are presented for various bars. Other effects were measured. 
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Abstract/Keyterms: The ORNL Research Reactor is a general purpose, high flux, research tool designed 
to meet the needs for thermal neutron fluxes of 10/sup 14/n/cm/sup 2/- sec. The physical arrangement 
combines the high flux of aa MTR-type reactor with some of the ease of access exemplified by pool-type 
reactors. The result is a long narrow pool of water with the reactor tank mounted on the bottom near one 
end. Beam tubes and two engineering test facilities (5.5 ft diameter) penetrate the walls of the pool to 
provide access for experiments. The pool of water provides shielding above the reactor and allows easy 
access from this direction. The reactor coolant (H2O) is separate from the pool water in order to minimize 
contamination of the pool water. The control rod drive mechanism is located below the reactor in order to 
allow more room for experimental equipment above the reactor. Sufficient space is available in the pool for 
storage of hot fuel elements, a gamma irradiation facility, and irradiated experimental equipment. Materials 
Testing Reactor fuel elements, shim-safety rods, and beryllium reflector elements are used. The major 
problems in design centered around achieving ease of access to the high flux region, the gamma heating 
problem, the safety release mechanism for the control rods, and the water activity problems. The design 
considerations and the solutions of these problems are discussed. The start-up phase, including the hydraulic 
flow tests, critical operation, flux mapping, and initial operation at power, is discussed in terms of 
comparison with predicted behavior based on the design. Operation of the reactor at power is discussed 
with particular emphasis on the problems encountered in the water system, and on radiation and 
contamination problems. The ORR operating organization is described and operating experience, down-
time data, and operating procedures are discussed. Cost figures covering the design and construction of the 
facility are presented. 
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Abstract/Keyterms: A parametric study of small high flux reactors for experimental purposes was carried 
out at BNL. Emphasis was placed in obtaining a high intermediate flux in the core and a high thermal flux 
in the reflector. D2O was chosen as the moderator and coolant. The core size is sufficient to allow the 
simultaneous approach of several beam holes for neutron spectrometry work. The fuel elements are 
aluminum clad plates of enriched U-Al alloy of the MTR type. With this design and a D2O or Be reflector 
it is expected to get an epithermal flux of about 10/sup 15/n/cm/sup 2/sec. in the core had a thermal flux of 
about 10/sup 15/ n/cm/sup 2/sec. in the reflector at a total power of 20 Mw. Parametric studies were made 
to determine the effect of varying D2O /uranium ratios, H2O contamination, varying reflector thickness 
and different reflector materials on the critical mass and the space and energy dependence of the flux. The 
effect of xenon poisoning, as well as the effect of varying spatial distribution of uranium to eliminate the 
sharp power peak near the core- reflector boundary were also investigated. All calculations employed the 
multigroup diffusion method and were run on the Univac and the IBM 704. 
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Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: Proposed design for LAMPRE I, formulated on the basis of known fuel alloy and 
container technology is as follows: A plutonium-iron eutectic alloy with a melting point of 410 deg C, will 
be held in a tantalum heat exchanger which serves as a core container and permits removal of heat from the 
fuel by circulating sodium coolant. Since no breeding demonstrations will be attempted, a simple iron 
reflector, also sodium cooled, surrounds the core. This reflector, the core, and a gas blanketed system for 
injecting molten fuel into the core, are enclosed in the main reactor vessel. Gaseous fission products 
escaping from the core are collected in the fuel metering system and vented through delay lines and absorber 
beds. Fuel density variation with temperature provides a strongly negative, prompt temperature coefficient 
of reactivity which facilitates reactor control. Reactivity adjustment, for a given fuel loading is effected by 
movable reflector segments external to the reactor vessel. Suitable modifications to these segments permit 
them to serve as reactor oscillators. Approximate values of selected design specifications and characteristics 
of the reactor experiment are summarized. 
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Title: The Homogeneous Reactor Experiment No. 2 

Date: 9/1/1958 

Report: GENEVA-2; A/CONF.15/P/449 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: The Homogeneous Reactor Test is a 5 Mw aqueous homogeneous reactor. The 
purpose and design details were presented in Paper 526A of the 1955 Geneva Conference. The present 
paper relates thae experiences with this reactor through the construction, engineering testing, and startup 
phases. Construction and hydrostatic testing of the reactor container were completed in the fall of 1955, 
and the reactor and chemical plant components were installed from October 1955, to May 1956, nt which 
time engineering testing of the systems began. These tests were interrupted to replace stainless-steel flanges 
and leak-detector tubing that were damaged by stress-corrosion cracking resulting from chloride 
contamination in the leak-detector system. The engineering tests were completed in December 1957, and 
reactor operation was begun in January 1958. The engineering tests, critical experiments, and operation of 
the reactor at power are described. Similar information is also presented for the chemical plant, which is 
attached to the reactor system, although in a separate shielded cell, to demonstrate the continuous 
purification of the fuel solution. The performance of the chemical plant is discussed with respect to the 
continuous removal of the insoluble corrosion asd fission products. Also described is the manner in which 
the recovered solids are processed to remove the heavy water and to accomplish solution in a light water, 
sulfuric acid medium, so that a homogeneous sample of the removed material can be used for evaluation of 
the plant. The development of remote maintenance techniques, thae maintenance experience and process 
improvements are described in detail. 
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Report: GENEVA-2; A/CONF.15/P/452 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
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Conference Session:  

Abstract/Keyterms: The main conclusions to be drawn from the operation of the SRE indicate that the 
plant has performed extremely well at levels up to 1/3 of full power. The performance of the reactor and 
reactor steam plant complex is extremely stable. Excess thermal stresses are not an inherent characteristic 
of sodium cooled reactors. With the information gained from the SRE it should be possible to design a 
sodium cooled reactor free from these stresses. With the exception of the boiling toluene cold traps, all of 
the components developed for the SRE have performed well. For large sodium systems free flow through 
1 1/2 in. and smaller lines is determined by the sodium oxide precipitation temperature rather than by the 
melting point of sodium. Maintaining the oxygen concentration at or below an indicated level of 10 ppm 
can be easily accomplished under normal operating conditions. Maintenance  and modifications of the main 
primary and secondary sodium systems can be directly and easily accomplished. The shielding for the SRE 
is more than adequate. In particular the gap tolerances are more stringent than necessary and economics 
can be realized in future reactor designs by relaxing them. The gamma heating of concrete structures greatly 
accelerates the dehydration rate. Reasonably good agreement has been obtained between the calculated and 
measured critical masses, individual worths of core elements and the flux distribution. The slow-acting 
over-all isothermal temperature coefficient for the SRE is positive but small. The fast-acting metal 
coefficient is negative and large. 
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Report: GENEVA-2; A/CONF.15/P/53 
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Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: The problems of criticality and flux distributions in a small light water moderated 
power producing reactor in which the fuel elements are surrounded by control absorbers partially inserted 
into the core are solved by converting the partial differential equations and boundary conditions involved 
to an integral equation by use of suitable Green's functions. Flux distributions and criticality conditions are 
computed for various absorber insertions and curves are given relating the sensitivity of the infinite 
reproduction constant to the extrapolation length assumed at the absorber. 
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Date: 9/1/1958 

Report: GENEVA-2; A/CONF.15/P/54 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: A standard for comparison; the gas-cooled reactor using natural uranium metal fuel 
is adopted. A brief survey of the cost structure of power produced from such a reactor is given. The effect 
of the fuel cycle and the reactor size upon the expected reactivity performance using natural uranium fuel 
is discussed. The cost structure in the production of enriched uranium is reviewed and a typical cost 
enrichment curve is deduced for the range 0.5 to 2.0 Co. Typical fuel element costs, inventory costs, and 
repurchase values are presented. The general principles of the use of plutonium in place of uranium 236 are 
considered for conditions of total plutonium recycle and for plutonium-natural uranium fuels. The major 
differences between such systems and systems using enriched uranium are discussed under the headings 
of: Fuel element fabrication and processing; The choice of spikes or uniform enrichment; The nuclear 
performance of plutonium as a substitute fuel; and The effect upon reactor operation. These considerations 
are combined to provide estimates of the relative economic worth of plutonium and uranium 235 
enrichment. The general principles of the use of uranium 233 as a fuel are outlined. 
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Conference Session:  

Abstract/Keyterms: The project, officially designated as HBWR, was undertaken in 1956 by the 
Norwegian Institut for Atomenergi as builder and owner. Project HBWR was conceived as a nuclear power 
experiment for the studying of the physical and technological aspects of a heavy water moderated reactor 
under boiling conditions at a power level above 10 Mw thermal. The facility is located at the outskirts of 
the town of Halden in south-east Norway and on the grounds of one of the large wood processing 
companies. According to agreement, the company will utilize the steam as generated under experimental 
conditions. The reactor vessel and the heavy water circuit are designed for 230 deg C steam operation. 
Utility steam at 205 deg C is raised in the secondary light water circuit. About 16 tons of heavy water are 
contained in the primary circuit, and the initial fuel charge of 7 tons is distributed on a 130 mm hexagonal 
lattice in the shape of 1 in diameter rods of natural metallic fuel in finned aluminum cans, flitted in steam 
shrouds. This initial fuel charge will, for the criticality limitation reason, presumably restrict operations to 
about 115 deg C, while 150 deg C is set as the limit for safe operation with aluminum as canning material. 
Spiking is planned to bring the reactor up to this temperature. A second charge” type fuel is required to 
bring the reactor up to full operating temperature of 230 deg C. 
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Title: The Influence of Gaps on the Neutron Flux Distribution Around Cylindrical Absorbing Rods in 
Diffusing Media 
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Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
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Conference Session:  

Abstract/Keyterms: The flux distribution around cylindrical absorbing rods (cadmium and uranium) has 
been measured, both with and without an air-gap surrounding the rod, and for different axial and radial air-
gap dimensions. The experimental results are compared with flux distributions calculated by diffusion 
theory and by spherical harmonics expansions. The flux distributions calculated by diffusion theory are 
strongly dependent on the extrapolation length assumed. Without air- gap, good fit to the experimental 
results is obtained with diffusion theory. With air-gap, it does not seem possible to fit the over-all flux 
distribution with diffusion theory. In the air-gap, however, diffusion theory fits the experimental results 
within the limits of error. The ratio between the fluxes incident on the rod, with and without air-gap, is 
substantially higher than what is expected by taking into account only the neutron absorption of the water 
removed. 
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Conference Session:  

Abstract/Keyterms: Measurements of the buckling of natural uranium oxide clusters in heavy water are 
presented. The clusters contain 6 and 7 oxide rods canned in aluminum. 
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Author: MacPherson, H. G. / Savage, H. W. / Briant, R. C. et al. 

Title: Molten Fluoride Power Reactor 

Date: 9/1/1958 

Report: GENEVA-2; A/CONF.15/P/605 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: A design study of a homogeneous, circulating fuel, power breeder reactor is 
presented. One of the desirable salt mixtures contains about 60% Li7F and 40% BeF2; it has a melting point 
of 850 deg F and a slowingdown power about 60% that of graphite. With isotopic composition of 99.99% 
Li7, a homogeneous spherical reactor 8 ft in diameter will be critical with as little as 0.05 mole % UF4, 
with a critical mass of 50 kg of U235. The 8-ft reactor would be capable of producing 1900 Mw. 
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Title: Externally Moderated Reactors 

Date: 9/1/1958 

Report: GENEVA-2; A/CONF.15/P/625 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
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Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Beryllium; Bismuth Alloys; Breeding; Conference; 
Configuration; Criticality; Density; Diagrams; Efficiency; Equations; Fermi Age; Fissionable Materials; 
Fuels; Gases; Graphite Moderator; Heavy Water Moderator; Mass; Materials Testing; Moderators; Neutron 
Flux; Plutonium 239; Pressure; Reactor Core; Reactors; Reflectors; Research Reactors; Thermal Neutrons; 
Uranium 235; Uranium Alloys; Zones 
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Title: Reactor Analysis of the Organic Moderated Reactor Experiment and Comparison of Experimental 
Results 
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Report: GENEVA-2; A/CONF.15/P/630 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: The analytical and experimental reactor physics associated with the Organic 
Moderated Reactor Experiment are summarized. Considerable attention has been given to the thermal 
constants of the system. Calculations of the cell have been performed in the diffusion approximation, the 
P3 approximation, and the S/sub n/ approximation. The results of these cell calculations are compared with 
each other and with activation measurements made on a special experimental element. Criticality 
calculations were made using two-group and three-group models. Fast group constants were obtained from 
cross-section data and normalized to agree with experimentally determined second spatial moments in 
diphenyl and diphenyl-steel mixtures. Predicted critical masses and reactivities are compared with 
experimentally determined masses and reactivities. The calculated temperature coefficient of reactivity is 
compared with the experimentally determined coefficient over the temperature range 250 to 750 deg F. The 
calculated void coefficient is compared with measured void coefficients obtained using a special test 
element. Experimental void coefficients are given as a function of position in the core and these are 
compared with calculated statistical weights. Experimental control rod worths are compared with rod 
worths as calculated by a modified Nordheim-Scalettar method for a reflected reactor and the method of 
cells. Various assumptions concerning the absorption spectrum of the rods are compared. 
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Report: GENEVA-2; A/CONF.15/P/636 

Conference/Journal: Second United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 1-13, September 1958 

Conference Session:  

Abstract/Keyterms: An important step in analyzing the performance of a nuclear reactor is that of 
obtaining three-dimensional power shapes of various stages in the operating history of the reactor. These 
shapes are dependent upon the control rod configuration and upon the reactor operating history. The 
required distributions may be found at each stage of reactor lifetime combining a single one dimensional 
and several two-dimensional power shapes with considerably less calculation than is required for a three-
dimensional calculation. The two- dimensional results are obtained from neutron diffusion solutions in 
radial planes of the core, which include the details of the core and control rod geometry and the local effects 
of fuel depletion. The single one-dimensional distribution is calculated normal to these radial planes and 
parallel to control rod motion. Such a calculation provides not only a power distribution, but it allows the 
determination of critical control rod position and control rod worth. The synthesis technique is developed 
analytically by reducing the exact three- dimensional two-group neutron diffusion equations to a form 
which can be solved for flux and power shapes in radial planes. The radial solutions are then used to define 
certain flux-weighted material parameters. These parameters are used in the one-dimensional axial diffusion 
problem, and an axial normalizing function is obtained for each neutron energy group. From this the power 
normalization and the eigenvalue of the reactor can be calculated. Examples of solutions obtained by 
synthesis methods are compared with solutions of multi-dimensional problems. 
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Conference Session:  

Abstract/Keyterms: Processes for the conversion of uranium compounds or uranium metal to uranium 
hexafluoride ordinarily involve the use of a powerful fluorinating agent. Elemental fluorine is used when 
the scale of operations justifies the construction of a fluorine generating plant, but for smaller operation the 
use of the interhalogens of fluorine has definite advantages. These compounds provide a high concentration 
of fluorinating power at moderate temperatures and pressures and are more easily stored and transported 
than fluorine. In addition, fluorinations in the liquid phase often proceed more smoothly than those with 
gaseous fluorine. However, the use of. the interhalogens introduces the problem of separating the uranium 
hexafluoride from the unreacted reagent and from any by-products which may have been formed. The 
present work is concerned with the determination of the phase equilibria among the materials uranium 
hexafluoride, chlorine trifluoride, and hydrogen fluoride. metal with chlorine trifluoride-hydrogen fluoride 
solutions or as a result of treating many uranium compounds and ores with chlorine trifluoride. These phase 
equilibria define the physical conditions necessary for separating the components by the processes of 
crystallization or distillation and have made possible the successful Operation of a pilot plant for the direct 
recovery of uranium hexafluoride from spent metallic uranium fuel elements. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Bubbles; Conference; Configuration; Criticality; Cylinders; 
Delayed Neutrons; Distribution; Enrichment; Equations; Errors; Fuel Elements; Group Theory; Lifetime; 
Mass; Measured Values; Neutron Flux; Numericals; Quantitative Analysis; Reactivity; Reactor Core; 
Reactors; Research Reactors; Slowdown; Spectra; Switzerland; Temperature; Thermal Fission Factor; 
Thermal Neutrons; Thermal Utilization; Uranium 235; Variations; Void Coefficient; Water Coolant; Water 
Moderator; Zones 
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Conference Session:  

Abstract/Keyterms: Results of an investigation on physical characteristics of critical assemblies with 
zirconium-hydride moderator and 90% uranium enrichment are described. The critical systems with 
different reflectors and without were studied. The measurements were fulfilled with assemblies of different 
relative concentrations (density hydrogen / density uranium-235), changed within a range from 120 to 500. 
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Conference Session:  

Abstract/Keyterms: A continuing program of fast reactor critical experiments has been conducted. These 
studies have covered a broad range of reactor compositions. Uranium-235 and plutonium have been used 
as fuels with uranium-238 to study the plutonium-uranium breeder cycle. Uranium-233 has been used as a 
fuel with thorium-232 to study the uranium-thorium breeder cycle. Cores with volumes as large as 665 
liters have been studied in full size, while larger cores were studied using zoned techniques in which a 
smaller volume of a composition simulating a large dilute fast reactor is surrounded by a more highly 
reactive driver zone. 
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Conference Session:  

Abstract/Keyterms: The results of research work on physics of fast reactors are reported. This work was 
carried out in the Institute of Physics and Energetics of the State Committee on Uses of Atomic Energy of 
the USSR since the Second United Nations Conference on Peaceful Uses of Atomic Energy held in Geneva. 
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Abstract/Keyterms: Reactor Technology; Excursions; Planning; Reactivity; Reactor Safety; Reactors; 
Switzerland; Variations 
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Abstract/Keyterms: Chemistry; Accidents; Control; Electronic Equipment; Laboratory Equipment; 
Poisoning; Reprocessing; Safety 
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Abstract/Keyterms: Chemistry; Accidents; Air; Building Materials; Combustion; Control Systems; 
Criticality; Decontamination; Explosions; Filters; Monitoring; Personnel; Planning; Pressure; Pressure 
Vessels; Radiation Protection; Radioactivity; Reactors; Reprocessing; Safety; Seismology; Shielding; 
Shock Waves; Storage; Temperature; Transport; Volume; Waste Disposal 
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Conference Session:  

Abstract/Keyterms: Criticality studies carried out by the French Atomic Energy Commission deal on the 
one hand with experiments on plutonium and enriched uranium solutions and on the other hand with 
theoretical work on the development and use of computation methods for the resolution of the nuclear safety 
problems of chemical and metallurgical plants. Since 1958, the experimental studies have been focused on 
homogeneous media composed of a fissile salt dissolved in light water. Developed on the PROSERPINE 
reactor, the experiments were continued at Saclay on the Alecto assemblies, where solutions of plutonium 
or of 90%-enriched uranium can be made critical. The results already obtained relate to critical masses of 
cylindrical tanks of various diameters between 20 and 50 cm, reflected in several ways (by water, concrete, 
etc.) At concentrations of up to 100 grams per liter. Physical measurements (spectra, reactor noises) and 
interaction measurements supplement the chemical results. Other experiments on plutonium solutions were 
begun in 1963 at the Valduc Centre. They deal with the study of critical masses of solutions kept in annular 
vessels of 50 cm external diameter and with an internal diameter of from 10 to 30 cm. These vessels can be 
reflected with water, either internally, or externally, or both internally and externally. The interaction of 
two such vessels has been studied for various geometries. Slabs of various thicknesses were also studied. 
The studies carried out have enabled methods of computation to be perfected which have been tried out in 
a number of practical ways. Particular use was made of the potentialities of calculations based on transport 
theory and on the Monte Carlo method. 
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Abstract/Keyterms: Instrumentation; Accidents; Coolants; Critical Assemblies; Criticality; Crystal 
Counters; Data Processing; Detection; Fission Products; Measured Values; Photomultipliers; Probes; 
Reactor Safety; Reactors; Remote Control; Sampling; Scintillation Counters; Semiconductors 
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Abstract/Keyterms: Critical experiments were performed in reflected and unreflected right circular 
cylinders, parallelepipeds with square cross section and spheres using an aqueous solution of uranyl-nitrate. 
The assembly vessels were made from stainless steel. In unreflected experiments minimum distance from 
core to room concrete walls was about 2 meters. The solution temperature was changed within the limits of 
15-21 degree. 
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Abstract/Keyterms: Reactor Technology; Aluminum Alloys; Buckling; Configuration; Critical 
Assemblies; Criticality; Cross Sections; Differential Equations; Diffusion; Distribution; Energy; Errors; 
Exponential Piles; Fuel Elements; Fuels; Graphite Moderator; Group Theory; Measured Values; Neutron 
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Reactivity; Reactors; Rods; Spectra; Switzerland; Temperature; Thermal Neutrons; Transport Theory; 
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Title: Some Aspects of Reactor Analysis. Part I. Remarks on the Theoretical Treatment of a Homogeneous 
System. Part II. An Advancement on the Integral Transport Theory for the Heterogeneous System 

Date: 5/1/1964 

Report: GENEVA-3; A/CONF.28/P/845 

Conference/Journal: Third United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 31 August-9 September 1964 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Anisotropy; Boron; Capture; Collisions; Configuration; 
Criticality; Cross Sections; Cylinders; Differential Equations; Distribution; Enrichment; Errors; Fast 
Fission Factor; Fast Neutrons; Group Theory; Heavy Water Moderator; Homogeneous Reactors; Integrals; 
Losses; Measured Values; Mixing; Moderators; Monte Carlo Method; Multiplication Factors; Neutron 
Flux; Neutrons; Nuclear Models; Nuclear Reactions; Numericals; Poisoning; Reactor Core; Reactors; 
Resonance; Resonance Escape Probability; Resonance Neutrons; Scattering; Spectra; Sulfates; 
Switzerland; Thermal Neutrons; Thorium Oxides; Transport Theory; Uranium 235; Uranyl Compounds; 
Zones 
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5908…..…..…………………..…….……..……ID Number…………………..…..…………….5908 

Author: Sumita, K. / Kaneko, Y. / Ogura, S. et al 

Title: Subcriticality Measurements by Pulsed Method and Critical Experiments on Light Water System 

Date: 5/1/1964 

Report: GENEVA-3; A/CONF.28/P/846 

Conference/Journal: Third United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 31 August-9 September 1964 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Activation; Copper; Critical Assemblies; 
Criticality; Cylinders; Decay; Diffusion; Distribution; Dysprosium; Enrichment; Equations; Errors; 
Exponential Piles; Fuel Elements; Fuels; Graphite; Graphite Moderator; Group Theory; Indium; Lutetium; 
Manganese; Mass; Measured Values; Multiplication Factors; Natural Uranium Fuel; Neutron Detection; 
Neutron Flux; Neutrons; Numericals; Prompt Neutrons; Pulse Analyzers; Pulses; Reaction Kinetics; 
Reactivity; Reactor Core; Reactors; Reflectors; Spacers; Spectra; Temperature; Thermal Neutrons; Torus; 
Uranium Dioxide; Variations; Water; Water Moderator; Zones 
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5909…..…..…………………..…….……..……ID Number…………………..…..…………….5909 

Author: Debrie, G. / Lavie, J. / Planque, M. / Le Meur, R. / Megy, J. / Roguin, A. 

Title: The Detection of Criticality Accidents in the Commissariat a L’Energie Atomique. Burst Can 
Detection 

Date: 5/1/1964 

Report: GENEVA-3; A/CONF.28/P/85 

Conference/Journal: Third United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 31 August-9 September 1964 

Conference Session:  

Abstract/Keyterms: Instrumentation; Accidents; Coolants; Critical Assemblies; Criticality; Crystal 
Counters; Data Processing; Detection; Fission Products; Measured Values; Photomultipliers; Probes; 
Reactor Safety; Reactors; Remote Control; Sampling; Scintillation Counters; Semiconductors 
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Author: Bitelli, G. / Gambardella, G. / Martinelli, R. / Nicosia, S. / Orestano, F. / Pulacci, A. / 
Santandrea, E. / Saya, P. / Zona, R. 

Title: ROSPO--Organic Moderated Critical Experiments 

Date: 5/1/1964 

Report: GENEVA-3; A/CONF.28/P/871 

Conference/Journal: Third United Nations International Conference on the Peaceful Uses of Atomic 
Energy, Geneva, Switzerland, 31 August-9 September 1964 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Control Systems; Critical Assemblies; Criticality; Fuel 
Elements; Instruments; Organic Moderator; Planning; Reactor Core; Stainless Steels; Switzerland; 
Uranium Dioxide 
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Author: Alfille, L. / Bernard, J. / Boudouresques, B. / Montagne, R. / Stohr, J. A. / Weisz, M. 

Title: L’Aluminium et Ses Alliages – Pages A5-X1B 

Date: 1/1/1961 

Report: Genie Atomique, tome 4, Volume 1 – 1961 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019 
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5912…..…..…………………..…….……..……ID Number…………………..…..…………….5912 

Author: Elston, J. 

Title: Bibliothèque des Sciences et Techniques Nucléaires), Frittage et Proprietes de l’Oxyde de Beryllium 

Date: 1/1/1961 

Report: Genie Atomique, Tome 4, volume 1 – 1961 – 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019 
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5913…..…..…………………..…….……..……ID Number…………………..…..…………….5913 

Author: Ahn, Joonhong / Greenspan, E. / Chambre, P. L. 

Title: Mechanisms and Possibility of Autocatalytic Criticality by High-Level Wastes Buried in Water-
Saturated Geologic Formation 

Date: 3/1/1998 

Report: Genshiryoku Bakkuendo Kenkyu, 4 (2), 3-20 

Conference/Journal: Genshiryoku Bakkuendo Kenkyu 

Conference Session:  

Abstract/Keyterms: Underground Autocatalytic Criticality / Vitrified High-Level Radioactive Wastes / 
Reprocessing / Spent Nuclear Fuel / Water-Saturated Fractured Geologic formation 
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5914…..…..…………………..…….……..……ID Number…………………..…..…………….5914 

Author: Tanaka, Toshiyuki 

Title: High-Temperature Gas Cooled Reactor HTTR Reaching the First Critical Point 

Date: 4/1/1999 

Report: Genshiryoku Eye/45 (4), 60-63 

Conference/Journal: Genshiryoku Eye 

Conference Session:  

Abstract/Keyterms: HTTR (High-Temperature Test Reactor) / Japan Atomic Energy Research Institute 



 

C-5923 

5915…..…..…………………..…….……..……ID Number…………………..…..…………….5915 

Author: n. a. 

Title: Modification in Fuel Processing of Mitsubishi Nuclear Fuel's Tokai Works 

Date: 10/1/1976 

Report: Genshiryoku Iinkai Geppo (Japan), 21, 7, 13-15 

Conference/Journal: Genshiryoku Iinkai Geppo (Japan) 

Conference Session:  

Abstract/Keyterms: Results of the study by the Committee for Examination of Fuel Safety, reported to 
the AEC of Japan, are presented, concerning safety of the modifications of Tokai Works, Mitsubishi 
Nuclear Fuel Co., Ltd. safety has been confirmed thereof. The modifications covered are the following 
increase in storage facility for nuclear fuel, transfer of the analytical facility, additional fuel assemblage 
equipment, installation of an incineration facility for combustible solid wastes, installation of an 
experimental facility for uranium recovery, and installation warehouse. 
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5916…..…..…………………..…….……..……ID Number…………………..…..…………….5916 

Author: n. a. 

Title: Safety in Alteration of the Fuel Reprocessing Facility of Power Reactor and Nuclear Fuel 
Development Corporation 

Date: 9/1/1977 

Report: Genshiryoku Iinkai Geppo (Japan), 22, 07, 02-03 

Conference/Journal: Genshiryoku Iinkai Geppo (Japan) 

Conference Session:  

Abstract/Keyterms: The report of the Committee on Examination of Nuclear Fuel Safety to the Atomic 
Energy Commission of Japan concerning the alteration is given, which is attached to the reply from the 
commission to the prime minister, and its safety was confirmed. To provide the operational margin in the 
concentration/denitration of uranium solution, alteration of storage tanks is made. To raise the storage 
capacity of low-level concentrated liquid wastes, a storage tank is newly installed. 
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5917…..…..…………………..…….……..……ID Number…………………..…..…………….5917 

Author: n. a. 

Title: Official Safety Report on the Use of Nuclear Fuel Materials at the Nuclear Material Control Center 

Date: 3/1/1978 

Report: Genshiryoku Iinkai Geppo (Japan), 22, 11, 2-5 

Conference/Journal: Genshiryoku Iinkai Geppo (Japan) 

Conference Session:  

Abstract/Keyterms: This report was prepared by a sub-committee of the Japan Atomic Energy 
Commission and was submitted to the Director General of Science and Technology Agency. The sub-
committee has investigated and judged the safety of handling nuclear fuel materials at the laboratory of the 
Nuclear Material Management Center which is to perform fuel analysis for the nuclear non-proliferation 
purposes. The first part of this report briefly concludes that this application is approved. The second part 
describes the details of the application which is divided into two parts, buildings and facilities. The third 
part is devoted to the details of the safety investigation and the judgment of the sub-committee. The safety 
of the facilities was investigated for the following areas fire-resistant properties of the buildings and the 
maintenance of negative pressure; (2) the same characteristics as above for the glove boxes and hoods; (3) 
fuel storehouse; (4) radioactive waste facility. The management of radioactivity and the method of 
criticality management were also investigated. 
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5918…..…..…………………..…….……..……ID Number…………………..…..…………….5918 

Author: n. a. 

Title: Progress Report Concerning Safety Research for Nuclear Reactor Facilities 

Date: 4/1/1978 

Report: Genshiryoku Iinkai Geppo (Japan), 22, 12, 14-25 

Conference/Journal: Genshiryoku Iinkai Geppo (Japan) 

Conference Session:  

Abstract/Keyterms: Examination and evaluation of safety research results for nuclear reactor facilities 
have been performed, as more than a year has elapsed since the plan had been initiated in April 1976, by 
the special sub-committee for the safety of nuclear reactor facilities. The research is carried out by being 
divided roughly into 7 items, and seems to be steadily proceeding, though it does not yet reach the target. 
The above 7 items include researches for (1) criticality accident, (2) loss of coolant accident, (3) safety for 
light water reactor fuel, (4) construction safety for reactor facilities, (5) reduction of release of radioactive 
material, (6) safety evaluation based on the probability theory for reactor facilities, and (7) aseismic 
measures for reactor facilities. With discussions on the progress and the results of the research this time, 
research on the behaviour on fuel in abnormal transients including in-core and out-core experiments has 
been added to the third item, deleting the power-cooling mismatch experiment in Nuclear Safety Research 
Reactor of JAERI. Also it has been decided to add two research to the seventh item, namely measured data 
collection, classification and analysis, and probability assessment of failures due to an earthquake. For these 
7 items, the report describes the concrete contents of research to be performed in fiscal years of 1977 
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5919…..…..…………………..…….……..……ID Number…………………..…..…………….5919 

Author: n. a. 

Title: Principles of Safety Criteria for Nuclear Fuel Facilities 

Date: 1/1/1979 

Report: Genshiryoku Iinkai Geppo, 23, 9, 208-213 

Conference/Journal: Genshiryoku Iinkai Geppo (Japan) 

Conference Session:  

Abstract/Keyterms: This report was prepared by the “Committee for the Investigation of Nuclear Fuel 
Cycle Safety Criteria” and was submitted to the Director of Nuclear Safety Bureau. It summarizes the basic 
idea of safety regulation for the following facilities; reprocessing and spent fuel storage facilities; facilities 
which deal with a large amount of plutonium and hot laboratories dealing with a large amount of spent fuel. 
Fundamental concepts for securing the safety of these facilities are considered and discussed for the 
following areas residential areas; control and monitoring of radiation; criticality management; maintenance, 
inspection, shielding, instrumentation, and many other measures for preventing accidents. Explanations of 
the technical terms used in this document are also made. 
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5920…..…..…………………..…….……..……ID Number…………………..…..…………….5920 

Author: n. a. 

Title: Determination of Standards for Transportation of Radioactive Material by Aircraft 

Date: 7/30/1979 

Report: Genshiryoku Kankei Hokisu, 8020-8048 

Conference/Journal: Genshiryoku Kankei Hokisu 

Conference Session:  

Abstract/Keyterms: The notification is defined under the provisions of the regulations for execution of 
the aviation law. Terms of exclusive loading and container are explained. Transportable radioactive 
materials here under exclude naturally igniting fluid materials, substances necessary to be contained in 
vessels which filtrate interior gas with filters or refrigerate contents with cooling devices, etc., or BM loads 
necessary to be continuously ventilated. Radioactive materials to be conveyed as radioactive loads and L 
loads are prescribed with tables attached. Technical standards for radioactive loads are stipulated for L, A, 
BM and BU loads respectively. Confirmation of safety of radioactive loads may be made by examination 
of documents prepared by persons acknowledged proper by the Minister of Transportation. Radioactive 
materials are uranium 233 and 235, plutonium 238, 239 and 241, their compounds and those materials 
which include one or more than two of such substances. Materials whose quantities or quantities of 
components are less than 15 grams and natural or depleted uranium are excited. The maximum doses of 
containers with radioactive loads shall not exceed for an hour 200 milirem on the surface and 10 milirem 
at a distance of 1 meter from the surface. 
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5921…..…..…………………..…….……..……ID Number…………………..…..…………….5921 

Author: n. a. 

Title: Regulation on the Transport of Nuclear Fuel Materials by Vehicles 

Date: 6/10/1979 

Report: Genshiryoku Kankei Holishu, 2401-2410 

Conference/Journal: Genshiryoku Kankei Holishu 

Conference Session:  

Abstract/Keyterms: The regulation is defined under the law for the regulations of nuclear source materials, 
nuclear fuel materials and reactors and the provisions of the order for execution of the law. The regulation 
is applied to the transport of nuclear fuel materials out of the works or the enterprise by railways, rails, 
cables, trackless trams, motorcars and light vehicles. Terms are explained, such as container and special 
loading. Transported nuclear fuel materials or containers with such materials shall not be loaded or 
unloaded in the place where persons other than the employees usually enter into. The loading or unloading 
of the materials or the containers shall be made not to injure the safety of such transferred materials. 
Measures shall be taken never to let the transported materials reach criticality. The maximum radiation dose 
of containers with nuclear fuel materials shall not surpass for an hour 200 mili-rem on the surface and 10 
mili-rem at the distance of 1 meter from the front, rear and both sides and 2 mili-rem at the usual seats of 
drivers. Limitation of mixed loading, transport index, signals and others are stipulated in detail. 
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5922…..…..…………………..…….……..……ID Number…………………..…..…………….5922 

Author: Shibata, M. / Yamazaki, Y. / Nishimura, Y. 

Title: Actual Test Operation of PWR Plant. Test of No. 2 Unit in the Mihama Nuclear Power Station 

Date: 12/1/1973 

Report: Genshiryoku Kogyo 

Conference/Journal: Genshiryoku Kogyo, v. 19, no. 12, pp. 19-27 

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Safety & Environmental Aspects; Reactors-Power Reactors, Non-
Breeding, Light-Water Moderated, Non-Boiling Water-Cooled; Mihama-2 Reactor- Reactor Safety; 
Criticality; Nuclear Power Plants; Reactor Fueling; Reactor Kinetics; Reactor Operation; Reactor Start-Up; 
Transients 
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5923…..…..…………………..…….……..……ID Number…………………..…..…………….5923 

Author: Muto, T. 

Title: Recent Trends of Plutonium Facilities and Their Control 

Date: 2/1/1974 

Report: Genshiryoku Kogyo (Japan)-, V. 21, 2, 20-29 

Conference/Journal: Genshiryoku Kogyo (Japan) 

Conference Session:  

Abstract/Keyterms: Much interest has been focused on Pu recycle since the oil crisis because of an 
expected shortage of enriched uranium. Plutonium handling techniques and plutonium fuel fabricating 
facilities should be developed to meet the future demand of plutonium, but the radioactive property of 
plutonium to be reprocessed from spent fuel and recycled plutonium is remarkably different, and it has to 
be handled safely. Technical criteria for plutonium facilities are specified in the USAEC regulatory guides 
and other rules. Some of these criteria are location condition, quality of confinement, protection against 
accidents and so on. The control conditions for plutonium facilities are exposure control, criticality control, 
measurement control and new system of safeguard. These problems are under development to meet the 
future requirement for the safe handling of Pu material. 
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5924…..…..…………………..…….……..……ID Number…………………..…..…………….5924 

Author: Uematsu, K. / Kikuchi, S. 

Title: Transportation of Spent Fuels for Fast Breeder 

Date: 1/1/1976 

Report: Genshiryoku Kogyo (Japan)-, V. 22, 01, 34-37 

Conference/Journal: Genshiryoku Kogyo (Japan) 

Conference Session:  

Abstract/Keyterms: The feature of the core fuel for commercial fast breeder reactors is high burn-up more 
than three times as much as the spent fuel of present light water reactors. Accordingly, the gamma-ray as 
the object of shielding in transport casks is very high as the large amount of fission products are contained. 
In order to cheapen the cost of nuclear fuel cycle and to make the best use of the breeding gain in fast 
breeder reactors, it is required to shorten cooling period and the time for transport as far as possible. 
Therefore, it turns out to transport the spent fuel with high decaying heat and radioactivity not sufficiently 
attenuated. The plutonium content of the spent core fuel of fast breeder reactors is 20 times as much as that 
of light water reactors. Much transuranic elements are accumulated as plutonium is recycled to the core 
several times, and the spontaneous neutrons generated from the transuranic elements come to have large 
weight. The transport of spent core fuel and that of spent blanket fuel are different qualitatively. The design 
standards and the transport regulations for the transport casks for spent fuel from light water reactors are 
also applied to those for fast breeder reactors. The construction of transport casks is different according to 
spent fuels, and the volume increase of sodium coolant, the pressure rise due to the... 
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5925…..…..…………………..…….……..……ID Number…………………..…..…………….5925 

Author: Yoshioka, T. / Kagayama, T. 

Title: Computer Code for Two Dimensional Burn-Up Calculations for Light Water Moderated Power 
Reactors 

Date: 4/1/1964 

Report: Genshiryoku Kogyo (Japan); Vol: 10, No. 4 

Conference/Journal: Genshiryoku Kogyo (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Configuration; Control 
Elements; Cross Sections; Diffusion; Distribution; Energy; Equations; Fast Neutrons; Fission Products; 
Fuels; Hydrogen; Isotopes; Neutron Flux; Neutrons; Numericals; Power Plants; Production; Programming; 
Quantity Ratio; Reactor Fueling; Reactors; Rods; Slowdown; Spectra; Thermal Neutrons; Transport 
Theory; Variations; Voids; Water Moderator; Wigner-Wilkins Model; Zones 
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5926…..…..…………………..…….……..……ID Number…………………..…..…………….5926 

Author: Anakhara, R. / Kogyo, G. 

Title: Experimental Studies of Subcritical Reactor with Graphite Moderator 

Date: 1/1/1963 

Report: Genshiryoku Kogyo, 03 

Conference/Journal: Genshiryoku Kogyo (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Cadmium; Coating; Configuration; Density; 
Diffusion; Diffusion Length; Distribution; Environment; Exponential Piles; Fast Neutrons; Foils; Fuel 
Elements; Fuels; Gamma Radiation; Gold 197; Graphite Moderator; Indium 115; Instruments; Measured 
Values; Planning; Radiation Doses; Radioactivity; Reactor Core; Rods; Slowdown; Thermal Neutrons; 
Variations 
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Author: Yatsurugi, T. / Hara, T. 

Title: Design and Construction of JRR-4 

Date: 9/1/1963 

Report: Genshiryoku Kogyo, 09: No. 9 

Conference/Journal: Genshiryoku Kogyo (Japan) 

Conference Session:  

Abstract/Keyterms: The design features and construction schedules of JRR-4 (Japanese Research Reactor 
No. 4), which is under construction at Tokai-mura, are outlined. The reactor is a swimming-pool type of 
1000 kw (maximum 3000 kw) and 1 x 10/sup 13n//cm/sup 2/ sec. It is planned primarily for investigations 
of bulk shielding for power reactors, particularly those for nuclear powered ships. A core tank is provided 
to lower the radiation level of the water in the pool. A pure hot water layer in the upper part of the tank, 
which is approximates 150 cm high and 5 deg C hotter than the primary coolant, isolates the primary coolant 
water from the pool water. The core tank is made of 1.2- and 2.0-cm-thick and 10 m-high Al plates and 
consists of an upper annular cylinder of 150 cm dia and of a lower square cylinder (75 x 80 cm). Each fuel 
element contains 166 g of 235U and is composed of 15 flat plates formed from 90% enriched U-Al alloy. 
Twenty elements are expected to be loaded into the core at full power. Reactivity is controlled by the use 
of a regulating plate with reactivity worth 19% DELTA K/K, 4 shim plates with 0.5 DELTA K/K, and 2 
emergency scram plates. The pool is lined with Al plates 10 mm thick. The inside concrete shield wall is 7 
x 17.5 x 10.3 m high (water depth 9.8 m) and is divided into one pool 7 m long and another pool 9 m long 
by a gate. The cooling method is a forced-circulation type, and the primary cooling system has a flow rate 
of 5.4 m/sup 3//min. Facilities for experiments on the scattering of neutrons and gamma rays from the 
reactor core are included. Excavation began in April 1962. JRR-4 will go critical in October 1964, and 
experiments will begin about Spring 1965. 
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Author: Hirota, J. 

Title: Fast Critical Assembly FCA 

Date: 7/1/1967 

Report: Genshiryoku Kogyo, 13, 023-027 

Conference/Journal: Genshiryoku Kogyo 

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Description of FCA (JAERI) 
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Author: Haginoya, T. 

Title: Safety Measures Associated with the Development of Atomic Energy. Safety in Fuel Fabrication 
Facilities 

Date: 4/1/1970 

Report: Genshiryoku Kogyo, 16, 4, 121-124 

Conference/Journal: Genshiryoku Kogyo (Nuclear Engineering) (Japan) 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Reactor Components, Fuels & 
Accessories; Control; Criticality; Fabrication; Fissionable Materials Management; Fuels; Japan; Personnel; 
Plutonium; Radioactivity; Safety; Thorium; Uranium 
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Author: Seki, Y. 

Title: Nuclear Fuel Control in Fuel Fabrication Plants 

Date: 10/1/1976 

Report: Genshiryoku Kogyo, 22, 10, 14-18 

Conference/Journal: Genshiryoku Kogyo (Japan) 

Conference Session:  

Abstract/Keyterms: The basic control problems of measuring uranium and of the environment inside and 
outside nuclear fuel fabrication plants are reviewed, excluding criticality prevention in case of 
submergence. The occurrence of loss scraps in fabrication and scrap-recycling, the measuring error, the 
uranium going cut of the system, the confirmation of the presence of lost uranium and the requirement of 
the measurement control for safeguard make the measurement control very complicated. The establishment 
of MBA (material balance area) and ICA (item control area) can make clearer the control of inventories, 
the control of loss scraps and the control of measuring points. Besides the above basic points, the following 
points are to be taken into account the introduction of reliable NDT instruments for the rapid check system 
for enrichment and amount of uranium, 3) the introduction of real time system, and 4) the clarification of 
MUF analysis and its application to the reliability check of measurement control system. The environment 
control includes the controls of the uranium concentration in factory atmosphere, the surface contamination, 
the space dose rate, the uranium concentration in air and water discharged from factories, and the uranium 
in liquid wastes. 



 

C-5939 
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Author: Shimooke, T. / Otsuka, T. 

Title: Nuclear fuel manufacture and criticality test on shore for the nuclear ship Mutsu. 

Date: 6/1/1972 

Report: Genshiryokusen No. 104, 2565-2591 

Conference/Journal: Genshiryokusen 

Conference Session:  

Abstract/Keyterms: Propulsion & Auxiliary Power Reactors-Fuel Systems & Components; Burnable 
Poisons; Control Elements; Control Rod Worths; Criticality; Fabrication; Fuel Assemblies; Fuel Cans; Fuel 
Elements; Fuel Pellets; Fuel Rods; Inspection; Moderators; Mutsu Reactor; Neutron Detectors; Ns Mutsu; 
Nuclear Fuels; Packaging; Power Density; Reactivity; Transport; Uranium Dioxide 
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Author: Shimooke, T. 

Title: Criticality Experiment Ashore for Nuclear Ship ''MUTSU'' 

Date: 1/1/1971 

Report: Genshiryokusen No. 92, 2327-9(Jun 1971) 

Conference/Journal: Genshiryokusen 

Conference Session:  

Abstract/Keyterms: Propulsion & Auxiliary Power Reactors-Operation & Economics; Control Elements; 
Control Rod Worths; Criticality; Fuel Assemblies; Mutsu Reactor; Neutron Detectors; Nuclear Poisons; 
Reactivity; Reactor Fueling; Reactor Safety; Reactor Simulators; Sensitivity; Temperature Coefficient; 
Water 
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Author: Shimooke, T. / Yamada, N. 

Title: Criticality Test Facility on Land of Nuclear Ship MUTSU 

Date: 10/1/1971 

Report: Genshiryokusen, 96, 2389-2402 

Conference/Journal: Genshiryokusen 

Conference Session:  

Abstract/Keyterms: Propulsion & Auxiliary Power Reactors-Physics & Core Engineering; Containment 
Shells; Control Rod Drives; Criticality; Mockup; Mutsu Reactor; Neutron Detectors; Radiation Monitors; 
Reactor Control Systems; Reactor Cooling Systems; Reactor Cores; Reactor Simulators; Water 
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Author: Alberts J. J. / Orlandini, K. A. 

Title: Laboratory and Field Studies of the Relative Mobility of 240Pu and 24'am from Lake Sediments 
Under Oxic and Anoxic Conditions 

Date: 1/1/1981 

Report: Geochimica et Cosmochimica Acta, 45, 1933-1938 

Conference/Journal: Geochimica et Cosmochimica Acta 

Conference Session:  

Abstract/Keyterms:  
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Author: Gauthier-Lafaye, F. 

Title: Natural Fission Reactors in the Franceville Basin, Gabon: A Review of the Conditions and Results 
of a "Critical Event" in a Geologic System 

Date: 12/1/1996 

Report: Geochimica et Cosmochimica Acta, 60, 4831-4852 

Conference/Journal: Geochimica et Cosmochimica Acta 

Conference Session:  

Abstract/Keyterms: Natural nuclear fission reactors are only known in two uranium deposits in the world, 
the Oklo and Bangombe deposits of the Franceville basin: Gabon. Since 1982, five new reactor zones have 
been discovered in these deposits and studied since 1989 in a cooperative European program. New 
geological, mineralogical, and geochemical studies have been carried out in order to understand the 
behavior of the actinides and fission products which have been stored in a geological environment for more 
than 2.0 Ga years. The Franceville basin and the uranium deposits remained geologically stable over a long 
period of time. Therefore, the sites of Oklo and Bangombe are well preserved. For the reactors, two main 
periods of actinide and radionuclides migration have been observed: during the criticality, under P-T 
conditions of 300 bars and 400-500{degrees}C, respectively, and during a distention event which affected 
the Franceville basin 800 to 900 Ma ago and which was responsible for the intrusion of dolerite dikes close 
to the reactors. New isotopic analyses on uranium dioxides, clays, and phosphates allow us to determine 
their respective importance for the retention of fission products. The UO2 matrix appears to be efficient at 
retaining most actinides and fission products such as REEs, Y, and Zr but not the volatile fission products 
(Cd, Cs, Xe, and Kr) nor Rb, Sr, and Ba. Some fissiogenic elements such as Mo, Tc, Ru, Rh, Pd, and Te 
could have formed metallic and oxide inclusion in the UO2 matrix which are similar to those observed in 
artificial spent fuel. Clays and phosphate minerals also appear to have played a role in the retention of 
fissiogenic REEs and of Pu. 
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Conference Session:  

Abstract/Keyterms: To search signs of fission chain reactions in uranium ores samples from certain 
deposits of the world have been studied. The deposits must necessarily have conditions for the start of chain 
reaction concentration, amount of water in the deposit of approximately 20%, mineralization age above 1.5 
milliard years. Three isotopic methods have been used described. According to the isotopic composition of 
xenon, neodymium and the 235U/238U ratio, which in the limits of determination errors do not differ from 
the normal ones, conclusion is made on the absence of chain reaction traces in the samples analyzed, that 
is also reaffirmed by evaluation results of the effective neutron flux in ore manifestations. The samples 
were compared with several samples from "natural nuclear reactor" of the Oklo deposit. 
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Conference Session:  

Abstract/Keyterms: A summary of the composition and spatial ratio of ore bodies and enclosing rocks in 
uranium fields, at which a spontaneous fission chain reaction can occur is given. It is shown that in ore 
bodies with even distribution of U, UO2, SiO2 and other oxides, a spontaneous chain reaction could have 
occurred in the Paleozoic era or earlier. The critical volume and mass of ore bodies, which can be regarded 
as natural reactors under favorable conditions, were only 0.1-1 m and 0.5-5 t, respectively, at early stages 
of the evolution. It has been established that heterogeneous systems are less likely to cause a natural chain 
reaction than homogeneous ones. In fields represented by a system of veins or beds in an enclosing rock, a 
spontaneous chain reaction could have occurred in the pre-Cambrian period at sufficiently high 
concentrations of U and H2O. The chain reaction in the Oklo uranium field is evaluated. 
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Conference Session:  

Abstract/Keyterms: of the sixteen known Oklo and the Bangombe natural fission reactors (hydrothermally 
altered elastic sedimentary rocks that contain abundant uraninite and authigenic clay minerals), reactors 1 
to 6 at Oklo contain only traces of organic matter, but the others are rich in organic substances. Reactors 7 
to 9 are the subjects of this study. These organic-rich reactors may serve as time-tested analogues for 
anthropogenic nuclear-waste containment strategies. Organic matter helped to concentrate quantities of 
uranium sufficient to initiate the nuclear chain reactions. Liquid bitumen was generated from organic matter 
by hydrothermal reactions during nuclear criticality. The bitumen soon became a solid, consisting of 
polycyclic aromatic hydrocarbons and an intimate mixture of cryptocrystalline graphite, which enclosed 
and immobilized uraninite and the fission-generated isotopes entrapped in uraninite. This mechanism 
prevented major loss of uranium and fission products from the natural nuclear reactors for 1.2 b.y. 
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Abstract/Keyterms: The present paper is intended to serve as the basis for the licensing procedures both 
in respect of the transport and storage techniques and for the ultimate storage itself. In regard to the 
technique it will be shown on the basis of design drawings and calculations that the handling, transport and 
storage of the fuel elements can be safely carried out in accordance with the regulations in force. In regard 
to the ultimate storage itself, since no highly radioactive wastes with a long-lived actinide content have yet 
been stored, it will be necessary to show that an unacceptable contamination of the biosphere will be 
avoided even in the long term under all anticipated conditions. It will further be necessary to show by 
calculations and suitable tests, in view of the radioactive gas and fissile material content, that no danger due 
to gas release from the fuel elements will arise during the operating life of the nine and that a nuclear 
criticality risk can be excluded for all time. 
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Abstract/Keyterms: The geometric dimensions of a fluidized reactor for graphite combustion in the Head-
end of the reprocessing of fuel elements of gas-cooled high-temperature reactors are decisively influenced 
by its critically safe design. By means of planned gas-and water-cooled fluidized reactors with a 
reprocessing capacity of 8, 500 and 17,000 MW(e), the influence of the moderators graphite and water is 
investigated. Models are developed for estimating the effects of accidental interruptions of the gas flow as 
well as of penetration of cooling water into the combustion material. For amounts of converted graphite 
that are of actual technical interest, it appears that a critically safe operation is possible only in a gas-cooled 
fluidized reactor. On the other hand, water penetration with a water-cooled fluidized reactor can lead to a 
supercritical system even when heterogeneous absorbers are used. 
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Abstract/Keyterms: If fissile materials, e.g. nuclear reactor fuel elements are stored attention is to be paid 
that there is always enough distance so that no critical or supercritical mass will arise, even in case of an 
earthquake moving the store. It is therefore proposed to provide containers of neutron-absorbing material 
subdivided in such a way that the individual stored masses are separated from each other by a shielding 
wall. The containers for each mass are connected with each other by spacers, the distance corresponding to 
a minimum neutron stopping length. Stainless steel with a thickness of about 6.35 mm is mentioned as 
shielding material. 
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Abstract/Keyterms: The storage rack for the intermediate storage of fuel elements from BWR or PWR 
type reactors consists of the following which are set next to one another in rows or like a chessboard. The 
walls are double-walled and sealed. In the intermediate spaces there are plates of B4C compressed with 
graphite, which are surrounded by load-bearing spacing material. A grid of reinforcing rods and spacers 
and a support plate ensure sufficient stiffness, so that the wall thickness of the stainless steel can be kept 
thin. The storage rack is made earthquake proof. The support plate rests on highly adjustable feet. 
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Abstract/Keyterms: This report is volume three of a set covering critical experiments performed on a large 
cavity reactor system at the national reactor testing station. This volume describes experiments designed to 
investigate the effects of specific engineering design factors needed for an operating power reactor, and 
how these factors influence the ultimate critical mass of the system. Included are effects of a liner material 
to protect the cavity wall from thermal and pressure effects, the hydrogen propellant gas that will occupy 
the space between this liner and the core, and the appropriate placement of fuel in the reflector in order to 
reduce critical mass in the core. 
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Abstract/Keyterms: Materials Development. Vacuum furnace tests of UO2Mo and UO2 --W fuel-clad 
specimens at 1800 and 2000 deg C, respectively, showed no evidence of interaction. W-clad UO2 test 
assemblies were fabricated for the pilot irradiation capsule. Converter Development. The fabrication of two 
in-plie/out- of-pile converters was completed, and the characteristics of one were determined. Reactor 
Design and Analysis. Preliminary thermal and stress analyses of the ceIIs were made, and electrical 
resistance considerations in emitter-fuel clad thickness were examined. Critical mass calculations were 
made for thermionic reactor cores of varying sizes. 
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Abstract/Keyterms: Critical assemblies are used for: a) reactor design studies, b) determination of the 
safety limits in the handling of nuclear fuel elements, and c) for basic research in reactor physics. 
Exponential, sub-critical, critical and zero-power experiments are described, giving examples from abroad, 
such as ZPR-lII, Aquilon, Bettis Laboratory tests, Proserpine, UCRL experiments, LASL facilities, the 
Yugoslav experiments, FRP and PTR. Accidents in critical assemblies are discussed, deriving from the 
general rules for safe operation. The semi-homogeneous experiment (SHE), currently underway at JAERI, 
is described, listing data on high-temperature operation, high conversion ratio and handling methods. The 
fuel consists of UO2 + C or ThO2 + C in the form of 10-mm thick discs homogeneously dispersed in a 
graphite matrix. The operational procedure, control system, safety considerations, and fuel element loading 
are discussed. The aqueous homogeneous critical assembly, planned since 1958 for JAERI is described of 
the Tokyo Institute of Technology consists of 2.5 tons of natural uranium, light water, and graphite. The 
subcritical assembly of the Mitsubishi Atomic Power Industries, Inc. consists of 2.0 tons of natural U and 
light water, combined with a Cockcroft-Walton neutron source. The Fuji Electric Mfg. Co.'s critical 
assembly contains 1.8 tons of natural metallic U, 22 tons of graphite on a graphite pedestal and will be used 
to obtain experimental data for a Calder Hall type reactor and the TOKAI power reactor. 
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Abstract/Keyterms: The general present status and technical problems including political aspect in the 
nuclear fuel cycle are reported in this paper. The outline of the fuel cycle for nuclear power generation with 
light water reactor power plants, the present status of reprocessing spent fuel in the world in the correlation 
with the growth of nuclear power generation, the high radioactivity level of spent fuel relating to the 
increase of burn-up, the safety problem in reprocessing plants, for example, fire, explosion and criticality, 
the release of gaseous and liquid radioactive wastes from nuclear power plants and reprocessing plants, the 
exposure to plutonium in reprocessing plants, the present status of the disposal of radioactive wastes in 
Japan, the classification of radioactive wastes according to the radioactivity level, the disposal by dumping 
in the ocean and burying under the ground of low level wastes, the technical difficulty in the disposal of 
high level wastes, for example, storage in tanks, solidification of liquid waste and storage, disposal into 
solar orbit using rockets, and disposal in the south pole, the radioactive waste treatment and disposal 
program in Japan and the characteristics of plutonium especially as the poison are described in this paper. 
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Abstract/Keyterms: Element 94, plutonium, is not a man-made but a natural occurring element. Tracer 
quantities of long-lived Pu-244 are to be found in nature which was built-up during formation of our solar 
system. Small quantities of Pu-239 are continuously formed in uranium minerals. However, the large 
amounts of plutonium, we possess, are being man-made in nuclear power reactors as a mixture of isotopes 
Pu-239 to Pu-242. Chemically, plutonium is a very interesting element with oxidation states of Pu(III) to 
Pu(VII) in solution as well as in the solid state. It possesses some unique properties among the elements 
Pu-metal exists in six polymorphic modifications, furthermore Pu-solutions are thermodynamically stable 
which contain all four oxidation states between Pu(III) to Pu (VI) in comparable concentrations. Pu-238 is 
the most important radionuclide for isotope batteries whereas the mixture of isotopes Pu-239 to Pu-242 is 
a fission fuel for nuclear reactors, especially for Fast Breeder Reactors. Special safety measures must be 
ascertained when handling plutonium due to its high alpha-radiotoxicity Criticality aspects must be taken 
into account when handling larger quantities of Pu. Experience, gathered in nearly half a century working 
with Pu, has proven that handling of Plutonium bears no unacceptable risks to men and environment, both 
in scientific and 
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Conference/Journal:  
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Abstract/Keyterms: -Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; Otto Hahn 
Reactor- Reactor Kinetics; Comparative Evaluations; Computer Calculations; Configuration; Criticality; 
NS Otto Hahn; Planning; Reactivity Worths; Reactor Cores 
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Criticality; Reactivity Insertions; Reactor Kinetics; Rod Drop Method; Subcritical Assemblies 
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Conference/Journal: Advanced nuclear fuel cycles and systems (GLOBAL 2007), Boise - Idaho (United 
States), 9-13 Sep 2007 

Conference Session:  

Abstract/Keyterms: In contrast to Yucca Mountain, European repository concepts rely on deep 
underground conditions which guarantee permanently a reducing geochemical environment. As long as no 
water comes into contact with the disposed nuclear fuel, criticality is excluded by compliance with the 
disposal conditions (limitation of U/Pu in the canisters). Penetration of water into the canister may also be 
considered as a scenario. However, water in a disposal results in geochemical reactions proceeding over 
very long periods of time: (1) Presence of water allows the corrosion of the steel of the canister material 
forming hydrogen and iron corrosion products. (2) Hydrogen pressures affect the zircaloy cladding even at 
low temperatures. Failure of fuel cladding and spacers leads to changes in the geometrical configuration. 
(3) UO2} matrix corrosion results in geochemically controlled reformation of secondary phase. (4) Even if 
the dissolution rate of UO2} is low, elements accounting for burnup credit do not behave similar as uranium. 
Geochemical reactions are analyzed in detail and compositions are presented which have a high probability 
to be formed in the long-term needing to be analyzed with respect to k(eff). 
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Title: MCR Critical Experiments Program 
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Abstract/Keyterms: Marine & Portable Power Reactors-Kinetics & Dynamics; Analysis; Configuration; 
Criticality; Mcr; Measurement; Reactivity; Reactor Core; Reactors 
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Title: Instruction Manual for the Nuclear Reactor Codes System Magnum 

Date: 1/1/1958 

Report: GMR-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactor code system, MAGNUM, consists of the basic one dimensional, 
multigroup, neutron diffusion code, GNU, and the various attendant routines programmed for the IBM 7O4. 
Instructions for the use of GNU and its attendant routines are presented. Although some modifications of 
instructions are expected with further development, the programs for GNU and most of the attendant 
routines are essentially fixed. A brief description of each of the programs now available, together with 
detailed instructions for providing the necessary input data for the successful operation, is included. 
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Date: 11/22/1957 

Report: GMR-102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Given the material loading and geometric configuration of a nuclear reactor, GNU II, 
a multigroup one-dimension effective multiplication factor. The ""Criticality Search” program provides a 
means of automatically changing the GNU input parameters (atomic densities, dimensions or control rod 
position) so that the effective multiplication factor attains a specified optimum value. 
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Title: Transverse Leakage Specification in Multi-Group Pseudo-One-Dimensional Problems 
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Report: GMR-107 

Conference/Journal:  
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Abstract/Keyterms: A method is described for specifying the transverse leakage (""buckling"") in each 
energy group of a multigroup solution of the neutron transport equation. As applied to a completely 
reflected finite cylindrical core, the method consists in using the calculated absorptions in the Fore and 
leakages from the core from a one-dimensional multigroup run to calculate more exact group bucklings to 
be used in the next iteration in the other direction. The process is repeated until the buckling in each group 
in each direction converges. The converged value of the multiplication constant or the criticality parameter, 
if one is used, is found to be independent of the initial guess made for the axial or radial buckling. The 
IBM-704 multigroup age diffusion code GNU was used in conjunction with this ""buckling iteration 
method"" to compute the equivalent spherical radii of a number of fully reflected finite cylindrical cores 
for which experimental data are available. These results are compared with those obtained by the use of 
other prescriptions for calculating the reactivity of cylindrical cores. There is a brief discussion of the 
extension of the buckling iteration method to other than cylindrical cores. 
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Conference/Journal:  
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Abstract/Keyterms: Age-diffusion theory is used to perform a two-dimensional analysis of a subcritical, 
externally moderated, cylindrical cavity reactor. The external moderator is limited to the sides only; no end 
moderation is considered. The Fermi-age equation is solved for the moderator. Thermal diffusion equations 
for the core and moderator are also formulated and solved. An extraneous, line neutron source of strength 
S/sub x/cos pi z/h is assumed on the axis of the cylindrical cavity. Application of the diffusion theory 
boundary conditions gives an expression relating the core flux power constant with the fuel loading, reactor 
size, and the maximum source strength, S/sub x. Sample calculations are made for an assumed reactor size, 
and source strength, graphite moderator, and varying pressures and enrichments of UF6 fuel. 
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Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Aluminum; Aluminum 
Nitrides; Corrosion; Criticality; Cross Sections; Fast Neutrons; Fluid Flow; Fluidization; Fuels; Heat 
Transfer; High Temperature; Liquid Metal Coolant; Liquids; Mass; Performance; Plating; Power Plants; 
Reactor Core; Reactors; Slurries; Stability; Uranium Nitrides 
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Criticality; Diagrams; Differential Equations; Digital Systems; Equations; Fast Neutrons; Fission; Fuels; 
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Title: Nuclear Superheat Development Program. Second Quarterly Progress Report for October-December 
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Date: 10/31/1960 

Report: GNEC-125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies of various boiler-superheater core configurations and of fuel elements and 
control methods were carried out. The most attractive concept appeared to be one in which a central boiler 
region is surrounded by an annular region in which both boiling and superheating occur. Outlet steam 
conditions are 1200 psig and 1050 deg F. Other core configurations and fuel elements are being considered. 
Heat transfer studies indicated that the tendency of combination boiler-superheater fuel elements to transfer 
a smaller fraction of heat to the steam as the total power output decreases was reduced considerably by the 
use of a double annular boiler-superheater element. Preliminary results of reactor physics analyses are 
reported. The CEND critical facility was modified for performance of critical experiments on boiler-
superheater core lattices. It was decided to proceed to large-scale high-pressure tests of steam-water 
separators after a minimum of preliminary small-scale experiments at low pressure. Materials and 
components are being procured for the experiments on the 17.3-Mw(e) BONUS Reactor. 
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Abstract/Keyterms: A three-group method is developed for analyzing lightwater UO2 cores of low 
enrichment. The method is composed of a series of subroutines that are consolidated to produce a set of 
self-consistent multigroup parameters. The thermal cross sections are determined by averaging the cross 
section over a "hardened" or shifted Maxwellian spectrum, the amount of hardening being a function of the 
macroscopic absomption-to-slowing-down ratio. The disadvantage factor is calculated using diffusion 
theory for the moderator and a transport condition at the surface of the rod, the accuracy of the calculation 
being comparable to a g a shielding effects even for very close-packed lattices. The fast-fission factor is 
calculated relative to the experimental measurements for UO2. The diffusion coefficients are found by 
averaging the measured cross sections over the appropriate neutron flux in each neutron energy group. The 
slowing-down cross section is defined as the diffusion coefficient divided by the neutron age, the age being 
determined by calculating equivalent transport and slowing-down factors relative to light-water 
measurements. Utilizing the two- dimensional IBM-704 PDQ digital computer code, a comparison is made 
with the available experimental information using oxide fuel. These experiments, which include rod-type 
fuel elements, use U235 enrichments from 1.3 to 4.0 wt.% and water-to-uranium-metal ratios from 2.2 to 
4.9. The reactivity and power- distribution predictions are very good: The reactivity calculations check to 
within 2% delta k for all cases, most cases being with 1% delta k. 
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Abstract/Keyterms: Conceptual design work on the 200-Mw(e) integral boiler-nuclear superheater 
(NUSU) reactor was continued. Steam conditions of 1200 psig and 1050'F were established as objectives 
for the NUSU study. The reference NUSU reactor has a central region 6.62 ft in diameter and 9 ft high in 
which both boiling and superheating occur. Fuel elements in this region are of the double- annular type 
which transfer heat to water on their outside surface and to steam flowing through their interior passages. 
The central boiler-superheater region is surrounded by a 0.95-ftthick boiler region which is also 9 ft high. 
Fuel-rod cladding in the boiler region was changed from Zircaloy-2 to type 304 stainless steel. The average 
specific power in the boiler-superheater zone is 13.6 Mw per short ton of uranium; the average power 
density is 36.2 kw per liter of core volume. In the pure boiler region the average values of specific power 
and power density are 14 Mev/ton and 36.7 kw/liter, respectively. In the boiler- superheater region the 
maximum heat fluxes to the water and to the steam are 310,000 and 340,000 Btu/(hr) (sq ft), respectively. 
In the peripheral boiler region, the maximum heat flux is 374,000 Btu/(hr) (sq ft). Because of this flat power 
distribution in the superheater region, batch loading of the fuel appears to be preferable to radial shuffling. 
The maximum temperature of the cladding in the superheater fuel elements is calculated to be 
approximately 1225 deg F. The maximum centerline temperature of UO2 in the superheater fuel elements 
is calculated to be only 3700 deg F, based on an estimate of the hot-channel factors. A study of the shutdown 
cooling characteristics of the double-annular fuel elements indicates adequate ability to transfer heat to the 
surrounding water after the heat-generation rate has decayed to 1.42 per cent of the fuel-power level. 
Criticality was achieved in the first of the NUSU Intermediate Geometry Critical Experiments. The steam 
purity test loop fabrication and hydrostatic testing were completed. 
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Conference/Journal:  
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Abstract/Keyterms: Study of the NUSU superheater-reactor reference design criteria was continued with 
the investigation of alternate fuel-element concepts and of alternate reactor plant cycles. The principal 
design effort centered around a multiple-tube fuel-element concept. Two possible fuel-element 
configurations are under study, differing primarily in the heat-transfer surface areas and in the power split 
between the boiler and superheater surfaces. In this connection two potential plant cycles were investigated. 
The large water passages between fuel elements in the superheater region make possible the consideration 
of natural circulation of the water coolant. An alternate reactor arrangement is presented which uses natural 
circulation in the superheater region and forced circulation in the boiler region. The study of the effect on 
shutdown cooling of the natural circulation of steam within the double-annular fuel element was completed. 
Critical experiments performed thus fur provided information on critical size as a function of geometry, of 
water height, and of simulated steam void content in cores made up of rodtype boiler fuel elements, of 
1.85% enrichment, and of rodtype superheater fuel elements of the 3.41% U235 enrichment. The relative 
effects of various cadmium and boron-stainless steel control blades were also compared. The fuel-element 
design was completed, and the apparatus for preparing the double-annular fuel elements by vibratory 
compaction was set up and tested. Achievement of 85% of theoretical density on a routine basis appeared 
to be feasible. The particle-size distribution of the fused powder used in the compaction process was not 
fully optimized for maximum utilization of the incoming material. Further study is in progress to improve 
the yield from incoming UO2 fused powder. Additional work was done on the theory and analysis of critical 
configurations. The previous calculations were extended to two-region slab reactors using rodtype elements 
of the boiler and superheater types now on hand for the NUSU critical experiments. In addition, calculations 
were performed on the configurations to be used in critical experiments with double-annular elements. An 
enrichment of 2.55 wt.% U235 was selected to ensure criticality of the tightest lattice contemplated. The 
checkout operation of the steam-purity test loop was completed, with steam qualities ranging from 99.5 to 
over 99.9%. Background total solids entrained in the steam ranged from 2 to 3 ppm. Several minor 
modifications were made in the loop. The first phase of gravity-separation tests in the high pressure steam 
separator loop at Chattanooga was completed. It appeared that the gravitational steam separation is a 
function of recirculation ratio, of pressure, and of steam release rate. A height of 4 to 5 ft above the steam-
water interface appeared to be adequate for all conditions encountered in the integral boiler superheater 
reactor designs which were under consideration. This disengagement height increased with the depth of 
submersion of the inlet nozzle for the steam-water mixture. 
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Report: GNEC-153 

Conference/Journal:  
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Abstract/Keyterms: A critical experiment program is carried out in a configuration similar to the BONUS 
reactor. The results give information concerning: the effects of different boiler superheater geometries; the 
reactivity changes associated with superheater voiding or flooding; power regulation between the boiler 
and superheater regions; epithermal transmission probabilities for B-stainless steel and Cd control rods; the 
power flattening characteristics; and void simulation properties. The calculational methods used in the study 
predict the measured reactivity and power distribution to within the limits of experimental accuracy. 
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Report: GNEC-159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The semi-mockup series (intermediate geometry) of critical experiments with rod-
type superheater fuel was completed. The double-annular fuel elements for NuSu critical experiments were 
fabricated by vibratory compaction; nearly 100% yield was obtained from the fused UO2. Results of NuSu 
critical experiments correlation with theoretical calculations are included. In experiments with a tube which 
simulates the NuSu reactor superheater element, 30 to 80% of the P/sup 32/ tracer was deposited on the 
tube. A preliminary corrosion rate obtained in this test, done with stainless steel tubing, is 1.3 mils/year. 
The rate is expected to increase with temperature. Further experimentation on this phase of development is 
required. Results of gravity steam separation tests indicate that the combination gravity-mechanical dryer 
separation concept shown in the reference design for the 200-Mw(e) NuSu reactor is satisfactory. Tests to 
determine the performance characteristics of a modified Ge turbo-separator in a compact arrange ment were 
conducted at 1250 psi. Results indicate that less than 5% entrained moisture can be obtained with this unit 
operating at a steam-release rate of 35,000 lb/hr and a recirculation ratio of 17 to 20. 
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Author: n.a. 
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Conference/Journal:  
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Abstract/Keyterms: A study of the effect of outlet steam temperature and pressure on the performance of 
the NUSU reactor was initiated. The preliminary study of the NUSU concept with 900 deg F, 925 psia 
outlet steam, indicated that some dimensional changes in the double-annular fuel element are necessary. 
Tentative thermal analysis of the modified double-annular fuel element for the lower steam conditions, 
indicated a maximum wall temperature only slightly higher than the maximum at an exit steam velocity of 
122 ft/sec. Steam tests showed that a significant downcomer entrainment problem exists at velocities greater 
than about 0.75 ft/sec. A limited study of the alternate NUSU reference design with multitube fuel elements 
was devoted to the peripheral boiler region of the core. Analysis of critical experiments with the NUSU 
double-annular fuel elements was initiated, using the Deutsch semi-empirical method of computing three-
group constants. The results of calculations in the uniform core arrays using the modified Deutsch method 
showed good agreement with the experimental values of both reactivity and power distribution. Further 
study of the methods of heat- transfer analysis of the multitube fuel-element concept showed that a finer 
mesh network is required in the relaxation method for accurate results. An investigation of the basic 
methods of calculating pressure drops was undertaken. The NUSU critical experiments were completed. 
Four-group burnup calculations are being made on the reference NUSU design. A series of tests on 
mechanical steam- water separators was concluded. Fabrication methods for the ln-pile test fuel element 
were developed. The thermal cycle tests of the prototype fuel element were completed. 
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Report: GNEC-198 
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Abstract/Keyterms: An extensive program of full-scale critical experiments was conducted to investigate 
the physics characteristics of nuclear mockups of the BONUS reactor. The nuclear mockups studied were 
a cold-clean mockup and a simulated hot operating mockup. The cold-clean BONUS mockup was precise 
except for the substitution of aluminum for Zircaloy-2, a 65/8-inch deficiency in core height in the mockup, 
and some differences in fuel enrichments. The hot-operating BONUS reactor was simulated by positioning 
aluminum rods and sheets within the active core regions so as to duplicate the reduced water density in the 
actual BONUS reactor; the uniform water-density reduction due to temperature and the axially nonuniform 
reduction due to steam formation in the boiler were simulated. The shims consisted of part-length poison 
elements placed in the central water holes of some of the boiler fuel boxes (each box contained a 6 x 6 
square array of fuel rods with the four central rods missing to form the water hole), and strip-type shims 
positioned in the water gap between the boiler and the superheater regions. As a result of the cold-clean 
critical experiments, data were obtained on critical control-rod configurations and reactivity worths, 
shutdown margins. uniform temperature coefficients and superheater flooding coefficients; the worths of 
the poison shims and of the enriched fuel in a centrally-located boiler fuel box were also determined. For 
the simulated hot-operating condition, data were obtained on critical control rod configurations and 
reactivity worths, and superheater flooding coefficients; in addition, numerous experiments were conducted 
to map the spatial power distributions corresponding to the various control rod configurations of interest. 
The effects of modifications in the shim loading were investigated for both the cold-clean and the simulated 
hot-operating mockups. Experimental measurements were made on a variety of arrays of boiler fuel boxes; 
the measurements consisted of determinations of criticality in terms of partial water height and rod-bank 
position, and the change in reactivity with partial water height. In some of the experiments, boron-
polyethylene shims were inserted in the central water hole of each boiler fuel box of a given array to obtain 
a systematic study of their effect on criticality. Because of the basic differences existing between the 
BONUS hot-simulated critical assembly and the actual BONUS reactor design, the experimental data are 
not in every case directly applicable to the BONUS reactor design. In order to permit reliable extrapolation 
of these data to the BONUS reactor design, an analytical procedure was developed for calculating the 
important features of the spatial power distributions in the simulated hot-operating critical reactor; for these 
calculations the control-rod configurations were limited to patterns which preserve symmetry of the power 
distribution in any octant of the core in any horizontal plane through the reactor. The analytical procedure 
was checked by a comparison of the calculated data with the experimental data obtained on the hot 
simulated mockup. The agreement between calculated and experimental results is good, permitting 
application of the derived calculational methods to the actual BONUS reactor design. 
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Abstract/Keyterms: Revisions of the preliminary design of the NUSU nuclear superheat reactor are 
reviewed, including changes in the fuel assemblies and elements, steam-flow paths, and steam-separation 
systems. Mechanical, nuclear, thermal, and hydraulic analyses of the preliminary design are summarized. 
The results of critical experiments using double annular elements and annular multitube elements are 
described. The development of vibratory-compacted multitube fuel elements, as well as the development 
of steam separators, is examined. A program for in- pile irradiation testing of NUSU fuel elements is 
discussed. The development of superheat cladding materials is reviewed. 
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Abstract/Keyterms: Details of final reactor assembly are being generated in preparation for issuing the 
final report on the reference design with double-annular fuel elements. The central boiler-superheater region 
contains 1098 fuel elements arranged on a uniform pitch throughout the entire region, with periodic 
elements being replaced by control elements. A fuel-shuffling scheme was selected which will be used in 
replacing one-third of the core at the end of each 5000 Mwd/t time step. Fuel removed from the core at the 
end of a time step will have had 3 cycles of service. A nuclear analysis revealed that the total peaking factor 
in the boiler region is 1.68, including the effect of the central water channel, deliberately introduced in a 
location designed to minimize the total peaking factor. The plant control system is designed to enable 
integration of the plant in an electric distribution system and to protect the superheater in shutdown. 
Fabrication of 105 compacted UO2 fuel elements is reported with a density of about 84% of theoretical. 
Determination of parameters concerned with departures from designated locations for steam tubes was 
made. Criticality and power distribution measurements were made on clean core configurations using 
multitube fuel elements on triangular lattices; one of the lattices simulates a reactor at 573 deg F containing 
an average void fraction of 17.4%. Materials for the developmental program with alternate materials for 
fuel element are on order. Inconel and HastelloyX are alternates for Inconel-X. 
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Abstract/Keyterms: Completion of the final reference design of NUSU using double-annular fuel 
elements is reported. Data from previously outlined critical experiments with annular multitude elements 
are presented along with data on azimuthal power peaking in fuel elements adjacent to large water gaps. 
Results of an investigation concerning the dependence of control effectiveness of flux-trap type reds on 
size, moderator content, and poison concentration are included. The NUSU fuel element (outer annulus of 
the double-annular fuel element), was satisfactorily operated for about two months and is being thermally 
cycled to confirm suspected leaks. Preliminary tests with both Hastelloy-X and Inconel as alternate 
superheat cladding materials appear satisfactory on visual and photographic examination. Additional 
examination with microphotographs is necessary. 
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Author: Turner, S. E. / Valerino, M. F. / Harding, R. S. / Lichtenberger, H. V. / Sedlak, C. D. 

Title: Nuclear Superheat Development Program. Thirteenth Quarterly Progress Report, July-September 
1962 

Date: 10/31/1962 

Report: GNEC-254 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A 42-day test of the NUSU test element at a clad temperature of about 1275 deg F 
did not reveal evidence of leaks. Metallographic examination of the clad material is in progress. A 
compilation of computer programs useful in physics evaluation calculations was completed. A total of 13 
codes are now available on a routine basis. Experimental data on the AEC sponsored superheat critical 
experiments were compiled and cataloged. Calculational procedures used by CEND and GNEC were 
collected, and the initial application of these methods to selected critical experiments was started. The 
preliminary design of the annular multitube fuel element was modified, primarily to reduce the stress levels 
existing near the end seals. The major modifications include a transition piece between the fuel region and 
the end seals, a larger plenum containing at least a 380 deg stress-relieving bend of the steam tubes at the 
top of the element, and an expanded and flared tubesheet construction. A weld evaluation program was 
initiated to determine the most suitable procedure for the tube to tube-sheet configuration. 
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Author: Turner, S. E. / Valerino, M. F. / Harding, R. S. / Lichtenberger, H. V. / Sedlak, C. D. 

Title: Nuclear Superheat Development Program. Fourteenth Quarterly Progress Report, October-December 
1962 

Date: 1/25/1963 

Report: GNEC-267 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the calculational program for physics evaluations, work is reported concerning 
analysis of criticality data on uniformly-spaced arrays of fuel elements. A two-group formulation is used; 
the fast group cross sections are obtained by use of MUFT-IV and the thermal group cross sections are 
based on Maxwellian averages corresponding to ambient water temperature. The heterogeneous resonance 
integral for the resolved resonances of U238 is determined by use of the modified P/sub 3/-- P/sub 3/ 
method. Thermal disadvantage factors are used for flux- and volume weightings of the Maxwellian cross 
sections corresponding to the discrete regions of the unit cell associated with each element. Data obtained 
in calculations of selected experimental configurations employing uniformly-spaced arrays of fuel elements 
and covering a wide range of variables are presented. Results of analytical work on individual parameter 
measurements and on power distributions in assemblies containing heterogeneities such as water channels 
are included. Design work on the annular multitube test element was temporarily halted. Preliminary work 
is reported on vibratory compaction process. 
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Author: Valerino, M. F. / Harding, R. S. 

Title: State of the Art Physics of Nuclear Superheat Reactors 

Date: 6/17/1963 

Report: GNEC-282 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An evaluation was made of the state of the art of reactor physics calculations for 
nuclear superheat reactors at the beginning of life. The evaluation included compilation of the available 
critical experiment data and application of the calculational techniques, developed for superheat lattices, to 
selected data covering the appropriate range of variables and reactor lattice conditions. 
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Title: The Radiation Bogey 

Date: 1/1/1980 

Report: Golem Press, Booklet No. 8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Zinn, W. H. 

Title: Power Reactor Technology. Volume 6, No. 3 

Date: 6/1/1963 

Report: GPO; One of the Technical Progress Reviews prepared quarterly for the Division of Technical 
Information, USAEC 

Conference/Journal: GPO; One of the Technical Progress Reviews prepared quarterly for the Division 
of Technical Information, USAEC 

Conference Session:  

Abstract/Keyterms: Reviews of selected reports in the fields of power reactor research and development, 
power-reactor applications, design practice, and operating experience are presented. Topics covered 
include: economics and applications; fluid and thermal technology; materials; containment, radiation 
control, and siting; design practice; operating experience; gas-cooled reactors; pressurized- water reactors; 
organic-cooled and organic-moderated reactors; supercritical water reactors; and physics. 
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Author: Hesse, U. 

Title: Evaluation of the Radiation Exposition in Criticality Failure Accidents Using 120-Group Transport 
Calculations 

Date: 1/1/1984 

Report: GRS-A-882 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To determine the integral radiation dose at different locations as a function of the 
concrete shielding thickness, 120-group transport calculations have been performed for two model 
excursions with 10$sup 18$ fissions in a 100 l core of a weakly enriched solution of fission material and 
with 5x10$sup 18$ fissions in a 50 l core of a strongly enriched uranyl-nitrate-solution. The results are 
presented in tabular form. Two subprograms have been used to calculate the space-and energy-dependent 
neutron-gamma source term during the excursion and to evaluate the transport calculations. For simple dose 
estimates based on excursions of similar systems, single group data deduced from transport results are 
presented together with a modified point source model. 
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Author: Rau, G. / Demmeler, M. / Weber, J. / Kreiner, H. J. 

Title: Commissioning of the Neuherberg research reactor (FRN) 

Date: 8/1/1973 

Report: GSF-P-52 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; FRN Reactor- Reactor Commissioning; Calibration; Criticality; Diagrams; Pulsed 
Neutron Techniques; Radiation Monitoring; Radiation Protection; Reactor Cores; Reactor Fueling; Reactor 
Operation; Temperature Dependence 
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Author: Egger, H. / Grundler, W. / Lock, O. / Stark, W. / Rau, G. 

Title: Fields of thermal and fast neutrons in the core of the FRN during continuous and pulsed operation 

Date: 4/1/1974 

Report: GSF-P-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; FRN Reactor- Reactor Cores; Criticality; Diagrams; Fast Neutrons; Neutron 
Fluence; Probes; Pulsed Reactors; Reactivity; Reactor Operation; Spatial Distribution; Thermal Neutrons 
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Author: Doshi, P. K. / Brooks, W. 

Title: Proof Test Facility: Experiments and Analysis. Dresden Plutonium Demonstration Program 

Date: 10/1/1972 

Report: GU-5285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Fuel Systems & Components; BWR Type Reactors; 
Configuration; Fabrication; Fuel Elements; Plutonium Oxides; PTF-UNC Reactor; Quality Assurance; 
Testing; Uranium Dioxide 
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Author: Buck, P. / Brooks, W. / Fass, E. 

Title: PLATR Critical Experiments on Mixed-Oxide Fuel Assemblies for BWR's and Comparison with 
Calculations 

Date: 1/1/1973 

Report: GU-5289 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Commercial Power Reactors-Fuel Systems & 
Components; Research & Test Reactors-Operation & Economics; BWR Type Reactors; Fuel Assemblies; 
Fuel Cycle; Multiplication Factors; Plutonium Oxides; Prr Reactor; Reactivity; Reactor Kinetics; Uranium 
Dioxide Uranium Oxides UO2 / PUO2-UO2, Physics Parameters of Plutonium Recycle Fuel Assemblies 
of, Reactors, Research / Critical Parameters of Recycle Mixed Oxide Fuel Assemblies in Platr, Reactor 
Fuel Elements / Physics Parameters of Recycle Mixed Oxide Boiling Water, Plutonium Oxides PUO / 
PUO2-UO2, Physics Parameters of Plutonium Recycle Fuel Assemblies of, Reactors, Boiling / Fuel 
Assemblies for, Physics Parameters of Recycle Mixed Oxide, Plutonium / Recycle in Boiling Water 
Reactors, Critical Experiments for 
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Author: n.a. 

Title: Gas-Cooled Fast Breeder Reactor. Quarterly Progress Report, May 1, 1971-- July 31, 1971 

Date: 10/31/1972 

Report: GULF-GA-A-10803 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Metals, Ceramics, & Other Materials-Ceramics 
& Cermets-Radiation Effects; Breeder Reactors; Criticality; Distribution; Fast Reactors; Fission Products; 
Fission Ratio; Fuel Cans; Fuel Rods; Gas Cooled Reactors; Krypton 85; Krypton 87; Krypton 88; Neutron 
Flux; Performance; Plutonium Oxides; Reactor Core; Stainless Steels; Testing; Uranium Dioxide; Xenon 
133; Xenon 135; ZPPR 
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Author: Brooks, L. H. / et al. 

Title: Spent Fuel Shipping, Reprocessing, and Recycle Fabrication in the HTGR Fuel Cycle 

Date: 12/15/1972 

Report: GULF-GA-A-12272 

Conference/Journal: Joint Power Generation Conference; New Orleans, Louisiana, USA (16 Sep 1973. 

Conference Session:  

Abstract/Keyterms: From joint power generation conference; New Orleans, Louisiana, USA (16 Sep 
1973). The High Temperature Gas Cooled Reactor (HTGR) fuel recycle operation is described. The 
description includes the HTGR spent fuel shipping system and the proposed method of reprocessing the 
spent fuel to recover the bred 233U and 235U. The process for refabricating the recovered fuel into recycle 
fuel is also discussed 
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Author: n.a. 

Title: Gas-Cooled Fast Breeder Reactor. Quarterly Progress Report, August 1-- October 31, 1972 

Date: 12/1/1972 

Report: GULF-GA-A-12421 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; GCFR Reactor- Research Programs; 
Configuration- Fuel Assemblies- Fuel Densification- Fuel Rods- Hot Pressing- Reactor Cores- Spacers- 
Testing; Criticality- Delayed Neutron Fraction- Doppler Coefficient- Reactivity Worths- Reactor Kinetics; 
Fuel Densification; Planning Fuel Rods- Materials Testing- Physical Radiation Effects- Solid Fuels- 
Uranium Dioxide 
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Author: n. a. 

Title: Gas-Cooled Fast Breeder Reactor. Quarterly Progress Report, November 1, 1972—January 31, 1973 

Date: 3/8/1973 

Report: GULF-GA-A-12530 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; GCFR Reactor- Research Programs; Planning; 
Fuel Densification- Fuel Rods- Physical Radiation Effects- Solid Fuels; Criticality- Delayed Neutron 
Fraction- Doppler Coefficient- Neutron Flux- Reactivity Worths- Reactor Kinetics; Configuration- Fuel 
Rods- Physical Radiation Effects- Reactor Cores- Spacers- Testing; Fuel Densification; Design- Heat 
Transfer- Melting- Natural Convection- Performance- Reactor Cores- Thermal Shields 
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Author: Merrill, Meldon H. 

Title: Nuclear Design Methods and Experimental Data in Use at Gulf General Atomic 

Date: 7/1/1973 

Report: GULF-GA-A-12652 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Moore, R. A. 

Title: Critical Experiment Program for the 300-MW(E) Gas-Cooled Fast Breeder Reactor: Scope and 
Purpose 

Date: 10/17/1973 

Report: GULF-GA-A-12780 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program of critical assembly experimentation in support of the Gas-Cooled Fast 
Breeder Reactor (GCFR) Program is outlined. Specific tasks needed for early resolution of GCFR design 
uncertainties are delineated and a brief program of critical assembly work that draws heavily upon the 
national LMFBR work is outlined. The scope of the program needs for special materials and equipment is 
examined and a preliminary design for the first assembly is presented. 
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Author: Todt, F. W. 

Title: Computer Program Package for the Fort St. Vrain Pulsed Neutron Measurements 

Date: 1/1/1973 

Report: GULF-GA-B-12354 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pulsed neutron experiments will be performed on the Fort St. Vrain reactor prior to 
startup to determine the subcritical reactivity of the core with various control rod configurations. The Fort 
St. Vrain Data Logger computer will be used to record and process the data. The computer program package 
which will be used in the conduct of these experiments is described. 
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Author: Young, J. C. / Slaggie, E. L. / Neill, J. M. / Verbinski, V. V. 

Title: Fast Reactor Spectrum Measurements. Quarterly Progress Report, February 1- -April 30, 1971 

Date: 1/1/1971 

Report: GULF-RT-10655 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Reactor 
Theory-Kinetics; Instrumentation-Radiation Detection Instruments-Nuclear Spectroscopic 
Instrumentation; Background; Configuration; Criticality; Exponential Piles; Fast Neutrons; Fast Reactors; 
Helium 3; Neutron Spectra; Neutron Spectrometers; Performance; Proton Recoil Detectors; Reactor Core; 
Solid-State Counters; STSF Assembly 
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Author: Young, J. C. / Slaggie, E. L. / Neill, J. M. / Verbinski, V. V. 

Title: Fast Reactor Spectrum Measurements. Quarterly Progress Report, May 1, 1971--July 31, 1971 

Date: 1/1/1971 

Report: GULF-RT-A-10800 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Instrumentation-Radiation Detection Instruments-Nuclear Spectroscopic Instrumentation; Configuration; 
Criticality; Fast Neutrons; Helium 3; Neutron Spectra; Neutron Spectrometers; Performance; Proportional 
Counters; Proton Recoil Detectors; Reactor Core; Solid-State Counters; STSF Assembly 
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Author: Koponen, B. L. 

Title: Nuclear Criticality Safety Experiments, Calculations, and Analyses-1958 to 1999 - Compilation of 
Papers from the Transactions of the American Nuclear Society 

Date: 4/1/2000 

Report: GVP-04 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Fithian, C. / Southerland, B. R. / Newlon, C. E. / Hansen, A. H. 

Title: Data Catalogue of the 1980 SHEBA Experiments 

Date: 5/1/1983 

Report: H & R 224-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Low assay fissile material critical alarm system, leakage factors, radiation spectrum, 
and correlation to high assay criticality studies. 
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Author: Hansen, A. H. / Fithian, C. / Newlon, C. E. / Southerland, B. R. 

Title: Analysis of Data from the 1980 SHEBA Experiments 

Date: 5/1/1983 

Report: H & R 224-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Low assay fissile material critical alarm system, leakage factors, radiation spectrum, 
and correlation to high assay criticality studies. 
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Author: Rhyne, W. R. / Fithian, C. / Hansen, A. H. 

Title: SLOPLS: A Code to Determine Criticality Accident Characteristics 

Date: 5/1/1983 

Report: H & R 224-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Low assay fissile material critical alarm system, leakage factors, radiation spectrum, 
and correlation to high assay criticality studies. 



 

C-6029 

6021…..…..…………………..…….……..……ID Number…………………..…..…………….6021 

Author: Newlon, C. E. / Fithian, C. / Hansen, A. H. 

Title: Criticality Safety Analysis of the GCEP 16-inch Product Cold Trap 

Date: 2/19/1982 

Report: H & R 82-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Newlon, C. E. / Hansen, A. H. 

Title: An Assessment of the Minimum Critical Accident of Concern 

Date: 4/1/1982 

Report: H&R 82-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Establish minimum accident of concern for gaseous diffusion plants (low assay). 
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Title: Critical Parameters of Fissionable Materials and Nuclear Safety 

Date: 1/1/1984 

Report: Handbook, Gosatomizdat, Moscow 

Conference/Journal: Handbook, Gosatomizdat, Moscow 

Conference Session:  

Abstract/Keyterms:  



 

C-6032 

6024…..…..…………………..…….……..……ID Number…………………..…..…………….6024 

Author: Dubovskii, B. G. / Kamaev A. V. / Kuznetsov. F. M. / et al. 

Title: Critical Parameters of Systems with Fissile Materials and Nuclear Safety 

Date: 1/1/1966 

Report: Handbook. Moscow. Atomizdat, 1966 

Conference/Journal: Handbook. Moscow. Atomizdat 

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-005, LEU-SOL-THERM-006 
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Author: Faes, M. H. 

Title: Medical Inspection and Regrading of Workers Accidentally Exposed to Radiation 

Date: 1/1/1969 

Report: Handling of Radiation Accidents, 31-40 

Conference/Journal: Symposium on the Handling of Radiation Accidents, Vienna, Austria. See STI-
PUB--229; CONF-690509 

Conference Session:  

Abstract/Keyterms: Life Sciences-Radiation Effects on Animals-Man; Life Sciences-Health Physics & 
Safety-Safety Procedures; Life Sciences-Health Physics & Safety-Legal Aspects; Accidents; Behavior; 
Chromosomes; Criticality; Economics; Legal Aspects; Leucocytes; Medicine; Personnel; Radiation 
Injuries; Radiations; Testing 
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Author: Beck, H. / Burke, G. / DeCampo, J. / Gogolak, C. / Hajnal, F. / et al. 

Title: HASL Studies at the Oyster Creek Nuclear Electricity Generating Station 

Date: 7/1/1972 

Report: HASL TM 72-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements and analysis for normal-operations radionuclide releases from a BWR 
plant. 
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Author: Lanes, S. 

Title: Effective Multiplication Factors for Bare Cylinders 

Date: 5/1/1962 

Report: HASL-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer program is presented for a two-group calculation of the effective 
multiplication factor in cylindrical containers. Included is a series of graphs relating this factor to container 
dimensions and the concentration of U235 in the container. Since the range of dimensions and 
concentrations investigated covered both subcritical and supercritical systems, the information presented is 
of use to the designer as well as the reviewer of storage and transportation methods. 
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Author: Katine, w. 

Title: The Calculation of Some Bessel Functions for Criticality Problems 

Date: 5/1/1962 

Report: HASL-125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method for evaluating the Bessel functions J/sub 0/(x), J/sub 1/(x), I/ sub 0/(x), 
I/sub 1/(x), K/sub 0/(x), and K/sub 1/(x) is given. This method is applicable to the one-dimensional, 2-
group, 2-region diffusion problem, and is designed primarily for use on a small or medium sized digital 
computer. Two power series are employed for the Bessel functions of the first kind. In the evaluation of the 
hyperbolic Bessel functions, four power series are used for small values of x while four asymptotic series 
are used for the large values. In the intermediate range of 3 < x < 9 a correction factor is applied to the 
asymptotic series. The maximum percentage error is shown to be 0.003 when compared with accepted 
tables. FORTRAN programs based on this method are presented together with the output obtained from an 
IBM-1620 digital computer. 
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Title: Absolute Intensities of Gamma Rays from the Decay of 238U and 232Th 

Date: 10/1/1972 

Report: HASL-262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 238U and 232Th are significant contributors to background radiation and thus 
interfere with the ability to accurately measure normal reactor emissions 
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Title: Nuclear Safety in Manufacturing Plants 

Date: 11/3/1959 

Report: HASL-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality control in the processing of fissionable materials is discussed. Several 
fundamental criteria are desirable in criticality control. Safety of a configuration should depend on the 
occurrence of at least two unlikely events. Configurations should be nuclear safe even if totally flooded 
with water or, U this possibility can be included, account should be taken of other incidental reflectors. In 
the case of mass control, the possibility of double-batching should be considered. The intentional use of 
neutron poisons should not be necessary to achieve subcriticality in manufacturing processes. 
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Title: Nuclear Rockets 

Date: 1/1/1959 

Report: Hawker Siddeley Tech. J.; Vol: No. 3 

Conference/Journal: Hawker Siddeley Tech. J. 

Conference Session:  

Abstract/Keyterms: Various types of reactors for nuclear rockets are discussed relative to the fissile 
materials and critical masses. Pressure drop and heat transfer calculations are made for hydrogen and 
ammonia as propellants for U235 graphite-moderated and Pu239 graphite-moderated reactors. Weight 
analysis and rocket performance data are given for the two previously mentioned reactors. Design 
optimization and radiation hazards are discussed. Burnout velocities of nuclear rockets are compared with 
chemical rockets. 
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Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Fault Tree Analysis Technique / Fast Zero-Power Reactor (DF-VI) 
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Date: 2/1/1990 
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Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Simulator / Beijing Nuclear Power Plant 
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Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Fuel Loading / First Criticality / Adjusting Control Rods 
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Conference Session:  

Abstract/Keyterms: Zero Power Experiment Facility / Pulsed Reactor 
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Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Extrapolated Criticality / PC-1500 Microcomputer / Startup of Reactor 
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Date: 8/1/1992 
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Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Critical Experiment of 5 Mw Low Power Reactor (LPR) / Spent Fuel / Beryllium 
Reflector / Photo Neutrons 
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Title: The Commissioning of 5 MW Low Power Reactor 

Date: 8/1/1992 

Report: HDGOE, 13 (4), 69-74 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Commissioning / 5 Mw Low Power Reactor 
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Title: Operational Tests at Steady State in the First Pulsed Reactor of China 

Date: 10/1/1992 

Report: HDGOE, 13 (5), 37-43 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: The operational tests methods and facilities / Steady State / Pulsed Reactor / China 
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Author: Jun, Zhang / Shuilin, Cao / Huimin, Xin / Zengyi, Xiao / Youlian, Liu 

Title: The Commissioning of Nuclear Measurement System in Qinshan Nuclear Power Plant 

Date: 2/1/1993 

Report: HDGOE, 14 (1), 69-72 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Commissioning Process / Ex-Core Neutron Instrumentation System / Fuel Loading / 
Low Power Test and Power Test 
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Author: Wenlou, Huang / Rilin, Tan / Yuqi, Xie / Songshan, Chai / Yingfa, Li / Qianming, He / Bin, 
Zhou 

Title: First Physical Start-Up for the First Pulsed Reactor in China 

Date: 1/1/1993 

Report: HDGOE, 14 (3), 222-226 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Initial Loading Fuel / First Physical Start-Up / First Pulsed Reactor in China (PRC-
1) 
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Author: Zewu, Yao / Huaxiang, Ji / Zhicheng, Chen / Zhiquan, Yao / Chen, Chen / Yuwen, Li 

Title: A Simulated Test of Physical Starting and Reactor Physics on Zero Power Facility of PWR 

Date: 2/1/1995 

Report: HDGOE, 16 (1), 46-50 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Core Neutron Economics / Experiments / Zero Power Reactor / Qinshan PWR 
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Author: Zhangsheng, Cai 

Title: A New Formula of Neutron Multiplication 

Date: 4/1/1995 

Report: HDGOE, 16 (2), 129-134 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Point-Reactor Neutron-Kinetics Equation 
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Author: Hong, Xu 

Title: Construction Character and Analysis for Spent Fuel Storage Racks with High Storage Density 

Date: 8/1/1995 

Report: HDGOE, 16 (4), 353-357 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) 

Conference Session:  

Abstract/Keyterms: Spent Fuel Assembly Storage System / High Density Storage Rack System 
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Author: Shi Yongqian / Du Chengrui / Li Jingxi / Lin Shenghuo / Zhao Pintai 

Title: Some Kinetic Parameters Measured for Solid Zero Power Reactor by Inherent Pulsed Neutron Source 
Method 

Date: 2/1/1996 

Report: HDGOE, 17 (1), 13-16 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Prompt Neutron Decay Constants / Solid Zero Power Reactor / Inherent Pulsed 
Neutron Source Method 
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Author: Dong, Yao / Daogui, Zeng / Jingbo, Liu 

Title: CELL Program and Its Application 

Date: 8/1/1996 

Report: HDGOE, 17 (4), 322-327 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: CELL Code / Integral Transport Equation / Concentric Circular Geometry / Collision 
Probability Method / Neutron Spectrum / Few Group Parameters / Fuel Rod Cell / Burnable Poison Rod 
Cell / WINS-D/4 
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Author: Xiongyue, Chen 

Title: Divergence Phenomena of Critical Extrapolation Curve of Control-Rods-Rising during Physical 
Start-Up of PWR. The Cause and Mechanism 

Date: 12/1/1997 

Report: HDGOE, 18 (6), 496-499, 546 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: Physical Start-Up of PWR / Spatial Flux Deformation Factor K Distribution 
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Author: Wei, Chen / Zhongsheng, Xie / Xinbiao, Jiang / Da, Chen 

Title: Cell Calculation of Uranium Zirconium Hydride Reactor 

Date: 2/1/1998 

Report: HDGOE, 19 (1), 7-11, 42 

Conference/Journal: Nuclear Power Engineering (Hedongli Gongcheng) (China) 

Conference Session:  

Abstract/Keyterms: H in ZrH and Er / ENDF/B IV Library / WINS-D/4 Library / WIMS-CNDC Library 
/ Uranium Zirconium Hydride Reactor 
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Author: Ziyi, Wang / Longxin, Zhu / Dafa, Zhang 

Title: New Universal Formula of Neutron Multiplication with Delayed Neutrons 

Date: 12/1/1987 

Report: HDGOE, 8 (6), 71-79 

Conference/Journal: Hedongli Gongcheng 

Conference Session:  

Abstract/Keyterms: Delayed Neutron / Theoretical Analyses and Calculations 
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Author: Banck, J. 

Title: Compact Storage Systems for Spent Nuclear Fuel Elements in Nuclear Power Plants 

Date: 11/11/1980 

Report: HDT-meeting on waste management of nuclear power plants/11 - 12 Nov 1980/Essen, Germany, 
F.R., 43-56 

Conference/Journal: HDT-meeting on waste management of nuclear power plants/ 11 - 12 Nov 1980/ 
Essen, Germany, F.R. 

Conference Session:  

Abstract/Keyterms: If the theoretic structural load of the building foundation is convenient, the installation 
of compact racks can be realized without problems even in those power plants that were initially designed 
for less storage capacity, which is due to the fact that the fission products of those fuel elements that have 
already been stored for a certain time do not considerably contribute to the after-heat and activity stock. 
The compact racks are to be designed in a way that their stability covers the respective loads for example 
in the case of earthquakes, and that the subcriticality is guaranteed at any moment. The experimental 
experiences with the wet storage of approximately 20 years, indicate no fuel rod failures under storage 
conditions. As a part of the radioactive waste disposal measures the compact storage represents a necessary 
operational buffer that for the time being bridges over the lack of reprocessing capacity. Moreover, the 
extensive decline of the after-heat of the fuel elements during a several years' storage facilitates the 
transport, another eventual interim storage (e.g. in dry storage bunkers) and the reprocessing. 
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Author: n. a. 

Title: A Container for Fissile Class II Shipments of Dry Uranium Compounds 

Date: 4/13/1964 

Report: Health & Safety Information, U.S. Atomic Energy Commission, Issue No. 184 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Hankins, D. E. 

Title: Direct Counting of Hair Samples for 32P Activation 

Date: 11/1/1969 

Report: Health Phys., 17: 740-2; LA-DC-10446 

Conference/Journal: Health Phys. 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; 
Chemical Radiation Detectors; Gamma Detection; Hair; Man; Neutrons; Phosphorus 32; Silicon 31; Sulfur 
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Author: Lonergan, G. T. / Willis, C. A. 

Title: Plan for Emergencies 

Date: 1/29/1972 

Report: Health Physics Society midyear topical symposium, 29 Jan 1969, Los Angeles, California, USA, 
Health physics operational monitoring, CONF-690103-P3 

Conference/Journal: Health Physics Society midyear topical symposium/ 29 Jan 1969/ Los Angeles, 
California, USA 

Conference Session:  

Abstract/Keyterms: Management; Life Sciences--Radiation Effects on Animals--Man; Environmental & 
Earth Sciences--Radioactivity Monitoring & Transport; ANL-- Radiation Protection; Radiation Accidents-
- Radiation Monitoring; Radiation Protection-- Planning; Personnel; Personnel Monitoring 



 

C-6062 

6054…..…..…………………..…….……..……ID Number…………………..…..…………….6054 

Author: Myers, D. S. / Prevo, C. T. / Willis, C. A. 

Title: Personnel Dosimetry Associated with the Handling of Large Numbers of 3-Kg 239Pu Billets 

Date: 1/29/1972 

Report: Health Physics Society midyear topical symposium, 29 Jan 1969, Los Angeles, California, USA, 
Health physics operational monitoring. 1, See CONF-690103-P1 

Conference/Journal: Health Physics Society midyear topical symposium/ 29 Jan 1969/ Los Angeles, 
California, USA 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Personnel Dosimetry; Plutonium 239-- Materials Handling; Criticality; Gamma Dosimetry; Neutron 
Dosimetry; Photographic Film Dosemeters; Radiation Doses; Radiation Protection 
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Author: Zuerner, L. V. / Weddle, R. C. / Willis, C. A. 

Title: Neutron Activated Criticality Alarm System 

Date: 1/1/1972 

Report: Health Physics Society midyear topical symposium, Los Angeles, California, USA, 29 Jan 1969; 
CONF-690103-P2. Vol. 2 

Conference/Journal: Health Physics Society midyear topical symposium, Los Angeles, California, USA, 
29 Jan 1969; CONF-690103--P2 

Conference Session:  

Abstract/Keyterms: A system incorporating BF3 type neutron detectors has been designed and is now in 
use at the Pacific Northwest Laboratory. The monitors have been calculated to alarm to a pulsed fast neutron 
dose of 50 micro-rem. They have been successfully tested under simulated criticality conditions with a 50 
micro-second burst from a pulsed reactor. The alarm is activated when a preset count rate is exceeded. 
Alarm time is less than 0.5 seconds when the count rate from neutrons exceeds the alarm set point count 
rate by 5%. Basic sensitivity is determined by the type of BF3 tube used; the instrument can be adjusted to 
alarm in fast neutron fields of 20 to 1000 mrem/hr. The signal from the polyethylene moderated BF3 tube 
is amplified, shaped and fed to an integrating capacitor in a voltage sensitive trip circuit. This circuit 
activates the criticality alarms. Failure alarms are energized by circuits which detect high or low operating 
voltages and loss of signal from the neutron circuits. A self-auditing operating feature is designed around 
random input from background radiation. The criticality alarms are operated in a 2 out of n system.” Two 
monitors must be in the alarm condition before an evacuation alarm is sounded. This minimized false alarms 
caused by local high level gamma fields, electromagnetic interference, and other spurious signals. 
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Author: Cash, R. J. 

Title: HEDL Contribution to ONWI Spent Fuel Characterization Program. Quarterly Report, January-
March, 1981 

Date: 1/1/1981 

Report: HEDL-6960 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Five spent fuel waste forms were analyzed for relative in-repository performance. In 
order to evaluate the waste form/stabilizer combinations, their performance in terms of possible functional 
requirements was assessed. These included Lithostatic Pressure; (2) Long-Term Stability for Radionuclide 
Retention; (3) Minimization of Cladding Degradation; (4) Prevention of Canister/Repository Breach Due 
to Pressurization; (5) Stabilizer Heat Transfer; (6) The Stabilizer as an Independent Barrier to Radionuclide 
Migration; and (7) Prevention of Criticality. Three stabilizers were considered the rating of the waste forms, 
the relative performance of the waste forms dictates that the candidates be ordered as follows form/stabilizer 
combination is the intact assembly, with or without end bells, vented or unvented, with a solid stabilizer. 
(2) A suitable alternative is the combination of bundled close-packed rods with a solid stabilizer around the 
outside of the bundle to resist lithostatic pressure. (3) The other possible waste forms are of lower ranking 
with the worst waste form/stabilizer combination being the intact assembly with a gas stabilizer or the 
chopped fuel. Long-term degradation of fuel residing 



 

C-6065 

6057…..…..…………………..…….……..……ID Number…………………..…..…………….6057 

Author: n. a. 

Title: T-3 Cask Users' Manual. Revision 1. Hanford Engineering Development Lab., Richland, WA 

Date: 6/1/1986 

Report: HEDL-7035-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: T-C Spent Fuel Cask 
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6058…..…..…………………..…….……..……ID Number…………………..…..…………….6058 

Author: n.a. 

Title: T-3 Cask Users' Manual. Revision 1 

Date: 6/1/1986 

Report: HEDL-7035-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This user's manual for the T-C spent fuel cask provides information on: operating 
procedures; inspection and maintenance procedures; criticality evaluation; shielding evaluation; thermal 
evaluation; structural evaluation; and limitations. 
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Author: Duckett, A. J. / Sorenson, K. B. 

Title: Breeder Spent Fuel Handling Program Multipurpose Cask Design Basis Document 

Date: 9/1/1985 

Report: HEDL-7554 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Breeder Spent Fuel Handling (BSFH) Program multipurpose cask Design Basis 
Document defines the performance requirements essential to the development of a legal weight truck cask 
to transport FFTF spent fuel from reactor to a reprocessing facility and the resultant High Level Waste 
(HLW) to a repository. 
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Author: Klave, D. L. / Rogers, C. A. 

Title: NCSMEMO, an IBM PC Program Using DBASE III to Cross-Reference Letters 

Date: 8/1/1985 

Report: HEDL-7557 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: NCSMEMO is a database management system consisting of six command files 
written in Ashton-Tate's dBASE III programming language. NCSMEMO provides a method of cross-
referencing Nuclear Criticality Safety Memoranda to facilitate locating information based on keywords and 
provides an abstract of each memo. The primary benefit of NCSMEMO is its ability to quickly search 
through abstracts of over 470 memos and locate those which apply to specific keywords. NCSMEMO is 
menu driven for ease of use. 
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Author: Lippincott, E. P. / Gold, R. / Ruddy, F. H. / Long, C. L. / Roberts, J. H. 

Title: SSTR Dosimetry in Critical Mass Measurements 

Date: 1/1/1979 

Report: HEDL-SA-1762-S 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the Advanced Fuel Recycle Program, critical mass measurements have 
been made of several lattices consisting of mixed oxide (PuO2-UO2) fuel pin in water. In addition to 
providing a reliable technological basis for nuclear criticality control, these measurements are designed to 
provide benchmark data for validation of cross sections and calculational techniques used for mixed 
plutonium and uranium systems. In order to characterize some of the lattices more thoroughly, spatial 
fission rate distributions were measured using solid state track recorders (SSTR). These fission rate 
traverses cannot only be compared with calculated shapes, but since SSTR observations provide absolute 
fission rates, the data were also used as input to the multiple-foil unfolding code, SAND-II, to derive 
adjusted neutron spectra. The extremely high sensitivity of the SSTR method affords in-situ dosimetry for 
critical mass measurements with negligible spatial and spectral perturbations. 
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6062…..…..…………………..…….……..……ID Number…………………..…..…………….6062 

Author: Strangeland, J. V. 

Title: Fissionable Material Handlers Certification Training Program 

Date: 7/1/1979 

Report: HEDL-SA-1816 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A formal program for certification of fissionable material handlers is presented that 
cultivates safe working practices. This certification complies with the training requirements of the 
Department of Energy Directive 0530 (ERDA Manual Chapter 0530), Nuclear Criticality Safety. The 
program consists of a series of classroom lectures, on-the-job training, and examinations in criticality safety, 
radiation protection, industrial safety, emergency procedures, and the employee's specific work operations. 
The program for recertification is also discussed. 
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Author: Ruddy, F. H. / Gold, R. / Roberts, J. H. 

Title: Solid State Track Recorder Measurements in the Poolside Critical Assembly 

Date: 10/1/1979 

Report: HEDL-SA-1942-FP; CONF-791051-11 

Conference/Journal: ASTM-EURATOM symposium on reactor dosimetry; 1 Oct 1979; Ispra, Italy 

Conference Session:  

Abstract/Keyterms: Fission rate measurements using solid state track recorders (SSTR) have been 
performed at the PCA. A schematic representation of a cross-section of the PCA is shown. Fission rates 
were measured in the pressure vessel simulator at the T/4, T/2 and 3T/4 positions and in the void box (VB). 
SSTR measurements were carried out with 232Th, 235U (bare and cadmium covered), 238U and 237Np 
fissionable deposits. Midplane only measurements were carried out for 235U and 237Np, while 5 axial 
locations at 1/4T and 1/2T and 3 axial locations at 3/4T and in the VB were sampled for 232Th and 238U. 
The HEDL SSTR fission rate measurements reported herein for both configurations together with NBS and 
CEN/SCK fission chamber measurements will be used to establish absolute and relative fission reaction 
rates, and ratios for the PCA pressure vessel Benchmark Facility. 
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6064…..…..…………………..…….……..……ID Number…………………..…..…………….6064 

Author: Rothrock, R. B. / Daughtry, J. W. 

Title: FFTF Initial Fuel Loading, Pre-analyses, and Comparison with Preliminary Results 

Date: 2/1/1980 

Report: HEDL-SA-2104-S; CONF-800942-18 

Conference/Journal: ANS topical meeting on 1980 advances in reactor physics and shielding, Sun 
Valley, ID, USA, 14 Sep 1980 

Conference Session:  

Abstract/Keyterms: Disadvantages of conventional loading from the center out were circumvented by 
loading one trisector at a time, and connecting the control rod drivelines in each sector after it was loaded 
so that the rods could be operated during the loading of subsequent trisectors. This sequence was interrupted 
once during the loading of the final sector, to achieve initial criticality at an approximately minimum critical 
loading and to measure absolute subcriticality by the rod drop technique. An in core detector was preferable 
to the standard FTR ex core detectors for monitoring the initial fuel loading. Consequently, special fission 
chambers were installed in an instrument thimble near the core center to monitor the initial fuel loading. 
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Author: Wynhoff, N. / Girault, S. E. / Fish, R. L. 

Title: Spent-Fuel-Stabilizer Screening Studies 

Date: 11/1/1980 

Report: HEDL-SA-2252 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A broad range of potential stabilizer materials was identified and screened for 
packaging spent fuel assemblies for underground storage. The screening took into consideration the thermal 
gradient, stress, differential thermal expansion, nuclear criticality, radiation shielding, cost, and availability. 
Recommended stabilizer materials for further testing include silica, quartz, mullite, zircon, bentonite, 
graphite, gases, lead, Zn alloys, Cu alloys, etc. 
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Author: Padilla, A., Jr. / Martin, F. J. / Niccoli, L. G. 

Title: Analyses of Hypothetical FCI’s in a Fast Reactor 

Date: 11/15/1981 

Report: HEDL-SA-2296-FP, CONF-811101-13 

Conference/Journal: Winter annual meeting of the ASME Technology and Society Division/ 15 Nov 
1981/ Washington, DC, USA 

Conference Session:  

Abstract/Keyterms: Parametric analyses using the SIMMER code were performed to evaluate the 
potential for a severe recriticality from a pressure-driven recompaction caused by an energetic FCI during 
the transition phase of a hypothetical accident in a fast reactor. For realistic and reasonable estimates for 
the assumed accident conditions, a severe recriticality was not predicted. The conditions under which a 
severe recriticality would be obtained or averted were identified. 
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Author: Lan, J. S. 

Title: Assessment of the Prevailing Physics Codes Leopard, Laser, and EPRI-Cell 

Date: 1/1/1981 

Report: HEDL-SA-2323 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to analyze core performance and fuel management, it is necessary to verify 
reactor physics codes in great detail. This kind of work not only serves the purpose of understanding and 
controlling the characteristics of each code, but also ensures the reliability as codes continually change due 
to constant modifications and machine transfers. This paper will present the results of a comprehensive 
verification of three code packages-LEOPARD, LASER, and EPRI-CELL. 
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Author: Lucoff, D. M. 

Title: Fast Test Reactor Design and Low Power Operation 

Date: 3/26/1981 

Report: HEDL-SA-2363 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fast Test Reactor (FTR) is a sodium-cooled, mixed-oxide-fueled, 400 MW(h) 
fast reactor designed for irradiating experimental FBR fuels and materials. The reactor is located near 
Richland, Washington, and is operated by Westinghouse Hanford Company for the USDOE. Initial loading 
of fuel into the reactor began on November 27, 1979, and initial criticality was reached on February 9, 
1980, with a loading of 59 fuel assemblies. Fuel loading was then resumed and an additional 14 fuel 
assemblies were loaded, to reach the desired core loading of 73 fuels for the initial nuclear testing. Low 
power physics tests were performed on the 73-assembly core through March 1980. The reactor was 
subsequently shut down for modifications and repairs of ex-reactor equipment needed to support power 
range testing, which is to be conducted in late 1980. 
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Author: Brown, C. L. / Paglieri, J. N. 

Title: Effectiveness of Criticality Safety Technology 

Date: 6/1/1981 

Report: HEDL-SA-2373-FP 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Storage of fissionable material at HEDL includes two underground storage pits for 
vertical storage of mixed oxide fuel pins and assembles for the Fast Flux Test Facility (FFTF). These floor 
storage arrays, consisting of steel tubes vertically encased in concrete, are designed to enhance criticality 
safety, fire protection, and safeguards. 
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Author: Ombrellaro, P. A. / Harris, R. A. 

Title: Method of Monitoring Subcritical Reactivity during Core Refueling 

Date: 5/1/1982 

Report: HEDL-SA-2612-FP 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Modified Source Multiplication (MSM) technique was used to measure core 
subcritical reactivity and core component reactivity worth during a major refueling of the Fast Flux Test 
Facility (FFTF) core. Measured results were compared with calculated values as a means of verifying core 
component changeouts during the refueling. The results demonstrate the accuracy expected from MSM 
measurements and show that the technique was very effective in monitoring core subcritical reactivity 
during a refueling in which the neutron sources changed significantly and were not uniformly distributed. 
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Author: Rogers, C. A. / Paglieri, J. N. 

Title: Criticality Safety Training at Westinghouse Hanford Company 

Date: 1/1/1983 

Report: HEDL-SA-2811-S 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In 1972 the Westinghouse Hanford Company (WHC) established a comprehensive 
program to certify personnel who handle fissionable materials. As the quantity of fissionable material 
handled at WHC has increased so has the scope of training to assure that all employees perform their work 
in a safe manner. This paper describes training for personnel engaged in fuel fabrication and handling 
activities. Most of this training is provided by the Fissionable Material Handlers Certification Program. 
This program meets or exceeds all DOE requirements for training and has been attended by more than 475 
employees. Since the program was instituted, the rate of occurrence of criticality safety limit violations has 
decreased by 50%. 
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Author: Seay, J. M. / Gruber, W. J. 

Title: Spent Fuel Storage System for LMFBR Fuel Experiments 

Date: 1/1/1983 

Report: HEDL-SA-2830 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel that had been irradiated in the Argonne National Laboratory Experimental 
Breeder Reactor II (EBR-II) at Idaho Falls, Idaho, and examined at the Hanford Engineering Development 
Laboratory at Richland, Washington, was placed in long term retrievable storage utilizing a system 
designed at Hanford. The Spent Fuel Storage Cask system was designed for transport and storage of a large 
quantity of spent fuel at the Hanford 200 Area transuranic (TRU) asphalt storage pad. The entire system is 
designed for long term retrievable storage to allow future reprocessing of the fuel. The system was designed 
to meet the criticality, shielding, and thermal requirements for a maximum fuel load of four kilograms 
fissile. The Spent Fuel Storage Cask was built to transport and store the fuel from EBR-II on the TRU 
asphalt storage pad. 
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Author: Carlson, R. L. / Bair, W. J. / Larson, G. F. / Serier, M. N. / Woehle, B. A. 

Title: Two-Year Review of an On-Line Accountability System 

Date: 7/1/1983 

Report: HEDL-SA-2873-FP, CONF-830709-3 

Conference/Journal: Annual meeting of the Institute of Nuclear Materials Management/ 10 Jul 1983/ 
Vail, CO, USA 

Conference Session:  

Abstract/Keyterms: In November 1980, Westinghouse Hanford Company installed the initial version of 
the Safeguards Active Response Inventory System (SARIS). It was designed as an advanced accountability 
system to meet the needs of process, safeguards, criticality, safety, and inventory control. A single database 
translates information about a quantity of nuclear material into the language used by process operators or 
accountants. Modifications made through functions that model the process automatically generate changes 
in nuclear material reports, including input of transactions to the NMMSS system at Oak Ridge, Tennessee. 
During the past two years, the user attitude about SARIS has improved, largely due to the changes 
implemented in four major additions. Problems encountered during development include: obtaining 
accurate and complete data to load the database, slow computer response, insufficient training of users 
before system implementation, and functions that did not exactly meet the user’s needs. The benefits of 
SARIS have included: consistency in data reporting, fewer errors due to immediate resolution of 
discrepancies, a standardized audit trail, and elimination of manual methods. The most important 
improvement is a reporting scheme that enables rapid conduction and reconciliation of physical inventories. 
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Author: Lippincott, E. P. / Ruddy, F. H. / Gold, R. / Kellogg, L. S. / Roberts, J. H. 

Title: Evaluation of Neutron Flux in the Pool Critical Assembly 

Date: 9/1/1984 
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Conference/Journal: ASTM-Euratom symposium on reactor dosimetry; 24 Sep 1984; Geesthacht, F.R. 
Germany 

Conference Session:  

Abstract/Keyterms: A recently completed series of experiments in the Pool Critical Assembly (PCA) at 
Oak Ridge National Laboratory (ORNL) provided extensive neutron flux characterization of a mockup 
pressure vessel configuration. Considerable effort has been made to understand the uncertainties of the 
various measurements made in the PCA and to resolve discrepancies in the data. Additional measurements 
are available for similar configurations in the Oak Ridge Reactor-Poolside Facility (ORR-PSF) at ORNL 
and in the NESDIP facility in the UK. Comparisons of these results, together with associated neutron field 
calculations, enable a better evaluation of the actual uncertainties and realistic limits of accuracy to be 
assessed. Such assessments are especially valuable when the accuracy improvements of benchmark 
referencing are to be included and extrapolations to new configurations are made. 
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Author: Rogers, C. A. / Morford, R. J. 

Title: Fuel storage Facilities at the Hanford Engineering Development Laboratory 

Date: 4/1/1985 

Report: HEDL-SA-3314-FP, CONF-850917-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel storage facilities at the Hanford Engineering Development Laboratory are 
described to illustrate the various types of vaults and arrays used in the nuclear fuel cycle. Design features 
and administrative controls used to insure safe storage and handling of large quantities of fissionable 
materials are discussed. Facilities reviewed include powder and pellets storage vaults, fuel assembly storage 
arrays, the Test Article Storage Facility, arrays for storage of irradiated assemblies, and the Special Nuclear 
Materials (SNM) Storage Vault. The SNM Storage Vault is designed for remote handling of fuels using an 
automated Stacker and Retrieval (S/R) Machine. 
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Author: Connell, J. W. 

Title: FFTF ILRT Instrumentation 

Date: 6/1/1985 

Report: HEDL-SA-3326-FP; CONF-850610-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fast Flux Test Facility (FFTF) is the most advanced liquid sodium experimental 
test reactor in operation. The primary purposes of the FFTF is to test fuels, materials, and equipment and 
demonstrate effective and efficient operations in support of the Liquid Metal Reactor program. The initial 
containment vessel leak rate test (ILRT-1) was performed in June 1978 prior to initial criticality testing. A 
second leak rate test was conducted with the systems operational in June 1981 (ILRT-2). Tests were 
performed at nominal pressures of 5 and 10 psig. These tests supplied data to support the plan to perform 
the third ILRT at a reduced pressure of 2 psi. The subject of this paper will be to explain the instrumentation 
and results from ILRT-2 and to discuss some plans for the next test scheduled approximately one year from 
now 
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Title: Incorporation of Safety Interlocks in Commercial Robotics for Handling of Nuclear Materials 

Date: 9/1/1986 

Report: HEDL-SA-3410; CONF-8609242-2 

Conference/Journal: Robots west conference, Long Beach, CA, USA, 22 Sep 1986 

Conference Session:  

Abstract/Keyterms: The adaptation of commercial robotic systems to applications in the manufacturing 
of nuclear fuel has required the addition of safety interlocks as to the handling and accountability of nuclear 
materials. Also, additional safety interlocks are required when the robots are operated in containment 
enclosures that are environmentally sealed. Interlocks have been incorporated in a commercial robot which 
was modified and with additional interlocks into the existing robotic control system. The robotic system 
has been installed in the containment enclosure as part of the pellet storage subsystem in the Secure 
Automated Fabrication facility currently being built by Westinghouse Hanford Company for the US 
Department of Energy. The system has been installed in the Fuel Cycle Plant and is scheduled for initial 
operational testing in 1986. 
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Author: Bowen, W. W. / Moore, F. W. 

Title: Interfacing Robotics with Plutonium Fuel Fabrication 

Date: 11/14/1986 

Report: HEDL-SA-3534-FP, CONF-870301-18 

Conference/Journal: International topical meeting on remote systems and robotics in hostile 
environments/ 29 Mar 1987/ Pasco, WA, USA/ Paper copy only, copy does not permit microfiche 
production 

Conference Session:  

Abstract/Keyterms: Interfacing robotic systems with nuclear fuel fabrication processes resulted in a 
number of interfacing challenges. The system not only interfaces with the fuel process, but must also 
interface with nuclear containment, radiation control boundaries, criticality control restrictions, and 
numerous other safety systems required in a fuel fabrication plant. The robotic system must be designed to 
allow operator interface during maintenance and recovery from an upset as well as normal operations. 
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Report: HEDL-SA-787, CONF-750303-75 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Five general areas of application for nuclear cross sections have been identified for 
benchmark testing by the Cross Section Evaluation Working Group (CSEWG); thermal and fast reactors, 
shielding, dosimetry and fission product properties. For both thermal and fast reactors, benchmark 
experiments consist of measurements of integral reaction rates, reactivity coefficients and criticality in well 
defined, simple geometry, uniform composition assemblies. Thermal reactor benchmark experiments are 
carried out in spheres of heavy metal nitrate solutions and in H2O and D2O moderated lattices of uranium. 
Carefully specified experiments in large, fast, Zero-Power critical assemblies (e.g., ZPR-6-7, ZPPR-2) and 
in small uranium and plutonium metal spheres (e.g., Godiva, Jezebel) provide integral tests primarily for 
uranium and plutonium capture and fission cross sections and fission neutron properties in the energy range 
0.1 keV to 10 MeV. Shielding benchmark experiments are characterized by a well defined neutron source, 
detectors having known absolute response functions and a simple source-detector geometry. Dosimetry 
benchmark experiments consist of integral reaction rate measurements in known neutron spectra. These 
experiments include measurements sensitive to low energy neutrons (e.g., $sup 10$B(n,$alpha$), $sup 
197$Au(n,$gamma$) in thermal spectra) and to relatively high energy neutrons (e.g., 238U (n,f), 239Pu(n,f) 
in fission spectra).Benchmark experiments for fission products include integral measurements of capture 
rates and reactivity effects for individual fission product isotopes in typical reactor spectra (e.g., the CFRMF 
and STEK facilities) and measurements of fission product yields and decay properties, especially those 
decay modes relating to decay heat production.The results of all these benchmark experiments have been 
compared to calculations using the latest version of the Evaluated Neutron Data File, ENDF/B-IV. 
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Author: Hardie, R. W. / Schenter, R. E. / Wilson, R. E. 

Title: Evaluation of ENDF/B-IV 

Date: 1/8/1975 

Report: HEDL-SA-796-S 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The recently released Version IV of ENDF/B was evaluated by calculating measured 
integral quantities for eighteen fast critical assemblies. The integral quantities investigated in this study 
were keff, central reaction rate ratios, and central reactivity coefficients. In addition, to determine how 
ENDF/B-IV compares with earlier cross section data, calculations were also performed using Versions I, 
II, and III of ENDF/B and the Bondarenko cross section set. The evaluation indicates that ENDF/B-IV does 
an excellent job of predicting criticality for a wide range of critical assemblies. However, effort is still 
required to resolve differences between measured and calculated central reaction rate ratios and to resolve 
the fissile fuel central worth discrepancy. 
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Title: Criticality Analysis for FFTF Fuel Assemblies and Fuel Pins 

Date: 3/1/1977 

Report: HEDL-TC-807 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of calculations is presented assessing the criticality aspects of specific 
configurations of FTR fuel. Results for regularly spaced arrangements of fuel pins or fuel assemblies as a 
function of spacing in each of four media (water, Mobiltherm, sodium, or air) are given. This information 
is intended to be of a broad general nature conservatively applicable both to normal fuel configurations 
likely to be encountered in the operation of the FFTF and to accident condition configurations postulated 
for criticality review purposes. 
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Title: Fuel Storage Facility Final Safety Analysis Report. Revision 1 

Date: 3/1/1984 

Report: HEDL-TI-75328-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fuel Storage Facility (FSF) is an integral part of the Fast Flux Test Facility. Its 
purpose is to provide long-term storage (20-year design life) for spent fuel core elements used to provide 
the fast flux environment in FFTF, and for test fuel pins, components and subassemblies that have been 
irradiated in the fast flux environment. This Final Safety Analysis Report (FSAR) and its supporting 
documentation provides a complete description and safety evaluation of the site, the plant design, 
operations, and potential accidents. 
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Author: Colton, L. B. / Rogers, C. A. 

Title: HEDL Model 120 Shipping Container Safety Analysis Report for Packaging (SARP). Unirradiated 
Fissionable Materials 

Date: 1/1/1976 

Report: HEDL-TI-76-018 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A container that consists of an 11.94-in. ID containment vessel centered within a 21.5 
x 21.5 x 190 in. metal birdcage is described. An analysis made of structural integrity under normal 
conditions for transportation and under hypothetical accident conditions. Batch limits and transport indices 
are given for shipments of fuel pins, fuel assemblies, and other special-form materials. 
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Author: Omberg, R.P. / Bennett, R.A. / Nelson, J.V. 

Title: Analysis of FTR Phase B Critical Experiments. Part 5. ZPPR 1 (Assemblies FTR-1 and FTR-2) 

Date: 1/1/1971 

Report: HEDL-TME-71-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Control Elements, Systems & Instrumentation; Boron 
Carbides; Configuration; Control Elements; FFTF Reactor; Reactivity Worths Fast Test Reactor / Control 
Elements for, ZPPR 1 Measurements of Reactivity Worth of Boron Carbide (B4C) Peripheral Ring, Reactor 
Control Elements / Reactivity Worth of Boron Carbide (B4C) Peripheral Ring, Experimental Evaluation of 
Calculation Methods Fo 
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Author: Engstrom, S. L. / Bennett, R. A. 

Title: Analysis of FTR Phase B Critical Experiments. Part 4. ZPR-3 Assembly 56b 

Date: 5/1/1971 

Report: HEDL-TME-71-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments in support of the design of the fast flux test reactor have been 
carried out in ZPR-3 Assemblies 48, 48A, 51, 52 A through F, and 56B, by personnel of Argonne National 
Laboratory. This report presents the results and analysis of the experiments performed in assembly 56B. 
Measured and calculated values are presented of critical mass, control rod worths, fuel column worths, 
central fission ratios, and spatial reaction rates. Two dimensional diffusion theory is used with a 26 energy 
group basic cross section set. 
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Title: Three Dimensional Neutronics Calculations for the Fast Test Reactor (FTR) and the FTR 
Engineering Mock Up Critical Assembly (EMC) 

Date: 1/1/1972 

Report: HEDL-TME-72-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fast Test Reactor / Kinetics of, Computer Program Calculation of Three Dimensional; 
Critical Assemblies / Kinetics of ZPR-9 Emc-Bol, Computer Program Calculation of Three Dimensional 
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Author: Paglieri, J. N. / Rogers, C. A. 

Title: Criteria for Criticality Safety Limits and Controls at Hanford Engineering Development Laboratory 

Date: 4/1/1973 

Report: HEDL-TME-73-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Fissionable Materials; Plutonium 239- Criticality; Uranium 233- Criticality; Uranium 235- 
Criticality; Control; Storage 
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Title: Subcritical Reactivity Surveillance Procedures for the Fast Flux Test Facility 

Date: 5/1/1973 

Report: HEDL-TME-73-43 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: FFTF Reactor- Reactivity; Calibration; Configuration; Criticality; Measuring 
Methods; Monitoring; Reactor Cores; Reactor Instrumentation 
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Title: Evaluation of the Modified Source Multiplication Technique for Subcritical Reactivity Assessments 
in FTR 

Date: 10/1/1974 

Report: HEDL-TME-74-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Reaction Rate Measurements in BIG-10 

Date: 1/1/1976 

Report: HEDL-TME-75-130; LASL 2-7 

Conference/Journal: LMFBR Reaction Rate and Dosimetry 10th Progress Report June 1974 Through 
October 1975, Hanford Engineering Development Laboratory 

Conference Session:  

Abstract/Keyterms: IEU-MET-FAST-007 
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Author: McElroy, W. N. 

Title: Interlaboratory Reaction Rate program. 11th Progress report, November 1975--October 1976 

Date: 5/1/1978 

Report: HEDL-TME-77-34, EGG14-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-MET-FAST-007; A major program milestone was achieved with the 
establishment of strong supportive and operative links with the Fast Flux Test Facility (FFTF) reactor start-
up program ILRR program participants made significant contributions to the formulation and preparation 
of the FFTF Fast Test Reactor Characterization Program (FTR-RCP). FTR-RCP oriented supportive work 
is reported in this progress report for a number of participating laboratories. A brief description of the plans 
for reaction, reaction rate, fission yield, and other measurements in the FTR In-Reactor Thimble (IRT) is 
presented. In addition, results are presented of EBR-II testing of state-of-the-art fission yield measurement 
techniques for application to FTR-RCP fuels testing. Progress in the study, adaptation, and/or development 
of state-or-the-art neutron and gamma-ray measurement techniques for FFTF applications is also discussed. 
Progress in the development, fabrication, and quality assurance of reaction sensor monitors for the FTR-
RCP, FTR, and EBR-II fuels and materials testing is discussed. Another important program milestone was 
achieved when international cooperation was established in development and use of a standard reference 
dosimetry cross-section file. The current status of both national and international efforts to develop the 
ENDF/B Dosimetry File for Light Water Reactor (LWR), Fast Breeder Reactor (FBR), and Magnetic 
Fusion Reactor (MFR) applications is set forth. The selection of reactions on the ENDF/B-IV dosimetry 
file for validating the calculational tools used to determine the neutron fluence greater than 1 MeV for LWR 
metallurgical testing in the Bulk Shielding Reactor (BSR) at ORNL is described. Individual reports with 
significant information are indexed separately. 
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Author: Mann, F. M. / Schenter, R. E. 

Title: HEDL Evaluation of Actinide Cross Sections for ENDF/B-V 

Date: 8/1/1977 

Report: HEDL-TME-77-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Ombrellaro, P. A. 

Title: Subcritical Reactivity Monitoring Neutron Yields from Spontaneous (alpha, n) Reactions in FFTF 
Fuel 

Date: 6/1/1978 

Report: HEDL-TME-78-39 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron yields resulting from the reaction of alpha particles emitted by heavy metal 
isotopes with isotopes of oxygen are evaluated. The yields are evaluated for various alpha-decaying isotopes 
that are initially present or built up during irradiation in FFTF fuels. Calculations are performed using a 
sum of probabilities for 17O(alpha, n)20Ne and 18O(alpha, n)21Ne reactions in fuels which have been 
evaluated using basic nuclear data. The calculated yields are in agreement with those found in the literature 
except for the 242Cm and 244Cm isotopes of curium where the discrepancy is approximately one order of 
magnitude. The curium isotopes are present only in irradiated fuel and build up with increased irradiation. 
However, for 244Cm the predominant contribution of neutrons to the total neutron source results from 
spontaneous fission rather than the (alpha, n) reactions of the alpha particles emitted by 244Cm with 
oxygen. For 242Cm, the discrepancy is more significant since previous evaluations of the (alpha, n) yield 
showed it to be comparable to the spontaneous fission yield. The method used for the calculation of the 
(alpha, n) reaction yields provide the most accurate neutron yield evaluation currently available with 
existing nuclear data. 
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Author: Einziger, R. E. / Himes, D. A. 

Title: Assessment of Spent-Fuel Waste-Form/Stabilizer Alternatives for Geologic Disposal 

Date: 6/1/1982 

Report: HEDL-TME-81-43 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Office of Nuclear Waste Isolation (ONWI) is studying the possibility of burying 
canisterized unreprocessed spent fuel in a deep geologic repository. One aspect of this study is an 
assessment of the possible spent fuel waste forms. The fuel performance portion of the Waste Form 
Assessment was to evaluate five candidate spent fuel waste forms for post emplacement performance with 
emphasis on their ability to retard the release of radionuclides to the repository geology. Spent fuel waste 
forms under general consideration were assembly with end fittings removed to shorten the length; (3 rods 
vented to remove gases and resealed; (4) disassembled fuel bundles to close-pack the rods; and (5) rods 
chopped and fragments immobilized in a matrix material. Thirteen spent fuel waste forms, classified by 
generic stabilizer type, were analyzed for relative in-repository performance based on (2) long-term stability 
for radionuclide retention; (3) minimization of cladding degradation; (4) prevention of canister/repository 
breach due to pressurization; (5) stabilizer heat transfer; (6) the stabilizer as an independent barrier to 
radionuclide migration; and (7) prevention of criticality. 
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Title: Reaction Rate Measurements in the CFRP/PNC Criticality Experiments Program (Task-220) 

Date: 5/1/1987 

Report: HEDL-TME-86-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Limited description of the critical experiments is provided. 
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Author: Harwood, Bentley J. / Sentieri, Paul J. / Woods, Kenneth B. 

Title: Arrays of Cans of Highly Enriched Uranium Dioxide Reflected by Polyethylene 

Date: 9/30/1999 

Report: HEU-COMP-FAST-001; HEU-COMP-MIXED-001; HEU-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments with cans containing enriched uranium dioxide were performed 
in 1973 at the Oak Ridge National Laboratory Y-12 Plant, which was operated by Union Carbide 
Corporation. The critical experiments were performed on the specifically designed Criticality Testing Unit, 
Horizontal Displacement, formerly known as the Split Table Apparatus. It was located in the South 
Experimental Area of the Critical Experiment Facility. Critical experiments consisted of cans in variously 
sized arrays containing enriched uranium dioxide (UO2). Cans used in the experiments were described as 
“tins” and “similar to paint cans”. Enrichment of the UO2 material used in these critical experiments was 
93.15 wt.% 235U. The array units consisted of large or small cans of UO2, with various interspersed 
moderation schemes. Some experiments involved arrays of alcohol-water (C2H6O - 5% H2O) moderated 
UO2 fissile units to determine effects of hydrogenous moderation. A polyethylene reflector surrounded all 
experiments on all six sides with a thickness of 15.24 cm such that the effects of room reflection could be 
ignored. Twenty-nine experiments were evaluated. Three were hypothetical experiments that were not 
actually performed. of the remaining 26 experiments, five were critical with a small separation between the 
2 sides of the split table, and 15 were supercritical and 6 were subcritical with complete closure of the split 
table. These twenty-six experiments were considered acceptable as benchmark experiments. Although 
several of the benchmark models that were developed from this series of experiments can be either classified 
as “MIXED” or “THERMAL” most of the fissions occur in the fast energy range for Cases 5, 6, and 7. 
Therefore, these three cases are more appropriately identified as HEU-COMP-FAST-001. However, 
complete documentation and evaluation of those configurations are included in the evaluation of the other 
experiments in the series, HEU-COMP-MIXED-001. 
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Author: Tsiboulia, Anatoli / Kouzmine, Serguei / Barshevtsev, Vladimir 

Title: Highly Enriched Uranium Dioxide Cylinders Immersed in Mixtures of Light and Heavy Water 

Date: 9/30/2000 

Report: HEU-COMP-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The twenty-three measurements included in this evaluation are part of a series 
performed in 1985 at the Solution Physics Facility of the Institute of Physics and Power Engineering (IPPE), 
Obninsk, Russia, with highly enriched uranium dioxide. Critical experiment measurements were made with 
19 cylinders of dry uranium dioxide in stainless steel cans immersed in mixtures of heavy and light water. 
The outer diameter of each of the 19 fuel cylinders was 8.3 cm. Fuel cylinders were arranged inside of a 
hexagonal tank in triangular lattices with pitches 8.32 cm (tightly packed fuel cylinders), 9.32 cm, and 
11.33-cm. Criticality was achieved by filling the space between cylinders with moderator, which was light 
water or one of three different mixtures of light and heavy water. All experiments were done with a thick 
bottom light-water reflector. Fourteen of the experiments also had a lateral light-water reflector. Although 
experimental uncertainties are higher than typically encountered (>1%), all twenty-three experiments are 
acceptable benchmark experiments. Although most of the assemblies considered in this evaluation provide 
significant tests of cross section data in the intermediate energy range (>30% of the neutrons causing fission 
have energies between 0.625eVand 100KeV), the majority of the fissions occur in the “FAST” (neutrons 
causing fission have energies >100KeV) energy range in Cases 1, 2, 21, 22, and 23. Therefore, these five 
cases are more appropriately identified as HEU-COMP-FAST-003. Complete documentation and 
evaluation of all these configurations are given in HEU-COMP-MIXED-002. 
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Title: Intermediate Heterogeneous Assembly with Highly Enriched Uranium Dioxide (95% 235U) and 
Zirconium Hydride Moderator 
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Report: HEU-COMP-INTER-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During 1992-1993, an experiment was performed at the RRC Kurchatov Institute to 
investigate the accidental water immersion criticality safety of the thermionic intermediate reactor-
converter with highly enriched fuel (approximately 96% 235U), zirconium hydride moderator, and 
beryllium reflector Described in this evaluation are six configurations of critical assemblies simulating 
water ingress into different reactor cavities, as well as the complete water immersion of the reactor. A 
detailed description of the experiment is provided. All six configurations are considered acceptable for use 
as benchmark critical experiments. The configurations in this evaluation were originally classified as having 
intermediate energy spectra and the evaluation was given an identifier that included the designator “INTER 
“. However, it was later determined that the spectra are more appropriately classified as “MIXED” and the 
evaluation has been moved to HEU-COMP-MIXED-003. 
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Conference Session:  

Abstract/Keyterms: During 1993-1994 an experiment was performed at the RRC “Kurchatov Institute” 
to investigate accidental sand and water immersion criticality safety of the thermionic intermediate reactor 
converter with highly enriched fuel (approximately 96% 235U), zirconium hydride moderator, and end 
beryllium reflectors Described in this evaluation are five configurations of the critical assemblies simulating 
water ingress into different reactor cavities, as well as surrounding the reactor with sand and water. This 
detailed description of the experiments is provided. All five configurations are considered acceptable for 
use as benchmark critical experiments. The configurations in this evaluation were originally classified as 
having intermediate energy spectra and the evaluation was given an identifier that included the designator 
“INTER”. However, it was later determined that the spectra are more appropriately classified as “MIXED” 
and the evaluation has been moved to HEU-COMP-MIXED-004. 
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Report: HEU-COMP-INTER-003 
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Conference Session:  

Abstract/Keyterms: The COMET universal critical assembly machine was used to perform a series of 
seven uranium hydride critical experiments in 1987-88 at Los Alamos National Laboratory. The cylindrical 
assemblies were disks of canned UH3 powder, reflected by depleted uranium (D38), beryllium, and iron. 
Two 2-cm and two 3-cm-thick disks of canned UH3 compressed powder (6-in. diameter) were used in four 
of the experiments. These experiments had outer reflectors of depleted uranium (D38) and inner reflectors 
of D38, Be, and Fe. The difference in the two experiments with Be inner reflectors was that in one 
experiment one of the 2-cm cans of UH3 was inverted. The total mass of the UH3 for each of these 
experiments was 17.7 kg. Four 3-cm disks were used for two of the three experiments with the outer 
reflector removed. The total UH3 mass for the Be and one D38 experiment was 21.3 kg. The total mass for 
the third D38 experiment was 23.1 kg. This was achieved by using two 2-cm disks and three 3-cm disks. 
Photographs of the UH3 experiment on the COMET assembly are shown in Figures 1 and 1.a. “Generic” 
setups of doubly and singly reflected assemblies are shown in Figures 2 and 3. The Comet assembly 
machine was used for several other similar experiments. SPEC-MET-FAST-004 and PU-MET-FAST-009 
cover these experiments. All seven of these experiments are considered to be acceptable as benchmark 
critical experiments. 
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Title: k∞ Experiments in Intermediate Neutron Spectra for 235U 

Date: 9/30/1999 

Report: HEU-COMP-INTER-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental programme comprised a series of small-sample k∞ experiments in 
intermediate neutron spectra. The experiments were performed at the HECTOR (Hot Enriched Carbon-
moderated Thermal Oscillator Reactor) zero-power reactor at Winfrith, United Kingdom, during the late 
1960s. Very little experimental information is available for these experiments. As a result the interpretation 
of the experiments has been taken entirely from Reference 1. The text of this reference is included here as 
Appendix B. The experimental programme was designed to provide a sensitive test of the 235U and 239Pu 
cross sections over the energy range 10 eV to 10 keV and was therefore known as the HECTOR 
Intermediate Spectrum Study (HISS). The experimental programme considered two fuel mixtures, 
homogeneous graphite:uranium oxide (92% enriched 235U) and graphite:plutonium oxide (5% 240Pu). 
The plutonium oxide experiments are described in PU-COMP-INTER-001. This single configuration is 
considered to be an acceptable criticality safety benchmark experiment. It should be noted that these 
experiments are somewhat different from other ICSBEP evaluations. Usually considered are critical 
experiments in which the benchmark model comprises as close a representation of the real system as 
possible. However, in this instance the experiments consisted of sample reactivity worth measurements. 
The measured reactivity worths for a number of fuel samples with varied boron content were interpolated 
to produce a boron/ 235U ratio which would yield a k∞ of unity. In order to make a comparison with the 
reported k∞ values, the benchmark model of the experiment will therefore represent a homogeneous infinite 
medium with a material composition appropriate to the interpolated boron/ 235U ratio. 
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Author: Tsiboulia, Anatoli / Nikolaev, Mark / Golubev, Vladimir 

Title: k∞ Experiments in Intermediate Neutron Spectra for Various Structural Materials 

Date: 9/30/2002 

Report: HEU-COMP-INTER-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Several k∞ experiments were performed on the COBRA critical facility at the 
Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation during the 1970s and 80s. 
The experimental program consisted of determination of k∞ for combinations of highly enriched (90% 
235U) uranium dioxide with various structural materials: nickel (KBR-7 assembly), stainless steel (KBR-
9), stainless steel and molybdenum (KBR-10), chromium (KBR-15), and zirconium (KBR-16). A more 
complete description of experimental data is given in References 1 and 2. All five experiments are evaluated 
here and are considered to be acceptable for use as benchmark experiments. 
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Author: Tsiboulia, Anatoli / Kouzmine, Serguei / Barshevtsev, Vladimir 

Title: Highly Enriched Uranium Dioxide Cylinders Immersed in Mixtures of Light and Heavy Water 

Date: 9/30/2000 

Report: HEU-COMP-INTER-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The twenty-three measurements included in this evaluation are part of a series 
performed in 1985 at the Solution Physics Facility of the Institute of Physics and Power Engineering (IPPE), 
Obninsk, Russia with highly enriched uranium dioxide. Critical experiment measurements were made with 
19 cylinders of dry uranium dioxide in stainless steel cans immersed in mixtures of heavy and light water. 
The outer diameter of each of the 19 fuel cylinders was 8.3 cm. Fuel cylinders were arranged inside of a 
hexagonal tank in triangular lattices with pitches 8.32 cm (tightly packed fuel cylinders), 9.32 cm, and 11.33 
cm. Criticality was achieved by filling the space between cylinders with moderator, which was light water 
or one of three different mixtures of light and heavy water. All experiments were done with a thick bottom 
light-water reflector. Fourteen of the experiments also had a lateral light-water reflector. Although 
experimental uncertainties are higher than typically encountered (>1%), all twenty-three experiments are 
acceptable benchmark experiments. Most of the assemblies considered in this evaluation provide significant 
tests of cross section data in the intermediate energy range (>30% of the neutrons causing fission have 
energies between 0.625 eV and 100KeV). However, the majority of the fissions occur in the intermediate 
energy range (neutrons causing fission have energies between 0.625eVand 100KeV) only in Case 6. 
Therefore, Case 6 is more appropriately identified as HEU-COMP-INTER-006. Complete documentation 
and evaluation of all these configurations are given in HEU-COMP-MIXED-002. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The twenty-three measurements included in this evaluation are part of a series 
performed in 1985 at the Solution Physics Facility of the Institute of Physics and Power Engineering (IPPE), 
Obninsk, Russia with highly enriched uranium dioxide. Critical experiment measurements were made with 
19 cylinders of dry uranium dioxide in stainless steel cans immersed in mixtures of heavy and light water. 
The outer diameter of each of the 19 fuel cylinders was 8.3 cm. Fuel cylinders were arranged inside of a 
hexagonal tank in triangular lattices with pitches 8.32 cm (tightly packed fuel cylinders), 9.32 cm, and 11.33 
cm. Criticality was achieved by filling the space between cylinders with moderator, which was light water 
or one of three different mixtures of light and heavy water. All experiments were done with a thick bottom 
light-water reflector. Fourteen of the experiments also had a lateral light-water reflector. Although 
experimental uncertainties are higher than typically encountered (>1%), all twenty-three experiments are 
acceptable benchmark experiments. Although these experiments are identified as “MIXED,” the calculated 
spectrum of Case 6 is intermediate and the calculated spectra of Cases 1, 2, 21, 22, and 23 are fast. 



 

C-6114 

6106…..…..…………………..…….……..……ID Number…………………..…..…………….6106 

Author: Glushkov, Y. S. / Ponomarev-Stepnoi, N. N. 

Title: Intermediate Heterogeneous Assembly with Highly Enriched Uranium Dioxide (95% 235U) and 
Zirconium Hydride Moderator 

Date: 8/7/1995 

Report: HEU-COMP-MIXED-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During 1992-1993, an experiment was performed at the RRC Kurchatov Institute to 
investigate the accidental water immersion criticality safety of the thermionic intermediate reactor-
converter with highly enriched fuel (approximately 96% 235U), zirconium hydride moderator, and 
beryllium reflector. Described in this evaluation are six configurations of critical assemblies simulating 
water ingress into different reactor cavities, as well as the complete water immersion of the reactor. A 
detailed description of the experiment is provided. All six configurations are considered acceptable for use 
as benchmark critical experiments. 
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Date: 8/31/1996 

Report: HEU-COMP-MIXED-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During 1993-1994 an experiment was performed at the RRC “Kurchatov Institute” 
to investigate accidental sand and water immersion criticality safety of the thermionic intermediate reactor 
converter with highly enriched fuel (approximately 96% 235U), zirconium hydride moderator, and end 
beryllium reflectors Described in this evaluation are five configurations of the critical assemblies simulating 
water ingress into different reactor cavities, as well as surrounding the reactor with sand and water. This 
detailed description of the experiments is provided. All five configurations are considered acceptable for 
use as benchmark critical experiments. 
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Report: HEU-COMP-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments of hexagonal graphite rods containing highly enriched uranium 
moderated and reflected by water were performed at Oak Ridge National Laboratory (ORNL) from 
November 1965 to February 1966. The experiments were performed with Westinghouse type NRX-A3 and 
NRX-A4 fuel elements to provide data for criticality safety analyses of Rover fuel element production, 
storage, and transportation. The Rover program was started in the late 1950s to provide a means of 
propulsion for space missions. Criticality was achieved as liquid hydrogen traveled down holes within the 
elements. Thermal energy produced from criticality converted the liquid hydrogen into a high-pressure gas, 
which exited the spacecraft at a high velocity providing propulsion. Each NRX-A fuel element was a 
nominally 52-in. -long hexagonal graphite cylinder with a 0.870-in. diagonal (0.435-in. sides), containing 
19 uniformly spaced longitudinal holes. Pyrolytic-graphite-coated uranium dicarbide beads were uniformly 
distributed in the graphite. Three experiments were performed with shorter, 15.3125-in. -length fuel 
elements. Most experiments were performed with elements encased in sealed aluminum tubes which 
prevented water from coming in contact with the element, while other experiments were performed with 
elements in water. Vertically oriented arrays of both square-pitched and triangular-pitched configurations 
were constructed. A total of 25 critical assemblies were constructed. All 25 experiments are considered 
acceptable for use as benchmark experiments. 



 

C-6117 

6109…..…..…………………..…….……..……ID Number…………………..…..…………….6109 

Author: Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Two-Zone Critical Arrays with U(80%)O2+Cu Fuel and Light Water Moderator 

Date: 8/31/1996 

Report: HEU-COMP-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices of 
highly enriched (approximately 80% 235U) fuel rods of cross-shaped cross section was performed over the 
course of several years (1967-1970) in RRC”Kurchatov Institute”. These experiments consist of ones with 
lattices with clusters of fuel rods (HEU-COMP-THERM-005), uniform lattices (HEU-COMP-THERM-
006), double lattices with zirconium hydride rods (HEU-COMPTHERM- 007), double lattices with boron 
carbide rods (HEU-COMP-THERM-008) and two-zone lattices. This evaluation describes 15 critical two-
zone lattice experiments corresponding to different combinations of inner and peripheral zones of cross-
shaped fuel rods at two pitches. The studied configurations are either arrays with the center zone containing 
closely spaced rods (pitch of 0.61 cm) surrounded by a widely spaced lattice (pitch of 1.22 cm or 1.83 cm), 
or the opposite: the center zone containing a widely spaced lattice (pitch of 1.22 cm or 1.83 cm) surrounded 
by a closely spaced array (pitch of 0.61 cm). All 15 configurations are reported in sufficient detail to qualify 
as acceptable benchmark experiments. 
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Date: 8/31/1996 

Report: HEU-COMP-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with highly enriched (approximately 90% 235U) fuel rods of cross-shaped cross section was performed in 
1969 at RRC “Kurchatov Institute” (see References 1 and 2). These experiments consisted of double lattices 
of fuel rods and absorber rods containing Gd or Sm. Double lattices are two superimposed lattices of two 
different types of rods at different pitches. Rods of the larger-pitched lattice replace those of the other lattice. 
This evaluation describes 4 critical configurations of hexagonal lattices of fuel rods and Gd or Sm rods. 
The fuel rod lattice pitch value was 5.3 mm for all experiments. The absorber rod lattice pitch values were 
approximately 27.5 and 36.7 mm. All four configurations are considered to be acceptable for use as 
benchmark critical experiments. 
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Date: 8/31/1996 

Report: HEU-COMP-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with highly enriched (approximately 80% 235U) fuel rods of cross-shaped cross section was performed 
over the course of several years (1965-1975) in RRC “Kurchatov Institute” (see References 1 and 2). These 
experiments consist of ones with two-zone lattices (HEU-COMP-THERM-003), lattices with clusters of 
fuel rods, uniform lattices (HEU-COMP-THERM-006), lattices with zirconium hydride rods (HEU-
COMP-THERM-007), and lattices with boron carbide rods (HEU-COMPTHERM- 008). This evaluation 
describes 2 critical configurations with hexagonal lattices of clusters of fuel rods. The fuel rod hexagonal-
lattice pitch value was 5.2 mm for all experiments. The cluster edge-to-edge separations were 0.08 cm and 
1.08 cm. Only one experiment, at 0.08-cm cluster separation, is judged to be acceptable for use as a 
criticality safety benchmark experiment. 
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Title: Water-Moderated Hexagonally Pitched Lattices of U(80%)O2+Cu Fuel Rods 

Date: 8/31/1996 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with highly enriched (approximately 80% 235U) fuel rods of cross-shaped cross section was performed 
over the course of several years in RRC “Kurchatov Institute” (see References 1 and 2). These experiments 
consist of ones with two-zone lattices (HEU-COMP-THERM-003), lattices with clusters of fuel rods (HEU-
COMP-THERM-005), uniform lattices, double lattices with zirconium hydride rods (HEU-COMP-
THERM-007), and double lattices with boron carbide rods (HEU-COMPTHERM- 008). Double lattices 
are two superimposed lattices of two different types of rods at different pitches. Rods of the larger-pitched 
lattice replace those of the other lattice. This evaluation describes 3 critical configurations with uniform 
hexagonal lattices with pitch values of 5.6, 10.0, and 21.13 mm. All of these are considered to be acceptable 
for use as benchmark critical experiments. 
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Author: Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Water-Moderated Hexagonally Pitched Double Lattices of U(80%)O2+Cu Fuel Rods and Zirconium 
Hydride Rods 

Date: 8/31/1996 

Report: HEU-COMP-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with highly enriched (approximately 80% 235U) fuel rods of cross-shaped cross section was performed 
over the course of several years (1965 to 1975) in RRC “Kurchatov Institute” (see References 1 and 2). 
These experiments consist of ones with two-zone lattices (HEU-COMP-THERM-003), lattices with 
clusters of the fuel rods (HEU-COMP-THERM-005), uniform lattices (HEU-COMPTHERM- 006), double 
lattices with zirconium hydride rods, and double lattices with boron carbide rods (HEU-COMP-THERM-
008). Double lattices are two superimposed lattices of two different types of rods at different pitches. Rods 
of the larger-pitched lattice replace those of the other lattice. This evaluation describes 3 critical 
configurations with double hexagonal lattices with fuel rods and zirconium hydride rods. The fuel rod lattice 
pitch value was 6.1 mm for all experiments. The zirconium hydride rods lattice pitch values were 
approximately 10.6, 21.1, and 42.3 mm. All of these are considered to be acceptable for use as benchmark 
critical experiments. 
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Title: Water-Moderated Hexagonally Pitched Double Lattices of U(80%)O2+Cu Fuel Rods and Boron 
Carbide Rods 

Date: 8/31/1996 

Report: HEU-COMP-THERM-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with highly enriched (approximately 80% 235U) fuel rods of cross-shaped cross section was performed 
over the course of several years (1965 to 1975) in RRC “Kurchatov Institute” (see References 1 and 2). 
These experiments consist of ones with two-zone lattices (HEU-COMP-THERM-003), lattices with 
clusters of the fuel rods (HEU-COMP-THERM-005), uniform lattices (HEU-COMP-THERM-006), double 
lattices with zirconium hydride rods (HEU-COMP-THERM-007), and double lattices with boron carbide 
rods. Double lattices are two superimposed lattices of two different types of rods at different pitches. Rods 
of the larger-pitched lattice replace those of the other lattice. This evaluation describes 2 critical 
configurations with double hexagonal lattices of fuel rods and boron carbide rods. The fuel rod lattice pitch 
value was 5.3 mm for both experiments. The B4C rod lattice pitch values were 21.2 and 26.5 mm. Both of 
these are considered to be acceptable for use as benchmark critical experiments. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-one critical experiments involving lattices of EBOR (Experimental 
Beryllium Oxide Reactor) fuel pins were performed in 1967 at Oak Ridge National Laboratory that was 
operated by Union Carbide Corporation. The fuel pins consisted of compressed ceramic pellets contained 
in Hastelloy X-280 tubes. The pellets were a homogeneous mixture of U(62.4)O2 and BeO. The original 
purpose of the experiments was to determine specifications for the storage and chemical processing of 
EBOR fuel. The first set of 15 (Cases 1 – 15) experiments consisted of EBOR fuel pins arranged in various 
lattice configurations moderated and reflected by water. The second set consisted of 1 configuration in 
water (Case 16), 3 in borated water (Cases 17 – 19), 1 in uranyl nitrate solution (Case 20), and 1 in borated 
uranyl nitrate solution (Case 21). All 21 fuel-pin experiments are considered acceptable for use as 
benchmark experiments. 
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Author: Bykov, Andrey A. / Gagarinski, A. Yu. / Pavlov, V. D. / Zhukov, O. E. / Montierth, L. M. / 
Neeley, M. N. 

Title: Critical and Subcritical Experiments with Four Clusters of Square-Pitched 21x21 Lattices of Highly 
Enriched (~80% 235U) Stainless-Steel-Clad Fuel Rods 
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Report: HEU-COMP-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical and subcritical experiments (HEU-COMP-THERM-011, HEU-
COMP-THERM-012, HEU-COMP-THERM-013, and HEU-COMP-THERM-014) with water-moderated 
clusters of highly enriched (~ 80% U235) fuel rods with steel clad was carried out at the RRC «Kurchatov 
Institute» in 1997. The fuel material was a mixture of UO2 in an aluminum matrix. The 4 or 9 square 
clusters consisted of uniform square-pitched fuel-rod lattices. The clusters were sized from 20x20 cm to 
30x30 cm. The rH/rU235 ratio was 35 to 40 for the 14-mm pitch lattices and was ~170 for the 19.8-mm-
pitch lattices (HEU-COMP-THERM-014). All critical conditions were achieved with a partially flooded 
core. This evaluation describes a series of five experiments with cores consisting of 1764 fuel rods 
assembled into four clusters of 21x21 fuel rods (30x30 cm) with ratio rH/rU235 » 40. The fuel-rod lattice 
pitch value was 14 mm. The distance between clusters varied from 0 to 5.6 cm. Three of these experiments 
were critical with partially flooded cores, while the two remaining were fully flooded subcritical 
experiments. All five experiments were performed under the same carefully controlled and monitored 
conditions. The three critical experiments are considered to be acceptable for use as benchmark critical 
experiments. 
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Conference Session:  

Abstract/Keyterms: A series of critical and subcritical experiments with water-moderated clusters of 
highly enriched (~80% U235) fuel rods with steel clad (HEU-COMP-THERM-011, HEU-COMP-
THERM-012, HEU-COMP-THERM-013, and HEU-COMP-THERM-014) was carried out at the RRC 
«Kurchatov Institute» in 1997. The fuel material was a mixture of UO2 in an aluminum matrix. The 4 or 9 
square clusters consisted of uniform square-pitched fuel-rod lattices. The clusters were sized from 20x20 
cm to 30x30 cm. The rH/rU235 ratio was 35 to 40 for the 14-mm-pitch lattices and was ~170 for the 19.8-
mm-pitch lattices (HEU-COMP-THERM-014). All critical conditions were achieved with a partially 
flooded core. This evaluation describes a series of five experiments with cores consisting of 1296 fuel rods 
of two types assembled into four clusters of 18x18 fuel rods (25x25 cm). Half the rods were the same type 
used in the other experiments of this series. The other half were rods with 30% more UO2 in the UO2-Al 
fuel mixture. The two types alternated in the lattice positions. The extra UO2 in half the rods reduced the 
ratio rH/rU235 from 40 to » 35. The fuel-rod lattice-pitch value was 14 mm. The distance between clusters 
varied from 0 to 5.6 cm. Two of these experiments were critical with partially flooded cores, while the three 
remaining were fully flooded subcritical experiments. All five experiments were performed under the same 
carefully controlled and monitored conditions. The two critical experiments are considered to be acceptable 
for use as benchmark critical experiments. 
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Conference Session:  

Abstract/Keyterms: A series of critical and subcritical experiments (HEU-COMP-THERM-011, HEU-
COMP-THERM-012, HEU-COMP-THERM-013, and HEU-COMP-THERM-014) with water-moderated 
clusters of highly enriched (~ 80% U235) fuel rods with steel clad was carried out at the RRC «Kurchatov 
Institute» in 1997. The fuel material was a mixture of UO2 in an aluminum matrix. The 4 or 9 square 
clusters consisted of uniform square-pitched fuel-rod lattices. The clusters were sized from 20x20 cm to 
30x30 cm. The rH/rU235 ratioa was 35 to 40 for the 14-mmpitch lattices and was ~170 for the 19.8-mm-
pitch lattices (HEU-COMP-THERM-014). All critical conditions were achieved with a partially flooded 
core. This evaluation describes a series of four experiments with cores consisting of 1764 fuel rods 
assembled into nine clusters of 14x14 fuel rods (20x20 cm) with ratio rH/rU235 » 40. The fuel-rod lattice-
pitch value was 14 mm. The distance between clusters varied from 1.4 to 5.6 cm. (Case 1 of HEU-COMP-
THERM-011 is the same lattice with no separation between clusters.) Two of these experiments were 
critical with partially flooded cores, while the two remaining were fully flooded subcritical experiments. 
All four experiments were performed under the same carefully controlled and monitored conditions. The 
two critical experiments are considered to be acceptable for use as benchmark critical experiments. 
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Abstract/Keyterms: A series of critical and subcritical experiments (HEU-COMP-THERM-011, HEU-
COMP-THERM-012, HEU-COMP-THERM-013, and HEU-COMP-THERM-014) with water-moderated 
clusters of highly enriched (~80% U235) fuel rods with steel clad was carried out at the RRC «Kurchatov 
Institute» in 1997. The fuel material was a mixture of UO2 in an aluminum matrix. The 4 or 9 square 
clusters consisted of uniform square-pitched fuel-rod lattices. The clusters were sized from 20x20 cm to 
30x30 cm. The ρH/ρU235 ratio was 35 to 40 for the 14-mm-pitch lattices (HEU-COMP-THERM-011, 
HEU-COMP-THERM-012, and HEU-COMP-THERM-013) and was ~170 for the 19.8-mm-pitch lattices. 
All critical conditions were achieved with a partially flooded core. This evaluation describes a series of four 
experiments with cores consisting of 900 fuel rods assembled into nine clusters of 10x10 fuel rods (20x20 
cm) with ratio ρH/ρU235 ≈ 170. The fuel-rod lattice-pitch value was 19.8 mm. The distance between 
clusters varied from 0 to 5.94 cm. Two of these experiments were critical with partially flooded cores, while 
the two remaining were fully flooded subcritical experiments. All four experiments were performed under 
the same carefully controlled and monitored conditions. The two critical experiments are considered to be 
acceptable for use as benchmark critical experiments. 
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Abstract/Keyterms: The Light Water Breeder Reactor (LWBR) Program was chartered to develop a 
commercially viable breeder reactor using contemporary (1960s and 1970s) light-water reactor technology. 
Building on innovative concepts and experiment results, LWBR design centered on a fuel blend of 233U 
and 232Th oxides and on a variable-geometry nuclear-control concept. The program included several sets 
of critical experiments, an operational research reactor, associated 233U production, and associated fuel-
manufacturing facilities. All of LWBR Program critical experiments were conducted at the Bettis High 
Temperature Test Facility of the Bettis Atomic Power Laboratory (BAPL) in Pennsylvania by 
Westinghouse Atomic Power Division (WAPD). Conducted in the mid 1960s, the first set of critical 
experiments included eight water-flooded critical assemblies, designated SB cores for their seed-and-
blanket (or small blanket) configurations. These cores were designed to provide nuclear parameter 
information for LWBR blankets. Two seed fuel matrices were used, 235UO2 -ZrO2 and 233UO2 -ZrO2. 
Similarly, two blanket matrices were used, 232ThO2 and 233UO2 -232ThO2. The eight assemblies 
included five rectangular (SB-1, SB-2, SB-21/2, SB-3, and SB-4) and three hexagonal (SB-5, SB-6, SB-7) 
cores. Experimenters respectively designated these cores wet and dry (or wet and dry blanket assemblies) 
due to their relative solid-to-water volume ratios in the blanket region. However, the blanket region was 
water flooded in all cases. A geometric (rectangular/hexagonal), rather than water (wet/dry), designation is 
used here to avoid confusion and possible misunderstanding. 
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Title: IGR Reactor - Uranium-Graphite Blocks Reflected by Graphite 

Date: 9/30/2001 

Report: HEU-COMP-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Decommissioning of the first production reactors creates the problem of nuclear 
safety associated with storage and disposal of graphite blocks. The reason lies in the fact that during 
accidents involving failure of fuel claddings, fuel particles find their way into the graphite-stack blocks 
inside the reactor. In order to verify the computer codes and nuclear data libraries employed for assessing 
the nuclear safety of various options for storage of graphite blocks, it is desirable to have benchmark critical 
mass experiments. In lieu of such experiments it was proposed to use the studies carried out at the graphite 
reactor IGR (Impulse Graphite Reactor), at the former Semipalatinsk Nuclear Test Site in the period of 
1970 through 1992 (The experimental data were provided by the Atomic Energy Institute of the National 
Nuclear Center of Kazakhstan Republic, Kurchatov.) The reactor core is a graphite stack with a very low 
content of 235U (~8180 graphite nuclei per uranium nucleus). The experiments produced exactly critical 
(keff=1) configurations of the core at various stack temperatures and with different positions of control 
rods. This survey presents the results of 6 critical experiments. The geometry, mass and composition of all 
reactor components were identified on the basis of available publications and with the help of the authors 
of the experiments. Graphite composition measurements were specially conducted for this work, as even 
small boron content affects keff due to the low concentration of uranium. 



 

C-6130 

6122…..…..…………………..…….……..……ID Number…………………..…..…………….6122 

Author: Pešić, Milan P. 

Title: RB Reactor: Lattices of 80%-Enriched Uranium Elements in Heavy Water 

Date: 9/30/2000 

Report: HEU-COMP-THERM-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The 80%-enriched uranium dioxide - heavy water critical assembly, known as the RB 
reactor (Reactor B), was designed at the Institute of Nuclear Sciences “Boris Kidrič” (now “Vinča”) in 
1976 by modification of the natural uranium - heavy water assembly constructed in 1958. The new core 
allows usage of different numbers of 80%-enriched uranium dioxide elements placed in square lattices with 
(preselected) various pitches. The cores are arranged in an aluminium cylindrical tank filled with heavy-
water moderator and reflector. Neither forced cooling system nor radiation shielding were provided. One 
of the 9 experiments described here was performed in 1977 and the others were performed in 1999. The 
RB reactor (critical assembly) is still in operation. The assembly tank is mounted on an aluminium platform, 
supported by an aluminium construction. In that way, the tank is far away (at least 4 m) from any reflecting 
surface in the reactor hall. The fuel-supporting grid plates allow construction of the cores with different 
square lattice pitches. Criticality is achieved and maintained by fine adjustment of the heavy-water level, 
while the safety rods are taken out of the core. These 9 simple 80%-enriched uranium dioxide - heavy-water 
configurations are considered acceptable for use as benchmark critical experiments. 
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Author: Rhoden, W. Guy / Reed, Raymond L. 

Title: Water Reflected and Moderated Uniform Lattice Cores of Aluminum Clad Uranium Oxide and 
Thorium Oxide with and without Boron Poison 

Date: 9/30/2006 

Report: HEU-COMP-THERM-021 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Thorium Uranium Physics Experiments (TUPE) consisted of the study of 
uniform lattice cores moderated and reflected by light water or borated light water. The fuel consisted of a 
mixture of thorium oxide and uranium oxide. Two types of fuel mixtures (15/1 and 25/1) were used in the 
experiments. The 15/1 and 25/1 labels refer to the ratio of the thorium atoms to 235U atoms in the fuel. 
Unless otherwise indicated, the material in Section 1.0 is from Reference 1. Other references directly related 
to these experiments are References 2, 3, and 4. References 5 and 6 describe some experiments that used 
some of the fuel pins used in these experiments. The experimental setups varied fuel composition as related 
to the ratio of thorium to 235U, fuel pin pitch, number of pins, water height, and boron content in the water. 
This resulted in at least 100 critical configurations (101 critical configurations are detailed in Reference 1). 
The objective of the TUPE experiments was to measure lattice parameters for a series of cores with metal-
towater volume ratios in the range of 0.3 to 1.0. Specifically, material buckling, critical size and mass, and 
nonleakage probability as a function of buckling were determined. Additional objectives included the 
determination of as many detailed two-group parameters as possible, including separation of k∞ into slow 
and fast components, resonance escape probability for thorium, and ratio of average thermal flux in water 
to average thermal flux in fuel. These experiments were performed at the Babcock & Wilcox (now BWXT) 
facilities in Lynchburg, Virginia. The experiments were performed in late 1959 through early 1960 as part 
of an Atomic Energy Commission contract. of the 101 critical configurations detailed in Reference 1, 100 
are considered acceptable as critical benchmark experiments. 
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Author: Kim, Soon S. 

Title: SPERT III Stainless-steel-clad Plate-type Fuel in Water 

Date: 9/30/2001 

Report: HEU-COMP-THERM-022 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven critical experiments involving lattices of SPERT III type 1S fuel elements 
with watermoderated and water-reflected 93.2%-enriched uranium dioxide were performed in May, 1959 
in a small auxiliary tank located at the SPERT I facility of the National Reactor Testing Station (now the 
Idaho National Engineering and Environmental Laboratory). The object of the critical experiments was to 
obtain clean criticality data on geometrically simple, close-packed arrays in order to test the validity of the 
neutron diffusion analysis of the full-scale SPERT III reactor. The fuel element, or assembly, is a plate-
type stainless steel unit, consisting of 38 fuel plates, 2 side plates, a center reinforcing plate, and upper and 
lower end boxes. A total of 11 experiments were evaluated in this report. All 11 experiments are judged to 
be acceptable as benchmarks. 
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Author: LaBauve, Raphael J. 

Title: Bare, Highly Enriched Uranium Sphere (Godiva) 

Date: 9/30/2002 

Report: HEU-MET-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: One of the better experiments performed at Los Alamos in the 1950's to determine 
the critical mass of a bare, 94 wt.% 235U (U(94)), sphere of highly enriched uranium (HEU) consisted of 
two identical sets of nested oralloy hemispheres. The upper set was supported by a 0.015 inch thick 
diaphragm of stainless steel, and the lower set rested on a thin-wall aluminum cylinder. By remote control, 
the lower stack was raised to contact the steel diaphragm for each measurement of the multiplication of 
neutrons from a small near-central source. Analysis of this experiment led to the specification of the critical 
mass of a bare sphere of HEU termed “Lady Godiva.” Two models of this experiment, the bare Godiva 
sphere, and a 6-shell model, subsequently referred to as the “Shell Model,” are acceptable as criticality 
safety benchmarks. The resulting specifications of Godiva for a keff = 1.000 ± 0.001 consists of a bare 
U(94) sphere with a “corrected “ diameter of 6.883 inches and a “corrected” mass of 52.42 kg, which 
includes 0.02 kg for the almost negligible amount of 236U isotope and very small amounts of impurities 
(C, Si, and Fe). These dimensions are for a 93.71 wt.% 235U enrichment and an 18.74 g/cm3 U density. 
The amount of 234U was stated to be 1.02 wt. %, which results in a 5.27 wt.% 238U content. These 
specifications have been used for many years by working groups involved in the evaluation and validation 
of nuclear data and codes used in nuclear calculations. 
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Author: LaBauve, Raphael J. 

Title: Topsy 8-Inch-Tuballoy-Reflected Oralloy Assemblies 

Date: 9/30/2000 

Report: HEU-MET-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments included in this evaluation are six critical assemblies run on the 
Topsy machine in 1950 as described in Reference 1. The six critical assemblies include a pseudosphere, a 
pseudocylinder, and four parallelepipeds. All are oralloy (highly enriched uranium), 3 to 5 inches wide, and 
reflected by 8 inches of tuballoy (natural uranium). Although a number of experiments are described and 
discussed in Reference 1, the six tuballoy reflected (tuballoy-tamper) assemblies chosen for analysis here 
seem to be the most carefully performed. They were taken to critical and were used to demonstrate the 
effect of geometry on critical mass. All six of these experiments are considered to be acceptable for use as 
criticality safety benchmark experiments. 



 

C-6135 

6127…..…..…………………..…….……..……ID Number…………………..…..…………….6127 

Author: LaBauve, Raphael J. 

Title: Reflected Oralloy Spherical Assemblies 

Date: 3/31/1995 

Report: HEU-MET-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments included in this evaluation are seven spherical oralloy (highly 
enriched uranium) assemblies reflected by 2, 3, 4, 5, 7, 8, and 11 inches of tuballoy (natural uranium); four 
spherical oralloy assemblies reflected by 1.9, 2.9, 4.5, and 6.5 inches of tungsten carbide; and one spherical 
oralloy assembly reflected by 8 inches of nickel. The tuballoy-reflected experiments with tampers 
(reflectors) less than 5 inches thick were not brought to critical and were either “hand held” or run on the 
Elsie machine. Three tungsten-carbide-reflected experiments were run on the Elsie machine, and one (2-
inch reflector) was “hand held”; none were brought to critical. All assemblies run on the Topsy machine 
with tuballoy reflectors equal to or greater than 5 inches were brought to critical. A total of 19 experiments 
are described in Reference 1. Six of these, which seemed to be the most carefully performed, are described 
in the preceding evaluation HEU-MET-FAST-002. These experiments are oralloy assemblies of different 
geometrical configuration all reflected by 8 inches of tuballoy. (A seventh experiment was not considered 
at the suggestion of the author of Reference 1.) Results for one experiment, namely the spherical assembly 
reflected by 8 inches of tuballoy, is repeated here for completeness. All experiments are considered 
acceptable for use as criticality safety benchmark experiments, but those experiments that were brought to 
critical are more reliable than the others. In particular, the acceptability of the nickel-reflected sphere is 
certainly somewhat marginal. 
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Author: Mosteller, Russell D. 

Title: Water-Reflected, Highly Enriched Uranium Sphere 

Date: 9/30/1997 

Report: HEU-MET-FAST-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The objective of this experiment, conducted at the Pajarito Site at Los Alamos 
National Laboratory in December 1976, was to provide a very accurate estimate of the critical mass of a 
sphere of highly enriched uranium (HEU) with an effectively infinite water reflector. The sphere was placed 
on top of a Plexiglas stand inside an aluminum tank containing water. The water level was raised until the 
configuration was slightly supercritical, and the excess reactivity was measured as a function of the height 
of the water above the sphere. The experimental results then were extrapolated to the condition of the same 
sphere in an infinite sea of water based on calculations. An outstanding feature of this experiment is that 
the uncertainties associated with it are quite small, and the results are remarkably insensitive to those 
uncertainties. This experiment is considered to be acceptable for use as a benchmark experiment for 
criticality safety. 
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Author: Tsiboulia, Anatoli / Elovsky, Oleg A. 

Title: Beryllium- and Molybdenum-Reflected Cylinders of Highly Enriched Uranium 

Date: 9/30/1999 

Report: HEU-MET-FAST-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments on the critical facility UKS-1M with cores of highly enriched 
uranium metal alloy and reflectors of molybdenum and beryllium were performed in 1987 at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russia, in support of the design of reactors for a power 
supply for outer-space apparatus. In this series of experiments, special attention was given to the possibility 
of an adequate calculational description of the criticality of a reactor with a “fast” core when the moderating 
power of reflector materials is substantially changed. Six configurations are accepted as benchmark 
experiments. 
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Author: Mosteller, Russell D. 

Title: Lattices of Oralloy Cubes in Water 

Date: 3/31/1995 

Report: HEU-MET-FAST-006; HEU-MET-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During or shortly prior to 1955, a series of experiments was conducted at the Pajarito 
site at Los Alamos National Laboratory using cubic or nearly cubic lattices of oralloy (Oy) cubes immersed 
inside a tank of water. (Oralloy denotes uranium enriched to approximately 93 wt.% 235U.) The objective 
of these experiments was to “help bridge the gap between critical mass data for solid units of Oy (water 
tamped) and for immersed Oy lathe turnings or solutions with molecular units.” Although none of the 
configurations was taken to an actual critical condition, the results obtained were interpolated to estimate 
the optimum separation and minimum mass for criticality to occur. Although most of the benchmark models 
that were developed from this series of experiments involve arrays of small oralloy cubes immersed in 
water, one of the benchmark models involves a single parallelepiped reflected by water and another 
involves a single cube reflected by water. In Cases 5, 6 and 7 with lattices of small cubes, most of the 
fissions occur in the thermal-energy range. However, most of the fissions occur in the fast range for Cases 
1 and 2 with a single oralloy unit. The fission spectra for Cases 3 and 4, with lattices of larger size cubes, 
is mixed. Therefore, Cases 1 and 2 are appropriately identified as HEU-MET-FAST-006, and Cases 3 and 
4 are appropriately identified as HEU-MET-MIXED-010, but complete documentation and evaluation of 
those configurations are included with the evaluation of the other experiments in the series, HEU-MET-
THERM-003. 
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Author: Crawford, Catherine 

Title: Uranium Metal Slabs Moderated with Polyethylene, Plexiglas, and Teflon 

Date: 9/30/2005 

Report: HEU-MET-FAST-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Forty-three critical experiments involving moderated slabs of highly enriched 
uranium metal (93.15 wt.% 235U) were performed at the Oak Ridge National Laboratory (ORNL) in 1967, 
which was at that time operated by Union Carbide Corporation. The unreflected experiments consisted of 
uranium metal slabs interleaved with polyethylene, Plexiglas, or Teflon. Some of the experiments 
moderated by polyethylene also had a six-inch polyethylene reflector. Critical configurations had base 
dimensions of 5 x 10 and 10 x 10 inches (12.7 x 25.4 and 25.4 x 25.4 cm). The uranium mass ranged from 
15.712 to 120.709 kg and H: 235U ratios varied from 0 to 5. Not all configurations were fast systems. In 
four configurations more than half of fissions are caused by neutrons having intermediate energy (0.625 eV 
to 100 KeV), and thirteen configurations are of ‘mixed’ energy, with less than 50% of fissions caused by 
neutrons in each of the three energy ranges, thermal, intermediate, and fast. These cases are noted in 
Appendix G and are cross-referenced from HEU-MET-INTER-007 and HEU-MET-MIXED-009. 
Therefore only 26 of the configurations are classified as ‘fast. ’ All forty-three experiments are considered 
acceptable for use as benchmark experiments. 
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Author: Lyutov, V. D. / Vasilyev, A. P. / Perezhogin, V. D. 

Title: Bare Sphere of Highly Enriched Uranium 

Date: 12/31/1996 

Report: HEU-MET-FAST-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1982 and then repeated with some modifications in 1995 using the VNIITF Criticality Test 
Facility. Here, the assembly is an unreflected sphere of about 78 kg of highly enriched uranium. This 
experiment validates neutron data of uranium isotopes. The configuration of the system is simple enough 
and measurements were made with sufficient precision for the experiment to be considered as a criticality-
safety benchmark. 
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Author: Lyutov, V. D. / A. P. Vasiliev / Teryokhin, V. A. 

Title: Spheres of Highly Enriched Uranium Reflected by Beryllium or Beryllium Oxide 

Date: 12/31/1996 

Report: HEU-MET-FAST-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this evaluation are two critical configurations that were 
assembled in 1977 using the VNIITF Criticality Test Facility. Here, each assembly is a sphere of highly 
enriched uranium reflected by beryllium or beryllium oxide. These experiments compare the effects of the 
two reflective materials, because the sizes of the reflectors are the same and the cores have a very small 
difference in mass. The configurations of the systems are simple enough, and measurements were made 
with sufficient precision for the experiments to be considered as criticality safety benchmarks. 
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Author: Lyutov, V. D. / Teryokhin, V. A. / Perezhogin, V. D. / Orlov, A. I. 

Title: Spheres of Highly Enriched Uranium Reflected by Boron+Beryllium or Boron+Beryllium Oxide 

Date: 12/31/1996 

Report: HEU-MET-FAST-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this evaluation are two critical configurations that were 
assembled in 1977 using the VNIITF Criticality Test Facility. Here, each assembly is a sphere of highly 
enriched uranium reflected by boron and beryllium or by boron and beryllium oxide. These experiments 
together with those described in HEU-MET-FAST-009 compare the effects of these three reflective 
materials, because the sizes of the reflectors are the same and the cores have very small differences in mass. 
The configurations of the systems are simple enough, and measurements were made with sufficient 
precision for the experiments to be considered as criticality safety benchmarks. 
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Author: Lyutov, V. D. / Perezhogin, V. D. / Teryokhin, V. A. / Shmakov, V. M. 

Title: Sphere of Highly Enriched Uranium Reflected by Polyethylene 

Date: 12/31/1996 

Report: HEU-MET-FAST-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1986 and repeated with some modifications in 1995 using the VNIITF Criticality Test Facility. 
Here, the assembly is a sphere of highly enriched uranium reflected by polyethylene. This experiment 
validates the effects of this reflective material. The configuration of the system is simple enough, and 
measurements were made with sufficient precision, for the experiment to be considered as a criticality 
safety benchmark. 
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Author: Orlov, A. I. / Vasilyev, A. P. / Sokolov, Yu. A. / Sokolov, Yu. A. 

Title: Sphere of Highly Enriched Uranium Reflected by Aluminum 

Date: 9/30/1996 

Report: HEU-MET-FAST-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1978 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of highly 
enriched uranium reflected by aluminum. This experiment validates the effects of this reflective material. 
The configuration of the system is simple enough, and measurements were made with sufficient precision, 
for the experiment to be considered as a criticality safety benchmark. 
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Author: Orlov, A. I. / Vasilyev, A. P. / Teryokhin, V. A. / Sokolov, Yu. A. 

Title: Sphere of Highly Enriched Uranium Reflected by Steel 

Date: 9/30/1996 

Report: HEU-MET-FAST-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1976 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of highly 
enriched uranium reflected by steel. This experiment validates the effects of this reflective material. The 
configuration of the system is simple enough, and measurements were made with sufficient precision, for 
the experiment to be considered as a criticality safety benchmark. 
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Author: Orlov, A. I. / Vasilyev, A. P. / Teryokhin, V. A. / Sokolov, Yu. A. 

Title: Sphere of Highly Enriched Uranium Reflected by Depleted Uranium 

Date: 9/30/1998 

Report: HEU-MET-FAST-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1980 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of highly 
enriched uranium (HEU) reflected by depleted uranium. This experiment validates the effects of this 
reflective material. The configuration of the system is simple enough, and measurements were made with 
sufficient precision, for the experiment to be considered as a criticality safety benchmark. 
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Author: Kozybayev, R. M. / Lyutov, V. D. / Perezhogin, V. D. 

Title: Unreflected Cylinder of Highly Enriched Uranium 

Date: 12/31/1997 

Report: HEU-MET-FAST-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1984. The critical assembly 
is a cylinder of highly enriched uranium. Seven similar critical assemblies were built. These assemblies can 
be used to test neutron data of highly enriched uranium in calculations of fast reactor cores. For the detailed 
description, one of these critical assemblies is chosen. Another is described in HEU-MET-FAST-065. The 
configuration of the system is simple enough and measurements were made with sufficient precision for 
the experiment to be considered as a criticality safety benchmark. 
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Title: Beryllium-Reflected and Beryllium Oxide-Reflected Cylinders of Highly Enriched Uranium 

Date: 12/31/1997 

Report: HEU-MET-FAST-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this report were performed in 1984. The critical 
assemblies are highly enriched uranium cylinders reflected by beryllium or beryllium oxide on their ends. 
Ten similar critical assemblies were built. These experiments compared the effects of the two reflective 
materials and were used for neutron data validation, because the only difference between the two assemblies 
was in the end reflector material: Be or BeO. For the detailed description two of these critical assemblies 
are chosen. The configurations of the systems are simple enough and measurements were made with 
sufficient precision for the experiments to be considered as criticality safety benchmarks. 
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Title: Beryllium-Moderated and Reflected Cylinder of Highly Enriched Uranium 
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Report: HEU-MET-FAST-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1984. The critical assembly 
is a highly enriched uranium cylinder core moderated by beryllium and reflected by beryllium on the ends. 
Twelve similar critical assemblies were built. These experiments were used for neutron data validation. For 
the detailed description one of these critical assemblies is chosen. The configuration of the system is simple 
enough and measurements were made with sufficient precision for the experiment to be considered as a 
criticality safety benchmark. 
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Report: HEU-MET-FAST-018 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of bare metal 235U(90%) assemblies are basic in the 
experiments with highly-enriched, uranium metal cores. These data can provide the basis to define safety 
conditions in fissile-material operations and can also verify neutron calculation codes and techniques. 
VNIIEF conducted critical-assembly and multiplying-assembly (MA) experiments at its criticality test 
facility (CTF) in 1962. The core pieces were manufactured also in 1962. The experiments were re-evaluated 
between 1992 and 1994. In the latter effort, more specific measurement conditions were defined, and more 
advanced experimental data processing techniques were applied. Detailed consideration was given to 
reactivity effects on slightly subcritical systems. of particular interest were effects due to neutron reflections 
from the experimental equipment and the walls of the assembly room and to non-uniformities in the density 
and enrichment of the fissile material throughout the core. These efforts resulted in two benchmark models, 
one detailed and one simplified, of a single experiment. Reference 1 provides a description of the 
experimental facility. The other experimental data that is presented was extracted from experimenter log 
books and experiment catalogues. 
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Conference Session:  

Abstract/Keyterms: Criticality measurements of graphite-reflected 235U(90%) were performed in 1962 
at the VNIIEF criticality test facility (CTF). The core pieces were manufactured also in 1962. These 
experiments were re-evaluated between 1992 and 1994. These efforts resulted in two benchmark models, 
one detailed and one simplified, of a single experiment. Reference 1 provides a description of the 
experimental facility. The other experimental data that is presented was extracted from experimenter log 
books and experiment catalogues. 
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Title: Polyethylene-Reflected Spherical Assembly of 235U(90%) 

Date: 9/30/2000 

Report: HEU-MET-FAST-020 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of polyethylene-reflected 235U(90%) were conducted by 
VNIIEF at its criticality test facility (CTF). The core pieces were manufactured These experiments were 
re-evaluated between 1992 and 1994. During the latter effort, specific measurement conditions were 
defined, and more advanced experimental data techniques were applied. These efforts resulted in two 
benchmark models, one detailed simplified, of a single experiment. Reference 1 provides a description of 
the experimental facility. The other experimental presented was extracted from experimenter log books and 
experiment catalogues. 
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Title: Steel-Reflected Spherical Assembly of 235U(90%) 

Date: 9/30/2000 

Report: HEU-MET-FAST-021 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of steel-reflected 235U(90%) were conducted by VNIIEF 
in 1962 at its criticality test facility (CTF). The core pieces were manufactured also in 1962. These 
experiments were re-evaluated between 1992 and 1994. These efforts resulted in two benchmark models, 
one detailed and one simplified, of a single experiment. Reference 1 provides a description of the 
experimental facility. The other experimental data that is presented was extracted from experimenter log 
books and experiment catalogues. 
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Report: HEU-MET-FAST-022 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a Duralumin-reflected assembly of 235U(90%) were 
conducted VNIIEF in 1962 at its criticality test facility (CTF). The core pieces were manufactured also in 
1962. These experiments were re-evaluated in 1994. In the latter specific measurement conditions were 
defined and more advanced experimental data techniques were applied. As a result of these efforts, two 
benchmark models, one detailed simplified, of a single experiment were developed. The other experimental 
presented was extracted from experimenter log books and experiment catalogues. 
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Title: Tinkertoy: Unmoderated Uranium Metal (93.2) Arrays with Cylinders of 10.5 kg Mass 
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Report: HEU-MET-FAST-023 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1962-63 a set of detailed criticality experiments utilizing enriched uranium metal 
cylinders was conducted at the Oak Ridge Critical Experimental Facility (CEF). Critical arrays of uranium 
metal cylinders were constructed on a split table apparatus and surface-to-surface spacings (STS) between 
the units were measured as a function of the number of units and the thickness of a paraffin reflector. Boron 
proportional counters were used to determine the critical state. Experiments were performed using cylinders 
in four weight groups and with five shapes. The experiments reported in this evaluation all involve cylinders 
of approximately 10.5 kg mass. This evaluation reviews 24 experimental configurations, two of which were 
subcritical by a large enough margin to be unacceptable. Therefore, 22 experimental configurations are 
deemed acceptable as benchmarks. 
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Title: Sphere of Highly Enriched Uranium Reflected by Steel and Polyethylene 

Date: 12/31/1996 

Report: HEU-MET-FAST-024 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1986 and repeated with some modifications in 1995 using the VNIITF Criticality Test Facility. 
Here, the assembly is a sphere of highly enriched uranium reflected by steel and polyethylene. This 
experiment together with that described in HEU-MET-FAST-011 demonstrates the effect of inserting a 
steel shell between core and polyethylene reflector, because the sizes of the reflectors are the same and the 
cores have very small differences in mass. The configuration of the system is simple enough, and 
measurements were made with sufficient precision, for the experiment to be considered as a criticality 
safety benchmark. 
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Title: Five Vanadium-Reflected HEU Cylinders 

Date: 9/30/2008 

Report: HEU-MET-FAST-025 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this evaluation were performed at the criticality test 
facility FKBN-2 
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Title: Tinkertoy 2: Bare and Paraffin Reflected Uranium Metal (93.2) Arrays with 15, 20, and 25 kg 
Cylinders 

Date: 9/30/1997 

Report: HEU-MET-FAST-026 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: (Vertical Lift Machine) at VNIITF in 2007. Parts of the ROMB Complete Set 
(Abbreviation, in Russian) 
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Date: 9/30/1998 

Report: HEU-MET-FAST-027 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Of the set name “Demountable Experimental Model of Blanket”) were used. 
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Title: 235U Sphere Reflected by Normal Uranium using FLATTOP 

Date: 9/30/1999 

Report: HEU-MET-FAST-028 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: consisted of a core of highly enriched uranium (HEU, 95.98 wt.% 235U) and two 
vanadium end reflectors. 
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Title: Spherical Assembly of 235U(90%) with 4.7-cm Depleted Uranium Reflector 

Date: 9/30/1997 

Report: HEU-MET-FAST-029 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Five critical assemblies were built with reflector thickness varying from 1 cm to 20 
cm. 
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Title: Heterogeneous Cylinder of Highly Enriched Uranium with Beryllium Moderator and Depleted-
Uranium Reflector 

Date: 9/30/1998 

Report: HEU-MET-FAST-030 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: These experiments were performed for validation of HEU and vanadium neutron data. 
Five critical 
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M. I. / Yuferev, V. I. 

Title: Spherical Assembly of 235U(90%) with Central Area of Polyethylene and 17.45-cm Polyethylene 
Reflector 

Date: 9/30/1998 

Report: HEU-MET-FAST-031 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: assemblies are described in detail in this evaluation. The assemblies are identified as 
FAST because 
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Title: 235U(94%) Spheres Surrounded by Natural-Uranium Reflectors 

Date: 9/30/1998 

Report: HEU-MET-FAST-032 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Greater than 96 % of the fissions are induced by fast neutrons. Two non-reflected 
HEU assemblies with 
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Author: Vasilyev, A. P. / Teryokhin, V. A. / Lyutov, V. D. / Sokolov, Yu. A. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium with Polyethylene and Steel 

Date: 9/30/1997 

Report: HEU-MET-FAST-033 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Almost the same core was evaluated previously as HEU-MET-FAST-015 and HEU-
MET-FAST-065. 
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Author: Vasilyev, A. P. / Teryokhin, V. A. / Lyutov, V. D. / Kandiyev, Ya. Z. / Sokolov, Yu. A. 

Title: Three Heterogeneous Cylinders of Highly Enriched Uranium with Polyethylene and Titanium, 
Aluminum, or Steel 

Date: 9/30/2000 

Report: HEU-MET-FAST-034 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Five similar HEU assemblies with titanium end reflectors were evaluated in HEU-
MET-FAST-079. The 
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Author: Schaefer, Robert W. / Bunde, Kermit A. / Collins, Peter J. 

Title: The Uranium/Iron Benchmark Assembly: A 235U(93%)/Iron Cylinder Reflected by Stainless Steel 

Date: 9/30/1999 

Report: HEU-MET-FAST-035 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Vanadium Disks Were Used as Diluents in Heterogeneous Assemblies in the 
Evaluations 
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Author: Vasilyev, A. P. / Lipilina, E. N. / Lyutov, V. D. / Samarina, S. V. / Sokolov, Yu. A. / Teryokhin, 
V. A. / Filippova, E. Ya. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium with Polyethylene and Depleted 
Uranium 

Date: 9/30/1998 

Report: HEU-MET-FAST-036 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-040, HEU-MET-FAST-042 and HEU-MET-MIXED-016. 
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Author: Vasilyev, A. P. / Lipilina, E. N. / Lyutov, V. D. / Samarina, S. V. / Sokolov, Yu. A. / Teryokhin, 
V. A. / Filippova, E. Ya. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium, Polyethylene, and Depleted Uranium 
with Polyethylene Reflector 

Date: 9/30/1999 

Report: HEU-MET-FAST-037 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The configuration of the systems was rather simple and measurements were made 
with precision 
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Author: Lipilina, E. N. / Lyutov, V. D. / Teryokhin, V. A. / Vasilyev, A. P. / Samarina, S. V. / Sokolov, 
Yu. A. / Filippova, E. Ya. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium with Beryllium and Beryllium Oxide 
Moderators and Depleted-Uranium Reflector 

Date: 9/30/2004 

Report: HEU-MET-FAST-038 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Sufficient for the experiments to be considered as criticality safety benchmarks. 
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Author: Baker, James S. 

Title: Unreflected and Steel-Reflected Massive Enriched Uranium Metal Spherical and Hemispherical 
Assemblies (Please Note: This Evaluation Contains Data That Were Judged to Be Unacceptable as 
Criticality Safety Benchmark Data. However, It May Contain Data That A 

Date: 9/30/2000 

Report: HEU-MET-FAST-039 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of sixty-nine critical parameter determinations for spherical and 
hemispherical thick-walled shell assemblies of 93%-enriched uranium metal were performed at the Rocky 
Flats Critical Mass Laboratory in the mid-1960s. All critical parameters were obtained from extrapolation 
of well subcritical data. A complete description of these experiments is given in Reference 1. The 
experiments included spherical and hemispherical geometries of enriched uranium metal, all built of 
nominally 31/3-mm-thick nesting hemispherical shells. The central cavity contained either air or mild steel. 
For some experiments, mild steel was placed outside the uranium. The steel regions were also built up of 
nesting hemispherical shells, nominally 31/3-mm thick each. Because the uranium and steel components 
had the same nominal radial dimensions, either material could be substituted for the other. Seven 
representative assemblies from this series have been evaluated. Because the overall experimental 
uncertainty is relatively large, these experiments are not suitable for benchmarks. There are other better-
characterized experiments for these materials. 
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Author: Lyutov, V. D. / Lipilina, E. N. / Filippova, E. Ya. / Serikov, A. V. / Shmakov, D. V. 

Title: Heterogeneous Vanadium-Diluted HEU Cylinder 

Date: 9/30/2008 

Report: HEU-MET-FAST-040 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this evaluation has been performed using the criticality 
test facility FKBN-2 (Vertical Lift Machine)a at VNIITF in 2007. Parts of the ROMB complete set 
(abbreviation, in Russian, of the set name “Demountable Experimental Model of Blanket”) were used in 
this assembly. The critical assembly is a non-reflected cylindrical core consisting of alternating disks of 
highly enriched uranium (HEU, 95.98 wt.% 235U) and vanadium. The experiment was used for validation 
of HEU and vanadium neutron data. The assembly is identified as FAST because ≈96 % of the fissions are 
induced by fast neutrons. Two non-reflected HEU assemblies were evaluated previously as HEU-MET-
FAST-015 and HEU-MET-FAST-065. The vanadium disks were also used in heterogeneous assemblies in 
the evaluations HEU-MET-FAST-042 and HEU-MET-MIXED-016. The configuration of the system was 
rather simple and measurements were made with precision sufficient for the experiment to be considered a 
criticality safety benchmark. 
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Author: Sapir, Joseph 

Title: 235U(94%) Spheres Surrounded by Beryllium or Graphite Reflectors 

Date: 9/30/1999 

Report: HEU-MET-FAST-041 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the early 1950s a series of experiments was performed at the Los Alamos critical 
assembly facility to determine the critical mass of highly enriched uranium spheres surrounded by thin 
reflectors of various materials ranging in atomic weight from beryllium to natural uranium. The objective 
of these experiments was to obtain a precision graph of the critical mass of highly enriched uranium metal 
spheres as a function of reflector thickness and to generate transport cross sections for the reflector material. 
Six configurations are described in this evaluation; two with 1.85-inch- and 4.64- inch-thick beryllium 
reflectors, and four with 2-, 4-, 6-, and 8-inch-thick graphite reflectors. All six configurations were 
subcritical with measured maximum multiplications ranging from 42 to 150. In all cases the measured 
configurations were idealized by the experimenters and reported as homogeneous concentric spheres of 
adjacent core and reflector materials. A previous evaluation (HEU-MET-FAST-032) described four 
configurations with natural uranium reflectors performed in the same series. Based on this evaluation all 
six configurations were judged to be acceptable for use as criticality safety benchmark experiments. 
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Author: Lipilina, E. N. / Lyutov, V. D. / Serikov, A. V. / Sokolov, Yu. A. / Bashmakov, A. B. 

Title: Two Heterogeneous Vanadium-Diluted and Beryllium- or Beryllium-Oxide-Moderated HEU 
Cylinders 

Date: 9/30/2008 

Report: HEU-MET-FAST-042 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Two experiments presented in this evaluation were performed at VNIITF using the 
criticality test facility FKBN-2 (Vertical Lift Machine) in 2007. The core of each critical assembly was a 
cylinder consisting of alternating disks of highly enriched uranium, beryllium or beryllium oxide, and 
vanadium. End beryllium reflectors were 10-cm high. The side reflector was depleted uranium and was 10-
cm thick in the radial direction. Two critical experiments with 1-cm-thick beryllium and 2-cm-thick 
beryllium or beryllium oxide moderator layers were performed and evaluated. These experiments were used 
to validate neutron cross section data in the resonance energy range. All reported results come from 
logbooks. Calculated spectra of neutrons inducing fissions have no thermal neutrons (<0.625 eV), have 
about 40 % intermediate energy neutrons (0.625 eV – 0.1 MeV) and about 60 % fast neutrons. Therefore 
the spectrum is identified as FAST. Parts of the ROMB complete set were used. ROMB is the abbreviation, 
in Russian, of the set name “Demountable Experimental Model of Blanket”. The HEU disks were used in 
numerous VNIITF assemblies evaluated previously, for example, HEU-MET-FAST-015, HEU-MET-
MIXED-015 and HEU-MET-FAST-079. The vanadium disks were used in assemblies evaluated in HEU-
MET-FAST-025, HEU-MET-MIXED-016, and HEU-MET-FAST-040. The configuration of the systems 
is simple enough and measurements were made with sufficient precision for the experiments to be 
acceptable as criticality safety benchmarks. 
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Author: Loaiza, David 

Title: Niobium - 1wt.% Zirconium Moderated by Polyethylene and Fueled with Highly Enriched Uranium 

Date: 9/30/2006 

Report: HEU-MET-FAST-047 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The National Aeronautics and Space Administration is considering nuclear power 
sources for space exploration. An alloy of niobium with 1 wt.% zirconium (called ‘Nb-1Zr’) has previously 
been proposed as a cladding and structural material. An experiment consisting of highly enriched uranium 
plates and Nb-1Zr plates stacked in layers with polyethylene moderator plates was performed using the 
Planet universal critical assembly at the Los Alamos Critical Experiment Facility (LACEF) at the Los 
Alamos National Laboratory in July of 2004. This experiment was performed and designed to measure the 
sensitivity of keff to niobium with a softened neutron spectrum such as may occur if a fast-spectrum space 
reactor core is flooded with water. The thicknesses of the polyethylene moderator plates and polyethylene 
axial reflector plates were used to adjust the neutron spectrum. The assembly had no radial reflector. The 
Nb-1Zr alloy represents nominally 99 wt.% Nb and 1 wt.% Zr. The Nb-1Zr plates were provided by Oak 
Ridge National Laboratory. The highly enriched uranium plates were also used in the ZEUS series of 
experiments (HEU-MET-INTER-006, HEU-MET-FAST-072, and HEU-MET-FAST-073). This 
experiment is judged to be acceptable as a benchmark critical experiment. 
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Title: Oil Reflected Spheres and Hemispheres of Highly Enriched Uranium (93.1 % 235U) Metal with Oil 
or Steel Moderator 

Date: 9/30/2003 

Report: HEU-MET-FAST-048 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From September 1965 to April 1967, a series of seventeen approach-to-critical 
experiments involving highly enriched (93.1 % 235U) uranium metal spherical and hemispherical shells 
was performed at the Rocky Flats Critical Mass Laboratory (CML). Each uranium or steel hemishell was 
nominally 0.328 cm thick. The central, or moderator, region of the spheres or hemispheres was either filled 
with oil or with steel spherical or hemispherical shells. Two of the experiments consisted of either a 
complete sphere or hemisphere of uranium metal with no oil or steel moderator region. All seventeen 
experiments were fully reflected with oil. The main emphasis of the experiments was to provide data for 
comparison with computer calculations. Many good critical experiments that measured the properties of 
highly enriched uranium metal exist, and a number of these have been evaluated and included in the 
ICSBEP handbook. The unique feature of all seventeen of these experiments covered here is the presence 
of oil as a reflecting material. Eight of the experiments contained oil moderator, seven of the experiments 
contained mild steel moderator, while the remaining two experiments had little to no moderating materials. 
Other evaluations which are related in either fissile material and shape, HEU-MET-FAST-039, or reflecting 
oil, PU-MET-FAST-034, have not been acceptable as criticality benchmark evaluations due to large 
uncertainties. However, all 17 of the oil-reflected spherical and hemispherical uranium experiments have 
been evaluated and deemed suitable as benchmark experiments. Although categorized as “FAST”, Cases 
3, 4, 5, and 10 do not have a majority of fissions occurring in any one of the fast, intermediate, or thermal 
energy regimes. These four cases are more appropriately categorized as “MIXED”; however, complete 
documentation of these four cases is included in this evaluation. 
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Author: Elwood, Robert H. Jr. / Mihalczo, John T. 

Title: Uranium (93.2) Metal Cylinders (7-Inch, 9-Inch, 11-Inch, 13-Inch, and 15-Inch Diameter) and Two 
11-Inch-Diameter Interacting Uranium (93.2) Metal Cylinders 

Date: 9/30/2002 

Report: HEU-MET-FAST-051 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A variety of critical experiments were constructed with unreflected and unmoderated 
highly enriched uranium during the 1960s and 1970s at the Oak Ridge Critical Experiments Facility in 
support of criticality safety of the Y-12 Plant. of these hundreds of delayed critical assemblies, thirteen 
assemblies of two interacting coaxial symmetric cylinders, with 11-inch diameters with heights of upper 
and lower sections varying from 1.75 to 3.125 inches, with varying separation distance between sections, 
and five assemblies of single solid cylinders with diameters varying from 7 to 15 inches are described here. 
The experiments were performed between March and November of 1963. The eighteen described are 
judged to be acceptable for use as criticality safety benchmark experiments. 
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Title: ZPR-3 Assembly 23: A Cylindrical Assembly of U Metal (93% 235U) and Aluminum Reflected by 
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Report: HEU-MET-FAST-055 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The fast zero power reactor experiment (ZPR-3) was built at the site of the National 
Reactor Testing Station in Idaho in 1955 to obtain neutron physics information necessary for the design of 
fast power breeder reactors. It was used to study blanketed cores having a range of compositions in which 
the volume fractions of 235U, 238U, iron and sodium (simulated by reduced-density aluminum) were 
varied. Assembly 23 was planned to provide more information regarding the effects of heterogeneity and 
streaming in large dilute fast cores. Experiments were performed in Assembly 23 between May 6 and July 
20, 1959. The original data are in log book 717E, pages 1-152. The ZPR-3 Assembly 23 was designed to 
have a very clean and simple benchmark configuration. In fact, the entire core of this assembly was built 
with essentially a single unit-cell using only plates of enriched U and aluminum. This assembly provides a 
useful benchmark for testing criticality calculations. Two nuclides, 235U and Al, dominated the neutronic 
behavior in the core region. Because this assembly was fully reflected by depleted U and had high leakage 
from the core, the system reactivity was also sensitive to the 238U data. The 235U / Al ratio is such that 
the bulk of the neutron spectrum is in the 100-keV to 3-MeV energy range and the peak is at about 700 
keV. Thus, the spectrum is in the fast range, although not as hard as the spectrum in classic Los Alamos 
assemblies, such as Godiva (see HEU-MET-FAST-001). As would be expected, the neutron balance for 
this assembly is dominated by 235U and Al (see Appendix C). This assembly is also closely related to the 
ICSBEP benchmark evaluations for ZPR-9 Assembly 34, the Uranium/Iron Benchmark Assembly (see 
HEU-MET-INTER-001) and ZPR-9 Assembly 36, the U9 Benchmark Assembly (see IEU-MET-FAST-
010). Like the Uranium/Iron Benchmark Assembly, this assembly addresses for the criticality safety 
community the perceived lack of metal/ 235U systems. A very accurate transformation to a simplified 
model is needed to make any of the ZPR assemblies a practical criticality-safety benchmark. There is simply 
too much geometric detail in an exact model of a ZPR assembly − even a clean benchmark such as ZPR-
3/23. The transformation must reduce the detail to a practical level without masking any of the important 
features of the criticality experiment, and it must do this without increasing the total uncertainty far beyond 
that of the original experiment. Such a transformation is described in Section 3. It was made using a pair of 
continuous-energy Monte Carlo calculations. First, ZPR-3/23 was modeled in full detail − every plate, 
drawer, matrix tube, and air gap was modeled explicitly. Then the region wise compositions and volumes 
from this model were used as a homogeneous, two-dimensional (RZ) model. This simple model is the 
criticality-safety benchmark model. The difference in keff values from the two models was used to adjust 
the measured excess reactivity of ZPR-3/23, yielding a result for the benchmark model. Uncertainties 
associated with this simplification, which go beyond Monte Carlo statistical uncertainties, were taken into 
account. The net difference in keff and each of the effects that contribute to it are small. A number of 
distinct critical configurations were built in ZPR-3/23. Variations in the matrix loading and the plate loading 
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of the core unit cell were made to study the effects of the non-cylindrical core boundary, plate heterogeneity, 
and streaming. Measurement of these effects was considered important at that time because such effects 
could not be treated with much rigor with available calculational methods. Loading information is available 
for four of these configurations, referred to herein as: (i) the reference core, (ii) the “cylindricized” core, 
(iii) the partially bunched core, and (iv) the fully bunched core. These four configurations differed from 
one another due either to changes in the matrix loading of the core/reflector interface and/or to changes in 
the arrangement of the plates in the core unit cell. Each of these four configurations can be modeled in 
detail, and each of these detailed models can be transformed into a simplified (homogeneous cylindrical) 
model. Note that the transformation to the simple models largely removes the distinctions between these 
configurations. That is, the four simplified models are completely redundant with regard to criticality safety 
validation. Nevertheless, study of the four distinct core loadings provides a good test of the consistency of 
the experiments and the accuracy of the transformation to a simplified model. Each of these four critical 
configurations are judged acceptable as criticality safety benchmarks. Details of these four assembly 
loadings are provided in this section and a simplified benchmark model will be defined for each of the four. 
However, only the simplified benchmark model for the reference core will be presented in Section 3. The 
remaining three simplified benchmark models will be presented in Appendix E, together with a repeated 
caution that these three additional simplified models should be considered redundant to the simplified 
benchmark presented in Section 3 with regard to criticality safety validation. 
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6171…..…..…………………..…….……..……ID Number…………………..…..…………….6171 

Author: Lee, Mark A. 

Title: Highly Enriched Uranium Metal Spheres and Cylinders Reflected by Lead 

Date: 9/30/2004 

Report: HEU-MET-FAST-057 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments was conducted in the late 1950s at Lawrence Livermore 
National Laboratory (then known as the University of California Radiation Laboratory) to evaluate critical 
dimensions of highly enriched uranium (HEU) reflected by lead. The experiments involved subcritical 
measurements of HEU spheres with varying thicknesses of lead reflectors and stacked HEU cylinders with 
lead reflectors of fixed thicknesses. The concentration of 235U in the HEU was 93.17 wt.% in the spherical 
assemblies and 93.2 wt.% in the cylindrical assemblies. Subcritical multiplication measurements were 
extrapolated to determine the critical dimensions of the experimental assemblies. Further refinement of the 
experimental data was provided in a followup report. Six configurations were evaluated and determined to 
be acceptable as criticality-safety benchmark models, two with spherical geometries and four with 
cylindrical geometries. 
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6172…..…..…………………..…….……..……ID Number…………………..…..…………….6172 

Author: Heinrichs, Dave 

Title: Highly Enriched Uranium Metal Spheres with Beryllium Reflectors 

Date: 9/30/2003 

Report: HEU-MET-FAST-058 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of subcritical high-multiplication experiments were performed at the 
Lawrence Livermore National Laboratory in 1958 – 1959 to precisely determine the critical mass of highly 
enriched uranium in spherical geometry as a function of reflector thickness for various materials. These 
experiments were assigned the program name “Nimbus” and were intended to provide basic critical 
information for the normalization of computer codes. All of the Nimbus experiments were performed in the 
small West (Baker) Vault of the Lawrence Radiation Laboratory Critical Facility. This evaluation considers 
only the Nimbus experiments with highly enriched uranium metal cores with beryllium metal reflectors. 
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6173…..…..…………………..…….……..……ID Number…………………..…..…………….6173 

Author: Schaefer, Robert W. / Lell, Richard M. / Smith, Micheal A. / McKnight, Richard D. 

Title: ZPR-9 Assembly 4: A Cylindrical Assembly of U Metal (93% 235U) and Tungsten with Aluminum 
Reflectors 

Date: 9/30/2003 

Report: HEU-MET-FAST-060 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Assembly 4 was one of a series of cores built for the Argonne National Laboratory 
(ANL) ZPR-9 critical facility to study the neutronics of high temperature fast reactors proposed in the 
Argonne nuclear rocket program of the 1960s. That program recommended a refractory-metal-based fast 
reactor that would have the potential for operation at very high temperatures. Tungsten (W) was selected 
for study as the refractory metal, perhaps alloyed with rhenium where added strength or temperature 
performance was required. A series of tungsten bearing assemblies utilizing differing light weight reflector 
materials (Al, Al2O3, and BeO-Al) were built for development of a fast reactor with tungsten for nuclear 
propulsion. The entire series of nine assemblies will be evaluated for potential use as criticality safety 
benchmarks. Assembly 1 (ZPR-9/1) was selected as a well-characterized reference assembly. It contained 
no tungsten and had an enrichment (235U/U) of ~11%. It differed from ZPR-3 Assemblies 11 and 22 and 
Assembly 1 of ZPR-6 only in that in ZPR-9/1 the matrix and drawers were aluminum instead of stainless 
steel, and the reflector plate material was aluminum instead of depleted uranium. Evaluation of this 
reference assembly is identified as IEU-MET-FAST-013. In Assemblies 2, 3 and 4 (ZPR-9/2, 3, and 4), 
one-fourth, one-half, and finally all of the depleted uranium diluent in the core unit cell of Assembly 1 were 
replaced by tungsten. Evaluation of Assemblies 2 and 3, with 235U/U enrichments of ~16% and ~21%, 
respectively, is identified as IEU-MET-FAST-014. Assembly 4, the subject of this benchmark, provides 
the best test of the tungsten data in this series of cores, and in conjunction with the first three assemblies in 
this series, tests the exchange of 238U and tungsten. Some carbon was added to the core cell in Assembly 
5 to produce a somewhat softer spectrum. In Assembly 6 some of the tungsten was replaced with perforated 
aluminum plates. Evaluation of these two assemblies (ZPR-9/5 and 6) is identified as HEU-MET-FAST-
067. In the final three assemblies of this series, the dense aluminum reflector was replaced with Al2O3 and 
BeO-Al, which were more effective reflectors due to the presence of the oxygen. Evaluation of ZPR-9/7, 
8, and 9 is identified as HEU-MET-FAST-070. Each of the assemblies in this series was constructed as a 
clean, cylindrical core with full radial and axial reflectors. Assembly 4 had a cylindrical core constructed 
of high-enriched uranium metal fuel (critical mass 285.2 kg 235U) with tungsten diluent and radial and 
axial reflectors of full density aluminum. Experiments were performed in ZPR-9/4 in June and July of 1964. 
The particular configuration of ZPR-9/4 selected as being most suitable to form a criticality-safety 
benchmark has the designation Loading 10. The term “benchmark” in a ZPR program connotes a 
particularly simple loading aimed at gaining basic reactor physics insight, as opposed to studying a reactor 
design. In fact, ZPR-9 Assembly 4 had a very uniform core assembled entirely from a single core unit cell 
loaded into aluminum drawers that were then loaded into the aluminum matrix of ZPR-9. The core unit cell 
had a simple loading whose neutronic characteristics were dominated by 235U and tungsten. This assembly 
provides a useful benchmark for testing criticality calculations. As just noted, 235U dominated the 
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neutronic behavior in the core region. Over 99% of the fissions and ~73% of the absorptions in the core 
were in 235U – with most of the remaining absorptions in the tungsten. The bulk of the neutron spectrum 
is in the 50-keV to 2-MeV energy range with a broad peak in the 100- 900 keV range. About 32% of the 
fissions occur at energies between 0.625 ev and 100 keV and about 68% above 100 KeV. Thus, the spectrum 
is in the fast range. The neutron balance for this assembly is included in Appendix C. A very accurate 
transformation to a simplified model is needed to make any of the ZPR assemblies a practical criticality-
safety benchmark. There is simply too much geometric detail in an exact model of a ZPR assembly − even 
a clean benchmark such as ZPR-9/4 Loading 10. The transformation must reduce the detail to a practical 
level without masking any of the important features of the criticality experiment, and it must do this without 
increasing the total uncertainty far beyond that of the original experiment. Such a transformation is 
described in Section 3. It was made using a pair of continuous-energy Monte Carlo calculations. First, 
Loading 10 was modeled in full detail − every plate, drawer, matrix tube, and air gap was modeled 
explicitly. Then the regionwise compositions and volumes from this model were used as a homogeneous, 
twodimensional (RZ) model. This simple model is the criticality-safety benchmark model. The difference 
in keff values from the two models was used to adjust the measured excess reactivity of Loading 10, 
yielding a result for the benchmark model. The net difference in keff and each of the effects that contribute 
to it are small (<1%). Uncertainties associated with this simplification, which go beyond Monte Carlo 
statistical uncertainties, have been estimated and determined to be acceptably small (~0.2%). 
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6174…..…..…………………..…….……..……ID Number…………………..…..…………….6174 

Author: Schaefer, Robert W. / McKnight, Richard D. / Lell, Richard M. / Mohamed, Amr 

Title: ZPPR-21 Phase F: A Cylindrical Assembly of U Metal Reflected by Graphite 

Date: 9/30/2001 

Report: HEU-MET-FAST-061 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-21F Benchmark Assembly was part of a series of six 
criticality benchmark cores built in Assembly 21 of the ZPPR facility to provide data for validating 
criticality calculations for systems likely to arise in the Integral Fast Reactor (IFR) fuel processing 
operations. The assemblies were graphite reflected and had core fuel compositions containing different 
mixtures of plutonium and uranium in mock-up Pu/U/zirconium fuel. The first of these configurations, 
ZPPR-21A (see PU-MET-FAST-033), was built with only plutonium fuel to take advantage of the inherent 
neutron source of 240Pu. Then enriched uranium was progressively substituted for plutonium in Phases 
21B through 21E (see MIX-MET-FAST-011). The final configuration, ZPPR-21F, had an all-uranium fuel 
loading (162.6 kg 235U) and required an external neutron source to assist in the approach to critical. 
Experiments in Assembly 21 Phases 21A through 21F were performed between June and September 1990. 
The ZPPR Assembly 21F was designed to have a very clean and simple benchmark configuration. In fact, 
the entire core of this assembly was built with essentially a single unit-cell. Two nuclides, 235U and 238U 
dominated the neutronic behavior in the core region. The core isotopic composition was such that the bulk 
of the neutron spectrum is in the 100-keV to 4-MeV energy range and the peak is at about 600 keV. Thus, 
the spectrum is in the fast range, although not as hard as the spectrum in classic Los Alamos assemblies, 
such as Godiva (see HEU-MET-FAST-001). As would be expected, the neutron balance for this assembly 
is dominated by 235U and 238U (see Appendix C). As noted above, this assembly is closely related to the 
ICSBEP benchmark evaluations for the other phases of ZPPR-21 (see PU-MET-FAST-033 for Phase 21A 
and MIX-MET-FAST-011 for Phases 21B through 21E). A very accurate transformation to a simplified 
model is needed to make any of the ZPPR assemblies a practical criticality-safety benchmark. There is 
simply too much geometric detail in an exact model of a ZPPR assembly − even a clean benchmark such 
as ZPPR Loading 21F. The transformation must reduce the detail to a practical level without masking any 
of the important features of the criticality experiment and it must do this without increasing the total 
uncertainty far beyond that of the original experiment. Such a transformation is described in Section 3. It 
was made using a pair of continuous-energy Monte Carlo calculations. First, Loading 21F was modeled in 
full detail − every plate, drawer, matrix tube, and air gap was modeled explicitly. Then the regionwise 
compositions and volumes from this model were converted to a homogeneous, two-dimensional (RZ) 
model. This simple model is the criticality-safety benchmark model. The difference in keff values from the 
two models was used to adjust the measured excess reactivity of Assembly 21F, yielding a result for the 
benchmark model. Uncertainties associated with this simplification, which go beyond Monte Carlo 
statistical uncertainties, were taken into account. ZPPR Assembly 21F has been determined to be an 
acceptable criticality-safety benchmark experiment. 
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6175…..…..…………………..…….……..……ID Number…………………..…..…………….6175 

Author: Saiz, Pedro M. Ortego 

Title: First Criticality of Coral-I Reactor, a 90%-Enriched Uranium Cylinder Reflected by Natural 
Uranium, both Metal 

Date: 9/30/2001 

Report: HEU-MET-FAST-062 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The CORAL-I reactor was a fast spectrum system (COnjunto RApido ExperimentaL-
1) based on a cylindrical core of high-enriched uranium reflected by natural uranium, both in metal form. 
It was located in the Moncloa center (C. N. E. N. Juan Vigón) inside the Ciudad Universitaria area of 
Madrid. The purpose of this reactor was to obtain experience in Spain with fast reactors at a time when 
there were three thermal reactors in operation (one MTR and two Argonaut) and the first nuclear power 
plant starting construction. Around 1963, C. Sanchez del Río proposed to analyze the possibilities of the 
“Junta de Energía Nuclear” (JEN) to experiment in fast reactors. The creation decision was made in 1964, 
and it was designed domestically between 1965 and 1967. When the first criticality was achieved, in March 
1968, there were two other similar reactors, the Argonne Fast Source Reactor (AFSR) in the U. S. A. and 
the HARMONIE in France. The enriched uranium for the core was constituted by a set of disks of pure 
uranium covered with a thin nickel layer (20 microns). The enriched uranium was supplied by the USAEC 
based on the existing collaboration agreement between the governments of the USA and Spain, and with 
the approval of the IAEA Board of Governors. It was received at NUKEM, Germany, as UF6. There it was 
converted to metal and machined to the form of 18 disks of different weight, as is detailed later. When the 
reactor was dismantled, the core disks were analyzed and transported to CERCA, a French company, now 
a subsidiary of Framatome ANP, that purchased the enriched uranium. The natural uranium was sold to 
COMHUREX. The geometrical and material characteristics of this critical configuration are sufficiently 
well known. The statistical uncertainties are very small. The critical status was reached with high precision 
and with very good repeatability. Therefore the first criticality of the CORAL-I reactor is considered 
acceptable as a benchmark critical experiment. 
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6176…..…..…………………..…….……..……ID Number…………………..…..…………….6176 

Author: Brewer, R. W. 

Title: Cylindrical Experiments using HEU Plates Reflected by Lithium Deuteride 

Date: 9/30/2004 

Report: HEU-MET-FAST-063 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Comet Universal Critical Assembly Machine was used to perform a series of four 
HEU critical experiments in January-February of 1955 at Los Alamos Scientific Laboratory. The cylindrical 
assemblies were composed of plates of HEU metal, reflected by 6Li-enriched lithium deuteride and normal 
lithium deuteride. The principal experimenters were Hugh Paxton, Gordon Hansen, and David Wood, the 
authors of Reference 1, although these four experiments were not included in Reference 1. During this early 
experimental program, numerous reflector materials were analyzed for physics measurements and 
criticality safety purposes. These experiments were a part of this program. Ten disks of HEU metal (51/4-
in. diameter) were used for these experiments. A total of 39.96 kg HEU was available. These experiments 
had reflectors of 6LiD (95.1 at. % of lithium was 6Li) and LiD. The reflectors were either 1-inch or 1/2-
inch thick. A photograph of the experiments on the Comet assembly is shown in Figure 1. The Comet 
assembly machine was used for many other similar experiments including PU-MET-FAST-005, PU-MET-
FAST-009, PU-MET-FAST-010, PU-MET-FAST-018, HEU-MET-FAST-032, HEU-MET-FAST-041, 
HEU-COMP-INTER-003, HEU-MET-INTER-006, U233-MET-FAST-002, U233-MET-FAST-003, 
U233-MET-FAST-004, U233-MET-FAST-005, and SPEC-MET-FAST-004. The two experiments with 1-
inch-thick reflector are considered to be acceptable as benchmark critical experiments. The two experiments 
with 1/2-inch-thick reflector are rejected because the final multiplication was less than 20. Due to the age 
of these experiments, it could not be determined if this low a multiplication would result in an accurate 
extrapolation to a critical configuration. Therefore the 1/2-inch-reflected configurations are judged to be 
unacceptable as benchmark critical experiments. 
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6177…..…..…………………..…….……..……ID Number…………………..…..…………….6177 

Author: Lyutov, V. D. / Lipilina, E. N. / Teryokhin, V. A. 

Title: Three Cylinders of Lead-Reflected Highly Enriched Uranium 

Date: 9/30/2005 

Report: HEU-MET-FAST-064 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments are lead-reflected cylinders of highly enriched uranium (HEU, 96 
wt.% 235U) performed in 1991 at VNIITF using the criticality test facility FKBN (Vertical Lift Machine)a 
and pieces of the complete set ROMB (abbreviation, in Russian, of the set name “Demountable 
Experimental Model of Blanket”). Five lead-reflected critical assemblies having different thicknesses of 
the material layers and different reflection were built. These experiments were used for neutron-data 
validation in the range of fission neutron energy. Three reflected critical assemblies are chosen for the 
evaluation. Critical assembly 1 (Case1) had a homogeneous core. The cores of the two other critical 
assemblies were heterogeneous cylinders consisting of alternating discs of HEU and lead. Because 95% of 
fissions are induced by fast neutrons, the assemblies are identified as FAST. The HEU discs used in these 
assemblies were used previously in assemblies evaluated in HEU-MET-FAST-015, HEU-MET-FAST-016, 
HEU-MET-FAST-017, HEU-MET-FAST-030, HEU-MET-FAST-033, HEU-MET-FAST-034, HEU-
MET-FAST-036, HEU-MET-FAST-037, HEU-MET-FAST-038, HEU-MET-MIXED-001, HEU-MET-
MIXED-004, and MIX-MET-MIXED-001. The configurations of the systems are simple enough and 
measurements were made with sufficient precision for the three experiments to be considered as criticality 
safety benchmarks. 
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6178…..…..…………………..…….……..……ID Number…………………..…..…………….6178 

Author: Lipilina, E. N. / Lyutov, V. D. / Teryokhin, V. A. 

Title: Unreflected Cylinder of Highly Enriched Uranium - Second Configuration 

Date: 9/30/2004 

Report: HEU-MET-FAST-065 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this evaluation was performed in 1987 using the vertical 
lift machine FKBN. An electric motor was used to lift the bottom part of the assembly. The experiment is 
very similar to the experiment evaluated in HEU-MET-FAST-015. Variants of these experiments were 
repeated several times in order to check the stability of the operation of the FKBN measuring complex 
during many years and as it was modernized. The assemblies contain highly enriched metal uranium (95.8 
wt.% 235U) and are unreflected. Each assembly is divided by a gap into two cylinders roughly equal in 
height. The assemblies approach criticality as the gap decreases. The cylinders are built of uranium discs. 
Each disc is nominally 20 cm in diameter and its nominal thickness is 1 cm. There is also one 1.2-cm-thick 
disc. Six similar critical assemblies were built, as well as many variants for experimental determination of 
derivatives of parameters. The quantity of discs in the assemblies varied from 11 up to 18 items, and the 
critical separation varied accordingly from 0.05 cm up to 7.7 cm. These assemblies were used to validate 
uranium nuclear data. For detailed description, a second critical assembly with the minimal height and mass 
has been chosen. The system configuration is simple enough and measurements were made with sufficient 
precision for the experiment to be a criticality safety benchmark. 
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6179…..…..…………………..…….……..……ID Number…………………..…..…………….6179 

Author: Heinrichs, Dave 

Title: Metal Spherical Shells of Highly Enriched Uranium Moderated and Reflected by Beryllium 

Date: 9/30/2005 

Report: HEU-MET-FAST-066 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of subcritical high-multiplication experiments were performed at the 
Lawrence Livermore National Laboratory (circa 1960) to precisely determine the critical mass of spherical 
highly enriched uranium metal shells with their central cavity region filled with beryllium metal shells and 
reflected by additional beryllium metal shells. This experimental series was a continuation of the “Nimbus” 
experiments previously evaluated in HEU-MET-FAST-058. The purpose of these experiments was to 
provide basic critical information for the normalization of computer codes. All of the experiments were 
performed using the Nimbus assembly machine in the small West Vault of the Lawrence Radiation 
Laboratory (LRL) Critical Facility. Nine configurations are evaluated in this report and all are determined 
to be acceptable benchmarks. 
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6180…..…..…………………..…….……..……ID Number…………………..…..…………….6180 

Author: Grimm, Karl N. / Lell, Richard M. / Smith, Micheal A. / McKnight, Richard D. 

Title: ZPR-9 Assemblies 5 and 6: HEU (93% 235U) Cylindrical Cores with Tungsten, Graphite and 
Aluminum Diluents with a Dense Aluminum Reflector 

Date: 9/30/2003 

Report: HEU-MET-FAST-067 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Assemblies 5 and 6 were two members of a series of cores built at the Argonne 
National Laboratory (ANL) ZPR-9 critical facilitya to study the neutronics of high temperature fast reactors 
proposed in the Argonne nuclear rocket program of the 1960s. That program recommended a refractory-
metal-based fast reactor that would have the potential for operation at very high temperatures. Tungsten 
(W) was selected for study as the refractory metal, perhaps alloyed with rhenium where added strength or 
temperature performance was required. A series of tungsten bearing assemblies utilizing differing light 
weight reflector materials (Al, Al2O3, and BeO-Al) were built for development of a fast reactor with 
tungsten for nuclear propulsion. The entire series of nine assemblies will be evaluated for potential use as 
criticality safety benchmarks. Assembly 1 (ZPR-9/1) was selected as a well-characterized reference 
assembly. It contained no tungsten and had an enrichment (235U/U) of ~11%. It differed from ZPR-3 
Assemblies 11 and 22 and Assembly 1 of ZPR-6 only in that in ZPR-9/1 the matrix and drawers were 
aluminum instead of stainless steel, and the reflector plate material was aluminum instead of depleted 
uranium. This reference assembly is identified in this Handbook as benchmark IEU-MET-FAST-013. In 
Assemblies 2, 3 and 4 (ZPR-9/2, 3, and 4), one-fourth, one-half, and finally all of the depleted uranium 
diluent in the core unit cell of Assembly 1 were replaced by tungsten. Assemblies 2 and 3 had 235U/U 
enrichments of ~16% and ~21%, respectively. Assembly 4, identified in this handbook as benchmark HEU-
MET-FAST-060, had a core consisting essentially of just tungsten and 93% enriched uranium. These first 
four assemblies in this series test the exchange of 238U and tungsten. Some carbon was added to the core 
cell in Assembly 5 to produce a somewhat softer spectrum. In Assembly 6 some of the tungsten was 
replaced with perforated aluminum plates. These two assemblies (ZPR-9/5 and 6) are identified in this 
Handbook as benchmark HEU-MET-FAST-067. In the final three assemblies of this series, the dense 
aluminum reflector was replaced with Al2O3 and BeO-Al, which were more effective reflectors due to the 
presence of the oxygen. ZPR-9/7, 8, and 9 are identified in this Handbook as benchmark HEU-MET-FAST-
070. Each of the assemblies in this series was constructed as a clean, cylindrical core with full radial and 
axial reflectors. Assemblies 5 and 6 had cylindrical cores constructed of highly-enriched-uranium metal 
and tungsten. In addition, Assembly 5 had graphite plates in the core region and Assembly 6 had perforated 
aluminum plates in the core region. They had radial and axial reflectors constructed of standard aluminum 
plates. Experiments were performed on ZPR-9/5 in October of 1964 and on ZPR-9/6 in January of 1965. 
The particular configurations selected as being most suitable to form criticality-safety benchmarks are 
Loading 8 of ZPR-9/5 and Loading 13 of ZPR-9/6. Their loaded fissile masses were 361 and 460 kg 235U, 
respectively. The term “benchmark” in a ZPR program connotes a particularly simple loading aimed at 
gaining basic reactor physics insight, as opposed to studying a reactor design. In fact, ZPR-9 Assemblies 5 
and 6 each had a very uniform core assembled entirely from a single core unit cell loaded into aluminum 
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drawers that were then loaded into the aluminum matrix of ZPR-9. Each assembly’s core unit cell had a 
simple loading whose neutronic characteristics were dominated by 235U, tungsten and either graphite 
(Assembly 5) or aluminum (Assembly 6). These assemblies provide useful benchmarks for testing 
criticality calculations. As just noted, 235U dominates the neutronics behavior in the core region. 
Approximately 75% of all absorptions were in 235U, with nearly all the remainder occurring in W (25% 
for Assembly 5 and 22% for Assembly 6) and Al (1% for Assembly 5 and 2% for Assembly 6). For each 
assembly, the bulk of the core neutron spectrum was in the 50-keV to 2-MeV energy range. In Assembly 
5, 39% of the fissions occurred at energies between 0.625 eV and 100 keV and 61% above 100 keV. In 
Assembly 6, 25% of the fissions occurred at energies between 0.625 eV and 100 keV and 75% above 100 
keV. Thus, the spectra were in the fast range. The neutron balances for these assemblies are included in 
Appendix C. A very accurate transformation to a simplified model is needed to make any of the ZPR 
assemblies a practical criticality-safety benchmark. There is simply too much geometric detail in an exact 
model of a ZPR assembly − even a clean benchmark such as these assemblies. The transformation must 
reduce the detail to a practical level without masking any of the important features of the critical experiment, 
and it must do this without increasing the total uncertainty far beyond that of the original experiment. Such 
a transformation is described in Section 3. It was made using a pair of continuous-energy Monte Carlo 
calculations. First, the loading was modeled in full detail − every plate, drawer, matrix tube, and air gap 
was modeled explicitly. Then the regionwise compositions and volumes from this model were used to 
construct a homogeneous, two-dimensional (RZ) model. This simple model is the criticality-safety 
benchmark model. The difference in keff values from the two models was used to adjust the measured 
excess reactivity, yielding a result for the benchmark model. The net difference in keff and each of the 
effects that contribute to it are small (<1%). Uncertainties associated with this simplification, which go 
beyond Monte Carlo statistical uncertainties, have been estimated and determined to be acceptably small 
(~0.2%). 
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6181…..…..…………………..…….……..……ID Number…………………..…..…………….6181 

Author: Tsiboulia, Anatoli / Golubev, Vladimir / Ivanova, Tatiana / Rozhikhin, Yevgeniy 

Title: Highly Enriched Uranium, Thorium, and Polyethylene Assemblies (KBR-22 and KBR-23) 

Date: 9/30/2002 

Report: HEU-MET-FAST-068 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Two critical experiments were performed on the COBRA critical facility at the 
Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation from 1995 to 1997. The 
purpose of these experiments was to obtain experimental data on critical uranium-thorium assemblies in 
addition to the experimental information obtained earlier on assemblies with central subcritical uranium-
thorium test zones (KBR-18, KBR-19, KBR-20, and KBR-21). The critical assemblies were composed of 
sets of stainless steel tubes (5.0-cm outer diameter, 0.1-cm wall thickness, and about 1.6 m long) filled with 
pellets of highly enriched (90% 235U) uranium metal in aluminum cans, thorium metal in aluminum cans, 
and polyethylene. Also, aluminum-canned pellets of depleted-uranium dioxide were used in the reflector. 
The pitch of the hexagonal lattice of the tubes was 5.1 cm. From 1990 to 1994, four k∞ experiments (KBR-
18, KBR-19, KBR-20, and KBR-21) with combinations of enriched (various combinations of 90 and 36% 
235U) uranium dioxide, thorium metal, and various amounts of moderator material (polyethylene) were 
performed on COBRA. These experiments are evaluated in IEU-COMP-INTER-001. The two critical 
experiments evaluated here are considered to be acceptable for use as benchmarks. Although KBR-22 had 
a fast spectrum of neutrons causing fission and is appropriately categorized as “FAST”, KBR-23 had an 
intermediate spectrum and is more appropriately categorized as “INTER”. 
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Author: Grimm, Karl N. / Lell, Richard M. / Smith, Micheal A. / McKnight, Richard D. 

Title: ZPR-9 Assemblies 7, 8 and 9: Cylindrical Cores with HEU (93% 235U), Tungsten, and Aluminum 
or Aluminum Oxide with a Dense Aluminum, Aluminum Oxide, or Beryllium Oxide Reflector 

Date: 9/30/2004 

Report: HEU-MET-FAST-070 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Assemblies 7, 8, and 9 were three members of a series of cores built at the Argonne 
National Laboratory (ANL) ZPR-9 critical facility to study the neutronics of high temperature fast reactors 
proposed in the Argonne nuclear rocket program of the 1960s. That program recommended a refractory-
metal-based fast reactor that would have the potential for operation at very high temperatures. Tungsten 
(W) was selected for study as the refractory metal, perhaps alloyed with rhenium where added strength or 
temperature performance was required. A series of tungsten bearing assemblies utilizing differing light 
weight reflector materials (Al, Al2O3, and BeO-Al) were built for development of a fast reactor with 
tungsten for nuclear propulsion. 
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Title: Uranium (93.14) Metal Annuli with One- and Two-Inch Graphite Reflectors 

Date: 9/30/2004 

Report: HEU-MET-FAST-071 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A variety of critical experiments were constructed of enriched uranium metal during 
the 1960s and 1970s at the Oak Ridge Critical Experiments Facility in support of criticality safety 
operations at the Y-12 Plant. The purpose of these experiments included the evaluation of storage, casting, 
and handling limits for the Y-12 Plant and providing data for verification of calculation methods and cross-
sections for criticality safety applications. These included solid cylinders of various diameters, annuli of 
various inside and outside diameters, two and three interacting cylinders of various diameters, and graphite 
and polyethylene reflected cylinders and annuli. of these hundreds of delayed critical experiments, 
experiments of uranium metal annuli with one and two-inch-thick graphite reflectors with the central void 
region either empty or filled with graphite are described here. The outside diameter of the uranium annuli 
varied from 15 to 11 inches in two-inch steps. There was sufficient uranium metal available to assemble 
six different annuli to delayed criticality with both one-inch-thick and two-inch-thick graphite reflectors 
and with the central region containing graphite or air. In some cases the experiments were reconfigured 
with different uranium metal parts. The experiments were performed between March 1963 and January 
1964. The 27 experiments described are judged to be acceptable for use as criticality safety benchmark 
experiments. Unreflected and unmoderated experiments with highly enriched uranium metal performed at 
the Oak Ridge Critical Experiments Facility at the same time are evaluated in HEU-MET-FAST-051. 
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Author: Hayes, David K. 

Title: ZEUS: Fast-Spectrum Critical Assemblies with an Iron - HEU Core Surrounded by a Copper 
Reflector 

Date: 9/30/2006 

Report: HEU-MET-FAST-072 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Three ZEUS experiments were assembled at the Los Alamos Critical Experiment 
Facility (LACEF) at Los Alamos National Laboratory (LANL) in 2002. Criticality was first achieved on 
October 8, 2002. After a slight modification to the assembly, criticality was again achieved on October 10, 
2002. The basic fuel unit was changed to intersperse polyethylene and criticality was attained on December 
19, 2002. This benchmark evaluation is considered to be supplemental to the experimental report of the 
ZEUS iron series. The ZEUS experiments are designed as a series of critical assemblies that produce 
variable spectra. This set of experiments was intended to test the adequacy of iron cross-sections in the 
intermediate energy range. However, due to limitations on size, the assemblies actually fell into the fast-
energy range, as discussed in Section 2.5. 
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Title: The Unmoderated Zeus Experiment: A Cylindrical HEU Core Surrounded by a Copper Reflector 

Date: 9/30/2005 

Report: HEU-MET-FAST-073 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The ZEUS experiments were conducted at the Los Alamos Critical Experiments 
Facility (LACEF) at Los Alamos National Laboratory (LANL) from 1999 through 2002. The initial set of 
four experiments contained highly enriched uranium (HEU) plates separated by graphite plates and was 
designed to test the adequacy of 235U cross sections in the intermediate-energy range. Those experiments 
are evaluated in HEU-MET-INTER-006. A second set of ZEUS experiments that used iron plates instead 
of graphite is evaluated in HEU-MET-FAST-072. In the experiment evaluated herein, the HEU plates were 
in direct contact with each other, with no intervening moderator. This experiment reached initial criticality 
in December 2001, and the evaluated configuration reached criticality on January 8, 2002. Information on 
this ZEUS experiment was obtained from References 1 and 2, from referenced engineering drawings, from 
discussions with personnel at LACEF, and from examination of the ZEUS logbook, inspection documents, 
and analysis reports. Based on this evaluation, the unmoderated ZEUS experiment is judged to be 
acceptable for use as a criticality-safety benchmark experiment. 
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Title: ZPPR-20 Phase C: A Cylindrical Assembly of U Metal Reflected by Beryllium Oxide 

Date: 9/30/2005 

Report: HEU-MET-FAST-075 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-20C Benchmark Assembly was part of a series of cores 
built in Assembly 20 of the ZPPR facility to provide data for developing a nuclear power source for space 
applications (SP-100). The assemblies were beryllium oxide reflected and had core fuel compositions 
containing enriched uranium fuel, niobium and rhenium. ZPPR-20 Phase C was built as the reference flight 
configuration. Two other configurations, Phases D and E, simulated accident scenarios. Phase D (SUB-
HEU-MET-MIXED-001) modeled the water immersion scenario during a launch accident, and Phase E 
(SUB-HEU-MET-FAST-001) modeled the earth burial scenario during a launch accident. Experiments in 
Assembly 20 Phases 20A through 20F were performed in 1988. The ZPPR-20C critical reference 
configuration was reactor loading 105, which was taken to critical on September 11, 1988. It had a fissile 
mass of 156.063 kg and an excess reactivity of 0.319 ± 0.003 $ (k≈1.002). 
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Title: Uranium (93.14 235U) Metal Annuli and Cylinders with Thick Polyethylene Reflectors and/or 
Internal Polyethylene Moderator 

Date: 9/30/2006 

Report: HEU-MET-FAST-076 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A variety of critical experiments were constructed of enriched uranium metal during 
the 1960s and 1970s at the Oak Ridge Critical Experiments Facility in support of criticality safety 
operations at the Y-12 Plant. The purposes of these experiments included the evaluation of storage, casting, 
and handling limits for the Y-12 Plant and providing data for verification of calculation methods and cross-
sections for nuclear criticality safety applications. These included solid cylinders of various diameters, 
annuli of various inner and outer diameters, two and three interacting cylinders of various diameters, and 
graphite and polyethylene reflected cylinders and annuli. of the hundreds of delayed critical experiments, 
experiments of uranium metal annuli with and without polyethylene reflectors and with the central void 
region either empty or filled with polyethylene are described here. The outer diameter of the uranium annuli 
varied from 9 to 15 inches in two-inch increments. In addition, there were uranium metal cylinders with 
diameters varying from 7 to 15 inches with complete reflection and reflection on one flat surface to simulate 
floor reflection. Most of the experiments were performed between February 1964 and April 1964. Five 
partially reflected (reflected on one side) experiments were assembled in November 1967, but are judged 
not to be of benchmark quality (See Section 2.2). Twenty-five experiments are described and evaluated in 
this report of which 20 are considered acceptable for use as criticality safety benchmarks. Twenty-four of 
the twenty-five experiments have been determined to have fast spectra. Experiment 4 is an exception with 
mixed spectra. Unreflected and unmoderated experiments with the same highly enriched uranium metal 
parts were performed at the Oak Ridge Critical Experiments Facility in the 1960s and are evaluated in HEU-
MET-FAST-051. Thin graphite reflected (2 inches or less) experiments also using the same highly enriched 
uranium metal parts are evaluated in HEU-MET-FAST-071. 
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Title: Unmoderated Spherical Shells of Highly Enriched Uranium Metal Reflected by Beryllium 

Date: 9/30/2005 

Report: HEU-MET-FAST-077 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of sub-critical high-multiplication experiments were performed at the 
Lawrence Livermore National Laboratory (circa 1960) to precisely determine the critical mass of 
unmoderated spherical highly enriched uranium metal shells reflected by beryllium metal shells. In these 
experiments the central cavity of each assembly contained only a small PoBe neutron source with the 
remaining cavity volume filled with air. This experimental series was a continuation of the “Nimbus” 
experiments previously evaluated in HEU-MET-FAST-058, Highly Enriched Uranium Metal Spheres with 
Beryllium Reflection, and HEU-MET-FAST-066, Metal Spherical Shells of Highly Enriched Uranium 
Moderated and Reflected by Beryllium. The purpose of these experiments was to provide basic critical 
information for the normalization of computer codes. All of the experiments were performed using the 
Nimbus assembly machine in the small West Vault of the Lawrence Radiation Laboratory (LRL) Critical 
Facility. Eight configurations are evaluated in this report and all are determined to be acceptable 
benchmarks. 
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Author: Reed, Raymond / Schira, Nick 

Title: HEU Metal Cylinders, Partially Reflected by Water, Polyethylene, Lucite, and Paraffin 

Date: 9/30/2006 

Report: HEU-MET-FAST-078 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Comet Universal Critical Assembly Machine was used in the early 1960’s to 
perform a series of critical experiments involving partially reflected HEU (Oralloy [Oy]) cylinders at the 
Los Alamos Scientific Laboratory. The cylindrical assemblies were composed of plates of HEU metal, bare 
or partially reflected by water, polyethylene, Lucite, paraffin, or graphite. The objective of these critical 
experiments was to estimate the reflector savings for an infinite HEU slab. The experiments involved stacks 
of 0.12-inch (0.3048 cm) thick HEU disks and annular rings. The disks were 15 inches (38.1 cm) in 
diameter, and the annular rings were 21 inches (53.34 cm) in outer diameter with a 15-inch (38.1 cm) inside 
diameter. Most stacks were reflected on the top with various thicknesses of reflectors. Several 
configurations also involved reflectors on the bottom of the stack. Two configurations were unreflected. 
The cylindrical reflector slab had the same diameter as the HEU cylindrical slab stack. of the forty-four 
HEU cylindrical critical configurations reported in LAMS-2744, the twenty-two 15-inch HEU cylindrical 
configurations are acceptable as benchmarks. 
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Title: Five Titanium-reflected HEU Cylinders SUB 

Date: 9/30/2006 

Report: HEU-MET-FAST-079 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this paper were performed at the criticality test facility 
FKBN (Vertical Lift Machine) with the use of parts of the ROMB complete set (abbreviation, in Russian, 
of the set name “Demountable Experimental Model of Blanket”) in VNIITF in 1984. The critical assemblies 
are constructed with disks of highly enriched uranium (HEU, 95.98 wt.% 235U) and two titanium end 
reflectors. Five critical assemblies were used with reflector thickness varying from 1 cm to 20 cm. These 
assemblies are briefly described in Chapter 12 of Reference 1 as Assemblies 2028-2032. These experiments 
were used for validation of HEU and titanium neutron cross-section data. These five critical assemblies are 
described in detail hereinafter in this evaluation. The assemblies are identified as FAST because >96 % 
fissions are induced by fast neutrons. Two non-reflected HEU assemblies with almost the same core were 
evaluated previously as HEU-MET-FAST-015 and HEU-MET-FAST-065. Two similar HEU assemblies 
with Be- and BeO end reflectors were evaluated in HEU-MET-FAST-016. The titanium disks were used 
as diluents in heterogeneous assemblies in the evaluations HEU-MET-FAST-034 and HEU-MET-MIXED-
001. The configuration of the systems was rather simple and measurements were made with precision 
sufficient for all five of the experiments to be considered as criticality safety benchmarks. 
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Title: Bare, Highly Enriched Uranium Fast Burst Reactor Caliban 

Date: 9/30/2008 

Report: HEU-MET-FAST-080 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The CALIBAN reactor is located at the CEA Valduc center in France and belongs to 
the unreflected highly enriched uranium (HEU) metal fast burst reactor family, like the Godiva reactor in 
the USA. The first burst in the CALIBAN reactor was made on July 21, 1971. Critical experiments are 
performed before each burst when CALIBAN is run in pulsed mode. The CALIBAN reactor is made of ten 
fuel discs and four rods of 93.5% enriched-uranium metal alloyed with 10 wt.% molybdenum, with a 
combined weight of 113 kg. The discs are assembled vertically in two separate blocks; the upper block is 
fixed and the lower block, named “the safety block,” is raised into position as required. The CALIBAN 
core is made critical by driving up the safety block until it makes contact with the fixed block, and then 
three control rods and one excursion rod are inserted up to definite positions to achieve the required 
reactivity. The fuel core and driving units are placed on a lift. This arrangement permits the reactor to be 
lowered into a pit, and a lead shield covering it allows access to it by personnel approximately 20 minutes 
after a burst. This evaluation considers the CALIBAN critical experiment of an unreflected HEU metal fast 
burst reactor with ten fuel discs and four rods of 93.5% enriched-uranium metal alloy with 10 wt.% 
molybdenum performed on September 27, 2006. The CALIBAN reactor experiment is acceptable for use 
as a benchmark. 



 

C-6203 

6192…..…..…………………..…….……..……ID Number…………………..…..…………….6192 

Author: Lipilina, E. N. / Lyutov, V. D. / Serikov, A. V. / Sokolov, Yu. A. 

Title: Three HEU Assemblies with Polyethylene Top Reflector 

Date: 9/30/2008 

Report: HEU-MET-FAST-082 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The three experiments presented in this evaluation were performed in May 2007 at 
VNIITF using the criticality test facility FKBN-2 (Vertical Lift Machine). The core bottom of all three 
assemblies was one HEU cylinder. The core top of Assembly 1 was also one HEU cylinder. The core top 
of Assemblies 2 and 3 consisted, respectively, of two and three HEU cylinders. A polyethylene reflector 
was placed above the top HEU cylinder(s). These experiments were used for neutron data validation. The 
calculated neutron energy spectra in these assemblies have 6 - 11% of neutrons inducing fission at thermal 
energy and 10 - 13% at intermediate energies. Therefore the spectra are identified as FAST. The HEU disks 
were used in numerous VNIITF assemblies evaluated earlier, for example, HEU-MET-FAST-015 and 
HEU-MET-FAST-065. The configurations of the systems are simple enough and measurements were made 
with sufficient precision for the experiments to be considered as criticality safety benchmarks. 
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Author: Jones, Bernard 

Title: HEU Metal Cylinders with Magnesium, Titanium, Aluminum, Graphite, Mild Steel, Nickel, Copper, 
Cobalt, Molybdenum, Natural Uranium, Tungsten, Beryllium, Aluminum Oxide, Molybdenum Carbide, 
and Polyethylene Reflectors 

Date: 9/30/2008 

Report: HEU-MET-FAST-084 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments was performed at Los Alamos Scientific Laboratory in 1958 
to determine critical masses of cylinders of Oralloy (Oy) reflected by a number of materials. The 
experiments were all performed on the Comet Universal Critical Assembly Machine, and consisted of discs 
of highly enriched uranium (93.3 wt.% 235U) reflected by half-inch and one-inch-thick cylindrical shells 
of various reflector materials. The experiments were performed by members of Group N-2, particularly K. 
W. Gallup, G. E. Hansen, h C. Paxton, and R. h White. This experiment was intended to ascertain critical 
masses for criticality safety purposes, as well as to compare neutron transport cross sections to those 
obtained from danger coefficient measurements with the Topsy Oralloy-Tuballoy reflected and Godiva 
unreflected critical assemblies. The Comet assembly machine was used for many other similar experiments 
including those evaluated in PU-MET-FAST-005, PU-MET-FAST-009, PU-MET-FAST-010, PU-MET-
FAST-018, HEU-MET-FAST-032, HEU-MET-FAST-041, HEU-COMP-INTER-003, HEU-MET-
INTER-006, U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, U233-MET-FAST-
005, and SPEC-MET-FAST-004. Also, HEU-MET-FAST-063 contains two additional experiments 
performed from this same series. The reflector materials examined in this series of experiments are as 
follows: magnesium, titanium, aluminum, graphite, mild steel, nickel, copper, cobalt, molybdenum, natural 
uranium, tungsten, beryllium, aluminum oxide, molybdenum carbide, and polythene (polyethylene). Also 
included are two special configurations of composite beryllium and iron reflectors. A total of 32 
experiments were evaluated of which only 27 are considered to be acceptable criticality safety benchmarks. 
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Title: Highly Enriched Uranium Metal Spheres Surrounded by Copper, Cast Iron, Nickel, Nickel-Copper-
Zinc Alloy, Thorium, Tungsten Alloy, or Zinc Reflectors 

Date: 9/30/2008 

Report: HEU-MET-FAST-085 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments was performed at the Los Alamos critical assembly facility 
in the early 1950s to determine the critical mass of highly enriched uranium (HEU) spheres surrounded by 
thin reflectors of various materials. The objectives of these experiments were to obtain precision graphs of 
the critical mass of highly enriched uranium metal spheres as a function of reflector thickness and to 
generate transport cross sections for the reflector material. Thirteen configurations are described in this 
evaluation; two with 1.98-inch-thick and 4.158-inch-thick copper reflectors, respectively, two with 2- and 
4-inch-thick cast iron reflectors, one with a 1.945-inchthick nickel reflector, two with 1.88- and 2.02-inch-
thick “nickel-silver” reflectors (Ni-Cu-Zn alloy), one with a 1.81-inch-thick thorium reflector, two with 2-
inch-thick and 4-inch-thick tungsten alloy reflectors, two with 2-inch-thick and 4.075-inch-thick zinc 
reflectors, and one with a 2-inch-thick tungsten alloy reflector surrounded by a 2-inch-thick cast iron 
reflector. All configurations were slightly subcritical with measured multiplications ranging from 20 to 162. 
All 13 configurations are judged to be acceptable for use as criticality safety benchmark experiments. Two 
previous evaluations performed for other experiments in this series of experiments, HEU-MET-FAST-032 
and HEU-MET-FAST-041, describe four configurations with natural uranium reflectors and six 
configurations with beryllium and graphite reflectors, respectively. 
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Title: Godiva-IV Delayed-Critical Experiments and Description of an Associated Prompt-Burst 
Experiment 
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Report: HEU-MET-FAST-086 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Godiva-IV super-prompt-critical burst experiments (hereafter referred to simply 
as prompt burst experiments) were conducted in Kiva 3, now called CASA 3, at the Los Alamos Critical 
Experiments Facility (LACEF) at Los Alamos National Laboratory (LANL) from the 1960s through 2005. 
Conduct of delayed-critical experiments prior to the prompt burst was an essential part of the process. The 
specific experiments whose results are discussed herein were performed on April 11, 2003. Those 
experiments included four delayed-critical configurations and a prompt burst. Models are developed for all 
five configurations, but simulation of the prompt burst is beyond the capability of the computer codes 
employed in this project. Information on this experiment was obtained from referenced engineering 
drawings, from discussions with personnel who worked at LACEF during the time of the Godiva-IV burst 
experiments, and from examination of the Godiva-IV logbook, inspection documents, and analysis reports. 
Unlike the initial Godiva experiment (HEU-MET-FAST-001), the Godiva-IV core was cylindrical rather 
than spherical. In addition, it had a hollow glory hole in the center of its core and structural restraints to 
keep it intact during a prompt-burst experiment. During such experiments, the resulting excursion was 
terminated by thermal expansion of the core. Subsequent expulsion of the bottom central part of the core 
known as the safety block ensured that the core remained subcritical thereafter. Based on the information 
presented in this evaluation, the four Godiva-IV delayed-critical experiments described herein are judged 
to be acceptable for use as criticality-safety benchmark experiments. 
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Title: The Uranium/Iron Benchmark Assembly: A 235U(93%)/Iron Cylinder Reflected by Stainless Steel 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Uranium/Iron Benchmark Assembly was built at the Argonne National 
Laboratory ZPR-9 facility in 1979. ZPR is an acronym for Zero Power Reactor, referring to the four very 
similar fast reactor critical experiment facilities at Argonne, one of which was the ZPR-9 facility. The 
Uranium/Iron Benchmark Assembly is also known by the designation ZPR-9/34, which identifies it as 
Assembly 34 at the ZPR-9 facility. Assembly 34 actually refers to a series of dozens of critical 
configurations that are variations designed to accommodate various experiments. The particular 
configuration of ZPR-9/34 selected as being most suitable to form a criticality safety benchmark has the 
designation Loading 303. The term “benchmark” in a ZPR program connotes a particularly simple loading 
aimed at gaining basic reactor physics insight, as opposed to studying a reactor design. In fact, the 
Uranium/Iron Benchmark Assembly was part of the Diagnostic Cores Program, which was carried out to 
resolve several long-standing issues that had become apparent in the calculations for sodiumcooled fast-
reactor critical experiments. The primary issue addressed with the Uranium/Iron Benchmark Assembly was 
the “central worth discrepancy”. This benchmark had a simple core unit cell whose neutronics 
characteristics were dominated by 235U and iron. Many of the experiments involved measuring, in both 
traditional and novel ways, the reactivity associated with introducing a small sample of fissile material near 
the center of the assembly. Some of these experiments required unusually careful measurements of 
criticality. 
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Abstract/Keyterms: Three experiments presented in this report were performed in 1986 at VNIITF using 
the criticality test facility FKBN (Vertical Lift Machine). 1 The critical assemblies are cylinders consisting 
of alternating discs of highly enriched uranium, polyethylene (CH2), and metal (Ti, Al, or steel). Twelve 
similar critical experiments having different thicknesses of the material layers were performed. These 
experiments were used for neutron-data validation in the range of fast and intermediate neutron energy. 
Only three of these critical assemblies are chosen for consideration in this evaluation. The configuration of 
the systems is simple enough and measurements were made with sufficient precision for the experiments 
to be considered as criticality safety benchmarks. Although the three assemblies chosen for evaluation 
provide significant tests of cross section data in the intermediate energy range (>30% of the neutrons 
causing fission have energies between 0.625eV and 100KeV), the majority of the fissions occur in the fast 
(>100KeV) energy range. Therefore, the evaluation of these three assemblies is more appropriately 
identified as HEU-MET-FAST-034. Complete documentation and evaluation of these configurations are 
given in HEU-MET-FAST-034. 
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Abstract/Keyterms: The experiment presented in this report was performed in 1989 at VNIITF using the 
criticality test facility FKBN (Vertical Lift Machine). 1 The critical assembly core is a cylinder consisting 
of alternating discs of highly enriched uranium and beryllium. Depleted uranium was used for end and side 
reflectors. The end reflector is 20 cm thick, and the side reflector is 25 cm thick. Seven similar critical 
assemblies having different thicknesses of the material layers were performed. These experiments were 
used for neutron data validation in the range of fission and resonance neutron energy. Only one of these 
critical assemblies is chosen for consideration in this evaluation. The configuration of the system is simple 
enough and measurements were made with sufficient precision for the experiment to be considered as a 
criticality safety benchmark. Although the assembly chosen for evaluation provides significant tests of cross 
section data in the intermediate energy range (>30% of the neutrons causing fission have energies between 
0.625eV and 100KeV), the majority of the fissions occur in the fast (>100KeV) energy range. Therefore, 
evaluation of this assembly is more appropriately identified as HEU-MET-FAST-030. Complete 
documentation and evaluation of this configuration is given in HEU-MET-FAST-030. 
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Title: Heterogeneous Cylinder of Highly Enriched Uranium, Polyethylene, and Depleted Uranium with 
Reflector of Depleted Uranium 

Date: 9/30/1998 

Report: HEU-MET-INTER-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1989 at VNIITF using the 
criticality test facility FKBN (Vertical Lift Machine). The core of the critical assembly is a cylinder 
consisting of alternating layers of highly enriched uranium, polyethylene, and depleted uranium. End 
reflectors of depleted uranium have thickness of 6 cm (bottom) and of 5 cm (top). Side reflector of depleted 
uranium has thickness of 25 cm. Four similar critical experiments having different thicknesses of the 
material layers were performed. These experiments were used for neutron data validation in the range of 
thermal and resonance neutron energy. One of these critical assemblies was chosen for evaluation. The 
configuration of the system is simple enough and measurements were made with sufficient precision for 
the experiment to be considered as a criticality safety benchmark. Although the assembly chosen for 
evaluation provides significant tests of cross section data in the intermediate energy range (>30% of the 
neutrons causing fission have energies between 0.625eV and 100KeV), the majority of the total fissions 
does not occur in the fast, intermediate, or thermal energy range. Therefore, evaluation of this assembly is 
more appropriately identified as HEU-MET-MIXED-004. Complete documentation and evaluation of this 
configuration is given in HEU-MET-MIXED-004. 
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Author: Mosteller, Russell D. / Brewer, Roger W. / Sapir, Joseph 

Title: The Initial Set of ZEUS Experiments: Intermediate-Spectrum Critical Assemblies with a Graphite-
HEU Core Surrounded by a Copper Reflector 

Date: 9/30/2004 

Report: HEU-MET-INTER-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The ZEUS experiments are a series of on-going critical assemblies at the Los Alamos 
Critical Experiments Facility (LACEF) at Los Alamos National Laboratory (LANL). The initial set of four 
experiments was designed to test the adequacy of 235U cross sections in the intermediate-energy range. A 
second set of ZEUS experiments which used iron plates instead of graphite is evaluated in HEU-MET-
FAST-072. In the initial set of ZEUS experiments, plates of highly enriched uranium (HEU) metal were 
interspersed with graphite plates in a cylindrical stack that was completely surrounded by copper reflectors. 
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Title: Uranium Metal Slabs Moderated with Polyethylene, Plexiglas, and Teflon 

Date: 9/30/2000 

Report: HEU-MET-INTER-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Forty-three critical experiments involving moderated slabs of highly enriched 
uranium metal (93.15 wt.% 235U) were performed at the Oak Ridge National Laboratory (ORNL), which 
was at that time operated by Union Carbide Corporation. The unreflected experiments consisted of uranium 
metal slabs interleaved with polyethylene, Plexiglas, or Teflon. Some of the experiments moderated by 
polyethylene also had a six-inch polyethylene reflector. Critical configurations had base dimensions of 5 x 
10 and 10 x 10 inches. The uranium mass ranged from 15.712 to 120.709 kg and H: 235U ratios varied 
from 0 to 5. All forty-three experiments are considered acceptable for use as benchmark experiments. Most 
of the 43 configurations evaluated are appropriately categorized as “fast”; however, the majority of the 
fissions for Cases 11, 12, 14, and 31 occur with neutron energies between 0.625 eV and 100 KeV, and the 
fission spectra for Cases 13, 15 - 18, and 36 - 43 are “mixed”. Therefore, Cases 11, 12, 14, and 31 are more 
appropriately identified as HEU-MET-INTER-007 and Cases 13, 15 - 18, and 36 - 43 are more 
appropriately identified as HEU-MET-MIXED-009. Complete documentation and evaluation of all 43 
experiments are given in HEU-MET-FAST-007. 
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Author: Tsiboulia, Anatoli / Golubev, Vladimir / Ivanova, Tatiana / Rozhikhin, Yevgeniy 

Title: Highly Enriched Uranium, Thorium, and Polyethylene Assemblies (KBR-22 and KBR-23) 

Date: 9/30/2002 

Report: HEU-MET-INTER-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Two critical experiments were performed on the COBRA critical facility at the 
Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation from 1995 to 1997. The 
purpose of these experiments was to obtain experimental data on critical uranium-thorium assemblies in 
addition to the experimental information obtained earlier on assemblies with central subcritical uranium-
thorium test zones (KBR-18, KBR-19, KBR-20, and KBR-21). The critical assemblies were composed of 
sets of stainless steel tubes (5.0-cm outer diameter, 0.1-cm wall thickness, and about 1.6 m long) filled with 
pellets of highly enriched (90% 235U) uranium metal in aluminum cans, thorium metal in aluminum cans, 
and polyethylene. Also, aluminum-canned pellets of depleted-uranium dioxide were used in the reflector. 
The pitch of the hexagonal lattice of the tubes was 5.1 cm. From 1990 to 1994, four k∞ experiments (KBR-
18, KBR-19, KBR-20, and KBR-21) with combinations of enriched (various combinations of 90 and 36% 
235U) uranium dioxide, thorium metal, and various amounts of moderator material (polyethylene) were 
performed on COBRA. These experiments are evaluated in IEU-COMP-INTER-001.. The experimental 
data presented here are taken from references, unclassified internal reports, and experimental logbooks. The 
two critical experiments evaluated here are considered to be acceptable for use as benchmarks. Although 
KBR-22 had a fast spectrum of neutrons causing fission and is appropriately categorized as “FAST”, KBR-
23 had an intermediate spectrum and is more appropriately categorized as “INTER”. Complete 
documentation of both configurations is given in HEU-MET-FAST-068. 
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Title: ‘SPADE’ Assemblies Part II: Highly Enriched Uranium Metal Foils Moderated by Beryllium Oxide 

Date: 9/30/2005 

Report: HEU-MET-INTER-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of subcritical high-multiplication experiments were performed at the 
Lawrence Livermore National Laboratory in the late 1950’s and 1960’s with unreflected assemblies of 
highly enriched uranium (HEU) thin foils stacked between blocks of beryllium oxide (BeO). These 
experiments were assigned the program name “Spade” and were intended to provide basic critical 
information for the normalization of computer codes in support of the Livermore Advanced Reactors 
Studies program. The first series of fifteen experiments are evaluated in HEU-MET-THERM-027. These 
thermal experiments had HEU thicknesses ranging from 0.001 inch to 0.008 inches “sandwiched” between 
blocks of BeO of thicknesses ranging from 1 inch to 4 inches for effective BeO/ 235U atomic rations of 
247, 493, 986, 1920, 3830 and 7660. This evaluation considers two later intermediate-energy experiments, 
which utilized, respectively, sixteen or eight 0.002-inch square HEU foils sandwiched between 1-inch BeO 
blocks for effective BeO/ 235U atomic ratios of 62 and 124. These assemblies also utilized 0.5-inch BeO 
blocks to represent half-cells at the top and bottom ends of the assemblies and split cells around the 
diaphragm. These experiments were designed to contain minimal extraneous (structural) materials and 
minimal internal voids. All of the Spade experiments were performed in the East Vault of the Lawrence 
Radiation Laboratory (LRL) Critical Facility. Two Spade configurations, called Spade-158 and Spade-162 
(Part 3), are evaluated in this report, and both are determined to be acceptable benchmarks. 
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Author: Vasilyev, A. P. / Teryokhin, V. A. / Lyutov, V. D. / Kandiyev, Ya. Z. / Sokolov, Yu. A. 

Title: Heterogeneous Cylinder of Highly Enriched Uranium, Polyethylene, and Titanium with Polyethylene 
Reflector 

Date: 9/30/2000 

Report: HEU-MET-MIXED-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1988 at VNIITF using the 
criticality test facility FKBN (Vertical Lift Machine). The critical assembly core is a cylinder consisting of 
alternating discs of highly enriched uranium, polyethylene (CH2), and titanium. End and side polyethylene 
reflectors are 10.0 cm thick. Six similar critical assemblies having different thicknesses of the material 
layers were performed. These experiments were used for neutron data validation in the range of resonance 
and thermal neutron energy. Only one of these critical assemblies is chosen for consideration in this 
evaluation. The configuration of the system is simple enough and measurements were made with sufficient 
precision for the experiment to be considered as a criticality safety benchmark. 
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M. I. / Yuferev, V. I. 

Title: Spherical Assembly of 235U(90%) with Central Area of Polyethylene and 12.85-cm Polyethylene 
Reflector 

Date: 9/30/1998 

Report: HEU-MET-MIXED-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Measurements of critical parameters of an assembly of 235U(90%) with central area 
of polyethylene and with a 12.85-cm polyethylene reflector were conducted by VNIIEF in 1962 at its 
criticality test facility (CTF). The core pieces were manufactured also in 1962. Participating in the 
acquirement of primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. 
Sciborskij, and V. A. Davidenko. These experiments were computationally and theoretically reevaluated in 
1997. These efforts resulted in an acceptable benchmark spherical critical-assembly model. Reference 1 
provides a description of the experimental facility. The other experimental data presented were extracted 
from experimenter logbooks and experiment catalogues. 
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M. I. / Yuferev, V. I. 

Title: Spherical Assembly of 235U(90%) with Central Area of Polyethylene and 15.85-cm Polyethylene 
Reflector 

Date: 9/30/1998 

Report: HEU-MET-MIXED-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Measurements of critical parameters of an assembly of 235U(90%) with central area 
of polyethylene and with a 15.85-cm polyethylene reflector were conducted by VNIIEF in 1962 at its 
criticality test facility (CTF). The core pieces were manufactured also in 1962. Participating in the 
acquirement of primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. 
Sciborskij, and V. A. Davidenko. These experiments were computationally and theoretically reevaluated in 
1997. These efforts resulted in an acceptable benchmark spherical critical-assembly model. Reference 1 
provides a description of the experimental facility. The other experimental data presented were extracted 
from experimenter logbooks and experiment catalogues. 
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V. A. / Filippova, E. Ya. 

Title: Heterogeneous Cylinder of Highly Enriched Uranium, Polyethylene, and Depleted Uranium with 
Reflector of Depleted Uranium 

Date: 9/30/1999 

Report: HEU-MET-MIXED-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1989 at VNIITF using the 
criticality test facility FKBN (Vertical Lift Machine). The core of the critical assembly is a cylinder 
consisting of alternating layers of highly enriched uranium, polyethylene, and depleted uranium. The end 
reflectors of depleted uranium have thicknesses of 6 cm (bottom) and 5 cm (top). The side reflector of 
depleted uranium has a thickness of 25 cm. Four similar critical experiments having different thicknesses 
of the material layers were performed. These experiments were used for neutron-data validation in the range 
of thermal and resonance neutron energy. One of these critical assemblies was chosen for evaluation. The 
configuration of the system is simple enough and measurements were made with sufficient precision for 
the experiment to be considered as a criticality safety benchmark. Although categorized as “mixed,” a 
significant fraction of the total fissions in this assembly takes place in the intermediate energy range. 
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Author: Tsiboulia, Anatoli / Matveenko, Igor / Nikolaev, Mark / Semenov, Mikhail 

Title: Critical Experiments with Heterogeneous Compositions of Highly Enriched Uranium, Silicon 
Dioxide, and Polyethylene 

Date: 9/30/2001 

Report: HEU-MET-MIXED-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of five critical configurations with heterogeneous compositions of highly 
enriched uranium, silicon dioxide, and polyethylene was performed at the Institute of Physics and Power 
Engineering (IPPE), Obninsk, Russia at the Big Physical Stand (BFS) facility in August – October 1999. 
The U. S. National Spent Nuclear Fuel Program (NSNFP) at the Idaho National Engineering and 
Environmental Laboratory (INEEL) sponsored these experiments. The purpose of these experiments was 
to obtain data that are applicable to a wide range of criticality safety operations involving fissile 
contaminated waste streams. In particular, the data were intended for NSNFP validations of criticality safety 
calculations performed in support of storage of highly enriched spent nuclear fuels in the United States 
geologic repository at Yucca Mountain, Nevada. The experiments were performed at the BFS-1 facility and 
the critical configurations were designated as BFS-79/1, -79/2, -79/3, -79/4, and -79/5, according to the 
rules of the BFS facility. In October 1999 – February 2000 an analogous series of six experiments with 
plutonium fuel was performed (BFS-81 experiments). The plutonium-fueled experiments are evaluated in 
PU-MET-MIXED-001. The critical assemblies were composed of sets of aluminum tubes (5.0 cm in outer 
diameter, 0.1 cm wall thickness, and about 2 m long) filled with pellets of highly enriched uranium metal 
in aluminum cans, silicon dioxide, and polyethylene. Also, quartz (silicon dioxide) sand was used to fill 
tubes in the reflector at the core periphery. Thin polyethylene dowels were inserted into the space between 
the tubes in some cases, to provide well-defined moderation similar to water. The pitch of the hexagonal 
lattice of the tubes was 5.1 cm. All five uranium-fueled experiments are evaluated here and are considered 
to be acceptable as criticality safety benchmark experiments. While the experiments of this series cover a 
wide range of spectra of neutrons causing fission (one thermal, two mixed, and two intermediate cases; see 
Appendix H), the experiments are categorized as having mixed spectra. 
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Author: Vasilyev, A. P. / Teryokhin, V. A. / Lyutov, V. D. / Sokolov, Yu. A. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium with Polyethylene and Steel 

Date: 9/30/1997 

Report: HEU-MET-MIXED-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The two experiments presented in this report were performed at the Critical Test 
Facility of VNIITF in 1986. The critical assemblies are cylinders consisting of alternating discs of highly 
enriched uranium, polyethylene, and steel. Ten similar critical experiments having different thicknesses of 
the material layers were performed. These experiments were used for neutron data validation in the range 
of resonance and thermal neutron energy. For the detailed description two of these critical assemblies are 
chosen. The configurations of the systems are simple enough and measurements were made with sufficient 
precision for the experiments to be considered as criticality safety benchmarks. Both of the assemblies 
chosen for evaluation provide significant tests of cross section data in the fast and intermediate energy 
range. Depending on the cross section data used in calculations, the percentage of neutrons causing fission 
in the fast-energy range for Case 1 is slightly greater than 50% or slightly less than 50%. Case 1 could be 
categorized as either “FAST” or “MIXED”. Case 2 is clearly most appropriately categorized as “MIXED”. 
Evaluation of these two assemblies was identified as HEU-MET-FAST-033 before detailed spectra data 
was available. Complete documentation and evaluation of these configurations are given in HEU-MET-
FAST-033. 
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Author: Vasilyev, A. P. / Lipilina, E. N. / Lyutov, V. D. / Samarina, S. V. / Sokolov, Yu. A. / Teryokhin, 
V. A. / Filippova, E. Ya. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium with Polyethylene and Depleted 
Uranium 

Date: 9/30/1999 

Report: HEU-MET-MIXED-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this report were performed in 1986 at VNIITF using 
the criticality test facility FKBN (Vertical Lift Machine). The critical assemblies were cylinders consisting 
of alternating layers of highly enriched uranium, polyethylene, and depleted uranium. Six similar critical 
experiments having different thicknesses of the material layers were performed. These experiments were 
used for neutron-data validation in the range of resonance neutron energy. Two of these critical assemblies 
were chosen for evaluation. In the subsequent discussion, these assemblies are referred to as “Assembly 1” 
and “Assembly 2.” The configurations of the systems are simple enough and measurements were made 
with sufficient precision for the experiments to be considered as criticality safety benchmarks. Both of the 
assemblies chosen for evaluation provide significant tests of cross section data in the fast and intermediate 
energy range. Depending on the cross section data used in calculations, the percentage of neutrons causing 
fission in the fast-energy range for Case 1 is slightly greater than 50% or slightly less than 50%. Case 1 
could be categorized as either “FAST” or “MIXED”. Case 2 is clearly most appropriately categorized as 
“FAST”. Evaluation of these two assemblies is identified as HEU-MET-FAST-036. Complete 
documentation and evaluation of these configurations are given in HEU-MET-FAST-036. 
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Author: Vasilyev, A. P. / Lipilina, E. N. / Lyutov, V. D. / Samarina, S. V. / Sokolov, Yu. A. / Teryokhin, 
V. A. / Filippova, E. Ya. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium, Polyethylene, and Depleted Uranium 
with Polyethylene or Polyethylene and Cadmium Reflector 

Date: 9/30/1999 

Report: HEU-MET-MIXED-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this report were performed in 1988 at VNIITF using 
the criticality test facility FKBN (Vertical Lift Machine). The cores of the critical assemblies were cylinders 
consisting of alternating discs of highly enriched uranium, polyethylene, and depleted uranium. End and 
side polyethylene reflectors were 10 cm thick. Seven similar critical experiments having different 
thicknesses of the material layers were performed. These experiments were used for neutron-data validation 
in the range of resonance neutron energy. The two critical assemblies chosen for evaluation were very 
similar. They differ by the presence of a thin cadmium layer between the core and the side and end reflectors 
in one assembly and by the core loading required to bring each assembly to or near criticality. In the 
subsequent discussion, these assemblies are referred to as “Assembly 1” and “Assembly 2.” The 
configurations of the systems are simple enough and measurements were made with sufficient precision for 
the experiments to be considered as criticality safety benchmarks. Both of the assemblies chosen for 
evaluation provide significant tests of cross section data in the fast and intermediate energy range. 
Depending on the cross section data used in calculations, the percentage of neutrons causing fission in the 
fast-energy range for Case 1 is slightly greater than 50% or slightly less than 50%. Case 1 could be 
categorized as either “FAST” or “MIXED”. Case 2 is clearly most appropriately categorized as “FAST”. 
Evaluation of these two assemblies is identified as HEU-MET-FAST-037. Complete documentation and 
evaluation of these configurations are given in HEU-MET-FAST-037. 



 

C-6223 

6212…..…..…………………..…….……..……ID Number…………………..…..…………….6212 

Author: Crawford, Catherine 

Title: Uranium Metal Slabs Moderated with Polyethylene, Plexiglas, and Teflon 

Date: 9/30/2000 

Report: HEU-MET-MIXED-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Forty-three critical experiments involving moderated slabs of highly enriched 
uranium metal (93.15 wt.% 235U) were performed at the Oak Ridge National Laboratory (ORNL), which 
was at that time operated by Union Carbide Corporation. The unreflected experiments consisted of uranium 
metal slabs interleaved with polyethylene, Plexiglas, or Teflon. Some of the experiments moderated by 
polyethylene also had a six-inch polyethylene reflector. Critical configurations had base dimensions of 5 x 
10 and 10 x 10 inches. The uranium mass ranged from 15.712 to 120.709 kg and H: 235U ratios varied 
from 0 to 5. All forty-three experiments are considered acceptable for use as benchmark experiments. Most 
of the 43 configurations evaluated are appropriately categorized as “fast”; however, the majority of the 
fissions for Cases 11, 12, 14, and 31 occur with neutron energies between 0.625 eV and 100 KeV, and the 
fission spectra for Cases 13, 15 - 18, and 36 - 43 are “mixed”. Therefore, Cases 11, 12, 14, and 31 are more 
appropriately identified as HEU-MET-INTER-007, and Cases 13, 15 - 18, and 36 - 43 are more 
appropriately identified as HEU-MET-MIXED-009. Complete documentation and evaluation of all 43 
experiments are given in HEU-MET-FAST-007. 
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Author: Mosteller, Russell D. 

Title: Lattices of Oralloy Cubes in Water 

Date: 9/30/2000 

Report: HEU-MET-MIXED-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During or shortly prior to 1955, a series of experiments was conducted at the Pajarito 
site at Los Alamos National Laboratory using cubic or nearly cubic lattices of oralloy (Oy) cubes immersed 
inside a tank of water. (Oralloy denotes uranium enriched to approximately 93 wt.% 235U.) The objective 
of these experiments was to “help bridge the gap between critical mass data for solid units of Oy (water 
tamped) and for immersed Oy lathe turnings or solutions with molecular units.” Although none of the 
configurations was taken to an actual critical condition, the results obtained were interpolated to estimate 
the optimum separation and minimum mass for criticality to occur. Although most of the benchmark models 
that were developed from this series of experiments involve arrays of small oralloy cubes immersed in 
water, one of the benchmark models involves a single parallelepiped reflected by water and another 
involves a single cube reflected by water. In Cases 5, 6 and 7 with lattices of small cubes, most of the 
fissions occur in the thermal-energy range. However, most of the fissions occur in the fast range for Cases 
1 and 2 with a single oralloy unit. The fission spectra for Cases 3 and 4, with lattices of larger size cubes, 
is mixed. Therefore, Cases 1 and 2 are appropriately identified as HEU-MET-FAST-006, and Cases 3 and 
4 are appropriately identified as HEU-MET-MIXED-010, but complete documentation and evaluation of 
those configurations are included with the evaluation of the other experiments in the series, HEU-MET-
THERM-003. 
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Title: Oil Reflected Spheres and Hemispheres of Highly Enriched Uranium (93.1 % 235U) Metal with Oil 
or Steel Moderator 

Date: 9/30/2003 

Report: HEU-MET-MIXED-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From September 1965 to April 1967, a series of seventeen approach-to-critical 
experiments involving highly enriched (93.1 % 235U) uranium metal spherical and hemispherical shells 
was performed at the Rocky Flats Critical Mass Laboratory (CML). Each uranium or steel hemishell was 
nominally 0.328 cm thick. The central, or moderator, region of the spheres or hemispheres was either filled 
with oil or with steel spherical or hemispherical shells. Two of the experiments consisted of either a 
complete sphere or hemisphere of uranium metal with no oil or steel moderator region. All seventeen 
experiments were fully reflected with oil. The main emphasis of the experiments was to provide data for 
comparison with computer calculations. Many good critical experiments that measured the properties of 
highly enriched uranium metal exist, and a number of these have been evaluated and included in the 
ICSBEP handbook. The unique feature of all seventeen of these experiments covered here is the presence 
of oil as a reflecting material. Eight of the experiments contained oil moderator, seven of the experiments 
contained mild steel moderator, while the remaining two experiments had little to no moderating materials. 
Other evaluations, which are related in either fissile material and shape, HEU-MET-FAST-039, or 
reflecting oil, PU-MET-FAST-034, have not been acceptable as criticality benchmark evaluations due to 
large uncertainties. However, all 17 of the oil-reflected spherical and hemispherical uranium experiments 
have been evaluated and deemed suitable as benchmark experiments. Cases 3, 4, 5, and 10 do not have a 
majority of fissions occurring in any one of the fast, intermediate, or thermal energy regimes and are 
appropriately categorized as “MIXED”. All remaining cases have over 50% of the fissions occurring in the 
fast energy regimes and are more appropriately categorized as “FAST”. Complete documentation of all 
configurations, including Cases 3, 4, 5, and 10 is given in HEU-MET-FAST-048. 
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Title: ZPPR-20 Phase D: A Cylindrical Assembly of Polyethylene-moderated U Metal Reflected by 
Beryllium Oxide and Polyethylene 

Date: 9/30/2006 
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Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory- West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-20D Benchmark Assembly was part of a series of cores 
built in Assembly 20 of the ZPPR facility to provide data for developing a nuclear power source for space 
applications (SP-100). The assemblies were beryllium oxide reflected and had core fuel compositions 
containing enriched uranium fuel, niobium and rhenium. ZPPR-20 Phase C (HEU-MET-FAST-075) was 
built as the reference flight configuration. Two other configurations, Phases D and E, simulated accident 
scenarios. Phase D modeled the water immersion scenario during a launch accident, and Phase E (SUB-
HEU-MET-FAST-001) modeled the earth burial scenario during a launch accident. Two configurations 
were recorded for the simulated water immersion accident scenario (Phase D); the critical configuration, 
documented here, and the subcritical configuration (SUB-HEU-MET-MIXED-001). Experiments in 
Assembly 20 Phases 20A through 20F were performed in 1988. The reference water immersion 
configuration for the ZPPR-20D assembly was obtained as reactor loading 129 on October 7, 1988 with a 
fissile mass of 167.477 kg and a reactivity of -4.626 ± 0.044¢ (k≈0.9997). The SP-100 core was to be 
constructed of highly enriched uranium nitride, niobium, rhenium and depleted lithium. The core design 
called for two enrichment zones with niobium-1% zirconium alloy fuel cladding and core structure. 
Rhenium was to be used as a fuel pin liner to provide shut down in the event of water immersion and 
flooding. The core coolant was to be depleted lithium metal (7Li). The core was to be surrounded radially 
with a niobium reactor vessel and bypass which would carry the lithium coolant to the forward inlet plenum. 
Immediately inside the reactor vessel was a rhenium baffle which would act as a neutron curtain in the 
event of water immersion. A fission gas plenum and coolant inlet plenum were located axially forward of 
the core. Some material substitutions had to be made in mocking up the SP-100 design. The ZPPR-20 
critical assemblies were fueled by 93% enriched uranium metal because uranium nitride, which was the 
SP-100 fuel type, was not available. ZPPR Assembly 20D was designed to simulate a water immersion 
accident. The water was simulated by polyethylene (CH2), which contains a similar amount of hydrogen 
and has a similar density. A very accurate transformation to a simplified model is needed to make any of 
the ZPPR assemblies a practical criticality-safety benchmark. There is simply too much geometric detail in 
an exact model of a ZPPR assembly, particularly as complicated an assembly as ZPPR-20D. The 
transformation must reduce the detail to a practical level without masking any of the important features of 
the critical experiment and it must do this without increasing the total uncertainty far beyond that of the 
original experiment. Such a transformation will be described in a later section. First, Assembly 20D was 
modeled in full detail—every plate, drawer, matrix tube, and air gap was modeled explicitly. Then the 
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regionwise compositions and volumes from this model were converted to an RZ model. ZPPR Assembly 
20D has been determined to be an acceptable criticality-safety benchmark experiment. 



 

C-6228 

6216…..…..…………………..…….……..……ID Number…………………..…..…………….6216 

Author: Sumner, Tyler / Montierth, Leland M. / Briggs, J. Blair 

Title: Uranium (93.14 235U) Metal Annuli and Cylinders with Thick Polyethylene Reflectors and/or 
Internal Polyethylene Moderator SUB 

Date: 9/30/2006 

Report: HEU-MET-MIXED-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A variety of critical experiments were constructed the Oak Ridge Critical 
Experiments Facility purposes of these experiments included the Plant and providing data for verification 
of calculation safety applications. These included solid cylinders diameters, two and three interacting 
cylinders and annuli. of the hundreds of delayed critical experiments, polyethylene reflectors and with the 
central described here. The outer diameter of the uranium In addition, there were uranium metal cylinders 
reflection and reflection on one flat surface performed between February 1964 and April experiments were 
assembled in November 1967, experiments are described and evaluated in criticality safety benchmarks. 
Twenty-four of the twenty-five experiments fissions occur above 100 keV). Experiment exception with 
mixed spectra. Complete documentation HEU-MET-FAST-076. 
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6217…..…..…………………..…….……..……ID Number…………………..…..…………….6217 

Author: Lipilina, E. N. / Lyutov, V. D. / Serikov, A. V. / Sokolov, Yu. A. 

Title: Heterogeneous Cylinder of Highly Enriched Uranium, Polyethylene, and Titanium with Polyethylene 
Reflector 

Date: 9/30/2008 

Report: HEU-MET-MIXED-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this evaluation was performed in VNIITF at the 
criticality test facility FKBN-2 (Vertical Lift Machine) in 2007. The core of the critical assembly was a 
cylinder consisting of alternating disks of highly enriched uranium, polyethylene, and titanium. End and 
side polyethylene reflectors were 10 cm thick. Four similar critical experiments with varying thicknesses 
of polyethylene layers were performed. One of these variants was chosen for the evaluation. These 
experiments were used for neutron data validation in the range of resonance and thermal neutron energy. 
All reported results come from logbooks. The calculated spectrum of neutrons inducing fissions was 38% 
thermal neutrons (<1 eV) and 34% intermediate-energy neutrons (1 eV – 0.1 MeV). Calculated absorption 
in the titanium is 12% of all neutron collisions. The HEU disks were used in numerous VNIITF assemblies 
evaluated previously, for example, HEU-MET-FAST-015, HEU-MET-FAST-016 and HEU-MET-FAST-
065. The titanium disks were used as a diluent in a heterogeneous assembly evaluated in HEU-MET-FAST-
034, as part of a polyethylene titanium- moderated assembly evaluated in HEU-MET-MIXED-001, and as 
end reflectors in an assembly evaluated in HEU-MET-FAST-079. The configuration of the system is simple 
enough and measurements were made with sufficient precision for the experiment to be acceptable as a 
criticality safety benchmark. 
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6218…..…..…………………..…….……..……ID Number…………………..…..…………….6218 

Author: Lipilina, E. N. / Lyutov, V. D. / Sericov, A. V. 

Title: Two Heterogeneous Cylinders of Highly Enriched Uranium, Polyethylene, and Vanadium with 
Polyethylene Reflector 

Date: 9/30/2008 

Report: HEU-MET-MIXED-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Two experiments presented in this evaluation were performed at the criticality test 
facility FKBN-2 (Vertical Lift Machine) at VNIITF in 2007. The core of each critical assembly was a 
cylinder consisting of alternating disks of highly enriched uranium (HEU, 95.98 wt.% 235U), polyethylene 
and vanadium. End and side polyethylene reflectors were 10-cm thick. Two critical experiments with 1.5-
cm- and 2-cm-thick polyethylene layers as moderator were performed and evaluated. These experiments 
were performed for neutron data validation in the range of resonance and thermal neutron energies. All 
reported results come from the experimental logbooks. Calculated spectra of neutrons inducing fissions 
have 36-40% thermal neutrons (<0.625 eV) and 37-34 % intermediate energy neutrons (0.625 eV – 0.1 
MeV) and 28-26 % fast neutrons. Therefore the spectrum is identified as MIXED. Parts of the ROMB 
complete set (abbreviation, in Russian, of the set name “Demountable Experimental Model of Blanket”) 
were used. The HEU disks were used in numerous VNIITF assemblies evaluated previously, for example, 
HEU-MET-FAST-015, HEU-MET-MIXED-015 and HEU-MET-FAST-065. The vanadium disks were 
used in assemblies evaluated in HEU-MET-FAST-025, HEU-MET-FAST-042, and HEU-MET-FAST-
040. This evaluation is similar to HEU-MET-MIXED-015, the main difference being replacing titanium 
with vanadium. Thus the photographs in HEU-MET-MIXED-015 are good illustrations for this evaluation. 
Note that the HEU disks changed slightly before these measurements. Most of them lost their thin aluminum 
coating (negligible in calculations) and began to deteriorate. After that they were cleaned and prepared for 
re-covering with a thicker and more durable aluminum coating. Two HEU disks in Case 1 (Disks 73 and 
74) and four HEU disks in Case 2 (73, 74, 77 and 78) were recoated with aluminum. The other HEU disks 
were cleaned and will be recoated later. In these layers only plugs have thin aluminum coating. Some plugs 
are not coated. The two configurations of the systems were simple enough and measurements were made 
with sufficient precision for the experiments to be acceptable as criticality safety benchmarks. 
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6219…..…..…………………..…….……..……ID Number…………………..…..…………….6219 

Author: Brewer, Roger 

Title: Polyethylene Reflected and Moderated Highly Enriched Uranium System with Silicon 

Date: 9/30/2002 

Report: HEU-MET-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Planet universal critical assembly machine was used to perform a series of three 
critical experiments. This experiment used HEU foils reflected by polyethylene and interleaved with plates 
of SiO2 glass and polyethylene. The volume fraction of SiO2 glass in the core is 6.7%. The silicon is worth 
about 1% in keff. Two other experiments were performed using plates of Al (HEU-MET-THERM-008) 
and MgO powder instead of SiO2. Only the experiment performed using the SiO2 matrix material is 
evaluated in this report. The SiO2 experiment was performed between April 1998 and November 1999 in 
CASA 1 (Critical Assembly and Storage Area 1). This experiment is judged to be acceptable as a benchmark 
critical experiment. 
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6220…..…..…………………..…….……..……ID Number…………………..…..…………….6220 

Author: Mosteller, Russell D. 

Title: Early Honeycomb Experiments: Highly-Enriched Uranium Foils Moderated by Graphite and 
Reflected by Beryllium (PLEASE NOTE: This evaluation contains data that were judged to be unacceptable 
as criticality safety benchmark data. However, it may contain data 

Date: 3/31/1995 

Report: HEU-MET-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Three sets of experiments were conducted on the Honeycomb machine at the Pajarito 
Site at Los Alamos National Laboratory during or prior to 1957. In all of the experiments, foils of uranium 
enriched to 93.2 wt., known as oralloy, or Oy, were placed between slats of graphite, and the resulting 
“core” then was surrounded with beryllium. The objective of the first set of experiments, consisting of eight 
“assemblies,” was “primarily to establish characteristics as functions of C/Oy atomic ratio of core with 
nearly constant reflector thickness”; the objective of the second set, consisting of three assemblies, was to 
“provide checks for a two-dimensional diffusion code”; and the objective of the third set, also consisting of 
three assemblies, was to “establish the minimum-volume core at C/Oy ~350 that could be made critical 
with available beryllium”. The only available documentation for these experiments describes them 
primarily in terms of homogeneous concentric cylinders even though they actually were configured as an 
array of rectangular tubes. It was found (see Section 2) that approximating them as homogeneous, 
concentric cylinders produces reactivity changes that significantly affect k, and an exhaustive search for 
the logbooks in which these experiments were recorded was unsuccessful. It was concluded that none of 
these experiments can be described in sufficient detail for them to qualify as benchmarks. 
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6221…..…..…………………..…….……..……ID Number…………………..…..…………….6221 

Author: Mosteller, Russell D. 

Title: Lattices of Oralloy Cubes in Water 

Date: 3/31/1995 

Report: HEU-MET-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During or shortly prior to 1955, a series of experiments was conducted at the Pajarito 
site at Los Alamos National Laboratory using cubic or nearly cubic lattices of oralloy (Oy) cubes immersed 
inside a tank of water. (Oralloy denotes uranium enriched to approximately 93 wt.% 235U.) The objective 
of these experiments was to “help bridge the gap between critical mass data for solid units of Oy (water 
tamped) and for immersed Oy lathe turnings or solutions with molecular units.” Although none of the 
configurations was taken to an actual critical condition, the results obtained were interpolated to estimate 
the optimum separation and minimum mass for criticality to occur. A total of 12 experiments were 
performed, with different sizes of cubes and different spacings between them. Six of these experiments, as 
well as a seventh configuration for a single cube with an extrapolated critical mass, are considered to be 
acceptable for use as benchmark experiments for criticality safety. The remaining six experiments are not 
considered acceptable, either because the measured multiplication was too low or because there was 
insufficient documentation. 



 

C-6234 

6222…..…..…………………..…….……..……ID Number…………………..…..…………….6222 

Author: Woods, Kenneth 

Title: Critical Experiments of Spert-D Fuel in Water, Dilute Uranyl Nitrate, and Borated Uranyl Nitrate 

Date: 9/30/2001 

Report: HEU-MET-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-five critical configurations involving lattices of SPERT-D fuel elements were 
reported in 1964-65 at Oak Ridge National Laboratory (ORNL), which was operated at that time by Union 
Carbide Corporation. The original purpose of the experiments was to determine specifications for the 
storage, transport, and chemical processing of SPERT-D fuel. The fuel elements consisted of plates of a 
uranium-aluminum alloy. Each fuel element contained about 300 grams of 235U in 22 aluminum-clad flat 
plates. The 235U critical mass ranged from 3.48 kg to 19.62 kg for the 18 water-moderated and water-
reflected lattices. The 235U critical mass ranged from 2.86 to 10.15 kg (contained in the elements) when a 
dilute uranyl nitrate solution having a 235U concentration of 3.99 g/liter was substituted for water. Boron 
was added to the uranyl nitrate solution for some cases. The critical mass for each experiment was 
determined by interpolation between slightly supercritical and slightly subcritical states. Twenty-three of 
twenty-five experiments are evaluated and considered acceptable for use as benchmark experiments. Two 
approximately circular arrangements in uranyl nitrate solution are not evaluated. 
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6223…..…..…………………..…….……..……ID Number…………………..…..…………….6223 

Author: Kim, Soon S. 

Title: Critical Experiments of Stainless Steel Clad Spert Fuel in Water - III 

Date: 9/30/2001 

Report: HEU-MET-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven critical experiments involving lattices of SPERT III type 1S fuel elements 
with water moderated and water-reflected 93.2%-enriched uranium dioxide were performed in May, 1959 
in a small auxiliary tank located at the SPERT I facility of the National Reactor Testing Station (now the 
Idaho National Engineering and Environmental Laboratory). The object of the critical experiments was to 
obtain clean criticality data on geometrically simple, close-packed arrays in order to test the validity of the 
neutron diffusion analysis of the full-scale SPERT III reactor. The fuel element, or assembly, is a plate-
type stainless steel unit, consisting of 38 fuel plates, 2 side plates, a center reinforcing plate, and upper and 
lower end boxes. A total of 11 experiments were evaluated in this report. All 11 experiments are judged to 
be acceptable as benchmarks. 
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6224…..…..…………………..…….……..……ID Number…………………..…..…………….6224 

Author: Loaiza, David 

Title: Polyethylene Reflected and Moderated Highly Enriched Uranium System with Aluminum 

Date: 9/30/2002 

Report: HEU-MET-THERM-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The HEU-Al experiment was performed using the Planet universal critical assembly 
at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National Laboratory. This 
experiment consisted of placing HEU foils interspersed with aluminum plates in a column stack. These 
uranium foils were moderated and reflected by polyethylene square plates. A unit consisted of one 
polyethylene plate with a recess in its topside that contained an Al plate and a smaller recess in its lower 
side for HEU foils. The HEU-Al experiment was performed during the 2000 calendar year. This 
experimental setup yielded a Al/ 235U ratio of 60:1. The Planet universal critical assembly machine was 
also used to perform experiments with HEU foils interspersed with SiO2 (HEU-MET-THERM-001), MgO 
(HEU-MET-THERM-009) and Gd foils (HEU-MET-THERM-010). However, this report only describes 
the HEU-Al experiment. This experiment is judged to be acceptable as a benchmark critical experiment. 
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6225…..…..…………………..…….……..……ID Number…………………..…..…………….6225 

Author: Loaiza, David 

Title: Polyethylene Reflected and Moderated Highly Enriched Uranium System with Magnesium Oxide 

Date: 9/30/2002 

Report: HEU-MET-THERM-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The HEU-MgO experiment was performed using the Planet universal critical 
assembly machine at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National 
Laboratory. This experiment consisted of placing HEU foils interspersed with magnesium oxide in a 
column stack. These uranium foils were moderated and reflected by polyethylene square plates. A unit 
consisted of one polyethylene plate with a recess in its topside that contained magnesium oxide powder and 
a smaller recess in its lower side for HEU foils. The HEU-MgO experiment was performed from August to 
October of 2001. The Planet universal critical assembly machine was also used to perform experiments 
with HEU foils interspersed with SiO2 (HEU-MET-THERM-001), with aluminum (HEU-MET-THERM-
008), and with gadolinium (HEU-MET-THERM-010). However, this report only describes the HEUMgO 
experiment. These experiments are judged to be acceptable as benchmark critical experiments. 
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6226…..…..…………………..…….……..……ID Number…………………..…..…………….6226 

Author: Loaiza, David 

Title: Polyethylene Reflected and Moderated Highly Enriched Uranium Systems with Gadolinium 

Date: 9/30/2002 

Report: HEU-MET-THERM-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Two HEU-Gd experiments were performed during the 2001 calendar year using the 
Planet universal critical assembly at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos 
National Laboratory. The first experiment used a natural-Gd metallic foil that was 2x2x0.015 inches while 
the second experiment used a Gd foil that was 2x2x0.0075 inches. These experiments were done to 
understand the “blackness” of the Gd foils, i. e., their ability to absorb neutrons. The experiments consisted 
of placing HEU foils interspersed with gadolinium foils in a column stack. The uranium foils were 
moderated and reflected by polyethylene square plates. A unit consisted of one polyethylene plate with a 
recess in its topside that contained a Gd foil and a recess in its lower side for HEU foils. The experimental 
setup yielded a Gd/ 235U atom ratio of 0.1:1 for the experiment with 15-mil-thick Gd foils and a Gd/ 235U 
atom ratio of 0.05:1 for the experiment with 7.5-mil-thick Gd foils. The Planet universal critical assembly 
machine was also used to perform experiments with HEU foils interspersed with SiO2 (HEU-MET-
THERM-001), with Al (HEU-MET-THERM-008), and with MgO (HEU-MET-THERM-009). However, 
this report only describes the HEU-Gd experiments. These experiments are judged to be acceptable as 
benchmark critical experiments. 
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6227…..…..…………………..…….……..……ID Number…………………..…..…………….6227 

Author: Poullot, Gilles 

Title: Arrays of Plates of Uranium (93% Enriched) Aluminium Alloy, Water- Moderated and Water-
Reflected 

Date: 9/30/2002 

Report: HEU-MET-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Considered in this experimental programme were water-moderated and water-
reflected highly enriched uranium fuel plates arranged in arrays. The plates were made of an alloy of 
uranium (93 wt.% 235U) and aluminium, with a uranium content of 26%. Parameters varied were the pitch, 
the number of plates, and the plate thickness (2.79 and 5.56 mm). These experiments were subcritical 
approaches extrapolated to critical, with the multiplication factor reached being very close to 1.0000 (within 
0.1%). The subcritical approach parameter was the water level. The aim of the experiments was to provide 
data on criticality with fuel of uranium aluminium alloy used in different French research reactors 
(TRITONc, PEGASEc, OSIRISd, MINERVE, SILOE, ULYSSE). Fifty-six experiments were reported, of 
which all could be considered for use as benchmark experiments. However, because many are very similar, 
forty-three are evaluated, the remainder considered to have less value for use as benchmarks. All forty-
three are proposed as acceptable benchmark experiments. 
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6228…..…..…………………..…….……..……ID Number…………………..…..…………….6228 

Author: Loaiza, David 

Title: 2 x 2 x 26 Array of Highly Enriched Uranium with Aluminum, Moderated and Reflected by 
Polyethylene 

Date: 9/30/2004 

Report: HEU-MET-THERM-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The 2x2x26 array HEU-Al experiment was performed using the Planet universal 
critical assembly machine at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National 
Laboratory. The experiment consisted of single layers of HEU foil interleaved with aluminum plates and 
polyethylene in a column stack. The uranium foils were moderated and reflected by polyethylene square 
plates. A unit consisted of one polyethylene plate with a recess on its topside that contained a layer of four 
Al plates and a layer of four HEU foils on top of the aluminum. The experiment differs from a similar 
experiment with Al (HEU-MET-THERM-008) in that the core has approximately twice the width and four 
times the cross-sectional area as the earlier experiment. The 2x2x26 HEU-Al experiment was performed 
during the 2003 calendar year. The experimental setup yielded a Al/ 235U ratio of 120. The Planet universal 
critical assembly machine was also used to perform experiments with HEU foils and polyethylene 
interleaved with SiO2 (HEU-MET-THERM-001), with MgO (HEU-MET-THERM-009), with Gd foils 
(HEU-MET-THERM-010), with Fe (HEU-MET-THERM-013), with a 2x2 SiO2 matrix (HEU-MET-
THERM-014), with concrete (HEU-MET-THERM-018), and with a Gd alloy (HEU-MET-THERM-016). 
However, this report only describes the 2x2x26 array HEU-Al experiment. This experiment is acceptable 
for use as a criticality safety benchmark experiment. 
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6229…..…..…………………..…….……..……ID Number…………………..…..…………….6229 

Author: Loaiza, David 

Title: Polyethylene Reflected and Moderated Highly Enriched Uranium Systems with Iron 

Date: 9/30/2003 

Report: HEU-MET-THERM-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The HEU-FE experiment was performed using the Planet universal critical assembly 
machine at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National Laboratory. 
Two iron experiments were performed. The first experiment used an iron plate that was 9x9x0.015 inches 
while the second experiment used an iron plate that was 9x9x0.0625 inches. These experiments were done 
to understand the worth of Fe when interacting with uranium. The experiment consisted of placing HEU 
foils interspersed with iron plates in a column stack. The uranium foils were moderated and reflected by 
polyethylene square plates. A unit consisted of one polyethylene plate with a recess in its topside that 
contained an iron plate and a smaller recess in its lower side for HEU foils. The HEU-Fe experiments were 
performed during the 2002 calendar year. The experimental setup yielded a Fe/ 235U ratio of 5:1 for the 
experiment with 15-mil-thick Fe plates and a Fe/ 235U ratio of 18:1 for the experiment with 0.0625-inch-
thick Fe plates. The Planet universal critical assembly machine was also used to perform experiments with 
HEU foils interleaved with SiO2 (HEU-MET-THERM-001), with Al (HEU-MET-THERM-008), with 
MgO (HEU-MET-THERM-009), with Gd (HEU-MET-THERM-010) with 2x2 SiO2 (HEU-MET-
THERM-014) and with Gd alloy (HEU-MET-THERM-016). However, this report only describes the HEU-
Fe experiments. These two experiments are judged to be acceptable as benchmark critical experiments. 
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6230…..…..…………………..…….……..……ID Number…………………..…..…………….6230 

Author: Loaiza, David 

Title: 2 x 2 x 23 Array of Highly Enriched Uranium with Silicon Dioxide, Moderated and Reflected by 
Polyethylene 

Date: 9/30/2003 

Report: HEU-MET-THERM-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The 2x2x23 array HEU-SiO2 experiment was performed using the Planet universal 
critical assembly machine at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National 
Laboratory. The experiment consisted of single layers of HEU foil interleaved with silica plates and 
polyethylene in a column stack. The uranium foils were moderated and reflected by polyethylene square 
plates. A unit consisted of one polyethylene plate with a recess in its topside that contained a layer of four 
SiO2 plates and a layer of four HEU foils on top of the silica. The experiment differs from a similar 
experiment with SiO2 (HEU-MET-THERM-001) in that the core has approximately twice the width and 
four times the cross-sectional area as the earlier experiment. The 2x2x23 HEU-SiO2 experiment was 
performed during the 2002 calendar year. The experimental setup yielded a Si/ 235U ratio of 42. The Planet 
universal critical assembly machine was also used to perform experiments with HEU foils and polyethylene 
interleaved with Al (HEU-MET-THERM-008), with MgO (HEU-MET-THERM-009), with Gd foils 
(HEU-MET-THERM-010), with Fe (HEU-MET-THERM-013), and with a Gd alloy (HEU-MET-THERM-
016). However, this report only describes the 2x2x23 array HEU-SiO2 experiment. This experiment is 
acceptable for use as a criticality safety benchmark experiment. 



 

C-6243 

6231…..…..…………………..…….……..……ID Number…………………..…..…………….6231 

Author: Gehman, Daniel 

Title: 2 X 2 Array of Highly Enriched Uranium with Iron, Moderated and Reflected by Polyethylene 

Date: 9/30/2005 

Report: HEU-MET-THERM-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The 2 x 2 array HEU-Fe experiment was performed using the Planet universal critical 
assembly machine at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National 
Laboratory in August 2002. The experiment consisted of single layers of HEU foils, iron plates, and 
polyethylene distributed throughout a column stack. The uranium foils were moderated and reflected by 
polyethylene square plates. A unit consisted of a polyethylene plate with a topside recess that contained a 
layer of four polyethylene inserts below an iron plate with a layer of four HEU foils laminated with 
polyethylene lying above the iron. The critical mass of this experiment was 2668.0 grams. This experiment 
closely compares with the geometry in the 2x2x26 HEU-Al experiment (HEU-MET-THERM-012) with 
the exception that in place of aluminum plates, iron plates and polyethylene inserts are used. To be more 
specific, for every four aluminum plates used in HEU-MET-THERM-012, one iron plate and four 
polyethylene inserts are used in this experiment. This experiment is also similar to HEU-MET-THERM-
013 (HEU / Fe experiment). The polyethylene plate geometry in HEU-MET-THERM-013 has both a top 
and bottom recess whereas in this experiment, the plate has only a topside recess. Also, only two laminated 
HEU foils and one polyethylene insert are used per unit in HEU-MET-THERM-013. Finally, each iron 
plate in HEU-MET-THERM-013 is half the length and width compared to an iron plate in this experiment. 
The Planet universal critical assembly machine was also used to perform experiments with HEU foils and 
polyethylene interleaved with SiO2 (HEU-MET-THERM-001), with MgO (HEU-MET-THERM-009), 
with Gd foils (HEU-MET-THERM-010), with concrete (HEU-MET-THERM-018), and with Gd alloy 
(HEU-MET-THERM-016). However, this report only describes the 2 x 2 array HEU-Fe experiment. This 
experiment is acceptable for use as a criticality safety benchmark experiment. 
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6232…..…..…………………..…….……..……ID Number…………………..…..…………….6232 

Author: Loaiza, David 

Title: 2 x 2 x 11 Array of Highly Enriched Uranium with Ni-Cr-Mo-Gd Alloy, Moderated and Reflected 
by Polyethylene 

Date: 9/30/2003 

Report: HEU-MET-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The HEU Ni-Cr-Mo-Gd-alloy experiment was performed using the Planet universal 
critical assembly machine at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National 
Laboratory. Throughout this evaluation the term ‘Gadolinide alloy’ is used to refer to the particular alloy 
of Ni, Cr, Mo, and Gd in this experiment. Plates of this Gadolinide alloy are to be used as neutron absorbers 
during the disposal and storage of spent nuclear fuel. The experiment consisted of single layers of HEU foil 
interleaved with Gadolinide-alloy plates and polyethylene plates in a column stack. The assembly was 
moderated and reflected by polyethylene square plates. A unit consisted of one polyethylene plate with a 
recess in its topside that contained a Gadolinide-alloy plate and four HEU foils in a single layer on top of 
the Gadolinide alloy. The HEU Gadolinide-alloy experiments were performed during the 2002 calendar 
year. The Planet universal critical assembly machine was also used to perform experiments with HEU foils 
interspersed with SiO2 (HEU-MET-THERM-001), with Al (HEU-MET-THERM-008), with MgO (HEU-
MET-THERM-009), with Gd foils (HEU-MET-THERM-010), with Fe (HEU-MET-THERM-013), and 
with 2x2x23 SiO2 (HEU-MET-THERM-014). However, this report only describes the 2x2x11 array HEU 
Gadolinide-alloy experiment. This experiment is judged to be acceptable as benchmark critical experiment. 
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6233…..…..…………………..…….……..……ID Number…………………..…..…………….6233 

Author: Sanchez, Rene / Loaiza, David 

Title: Polyethylene Reflected and Moderated Highly Enriched Uranium System with Concrete 

Date: 9/30/2004 

Report: HEU-MET-THERM-018 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The HEU-concrete experiment was performed using the Planet universal critical 
assembly machine at the Los Alamos Critical Experiment Facility (LACEF). This experiment consisted of 
placing HEU foils interleaved with concrete in a column stack. These uranium foils were moderated and 
reflected by polyethylene square plates. A unit consisted of one polyethylene plate with a recess in its 
topside that contained concrete and a smaller recess in its lower side for HEU foils. The HEU concrete 
experiment was performed from March to November of 2003. The Planet universal critical assembly 
machine was also used to perform experiments with HEU foils interspersed with SiO2 (HEU-MET-
THERM-001), with aluminum (HEU-MET-THERM-008), with gadolinium (HEU-MET-THERM-010), 
with magnesium oxide (HEU-MET-THERM-009), with iron (HEU-MET-THERM-013), with a 2x2 SiO2 
matrix (HEU-MET-THERM-014), with a 2x2 aluminum matrix (HEU-MET-THERM-012), and with Gd-
alloy (HEU-MET-THERM-016). However, this report only describes the HEU-CONCRETE experiment. 
This experiment is judged to be acceptable as a benchmark critical experiment. 
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Author: Kim, Soon S. / Schnitzler, Bruce G. 

Title: Advanced Test Reactor: Serpentine Arrangement of Highly Enriched Water-Moderated Uranium-
Aluminide Fuel Plates Reflected by Beryllium 

Date: 9/30/2005 

Report: HEU-MET-THERM-022 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Advanced Test Reactor (ATR) located at the Reactor Technology Complex of 
the Idaho National Laboratory (INL) is a 250-MW (thermal) high flux test reactor. Construction of the ATR 
began in November 1961 and was completed in late 1965. Fuel loading commenced in 1967, and core 
testing was completed in 1969. Full power operation began in August 1969, and, since then, the ATR has 
been utilized to study the effects of radiation on reactor structural and fuel materials, and to produce medical 
and industrial isotopes. The ATR critical experiment reported in this evaluation was performed in 1994 
(designated as Cycle 103A-2) as part of nuclear requalification testing following the core internals 
changeout outage. During this outage, core internal components, including the beryllium reflector, were 
replaced. The ATR core contains 40 fuel elements arranged in a serpentine annulus between and around 
nine flux traps. The fuel element consists of 19 curved plates of different width, attached to side plates, 
forming a 45-degree sector of a circular annulus in cross section. The fuel meat consists of highly enriched 
(93 wt%) uranium aluminide fuel powder dispersed in aluminum. The fuel plates are moderated by light 
water, and reflected by beryllium blocks. This experiment is judged to be acceptable as a benchmark. 
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Title: Beryllium Moderated Critical Assemblies of Highly Enriched Uranium (ORNL CA-1 and CA-18) 

Date: 9/30/2003 

Report: HEU-MET-THERM-025 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this report, referred to as CA-1 and CA-18, were 
performed at Oak Ridge National Laboratory in the early 1950s. This work was performed in support of 
aircraft nuclear propulsion research. These experiments were conducted to evaluate reactor calculational 
procedures. These assembly configurations were the simplest possible geometry, approximating a bare 
cube. The fissile material was 93.4% enriched uranium metal and the moderator/reflector material was 
metallic beryllium. The fissile material, in the form of thin metal disks, was inserted between moderator 
blocks to form elements. The reported moderator-to-fissile atom ratio (Be:235U) for the CA-1 experiment 
was 390. For CA-18, the reported Be: 235U value was 1560. The elements were inserted into a lattice of 
square aluminum tubes to form the critical configuration. The purpose of the critical assembly was to 
achieve a simple unreflected cuboid that could be correlated with calculations. The initial critical 
configurations for the CA-1 and CA-18 experiments were beryllium reflected with the bare configurations 
approached by substituting fuel elements for reflector elements. Information on the beryllium-reflected 
critical assemblies was provided in Reference 1, but only the bare critical assemblies are analyzed in this 
report. The CA-1 and CA-18 bare critical assemblies are considered acceptable for use as benchmark critical 
experiments. Although the two configurations in this evaluation are appropriately categorized as thermal, 
46% of fissions and 54% of captures are caused by neutrons with intermediate energies in the CA-1 
assembly. 
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Title: Beryllium-moderated, Graphite-reflected Critical Experiments of Highly Enriched Uranium Tubular 
Fuel 

Date: 9/30/2006 

Report: HEU-MET-THERM-026 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this paper were performed in 1973-74 at the Institute 
of Nuclear Research, Świerk, Poland in connection with construction of the multipurpose high-flux reactor 
MARIA. The reactor is similar to the Russian MR reactor at the Kurchatov Institute in Moscow. The 80%-
enriched uranium aluminum fuel elements are placed in a beryllium block matrix surrounded by a graphite 
reflector. The reactor was to be used as a source of neutrons for nuclear research, isotope production and 
material testing. Prior to reactor construction, a critical stand AGATA was built to check the main reactivity 
characteristics of the reactor lattice as well as some instrumentation designed and constructed at the 
Institute. In AGATA, for economic reasons, a small core tank was used and the low-grade graphite reflector 
was located outside the core tank. Later experiments, e. g., flux distribution measurements, are excluded 
from the present documentation. Twenty-one (21) critical experiments, representing 27 configurations, on 
AGATA are described. The experiments differed by the number and position of fuel elements and control 
rods. All 27 configurations were found to be acceptable critical benchmark experiments. 
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Author: Heinrichs, Dave 

Title: Highly Enriched Uranium Metal Moderated by Beryllium Oxide 

Date: 9/30/2004 

Report: HEU-MET-THERM-027 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of sub-critical high-multiplication experiments were performed at the 
Lawrence Livermore National Laboratory in the late 1950’s through the early 1960’s with unreflected 
assemblies of highly enriched uranium (HEU) thin foils stacked between blocks of beryllium-oxide (BeO). 
The first series of experiments were designed to be as homogeneous as possible with HEU thicknesses 
ranging from 0.001-inch to 0.008-inch “sandwiched” between blocks of BeO of thicknesses ranging from 
1-inch to 4-inches. These assemblies were designed to contain minimal internal voids with minimal 
extraneous (structural) materials. The BeO/ 235U atomic ratios achieved in these experiments are 247, 493, 
986, 1920, 3830 and 7660 with varying degrees of heterogeneity. These experiments were assigned the 
program name “Spade” and were intended to provide basic critical information for the normalization of 
computer codes in support of the Livermore Radiation Laboratory Advanced Reactors Studies Program. 
All of the Spade experiments were performed in the East Vault of the Lawrence Radiation Laboratory 
Critical Facility. Fifteen Spade configurations were evaluated in this report and all were determined to be 
acceptable benchmarks. 
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Title: 2 x 2 Array of Highly Enriched Uranium, Moderated and Reflected by Polyethylene 

Date: 9/30/2006 

Report: HEU-MET-THERM-031 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The 2 x 2 array HEU moderated and reflected by polyethylene experiment was 
performed using the Planet universal critical assembly machine at the Los Alamos Critical Experiment 
Facility (LACEF) in August 2001. The experiment consisted of placing single layers of highly enriched 
uranium (HEU) foils interleaved with high-density polyethylene plates in a column stack. The uranium foils 
were moderated and reflected by polyethylene square plates. A unit consisted of a polyethylene plate with 
a topside recess that contained a layer of four polyethylene inserts below a layer of four HEU foils. The 
HEU foils were laminated with polyethylene sheets. This experiment can be considered as a base case in a 
series of experiments that used the same polyethylene plates and HEU foils with different matrix materials 
(Al, Fe, and SiO2). Other experiments that have been performed with the same plates and HEU foils and 
that are part of the handbook include the 2x2 aluminum matrix (HEU-MET-THERM-012), 2x2 SiO2 matrix 
(HEU-MET-THERM-014), and the 2x2 array of HEU foils with iron (HEU-MET-THERM-015). 
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Author: Heinrichs, Dave 

Title: Highly Enriched Uranium Metal Foils Moderated by Graphite: ‘SNOOPY 134’ SUB 

Date: 9/30/2006 

Report: HEU-MET-THERM-035 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of sub-critical high-multiplication experiments were performed at the 
Lawrence Livermore National Laboratory in the 1950’s and 1960’s with unreflected and reflected 
heterogeneous assemblies of highly enriched uranium (HEU) thin foils stacked between blocks of graphite. 
These experiments were assigned the program name “Snoopy” and were intended to provide basic critical 
information for the normalization of computer codes in support of the Livermore Advanced Reactors 
Studies program [1]. The results of the first series of Snoopy experiments, performed prior to 1959, have 
been published [2]. The ‘Snoopy 134’ experiments described in this evaluation were part of a later (c. 1964) 
series of experiments that utilized a slightly different control system, and have not been previously 
published. These Snoopy assemblies were constructed of stacks of graphite blocks arranged around a central 
cruciform control and safety system. This evaluation considers assemblies of various heights that contained 
one 0.002-inch square HEU foil sandwiched between alternating 0.5-inch layers of graphite for an effective 
C/ 235U atomic ratio of about 1,200. All Snoopy experiments were designed to contain minimal extraneous 
(structural) materials. The control and safety system and graphite blocks included significant internal voids. 
The Snoopy experiments were performed in the East Vault of the Lawrence Radiation Laboratory (LRL) 
Critical Facility [3]. Two Snoopy-134 configurations are evaluated in this report and both are determined 
to be acceptable benchmarks. 



 

C-6252 

6240…..…..…………………..…….……..……ID Number…………………..…..…………….6240 

Author: Woods, Kenneth 

Title: Critical Experiments of Spert-D Fuel in Water, Dilute Uranyl Nitrate, and Borated Uranyl Nitrate 

Date: 9/30/2001 

Report: HEU-MISC-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-five critical configurations involving lattices of SPERT-D fuel elements were 
reported in 1964-65 at Oak Ridge National Laboratory (ORNL), which was operated at that time by Union 
Carbide Corporation. The original purpose of the experiments was to determine specifications for the 
storage, transport, and chemical processing of SPERT-D fuel. The fuel elements consisted of plates of a 
uranium-aluminum alloy. Each fuel element contained about 300 grams of 235U in 22 aluminum-clad flat 
plates. The 235U critical mass ranged from 3.48 kg to 19.62 kg for the 18 water moderated and water-
reflected lattices. The 235U critical mass ranged from 2.86 to 10.15 kg (contained in the elements) when a 
dilute uranyl nitrate solution having a 235U concentration of 3.99 g/liter was substituted for water. Boron 
was added to the uranyl nitrate solution for some cases. The critical mass for each experiment was 
determined by interpolation between slightly supercritical and slightly subcritical states. Twenty-three of 
twenty-five experiments are evaluated and considered acceptable for use as benchmark experiments. Two 
approximately circular arrangements in uranyl nitrate solution are not evaluated. Cases 19 - 23 are more 
appropriately categorized as a “MISC” systems since they contain both uranium metal fuel elements and 
uranyl nitrate solution. However, complete documentation of these 5 configurations is included in the main 
evaluation that is identified as HEU-MET-THERM-006. 



 

C-6253 

6241…..…..…………………..…….……..……ID Number…………………..…..…………….6241 

Author: Woods, Kenneth 

Title: EBOR Fuel Pins in Water, Borated Water, or Uranyl Nitrate 

Date: 9/30/2002 

Report: HEU-MISC-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-one critical experiments involving lattices of EBOR (Experimental 
Beryllium Oxide Reactor) fuel pins were performed in 1967 at Oak Ridge National Laboratory that was 
operated by Union Carbide Corporation. The fuel pins consisted of compressed ceramic pellets contained 
in Hastelloy X-280 tubes. The pellets were a homogeneous mixture of U(62.4)O2 and BeO. The original 
purpose of the experiments was to determine specifications for the storage and chemical processing of 
EBOR fuel. The first set of 15 (Cases 1 – 15) experiments consisted of EBOR fuel pins arranged in various 
lattice configurations moderated and reflected by water. The second set consisted of 1 configuration in 
water (Case 16), 3 in borated water (Cases 17 – 19), 1 in uranyl nitrate solution (Case 20), and 1 in borated 
uranyl nitrate solution (Case 21). All 21 fuel-pin experiments are considered acceptable for use as 
benchmark experiments. Since the fuel material for Cases 1 – 19 consists solely of highly enriched UO2 
fuel rods these cases are appropriately categorized as compound, “COMP” systems. Since the fuel materials 
for Cases 20 and 21 include both highly enriched uranium fuel rods in a highly enriched uranyl nitrate 
solution these two cases is appropriately categorized as “MISC” systems. Complete documentation for all 
21 Cases is given in HEU-COMP-THERM-010. 
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Author: Sapir, Joseph L. 

Title: Reflected Uranyl-Fluoride Solutions in Heavy Water 

Date: 9/30/1999 

Report: HEU-SOL-INTER-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the early 1950's, a series of experiments was performed at the Los Alamos 
Scientific Laboratory to investigate critical parameters of enriched uranyl-fluoride (UO2F2) heavy-water 
solutions over a wide range of deuterium to 235U atomic ratios. A total of 10 experiments were performed. 
Six experiments consisted of heavy-water reflected spheres of uranyl fluoride in which the atomic ratio of 
deuterium to 235U ranged from 34 to 430. The remaining four assemblies were bare cylinders with 
deuterium to 235U ratios ranging from 230 to 2080. The experiments are described in References 1 and 2. 
Evaluated in the report are the six spherical heavy-water reflected assemblies. All six experiments were 
judged to be acceptable for use as criticality safety benchmark experiments. The four bare cylindrical 
assemblies are reported in evaluation HEU-SOL-THERM-020. Although classified as “THERMAL” the 
majority of the fissions occur in the intermediate energy range for Cases 1 & 2. Therefore, these two cases 
are appropriately identified as HEU-SOL-INTER-001. However, complete documentation and evaluation 
of those configurations are included in the evaluation of the other experiments in the series, HEU-SOL-
THERM-004. 
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Title: Mixtures of Uranium (93%) Hexafluoride and Hydrofluoric Acid (Low H/U Ratio) in a Hot-Water-
Reflected Spherical Tank 

Date: 9/30/2001 

Report: HEU-SOL-INTER-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered a spherical “Monel” tank containing high-
enriched uranium hexafluoride (UF6) in hydrofluoric acid (HF). The spherical core of 40, 45, 51, or 54 cm 
diameter was inside a large cylindrical tank containing hot water (75° C to 95° C). The H/U ratio range was 
5.7 to 82 (uranium concentration 975 g/l to 115 g/l). These experiments were performed at the Valduc 
facility (CEA-France) in the mid-1960’s in “Apparatus C.”a These experiments were subcritical 
approaches. The multiplication factor reached was very close to 1.000. Evaluated here are the 12 
experiments of the whole program. Among them, 6 are considered acceptable for use as benchmark 
experiments, and 6 are rejected, being too subcritical to provide critical configurations. However the large 
discrepancies between experimental and calculation results are to be noticed. The need for experimental 
data on homogeneous, highly enriched uranium with low moderation (H/U ratios between 0 to 20) was 
pointed out very early in the 1960’s. The uranium hexafluoride-hydrofluoric acid mixture (UF6 -HF) is the 
only liquid with which high uranium concentrations and low H/U ratios may be obtained. In addition UF6 
-HF mixtures may be encountered under actual industrial conditions in processes involving uranium, such 
as isotopic separation by gaseous diffusion. As a result of these considerations, the French “Commissariat 
à l’Energie Atomique” decided to experimentally study the critical masses of UF6 -HF mixtures in the 
liquid phase at H/U ratios between 0 and 20. The actual experiments covered the range of H/U ratios 
between 5.7 and 82, but due to the fact that the 150 kg UF6 available was insufficient, no critical conditions 
were obtained for H/U less than 9.9. Although most of the benchmark models that were developed from 
this series of experiments can be classified as thermal, slightly more than 50% of the fissions occur in the 
intermediate-energy range for Case 1 (experiment 03; see Section 2.4 and SPECTRA data). Therefore, this 
case is appropriately identified as HEU-SOL-INTER-002. However, complete documentation and 
evaluation of that configuration is included in HEU-SOL-THERM-039. 
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Author: Palmer, Brian 

Title: Minimally Reflected Cylinders of Highly Enriched Solutions of Uranyl Nitrate 

Date: 9/30/2004 

Report: HEU-SOL-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Ten critical experiments, each involving a tank of highly enriched uranyl nitrate, were 
performed in the mid-1970's at the Rocky Flats Plant which was operated at that time by Rockwell 
International. The critical height for each experiment was determined by linear interpolation between 
reactor periods of slightly supercritical and slightly subcritical states. The tanks were cylindrical in shape 
and suspended in the approximate center of a large room. Critical configurations had height to diameter 
ratios less than 1.2. Uranium concentration varied between 50 and 360 grams of uranium per liter. All ten 
experiments are considered acceptable for use as benchmark experiments. Experiments of the same series 
with concrete reflector are described in HEU-SOL-THERM-002 and with Plexiglas reflector in HEU-SOL-
THERM-003. 
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Title: Concrete Reflected Cylinders of Highly Enriched Solutions of Uranyl Nitrate 

Date: 9/30/2004 

Report: HEU-SOL-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Fourteen critical experiments, each involving a single reflected tank of highly 
enriched uranyl nitrate, were performed at the Rocky Flats Plant which was operated at that time by 
Rockwell International The critical height for each experiment was determined by linear interpolation 
between slightly supercritical and slightly subcritical states. The tanks were cylindrical in shape and placed 
at different locations in a concrete reflector. Critical configurations had height-to-diameter ratios less than 
1.2. Uranium concentrations varied between 59.65 and 334.77 grams of uranium per liter. All fourteen 
experiments are considered acceptable for use as benchmark experiments. Experiments of the same series 
with minimal reflection are described in HEU-SOL-THERM-001 and with Plexiglas reflector in HEU-
SOL-THERM-003. 
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Title: Plexiglas Reflected Cylinders of Highly Enriched Solutions of Uranyl Nitrate 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Nineteen critical experiments, each involving a single reflected tank of highly 
enriched uranyl nitrate, were performed at the Rocky Flats Plant which was at that time operated by 
Rockwell International The critical height for each experiment was determined by linear interpolation 
between slightly supercritical and slightly subcritical states. The tanks were cylindrical in shape and placed 
at different locations in a Plexiglas reflector. Critical configurations had height to diameter ratios less than 
2.4. Uranium concentration varied between 60.32 and 345.33 grams of uranium per liter. All nineteen 
experiments are considered acceptable for use as benchmark experiments. Experiments of the same series 
with no reflector are described in HEU-SOL-THERM-001 and with concrete reflector in HEU-SOL-
THERM-002. 
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Author: Sapir, Joseph L. 

Title: Reflected Uranyl-Fluoride Solutions in Heavy Water 

Date: 3/31/1995 

Report: HEU-SOL-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the early 1950's, a series of experiments was performed at the Los Alamos 
Scientific Laboratory to investigate critical parameters of enriched uranyl-fluoride (UO2F2) heavy-water 
solutions over a wide range of deuterium to 235U atomic ratios. A total of 10 experiments were performed. 
Six experiments consisted of heavy-water reflected spheres of uranyl fluoride in which the atomic ratio of 
deuterium to 235U ranged from 34 to 430. The remaining four assemblies were bare cylinders with 
deuterium to 235U ratios ranging from 230 to 2080. The experiments are described in References 1 and 2. 
Evaluated in the report are the six spherical heavy-water reflected assemblies. All six experiments were 
judged to be acceptable for use as criticality safety benchmark experiments. The four bare cylindrical 
assemblies are reported in evaluation HEU-SOL-THERM-020. Although categorized as “THERMAL,” the 
majority of the fissions occur in the intermediate energy range for Cases 1 & 2. 



 

C-6260 

6248…..…..…………………..…….……..……ID Number…………………..…..…………….6248 

Author: Tanner, John E. / Woods, Kenneth 

Title: Aqueous Solutions of 235U Poisoned with Pyrex Glass 
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Report: HEU-SOL-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Various critical experiments of highly enriched solutions of uranyl nitrate 
[UO2(NO3)2] and uranyl fluoride [UO2F2] poisoned with commercially available Pyrex glass pipes were 
performed at Oak Ridge National Laboratory (ORNL) in 1958. Solutions and glass pipes were contained 
in a cylindrical stainless steel tank with a 20-inch inner diameter. The configurations were vertically 
oriented borated glass pipes in hexagonal arrays. Critical heights of the highly enriched solutions were 
measured. A few experiments were also performed without glass (clean criticals). Some experiments had 
full water reflection on sides and bottom. Seventeen of the 27 Pyrex glass pipe experiments, including five 
without glass, are considered acceptable for use as benchmark experiments. The other ten experiments are 
rejected for lack of important experimental details or inconsistencies of those given. 
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Title: Experiments with Boron-Poisoned Highly Enriched Uranyl Nitrate Solution 

Date: 9/30/1999 

Report: HEU-SOL-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-nine critical experiments of highly enriched uranyl nitrate [UO2 (NO3)2] 
poisoned with enriched boron in boric acid [H3BO3] were performed in 1985 at Los Alamos National 
Laboratory (LANL). The solution was contained in a cylindrical tank surrounded by two annular regions, 
which provided for various radial reflector combinations. The inner annular region contained either air or 
a thick nickel sleeve. The outer annular region contained air, water, or borated water. Critical configurations 
had height to diameter ratios that ranged from 0.19 to 1.04. Uranium concentrations varied between 293.4 
and 297.8 g/liter. The boron in the uranyl nitrate solution was enriched to 50.55 wt.% 10B, and 
concentrations varied between 0.0 and 2.64 g enriched B/liter. All twenty-nine experiments are considered 
acceptable for use as benchmark experiments. 
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Author: Woods, Kenneth 

Title: Concrete Reflected Arrays Highly Enriched Solutions of Uranyl Nitrate 

Date: 3/31/1995 

Report: HEU-SOL-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Seventeen critical experiments involving concrete-reflected arrays of cylinders of 
highly enriched uranyl nitrate were performed at the Rocky Flats Plant, which was at that time operated by 
Rockwell International. The critical height for each experiment was determined by linear interpolation 
between slightly supercritical and slightly subcritical states. The systems consisted of 4 x 4, 2 x 4, 2 x 3, 
and 2 x 2 arrays. Uranium concentrations varied between 67.28 and 369.96 grams of uranium per liter. All 
17 experiments are considered acceptable for use as benchmark experiments. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Fourteen critical experiments involving Plexiglas reflected arrays of cylinders of 
highly enriched uranyl nitrate were performed at the Rocky Flats Plant, which was at the time operated by 
Rockwell International. The critical height for each experiment was determined by linear interpolation 
between inverse reactor periods of slightly supercritical and slightly subcritical states. The systems 
consisted of 4 x 4, 2 x 2, and 2 x 3 arrays. Uranium concentrations consisted of 60.32 and 355.94 grams of 
uranium per liter. All 14 experiments are considered acceptable for use as benchmark experiments. 



 

C-6264 

6252…..…..…………………..…….……..……ID Number…………………..…..…………….6252 

Author: Pitts, Michelle / Rahnema, Farzad / Williamson, Thomas G. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The four water-reflected spheres included in this evaluation are part of a series of 
experiments performed in the 1950’s at the Oak Ridge National Laboratory with highly enriched uranium. 
Critical experiment measurements were made with uranium oxyfluoride (UO2 F2) solutions at various 
uranium concentrations in two water-reflected spheres nominally 9 inches in diameter (6.4 liters). Spherical 
reactors with nominal inner diameter of 9 inches were fabricated of aluminum and surrounded by an 
effectively infinite water reflector. The spheres were supported in the water reflector only by the top and 
bottom overflow and feed tubes, respectively. Four critical configurations with different fuel concentrations 
were measured and are considered as acceptable for use as criticality safety benchmark experiments. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The four water-reflected sphere measurements included in this evaluation are part of 
a series of experiments performed in the 1950's at the Oak Ridge National Laboratory with highly enriched 
uranium. Critical experiment measurements were made with uranium oxyfluoride solutions at various 
temperatures and uranium concentrations. A spherical reactor with nominal inner diameter of 26.4 cm (9.7 
liters) was fabricated of aluminum and surrounded by an effectively infinite water reflector. The sphere was 
supported in the water reflector only by the top and bottom overflow and feed tubes, respectively. Four 
critical configurations at different temperatures and with different fuel concentrations were measured. All 
four configurations are considered acceptable for use as criticality safety benchmark experiments. 
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Report: HEU-SOL-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The two water-reflected experiments included in this evaluation are part of a series 
of measurements performed in the 1950s at the Oak Ridge National Laboratory with highly-enriched 
uranium (93.2 wt.% 235U). Critical experiment measurements were made with uranium oxyfluoride 
(UO2F2) solutions in a water-reflected 32-cm-inner-diameter (17-liter) sphere with an aluminum wall 1.27 
mm thick. To provide 19 cm of water as an effectively infinite neutron reflector, the sphere was mounted 
in a cylinder of appropriate dimensions. The sphere was supported in the water reflector only by the top 
and bottom overflow and feed tubes, respectively. Two critical measurements are evaluated, one made in 
September 1954 and the other in September 1957. One measurement was part of a set of experiments to 
compare the properties of 235U and 233U, and the other is from an unpublished set of experiments in which 
fissile solution was added to a critical system and the reactor period measured. Both configurations are 
considered as acceptable for use as criticality safety benchmark experiments. An additional measurement 
with a Unichrome liner in the sphere is not considered acceptable as a criticality safety benchmark. 
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6255…..…..…………………..…….……..……ID Number…………………..…..…………….6255 

Author: Pitts, Michelle / Rahnema, Farzad / Williamson, Thomas G. 

Title: Water-Reflected 91 Liter Sphere of Enriched Uranium Oxyfluoride Solution 

Date: 9/30/2004 

Report: HEU-SOL-THERM-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This water-reflected sphere is part of a series of experiments performed in the 1950’s 
at the Oak Ridge National Laboratory with highly enriched uranium (93.2 wt.% 235U). This measurement 
was made with a uranium oxyfluoride (UO2F2) solution in a 27.9-cm inner radius (91 liters) water-reflected 
sphere. The sphere was fabricated of 0.20-cm-thick 1100 aluminum and surrounded by an effectively 
infinite water reflector. This configuration is considered acceptable for use as a criticality safety benchmark 
experiment. 
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6256…..…..…………………..…….……..……ID Number…………………..…..…………….6256 

Author: Pitts, Michelle / Rahnema, Farzad / Williamson, Thomas G. 

Title: Unreflected 174 Liter Spheres of Enriched Uranium Nitrate Solutions 

Date: 8/31/1996 

Report: HEU-SOL-THERM-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The four measurements included in this evaluation are part of a series of experiments 
performed in the 1950’s at the Oak Ridge National Laboratory with highly enriched (93.2 wt.% 235U) 
uranium. Critical experiment measurements were made with uranyl nitrate solutions poisoned with boric 
acid in an unreflected 27.24-inch-diameter sphere (174 liters). The sphere was fabricated of 0.32-cm-thick 
1100 aluminum. Four configurations are considered acceptable for use as criticality safety benchmark 
experiments. Five similar configurations with 233U are reported in evaluation U233-SOL-THERM-001. 
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6257…..…..…………………..…….……..……ID Number…………………..…..…………….6257 

Author: Tsiboulia, Anatoli / Riazanov, Boris 

Title: Uranium Nitrate Solution (70 gU/l) with Gadolinium 

Date: 9/30/1998 

Report: HEU-SOL-THERM-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Six series of critical experiments, each involving a single water-reflected tank of 
highly enriched uranyl nitrate solution, were performed in 1987 at the Solution Physical Facility of the 
Institute of Physics and Power Engineering (IPPE), Russia. One series differs from another by the 
concentration of uranyl nitrate in the solution. For the series described here, the concentration of uranium 
was approximately 70 grams per liter. Three experiments were performed with the concentration of 
gadolinium in solution ranging from zero to 0.2 g/l. In all experiments, the core has a cylindrical form with 
height-to-diameter ratio between 0.5 and 1.1. The diameter of the cores was 40 cm. On the bottom and side, 
the cores were surrounded by thick water reflectors. The critical height of the solution was determined by 
a special level meter. All three experiments are considered to be acceptable for use as benchmark 
experiments. 
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6258…..…..…………………..…….……..……ID Number…………………..…..…………….6258 

Author: Tsiboulia, Anatoli / Riazanov, Boris 

Title: Uranium Nitrate Solution (100 gU/l) with Gadolinium 

Date: 9/30/1998 

Report: HEU-SOL-THERM-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Six series of critical experiments, each involving a single water-reflected tank of 
highly enriched uranyl nitrate solution, were performed in 1987 at the Solution Physical Facility of the 
Institute of Physics and Power Engineering (IPPE), Russia. One series differs from another by the 
concentration of uranyl nitrate in the solution. For the series described here, the concentration of uranium 
was approximately 100 grams per liter. Five experiments were performed with the concentration of 
gadolinium in solution ranging from zero to 0.4 g/l. In all experiments, the core has a cylindrical form with 
height-to-diameter ratio between 0.4 and 1.3. The diameter of the cores was 40 cm. On the bottom and side, 
the cores were surrounded by thick water reflectors. Two experiments were performed without the lateral 
water reflector. The critical height of the solution was determined by a special levelmeter. All five 
experiments are considered to be acceptable for use as benchmark experiments. 
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6259…..…..…………………..…….……..……ID Number…………………..…..…………….6259 

Author: Tsiboulia, Anatoli / Riazanov, Boris 

Title: Uranium Nitrate Solution (150 gU/l) with Gadolinium 

Date: 9/30/1998 

Report: HEU-SOL-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Six series of critical experiments, each involving a single water reflected tank of 
highly enriched uranyl nitrate solution, were performed in 1987 at the Solution Physical Facility of the 
Institute of Physics and Power Engineering (IPPE), Russia. One series differs from another by the 
concentration of uranyl nitrate in the solution. For the series described here, the concentration of uranium 
was approximately 150 grams per liter. Three experiments were performed with the concentration of 
gadolinium in solution ranging from zero to 0.5 g/l. In all experiments, the core has a cylindrical form with 
height-to-diameter ratio between about 0.4 and 0.8. The diameter of the cores was 40 cm. On the bottom 
and side, the cores were surrounded by thick water reflectors. The critical height of the solution was 
determined by a special levelmeter. All three experiments are considered to be acceptable for use as 
benchmark experiments. 
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6260…..…..…………………..…….……..……ID Number…………………..…..…………….6260 

Author: Tsiboulia, Anatoli / Riazanov, Boris 

Title: Uranium Nitrate Solution (200 gU/l) with Gadolinium 

Date: 9/30/2000 

Report: HEU-SOL-THERM-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Six series of critical experiments, each involving a single water-reflected tank of 
highly enriched uranyl nitrate solution, were performed in 1987 at the Solution Physical Facility of the 
Institute of Physics and Power Engineering (IPPE), Russia. One series differs from another by the 
concentration of uranyl nitrate in the solution. For the series described here, the concentration of uranium 
was approximately 200 grams per liter. Nine experiments were performed with the concentration of 
gadolinium in solution ranging from zero to 1.0 g/l. In all experiments, the core has a cylindrical form with 
height-to-diameter ratio between 0.4 and 2.6. The diameter of the cores was 40 cm or 25 cm. On the bottom 
and side, the cores were surrounded by thick water reflectors. Three experiments were performed without 
the lateral water reflector. The critical height of the solution was determined by a special level meter. Eight 
of the nine experiments are considered to be acceptable for use as benchmark experiments. 
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6261…..…..…………………..…….……..……ID Number…………………..…..…………….6261 

Author: Tsiboulia, Anatoli / Riazanov, Boris 

Title: Uranium Nitrate Solution (300 gU/l) with Gadolinium 

Date: 9/30/2000 

Report: HEU-SOL-THERM-018 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Six series of critical experiments, each involving a single water reflected tank of 
highly enriched uranyl nitrate solution, were performed at the Solution Physical Facility of the Institute of 
Physics and Power Engineering (IPPE), Russia. One series differs from another by the concentration of 
uranyl nitrate in the solution. For the series described here, the concentration of uranium was approximately 
300 grams per liter. Twelve experiments were performed with the concentration of gadolinium in solution 
from zero to 2.0 g/l. In all experiments, the core has a cylindrical form with height-to-diameter ratio ranging 
between 0.35 and 3.3. The diameter of the cores was 40 cm or 25 cm. On the bottom and side, the cores 
were surrounded by thick water reflectors. Four experiments were performed without the lateral water 
reflector. The critical height of the solution was determined by a special level meter. All twelve experiments 
are considered to be acceptable for use as benchmark experiments. 
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6262…..…..…………………..…….……..……ID Number…………………..…..…………….6262 

Author: Tsiboulia, Anatoli / Riazanov, Boris 

Title: Uranium Nitrate Solution (400 gU/l) with Gadolinium 

Date: 9/30/1998 

Report: HEU-SOL-THERM-019 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Six series of critical experiments, each involving a single water reflected tank of 
highly enriched uranyl nitrate solution, were performed in 1987 at the Solution Physical Facility of the 
Institute of Physics and Power Engineering (IPPE), Russia. One series differs from another by the 
concentration of uranyl nitrate in the solution. For the series described here, the concentration of uranium 
was approximately 400 grams per liter. Three experiments were performed with the concentration of 
gadolinium in solution ranging from zero to 1.2 g/l. In all experiments, the core has a cylindrical form with 
height-to-diameter ratio between 1.0 and 1.8. The diameter of the cores was 25 cm. On the bottom and side, 
the cores were surrounded by thick water reflectors. The critical height of the solution was determined by 
a special level meter. All three experiments are considered to be acceptable for use as benchmark 
experiments. 
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6263…..…..…………………..…….……..……ID Number…………………..…..…………….6263 

Author: Sapir, Joseph L. 

Title: Unreflected Cylinders of Uranyl-Fluoride Solutions in Heavy Water 

Date: 8/31/1996 

Report: HEU-SOL-THERM-020 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the early 1950s a series of experiments was performed at the Los Alamos Scientific 
Laboratory to investigate critical parameters of enriched uranyl-fluoride (UO F) 2 2 heavy-water solutions 
over a wide range of deuterium-to- 235U atomic ratios. A total of 11 experiments were performed. Six 
experiments consisted of heavy-water reflected spheres of uranyl fluoride in which the atomic ratio of 
deuterium-to- 235U ranged from 34 to 430. The remaining five assemblies were bare cylinders with 
deuterium-to- 235U ratios ranging from 230 to 2080. The experiments are described in References 1 and 2. 
This report evaluates the five bare cylindrical heavy-water assemblies. All five experiments were judged to 
be acceptable for use as criticality safety benchmark experiments. The six reflected spherical assemblies 
are reported in evaluation HEU-SOL-THERM-004. 
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6264…..…..…………………..…….……..……ID Number…………………..…..…………….6264 

Author: Kimball, Kevin / Lambha, Nand / Mosby, David / Painter, Sam 

Title: Bare and Hydrogenous Reflected Arrays of Highly Enriched Solution of Uranyl Nitrate (1F 
Experiments) 

Date: 8/31/1996 

Report: HEU-SOL-THERM-021 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical assemblies involving bare and hydrogenous-reflected arrays of 
cylinders of highly enriched uranyl nitrate solutions are reported in ORNL-TM-719. The reported critical 
assemblies are based on experiments performed at the Oak Ridge National Laboratory between May of 
1961 and December of 1962, which was at that time operated by Union Carbide Corporation. The 
experiments consisted of cubic arrays of 8, 27, 64, or 125 cylindrical units with height-to-diameter ratios 
near unity. Each unit of the array held 5 liters of uranyl nitrate solution at concentrations of 415, 279, or 
63.3 grams of uranium per liter. The uranium was enriched to 92.6 weight percent 235U. The arrays were 
either bare or reflected by paraffin and/or Plexiglas at thicknesses varying between 1.27 and 15.24 cm. 
These experiments were specifically designed and controlled to be amenable to calculational or broad 
empirical generalization. This evaluation reviews the thirty-four reported assemblies, one of which was 
subcritical by an unacceptably large margin and one of which was not based on an actual experiment as 
described. The remaining reported configurations were based on actual critical assemblies or were derived 
from small interpolations or extrapolation of critical assemblies. The assemblies were considered critical 
when a slight positive period was achieved. Therefore, thirty-two of the experimental configurations are 
deemed acceptable as benchmarks. 
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6265…..…..…………………..…….……..……ID Number…………………..…..…………….6265 

Author: Tsiboulia, Anatoli / Semenov, Mikhail / Sviridov, Victor / Gurin, Victor 

Title: Water-Reflected Assembly of Two Intersecting Steel Pipes Containing 90% Enriched Uranyl Nitrate 
Water Solutions 

Date: 9/30/1997 

Report: HEU-SOL-THERM-022 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: An experiment that was performed in 1971 at the Solution Critical Facility of the 
Institute of Physics and Power Engineering, Obninsk, Russia is evaluated in this report. A nearly critical 
experiment measurement was made with a highly enriched solution of uranyl nitrate in an assembly of two 
intersecting steel pipes with water reflector. The assembly includes one vertical column with outer diameter 
of 17.0 cm and height of 176.6 cm, and a horizontal pipe of the same diameter and of the same length 
intersecting the column. The axis of the two side members intersects the vertical member 88.3 cm from its 
base. Thus the assembly represents a symmetrical “cross “. The assembly is centered in a water-filled square 
tank 200 ´ 200 ´ 150 cm tall. The experiment is considered to be acceptable for use as a benchmark 
experiment. 
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6266…..…..…………………..…….……..……ID Number…………………..…..…………….6266 

Author: Tsiboulia, Anatoli / Semenov, Mikhail / Sviridov, Victor / Gurin, Victor 

Title: Water-Reflected Assembly of Intersecting Steel Pipes Containing 90% Enriched Uranyl Nitrate 
Water Solution 

Date: 9/30/1997 

Report: HEU-SOL-THERM-023 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Five experiments that were performed in 1979-1980 at the Solution Critical Facility 
of the Institute of Physics and Power Engineering, Obninsk, Russia are evaluated in this report. Nearly 
critical experiment measurements were made with a highly enriched solution of uranyl nitrate in an 
assembly of intersecting steel pipes with water reflector. The assembly included three welded pipe columns, 
with outer diameter of 15.7 cm and height of 251 cm, spaced in a single plane and connected by eight arms 
of the same diameter (two arms in each of four layers). The gap between the columns and between the arms 
was 30 cm. On the bottom and side, the assembly was surrounded by a thick water reflector. For all 
experiments the concentration of uranium was 408.1 grams per liter. One experiment differed from another 
in volume of solution in the assembly, i.e. in the value of subcriticality. The experiment with the smallest 
subcriticality is considered to be acceptable for use as a benchmark experiment. 



 

C-6279 

6267…..…..…………………..…….……..……ID Number…………………..…..…………….6267 

Author: Tsiboulia, Anatoli / Semenov, Mikhail / Sviridov, Victor / Gurin, Victor 

Title: Bare and Water-Reflected Assemblies of Intersecting Steel Pipes Containing 90% Enriched Uranyl 
Nitrate Water Solutions 

Date: 9/30/1997 

Report: HEU-SOL-THERM-024 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Fourteen experiments that were performed in 1979-1980 at the Solution Critical 
Facility of the Institute of Physics and Power Engineering, Obninsk, Russia are evaluated in this report. 
Nearly critical experiment measurements were made with highly enriched solutions of uranyl nitrate in an 
assembly of intersecting steel pipes. The assembly includes three welded pipe columns, with outer diameter 
of 22.1 cm and height of 280 cm, spaced in a single plane and connected by eight arms of the same diameter 
(two arms in each of four layers). The gap between the columns and between the arms was 30 cm. The first 
series of eight experiments (including three subcritical ones) was carried out without a reflector. The second 
series of six experiments (including three subcritical ones) was carried out with the assembly immersed in 
water, providing a thick water reflector on the bottom and side. Eight experiments were somewhat 
supercritical. (The value of supercriticality did not exceeded 0.12$.) One experiment differed from another 
within each series by the volume of solution in the assembly and by uranium concentration, in some cases. 
The six experiments in the first series and the three experiments in the second series with the smallest 
subcriticality or supercriticality are considered to be acceptable for use as benchmark experiments. 
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6268…..…..…………………..…….……..……ID Number…………………..…..…………….6268 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Kouzmine, Serguei 

Title: Uranium Nitrate Solutions with Gadolinium 

Date: 9/30/1997 

Report: HEU-SOL-THERM-025 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The eighteen measurements included in this evaluation are part of a series of 
experiments performed in 1987 at the Solution Physical Facility of the Institute of Physics and Power 
Engineering (IPPE), Obninsk, Russia with highly enriched (89.0 wt.% 235U) uranium. Critical experiment 
measurements were made with uranyl nitrate solutions poisoned with gadolinium nitrate in a cylindrical 
tank with inner diameter 40 cm inserted in another cylindrical tank with inner diameter 59.4 cm with uranyl 
nitrate solutions without gadolinium. Natural gadolinium was used in the experiments. On the bottom and 
side, the cores were surrounded by thick water reflectors. Eighteen configurations are considered to be 
acceptable for use as criticality safety benchmark experiments. Thirty-five similar configurations are 
reported in evaluations HEU-SOL-THERM-014, 015, 016, 017, 018, and 019. 
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6269…..…..…………………..…….……..……ID Number…………………..…..…………….6269 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Gurin, Victor 

Title: Uranium (89% 235U) Nitrate Solution with Central Boron Carbide or Cadmium Absorber Rod 

Date: 9/30/1998 

Report: HEU-SOL-THERM-027 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The nine experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution was pumped into the core or inner tank, a stainless steel cylindrical tank with inner diameter 40.07 
cm. In eight of the nine experiments, an absorber rod of various diameters with boron or cadmium was 
inserted in the center of the core tank. There was no outer reflector in these experiments. All nine 
configurations are considered to be acceptable for use as criticality safety benchmark experiments. 
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6270…..…..…………………..…….……..……ID Number…………………..…..…………….6270 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Gurin, Victor 

Title: Uranium (89% 235U) Nitrate Solutions with Central Boron Carbide Absorber Rod 

Date: 9/30/1998 

Report: HEU-SOL-THERM-028 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The eighteen experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 76 or 286 g/l was pumped into stainless steel cylindrical tanks of 
various diameters. In nine of the eighteen experiments, a boron carbide absorber rod was inserted in the 
center of the tank. So the critical conditions were determined with and without the absorber rod for each 
case. There was a thick side and bottom water reflector in these experiments. All eighteen configurations 
are considered to be acceptable for use as criticality safety benchmark experiments. 
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6271…..…..…………………..…….……..……ID Number…………………..…..…………….6271 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Gurin, Victor 

Title: Uranium (89% 235U) Nitrate Solution with Cluster of Seven Boron Carbide Absorber Rods 

Date: 9/30/1998 

Report: HEU-SOL-THERM-029 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The seven experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 286 g/l was pumped into the core or inner tank, a stainless steel 
cylindrical tank with inner diameter 40.07 cm. One experiment was performed without absorber rods. In 
six of the seven experiments, a cluster of seven boron carbide absorber rods was inserted in the core tank. 
The cluster was an arrangement of one central absorber rod and six absorber rods placed around the central 
one. A different pitch between rods was used for each of the six experiments. There was a thick side and 
bottom water reflector in these experiments. All seven configurations are considered to be acceptable for 
use as criticality safety benchmark experiments. 
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6272…..…..…………………..…….……..……ID Number…………………..…..…………….6272 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Gurin, Victor 

Title: Uranium (89% 235U) Nitrate Solutions with Cluster of Several Boron Carbide Absorber Rods 

Date: 9/30/2006 

Report: HEU-SOL-THERM-030 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The seven experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 76 or 289 g/l was pumped into the core or inner tank, a stainless 
steel cylindrical tank with inner diameter 40.07 cm. Two experiments were performed without absorber 
rods. In five of the seven experiments, a cluster of three, four, or six boron carbide absorber rods was 
inserted in the center of the core tank. There was a thick side and bottom water reflector in these 
experiments. All seven configurations are considered to be acceptable for use as criticality safety 
benchmark experiments. 
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6273…..…..…………………..…….……..……ID Number…………………..…..…………….6273 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Gurin, Victor 

Title: Uranium (89% 235U) Nitrate Solution with 18 or 36 Boron Carbide Absorber Rods in 4.0- or 6.0-
cm-Pitch Triangular Lattices 

Date: 9/30/1998 

Report: HEU-SOL-THERM-031 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod (HEU-SOL-THERM-027 and HEU-SOL-THERM-028), clusters of boron carbide 
rods (HEU-SOL-THERM-029 and HEU-SOL-THERM-030), and triangular lattices of boron carbide rods 
in cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The four experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 289 g/l was pumped into the core or inner tank, a stainless steel 
cylindrical tank with inner diameter 40.07 cm. Eighteen or thirty-six boron carbide absorber rods were 
inserted in the center of the core tank. The rods were arranged in hexagonal lattices with pitches of 4.0 and 
6.0 cm. There was a thick side and bottom water reflector in these experiments. The four configurations are 
considered to be acceptable for use as criticality safety benchmark experiments. 
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6274…..…..…………………..…….……..……ID Number…………………..…..…………….6274 

Author: Sapir, Joseph L. 

Title: A 48-Inch-Diameter Unreflected Sphere of 235U Nitrate Solution 

Date: 9/30/1998 

Report: HEU-SOL-THERM-032; U233-SOL-THERM-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the 1950s a series of experiments was performed at the Oak Ridge National 
Laboratory to investigate the critical conditions of unreflected homogeneous aqueous uranyl nitrate 
solutions, and to experimentally determine the thermal value of eta (h), the number of fission neutrons 
produced per thermal neutron absorbed, for the 235U and 233U isotopes. The measurements were made on 
both bare spherical and cylindrical configurations. The references present critical specifications for several 
27.24-inch-diameter spheres of similar 233U and 235U solutions which were evaluated in U233-SOL-
THERM-001 and HEU-SOL-THERM-013, respectively, and single configurations of 233U and 235U 
solutions contained in a 48.04-inch-diameter sphere. The larger 233U sphere was evaluated in U233-SOL-
THERM-008. This current report evaluates the 48.04-inch-diameter sphere of 235U solution, thereby 
completing the evaluation of all spherical configurations presented in the references. The H/ 235U ratio in 
the solution was approximately 1835. The experiment was judged to be acceptable for use as a criticality-
safety benchmark experiment. 
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6275…..…..…………………..…….……..……ID Number…………………..…..…………….6275 

Author: Henrikson, Deborah J. 

Title: Highly Enriched Uranyl Nitrate in Annular Tanks with Concrete: Four Nested Tanks 

Date: 9/30/1998 

Report: HEU-SOL-THERM-033 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of twelve experiments were performed at the Rocky Flats Critical Mass 
Laboratory beginning in August of 1980 in which highly enriched uranyl nitrate was introduced into four 
nested stainless steel annular tanks. The tanks were inside a concrete enclosure, with various materials 
placed in the central region. These moderators and absorbers included boron-free concrete, borated 
concrete, borated plaster, cadmium, water, and borated water. Thirty-seven critical configurations were 
attempted during the twelve experiments. Nine configurations were subcritical. of the twenty-eight critical 
configurations, twenty-six are judged acceptable benchmarks. 
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Title: Boron Carbide Absorber Rods in Uranium (89% 235U) Nitrate Solutions 

Date: 9/30/1998 

Report: HEU-SOL-THERM-035 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The nine experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 37.51 g/l, 74.87 g/l, or 152.3 g/l was pumped into the core or inner 
tank, a stainless steel cylindrical tank with inner diameter 110 cm. Three experiments were performed 
without absorber rods. In six experiments different numbers of boron carbide absorber rods were inserted 
in the core tank. The absorber rods were arranged in a hexagonal lattice with different pitches. There was a 
thick side and bottom water reflector in these experiments. All nine configurations are considered to be 
acceptable for use as criticality safety benchmark experiments. Experiments performed using the same tank 
and absorber rods with uranium enrichments of 5.64% and 10% are reported in evaluations LEU-SOL-
THERM-005 and LEU-SOL-THERM-006. 
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Title: Square-Pitched Lattices of Boron Carbide Absorber Rods in Uranium (89% 235U) Nitrate Solution 

Date: 9/30/1998 

Report: HEU-SOL-THERM-036 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The four experiments included in this evaluation were performed in 1969 - 1970 at 
the Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. 
The purpose of these experiments was to determine the effect of boron carbide absorber rods on the critical 
mass of light-water-moderated homogeneous uranyl nitrate solution. Previous similar experiments included 
ones with a central boron carbide rod, and clusters or triangular lattices of boron carbide rods in cylindrical 
tanks of different dimensions filled with solutions of uranyl nitrate. The experiments were performed with 
uranium enriched to 89 wt.% 235U. Uranium nitrate solution with uranium concentration of 92.7 g/l was 
pumped into a stainless steel square tank with inner dimensions 72.6 ´ 72.6 cm. One experiment was 
performed without absorber rods, and three experiments were performed with different numbers of absorber 
rods arranged in a square uniform lattice with different pitches, inserted in the tank. There was no reflector 
in these experiments. All four configurations are considered to be acceptable for use as criticality safety 
benchmark experiments. 
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Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Gurin, Victor 

Title: Hexagonally Pitched Lattices of Boron Carbide Absorber Rods in Uranium Nitrate Solution 

Date: 9/30/1998 

Report: HEU-SOL-THERM-037 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The nine experiments 
included in this evaluation were performed with uranium enriched to 89 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 41.9 g/l, 61.4 g/l, or 83.0 g/l was pumped into the core or inner tank, 
a stainless steel cylindrical tank with inner diameter 160 cm. Three experiments were performed without 
absorber rods. In six experiments different numbers of boron carbide absorber rods were inserted in the 
core tank. The absorber rods were arranged in a hexagonal lattice with pitch 6.0 cm. There was a thin side 
and bottom water reflector in these experiments. All nine configurations are considered to be acceptable for 
use as criticality safety benchmark experiments. 
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Title: WINCO Slab Tanks: Two Interacting Tanks of Highly Enriched Uranyl Nitrate Solution with 
Various Absorber-Reflector Plates 

Date: 9/30/2002 

Report: HEU-SOL-THERM-038 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty critical experiments involving 93.1%-enriched uranyl nitrate solution were 
performed in 1988 at the Los Alamos National Laboratory (LANL). The experiments were conducted to 
validate criticality safety codes used by Westinghouse Idaho Nuclear Company (WINCO) in the design of 
proposed storage arrays of highly enriched uranium solutions. The experiments consisted of two thin 
coaxial slab tanks with various neutron absorber and reflector plates positioned on top of one or both tanks. 
The reactivity worth (Δkeff) of the neutron absorber and reflector plates was as much as 7.5 %. A total of 
30 experiments are evaluated in this report. All thirty cases are judged to be acceptable as benchmark data. 
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Title: Mixtures of Uranium (93%) Hexafluoride and Hydrofluoric Acid (Low H/U Ratio) in a Hot-Water-
Reflected Spherical Tank 

Date: 9/30/2001 

Report: HEU-SOL-THERM-039 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered a spherical “Monel” tank containing high-
enriched uranium hexafluoride (UF6) in hydrofluoric acid (HF). The spherical core of 40, 45, 51, or 54 cm 
diameter was inside a large cylindrical tank containing hot water (75° C to 95° C). The H/U ratio range was 
5.7 to 82 (uranium concentration 975 g/l to 115 g/l). These experiments were performed at the Valduc 
facility (CEA-France) in the mid-1960’s in “Apparatus C.” These experiments were subcritical approaches. 
The multiplication factor reached was very close to 1.000. Evaluated here are the 12 experiments of the 
whole program. Among them, 6 are considered acceptable for use as benchmark experiments, and 6 are 
rejected, being too subcritical to provide critical configurations. However the large discrepancies between 
experimental and calculation results are to be noticed. The need for experimental data on homogeneous, 
highly enriched uranium with low moderation (H/U ratios between 0 to 20) was pointed out very early in 
the 1960’s. The uranium hexafluoride-hydrofluoric acid mixture (UF6 -HF) is the only liquid with which 
high uranium concentrations and low H/U ratios may be obtained. In addition UF6 -HF mixtures may be 
encountered under actual industrial conditions in processes involving uranium, such as isotopic separation 
by gaseous diffusion. As a result of these considerations, the French “Commissariat à l’Energie Atomique” 
decided to experimentally study the critical masses of UF6 -HF mixtures in the liquid phase at H/U ratios 
between 0 and 20. The actual experiments covered the range of H/U ratios between 5.7 and 82, but due to 
the fact that the 150 kg UF6 available was insufficient, no critical conditions were obtained for H/U less 
than 9.9. Although five of the six benchmark models that were developed from this series of experiments 
can be classified as thermal, slightly more than 50% of the fissions occur in the intermediate-energy range 
for Case 1 (experiment 03; see Section 2.4 and SPECTRA data). Therefore, this case is appropriately 
identified as HEU-SOL-INTER-002. However, complete documentation and evaluation of that 
configuration is included in this evaluation of all the experiments in the series. 
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Title: Intersecting Pipe Configurations Containing Highly Concentrated (453 g U/l) and Highly Enriched 
(93.17 wt.% 235U) Uranyl Nitrate Solution 

Date: 9/30/2002 

Report: HEU-SOL-THERM-040 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From September 12, 1967, to January 24, 1968, a series of over 100 experiments 
involving assemblies of intersecting cylinders filled with uranyl nitrate solution was performed at Rocky 
Flats Critical Mass Laboratory (CML), Golden, Colorado, USA. These laboratory studies included critical 
experiments as well as experiments that approached criticality but remained subcritical. Every assembly 
tested consisted of a square central column and a number of cylindrical or square branches called “arms”. 
The fissile solution was contained in the arms, as well as in the central column. In each of the experiments, 
the stainless steel central column and arms were filled to a geometry-specific critical height with the uranyl 
nitrate solution. The number of interacting arms varied from two to four, six, eight, twelve, or sixteen. of 
these experiments, only four consisted of intersecting square arms. Most of the other experiments utilized 
intersecting cylindrical arms of either 16.83 or 14.13 cm outside diameter. The uranium of the fissile 
solution was enriched to 93.17 wt.% 235U isotopic content and had a concentration of 453 grams of 
uranium per liter. This same solution, with a slightly different concentration, was also used in experiments 
evaluated in HEU-SOL-THERM-045. The main emphasis of these experiments was to provide nuclear 
criticality-safety data for the purpose of ensuring safety of plant operations. This was achieved by 
calculating safe nuclear criticality parameters for these complex arrays of intersecting pipes containing 
enriched uranyl nitrate solution and applying this information directly to plant operations with similar 
circumstances. Because of geometry, these experiments were also referred to as the “Christmas Tree 
Experiments”. Some key variables in this series of experiments include the number of arms, arm diameter, 
vertical edge-to-edge spacing between the arms, critical height of the solution, angle between the arms and 
the central column, and angle between the arms. A total of 17 experiments were evaluated, and all seventeen 
are considered acceptable as criticality benchmark experiments. 
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Author: Williamson, Thomas G. 

Title: Unreflected Large Diameter Cylinders of Enriched Uranium Nitrate Solutions 

Date: 9/30/2004 

Report: HEU-SOL-THERM-042 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The eight measurements included in this evaluation are part of a series of experiments 
performed in the 1950’s at the Oak Ridge National Laboratories with highly enriched (93.2 wt.% 235U) 
uranium Critical experiments were made with uranyl nitrate solutions (13.61 – 17.31 gU/l) in unreflected 
large-diameter cylinders. These measurements are part of a series of experiments to determine the nuclear 
properties of 233U and 235U in critical aqueous solutions. Specifically they were used to determine eta, 
the average number of fission neutrons produced for each thermal neutron absorbed in the fuel. Five critical 
experiments were made in a nominal 5-ft-diameter stainless steel cylinder and three experiments in a 
nominal 9-ft-diameter stainless steel cylinder. All eight configurations are considered acceptable for use as 
criticality safety benchmark experiments. Similar uranyl nitrate solutions were used in spherical geometry 
measurements and are reported in evaluation HEU-SOL-THERM-013. 
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Author: Williamson, T. G. 

Title: Large Unreflected Spheres of Uranium Oxyfluoride Solutions 

Date: 9/30/2004 

Report: HEU-SOL-THERM-043 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the late 1950’s and early 1960’s a series of critical experiments was done at the 
Oak Ridge National Laboratory with highly enriched (93.2 wt.% 235U) uranium solutions in simple 
geometries. Three measurements in large unreflected spheres are the subject of this evaluation. These 
spheres are characterized as 17-liter, 91-liter and 174-liter spheres. Similar water-reflected critical 
experiments with oxyfluoride solutions are documented in HEU-SOL-THERM-011 (17 liter) and HEU-
SOL-THERM-012 (91 liter). Unreflected measurements with uranium nitrate solutions are documented in 
HEU-SOL-THERM-013 (174 liter). Three experiments are considered acceptable as criticality 
benchmarks. 
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Author: Lell, R. M. 

Title: Concrete Reflected Uranyl Nitrate Solution Cylinder Containing Periodically Distributed Absorber 
Rods 

Date: 9/30/2004 

Report: HEU-SOL-THERM-044 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Sixty-two critical and critical-approach experiments were performed at the Rocky 
Flats Critical Mass Laboratory in 1983 and 1984 to study the effects of periodically distributed absorber 
rods containing boron, cadmium, gadolinium, and chlorine on the critical height of uranyl nitrate solution 
in a concrete-reflected cylindrical tank. The uranium concentration was fixed at 362.5 grams of uranium 
per liter for all experiments. Critical heights were measured for eight different absorber materials with 
several different lattice patterns and grid spacings. The critical height for each experiment was determined 
from a linear interpolation between slightly supercritical and slightly subcritical states. Forty-five 
experiments achieved criticality. Thirty-one of the experiments that achieved criticality were accepted for 
this evaluation. There are many good critical experiments that measured the properties of uranyl nitrate 
solutions and a number of these have been evaluated and included in the ICSBEP handbook. The unique 
feature of the experiments covered here is the presence of absorber rods in the experimental tank. These 
experiments are most suitable for the evaluation or validation of properties of the neutron poisons in the 
absorber rods. There are more suitable evaluations available if the principal interest relates to the properties 
of uranyl nitrate solution. 
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Title: Slabs-Cylinder Systems of Enriched Uranium Solutions (PLEASE NOTE: This evaluation contains 
data that were judged to be unacceptable as criticality safety benchmark data. However, it may contain data 
that are useful for other criticality safety applicatio 

Date: 9/30/2000 

Report: HEU-SOL-THERM-045 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this evaluation involve numerous critical configurations 
of slab-cylinder geometries, assembled at the Dow Chemical Company, Rocky Flats Division, in 1969. The 
experiments were originally designed to evaluate interacting systems that often involve cylinders of fissile 
solution perpendicular to the surface of a fissile solution slab. Examples of such systems may include floor 
drains, leaks in a group of vessels, and disengagement sections of solvent extraction systems. A total of 118 
experiments were conducted with the purpose of finding the critical height of the solution in an array of 
cylinders sitting on an open-top, solution filled, slab tank. The experiments determined the critical volume 
of uranyl nitrate solution in a series of measurements involving slab-cylinder geometries. The cylinders and 
the slab tank contained uranyl nitrate solution having 490 ± 30g of uranium (93.2 wt.% 235U) per liter. The 
number of interacting cylinders varied from a single cylinder to four, nine or sixteen equally spaced 
cylinders in 2x2, 3x3, and 4x4 arrays, respectively. of these experiments, ten were with a slab-only 
configuration, twenty-eight experiments were Plexiglas reflected, and nine others had the cylinder array 
suspended above the solution slab. The variables in this set of experiments were the number of interacting 
cylinders, the cylinder diameter, the thickness of the slab, and the spacing of the cylinders both on and 
above the slab. The solution concentration, density, and normality also varied. A total of 39 cases of varying 
configurations were evaluated. of these, 13 cases were examined in detail. All 39 cases were deemed 
unacceptable as benchmark experiments due to total uncertainties greater than 1% keff, as well as a large 
uncertainty in determining the appropriate amount of uncertainty in key parameters such as solution density, 
concentration, and normality. 
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Title: Highly Enriched Uranium (89.84 Wt.% 235U) Sulfate Solutions Reflected by Beryllium Oxide and 
Graphite Proserpine Reactor - Saclay 

Date: 9/30/2008 

Report: HEU-SOL-THERM-046 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of subcritical high-multiplication approaches and critical experiments was 
performed in 1958 (starting date: March 17, 1958) through 1964 at Saclay, France, with homogeneous 
aqueous solutions, first of plutonium sulfate and then of uranium (89.84 wt.% 235U) sulfate, containing 0.5 
N and 0.1 N excess sulfuric acid respectively. They were performed with the Proserpine solution reactor, 
its name coming from the goddess Proserpina who was kidnapped by the god of hell, Pluton, and married 
to him. This paper is devoted to the uranium sulfate solution program; the plutonium solution program is 
described in PU-SOL-THERM-019. The core was comprised of the fissile solution inside a cylindrical tank, 
first of stainless steel type NSM22 Ugine (used only with plutonium solution), then of Zircaloy-2 (used first 
with plutonium solution and later with uranium solution). Each of these inner tanks was 25 cm in diameter 
and 30 cm in height, with a conical bottom, surrounded by an outer aluminum-alloy tank, and reflected by 
a minimum of 27.5 cm of beryllium oxide followed by a layer of at least 50 cm of graphite. The reflectors 
contained structural plates of aluminum alloy, as well as several penetrations throughout to accommodate 
the fill tube, experimental channels, control rods, safety rods, etc. These experiments were performed to 
determine empirical critical-mass data for criticality safety guidance and for verification of calculational 
methods. At the time of these experiments, only about 600 grams of uranium were available for these 
experiments. This constraint led to the selection of materials with low neutron absorption cross sections: 
Sulfate, rather than nitrate, for fissile solution, Beryllium oxide (BeO) for the reflector, completed with 
graphite, the available BeO being not enough, Zircaloy-2 alloy replacing the stainless steel for the material 
of the core tank after the first part of program. As a result, the “Proserpine experiments” achieved the lowest 
measured critical masses in solution ever obtained in any laboratory: 410±5 g of uranium (235U) with the 
235U/U content being 89.84 wt.%. 
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Author: Kim, Soon Sam 

Title: Highly Enriched Uranyl Nitrate Solution Containing Cadmium 

Date: 9/30/2004 

Report: HEU-SOL-THERM-049 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-one critical experiments involving high-enriched (~85 wt.% 235U) uranyl 
nitrate solution containing soluble cadmium nitrate absorber were performed in 1978 and 1979 at the Pacific 
Northwest Laboratory. The experiments were conducted to validate criticality safety codes used by Allied 
Chemical Corporation (later known as Westinghouse Idaho Nuclear Company) in the design of proposed 
fluorinel process dissolver. The experiments consisted of cylindrical experimental vessel filled with high-
enriched uranyl nitrate solution with and without cadmium nitrate as a soluble neutron absorber. Water with 
and without cadmium nitrate was used as reflectors. The uranium concentration ranged from 482 to 529 g/l 
of uranium as uranyl nitrate. The cadmium concentration in the uranyl nitrate solution ranged from 0.0 to 
11.31 g/l. The cadmium concentration in the reflector solution ranged from 0.0 to 15.16 g/l. A total of 20 
experiments are evaluated in this report. Experiment 018 was the same as Experiment 017, therefore not 
considered as separate configuration. All twenty cases are judged to be acceptable as benchmark data. 
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Author: Butaud, Wade M. / Briggs, J. Blair 

Title: Unreflected Aluminum Cylinders Containing Uranyl Fluoride Solutions SUB 

Date: 9/30/2005 

Report: HEU-SOL-THERM-050 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Several series of critical experiments involving aqueous uranyl fluoride (UO2F2) 
solutions (hereafter uranyl fluoride solutions) were performed in the Oak Ridge National Laboratory 
(ORNL) Critical Experiments Facility (Building 9213) during the years 1954 and 1955. These experiments 
were performed to determine the conditions under which aqueous solutions of highly enriched uranium 
(93.2% 235U) can be made critical. These experiments are reported in Reference 1 and include the 
following studies: 1. Critical parameters of enriched 235U Solutions in interacting arrays of cylinders, 2. 
Critical parameters of enriched 235U Solutions in vessels of simple geometry, 3. Critical parameters of 
enriched 235U Solutions in annular geometry, 4. Critical parameters of enriched 235U Solutions in 
cylindrical 60-degree “Y” and 90-degree “Cross” geometry. The experiments evaluated in this report are 
found in the second of the four criticality studies. The second study consisted of three series of experiments: 
totally water reflected, partially water reflected, and unreflected. This evaluation focuses on the unreflected 
criticality study and includes 14 configurations of unreflected aluminum cylinders containing uranyl 
fluoride solutions. Two of these configurations have frequently been used for data testing by members of 
the Cross Section Evaluation Working Group (CSEWG). These two configurations are typically referred 
to as L5 and L6. The experiments were performed in aluminum cylinders with diameters ranging from 8.76 
to 30 inches and H/ 235U atomic ratios varying between 27.1 and 74.6. Critical heights of the various uranyl 
fluoride solutions were determined. Eleven of the fourteen configurations are considered acceptable for use 
as criticality safety benchmarks. 
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Title: Analytical Investigation of Nuclear and Thermal-Hydraulic Design Characteristics of Sm-1a, Core 
3. Volume II 

Date: 3/1/1965 

Report: HIT-3459-11(Vol.2); Hit-161; (Vol.2); 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Burnout; Computers; 
Criticality; Diagrams; Distribution; Fluid Flow; Neutron Flux; Numericals; PDQ-Code; Planning; Power; 
Pressure; Programming; Reactivity; Reactor Core; Reactors; SM-1A; Stability; Tables; Temperature; 
Transport; WANDA-Code 
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Title: ANALYSIS OF ZERO POWER EXPERIMENTS FOR SM-1 CORE III 

Date: 12/1/1964 

Report: HIT-3459-7; HIT-158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Elements; 
Criticality; Errors; Measured Values; Reactivity; Reactor Core; Reactors; Rods; Shutdown; SM-1A; 
Temperature 
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Title: PM-3A Type 4 Core Analysis: Comparison of Measured and Calculated Data and Data for the Test 
Manual 

Date: 1/1/1970 

Report: HIT-3775-3; HIT-445 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Marine & Portable Power Reactors-Kinetics & Dynamics; Configuration; Criticality; 
Diagrams; PM-3A; Reactivity; Reactor Core; Reactor Kinetics; Reactors 
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Title: The Hitachi Training Reactor (HTR) 

Date: 2/1/1963 

Report: HITAAS1, 12, 01, 005-012 

Conference/Journal: Hitachi Review See Hitachi Hyoron 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality; Fabrication; Japan; JHTR; Neutron Flux; Pellets; 
Planning; Reactors; Research Reactors; Safety; Thermal Neutrons; Uranium Dioxide; Uranium 235; Water 
Coolant; Water Moderator 
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Title: Theoretical Analysis of Light-Water Moderated Reactor Experiments 

Date: 6/1/1963 

Report: Hitachi Hyoron, 45 

Conference/Journal: Hitachi Hyoron (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Fast Neutrons; Fermi Age; 
Fission; Lattices; Mass; Reactor Core; Reactors; Reflectors; Temperature; Water Coolant; Water Moderator 
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Conference/Journal: Hitachi Hyoron (Japan) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Critical 
Assemblies; Criticality; Design; Energy; Enrichment; Equations; Fuel Elements; Measurement; Neutron 
Flux; Numericals; Reactivity; Reactors; Rods; Spectra; Surfaces; Volume; Water Moderator 
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Title: Criticality Hazards in Processing 1% Enriched Uranium 

Date: 9/24/1951 

Report: HKF-1492D-39 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Possible hazards involved in the Mallinckrodt procedures for processing l%-enriched 
U are analyzed, and necessary precautions are specified. No danger is possible in handling any amount of 
nominally l% U in the reduction of UF/sup 4/ to metal, cooling, or remelting. Critical amounts might 
conceivably be accumulated during the rolling to 3/4” rod, in which case an “always safe” amount is 
indicated. 
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Title: Accidental Radiation Excursion at the Oak Ridge Y-12 Plant. I. Description and Physics of the 
Accident 
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Conference Session:  

Abstract/Keyterms: An aqueous solution of enriched uranium inadvertently flowed into a 55 gal drum in 
a process area in Oak Ridge in June 1958, establishing a prompt-critical neutron chain reaction in which 
about 10/sup 18/ fissions occurred before the system finally became subcritical by the addition of water. 
The solution contained about 2.5 kg of U235. Records of the radiation field show the power excursion to 
have continued about 20 min during which the reaction oscillated a number of times. This paper describes 
the accident and presents a reactor-physics analysis yielding reactivities in an unperturbed system as great 
as 1.3 per cent which were above zero for a time consistent with observations. A plausible sequence of 
events during the excursion is enumerated. The emergency and health physics procedures and the medical 
observations of exposed personnel will be given in subsequent papers of this series. 
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Accident 

Date: 1/1/1959 

Report: HLTPA, 02, 021-029 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms:  



 

C-6310 

6298…..…..…………………..…….……..……ID Number…………………..…..…………….6298 

Author: Hurst, G. S. / Ritchie, R. H. / Emerson, L. C. 

Title: Accidental Radiation Excursion at the Oak Ridge Y-12 Plant III, Determination of Radiation Doses 

Date: 1/1/1959 

Report: HLTPA, 02, 121-133 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms:  



 

C-6311 

6299…..…..…………………..…….……..……ID Number…………………..…..…………….6299 

Author: Andrews, G. A. / et al. 

Title: Accidental Radiation Excursion at the Oak Ridge Y-12 Plant IV, Preliminary Report on Clinical and 
Laboratory Effects in the Irradiated Employees 

Date: 1/1/1959 

Report: HLTPA, 02, 134-138 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: The patients exposed to irradiation in the Y-12 accident were studied and followed at 
the ORINS Medical Division Hospital. The five patients with the higher dose levels were kept in the hospital 
for several weeks following exposure. Epilation began on the seventeenth day. Minimal clinical signs of a 
hemorrhagic tendency were seen around the twenty-fifth to thirtieth days. Antibiotics were not used 
prophylactically. A few minor infectious episodes occurred, but were easily managed. Hematologic studies 
showed the characteristic pattern of changes expected after total-body irradiation. Spontaneous recovery of 
blood values occurred and the patients remained in good general condition following the accident. 
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Author: Harris, P. S. 

Title: Radiation Dose Estimation in the 1958 Los Alamos Criticality Accident 

Date: 1/1/1961 

Report: HLTPA, 05, 037-044 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: An accidental radiation excursion occurring during Pu/sup 2//sup 3//sup 9/ recovery 
operation resulted in significant exposure of three personnel, one exposure terminating in fatality. 
Irradiation of the fatally exposed person was nonuniform, and it was possible only to estimate his average 
body dose and dose incident to specific body areas. His average fast neutron dose was estimated as about 
900 rads, and gamma dose as 3000 to 4000 rads. The fast neutron doses incident to the head and upper 
abdomen were estimated as 2600 and 3000 rads, respectively, and the respective incident gamma doses as 
about 7800 and 9000 rads. A second operator received a neutron dose estimated at 2.6 rads, and his film 
badge showed a gamma of 118 rads. The third person's neutron and gamma doses were estimated as 1.4 
and 31.5 rads, respectively. Most of the gamma dose to the nonfatality exposed operators was accumulated 
during subsequent trips near the source. 
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Author: Henry, H. F. 

Title: Problems of Personnel Monitoring at a Criticality Accident 

Date: 1/1/1961 

Report: HLTPA, 06, 086-093 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: With respect to personnel monitoring at a criticality incident, the implications of some 
experimental data are reviewed which show the dependence of the relative positions of an individual, his 
typical personnel monitoring device, and the excursion which is essentially a unidirectional gamma -
neutron radiation source. These data show that, for a given exposure, the dose indicated by either a gamma 
- or neutron-sensitive device of the type generally used can vary by factors of at least 3 or 4, due only to 
the attenuation by the individual's body. Similar data indicate qualitatively the effect of moderation and 
reflection in affecting the neutron spectrum incident upon the device as compared to that actually incident 
upon the individual. In view of the uncertainties thus indicated, it is concluded that, although a gamma - 
and neutron-sensitive personnel monitoring device can provide sufficiently accurate data concerning an 
individual's exposure for record purposes and will be useful for the prompt identification of personnel who 
have been highly exposed, a monitoring system consisting of blood sodium determinations as calibrated by 
area type dosimeters is necessary to provide data which are useful in indicating medical treatment. 
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Author: Dennis, J. A. 

Title: Developments in Neutron Dosimetry at A.E.R.E., Harwell, England 

Date: 2/1/1963 

Report: HLTPA, 09 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: The neutron dosimetry team at Harwell is concerned with the theoretical and 
experimental study of leakage spectra from reactors and critical assemblies, design of the U.K.A.E.A. 
criticality dosimeter, the assessment of dose in criticality accidents, experimental investigations of 
intermediate energy neutron spectra, and the theoretical and experimental study of the components of tissue 
dose. Results are presented of recent work including (a) the variation of neution dose with depth in various 
tissue equivalent phantoms, (b) dosimetry in criticality accidents, and (c) a new counter for neutrons of 
energy 0.4 ev to 15 kev. 
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Author: Roesch, W. C. / Gamertsfelder, C. C. / Larson, H. V. / Watson, E. C. / Nielsen, J. M. 

Title: Dosimetry Investigation of the Recuplex Criticality Accident 

Date: 1/1/1963 

Report: HLTPA, 09, 757-768 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: The dosimetry investigation made following a criticality accident in a Pu waste 
chemical recovery plant is described. Four men were hospitalized as a result of the accident but were 
released after medical observation. 
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Author: Kathren, R. L. / Day, W. C. / Denham, D. H. / Brown, J. L. 

Title: Health Physics Following a Nuclear Excursion: the LRL Incident of 26 March 1963 

Date: 1/1/1964 

Report: HLTPA, 10, 183-192 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: On March 26, 1963 at approximately 0000 hr a nuclear excursion occurred in a 
shielded vault designed for critical assembly experiments. The excursion was estimated at 4 x 10/sup 17/ 
fissions, and was followed by oxidation of the enriched U metal in the assembly. The fire was observed via 
closed circuit TV; later entry established that burning was limited to the assembly Nearby combustibles did 
not burn or scorch. Disaster plans were immediately implemented to determine radiation exposures to 
personnel directly involved, the possibility of recurring criticality, and the extent of release of radioactive 
materials to the laboratory and to the off-site environment. Air and surface contamination levels were 
determined in the building housing the vault and at other points within the laboratory perimeter. Air, 
vegetation, and soil samples, obtained within hours following the excursion, were analyzed for fission 
product and alpha activity fallout. This incident reaffirms the value of carefully designed vault facilities for 
critical assembly work. 
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Author: Auxier, J. A. 

Title: The Health Physics Research Reactor 

Date: 1/1/1965 

Report: HLTPA, 11, 089-093 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Enrichment; Fast Neutrons; 
Gamma Radiation; HPRR; Molybdenum Alloys; Planning; Radiation Doses; Research Reactors; Shielding; 
Uranium Alloys 
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Title: Decontamination Following a Nuclear Excursion 

Date: 1/1/1965 

Report: HLTPA, 11, 127-130 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Health and Safety; Concretes; Decontamination; Economics; Electronics; 
Environment; Excursions; Instruments; Irradiation; Personnel; Quantity Ratio; Radioactivity; Vessels 
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Author: Mechali, D. / Dousset, M. / Pardo, G. / Penotet, M. 

Title: Dose Delivered to the Thyroid after Inhalation of Fission Products. Fission of 239Pu by Fast Neutrons 

Date: 1/1/1966 

Report: HLTPA, 12 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Biology and Medicine; Metabolism, Tissue Distribution, and Toxicology; Accidents; 
Aerosols; Criticality; Fast Neutrons; Fission Products; Iodine; Lungs; Man; Measured Values; Plutonium 
239; Radiation Doses; Radiation Sources; Radioisotopes; Thyroid 
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Author: Garner, R. J. / Morley, F. 

Title: Agricultural Implications of a Release of Fission Products from a Criticality Incident 

Date: 5/1/1967 

Report: HLTPA, 13, 465-75 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety- Radioactive Contamination & 
Decontamination; Accidents; Agriculture; Contamination; Criticality; Fission Products; Food; Iodine 131; 
Milk; Reactors; Waste Solutions 
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Title: Studies of Gamma Dosimetry Systems Used for Nuclear Accident Dosimetry 

Date: 1/1/1968 

Report: HLTPA, 14, 045-049 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Dosimeters; Accidents; Acrylic Acid; Amides; Chemical 
Radiation Detectors; Dosemeters; Gamma Radiation; Lithium Fluorides; Luminescence; Measurement; 
Polymers; Radiation Doses; Temperature; Thermoluminescence; X Radiation Accidents / Radiation 
Dosimetry Following Nuclear, Performance of Various Dosimeters for; Gamma Radiation / Dosimetry 
Following Nuclear Accident, Performance of Various Dosimeters for; Radiation Dosimeters, 
Thermoluminescent / Performance of Lithium Fluoride, for Gamma- and X-Ray Dosimetry Following 
Nuclear Accident; Radiation Dosimeters, Chemical / Performance of Polyacrylamide, for Gamma- and X-
Ray Dosimetry Following Nuclear Accidents; X Radiation / Dosimetry Following Nuclear Accident, 
Performance of Various Dosimeters for 
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Author: Denham, D. H. 

Title: Health Physics Considerations in Processing Transplutonium Elements 

Date: 4/1/1969 

Report: HLTPA, 16: 475-487 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Actinides; Alpha Sources; Americium; Berkelium; Californium; Combustion; Criticality; Curium; Dose 
Rates; Einsteinium; Explosions; Fire; Gamma Sources; Hazards; Neutron Sources; Plutonium 239; 
Radiation Doses; Radiation Hazards; Radiobiology; Radiotoxins; Reprocessing; Safety; Time; Toxicity; 
Transplutonium Elements 
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Author: Amin, S. R. / Gupta, B. L. 

Title: Estimation of Sulphur Content in Human Hair and Nail for Use in Fast Neutron Dosimetry 

Date: 8/1/1972 

Report: HLTPA, 23, 243-244 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Life Sciences-Radiation Effects on Animals-Man; Activation Analysis; Age; 
Biological Dosemeters; Biological Variability; Dosimetry; Fast Neutrons; Females; Food; Hair; Males; 
Nails; Neutron Beams; Nuclear Reactions; Personnel; Phosphorus 32; Protons; Radiation Accidents; 
Radiation Doses; Sex; Sulfur; Sulfur 32 
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Author: Ing, H. / Cross, W. G. 

Title: Criticality neutron dosimeter using the $sup 103$Rh(n,n')/sup 103m/Rh reaction 

Date: 9/1/1973 

Report: HLTPA, 25, 291-297 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- Radiation Dosimeters; Activation 
Detectors- Design; Neutron Dosimetry- Activation Detectors; Criticality; KeV Range 100-1000; 
Metastable States; MeV Range 01-10; Performance Testing; Personnel Dosimetry; Rhodium 103 
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Title: Calculation of the HPRR Neutron Spectrum for Simulated Nuclear Accident Conditions 

Date: 1/1/1974 

Report: HLTPA, 26, 217-221 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Since 1964, the Health Physics Research Reactor (HPRR) at the Oak Ridge National 
Laboratory has been used to simulate nuclear excursions to allow intercomparisons of accident dosimetry 
systems. Generally, activation foils or threshold-activation foils are used to measure the neutron fluence. 
Usually, data from these detectors are used to provide the neutron dose and the general shape of the neutron 
energy spectrum. However, some participants have used an iterative technique to calculate a spectral 
distribution to fit the experimental results. A calculational study was begun to provide the HPRR neutron 
spectrum for three typical accident exposure conditions. Results of these calculations are compared with 
spectra derived from the use of several dosimeters under actual exposure conditions at the HPRR. Also 
included in the results of the calculation were neutron dose distributions as a function of distance from the 
reactor. These results are compared with the results of measurements performed during the intercomparison 
Study of 1971. 
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Author: Venkataraman, G. / Dhairyawan, M. P. 

Title: Use of NTA films as neutron monitors in criticality accidents 

Date: 6/1/1975 

Report: HLTPA, 28, 818-820 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- Nuclear Spectroscopic 
Instrumentation; Criticality- Neutron Dosimetry; Neutron Dosimetry- Photographic Film Dosemeters; 
Photographic Film Dosemeters- Performance; Cadmium; eV Range 01-10; eV Range 10-100; eV Range 
100-1000; KeV Range 01-10; KeV Range 10-100; Milli eV Range; Personnel Dosimetry; Radiation 
Accidents 
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Author: Dhairyawan, M. P. / Bhatt, R. C. / Venkataraman, G. / Dayashankar 

Title: Stationary Neutron Monitor for Criticality Accidents 

Date: 12/15/1974 

Report: HLTPA, 29, 777-779 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- Radiation Dosimeters; 
Instrumentation-Radiation Instrumentation- Radiation Dosemeters; Dielectric Track Detectors- Design; 
Neutron Dosimetry- Dielectric Track Detectors; Neutron Monitors- Design; Aluminium Alloys; Cost; 
Criticality; Fission Foil Detectors; Natural Uranium; Polyethylenes; Radiation Accidents 
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Author: Santoro, R. 

Title: Nuclear Accident Dosimetry Calculations and Comparison with Experimental Data 

Date: 2/1/1979 

Report: HLTPA, 36, 2, 189-191 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: A criticality accident was simulated at the Health Physics Research Reactor at the 
Oak Ridge National Laboratory, and results of measurements of absorbed dose received by mannequins 
representing personnel placed at various positions have been published. Calculated results are presented 
and compared with these experimental data. A two-dimensional representation of the room was used and 
the neutron and photon fluences as a function of position were obtained using the method of discrete 
ordinates. The calculated results agree well with the experimental data. 
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Author: Delafield, H. J. / Birch, R. 

Title: Detection of Criticality Incidents with a Gamma Dose Rate Alarm Employing an Ionization Chamber 

Date: 2/1/1979 

Report: HLTPA, 36, 2, 195-199 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: The performance of a gamma-ray alarm unit (AERE type 1796 B) when used as a 
criticality detector is described. A circuit diagram of the instrument, which uses an ionization chamber as a 
detector, is shown and the theoretical response to very short transient excursions, as encountered in a 
criticality accident, is calculated. Experimental measurements made using pulsed X-rays and the pulsed 
reactor VIPER confirm the calculated response. The threshold of detection (approximately 0.03 mrad) to 
short excursions (< 100 m sec) was found to be independent of the duration of the pulse and of the alarm 
level setting, for the ranges studied. The results are discussed and it is shown that great care is needed in 
order to set up an alarm unit with confidence to detect a given size of criticality excursion and to minimize 
the chance of a false alarm. Similar studies are recommended when any other such instrument is used for 
this purpose. The theory and techniques described are applicable to any similar instrument. 
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Title: Nuclear Accident Dosimetry Intercomparison Studies at the Health Physics Research Reactor: A 
Summary (1965-1978) 
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Title: Response of a Fast Neutron Criticality Monitor to Prompt Critical Bursts 

Date: 2/1/1980 

Report: HLTPA, 38, 02, 236-238 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: A neutron-sensitive criticality monitor has been developed at the Lawrence 
Livermore Laboratory. The monitor's response characteristics to a nuclear criticality accident and to high 
ambient gamma and neutron radiation fields has been determined by exposure to actual prompt critical 
bursts using the Super Kukla fast burst reactor at the Nevada Test Site. The monitor head is composed of 
an (n, p) recoil plastic scintillator, photomultiplier tube, operational amplifier, power supply, calibration 
light and tantalum shield. The monitor detects most efficiently neutrons of about 10 MeV. Below 3 MeV, 
the detection efficiency decreases sharply. The detection efficiency for gamma radiation is low and can be 
further decreased by adding more tantalum around the detector. Results of the burst tests show that the 
smallest credible criticality accident will readily initiate an alarm. The monitor has been in use for about 2 
years without false alarms. 
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Title: Dosimetry of Criticality Accidents Using Activations of the Blood and Hair 

Date: 4/1/1980 

Report: HLTPA, 38, 04, 529-541 

Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: The radiation dose received by a person in a criticality accident can be determined 
with reasonable accuracy from the activity induced in the blood or in the hair. However, both of these 
methods require a knowledge of the neutron spectra and the exposure conditions. In this report results from 
numerous criticality studies are compiled to serve as a guide for neutron dose evaluations based on blood 
and hair activation. A technique is described in which a combination of these blood and hair activations can 
be used to determine the neutron dose. This evaluation technique is independent of the person's orientation, 
shielding provided by walls, equipment, etc. (except for massive shielding by metals), and the neutron 
leakage spectra. The technique will improve the accuracy of the dose determination, especially if there is 
little information available on the exposure conditions. This estimate is normally accurate to within ±20-
30%. The gamma-to-neutron ratio is discussed and its use in establishing the gamma dose (if no gamma 
exposure data is available) or the neutron dose (if the gamma exposure is known). The use of a G-M 
instrument at the abdomen is discussed and curves are given to convert the G-M readings to neutron dose. 
A simplified counting procedure for hair activation is recommended. 
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Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: Spectra and dosimetry of H2O-moderated fission neutrons are important in criticality 
dosimetry because a number of accidents have involved H2O solutions or H2O shields. Data on depth dose 
distributions are required to estimate organ doses. Published data on neutron spectra from spherical fissile 
solutions and those passing through H2O shields were used to calculate quantities such as dose, dose 
equivalent and quality factor, at different depths in a cylindrical phantom, for various neutron spectra in the 
energy range 1 eV to 10 MeV. The results are tabulated and discussed. 
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Title: Criticality Safety Training at a Fuel Examination Facility 

Date: 5/1/1981 
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Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: A multimedia training program in criticality safety has been developed for fissile-
material handlers who work at the Hot Fuel Examination Facility (HFEF) complex at Argonne National 
Laboratory. The training program consists of a course in the basic theory of nuclear criticality to give 
employees an understanding of the reasons for the specific rules for handling fissile materials. Successful 
completion of written tests on the theory of criticality and the specific rules is a prerequisite to entering the 
on-the-job training phase. Continual training and recertification requirements help to keep personnel aware 
of the importance of safety. 
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Title: A Monte Carlo Primer for Health Physicists 
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Abstract/Keyterms: The basic ideas and principles of Monte Carlo calculations are presented in the form 
of a primer for health physicists. A simple integral with a known answer is evaluated by two different Monte 
Carlo approaches. Random number, which underlie Monte Carlo work, are discussed, and a sample table 
of random numbers generated by a hand calculator is presented. Monte Carlo calculations of dose and linear 
energy transfer (LET) from 100-keV neutrons incident on a tissue slab are discussed. The random-number 
table is used in a hand calculation of the initial sequence of events for a 100-keV neutron entering the slab. 
Some pitfalls in Monte Carlo work are described. While this primer addresses mainly the bare bones of 
Monte Carlo, a final section briefly describes some of the more sophisticated techniques used in practice to 
reduce variance and computing time. 
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Title: Nuclear Accident Dosimetry Intercomparison Studies 
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Conference/Journal: Health Physics (USA) 

Conference Session:  

Abstract/Keyterms: Twenty-two nuclear accident dosimetry intercomparison studies utilizing the fast-
pulse Health Physics Research Reactor at the Oak Ridge National Laboratory have been conducted since 
1965. These studies have provided a total of 62 different organizations a forum for discussion of criticality 
accident dosimetry, an opportunity to test their neutron and gamma-ray dosimetry systems under a variety 
of simulated criticality accident conditions, and the experience of comparing results with reference dose 
values as well as with the measured results obtained by others making measurements under identical 
conditions. Sixty-nine nuclear accidents (27 with unmoderated neutron energy spectra and 42 with eight 
different shielded spectra) have been simulated in the studies. Neutron doses were in the 0.2-8.5 Gy range 
and gamma doses in the 0.1-2.0 Gy range. A total of 2,289 dose measurements (1,311 neutron, 978 gamma) 
were made during the intercomparisons. The primary methods of neutron dosimetry were activation foils, 
thermoluminescent dosimeters, and blood sodium activation. The main methods of gamma dose 
measurement were thermoluminescent dosimeters, radiophotoluminescent glass, and film. About 68% of 
the neutron measurements met the accuracy guidelines (+/- 25%) and about 52% of the gamma 
measurements met the accuracy criterion (+/- 20%) for accident dosimetry. 
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Author: Olsher, R. H. 

Title: Performance Testing of the Eberline RMS-II Criticality Accident Monitors 
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Conference/Journal: Health Physics (England) 

Conference Session:  

Abstract/Keyterms: The Plutonium Facility at Los Alamos uses Eberline RMS-II monitors as part of its 
criticality accident alarm system. The monitors are designed to accommodate a wide spectrum of criticality 
accident scenarios from both liquid and metal supercriticalities. A series of experiments were performed at 
the Los Alamos Critical Experiments Facility to evaluate the response of the monitor to a wide range of 
radiation transients. The primary objectives of the evaluation were to verify reliable and prompt latching of 
the criticality alarms in accordance with the performance criteria of ANSI/ANS-8.3-1986. The RMS-II 
monitor performed reliably during all of the experiments and was found to meet specific ANSI/ANS 
performance criteria for latching. 
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Abstract/Keyterms: Fourteen non-reactor nuclear criticality accidents that occurred in Russia between 
1953 and 1997 are described. These accidents are significant because of the loss of control of special nuclear 
material and the resultant radiation doses to personnel, potential damage to equipment, and release of 
radioactive material to the workplace and the environment. A qualitative analysis of the causes and 
contributing factors to these accidents is presented along with a description of the radiation health effects 
to workers. The primary cause of most of these accidents was inadequate design that allowed the use of 
process equipment that did not preclude nuclear criticality on the basis of geometry. Personnel errors and 
violations of procedures were major contributing factors to these accidents. 
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Title: Radioactive Material Inventory Control at a Waste Characterization Facility 

Date: 7/1/1996 

Report: HLTPAO, 70 (Suppl.6): 5A 

Conference/Journal: Annual Meeting of the Health Physics Society, Seattle, WA (United States), 21-25 
Jul 1996 

Conference Session:  

Abstract/Keyterms: Nuclear Facilities. In order to comply with nuclear safety regulations and nuclear 
criticality requirements, radioactive material inventories at each nuclear facility have to be maintained 
below limits specified for the facility in its safety authorization basis documentation. Exceeding these 
radioactive material limits constitutes a breach of the facility’s nuclear and criticality safety envelope and 
could potentially result in an accident, cause a shut-down of the facility, and bring about imminent 
regulatory repercussions. The practice of maintaining control of radioactive material, especially sealed and 
unsealed sources, is commonplace and widely implemented; however, the requirement to track the entire 
radioactivity inventory at each nuclear facility for the purpose of ensuring nuclear safety is a new 
development. To meet the new requirements, the Applied Radiation Measurements Department at Oak 
Ridge National Laboratory (ORNL) has developed an information system, called the “Radioactive Material 
Inventory System “ (RMIS), to track the radioactive material inventory at an ORNL facility, the Waste 
Examination and Assay Facility (WEAF). The operations at WEAF, which revolve around the 
nondestructive assay and nondestructive examination of waste and related research and development 
activities, results in an ever-changing radioactive material inventory. Waste packages and radioactive 
sources are constantly being brought in or taken out of the facility; hence, use of the RMIS is necessary to 
ensure that the radioactive material inventory limits are not exceeded. 
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Title: Calculation of Reactivity and Critical Mass of Ber; Berechnung der Reaktivitat und Kritischen 
Menge des "Ber" 

Date: 3/1/1960 

Report: HMI-B10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; BER; Boiling; Buckling; Criticality; Differential Equations; 
Equations; Fast Fission Factor; Fast Neutrons; Fuel Solutions; Group Theory; Homogeneous Reactors; 
Mass; Multiplication Factors; Reactivity; Reflectors; Research Reactors; Resonance Escape Probability; 
Shielding; Thermal Neutrons; Volume; Zones 
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Title: The Radiation Field of the Ber; das Strahlungsfeld des Ber 

Date: 11/1/1961 

Report: HMI-B-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; BER; Coolant Loops; Criticality; Distribution; Fuels; Gamma 
Radiation; Irradiation; Mass; Measured Values; Neutron Beams; Neutron Flux; Numericals; Operation; 
Radiation Doses; Radiation Protection; Reactivity; Reactor Core; Research Reactors; Resonance Neutrons; 
Shutdown; Startup; Thermal Neutrons; Tubes 
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Conference/Journal:  
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Abstract/Keyterms: A supplement to report number IKB-C-B2 (NSA, Vol. 13, abst. No. 8241) on the 
safety of the Berlin Research Reactor is presented. It contains the experience and results obtained during 
the test period between first criticality and operation at full power (50 kw), and gives information needed 
for an evaluation of the safety of the reactor. The report covers reactor management organization, a 
description and discussion of the installation, the reactor hall and ventilation system, effluent water and 
waste handling, environs monitoring, and the maximum credible accident and its effects. 
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Abstract/Keyterms: A robotic crawler was deployed into the process cells at the 224-T Building to 
perform cell characterization. The most significant hazard was the potential for criticality upon introduction 
of a moderating material. Due to the unknown fissile inventory in the cells and the potential moderation 
effects of a person, manned entry was considered too high of a risk, and a robotic crawler was determined 
to be the best option for the initial characterization. The robotic crawler provided maneuverability, allowing 
access to areas in the cells where debris was found. It provided visual inspection in areas with little light, 
using a low lux pan and tilt camera system. Also, it provided fissile inventory measurements using a non-
destructive assay (NDA) detector. The NDA detector supplied real-time data to maintain criticality control. 
Other technologies used during the cell characterization were water-cooled suits and a thin water resistant 
synthetic anti-contamination coverall, used for heat stress reduction. Also, an aluminum framed shelter 
provided a weather barrier, allowing work to continue under conditions which would have stopped work 
without it. 



 

C-6349 

6337…..…..…………………..…….……..……ID Number…………………..…..…………….6337 

Author: Benecke, M. W. 
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Abstract/Keyterms: This document establishes the Basis for Interim Operation (BIO) for the Fuel Supply 
Shutdown Facility (FSS) as managed by the 300 Area Deactivation Project (300 ADP) organization in 
accordance with the requirements of the Project Hanford Management Contract procedure (PHMC) HNF-
PRO-700,”Safety Analysis and Technical Safety Requirements”. A hazard classification (Benecke 2003a) 
has been prepared for the facility in accordance with DOE-STD-1027-92 resulting in the assignment of 
Hazard Category 3 for FSS Facility buildings that store N Reactor fuel materials (303-B, 3712, and 3716). 
All others are designated Industrial buildings. It is concluded that the risks associated with the current and 
planned operational mode of the FSS Facility (uranium storage, uranium repackaging and shipment, 
cleanup, and transition activities, etc.) are acceptable. The potential radiological dose and toxicological 
consequences for a range of credible uranium storage building have been analyzed using Hanford accepted 
methods. Risk Class designations are summarized for representative events in Table 1.6-1. Mitigation was 
not considered for any event except the random fire event that exceeds predicted consequences based on 
existing source and combustible loading because of an inadvertent increase in combustible loading. For that 
event, a housekeeping program to manage transient combustibles is credited to reduce the probability. An 
additional administrative control is established to protect assumptions regarding source term by limiting 
inventories of fuel and combustible materials. Another is established to maintain the criticality safety 
program. Additional defense-in-depth controls are established to perform fire protection system testing, 
inspection, and maintenance to ensure predicted availability of those systems, and to maintain the 
radiological control program. It is also concluded that because an accidental nuclear criticality is not 
credible based on the low uranium enrichment, the form of the uranium, and the required controls, a 
Criticality Alarm System (CAS) is not required as allowed by DOE Order 420.1 (DOE 2000). 
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Abstract/Keyterms: Nuclear Facilities often concern keeping radioactive contamination from spreading. 
This not an easy task as the contamination activity levels can be very high and the material can be very 
unstable. Most of the time, the contamination is not visible, so we have to rely on surveys taken by 
Radiological Controls personnel to tell workers where the contamination is located and the activity levels 
present. The work practices used by workers are critical in controlling contamination spread, but it is 
impossible to document all of the work practices a worker should use. Many times, something will happen 
during the job that could result in a contamination spread. We rely on the workers knowledge and 
experience to realize when a potential spread of contamination is occurring, and take the actions necessary 
to prevent it from happening. It is important that a worker understand the concepts of contamination control 
in order to make the right decisions when work is accomplished. In facilities that work with “fissile” 
materials there is increased concern that nothing be done that increases the chance that a “criticality 
accident” might occur during work. Criticality safety personnel need to be consulted and approve 
contamination control practices that could increase the potential for a criticality accident. This Workshop 
includes a discussion of fundamental contamination control practices and new techniques used for 
radiological work. This intended to be very informative and include hands-on exercises to provide the 
attendees with an appreciation of the methods being used to confine contamination spread. 
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Abstract/Keyterms: Beginning in 1968 waste from sectioning, sampling, and assaying of reactor fuels 
was sent to underground burial caissons in the 200-W Area of the Hanford Plant in Richland, Washington. 
In 2002 a review of inventory records revealed that criticality safety storage limits had been exceeded. This 
prompted declaration of a Criticality Prevention Specification nonconformance. The corrective action 
illustrates the difficulties in demonstrating compliance to fissile material limits decades after waste disposal. 
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Conference/Journal:  
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Abstract/Keyterms: This Criticality Evaluation Report determines that the process tank in U-Plant 
Canyon, Cell 30 is not a criticality hazard. The form and distribution of uranium and plutonium cannot form 
a critical configuration. 
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Abstract/Keyterms: This document provides an evaluation of the criticality safety of oxalic acid 
dissolution to remove residual waste from Tank 241-C-106 and transfer to Tank 241-AN-106. Limits and 
controls for the activity are provided. 
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Title: CSER 97-008: 327 Building Hot Cell and SERF One-Gallon Can Criticality Analysis 
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Report: HNF-1616 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This CSER gives the limits for the storage of one-gallon cans in the hot cells and the 
SERF in the 327 Building. The 327 Building is used to perform post irradiation testing of fissionable 
materials in remotely manipulated hot cells. Historically, scrap pieces of fuel cladding, cleanup materials, 
and other items have been placed into one-gallon paint cans for storage and ultimately disposal. These cans 
of materials had been assumed to contain no (or essentially no) fissionable materials, and therefore were 
not specifically controlled for material accountability. Recently, eight cans with high radiation levels were 
selected to be assayed for content. These cans contained from 0 to 2.5 grams of fissionable material, with 
an average of 1 gram per can. Since several of the hot cells contained a significant quantity of the cans, 
concerns were raised as to whether a CPS nonconformance had occurred, and should the cans have some 
limits for operation placed on them. This analysis a response to the concerns raised, and gives guidance for 
incorporating operating limits for the one-gallon waste cans. 
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Title: Results for Additional Calculations for Task Order 98-009B-01, Addendum 3 to: HNF-SD-SNF-
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Report: HNF-1791 
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Abstract/Keyterms: Several sets of new calculations were performed to support the Spent Nuclear Fuel 
project nuclear criticality safety evaluation. These new calculations include partial loading of Mark IA inner 
elements after the outers have been loaded, a new, more robust design for the central pipe insert for the 
Mark IA fuel baskets, Single Pass Reactor fuel loading, the lowering of a Mark IV-loaded MCO through 
the concrete operating deck as-it is inserted into the Canister Storage Building storage array, and one 
additional scrap basket loading error. None of these calculations exceeded the criticality safety limit. 
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Report: HNF-1901 
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Abstract/Keyterms: This document is prepared in order to support the US Department of Energy`s 
evaluation of readiness-to-proceed for the Waste Retrieval and Disposal Mission at the Hanford Site. The 
Waste Retrieval and Disposal Mission is one of three primary missions under the Tank Waste Remediation 
System (TWRS) Project. The other two include programs to characterize tank waste and to provide for safe 
storage of the waste while it awaits treatment and disposal. The Waste Retrieval and Disposal Mission 
includes the programs necessary to support tank waste retrieval, wastefeed, delivery, storage and disposal 
of immobilized waste, and closure of tank farms. This mission will enable the tank farms to be closed and 
turned over for final remediation. The Technical Baseline is defined as the set of science and engineering, 
equipment, facilities, materials, qualified staff, and enabling documentation needed to start up and complete 
the mission objectives. The primary purposes of this document are (1) to identify the important technical 
information and factors that should be used by contributors to the mission and (2) to serve as a basis for 
configuration management of the technical information and factors. 
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Abstract/Keyterms: Tank 241-Z-361/ Plutonium Finishing Plant (PFP) / Unreviewed Safety Question 
(USQ) / Justification for Continued Operation (JCO) / Flammable Gas 
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Title: Fissile Mass Measurement Methods for Waste Disposal & Groundwater Remediation Project 
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Abstract/Keyterms: This document provides a description and justification for the measurement methods 
used to determine fissile mass for Waste Disposal/Groundwater Remediation Project (WD/GRP) limited 
control facility operations that will satisfy the requirements of the Fluor Hanford Criticality Safety Program. 
For many facilities and fissile containers, the uncertainty cannot be quantified, and the fissile mass is not 
known with precision. There is reasonable confidence that conservatism was applied in the past to assure 
that the fissile mass limits were met. To validate this, comparisons will be made at least annually to see 
how well the new nondestructive assay (NDA) values compare with the old. Fissile mass uncertainty will 
continue to be considered in the waste acceptance process and during facility operations. Significant 
anomalies with fissile mass identified through NDA will be investigated to evaluate whether other actions 
are needed. These commitments and the specific processes that accomplish them will be implemented in 
facility and project administrative procedures. This methodology will be reviewed at least every two years 
and updated as needed. 



 

C-6359 

6347…..…..…………………..…….……..……ID Number…………………..…..…………….6347 

Author: Toffer, H. 
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Conference/Journal:  
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Abstract/Keyterms: The specific applications standard, ANSI/ANS-8.21, provides guidance and insight 
in the use of fixed neutron absorbers. Organizations involved with handling and processing fissionable 
material will benefit from the systematic guidance provided by the standard in implementing engineered 
criticality safety controls. Numerous applications have demonstrated the successful implementation of fixed 
neutron absorbers as engineered safety features replacing administrative controls and substantial increases 
in mass loading. Upgrading the scope and usefulness of the standard by expanding the appendices is in 
progress 
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Title: Criticality Safety Training at Fluor Hanford (FH) 
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Report: HNF-23892-FP, Rev.0 

Conference/Journal:  
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Abstract/Keyterms: The Fluor Hanford Criticality Safety engineers are extensively trained. The objectives 
and requirements for training are derived from Department of Energy (DOE) and American National 
Standards Institute/American Nuclear Society Standards (ANSI/ANS), and are captured in the Hanford 
Criticality Safety Program manual, HNF-7098. Qualification cards have been established for the general 
Criticality Safety Engineer (CSE) analyst, CSEs who support specific facilities, and for the facility 
Criticality Safety Representatives (CSRs). Refresher training and continuous education in the discipline are 
emphasized. Weekly Brown Bag Sessions keep the criticality safety engineers informed of the latest 
developments and historic perspectives. 
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Abstract/Keyterms: The Hanford Database is a useful information retrieval tool for a criticality safety 
practitioner. The database contains nuclear criticality literature screened for parameter studies. The entries, 
characterized with a value index, are segregated into 16 major and six minor categories. A majority of the 
screened entries have abstracts and a limited number are connected to the Office of Scientific and 
Technology Information (OSTI) database of full-size documents. Simple and complex searches of the data 
can be accomplished very rapidly and the end-product of the searches could be a full-size document. The 
paper contains a description of the database, user instructions, and a number of examples. 
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Nuclear Fuels; OECD; Safety; 
Safety Standards 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality safety begins with the design and evaluation of a fissionable material 
operation and continues even after the operation has been shut down. An interest in criticality safety is 
maintained until all fissionable material has been removed. This paper examines the process of removing 
fissionable material with the goal of no longer requiring criticality safety control. The word “de-inventory” 
(usually written deinventory) was coined at the Plutonium Finishing Plant on the Hanford Atomic 
Reservation to describe this process. The cleanout of gloveboxes at the Plutonium Finishing Plant illustrates 
typical deinventory operations. Although tanks may have been previously drained of their solutions, 
residual contents remain for which the plutonium content must be estimated. Normally, this accomplished 
using Non-Destructive Assay (NDA) techniques that require conservative correction factors to compensate 
for tank wall shielding apparatus geometry, fissile material distribution, detector efficiencies, and detector 
locations. The plutonium inventory is usually overestimated. A Kickoff Meeting is held to review planned 
operations. Then a criticality safety evaluation of the operations is written, and limits and controls are 
established. In practice, an evaluation may turn out to be significantly more difficult than it at first appeared, 
primarily due to uncertainties in the quantity and distribution of the residual plutonium and liquid. The 
evaluation process can sometimes be streamlined by taking advantage of similarities in design, plutonium 
inventory, and operations to a glovebox previously evaluated. If an existing Criticality Safety Evaluation 
Report (CSER) can be shown to bound the new operations, it may be used as the basis for establishing 
limits and controls for the new operations. Otherwise, a new CSER must be completed and approved. 
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Abstract/Keyterms: This paper shows how Fluor Hanford and BNG America have combined nuclear plant 
skills from the US and the UK to devise methods to retrieve and treat the sludge that has accumulated in K 
Basins at the Hanford site over many years. Retrieving the sludge is the final stage in removing fuel and 
sludge from the basins to allow them to be decontaminated and decommissioned, thus removing the threat 
of contamination of the Columbia River. A description is given of sludge retrieval using vacuum lances and 
specially developed nozzles and pumps into Consolidation Containers within the basins. The special 
attention that had to be paid to the heat generation and potential criticality issues with the irradiated 
uranium-containing sludge is described. The processes developed to re-mobilize the sludge from the 
Consolidation Containers and pump it through flexible and transportable hose-in-hose piping to the 
treatment facility are explained with particular note made of dealing with the abrasive nature of the sludge. 
The treatment facility, housed in an existing Hanford building is described, and the uranium-corrosion and 
grout encapsulation processes explained. The uranium corrosion process is a robust, tempered process very 
suitable for dealing with a range of differing sludge compositions. The grout process to produce the final 
waste form is backed by BNG America's 20 years experience of grouting radioactive waste at Sellafield 
and elsewhere. The use of transportable and re-usable equipment is emphasized and its role noted in 
avoiding new plant build that itself will require cleanup. The processes and techniques described in the 
paper are shown to have wide applicability to nuclear cleanup worldwide. 
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Title: Cold Vacuum Drying Facility: Phase 1 FMEA/FMECA Session Report 

Date: 4/21/1998 

Report: HNF-2576 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The mission of the Spent Nuclear Fuel (SNF) Project is to remove the fuel currently 
located in the K-Basins 100 Area to provide safe handling and interim storage of the fuel. The spent nuclear 
fuel will be repackaged in multi-canister overpacks, partially dried in the Cold Vacuum Drying Facility 
(CVDF), and then transported to the Canister Storage Building (CSB) for further processing and interim 
storage. The CVDF, a subproject to the SNF Project, will be constructed in the 100K area. The CVDF will 
remove free water and vacuum dry the spent nuclear fuel, making it safer to transport and store at the CSB. 
At present, the CVDF is approximately 90% complete with definitive design. Part of the design process is 
to conduct Failure Modes, Effects, and Criticality Analysis (FMECA). A four-day FMECA session was 
conducted August 18 through 21, 1997. The purpose of the session was to analyze 16 subsystems and 
operating modes to determine consequences of normal, upset, emergency, and faulted conditions with 
respect to production and worker safety. During this process, acceptable and unacceptable risks, needed 
design or requirement changes, action items, issues/concerns, and enabling assumptions were identified and 
recorded. Additionally, a path forward consisting of recommended actions would be developed to resolve 
any unacceptable risks. The team consisted of project management, engineering, design authority, design 
agent, safety, operations, and startup personnel. The report summarizes potential problems with the designs, 
design requirements documentation, and other baseline documentation. 
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Abstract/Keyterms: The Waste Receiving and Processing (WRAP) Facility will store uranium and 
transuranic (TRU) sources and standards for certification that WRAP meets the requirements of the Quality 
Assurance Program Plan (QAPP) for the Waste Isolation Pilot Plant (WIPP). In addition, WRAP must meet 
internal requirements for testing and validation of measuring instruments for nondestructive assay (NDA). 
In order to be certified for WIPP, WRAP will participate in the NDA Performance Demonstration Program 
(PDP). This program is a blind test of the NDA capabilities for TRU waste. It is intended to ensure that the 
NDA capabilities of this facility satisfy the requirements of the quality assurance program plan for the 
WIPP. The PDP standards have been provided by the Los Alamos National Laboratory (LANL) for this 
program. These standards will be used in the WRAP facility. 
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Abstract/Keyterms: Glovebox HC-21A is an enclosure where cans containing plutonium metal buttons or 
other plutonium bearing materials are prepared for thermal stabilization in the muffle furnaces. The Inert 
Atmosphere Confinement (IAC), a new feature added to Glovebox HC-21 A, allows the opening of 
containers suspected of containing hydrided plutonium metal. The argon atmosphere in the IAC prevents 
an adverse reaction between oxygen and the hydride. The hydride is then stabilized in a controlled manner 
to prevent glovebox over pressurization. After removal from the containers, the plutonium metal buttons or 
plutonium bearing materials will be placed into muffle furnace boats and then be sent to one of the muffle 
furnace gloveboxes for stabilization. The materials allowed to be brought into Glovebox HC-21A are 
limited to those with a hydrogen to fissile atom ratio (H/X){le} 20. Glovebox HC-21A is classified as a 
DRY glovebox, meaning it has no internal liquid lines, and no free liquids or solutions are allowed to be 
introduced. The double contingency principle states that designs shall incorporate sufficient factors of 
safety to require at least two unlikely, independent, and concurrent changes in process conditions before a 
criticality accident is possible. This criticality safety evaluation report (CSER) shows that the operations to 
be performed in this glovebox are safe from a criticality standpoint. No single identified event that causes 
criticality controls to be lost exceeded the criticality safety limit of k(eff) = 0.95 (including uncertainties). 
Therefore, this CSER meets the requirements for a criticality analysis contained in the Hanford Site Nuclear 
Criticality Safety Manual, HNF-PRO-334, and meets the double contingency principle. 
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Abstract/Keyterms: United States-Department of Energy (DOE) sites that store transuranic (TRU) waste 
are almost certain to encounter waste packages with characteristics that are so unique as to warrant special 
precautions for retrieval. At the Hanford Site, a subgroup of stored TRU waste (12 drums) had special 
considerations due to the radioactive source content of plutonium oxide (PUO2), and the potential for high 
heat generation, pressurization, criticality, and high radiation. These characteristics bear on the approach to 
safely retrieve, overpack, vent, store, and transport the waste package. Because of the potential risk to 
personnel, contingency planning for unexpected conditions played an effective roll in work planning and 
in preparing workers for the field inspection activity. As a result, the integrity inspections successfully 
confirmed waste package configuration and waste confinement without experiencing any perturbations due 
to unanticipated packaging conditions. This paper discusses the engineering and field approach to managing 
the risk of retrieving TRU waste with unique characteristics. 
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Report: HNF-27217-FP Rev 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: United States-Department of Energy (DOE) sites that store transuranic (TRU) waste 
are almost certain to encounter waste packages with characteristics that are so unique as to warrant special 
precautions for retrieval. At the Hanford Site, a subgroup of stored TRU waste (12 drums) had special 
considerations due to the radioactive source content of plutonium oxide (PuO2), and the potential for high 
heat generation, pressurization, criticality, and high radiation. These characteristics bear on the approach to 
safely retrieve, overpack, vent, store, and transport the waste package. Because of the potential risk to 
personnel, contingency planning for unexpected conditions played an effective roll in work planning and 
in preparing workers for the field inspection activity. As a result, the integrity inspections successfully 
confirmed waste package configuration and waste confinement without experiencing any perturbations due 
to unanticipated packaging conditions. This paper discusses the engineering and field approach to managing 
the risk of retrieving TRU waste with unique characteristics. 
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Author: Westra, A. G. 

Title: K Basin Sludge Treatment Process Description 

Date: 8/28/1998 

Report: HNF-2735 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The K East (KE) and K West (KW) fuel storage basins at the 100 K Area of the 
Hanford Site contain sludge on the floor, in pits, and inside fuel storage canisters. The major sources of the 
sludge are corrosion of the fuel elements and steel structures in the basin, sand intrusion from outside the 
buildings, and degradation of the structural concrete that forms the basins. The decision has been made to 
dispose of this sludge separate from the fuel elements stored in the basins. The sludge will be treated so 
that it meets Tank Waste Remediation System (TWRS) acceptance criteria and can be sent to one of the 
double-shell waste tanks. The US Department of Energy, Richland Operations Office accepted a 
recommendation by Fluor Daniel Hanford, Inc., to chemically treat the sludge. Sludge treatment will be 
done by dissolving the fuel constituents in nitric acid, separating the insoluble material, adding neutron 
absorbers for criticality safety, and reacting the solution with caustic to co-precipitate the uranium and 
plutonium. A truck will transport the resulting slurry to an underground storage tank (most likely tank 241-
AW-105). The undissolved solids will be treated to reduce the transuranic (TRU) and content, stabilized in 
grout, and transferred to the Environmental Restoration Disposal Facility (ERDF) for disposal. This 
document describes a process for dissolving the sludge to produce waste streams that meet the TWRS 
acceptance criteria for disposal to an underground waste tank and the ERDF acceptance criteria for disposal 
of solid waste. The process described is based on a series of engineering studies and laboratory tests outlined 
in the testing strategy document (Flament 1998). 
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Author: Toffer, H. 

Title: Criticality Safety Limit Evaluation Program (CSLEP) & Quick Screens, Answers to Expedited 
Processing Legacy Criticality Safety Limits & Evaluations 

Date: 6/8/2006 

Report: HNF-28766-FP Rev 0 

Conference/Journal: ANS Annual Meeting, A Brilliant Future Nexus of Public Support in Nuclear 
Technology 06/04/2006 Thru 06/08/2006 Reno Nevada 

Conference Session:  

Abstract/Keyterms: Since the end of the cold war, the need for operating weapons production facilities 
has faded. Criticality Safety Limits and controls supporting production modes in these facilities became 
outdated and furthermore lacked the procedure based rigor dictated by present day requirements. In the 
past, in many instances, the formalism of present day criticality safety evaluations was not applied. Some 
of the safety evaluations amounted to a paragraph in a notebook with no safety basis and questionable 
arguments with respect to double contingency criteria. When material stabilization, clean out, and 
deactivation activities commenced, large numbers of these older criticality safety evaluations were 
uncovered with limits and controls backed up by tenuous arguments. A dilemma developed: on the one 
hand, cleanup activities were placed on very aggressive schedules; on the other hand, a highly structured 
approach to limits development was required and applied to the cleanup operations. Some creative 
approaches were needed to cope with the limits development process. 
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Author: Schwinkendorf, K. N. 

Title: SUB-LEU-METAL-THERM-001 Subcritical Measurements of Low Enriched Tubular Uranium 
Metal Fuel Elements Before & After Irradiation 

Date: 5/19/2006 

Report: HNF-29648 Rev 0 

Conference/Journal: Annual International Criticality Safety Benchmark Evaluation Working Group 
Meeting Sponsored By National Nuclear Security Administration (NNSA) May 15-19, 2006 in Rio De 
Janeiro, Brazil 

Conference Session:  

Abstract/Keyterms: With the shutdown of the Hanford PUREX (Plutonium-Uranium Extraction Plant) 
reprocessing plant in the 1970s, adequate storage capacity for spent Hanford N Reactor fuel elements in the 
K and N Reactor pools became a concern. To maximize space utilization in the pools, accounting for fuel 
burnup was considered. Calculations indicated that at typical fuel exposures for N Reactor, the spent-fuel 
critical mass would be twice the critical mass for green fuel. A decision was reached to test the calculational 
result with a definitive experiment. If the results proved positive, storage capacity could be increased and 
N Reactor operation could be prolonged. An experiment to be conducted in the N Reactor spent-fuel storage 
pool was designed and assembled and the services of the Battelle Northwest Laboratories (BNWL) (now 
Pacific Northwest National Laboratory [PNNL]) critical mass laboratory were procured for the 
measurements. The experiments were performed in April 1975 in the Hanford N Reactor fuel storage pool. 
The fuel elements were MKIA fuel assemblies, comprising two concentric tubes of low-enriched metallic 
uranium. Two separate sets of measurements were performed: one with “green” (fresh) fuel and one with 
spent fuel. Both the green and spent fuel, were measured in the same geometry. The spent-fuel MKIA 
assemblies had an average burnup of 2865 MWd (megawatt days)/t. A constraint was imposed restricting 
the measurements to a subcritical limit of k(eff) = 0.97. Subcritical count rate data was obtained with pulsed-
neutron and approach-to-critical measurements. Ten (10) configurations with green fuel and nine (9) 
configurations with spent fuel are described and evaluated. of these, 3 green fuel and 4 spent fuel loading 
configurations were considered to serve as benchmark models. However, shortcomings in experimental 
data failed to meet the high standards for a benchmark problem. Nevertheless, the data provided by these 
subcritical measurements can supply useful information to analysts evaluating spent fuel subcriticality. The 
original purpose of the subcritical measurements was to validate computer model predictions that spent N 
Reactor fuel of a particular, typical exposure (2740 MWd/t) had a critical mass equal to twice that of 
unexposed fuel of the same type. The motivation for performing this work was driven by the need to 
increase spent fuel storage limits. These subcritical measurements confirmed the computer model 
predictions. 
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Author: Westra, A. G. 

Title: K Basin Sludge Dissolution Engineering Study 

Date: 8/28/1998 

Report: HNF-3096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this engineering study is to investigate the available technology 
related to dissolution of the K Basin sludge in nitric acid. The conclusion of this study along with laboratory 
and hot cell tests with actual sludge samples will provide the basis for beginning conceptual design of the 
sludge dissolver. The K Basin sludge contains uranium oxides, fragments of metallic U, and some U hydride 
as well as ferric oxyhydroxide, aluminum oxides and hydroxides, windblown sand that infiltrated the basin 
enclosure, ion exchange resin, and miscellaneous materials. The decision has been made to dispose of this 
sludge separate from the fuel elements stored in the basins. The sludge will be conditioned so that it meets 
Tank Waste Remediation System waste acceptance criteria and can be sent to one of the underground 
storage tanks. Sludge conditioning will be done by dissolving the fuel constituents in nitric acid, separating 
the insoluble material, adding neutron absorbers for criticality safety. Ash and sludge containing uranium 
compounds also have been dissolved in reprocessing or plutonium scrap recovery plants, but only a limited 
amount of information is available on how the ferric oxyhydroxide, aluminum compounds and silicates in 
the sand will behave during nitric acid dissolution. Laboratory work with simulants and hot cell work with 
actual K Basin sludge is in progress to obtain data in these areas. 
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Author: Vail, T. S. 

Title: Tank Waste Remediation System Nuclear Criticality Safety Inspection and Assessment Plan 

Date: 4/6/1999 

Report: HNF-3323-REV0, EW3120072 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This plan provides a management approved procedure for inspections and 
assessments of sufficient depth to validate that the Tank Waste Remediation System (TWRS) facility 
complies with the requirements of the Project Hanford criticality safety program, NHF-PRO-
334,”Criticality Safety General, Requirements”. 
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Author: Wittekind, W. D. 

Title: Criticality Curves for Plutonium Hydraulic Fluid Mixtures 

Date: 10/3/2007 

Report: HNF-33756 Rev 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Calculation Note performs and documents MCNP criticality calculations for 
plutonium (100% 239Pu) hydraulic fluid mixtures. Spherical geometry was used for these generalized 
criticality safety calculations and three geometries of neutron reflection are: 1 inch of hydraulic fluid, or 12 
inches of hydraulic fluid. This document shows the critical volume and critical mass for various 
concentrations of plutonium in hydraulic fluid. Between 1 and 2 gallons of hydraulic fluid were discovered 
in the bottom of HA-23S. This HA-23S hydraulic fluid was reported by engineering to be Fyrquel 220. The 
hydraulic fluid in GLovebox HA-23S is Fyrquel 220 which contains phosphorus. Critical spherical 
geometry in air is calculated with 0 in., 1 in., or 12 inches hydraulic fluid reflection. 
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Author: Goldberg, H. J. 

Title: CSER-98-009: Antech Neutron Multiplicity Counter for Nondestructive Analysis 

Date: 5/12/1999 

Report: HNF-3499-REV0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ANTECH neutron multiplicity counter is a portable nondestructive assay (NDA) 
instrument which measures plutonium content by counting fission neutrons in the presence of (a,n) 
neutrons. Neutrons from the (a,n) process are discriminated against through the use of coincidence counting. 
The instrument will be used for the purpose of determining inventory of plutonium in the Plutonium 
Finishing Plant (PFP). The portability of the instrument will facilitate this task by minimizing the necessity 
of transporting fissile material. The use of the Antech counter is approved based on the inherent safety of 
the containers to be assayed in that an acceptable margin of subcriticality has been demonstrated for all 
normal and credible abnormal conditions in accordance with HNF-PRO-537 (F, 1997). A summary of the 
results of the abnormal conditions are tabulated in Table 2. For foreseeable contingencies, the calculated 
k(eff) s are less than 0.95 after taking into account the calculational bias and statistical uncertainty equal to 
or larger than the 95% confidence level. This approval is based on the requirement that only one container 
is to be put in the counter at a time and in accordance with the other limits listed in section 1.4. The design 
of the current instrument conforms with the acceptability criteria which allow the other NDA detectors 
currently employed at the facility to be safely used. 
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Author: Carson, D. M. 

Title: Criticality HaZoP Efficiently Evaluating Hazards of New or Revised Criticality Safety Evaluations 

Date: 5/8/2008 

Report: HNF-36256-FP Rev 0 

Conference/Journal: EFCOG (ENERGY FACILITY CONTRACTORS OPERATING GROUP) 2008 
SAFETY ANALYSIS WORKSHOP SAFETY ANALYSIS WORKING GROUP 05/06/2008 THRU 
05/08/2008 RICHLAND WA 

Conference Session:  

Abstract/Keyterms: The 'Criticality HazOp' technique, as developed at Hanford's Plutonium Finishing 
Plant (PFP), has allowed for efficiencies enabling shortening of the time necessary to complete new or 
revised criticality safety evaluation reports (CSERs). For example, in the last half of 2007 at PFP, CSER 
revisions undergoing the 'Criticality HazOp' process were completed at a higher rate than previously 
achievable. The efficiencies gained through use of the 'Criticality HazOp' process come from the 
preliminary narrowing of potential scenarios for the Criticality analyst to fully evaluate in preparation of 
the new or revised CSER, and from the use of a systematized 'Criticality HazOp' group assessment of the 
relevant conditions to show which few parameter/condition/deviation combinations actually require 
analytical effort. The 'Criticality HazOp' has not only provided efficiencies of time, but has brought to 
criticality safety evaluation revisions the benefits of a structured hazard evaluation method and the 
enhanced insight that may be gained from direct involvement of a team in the process. In addition, involved 
personnel have gained a higher degree of confidence and understanding of the resulting CSER product. 
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Author: Johnston, G. A. 

Title: Plutonium Finishing Plant (PFP) 241-Z Liquid Waste Treatment Facility Deactivation and 
Demolition 

Date: 1/15/2008 

Report: HNF-363 Rev 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fluor Hanford, Inc. (FH) is proud to submit the Plutonium Finishing Plant (PFP) 241-
Z liquid Waste Treatment Facility Deactivation and Demolition (D&D) Project for consideration by the 
Project Management Institute as Project of the Year for 2008. The decommissioning of the 241-Z Facility 
presented numerous challenges, many of which were unique within the Department of Energy (DOE) 
Complex. The majority of the project budget and schedule was allocated for cleaning out five below-grade 
tank vaults. These highly contaminated, confined spaces also presented significant industrial safety hazards 
that presented some of the most hazardous work environments on the Hanford Site. The 241-Z D&D Project 
encompassed diverse tasks: cleaning out and stabilizing five below-grade tank vaults (also called cells), 
manually size-reducing and removing over three tons of process piping from the vaults, permanently 
isolating service utilities, removing a large contaminated chemical supply tank, stabilizing and removing 
plutonium-contaminated ventilation ducts, demolishing three structures to grade, and installing an 
environmental barrier on the demolition site. All of this work was performed safely, on schedule, and under 
budget. During the deactivation phase of the project between November 2005 and February 2007, workers 
entered the highly contaminated confined-space tank vaults 428 times. Each entry (or 'dive') involved an 
average of three workers, thus equaling approximately 1,300 individual confined -space entries. Over the 
course of the entire deactivation and demolition period, there were no recordable injuries and only one 
minor reportable skin contamination. The 241-Z D&D Project was decommissioned under the provisions 
of the 'Hanford Federal Facility Agreement and Consent Order' (the Tri-Party Agreement or TPA), the 
'Resource Conservation and Recovery Act of 1976' (RCRA), and the 'Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980' (CERCLA). The project completed TPA Milestone 
M-083-032 to 'Complete those activities required by the 241-Z Treatment and Storage Unit's RCRA Closure 
Plan' four years and seven months ahead of this legally enforceable milestone. In addition, the project 
completed TPA Milestone M-083-042 to 'Complete transition and dismantlement of the 241-2 Waste 
Treatment Facility' four years and four months ahead of schedule. The project used an innovative approach 
in developing the project-specific RCRA closure plan to assure clear integration between the 241-Z RCRA 
closure activities and ongoing and future CERCLA actions at PFP. This approach provided a regulatory 
mechanism within the RCRA closure plan to place segments of the closure that were not practical to address 
at this time into future actions under CERCLA. Lessons learned from this approach can be applied to other 
closure projects within the DOE Complex to control scope creep and mitigate risk. A paper on this topic, 
entitled 'Integration of the 241-Z Building D and D Under CERCLA with RCRA Closure at the PFP', was 
presented at the 2007 Waste Management Conference in Tucson, Arizona. In addition, techniques 
developed by the 241-Z D&D Project to control airborne contamination, clean the interior of the waste 
tanks, don and doff protective equipment, size-reduce plutonium-contaminated process piping, and mitigate 
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thermal stress for the workers can be applied to other cleanup activities. The project-management team 
developed a strategy utilizing early characterization, targeted cleanup, and close coordination with PFP 
Criticality Engineering to significantly streamline the waste- handling costs associated with the project. The 
project schedule was structured to support an early transition to a criticality 'incredible' status for the 241-
Z Facility. The cleanup work was sequenced and coordinated with project-specific criticality analysis to 
allow the fissile material waste being generated to be managed in a bulk fashion, instead of individual waste 
packages. This approach negated the need for real-time assay of individual waste packages, greatly 
improving the efficiency of the cleanup operation. The cleanup and stabilization of the 241-2 Liquid 
Effluent Treatment Facility reduced radiological risks to the environment and Hanford site workers. It was 
recognized as a success by regulatory agencies, the media, the DOE-client, and stakeholders. The 241-Z 
D&D Project demonstrated management excellence in adapting to significant changes in project direction, 
fostered a safety culture that amassed impressive results on this high-hazard job, maintained excellent 
communications with the client and stakeholders, and developed and implemented unique cleanup 
techniques. 
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Author: Miller, E. M. / Dobbin, K. D. 

Title: CSER 99-001: PFP LAB Denitrating Calciner 

Date: 2/22/1999 

Report: HNF-3908-REV0, EW7002010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety evaluation report was prepared for the Plutonium Finishing Plant 
(PFP) laboratory denigrating calciner, located in Glovebox 188-1, that converts Pu(NO3)4 solutions to the 
high fired stable oxide PuO2. Fissile mass limits and volume limits are set for the glovebox for testing 
operations and training operators using only nitric acid feed to a plutonium oxide bed in the calciner. 
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Author: Rogers, C. A. 

Title: Verification and Validation of XSDRNPM Code for Tank Waste Calculations 

Date: 7/14/1999 

Report: HNF-3950, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This validation study demonstrates that the XSDRNPM computer code accurately 
calculates the infinite neutron multiplication for water-moderated systems of low enriched uranium, 
plutonium, and iron. Calculations are made on a 200 MHz Brvo MS 5200M personal 
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Author: Frederickson, J. R. / Rourk, R. J. / Honeyman, J. O. / Johnson, M. E. / Raymond, R. E. 

Title: Sludge Treatment Project Alternatives Analysis Summary Report [Volume 2] 

Date: 1/19/2009 

Report: HNF-39744 VOL 2 Rev 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Highly radioactive sludge (containing up to 300,000 curies of actinides and fission 
products) resulting from the storage of degraded spent nuclear fuel is currently stored in temporary 
containers located in the 105-K West storage basin near the Columbia River. The background, history, and 
known characteristics of this sludge are discussed in Section 2 of this report. There are many compelling 
reasons to remove this sludge from the K-Basin. These reasons are discussed in detail in Section1, and they 
include the following: (1) Reduce the risk to the public (from a potential release of highly radioactive 
material as fine respirable particles by airborne or waterborn pathways); (2) Reduce the risk overall to the 
Hanford worker; and (3) Reduce the risk to the environment (the K-Basin is situated above a hazardous 
chemical contaminant plume and hinders remediation of the plume until the sludge is removed). The DOE-
RL has stated that a key DOE objective is to remove the sludge from the K-West Basin and River Corridor 
as soon as possible, which will reduce risks to the environment, allow for remediation of contaminated 
areas underlying the basins, and support closure of the 100-KR-4 operable unit. The environmental and 
nuclear safety risks associated with this sludge have resulted in multiple legal and regulatory remedial 
action decisions, plans, and commitments that are summarized in Table ES-1 and discussed in more detail 
in Volume 2, Section 9 
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Author: Lan, J. S. 

Title: CSER 99-002: CSER for Unrestricted Moderation of Sludge Material with Two-Boat Operations in 
Gloveboxes HC-21A and HC21-C 

Date: 4/29/1999 

Report: HNF-4025-REV0; EW7002010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report was prepared by Fluor Daniel Northwest 
under contract to BWHC. This document establishes the criticality safety parameters for unrestricted 
moderation of Sludge material with two-boat operations in gloveboxes HC-21A and HC-21C. 
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Author: Erickson, D. G. / Greenborg, J. 

Title: CSER 99-003 Rev. 1 Criticality Mass of Uranium as Compared to Plutonium-Implications for PFP 
Processing Uranium 

Date: 6/28/2001 

Report: HNF-4436, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this report is to provide information to be used in the evaluation of 
the CSER and CPS for equipment and activities involved in thermal stabilization. It is well known that for 
equal mass, 239Pu is more reactive than 235U except at fissile material concentrations of 100 g/L to 1,000 
g/L. In this range of concentrations, spheres of highly enriched 94% uranium have a lower critical mass 
than spheres of 239Pu. Within these same limits, infinite cylinders of highly enriched uranium ( 235U in 
238U) have a smaller critical diameter than infinite cylinders of 239Pu. This report determines the fissile 
concentrations between which 239Pu is more reactive than uranium ( 235U in 238U). The information can 
be used for the revision of CSERs and CPS's to allow processing uranium using limits developed for 
plutonium. 
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Author: White, W. F. 

Title: Plutonium Finishing Plant (PFP) Criticality Alarm System Commercial Grade Item (CGI) Critical 
Characteristics 

Date: 9/16/1999 

Report: HNF-5113, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document specifies the critical characteristics for Commercial Grade Items 
(CGI) procured for PFP's criticality alarm system as required by HNF-PRO-268 and HNF-PRO-1819. 
These are the minimum specifications that the equipment must meet in order to properly perform its safety 
function. There may be several manufacturers or models that meet the critical characteristics for any one 
item. PFP's Criticality Alarm System includes the nine criticality alarm system panels and their associated 
hardware. This includes all parts up to the first breaker in the electrical distribution system. Specific system 
boundaries and justifications are contained in HNF-SD-CP-SDD-003,”Definition and Means of 
Maintaining the Criticality Detectors and Alarms Portion of the PFP Safety Envelope.” The procurement 
requirements associated with the system necessitates procurement of some system equipment as 
Commercial Grade Items in accordance with HNF-PRO-268,”Control of Purchased Items and Services.” 
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Author: Handley, G. R. 

Title: CSER 99-007 Criticality Safety Evaluation Report for PFP Glovebox HA-21I Muffle Furnace 
Operation for Plutonium Stabilization 

Date: 12/16/1999 

Report: HNF-5450 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality Safety Evaluation Report for operation of PFP Glovebox HA-21I muffle 
furnace for plutonium stabilization. Glovebox limits are specified for processing metal and oxide fissile 
materials. 
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Author: Dobbin, K. D. 

Title: CSER 99-007 Criticality Safety Evaluation Report for PFP Glovebox HA-21I Muffle Furnace 
Operation for Plutonium Stabilization 

Date: 12/16/1999 

Report: HNF-5450, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality Safety Evaluation Report for operation of PFP Glovebox HA-21I muffle 
furnace for plutonium stabilization. Glovebox limits are specified for processing metal and oxide fissile 
materials. 
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Author: Dobbin, K. D. 

Title: CSER 00-006 Storage of Plutonium Residue Containers in 55 Gallon Drums at the PFP 

Date: 5/24/2000 

Report: HNF-6179, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality safety evaluation report (CSER) provides the required limit set and 
controls for safe transit and storage of these drums in the 234-5Z Building at the PFP. A mass limit of 200 
g of plutonium or fissile equivalent per drum is acceptable 
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Author: Lan, J. S. 

Title: CSER 00-003 Criticality Safety Evaluation report for PFP Magnesium Hydroxide Precipitation 
Process for Plutonium Stabilization Glovebox 3 

Date: 7/13/2000 

Report: HNF-6537, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report analyzes the stabilization of 
plutonium/uranium solutions in Glovebox 3 using the magnesium hydroxide precipitation process at PFP. 
The process covered are the receipt of diluted plutonium solutions into three precipitation tanks, the 
precipitation of plutonium from the solution, the filtering of the plutonium precipitate from the solution, 
the scraping of the precipitate from the filter into boats, and the initial drying of the precipitated slurry on 
a hot plate. A batch (up to 2.5 kg) is brought into the glovebox as plutonium nitrate, processed, and is then 
removed in boats for further processing. This CSER establishes limits for the magnesium hydroxide 
precipitation process in Glovebox 3 to maintain criticality safety while handling fissionable material. 
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Author: n. a. 

Title: Criticality Safety Program 

Date: 6/1/2004 

Report: HNF-7089, Revision 6 

Conference/Journal:  
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Abstract/Keyterms:  
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Author: Schwinkendorf, K. N. 

Title: Analysis in Response to CSER Review Team Report of 06/28/1999 

Date: 1/26/2001 

Report: HNF-7275, Rev.0 

Conference/Journal:  
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Abstract/Keyterms: In early 1999, Fluor Daniel Hanford, Inc. contracted with the Pacific Northwest 
National Laboratory (PNNL) to conduct an assessment of the 300 Area Fuel Supply Shutdown (FSS) 
Facility and their technical basis for criticality safety (Larsonet al. 1999). Their final report contained a 
number of issues that have now been addressed. This calculation note contains the results of analyses 
performed to respond to these issues. The issues addressed in this calculation note are: (1) The effect of 
interspersed moderation on finite fuel box arrays of different sizes. The PNNL Review Team wanted to see 
the effect of optimum moderator density shifting to larger values for smaller fuel box arrays. This effect 
has, in fact, been shown in this calculation note. (2) The hemispherical safe masses were to be recalculated 
using the more detailed Monte Carlo method. The previous values were obtained from deterministic codes 
(lattice transport theory for the generation of few-group constants, followed by diffusion theory for the 
calculation of finite geometry radii). 
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Author: Nelson-Maki, B. B. 

Title: Accident Analysis for the Plutonium Finishing Plant Polycube Stabilization Process 

Date: 5/14/2001 

Report: HNF-7288, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Polycube Stabilization Project involves low temperature oxidation, without 
combustion, of polystyrene cubes using the production muffle furnaces in Glovebox HC-21C located in the 
Remote Mechanical ”C” (RMC) Line in Room 230A in the 234-52 Facility. Polycubes are polystyrene 
cubes containing various concentrations of plutonium and uranium oxides. Hundreds of these cubes were 
manufactured for criticality experiments, and currently exist as unstabilized storage forms at the Plutonium 
Finishing Plant (PFP). This project is designed to stabilize and prepare the polycube material for stable 
storage using a process very similar to the earlier processing of sludges in these furnaces. The significant 
difference is the quantity of hydrogenous material present, and the need to place additional controls on the 
heating rate of the material. This calculation note documents the analyses of the Representative Accidents 
identified in Section 2.4.4 of Hazards Analysis for the Plutonium Finishing Plant Polycube Stabilization 
Process, HNF-7278 (HNF 2000). These two accidents, “Deflagration in Glovebox HC-21C” due to Loss of 
Power” and “Seismic Failure of Glovebox HC-21C”, will be further assessed in this accident analysis. 
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Title: Criticality Prevention Specification 224-T Process Cell Characterization Activities Involving 
Unknown Quantities of Fissionable Material 

Date: 2/27/2001 

Report: HNF-7794, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fissionable material addressed in the criticality prevention specification (CPS) is 
the residual material within the 224-T process cells from previous processing operations. It is anticipated 
that the majority of the material will be within the process vessels; however, lower levels of contamination 
external to the vessels is expected and anticipated to include fissionable material. Specifically, this CPS 
addresses the activities involving unknown quantities of fissionable material and therefore the initial phase 
of characterization activities. 
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Date: 5/24/2000 

Report: HNF-8560, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document presents the analysis performed to support the canning operation in 
HC-21A. Most of the actual analysis was performed for the operation in HC-18M and HA-20MB, and is 
documented in HNF-2707 Rev I a (Erickson 2001a). This document will reference Erickson (2001a) as 
necessary to support the operation in HC-21A. The plutonium stabilization program at the Plutonium 
Finishing Plant (PFP) uses heat to convert plutonium-bearing materials into dry powder that is chemically 
stable for long term storage. The stabilized plutonium is transferred into one of several gloveboxes for the 
canning process, Gloveboxes HC-18M in Room 228'2, HA-20MB in Room 235B, and HC-21A in Room 
230B are to be used for this process. This document presents the analysis performed to support the canning 
operation in HC-21A. Most of the actual analysis was performed for the operation in HC-I8M and HA-
20MB, and is documented in HNF-2707 Rev l a (Erickson 2001a). This document will reference Erickson 
(2001a) as necessary to support the operation in HC-21A. Evaluation of this operation included normal, 
base cases, and contingencies. The base cases took the normal operations for each type of feed material and 
added the likely off-normal events. Each contingency is evaluated assuming the unlikely event happens to 
the conservative base case. Each contingency was shown to meet the double contingency requirement. That 
is, at least two unlikely, independent, and concurrent changes in process conditions are required before a 
criticality is possible. 
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Title: CSER-00-007 Addendum 1 Criticality Safety Evaluation of Shippingport PWR Core 2 Blanket Fuel 
Assemblies at Lower Exposures 

Date: 9/27/2001 

Report: HNF-8853, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis meets the requirements of HNF-7098, Criticality Safety Program, (FH 
2001a). HNF-7098 states that before starting a new operation with fissile material or before an existing 
operation is changed, it shall be determined that the entire process will be subcritical under both normal 
and credible abnormal conditions. To demonstrate the Incredibility Principle is satisfied, this Criticality 
Safety Evaluation Report (CSER) shows that the form or distribution is such that criticality is impossible. 
This evaluation demonstrated that on the basis of effective 235U enrichment, criticality is not possible. The 
minimum blanket assembly exposure is 4, 375 MW{sub t}d/MTU for fissile material that is shown to fulfill 
the Incredibility Principle safety criterion on the basis of enrichment. 
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Title: Recriticality Energetics of a Hypothetical Water Reflood Accident in a Damaged Light Water 
Reactor 
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Conference/Journal:  
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Abstract/Keyterms: The Three Mile Island (TMI-2) accident in 1979 resulted in approximately 45% of 
the fuel collapsing into an irregularly-shaped debris bed near the center of the core, while some of the 
molten material flowed into the lower dome of the reactor vessel where it solidified. The immediate cause 
of this severely degraded geometry was loss of coolant and subsequent heatup of the fuel from decay heat. 
The neutron chain reaction had shut down prior to fuel relocation (below 5 wt% 235U enrichment, fast-
spectrum criticality is impossible). After the system had cooled sufficiently to allow for reintroduction of 
water, the core was reflooded to remove remaining decay heat; to ensure stable shutdown, the reflood water 
was heavily berated (in excess of 3000 ppm). One scenario considered was the potential for increased 
nuclear reactivity of the debris bed with the reintroduction of water. This was guarded against by the 
operators using heavily berated reflood water. If the reflood water is insufficiently berated, and the system 
goes recritical during reflood, it is important to estimate the energy release. Is the event minor (reactor 
containment survives), or is the event major (such as the Chernobyl accident)? 
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Envelope 

Date: 8/5/1997 

Report: HNF-SD-CP-SDD-003, Rev.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Criticality Alarm System (CAS) provides continuous detection for high radiation 
(criticality) events and automatically initiates an evacuation signal to affected personnel. The Safety 
Envelope (SE) for PFP includes the necessary equipment and the required procedures to ensure the CAS is 
capable of performing its intended function. This document provides the definition and means of 
maintaining the SE for PFP related to the CAS. This document also identifies and provides a justification 
for those portions of the CAS excluded from the PFP Safety Envelope. 
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Title: Definition and Means of Maintaining the Process Vacuum Liquid Detection Interlock Systems 
Portion of The PFP Safety Envelope 

Date: 7/28/2000 

Report: HNF-SD-CP-SDD-008, Rev.7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to record the technical evaluation of the Operational 
Safety Requirements described in the Plutonium Finishing Plant Final (PFP) Operational Safety 
Requirements, WHC-SD-CP-OSR-010. Rev. 0-N, Section 3.1.1,”Criticality Prevention System.” This 
document, with its appendices, provides the following: (1) The results of a review of Criticality Safety 
Analysis Reports (CSAR), later called Criticality Safety Evaluation Reports (CSER), and Criticality 
Prevention Specifications (CPS) to determine which equipment or components analyzed in the CSER or 
CPS are considered as one of the two unlikely, independent, and concurrent changes before a criticality 
accident is possible. (2) Evaluations of equipment or components to determine the safety boundary for the 
system (Section 4). (3) A list of essential drawings that show the safety system or component (Appendix 
A). (4) A list of the safety envelope (SE) equipment (Appendix B). (5) Functional requirements for the 
individual safety envelope equipment (Sections 3 and 4). (6) A list of the operational and surveillance 
procedures necessary to maintain the system equipment within the safety envelope (Section 5). 
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Date: 9/24/2001 

Report: HNF-SD-CP-SDD-008, Rev.8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to record the technical evaluation of the Operational 
Safety Requirements described in the Plutonium Finishing Plant Final (PFP) Operational Safety 
Requirements, WHC-SD-CP-OSR-010, Rev. 0-N, Section 3.1.1,”Criticality Prevention System.” This 
document, with its appendices, provides the following: (1) The results of a review of Criticality Safety 
Analysis Reports (CSAR), later called Criticality Safety Evaluation Reports (CSER), and Criticality 
Prevention Specifications (CPS) to determine which equipment or components analyzed in the CSER or 
CPS are considered as one of the two unlikely, independent, and concurrent changes before a criticality 
accident is possible. (2) Evaluations of equipment or components to determine the safety boundary for the 
system (Section 4). (3) A list of essential drawings that show the safety system or component (Appendix 
A). (4) A list of the safety envelope (SE) equipment (Appendix B). (5) Functional requirements for the 
individual safety envelope equipment (Sections 3 and 4). (6) A list of the operational and surveillance 
procedures necessary to maintain the system equipment within the safety envelope (Section 5). 
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Abstract/Keyterms: This document summarizes existing criticality safety evaluations and identifies 
design features that are considered to be one of the two contingencies required to prevent exceeding the 
criticality limit of 0.95 k eff in the Plutonium Finishing Plant. 
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Title: Definition and Means of Maintaining the Process Vacuum Liquid Detection Interlock Systems 
Portion of The PFP Safety Envelope 

Date: 1/29/2003 

Report: HNF-SD-CP-SDD-013, Rev.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to record the technical evaluation of the Technical 
Safety Requirements described in the Plutonium Finishing Plant (PFP) Safety Technical Requirements, 
HNF-SD-CP-OSR-010, Rev. 1, Section 3.1.1,”Criticality Prevention System.” This document also defines 
the Safety Envelope (SE) for the liquid detection interlock system in the Process Vacuum System. The SE 
is derived from information in the Plutonium Finishing Plant Final Safety Analysis Report (PFP FSAR), 
HNF-SD-CP-SAR-021, Rev 4, and the Criticality Safety Analysis Report (CSAR) for the 26-inch Hg 
Vacuum System, WHC-SD-SQA-CSA-20159, Rev 0-A. This document, with its appendices, provides the 
following: (1) The system functional requirements for determining system operability (Section 3). (2) 
Evaluations of equipment to determine the safety envelope boundary for the system (Section 4 list of SE 
boundary drawings). (3) A list of the safety envelope equipment (Appendix B). (4) Functional requirements 
for the individual safety envelope equipment, including appropriate set points and process parameters 
(Section 4). (5) A list of the operational and surveillance procedures necessary to operate and maintain the 
system equipment within the safety envelope (Sections 5 and 6 and Appendix A). 
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Title: Definition and Means of Maintaining the Process Vacuum Liquid Detection Interlock Systems 
Portion of the PFP Safety Envelope 

Date: 4/1/2003 

Report: HNF-SD-CP-SDD-013, Rev.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to record the technical evaluation of the Technical 
Safety Requirements described in the Plutonium Finishing Plant (PFP) Safety Technical Requirements, 
HNF-SD-CP-OSR-010, Rev. 1, Section 3.1.1,”Criticality Prevention System.” This document also defines 
the Safety Envelope (SE) for the liquid detection interlock system in the Process Vacuum System. The SE 
is derived from information in the Plutonium Finishing Plant Final Safety Analysis Report (PFP FSAR), 
HNF-SD-CP-SAR-021, Rev 4, and the Criticality Safety Analysis Report (CSAR) for the 26-inch Hg 
Vacuum System, WHC-SD-SQA-CSA-20159, Rev 0-A. This document, with its appendices, provides the 
following: (1) The system functional requirements for determining system operability (Section 3). (2) 
Evaluations of equipment to determine the safety envelope boundary for the system (Section 4 list of SE 
boundary drawings). (3) A list of the safety envelope equipment (Appendix B). (4) Functional requirements 
for the individual safety envelope equipment, including appropriate set points and process parameters 
(Section 4). (5) A list of the operational and surveillance procedures necessary to operate and maintain the 
system equipment within the safety envelope (Sections 5 and 6 and Appendix A). 
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Author: King, J. P. 

Title: Authorization Basis Supporting Documentation for Plutonium Finishing Plant 

Date: 3/5/1997 

Report: HNF-SD-CP-SDD-014, Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The identification and definition of the authorization basis for the Plutonium 
Finishing Plant (PFP) facility and operations are essential for compliance to DOE Order 5480.21, 
Unreviewed Safety Questions. The authorization basis, as defined in the Order, consists of those aspects of 
the facility design basis, i.e., the structures, systems and components (SSCS) and the operational 
requirements that are considered to be important to the safety of operations and are relied upon by DOE to 
authorize operation of the facility. These facility design features and their function in various accident 
scenarios are described in WHC-SD-CP-SAR-021, Plutonium Finishing Plant Final Safety Analysis Report 
(FSAR), Chapter 9, ’Accident Analysis.’ Figure 1 depicts the relationship of the Authorization Basis to its 
components and other information contained in safety documentation supporting the Authorization Basis. 
The PFP SSCs that are important to safety, collectively referred to as the ‘Safety Envelope’ are discussed 
in various chapters of the FSAR and in WHC-SD-CP-OSR-010, Plutonium Finishing Plant Operational 
Safety Requirements. Other documents such as Criticality Safety Evaluation Reports (CSERS) address and 
support some portions of the Authorization Basis and Safety Envelope. 
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Title: Analysis of Tritium Mission FMEF/FAA Fuel Handling Accidents 

Date: 11/18/1997 

Report: HNF-SD-FF-CN-012 

Conference/Journal:  
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Abstract/Keyterms: The Fuels Material Examination Facility/Fuel Assembly Area is proposed to be used 
for fabrication of mixed oxide fuel to support the Fast Flux Test Facility (FFTF) tritium/medical isotope 
mission. The plutonium isotope mix for the new mission is different than that analyzed in the FMEF safety 
analysis report. A reanalysis was performed of three representative accidents for the revised plutonium mix 
to determine the impact on the safety analysis. Current versions computer codes and meteorology data files 
were used for the analysis. The revised accidents were a criticality, an explosion in a glovebox, and a 
tornado. The analysis concluded that risk guidelines were met with the revised plutonium mix. 
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Title: CSER 97-003: Analysis of the Criticality Safety of the 100K East Basin Weasel Pit 

Date: 8/14/1997 

Report: HNF-SD-NR-CSER-008, Rev.2 
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Abstract/Keyterms: This Criticality Safety Evaluation Report analyzes the criticality safety of the 100 KE 
Basin weasel pit for the storage of current operation sludge that is pumped from various locations in the 
basin. 
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Author: Benecke, M. W. 

Title: Fuel Supply Shutdown Facility Technical Safety Requirements 

Date: 2/3/2003 

Report: HNF-SD-NR-TSR-001, Rev.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fuel Supply Shutdown (FSS) Facility safety bases was completely revised to 
become 10CFR830 compliant and to reflect the current mission and reduced risks associated with the 
operation of the facility, due to reduced radioactive material inventory. This Technical Safety Requirement 
(TSR) revision includes requirements to ensure the hazards and accident scenarios identified in the new 
safety basis are adequately controlled. The TSR controls are limited to Administrative Controls (ACs), 
which have been developed to either protect the assumptions in the accident scenarios or further reduce the 
scenario consequences. Design features have also been designated to further reduce the dose consequences 
of accident scenarios and to reduce the probability of a criticality event. A Bases section was added to 
further describe the reasons for several of the ACs to provide operations and engineering staff with the 
necessary information to maintain operation of the FSS Facility within the safety envelope and to ensure 
that any future changes to these requirements will not affect their original intent or purpose. 
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Author: Schwinkendorf, K. N 

Title: Results for Case a for Task Order 041-001 

Date: 7/1/1997 

Report: HNF-SD-SNF-CN-025 

Conference/Journal:  
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Abstract/Keyterms: A design change in the Multicanister Overpack (MCO) container scrap basket has 
required a reevaluation for criticality safety. The bounding case, the drop accident case for MarkIV-loaded 
MCOs, was reanalyzed with less mass in the baseplate of the upper scrap basket. The reduction in mass 
was from 50 lb to 27 lb. No statistically significant difference between the two cases was found. The original 
analysis therefore considered valid and no additional analysis required. 
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Title: Criticality Safety Evaluation Report CSER-96-019 for Spent Nuclear Fuel (SNF) Processing and 
Storage Facilities Multi Canister Overpack (MCO) 

Date: 10/20/1999 

Report: HNF-SD-SNF-CSER-005, Rev. 5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality evaluation is for Spent N Reactor fuel unloaded from the existing 
canisters in both KE and KW Basins, and loaded into multiple canister overpack (MCO) containers with 
specially built baskets containing a maximum of either 54 Mark IV or 48 Mark IA fuel assemblies. The 
criticality evaluations include loading baskets into the cask-MCO, operation at the Cold Vacuum Drying 
Facility, a nd storage in the Canister Storage Building. Many conservatisms have been built into this 
analysis, the primary one being the selection of the k(eff) = 0.95 criticality safety limit. This revision 
incorporates the analyses for the sampling/weld station in the Canister Storage Building and additional 
analysis of the MCO during the draining at CVDF. Additional discussion of the scrap basket model was 
added to show why the addition of copper divider plates was not included in the models. 
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Title: Criticality Safety Evaluation Report for Spent Nuclear Fuel Processing and Storage Facilities 

Date: 3/24/1997 

Report: HNF-SD-SNF-CSER-005-Rev.3 

Conference/Journal:  
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Abstract/Keyterms: This criticality evaluation is for Spent N Reactor fuel unloaded from the existing 
canisters in both KE and KW Basins, and loaded into multiple canister overpack (MCO) containers with 
specially- built baskets containing either 54 Mark IV or 48 Mark IA fuel assemblies. The criticality 
evaluations include loading baskets into the MCO/Cask, operations at the Cold Vacuum Drying Facility 
(CVDF), and storage in the Canister Storage Building (CSB). Many conservatisms have been built into this 
analysis, the primary one being the selection of the k(eff) @ 0.95 criticality safety limit. 
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Title: Criticality Safety Evaluation Report for the Multi-Canister Overpack 

Date: 5/21/1999 

Report: HNF-SD-SNF-CSER-005-REV4 

Conference/Journal:  
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Abstract/Keyterms: This criticality evaluation is for Spent N Reactor fuel unloaded from the existing 
canisters in both KE and KW Basins, and loaded into multiple canister overpack (MCO) containers with 
specially built baskets containing a maximum of either 54 Mark 1V or 48 Mark IA fuel assemblies. The 
criticality evaluations include loading baskets into the cask-MCO, operations at the Cold Vacuum Drying 
Facility, and storage in the Canister Storage Building. Many conservatisms have been built into this 
analysis, the primary one being the selection of the k(eff) = 0.95 criticality safety limit. Additional analyses 
in this revision include partial fuel basket loadings, loading 26.1 inch Mark IA fuel assemblies into Mark 
IV fuel baskets, and the revised fuel and scrap basket designs. The MCO MCNP model was revised to 
include the shield plug assembly. 
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Author: Kessler, S. F. 

Title: Criticality Safety Evaluation Report for the Cold Vacuum Drying Facility's Process Water Handling 
System 
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Report: HNF-SD-SNF-CSER-006, Rev.3 
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Abstract/Keyterms: This report addresses the criticality concerns associated with process water handling 
in the Cold Vacuum Drying Facility (CVDF). The controls and limitations on equipment design and 
operations to control potential criticality occurrences are identified. The effectiveness of equipment design 
and operation controls in preventing criticality occurrences during normal and abnormal conditions is 
evaluated and documented in this report. Spent nuclear fuel (SNF) is removed from existing canisters in 
both the K East and K West Basins and loaded into a multicanister overpack (MCO) in the K Basin pool. 
The MCO is housed in a shipping cask surrounded by clean water in the annulus between the exterior of 
the MCO and the interior of the shipping cask. The fuel consists of spent N Reactor and some single pass 
reactor fuel. The MCO is transported to the CVDF near the K Basins to remove process water from the 
MCO interior and from the shipping cask annulus. After the bulk water is removed from the MCO, any 
remaining free liquid is removed by drawing a vacuum on the MCO’s interior. After cold vacuum drying 
is completed, the MCO is filled with an inert cover gas, the lid is replaced on the shipping cask, and the 
MCO is transported to the Canister Storage Building. The process water removed from the MCO contains 
fissionable materials from metallic uranium corrosion. The process water from the MCO is first collected 
in a geometrically safe process water conditioning receiver tank. The process water in the process water 
conditioning receiver tank is tested, then filtered, demineralized, and collected in the storage tank. The 
process water is finally removed from the storage tank and transported from the CVDF by truck. 
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System 
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Abstract/Keyterms: This report addresses the criticality concerns associated with process water handling 
in the Cold Vacuum Drying Facility. The controls and limitations on equipment design and operations to 
control potential criticality occurrences are identified. 
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Abstract/Keyterms: The K Basin Spent Nuclear Fuel (SNF) Project Multi-Canister Overpack (MCO) sub 
projection eludes the design and fabrication of a canister that will be used to confine, contain, and maintain 
fuel in a critically safe array to enable its removal from the K Basins, vacuum drying, transport, staging, 
hot conditioning, and interim storage (Goldinann 1997). Each MCO consists of a shell, shield plug, fuel 
baskets (Mark IA or Mark IV), and other incidental equipment. The Mark IA intact and scrap fuel baskets 
are a safety class item for criticality control and components necessary for criticality control will be 
constructed from 304L stainless steel. It is proposed that a copper divider subassembly be used in both 
Mark IA and Mark IV scrap baskets to increase the safety basis margin during cold vacuum drying. The 
use of copper would increase the heat conducted away from hot areas in the baskets out to the wall of the 
MCO by both radiative and conductive heat transfer means. Thus copper subassembly will likely be a safety 
significant component of the scrap fuel baskets. This report examines the structural, cost and corrosion 
consequences associated with using a copper subassembly in the stainless steel MCO scrap fuel baskets. 
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Abstract/Keyterms: Volume 2 provides the design feed compositions for the baseline K East and K West 
Basin sludge process streams expected to be generated during Spent Nuclear Fuel (SNF) Project activities. 
Four types of feeds are required to support evaluation of specific facility and process considerations during 
the development of new facilities and processes. These four design feeds provide nominal and bounding 
conditions for design evaluations. Volume 2 includes definition of inventories for: (1) KE and KW Basins 
sludge locations (pit sludges, floor sludge, canister sludge, and wash sludge components), (2) nominal feed 
for each of five process feed streams, (3) shielding design feed, (4) safety/regulatory assessment feed, and 
(5) criticality assessment feed. 
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Abstract/Keyterms: Metallic uranium Spent Nuclear Fuel (SNF) is currently stored within two water filled 
pools, 105-KE Basin (KE Basin) and 105-KW Basin (KW Basin), at the United States Department of 
Energy (U.S. DOE) Hanford Site, in southeastern Washington State. The Spent Nuclear Fuel Project (SNF 
Project) is responsible to DOE for operation of these fuel storage pools and for the 2100 metric tons of SNF 
materials that they contain. The SNF Project mission includes safe removal and transportation of all SNF 
from these storage basins to a new storage facility in the 200 East Area. To accomplish this mission, the 
SNF Project modifies the existing KE Basin and KW Basin facilities and constructs two new facilities: the 
100 K Area Cold Vacuum Drying Facility (CVDF), which drains and dries the SNF; and the 200 East Area 
Canister Storage Building (CSB), which stores the SNF. The purpose of this document is to describe the 
design basis feed compositions for materials stored or processed by SNF Project facilities and activities. 
This document is not intended to replace the Hanford Spent Fuel Inventory Baseline (WHC 1994b), but 
only to supplement it by providing more detail on the chemical and radiological inventories in the fuel (this 
volume) and sludge. A variety of feed definitions is required to support evaluation of specific facility and 
process considerations during the development of these new facilities. Six separate feed types have been 
identified for development of new storage or processing facilities. The approach for using each feed during 
design evaluations is to calculate the proposed facility flowsheet assuming each feed. The process flowsheet 
would then provide a basis for material compositions and quantities which are used in follow-on 
calculations. 
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Abstract/Keyterms: Volume 2 provides estimated chemical and radionuclide inventories of sludge 
currently stored within the Hanford Site's 105-K Basin This volume also provides estimated chemical and 
radionuclide inventories for the sludge streams expected to be generated during Spent Nuclear Fuel (SNF) 
Project activities. 
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Title: CSER 95-004: Criticality Safety Evaluation of IEM Cell at FFTF 

Date: 1/1/2003 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: CSER 94-0Classification and Access to PFP Incinerator Facility and Limits on Characterization and 
Disassembly Activities in 232-Z Burning Hood [Cancel] 

Date: 9/21/1999 

Report: HNF-SD-SQA-CSA-20385, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Classification; Incinerators; Fuel 
Reprocessing Plants; Gloveboxes; Safety Analysis 
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Author: Miller, E. M. 

Title: CSER 95-007 Acceptability of Bettis Lab Waste Shipment to WHC Solid Waste 

Date: 12/3/1999 

Report: HNF-SD-SQA-CSA-20395, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to evaluate a potential discrepancy between the Solid 
Waste Management (SWM) criticality prevention specifications and a proposed receipt from Bettis 
Laboratories. The analysis has been performed to determine the acceptability of the Bettis Laboratories 
waste container with respect to SWM criticality requirements. 
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Title: Addendum 1 to CSER 94-0Criticality Evaluation of Loose Powder in the 232-Z Burning Hood 
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Date: 9/21/1999 

Report: HNF-SD-SQA-CSA-30005, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Evaluation; Powders; 
Gloveboxes; Fuel Reprocessing Plants; Safety Analysis 
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Title: CSER-025: PFP Storage of 9.25-Inch-Tall, 4.4 Kg Pu Cans on Existing Vault Four Pedestals 

Date: 2/6/1997 

Report: HNF-SD-SQA-CSA-522 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear criticality safety analysis has been performed to increase the approved 
plutonium mass limit for cans stored in Vault{number_sign}4 cubicles at PFP. The cubicles were approved 
to hold up to 2.5 kg of plutonium on each pedestal. The purpose of this CSER is to accommodate the storage 
of 4.4 kg of plutonium in PuO, (5.0 kg PuO,) in Vault{number_sign}4 cubicles. The highest k(eff) 
calculated for all possible scenarios is 0.868+ 0.003 when every other cubicle is left vacant, which is well 
below the criticality safety limit of k(eff) =0.935. Consequently, an increase of plutonium mass to 4.4 kg 
per can is within acceptable safety limits for this configuration. 
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Title: CSER 96-027: Storage of Cemented Plutonium Residue Containers in 55 Gallon Drums 

Date: 1/20/1997 

Report: HNF-SD-SQA-CSA-525 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear criticality safety analysis has been performed for the storage of residual 
plutonium cementation containers, produced at the Plutonium Finishing Plant, in 55 gallon drums. This 
CSER increases the limit of total plutonium stored in each 55 gallon drum from 100 to 200 grams. 
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Author: Himes, D. A. 

Title: CSER 97-001 Criticality Safety Limits for PFP 26-Inch Vacuum Line Removal 

Date: 2/14/1997 

Report: HNF-SD-SQA-CSA-526 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the plutonium stabilization operations in the 234-5Z Building, several runs 
of 26-inch (26 inches of Hg) process vacuum header, along with associated smaller piping is to be cut into 
sections and disposed of. This criticality safety evaluation report (CSER) requested by Nirider (1996) 
addresses the removal of several hundred feet of abandoned 3 and 4 inch nominal diameter vacuum header 
and associated smaller diameter piping runs located in the duct level of the 234-5Z Building in rooms 262, 
263, and 264 as shown in the two attached drawings. 
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Author: Hillesland, K. E. 

Title: Addendum 1 to CSER 97-025: PFP Storage of 9.25/9.5-Inch-Tall, 4.4 Kg Pu Cans on Existing Vault 
4 Pedestals 

Date: 9/4/1997 

Report: HNF-SD-SQA-CSA-528 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear criticality safety analysis has been performed to increase the approved 
plutonium mass limit for cans stored in Vault{number_sign}4 cubicles at PFP. The original CSER 96-025 
accommodated the storage of 4.4 kg of plutonium in PuO, (5.0 kg PuO,) in Vault{number_sign}4 by 
requiring that half the cubicles be left vacant. This addendum allows for all the cubicles to be used, but with 
a fissile plutonium mass limit of 58 kg per cubicle. A mass limit for each cubical allows for storage of a 
larger number of cans if some have less than the 4.4 kg Pu limit per can. The highest k., calculated is 0.932+ 
0.003 when an overbatched can is present in every fourth cubicle. This below the criticality safety limit of 
kff 0.935, and consequently, an increase of plutonium mass to 4.4 kg per can is within acceptable safety 
limits for the given mass limit. 
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Title: CSER 97-004: PFP Production Denitration Calciner System 

Date: 9/11/1997 

Report: HNF-SD-SQA-CSA-529 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The plutonium stabilization program at the Plutonium Finishing Plant (PFP) includes 
conversion of acidic plutonium nitrate solution into plutonium oxide. Conversion is facilitated through use 
of a vertical calciner installed in Glovebox HC-23OC-2, which is located in RM 230C of this facility. This 
evaluation supports the Criticality Prevention Specification for the calcining process inside this glovebox. 
As the product of the calciner is a high density plutonium oxide, a number of limits are required to insure 
criticality safety. The containers allowed are product receiver vessels and 0.5 C slip lid cans and polyjars. 
The limits allow for two "unit masses" of 2 V total volume each, separated by a distance of at least 25.4 cm 
(10 in.). This evaluation allows for operation of the calciner for product densities not in excess of 5.5 g 
Pu/cm{sup 3}. 
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Author: Richard, R. F. 

Title: Criticality Safety Evaluation Report for FFTF 42% Fuel Assemblies 

Date: 10/28/1997 

Report: HNF-SD-SQA-CSA-532 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An FFTF tritium/isotope production mission will require a new fuel supply. The 
reference design core will use a mixed oxide fuel nominally enriched to 40 wt% Pu. This enrichment is 
significantly higher than that of the standard Driver Fuel Assemblies used in past operations. Consequently, 
criticality safety for handling and storage of this fuel must be addressed. The purpose of this document is 
to begin the process by determining the minimum critical number for these new fuel assemblies in water, 
sodium and air. This analysis preliminary and further work can be done to refine the results reported here. 
Analysis was initially done using 45 wt 5 PuO. Additionally, a preliminary assessment is done concerning 
storage of these fuel assemblies in Interim Decay Storage (IDS), Fuel Storage Facility (FSF), and Core 
Component Containers/Interim Storage Casks (CCC/ISC). 
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Author: Romano, T. 

Title: Safety Evaluation for Packaging (Onsite) Plutonium Recycle Test Reactor Graphite Cask 

Date: 9/29/1997 

Report: HNF-SD-TP-SEP-063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This safety evaluation for packaging (SEP) provides the evaluation necessary to 
demonstrate that the Plutonium Recycle Test Reactor (PRTR) Graphite Cask meets the requirements of 
WHC-CM-2-14, Hazardous Material Packaging and Shipping, for transfer of Type B, fissile, non-highway 
route controlled quantities of radioactive material within the 300 Area of the Hanford Site. The scope of 
this SEP includes risk, shielding, criticality, and tiedown analyses to demonstrate that onsite transportation 
safety requirements are satisfied. This SEP also establishes operational and maintenance guidelines to 
ensure that transport of the PRTR Graphite Cask is performed safely in accordance with WHC-CM-2-14. 
This SEP is valid until October 1, 1999. After this date, an update or upgrade to this document is required. 
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Title: CSER 96-014: Criticality Safety of Project W-151, 241-AZ-101 Retrieval System Process Test 

Date: 2/6/1997 

Report: HNF-SD-W151-CSA-001, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report (CSER) documents a review of the 
criticality safety implications of a process test to be performed in tank 241-AZ-101 (101-AZ). The process 
test will determine the effectiveness of the retrieval system for mobilization of solids and the practicality 
of the system for future use in the underground storage tanks at Hanford. The scope of the CSER extends 
only to the testing and operation of the mixer pumps and does not include the transfer of waste from the 
tank. Justification is provided that a nuclear criticality is extremely unlikely, if not impossible, in this tank. 
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Author: Vail, T. S. 

Title: Feasibility Report on Criticality Issues Associated with Storage of K Basin Sludge in Tanks Farms 

Date: 5/29/1997 

Report: HNF-SD-WM-ES-409 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This feasibility study provides the technical justification for conclusions about K 
Basin sludge storage options. The conclusions, solely based on criticality safety considerations, depend on 
the treatment of the sludge. The two primary conclusions are, (1) untreated sludge must be stored in a 
critically safe storage tank, and (2) treated sludge (dissolution, precipitation and added neutron absorbers) 
can be stored in a standard Double Contained Receiver Tank (DCRT) or 241-AW-105 without future 
restrictions on tank operations from a criticality safety perspective. 
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Title: Study of Sulfur Pellet as a Disaster Monitoring Pack for Tsing Hua Film Badge 

Date: 4/1/1969 

Report: Ho Tsu K'o Hsueh, 6: No. 3-4, 103-8 

Conference/Journal: Ho Tsu K'o Hsueh 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Accidents; Activation; Criticality; Monitoring; Pellets; Performance; Radiation Detectors; Sulfur 
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Title: Reactor Fast-Neutron Spectrum Measurement by Threshold Detector Activation. Part I 

Date: 2/1/1964 

Report: Ho Tsu K'o Hsueh; Vol: 4 

Conference/Journal: Ho Tsu K'o Hsueh 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Fast Neutrons; Instruments; 
Measured Values; Neutron Detection; Numericals; Perturbation Theory; Radiation Detectors; Reactors; 
Spectra; Threshold Detectors 
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Title: Application of Analog Computer in Computation of Xeon Poisoning Effect on a Periodically 
Operating Reactor 

Date: 2/1/1964 

Report: Ho Tsu K'o Hsueh; Vol: 4 

Conference/Journal: Ho Tsu K'o Hsueh 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; Computers; Diagrams; 
Numericals; Poisoning; Research Reactors; Simulators; Swimming Pool; Tables; Uses; Water Coolant; 
Water Moderator; Xenon 
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Title: Neutron Dosimetry by Measuring Neutron Activated Sulfur in Human Hair 

Date: 9/1/1976 

Report: Ho Tzu K'o Hsueh, 13, 3, 148-154 

Conference/Journal: Ho Tzu K'o Hsueh (Taiwan) 

Conference Session:  

Abstract/Keyterms: Activated sulfur in hair has been used for the estimation of the neutron dose received 
by persons involved in critical accidents. It might be measured from the beta activity arising from the 
32S(n,p)32P reaction. Hair samples from 45 persons were taken for six different age categories. The overall 
mean value of sulfur in hair of people being investigated is 41.15 ± 3.28 mg/g. In the irradiated hair, 
phosphorous is precipitated as ammonium phosphomolybdate and counted in a low background gas 
proportional counter. Since the phosphorous content in hair is relatively low, the $sup 31$P(n,gamma)32P 
reaction is not significant. 
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Author: Wang, C. Y. 

Title: Determination of the Minimum Critical Mass for the THAR 

Date: 12/1/1978 

Report: Ho Tzu K'o Hsueh, 15, 4, 251-253 

Conference/Journal: Ho Tzu K'o Hsueh (Taiwan) 

Conference Session:  

Abstract/Keyterms: The critical approaching method is used for determination of the minimum critical 
mass of the THAR. The minimum critical mass and the excess reactivity of the reactor are 1725.07 grams 
and 0.02314% deltak/k, respectively. 
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Title: Chromosome Aberration Frequency Induced by Fission Radiation in Human Peripheral Blood 
Lymphocytes. Biological Dosimetry for a Criticality Accident 

Date: 6/1/1975 

Report: Hoken Butsuri, 10, 2, 73-77 

Conference/Journal: Hoken Butsuri (Japan) 

Conference Session:  

Abstract/Keyterms: For the purpose of utilizing radiation-induced chromosome aberrations in human 
peripheral blood lymphocytes as a means of dose evaluation in a criticality accident, a study was made of 
the relationship between fission neutron + gamma dose and the chromosome aberrations. Human peripheral 
blood lymphocytes were exposed in vitro to fission neutrons + gamma rays at Japan Research Reactor No.4 
for 5, 10, 20, 30, or 40 min at 200 kW. The cells were observed at their first mitotic division stage in culture. 
The frequency of the chromosome aberrations per cell, Y, was expressed as a power function of exposure 
time in minutes, t, as follows Y=0.0018tsup(1.12). On the assumption that there was no mutual interaction 
between chromosome aberrations induced by the neutrons and those aberrations induced by gamma rays 
and that there was a similarity in the effects of the gamma rays produced in fissions and those aberrations 
produced by Co-60 gamma rays, estimation was made of the contribution of gamma rays to the total yields. 
However, there was a contradiction contribution of gamma rays exceeded the total yield. 
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Title: Theoretical Analysis of Burn-Up Experiments with the HBWR Second Fuel Charge 

Date: 1/1/1970 
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Conference/Journal:  
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Abstract/Keyterms: Commercial Power Reactors-Operation & Economics; Burnup; Criticality; Errors; 
Fuels; Halden BHWR; Performance; Power Reactors; Reactivity; Reactor Core 
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Author: n.a. 

Title: HBWR Quarterly Progress Report, January to March 1962 

Date: 10/31/1962 

Report: HPR-24 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactor was taken to critical with a 24-element core at a water level of 172.5 cm 
at 34 deg C. A later approach at the same temperature with 100 elements yielded data indicating a critical 
water level of 106.4 cm. D2O inventory data show an annual loss during the first three years of operation 
of 1.2% with a degradation of 0.02%. The maximum excess reactivity was estimated at 18.4 plus or minus 
0.9% for a full core loading. Experiments in NORA using simulated HBWR lattices yielded data which 
indicated that the void reactivity effects associated with the partial displacement of coolant are negative 
throughout the full lattice. Experiments under second full charge conditions showed that the burnout heat 
flux increases with steam quality and decreases with test section length in such a way that it is critically 
dependent on heat flux profile. The majority of the engineering modifications to the reactor plant were 
completed during the report period and various components and circuits were cold- commissioned. Data 
obtained from the purification circuit show a corrosion rate of 5% during first charge operations. 
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Date: 9/1/1964 

Report: HPR-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boiling; Burnup; 
Configuration; Criticality; Enrichment; Errors; Fuel Elements; Halden BHWR; Heavy Water; Heavy Water 
Coolant; Heavy Water Moderator; Measured Values; Numericals; Perturbation Theory; Reactivity; Reactor 
Core; Reactor Fueling; Reactors; Temperature; Uranium Oxides; Variations 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Ammonia; Boiling; 
Control Elements; Coolant Loops; Criticality; Decomposition; Deuterium; Electronic Equipment; Failures; 
Fast Neutrons; Fission; Gases; Halden BHWR; Heavy Water; Heavy Water Coolant; Leaks; Measured 
Values; Operation; Poisoning; Power; Power Plants; Production; Radiation Chemistry; Reactivity; Reactor 
Fueling; Reactors; Seals; Standards; Steam; Testing; Thermal Neutrons; Transfer Functions; Variations; 
Xenon; Zones 
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Report: HPR-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boiling; Criticality; Fuel 
Elements; Heavy Water Coolant; Heavy Water Moderator; Power Plants; Reactor Core; Reactors 
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Title: Burn-Up Experiments with the HBWR Second Fuel Charge 

Date: 1/1/1968 

Report: HPR-86 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Kinetics & Dynamics; Analysis; Burnup; Criticality; 
Fuel Elements; Halden BHWR; Operation; Pellets; Performance; Power Plants; Reactivity; Reactor Core; 
Reactors; Uranium Dioxide; Zircaloy 
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Conference/Journal:  
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Abstract/Keyterms: Uranium Oxides UO2 / PUO2-UO2, Fuel Elements of, Analysis of Burnup of Halden 
Boiling Reactor; Xenon / Reactivity Effects on Halden Boiling Reactor, Analysis of Startup; Halden Boiling 
Reactor / Fuel Assemblies for, Description of; Xenon Isotopes Xe-133 / Diffusion in Halden Boiling 
Reactor of Fission Product, Analysis of; Plutonium Oxides PUO2 / PUO2-UO2, Fuel Elements of, Analysis 
of Burnup of Halden Boiling Reactor; Uranium Oxides UO2 / Burnup of Halden Boiling Reactor Fuel 
Elements of; Iodine Isotopes I-131 / Diffusion in Halden Boiling Reactor of Fission Product, Analysis of; 
Halden Boiling Reactor / Heat Transfer in, Measurement of; Turbines / Design of Halden Boiling Reactor, 
Effects of Fluid Flow on Optimum; Halden Boiling Reactor / Turbine Design for, Effects of Fluid Flow on 
Optimum; Halden Boiling Reactor / Fuel Element Failures in, Analysis During January to March 1968 of; 
Zircaloy-2 / Failures of Cladding on Halden Boiling Reactor Fuel Elements; Halden Boiling Reactor / 
Operations During January to March 1968, Description of 
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Title: Health and Safety Branch, Technical Section Criticality Results Bulletin No. 15, Some Critical 
Arrays of Spherical Fissile Units in Air 
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Report: HS/CR/1095/RB15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses the code "GEM." ORNL Folder includes three pages labeled "Comparison with 
ORNL Results". It is not clear whether these pages are part of the technical bulletin/report. 
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Title: Health and Safety Branch, Theoretical and Computing Section Results Bulletin No. 27, Pu240 
Poisoning in Aqueous Plutonium Solutions 

Date: 12/1/1964 

Report: HS/CR/1095/RB27 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uses the code "GEM." ORNL Folder includes three pages labeled "Comparison with 
ORNL Results". It is not clear whether these pages are part of the technical bulletin/report. 
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Abstract/Keyterms: Physics; Buckling; Configuration; Criticality; Economics; Numericals; Perturbation 
Theory; Plutonium; Reactors; Spheres; Suspensions; Variations; Water 
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Title: "25" Criticality Consultation with J. W. Morfitt, April 3, 1950 
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Abstract/Keyterms: Outlines application of K-643 experimental results for criticality concerns at Hanford. 
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Title: Hanford Standard Pile 
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Abstract/Keyterms: Physics; Configuration; Diffusion Length; Equations; Errors; Fast Neutrons; 
Measured Values; Neutron Flux; Neutron Sources; Numericals; Planning 
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Title: Analysis of Supernatants 234-5 Building 

Date: 8/23/1951 

Report: HW-22004 

Conference/Journal:  
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Abstract/Keyterms: The Pu in one batch (160 gms) is precipitated in a purification hood and waste 
supernatant is then transferred to the storage tank in one of the recovery hoods. Under normal process 
conditions a small amount of Pu remains in the supernatant. However, it is possible, though extremely 
unlikely, that the entire 160 grams would be transferred to the waste storage tank. The supernatants are 
transferred to an evaporator where they are concentrated. This evaporator has dimensions approximately 
the same as those of the storage tank, however, as concentration proceeds, the remaining solution can pass 
to a geometry more favorable for a chain reaction. There should be definite assurance before evaporation 
is begun that the amount of Pu in the evaporator does not exceed 160 grams. It is concluded that there is no 
objection, from a nuclear safety standpoint, to the discontinuance of analysis of the supernatants. 
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Title: A Study of the Radiation Burst in the Hanford Homogeneous Reactor 
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Report: HW-24327 

Conference/Journal:  
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Abstract/Keyterms: Report describing the criticality accident of November 16, 1951, during critical 
experiments with a spherical tank of Pu solution. 
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Title: Proposed Method for Treating Hydrogen Displacement Effects in Critical Mass Measurements 

Date: 5/13/1952 

Report: HW-24454 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Significant increases in the critical mass occur when the H density is reduced by 
dilution with heavier nuclei. Recommendations for study of this problem are outlined. Calculations for 
various situations are included 
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Title: Critical Mass Studies of Plutonium Solutions 
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Conference/Journal:  
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Abstract/Keyterms: PU-SOL-THERM-002, PU-SOL-THERM-003, PU-SOL-THERM-004, PU-SOL-
THERM-005, PU-SOL-THERM-006, PU-SOL-THERM-010, PU-SOL-THERM-011; The chain reacting 
conditions for plutonium nitrate in water solution have been examined experimentally for a variety of sizes 
of spheres and cylinders. The effects on the critical mass of the displacement of hydrogen and the addition 
of poisons to the fuel were measured in water tamped and bare reactors. In this report the data obtained in 
the investigation is presented graphically and in tables. Some preliminary analysis has been made yielding 
the results: 1) the absorption cross-section of plutonium-240 is 925 ± 200 barns and, 2) the minimum critical 
mass of plutonium-239 in water is 510 grams at a concentration of about 33 grams per liter. 
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Title: Critical Mass Study of 231 Process Tanks 

Date: 8/1/1952 

Report: HW-25374 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An estimated minimum critical mass for each of the process vessels in the 231 
Building has been calculated on the basis of critical mass data given in the P-11 Project Document HW-
24514. The calculations are made assuming the plutonium to be a homogeneous mixture of precipitate and 
water with some slight neutron poisoning due to other elements. The precipitate is further assumed to have 
partially settled making an effectively infinite water reflector above the plutonium and hence reducing the 
critical mass. 
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Measured Values; Multiplication Factors; Reactivity; Reactor Core; Uranium; Zones 
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Title: Technical Activities Report for February 1953: Physics Unit, Applied Research Sub-Section 

Date: 3/10/1953 

Report: HW-27354 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report covers work done by the experiment, exponential pile and theoretical 
physics groups. Subjects discussed are as follows: xenon generator; reactivity measurement on shielded 
plutonium slug; lattice testing reactor; ratio of Pu239 to U235 fission cross-sections; beta spectrometer; 
critical mass problems; induced radioactivity in process tubes and slug jackets made of zirconium; graphite 
diffusion length check; small slug program; 6-3/16 lattice exponential pile; diffusion length in wet lattice; 
thermal utilization; 7-1/2 inch lattice exponential pile measurements; fast flux depression; tables of the 
integrals; effects of steel supports on the critical size of bare cylinders; thermal blackness; cadmium-
covered slug for determining distribution of resonance neutrons; resonance escape probability; and neutron 
diffusion and random walk. 
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Title: Critical Mass Information Applied to Purex and Recuplex Design 

Date: 4/1/1953 

Report: HW-27575 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some time ago, a series of experiments (the P-11 project) were conducted to 
determine the critical mass of plutonium in variously sized and shaped vessels and with various solution 
concentrations. These experiments were rather general in nature, hence, it is necessary to interpret the data 
to the specific critical mass problems of interest in separation processes. The design of new continuous flow 
separation processes calls for even further extrapolations of these data to vessel geometries far from the 
range of present experimental knowledge. The purpose of this report is to review for reference the estimates 
used in the design of the critically safe portions of Purex and Recuplex. This report is compiled for 
engineering use in approximate design; however, any design of vessels involving criticality hazards will be 
reviewed by the Critical Mass Group 
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Plutonium 239; Plutonium 240; Poisoning; Reactivity; Reactors; Tantalum; Testing 
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Title: Physics Unit--Applied Research Subsection Technical Activities Report for April 1953 

Date: 5/1/1953 

Report: HW-27921 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The beta spectra of Tl/sup 204/ and Rh/sup 106/ were determined. The results of 
neutron streaming calculations for Hanford graphite are reported. Buckling measurements on a 6 3/16 in. 
small slug lattice were completed. Critical lattice experiments and neutron distribution studies are also 
reported. 



 

C-6466 

6453…..…..…………………..…….……..……ID Number…………………..…..…………….6453 

Author: Faulkner, J. E. / Davenport, D. E. / Duvall, G. E. 

Title: Technical Activities Report for May 1953: Physics Unit, Applied Research Sub-Section 
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Conference/Journal:  
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Abstract/Keyterms: In this report, a brief discussion is given for each of the following activities under 
study during this period: xenon generator; C{sup 12} cross sections; critical mass problems (for process 
vessels in Bldg. 231); neutron beam catcher design; neutron diffraction spectrometer; beta spectrometer; 
hollow slug program; instrumentation; blackness corrections; exponential pile measurements with small 
slug size; critical lattice experiments; lattice theory; and radiation damage. 
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Concentration Ratio; Fume Hoods; Safety; Critical Mass; Criticality; Solutions 
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Abstract/Keyterms: Engineering not Included in Other Categories; Nuclear Fuels; Plutonium; 
Concentration Ratio; Fume Hoods; Safety; Critical Mass; Criticality; Solutions 
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Title: Technical Activities Report for September 1953, Physics Unit, Applied Research, Technical Section, 
Engineering Department 

Date: 10/12/1953 

Report: HW-29596 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents progress made in experimental physics, exponential pile 
physics and theoretical physics. Experiment physics covers the following: (1) critical mass calculations for 
safe concentration limits for plutonium solutions in certain recuplex process vessels; (2) C[sup 12] 
absorption cross-section measurements; conversion efficiency for DR-10; neutron flux and foil techniques; 
measurement of lattice conversion efficiency; and ratio of Pu239 to U235 fission cross-sections. The 
exponential pile physics includes: buckling measurement with hollow slug; cell traverses; slug traverse with 
Au strip foils; correlation of lattice experiments with theory; slug traverse; and flux increase by enrichment. 
The theoretical physics included work in the following areas: lattice parameter study; effect of lattice size 
on slug inverse diffusion length; calculation of resonance escape probabilities; graphite thermal 
conductivity, nucleon momentum in tritium; K pile flat zone; small source theory; and radiation chemistry. 
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Title: Comments on Standard No. 300-1, Start-up Procedure No. 305-X-1 

Date: 1/29/1944 

Report: HW-3-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reference procedures govern respectively the charging and the start-up 
monitoring of the test pile. They are consistent and cover the required procedures up to and including the 
degree of charging that makes the pile critical. Thereafter, the discrepancies noted in this report occur. This 
letter reviews the situation, with comments, and requests permission to be governed by 305-X-1 after the 
critical position is reached. 
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Author: Raftery, R. P. 

Title: Critical Mass Calculations for the Recuplex Installation 

Date: 5/20/1954 

Report: HW-31905 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The methods of an analysis of the critical safety of process tanks in the Recuplex 
installation are discussed and results of the analysis are tabulated in this report. A minimum critical 
condition for a thermal chain reaction is estimated for 0-200 MWD/T Pu and for 400 MWD/T Pu for each 
tank in the installation which normally contains, or could contain, plutonium. All estimates are based on 
experimental critical mass data from the P-11 project and from Oak Ridge critical mass experiments. 
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Title: Authorization for a Process Change — Revision of Nuclear Safety Rules for Transporting Plutonium 
Compounds between the 231 and 234-5 Buildings 

Date: 6/9/1954 

Report: HW-32077 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety rules for transporting plutonium compounds between the 231 and 234-
5 Buildings were established in Documents HW-30328 and HW-31465. Provisions for the co-transporting 
of loaded sample cans, filter boats and/or product samples were not included in the above documents. In 
the interest of economy and efficiency the rules have been reviewed and revised according to the provisions 
set forth in this document. The paper describes the present transportation limits and the revised limits for 
transporting plutonium nitrate, plutonium oxalate, and other plutonium samples. The limits are in keeping 
with the policy of preventing the accidental accumulation of unsafe masses of Pu. 
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Abstract/Keyterms: Physics; Cadmium; Coating; Conversion; Criticality; Epithermal Neutrons; 
Equations; Fission; Group Theory; Measured Values; Multiplication Factors; Reactivity; Reactors; Rods; 
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Date: 8/5/1954 

Report: HW-32669 
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Title: Summary Report of Reactor Hazards for the Prototype Physical Constants Testing Reactor 

Date: 9/16/1954 

Report: HW-32791 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The safety aspects of the design and operation of the Prototype Physical Constants 
Testing Reactor (PCTR) are discussed in some detail. This reactor is essentially a seven-foot cube of 
graphite with a large hole at its center, about 2' x 2' x 3'. It is made critical with uranium enriched to at least 
92 per cent in U235 and runs normally at a power of about one watt. Sections of various graphite-U lattices 
are inserted into the large hole at the center of the reactor, and the effects of these test lattices on the 
reactivity of the PCTR are noted. There are two mechanical safety systems on the reactor; eight shutter-
type control rods, which are driven to the closed position by springs in about 0.25 seconds, and four 
cadmium disks which fall freely into the reactor under the force of gravity in about 0.5 seconds. These 12 
mechanical safeties have individual driving and electromagnetic release mechanisms. The electromagnets 
are controlled by flux monitoring through five electronic channels, two of which are proportional counter 
channels for subcritical and postcritical monitoring, while the remaining three are ion chamber channels for 
post-critical and level monitoring. U all of these mechanical devices fail, the hollow fuel elements in the 
driver rods will melt and collapse causing an increase in self-shielding of the U235. When this occurs, the 
reactor will lose about six per cent in DELTA k/k. The collapsing of fuel elements occurs quickly enough 
to shut down the reactor before the fuel vaporizes, after the instantaneous introduction of anything less than 
three per cent DELTA k/k. Finally, if an excursion continues until the fuel elements in the driver rods 
vaporize, short-lived fission products from about 3 x 1017/ fissions will be released to the atmosphere. An 
analysis of the distribution of these fission products indicates that little damage is to be expected outside 
the area in which the reactor is located. 
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Abstract/Keyterms: A small source model” for neutron flux distribution in heterogeneous reactors is 
proposed. Such a model takes more explicit account of fuel lumping than has been customary in most pile 
calculations. The small source is applied to the cases of plate and rod fuel elements. The chief results are 
equations which give the pile buckling in terms of the distance between fuel elements and in terms of fuel 
element constants. 
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Title: Exponential Pile Measurements with Hollow Slugs in Graphite-Uranium Lattices 

Date: 4/12/1955 

Report: HW-36174 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling measurements were taken with hollow natural U slugs in graphite- 
moderated lattices, in which the lattice spacing was varied from 63/16 to 15 in. in 5 steps. The results of 
wet (water in the core) and dry measurements are reported. Buckling curves are given showing the effect 
on the buckling of coring the slug and placing water in the core. Simple three-region diffusion theory is 
applied to the measured lattices in an effort to correlate measurement with theory, but with only limited 
success. 



 

C-6479 

6466…..…..…………………..…….……..……ID Number…………………..…..…………….6466 

Author: n.a. 

Title: Physics Research Quarterly Report, January, February, March 1955 

Date: 4/14/1955 

Report: HW-36216 

Conference/Journal:  
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Abstract/Keyterms: Under the general heading of Reactor Lattices an estimate has been made of the effect 
on the eta of a uranium cylinder in which fissionable nuclei are distributed non-uniformly. A revised 
estimate is given of the fission resonance integral of U-235. Buckling measurements on a lattice using 
hollow slugs and on a thorium-uranium lattice are reported. Work on neutron distribution in a lattice cell, 
on cadmium ratios, and on the comparison of buckling data with critical experiments is described. Studies 
of neutron temperature effects on the reactivity of a reactor are reported and an experiment designed to 
measure these in the Lattice Testing Reactor is described. Some results are given of theoretical analyses of 
the distribution of neutrons originating from point and line sources. A full report of an experimental search 
for a variation of nu (U-235) with incident slow neutron energy is included. An experiment to measure the 
Np-239 cross section is described and preliminary results are given. A re-evaluation of the old 
determination of 1 +..cap alpha.. for U-235 has been made. An estimate is made of the neutron interaction 
between two finite parallel slabs. A problem arising in the storage of fissionable materials is described. 
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Abstract/Keyterms: Results of control system evaluation are given for experiments performed at the 
startup of the two K Piles. Included are reactivity strength measurements of four types of single vertical 
control elements in a small rectangular loading and in the fully loaded piles, horizontal control rod 
calibrations, and several determinations of the numbers of vertical control elements required to maintain 
sub-criticality in highly reactive loadings. 
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Abstract/Keyterms: This report contains notes and calculations regarding safety of the 234-5 Building. 
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Title: Nuclear Safety Specifications for Fuel Element Manufacturing Processes 
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Report: HW-37952 
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Abstract/Keyterms: Nuclear safety specifications for storage, bundling, or transfer of enriched uranium 
slugs depend upon slug arrangement and geometry, the presence of a moderator such as water or wood, and 
the presence of other fissionable materials and reflectors. Specifications are given for enriched I and E 
uranium slugs, solid uranium slugs of two types, and aluminum-uranium alloy slugs. 
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Date: 7/14/1955 

Report: HW-38029 

Conference/Journal:  
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Abstract/Keyterms: Calculations are presented for the estimated minimum critical mass of Pu that would 
be allowed in Hood No. 5 and the filter boat cleaning and testing hood of the Plutonium Finishing Plant. 
Hood No. 5 contains the overflow tank and two vacuum traps. Limits are given for several pile exposure 
rates. These limits do not allow the approach of personnel into Hood No. 5 when these vessels are full. 
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Neutrons; Numericals; Reactors; Shielding; Transport Theory; Velocity; Water Moderator 



 

C-6486 

6473…..…..…………………..…….……..……ID Number…………………..…..…………….6473 

Author: Gast, Paul F. / Bournia, Anthony 

Title: Buckling of an Elliptic Cylinder/First Roots of the Zero Order, Modified Mathieu Function 

Date: 7/21/1955 

Report: HW-38698 

Conference/Journal:  

Conference Session:  
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For solution process equipment not designed to be subcritical under personnel 
reflection, a process for use of neutron sources and detectors is outlined. The process would allow 
verification of safe conditions (concentration) to allow maintenance. 
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Abstract/Keyterms: Under the general heading of Reactor Lattices are reported a new method of 
calculating resonance escape probabilities, results for the effective mass of a proton bound in the water 
molecule, and a comparison of similar techniques for calculating lattice constants developed independently 
by Hanford physicists and by a school of Russian physicists (as reported at the Geneva Conference). An 
estimate of maximum errors in f and eta for thermal systems is described. Experiments and analysis thereof 
on the effects of neutron streaming in air channels through a moderator are reported. Buckling calculations 
and experimental results are given for graphite lattices employing 1.17-inch diameter natural uranium slugs 
and 235U-Aluminum alloy slugs. An experimental measurement of the critical mass of an annular 
cylindrical array is described. Some measurements on, and the status of, construction of the Lattice Testing 
Reactor are reported. Under Instrumentation, development of a BF3 counter suitable for operation at 
elevated temperatures is described. A method of determining the screening parameter in the Thomas-Fermi 
model of the atom is given for use in calculating atomic displacements produced by radiations in crystals. 
Finally, calculated results are reported for chain-reacting concentration limits of uranium-plutonium-water 
systems. 
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Title: Exponential Pile Measurements in Water Moderated Lattices with Enriched Uranium-Water Rod 
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Abstract/Keyterms: This paper presents the results of a series of buckling measurements involving the use 
of enriched uranium rods (1.007% by weight uranium-235) in light water. The buckling was determined 
for two rod sizes, 0.925 inch and 1.66 inch in diameter. For the 0.925 inch rods the following water-to-
uranium-volume ratios were used and 2.15. The water-to-uranium-volume ratios used for the 1.66 inch rods 
were 0.86, 1.33, and 1.85. The information obtained with the preceding rod sizes and water-to-uranium-
volume ratios was sufficient (when coupled with existing data for other rod sizes) to estimate the maximum 
obtainable buckling as approximately 3600 E-6 cm-2 for 1.007% enriched uranium in light water. This 
would occur for a rod size of about 0.75 inch at a water-to-uranium-volume ratio of 2.1. A curve is given 
relating maximum buckling with water-to-uranium-volume ratio and rod diameter from which estimates 
may be made regarding criticality hazards with the 1.007% enriched uranium. The effect of replacing a 
water reflector with one of uranyl nitrate solution of two different concentrations, 536 and 188 grams of 
uranium per liter of solution was investigated for the 0.925 inch rods with the 1.74 water-to-uranium-
volume ratio in the core. Some information was also obtained on the extrapolation length to be used in 
unreflected cases. 
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Author: Bell, R. S. 

Title: Investigation Committee Report on D-Reactor Incident of January 6, 1956 

Date: 1/19/1956 

Report: HW-41006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: During a secondary cold start-up of the D-reactor on January 6, the predicted reactor 
criticality was in error and a power rise to a level of 50 megawatts was experienced in approximately 1.5-
2 minutes. Data obtained from the logarithmic chart recorder, associated with the modified proportional 
counter, indicated rising periods from 15.7 to 4.3 seconds. The latter value is believed to represent the 
shortest probable rising period. The reactor was not scrammed by the Beckman safety circuits because they 
had not been reset to low levels as required by Process Standard 105-C-040. As soon as it was known from 
the proportional counter response that an unusually fast rising period existed, horizontal control rod 
insertion was started and the reactor power level was halted at 50 megawatts. Incident details, observations 
and recommendations are included in this report. 
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6480…..…..…………………..…….……..……ID Number…………………..…..…………….6480 

Author: Ketzlach, N. 

Title: Nuclear Safety of Vessels in Arrays 

Date: 3/13/1956 

Report: HW-41899 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effects of interaction between vessels or units containing fissionable materials 
are important for safe handling, storage, and shipping. Expressions for the effect of neutron interaction on 
criticality were derived for cases of bare and tamped spheres as well as tamped, infinitely tall cylinders 
containing fissionable material. 



 

C-6494 

6481…..…..…………………..…….……..……ID Number…………………..…..…………….6481 

Author: Dickeman, R. L. 

Title: Administration of Nuclear Safety at Hanford 

Date: 4/10/1956 

Report: HW-42331 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Biology and Medicine; Arthropods; Fuel Elements; HAPO; Insects; Planning; Power 
Plants; Production; Reactor Safety; Reactors; Safety 



 

C-6495 

6482…..…..…………………..…….……..……ID Number…………………..…..…………….6482 

Author: Astley, E. R. 

Title: Pile Periods and the Inhour Equation Accounting for Delayed Neutron Groups from Fission of U235 
and Pu239 

Date: 4/27/1956 

Report: HW-42908 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Delayed Neutrons; Fission; Inhours; Neutron Flux; Numericals; Plutonium 
239; Reactivity; Reactors; Thermal Neutrons; Uranium 235; Variations 



 

C-6496 

6483…..…..…………………..…….……..……ID Number…………………..…..…………….6483 

Author: Judson, B. F. 

Title: Recuplex Nuclear Safety Equipment Revisions 

Date: 5/16/1956 

Report: HW-43081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A number of equipment revisions have been recommended by the Engineering 
Department for conversion of Recuplex to a manufacturing facility. These revisions include three items 
affecting the critical mass safety of the solvent extraction system: replacement of the bottom disengagement 
section of the H-3 stripping column with an always safe unit; replacement of the H-9 and H-10 intercolumn, 
organic phase surge tanks with always safe tanks; and replacement of the colorimetric plutonium monitors 
in the aqueous and organic raffinate streams with units insensitive to stream contaminants. This 
memorandum is intended to clarify the needs for these equipment revisions in achieving a safe and flexible 
operating system and to indicate the relative effects of revising each of the various equipment pieces 
separately. The general bases for the present criticality control measures in the solvent extraction system 
are reviewed briefly prior to discussion of the individual revisions. 



 

C-6497 

6484…..…..…………………..…….……..……ID Number…………………..…..…………….6484 

Author: n. a. 

Title: Physics Research Quarterly Report (for) January, February, March 1956 

Date: 5/31/1956 

Report: HW-43441 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Density; Energy Range; Enrichment; Exponential 
Piles; Graphite Moderator; Instruments; Interactions; Measured Values; Multiplication Factors; Neutron 
Flux; Plutonium 239; Pulse Analyzers; Reactivity; Reactors; Rods; Scattering; Temperature; Testing; 
Thermal Neutrons; Uranium; Vessels; Water Moderator 



 

C-6498 

6485…..…..…………………..…….……..……ID Number…………………..…..…………….6485 

Author: Clayton, E. D. / Lloyd, R. C. 

Title: Enriched Uranium-Graphite Lattices 

Date: 5/31/1956 

Report: HW-43441, 33-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to obtain information on possible lattice designs using enriched uranium and 
for checking lattice theory, a series of exponential experiments involving the use of enriched uranium 
(1.007% by weight uranium-235) in graphite lattices has been undertaken. These measurements are being 
made in small exponential piles, the lattice section being about four feet on a side and six feet in height. 



 

C-6499 

6486…..…..…………………..…….……..……ID Number…………………..…..…………….6486 

Author: Block, E. Z. 

Title: Cluster Rod Lattices with Natural Uranium 

Date: 5/31/1956 

Report: HW-43441, 37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling measurements with clusters of six and seven 0.925 inch rods in a 0.25 inch 
lattice were reported in HW-42182. The bucklings for a five rod cluster have now been determined, which 
completes this series of measurements in the 14 inch lattice. The dry buckling value for the five rod cluster 
is 83E-6 cm-2, and the wet value (water in the process tube) is-69E-6 cm-2. For the purpose of extending 
these measurements to another lattice spacing an exponential pile (about 5 feet x 8 feet x 7 feet) has been 
built with a lattice spacing of 10 3/8 inches. The buckling is to be determined for a five, six, and seven rod 
cluster with and without water in the process tube. Thus far the dry five rod cluster has been measured and 
a value of 63E-6 cm-2 obtained for the buckling. 



 

C-6500 

6487…..…..…………………..…….……..……ID Number…………………..…..…………….6487 

Author: Ketzlach, N. 

Title: Nuclear Safety of Right Elliptic and Right Annular Cylinders 

Date: 6/1/1956 

Report: HW-43463 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Configuration; Cylinders; Planning; Reactor Safety; Safety; Separation 
Processes; Vessels 



 

C-6501 

6488…..…..…………………..…….……..……ID Number…………………..…..…………….6488 

Author: Ketzlach, N. 

Title: Nuclear Safety Considerations in Reactor Fuels Processing Plant Design 

Date: 6/11/1956 

Report: HW-43579 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-6502 

6489…..…..…………………..…….……..……ID Number…………………..…..…………….6489 

Author: Heineman, R. E. / Lefevre, H. W. 

Title: The Reactivity Value of Highly Burned Plutonium in Thermal Reactors 

Date: 6/25/1956 

Report: HW-43922 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Conversion; Diagrams; Efficiency; Enrichment; Isotopes; Neutron 
Flux; Plutonium; Reactivity; Reactors; Thermal Neutrons 



 

C-6503 

6490…..…..…………………..…….……..……ID Number…………………..…..…………….6490 

Author: n. a. 

Title: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Date: 7/25/1956 

Report: HW-44525 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6504 

6491…..…..…………………..…….……..……ID Number…………………..…..…………….6491 

Author: Staff 

Title: Physics Research Quarterly Report April, May, June 1956 

Date: 7/25/1956 

Report: HW-44525 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Coolants; Critical Assemblies; Criticality; Cross 
Sections; Crystals; Energy; Energy Range; Equations; Fission; Fission Products; Fissionable Materials; 
Fuel Elements; Gold 197; Graphite Moderator; Heating; Homogeneous Reactors; Interactions; Mass; 
Measured Values; Multiplication Factors; Neutron Flux; Neutrons; Numericals; Personnel; Plutonium; 
Plutonium 239; Plutonium 240; Reactivity; Reactor Core; Reactors; Research Reactors; Rods; Safety; 
Stability; Temperature; Thermal Neutrons; Thermal Utilization; Uranium 235; Water; Water Moderator; 
Zones 



 

C-6505 

6492…..…..…………………..…….……..……ID Number…………………..…..…………….6492 

Author: Donahue, D. J. / Lanning, D. D. / Bennett, R. A. 

Title: k(inf) Values Measured in the LTR 

Date: 7/25/1956 

Report: HW-44525, 07 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6506 

6493…..…..…………………..…….……..……ID Number…………………..…..…………….6493 

Author: Lloyd, R. C. / Clayton, E. D. 

Title: Enriched Uranium-Graphite Lattices 

Date: 7/25/1956 

Report: HW-44525, 13-14 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6507 

6494…..…..…………………..…….……..……ID Number…………………..…..…………….6494 

Author: Richey, C. R. / Matsumoto, D. D. 

Title: Reactivity Calculations for a 1.36" solid fuel Element with Various Coolants 

Date: 7/25/1956 

Report: HW-44525, 22-25 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6508 

6495…..…..…………………..…….……..……ID Number…………………..…..…………….6495 

Author: Anthony, G. W. 

Title: Critical Enrichment of Uranium Compound-Water Mixtures 

Date: 7/25/1956 

Report: HW-44525, 26-27 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6509 

6496…..…..…………………..…….……..……ID Number…………………..…..…………….6496 

Author: Richey, C. R. / Matsumoto, D. D. 

Title: Moderator Control Calculations 

Date: 7/25/1956 

Report: HW-44525, 28-29 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6510 

6497…..…..…………………..…….……..……ID Number…………………..…..…………….6497 

Author: Clayton, E. D. / Block, E. Z. 

Title: Buckling Measurements with Enriched Hollow Fuel Elements in Light Water 

Date: 7/25/1956 

Report: HW-44525, 59-67 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6511 

6498…..…..…………………..…….……..……ID Number…………………..…..…………….6498 

Author: Ketzlach, Norman 

Title: Reactivity of Hollow Fuel Elements 

Date: 7/25/1956 

Report: HW-44525, 67-73 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1956 

Conference Session:  

Abstract/Keyterms:  



 

C-6512 

6499…..…..…………………..…….……..……ID Number…………………..…..…………….6499 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report July, August, September 1956 

Date: 11/5/1956 

Report: HW-47012 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling- Configuration- Exponential Piles- Fuel Elements- Graphite 
Moderator- Measured Values- Neutron Flux- Numericals- Reactors- Resonance Escape Probability- 
Temperature- Uranium- Water Moderator; Capture- Cross Sections- Electronic Equipment- Fission- Gold 
197- Measured Values- Neutrons- Plutonium 240- Slow Neutrons- Uranium 235 



 

C-6513 

6500…..…..…………………..…….……..……ID Number…………………..…..…………….6500 

Author: Block, E. Z. / Clayton, E. D. 

Title: Buckling Measurements with Enriched Fuel Elements in Light Water 

Date: 11/1/1956 

Report: HW-47012, 12-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of exponential measurements have been performed which involved the use 
of two different types of enriched fuel elements in light water. One type (1.44% by weight uranium-235) 
had an OD of 1.34 inches and a length of 8 inches. The second type was a hollow fuel element (1.66 inches 
OD, 0.94 inches ID) of enrichment 1.007% by weight uranium-235; the length of each of these elements 
was 4 inches. 



 

C-6514 

6501…..…..…………………..…….……..……ID Number…………………..…..…………….6501 

Author: n.a. 

Title: Hanford Laboratories operation monthly activities report, December 1956 

Date: 1/22/1957 

Report: HW-47858-Del. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the monthly report for the Hanford Laboratories Operation. Metallurgy, reactor 
fuels, physics and instrumentation, reactor technology, chemistry, separation processes, biology, financial 
activities, employee relations, laboratories auxiliaries, radiation protection, operation research, inventions, 
visits, and personnel status are discussed. This report is for December 1956. 



 

C-6515 

6502…..…..…………………..…….……..……ID Number…………………..…..…………….6502 

Author: Davis, M. V. 

Title: Doppler Coefficient of a Dilute System of U235 

Date: 1/18/1957 

Report: HW-47884 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cylinders; Density; HEW-305; Research Reactors; Solutions; Spectral Shift; 
Temperature; Uranium 235 



 

C-6516 

6503…..…..…………………..…….……..……ID Number…………………..…..…………….6503 

Author: Gustafson, L. D. 

Title: Application of Critical Mass Document HW-44064 to the Purex Process 

Date: 2/1/1957 

Report: HW-48325 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is a supplementary operating guide to document HW-44064,”Process 
Specifications for Critical Mass Control -- Purex Plant.” It is primarily intended that this document illustrate 
the actual operational means of conforming to the limits of critical mass control as presented in HW-44064 



 

C-6517 

6504…..…..…………………..…….……..……ID Number…………………..…..…………….6504 

Author: Moore, R. H. 

Title: Pyrochemical Separations Processes of Potential HAPO Interest 

Date: 2/18/1957 

Report: HW-48503 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two pyrochemical processes are considered and compared to present and proposed 
processes. A pyrochemical dissolution and head-end process using BiBr3 as solvent would possess all the 
advantages of other processes in addition to having lower operating temperature, less corrosion, and better 
reaction kinetics. A complete pyrochemical process producing decontaminated UF6 and partially 
decontaminated Pu(NG3)3 would offer the additional advantages over other processes of compactness, 
simplicity, less criticality problem, smaller waste volumes, and equal or better economic aspects. 



 

C-6518 

6505…..…..…………………..…….……..……ID Number…………………..…..…………….6505 

Author: Wittenbrock, N. G. ed. 

Title: Plutonium Recycle Test Reactor Preliminary Safeguards Analysis 

Date: 6/1/1958 

Report: HW-48800(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design, site, and operation of the PRTR, a vertical pressure tube type heavy water 
moderated and cooled 70 Mw(th) reactor, are presented. A revision of the preliminary safeguards analysis 
evaluating the design revisions and the further defined reactor physics constants has been completed. 



 

C-6519 

6506…..…..…………………..…….……..……ID Number…………………..…..…………….6506 

Author: Ketzlach, N. 

Title: Criticality Considerations in Final Cycle Processing of Enriched Uranium Fuels 

Date: 1/1/1957 

Report: HW-48873 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Criticality; Enrichment; Fuels; Irradiation; Reactors; Uranium; Uranium 
Trioxide 



 

C-6520 

6507…..…..…………………..…….……..……ID Number…………………..…..…………….6507 

Author: Ketzlach, N. 

Title: Critically Considerations in Final Cycle Processing of Enriched Uranium Fuels 

Date: 3/1/1957 

Report: HW-48873 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Criticality; Enrichment; Fuels; Irradiation; Reactors; Uranium; Uranium 
Trioxide 



 

C-6521 

6508…..…..…………………..…….……..……ID Number…………………..…..…………….6508 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report October, November, December 1956 

Date: 3/6/1957 

Report: HW-48893 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Cadmium; Electrons; Enrichment; Gold; Graphite Moderator; 
Interactions; Lattices; Multiplication Factors; PCTR; Reactors; Rods; Temperature; Uranium; Water 
Moderator 



 

C-6522 

6509…..…..…………………..…….……..……ID Number…………………..…..…………….6509 

Author: Block, E. Z. 

Title: Enriched Uranium-Water Lattices 

Date: 3/6/1957 

Report: HW-48893, 43-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of buckling measurements have been performed in the water-moderated 
lattices in which granular bismuth occupied the central void volume of enriched, cored, fuel elements. These 
experiments were carried out to investigate the effects of neutron streaming in the assemblies previously 
measured with air in the core. 



 

C-6523 

6510…..…..…………………..…….……..……ID Number…………………..…..…………….6510 

Author: Lloyd, R. C. 

Title: Enriched Uranium-Graphite Lattices 

Date: 3/6/1957 

Report: HW-48893, 44-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential pile measurements were conducted in the small (about 4 feet x 4 feet x 
6 feet) graphite piles with enriched uranium; the uranium enrichments used were 1.44% by weight uranium-
235, and 0.94% by weight uranium-235. Buckling measurements were continued with the 0.94% material 
which was in the form of 1.34-inch OD Solid fuel elements, 6 inches in length; the aluminum jacketed 
dimensions were 1.44-inch OD and 6.375 inches in length. Measurements were taken with and without 
water in the cooling annulus. The measurements flux was supplied by two 0.5-gram Ra-Be neutron sources 
and a small boron-trifluoride counter was used for neutron detection. 



 

C-6524 

6511…..…..…………………..…….……..……ID Number…………………..…..…………….6511 

Author: Anthony, G. W. 

Title: The Average Escape Probabilities for Once and Many Times Scattered Neutrons for a Slab 

Date: 3/22/1957 

Report: HW-49188 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Angular Distribution; Capture; Cross Sections; Distribution; Interactions; 
Neutrons; Plates; Reflection; Scattering; Thickness 



 

C-6525 

6512…..…..…………………..…….……..……ID Number…………………..…..…………….6512 

Author: Lanning, David D. 

Title: Comments on the Measurement of Material Buckling and K(Inf) 

Date: 4/17/1957 

Report: HW-49700 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Criticality; Enrichment; Graphite Moderator; Heavy Water 
Moderator; Measured Values; Natural Uranium Fuel; Planning; Poisoning; Reactor Core; Reactors; Xenon 



 

C-6526 

6513…..…..…………………..…….……..……ID Number…………………..…..…………….6513 

Author: Ketzlach, N. 

Title: Soluble Poisons for Slightly Enriched Uranium Systems 

Date: 5/9/1957 

Report: HW-50156 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study of B and Th poisoning of slightly enriched U235 heterogeneous and 
homogeneous systems has been made. This study indicates large processing plant capacity increases are 
possible by the incorporation of soluble neutron poisons. A tabulation of other readily available neutron 
poisons together with their poisoning effects has been made. The importance of being able to remove the 
neutron poisons when desired as well as having them present under all conditions where nuclear safety is 
dependent upon them has also been presented. 



 

C-6527 

6514…..…..…………………..…….……..……ID Number…………………..…..…………….6514 

Author: Clayton, E. D. 

Title: Exponential Measurements with Enriched Uranium in Graphite Lattices 

Date: 5/17/1957 

Report: HW-50257 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Beryllium 11; Beryllium 9; Buckling; Configuration; Criticality; 
Energy Levels; Excitation; Exponential Piles; Fuel Cans; Graphite; Ion Beams; Lattices; Leaks; Measured 
Values; Multiplication Factors; Nuclear Models; Parity; Protons; Reaction Kinetics; Targets; Thermal 
Neutrons; Tritons; Uranium 235 



 

C-6528 

6515…..…..…………………..…….……..……ID Number…………………..…..…………….6515 

Author: n. a. 

Title: Total Control Requirement: Hanford Piles 

Date: 5/21/1957 

Report: HW-50284, HAN-65701 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Allowing a Hanford reactor to attain a critical state after the coolant has been lost will 
not result in an appreciable increase in the fission products released to the surrounding country side. The 
fission product inventory within the reactor cannot be increased by as little as 1% by any conceivable 
excursion during a meltdown. In addition, damage to the Hanford reactor will be independent of whether a 
delayed critical state is reached or not. Since holding the reactor sub-critical will help neither the reactor 
plant nor the surrounding areas there is no reason to maintain the present control requirements. Instead, it 
is recommended that the control strength be sufficient to hold the pile sub-critical only until the process 
tubes have been rendered useless as cooling channels. 



 

C-6529 

6516…..…..…………………..…….……..……ID Number…………………..…..…………….6516 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report January, February, March 1957 

Date: 5/31/1957 

Report: HW-50598 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum- Buckling- Carbon- Configuration- Graphite- Lattices- Measured 
Values- Uranium 235- Water Coolant; Aluminum- Heavy Water- Lattices- Neutron Flux- Numericals- 
Rods- Thermal Neutrons- Uranium Dioxide; Capture- Cylinders- Lattices- Moderators- Neutrons- 
Numericals- Resonance- Rods- Uranium; Circuits- Coincidence Methods- Measured Values; 
Configuration- Cylinders- Lattices- Thermal Neutrons; Criticality- Reactors- Transport Theory; Diffusion- 
Graphite- Measured Values- Neutrons- Temperature; Lattices- Multiplication Factors- Reactors- Research 
Reactors- Standards- Thermal Fission Factor- Thermal Ne 



 

C-6530 

6517…..…..…………………..…….……..……ID Number…………………..…..…………….6517 

Author: Evans, T. F. 

Title: Continuous Dissolution of Uranium Fuel Elements in a Tower Dissolver 

Date: 6/18/1957 

Report: HW-51002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A continuous process for the dissolution of irradiated fuel elements is a potential 
means of solving criticality limitations in the dissolution of enriched uranium slugs and of achieving higher 
dissolver capacity in the Redox and Purex Plants. This report summarizes development studies aimed at 
determination of dissolution rates, effluent compositions, and effects of changes in operating conditions on 
mercury-catalyzed dissolution in a tower-type unit. 



 

C-6531 

6518…..…..…………………..…….……..……ID Number…………………..…..…………….6518 

Author: Lloyd, R. C. / Richey, C. R. 

Title: Temperature Coefficient of a Graphite-Uranium Lattice 

Date: 6/18/1957 

Report: HW-51008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Exponential Piles; Graphite; Measured Values; Natural Uranium 
Fuel; Numericals; Reactivity; Reactor Core; Temperature; Temperature Coefficient; Thermal Utilization; 
Uranium 



 

C-6532 

6519…..…..…………………..…….……..……ID Number…………………..…..…………….6519 

Author: Handler, H. E. 

Title: Progress Report on Experiments to Determine Infinite Multiplication Factors of Enriched UO3-H2O 
Mixtures 

Date: 7/1/1957 

Report: HW-51168 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program was initiated to find the maximum uranium-235 enrichment for mixtures 
of uranyl oxide and water and of uranyl nitrate and water which will be subcritical independent of both the 
hydrogen to uranium atomic ratio, H/U, and the volume of material. It was decided to use the PCTR for the 
experiments because of this substantially smaller material requirement and the accompanying savings in 
mechanical equipment and time. 



 

C-6533 

6520…..…..…………………..…….……..……ID Number…………………..…..…………….6520 

Author: Ketzlach, N. 

Title: Nuclear Safety in Processing Uranium Solutions of All Enrichments 

Date: 7/15/1957 

Report: HW-51364 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A set of relatively simple formulas has been presented to calculate the critical 
parameters for homogeneous solutions of uranium of all enrichments in water. Comparison of calculated 
values has been made with experimental ones where available. Rules for the use of the calculated data have 
also been presented. 



 

C-6534 

6521…..…..…………………..…….……..……ID Number…………………..…..…………….6521 

Author: Berberet, J. A. 

Title: Burst Magnitudes and Radiation Levels for the Proposed Critical Mass Laboratory 

Date: 8/14/1957 

Report: HW-51828 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: of the twelve unintentional "bursts" that have taken place in assemblies for making 
critical mass studies, the number of fissions in the largest was l.67 x 10/sup 17/. The average number of 
fissions is 4.7 x 10/sup 17/. Both fast and thermal systems as well as homogeneous and nonhomogencous 
systems were involved in these bursts. Using the history of these bursts together with a study of the proposed 
critical mass work as a basis, a burst of 3 x 10/sup 17/ fissions is set as the maximum expected. For design 
purposes it is recommended that a much more conservative value of 10/sup 18/ fissions be used for 
determining radiation limits. 



 

C-6535 

6522…..…..…………………..…….……..……ID Number…………………..…..…………….6522 

Author: Ketzlach, N. 

Title: Plutonium Metal Dissolution. Part II 

Date: 8/14/1957 

Report: HW-51937 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Inorganic, Organic, & Physical Chemistry-Chemical Properties; 
Criticality; Enrichment; Mass; Plutonium; Safety; Solubility; Uranium; Uranium 235; Water 



 

C-6536 

6523…..…..…………………..…….……..……ID Number…………………..…..…………….6523 

Author: Clayton, E. D. / Block, E. Z. 

Title: Buckling Measurements with Enriched Hollow Fuel Elements in Light Water Physics Research 
Quarterly Report 

Date: 8/1/1957 

Report: HW-51983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of exponential experiments has been completed in the water moderated 
lattices using hollow fuel elements enriched to 1.466% by weight uranium-235. These fuel elements are 
1.394-inch OD, 0.464-inch ID, and 8 inches long. A major purpose of the measurements was to determine 
how the experimental value of the buckling depended on the number of tubes in the assembly at various 
rod separations. The experiments were also intended to give some information concerning the reflector 
savings (for effectively infinite reflector) appropriate to large fuel elements. Heretofore, values of reflector 
savings have been estimated on the bases of water-to-uranium volume ratio from measurements performed 
at Brookhaven National Laboratory. 
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Author: Staff 

Title: Nuclear Physics Research Quarterly Report April, May, June 1957 

Date: 8/14/1957 

Report: HW-51983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Equations- Gases- Neutron Flux- Temperature; Boron- 
Criticality- Enrichment- Homogeneous Reactors- Hydrogen- Impurities- Poisoning- Preparation- 
Solutions- Uranium- Uranium 235- Uranium 238; Buckling- Critical Assemblies- Enrichment- Fuel 
Elements- Numericals- Solids- Water; Buckling- Enrichment- Lattices- Measured Values- Rods- Uranium- 
Water Moderator; Buckling- Graphite Moderator- Lattices- Measured Values- Rods- Uranium; 
Configuration- Distribution- Energy- Equations- Maxwell Distribution- Neutron Sources- Scattering- 
Spectra- Temperature; Configuration- Fuel Elements- Graphite Moderator 
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Author: Ketzlach, N. 

Title: Nuclear Safety Considerations in the Storage and Handling of Fuel Elements 

Date: 1/1/1957 

Report: HW-52279 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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6526…..…..…………………..…….……..……ID Number…………………..…..…………….6526 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report July, August, September 1957 

Date: 11/6/1957 

Report: HW-53492 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Summarizes PCTR measurements to determine the minimum critical enrichment of 
U-235 oxide (~1.03% as UO3) homogeneously mixed with water. 
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6527…..…..…………………..…….……..……ID Number…………………..…..…………….6527 

Author: Ketzlach, N. 

Title: Reactivity of Homogeneous Systems of Uranium of All Enrichments 

Date: 11/6/1957 

Report: HW-53492, 08-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Diffusion- Enrichment- Gases- Homogeneous Reactors- 
Impurities- Neutron Flux- Numericals- Polymers- Reactivity- Tables- Temperature- Thermal Neutrons; 
Aluminum Alloys- Cross Sections- Diffusion- Heavy Water Moderator- Impurities- Measured Values- 
Plutonium Alloys- Polymers- Rods- Slowdown- Tables; Cross Sections- Crystals- Diffraction- Diffusion- 
Energy Range- Fission- Impurities- Measured Values- Neutron Spectrometers- Plutonium 241- Polymers- 
Tables; Cross Sections- Diffusion- Energy- Fast Neutrons- Fission- Impurities- Measured Values- 
Polymers- Tables- Uranium 235- Variations; Cross Sections 
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Author: Heineman, R. E. / et al. 

Title: Measurements of K(inf) for D2O Moderated Clusters of UO2 and Pu-Al Rods 

Date: 11/6/1957 

Report: HW-53492, 30-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Diffusion- Enrichment- Gases- Homogeneous Reactors- 
Impurities- Neutron Flux- Numericals- Polymers- Reactivity- Tables- Temperature- Thermal Neutrons; 
Aluminum Alloys- Cross Sections- Diffusion- Heavy Water Moderator- Impurities- Measured Values- 
Plutonium Alloys- Polymers- Rods- Slowdown- Tables; Cross Sections- Crystals- Diffraction- Diffusion- 
Energy Range- Fission- Impurities- Measured Values- Neutron Spectrometers- Plutonium 241- Polymers- 
Tables; Cross Sections- Diffusion- Energy- Fast Neutrons- Fission- Impurities- Measured Values- 
Polymers- Tables- Uranium 235- Variations; Cross Sections 



 

C-6542 

6529…..…..…………………..…….……..……ID Number…………………..…..…………….6529 

Author: Handler, H. E. 

Title: Measurements of K(inf) of Homogeneous Mixtures of Enriched Uranyl Oxide and Water 

Date: 11/6/1957 

Report: HW-53492, 33-34 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Diffusion- Enrichment- Gases- Homogeneous Reactors- 
Impurities- Neutron Flux- Numericals- Polymers- Reactivity- Tables- Temperature- Thermal Neutrons; 
Aluminum Alloys- Cross Sections- Diffusion- Heavy Water Moderator- Impurities- Measured Values- 
Plutonium Alloys- Polymers- Rods- Slowdown- Tables; Cross Sections- Crystals- Diffraction- Diffusion- 
Energy Range- Fission- Impurities- Measured Values- Neutron Spectrometers- Plutonium 241- Polymers- 
Tables; Cross Sections- Diffusion- Energy- Fast Neutrons- Fission- Impurities- Measured Values- 
Polymers- Tables- Uranium 235- Variations; Cross Sections 
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6530…..…..…………………..…….……..……ID Number…………………..…..…………….6530 

Author: Ketzlach, N. 

Title: Nuclear Criticality in Handling and Processing Plutonium 

Date: 11/14/1957 

Report: HW-53618 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some of the nuclear safety considerations in the handling and processing of plutonium 
solutions as well as slurries of plutonium oxides in water whose bulk density is less than about 3.5 grams 
plutonium per cubic centimeter are presented. The dissolution of plutonium metal is mentioned briefly to 
illustrate some of the effects of surrounding metal by a solution of the same material. Criticality conditions 
for plutoniumaluminum alloys are not discussed at this time. 
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Author: Richey, C. R. 

Title: Correlation of Exponential Pile Results with Theory 

Date: 12/1/1957 

Report: HW-54591 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Staff 

Title: Nuclear Physics Research Quarterly Report October, November, December 1957 

Date: 3/5/1958 

Report: HW-54591 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Installation and calibration of the fast neutron time-offlight spectrometer were 
completed. Channel width uniformity and stability, data storage, and detector design are discussed. Neutron 
spectra obtained from the Be/ sup 9/ (d,n)B10 reaction were in agreement with energy level data. Time 
resolution of two millimicroseconds was obtained. Experimental results are plotted which show the 
variation in the ratio of the ternary to total fission cross sections of U235 with incident neutron energy. The 
results indicate the ratio is constant in the energy range 0.014 to 0.40 ev to a precision of 1%, and constant 
in the range 0.04 to 8.7 ev to a precision of 3 to 6%. A multichannel formula was developed far the analysis 
of fission cross sections where the compound nucleus formed has a few fission channels and many gamma 
decay channels open. Exponential pile measurements of material buckling were carried out with several 
different fuel elements and graphite-to-uranium ratios. Results obtained in cases with air coolant are 
correlated with theory. A theoretical attempt was made to explain the observed change in excess k in the 
Physical Constants Testing Reactor with the addition of buffer rod; the buffers being considered as line 
sources. Buckling measurements were made on random arrays of water moderated fuel elements to compare 
their buckling characteristics with uniform distributions. Material bucklings of graphite lattices with a solid 
1.66 in. natural uranium rod were measured as a function of lattice spacing in air, water, and biphenyl. 
Results are tabulated. Measurements of the infinite multiplication constant for homogeneous mixtures of 
water and UO3 with several enrichments were extended to include hydrogen-to-uranium ratios of about 
four. These and previous measurements are plotted as a function of H/U, with enrichment ss a parameter. 
The reflector savings of uranyl nitrate solutions of various uranium concentrations were determined relative 
to light water. Uranyl nitrate reflected, H2O moderated, rhomboid lattice assemblies were used. Stainless 
steel was used as a lattice container, and its effect on reflector savings was evaluated. The results are 
presented, and the experiments are described and discussed. Theoretical values of the ratio of fast to thermal 
fission were calculated for a number of rod sizes between 0.96 and 3.88 in. and compared with experimental 
values. Both theo retical and experimental determinations are discussed. A study was made of the reactivity 
of a spherical core surrounded by a reflector which can not be made critical by itself. Plots of extrapolation 
length versus core material buckling and critical mass versus core material buckling are given. The effects 
of water density on the criticality of slightly enriched homogeneous systems were determined. Calculated 
critical pararaters, with and without the density correction, are given for 4.9, 3.0, and 1.5% enriched U235 
systems. (For preceding period see HW-53492.) 
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Author: Lloyd, R. C. 

Title: Buckling Measurements of Fuel Elements in a Random Array, Water Moderated. Nuclear Physics 
Research Quarterly Report 

Date: 3/5/1958 

Report: HW-54591, 35-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling measurements of random arrays of low enrichment uranium-235 fuel 
elements have been made to see if such configurations would have bucklings significantly less than those 
resulting from uniform distribution of fuel elements. 
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Author: Handler, H. E. 

Title: Measurements of k(inf) for Homogeneous Mixtures of Enriched Uranium Oxide and Water. Nuclear 
Physics Research Quarterly Report 

Date: 3/5/1958 

Report: HW-54591, 41-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Installation and calibration of the fast neutron time-of flight spectrometer were 
completed. Channel width uniformity and stability, data storage, and detector design are discussed. Neutron 
spectra obtained from the Be/ sup 9/ (d,n)B10 reaction were in agreement with energy level data. Time 
resolution of two millimicroseconds was obtained. Experimental results are plotted which show the 
variation in the ratio of the ternary to total fission cross sections of U235 with incident neutron energy. The 
results indicate the ratio is constant in the energy range 0.014 to 0.40 ev to a precision of 1%, and constant 
in the range 0.04 to 8.7 ev to a precision of 3 to 6%. A multichannel formula was developed far the analysis 
of fission cross sections where the compound nucleus formed has a few fission channels and many gamma 
decay channels open. Exponential pile measurements of material buckling were carried out with several 
different fuel elements and graphite-to-uranium ratios. Results obtained in cases with air coolant are 
correlated with theory. A theoretical attempt was made to explain the observed change in excess k in the 
Physical Constants Testing Reactor with the addition of buffer rod; the buffers being considered as line 
sources. Buckling messurements were made on random arrays of water moderated fuel elements to compare 
their buckling characteristics with uniform distributions. Material bucklings of graphite lattices with a solid 
1.66 in. natural uranium rod were measured as a function of lattice spacing in air, water, and biphenyl. 
Results are tabulated. Measurements of the infinite multiplication constant for homogeneous mixtures of 
water and UO3 with several enrichments were extended to include hydrogen-to-uranium ratios of about 
four. These and previous measurements are plotted as a function of H/U, with enrichment ss a parameter. 
The reflector savings of uranyl nitrate solutions of various uranium concentrations were determined relative 
to light water. Uranyl nitrate reflected, H2O moderated, rhomboid lattice assemblies were used. Stainless 
steel was used as a lattice container, and its effect on reflector savings was evaluated. The results are 
presented, and the experiments are described and discussed. Theoretical values of the ratio of fast to thermal 
fission were calculated for a number of rod sizes between 0.96 and 3.88 in. and compared with experimental 
values. Both theoretical and experimental determinations are discussed. A study was made of the reactivity 
of a spherical core surrounded by a reflector which cannot be made critical by itself. Plots of extrapolation 
length versus core material buckling and critical mass versus core material buckling are given. The effects 
of water density on the criticality of slightly enriched homogeneous systems were determined. Calculated 
critical parameters, with and without the density correction, are given for 4.9, 3.0, and 1.5% enriched U235 
systems. (For preceding period see HW-53492.) 
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Author: Bennett, R. A. / Block, E. Z. 

Title: Reflector Savings of One Per Cent Enriched Uranyl-Nitrate 

Date: 3/5/1958 

Report: HW-54591, 43-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Installation and calibration of the fast neutron time-of flight spectrometer were 
completed. Channel width uniformity and stability, data storage, and detector design are discussed. Neutron 
spectra obtained from the Be/ sup 9/ (d,n)B10 reaction were in agreement with energy level data. Time 
resolution of two millimicroseconds was obtained. Experimental results are plotted which show the 
variation in the ratio of the ternary to total fission cross sections of U235 with incident neutron energy. The 
results indicate the ratio is constant in the energy range 0.014 to 0.40 ev to a precision of 1%, and constant 
in the range 0.04 to 8.7 ev to a precision of 3 to 6%. A multichannel formula was developed far the analysis 
of fission cross sections where the compound nucleus formed has a few fission channels and many gamma 
decay channels open. Exponential pile measurements of material buckling were carried out with several 
different fuel elements and graphite-to-uranium ratios. Results obtained in cases with air coolant are 
correlated with theory. A theoretical attempt was made to explain the observed change in excess k in the 
Physical Constants Testing Reactor with the addition of buffer rod; the buffers being considered as line 
sources. Buckling measurements were made on random arrays of water moderated fuel elements to compare 
their buckling characteristics with uniform distributions. Material bucklings of graphite lattices with a solid 
1.66 in. natural uranium rod were measured as a function of lattice spacing in air, water, and biphenyl. 
Results are tabulated. Measurements of the infinite multiplication constant for homogeneous mixtures of 
water and UO3 with several enrichments were extended to include hydrogen-to-uranium ratios of about 
four. These and previous measurements are plotted as a function of H/U, with enrichment ss a parameter. 
The reflector savings of uranyl nitrate solutions of various uranium concentrations were determined relative 
to light water. Uranyl nitrate reflected, H2O moderated, rhomboid lattice assemblies were used. Stainless 
steel was used as a lattice container, and its effect on reflector savings was evaluated. The results are 
presented, and the experiments are described and discussed. Theoretical values of the ratio of fast to thermal 
fission were calculated for a number of rod sizes between 0.96 and 3.88 in. and compared with experimental 
values. Both theo retical and experimental determinations are discussed. A study was made of the reactivity 
of a spherical core surrounded by a reflector which can not be made critical by itself. Plots of extrapolation 
length versus core material buckling and critical mass versus core material buckling are given. The effects 
of water density on the criticality of slightly enriched homogeneous systems were determined. Calculated 
critical pararaters, with and without the density correction, are given for 4.9, 3.0, and 1.5% enriched U235 
systems. (For preceding period see HW-53492.) 
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Author: Ketzlach, N. 

Title: Water Density Effect on Criticality of Slightly Enriched Homogeneous Systems 

Date: 3/5/1958 

Report: HW-54591, 78-83 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Installation and calibration of the fast neutron time-of flight spectrometer were 
completed. Channel width uniformity and stability, data storage, and detector design are discussed. Neutron 
spectra obtained from the Be/ sup 9/ (d,n)B10 reaction were in agreement with energy level data. Time 
resolution of two millimicroseconds was obtained. Experimental results are plotted which show the 
variation in the ratio of the ternary to total fission cross sections of U235 with incident neutron energy. The 
results indicate the ratio is constant in the energy range 0.014 to 0.40 ev to a precision of 1%, and constant 
in the range 0.04 to 8.7 ev to a precision of 3 to 6%. A multichannel formula was developed far the analysis 
of fission cross sections where the compound nucleus formed has a few fission channels and many gamma 
decay channels open. Exponential pile measurements of material buckling were carried out with several 
different fuel elements and graphite-to-uranium ratios. Results obtained in cases with air coolant are 
correlated with theory. A theoretical attempt was made to explain the observed change in excess k in the 
Physical Constants Testing Reactor with the addition of buffer rod; the buffers being considered as line 
sources. Buckling measurements were made on random arrays of water moderated fuel elements to compare 
their buckling characteristics with uniform distributions. Material bucklings of graphite lattices with a solid 
1.66 in. natural uranium rod were measured as a function of lattice spacing in air, water, and biphenyl. 
Results are tabulated. Measurements of the infinite multiplication constant for homogeneous mixtures of 
water and UO3 with several enrichments were extended to include hydrogen-to-uranium ratios of about 
four. These and previous measurements are plotted as a function of H/U, with enrichment ss a parameter. 
The reflector savings of uranyl nitrate solutions of various uranium concentrations were determined relative 
to light water. Uranyl nitrate reflected, H2O moderated, rhomboid lattice assemblies were used. Stainless 
steel was used as a lattice container, and its effect on reflector savings was evaluated. The results are 
presented, and the experiments are described and discussed. Theoretical values of the ratio of fast to thermal 
fission were calculated for a number of rod sizes between 0.96 and 3.88 in. and compared with experimental 
values. Both theo retical and experimental determinations are discussed. A study was made of the reactivity 
of a spherical core surrounded by a reflector which can not be made critical by itself. Plots of extrapolation 
length versus core material buckling and critical mass versus core material buckling are given. The effects 
of water density on the criticality of slightly enriched homogeneous systems were determined. Calculated 
critical parameters, with and without the density correction, are given for 4.9, 3.0, and 1.5% enriched U235 
systems. (For preceding period see HW-53492.) 
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Author: Ketzlach, Norman 

Title: Reactivity of Neutron Reflected Systems 

Date: 1/21/1958 

Report: HW-54637 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Theory is developed can calculations are given which show that in determining how 
much enriched uranium can be surrounded by natural uranium, the size of the container must be considered, 
as an infinite amount of irradiated natural uranium could possibly be made critical by itself. 
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Author: n.a. 

Title: A Parametric Study of the Gas-Cooled Reactor Concept 

Date: 3/1/1958 

Report: HW-54727(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A summary of the parametric study results, the selection of the reactor concept for 
farther analysis in Phase III of the HAPO study program, a discussion of the parametric study, and a review 
of areas of process technology requiring additional study and development are presented. Rough cost 
estimates of 8 mils/ kwh when using private financing rates of 15% capital charges per year and a by- 
product plutonium value of /g resulted in a number of cases considered. 
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Author: Ketzlach, N. / Cahoon, R. D. / Stevenson, R. L. 

Title: Nuclear Safety in the Processing of Slightly Enriched Uranium Fuels 

Date: 1/1/1958 

Report: HW-54759 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made of the criticality parameters in the processing of slightly enriched 
fuel elements. The criticality parameters for several processing schemes are presented. Some of the types 
of experiments necessary to 
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Author: Tomlinson, R. E. 

Title: E-Metal Dissolvers, Redox 

Date: 2/19/1958 

Report: HW-55014-RD 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In December 1957, the proposal for Project CG-772, ``E-Metal Dissolvers -- Redox`` 
was returned for reconsideration in order that the units might be designed to accommodate higher 
enrichment fuels, if practical. Alternate design approaches have been under consideration since that time. 
It is the purpose of this document to summarize the parameters involved and to present the recommendation 
developed from the joint thinking of Hanford Laboratories, Research and Engineering, Facilities 
Engineering, and Redox Operation. 
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Author: Ketzlach, N. 

Title: Plutonium-Aluminum Alloy Criticality 

Date: 2/28/1958 

Report: HW-55173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical conditions were determined theoretically for water-moderated and 
unmoderated systems of plutonium oxides and fluorides as well as those of plutonium-aluminum alloy 
materials. Since there are no experimental data available, the results presented should be considered as 
estimates until their validity is verified by experiment. 
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Author: Ketzlach, N. 

Title: Nuclear Safety in Plutonium Metal Dissolution 

Date: 4/11/1958 

Report: HW-55707 (del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental evidence as well as theoretical considerations are presented which 
indicate that a plutonium metal--plutonium solution system can be more reactive than either one alone. 
More experiments as well as further theoretical development are required to achieve a better understanding 
of such systems. 
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Title: Nuclear Safety in the Processing of Slightly Enriched Uranium Fuels 
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Report: HW-55789, 14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Staff 

Title: Nuclear Physics Research Quarterly Report January, February, March 1958 

Date: 4/29/1958 

Report: HW-55879 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Pu239 and Pu/sup 241/ fission cross sections were measured relative to the l/v 
boron cross section using a thin window parallel plate ionization chamber containing foils of boron, Pu239/, 
and Pu/sup 241/. Total cross section results in the low energy region are tabulated 
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Author: Lloyd, R. C. 

Title: Nuclear Safety Specifications for Enriched Uranium in the 1.25-2% Range 

Date: 4/29/1958 

Report: HW-55879, 09-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling measurements were made with 1.6% enriched uranium and water 
moderated systems to determine critical masses for nuclear safety specifications. The fuel elements were 
1.39 inches in OD with 0.464 inch ID; they were placed in 3S aluminum tubing which was 1.5 inches in 
OD with a 0.049-inch wall thickness; five eight-inch fuel elements were placed in each tube. The loadings 
of these fuel rods into hexagonal lattice frameworks were made by critical approach techniques. The neutron 
flux was measured with four BF3 counters placed at various positions in the assembly. 
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Author: Lloyd, R. C. 

Title: Buckling Measurements for Fuel Elements in a Random Array 

Date: 4/29/1958 

Report: HW-55879, 12-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling measurements of fuel elements in a random array were continued. Two 
hundred and twenty-five canned I & E elements of 1.44% enriched uranium were dropped randomly into a 
tank, which was water filled and reflected on the sides and bottom. The uranium slugs were 1.37 inches OD 
and 0.48 ID and eight inches long. The canned dimensions were 1.47 inches OD, 0.37 inch ID and 8.6 
inches long. 
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Author: Engesser, F. C. / Lilley, J. R. 

Title: Plutonium Spike Enrichment 

Date: 4/29/1958 

Report: HW-55879, 16-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The infinite medium, thermal neutron multiplication factor, k(inf), has been obtained 
experimentally for a heavy-water moderated, air-cooled unit cell (supercell) which is actually a 
configuration of seven fuel assemblies having an eight-inch spacing. The central column of the supercell 
contains a 19-rod cluster of plutonium-aluminum fuel elements and is surrounded by six nearest neighbors 
of 19-rod clusters of uranium oxide fuel elements. This k(inf) yields information concerning the effect of 
uniformly distributed enrichment columns on the multiplication constant of a lattice and is furnished in 
support of the design studies for the plutonium recycle test reactor. The value obtained for k(inf) of the 
supercell was 1.126 with a minimum standard deviation of five mk and an estimated maximum error of 10 
mk. This result may be compared to the k(inf) of 19-rod clusters in which the plutonium-aluminum elements 
are mixed with uranium-oxide fuel elements. The reactivity advantage in separating the plutonium from the 
uranium results in about a 20% saving in fuel for the same k(inf). 
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Title: K(inf) Measurements for a Three Piece, Annular Uranium Dioxide Fuel Element in an 8 Inch 
Triangular Heavy Water Lattice 

Date: 4/29/1958 

Report: HW-55879, 24-25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In support of design studies for the plutonium recycle test reactor, measurements of 
the infinite multiplication factor, k(inf), of deuterium-oxide moderated lattices are being continued in the 
physical constants testing reactor. The latest measurements were made on a uranium-oxide fuel element 
consisting of a central rod and two concentric annuli of fuel. In addition, the thermal utilization, was 
measured. 
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Title: A Re-Optimization of Several Process Parameters for the Gas Cooled Reactor Concept 

Date: 6/30/1958 

Report: HW-56009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Canning; Configuration; Coolant Loops; Coolants; Criticality; 
Density; Economics; Efficiency; Enrichment; Equations; Errors; Fuel Elements; Fuels; Gas Coolant; Gas 
Flow; Graphite Moderator; High Temperature; Multiplication Factors; Numericals; Power; Power Plants; 
Reactivity; Reactor Core; Reactors; Resonance Escape Probability; Stainless Steels; Temperature; Thermal 
Utilization; Uranium; Variations; Zones 
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Title: Nuclear Safety of Iron-Encased Fuel Elements 

Date: 6/17/1958 

Report: HW-56423 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made of the reactivity of water flooded arrays of 0.95% enriched U235 
fuel elements encased in aluminum and iron pipes. The feasibility of making large arrays of low U235 
enrichment safe for shipping and storing was determined. Lattice calculations for solid and I and E fuel 
elements when bare, and encased in 1/8 and 1/4 inch pipe were made. Buckling measurements were made 
on 1.34 in. diam. solid rods in 0.049 in. thick iron pipe. 
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Author: Richey, C. R. 

Title: Lattice Calculations Based on Exponential Pile Results 

Date: 9/8/1958 

Report: HW-56646 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results obtained from the exponential pile expert-ments at Hanford have been 
correlated with theoretical methods for calculating lattice parameters. An effective resonance integral was 
obtained from this correlation which allows one to compute resonance escape probabilities with a good 
degree of accuracy. Comparisons are made of calculated lattice parameters and those determined 
experimentally. 
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Title: Process Specifications for Critical Mass Control: Purex Plant. Revision No. 2 

Date: 7/30/1958 

Report: HW-56913 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is Revision No. 2 of the “Process Specifications for Critical Mass 
Control -- Purex Plant.” It encompasses the changes in flowsheet, equipment and plant operating philosophy 
that have developed since the plant startup. It supersedes Document HW-44064 (Revision No. 1). 
Plutonium-239 and uranium-235, either as the metals or as dissolved or solid compounds are capable of 
spontaneous and violent nuclear reactions. Following initial dissolution of irradiated natural uranium fuel 
elements the Purex Plant is normally involved in the processing of liquid solutions containing these 
isotopes. However, in Purex Plant solutions, uranium-235 is invariably associated with a large fraction of 
neutron-absorbing uranium-238, a condition which precludes the possibility of a nuclear reaction. (These 
specifications are based on the premise that no enriched uranium is processed in the Purex Plant.) 
Plutonium-239, on the other hand, is separated from uranium by means of the Purex process; and even prior 
(process-wise) to its separation, the ratio of plutonium to uranium must be controlled during the off-standard 
conditions of plutonium rework or recycle. Critical mass control in the Purex Plant is concerned solely with 
prevention of nuclear reactions of plutonim-239, which has been produced by irradiation of natural uranium 
fuel elements. 
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6553…..…..…………………..…….……..……ID Number…………………..…..…………….6553 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report April, May, June 1958 

Date: 7/21/1958 

Report: HW-56919 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Distribution- Gases- Group Theory- Mass- 
Neutron Flux- Numericals- Temperature- Thermal Neutrons; Americium 241- Cross Sections- Energy 
Range- Epithermal Neutrons- Fission- Neptunium 237- Neutrons- Reactors; Buckling- Configuration- Fuel 
Elements- Graphite Moderator- Measured Values- Natural Uranium Fuel- Rods; Buckling- Configuration- 
Fuel Elements- Measured Values- Reactors; Capture- Criticality- Cross Sections- Fission- Natural Uranium 
Fuel- Neutrons- Numericals- Water Moderator; Coating- Criticality- Density- Enrichment- Mass- 
Measured Values- Oralloy- Reactor Core- Reflectors- Uranium- 
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6554…..…..…………………..…….……..……ID Number…………………..…..…………….6554 

Author: Lloyd, R. C. 

Title: Buckling Measurements for Fuel Elements in a Random Array Versus a Uniform Array 

Date: 7/21/1958 

Report: HW-56919, 20-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Distribution- Gases- Group Theory- Mass- 
Neutron Flux- Numericals- Temperature- Thermal Neutrons; Americium 241- Cross Sections- Energy 
Range- Epithermal Neutrons- Fission- Neptunium 237- Neutrons- Reactors; Buckling- Configuration- Fuel 
Elements- Graphite Moderator- Measured Values- Natural Uranium Fuel- Rods; Buckling- Configuration- 
Fuel Elements- Measured Values- Reactors; Capture- Criticality- Cross Sections- Fission- Natural Uranium 
Fuel- Neutrons- Numericals- Water Moderator; Coating- Criticality- Density- Enrichment- Mass- 
Measured Values- Oralloy- Reactor Core- Reflectors- Uranium- 
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Author: Lloyd, R. C. / Clayton, E. D. / Handler, H. E. 

Title: Criticality Parameters for Lattices with 1.6% Enriched Uranium Rods in Light Water 

Date: 7/21/1958 

Report: HW-56919, 22-24 

Conference/Journal:  

Conference Session: Basic Data 

Abstract/Keyterms: Measurements of the number of fuel rods required for criticality for several lattices 
with 1.6% enriched uranium rods and light water moderator and reflector have been completed using the 
"approach-to-criticality" method. The experiments were performed using the stainless-steel approach tank 
and auxiliary equipment recently installed in the 305-B building for similar criticality studies on 
heterogeneous systems with 3% enriched uranium. The purposes of these measurements were twofold: (1) 
to compare their results with the number of fuel rods for criticality predicted by previous exponential 
experiments as a check on the validity of the latter for small systems. (2.) to check the instrumentation and 
mechanical apparatus associated with the approach tank and to develop a safe, reliable experimental 
technique using lattices with reasonably well-known properties in preparation for the investigations of the 
3% enriched lattices. 
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6556…..…..…………………..…….……..……ID Number…………………..…..…………….6556 

Author: Berberet, J. A. / Neeley, V. I. 

Title: The Measurement of k(inf) of Three Percent Enriched UO3 Hydrogen Moderated Systems 

Date: 7/21/1958 

Report: HW-56919, 25-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Distribution- Gases- Group Theory- Mass- 
Neutron Flux- Numericals- Temperature- Thermal Neutrons; Americium 241- Cross Sections- Energy 
Range- Epithermal Neutrons- Fission- Neptunium 237- Neutrons- Reactors; Buckling- Configuration- Fuel 
Elements- Graphite Moderator- Measured Values- Natural Uranium Fuel- Rods; Buckling- Configuration- 
Fuel Elements- Measured Values- Reactors; Capture- Criticality- Cross Sections- Fission- Natural Uranium 
Fuel- Neutrons- Numericals- Water Moderator; Coating- Criticality- Density- Enrichment- Mass- 
Measured Values- Oralloy- Reactor Core- Reflectors- Uranium- 
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Author: Ketzlach, N. / Lloyd, R. C. 

Title: Nuclear Safety of Iron Encased Fuel Elements 

Date: 7/21/1958 

Report: HW-56919, 27-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made of the reactivity of water flooded arrays of 0.95% enriched U235 
fuel elements encased in aluminum and iron pipes. The feasibility of making large arrays of low U235 
enrichment safe for shipping and storing was determined. Lattice calculations for solid and I and E fuel 
elements when bare, and encased in 1/8 and 1/4 inch pipe were made. Buckling measurements were made 
on 1.34 in. diam. solid rods in 0.049 in. thick iron pipe. 
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6558…..…..…………………..…….……..……ID Number…………………..…..…………….6558 

Author: Ketzlach, N. 

Title: Criticality of Unirradiated Natural Uranium 

Date: 7/21/1958 

Report: HW-56919, 29-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Distribution- Gases- Group Theory- Mass- 
Neutron Flux- Numericals- Temperature- Thermal Neutrons; Americium 241- Cross Sections- Energy 
Range- Epithermal Neutrons- Fission- Neptunium 237- Neutrons- Reactors; Buckling- Configuration- Fuel 
Elements- Graphite Moderator- Measured Values- Natural Uranium Fuel- Rods; Buckling- Configuration- 
Fuel Elements- Measured Values- Reactors; Capture- Criticality- Cross Sections- Fission- Natural Uranium 
Fuel- Neutrons- Numericals- Water Moderator; Coating- Criticality- Density- Enrichment- Mass- 
Measured Values- Oralloy- Reactor Core- Reflectors- Uranium- 
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6559…..…..…………………..…….……..……ID Number…………………..…..…………….6559 

Author: Ketzlach, N. 

Title: Method for Criticality Calculations for Systems of Reduced Density 

Date: 7/21/1958 

Report: HW-56919, 34-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Distribution- Gases- Group Theory- Mass- 
Neutron Flux- Numericals- Temperature- Thermal Neutrons; Americium 241- Cross Sections- Energy 
Range- Epithermal Neutrons- Fission- Neptunium 237- Neutrons- Reactors; Buckling- Configuration- Fuel 
Elements- Graphite Moderator- Measured Values- Natural Uranium Fuel- Rods; Buckling- Configuration- 
Fuel Elements- Measured Values- Reactors; Capture- Criticality- Cross Sections- Fission- Natural Uranium 
Fuel- Neutrons- Numericals- Water Moderator; Coating- Criticality- Density- Enrichment- Mass- 
Measured Values- Oralloy- Reactor Core- Reflectors- Uranium- 
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Author: Ketzlach, N. 

Title: Criticality of Highly Enriched U-235 Fuels 

Date: 1/1/1958 

Report: HW-56938 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Berberet, J. A. / Healy, J. W. / Clayton, E. D. 

Title: Preliminary Hazards Study of the Hanford Plutonium Critical Mass Laboratory 

Date: 9/30/1958 

Report: HW-57603 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A facility is described for use in criticality and physical property studies of plutonium 
systems encountered in radiochemical methods of processing plutonium from reactor fuels. A proposed 
program of studies is outlined. A description of the proposed facility, site characteristics, and environment 
is included. Special design features to ensure an efficient and safe facility, experimental equipment, and 
experimental techniques are discussed. Four figures illustrate design features. Basic hazards which may be 
encountered are reviewed. General safety rules for plutonium handling are appended. 



 

C-6575 

6562…..…..…………………..…….……..……ID Number…………………..…..…………….6562 

Author: Joanou, G. D. 

Title: A Variational Method for Calculating Geometrical Bucklings 

Date: 10/8/1958 

Report: HW-57709 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A variattonal method is described for determining geometrical buckling for reactors 
with unsymmetrical or odd shapes. 



 

C-6576 

6563…..…..…………………..…….……..……ID Number…………………..…..…………….6563 

Author: Lloyd, R. C. 

Title: Buckling Measurements of Fuel Elements in Random Arrays 

Date: 10/21/1958 

Report: HW-57853 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Processing enriched uranium in plants designed to handle natural uranium can result 
in criticality hazards unless adequate procedures are adopted to insure safety in the operations. Dissolver 
vessels which are safe for full containment with natural uranium may not be subcritical when filled with 
slightly enriched uranium under the same conditions. Buckling measurements have been made with 
enriched uranium fuel elements in a uniform distribution for which critical mass limits could then be given. 
In the dissolution process the fuel elements are dumped at random into the dissolvers. 
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6564…..…..…………………..…….……..……ID Number…………………..…..…………….6564 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report July, August, September 1958 

Date: 10/20/1958 

Report: HW-57861 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Americium 241; Buckling; Configuration; Criticality; Cross Sections; 
Density; Enrichment; Equations; Errors; Fast Fission Factor; Fission; Fuel Elements; Gases; Mass; 
Measured Values; Metals; Moderators; Multiplication Factors; Neutron Flux; Numericals; Power Plants; 
Reactivity; Reactor Core; Reflectors; Resonance Escape Probability; Rods; Standards; Temperature; 
Thermal Neutrons; Thermal Utilization; Transport Theory; Uranium; Uranium 235; Uranium Dioxide; 
Variations; Water; Water Moderator; Zones 
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Author: Lloyd, R. C. / Smith, R. B. 

Title: Criticality Measurements on Heterogeneous 3.1% Enriched Uranium-Water Systems 

Date: 10/20/1958 

Report: HW-57861, 10-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design of efficient systems for processing spent power reactor fuel elements 
requires information on the critical masses of the uranium involved. To obtain some of the needed 
information, approach-to-critical type experiments are being carried out with light water moderated and 
reflected hexagonal lattices of enriched solid fuel elements; the uranium-235 content is 3.063% by weight. 
Experiments were planned for fuel elements of 0.925, 0.600, and 0.300 inches OD With various lattice 
spacings. Thus far, experiments using the 0.925-inch OD Fuel elements at five lattice spacings have been 
completed and the results are reported here. For fuel elements of this diameter, approach experiments were 
separately made for each of two different fuel column lengths, 16 and 24 inches respectively. 
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6566…..…..…………………..…….……..……ID Number…………………..…..…………….6566 

Author: Ketzlach, N. 

Title: Criticality of Highly Enriched U-235 Fuels 

Date: 10/20/1958 

Report: HW-57861, 16-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Theoretical Physics. Values are given for the numerical constant C/sub n/ in the 
equation for-thermal neutron flux in a nonabsorbing heavy gas medium with a temperature discontinuity. 
Experimental Nuclear Physics. Errors in previous measurements of the slow neutron fission cross section 
of Am/sup 241/ made new measurements on a new sample necessary. The new results are given. Critical 
Mass Physics. Results are given from the approach-to-critical experiments with 3.01 wt.% U235 U fuel 
elements, 0.925-in. outside diam., arranged in light-water moderated and reflected hexagonal lattices of 
various spacings: Results of buckling calculations for 3%-enriched UO2 rod--water lattices and 5%enriched 
U rod--water lattices are given. The development of a semi-empirical formulation for simplifying 
calculations of the fast effect for U metal and UO2 fuel elements in light water is presented. Fuel element 
enrichment, rod size, and lattice spacing are the variables considered. (For preceding period see HW-569l9.) 
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Author: n. a. 

Title: Soluble Poison for Slightly Enriched Uranium 

Date: 12:00:00 AM 

Report: HW-57983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Ketzlach, N. 

Title: Nuclear Safety in Processing Less Than 5.0% Enriched Reactor Fuels 

Date: 12/11/1958 

Report: HW-58049 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Processing of reactor fuels in which the initial enrichment is less than 5% U235 is 
considered. The critical parameters for heterogeneous systems of fuel in water or in uranium solutions as 
well as homogeneous solutions of fuel and water are examined. In addition, nuclear safety in the use of 
boron poisoning to increase safe batch sizes and in the use of safe vessel geometries is discussed. A 
cartridge-type dissolver system for fuel elements is described, and it is pointed out that experiments to 
determine the neutron reflecting properties of enriched uranium solutions surrounding vessels are justified. 
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Author: Dickeman, R. I. 

Title: Nuclear Safety of E-N Loadings 

Date: 12/5/1958 

Report: HW-58449 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Reactor Technology-- Reactor Safety; Nuclear Reactor Technology-- 
Research, Test & Experimental Reactors; Hanford Production Reactors-- Loss of Coolant; Criticality; Fuel 
Elements; Heat Transfer; Hydraulics; Meltdown; Reactor Safety 
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6570…..…..…………………..…….……..……ID Number…………………..…..…………….6570 

Author: Faulkner, J. E. 

Title: Nuclear Physics Research Operation. Monthly Report, November 1958 

Date: 12/10/1958 

Report: HW-58485 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is a summary of projects worked on in support of the production reactors 
at Hanford. The projects include criticality studies, from tasks associated with fuel element reprocessing to 
shipments of slightly enriched uranium. They include studies of neutron cross sections for different 
reactions and neutron flux measurements in different reactor locations, as well as design studies for future 
reactor projects. 
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6571…..…..…………………..…….……..……ID Number…………………..…..…………….6571 

Author: Joanou, G. D. 

Title: Correlation of Exponential and PCTR Measurements on Cluster Fuel Elements with Theory 

Date: 12/31/1958 

Report: HW-58678 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recent improvements in methods of lattice parameter calculation are reported. By 
refinement of conventional calculation methods, successful applications to cases of cluster fuel elements 
were found. The model used is described, and the resonance escape probability integral, fast effect, fission 
neutron release to neutron fuel capture ratio, and thermal utilization are calculated. In addition, the diffusion 
length and fermi age were calculated as well as neutron streaming and density corrections. The experimental 
work is described, and a comparison of theoretical and experimental results is made. 
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Author: Clayton, E. D. 

Title: Nuclear Safety of Fissile Materials 

Date: 2/11/1959 

Report: HW-59066 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The usual procedure followed in critical mass experiments is either to place the 
potential reactor in a heavily shielded cell or to conduct the experiments remotely, in which case distance 
provides a measure of safety in the event of an unscheduled radiation burst. In considering potential 
criticality incidents, especially for personnel not specifically engaged in critical mass studies, it is likely 
thst at the time of the incident neither the conditions of shielding nor distance will prevail. A total of twelve 
accidental bursts have taken place in this country which have involved experimental” assemblies. These 
radiation incidents included reactor systems of both fast and thermal types. Some recent radiation incidents 
are described. Critical parameters are discussed in detail. 
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Author: Clayton, E. D. 

Title: The Nuclear Safety of Fissile Materials 

Date: 2/11/1959 

Report: HW-59066 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The usual procedure followed in critical mass experiments is either to place the 
potential reactor in a heavily shielded cell or to conduct the experiments remotely, in which case distance 
provides a measure of safety in the event of an unscheduled radiation burst. In considering potential 
criticality incidents, especially for personnel not specifically engaged in critical mass studies, it is likely 
thst at the time of the incident neither the conditions of shielding nor distance will prevail. A total of twelve 
accidental bursts have taken place in this country which have involved experimental” assemblies. These 
radiation incidents included reactor systems of both fast and thermal types. Some recent radiation incidents 
are described. Critical parameters are discussed in detail. 
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6574…..…..…………………..…….……..……ID Number…………………..…..…………….6574 

Author: n.a. 

Title: Nuclear Physics Research Quarterly Report for October, November, December 1958 

Date: 1/20/1959 

Report: HW-59126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experimental program to study the neutron induced fission in low- energy 
resonances of nuclides with well-defined fast neutron thresholds for fission in Pu240, Np237, and Am/sup 
241/ is summarized. The infinite multiplication factor and thermal utilization factor were measured for 
U2O- moderated UO2 lattices. The 19 rod clusters on a nine-inch triangular pitch were either UO2 or 16 
UO2 and 3 Pu-Al rods. Flux traverse data are given. The material bucklings of fuel elements composed of 
7-rod clusters of 0.5-inch-diameter natural uranium rods were measured as a function of lattice spacing in 
graphite. The measurements were made in small exponential assemblies having cross sections of 4 x 4 feet 
or slightly larger. Radial neutron activation traverses, using Cu, U235-Al, and Pu239 -Al detectors, were 
made in solid cylindrical fuel elements whose compositions simulated highly exposed natural uranium. An 
experimental investigation of the spatial dependence of the thermal neutron reaction rate in the vicinity of 
a temperature discontinuity is in progress. The data taken in moderators with temperatures ranging from 
108 to 666 h a description of the experimental procedures, and a statement of the present status of this work 
are presented. The program of critical mass measurements with 3.063% enriched uranium rods in light 
water was continued. Critical approach measurements of the 0.600-inch diameter rods are reported. 
Reactivity parameters were calculated for bare fuel elements of 1.027% U235 enrichment in light water 
lattices. A formal analytical solution of the problem of thermal neutron flux in a nonabsorbing heavy gas 
medium with a temperature discontinuity was previously obtained in the form of an infinite series. The 
convergence and numerical evaluation of the analytical solution and the utility of calculated reaction rates 
are discussed. Two approximation schemes are described. Pertinent formulas and numerical comparisons 
of the various versions of flux and 1/v reaction rate for a temperature ratio of 2:1 are presented. Data from 
recent Hanford Test Pile experiments were employed to prediet the effect of various changes in fuel rod 
cladding on the reactivity of a dry, graphite moderated, infinite lattice, fueled with natural uranium. A 
general method is developed for attacking problems of variational analysts of multi-dimensional systems 
through the systematic replacement of a complicated theory involving many independent variables by a 
simpler theory, involving equations in fewer independent variables. (For preceding period see HW-57861.) 



 

C-6588 

6575…..…..…………………..…….……..……ID Number…………………..…..…………….6575 

Author: Staff 

Title: Physics Research Quarterly Report October, November, December 1958 

Date: 1/20/1959 

Report: HW-59126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Copy includes only section "Critical Mass Physics" and the Reference list. 
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6576…..…..…………………..…….……..……ID Number…………………..…..…………….6576 

Author: Lloyd, R. C. / Smith, R. B. / Clayton, E. D. 

Title: Criticality Measurements of Heterogeneous 3.1% Enriched Uranium-Water Systems 

Date: 1/20/1959 

Report: HW-59126, 52-55 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program of critical mass measurements with 3.063% enriched uranium rods in 
light water was continued. Measurements for the largest of the three rod diameters for which the 
experiments were planned, 0.925, 0.600, and 0.300 inches, were previously completed and reported. The 
critical approach measurements of the 0.600-inch diameter rods have now been completed and are here 
reported. The bare uranium fuel slugs were encased in 0.031-inch wall lucite tubes for insertion in the lattice 
frameworks. The lattice was submerged in tap water which moderated and completely reflected the system. 
The reflector was completed on both ends by plastic slugs (eight inches long) loaded above and below the 
fuel in each tube. The approaches were again carried to 96% of the extrapolated critical loading. The 
reported critical loading was obtained from a least squares fit to the multiplication data from about 85% of 
the critical loading. The poisoning effect of the source, its holder, and safety rod guide tubes was determined 
in terms of the equivalent number of fuel rods. This correction was applied to the extrapolated critical 
loading to give the number fuel rods which would be critical in a clean lattice. 
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6577…..…..…………………..…….……..……ID Number…………………..…..…………….6577 

Author: Ketzlach, N. 

Title: Random Loading of E-Metal Dissolver 

Date: 2/25/1959 

Report: HW-59301 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety in the dissolution of irradiated 0.95% U235 enriched fuel was 
investigated. Critical conditions of fuel of this enrichment in a 52-in.-diam. dissolver crib were studied. The 
processing of I and E fuel elements in a 52-in.-diam. dissolver crib can be based on random loading of the 
dissolver. The maximum safe dissolver charge depends on the assumptions that can be made regarding the 
distribution of fuel in the dissolver. It depends on whether the fuel can be loaded into a cylindrical pile 
whose diameter is less than 52-in.-diam. dissolver crib. The dissolver limits calculated require complete 
dissolution before a new dissolver charge is added. 
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Author: Gast, P. F. 

Title: Physics and Instrument Research and Development Operation 

Date: 4/10/1959 

Report: HW-59717-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The March, 1959, monthly report for the Hanford Atomic Products Operation Physics 
and Instrument Research and Development Operation contains information on research related to nuclear 
fuels including safety in handling highly enriched uranium; studies related to present and planned 
production reactors including reactor physics, thermal hydraulics, and computerized simulation; studies 
related to separations plants including criticality safety specifications; neutron cross section program 
including fission cross sections for uranium 235, plutonium 240 and 241; plutonium recycle program; test 
reactor operations; environmental sciences; and radiation dosimetry instrumentation. 
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Author: Ketzlach, N. 

Title: PRTR Fuel Element Nuclear Safety 

Date: 1/1/1959 

Report: HW-59786 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety criteria are reviewed for the storage and transportation of fuel elements 
for the PRTR both for immersion in air and water. The criteria are presented in the form of tables for spacing 
and safe number of clusters. Four storage systems and their critical parameters are discussed: Hew Fuel 
Storage Pit (H-3-11078). Fuel Transfer Storage Pit (H-3-11097). Storage Basin (HW-3-11030), and a lead 
shielded fuel transfer cask (unnumbered). 
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Author: Hamilton, W. R. 

Title: A Closed Uranium Cycle at HAPO. Phase 1 

Date: 4/9/1959 

Report: HW-59938 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This study was undertaken to determine the most feasible and economical process or 
path for closing the uranium fuel cycle at HAPO, and to establish what benefits, other than improvement 
in FPD`s competitive position, would result from the selected closed fuel cycle. The study was separated 
into four phases; Phase I includes the selection and organization of plausible processes and the 
establishment of a realistic and effective evaluation procedure, Phase II will include evaluation and 
selection of an optimum path based on a medium range and a short range approach (5 to 10 years), Phase 
III will include evaluation and selection of an optimum path based on a long range approach (> 10 yrs.), 
and Phase IV will include refinement of previous work and issuance of a final report summarizing the study 
and the conclusions or recommendations which develop from the study. Phase I of the study has been 
completed. The purpose of this paper is to document the assembled data and the completed work. 



 

C-6594 

6581…..…..…………………..…….……..……ID Number…………………..…..…………….6581 

Author: Irish, E. R. 

Title: Description of the Purex Process 

Date: 5/19/1959 

Report: HW-60116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Joanou, G. D. 

Title: Comments on Fast Effect Calculations 

Date: 4/24/1954 

Report: HW-60145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two methods for calculating the fast effect are discussed and described. Spinrad 
defines the fast effect as the number of neutrons making first collision with the moderator per neutron 
arising from thermal fission. Use of Rellstrand's resonance integral and the older formulation of the fast 
effect neglects captures in uranium-238 between the fission threshold and 100 kev. Hellstrand defines his 
expression for the resonance integral as including all captures between 100 kev and cadmium cut-off. The 
older formulation should be used when attempting to correlate individually measured lattice parameters 
since the value of the resonance escape probability when determined by neutron distributions in a fuel 
element will contain all fast captures in uranium-238 unless subtracted by the experimenter. 
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Author: n.a. 

Title: Nuclear Physics Research Quarterly Report, January, February, March 1959 

Date: 4/20/1959 

Report: HW-60220 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Buckling- Configuration- Exponential Piles- Fuel 
Elements- Gas Coolant- Graphite Moderator- Measured Values- Rods- Uranium- Water Coolant; 
Configuration- Critical Assemblies- Criticality- Enrichment- Measured Values- Rods- Uranium- Water; 
Configuration- Criticality- Enrichment- Exponential Piles- Fuel Elements- Mass- Measured Values- 
Uranium; Configuration- Cylinders- Diffusion- Gases- Measured Values- Moderators- Neutron Flux- 
Numericals- Plates- Temperature- Thermal Column- Thermal Neutrons; Cross Sections- Fission- Measured 
Values- Plutonium 239- Temperature- Thermal Neutrons- Uranium 235; Cross Sect 
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Author: Staff 

Title: Nuclear Physics Research Quarterly Report January, February, March 1959 

Date: 4/20/1959 

Report: HW-60220 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Copy includes only section "Critical Mass Physics”. 
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Author: Endres, G. W. R. / Wood, D. E. 

Title: Material Bucklings of Graphite-Uranium Lattices 

Date: 4/20/1959 

Report: HW-60220, 27-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Material buckling measurements for several different lattices with 1.92-inch and 2.5-
inch diameter natural uranium fuel elements have been completed. The measurements were made in 
exponential piles having dimensions of 4 feet x 4 feet or 4 feet x 5 feet in cross section. Bucklings were 
determined using both air and water coolants. 
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6586…..…..…………………..…….……..……ID Number…………………..…..…………….6586 

Author: Neeley, V. I. 

Title: Measurement of k(inf) for 2% Enriched Uranium Tetrafluoride-Paraffin Mixture 

Date: 4/20/1959 

Report: HW-60220, 35-46 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety specifications for safe handling and storage of low enriched materials 
have been based on k(inf) measurements made in the PCTR. The techniques of the PCTR k(inf) 
measurements have not always been fully understood; for this reason it was decided that a PCTR k(inf) 
experiment should be conducted on a material for which the value of k(inf) could be checked independently 
from critical mass experiments. At the time of conception of this experiment, the Oak Ridge National 
Laboratory was doing a series of criticality experiments on hydrogen-moderated 2% enriched uranium-
tetrafluoride and had available at that time some material moderated at a hydrogen to uranium-235 atomic 
ratio of 195. It was decided that this material would be used for these experiments. A theoretical calculation 
of k(inf) for this material gave the value of k(inf) as 1.23. 



 

C-6600 

6587…..…..…………………..…….……..……ID Number…………………..…..…………….6587 

Author: Lloyd, R. C. / Smith, R. B. / Clayton, E. D. 

Title: Criticality Measurements of Heterogeneous 3.1% Enriched Uranium-Water Systems 

Date: 4/20/1959 

Report: HW-60220, 47-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical approach measurements with 3.063% enriched uranium rods in light 
water were continued. Measurements for the 0.925 and 0.600-inch diameter rods were previously made and 
reported. Critical approach measurements for the 0.300-inch diameter rods have now been completed and 
are reported here. These measurements were carried out in the same manner as described for the two larger 
sizes in earlier reports. The 0.300-inch rods were encased in 0.031-inch wall lucite tubes and inserted into 
lattice frameworks having hexagonal patterns. Lattices were moderated and completely reflected by light 
water. Reflection on the fuel rod ends was completed by 8-inch long lucite slugs loaded above and below 
the fuel in each tube. Approaches were carried to within 96% of the extrapolated critical loading. The 
reported critical loadings were obtained from a least square fit to the neutron multiplication data from about 
85 to 96% of the critical loading. The poisoning effects of the source, its holder, and safety rod guide tubes 
were determined and corrections applied to the extrapolated critical loading to give the number of fuel rods 
which would be critical in a clean lattice. 
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6588…..…..…………………..…….……..……ID Number…………………..…..…………….6588 

Author: Neeley, V. I. / Berberet, J. A. 

Title: Measurements of k(inf) for 3% Enriched Uranium Fluoride-Hydrogen Moderated Systems 

Date: 4/20/1959 

Report: HW-60220, 52-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The processing of power reactor fuels of enrichments up to 3% has been scheduled 
for facilities at HAPO. Values of k(inf) at this enrichment are required for uranium-trioxide and uranyl-
nitrate hydrogen-moderated systems to permit the specification of critically safe conditions for this 
operation. Experiments have been under way for approximately the last 10 months to determine the 
maximum value of k(inf) and the hydrogen-to-uranium ratio at which this maximum occurs for uranium-
trioxide systems. 
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6589…..…..…………………..…….……..……ID Number…………………..…..…………….6589 

Author: Lloyd, R. C. 

Title: Exponential Measurements with 1.25% Enriched Uranium 

Date: 4/20/1959 

Report: HW-60220, 55-57 

Conference/Journal: Nuclear Physics Research Quarterly Report, January, February, March, 1959, 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001; A series of exponential experiments were made with 
1.25% enriched uranium fuel elements to obtain further critical mass information on slightly enriched 
uranium. The fuel elements were 1.336-inch OD, 0.500-inch ID, and 7.5 inches long. Six elements were 
loaded into an aluminum tube having a 1.402-inch OD and a 0.028-inch wall thickness to form a fuel rod. 
Small aluminum tubes containing water were positioned in the core of the rod for the wet measurement. 
These tubes were 0.492-inch OD with a 0.020-inch wall thickness. The exponential flux measurements 
were made with 55 fuel rods in each lattice. 
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6590…..…..…………………..…….……..……ID Number…………………..…..…………….6590 

Author: Gast, P. F. 

Title: Physics and Instrument Research and Development Operation 

Date: 3/12/1959 

Report: HW-60233-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Areas covered in this report are as follows: nuclear safety in the Fuel Preparation 
Dept.; studies related to the present production reactors; studies related to future production reactors; studies 
related to separation plants; studies form the neutron cross section program; reactor development (gas 
cooled reactor program and test reactor operations); and biology and medicine. 
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6591…..…..…………………..…….……..……ID Number…………………..…..…………….6591 

Author: Kelly, P. R. 

Title: Critical Incident Alarm--Model I: Instruction and Maintenance Manual 

Date: 5/1/1959 

Report: HW-60320 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The HAPO Critical Incident Alarm, Model T is an instrument designed to give an 
audible and visual alarm signal in the event of a critical incident to which it is exposed. The instrument is 
self-containe4 including the radiation detector, and is calibrated to alarm at 500 mr/hr in a gamma field. 
The system consists of a sodium iodide crystal, photomultiplier tube, meter, magnetic amplifier relay, 
power relay, alarms (siren and light), and power supply. 
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6592…..…..…………………..…….……..……ID Number…………………..…..…………….6592 

Author: Lewis, M. Comp. 

Title: Division of Reactor Development Programs Monthly Report for May 1959 

Date: 6/15/1959 

Report: HW-60674 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments to determine the effects of PuO/sup 2/ additions on sinterability of UO2 
progressed to the point that some conclusions were drawn. Pu metal was heated with excess carbon; the 
resulting compounds were the phases PuC and Pu2 C/sub 3/. Fabrication studies included work on Al --Zr 
metallurgical bonds, reduction of alumina-filled stainless steel cans by rolling, and a thermal cycling test 
of a full-length Zircaloy-clad wire-wrapped dummy element. Also, corrosion testing of Al rods is reported. 
Fabrication technique development such as cross section reduction for thin wall tubing by a swaging 
technique and a control device for hot swaging are reported. Good corrosion resistance in hot-swaged 
Zircaloy-2 clad fuel elements is reported. In fuel evaluation a UO2 fuel rod was irradiated in the ETR for 
six days prior to a fission-caused break; results of examination are given. Results of Zircaloy-2 hydriding 
tests are tabulated. In coolant systems testing, loop tests on Zircaloy-2 clad PRTR fuel elements are reported 
in which only a minor amount of swelling was noted, also results of thermal cycle tests on PRTR fuel 
elements are given. In thermal studies, heat transfer experiments to evaluate the requirements for air cooling 
PRTR fuel elements were completed; data are being evaluated. Various pump and other reactor auxiliary 
tests are reported in mechanical development testing. In reactor technology development, the PRTR safety 
circuit was studied, and a recommendation was made to remove several trips, thus decreasing the number 
of spurious scrams. The construction status of PRTR and several components is reported in relation to the 
various phases along with development in the Pu fabrication pilot plant. Results of aged UO2 molten salt 
cycling to observe the behavior of fission products are reported as well as a molten salt cycling procedure 
for ThO2-UO2 separation. Nuclear safety limits for air shipment of Al--Pu alloys are reported. A discussion 
of criticality resulting in case of a PRTR fuel meltdown is given. Progress in the RBU code is summarized; 
the Monte Carlo portion is complete, while the diffusion and burnup have not been tested with a sample 
problem. In the basic swelling studies program, evaluation of thermocouples and heating elements for the 
swelling behavior capsule is reported. In addition, studies of rare gas diffusion through U are in progress 
using helium. The pore size distribution in U is also being studied. Comparisons of PCTR and GCR lattices 
are presented in the central station reactor program section. Pre-irradiation tests of silicon carbide coated 
reactor grade graphite are reported; the samples were subsequently charged into the KE reactor. Progress 
is reported in fixation of radioactive wastes such as the destruction of sodium nitrate in spray calciners by 
addition of sugar and investigations of decontamination of low-level wastes by allowing aluminum 
hydroxide to scavenge radioactive material from the D-2 Redox stream. Data are given on column ion 
exchange removal of Cs/sup 134/ from a 0.6 gal/min/ft/sup 2/ stream. (For preceding period see HW-
60331.) 
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6593…..…..…………………..…….……..……ID Number…………………..…..…………….6593 

Author: Gast, P. F. 

Title: Physics and Instrument Research and Development Operation Monthly Report, June 1959 

Date: 7/13/1959 

Report: HW-60846-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies related to present production reactors include a lattice neutron temperature 
study, instrumentation, and the thermal neutron flux spectrum near a temperature discontinuity. Studies 
related to future production reactors include: lattice measurements for large diameter fuel elements, the 
coordinated theoretical-experimental program which entails full scale PCTR and improved methods of 
reactor parameter calculations, multi-thermal neutron group diffusion program which entails scintillation 
counter with uniform efficiency, automated PCTR data recording system, computational services, 
absorbing cylinder effect on thermal neutron flux, automatic counter mechanics, instrumentation, and 
graphite damage mechanisms. Studies related to separations plants include: nuclear criticality safety in 
Hanford laboratories, criticality studies in support of processing power reactor fuels, consultation, neutron 
age measurements, mass spectrometer for plutonium analysis, and critical mass theory. The neutron cross 
section program studies include plutonium 241 fission, slow neutron scattering, fast neutrons, plutonium 
239. Within reactor development, the plutonium recycle program reports on PCTR experiments, planning 
for PRTR startup, the reactivity measurement facility, and instrumentation. The gas cooled reactor program 
includes theoretical PCTR studies. Test reactor operations also report. Within the biology and medicine 
6000 program, studies on atmospheric physics, dosimetry, instrumentation are reported. Customer work 
includes: analog computing, weather forecasting, instrumentation, and optical studies. 
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6594…..…..…………………..…….……..……ID Number…………………..…..…………….6594 

Author: Tomlinson, R. E. 

Title: Special Study Separations Considerations 

Date: 10/18/1955 

Report: HW-60892-RD 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of the potential operating plans considered at HAPO involved the irradiation of 
an E--N loading for simultaneous plutonium and tritium manufacture. The conditions of the study required 
that the ``25`` content of the E slugs be the maximum compatible with their recovery in existing or slightly 
modified separations facilities. This memorandum reviews the status of knowledge and best guesses 
concerning this operating scheme. 
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6595…..…..…………………..…….……..……ID Number…………………..…..…………….6595 

Author: Thompson, P. 

Title: Plant Emergency Procedures 

Date: 10/1/1959 

Report: HW-61000-RD 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Emergency procedures are given for the water plant, effluents, contamination, 
criticality and storage basin ruptures. For the water supply: a loss of flow to a single tube, loss of flow to 
several tubes, interruption of river flow, breach of Grand Coulee dam, and evacuation are all considered. 
For the failure of the effluent system: blockage or rupture of effluent lines, retention basin, or outfall line; 
and downcomer overflow or failure are discussed. An emergency resulting in the spread of contamination 
is examined. Hypothetical criticality accidents in dry or wet storage are discussed. 
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6596…..…..…………………..…….……..……ID Number…………………..…..…………….6596 

Author: Ketzlach, N. 

Title: Neutron Age Calculations (Homogeneous Systems) 

Date: 7/10/1959 

Report: HW-61054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An equation for neutron age as a function of composition for homogeneous systems 
was derived, taking into account the slowing down and transport cross section terms. Neutron age for 
enriched uranyl fluoride (approximately 90% U- 235) in water was calculated by the equation as a function 
of H/U-235 using 27 cm/ sup 2/ as the neutron age in pure water. For H/U235 values > 200 there is 
essentially no water displacement. For H/U-235 values <55 the rate of increase of neutron age is controlled 
by the rapid displacement of water by fuel. The neutron age at an H/U-235 value of 45 is about 29.8 cm/sup 
2/. For such H/U-235 ratios, the effect of epithermal captures on reactivity is discussed. 
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6597…..…..…………………..…….……..……ID Number…………………..…..…………….6597 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report April, May, June 1959 

Date: 7/29/1959 

Report: HW-61181 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Cross Sections- Measured Values- Nitrogen- Reactivity- 
Thermal Neutrons; Air- Coolants- Fuel Elements- Graphite- Lattices- Multiplication Factors- PCTR- 
Quantitative Analysis- Reactors- Rods- Thermal Neutrons- Thermal Utilization- Uranium- Velocity- 
Water- Water Coolant; Configuration- Control Elements- Cylinders- Fuel Elements- Homogeneous 
Reactors- Neutron Flux- Nuclear Reactions- Numericals- Reaction Kinetics- Reactors- Rods- Surfaces- 
Temperature- Transport Theory; Criticality- Enrichment- Fuel Elements- Mass- Measured Values- Rods- 
Uranium- Water; Distribution- Energy- Graphite- Mea 
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6598…..…..…………………..…….……..……ID Number…………………..…..…………….6598 

Author: Lloyd, R. C. / Clayton, E. D. / Smith, R. B. 

Title: Criticality Measurements of Heterogeneous 3.1% Enriched Uranium-Water Systems 

Date: 7/1/1959 

Report: HW-61181, 52-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program of measuring the critical mass of 3.063% enriched uranium rods in light 
water by critical approach techniques has continued. Descriptions of these measurements and the results 
for three rod diameters (0.300, 0.600, and 0.925 inches) have appeared in previous reports. The usefulness 
of these data in calculating the critical mass of this material in other core geometries depends on the choice 
of an appropriate extrapolation distance (reflector savings) for these systems. An effort has been made to 
obtain the extrapolation distance for some of the systems which have been measured. In connection with 
these efforts some additional critical approach measurements were made and the results are reported. One 
experiment was performed to determine the effect on the measured critical mass of the plastic tubes used 
to encase the uranium slugs. 



 

C-6612 

6599…..…..…………………..…….……..……ID Number…………………..…..…………….6599 

Author: Harmon, M. K 

Title: Specifications for Critical Mass Control Redox Plant - E-metal 

Date: 7/1/1959 

Report: HW-61312 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The specifications given in this document cover the processing of E- Metal. E-Metal 
is defined as natural uranium which has been enriched with U-235 to a concentration of 0.95 percent. The 
higher U-235 content makes the E-Metal more reactive than either natural or irradiated natural uranium. 
This difference in reactivity places a definite limit on the amount of massive metal that can be charged to 
the present Redox dissolvers. Once the slugs have been dissolved, the processing of E-Metal is essentially 
the same as the processing of natural uranium. Thus, except for the dissolver charge size, the following 
specifications reflect few actual changes in numerical limits. One change that needs to be recognized is that 
the amount of U-235 plus plutonium in the metal solution is much closer to the maximum “always safe” 
ratio than with irradiated natural uranium. Once the E-Metal uranium has been separated from its 
accompanying plutonium, no critical mass of uranium can be assembled because the enrichment is below 
the minimum critical. 
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6600…..…..…………………..…….……..……ID Number…………………..…..…………….6600 

Author: Ketzlach, N. 

Title: Criticality of Fuels of Low Enrichment in Cylinders 

Date: 8/14/1959 

Report: HW-61547 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Curves are presented of critical masses as a function of cylinder diameter and fuel 
rod size for 1.6, 3.0, and 5.0% U235 enriched metal-water systems. 
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6601…..…..…………………..…….……..……ID Number…………………..…..…………….6601 

Author: Neeley, V. I. 

Title: Analysis of a Nuclear Incident in a Redox Dissolver 

Date: 8/24/1959 

Report: HW-61609 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three types of nuclear incidents which may occur in dissolvers are considered. In one 
case a prompt critical burst in an abnormal concentration of uranium solution in a localized region of the 
dissolver is discussed, in a second case a slightly supercritical uranium metal system is examined, and in 
the third case a uranium metal system is considered which is supercritical or prompt critical such that the e 
folding time for power increase is much less than the e folding time for heat transfer from the metal to the 
moderator. The severity of each type of incident is assessed. 
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6602…..…..…………………..…….……..……ID Number…………………..…..…………….6602 

Author: n.a. 

Title: Plutonium Recycle Test Reactor Power Tests 

Date: 4/1/1961 

Report: HW-61900 C 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The power tests performed prior to full scale operation of the Plutonium Recycle Test 
Reactor (PRTR) are described. These tests are classed as equipment checks, fuel loading and critical tests, 
shielding tests, approach-topower tests, and full power tests. 
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6603…..…..…………………..…….……..……ID Number…………………..…..…………….6603 

Author: Triplett, J. R. / Anderson, J. K. / Dunn, R. E. / Peterson, R. E. / Regimball, J. J. / Russell, J. T. / 
Schmid, L. C. / Wolf, W. H. 

Title: Critical Tests for PRT Reactor 

Date: 7/1/1960 

Report: HW-61900-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical teste to be performed on the Plutonium Recycle Test Reactor are described. 
Exponential, approach-to critical, critical, and substitution experiments will be carried out. These 
experiments include: calibration of moderator level; determination of the worth of various fuel loadings; 
calibration of the shim system including determination of maximum control strength of the entire system; 
substitution experiments to determine reflector savings, void effects, effects of H2O and degraded D2O 
coolants, and effects of loop and other material installations; determination of fuel-plus-coolant and 
moderator temperature coefficients; and kinetic experiments to determine response of the reactor to 
reactivity changes. 
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6604…..…..…………………..…….……..……ID Number…………………..…..…………….6604 

Author: n.a. 

Title: Plutonium Recycle Test Reactor Critical Test Results 

Date: 12/1/1961 

Report: HW-61900BA 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of the PRTR critical tests, an extensive testing program which was part of the 
startup of the Plutonium Recycle Test Reactor, are presented. Included are data on fuel loading, moderator 
level coefficients, shim rod calibrations, temperature coefficients, flux distributions, boron poison, and 
substitution tests. Limited analyses of the data show the reactor to have negative void and temperature 
coefficients, and kinetics parameters which exhibit satisfactory control characteristics. 
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6605…..…..…………………..…….……..……ID Number…………………..…..…………….6605 

Author: Brown, C. L. 

Title: Minutes of Criticality Instrumentation Meeting, Hanford Atomic Products Operations, Aug. 17-18, 
1959 

Date: 9/16/1959 

Report: HW-61931 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality instrumentation meeting was held at Hanford on August 17 and 18, 1959. 
The meeting was attended by instrumentation and criticality specialists from the primary AEC sites. The 
talks presented served to acquaint those present with the efforts and problems associated with criticality 
alarm systems now in use at each site and the development work being directed toward perfecting more 
adequate systems. A brief resume of each talk is given 
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6606…..…..…………………..…….……..……ID Number…………………..…..…………….6606 

Author: Neeley, V. I. 

Title: A Comparison of PCTR and Critical Experiment Determination of k(inf) for 2 Weight Percent 
Uranium-235. Enriched Uranium Tetrafluoride in Paraffin 

Date: 9/22/1959 

Report: HW-62031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety specifications for safe handling and storage of fissile materials requires 
adequate knowledge of the criticality parameters of these materials. One of the most useful of these 
parameters is the infinite medium thermal neutron multiplication factor commonly referred to as k(inf). The 
Physical Constants Test Reactor is a useful tool for determining this parameter; however, the techniques of 
k(inf) measurements in the PCTR have not always been fully understood. For this reason an experiment 
was designed to check the value of k(inf) obtained from PCTR measurements. The method was to obtain 
an independent value of k(inf) from critical experiments on the same material used in the PCTR 
experiments. 
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6607…..…..…………………..…….……..……ID Number…………………..…..…………….6607 

Author: Cooper, V. R. 

Title: Quarterly Report on Technology of Non-Production Reactor Fuels Reprocessing Budget Activity 
2790 

Date: 9/24/1959 

Report: HW-62063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current plans for location of the receiving and storage, mechanical treatment, 
dissolution, clarification, and solution storage at the uranium recovery plant are described. Underwater 
shearing studies conducted using stainless steel-clad swaged UO2 fuels to determine the characteristics of 
the UO2- water suspension formed during shearing showed that about 3% U may be suspended during 
normal operation. In life tests, a cold saw was used to cut about the equivalent of the presently scheduled 
annual processing load of stainless steel without significant blade wear. Optimization of the Zirflex Process 
to reduce U loss is discussed. Assuming formation of U(IV) in cooled cladding waste at a rate of 10/sup -
3/ moles/(l)(hr) (about ten times greater than is expected from radiolysis), a concentration of 0.01 M. 
hyposulfite at pH 8 would hold the U(VI) concentration to about 1.7 x 10/sup -3/ M. Data on Zr dissolution 
vs. electrical conductivity are presented. Effects of nitrate ions in stainless steel dissolutions from corrosion 
studies of 304-L stainless steel, Hastelloy F, and Ni o nel by Zinflex and Sulfex solutions under recirculating 
dissolver conditions are discussed. In studies of first and second cycle Redox solvent extraction conditions 
using U-Mo alloy, gross beta and gamma decontamination factors through 2 cycles were 1/2 and 1/4, 
respectively, of those obtained in a control run employing an acid-deficient flowsheet. Development of a 
boron monitor was completed. Determination of criticality parameters for 3% enriched U applicable to 
nuclear safety in reprocessing fuels was continued. Exponential and critical approach measurements were 
conducted with 0.3 and 0.6 in. diameter enriched rods. A summary of extrapolation length and buckling 
data is presented. (For preceding period see HW-60298.) 
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6608…..…..…………………..…….……..……ID Number…………………..…..…………….6608 

Author: O'Neill, G. L. / Nelson, H. K. 

Title: Design Criteria for PRP-Critical Facility. Project Cah-842 

Date: 12/18/1959 

Report: HW-62117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PRP Critical Facility is an experimental reactor for use in determinations of basic 
nuclear constants of heterogeneous reactors recycling Pu and for use in exponential and criticality studies 
at power levels up to 100 watts and neutron fluxes of about 10/sup 9/ nv. Both light- and heavy-water 
moderators will be used. Design criteria are established for the building, fuel- handling system, reactor 
assembly, moderator systems, control mechanisms, and instrumentation. Operating procedure is detailed. 
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6609…..…..…………………..…….……..……ID Number…………………..…..…………….6609 

Author: n.a. 

Title: Nuclear Physics Research Quarterly Report for July, August, September 1959 

Date: 10/20/1959 

Report: HW-62727 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Cross Sections- Cylinders- Distribution- Energy- Gases- 
Homogeneous Reactors- Neutron Flux- Neutrons- Reactors- Temperature- Velocity; Absorption- 
Enrichment- Measured Values- Moderators- Neutrons- Uranium- Water; Air- Buckling- Coolants- 
Exponential Piles- Fuel Elements- Lattices- Measured Values- Natural Uranium Fuel- Reactors- Tubes- 
Water; Air- Coolants- Fuel Elements- Graphite- Lattices- PCTR- Reactivity- Reactors- Thermal Fission 
Factor- Water; Aluminum Oxides- Ceramics- Lutetium Oxides- Plates- Production; Criticality- 
Enrichment- Measured Values- Rods- Uranium- Water; Cross Sections 



 

C-6623 

6610…..…..…………………..…….……..……ID Number…………………..…..…………….6610 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report July, August, September 1959 

Date: 10/20/1959 

Report: HW-62727 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Cross Sections- Cylinders- Distribution- Energy- Gases- 
Homogeneous Reactors- Neutron Flux- Neutrons- Reactors- Temperature- Velocity; Absorption- 
Enrichment- Measured Values- Moderators- Neutrons- Uranium- Water; Air- Buckling- Coolants- 
Exponential Piles- Fuel Elements- Lattices- Measured Values- Natural Uranium Fuel- Reactors- Tubes- 
Water; Air- Coolants- Fuel Elements- Graphite- Lattices- PCTR- Reactivity- Reactors- Thermal Fission 
Factor- Water; Aluminum Oxides- Ceramics- Lutetium Oxides- Plates- Production; Criticality- 
Enrichment- Measured Values- Rods- Uranium- Water; Cross Sec 
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6611…..…..…………………..…….……..……ID Number…………………..…..…………….6611 

Author: Lloyd, R. C. / Clayton, E. D. / Smith, R. B. 

Title: Criticality Measurements of Heterogeneous 3.1% Enriched Uranium-Water System 

Date: 10/20/1959 

Report: HW-62727, 59-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program of critical approach and exponential measurements of 3.063% enriched 
uranium rods in light water was continued. Critical masses have been reported for three rod diameters 
(0.300, 0.600 and 0.925-inch) in previous reports. A discussion and some measurement values of 
extrapolation lengths (reflector savings) were given in the previous quarterly report. Additional values of 
the extrapolation lengths are needed for more accurately calculating critical geometries and critical masses 
for other than the measured configurations. To determine these values, further calculations and 
measurements (exponential and critical approach) were made for 0.300 and 0.600-inch diameter rods. 
Exponential experiments were made with 32-inch length rods and critical approach measurements with 16-
and 32-inch length rods. The extrapolation length was calculated by forcing the buckling value to be equal 
from the exponential and critical approach measurements by adjustment of the extrapolation length. 
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6612…..…..…………………..…….……..……ID Number…………………..…..…………….6612 

Author: Neeley, V. I. 

Title: Analysis of a Potential Nuclear Incident in a Dissolver 

Date: 10/20/1959 

Report: HW-62727, 65-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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6613…..…..…………………..…….……..……ID Number…………………..…..…………….6613 

Author: Spear, W. G. 

Title: Scintillation Area Monitoring Systems 

Date: 2/1/1960 

Report: HW-63247 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation; Radiation Detection; Air; Beta Detection; Circuits; Criticality; 
Economics; Errors; Gamma Detection; Ionization Chambers; Monitoring; Operation; Power; Recording 
Systems; Scintillation Counters; Sensitivity; Stability; Standards 
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6614…..…..…………………..…….……..……ID Number…………………..…..…………….6614 

Author: Cooper, V. R. 

Title: Quarterly Report on Technology of Non-Production Reactor Fuels Reprocessing Budget Activity 
2790 

Date: 1/20/1960 

Report: HW-63406 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current processing concepts were reviewed at an AEC symposium during the period; 
a report of the symposium is scheduled (TID-7513). Saw studies during the period included cold saw and 
hacksaw testing. Preliminary conclusions are listed. Results of Yankee fuel element disassembly scouting 
experiments are presented along with those for shear basin studies to determine the UO2 contamination in 
water. Development of the Zinflex Process is essentially complete. Studies on solution stability and effects 
of Na ion in Zirflex solutions are discussed along with methods of reducing U loss and results of pilot plant 
studies. In Sulfex Process development, depassivation studies were continued on 304-L stainless steel. No 
chemical agents were found to activate passive surfaces in 4 M. H2SO4; however, coupling this alloy to 
carbon steel, Hastelloy F, or Ni-o-nel produced depassivation. Pilot plant and bench-scale dissolution 
studies using 304-L and 347 stainless steel in various H2SO4 concentrate... applicable to nuclear safety in 
reactor fuel reprocessing was continued. Data on critical mass and buckling and exponential measurements 
on 0.175 in. diameter heterogeneous rods are tabulated. Preliminary results of similar experiments with 
homogeneous systems are also given. (For preceding period see HW-62063.) 



 

C-6628 

6615…..…..…………………..…….……..……ID Number…………………..…..…………….6615 

Author: Faulkner, J. E. / Clayton, E. D. / Heineman, R. E. / Henry, H. L. / Leonard, Jr., B. R. 

Title: Hanford, Nuclear Physics Research Quarterly Report, October, November, December, 1959 

Date: 1/20/1960 

Report: HW-63576 

Conference/Journal: Hanford, Nuclear Physics Research Quarterly Report, October, November, 
December, 1959 

Conference Session:  

Abstract/Keyterms: Physics; Computers; Measured Values; Numericals; Reactors; Safety 



 

C-6629 

6616…..…..…………………..…….……..……ID Number…………………..…..…………….6616 

Author: Lloyd, R. C. / Clayton, E. D. / Smith, R. B. / Neeley, V. I. 

Title: Criticality Measurements of Heterogeneous 3.1% Enriched Uranium and Water Systems 

Date: 1/20/1960 

Report: HW-63576, 65-69 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program of critical approach and exponential measurements of 3.063% enriched 
uranium rods in light water was continued. Critical masses, buckling values, and some measured 
extrapolation length values have been reported for three rod diameters (0.300, 0.600, 0.925 inches) in 
previous quarterly reports. Measurements were made this quarter with rods of 0.175-inch diameter by 23.5 
inches in length. These rods were encased with 0.025-inch wall Lucite tubes for insertion into hexagonal 
lattice frameworks. Measurements were carried out in the same manner as described in the above mentioned 
reports. All lattices were moderated and completely reflected with light water. 



 

C-6630 

6617…..…..…………………..…….……..……ID Number…………………..…..…………….6617 

Author: Lloyd, R. C. 

Title: Shape Perturbations in Critical Experiments 

Date: 1/20/1960 

Report: HW-63576, 70-76 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-6631 

6618…..…..…………………..…….……..……ID Number…………………..…..…………….6618 

Author: Rey, G. 

Title: Confinement and Collection of UO2 Fines from a Shearing Operation 

Date: 10/14/1960 

Report: HW-63854 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test is reported on a critically safe shear system for <5% U235 enriched material 
which is provided with the necessary auxiliaries for confining and collecting dispersed UO2 fines from a 
shearing operation.) 



 

C-6632 

6619…..…..…………………..…….……..……ID Number…………………..…..…………….6619 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report January, February, March 1960 

Date: 4/20/1960 

Report: HW-64866 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is indicated on various research activities in the fields of experimental 
nuclear physics, reactor physics, and physics of nuclear safety. Separate abstracts were prepared for the 14 
sections of the report. (For preceding period see HW-63576. For subsequent period see HW66215.) 



 

C-6633 

6620…..…..…………………..…….……..……ID Number…………………..…..…………….6620 

Author: Neely, V. I. / Lloyd, R. C. / Clayton, E. D. 

Title: Neutron Multiplication Measurements with Pu-Al Alloy Rods in Light Water 

Date: 4/20/1960 

Report: HW-64866, 137-142 

Conference/Journal: Nuclear Physics Research Quarterly Report – January, February, March, 1960, 
General Electric Company (1960) 

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-005, MIX-COMP-THERM-006; Progress is indicated on 
various research activities in the fields of experimental nuclear physics, reactor physics, and physics of 
nuclear safety. Separate abstracts were prepared for the 14 sections of the report. (For preceding period see 
HW-63576. For subsequent period see HW66215.) 



 

C-6634 

6621…..…..…………………..…….……..……ID Number…………………..…..…………….6621 

Author: Lloyd, R. C. / Clayton, E. D. / Smith, R. B. 

Title: Critical Approach and Exponential Measurements with 3.1% Enriched Uranium Rods in Light Water 

Date: 4/20/1960 

Report: HW-64866, 143-147 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of exponential and critical approach measurements have previously been 
made with 3.063% enriched uranium rods in water. Fuel rod sizes were 0.925, 0.600, 0.300 and 0.175 inches 
in diameter. The uranium was encased in thin walled acrylic resin tubes; a hexagonal pattern was used for 
the lattice assemblies. The tubes were assumed equivalent to water since one measurement with increased 
amounts of acrylic resin material showed a very small change in the measured critical mass. Loadings were 
taken to 96% of the predicted critical mass. A summary listing of the results is given. 



 

C-6635 

6622…..…..…………………..…….……..……ID Number…………………..…..…………….6622 

Author: Lloyd, R. C. 

Title: Exponential Experiments with Poisoned Moderator 

Date: 4/20/1960 

Report: HW-64866, 148-149 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of measurements were completed for determining the amount of neutron 
absorber to "safe" a heterogeneous system of 1.007% enriched uranium rods. This information can be used 
for determining the amount of poison needed in dissolver batches as a secondary safety control against 
criticality. The fuel rods were 0.925 inch in diameter, and 44 inch in length. They were encased in aluminum 
tubes having a wall thickness of 0.032 inch. Eighty-five of the fuel rods were loaded into a stainless steel 
tank having a 0.0625 inch wall thickness. The lattice and moderator which contained the poison was 
separated from the light water reflector by this stainless steel tank. Increments of boric acid were added to 
the moderator until the buckling became negative. 



 

C-6636 

6623…..…..…………………..…….……..……ID Number…………………..…..…………….6623 

Author: Lloyd, R. C. 

Title: Exponential Measurements of Natural Uranium-Water Systems 

Date: 4/20/1960 

Report: HW-64866, 150-151 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of exponential measurements was started with 0.925 inch diameter natural 
uranium fuel elements in water. These measurements were being done to obtain further data on the critical 
mass of natural uranium in light water and to obtain buckling values for the interpretation of planned 
experiments involving a three % enriched uranium lattice reflected by a natural uranium tamper. This size 
of natural uranium rods, which was readily available, was of interest since the 0.925 inch rod would provide 
buckling values close to the maximum buckling as indicated by calculations. 



 

C-6637 

6624…..…..…………………..…….……..……ID Number…………………..…..…………….6624 

Author: Crocker, H. W. 

Title: Plutonium Oxide-Plastic Mixtures for Critical Mass Studies 

Date: 1/1/1960 

Report: HW-65207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mixtures of PuO2 and polyethylene, methyl methacrylate, or paraffin compacted in 
containers were considered for use in highly concentrated plutonium systems of known H/Pu atomic ratio 
to be used in critical mass experiments. The compression molding method used for the mixed fuel 
fabrication is described. Limitations on the practical use of the cylinders for critical mass studies are noted, 
and a method for separating PuO2 from polyethylene mixtures is include 



 

C-6638 

6625…..…..…………………..…….……..……ID Number…………………..…..…………….6625 

Author: Clayton, E. D. 

Title: Comments on Eurochemic Technical Report 36 

Date: 5/24/1960 

Report: HW-65327 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Comments on a report by W. Schüller titled "The Reactivity of Heterogeneous-
Homogeneous Systems". 



 

C-6639 

6626…..…..…………………..…….……..……ID Number…………………..…..…………….6626 

Author: Clayton, E. D. 

Title: Nuclear Safe Mass Limits, Volume Limits, Infinite Cylinder Diameters and Slab Thicknesses for 
Slightly Enriched Uranium Rods in Light Water 

Date: 5/24/1960 

Report: HW-65328 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of investigations involving critical approach and exponential measurements 
made with 3.06% enriched U is reported. Data from these experiments were used to calculate critical 
parameters and safe values which are shown graphically. The data pertain to U rods of diameters which in 
one case result in the minimum critical mass, and in the second case give the maximum buckling. An 
illustrative problem in nuclear safety is included in which mass and volume are discussed for a hypothetical 
dissolver used to process U fuel elements of 3.1% enrichment. 



 

C-6640 

6627…..…..…………………..…….……..……ID Number…………………..…..…………….6627 

Author: Lloyd, R. C. 

Title: Summary Listing of Subcritical Measurements of Heterogeneous Water-Uranium Lattices Made at 
Hanford 

Date: 6/8/1960 

Report: HW-65552 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential and critical approach type measurements have been made to determine 
the critical mass, material buckling, and in a few cases, the extrapolation length for the lattices. This report 
attempts to list all measurements on water-uranium heterogeneous lattices made to date at Hanford. All 
lattices were water moderated hexagonal arrays loaded with uranium of enrichments up to 3.1%. 



 

C-6641 

6628…..…..…………………..…….……..……ID Number…………………..…..…………….6628 

Author: Peden, J. C. 

Title: The Study of Multi-Region Reactors with an Analog Computer 

Date: 7/1/1960 

Report: HW-65578 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Criticality; Cylinders; Differential Equations; 
Diffusion; Distribution; Group Theory; Neutron Flux; Reactors; Transport Theory; Zones 



 

C-6642 

6629…..…..…………………..…….……..……ID Number…………………..…..…………….6629 

Author: Parker, H. M. / McEwen, L. H. 

Title: Progress in Plutonium Recycle Research and Development 

Date: 7/1/1960 

Report: HW-66119 

Conference/Journal: International Atomic Energy Agency Symposium on Small and Medium Power 
Reactors at Vienna, Austria, September 5 to 9, 1960. Orig. Receipt Date: 31-DEC-62 

Conference Session:  

Abstract/Keyterms: Presented at the International Atomic Energy Agency Symposium on Small and 
Medium Power Reactors at Vienna, Austria, September 5 to 9, 1960. Progress is reviewed on studies on 
recycling of plutonium in thermal reactors including treatment of plutonium as a supplement to, as well as 
to supplant, the use of enriched uranium. The recycling of plutonium in aggregations of reactors as 
contrasted to recycle in an isolated reactor was considered as was also the reactivity lifetime attainable with 
plutonium bearing fuels and the effect of enrichened level on plutonium fueling economics. The discussion 
includes physics experiments on the critical mass of H2O-moderated, plutonium- bearing rod arrays, lattice 
parameter measurements, and planned use of a special critical facility for measurements on irradiated, 
plutonium-bearing fuel assemblies. Mentioned also are measurements of cross-sections of plutonium 
isotopes. information is presented on the development of methods for the fabrication of plutonium -- 
aluminum-alloy core, Zircaloy clad, spike enrichment fuel assemblies for initial loading of the Plutonium 
Recycle Test Reactor. Recent progress in the development of fabrication techniques for ceramic fuel cores 
(cold and hot swaging; vibratory compaction) especially attractive for semi- remote fabrication of fuel 
containing high exposure plutonium is likewise reviewed. Fuels reprocessing research on methods attractive 
for use with plutonium enriched fuel cycles are highlighted; emphasis given to fused-salt techniques 
focused on close-coupled recycle concepts. A summary description is provided of the plutonium enriched, 
85 tube, 70 Mw, D2O moderated Plutonium Recycle Test Reactor and of fueling plans during subsequent 
operation. 



 

C-6643 

6630…..…..…………………..…….……..……ID Number…………………..…..…………….6630 

Author: Faulkner, J. E. / Clayton, E. D. / Heineman, R. E. / Henry, H. L. / Leonard, Jr., B. R. 

Title: Hanford, Physics Research Quarterly Report, April, May, June, 1960 

Date: 7/20/1960 

Report: HW-66215 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1960 

Conference Session:  

Abstract/Keyterms: Progress is indicated on various research projects in the fields of theoretical, reactor, 
and critical mass physics. Separate abstracts were prepared for the eight sections of the report. (For 
preceding period see HW- 64866.) 



 

C-6644 

6631…..…..…………………..…….……..……ID Number…………………..…..…………….6631 

Author: Staff 

Title: Nuclear Physics Research Quarterly Report April, May, June 1960 

Date: 7/20/1960 

Report: HW-66215 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is indicated on various research projects in the fields of theoretical, reactor, 
and critical mass physics. Separate abstracts were prepared for the eight sections of the report. (For 
preceding period see HW- 64866.) 



 

C-6645 

6632…..…..…………………..…….……..……ID Number…………………..…..…………….6632 

Author: Metelmann, C. / Finch, W. C. 

Title: Diffusion Coefficients and Diffusion Areas for Heterogeneous Systems 

Date: 7/20/1960 

Report: HW-66215, 04-13 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1960 

Conference Session:  

Abstract/Keyterms:  



 

C-6646 

6633…..…..…………………..…….……..……ID Number…………………..…..…………….6633 

Author: Worden, J. R. / Nichols, P. F. 

Title: Lattice Parameters for the Experimental Gas Cooled Reactor 

Date: 7/20/1960 

Report: HW-66215, 14-17 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1960 

Conference Session:  

Abstract/Keyterms:  



 

C-6647 

6634…..…..…………………..…….……..……ID Number…………………..…..…………….6634 

Author: Nichols, P. F. / Worden, J. R. 

Title: PCTR Measurement of the Reactivity Effect of a Stainless Steel Loop Tube in the EGCR 

Date: 7/20/1960 

Report: HW-66215, 18-23 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1960 

Conference Session:  

Abstract/Keyterms:  



 

C-6648 

6635…..…..…………………..…….……..……ID Number…………………..…..…………….6635 

Author: Nichols, P. F. 

Title: EGCR Lattice Radial and Angular Power Distribution 

Date: 7/20/1960 

Report: HW-66215, 24-26 

Conference/Journal: Hanford, Physics Research Quarterly Report, April, May, June, 1960 

Conference Session:  

Abstract/Keyterms:  



 

C-6649 

6636…..…..…………………..…….……..……ID Number…………………..…..…………….6636 

Author: Reardon, W. A. / Lloyd, R. C. 

Title: Shape Perturbations in Critical Experiments 

Date: 7/20/1960 

Report: HW-66215, 27-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-6650 

6637…..…..…………………..…….……..……ID Number…………………..…..…………….6637 

Author: Lloyd, R. C. / Clayton, E. D. / Jones, B. L. 

Title: Critical Approach and Exponential Measurements with 2.00% Enriched Uranium Rods in Light 
Water 

Date: 7/20/1960 

Report: HW-66215, 30-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical approach and exponential measurements were begun for 
determining criticality parameters of 2.00% enriched uranium rods in light water. The data will be used for 
evaluating nuclear safety in support of processing enriched uranium from power reactor fuels. 
Measurements are to be made with two different fuel rod sizes which are 0.925 and 0.600 inches in 
diameter. 



 

C-6651 

6638…..…..…………………..…….……..……ID Number…………………..…..…………….6638 

Author: Lloyd, R. C. 

Title: Exponential Measurements of Natural Uranium-Water Systems 

Date: 7/20/1960 

Report: HW-66215, 34-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-6652 

6639…..…..…………………..…….……..……ID Number…………………..…..…………….6639 

Author: Reardon, W. A. / Clayton, E. D. / Brown, C. L. / Masterson, R. H. / Powell, T. J. / Richey, C. R. 
/ Smith, R. B. / Healy, J. W. 

Title: Hazards Summary Report for the Hanford Plutonium Critical Mass Laboratory 

Date: 8/1/1960 

Report: HW-66266 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-025, PU-SOL-THERM-026, PU-SOL-THERM-024, PU-SOL-
THERM-009, MIX-COMP-THERM-015, MIX-COMP-MIXED-001, MIX-COMP-THERM-012, MIX-
COMP-THERM-013, MIX-COMP-THERM-014; PU-SOL-THERM-033; Critical-mass data are needed 
for plutonium solutions and precipitates of plutonium in order to provide an improved basis of nuclear 
safety for radiochemical methods of processing plutonium from reactor fuels. The hazards evaluation for 
critical experiments with plutonium solutions are covered. An outline of the planned experimental program 
is presented along with the administration of nuclear safety in the laboratory operation. The facility is 
described in detail together with the proposed experimental equipment and techniques which are to be used 
for the initial series of critical experiments, but which apply in general to the critical experiments with 
plutonium solutions. The various functions of the control and interlock systems are examined in detail. The 
hazards associated with abnormal operations are analyzed in detail. A maximum credible accident is 
hypothesized, and the consequences are analyzed in detail. Radiations 



 

C-6653 

6640…..…..…………………..…….……..……ID Number…………………..…..…………….6640 

Author: Richey, C. R. / Clayton, E. D. / Odegaarden, R. H. / White, J. D. / Reardon, W. A. 

Title: Hazards Summary Report for the Hanford Plutonium Critical Mass Laboratory, Supplement No. 1, 
The Remote Split-Table Machine 

Date: 10/1/1963 

Report: HW-66266, SUP1 REV 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-015, MIX-COMP-THERM-016, MIX-COMP-THERM-012, 
MIX-COMP-THERM-013, MIX-COMP-THERM-014, PU-SOL-THERM-033 



 

C-6654 

6641…..…..…………………..…….……..……ID Number…………………..…..…………….6641 

Author: Bierman, S. R. / Graf, W. A. 

Title: Plant Modifications for Reprocessing Non-Production Reactor Fuels. Design Criteria for Redox 
Processing of Metal Solutions. Project CGC-830 

Date: 10/24/1960 

Report: HW-66781 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design criteria for alterations to the Redox facilities that are necessary for 
nuclear-safe operations when processing NPF materials are outlined. The basic scope requirements for 
product storage and the criteria for critical mass control when processing NPF solutions in Redox are 
included. Since NPF solutions contain up to 5% U235 or equivalent enrichment, existing Redox equipment 
is not safe by geometry alone for these solutions. Concentration control will be employed throughout the 
process as the primary means of avoiding the possibility of a nuclear incident. Neutron monitors and soluble 
and fixed neutron poisons will be used. To avoid achieving criticality by precipitation, caustic and other 
precipitating agents will be segregated from the process except for the waste neutralizer. The waste to be 
neutralized will be analyzed to assure the absence of critical amounts of uranium or plutonium. 



 

C-6655 

6642…..…..…………………..…….……..……ID Number…………………..…..…………….6642 

Author: Harmon, M. K. 

Title: Redox Dissolver Incident Comprehensive Report 

Date: 9/13/1960 

Report: HW-66850-Del. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Immediately following the incident, an investigation was started to determine whether 
nuclear criticality was involved. It was concluded that criticality was not involved. Although the apparent 
cause of the incident was the prolonged exposure to air of a portion of the fuel elements following the first 
dissolving “cut”, an immediate analysis was made of the dissolver design to determine: 1) what, if any, 
contribution design of the vessel made to the incident; and 2) what, if any, modifications are needed before 
a replacement vessel is fabricated. At the same time, analyses were also made of the operating procedures 
for this dissolver, its brief history of operation, and a comparison with the performance of conventional 
dissolvers. No basic fault was found in design. It was therefore decided that the original design would be 
retained for the replacement dissolver, and protection against similar incidents in the future would rest in 
new routine operational controls combined with appropriate emergency procedures. New procedures have 
been devised which provide for complete submergence of the metal charge as continuously as practical and 
definitely throughout the dissolving step and for any holding period in excess of eight hours. These 
procedures are currently in use with the conventional dissolvers in the Redox and Purex plants and will 
apply to new dissolvers. 



 

C-6656 

6643…..…..…………………..…….……..……ID Number…………………..…..…………….6643 

Author: Neeley, V. I. / Berberet, J. A. / Masterson, R. H. 

Title: Infinity of Three Weight Per Cent U235 Enriched UO3and UO2 NO32 Hydrogenous Systems 

Date: 9/1/1961 

Report: HW-66882 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Enrichment; Fuels; Homogeneous Reactors; 
Hydrogen; Moderators; Multiplication Factors; Operation; PCTR; Poisoning; Reprocessing; Research 
Reactors; Safety; Thermal Neutrons; Uranium 235; Uranium Oxides 



 

C-6657 

6644…..…..…………………..…….……..……ID Number…………………..…..…………….6644 

Author: Neeley, V. I. / Berberet, J. A. / Masterson, R. H. 

Title: k∞ of Three Weight Per Cent U235 Enriched UO3 and UO2(NO3)2 Hydrogenous Systems 

Date: 9/1/1961 

Report: HW-66882 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results based on PCTR measurements. Referenced in footnote of ANSI/ANS-8.1-
1998. 



 

C-6658 

6645…..…..…………………..…….……..……ID Number…………………..…..…………….6645 

Author: Neeley, V. I. / Berberet, J. A. / Masterson, R. H. 

Title: K(inf) of Three Weight Percent Uranium-235 Enriched Uranium Trioxide and Uranyl Nitrate 
Hydrogenous Systems 

Date: 9/1/1961 

Report: HW-66882 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The value of the infinite multiplication constant k(inf) has been determined as a 
function of the hydrogen-to-uranium (hydrogen/uranium) atomic ratio for 3.04 wt% uranium-235 enriched 
uranium trioxide and uranyl nitrate hydrogen moderated homogeneous systems. The work was done to 
evaluate nuclear safety of and establish operational limits for slightly enriched homogeneous systems and 
was performed in the Hanford physical constants testing reactor. The amount of thermal neutron absorber, 
commonly referred to as poison, necessary to reduce the value of k(inf) of these systems to unity was also 
obtained directly from these studies. This value is of interest for processing reactor fuels in which soluble 
poisons would be used for criticality control. Curves of the value of k(inf) as a function of the 
hydrogen/uranium atomic ratio for 3.04 wt% uranium-235 enriched uranium trioxide and uranyl nitrate are 
shown. The curve of k(inf) versus hydrogen/uranium is determined by a least squares fit to the experimental 
data. Values of the amount of thermal poison necessary to reduce k(inf) to unity as a function of the 
hydrogen/uranium ratio are tabulated. 



 

C-6659 

6646…..…..…………………..…….……..……ID Number…………………..…..…………….6646 

Author: Braden, D. E. 

Title: Design Scope of the Z Plant Plutonium Reclamation Facility: Project CAC-880 

Date: 10/17/1960 

Report: HW-66916 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to present the Title I scope design which will 
constitute the basis for Title II detail design of the Plutonium Reclamation Facility. 



 

C-6660 

6647…..…..…………………..…….……..……ID Number…………………..…..…………….6647 

Author: Smith, R. E 

Title: Critical Mass Control Specifications: Hoods 7-C and 9-B 

Date: 1/23/1961 

Report: HW-66936 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report discusses the critical mass control specifications for Hoods 7-C and 9-B 
have become obsolete due to needed storage within the confines of Hood 9-C, and equipment modifications. 
Nuclear safety in Hood 7-C and 9-B depends almost entirely on controlling the mass and geometry of the 
plutonium compounds not confined by the processing equipment. Generally, the processing vessels and 
associated piping are designed and arranged in the hood to be critically safe at full operating capacity. This 
safety is not assured, however, if plutonium masses outside of the equipment exceed certain proportions of 
geometry and mass. For those cases where always safe geometry confinement cannot be assured, 
administrative controls are established 



 

C-6661 

6648…..…..…………………..…….……..……ID Number…………………..…..…………….6648 

Author: Cooper, V. R. 

Title: Quarterly Report. Technology of Nonproduction Reactor Fuels Reprocessing. Budget Activity 2790 

Date: 10/1/1960 

Report: HW-66968 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operation of the 40-ton hydraulic shear equipped with a male Vee moving blade and 
semicircular stationary blade was continued, primarily to study blade life under varying conditions. Studies 
on methods of safely handling NaK containing fuel elements were completed. Development work on the 
Zirflex and Sulfex processes was completed. Nitric acid leaching of swaged UO2 from chopped fuel rods 
was investigated on laboratory and pilot plant scales. Stainless steel and Zircaloy-clad UO2 rods 0.5-inch 
in diameter were used for the studies. Experiments were continued for determining criticality parameters 
of enriched uranium pertinent to the reprocessing of power reactor fuels. 



 

C-6662 

6649…..…..…………………..…….……..……ID Number…………………..…..…………….6649 

Author: Atwood, J. M. / Snyder, W. A. eds. 

Title: Plutonium Recycle Program Annual Report, Fiscal Year 1960 

Date: 8/15/1960 

Report: HW-67000 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Four computer codes were developed to investigate reactor physics parameters in 
terms of over-all fuel cycle economics. Work was continued on the generalized evaluation of self-sustaining 
plutonium recycle in enriched thermal reactors. Calculations of fuel costs were made for a reactor operating 
on plutonium recycle without plutonium sale, and for once-through operation and sale of plutonium. The 
relative wonth of the several plutonium isotopes in a given reactor environment was determined using the 
Meleager code. Planning and scheduling of basic PRTR fuel loadings were continued to assure maximum 
contributions of the reactor to the over-all program. Measutements were completed on the fission cross 
section of Pu/sup 2//sup 4//sup 1/ over the neutron energy region of 0.1 to 20 ev. The subthreshold fission 
cross sections of U/sup 2//sup 3//sup 4/. U/sup 2//sup 3//sup 6/. U/sup 2//sup 3//sup 8/, and Pa/sup 2//sup 
3//sup 1/ were also determined. Critical approach and exponential experiments were conducted with Al--5 
wt.% Pu fuel elements in light water to provide critical mass data. Fuel rods for 30 Pu--Al spixe enrichment 
elements were fabricated. Extensive corrosion testing of various Ru-- Al alloys was performed. Sinterability 
characteristics, melting curves, thermal expansion, and thermal conductivity of PuO2. UO2, and mixtures 
of the two were determined. Hot swaging and vibratory compaction techniques were investigated. 
Ultrasonic, eddy current, fluorescent dye penetrant, and radiographic tests verified the high metallurgical 
integrity of the Zircaloy-2 tubes. Evaluation of Zircaloy-4 was carried out to determine its corrosion 
resistance and hydriding characteristics. Fretting corrosion of Zircaloy-2 components was investigated. Al 
alloys containing 1 to 2% each of Fe and Ni showed improved corrosion resistance over the more standard 
X-8001 alloy in 360 deg C water. Preliminary design was completed on the Plutonium Recycle Critical 
Facility. to be located adjacent to PRTR. Research and development continued on chemical processes for 
economical separation and decontamination of plutonium and uranium from spent fuels. Work was 
continued on design of equipment for decontaminating plutonium by ion exchange. 
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Title: Minutes of Critical Mass Laboratory Program Meeting, Richland, Washington, October 25-26, 1960 

Date: 10/31/1960 

Report: HW-67240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The minutes are presented of a meeting to review the program planned for the 
Hanford Plutonium Critical Mass Laboratory. The laboratory is described and the experimental program to 
be carried is outlined. A review is also presented of current efforts at other sites. 
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Title: Two Dimensional Flux and Power Calculations for the PRTR 

Date: 10/31/1960 

Report: HW-67246 

Conference/Journal:  
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Abstract/Keyterms: Calculations of the neutron flux and power distribution in the Plutonium Recycle Test 
Reactor utilizing a twodimensional, three energy group model were completed. Previous calculations of 
this nature were carried out in one dimension only and separability of the vertical and radial distributions 
was necessarily assumed. A study is described which, in addition to eliminating this assumption, includes 
a detailed analysis of the dump chamber and end effects. These calculations were performed with the 
multigroup, two-dimensional diffusion code 9 ANGIE. Nuclear data utilized in the code were taken, for the 
most part, from Henderson's compilation, which is given. Two different fuel loadings were investigated, 
corresponding to probable minimum and maximum spike loadings respectively. Also the effects of 
moderator level, shim insertion, Pu burnout, and radial reflector on flux and power distribution were 
studied. A summary of case descriptions is included. The moderator levels were selected to correspond to 
PRTR critical experiments. Variation in heat output of the UO2 is expected to be small due to in-situ 
fissioning of Pu at higher exposures and therefore was not included in this study. 
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Abstract/Keyterms: Interest is in the possibility for detecting hazardous (i.e., slightly subcritical) systems 
in process environments. 
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Plutonium 240; Procurement; HAPO; 
Criticality; Plutonium Nitrates; Plutonium Dioxide 
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Author: Albaugh, F. W. 

Title: Reactor and Fuels Research and Development Operation 

Date: 1/15/1961 

Report: HW-67954-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The December, 1960, monthly report of reactor and fuels research and development 
activities at Hanford Atomic Products Operation, Richland, Washington, contains information on the 
technical activities associated with the metallurgy program including nickel-plated fuel elements, corrosion 
of Zircaloy fuel cans, erosion-corrosion of aluminum alloys, radiometallurgy laboratory studies, radiation 
effects in structural materials, electron and optical microscopy, metallic fuels development, x-ray 
diffraction studies, fuel components development, fuel for present reactors, and fuel deformation studies; 
technical activities associated with the reactor program including coolant system technology, nonmetallic 
materials development, thermal hydraulic studies, and shielding studies; activities associated with the 
plutonium recycle program including plutonium fuels development, uranium dioxide fuel development, 
corrosion studies, structural materials development, fuel element rupture test facilities, design and 
component testing, and plutonium ceramics research; and other activities in support of the safe operation 
of the Hanford production reactors. 
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Date: 1/11/1961 

Report: HW-67954-B 

Conference/Journal:  
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Abstract/Keyterms: The December, 1960, monthly report for the Physics and Instrument research and 
development operation of Hanford Atomic Products Operation (HAPO) includes technical support for fuel 
fabrication for the Hanford production reactors, reactor safety, reactor physics code development, reactor 
instrumentation development, reactor kinetics studies, reactor systems analysis studies, activities associated 
with chemical separations processes such as criticality safety review, plutonium recycle, nondestructive 
testing programs, environmental science programs, dosimetry, and special programs. 
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Title: Reactor Safety Review 

Date: 1/17/1961 

Report: HW-68183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review is given of the shutdown margins, operation of reactor control systems, and 
administrative controls in use at all reactors operated by the Hanford Atomic Products Operation. The 
discussion for each reactor includes: a description of the reactor; a discussion of reactor physics, control 
systems, and nuclear instrumentation as they relate to operating and shutdown control adequacy; and a 
review for each reactor of the administrative controls utilized to insure that control systems function as 
required and that operating and maintenance activities are conducted within reactor safety requirements. 
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Title: Economic Evaluation of a 300-Mw(E) Supercritical Pressure Power Reactor 

Date: 6/1/1961 

Report: HW-68420(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A conceptual design of a 300-Mw(e) Supercritical Pressure Power Reactor (SPPR) 
was completed. The reactor utilizes the inverted cluster-type fuel element as the pressure member. 
Operating with turbine conditions of 3500 psi and 1050 deg F with two reheats to 1000 deg F, the direct 
cycle power plant achieves a net thermal efficiency of 43%. Based on the pre-July, 1961, uranium price 
schedule, unit power costs of 6.56 mills/kwh were attained when calculated in accordance with the Nuclear 
Power Plants Cost Evaluation Handbook. Capital costs of 5 per net kw were obtained. The revised uranium 
price schedule resulted in power costs estimated at 6.09 mills/kwh. Capital costs of about 0 per net kw 
appear attainable with this concept. The major unknown in the SPPR concept is the long-term (25,000 to 
40,000 MWD/MT), high temperature irradiation behavior of the fuel element. 
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Title: Hanford Plutonium Critical Mass Laboratory, Nuclear Safety, Operational Limitations, Instructions 
and Emergency Procedures 

Date: 3/1/1961 

Report: HW-68857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Outlines are given which describe: the philosophy governing nuclear safety in the 
Laboratory Operations; the procedures to be followed to secure approval for conducting experiments; the 
operational limits for conducting experiments; the general operating instructions for use during experiment 
operation; and the emergency procedures to be followed in the event of a nuclear excursion. Discussions 
are included of the safety and interlock systems, as well as the procedure for pre-startup check out of 
instrumentation, interlock, and control systems. Responsibilities are defined for nuclear safety, and for 
action during an emergency involving a nuclear excursion. 
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Title: Nuclear Safety in Chemical and Metallurgical Processing of Plutonium 

Date: 4/1/1961 

Report: HW-68929 

Conference/Journal:  
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Abstract/Keyterms: A review was made of those types of criticality problems encountered in a typical 
plutonium processing and metal fabrication plant. A brief discussion is given of some of those criticality 
data which are of general interest in nuclear safety application, and of some of those data of limited 
application, but which are of special interest to specific processes. Curves are presented, based on 
multigroup diffusion theory, which show the estimated critical mass and infinite cylinder diameters for 
homogeneous PuO2-water mixtures and the critical mass for Pu-- Al alloy. Applied methods of criticality 
control in plutonium processing and fuel element fabrication are reviewed. A list of typical administrative 
procedures, which have been used in effecting criticality control, is given. The proposed general program 
of studies for the new Hanford Plutonium Critical Mass Laboratory, which is being undertaken to obtain 
needed criticality data for Pu solutions and precipitates of plutonium, is discussed. 
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Title: Plutonium Recycle Critical Facility, Final Safeguards Analysis 

Date: 2/1/1962 

Report: HW-69168 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Plutonium Recycle Critical Facility (PRCF) is a very low-power experimental 
reactor and is designed to supplement the Plutonium Recycle Test Reactor (PRTR). The Critical Facility 
will be used for the determination of basic nuclear constants of heterogeneous reactors recycling plutonium, 
to assist in planning PRTR fuel loadings, to obtain reactivity measurements of reactor fuels, and for 
exponential, approach-to-critical, and critical experiments. A description of the reactor, building, and 
associated equipment is presented. A description of the anticipated operating program and operating 
procedures is also included. Reactor safeguards aspects of possible equipment malfunction and procedural 
errors are analyzed and inherent reactor safety features are described. 
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Conference/Journal:  
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Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Accidents; Aluminum Alloys; 
Analog Systems; Boiling; Bubbles; Ceramics; Circuits; Computers; Configuration; Contamination; 
Convection; Cooling; Critical Assemblies; Criticality; Doppler Effect; EBWR; Enrichment; Excursions; 
Failures; Fallout; Filters; Fission Products; Food; Free Convection; Fuel Cans; Fuel Elements; Heat 
Transfer; Heavy Water Moderator; Leaks; Melting Points; Metabolism; Milk; Mixing; Numericals; 
Personnel; Plutonium Alloys; Plutonium Oxides; PRCF; Quantity Ratio; Radiation Doses; Radiation 
Protection; Reactivity; Reactor Safety; Simulators; Spectral Shift; Surfaces; Temperature; Transients; 
Uranium Dioxide; Water Moderator; Zircaloy 
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Report: HW-69168 SUP 

Conference/Journal:  
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Abstract/Keyterms: Mix-Comp-Therm-009; Reactor Technology; Research and Test Reactors; 
Accidents; Aluminum Alloys; Analog Systems; Boiling; Bubbles; Ceramics; Circuits; Computers; 
Configuration; Contamination; Convection; Cooling; Critical Assemblies; Criticality; Doppler Effect; 
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Title: A Semi-Empirical Method of Estimating Material Bucklings for Slightly Enriched Uranium Tubes 
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Date: 3/1/1962 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A semi-empirical method for calculating material bucklings for slightly enriched 
uranium tubes in light water is presented. Lattice parameters were calculated by the IDIOT code. Buckling 
was calculated by the one group critical equation, using an adjusted regeneration factor (eta) to obtain a 
correlation to measured values. Measured bucklings on tube lattices at 0.95, 1.0, 1.25, 1.44, 1.47, and 1.6% 
/sup 235/ were used in the correlation. The calculated and measured maximum bucklings at these 
enrichments agreed to within plus or minus 350 10/sup -6/ cm/sup -2/. A curve of adjusted eta versus /sup 
235/ enrichment is given. The reliability of the method is limited to the range of tube sizes and U235 
enrichments used in the correlation. Beyond this range, the method is less reliable, but useful for lattice 
survey studies. 
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Abstract/Keyterms: The copy consists of only the title page, table of contents, and one article regarding 
PCTR k∞ measurements for low-enriched (3%) uranium oxide with hydrogen moderation. 
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Author: Wood, D. E. 

Title: Material Buckling Measurements on Graphite-Uranium Systems at Hanford, A Summary Tabulation 

Date: 5/1/1961 

Report: HW-69525 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of material bucklings for graphite-uranium systems are summarized. 
A comprehensive listing and guide to the original data sources is provided. Complete information on 
physical and nuclear properties of the lattice and the geometry of the exponential assembly is included, 
along with some of the auxiliary data taken. The fuel sizes vary from 0.925 to 2.5 inch in diameter for five 
different fuel geometries. The lattice spacings vary from 4.1875 to 15 inch. Over 300 measurements of 
material buckling are included. 
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Title: Safety Review of Nuclear Fuel Manufacturing Operations: Fuels Preparation Department 

Date: 5/19/1961 

Report: HW-69585 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Subsequent to a recent comprehensive review of the safety of Hanford’s reactor 
operations, a request was received from the Hanford Operations Office for a similar review of 
manufacturing processes within the 200 and 300 areas. of particular concern were the non-reactor-oriented 
nuclear and radiological hazards involved in these operations, as well as the administrative procedures by 
which they were controlled. This report, which reviews these elements of safety of operations within the 
Fuels Preparation Department was accordingly prepared. Many individuals throughout the Department and 
Hanford Laboratories Operation contributed to this study. 
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Author: Neeley, V. I. / Handler, H. E. 

Title: Measurement of Multiplication Constant for Slightly Enriched Homogeneous Uranium Trioxide-
Water Mixtures and Minimum Enrichment for Criticality 

Date: 8/21/1961 

Report: HW-70310 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The minimum uranium-235 enrichment required for criticality in an infinite 
homogeneous system of uranium trioxide (uranium trioxide) and water has been determined from 
measurements of k(inf) in the Hanford physical constants testing reactor, (PCTR). This the enrichment for 
which k(inf) equal to or less than unity in an aqueous homogeneous system. The experiments consisted of 
k(inf) measurements at uranium enrichments of 1.006, 1.070, and 1.159 wt% uranium-235 for hydrogen-
to-uranium atomic ratios in the range of 3.5-7.5. The minimum enrichment required for criticality in an 
infinitely large system with a homogeneous uranium trioxide-water mixture was found to be 1.034 +0.010 
and-0.009 wt% uranium-235. 
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Title: Hazards Review Phase 1 Fission Product Processing in B-Plant 

Date: 8/24/1961 

Report: HW-70554 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Future operation of B-Plant for Phase I fission product processing involves may of 
the hazards associated with current chemical Processing Department activities in both the Purex and Redox 
Plants. The specific B-Plant hazards under Phase I operations are discussed in this report from the 
standpoint of comparable Purex and Redox hazards. 
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Author: n. a. 

Title: Physics Research Quarterly Report April, May, June 1961 

Date: 7/20/1961 

Report: HW-70716 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in the fields of theoretical reactor physics, experimental reactor physics, and 
critical mass physics is reported. Topics covered include modification of the Hurwitz spectrum due to 
leakage. Green's function treatment of exponential piles. material buckling measurements on graphite--
uranium systems, small source theory oscillations in exponential pile flux distributions. neutron spectrum 
in the internal thermal column of the thermal test reactor, and application of pulsed neutron sources to safety 
problems. 
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Title: Neutron Multiplication Measurements with Plutonium-Aluminum Alloy Rod in Light Water 

Date: 8/29/1961 

Report: HW-70944 

Conference/Journal:  
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Abstract/Keyterms: Neutron multiplication and exponential measurements were conducted with 
plutonium-aluminum alloy fuel elements in light water moderated lattices; a hexagonal pattern was used 
for the lattices which were fully water reflected. The critical mass was determined for 24-inch high cylinders 
by neutron multiplication measurements. The extrapolation length and bucklings for the lattices were 
determined by equating the buckling expression from the exponential measurements to the buckling 
expression for the critical size as determined from the neutron multiplication measurements. These 
equations were then solved for the extrapolation length and buckling. The critical mass for spherical 
geometry was calculated from the measured buckling and extrapolation length. The minimum critical mass 
for the aluminum-5 wt.% plutonium alloy rods in light water was 1.5 kg plutonium. The maximum buckling 
was, 11,300E-6 cm(-2) the effect on the critical mass of the plutonium-240 ( about 5%) was determined 
from calculations; the results indicate the critical mass (including all isotopes) would be reduced by about 
8.2% in the absence of plutonium-240, or to 1.38 kg plutonium-239. A curve of the critical mass and 
buckling obtained from these experiments is shown. The various data are tabulated. 
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Title: PRP-CF Start-Up Tests 
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Report: HW-71214 
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Abstract/Keyterms: The Plutonium Recycle Program-Critical Facility startup tests are described. The 
following tests are discussed: loading to critical, power calibration experiment, worth of the rods in the 
safety system, reproducibility and calibration of the control rods, time response of the safety system, 
moderator level reactivity coefficients with two-zone loading, cell pressure and total temperature 
coefficients with two-zone loading, Pu- Al substitution, void and waterheavy water substitution 
coefficients, kinetics measurement, reflector experiment, and boron poison injection. 
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Title: Computer Code HFN-Multigroup, Multiregion Neutron Diffusion Theory in One Space Dimension 

Date: 11/17/1961 

Report: HW-71545 

Conference/Journal:  
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Abstract/Keyterms: The computer program HFN uses numerical methods to solve the homogeneous or 
inhomogeneous one-spacedimensional multigroup diffusion equation for its lowest eigenvalue and the 
corresponding direct and/or adjoint eigenvectors, in both multiplying and non-multiplying systems. 
Inhomogeneous boundary conditions combine with a flexible scatter-transfer matrix structure to permit 
HFN to solve a wide variety of problems, including some not directly associated with neutron diffusion 
theory. Optional calculations use the results of the diffusion theory solutions to perform criticality searches, 
compute detector activation traverses, and compute integrals of interest in perturbation theory analyses. The 
theory is described and the operating instructions are listed along with a sample problem which took ten 
seconds on an IBM-7090. HFN is coded in FORTRAN (95%) and FAP for a 32 K IBM-7090. 
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Abstract/Keyterms: The data and techniques which were used to evaluate the criticality problems in 
typical Pu processing plants are presented. Recommendations concerning the reliability of the data, and 
techniques of control are also discussed. 
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Title: Hanford Criticality Dosimeter 

Date: 1/1/1963 

Report: HW-71710(Rev.) 
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Abstract/Keyterms: A dosimeter was developed for measuring the neutron dose and spectral distribution 
from a nuclear radiation excursion. The neutron spectrum measurement yields five energy groups while the 
dose measurement will give the single collision theory RBE neutron dose over a wide range of neutron 
energies with an accuracy of plus or minus 15% within the range of a few to several thousand rads. 
Measurement of gamma dose between 10 and 10,000 rads is also provided. The dosimeter offers three 
advantages over others: absence of pre-dose radioactivity, absence of toxic components, and simple and 
rapid technique. 
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Author: Clayton, E. D. 

Title: Critical Mass Experiments with Plutonium Nitrate Solutions 

Date: 10/13/1961 

Report: HW-71747 
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Abstract/Keyterms: Critical mass experiments were begun in the new Hanford Plutonium Critical Mass 
Laboratory. The program for the laboratory is intended to be a general study involving homogeneous and 
heterogeneous systems needed for obtaining criticality data on plutonium solutions and precipitates. The 
critical assembly unit used in the initial experiments was a 14-inch diameter stainless steel sphere of 0.044-
inch wall thickness. In the initial attempt to reach criticality, the unit was unreflected. The vessel was filled 
with plutonium-nitrate solution at a concentration of 298 grams plutonium per liter. The hydrogen to 
plutonium atomic ratio for the solution was about 64; the nitric acid molarity was 6.3. The vessel contained 
6.95 kg of plutonium when filled to capacity. The system was subcritical by an unknown amount, however, 
the extrapolation of the multiplication curves indicated the vessel would have been critical if the diameter 
were about 14.8 inches. 
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Abstract/Keyterms: Physics; Albedo; Buckling; Chemical Reactions; Criticality; Cylinders; Diffusion; 
Enrichment; Exponential Piles; Extrapolation Length; Fast Neutrons; Fermi Age; Fission; Fourier Analysis; 
Fuel Solutions; Green Function; Harmonic Analysis; Hydrogen; Mass; Mathematics; Measured Values; 
Metallurgy; Mixing; Multiplication Factors; Neutron Flux; Neutrons; Oscillations; Plutonium; Plutonium 
Nitrates; Reflection; Reprocessing; Resonance Escape Probability; Rods; Safety; Spectra; Spectral Shift; 
Thermal Neutrons; Transport Theory; Uranium; Uranium 235; Uranium Trioxide; Uranyl Nitrates; Water 
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Title: Production Test IP-467-C reducing minimum downtime 

Date: 12/6/1961 

Report: HW-71809 

Conference/Journal:  
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Abstract/Keyterms: The objective of the Production Tests described in this report is to evaluate the 
operational aspects of a proposed method for reducing minimum downtime. The excess xenon poisoning, 
which occurs during the first 32--38 hours after the shutdown of a reactor from present equilibrium levels, 
will be partially overridden by a central enriched zone whose added reactivity contribution would be 
compensated during normal operation by means of poison splines. The test will be performed at B Reactor. 
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Date: 5/1/1944 

Report: HW-7-189-Del. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The May, 1944, monthly report for Hanford Engineer Works includes information on 
the Hanford production reactors, fuel fabrication, reprocessing and materials recovery, construction 
activities, technical and research activities, power systems, employee services, safeguards, security, 
material handling, occupational injuries, inventories, and inspection and testing activities 
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6684…..…..…………………..…….……..……ID Number…………………..…..…………….6684 

Author: Brown, C. L. 

Title: Comparison of U-235 Enriched and Plutonium Enriched UO2 from the Standpoint of Nuclear Safety 

Date: 1/1/1961 

Report: HW-72039 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made to estimate the plutonium enrichments of depleted and natural 
UO2 that would be equivalent in nuclear reactivity to 1.5% U235 enriched UO2 for the case of 2.2 in. 
diameter rods in light water. To make these estimates, curves were derived which show the enrichment of 
UO2, PuO2 -- (UO/sub 2)/sub.2/ and PuO2)/sub.72/ -7/ that have equal maximum bucklings in the UO/ 
enrichment range of 1.3 to 2.1% U235. The enrichments which have bucklings equal to 1.5% U235 enriched 
UO2are 0.79 wt% Pu239 enriched PuO2(UO2)/sub.2/ and 0.47 wt% Pu239 enriched PuO2-(UO2) /sub.72/. 
Comparing the buckling versus water-to-fuel volume ratio curves for these three fuels, the bucklings 
differed by less than 5% over the range of volume ratios significant in criticality calculations. Consequently, 
it was concluded that the nuclear safety criteria for these three fuel enrichments are equivalent. The 
calculated minimum critical mass for the 1.5% U235 enrichment level (for 2.2 in. dia. fuel rods in light 
water) was 930 plus or minus 300 kg. 
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6685…..…..…………………..…….……..……ID Number…………………..…..…………….6685 

Author: Tillier, R. E. / Johnson, D. L. 

Title: Effect of Exposure on Criticality in Water Lattices - NPR and I&E Fuel Element 

Date: 1/30/1962 

Report: HW-72240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; General Studies of Nuclear Reactors 
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6686…..…..…………………..…….……..……ID Number…………………..…..…………….6686 

Author: Staff 

Title: Physics Research Quarterly Report October, November, December 1961 

Date: 1/31/1962 

Report: HW-72586 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The copy consists only of the title page and articles from the section titled "Critical 
Mass Physics." 
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6687…..…..…………………..…….……..……ID Number…………………..…..…………….6687 

Author: Clayton, E. D. / Reardon, W. A. / Lloyd, R. C. / Powell, T. J. / Masterson, R. H. / Odegaarden, 
R. H. 

Title: Calculations of Criticality Properties of Plutonium Nitrate Systems 

Date: 1/31/1962 

Report: HW-72586, 66-78 

Conference/Journal: Physics Research Quarterly Report, October, November, December, 1961, General 
Electric Company Hanford Atomic Products Operation, 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-008, PU-SOL-THERM-019, PU-SOL-THERM-021 
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6688…..…..…………………..…….……..……ID Number…………………..…..…………….6688 

Author: Haberman, H. D. 

Title: Design Scope of the Z Plant Metal Control Facility, Project CGC-944 

Date: 3/12/1962 

Report: HW-72676 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The steadily increasing plutonium production rates in the 234-5 Building has resulted 
in a large increase in the number of PR cans that are now being handled in the building. This has resulted 
in the available receiving and storage places for PR cans being taxed beyond their full capacity thereby 
necessitating the storage of PR cans within the building corridors. Accordingly, the ten-year business plan 
for the 234-5 Building, as documented in HW-65000, included a program for providing new receiving and 
storage facilities to alleviate this problem. The purpose of this document is to present a complete process 
engineering design on the combined receiving, storing, and blending facility. This document will provide 
the basis for the preparation of all subsequent Title 1 and Title 2 designs of this combined facility which 
has been given the title of Metal Control Facility 
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6689…..…..…………………..…….……..……ID Number…………………..…..…………….6689 

Author: Henry, H. L. / Nichols, P. F. / Watson, E. C. 

Title: Revised Report of the Reactor Hazards for the Physical Constants Testing Reactor 

Date: 3/1/1962 

Report: HW-73021 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Physical Constants Testing Reactor (PCTR) has been operated successfully for 
over six years. The reactor as it exists today ts described, measured values for control element worths are 
presented, and the reactor hazards analyzed. The reactor is essentially a 7-foot cube of graphite with a large 
cavity in the center, about 3 1/2 x 3 1/2 x 3 feet deep. It is made critical with uranium enriched to at least 
92% in U235 and runs normally at a power of 1 to 10 watts. Sections of various lattices are inserted into 
the test cavity. The effects of the test lattice on the PCTR reactivity are measured and neutron distributions 
inside the test lattice are determined. There are two mechanical safety systems on the reactor; eight shutter-
type control rods, which are driven to the closed position by springs in about 0.25 seconds, and two large 
cadmium disks that fall freely into the reactor in about 0.5 seconds. These 10 mechanical safety devices 
have individual driving and electromagnetic release mechanisms. The electromagnets are controlled by 
neutron flux monitoring through five electronic channels; two are fission chamber channels for subcritical 
and postcritical monitoring, while the remaining three are ion chamber channels for subcritical and level 
monitoring. If all the mechanical shutdown devices should fail, and if an excursion were to continue until 
limited by vaporization of the fuel. 2 x 10/sup 18/ fissions would occur. An analysis of the effects shows 
that consequences outside the reactor building would be limited to nuisance contamination within the 300 
Area. Maximum; dosage to personnel in the plume and 100 meters from the building is estimated as less 
than 15 rem total body plus 15 rem beta from contaminants deposited on the skin. 
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6690…..…..…………………..…….……..……ID Number…………………..…..…………….6690 

Author: Lloyd, R. C. / Clayton, E. D. / Reardon, W. A. 

Title: Critical Mass Experiments with Plutonium Nitrate Solutions 

Date: 4/16/1962 

Report: HW-73116, 101-107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Further critical mass studies were made of plutonium nitrate solutions in a 14-inch 
diameter stainless steel sphere. The plutonium concentrations ranged from 30 to 231 gram/liter with acid 
molarities varying from 1.1 to 5.6 molar. The wall thickness of the spherical vessel is 0.044 inch. 
Measurements were made with the vessel bare and reflected with 0.5 inch of paraffin, 1 inch of paraffin, 4 
inches of concrete, and 10 inches of concrete. Four measurements were made with the sphere covered with 
0.030-inch cadmium sheet backed with reflector. Evaluations were made of control rod worth at various 
concentrations. 
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6691…..…..…………………..…….……..……ID Number…………………..…..…………….6691 

Author: Meeker, L. M. 

Title: Critical Mass Control Specification Hood 7-A 

Date: 5/16/1962 

Report: HW-73679 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Hood 7-A will be used to handle filtrate and miscellaneous aqueous waste streams 
from the RMC button line. This document defines the critical mass control specifications for hood 7-A. 
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6692…..…..…………………..…….……..……ID Number…………………..…..…………….6692 

Author: Menegus, R. L. 

Title: Pile Poison-Procedure for Calculating Effect of Various Materials on Pile Reactivity 

Date: 3/19/1946 

Report: HW-7-3721 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Materials Testing; Poisoning; Reactivity; Reactors; Variations 
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6693…..…..…………………..…….……..……ID Number…………………..…..…………….6693 

Author: n.a. 

Title: Physics Research Quarterly Report, April-June 1962 

Date: 7/16/1962 

Report: HW-74190 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Performance tests were carried out on a circuit designed to distinguish between recoil 
electrons and recoil protons, due to incident photons and neutrons, respectively, in a hydrogenous 
scintillator. The activities produced in lutetium foils by irradiation were found to be a function of thickness. 
Data are presented for correction of lutetium activity measurements from thick foils to that for thin foils. 
Subcritical experiments with 1.82 wt.% Pu--Al rods in light water were conducted. A series of criticality 
experiments were begun with plutonium--nitrate solutions in a 14-in. diameter stainless steel sphere fully 
reflected with water. Monte Carlo calculations were made of the limiting critical concentration of Pu239 
and U235 in aqueous solutions. 
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6694…..…..…………………..…….……..……ID Number…………………..…..…………….6694 

Author: Lloyd, R. C. / Clayton, E. D. 

Title: Critical Mass Experiments with Plutonium Nitrate Solutions 

Date: 7/16/1962 

Report: HW-74190, 25-27 

Conference/Journal: Physics Research Quarterly Report, April, May, 1962, HW-74190, General 
Electric Company Hanford Atomic Products, July 1962 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019; A series of criticality experiments was begun with 
plutonium-nitrate solutions in a 14-inch diameter stainless steel sphere, fully reflected with water. 
Plutonium concentrations were in the range of about 38 to 46 g plutonium per liter with an acid molarity of 
about 4. The data obtained from the water reflected experiments at low plutonium concentrations will 
provide a needed tie point for comparing the current experimental results with the early Hanford P-11 
experiments which were conducted with dilute plutonium solutions. 
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6695…..…..…………………..…….……..……ID Number…………………..…..…………….6695 

Author: Lodge, J. D. 

Title: Neutron Multiplication Meter 

Date: 8/21/1962 

Report: HW-74640 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality Studies; Amplifiers; Boron Fluorides; Criticality; Fluorides; 
Instruments; Leaks; Measured Values; Monitoring; Multiplication Factors; Neutron Detection; Neutron 
Sources; Neutrons; Performance; Planning; Plutonium Nitrates; Proportional Counters; Radiation 
Detectors; Rate Meters; Recording Systems; Reprocessing; Solutions; Uranyl Compounds; Vessels 
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6696…..…..…………………..…….……..……ID Number…………………..…..…………….6696 

Author: Sloat, R. J. 

Title: Critical Mass Control Specification 7.35 wt% Pu-A1 Alloy Fuel Element Storage Gas Cylinder 
Storage Area, 234-5 Building 

Date: 1/16/1963 

Report: HW-74717-Rev 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium-aluminum fuel elements, which were fabricated at Hanford Atomic 
Products Operation for a special Atomic Energy Commission program, but were rejected for failure to meet 
specifications, were returned to Hanford for recovery. These elements, although contaminated during 
acceptance checking have not been used in the proposed reactor tests. This special material will be stored 
until recovery is completed. This report provides the critical mass control specification for the 7.35 weight 
percent Pu-Al alloy fuel element storage gas cylinder storage AREA, 234-5 building 
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6697…..…..…………………..…….……..……ID Number…………………..…..…………….6697 

Author: Investigation Committee 

Title: Final Report of Accidental Nuclear Excursion Recuplex Operation 234-5 Facility 

Date: 8/1/1962 

Report: HW-74723 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On Saturday morning, April 7, 1962, at about 1059 Armed Forces time, an accidental 
nuclear excursion occurred in the plutonium waste recovery facility (Recuplex) of the 234-5 Building. This 
excursion did not result in any mechanical damage or spread of contamination. Three employees of the 
General Electric Company received overexposures to gamma and neutron radiation. None were fatally 
exposed; in each case the overexposure was recognized promptly, and following medical observation and 
testing the men were released to return to work. In compliance with AEC Manual Chapter 0703, an AEC-
HAPO committee composed of two AEC employees and five General Electric employees was appointed 
by the Manger, HOO, with the concurrence of the General Manager, HAPO, to conduct an investigation of 
the incident. The committee`s purpose was to determine the cause, nature, and extent of the incident, and 
recommend action to be taken by others to minimize or preclude future incidents of this magnitude. A study 
of operating practices and operating conditions that appeared to exist prior to, during, and subsequent to the 
accident was made by the committee. The committee believes that this report provides sufficient 
information to answer questions which may arise as a result of the criticality incident except those relating 
to its cause 
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6698…..…..…………………..…….……..……ID Number…………………..…..…………….6698 

Author: n.a. 

Title: Accidental nuclear excursion Recuplex operation 234-5 facility. Final report: Date of incident: April 
7, 1962 

Date: 8/1/1962 

Report: HW-74723 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On Saturday morning, April 7, 1962, at about 1059 Armed Forces time, an accidental 
nuclear excursion occurred in the plutonium waste recovery facility (Recuplex) of the 234-5 Building. This 
excursion did not result in any mechanical damage or spread of contamination. Three employees of the 
General Electric Company received overexposures to gamma and neutron radiation. None were fatally 
exposed; in each case the overexposure was recognized promptly, and following medical observation and 
testing the men were released to return to work. In compliance with AEC Manual Chapter 0703, an AEC-
HAPO committee composed of two AEC employees and five General Electric employees was appointed 
by the Manger, HOO, with the concurrence of the General Manager, HAPO, to conduct an investigation of 
the incident. The committee`s purpose was to determine the cause, nature, and extent of the incident, and 
recommend action to be taken by others to minimize or preclude future incidents of this magnitude. A study 
of operating practices and operating conditions that appeared to exist prior to, during, and subsequent to the 
accident was made by the committee. The committee believes that this report provides sufficient 
information to answer questions which may arise as a result of the criticality incident except those relating 
to its cause. 
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6699…..…..…………………..…….……..……ID Number…………………..…..…………….6699 

Author: Barnes, R. G 

Title: Critical Mass Control: Continuous Neptunium 

Date: 5/9/1962 

Report: HW-75222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: During April 1962, equipment in both the main Redox Building (202-S) and the 
Plutonium Concentration Building (233-S) was rearranged to allow the accumulation and recovery of 
neptunium without interference with the production of uranium and plutonium. In order to do this, the 
former rework column (1S) was put into continuous service as a neptunium recovery column, the Third 
Plutonium Cycle was converted to a neptunium decontamination cycle, and ion- exchange equipment was 
installed in the 233-S Building to replace the Third Plutonium Cycle. The neptunium, once decontaminated, 
will be concentrated and loaded out via its own system in the 233-S Building. To check the critical mass 
safety of the new arrangement, a formal hazards review was made, the results of which are reported in this 
document. 
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6700…..…..…………………..…….……..……ID Number…………………..…..…………….6700 

Author: Staff 

Title: Physics Research Quarterly Report July, August, September 1962 

Date: 10/15/1962 

Report: HW-75228 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed comparison of recent data on differential scattering cross sections in water 
with Nelkin's theoretical kernel indicates that modification of the original parameters should be made. The 
modifications are in progress. In work on the effects of scatterers on criticality, it was found that criticality 
of a hydrogenous system is a function of the scatterers present. In other work, a two-group theory of 
exponential pile flux distributions was investigated and found to account for discrepancies between data 
and a fitted curve in exponential pile analysis. Measurements of B and Pu masses using the PCTR revealed 
that quantities of B, of the order of 0.01 g, can be measured to an accuracy of plus or minus 3% while 1.1 
g Pu can be measured to an accuracy of plus or minus 9%. Criticality experiments were continued with 
plutonium nitrate solutions in a 14- in. diam. water reflected stainless sphere in which criticality data were 
obtained as a function of the Pu concentration and solution acidity. Information and data obtained in an 
experiment on the limiting critical concentrations of U235 and Pu239 in aqueous solutions are given. 
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6701…..…..…………………..…….……..……ID Number…………………..…..…………….6701 

Author: Lloyd, R. C. / Clayton, E. D. / Richey, C. R. 

Title: Critical Mass Experiments with Plutonium Nitrate Solutions 

Date: 10/25/1962 

Report: HW-75228, 33-39 

Conference/Journal: Physics Research Quarterly Report, July, August, September, 1962, HW-75228, 
General Electric Company Hanford Atomic Products Operation, October 1962 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-019; Criticality experiments were continued with plutonium 
nitrate solutions in a 14-inch diameter stainless steel sphere reflected with water. Criticality was studied as 
a function of the plutonium concentration and acid molarity of the solutions. Plutonium concentrations were 
in the range of 33.5 to 70.4 grams per liter with acid molarities ranging from about 2.0 to 6.7. Data were 
obtained for evaluating the effect of the stainless steel shell on the criticality of the water reflected sphere. 
In one series of experiments, the vessel was wrapped with 0.03-inch thick cadmium sheet and reflected 
with water. 
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6702…..…..…………………..…….……..……ID Number…………………..…..…………….6702 

Author: Brown, C. L. 

Title: Nuclear Safety Parameters for 0.5-in. Diameter, 1.8 w% Pu-Al Alloy Rods in Light Water 

Date: 12/29/1962 

Report: HW-75319 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The buckling values for 0.5-in.-dia, 1.8 wt% Pu-Al alloy rods in light water, reported 
in HW-74190, were used to estimate the critical parameters for water-moderated and -reflected arrays of 
these elements. The values obtained are: minimum critical mass, 2.28 kg Pu; minimum critical volume, 
445.4 liters; minimum critical slab thickness, 9.3 in.; minimum critical cylinder diameter, 17.6 in.,; and 
minimum critical mass/unit area, 41.8 lbs of alloy/ft/sup 2/. The maximum material buckling obtained from 
the measurements was 0.006130 cm/sup 2/ at a water-to-alloy volume ratio of 1.55. The minimum critical 
mass occurs at a water-to-alloy volume ratio of 2.0. The above values will be used as the basis for nuclear 
safety evaluations concerning the handling and storage of these fuel rods. 
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6703…..…..…………………..…….……..……ID Number…………………..…..…………….6703 

Author: Czerniejewski, F. R. 

Title: Eigenvalue Matrix Solution to N-Component Neutron Interaction Problems 

Date: 1/1/1963 

Report: HW-75887 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The work previously reported by Czernejewski (Physics Research Quarterly, January, 
February, March, 1982) on neutron interaction between two separated fissile units is extended to the general 
case of N components with various spacings and nuclear properties. An eigenvalue matrix theory of 
interaction is derived in terms of better defined physical quantities. Results are tabulated for identical 
interacting urits in various arrangements. Errors result from assumptions in the calculation of the interaction 
parameters and the diffusion theory cross sections used. A simple method is also given for calculating 
systems of dissimilar units by assuming a linear form of k( alpha). Extension to arrays with outside reflector 
is possible. From comparison calculations it is evident that normal safety factors are meaningiess with the 
uncertainty of 15 to 70% overconservative in k(eff). 
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6704…..…..…………………..…….……..……ID Number…………………..…..…………….6704 

Author: Lloyd, R. C. / Clayton, E. D. 

Title: Critical Mass Experiments with Plutonium Nitrate Solutions 

Date: 1/15/1963 

Report: HW-76128 

Conference/Journal: Physics Research Quarterly Report, October, November, December, 1962, HW-
76128, General Electric Company Hanford Atomic Products Operation, January 15, 1963 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-008, PU-SOL-THERM-001, PU-SOL-THERM-007; Critical 
mass measurements were continued with plutonium nitrate solutions in a 14-inches diameter sphere. These 
experiments were devoted to a study of the effects of concrete reflectors on the criticality of the vessel, and 
the effect of an air gap between these reflectors and the core. Critical mass studies were also begun with an 
11.5-inches diameter stainless steel sphere reflected with water. The smaller sphere size permits extending 
the criticality data to regions of higher plutonium concentration in spherical geometry. 
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6705…..…..…………………..…….……..……ID Number…………………..…..…………….6705 

Author: Staff 

Title: Physics Research Quarterly Report January, February, March 1963 

Date: 4/1/1963 

Report: HW-76128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preprint of an article to be included in HW-76128, involving Pu solution experiments 
in 14-inch diameter spheres. Includes cover letter from E. D. Clayton to A. D. Callihan dated April 4, 1963. 
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6706…..…..…………………..…….……..……ID Number…………………..…..…………….6706 

Author: Perkins, R. W. / Kirby, L. J. 

Title: Radiological Chemistry Associated with the Hanford Criticality of April 7, 1962 

Date: 1/1/1962 

Report: HW-76823 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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6707…..…..…………………..…….……..……ID Number…………………..…..…………….6707 

Author: Masterson, R. H. / White, J. D. / Powell, T. J. 

Title: The Limiting Critical Concentrations for Plutonium-239 and Uranium-235 in Aqueous Solutions 

Date: 3/27/1963 

Report: HW-77089 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were made with plutonium nitrate solutions and uranyl fluoride 
solutions (93.15% enriched uranium dioxide difluoride) to determine the concentration at which k(inf) 
equals unity (the limiting critical concentration) for each of these solutions. The limiting critical 
concentration for plutonium-239 in an aqueous solution occurred at an hydrogen to plutonium ratio of 3392 
± 100; this limiting ratio corresponded to a concentration of 8.0 ± 0.3 grams plutonium-239/liter for the 
solutions used in the experiments. In conjunction with this plutonium measurement, the limiting critical 
concentration for uranium-235 in an aqueous solution was measured; the result (12.05 ± 0.03 grams 
uranium-235/liter) was compared to a similar result reported by the Oak Ridge National Laboratory. 
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6708…..…..…………………..…….……..……ID Number…………………..…..…………….6708 

Author: Keene, A. R. / Unruh, C. M. 

Title: Radiation Protection Aspects of the Recuplex Incident of April 7, 1962 

Date: 5/1/1963 

Report: HW-77295 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Biology; Control; Excursions; Instruments; Liquids; 
Personnel; Plutonium; Radiation Detectors; Radiation Doses; Radiation Protection; Radiochemistry; 
Sampling; Solutions; Transport 
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6709…..…..…………………..…….……..……ID Number…………………..…..…………….6709 

Author: n.a. 

Title: Physics Research Quarterly Report, January-March 1963 

Date: 4/15/1963 

Report: HW-77311 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research on the scattering law for water, analysis of criticality limits, systematic 
errors in neutron total cross sections, and criticality in spheres containing plutonium nitrate solutions is 
reported. The section on neutron total cross sectlons was previously abstracted in NSA; abstracts for the 
other three sections were prepared. 
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6710…..…..…………………..…….……..……ID Number…………………..…..…………….6710 

Author: Lloyd, R. C. / Clayton, E. D. / Richey, C. R. / Bierman, S. R. 

Title: Critical Experiments with Plutonium Nitrate Solutions 

Date: 1/1/1963 

Report: HW-77311, 40-47 

Conference/Journal: Physics Research Quarterly Report, January, February, March, 1963, HW-77311, 
General Electric Company Hanford Atomic Products Operation, April 1963 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-001, PU-SOL-THERM-007, PU-SOL-THERM-008, PU-SOL-
THERM-019; Critical experiments were conducted with plutonium nitrate solutions in an 11.5-inch 
diameter stainless steel sphere. The measured volume of the 11.5-inch sphere was 12.95 liters; the vessel 
wall thickness was 0.049 inch. Criticality in the water reflected sphere was studied as a function of nitrate 
concentration. Plutonium concentrations were in the range of 51 to 431 g plutonium/liter, with low acid 
molarity (less than 2 in most cases). The data obtained yield a curve of critical concentration versus nitrate, 
which may then be used to estimate the critical concentration for a homogeneous plutonium water mixture 
in the absence of nitrate, or to evaluate the minimum mass of plutonium in the sphere. Experiments were 
also conducted to determine the effect of the stainless steel vessel wall on the criticality of the water 
reflected unit. Pulsed neutron source experiments were conducted concurrently with critical mass 
measurements. Multigroup diffusion theory calculations were used to compute criticality for some of the 
solutions as used in the experiments, with a comparison between theory and experiment being given in 
terms of k(eff). 
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6711…..…..…………………..…….……..……ID Number…………………..…..…………….6711 

Author: Soldat, J. K. 

Title: Recuplex Incident, April 7, 1962 - Emission of Fission Products from the 291-a Stack 

Date: 1/1/1962 

Report: HW-77345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recuplex Incident 
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6712…..…..…………………..…….……..……ID Number…………………..…..…………….6712 

Author: Gustafson, V. W. 

Title: Plutonium Recycle Critical Facility Light Water Dilution 

Date: 5/20/1963 

Report: HW-77607 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made of the reactivity status in the PRCF following a cell flooding event 
which would add H2O to the core. A 55-inch D2O moderator level was assumed, and a fuel loading of 17 
Pu-Al Mark I type fuel elements on an 8-inch equilateral triangular lattice was calculated to have a critical 
moderator level it 55 inches. The effects of H2O dilution of D/ sub 2/O on the reactivity were calculated 
up to 50% dilution (110-inch moderator level) and are shown graphically. A continuous reactivity decrease 
was noted with increasing H2O addition. 
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6713…..…..…………………..…….……..……ID Number…………………..…..…………….6713 

Author: n.a. 

Title: Radiological Chemistry 

Date: 10/31/1964 

Report: HW-77609(Sect.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data are presented from preliminary measurements of radioisotope yields from the 
thermal neutron fission of Pu239 and Pu/sup 241/; studies on the effects of chemical additives and coating 
materials on the reduction of radionuclides in reactor effluent water; the determination of Th232 in urine 
by activation analysis; a bioassay procedure for Pm/sup 147/; the measurement of Cl/sup 38/ and W/sup 
187/ in reactor effluent water; the separation of As/sup 76/ from reactor effluent water; the determination 
of P/sup 32/ in river sediments; revision of a fluorescein analysis technique for use in atmospheric diffusion 
studies using ZnS as a tracer; liquid scintillation counting of tritium; estimations of fast neutron doses from 
the Hanford criticality accident; and the development of methods for sampling fallout from air at ground 
level and from aircraft. Data are included on the levels of radionuclides from fallout and other sources in 
air, stack gases, and Columbia River water and sediments in the Hanford area during 1961 and 1962. High 
sensitivity analytical methods were developed for the quantitative measurement of U238, U234, Th/sup 
230/, Ra/sup 226/, Po/sup 218/, and Po/sup 210/, in biological l samples. Results are included from studies 
of the radiation chemistry of the dyes erioglaucine and tropeoline; the effects of temperature on radical-
capturing reactions in irradiated aqueous solutions; radical-capturing reactions of galactose and agarose in 
irradiated solutions; the kinetics of radio induced hemolysis of human red blood cells in aqueous 
suspensions; electrophoresis patterns of sera from irradiated and normal persons; and the low noise 
modification of an electron spin resonance spectrometer. 
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6714…..…..…………………..…….……..……ID Number…………………..…..…………….6714 

Author: Clayton, E. D. / Brown, C. L. / Stevenson, R. L. / Kiel, G. R. 

Title: Trip Report Meeting of Industrial Nuclear Safety Group, Washington D.C. May 7, 8, 9, 1963 

Date: 5/23/1963 

Report: HW-77715 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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6715…..…..…………………..…….……..……ID Number…………………..…..…………….6715 

Author: Cserniejewski, F. R. 

Title: Brief Summary of Calculations on Critical Measurements of Cylinders in Cubic Arrays with or 
without Reflector 

Date: 5/29/1963 

Report: HW-77767 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The theoretical methods of calculating a criticality constant near 1 for a series of equal 
cylinders set in a cubic array are given. In general, the interaction problem is treated with an eigenvalue 
matrix for the albedo. Special techniques are used for the three-dimensionality of the arrays and for the 
external reflectors. The vessels were made of 0.635 cm piastic, 20.32 cm OD. Each cylinder contained 5 
liters of 92.6% U235 uranyl nitrate solution at an H/U235 of 58.8. Solution height was calculated to be 
17.54 cm, although actual vessel height was 19.05 cm. Numerical results are given in tabular form. 



 

C-6729 

6716…..…..…………………..…….……..……ID Number…………………..…..…………….6716 

Author: Clayton, E. D. 

Title: Further Considerations of Criticality in Recuplex and Possible Shutdown Mechanism 

Date: 1/1/1963 

Report: HW-77780 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recuplex Incident 
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6717…..…..…………………..…….……..……ID Number…………………..…..…………….6717 

Author: Staff 

Title: Physics Research Quarterly Report April, May, June 1963 

Date: 7/1/1963 

Report: HW-77871 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preprints of 3 articles to be included in HW-77871. 
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6718…..…..…………………..…….……..……ID Number…………………..…..…………….6718 

Author: Czerniejewski, F. R. 

Title: Flexible, High Accuracy Treatment of Interacting Fissile Cylinder Systems 

Date: 7/1/1963 

Report: HW-77871, 04-11 

Conference/Journal: PHYSICS RESEARCH QUARTERLY REPORT, APRIL-JUNE 1963 

Conference Session:  

Abstract/Keyterms: Separate abstracts were prepared for the seven papers on critical mass and reactor 
physics. 
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6719…..…..…………………..…….……..……ID Number…………………..…..…………….6719 

Author: Richey, C. R. / White, J. D. / Clayton, E. D. 

Title: Subcritical Experiments with Plutonium Dioxide-Polystyrene Compacts 

Date: 1/1/1963 

Report: HW-77871, 46-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The paucity of existing data on the criticality of plutonium solutions for higher 
concentration that may be encountered in calcining operations and in precipitates of plutonium requires an 
experimental program of critical mass measurements. Such a program has been initiated at the Hanford 
Critical Mass Laboratory. Plutonium mixtures which simulate a precipitate in the experiments are not in 
liquid form, but are in the form of plutonium dioxide-polystyrene compacts; the Remote Split-Table 
Machine (RSTM) thus being utilized for the conduct of these experiments. Subcritical experiments, limited 
to 85% of the estimated critical mass, were started with plutonium dioxide-polystyrene cubes having a 
hydrogen-to-plutonium ratio of 15. The purpose of these measurements are: (1). obtain preliminary critical 
mass data at a hydrogen-to-plutonium ratio of 15. (2). obtain a preliminary evaluation of the safety and 
control rod worths. The subcritical measurements to date have given preliminary values for the critical mass 
of the non-reflected near cubic assembly and for various Lucite reflected assemblies. Also, preliminary 
evaluations have been obtained for the safety and control rods, the reflector worth of the base on which the 
assemblies rest, and reactivity as a function of table separation. 
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6720…..…..…………………..…….……..……ID Number…………………..…..…………….6720 

Author: Hagan, J. W. 

Title: Comment Issue N-Reactor Startup Physics Test Program Test Procedures Approach to Critical and 
Minimum Critical Size 

Date: 6/24/1963 

Report: HW-77917-RD 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes the detailed test procedures to be used during the initial 
phases of the physics test program--the approach to critical and minimum critical size tests. During these 
initial phases, several physics characteristics of the reactor will be evaluated in addition to determination 
of the critical loading. Overall flux distributions will be determined in the critical pile and used to evaluate 
the lattice buckling characteristics. Theoretical calculations normalized to experimental values from 
exponential and PCTR tests have been used for estimating the experimental results for each phase. The 
startup tests will be used to verify the preliminary calculations and to define the reactor characteristics 
within the precision required for safe and efficient operation of the reactor. Detailed and accepted test 
procedures are required for maximum test efficiency and reactor safety during the physics test program and 
for sufficient overall scheduling into the N-Reactor operational test program. Hazards’ analyses have been 
performed and are presented for cases which are unique to the physics startup tests or significantly differ 
from the Design Hazards Review. 
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6721…..…..…………………..…….……..……ID Number…………………..…..…………….6721 

Author: Hendrickson, M. M. / Green, J. K. eds. 

Title: Research and Development Programs Executed for the Division of Reactor Development. Quarterly 
Progress Report, January-March 1963 

Date: 4/1/1963 

Report: HW-78118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made of the possible production of Cm/sup 242/ and Cm/sup 214/ and 
several other decay heat source isotopes in current reactor types. The study shows that if credit is taken for 
Cm and Am, fuel cycle costs are reduced by 0.2 to 0.6 mills/kwh. Plutonium values for many reactor types 
were computed and compared with the costs of U235 burnup. Studies were carried out on the remote 
processing of PRTR fuel assemblies using a salt bath. Two spray calcination runs and three pot calcination 
runs were made. Thermodynamic equilibrium constants were determined in the binary systems K-- Cs, K-
Na, and Na- Cs for seven zeolites. Two micropilot plant runs were made to evaluate the decontamination 
ability of thin precoat beds of cation exchange resins. Studies were made on the various properties of 
plutonium and uranium ceramic materials. The fabrication, testing, and irradiation program of thorium fuel 
elements are described. Studies were made on the fabrication of ceramic and cermet fuels by pneumatic 
impaction. Various studies were made on the properties and testing of fuels. Graphite was irradiated at 
approximates 825 deg C for exposures of up to 8500 Mwd/at. under stresses of 150 and 300 psi. The 
contractions were greater for the stressed samples than for the unstressed samples, but were similar for both 
stress levels. Space-energy distributions of neutrons were calculated for the water loop in ETR. 
Intercalibration ratios of the first and second sample distributions in the counting intercalibration program 
are presented for eight reactor sites. The development of nondestructive testing methods is described. 
Studies are being carried out on the radiation effects on Zircaloy-2, stainless steel, nickel-base alloys, and 
graphite. Corrosion and oxidation studies were made on Zr alloys, Ni alloys, and stainless steel. Heat 
transfer experiments on an electrically heated 19-rod bundle model were conducted to determine the effect 
of rod spacers on boiling burnout. Calculations were made on the thermal flux and multiplication factor of 
plutonium-fueled lattices. A series of PCTR experiments on plutonium fueled lattices were analyzed, and 
two-zone subcritical experiments on Pu--Al fuel rods in light water are described. The operation and 
activities of the PRTR and its critical facility are described. 
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6722…..…..…………………..…….……..……ID Number…………………..…..…………….6722 

Author: Paul, R. S. 

Title: Physics and Instruments Laboratory Monthly Report - July 1963 

Date: 8/15/1963 

Report: HW-78420-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the monthly report for the Hanford Laboratories Operation, July 1963. 
Metallurgy, reactor fuels, chemistry, dosimetry, separation processes, reactor technology, financial 
activities, visits, biology operation, physics and instrumentation research, and employee relations are 
discussed 
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6723…..…..…………………..…….……..……ID Number…………………..…..…………….6723 

Author: Stiede, W. L. / Matsumoto, D. D. 

Title: TRIP--A Reactor Kinetics Code with Parameter Search 

Date: 8/21/1963 

Report: HW-78706 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: TRIP 005, the latest version of the TRIP program that solves the reactor kinetic 
equations, heat transfer equations, and several specialized instrumentation equations with respect to time, 
is described. The methods and theory used for the numerical solution of the differential equations in the 
program are explained, as well as the most recent modifications to the program. The TRIP program can 
determine, by iteration, the value of a specified parameter that will effect a given peak in a specified 
variable. 
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6724…..…..…………………..…….……..……ID Number…………………..…..…………….6724 

Author: Oliver, R. G. 

Title: Critical Incident Alarm Model II Instruction and Maintenance Manual 

Date: 1/1/1963 

Report: HW-78862 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Miscellaneous Instruments & Components; Alarm Systems; 
Criticality; Maintenance; Monitoring; Radiation Detectors 
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6725…..…..…………………..…….……..……ID Number…………………..…..…………….6725 

Author: Brown, C. L. 

Title: Nuclear Safety Review: New Plutonium Reclamation Facility. Z Plant: 200 West Area (Cac-880) 

Date: 1/1/1963 

Report: HW-78880 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry-Reactor Fuel; Configuration; 
Control; Criticality; Fuel Elements; Hot Cells; Plutonium; Radiation Protection; Recovery; Remote 
Handling; Reprocessing; Safety; Separation Processes; Vessels 
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6726…..…..…………………..…….……..……ID Number…………………..…..…………….6726 

Author: Staff 

Title: Physics Research Quarterly Report July, August, September 1963 

Date: 10/1/1963 

Report: HW-79054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preprint of 1 article to be included in HW-79054. 
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6727…..…..…………………..…….……..……ID Number…………………..…..…………….6727 

Author: Richey, C. R. / White, J. D. / Clayton, E. D. / Bierman, S. R. / Garlid, K. L. / Skeen, D. R. 

Title: Critical Experiments with Plutonium Dioxide-Polystyrene Compacts 

Date: 10/15/1963 

Report: HW-79054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass experiments are being performed with plutonium dioxide-polystyrene 
compacts at the Hanford Critical Mass Laboratory. The data from these experiments will be used to provide 
an improved basis for establishing nuclear safety in handling and processing plutonium. Plutonium dioxide-
plastic mixtures are being used in the experiments to cover the range of densities of plutonium precipitates 
and polymers which can form in separations plants. These data are applicable to the intervening systems of 
wet powders, precipitates, slurries, polymers, etc. In the experiments to date, the plutonium dioxide-
polystyrene compacts had a hydrogen/plutonium atomic ratio of 15 with a plutonium content of 1.14 g/cm 
(plutonium-240 content 2.2 percent). Results of several subcritical neutron multiplication measurements 
were reported in the previous quarter. Critical experiments performed with the plutonium dioxide-plastic 
mixtures are reported herein. However, it should be recognized that the experiments with these particular 
compacts have not been completed and that the analyses of the data are incomplete, and in this sense the 
data are preliminary. A number of rectangular prisms make up the critical arrays thus far studied; the arrays 
were both bare and reflected with lucite. In addition to the determination of the critical dimensions of the 
various geometries, control and safety rods were evaluated, temperature coefficients were measured, and 
flux traverses have been carried out on two of the critical arrays. Pulsed neutron source experiments were 
conducted concurrently with the critical experiments and several measurements were made of the "pile 
noise" by Dr. R. W. Albrecht of the University of Washington. The mean generation times of the neutrons 
were determined for the several arrays form these latter measurements. Also from the pulsed neutron source 
experiments. The prompt critical dimensions were determined. A previous description was given of the 
Remote Split-Table Machine (RSTM) and of the polystyrene cubes used in these experiments, but a brief 
reiteration will be made here for the reader’s convenience. 
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6728…..…..…………………..…….……..……ID Number…………………..…..…………….6728 

Author: Malody, C. W. 

Title: Exceeding Always-Safe Ratio in F-2 and F-1 Tanks: Number 2, CY-63 

Date: 10/7/1963 

Report: HW-79166 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The always critically-safe ratio of plutonium to enriched uranium was exceeded in 
the F-2 and V-1 vessels on June 6, 1963. The allowable always-safe ratio at the time of the incident vas 627 
grams per ton. The actual ratio achieved vas 673 grams per ton. This report details the investigation into 
events leading to the over-batch. 
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6729…..…..…………………..…….……..……ID Number…………………..…..…………….6729 

Author: Nechodom, W. S. / Miller, N. R. 

Title: Nuclear Safety Criteria for Special Test Loads -- N-Reactor 

Date: 10/14/1963 

Report: HW-79228 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The initial fuel landing for the N-Reactor and the use of a specific alternative fuel 
element are described in a previous report. It is highly probable that it will also be desirable in the future to 
irradiate still other types of fuel elements in the reactor. If the test is of small scale, fever than five channels, 
or if these elements vary only slightly from the initial fuel load (or any other fuel type approved for large-
scale use at some future date), the irradiation will be accomplished within the normal administrative 
procedures and controls established for the Production Testing Program. In this context, in-reactor testing 
of minor changes in the fuel cladding alloy, alternate methods of affixing end closures, different fuel support 
designs or similar changes are considered to be within the scope of normal production testing. It is possible, 
however, that it will be desirable to irradiate test fuel elements which are significantly different from any 
element approved for general use and in quantities of greater than five fuel columns at a given time. A more 
formalized review of such tests including approval by the AEC would appear appropriate in these instances. 
The purpose of this document is to outline criteria which can be used to judge the stability of all such tests 
from the standpoint of reactor nuclear safety. It is intended that these criteria apply to test fuel loadings 
comprising up to 50 fuel columns within the reactor at a given time. 
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6730…..…..…………………..…….……..……ID Number…………………..…..…………….6730 

Author: Carter, L. L. 

Title: Determination of the Relative Worth of Plutonium Atoms to U235 Atoms in Homogeneous UO3-
Water Mixtures 

Date: 10/30/1963 

Report: HW-79413 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The limiting enrichment of uranium for criticality and the limiting atomic ratios of 
Pu-to-natural uranium containing 0, 5, 10, and 15% Pu240 were determined by Monte Carlo techniques for 
UO3-water mixtures. The Monte Carlo results predict an infinite multiplication factor of unity for a 1.001 
plus or minus 0.026 wt% enriched UO3--H2O mixture. This compares favorably to the experimentally 
determined limiting critical enrichment of 1.034 plus or minus 0.01 wt% U235 in the uranium. The Monte 
Carlo and multigroup calculations indicate that natural uranium UO3 --H2O mixtures with a plutonium-to-
uranium atomic ratio of less than 0.00155 plus or minus 0.00012 should have a k of less than unity when 
no Pu240 is present. The relative worth of plutonium atoms to U235 atoms from a reactivity standpoint 
with no Pu240 present is 1.90 plus or minus 0.14. This ratio changes rapidly with the percent of Pu240 that 
is present in the Pu. 
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6731…..…..…………………..…….……..……ID Number…………………..…..…………….6731 

Author: Clayton, E. D. 

Title: Study of the Chain Reaction in Plutonium 

Date: 11/8/1963 

Report: HW-79572 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality Studies; Critical Assemblies; Criticality; Laboratory Equipment; 
Mass; Measured Values; Monte Carlo Method; Multiplication Factors; Neutrons; Planning; Plutonium; 
Plutonium 239; Plutonium 240; Plutonium Oxides; Safety; Solutions; Spectra; Styrene; Uranium 235; 
Uranium 238; Water 
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6732…..…..…………………..…….……..……ID Number…………………..…..…………….6732 

Author: Brown / Ingalls 

Title: A Design for Neutron Shielded (Class I) Shipping Containers 

Date: 1/1/1963 

Report: HW-79640 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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6733…..…..…………………..…….……..……ID Number…………………..…..…………….6733 

Author: Staff 

Title: Physics Research Quarterly Report October, November, December 1963 

Date: 1/15/1964 

Report: HW-80020 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics 
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6734…..…..…………………..…….……..……ID Number…………………..…..…………….6734 

Author: Richey, C. R. / White, J. D. / Lloyd, R. C. / Clayton, E. D. 

Title: Critical Experiments with Plutonium Dioxide Polystyrene Compacts 

Date: 1/15/1964 

Report: HW-80020, 31-37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A major portion of the experimental effort at the critical mass laboratory during the 
latter half of 1963 has been directed towards obtaining criticality data for plutonium dioxide polystyrene 
compacts. The experiments conducted thus far have utilized fuel compacts with a plutonium concentration 
of 1.12 gram/cc (2.2% plutonium-240) and a hydrogen-to-plutonium atom ratio of 15; the density of the 
polystyrene, having the general formula of CH, is 0.931 g/cc. A description of the experimental method, 
equipment, and much of the data thus far accumulated has been reported in the two preceding physics 
research quarterly reports. The experimental effort during the later quarter of 1963 has been directed 
towards: reduction of the data to "clean" arrays. This involved determining the effect on criticality of, (1) 
the rubberized plastic coating enclosing each fuel compact, and (2) the fuel removal safety and control rods. 
Obtaining comparative data on the reflector savings of lucite, water, and a 3% enriched uranyl nitrate 
solution (approximately 374 grams uranium-liter). Determination of the density coefficient for the 
plutonium dioxide polystyrene compacts. 
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6735…..…..…………………..…….……..……ID Number…………………..…..…………….6735 

Author: Schmid, L. C. / Williams, L. D. 

Title: PRCF Experiments with Water Moderator 

Date: 12/30/1963 

Report: HW-80092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some criticality and neutron physics experiments to be performed in the light water 
moderated Plutonium Recycle Critical Facility are described. The hazards and restrictions associated with 
the experiments are also discussed. 
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6736…..…..…………………..…….……..……ID Number…………………..…..…………….6736 

Author: Bennett, R. A. / Schmid, L. C. 

Title: Approach to Critical and Calibration Experiments in the Plutonium Recycle Critical Facility 

Date: 7/1/1964 

Report: HW-80206 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mix-Comp-Therm-002; Reactor Technology; Power and Power-Breeder Reactors; 
Configuration; Control Systems; Criticality; Differential Equations; Diffusion; Distribution; Equations; 
Fuel Elements; Heavy Water Moderator; Measured Values; Moderators; Neutron Flux; Plutonium; Power; 
Quantity Ratio; Reactor Core; Reprocessing; Standards; Thermal Neutrons; Variations; Water Moderator 



 

C-6750 

6737…..…..…………………..…….……..……ID Number…………………..…..…………….6737 

Author: Czerniejewski, F. R. 

Title: Accurate Eigenvalue Matrix Treatment of General Fissile Interaction 

Date: 12/1/1963 

Report: HW-80213 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Derivations and approximations are presented which describe the nuclear interaction 
between subcritical, cylindrical units of fissile material. Matrix theory is used throughout, and the 
interaction probability is formulated as a surface integral of the solid angle between units to yield an 
accuracy of plus or minus 5% on measured critical assemblies. Flexibility is extended to cover arbitrary 
arrangement, height, and nuclear characteristics for each unit; and the contribution of external reflectors is 
also accounted for. A Fortran code which uses the theory is described. 
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6738…..…..…………………..…….……..……ID Number…………………..…..…………….6738 

Author: Gustafson, V. W. 

Title: Plutonium Recycle Test Reactor Power Test Results 

Date: 12/1/1963 

Report: HW-80253 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Control; Criticality; Enrichment; Heavy Water; 
Measured Values; Multiplication Factors; Neutron Flux; Operation; Photoneutrons; Plutonium; Power; 
PRTR; Reactivity; Reactor Core; Reactors; Reprocessing; Temperature; Testing; Transients; Xenon; Zones 
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6739…..…..…………………..…….……..……ID Number…………………..…..…………….6739 

Author: n. a. 

Title: N-Reactor Department Monthly Report, August 1964 

Date: 9/8/1964 

Report: HW-80559-8-Del. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document details activities of the N-Reactor Department during the month of 
August 1964. 
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6740…..…..…………………..…….……..……ID Number…………………..…..…………….6740 

Author: Bierman, S. R. 

Title: Pulsed Neutron Source Measurements of the Z-9 Crib 

Date: 3/17/1964 

Report: HW-80913 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Criticality; Measured Values; Multiplication Factors; Neutron 
Sources; Pulses; Reactivity; Uses; Vessels 
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6741…..…..…………………..…….……..……ID Number…………………..…..…………….6741 

Author: Kelley, E. L. Jr. 

Title: User's Manual for HFN and CALX Chain 

Date: 3/16/1964 

Report: HW-80968 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Cross Sections; 
Diffusion; Energy; Group Theory; IBM 7090; Neutron Flux; Programming; Reactivity; Reactors; Spectra 
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6742…..…..…………………..…….……..……ID Number…………………..…..…………….6742 

Author: n.a. 

Title: Accidental nuclear excursion Recuplex operation 234-5 facility: Final medical report 

Date: 4/7/1962 

Report: HW-81010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The April 7, 1962 criticality accident involving human exposures was the first to have 
occurred in any production facility at Hanford. The accidental nuclear excursion did not result in any 
mechanical damage or spread of contamination. Three employees received over-exposure to gamma and 
neutron radiation. None were fatally exposed and in each case the over-exposure was recognized promptly. 
Following an initial period of medical observation and testing, the men were released to work. They 
continued to be followed clinically. Clinical studies performed were hematological procedures including 
leukocyte chromosome aberrations, morphologically aberrant blood cells, bone marrow evaluations, blood 
chemistry determinations, amino acid excretion studies, seminal fluid, urinary gonadotropins and estrogen 
excretion studies, testicular biopsies and crystalline lens examinations. These studies, along with a brief 
description of the accident and of the dosimetry, are summarized in this report by those participating in the 
studies. In view of the dose ranges received in these cases, both the negative and positive findings are 
considered to be of unusual interest due to the lack of knowledge of effects following human exposures at 
these levels. 
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6743…..…..…………………..…….……..……ID Number…………………..…..…………….6743 

Author: Frank, W. S. 

Title: Technical Criteria for the Prevention of Criticality - Chemical Processing Department 

Date: 4/1/1964 

Report: HW-81460 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality Studies; Chemicals; Criticality; Fabrication; Laboratory 
Equipment; Performance; Radioisotopes; Reprocessing; Safety; Standards; USA; Washington 
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6744…..…..…………………..…….……..……ID Number…………………..…..…………….6744 

Author: Paul, R. S. 

Title: Physics and Instruments Laboratory Monthly Report - March 1964 

Date: 4/15/1964 

Report: HW-81472-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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6745…..…..…………………..…….……..……ID Number…………………..…..…………….6745 

Author: Fishbauger, J. R. 

Title: D2O Experience at PRCF 

Date: 7/24/1964 

Report: HW-81473 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Critical Assemblies; Criticality; Decomposition; Deuterium 
Compounds; Fuel Elements; Measured Values; Operation; Planning; Plutonium; PRCF; Pressure; 
Reactivity; Startup; Storage; Temperature; Testing; Uses; Water Moderator 
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6746…..…..…………………..…….……..……ID Number…………………..…..…………….6746 

Author: n.a. 

Title: Physics Research Quarterly Report, January, February, March 1964 

Date: 4/15/1964 

Report: HW-81659 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Ceramics; Critical Assemblies; Criticality; Polymers; Reactors 
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6747…..…..…………………..…….……..……ID Number…………………..…..…………….6747 

Author: Schmid, L. C. / Stinson, W. P. / Liikala, R. C. / Worden, J. R. 

Title: Experiments with Plutonium Dioxide-Uranium Dioxide Fuel Elements in Light Water 

Date: 4/15/1964 

Report: HW-81659, 04-09 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-009; Approach to critical and exponential experiments have 
been completed for volume ratios of water to plutonium-dioxide/uranium-dioxide moderator of 2.71, 3.79, 
and 5.14. In addition, critical experiments have begun with the loading which has a ratio of 2.71. These 
experiments are the first reported with this type of mixed oxide fuel moderated with water. The experiments 
were conducted in the approach to critical facility, using hexagonal lattices which were reflected with an 
effectively infinite thickness of water in all directions. 
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6748…..…..…………………..…….……..……ID Number…………………..…..…………….6748 

Author: Liikala, R. C. / Worden, J. R. / Reardon, W. A. 

Title: An Analysis of Uranium Fueled Light Water Moderated Critical Experiments 

Date: 4/15/1964 

Report: HW-81659, 26-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed analysis of five uranyl nitrate critical solution experiments and six 2.70 
wt% enriched uranium dioxide critical experiments has been made. The critical solution experiments were 
analyzed to determine the reliability of the uranium cross section data utilized, thereby eliminating one of 
the potential uncertainties in the analysis of the heterogeneous experiments. 
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6749…..…..…………………..…….……..……ID Number…………………..…..…………….6749 

Author: Worden, J. R. / Liikala, R. C. / Reardon, W. A. 

Title: An Analysis of Plutonium Light Water Critical Experiments 

Date: 4/15/1964 

Report: HW-81659, 33-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed analysis of three sets of critical experiments, the 1.8 wt% LX, the 2 wt% 
HX, and the 5 wt% LX, has been made. These experiments all involved critical approaches using 
plutonium-aluminum rods in light water at various lattice spacings. Three areas of potential difficulty in the 
analysis of plutonium systems were studied; (1) the basic cross section data, (2) calculation of the space-
energy distribution of thermalized neutrons in a lattice cell, and (3) methods of calculating the neutron 
absorption rate in the 1.056 eV resonance of plutonium-240. 
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Author: Richey, C. R. / White, J. D. / Lloyd, R. C. / Clayton, E. D. 

Title: Critical Experiments with Plutonium Dioxide-Polystyrene Compacts 

Date: 4/15/1964 

Report: HW-81659, 45-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present series of critical experiments with plutonium-dioxide-polystyrene 
compacts at a hydrogen-to-plutonium atomic ratio of 15 has been completed. These data are applicable to 
the criticality of wet powders, precipitates, slurries, polymers, etc. that are encountered in the handling and 
processing of plutonium. The plutonium concentration of the fuel compacts in this first series of 
experiments was 1.2 grams/cc (2.2% plutonium-240) and the density of the polystyrene was 0.913 
grams/cc. 
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Author: Braden, D. E. / Brown, C. L. / Judson, B. F. / Nilsen, C. W. 

Title: Chemical Processing Department Hazards Evaluation Task Force report: Americium Recovery 
Facility — Z Plant, Phase 1 

Date: 4/30/1964 

Report: HW-81868 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Americium Recovery Facility will provide capability for the separation, 
concentration, purification, and conversion to oxide powder, of americium (Am-241) from the Waste 
Treatment Facility solvent extraction column waste stream; the latter stream will contain essentially all the 
americium in the plutonium scrap feed to the Plutonium Reclamation Facility. The Plutonium Reclamation 
Facility and Waste Treatment Facility are scheduled for operation before completion of the entire subject 
facility; all americium in the plutonium scrap processed during this interim period will be irretrievably lost 
unless at least a portion of the subject facility has been installed. Accordingly, facilities for the separation, 
concentration, and storage of the americium as nitrate solution will be completed at an early date; these 
facilities have been designated as Phase I. In March 1964, a task force was formed to review and evaluate 
the hazards associated with the operation of the facility. This document presents the results of the review 
and evaluation of the Phase I facilities only. 
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Author: Hofmann, P. L. / Busselman, G. J. / Holeman, R. H. 

Title: Physics Statics Calculation Recipes for Plutonium Burners 

Date: 4/28/1964 

Report: HW-82043 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Fuels; Bibliography; Burnup; Critical Assemblies; Criticality; 
Diagrams; Enrichment; Equations; Fuels; Numericals; Plutonium; Plutonium 239; Plutonium 240; 
Plutonium 241; Power Plants; Programming; Reactivity; Reactors; Tables; Water Coolant; Water 
Moderator 
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Author: Vinther, A. P. 

Title: Investigation Report H Reactor Mischarging Incident. Revision 1 

Date: 5/1/1964 

Report: HW-82143-RD-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides details of the investigation of the H Reactor mischarging 
incident. 
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Author: Tomlinson, R. E. comp. 

Title: Nuclear Safety Guidance in the Use of Water to Fight Fires in CPD Facilities 

Date: 8/28/1964 

Report: HW-82254(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Aerosols; Combustion; Criticality; Foams; Fog; Plutonium; 
Production; Radiochemistry; Safety; Standards; Uses; Water 
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Author: Nichols, P. F. 

Title: Reactor Physics Monthly Technical Report, February 1964 

Date: 2/28/1964 

Report: HW-82335 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This monthly technical report details activities of the Reactor Physics Research and 
Engineering staff of the N-Reactor Department for the month of February 1964. 
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Author: Vinther, A. P. 

Title: Investigation Report: H Reactor Mischarging Incident 

Date: 5/1/1964 

Report: HW-82352 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: All cold reactor start-up procedures require the vertical safety rods (VSR) to be 
withdrawn in pairs with specific waiting periods between each pair withdrawal. This rod withdrawal 
procedure will assure an early and safe detection of reactor criticality should reactor reactivity conditions 
be different than predicted so that proper corrective actions can be taken. During the paired VSR removal 
of H reactor on April 17, 1964, while preparing for reactor start-up, an extremely low level rising period 
was detected with six VSR’s still in the reactor. The withdrawn VSR’s were promptly re-inserted. During 
the next several days other process difficulties were encountered. H Processing personnel began 
investigating the possibility that a number of process tubes might have been mischarged; one shift’s 
charging effort appeared to be suspect as longitudinal peaking appeared nearly twice as severe as normal 
in the distorted region. Following verification of a charging error in the suspect group of 171 tubes, that 
group of tubes was discharged and recharged with the proper charge make-up. On April 24, during VSR 
removal for start-up, low level criticality was detected with three VSR’s still in the unit. The VSR’s were 
re-inserted and Operational Physics analysis requested. Following installation of additional poisoning, the 
Operational Physics analysis uncovered a reactivity prediction error related to the prior operation with the 
skewed flux distribution. However, in this case, as on April 17, the procedural paired VSR withdrawal 
provided safe detection of the criticality condition in adequate time to take prompt corrective action. A 
successful reactor start-up was then achieved later on April 24, and reactor operation has been normal since 
that time. 



 

C-6770 

6757…..…..…………………..…….……..……ID Number…………………..…..…………….6757 

Author: Metelmann, C. / Swanson, C. D. 

Title: Power Spectrum and Cross Spectrum Analysis of Random Signals 

Date: 5/22/1964 

Report: HW-82397 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; Computers; Distribution; 
Frequency; Measured Values; Neutron Flux; Neutrons; Numericals; Performance; Power; Pulse Analyzers; 
Pulse Generators; Reactivity; Reactors; Recording Systems; Signals; Spectra; Statistics; Transfer Functions 
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Author: Schmid, L. C. / Liikala, R. C. / Stinson, W. P. / Worden, J. R. 

Title: Critical Masses and Bucklings of PuO2-UO2 – H2O Systems 

Date: 1/1/1964 

Report: HW-83187 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-009 
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Author: Staff 

Title: Physics Research Quarterly Report April, May, June 1964 

Date: 7/1/1964 

Report: HW-83187 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preprints of 2 articles to be included in HW-83187. 
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Author: Lloyd, R. C. / Skeen, D. R. / Clayton, E. D. 

Title: Criticality of Plutonium Nitrate Solutions in Spherical Geometry 

Date: 7/15/1964 

Report: HW-83187, 10-20 

Conference/Journal: Physics Research Quarterly Report, April, May, June, 1964, HW- 83187, General 
Electric Company Hanford Atomic Products Operation, July 1964 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-001, PU-SOL-THERM-007, PU-SOL-THERM-008, PU-SOL-
THERM-019, PU-SOL-THERM-021; Critical mass studies were performed with plutonium nitrate 
solutions in spherical geometry. The results of previous solution experiments are given in earlier quarterly 
reports. Critical assembly vessels with diameters of 11.5 and 15.2 inches were used in the current 
experiments. The 11.5 inch vessel was reflected with water and with concrete, whereas the 15.2 inch vessel 
was unreflected. In addition to the critical mass determination, gold foil irradiations were performed to 
determine the effective extrapolation lengths and critical bucklings for the respective systems. 
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Author: Metelmann, C. 

Title: Analog Computer Simulation for a PRCF Light Water Pu Study 

Date: 7/14/1964 

Report: HW-83296 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; Computers; Critical 
Assemblies; Equations; Excursions; Fuels; Plutonium; Power; PRCF; Simulators; Water Moderator 
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Author: Worden, J. R. / Liikala, R. C. / Reardon, W. A. 

Title: Quarterly Progress Report Research and Development Programs Executed for the Division of 
Reactor Development April, May, June, 1964: An Analysis of Plutonium-Light Water Critical Experiments 

Date: 11/1/1964 

Report: HW-83298 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Clayton, E. D. 

Title: Progress in Plutonium Critical Mass Physics, 1961-1964 

Date: 10/1/1964 

Report: HW-83603 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-008; This report is a brief review of the technical accomplishments 
and of the relevant activities performed in the Hanford plutonium critical mass laboratory since beginning 
operations in the facility. This facility was specially designed and equipped to handle plutonium. Since 
operations began in mid-1961, over 300 critical experiments have been performed with plutonium. Nearly 
three-fourths of these were performed with plutonium nitrate solutions, the others were performed with 
plutonium dioxide-plastic mixtures (solids) using a remote split-table machine. Criticality was initially 
achieved with the first solid assembly (plutonium dioxide-polystyrene compacts at an hydrogen/plutonium 
atomic ratio of 15. There have been no unusual incidents involving any of the critical assemblies during the 
conduct of these experiments. 
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Author: Paul, R. S. 

Title: Critical Experiments with Plutonium Solutions 

Date: 9/15/1964 

Report: HW-83820 B 

Conference/Journal: Physics and Instruments Laboratory Monthly Report, August 1964, General 
Electric Company Hanford Atomic Products Operation, September 15, 1964 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-021 
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Author: Ehrlich, R. D. / La Riviere, J. R. / Nordahl, J. H. / Willi, J. C. 

Title: Engineering Study--Increased Processing Flexibility--Purex. Part II 

Date: 6/24/1964 

Report: HW-84085 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Separation Processes and Procedures; Control; Criticality; Efficiency; 
Planning; Precipitation; Purex Process; Safety; Storage; Vessels 
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Author: General Electric Co., Richland, Wash. Hanford Atomic Products Operation 

Title: Physics Research Quarterly Report, July-September 1964 

Date: 10/15/1964 

Report: HW-84369 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; General; Control Elements; Critical Assemblies; Criticality; 
Distribution; Heavy Water Moderator; Neutron Flux; Numericals; Power; PRCF; Rods; Standards 
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Author: Lloyd, R. C. / Skeen, D. R. / Bierman, S. R. 

Title: Criticality of Plutonium Nitrate Solutions in Spherical Geometry 

Date: 1/1/1964 

Report: HW-84369, 45-51 

Conference/Journal: Physics Research Quarterly Report, July, August, September, 1964, HW-84369, 
General Electric Company Hanford Atomic Products Operation, October 15, 1964 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-021; Critical mass studies were performed with plutonium nitrate 
solutions in spherical geometry. The results of previous solution experiments are given in earlier quarterly 
reports. Critical assembly vessels with diameters of 11.5 and 15.2 inches were used in the current 
experiments. The 11.5 inch vessel was reflected with water and with concrete, whereas the 15.2 inch vessel 
was unreflected. In addition to the critical mass determination, gold foil irradiations were performed to 
determine the effective extrapolation lengths and critical bucklings for the respective systems. 
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Author: Carter, L. L. 

Title: Unreflected Critical Mass of Pu238 Metal 

Date: 10/15/1964 

Report: HW-84369, 53-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; General; Control Elements; Critical Assemblies; Criticality; 
Distribution; Heavy Water Moderator; Neutron Flux; Numericals; Power; PRCF; Rods; Standards 
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Author: Paul, R. S. 

Title: Physics and Instruments Laboratory Monthly Report - October 1964 

Date: 11/16/1964 

Report: HW-84474-B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The monthly report for the Hanford Laboratories Operation, October 1964. Reactor 
fuels, chemistry, dosimetry, separation processes, reactor technology, financial activities, biology 
operation, and physics and instrumentation research, and applied mathematics operations are discussed. 
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Author: Reardon, W. A. / Thomsen, D. H. 

Title: A Study of Three Aqueous Homogeneous Plutonium Nitrate Critical Spheres 

Date: 1/1/1965 

Report: HW-84608, 05-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: White, J. D. / Richey, C. R. 

Title: Critical Experiments with Plutonium Dioxide-Polystyrene Compacts 

Date: 1/1/1965 

Report: HW-84608, 77-79 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments with plutonium-dioxide-polystyrene compacts at a 
hydrogen-to-plutonium atomic ratio of 15 has recently been completed. The data from this series of 
experiments were obtained to evaluate the relative effectiveness on criticality of various composite 
reflectors and shielding materials at the surface of a critical assembly core. 
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Author: Lloyd, R. C. / Clayton, E. D. / Bierman, S. R. 

Title: Subcritical Measurements for Nuclear Safety Guidance 

Date: 1/1/1965 

Report: HW-84608, 81-90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Lloyd, R. C. / Smith, R. B. / Clayton, E. D. 

Title: Neutron Multiplication Measurements of Heterogeneous 3.1 Per Cent Enriched Uranium-Water 
Systems 

Date: 5/28/1959 

Report: HW-SA-2109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of approach-to-critical type experiments were conducted to obtain 
information needed for the design of efficient systems for processing spent power reactor fuel elements. 
The series included experiments such that the lattice spacings spanned maximum buckling and minimum 
critical mass. Maximum buckling and minimum critical mass data are tabulated for the three fuel rod sizes 
tested. 
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Author: Lloyd, R. C. / Smith, R. B. / Clayton, E. D. 

Title: Neutron Multiplication Measurements of Heterogeneous 3.1% Enriched Uranium-Water Systems 

Date: 5/28/1959 

Report: HW-SA-2109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design of efficient systems for processing spent power reactor fuel elements 
requires information on the critical masses involved. To obtain some of the needed information, approach-
to-critical experiments were carried out with light-water-moderated and-reflected hexagonal-lattice 
assemblies using enriched solid uranium fuel elements. The uranium-235 content of the uranium was 3.063 
wt% experiments were made for fuel elements of 0.925-, 0.600-, and 0.300-in. OD with the water/uranium 
ratios for lattice spacings to span maximum buckling and minimum critical mass. 
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Author: Clayton, E. D. / Lloyd, R. C. / Reardon, W. A. 

Title: Critical Mass Experiments with Plutonium Nitrate Solutions 

Date: 1/1/1962 

Report: HW-SA-2432 (rev) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality was first achieved on July 21, 1961, with plutonium tetranitrate solution 
in a 14-inch diam stainless steel sphere reflected with a 0.5-inch layer of paraffin since then criticality data 
have been obtained for the bare sphere (from extrapolation only). For the sphere nominally reflected (with 
0.5-inch of paraffin and 1-inch of paraffin), and with a 4-inch thick concrete reflector. Plutonium solutions 
with acid molarities in the range of approx. 1.2 to 6, with plutonium concentrations of approx. 33 to 300 g 
plutonium/l have been studied. It was possible in a few cases to derive a coefficient relating the nitrate ion 
concentration to critical volume. The coefficient derived is the change in critical volume per gram of nitrate 
ion change as nitric acid. The conversion to a correction for total (nitrate ion) concentration is simply 
performed by assuming that the plutonium is present as plutonium tetranitrate. For plutonium 
concentrations in the range of approx. 47 to 98 g/l, the coefficient varied between approx. 0.025 to approx. 
0.029 l/g nitrate ion. 
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Author: Reardon, W. A. / White, J. D. 

Title: Calculated Critical Masses for Plutonium Nitrate Solutions 

Date: 8/24/1962 

Report: HW-SA-2438 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Harmon, M. K. 

Title: Current Status of Solvent Extraction Processing of Irradiated Uranium Fuels 

Date: 2/22/1962 

Report: HW-SA-2458 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For presentation at Nuclear Congress, New York, June I962. Developments in solvent 
extraction plants, equipment, and processes are reviewed. Topics covered include the Redox process, 
natural and slightly enriched uranium, enriched uranium, nuclear criticality, the Purex Process, increased 
flexibility and versatility, economy and efficiency, solvent degradation and treatment, solvent-process 
relationship, the Thorex process, power fuels processing, equipment and instrumentation, and alternate 
methods of extraction. 
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Author: Gamertsfelder, C. C. / Larson, H. V. / Nielsen, J. M. / Roesch, W. C. / Watson, E. C. 

Title: Dosimetry Investigation of the Recuplex Criticality Accident 

Date: 8/22/1962 

Report: HW-SA-2730 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The dosimetry investigation made following a criticality accident in a Pu waste 
chemical recovery plant is described. Four men were hospitalized as a result of the accident but were 
released after medical observation. 
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Author: Unruh, C. M. 

Title: The Radiological Physics of Plutonium 

Date: 8/30/1962 

Report: HW-SA-2740 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium metal processing operations were developed with the utilization of 
equipment and methods to provide containment for contamination control, shields for radiation exposure 
control, and limitations on plutonium mass, concentration, and solution volume for criticality control. 
Containment of plutonium materials in glove boxes and hoods prevents the internal body deposition of 
plutonium radionuclides. The long biological half-life, the high energy of the emitted alpha particles, and 
the body's selective localization of plutonium combine to result in the low maximum permissible body 
burden for plutonium radionuclides. Radiation shielding is generally required to reduce personnel exposure 
to gamma radiation, x radiation, and neutron radiations that are emitted by the plutonium radionuclides. 
The specific amount of shielding required is a function of the plutonium radionuclides present, the quantity 
and physical distribution of the material, and the time lapse between purification and fabrication of 
plutonium fuel elements. High exposure plutonium from power reactors and from plutonium recycle 
programs will have significant quantities of the plutonium radionuclides 239, 240, 241, and, to a lesser 
degree, 242. The gamma radiation dose rates resulting from the daughters of Pu/sup 241/ will increase as 
the daughters, americium-241 and uranium-237, build up in the processed material. Expedient fabrication 
of freshly separated plutonium will tend to avoid the higher gamma radiation dose rates from high exposure 
plutonium. The spontaneous fission rate of Pu/sup 240/ will result in increased neutron dose rates as the 
percentage of this radionuclide increases. In handling of any plutonium materials, strict adherence to 
criticality controls is necessary. Criticality controls may be accomplished through design by the use of 
always critically safe vessels or by the rigid practice of administrative controls on processing operations. 
Although criticality control by vessel design is generally preferable, the judicious practice of both 
administrative and design criticality control is a common practice. The use of remote processing and 
handling techniques for plutonium materials is generally desirable and is encouraged. 
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Author: Clayton, E. D. / Brown, C. L. 

Title: Criticality and Nuclear Safety of Slightly Enriched Uranium 

Date: 9/11/1962 

Report: HW-SA-2750 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fissile materials must be handled in such manner as to prevent inadvertent criticality 
outside reactors. Criticality reviews are thus required in fuel element fabrication processes and reactor fuels 
reprocessing operations involving enriched U. Safe mass or volume limits can vary widely subject to the 
degree of moderation and homogeneity of the U-H2O systems under consideration. In connection with 
these criticality problems, mass and volume limits (bucklings) are discussed for slightly enriched U 
solutions, solid U rods, and tubes (hollow rods), including some comments on criticality problems in 
handling large billets. Factors affecting criticality are reviewed together with methods of criticality control 
for U with enrichment in the range 0.72 to 5%. 
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Author: Bierman, S. R. 

Title: Concentration of Liquid Radioactive Wastes by Direct Contact Heat Transfer 

Date: 1/1/1962 

Report: HW-SA-2958 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The process design of a prototype facility or carrying out a test program on solidifying 
liquid radioactive wastes is presented. The test program is divided into two phases. During the initial phase 
of the test program approximately two million gallons of non-boiling wastes, that is low heat generating 
wastes, from the Purex process are to be processed through the prototype facility for determining the effect 
of different operating variables on the behavior of the in-tank wastes, particulate entrainment in the evolved 
vapor, the rate of concentration, and the waste concentration factor. Upon completion of the first phase of 
the test program, the prototype facility is to be installed in an adjacent waste storage tank to check out the 
portability of the facility and to determine the feasibility for concentration of a blended waste containing 
various amounts of heat generating fission products. In addition to the storage benefits gained by 
concentrating these wastes, information obtained from operating the prototype facility is to be used for 
designing production scale units capable of concentrating other stored and currently accumulating wastes. 
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Author: Reardon, W. A. / Czerniejewski, F. R. 

Title: Idealized Plutonium Dissolvers and the "Always Safe" Conditions 

Date: 5/1/1963 

Report: HW-SA-2999 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made to determine if some combination of plutonium metal and solution 
possesses a smaller critical mass than either the fully reflected metal system or a fully dissolved system. 
Primary results of the calculations are shown in a figure with the critical total mass (metal plus solution) 
presented as a function of the critical volume (metal plus solution) for various assumed central masses of 
plutonium metal. The always safe” envelope is shown as a tangent curve and the lower portion of the 
homogeneous curve. Critical total mass was also plotted against the critical solution concentration. It is 
shown that there are situations where the critical mass is smaller than the total mass when partially 
dissolved. 
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Author: Curtis, M. H. / Hopkins, H. H. Jr. 

Title: Continuous Electrowinning of Plutonium from Chloride Melts 

Date: 7/1/1964 

Report: HW-SA-3046 

Conference/Journal: Electrochemical Technology (U.S.) Absorbed by J. Electrochem. Soc.; Journal 
Volume: Vol: 2 

Conference Session:  

Abstract/Keyterms: Chemistry; Inorganic and Physical Chemistry; Criticality; Electrolysis; Fused Salts; 
Laboratory Equipment; Plutonium; Plutonium Chlorides; Preparation; Safety 
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Title: Nuclear Safety Standardization at the International Level 

Date: 1/2/1964 

Report: HW-SA-3310 

Conference/Journal: 14th National Conference on Standards, Washington DC, Feb. 17-19, 1964. 

Conference Session:  

Abstract/Keyterms: Presented at the 14th National Conference on Standards, Washington DC, Feb. 17-
19, 1964. 



 

C-6798 

6785…..…..…………………..…….……..……ID Number…………………..…..…………….6785 

Author: Bierman, S. R. / Garlid, K. L. / Albrecht, R. W. 

Title: Pulsed Neutron Source Measurements and Analysis of Random Noise in Small Multiplying Systems 

Date: 6/19/1964 

Report: HW-SA-3565; CONF-446-43 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Measured Values; 
Neutron Flux; Neutron Sources; Plutonium; Pulses; Reactivity; Reactors; Transfer Functions; Variations 
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Title: Class I Shipping Container for Fissile Material 

Date: 12/22/1964 

Report: HW-SA-3995, CONF-650103-4 

Conference/Journal: International Symposium on Packaging and Transportation of Radioactive 
Material, Albuquerque, N. Mex 

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Cadmium; Carbon Steels; Configuration; Criticality; 
Cylinders; Drugs; Fissionable Materials; Impact Shock; Planning; Polymers; Propylene; Safety; Shielding; 
Stainless Steel-304; Stainless Steels; Standards; Temperature; Testing; Thermal Insulation; Transport; 
Vessels; Water 



 

C-6800 

6787…..…..…………………..…….……..……ID Number…………………..…..…………….6787 

Author: Jiming, X. / Bowu, M. / Jianchi, H. / Shizang, F. / Yaodong, Z. / Zhanying, G. 

Title: Highly-Enriched Uranium-Heavy Water Lattice Few-Group Diffusion Analysis 

Date: 1/1/1984 

Report: HYGOD, 2 (2), 105-110 

Conference/Journal: HeKexue Yu Gongcheng (Chinese Journal of Nuclear Science and Engineering) 
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Abstract/Keyterms: A simple interaction theory is presented for calculating safe arrays of fissile units of 
arbitrary size, shape, and distribution. At every stage of the theory an endeavor was made to err on the side 
of safety. Mixed arrays of fast and thermal units are considered. The reflecting material and void present 
between units may be well defined, as for example in certain kinds of fissile store, or it can be random as 
in plants where personnel and portable equipment may be in close proximity to vessels. The theory is 
compared, for the case of well defined reflectors and fissile units of one type, with the results of three 
interaction experiments made; on a pair of 20-kg spheres of uranium immersed in water, on arrays of similar 
spheres in a concrete vault, and for 3- and 7-unit arrays of cylinders containing aqueous solutions of uranyl 
fluoride. The theoretical results are generally more conservative than the experimental ones, but not to an 
unduly pessimistic degree It is not feasible to test a novel feature of the theory, in that it can deal with the 
case of random or unknown distributions of reflecting material. Since the experiments for well-defined 
reflectors indicated that the assumptions of the theory do err on the side of safety, the predictions for random 
reflectors are considered to be conservative. These pitches are somewhat greater than those for well-defined 
reflectors, but the increases are insufficient to cause real difficulties in the design and cost of plant. To those 
dealing with large numbers of interaction problems the theory may prove to be attractive on four accounts. 
The good agreement obtained so far with experiment suggests that the theory is reasonably accurate. Unlike 
Monte Carlo methods, which in principle are more accurate, the method requires very little computation, 
(as many as thirty cases of an interaction problem can be dealt with in five minutes on a medium size 
computer such as Mercury). Unlike the interaction parameter method, it does not require an experiment on 
a simple assembly of units in order to make a prediction for a complicated array of units. The theory makes 
predictions using the same core and reflector constants as employed in ordinary reactor calculations for 
single units. 
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Abstract/Keyterms: Reactor Components, Fuels & Accessories; Breeding; Configuration; Criticality; 
Design; Fast Neutrons; Fast Reactors; Fuels; Plutonium 239- Uranium; Plutonium Carbides- Uranium 
Carbides; Reactivity; Reactor Core; Reactors Plutonium Oxides- Uranium Dioxide; Thorium Carbides- 
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Differential Equations; Digital Systems; Integrals; Losses; Monte Carlo Method; Neutrons; Numericals; 
Philco 2000; Programming; Reactors; Resonance; Statistics; Tables; Thermal Neutrons 
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Reactor Core; Reactors; Sodium; Spectral Shift; Transport Theory; Void Coefficient 
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Reactors; Testing 
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Abstract/Keyterms: Tests made during the pre-critical, approach to critical, and low power experiments, 
and during initial operation at 1 Mw of the Israel Research Reactor-I are described. Critical experiments, 
control rod calibrations, neutron flux measurements and the reactivity effects of temperature and 
experimental facilities are included. Core loadings with available excess reactivities (% DELTA K) of 0.37 
to 4.32%, and 0.24 to 2.03%, respectively, were tested in the pool and stall positions. The regulating rod 
worths obtained for different core loadings and with various control rod settings ranged from 0.285 to 
0.367% DELTA K. The shimrod worths for core loading SK 1 were in the 2.3 to 3.7% range. The shim-
rod bank of 5 shim-rods, withdrawn to the 60% setting was worth 11.3% excess reactivity, indicating that 
the reactor had sufficient control capacity. The re activity effect of the facilities around the stall position 
was about 1.37% DELTA K for core loading SK 1. The total worth of water filling all the beam tubes was 
1.24%, and the effect of material in the pneumatic tubes was negligible. The temperature coefficient of 
reactivity was --3.6 x 10/sup -4/ per degree at 30.3 deg C. 
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Abstract/Keyterms: The minimum core volume was found for a research reactor, subject to the following 
specifications: a maximum thermal flux (averaged over the cell) of 5 x 10/sup 13/ ture not exceeding 450 
deg C for the hottest fuel element, and 100 deg C for the cooling water. 



 

C-6817 

6804…..…..…………………..…….……..……ID Number…………………..…..…………….6804 

Author: Lemanska, M. / Szwarcbaum, G. / Yiftah, S. 
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Abstract/Keyterms: The multigroup, multiregion diffusion equation is solved for spherical geometry in 
the stationary case, using the method of continuous calculation.” The numerical process is outlined; and the 
DIFAL program, in ALTAC mnemonic language for the PHILCO TRANSAC S-2000 computer, is 
described. Criticality calculations made with DIFAL for ten ZPR-HI assemblies and nine fast breeder power 
reactors are compared with previous results obtained with other programs. 
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Abstract/Keyterms: By minimizing the X/sup 2/ function, improved values are obtained for the parameters 
of three formulas for nuclear temperatures (the formulas of Weisskopf, Bethe and LangLe Couteur). A 
comparison of the improved formulas shows that all fit the experimental data equally well and yield lower 
values for the nuclear temperature. On the basis of the improved Weisskopf formula, new multigroup 
inelastic cross sections are calculated and used in the calculation of several fast assemblies. The calculated 
critical masses are generally in slightly better agreement with experiment. An explanation of this effect is 
given. 
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Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Configuration; 
Criticality; Density; Equations; Fuels; Gas Fuel; Gases; Neutron Flux; Oscillations; Reactivity; Reactors; 
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Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Computer Calculations; Criticality; 
Lifetime; Monte Carlo Method; Prompt Neutrons 



 

C-6826 

6813…..…..…………………..…….……..……ID Number…………………..…..…………….6813 

Author: Pavlovichev, A. M. / Fedulov, M. V. 

Title: Accuracy of the Few-Group Microconstants for Two Upper Groups in Four-Group Calculations 

Date: 1/1/1973 

Report: IAE--2273 

Conference/Journal:  

Conference Session:  
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Abstract/Keyterms: The PNK program for multiversion engineering calculations of various 
heterogeneous reactors is described. A principal program flowsheet is given. A task solution algorithm and 
its realization have been discussed. A manual for program users and results of program approval are 
presented using the calculation of KANTER critical assembly parameters as an example. The program 
permits to calculate in the two-group diffusion approximation in two-dimensional geometry an effective 
multiplication factor, neutron fluxes and adjoint functions for a cylinder type reactor consisting of 
concentric zones with different compositions in any combination. The class of tasks being solved most 
effectively by the program includes reactor reflector; the calculation of heterogeneous systems with the 
medium number of multiplying, absorbing and scattering blocks of finite sizes; the calculation of 
homogeneous systems with an arbitrary combination of concentric zones with different compositions. The 
program is written in the FORTRAN language and is realized by the BESM-6 computer. 
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Fermions; IRT; Maxwell Distribution; Measured Values; Moderators; Neutron Flux; Neutrons; Nuclear 
Reactions; Numericals; Pressure; Reactors; Reflectors; Research Reactors; Slowdown; Spectra; Tables; 
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Abstract/Keyterms: This paper discusses the installation of a cold neutron source at HFIR with respect to 
the project as a modernization of the facility. The paper focuses on why the project was required, the scope 
of the cold source project with specific emphasis on the design, and project management information. 
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Reactors; Safety Reactors / Siting of, Earthquake Guidelines for; Earthquakes / Effects on Siting of Reactors 
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Abstract/Keyterms: Nuclear Facilities, to dosimetrists and, in particular, to individuals that have to set up 
suitable nuclear accident dosimetry systems in countries that have an active programme of nuclear 
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Conference Session:  

Abstract/Keyterms: Taking credit for the reduction in reactivity associated with fuel depletion can enable 
more cost-effective, higher-density storage, transport, disposal, and reprocessing of spent nuclear fuel 
(SNF) while maintaining sufficient subcritical margin to establish an adequate safety basis. Consequently, 
there continues to be considerable interest in the United States (U.S.), as well as internationally, in the 
increased use of burnup credit in SNF operations, particularly related to storage, transport, and disposal of 
commercial SNF. This interest has motivated numerous technical studies related to the application of 
burnup credit, both domestically and internationally, as well as the design of SNF storage, transport and 
disposal systems that rely on burnup credit for maintaining subcriticality. Responding to industry requests 
and needs, the U.S. Nuclear Regulatory Commission (NRC) initiated a burnup credit research program in 
1999, with support from the Oak Ridge National Laboratory (ORNL), to develop regulatory guidance and 
the supporting technical bases for allowing and expanding the use of burnup credit in pressurized-water 
reactor SNF storage and transport applications. Although this NRC research program has not been 
continuous since its inception, considerable progress has been achieved in many key areas in terms of 
increased understanding of relevant phenomena and issues, availability of relevant information and data, 
and subsequently updated regulatory guidance for expanded use of burnup credit. This paper reviews 
technical studies performed by ORNL for the U.S. NRC burnup credit research program. Examples of 
topics include reactivity effects associated with reactor operating characteristics, fuel assembly 
characteristics, burnable absorbers, control rods, spatial burnup distributions, cooling time, and assembly 
misloading; methods and data for validation of isotopic composition predictions; methods and data for 
validation of criticality calculations; and operational issues and data related to assembly burnup 
confirmation. The objective of this paper is to summarize the work and significant accomplishments, with 
references to the technical reports and publications for complete details, and provide a useful resource to 
others in the burnup credit community. 
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Abstract/Keyterms: LEU-MET-THERM-002, LEU-MET-THERM-015; Research & Test Reactors & 
Critical Assemblies-- Kinetics & Dynamics; Activation Analysis; Criticality; Instruments; Ionization 
Chambers; Measurement; Neutron Flux; Radiation Detectors; Reactivity; Research Reactors 
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Conference Session:  

Abstract/Keyterms: The FUGEN project has been under development to search for effective utilization 
of nuclear fuels including plutonium. In this report experimental results and analysis are presented with 
emphasis on the void reactivity, neutron flux distribution and power distribution in the partial mixed oxide 
fuel core. 
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Abstract/Keyterms: Critical experiments and analyses were carried out to obtain information on the 
reactor physics properties of light water moderated PuO2-UO2 lattices in simple configurations from 1972 
to 1974. The fuel material was 3.0 wt% PuO2-UO2 pre-sintered pellets with the density of 6.1 g/cm3. The 
isotopic composition of the plutonium was 68, 22, 7, and 2 wt% for 239Pu, 240Pu, 241Pu and 242Pu 
respectively. Five kinds of square lattices were used, and their ratios of atomic number densities of hydrogen 
to plutonium were 295, 402, 494, 704 and 922. The measured items were critical dimensions, activation 
traverses by gold wires, power distributions and beff/1. The calculated results based on the few group two 
dimensional diffusion scheme were correlated with the measured results. 
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Abstract/Keyterms: The problems associated with reprocessing oxide LMFBR fuel elements result from 
the higher plutonium content, the higher fission product content and the higher level of thermal decay 
power; their consequences on the Purex process are well recognizable. Reprocessing LMFBR elements by 
the conventional Purex process technique is considered to be feasible. If the cooling time of LMFBR fuel 
elements amount to one year or more, it is only the higher plutonium content which determines the process 
flowsheet. The necessary chemical steps for reprocessing co-precipitated oxides have been developed at 
Karlsruhe for this case. The mechanical head end still needs to be developed on a technical scale, as does 
the management of safety against criticality. If reprocessing is to follow a cooling time of less than 200 
days, as envisaged in the original planning for LMFBR fuel elements, the efficiency of offgas treatment 
and the reliable operation of fast contactors in the first extraction cycle still have to be tested. 
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Conference Session:  

Abstract/Keyterms: A report is given of a series of exponential experiments performed on the Queen Mary 
College subcritical assembly. This assembly consists of a 4.5 ft aluminum core tank in which up to 4 tons 
of aluminum-clad natural uranium in the form of 1.2 in diam bars, 43.25 in long, are supported vertically 
by a series of lattice plates. Initially a 10-c Po-Be neutron source (2.5E10 n/s) was used to provide the 
neutron flux but later measurements were made using a Sames, 150 kV neutron generator. Buckling 
measurements were made for moderator-fuel ratios of 1.73, 2.48, and 3.18 using indium foils, BF3 counters 
and uranium-235 fission chambers as detectors. Migration areas were determined for the same ratios of 
moderator-to-fuel by means of the boron poisoning technique. The novel features of the results were the 
apparent variation of the material buckling (a) with fuel loading and (b) with the type of detector employed. 
The reasons for these variations are discussed and their general significance to exponential experiments in 
hydrogenous media developed theoretically. 
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Abstract/Keyterms: An unreflected assembly of natural uranium and light water has been used in 
conjunction with a pulsed source of neutrons for decay-time measurements at different bucklings. Four 
different lattice pitches over the range 3.94 cm to 5.08 cm were obtained by using different pairs of 
accurately machined lattice plates and in each case the uranium was in the form of bars 109.8 cm long and 
3.0 cm diameter. The fuel was mounted horizontally and loadings up to approximately 6 tons were involved. 
Spatial harmonics were eliminated or selected by appropriate placing of a small scintillation detector. 
Experimental results showing the dependence of decay constant on buckling are presented and compared 
with theoretical values. 
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Abstract/Keyterms: An experimental and theoretical research programme on exponential lattices of 
normal and partially enriched uranium rods moderated by heavy water has been carried on at the 
Massachusetts Institute of Technology (MIT) since 1959. The choice of exponential rather than critical 
experiments was made on the basis of simplicity, safety, lower cost of fuel, and the availability of a high 
neutron flux from the research reactor. The use of the MIT research reactor as the neutron source made it 
necessary to develop a special technique for supplying neutrons from the horizontal thermal column of the 
reactor to the exponential tank which has a vertical axis. The technique, which has proven successful, is 
based on the use of a cavity, or Hohlraum analogous to that considered in discussing black-body radiation. 
The low absorption and high albedo of the graphite make it possible to change the direction and local 
intensity of the main neutron current, vary the cross-sectional area being supplied with neutrons, and 
increase the flux over that obtained when the cavity is filled with graphite. The neutron flux reduction from 
the end of the thermal column to the exponential tank is only a factor of three. Several volume ratios can 
be investigated. Measurements of buckling, resonance capture, conversion ratio, and fast fission are made, 
as well as intracell thermal flux distributions with spectrum-sensitive. The experiments have shown where 
improvements in calculations are necessary, e.g., in treatment of the cell boundary in the thermal flux space-
energy distribution. 
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Abstract/Keyterms: The Zero Power Reactor KRITO is intended for critical experiments on light-water 
moderated power reactors using fuel with low enrichment. The reactor was designed by Reactor Centrum 
Nederland and is also operated by RCN staff. The first experimental programme is part of a joint 
undertaking of RCN and Euratom for the development of a nuclear reactor for ship propulsion, known as 
the NERO-project. Thus the primary objective is the measurement of reactor physics parameters of the 
designed NERO-core. This design foresees a two-zone core of uranium dioxide fuel canned in Zircaloy and 
12 uniformly distributed control rods of a cadmium-silver-indium alloy, with enrichments of 3.1 and 3.8%. 
However, for reasons of economy, in KRITO use is made of aluminum as canning material and boron 
carbide as poison material and the experiments will be done with a constant moderator-to-fuel ratio. A short 
description of the facility and experimental programme is given. First criticality was attained on 29 March 
1963. The results obtained until September 1963 are summarized. 
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Abstract/Keyterms: At the Knolls Atomic Power Laboratory an intensive programme of experimentation 
and related calculations has been underway to assess the adequacy of computational methods and nuclear 
data for hydrogenous systems. The programme has three general aspects: (1) clean critical experiments with 
solid homogeneous fuel having a high metal-to-hydrogen volume ratio; (2) clean, plate-fuel critical 
experiments covering a large range of core dimension, metal-to-water ratio, fuel density and temperature; 
(3) prompt-neutron decay constant and steady-state spectrum measurements on subcritical systems in the 
same range of composition. The fuel elements for the solid homogeneous experiments are pressed compacts 
of zirconium oxide and highly enriched uranium dioxide powders uniformly mixed with paraffin. Reflector 
blocks with the same zirconium oxide-to-paraffin ratio as the fuel blocks allow reflected cores to be 
constructed having uniform slowing down characteristics. The mechanics of the critical assembly are such 
that critical configurations are simple rectangular parallelepipeds with no channels for safety or control 
rods. Critical size studies of fast-leakage dominated systems (bare and reflected) have been performed and 
comparisons made with standard two-and three-dimensional, few-group computer programmes. In general, 
the calculated criticality constants using the most recent nuclear data are about 3% high. The plate 
experiments described covered the range from room temperature to 56 degrees F and 1200 psi. To eliminate 
the complication of control-rod effects a determination of the temperature at which the core was critical 
was calculated criticality is consistently high by about 2% over the whole range of experiments. 
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Conference Session:  

Abstract/Keyterms: The pulsed neutron method has already been extensively used for reactivity 
determinations of reactors. But very little has been reported about its application to heavy water systems. 
Therefore our experiments of the FR2 might be of interest. 
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Abstract/Keyterms: Two types of critical experiments were conducted in support of the 40-Mw(e) peach 
bottom HTGR nuclear-design program. The first was the test-lattice experiment, where detailed 
measurements of reaction rates were examined in a lattice having a cold neutron spectrum characteristic of 
the HTGR. This program provided a method for checking the resonance integral of thorium, the Doppler 
coefficient of thorium, the detailed flux distribution in the lattice, and control-rod effectiveness within a 
cell. The second experiment was designed as a gross test of the calculational procedures and data. A small 
critical experiment having a clean geometry and a composition similar to that of the HTGR was constructed. 
This assembly had approximately one-sixth the volume of the HTGR core and was surrounded on all sides 
by a 2-ft graphite reflector. Owing to the small core size and the large reflector area, this experiment 
provided a severe test of the calculational methods. Experiments with this facility encompassed reactivity-
coefficient measurements, neutron-flux distributions, effectiveness of groups of control rods, and a 
measurement of the overall temperature coefficient. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Power 
Reactor Development-Kinetics & Dynamics; Physics (Nuclear)-Neutron Interactions with Matter; Critical 
Assemblies; Cross Sections; Fast Reactors; Neutrons; Reactor Kinetics 
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Abstract/Keyterms: This paper summarizes developmental activities aiming at improving, the status of 
the Japan's System of safeguards. The integral tests are described which are now being implemented by the 
Japanese Government to check the effectiveness of the State's System, which must be maintained by the 
Government under the Safeguards Agreement between Japan and the IAEA under the Treaty on Non-
Proliferation of Nuclear Weapons, ratified by Japan in June 1976. A joint experiment has been now 
implemented by the Nuclear Safety Bureau and the NMCC for knowing and improving the precision and 
accuracy of analytical measurements used at the bulk-facilities. JAERI, is conducting various R and D work 
on its own, and through cooperation with NMCC, NSB etc. The authors describe the results of non-
destructive gamma-spectrometry for the development of isotopic correlation techniques, as well as for the 
identification, and refer briefly to measurement methods using the Fast Critical Assembly in JAERI. 
Measurement methods used in the Pu-fabrication facility of the PNC, and the problem of spent fuels 
application of safeguards for the reprocessing plant are discussed. The accounting reports coming from 
Japanese facilities are processed by the computer at the NMCC, and converted into (a) the State's material 
balance, and (b) the formats to be sent to IAEA. 
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Abstract/Keyterms: The industry of irradiated fuel processing plants has already a long experience, since 
it began operating in the last few years of World War II. The recent development of nuclear energy, in 
particular with light water reactors and fast breeders, gave rise to some new problems which are worthy of 
attention from the standpoint of safety and protection. The safety analysis of a facility must be made with 
the aid of a strict method, such that no important safety-related point is overlooked. This the essential 
condition for overcoming nuclear hazards. The main problems of the irradiated fuel processing plants are 
surveyed. Liquid and gaseous effluents are the main noxious products for the environment. Their effect is 
evaluated and a description is made of the means used, or being studied, to reduce the releases. The safety 
problems of solid waste various products in particular fuel claddings and concentrated fission products are 
studied. The main steps of the process of the irradiated fuel, dissolution, extraction, are examined from the 
standpoint of nuclear hazards The safety of a plant rests for a great part on the operation. The authors 
emphasize the main features of this function. Lastly are recalled the problems of dismantling after 
decommissioning. 
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Abstract/Keyterms: Development of adequate facilities for long term storage of spent nuclear fuels is a 
current concern in the nuclear industry. Lack of chemical reprocessing is forcing reactor operators to 
increase the capacity of their existing pools by structural modifications or by costly investments in new 
facilities. One of the main constraints governing the utilization of space in a storage pool is nuclear 
criticality control. The degree of subcriticality of stored fuel is dependent on the fissile material inventory, 
the arrangement of fuel, and the presence of materials providing parasitic capture of neutrons. Long term 
storage of spent fuel requires that nuclear criticality considerations include time dependent variations in 
materials, transmutation of fission products, and the deterioration of special neutron control materials. 
According to current practices in power reactor pools, subcritical units of fuel are stored in a lattice 
arrangement with sufficient neutronic decoupling between individual fuel bundles. Such decoupling is 
achieved by adequate isolation in water or by the insertion of special neutron absorbing materials such as 
Boral. Pool capacity increases by a factor of two have been realized using Boral inserts. An assumption is 
made in criticality safety analyses that spent 
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Conference/Journal:  
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Abstract/Keyterms: The development/evolution of the regulatory activities in health and safety in the 
atomic energy programme in India is reviewed. The responsibilities of the Government of India are 
governed by the Atomic Energy Act. The act provides for control and management of radioactive 
substances and radiation generating machines to secure public and personnel safety and ensure safe 
management of radioactive wastes. The regulatory rules are published by the Department of Atomic Energy 
from time to time and the basic safety standards and requirements of safe operations uniformly apply 
irrespective of the ownership of the installation. The regulatory activities have evolved over the years and 
today these include all aspects of nuclear fuel cycle and peaceful uses of atomic energy. The regulatory 
aspects on approval of safety related systems design including criticality control, evaluation of safety related 
systems design including criticality control, evaluation of plants and/or operating installations for the 
purposes of specific authorisations, approval of operational control and emergency plans, investigation of 
abnormal incidences and development of safety codes and criteria have been carried out through 
committees appointed by the Department. 
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Abstract/Keyterms: Significant advances in nondestructive assay techniques and instrumentation now 
enable rapid, accurate and direct in-plant measurement of nuclear material on a continuous or real-time 
basis as it progresses through a nuclear facility. A variety of passive and active assay instruments are 
required for the broad range of materials measurement problems encountered by safeguards inspectors and 
facility operators in various types of nuclear plants. Representative NDA techniques and instruments are 
presented and reviewed with special attention to their assay capabilities and areas of applicability in the 
nuclear fuel cycle. An advanced system of materials control-called "DYMAC" is presently under 
development by the U.S. ERDA; the DYMAC program integrates new nondestructive assay 
instrumentation and modern data-processing methods, with the overall objective of demonstrating a 
workable, cost-effective system of stringent safeguards and materials control in various generic types of 
facilities found in the nuclear fuel cycle. Throughout the program, emphasis will be placed on developing 
practical solutions to generic measurement problems. Projected levels of safeguards assurance, together 
with other vital-and cost-sensitive-plant operational factors such as process and quality control, criticality... 
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Title: Safety Aspects of Reprocessing and Plutonium Fuel Facilities in Power Reactor and Nuclear Fuel 
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Abstract/Keyterms: PNC completed the construction of the first Japanese reprocessing plant in 1974, and 
the startup is now under way. The plant will have a capacity of 0.7 metric tons of spent fuel per day. Various 
safety measures for earthquake, radiation, criticality, fire, explosion and leakage of radioactive materials 
are provided in the plant. 8,000 Ci of $sup 85$Kr and 50 Ci of 3H per day will be released from the plant 
to environment. Skin dose is conservatively estimated to be about 30 mrem per year. Liquid waste 
containing 0.7 Ci per day will be discharged into the sea. Whole body dose is conservatively estimated to 
be 10 mrem per year. R and D for removal of $sup 85$Kr and reducing radioactivity released into the sea 
are being carried out. Developmental works for solidification of radioactive liquid waste are also being 
conducted. Safety control in plutonium handling work for both R and D and fuel fabrication has been 
successfully conducted without significant abnormal occurrence in these ten years. By zero-contamination 
control policy, surface contamination and airborne contamination in operation rooms are maintained at the 
background level in usual operation. The intake of plutonium was found at the maximum about one-
hundredths of the MPB. External exposure has been generally controlled below three-tenths rem for three 
months, by shielding... 
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Abstract/Keyterms: PNC has been developing mixed oxide fuels for both thermal and fast reactors, since 
the startup of Plutonium Fuel Development Facility (PFDF) in November, 1965. The second facility called 
Plutonium Fuel Fabrication Facility (PFFF) was built in 1971 for the fabrication of plutonium fuels for both 
FBR and HWR project in PNC. The amount of Pu fuels fabricated in both facilities was over 16,000 fuel 
rods with 20 tons of mixed oxide pellets at the end of 1976 for JOYO and other fuels, and is further 
increasing for FUGEN. Technical development work related to the fuel fabrication is mainly concentrated 
to the automation of process control and equipment together with the establishment of process for the FBR 
fuel pellet with low density and low O/M ratio. Quality assurance system has been arranged in accordance 
with increase of the fuel produced, and a fully documented system was completed for the FUGEN Pu fuel. 
Research and development work for Pu fuels performance has been focused on physical and chemical 
properties of mixed oxide, and in and out of pile evaluation of the fuel performance together with some 
activities related to Pu fuel design, and these results have been compiled in computer codes including fuel 
rod performance codes, PIPER and ACTIVE-II. Irradiation testings of the mixed oxide fuels totaling 418 
rods were carried out successfully in... 
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Abstract/Keyterms: An important basis for the planning and construction of a large 1400 T. U/year 
reprocessing plant, scheduled for start-up around 1986, is the R and D work of the Karlsruhe Nuclear 
Research Centre and the experience gained from operation of the pilot reprocessing plant WAK at the same 
site. During the first 5 years of its operation since September 1971, the WAK plant, with a nominal capacity 
of 35 T. U/year, has successfully demonstrated the feasibility of the PUREX technology for reprocessing 
of high burnup LWR-fuels. Substantial improvements have been achieved in fuel handling techniques, 
head-end treatment, performance of high activity extraction equipment, waste decrease by internal recycle, 
and iodine retention. Operating and maintenance experience has allowed a continuing reduction of radiation 
doses to plant personnel to a level as low as 13% of the maximum permissible limits. Future work will 
include retention of krypton-85 from dissolver off-gases and reprocessing of mixed-oxide-fuels from the 
German Plutonium-Recycle program. Development work on fuel reprocessing technology is aimed at the 
minimization of radioactive wastes, the minimization of environmental releases, and the increase of 
operational safety and reliability. Based on experience which has been gained by reprocessing campaigns 
with LWR fuels up to 37000 MWd/T, and FBR. 
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Abstract/Keyterms: The paper describes the successful integration of the experience of its three 
shareholders into an international company providing an irradiated fuel transport service throughout 
Europe. The experience of transporting more than 400 tonnes of irradiated uranium from fifteen power 
reactors is used to illustrate the flexibility which the transport organisation requires when the access and 
handling facilities are different at almost every reactor. Variations in fuel cross sections and lengths of fuel 
elements used in first generation reactors created the need for first generation flasks with sufficient variants 
to accommodate all reactor fuels but the trend now is towards standardisation of flasks to perhaps two basic 
types. Increases in fuel rating have raised the flask shielding and heat dissipation requirements and have 
influenced the design of later flasks. More stringent criticality acceptance criteria have tended to reduce the 
flask capacity below the maximum number of elements which could physically be contained. Reprocessing 
plant acceptance criteria initiated because of the presence of substantial quantities of loose crud released in 
the flask and the need to transport substantial numbers of failed elements have also reduced the flask 
capacity. 
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Abstract/Keyterms: The fuel cycle safety problems for fast reactors, as compared with thermal reactors, 
are enhanced by the higher fissile content and heat rating of the fuel. Additionally recycling leads to the 
build up of substantial isotopes which contribute to the alpha and neutron hazards. The plutonium arisings 
in a nuclear power reactor program extending into the next century are discussed. A requirement is to be 
able to return the product plutonium to a reactor about 9 months after the end of irradiation and it is 
anticipated that progress will be made slowly towards this fuel cycle, having regard to the necessity for 
maintaining safe and reliable operations. Consideration of the steps in the fuel cycle has indicated that it 
will be best to store the irradiated fuel on the reactor sites while 131I decays and decay heat falls before 
transporting and a suitable transport flask is being developed. Reprocessing development work is aimed at 
the key area of fuel breakdown, the inter-relation of the fuel characteristics on the dissolution of the 
plutonium and a solvent extract cycle leading to a product suitable for a co-located fabrication plant. 
Because of the high activity of recycled fuel it is considered that fabrication must move to a fully remote 
operation as is already the case for reprocessing, and a gel precipitation process producing... 



 

C-6882 

6869…..…..…………………..…….……..……ID Number…………………..…..…………….6869 

Author: Donoghue, J. K. / Charlesworth, F. R. / Fairbairn, A. 

Title: Safety Aspects of a Fuel Reprocessing Plant 

Date: 1/1/1977 

Report: IAEA-CN-36/75 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The establishment of the basic process must include the determination of the 
sensitivity of the process to operational errors or plant failures. The probability and consequences of escapes 
of activity must be evaluated and emergency procedures set up to deal with accidents which might lead to 
such escapes. The administrative arrangements for safety should include a safety evaluation and advisory 
service independent of line management. A quality assurance strategy for the construction and 
commissioning stages is important. The design and construction of the plant must include Attention to plant 
reliability. Maintenance and inspection procedures to maintain reliability must be adopted and the design 
should include measures to facilitate in-service inspection of highly-active plant. (ii) Suitable and sufficient 
means of detection and prevention of malfunction, including criticality, bearing in mind both the timescale 
of development of the fault and its consequences. (iii) Measures for containment of activity. Penetrations 
from active into operating areas should be eliminated or minimized and maintenance should be separated 
from operational areas. Secondary containment beyond that provided for operations of a significant 
magnitude. A ventilation system with appropriate gas clean-up, monitoring, and discharge facilities is 
required. 
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Abstract/Keyterms: The pulsed neutron technique has been applied to subcritical assemblies to 
accumulate data useful for the testing of multigroup calculational methods. The measurements were 
generally of two types studies designed to examine the properties of fuel-moderator systems, and studies 
of the effects of various single perturbations upon the fuel-moderator system. The pulsed neutron method 
is particularly suited to the latter type application because the relative worth of such a perturbation can be 
measured quite directly with high precision. 
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Abstract/Keyterms: The magnetic tape SPOTS4 contains in file 1 a data library to be used as input to the 
SPOTS4 program which is contained in file 2. The data library is based on ENDF/B-4 and consists of two 
parts in TEMPEST format (246 groups) and MUFT format (54 groups) respectively. From this library the 
SPOTS4 program produces a 172 + 54 group library for LEOPARD input. A copy of the magnetic tape is 
available from the IAEA Nuclear Data Section. 
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Abstract/Keyterms: The research work of this contract was oriented towards the study of different 
methods in neutron transport theory. Authors studied analytical solution of the neutron slowing down 
transport equation and extension of this solution to include the energy dependence of the anisotropy of 
neutron scattering. Numerical solution of the fast and resonance transport equation for the case of mixture 
of scatterers including inelastic effects were also reviewed. They improved the existing formalism for 
treating the scattering of neutrons on water molecules; Identifying modal analysis as the Galerkin method, 
general conditions for modal technique applications have been investigated. Inverse problems in transport 
theory were considered. They obtained the evaluation of an advanced level distribution function, made 
improvement of the standard formalism for treating the inelastic scattering and development of a cluster 
nuclear model for this evaluation. Authors studied the neutron transport treatment in space energy groups 
for criticality calculation of a reactor core, and development of the Monte Carlo sampling scheme from the 
neutron transport equation. 
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Abstract/Keyterms: Nuclear Facilities of the nuclear fuel cycle. It is the aim of this report to consider the 
applicability of these control measures to a nuclear research centre. The report refers to the concrete 
example of the Juelich Nuclear Research Centre (KFA). The particular features of a nuclear research centre 
and the handling of nuclear material in the KFA are described. A review is given of the various license 
areas and permitted handling quantities as well as of the inventories and flow of nuclear material. The 
concept of a control system for a nuclear research centre satisfying the operator's requirements, national 
requirement and international obligations at the same time is developed along these lines. The essential 
characteristic of the concept is a far-reaching clarity of the distribution of nuclear material items within the 
Nuclear Research Centre. The clarity desired will be achieved by means of an integrated accountancy 
system processing all necessary data with the aid of a central computer and remote terminals. The 
availability of information is based on differentiated material accountancy in conjunction 
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Abstract/Keyterms: The paper describes the techniques devised for measurements of reactivity 
parameters, within-cell reaction rates and neutron energy spectra in plutonium fueled assemblies in 
ZEBRA. Results of such measurements have played a major role in the adjustment studies leading to the 
new FGL5 Library. Emphasis placed on the assessment of experimental and analytical errors which are 
compared with target errors set by reactor physics considerations. K-effective values are found from careful 
analysis of critical mass with due account of composition and dimensional uncertainties. K-infinity is 
obtained from cell worth measurements in small driven test-regions. Buckling values are derived from 
analysis of fission scan data by the experimental adjoint method using diffusion and transport theory. Foil 
activation, fission chamber and solid state track recorder techniques have been applied to fission rate 
measurements with Pu239, U235 and U238. Capture rates in U238 are obtained from thermal comparison 
and absolute counting methods. Spectrum measurements have been made by a range of techniques covering 
a total energy range from 100 ev to 6 MeV. These include time-of-flight, proton recoil, lithium-6 and double 
scintillator spectrometers. Comparison of different techniques over their range of overlap provide a check 
on the internal error estimation. 
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Abstract/Keyterms: Four criticality accidents took place between 1958 and 1964 at fuel processing plants 
using wet methods. So far accident of this type has taken place at production units where fissionable 
material is used. The prevention of criticality is one of the major concerns of the officials in charge of the 
plutonium fuel research laboratories operated at the MOL Nuclear Energy Study Centre by the SCK/CEN-
Belgonucleaire Association. The means of preventing such an accident are of three types different types of 
treatment in well-defined work units; thorough analysis of planned experiments or fabrication programmes 
to determine the sub-criticality factors; application of technical and administrative procedures which ensure 
that the facilities are always sub-critical during the treatment and storage of fissionable materials. The 
installation includes a detection and warning system and provision is made for the immediate evacuation 
of staff should a criticality incident occur. The effects of a critical excursion on the building have been 
assessed. 
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Abstract/Keyterms: The preliminary design of a Plutonium Laboratory of the Nuclear Research Institute 
(NRI), REZ, CSSR was worked out. In this paper the main safety features of this design are presented. The 
main part of the plutonium laboratory building consists of two laboratories with areas of 140 and 100m2. 
Plutonium-containing materials will be handled in lines of interconnected glove-boxes arranged according 
to technological requirements. The quantity of plutonium manipulated will be strictly controlled in order to 
avoid a chain-reaction accident. The principle of the routine handling of plutonium-containing materials is 
based on full separation of areas by double-wall containment, or single-wall containment combined with 
automatically maintained specific negative pressure. The design was completed with calculations of 
individual dose distributions for three kinds of risk following an assumed spread of plutonium aerosols 
standard operation, fire-accident and critical chain-reaction accident. 
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Conference/Journal: International Symposium on Fast Reactor Physics Jointly Organized by IAEA & 
OECD, Aix-en-Provence 24-28 Sept. 1979 

Conference Session:  

Abstract/Keyterms: Increased interest in alternate fuel cycles and in non-conventional fast-reactor core 
designs has emphasized the need for reliable benchmark experiments against which the relevant nuclear 
data and methods can be checked. In the PROTEUS critical assembly we have recently completed an 
extensive series of measurements of GCFR lattices which internal and axial blankets of UO2, ThO2 and Th 
metal. The GCFR lattice consists of a PuO2/UO2 pin-fueled zone in a thermally driven assembly. Central 
values and spatial distributions have been monitored for nuclide reaction rates including fission in 239Pu, 
233U, 238U and 232Th, capture in 238U and 232Th and (n,2n) in 232Th. In addition, differential spectrum 
measurements using proton-recoil counters were performed. The results of the experiments have been 
compared with calculations based on the UK FGL5 nuclear data library (in which thorium cross-sections 
are derived from ENDF/B-4 values). Further analyses are in progress. Conclusions to data are that uranium 
blankets are significantly better calculated by our data and methods than are thorium blankets. The 
discrepancies between calculation and experiment in thorium systems are, however, not of a magnitude 
which casts major doubts upon current survey calculations for reactor systems with 
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Conference/Journal:  
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Abstract/Keyterms: The features of a computing system for reactor calculations are considered and the 
results of trial calculations with different two-dimensional programs described. The characteristics of the 
nuclear data sets used in reactor design calculations and in problems linked with transactinides are 
presented. The authors describe a method of taking critical assembly experiments routinely into account 
when defining the physical parameters of projected plants, a method based on calculations of two-
dimensional sensitivity factors. This approach is illustrated by an estimate of the errors and variations in 
the criticality and breeding parameters of a large breeder based on experiments in plutonium assemblies. 
The results obtained with experimental one-and two-dimensional reactor models using the BNAB-70 and 
BNAB-78 data libraries are compared with calculations in other countries. The final section contains the 
results of optimization calculations which provide pointers to possible ways of improving the characteristics 
of breeders when switching to new types of fuel. 
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Conference Session:  

Abstract/Keyterms: MIX-MISC-FAST-001; A program of measurements was performed on a number of 
critical assemblies with the aim of obtaining reliable experimental data under conditions approximating the 
simplest calculation model. To this end the neutron balance at the centres of the BFS-31, BFS-33, BFS-35, 
BFS-38, KBR-3 and KBR-7 critical assemblies was investigated. These assemblies contained central inserts 
made of uranium dioxide (BFS-33), natural uranium oxide and plutonium metal (BFS-31), natural uranium 
and plutonium metal (BFS-38), 90% enriched metallic uranium and stainless steel (KRB-3) and enriched 
uranium dioxide and nickel (KBR-7). The composition of the inserts was such that k(inf) = 1. The k+ values, 
the ratios of the reaction rates of the principal raw material and fissionable isotopes and the reactivity 
coefficients of a number of materials were measured in the inserts. The components of the breeding 
coefficient were measured at the center of the BFS-39 critical assembly which simulates a power reactor 
(simplest composition with low-and high-enrichment zones and no control mechanism). The authors 
describe briefly the critical assemblies, the methods of measurement and calculation and methods of 
correcting for differences between the calculation model and the conditions under which the measurements 
were performed and compare the results of the experiments with the corresponding theoretical values 
obtained using various systems of group constants. In their latest versions, the group constants derived from 
different sets of integral experiments describe the experimental data much better than was previously 
possible. The deviations which occur in the predicted criticality and breeding parameters using different 
versions of the constants essentially reflect the difference in the results of the sets of integral experiments 
that were used for the group constants. 
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Abstract/Keyterms: An active neutron interrogation technique has been developed for the measurement 
of the 235U content in fresh fuel assemblies. The method employs an AmLi neutron source to induce fission 
reactions in the fuel assembly and coincidence counting of the resulting fission reaction neutrons. When no 
interrogation source is present, the passive neutron coincidence rate gives a measure of the 238U by the 
spontaneous fission reactions. The system can be applied to the fissile content determination in fresh fuel 
assemblies for accountability, criticality control, and safeguards purposes. Field tests have been performed 
by International Atomic Energy Agency (IAEA) staff using the Coincidence Collar to verify the 235U 
content in light-water-reactor fuel assemblies. The results gave an accuracy of 1-2% in the active mode 
(235U) and 2-3% in the passive mode (238U) under field conditions. 
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Abstract/Keyterms: A spent LWR fuel assembly monitor based on combined active and passive neutron 
counting is presented. The monitor primarily developed for the objective of criticality control in the head 
end of a reprocessing plant can be used for safeguards applications as well. It can be used for an independent 
verification of the shipper's data. An extended demonstration program for Federal German LWR fuel 
assemblies was performed. Up to now 72 spent uranium fuel assemblies of four PWR and three BWR 
reactors and 20 spent MOX fuel assemblies were measured. The initial enrichment of the uranium fuel 
assemblies varied between 1.9 and 3.29% 235U. Results and experiences of the demonstration program are 
presented. The characteristics of the assay of LWR fuel assemblies are discussed. Accurate and 
representative burnup dependent neutron emission data of spent LWR fuel are given. These data are 
compared with results of destructive analysis and with theoretical results obtained from burnup codes. 
Finally, a description of the nondestructive measurement system is given. The demonstration program has 
shown that without knowledge of any fuel assembly's data the burnup of uranium fuel assemblies can be 
determined with an uncertainty of {+/-}1200 MW.d/tHM and the initial enrichment of uranium fuel 
assemblies with an accuracy of {+/-}5%. The demonstration program moreover showed to what extent the 
irradiation history influences the results of NDA measurement. Using these data and accuracies the total 
plutonium content can be determined from isotopic correlations with an accuracy of {+/-}0.3 kg/tHM for 
PWR and about {+/-}0.5 kg/tHM for BWR fuel assemblies. 
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Abstract/Keyterms: A study has been conducted by an Office of Economic Cooperation and 
Development-Committee on the Safety of Nuclear Installations (OECD-CSNI) Working Group that 
examined computational methods used to compute k(eff) for large greater than or equal to5/sup 3/ arrays 
of fissile material (in which each unit is a substantial fraction of a critical mass). Five fissile materials that 
might typically be transported were used in the study. The “packages” used for this exercise were simplified 
to allow studies unperturbed by the variety of structural materials which would exist in an actual package. 
The only material present other than the fissile material was a variation in the moderator (water) surrounding 
the fissile material. Consistent results were obtained from calculations using several computational 
methods. That is, when the bias demonstrated by each method for actual critical experiments was used to 
“correct” the results obtained for systems for which there were no experimental data, there was good 
agreement between the methods. Two major areas of concern were raised by this exercise. First, the lack 
of experimental data for arrays with size greater than 5/sup 3/ limits validation for large systems. Second, 
there is a distinct possibility that the comingling of two shipments of unlike units could result in a reduction 
of the safety margins. Additional experiments and calculations will be required to satisfactorily resolve the 
remaining questions regarding the safe transport of large arrays of fissile materials. 
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Conference Session:  

Abstract/Keyterms: The details of a recent nuclear criticality safety analysis for the US DOT Specification 
6M package is reported. The analysis was performed to meet criteria within the United States Titles 10 and 
49 of the Code of Federal Regulations and the International Atomic Energy Agency Safety Series No. 6. 
The results form the bases for extending previous Fissile Class I (Transport Index = 0.0) package mass 
limits for specific package sizes. Each of the fissile isotopes 233U, 235U, and 239Pu) were evaluated with 
four different degrees of water moderation at variable material densities. Also, Fissile Class II (0.1 < 
transport index < 10.0) package mass limits were determined for the same materials which are applicable 
to 30-, 55- and 110-gallon 6Ms. 



 

C-6913 

6900…..…..…………………..…….……..……ID Number…………………..…..…………….6900 

Author: Harris, D. R. / Rodriquez-Vera, F. / Angelo, P. L. / Shin, S. T. 

Title: Multipurpose Use of the Rensselaer Polytechnic Institute Reactor for Critical Experiments and 
Training 

Date: 10/23/1988 

Report: IAEA-SM-300/25 

Conference/Journal: Multipurpose Research Reactors, Symposium, Grenoble, 19-23 October 1987 

Conference Session:  
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Conference Session:  

Abstract/Keyterms: Because of delays in closing the back end of the fuel cycle in the U.S., there is a need 
to extend dry inert storage of spent fuel beyond its originally anticipated 20-year duration. Many of the 
methodologies developed to support initial licensing for 20-year storage should be able to support the longer 
storage periods envisioned. This paper evaluates the applicability of existing information and 
methodologies to support dry storage up to 100 years. The thrust of the analysis the potential behavior of 
the spent fuel. In the USA, the criteria for dry storage of LWR spent fuel are delineated in 10 CFR 72[1]. 
The criteria fall into four general categories: maintain subcriticality, prevent the release of radioactive 
material above acceptable limits, ensure that radiation rates and doses do not exceed acceptable levels, and 
maintain retrievability of the stored radioactive material. These criteria need to be considered for normal, 
off-normal, and postulated accident conditions. Postulated accident scenarios would be the same for 20-
year or 100-year storage, because they are mostly governed by operational or outside events, and not by the 
cask or fuel. Analyses of accident scenarios during extended dry storage could be impacted by fuel and 
cask changes that would result from the extended period of storage. Overall, the results of this work indicate 
that, based on fuel behavior, spent fuel at burnups below{approximately}45 GWd/MTU can be dry stored 
for 100 years. Long-term storage of higher burnup fuel or fuels with newer cladding will require the 
determination of temperature limits based on evaluation of stress-driven degradation mechanisms of the 
cladding. 
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Abstract/Keyterms: WWER / Spent Fuel Inventory / Depletion Codes / Spent Fuel Casks / Monte Carlo 
Codes / Shielding Calculations 
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Abstract/Keyterms: Disposal / Spent Fuel / Reracking / Storage Pools / Juragua NPP 
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Abstract/Keyterms: These lectures deal with the use of the GAM-GATHER and GAM-THERMOS chains 
for the calculation of lattice cross sections and within use of the discrete ordinates one dimensional ANISN 
code for the calculation of criticality and flux distribution of the cell and of the whole reactor. As an example 
the codes are applied to the calculation of a PWR. Results of different approximations are compared. 
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Abstract/Keyterms: BWR Reactor Physics 



 

C-6920 

6907…..…..…………………..…….……..……ID Number…………………..…..…………….6907 

Author: Murray, L. 

Title: Fundamentals of Pressurized Water Reactors 

Date: 3/1/1980 

Report: IAEA-SMR-68/2 

Conference/Journal: Course on operational physics of power reactors including start up, testing and fuel 
management held at Trieste, 3-28 March 1980 

Conference Session:  

Abstract/Keyterms: Pressurized Water Reactor (PWR) / Enrichment of the Uranium to About 3% in U-
235 / Moderator-Coolant at a High Pressure 
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Abstract/Keyterms: Pressurized Water Power Reactors / 900mwe Westinghouse Reactor / PWR 
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Abstract/Keyterms: The nuclear criticality safety of packages in transportation is explored systematically 
by a surface density representation of reflected array criticality of air-spaced units. Typical perturbations to 
arrays are shown to be related analytically to the corresponding reactivity changes they produce. The 
reactivity change associated with the removal of three reflecting surfaces from a totally water reflected 
array is shown to depend upon the fissile material loading of the packages. For U(93.2) metal, the expected 
reactivity loss can range from 2 to 21 percent. Replacement of a three-sided reflector of water on a critical 
array by one of concrete results in a reactivity increase ranging from 0 to 6 percent. Mass limits established 
by criticality data for reflected arrays of air-spaced units can provide a minimum, uniform margin of safety, 
expressible in terms of reactivity, to more reliably specify subcriticality in transport. Mass limits less than 
those defined by air-spaced units in water-reflected arrays are unnecessary for Fissile Class II packages. 
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Fissionable Materials; Interactions; Lattices; Measured Values; Numericals; Reflectors; Safety; Sweden; 
Tables 
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Abstract/Keyterms: A continuing programme directed to the neutronics of uranium-235 system criticality 
has been in progress for a number of years. The experiments were designed to provide basic criticality data 
describing arrays susceptible to simple description data fall naturally into a class which lends itself directly 
to analyses and, at the same time, may be applied to nuclear safety evaluations. The component variables 
examined included mass, shape, moderation, and the uranium-235 content of the uranium, while the array 
variables studied were shape, moderation, degree of reflection and the number of units and their spacing. 
Data from four series of experiments and representative calculations utilizing two Monte Carlo codes are 
given. Unreflected two-and three-component critical assemblies of coaxial uranium(93%) metal discs with 
diameters between 17.78 cm and 31.10 cm were studied. The unit mass as a function of separation was 
determined. Critical three-dimensional arrays of as many as 64 units of uranium(93.2) metal cylinders 
ranging from 10.5 to 26.2 kg, in five sizes, were employed to examine the effects of array moderation, 
reflection, shape and unit perturbation. Five-litre components of aqueous uranyl nitrate(93%) solution, at a 
concentration of 415 g of uranium per litre, contained in right circular cylinders of methacrylate plastic 
were assembled in three-dimensional arrays. As many as 125 units were used to determine the number 
required for criticality as a function of their spacing and the degree of array reflection. Cylinders of aqueous 
uranyl fluoride (5%) solution, at a concentration 901 g of uranium per litre, 24.1 cm diameter and up to 
142.0 cm high were assembled to criticality in triangular and square patterns in planar geometry. 
Calculations with the Monte Carlo code O5R yields multiplication constants in the range 0.971 to 1.028; 
the Monte Carlo code GEM, yields values in the range 1.000 to 1.032. 
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Conference/Journal: Symposium on Criticality Control of Fissile Materials Held by the International 
Atomic Energy Agency at Stockholm, 1-5 November 1965 

Conference Session: Experimental Studies 

Abstract/Keyterms: The critical size of intimate mixtures of 30% enriched uranium oxide and wax with 
hydrogen/uranium-235 in the range 8 to 80 and of 37.5% enriched uranium metal, as used in ZEBRA, were 
estimated by extrapolation from high multiplication assemblies. The cores were constructed in rectangular 
geometry from small blocks to facilitate stacking changes. Reflectors included polyethylene, perspex, 
concrete and wood. The effect of other reflectors was estimated by replacement of one face of an otherwise 
polyethylene-reflected near-cube by the material of interest. Evidence is given that critical masses derived 
by this method are correct to within 5%, even when the spectrum of neutrons returned to the core from the 
replacement face is markedly different from the remainder of the reflector. Density exponents were 
estimated from measurements with low density blocks, and one carbon dilution exponent is reported. The 
critical size of half-reflected cores is of interest to the criticality assessor. The parameters obtained from a 
near-cube and a long pipe suggest that their dimensions are the arithmetic mean of those of bare and 
completely reflected cores of the same shape. The neutron interaction between partially reflected cores can 
be greater than that for the uniformly reflected case. To check the magnitude of this effect, two identical 
cores were reflected on all but the adjoining faces by polyethylene, and their critical separation determined. 
The measurement was then repeated with the cores fully reflected, or with the polyethylene filling only the 
space between the reflector, leaving free spaced between the cores. Cadmium sheet in conjunction with a 
moderator is commonly used as a means of absorbing neutrons in transport and storage applications. 
Selected assemblies were built with a layer of cadmium sheet between core and reflector to estimate its 
effect on critical size. 
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Abstract/Keyterms: Before 1964, some of France's experimental facilities for criticality studies were 
installed at Saclay. Here, fundamental experiments were carried out with solutions of plutonium, uranium-
235 and uranium-233 in cylindrical geometries, which were either bare or were reflected with different 
types of reflector (PROSERPINE and Alecto). Since 1962 experiments have been carried out with Rig B 
at the criticality station of the Valduc research centre with a view to studying the storage of plutonium 
solutions in annular cylinders (500 mm x 300 mm, 500 mm x 200 mm and 500 mm x 350 mm); other 
special experiments have been devoted to the safety of apparatus containing plutonium nitrate in a 
homogeneous solution. The French programme provides for the continuation of the experiments carried out 
with Rig B (interaction of 2-9 cylinders with a diameter of 250 mm), the bringing into operation of Castor 
and Pollux with a view to determining the coupling coefficients between two 300-mm cylinders containing 
uranium-235 nitrate, the bringing into service of Rig D (studying of the safety of a plutonium metal solution) 
and finally for the carrying out of very sub-critical pulsed-neutron-source experiments aimed at providing 
information on critical parameters. 



 

C-6939 

6926…..…..…………………..…….……..……ID Number…………………..…..…………….6926 

Author: Clayton, E. D. / Richey, C. R. / Lloyd, R. C. / Bierman, S. R. / Carter, L. L. 

Title: Criticality Research on Plutonium 

Date: 11/1/1965 

Report: IAEA-STOCK.-1965, 215-233 
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Conference Session: Experimental Studies 

Abstract/Keyterms: Based on the analyses of criticality data from recent experiments homogeneous, 
hydrogenous mixtures of plutonium at an hydrogen/plutonium ratio of 15, previously estimated curves for 
critical dimensions of homogeneous water moderated plutonium in the undermoderated range have been 
revised significantly using transport calculations confirmed by the experiments. Curves of infinite cylinder 
diameters and slab thicknesses, sphere volumes, and masses, are presented for the concentration range from 
0.1 to 10 kg/litre. Computed curves are given to show the effect of plutonium-240 on criticality, together 
with experimental data points at 2.2% and 8% plutonium-240. Measured decay constants from pulsed 
neutron source and noise analysis experiments on critical and subcritical plutonium system are compared 
with computed values for hydrogen/plutonium atomic ratios of 15 data on plutonium solutions has been 
made showing the effect of nitrate on criticality for reflected spheres with nitrate and plutonium 
concentrations extending to several hundred grams per litre. The results of a subcritical interaction 
experiment performed with cans of dry plutonium dioxide, powder in a low density reflected cubic array 
are reported. The average density of plutonium dioxide in the array was 1.16 g/cc; the estimated critical 
mass was about 300 kg. 
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Abstract/Keyterms: Critical experiments carried out at Saclay on Alecto assemblies have made it possible 
to compare the properties of three fissile isotopes, plutonium-239, uranium-235 and uranium-233, in similar 
geometries. On the basis of the results obtained an attempt was made to determine empirically the slowing-
down area as a function of concentration, the multiplication factor being calculated by using, for the cross-
sections, a secondary differential thermalizing model developed at Saclay for light water. Some experiments 
involved attempts to determine the lifetimes of prompt neutrons by means of a pulsed-source method and 
to deduce information on the absorption and fission cross-sections in a hydrogenated medium. After 
carrying out various geometrical conversions which make it possible to go from critical dimensions in 
cylindrical geometry to critical dimensions in spherical geometry, we have been able to compare the critical 
masses obtained in Alecto with various foreign results on the one hand and the French criticality guide 
curves on the other. 
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Abstract/Keyterms: Interpretation of experimental results obtained at the Valduc criticality station. 
Measurements of critical parameters (concentrations and heights of solution, critical masses) have been 
carried out at the criticality station with different types of containers installations processing fissile 
materials; to compare the measurements with calculated results; and to develop simple methods of 
calculation that can be used to arrive at experimental data and extrapolate them to cases not studied hitherto. 
Aqueous solutions of plutonium nitrate serve for examples, and the following points are treated: (a) 
comparison of calculated with experimental results, the calculated results being obtained by TDC and ALCI 
programmes; discussion of reasons for divergence with experimental data. (b) illustrations of the practical 
relevance of the experiments, with examples involving plate-type and annular containers. (c) extrapolation 
of some experimental results with the aid of simple theoretical calculations. 
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Abstract/Keyterms: LEU-SOL-THERM-003; This report gives experimental and calculated data on the 
critical radii of spheres containing uranyl nitrate solutions without a reflector; various reflectors are also 
studied. The critical experiments were performed in spherical geometry. The spheres have steel walls 0.1-
0.15 cm thick. Neutron reflection from the walls of the room and temperature fluctuations from experiment 
to experiment do not introduce substantial corrections to the critical parameters of the solutions. The 
fundamental error in the experimental determination of the critical parameters of uranyl nitrate solutions is 
caused by the inaccuracy of determining the volumes of the solution and the concentrations; this amounts 
to ± 2%. 
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Conference Session: Special Problems 

Abstract/Keyterms: A programme to study the interaction effect in arrays of fissionable materials has 
been instituted at the Lawrence Radiation Laboratory. The programme consists of both experimental and 
theoretical efforts. The particular arrays that are being studied experimentally are composed of plutonium 
metal units. Array geometries are simple; the basic units are cylinders and the arrays are cubical. Bare arrays 
are being studied, as well as those with internal moderation or external reflection. 130 basic units are 
available so that arrays of size up to 5 x 5 x 5 can be studied. The purposes of the programme are two-fold: 
(1) to provide clean, critical data to use in the development and normalization of computational techniques; 
and (2) the data as such are expected to be useful for interpolation and extrapolation for application to actual 
systems of interest. The basic array unit is a 3 kg cylinder of plutonium metal, 4.62 cm high, 6.53 cm in 
diameter, and a density of 19.54 g/cc. The height-to-diameter ratio was chosen so that a double unit 
consisting of two basic units, one on top of the other, would have the same shape factor as a single basic 
unit. A brief description of the canning, assembly equipment, and the experimental building is presented. 
A short discussion of the safety evaluation (start-up accident, step insertion of reactivity) is also given. 
Calculations pertinent to the programme have been performed using both the GEM and SORS neutron 
Monte Carlo electronic computer programmes. Experimental results from arrays consisting of two units up 
to the maximum number are presented. 
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Abstract/Keyterms: The paper describes the calculations of a critical assembly performed with the 
modular program system RSYST (1) which were based on ENDF/B-IV data. The experiment was carried 
out by the KWU (2) using boiling water reactor fuel elements which contained Gadolinium-loaded fuel 
pins. The calculations were performed in order to test the cross section libraries and the homogenization 
methods. 
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Abstract/Keyterms: The cell program KAPER for the calculation of the neutronics parameters of plate 
cells has been used frequently for the analysis of experiments performed in fast critical assemblies, 
especially at the facility SNEAK at Karlsruhe. KAPER determines cell-averaged group cross sections and 
diffusion coefficients. So far, it was restricted to slab geometry, because heterogeneity effects are usually 
much larger in plate-type critical assemblies than in fast power reactors. However, to allow an adequate 
prediction of the physics parameters of a sodium-cooled fast power reactor, especially in voided 
configurations, where streaming is important, a pin-cell code is required. Therefore, the version KAPER-2 
was developed recently, which has options both for slab and for pin cells. In this paper, the method and the 
approximations used in KAPER-2 will be discussed. Probably the most serious limitation of the present 
version is the use of the simple Benoist formula to calculate anisotropic diffusion coefficients. Parallel with 
the code development, an effort is going on to check the validity of the different approximations by a Monte 
Carlo technique. 
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Abstract/Keyterms: Definitions of equivalent diffusion coefficients for regular lattices of heterogeneous 
cells have been given by several authors. The paper begins by reviewing these different definitions and the 
unification of their derivation. This unification makes clear how accurately each definition (together with 
appropriate cross-section definitions to preserve the eigenvalue) represents the individual reaction rates 
within the cell. The approach can be extended to include asymmetric cells and whereas before, the buckling 
describing the macroscopic flux shape was real, here it is found to be complex. A neutron "drift" coefficient 
as well as a diffusion coefficient is necessary to produce the macroscopic flux shape. The numerical 
calculation of the various different diffusion coefficients requires the solutions of equations similar to the 
ordinary transport equation for an infinite lattice. Traditional reactor physics codes are not sufficiently 
flexible to solve these equations in general. However, calculations in certain simple cases are presented and 
the theoretical results quantified. In difficult geometries, Monte Carlo techniques can be used to calculate 
an effective diffusion coefficient. These methods relate to those already described provided that correlation 
effects between different generations of neutrons are included. Again, these effects are 



 

C-6991 

6978…..…..…………………..…….……..……ID Number…………………..…..…………….6978 

Author: Matausek, M. V. / Marinkovic, N. / Petrovic, N. / Zavaljevski, / M. Milosevic 

Title: The Present Status of the NET IBK Computer Code Package for in-Core Fuel Management and 
Related Core Parameters Calculation, in-Core Fuel Management Practices 

Date: 1/1/1990 

Report: IAEA-TECDOC-567; ISSN 1011-4289 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-6992 

6979…..…..…………………..…….……..……ID Number…………………..…..…………….6979 

Author: n. a. 

Title: Research Reactor Core Conversion Guidebook, Vol. 5 

Date: 1/1/1992 

Report: IAEA-TECDOC-643 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-6993 

6980…..…..…………………..…….……..……ID Number…………………..…..…………….6980 

Author: Kanda, K. / Shiroya, S. / Hayashi, M. / Kobayashi, K. / Nakagome, Y. / Shibata, T. 

Title: KUCA Critical Experiments Using Medium Enriched Uranium Fuel 

Date: 4/1/1992 

Report: IAEA-TECDOC-643(v.3), 169-181 

Conference/Journal: Research reactor core conversion guidebook. V. 3: Analytical verification 
(Appendices G and H) 

Conference Session:  

Abstract/Keyterms: Due to mutual concerns in the USA and Japan about the proliferation potential of 
highly-enriched uranium (HEU), a joint study program was initiated between Argonne National Laboratory 
(ANL) and Kyoto University Research Reactor Institute (KURRI) in 1978. In accordance with the reduced 
enrichment for research and test reactor (RERTR) program, the alternatives were studied for reducing the 
enrichment of the fuel to be used in the Kyoto University High Flux Reactor (KUHFR). The KUHFR has 
a distinct feature in its core configuration: it is a coupled-core. Each annular shaped core is light-water-
moderated and placed within a heavy water reflector with a certain distance between them. 
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Abstract/Keyterms: Reactor Technology; Analog Systems; Conference; Configuration; Deformation; 
Delayed Neutrons; EBR-1; Failures; Fuel Elements; Heat Transfer; Measured Values; Mechanical 
Structures; Motion; Neutron Flux; Planning; Plates; Power Plants; Prompt Neutrons; Reactivity; Reactor 
Core; Reactor Safety; Resonance; Rods; Shielding; Stability; Temperature; Thermal Stresses; Transfer 
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Abstract/Keyterms: The sensitivity of calculated critical masses of small fast systems to changes in the 
uranium-235 and uranium-238 neutron-scattering data. The sensitivity of the calculated critical masses of 
a number of simple systems, to changes in the basic neutron scattering data, have been investigated. The 
systems considered are spheres of 29% uranium-235 and 93.5% uranium-235, both bare, and reflected by 
thick natural uranium. The calculations have been carried out using the Carlson S-N method with 4 energy 
groups, and the percentage changes in the calculated critical masses of the different systems, due to 
specified changes in the various aspects of the neutron scattering data, have been obtained. The results are 
presented and discussed with particular reference to the adjustment of the basic data to give good agreement 
with experimental critical sizes. The basic data on which these calculations have been based are those given 
in AWRE Report 0-28/60. 
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Abstract/Keyterms: The paper describes two types of integral experiment which have been undertaken to 
provide experimental checks on nuclear data and methods of calculation. The first consists of a cylindrical 
assembly of material with a point source of deuterium-deuterium or deuterium-tritium neutrons at its centre. 
The neutron flux and various reaction rates in the cylinder material are measured as a function of position. 
Results obtained are compared with calculation. Experimental results for natural uranium and thorium are 
presented. The second type of experiment is a low-power experimental reactor of simple regular geometry 
and approximately homogeneous composition. Holes can be provided as required for the insertion of 
counters or perturbation samples. The core composition is adjusted by the addition of a moderator to provide 
a neutron spectrum which tests the nuclear data in the energy region of interest. Measurements are made of 
the neutron-energy spectrum and various reaction rates and perturbation cross-sections as a function of 
position in the reactor and the results are compared with computer calculations. Results are presented for a 
system consisting of a core of uranium-235 and graphite surrounded by a natural-uranium reflector. 
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Abstract/Keyterms: As part of a programme to develop plutonium fuels for fast-breeder reactors, the Los 
Alamos Scientific Laboratory has constructed and is operating a 1-Mw sodium-cooled test reactor whose 
core contains a molten alloy of plutonium and iron (90 a% plutonium, 10 a% iron, melting point of 410 
degree C). Reactivity control is provided by the use of a stainless-steel reflector and four nickel control-
rods located external to the core. Experiments have been performed at core temperatures (isothermal) of 
80, 160 and 480 degree C to determine critical mass and reflector worth at each of these temperatures. 
Control-rod worths, from period measurements, and temperature coefficient of reactivity were also 
measured. Calculations have been made, using the S-N method for solving the neutron transport problem, 
to determine the basic nuclear parameters of the system. The comparison between calculated and measured 
values of parameters such as temperature coefficient, control-element worths, and critical mass is also of 
interest in evaluating the reliability of the design calculations. 
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Abstract/Keyterms: The flexibility of the ZPR-3 fast critical project permits the assembly of compositions 
typical of large power reactors. Because oxide and carbide fuels promise attractive mechanical properties, 
their behavior in critical composition has been studied. Central fission ratios, reactivity measurements, 
Rossi-alpha and heterogeneity effects have been determined for several uranium-blanketed cylindrical 
cores. Some of these are simplified compositions useful for evaluation of cross-section sets, and others are 
more typical of power-reactor compositions. 
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Abstract/Keyterms: The present phase of the advanced-epithermal-thorium-reactor programme consists 
of integral-reactor-physics experiments designed to provide neutron-cross-section information in the 10-
MeV to 1-keV range. A series of nine, multi-region, slow-fast, pseudospherical critical assemblies of the 
honeycomb, split-table type are being studied. So far, three assemblies have been run. The outer driver-
decoupler region drives an interior uranium-233 thorium fueled spherical test region whose neutron-flux 
spectrum is successively degraded by increasing the graphite moderator to fuel ratio. A square-wave 
oscillator experiment defines the central reactivity worths of forty small samples of different materials to 
10E-8 delta-k for each assembly. Additionally, intercalibrated artificial neutron sources are oscillated to 
determine the various central neutron importance functions. The spectra are obtained by fission-counter 
measurements with calibrated foils of different thresholds and by a lithium-6-solid-state-counter sandwich 
spectrometer. A digital computer routine will be used to compile all measurements into a self-consistent 
library of spectrum averaged cross-sections. 
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Abstract/Keyterms: In a fast-power-reactor development programme, a critical facility is found to be a 
highly useful tool to ascertain calculational techniques, to verify neutron cross-section sets, and to obtain 
integral reactor-physics parameters necessary for the nuclear design of a power system. Since it is primarily 
a physics instrument, the design of a fast critical facility itself poses a number of different problems not 
found in the design of a power reactor. In addition to usual questions of site, containment, core design and 
instrumentation, there arise such problems as degree of flexibility consistent with safety, the determination 
of the size and type of facility to meet the experimental physics requirements, the determination of the 
number and location of control and safety rods minimizing perturbation effects and the specification of the 
reproducibility of control rods and other movable components to obtain the accuracy required in reactivity 
measurements. These are some of the problems which are discussed in this paper based on recent experience 
at the Argonne National Laboratory which has under construction a fast critical facility, ZPR-6 at its 
Lemont, Illinois site for fast-reactor-physics studies. 
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Abstract/Keyterms: The Rachel assembly is used for carrying out critical experiments with fast neutrons. 
The assembly is composed of two hemispheres of canned plutonium surrounded by a natural-uranium 
reflector. After the upper reflecting cap has been slowly brought close, criticality is achieved by the gradual 
insertion of four uranium rods which fill cylindrical ways in the lower reflector. Safety is ensured by 
provision for the rapid ejection downwards of a part of the lower reflector. As distance is the only form of 
biological protection, the hall is evacuated during experiments, the control room being situated 120 m away. 
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Abstract/Keyterms: The critical sizes were determined experimentally and compared with the calculated 
results. The effect of non-fissile structural materials was studied. 
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Abstract/Keyterms: This paper is devoted to a review of the results obtained from a number of experiments 
carried out on the PF-4 critical assembly (intermediate-physical assembly), which is designed for detailed 
studies of the physical characteristics of intermediate reactors. The cores and reflectors of the various 
critical assemblies were comprised of compact units of steel or aluminum tubes, in which discs of various 
materials were placed. By combining 90% enriched uranium discs with moderating materials in various 
proportions, and by introducing moderating layers of different thicknesses into the reflector, it was possible 
to alter the spectrum of the fission-inducing neutrons within a very broad range. The paper describes the 
PF-4 critical assembly and its various subassemblies. The relative efficiency of internal and external 
moderation is analysed for reactors with a very low ratio of moderator nuclei to uranium nuclei in the core. 
The experiments show that even when thick moderating reflectors are used, this low ratio (the ratio of 
beryllium nuclei to uranium-235 nuclei being beryllium/uranium-235 = 1) leads to an increase of the critical 
mass. A considerable part of the paper is devoted to an analysis of heterogeneous effects in intermediate 
reactors. it is shown that for reactors with beryllium/uranium-235 = 30-to-40 various thicknesses of highly 
enriched uranium, ranging from 0.023 g/cm2 to 32 g/cm2, have an identical effect on the reactivity of the 
system. The causes underlying compensation of the neutron-flux screening effect by thick layers of uranium 
are analyzed. The interesting fact that the efficiency of uranium increases in the neighborhood of the 
absorbing rods, which was experimentally revealed in an assembly with beryllium/uranium-235 = 
approximately 200, is discussed in the paper. This derived from the same assembly, on the efficiency of 
rods made of various absorbing materials. It gives the experimentally measured distribution of neutron 
density for neutrons of various energies in the neighborhood of a boron-carbide rod, and the density of 
neutron captures by a 1/C detector within the rod. The paper also discusses methods used and the results 
obtained from experiments designed to assess the efficiency of recompensation cylinders placed on the 
boundary between core and reflector. 
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Abstract/Keyterms: The present study is the continuation of a series of macroscopic experiments carried 
out on the BR-1 fast zero-power reactor in order to study neutron propagation in various materials. The 
purpose of these investigations was to check and refine the system of constants used in multi-group, fast-
reactor calculations. The results of experiments carried out on the BR-1 reactor with uranium and copper 
screens were reported in 1958 at the Second International Conference on the Peaceful Uses of Atomic 
Energy in Geneva. The present paper is devoted to a study of neutron propagation in nickel. This material 
was chosen because it is widely used in reactors, both as a construction material and as a screen material 
(in the BR-5 reactor, for example). Nickel cross-sections, especially their resonance structure, have been 
too little studied in the elementary experiments. Accordingly, the multi-group system of constants for 
nickel, compiled on the basis of those experiments, needed further checking by macroscopic experiment. 
The distribution of neutrons of various energies over the radius of the reactor's nickel screen was measured 
with an assembly of detectors of various energy sensitivities. The results obtained are compared in the paper 
with the results of the experiment tally satisfactorily with the calculation. 



 

C-7011 

6998…..…..…………………..…….……..……ID Number…………………..…..…………….6998 

Author: Loewenstein, W. B. / Meneghetti, D. 

Title: Integral Physics Data for Fast-Reactor Design 

Date: 8/1/1961 

Report: IAEA-VIENNA-1961, 415-434 

Conference/Journal: Seminar on the Physics of Fast and Intermediate Reactors, International Atomic 
Energy Agency, Vienna, Austria, 3-11, August, 1961 

Conference Session:  

Abstract/Keyterms: The recent compilation of the section on fast-reactor physics for the forthcoming 
second edition of reactor physics constants has necessitated a survey of the available experimental integral 
data. The choice of fast-reactor-physics integral data to be included in the compilation was based upon two 
criteria besides availability: (a) the data arise from relatively simple systems which lend themselves to 
simple theoretical analyses; and (b) complicated systems representing prototypes or mock-ups having 
general interest in terms of fast-power reactors. The first criterion was decided upon so as to list integral 
data for those systems of most general utility for the verification of cross-section parameters and 
calculational procedures. The second criterion is based upon presentation of current data on actual fast 
power breeder reactor systems. These are too complicated for simple theoretical analysis. They demonstrate 
the complexity of the actual reactor versus the more idealized and easily analysed critical experiment. 
Integral physics data for reactor design refer to measurements on reactor systems, critical or otherwise, of 
the various reactor physics quantities of practical and/or theoretical importance. These characterize and lead 
to an understanding of the system. The measurements are represented by critical mass, core shape factor, 
detector ratios, neutron spectra, material replacement experiments, reflector savings, neutron lifetime, 
Rossi-alpha, and similar quantities. These data are reviewed and the range of applicability is described. 
Limitations of experimental and analytical results are shown to exist in certain spectral and criticality 
analyses. Experimental and analytical investigations are suggested for future work, these will tend to narrow 
the gap between theory and experiment on known systems. They also include investigations to firm up the 
physics of large conceptual, fast power-breeder reactor systems. 
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Abstract/Keyterms: New assemblies and improved measuring techniques call for periodic review of the 
status of computation vs. Experiment. It is appropriate to emphasize neutron-spectral characterizations 
because of the particularly elusive problems associated with absolute spectral-index measurement and the 
need for checks of computation beyond simple critical size. The ever-improving spectral-index 
measurements in conjunction with increasing precision, both of microscopic data for detector and assembly 
materials and of computational techniques, produce a gradual clarification of the characteristics of a family 
of fast-neutron critical assemblies. This family now includes unreflected and thick-uranium-reflected 
uranium-233 in spherical geometry. Direct correlations among the experimental data will be presented to 
indicate the a priori possibilities for successful correlations with computation. Sensitivity of computed 
spectra and critical sizes to neutron-transport models (transport and linear approximations) and arithmetic 
approximations (finite angular segmentations and multi-group representations) will be presented for several 
typical assemblies to help establish the necessary computational detail. 
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Abstract/Keyterms: Theoretical analyses of critical assemblies recently studied experimentally on the 
Argonne zero power facility, ZPR-3, are compared with the measured data. Discrepancies between 
calculated and experimental values are examined, together with results from previous assemblies for 
systematic trends. Effects of modifications in the cross-sections and in the calculational procedures in 
reducing the discrepancies are discussed. Calculation of reactivity changes, flux variations, and detector-
response variations resulting from the heterogeneities caused by various intra-drawer configurations of fuel 
and diluent plates within the drawers of the critical assemblies are compared with experimental data. 
Transport methods for such thin slab cell configurations are compared. Improvements in the calculational 
methods for these cells are suggested; and, a simple multi-group approximation method, amenable to hand 
calculation, is described. The sensitivities of reactivity and inhours as functions of asymptotic reactor period 
are examined for a range of fast-reactor compositions. Results of calculations of effective delayed-neutron 
fraction, inhours % k(eff), and prompt-and delayed-neutron worths are given for a series of fast assemblies. 
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Abstract/Keyterms: Prompt neutron decay in several subcritical D2Omoderated natural uranium lattices 
is investigated by the pulsed technique. Employing various detector positions inside the multiplying 
medium, a separation of flux harmonics is achieved by means of a Fourier transform. From the modal decay 
curves the prompt neutron decay constant alpha is found as a function of geometrical buckling B/sup 2/. In 
the lower buckling region, B/sup 2/ < 25 m/sup -2/, experimental alpha vs. B/sup 2/ curves agree with 
simple two-group calculations on the basis of lattice parameters determined in exponential experiments. 
Deviations for higher B/sup 2/ are shown to be produced by spectrum shifts towards lower neutron energies. 
In addition, the change of radial buckling DELTA mu /sup 2/ caused by cadmium rods fully inserted into 
the lattice is determined. The results are in agreement with stationary experiments as well as two-group 
calculations. With single fuel rods withdrawn from the lattice, however, the corresponding radial buckling 
change DELTA mu /sup 2/ turns out to be strongly dependent on the buckling of the axial flux distribution. 
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Abstract/Keyterms: Measurements were made of U238 resonance neutron capture in isolated uranium 
metal and UO2 rods. Monte Carlo calculations of resonance integrals were made to investigate the range 
of validity of the equivalence relations under conditions. Resonance integrals were also inferred from 
measurements of the resonance escape probability for a number of different lattices. These results were 
then correlated with the isolated rod measurements by using two of the suggested equivalence relations. 
idealized 
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Abstract/Keyterms: CRISPV (Criticality and Spectrum code) is a multigroup neutron spectrum code for 
homogeneous reactor cores and is actually a somewhat modified version of the original CRISP programme. 
It is a combination of DATAPREP-II and BIGG-II programmes. It is assumed that the reactor cell is a 
cylindrical fuel rod in the light or heavy water moderator. DATEPREP-II CODE forms the multigroup data 
for homogeneous reactor and prepares the input parameters for the BIGG-II code. It has its own nuclear 
data library on a separate tape in binary mode. BIGG-II code is a multigroup neutron spectrum and 
criticality code for a homogenized medium. It has as well its own separate data library. In the CRISPV 
programme the overlay structure enables automatic handling of data calculated in the DATAPREP-II 
programme and needed in the BIGG-II core. Both programmes are written in FORTRAN for CDC 3600. 
Using the programme is very efficient and simple. 
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Abstract/Keyterms: In developing countries, subcritical assemblies can be a useful tool for training and 
research in the field of nuclear technology with minimum cost. The historical development of subcritical 
assemblies and the reactor physics experiments which can be carried out using this facility are outlined. 
The different types of subcritical assemblies have been described and material requirements for each 
assembly have been pointed out. 
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Abstract/Keyterms: This study discusses the SPINNOR (Small Power Reactor, Indonesia, No On-site 
Refueling) and the VSPINNOR (Very Small Power Reactor, Indonesia, No On-site Refueling) which are 
small lead-bismuth cooled nuclear power reactors with fast neutron spectrum that could be operated for 
more than 10 or 15 years without on-site refueling. They are based on the concept of a long-life core reactor 
developed in Indonesia since early 1990 in collaboration with the Research Laboratory for Nuclear Reactors 
of the Tokyo Institute of Technology (RLNR TITech). The reactor cores are designed to have near zero 
(less than one effective delayed neutron fraction) burn-up reactivity swing during the whole course of their 
operation to avoid a possibility of prompt criticality accident. The basic concept is that central region of the 
reactor core is filled with fertile (blanket) material. During the reactor operation fissile material accumulates 
in this central region, which helps to compensate fissile material loss in the peripheral core region and 
contributes to negative coolant loss reactivity effect. A concept of high fuel volume fraction in the core is 
applied to achieve smaller size of a critical reactor. In this paper we consider to add Np-237 to the fuel to 
enhance nonproliferation characteristics of the systems. The effect of Np-237 amount variation is discussed. 
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Abstract/Keyterms: In this study application of modified CANDLE burnup scheme based long life Pb-Bi 
Cooled Fast Reactors for small long life reactors with natural Uranium as Fuel Cycle Input has been 
performed. The reactor cores are subdivided into several parts with the same volume in the axial directions. 
The natural uranium is initially put in region 1, after one cycle of 10 years of burn-up it is shifted to region 
2, and 10 years after that it is shifted to region 3. This concept is applied to all regions, i.e. shifted the core 
of I'th region into I+1 region after the end of 10 years burn-up cycle. The first region 1 is filled by fresh 
natural uranium fuel. Compared to the previous works, in a smaller reactor core the criticality need to be 
considered more carefully especially at the beginning of life. As an optimized design, a core of 85 cm radius 
and 150 cm height with 300 MWt power are selected. This core can be operated 10 years without refueling 
or fuel shuffling. The average discharge burn-up is 350 GWd/ton HM. 
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Abstract/Keyterms: High temperature engineering test reactor (HTTR) is an uranium oxide (UO2) fuel, 
graphite moderator and helium gas-cooled reactor with 30 MW in thermal output and outlet coolant 
temperature of 950 deg. C. Instead of using helium gas, we have utilized carbon dioxide as a coolant in the 
present study. Besides that, uranium and plutonium oxide (mixed oxide, MOX) and minor actinides have 
been employed as a new fuel type of HTTR. Utilization of plutonium and minor actinide is one of the 
support system to non-proliferation issue in the nuclear development. The enrichment for uranium oxide 
has been varied of 6-20% with plutonium and minor actinides concentration of 10%. In this study, burnup 
period is 1100 days. The reactor cell calculation was performed by using SRAC 2002 code, with nuclear 
data library was derived from JENDL3.2. Reactor core calculation was done by using CITATION module. 
The result shows that HTTR can achieve its criticality condition with 14% of 235U enrichment. 
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Abstract/Keyterms: In this paper, we present an uncertainty methodology based on a statistical approach, 
for assessing uncertainties in criticality prediction using monte Carlo method due to uncertainties in the 
isotopic composition of the fuel. The methodology has been applied to criticality calculations with MCNP5 
with additional stochastic input of the isotopic fuel composition. The stochastic input were generated using 
the latin hypercube sampling method based one the probability density function of each nuclide 
composition. The automatic passing of the stochastic input to the MCNP and the repeated criticality 
calculation is made possible by using a python script to link the MCNP and our latin hypercube sampling 
code. 
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Abstract/Keyterms: Simplification of the pebble bed reactor by removing the unloading device from the 
system was performed. For this reactor design, a suitable fuel-loading scheme is the Peu a Peu (little by 
little) fueling scheme. In the Peu a Peu modus, there is no unloading device; as such, the fuels are never 
discharged and remain at the bottom of the core during reactor operation. This means that the burnup cycle 
and reactivity is controlled by the addition of fuel. The objectives of the present study were to find a means 
of carrying out the exact calculations needed to analyze the Peu a Peu fuel-loading scheme and to optimize 
the fuel composition, and fuel-loading scheme to achieve better burnup characteristics. The Monte Carlo 
method is used to perform calculations with high accuracy. Before the calculation of the whole core, the 
analysis for the infinite geometry was performed. The power generated per mass consumed for each 
combination of the uranium enrichment and packing fraction was analyzed from the parametric survey. By 
using the optimal value obtained, a whole-core calculation for the small 20 MWth reactor was performed 
and the criticality and burnup of this design was analyzed. 
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Abstract/Keyterms: A study on characteristics of thorium-plutonium-minor actinides utilization in the 
pressurized water reactor (PWR) with the equilibrium burnup model has been conducted. For a 
comprehensive evaluation, several fuel cycles scenario have been included in the present study with the 
variation of moderator-to-fuel volume ratio (MFR) of PWR core design. The results obviously exhibit that 
the neutron spectra grow to be harder with decreasing of the MFR. Moreover, the neutron spectra also turn 
into harder with the rising number of confined heavy nuclides. The required 233U concentration for 
criticality of reactor augments with the increasing of MFR for all heavy nuclides confinement and thorium 
and uranium confinement in PWR. 
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Abstract/Keyterms: Nuclear Facilities. The French Safety Authorities made strong requirements to the 
industrials to revisit completely their safety analysis files mainly those concerning nuclear fuels treatments. 
The Framatome-ANP production of its French low enriched (5 w/o) UO2 fuel fabrication plant 
(FBFC/Romans) exceeds 1000 metric tons a year. Special attention was given to the emergency evacuation 
plan that should be followed in case of a criticality accident. If a criticality accident happens, site internal 
and external radioprotection requirements need to have an emergency evacuation plan showing the different 
routes where the absorbed doses will be as low as possible for people. The French Safety Authorities require 
also an update of the old based neutron source term accounting for state of the art methodology. UO2 
blenders units contain a large amount of dry powder strictly controlled by moderation; a hypothetical water 
leakage inside one of these apparatus is simulated by increasing the water content of the powder. The 
resulted reactivity insertion is performed by several static calculations. The French IRSN/CEA CRISTAL 
codes are used to perform these static calculations. The kinetic criticality code POWDER simulates the 
power excursion versus time and determines the consequent total energy source term. MNCP4B performs 
the source term propagation (including neutrons and gamma) used to determine the isodose curves needed 
to define the emergency evacuation plant. This paper deals with the approach Framatome-ANP has taken 
to assess Safety Authorities demands using the more up to date calculation tools and methodology. 
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Abstract/Keyterms: In this paper, concept and development plan of the Erbia (Er{sub 2}O{sub 3})-
bearing super high burnup (Er-SHB) fuel for LWRs are described. In order to reduce the number of spent 
fuel assemblies, utilization of high burnup fuels with higher uranium enrichment is effective. However, the 
upper limitation of enrichment for LWR fuels is 5 wt.% and current advanced fuel assemblies for LWRs 
are already reaching this limit. Though various efforts to overcome the 5 wt.% enrichment limit have been 
undergoing, it will require considerable cost that may offset the economic benefit of high burnup fuels. We 
are proposing another pathway. By adding low content ({&gt; =}0.2 wt.%) of Erbia in all UO2} powder, 
reactivity of high enrichment (&gt; 5 wt.%) fuel is suppressed under that of current fuel assemblies, i.e. we 
leverage the negative reactivity credit of Erbia. Since Erbia is mixed into UO2} powder just after the re-
conversion, we can avoid most of the criticality safety issues appearing in the front-end stream. Namely, 
major improvements and re-licensing for equipment in transportation, storage and fabrication process will 
not be necessary. Therefore, the Er-SHB fuel will significantly contribute to reduction of fuel cycle cost. 
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Abstract/Keyterms: As a part of a Department of Energy-Nuclear Engineering Research Initiative (NERI) 
Project, we at OSU are investigating SiC semiconductor detectors as neutron power monitors for Generation 
IV power reactors. As a part of this project, we are investigating the power monitoring requirements for a 
specific type of Generation IV reactor, namely the GT-MHR. To evaluate the power monitoring 
requirements for the GT-MHR that are most demanding for a SiC diode power monitor, we have developed 
a Simulink model to study the transient behavior of the GT-MHR. In this paper, we describe the application 
of the Simulink code to the analysis of a series of Start-up Reactivity Insertion Transients (SURITs). The 
SURIT is considered to be a limiting protectable accident in terms of establishing the dynamic range of a 
SiC power monitor because of the low count rate of the detector during the start-up and absence of the 
reactivity feedback mechanism at the beginning of transient. The SURIT is studied with the ultimate goal 
of identifying combinations of 1) reactor power scram setpoints and 2) cram initiation times (the time in 
which a scram must be initiated once the setpoint is exceeded) for which the GT-MHR core is protected in 
the event of a continuous withdrawal of a control rod bank from the core from low powers. The SURIT is 
initiated by withdrawing a rod bank when the reactor is cold (300 K) and sub-critical at the BOEC 
(Beginning of Equilibrium Cycle) condition. Various initial power levels have been considered 
corresponding to various degrees of sub-criticality and various source strengths. An envelope of response 
is determined to establish which initial powers correspond to the worst case SURIT. 
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Abstract/Keyterms: Accelerator Driven Systems offer the advantage, thanks to the core sub-criticality, to 
burn highly radioactive elements such as americium and curium in a dedicated stratum, and then to avoid 
polluting with these elements the main part of the nuclear fleet, which is optimized for electricity 
production. This paper presents firstly the ADS model implemented in the fuel cycle simulation code 
TIRELIRE-STRATEGIE that we developed at EDF R and D Division for nuclear power scenario studies. 
Then we show and comment the results of TIRELIRE-STRATEGIE calculation of a transition scenario 
between the current French nuclear fleet, and a fast reactor fleet entirely deployed towards the end of the 
21. century, consistently with the EDF prospective view, with 3 options for the minor actinides 
management:1) vitrified with fission products to be sent to the final disposal; 2) extracted together with 
plutonium from the spent fuel to be transmuted in Generation IV fast reactors; 3) eventually extracted 
separately from plutonium to be incinerated in a ADSs double stratum. The comparison of nuclear fuel 
cycle material fluxes and inventories between these options shows that ADSs are not more efficient than 
critical fast reactors for reducing the high level waste radio-toxicity; that minor actinides inventory and 
fluxes in the fuel cycle are more than twice as high in case of a double ADSs stratum than in case of minor 
actinides transmutation in Generation IV FBRs; and that about fourteen 400 MWth ADS are necessary to 
incinerate minor actinides issued from a 60 GWe Generation IV fast reactor fleet, corresponding to the 
current French nuclear fleet installed power. 
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Abstract/Keyterms: In these studies, we have investigated the neutronic and safety performance of the 
Advanced High Temperature Reactor (AHTR) for plutonium and uranium fuels and we extended the 
analysis to five different coolants. The AHTR is a graphite-moderated and molten salt-cooled high 
temperature reactor, which takes advantage of the TRISO particles technology for the fuel utilization. The 
conceptual design of the core, proposed at the Oak Ridge National Laboratory, aims to provide an 
alternative to helium as coolant of high-temperature reactors for industrial applications like hydrogen 
production. We evaluated the influence of the radial reflector on the criticality of the core for the uranium 
and plutonium fuels and we focused on the void coefficient of 5 different molten salts; since the safety of 
the reactor is enhanced also by the large and negative coefficient of temperature, we completed our 
investigation by observing the keff changes when the graphite temperature varies from 300 to 1800 K. 
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Abstract/Keyterms: The decommissioning of the Windscale Pile 1 reactor, fifty years after the 1957 fire, 
is one of the most technically challenging decommissioning projects in the UK, if not the world. This paper 
presents a summary of the 1957 Windscale Pile 1 accident, its unique challenges and a new technical 
approach developed to safely and efficiently decommission the two Windscale Pile Reactors. The reactors 
will be decommissioned using a top down approach that employs an array of light weight, carbon fiber, 
high payload robotic arms to remove the damaged fuel, the graphite core, activated metals and concrete. 
This relatively conventional decommissioning approach has been made possible by a recently completed 
technical assessment of reactor core fire and criticality risk which concluded that these types of events are 
not credible if relatively simple controls are applied. This paper presents an overview of the design, 
manufacture and testing of equipment to remove the estimated 15 tons of fire damaged fuel and isotopes 
from the Pile 1 reactor. The paper also discusses recently conducted characterization activities which have 
allowed for a refined waste estimate and conditioning strategy. These data and an innovative approach have 
resulted in a significant reduction in the estimated project cost and schedule. 
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Abstract/Keyterms: The paper presents the new perspectives on the development of the L/ILW Final 
Repository Project which will be built near Cernavoda NPP. The Repository is designed to satisfy the main 
performance objectives in accordance to IAEA recommendation. Starting in October 1996, Romania 
became a country with an operating nuclear power plant. Reactor 2 reached the criticality on May 6, 2007 
and it will be put in commercial operation in September 2007. The Ministry of Economy and Finance has 
decided to proceed with the commissioning of Units 3 and 4 of Cernavoda NPP till 2014. The Strategy for 
radioactive waste management was elaborated by National Agency for Radioactive Waste (ANDRAD), the 
jurisdictional authority for definitive disposal and the coordination of nuclear spent fuel and radioactive 
waste management (Order 844/2004) with attributions established by Governmental Decision (GO) 
31/2006. The Strategy specifies the commissioning of the Saligny L/IL Radwaste Repository near 
Cernavoda NPP in 2014. When designing the L/IL Radwaste Repository, the following prerequisites have 
been taken into account: 1) Cernavoda NPP will be equipped with 4 Candu 6 units. 2) National Legislation 
in radwaste management will be reviewed and/or completed to harmonize with UE standards 3) The 
selected site is now in process of confirmation after a comprehensive set of interdisciplinary investigations. 
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Abstract/Keyterms: This paper summarizes the work carried out to analyse different alternatives related 
to the inner material selection of the Spanish high level waste canister for long term storage. The preliminary 
repository design considers granitic or clay formations, compacted bentonite sealing, corrosion allowing 
steel canisters and glass bead filling between the fuel assemblies and canister walls. This filling material 
will have the primary role of avoiding the possibility of a criticality event, which becomes an issue of major 
importance once the container is finally breached by corrosion and flooded by groundwater. In the first 
place, a complete set of requirements have been devised as evaluation criteria for candidate materials 
examination and selection; resulting in a compilation of demands significantly deeper and more exhaustive 
than any other similar work found in literature, including over 20 requirements and some other general 
aspects that could involve improvements in repository performance. Secondly, eight materials or material 
families (cast iron or steel, borosilicate glass, spinel, depleted uranium, dehydrated zeolites, hematite, 
phosphates and olivine) have been chosen and examined in detail, extracting some relevant conclusions. 
Either cast iron, borosilicate glass, spinel or depleted uranium are considered to look quite promising for 
the mentioned purpose. 
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Abstract/Keyterms: Residues and waste streams containing plutonium present unique technical, safety, 
regulatory, security, and socio-political challenges. In the UK these streams range from lightly plutonium 
contaminated materials (PCM) through to residue s resulting directly from Pu processing operations. In 
addition there are potentially stocks of Pu oxide powders whose future designation may be either a waste 
or an asset, due to their levels of contamination making their reuse uneconomic, or to changes in nuclear 
policy. While waste management routes exist for PCM, an immobilisation process is required for streams 
containing higher levels of Pu. Such a process is being developed by Nexia Solutions and ANSTO to treat 
and immobilise Pu waste and residues currently stored on the Sellafield site. The characteristics of these Pu 
waste streams are highly variable. The physical form of the Pu waste ranges from liquids, sludges, 
powders/granules, to solid components (e.g., test fuels), with the Pu present as an ion in solution, as a salt, 
metal, oxide or other compound. The chemistry of the Pu waste streams also varies considerably with a 
variety of impurities present in many waste streams. Furthermore, with fissile isotopes present, criticality 
is an issue during operations and in the store or repository. Safeguards and security concerns must be 
assessed and controlled. The process under development, by using a combination of tailored waste form 
chemistry combined with flexible process technology aims to develop a process line to handle a broad range 
of Pu waste streams. It aims to be capable of dealing with not only current arisings but those anticipated to 
arise as a result of future operations or policy changes. 
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Conference Session:  

Abstract/Keyterms: Available in abstract form only. Full text of publication follows: Finding timely 
resolutions of current regulatory issues related to spent fuel storage and transportation is one of the most 
important priorities for both industry and regulators. Spent fuel pools at many US power plants have either 
reached or are rapidly approaching full capacity, a condition made worse by the longer cooling time 
required for high burnup (&gt; 45 GWd/MTU) spent fuel compared to lower burnup fuel for which most 
spent fuel pools were designed to accommodate. Consequently, the need for the transfer of spent fuel to dry 
storage, with eventual transportation to off-site interim storage facilities or to a permanent repository, has 
brought with it the need to cope with a number of regulatory issues that require significant lead time to 
resolve. In anticipation of this need, EPRI has, over the past several years, implemented a number of 
research programs, which include: (a) assessing the criticality risks during transportation; (b) evaluating the 
option of moderator exclusion; (c) participating in data gathering for implementation of full burnup credit; 
(d) evaluating the potential for fuel reconfiguration during transportation accidents; and (e) assessing the 
impact of fuel reconfiguration on spent fuel reactivity levels. The criteria by which the results of this 
program may be evaluated are the regulations contained in 10 CFR Parts 71 and 72 as well as in Standard 
Review Plans and Interim Staff Guidance (ISG) documents such as ISG-11, ISG-8 and ISG-19. of these 
research programs, the fuel reconfiguration issue is the most complex because it requires long lead-time to 
develop the necessary material behavior models and analysis methods. To this end, the paper describes the 
results of EPRI's multi-year research program, with emphasis on the various phenomena that govern 
cladding thermo-mechanical behavior from the onset of placing spent fuel in dry storage casks to the 
consequences of hypothetical accidents on cladding failure and fuel reconfiguration. 
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Abstract/Keyterms: The idea of using casks for interim storage of spent fuel arose at GNS after a very 
controversial political discussion in 1978, when total passive safety features (including aircraft crash 
conditions) were required for an above ground spent fuel storage facility. In the meantime, GNS has loaded 
more than 1000 casks at 25 different storage sites in Germany. GNS cask technology is used in 13 countries. 
Spent fuel assemblies of PWR, BWR, VVER, RBMK, MTR and THTR as well as vitrified high level waste 
containers are stored in full metal casks of the CASTOR{sup R} type. Also MOX fuel of PWR and BWR 
has been stored. More than two decades of storage have shown that the basic requirements (safe 
confinement, criticality safety, sufficient shielding and appropriate heat transfer) have been fulfilled in any 
case - during normal operation and in case of severe accidents, including aircraft crash. There is no 
indication of problems arising in the future. of course, the experience of more than 20 years has resulted in 
improvements of the cask design. The CASTOR{sup R} casks have been thoroughly investigated by many 
experiments. There have been approx. 50 full and half scale drop tests and a significant number of fire tests, 
simulations of aircraft crash, investigations with anti tank weapons, and an explosion of a railway tank with 
liquid gas neighbouring a loaded CASTOR{sup R} cask. According to customer and site specific demands, 
different types of storage facilities are realized in Germany. Firstly, there are facilities for long-term storage, 
such as large ventilated central storage buildings away from reactor or ventilated storage buildings at the 
reactor site, ventilated underground tunnels or concrete platforms outside a building. Secondly, there are 
facilities for temporary storage, where casks have been positioned in horizontal orientation under a 
ventilated shielding cover outside a building. 
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Abstract/Keyterms: The report considers the grounds, purposes, principles and objectives of the national 
policy in the field of ensuring of nuclear and radiation safety in the Russian Federation. It is pointed out 
that ensuring of nuclear and radiation safety meeting top-priority problems of social and economic 
development is one of the most important components of the Russian Federation national security. The 
adoption of the state program of accelerated development of nuclear energy sector in the Russian Federation 
strengthens the significance of solution of issues related to nuclear and radiation safety with account of the 
current activities of enterprises and makes it necessary to intensify the work aimed at solution of earlier 
accumulated problems in the field of nuclear and radiation safety. 
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Abstract/Keyterms: In the Russian Federation the transportation of radio-active materials (RM) on a mass 
scale has been carried out for more than 50 years. Transportation is performed by all modes of transport 
while the nomenclature of car-ried materials covers both the entire range of RM related to nuclear fuel cycle 
as well as RM in use in industry, public health, agriculture and other fields. A high proportion of RM used 
in all areas is produced within the country, while transportation is carried out basically on an interior basis. 
However, the volume of international transportation of different types of RM to and from Russia is also 
significant, the same holds for the volume of transit of RM across the Russian territory. 
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Abstract/Keyterms: The Pebble Bed Modular Reactor (PBMR) being developed in South Africa is a high 
temperature helium-cooled graphite-moderated continuous-fueled pebble bed reactor. The power 
conversion unit is directly coupled to the reactor and the power turbines are driven through a direct closed-
circuit helium cycle. The fundamental safety principle of the 400 MWt PBMR Demonstration Power Plant 
(DPP) design, which displays characteristics of Generation-IV reactors, is that the excess reactivity is 
limited by continuous fueling, while adequate passive heat removal ensures an inherent safe design with no 
accident event resulting in significant fission product release. The DPP has reached a high level of design 
maturity and the safety case documentation for the con-struction stage license is nearing completion. 
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Abstract/Keyterms: The application of the U.S. Nuclear Regulatory Commission’s (NRC’s) risk-informed 
regulation for the licensing of fuel cycle facilities (i.e., 10 CFR Part 70, Subpart H) occurred after decades 
of experience with traditional deterministic nuclear criticality safety (NCS) practices. Those time-honored 
safety practices included programmatic commitments for criticality safety in the license, the use of codes 
and standards, the use of the double contingency principle and conservative analysis. That approach to 
criticality safety resulted in a very low occurrence of inadvertent criticalities worldwide. The new Part 70 
regulation was designed to allow licensees to make risk-informed evaluations regarding criticality safety 
and for the NRC to provide safety reviews that are a more graded and realistic approach toward assuring 
safety at the fuel facilities. This risk-informed approach includes a demonstration by licensees that the 
overall likelihood of a criticality accident is highly unlikely. This demonstration is made by recognizing 
possible events and process upsets that could lead to a criticality event and designating safety controls to 
prevent occurrence of an accident 
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Abstract/Keyterms: The promulgation of the U.S. Nuclear Regulatory Commission’s (NRC’s) risk-
informed regulation for the licensing of fuel cycle facilities (i.e., 10 CFR Part 70, Subpart H) occurred after 
decades of experience with traditional deterministic nuclear criticality safety (NCS) practices. Those time-
honored practices, including the use of the double contingency principle and conservative analysis, resulted 
in a very low occurrence of inadvertent criticalities worldwide. The new regulation was designed to allow 
more accurate risk judgments as well as a more graded and realistic approach to regulation. The application 
of quantitative and qualitative risk-assessment techniques to the analysis of NCS hazards presents specific 
challenges. This paper will discuss the more significant of those challenges, illustrated by actual examples, 
and provide, where available, solutions to these challenges. Among the challenges to be discussed are: (1) 
ensuring the completeness of hazard and control iden-tification, particularly when licensing proceeds in 
parallel with design; (2) determining the likelihood when using a quantitative, qualitative, or semi-
quantitative method; (3) ensuring the independence of items relied on for safety (IROFS), when 
independence is an assumption of the method, or treatment of common-mode failures, when it is not; (4) 
giving consideration to duration of IROFS failure; (5) giving consideration to initiating events, particularly 
when those events are not the result of IROFS failures; (6) defining the chronology of accident sequences; 
(7) ad-dressing the relationship between the still-performed NCS analyses and the Integrated Safety 
Analysis (ISA); and (8) giving consideration to safety margin in a likelihood-based approach. Lessons 
learned from NRC ISA and ISA Sum-mary reviews are used to illustrate the potential pitfalls and benefits 
of this new regulatory paradigm. 
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Abstract/Keyterms: The Magnox Separation Plant (MSP) at the Sellafield Nuclear Facility, UK, has 
successfully reprocessed uranium from Magnox fuel since the 1960’s. This Plant is operated by British 
Nuclear Group (formerly BNFL). The safety case for the Plant has recently been reviewed and updated, as 
part of the 10-year rolling programme of Site-wide safety case reviews. The whole process of review, update 
and implementation of this Plant’s safety case has taken nearly five years. This paper will discuss the 
challenges encountered in production and implementation of the new criticality safety case (CSC), and any 
improvements that might be made to the process of implementing modern CSC standards on an old facility. 
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Abstract/Keyterms: This paper describes a practical application of the proposals presented in the paper 
by Gulliford and Darby (also at ICNC 07). One of the key ideas is that waste handling and storage involves 
various types of hazard (e.g. criticality, radiological, construction etc), which may change at different stages 
of the project and these need to be “balanced” in order to produce an ALARP(ALARA) solution and to 
optimise the overall or aggregated risk. A major step in this process is the estimation of the criticality 
component of the risk. This can be difficult because a numerical estimate of the risk of criticality is usually 
hard to make. Another key idea is that that the degree of pessimism employed in the criticality models can 
be linked to an estimate of the frequency of criticality. The paper explains the ideas behind a practical 
method for obtaining a numerical estimate of the criticality risk and how the method has been applied to a 
hypothetical waste retrieval scheme. 
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Abstract/Keyterms: A nuclear criticality safety computer code must be validated, either specifically or by 
reference, for any application for which it is used. It will be assumed, ab initio, that the computer code has 
already been verified and validated (V&V) and placed under configuration control in accordance with 
software quality assurance (SQA) re-quirements. In the context of this paper, validation after SQA V&V 
means the process of quantifying the suitability of a computer code (or code system) for use in nuclear 
criticality safety analyses. The suitability quantification process consists of determining the bounded 
multivariate parametric space of interest, called the area of applicabil-ity, and the related margins and limits 
to ensure that when a calculation shows the system to be subcritical the system will indeed be subcritical. 
The discussion that follows will first address area of applicability and then address margins and limits, and 
finally show the relationship between the two. This discussion has been developed from text found in an 
ANSI/ANS-8 nuclear criticality safety standard on the subject of validation to be published in 2007. The 
concepts developed can be applied as well to measurement-related engineering disciplines other than 
criticality safety 
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Abstract/Keyterms: At GE Energy’s nuclear fuel fabrication facility located in Wilmington, NC, nuclear 
criticality safety practices oftentimes utilize moderation as a controlled parameter. One example is the 
application of non-uniform modera-tion limits to dry conversion process equipment that routinely contains 
large amounts of UO2 powder enriched up to 5.0% 235U. The process mass limits contained inside the 
unfavorable geometry vessels routinely exceed the established minimum critical mass under optimal 
moderation with full water reflection. In order to maintain an adequate safety margin for credible normal 
and abnormal operation conditions, the amount of moderating material internally or externally introduced 
into the process must therefore be strictly controlled and the reactivity effect of moderator spatial 
distribution must be understood. ANSI/ANS-8.22, entitled “Nuclear Criticality Safety Based on Limiting 
and Controlling Moderators,” requires that nuclear criticality safety evaluations explicitly identify said 
limits, controls, and engineered barriers for designated moderator control areas. Moreover, this national 
consensus standard stipulates,”non-uniform distribution of moderators that might occur…shall also be 
addressed.” This paper presents a methodology for conservatively establishing the maximum allowable 
non-uniform moderation safety limit, as well as an overview of process design considerations for facilities 
in which the primary controlled parameter is moderation. 
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Abstract/Keyterms: In France, andra – the National Agency for Radioactive Waste Management – 
submitted to the French Parliament, by the end of 2005, an assessment of geological repository safety in a 
clay formation - the “Dossier 2005 Argile”. This Dossier 2005 was part of a scientific package allowing the 
Parliament to enact the 2006 Pro-gram Law on the sustainable management of radioactive materials and 
radioactive wastes. The Dossier 2005 includes criticality-safety studies about the technological options 
foreseen for the high-level long-lived radioactive wastes (HLLL) disposal. Among the HLLL in concerns 
are the CSD-C (Standard Canister of Compacted Waste) produced in the ACC compaction facility of 
AREVA NC La Hague reprocessing plant. For the deep repository in a clay formation, the CSD-C canisters 
are planned to be disposed in concrete waste disposal packages stacked in several layers in disposal cells. 
Within the framework of the criticality safety analysis undertaken in the context of The Dossier 2005, andra 
appealed to SGN (AREVA Group) expertise for the study of the CSD-C geological disposal for both 
operational and post-closure phases. During the studies the over-packing material (between the CSD-C 
inside the package) was showed to have some unexpected consequences on the disposal cells’ reactivity. 
This paper focuses on this unexpected effect showing the main calculations results obtained during the 
Disposal Waste Package design. as a matter of interest, the criticality-safety of a CSD-C deep disposal is 
developed into the “Dossier 2005 Argile” 
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Abstract/Keyterms: With the improvement of the performance of com-puting machines, nuclear criticality 
safety has been, frequently, assessed by using calculation results by the neutron multiplication factor, keff. 
In physically, if keff of a system is 1.0, the system is critical. In calculation, how-ever, even if the computed 
keff shows 1.0, the system is not known to be critical or not, because of the calculation error. To determine 
whether the system is critical or sub-critical by calculation, it is necessary to decide “criticality lower limit 
multiplication factor klimit”. If a computed keff of a system shows less than klimit, the system is estimated 
to be sub-critical. This idea “Estimated Criticality Lower Limit Multiplication Factor” was introduced in 
“Criticality Safety Handbook of Japan” published in 1988. Cor-responding to this klimit, a value 0.95 has 
been, often, used. But this value is not clear for its theoretical bases. The klimit itself, indeed, depends upon 
the computer code system used but the rule to obtain it may be settled gen-erally. The possibility becomes 
realized by development of continuous energy Monte Carlo codes (MVP, MCNP, MORET, MONK, etc.) 
and preparation of nuclear data files (ENDF, JEF, JENDL, etc.). If many modifications, such as energy 
grouping, space segmentation, or so, are required to perform calculation, the klimit depends upon those 
modifications and the usage is limited. Here, a method is proposed to obtain klimit by analyzing factors of 
calculation error under the restriction of using continuous energy Monte Carlo codes. Then, criticality of 
an object becomes to be able to be evaluated by calculating keff of it and comparing the keff to klimit. 
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Abstract/Keyterms: All radioactive material has to be transported in compliance with the “Regulations 
for the Safe Transport of Radioactive Material“ of the IAEA and other international and national regulations 
based on the IAEA documents. These IAEA regulations account for the additional risk of accumulating 
fissile radioactive material by requiring enhanced safety demonstrations and competent author-ity approval 
for the shipment of fissile material. On the other hand there are cases in which fissile material is present but 
criticality obviously cannot be achieved. To limit the administrative effort for these cases the IAEA 
regulations define exceptions from the requirements for packages containing fissile material. Such an 
exception rule would be helpful for the trans-port of large amounts of contaminated waste containing small 
concentrations of uranium and plutonium from the operation and decommissioning of nuclear installations. 
For a long time the shipment of such material had been excepted from the requirements for packages 
containing fissile material if any package contained not more than 5 g of fissile material in any 10 litre 
volume and maintained this distribution under routine conditions of transport. This exception did not 
depend on the overall mass of fissile material in the consignment or on the conveyance. Due to safety 
concerns this exception was later restricted by a limit on the mass of fissile mate-rial in the consignment to 
about half a minimum critical mass. Due to this restriction, a consignment of waste containing 5 g 235U 
per 10 litre volume is limited to 0,8 m3 if this exception rule is to be satisfied. This too small for many 
cases. 



 

C-7117 

7104…..…..…………………..…….……..……ID Number…………………..…..…………….7104 

Author: Venner, Jack / Bowden, Russell L. / Haley, Richard M. / Thorne, Peter R. 

Title: A Practical Approach to the Provision of Criticality Incident Detection Systems in the UK 

Date: 6/1/2007 

Report: ICNC’2007, 1, 061-065 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 
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Abstract/Keyterms: Nuclear Facilities in the UK. The SAPs state that adequate warning systems (although 
not nec-essarily recognised and traditional CID systems) should be provided at all places where fissile 
material is present unless no criticality excursion could give any individual a whole body dose exceeding 
the dose limit or that the predicted frequency of the excursion is acceptably low. In practice, the judgement 
on frequency of excursion is more commonly substituted for an argument based on the failure of criticality 
controls, as suggested by the CID omission criteria developed in the UK by Aspinall and Daniels in the 
1960s. The implementation of these criteria over the years has led to a general inconsistency in their 
application and acknowledged inefficiency in the process of making robust omission arguments that are 
acceptable to the UK regulator. Indeed, in the past it is judged that some plants have had a CID system 
fitted simply because no attempt was made to make a case for omitting one at the time of plant design and 
specifi-cation. In more recent times, with the increasing amount of decommissioning activities being 
undertaken in the UK, there is a clear driver to ensure that the provision of CID systems is efficiently and 
effectively applied. It is recognised, however, that in certain facilities, such as older plants undergoing 
safety case reviews and obsolete plants commencing with decommissioning operations, that it may be a 
complicated assessment to demonstrate that the criticality risk is ALARP (As Low as Reasonably 
Practicable) and that an obsolete CID system may be downgraded or even disconnected during the 
decom-missioning phase. 
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Abstract/Keyterms: It seems to have become an unwritten rule that criticality safety assessors are on odd 
breed, innately pessimistic in their view of plant operations and the as-sessment of safety. We have a well-
established reputa-tion with other safety practitioners, designers and facility operators alike for perceived 
“undue” conservatism in our modelling assumptions, developing safety cases that often take little credit for 
the “real” nature of materials, processes and the role of the plant operators. No doubt many of us have 
enjoyed this perception, since it is com-forting to believe that all possible eventualities – as well as some 
impossible ones – have been thought of and adequately covered in the basis of assessment. The adoption 
of such a conservative approach to criticality safety assessment has often been convenient. Making 
assumptions of full density, optimum modera-tion, reflection and spherical geometry provide a useful basis 
for the demonstration of criticality safety for simple systems, since the incorporation of these assumptions 
generally obviates the need for anything other than op-erational fissile inventory control in the facility 
where the operations are carried out. In many cases, plant opera-tors have been able to adopt restrictive 
controls without any compromise in terms of throughput and operation. 



 

C-7119 

7106…..…..…………………..…….……..……ID Number…………………..…..…………….7106 

Author: Clark, Simon B. / Bowden, Russell L. 

Title: Practical Application of the Fraction Critical Approach for Mixed Systems 

Date: 6/1/2007 

Report: ICNC’2007, 1, 071-075 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Standards and Methodology for Criticality Safety 

Abstract/Keyterms: Nuclear Facilities in the UK where criticality safety is of concern, the “fraction 
critical” approach is often adopted for mixed fissile systems. This method is widely used and is applied in 
situations where either mixtures of different fissile isotopes are present, or where fissile material may be 
handled in a number of different physical or chemical forms. There are clear incentives to adopting this 
method, since it provides a simple and convenient assessment of criticality safety, as well as ensuring 
operational flexibility and ease of implementa-tion in the facility. by expressing the amount of fissile 
material held under each isotopic or physical condition as a fraction of the safely subcritical mass, the safe 
fraction can be derived. Provided that the sum over all material types is less than or equal to unity, then the 
system is deemed to be safely subcritical. To many observers, this approach may appear intui-tively sound 
and can be applied without further detailed consideration, whilst to others, the authors included, it is not. 
The aim of this paper is therefore to explore the validity and limitations of the fraction critical approach in 
relation to criticality safety assessments. Using generic examples, the fraction critical approach will be 
investigated to explore the range of validity and application. The reactivity of mixtures of safe masses of 
the principal fissile isotopes is explored to determine if the safely subcritical criteria are breached. 
Additionally, mixtures of safe masses of compounds will be modelled, searching for those situations in 
which the fraction criti-cal approach does not hold. as a further guide to the criticality safety assessor, the 
criticality safety margins inherent in the practical application of the method will also be identified and 
discussed. 
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Abstract/Keyterms: Nuclear Facilities that handle, treat and store numerous different fissile unit types, 
such as the long-term disposal of various wasteforms within deep underground repositories. In such cases, 
the calculational effort required to com-prehensively demonstrate the criticality safety of all possible 
combinations may be prohibitive; the development of some robust guidance could thus have a significant 
benefit in underpinning the criticality safety case. 
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Abstract/Keyterms: Critical mass calculations for solid spheres of 241Am, 242mAm and 243Am metal 
and dioxide were reported previously. This paper extends this work to mixtures of 242mAm metal with 
water or oil. Critical mass calculations are reported for spherical mixtures of 242mAm metal in water or oil 
either with no reflector, or with water or steel reflector. The calculated minimum critical concentrations 
(infinite sea) for mixtures of 242mAm metal with water or oil are also given. This work is part of the UK 
contribution to the Working Group for the revision of American National Standard 8.15 – “Nuclear 
Criticality Control of Special Actinide Elements” 



 

C-7122 

7109…..…..…………………..…….……..……ID Number…………………..…..…………….7109 

Author: Rearden, Bradley T. 

Title: A Criticality Code Validation Exercise with TSUNAMI 

Date: 6/1/2007 

Report: ICNC’2007, 1, 084-088 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Standards and Methodology for Criticality Safety 

Abstract/Keyterms: In the criticality code validation of common systems, many paths may exist to a 
correct bias, bias uncertainty, and upper subcritical limit. The challenge for the critical-ity analyst is to 
select an efficient, defensible, and safe methodology to consistently obtain the correct values. One method 
of testing criticality code validation techniques is to use a sample system with a known bias as a test 
application and determine whether the methods employed can reproduce the known bias. In this paper, a 
low-enriched uranium (LEU) lattice critical experi-ment with a known bias is used as the test application, 
and numerous other LEU experiments are used as the benchmarks for the criticality code validation 
exercises using traditional and advanced parametric techniques. The parameters explored are enrichment, 
energy of av-erage lethargy causing fission (EALF), and the TSUNAMI integral index ck with experiments 
with varying degrees of similarity. This paper is an extension of a previously published summary.[ 
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Abstract/Keyterms: The Government announced in October 2006 that higher activity wastes will be 
managed in the long-term through geological disposal. Government also announced that it was giving the 
Nuclear Decommissioning Authority (NDA) the responsibility for planning and implementing geological 
disposal and that Nirex would be integrated into the NDA. The mission of United Kingdom Nirex Limit-ed 
(Nirex) is, in support of Government policy, to develop and advise on safe, environmentally sound and 
publicly acceptable options for the long-term management of radioactive materials in the UK. These 
materials include intermediate-level and some low-level wastes (ILW and LLW) for which currently there 
is no disposal route. Nirex has developed a Phased Geological Repository Concept (PGRC) for ILW and 
LLW that makes use of a combination of engineered and natural barriers 
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Abstract/Keyterms: Realism in criticality safety evaluations must be based on observed reality together 
with adequate models for predicting human behavior and neutron physics of the evaluated systems. Without 
systematic observation, documentation and education about past experience, perceived realism will be a 
threat to safety. A few issues have been selected to demonstrate the wide gaps between perceived realism 
and observed reality. Criticality safety physics. Relationships between keff, neutron flux, fission densities, 
etc. need to be under-stood in order to evaluate consequences of combined events, combined uncertainties, 
mixed configurations of fissionable materials, source convergence, etc. Benchmarks and validation. 
Essentially any observa-tion that can be used to support a safety evaluation can be used as a benchmark. 
Critical experiments are obvious sources and valuable to test realism and reality perspectives on criticality 
safety. Focus on safety and not on science or technology. International conferences on safety should support 
all criticality safety specialists, including practitioners and legislators and should not restrict presentations 
to “scientific” topics or documentation standards. More documentation and publication of experience on 
human error in safety evaluation, in regulation and in operations is necessary to support credible realism in 
criticality safety. 
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Abstract/Keyterms: Current societies try to avoid risks and wastes. On the other hand, industrials try to 
optimize their processes, mainly in an economical goal. In this environment, the new context of “easy and 
cheap” criticality calculations leads to a new practice where criticality evaluations rely on a meticulous 
descrip-tion of the reality: it proposes to better represent the reality in order to avoid “un-necessary” 
burdens. This precise description of the reality is now possible due to the recent computer developments. 
Moreover, Graphical User Interface (GUI) developments allow to easily describe the different devices or 
installation and complex studies can be achieved in acceptable times. Post-processing tools now allow to 
collect and analyze large amount of results. These improvements may lead to the feeling that criticality 
calculations may be performed by non-specialist people. This phenomenon is a drastic evolution from the 
com-mon methodology applied for criticality safety studies based on a conservative approach with 
simplified but well-known models defined by specialists in criticality. However, this trend, leading to a 
detailed represen-tation of the reality in the criticality studies, raises three main questions in terms of safety. 
First of all, the model including different components in a criticality study makes a priori every detail an 
Impor-tant Item for Safety. Secondly, a detailed model of a facility, a storage or a cask highlights the 
difficulties that exist to determine the most reactive case; indeed the reactivity, with highly non-linear and 
coupled phenomena, depends on a set of parameters for which the safe values are generally not obvious. 
Then, even if the presence of the different materials is guaranteed and the conservativeness of the 
configuration has been proved, the question of the neutron sampling/convergence in the Monte Carlo 
calculations still needs to be addressed for configurations containing heterogene-ous features, or low-
coupled units, or large dimensions. This article proposes in a first part to give some examples for the 3 
items described with their potential impact in terms of reactivity. These examples highlight that a detailed 
model will not generally lead to an improve-ment in terms of safety. Nevertheless, they also rise that a 
simplified model may ignore some important unknown phenomena. Then, the latter part will be devoted to 
different pos-sible approaches for the problems raised: Is it possible/useful to define a conservative 
simplified approach and when is it possible/useful to describe more precisely the reality? which validation 
of the codes is needed for non-fissile materials (aluminum, concrete, wood, …) as their impact in terms of 
reactivity will, in some case, ensure the sub-criticality? 
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Abstract/Keyterms: For the purpose of justification of nuclear safety at the stage of interim storage of 
hydrogen-containing solid waste prepared for incineration or ash after incineration it is proposed to choose 
as safe limits not the quantity of fissile material but the total weight of waste in the vessel or in the set of 
vessels. Solid radioactive waste (SRW) caused by fissile ma-terial management in either industrial or 
research area is potential hazard from the standpoint of possibility of criticality in the process of its storing. 
This waste includes burnable SRW, which is accumulated and stored, as a rule, in polyethylene or paper 
bags before its incineration. This SRW includes elements of air aerosol filters, rags for cells cleaning, wood, 
plastic, paper etc. In order to assure nuclear safety at the stage of storage, mass of fissile material loaded 
into the vessel (bag) or into the set of vessels (bags) is usually limited. as a rule, this limit is specified 
proceeding from safe mass value in grams or kilograms of fissile material, i.e. min critical mass divided by 
reserve coefficient equal to 2.1. For instance, for the waste containing uranium enriched up to 40% - 90% 
with uranium-235 safe mass value of uranium-235 is ~400 g determined on the basis of min critical mass 
of uranium-water mixture. as a rule, fissile materials are distributed non-uniformly in the waste, so it is 
rather difficult to determine the real quantity of fissile material (FM) in the vessel. 



 

C-7127 

7114…..…..…………………..…….……..……ID Number…………………..…..…………….7114 

Author: Vasilyev, Yury Yu. / Ryazanov, Boris G. / Sviridov, Victor I. / Mozhayeva, Lubov I. 

Title: Critical, Subcritical Parameters of the System Simulating Uranium Metal Dissolution 

Date: 6/1/2007 

Report: ICNC’2007, 1, 108-110 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Standards and Methodology for Criticality Safety 

Abstract/Keyterms: Analytical studies on criticality of systems simulating dissolution in the nitric acid of 
uranium metal were carried out using Monte Carlo method. Critical and sub critical parameters of 
dissolution zone (DZ) were evaluated as a function of its volume and uranium mass. Studies were made on 
dissolution of uranium as an ingot, or several fragments, or dispersed metal. Uranium model included two 
isotopes ( 235U and 238U), mass fraction of 235U isotope equal to 95%. One of vital up-to-date tasks is 
utilization of high enrichment uranium stock as nuclear fuel for NPP. This generates the need to dissolve a 
significant amount of uranium metal, for instance, within the framework of HEU-LEU Russian-American 
Program. In the course of uranium metal dissolution two-phase system containing non-dissolved uranium 
and uranium nitrate is formed, uranium concentration is increasing in the course of dissolving. Neutron 
multiplication coef-ficient of such systems changes at the stage of uranium conversion from metal to 
solution reaching its maximum value with uranium concentration value depended on DZ volume, uranium 
mass, and uranium form (as an ingot, or fragments, or dispersed metal) within DZ volume. Analysis of 
nuclear safety of dissolving of uranium metal is a vital task and this becomes most vital if the ingot or large-
size fragments are broken down into the smaller fragments in the course of dissolving. 
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Abstract/Keyterms: Utilization of radioactive waste is a complex problem. Radioactive waste disposal 
should be made in accordance with radiation and nuclear safety requirements. Max concentration of fissile 
nuclides sent for the underground disposal is several thousand times lower than that fraught with self-
sustaining chain reaction. How-ever, in case of utilization of liquid waste it is necessary to take into account 
possibility of accumulation of fissile nuclides in the geological materials as a result of interaction of waste 
with rock minerals and change of physical and chemical characteristics of waste during long time period. 
Besides, change of isotopic composition of nu-clides mixture and various rates of their migration in the 
underground rock should be taken into account. This paper is devoted to nuclear safety issues re-lated to 
the underground disposal of liquid radioactive waste containing micro-concentrations of uranium and 
transuranium element. It has been prepared on the ba-sis of materials used for estimation of nuclear safety 
of underground disposal of liquid radioactive waste on the Rosatom site. From the standpoint of nuclear 
safety, the problem may be stated as follows: what are conditions of elimination of self-sustaining chain 
reaction probability in the rock con-taining liquid radioactive waste with plutonium? 
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Abstract/Keyterms: Reactor and radiochemical facilities of MCC have been in operation for over 40 years. 
During this period, considerable amounts of liquid radioactive waste (RAW) have been accumulated as 
suspensions and pulps of various compositions. RAW is stored in cylindrical ves-sels of 3200 m3 volume. 
Nuclear safety of RAW storage is assured by its physical-chemical characteristics. Ura-nium-235 content 
in the pulp is within the natural range. Uranium/plutonium ratio in their homogeneous mixture is such that 
neutron multiplication factor in the infinite medium does not exceed 0.95 value. by now a decision has been 
made about decommis-sioning of plants for plutonium production. Pulp-like waste will be removed from 
the vessels and reprocessed at the Radiochemical plant. RAW withdrawal from the vessels may cause 
changing uranium/plutonium ratio in solutions, suspensions and sediments. In this paper, there are results 
of evaluation of effect of non-fissile metals contained in RAW on the criticality of the system under 
consideration. 
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Abstract/Keyterms: In the framework of the use of mixed nuclear fuels, dif-ferent uranium-plutonium 
mixtures can be handled, with varying parameters like uranium enrichment, plutonium content and isotopic 
composition. In criticality safety evaluation of U-Pu configurations, it is often assumed that the maximum 
uranium enrichment combined with the maximum plutonium content is the most penalizing hypothesis. 
However, this paper describes two types of configura-tions where such an assumption is not valid and may 
lead to a wrong choice of the upper bound medium: in the case of fissile material mass control ( 235U and 
all the isotopes of Pu) combined with a limitation on the maximum plutonium content, the mixture with the 
maximum uranium enrichment may not be the upper bound medium; in the case of mass control (either 
U+Pu or 235U+Pu) combined with a moderation control expressed in wa-ter volume, the mixture with the 
maximum plutonium content may not be the upper bound medium (in this paper, only the case of the fissile 
material mass con-trol (235U+Pu) combined with the moderation control is presented). In order to bring 
light into both of these difficulties in choosing an upper bound medium, a generic and para-metric criticality 
study was conducted on homogeneous U-Pu-H2O mixtures, with various uranium enrichments, plutonium 
contents, isotopic compositions and modera-tion ratios. The main results are presented and, to conclude, 
this paper determines, for both configurations, keys to accurately choose an upper bound medium. 
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Abstract/Keyterms: Most modern criticality safety Monte Carlo codes have reached a good level of 
achievement concerning the implemented simulation algorithms. Discrepancies observed on final results 
(for example performed by dif-ferent teams with different codes and data) are mainly due to the used nuclear 
data. Therefore, knowing and controlling the way of processing nuclear data libraries used by these codes 
is nowadays crucial. It is within this framework that recent MORET improvements have focused on the 
development of a prototypic continu-ous-energy version. Moreover, so far, the cross-sections used by the 
MORET code were only read from APOLLO2 multigroup libraries. It has been then decided to extend this 
capability by allowing MORET to read cross-sections from more various multigroup libraries. This always 
for the same goal: to be able to check the quality of our whole criticality calculation process, by testing the 
effects of using different data on the Monte Carlo simulation. The main goals of this paper are to present: 
an overview of the main topics needed to ensure proper development of a mixed multigroup-pointwise 
version of MORET 5 (control of the basic nuclear data tools to generate continuous and multigroup energy 
cross-section libraries from any evaluation (JEF, ENDF/B…), adaptation of the tracking routines, ways to 
reduce simulation time like Woodcock track-ing method), the first results concerning the direct use by 
MORET 5 of various multigroup cross sections libraries from APOL-LO2, SCALE and DRAGON systems 
for example. 
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Abstract/Keyterms: A Sub-group of the UK Working Party on Criticality (WPC) has established a 
consensus on a suitable frame-work for carrying out criticality safety assessment for the packaging and 
long-term management of Intermediate Level Waste (ILW). This paper presents an overview of that 
framework and includes a summary of the key fea-tures of proposed criticality assessment methodologies 
covering packaging, storage, transport and disposal of the waste. The group includes representation from 
the main UK waste producers and from regulators with responsibility for waste operations, NII, the 
environment agencies (EA and Scottish Environment Protection Agency (SEPA)) and Department for 
Transport (DfT). A summary of a devel-oping risk-informed approach to the long-term surface storage of 
waste (the “Band Method”) and an example of its application was presented at the 2005 ANS Nuclear 
Criticality Safety Division Topical meeting. A key aim of the Sub-group is to build consensus around a 
consistent approach to criticality assessment for retrieval, packaging, long-term storage, transport and 
disposal of waste. To this end the group has also been influencing the development of assessment 
methodol-ogy for transport and disposal. Having established more consistent principles of risk-informed 
assessment with more realistic modelling it is now possible to set out a more holistic approach to 
establishing suitable fissile limits for packages of waste in a way that is consistent with the ALARP 
principle. This paper describes a frame-work for criticality assessments and the related decision making 
considerations. A summary of the key features in criticality safety methodologies applied to each stage of 
the waste operations (retrieval, packaging, transport, long-term storage, disposal is also presented. 
Examples of how the assessment methodologies and decision making framework might apply in practice 
are given in a second paper at this conference. That paper summarises studies made as part of the design 
process for retrieval, repackaging and long-term storage of legacy waste at Sellafield site. 
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Abstract/Keyterms: The aim of this paper is to present classifications of various reflectors in terms of 
neutronic efficiency. Often, the criticality-specialists have to study various reflectors, which differ from the 
standards water 20 cm or concrete 60 cm. Among the various materials present in an instal-lation, how 
should be chosen the nearest but pessimistic reference material in terms of neutronic reflection? This study 
presents some elements to help the criticality-specialists to choose an envelope reflector material. These 
classifications are performed for thermal and fast energetic spectra and for two fissile media: metallic 
uranium (enrichment in 235U: 3.5%, 50% and 93.5 %), metallic plutonium (100% of 239Pu). The studied 
reflectors materials used in the calcula-tions are water, polythene, beryllium, carbon, copper, tantalum, 
steel, natural uranium, lead, alumina, magne-sia, PVC, regular concrete, 3% water concrete, molybdenum, 
fluorine, NaCl, KCl, Pyrex.. The studied reflector thicknesses are 1, 2, 3, 5, 10, 20, 50 and 100 cm. 



 

C-7134 

7121…..…..…………………..…….……..……ID Number…………………..…..…………….7121 

Author: Gagnier, E. / Noyelles, D. / Mijuin, D. / Guillou, Areva / Lejeune, Millennium 

Title: CALICE V.2.2 an Essential Tool for Criticality Engineers 

Date: 6/1/2007 

Report: ICNC’2007, 1, 138-143 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 
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Abstract/Keyterms: To carry out their everyday tasks, it is very useful for nuclear criticality engineers to 
be able to quickly and reli-ably retrieve data usually used to value criticality risks. These data are: Fissile 
materials properties, such as the infinite multiplication factor k∞, the material buckling factor B2m, 
tabulated as a function of the moderation ratio, the concentration or humidity in powder, Criticality 
parameters (safe, permissible or critical val-ues) which correspond to one dimension geometries (infinite 
height cylinder, spherical volume…), pairs of fissile material mass/moderator mass for heterogeneous 
moderation. This information is widely used in criticality safety analysis, in technical meetings with French 
Nuclear Safety Authorities and also, during crisis management. These data are calculated by means of one 
dimensional deterministic transport codes which lead to the production of documents called “Criticality 
standards.” The aim of the CALICE project is to store all these data (more than one million) into a database 
which can be accessed through a useful tool with a friendly graphical interface. 
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Abstract/Keyterms: Criticality safety evaluations implement requirements to proof of sufficient sub 
critical margins outside of the re-actor environment for example in fuel fabrication plants. Basic criticality 
data (i.e., criticality standards) are used in the determination of sub critical margins for all proc-esses 
involving plutonium or enriched uranium. There are several criticality international standards, e.g., ARH-
600, which is one the US nuclear industry relies on. The French Nuclear Safety Authority (DGSNR and its 
advising body IRSN) has requested AREVA NP to review the criticality standards used for the evaluation 
of its Low Enriched Uranium fuel fabrication plants with CRISTAL V0, the recently updated French 
criticality evaluation package. Criticality safety is a concern for every phase of the fabrication process 
including UF6 cylinder storage, UF6-UO2 conversion, powder storage, pelletizing, rod loading, assembly 
fabrication, and assembly transportation. Until 2003, the accepted criticality standards were based on the 
French CEA work performed in the late seventies with the APOLLO1 cell/assembly computer code. 
APOLLO1 is a spectral code, used for evaluating the basic characteristics of fuel assemblies for reactor 
physics applications, which has been enhanced to per-form criticality safety calculations. Throughout the 
years, CRISTAL, starting with APOL-LO1 and MORET 3 (a 3D Monte Carlo code), has been improved 
to account for the growth of its qualification database and for increasing user requirements. Today, 
CRISTAL V0 is an up-to-date computational tool incor-porating a modern basic microscopic cross section 
set based on JEF2.2 and the comprehensive APOLLO2 and MORET 4 codes. APOLLO2 is well suited for 
criticality standards cal-culations as it includes a sophisticated self-shielding approach, a Pij flux 
determination, and a 1D transport (Sn) process. CRISTAL V0 is the result of more than five years of 
development work focusing on theoretical approaches and the implementation of user-friendly graphical 
interfaces. Due to its comprehensive physical simulation and thanks to its broad qualification database with 
more than a thousand benchmark/calculation comparisons, CRISTAL V0 provides outstanding and reliable 
accuracy for criticality evaluations for configurations covering the entire fuel cycle (i.e. from enrichment, 
pellet/assembly fabrication, transportation, to fuel reprocessing). After a brief description of the calculation 
scheme and the physics algorithms used in this code package, results for the various fissile media 
encountered in a UO2 fuel fabrication plant will be detailed and discussed. 
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Abstract/Keyterms: AREVA NP as a worldwide PWR fuel provider has to have a fleet of fresh UO2 
shipping casks being agreed within a lot of countries including USA, France, Ger-many, Belgium, Sweden, 
China, and South Africa… and to accommodate foreseen EPR Nuclear Power Plants fuel buildings. To 
reach this target the AREVA NP Fuel Sector decided to develop an up to date shipping cask gathering 
experience feedback of the today fleet and an improved safety allowing the design to comply with 
international regulations (NRC and IAEA) and local Safety Authorities. Based on pre design features a 
safety case was set up to highlight safety margins. Criticality hypothetical accidental assumptions were 
defined: Preferential flooding Fuel rod lattice pitch expansion for full length of fuel assemblies Neutron 
absorber penalty Well known computer codes, American SCALE pack-age and French CRISTAL package, 
were used to check configurations reactivity and to ensure that both codes lead to coherent results. Basic 
spectral calculations are based on similar algorithms with specific microscopic cross sections ENDF/BV 
for SCALE and JEF2.2 for CRISTAL. The main differences between the two pack-ages is on one hand 
SCALE’s three dimensional fuel assembly geometry is described by a pin by pin model while an 
homogenized fuel assembly description is used by CRISTAL and on the other hand SCALE is working 
with either 44 or 238 neutron energy groups while CRISTAL is with a 172 neutron energy groups. Those 
two computer packages rely on a wide validation process helping defin-ing uncertainties as required by 
regulations in force. The shipping cask with two fuel assemblies is de-signed to maximize fuel isolation 
inside a cask and with neighboring ones even for large array configuration cases. Proven industrial products 
are used: Boral™ as neutron absorber High density polyethylene (HDPE) or Nylon as neutron moderator 
Foam as thermal and mechanical protection The cask is designed to handle the complete AREVA fuel 
assembly types from the 14x14 to the 18x18 design with a 235U enrichment up to 5.0% enriched natural 
ura-nium (ENU) and enriched reprocessed uranium (ERU). After a brief presentation of the computer codes 
and the description of the shipping cask, calculation results and comparisons between SCALE and 
CRISTAL will be discussed. 
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Abstract/Keyterms: Current renovation to the AREVA NP fuel fabrication plant in Romans, France 
includes an upgraded powder production process. These modifications are projected to decrease the process 
cycle time which translates into a decrease in production costs. One of the upgrades involves the powder 
densification and granulation proc-ess. After conversion from UF6, UO2 and U3O8 powder is 
pneumatically transferred into a series of feed-bins. from the feed-bins, the powder is introduced into a 
mix-ing device for homogeneously mixing with pore-former and lubricant. After a final filtration step, the 
powder is introduced into storage/transfer devises which are sub-sequently mated to a pellet press. This 
process spans 3 floors of the facility and is > 10 meters in height. The configuration generates a 
neutronically loosely coupled model for the Nuclear Criticality Safety (NCS) engineer to assess and this 
generally poses a problem for source and Keff convergence. Nuclear Criticality Safety is essential for the 
safe operation of any commercial or government operated nuclear facil-ity. The purpose for NCS ‘is to 
prevent the nuclear chain reactions in operations with fissile materials outside of the reactor.’1 Keff is used 
to demonstrate the critical state of a sys-tem and can be simply written as: Keff = (# of neutrons produced) 
/ (# of neutrons lost) (1). For a value of Keff < 1, the system is considered sub-critical and for a value of 
Keff ≥ 1, the system is considered critical. Keff is typically calculated using packaged codes such as 
CRISTAL (France), SCALE (US), or MCNP (US). Initially, the system geometry and materials must be 
defined before the actual calculation for Keff is executed. Typically, Keff is determined using the statistical 
method of Monte Carlo to solve the K-eigenvalue neutron trans-port equation. Assuming all input data is 
correct; the calculated value for Keff is determined to be acceptable based on convergence to the final value 
of Keff. This discussion is limited to Keff convergence. 
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Abstract/Keyterms: Due to recent changes in the Nuclear Regulatory Commission’s (NRC’s) regulations 
for NRC-regulated fuel fabrication facilities, the use of the double contin-gency principle has been 
enhanced to include qualitative or quantitative likelihood analysis. The likelihood analysis required to 
demonstrate that high consequence events (e.g., criticality) are highly unlikely. Each facility is to de-fine 
what is meant by “highly unlikely” and must ensure that all operations are performed in a manner such that 
a high consequence event is highly unlikely. Experience with the new regulation has shown that proper 
application of the double contingency principle ensures that the likelihood of a criticality is at least highly 
unlikely. Scenarios that were previously shown to be “doubly contingent” have now been demonstrated by 
way of likelihood analysis to be highly unlikely. Although the new use of the likelihood analysis, in this 
case the Risk Indexing methodology, has not necessarily increased the safety margin, it has provided a tool 
for regulatory personnel as well as practitioners to identify higher risk scenarios and operations. The 
identification of the higher risk scenarios and operations allows more resources to be directed toward the 
reduction of these risks. 
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Abstract/Keyterms: The World Nuclear Transport Institute (WNTI) has formed a working group in order 
to promote a greater degree of uniformity in the way criticality assessments are carried out for the transport 
of fissile materials. Part of the group’s remit is to consider the transport of fissile bearing wastes. The 
Working Group has identified a number of issues of potential concern for consignors of these materi-als. 
The purpose of this paper is raise awareness of these issues; examples are given to illustrate the extent of 
the difficulties. Some ideas for solutions are suggested. 
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Abstract/Keyterms: For the international transport of fissile materials, a sin-gle design of transport 
package will be scrutinised by more than one Competent Authority. This may require multiple criticality 
analyses to obtain base approval and foreign vali-dations. When several competent authorities are involved, 
the resolution of these issues can be very time consuming and expensive. Furthermore, the implementation 
of the IAEA Transport regulations may not be uniform. The World Nuclear Transport Institute (WNTI) has 
formed a Task Force in order to promote a greater degree of uniformity in the way transport criticality 
assessments are carried out by Industry. It is intended that methodologies, data and technical advice that is 
accepted by the Task Force as representing best-practice will be recorded in a “Criticality Knowledge-
Base”, which will be freely available to WNTI members. This paper fully explains the issues, outlines the 
work programme initiated by WNTI and describes progress to date. Areas needing further consideration 
are described. 
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Abstract/Keyterms: The determination of limits and controls for the safe handling, processing, and storage 
of fissionable materi-als is an essential element of a DOE Nuclear Criticality Safety Program. The criticality 
safety evaluation is the documentation of the thought process and the activities to determine these controls. 
ANSI/ANS-8.1 requires that “Before a new operation with fissionable material is begun, or before an 
existing operation is changed, it shall be determined that the entire process will be subcritical under both 
normal and credible abnormal conditions.” U.S. Department of Energy Standard 3007 provides the 
Department’s framework for generating Criticality Safety Evaluations that are compliant with the 
ANSI/ANS-8 se-ries of criticality safety standards. In November 1999, the Deputy Secretary of Energy 
directed a series of actions to strengthen Department of Energy (DOE) nuclear criticality safety programs. 
as one of those actions, a team of criticality safety experts from DOE Headquarters and the field conducted 
a high-level review of operational criticality safety controls at five DOE sites. 
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Abstract/Keyterms: Within the International Organization for Standardization (ISO), Technical 
Committee 85 (TC85) on Nuclear Energy, Subcommittee 5 (SC5) on Nuclear Fuel Technology, there is a 
Working Group 8 (WG8) on Standardization of calculations, procedures, and practices related to criticality 
safety. WG8 has developed, and is developing, ISO standards within the category of nuclear criticality 
safety of fissionable materials outside of reactors (i.e., nonreactor fissionable material nuclear fuel cycle 
facilities). WG8 is comprised of various ISO Member State representatives with strong backgrounds in the 
theoretical, technical, analytical, administrative, and regulatory aspects of nuclear criticality safety of 
fissionable material operations, storage, and transport outside of reactors. The extant and developing 
standards from WG8 are based upon the professional consensus process as required by ISO requirements 
documents for standards development. These standards represent broad international involvement and 
consensus that is based upon knowledge and experience. Some of the developing ISO TC85/SC5/WG8 
standards reference technical bases that have been developed by Expert Groups within the Organization for 
Economic and Cooperative Development (OECD) Nuclear Energy Agency (NEA) Working Party on 
Nuclear Criticality Safety (WPNCS). Other technical and administrative bases have been developed by 
experts within WG8. The ISO TC85/SC5/WG8 members and products provide a sound resource for 
international regulatory and standards organizations to use in the develop-ment of safety guidance 
documents and regulations. In that regard, potential and developing interactions among the WPNCS, WG8, 
and the International Atomic Energy Agency (IAEA) Fuel Cycle Facilities (FCF) Standards Development 
are identified in this paper. With some formal collaborative planning, support, and assignment among and 
within organizations, it is anticipated that quality technical and administrative bases for nuclear criticality 
safety outside of reactors can be produced. The paper will provide background and some examples of extant 
and developing WG8 standards and personnel that could be a resource for further FCF Safety Standards 
and Guides development, review, and comment. 
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Abstract/Keyterms: The CEA, a public research establishment, was set up in 1945. Its missions cover the 
use of atomic energy for science, industry and national defense. It studies designs for future power reactors. 
It plays an equally active part in the development of other energy sources. It designs and manufactures 
systems to meet military requirements (deterrent systems). It applies the necessary resources in order to 
ensure the safety of its own installations. To carry out these tasks, the CEA has set up fundamen-tal research 
laboratories, where physicists work alongside chemists and biologists. Thus expertise gained in the nu-clear 
field is applied in various other sectors, such as the production of materials, microelectronics, etc. The CEA 
operates in nine centers across France where many installations, laboratories or reactors are operating 
nuclear and fissile materials. Because the criticality risk is an inherent risk to opera-tions where fissile 
materials are manipulated, manufac-tured, transformed or transported, it has to be taken into account in 
many installations of the CEA. The material quantities in the CEA installations are generally low; therefore, 
the mass control mode is the most adapted and the most frequently often retained for criticality prevention. 
This control implies much rigor to guarantee the respect of the mass limitations; that is based on 
administrative procedures and exploitation constraints. Then, the human error risk is connected to the 
criticality risk, and is taken into account in the CEA organization of criticality prevention 
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Abstract/Keyterms: Increased interest in nuclear power as an energy source in conjunction with many US 
universities closing their pro-grams in the last few years, has led to a marked shortage of engineers familiar 
with neutron physics and nuclear chemistry necessary to support the field of nuclear critical-ity safety. This, 
coupled with the general demographics in the nuclear industry, has led to a strong demand for those trained 
in the prevention of inadvertent criticalities. Due both to an increase in our workload as well as a drain on 
resources from other parts of the nuclear industry, Washington Safety Management Solutions (WSMS) 
found itself last year with an acute shortage of trained criticality engineers. Given the traditional lead time 
of 6-12 months to qualify an individual in criticality safety and unable to find sufficient high quality 
subcontract resources, WSMS found itself with a significant challenge. We knew we didn’t want to short 
change the training process, but we also knew that we could neither field untrained criticality engineers nor 
wait the 6-12 months in the traditional model. 
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Abstract/Keyterms: The Pebble Bed Modular Reactor (PBMR) is a graphite-moderated, helium cooled 
and continuously fueled pebble bed reactor. The reactor is under development in South Africa and is based 
on German High Temperature Reactor (HTR) technology. The reactor exhibits advanced Generation IV 
features, and utilizes a direct closed-circuit helium cycle, capable of producing a 400 MW thermal output. 
The continuous recirculation of fuel pebbles through three loading tubes and three discharge chutes is 
referred to as the MEDUL cycle. For the PBMR design the fuel pebbles circulate through the reactor up to 
an aver-age of six times before reaching their target discharge burnup. Spent Fuel Tanks (SFTs) are used 
to store fuel pebbles that have achieved their target burnup. Whenever necessary all the fuel inventory from 
the core can be unloaded into the Used Fuel Tank (UFT), which is similar in design to the SFT. The main 
sub-criticality requirement for the design of the UFT is that the UFT must be critical safe containing all the 
fuel pebbles from the PBMR core at any time of the PBMR operation. This includes the start-up core phase, 
the equilibrium core phase and the loading scenarios in-between. Preliminary criticality safety evaluations 
for the fuel storage tanks have been previously performed mainly with SCALE. Preliminary MCNP 
analyses were also performed to confirm some of the results but the MCNP contribution was limited. Only 
preliminary fuel pebble clustering analyses were performed, using SCALE, hence the need to address it 
also using MCNP. 
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Abstract/Keyterms: As part of a new exploration mission of the National Aeronautics and Space 
Administration, various space nuclear reactor modules are under consideration for providing a source of 
electrical energy to the planned ion propulsion system for space crafts. Space fission power systems have 
been identified for many years as a technology that can enable exploration and subsequently expansion into 
the solar system. Since the 1950s, the United States has performed research into space fis-sion systems at 
various levels, but to date the U.S. has only flown one fission system, the SANAP-10A.1 Some of the 
reasons for not fielding a space nuclear reactor have been high costs an long development times, which are 
not inherent to the use of space power systems, as these factors are intrinsic to any programs that tries to 
push the advancement of any technology. 
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Abstract/Keyterms: Recently several projects aiming at introduction of new VVER-440 fuel types and 
resulting in more economic fuel cycles were initiated. Radially profiled higher en-riched fuel assemblies 
(average 3.82 wt %), modification of the lattice pitch and fuel diameter, profiled enrich-ment application 
of burnable (Gd or/and Er) absorber, modification of the absorber assembly coupler part (e.g.: introducing 
hafnium plate) could lead to higher burnup and maximum allowed reactor power. Consequently, the need 
for knowledge on burnable absorbers grows and adequate tools for calculating local effects in hexagonal 
geometries are needed. To get more precise characteristics of nuclear reactor cells and as-sembly one can 
increase the accuracy of neutron-physical calculation analysis by taking account the spectral effects. The 
neutron transport multigroup calculation analysis aims to generate few-group fine mesh diffusion type 
constants for each type of the lattice cell for the further fine mesh as-sembly calculations. The obtained cell 
averaged constants among others can be parameterized as a function of spec-tral index (epithermal to 
thermal flux ratio: SI). It accounts for the non-asymptotic behavior of the neutron spectrum. The assembly 
characteristics are calculated by solving the few-group fine–mesh diffusion equation in hexagonal geometry 
for the given set-up and the reflector region. 
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Abstract/Keyterms: Calculations performed by several teams of the international community may have 
demon-strated that, for low concentration of plutonium, the tem-perature effect could be positive, whereas 
as a general rule, particularly with uranium solutions, the heating of the fissile environment is expressed by 
negative reactivity. Nevertheless, up to now no experimental program has confirmed this effect shown by 
calculation. If such a positive effect was confirmed, accidental super-criticality in a solution of diluted 
plutonium would result in continuously increased reactivity as soon as divergence began, with, as a 
corollary, not only higher energies than in case of uranium solutions, but also faster kinetics than expected, 
and, consequently, a possible risk of an increase of pressure or spread of matter. The temperature effect can 
be divided in two parts: a nuclear temperature effect which results from a neutron spectrum shift to higher 
energy with temperature (spec-trum effect) and a change in cross section following an in-crease in the 
environment temperature (Doppler effect), an expansion effect which results from a decrease in density 
with temperature (density effect) and an increase in volume due to the expansion of the solu-tion (volume 
effect). The aim of the French experimental program is to measure, with sub-critical approach experiments, 
the reactivity worth of the temperature effect resulting from the nuclear and the density effects. 
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Abstract/Keyterms: Critical assemblies containing central core (“insert”) of subcritical amount of blocks 
of low - enriched (0.9%) uranium metal in water were investigated in the RF-GS facility. The insert was 
surrounded by an annular uranium solution core and bottom water reflector. Criticality was reached through 
the selection of concentration of aque-ous uranyl-nitrate solution (uranium enrichment is equal 90%). Two 
cases were considered: blocks in regular hexagonal arrays and blocks loaded “in bulk”. Water-to-uranium 
volume ratio changed from 0.86 to 1.78. Monte-Carlo computer code was used in calculating Keff of critical 
assemblies. The purpose of this work was to represent and to evaluate the results of critical two-zone 
experiments with aluminium-jacketed short rods (“blocks”) of 0.9 % enriched metal uranium. The central 
(“insert”) zone with the subcriti-cal amount of blocks in water, is enveloped in the external multiplying 
medium (reference zone – uranyl-nitrate aque-ous solution, uranium enrichment is equal 90%). Two cases 
were considered: blocks in regular hexagonal arrays and blocks loaded “in bulk”. Water-to-uranium volume 
ratio changed from 0.84 to 1.78. The used solution was involved in full-scale critical experiment without 
the insert zone. The solution with concentration of 75.5 g/L was used in the experiments. The experiments 
were conducted in 1990 at the RF-GS facility in Obninsk, Russia. The critical experi-ments were analysed 
with the MCNP 4B code based on the Monte–Carlo method, and the ENDF/B-V library. 
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Abstract/Keyterms: In the paper, presented are the results of critical ex-periments carried out on RF-GS 
facility with uranium fuel (VVER-1000) and uranium-plutonium fuel (МОХ-VVER). Experiments were 
made with the purpose of simulating critical characteristics of dissolver at the facilities of external fuel 
cycle and validation of reactivity effect of water solution of gadolinium nitrate. Shortened fuel rods of 
VVER-1000 reactor with 4.4% enrichment UO2 were used, as well as MOX-VVER fuel rods having 4.4 
wt.% total fraction of U235 and Pu239. Two cases were considered, gadolinium nitrate solution being used 
as both moderator and reflector. In the first case, triangular arrays with 1.27 cm pitch were created. In the 
central section of assemblies there were 150 MOX fuel rods surrounded by VVER fuel rods. In the second 
case, the six clusters of VVER fuel rods spaced in triangular array surrounded central cluster with 127 
МОХ-VVER type fuel rods. 
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Abstract/Keyterms: There are presented complex benchmark experi-ments on a spherical critical 
assembly where the core of metal 235U (90%) and 235U (36%) has a large central cavity (r = 9.15 cm). 
This cavity is filled with a spherical insert of lead. The following assembly parameters are used as 
benchmark ones: multiplication factor keff, spectrum of neutrons in the core center, reactivity disturbance 
by the insert, characteristics of prompt neutron density fall, life-time of prompt neutrons. There are 
described the techniques and presented the results of measurements. The values of nuclear-physics 
parameters of the assem-bly containing a lead ball in the center are compared to the values obtained for the 
same assembly with no lead (with air cavity in the core). 
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Abstract/Keyterms: In the framework of its missions on the assessment of the criticality event, IRSN has 
decided to perform a new critical experimental programme dealing with vari-ous structural materials to 
address the need of criticality calculation codes and nuclear data validation. The proposed experiments, 
which will be carried out in the Apparatus B facility of Valduc (CEA), involve water-moderated low-
enriched UO2 rods lattices separated or reflected by structural material plates. Regarding the structural 
materials, experimental validation will concern iron, nickel, chromium, copper, aluminum, zircalloy, lead, 
SiO2, titanium, and concrete with different water content. Each proposed critical configuration has been 
designed so that the reactivity worth of structural materials is higher than 4 % and an important effort has 
been devoted to minimize the experimental uncertainties. About 40 experiments will be performed within 
a year, including “reference” (the material will be replaced by water or air) and reproducibility experiments. 
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Abstract/Keyterms: The OECD Nuclear Energy Agency (NEA) Working Party on Nuclear Criticality 
Safety (WPNCS) has been discussing the need for additional integral benchmark experiments for several 
years. An expert group within the WPNCS identified the mixed-oxide (MOX) fuel manufac-turing process 
as an area where there is a specific need for additional integral benchmark data. Experimental programs 
specifically developed to obtain additional integral benchmark data for MOX fab-rication, specifically data 
with low-moderated MOX fis-sile media, were proposed by IPPE (Russia), CEA/IRSN (France), and SCK-
CEN (Belgium). All proposals were compared using the same set of criteria, such as neutronic parameters 
(spectral, balance and sensitivity data), financial aspects, schedule, and other considera-tions. The proposal 
of Institute for Physics and Power Engineering (IPPE, Russia) was selected, discussed, and coordinated 
among specialists from Oak Ridge National Laboratory (ORNL, USA), Idaho National Labo-ratory (INL, 
USA), and Institut de Radioprotection et de Sûreté Nucléaire (IRSN, France). Then, the experimental 
program was funded through the International Science and Technology Center (ISTC) with participation of 
the Partners - ORNL, IRSN, and INL. 
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Abstract/Keyterms: In order to obtain systematic critical benchmark data relating to dissolving process in 
a reprocessing plant for LWR spent fuel, a series of critical experiments were performed using 
heterogeneous cores at the Static Ex-periment Critical Facility (STACY) in Japan Atomic Energy Agency 
(JAEA). Focusing on introduction of burn-up credit to the process, critical mass measure-ment was 
conducted for a combination of uranium fuel rods and uranium solution where pseudo fission product (FP) 
materials were doped. In this report, the “pseudo FP material” means an element whose isotopic 
composition is natural but contains some FP nuclide(s). The result is going to provide basic experimental 
data for validation of computational methods to evaluate a reactivity effect of each FP material, as well as 
benchmark criticality data for validation of neutron multiplication factor calculation of heterogeneous 
systems of spent fuel. 
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Abstract/Keyterms: A critical part of any validation process of criticality analysis codes is an assessment 
of its physical accuracy and predictive capability for anticipated applications. Such assessment should 
provide high-confidence quantification of code accuracy (computational bias) and precision (bias 
uncertainty) by experimental-com-putational comparisons. To systematically evaluate the computational 
accuracy and measure the predictive capability of criticality analysis codes, one needs to (1) formulate a 
rigorous methodology for determination of the computational biases and uncertainties due to experimental 
descriptions, computational methods, and nuclear data; and (2) develop the computer code, independent of 
criticality analysis codes, to implement the methodology. This paper provides the development of a rigorous 
and practical statistical methodology for determining computational bias and its uncertainty to establish the 
upper subcritical limit (USL) for the appli-cation represented by the chosen criticality benchmark 
experiments. The methodology described in this paper consists of a weighted linear/nonlinear least-squares 
approach for the estimation of computational biases and three statistical interval methods for the 
determination of bias uncertainties. Three methods are: (1) Single-Sided Lower Prediction Band (SSLPB), 
(2) Single-Sided Lower Tolerance Band (SSLTB), and (3) Single-Sided Lower Tolerance Limit (SSLTL). 
The bias uncertainty can be determined either analytically or stochastically. The validity of the 
computational bias is tested for statistical significance. For applications beyond the bounds of experiments, 
a leverage statistic is used to justify the validity of intended extrapolation, in addition to a physics 
understanding in neutronic behavior change. A computer code, USLSA, has been developed to im-plement 
the statistical methodology for the quantification of physical accuracy and predicative capability of 
critical-ity analysis codes. The rigorousness and effectiveness of the developed methodology has been 
demonstrated by the validation of GEMER, a US NRC-approved GE Monte Carlo criticality analysis code. 
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Abstract/Keyterms: The purpose of the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP) is to evaluate critical experiments for use as benchmarks. The products of the ICSBEP are 
documents that describe the experiments, evaluate them, and provide models of the experiments that can 
be used to validate calculation methods for criticality safety. The models are called “benchmark models” 
when the evaluation demonstrates that the models are correctly derived from experimental data that describe 
the experiment configurations accu-rately and completely enough for validation use. During the 15-year 
history of the project, certain features of the ICSBEP documentation have emerged as essential to their 
usefulness. Four essential features are chosen here to consider in detail in order to gain en-lightenment 
about why they are especially important for ICSBEP. These features all support the basic goal that the 
benchmark models must accurately represent the experiments, and the evaluation must show this. The four 
essential features are separation of experimental data from the evaluation and from the model; estimation 
of the standard uncertainty of the parameter to be calculated with the model (keff); a model that minimally 
changes the fundamental nature of the experiment; and clear and complete explanations of experimental 
data, the evaluation, and model derivation. Why these features are especially important for the ICSBEP 
documents that evaluate the experiments and how they are achieved are discussed. 
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Abstract/Keyterms: CRISTAL criticality safety package new version, CRISTALV1.1, has been 
developed by the Institut de Radioprotection et de Sûreté Nucléaire and the Com-missariat à l’Energie 
Atomique, in collaboration with the AREVA NC Company, mainly to take into account burn-up credit in 
criticality safety studies. CRISTAL includes two calculation routes, using nuclear data issued from the 
JEF2.2 evaluation: a standard route based on multi-group cross-sections (APOLLO2 - MORET 4 or 
APOLLO2 Sn calculations) and a reference route using the TRIPOLI4 pointwise code. The CRISTAL V1.1 
validation database is made up of 2132 critical experiments mainly taken from the OECD/ICSBEP 
Handbook or performed in French facilities, including experiments related to burn-up credit (HTC and 
fission products experiments). Most of them have already been investigated with the different CRISTAL 
routes. The first trends of the validation work point out that the calculation results are generally in good 
agreement with the benchmark keff and that the new calculation schemes improve the validation results. 
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Abstract/Keyterms: The purpose of this new experimental programme performed from December 2004 
to March 2005 is to measure the effect on reactivity of the radioactive decay of a mixed oxide fuel after 15 
years. In order to compare some simple configurations to reduce the number of important parameters, the 
first set of experiments of the “HTC programme” was retained. The HTC programme took place in the CEA 
Valduc research centre in the Apparatus B facility from 1988 to 1990 in the framework of a cofinanced 
IRSN-AREVA NC contract dealing with burnup credit issues. The aim of this experimental programme 
was to evaluate the impact on reactivity of a 37.5 GWd/MTU burnup on 4.5% 235U enriched uranium 
oxide rods for a representative range of configurations among the fuel cycle facilities. The rods used for the 
experiments, called HTC rods, were specifically designed for this programme to simulate U(4.5%)UO2 
spent nuclear fuel rods with a 37.5 GWd/MTU burnup taking into account U and Pu isotopic compositions, 
but without fission products. The fuel material consisted of plutonium-uranium mixed oxide with a 1.57 
weight % 235U enrichment and a plutonium content of 1.1 weight %. All these experiments were subcritical 
approaches extrapo-lated to criticality. The effective multiplication factor reached is very close to 1.000, 
the margin being 0.1 %. The approach parameter is the moderator (pure water) level. Due to the fuel 
radioactive decay, the reactivity of the rods has changed through years and some adjustments have to be 
done to reproduce the former experiments to evaluate this impact. The paper will outline the choices of the 
configurations, describe the experiments of the “HTC ageing” experimen-tal programme and present their 
evaluation by means of the CRISTAL French criticality safety package 
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Abstract/Keyterms: The CRISTAL criticality safety package has been developed by IRSN and CEA, in 
collaboration with CO-GEMA Company (AREVA group). This package consists of two calculation routes, 
using nuclear data based on the JEF2.2 nuclear data file: a standard route based on group-wise cross-
sections (APOLLO2–MORET 4 or APOLLO2-Sn), a reference route using the TRIPOLI4 point-wise 
energy code. APOLLO2 is a multi-group deterministic code allow-ing the calculation by the collision 
probability method (CPM) of macroscopic cross-sections, which are used in the MORET 4 Monte Carlo 
code. The validation of the APOLLO2-MORET 4 standard route, under the respon-sibility of IRSN, relies 
upon a database of more than 1800 benchmark-models (mainly taken from the ICSBEP Handbook). This 
validation database contains a broad va-riety of configurations in terms of fissile medium, neutron spectrum 
and geometry. It aims to cover a large range of industrial configurations in the nuclear fuel cycle. The 
validation of the APOLLO2-MORET 4 route is an on-going process and leads to a growing database. For 
instance, in 2005,”only” 1300 benchmark-models were in the database. The management of data files and 
the analysis of all the results were done by “hand”, but the growing number of cases made this work more 
and more difficult, and, as a consequence, less and less reliable. Thus, it became necessary to re-organize 
the database, to implement a procedure to guaranty the quality of the data files, and moreover to automate 
the calculation and the treatment of the entire database. 
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Conference Session:  

Abstract/Keyterms: A series of critical experiments using an equimolar mixture of uranium tetrafluoride 
(UF4) and Teflon (CF2) was performed at the Oak Ridge National Laboratory Critical Experiments Facility 
in 1956 and 1957. These experiments were part of a larger set that was designed to provide critical mass 
data for uranium of intermediate enrichment at various moderation levels, as published in Reference 1. The 
uranium was enriched to approximately 37.5 wt% in 235U. Very little moisture was present in this material, 
so experiments at very low H/X values were possible. In some cases, interstitial plastic was used to alter 
the H/X of the overall experiment. Experiments were performed with and without a water reflector. 
Reference 1 also includes data for a set of experiments done with a combination of 37.5 wt% 235U blocks 
and similar depleted uranium tetrafluoride/Teflon blocks to simulate enrichments between 37.5 and 12.5 
wt %. 
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Abstract/Keyterms: The series of experiments was conducted on BFS (IPPE) facility to address needs of 
MOX fuel fabrication, where low-moderated MOX fissile media was simulated by assembling critical 
configurations of heterogeneous structure as was expected, computation of those assemblies required some 
modifications to the standard route of CRISTAL French criticality package. Investigations in search of a 
best way of the heterogeneity modeling are presented in the paper along with results obtained as a 
consequence of this study. 
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Abstract/Keyterms: Some up-to-date approaches for validation of soft-ware tools designed for criticality 
safety analysis devel-oped at the Institute for Physics and Power Engineering (IPPE, Russia), Oak Ridge 
National Laboratory (ORNL, USA), and Institut de Radioprotection et de SžretŽNu-clŽaire (IRSN, France) 
are described in the paper. Being on different stages of development, validation, use, and basing on various 
techniques, these approaches aim at the prediction of an eigenvalue computational bias and uncertainty in 
the bias. The paper is focused on compari-son of the approaches against qualitative characteristics, provides 
calculated examples, and proposes a scheme for the methods cross-validation. 
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Abstract/Keyterms: Over the years there have been many papers written about benchmarking of 
experiments, safety margins and their justifications, the generation of bias and bias uncertainty, and how 
all these factors fit together. This paper provides one organizations foundational philoso-phy as to the need 
and purpose for validation and then shows how all these factors fit within and further support this 
philosophy. Fundamentally we all perform validations every day in all facets of our daily lives. For example 
when we step on a bathroom scale, we compare the data evaluated to a predetermined expected value. 
Information on the validity of that figure is processed without our even think-ing about it. If the value is 
higher or lower than expected, we look to our own recent diet to see if perhaps there is a reasonable 
explanation. If not, we then wonder if the scale is not zeroed properly – often we’ll get off the scale and 
check the zero of the scale. If the value is still outside our expected norm, we’ll look for another instrument 
to compare the value against. This a natural progression and one we undertake with little or no thought. So 
how has this process become so automatic – because we do it every day and we expect that our weight will 
only fluctuate a few pounds on a daily basis – therefore we have a good expectation as to the range of the 
expected values. This often not the case with the use of criticality safety codes. 
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Abstract/Keyterms: A series of critical experiments was specifically per-formed at the Institute of Physics 
and Power Engineering (Obninsk, Russia) on the BFS 1 critical facility to obtain additional integral 
benchmark data for the low-moder-ated MOX fissile media. An extensive experimental program included 
criticality, measurements of central reaction rate ratios, and fission rate distributions. The results of these 
measurements were evaluated and accepted for use as criticality and reactor physics pa-rameters 
benchmarks. Calculations of criticality, central reaction rate ratios, and fission rate distributions were 
performed using the MCNP5 Monte-Carlo code using different files of evaluated nuclear data. The 
calculations showed that it is necessary to use variance reduction techniques to get the desired uncertainty 
of reaction rate calculations. Using of different variance reduction techniques implemented in MCNP5 for 
calculations of local functionals in critical multiplying systems with complex heterogeneous geometry is 
considered in the report. Calculational analysis of effectiveness of variance reduction techniques was 
performed by the example of calculations of the central reaction rates. Results of criticality, central reaction 
rate ratios, and fission rate distributions calculations with different files of evaluated nuclear data are 
presented. 
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Abstract/Keyterms: In dissolvers of a reprocessing plant, chopped fuel rod pieces are immersed in nitrate 
solution. Criticality parame-ters such as volume ratio of solid fuel to solution, and fissile concentration in 
solution change with dissolving process. In order to obtain systematic benchmark data concern-ing the 
dissolving process for LWR spent fuel, a series of critical experiments were promoted using heterogeneous 
cores at Static Experiment Criticality Facility, STACY in Japan Atomic Energy Agency1). The 
experimental core is composed of 5w/o enriched PWR-type fuel rod array immersed in 6w/o enriched 
uranyl nitrate solution. First series of experiments are basic benchmark ex-periments on fundamental 
critical data in order to validate criticality calculation codes for “general-form system” clas-sified in the 
Japanese Criticality Safety Handbook, JCSHB. Second series are concerning the neutron absorber effects 
of fission products related to the burn-up credit Level-2. For demonstrating the reactivity effects of fission 
products, reactivity effects of natural elements such as Sm, Nd, Eu and Rh, Cs solved in the nitrate solution 
were measured. The objective of third series of experiments is to validate the effect of gadolinium as a 
soluble neutron poison. Properties of temperature coefficients and kinetic parameters are also studied, since 
these parameters are important to evaluate the transient behavior of the criticality accident. This paper 
presents the data of the first series of experiments includ-ing criticality data and temperature coefficient for 
basic heterogeneous cores without neutron absorbers. 
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Abstract/Keyterms: In order to reduce the design and licensing uncer-tainties for small and medium sized, 
highly reflected, helium cooled reactors using low enriched uranium (LEU) and graphite high temperature 
fuel, a series of critical experiments, in the framework of an IAEA Coordinated Research Programme on 
“Validation of Safety Related Reactor Physics Calculations for Low Enriched HTRs”, was carried out at 
the zero power facility PROTEUS of the Paul Scherrer Institute (PSI) This presentation presents the results 
of the analysis of a series of these PBMR experiments, with different pat-terns of graphite moderator and 
fuel spheres. Four cores are of particular interest in the analysis performed here Cores 5, 7, 9 and 10. Cores 
5 and 9 are critical assem-blies with fuel pebble to moderator pebbles ratios (F:M) of 2:1 and 1:1 
respectively. Cores 7 and 10 are modified versions of cores 5 and 9 in which polythene rods have been used 
to simulate water ingress into the core. 
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Abstract/Keyterms: Two events occurred in 2004/2005 at a plutonium oxide production facility operated 
by British Nuclear Group Sellafield Limited at Sellafield, Cumbria, UK. Both of these events had potential 
criticality safety implications and both occurred in unshielded facilities. This paper describes the events, 
the recovery operations which took place and the modifications which were carried out as a result of the 
investigations into the events. 1st event – Accumulation of leaked fissile powder on a glovebox floor The 
first event involved the accumulation of powder in a glovebox – the powder could have been plutonium 
oxide, plutonium oxalate or a mixture of both. This powder had accumulated as a result of a minor leak site 
develop-ing from normal containment within a furnace glovebox. The powder had been deposited in 
another glovebox after being carried there by the glovebox ventilation system. The accumulation was 
spotted during a non-routine glovebox inspection. 
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Abstract/Keyterms: We present the evaluation of a critical experiment per-formed with the French 
CALIBAN reactor which is an unre-flected highly enriched uranium (HEU) metal fast burst reactor similar 
to the SPRII (Sandia Pulsed Reactor) and Godiva IV fast burst assemblies of the United States of America. 
The facility is operated by CEA/Valduc since 1971. It is used for samples irradiation in a central cavity or 
around the core. CALIBAN is mainly designed to be operated in fast supercritical mode in order to produce 
a neutron burst during a very short time. A typical pulse is characterized by a time width at half-maximum 
of 50 μs with a yield of about 5.8 1016 fissions. The prompt supercritical state is obtained by the rapid 
injection of the “excursion” rod. Using three control rods CALIBAN reactor may also be operated in 
continuous mode at delayed critical with a long asymptotic period. In the steady state very accurate samples 
reactivity worth can be measured. A critical benchmark is defined using a reactor critical approach 
experiment. The measured critical set up is used to define a keff benchmark computer model which is 
calcu-lated using TRIPOLI-4.4.1 and MCNP-4C reference Monte Carlo codes with ENDF/B-VI nuclear 
data. This CALIBAN benchmark is currently being proposed for inclu-sion in the international handbook 
of evaluated criticality safety benchmark experiments (ICSBEP, OECD/NEA). 
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Abstract/Keyterms: British Nuclear Group Sellafield Limited (BNGSL) has been involved in the 
development of a series of software packages to vastly speed up the process of performing criticality 
optimisation studies. Examples of these de-velopments and their potential benefits to the criticality analysts 
are examined in more detail in a separate paper. A specific application is considered here by reference to 
the process for the development of a fissile material transport package to IAEA standards. Within BNGSL 
the Monte Carlo code MONK is primarily used to perform criticality calculations. MONK contains options 
to vary a number of parameters within an input file and thus analyse multiple variations of a basic model. 
Codemore was developed in BNGSL as part of the Nuclear Codes Development collaboration with Serco 
Assurance to combine the advantages of param-eterisation with the networked computer system. This takes 
a single parameterised input file, converts it into the corresponding number of individual input files and 
efficiently distributes these across the computer network. The criticality team now has a 100-core computer 
cluster that can run ten thousand Monte Carlo calculations in a six-hour period, all from a single input file. 
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Abstract/Keyterms: has been over ten years since redundant plutonium processing plant decommissioning 
experience at the UK Sellafield Nuclear Complex has been reported to the ICNC. Since that time there have 
been many additional challenges faced by criticality assessors when preparing safety assessments in support 
of on-going decommis-sioning and clean-up activities. This paper aims to discuss the nature of some of 
these challenges and how they have successfully been overcome, making reference to criticality assessor 
experience at Sellafield. 
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Abstract/Keyterms: A bibliographic criticality safety database of over 13,000 records is available on the 
Internet as part of the U.S. De-partment of Energy’s (DOE) Nuclear Criticality Safety Program (NCSP) 
website. This database is easy to access via the Internet and gets substantial daily usage. This database and 
other criticality safety resources are available at ncsp.llnl.gov. The web database has evolved from more 
than thirty years of effort at Lawrence Livermore National Laboratory (LLNL), beginning with 
compilations of critical experiment reports and American Nuclear Society Transactions. 
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Abstract/Keyterms: In Japan, the method of criticality safety assessment of uranium fuel manufacturing 
plants is as indicated below. Determine the objects to be assessed in the instal-lation Set up single units, 
which are the minimum units for criticality control. Set up assessment conditions for each single unit 
Prepare a model for each single unit Perform the criticality analysis for each single unit using databases or 
criticality calculation codes Set up the arrangement of the single units and the assessment area for the 
multiple units Set up assessment conditions for multiple units Prepare a model of the multiple unit system 
Perform criticality safety analysis for the multiple unit system The aim of the analysis of the multiple unit 
system is to assess the interaction of each neutron sources. The solid-angle method described in TID-7016 
is adopted for the assessment of Japanese uranium fuel manufacturing plants. The procedure of the solid-
angle method is that: 1. calculate the permissible solid angle with the simple linear expression of keff, 2. 
calculate the sum of the solid angles viewing the surrounding other single units, and 3. confirm the sum is 
less or equal the permissible solid angle. 



 

C-7173 

7160…..…..…………………..…….……..……ID Number…………………..…..…………….7160 

Author: Marc, Andre / Guillou, Eric / Caplin, Gregory 

Title: MOX Reprocessing on UP2-800 AREVA-NC Plant: Criticality Safety Aspects 

Date: 6/1/2007 

Report: ICNC’2007, 1, 306-308 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Practice of Criticality Safety Design and Control 

Abstract/Keyterms: About 55 tons of irradiated MOX fuels will be reproc-essed at AREVA NC / La 
Hague Plant, by the end of 2009. Ten tons of Grafenrheinfeld MOX (20 fuel assemblies), irradiated at about 
35,000 MWd/T, and with a Pu content around 4wt%, were reprocessed during a first campaign in November 
December 2004. A second campaign took place from September to November 2006 for 16.5 tons of 
Grafenrheinfeld (8 fuel assemblies) and Grohnde (23 fuel assemblies) MOX irradiated up to 43,000 
MWd/T, and with a Pu content around 4wt%. These two campaigns were conducted in the UP2-800 
facilities of AREVA NC / La Hague. In the first part of the paper, the main differences between MOX and 
UOX fuels will be reminded. Then, a brief historical background of MOX reprocess-ing in AREVA NC La 
Hague plant will be presented, with the two campaigns on the UP2-400 facility in the nineties. In a third 
part, the criticality safety analysis for each facility which was required to obtain reprocessing authori-zation 
will be described. The fourth part presents the first feedback elements from the two campaigns. 
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Abstract/Keyterms: Nuclear Facilities practices; the packages are designed to prevent a criticality accident 
in all operating situations especially into the disposal cell. The rel-evance of results is estimated according 
to the possibilities of modeling of the disposal cell and packages as well as of the fissile environment. To 
demonstrate the sub-critical-ity of a UOx disposal, it is necessary to take into account burnup credit 
hypothesis. This method is quite complex and rests on numerous parameters that can be used or not. In the 
case of the post-closure phase, using this method, the approach consists in checking that the initial measures 
can cover the long-term risk by taking into account all scientifically plausible evolutions (chemical and 
mechanical evolution of package and environment) and by accounting for uncertainties 
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Abstract/Keyterms: In today’s compliant-driven environment, fissionable material handlers are inundated 
with work control rules and procedures in carrying out nuclear operations. Historically, human errors are 
one of the key contributors of various criticality accidents. Since moving and handling fissionable materials 
are key components of their job functions, any means that can be provided to assist operators in facilitat-ing 
fissionable material moves will help improve operational efficiency and enhance criticality safety 
implementation. from the criticality safety perspective, operational issues have been encountered in 
Lawrence Livermore National Labo-ratory (LLNL) plutonium operations. Those issues included lack of 
adequate historical record keeping for the fissionable material stored in containers, a need for a better way 
of accom-modating operations in a research and development setting, and better means of helping material 
handlers in carrying out various criticality safety controls. Through the years, effective means were 
implemented including better work control proc-ess, standardized criticality control conditions (SCCC) and 
relocation of criticality safety engineers to the plutonium facility. Another important measure taken was to 
develop a computer data acquisition system for criticality safety assessment, which is the subject of this 
paper. The purpose of the Criticality Spe-cial Support System (CSSS) is to integrate many of the proven 
operational support protocols into a software system to assist operators with assessing compliance to 
procedures during the handling and movement of fissionable materials. 
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Abstract/Keyterms: AREVA NC, CEA and CANBERRA have developed a new criticality detection 
system called EDAC21. The predecessor criticality system called EDAC was devel-oped during the 80’s 
by the CEA. The EDAC21 is the new version of this original system that was commercialized by Eurisys 
Mesures more than 25 years ago. Eurisys Mesures has since become part of CANBERRA nuclear 
measurement business unit of AREVA. The paper first details the main characteristics of the system. Unlike 
the previous version, EDAC21 is able to follow criticality accident. Another important characteris-tic of 
EDAC21 are the probes which detect both gamma radiation and neutrons while usual criticality systems 
de-tect only gamma. The technology concerning the probes is discussed in this presentation. The main 
development in EDAC21 was the new processing unit. This unit has fully redundant processing and 
communication boards and allows the EDAC21 to remain functional even during maintenance. It also 
allows connection to two separate PCs for equipment monitoring. At the end of the development the system 
was tested at the SILENE reactor in the CEA VALDUC site. A criticality test was performed and the results 
of the test are pre-sented in this document 
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Abstract/Keyterms: The storage of large quantities of fissile solutions safe-ly and economically is one of 
the challenging problems in fuel cycle operations. The choice of safe geometry restricts the volumes of the 
storage vessels. For example the safe diameter of a cylindrical tank is 15.4cm for plu-tonium nitrate 
solution. It is possible to increase the diameter by the use of neutron poisons such as boron, gadolinium, 
cadmium etc. Rothe developed a novel method of employing neutron poisons, namely the poison tube tank. 
In this method, a large number of tubes similar to the heat exchanger tubes are fixed inside a large 
cylindrical tank. The tubes are filled with neutron poison. The advantage here is that the poison is not in 
direct contact with the solution and the presence of a large number of tubes evenly distributed inside the 
tank makes it very effective in absorbing the neutrons produced in the fissile solution. By this method, a 
considerable saving in floor space can be made when compared to conven-tional storage methods like 
annular tanks. The effectiveness of the poison tube tank depends on various parameters such as the tube 
dimensions, the gap between the tubes, the poison content etc. This paper presents the results of the study 
of these parameters for the effective design of a poison tube tank. The effectiveness of the poison-tube tank 
is evaluated on the basis of the k-eff calculated using the MCNP code. Taking into consideration the design 
constraints, a practical way of finding the optimal parameters is indicated. 
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Abstract/Keyterms: In France, the National Radioactive Waste Management Agency (Agence Nationale 
pour la gestion des DŽchets RAdioactifs – Andra) is responsible for managing all radioactive waste. Andra 
has notably studied a research programme on the feasibility of a reversible repository for High-Level and 
Long-Lived (HLLL) waste in a deep geologic formation. Within the framework of dossier 2005, several 
criticality studies on the underground repository are performed for each type of packages to dispose of. 
Three categories of packages were studied (see. ¤ 1 and 2): the intermediate level waste such as 
technological waste and waste originating from spent fuel reprocessing, the fission products and minor 
actinides conditioned into vitrified matrix, the spent fuel packages. These packages are designed to prevent 
a criticality accident in the repository in all operating situations. Post-closure criticality risk due to the waste 
packages degradation was studied by Andra. The present study concerns a specific very long-term risk 
when the different components of the disposal packages are collapsed. Indeed, andra also envisaged 
criticality situations which could be induced by re-concentration following the migration of radionuclides. 
A first scientific analysis (see ¤ 3) has shown that this phenomena could be produced only over a very short 
distance of the primary package that is to say in the overpacking material. It is assumed that this event 
would occur over the very long-term and following a possible reconcentration of fissile material at a point 
in the repository. 
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Abstract/Keyterms: Buildings 211 and 214 formed an experimental facility for reprocessing spent fast 
breeder reactor fuel (capacity: 5 metric tons/year). This pilot facility was used to develop the reprocessing 
flowsheets for natural uranium fuel, fast neutron reactor fuel, and the light water reactor fuel. The shutdown 
of this facility was decided on grounds of obso-lescence as well as for economic reasons in 1997. 
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Abstract/Keyterms: JAEA has developed plutonium fuel fabrication tech-nologies for its MOX (Mixed 
Oxide) fuel production for the prototype FBR “MONJU” and the experimental fast reactor “JOYO”. 
Various evaluations were performed for single units, multiple units, and abnormal conditions in the recent 
nuclear criticality safety design of at the Plutonium Fuel Production Facility (PFPF). In this report, three 
parametric studies are intro-duced: Effect of the plutonium isotopic ratio on mass control Moderation Effect 
of the organic materials in MOX fuel fabrication facility Effect of nonuniform mixture of MOX powder 
and water 
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Abstract/Keyterms: Perturbation calculation has been widely used in criticality safety analysis to compute 
small variations on Keff as related physical parameters are slightly modified. Most Monte Carlo transport 
codes have the perturba-tion option, based on either the differential operator sampling technique or the 
correlated sampling method. The differential coefficients used in the Taylor expansion are either only the 
first order or the first two orders. The correlated sampling techniques in Keff perturbation calculation 
provide more straightforward perturbation estimates compared to the differential operator sampling 
method. The correlated sampling method was initially set up with multi-group TRIPOLI-2 Monte Carlo 
code for neutron and gamma-ray transport applications twenty-five years ago. Since 1998, it has been 
implemented in continu-ous-energy TRIPOLI-4 code for perturbation calculations on criticality safety 
analysis, radiation shielding and nu-clear instrumentation applications. Published validation studies on 
TRIPOLI-4 perturba-tion calculations have covered: 1) cross-section un-certainty of iron for reactor 
pressure vessel dosimetry applications, 2) fission products sensitivity for burnup credit Keff analysis, 3) 
moderator density sensitivity for neutron monitoring efficiency evaluation and 4) concrete platform 
contribution for neutron rem-meter calibration [8]. Following the publication of erroneous TRIPOLI-4 
perturbation results of ΔKeff on ICNC’2003 by J. Anno et al., this study introduces more complete 
valida-tion results in order to clear the misunderstanding on TRIPOLI-4 Keff perturbation calculations. In 
the same time, validation of correlated sampling and weight disper-sion control in TRIPOLI-4 perturbation 
for the perturbed fission source distribution is demonstrated. This paper presents briefly the TRIPOLI-4 
code and its perturbation calculation capabilities in the first part. Validation methods are discussed in the 
second part and finally validation results of TRIPOLI-4 perturbation in Keff using recently published 
benchmarks for fast and thermal systems are shown. These benchmarks include not only uniform 
perturbation on density for fissile material or reflector but also local perturbation on density or partial 
perturbation on composition for fissile materials or fission product absorbers 
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Abstract/Keyterms: This work shows the methodology applied by ENUSA to assess the effect of the 
geometric uncertainties of tube and pellet diameters on the computed value of reactivity for the different 
designs of PWR and BWR fuel assem-blies fabricated at the Juzbado Plant. Thus, a systematic study of the 
simultaneous variation of such parameters on each of the PWR (14×14, 15×15, 16×16, 17×17 and VVER-
440) and BWR (GE11, GE12/14 and GNF2) fuel designs is performed. Such study is based upon the 
Ex-perimental Design Methodology described in the Guide for the Expression of Uncertainties developed 
by the OECD/NEA working group ICSBEP and included in the latest version of the document 
NEA/NSC/DOC(95)03. This methodology allows, for instance, to determine the effect on keff of the 
simultaneous variation of a certain number of selected parameters xi, according to a specific protocol based 
on a linear estimation by the least squares method. as a result of the work, an estimator of the standard 
deviation σEC, related to the uncertainties on the parameters subject to study, is computed. The obtained 
variance σ2EC is considered as an additional uncertainty in the computation of the neutron multiplication 
factor of a given system and thus, added, along with its cover fac-tor, to the variance of the Monte Carlo 
calculation in the validation equation of the computational method. 
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Abstract/Keyterms: In 1989 in British Nuclear Fuels (as was) a variety of criticality assessment techniques 
were used, often start-ing with the use of a paper copy of a criticality handbook. Many survey calculations 
were performed using hand calculations or deterministic codes, such as WIMS. The Monte Carlo code 
MONK was used for more complicated models or to do cross-checks of limiting cases. A typical MONK 
run took around six hours with each input file yielding a single result. In 2007 in British Nuclear Group 
Sellafield Limited (BNGSL) the starting point for an assessment is still often with the use of a well-thumbed 
paper copy of the same criticality handbooks. However, the criticality team now have a 100-core computer 
cluster that can run ten thousand Monte Carlo calculations in a six-hour period, all from a single input file. 
Coupled with the increase in computer speed has been the development of code to support parameter 
sweeps, enabling a series of survey calculations to be performed from a single input file. MONK now 
contains options to vary a number of parameters within an input file. The stand-alone WORM code presents 
similar functionality in a different format. CodeMore was developed in BNGSL, as part of the NCD 
collaboration with Serco Assurance, to distribute parameter sweeps onto a computer cluster. This takes a 
single parameterized input file, converts it into the corresponding number of individual input files and 
efficiently distributes these across the computer network. as part of an examination of potential 
improvements to the CodeMore system, the process of criticality model-ling and analysis was reviewed to 
identify where changes had been made and whether full use was being made of current hardware and 
software capabilities. The overall aim was to identify further improvements that would free up the time of 
the criticality analyst to be better used for the most important step, i.e. analysis. 
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Abstract/Keyterms: Monte Carlo criticality calculations use the power iteration method to determine the 
eigenvalue (keff) and eigenfunction (fission source distribution) of the fundamental mode. Determining 
convergence of Monte Carlo criticality problems is complicated by the statistical noise inherent in the 
random walks of the neutrons in each generation. The latest version of MCNP5 incorporates an important 
new tool for assessing convergence: the Shannon entropy of the fission source distribution, Hsrc. Shannon 
entropy is a well-known concept from information theory and provides a single number for each iteration 
to help characterize convergence trends for the fission source distribution. MCNP5 computes Hsrc for each 
iteration, and these values may be plotted to examine convergence trends. For criticality problems where a 
distribution of results is required (e.g., power density, dose rates, etc.), convergence testing should include 
both keff and Hsrc, since the fission distribution will converge more slowly than keff, especially when the 
dominance ratio is close to 1.0. A recently proposed method for accelerating convergence of the Monte 
Carlo power iteration using Wielandt’s method has been implemented in a test version of MCNP5. The 
method is shown to provide dramatic improvements in convergence rates and to greatly reduce the 
possibility of false convergence assessment. While further testing is needed, and work on implementing it 
into a production version of MCNP5 is continuing. 
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Abstract/Keyterms: To verify that the multigroup Monte Carlo codes KENO V.a and KENO-VI of the 
SCALE (Standardized Computer Analyses for Licensing Evaluation) code system properly calculate the 
effective or infinite multiplication factor of a system, numerous analytically solved criticality benchmark 
problems with simple geometries and explicitly defined macroscopic cross sections have been modeled. It 
has been demonstrated that the KENO V.a and KENO-VI codes calculate expected multiplication factors 
very accurately. 
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Abstract/Keyterms: KENO V.a and KENO-VI are Monte Carlo codes that solve the multigroup form of 
the Boltzmann transport equation. These codes are part of the SCALE system of codes and are used for 
performing criticality calculations of systems with fissionable material. In general, continu-ous-energy 
Monte Carlo methods are preferred because such an approach avoids many of the assumptions in-herent in 
the multigroup treatment. On the other hand, continuous-energy treatment is much more demanding in 
terms of computer storage space for data, memory requirements, and calculation speed. Continuous-energy 
versions of KENO V.a and KENO-VI have been created and are being extensively tested. Generation of 
ENDF/B-VI continuous-energy cross sections is explained, and the results of the validation and verification 
of the codes and the data are presented. 
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Abstract/Keyterms: Nuclear Facilities. Indeed, with the improvement of computing capacity and 
calculation codes performances, more and more sensitivity calculations are run in order to investigate the 
influence of different param-eters on reactivity for a given configuration. For example, two types of 
parameters are often stud-ied in criticality calculations: Chemical parameters: composition of the fissile 
me-dium, water density… Geometrical parameters: dimension of the fissile me-dium, thickness of a 
reflecting or absorbing material, distance from other fissile volumes… To find the most reactive 
configuration, many pa-rameter combinations have to be tested. It can be time-consuming not only to 
perform so many calculations but also to verify them carefully. Furthermore, calculation input files are 
quite often very similar from one another, requiring great care and attention to details during the review 
process,. In order to speed up those studies and to facilitate the verification of the calculations, SGN has 
developed a computer program called CORVETES. This program is used as an interface between the code 
user and the criticality calculation codes such as SCALE, to organize, run and verify the calculations. 
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Abstract/Keyterms: This paper presents the current status of the SKALA code package. The capability to 
calculate both critical-ity and its uncertainty caused by errors in nuclear densities and neutron data has been 
the major distinction of the new version of SKALA. That part of the total uncertainty of criti-cality which 
is associated with errors in neutron data can be essentially reduced by SKALA. It is achieved by shifting 
the calculational value of criticality with a bias which is es-timated by statistical analysis of integral 
experiments. 
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Abstract/Keyterms: Neutron multiplication factors keff’s are usually obtained by source iteration methods 
in Monte Carlo calculations. However, the calculation results have not been judged whether the source 
iterations are converged or not. In cases that the source is converged slowly, the judgment is difficult. This 
problem has been discussed in the OECD/NEA expert group on source convergence analysis for a few 
years. In this report, we explain a method to judge whether the keff calculated in Monte Carlo calculation 
satisfies the convergence criterion or not, and we demonstrate that this method is effective by calculating a 
benchmark problem. 
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Abstract/Keyterms: The UK Government announced in October 2006 that higher activity wastes will be 
managed in the long term through geological disposal. Government also announced that it was giving the 
Nuclear Decommissioning Authority (NDA) the responsibility for planning and implementing geological 
disposal and that United Kingdom Nirex Limited (Nirex) would be integrated into the NDA. The mission 
of Nirex has been, in support of Government policy, to de-velop and advise on safe, environmentally sound 
and pub-licly acceptable options for the long-term management of radioactive materials in the UK. These 
materials include intermediate-level and some low-level wastes (ILW and LLW) for which currently there 
is no disposal route. Nirex has developed a Phased Geological Repository Concept (PGRC) for ILW and 
LLW that makes use of a combination of engineered and natural barriers. 
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Abstract/Keyterms: The UK Government announced in October 2006 that higher activity wastes will be 
managed in the long term through geological disposal. Government also announced that it was giving the 
Nuclear Decommis-sioning Authority (NDA) the responsibility for planning and implementing geological 
disposal and that United Kingdom Nirex Limited (Nirex) would be integrated into the NDA. The mission 
of Nirex has been, in support of Government policy, to develop and advise on safe, environmentally sound 
and publicly acceptable options for the long-term management of radioactive materials in the UK. These 
materials include intermediate-level and some low-level wastes (ILW and LLW) for which cur-rently there 
is no disposal route. Nirex has developed a Phased Geological Repository Concept (PGRC) for ILW and 
LLW that makes use of a combination of engineered and natural barriers. 
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Abstract/Keyterms: Created by the law of 30 December 1991, the French National Radioactive Waste 
Management Agency (Agence Nationale pour la gestion des DŽchets RAdioac-tifs –Andra) is responsible 
for managing all radioactive waste in France. In this frame, andra has notably studied a research programme 
on the feasibility of a reversible repository for High-Level and Long-Lived (HLLL) waste in a deep geologic 
formation (French clay and granite formations). The results of this research are presented in the “Dossier 
2005 Argile” (clay of the Callovo-Oxfordian layer at a depth of about 500 m) and Dossier “2005 Gran-ite” 
(generic site). These reports have been assessed in 2005 by a national review board commissioned by the 
parliament (Commission Nationale d’Evaluation - CNE), the French nuclear safety authority and an 
international reviewing team. This paper focuses on the treatment of criticality risk into a deep disposal and 
develops the approach of criti-cality-safety established in the context of Dossier “2005 Argile” (clay). The 
main results of these studies can also be applied to a repository in a granite formation if radionuclides are 
considered into the waste packages. Criticality calculations and criticality safety analysis have in particular 
been performed for three types of dis-posal cells and packages associated containing: (i) hulls and end 
pieces from spent fuel reprocessing, (ii) vitrified high level waste and (iii) UOX spent fuel. 
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Abstract/Keyterms: The CRISTAL French criticality package, allow carrying out standards calculations 
thank to deterministic computa-tions with APOLLO2 code using the Sn method. The calcu-lation schemes 
were optimized on a criterion of computing time minimization while providing sufficient quality results. 
Nevertheless, in some particular cases the validation of these calculations schemes highlighted that the 
recom-mended computing options are not well suited. Therefore, the CEA and the IRSN set up an intensive 
work to update the CRISTAL recommended computing options. New recommendations resulting from this 
work will be proposed. Moreover, the new criticality standards calculation procedure will be integrated into 
the future version of CRISTAL package using automatically the most relevant computing options according 
to the studied configuration. 
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Abstract/Keyterms: Version 5.1 of the SCALE computer software system developed at Oak Ridge 
National Laboratory, released in 2006, contains several significant enhancements for nuclear criticality 
safety analysis. This paper highlights new capabilities in SCALE 5.1, including improved reso-nance self-
shielding capabilities; ENDF/B-VI.7 cross-section and covariance data libraries; HTML output for KENO 
V.a; analytical calculations of KENO-VI volumes with GeeWiz/KENO3D; new CENTRMST/PMCST 
mod-ules for processing ENDF/B-VI data in TSUNAMI; SCALE Generalized Geometry Package in 
NEWT; KENO Monte Carlo depletion in TRITON; and plotting of cross-section and covariance data in 
Javapeño. 
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Abstract/Keyterms: Since the release of the Tools for Sensitivity and Uncertainty Analysis Methodology 
Implementation (TSUNAMI) codes in SCALE, the use of sensitivity and uncertainty analysis techniques 
for criticality safety applications has greatly increased within the user com-munity. In general, sensitivity 
and uncertainty analysis transitioning from a technique used only by specialists to a practical tool in routine 
use. With the desire to use the tool more routinely comes the need to improve the solution methodology to 
reduce the input and computa-tional burden on the user. This paper reviews the current solution 
methodology of the Monte Carlo eigenvalue sensitivity analysis sequence TSUNAMI-3D, describes an 
alternative approach, and presents results from both methodologies. 
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Abstract/Keyterms: An accurate treatment of neutron transport and depletion in modern fuel assemblies 
characterized by heterogeneous, complex designs, such as the VVER or RBMK assembly configurations, 
requires the use of ad-vanced computational tools capable of simulating multi-dimensional geometries. The 
depletion module TRITON, which is part of the SCALE code system that was developed and is maintained 
at the Oak Ridge National Laboratory (ORNL), allows the depletion simulation of two- or three-
dimensional assembly configurations and the generation of burnup-dependent cross section librar-ies. 
These libraries can be saved for subsequent use with the ORIGEN-ARP module in SCALE. This later 
module is a faster alternative to TRITON for fuel depletion, decay, and source term analyses at an accuracy 
level comparable to that of a direct TRITON simulation. This paper summarizes the methodology used to 
generate cross section libraries for VVER and RBMK assembly configurations that can be employed in 
ORI-GEN-ARP depletion and decay simulations. It briefly describes the computational tools and provides 
details of the steps involved. Results of validation studies for some of the libraries, which were performed 
using isotopic as-say measurement data for spent fuel, are provided and discussed. 
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Abstract/Keyterms: COG is a modern, general-purpose, high fidelity, multi-particle transport code with a 
long history of use in criticality safety studies at the Lawrence Livermore Na-tional Laboratory. This code 
was released to the Radiation Safety Information Computational Center (RSICC) for distribution to the 
public for the first time in January 2006. This paper provides an overview of the code development history, 
a description of features and capabilities of interest to the criticality safety practitioner, and our plans in 
support of the next public RSICC release. COG was originally developed in the 1980s to simulate radiation 
detection and signal processing in support of underground nuclear testing as well as to serve users at the 
Lawrence Livermore National Laboratory (USA) as a general-purpose code for shielding and criticality 
calculations. The basic design philosophy of the COG code developers has been to develop a user-friendly 
code that can accurately solve general particle (coupled) transport problems in complex three-dimensional 
geometry. Accuracy is obtained through implementation of state-of-the-art physics models and nuclear 
databases with no approximations to “speed up” execution times. Instead, the use of the world’s most 
powerful supercomputers has historically alleviated any concern about slow execution times. 
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Abstract/Keyterms: In criticality studies, the bulk density of fissile media being generally unknown, 
density laws are needed to accu-rately determine the water content associated with the fissile media. They 
are applicable only on a determined range. Outside this range, the assessment of concentration values can 
be erroneous. Moreover, they do the link between two input parameters, the fissile nuclide density and the 
mod-eration ratio through the bulk density calculation. 
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Abstract/Keyterms: The fission spectrum is a density of probability which represents the energy 
distribution of neutron produced by fission. Calculations performed with APOLLO2-MORET 4 (standard 
route of the CRISTAL package) calcula-tion codes have demonstrated the influence of fission spectra 
correlated to the energy of the incident neutron on Keff/Kinf results. At the present day, only one fission 
spectrum provided by the APOLLO2 calculation code can be used by the MORET 4 calculation code: this 
fission spectrum results from a weighting of fission spectra by a PWR-neutron flux: it is a “thermalized” 
fission spectrum. For low or not-moderated fissile medium, which aver-age neutron flux energy is higher 
than thermal neutron energy, the adequacy of “thermal” fission spectrum can be examined. 
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Abstract/Keyterms: In Monte-Carlo calculations, the geometrical form of the most external volume which 
contains all the calculated configuration may have a significant impact in case of k-effective calculations 
of a tridimensional infinite array: in such a configuration of calculation, there is no neutron leakage and k-
effective calculations are performed using total reflections on each surface of the most external volume. 
This phenomenon may be observed if the fissile matter is non-homogeneous in, at least, one spatial 
dimension. 
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Abstract/Keyterms: A new prototypic analysis sequence, SMORES (Scale Material Optimization and 
REplacement Sequence), was recently developed for incorporation into the SCALE code package to 
provide the criticality-safety community improved capability for determining margins of subcriti-cality. 
This capability is described and illustrated in Ref-erences 1 to 6. SMORES provides for a semi-automatic 
search for either the maximum keff of a given amount of specified fissile material, kmeff, or the minimum 
critical mass (MCM). Presently SMORES is limited to one-dimensional systems. 
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Abstract/Keyterms: Deterministic codes are usually used for critical parameters or one-dimension 
geometry calculations. Advantages of the use of deterministic codes are speed of the calculation and the 
absence of standard deviation on the keff results. Nevertheless, the deterministic results are affected by 
several intrinsic uncertainties as energetic condensation or self-shielding. So the way to proceed at CEA 
expert criticality group (CEA/SERMA/CP2C) is to always check the main results (minimum critical or 
maximal permissible values and unmoderated values) with a Monte Carlo punctual calculation. These last 
years, for particular cases such as: pure actinide fissile media, exotic reflectors materials, large 
discrepancies have been observed between the keff calculated by the CRISTAL V1 route reference 
(punctual Monte Carlo code TRIPOLI-4.3) and the keff target (by the standard route APOLLO2-Sn). The 
problematic for these cases was to transpose the keff discrepancies observed between standard and 
reference routes to the dimensions searched (mass, thickness…). Therefore, this paper presents a new 
methodology for critical values calculations to: determine the critical mass or one-dimension system with 
Monte Carlo punctual calculations, evaluate the mass or dimension uncertainty linked to the standard 
deviation of the Monte Carlo calculation. 
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Abstract/Keyterms: Existing neutron-energy group meshes has been developed to reduce neutronics 
calculation errors due to the multigroup approximation. However, these meshes still generate non-
negligible errors. The XMAS-172g standard European mesh was constructed by simply joining the 99-
group and 69-goup meshes of nuclear data libraries, respectively of the APOLLO1 and WIMS codes. 
Consequently, XMAS presents abnormal irregular groups. In addition, it has not reached the goal of 
eliminat-ing self-shielding errors in thermal resonant absorption, especially the Pu242 resonance at 2.7 eV. 
Therefore, using XMAS multigroup library in assembly depletion calcula-tion requires the use of resonance 
self-shielding models (AUTOP module in the current French code APOLLO2), particularly for this 2.7 eV 
resonance. Moreover, the current multigroup meshes do not account for self-shield-ing of the major Fission 
Products (Cs133, Sm152, Nd145, Tc99, Mo95,…) and of mutual shielding (for instance U238/Sm150 
resonance overlap at 20.9eV). 
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Abstract/Keyterms: TRIPOLI-4 is a computer code simulating transport of neutrons, photons, electrons, 
and positrons with the Monte-Carlo method. It uses full pointwise as well as multigroup cross-sections. It 
addresses radiation shielding and neutronic (subcritical and critical) problems. The successive versions of 
the code are systematically validated through several hundreds of benchmarks (mainly from ICSBEP 
handbook for keff calculations and from SINBAD data base for fixed source simulations). Statistical tools 
used to validate the code are pre-sented in this paper. 



 

C-7205 

7192…..…..…………………..…….……..……ID Number…………………..…..…………….7192 

Author: Noyelles, D. / Prigniau, Michael / Gagnier, Emmanuel / Mijuin, Dominique 

Title: CANOHET: A Tool for Determining Maximum Permissible or Minimum Critical Fissile Material 
Mass/Moderator Mass Pairs 

Date: 6/1/2007 

Report: ICNC’2007, 1, 458-464 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
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Abstract/Keyterms: Criticality studies performed in fuel fabrication fa-cilities need to manipulate fissile 
material mass with industrial constraint and cannot, sometime, satisfy of an optimum moderated mass 
limitation, taking into account the masses limitation to use for an operation. Moreover, the process uses a 
limited amount of hydrogenous materials which impeaches the use of a dry fissile mass limitation. 
Therefore, the criticality control mode is based on a limitation of the fissile material mass associated with 
a limitation of the moderation. One conservative method, called “heterogeneous moderation”, is to 
determine the (fissile material mass / moderator mass) pairs which, regardless of the frac-tion of fissile 
material moderated, lead to an effective multiplication factor keff which is lower than or equal to a 
predetermined limit. Because of the need to examine all the moderated fissile material fractions and to 
iterate on one mass (fissile material mass or moderator mass), it can be fastidious and complicated to 
determine the pair that lead to a given keff-value. This paper presents the program implementation of the 
conventional method, which iterate throughout the fissile material mass (or the moderator mass) to achieve 
the critical or admissible keff-value. 
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Abstract/Keyterms: Decades of development effort on criticality codes lead to produce industrial 
compliant tools, so criticality modeling has now reached industrial-wide usage. Both accuracy, speed and 
stability of criticality codes were improved so greatly, that an increasing proportion of criticality 
calculations are now appreciated as common engineering tool. Even if criticality safety expertise (and its 
scientific components) remains at stake in nuclear industry, obviously most of criticality calculations are 
focused on engineering issues now, and criticality pack-ages are expected to follow this trend. Besides, in 
order to fit its customer needs, CRISTAL criticality package aims at making the most of new computing 
capacities (on both office desktop and servers) to improve modeling efficiency in terms of parametric range 
and usability. The productivity gained due to codes efficiency is then used to carry out criticality 
improvements, by expanding modeling possibilities. Firstly, the new integrated modeling environment 
PROMETHEE is presented in this paper through resolution of some computing issues. Then, an original 
porting of CRISTAL standard codes to Microsoft Windows platform is proposed to soften computing 
con-straints, and thus, optimizing PROMETHEE benefits. 
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Abstract/Keyterms: An application of burn-up credit in the design of a spent fuel storage and a 
transportation cask is expected to reduce back-end costs. Burn-up credit employs the actual physical 
composition of the fuel and accounts for the net reduction of fissile material and the buildup of neutron 
absorbers during irradiation. Usually, a criti-cality safety analysis made for a spent fuel storage and a 
transportation cask design taking for burn-up credit takes 2 steps. First, the fuel isotopic compositions of 
the spent fuels are calculated. Second, the criticalities for the storage and the cask are calculated by 
employing these fuel isotopic compositions and the geometrical configuration of the fuels. The ORIGEN2 
code and the KENO code are often used for the fuel isotopic compositions calculation and the criticality 
calculation, respectively. Fuel isotopic compositions employed for burn-up credit must be conservatively 
determined with the calculation uncertainties. The uncertainties in the isotopic compositions and the 
criticality calculations are independently estimated. The safety margin for a spent fuel storage design and a 
transportation cask design are determined based on those uncertainties. Conventionally the uncertainty in 
the isotopic compositions calculation is often estimated by using post-irradiation examination as-say data. 
The uncertainty in the criticality calculation is often estimated by using critical experiments. The safety 
margin determined by this conventional method is too conservative because both the uncertainty in the 
isotopic compositions calculation and the criticality calculation are accumulated. There are not sufficient 
post-irradiation examination assay for the uncertainty evaluation in the isotopic composition because the 
assay is expensive. Reasonable uncertainty evaluation method and safety margin determination method are 
essentially required for effective use of burn-up credit benefits. 
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Abstract/Keyterms: Experiments with different fuel (low enriched uranium and plutonium) from the 
ICSBEP Handbook are being considered. A set of experiments, which seems to be the most relevant to the 
evaluation of uncertainty of critical mass of mixtures of plutonium or low enriched uranium with light 
water, was selected. Covariance matrices of criticality uncertainties were developed for the selected 
experiments. Statistical analysis of these experiments was performed and some contradictions were 
discovered and eliminated. Evaluation of accuracy of prediction of criticality calculations was performed 
using the consist-ent set of experiments with low enriched uranium and plutonium remained after the 
statistical analyses. The application objects for the evaluation of calculational prediction of criticality were 
water-reflected spherical systems of homogeneous aqueous mixtures of plutonium or low enriched uranium 
of different concentrations. It is shows that the procedure allows to considerably reduce the components of 
criticality accuracy caused by the nuclear data uncertainties. Also it is shows that the result is practically 
independent of initial covariance matrices of nuclear data uncertainties. 
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Abstract/Keyterms: The KENO V.a and KENO-VI three-dimensional Monte Carlo criticality computer 
codes in the SCALE (Stand-ardized Computer Analyses for Licensing Evaluation) computer software 
system developed at Oak Ridge Na-tional Laboratory (ORNL) are widely used and accepted around the 
world for criticality safety analyses. As part of current development efforts to improve SCALE’s ease of 
use, the SCALE project team at ORNL has developed a new integrated graphical visualization package for 
KENO V.a and KENO-VI in SCALE 5.1. This package uses the SCALE Graphically Enhanced Editing 
Wizard (GeeWiz) as the visualization control center that provides users the capability to set up, execute, 
plot, and view results from KENO in a friendly, colorful, and interactive computing environment without 
ever using a text editor or a com-mand prompt. 
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Abstract/Keyterms: A series of experiments was performed at Los Alamos Scientific Laboratory in 1958 
to determine critical masses of cylinders of Oralloy (Oy) reflected by a number of materi-als. The 
experiments were all performed on the Comet Uni-versal Critical Assembly Machine, and consisted of 
discs of highly-enriched uranium (93.3 wt.% 235U) reflected by 0.5-inch and 1-inch-thick cylindrical shells 
of various reflector materials. The experiments were performed by members of Group N-2, particularly K. 
W. Gallup, G. E. Hansen, h C. Paxton, and R. h White. These experi-ments were intended to ascertain 
critical mass values for criticality safety purposes, as well as to compare neutron transport cross sections to 
those obtained from danger coefficient measurements with the Topsy Oralloy-Tuballoy reflected and 
Godiva unreflected critical assemblies. 
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Conference Session: Critical and Sub-Critical Benchmark Evaluation 

Abstract/Keyterms: Since ICNC 2003, the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP) has continued to expand its efforts and broaden its scope. Criticality-alarm / shielding type 
benchmarks and fundamental physics measurements relevant to criticality safety applications are not only 
included in the scope of the project, but benchmark data are also available in the latest version of the 
International Handbook of Evaluated Criticality Safety Benchmark Experi-ments (ICSBEP Handbook). A 
considerable number of improvements have been made to the searchable database, DICE, and the 
criticality-alarm / shielding benchmarks and fundamental physics measurements are included. Twelve 
countries participated in the ICSBEP in 2003. That number has increased to 18 with recent contributions of 
data and/or resources from Brazil, Czech Republic, Poland, India, Can-ada, and China. South Africa, 
Germany, Argentina, Australia, and Sweden have also been invited to participate. 
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Abstract/Keyterms: Nuclear data uncertainties as well as covariance data are required to assess nuclear 
criticality safety margins of nuclear systems. At Oak Ridge National Laboratory (ORNL), data evaluation 
is performed in the resonance region, both resolved and unresolved, using the com-puter code SAMMY. 
Data fitting of the cross sections is based on the generalized least-squares formalism (Bayes’ theory) 
together with the resonance formalism described by the R-matrix theory. The least-squares fit-ting method 
allows the evaluator to generate uncertainty and data covariance information for the resonance pa-rameters 
directly from the experimental data. To illustrate the ORNL methodology for covariance generation, the 
evaluation of the covariance data for the 238U isotope will be presented. 
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Conference Session: Evaluation of Nuclear Data 

Abstract/Keyterms: In the paper on hand three data evaluation methods are described which have the 
capability to estimate the variance of the neutron multiplication factor of a nuclear fuel system arising from 
the variability (uncertainty, toler-ance, variation) of parameters characterizing the system. One method 
includes the capability to handle the problem of missing data, a problem with which one is often 
con-fronted, in particular, in validation questions. 
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Abstract/Keyterms: During the 1960s and 1970s, a variety of critical experiments were constructed of 
enriched uranium metal at the Oak Ridge Critical Experiments Facility in support of criticality safety 
operations at the Y-12 Plant (References 1–3). The purposes of these experiments included evaluating the 
storage, casting, and handling limits for the Y-12 Plant and providing data for verification of calculation 
methods and cross-sections for nuclear criticality safety applications. of the many delayed critical 
experiments, experiments of uranium metal annuli with and without polyethylene reflectors and with the 
central void region either empty or filled with polyethylene are described in this article. 
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Abstract/Keyterms: For a number of years, the Office of Nuclear Energy of the U. S. Department of 
Energy has sponsored de-velopment of advanced fuel processing technologies as part of the Advanced Fuel 
Cycle Initiative (AFCI). That research is now included in the Global Nuclear Energy Partnership (GNEP) 
program, with the goal of developing a spent nuclear fuel (SNF) treatment process to recover long-lived 
actinide isotopes that could be burned in an advanced reactor. 
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Abstract/Keyterms: The purpose of this paper is to investigate the influ-ence of various up-to-date cross 
section libraries on the multiplication factor of TRIGA benchmark, as well as the influence of fuel 
composition on the multiplication factor of the system composed of various types of TRIGA fuel elements. 
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Abstract/Keyterms: As a neutron absorber titanium has not been com-monly considered in nuclear 
applications such as reac-tor design and analysis. Rather, titanium appears as a structural material that may 
be present in fuel cycle facilities or as canisters for transport and disposition of nuclear waste. Criticality 
safety evaluations of systems in which titanium is present require an understanding of the titanium nuclear 
data and uncertainties. Natural titanium consists of five isotopes, with thermal capture cross sections 
ranging from about 0.18 to 8.3 barns. The isotopic abundances and thermal capture cross sections for 
titanium are shown in Table 1. As shown in the table, 48Ti is the most abundant isotope and has the largest 
thermal capture cross section. 
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Abstract/Keyterms: The validation of the standard route of the CRISTAL French criticality package, 
namely APOLLO2-MORET 4, is based on the calculation of more than 1800 critical experiments. This 
validation database contains a broad variety of configurations in terms of fissile medium, mod-erator, 
reflector and neutron spectrum. Therefore, this validation database has been used to contribute to the 
validation of the JEFF3.1 nuclear data evaluation file. Calculation-experiment comparisons highlight that 
for most of the cases, JEFF3.1 data improve the keff prediction. However, improvements are still needed 
for several iso-topes in some areas, especially in intermediate spectra. 
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Abstract/Keyterms: The German Handbook of Criticality released by GRS Garching since the 1970s is 
used as a standard reference handbook by criticality experts from industry, regula-tory authorities and 
expert organizations. It represents a collection of critical parameters for a multitude of different fissile 
materials and systems occurring in the nuclear fuel cycle. Due to improvements in code accuracy and 
increas-ing requirements on validation and uncertainty of data a review and update of the ‘old’ data are 
necessary, to keep in line with the state of the art of science and technology. In the consecutive process of 
updating the handbook, recently the critical masses, spherical and cylinder diam-eters, and slab thicknesses 
for homogeneous systems of uranyl fluoride water mixtures and of low moderated uranium dioxide have 
been recalculated. Uranyl fluoride UO2 F2 arises in an exothermal chemical reaction of UF6 with water 
and critical parameters are relevant for safe design enrichment plants. Critical parameters for low moderated 
UO2 are of interest in safety analysis for powder processing areas of fuel fabrication, which usually apply 
the safety concept of moderation control. 
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Abstract/Keyterms: Results of simultaneous analysis of plutonium solu-tion critical experiments reported 
in the International Handbook of Evaluated Criticality Safety Benchmark Ex-periments (IHECSBE) and 
corresponding conclusions regarding computational accuracy of simple, example safety applications are 
given in this paper. A suite of those experiments considered in this paper was formed by a research group 
at the Institute of Physics and Power Engi-neering (IPPE) for defining experimental uncertainties and 
correlation coefficients for experimental parameters. In some cases, reevaluated experimental uncertainties 
and correlation coefficients were provided. That preliminary information was used with the Oak Ridge 
National Labo-ratory’s prototypic analytic software, TSURFER (Tool for Sensitivity/Uncertainty analysis 
of Response Functionals using Experimental Results). 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Taking credit for changes in fuel composition during irradiation in spent fuel 
criticality analyses (BUC) normally requires that a depletion calculation be made. Some de-pletion 
parameters have an important effect on nuclide concentration, and therefore on spent fuel reactivity. This 
benchmark studied the effect of control rod (CR) model-ling on calculated spent fuel compositions and 
neutron multiplication factors. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Criticality and safety analyses have traditionally as-sumed that the spent nuclear fuel 
is fresh. This assump-tion is very conservative since the depletion of fissile contents, as well as the negative 
reactivity of actinides and fission products are not taken into account. The concept of taking credit for this 
reduction in the reactivity due to fuel burnup is referred to as “Burnup Credit” (BUC). Allowing reactivity 
credit for spent fuel offers many economic incentives. Various design stud-ies pointed out that a load 
increase in several fuel cycle devices is possible when actinides and fission products are accounted for in 
criticality studies However, this application of credit for fuel burnup requires the defini-tion of a 
methodology that ensures the conservatism of calculations. 
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Abstract/Keyterms: This paper deals with the experimental validation of the French reference calculation 
tools for Burnup Credit studies (BUC) in relation to PWR-UOX spent fuel. This work was completed within 
the context of the interna-tional program REBUS, initiated by the Belgian Nuclear Research Centre SCK-
CEN and Belgonucléaire. The aim of this paper is to present the spent fuel inventory experimental 
validation which is being carried out to make a comparison between the DARWIN calculation results and 
experimental results from the chemical analysis measurements accomplished by SCK-CEN within the 
framework of the REBUS program. The experimental program concerns fuel rods extracted from a PWR-
UO2 assembly with an initial enrichment of 3.8 %, irradiated four cycles in the Neckarwestheim NPP. 
Currently, for UO2 fuels, the DARWIN qualification range extends from 3.1% up to 4.5% 235U 
enrichments associated with burnups from 10 GWd/T. to 60 GWd/t. Therefore, this REBUS experiment is 
included in the qualification range and the corresponding C/E can be compared with previous results 
obtained with the Gravelines P.I.E. data at an equivalent burnup. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Improved calculational methods allow one to take credit for the reactivity reduction 
associated with fuel burnup. This means reducing the analysis conservativism while maintaining an 
adequate criticality safety margin. Application of burnup credit requires knowledge of the reactivity state 
of the irradiated fuel for which burnup credit is taken. The isotopic inventory and reactivity has to be 
calculated with validated codes. By depletion calculation is necessary to take into account: List of used 
nuclides Cooling time Core parameters by irradiation - Fuel temperature - Moderator temperature/density 
- Soluble boron - Specific power and operating history Axial and horizontal burnup profiles In this paper is 
numerical evaluation of impact of above parameters on reactivity for VVER-440 fuel (en-richment 3.6%) 
in condition of wet storage presented. The bounding conditions are defined. The SCALE 5.0 system is used 
for depletion and criticality calculation. The numerical examples are for the VVER-440 fuel with 
enrichment 3.6%. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Belgonucléaire and SCK.CEN organized an interna-tional programme called 
REBUS. The results of RE-BUS aim to contribute to the validation of Burn-up Credit calculations in 
criticality studies. EDF and its technical partners, CEA and IRSN, performed the interpretation of both 
experiments realized in the VENUS reactor, con-cerning bundles of fresh and irradiated at 54 GWd/T. UOx 
fuel rods with the CRISTAL V1 French criticality package and MCNP4c2. This paper presents comparisons 
on keff, axial buckling and fission rates between calcula-tions performed with the various criticality codes 
and experimental measurements. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: The “Fission Products (FPs)” experimental programme dealing with “burnup credit” 
studies was carried out from 1998 to 2004 in CEA/Valduc Apparatus B with the support of AREVA NC 
company. It aims at compensating for the lack of critical experiments with FPs in the literature and 
validat-ing a selection of 6 stable, non-volatile, Fission Products 103Rh, 133Cs, 143Nd, 149Sm, 152Sm 
and 155Gd representing half absorption of all Fission Products in irradiated fuel. This paper provides a 
more exhaustive approach of the solution preparation and of the different studies performed regarding the 
experimental uncertainties as-sociated with the 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Currently, on several industrial configurations, criticality safety analyses in La Hague 
plant consider fuel irradiation in reactors in term of the decrease in fis-sile nuclides. For UOX fuel 
assemblies, studies are performed with various uranium enrichments. For each one, a corresponding limit 
in Burn Up is defined. For a given UOX population, criticality studies are performed considering the 
boundary composition which is obtained for the higher initial enrichment for both fresh and irradi-ated fuel 
(whatever the irradiation level is). For MOX fuel it is more difficult because the boundary isotopic 
composition selected for fresh MOX fuel does not remain conservative after irradiation. The purpose of 
this study is to show how to define conservative data whatever the irradiation level experienced. This 
method consists in giving a weight in terms of reactivity to each MOX fuel isotope by determining a 
reactivity equivalence between an UOX enrichment and a MOX fuel composition, for a given 
configuration. This equivalence is obtained by an equation. The way to define this equation is detailed in 
this paper. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Initial authorizations for receipt and storage of spent 17x17 UOX PWR fuel 
assemblies in AREVA NC / La Hague ponds were based on a fresh fuel assumption. At present, these 
authoriza-tions for fuels with an initial enrichment higher than 3.75 wt.% are built on “Actinide-Only” 
Burn-Up Credit assumptions. Depending on the fuel initial enrichment, two cases appear: the burn-up 
noticed by a single irradiation cycle in reactor is sufficient to ensure the safety of the stor-age; otherwise a 
burn-up measurement is necessary to guarantee an irradiation level. The referring burn-up there is the 
average axial burn-up in the 50-least-irradiated-centimetres of the fuel as-sembly because an uniform axial 
burn-up is assumed. With these current analysis’ hypotheses, the increase in fuel enrichment will require a 
burn-up measurement. Therefore, this study aims to build a criticality safety assessment on an “Extensive 
Burn-Up Credit” according to the three following steps: Reference calculation (using the current Burn-Up 
Credit assumptions). Extensive Burn-Up Credit (based on the work man-aged by a French working group). 
Analyse with axial burn-up profile (three different profiles are used to determine a conservative 
meth-odology). This paper focuses on results obtained for fuel as-semblies with a 5.0 wt.% initial 
enrichment. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: The application of burn-up credit (BUC) to criticality safety analysis for Spent 
Nuclear Fuel (SNF) configurations requires the implementation of both estimation of the SNF isotopic 
composition with the aid of depletion cal-culation tools (Reactor Physics domain) and estimation of the 
SNF reactivity with the aid of criticality calculation tools (Criticality methodologies). While depletion 
calculation tools have been developed and validated over many years, the calculation tools to predict the 
SNF reactivity outside the core in storage, transport or disposal conditions are not validated as thoroughly. 
Since out-of-core SNF operations are usually made without any reactivity monitoring devices, more 
reliance is placed on the accuracy of the calculated neutron multiplication factor. For these reasons, there 
is a strong requirement for validation of BUC criticality safety applications. 
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Abstract/Keyterms: In the paper on hand the benefits got from using bounding but not overly conservative 
depletion param-eters in a burn-up credit criticality safety analysis are demonstrated for region II of the 
Sizewell B wet storage pond. For this purpose keff values of the region II ob-tained by applying the 
depletion conditions found to be bounding according to the Sizewell B reactor operation statistics are 
compared to keff results obtained for region II under the assumption of more conservative depletion 
conditions. These comparisons are drawn by using a bounding axial burn-up profile derived from the 
Sizewell B operation statistics. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: In Burn-Up Credit (BUC) criticality safety analysis of Spent Nuclear Fuel (SNF) 
systems the impact of the iso-topic bias and uncertainty on the uncertainty of the SNF’s keff value is usually 
considered by applying Isotopic Cor-rection Factors (ICFs) to the calculated number densities of the BUC 
nuclides. Since derived from comparisons between measured and calculated number densities the ICFs of 
different nuclides are correlated. In the paper on hand it is shown that the correlations of the ICFs have a 
significant impact on the variance of the keff value of a SNF system. For this purpose data evaluation 
methods are described which are required for proper estimation of the variance in keff. These methods 
include the capability of estimating the minimum number of isotopic number density measurements 
required to get a meaningful estimate of the keff variance for a given number of BUC nuclides. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: In order to ensure a safe evaluation of the Burnup Credit in criticality studies, it is 
necessary to guaranty that, for a given burnup, the depletion calculations lead to an accurate and 
conservative inventory of the irradi-ated fuel. Thus, appropriate values of the parameters that char-acterize 
the fuel irradiation (e.g. specific power, control rods presence…) have to be defined, and the depletion 
calculations have to be validated with isotopic composi-tion data measured by Post Irradiation Examination 
(PIE). This validation can be used to determine isotopic cor-rection factors that should be applied, if needed, 
to the calculated concentrations of each actinides and fission products considered in the method. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Burnup Credit allows to consider the reactivity decrease due to fuel irradiation, in 
criticality studies for the nuclear fuel cycle. In the early 80’s, an actinide-only method was accepted by the 
French regulator to take Burnup Credit into account for reprocessing, storage and transport with very 
pessimistic hypothesis. As many facilities still want to optimize their processes, IRSN (IPSN at this period) 
and the main French nuclear companies and researchers set up a working group, in order to study the way 
burnup credit could be taken into account considering some fission products and a burnup axial profile. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: The technical examination subcommittee of the Atomic Energy Commission of Japan 
carried out a preliminary criticality evaluation in the scenario where the structure material or fuel receipt 
part of a canister (disposal container) used for direct disposal flows out; however, criticality safety 
evaluation in case the form of the canister etc. does not change remained as an issue to be examined. In this 
research, a preliminary criticality safety evaluation of the canister was performed, which stored in the earth 
for 1000 years either (a) four UO2 fuel assemblies (initial uranium enrichment of 4.1wt%) or (b) four mixed 
uranium and plutonium oxide (MOX) fuel assemblies (initial plutonium enrichment of 10wt%) for 
pressurized-water reactors (PWRs) without a crash of fuel bundles. Ten actinide nuclides were chosen 
basically according to “A Guide Introducing Burnup Credit, Preliminary Version,” and their compositions 
were computed with the SWAT code system. Nuclear criticality calcula-tions were carried out with the 
MVP code adopting the computed compositions; the neutron multiplication factor was calculated to be less 
than 0.9. Issues for considera-tion were finally summarized. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Accurate calculation of the isotopic composition of spent nuclear fuels (SNF) is 
important to evaluate the criticality safety of fuel cycle facilities for interim storage and reprocessing of 
SNF, etc. In order to confirm the accuracy of burnup calculation tools, quite a few analyses of post-
irradiation examination (PIE) data have been carried out using several combinations of nuclear data libraries 
and computer codes. In the burnup calculation, the burnup value, determined by the Neodymium-148 
method is traditionally used to obtain the exposure value of PIE samples. Because calculation codes and 
data libraries are being revised progressively, re-evaluation of the burnup values using the latest nuclear 
data library and calculation method is important to confirm quality of burnup analysis. Based on this idea, 
the burnup value of Obrigheim PIE data determined by the Neodymium-148 method was re-examined to 
evaluate the level of the influence of recent revisions. This study shows that the maximum difference 
between calculated and observed 148Nd values is reduced from 1.0% to 0.7% by re-evaluation of the 
burnup value using the latest nuclear data, and that the calculated amount of uranium and plutonium 
nuclides are changed by 1 to 3%. In addition, the reduction of neutron multiplication factor is approximately 
0.5%. This means that the general conclusions reached by the PIE analysis which have been carried out in 
past will not be changed, but that this re-evaluation of burnup values is significant for precise analyses of 
PIE data and benchmarking of burnup calculation tools. 
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Abstract/Keyterms: As an important part to validate the LWR core neu-tronics analysis methods, Japan 
Nuclear Energy Safety Organization (JNES) has been participating in the REBUS international program 
and performing analyses and evaluations of the obtained data in the program. The REBUS program aims 
at direct measurement of burnup reactivity of UO2 and MOX fuel and consists of core physics experiments 
at the VENUS critical test facility, non destructive burnup measurements of burned fuel rods with gamma-
ray spectroscopy and radiochemi-cal isotopic analysis of pellet samples at PIE facilities in SCK/CEN, 
Belgium. In the critical experiments, a light water filled core tank contains a 27x27 square lattice core 
consisting of a 7x7 cell test bundle in the center of the tank and 3.3%- and 4.0%-enriched UO2 fuel rods 
surrounding the test bundle as the driver region. Five types of the test bundles were tested: (1)fresh MOX 
fuel, (2)medium-burnup MOX fuel, (3)high-burnup MOX fuel, (4)fresh UO2 fuel, and (5)irradiated UO2 
fuel. Measured parameters in the core physics experiments are a critical water level, water level reactivity, 
fission rate distribu-tions, and neutron flux distributions. 
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Abstract/Keyterms: The following main systems for management of VVER spent nuclear fuel acting at 
that moment in Ukraine: VVER-1000 reactor pools; VVER-440 reactor pools; TK-13 transport casks for 
VVER-1000 spent fuel as-semblies; TK-6 transport casks for VVER-440 spent fuel as-semblies; the Sierra 
Nuclear dry storage casks for VVER-1000 spent fuel of the Zaporizhya NPP. Implementing new types of 
fuel, new devices and mechanisms, including those developed and manu-factured abroad, at enterprises of 
the Ukrainian power industry makes it necessary to license them in advance by the Ukrainian Regulatory 
Authority. From time to time, situations occur when these systems or their close analogues have been 
already used in some countries and have successively passed licensing by the relevant Regulatory 
Authorities, however, they do not meet the regulatory requirements in force in Ukraine. 
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Abstract/Keyterms: At the start of this decade, the CEA inaugurated a new organization for criticality 
hazard management. Within the new organization, centers of expertise were set up in various related areas, 
including criticality accident studies, with specialists based at the VALDUC and SACLAY research centers. 
Since 1967, the CEA has assembled a unique body of knowhow in the various areas of criticality accident 
phenomenology and radiological impact assessment (accident dynamics, detection, exposure risk, 
emergency response, etc.). This was made possible by an ambitious program of experiments conducted in 
the CRAC (French acronym for “Radiological Consequences of Criticality Accidents”) and SILENE 
facilities at the VALDUC Criticality Laboratory. Drawing on such knowhow, the center of expertise for 
critical accident studies has established the following priorities 
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Abstract/Keyterms: Nuclear energy is called to play an increasing role in a sustainable world energy mix. 
Limited economically attractive uranium resources will lead to revive recycling of the reusable materials 
present in nuclear spent fuels. Mixed uranium and plutonium oxide (‘MOX’) from civilian plutonium has 
already been industrially manufactured, in plants carrying out the MIMAS production process developed 
by BELGONUCLEAIRE with COGEMA (nowadays Areva). MOX fuel production for thermal and fast 
neutron reactors is the current reference for the weapon plutonium demilitarization programs. New 
generations of nuclear reactors having recourse to new types of inert or fertile matrix nuclear fuels are being 
considered for the coming decades, in some cases with the aim of reducing proliferation risks (e.g. GNEP 
initiative). Non-metallic Pu-bearing fuels, other than the already well-known present oxides and former 
carbides are con-sidered, such as the nitrides. New fuel cycles like that of U-Th are also considered. 



 

C-7240 

7227…..…..…………………..…….……..……ID Number…………………..…..…………….7227 

Author: Grivot, Pascal / Fouillaud, Patrick / Soulet, Stephane 

Title: Modeling of a Criticality Accident Occurring in a Spent Fuel Canister in Deep Clay Formation 

Date: 6/1/2007 

Report: ICNC’2007, 2, 168-174 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Assessment of Criticality. Accidents 

Abstract/Keyterms: An hypothetical criticality accident in a deep reposi-tory of radioactive waste, has 
been studied by the French National Radioactive Waste Management Agency (Andra) and by the Criticality 
and Neutronic Research Labora-tory of Valduc (CEA). The aim of the present study is to estimate the 
consequences of a hypothetical criticality excursion involving a spent fuel container. The accident was 
supposed to occur during the repository post-clo-sure phase. It would originate from the degradation of the 
structures of a spent fuel container due to the intrusion of water after several thousand years. The container 
is made of steel and filled with a cast iron insert. The insert contains four UOX fuel assemblies at equal 
distance from each other. The container is surrounded by an engineered barrier and placed in a cell within 
the deep geological clay formation. Because of the degradation of the structures, the four assemblies can 
travel close to each other with water filling voids between fuel rods. The total inserted reactivity has been 
determined by APOLLO2 and TRIPOLI4 codes and lies in the range from 1000 to 7300 pcm. The power 
history is calculated using point kinetic equations for neutrons and precursors coupled to a heat transfer 
equation. 
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Abstract/Keyterms: The Finite Element Transient Criticality (FETCH) code has been developed to 
simulate criticality transients in multi-phase media. In past research, predicted fission and pressure 
transients have been benchmarked against the results from the SILENE and TRACY series of experi-ments 
using uranium solutions. The amplitude and the form of the first pressure peak, following a step reactivity 
change, are well represented and insight is gained into the form of subsequent pressure oscillations. In more 
recent research, new multi-phase models have been de-veloped for fluidized particles - both in industrial 
fluidized beds and in conceptual fluidized bed nuclear reactors. The fluidized particle modelling has again 
been the subject of extensive benchmarking 
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Abstract/Keyterms: The Japan Atomic Energy Agency, JAEA, has investi-gated the criticality accident 
evaluation method of MOX powder system during 4 years, from 2002 to 2005, as a contract study1-4). Fuel 
homogenization process was focused, and MOX, UO2 and zinc stearate powders were considered. Their 
property data, critical mass, similarity of benchmark problem, effect of inhomogeneity were in-vestigated, 
while the evaluation methods were developed for the criticality accident of the powder system. This paper 
reports a part of the project introduced above. In order to evaluate the developed evaluation codes and to 
understand the phenomena in a criticality accident of powder fuel, some criticality accident sce-narios were 
created based on the data of the fuel fabrica-tion process in Rokkasho site. Kinetics analysis was done using 
several numerical codes and those results were compared to each other to show the quality of the devel-oped 
code because of the lack of the experimental data for the criticality excursion of MOX powder system. 
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Abstract/Keyterms: Systematic approach being applied to the safety studying of nuclear systems leads to 
formulation of the model of complex coupled processes in severe accident in formalism of “soft computing” 
as partial case of fuzzy algebra. The work is based on an idea that was developed by V. Arnold in the theory 
of catastrophes and “soft” modeling in dynamical systems analysis. The mathematical abstraction of “soft 
computing” corresponded to the engineering problem of providing of safety when all real parameters of 
studied system could be obtained with significant uncertainties. Thus explicit model could be replaced by 
the simplified dynamic model where would be kept all physical correlation but geomet-ric parameters might 
be presented in integral form. Integration gives the free functions that had been used for construction of 
optimization procedures for getting of the curves (or surfaces) of ultimate heaviness of accidental 
consequences. 
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Abstract/Keyterms: The CEA has identified a need for assembling the vast body of existing knowhow on 
criticality accident studies in a guide intended to help perform such studies for the safety assessment of its 
own research facilities. The information used in the guide is compiled from results of both French studies 
and research in other countries as well as the lessons learned from criticality accidents recorded worldwide. 
Within a few years, the guide currently in progress should provide the information needed to perform or to 
define specifications for a criticality accident study, under many different headings (Criticality accident 
phenomenology, Accident physics modeling, History in power, energy and temperature over time, Risk of 
direct exposure, Contamination, Effects of biological shield-ing, Emergency preparedness planning and 
response measures, etc.). 
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Abstract/Keyterms: AREVA, leader in the Nuclear Fuel Cycle, offers technological solutions for nuclear 
generation backed by worldwide expertise in the energy business. AREVA NC Pierrelatte is part of the 
Chemistry Business Unit which itself is part of the front end division of the AREVA group. The division 
brings together the front end activities of nuclear electricity generation: uranium ore extraction, 
concentration, conversion and enrichment, as well as fuel fabrication. AREVA NC Pierrelatte is located on 
the Tricastin nuclear site in Southern France. Activities relating to the fabrication and recycling of all kind 
of uranium (enriched, depleted and reprocessed uranium) are carried out in Pierrelatte, in Southern France, 
a unique Site in Europe 
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Abstract/Keyterms: A uranium recovery facility operated by Springfields Fuels Limited at Preston in the 
United Kingdom is current-ly undergoing a programme of extensive refurbishment to meet both existing 
and future processing demands. This paper outlines how the requirements of criticality safety have been 
successfully integrated into every stage of this programme, from the conceptual design through to detailed 
design and installation, and in the ongoing commissioning of the refurbished areas. 



 

C-7247 

7234…..…..…………………..…….……..……ID Number…………………..…..…………….7234 

Author: Huang, Song / Lee, Chuck / Mckamy, Jerry 

Title: The DOE Nuclear Criticality Safety Program Website - an Important Communication Means for 
Criticality Safety 

Date: 6/1/2007 

Report: ICNC’2007, 2, 203-205 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Assessment of Criticality Accidents 

Abstract/Keyterms: The US Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP) is 
one of the key DOE initiatives to sponsor an effective infrastructure to support criticality safety needs across 
the DOE complex. The NCSP, funded and managed by the National Nuclear Security Administration 
(NNSA), is essential to ensure effectiveness of individual DOE site criticality safety programs as the 
individual sites resourced primarily for the implementation of various production program needs and may 
not have the resources to build and maintain the required infrastructure for a healthy criticality safety 
program. The seven key NCSP programmatic elements are international criticality safety benchmark 
evaluation, analytical methods and code development, nuclear data, differential measurements (primarily 
the Oak Ridge Elec-tron Linear Accelerator), integral experiments (critical and sub-critical benchmark 
experiments at the Critical Experiments Facility at the Nevada Test Site), information preservation and 
dissemination, and training/qualifica-tion. Each of theses areas is interdependent on the oth-ers and together 
form a complete set of infrastructure elements for a strong national criticality safety program. The NCSP 
website is a key component of the informa-tion dissemination segment and works closely with other 
programmatic elements as an online electronic vehicle to facilitate timely communication and distribution 
of information for all NCSP stakeholders. 
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Abstract/Keyterms: It is essential that utmost importance be given to critical-ity emergency preparedness 
in facilities that handle fissile materials, especially reprocessing plants. Despite the implementation of all 
safety measures in preventing criti-cality accident, its probability does not cease to exist, albeit low. 
Criticality accident, when it occurs, lasts for shorter time duration; however, the aftermath of such a 
criticality accident, the radiological consequences are severe and far-reaching. The preparedness in the 
event of a criticality accident should broadly aim at avoiding serious determin-istic effects and to minimize 
the stochastic effects. Com-pact Reprocessing of Advanced fuel in Lead cell (CORAL) facility at 
Kalpakkam, India, the only one of its kind in the world, reprocesses mixed carbide fuel with a high burn-
up of up to 100 GWd/t. In such a facility, criticality emergency preparedness assumes greater significance 
in view of the handling of high fissile content fuel and the buildup of as-sociated trans-plutonic isotopes. A 
detailed emergency action plan for a postulated criticality accident has been chalked out in CORAL. 
Evacuation of the plant personnel, treatment of personnel with severe contamination and the associated 
radiation exposures, surveillance of the affected area, assessment of the radiological status of various areas 
in the facility and guidelines on reentry into the facility are discussed in the emergency preparedness plan. 
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Abstract/Keyterms: Criticality safety is based on two main concepts: the safe operating range, as large as 
possible, de-fined in the reference safety documents by criticality studies and safety analyses, which take 
into account normal and abnormal operations and accidental conditions, provisions (design, procedures…) 
guaranteeing that the plant remains in this safe operating range, according to the principle known as “double 
contin-gency principle”. For this last aspect, the personnel are key actors to guarantee safety even if the 
nuclear process is au-tomated. Indeed, operators, supervisors or managers take part in criticality safety in 
their daily task, directly or indirectly. In addition, facing with an abnormal event or an equipment failure, 
these actors play a paramount part and their reactions will have direct consequences on the evolution of the 
situation. Consequently, the safety criticality training they receive is essential. 
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Abstract/Keyterms: Accurate criticality calculations require converged fission sources. In both 
deterministic and Monte Carlo calculations, an unconverged fission source retains con-tamination from the 
initial source that can bias the keff estimate. Monte Carlo calculations have more difficulty with loosely 
coupled systems than deterministic ones because the method has three features that can make the source 
prematurely appear converged. First, variance estimators frequently assume zero serial correlation. If the 
source is not converged, this assumption is invalid, and the result is underestimated uncertainties that are 
used to indicate both statistical convergence and source convergence. Second, deterministic transport codes 
can use fission source itera-tion acceleration methods, but these are not very transfer-able to Monte Carlo 
codes because of noise. Although some mitigating algorithms are available, these are ineffective in severe 
cases. Third, it is possible for parts of the system to be unsampled due to an insufficient number of histories 
per generation or an adverse initial source dis-tribution. Fortunately, there are several remedies for all three 
difficulties: (1) perform additional calculations with more histories and/or more neutron generations used 
to converge the fission source, (2) perform similar calculations with a different initial source and compare 
the solutions, and (3) apply statistical tests that provide the analyst warnings when the fission source is 
insufficiently converged, or apply acceleration methods. 
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Abstract/Keyterms: Since the early 1970s, the VIM Continuous-Energy Monte Carlo code [1,2] has used 
binary libraries pro-duced by a suite of ANL codes that process ENDF-for-matted data. The main 
computational work is in modeling the resonance ranges, but there are many other library generation tasks: 
reversing the order of the File 3 en-ergy grid points, converting from log-log cross section interpolation to 
linear-linear, and tabulating scattering angle distributions, etc. The processing codes were ex-haustively 
tested during development using MC2-2 calculations and subsequently benchmarked on many of the plate 
lattice critical experiments at Argonne’s Zero Power Reactor and the Zero Power Physics Reactor and on 
International Criticality Safety Benchmark Experiment Program (ICSBEP) benchmarks. In this paper, we 
discuss the quality procedures used to check the latest library derived from ENDF/B-VII data. The two 
methods were exhaustive numerical comparison of cross sections with a corresponding MCNP library, 
followed by benchmark experiment calculations using both codes. Because the VIM libraries are 
constructed using software completely unrelated to that used to pro-duce the MCNP libraries, the cross 
section comparison provides a completely independent check of both librar-ies. The biases observed in 
benchmark comparisons suggested several small improvements in the library’s physics models, which are 
also discussed. 
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Abstract/Keyterms: The objective of Phase II of the OECD/NEA Expert Group on Source Convergence 
in Criticality Safety Analysis to collate and publish guidance to analysts on the subject. The guidance is 
aimed at two questions the analyst must answer: (1) How can one tell if the fission source sufficiently 
converged, and (2) Are the uncertainty estimates distorted by serial correlation? The two main causes of 
convergence problems are slow convergence, a property of the mathematical model describing a system, 
and undersampling, a feature of a particular Monte Carlo calculational strategy. Both can usually be 
resolved by brute force: more generations to complete convergence, and more histories per generation, 
respectively. In principle, slow convergence can also be overcome by accelerating the fission source 
itera-tions, but many of the acceleration methods successfully used in deterministic calculations are not 
very applicable to Monte Carlo calculations because of noise. There are, however, methods that enhance 
the fission source iteration process that have been developed especially for Monte Carlo criticality 
calculations. In this paper, we briefly discuss the advantages and drawbacks of several automated 
techniques aimed at ensuring source convergence or detecting non-con-vergence. Some of these are 
currently implemented in criticality codes. We also outline a simple set of practices that will help the analyst 
to quickly develop a robust computational strategy. These methods and techniques will be discussed in 
greater detail, with examples, in the Phase II final report. 
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Abstract/Keyterms: As part of the US and the former USSR agreement to convert weapons grade 
plutonium into Mixed Oxide (MOX) fuel for irradiation in existing commercial reac-tors, the US 
Department of Energy (DOE) contracted with Shaw AREVA MOX Services (MOX Services) to design 
and operate the US Mixed Oxide Fuel Fabrication Facil-ity (MFFF). The MFFF is designed to produce 
completed MOX fuel assemblies for use in domestic, commercial nuclear power reactors. The feed material 
is uranium dioxide and surplus plutonium dioxide. However, first the plutonium is “polished” to remove 
impurities. This paper is concerned with the beginning of this first step. In this first step, mixtures of 
plutonium dioxide and uranium dioxide powders are processed in several proc-ess units. The criticality 
safety design of these process units is based on mass and moderation control with a maximum humidity 
uptake lower than 3% for plutonium oxide powder alone. The mass limit for these units is over 10 kg 
normally. However, some feed material may contain chemical impurities such as chlorinated salts. This 
presence of these salts results in the possibility that additional water pickup may occur in the fissile material 
due to their hy-groscopic properties and homogeneous distribution of the mixture. The purpose of this paper 
is to present the first steps of path forward to define a new and satisfactory critical-ity safety strategy with 
minimum impact on design and operation: Obtain quantitative data (water uptake capability at equilibrium 
and kinetics) Define the criticality safe domain to operate with these salts Define safe operating conditions. 
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Abstract/Keyterms: Twenty-six of the Argonne National Laboratory (ANL) Zero Power Reactor (ZPR) 
critical assemblies have been documented and evaluated as benchmarks for the ICS-BEP handbook. This 
evaluation process has included a detailed description of the as-built critical assembly and preparation of a 
fully detailed (“plate-by-plate”) model of the reference critical configuration. Generally this detailed model 
is judged to be too complicated to be practical for derivation and use by users of the handbook. Therefore 
a simplified model, derived from the detailed as-built model, is presented as the benchmark model for the 
ZPR critical assembly. This simplification or trans-formation of the benchmark model requires an accurate 
estimate of the reactivity difference between the two calculational models, referred to in the benchmark as 
the transformation delta-k. For the ZPR assemblies included in the handbook this reactivity difference can 
be significant, ranging from near zero up to almost 1.5% δk. This simplification or transformation of the 
benchmark model also requires an accurate estimate of the uncertainty in this transformation delta-k. The 
transformation delta-k and its uncertainty become components in determination of the benchmark keff and 
its uncertainty which are then used by the criticality safety practitioner in the validation process. Obviously, 
it is important that the additional uncertainty in estimating this transformation delta-k for the simplified 
benchmark not be so large as to increase the uncertainty in the benchmark keff beyond its utility, thereby 
eliminating the value of the experimental meas-urement. This estimated uncertainty has been partially 
supported by calculations; but in large part, it has been determined by experience or judgment. 
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Abstract/Keyterms: A series of experiments was performed at Los Alamos Critical Assembly Facility in 
the early 1950s to determine the critical mass of highly-enriched uranium (HEU) (between 93.5 wt.% and 
94 wt.% 235U) spheres surrounded by thin reflectors of various materials. The objectives of these 
experiments were (1) to obtain a precision graph of the critical mass of highly-enriched uranium metal 
spheres as a function of reflector thick-ness and (2) to generate transport cross sections for the reflector 
material. The various reflector materials were approximately two- and four-inch thicknesses of copper, cast 
iron, nick-el, nickel-copper-zinc alloy, thorium, tungsten alloy, and zinc. The experiments were evaluated 
and were found to be acceptable for use as criticality safety benchmarks. Complete evaluation of these 
experiments will be pub-lished in the 2007 Edition of the International Handbook of Evaluated Criticality 
Safety Benchmark Experiments under the Identifier HEU-MET-FAST-085. A description of the 
experiments and evaluation of the experimental results are provided in this paper. Comparisons of 
cal-culated keff values obtained by using ENDF/B-VI.6 and ENDF/B-VII neutron cross section data 
libraries are also provided. The benchmarks are intended to be used by Criticality Safety specialists to 
validate their methods, codes, and nuclear data. 
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Abstract/Keyterms: For evaluation of destruction scope and radiation situation at possible nuclear 
accidents at research fast impulse reactors as well as nuclear accidents at enter-prises handling with fissile 
materials, it is important to know energy release in the system during self – sustained chain reaction of 
fission. 
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Abstract/Keyterms: The Nuclear Science Committee (NSC) is one of the six technical committees of the 
OECD Nuclear Energy Agency. Its mission is to help the NEA member countries identify, collate, develop 
and disseminate scientific and technical knowledge used for peaceful applications of nuclear energy. 
Several Working Parties and Task Forces co-ordinate the work in the areas of reactor physics, fuel cycle 
physics and chemistry, radiation shielding and criticality-safety. The Working Party on Nuclear Criticality 
Safety (WPNCS) was set-up in 1997 to co-ordinate the various activities in the area of criticality accident 
prevention in nuclear fuel cycle facilities. The Criticality Safety Benchmark Evaluation Program was 
created in 1992 at the initiative of the US/DOE. The program became an activity of the Nuclear Science 
Committee in 1995 when international experts joined the effort by providing experimental data and 
participating in the evaluation and review process. The aim of the program is to identify, evaluate, verify, 
and formally document a comprehensive and internationally peer-reviewed set of criticality safety 
benchmark data that may be used to validate neutronics codes and nuclear cross-section data. The data are 
published in the International Handbook of Evaluated Criticality Safety Benchmark Experiments1). The 
Handbook is updated every year to include new experiments and to revise previously published ones when 
new experimental data are found. The 2006 Edition of the International Handbook of Evaluated Criticality 
Safety Benchmark Experiments contains 442 evaluations with benchmark specifications for 3,955 critical 
or subcritical configurations, 23 criticality-alarm-placement/shielding configurations with multiple dose 
points for each, and 20 configurations characterized as fundamental physics measurements that are relevant 
to criticality safety applications. These evaluations are available in electronic form (PDF format) and are 
contained in the DICE DVD. 
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Abstract/Keyterms: Nuclear Facilities. The representation of the axial burn-up profile of LWR assemblies 
is one of the major criticality safety issues for the burn-up credit. In the past, EDF carried out 3-D 
calculations in order to elaborate a conservative axial burn-up profile dedicated to criticality studies. The 
use of this computed profile as part of criticality studies leads to excessive conservatism but less than results 
with fresh fuel. Today, EDF is studying the possibility to design an axial burn-up profile dedicated to 
criticality studies by using a French database of axial burn less penalizing profile to reduce the excessive 
conservatism induced by the previous calculated one. The experimental database, resulting from a 
coop-erative effort between EDF and AREVA-NC, includes axial burn-up measurements of hundreds of 
assemblies irradiated in 1300 MWe PWR. These assemblies have an initial 235U enrichment of 3.1% and 
an average burn-up ranging from 30 to 40 GWd/t. Even if one third of these assemblies may have been 
exposed to partially inserted control rods during the last cycle of irradiation and 20% may have been 
exposed to control rods during more than two thirds of the time spent under neutron flux, the database 
analysis showed that the shapes of all burn-up profile assemblies are very similar. Using this database, we 
deduced a normalized average profile and two other shapes which represent the lower and the upper of the 
axial burn-up measurements. The main characteristic of this experimental average profile, compared with 
the OECD/WPNCS profiles used in the BUC Benchmarks [8], is to be uniform along the 80% central part 
of the bundle and to present a negligible asymmetry. 
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Abstract/Keyterms: CORAL (Compact Reprocessing of Advanced fuels in Lead cells), located at Indira 
Gandhi Centre for Atomic Re-search (IGCAR), Kalpakkam, India, is a pilot plant, the first of its kind in the 
world, for fast reactor carbide fuel reprocess-ing. The main objective of the plant is to validate the process 
flow sheet and other parameters. This plant is successfully reprocessing the mixed Plutonium carbide, 
Uranium car-bide fuel irradiated at Fast Breeder Test Reactor (FBTR), Kalpakkam. In this plant, fuel up to 
a maximum burn-up of 100 GWd/T. has been reprocessed so far. Reprocessing of spent fuel of high burn-
up and with higher fissile material content is a challenging task especially from the radiologi-cal angle, 
which necessitates careful analysis of criticality safety. In addition, in stark contrast to the reprocessing 
facilities that handle thermal reactor spent fuel, the critical-ity considerations at CORAL start from the 
head-end stage itself, comprising of fuel chopping and dissolution. Though the criticality control is 
incorporated in design through the use of favorable geometry vessels, use of a few unfavorable geometry 
tanks cannot altogether be ruled out. However, for these unfavorable geometry tanks, concentration con-trol 
of fissile material under strict administrative control is resorted to as a safety measure. Criticality safety 
evaluation for all the process tanks and equipment was carried out for both normal and off-normal 
conditions using KENO code and the keff values have been estimated to be 0.5 to 0.6 for favorable geometry 
tanks and 0.7 to 0.8 for the unfavorable geometry vessels. 
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Abstract/Keyterms: Political changes and market driven pressures on more flexible WWER performance 
have stimulated the process of increased identification and use of existing margins in WWER-440 fuel and 
core designs. Core designers on demand of the utility management use the existing safety margins to 
increase company revenues. This also repre-sents challenge to the licensing authorities, which face requests 
for approval of new fuel design implementations and less conservative technical specifications for the area 
of operation with limited experience. With use of new fuel features and core designs some of the boundaries 
will be challenged and possibly changed which may potentially become a licensing issue in the near future. 
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Abstract/Keyterms: This paper provides a view of the MONK criticality software package in terms of 
recent and current develop-ments and future plans aimed at meeting the short and long-term needs of the 
code user community. 
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Abstract/Keyterms: One of the important tasks of NMC&A at radiochemi-cal sites is the control of 
plutonium as holdup. The im-plementation of this task is restricted by limited access to equipment for 
accumulated plutonium cleanout. Non-destructive assay (NDA) measurements are the main ap-proach for 
determination of Pu mass as holdup. Existing methods for determination Pu mass as holdup sometimes do 
not interpret correctly the results of gamma-spectra measurements and require modification for increasing 
of Pu mass evaluation accuracy. The description of gamma-spectrometry technique for plutonium as holdup 
mass determination developed at the RMTC is presented. It is based on using of low-resolu-tion gamma-
spectrometer and process of the measured spectra with special algorithm. In the procedure of spec-trum 
analysis a correction on self-absorption in holdup, on attenuation in equipment wall and on attenuation in 
shielding lead with unknown thickness is applied. The developed procedure has following features: 
correction on background, iterative correction on self-ab-sorption by “thick” holdup lay, correction on 
shielding ma-terial and calculation of its thickness, correction on 241Am influence, calculation of 241Am 
content in Pu of holdup, effective area calculation for surface type holdup and for pipe depending on radius 
of the pipe and distance be-tween detector and pipe, calculation of detector efficiency, presentation of the 
results in the form of a report, save the collected spectra and results in internal database. The developed 
algorithm is realized as computer soft-ware GaDeM (Gamma Deposit Measurements). The soft-ware was 
tested on an equipment of radiochemical plant. The summary of the algorithm and of the computer software 
is presented in the article. The screenshots of main windows of the code and results of its testing with 
reference materials are also given. 



 

C-7263 

7250…..…..…………………..…….……..……ID Number…………………..…..…………….7250 

Author: Bezzybtsev, V. S. / Kislov, A. / Nepeypivo, Marina / Sharafutdinov, Rashet 

Title: Legislative Regulation of Nuclear Fuel Cycle Safety in Russia 

Date: 6/1/2007 

Report: ICNC’2007, 2, 274-276 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Standards and Methodology for Criticality Safety 

Abstract/Keyterms: Nuclear and radiation safety of atomic energy industry is one of the key components 
of national safety of the Russian Federation. Legal base of nuclear safety are the constitution of the Russian 
Federation, international agreements, federal laws and other legal acts, agreements and conventions in the 
field of nuclear and radiation safety ratified by the Russian Federation and federal rules and regulations in 
the field of atomic energy use. The existing legislative system in the field of nuclear and radiation safety of 
nuclear fuel cycle is briefly stated in the paper as well as principles and the methodology of development 
of basic regulations, some methodological aspects of safety regulations are considered and analysis of 
conformity of the established safety requirements to the international standards are resulted. 
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Abstract/Keyterms: Federal State Unitary Enterprise State Scientific Cent-er – Research Institute of 
Atomic Reactors is the largest nuclear center in Europe that operates 6 research reac-tors (RR), 2 critical 
assemblies, storage facilities of fresh and irradiated FA from research reactors, fragments of fuel rods and 
FA from power reactors, different kinds of Radioactive and Fissile Materials (RFM, FM) and products from 
them as well as pilot facilities to reprocess weapon-grade uranium and plutonium and non-used nuclear fuel 
from foreign RR. The main task solved for the Objects of Usage of RFM (OURFM) is to provide safety 
and suf-ficient operation of the above facilities. This task consists of several subtasks related to the wide 
nomenclature of FA, RFM, products, equipment, packagings and various ways of management 
(transportation, storage, irradia-tion, reprocessing). These subtasks can be solved by supporting the 
operation of the above objects with experi-mental means and gained experiment (experimental and 
engineering support) and/or computing aids (calculation support). In practice, these two options are usually 
com-bined to get amount and quality of information enough for the personnel to take optimal decisions at 
the current OURFM stage and to use it for the predictive estimations, summarizing and personnel training. 
Another important task solved during the OURFM support is acquisition, generalization and storage of data 
(knowledge) on the systems that can be demanded at any time. The computing aids used for the calculation 
support of the OURFM operation comprise software (computer codes, library files with various constants, 
calculation models and data bases) and personal computers. The urgency of the development of the above 
aids results from the advantages of the calculation support as compared to the experiments. These 
advantages are more operative assessment of the changes of objects modeled and less material costs spent 
to get results, of which volume can be significantly larger than information registered by devices. This 
paper aims at generalization of the experience in the development and application of software to justify 
safety and efficiency of the OURFM operation at FSUE SSC RIAR. 
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Abstract/Keyterms: On April 26, 2006, notification was made of possible excessive high enriched 
uranium (HEU) hold-up in one of the Y-12 casting vacuum filter housings (Dollinger brand). The system, 
shown in Fig. 1, supplies vacuum to evacuate furnaces used to cast HEU metal. Note that the filters 
as-sociated with the filter housings differ (i.e., Stokes brand versus Dollinger brand). The holdup was 
identified through the Uranium Holdup Survey Program (UHSP) by use of Non-Destructive Assay (NDA). 
The Y-12 Nuclear Criticality Safety (NCS) program places heavy reliance on the UHSP to identify such 
accumulations of fissile material (for mass control). NDA evaluation identified that the unsafe-geom-etry 
filter had a potential HEU holdup of 1.4 kg. This estimate was well above the cleanout threshold of 600 
grams. As a result, that portion of the casting vacuum system containing the filter housing was immediately 
isolated, vacuum pump de-energized, and administrative control taken of the area at the direction of NCS 
personnel. 
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Abstract/Keyterms: Over the last decades, especially after the accident, happened at the FKBN-2M critical 
assembly in June of 1997, VNIIEF has been paying much attention to the issues of the APR safe operation. 
In particular, risk categories have been formulated for all reactors under operation now. Besides models of 
accidents have been developed and consequenc-es of such accidents for the environment and population 
have been analyzed. Among the other results it has been obtained that destruction of fuel elements is 
hazardous for the BR-1 reactor because it can lead to uncontrolled shift of their components, and may result 
in an accident. Pulse generation in aperiodic pulse reactors is con-nected inseparably with the problem of 
heat shock. Thermoelastic and mechanical stresses in fissile mate-rial resulting from a burst of prompt 
neutron fissions constrain the possibility of energy release rise for one pulse and deteriorate actually the 
reactor’s operation safety and lifetime. Damage of fuel elements within the APR’s core can become an 
initial event in development of reactivity accident or can change the character of predictable fission pulses 
because of change of excess reactivity quenching conditions. Destruction of fuel discs within the APR with 
typical core designs can also lead to squeeze of reactivity control channels and deterioration of emergency 
protection efficiency. 
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Abstract/Keyterms: For development of the basic directions of decommissioning works of uranium - 
graphite nuclear installations (PUGR) in FSUE “LI”VNIPIET” the Concept of PUGR decommissioning 
authorized FAAE 04.02.2005 is developed. In the Concept is developed are considered recommended 
variants of a conclusion from operation ПУГР, the basic stages and directions of works, principles and 
criteria of safety of work. The basic stages of decommissioning works are accepted in the Concept: • 
Preparation for decommissioning; • Stage I - manufacture of works on a reactor, installation outside reactor 
cavity and on a site of PUGR accommodation; • Stage 2 - monitoring; • Stage 3 - liquidation. The decision 
on PUGR liquidation is taken after of a monitoring stage. According to NR-007-98 within preparation stage 
it is made stop a reactor and the works performed which are connected to a full unloading of nuclear fuel 
from a reactor, including transfer of nuclear fuel from pools and other technological capacities on the 
Radiochemical factory for processing or in special storage OJAT. 
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Abstract/Keyterms: Criticality safety evaluations implement requirements to proof of sufficient 
subcritical margins outside of the re-actor environment for example in fuel fabrication plants. Basic 
criticality data (i.e., criticality standards) are used in the determination of sub critical margins for all 
proc-esses involving plutonium or enriched uranium. There are several criticality international standards, 
e.g., ARH-600, which is one the US nuclear industry relies on. The French Nuclear Safety Authority (ASN 
and its advising body IRSN) has requested AREVA NP to review the criticality standards used for the 
evaluation of its Low Enriched Uranium fuel fabrication plants with CRISTAL V0, the recently updated 
French criticality evaluation package. 
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Abstract/Keyterms: At carrying out the works with multiplying systems (MS) one must be able to evaluate 
their multiplying properties – efficient neutron multiplication factor keff or reactivity ρ. This acute to 
provide nuclear safety at assembling unknown MS in the course of critical mass achievement. In the report 
there are presented experimental and design results of keff(ρ) determination for a sub-critical solution MS 
with epithermal neutron spectrum and sub-critical metal MS with fast neutron spectrum and external 
reflector. To find the value of subcriticality there was used a method of “shooting” neutron source and 
Sjöstrand method. In the method of “shooting” source the kэф(ρ) value was determined experimentally 
from the analysis of tran-sition processes these processes being understood as MS relaxation to a new 
equilibrium state after the effect to it of disturbing factor is terminated. The transition processes were 
formed by a method of the external neutron source quick removal from MS. To minimize space effects 
there was applied geometry with the central source of neutrons and external – relatively to MS – 
arrangement of neutron detector. 
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Abstract/Keyterms: In the paper, presented are the results of critical experi-ments carried out on RF-GS 
facility with VVER - type fuel rods and МОХ-VVER - type fuel rods. Experiments were performed to 
determine reactivity of uranium-gadolinium fuel rods and to validate computational codes. Shortened fuel 
VVER - type fuel rods with UO2 of 4.4% enrichment were used, as well as MOX-VVER fuel rods having 
4.4 wt.% fraction of U235 and Pu239 in uranium-plutonium fuel. Two cases were considered, light water 
being used as both moderator and reflector. In the first case, hexagonal lattices at 1.27cm pitch were created. 
In the central part of assemblies there were MOX and uranium-gadolinium fuel rods surrounded by VVER 
fuel rods. In the second case, the six clusters of VVER fuel rods spaced in triangu-lar lattice surrounded 
central cluster with 127 МОХ-VVER type fuel rods. Studies were carried out on the effect of uranium-
gadolinium fuel rods located in the clusters and those between clusters. KEYWORDS: VVER–1000, MOX 
fuel, 4.4% enrich-ment, critical experiment, triangular lattice, cluster, water moderator and reflector, 
uranium-gadolinium fuel rods 



 

C-7271 

7258…..…..…………………..…….……..……ID Number…………………..…..…………….7258 

Author: Kolesov, Vladimir / Zavyalov, N. 

Title: The Reactors of the Cascade Type as the Factor of the Nuclear Safety Raise 

Date: 6/1/2007 

Report: ICNC’2007, 2, 301-306 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session: Practice of Criticality Safety Design and Control 

Abstract/Keyterms: The present report contains the information about calculated-theoretical, project and 
experimental works on the cascade reactors fulfilled in VNIIEF (Sarov). In the report the possibilities, 
introduced by the usage of a cascade principle in pulsing boosters and accelera-tor driven systems (ADSs) 
in the aspect of their nuclear safety raise, the peaking of temporal parameters of im-pulses in boosters and 
the improving of energy indexes of ADSs are traced. Two-section nuclear reactors with one-sided neu-tron 
section connection (reactors of the cascade type) are known since 50th years of the past century. The 
significant interest to these facilities, observed since the 80-es, is provoked by their unique possibilities in 
the area of pulsing reactors and ADSs. In 1979 it was shown that using two-section systems of the cascade 
type it is pos-sible to achieve the significant shortening of the pulse length in reactors. Simultaneously the 
mode of realization of one-sided neutron section connection by means of us-age of 237Np – the threshold 
fissible material, and in section separation with the help of intermediate layer of the moderator of the 
tungsten type was offered 
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Abstract/Keyterms: The last years a tendency to unjustified complications of benchmark models has 
outlined in the International Handbook. This tendency was caused with more pre-cise description of the 
assemblies as well as with grown computing potentialities. The complications of models are expressed 
above all, in detailed description of each part of core and reflector (configuration, isotopic content, impurity 
composition). At the same time some authors often don’t analyze a contribution of these specifications and 
attendant complications in keff, and don’t make more simple models (preferably to the limit simple). Three 
greatly complicated evaluations HEU-MET-FAST-076 (evaluator is Tyler Sumner), MIX-MET-FAST-013 
(evaluator is Rene Sanchez), and Pu-MET-FAST-038 (evaluated by Jesson Hutchinson) are chosen almost 
at random from many evaluations presented in. For assemblies from these evaluations more simple models 
were built. Model simplicity is reached due to joining almost all parts of core, moderator and reflection into 
a small number of large cells with average density, average isotope content, and impurity composition. In 
spite of their simplicity these models well agree with the overcomplicated original models. 
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Abstract/Keyterms: Review of evaluated criticality benchmark experi-ments at RFNC-VNIITF published 
in the International Handbook is given. Only cylinder assemblies are considered. The assemblies are 
subdivided into several types depending on core structure (homogeneous and heterogeneous) and reflector 
structure (un-reflected, end reflected or fully reflected) following mainly the clas-sification in the book, 
Chapter 12. Assemblies having much polyethylene or beryllium as moderator and reflector are considered 
separately because they have large quantity of thermal or resonance neutrons in their spectra. Such 
assemblies are required for of neutron data validation in the corresponding en-ergy ranges. Dependence of 
keff on dimensions, density and composition of core and reflector is determined for as-semblies of different 
types. Such dependences are useful for estimation of keff sensitivity to the parameters and let to avoid 
blunders in calculation of uncertainties. In the report influence of supporting structures on value of keff is 
made more accurate for un-reflected cylinders and cylinders with thin reflectors. It enables to raise accuracy 
of such evaluations. Heterogeneous cylinders with anisotropic neutron flux from one end to another are 
examined. The anisotropy arises, for example, in systems with repeated alternation of absorber, moderator 
and HEU layers. Uncertainties of the evaluated measurements are dis-cussed in the paper presented to this 
conference. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Development of nuclear engineering inevitably leads to an increase in the loading of 
interim wet and long-term dry storage facilities with spent nuclear fuel (SNF) and to the necessity to refine 
the validation of their safety due to an increase in the enrichment of the applied NPP fuel and tendency to 
a more compact packing of SNF. At present methods of burnup credit calculation are widely discussed and 
introduced for solving these problems. Burnup credit is calculated by codes based on the results of reactor 
power control in different periods of its opera-tion. Reliability of these codes is verified on the basis of a 
radiochemical analysis of a nuclide composition and burnup or by experimental determination of the SNF 
effect on the multiplication characteristics (reactivity) of systems with fissile materials. The most reliable 
data for the verification of neutron–physical calculation codes are obtained during simultaneous application 
of these meth-ods as it is provided in the international program “Rebus” intended for PWR reactor fuel. 
Similar investigation programs for VVER reactor fuel are not available. The paper presents a 
comprehensive program of investiga-tion of spent VVER-440 UO2 fuel. The program is aimed at carrying 
out experiments on verification of reactor physics codes for calculation of reactivity loss due to by fuel 
burnup in fuel rods of power–generating reactors. The investigations can be performed at SSC RF RIAR 
since unique experimental possibilities of its scientific and technological facilities have found wide 
application for full-scale in–pile investigations of VVER-440, VVER-1000, RBMK-1000 and BN fuel 
assemblies including investigation of burnup credit at all stages of SNF handling 
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Conference Session: Assessment of Criticality Accidents 

Abstract/Keyterms: The works on experimental study of critical systems made of fissile materials (FM) 
have been performed in VNIIEF since the late forties. The experiments were con-ducted on special critical 
test benches (CTB). Presently, critical mass studies are being conducted on FKBN-2M critical assembly 
test bench. When preparing any critical mass experiment, multi-plying system (MS) parts are assembled 
manually. This experimental phase is connected with maximum profes-sional risk to personnel. An error 
leading to premature achievement of the critical state can lead to over-dosage and, possibly, death of 
personnel. The analysis of nuclear accidents demonstrated that the solution of the problem of nuclear safety 
provision while treating FM is impossible in no terms of human factor account. The key issue here is the 
one of person-nel training and keeping the skill of working experts. The required qualification and 
experience are achieved as a result of multi-year activities with MS. As the training is realized on the 
operating facility the elaboration of er-roneous and abnormal situations is possible in theory only. One of 
hardware items capable to make the expert training quality higher and shorten the time of mastering the MS 
manipulation technology is the training simulator allowing simulation of the MS assembly on the FKBN-
2M critical test bench. Moreover, in the course of assem-bling of the training (inert) MS mockups the 
operational staff actions corresponding to regular operations are reproduced and the response of MS is 
demonstrated for the case of operator mistake and abnormal situation occurrence. 
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Abstract/Keyterms: Justification of FM transportation nuclear criticality safety needs in most cases Kef 
calculations for a sig-nificant number of geometric and material configura-tions, which may appear both in 
normal and emergency transportation conditions. It is desirable to make such calculations using the program 
complexes approaching by their fast action to engineering programs, but provid-ing satisfactory practical 
accuracy. In some cases the engineering programs do not al-low to calculate Kef for geometrically complex 
systems containing a great number of complicated configura-tion zones (for example, active parts of FAS 
with a great number of fuel rods). By this reason, the calculations in such situations are made with utilization 
of effective cross-sections preliminary calculated with the use of precision cellular programs. In formation 
of a geometric model for engineering program areas are singled out which cover as much as possible 
physically similar areas performing the same function in formation of neutron flux distribution in the 
system. Such areas may be the active parts of FAS, the areas of built into TUK neutron absorber zones, etc. 
By means of spatial-energetic fold-ing of the inlet multi group library data for these areas, using the cellular 
programs the few group effective cross-sections are determined and then in the engineering programs are 
used. 
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Abstract/Keyterms: This paper gives a modified dynamic fitting method to calculate α eigenvalue 
(neutron time constant) firstly. Then the variation curves of keff (effective multiplication factor) and α 
eigenvalue of a typical subcritical reflected reactor model, which was set up on the basis of Godiva critical 
assembly, were achieved. Curves show that α eigenvalue is not increasing linearly with keff eigenvalue. 
Even though the keff eigenvalue was very small, the α eigenvalue is close to zero in the subcritical reflected 
reactor with much hydrogen nuclei. Two ap-proaches are used to explain the abnormal phenomena that keff 
is small but α is close to zero. keff eigenvalue is much more convenient than α eigenvalue to describe the 
critical safety of reflected reactor with a long prompt neutron removal lifetime 
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Abstract/Keyterms: In order to be able to guarantee the sub-criticality of their installations, criticists of 
the CEA Valduc use a large amount of computer calculations. The aim of this paper is to present the result 
of norm calculations, for different fissile media, and to give a ranking of moderators. The modelisations are 
carried out using Scale 4.4a. The CSASIX sequence is formed by: Bonami-2, based on Bondarenko’s 
shielding-fac-tor method, which performs self-shielding corrections for the unresolved range, and Nitawl, 
which applies the Nordheim treatment for the resolved-resonance range, XSDRNPM, which is used to solve 
the 1-D Boltzmann equation in a spherical geometry. Once the results obtained, they are cross-checked 
using Tripoli 4.3, reference route of French CRISTAL V1 package. Tripoli 4.3 is a three-dimensional code 
that uses the Monte Carlo method. It can be used to simulate the transport of neutrons, photons, electrons 
and positrons for shielding calculations (long distance propagation with flux attenuation) and neutronic 
calcula-tions (criticality and sub-criticality basis). This makes it possible to compute keff, flux, currents, 
reaction rate and multi-group cross-section. Tripoli 4.3 allows calculations with continuous description in 
terms of cross-section en-ergy and multi-group homogenized cross-sections. The code uses cross-section 
libraries in ENDF/B format (such as JEF2.2, ENDF/BVI and JENDL) for point description and cross-
section in Apotrim format (from the Apollo 2 code) specific to Tripoli 4 for multi-group descriptions. All 
the data used in the present work are from JEF2.2. 
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Abstract/Keyterms: Study of nuclear-induced plasmas and possibility of development of powerful sources 
of laser radiation on its bases has been carried out in our institute (VNIIEF) dur-ing about thirty years. For 
the first time lasing under excitation of nuclear radiation was obtained in VNIIEF in 1972. Thus direct 
conversion of nuclear energy into laser radiation was proved experimentally for the first time. 
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Abstract/Keyterms: Founded on September 25, 1948, the Novosibirsk Chemical Concentrates Plant, Inc. 
is one of the leading Russian enterprises for the fabrication of the nuclear fuel for power and research 
reactors. Today the mainstream produce for NCCP, Inc. are the fuel assemblies for VVER-440 and VVER-
1000 reactors. Apart from this, NCCP operates the chemical and metallurgical facilities for the fabrication 
of the nuclear fuel, which comprise: Uranium hexafluoride conversion, Removal of impurities from 
uranium-bearing com-pounds by means of extraction; Production of uranic uranous oxide (U3O8), 
Production of uranium dioxide (UO2), Production of uranium metal (U) and uranium-based alloys (UX). 
The current NCCP’s technologies allow fabrication of materials of different enrichments and control of the 
chemical impurities in the uranium products that are manufactured. 
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Abstract/Keyterms: Considered are source of nuclear fissile material at temporary storage facility for 
spent nu-clear fuel in the Andreev Bay. Based on the hazard analysis which can result in self-sustaining 
chain reaction (nuclear accident) action are offered to ensure nuclear safety in SNF han-dling to dispatch it 
for reprocessing. 
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Abstract/Keyterms: The performance of critical mass calculations and ex-periments is quite natural at 
using nuclear technologies. As applied to the problem of creating reactor-laser (RL) it is related to the fact 
that their cores are characterized by large sizes, high porosity and explicitly expressed anisotropy of leakage 
neutron field what is not typi-cal for traditional reactor designs. Thus, the creation of such reactor 
mathematical models, even in calculation of critical mass parameters, is a difficult enough task and its 
adequacy should be confirmed by direct physical experiments. In this connection there was produced in 
VNIIEF a critical test-bench to investigate nuclear-physics char-acteristics of laminated uranium-graphite 
multiplying systems (MS) simulating RL of continuous operation and to compare the experimental values 
of effective coef-ficient of neutrons multiplication keff with the calculated ones obtained using a method 
of Monte-Carlo 
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Abstract/Keyterms: The Russian Federal Nuclear Center – All-Russian Re-search Institute of 
Experimental Physics (RFNC-VNIIEF) has been always developing and using nuclear research facilities 
(critical assemblies and pulse reactors) in variety of experiments. Currently, there are 5 pulse nuclear 
reactors (PNR) operating at VNIIEF, including metal-core reactors – BR-1, BR-K1, and GIR-2; a solution-
core reactor – VIR-2M, and BIGR - a ceramic fuel reactor. The criticality experiments are conducted with 
FKBN-2M, which is a critical assembly facility. In 2006, first criticality operation was accomplished of a 
test facility for nuclear physics studies of layered uranium-graphite multiplication systems (MS) as 
simulators of the core of reactor-laser system. Handling of the multiplication systems and operation of pulse 
nuclear reactors are both distinguished by increased risk. Therefore, special emphasis has always been 
placed by VNIIEF on the safety of such operations. 
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Abstract/Keyterms: The works carried out within the frames of ISTC Project No1571 form the base of 
the current report. The goal of this Project is to develop, create and investigate a manipulator model 
equipped with a video system of space orientation simulating the technological process of critical system 
assemblage. The video system is aimed at providing real time control over assemblage process basing on 
video images. The work is expected to prove and illustrate technological potentiality in creating additional 
independent control over dangerous techno-logical processes basing on the use of modern hardware as well 
as to test the given approach efficiency for the specific sphere of application. 
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Abstract/Keyterms: The current SFCOMPO (http://www.nea.fr/sfcompo/) contains the isotopic 
composition data of Japanese BWR fuel from JPDR (UO2), Tsuruga-1(UO2), Fukushima-Dai-ichi-3(UO2) 
and Fukushima-Daini-2(UO2). Further PIE studies on BWR fuel have been implemented and those include 
the isotopic composition data covering major heavy isotopes and Nd isotopes. Table 1 shows the main 
parameters of reactors, fuel pins, fuel assemblies and cores related to those PIE studies. This paper presents 
the outline of the isotopic data and some comparisons with depletion calculations. 
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Abstract/Keyterms: This paper deals with uncertainties of criticality measurements in VNIITF evaluations 
published in the International Handbook of Evaluated Criticality Safety Banchmarks Experiments. Only 
cylinders assemblies are considered. The following problems are discussed. The assembly types with 
respect to materials of core, reflector and moderator or diluent. The spectra of the assemblies. Uncertainties 
of the measurement method (Reciprocal multiplication extrapolation). Uncertainties from parameter 
uncertainties (dimen-sion, material density and composition). Influence of supporting structures. Room 
return. keff bias and uncertainties from the model simpli-fication. Uncertainties of second order of 
smallness. Features of uncertainties for different types of as-semblies. Ranging of uncertainty sources on 
their value. Total uncertainty and ways to decrease it. Comparison with uncertainties in evaluations of other 
institutes. 
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Abstract/Keyterms: In October and November of 1981 thirteen approach-to-critical experiments were 
performed on a remote split table machine (RSTM) in the Critical Mass Laboratory of Pacific Northwest 
Laboratory (PNL) in Richland, Washington, using planar arrays of polyethylene bottles filled with 
plutonium (Pu) nitrate solution. Arrays of up to sixteen bottles were used to measure the critical number of 
bottles and critical array spacing with a tight fitting Plexiglas{reg_sign} reflector on all sides of the arrays 
except the top. Some experiments used Plexiglas shells fitted around each bottles to determine the effect of 
moderation on criticality. Each bottle contained approximately 2.4 L of Pu(NO3)4 solution with a Pu 
content of 105 g Pu/L and a free acid molarity H+ of 5.1. The plutonium was of low 240Pu (2.9 wt.%) 
content. These experiments were performed to fill a gap in experimental data regarding criticality limits for 
storing and handling arrays of Pu solution in reprocessing facilities. of the thirteen approach-to-critical 
experiments eleven resulted in extrapolations to critical configurations. Four of the approaches were 
extrapolated to the critical number of bottles; these were not evaluated further due to the large uncertainty 
associated with the modeling of a fraction of a bottle. The remaining seven approaches were extrapolated 
to critical array spacing of 3-4 and 4-4 arrays; these seven critical configurations were evaluation for 
inclusion as acceptable benchmark experiments in the International Criticality Safety Benchmark 
Evaluation Project (ICSBEP) Handbook. Detailed and simple models of these configurations were created 
and the associated bias of these simplifications was determined to range from 0.00116 and 0.00162 {+-} 
0.00006 (delta)keff. Monte Carlo analysis of all models was completed using MCNP5 with ENDF/BVII.0 
neutron cross section libraries. A thorough uncertainty analysis of all critical, geometric, and material 
parameters was performed using parameter perturbation methods. It was found that uncertainty in the 
impurities in the polyethylene bottles, reflector position, bottle outer diameter, and critical array spacing 
had the largest effect. The total uncertainty ranged from 0.00651 to 0.00920 (delta)keff. Evaluation methods 
and results will be presented and discussed in greater detail in the full paper. 
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Abstract/Keyterms: Two new criticality modeling approaches have greatly increased the efficiency of 
dissolver operations in H-Canyon. The first new approach takes credit for the linear, physical distribution 
of the mass throughout the entire length of the fuel assembly. This distribution of mass is referred to as the 
linear density. Crediting the linear density of the fuel bundles results in using lower fissile concentrations, 
which allows higher masses to be charged to the dissolver. Also, this approach takes credit for the fact that 
only part of the fissile mass is wetted at a time. There are multiple assemblies stacked on top of each other 
in a bundle. On average, only 50-75% of the mass (the bottom two or three assemblies) is wetted at a time. 
This means that only 50-75% (depending on operating level) of the mass is moderated and is contributing 
to the reactivity of the system. The second new approach takes credit for the progression of the dissolving 
process. Previously, dissolving analysis looked at a snapshot in time where the same fissile material existed 
both in the wells and in the bulk solution at the same time. The second new approach models multiple 
consecutive phases that simulate the fissile material moving from a high concentration in the wells to a low 
concentration in the bulk solution. This approach is more realistic and allows higher fissile masses to be 
charged to the dissolver 
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Abstract/Keyterms: This commentary presents a brief overview of the recent and future challenges and 
opportunities presented by the UK nuclear industry. To give just a pure overview would lead perhaps to a 
rather dry and superficial review, so I have mixed in with this my own thoughts and coloured it with some 
of my opinions and observations from involvement in the field of Nuclear Criticality Safety (NCS) over the 
last 26 years. A brief overview of industry status and developments in the UK will, however, be highlighted, 
in order to give a background to what I hope would be an interesting personal commentary on the subject. 
The creation of the Nuclear Decommissioning Authority (NDA) in 2004 have (on behalf of the UK 
governments Department for Energy and Climate Change (DECC)) pursued the mission to “deliver safe 
and sustainable solutions to the challenge of nuclear clean-up and waste management”. NDA have 
responsibilities for 17 of the civil nuclear facilities in the UK. This has meant for the UK nuclear industry, 
and in turn UK Criticality Safety, the significant focus toward safe, efficient and effective clean-up. With 
this mission, integrated with the ongoing commercial ventures at many of the UK licensed sites, a great 
variety of challenges are presented. For non-commercial activities, criticality safety has and will continue 
to have a significant future part to play. The UK government’s commitment to a continued nuclear defense 
capacity ensures a major investment in the future and will continue to demand significant capability from 
criticality safety to support the existing commitments and future needs. Meeting these challenges demands 
a holistic approach to criticality safety if it is to succeed in supporting the continued safety of the industry. 
Technical solutions to the challenges are only part of the solution. Maintaining a technical competency, 
working as part of an integrated team with other safety disciplines, along with the design teams and 
operations management etc. are other important aspects. Working collaboratively within these teams and 
beyond, both nationally and internationally, is a necessary part of achieving success. Nuclear criticality 
safety as a discipline in the UK has always been conscious of isolation and stagnation in development given 
the relatively small number of personnel in the criticality field. With this concern, it benefits immensely 
from national and international collaboration, and this must be encouraged to continue. 
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Abstract/Keyterms: The purpose of this paper is to provide an overview of the criticality safety 
developments in France and to focus on the IRSN international cooperation regarding Nuclear Criticality 
Safety activities. 
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Abstract/Keyterms: The application of burnup credit (BUC) to criticality safety evaluations (CSE) of 
geological repositories for long term disposal of spent nuclear fuel (SNF) is under consideration in 
Switzerland. Therefore, in collaboration with the national waste management organization, PSI is 
conducting research towards the development of a BUC methodology tailored for Swiss specific 
applications. As part of this research, a computational sequence from the in-core burnup phase, through the 
interim storage, until final disposal is being established. The tools selected for this methodology, referred 
to as BUCSS-R (BUrnup Credit System for Swiss reactors and Repositories), are CASMO for the in-core 
fuel depletion, the decay module of SERPENT for the decay calculations, and MCNP for the criticality 
calculations. In connection to BUCSS-R, a computational interface to validated reference core models of 
the Swiss reactors is being developed. The purpose is to apply reconstructed depletion histories based on 
real core operation conditions with CASMO assembly calculations, to transfer the pin wise nuclide 
compositions at discharge to the subsequent SERPENT decay calculations, and afterwards to the final 
MCNP criticality calculations. An objective of this paper is to present the elements of the BUCSS-R 
methodology, and to show a first application to so-called bounding analyses of a preliminary Swiss disposal 
canister design loaded with fuel assembly types operated in a Swiss PWR reactor. The rationale for these 
bounding analyses is that before starting the integration of methodologies for bias and uncertainty 
quantifications, the span of the k-eff variation between fresh and burnt fuel loadings should first be 
quantified in a realistic manner. The obtained results are reported in this paper together with studies 
performed in order to evaluate the effects from burnup levels and nuclides credit at flooded conditions on 
the k-eff values. 
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Abstract/Keyterms: On 11th March 2011, Japan was attacked by the “2011 off the Pacific coast of Tohoku 
Earthquake.” It was the greatest earthquake ever recorded around Japan. It caused big tsunami and it also 
attacked Tohoku sea coast area severely and violently. Approximately 16,000 people passed away and still 
about 2,600 people are lost by the earthquake and the tsunami. This extraordinary natural disaster affected 
the society of Japan deeply. But more serious problem is the severe accident occurred in Fukushima Daiichi 
Nuclear Power Plants (1FNPP) after the earthquake and tsunami attack. By the tsunami after the earthquake, 
because of loss of ultimate heat sink (LUHS), three reactors of 1FNPP were damaged and the intact fuel 
became fuel debris. After the accident, Government of Japan setup the council for the decommissioning of 
TEPCO's Fukushima Daiichi Nuclear Power Plant and it released the general plan for countermeasure of 
the severe accident occurred in Japan, i.e. “Mid-and-long-Term Roadmap towards the Decommissioning 
of Fukushima Daiichi Nuclear Power Units 1-4.” According to the roadmap, nuclear power reactor vendors 
and research institutes in Japan have started the national project to carry out the decommissioning activity. 
International Research Institute for Nuclear Decommissioning (IRID) is the association for technical 
development for Fukushima site decommissioning. Under this umbrella, nuclear power reactor vendors in 
Japan, i.e. Toshiba, Hitachi and Mitsubishi, and Japan Atomic Energy Agency (JAEA) have carried out the 
technical development required for the criticality safety control of the Fukushima fuel debris. Furthermore, 
JAEA has a plan to use the criticality assembly STACY for obtaining the neutronics characteristics of the 
fuel debris by modifying STACY from the solution system to heterogeneous system. This program is 
conducted by entrustment of Nuclear Regulation Authority of Japan, independently from IRID framework. 
It is expected that it will reach first criticality in FY2018. Researchers in universities in Japan also have 
own research program to control reactivity of fuel debris. This presentation will summarize the on-going 
research programs in Japan for the criticality safety control in order to remove and store the fuel debris 
from Fukushima site. 
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Abstract/Keyterms: From the viewpoint of safety regulation, criticality control of the fuel debris in the 
Fukushima Daiichi Nuclear Power Station would be a risk-informed control to mitigate consequences of 
criticality events, instead of a deterministic control to prevent such events. The Nuclear Regulation 
Authority of Japan has set up a research and development program to tackle this challenge. The Nuclear 
Safety Research Center of Japan Atomic Energy Agency, commissioned by the authority, has launched 
activities such as computations of criticality characteristics of the fuel debris, development of criticality 
risk assessment method, and preparation of criticality experiments to support them. 
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Abstract/Keyterms: As one of the standing technical committees within the OECD Nuclear Energy 
Agency (NEA) the Nuclear Science Committee overseas a programme of work aimed at delivering the 
following key objectives: • the advancement of scientific knowledge needed to enhance the performance 
and safety of current nuclear systems; •building a solid scientific and technical basis for the development 
of future-generation nuclear systems; • the preservation of essential knowledge in the field of nuclear 
science. Criticality safety is an important aspect of all three of these objectives, and the NEA Nuclear 
Science Working Party on Nuclear Criticality (WPNCS) coordinates many international activities under its 
programme of work. An overview of the WPNCS is given in the following presentation, and many of the 
papers presented during the ICNC 2015 technical sessions will be giving details of the outputs from the 
various projects and activities which make up the WPNCS programme of work. This presentation focuses 
on issues associated with knowledge management, particularly on how an international framework for 
nuclear science and criticality safety activities can provide a very effective means of transferring knowledge 
across technical disciplines, and between different generations of engineers and scientists. To ensure that it 
is the essential knowledge that is preserved and transferred, we need to understand current trends and future 
requirements in criticality safety. In this respect, an international framework provides both the broad scope 
as well as the long-term perspective needed to make an informed judgement on which 
information/knowledge will be of most relevance to future practitioners of criticality safety. 
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Abstract/Keyterms: The U.S. Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP) 
mission is to provide sustainable expert leadership, direction, and the technical infrastructure necessary to 
develop, maintain, and disseminate the essential technical tools, training, and data to support safe, efficient 
fissionable material operations within the DOE. The NCSP Website site makes a variety of information 
available to the criticality safety practitioner, including reference materials, training modules and links to 
related sites. It assists criticality safety personnel to keep abreast of NCSP activities or current developments 
in criticality safety via a “What’s New” section within the Website. Convenient access to the many useful 
features of the Website is available via drop-down menus. The Website is also available to non-DOE and 
international professionals tasked with ensuring safe operations involving fissionable nuclear materials. 
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Abstract/Keyterms: A continuous-energy sensitivity coefficients calculation capability has been 
developed in the MORET 5 Monte Carlo code recently. As discussed in this paper, it relies on the 
differential operator method, an adjoint weighting model (to avoid calculating the fission source 
derivatives) and a constrained sensitivity coefficient model for sensitivity profiles to distributions such as, 
for instance, the fission spectrum. For now, the coefficients are provided per medium, per isotope, per 
reaction on an energy binning defined by the user. The sensitivity coefficients are currently available for 
the following quantities: total, elastic scattering, total inelastic scattering, fission, total capture and radiative 
capture cross sections, average neutron produced by fission and fission spectrum. This paper deals with the 
validation of this new feature in the MORET code on several benchmarks and applications with various 
energy spectra and geometrical configurations. This validation is performed through the UACSA expert 
group and the Jezebel ICSBEP benchmarks, but also thanks to calculations performed in the frame of 
experimental program design in the STACY facility. Comparisons are made using the MCNP6.1 code and 
the SCALE6.1 package as references. Preliminary results show a pretty good agreement between the 
different software 
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Abstract/Keyterms: The pointwise neutron elastic scattering, absorption, fission and total cross-sections 
in the Unresolved Resonance Region (URR) can be calculated with a code C-007. The volume of these data 
is large and estimated to make about 106 numbers for each of the reactions. These data volumes may cause 
time and memory problems in solving radiation transport by the Monte Carlo method. There are methods 
to thin the data. These are, for example, the widely used probability tables and subgroups. The paper offers 
another data thinning approach which was successfully used for the Resolved Resonance Region (RRR). It 
transforms the pointwise resonance cross-sections into the pointwise monotone ones within some energy 
intervals with the use of cross-section probability distribution functions Ñ(ó). A similar approach was used 
to calculate pointwise cross-sections in the URR. 
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Abstract/Keyterms: The moderation ratio is one of the key parameters for safety assessment in criticality-
safety studies. It can be expressed as a moderator to fissile atoms ratio and is related to the concentration 
of fissile isotopes. The relationship linking these parameters illustrates a physical behaviour of the mixture, 
which could be very complex depending on the different kinds of media and their associated physical states 
encountered in the nuclear fuel cycle. To guarantee the safety when modelling a given mixture, criticality-
safety practitioners consider either a best estimate approach by fitting experimental data, or, a bounding 
approach with a fictitious fissile mixture. This theoretical model is generally more penalizing in terms of 
keff and does not involve numeric algorithms for the resolution reducing the overall uncertainty. This the 
case for the additive volume density law, which is based on the assumption that the volume of a mixture is 
the sum of the volumes of all its compounds. This naturally leads to differentiate all the compounds in the 
mixture and, in particular, the fissile compound and the moderator. A first algorithm has been derived from 
this approach and implemented in the LATEC criticality workbench developed at IRSN, but a second 
assumption is required to solve the problem encountered when moderator’s elements have also to be used 
to define the fissile compound. A typical example of this major issue is an UZrH fissile compound 
moderated by water. The reference moderator element of the water is obviously hydrogen that belongs to 
the fissile compound. This paper is dedicated to the implementation in the LATEC criticality workbench 
of an algorithm based on the additive volume density law that is able to deal with such a configuration. The 
major advantage of this new algorithm is the versatility in terms of input data. The mixture compounds and 
the moderation can be expressed in multiple ways still using the same algorithm. A validation work has 
been performed on different UZrH compounds and for different expressions of moderation. The calculated 
isotopic concentrations have been compared to theoretical calculations using a more straightforward 
algorithm but that should be adapted for every change in terms of moderation expression. The results 
obtained are in good agreement with validation results. 
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Abstract/Keyterms: For many years, various methodologies have been investigated by IRSN to calculate 
nitrate solutions densities. No later than 2002, a new method to calculate nitrate densities supported by 
theoretical concepts, called” isopiestic” method, was proposed. This method, however, limits the 
calculation of the bulk density of solutions to 25 °C due to the lack of measurements at other temperatures. 
The objective of the paper is to continue the work initiated in 2002 by accounting for the dilation of the 
temperature effect, building a “modified isopiestic law” and implementing the Pitzer methodology. A 
comparison with other available density laws such as the Kumar and Sakuraï laws is then necessary to 
validate the implementation. 
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Abstract/Keyterms: Experimental nuclear criticality data are unavailable for many special actinides so 
subcritical limits are established using computations and conservative practices. Computations are done 
using codes in the SCALE6.1 system and the MCNP6, version 1.0, Monte Carlo code with cross sections 
based on Evaluated Nuclear Data File (ENDF) B-VI, B-VII.0, and B-VII.1 data. Both SCALE multigroup 
and MCNP continuous energy cross sections are used to estimate critical masses of unreflected, stainless 
steel reflected, and water reflected spherical 247Cm metal/water systems. For well moderated systems the 
critical masses derived using ENDF/B-VII data are about half those previously reported. The difference 
appears to be caused by changes in the ENDF/B-VII fission cross sections and an overall increase in the 
value of �̅�𝜈. Subcritical mass limits are derived based on the critical mass estimates. 



 

C-7428 

7415…..…..…………………..…….……..……ID Number…………………..…..…………….7415 

Author: Brown, F. B. / Rising, M. E. / Solomon, C. J. / Bull, J. S. 

Title: MCNP6 Status and Plans for Criticality Safety Applications 

Date: 9/13/2015 

Report: ICNC’2015, 0087-0093 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: Criticality Codes and Nuclear Data—I 

Abstract/Keyterms: The first production version of MCNP6 was released in 2013, with an update in 2014. 
MCNP6 provides all of the standard methodology for criticality calculations available in previous versions 
and new capabilities for adjoint-based sensitivity profiles and perturbations. This paper reviews the current 
status of MCNP6, including new features, performance improvements, verification testing, and nuclear data 
libraries. For criticality safety support, a new statistical package called Whisper was developed and first 
applied in 2014 for validation and determining USLs. Whisper includes input files and sensitivity profiles 
for over 1000 ICSBEP benchmarks and will be distributed with MCNP6. For the long term, an initiative 
called MCNP 2020 is underway to improve performance, strengthen the code foundation, and prepare for 
future computer systems. 
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Abstract/Keyterms: The PP Active Feed Tank (PPAFT) is a buffer tank that is not safe by geometry and 
which is located between the Medium Active (MA) and Plutonium Purification (PP) cycles of the chemical 
separation process in the Magnox Reprocessing Plant. The PPAFT receives Pu nitrate in acid which has 
been conditioned ready for the extraction of Pu with TBP/OK (tri-butyl phosphate in kerosene) solvent in 
the PP Cycle. The criticality safety case for the PPAFT recognises that during both normal operations and 
potential maloperations solvent which is dissolved (TBP which is present in solution but can be released 
upon a change in acidity) and entrained (TBP/OK physically carried over but not in solution) will 
accumulate in the PPAFT. The only practicable route out for Pu in solvent in the PPAFT is the normal 
process route out from the base of the PPAFT to the PP cycle through intermediate vacuum lift and feed 
vessels. However, the dished end base of the PPAFT and the intermediate vacuum lift and feed vessels are 
of particularly challenging geometry. There are five neutron monitors placed around the PPAFT for the 
detection of Pu in solvent. The original design intent of the neutron detection system was that any single 
monitor should be able to reveal an accumulation of Pu in solvent before it would potentially be unsafe if 
fed downstream. However, over time there have been changes to the fuel feed and chemical process of the 
plant which have had the potential to affect the performance of the neutron monitoring system. The ability 
of the neutron monitoring system to function to its original intent was questioned. Work has recently been 
carried out to investigate the capabilities of the PPAFT neutron monitoring system for current plant 
conditions and to identify potential improvements while making best use of the existing neutron monitors. 
It was found that moving a neutron monitor from the side to the top of the PPAFT and adding alarms based 
on the ratio of signals from multiple neutron detectors would be effective in improving detection of Pu in 
solvent. This paper describes the challenges involved in detecting thin layers of Pu in solvent using neutron 
monitors, discusses the improvements made to the PPAFT neutron monitors and details the combination of 
real plant data and modelling with the shielding code MCBEND used to provide confidence in the enhanced 
neutron monitoring system. 
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Abstract/Keyterms: Following a revealed sustained loss of reductant feed to the Primary Separation 4 
(PS4) U/Pu separation contactor in the Magnox Reprocessing Plant in 2014 the solvent extraction cycles 
were safely shutdown. However, initial mass balance calculations indicated that over four times the typical 
mass of Pu could be present in PS4. Due to the loss of reductant feed, much of this Pu was expected to be 
in the solvent phase of Tributyl Phosphate and Odourless Kerosene (TBP/OK) where it would be difficult 
to observe with the neutron monitors located under PS4. Samples were taken of the solvent in PS4 which 
confirmed the presence of Pu in solvent; normally almost all of the Pu in PS4 is in the aqueous phase. The 
volume ratio of solvent to aqueous in the PS4 contactor is high. This meant that simply re-dosing PS4 with 
reductant could not be supported as a recovery option due to the potential to realise high Pu concentrations 
in the aqueous phase. This paper details the recovery options which were considered and the ultimate 
decision to recover PS4 using Gadolinium (Gd) poisoning and Gd-dosed reductant feeds. The recovery 
included: • The need to consider the impact of Gd poisoning on monitoring of the recovery with the PS4 
neutron monitors • Close support from criticality safety personnel on the plant at all times during the 
recovery • Production of operator aids and short fit for purpose safety documentation to assist with the 
recovery. The recovery of PS4 proceeded safely and smoothly. There were no losses of Pu to raffinate 
streams despite the prolonged shutdown. The plant was then safely rundown to flush out residual Pu and 
Gd. 
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Abstract/Keyterms: A recent event in the Magnox Reprocessing Plant involved the loss of reductant feed 
to a contacting vessel and required the plant to be shutdown. The criticality team attended the site out-of-
hours to facilitate the production of a recovery plan. This initial recovery plan involved manual dosing of 
the contactor with reductant but was heavily dependent upon initial information regarding the length of 
time the maloperation had been occurring. Key assumptions fundamental to maintaining criticality safety 
during the planned recovery were clearly highlighted in the assessment that was written to support the 
operation, which allowed informed decisions to be made regarding the adequacy of the plan, once further 
information emerged suggesting the fault had been ongoing for much longer than originally assumed and 
therefore the amount of Pu in the contactor was much higher than initially thought. 
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Abstract/Keyterms: The Research and Test Reactor (RTR) manufacturing operation produces aluminum 
clad fuel plates that are assembled into “box type” elements that are used in reactors like the Advanced Test 
Reactor, University of Missouri, and Massachusetts Institute of Technology. These fuel plates and elements 
are stored in both horizontal and vertical arrangements during the manufacturing process. Since the 
presence of water is so important to criticality safety of the operations, a study was undertaken to establish 
credible levels of water moderation. At the NCSD 2013 Topical meeting, credible levels of interspersed 
water moderation from multiple sources including firefighting, steam and rain were presented. This covered 
the initial portions of the research. Subsequent research was conducted on water films resulting from these 
water sources. This phase of the research involved the formation of water films. These can form from 
condensation, water sprays or immersion. The thickness of the water films from these sources ranged from 
0.04 cm to 0.30 cm for vertical fuel plates. Studies were also conducted on horizontal plates, stacks of plates 
and assembled elements. For fuel plates, the films ranged from essentially zero for stacked plates to 0.25 
cm. For an element, there was sufficient adhesion that all of the channels were filled. 
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Abstract/Keyterms: Demolition of the K-25 Gaseous Diffusion Plant required establishing a non-credible 
risk of inadvertent criticality because a Criticality Accident Alarm System (CAAS) could not be reliably 
maintained operable as the building was being torn down. Preparation for, and demolition of, the facility 
was a multi-year long effort with significant changes in approach. The most significant change was to 
demolish the facility with as much of the process gas equipment and piping left in the facility as possible, 
rather than removing all process gas equipment and piping from the facility prior to demolishing the 
building structure only. The contractor had to adapt their approach to accommodate these changes. The 
normal approach to demolition was to remove all process gas equipment and piping prior to demolition, 
using Nuclear Criticality Safety (NCS) controls based on the double contingency principle, while CAAS 
coverage was intact. Then, the building structure was demolished with no requirement for a CAAS. This 
was the method used to demolish the K-33 Building, for example. In the case of K-25 demolition, all 
equipment and piping that met the Environmental Management Waste Management Facility (EMWMF) 
disposal cell Waste Acceptance Criteria (WAC) was left in the building and removed as part of the building 
demolition process. This resulted in significant quantities of fissionable material remaining in the building 
and being handled during demolition. The NCS Organization worked closely with several groups during 
preparation activities. A Data Management organization was established to specifically identify every piece 
of process gas equipment and piping in the facility so that it could be accounted for and characterized. 
Deactivation & Decommissioning (D&D) personnel conducted internal visual inspections, by remote 
camera, of all process gas equipment and piping larger than 3” diameter, to reveal any large deposits that 
would require removal. Non-Destructive Assay (NDA) of the vast majority of equipment and piping was 
required to quantify the amount of fissionable material remaining. Finally, all process gas equipment and 
piping larger than 3” diameter was internally filled with foam, which was credited by NCS with 
immobilizing the remaining fissionable material such that large migration and accumulation could not occur 
during demolition activities. NCS personnel worked closely with all of these groups in order to acquire the 
data and information needed to establish a non-credible risk of inadvertent criticality during building 
demolition. Good communication and a close working relationship between NCS, the various 
D&D/characterization personnel, and the Department of Energy (DOE) ensured the success of the modified 
approach to building demolition. The same successful approach is currently underway in the K-27 Building 
as well. 
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Abstract/Keyterms: In the United Kingdom, the legal framework for nuclear safety is established 
principally through the Health and Safety at Work Act 1974 (HSAW74) and the Nuclear Installations Act 
1965 (NIA 65). Under HSAW74, employers are responsible for reducing risks, so far as is reasonably 
practicable, to their workers and others (including the public). This responsibility is elaborated further in 
relation to nuclear sites by NIA65, which establishes a nuclear site licensing regime whereby Nuclear Site 
Licenses are granted and subsequently regulated by the Office for Nuclear Regulation (ONR) within the 
Health and Safety Executive (HSE). In essence, ensuring that a risk has been reduced to “As Low As 
Reasonably Practicable” (ALARP) is about weighing-up the risk against the sacrifice needed to reduce it. 
To avoid having to make this sacrifice, the Nuclear Site License holder (the Site Licensee) must be able to 
show that it would be grossly disproportionate to the benefits of risk reduction that would be achieved. 
Using “reasonably practicable” allows the ONR to set goals for the Site Licensee, rather than being 
prescriptive. This flexibility can be a great advantage in that it allows the Site Licensee to consider a variety 
of options, and hence supports innovative approaches. However, it has drawbacks in that it requires both 
the Site Licensee and the regulators to exercise judgement; in reality, many decisions about risks and the 
measures that achieve ALARP are not straight-forward. Fortunately, various resources are available to the 
Site Licensee to aid these decisions. Three key facilities on the Westinghouse, Springfields Fuels Limited 
site at Preston in the UK (including the National Nuclear Laboratory’s Preston Laboratory) undertake the 
clean-up of legacy residues from both fuel manufacturing operations on the site itself (dating back well 
over fifty years) and the wider nuclear industry. This paper discusses the key features of these three facilities 
to illustrate how ALARP considerations have shaped the operating regimes and associated criticality 
controls in those areas. 
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Abstract/Keyterms: Any accident at a nuclear facility impacts all departments involved in the operation 
of the facility. The radiological release that occurred on February 14, 2014 has halted all waste disposal 
operations at the Waste Isolation Pilot Plant (WIPP) and has resulted in detailed reviews of all safety 
management programs. This paper describes the initial reactions to the event, criticality issues with 
recovery operations, corrective actions for the criticality safety program from independent reviews, and the 
importance of configuration management to criticality safety. The nature, location, and timing of the event 
resulted in significant delays in determining the cause of the event. During this time multiple theories on 
the initiator of the event were postulated including an inadvertent criticality event. However, the timing of 
the event, average fissile gram equivalent (FGE) loading of waste containers compared to analyzed FGE 
loads, and isotopic analysis of fixed air samples taken during the event proved it was not an inadvertent 
criticality event. Recovery activities such as replacing contaminated high efficiency particulate (HEPA) 
filters and disposing of site generated waste have also been reviewed to prevent criticality safety issues. 
Post event corrective actions in all departments have impacted how future operations at WIPP will be 
conducted, including corrective actions for the criticality safety program. The event has also proven the 
importance of configuration management and the effect a change can have on a process. 
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Abstract/Keyterms: Machining processes involving Enriched Uranium (EU) at the UK Atomic Weapons 
Establishment have historically required the use of a liquid coolant to ensure product quality and to provide 
protection against hazards associated with ignition of the EU swarf in the non-inert gloved air box 
atmosphere. This coolant is typically provided by closed circuit re-circulating systems utilising large 
volume tanks to contain the bulk coolant. Small losses of EU to the coolant tank are experienced during the 
machining process leading to accumulation over time. This expected and appropriate measures are put in 
place to control such accumulations to ensure criticality safety during the operational phase. The original 
design intent made no specific provision for recovery of the EU as it was not expected to be required based 
on the anticipated losses and design lifetime of the tanks. However, in support of ongoing operations it has 
become necessary to develop a process to remediate out of service coolant tanks to recover the EU and to 
replace the coolant and some of the end-of-life tank components. Detailed optioneering has been undertaken 
to develop a process that addresses all the relevant hazards, including nuclear criticality safety. Non-
destructive assay techniques have been developed to help determine the inventory of EU present and 
consequently the level of control required during the remediation process. This has led to the selection of 
favourable geometry collection vessels that not only afford significant defense-in-depth against criticality 
hazards during the remediation work but also satisfy interim storage requirements. These vessels may also 
be of interest to other operators. This paper presents an overview of the history of operation of the coolant 
tanks and proposed remediation process and provides an overview of the criticality safety case that has been 
developed to support it. It is anticipated that the remediation work will be undertaken before 2019 allowing 
the findings and lessons learnt (including validation of non-destructive assay results on expected hold up) 
to be reported at the next ICNC. 
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Abstract/Keyterms: This paper is a four-year update (i.e. 2011 – 2015) about the progress and activities 
of the International Organization for Standardization (ISO), Technical Committee 85 (TC85) on Nuclear 
energy, Subcommittee 5 (SC5) on Nuclear fuel cycle, Working Group 8 (WG8) on Nuclear criticality 
safety. The update provides a brief summary of historic standards developed by ISO TC85/SC5/WG8 and 
descriptions about evolving standards for nuclear criticality safety. The update describes the potential value 
and relevance of indigenous standards and technological developments by OECD regarding nuclear 
criticality safety standards. Elements of the published WG8 ISO standards that have been incorporated into 
International Atomic Energy Agency non-consensus guides and standards are provided. A review of 
international participation and needed participation is also addressed along with the benefits to ISO 
participating member countries. 
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Abstract/Keyterms: Criticality safety cases have been produced to justify the omission of criticality alarms 
from the fuel routes of EDF Energy’s UK power stations. This work has addressed the UK regulator’s 
expectations that adequate criticality warning systems should be provided wherever fissile material is 
present, unless a safety case shows that no criticality excursion could give any individual a whole body 
dose exceeding the annual whole body dose limit of 20 mSv, or that the predicted frequency of such 
excursions is acceptably low. In the UK, EDF Energy operates eight nuclear power stations; one Pressurized 
Water Reactor (PWR) and seven Advanced Gas-cooled Reactor stations (AGRs). At these stations, the term 
“fuel route” is used to encompass all of the ex-reactor arrangements for the handling and storage of both 
new fuel and discharged irradiated fuel. These fuel routes were all designed in the 1980s (or earlier), using 
sound deterministic criticality safety principles, from which it was concluded that criticality alarms were 
not required in any of these areas. Subsequent changes to UK regulations have resulted in the need for the 
stations’ criticality safety cases to be updated to include formal justifications for the omission of criticality 
alarms from these fuel routes. The EDF Energy Criticality Incident Detection System (CIDS) omission 
cases have been produced using the principles originally developed for UKAEA in the early 1960s by 
Aspinall and Daniels. These principles continue to be regarded as a best-practice approach by UK industry. 
Modern UK regulations also incorporate the ALARP principle, which requires operators to minimize and 
balance all of the safety risks from power station operations, so that the risks to both the public and to 
workers are As Low As is Reasonably Practicable. This paper describes how the work undertaken used the 
so-called Aspinall and Daniels criteria in conjunction with the requirements of the ALARP principle. The 
fuel storage pond at the Sizewell B PWR was addressed by dose calculations to show that, from the 
shielding effects of the concrete structure and the pond water, the potential consequences of a criticality 
accident could not result in a radiation dose in excess of 20 mSv. All of the other fuel route areas were 
addressed on the basis that, even if all of the active engineered and administrative criticality controls were 
to fail, a criticality accident would still not be reasonably expected, i.e. the predicted frequencies of all such 
excursions are acceptably low. 
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Abstract/Keyterms: What’s in a name? The purpose is to demonstrate a need for better definitions, how 
to achieve that and how to use them. A controversial definition, nuclear criticality, and implementation of 
available directives for preparation of standards have been selected for illustration. The definitions of bias 
and a few other terms are discussed briefly. Reliable communication, supported by established standards, 
is essential to (nuclear) criticality safety. Sufficiently accurate, without necessarily being scientific, and 
consistent definitions are required. A term is the name of a concept (a general idea or understanding of 
something). A definition is a link between a term and a concept. A concept may be complex but the term 
and the concept description should be exchangeable in the text they are used. They have identical meanings. 
Established standards include ANSI/ANS and ISO consensus standards, the IAEA Safety Glossary and the 
IAEA Transport Regulations. The report LA-11627-MSand the associated ANS Glossary of Terms in 
Nuclear Science and Technology are sources for the consensus standards. In the spring of 2015, ISO 
approved a new terminology standard for the nuclear fuel cycle (excluding reactors). In response to an ISO 
member state proposal, a definition of nuclear criticality, based on the IAEA Safety Glossary, was added 
at the very last moment by the high-level (not criticality safety only) working group preparing the new 
standard. The ISO criticality safety working group, after some discussion, did not provide any comment on 
a nuclear criticality definition to the terminology working group. As a concept, nuclear criticality has a very 
precise “reactor physics” meaning. Criticality, as a term related to fission chain reactions, is used in some 
contexts to cover less precise meanings (“loosely”) or as a constituent of a combined expression for rather 
different concepts. Criticality may thus be loosely used to mean “criticality or something worse”, a 
criticality accident, a different concept with its own definition. The new definition proposed by the ISO 
member state was based on such use. What does fraction of a critical mass, e.g. 40 %, mean if the critical 
mass has an unspecified keff value larger than unity? Bias, typically an estimated deviation from the correct 
value in a measured or a calculated value, is sometimes used to mean the opposite concept, bias correction. 
That is a direct cause of safety concern since the conflicting concepts may be used in the same document 
or evaluation. 
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Abstract/Keyterms: The UK’s regulatory regime is based on License Conditions (LCs) attached to a 
Nuclear Site License (NSL) and is non-prescriptive in nature. The law requires licensees to reduce health 
and safety risks to workers and the public “so far as is reasonability practicable” (SFAIRP), and this 
framework provides licensees with flexibility to achieve this. Guidance for inspectors on the assessment of 
nuclear safety cases has been published in Office for Nuclear Regulation’s (ONR) Safety Assessment 
Principles (SAPs) and supporting Technical Assessment Guides (TAGs). These guidance documents have 
recently been reviewed in the light of the Fukushima accident. The opportunity has also been taken to 
reconsider the use of the Double Contingency Principle used in criticality safety cases, an approach 
commonly regarded as the preferred means of criticality control internationally and featured in the SAPs 
and TAGs. Licensees in the UK have adopted several approaches in nuclear criticality safety cases based 
upon a combination of deterministic and probabilistic safety cases using the Double Contingency Principle 
and Design Basis Analysis. ONR has developed a targeted intervention to sample a number of nuclear 
safety cases in order to test the adequacy of methodologies used to secure nuclear criticality safety. This 
paper reports the results of this intervention and considers the need to review the advice currently given by 
the UK nuclear regulator, including on use of the Double Contingency Principle. 
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Abstract/Keyterms: IRSN has developed a database gathering the events which have affected the safety 
of French fuel cycle facilities (from conversion to waste storage, laboratories and experimental facilities, 
facilities under dismantling and decommissioning). Among all the recorded events, it is possible to extract 
in particular those impacting the criticality safety. In order to extend the analysis of these events, the IRSN 
criticality safety department has developed a specific database dedicated to criticality risks. The “criticality 
events “database is continuously updated on the basis of the declared events and their analysis by engineers 
from the criticality safety department. At this time, about 380events (on 540 identified since 1980) are 
described in details in this database. Thus, the number of events in facilities can be between 1 and 75. It is 
possible to establish a link, as a feedback, between the “criticality events “database and the sequences of 
events identified in the IRSN nuclear criticality safety guide. Indeed, the purpose of this guide is to be a 
support for criticality safety analysis or assessment. The guide is in the form of diagrams and gives advice 
to perform an assessment of criticality risks for each criticality control mode and for the reference fissile 
medium. Thus, the guide presents the parameters to be considered in the analysis and the typical sequences 
(written in the form of questions) related to the most current failures to be investigated. With the objective 
of being able to illustrate the nuclear criticality safety guide, it was decided to select the events of the 
database which are representative of the sequences. Thus, 70 sequences have been illustrated up to now by 
one or several events analyzed in the “criticality events “database. Furthermore, this action allows 
“extending “the nuclear criticality safety guide with sequences which had not yet been identified (when an 
event cannot illustrate a failure listed in the diagrams). This paper will describe the approach used to build 
the “criticality events.” 
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Abstract/Keyterms: Hitherto, in France, licensees used to demonstrate compliance with Fundamental 
Safety Rule I.3.c. This Rule sets out the principles for demonstrating Nuclear Criticality Safety in all nuclear 
facilities (excluding reactors). Although there is a good level of consensus between the licensees and the 
Regulator, this Rule is now somewhat dated (it came into force in 1984) and does not cover all aspects. The 
French Nuclear Safety Authority (ASN) used the 2006 Law on Transparency and Nuclear Safety as the 
catalyst for a thorough revision and updating of its regulatory documentation. Thus, in 2010, ASN decided 
to set up a “criticality working group” involving ASN, the licensees (AREVA, CEA, EDF…) and the 
Technical Safety Organization (IRSN). This group was tasked with drafting a regulatory text (a 
“resolution”) and a criticality guide. The objectives were to update Rule I.3.c, clearly defining the scope 
for reactors and transport packages of fissile material, to further develop areas not covered in the existing 
rule and to take account of the feedback and lessons learned from past events. Thus, this paper presents the 
status of French regulations concerning Nuclear Criticality Safety (NCS). Firstly, it focuses on the existing 
Rule I.3.cand then explains how this will be modified by the forthcoming improvements to the resolution 
and the criticality guide. It in particular addresses the scope of the new regulations (concerning reactors and 
the transport of fissile material), how the principle of defense in depth is to be applied to criticality safety, 
the double contingency principle, control modes, the reference fissile medium, the organization, the role of 
the Criticality Engineer, admissibility criteria, validation, etc. 
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Abstract/Keyterms: The Department of Energy (DOE) Nuclear Criticality Safety Support Group (CSSG) 
came into being as a response to the DNFSB recommendation 1997-2 “Criticality Safety” which dealt with 
the continuation of criticality safety at defense nuclear facilities in the Department of Energy Enterprise. 
The DNFSB was concerned over the lack of capability management of practical experience pertinent to 
avoiding a criticality accident in non-reactor environments. One of the specific recommendations of 1997-
2 was to “Identify a core group of criticality experts experienced in the theoretical and experimental aspects 
of neutron chain reactions to advise on the above steps and assist in resolving future technical issues”. The 
CSSG, a group of 10 recognized experts in criticality safety, was chartered in late 1997 to address the 
recommendation. Members of the CSSG are drawn from DOE employees and contractor staff to provide 
advice and technical support to help meet the criticality safety needs of DOE missions, including stockpile 
stewardship, materials stabilization, transportation, storage, facilities lifecycle (design through 
decommissioning), and waste disposal. The CSSG is an integral part of the DOE Nuclear Criticality Safety 
Program (NCSP) developed to maintain and enhance the operational and technical criticality safety 
expertise and capability within the Department of Energy Enterprise. This paper outlines the history, 
purpose and continuing contribution of the CSSG as well as providing an understanding of the interfaces 
between the DOE CSSG, the DOE Criticality Safety Coordinating Team (CSCT), the ANS Nuclear 
Criticality Safety Division and the EFCOG Criticality Safety Subgroup. 
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Abstract/Keyterms: Japan has recently started the technical development of the direct disposal of used 
nuclear fuel (UNF) to prepare various disposal options. Unlike the disposal of radioactive waste from UNF 
reprocessing, criticality safety is important here because of the presence of a certain amount of fissile 
nuclides in UNF. This paper provides an outline of the research to be addressed in this field and the relevant 
studies in Japan. It especially includes the first result of a criticality safety evaluation of a disposal canister 
model adopting burnup credit. In this evaluation, it was assumed that a steel disposal canister loaded with 
fuel assemblies was surrounded by a clay buffer material, and the fuel assemblies and the disposal canister 
were intact. Conditions representative of discharged pressurized-water reactor (PWR) fuel were applied in 
this study—initial U-235 enrichment of 4.5 wt.% and burnup of 45 GWd/t. The isotopic composition of the 
burnt fuel was evaluated using SWAT3.1 code. In the depletion calculation, conservative parameters were 
applied within the typical PWR operation range. The effective neutron multiplication factor (keff) was then 
calculated using a continuous-energy Monte Carlo code MVP-2.0, adopting the JENDL-4.0 nuclear data 
library. Uncertainty in keff due to depletion calculation errors was evaluated using the correction factors of 
isotopic composition, which were obtained via multiple comparisons between the calculated and measured 
isotopic concentrations of irradiated fuels. In addition, the effects of axial burnup profile and horizontal 
burnup gradient on keff were evaluated using the open burnup distribution database. The keff including the 
uncertainties and conservatism was found to be below 0.95 for both actinide-only and actinide and fission 
product considerations when the fuel assemblies and the disposal canister were assumed to be intact. 
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Abstract/Keyterms: The concept of taking into account the reduction of the reactivity of nuclear used fuel 
due to their burnup is referred to as “Burnup Credit” (BUC). Economic incentives offered by the 
implementation of a BUC methodology in criticality analyses of Light Water Reactor (LWR) used fuel 
facilities are nowadays well-demonstrated. The current prospect of reprocessing the fissile and fertile 
subassemblies of the PHENIX reactor in France, and the development of the 4th-Generation Fast-neutron 
Reactors (FR) enable research projects in relevant fuel cycle operations. Under these circumstances, the 
CEA and AREVA-NC have decided to study a burnup credit approach for irradiated fuels of the PHENIX 
reactor. This paper focuses on a preliminary investigation on the use of burnup credit for used fuel 
operations. The first step consists in analyzing and selecting the nuclides of interest for burnup calculation, 
on the basis of the 27 BUC nuclides (12 actinides and 15 fissions products) chosen for LWR-MOx fuels 
[1].These nuclides are then involved in a criticality calculation (a used fuel pool) to highlight the interest 
of a BUC approach. This study highlights the interest of a burnup credit approach for FR fuels and shows 
that the highest contribution to reactivity loss is due to only one fission product: the 149Sm.The opportunity 
to take account of only one fission product is highly promising and will considerably simplify the way to 
determine a penalizing fuel inventory. Moreover, it is to notice that results for different configurations may 
differ from those obtained for a fuel storage application. Thus, specific analyses have to be carried out in 
order to study the applicability of the conclusions of this paper. 
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Abstract/Keyterms: Accurate calculations of the isotopic composition of spent nuclear fuel play a 
fundamental role in several parts of nuclear energy. An important example is the use of burnup credit in 
criticality safety analysis, where the results gained from depletion calculations are used to determine the 
fuel composition in subsequent criticality calculations. The work presented here is a sensitivity study for 
depletion calculations of high-burnup fuel samples from the Vandellos II PWR that entails an unusually 
detailed evaluation of assay data. In addition to investigating the impacts of experimental uncertainties on 
the calculated isotopic composition, the consequences of various modelling approaches are studied to give 
quantitative estimations of the impact on accuracy. Furthermore, the reactivity of the calculated fuel 
composition is tracked, because this the integral characteristic of the irradiated fuel that one is actually 
interested in for burnup credit applications. While the sensitivity study is performed only for one of the nine 
experimental samples of the Vandellos II assay data, the lessons learned lead to evaluation models with 
different levels of model detail for all fuel samples. The results show that the discrepancies between the 
measured and calculated isotopic compositions are considerably larger than the uncertainties inherent in 
the measurement and the calculation method would indicate. This not unexpected, since large discrepancies 
are a common result of assay data recalculations. However, the unusually extensive sensitivity study 
performed here allows to exclude some possible sources of error: since the influence of experimental 
uncertainties like fuel assembly geometry and reactor parameters on the isotopic composition is shown to 
be small, one valuable conclusion of this study is to focus more on the measurement uncertainties of the 
chemical assay itself, and the nuclear data that the calculation is based upon. The study also demonstrates 
that using the reactivity of the depleted fuel as an additional comparison point between measurement and 
calculation can provide some orientation regarding the importance of the manifold influences on calculation 
results. Tracking this integral characteristic of the depleted fuel is very helpful in focusing on the actual 
impact of the depletion calculation uncertainties on criticality safety. 
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Abstract/Keyterms: A dry storage array of used nuclear fuel at the Idaho National Laboratory contains a 
mixture of more than twenty different types of research and test reactor fuels. Significant neutronic 
interaction occurs between fuel canisters within this large storage arrangement of 636 fuel storage canisters. 
Nuclear criticality safety is maintained primarily by moderation control and through control of neutron 
interaction and leakage provided by the credited geometry. Over the nearly forty years of operation the 
collected fuels are now arranged in a configuration that does not minimize the system neutron multiplication 
factor (keff). This creates a concern since the entire remaining facility storage capacity cannot be utilized 
without exceeding the system minimum subcritical state (ksafe) for ensuring nuclear criticality safety. This 
work determines a more optimal arrangement for the stored fuels with a goal to minimize the system keff, 
but also with a minimum of potential fuel canister relocation movements. The ultimate goal is to establish 
a solution for this multiple-objective optimization problem by finding the Pareto Front for maximum keff 
reduction versus the number of canister relocations. The process first required additional analysis of the 
array by Monte-Carlo neutron transport codes (specifically, MCNP) to gain a greater understanding of the 
interaction characteristics of the disparate fuel types. Some stored fuels are composed of primarily metallic 
and oxide components that provide very little inherent moderation, while other fuel types contain graphite 
or zirconium-hydride which can contribute a significant amount of moderation. These factors cause a 
complex relationship within a fuel arrangement with respect to thermal utilization and axial leakage 
probability. The new MCNP analysis was utilized to develop a simplified spreadsheet-based empirical 
model which simulates the array keff result. This empirical model was benchmarked against additional 
MCNP calculations for various arrangements and then employed in the optimization analysis. A Tabu 
metaheuristic and stochastic approximation optimization was applied to the empirical model with the 
optimization function to minimize the array keff. The optimization algorithm interrogated the empirical 
model to determine the optimal rearrangement for up to sixty canister movements. The Pareto Front was 
found, which shows that a limited number of canister relocation movements could allow the existing thirty-
one empty array positions to be filled with common research reactor fuels while also yielding a reduction 
in the overall array keff relative to the current arrangement. This will impart an improvement in the facility 
utilization while also offering an enhancement in the safety margin. The reduction in array reactivity has 
been confirmed by a final set of MCNP calculations with the proposed new arrangements. 
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Abstract/Keyterms: For the criticality safety control of damaged nuclear fuel, i.e., fuel debris, accounting 
for burnup credit (BUC) may become important if higher initial-uranium-enrichment fuel almost 5wt% 
loaded into the reactor. In this case, if the presence of fission products (FP) could be confirmed, the negative 
reactivity effect of FP allows us to treat a substantially greater quantity of fuel debris in one removal and 
storage operation. In the technical development of the criticality safety control for fuel debris from the 
Fukushima accident in Japan, adopting BUC assuming the presence of the FP is being considered because 
the fuel used in the Fukushima Daiichi Nuclear Power Plant had a higher initial 235U enrichment, i.e., 
almost 5wt%, than the fuel used at TMI-2. The Expert Group on Burnup Credit Criticality Safety (EGBUC) 
under the Working Party on Nuclear Criticality Safety (WPNCS) in the OECD/NEA Nuclear Science 
Committee carried out international burnup calculation benchmarks “Phase-IIIB” and “Phase-IIIC” for 
BWR fuel assemblies. In these benchmarks, the differences in the 155Gd calculation results of the 
participants generated keen interest because these differences were rather large. As the coordinators of the 
Phase-IIIC benchmark, the authors have conducted additional analyses on the accumulation of the 
gadolinium isotopes in used nuclear fuel during burnup. Without cooling time, the assembly-averaged 
amount of 155Gd against the burnup value depends on the burnout property of gadolinium in burnable 
poison rods. This because the amount of gadolinium isotopes accumulated owing to the fission reaction is 
less than the residual gadolinium in the burnable poison rods. After the burnout of gadolinium isotopes in 
the burnable poison rods, the amount of 155Gd isotopes remains almost constant, which is defined by the 
balance between depletion due to the neutron capture reaction and generation due to beta-decay of 155Eu 
generated by the fission reaction. However, after a few years of cooling, the amount of 155Gd drastically 
increases owing to 155Eu decay. This effect is important for higher burnup fuel. In this case, the amount of 
gadolinium isotopes in the burnable poison rods is of less importance. This means that for better prediction 
of 155Gd, the adopted parameters and data pertaining to 155Eu generation have significantly greater 
importance than the burnup treatment of the burnable poison rods. The release behavior of europium as 
well as gadolinium during the severe accident should be examined. This paper provides basic information 
for considering 155Gd in the criticality safety evaluation of fuel debris. 
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Abstract/Keyterms: Estimation of the burn-up value and the corresponding isotopic composition of the 
nuclear fuel are the most important subjects for criticality analysis and source term estimation in the 
framework of spent fuel management. The only practical way to estimate the fuel composition and burn-up 
value is the isotopic depletion calculation with well qualified codes and nuclear data. Such qualification 
requires the availability of well evaluated experimental measurements to be used as benchmarks. The 
purpose of this study is evaluation of the isotopic measurements of M11 sample in REBUS project in order 
to judge their adequacy for qualification of the codes and libraries. Additionally, the sensitivity analyses to 
manufacturing and operation parameters are performed in order to obtain the uncertainty due to both types 
of parameters. 
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Abstract/Keyterms: The damaged Unit 1–3 reactors of the Fukushima Daiichi Nuclear Power Station may 
contain fuel debris of a significant amount that is in a form of molten-core-concrete-interaction (MCCI) 
product with porous structure. Such low density MCCI product including fissile material is a great concern 
for its criticality control, especially under submerged condition, due to its fairly good neutron moderation. 
This report shows computation results of basic criticality characteristics of the MCCI product, which will 
facilitate criticality risk assessments during decommissioning of the reactors. The results imply that water 
bound in concrete may raise the risk from the viewpoints of possibility of criticality events and of 
effectiveness of mitigation measures such as neutron poison injection into coolant water. 
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Abstract/Keyterms: In accordance with NRC Information Notice 2011-03: Nonconservative Criticality 
Safety Analysis for Fuel Storage, a US nuclear power plant reviewed their analysis of record (AOR) for 
possible nonconservative technical specifications related to the criticality safety of fuel storage. During this 
review, it was determined that some legacy fuel assemblies did not meet all the assumptions of the AOR, 
but did meet the plant Technical Specifications. The plant entered into an Operability Evaluation in order 
to evaluate the moderator temperature and boron concentration assumptions used in the AOR, as well as 
evaluate the impact of including additional biases and depletion uncertainties for the non-borated case. As 
this study was part of a response to the NRC Information Notice, a full assessment was not conducted. A 
re-analysis of the spent fuel rack in accordance with current practices was performed. This analysis used 
the bounding core conditions, and included all biases and depletion uncertainties. The results challenged 
the 10CFR50.68(b) requirement that “the k-effective must remain below 1.0 (subcritical), at a 95 percent 
probability, 95 percent confidence level, if flooded with unborated water.” Credits for additional reactivity 
offsets were then analyzed. Previous assumptions for the measurement uncertainty were evaluated and 
subsequently reduced. New values for the depletion bias and uncertainty were applied. More detailed, 
realistic modeling was used to remove conservatisms. The results showed that the storage racks met the 
10CFR50.68(b) criteria for the unborated case. 
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Abstract/Keyterms: A new array of four C6D6 detectors has been developed at the Rensselaer Polytechnic 
Institute Gaerttner LINAC center for the purposes of measuring neutron capture cross sections in the keV 
resonance region with low sensitivity to scattered neutrons. The new detection apparatus incorporates low-
mass, low cross-section materials to reduce neutron sensitivity, and uses digital data acquisition equipment 
to enable saving of the full waveform output of each detector module for offline analysis. Capture yields 
are determined by applying the total energy method and pulse height weighting technique during the 
analysis of the saved data. Measurements have been performed on samples of iron and tantalum using the 
new system, with results consistent with existing data libraries. 
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Abstract/Keyterms: Water ice can exist in many polymorphic phases as a result of the wide range of 
geometric ordering possible for the hydrogen bonds between H2O molecules. Ice Ih, which can form under 
normal atmospheric pressure at 273 K, is the most common type. Ab initio density functional theory, 
incorporating the generalized gradient approximation (GGA) for the exchange-correlation energy, is used 
to simulate the hexagonal structure of ice Ih and calculate phonon dispersion relations with harmonic lattice 
dynamics. While the unit cell for ice Ih contains four molecules with particular alignments of the H2O 
molecules possible, the structure has globally disordered proton arrangement. To improve capturing this 
random distribution, a 12-molecule unit cell is incorporated along with a 2×2×2 supercell. The total phonon 
density of states is determined by randomly sampling dispersion relations in the first Brillouin zone. The 
translational, librational, bending, and stretching modes are produced with high-quality resolution and are 
consistent with the optical peaks and ranges observed in Raman, infrared, and inelastic neutron scattering 
experiments [1]. The phonon spectrum is used to calculate the thermal scattering law for ENDF publication 
in the incoherent approximation, which is appropriate due to the relatively small coherent nuclear scattering 
cross section for H2O. These theoretical results are compared to experimental at 268 K and trends are found 
to be in good agreement. Finally, total scattering cross sections are calculated by integrating over to 
determine the incoherent inelastic cross sections and then separately adding the absorption and incoherent 
elastic components. These results are compared to experimental total cross sections for ice Ih at 115 K over 
a range of incident energies and found to provide excellent agreement. 
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Abstract/Keyterms: The SAMMY code was used to evaluate resonance parameters of the 56Fe cross 
section in the resolved resonance energy range of 0–2 MeV using transmission data, capture, elastic, 
inelastic, and double differential elastic cross sections. The resonance analysis was performed with the code 
SAMMY that fits R-matrix resonance parameters using the generalized least-squares technique (Bayes’ 
theory). The evaluation yielded a set of resonance parameters that reproduced the experimental data very 
well, along with a resonance parameter covariance matrix for data uncertainty calculations. Benchmark 
tests were conducted to assess the evaluation performance in benchmark calculations. 
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Abstract/Keyterms: Oak Ridge National Laboratory (ORNL) has recently completed the resonance 
parameter evaluation of four tungsten isotopes, i.e., 182,183,184,186W, in the neutron energy range of 
thermal up to several keV. This nuclear data work was performed with support from the US Nuclear 
Criticality Safety Program (NCSP) in an effort to provide improved tungsten cross section and covariance 
data for criticality safety analyses. The evaluation methodology uses the Reich-Moore approximation of 
the R-matrix formalism of the code SAMMY to fit high-resolution measurements performed in 2010 and 
2012 at the Geel linear accelerator facility (GELINA), as well as other experimental data sets on natural 
tungsten available in the EXFOR library. In the analyzed energy range, this work nearly doubles the 
resolved resonance region (RRR) present in the latest US nuclear data library ENDF/B-VII.1. In view of 
the interest in tungsten for distinct types of nuclear applications and the relatively homogeneous distribution 
of the isotopic tungsten— namely, 182W(26.5%), 183W(14.31%), 184W(30.64%), and 186W(28.43%) — 
the completion of these four evaluations represents a significant contribution to the improvement of the 
ENDF library. This paper presents an overview of the evaluated resonance parameters and related 
covariances for total and capture cross sections on the four tungsten isotopes. 
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Abstract/Keyterms: COre and System INtegrated Engine for design and analysis (COSINE) is an 
integrated nuclear engineering code package, which is being developed by State Nuclear Power Software 
Development Center (SNPSDC) in China. A lattice physics code named LATC is included in 
COSINE.LATC is a 2D, steady-state code for modeling PWR fuel. A WIMS-D 69 group micro library 
based on ENDF/B-VI is used and there are two transportation methods in LATC, such as two steps method 
(collision probability method for cell homogenization, discrete coordinate method for assembly 
homogenization) and one step method (MOC). The UO2 fuel assembly, which may contain guide tubes, 
burnable poisons such as Integral Fuel Burnable Absorbers (IFBA) / Wet Annular Burnable Absorbers 
(WABA)/ Pyrexes or control rods etc., can be calculated in LATC. LATC provides the required cross-
section data for the core physics simulator analysis code in COSINE. In order to evaluate the quality of the 
LATC, a strategy of validation is researched and applied to the LATC. Firstly, a validation requirement 
analysis performed, and the corresponding critical experiments are collected, and then a critical 
experimental matrix considering the variety of fuel enrichments, fuel pitch and water to uranium ratio is 
generated. Finally, a comparison of results between LATC using collision probability and discrete 
coordinate method and critical experiments are made to make sure that the code works well. According to 
the validation strategy discussed above, the preliminary validation is carried out and critical experiments 
are calculated according to the critical experimental matrix and results from LATC code are compared with 
reference results. The result shows that the calculated results agree well with critical experiments, and do 
not indicate any significant trends with respect to the various conditions considered. 
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Abstract/Keyterms: This paper presents a joint work conducted at CEA Saclay and JAEA Tokai aimed at 
comparing the Monte Carlo codes TRIPOLI-4® and MVP on a selection of ICSBEP benchmarks. Our goal 
is to establish a common set of Monte Carlo input decks, as a basis for rigorous inter-code comparison in 
criticality-safety. As a reference, we will use the MCNP Criticality Validation Suite: other Monte Carlo 
developers might easily join this effort in the future. For the purpose of inter-code comparison, the 
TRIPOLI-4® and MVP input decks have been exactly translated from those of MCNP, without any further 
assumptions. Both TRIPOLI-4® and MVP have been run with the same ENDF/B-VII.0 evaluated nuclear 
data and, as far as possible, the same simulation options as in the original LANL work (same initial source, 
same number of active and discarded cycles and neutrons per cycle). 



 

C-7458 

7445…..…..…………………..…….……..……ID Number…………………..…..…………….7445 

Author: Martinez, J. S. / Ade, B. J. / Bowman, S. M. / Gauld, I. C. / Ilas, G. / Marshall, W. J. 

Title: Impact of Modeling Choices on Inventory and In-Cask Criticality Calculations for Forsmark 3 BWR 
Spent Fuel 

Date: 9/13/2015 

Report: ICNC’2015, 0361-0374 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: Criticality Codes and Nuclear Data—II 

Abstract/Keyterms: Simulation of boiling water reactor (BWR) fuel depletion poses a challenge for 
nuclide inventory validation and nuclear criticality safety analyses. This challenge is due to the complex 
operating conditions and assembly design heterogeneities that characterize these nuclear systems. Fuel 
depletion simulations and in-cask criticality calculations are affected by (1) completeness of design 
information, (2) variability of operating conditions needed for modeling purposes, and (3) possible 
modeling choices. These effects must be identified, quantified, and ranked according to their significance. 
This paper presents an investigation of BWR fuel depletion using a complete set of actual design 
specifications and detailed operational data available for five operating cycles of the Swedish BWR 
Forsmark 3 reactor. The data includes detailed axial profiles of power, burnup, and void fraction in a very 
fine temporal mesh for a GE14 (10×10) fuel assembly. The specifications of this case can be used to assess 
the impacts of different modeling choices on inventory prediction and in-cask criticality, specifically 
regarding the key parameters that drive inventory and reactivity throughout fuel burnup. This study focused 
on the effects of the fidelity with which power history and void fraction distributions are modeled. The 
corresponding sensitivity of the reactivity in storage configurations is assessed, and the impacts of modeling 
choices on decay heat and inventory are addressed. 
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Abstract/Keyterms: Canadian Nuclear Laboratories’ (CNL) National Research Universal (NRU) reactor 
located at Chalk River Laboratories (CRL) first attained criticality in 1957. Outside of the reactor core, the 
safe handling and storage of fissile material including experimental fuel components is required to support 
NRU’s ongoing missions of research and medical isotope production [1]. Management of this fissionable 
material relies heavily on experienced operating staff, who perform work in accordance with a defined set 
of limits and restrictions as laid out in a Criticality Safety Document (CSD). Historically, the development 
of CSDs has relied heavily upon criticality safety analysts to gain sufficient knowledge about the facility. 
This has resulted in significant labor costs due to heavy use of computational methods. This paper describes 
a new approach for CNL to identify potential criticality scenarios, a “Criticality Hazard Identification” 
(CHI) technique, developed from traditional process-oriented hazard and operability analysis, to identify 
and define operating conditions, identify limits and restrictions for the handling of fissionable materials 
outside of the core. The approach permits thorough evaluation of potential criticality hazards, for both well-
understood historical and proposed future activities, by better leveraging the knowledge of operations 
personnel as well as other subject matter experts. The resulting document provides a detailed record of the 
various scenarios that were considered. These improvements to the CSD development and documentation 
process provide an additional benefit in terms of ease of modification to include new or changed activities 
within the limits and conditions. 
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Abstract/Keyterms: This paper considers the role of a nuclear criticality safety (NCS) program in 
protection of the nuclear facilities personnel as well as its mission and finances. It will discuss the author’s 
experiences in assessing and strengthening the NCS program at the Idaho Chemical Processing Plant 
following the 1978 criticality accident. The weaknesses in the program illuminated by the event and the 
structural changes that resulted will be discussed. The upgrades to the development of the Criticality Safety 
Evaluation process, the strengthening of the implementation of limits and controls and the defense of the 
enhanced program in later years will be presented. The author’s experiences with various problems in the 
NCS program at the Rocky Flats Plant in Colorado will also be detailed. The core problem of the disconnect 
between the NCS staff and the operators was addressed by a careful and cooperative rebuilding of the 
program by safety and operation staff. A key element in the new program was a clear assignment of 
responsibility for each program element and the role of a Criticality Safety Officer in each facility, reporting 
to and representing operations, in managing the communication flow and assuring the program field 
implementation so that the criticality risk reduction was as intended. From these practical experiences in 
focusing on identifying NCS program weaknesses and subsequent problem resolution, recommendation 
will be provided for elements of a robust NCS program. 



 

C-7461 

7448…..…..…………………..…….……..……ID Number…………………..…..…………….7448 

Author: Giroud, Philippe / Batifol, Béatrice / Cholvy, Laurent / Fillastre, Éric / Noyelles, David / 
Gagnier, Emmanuel 

Title: ATALANTE Research Facility—New Mass Limits in a Unit Containing Plutonium and Minor 
Actinides 

Date: 9/13/2015 

Report: ICNC’2015, 0390-0398 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: Operational Practices—II 

Abstract/Keyterms: ATALANTE, located in Marcoule, is one of the main Nuclear Facilities of the French 
Alternative Energies and Atomic Energy Commission (CEA). This facility is mainly dedicated to research 
and development for nuclear energy related to the back end of the fuel cycle: spent fuel and final waste 
management. It is a large research complex housing chemistry and analytical laboratories and shielded cells 
(240 glove boxes and 11 shielded cells), equipped for basic studies through to demonstration experiments. 
Within the facility, one unit can contain plutonium and curium at the same time. In this case, nuclear 
criticality safety is achieved by exercising control over mass. A subcritical mass limit is defined for 
plutonium (280 g for 239Pu) and an exemption mass limit (3 g for 245Cm) is used for the actinide. In order 
to increase the maximum mass (in particular 245Cm) which can be handled in the unit, new mass control 
limits were studied, based on control over the sum of the mass ratio to the upper subcritical mass, noted 
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, for each nuclide (350 g for 239Pu; 34.8 g or 23 g for 245Cm) as shown in equation (1) below. 
𝑚𝑚239𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚239𝑃𝑃𝑃𝑃+𝑚𝑚245𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚245𝐶𝐶𝑚𝑚 ≤1 (1) To validate this criticality safety control method, a 
study was conducted to demonstrate that, for different masses of 239Pu and 245Cm meeting equation (1), 
the calculated effective multiplication factor is always lower than the effective multiplication factor 
corresponding to a sphere of 350 g of pure 239Pu, moderated, with 20 cm water reflection. The two pseudo 
fissile media are: - metallic plutonium (100% 239Pu, density 19.86), moderated with water, - metallic 
curium (100% 245Cm, density 13.566), moderated with water. The calculation model is a sphere of 245Cm 
metal positioned in a sphere of 239Pu metal, with optimum moderation for each fissile material, and a full 
water reflection (20 cm). The results show that, under certain conditions, the effective multiplication factor 
of the mixture can be higher than the effective multiplication factor of each pure fissile material when using 
the upper subcritical mass of 34.8 g for 245Cm. When using 23 g of 245Cm, the keff of the mixture is 
always lower than the keff of pure 239Pu. These calculations enable the safety documentation to be changed 
by introducing a new process operational procedure, based on equation (1). This change in procedure allows 
the operator to work with a larger quantity of curium in the unit. 
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Abstract/Keyterms: ATALANTE, located in Marcoule, is one of the main nuclear facilities of the French 
CEA (Atomic Energy and Alternative Energies Commission). The LES 401 hot cell was built in the 1980s 
and, since then, has been operating only with low masses of fissile material. As part of the management 
optimization for purified Uranium and Plutonium solutions (“Fin U Pu” Project), the new functions 
provided in LES 401 are now expected to be the following: Reception of Uranium and Plutonium solutions, 
Concentration of these solutions, Storage of the concentrates and distillates. From the criticality safety point 
of view, the equipment was originally designed in safe geometry for Plutonium Nitrate, considering only a 
2.5 cm -thick water reflector. However, the new criticality safety case had to take into account the following 
points: Reception of not only Plutonium solutions, but also highly enriched Uranium solutions, considering 
flood risk as a possible contingency, considering precipitation as a possible contingency. These more 
conservative assumptions have meant introducing a mass limit for the cell, in addition to the geometry 
control mode. For the equipment containing very low concentrations of fissile material in normal operation, 
it was necessary, using the double contingency principle, to take a concentration limit into account in the 
specific situation of water flooding the cell. Finally, given the mass and geometry control mode, it was 
necessary to perform all the calculations with both fissile media (Plutonium and Uranium), as it was found 
that depending on the selected mass, geometry, and reflection conditions, the most penalizing media is not 
always the same. 
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Abstract/Keyterms: Over the past fifteen years AWE has decommissioned and size reduced a large 
number of glove boxes that contained a wide spectrum of equipment that ranged from highly radiation 
attenuating structures, such as furnaces and lathes, to other less radiation attenuating apparatus, such as 
small discrete tools or simple work benches. In order to generate meaningful glove box residual fissile 
material inventory data, which can constructively inform the selection of measures needed to underwrite 
the criticality safety of size reduction and consignment to waste activities, several different types of Non 
Destructive Assay (NDA) measurement techniques are available at AWE. These are deployed for the 
estimate of the residual fissile material inventory prior to decommissioning activities and for the final NDA 
of waste containers, post decommissioning. The techniques range from the Decommissioning In-Situ 
Plutonium Inventory Monitor (DISPIM), through other Neutron Coincidence Counting (NCC) techniques 
(Neutron Panel monitoring) and gamma measurements to consideration of Thermo Luminescent Detector 
(TLD) data. This paper will present a comparison of the fissile material identified in the waste generated 
post decommissioning operations to the NDA estimate of the residual fissile material inventory for the 
glove boxes, as well as provide a direct comparison between the different NDA techniques available at 
AWE. The findings to date indicate that the glove box residual fissile material inventory used for criticality 
safety purposes bounds the decommissioning process, subject to the suitable deployment of the NDA 
technique and the inclusion of appropriate uncertainties. 
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Abstract/Keyterms: Although human factors assessment typically involves specialist expertise, it is 
considered that enhanced local knowledge of this area for criticality safety specialists supports the 
incorporation of human factors consideration into tasks such as safety assessment, design and hazard 
reviews, development of operational and engineered criticality controls, training, incident investigation and 
emergency response. At the Westinghouse Springfields Fuel Manufacturing Site in the United Kingdom, 
specialist human factor support has been engaged to identify key competencies and training plans for 
criticality safety specialists. In addition, discussions have been held with the UK’s Office for Nuclear 
Regulation (ONR) to outline the proposal and to discuss the approach. Following completion of an 
internationally recognised human factors training course the learning is now being applied by criticality 
safety specialists. Recent examples of learning applied include: 1) Review of past events and incidents to 
support the consideration of operator/equipment interfaces, leading to improved designs and processes. 2) 
Identification of critical tasks and the level of human factor assessment that is likely to be required. To 
support this, guidance has been produced by the criticality section for staff and contractors performing 
criticality safety assessments. 3) Assessment of the ‘aims and operability’ of engineered and procedural 
controls derived as part of the criticality safety assessment process. This involves participation of plant 
management and operators. 4) Consideration of human factors in emergency response activities such as 
infrequent tasks and tasks being undertaken under time pressures etc. This has been examined in recent 
emergency exercises and in the development of a recent criticality exercise scenario. 5) Criticality training 
has been reviewed with Plant Management, focusing on the methods utilised to deliver training (e.g. 
classroom based, computer training, on plant walkdowns); the aims and scope of training and how 
understanding is validated. 6) The link between criticality safety assessment and how the operations are / 
will be conducted has been reviewed as part of formal and informal criticality meetings and inspections. A 
key aspect of this the criticality specialist’s interaction with both plant management and operational staff. 
The development of Human factors awareness into the criticality safety specialist’s competency framework 
continues to be developed at Westinghouse but real benefits to criticality safety are already being 
demonstrated by this approach. 
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Abstract/Keyterms: A large number of plant operators on the Sellafield site require criticality awareness 
training. Historically, this training had been developed and delivered largely by the Criticality Safety team 
in isolation, with a heavy focus on the physics of criticality. Feedback from operators indicated that the 
historic training approach perhaps over emphasised the physics of criticality as an abstract concept, while 
potentially under emphasising more practical considerations for day to day work on the plants. This paper 
discusses some of the improvements that have been made to the training courses and the methods of delivery 
over recent years at Sellafield. 
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Abstract/Keyterms: The control of the geometry to establish and maintain Nuclear Criticality Safety 
(NCS) of a fissile unit is usually preferred by licensees and regulators since such a control is based on 
passive engineering and requires less operating constraints than other methods of control (mass, etc.). 
Nevertheless, several safety issues are associated with this method of control to ensure the geometry during 
all the unit lifetime, in normal and abnormal situations, from its manufacturing to its decommissioning. The 
first issue is to identify the dimensions defining the geometry, taking into account reflectors and mobile 
equipment, and the interaction conditions of the controlled unit to ensure the subcriticality. Thus, the 
dimensions important and to be controlled are identified in the NCS assessment. These dimensions are 
called Nuclear Criticality Safety Dimensions (NCSD) in this paper. Then, the second and the third issues 
are to define NCSD limits to be respected and to verify the compliance of the actual unit geometry with 
these limits at each stage of the unit life. Regarding the third issue, the challenges are the practicality of the 
control, its uncertainty and the management of non-compliances. Finally, the fourth issue is to properly 
document and record the NCSD and the compliance verification. This paper focuses on the main issues 
related to the implementation of geometry control on the NCS assessment and suggests advices to fulfill 
these challenges. 
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Abstract/Keyterms: Within the UK there is a general trend towards adopting Design Basis Accident 
(DBA) methodology for the assessment of radiological hazards, including criticality. DBA is a single fault 
methodology and comprises identifying the initiating event, its frequency and consequence. A fault with a 
very low initiating event frequency will not require further analysis. A fault sequence that terminates in a 
sub-critical configuration would also not require further analysis; although the identified passive features 
ensuring sub-criticality are subjected to engineering substantiation. Where faults do not pass this initial 
screening, two safety measures are generally required to ensure the fault does not progress to a criticality 
incident. This methodology provides a robust approach to single faults ensuring that an appropriate level 
and range of plant measures are identified and subjected to appropriate substantiation. However, a criticality 
is a cliff-edge effect and is dependent on multiple parameters. It is entirely possible under DBA to evaluate 
several single fault sequences and conclude that no measures are required because the single faults terminate 
in a sub-critical configuration. Importantly, for criticality safety, under DBA, there is no requirement to 
prevent important parameters from deviating from normal or upper bound ‘safe’ levels leaving the plant at 
greater risk in the event that further faults initiate. The combination of two faults could lead to a criticality 
incident but there is no current driver within DBA methodology to analyze these coincident or double faults. 
There is, therefore, potential to significantly under estimate the risk of criticality. This understanding is 
embodied within other methodologies such as the Double Contingency Principle. However, within the UK 
the DBA methodology has so significantly improved the analysis of single faults that, in some instances, 
consideration of double faults has taken a back seat. This despite the UK regulator stating that ‘criticality 
safety cases should employ the double contingency approach’. This paper presents a systematic approach 
to ensure that the potential for double faults or multiple parameter deviations to result in a criticality is 
effectively evaluated within the wider DBA methodology. The methodology determines which faults may 
be screened out from double fault analysis on the grounds of being ‘unlikely’ to initiate and being present 
for a ‘short’ duration. For those faults screened into double fault analysis, this guidance sets out the potential 
means of determining acceptable risk. These means include the specific evaluation of the risk of two 
criticality control parameters deviating simultaneously, the definition of additional safety measures and the 
definition of the boundary of safety for multiple parameters and the risk of exceeding this boundary. 
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Abstract/Keyterms: The H-Canyon facility at the Savannah River Site is the U.S.A.’s only remaining full-
scale chemical separations plant. H-Canyon maintains the capacity to safely and efficiently disposition a 
large inventory of excess nuclear material from across the Department of Energy (DOE) complex and used 
nuclear fuel from foreign and domestic research reactors. One such fuel that H-Canyon may dissolve is 
cores from the High Flux Isotope Reactor (HFIR). By employing realistic analysis, the need for 
administrative controls was eliminated. A new criticality modeling approach has eliminated the need for 
administrative controls for HFIR dissolution operations in H-Canyon. The primary upsets of concern are 
an over-mass event and an overconcentration event. Several initiating events were considered for each type 
of upset. Over-concentration events were deemed to be not credible by taking credit for the chemistry of 
acid consumption, i.e. there are not enough moles of acid to dissolve enough moles of uranium in order to 
reach a critical configuration. Over-mass events were deemed to be not credible by taking credit for the 
annular design of the fuel elements. By using realistic analysis, both types of upsets have been shown to be 
subcritical, and therefore administrative controls are not needed to prevent an inadvertent criticality. In this 
paper, the new methodology for performing criticality analyses for dissolving HFIR fuel elements will be 
presented, and the elimination of administrative controls will be discussed. 
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Abstract/Keyterms: This article focuses on the very usual case of the fissile mass control inside a 
controlled geometry, whatever the fissile density in the fissile-moderator mixture is. Although this case is 
very usual (maximal loading of fissile material in a transport cask, maximal fissile content in a 
“geometrically favorable” tank, etc.), some unexpected behaviors (“anomalies”) may be met, leading to 
important nuclear criticality safety issues. This article will show the three following anomalies and the 
associated safety issues: · the “non-smooth” variation of the minimum critical mass for a small variation of 
the geometry size (a cylinder case is considered throughout this article), · the very important differences in 
critical values, for intermediate-size geometries, between two fissile media having very close minimum 
critical masses and dimensions, · the change in the hierarchy of different fissile media when the size of the 
geometry changes. The next part of the article will demonstrate that these anomalies are, from a physics 
point of view, due to the nature of the fissile material and, from a methodology point of view, due to the 
fact that this “Mass- Geometry Control” problem is generally solved without looking at the critical mass 
for the whole range of geometries. The latter happens because this whole resolution is not trivial and 
requires either a lot of calculations or human effort to estimate the mass limits as a function of the geometry. 
Another article will discuss this question of the “whole” resolution of the problem. 
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Abstract/Keyterms: A comparative analysis of methods of determining heterogeneity effects in fast plate-
type critical experiments has recently been completed. This summary describes the methods and 
investigates the associated modeling assumptions. Analysis of the computed heterogeneity effects is given 
in the companion summary. 
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Abstract/Keyterms: An unanalyzed condition was identified for a transport cart that could result in 
multiple cans falling onto the ground. Calculations showed there were arrangements of four cans or five 
cans that could exceed the allowable keff limit for a single upset. This was reported to the US Nuclear 
Regulatory Commission as an unanalyzed condition. The cans would have to fall with very little spacing 
between them. The likelihood of this arrangement needed to be assessed. The probability of the 
unacceptable configuration was calculated based on a variation of Buffon’s Clean Tile Problem. A series 
of conservative approximations were used including assuming that the rectangular cans are inscribed 
cylinders and the cylinders land on the base and do not tip over. Even with the conservative assumptions 
used, the calculated likelihood was less than 1 in 1,000,000 years. The notification was withdrawn based 
on this work since the event could be categorized as not credible. Additionally, work was performed to 
account for the actual shape of the cans and rotation of the cans. The analysis was performed using a Monte 
Carlo simulation. The average center-to-center spacing was used to establish a correlation with the system 
reactivity. The average center-to-center spacing also correlates with the probability of the configuration. 
With this the probability of having an unacceptable keff was established. 
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Abstract/Keyterms: In this paper an outline of the standard published in April 2015 by the Atomic Energy 
Society of Japan (AESJ) is presented. The standard gives basis of nuclear safety management of a spent 
fuel reprocessing plant that assumed burnup credit in nuclear criticality safety evaluation. Ten years ago 
the AESJ published Basic Items of Criticality Safety Control: 2004, AESJ-SC-F004:2004, which prescribed 
basic ideas, requirements and methods on nuclear criticality safety controls of facilities handling with 
nuclear fuel materials in general for preventing a nuclear criticality accident. However, it did not include 
any specific procedures for adopting burnup credit. Therefore, a new standard was envisaged as the first 
Standard for fuel reprocessing plants, which clarified the specific procedures to apply burnup credit to 
designers, operators, maintenance persons and administrators. The Standard, Procedures for Applying 
Burnup Credit to Criticality Safety Control of a Reprocessing Facility: 2014, AESJ-SC-F025: 2014, was 
developed by the AESJ after vital discussions of the Working Group on Nuclear Criticality Safety Control, 
which were followed by critical reviews of the Special Committee on Nuclear Fuel Cycle and those of the 
Standard Committee, where both committees were established under the AESJ. The followings are some 
features of the standard: 1. In many countries, application of burnup credit has been considered especially 
in transportation and storage of spent fuel. The standard applies to a reprocessing plant, especially to the 
Rokkasho Reprocessing Plant in Japan. The present edition of the Standard assumes the first phase of 
burnup credit, i.e., burnup credit considering reduction in 235U, production of 239Pu and changes in other 
actinides, but not considering neutron absorption effect of fission products. 2. This standard covers nuclear 
criticality safety management including safety design and safety control stages. It prescribes each procedure 
of nuclear safety management with emphasis on its necessity rather in detail. Attached to the standard are 
seven appendices, which give reference to it, and explanations, which provide supplemental information to 
the readers. Future needs of AESJ standards in the field of nuclear criticality safety will be discussed in the 
presentation. 
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Abstract/Keyterms: In France, for all fuel cycle facilities, the reference safety frame is continuously 
adapted to take into account technical developments such as changes in process and/or maintenance 
operations. Every ten years according to French law, the facility operator is required to launch a process of 
Periodic Safety Review (PSR), whose conclusions are sent to the Nuclear Safety Authority (NSA). This 
PSR is split in two parts: first, a review of the facility to its safety documentation and authorization, second, 
a safety reassessment. Actually, this PSR takes account for topics (actual aging for instance) which require 
several years of feedback from experience to be integrated in safety evaluations, or which cannot be done 
on a daily basis (documentation reorganization). It also incorporates the new regulatory safety requirements. 
A specific methodology was developed for the first PSR of UP3-A since the publication of the law. UP3-
A is a used fuel reprocessing facility of La Hague plant. This methodology, adapted for large plants with 
numerous process and fissile media, is based on a two-step approach intending to focus the analysis on the 
real hard spots. First,”sensitive” systems are identified. Second, a specific review is performed on these 
systems. After a reminder of the methodology, this paper presents the results of its application on the UP3-
A scope. 
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Abstract/Keyterms: At the Paul Scherrer Institut, the CASMO/SIMULATE code system is used as 
reference scheme for core analyses of the Swiss reactors. Besides, Monte Carlo (MC) based neutron 
transport codes are in parallel being established both for out-of-core applications and full core analyses, in 
order to provide higher fidelity solutions to problems beyond the modelling capabilities of the standard core 
modelling methods. In this perspective, a necessity is to be able to conduct the MC calculations at any 
operating conditions, requiring thus proper initialisation of the thermal-hydraulic feedback as well as at any 
burnup, prompting the need for a detailed modelling of all material zones in the irradiated fuel assemblies. 
To tackle the later challenge, the development of the COMPLINK tool, aimed at initialising large-scale MC 
models of burned core configurations, using as basis upstream 2-D assembly/ 3-D core analyses results, 
was initiated and is presented in this paper. A main feature is the capability to extend in an automatic 
manner, a user given MC model in order to represent material data with a higher resolution, keeping track 
of the location of such materials also within nested repeated structures. This capability prevents the user 
from the burden of developing specific computational framework for a target application. Since the same 
functionalities are required to analyse out-of-core spent fuel managements systems, a first verification of 
COMPLINK is illustrated on the basis of a criticality safety evaluation (CSE) with MCNP6.1 of a Swiss 
PWR wet storage pool loaded with fresh and burned fuel assemblies. Starting from CASMO-5 depletion 
calculations at each axial layer of the depleted fuel assemblies and reconstructed based on realistic 
irradiation histories, COMPLINK is then applied to load the isotopic compositions into the material zones 
of the corresponding MCNP6.1 assembly models. On this basis, the CSE analyses are conducted with focus 
on investigating axial and radial modelling effects. All in all, the obtained results are found to be well in 
line with the impact on CSE expected at the considered burnup levels, providing thus confidence in the 
correct implementation of the COMPLINK functionalities and confirming its effectiveness as well as 
efficiency for the initialization of all material zones in large-scale MC models of complex and strongly 
heterogeneous burned configurations. 
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Abstract/Keyterms: The fission-product energy release after the reactor shutdown has been an important 
issue from the perspective of the nuclear reactor safety in a very short time. The energy release from the 
decay of fission products can be estimated using a summation calculation method implemented in various 
burnup and depletion programs. The method generally depends on the nuclear structure data such as the 
decay and fission product yield data. In this study, the decay heat measurements after thermal-neutron 
fission of 235U and 239Pu have been evaluated by the ORIGEN-S with the decay and fission product yield 
libraries included in the SCALE-6.1.3 code package. In order to verify the importance of the fission product 
yield data when estimating the decay heats, new fission product yields libraries for ORIGEN-S have been 
generated based on the recently available fission product yield data such as ENDF/B-VII.1, JEFF-3.1.1, 
JENDL/FPY-2011, and JENDL-4.0. The new libraries were applied to the decay heat calculations, and the 
results were compared with those of the reference calculation based on the yield library that belongs to the 
SCALE-6.1.3. 
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Abstract/Keyterms: The EPRI measured-based depletion reactivity benchmarks intend to facilitate the 
validation of burnup credit by validating the combined effect of changes in isotopic content and cross-
sections. In the framework of burnup credit implementation for PWR fuels, this paper proposes to study the 
application of the EPRI benchmarks for a spent fuel pool criticality evaluation using the French tools: the 
DARWIN2.2depletion package and the CRISTALV1 criticality safety package, both based on cross-section 
libraries from the JEF2.2 evaluation. For that purpose, the benchmarks are analyzed using the connection 
of DARWIN2.2with APOLLO2-MORET4, allowing the determination of the bias for the reactivity 
decrement. Then, these results are used to define a bias to take into account in the criticality evaluation of 
a spent fuel pool. In addition, the benefit of the EPRI depletion reactivity benchmarks is assessed through 
a comparison with the validation approach adopted in France until now. The bias resulting from this latter 
approach is evaluated by 1) applying, to the calculated nuclides concentrations, isotopic penalizing factors 
derived from the comparison between calculated values of nuclide concentrations and experimental values 
obtained from used fuel chemical analyses from French reactors, 2) analyzing representative critical 
experiments. Additional analysis of the benchmarks using the connection of VESTA2.1 with MORET5 is 
performed as these codes allow calculations of complex 3D geometrical configurations and the use of 
various nuclear data libraries. 
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Abstract/Keyterms: Criticality studies need several calculations with small variations in a number of 
parameters. Therefore, a calculation package written at VTT in order to facilitate sensitivity studies in 
criticality calculations was used. This package is based on MCNP5 [1], and consists of a data transfer and 
analysis program written in Perl, and a set of pseudo inputs for the transport and storage systems including 
the fuel assembly. The pseudo inputs contain key words that are replaced by a given value for the specific 
parameter. In this paper, the package is described in more detail including the new modifications needed 
for this study. The usability will be demonstrated with a study of the fuel pool in the case of steam gathered 
under the support plates of the pool. In the new pool model the steam layer was added as a water layer with 
a very low density. The density of this layer, i.e. the steam density, could be varied as well as the thickness 
of the layer. This package was then used to study the reactivity effect of the moderator density, the steam 
density and the thickness of the steam layer. As can be expected the strongest effect was obtained with the 
moderator density. However, the steam density seemed not to affect the reactivity while the thickness of 
the layer had a small effect. 
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Abstract/Keyterms: Spent nuclear fuel (SNF) management practices in the United States rely on dry 
storage systems that include both canister- and cask-based systems. The United States Department of 
Energy Used Fuel Disposition Campaign is examining the feasibility of direct disposal of dual-purpose 
(storage and transportation) canisters (DPCs) in a geological repository. One of the major technical 
challenges for direct disposal is the ability to demonstrate the subcriticality of the DPCs loaded with SNF 
for the repository performance period (e.g., 10,000 years or more) as the DPCs may undergo degradation 
over time. Specifically, groundwater ingress into the DPC (i.e., flooding) could allow the system to achieve 
criticality in scenarios where the neutron absorber plates in the DPC basket have degraded. However, as 
was shown by Banerjee et al., some aqueous species in the groundwater provide noticeable reactivity 
reduction for these systems. For certain amounts of particular aqueous species (e.g., chlorine, lithium) in 
the groundwater, subcriticality can be demonstrated even for DPCs with complete degradation of the 
neutron absorber plates or a degraded fuel basket configuration. It has been demonstrated that chlorine is 
the leading impurity, as indicated by significant neutron absorption in the water that is available in 
reasonable quantities for the deep geological repository media under consideration. This paper presents the 
results of an investigation of the available integral experiments worldwide that could be used to validate 
DPC disposal criticality evaluations, including credit for chlorine. Due to the small number of applicable 
critical configurations, validation through traditional trending analysis was not possible. The bias in the 
eigenvalue of the application systems due only to the chlorine was calculated using TSURFER analysis and 
found to be on the order of 100 percent mille (1 pcm = 10-5 keff). This study investigated the design of a 
series of critical configurations with varying amounts of chlorine to address validation gaps. Such integral 
experiments would support the crediting of the chlorine neutron-absorption properties in groundwater and 
the demonstration of subcriticality for DPCs in deep geologic repositories with sufficient chlorine 
availability. 
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Abstract/Keyterms: The DARWIN package, developed by the CEA and its French partners (AREVA and 
EDF), provides the parameters required for fuel cycle applications, especially fuel inventory. It is widely 
used in the French Burnup Credit (BUC) calculation route, based on the connection of the depletion code 
DARWIN and the Criticality-Safety Package CRISTAL. The experimental validation process of BUC 
nuclides provided by DARWIN2.3 package consists in the comparison between JEFF-3.1.1-based 
calculated values of isotopic concentrations and experimental values obtained from the chemical analysis 
of PWR fuel rod cuts. As a complement to the extensive validation using the French PIE database, specific 
PIE data chosen for their quality were selected and analyzed in the SFCOMPO database of NEA. A set of 
56 samples chosen in PWR-UO2 experiments was selected, with initial 235U enrichment between 2.7% 
and 4.1% and local burnup estimated from 148Nd measurement varying between 7 and 35 GWd/tHM. This 
paper provides an overview of calculation – experiment comparison obtained in Takahama-3 17x17, Trino-
Vercellese 15x15 and Obrigheim 14x1 for uranium, plutonium isotopes, as well as available fission 
products contributing to the assembly reactivity. Consistent biases compared to SCALE5 results were 
obtained. From these results, an analysis driven using 15 selected samples with low burnup, selected among 
asymptotic rods of irradiated fuels at 1 or 2 cycles. This paper shows the consistency of the calculation - 
experiment biases obtained with DARWIN2.3 towards previously defined penalized biases used for the 
Isotopic Correction Factors (ICF) in BUC applications. 
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Abstract/Keyterms: Millennium and Reel Sas Companies Have Shared Their Own Experience to Develop 
a Neutron and Criticality Calculations Chain in Order to Perform Isotopic Composition Predictions of Spent 
Fuel After Irradiation in a Reactor and Criticality Analysis of Fuel Storages Taking into Account Burnup 
Credit. the Whole Calculation Sequence is Divided into Three Steps, All Calling Scale 6.1.2 Modules. the 
First Two Steps are Dedicated to the Evaluation of Isotopic Compositions of Burnt Fuel. As Transport and 
Depletion Calculations in Three Dimensions Appears to Be Way Too Long for the Whole Core (About 
Several Months), Dealing with Each Fuel Assembly One By One is the Alternative Solution Millennium 
and Reel Sas Commonly Chose to Study. Therefore, the First Step Aims at Determining the Axial Burnup 
Profile of a Given Fuel Assembly Using a 3-D Model with Infinite Reflections on Lateral Axes. the T6-
Depl Sequence of Triton Module Coupling KENO-VI and Origen-S Was Used in This Step. Sensitivity 
Studies Confirmed that Addition of the 8 Closest Neighbors of the Studied Fuel Assembly in the Model 
Has An Insignificant Impact on the Axial Burnup Profile. However, Fuel Assemblies in the Peripheral Zone 
of the Core Must Be Treated Separately with a Model Including the Nearest Fuel Assemblies and the Effect 
of Peripheral Water. Then, the Second Phase Evaluates the Isotopic Compositions of Each Fuel Assemblies 
at the Center of the Active Height with a 2-D Model Under Conservative Core Conditions. the T-Depl 
Sequence of the Triton Module Coupling Newt to Origen-S is Called in This Step. Each Fuel Assembly 
Must Be Studied Separately to Consider Loading Pattern Changes Occurring at Each Cycle. An Infinite 
Model with Reflections on Lateral Axes is Used and the Closest Neighbors of the Fuel Assembly are 
Limited to 2 Pins - Which is Around the Size of the Neutrons Mean Free Path in the Core. This is An 
Innovative Physical Trick Aiming at Compensating for a Limited Computing Power. Finally, Isotopic 
Compositions Calculated are Combined with the Axial Burnup Profile of the First Step to Extrapolate the 
Concentrations Along the Whole Active Length. Data Can Then Be Added in Any Criticality Model, Such 
as a Spent Fuel Pit or Any Disposal Handling Fuel Assemblies. Criticality Analyses of Burnt Fissile 
Material Using Burnup Credit Can Be Managed Within a Reasonable Amount of Time, on Condition that 
Sufficient Proofs of Code Qualification for the Studied Range of Parameters are Provided, Especially on 
Fission Products Isotopic Compositions Calculation. 
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Abstract/Keyterms: Two recent re-evaluations of the neutron-induced prompt fission neutron spectrum 
(PFNS) of uranium and plutonium actinides have included some cross-correlated uncertainties that have 
not been released in a new nuclear data library. The first re-evaluation included cross-isotope correlations 
of the PFNS within each of the uranium and plutonium suites of actinides below the second-chance fission 
threshold. The second, more recent re-evaluation includes incident energy-dependent correlations of the 
239Pu(n,f) PFNS. Both of these new evaluations and their cross-correlations, given the importance of these 
actinide quantities and because the impact of the incident energy-dependent correlations has never been 
studied previously, could have an impact on a variety of criticality safety applications. For example, the 
keff uncertainty due to the uranium PFNS uncertainties in the Big Ten critical assembly is under predicted 
by _10% when the cross-isotope correlations in the uranium PFNS are ignored. 
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Abstract/Keyterms: With increasing demand on accuracy of criticality calculations, correlations between 
benchmark experiments due to system parameter uncertainties become of interest in bias determination. 
The impact of different interpretations of system parameter uncertainties on the calculation of covariances 
and correlations of keff is discussed in this article. Following the suggestion of the OECD/NEA EGUACSA 
Benchmark phase IV, 21 experiments from the ICSBEP international Handbook of Evaluated Criticality 
Safety Benchmarks are used for this analysis (LEU-COMP-THERM series 07, exp. 01-04 and 39, exp. 01-
17). The experiments share certain assembly and fuel features and were carried out in the same lab. 
Therefore, correlations in the calculation of keff appear. Correlation coefficients between experiments due 
to nuclear data uncertainties are calculated with TSUNAMI and show high values for most experiments. 
For the correlation analysis due to system parameter uncertainties mainly two scenarios are considered: In 
scenario A all uncertain parameters are varied mutually for all fuel rods, representing a systematic deviation 
of the actual experimental setup from the design value. This analysis performed for all experiments listed 
above. In scenario E certain parameters like the outer cladding diameter are varied for each fuel rod 
individually, representing a random scattering of the varied parameter. Scenarios B, C and D represent 
intermediate scenarios between A and E, which are discussed shortly. Uncertainty and sensitivity 
calculations of keff on the uncertain experimental parameters based on Monte Carlo sampling are presented 
and discussed. The calculations were performed with SUnCISTT (Sensitivities and Uncertainties in 
Criticality Inventory and Source Term Tool) and SCALE 6.1.2. For the 21 EGUACSA proposed 
experiments the outer cladding diameter is the leading effect for the uncertainty of keff for scenario A. In 
contrast, for scenario E the impact of the cladding diameter on keff cancels out due to rod wise variations 
leaving the fuel diameter as the leading effect. The correlation analysis based on system parameter 
uncertainties indicates a significant dependence of the correlation coefficients on the interpretation of the 
uncertainties. It shows high values for scenario A, if the neutronic features are similar (EALF, H/U). For 
scenario E the overall correlations are significantly smaller and variations between experiments decrease. 
The impact of the determined correlations on bias calculations of application cases will be discussed by the 
authors in the accompanying paper “Impact of correlated data in validation procedures.” 
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Abstract/Keyterms: At the Paul Scherrer Institute (PSI) the methodology for criticality safety evaluations 
(CSE) used for Swiss applications is focused, following common practice, on establishing an upper 
subcriticality limit (USL) for the effective neutron multiplication factor (keff), based on a statistical 
evaluation of the obtained validation results in terms of the calculated-to-benchmark keff values. Recently, 
a new computational tool referred to as NUSS (Nuclear data Uncertainty Stochastic Sampling) was 
developed in order to propagate neutron-nuclear data (ND) uncertainties in calculations with Monte Carlo 
transport codes in combination with general-purpose ND libraries in ACE format. Thereby, this tool should 
now allow for a quantification of ND data uncertainties in CSE and to introduce these into the CSE criteria 
definition. This paper concerns an application of the NUSS methodology for criticality validation studies. 
Calculated keff uncertainty estimations were obtained for the current PSI validation suite including in total 
149 critical benchmark configurations for which in-house MCNP(X) models were developed, covering both 
uranium and mixed uranium-plutonium oxide fuels. The MCNPX-2.7.0 code was used together with the 
ENDF/B-VII.1 ND library while the ND variance-covariance matrixes (VCM) were taken from both 
SCALE-6.0 44-group libraries and from ENDF/B-VII.1 files. Based on the newly obtained information on 
the uncertainties, a re-assessment of the lower tolerance bound (LTB) for keff using the total uncertainties 
as weighting factors is proposed as means for the present PSI CSE methodology upgrade and some possible 
directions of further methodology enhancements are discussed next. 
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Abstract/Keyterms: In order to quantify risks of re-criticality incidents associated with loss of coolant 
accidents (LOCA), the maximum reactivity insertion by relocation of damaged fuel should be quantified. 
As the first step for the quantification, an automated search scheme is studied for an optimal geometry of 
damaged fuel in the coolant channel where the neutron multiplication factor keff takes a maximal value. 
The scheme is based on the flattening of the fuel importance. The importance can be recognized as the 
substitution reactivity from fuel to water in heterogeneous systems. The flattening is achieved by 
substitution of water and the fuel so as to raise the keff referring the local substitution reactivities. To 
calculate the reactivities efficiently, the first order perturbation scheme is adopted. In the scheme, the adjoint 
flux is calculated with the PARTISN code. The multi group constants used for the calculation and the 
perturbed reaction rates are estimated with the continuous energy Monte Carlo code MCNP-5. The 
proposed methods are tested for a quarter pin cell model that is constructed using Cartesian mesh. From a 
random distribution of a given amount of fragmented fuel, an optimal geometry is found where the 
fragmented fuels are aggregated. The multiplication factor in the geometry is greater than that in the original 
random distribution by 1.4%Äk/k. That indicates the significance of this study. 
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Abstract/Keyterms: Estimation of the burn-up value and the corresponding isotopic composition of the 
nuclear fuel are the most important subjects for criticality analysis and source term estimation in the 
framework of spent fuel management. The only practical way to estimate the fuel composition and burn-up 
value is the isotopic depletion calculation with well qualified codes and nuclear data. Such qualification 
requires the availability of well evaluated experimental measurements to be used as benchmarks. The 
purpose of this study is evaluation of the isotopic measurements of GU3 (GU3`) and BM5 (BM5`) samples 
of ARIANE project in order to judge their adequacy for qualification of the codes and libraries. 
Additionally, the sensitivity analyses to manufacturing and operation parameters are performed in order to 
obtain the uncertainty due to both types of parameters. 
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Abstract/Keyterms: The burnup credit approach for a spent fuel transportation cask (SFTC) with a high 
density basket for 32 PWR fuel assemblies required credit not only for actinides but also for fission 
products, otherwise the required minimum burnups of fuel assemblies would have been too high to be 
practical. At the time of the development of the burnup credit methodology for this condition, no established 
approach existed to quantitatively validate credit for fission products. A validation approach was therefore 
developed specifically for this application, based on Commercial Reactor Criticals (CRCs). In this 
approach, hot critical state points of PWR plants were evaluated using the same codes that were used for 
the burnup credit evaluations for the transportation cask, namely CASMO-4 and MCNP4. A total of 36 of 
those statepoints were analyzed, from 5 plants with two different assembly types. For each axial section of 
each fuel assembly, a separate CASMO-4 depletion analysis was performed, which required a total of about 
4000 individual CASMO runs. The spent fuel compositions were then extracted from the CASMO runs and 
transferred to MCNP, where each core was modeled, considering the existing 1/8 symmetry. The core 
operating conditions were taken from work previously performed and documented for the Yucca Mountain 
project. The results of the MCNP calculations were then analyzed to establish bias and bias uncertainty 
values. Additional studies were performed to compare the in-core condition for the fuel with the condition 
that exists for the fuel in the spent fuel transport cask. The paper presents and discusses the results of the 
calculations, and the analysis of those results to establish bias and bias uncertainty values. The paper also 
presents results of the studies comparing in-core with transport cask conditions, and discusses the resulting 
limitations of this approach. 
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Abstract/Keyterms: Oak Ridge National Laboratory and the US Nuclear Regulatory Commission have 
initiated a multiyear project to investigate the application of burnup credit (BUC) for boiling water reactor 
(BWR) fuel in storage and transportation casks. This project includes two phases. The first phase 
investigates the applicability of peak reactivity methods currently used for spent fuel pools to spent fuel 
storage and transportation casks and the validation of reactivity (keff) calculations and predicted spent fuel 
compositions. The second phase focuses on extending BUC beyond peak reactivity. This paper documents 
work performed to date investigating some aspects of extended BUC. The technical basis for application 
of peak reactivity methods to BWR fuel in storage and transportation systems is presented in a companion 
paper. Two reactor operating parameters are being evaluated to establish an adequate basis for extended 
BWR BUC: (1) the effect of axial void profile and (2) the effect of control blade utilization during operation. 
A detailed analysis of core simulator data for one cycle of a modern operating BWR plant was performed 
to determine the range of void profiles and the variability of the profile experienced during irradiation. 
Although a single cycle does not provide complete data, the data obtained are sufficient to determine the 
primary effects and to identify conservative modeling approaches. These data were used in a study of the 
effect of axial void profile. The first stage of the study was determination of the necessary moderator density 
temporal fidelity in depletion modeling. After the required temporal fidelity was established, multiple void 
profiles were used to examine the effect on cask reactivity. The results of these studies are being used to 
develop recommendations for conservatively modeling the void profile effects for BWR depletion 
calculations. The second operational parameter studied was control blade history. Control blades are 
inserted in various locations and at varying degrees during BWR operation based on the core loading 
pattern. When present during depletion, control blades harden the neutron spectrum locally because they 
displace the moderator and absorb thermal neutrons. The investigation of the effect of control blades on 
post operational cask reactivity is documented herein, as is the effect of multiple (continuous and 
intermittent) exposure periods with control blades inserted. The coupled effects of control blade presence 
on power density, void profile, or burnup profile will be addressed in future work. 
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Abstract/Keyterms: Following the Fukushima Daiichi accident, a need arose to perform defense-in-depth 
analyses to assess the effect of seawater immersion on the reactivity of nuclear fuel. This paper derives a 
composition for Standard Seawater based on the Reference Composition using the International 
Thermodynamic Equation of Seawater – 2010 (TEOS-10). The Reference Composition for seawater is 
based on measurements of the Atlantic surface seawater and assumes no organic or inorganic material is 
entrained in the seawater. Using the Reference Composition, a methodology for determining the 
composition of seawater as a function of temperature, pressure and salinity is developed. These seawater 
compositions may be used in nuclear criticality safety analyses to determine the effect of seawater 
immersion on reactivity. Results of a sensitivity study are presented that illustrate the effect of seawater 
immersion and salinity on the reactivity of a representative low-enriched uranium critical assembly, LEU-
COMP-THERM-002. 
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Abstract/Keyterms: Hundreds of critical experiments were constructed from Oak Ridge Alloy (oralloy) 
during the 1960s and 1970s at the Oak Ridge Critical Experiments Facility (ORCEF) in support of criticality 
safety operations at the Y-12 Plant. The purpose of these experiments included the evaluation of storage, 
casting, and handling limits and providing data for verification of calculation methods and cross sections 
for nuclear criticality safety applications. Recent contributions to the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments (ICSBEP Handbook) include bare, complex, and potassium-
filled annuli comprising multiple stacked units of highly enriched uranium (HEU), ~93.2 wt.% 235U, 
annuli, discs, and parallelepipeds. Prior contributions to the ICSBEP Handbook include bare (unreflected 
and unmoderated) cylinders; configurations of cylinders and annuli reflected with polyethylene, beryllium, 
or thin-graphite reflectors; GROTESQUE; and ORSphere. The newest contributions include a bare HEU 
11-7 (11 inch outer diameter and 7 inch inner diameter) annulus oralloy-capped at the top and bottom; bare 
HEU 13-7, 15-7, and 15-9 annuli; bare HEU complex annuli consisting of a 15-9 annulus containing either 
an off-center 7-inch-diameter cylinder, 5 × 5 inch parallelepiped, or split parallelepiped; and an HEU 13-7 
annulus containing either empty stainless steel cans or potassium-metal-filled cans. The purpose of this 
latter pair of annulus configurations was to test the fast neutron cross sections of potassium as it was a 
candidate for coolant in some early space power reactor designs. A total of nine new configurations were 
evaluated as acceptable benchmark experiment measurements. Additional ORCEF oralloy experiments 
have also been identified for future benchmark evaluation. 
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Abstract/Keyterms: THORP reprocesses fuel from Britain’s Advanced Gas-cooled Reactors (AGRs) and 
fuel from Light Water Reactors (LWRs). The THORP dissolvers use nitric acid poisoned with Gadolinium 
(Gd) to ensure criticality safety. The dissolver criticality safety case uses a burnup credit approach to 
determine a minimum required Gd concentration. The burn up credit approach followed originates from a 
time when fuel receipts for THORP were ongoing and hence models a deliberately conservative and 
artificial fuel type to cover all potential fuel receipts. External fuel receipts have now ceased and detailed 
information on post irradiation U and Pu isotopics is available for all fuel scheduled for reprocessing. Work 
has therefore been undertaken to determine whether the burn up credit safety case could be revised to be 
more representative of the fuel actually remaining for reprocessing and hence to reduce further the required 
Gd concentration for the dissolvers. This would ultimately reduce the quantity of high active liquid waste 
requiring treatment and storage. The great majority of fuel remaining for reprocessing in THORP is AGR 
fuel, for which the typical burnup is known to be much higher than was previously assumed in the safety 
case. Pu and U isotopics for irradiated AGR fuel were examined with the fuel inventory code FISPIN. 
Modelling with the code MONK then showed that the Gd requirement for irradiated AGR fuel of a given 
burnup was much lower than in the previous safety case due to the change in Pu:U ratio and Pu240 in Pu 
for AGR fuel compared with the previous conservative assumptions. The burnup of all remaining LWR 
fuel was found to be high and hence lower dissolver Gd concentrations could also be tolerated for 
reprocessing this fuel. The work has concluded that the THORP dissolver Gd concentration can be halved 
for all remaining LWR and AGR fuel campaigns with a consequent cost saving of ~£4m in Gd and high 
active waste processing time. Implementation of this improvement is currently ongoing on the plant. 
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Abstract/Keyterms: The Sellafield nuclear facility in the UK comprises a highly complex suite of plants 
and processes. This in turn demands a consistent and high performance from Emergency Response teams 
and management in order to demonstrate readiness to respond and combat any nuclear emergency. In order 
to continue to improve such readiness, a comprehensive programme of development has been undertaken 
by the Licensee. The programme spans the totality of the emergency response cycle which is resolved into 
three broad areas: Preparedness; Response; Building Specific File. Within these broad categories the focus 
of the materials changes from broad and general materials in the preparedness section to actual scenario 
specific materials in the Building Specific Files Sellafield Ltd. provided the scope of work for the totality 
of the criticality response materials, known collectively as Criticality Accident Response Data (CARD). 
The UK National Nuclear Laboratory (NNL) was challenged to technically underpin, develop and present 
the information in a format and layout that would satisfy the requirements of consistency, brevity, simplicity 
and relevance. One of the key areas targeted for improvement, and the focus of this paper, was the criticality 
accident response information that sits within the Building Specific File. At this level of the emergency 
response cycle by necessity the information must be detailed and specific and enable the emergency 
responder to understand the problem and assist in formulating a recovery plan. One of the key challenges 
faced by NNL and discussed in this paper was how to provide the emergency responder with the greatest 
amount of relevant information in the simplest form. NNL solved this problem by presenting the 
information in a ‘four-block’ format which includes a common set of information in textual and 
diagrammatic form. This paper presents on overview of the criticality accident specific four-blocker, 
highlights the problems encountered and focuses on the new and innovative materials developed. 
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Abstract/Keyterms: For materials slightly contaminated by fissile nuclides (such as radioactive sludge), 
it could be useful to take into account the low fissile density in order to define the nuclear criticality safety 
limits (mass, volume,…) when this density is lower than the one of the optimally moderated fissile-water 
mixture (e.g. 30 g/dm3 for 239Pu). In such a case, if the material is modelled by the usual fissile-water 
mixture only, the fissile medium still contains a void fraction when the optimal moderation ratio is reached. 
Then, the question is to know whether modeling the other elements of the material can impact the nuclear 
criticality safety limits, in particular when they are good scattering elements. This paper aims at studying 
the impact of replacing the void fraction in plutonium fissile media, with various apparent densities, by 
different kinds of matrix containing scattering elements. Minimum critical values (mass, volume, diameter 
and thickness) have been determined for plutonium media, composed of 100 % 239Pu, with densities of 2, 
5.8 and 7.3 g/dm3 in different kinds of matrix containing scattering elements (graphite, carbon, alumina, 
silica, magnesia, fluorite and calcium oxide). Different contents of the aforementioned scattering elements 
in the fissile media were studied and additional moderation was ensured by water. The results highlight that 
minimum critical values are lower when considering a fissile medium containing graphite, carbon, silica, 
alumina and magnesia with additional water moderation, compared to plutonium-water mixture only with 
the same low fissile apparent density. However, there is still a benefit of crediting density (critical values 
for a low fissile density are still higher than critical values without a density control). 
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Abstract/Keyterms: The MACSENS (Outils Moret d’Aide à la Caractérisation et aux études de 
SENSibilité) workbench is dedicated to the advanced validation work for criticality studies. The aim of this 
kind of tool is to determine the experiments from a validation database being the “closest” to an application 
case and, from there, to evaluate a calculation bias with a related uncertainty. To achieve this goal, the 
MACSENS workbench relies on different kind of information stored in various databases depending on the 
origin of the data. Two main kinds of data can be identified. The first one concerns the data used to describe 
the experiments of the validation database (e.g. the inputs needed to perform a calculation). These values 
characterize the chemical and geometrical models. They can be considered as constant, as they do not vary 
once evaluated, and some of them can be from a non-numerical nature (reflector material for example…). 
The second kind of data gathers the results obtained with the use of a simulation code, such as reaction 
rates, fluxes and leakages, sensitivities, Keff, etc. These values depend on the version of the code and are 
purely numerical. In the early 2000s, regarding the increasing number of experiments evaluated in the 
ICSBEP handbook, the OECD/NEA (Organization for Economic Co-operation and Development/Nuclear 
Energy Agency), under the ICSBEP (International Criticality Safety Benchmark Evaluation Project) 
working group direction, decided to store such information in a database and to provide a software, called 
DICE (Database for the International Criticality safety benchmark Evaluation project), allowing users to 
search easily criticality experiments of interest. Up to now, more than 4400 critical or subcritical 
configurations have been compiled by ICSBEP, described and stored in the DICE database. Over time, a 
validation work has been done on the data, with the participation of IRSN, and a quality assurance policy 
has been defined. For these reasons, the DICE database is highly reliable. These features were fundamental 
for the MACSENS developers, who were looking for a database containing descriptive data of the 
experiments included in the MORET code validation database. The paper describes the solution chosen by 
IRSN to take advantage of the DICE database content and to overcome the DICE limits. It also explains 
the quality assurance policy applied to guaranty the reliability of the stored data. It will also discuss the use 
of the experiment-filtering module of the MACSENS workbench to select a set of experiments and to 
examine numerical parameter trends for an application case 
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Abstract/Keyterms: In criticality safety analysis it is important to recognize the significant differences in 
reactivity achieved when material transitions from the solid to solution regime. However, the intermediate 
area of mixed heterogeneous systems (i.e. collections of small pieces) has not been well characterized. To 
that end, a study has been completed to determine the effect of fissile material piece size/shape on minimum 
critical mass of a system. The study presented represents a calculation-based investigation of moderated 
arrays of fissionable material to expand on established plutonium and uranium solution curves of LA-10860 
to add the heterogeneous regime between pure a solid and solution of fissionable material. The analysis 
performed consists of parametric studies utilizing the neutron transport code MCNP6 to calculate the 
critical mass of systems composed of moderated arrays of varying sizes of spheres, cubes, or elongated rods 
(height >> diameter). The boundary of the array is increased to find the critical mass for the particular piece 
geometry and fissile volume density. The different shapes were then compared at points with the same 
fissile volume density to demonstrate that the key relationship between varying piece shape is the surface 
area to volume ratio. The results show that as pieces get larger (i.e. more heterogeneous) the minimum 
critical mass starts to increase. This effect results from the moderation of neutrons becoming less and less 
effective due to increased self-shielding of larger individual pieces. For plutonium pieces at a surface area 
to volume ratio of < 13 the reactivity increase from additional neutron moderation can no longer overcome 
the reactivity decrease from the reduced core density (separation of material pieces). At this point the 
minimum critical mass is achieved when the plutonium is in a solid metal configuration. This effect is not 
noticed for uranium which responds much more quickly to moderation and thus almost any sized pieces 
will increase in reactivity when moderation is introduced. Summarizing the results of the calculation a 
surface area to volume ratio vs minimum critical mass curve is generated. The curve gives analysts a 
practical starting minimum critical mass in analysis of heterogeneous systems with known minimum 
material surface area to volume ratios. 
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Abstract/Keyterms: In recent times, we have 439 reactors distributed in 31 countries that give about 377 
GW, covering around 12% of world capacity of energy. Currently, it accounts for an estimated 40 serious 
accidents reported in nuclear power plants. In this article, turns out the behavior of fuel rod in light-water 
reactors under accident conditions. Besides, we investigate deeply about reactivity-initiated accidents, by 
introducing Nordheim-Fuchs model as state equations. The early research showed that pre-irradiated fuels 
and afterward subjected to a rapid pulse of energy. It adopts the key items necessary to check the threshold 
of failure. These items are few limits as burning the fuel; the value applied to the peak of energy, pulse 
width, oxidation layer, and cladding. The kinetic equations of nuclear reactors modeled as a non-linear 
system. In this way, it can apply the paradigm of artificial intelligence using the self-organized maps. Where 
the goal is to find the cluster of failure for irradiated fuels until 75 GWd/MTU. The second model based on 
statistical is the logistic regression theory. Hence, the tests carried out and compared against the results 
found by neural networks for classification of clusters. It proofs that both approaches present capacity to 
find the flaws accurately of about 80% of cases. 
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Abstract/Keyterms: The transport of uranium hexafluoride (UF6) is carried out in large steel cylinders in 
accordance with the requirements provided in standards ISO 7195 and ANSI N14.1. During filling and 
extraction operations, some air in-leakage in cylinders is possible and its moisture content results in the 
hydrolysis of UF6 and the creation of non-volatile uranium residues, in particular UO2F2 complexes with 
H2O and HF. The main purpose of this paper is to justify, for criticality safety assessment of enriched UF6 
transport cylinders, a bounding hydration ratio H/U of 6 for uranium residues, based on the operating 
conditions of UF6 cylinders in fuel facilities. Moreover, the criticality safety assessment of UF6 cylinders 
transport should also consider water ingress during the immersion test of accident conditions of transport. 
Indeed, this water ingress creates new hydrated residues and its moderation impact on initial residues must 
be considered. The last part of this paper shows that this water ingress does not challenge the bounding 
hydration of uranium residues determined in the first part, due to the presence of UF6 in excess 
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Abstract/Keyterms: SFDS is the criticality assembly for the experimental research of the spent fuel 
dissolver in China Institute of Atomic Energy. The spent fuel dissolver, as the bottleneck of spent fuel 
reprocessing, has so many characteristics such as the dynamic changes, heterogeneous distribution, 
complex compositions that it is hard to analysis by theoretical method. Without enough experiments, clear 
bias and uncertainty of the analysis tools the handling limits for criticality safety in dissolver can’t be 
determined. The SFDS, physical designed by MONK 9A code, uses two kinds of nuclear fuels, 3% 
enrichment solid UO2rods and 5.5% enrichment UO2(NO3)2solution, will meet the demand of the critical 
experiments about the dissolvers. Seven series of critical experiments will be present on it, those are on 
pitches of rods, uranium concentrations of solutions, nitric acid concentrations of solutions, fission 
products, void fractions, temperatures and dissolve phases. More kinds of experiments could be introduced 
with the flexible structures of SFDS in the future. The current work on it are testing and debugging with 
full systems by water and it will be first critical later in 2015.It will become the first benchmark assembly 
for critical experiments research in the nuclear fuel cycle system in China. 
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Abstract/Keyterms: A recent event in the Thorp Reprocessing Plant involved unconditioned feed being 
sent to one of the main process solvent extraction vessels. As the feed was unconditioned the fissile material 
was lost to the aqueous raffinate stream. The plant was tripped and shutdown in line with the baseline 
criticality safety case. This paper describes the recovery option that was taken to remove the Pu from the 
raffinate tank and safely consign it to the downstream effluent vessels. Key assumptions that were 
fundamental to maintaining criticality safety throughout these operations were clearly highlighted in the 
supporting criticality safety assessment. Key learning points that are of relevance to the wider criticality 
safety assessment community are pulled out at the end of this paper. 
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Abstract/Keyterms: Uncertainty for the PU-MET-INTER-002 benchmark of ZPR-6/10 was unusually 
large for a ZPR assembly and was dominated by the uncertainties in matrix tube pitch and composition 
uncertainties for plutonium, graphite and stainless steel plates. The original uncertainty analysis for PU-
MET-INTER-002 was limited by computer resources, software and the nuclear data available in 2002, all 
of which have been improved since. An as-built Monte Carlo model of ZPR-6/10 was used to quantify 
components of the transformation from the detailed model to a simplified RZ benchmark in 2002. 
Compositional uncertainties were estimated based upon TWODANT calculations of the RZ benchmark 
model (20 group, S8 - P1). MC2-2 was used with END/B-V.2 data to generate homogenized cross section 
data for TWODANT. The MC2-2 calculations did not account for lattice cell spatial heterogeneity which 
was driven by the manual process required to generate ~80 modifications to the deterministic model and by 
the software limitations of MC2-2. Improvements to DIF3D-VARIANT, development of the MC2-3 and 
BuildZPRModel codes, and better computer resources make accurate 3D transport calculations of reactivity 
changes practical today. BuildZPRModel imports the as-built geometry and creates a “drawer” 
homogenized DIF3D model where each radial DIF3D mesh is the exact size of a single ZPR matrix tube 
and drawer. A MC2-3 input is constructed for each drawer to produce homogenized cross section data 
where the spatial cell heterogeneity is captured by solving a 1D MOC transport calculation on the ultrafine 
energy group level. Collapsing 3D drawers into 1D MC2-3 drawer models follows conventional procedures 
and is done by BuildZPRModel. MCNP6 was used to re-compute relevant geometry components of the 
uncertainty using ENDF/B-VII.0 data with the as-built model. Changes in the geometry components 
compared with earlier results are insignificant. DIF3D calculations of the compositional uncertainties were 
performed using 33, 70, 116, 230, 425, and 703 group energy structures and selectively combined with P3-
P7 transport approximations and P1 and P3 scattering kernels. 3D diffusion theory calculations were also 
performed for comparison. Many composition uncertainty components were essentially unchanged with 
the updated methodology. However, the dominant experimental uncertainty for PU-MET-INTER-002 is 
the composition of stainless steel. The new calculations reduce the stainless steel uncertainty from ~115 
pcm to ~70 pcm which significantly reduces the total uncertainty for PU-MET-INTER-002. 
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Abstract/Keyterms: In nuclear facilities, the transfer of fissile material in solution, gas or powder forms 
between process stages requires many transfer lines (called “pipes” in this paper) which may be laid out 
into bundles or networks. In Nuclear Criticality Safety evaluations, it is usual to assimilate such networks 
as a unique cylinder which area bounds the sum of the surface of pipes making up the network. However, 
even if this geometric simplification appears intuitively safe, it is not conservative in all cases. The aim of 
this paper is therefore to explore the validity and limitations associated to the assessment of pipes networks 
by a unique cylinder. This paper presents the impact on the keff value of a detailed modeling of a pipes 
network compared to a unique cylinder. Variables of interest considered in such calculations are pipes 
diameter, composition, pitches and layout. Fissile media taken into account are uranium systems enriched 
from 5 % to 93.5 % in 235U. Then, the impact on reactivity of pipes material, such as stainless steel or 
plastic, is discussed and the minimal or maximal safe thickness of material has been determined. Finally, 
this paper provides guidance on the nuclear criticality safety assessment of pipes networks for uranium 
systems. 
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Abstract/Keyterms: The increasing demand on accuracy of criticality calculations leads to the question, 
how to treat correlated data of benchmark experiments correctly. Correlations in the process of validation 
arise for example if a configuration in a series of experiments shares certain components, e.g. fuel rods. 
Traditional methods of code validation do not treat correlations explicitly, but give a more conservative 
estimation of the bias. Including correlations can lead to a more precise estimation. In the work at hand, a 
method is discussed based on Bayes theorem to include correlations in the experimental data when 
estimating an application case keff. After a short introduction to the applied method and the demonstration 
of the general capability of it to predict the keff correctly, it is shown how the calculated keff of an 
application case depends on correlations in experimental data for a simple Toy Model. The impact of 
ignoring correlations and taking to account lower and higher correlations is shown and discussed. Further 
results are shown using a database of correlated experimental data from the International Handbook of 
Criticality Safety Experiments to estimate the bias of two application cases. The experiments were chosen 
following the suggestion of the OECD/NEA EGUACSA Benchmark phase IV and consists of 21 
experiments from the LEU-COMP-THERM series 007 and 039. With the extracted data results the 
calculated keff values of the application cases are shown and discussed for different examples of 
correlations. The calculations were done by applying Monte-Carlo sampling methods with the GRS tool 
SUnCISTT, using ORNL’s SCALE 6.1.2. This work discusses a possible way of treating correlations in 
the recalculation of critical experiments to get a more precise bias estimation of the used code system. It 
will be shown, that the presented method is capable to treat similarities in experimental setups of data used 
to calculate the bias correctly, independent of the size of similarities. The presented method is in principle 
capable of assessing regimes with little experimental data to estimate a bias. 
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Abstract/Keyterms: CIRCEE is a calculation code developed by the French Atomic Energy Commission 
(CEA), allowing fast assessment of operational dose over complex geometries. It is used to assess 
dosimetric consequences of a criticality accident. More specifically, it can be used both during the 
preliminary studies phase (isodoses curves for safety report preparation or emergency preparedness, CAAS 
implantation and validation…) and during crisis management (effective dose estimation, emergency 
response). An early development stage of CIRCEE has been presented in a talk at the 2009 NCSD edition 
[1]. Since then, an extensive code rewriting increased its reliability and maintainability while keeping its 
performance at an excellent level. Now in a stable production version, and following the grant of several 
international patents, it should be available under commercial license terms in the near future. 
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Abstract/Keyterms: The SCALE 6.1 code system includes a multigroup (MG) method for three-
dimensional (3D) sensitivity analyses via the Tools for Sensitivity and UNcertainty Analysis Methodology 
Implementation (TSUNAMI), and the upcoming release of SCALE 6.2 will feature the system’s first 
implementation of continuous-energy (CE) sensitivity methods. Detailed information regarding the CE 
TSUNAMI-3D eigenvalue sensitivity methods is provided in a companion paper. This work compares the 
results of TSUNAMI-3D calculations using the traditional MG approach to the new CE CLUTCH method 
in SCALE 6.2. The systems examined in this study include combinations of fast, thermal, and mixed spectra 
with metal, compound, and solution material forms. The primary fissile species include low-enriched 
uranium, intermediate-enriched uranium, high-enriched uranium, plutonium, and mixed uranium and 
plutonium. This broad range of systems expands the experience base with the CE CLUTCH method, 
identifies best practices for using the code, and provides generic user guidance for utilizing this new 
capability. Additionally, the study demonstrates the accuracy and usefulness of the CE CLUTCH method, 
especially for systems for which MG methods perform poorly. 
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Abstract/Keyterms: A new version of the CRISTAL criticality calculation package, named CRISTAL 
V2.0, has been developed by IRSN and CEA, in collaboration with AREVA and EDF. Four calculation 
routes are now available, using nuclear data issued from the JEFF-3.1.1 evaluation: two multigroup routes 
based on 281 groups cross-sections (APOLLO2 – MORET 5 or APOLLO2-Sn calculations), a pointwise 
Monte Carlo route (TRIPOLI-4®) and a criticality standard calculation route. The CRISTAL V2.0 package, 
which will be delivered soon to OECD/NEA data bank, benefits from a broad validation database covering 
almost all areas of criticality-safety applications, from fuel fabrication to reprocessing, including 
transportation. 3,127 critical experiments, corresponding to 342 series, either issued from the 
OECD/ICSBEP Handbook or performed in French facilities (confidential data) were selected for the 
CRISTAL V2.0 validation database. Currently, more than 2,300 experiments are already part of the 
validation database. This validation work highlights an overall consistency to experimental data and inter-
comparisons between the different calculation routes mainly show good agreements on a large set of 
common experiments. 



 

C-7505 

7492…..…..…………………..…….……..……ID Number…………………..…..…………….7492 

Author: Tardy, Marcel / Kitsos, Stavros / Milet, L. / Grassi, Gabriele 

Title: An Industrial Application of the Burnup Credit Including Actinides and Fission Products for PWR 
UO2 Used Fuel Transportation 

Date: 9/13/2015 

Report: ICNC’2015, 0824-0833 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: ICNC Poster Session 

Abstract/Keyterms: Criticality safety analyses related to the transportation of PWR uranium oxide (UO2) 
used fuel assemblies are usually performed under the fresh fuel assumption. This leads to huge safety 
margins, as the negative reactivity worth due to the irradiation of the assemblies is not taken into account. 
Since 1987, AREVA TN has been using a limited burnup credit method based on the sole consideration of 
major actinides and the use of a uniform axial burnup profile corresponding to the mean burnup at the 50 
least-irradiated centimetres of the assembly. This method is quite limited today for some applications, due 
mainly to the increase of the fuel enrichment in PWR UO2 fuel assemblies. The strategy of AREVA TN to 
deal with high enriched PWR UO2 fuel assemblies and to limit the increase of the neutron poison content 
in the new baskets’ designs is to take benefit from the reactivity reserve, which can be gained by considering 
main fission products and less penalizing axial burnup profiles instead of uniform axial burnup profiles. 
The Burnup Credit (BUC) calculation route for PWR UO2 used fuel is based on the connection of the 
depletion code DARWIN (developed by the CEA1) and the Criticality Safety Package CRISTAL V1 
(developed by the CEA and the IRSN2 in partnership with AREVA & EDF3). French BUC experimental 
programs have been also separately performed in Cadarache and in Valduc in order to validate respectively 
the APOLLO2-DARWIN2 depletion code and the CRISTAL V1 Criticality Safety package. This paper 
presents the BUC methodology including actinides and fission products but also the approach used for the 
criticality safety assessment of representative transport cask loaded with PWR UO2 used fuel assemblies 
approved for the first time by the French Safety Competent Authority. 
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Abstract/Keyterms: Radioactive Waste Management (RWM) is responsible for implementing geological 
disposal of the UK’s higher activity radioactive wastes. These wastes include fissile nuclides and, therefore, 
demonstration of the criticality safety of the wastes under disposal conditions forms an important 
component of RWM’s disposal system safety case. The basis for ensuring criticality safety of intermediate 
level waste (ILW) packages is to specify controls on the fissile material content of individual packages 
through the application of deterministic criticality safety assessments (CSAs). The approach is defined and 
controlled through RWM’s Disposability Assessment process, which aims to ensure that: criticality is 
prevented during waste package transport to a GDF; the risk of criticality is tolerable and as low as 
reasonably practicable (ALARP) during GDF operations; and the likelihood and consequences of criticality 
arising from the evolution of waste packages after GDF closure are low. The most restrictive phase 
determines the package fissile material limit and, until now, in many cases the GDF post-closure phase has 
provided the most restrictive limit. Currently, the GDF post-closure limits are derived deterministically 
using highly stylized and conservative assumptions about fissile material accumulations occurring on very 
long timescales into the future. RWM, waste producers and regulators do not currently consider this 
approach to be yielding an appropriate balance of risk. Therefore, RWM is modifying the process for setting 
fissile material limits on ILW packages by making use of the outcomes of its recent research projects to 
establish the likelihood of post-closure criticality in a GDF and the consequences of hypothetical post-
closure criticality events (presented in companion papers). This paper presents the revised methodology, 
which is based on the requirement that criticality in a GDF can be demonstrated to be of low and tolerable 
consequences with regard the performance of a GDF. A probabilistic “low-likelihood package envelope” 
is proposed that establishes the packaging and disposal facility conditions under which post-closure 
criticality is considered to be of low likelihood and low consequence. The bounding conditions for 
establishing the extent of the package envelope have been evaluated through application of the 
methodologies and models developed in RWM’s Likelihood of Criticality research project. It is expected 
that the vast majority of ILW packages would meet the package envelope requirements. The methodology 
also allows the use of other options, such as deterministic CSAs, for waste packages that fall outside the 
low-likelihood package envelope. 
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Abstract/Keyterms: In the frame of the ongoing Thermal/Epithermal eXperiments program, supported by 
the DOE-NCSP, we are characterizing expected data with analysis of sensitivity coefficients to nuclear 
data. The computations were performed for detailed and simplified models of the experimental 
configurations in order to demonstrate their invariance with respect to small geometry variations. The 
sensitivity coefficients were computed with recently developed precise methodologies using Monte Carlo 
tools (MCNP-6.1, SCALE 6.1 and MORET 5.C.1) with the following nuclear data libraries: ENDF/B-
VII.0, ENDF/B-VII.1, and JEFF3.1. Since the considered experiments are devoted to tantalum data 
validation, their neutronic characteristics are compared with the relevant integral experiment data collected 
in the OECD/NEA ICSBEP Handbook. Although analysis of sensitivity coefficients taken alone is 
insufficient for an entire assessment, we can conclude that TEX experimental results can fill gaps in the 
available benchmarks to facilitate quantification of uncertainty for plutonium containing systems with 
epithermal neutron spectra (e.g. wet plutonium-based powders). However, analysis of sensitivity profiles 
demonstrates that an advanced statistical method 
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Abstract/Keyterms: Canadian Nuclear Laboratories (CNL) is Canada’s largest nuclear science and 
technology laboratory, with a long history in developing and progressing in the field of nuclear science. In 
the early years of nuclear science and technology development, there were practices used for nuclear 
material storage and management that have led to recent challenges in meeting current regulatory (Canadian 
Nuclear Safety Commission) safety requirements. There are over 900 storage locations where significant 
amounts of experimental fuel and operations fuel are stored, with varying degrees of administrative rigor 
being applied over the last 60+ years. To determine the safety of the stored materials, it was impracticable 
to examine every location to determine the status of fissile material composition. A risk graded approach 
was developed to first administratively determine the locations that were at risk, followed by comparison 
to upper subcritical limits. This narrowed the area of concern from >900 locations to approximately >70 
locations. Locations of concern were then modeled with more accurate geometry, reflection and moderation 
conditions to further narrow down the selection area. This further narrowed the locations of concern to 32. 
Reducing overall risk, this small selection of locations have been selected for non-destructive 
imaging/examination and further analysis to confirm geometry to ensure criticality safety in all the storage 
locations. 
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Abstract/Keyterms: The United States Department of Energy (DOE) Nuclear Criticality Safety Program 
(NCSP), funded and managed by the National Nuclear Security Administration (NNSA), offers courses to 
educate nuclear criticality safety (NCS) engineers, process supervisors, and others, and to provide 
experimental, hands-on training addressing important characteristics of neutron multiplying systems. This 
training satisfies the American National Standard Institute/American Nuclear Society (ANSI/ANS)-8.26–
2007 requirement for participating in hands-on experiments with fissionable materials and provides 
awareness and understanding of DOE Orders, Guides and Rules, ANS standards, and hazard identification 
techniques, as well as control design, implementation, and maintenance in criticality safety evaluations. 
Since the pilot course was developed in 2011, a variety of courses have been developed for NCS 
practitioners and process supervisors. Attendees have come from several US and international sites. 
Through NCSP international collaborations and relationships, students from the Atomic Weapons 
Establishment (AWE) in the United Kingdom, Atomic Energy of Canada, and the Institute for Radiation 
Protection and Nuclear Safety in France have participated in these courses in the US. Manager courses are 
available for process supervisors and operations managers with NCS responsibilities in their daily jobs. 
Manager courses are taught at Sandia National Laboratory (SNL) and the National Criticality Experiments 
Research Center (NCERC); they offer a combination of hands-on experiments and classroom discussions. 
A two-week course is also offered for NCS practitioners, with a week of classroom instruction at Los 
Alamos National Laboratory (LANL) focused on generation of NCS evaluations, and a week of hands-on 
training utilizing the critical assemblies at either SNL or NCERC. Cleared students can attend the hands-
on training at either SNL or NCERC, and uncleared students can attend at SNL. Courses continue to evolve 
and continuously improve as important elements of NCS evaluations (e.g., human factors, non-destructive 
assay (NDA) techniques, process criticality accident lessons-learned, and hand calculation methods) are 
integrated with criticality safety evaluation exercises. Courses include tours of process operations at SNL, 
NCERC, and LANL, and interaction with instructors experienced in conducting critical experiments and 
working in NCS. The NNSA NCSP provides management, funding, and technical direction for these 
courses and makes them available with no tuition cost to NCS practitioners. This paper provides a status 
report to the NCS community on the conduct of these courses and how they will likely evolve in the future. 
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Abstract/Keyterms: The scattering interactions of thermal neutrons in matter are classified into inelastic 
and elastic components. In crystalline materials, coherent elastic scattering represents a dominant form of 
interaction. Traditionally, the treatment of this interaction in standard computer codes (e.g., the LEAPR 
module of the NJOY code system) was performed within the cubic approximation and restricted the analyst 
to a few materials that were hardwired into the code. In general, these restrictions can hinder the production 
of ENDF style thermal neutron scattering libraries for new materials outside the current portfolio of treated 
materials. In this work, a general formulation based on the exact theory of coherent elastic scattering was 
developed. This formulation is capable of processing the crystalline structure of any material. The cubic 
approximation is relaxed by accounting for the partial forces from asymmetric crystal structures in the 
calculation. The atom sites approximation is relaxed by utilizing a site-wise Debye-Waller factor. 
Specifically, the Debye-Waller factor is no longer regarded as a uniform constant across the crystal but 
treated as a matrix tensor that uses the integral of the partial phonon density of states. Therefore, the 
calculation of the coherent elastic scattering cross section is executed by applying the matrix-form of the 
Debye-Waller factor on each reciprocal space point and summing them up. Furthermore, the developed 
algorithm supports compounds with any number of elements and of any ratio to each other. This general 
formulation was successfully implemented and contributed to the production of ENDF style thermal 
neutron scattering libraries for silicon dioxide (a-SiO2) and silicon carbide (3C-SiC). The needed input for 
the analysis was generated using density functional theory (DFT) atomistic simulations and dynamical 
matrix calculations for both materials. 
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Abstract/Keyterms: Concerns about using cross sections recommended in the main evaluated data 
libraries (i.e. ENDF/B, JEFF and JENDL) for nuclear criticality calculations have been a prime motivator 
for new cross section measurements. The measurements and evaluations discussed in this work are part of 
a collaboration between the Oak Ridge National Laboratory (ORNL) and the Institute for Reference 
Material and Measurements of the Joint Research Center (JRC-IRMM) of the European Commission (EC). 
They are performed in response to the US Nuclear Criticality Safety Program (NCSP) data needs. In 
particular, the NCSP five-year plan encompasses a listing of elements that have been identified for 
measurements and evaluations to address issues on criticality safety applications. This listing is based on 
data deficiency concerns in practical applications that are conveyed by criticality safety practitioners. In 
general these deficiencies are obtained through the analysis of benchmark calculations. A wealth of 
evaluations in the main libraries were derived from results of measurements made with poor time-of-flight 
resolution, and the description of some data in the neutron energy range above several tens of keV is crude. 
This impacts both the resolved and unresolved resonance region, and leads to bias effects when resonance 
structures play an important role. As a consequence only average corrections can be applied in calculations 
for nuclear criticality calculations where self-shielding, multiple scattering, or Doppler broadening are 
important. This can lead to erroneous results. Furthermore, many evaluations for nuclides having small 
neutron-capture cross sections show erroneously high cross sections because the influence of the neutron 
sensitivity of the old measurement systems was underestimated. Although their neutron capture cross 
sections are small, these nuclides, if occurring in large amounts, can be important absorbers in criticality 
calculations, so an accurate determination of these cross sections is required. Over the last seven years the 
JRC-IRMM/ORNL collaboration has produced many neutron induced cross section data using the Geel 
Electron Linear Accelerator (GELINA) neutron time-of-flight facility. This facility is ideally suited to 
measure total, fission and capture cross sections in the energy range from 1 eV to ~600 keV, which is 
important for nuclear criticality calculations. In this paper the facility and experimental set-ups at GELINA 
will be described together with the data reduction and analysis procedures which result in experimental 
observables including their full covariance information. The importance of combining transmission and 
partial cross section data will be emphasized. We will give a list of the measured nuclides and discuss the 
impact of the resulting data and evaluations. 
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Abstract/Keyterms: This study explored the impact of undersampling on the accuracy of tally estimates 
in Monte Carlo (MC) calculations. Steady-state MC simulations were performed for models of several 
critical systems with varying degrees of spatial and isotopic complexity, and the impact of undersampling 
on eigenvalue and fuel pin flux/fission estimates was examined. This study observed biases in MC 
eigenvalue estimates as large as several percent and biases in fuel pin flux/fission tally estimates that 
exceeded tens, and in some cases hundreds, of percent. This study also investigated five statistical metrics 
for predicting the occurrence of undersampling biases in MC simulations. Three of the metrics (the 
Heidelberger-Welch RHW, the Geweke Z-Score, and the Gelman-Rubin diagnostics) are commonly used 
for diagnosing the convergence of Markov chains, and two of the methods (the Contributing Particles per 
Generation and Tally Entropy) are new convergence metrics developed in the course of this study. These 
metrics were implemented in the KENO MC code within the SCALE code system and were evaluated for 
their reliability at predicting the onset and magnitude of undersampling biases in MC eigenvalue and flux 
tally estimates in two of the critical models. of the five methods investigated, the Heidelberger-Welch 
RHW, the Gelman-Rubin diagnostics, and Tally Entropy produced test metrics that correlated strongly to 
the size of the observed undersampling biases, indicating their potential to effectively predict the size and 
prevalence of undersampling biases in MC simulations. 
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Abstract/Keyterms: The latest COG code version, COG11.1, is now available. New features include: 
hybrid criticality detector variance reduction (CritDetVR); delayed fission gammas (DFG); nuclear 
resonance fluorescence (NRF); radiation sources (RadSrc); an updated COG dictionary (COGLEX); and 
additional nuclear data libraries. Ongoing software quality assurance and code development activities are 
also described. 
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Abstract/Keyterms: The MONK® code, if we include its predecessor GEM, has now been in use for 50 
years. It is a Monte Carlo code for nuclear criticality and reactor physics analyses which is used extensively 
in the UK nuclear industry and worldwide. In 2014 a major new version of the code, MONK10A, was 
released introducing many new features; these are described with example applications presented where 
appropriate. Experience with MONK9A models indicates that MONK10A has increased run-time 
performance for all cases and on average runs 2.4 times faster. New geometry options include the direct 
import of CAD generated models using the new IGES body, POLY body, TETMESH Hole and TETMESH 
Zone features. Example calculations for a selection of CAD import options are presented and compared 
with the intrinsic MONK geometry representation, with relative merits discussed. New Features are 
included to assist with the modeling of distributed parameters; such features include Unified Tally (UT), 
Action Tallies (AT) in UT and Shannon entropy. The latter is useful in assessing the convergence of 
distributed parameters, such as scalar neutron flux. As such it is an important tool in determining the 
appropriate point to stop settling and begin scoring stages in a Monte Carlo simulation. The utility of UT, 
AT-in-UT and Shannon entropy is demonstrated using calculations employing the new CAD import 
geometry options. Runtime Doppler broadening is included to allow accurate representation of temperature 
distributions within models. Example calculations which further demonstrate UT and AT-in-UT are 
presented for different bodies at different temperatures to evaluate the effects of temperature differences on 
k-effective and reaction rates. The MONK10A code was issued with a new set of continuous energy and 
group nuclear data libraries. These include JEFF3.1, JEFF3.1.1, JEFF 3.1.2, ENDF/B-VII.0 and CENDL 
3.1 libraries. The inclusion of a range of libraries allows the user to evaluate the impact of different 
international nuclear data evaluations on their results and an example is provided to illustrate the differences 
that can arise from the use of different nuclear data evaluations. The code was also issued with a new 
version of the VisualWorkshop IDE to allow easy construction and editing of input decks, running of 
calculations and display of geometry and results. Examples are provided of the geometry and results display 
and showing how results can be superimposed upon the geometry. 
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Abstract/Keyterms: For application in criticality safety, numerical code systems require profound 
validation against experimental data. In terms of burn-up credit, this refers to the inventory determination 
as well as the subsequent criticality calculation. Within this framework, a dedicated, conservative 
estimation of uncertainties, bias and bias uncertainties for the resulting calculated multiplication factor keff 
is indispensable. However, measures to reduce excess conservatism may become desirable, depending on 
the application case. For this reason GRS implemented a methodology to validate a calculation code system 
for criticality safety analyses for systems with irradiated nuclear fuel. The work at hand demonstrates this 
methodology by means of the GRS home-built inventory determination system KENOREST and ORNL’s 
well-known SCALE 6 CSAS5 criticality safety calculation sequence. A number of 40 radiochemical 
analysis samples taken from SFCOMPO and elsewhere have been calculated to derive isotopic correction 
factors in different ways, depending on the required level of conservatism and the calculational efforts to 
be carried out. This includes bounding methods as well as different Monte Carlo sampling approaches. 
Furthermore, from the ICSBEP a number of 515critical benchmark experiment configurations comprising 
water moderated low enriched UO2 fuel rods and water moderated mixed oxide (MOX) fuel rods have been 
selected and evaluated. Important absorber and structure materials are also covered. Various trending and 
sensitivity and uncertainty analysis methods have been applied, again to derive conservative estimates on 
the various contributions to keff uncertainties. The overall methodology is applicable to low enriched, water 
moderated PWR uranium dioxide fuels in a burn-up range of about 10to 60GWd/tHM, and validates the 
reactivity contributions of the major uranium and plutonium isotopes. The methodology itself has no 
limitation which requires the exclusion of further isotopes as e.g. fission products. However, its application 
is constrained by the experimental database being publicly available. After the potential provision of an 
extended database in the future, the range of applicability can easily be extended to more nuclides. In 
addition, it is not limited to the code systems being used here but can also be applied using different 
numerical tools. For a generic PWR spent fuel pool rack and different enrichment and burn-up 
combinations, the impact of the current level of validation on keff is demonstrated and quantified. 
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Abstract/Keyterms: The artificial neural network (ANN) is a consistent example for non-parametric 
parameter estimation and regression, with powerful universal approximation properties, that is distribution 
independent. ANN application to criticality code validation centers on aligning mathematical relationships 
between code validation parameters and neural network prediction for those parameter values. Two specific 
goals are: (1) an appropriate ANN architecture to determine validation parameter values, and (2) 
bootstrapping individual ANNs as a “Prediction Interval” (PI) technique to estimate the Calculation Margin 
and Upper Subcritical Limit. The individual ANN workflow is segregated into Training, Validation 
(network), and Testing Sets, where the network predictive properties and performance are expressed in the 
latter set. The Bootstrap ANN replicates a large set of individual ANNs (taken from the original data 
distribution) where (1-a/2)100% PI estimates can be determined. Results from the ANN method are 
compared to a variety of validation examples: a “toy example” from ANSI/ANS-8.24, Appendix D, a 
variety of methods noted in a Nuclear Criticality Safety Division 2009 paper, and several validation 
campaigns for highly enriched uranium and plutonium systems. The ANN method is robust and can be 
applied to single or multivariate inputs. A trained ANN can provide both an average estimate (e.g., single 
value) and an estimate over a range of independent variable values where the kUSL can be formed in a 
regression relationship suitable for extrapolation. The input dependence has been tested, ranging from 15 
to over 400 sample size distributions. An expanded Shapiro-Wilk test (for sample sizes up to 5000) was 
implemented to confirm that the ANN method is transparent to distribution function. The Principle 
Component Analysis method was applied as an input preprocessing step embedded within the ANN in order 
to reduce dimensionality and correlation for multivariable inputs. This can potentially aid in determining 
accurate margins over applying arbitrary margins. The automatic optimization of the Bootstrap ANN PI is 
left for future consideration. 
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Abstract/Keyterms: NJOY has a long history of nuclear data processing. NJOY began as a successor to 
MINX (Multigroup Interpretation of Nuclear X-Sections), a Los Alamos code and was first publicly 
released in the summer of 1977. The initial version included modules such as RECONR for resonance 
reconstruction on a union energy grid, BROADR for Doppler broadening plus a new Multigroup averaging 
program, GROUPR and an associated output module, DTR. Soon thereafter the HEATR, ERRORR, and 
THERMR modules were added to NJOY. By the mid-1980s, NJOY had a worldwide user community. The 
current version of NJOY2012 was released in December 2012. NJOY2012 builds on the success of more 
than 45 years of nuclear data processing at Los Alamos National Laboratory. NJOY2012 was rewritten 
using Fortran 90/95, utilizing among other things the concepts of public and private variables, eliminating 
common blocks in lieu of Fortran modules and taking advantage of allocatable arrays. A new version of 
NJOY is being developed at Los Alamos National Laboratory; NJOY21: NJOY for the 21st Century. 
NJOY21 uses modern programming standards of quality, reliability, and maintainability. It is being 
designed from the ground up to utilize modern methods of interacting with computer codes by providing 
an interactive and scripting (e.g., Python) interface. This will allow scientists the ability to more easily work 
with the results of the various steps in the processing of nuclear data. NJOY21 will continue the legacy of 
NJOY by providing a trusted and verified processing code that is fast, flexible, easy to use and customize 
and capable of handling both modern and established nuclear data formats. This paper introduces NJOY21 
by first relating the history of NJOY; the majority of the paper will discuss NJOY21. NJOY21 will take 
advantage of the many decades of nuclear data processing experience that is contained in NJOY2012 and 
previous versions of NJOY and extend the capabilities and convenience of processing nuclear data. We will 
discuss how NJOY21 will remain backwards compatible with NJOY2012— i.e., how current NJOY2012 
input decks will continue to work with NJOY21. We will also discuss the verification and validation of the 
NJOY21 code base. Finally we will discuss new features in NJOY21 that do not exist in NJOY2012. These 
features include changes in how a scientist can interact with NJOY to process and verify and validate 
nuclear data; and the ability to read and write new nuclear data formats. 
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Abstract/Keyterms: In the post-Fukushima prospect, Japan Atomic Energy Agency, JAEA, intends to re-
open its Static Experiment Critical Facility STACY, in order to contribute to the validation of fuel debris 
calculations in conditions close to those affected by the Fukushima Daiichi Nuclear Power Station accident. 
The reactor core of STACY is being modified by JAEA from homogeneous solution fuel core to 
heterogeneous pin-type fuel core. The first step of critical experiments is to establish reference experiments 
involving lattices of UO2 rods without fuel debris. A design of such experiments is in progress for the 
widest range of moderation ratios in the frame of JAEA/IRSN collaboration. To anticipate the specification 
values of materials to be manufactured (grids, rods), an evaluation of uncertainties pertaining to the different 
parameters driving keff is paramount. The following uncertainties of experimental cores are evaluated to 
estimate the reactivity effect of engineering tolerance/or measurements of the modified STACY: (1) 
Density of fuel pellets, (2) Enrichment of uranium, (3) Diameter of fuel pellets, (4) Thickness of fuel 
claddings, (5) Impurities of fuel pellets, (6) Impurities of fuel claddings and (7) Positioning of fuel rods in 
the lattice. For these calculations, three types of moderation conditions were considered within the 
experimental parameters of STACY: the lowest moderation (lattice pitch = 1.15 cm; Vm/Vf=1.2), optimum 
moderation (lattice pitch = 1.5 cm, Vm/Vf = 2.9) and an over moderated case (lattice pitch = 2.55 cm; 
Vm/Vf = 11). The calculations to derive the overall uncertainty of modified STACY were performed 
propagating the 1σ uncertainties of parameters of existing STACY in terms of keff. For that purpose, a 
perturbation calculation (differential operator) technique and a stochastic geometry modeling technique 
were used with the MCNP5 continuous energy Monte Carlo code and a point-wise cross section library 
based on the JENDL-4.0 evaluated nuclear data library. Moreover, the results of calculations were 
compared with those calculated by two continuous energy Monte Carlo codes using the correlated sampling 
technique: · An experimental version of the Japanese MVP2 code combined to the JENDL-4.0 nuclear data 
library, · The MORET 5 code, developed by IRSN, combined to the JEFF-3.1 nuclear data library. The 
proposed paper discusses all the aforementioned issues, and confirms that the uncertainty pertaining to the 
critical experiments of the STACY is sufficiently small. 
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Abstract/Keyterms: The critical configuration of the small, compact critical assembly (SCCA) 
experiments performed at the Oak Ridge Critical Experiments Facility (ORCEF) in 1962-1965[1,2] have 
been evaluated for the International Criticality Safety Benchmark Evaluation Project (ICSBEP) and were 
determined to be acceptable benchmark experiments and are included in the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments (ICSBEP Handbook)[3]. The initial intent of these 
experiments was to support the design of the Medium Power Reactor Experiment (MPRE) program, whose 
purpose was to study “power plants for the production of electrical power in space vehicles.”[4] The third 
configuration in this series of experiments was a beryllium-reflected mockup of a stainless-steel-clad, 
highly enriched uranium (HEU)-O2 fuel, potassium-cooled, space power reactor. Reactivity measurements, 
cadmium ratio spectral measurements, and fission rate measurements were measured through the core and 
top reflector. Fuel effect worth measurements and neutron moderating and absorbing material worths were 
also measured in the assembly fuel region. The cadmium ratios, fission rate, and worth measurements were 
evaluated for the International Reactor Physics Experiment Evaluation Project (IRPhEP) and are published 
in the International Handbook of Evaluated Reactor Physics Benchmark Experiments (IRPhEP 
Handbook)[5]. More recently, two additional critical configurations have been evaluated and added to the 
existing evaluation report in the ICSBEP Handbook. The new critical configurations measure the effect of 
filling the core with potassium. The critical configuration consisted of 30.48 cm tall fuel tubes of 93.15 
wt.% enriched uranium dioxide (UO2) pellets. Each fuel tube had 26 pellets with a total mass of 295.8 g 
UO2 per tube. There were 253 tubes were arranged with 1.506-cm center-to-center, triangular spacing and 
surrounded on all side by a beryllium reflected. The reactivity of the system was measured with the core 
tank empty and filled with potassium. The system reactivity was increased from 13.4 ¢ to 32 ¢. This change 
in system reactivity represents the worth of the potassium. Simple benchmark models for the empty and 
potassium filled cores have been derived and evaluated and found to be acceptable as benchmark 
experiments. The benchmark experiment eigenvalues are 1.0001 ± 0.0008 and 1.0011 ± 0.0009 for the 
empty and filled cores, respectively. When calculated with MCNP5 and ENDF/B-VII.0 the calculated 
eigenvalues are 0.98906 ± 0.00002 and 0.98883 ± 0.00002, respectively. These results are concerning due 
to the drop of the calculated system reactivity when potassium is added to the system rather than the 
expected increase in system reactivity 
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Abstract/Keyterms: Subcritical measurements are used for many applications including nonproliferation, 
treaty verification, in-situ monitoring for criticality, and reactor subcriticality monitoring. Most analysis 
methods involve correlated neutron detection, based upon the property that fission events can create 
multiple neutrons that are born at nearly the same time (on a scale of 10-13 or 10-14 seconds). Many 
different time-correlated methods have been used since the 1950s and are still widely utilized today. This 
particular work describes an uncertainty analysis of measured data using the Hage-Cifarelli formalism of 
the Feynman Variance-to-Mean method. The Feynman Variance-to-Mean method was introduced by 
Feynman et al. in 1956 and is based upon the differences between the detector count data and the data that 
would be expected from measurements taken from a Poissonian source. The Hage-Cifarelli formalism 
relates moments of the Feynman histograms to several parameters of a system: leakage multiplication (ML), 
spontaneous fission rate (FS), (α,n) neutron emission rate (Sα), detector efficiency (ε), and the moments of 
the number of neutrons emitted per fission (ν). The first part of the uncertainty method described in this 
work will show how to determine uncertainties of the first (R1) and second (R2) reduced factorial moments 
of the Feynman histograms. The second part of the method will describe how to determine the uncertainties 
in the other parameters given uncertainties in the reduced factorial moments; in particular, this work will 
focus on determining the uncertainties in ML and FS. This work will utilize measured data from a recent 
benchmark evaluation with a 4.5 kg sphere of α-phase plutonium to validate the uncertainty analysis. 
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Abstract/Keyterms: Flattop is a critical assembly with a spherical core (either ~17 kg of HEU or ~6 kg of 
δ-phase Pu) surrounded by a spherical 1000 kg natural uranium reflector. In 2013, joint LANL and CEA 
measurements were conducted to measure Flattop configurations with the HEU core using He-3 detector 
systems. Similar experiments were previously documented in which the Caliban and Godiva critical 
assemblies were measured. The core and reflector of Flattop have a glory hole in which nuclear material or 
non-nuclear material may be placed. Five configurations were measured and included subcritical 
configurations at various reactivity states as well as a configuration at delayed critical. The various 
reactivity states were achieved by varying the placement of the safety blocks and control rods (composed 
of natural uranium). A description of the assembly and the specific configurations measured will be 
presented. The subcritical and delayed critical measurements were analyzed using the Hage-Cifarelli 
formalism of the Feynman Variance-to-Mean method. This analysis can be used to calculate the 
multiplication of each configuration, from which the multiplication factor and reactivity are determined. 
These results are compared to the reactivity states based upon control rod worth curves and MCNP 
simulations. For this work, a new MCNP model was made to accurately represent the measured 
configurations. The ICSBEP handbook contains a benchmark of Flattop but all models are very simple and 
do not have the required fidelity to accurately represent the measured configurations. This work also 
examines the number of neutrons emitted per fission for this assembly (which has a significant contribution 
of induced fissions in U-238 due to the large natural uranium reflector). 
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Abstract/Keyterms: The US National Criticality Experiments Research Centre (NCERC) is home to 
several critical assembly machines that were relocated from Los Alamos National Laboratory in the last 
decade. The centre is sponsored by the Department of Energy’s Nuclear Criticality Safety Program (NCSP), 
which has the mission to ensure the safe handling of fissile materials from a criticality perspective. Under 
the auspices of the NCSP, Lawrence Livermore National Laboratory (LLNL) is planning to host an 
international inter-comparison of nuclear accident dosimetry (NAD) using the Godiva-IV assembly at 
NCERC. The inter-comparison is motivated by a decline in the frequency of performance testing of NADs 
(both in the US, the UK and France) and the desire to modernize and harmonize dosimetry systems. A pre-
requisite for the inter-comparison is the characterisation of the neutron and gamma-ray leakage spectra 
associated with the Godiva-IV assembly at NCERC. AWE provided its Bonner-sphere spectrometry 
capability to LLNL for two experimental campaigns, in November 2013 and May 2014, to measure the 
neutron leakage spectrum of the assembly in both a sub-critical “steady-state” and a super-prompt-critical 
“burst”. Nine points, at distances from 2 to 4 meters from the machine were measured with the Bonner-
sphere spectrometer using both an active He-3 detector and a passive technique employing gold foils. This 
paper presents the spectra unfolded from the data and integral dose values, and compares these to previously 
published data. The limitations of the work and future plans are also discussed. 
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Abstract/Keyterms: This paper summarises the initial design and validation work of a novel neutron 
spectrometry technique based on gold foil activation at key locations within a single moderating 
polyethylene sphere. This Passive Neutron Spectrometer (PNS) consists of five removable columns which 
contain 52 gold foils in total, deployed over three axes. Response functions have been modeled using 
MCNP5, up to energies of 20 MeV. Validation irradiations have been performed at Valduc (on the Caliban 
assembly), the ASP 2.5 MeV source on site at AWE, and at the Low Scatter Facility at the National Physical 
Laboratory in Teddington (where both 565 keV monoenergetic and californium sources were used). Results 
indicate that the PNS is a viable neutron spectrometry technique. Unlike similar instruments (eg. Gómez-
Ros), the PNS is designed to be directionally dependent with the aim of separately evaluating the scattered 
neutron component of an extended source. A great deal of work is required however to: first, confirm this 
application is feasible; and second, be able to develop it for use. As such, the scope of this paper is limited 
to validating the isotropic response for conventional measurement acquisition and unfolding using the PTB-
written unfolding code, MAXED. Additional work to be conducted in the future includes an investigation 
into the inclusion of different activation foils, and irradiation by Godiva-IV at a point previously 
characterised by the AWE Bonner Sphere set, for comparison. 
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Abstract/Keyterms: A reevaluation of the 239Pu Jezebel experiment of 1954-1955 was published in the 
2013 edition of the International Criticality Safety Benchmark Evaluation Project (ICSBEP) Handbook. 
Four high-fidelity benchmark models were included, but assumptions had to be made about the distribution 
of the mass among the Pu-ally parts. Since then, historic documents have been found that give the as-built 
Pu-alloy part masses, mass densities, and some dimensions. These quantities are not consistent, and to 
reconcile them we have retained the masses and densities but varied the dimensions. The final average 
calculatedto- experiment keff of the four detailed models is only 0.00001 greater than in the 2013 
reevaluation, and the experimental uncertainty is 0.00017 less. This reevaluation has not yet received an 
independent external review or approval by the ICSBEP Working Group. 
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Abstract/Keyterms: In the framework of the WPNCS Expert Group on Uncertainty Analysis for Criticality 
Safety Assessment, we propose a blind numerical benchmark. Since the WPNCS Expert Group on 
Experimental Needs had highlighted the poor database of representative experiments of low-moderated 
MOX powders, this blind benchmark is focused on MOX wet powders Three PuO2 contents are proposed: 
100%, 30% and 12.5%. Two Pu isotopic vectors are considered: a conservative one (0%, 71%, 17%, 11%, 
1% for 238Pu up to 242Pu) and a realistic one obtained from reprocessed LWR 30 GWd/T fuels. For these 
6 cases the powder moisture rate is 3%. The MOX fissile medium is a sphere surrounded by 20 cm water 
reflector. The required results are the calculated Keff and the associated prior uncertainty. Using 
benchmarks experiments, contributors should provide the projected-Keff and the corresponding posterior 
uncertainty. CRISTAL-V2 results based on JEFF3.1.1 nuclear data are presented. As an example, in the 
30% PuO2 challenging case, the calculation uncertainty is decreased from 1160 pcm (1σ) down to 450 pcm 
using EOLE and MASURCA critical Pu experiments. This uncertainty depends slightly on ‘conservative’ 
or ‘realistic’ Pu because the representativity factor does not vary significantly with the Pu vector. 
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Abstract/Keyterms: In current neutron transport calculations, particularly on continuous-energy Monte-
Carlo codes, the major source of uncertainty is coming from nuclear data. In order to improve nuclear data 
evaluations, integral experiments are used. Feedback is then precisely obtained by re-estimating cross-
section levels and correlations according to their sensitivity. Keff-sensitivity coefficients are traditionally 
obtained using deterministic codes since hands-on methods were not yet implemented in continuous energy 
Monte Carlo codes. In this paper, an Iterated-Fission-Probability-based method newly developed in the 
continuous energy Monte Carlo code TRIPOLI-4 will be used to calculate sensitivity coefficient breakdown 
on isotopes and reactions and results will be compared to those of ERANOS deterministic code. Objective 
is twofold: to show the reliability of the new TRIPOLI-4 method and to identify where and why profiles 
are slightly different. Sensitivity profiles, forward and adjoint fluxes are thus meticulously compared using 
a fine 1968-group energy structure. An OECD international benchmark (Uncertainty Analysis for 
Criticality Safety Assessment –UACSA -Phase III) is taken as working example to enforce validation and 
to compare to independent results (e.g. MCNP-6). This benchmark is constituted of two bare spheres filled 
with homogeneous mixture of uranium and polyethylene (respectively 2% and 50% U-235 enrichments) 
and gives an overview of issues encountered in thermal reactor cores. Several energy-group structures 
(1968G, 172G, 33G) are also tested in ERANOS to identify multi-group and implicit effects. Lessons learnt 
are that continuous Monte Carlo methods seem to be mature and compare well with deterministic codes. 
Only damper the U-238 elastic -and on certain conditions the U-238 capture –sensitivity coefficient for 
which difference can reach 30% between TRIPOLI-4 and ERANOS. Indeed concerning U-238, implicit 
effects are emphasized and multi-group theory remains limited by hypothesis; even a 1968-group structure 
is not refined enough to properly calculate U-238 elastic scattering keff-sensitivity. This reference 3D 
continuous-energy sensitivity capability in TRIPOLI4-IFP will be extensively used in the uncertainty 
automated tool RIB of the French Criticality-Safety package CRISTAL. 
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Abstract/Keyterms: A systematic effort was undertaken to reevaluate the minimum critical mass for 
several fissile nuclides and reflectors. This was done using MCNP6 in combination with several modern 
nuclear data libraries, viz. ENDF/B-VII.1, JENDL-4.0 and JEFF-3.1.1. This combination was benchmarked 
extensively against criticality safety benchmarks. The procedure to extract the minimum critical mass from 
the MCNP6 calculations was carefully implemented, so that it would have a negligible impact on the 
accuracy of the end results. All parts of the calculation, i.e. nuclear data processing, MCNP6 models, and 
post-processing, were applied consistently for all cases, involving varying fissile nuclides and reflectors. 
Results for the minimum critical mass were generated for 233,235U, 236,239,241Pu, 242mAm, 
243,245,247Cm, and 249,251Cf, for the case of water moderation and water reflection. For 235U, the 
minimum critical mass was also calculated for cases with other reflectors, such as beryllium, heavy water, 
graphite, lead, and concrete. The results for the water reflection cases are in good agreement with most of 
the literature values, but for the cases with reflectors such as graphite, lead, or concrete, there are sizable 
differences. The accuracy of the results was assessed in two ways. First, a comparison was made with 
criticality safety benchmark results, by selecting benchmarks that resemble the minimum mass systems the 
most. It was clear that for 233, 235U and 239Pu with water reflection, the differences in minimum critical 
masses between the libraries are consistent with the differences obtained for benchmark cases. The 
difference between the benchmark calculations and the benchmark values is then an indication of the 
accuracy with which one can simulate comparable systems. Secondly, sensitivity runs were performed with 
the new MCNP6 sensitivity option, based on ENDF/B-VII.1 nuclear data. For each fissile nuclide, the 
sensitivity of keff to cross sections such as capture, fission, elastic, inelastic was calculated for the minimum 
critical mass case. The same was done for the 1H and 16O cross sections in the moderator and reflector. 
The uncertainty in keff was calculated by combining the sensitivity profiles with the appropriate ENDF/B-
VII.1 covariance matrix, using the SUSD code. As a final step, the uncertainty in keff can be translated to 
an uncertainty in the minimum critical mass. 
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Abstract/Keyterms: Criticality safety assessments require a demonstration that a particular configuration 
of fissile material has an adequate sub-critical margin (k-effective sufficiently below unity) to ensure that 
the risk of criticality under normal operation and accident conditions is acceptable. The required sub-critical 
margin depends upon the uncertainty in the estimated value of k-effective. The uncertainty in the calculated 
value of k-effective arises from a number of sources, including: manufacturing tolerances on input data to 
the code (affecting geometry, compositions and densities), uncertainty in the nuclear data used by the code, 
stochastic uncertainty resulting from Monte Carlo simulation and modelling approximations/errors, 
including the inevitable bugs in the software. The ANSWERS Software Service, in collaboration with 
industrial partners, is developing a number of techniques to better understand and quantify uncertainty on 
predicted values of k-effective, using MONK. The SPRUCE utility code has been developed to allow 
uncertainty to be estimated using sampling methods. This can include the sampling of input parameters 
(including dimensions, compositions and densities) from statistical distributions. It can also include 
sampling different nuclear data libraries. A set of nuclear data libraries has been generated for this purpose 
by sampling from statistical distributions that represent the uncertainties in the published nuclear data 
evaluated files; a set of libraries has been produced for Latin Hypercube Sampling. By varying the input 
data and nuclear data, separate and combined uncertainties due to manufacturing tolerances and nuclear 
data can be derived. By performing least squares fitting on the results it is also possible to estimate the 
contribution of each of the uncertain inputs and a sensitivity method in MONK can break down the nuclear 
data uncertainty. 
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Abstract/Keyterms: This work presents the second-order adjoint sensitivity analysis methodology (2nd-
ASAM) for computing exactly and efficiently the second-order functional derivatives (“sensitivities”) of 
system responses to the system’s model parameters. For a physical system comprising parameters and 
responses, forward methods require a total of at least large-scale computations for obtaining all of the first- 
and second-order sensitivities, for all system responses. On the other hand, for one functional-type system 
response, the 2nd-ASAM requires one large-scale computation using the first-level adjoint sensitivity 
system (1st-LASS) for obtaining all of the first-order sensitivities, followed by at most large-scale 
computations using the second-level adjoint sensitivity systems (2nd-LASS) for obtaining all of the second-
order sensitivities. The second-order sensitivities contribute decisively to causing asymmetries in the 
response distribution, since they are the leading contributors to the third-order response correlations 
(skewness). They also cause the “expected value of the response” to differ from the “computed nominal 
value of the response”. The implementation of the 2nd-ASAM requires very little additional effort beyond 
the construction of the adjoint sensitivity system needed for computing the first-order sensitivities. Only 
the sources on the right-sides of the diffusion (differential) operator needed to be modified; the left-side of 
the differential equations (and hence the “solver” in large-scale practical applications) remain unchanged. 
The application of the 2nd-ASAM is illustrated on a benchmark heat conduction/convection problem, 
which makes transparent the underlying mathematical derivations. For this illustrative problem, 4 “large-
scale” adjoint computations suffice for computing exactly all of the 6 first- and 21 distinct second-order 
derivatives. The 2nd-ASAM presented in this work should enable the hitherto very difficult, if not 
intractable, exact computation of all of the second-order response sensitivities for large-systems involving 
many parameters, which is expected to affect significantly other fields that need efficiently computed 
second-order response sensitivities, such as optimization, data assimilation/adjustment, model calibration, 
and predictive modeling. Nα rN ()2/23/2NNαα+ rN ()21Nα+ 
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Abstract/Keyterms: In March 2011 SKB applied to the Swedish Radiation Safety Authority (SSM) for a 
permit to build a final repository for spent Fuel and an encapsulation plant (Clink). The application 
contained a criticality safety analysis for the canisters to be used in Clink and the copper canister to be used 
in the final repository. In 2012 SSM requested several updates to the application. One of SSM’s concerns 
was the validation of the codes. SSM emphasized that SKB must improve the method to select critical 
experiments to the validation suite. To satisfy this demand, SKB used the tool Tsunami in the Scale 6.1 
code package to select experiments from the handbook of criticality experiment (IHECSBE). With help of 
sensitivity files SKB evaluated almost 700 experiments from the LEU-COMP-THERM library. SKB then 
picked the experiments that most resembled our safety cases. The sensitivity coefficient, ck, from Tsunami 
has been used to evaluate the similarity between the experiments and the applications. It has been 
considered that a ckover0.8 provides a “good enough” similarity between the experiment and our evaluated 
safety cases. For the different safety cases between 50-600 experiments satisfied the 0.8 criteria giving a 
good base of data for statistical analysis. It is worth noticing that PWR-fuel generally receives a higher ck 
than BWR-fuel. Initial analysis shows that the differences in results between BWR and PWR can be 
explained by a larger sensitivity for the U238 n,n´ part of the cross section in the PWR cases. To make sure 
the validation covers all materials and required physical parameters a gap analysis was made using 
engineering judgement by criticality safety experts. From this exercise additional experiments were added 
to the suite. This paper will discuss the Tsunami results for different safety cases and the reasons for 
differences between them. It will also present the final results of the validation and discuss experiments that 
were excluded from the validation suite. 
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Abstract/Keyterms: Used nuclear fuel contains fissionable materials (235U, 239Pu, 241Pu, etc.). To 
prevent nuclear criticality in used fuel storage, transportation, and disposal, neutron-absorbing materials (or 
neutron poisons, such as borated stainless steel, BoralTM, MetamicTM, Ni-Gd, etc.) would have to be 
applied. Corrosion-resistant, iron-based structural-amorphous metals (SAMs) have been tested to determine 
their relative corrosion resistance. Many of these materials can be applied as coatings with advanced High 
Velocity Oxy-Fuel (HVOF) thermal-spray technology. SAM2X5, SAM1651, and other SAMs are 
amorphous-metal composite alloys that have been identified as having outstanding corrosion resistance. 
Because of its high boron content, SAM2X5 can be applied as the neutron-absorbing coatings to the metallic 
support structure for criticality-safety controls of used fuel in racks in wet storage pool and baskets inside 
the storage containers, the transportation cask, and eventually the disposal containers in repository disposal. 
Research and experiment conducted at Lawrence Livermore National Laboratory indicated that the high 
boron-containing SAM2X5 coating could be an effective criticality control material for used fuel 
management. The neutron irradiation experiments and the neutron transmission measurements conducted 
at McClellan Nuclear Radiation Center indicated that extensive fast neutron irradiation did not change the 
structure of the amorphous SAM2X5 melt-spun ribbons, and SAM2X5 exhibited effective neutron 
absorbing capability, similar to BoralTM and MetamicTM. 
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Abstract/Keyterms: Burnup credit refers to the concept of taking credit for the reduction in reactivity due 
to irradiation of nuclear fuel. A working group, bringing together several French nuclear companies and 
institutions (AREVA, CEA, EDF and IRSN), was created in 1997 to analyze different propositions to 
introduce a limited number of fission products together with a more realistic axial burnup profile into the 
criticality safety studies for the nuclear fuel cycle. Initially, the discussions of the working group focused 
on PWR UOX fuel. The work and accomplishments performed by this working group on burnup credit 
regarding PWR UOX fuel assemblies has been presented in various publications. This paper gives an 
outlook of the French working group on burnup credit activities afterwards. These activities relate to 
industrial applications of burnup credit for PWR UOX fuel, burnup credit implementation for PWR MOX 
fuel allowing the plutonium recycling in French PWRs, as well as applications for BWR UOX fuel since it 
may be transported, stored and reprocessed in France. 
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Abstract/Keyterms: The final safety analysis report (FSAR) or the safety analysis report (SAR) for a 
particular spent nuclear fuel (SNF) cask (both bare fuel and canister-based) system documents models and 
calculations used to demonstrate that a system meets the regulatory requirements under all normal, off-
normal, and accident conditions of spent fuel storage, as well as the normal and accident conditions of 
transportation. FSAR/SAR calculations and approved content specifications are intended to be bounding in 
nature to certify cask systems for a variety of fuel characteristics with simplified SNF loading requirements. 
Therefore, in general, loaded cask systems possess excess and uncredited criticality margins (i.e., the 
difference between the licensing basis and the as-loaded calculations). This uncredited margin could be 
quantified by (1) employing more detailed cask-specific evaluations that credit the actual as-loaded cask 
inventory and (2) taking into account full (actinide and fission product) burnup credit. This uncredited 
criticality margin could be used to offset uncertainties in the safety basis to account for the effects of system 
aging during extended dry storage prior to transportation. Additionally, the uncredited criticality margin 
could also potentially be credited to offset increases in SNF system reactivity that may occur over a 
repository performance period (e.g., 10,000 years or more) as the system undergoes degradation and 
internal geometry changes. This paper summarizes an assessment of cask-specific as-loaded criticality 
margins for 215 loaded casks of SNF stored at eight reactor sites under fully flooded conditions to assess 
the margins available during transportation after extended storage. It is observed that the calculated keff 
margin varies from 0.05 to almost 0.3 Δkeff for the eight selected reactor sites, demonstrating that 
significant uncredited safety margins are present. In addition, this paper evaluates the sufficiency of this 
excess margin in applications involving direct disposal of currently loaded SNF canisters (for canister based 
systems) in a repository. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission (NRC) performs reviews of applications 
for spent nuclear fuel transportation packages and storage casks to ensure pertinent safety regulations are 
met. Among other acceptance criteria, these regulations require that the package be subcritical under a 
variety of normal, off-normal and accident conditions. Currently, all spent nuclear fuel transportation 
packages and storage casks assume fresh fuel (i.e., the fuel is unirradiated) in their criticality safety analyses 
for boiling water reactor (BWR) fuels. Reviews using this conservative assumption are less complex. The 
fresh fuel assumption for BWR fuel does not allow the presence of gadolinium (often called the “fresh fuel 
no-Gad” assumption), an integral burnable absorber present in nearly all BWR fuel assemblies. More 
recently, applicants began requesting credit for the reactivity reduction due to depletion. This credit is 
commonly referred to as “burnup credit” (BUC). As of today, NRC recommends that only analyses for 
Pressurized Water Reactor (PWR) spent fuel implement BUC. This due to the fact there is limited directly 
applicable data available to benchmark codes for depletion and reactivity calculations for BWR BUC 
analyses, and determining the most reactive irradiation conditions is much less straightforward than for 
PWR BUC analyses. Similar to what was done for PWR BUC, the NRC staff and its contractors have begun 
identifying and prioritizing significant technical issues so that a technical basis for the allowance of BWR 
BUC can be developed. BWR fuel exhibits a peak in reactivity where initial gadolinium is depleted. 
Crediting burnup at this point is generally referred to as using a “peak reactivity method.” This a 
conservative approach and a method routinely used in BWR spent fuel pool criticality analyses. NRC is 
implementing a two-phased approach in investigating BWR BUC. Phase 1 investigates peak reactivity 
credit and Phase 2 evaluates BUC at a typical discharge exposure. This paper discusses peak reactivity 
credit and its history in regulatory analyses, challenges the NRC expects in reviewing an application 
requesting peak BWR reactivity credit for a spent fuel transportation package or storage cask, the work that 
is being performed by NRC contractors to address these challenges, and future work on peak reactivity 
credit and full BWR BUC. 
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Abstract/Keyterms: MONK® is a Monte Carlo code for nuclear criticality and reactor physics analyses. 
It has a proven track record of application to the whole of the nuclear fuel cycle and is well established in 
the UK criticality community. Furthermore it is increasingly being used for reactor physics analysis (as 
described at ICNC 2011), which makes it an ideal tool for burn-up credit (BUC) calculations. Throughout 
the paper, example calculations based on a PWR are presented to illustrate the capabilities of the MONK10 
code. In order to account for the spatial dependence of material burn-up it has in the past been necessary to 
design models with multiple regions and materials specifically to allow material burn-up to vary spatially. 
This very labour intensive and difficult to change at a later stage. A new code version, MONK10, was 
released last year which includes the facility to allow a burn-up (BU) mesh to be superimposed on an 
existing model in order to account for the spatial dependence of the burn-up. This facility is used to consider 
the effect of radial position of a fuel element in a PWR core on BUC. Additionally, a thermal hydraulics 
(TH) mesh can be used to specify region dependent temperature. This, coupled with the fact that MONK10 
also incorporates an on-the-fly Doppler broadening methodology facilitates the modelling of spatially 
dependent temperatures for the different components. A TH mesh is used to superimpose a temperature 
profile on a PWR based model and the effect of this on BUC is considered. The burn-up modelling in 
MONK has been benchmarked against the ANSWERS WIMS deterministic reactor physics code. Once the 
burn-up calculation has been completed and the depleted fuel compositions determined the spent fuel 
compositions can be transferred into a model of a storage facility or transport flask in order to perform burn-
up credit analysis. The initial model is usually described as the donor model and the latter model as the 
receiver model. This transfer is carried out using the COWL option which allows the specification of a 
material in the receiver model based on the material’s composition in a given BU mesh cell from the donor 
model. This allows compositions and densities to be transferred and allows user specified adjustments to 
be made. For example, this could include omitting the fission products in order to estimate their contribution 
to burn-up credit and provide an actinide-only analysis. The effect of excluding appropriate nuclides is 
presented. An example of how the ANSWERS SPRUCE code can be used to quantify uncertainty in a BUC 
calculation is also presented. 
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Abstract/Keyterms: Oak Ridge National Laboratory and the United States Nuclear Regulatory 
Commission have initiated a multiyear project to investigate application of burnup credit for boiling-water 
reactor (BWR) fuel in storage and transportation casks. This project includes two phases. The first phase 
(1) investigates applicability of peak reactivity methods currently used in spent fuel pools (SFPs) to storage 
and transportation systems and (2) evaluates validation of both reactivity (keff) calculations and burnup 
credit nuclide concentrations within these methods. The second phase will focus on extending burnup credit 
beyond peak reactivity. This paper documents the first phase, including an analysis of lattice design 
parameters and depletion effects, as well as both validation components. Initial efforts related to extended 
burnup credit are discussed in a companion paper. 
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Abstract/Keyterms: Actinides Only Burnup Credit (BUC) has been successfully used for years for PWR 
UOX fuels at AREVA La Hague reprocessing plant. For BWR UOX fuel assemblies, the application of the 
methodology developed for PWR fuel is not straightforward. Indeed, BWR UOX fuel assemblies have 
specific and various design characteristics and progress can be made on our understanding of the impact of 
such characteristics on the rotary dissolver keff value, taking into account various irradiation conditions. 
Moreover, the void fraction introduces a new variable, compared to PWR fuels. The purpose of this paper 
is to present, for a reference BWR UOX fuel assembly, the impact of design characteristics and irradiation 
conditions on the rotary dissolver k-effective. The impacts of each parameter are studied in an uncorrelated 
way and are defined according to burnup and void fraction. The design characteristics and irradiation 
conditions of the Fukushima-Daini benchmark are taken into account as reference values for all these 
parameters. A range of values is defined for each of these parameters in order to consider a large variety of 
design characteristics and irradiation conditions. 
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Abstract/Keyterms: ICASPA, an Improved Critical and Safe Parameters Algorithm, calculates the size of 
a fissile body for a given value of k-effective. ICASPA uses an iterative predictor/corrector algorithm in 
which the MONK9A code is used to derive a precise k-effective value for a given candidate body size; 
auxiliary equations are then used to adjust the body size. The process is repeated until MONK9A outputs 
the chosen target value of k-effective. EDF Energy operates eight nuclear power stations comprising one 
Pressurized Water Reactor (PWR) and seven Advanced Gas-cooled Reactor (AGR) stations. At these sites, 
the term “fuel route” is used to encompass all of the ex-reactor arrangements for the handling and storage 
of fuel. The criticality safety cases for these fuel routes are based on the use of geometrically safe 
arrangements for the required quantities of fuel. The allowed quantities and arrangements of fuel are safely 
sub-critical, even under the contingency of accidental moderator ingress. The fuel route safety cases 
consider all credible potential fault conditions, including events such as dropped fuel. Any such events 
might change the geometry of the fuel elements, but it is difficult to calculate exact k-effective values for 
realistic models of dropped fuel. This difficulty is overcome by the use of an alternative approach in which 
limiting safe masses are calculated for bounding (worst-case) rearrangements of fuel rods and moderators, 
using geometries similar to those covered by criticality handbook data. Where required, the resulting safe 
masses are used to set safety case limits and conditions. For example, some fire extinguishants, such as 
water and ABC dry powder, are also effective moderators. Hence, in some fuel route areas, administrative 
criticality controls are used to either prohibit or limit the permitted quantities of these materials. This paper 
describes the work that has been carried out to adopt ICASPA as the approved calculation method for these 
safe mass calculations. The work has been carried out within the company quality assurance requirements 
for nuclear safety related software. It has involved the development of a configuration controlled version 
of ICASPA and the local verification and validation of the resulting code. The benefits from the adoption 
of ICASPA are also presented. These include accuracy improvements and, because the method uses the 
MONK9A code for k-effective calculations, the ability to use more sophisticated models for limiting case 
geometries. 
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Abstract/Keyterms: A new release of the CRISTAL French criticality calculation package, named 
CRISTAL V2.0, has been developed and intensively validated by IRSN and CEA, in collaboration with 
AREVA. This package was designed to cover the needs of criticality practitioners in the fields of nuclear 
fuel cycle facilities and transportation of fissile materials. Based on an optimized modular architecture in 
an updated software development environment, the design of CRISTAL package V2.0 integrates new 
generation of cross section libraries, new calculation schemes consistent with new applications, and up-to-
date calculation codes capabilities. Four calculation routes are currently available allowing multi-group and 
continuous energy calculations. The validation database is composed of more than 3000 critical 
experiments, in order to cover a wide range of configurations. The CRISTAL V2.0 package also comprises 
customer services covering a range of areas of activity like documentation, hotline, maintenance and 
training courses. A wide promotion and an increased recognition referred both nationally and 
internationally are foreseen, including the provision of the CRISTAL V2.0 package to the OECD / NEA 
Data Bank. 



 

C-7540 

7527…..…..…………………..…….……..……ID Number…………………..…..…………….7527 

Author: Marshall, W. J. / Rearden, B. T. / Jones, Elizabeth L. 

Title: Validation of SCALE 6.2 Criticality Calculations using KENO V.A and KENO-VI 

Date: 9/13/2015 

Report: ICNC’2015, 1200-1212 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: Criticality Codes and Nuclear Data—IV 

Abstract/Keyterms: SCALE 6.2 provides enhancements for criticality calculations relative to SCALE 6.1, 
especially with updated nuclear data libraries, resonance self-shielding options for multigroup (MG) 
calculations, and problem-dependent temperature treatments for continuous-energy (CE) calculations. 
Benchmark experiments from the International Criticality Safety Benchmark Evaluation Project that are 
available in the Oak Ridge National Laboratory Verified, Archived, Library of Inputs and Data (VALID) 
were applied in this validation effort to examine the impact of the SCALE 6.2 enhancements. Over 300 
cases are drawn from the VALID library for testing KENO V.a, and a more limited set of approximately 
50 configurations is used for validation of KENO-VI. A total of 401 unique critical experiments are used 
in this validation effort. In some cases, the KENO V.a models were converted to KENO-VI models so that 
the performance of both codes could be assessed for the same systems. Validation results for the SCALE 
6.2 ENDF/B-VII.1 nuclear data libraries are presented, including MG neutron data in 56- and 252-group 
structures as well as CE data. The performance of all three multipurpose neutron libraries in calculating 
keff is examined with critical experiment models covering a wide range of fuels, moderators, reflectors, 
absorbers, and neutron spectra. The SCALE 6.2 ENDF/B-VII.1 coupled neutron-photon library, primarily 
developed for shielding applications with 200 neutron groups and 47 gamma groups, provides additional 
energy resolution for fast systems relative to the MG neutron libraries which were developed to produce 
low biases for thermal neutron systems. The applicability of this library to criticality calculations for fast 
neutron spectrum systems is not investigated here but will be addressed in the final SCALE 6.2 validation 
report. The results of these calculations demonstrate that SCALE 6.2 generally provides lower biases than 
SCALE 6.1 and that the two versions of KENO provide equivalent results on the same suite of problems. 
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Abstract/Keyterms: Neutron cross-section covariance data are essential for many sensitivity/uncertainty 
and uncertainty quantification assessments performed both within the TSUNAMI suite and more broadly 
throughout the SCALE code system. The release of ENDF/B-VII.1 included a more complete set of neutron 
cross-section covariance data: these data form the basis for a new cross-section covariance library to be 
released in SCALE 6.2. A range of testing is conducted to investigate the properties of these covariance 
data and ensure that the data are reasonable. These tests include examination of the uncertainty in critical 
experiment benchmark model keff values due to nuclear data uncertainties, as well as similarity assessments 
of irradiated pressurized water reactor (PWR) and boiling water reactor (BWR) fuel with suites of critical 
experiments. The contents of the new covariance library, the testing performed, and the behavior of the new 
covariance data are described in this paper. The neutron cross-section covariances can be combined with a 
sensitivity data file generated using the TSUNAMI suite of codes within SCALE to determine the 
uncertainty in system keff caused by nuclear data uncertainties. The Verified, Archived Library of Inputs 
and Data (VALID) maintained at Oak Ridge National Laboratory (ORNL) contains over 400 critical 
experiment benchmark models, and sensitivity data are generated for each of these models. The nuclear 
data uncertainty in keff is generated for each experiment, and the resulting uncertainties are tabulated and 
compared to the differences in measured and calculated results. The magnitude of the uncertainty for 
categories of nuclides (such as actinides, fission products, and structural materials) is calculated for 
irradiated PWR and BWR fuel to quantify the effect of covariance library changes between the SCALE 6.1 
and 6.2 libraries. 
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Abstract/Keyterms: The back-and-forth approximation is a very simple neutron transport model that helps 
get a number of exact solutions which qualitatively describe the actual characteristics of planar, cylindrical 
and spherical systems with fissile material. The model allows its absolutely accurate implementation in 
Monte Carlo codes and can be used to test the algorithms which do not treat geometry or interaction data. 
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Abstract/Keyterms: Nuclear data libraries are essential for nuclear analysis code systems like SCALE. 
AMPX has been continuously developed since the early 1970s and is used to generate these data libraries 
for SCALE. Recently, Oak Ridge National Laboratory (ORNL) initiated a major modernization effort to 
position AMPX for continued development and deployment on modern computing platforms. An important 
step toward modernization has been to merge AMPX under the SCALE continuous integration (CI) 
development framework. As a result, AMPX is now developed under the SCALE software quality 
assurance plan, providing increased confidence in the quality of data libraries developed and deployed by 
AMPX. This merge allowed us to develop novel methods to generate self-shielding factors that combine 
SCALE’s resonance self-shielding capabilities with the AMPX library-generation capabilities. AMPX 
processes Evaluated Nuclear Data Format (ENDF/B) files. The ENDF community is working to develop a 
more modern format that will replace the existing ENDF/B format. Due to strict space and memory 
requirements when AMPX was first developed, the original AMPX processing and reading of ENDF data 
were tightly integrated. On newer computer systems, this no longer necessary. Now there is a separation 
between reading and processing which allows for simultaneous support of current and new ENDF formats. 
As a result, AMPX is positioned to adopt any new ENDF format when available. For end users, the 
modernization effort has resulted in improved processing capabilities for generating nuclear data libraries. 
The objective of the paper is to document the latest AMPX cross-section processing capabilities and provide 
the current status of the AMPX modernization effort. 
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Abstract/Keyterms: Lawrence Livermore National Laboratory has completed the final design for the first 
phase of the Thermal Epithermal eXperiments (TEX), which focused on critical configurations composed 
of plutonium/aluminum Zero Power Physics Reactor (ZPPR) plates moderated by polyethylene with and 
without a tantalum diluent. 239Pu and 240Pu were identified as being the number one and two nuclear data 
need by the nuclear criticality safety and nuclear data communities, with special emphasis placed on 
performance issues of the Pu cross sections in the intermediate energy region. Preliminary TEX design 
recommended tantalum as the first diluent to pursue for final design, as it represented a high priority data 
need, showed the highest sensitivity and largest contribution to uncertainty with the Pu ZPPR system, and 
a large number of high quality Ta plates from the ZPPR inventory in Idaho was readily available. The goals 
of the new critical experiments are 1) to create assemblies that span a wide range of fission energy spectra, 
from thermal (below 0.625 eV), through the intermediate (0.65 eV to 100 keV), and to fast energies (above 
100 keV), and 2) to easily modify the assemblies to include high priority materials like tantalum. A total of 
ten critical configurations were designed as part of CED-2. Five TEX experiments (Experiments 1-5) were 
designed to establish baseline configurations with the Pu ZPPR plates covering the thermal, intermediate, 
and fast fission energy regimes. For all five experiments, the ZPPR plates will be arranged in layers of 24 
plates (6 plates by 4 plates), resulting in approximately a 12 inch by 12 inch footprint. Multiple layers will 
be stacked together with varying thicknesses of interspersed polyethylene placed between the layers to fine 
tune the neutron spectrum of the assembly. The other five experiments (Experiments 6-10) will be similar 
to the five baseline experiments, except that a tantalum layer will be placed next to each plutonium plate 
layer, thus diluting the stack and allowing for tests of the neutron cross section for tantalum. 
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Abstract/Keyterms: Since the International Conference on Nuclear Criticality Safety (ICNC) 2011, the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) and the International Reactor 
Physics Experiment Evaluation Project (IRPhEP) have continued to expand their efforts. Twenty countries 
have continued to participate in the ICSBEP since 2011; participating countries in the IRPhEP have grown 
from 16 in 2011 to 20 in 2015. Since ICNC 2011, the contents of the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments have increased from 533 evaluations (approximately 58,000 
pages), containing benchmark specifications for 4,552 critical or subcritical configurations to 561 
evaluations (approximately 67,000 pages), containing benchmark specifications for 4,839 critical or 
subcritical configurations in the 2014 Edition of the ICSBEP Handbook. While the current number of 
criticality-alarm-placement/shielding benchmark configurations has remained at 24, the number of 
fundamental physics measurements relevant to criticality safety applications has increased from 200 to 207. 
Since ICNC 2011, the contents of the International Handbook of Evaluated Reactor Physics Benchmark 
Experiments have increased from 53 experimental series that were performed at 31 different reactor 
facilities to 143 experimental series that were performed at 50 different reactor facilities in the 2015 Edition 
of the IRPhEP Handbook. The status of the ICSBEP and the IRPhEP is discussed and benchmarks that have 
been more recently added to the handbooks are highlighted. 
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Abstract/Keyterms: This work involves the analysis of recent experiments performed on the Aerojet 
General Nucleonics (AGN)-201M (AGN) polyethylene-moderated research reactor at the University of 
New Mexico (UNM). The experiments include 36 delayed critical (DC) configurations and 11 positive-
period and rod-drop measurements (transient sequences). The Even Parity Neutron Transport (EVENT) 
radiation transport code was chosen to analyze these steady state and time-dependent experimental 
configurations. The UNM AGN specifications provided in a benchmark calculation report (2007) were used 
to initiate AGN EVENT model development and to test the EVENT AGN calculation methodology. The 
results of the EVENT DC experimental analyses compared well with the experimental data; the average 
AGN EVENT calculation bias in the keff is –0.0048% for the Legrendre Flux Expansion Order of 11 (P11) 
cases and +0.0119% for the P13 cases. The EVENT transient analysis also compared well with the AGN 
experimental data with respect to predicting the reactor period and control rod worth values. This paper 
discusses the benchmark models used, the recent experimental configurations, and the EVENT 
experimental analysis. 
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Abstract/Keyterms: A modification program of the Static Experiment Critical Facility, STACY is now 
undergoing in Japan Atomic Energy Agency, JAEA, in order to accumulate fundamental critical data 
relating the critical control technology for fuel debris treatment in the Fukushima Daiichi Nuclear Power 
Station, 1FNPS. In accordance with the new regulatory requirement for research reactors established by 
Nuclear Regulation Authority of Japan, NRA in December 2013, fundamental design policies and basic 
nuclear properties of STACY have been confirmed for the critical experiments which are oriented to 
research on criticality control in the 1FNPS. Reactivity control in the STACY experiments is made by 
adjusting the water level in a core tank. The moderating ratio of the heterogeneous system which determines 
neutron spectrum can be adjusted by changing lattice plates. Safety review by NRA for revised basic design 
started in March, 2015. This paper described main specifications of experimental cores for license 
procedure, the availability of re activity control system, and the range of nuclear characteristics such as 
reactivity control, reactivity coefficients and kinetic parameters, which dominate static and transient 
characteristics of the STACY cores. 
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Abstract/Keyterms: Decommissioning is underway in the Fukushima Daiichi Nuclear Power Station 
(1FNPS). Criticality control is one of the important safety issues in the decommissioning, especially during 
fuel debris removal. In 1FNPS, part of fuel debris might be in the form of molten-core-concrete-interaction 
(MCCI) product. It has been shown that the MCCI product can be critical not only under water but even 
with water bound in concrete. Further study of criticality characteristics by computation is being conducted 
to clarify its criticality risk. Furthermore, the risk assessment by computation needs validation by 
experiment. Japan Atomic Energy Agency is preparing critical experiments with simulated fuel debris in 
the Static Experiment Critical Facility (STACY), whose solution core will be converted into a new core 
using fuel rods and light-water moderator. It is difficult to build core configurations composed of water and 
fuel rods which contain homogeneous mixtures of uranium dioxide (UO2) and structural materials of 
boiling light water reactors. In the modified STACY, it is being planned to simulate fuel debris by arranging 
UO2 fuel rods and structural material rods in water. In this study, difference in heterogeneity between the 
experimental core and possible fuel debris conditions is evaluated by comparing infinite multiplication 
factors and neutron energy spectra. 
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Abstract/Keyterms: Fuel debris defueling in the Fukushima Daiichi reactors is planned. Furthermore, 
retrieved fuel debris will be packed and stored in casks for a long time. In these processes, from the 
viewpoint of criticality safety, the subcriticality of the fuel debris should be confirmed. Although there are 
some subcriticality measurement methods, the applicability of these methods to the fuel debris must be 
investigated because the elemental composition and shape of the fuel debris are unknown. In this study, we 
focus on the exponential experiment method which is able to measure a wide range of subcriticality. Basic 
experiments to validate the methods were carried out using Toshiba Nuclear Critical Assembly (NCA) and 
3He Position Sensitive Detector (PSD). The decay curves of neutron flux distributions were measured by 
the PSD detector and fitted to a theoretical formula. The elemental compositions and neutron spectrum of 
the fuel debris have been estimated with a severe accident code and a Monte Carlo code. In the experiment, 
the neutron spectrum of the fuel debris was simulated in the NCA core. The porosity of the fuel debris was 
assumed to be 60%, which corresponds to be H/U=7.5 and Volume Ratio=1.5. In order to evaluate the 
effect of the uncertainty of the compositions on the measured subcriticality, a homogeneous region and a 
heterogeneous region were configured in an experimental core. These regions consisted of fuel rods with 
different UO2 enrichment zone or different gadolinia concentration zone in the axial direction. The effective 
multiplication factors deduced by the exponential experiment method were a range of 0.94 to 0.98. 
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Abstract/Keyterms: The UK version of the CRITEX code is used to analyze criticality transients in Uranyl 
nitrate fissile solutions in the TRACY experimental facility. The CRITEX model consists of a point kinetics 
model of neutronic behavior coupled to a 1D thermal hydraulic model of a cylindrical system. The model 
is found to estimate the magnitude of the first power peak well. It is also found to be capable of representing 
subsequent oscillations if the bubble rise speed is suitably adjusted. The need to adjust the rise speed 
prevents the code from having a fully predictive capability, however with appropriate benchmarking the 
code is a useful tool for parametric studies. Imperial College’s FETCH code consists of a coupling of the 
EVENT transient radiation transport code to the FLUIDITY CFD code. The EVENT code is an even parity 
Pn code for transient neutron and photon transport. The FLUIDITY code is a CFD code capable of handling 
multi-phase fluid flows in 2D and 3D. This includes modeling of the nucleation, growth and transport of 
radiolytic gas bubbles. The FETCH code is used to model axisymmetric transients in fissile solutions in the 
TRACY experimental facility. The use of a 2D CFD calculation allows inhomogeneous phenomena to be 
studied. The power is found to be deposited heterogeneously in the fluid, resulting in an inhomogeneous 
distribution of radiolytic gas bubbles, which is subsequently homogenized by natural convection. The 
mechanistic modeling in the FETCH code holds the promise of a fully predictive capability for criticality 
excursion analysis, based on the modeling of bubble nucleation, growth and advection by the liquid. Further 
development of the modeling is required and this discussed in the paper. The multi-dimensional analysis 
provides important insights into the transient behavior. 
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Abstract/Keyterms: The Seven Percent Critical Experiment (7uPCX) at Sandia National Laboratories was 
designed to provide benchmark criticality and reactor physics data for water-moderated pin-fueled nuclear 
reactor cores in the 5 to 10 percent enrichment range. Approach-to-critical experiments were performed on 
nineteen partially-reflected arrays of pure water-moderated and –reflected fuel rods with a fuel-to-water 
volume ratio of 0.67. Those configurations are described and the results of the measurements are reported 
in this paper. 
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Abstract/Keyterms: This paper presents the simulation of the 1958 Y-12 criticality excursion using the 
commercial multiphysics code COMSOL Multiphysics. ICNC 2011 reported the initial effort to simulate 
the Y-12 accident power history using a fully coupled neutronic and computational fluid dynamic (CFD) 
approach with the Imperial College London FETCH code. That simulation included the initial spike and a 
subsequent power history 30 seconds afterwards. A time-dependent lumped parameter excursion model 
was later developed at Imperial in November 2014 and taken to 20 min. The COMSOL simulation is viewed 
as a hybrid treatment of these efforts. The use of COMSOL as a platform for criticality excursion simulation 
had been previously demonstrated with SILENE step reactivity insertion benchmarks. The Y-12 accident 
represented a unique time dependent reactivity insertion mechanism by dilution of the fissile concentration 
over time that facilitated the excursion termination. The COMSOL model includes a moving mesh vertical 
boundary, compartment radiolytic gas model, coupled turbulent fluid flow and conjugate heat transfer. The 
results are compared with both FETCH and lumped parameter simulations. The COMSOL power history 
results are in agreement with the reported and reconstructed initial spike fissions, power and total fissions 
over time. The simulated power trace shows explicit subsequent spikes approximately 10-20 seconds apart 
from the initial spike, over the first three minutes of the excursion. This result qualitatively confirms the 
radiation dose rate trace from a far field monitor located well beyond the affected facility. Additionally, the 
COMSOL model shows the onset of boiling after 3 minutes, as postulated in the literature. The combination 
of boiling and fissile solution dilution contributed to the shutdown mechanism. 
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Abstract/Keyterms: This article presents simplified formulae for the estimation of the total number of 
fissions for criticality accidents. One of these formulae is based on the Nordheim-Fuchs model. An 
additional formula takes into account the boiling for solution systems. These formulae are adapted to 
homogeneous media and can be used for solution and metal accidents. The principle of these formulae, 
associated with their assumptions, is described. Then, these formulae are compared with practical 
applications for SILENE and CRAC reactors (solution systems) and past criticality accidents with metal 
assemblies as well as a previous simplified formula. The proposed new formulae give bounding estimates 
of the total number of fissions, provided that their area of applicability are respected and that the simulations 
performed to calculate the necessary input data are representative of the criticality accident configuration. 
These new formulae require the determination of more parameters than previous simplified formulae, which 
make them more complicated to use, but may point out and quantify the impact of some physical 
phenomenon (for instance for the solution boiling). In particular, the comparison with past criticality 
accidents with metal assemblies shows that more detailed simulations (in terms of geometry and reflection 
conditions) might be performed in future work to improve the estimate of the number of fissions based on 
the Nordheim-Fuchs model. 
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Abstract/Keyterms: We present the simulation of the waiting time probability distribution before a 
prescribed reaction rate in a delayed supercritical system. The Kolmogorov backward equations for the 
count number probability distribution taking into account the delayed neutron precursors are solved within 
the time dependent point model framework. The initiation of fission chains is also studied using analog 
Monte-Carlo simulations of the prompt neutrons and delayed neutron precursors population. The fission 
rate is calculated for comparison with deterministic simulations. Numerical results are presented using both 
deterministic and Monte-Carlo calculations to study the effect of the source strength and reactivity level. 
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Abstract/Keyterms: Experiments using the CALIBAN and PROSPERO reactors were performed in 2013 
in the framework of a collaboration between IRSN and CEA. The objective was to provide data about the 
possibility to use information given by radiation protection instrumentations (RPI) in the case of a criticality 
accident. In that purpose, the behavior of RPI was studied for various kinetics of the reactors which 
simulated different starts of a criticality accident. The article presents the safety issues associated with these 
experiments, i.e. the possible use of information given by the RPI for the emergency response of a criticality 
accident (detection of the accident, triage of the personnel, follow-up of the accident and reentry). Then, 
one paragraph is dedicated to the presentation of the tested material. In addition, the CALIBAN and 
PROSPERO reactors are briefly described, followed by the performed experiments. The RPI are neither 
designed nor dedicated to be used in case of a criticality accident. However, the preliminary conclusion of 
the experiments performed in 2013 is that the tested RPI have a correct behavior for slow kinetic 
experiments performed with the PROSPERO reactor, but might give less reliable and accurate information 
for pulse experiments performed with the CALIBAN reactor. In the last case, they can nevertheless provide 
information that can be helpful for the emergency response and the limitation of the consequences of the 
criticality accident. However, if the RPI are included in the emergency response of a criticality accident 
(detection, triage, follow-up, reentry), emergency procedures should be adapted. 
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Abstract/Keyterms: The process nuclear criticality accident that occurred at the Mayak Production 
Association (Chelyabinsk- 40) on January 2, 1958 involving a vessel of uranyl nitrate solution claimed the 
lives of three workers and left a fourth worker with continuing health problems. There are a myriad of 
uncertain parameters involved with this accident: What was the molarity of the solution? How much 
solution was in the vessel at the time of the accident? In what position was the vessel and the solution when 
it went critical? How important was the impact of reflection due to the workers and/or the floor? These 
uncertain parameters have made this accident particularly difficult to analyze in the past. This work aims 
to lower the uncertainty on some of these parameters. A most-probable solution composition is determined 
by comparing literature on the physical properties of uranyl nitrate solutions to those presented in LA-
13638, which describes the accident in question. Using this most-probable solution, the main contributions 
to the reactivity of the system and hence the eventual accident, are identified through Serpent 2 and 
OpenFOAM analyses. Serpent 2, a Monte Carlo software tool, is used to perform calculations of the 
reactivity effects of lowering the vessel toward the floor and the reactivity added by the close proximity of 
workers. OpenFOAM, a C++ partial differential equation solver toolkit, is used to simulate the fluid inside 
the vessel as the vessel is tipped. This done by treating the solution and air inside the vessel as two 
incompressible, isothermal, and immiscible fluids using a volume of fluid (VoF) approach. The goal of this 
approach is simply to track the interface between the two fluids, and hence give an accurate description of 
the geometrical structure of the solution as the vessel is tipped. These two unique tools are then coupled to 
provide a time-dependent flow simulation to study the effect that the changing geometrical structure had 
on the criticality of the system, which is novel to the criticality safety field. This work provides a more 
accurate picture of the accident going forward. 



 

C-7557 

7544…..…..…………………..…….……..……ID Number…………………..…..…………….7544 

Author: Kimpland, Robert / Klein, Steven 

Title: Stability of Fissile Solution Systems 

Date: 9/13/2015 

Report: ICNC’2015, 1419-1430 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: Analysis of Criticality Accidents and Incidents—I 

Abstract/Keyterms: A Dynamic System Simulation (DSS) has been developed for aqueous homogeneous 
reactors (AHR) and subcritical accelerator-driven system employing fissile solution fuel. These models are 
comprised of coupled non-linear differential equations describing the neutronics, thermal hydraulic and 
radiolytic gas behavior in the time domain. Models of specific historic AHR, SUPO (Super Power), KEWB 
(Kinetics Experiment Water Boiler), and SILENE exhibit close agreement with experimental data in all 
operating modes including steady-state, ramp and step reactivity insertions. The set of non-linear equations 
have been utilized to generate a generic transfer function for this class of systems. Output from specific 
DSS models operating at steady-state is then utilized as input parameters into a transfer function specific to 
each. Traditional Bode amplitude and phase, Nyquist and Nichols plots, are then generated to examine 
stability. Results for SUPO and a generic accelerator-driven system suggest these systems are 
unconditionally stable in the linear approximation. This treatment offers a method to examine the physics 
and time-based evolution of a critical excursion in a fissile solution system and provides a means to examine 
the severity of the consequence. This approach provides insight into the characteristics of such and even 
and sensitivity to materials involved and configuration of the physical system. 
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Abstract/Keyterms: An integral kinetic method was applied to analyze kinetic behavior in a criticality 
accident involving a weakly coupled two-region fuel debris system. The results of preliminary analysis 
shows the method is useful to understand the neutron transport phenomena and fissions during the transient 
and to predict the increase of fission energy during the transient by the existence of neighboring fuel debris. 
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III 

Abstract/Keyterms: It has been conventional wisdom in the criticality safety discipline that for spent fuel 
systems like water pit storage and transportation, modeling water at its peak density will maximize 
reactivity. Thus, modeling water at 3.96 °C will produce a conservatively bounding keff for that 
configuration. This assumption has been found to be incorrect for certain high-leakage water-isolated array 
configurations. In fact, temperatures up to the boiling point of water can in fact be more reactive, and the 
most reactive temperature is highly dependent upon the specific fuel configuration being analyzed. In light 
of the accident at Fukushima-Daiichi—where the spent fuel pool temperature increased—knowledge of 
this unexpected behavior is essential to ensuring that criticality safety evaluations are conservatively 
bounding. To illustrate the reflector temperature effect, MC21 calculations are provided for a sensitivity 
study based on LEU-COMP-THERM-044, which models the IPEN/MB-01 reactor at various temperatures 
between 3.9 °C and 93.3 °C. 
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Abstract/Keyterms: The US Nuclear Regulatory Commission (NRC) Division of Spent Fuel Storage and 
Transportation issued Interim Staff Guidance (ISG) 8, Revision 3 in September 2012. This ISG provides 
guidance for NRC staff members’ review of burnup credit (BUC) analyses supporting transport and dry 
storage of pressurized water reactor spent nuclear fuel (SNF) in casks. The ISG includes guidance for 
addressing validation of criticality (keff) calculations crediting the presence of a limited set of fission 
products and minor actinides (FP&MAs). Based on previous work documented in NRC Regulatory Guide 
(NUREG) Contractor Report (CR)-7109, the ISG recommends that NRC staff members accept the use of 
either 1.5 or 3% of the FP&MA worth—in addition to bias and bias uncertainty resulting from validation 
of keff calculations for the major actinides in SNF—to conservatively account for the bias and bias 
uncertainty associated with the specified unvalidated FP&MAs. The ISG recommends (1) use of 1.5% of 
the FP&MA worth if a modern version of SCALE and its nuclear data are used and (2) 3% of the FP&MA 
worth for well qualified, industry standard code systems other than SCALE with the Evaluated Nuclear 
Data Files, Part B (ENDF/B), -V, ENDF/B-VI, or ENDF/B-VII cross sections libraries. The work presented 
in this paper provides a basis for extending the use of the 1.5% of the FP&MA worth bias to BUC criticality 
calculations performed using the Monte Carlo N-Particle (MCNP) code. The extended use of the 1.5% 
FP&MA worth bias is shown to be acceptable by comparison of FP&MA worths calculated using SCALE 
and MCNP with ENDF/B-V, -VI, and -VII–based nuclear data. The comparison supports use of the 1.5% 
FP&MA worth bias when the MCNP code is used for criticality calculations, provided that the cask design 
is similar to the hypothetical generic BUC-32 cask model and that the credited FP&MA worth is no more 
than 0.1 Δkeff (ISG-8, Rev. 3, Recommendation 4). 
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Abstract/Keyterms: Spent fuel pools (SFPs) were originally designed with low density storage racks that 
maintained sub-criticality based on geometric separation. With the increasing need for storage, due to 
elimination of reprocessing as a viable alternative, SFPs with high-density racks required neutron absorber 
materials to control reactivity and maintain criticality safety margins. The Nuclear Energy Institute (NEI) 
conducted an industry wide survey in 2013 and the survey was updated recently based on additional utility 
data provided by Electric Power Research Institute (EPRI). The survey results show that about one-quarter 
of the pools in the United States either do not have neutron absorber material in the SFP or do not credit it 
even when it is present. Also, about half of the plants in the U.S. use BORAL®as the neutron absorber 
material followed by Metamic, Carborundum, Alcan, and borated stainless steel. For neutron absorber 
monitoring, the majority of the plants rely on a coupon testing program. However, for those plants that 
never installed coupons or have exhausted their supply of coupons from coupon sampling, insitu 
measurements at periodic intervals can be performed to determine the status of the neutron absorber. In this 
paper, an overview of the types of neutron absorber materials used in SFPs, the distribution of absorber 
material use by material type, types of monitoring programs as part of aging management programs, 
operational experience to date with different absorber materials based on monitoring programs, and industry 
initiatives toward addressing long-term performance issues related to neutron absorber material degradation 
and monitoring are presented. 
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Abstract/Keyterms: Neutron absorber materials are used in spent fuel pool (SFP) storage racks to control 
reactivity. In the United States, about half of the operating plants currently use BORAL® neutron absorber 
material in SFP racks. Although operational experience spanning more than 25 years has not shown any 
loss of the BORAL® core material, corrosion effects, including blisters and pits, have been observed and 
reported. To improve understanding for the behavior of BORAL® in SFPs and evaluate the performance 
of monitoring approaches, EPRI initiated the Zion comparative analysis project in 2014. The Zion project 
involves three phases. During the first phase of the project, in situ measurements were performed on 
selected SFP rack panels in December 2014. Panels for in situ measurements were selected after an 
extensive analysis of each panel in the pool to ensure that the selected panels represented the pool in terms 
of variation in neutron and gamma dose values. As part of the second phase of the project, the remaining 
10 coupons from the Zion SFP were shipped to a Penn State University (PSU) laboratory for analysis in 
January 2015. During the final phase of the project, a subset of the panels for which in situ measurements 
were performed will be harvested from the Zion SFP, cut into samples, and analyzed at PSU. The overall 
scope of this project will allow comparison of in situ measurements to real panel data as well as data 
obtained from coupon analysis. In this paper, an overview of the Zion comparative analysis project, the 
criteria and procedure for panel selection for in situ measurements and harvesting, preliminary coupon 
analysis results and in situ measurement results are presented. 
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Abstract/Keyterms: The double-differential thermal neutron scattering law tabulated in ENDF File 7 is, 
by convention, produced theoretically through fundamental scattering physics models for material-specific 
interatomic structures. Differential and integral inelastic scattering cross sections are calculated by 
numerically integrating over. This information is supplied to nuclear system simulation codes. For systems 
with a significant thermal neutron flux, calculated system response parameters can be sensitive to this 
thermal cross section data. Formats and procedures are currently established for representing uncertainty 
information, or covariances, for various types of ENDF reaction data. However, no published ENDF 
evaluations contain covariance data for or associated differential and integral inelastic scattering cross 
sections. Furthermore, no accepted methodology exists for quantifying or representing covariances for this 
thermal scattering data. For most solids, the influence of a material’s interatomic structure and dynamics 
on inelastic scattering cross sections can be adequately described through the phonon density of states 
(DOS). The phonon DOS is a probability density function of the population of available vibrational modes 
in energy, and it is typically the fundamental input for calculating. Probable variation in the spectral shape 
of the phonon DOS may be established which characterizes uncertainties in the physics models and 
methodology employed in its production. Through Monte Carlo sampling of perturbations from the 
reference phonon spectrum, an covariance matrix may be generated. With appropriate sensitivity 
information, this can be propagated to generate covariance data for differential and integral inelastic 
scattering cross sections. In this work, hexagonal graphite is used as an example material for the purpose 
of demonstrating procedures for analyzing, calculating and representing uncertainty information for thermal 
neutron inelastic scattering data. 
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Abstract/Keyterms: The TSUNAMI (Tools for Sensitivity and UNcertainty Analysis Methodology 
Implementation) capabilities within the SCALE code system make use of sensitivity coefficients for an 
extensive number of criticality safety applications, such as quantifying the data-induced uncertainty in the 
eigenvalue of critical systems, assessing the neutronic similarity between different systems, quantifying 
computational biases, and guiding nuclear data adjustment studies. The need to model geometrically 
complex systems with improved ease of use and fidelity and the desire to extend TSUNAMI analysis to 
advanced applications have motivated the development of a SCALE 6.2 module for calculating sensitivity 
coefficients using three-dimensional (3D) continuous-energy (CE) Monte Carlo methods: CE TSUNAMI-
3D. This paper provides an overview of the theory, implementation, and capabilities of the CE TSUNAMI-
3D sensitivity analysis methods. CE TSUNAMI contains two methods for calculating sensitivity 
coefficients in eigenvalue sensitivity applications: (1) the Iterated Fission Probability (IFP) method and (2) 
the Contributon-Linked eigenvalue sensitivity/Uncertainty estimation via Track length importance 
CHaracterization (CLUTCH) method. This work also presents the GEneralized Adjoint Response in Monte 
Carlo method (GEAR-MC), a first-of-its-kind approach for calculating adjoint-weighted, generalized 
response sensitivity coefficients—such as flux responses or reaction rate ratios—in CE Monte Carlo 
applications. The accuracy and efficiency of the CE TSUNAMI-3D eigenvalue sensitivity methods are 
assessed from a user perspective in a companion publication, and the accuracy and features of the CE 
TSUNAMI-3D GEAR-MC methods are detailed in this paper. 
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Abstract/Keyterms: The validation of neutron transport methods used in nuclear criticality safety analyses 
is required by consensus American National Standards Institute/American Nuclear Society (ANSI/ANS) 
standards. In the last decade, there has been an increased interest in correlations among critical experiments 
used in validation that have shared physical attributes and which impact the independence of each 
measurement. The statistical methods included in many of the frequently cited guidance documents on 
performing validation calculations incorporate the assumption that all individual measurements are 
independent, so little guidance is available to practitioners on the topic. Typical guidance includes 
recommendations to select experiments from multiple facilities and experiment series in an attempt to 
minimize the impact of correlations or common-cause errors in experiments. Recent efforts have been made 
both to determine the magnitude of such correlations between experiments and to develop and apply 
methods for adjusting the bias and bias uncertainty to account for the correlations. This paper describes 
recent work performed at Oak Ridge National Laboratory using the Sampler sequence from the SCALE 
code system to develop experimental correlations using a Monte Carlo sampling technique. Sampler will 
be available for the first time with the release of SCALE 6.2, and a brief introduction to the methods used 
to calculate experiment correlations within this new sequence is presented in this paper. Techniques to 
utilize these correlations in the establishment of upper subcritical limits are the subject of a companion 
paper and will not be discussed here. Example experimental uncertainties and correlation coefficients are 
presented for a variety of low-enriched uranium water-moderated lattice experiments selected for use in a 
benchmark exercise by the Working Party on Nuclear Criticality Safety Subgroup on Uncertainty Analysis 
in Criticality Safety Analyses. The results include studies on the effect of fuel rod pitch on the correlations, 
and some observations are also made regarding difficulties in determining experimental correlations using 
the Monte Carlo sampling technique. 
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Abstract/Keyterms: After the accident of Fukushima Dai-ichi Nuclear Power Station, there has been still 
damaged nuclear fuel in the reactor buildings, which is called “fuel debris”and contains an amount of fissile 
materials more than the minimum criticality amount. Measured data of Xe gas show that it is currently 
subcritical, which must be kept until finishing retrieval work. In the latest plan, retrieving fuel debris to 
start in 2025. The International Research Institute for Nuclear Decommissioning, IRID, has been 
developing the technology for decontamination in reactor building. A developed method will be reviewed 
and granted by the Nuclear Regulatory Authority in Japan, NRA, before the start of the retrieving. 
Criticality risk information will be needed for decision making on following two sub criticality issues, -
Criticality control of fuel debris to keep it subcritical until the end of retrieval work. -Safe operation for 
retrieving fuel debris to keep it subcritical. Because fuel debris has been out of criticality control and the 
key condition for its current subcriticality is unknown, it is important to obtain criticality risk information 
as soon as possible. Applying conventional Probabilistic Safety Assessment, PSA, to fuel debris difficult, 
because it is based on the probability of becoming out of criticality control due to troubles such as equipment 
failure, operation mistake and so on. A new method, which has been developed by Japan Atomic Energy 
Agency to technically support the NRA, is designed to estimate criticality risk based on a probability 
distribution of keff due to uncertainty of composition and geometry of fuel debris, which method will 
provide risk information for the two subcriticality issues as well as for the tolerance level of criticality risk 
if it is unavoidable. Developed method contains four steps: two steps of analysis of criticality risk and two 
steps of quantification of the risk. A procedure of risk quantification has been defined, in which systematic 
analysis of criticality risk can be done by making “status matrix.”A trial analysis by using the procedure 
shows that some events which can initiate criticality are able to be supposed to happen during maintenance 
period until the beginning of retrieving fuel debris, and that analysis also indicates countermeasures should 
be considered as soon as possible in order to reduce criticality risk for public and workers. 
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Abstract/Keyterms: This paper sets out a concept for estimating the size of the contribution of the 
unforeseen component of criticality accident risk to that of the totality of criticality risks for a process 
involving fissile materials. By performing this, and considering this estimate alongside those risks known 
and evaluated as part of the safety justification for the process, a more informed and justifiable basis to the 
arguments for installing, or not installing a CAAS may be made. This work is in development, further work 
to identify the detailed means of estimation will be made and presented in a future paper provided the 
concept as set out is considered reasonable. 
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Abstract/Keyterms: A new method for the measurement and interpretation of the Harwell criticality 
accident dosemeter has been developed. The new method treats the dosemeter components as individual 
detector elements with unique energy-dependent response functions generated with MCNP6. A bespoke 
deconvolution code was written that generates a parameterized neutron spectrum from the integral activities 
in each detector element. The spectrum can be folded with any set of fluence-to-dose conversion 
coefficients to determine an integral dose. The new method has been validated computationally using 
realistic neutron spectra and experimentally in a series of test irradiations using the Godiva-IV, CALIBAN 
and PROSPERO critical assemblies. The method was able to reproduce the true dose with a small positive 
bias and a combined relative uncertainty of 25 % across the full range of spectra considered (10 pGy cm2 
to 45 pGy cm2). 
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Abstract/Keyterms: Review of historical process plant criticality accidents shows that their consequences 
vary widely and are extremely difficult to predict accurately. Because of the wide variability and inherent 
uncertainty in estimating consequences, criticality detector placement analysis and consequence estimation 
for emergency response typically utilize very conservative assumptions with regard to the total fissions, 
timedependent fission rate, and intervening shielding. For detector placement, a “minimum accident of 
concern” is typically defined, whereas emergency consequence evaluations typically define a maximum 
fission source term. These require different mindsets because what is conservative for one type of analysis 
may be non-conservative for the other. While some conservatism is commonly practiced in both cases, 
excessive conservatism can result in a net increase in risk, such as resulting from inadvertent alarm 
activations, that can be costly to operations and counterproductive to safety. Conversely, reliance on very 
detailed calculational models to reduce conservatism could increase the number and complexity of controls, 
such as shielding for dose mitigation. Deterministic regulatory criteria have also been applied for 
determining where criticality detectors are to be deployed and what areas must be evacuated in the event of 
an accident. This paper explores several issues associated with criticality alarm placement and emergency 
response from a regulatory perspective. This paper will discuss insights gained from historical fuel facility 
accidents and significant events regarding the inherent risk of criticality, the most likely locations for 
criticality to occur, and the most probable characteristics of a critical excursion. This will include discussion 
of the previously disputed relevance of the United States Nuclear Regulatory Commission’s (USNRC’s) 
longstanding model for a critical excursion. While USNRC regulations deterministically require dual alarm 
coverage in all areas having greater than a “critical mass” of fissionable material, a process is provided to 
grant exemptions when a risk-informed argument is technically justified. Similar risk-informed 
considerations have been used to justify compensatory measures allowing limited operation during periods 
of alarm system outage due to component failure or maintenance. This paper will explore the application 
of risk information and performance history to address requirements for criticality alarm system coverage, 
granting exemptions from deterministic criteria, allowing compensatory measures during system outages, 
determining evacuation areas and routes, and assessing the significance associated with alarm system 
issues. Finally, the impact of shielding on the USNRC’s regulatory risk basis and approved subcritical 
margin will be reviewed. 
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Abstract/Keyterms: Criticality Emergency Planning (CEP) requires a detailed knowledge of the Facility 
design and construction in order to undertake radiation transport studies in support of criticality 
consequence calculations. Such calculations are used at AWE to determine mitigated doses, CEP exclusion 
zones and in support of Criticality Warning Systems (CWS) detector head placement studies. At AWE, 
such calculations have traditionally been performed by assuming that structural concrete has a fixed and 
evenly distributed moisture profile. In order to validate this assumption, work has been undertaken using 
the finite element analysis tool Femmasse to simulate moisture movement within the concrete and calculate 
moisture distributions in a 65cm thick concrete wall as a function of aging and specific environmental 
conditions. This work identified that considerable variation in the moisture profile may arise, with an 
equilibrium condition being reached after circa 20 years, where the overall moisture content is reduced to 
a minimum. Furthermore, the calculations identified that the overall moisture content used in extant CEP 
assessments was considerably lower than that estimated in this work. In order to determine the effect of the 
moisture distribution profiles, the Monte Carlo transport code MCNP5 was used to study the transmission 
of radiation through aged concrete and thus assess its performance as a radiation shield in the event of a 
criticality. Various moisture distributions were assessed based on the findings of the Femmasse calculations 
and were compared with that assessed using traditional assumptions. Results were obtained for neutron and 
photon doses. The paper provides an overview of the findings and makes recommendations on the 
suitability of using evenly distributed moisture profiles in concrete in support of mitigated doses, CEP and 
CWS detector head placement studies. 
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Abstract/Keyterms: The purpose of this paper is, starting from the criticality event scenario in the 
homogenizing workstation, to define the impact of different neutronic absorbers and determine the most 
effective one to stop the chain reaction. At least 14 litres of water are necessary for a chain reaction to occur 
in the MELOX homogenizer if the fissile medium and the water are heterogeneously distributed. However, 
if all the matter is homogeneously distributed, the accident cannot last if there is less than 59 litres of water. 
The first way to stop a criticality accident in the homogenizer is thus to homogenize the content of the tank. 
If more than 59 liters have been poured in the homogenizer, then the use of neutronic absorbers like boron 
or gadolinium is necessary. The absorbers can be either liquid or solid. The study shows that liquid 
absorbers aren’t efficient enough because of their strong moderator effect. Then a study has been performed 
with a solid absorber: the gadolinium oxide. It is shown that less than 250 g of Gd is enough to stop a 
criticality accident in the homogenizer. 
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Abstract/Keyterms: On October 29, 2014 at Nuclear Fuel Services, Inc., while troubleshooting a failed 
heater control circuit, fissile material was found in a small electrical junction box that contained a 
Resistance Temperature Detector (RTD). The RTD was mounted inside a stainless steel thermowell located 
in a uranium recovery boildown loop. Over time, the end of the thermowell had become pitted allowing 
fissile solution to penetrate the thermowell and collect in the electrical junction box. Conduit connected the 
small electrical junction box to an unfavorable geometry electrical panel, providing a credible scenario 
where an unsafe volume of fissile liquid could potentially collect in an unfavorable geometry. This 
postulated upset scenario had not been analyzed by Nuclear Criticality Safety (NCS). Prior to restart of the 
operation, a corrective action was taken to replace the damaged thermowell. Additionally, a review of other 
fissile systems was completed to identify all unfavorable geometry electrical panels where the potential for 
a similar accident scenario existed. Drain holes were drilled in the bottom of all those identified. Analysis 
of the damaged thermowell is ongoing. Expanded details of the incident, the short term and planned long 
term corrective actions, and lessons learned are discussed. 
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Abstract/Keyterms: On June 17, 2014, at Nuclear Fuel Services, Inc. (NFS), an employee was observed 
improperly operating two (2) spring return (i.e., spring closed) valves identified as Safety Related 
Equipment (SRE). These valves were also identified as Items Relied on for Safety (IROFS). The valves 
were important for both Nuclear Criticality Safety (NCS) and Chemical Safety purposes. The valves were 
observed to be “propped” in the open position, thereby circumventing the intended safety function of the 
valves. The event was reported to the NRC Operations Center on June 18, 2014 (Event #50208); and, NFS’ 
investigation concluded that the cause (of the event) was due to a willful act by a Nuclear Process Operator. 
In addition, when reviewing the event for NRC reportability, there was an organizational focus on NCS 
accident sequences with limited consideration of other aspects of the Integrated Safety Analysis (ISA). In 
other words, when determining reportability, the performance requirements for NCS accident sequences 
were reviewed and determined to be satisfied; however, the chemical safety accident sequences had not 
been considered during this review. The initial event and the reportability issues were entered into NFS’ 
Corrective Action Program (CAP) and investigated. The investigation also included human performance 
and safety culture implications. This paper summarizes the circumstances surrounding the event and 
discusses the lessons learned as a result of the event investigation and review. 
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Abstract/Keyterms: The Working Party on Criticality (WPC) in the United Kingdom (UK) is the non-
executive national committee that focuses on criticality safety issues up to, but not including, experimental 
and in-core power reactor operations. The current membership includes representatives from all relevant 
UK Site Licensee Companies and Regulators together with a small number of other key companies with 
interests in this area. In recent times, the primary focus of the committee has been to provide a forum for 
the discussion and distribution of information of relevance to criticality safety in the UK, particularly the 
sharing and development of good practice. However, it also serves as a useful forum to (i) disseminate 
regulatory issues of relevance to criticality safety and facilitate the development of a UK criticality 
community view on such matters, (ii) guide, promote, coordinate and encourage cooperation on high 
priority activities of common interest to the UK criticality community, (iii) promote international 
collaboration in the field of criticality safety, and (iv) provide opportunities for the professional 
development of criticality safety personnel. This paper gives a detailed overview of the activities of the 
WPC in the years since the last International Conference on Nuclear Criticality (ICNC), held at Edinburgh 
in 2011. It undoubtedly continued to be a challenging time for the UK criticality community, not least 
because of difficulties with the central coordination (and hence funding) of strategic issues in the UK as the 
nuclear industry has become increasingly fragmented. However, despite these issues, the committee has 
still been able to fulfil its objectives during that time and successfully supported the UK criticality 
community. A particular focus of the paper will be the success of the Continued Professional Development 
workshops and the potential benefits of other countries adopting a similar initiative. 
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Abstract/Keyterms: This paper provides an overview of the current criticality safety training given to front 
line workers at the UK Atomic Weapons Establishment (AWE). This ‘Criticality Awareness’ training has 
been developed to provide front line workers with adequate instruction to ensure that they are aware of the 
hazards and risks associated with the plant and its operations. Additionally, this training details the actions 
to be taken in the event of an accident or emergency. When the current Criticality Awareness training course 
was initially created in 2008, it was considered beneficial to use both criticality safety specialists and 
criticality trainers to deliver the course. The format chosen was a classroom style of teaching, to help 
facilitate open questions/answers between the training staff and course participants. Experience gained 
through previous methods of delivering the course found that it was more effective to include both the 
criticality and training specialists in the development and delivery of the course, as each supplements the 
other with respect to their fields of expertise. This paper provides an overview of the course content and 
structure and discusses the development of the course over time. This development has arisen based on 
feedback from the participants and accredited professional training staff. The benefits to the participants 
from the style of delivery of the course is discussed, together with the wider benefits to criticality safety 
across site from direct interaction between the criticality safety specialists and the operators who have the 
practical experience and knowledge of actual work with fissile material. Future developments to the course 
are also discussed, and potential improvements highlighted. 
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Abstract/Keyterms: Many years ago, at the Savannah River Site, the need for technically competent and 
qualified criticality safety (CS) staff was identified. Over the intervening years an extensive training and 
qualification (T&Q) program was developed. In 2008 Savannah River Nuclear Solutions (SRNS), the 
current site M&O contractor, inherited the T&Q program developed by the prior site contractors. Since 
then SRNS has initiated changes to the T&Q program to better fit the current regulatory environment, 
ensuring compliance with ANSI/ANS-8.26 [1], and implementing the idea of continuous improvement. 
Currently, a significant fraction of the SRNS CS staff either will be or are eligible for retirement. Therefore, 
SRNS is pursuing recent Nuclear Engineering college graduates and/or experienced criticality engineers. 
The challenges associated with hiring and maintaining criticality staff include, but are not limited to, 
increased workforce mobility and increased competition for fewer criticality resources. For example, the 
recent trend in company benefits is to eliminate longer term benefits such as pensions to make the benefits 
more transportable in terms of 401Ks and Health Savings Accounts. In addition, there have been reductions 
in DOE funding for professional development through participation in ANS committees or attendance at 
Criticality related conferences. SRNS has investigated a number of possibilities on how to retain CS staff, 
but in the current environment has not identified any ‘golden eggs’. Regardless, SRNS is exploring 
additional paths to incentivize the engineers to stay long term. SRNS is working to improve/maintain its 
workforce by creating a CS engineer pipeline. SRNS provides a training budget for new engineers and 
offers a formalized and mentored training program. For experienced criticality engineers, the SRNS T&Q 
program is flexible enough to allow “credit” for previous accomplishments at other sites. SRNS is also 
striving to be proactive in supporting professional development by identifying specific monies in the 
planning phases of the annual budget requests. The current posture of SRNS is to maintain ‘open’ 
requisitions for both experienced staff looking for other opportunities, and for recent college graduates. As 
opportunities arise, either from within or without, SRNS evaluates the potential candidates and advances 
offers of employment. Until the longer term need is met SRNS intends to hire at least two staff members 
per year. Those staff members then enter the T&Q program and when appropriate, based on their experience 
and/or training accomplishments, begin assisting the current staff with program/facility CS support. 
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Abstract/Keyterms: Following de-inventory of high security materials from LLNL, a new subcritical 
assembly for training and detector development purposes was designed and built. This paper describes the 
safety features inherent in the assembly design and accomplishments related to development, simulation 
and utilization of the new assembly. 
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Abstract/Keyterms: Soon after the Tokai Mura criticality accident, the French nuclear authority addressed 
nuclear operators to take measures regarding criticality safety. In CEA in particular after a thorough 
assessment of the late 1990's – early 2000's practices, the decision was taken to put up a training program 
in criticality safety for young (and "old") nuclear safety specialists. The evolution of the training practices 
for the IQC (Ingénieurs Qualifiés en Criticité – Engineers Qualified in Criticality safety) are presented 
hereafter, beginning with the first training session set up in October 2001 until now. This primarily deals 
with the kind of audience this training addresses (professional background), what is taught, learned, used 
later on and how one becomes an IQC. Furthermore, a discussion involves who recognizes the qualification, 
how long does one need to become a real criticality safety specialist on an operational basis, how the staff 
uses (or not) the knowledge and how this ensemble contributes to the professional careers advancement 
(criticality safety is a strong "card"). The methodological documents in support of the IQC are also 
presented, particularly the last version of the “criticality guide fiches (files, cards, sheets)” collection which 
summarizes the main aspects and principles of criticality safety (including the rudiments of neutron physics, 
criticality control modes, double contingency principle, etc.). 
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Abstract/Keyterms: A revision to the American National Standards Institute (ANSI)/American Nuclear 
Society (ANS) standard,”Nuclear Criticality Safety in Operations with Fissionable Materials Outside 
Reactors” [ANSI/ANS-8.1 (ANS-8.1)], was completed and published in 2014. The approved scope for the 
2014 revision included two major efforts: (1) an editorial revision to clarify the meaning of the process 
analysis requirement (PA) and the double contingency principle recommendation (DCP) and (2) the 
generation of new subcritical limits for uranium and uranium compounds for enrichments less than 10 wt% 
235U. After a clarification request was submitted regarding the PA and DCP in 2009, the scope of the 
revision became focused almost entirely on the editorial revision. With approval from the ANS-8 
subcommittee chairman, the computational effort was postponed until the editorial revision could be 
completed. The 2014 revision of ANS-8.1 involved nuclear criticality safety experts from 14 different sites, 
each with many years of experience, either maintaining the standard as a working group member or as a 
criticality safety practitioner. Many of the represented sites had implemented the PA with the language of 
the DCP to ensure that process operations with fissionable materials would be subcritical. However, the 
early working group deliberations made it clear that the general industry focus was on the DCP rather than 
the PA, which requires that “all normal and credible abnormal conditions remain subcritical.” Over the 
course of the revision, two new definitions and a new appendix (Appendix B) were developed to enhance 
understanding of the PA and DCP. The emphasis of Appendix B is on the requirement for subcriticality 
(PA) rather than the DCP. The phrase “credible abnormal conditions” in the PA is broader in meaning than 
“changes in process conditions,” as recommended by the DCP. This because a single credible abnormal 
condition can potentially affect multiple independent process conditions, and consequently, multiple 
process parameters, simultaneously. The DCP is a technical practice meant to support the PA and cannot 
be applied to all situations. However, when it can be properly applied, the DCP technical practice, in most 
cases, ensures compliance with the PA because two unlikely, independent, and concurrent changes in 
process conditions are generally judged not to be a credible abnormal condition, as 1 Notice: This 
manuscript has been authored by UT-Battelle, LLC, under Contract No. DE-AC05-00OR22725 with the 
U.S. Department of Energy. The United States Government retains and the publisher, by accepting the 
article for publication, acknowledges that the United States Government retains a non-exclusive, paid-up, 
irrevocable, world-wide license to publish or reproduce the published form of this manuscript, or allow 
others to do so, for United States Government purposes. The Department of Energy will provide public 
access to these results of federally sponsored research in accordance with the DOE Public Access Plan 
(http://energy.gov/downloads/doe-public-access-plan). specified in the PA. This paper elaborates on the 
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intense working group discussions over the course of the ANSI/ANS-8.1 standard revision and summarizes 
the modifications made to the revised standard. 
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Abstract/Keyterms: This paper consists essentially of a two part discussion concerning the effects that 
extraneous radiation sources have on fissionable material systems with respect to criticality and criticality 
safety. The first part (sections 2 and 3) concentrates on a qualitative discussion about extraneous radiation 
sources and definitions associated with the criticality of neutron chain reacting systems. The second part 
(section 4), while it does not constitute a rigorous proof, focuses more on the mathematics governing 
neutron distribution in general and fissionable material systems. The goal of both parts is the same, i.e. to 
dispel the notion that a subcritical system can be driven critical by simply supplying a source of neutrons 
to make up losses. Either part, or both, can be relied on as references in situations in which a criticality 
safety concern is inappropriately raised for situations where extraneous radiation sources are utilized to 
perform measurements with subcritical configurations of special nuclear materials. 
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Abstract/Keyterms: A recent international inter-code comparison exercise for criticality excursion 
analysis demonstrated that the transient criticality codes participating the exercise are showed to reproduce 
well the initial peak power compared with measurements performed with TRACY and SILENE reactors. 
However the oscillatory behavior after peak power is less well reproduced. The integrated behavior in term 
of energy release is quite well reproduced. The recent experiments performed with TRACY JAEA’s reactor 
and the analytic interpretation of void clustering during prompt critical have suggested a simplified 
vibration model of a damped oscillator. Finally a recent ICNC paper by present authors offered a perfect 
correlation between peak pressure and peak power. Owing to these three facts the present paper aims at 
proposing a new system of equations for the dynamic of a critical excursion taking into account gas bubble 
generation after exceeding the solubility threshold of dissolved radiolytic gas. The model explains why the 
simple vibration model of the JAEA school fairly represent pressure dynamic records at moderate peak 
pressure as measured with SILENE reactor. Also, an important parameter of the proposed model, namely 
the rate of transfer from dissolved gas to gas bubbles, is fixed by the correlation between peak pressure and 
peak power. Thus the model has one less tunable parameter and can predict a large range of critical low 
pressure excursions. After presentation of the model and discussion of some of its important features, some 
numerical simulations are made based upon SILENE and TRACY transient experiments ranging from 
tenths of kPa to several bars and comparisons are presented between calculated results and experimentally 
recorded ones. 
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Abstract/Keyterms: A series of benchmark experiments were conducted at the French Commissariat à 
l’Énergie Atomique et aux Énergies Alternatives (CEA) Valduc SILENE facility. These experiments were 
a joint effort between the United States Department of Energy Nuclear Criticality Safety Program and the 
CEA. The purpose of these experiments was to create three benchmarks for the verification and validation 
of radiation transport codes and evaluated nuclear data used in the analysis of criticality accident alarm 
systems. This series of experiments consisted of three single-pulsed experiments with the SILENE reactor. 
For the first experiment, the reactor was bare (unshielded), whereas in the second and third experiments, it 
was shielded by lead and polyethylene, respectively. The polyethylene shield of the third experiment had a 
cadmium liner on its internal and external surfaces, which vertically was located near the fuel region of 
SILENE. During each experiment, several neutron activation foils and thermoluminescent dosimeters 
(TLDs) were placed around the reactor. Nearly half of the foils and TLDs had additional high-density 
magnetite concrete, high-density barite concrete, standard concrete, and/or BoroBond shields. CEA Saclay 
provided all the concrete, and the US Y-12 National Security Complex provided the BoroBond. 
Measurement data from the experiments were published at the 2011 International Conference on Nuclear 
Criticality (ICNC 2011) and the 2013 Nuclear Criticality Safety Division (NCSD 2013) topical meeting. 
Preliminary computational results for the first experiment were presented in the ICNC 2011 paper, which 
showed poor agreement between the computational results and the measured values of the foils shielded by 
concrete. Recently the hydrogen content, boron content, and density of these concrete shields were further 
investigated within the constraints of the previously available data. New computational results for the first 
experiment are now available that show much better agreement with the measured values. 
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Abstract/Keyterms: The detailed rod-by-rod three dimensional modeling of large cores such as the 
commercial reactors is now possible. The simultaneous improvement in fuel depletion systems based on 
Monte Carlo codes allows using the criticality of first and reload cores as critical experiments, usually 
defined as commercial core criticals (CCC). The interest of such critical configurations for reload cores is 
evident for the validation of codes and cross-sections used for burn-up credit. Nevertheless other areas of 
the fuel management can benefit from this capabilities since the realistic rod-by-rod detailed modelling of 
fuel assemblies can provide valuable help in the optimization of reload patterns and in the licensing of other 
production-oriented calculation tools In this presentation the results obtained in reactivity and power 
distribution in the analysis of Cofrentes NPP first criticality and of a low-burnup xenon-equilibrium state-
point and its comparison with in-core instrumentation measurements are presented. The plan for 
development of a local rod-by-rod Monte Carlo fuel depletion capability is presented as well. 
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Abstract/Keyterms: Various experimental methods have been proposed for subcriticality measurement 
and neutron noise analysis method is one of important experimental techniques for this purpose. The 
variance to mean value method, called Feynman-alpha method, is one of well-known noise analysis 
methods. In this method, variation of neutron count rate distribution from the Poisson distribution caused 
by fission chain reactions, which is called Y-value, is measured, however, it is difficult to measure the Y-
value in large subcritical state such as nuclear fuel facility, because number of emitted neutrons by fission 
chain reaction is small, which causes large statistical error. We developed new experimental technique 
based on Feynman-alpha method combined with pulsed neutron source, called Delayed Neutron Noise 
Analysis (DNNA) method, to monitor the change of subcriticality. In this new method, neutron and gamma-
ray counts measured only appeared in the delayed neutron region after injection of pulsed neutron are 
analyzed, and the prompt neutron region is completely ignored. The advantage of DNNA compared with 
conventional method is that spatial dependency of detector positions on measured results can be greatly 
decreased, which result in increase of accuracy of measured subcriticality. The validity of the DNNA 
method was experimentally investigated in the Kyoto University Critical Assembly (KUCA) at Kyoto 
University Research Reactor Institute. In the experiments, pulsed neutrons by D-T reactions are injected 
into the core and we used 3He detectors to measure neutron noise signals and BGO scintillation detectors 
to measure gamma-ray noise signals, and all data in the delayed neutron region were analyzed based on 
Feynman-alpha method. From the experimental results, it was found that the Y-values are clearly larger 
than zero in the case of existence of fuel assemblies and this method can be applied to detection of hidden 
special nuclear materials for example in a cargo container. 
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Abstract/Keyterms: A new critical experiment has been performed on the Planet vertical assembly 
machine at the National Criticality Experiments Research Center (NCERC). The purpose of the experiment 
was to compare the moderator properties of polyethylene versus Lucite and to use the experiment as an 
instructional tool for criticality safety engineers. The Lucite version of this experiment has been performed 
many times since the mid-1970s. Similar to the Lucite critical experiment, the polyethylene experiment was 
designed to emphasize the factors that affect criticality; namely, enrichment, reflection, interaction, 
moderation, mass, shape, volume, density, concentration, and poisons. The critical mass obtained with the 
moderating high density polyethylene plates was 997.0 ± 0.65 grams of highly enriched uranium, which is 
approximately 34% lower than the critical mass obtained using the Lucite moderating plates. This 34% 
decrease is mostly attributable to the higher hydrogen and carbon atom densities of polyethylene versus 
Lucite. 



 

C-7587 

7573…..…..…………………..…….……..……ID Number…………………..…..…………….7573 

Author: Khatri, Deepa / Percher, Catherine / Heinrichs, David 

Title: Optimization of Hafnium Dimensions for Thermal/Epithermal Experiments (TEX) With Highly 
Enriched Uranium Jemima Plates and Polyethylene 

Date: 9/13/2015 

Report: ICNC’2015, 1683-1693 

Conference/Journal: International Conference on Nuclear Criticality Safety, Charlotte, NC, September 
13-17, 2015 

Conference Session: Criticality Experiments—III 

Abstract/Keyterms: The goal of the US Nuclear Criticality Safety Program’s Thermal Epithermal 
eXperiments (TEX) is to design and conduct new critical experiments to address high priority nuclear data 
needs from the nuclear criticality safety and nuclear data communities, with special emphasis on 
intermediate energy (0.625 eV – 100 keV) assemblies. The second set of TEX experiments will use stacks 
of highly enriched uranium Jemima plates, hafnium (Hf) diluent plates, and polyethylene moderator plates 
to create assemblies that span a wide range of fission energy spectra, from thermal, through intermediate, 
to fast energies. As the hafnium plates need to be fabricated and represent a significant cost for this 
experiment, a parameter study examining experimental configurations with various Hf thicknesses was 
completed using KENO V.a to determine optimal dimensions. The Hf plate thicknesses were optimized 
based on three major design criteria: 1) ensuring thermal, intermediate, and fast critical configurations could 
be built, 2) creating assemblies with a height to diameter ratio of approximately one, and 3) maximizing 
sensitivity to hafnium isotope cross sections, as predicted by the SCALE/TSUNAMI package. Based on 
the calculations presented in this report, a hafnium thickness of 0.10 cm will result in compact critical 
assemblies using the existing Jemima plate inventory, while reducing Hf cost and ensuring adequate 
sensitivity of the system to hafnium cross sections. 
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Abstract/Keyterms: Nuclear criticality accident dosimetry is very specific, due to the mixed fields and to 
energy and dose ranges which could be out of the range of classical individual dosimetry. The maximal 
neutron and gamma dose must be determined as well as other information such as the orientation of the 
victim in the radiation field. It is exceptionally challenging to establish doses in the event of partial body 
exposures. Therefore, frequent exercises are organized to maintain competences and to train staff to perform 
such dosimetry. Experiments using the CALIBAN and PROSPERO reactors were performed in June and 
September 2014 in order to test various criticality accident dosimeters (CAD). These two metallic reactors 
are located at the CEA research center at Valduc (Côte-d'Or, France). They are composed of a metallic 
alloy of uranium with a high enrichment in the isotope 235U. These reactors are used for the production of 
mixed radiation fields primarily comprised of fission neutrons and gammas. CADs from three different 
laboratories (AWE, UK; IRSN, FR; LLNL, USA) were irradiated on water phantoms with three different 
orientations (0° and 45°, front and rear faces) and free in air at both CALIBAN and PROSPERO reactors, 
in pulse and steady state modes. This paper will present the comparison of some results. These experiments 
will be useful preparation for other exercises planned in 2016 at the Godiva-IV and Flattop reactors located 
at the Nevada National Security Site, USA. 
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Abstract/Keyterms: Four critical assembly machines (Comet, Planet, Flattop, and Godiva-IV) constitute 
the critical experiment capabilities at the National Criticality Experiments Research Center. All four 
machines are operational. Between these machines, systems ranging from the thermal through the 
intermediate to the fast spectrum may be assembled. Steady-State, transient, and super-prompt critical 
conditions may be explored. In this paper, the status and capabilities of NCERC are discussed. 
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Abstract/Keyterms: The fuel suppliers improve permanently fuel for commercial energetic nuclear 
reactors. One way is to increase initial enrichment of U235. Higher initial enrichment of U235 allows to 
increase burnup of assembly, to prolong stay in assembly in reactor and therefore decrease number of fresh 
assemblies loaded into reactor and decrease number of spent fuel assemblies for storage and disposal. In 
this article are some criticality analyses for fresh fuel PWR 17x17 and VVER-440 for enrichment up to 6% 
of U235 without burnable absorber: - Criticality of fresh assembly (PWR 17x17 and VVER-440) in cold 
state in reactor - Critical number of fresh assemblies (PWR 17x17 and VVER-440) in water - Possible 
storage and transport of fresh fuel VVER-440 in existing facilities and transport cask The SCALE 6.1.2 
system was used for all calculation. The KENO VI module was used with library v7-238 (continuous 
energy). 
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Abstract/Keyterms: Radioactive Waste Management (RWM) is responsible for implementing geological 
disposal of the UK’s higher activity radioactive wastes. These wastes include significant quantities of fissile 
nuclides and, therefore, demonstration of the criticality safety of the wastes under disposal conditions forms 
an important component of RWM’s disposal system safety case. At the time of disposal, controls will ensure 
that all waste packages are sub-critical, and the containment provided by the engineered barrier system of 
a geological disposal facility (GDF) will ensure that criticality is prevented for some time after disposal. 
However, as waste packages begin to degrade, fissile and other materials may be mobilised, which could 
affect the potential for criticality. Therefore, the possibility for the evolution of conditions in a GDF to 
result in criticality requires assessment. RWM established the ‘Likelihood of Criticality’ research project 
to develop qualitative and quantitative arguments to demonstrate that criticality after closure of a GDF is 
unlikely. The project included consideration of the criticality safety of disposal concepts for intermediate 
and high level waste, spent fuel, separated plutonium and highly-enriched uranium in different generic 
geological settings. The results are underpinned by the construction of post-closure criticality scenarios that 
have been evaluated using high-level judgments about scenario credibility as well as modelling of evolving 
conditions in a GDF. In the latter case, a probabilistic modelling approach has been undertaken to address 
uncertainty in the calculation of concentrations and masses of fissile material that could occur at potential 
accumulation sites. The potential for criticality has been judged based on comparisons of the calculated 
fissile masses with minimum values required for criticality at different locations in the barrier system. This 
paper explains the novel approach taken to evaluating the likelihood of criticality in a GDF based on the 
probabilistic modelling of waste package evolution and plutonium and uranium migration. The role of this 
research in RWM’s work to demonstrate the criticality safety of a GDF in the UK is presented in a 
companion paper, which also draws on the results of a parallel research project that demonstrates that, even 
if a criticality were to occur, then its consequences would be insignificant to GDF performance. 
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Abstract/Keyterms: Radioactive Waste Management (RWM) is responsible for implementing geological 
disposal of the UK’s higher activity wastes. These wastes include significant quantities of fissile nuclides 
and, therefore, demonstration of criticality safety under disposal conditions forms an important component 
of RWM’s disposal system safety case. At the time of disposal, controls (e.g. fissile material limits and/or 
water barriers) will ensure that waste packages are sub-critical. These controls, plus the containment 
provided by the engineered barrier system of a geological disposal facility (GDF) will also ensure that 
criticality is prevented for a long time after disposal. However, over post-closure timescales conditions in 
the GDF will evolve, and therefore underpinning knowledge is required to demonstrate: under what 
conditions criticality could occur; what the likelihood of such conditions developing is; and what the 
consequences would be if a post-closure criticality did occur. These requirements are set out in the UK 
environment agencies’ Guidance on Requirements for Authorisation of a GDF. This paper discusses the 
disposal of Pressurised Water Reactor fuel, as an example of a waste type that may require disposal. It 
briefly selects relevant research to combine and summarize results from three recent RWM research 
projects. The first ‘Likelihood of Criticality’ considered under what conditions post-closure criticality could 
occur, whilst a second ‘Modelling of Consequences of Hypothetical Criticality’ focused on understanding 
the local physical consequences (temperature rise, power and rock response) of hypothetical ‘what-if’ post-
closure criticality. The paper then explains how this understanding is applied to make safety arguments as 
to why post-closure criticality is not a significant concern. This achieved via a third, stream of work that 
has considered the effects of a potential criticality on pathways that might give rise to a post-closure risk in 
the future, such as transport of radionuclides in groundwater. Collectively RWMs post-closure criticality 
safety work allows us to conclude in our generic environmental safety case that a post closure criticality is 
a low likelihood event, and even if one of these low likelihood events was to occur its consequences would 
be insignificant to GDF performance. This paper also serves to give context to two companion UK post-
closure criticality safety papers which communicate further information on our modelling development and 
more detailed results underpinning our demonstration of post-closure criticality safety. 
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Abstract/Keyterms: The American National Standards Institute and American Nuclear Society standard 
for Validation of Neutron Transport Methods for Nuclear Criticality Safety Calculations defines the upper 
subcritical limit (USL) as “a limit on the calculated k-effective value established to ensure that conditions 
calculated to be subcritical will actually be subcritical.” Often, USL calculations are based on statistical 
techniques that infer information about a nuclear system of interest from a set of known/well-characterized 
similar systems. The work in this paper is part of an active area of research to investigate the way traditional 
trending analysis used in the nuclear industry, and in particular, the research is assessing the impact of the 
underlying assumption that the experimental data being analyzed for USL calculations are statistically 
independent. In contrast, the multiple experiments typically used for USL calculations can be correlated 
because they are often performed at the same facilities using the same materials and measurement 
techniques. This paper addresses this issue by providing a set of statistical inference methods to calculate 
the bias and bias uncertainty based on the underlying assumption that the experimental data are correlated. 
Methods to quantify these correlations are the subject of a companion paper and will not be discussed here. 
The newly proposed USL methodology is based on the assumption that the integral experiments selected 
for use in the establishment of the USL are sufficiently applicable and that experimental correlations are 
known. Under the assumption of uncorrelated data, the new methods collapse directly to familiar USL 
equations currently used. We will demonstrate our proposed methods on real data and compare them to 
calculations of currently used methods such as USLSTATS and NUREG/CR-6698. Lastly, we will also 
demonstrate the effect experiment correlations can have on USL calculations. 
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Abstract/Keyterms: Radioactive Waste Management (RWM) is responsible for implementing geological 
disposal of the UK’s higher-activity radioactive wastes. These wastes include significant quantities of fissile 
nuclides and, therefore, demonstration of criticality safety for the wastes under disposal conditions forms 
an important component of RWM’s disposal system safety case. At the time of disposal all waste packages 
will be safely sub-critical. Containment provided by the engineered barrier system of a geological disposal 
facility (GDF) will ensure that criticality is not possible for some time after disposal. However, as waste 
packages degrade, fissile and other materials may be mobilised, which could affect the potential for 
criticality. Although the likelihood of a critical configuration developing is demonstrably low, it cannot be 
assumed to be zero over long post-closure timescales. The UK environment agencies’ Guidance on 
Requirements for Authorisation for a GDF includes a specific requirement to consider the consequences of 
hypothetical ‘what-if’ post-closure criticality. RWM has undertaken a programme of research to model and 
understand the consequences of hypothetical post-closure criticality events. Initially focused on the scenario 
of fissile material relocation and accumulation following intermediate level waste (ILW) disposal, two 
bespoke computer models were developed. The quasi-steady-state (QSS) model considered critical systems 
maintained by accumulation of fissile materials where the temperature feedback remains negative 
throughout the transient. The rapid transient model (RTM) considered systems with positive temperature 
feedback. The QSS model development included a successful comparison with the Oklo natural reactors. 
With a requirement to consider post-closure criticality for a wider range of potential waste types under 
different illustrative disposal concepts, the initial transient criticality models had some limitations. For the 
QSS model this was the assumption of fixed geometry, while the complex functional inputs required in the 
RTM were not readily available for different materials. For the QSS model this paper describes the model 
development to allow changing volume; this has enabled its application to ‘what-if’ scenarios of flooding 
within a spent fuel waste package and the slumping of a stack of ILW packages. For rapid transient 
criticality this paper explains how the development of a simpler ‘bounding approach’ model to complement 
the RTM has enabled transient criticality analysis for a wider range of host materials. The role of this 
research in demonstrating post-closure criticality safety of a GDF in the UK is presented in a companion 
paper which also draws on the results of a parallel research project to demonstrate that the likelihood of 
post-closure criticality is low. 
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Abstract/Keyterms: The UK Government has created the Office for Nuclear Regulation (ONR) as an 
independent public body to ensure effective and efficient regulation of the nuclear industry in the UK. ONR 
brings together for the first time in the UK the regulation of nuclear safety, civil nuclear security, nuclear 
safeguards and the transport of radioactive substances within a single organization. Applications requesting 
approval to transport packages containing fissile material through the UK have been received for many 
decades from numerous organisations across the world. Each application is treated equally with the 
judgement of safety based on the information provided in the design safety report. In recent years, the ONR 
has questioned a number of criticality safety related assumptions; some of which have been held for many 
decades. The outcome from these discussions will be examined. Uranium hexafluoride (UF6) has been 
transported across the world for many years, carried in 30B steel cylinders within a variety of overpacks. 
For simplicity, some criticality safety cases have not claimed for the presence of the overpack. However, it 
shall be shown that these safety cases will have difficulty in justifying the criticality safety of transporting 
uranium hexafluoride if credit for the overpack is not claimed. In addition, the applications that have been 
submitted for Competent Authority approval have made various assumptions regarding the shell thickness 
of the 30B cylinder, the distribution of the hydrogen fluoride (HF) impurity and the potential for the uranium 
hexafluoride residues to hydrolyse. The adequacy of these assumptions will be discussed in turn along with 
the need for the applicant to demonstrate compliance with any certificate restriction on the mass of heel 
(residue) allowed within the package. Uranium oxide (UO2) powder is regularly transported around the 
world. For most designs, it is assumed that water will enter the package under accident conditions of 
transport. Under these conditions, a common assumption is that the grains of uranium oxide powder will 
evenly distribute within the water and internal volume of the package. The validity of this assumption from 
a realistic and pessimistic perspective will be challenged. It will then be shown that if instead the powder 
grains of uranium oxide are agglomerated together into larger sized groups, an increase in the keff of the 
system of up to 2, 000pcm can occur. As packages are commonly loaded up to the criticality safety limit, 
an increase in keff such as this likely to be problematic 
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Abstract/Keyterms: Title 10 of the United States (US) Code of Federal Regulations (CFR), Part 71, 
Packaging and Transportation of Radioactive Material includes requirements for the transport of fissile 
material in packages. These regulations provide requirements for packaging that is certified by the US 
Nuclear Regulatory Commission (NRC) to transport fissile material, but the regulations also include 
provisions that allow for shipment of fissile material in packages that are not required to be certified by the 
NRC. These provisions include criteria for exemptions from classification as fissile material (10 CFR 
71.15) and permit general licenses for limited quantities of fissile material and plutonium-beryllium special 
form sources (10 CFR 71.22 and 10 CFR 71.23, respectively). These regulations were revised by NRC as 
part of a broad rulemaking effort in 2004. These regulations are used frequently for a wide-variety of fissile 
material shipping operations and shippers must interpret the regulations for particular shipping situations. 
The quantity of fissile material that presents a criticality safety risk depends on the other materials in the 
system that might absorb neutrons emitted from fission or moderate (slow) those neutrons to lower energies 
where the probability of them creating an additional fission is highest. Besides the absorption and 
moderation of neutrons, other parameters that must be considered to ensure criticality safety are: the mass, 
concentration, or isotopic distribution of the fissile material; and the system geometry and neutron reflection 
of the package from surrounding materials. These parameters were carefully considered in developing the 
requirements for the exemptions from the classification of fissile material and the requirements for general 
licenses for fissile material. This paper will review the technical basis, intent, and anticipated usage of each 
of the fissile material exemption and general license provisions. Additionally, this paper will discuss the 
recent regulatory history of the Part 71 fissile material exemptions and general licenses, including the 2015 
rulemaking effort. Finally, this paper will outline an upcoming NUREG/CR document regarding the fissile 
material exemptions and general licenses, and discuss recommendations that are being formulated for 
potential future revisions to the regulations. 
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preprocessed from the Version 5 Evaluated Nuclear Data Files (ENDF/B-V) and supplied in a form suitable 
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of the PC-based code system produces application-specific data libraries that can be used in various PC-
based neutron transport and diffusion theory code modules. Some of the modules in the system are 
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are applicable to burnup credit include chemical assay data for the validation of the isotopic prediction 
models, fresh fuel critical experiments for the validation of criticality calculations for various cask 
geometries, and reactor restart critical data to validate criticality calculations with spent fuel. The 
methodology has been specifically developed to be simple and generally applicable, therefore giving rise 
to uncertainties or sensitivities which are identified and quantified in terms of a percent bias in k(eff). 
Implementation issues affecting licensing requirements and operational procedures are discussed briefly. 



 

C-7625 

7611…..…..…………………..…….……..……ID Number…………………..…..…………….7611 

Author: Ingram, G. / Marshall, J. 

Title: The Application of DIMPLE Irradiated Fuel Measurements to Burnup Credit Validation 

Date: 9/1/1991 

Report: ICNC’91, II-99 

Conference/Journal: ICNC'91-International Conference on Nucl. Criticality Safety, Oxford, U.K., Sept. 
9-13, 1991 

Conference Session:  

Abstract/Keyterms:  



 

C-7626 

7612…..…..…………………..…….……..……ID Number…………………..…..…………….7612 

Author: Barnett, C. S. 

Title: A Probabilistic Model for Estimating the Waiting Time Until the Simultaneous Collapse of Two 
Contingencies 

Date: 9/1/1991 

Report: ICNC’91, III-1 

Conference/Journal: ICNC'91-International Conference on Nucl. Criticality Safety, Oxford, U.K., Sept. 
9-13, 1991 

Conference Session:  

Abstract/Keyterms: The Double Contingency Principle (DCP) is widely applied to criticality safety 
practice in the United States. Most practitioners base their application of the principle on qualitative, 
intuitive assessments. The recent trend toward probabilistic safety assessments provides a motive to search 
for a quantitative, probabilistic foundation for the DCP. A Markov model is tractable and leads to relatively 
simple results. The model yields estimates of mean time to simultaneous collapse of two contingencies as 
a function of estimates of mean failure times and mean recovery times of two independent contingencies. 
The model is a tool that can be used to supplement the qualitative methods now used to assess effectiveness 
of the DCP. 
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Abstract/Keyterms: Critical experiment facilities produced a large amount of important data during the 
past forty-five years. However, much useful data remains unpublished. The unpublished material exists in 
the form of experimenters’ logbooks, notes, photographs, material descriptions, etc. These data could be 
important for computer code validation, understanding the physics of criticality, facility design, or for 
setting process limits. In the past, criticality specialists have been able to obtain unpublished details by 
direct contact with the experimenters. Obviously, this will not be possible indefinitely. Most of the US 
critical experiment facilities are now closed, the experimenters are moving the other jobs, retiring, or 
otherwise becoming unavailable for this informal assistance. The closure of the facilities and the loss of 
personnel is likely to lead to the loss of the facility records unless an effort is made to assure that the records 
are preserved. It has been recognized for some time that the unpublished records of critical experiment 
facilities comprise a valuable resource, thus the Nuclear Criticality Information System (NCIS) is working 
to ensure that the records are preserved and made available via NCIS. As a first step in the archiving project, 
we identified criteria to help judge which series of experiments should be considered for archiving. Data 
that are used for validating calculations or the basis for subcritical limits in standards, handbooks, and 
guides are of particular importance. In this paper we will discuss the criteria for archiving, the priority list 
of experiments for archiving, and progress in developing an NCIS image database using current CD-ROM 
technology. 



 

C-7634 

7620…..…..…………………..…….……..……ID Number…………………..…..…………….7620 

Author: Koponen, B. L. 

Title: The Nuclear Criticality Information System - An Update 

Date: 9/1/1991 

Report: ICNC’91, III-49 

Conference/Journal: ICNC'91-International Conference on Nucl. Criticality Safety, Oxford, U.K., Sept. 
9-13, 1991 

Conference Session:  

Abstract/Keyterms: The US Department of Energy’s Nuclear Criticality Information System (NCIS) has 
served the criticality community for the past ten years with publications and with an online information 
system. NCIS provides a mean for widely distributed nuclear criticality specialists to communicate and 
work together instantly. Users of the system may receive assistance from all members of the NCIS 
community, which provides a much broader base of support than is available at any single site. When 
unified by NCIS, these diverse specialists provide a resource that has proven to be very useful in the safe 
handling of fissile material. NCIS also is a source of current nuclear criticality safety information; the rapid 
access of such up-to-date information on the handling of fissile materials outside of nuclear reactors is 
international in scope, extending beyond political and geographical boundaries. 
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surrounded by fissile material in solution. A theoretical study of the main physical parameters involved in 
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Abstract/Keyterms: A portable subcriticality measurement system employing the 252Cf-source-driven 
noise analysis method with calculational validation capability has been assembled. A Sun workstation is 
used to control a special-purpose Fourier processor operating at 264 Mflops for determination of the 
relevant auto and cross power spectral densities for fissile system varying from subcritical, unmoderated 
metal to well-thermalized solutions. The workstation also contains an analog version of the KENO Va 
Monte Carlo code with appropriate cross sections for direct calculation of the experimentally measured 
spectral densities and calculation of the neutron multiplication factor for comparison with that obtained 
from measurements. Further work on custom design could lead to a suitcase-size portable system. 
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Abstract/Keyterms: The presence of a source of neutrons to initiate persistent fission chains has long been 
recognized as an important element in the behavior of a critical assembly or reactor. The start-up source is 
a familiar part of most reactor loading or start-up operations. The problem of assembling fissionable 
material without the presence of an adequate source was reported in 1960 by Hansen, who analyzed the 
consequences of delayed initiation of a persistent fission chain during the assembly of a critical mass of 
material with a ramp reactivity addition. The stochastic nature of the first chain initiation was shown to 
provide the possibility of large reactivity availability even where modest ramp rates were assumed. At the 
Los Alamos Critical Experiments Facility, the authors have made experimental measurements of the 
intrinsic source strength for uranyl-nitrate and uranyl-fluoride solutions using a high-efficiency well counter 
system. These results are surprisingly similar, with the uranyl fluoride showing only a factor of 2 higher 
neutron production rate, and will be compared with the results of a recently developed theoretical model. 
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Abstract/Keyterms: Evaluation of criticality accident risks in the processing of significant quantities of 
fissile materials is both complex and subjective, largely due to the lack of accident statistics. Thus, 
complying with standards such as ISO 7753 which mandates that the need for an alarm system be evaluated, 
is also subjective. A review of guidance found in the literature on potential accident magnitudes is presented 
for different material forms and arrangements. Reasoned arguments are also presented concerning accident 
prevention and accident likelihoods for these material forms and arrangements. 
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Abstract/Keyterms: The Critical Experiments Facility of the Los Alamos National Laboratory has been 
in existence for 45 years. In that period of time, thousands of measurements have been made on assemblies 
containing every fissionable material in various configurations that included bare metal and compounds of 
the nitrate, sulfate, fluoride, carbide, and oxide. Techniques developed or applied include Rossi-{alpha}, 
source-jerk, rod oscillator, and replacement measurements. Many of the original measurements of delay 
neutrons were performed at the site, and a replica of the Hiroshima weapon was operated at steady state to 
assist in evaluating the relative biological effectiveness (RBE) of neutrons. Solid, liquid, and gas fissioning 
systems were run at critical. Operation of this original critical facility has demonstrated the margin of safety 
that can be obtained through remote operation. Eight accidental excursions have occurred on the site, 
ranging from 1.5 {times} 10{sup 16} to 1.2 {times} 10{sup 17} fissions, with no significant exposure to 
personnel or damage to the facility beyond the machines themselves -- and in only one case was the machine 
damaged beyond further use. The present status of the facility, operating procedures, and complement of 
machines will be described in the context of programmatic activity. New programs will focus on training, 
validation of criticality alarm systems, experimental safety assessment of process applications, and 
dosimetry. Special emphasis will be placed on the incorporation of experience from 45 years of operation 
into present procedures and programs. 
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Abstract/Keyterms: A recent development in criticality accident analysis the deterministic calculations of 
the transport of fission products and actinides through the barriers of the physical facility. The knowledge 
of the redistribution of the materials inside the facility will help determine the reentry and clean-up 
procedures. The amount of radioactive materials released to the environment is the source term for 
dispersion calculations. We have used an integrated computer model to determine the release of fission 
products to the environment from a hypothetical criticality event in a glove box of the metal production line 
(MPL) at the Lawrence Livermore National Laboratory (LLNL). 
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Abstract/Keyterms: The increasing quantities of uranium oxide handled each day in fuel cycle factories 
indicate a criticality safety case is required based on the control of the moderation ratio. No one can 
completely exclude the possible accidental introduction of a moderator, i.e., water. A minimum of 
information appears therefore indispensable to evaluate the possible risks in order to be better equipped to 
face a hypothetical accident. Previous knowledge on this subject is very limited, considering the potential 
risk of an actual accident. The solution has been to define a realistic scenario and to develop a calculational 
tool, such as the POWDER code, describing the phenomena involved. Calculations have been made on the 
scenario described in this paper. The POWDER code finds that the power peaks due to the Doppler effect 
(and by water expansion if the latter is present). The power is further reduced when vapor bubbles expand 
the system, yielding an energy release to that point of just over 10{sup 18} fissions. This removes more 
reactivity to bring the system further below critical. If the system is not dispersed, subsequent loss of 
bubbles may allow the reactivity to increase again so that the system reaches a power plateau with a boiling 
magma of powder, water, and vapor. 
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Abstract/Keyterms: The American National Standard ANSI/ANS-8.3-1986, Criticality Accident Alarm 
System provides guidance for the establishment and maintenance of an alarm system to initiate personnel 
evacuation in the event of inadvertent criticality. In addition to identifying the physical features of the 
components of the system, the characteristics of accidents of concern are carefully delineated. 
Unfortunately, this ANSI Standard has led to considerable confusion in interpretation, and there is evidence 
that the minimum accident of concern`` may not be appropriate. Furthermore, although intended as a guide, 
the provisions of the standard are being rigorously applied, sometimes with interpretations that are not 
consistent. Although the standard is clear in the use of absorbed dose in free air of 20 rad, at least one 
installation has interpreted the requirement to apply to dose in soft tissue. The standard is also clear in 
specifying the response to both neutrons and gamma rays. An assembly of uranyl fluoride enriched to 5% 
235U was operated to simulate a potential accident. The dose, delivered in a free run excursion 2 m from 
the surface of the vessel, was greater than 500 rad, without ever exceeding a rate of 20 rad/min, which is 
the set point for activating an alarm that meets the standard. The presence of an alarm system would not 
have prevented any of the five major accidents in chemical operations nor is it absolutely certain that the 
alarms were solely responsible for reducing personnel exposures following the accident. Nevertheless, 
criticality alarm systems are now the subject of great effort and expense. 
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Abstract/Keyterms: The purpose of this paper is to describe recent developments in computer simulation 
of hypothetical criticality accidents in aqueous fissile solutions of uranium and plutonium such as might be 
encountered in fuel fabrication and reprocessing operations. Models for reactivity shutdown mechanisms 
and equations of state have been combined to permit estimates of fission yield, inertial pressure, and kinetic 
energy for a wide range of pulse sizes and time scales. Improvements to previously published models are 
reported along with some recent applications. Information obtained from pulsed solution assemblies 
(KEWB, CRAC, SILENE, and SHEBA) and from past criticality accidents was used in the development 
of computer models. Applications include slow events lasting many hours (hypothetical undetected 
laboratory accidents) and large-yield millisecond pulses in which evolution of radiolytic gas may be 
important (severe accidents and pulsed reactors). 
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Abstract/Keyterms: In nuclear criticality safety applications, a number of important uncertainties have to 
be addressed to establish the required criticality safety margin of a nuclear system. One source of these 
uncertainties is the basic nuclear data used to calculate the effective multiplication factor of the system. 
Before criticality safety calculations are performed, the bias and uncertainties of the codes and cross 
sections that are used must be determined. Cross-section data are measured, evaluated, and tested prior to 
their inclusion in nuclear data libraries. Traditionally, nuclear data evaluations are performed to support the 
analysis and design of thermal and fast reactors. The neutron spectra characteristic of the thermal and fast 
systems used for data testing are predominantly in the low- and high-energy ranges, with a relatively minor 
influence from the intermediate-energy range. In the area of nuclear criticality safety, nuclear systems 
involving spent fuel elements from reactors can lead to situations very different from those most commonly 
found in reactor analysis and design. These systems are not limited to thermal or fast neutron spectra and 
may have their most significant influence from the intermediate energy range. This requires extending the 
range of applicability of the nuclear data evaluation beyond thermal and fast systems. The aim here is to 
focus on the evaluated nuclear data pertaining to applications in nuclear criticality safety. 
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Abstract/Keyterms: This paper will discuss the results obtained and lessons learned from an extensive 
validation of new ENDF/B-V and ENDF/B-VI multigroup cross-section libraries using analyses of critical 
experiments. The KENO V. A Monte Carlo code in version 4.3 of the SCALE computer code system was 
used to perform the critical benchmark calculations via the automated SCALE sequence CSAS25. The 
cross-section data were processed by the SCALE automated problem-dependent resonance-processing 
procedure included in this sequence. Prior to calling KENO V.a, CSAS25 accesses BONAMI to perform 
resonance self-shielding for nuclides with Bondarenko factors and NITAWL-II to process nuclides with 
resonance parameter data via the Nordheim Integral Treatment. 
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Abstract/Keyterms: With the closure of many experimental facilities, the nuclear criticality safety analyst 
is increasingly required to rely on computer calculations to identify safe limits for the handling and storage 
of fissile materials. However, the analyst may have little experience with the specific codes available at his 
or her facility. Usually, the codes are quite complex, black boxes capable of analyzing numerous problems 
with a myriad of input options. Documentation for these codes is designed to cover all the possible 
configurations and types of analyses but does not give much detail on any particular type of analysis. For 
criticality calculations, the user of a code is primarily interested in the value of the effective multiplication 
factor for a system k(eff). Most codes will provide this, and truckloads of other information that may be 
less pertinent to criticality calculations. Based on discussions with code users in the nuclear criticality safety 
community, it was decided that a simple document discussing the ins and outs of criticality calculations 
with specific codes would be quite useful. The Transport Methods Group, XTM, at Los Alamos National 
Laboratory (LANL) decided to develop a primer for criticality calculations with their Monte Carlo code, 
MCNP. This was a joint task between LANL with a knowledge and understanding of the nuances and 
capabilities of MCNP and the University of New Mexico with a knowledge and understanding of nuclear 
criticality safety calculations and educating first time users of neutronics calculations. The initial problem 
was that the MCNP manual just contained too much information. Almost everything one needs to know 
about MCNP can be found in the manual; the problem is that there is more information than a user requires 
to do a simple k(eff). calculation. The basic concept of the primer was to distill the manual to create a 
document whose only focus was criticality calculations using MCNP. 
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Abstract/Keyterms: As the speed, available memory, and reliability of computer hardware increases and 
the cost decreases, the complexity and usability of computer software will increase, taking advantage of the 
new hardware capabilities. Computer programs today must be more flexible and user friendly than those of 
the past. Within available resources, the SCALE staff at Oak Ridge National Laboratory (ORNL) is 
committed to upgrading its computer codes to keep pace with the current level of technology. This paper 
examines recent additions and enhancements to the criticality safety analysis sections of the SCALE code 
package. These recent additions and enhancements made to SCALE can be divided into nine categories: 
(1) new analytical computer codes, (2) new cross-section libraries, (3) new criticality search sequences, (4) 
enhanced graphical capabilities, (5) additional KENO enhancements, (6) enhanced resonance processing 
capabilities, (7) enhanced material information processing capabilities, (8) portability of the SCALE code 
package, and (9) other minor enhancements, modifications, and corrections to SCALE. Each of these 
additions and enhancements to the criticality safety analysis capabilities of the SCALE code system are 
discussed below. 
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consequences of taking fuel burnup into account in the design of spent fuel transportation packages. A 
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provide integral benchmarks for testing computer-generated predictions of spent fuel behavior. A set of 
experiments is planned in which sections of unirradiated fuel rods are interchanged with similar sections of 
spent PWR fuel rods in a critical assembly. by determining the critical size of the arrays, one can obtain 
benchmark data for comparison with criticality safety calculations. The integral reactivity worth of the spent 
fuel can be assessed by comparing the measured delayed critical fuel loading with and without spent fuel. 
An analytical effort to model the experiments and anticipate the core loadings required to yield the delayed 
critical conditions runs in parallel with the experimental effort. 
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isotopic composition of spent fuel. These isotopics are used in subsequent criticality calculations to assess 
the reduced worth of the spent fuel. To validate the codes and data used in depletion approaches, 
experimental measurements are compared with numerical predictions for relevant spent fuel samples. This 
paper describes a set of experimentally characterized pressurized-water-reactor (PWR) fuel samples and 
provides a comparison to results of SCALE-4 depletion calculations. An approach to determine biases and 
uncertainties between calculated and measured isotopic concentrations is discussed, together with a method 
to statistically combine these terms to obtain a conservative estimate of spent fuel isotopic concentrations. 
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in235U, is described. The UO2 pellets (density, 9.71 g/cm{sup 3}) were contained in 253 1.27-cm-diam 
stainless steel tubes, which, in turn, are close packed in an aluminum container 22.87 cm in diameter and 
31.11 cm long. This mockup of a small, potassium-cooled space power reactor, which was under study at 
Oak Ridge National Laboratory in 1963, provided data for validation of reactor physics methods. Two 
combinations of top and side reflectors were found to make the assembly critical. In one configuration, the 
thickness of the top and the side reflectors was 12.70 and 19.25 cm respectively; in the other, these 
dimensions were 5.08 and 24.34 cm. Fission distribution measurements axially through the assembly with 
the thicker radial reflector and radially through the reflector showed a peak in the reflector 3.5 greater than 
at the center of the core. The 235U cadmium ratio measured in the side reflector at the core midplane for 
the assembly with the 19.25-cm-thick side reflector varied from 1.77 near the core boundary to 2.43 beyond 
10 cm into the side reflector. 
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Abstract/Keyterms: The criticality safety evaluations for the Fuel Cycle Facility Electrorefiner at 
Argonne-West were reviewed at Oak Ridge National Laboratory (ORNL) to help provide insight into 
problems that may be caused by inadequate cross-section data. The adequacy of ENDF/B chlorine was 
questioned because the evaluation was done in 1967 and is a nonresonance material even though chlorine 
has resonance structure. There are no validation experiments which are similar to the system being 
analyzed. The analysis strongly suggests that the ENDF/B-VI data for natural chlorine, MAT 1700, are not 
adequate for all criticality safety applications and must be considered to be deficient for this reason. This 
conclusion was reached by comparing several different XSDRNPM calculations using the ENDF/B 
chlorine evaluation with the same calculation using the JENDL-3.2 chlorine evaluation. All the other cross 
sections in these calculations are taken from ENDF/B-VI; only the chlorine cross sections were changed. 
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Abstract/Keyterms: The change in mission of the U.S. Department of Energy (DOE) from nuclear 
weapons production to dismantlement and the ultimate disposal of excess nuclear materials has lead to a 
renewed perspective on nuclear criticality safety. Nuclear criticality safety experts are required to perform 
criticality evaluations with more rigor and formality to meet the new DOE orders and standards. This paper 
concentrates on the technical aspects of nuclear criticality evaluations from the point of view of a DOE 
regulator. 
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Abstract/Keyterms: In the United States, plutonium data are needed to predict cycle lengths for reactors, 
burnup credit for transportation of discharged fuel, and certification of the nuclear safety margins of fuel 
repositories. Foreign countries have additional needs including nuclear safety in reprocessing, recycle fuel 
fabrication, and computation of reactor physics parameters for mixed oxide fuel cycles. Neutron spectra 
found in these applications span the energy range from thermal to a few MeV. Since most facilities rely on 
computational methods to demonstrate that operations are being conducted within approved limits, the 
accuracy of calculated k-effectives must be identified over a broad energy range. In 1995, a new data library 
was released based on data from the ENDF/B-VI data files. A study was initiated to determine if use of the 
new library resulted in significant changes in calculated k-effectives over those based on ENDF/B-V data. 



 

C-7739 

7725…..…..…………………..…….……..……ID Number…………………..…..…………….7725 

Author: Urbatch, Todd / Larsen, Edward 

Title: Acceleration of Monte Carlo Criticality Calculations 

Date: 9/21/1995 

Report: ICNC’95, 06•070-077 

Conference/Journal: Fifth International Conference on Nuclear Criticality Safety, Sept. 17-21, 1995, 
Albuquerque, NM 

Conference Session:  

Abstract/Keyterms: n.a. 



 

C-7740 

7726…..…..…………………..…….……..……ID Number…………………..…..…………….7726 

Author: Johns, Russell C. / Mosteller, Russell D. / Perry, R. T. 

Title: TRANSX/DANT Benchmark Studies Using an ENDF/B-V Based MATX Library 

Date: 9/21/1995 

Report: ICNC’95, 06•078-084 

Conference/Journal: Fifth International Conference on Nuclear Criticality Safety, Sept. 17-21, 1995, 
Albuquerque, NM 

Conference Session:  

Abstract/Keyterms: A series of 20 benchmark critical experiments were studied using the DANT code 
with cross section libraries prepared by TRANSX from ENDF/B-V based MATXS libraries. The 
benchmarks were selected to cover both fast and thermal systems utilizing either uranium or plutonium as 
the primary fissile isotope. An effort was made to cover the range of isotopes prevalent in nuclear systems, 
though no heterogeneous thermal plutonium cases were included. The results indicate that the code package 
and library give satisfactory results for the majority of cases, though the results are somewhat poorer for 
thermal plutonium cases. 
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Abstract/Keyterms: This paper presents calculations of the 252Cf-source-driven noise analysis 
measurements for subcritical highly enriched uranium metal cylinders using the Monte Carlo code MCNP-
DSP. This code directly calculates the noise analysis data from the 252Cf- source-driven noise analysis 
method for both neutron and gamma ray detectors. Direct calculation of experimental observables by the 
Monte Carlo method allows for the benchmarking of the calculational model and the cross sections and for 
determining the bias in the calculation. 
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Abstract/Keyterms: Moving spent nuclear fuel between facilities often requires the use of lead-shielded 
casks. Criticality safety that is based upon calculations requires experimental validation of the fuel matrix 
and lead cross section libraries. A series of critical experiments using a high-enriched uranium-aluminum 
fuel element with a variety of reflectors, including lead, has been identified. Twenty-one configurations 
were evaluated in this study. The fuel element was modelled for KENO V.a and MCNP 4a using various 
cross section sets. The experiments addressed in this report can be used to validate lead-reflected 
calculations. Factors influencing calculated k(eff) which require further study include diameters of 
styrofoam inserts and homogenization. 
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Abstract/Keyterms: The MCNP Monte Carlo code, in conjunction with its continuous-energy ENDF/B-
V and ENDF/B-VI cross-section libraries, has been benchmarked against results from 27 different critical 
experiments. The predicted values of k(eff) are in excellent agreement with the benchmarks, except for the 
ENDF/B-V results for solutions of plutonium nitrate and, to a lesser degree, for the ENDF/B-V and 
ENDF/B-VI results for a bare sphere of 233U. 
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Abstract/Keyterms: The differential operator perturbation technique has been incorporated into the Monte 
Carlo N-Particle transport code MCNP and will become a standard feature of future releases. This feature 
includes first and/or second order terms of the Taylor Series expansion for response perturbations related 
to cross-section data (i.e., density, composition, etc.). Criticality analyses can benefit from this technique 
in that predicted changes in the track-length tally estimator of k(eff) may be obtained for multiple 
perturbations in a single run. A key advantage of this method is that a precise estimate of a small change in 
response (i.e., < 1%) is easily obtained. This technique can also offer acceptable accuracy, to within a few 
percent, for up to 20-30% changes in a response. 
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Abstract/Keyterms: The continuous-energy neutron data library ENDF60, for use with the Monte Carlo 
N Particle radiation transport code MCNP4A, was released in the fall of 1994. The ENDF60 library is 
comprised of 124 nuclide data files based on the ENDF/B-VI evaluations through Release 2. Fifty-two 
percent of these ENDF/B-VI evaluations are translations from ENDF/B-V. The remaining forty-eight 
percent are new evaluations which have sometimes changed significantly. The new evaluations include 
important materials for criticality safety calculations, as well as significant enhancements such as isotopic 
evaluations, better resonance-range representations, and the new correlated energy-angle distributions for 
emitted particles. In particular, the upper energy limit for the resolved resonance region of 235U, 238U and 
239Pu has been extended from 0.082, 4.0, and 0.301 keV to 2.25, 10.0, and 2.5 keV respectively. As part 
of the overall quality assurance testing of the ENDF60 library, calculations for well-known benchmark 
assemblies were performed. This benchmarking effort included revising the standard nine criticality 
benchmarks documented in previous Los Alamos National Laboratory Reports, LA-12212 and LA-12891, 
as well as the implementation of new Cross Section Evaluation Working Group (CSEWG) benchmarks. 
Comparisons of benchmark results for different data libraries can aid the user in understanding how well 
an evaluation performs for their application. 
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Carlo results. MCNP4A contains new built-in sensitivity analyses of the Monte Carlo calculation that 
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calculations. 
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assemblies were correlated with the reactor records for burnup, cooling time, and initial enrichment. The 
correlation generates an internal calibration for the system in the form of a power law determined by a least 
squares fit to the neutron data. The average deviation of the reactor burnup records from the calibration 
determined from the measurements is a measure of the random error in the burnup records. The observed 
average deviations ranged from 2.2% to 3.5% for assemblies at the three reactor sites, indicating a high 
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was performed to establish conditions for which the contents of an F Canyon tank would remain subcritical. 
The tank contains fissionable isotopes of americium, curium, plutonium and uranium. The evaluation 
addressed storage of the tank contents and provided information relative for processing to recover or to 
dispose of the americium and curium isotopes. Calculations were performed using the Savannah River Site 
JOSHUA J-70 version modules of GLASS-ANISN for the determination of neutron multiplication 
constants, k(inf) and k(eff), and subcritical mass of various Am, Cm, and Pu homogeneous water mixtures. 
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Abstract/Keyterms: A review of the Department of Energy (DOE) request to decommission the 
Experimental Breeder Reactor-II (EBR-II) was conducted in order to develop a scope of work and analysis 
method for performing the safety review of the facility. Evaluation of the current national standards, DOE 
orders, EBR-II nuclear safeguards and criticality control practices showed that a decommissioning policy 
for maintaining criticality safety during a long term fuel transfer process did not exist. The purpose of this 
research was to provide a technical basis for transforming the reactor from an instrumentation and 
measurement-controlled system to a system that provides both physical constraint and administrative 
controls to prevent criticality accidents. Essentially, this was done by modifying the reactor core 
configuration, reactor operations procedures and system instrumentation to meet the safety practices of 
ANS-8.1-1983. Subcritical limits were determined by applying established liquid metal reactor methods for 
both the experimental and computational validations. 



 

C-7800 

7786…..…..…………………..…….……..……ID Number…………………..…..…………….7786 

Author: Mihalczo, J. T. / Valentine, T. E. / Phillips, L. D. 

Title: Subcritical Measurements for Calculational Verification of HEU Tube Vault Storage at the Oak 
Ridge Y-12 Plant 

Date: 9/21/1995 

Report: ICNC’95, 11•109-112 

Conference/Journal: Fifth International Conference on Nuclear Criticality Safety, Sept. 17-21, 1995, 
Albuquerque, NM 

Conference Session:  

Abstract/Keyterms: 252 Cf-source-driven frequency analysis measurements have been performed for a 
highly enriched uranium ({approximately} 93.2) metal storage vault at the Oak Ridge Y-12 Plant to provide 
data for verification of a calculational method for criticality safety and to assess the effects of any loss of 
unbound water from the concrete. The measurements showed that a 3x 3x10 array of 18.75-kg uranium 
annular castings is essentially infinite since the results for the 5x 5x10 array are not statistically different 
from those of the smaller array. These measured frequency analysis parameters are presented. 
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Abstract/Keyterms: The preliminary criticality analysis that was done suggests that the possibility of 
achieving critical conditions cannot be easily ruled out without looking at the geochemical process of 
assembly or the dynamics of the operation of a critical assembly. The evaluation of a critical assembly 
requires an integrated, consistent approach that includes evaluating the following: (1) the alteration rates of 
the layers of the container and spent fuel, (2) the transport of fissile material or neutron absorbers, and (3) 
the assembly mechanisms that can achieve critical conditions. The above is a non-trivial analysis and 
preliminary work suggests that with the loading assumed, enough fissile mass will leach from the HEU 
multi-purpose canisters to support a criticality. In addition, the consequences of an unpressurized Oklo type 
criticality would be insignificant to the performance of an unsaturated, tuff repository. 
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Abstract/Keyterms: This paper describes a method for criticality control at fissile material storage 
facilities. The method involves the use criticiality indices for storage canisters. The logic, methodology, 
and results for selected canisters are presented. A concept for an interactive computer program using the 
method is also introduced. The computer program can be used in real time (using precalulated data) to 
select a Criticality Index (CI) for a container when it is delivered to or packaged at a site. Criticality safety 
is assured by controlling the sum of the CIs at each storage location below a defined Emit value when 
containers are moved. 
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Abstract/Keyterms: A series of measurements and improvements to computational techniques are in 
progress at Los Alamos National Laboratory that are aimed at better understanding the determination of the 
reactivity of subcritical systems from measurements of the apparent multiplication of the system. Such 
studies are being performed in order to improve the special nuclear material (SNM) assays of unknown 
systems such as those encountered in SNM safeguards, arms-control verification, imports of foreign-
generated SNM, etc. Improved techniques and understanding are needed since measured multiplication is 
not always an invariant characteristic of a subcritical system, especially if one has a system with no 
significant intrinsic internal neutron source that is illuminated nonuniformly with an external source (i.e., a 
non-normal mode system). 



 

C-7807 

7793…..…..…………………..…….……..……ID Number…………………..…..…………….7793 

Author: Brewer, R. W. 

Title: The Relationship between Neutron Multiplication and keff 

Date: 9/21/1995 

Report: ICNC’95, 11•152-157 

Conference/Journal: Fifth International Conference on Nuclear Criticality Safety, Sept. 17-21, 1995, 
Albuquerque, NM 

Conference Session:  

Abstract/Keyterms: In recent years the International Criticality Safety Benchmark Evaluation Project 
under the sponsorship of the Department of Energy has undertaken the task of evaluating past critical 
experiments. Many of the experiments involving metals were subcritical with extrapolation to some critical 
characteristic dimension. The metal experiments were commonly limited to a maximum multiplication of 
100 for obvious safety considerations. Also many critical experiments often used subcritical measurements 
to obtain the critical specifications, e.g. Jezebel used subcritical measurements to assess the magnitude of 
neutron reflection from the surrounding structures. Therefore, the task of evaluating the experimentally 
derived critical configuration often involves evaluating the subcritical measurements made by the 
experimentalist. The purpose of past experiments was to determine critical configurations. Many of the 
modem computer codes (KENO, MCNP, and ONEDANT) calculate values of k(eff) However, the 
subcritical measurements made during the course of the experiment are usually measurements of the 
neutron multiplication. To evaluate the subcritical experiments, a link was established between the 
neutronic theory and the practical application of such when using subcritical measurements to establish the 
critical characteristic dimension. A more in depth derivation of the relationship between k(eff) and neutron 
multiplication will be shown along with comparisons between calculated and measured multiplications. 
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Abstract/Keyterms: It has long been known that concrete reflection can be an important factor in 
determining the critical state of any fissile system, single unit or storage array. Since there can be a large 
variation in the chemical makeup of concrete, mass-limit reduction factors are necessarily conservative, 
and may lead to a very uneconomical storage arrangement. This study was undertaken to clarify the 
importance of the various concrete constituents and to determine some general guidance as to the magnitude 
of the reactivity effects for the more likely fissile material storage conditions. 
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Abstract/Keyterms: This work analyzes the optimal placement of a criticality accident alarm system 
(CAAS) necessitated by an unexpected accumulation of fissile materials in the filtration system of an idled 
experimental nuclear reactor. Results using multidimensional deterministic and Monte Carlo methods 
confirmed the suitability of an existing CAAS placement located in the adjacent reactor building. 
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Abstract/Keyterms: The early ``Jemima`` experiments (1952--1954) have been evaluated as criticality 
safety benchmarks. The ongoing ``Big Ten`` experiment (1971--present) is under consideration as a 
benchmark. These two experiments differ enormously in their overall sizes and in the absence (or presence) 
of an external reflector. However, they share a common characteristic: the entire core, or the majority of it, 
is comprised of thin, alternating layers of highly enriched uranium and natural uranium, in order to simulate 
fuel of uniform composition and intermediate enrichment Reference MCNP models for the experiments 
retain the heterogeneous compositions and include considerable structural detail. For comparison, 
homogenized models, which preserve overall volumes and the total mass of each isotopic species, have also 
been tested. Results indicate that (1) heterogeneous assemblies and their equivalent homogeneous 
assemblies differ significantly in k(eff) and that (2) these differences occur both in the absence and in the 
presence of a thick external reflector composed of depleted uranium. 
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Abstract/Keyterms: The development of MCNP-DSP, which allows direct calculation of the measured 
time and frequency analysis parameters from subcritical measurements using the 252Cf-source-driven 
noise analysis method, permits the validation of calculational methods for criticality safety with in-plant 
subcritical measurements. In addition, a method of obtaining the bias in the calculations, which is essential 
to the criticality safety specialist, is illustrated using the results of measurements with 17.771-cm-diam, 
enriched (93.15), unreflected, and unmoderated uranium metal cylinders. For these uranium metal cylinders 
the bias obtained using MCNP-DSP and ENDF/B-V cross-section data increased with subcriticality. For a 
critical experiment[height (h)= 12.629 cm], it was{minus}0.0061{+-} 0.0003. For a 10.16-cm-high 
cylinder (k{approx} 0.93), it was 0.0060{+-} 0.0016, and for a subcritical cylinder (h= 8.13 cm, k{approx} 
0.85), the bias was{minus}0.0137{+-} 0.0037, more than a factor of 2 larger in magnitude. This method 
allows the nuclear criticality safety specialist to establish the bias in calculational methods for criticality 
safety from in-plant subcritical measurements by the 252Cf-source-driven noise analysis method. 
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Abstract/Keyterms: The mission of Project Sapphire was to repackage approximately 600 kg of highly 
enriched uranium (HEU) in the Republic of Kazakhstan into internationally acceptable shipping packages 
and transport the material to a storage location in the United States. There were four material types to be 
repackaged: metal; oxide; uranium/beryllium (U/Be) alloy; and residues from U/Be alloy production. Seven 
major steps described in this report were necessary for successful execution of the project: planning and 
training; readiness assessment; deployment; set up; process; take down; and transport. Nuclear criticality 
safety especially affected several of these steps. 
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Abstract/Keyterms: An inductive double-contingency analysis (DCA) method developed by the criticality 
safety function at the Savannah River Site, was applied in Criticality Safety Evaluations (CSEs) of five 
major plant process systems at the Westinghouse Electric Corporation’s Commercial Nuclear Fuel 
Manufacturing Plant in Columbia, South Carolina (WEC-Cola.). The method emphasizes a thorough 
evaluation of the controls intended to provide barriers against criticality for postulated initiating events, and 
has been demonstrated effective at identifying common mode failure potential and interdependence among 
multiple controls. A description of the method and an example of its application is provided. 
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Abstract/Keyterms: Many sources have been used to obtain 233U benchmark descriptions. Unfortunately, 
some of these are not reliable since a thorough and complete benchmark evaluation often has not been done. 
For 24 yr. a principal source for233U benchmarks has been the Cross Section Evaluation Working Group 
(CSEWG) Benchmark Specifications. The CSEWG specifications included only two fast benchmarks and 
three thermal benchmarks. The thermal benchmarks were H2O-moderated thorium-oxide exponential 
lattices. Since the thorium-oxide lattices were exponential experiments, they have not been widely used. 
CSEWG has also used the233U Oak Ridge National Laboratory (ORNL) spheres for many years. One 
advantage of the CSEWG fast benchmarks, Jezebel-23 and Flattop-23, is that experiments were done for 
central-reaction-rate ratios. These reaction-rate ratios provide very valuable information to data testers and 
evaluators that would not otherwise be available. In recent years the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments has, in general, been a very useful and reliable source. The 
Handbook does not include central-reaction-rate ratio experiments, however. A new set of 233U benchmark 
experiments has been added to the most recent release of the Handbook, U233-SOL-THERM-004. These 
are paraffin-reflected cylinders of 233U uranyl-nitrate solutions. Unfortunately, the estimated benchmark 
uncertainties are on the order of 0.9 to 1.0% in k(eff). Benchmark testing has been done for some of these 
U233-SOL-THERM-004 experiments. The authors have also discovered that the benchmark specifications 
for the Thomas uranyl-nitrate experiments given in Ref. 5 are incorrect. One problem with the Ref. 5 
specifications is that the excess acid was not included. As part of this work, the authors developed revised 
specifications that include an excess acid correlation based on information from the experimental logbook. 
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Abstract/Keyterms: Two series of criticality safe benchmark experiments involving fissile material (both 
highly enriched uranium and plutonium) interspersed in a typical waste matrix are being performed at the 
Institute of Physics and Power Engineering (IPPE) in Obninsk, Russia. The National Spent Nuclear Fuel 
Program (NSNFP) at the Idaho National Engineering and Environmental Laboratory (INEEL) is sponsoring 
the experiments. Data will be used to validate criticality safety calculations that are being performed in 
support of NSNFP efforts to store highly enriched spent nuclear fuels at the United Stated geologic 
repository at Yucca Mountain, Nevada. However, these data are applicable to a wide range of criticality 
safety operations involving fissile contaminated waste streams. Experimental design parameters are 
presented in this paper. 
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Abstract/Keyterms: Characterizations and bounding computational results determined by the Oak Ridge 
National Laboratory have been offered to the U.S. Nuclear Regulatory Commission as supporting technical 
bases for regulatory considerations in the packaging, transport, retrievable emplacement and disposal of 
radioactive low-level waste contaminated with fissile materials. The fissile materials included 100 wt% U, 
10 wt% U in uranium, 100 wt% U, 100 wt% Pu, or plutonium as less than 235 235 233 239 76 wt% Pu, 
more than 12 wt% Pu, and less than 12 wt% Pu. The considered waste matrixes 239 240 241 included 
silicon dioxide, carbon, light water and polyethylene, heavy water, or beryllium with summary 
examinations of other potential matrixes. The limiting concentrations and geometries for these bounding 
conjectured low-level-waste matrixes are presented in this paper. 
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Abstract/Keyterms: Large amounts of 242Pu (0.3 to 0.8 mg/g UO2) are present in spent nuclear reactor 
fuel with more being produced on a daily basis. For stabilization and reprocessing of spent fuel, criticality 
safety data are needed to ensure that 242Pu is handled safely. The calculated bare critical mass of 242Pu is 
85.80 {+-} 3.46 kg at a density of 19.86 g/cm{sup 3}. This critical mass was derived based upon 
calculations of critical experiments that used up to 24 kg 242Pu. The previous critical mass derivation 
should be reasonably accurate until such time that integral data can be obtained. 
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Abstract/Keyterms: A probability-table treatment recently has been incorporated into an intermediate 
version of the MCNP Monte Carlo code named MCNP4XS. This paper presents MCNP4XS results for a 
variety of uranium and plutonium criticality benchmarks, calculated with and without the probability-table 
treatment. It is shown that the probability-table treatment can produce small but significant reactivity 
changes for plutonium and 233U systems with intermediate spectra. More importantly, it can produce 
substantial reactivity increases for systems with large amounts of 238U and intermediate spectra. 
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Abstract/Keyterms: Calculations for long-term-disposal criticality safety of spent nuclear fuel requires 
the application of burnup credit because of the large mass of fissile material that will be present in the 
repository. Burnup credit calculations are based on depletion calculations that provide a conservative 
estimate of spent fuel contents, followed by criticality calculations to assess the value of keff for a spent 
fuel cask or a fuel configuration under a variety of probabilistically derived events. In order to ensure that 
the depletion calculation is conservative, it is necessary to both qualify and quantify assumptions that can 
be made in depletion models used to characterize spent fuel. Most effort in the United States this decade 
has focused on burnup issues related to pressurized-water reactors. However, requirements for the 
permanent disposal of fuel from boiling-water reactors has necessitated development of methods for 
prediction of spent fuel contents for such fuels. Concomitant with such analyses, validation is also 
necessary. This paper provides a summary of initial efforts at the Oak Ridge National Laboratory to better 
understand and validate spent fuel analyses for boiling-water-reactor fuel. 
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Abstract/Keyterms: A brief history of the application of the double contingency principle at the Savannah 
River Site is presented. Using experience gained through the evolution of the Double Contingency Analysis 
(DCA) from an analysis within the Nuclear Criticality Safety Evaluation (NCSE), to a stand-alone 
document, to placing the DCA into the Authorization Basis, a new process for the development and 
implementation of the DCA has been developed. This process has been found at the Savannah River Site 
to provide for a complete and consistent analysis of a process using controls that are implementable by the 
facility and with an increase in the quality of the documentation. The process is time and resource intensive, 
however, and application of the process does compete for the time available from criticality safety 
personnel. An overview of this process is provided. 
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eigenfunction equations are summarized for the purpose of creating a criticality verification benchmark test 
set. The 75-problem test set allows the user to verify the correctness of a criticality code for infinite medium 
and simple geometries in one- and two-energy groups, one- and two-media, and both isotropic and linearly 
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LA-13511 contains the details of all 75 test problems. 
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Abstract/Keyterms: The recently published analytic benchmark test set has been used to verify the 
multigroup option of MCNP and the deterministic DANT/sys series of codes for criticality calculations. All 
seventy-five problems of the test set give values for k(eff) accurate to at least five significant digits. Flux 
ratios and flux shapes are also available for many of the problems. All seventy-five problems have been 
run by both the MCNP and DANT/sys codes and comparisons to k(eff) and flux shapes have been made. 
Results from this verification exercise are given below. 
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Abstract/Keyterms: A series of subcritical noise measurements were performed on fresh and spent 
University of Missouri Research Reactor fuel assemblies. These experimental measurements were 
performed for the purposes of providing benchmark quality data for validating transport theory computer 
codes and nuclear cross-section data used to perform criticality safety analyses for highly enriched, 
uranium-aluminum Material Test Reactor fuel assemblies. A mechanical test rig was designed and built to 
hold up to four fuel assemblies and neutron detectors in a subcritical array. The rig provided researchers 
with the ability to evaluate the reactivity effects of variable fuel/detector spacing, fuel rotation, and insertion 
of metal reflector plates into the lattice. 
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Abstract/Keyterms: A new method for the determination of the multiplication of highly enriched uranium 
systems is presented. The method uses delayed neutrons to drive the HEU system. These delayed neutrons 
are from fission events induced by a pulsed 14-MeV neutron source. Between pulses, neutrons are detected 
within a medium efficiency neutron detector using 3He ionization tubes within polyethylene enclosures. 
The neutron detection times are recorded relative to the initiation of the 14-MeV neutron pulse, and 
subsequently analyzed with the Feynman reduced variance method to extract singles, doubles and triples 
neutron counting rates. Measurements have been made on a set of nested hollow spheres of 93% enriched 
uranium, with mass values from 3.86 kg to 21.48 kg. The singles, doubles and triples counting rates for 
each uranium system are compared to calculations from point kinetics models of neutron multiplicity to 
assign multiplication values. These multiplication values are compared to those from MC NP K-Code 
calculations. 
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Abstract/Keyterms: Nuclear Facilities. The slide rule permits the estimation of neutron and gamma dose 
rates and integrated doses based upon estimated fission yields, distance from the fission source, and time-
after criticality accidents for five different critical systems. Another sliding graph permits the estimation of 
critical solution fission yields based upon fissile material concentration, critical vessel geometry, and 
solution addition rate. Another graph provides neutron and gamma dose-reduction factors for water, steel, 
and concrete shields. 
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Abstract/Keyterms: As part of the standards effort of the American Nuclear Society to establish subcritical 
mass limits for actinide nuclides other than 233U, 235U, and 239Pu, updated critical mass estimates are 
first being calculated for various actinide nuclides. This paper describes updated critical mass estimates for 
238Pu using several combinations of computer codes and nuclear data sets. A brief description of the 
analytical methods employed is followed by a presentation of the results. 
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Abstract/Keyterms: The systematics of the characteristics of twenty-one criticality accidents occurring in 
nuclear processing facilities of the Russian Federation, the United States, and the United Kingdom are 
examined. By systematics the authors mean the degree of consistency or agreement between the factual 
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neutronic modeling. However, results of classic hand calculations confirm the credibility of the reported 
accident conditions. 
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work flow process is presented which shows the key steps in conducting an effective criticality evaluation. 
Finally, a few suggestions are given to assist newcomers to this field. 
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Abstract/Keyterms: A new approach in utilizing a computer data acquisition system is proposed to address 
many issues associated with criticality safety control. This Criticality Safety Support System (CSSS) 
utilizes many features of computer and information process technology such as digital pictures, barcodes, 
voice data entry, etc. to enhance criticality safety in an R and D environment. Due to on-line data retrieving, 
data recording, and data management offered by new technology, the CSSS would provide a framework to 
design new solutions to old problems. This pilot program is the first step in developing this application for 
the years to come. 
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Abstract/Keyterms: Since 1998, there have been some speculations about future transport of significant 
quantities and concentrations of other actinide nuclides than the four currently listed in the regulation for 
the safe transport of the radioactive material. Therefore, it raised a need to specify exception limits for such 
actinides. Additionally, the total fissile nuclide mass per consignment of excepted packages was limited in 
the 1996 edition of the regulations (a conveyance limit is preliminary supported in the 2003 revision). The 
proposed changes of the rules have to take this new control into account. The European Community 
(DGTREN) decided to fund a project related to this subject. In order to define credible exception limits, it 
was necessary to have reasonably accurate data for all actinide nuclides. Then the authors of the study 
decided to perform calculations with different codes (MONK, MCNP, CRISTAL, SCALE) and different 
cross-section libraries (JEF2.2, ENDFB, JENDL, etc.). This article presents the work achieved and gives 
propositions of modification for the IAEA requirements for the Safe Transport of Radioactive Material 
related to, firstly, the list of the fissile materials, and secondly, the rule to determine the quantities of actinide 
nuclides that can be excepted from the requirements for the packages containing fissile materials. 
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Abstract/Keyterms: Activity of the Atomic Energy Society of Japan for compiling the consensus standard 
on nuclear criticality safety control is presented. The standard recommends an enhancement of nuclear 
criticality safety throughout a life cycle of facility in terms of a concept of “barriers against criticality.” 
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Abstract/Keyterms: With the creation of Australian Radiation Protection and Nuclear Safety Agency 
(ARPANSA) the Australian approach to criticality safety was revisited. Consistency with international best 
practices is required by the Act that created ARPANSA and this was applied to practices in criticality safety 
adopted in other countries. This required extensive regulatory efforts both in auditing the major Australian 
Nuclear Operator, Australian Nuclear Science and Technology Organisation (ANSTO), and assessing the 
existing in Australia criticality safety practices and implementing the required changes using the new 
legislative power of ARPANSA. The adopted regulatory approach is formulated through both the issued 
by ARPANSA licenses for nuclear installations (including reactors, fuel stores and radioactive waste stores) 
and the string of new regulatory documents, including the Regulatory Assessment Principles and the 
Regulatory Assessment Guidelines for criticality safety. The main features of the adopted regulation include 
the requirements of independent peer-review, ongoing refresher training coupled with annual accreditation 
and the reliance on the safe design rather than on an administrative control. 
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Abstract/Keyterms: Nuclear Facilities in the United Kingdom. This embodied in the Safety Assessment 
Principles (SAPs) published by the Regulator, the essence of which is incorporated within the safety 
assessment processes of the various nuclear site licensees. The concept of ALARP within criticality safety 
assessments has taken some time to establish in the United Kingdom. In principle, the licensee is obliged 
to search for a deterministic criticality safety solution, such as safe geometry vessels and passive control 
features, rather than placing reliance on active measurement devices and plant administrative controls. This 
paper presents a consideration of some ALARP issues in relation to the development of criticality safety 
cases. The paper utilises some idealised examples covering a range of issues facing the criticality safety 
assessor, including new plant design, operational plant and decommissioning activities. These examples 
are used to outline the elements of the criticality safety cases and present a discussion of ALARP in the 
context of criticality safety assessments. 
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Abstract/Keyterms: This paper provides for various cases of 235U enrichment or Pu isotopic vectors, and 
different reflectors, new minimum critical values of uranyl nitrate and plutonium nitrate solutions (H+ = 0) 
obtained by the standard IRSN calculation route and the new isopiestic density laws. Comparisons are also 
made with other more accurate routes showing that the standard one's results are most often conservative 
and usable for criticality safety assessments. 
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Abstract/Keyterms: This paper presents recent actinides (reflected or not, moderated or not) critical 
masses calculations performed by the French standard route (APOLLO2 Sn 8 P3, 20 energy groups cross-
section collapsed from 172 energy groups CEA 93 library). Comparisons are also presented against more 
accurate routes of the French criticality package CRISTAL, showing the fair conservatism of the standard 
values. Checks of the Paxton Woodcock rule for transportation exemption limit were also made. 
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Abstract/Keyterms: The assessment presented in this paper compares the effect of various reflector 
materials on the neutron multiplication factor k(eff) of a 4.5 kg sphere of plutonium and an 18kg sphere of 
uranium. 
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Abstract/Keyterms: In technology of low enriched uranium (up to 5 %) dioxide powder production there 
is a need to restrict the hydrogen content and to measure the moisture content. The considered 
nondestructive method of the measurement is based on continuous irradiating of powder by fast neutrons 
from an external Pu-Be source with yield 106 n/sec and registration moderated neutrons with 3He detector. 
In spite of the fact that the neutron moderation in hydrogen is overwhelming, elastic scattering on oxygen 
nuclei and inelastic scattering on uranium nuclei is essential. Therefore generated spectrum of neutrons is 
less rigid in comparison with an initial spectrum of a source. This effect can be considerably strengthened 
if a volume under measurement has metal reflector. Due to high albedo such reflector decrease of neutron 
leakage. Mock-up calculations executed by Monte Carlo method and real experiments have confirmed 
validity of the choice of such reflector. As a result of investigation, geometry of the device have to be as 
following ~ (100 ÷ 250) mm cylinder with reflector. The external fast neutrons source was placed outside 
of the reflector, the detector 3He with was placed in reflector at the opposite side. The general accuracy of 
measurement does not exceed 0.15 wt. %. Duration of analysis ~10 minutes. In the reality absolute error of 
measurement go up by factor 2.5 at attainment of threshold moisture 2 wt. %, at the expense of a systematic 
error due to the value of bulk density of powder. 
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Abstract/Keyterms: The ensuring of the criticality safety during handling with nuclear materials (UO2 or 
PuO2) demands to measure values of moisture. The optimization of the characteristics of the device for 
small values of moisture and influence estimation of the various factors using computer codes and 
mathematical modeling is preferable. Such model should reflect in detail real conditions of source-detector 
geometry and to be suitable for comparison of results of relative measurements on similar installations. For 
modeling the Monte Carlo method was chosen whose basic advantage against other numerical methods 
consists in direct numerical calculations for practically real source-detector geometry. The complex of the 
programs MMKFK-2 developed in SSC IPPE was used for modeling. The task for point (in a case UO2) 
or volumetric distributed (in a case PuO2) source of neutrons with given spectrum was calculated for 
various parameters of the unit and properties of a powder included: composition of materials of neutrons 
reflector and its thickness; bulk density of a powder; position of the neutrons detector; isotope composition 
of nuclear materials. Model and the experimental researches have shown that the usage of hydrogen 
reflector for the moisture measurement in powder oxide of uranium or plutonium less than 2 % is practically 
impossible. For realization of a neutron method of the moisture measurement in UO2 or PuO2 the presence 
of a metal reflector is obligatory. 
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Abstract/Keyterms: This paper outlines the data prepared for the 2nd version of Data Collection of the 
Nuclear Criticality Safety Handbook. These data are discussed in the order of its preliminary table of 
contents. The nuclear characteristic parameters (k∞, M2, D) were derived, and subcriticality judgment 
graphs were drawn for eleven kinds of fuels which were often encountered in criticality safety evaluation 
of fuel cycle facilities. For calculation of criticality data, benchmark calculations using the combination of 
the continuous energy Monte Carlo criticality code MVP and the Japanese Evaluated Nuclear Data Library 
JENDL-3.2 were made. The calculation errors were evaluated for this combination. The implementation of 
the experimental results obtained by using NUCEF facilities into the 2nd version of the Data Collection is 
under discussion. Therefore, related data were just mentioned. A database is being prepared to retrieve 
revised data easily. 
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Abstract/Keyterms: Dissolution of plutonium metal was simulated using the Monte Carlo computer code 
to calculate criticality safety limits for the process. Calculations were made for the constant masses of 
plutonium charged to the dissolving vessel considering distribution of plutonium in metal and solution 
phases. Critical parameters and limits were calculated as a function of dissolving vessel volume and 
plutonium metal mass. 240Pu content was assumed to be from 0% to 10% (mass). Critical parameters were 
evaluated for the system with a water reflector. Results of this paper may be used in the designing process 
equipment for plutonium metal dissolution. 
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Abstract/Keyterms: An OECD/NEA expert group has compiled international data on existing minimum 
critical values for UO2, PuO2, UNH and PuNH systems to identify any significant discrepancies in the data 
and to propose explanations. The paper examines the spread of the compiled data and the influence of the 
time of generation of the data on the spread. It turns out, that the remarkable spread reduces by omitting 
values older than five years. Considering only data generated in the last three years, the spread further 
reduces. The number of cases with a large spread in the reported minimum critical values falls from 28 to 
four cases, and the smallest and largest data values converge. 
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Abstract/Keyterms: This paper considers the relation between the neutron multiplication of a system, k-
effective, and critical parameters. It aims to investigate whether k-effective is always the most appropriate 
measure of safety. For simple systems handbook data can be effectively utilized, applying a safety factor 
to critical masses. In such situations, the criticality safety margin is readily apparent. However, more 
complex systems may use the calculated value of neutron multiplication to assess the criticality safety of 
the system under investigation. A problem arises because there is no exact consistency between k-effective 
and the physical margin of subcriticality, in terms of parameters such as mass. In the UK, commonly 
accepted safety criteria are applied to limit the k-effective of the system being assessed. These margins of 
subcriticality have no definitive justification to support the values chosen and might be considered rather 
arbitrary in nature. This paper aims to answer this question of suitability by investigating the relation 
between k-effective and the physical critical parameters for a wide range of systems. It concludes that the 
safety criteria currently applied in the UK are valid, but some difference exists between safety factors 
applied to the mass of fissile material present and the corresponding value of k-effective. 
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Abstract/Keyterms: Up to now, criticality safety experts used density laws fitted on experimental data and 
applied them in and outside the measurement range. Depending on the case, such an approach could be 
wrong for nitrate solutions. Seven components are concerned: UO2(NO3)2, U(NO3)4, Pu(NO3)4, 
Pu(NO3)3, Th(NO3)4, Am(NO3)3 and HNO3. To get rid of this problem, a new methodology based on the 
thermodynamic concept of binary electrolytes solutions mixtures at constant water activity, so called 
“isopiestic” solutions, has been developed by IRSN to calculate the nitrate solutions density. This article 
shortly presents the theoretical aspects of the method, its qualification using benchmarks and its 
implementation in I.R.S.N. graphical user interface. 
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Abstract/Keyterms: This paper presents a criticality evaluation of moderated homogeneous plutonium-
uranium mixtures. The fissile media studied are homogeneous mixtures of plutonium and high enriched 
uranium in two chemical forms: aqueous mixtures of metal and mixtures of nitrate solutions. The 
enrichment of uranium considered are 93.2wt.% 235U and 100wt.% 235U. The 240Pu content in plutonium 
varies from 0 wt.% 240Pu to 12 wt.% 240Pu. The critical parameters (radii and masses of a 20 cm water 
reflected sphere) are calculated with the French criticality safety package CRISTAL V0. The comparison 
of the calculated critical parameters as a function of the moderator-to-fuel atomic ratio shows significant 
ranges in which high enriched uranium systems, as well as plutonium-uranium mixtures, are more reactive 
than plutonium systems. 
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Abstract/Keyterms: This article points out the problem of “how can a potential moderation and/or 
reflection of the neutrons between the fuel units be modelled to give the maximum of the k-effective.” It 
proves that there can be some very important differences in k-effective between the two types of model. If 
only one type of model is used in a criticality study, the maximum of the k-effective can be under-estimated 
by more than 9% in ∆keff, especially when there are some important absorptions and/or leakages of the 
neutrons in the system. 
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Abstract/Keyterms: Solutions technology of plutonium dioxide powders production inevitably leads to 
free or chemically bound hydrogen to be present in these powders. This work is devoted to the 
nondestructive method of PuO2 powder moisture measurement based on application of the effect of neutron 
moderation caused by water. Plutonium dioxide is fast neutron source, while 3He counters located in the 
nickel and polyethylene annular reflectors surrounding PuO2 serve as detectors. In the work wide range of 
issues are considered related to practical implementation of the moisture measurement method by detecting 
inherent neutron radiation of plutonium dioxide powder. The most practical design of the detector has been 
chosen, which include two 3He detectors having different reflectors mounted to the device. The absolute 
error of measurement does not exceed 0.2 wt% with confidence coefficient of 0.95. Duration of analysis ~ 
5 minutes. 
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Abstract/Keyterms: The TSUNAMI sensitivity and uncertainty analysis tools under development for the 
SCALE code system have recently been applied in four criticality safety studies. TSUNAMI is used to 
identify applicable benchmark experiments for criticality code validation, assist in the design of new critical 
experiments for a particular need, reevaluate previously computed computational biases, and assess the 
validation coverage and propose a penalty for noncoverage for a specific application. 
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Abstract/Keyterms: In the paper on hand it is demonstrated that reactivity equivalence relations can be 
applied to MOX fuel systems. The key making this possible is the definition of a bounding Pu vector as a 
continuous function of the Pu quality of the MOX fuel. The applicability of reactivity equivalence relations 
to MOX systems is demonstrated for a fuel assembly storage configuration assumed to be moderated with 
pure water with densities ranging from 10-5 g/cm3 to 1 g/cm3. The changes in the reactivity worth of the 
Pu isotopes with changing moderation degree and hence the changes in the definition of the bounding Pu 
vector are analyzed. A reactivity equivalence curve is generated specifying the maximum allowable Pu fiss 
content of the fuel assemblies as a function of the Pu quality of the MOX fuel for the design limiting case 
of the storage configuration analyzed. 
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Abstract/Keyterms: In Germany, the criticality safety assessment of a transport package for fissile 
material is reviewed by the Bundesamt für Strahlenschutz as the competent authority for package design 
approvals, in close cooperation with the Bundesanstalt für Materialforschung und -prüfung, which is the 
German competent authority for the mechanical and thermal testing of the packages. The review of the 
criticality safety assessment covers the whole chain starting from the problem basic data and the method of 
the analysis, including the modelling assumptions for the cases required by the regulations, the creation of 
numerical models and the calculations with these models and finishing with the interpretation of the results 
of the study. 
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Abstract/Keyterms: This paper presents the experimental programmes conducted in France by the 
Commissariat à l'Energie Atomique (CEA) in order to validate spent fuel inventory calculations for core 
studies as well as fuel cycle studies. This large experimental programme was obtained in collaboration with 
our French partners, Electricité de France (EDF), FRAMATOME-ANP and COGEMA. The experimental 
data are based on chemical analysis measurements from fuel rod cuts irradiated in French reactors for PWR-
UOx and MOx fuels, then dissolved in CEA laboratories, and from full assembly dissolutions at the 
COGEMA/La Hague reprocessing plants for UOx fuels. This enables us to cover a large range of UOx 
fuels with various enrichments in 235U, 3.1% to 4.5%, associated with burnups from 10 GWd/T. to 60 
GWd/t. Recently, MOx fuels have also been investigated, with an initial Pu amount in the central zone of 
5.6 % and a maximum burnup of 45 GWd/t. Uranium, Plutonium, Americium, Curium isotopes and some 
fission products were analysed. Furthermore, Fission Products involved in Burn up Credit studies were 
measured. The experimental database contains also data for Boiling Water Reactor (BWR) with irradiated 
samples of BWR 9X9 and full BWR assemblies dissolutions. Furthermore some data exist for Fast Breeder 
Reactor (FBR) with small samples irradiated in the PHENIX reactor. An overview of ongoing programmes 
is also presented. 
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Abstract/Keyterms: Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki 319-1195, 
Japan Radiochemical analyses of spent fuels have been carried out at JAERI for contributing to the 
development of nuclear technologies, where several samples from research reactors and nuclear power 
plants were analyzed to obtain isotopic compositions and burnups. The history and procedures of the 
radiochemical analyses are depicted and some recent results are given in this paper. 
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Abstract/Keyterms: The determination of the burn-up is one of the essential parts in post-irradiation 
examinations on nuclear fuel samples. In the frame of national and international research programs the 
analysis of the isotopic vectors of uranium, plutonium, neodymium and some other fission products and 
actinides was carried out in the Hot lab of the Paul Scherrer Institute in the last years by using high-
performance liquid chromatography coupled online with an inductively coupled plasma quadrupole mass 
spectrometer. In the meantime a multicollector ICP-MS, suitable for high precision isotope ratio 
measurements, was installed within the Hot lab and has been used now in combination with a 
chromatographic separation system for the first time for burn-up determinations of nuclear fuel samples. 
The results of these investigations, a comparison of both methods with the classical technique for burn-up 
analyses (thermal ionization mass spectrometry), the advantages and limitations of the methods and the 
accuracy and precision of this type of analyses are presented in the paper. 
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Abstract/Keyterms: Isotopic composition is one of the most relevant data to be used in the calculation of 
burnup of irradiated nuclear fuel. Since autumn 2002, the Organisation for Economic Co-operation and 
Development/Nuclear Energy Agency (OECD/NEA) has operated a database of isotopic composition – 
SFCOMPO, initially developed in Japan Atomic Energy Research Institute. This paper describes the latest 
version of SFCOMPO and the future development plan in OECD/NEA. 
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Abstract/Keyterms: This document gives an overview of the criticality experimental programs of interest 
for IRSN1. These experiments, which could be carried out after June 2004 on the “Apparatus B” CEA2 
facility concern: - the qualification of the effect of plutonium decrease to americium and validation of the 
associated neutronics data, - the qualification of structural material cross-sections, - the determination of 
the temperature effect of diluted plutonium solutions, - the low moderated MOX fuel qualification. The 
major part of the present paper is devoted to the presentation of an IRSN proposal for an international 
collaboration on such an experimental program for MOX fuel qualification. 
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Abstract/Keyterms: Subcritical noise analysis measurements have been performed with neptunium 
(237Np) sphere reflected by highly enriched uranium. These measurements were performed at the Los 
Alamos Critical Experiment Facility in December 2002 to provide an estimate of the subcriticality of 237Np 
reflected by various amounts of high-enriched uranium. This paper provides a description of the 
measurements and presents some preliminary results of the analysis of the measurements. The measured 
and calculated spectral ratios differ by 15% whereas the “interpreted” and calculated keff values differ by 
approximately 1%. 
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Abstract/Keyterms: An Exponential experiment system which is composed of a neutron detector, a signal 
analysis system and a neutron source, Cf-252 has been installed in order to experimentally determine the 
neutron effective multiplication factor for PWR spent fuel assembly. The axial background neutron flux is 
measured as a preliminary performance test. From the results, the spacer grid position is determined to be 
consistent with the design specifications within a 2.3 % relative error. The induced fission neutron for four 
of the assemblies is also measured by scanning the neutron source, Cf-252 or the neutron detector. The 
exponential decay constants have been evaluated by the application of Poisson regression to the net induced 
fission neutron counts. It was revealed that the average exponential decay constants for the C15, J14, G23 
and J44 assemblies were determined to be 0.130, 0.127, 0.125 and 0.121, respectively 
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Abstract/Keyterms: This paper describes subcriticality measurements carried out in an actual PWR Spent 
Fuel Pit (SFP). The purposes of measurements are to confirm the applicability of exponential method in an 
actual SFP with highly sub-critical conditions, and to compare the calculated results with the measurement 
values in such deep subcritical condition. All the measurements for three types of geometry have been 
successfully done and we conclude that exponential method could be applied for deep subcritical 
measurement in an actual SFP with boron contained stainless steal (B-SUS) racks and highly concentrated 
soluble boron conditions. Also, the measured geometries have been analyzed using the Mitsubishi core 
design code PHOENIX-P/HIDRA, and confirmed the calculated subcriticality was in a good agreement 
with the measurement. However, we need further studies for how to treat the higher harmonic mode in 
order to predict deep subcriticality more accurately. 
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Abstract/Keyterms: The HOR (Hoger Onderwijs Reactor) at the Delft University of Technology is a pool-
type research reactor using MTR fuel assemblies. After the conversion from High Enriched Uranium (HEU, 
93%) to Low Enriched Uranium (LEU, 20%), the present core has 20 fuel assemblies and a thermal power 
level of 2 MW. The newly proposed layout is an ultra-compact core with a 3x3 fuel assembly arrangement 
and beryllium reflected at all sides. The core is composed of five standard and four control fuel assemblies 
(LEU) using hafnium as control rods. The thermal power level will be 3 MW. Results of criticality studies 
for upgrading are presented using a very detailed (including beam tubes) geometry using the Monte-Carlo 
code MCNP4C-2. A comparison is made using a 3-D nodal code OSCAR-3. The use of nodal diffusion 
theory for such a small core layout could present some difficulties, but reasonable results have been 
demonstrated and this code can be used for fast core reload and fuel management studies. The calculations 
demonstrated an adequate safety margin to exist for shutting down the core at any state during the operation 
cycle for different fuel loadings per assembly. The calculations suggested that such an ultra-compact core 
with high fuel loadings is possible. 
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Abstract/Keyterms: A critical mass experiment using a 6-kg 237Np sphere has been performed. The 
purpose of the experiment is to get a better estimate of the critical mass of 237Np. To attain criticality, the 
237Np sphere was surrounded with 93 wt% 235U shells. A 1/M as a function of uranium mass was 
performed. An MCNP neutron transport code was used to model the experiment. The MCNP code yielded 
a keff of 0.99089 ± 0.0003 compared with a keff 1.0026 for the experiment. Based on these results, it is 
estimated that the critical mass of 237Np ranges from kilogram weights in the high fifties to low sixties. 
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Abstract/Keyterms: In order to contribute to the validation of nuclear data used in critical mass 
computation, reactivity perturbation experiments using 237Pn samples have been performed at CEA-
Valduc using the fast pulsed reactor CALIBAN operated in continuous mode. In this paper we report these 
experiments together with the numerical calculations. The calculations were carried out using PANDA, a 
S(N) code developed at CEA-Bruyeres-le-Chatel for classic criticality and stochastic neutronics 
applications and with MCNP4C which is a commonly used Monte Carlo code. A good agreement was 
found between experimental and deterministic results. 
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Abstract/Keyterms: There are presented the results of benchmark experiments on spherical critical 
assemblies where the core of metal 235U (90%) and 235U (36%) has a large (up to ~250mm) central air 
cavity. In the majority of experiments this cavity is filled with spherical inserts: of fluoride mixtures [(NaF 
+ ZrF4+235U) and (NaF + ZrF4)], vanadium and nickel. There are measured critical parameters, energy 
spectra of neutrons in the center of assemblies, reactivity disturbance by inserts, constants of prompt 
neutrons density fall. 
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Abstract/Keyterms: We have studied a measurement of subcriticality by using the neutron correlation 
method. Furuhashi proposed an absolute measurement of subcriticality by using the third order neutron 
correlation factor X in addition to the second order neutron correlation factor Y. In actual experiments, the 
number of neutron counts data is not infinity so that we take the effect of the finite nature of the neutron 
counts data into account. We derived new formulas in consideration of the number of data and verified 
them. KEYWORDS: absolute measurement, subcriticality, neutron correlation method, third order 
moment, finite nature of neutron counts data, Monte Carlo simulation 
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Abstract/Keyterms: This paper presents experiments performed in the RBMK critical facility for a 
substantiation of a RBMK fast-acting scram system based on the gaseous absorber – helium-3. The 
assignment of this system to shut-down a reactor only at accident conditions, when the standard shut-down 
systems do not functionate properly. Experiments were performed with a mock-up of this system in a 
critical configuration – the fragment of a initial reactor loading at room temperature. In first series 
efficiencies of helium-3 inside a superintending device or a receiving device for a range of pressure from 
0.1 to 1.6 MPa were investigated. Then in transient experiments a shut-down time of 0.15-0.20 second was 
obtained. A comprehensive certification of core components and analyses of uncertainties were made. 
Experimental data can be used for neutron-code validation. 
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Abstract/Keyterms: This paper outlines the outstanding measurement capabilities of the VENUS critical 
facility, by giving examples of validation calculations against the two experimental databases VIPEX and 
VIPO. Then, the two future programmes, called REBUS-BWR and VIPOX, are investigated by calculation. 
The paper ends by prospecting other possible projects with VENUS. 
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Abstract/Keyterms: The paper presents the results of critical experiments on VVER reactor fuel 
assemblies with uranium and uranium-plutonium (MOX) fuel. The experiments were conducted with the 
aim to determine uncertainties in calculation of k(eff) values for MOX fuel storage facilities and containers. 
Critical assemblies were in the form of hexagonal lattice with a pitch of 12.7 mm. Water was used both as 
moderator and reflector. In the center of the assembly there was a hexagonal insert with 127 MOX fuel 
rods. The central insert was symmetrically surrounded with 6 hexagonal clusters of uranium fuel rods with 
various water gaps. The VVER – 1000 shortened fuel rods with UO2 of 4.4% enrichment were used as 
uranium fuel rods. MOX fuel rods had the same size and were filled with the blend of PO2 and natural 
uranium. U235 and Pu239 mass fraction was equal to about 4.4%. 
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Abstract/Keyterms: In order to simulate the criticality characteristics of a dissolver in a reprocessing plant, 
a critical experiment program of heterogeneous cores is undergoing at a Static Critical Experimental 
Facility, STACY in Japan Atomic Energy Research Institute, JAERI. The experimental system is composed 
of 5w/o enriched PWR-type fuel rod array immersed in 6w/o enriched uranyl nitrate solution. First series 
of experiments are basic benchmark experiments on fundamental critical data in order to validate criticality 
calculation codes for “general-form system” classified in the Japanese Criticality Safety Handbook, 
JCSHB. Second series of experiments are concerning the neutron absorber effects of fission products related 
to the burn-up credit Level-2. For demonstrating the reactivity effects of fission products, reactivity effects 
of natural elements such as Sm, Nd, Eu and 103Rh, 133Cs solved in the nitrate solution are to be measured. 
The objective of third series of experiments is to validate the effect of gadolinium as a soluble neutron 
poison. Properties of temperature coefficients and kinetic parameters are also studied, since these 
parameters are important to evaluate the transient behavior of the criticality accident. 
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Abstract/Keyterms: Measurement of neutron flux distribution of the Static Critical Experiment Facility 
(STACY) heterogeneous core in the Nuclear Fuel Cycle Safety Research Facility (NUCEF) in Japan 
Atomic Energy Research Institute (JAERI) by a position sensitive proportional counter (PSPC) was 
performed. As a result of measurement, the neutron flux distribution data with good statistical precision in 
critical and subcritical state of the STACY was obtained by the PSPC. The position precision of the PSPC 
is found to be less than ±1.3cm from the results of position calibration measurement, and the neutron flux 
distribution at the location of PSPC was calculated by using the continuous energy Monte Carlo code 
MCNP. The difference between calculation result and measurement result was within 11% in the range 
from half height of critical solution level to height of critical solution level. The calculation result was in 
good agreement with the measurement result with respect to the shape of neutron flux distribution. 
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Abstract/Keyterms: The ISTC is an intergovernmental organization created ten years ago by Russia, USA, 
EU and Japan in Moscow. The Center supports numerous science and technology projects in different areas, 
from biotechnologies and environmental problems to all aspects of nuclear studies, including those focused 
on the development of effective innovative concepts and technologies in the nuclear field, in general, and 
for improvement of nuclear safety, in particular. The presentation addresses some technical results of the 
ISTC projects as well as methods and approaches employed by the ISTC to foster close international 
collaboration and manage projects towards fruitful results. 
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Abstract/Keyterms: As a part of the development of a subcriticality monitoring system, a system which 
has a time series data acquisition function of detector signals and a real time evaluation function of alpha 
value with the Feynman-alpha method was established, with which the kinetic parameter (alpha value) was 
measured at the STACY heterogeneous core. The Hashimoto's difference filter was implemented in the 
system, which enables the measurement at a critical condition. The measurement result of the new system 
agreed with the pulsed neutron method. 
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Abstract/Keyterms: LEU-SOL-THERM-024, LEU-SOL-THERM-025; With a neutron interactive core 
configuration of two core tanks, reactivity characteristics was evaluated by measuring the critical solution 
levels for the polyethylene and the concrete isolators installed between the tanks. Methodology to evaluate 
an enough thickness of those materials, with which each tank is isolated from the viewpoint of neutron 
interaction, was studied utilizing the experimentally evaluated reactivity characteristics. 
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Abstract/Keyterms: Subcritical noise analysis measurements have been performed with an alpha phase 
plutonium sphere reflected by polyethylene. These measurements were performed at the Los Alamos 
Critical Experiment Facility in 2002 to provide an estimate of the subcriticality of the plutonium sphere 
reflected by polyethylene of varying thickness. This paper provides a description of the measurements and 
presents the analysis of the measurements. The measured and calculated spectral ratios differ are in good 
agreement with the ENDF/B-VI nuclear data sets and the “interpreted” and calculated keff are in good 
agreement. 
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Abstract/Keyterms: Two types of the variance-to-mean methods for the subcritical system that was driven 
by the periodic and pulsed neutron source were developed and their experimental examination was 
performed with the Kyoto University Critical Assembly and a pulsed neutron generator. As a result, it was 
demonstrated that the prompt neutron decay constant could be measured by these methods. From this fact, 
it was concluded that the present variance-to-mean methods had potential for being used in the subcriticality 
monitor for the future accelerator driven system operated with the pulse-mode. 
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Abstract/Keyterms: The pulse source method is used to study homogeneous solution assemblies. Three 
sets of sub-critical pulse experiments with spherical tanks filled with water solution of uranyl nitrate (90% 
enrichment) were carried out at the RF-GS facility, Obninsk, Russia. Seven spherical tanks with the volume 
within the range of 1.29 L to 19.8 L were used in the experiments. Three uranium concentrations were 
studied, i.e. 20.7, 29.6 and 37.5 g/L. The sub-critical experiments were analyzed with the MCNP 4A code 
based on the Monte-Carlo method, and with ENDF/B-V library. 
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Abstract/Keyterms: This paper provides the results of criticality analysis of highly enriched uranium 
fueled, polyethylene-moderated/reflected thermal spectrum cores performed at the solid moderated cores 
of Kyoto University Critical Assembly. Results of critical experiments with wide variety of neutron spectra 
as well as different effective uranium enrichment have been used in the analysis. Criticality analyses have 
been performed by MVP code using libraries based on JENDL-3.2 and JENDL-3.3. The C/E values for 
criticality (k-effective) have been significantly improved by use of JENDL-3.3. It was observed that the 
C/E values based on JENDL-3.3 still show some notable trends such as the C/E values for highly enriched 
systems are larger than those for systems with lower effective enrichment, and the C/E values tend to 
increase with H/ 235U ratio. 
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Abstract/Keyterms: In order to investigate criticality properties of low enriched uranyl nitrate solution 
treated in the reprocessing facility for LWR fuel cycle, systematic and high precision critical experiments 
have been performed at the Static Experiment Critical Facility, STACY since 1995. Criticality benchmark 
data on 10% enriched uranyl nitrate solution for single core and multiple core systems have been 
accumulated using cylindrical and slab type core tanks. This paper overviews mains data and related 
criticality calculation results using standard criticality safety calculation code system. KEYWORDS: 
STACY, Benchmark Experiments, Low Enriched Uranyl Nitrate Solution, Single Core, Interaction Core, 
Kinetic Parameter, Temperature Coefficient, Reflector Effect 
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Abstract/Keyterms: HEU-MET-THERM-012, HEU-MET-THERM-014; The basic characteristics of 
waste materials such as silicon dioxide, aluminum and iron fueled with highly enriched uranium and 
moderated and reflected by polyethylene were investigated. The primary intention of these experiments is 
to provide supplementary data that can be used to validate and improve criticality data. The secondary 
intention of the 2x2 experiments is to reduce the H/U ratio and increase the waste material/U ratio from 
previously published experiments. These experiments were designed to supply data for interlaced waste 
material/Fuel/Moderator systems on the thermal region. The experiments contained silicon dioxide (SiO2), 
aluminum (Al) and iron (Fe) mixed with 93.23% enriched uranium and moderated and reflected by 
polyethylene. This analysis systematically examines uncertainties associated with the critical experiments 
as they affect the calculated multiplication factor. The SiO2-HEU experiment had a measured keff of 0.993, 
the Al-HEU experiment had a measured keff of 0.990, and the Fe-HEU had a measured keff of 1.000. The 
calculated keff values tend to agree well with the experimental values. The sensitivity analysis of these 
critical experiments yielded a total combined uncertainty on the measured keff of ± 0.0044 for SiO2, of ± 
0.0048 for Al and of ± 0.0046 for Fe. 
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Abstract/Keyterms: The paper presents the main results of several sets of critical experiments with two 
interacting similar slab tanks filled with aqueous solution of uranyl nitrate with uranium of 90% enrichment. 
These experiments were carried out at the RF-GS facility, Obninsk, Russia. Tanks with the thickness of 
15cm, width of 100cm and height of 120cm were used in these experiments. The experiments were 
conducted with partitions made of concrete, brick, polyethylene, cadmium, borated polyethylene. 
Consideration was given to the dependence of critical volume in each tank on the distance between the 
tanks and on the partition thickness. The tanks were filled with solutions of highly enriched uranium with 
its concentrations of 75g/L and 250 g/L. Critical experiments were analysed with the MCNP 4A code based 
on the Monte–Carlo method and with the ENDF/B-V library. 
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Abstract/Keyterms: LEU-MISC-THERM-001, LEU-MISC-THERM-002; A series of critical 
experiments in STACY was performed for the purpose of obtaining the benchmark data which are 
concerned to the dissolver of the reprocessing facility for LWR spent fuel. A basic heterogeneous core was 
constituted in a cylindrical core tank, by arranging an assembly of 5 wt.% enriched UO2 fuel rods in the 6 
wt.% enriched uranyl-nitrate-solution. The fuel rod had basically the same dimension as that of PWR. The 
volume ratio of the solution to the pellet in the unit cell was 7.0 and the lattice pitch was 2.1 cm. The 
uranium concentrations of the uranyl-nitrate solution was adjusted to 363-51g/L, and the critical solution 
heights of 41-66cm were measured for both the unreflected and the water-reflected conditions. Sensitivity 
analysis of effective-neutron-multiplication-factors (keff’s) for the uncertainty of experiment conditions 
was performed using SRAC and two-dimensional transport calculation code TWODANT. The effect of the 
measurement errors on keff was evaluated to be about 0.1 %∆keff. The benchmark calculations of keff’s 
were also carried out using Monte Carlo code MCNP4B with nuclear data library, JENDL-3.2. The eleven 
critical configurations are judged to be acceptable as the benchmark data. 



 

C-8090 

8076…..…..…………………..…….……..……ID Number…………………..…..…………….8076 

Author: Misawa, T. / Unesaki, H. 

Title: Measurement of Subcriticality by Higher Mode Source Multiplication Method 

Date: 10/24/2003 

Report: ICNC'2003, 2.9 

Conference/Journal: Seventh International Conference on Nuclear Criticality Safety, October 20-24, 
2003, Tokai, Ibaraki, Japan 

Conference Session: Criticality and Subcriticality Experiments 

Abstract/Keyterms: Neutron source multiplication method (NSMM) is one of the well-known methods 
for subcriticality measurement, and the advantage of this method is the simplicity of measurement using an 
external neutron source and neutron detectors, moreover, the data processing is also very easy. To take into 
account of spatial dependence of neutron flux distribution in subcritical state, new NSMM with considering 
higher mode fluxes for subcriticality measurement is developed, where the neutron flux distribution in 
subcritical state is expanded in a series of higher mode fluxes of critical state. To confirm the applicability 
of this method, subcriticality measurement experiments were carried out at Kyoto University Critical 
Assembly (KUCA). For comparison, subcriticality was also measured by other methods; the original 
NSMM and Feynman- method that is one of neutron noise analysis. From these results, it was found that 
the results of the present method including higher mode fluxes showed that the discrepancy between 
different detectors became much smaller even in large subcritical state compared with other experimental 
methods. 
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Abstract/Keyterms: Since ICNC’99, four new editions of the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments have been published. The number of benchmark specifications 
in the Handbook has grown from 2157 in 1999 to 3073 in 2003, an increase of nearly 1000 specifications. 
These benchmarks are used to validate neutronics codes and nuclear cross-section data. Twenty evaluations 
representing 192 benchmark specifications were added to the Handbook in 2003. The status of the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) is provided in this paper along 
with a summary of the newly added benchmark specifications that appear in the 2003 Edition of the 
Handbook. 
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Abstract/Keyterms: This paper presents an extended validation of TRIPOLI-4.3 covering all the metallic 
fissile media configurations present in the CEA facilities. More than 300 ICSBEP benchmarks have been 
calculated with TRIPOLI-4.3 and compared to the experimental results. These benchmarks include high-
enriched uranium fissile media and plutonium fissile media with a low content of plutonium 240. The 
configurations are calculated with continuous-energy crosssection libraries JEF2.2 and ENDF/B-VI.4 and 
compared to MCNP or SCALE results presented in the ICSBEP reports. 
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Abstract/Keyterms: The aim of this paper is to show comparisons between two approaches of zero-noise 
problems as Rossi-• or Feynman methods.1) MCNP-DSP code uses a Monte-Carlo approach.2) This code 
calculates the transition probabilities and therefore uses an analog method to simulate the behavior of 
individual fission chains. The first two moments ( 2 ,c c) of the counting rate are based upon the knowledge 
of the transition probabilities. The PANDA code3) is very different; it is a deterministic 2D SN code and it 
has been adapted to solve time dependant adjoint multigroup equations and to take into account a neutron 
source. So it can solve stochastic neutronics problems in the following way: The generating function 
methodology is used to derive the first two moments of the transition probabilities which are a solution of 
the backward system of Kolmogorov equations.4) The first moment equation (solution: c) is the classical 
linear adjoint equation, the second moment equation (solution: 2 c) presents an additional term. These two 
equations are solved in the PANDA code. The numerical comparison is very simple: A fissile material with 
an internal fission source is surrounded by a purely absorbing material. The two codes are used to estimate 
the first two moments in function of time of the captures in the external absorbing material. This case can 
be seen as a perfect capture detector in a Feynman Variance-to-mean ratio experiment. The results of the 
comparisons will be given in the final paper. We think that such calculations may contribute to improve 
numerical simulation of sub-critical measurements and benchmarking. 
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Abstract/Keyterms: This paper provides a description of work on the joint analysis of the entire set of the 
experiments with the solutions of highly enriched uranium in light water from the "International Handbook 
of Evaluated Criticality Safety Benchmark Experiments". The purpose of work was to analyze the 
experiments for interconsistency, discover and evaluate possible correlations between them, discover and 
eliminate systematic errors and disagreements, and get a consistent set of evaluated experiments for future 
use in validation of calculations of critical mass of solutions of highly enriched uranium of different 
concentrations in light water and evaluation of uncertainty of these calculations. The paper describes in 
details how the correlations between the experimental uncertainties were determined as well as how 
systematic errors were discovered. 
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Abstract/Keyterms: The contribution deals with numerical solution to the problem of criticality for 
neutron transport equation using the source iteration method. Especially question of convergence of 
iterations is examined. It is inferred that a slow convergence can be expected if optical thickness of the 
space region considered is large. For such a case it is next shown that the results may strongly be affected 
by the fact that individual iterations are not computed with sufficient accuracy and consequently that the 
choice of initial source distribution need not influence quality of final result substantially. These findings 
are illustrated by several results of computations with Monte Carlo code MCNP. Finally other problems are 
pointed out, which concern application of computing codes based on source iteration method, to criticality 
analysis. 
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Abstract/Keyterms: Criticality safety evaluation code system JACS was developed by JAERI. Its accuracy 
evaluation was performed in 1980’s. Although the evaluation of JACS was performed for various critical 
systems, the comparisons with continuous energy Monte Carlo code were not performed because such code 
was not developed those days. The comparisons are presented in this paper about the heterogeneous and 
homogeneous system containing U+Pu nitrate solutions. 
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Abstract/Keyterms: The criticality data of plutonium solutions published in the ICSBEP Handbook were 
reviewed. Criticality data for lower plutonium concentration and higher 240Pu content, which correspond 
to a reprocessing process condition, are very scarce and hence the criticality data in this area are desired. 
While the calculated keff’s with ENDF/B-V show the dependence of the plutonium concentration, the 
dependence has been corrected in JENDL-3.3 because of energy distribution of the capture cross section of 
239Pu. Based on the generalized perturbation theory, the sensitivity coefficient of keff with respect to 
fission and capture cross section in plutonium solutions were obtained. In a plutonium solution with a lower 
concentration, cross sections in the thermal energy less than 0.1 eV have significant effects on the criticality. 
On the other hand, the criticality of higher concentration plutonium solutions is mostly dominated by cross 
sections in the energy range larger than 0.1 eV. Regarding the effect of 240Pu on criticality, the capture 
cross section 240Pu around the resonance peak around 1 eV is dominant regardless of the concentration. 
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Abstract/Keyterms: In slow convergence problems, it is difficult to ascertain whether the source iteration 
has converged or not. So far, in Monte Carlo calculations, there is no good way to know how many skip 
batches are required to obtain the correct source distribution. In order to solve this problem, we have 
proposed a new “sandwich method” for cases of slow source convergence, which was presented in the ANS 
winter meeting in 2002. In this report, we proposed a method to determine the most important region for 
using sandwich method. Meanwhile, we have applied the sandwich method to four benchmark problems 
proposed by the source convergence group of the OECD/NEA Working Party of Nuclear Criticality Safety. 
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Abstract/Keyterms: This paper describes the work of the OECD Nuclear Energy Agency Expert Group 
on Source Convergence in Criticality Safety Analysis. A set of test problems is presented, some 
computational results are given, and the effects of source convergence difficulties are described. 
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Abstract/Keyterms: The results of estimation of criticality prediction uncertainty for systems with highly 
enriched uranium using data from the “International Handbook of Evaluated Criticality Safety Benchmark 
Experiments” (ICSBEP Handbook) are presented in the paper1). It is shown that the uncertainty is 
practically not depended of the neutron data covariance matrix used as input. Fundamental importance of 
the critical benchmark-experiments in the estimation of the criticality prediction uncertainty is 
demonstrated herein. 
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Abstract/Keyterms: The 3D lattices geometry of TRIPOLI-4.3 Monte Carlo code was extensively applied 
to model the LEU-COMP-THERM-049 MARACAS critical configurations. With low enriched uranium (5 
%) and low-moderated UO2 powder (H/U= 2.0 to 3.0, number of H atoms divided by number of U atoms), 
different types of polyethylene reflected critical configurations were considered on MARACAS split-table 
machine in order to validate Monte Carlo criticality safety calculations. During this study, 12 single H/U 
cases (H/U=2.0, 2.5 or 3.0), 5 mixed H/U cases (H/U=2.0 and 3.0) and 1 split-core consisted of array of 
modules, were investigated. Firstly, this paper demonstrates the TRIPOLI-4.3 geometry modeling for the 
complex modules case (each module grouped 2x2x2 boxes including 6 mixed H/U boxes, 1 absorber box 
and 1 empty box). Secondly, three continuous-energy cross-section libraries, JEF2.2, JEFF3.0 and 
ENDF/B-VI.4, were independently used for the 18 benchmark cases in TRIPOLI-4.3 calculations in order 
to compare with the keff results computed by MCNP4B (JENDL3.2 and ENDF/B-V). 
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Abstract/Keyterms: The Neptunium sphere reflected by highly enriched uranium hemi-shells experiment 
was performed using the Planet universal critical assembly at the Los Alamos Critical Experiment Facility 
(LACEF) at Los Alamos National Laboratory. The experiment consisted of surrounding a Np sphere by 
matching pairs of highly enriched uranium hemisphere shells. This experiment was performed in an effort 
to decrease the uncertainty in the critical mass of 237Np for criticality safety and nonproliferation issues. 
The initial configuration went critical on September of 2002. The final experimental configuration consisted 
of a 6.07 kg Np sphere and 62.555 kg of HEU separated by a 0.3175-cm aluminum spacer. The critical 
configuration had an experimental keff of 1.003. The uncertainties affecting the experiment were divided 
into three categories: mass measurements, geometry and material composition. The sensitivity analysis on 
this experiment yielded an uncertainty in the measured keff of ± 0.0044. 
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Abstract/Keyterms: Studies in fast neutron fields in the Vinča Institute of Nuclear Sciences in 1990-ies 
resulted in design of the “HERBE System”, a coupled fast-thermal core at RB critical assembly. One of 
basic purposes of the HERBE System was application in validations of computer codes for calculation of 
reactor cells with large heterogeneous regions filled with air and high-absorption material. Calculations of 
criticality and neutron spatial and energy distribution of the HERBE System were carried out again recently, 
by using the MCNP code. A three-dimensional (3D) geometry model of the RB reactor with the HERBE 
System, based on 3D geometry models of fuel elements, was developed. Validation of the MCNP code 
against experimental criticality data for the HERBE System is shown in this paper. Experimental data are 
obtained for regular HERBE core and for the cases of flooded zone of the neutron converter by heavy water. 
The flooding criticality experiments were carried out at the HERBE core labelled RB#77/1990. Satisfactory 
agreements of the HERBE criticality calculation results with experimental data, in spite complex 
heterogeneous composition of the HERBE core, were obtained and confirmed that the HERBE System 
could be used as a criticality benchmark for a coupled fast-thermal core. 
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Abstract/Keyterms: A comparison between calculated and experimentally determined values of a physical 
parameter helps one to check the calculational methods and the data used in the calculations. To provide 
some measure of the current uncertainties in the prediction of nuclear parameters for fast reactors, the 
experimental results of Assembly 48 of Zero Power Reactor-III have been chosen to be compared with the 
calculated values. It was a plutonium fueled, soft spectrum, simple geometry critical assembly 
experimented at ANL. The present analysis of this assembly has been done with our 22-group cross-section 
set to study the effects of the recent cross-section data. 



 

C-8105 

8091…..…..…………………..…….……..……ID Number…………………..…..…………….8091 

Author: Sono, H. / Yanagisawa, H. / Nakajima, K. / et al. 

Title: Analyses of Criticality and Reactivity for TRACY Experiments Based on JENDL-3.3 Data Library 

Date: 10/24/2003 

Report: ICNC'2003, 3.8 

Conference/Journal: Seventh International Conference on Nuclear Criticality Safety, October 20-24, 
2003, Tokai, Ibaraki, Japan 

Conference Session: Criticality and Subcriticality Benchmark Evaluation 

Abstract/Keyterms: The parameters on criticality and reactivity employed for computational simulations 
of the TRACY supercritical experiments were analyzed using a recently revised nuclear data library, 
JENDL-3.3. The parameters based on the JENDL-3.3 library were compared to those based on two former-
used libraries, JENDL-3.2 and ENDF/B-VI. In the analyses computational codes, MVP, MCNP version 4C 
and TWOTRAN, were used. The following conclusions were obtained from the analyses: (1) The 
computational biases of the effective neutron multiplication factor attributable to the nuclear data libraries 
and to the computational codes depend not on the TRACY experimental conditions such as fuel conditions. 
(2) The fractional discrepancies in the kinetic parameter and coefficients of reactivity are within ~5 % 
between the three libraries. By comparison between calculations and measurements of the parameters, the 
JENDL-3.3 library is expected to give closer values to the measurements than the JENDL-3.2 and ENDF/B-
VI libraries. (3) While the reactivity worth of transient rods expressed in the $ unit shows ~5 % discrepancy 
between the three libraries according to their respective k(eff) values, there is little discrepancy in that 
expressed in the ∆k/k unit. 
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Abstract/Keyterms: A complex arrangement of various highly enriched uranium (93.15 wt.% 235U) metal 
cylinders, rectangular parallelepipeds, and hemisphere were arranged in a circular formation on a steel 
diaphragm with a centerpiece raised remotely through a hole in the diaphragm to achieve criticality. This 
experimental configuration was referred to as the GROTESQUE experiment, and was designed specifically 
to develop and test neutron transport code capabilities. The critical configuration consisted of nine units 
(arranged stacks of smaller uranium pieces) with eight units surrounding the center unit. The experiment 
was performed at the Oak Ridge Critical Experiments Facility (ORCEF) in June 1964. The nine-unit 
experimental arrangement was evaluated and determined to be an acceptable benchmark experiment and 
has been accepted for inclusion in the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments (ICSBEP Handbook). 
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Abstract/Keyterms: Minimal critical masses of UO2 and MOX fuel are calculated over the full range of 
uranium enrichments and plutonium contents from less than 1% up to 100%. The calculations are performed 
using deterministic methods for optimally water-moderated and fully reflected spherical arrays, searching 
for the minimum of the critical mass as a function of moderation ratio and size of the fuel pieces. The 
critical masses of mixtures of enriched uranium and plutonium are determined by combining the results 
obtained for UO2 and MOX with natural uranium matrix material, with explicit calculations for a few cases 
confirming the validity of the method of combination. The minimum number of full-length power reactor 
fuel rods, for which criticality can be achieved, is determined by searching for the critical diameter of an 
optimally moderated and reflected cylindrical array. The critical masses calculated in this work form the 
basis for the criticality safety limits implemented in the hot cells of the PSI hot laboratory, applying a safety 
factor of 0.45 between the critical and the allowable masses. 
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Abstract/Keyterms: Since 1996 FRAMATOME-ANP Fuel Technology Service supports and performs, 
with the help of the plant safety manager, the criticality safety analysis for its fuel manufacturing plants. 
These plants cover low enriched UO2 fuel (<5.0% 235U), U metal fuel alloys (<93.5% 235U) and MOX 
fuel. Moreover the new regulations in force for fuel shipping cask intend to revisit the safety files with 
calculation codes and methodology agreed by foreign safety authorities. The old IPSN/CEA code chain 
package, based on APOLLO1-MORET3, was currently used by FRAMATOME-ANP France for the 
analysis. But recent experimental comparisons indicated insufficiencies of the package for low and/or 
intermediate moderated media. That's why efforts have been made by CEA and IRSN to improve both 
codes physics and energy discrimination of cross section data. This new calculation scheme, called 
CRISTAL, is based on the APOLLO2 sophisticated spectral code and on the MORET4 3D Monte Carlo 
code. Basic microscopic cross section data are based on JEF2.2 data with a 172 energy group structure. 
Exhaustive theoretical qualification against a wide range of experiments was performed showing 
improvements over the entire neutron spectrum. Nevertheless some fuel products such as metallic uranium 
alloys and low moderated systems have still a poor experimental qualification database. FRAMATOME-
ANP performs its own qualification and demonstration for Safety Authorities or these products. So special 
attention was given to find a reference calculation tool. MCNP4 with continuous energy and pointwise 
cross sections was chosen to be the best for that purpose. This worldwide used code assures that all physical 
phenomena related to fissile media and energy spectra will be accounted for. On the other hand Safety 
Authorities emphasize their requirements for more justified safety margins for nuclear installations. 
Therefore, industries have to justify their safety files with margins combining a wide variety of uncertainties 
including benchmark results and derived bias, accuracy of the tools for a given fissile media … This paper 
deals with the experience feedback of FRAMATOME-ANP France to incorporate Safety Authorities 
requirements in a rigorous and well documented criticality safety files. Safety margins are derived from 
several cross-checks calculations against benchmarks and/or reference calculations. 
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Abstract/Keyterms: Currently in France, criticality studies in transport configurations for Boiling Water 
Reactor Mixed Oxide fuel assemblies are based on conservative hypothesis assuming that all rods (Mixed 
Oxide (Uranium and Plutonium), Uranium Oxide, Uranium and Gadolinium Oxide rods) are Mixed Oxide 
rods with the same Plutonium-content, corresponding to the maximum value. In that way, the real 
heterogeneous mapping of the assembly is masked and covered by an homogeneous plutonium-content 
assembly, enriched at the maximum value. As this calculation hypothesis extremely conservative, 
COGEMA Logistics (formerly Transnucléaire) has studied a new calculation method based on the use of 
the average Plutonium-content in the criticality studies. The use of the average Plutonium-content instead 
of the real Plutonium-content profiles provides a highest reactivity value that makes it globally 
conservative. This method can be applied for all Boiling Water Reactor Mixed Oxide complete fuel 
assemblies of type 8•8, 9•9 and 10•10 which Plutonium-content in mass weight does not exceed 15 %; it 
provides advantages which are discussed in the paper. 
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Abstract/Keyterms: Nuclear Facilities in any nation. MC&A systems use the latest techniques and 
hardware for periodic control of SNM in specifically organized material balance areas. Immediate checking, 
periodic inventory of SNM, and measurements of the parameters of SNM at key points are the main sources 
of data for these systems. Data about the presence and sites of location of SNM in material balance areas 
that are acquired in inventories can be used for objective assessment of the status of nuclear safety. On the 
other hand, the inventory itself involves performance of operations that are unlike routine process 
engineering, and require special consideration of nuclear safety. Use of the techniques and hardware of 
MC&A systems not only for purposes of storage reliability, but also to ensure nuclear safety, will reduce 
the risk of nuclear accidents. This paper gives a concise overview of nuclear accidents that have occurred 
due to inadequacies in MC&A, and demonstrates the necessity and usefulness of integrating measures and 
components of MC&A and nuclear safety systems to meet the goals faced by both systems. 
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Abstract/Keyterms: Criticality assessment on the spent fuel storage racks of the RSG-GAS multipurpose 
reactor has been conducted to support the undergoing core conversion program, in which higher uranium 
fuel densities of silicide (up to 4.8 gU.cm-3) and molybdenum (up to 8.3 gU.cm-3) fuel elements are 
adopted to enhance the reactor performance, core cycle length and reactor utilization. In the assessment, 
the keff of the rack as a function of fuel density is calculated for fresh fuel elements which is a very 
conservative approach recommended by IAEA. Besides fuel densities, effects of water densities due to pool 
water temperature variation, and the fuel elements' orientation on the keff are analyzed as well. The 
criticality calculations are all carried out by using MCNP4B2 Monte Carlo code with ENDF/B-VI library. 
For the library sensitivity, JENDL-3.3 library is also used and compared. The calculation results show the 
most reactive condition is for the case when the spent fuel racks are filled with fresh U-6Mo fuel element 
with meat density of 8.30 gU.cm-3. For all fuel types, density and operating condition, the calculated keff 
with 3 times standard deviations are confirmed less than the allowable value of 0.95. It can be concluded 
that the existing spent fuel storage racks can be safely used for storing the planned high density uranium 
fuels. 
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Abstract/Keyterms: The purpose of this study is to establish the subcriticality of a shipping cask with the 
loading of 7 containers of FBR fuel pins. Calculations have been carried out with the IRSN/CEA new 
calculation scheme called CRISTAL, based on the APOLLO2 sophisticated spectral code and on the 
MORET4 3D Monte Carlo code, and adopted by the French industry. The study has been performed for a 
heterogeneous medium (lattice of fissile pins surrounded by water) and for a homogeneous one 
(homogenization of fissile matter with water). The 1.015 maximum Keff obtained in case of a 
heterogeneous modelling of the fissile medium implies a revision of the cask capacity in order to meet the 
criticality safety criteria 
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Abstract/Keyterms: The amount of Nuclear Power Plant (NPP) spent fuel in special storage facilities of 
Russia runs to more than 15000 tons and the annual growth is equal to about 850 tons. The storage facilities 
for spent nuclear fuel from the main nuclear reactors of Russia (RBMK- 1000, VVER-440, VVER-1000, 
BN-600, EGP-6) were designed in the 60s – 70s. In the last years when the concept of closed fuel cycle and 
safety requirements had changed, the need was generated to have the nuclear storage facilities more 
crowded. First of all it is due to the necessity to increase the storage capacity because the RBMK-1000, 
VVER-1000, EGP-6 fuel is not reprocessed. So there comes the need for the facilities of a bigger capacity 
which meet the current safety requirements. The paper presents the results of studies of the most important 
nuclear safety issues, in particular: - development of regulatory requirements; - analysis of design-basis and 
beyond-the design-basis accidents (DBA and BDBA); - computation code development and verification; - 
justification of nuclear safety when water density goes down; - the use of burn-up fraction values; - the 
necessity and possibility to experimentally study the storage facility subcriticality; - development of storage 
norms and rules for new types of fuel assemblies with mixed fuel and burnable poison. 
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Abstract/Keyterms: RFNC-VNIIEF has a unique park of diverse research nuclear critical facilities (NCF), 
such as pulse reactors (PR), critical facilities (CF) and others, designed to carry out radiation resistance 
tests for different materials and devices 1,2), and some other investigations, as well. At present a necessity 
of nuclear-hazardous facilities equipping with means of television surveillance and control has become 
acute due to the increased safety requirements to the conducted works. Along with this the requirements to 
television system functionality have grown essentially. These requirements include technological safety, 
nuclear material protection from unauthorized use, and often television needs to be involved into the 
technological process of the works performance. 
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Abstract/Keyterms: The Sellafield MOX Plant (SMP) has been operational since 2001, blending 
plutonium dioxide from THORP reprocessing operations, with uranium dioxide to produce Mixed Oxide 
(MOX) fuel elements. In handling the quantities of fuel associated with a commercial fuel fabrication plant, 
it is necessary to impose criticality controls. Plutonium dioxide (PuO2), uranium dioxide (UO2) and 
recycled MOX are mixed together in batches. An Engineered Protection System (EPS) prevents the 
production of MOX powder in excess of 20w/o Pu(fissile)/(Pu+U), achieved through the combination of a 
‘weight-based’ system and a diverse ‘neutron monitoring’ radiometric system. The ‘neutron monitoring’ 
component of the EPS determines the fissile enrichment of the batch of MOX powder, based on pessimistic 
isotopic requirements of the PuO2 feedstock powder. Guaranteeing the maximum MOX enrichment of 
20w/o Pu(fissile)/(Pu+U) at an early stage of the fuel manufacturing process enables the criticality safety 
assessor to demonstrate that normal operations are deterministically safe. This paper describes in detail the 
EPS at the front end of plant and the engineered and operational protection in downstream areas. In addition 
plant operational experience in producing the first fuel assemblies is discussed. 
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Abstract/Keyterms: A French Experts Group met upon request by the French Nuclear Safety Authority in 
order to determine a set of criteria aimed at justifying or not the implementation of a criticality accident 
detection system (Criticality Alarm Accident System) in installations involving fissile materials. This 
document describes the organization of the document prepared from the analyses of this Group and details 
the criteria discussed during the session. 
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Abstract/Keyterms: Plutonium Contaminated Material arises as a solid waste at the United Kingdom 
Sellafield Site. Its disposal route entails it being packaged into 200 litre mild steel drums which are currently 
placed in interim surface stores in large multi-layered arrays. Within one of the original Sellafield buildings, 
a large number of such drums accumulated in an area known as the South Solvent Cells during the late 
1960s and early 1970s. They have remained there largely untouched until retrieval operations commenced 
in 2002. From the out-set, significant operational difficulties were encountered which led to a cessation of 
the retrieval operations after the processing of only twelve historic drums. These difficulties had their 
origins in the requirements of the criticality safety case and calibration of the plutonium assay 
instrumentation which supported the retrieval operations. This paper describes the remedial actions taken 
to address these difficulties which have allowed a successful resumption of waste retrieval operations and 
highlights learning points which have general applicability to any decommissioning or historic waste 
retrieval project that involves the fissile assay of plutonium (and 235U) contaminated plant. 
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Abstract/Keyterms: Plutonium Contaminated Material (PCM) arises as a solid waste on the Sellafield Site 
and is packaged into 200 litre drums which are placed into interim surface storage arrays. These wastes 
may also contain 235U. The traditional approach to criticality safety has been based on “worst-case” 
reactivity modelling. This has recently led to a number of difficulties by implying that the 230 g (Pu+235U) 
drum limit is very important for criticality safety and the assay instruments used to demonstrate compliance 
with the limit need a high level of safety reliability. Also, the reliability and accuracy of the assay results 
of historical or legacy PCM became an issue. The new focus on substantiation of safety related equipment 
in BNFL has highlighted reliability shortfalls for the assay instruments. To overcome these shortfalls, 
additional operational practices on the PCM handling regimes were introduced to give increased confidence 
in the fissile assay results. These practices significantly delayed processing PCM waste stocks and resulted 
in significant additional operator dose uptake. Thus there were strong reasons to improve the existing 
approach. This paper describes a new approach to the criticality modelling of PCM. 
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Abstract/Keyterms: This paper gives a short overview on the work which was done recently or is 
underway for criticality safety analyses for final disposal of fissile material containing waste and spent 
nuclear fuel in Germany. For Plutonium containing low-level waste a modification of criticality safety 
limits is proposed, taking into account the fractions of Pufiss and 240 Pu. For final disposal of spent nuclear 
fuel studies on long term sub-criticality are being performed with the aim of comparing different host rock 
materials. The paper reports on first results of generic criticality analyses for a clay formation. The analyses 
are based on long term scenarios, which were proposed by experts in geo-chemistry, dealing with long term 
problems in disposal research. 
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Abstract/Keyterms: The MOX fuel fabrication plant of Siemens Power Generation in Hanau is being 
decom-missioned. The hold-up of fissile material in equipment and glove boxes was estimated to a multiple 
amount of the critical mass of moderated plutonium. However, the exact knowledge about the mass, 
distribution and hot spots was poor. Therefore, a concept to ensure criticality safety during the dismantling 
and waste treatment process was developed. This concept is based on the requirement that all safety relevant 
data are derived from measurement and that uncertainties are well known. The procedures to determine, to 
remove and to treat hold-up material, and the measures to meet fissile material limits within the waste 
treatment process are described, including especially developed measuring methods. The experience shows, 
that the concept is consistent and that data derived from different detection and calculation methods agree 
within defined uncertainties. 
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Abstract/Keyterms: The current development of pebble bed fuel system designs poses many challenges 
in the computational field. The calculation of k-effective is no exception and many existing methods do not 
readily lend themselves to accurate modelling of the neutronic behaviour essential for criticality safety. In 
particular, the fuel geometry is unlike that of most existing power plants and the extent to which the detail 
of the pebble bed designs can be approximated needs careful consideration. As part of an on-going 
programme of work, the computer codes WIMS1) and MONK2) have been applied to pebble bed type 
systems. This paper reports the work performed to date. 
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Abstract/Keyterms: KENO V.a is a multigroup Monte Carlo code that solves the Boltzmann transport 
equation and is used extensively in the criticality safety community to calculate the effective multiplication 
factor of systems with fissionable material. In this work, a continuous-energy or pointwise version of KENO 
V.a has been developed by first designing a new continuous energy cross-section format and then by 
developing the appropriate Monte Carlo transport procedures to sample the new cross-section format. In 
order to generate pointwise cross sections for a test library, a series of cross-section processing modules 
were developed and used to process 50 ENDF/B-6 Release 7 nuclides for the test library. Once the cross-
section processing procedures were in place, a continuous-energy version of KENO V.a was developed and 
tested by calculating 21 critical benchmark experiments. The point KENO calculated results for the 21 
benchmarks are in agreement with calculated results obtained with the multigroup version of KENO V.a 
using the 238-group ENDF/B-5 and 199-group ENDF/B- 6 Release 3 libraries. Based on the calculated 
results with the prototypic cross-section library, a continuous-energy version of the KENO V.a code has 
been successfully developed and demonstrated for modeling systems with fissionable material. 
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Abstract/Keyterms: Monte Carlo burnup calculation code system has been developed to evaluate accurate 
various quantities required in the backend field.From the Actinide Research in a Nuclear Element 
(ARIANE) program, by using, the measured nuclide compositions of fuel rods in the fuel assemblies 
irradiated in the commercial Netherlands BWR, the analyses have been performed for the code system 
verification. 
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Abstract/Keyterms: The fission source convergence of a very loosely coupled array of 36 fuel 
subassemblies with slightly non-symmetric reflection is studied. The fission source converges very slowly 
from a uniform guess to the fundamental mode in which about 40% of the fissions occur in one corner 
subassembly. Eigenvalue and fission source estimates are analyzed using a set of statistical tests similar to 
those used in MCNP, including the “drift-in-mean” test and a new drift-in-mean test using a linear fit to the 
cumulative estimate drift, the Shapiro-Wilk test for normality, the relative error test, and the “1/N” test. The 
normality test does not detect a drifting eigenvalue or fission source. Applied to eigenvalue estimates, the 
other tests generally fail to detect an unconverged solution, but they are sometimes effective when 
evaluating fission source distributions. None of the tests provides completely reliable indication of 
convergence, although they can detect nonconvergence. 
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Abstract/Keyterms: To improve the slow convergence of fission source distribution, fission source 
acceleration methods have been so far developed and incorporated in the ordinary Monte Carlo calculations 
by using the fission matrix eigenvector. In ICNC2003, a convergence judgment method involving an 
effective initial acceleration procedure is proposed by the authors in the poster presentation, and here, the 
proposed convergence judgment method is practically applied to the OECD/NEA source convergence 
benchmark problems. In this application process, some difficulties arise and are investigated to derive a 
solution to them. 
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Abstract/Keyterms: This paper present a modern numerical method, implemented in a TUI-code named 
MacDSP, for solving any set of differential equations and in particular phenomenological accidental 
dynamic calculations. The speed efficiency of such an approach, thanks to the use of the hybrid-level power 
offered by C++ and an ad-hoc design, make it possible to construct the first kid of a family of real time 
simulator employing the video games technology DirectXTM : Lady Godiva Real Time Simulator. 
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Abstract/Keyterms: The SCALE (Standardized Computer Analyses for Licensing Evaluation) computer 
software system developed at Oak Ridge National Laboratory is widely used and accepted around the world 
for criticality safety analyses. SCALE includes the well-known KENO V.a and KENO-VI three-
dimensional (3-D) Monte Carlo criticality computer codes. One of the current development efforts aimed 
at making SCALE easier to use is the SCALE Graphically Enhanced Editing Wizard (GeeWiz). GeeWiz is 
compatible with SCALE 5 and runs on Windows personal computers. GeeWiz provides input menus and 
context-sensitive help to guide users through the setup of their input. It includes a direct link to KENO3D 
to allow the user to view the components of their geometry model as it is constructed. Once the input is 
complete, the user can click a button to run SCALE and another button to view the output. KENO3D has 
also been upgraded for compatibility with SCALE 5 and interfaces directly with GeeWiz. GeeWiz and 
KENO3D for SCALE 5 are planned for release in late 2003. The presentation of this paper is designed as 
a live demonstration of GeeWiz and KENO3D for SCALE 5. 
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Abstract/Keyterms: This paper summarises the progress with a major development project for the MONK 
Monte Carlo criticality code, namely the development of a new collision processing modelling package and 
nuclear data library. 
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Abstract/Keyterms: CRISTAL V1, the new version of CRISTAL package, is being developed and 
validated by the Institut de Radioprotection et de Sûreté Nucléaire and the Commissariat à l’Energie 
Atomique, in collaboration with the COGEMA Company. Meanwhile, an extensive validation work is 
being performed to appreciably improve the validation database, which was currently composed by about 
500 benchmarks. Thus, more than 1900 experiments were selected to cover the different configurations 
encountered in the nuclear fuel cycle. Regarding the APOLLO2-MORET4 standard route, about 1200 
experiments have already been investigated by IRSN. The first trends of this validation point out that the 
calculation results are in relative good agreement with the benchmark keff and that the new calculation 
schemes improve the validation results. The results of the 1200 critical experiments of the validation 
database will then be used in the new MORET tool to assist end-users in the estimation of the code bias. 
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Abstract/Keyterms: This new Graphical User Interface (GUI) developed in JAVA is one of the post-
processing tools for MORET4 code. It aims to help users to estimate the importance of the keff bias due to 
the code in order to better define the upper safety limit. Moreover, it allows visualizing the distance between 
an actual configuration case and evaluated critical experiments. This tool depends on a validated 
experiments database, on sets of physical parameters and on various statistical tools allowing interpolating 
the calculation bias of the database or displaying the projections of experiments on a reduced base of 
parameters. The development of this tool is still in progress. 
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Abstract/Keyterms: To carry out their everyday tasks, it is very useful for nuclear criticality engineers to 
be able to quickly and reliably retrieve data usually used to value criticality risks. These data are • Fissile 
materials properties, such as the infinite multiplication factor k∞, the material buckling factor B2 m…, 
tabulated as a function of the moderation ratio or the concentration, • Criticality parameters (safe, 
permissible or critical values) which correspond to one dimension geometries (infinite height cylinder, 
spherical volume…). This information is widely used in criticality safety analysis, in technical meetings 
with French Nuclear Safety Authorities and also, during crisis management. These data are calculated by 
means of one- dimensional deterministic transport codes which lead to the production of documents called 
“Criticality standards”. 
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Abstract/Keyterms: This paper deals with the new Graphical User Interface (GUI) of the CRISTAL V1 
package devoted to criticality studies including burn up calculations. The aim of this GUI is to offer users 
a high level of user-friendliness and flexibility in the data description and the results analysis of codes of 
the package. The three main components of the GUI (CIGALES, EJM and OPOSSUM) are presented. The 
different functionalities of the tools are explained through some applications. 
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Abstract/Keyterms: Version 5 of the SCALE computer software system developed at Oak Ridge National 
Laboratory, scheduled for release in December 2003, contains several significant new modules and 
sequences for criticality safety analysis and marks the most important update to SCALE in more than a 
decade. This paper highlights the capabilities of these new modules and sequences, including continuous 
energy flux spectra for processing multigroup problem-dependent cross sections; one- and three-
dimensional sensitivity and uncertainty analyses for criticality safety evaluations; two-dimensional flexible 
mesh discrete ordinates code; automated burnup-credit analysis sequence; and one-dimensional material 
distribution optimization for criticality safety. 
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Abstract/Keyterms: The purpose of the present work is to illustrate the capability of SMORES – a new 
sequence incorporated in SCALE-5, for automated minimum critical mass (MCM) determination. The 
illustration is done by identifying the MCM of spherical systems of 233U, 235U or 239Pu moderated and 
reflected with either D2 O or a combination of polyethylene and Be. The latter provide the lowest critical 
mass of, respectively, 151.7 g, 202.2 g and 119.0 g. These masses are close to a factor of 2 lower than the 
MCM of the corresponding fissile material with D2O and close to a factor of 4 for the MCM in H2O. The 
fissile material concentration exhibit a spike near the core outer boundary, at the interface between the 
polyethylene and Be. The SMORES sequence of SCALE 5 could be useful for determining margins of 
subcriticality and for other applications encountered by the criticality safety community. 
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Abstract/Keyterms: In molten salt reactors, the delayed neutron precursors continuously change their 
position in the reactor and primary loop due to the circulation of the fuel. Therefore, the influence of the 
delayed neutrons on the reactivity differs from that of solid fuel reactors. The paper describes a method, 
which is developed in order to modify the program MCNP so that it can take into account the transport of 
the delayed neutron precursors, and therefore it is capable to calculate the reactivity loss of reactors with 
circulating fuel. With the aid of the modified version of MCNP, calculations were performed on a simple 
homogeneous reactor with cylindrical core. The method was also applied to perform calculations on the 
reactivity loss of the MSRE (Molten-Salt Reactor Experiment, Oak Ridge National Laboratories, 1960s). 
The results obtained are in good agreement with the theoretical predictions and the measured reactivity loss 
values. 
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Abstract/Keyterms: We have developed new deterministic Sn-type two dimensional transport calculation 
method using direct transmission probabilities. The present method has advantage on calculation accuracy 
for geometries with much void or neutron absorption regions, because paths of neutron are calculated from 
generation to reaction without approximation. Checking calculations are carried out for a criticality safety 
problem of fuel assemblies in a spent fuel storage pool with neutron absorption materials, which show 
difference between the present method and the conventional Sn methods of DOT3.5 on eigenvalues and 
flux distributions. The other checking calculations for a neutron shielding problem show advantage of the 
present method comparing with the conventional Sn methods from the viewpoint of ray effects. 
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Abstract/Keyterms: Criticality analysis has been performed for dozens of tank type cores in which fuel 
lattices are loaded vertically and partially immersed in light water. The reactivity effect of dry part of lattices 
stuck above the critical water level has been calculated using the continuous energy Monte Carlo method. 
The reactivity effect exceeds 0.8% both for MOX and UOX fuel lattices of large buckling (Bz 2>0.0025cm-
2). It is evaluated that at least 20cm length of fuel rods above the critical water level has significant reactivity 
effect. 
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Abstract/Keyterms: Theoretical consideration is made for possibility to accelerate and judge convergence 
of a conventional Monte Carlo iterative calculation when it is used for a weak neutron interaction problem 
and the clue for this consideration is rendered with some application analyses using the OECD/NEA source 
convergence benchmark problems. Some practical procedures are proposed to realize these acceleration 
and judgment methods in practical application using a Monte Carlo code 
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Abstract/Keyterms: The accuracy of a criticality Monte Carlo (MC) calculation requires the convergence 
of the keffective series. Once the convergence is reached, the estimation of the keffective eigenvalue must 
exclude the initial transient of the k-effective series. The present paper deals with a postprocessing 
algorithm to suppress the initial transient of a criticality Mc calculation, using the Brownian Bridge theory. 
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Abstract/Keyterms: Since 1995, the Commissariat à l'Energie Atomique (CEA) and the Institut de 
Radioprotection et de Sûreté Nucléaire (IRSN) in collaboration with the AREVA/GOGEMA Company 
have been developing a criticalitysafety package called 'CRISTAL'. The CRISTAL system involves the 
newest accurate French codes, APOLLO2, MORET4 and TRIPOLI4 and uses the JEF2.2 European File. 
The experimental validation of the V0 version of CRISTAL has revealed some insufficiencies and some 
parts need to be added. For version V1, the existing calculation schemes were improved and new ones were 
conceived. These recommended design calculation routes were checked by reference code calculations. 
Then, they were validated against specific criticality experiments. 
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Abstract/Keyterms: A new algorithm for Monte Carlo calculation was developed to obtain alpha- and 
gamma-mode eigenvalues. The • is a prompt neutron time decay constant measured in subcritical 
experiments, and the • is a spatial decay constant measured in an exponential method for determining the 
subcriticality. This algorithm can be implemented into existing Monte Carlo eigenvalue calculation codes 
with minimum modifications. The algorithm was implemented into MCNP code and the performance of 
calculating the both mode eigenvalues were verified through comparison of the calculated eigenvalues with 
the ones obtained by fixed source calculations. 
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Abstract/Keyterms: This paper provides a view of the MONK criticality software package in terms of 
recent and current developments and future plans aimed at meeting the short and long-term needs of the 
code user community. 
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Conference Session: Development of Computer Codes 

Abstract/Keyterms: A criticality evaluation method considering granular flow is developed by coupling a 
Distinct Element Method simulation code with a continuous-energy Monte Carlo transport code to study 
the effect of MOX fuel powder mixture to a criticality evaluation. Criticality evaluations are performed 
under mixing the MOX fuel powder in a stirred vessel. The effective multiplication factors of the 
heterogeneous distribution of the MOX powder were compared with that of the uniformity distribution. 
The evaluation results revealed that the effective multiplication factor with the uniformity condition was 
not exactly conservative. 
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Abstract/Keyterms: MORET 4 is a three dimensional multigroup Monte Carlo code which calculates the 
effective multiplication factor (keff) of any configurations more or less complex as well as reaction rates in 
the different volumes of the geometry and the leakage out of the system. MORET 4 is the Monte Carlo 
code of the APOLLO2-MORET 4 standard route of CRISTAL, the French criticality package. It is the most 
commonly used Monte Carlo code for French criticality calculations. During the last four years, the 
MORET 4 team has developed or improved the following major points: modernization of the geometry, 
implementation of perturbation algorithms, source distribution convergence, statistical detection of 
stationarity, unbiased variance estimation and creation of pre-processing and post-processing tools. The 
purpose of this paper is not only to present the new features of MORET but also to detail clearly the physical 
models and the mathematical methods used in the code. 
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Abstract/Keyterms: PU-SOL-THERM-030, PU-SOL-THERM-032; After shortly recalling one among 
the many pertinent recent features of the French criticality CRISTAL1) package i.e. the perturbation 
algorithm (so called MORET 4 ‘Perturbation’ or MP), this paper presents original MP validations. 
Numerical and experimental validations are made using close fission products (FP) experiments. As results, 
it is shown that, all being equal, MP can detect FP’s absorption cross-section variations in the range 0.3 – 
1.2 %. 
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Abstract/Keyterms: The first version of the CRISTAL package1), created and validated as part of a joint 
project between IRSN, COGEMA and CEA, was delivered to users in November 1999. This fruitful 
cooperation between IRSN, COGEMA and CEA has been pursued until 2003 with the development and 
the validation of the package CRISTAL V1, whose main objectives are to improve the criticality safety 
studies including the Burn up Credit effect. 
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Abstract/Keyterms: CRISTAL V0.1, a French calculation package for criticality-safety studies, has been 
developed and validated as part of a joint project between IRSN, CEA and COGEMA. This package 
includes two calculation routes: on the one hand, the “standard route” dealing with the nuclear data library 
CEA93 (derived from JEF2.2 evaluation), the APOLLO2 cell code and the Monte Carlo MORET4 code, 
and, on the other hand, the “reference route” using the Monte Carlo TRIPOLI4 code with a JEF2.2 
continuous-energy cross-section library. Last years, an extensive validation work has been performed by 
CEA and IRSN using a large experimental database (more than 500 critical experiments) taking into 
account most of the different operations encountered in the nuclear fuel cycle. In this framework, a 
significant effort has been devoted to provide CRISTAL’s users a comprehensive and useful synthesis of 
the different validation studies. 
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Abstract/Keyterms: SWAT is a code system, which performs the burnup calculation by the combination 
of the neutronics calculation code, SRAC95 and the one group burnup calculation code, ORIGEN2.1. The 
SWAT code system can deal with the cell geometry in SRAC95. However, a precise treatment of resonance 
absorptions by the SRAC95 code using the ultra-fine group cross section library is not directly applicable 
to two- or three-dimensional geometry models, because of restrictions in SRAC95. To overcome this 
problem, SWAT2 which newly introduced the continuous energy Monte Carlo code, MVP into SWAT was 
developed. Thereby, the burnup calculation by the continuous energy in any geometry became possible. 
Moreover, using the 147 group cross section library called SWAT library, the reactions which are not dealt 
with by SRAC95 and MVP can be treated. OECD/NEA burnup credit criticality safety benchmark problems 
Phase-IB (PWR, a single pin cell model) and Phase-IIIB (BWR, fuel assembly model) were calculated as 
a verification of SWAT2, and the results were compared with the average values of calculation results of 
burnup calculation code of each organization. Through two benchmark problems, it was confirmed that 
SWAT2 was applicable to the burnup calculation of the complicated geometry. 
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Abstract/Keyterms: The neutron resonance parameters of 238U were obtained in the energy range 1 keV 
to 20 keV from a SAMMY Reich-Moore analysis of high resolution transmission measurements performed 
at ORELA. In the energy range 1 keV to 10 keV, the analysis used as prior values the ENDF/B-VI resonance 
parameters. The analysis in the energy range 10 keV to 20 keV resulted in the creation of a set of resonance 
parameters for the representation of the cross section in this energy range. The results are compared to the 
ENDF/B-VI evaluation. Some statistical properties of the new resonance parameters are examined. 
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Abstract/Keyterms: For an accelerator-driven nuclear waste transmutation system, it is very important to 
estimate sub-criticality of core system for feasibility and design study of the system. The fission cross 
section in the intermediate energy range has an important role. A program FISCAL has been developed to 
calculate neutron-, proton- and photon-induced fission cross sections in the energy region from several tens 
of MeV to 3 GeV. FISCAL adopts the systematics considering experimental data for Ag-243Am. It is found 
that unified description of neutron-, proton- and photon-induced fission cross sections is available. 



 

C-8151 

8137…..…..…………………..…….……..……ID Number…………………..…..…………….8137 

Author: Gorelov, V. P. / Grebennikov, A. N. / Il'yin, V. I. / et al. 

Title: Analysis of Evaluations of Neutron Cross-sections for Structural and Technological Materials Nuclei 

Date: 10/24/2003 

Report: ICNC'2003, 6.3 

Conference/Journal: Seventh International Conference on Nuclear Criticality Safety, October 20-24, 
2003, Tokai, Ibaraki, Japan 
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Abstract/Keyterms: For 55 non-fissioning nuclei from hydrogen to bismuth there are presented results of 
analysis of different evaluations of neutron cross-sections in an effort to find out their correspondence to 
accumulated measurement results. The analysis makes it possible to specify the evaluation of cross-sections 
(for a specific nucleus) that can be recommended for the use in practical applications as the one that mostly 
agrees with measurement results. The results of analysis can be taken into consideration with constants 
support of programs of numerical solution of applied problems of atomic power. 
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Abstract/Keyterms: A new set of parameters for 5 Gaussian-type fission yields systematics has been 
proposed for applying to high energy neutron or proton fission and to various kinds of fissioning systems 
including minor actinides. The mass yields calculated using the systematics were compared with various 
kinds of measured data including the fission with incident energy higher than 100 MeV and the fission of 
minor actinide nuclides. The comparisons showed rather good agreement between the calculated values 
and measured ones for various kinds of fissioning systems. 
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Abstract/Keyterms: Critical mass calculations are reported for 241Am, 242mAm and 243Am using the 
MONK and MCNP computer codes with the UKNDL, JEF-2.2, ENDF/B-VI and JENDL-3.2 nuclear data 
libraries. Results are reported for spheres of americium metal and dioxide in bare, water reflected and steel 
reflected systems. Comparison of results led to the identification of a serious inconsistency in the 241Am 
ENDF/B-VI DICE library used by MONK - this demonstrates the importance of using different codes to 
verify critical mass calculations. The 241Am critical mass estimates obtained using UKNDL and ENDF/B-
VI show good agreement with experimentally inferred data, whilst both JEF-2.2 and JENDL-3.2 produce 
higher estimates of critical mass. The computed critical mass estimates for 242mAm obtained using 
ENDF/B-VI are lower than the results produced using the other nuclear data libraries – the ENDF/B-VI 
fission cross-section for 242mAm is significantly higher than the other evaluations in the fast region and is 
not supported by recent experimental data. There is wide variation in the computed 243Am critical mass 
estimates suggesting that there is still considerable uncertainty in the 243Am nuclear data. 
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Abstract/Keyterms: In order to avoid criticality risks, a large number of facilities using spent fuels have 
been designed considering the fuel as fresh. This choice has obviously led to considerable safety margins. 
In the early 80's, a method was accepted by the French Safety Authorities allowing to consider the changes 
in the fuel composition during the depletion with some very pessimistic hypothesis: only actinides were 
considered and the amount of burnup used in the studies was equal to the mean burnup in the 50-least-
irradiated centimeters. As many facilities still want to optimize their processes (e.g. transportation, storage, 
fuel reprocessing), the main companies involved in the French nuclear industry, researchers and IRSN set 
up a Working Group in order to study the way burnup could be taken into account in the criticality 
calculations, considering some fission products and a more realistic axial profile of burnup. The first part 
of this article introduces the current French method used to take burnup into account in the criticality 
studies. The second part is devoted to the studies achieved by the Working Group to improve this method, 
especially concerning the consideration of the neutron absorption of some fission products and of an axial 
profile of burnup: for that purpose, some results are presented related to the steps of the process like the 
depletion calculations, the definition of an axial profile and the criticality calculation. In the third part, some 
results (keff) obtained with fission products and an axial profile are compared to those obtained with the 
current one. The conclusions presented are related to the present state of knowledge and may differ from 
the final conclusions of the Working Group. 
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Abstract/Keyterms: Conceptual design has been performed for a spent fuel transport cask with burnup 
credit and a neutron-absorbing material to maximize transportation capacity. Both fresh and burned fuel 
are assumed to be stored in the cask and boral and borated stainless steel are selected for the neutron- 
absorbing materials. Three different sizes of cask with typical 14, 21 and 52 PWR fuel assemblies are 
modeled and analyzed with the SCALE 4.4 code system. In this analysis, the biases and uncertainties 
through validation calculations for both isotopic predictions and criticality calculation for the spent fuel 
have been taken into account. All of the reactor operating parameters, such as moderator density, soluble 
boron concentration, fuel temperature, specific power, and operating history, have been selected in a 
conservative way for the criticality analysis. Two different burnup credit loading curves are developed for 
boral and borated stainless steel absorbing materials. It is concluded that the spent fuel transport cask design 
with burnup credit is feasible and is expected to increase cask payloads. 
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Abstract/Keyterms: This paper presents an evaluation of the amount of burnup credit needed for high-
density casks to transport the current U.S. inventory of commercial spent nuclear fuel (SNF) assemblies. A 
prototypic 32-assembly cask and the current regulatory guidance were used as bases for this evaluation. By 
comparing actual pressurized-water-reactor (PWR) discharge data (i.e., fuel burnup and initial enrichment 
specifications for fuel assemblies discharged from U.S. PWRs) with actinide-only-based loading curves, 
this evaluation finds that additional negative reactivity (through either increased credit for fuel burnup or 
cask design/utilization modifications) is necessary to accommodate the majority of SNF assemblies in high-
capacity storage and transportation casks. The impact of varying selected calculational assumptions is also 
investigated, and considerable improvement in effectiveness is shown with the inclusion of the principal 
fission products (FPs) and minor actinides and the use of a bounding best-estimate approach for isotopic 
validation. Given sufficient data for validation, the most significant component that would improve 
accuracy, and subsequently enhance the utilization of burnup credit, is the inclusion of FPs. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Several currently available methods to set burnup for depletion calculation are 
reviewed and discussed about its adequacy for criticality safety assessment of spent fuel (SF) transport 
casks by taking burnup credit (BC) into accounts. Various errors associated with BC criticality analyses are 
evaluated and converted to equivalent burnup to compare each other. Methods are proposed to use some 
reduced burnups equivalent to compensation of these associated errors. Effects of assumption of axial 
burnup distribution on criticality calculation and irradiation history parameter variation on depletion 
calculation are evaluated with OECD/NEA BC international benchmark data. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: The increase of PWR-UOX fuel initial enrichment and the extensive needs for spent 
fuel storage or cask capacities reinforce the interest in taking burnup credit into account in criticality 
calculations. However, this utilization of credit for fuel burnup requires the definition of a methodology 
that ensures the conservatism of calculations. In order to guarantee the conservatism of the spent fuel 
inventory calculation, a depletion calculation scheme for burnup credit is under development. This paper 
presents the studies on the main parameters which have an effect on nuclides concentration: the presence 
of control rods during depletion and the fuel assembly environment, particularly the presence of MOx fuels 
around the UO2 assembly. Reactivity effects which are relevant to these parameters are then presented, and 
physics phenomena are identified. 
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Abstract/Keyterms: Description and comments concerning validation control module SAS2H SCALE in 
NPPs experiments and international VVER benchmarks are provided. While testing, the experimental data 
from the NPP as well as calculation benchmarks CB-2 (VVER-440) and OECD/NEA (VVER-1000) were 
used. Here, the special attention was paid to isotopes, which are important in respect to criticality analysis 
of spent nuclear fuel management system. The results listed below show compliance of the received data 
and those from the base. For the calculation of VVER reactor fuel isotope composition it is recommended 
to consider the fuel pins position in fuel assembly. 
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Abstract/Keyterms: A new criticality safety assessment based on Actinide-Only Burnup Credit has been 
developed to cover operations in BNFL’s Thermal Oxide Reprocessing Plant (THORP). Reduction of the 
gadolinium concentration leads to significant reduction in active waste volumes. Detailed description of the 
methodology was presented at ICNC 1999 and the basic components of the approved safety case have 
remained unchanged from those proposed then. This paper presents a brief summary of the new 
methodology, and describes further analyses carried out to quantify additional safety margins. These 
additional margins are not credited in the derivation of the operating limits, but provide further evidence of 
the fault tolerance inherent in the new regime. As part of the arrangements to monitor the overall 
performance of the plant and instrumentation under the new regime, various analyses of plant data are 
made, including ‘on-line’ cross checks of measured versus expected fuel parameters (i.e. in addition to the 
checks on Residual Enrichment). Statistical analyses of data are made and compared with similar data from 
earlier batches. A summary of analyses made on some of the early fuel batches is presented here. A 
summary of the likely further development in the Burnup Credit methodology is given in this paper. 
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Abstract/Keyterms: Instead of the fresh-fuel assumption, the application of gadolinia credit to cask 
transportation of BWR SFAs is studied. Its efficacy for BWR-STEP2 SFAs had already been estimated. 
This paper reports on the application of gadolinia credit to cask transportation of BWR-STEP3 SFAs. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: For the last seven years, AREVA/COGEMA has been implementing the second phase 
of its burn-up credit program (the incorporation of fission products). Since the early nineties, major 
actinides have been taken into account in criticality analyses first for reprocessing applications, then for 
transport and storage of fuel assemblies Next year (2004) COGEMA will take into account the six main 
fission products (Rh103, Cs133, Nd143, Sm149, Sm152 and Gd155) that make up 50% of the anti-reactivity 
of all fission products. The experimental program will soon be finished. The new burn-up credit 
methodology is in progress. After a brief overview of BUC R&D program and COGEMA's application of 
the BUC, this paper will focus on the new burn-up measurement for UO2 and MOX fuel assemblies. It 
details the measurement instrumentation and the measurement experiments on MOX fuels performed at La 
Hague in January 2003. 
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Abstract/Keyterms: The main results of neutron-physical constant libraries preparing and testing for 
assessment VVER reactors spent fuel isotope composition with the SCALE control module ORIGEN-ARP 
are presented in this report. The libraries were tested on the basis of the comparison between the calculation 
results with the experimental data, and with the calculation benchmarks. It should be mentioned that the 
particular attention was paid to important in the view of criticality analysis isotopes that are contained in 
the spent nuclear fuel. 
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Abstract/Keyterms: In the UK the Health and Safety Executive, which incorporates the Nuclear 
Installations Inspectorate (NII), is responsible for regulation of safety on nuclear sites. This paper reports 
progress made in the application and development of a UK regulatory position for assessing licensee’s plant 
safety cases which invoke the use of Burn-up Credit for criticality applications. The NII’s principles and 
strategy for the assessment of this technical area have been developed over a period of time following 
expressions of interest from UK industry and subsequent involvement in the international collaborations 
and debate in this area. This experience has now been applied to the first main plant safety case application 
claiming Burn-up Credit. This case covers the BNFL Thermal Oxide Reprocessing Plant (THORP) 
dissolver at Sellafield, where dissolved gadolinium neutron poison is used as a criticality control. The case 
argues for a reduction in gadolinium content by taking credit for the burn-up of input fuel. The UK 
regulatory process, assessment principles and criteria are briefly outlined, showing the regulatory 
framework used to review the case. These issues include the fundamental requirement in UK Health and 
Safety law to demonstrate that risks have been reduced to as low as reasonably practicable (ALARP), the 
impact on safety margins, compliance and operability procedures, and the need for continuing review. 
Novel features of methodology, using a “Residual Enrichment” and “Domain Boundary” approach, were 
considered and accepted. The underlying validation, both of criticality methodology and isotopic 
determination, was also reviewed. Compliance was seen to rely heavily on local in-situ measurements of 
spent fuel used to determine “Residual Enrichment” and other parameters, requiring review of the 
development and basis of the correlations used to underpin the measurement process. Overall, it was 
concluded that the case as presented was adequate. Gadolinium reduction has been successfully 
implemented as part of current operational procedures at Sellafield. 
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Abstract/Keyterms: In prospect of a Mixed OXide spent fuels processing in the rotary dissolver in 
COGEMA/La Hague plant, it is interesting to quantify the criticality-safety margins from the burnup credit. 
Using the current production computer codes and considering a minimal fuel irradiation of 3 200 megawatt-
day per ton, this paper shows the impact of burnup credit on industrial parameters such as the permissible 
concentration in the dissolution solution or the permissible oxide mass in the rotary dissolver. Moreover, 
the burnup credit is broken down into five sequences in order to quantify the contribution of fissile nuclides 
decrease and of minor actinides and fission products formation. The implementation of the burnup credit 
in the criticality-safety analysis of the rotary dissolver may lead to workable industrial conditions for the 
particular MOX fuel studied. It can eventually be noticed that minor actinides contribution is negligible and 
that considering only the six major fission products is sufficient, owing to the weak fuel irradiation 
contemplated. 
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Abstract/Keyterms: An international programme called REBUS for the investigation of the burn-up credit 
has been initiated by the Belgian Nuclear Research Centre SCK•CEN and Belgonucléaire with the support 
of EdF and IRSN from France and VGB, representing German nuclear utilities and NUPEC, representing 
the Japanese industry. Recently also ORNL from the U.S. joined the programme. The programme aims to 
establish a neutronic benchmark for reactor physics codes in order to qualify the codes for calculations of 
the burn-up credit. The benchmark exercise investigates the following fuel types with associated burn-up: 
reference fresh 3.3% enriched UO2 fuel, fresh commercial PWR UO2 fuel and irradiated commercial PWR 
UO2 fuel (54 GWd/tM), fresh PWR MOX fuel and irradiated PWR MOX fuel (20 GWd/tM). The 
experiments on the three configurations with fresh fuel have been completed. The experiments show a good 
agreement between calculation and experiments for the different measured parameters: critical water level, 
reactivity effect of the water level and fission-rate and flux distributions. In 2003 the irradiated BR3 MOX 
fuel bundle was loaded into the VENUS reactor and the associated experimental programme was carried 
out. The reactivity measurements in this configuration with irradiated fuel show a good agreement between 
experimental and preliminary calculated values. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: A brief overview of four completed portions (CB1, CB2, CB3, CB3+, CB4) of the 
international VVER-440 benchmark focused on burnup credit and a sensitivity study as one of the final 
views of the benchmark results are presented in the paper. Finally, the influence of real and conservative 
VVER-440 fuel assembly models taken for the isotopics calculation by SCALE sas2 on the system keff is 
shown in the paper. The paper is available at ftp://nri.cz/pub/OECD/BUC. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: The problems in Monte Carlo criticality calculations caused by the slow convergence 
of the fission source are examined on an example. A spent fuel storage cask designed for WWER-440 fuel 
used as a sample case. The influence of the main parameters of the calculations is investigated including 
the initial fission source. A possible strategy is proposed to overcome the difficulties associated by the slow 
source convergence. The advantage of the proposed strategy that it can be implemented using the standard 
MCNP features. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Isotope composition of spent fuel is determined by not only of its burnup level, but 
also those conditions, or, more exactly to say, by that neutron spectrum under which this burnup occurred. 
Spent nuclear fuel with the same burnup value can have different isotope composition depending on neutron 
spectrum in which this burnup took place. This work has analyzed the impact on VVER-1000 spent fuel 
isotope composition caused by the different operational conditions, such as the presence or absence of 
absorber-rods in an assembly, oscillating the concentration of boric acid, dissolved in the moderator (water) 
during the campaign, fuel and/or moderator temperature, as well as changes in water amount at the 
periphery of an assembly due to its location in the central or periphery part of the core and/or due to changes 
in inter-assembly gaps. Also, impact caused by technological allowances applied while manufacturing fuel 
assembly (FA) was analyzed, being equal to 4.5 kg/FA by weight of fuel, and 0.05% by its enrichment. 
Calculations were made for reactor cell of fuel assemblies for VVER -1000. This was composed of the fuel 
assemblies with the maximum multiplying purpose (enrichment of 4.4%) arranged with pitch of 23.6 •m. 
Concentration as function of burnup of ten isotopes which are the most usable in “burnup credit” 
methodology, such as main fuel isotopes U235, U236, U238, Pu239, Pu240, Pu241, as well as some 
actinides, and fission products, such as Pu242, Am241, Sm149, Sm151 was analyzed. 
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Conference Session: Burnup Credit 

Abstract/Keyterms: Cofunded by COGEMA, two complementary experimental programmes on burn up 
credit (BUC) related to fission products (FPs) are performed by CEA & IRSN at Cadarache and Valduc. 
After shortly recalling the main characteristics of each experiment, a first comparison of some results is 
presented, especially the energy range in which most part of cross section absorption are qualified. Both 
experiments exhibit great quality and accurate results, giving a high degree of confidence to the whole 
experimental French process of qualification devoted to BUC. 
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Abstract/Keyterms: In the paper on hand a method is presented which makes it possible to generate a 
bounding axial burnup profile the shape of which is a continuous function of the average burnup of the fuel. 
Application of this method results in continuous loading curves, therefore. The method consists in an 
analysis of the characteristics of the shape of real axial profiles. No restrictions are placed on the number 
or characteristics of the real profiles that could be used in such an analysis. In the paper on hand the 
mathematical tools used in this analysis are described, and it is demonstrated that the bounding axial burnup 
profile generated is in fact bounding. 
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Abstract/Keyterms: Aiming at understanding nuclear transients and thermal- and hydraulic-phenomena 
of the criticality accident, a code named INCTAC has been newly developed at the Institute of Nuclear 
Safety. The code is applicable to the analysis of criticality accident transients of aqueous homogeneous fuel 
solution system. Neutronic transient model is composed of equations for the kinetics and for the spatial 
distributions, which are deduced from the time dependent multi-group transport equations with the quasi 
steady state assumption. Thermo-hydraulic transient model is composed of a complete set of the mass, 
momentum and energy equations together with the two-phase flow assumptions. Validation tests of 
INCTAC were made using the data obtained at TRACY, a transient experiment criticality facility of JAERI. 
The calculated results with INCTAC showed a very good agreement with the experiment data, except a 
slight discrepancy of the time when the peak of reactor power was attained. But, the discrepancy was 
resolved with the use of an adequate model for movement and transfer of the void in the fuel solution mostly 
generated by radiolysis. With a simulation model for the transport of radioactive materials through 
ventilation systems to the environment, INCTAC will be used as an overall safety evaluation code of the 
criticality accident. 
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Abstract/Keyterms: Evaluations of ultimate energy releases in these events as well as information on the 
absence of the dangerous autocatalysis effect display in the systems mentioned are of importance when 
analyzing consequences of postulated incidents on reactors and critical assemblies. In the report there are 
given results of calculation of fission bursts in super-critical assemblies with large central cavities 
implemented at VNIIEF using multi-group neutron and gas dynamic programs. From calculations it follows 
that: 1. In the assemblies with empty cavities the effect of auto-catalysis not observed. 2. The same 
assemblies, if one places some matter in their cavities, exhibit a very strong auto-catalysis as a multi-time 
(up to 40 thousand times) increase of the nuclear burst energy. The effect is observed in the assemblies with 
neutron absorber on the periphery or in the cavity volume, and it is increased at additional introduction of 
neutron moderator into the cavity. The effect is most explicit in the event of fast systems and such fillers as 
boron-10 and hydrogen. 
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Abstract/Keyterms: It is known that the transport equation describes the variation of the average neutron 
density and that stochastic neutronics can be used to study the fluctuations of the actual neutron population. 
We show in this paper that if the fluctuations are very large, the average value loses most of its signification. 
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Abstract/Keyterms: The leakage neutron spectrum of the Transient Experiment Critical Facility (TRACY) 
at the Japan Atomic Energy Research Institute was measured. The experimental core is composed of 10wt% 
enriched uranyl nitrate solution in a 50cm inner diameter cylindrical tank. As measuring methods, we used 
the recoil proton proportional counter method and the multi-foil activation method. In order to evaluate a 
spectrum, the former unfolding code is SPEC-41) and the latter is NEUPAC-JLOG. We had improved the 
NEUPAC-JLOG2) in order to use for the thermal reactor. In the case of measurement by the recoil proton 
proportional counter, it was performed under the stationary state operating condition. The evaluated neutron 
spectrum was in good agreement with the tendency of calculation using MCNP4B3) with JENDL3.24) 
library. For the multi-foil activation method, they were performed under the stationary state and the 
transient state operating conditions. The neutron spectrum as a guess spectrum was calculated using 
MCNP4B with JENDL3.2. The result of neutron spectrum analyzed by MCNP is reliable for the steady 
state. In case of the transient state, the unfolding spectrum of the fast neutron region was almost the same 
result as the initial spectrum. In the thermal neutron region, the unfolding spectrum was somewhat greater 
than the initial spectrum. This considered to be caused by generation of void by the transient. 
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Abstract/Keyterms: A series of supercritical experiments has been performed using the transient 
experiment criticality facility, TRACY, and some transient characteristics of low-enriched uranyl nitrate 
solution have been observed. The peak power and the number of fissions have been measured with three 
types of reactivity insertion method. The data useful for the evaluation of criticality safety for reprocessing 
plants were obtained. 
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Abstract/Keyterms: Gamma-ray exposure rates during reactivity-initiated power burst experiments 
performed in the Transient Experiment Critical Facility (TRACY) were re-evaluated for the purpose of 
validation of the latest JENDL series nuclear structure data and nuclear data files. For the exposure rates 
contributed by fission products (FPs), aggregate FP photon yields for 18s after the termination of the initial 
power burst were calculated by using the ORIGEN2 code together with the updated photon and decay 
databases based on the latest nuclear structure data file, JENDL FP Decay Data File 2000. As results of 
Monte Carlo photon transport calculations using the photon yield as a fixed source, the calculated exposure 
rates were in good agreement with the measurements. It was, therefore, confirmed that the updated 
databases were valid for evaluating photon yields from short-lived FP nuclides. The gamma-ray exposure 
for the duration of the initial power burst contributed by neutron-induced reactions, such as fission and 
neutron capture, was also re-evaluated using the latest nuclear data library, JENDL-3.3. The re-evaluation 
indicated that there is little difference in the exposure by Monte Carlo neutron-photon combined transport 
calculations between the JENDL-3.3 library and the former version library, JENDL-3.2. 
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Abstract/Keyterms: In the criticality accident occurred in the JCO Tokai plant, a significant power level 
in the plateau part covering about 20-hour duration continued following the initial-burst power. In order to 
reproduce the thermal characteristics of the plateau part, a mock-up device was made. A series of power-
tracking tests had been performed to estimate the amount of water evaporation and the solution temperature 
change by changing the power of electric heaters. Based on the experimental data of the power-tracking 
test on the JCO precipitation vessel, a series of thermal-hydraulics analyses in the plateau part was 
performed using •-FLOW code system. Assuming a heat transfer coefficient at outer surface of the vessel, 
two-dimensional calculations were performed, and the calculated solution temperatures and the outlet 
temperature of the cooling-water were reproduced the measured value within 3~5 degC 
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Abstract/Keyterms: This research is aimed to assist UK's Health and Safety Executive (HSE) in 
interpreting the principles of radiological protection for practical situations through the application of the 
transient criticality code FETCh Two particular ‘measures’ were taken for investigation, namely the 
neutron/gamma ray dose ratio in any resulting field, and the impact of such a ratio on post-accident 
dosimetry (in particular the sensitivity of 24Na whole body average activation to neutron/gamma ratio) – 
with corresponding yields from criticality accidents. These measures have been investigated with the aid of 
two criticality accidents; the JCO accident in which criticality was achieved in a thermalised system, and 
the SAROV accident which represents criticality occurring in a fast system, dominated by high energy 
neutrons. Modeling of both criticality accidents has been carried out using the finite element deterministic 
models to represent the geometrical arrangements, which demonstrate the use of novel numerical 
techniques to tackle this type of complex problems. The deterministic methods used are based on the time-
dependent solution of the particle transport equation coupled with the ray tracing method, which are 
implemented in FETCH suite of codes in order to provide a rapid tool to calculate exposure rates. The 
coupling of FETCH has been established with the European Activation Code System (EASY), FISPACT. 
Results from our calculations are presented with comparisons against other work in order to highlight 
similarities and differences in the framework of dosimetry data and methods used. 



 

C-8180 

8166…..…..…………………..…….……..……ID Number…………………..…..…………….8166 

Author: Pain, C. C. / J. L. M. A. Gomes / Eaton, M. D. / et al. 

Title: Modelling Transient 3D Multi-Phase Criticality in Fluidised Granular Materials – the FETCH Code 

Date: 10/24/2003 

Report: ICNC'2003, 8.2 

Conference/Journal: Seventh International Conference on Nuclear Criticality Safety, October 20-24, 
2003, Tokai, Ibaraki, Japan 

Conference Session: Assessment of Criticality Accidents 

Abstract/Keyterms: The development and application of a generic model for modelling criticality in 
fluidised granular materials is described within the Finite Element Transient Criticality (FETCH) code - 
which models criticality transients in spatial and temporal detail from fundamental principles, as far as is 
currently possible. The neutronics model in FETCH solves the neutron transport in full phase space with a 
spherical harmonics angle of travel representation, multi-group in neutron energy, Crank Nicholson based 
in time stepping, and finite elements in space. The fluids representation coupled with the neutronics model 
is a two-fluid-granular-temperature model, also finite element phased. A separate fluid phase is used to 
represent the liquid/vapour/gas and the solid fuel particle phases, respectively. Particle-particle, particle-
wall interactions are modelled using a kinetic theory approach based on an analogy between the motion of 
gas molecules subject to binary collisions and granular flows. This model has been extensively validated 
by comparison with fluidised bed experimental results. Gas-fluidised beds involve particles that are often 
extremely agitated (measured by granular temperature) and can thus be viewed as a particularly demanding 
application of the two-fluid model. Liquid fluidised systems are of criticality interest, but these can become 
demanding with the production of gases (e.g. radiolytic and water vapour) and large fluid/particle velocities 
in energetic transients. We present results from a test transient model in which fissile material ( 239Pu) is 
presented as spherical granules subsiding in water, located in a tank initially at constant temperature and at 
two alternative over-pressures in order to verify the theoretical model implemented in FETCh 
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Abstract/Keyterms: A one-point kinetics code, AGNES2, has been developed for the evaluation of the 
criticality accident of nuclear solution fuel system. The code has been evaluated through the simulation of 
TRACY experiments and used for the study of the condition of the JCO criticality accident. A code, 
AGNES-P, for the criticality accident of nuclear powder system has been developed based on AGNES2. It 
is expected that these codes be useful for the evaluation of criticality safety for fuel reprocessing and 
fabrication plants. 
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Abstract/Keyterms: Applicability of four simplified methods to evaluate the consequences of criticality 
accident was investigated. Fissions in the initial burst and total fissions were evaluated using the simplified 
methods and those results were compared with the past accident data. The simplified methods give the 
number of fissions in the initial burst as a function of solution volume; however the accident data did not 
show such tendency. This would be caused by the lack of accident data for the initial burst with high 
accuracy. For total fissions, simplified methods almost reproduced the upper envelope of the accidents. 
However several accidents, which were beyond the applicable conditions, resulted in the larger total fissions 
than the evaluations. In particular, the Tokai-mura accident in 1999 gave in the largest total specific fissions, 
because the activation of cooling system brought the relatively high power for a long time. 
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Abstract/Keyterms: Based on the studies and results of experimental programs performed since 1967 in 
the CRAC, then SILENE facilities, the CEA has devised a methodology for criticality accident studies. 
This methodology integrates all the main focuses of its approach, from criticality accident phenomenology 
to emergency planning and response, and thus includes aspects such as criticality alarm detector triggering, 
airborne releases, and irradiation risk assessment. 
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Abstract/Keyterms: Nuclear Facilities. The French Safety Authorities made strong requirements to the 
industrials to revisit completely their safety analysis files mainly those concerning nuclear fuels treatments. 
The FRAMATOME-ANP production of its French low enriched (5 w/o) UO2 fuel fabrication plant 
(FBFC/Romans) exceeds 1000 metric tons a year. Special attention was given to the emergency evacuation 
plan that should be followed in case of a criticality accident. If a criticality accident happens, site internal 
and external radioprotection requirements need to have an emergency evacuation plan showing the different 
routes where the absorbed doses will be as low as possible for people. The French Safety Authorities require 
also an update of the old based neutron source term accounting for state of the art methodology. UO2 
blenders units contain a large amount of dry powder strictly controlled by moderation; a hypothetical water 
leakage inside one of these apparatus is simulated by increasing the water content of the powder. The 
resulted reactivity insertion is performed by several static calculations. The French IRSN/CEA CRISTAL 
codes are used to perform these static calculations. The kinetic criticality code POWDER simulates the 
power excursion versus time and determines the consequent total energy source term. MNCP4B performs 
the source term propagation (including neutrons and gamma) used to determine the isodose curves needed 
to define the emergency evacuation plant. This paper deals with the approach FRAMATOME-ANP has 
taken to assess Safety Authorities demands using the more up to date calculation tools and methodology. 
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Abstract/Keyterms: In the UK, the default position is that every process involving fissile material should 
have a Criticality Incident Detection and Alarm System (CIDAS), unless a robust argument is made that 
such a system can be omitted. Implementation has been inconsistent and inefficient. In practice decisions 
appear to be subjective and there are different views and opinions. This paper argues two opposing points 
of view and presents some simple ground rules. 
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Abstract/Keyterms: The safety justification of uranium and plutonium handling in nuclear plants can 
follow simple rules which impose, for each criticality unit, fissile mass limits according to the quantity of 
moderator likely to be in contact with the fissile material. The study aims to formulate proposition of new 
practical recommendations to prevent criticality hazards during the handling of fissile material masses. Its 
major objective is to reformulate current rules to make them easy to apply, without any ambiguity in their 
interpretation and to avoid any mistake in the practical use. Particularly, the effect of a non-homogeneous 
repartition of moderation by water is studied. This proposition results from a validation study using today’s 
criticality calculations tools and nuclear data libraries. 
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Abstract/Keyterms: There are adduced the description and characteristics of irradiating complex built on 
the pulse reactor BIGR for simulation of emergencies with rise of reactivity. 
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Abstract/Keyterms: The method of abnormal multiplying systems remote disassembling is described. This 
method was worked through in actual operations as response to the nuclear accident at the RFNC-VNIIEF 
criticality test facility FKBN-2M on 17 June 1997. The abnormal assembly was a sphere of 235U (90%), 
surrounded by a copper reflector. The detailed information on the multiplying system disassembly 
operations could be of use to the experts at other institutions when they develop emergency response plans. 
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Abstract/Keyterms: Criticality Accident Alarm Systems (CASs) are important for the rapid evacuation 
and the reduction of the operators’ exposure. Though some methods shown in ANSI/ANS-8.3 etc., the 
relation between fissions and dose were evaluated for some source materials and shields under criticality 
accident. The connection of the criticality calculation for the decision of the source spectrum and the 
shielding calculation for the evaluation of the dose at the detectors were executed. MCNP4C and ENDF/B-
VI cross-section library were used for criticality calculation and ANISN and DLC-23E cross-section library 
were used for shielding calculation. As the sources of the criticality accident, the uranyl nitrate solution, 
plutonium nitrate solution, and PuO2 powder were considered. The concrete and iron were considered for 
the shielding material of the facilities. The distance from the accident points to the detectors of CAS was 
constant for simplification. The possibility of the detection of the CAS and area monitors was studied 
numerically. The effectiveness of area monitors for the detection of the slow excursion was also evaluated 
numerically. 
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Abstract/Keyterms: In the middle of 1999, the French Atomic Energy Commission (CEA) had decided to 
review its own organisation in regards of criticality hazard prevention. This review leaded, in 2000, to the 
definition of an improved organisation whose running and principles are described in the following 
paragraphs. 
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Abstract/Keyterms: The National Radiological Protection Board (NPRB) is responsible in the UK for 
advising Government and other responsible bodies on the principles for responding to radiological 
emergencies. NRPB has published appropriate advice on the off-site protection of the public and on the 
protection of workers involved in taking mitigating actions to reduce the exposure of others. This paper 
puts forward a suggested framework for the protection of on-site personnel in the event of a radiological 
emergency which might include a criticality accident. This framework both dovetails with existing planning 
for the protection of members of the public off-site, and takes account of specific differences between the 
situations on and off-site. 
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Abstract/Keyterms: This paper presents analyses and applications of data from reactor and critical 
experiment research on the dynamics of nuclear excursions in solution media. Available criticality accident 
information is also discussed and shown to provide strong evidence of the overwhelming likelihood of 
accidents in liquid media over other forms and to support the measured data. These analyses are shown to 
provide valuable insights into key parameters important to understanding solution excursion dynamics in 
general and in evaluating practical upper bounds on criticality accident magnitudes. This understanding and 
these upper bounds are directly applicable to the evaluation of the consequences of postulated criticality 
accidents. These bounds are also essential in order to comply with national and international consensus 
standards and regulatory requirements for emergency planning. 
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Abstract/Keyterms: The presence of a large quantity of fissile materials in the recycling facilities of 
COGEMA La Hague UP2 800 and UP3, requires in-depth knowledge of nuclear criticality safety. This 
obtained by the development of specific processes concerning the conception of the installations, the 
definition of the exploitation rules, the organisation of the exploitation and the training of the staff. The 
feedback of the foreign criticality accidents which have occurred in the purification and treatment plants of 
nuclear fuel showed that this can have serious consequences for people located near the accident. To control 
this risk, COGEMA La Hague based its efforts on a rigorous safety-criticality method, from conception to 
exploitation, requiring the participation of the whole of its personnel. Since 2002, the department of quality, 
safety and environment (DQSSE) of COGEMA La Hague undertook to develop an interactive platform for 
the training of their executive staff and their operating staff to consolidate the training knowledge in the 
field of the criticality risk gained throughout the years. This platform included: • a module intended for the 
executive staff of COGEMA La Hague, having for objective to keep their competences in nuclear criticality 
safety, • a whole set of modules intended for the operators of every installation, each having the objective 
of teaching them the importance of good practice and the greatest respect for the written instructions and 
operating procedures they follow during their daily work 
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Abstract/Keyterms: Nuclear Facilities that handle, treat or store fissile material require a Criticality 
Incident Detection and Alarm System (CIDAS) to be installed, unless a case is made for the omission of 
such a system. Where it is concluded that a CIDAS is required, the primary objective is the reliable detection 
of criticality and the initiation of prompt evacuation of plant workers from the vicinity of the incident. This 
paper will examine and compare various methods that can be used to demonstrate that a CIDAS will satisfy 
the detection criterion. The paper will focus on fit-for-purpose and cost-effective methods for the 
assessment of gamma-based systems. In the experience of the authors this particularly useful in 
demonstrating the efficacy of existing systems in operational plant. 
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Abstract/Keyterms: Nuclear Facilities Safety Board (DNFSB) Recommendation 97-2, which reflected the 
need to make criticality safety information available to a wide audience. The website is the focal point for 
DOE nuclear criticality safety (NCS) activities, resources and references, including hyperlinks to other sites 
actively involved in the collection and dissemination of criticality safety information. The website is 
maintained by the Lawrence Livermore National Laboratory (LLNL) under auspices of the NCSP 
management. One area of the website contains a series of Nuclear Criticality Safety Engineer Training 
(NCSET) modules. During the past few years, many users worldwide have accessed the NCSET section of 
the NCSP website and have downloaded the training modules as an aid for their training programs. This 
trend was remarkable in that it points out a continuing need of the criticality safety community across the 
globe. It has long been recognized that training of criticality safety professionals is a continuing process 
involving both knowledge-based training and experience-based operations floor training. As more of the 
experienced criticality safety professionals reach retirement age, the opportunities for mentoring programs 
are reduced. It is essential that some method be provided to assist the training of young criticality safety 
professionals to replenish this limited human expert resource to support on-going and future nuclear 
operations. The main objective of this paper is to present the features of the NCSP website, including its 
mission, contents, and most importantly its use for the dissemination of training modules to the criticality 
safety community. We will discuss lessons learned and several ideas for future development in the area of 
web-based training for criticality safety professionals. Our effort is intended to stimulate a discussion of 
ideas and solicit participation in the development of the next generation of a web-based criticality training 
site that can be used to assist the training of newcomers to this important safety discipline. 
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Abstract/Keyterms: Following a criticality alarm within the Magnox Separation Plant at Sellafield, there 
is a conflict of interest between the risks associated with complete evacuation versus continued manning of 
the control room. The historic emergency response policy would be to completely evacuate the control 
room upon a criticality alarm. If, however, the alarm was found to be false, the inevitable loss in control 
over the plant could have environmental, operational and radiological release consequences. Maintaining 
control room manning following a genuine alarm might, however, result in an avoidable high dose to an 
operator. Based upon the estimated dose equivalent to a control room operator for a range of criticality 
incident morphologies a risk analysis was undertaken. The results indicate that the differential risk between 
an operator who evacuates immediately and an operator who remains for a short time to complete diagnostic 
checks is very small. As a consequence, a new emergency policy was therefore developed on plant which 
results in a relatively low risk to control room operators, but still allows control over the plant to be retained 
following a false criticality alarm. 
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Abstract/Keyterms: This paper provides overview of the methods and results of a series of sub-criticality 
safety analysis seminars for nuclear fuel cycle facility with the Monte Carlo method held in Japan from 
July 2000 to July 2003. In these seminars, MCNP-4C2 system (MS-DOS version) was installed in note-
type personal computers for participants. Fundamental theory of reactor physics and Monte Carlo 
simulation as well as the contents of the MCNP manual were lectured. Effective neutron multiplication 
factors and neutron spectra were calculated for some examples such as JCO deposit tank, JNC uranium 
solution storage tank, JNC plutonium solution storage tank and JAERI TCA core. Management for safety 
of nuclear fuel cycle facilities was discussed in order to prevent criticality accidents in some of the seminars. 
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Abstract/Keyterms: Spent fuel storage is a common issue in all IAEA Member States with nuclear 
reactors. Whatever strategy is selected for the back-end of the nuclear fuel cycle, the storage of spent fuel 
will be an increasingly significant consideration. Notwithstanding considerable efforts to increase the 
efficient use of nuclear fuel and to optimize storage capacity, delays in plans for geological repositories or 
in implementing reprocessing result in increased spent fuel storage capacity needs in combination with 
longer storage durations over the foreseeable future. As storage inventories and durations increase, issues 
associated with long term storage compel more attention…monitoring for potential degradation 
mechanisms, records retention, maintenance, efficiencies through burnup credit. Since the IAEA 
contribution to ICNC99 focused exclusively on IAEA burnup credit activities including requirements and 
methods, this paper provides a broader perspective on IAEA activities in response to the above trends in 
spent fuel management, while also describing efforts to disseminate information regarding burnup credit 
applications. 
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Abstract/Keyterms: The OECD Nuclear Energy Agency (NEA) started dealing with criticality-safety 
related subjects back in the seventies. In the mid-nineties, several activities related to criticality-safety were 
grouped together into the Working Party on Nuclear Criticality Safety. This working party has since been 
operating and reporting to the Nuclear Science Committee. Six expert groups co-ordinate various activities 
ranging from experimental evaluations to code and data inter-comparisons for the study of static and 
transient criticality behaviours. The paper describes current activities performed in this framework and the 
achievements of the various expert groups. 
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Abstract/Keyterms: It is my great pleasure that I welcome you to Tokai-mura for participation of the 7-th 
International Conference on Nuclear Criticality Safety, on behalf of Japan Atomic Energy Research 
Institute and Atomic Energy Society of Japan. Tokai-mura area is a nuclear center in Japan and many 
research institutes and organizations are located here. This conference is organized and sponsored by Japan 
Atomic Energy Research Institute together with Atomic Energy Society of Japan, and co-sponsored by 
Japan Nuclear Cycle Development Institute in cooperation with Japan Atomic Industrial Forum, Inc., the 
Federation of Electric Power Companies, Central Research Institute of Electric Power Industry, Nuclear 
Power Engineering Corporation and OECD/Nuclear Energy Agency. Since the first ICNC was held at Los 
Alamos in the United States in the winter of 1980 by some criticality safety pioneers, this series of 
conferences were held every 4 years in US, France, Japan and UK in order. Criticality safety specialists 
from around the world have had opportunities to discuss their criticality safety research works and 
experiences periodically for 24 years. The last conference was held in Versailles, France, 1999. The 
research activities, industrial applications, regulation studies and other topics related to criticality safety 
were discussed in the conference. Today, we have accepted more than 200 participants from 23 countries 
and 2 international organizations, and registered over 150 papers to be presented orally or in posters even 
in the conference site located in far east of the Asian Continent. We experienced the JCO criticality accident 
four year ago just after the 6-th International Conference held in Versailles, France. We are convinced that 
our research works at Japan Atomic Energy Research Institute on criticality safety experiments and 
evaluations have contributed to terminate the reaction of JCO criticality accident. We have made the efforts 
to ensure criticality safety in operation of nuclear fuel cycle facilities since that time. We have made the 
efforts to cultivate safety culture among workers of these facilities. We have continued research works on 
criticality safety to investigate causes of the JCO accident and to develop methods to prevent criticality 
accidents in the nuclear fuel cycle facilities. Atomic Energy Society of Japan is going to publish an 
investigation report of JCO criticality accident next year. These are really challenges we have to confront 
with, and this conference, we believe, is the venue to verify the efforts and discuss with experts and 
specialists in the world. In this conference, presentations are divided in the following 9 topics, 1. Standards 
and Methodology for Criticality Safety, 2. Criticality and Sub-criticality Experiments, 3. Criticality and 
Sub-criticality Benchmark Evaluation, 4. Practice of Criticality Safety Design and Control, 5. Development 
of Computer Codes, 6. Evaluation of Nuclear Data, 7. Burnup Credit, 8. Assessment of Criticality Accident, 
9. Emergency Response and Training. This conference owes to the current international collaboration 
activities on criticality safety sponsored by OECD/Nuclear Energy Agency and International Atomic 
Energy Agency in different and separate disciplines, which will be addressed later in this session. Finally, 
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I wish this conference will be a successful step towards pursuit of global nuclear criticality safety. And, I 
wish you all to enjoy staying in Japan. 
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Abstract/Keyterms: It has been about four years since the first criticality accident in Japan. The JCO 
accident site was not so far from this auditorium (see Figs.1 and 2). I have been asked to give a short review 
of important results from the various technical investigations on the accident that have been performed 
during the past four years. I will also give a short introduction to the changes that have been made in the 
nuclear safety regulation systems of the Japanese Government. 
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Abstract/Keyterms: When analyzing uranium systems, the usual rule of thumb is to ignore the U-234 by 
assuming that it behaves neutronically like U-238. Thus for uranium systems, the uranium is evaluated as 
U-235 with everything else being U-238. The absorption cross section of U-234 is indeed qualitatively very 
similar to that of U-238. However, thermal absorption cross section of U-234 is about 100 times that of U-
238. At low U-235 enrichments, the amount of U-234 is quite small so the impact of assuming it is U-238 
is minimal. However, at high enrichments, the relative ratio of U-234 to U-238 is quite large (maybe as 
much as 1 to 5). Thus, one would expect that some effect of using the rule of thumb might be seen in higher 
enriched systems. Analyses were performed on three uranium systems from the set of Benchmarks [1]. 
Although the benchmarks are adequately characterized as to the U-234 content, often, materials used in 
processing are not as well characterized. This issue may become more important with the advent of laser 
enrichment processes, which have little or no effect on the U-234 content. Analytical results based on the 
relationship of U-234 activity to that of U-235 have shown good predictive capability but with large 
variability in the uncertainties [2]. Rucker and Johnson noted that the actual isotopics vary with enrichment, 
design of the enrichment cascade, composition of the feed material, and on blending of enrichments so there 
is considerable uncertainty in the use of models to determine isotopics. Thus, it is important for criticality 
personnel to understand the effects of variation of U-234 content in fissile systems and the impact of 
different modeling assumptions in handling the U-234. Analyses were done on LEU, IEU and HEU 
benchmarks from the International Handbook. These indicate that the effect of ignoring U-234 in HEU 
metal systems is non-conservative while it seems to be conservative for HEU solution systems. The 
magnitude of change in k-effective was as high as 0.4%, which has implications on selection of 
administrative margins and the determination of the upper subcriticality limit. 
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Abstract/Keyterms: ORNL has completed new resonance region cross-section evaluations with 
covariance data to support nuclear criticality safety applications. This paper summarizes some of the most 
recent cross-section evaluations that have been completed and will be made available to process into nuclear 
data libraries for use with radiation transport codes. Specifically, the paper summarizes the work that has 
been completed for {sup 35}Cl, {sup 37}Cl, {sup 50}Cr, {sup 52}Cr, {sup 53}Cr, {sup 54}Cr, {sup 39}K, 
{sup 41}K, {sup 19}F, 55Mn, {sup 58}Ni, {sup 60}Ni, 235U, 238U, and 239Pu. Many of the new cross-
section evaluations are based on new differential data measurements in the resonance region. Furthermore, 
corresponding covariance data analyses have been performed in conjunction with the resonance evaluation 
effort thereby providing a consistent set of covariance data to complement the resonance region cross-
section evaluations. As a result, the new cross-section evaluations with covariance data can be used to 
support sensitivity/uncertainty analyses for criticality safety applications. 
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Abstract/Keyterms: The field of nuclear criticality safety is confronted with growing technical challenges 
and the need for forward-thinking initiatives to address and resolve issues surrounding economic, safe and 
secure packaging, transport, interim storage, and long-term disposal of spent nuclear fuel. These challenges 
are reflected in multiparameter problems involving optimization of packaging designs for maximizing the 
density of material per package while ensuring subcriticality and safety under variable normal and 
hypothetical transport and storage conditions and for minimizing costs. Historic and recently revealed 
uncertainties in basic data used for performing nuclear subcriticality evaluations and safety analyses 
highlight the need to be vigilant in assessing the validity and range of applicability of calculational 
evaluations that represent extrapolations from”benchmark” data. Examples of these uncertainties are 
provided. Additionally, uncertainties resulting from the safeguarding of various forms of fissionable 
materials in transit and storage are discussed. 
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Abstract/Keyterms:  
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Abstract/Keyterms: This presentation provides an update to the author's standards report provided at the 
ICNC-2007 meeting. It includes a discussion about the difference between, and the value of participating 
in, the development of international 'consensus' standards as opposed to nonconsensus standards. Standards 
are developed for a myriad of reasons. Generally, standards represent an agreed upon, repeatable way of 
doing something as defined by an individual or group of people. They come in various types. Examples 
include personal, family, business, industrial, commercial, and regulatory such as military, community, 
state, federal, and international standards. Typically, national and international 'consensus' standards are 
developed by individuals and organizations of diverse backgrounds representing the subject matter users 
and developers of a service or product and other interested parties or organizations. Within the International 
Organization for Standardization (ISO), Technical Committee 85 (TC85) on nuclear energy, Subcommittee 
5 (SC5) on nuclear fuel technology, there is a Working Group 8 (WG8) on standardization of calculations, 
procedures, and practices related to criticality safety. WG8 has developed, and is developing, ISO standards 
within the category of nuclear criticality safety of fissionable materials outside of reactors (i.e., nonreactor 
fissionable material nuclear fuel cycle facilities). Since the presentation of the ICNC-2007 report, WG8 has 
issued three new finalized international standards and is developing two more new standards. Nearly all 
elements of the published WG8 ISO standards have been incorporated into IAEA nonconsensus guides and 
standards. The progression of consensus standards development among international partners in a collegial 
environment establishes a synergy of different concepts that broadens the perspectives of the members. 
This breadth of perspectives benefits the working group members in their considerations of consensus 
standards developments in their own countries. A testament to the value of the international standards 
efforts is that nearly all elements of the published WG8 ISO standards have been incorporated into IAEA 
nonconsensus guides and standards and are mainly consistent with international ISO member domestic 
standards. 
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Abstract/Keyterms: In May 1973 the University of New Mexico conducted the first nationwide criticality 
safety training and education week-long short course for nuclear criticality safety engineers. Subsequent to 
that course, the Los Alamos Critical Experiments Facility (LACEF) developed very successful 'hands-on' 
subcritical and critical training programs for operators, supervisors, and engineering staff. Since the 
inception of the US Department of Energy (DOE) Nuclear Criticality Technology and Safety Project 
(NCT&SP) in 1983, the DOE has stimulated contractor facilities and laboratories to collaborate in the 
furthering of nuclear criticality as a discipline. That effort included the education and training of nuclear 
criticality safety engineers (NCSEs). In 1985 a textbook was written that established a path toward 
formalizing education and training for NCSEs. Though the NCT&SP went through a brief hiatus from 1990 
to 1992, other DOE-supported programs were evolving to the benefit of NCSE training and education. In 
1993 the DOE established a Nuclear Criticality Safety Program (NCSP) and undertook a comprehensive 
development effort to expand the extant LACEF 'hands-on' course specifically for the education and 
training of NCSEs. That successful education and training was interrupted in 2006 for the closing of the 
LACEF and the accompanying movement of materials and critical experiment machines to the Nevada Test 
Site. Prior to that closing, the Lawrence Livermore National Laboratory (LLNL) was commissioned by the 
US DOE NCSP to establish an independent hands-on NCSE subcritical education and training course. The 
course provided an interim transition for the establishment of a reinvigorated and expanded two-week 
NCSE education and training program in 2011. The 2011 piloted two-week course was coordinated by the 
Oak Ridge National Laboratory (ORNL) and jointly conducted by the Los Alamos National Laboratory 
(LANL) classroom education and facility training, the Sandia National Laboratory (SNL) hands-on 
criticality experiments training, and the US DOE National Criticality Experiment Research Center 
(NCERC) hands-on criticality experiments training that is jointly supported by LLNL and LANL and 
located at the Nevada National Security Site (NNSS) This paper provides the description of the bases, 
content, and conduct of the piloted, and future US DOE NCSP Criticality Safety Engineer Training and 
Education Project 
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Abstract/Keyterms: In this work we report the methodology and the results of an evaluation carried out 
for 48Ti in the resolved resonance region for applications in criticality safety calculations. The evaluation 
was performed using the computer code SAMMY with the reduced R-matrix Reich-Moore formalism. The 
Bayes scheme was utilized for fitting the experimental data. New transmission and capture data were 
essential in the evaluation process. A complete set of resonance parameters was obtained in the energy 
region from thermal to 400 keV. In addition to the resonance parameters, a resonance parameter covariance 
matrix was also obtained. The impact of the new resonance parameter evaluation in benchmark calculations, 
as well as the uncertainty, was verified. 
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Conference Session: Criticality Experiments 

Abstract/Keyterms: Several experiments were performed at the CEA Valduc SILENE reactor facility, 
which are intended to be published as evaluated benchmark experiments in the ICSBEP Handbook. These 
evaluated benchmarks will be useful for the verification and validation of radiation transport codes and 
evaluated nuclear data, particularly those that are used in the analysis of CAASs. During these experiments 
SILENE was operated in pulsed mode in order to be representative of a criticality accident, which is rare 
among shielding benchmarks. Measurements of the neutron flux were made with neutron activation foils 
and measurements of photon doses were made with TLDs. Also unique to these experiments was the 
presence of several detectors used in actual CAASs, which allowed for the observation of their behavior 
during an actual critical pulse. This paper presents the preliminary measurement data currently available 
from these experiments. Also presented are comparisons of preliminary computational results with Scale 
and TRIPOLI-4 to the preliminary measurement data. 
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Abstract/Keyterms: The Expanded Validation Suite provides a significant advance in the quality 
assurance and verification/ validation of MCNP for criticality problems. The careful selection of Handbook 
benchmark problems that span the expected application space provides the required broad coverage of code 
applicability. For validation purposes, it is expected that the suite will be used with different cross section 
libraries, e.g., ENDF/B-VII.1, to broadly assess the impact of library improvements. For practitioners, the 
suite may also serve as a starting point for validating MCNP and its data libraries for their specific 
applications 
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Abstract/Keyterms: The expanded use of burnup credit in the United States (U.S.) for storage and 
transport casks, particularly in the acceptance of credit for fission products, has been constrained by the 
availability of experimental fission product data to support code validation. The U.S. Nuclear Regulatory 
Commission (NRC) staff has noted that the rationale for restricting the Interim Staff Guidance on burnup 
credit for storage and transportation casks (ISG-8) to actinide-only is based largely on the lack of clear, 
definitive experiments that can be used to estimate the bias and uncertainty for computational analyses 
associated with using burnup credit. To address the issues of burnup credit criticality validation, the NRC 
initiated a project with the Oak Ridge National Laboratory to (1) develop and establish a technically sound 
validation approach for commercial spent nuclear fuel (SNF) criticality safety evaluations based on best-
available data and methods and (2) apply the approach for representative SNF storage and transport 
configurations/conditions to demonstrate its usage and applicability, as well as to provide reference bias 
results. The purpose of this paper is to describe the isotopic composition (depletion) validation approach 
and resulting observations and recommendations. Validation of the criticality calculations is addressed in a 
companion paper at this conference. For isotopic composition validation, the approach is to determine 
burnup-dependent bias and uncertainty in the effective neutron multiplication factor (keff) due to bias and 
uncertainty in isotopic predictions, via comparisons of isotopic composition predictions (calculated) and 
measured isotopic compositions from destructive radiochemical assay utilizing as much assay data as is 
available, and a best-estimate Monte Carlo based method. This paper (1) provides a detailed description of 
the burnup credit isotopic validation approach and its technical bases, (2) describes the application of the 
approach for representative pressurized water reactor and boiling water reactor safety analysis models to 
demonstrate its usage and applicability, (3) provides reference bias and uncertainty results based on a 
quality-assurance-controlled prerelease version of the Scale 6.1 code package and the ENDF/B-VII nuclear 
cross section data. 
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Conference Session: Criticality Codes and Nuclear Data 

Abstract/Keyterms: The SCALE code system developed at Oak Ridge National Laboratory provides a 
comprehensive, verified and validated, user-friendly tool set for criticality safety, reactor physics, radiation 
shielding, and sensitivity and uncertainty analysis. For more than 30 years, regulators, licensees, and 
research institutions around the world have used SCALE for safety analysis and design. SCALE provides 
a 'plug-and-play' framework with 89 computational modules, including three deterministic and three Monte 
Carlo radiation transport solvers that are selected based on the desired solution. Scale's graphical user 
interfaces assist with accurate system modeling and convenient access to desired results. SCALE 6.1 builds 
on the existing capabilities and ease-of-use of SCALE and provides several new features such as improved 
options and capabilities for sensitivity and uncertainty analysis calculations, improved flexibility in 
shielding and criticality accident alarm system calculations with automated variance reduction, and new 
options for the definition of group structures for depletion calculations. The SCALE 6.1 development team 
has focused on improved robustness via substantial additional regression testing and verification for new 
and existing features, providing improved performance relative to SCALE 6.0, especially in reactor physics 
calculations and in the nuclear data used for source term characterization and shielding calculations. 
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Abstract/Keyterms: One of the most significant remaining challenges associated with expanded 
implementation of burnup credit in the United States is the validation of depletion and criticality 
calculations used in the safety evaluation - in particular, the availability and use of applicable measured 
data to support validation, especially for fission products. Applicants and regulatory reviewers have been 
constrained by both a scarcity of data and a lack of clear technical basis or approach for use of the data. 
U.S. Nuclear Regulatory Commission (NRC) staff have noted that the rationale for restricting their Interim 
Staff Guidance on burnup credit (ISG-8) to actinide-only is based largely on the lack of clear, definitive 
experiments that can be used to estimate the bias and uncertainty for computational analyses associated 
with using burnup credit. To address the issue of validation, the NRC initiated a project with the Oak Ridge 
National Laboratory to develop and establish a technically sound validation approach (both depletion and 
criticality) for commercial spent nuclear fuel (SNF) criticality safety evaluations based on best-available 
data and methods and apply the approach for representative SNF storage and transport 
configurations/conditions to demonstrate its usage and applicability, as well as to provide reference bias 
results. The purpose of this paper is to describe the criticality (keff) validation approach, and resulting 
observations and recommendations. Validation of the isotopic composition (depletion) calculations is 
addressed in a companion paper at this conference. For criticality validation, the approach is to utilize 
available laboratory critical experiment (LCE) data from the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments and the French Haut Taux de Combustion (HTC) program to 
support validation of the principal actinides and calculated sensitivities, nuclear data uncertainties, and the 
limited available fission product LCE data to predict and verify individual biases for relevant minor 
actinides and fission products. This paper (1) provides a detailed description of the approach and its 
technical bases, (2) describes the application of the approach for representative pressurized water reactor 
and boiling water reactor safety analysis models to demonstrate its usage and applicability, (3) provides 
reference bias results based on the prerelease SCALE 6.1 code package and ENDF/B-VII nuclear cross-
section data, and (4) provides recommendations for application of the results and methods to other code 
and data packages. 
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Abstract/Keyterms: The Neutron Radiography (NRAD) reactor is a 250-kW TRIGA-(Training, Research, 
Isotope Production, General Atomics)-conversion-type reactor at the Idaho National Laboratory; it is 
primarily used for neutron radiography analysis of irradiated and unirradiated fuels and materials. The 
NRAD reactor was converted from HEU to LEU fuel with 60 fuel elements and brought critical on March 
31, 2010. This configuration of the NRAD reactor has been evaluated as an acceptable benchmark 
experiment and is available in the 2011 editions of the International Handbook of Evaluated Criticality 
Safety Benchmark Experiments (ICSBEP Handbook) and the International Handbook of Evaluated Reactor 
Physics Benchmark Experiments (IRPhEP Handbook). Significant effort went into precisely characterizing 
all aspects of the reactor core dimensions and material properties; detailed analyses of reactor parameters 
minimized experimental uncertainties. The largest contributors to the total benchmark uncertainty were the 
234U, 236U, Er, and Hf content in the fuel; the manganese content in the stainless steel cladding; and the 
unknown level of water saturation in the graphite reflector blocks. A simplified benchmark model of the 
NRAD reactor was prepared with a keff of 1.0012 {+-} 0.0029 (1s). Monte Carlo calculations with MCNP5 
and KENO-VI and various neutron cross section libraries were performed and compared with the 
benchmark eigenvalue for the 60-fuel-element core configuration; all calculated eigenvalues are between 
0.3 and 0.8% greater than the benchmark value. Benchmark evaluations of the NRAD reactor are beneficial 
in understanding biases and uncertainties affecting criticality safety analyses of storage, handling, or 
transportation applications with LEU-Er-Zr-H fuel. 
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Abstract/Keyterms: One of the challenges in educating our next generation of nuclear safety engineers is 
the limitation of opportunities to receive significant experience or hands-on training prior to graduation. 
Such training is generally restricted to on-the-job-training before this new engineering workforce can 
adequately provide assessment of nuclear systems and establish safety guidelines. Participation in the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) and the International Reactor 
Physics Experiment Evaluation Project (IRPhEP) can provide students and young professionals the 
opportunity to gain experience and enhance critical engineering skills. The ICSBEP and IRPhEP publish 
annual handbooks that contain evaluations of experiments along with summarized experimental data and 
peer-reviewed benchmark specifications to support the validation of neutronics codes, nuclear cross-section 
data, and the validation of reactor designs. Participation in the benchmark process not only benefits those 
who use these Handbooks within the international community, but provides the individual with 
opportunities for professional development, networking with an international community of experts, and 
valuable experience to be used in future employment. Traditionally students have participated in 
benchmarking activities via internships at national laboratories, universities, or companies involved with 
the ICSBEP and IRPhEP programs. Additional programs have been developed to facilitate the nuclear 
education of students while participating in the benchmark projects. These programs include coordination 
with the Center for Space Nuclear Research (CSNR) Next Degree Program, the Collaboration with the 
Department of Energy Idaho Operations Office to train nuclear and criticality safety engineers, and student 
evaluations as the basis for their Master's thesis in nuclear engineering. 
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Abstract/Keyterms: Since the International Conference on Nuclear Criticality Safety (ICNC) 2007, the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) and the International Reactor 
Physics Experiment Evaluation Project (IRPhEP) have continued to expand their efforts and broaden their 
scope. Eighteen countries participated on the ICSBEP in 2007. Now, there are 20, with recent contributions 
from Sweden and Argentina. The IRPhEP has also expanded from eight contributing countries in 2007 to 
16 in 2011. Since ICNC 2007, the contents of the 'International Handbook of Evaluated Criticality Safety 
Benchmark Experiments1' have increased from 442 evaluations (38000 pages), containing benchmark 
specifications for 3955 critical or subcritical configurations to 516 evaluations (nearly 55000 pages), 
containing benchmark specifications for 4405 critical or subcritical configurations in the 2010 Edition of 
the ICSBEP Handbook. The contents of the Handbook have also increased from 21 to 24 criticality-alarm-
placement/shielding configurations with multiple dose points for each, and from 20 to 200 configurations 
categorized as fundamental physics measurements relevant to criticality safety applications. Approximately 
25 new evaluations and 150 additional configurations are expected to be added to the 2011 edition of the 
Handbook. Since ICNC 2007, the contents of the 'International Handbook of Evaluated Reactor Physics 
Benchmark Experiments2' have increased from 16 different experimental series that were performed at 12 
different reactor facilities to 53 experimental series that were performed at 30 different reactor facilities in 
the 2011 edition of the Handbook. Considerable effort has also been made to improve the functionality of 
the searchable database, DICE (Database for the International Criticality Benchmark Evaluation Project) 
and verify the accuracy of the data contained therein. DICE will be discussed in separate papers at ICNC 
2011. The status of the ICSBEP and the IRPhEP will be discussed in the full paper, selected benchmarks 
that have been added to the ICSBEP Handbook will be highlighted, and a preview of the new benchmarks 
that will appear in the September 2011 edition of the Handbook will be provided. Accomplishments of the 
IRPhEP will also be highlighted and the future of both projects will be discussed. REFERENCES (1) 
International Handbook of Evaluated Criticality Safety Benchmark Experiments, NEA/NSC/DOC(95)03/I-
IX, Organisation for Economic Co-operation and Development-Nuclear Energy Agency (OECD-NEA), 
September 2010 Edition, ISBN 978-92-64-99140-8. (2) International Handbook of Evaluated Reactor 
Physics Benchmark Experiments, NEA/NSC/DOC(2006)1, Organisation for Economic Co-operation and 
Development-Nuclear Energy Agency (OECD-NEA), March 2011 Edition, ISBN 978-92-64-99141-5. 
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Abstract/Keyterms: As nitric acid molarity is increased, there are two competing phenomena affecting the 
reactivity of the system. First, there is interaction between each of the 10 wells in the basket-like insert. As 
the molarity of the nitric acid solution is increased (it moves from 100% water to 100% HNO3), the 
hydrogen atom density decreases by about 80%. However, it remains a relatively efficient moderator. The 
moderating ratio of nitric acid is about 90% that of water. As the media between the wells is changed from 
100% water to 100% nitric acid, the density of the media increases by 50%. A higher density typically leads 
to a better reflector. However, when the macroscopic scattering cross sections are considered, nitric acid is 
a much worse reflector than water. The effectiveness of nitric acid as a reflector is about 40% that of water. 
Since the media between the wells become a worse reflector and still remains an effective moderator, 
interaction between the wells increases. This phenomenon will cause reactivity to increase as nitric acid 
molarity increases. The seond phenomenon is due to the moderating ratio changing in the high 
concentration fissile-nitric acid solution in the 10 wells. Since the wells contain relatively small volumes 
of high concentration solutions, a small decrease in moderating power has a large effect on reactivity. This 
due to the fact that neutrons are more likely to escape the high concentration fissile solution before causing 
another fission event. The result of this phenomenon is that as nitric acid molarity increases, reactivity 
decreases. Recent studies have shown that the second phenomenon is indeed the dominating force in 
determining reactivity changes in relation to nitric acid molarity changes. When considering the system as 
a whole, as nitric acid molarity increases, reactivity decreases. 
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Abstract/Keyterms: Star Trek has been a popular cultural icon worldwide since the mid 1960s. It spans 
roughly through the cold-war era just after World War II until now. The original cast and crew have mostly 
retired or passed away and the mission of space exploration has been handed off to a new starship and a 
new crew, the next generation. There was a transition movie in the series, Star Trek Generations, in which 
Captain Kirk and Captain Picard meet and the torch is passed. I am going to use this familiar movie 
franchise as a framework for my remarks on the U.S. Department of Energy (DOE) Criticality Safety 
Enterprise because I see us at such a crossroads. Many new frontiers have been explored by the old crew 
but new challenges await a younger captain and crew. Many old challenges have been solved but new ones 
are appearing. My remarks are formed from within the vantage-point of the U.S. DOE and the National 
Nuclear Security Administration (NNSA). I would venture to say that the situation is similar in the realm 
of the U.S. Nuclear Regulatory Commission and its Licensees, but I do not pretend to speak authoritatively 
for that community. I’m going to review what has been accomplished by the U.S. DOE Nuclear Criticality 
Safety Program (NCSP) and cover broadly what is the state of criticality safety in the U.S. DOE and NNSA. 
Then I will look at the transition taking place now and identify what I believe to be new challenges for the 
next crew. Finally, I will suggest some recommendations that I hope the next generation crew, which will 
be a multi-national crew, will find helpful as they navigate uncharted regions going forward. Achievements 
and Status of the DOE 
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Abstract/Keyterms: Critical experiment programs at the Critical Mass Laboratory (CML) of the Pacific 
Northwest Laboratory (PNL) are discussed and projected requirements for critical experiment data in 
different areas of the fuel recycle; processing, fabrication, storage and shipment are reviewed. Recent 
experiments at the CML include: Criticality Measurements on (1) homogeneous aqueous solutions of Pu 
and U (up to 60 wt% Pu), (2) plutonium nitrate solutions with Cd as a soluble absorber, (3) heterogeneous 
lattice assemblies of low enriched uranium with high reactivity hold down achieved by means of a soluble 
absorber (boron) in the water moderator, (4) lattice assemblies with LWR type fuel in water containing 
gadolinium nitrate as soluble absorber, (5) interacting arrays of bottles of Pu solutions and (6) interacting 
arrays of bundles of low enriched uranium lattice assemblies in water with lead, steel and depleted uranium 
reflectors. Neutronic measurements are described wherein neutron flux spatial and spectral mapping have 
been done with solid state track recorders (SSTR) to provide data on fission rates and neutron spectrum. 
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Abstract/Keyterms: A Nuclear Criticality Information System (NCIS) is being established at the 
Lawrence Livermore National Laboratory (LLNL) in order to serve personnel responsible for safe storage, 
transport, and handling of fissile materials and those concerned with the evaluation and analysis of nuclear, 
critical experiments. Public concern for nuclear safety provides the incentive for improved access to nuclear 
safety information 
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Abstract/Keyterms: In support of its nuclear fuel cycle activities, British Nuclear Fuels Limited (BNFL) 
has commissioned the construction of a series of critical and sub-critical experimental cores consisting of 
heterogeneous lattices of fuel pins arranged in water poisoned with gadolinium nitrate solution. The 
principal objectives of the program were to assist in validating a particular calculation route being 
developed for BNFL design and safety assessments, and to derive data for the use of gadolinium as a 
neutron poison in nuclear chemical plant operations. The experiments used aluminium clad oxide fuel pins 
covering three enrichments; 4.31 w/o U235, 2.35 w/o U235 and a PUO2 natural UO2 mixture. The fuel 
pins were arranged on a triangular pitched lattice, flooded and fully reflected axially and radially with water 
to which gadolinium nitrate may be added. 
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Abstract/Keyterms: A joint exchange program on the subject of criticality data development was 
completed in August 1988. The program was a cooperative effort between the US Department of Energy 
and the Power Reactor and Nuclear Fuel Development Corporation of Japan. The primary purpose of the 
program was to perform critical experiments to allow validation of computational methods used for safety 
analyses for facilities that recycle nuclear fuel. The experiments were performed with mixed Pu + U 
solutions in various geometries (cylinder, annular and slab) and various reflection conditions (bare, water 
and concrete). Also, critical lattices were assembled with Pu + U mixed-oxide fuel pins immersed in water, 
organic, Pu + U, and Pu + U + Gd solutions. The experiments spanned the range of neutron spectra from 
the very under-moderated condition (H/Pu ratio = 22) to the very over-moderated condition (H/Pu ratio = 
2220). Using the criticality data provided by this program, computational studies were performed to validate 
the SCALE computer code system. The good agreement between the calculational and experimental results 
allows the calculational method to be applied to similar plant conditions. 
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Abstract/Keyterms: Recent hardware and operating system changes at Westinghouse Savannah River Site 
(WSRC) have necessitated review of the validation for JOSHUA criticality safety computer codes. As part 
of the planning for this effort, a policy for validation of JOSHUA and other criticality safety codes has been 
developed. This policy will be illustrated with the steps being taken at WSRC. The objective in validating 
a specific computational method is to reliably correlate its calculated neutron multiplication factor k(eff) 
with known values over a well-defined set of neutronic conditions. Said another way, such correlations 
should be: (1) repeatable; (2) demonstrated with defined confidence; and (3) identify the range of neutronic 
conditions (area of applicability) for which the correlations are valid. The general approach to validation of 
computational methods at WSRC must encompass a large number of diverse types of fissile material 
processes in different operations. Special problems are presented in validating computational methods when 
very few experiments are available (such as for enriched uranium systems with principal second isotope, 
236U. To cover all process conditions at WSRC, a broad validation approach has been used. Broad 
validation is based upon calculation of many experiments to span all possible ranges of reflection, nuclide 
concentrations, moderation ratios, etc. Narrow validation, in comparison, relies on calculations of a few 
experiments very near anticipated worst-case process conditions. The methods and problems of broad 
validation are discussed. 
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Abstract/Keyterms: In criticality calculations, MCNP has three types of individual k(eff) estimators: 
collision, absorption, and track length. At each cycle, or computational fission generation, MCNP produces 
a k(eff) estimate of each type. The final keg estimator of each type is the average of several cycle k(eff) 
estimates. MCNP’s best estimator is a combination: in least squares fashion, of all three estimators, that 
takes into account variances and covariances between the individual estimators. This work examines the 
theory and behavior of the three-combined estimator and compares it with other estimators. It is emphasized 
that the final result from an MCNP criticality calculation is not a point estimate of k(eff) but rather a 
confidence interval. 
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Abstract/Keyterms: Careful assessment of the results of a calculation by the code itself can detect mistakes 
in the problem setup and execution. MCNP has over four hundred error messages that inform the user of 
FATAL or WARNING errors that have been discovered during processing of just the input file. MCNP4A 
performs a self assessment of the calculated results to aid the user in determining the quality of the Monte 
Carlo results. MCNP4A contains new built-in sensitivity analyses of the Monte Carlo calculation that 
provide the user with simple WARNING messages for both criticality and fixed source calculations. The 
goal of the new analyses described in this paper is to provide the MCNP criticality practitioner with enough 
information in the output to assess the validity of the k(eff) calculation and any associated tallies. The 
results of these checks are presented in the k(eff) results summary, several k(eff) tables and graphs, and 
tally tables and graphs. Plots of k(eff) at the workstation are also available as the problem is running or in 
a postprocessing mode to assess problem performance and results. Plots of the fission source by cycle 
supply valuable visual information, although they are not yet available in the production version of MCNP. 
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Abstract/Keyterms: New computer graphic developments at Oak Ridge National Ridge National 
Laboratory (ORNL) are being used to provide visualization of criticality safety models and calculational 
results as well as tools for criticality safety analysis input preparation. The purpose of this paper is to present 
the status of current development efforts to continue to enhance the SCALE (Standardized Computer 
Analyses for Licensing Evaluations) computer software system. Applications for criticality safety analysis 
in the areas of 3-D model visualization, input preparation and execution via a graphical user interface (GUI), 
and two-dimensional (2-D) plotting of results are discussed. 
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Abstract/Keyterms: Criticality safety assessment for WWER-440 NUHOMS{sup R} cask with spent 
nuclear fuel from Armenian NPP has been performed. The cask was designed in a such way that the neutron 
multiplication factor k(eff) must be below 0,95 for all operational modes and accident conditions. Usually 
for criticality analysis, fresh fuel approach with the highest enrichment is taken as conservative assumption 
as it was done for ANPP. Nuclear and Radiation Safety Centre of Armenian Nuclear Regulatory Authority 
(NRSC ANRA) in order to improve future fuel storage efficiency, initiated research with taking into 
account burn up credit in the criticality safety assessment. Axial burn up profile (end effect) has essential 
impact on criticality safety justification analysis. However, this phenomenon was not taken into account in 
the Safety Analysis Report of NUHOMS{sup R} spent fuel storage constructed on the site of ANPP. 
Although ANRA does not yet accept burn up credit approach for ANPP spent fuel storage, assessment of 
impact of axial burn up profile on criticality of spent fuel assemblies has important value for future activities 
of ANRA. This paper presents results of criticality safety analysis of spent fuel assemblies with axial burn 
up profile. Horizontal burn up profile is not taken account since influence of the horizontal variation of the 
burn up is much less than the axial variation. The Actinides and Actinides + Fission Products approach are 
discussed. The calculations were carried out with STARBUCS module of SCALE 5.0 code package 
developed at Oak Ridge National laboratory. SCALE5.0 sequence CSAS26 (KENO-VI) was used for 
evaluation the k(eff) for 3-D problems. Obtained results showed that criticality of ANPP spent fuel cask is 
very sensitive to the end effect. Using Burn up profiles of Control Assemblies in both approaches leads to 
much more increasing than in case of Working Assemblies. Usually increasing burn up leads to decreasing 
{delta}k(eff), hence decreasing end effect. However, for WWER-440 Control Assemblies that worked only 
within 6 (operative) group increasing burn up leads to increasing of the end effect. 
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Abstract/Keyterms: Criticality safety evaluations implement requirements to proof of sufficient sub 
critical margins outside of the reactor environment for example in fuel fabrication plants. Basic criticality 
data (i.e., criticality standards) are used in the determination of sub critical margins for all processes 
involving plutonium or enriched uranium. There are several criticality international standards, e.g., ARH-
600, which is one the US nuclear industry relies on. The French Nuclear Safety Authority (DGSNR and its 
advising body IRSN) has requested AREVA NP to review the criticality standards used for the evaluation 
of its Low Enriched Uranium fuel fabrication plants with CRISTAL V0, the recently updated French 
criticality evaluation package. Criticality safety is a concern for every phase of the fabrication process 
including UF6 cylinder storage, UF6-UO2 conversion, powder storage, pelletizing, rod loading, assembly 
fabrication, and assembly transportation. Until 2003, the accepted criticality standards were based on the 
French CEA work performed in the late seventies with the APOLLO1 cell/assembly computer code. 
APOLLO1 is a spectral code, used for evaluating the basic characteristics of fuel assemblies for reactor 
physics applications, which has been enhanced to perform criticality safety calculations. Throughout the 
years, CRISTAL, starting with APOLLO1 and MORET 3 (a 3D Monte Carlo code), has been improved to 
account for the growth of its qualification database and for increasing user requirements. Today, CRISTAL 
V0 is an up-to-date computational tool incorporating a modern basic microscopic cross section set based 
on JEF2.2 and the comprehensive APOLLO2 and MORET 4 codes. APOLLO2 is well suited for criticality 
standards calculations as it includes a sophisticated self-shielding approach, a P{sub ij} flux determination, 
and a 1D transport (S{sub n}) process. CRISTAL V0 is the result of more than five years of development 
work focusing on theoretical approaches and the implementation of user-friendly graphical interfaces. Due 
to its comprehensive physical simulation and thanks to its broad qualification database with more than a 
thousand benchmark/calculation comparisons, CRISTAL V0 provides outstanding and reliable accuracy 
for criticality evaluations for configurations covering the entire fuel cycle (i.e. from enrichment, 
pellet/assembly fabrication, transportation, to fuel reprocessing). After a brief description of the calculation 
scheme and the physics algorithms used in this code package, results for the various fissile media 
encountered in a UO2 fuel fabrication plant will be detailed and discussed. 
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Abstract/Keyterms: Inherent boron dilution can occur in case of a Small Break LOCA when low borated 
water is mainly accumulated in the U-legs due to reflux boiling in the Steam Generator tubes after the loss 
of natural circulation. The restart of the natural circulation may lead to criticality because of the injection 
of these low borated slugs towards the core. To evaluate this potential risk, the boron concentration at the 
core inlet has to be known which makes necessary to estimate the mixing phenomena in the cold leg, in the 
downcomer and in the lower plenum: CFD calculations are required. First of all the validation of CFX5 
CFD code on the relevant phenomena of inherent boron dilution has been established (UPTF TRAM C3 
test). Then, an application to the 900 MW French Pressurized Water Reactor series has been performed. 
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Date: 7/1/2006 

Report: ICONE 14 

Conference/Journal: International conference on nuclear engineering (ICONE 14), Miami, FL (United 
States), 17-20 Jul 2006 

Conference Session:  

Abstract/Keyterms: The nuclear spent fuel transport and storage cask is used for transport of the spent 
fuel from a nuclear power station to an intermediate storage facility. Leak tightness and subcriticality on 
transportation required from IAEA TS-R1 have to be assured by a 9 m drop test and its numerical 
simulation. This paper describes the drop test using a full-scale prototype test cask The test was conducted 
by German Federal Institute for Materials Research and Testing (BAM) at their test facility in Horstwalde, 
Germany and comparison of the test result with the 'MH1 (Mitsubishi Heavy Industries, Ltd.)' numerical 
simulation using LS-DYNA code. The drop orientations of the tests were slap down and vertical. From the 
drop test the following is demonstrated: The leak rate of He gas after the drop tests satisfied the IAEA's 
criteria. The numerical simulation which modeled the cask body enabled dynamic response such as 
acceleration and strain of the cask body. This means the simulation method qualified the relation of dynamic 
response of the cask body and leakage behavior. 
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Date: 7/1/2006 

Report: ICONE 14 

Conference/Journal: international conference on nuclear engineering (ICONE 14), Miami, FL (United 
States), 17-20 Jul 2006 

Conference Session:  

Abstract/Keyterms: Thorium as supplied fuel has good candidate for fuel material if it is converted into 
fissile material 233U which shows superior characteristics in the thermal region. The Shippingport reactor 
used 233U-Th fuel system, and the molten salt breeder reactor (MSBR) project showed that breeding is 
possible in a thermal spectrum. In the present study, feasibility of water cooled thorium breeder reactor is 
investigated. The key properties such as flux, {eta} value, criticality and breeding performances are 
evaluated for different moderator to fuel ratios (MFR) and burn-ups. The results show the feasibility of 
breeding for different MFR and burn-ups. The required 233U enrichment is about 2% - 9% as charge fuel. 
The lower MFR and the higher enrichment of 233U are preferable to improve the average burn-up; however 
the design feasible window is shrunk. This core shows the design feasible window especially in relation to 
MFR with negative void reactivity coefficient. 
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Date: 7/1/2006 

Report: ICONE 14 

Conference/Journal: International conference on nuclear engineering (ICONE 14), Miami, FL (United 
States), 17-20 Jul 2006 

Conference Session:  

Abstract/Keyterms: HANARO, an open-tank-in-pool type research reactor of 30 MWth power in Korea, 
has been operating normally since its initial criticality in February, 1995. For the last ten years, HANARO 
has carried out ten years periodic in-service inspections (ISI as below) in accordance with Article IWD in 
ASME SEC. XI to verify the mechanical and structural integrities of the pressure retaining components of 
the safety related systems and the integral attachments of the supports and restraints of the components 
which are NPS 4 and above, to be within a specified boundary. This paper describes the results of the ISI 
including a system pressure test and a VT-3 visual inspection. From the results, it was confirmed through 
the ISI that the pressure retaining components and parts were stable to within the specified boundaries for 
their mechanical and structural integrities. 
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Title: Conceptual Analysis of Criticality Aspects of Fission Electric Cell Reactors 

Date: 4/18/2002 

Report: ICONE-10 

Conference/Journal: International conference on nuclear engineering, Arlington - Virginia (United 
States), 14-18 Apr 2002 

Conference Session:  

Abstract/Keyterms: The U.S. Department of Energy's Nuclear Energy Research Initiative Direct Energy 
Conversion project has a goal of developing direct energy conversion (DEC) processes suitable for 
commercial development. DEC is any fission process that returns usable energy with no intermediate 
thermal process. This project includes the study of the fission electric cell (FEC). In the FEC, fission 
fragments exit the fuel element cathode and are collected by the cell anode. Previous work has shown the 
potential of FECs with theoretical efficiencies up to 60%. Inspection of this work indicates the need for 
additional system criticality studies prior to any conclusions regarding the final FEC reactor configuration. 
This paper outlines the development of models to facilitate reactor criticality design decisions. The models 
address criticality, design life, and reactor configuration. In addition, this paper proposes future work to 
complete the criticality model. The direct energy conversion concept converts nuclear energy to electrical 
energy without the use of a Carnot cycle based system. Kinetic energy of the highly charged fission 
fragments is converted directly into electrical potential using strong magnetic fields to separate the positive 
fission fragments from the electrons that are also produced during the fission process. A parametric analysis 
performed using Monte Carlo N-Particle (MCNP) simulations to calculate criticality for exact geometric 
models. The effect on criticality of changing enrichment, number of cells, size of cells, fuel thickness, and 
reactor size is determined. Heavy water, helium, and beryllium are each considered for a reflector design. 
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Title: Progress in Development of a Converging Beam Neutron Source for Driving a Sub-Critical Fission 
Reactor 

Date: 4/18/2002 

Report: ICONE-10 

Conference/Journal: International conference on nuclear engineering, Arlington - Virginia (United 
States), 14-18 Apr 2002 

Conference Session:  

Abstract/Keyterms: Several laboratories are studying the possibility of a fission reactor system based on 
driving a sub-critical assembly using an accelerator-spallation target neutron source. The objective is to 
effectively eliminate possible criticality and meltdown accidents, increasing plant safety. However, one 
disadvantage is the large cost projected for the accelerator-driven source. In an ICONE-8 paper we proposed 
to overcome this problem by use of a Converging Beam Neutron Source (CBNS) to produce 14-MeV D-T 
fusion neutrons to drive the sub-critical core. The CBNS is analogous to an accelerator-plasma target device 
with built-in re-circulation of the ions. It offers the unique advantage of being small enough to allow 
insertion of multiple 'modular' units in fuel channel locations (cf. the large single target used in accelerator-
drive designs). As proposed in an ICONE-9 paper, a first important step in development of such systems 
might be use in low power research reactors. This reduces the neutron source strength requirement to a 
level only slightly above that obtained with present IEC experiments. Still, a key step for CBNS 
development is to increase the neutron production efficiency obtained in previous small-scale experiments. 
To do this we have recently developed a unique RF-driven ion source so that the ion production region can 
be separated from the main CBNS chamber. This has the combined advantages of allowing ion production 
at relatively high pressure, while the CBNS chamber can be pumped to ultra-low pressure. Initial 
experiments with this arrangement are presented here and it is shown that a very favorable scaling to the 
yields required for research reactor operation are predicted. 
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Abstract/Keyterms: The Standard is applicable to operations with 235U, 233U, 239Pu, and other 
fissionable materials outside of nuclear reactors, except the assembly of these materials under controlled 
conditions, such as in critical experiments. Generalized basic criteria are presented and limits are specified 
for some simple single fissionable units, but not for multiunit arrays. The Standard does not include the 
details of administrative controls, the design of processes or equipment, the description of instrumentation 
for process control, or detailed criteria to be met in transporting fissionable materials. 
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Title: American National Standard for Safety in Conducting Subcritical Neutron-Multiplication 
Measurements in Situ 

Date: 1/1/1975 

Report: ICONS-00051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Standard provides safety guidance for conducting subcritical neutron-
multiplication measurements where physical protection of personnel against the consequences of a 
criticality accident is not provided. The objectives of in situ measurements are either to confirm an adequate 
safety margin or to improve an estimate of such a margin. The first objective may constitute a test of the 
criticality safety of a design that is based on calculations. The second may effect improved operating 
conditions by reducing the uncertainty of safety margins and providing guidance to new designs. 
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Abstract/Keyterms: The Guide is applicable to the storage of fissile materials. Mass and spacing limits 
are tabulated for uranium containing greater than 30 wt percent 235U, for 233U and for plutonium as metals 
and oxides. Criteria for the range of application of these limits are provided. 
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Shielding Protects Personnel 

Date: 1/1/1976 

Report: ICONS-02130 

Conference/Journal: ANS Standard 

Conference Session:  

Abstract/Keyterms: The Standard is applicable to operations outside of nuclear reactors with 235U, 233U, 
239Pu, and other fissile and fissionable materials in which shielding and containment are provided for 
protection of personnel, except the assembly of these materials under controlled conditions, such as in 
critical experiments. Criteria are provided that may be used for criticality control under shielded conditions. 
The Standard does not include the details of administrative procedures for control, which are considered to 
be management prerogatives, nor details regarding the design of processes and equipment or descriptions 
of instrumentation for process control. 
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Title: American National Standard Safety Guide for the Performance of Critical Experiments 
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Conference Session:  

Abstract/Keyterms: The guide is intended for universal applicability and is formulated in general terms 
in order to avoid imposing undue limitations on specific local experiment practices. The areas covered 
include administration practices, design criteria, and operational practices. 
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Title: Validation of Calculational Methods for Nuclear Criticality Safety 
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Report: ICONS-02155 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The American National Standard for Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors, N16.1-1975, states in 4.2.5: “In the absence of directly applicable 
experimental measurements, the limits may be derived from calculations made by a method shown to be 
valid by comparison with experimental data, provided sufficient allowances are made for uncertainties in 
the data and in the calculations.” There are many methods of calculation which vary widely in basis and 
form. Each has its place in the broad spectrum of problems encountered in the nuclear criticality safety 
field. However, the general procedure to be followed in establishing validity is common to all. The Standard 
states the requirements for establishing the validity and area(s) of applicability of any calculational method 
used in assessing nuclear criticality safety. 
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Abstract/Keyterms: A building has been constructed at the Idaho Chemical Processing Plant (ICPP) to 
provide storage for the unirradiated fuels used in ICPP's process development work. The facility storage 
for these fuels; (b) provides storage that meets current fuel storage criteria; and (c) significantly reduces 
existing control and accountability problems. The storage facility is constructed of reinforced concrete to 
withstand maximum credible earthquake and tornado forces. One-foot-thick concrete walls subdivide the 
facility into a number of isolated storage areas. The fuels to be stored in these areas include graphite fuel 
elements, clad-fuel elements, pilot plant product, and samples containing uranium. An area of the facility 
is dedicated to the Isotopic Source Assay System (ISAS) used with the Idaho National Engineering 
Laboratory (INEL) safeguards survey program. Storage racks installed in each fuel storage area will 
maintain critically safe fuel storage arrays. The facility is provided with fire, security, and criticality 
detection systems. Leaking of liquids is not considered serious because (b) the facility will be routinely 
checked to detect unusual conditions; (c) the floor is sloped to contain any liquid that does leak; (d) … 
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Abstract/Keyterms: The co-processing of aluminum and zirconium clad fuel elements, for the recovery 
of 235U, utilizes highly corrosive solutions containing both nitrates and fluorides. These solutions may 
contact Type 304 stainless steel alloyed with boron or gadolinium for criticality safety. Corrosion tests, 
utilizing synthetic process solutions typical of plant operation, were conducted on four stainless steel alloys 
to determine any differences in corrosion due to the neutron absorbers alloyed 0.3 or 1.5 percent B, or 0.3 
percent Gd into the steel. The use of zirconium as a chemically sacrificial metal and complexing with 
aluminum nitrate were also evaluated for corrosion mitigating ability. Corrosion rates were found to vary 
directly with the amount of neutron absorbing alloy present but could be reduced by utilizing /sup 10/B for 
alloying instead of natural boron. Zirconium metal or aluminum nitrate for complexing HF solutions were 
not as effective for corrosion control as reducing the neutral poison content in the alloy. Corrosion varied 
directly with the amount of uncomplexed hydrofluoric acid present, and was greater in the liquid phase than 
in the vapor phase. Corrosion increased with temperature and solution concentration. 
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Abstract/Keyterms: Cover memo w English translation of a Mexican report. Multiple fatalities in a family 
resulted from inadvertent presence of a 5 curie Co60 source which remained in the residence for almost 
four months. 
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Abstract/Keyterms: This report initially gives the physical quantities that should be considered when 
tissue substitutes are selected for dosimetric studies and other measurements using photons (10 KeV to 100 
MeV), electrons (10 keV to 100 MeV), neutrons (25 meV to 100 MeV) and heavy charged particles (1 to 
500 MeV) (Sections 2 and 3). The important human body tissues requiring simulation are discussed and 
their elemental compositions, mass densities, and electron densities are tabulated (Section 4). Comparative 
interaction and depth-dose data for selected tissue substitutes are presented (Section 5). Conclusions are 
given in the final section. The Appendices include detailed tabulations of the elemental compositions and 
physical characteristics of the tissue substitutes considered; the interaction data for all the body tissues and 
tissue substitutes quoted in the report, and an outline of the formulation and fabrication techniques used in 
the production of tissue substitute materials 
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Abstract/Keyterms: An experimental program is described to accumulate the basic criticality data on 
uranium-plutonium aqueous solution systems, including pin and water systems. This experimental program, 
managed by the Consolidated Fuel Reprocessing Program, utilized existing critical experiment facilities. 
However, Japan at least for the near future, does not have a facility for conducting critical experiments 
where fissible solution can be treated and processed. Therefore, Japan has remoted the existing US 
experimental program as well as enlarged the program so that a close cooperative relationship may exist in 
this area. This paper is an update of a description of the program presented in September 1985. 
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Abstract/Keyterms: The United States Department of Energy (DOE) Office of Nuclear Safety (ONS) is 
responsible for formulating Departmental nuclear safety policy and for over viewing the implementation of 
the policy by the DOE Program Offices. Since nuclear criticality safety is an issue of paramount importance 
to the DOE, the ONS continues to pursue a coherent criticality safety program by coordinating current 
activities and future initiatives which will build upon past accomplishments. This paper provides a brief 
historical background of the evolution and structure of the US Department of Energy Office of Nuclear 
Safety since 1981, a review of recent outlay programs and a preview of the planned DOE ONS activities. 
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groups responsible for safety are named and their functions outlined. 
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Abstract/Keyterms: Critical assemblies of precisely known materials and reproducible and easily 
calculated geometries have been constructed at the Los Alamos National Laboratory since the 1940s. 
Initially, these assemblies were built to provide information necessary for the nuclear weapons development 
effort. Subsequently, intensive studies of the assemblies themselves were undertaken to provide a better 
understanding of the physics of the fission process and other nuclear reactions in the nuclear materials from 
which these machines were constructed and in other materials irradiated in these assemblies. Some of these 
assemblies (notably Jezebel, Flattop, Big Ten, and Godiva) have been used as benchmark assemblies to 
compare the results of experimental measurements and computations of certain nuclear reaction parameters. 
These comparisons are used to validate both the input nuclear data and the computational methods. In 
addition to these normally fueled benchmark assemblies, other assembly machines are fueled periodically 
to provide specific and detailed results for parameter sensitivity studies for a large number of applications. 
Some of these machines and their applications are described. 
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reaction has substantially increased. Since the criticality aspects for some of these nuclides differ in 
important respects from those of the most common fissile nuclides, /sup 235//sub 92/U, and /sup 239//sub 
94/Pu, a new term,”fissible” was recently proposed in nuclear engineering to help distinguish differences. 
Activation energies for fission have been calculated for 41 of the actinide isotopes which are grouped 
according to four types of nuclides, those with even-Z, even-N, odd-Z, odd-N, odd-Z, even-N, and even-Z, 
odd-N. With the possible exception of /sup 237//sub 92/U, all fissible isotopes listed have even N. The 
activation energy for fission is less in the case of the even-Z, even-N isotopes, but almost without exception 
it is the odd-N isotopes that undergo fission with thermal neutrons and which constitute the principal 
criticality problem. This paper reviews the criticality and fissionability aspects of the fissile and fissible 
actinide isotopes. The criticality of aqueous mixtures of fissile and fissible isotopes also is briefly discussed, 
including limits for criticality control. 
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Abstract/Keyterms: A number of “anomalies” in nuclear criticality have been disclosed in recent years, 
and as new data have become available additional anomalies have come to light. Application of existing 
data, without familiarity with the anomalies could lead to diminished criticality control, or more costly less 
efficient control. As neutron absorbers are frequently used for criticality control, this paper briefly presents 
and discusses six apparent anomalies pertaining to the effect of neutron absorbers on the criticality of 
fissionable material. 
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Abstract/Keyterms: Representatives from eleven member countries of the Organization for Economic Co-
operation and Development (OECD) participated in an exercise to validate computer calculations designed 
to evaluate the criticality safety for several fissile material transport and handling situations. A procedure 
evolved from this work which has been shown to demonstrate whether a given computation method 
produces “valid” results. This procedure is expected to provide a basis for acceptance of computational 
results on an international basis by regulatory authorities through the comparison of methods used by the 
various countries. Even though not an initial topic for the Working Group, the study demonstrates the need 
for additional critical experiments. This paper examines each study and identifies experiments that could 
(1) provide useful extensions to the validation and (in the case of the current study) (2) identify a need 
which is essential for a rigorous validation of systems in which fissile material in solid form is surrounded 
by fissile material in solution. 



 

C-8332 

8317…..…..…………………..…….……..……ID Number…………………..…..…………….8317 

Author: Stevenson, J. M. / B. M. Franklin / G. Ingram 

Title: Validation of Calculation Methods for Fuel Reactor Storage and Transport Configurations Using the 
DIMPLE Reactor 

Date: 10/23/1987 

Report: ICSC’87, 203-209 

Conference/Journal: International Seminar on Nuclear Criticality Safety, Tokyo, Oct. 19-23, 1987 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001 



 

C-8333 

8318…..…..…………………..…….……..……ID Number…………………..…..…………….8318 

Author: Cuccoli, E. / Panini, G. C. / Lioi, A. / Landeyro, P. A. / Siciliano, F. 

Title: Generation and Validation of a 219-Group Neutron Cross-Section Library Based on the Joint 
Evaluated File JEF-1 

Date: 10/23/1987 

Report: ICSC’87, 210-218 

Conference/Journal: International Seminar on Nuclear Criticality Safety, Tokyo, Oct. 19-23, 1987 

Conference Session:  

Abstract/Keyterms: 219-Group Neutron cross-section / International OECD-Criticality Working Group. 



 

C-8334 

8319…..…..…………………..…….……..……ID Number…………………..…..…………….8319 

Author: Kishimoto, Y. 

Title: Verification of Criticality Module in SCALE System for the Fast Breeder Fuel Cycle 

Date: 10/23/1987 

Report: ICSC’87, 219-225 

Conference/Journal: International Seminar on Nuclear Criticality Safety, Tokyo, Oct. 19-23, 1987 

Conference Session:  

Abstract/Keyterms:  



 

C-8335 

8320…..…..…………………..…….……..……ID Number…………………..…..…………….8320 

Author: Both, J. P. 

Title: Power and Weakness of Monte Carlo Methods Used in Safety-Criticality Calculations of Nuclear 
Facilities 

Date: 10/23/1987 

Report: ICSC’87, 226-230 

Conference/Journal: International Seminar on Nuclear Criticality Safety, Tokyo, Oct. 19-23, 1987 

Conference Session:  

Abstract/Keyterms:  



 

C-8336 

8321…..…..…………………..…….……..……ID Number…………………..…..…………….8321 

Author: Smolen, G. R. / Whitesides, G. E. / Matsumoto, T. / Funabashi, H. 

Title: Validation Studies Using Joint USDOE/PNC Critical Experiments 

Date: 10/23/1987 

Report: ICSC’87, 231-237 

Conference/Journal: International Seminar on Nuclear Criticality Safety, Tokyo, Oct. 19-23, 1987 

Conference Session:  

Abstract/Keyterms: Validation studies have been performed in the United States and Japan using the 
SCALE-2 computer code system with benchmark data obtained from 46 critical experiments. The 
experiments spanned the range of neutron spectra from a very undermoderated condition (H/Pu ratio = 22) 
to a very overmoderated condition (H/Pu ratio = 2220). The experiments are divided into four sets: (1) 
heterogeneous mixed-oxide fuel pin arrays moderated by organic and aqueous solutions, (2) limiting critical 
concentration experiments, (3) basic cylinder and slab geometries with various reflection conditions, and 
(4) annular cylinder with various fixed-geometry poisons. Based on computations performed at the Oak 
Ridge National Laboratory (ORNL) with the KENO code and a 27 energy-group cross-section library, the 
average calculated k-effective for the 46 experiments was found to be 1.004. Calculated k-effectives ranged 
from 0.991 to 1.018, and the standard deviation of these results was 0.006. The Power Reactor and Nuclear 
Fuel Development Corporation (PNC) staff have obtained similar k-effective results in their validation 
studies. The good agreement between experiment and calculation gives confidence that the calculation 
methods and cross-section data can be applied to similar plant conditions. 
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Abstract/Keyterms: There are several, sometimes conflicting, interests which must be accommodated in 
fissile material, storage vaults. These include criticality safety, radiation safety, fire protection, 
accountability, and safeguards in addition to the operational requirements of efficiency and, for automated 
vaults, reliability. A combination of these factors coupled with increasing demands on available vault space 
and the desire to minimize on-site transportation of special nuclear materials has resulted in current design 
and construction activities for three major fissile material storage vaults and the renovation of an existing 
vault at the Los Alamos National Laboratory. Two of these new vaults will be provided with automated 
stacker-retriever systems similar to those common in large warehouse operations while the third vault, being 
smaller and having less potential for radiation exposures will be operated in a hands-on mode. 
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Abstract/Keyterms: The tendency to increase the burnup and correspondingly the initial enrichment of 
fuel elements is responsible for changed criticality safety concepts and equipment design in uranium fuel 
element fabrication. Thermal recycle of mixed oxide fuel containing plutonium has become reality in the 
FRG. The introduction of the AUPuC co-conversion process required specific criticality safety 
investigations. Handling and storage of increasing amounts of high-burnup plutonium had to be analysed 
coherently with regard to criticality, radiation shielding and heat removal. The criticality safety concept of 
the new reprocessing plant is based mainly on favourable geometry for fresh fuel. Additionally the residual 
fissile material in spent fuel elements will be measured before chopping the fuel by active neutron 
interrogation. Hafnium absorber elements are to be used to increase the dimensions of some components. 
Special emphasis laid on the influence of possible changes of process conditions and of malfunction of 
equipment. In this respect specific studies of the influence of unusual behaviour of pulsed columns on 
criticality safety have been performed. Moderation by the organic phase and the effect of neutron absorbers 
on the most reactive concentration of fissile solutions have been studied. Sophisticated Monte Carlo 
techniques are used in the criticality safety analysis of geometrically complex spent fuel casks. All 
criticality calculations for spent fuel casks assume full flooding and fresh fuel because of wet loading and 
lack of a reactivity measurement before shipping. 
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Abstract/Keyterms: The strongly varying geometries and material compositions occurring in the nuclear 
fuel cycle require the application of reliable and validated calculational methods to ensure sub-critical 
conditions of a given system. Such calculational methods necessitate the solution of the neutron transport 
equation in an adequate approximation based on a validated cross section library. Weighted multigroup 
cross sections derived from the Joint Evaluated Data File JEF-1 and the corresponding approved cross 
section processing methods were validated using transport theory codes to calculate various neutron 
criticality benchmarks. The results show that a very good accuracy can be achieved for systems containing 
U-235 as main fissionable material. Heterogeneous and homogeneous absorbers could be treated 
sufficiently. For systems containing plutonium as fissionable material, the agreement is good for 
heterogeneous systems; for homogeneous plutonium nitrate solutions, however, a systematical 
overprediction of k-eff was found for the corresponding PNL-benchmarks. 
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Abstract/Keyterms: Critical masses for spent fuel are larger than for green fuel and therefore use of the 
increased masses could result in improved handling, storage, and transport of such materials. To apply spent 
fuel critical masses requires an assessment of fuel exposure and the corresponding isotopic compositions. 
The paper discusses several approaches at the Hanford N Reactor in establishing fuel exposure, including 
a direct measurement of spent to green fuel critical masses. The benefits derived from the use of spent fuel 
critical masses are illustrated for cask designs at the Nuclear Assurance Corporation. 
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Abstract/Keyterms: In order to study nuclear criticality safety related to the development of fast breeder 
technology, 252Cf-source-driven neutron noise analysis measurements were performed with a Pu-U nitrate 
solution in a slab tank of various heights and thickness varying 11.43 cm to 19.05 cm. The results and 
conclusions of these experiments are (1) a capability to measure the subcriticality of a multiplying system 
of slab geometry to a k(eff) as low as 0.7 was demonstrated, (2) calculated neutron multiplication factors 
agreed with those from the experiments within approx.0.02, and (3) the applicability of the method for 
plutonium solution systems was demonstrated. This paper describes measurements in which the height of 
the slab was varied for a fixed thickness and the thickness varied for a fixed height, which are the first 
applications of this measurement method to slab geometry. 
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Abstract/Keyterms: The subcritical neutron multiplication factor has been measured previously by the 
252Cf-source-driven neutron noise analysis method for a variety of noninteracting single systems with a 
wide variety of materials and geometries. For these single systems the neutron multiplication, k(eff), varied 
between 0.33 and 0.99, and in one experiment, the k(eff) value varied with time up to rates of 0.01/s. 
Interaction experiments with two coupled units and with three strongly coupled tanks have also been 
completed. The experiments reported here are the first application of this method to arrays of four units, a 
necessary step in understanding interacting systems with a large number of units. The experimental 
approach was to search experimentally for source-detector locations that would allow point kinetics 
interpretation of the data, and to provide sufficient variation of source and detector locations to support the 
testing of theoretical models that include spatial effects for studying the interactions of fissile systems. 
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Abstract/Keyterms: At the Lawrence Livermore National Laboratory, we have specified a standard 
criticality alarm system (CAS) for use in all of the Laboratory's nuclear facilities. This paper describes the 
initial CAS as supplied from the vendor, as well as the modifications we have made to develop a generic 
system that better suits our needs. Each such system contains gamma detectors, data-acquisition modules 
(serviced by uninterruptible power supplies), one or more control terminals, and an emergency evacuation 
alarm module (also with an uninterruptible power supply). The primary function of the CAS is to sound an 
alarm in the event of a criticality accident, but our standard system can also be used to collect dosimetry 
data for assessing background radiation levels, to monitor possible secondary criticalities in the event of an 
accident, and to monitor post-accident conditions remotely. Steps have been taken to assure that these 
additional functions do not compromise the primary function. We also describe the present status of the 
new standard system, the experience we have had with it, and future plans for other component CASs. 
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Abstract/Keyterms: A nuclear incident involving uranium process solutions occurred at the Idaho 
Chemical Processing Plant, National Reactor Testing Station, on October 16, 1959. A report is presented 
in which the events leading to the incident are discussed and the consequences of the nuclear excursion are 
described including radioactive contamination and personnel exposures. The findings and 
recommendations of the committee are given and additional data on operational background, health physics, 
and material balance aspects of the incident are reported. 
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Abstract/Keyterms: A nuclear incident involving an enriched U solution occurred in a first cycle product 
evaporator at the Idaho Chemical Processing Plant, National Reactor Testing Station, at approximately 
0950 on January 25, 1961. The reaction resulted from an accidental air lifting of a quantity of solution from 
a geometrically safe region of the evaporator into the 24-in. diameter vapor disengaging chamber. An 
energy release of 20 megawatt seconds (6 x l0/sup 17/ fissions) apparently occurred as a single burst. No 
significant radiation exposure to personnel, contamination of facilities or environs, property damage, or 
product loss resulted. Details of events leading to the incident, recommendations, and corrective measures 
are reported. 
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Abstract/Keyterms: A simple and inexpensive Nuclear Accident Dosimetry (NAD) system for use in 
criticality accidents is described in this report. It consists of activation detectors of indium, gold, copper 
and sulfur for neutron dose estimates and thermoluminescent dosimeters (TLD) and radio-photo-
luminescent (RPL) dosimeters for gamma dose measurements. The method for interpreting the activation 
data for determining neutron fluences and doses (in Kerma and in Element 57 dose) in different energy 
intervals is described. This new NAD was tested in the Eighteenth Nuclear Accident Dosimetry 
Intercomparison Study at Oak Ridge National Laboratory and the results were satisfactory. 
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Abstract/Keyterms: In studies of process criticality problems, it was estimated that reactivity might be 
added at a rate of perhaps one percent DELTA K-second by jetting a uranium235 solution into a large 
vessel. Aging a ruthenium bearing feed improved its decontaminability by Hexone. Studies of dibutyl 
phosphate compounds indicated that uranium and aluminum compounds were similar in solubility 
relationships, and differed in that respect from a zirconium compound. Small concentrations of DBP 
markedly increased the extraction of zirconium, particularly under acid-deficient conditions. Lead appears 
to be a potentially useful construction material for dissolving zirconium in nitric-hydrofluoric acid mixtures, 
provided sulfate is also present. Stainless steels, Hastelloy Fs and Incoloy 804 are corroded seriously by 
nitric-hydrofluoric mixtures. A ceramic alumina may be useful. The effect of acid on zirconium fluoride 
precipitation is similar in nitrate and chloride systems. TBP in dodecane extracts hydrogen fluoride 
moderately well from aqueous solutions, Trioctyl phosphine oxide extracted over 90 percent of the 
zirconium from a nitrate solutton at a fluoride ratio of 2: 1 in multiple treatments. Successful tests were 
made of carned rotor pumps with oversize and with flameplated alumina bearings. Exploratory testing of a 
bubble flowmeter was made. A special silica gel tested for adsorbing ruthenium from nitrate decomposition 
gases shows little or no decrepitation. Operation of the NaK heating system for the pilot plant calciner is 
summarized, and a solids sampling system has been developed for this equipment. A gravity system to 
recirculate venturi scrub solution was tested. Formaldehyde has been used to remove nitric acid from 
chrome-nickel-iron solutions and to convert aluminum nitrate solution to a strongly basic form. An 
analytical technique was developed to determine very small amounts of phosphate in kerosene. (For 
preceding period see IDO-14457.) 
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Abstract/Keyterms: ICPP. Liquid wastes in permanent storage were recycled and further concentrated to 
conserve waste storage space. Ba/sup 140/ production was continued with good recovery of high-quality 
product. The use of a packed steam stripper to free waste solvent from low concentrations of Pu prior to 
incineration is discussed. Aqueous Zr Processing. Studies showed that precipitation of barium fluozirconate 
from dissolver solutions by mixtures of Ba(OH)2 or BaF2 with BaNO3 rather than with BaNO3 alone, 
resulted in better Zr separation, lower U loss, and better definition of fission product behavior. Studies of 
the dissolution of BeO-UO2 fuels in molten ammonium bifluoride demonstrated that a true solution of U 
is not achieved, but that the dispersion will pass through a 20 mu filter and is readily dissolved in HNO3. 
It was found that extracted Zr degrades TBP approximately 1000 times faster than extracted HNO3. A 
means of criticality control in a non-geometrically safe vessel throu... was demonstrated to be applicable to 
a wide variety of stainless steel and other alloy materials. A search for information on the effect of cell and 
electrode geometry on electrolytic resistance and current density distributions during electrolytic 
dissolution was continued. An equation summarizing all the data for the electrolytic dissolution of Zr in 
HCl-methanol obtained on the potential-current density relationships as functions of temperature and HCl 
concentration was developed. ARCO Process. Use of HCl as a leaching agent to recover U from the salt 
matrix in the ARCO process proved unsatisfactory. 
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Abstract/Keyterms: Aqueous zirconium fuel processing studies, directed at adapting the RF process to 
continuous dissolution complexing to increase the capacity of the ICPP process, have led to a tentative 
recommendation for a flow-sheet change and minor equipment modification which will greatly expand the 
processing capacity. Basis of the change is use of a boron-containing hydrofluoric acid dissolvent which, 
through its neutron poisoning effect, will permit larger fuel charges in the existing dissolved. Machine 
calculations indicate adequate margins of safety within the solubility range of the boron compounds 
considered, and laboratory studies indicate no effect of the presence of boron on dissolution rate, uranium 
and solids behavior, or product solution composition. Bench scale and pilot plant runs on scaled-down 
equipment indicate that the flow-sheet is feasible and should provide the required capacity for currently 
anticipated fuel receipts. Criticality studies of the system are continuing. Other zirconium fuel processing 
studies indicate the possible usefulness of a dissolution reagent of ammonium bifluoride-triethanolamine 
which will dissolve zirconia at a usable rate and still not attack zirconium metal at an undesirably rapid rate 
as does molten ammonium bifluoride. Electrolytic dissolution studies have led to the design and 
construction of a pilot model dissolver to operate, through use of interchangeable components, as either a 
solution-contact or basket-contact dissolver for stainless steel fuels. Electrolytic dissolution of aluminum 
in the acid-deficient range was demonstrated as potentially attractive because of the high concentration of 
aluminum achieved and resulting decreased volume of waste to be stored. Aluminum-uranium alloy was 
dissolved to a concentration of 3.6M aluminum and 5.6M acid deficiency without the accompanying 
precipitate problem associated with the nitric acid-mercury catalyst process. Summaries are presented of 
reports issued on metal-contact basket dissolver studies, dissolver product analysis, and dissolver product 
properties. New waste-treatment studies involving the removal of activity from the fuel storage basin water, 
which has become contaminated from corroded and damaged fuel elements, have led to the decision to 
install disposable filter cartridges consisting of a local natural mineral, clinoptilolite, packed in 55-gallon 
drums. Approximately 1000 volumes of water may be passed through a given volume of clinoptilolite 
before a one percent breakthrough of strontium occurs; a one percent breakthrough of cesium occurs only 
after 4500 volumes throughput. The new meltfreeze process for reducing waste volumes by separation of 
inert solid aluminum nitrate from the radioactive constituents in aqueous aluminum fuel wastes is being 
studied in a newly installed four-stage laboratory unit. The ICPP Waste Calcining Facility underwent a 
successful 700-hour run during which two radioactive sodium tracer spikes were added to the fuel. 
Quantitative material and activity balH03 H02ances indicated excellent performance of the off-gas cleaning 
system; solids emission from the stack (based on activity analysis) was found to be equivalent to 
approximately 1/13th that required to meet the tentatively established limit for release of activity during 
processing of standard ICPP wastes. Process control was excellent; remote operation, with access to the 
cells restricted, created no problems. Other calcination studies reported include specific equipment 
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performance, pilot plant studies on solids carry-over and particle-size control, and laboratory studies on 
phase transformations in calcination of various components of the waste feed. Additional basic process 
studies reported include use of a capacitance probe for determination of liquid level and amplitude in an 
air-pulsed column and evaluation of column operation by interface control and organic feed rate control. 
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Abstract/Keyterms: Processing operations resulted in overall recovery of 99.8% of the U from Al-U type 
fuels (12 varieties) available for processing. Dissolution and first cycle extraction were conducted at an 
average rate of 24 kg of U per day for MTR- ETR fuel and at lower rates for other fuels; overall plant and 
individual cycle decontamination was equivalent to that of earlier Al processing runs. Newly modified 
processing equipment, including large volume neutron poisoned rework and recovery equipment, and a 
TBP solvent decontamination unit, performed satisfactorily. Dissolution of refractory Al--U fuel was not 
accelerated by an attempted contact activation, but the data suggest that the lower burnup alloy from the 
interior of a fuel slug is preferentially dissolved, leaving a hard-to- dissolve shell containing the higher 
burnup alloy. Zirconium fuel processing studies led to significant results in a number of areas. It was found 
that the use of dissolved B as a neutron poison does not affect dissolution processes or the stability of the 
resulting Al-complexed solutions, and that U-Zircaloy-2 fuel was dissolved continuously by an aluminum 
nitrate-hydrofluoric acid dissolvent, but a corrosion resistant container material may not presently be 
available for this reagent. UO2-- ZrO2 wafers from advanced PWR fuel were dissolved at good rates in 
concentrated hydrofluoric acid, e.g., 5 mg/(cm/sup 2/)(min) at 20 M acid, and the addition of oxalic acid to 
hydrofluoric acid dissolver reagent gave about a 50% increase in U solubility. Corrosion tests of Monel and 
Carpenter-20 in Zr dissolver product solution showed that Monel had uniform corrosion rates of up to 5 
mils/month; Carpenter-20 had lower average corrosion rates but showed greater susceptibility to localized 
attack. Dibutyl phosphate was found to be generated in unexpectedly large amounts in the first cycle 
extraction column, and only in small amounts in the first cycle product evaporator, in the first detailed study 
of TBP and its degradation products under ICPP operating conditions. Distribution of various phosphate 
species in first cycle streams is reported and analyzed critically. A laboratory-scale hydrated ZrO2 adsorber 
for DBP was successfully regenerated with 1M NaOH; 97% of the adsorbed DHP was eluted with 12 
column volumes of wash solution. Electrolytic dissolution tests in the Model 1 pilot dissolver gave uniform 
dissolution (in any horizontal plane) of bundles of 3/4-in., type 304 stainless steel tubing at a current 
utilization factor of 1.9 g/(amp)(hr.). Tests to date indicated desirable design changes, and a Model 2 
dissolver is being readied for installation. Several batch dissolutions of irradiated OMRE fuel indicated that 
irradiation has little effect upon the dissolution process but that decontamination of dissolver components 
may be difficult. Other subjects studied include dissolver size from the standpoint of nuclear safety, 
reliability of charging fuel in the correct orientation, and mechanical requirements of dissolver insulating 
materials. Studies on decontamination of aluminum nitrate by the freeze-melt technique indicate that 500 g 
of aluminum nitrate should be recovered for each gram retained in the scrub solution with the fission 
products. While conditions existing in the pilot unit favor nucleation rather than crystal growth, a tendency 
toward agglomeration of small crystals gives settling rates adequate to make the unit operable. 
Measurement of the solubility of strontium nitrate in the nitric acid-aluminum nitrate scrub solution from 
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the apparatus indicates that strontium should not precipitate in the scrub solution-fission product 
concentrate. Waste calcining facility modifications were completed this period in preparation for operation 
with high-level ICPP aluminum nitrate waste solution. A summary of the safety analysis of this facility is 
presented. Nuclear poisoned fuel storage racks, designed to permit closer spacing of fuel elements in the 
storage canal, are discussed and pictured in some detail. 
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Economics- Energy- Equations- Fuels- Graphite- Indium- Materials Testing- Measured Values- MTR- 
Neutron Flux- Quantitative Analysis- Reactivity- Reactor Core- Reactors- Spectrometers- Thermal 
Neutrons- Variations 



 

C-8406 

8389…..…..…………………..…….……..……ID Number…………………..…..…………….8389 

Author: Grimaud, A. V. / McMurry, H. L. 

Title: Flux Distributions, Adjoint Functions and Weighting Factors for the MTR with 5 X 6 Loadings 

Date: 2/23/1954 

Report: IDO-16155 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Configuration; Distribution; Economics; Equations; Errors; Fission 
Products; MTR; Neutron Flux; Numericals; Operation; Reactivity; Research Reactors; Variations 



 

C-8407 

8390…..…..…………………..…….……..……ID Number…………………..…..…………….8390 

Author: Webster, J. W. / Garrick, B. B. 

Title: Miscellaneous Safeguard Calculations 

Date: 5/26/1954 

Report: IDO-16172 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cadmium; Criticality; Cylinders; Group Theory; Mass; Measured Values; 
Numericals; Radiation Protection; Reflectors; Shells; Surfaces; Uranium 235; Water 



 

C-8408 

8391…..…..…………………..…….……..……ID Number…………………..…..…………….8391 

Author: McMurry, H. L. 

Title: Methods for Calculating Large Reactivity Changes in the MTR 

Date: 7/26/1954 

Report: IDO-16180 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnout; Cadmium; Criticality; Equations; Fission Products; MTR; 
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Abstract/Keyterms: It has recently been proposed to increase the diameter and length of the ICPP product 
shipping containers. The new diameter will be about 6.08 inches O.D.. This decrease, in the diameter 
difference between the bottle diameter and the diameter at which it is believed the solution would be critical, 
has made the question of neutron interaction between the containers in storage and transit a more sensitive 
one. A method is derived for calculating critical size with interaction and the method is applied to various 
possible arrays. It is concluded that all the arrays studied are safe except for one. In this one the containers 
are assumed to be in two rows, two bottles high, 8 feet apart, and with a 2 foot center-to-center spacing in 
a row. Two bottles (one on top of the other) are then moved between the rows. The margin between the 
calculated critical diameter for this case and the bottle design diameter was not considered adequate in the 
light of uncertainties in the method and other imponderables. 
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program for solution of the problems of reactivity and criticality calculations. The methods which have 
been applied to overcome these difficulties in the case of two-group calculations for a reflected cylinder are 
discussed. The calculation of the Bessel functions, the major difficulty, is described. 
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Abstract/Keyterms: The minimum critical mass for 0.5 in., 2% enriched, nonalloyed slugs in water is 
calculated to be about 265 kg. Since the slugs will be randomly distributed in the dissolver, the critical mass 
would be much more than this minimum calculated critical mass. It is concluded that it is safe to put 250 
kg in the dissolver. 
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ETR- Fast Neutrons- Fuel Elements- Materials Testing- Mechanical Properties- Neutron Flux- Reactor 
Core- Reactors- Shielding Materials- Stainless Steels- Testing- Uranium; Beta Particles- Cadmium- 
Carbon- Coincidence Methods- Cross Sections- Decay- Energy Range- Fission- Gadolinium- Gamma 
Radiation- Lithium- Magnesium- Measured Values- Neutron Beams- Neutron Choppers- Neutron 
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Films- Fluid Flow- Fuel Elements- Fuels- Heat Transfer- Indium Sulfates- MTR- Neutron Flux- Plates- 
Power Plants- Quantity Ratio- Reactor Core- Reactor Oscillators- Reactors- Rmf- Stability- Testing- 
Thermal Properties- Thermocouples- Vessels- Volume; Beryllium- Beryllium Oxides- Criticality- 
Cylinders- Distribution- ETR- Lifetime- Mathematics- Moderators- Neutron Flux- Reactors- Reflectors- 
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Abstract/Keyterms: This proposal describes a zero-power critical facility which will be a mock-up of the 
Engineering Test Reactor Reactor core. The purpose of this facility, which is reflected in the conceptual 
design, is to provide an assembly which will duplicate the ETR in respect to (1) critical mass, (2) flux 
distribution, (3) fuel weighting function, (4) poison weighting functions, and (5) arrangement of 
experimental assemblies. In addition, the flexibility is such as to permit determination of ETR excess 
reactivity, cycle times, and reactivity hazards for certain reactor and experiment failures. It is proposed to 
house the facility in a Service and Test building. The preliminary cost estimate exclusive of building, fuel 
and beryllium reflector is ETR elements and that 36 MTR beryllium pieces will serve as reflectors. 
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Conference/Journal:  
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Abstract/Keyterms: Studies on various ETR-type cores in the RMF were requested by O. E. for the 
purpose of checking their Univac calculations for the Engineering Test Reactor presently under construction 
at the MTR site in Idaho. Tests in the BMF included critical mass determinations on several type cores, 
flux distribution in the lattice and in a grey rod consisting of half poison --half fuel, and temperature 
coefficient measurements. This report presents data obtained in these tests, with discussions on the 
experimental procedure and probable errors involved. 
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Exchange Materials; Materials Testing; Measured Values; Mechanical Structures; Metals; Multiplication 
Factors; Neutron Flux; Plates; Reactivity; Reactor Core; Reactors; Resonance Escape Probability; Thermal 
Utilization; Thickness; Uranium; Uranium 235; Variations; Water; Water Moderator; Zones 
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8419…..…..…………………..…….……..……ID Number…………………..…..…………….8419 

Author: Lewis, W. B. 

Title: MTR Technical Branch Quarterly Report for First Quarter, 1957 

Date: 7/1/1957 

Report: IDO-16373 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium- Beryllium 10- Irradiation- Materials Testing- Monitoring- MTR- 
Neutron Flux- Refining- Research Reactors- Resonance Neutrons- Thermal Neutrons- Uranium 233; 
Burnup- Fuels- Materials Testing- MTR- Research Reactors; Control Elements- Magnets- Materials 
Testing- MTR- Planning- Research Reactors- Rods; Cross Sections- Materials Testing- MTR- Research 
Reactors- Uranium 233; Fission Products- Materials Testing- Measured Values- MTR- Reactivity- 
Research Reactors- Rmf- Rods- Thorium- Transients- Variations; Fuel Elements- Hydraulics- Materials 
Testing- MTR- Research Reactors- Testing; Gamma Radiat 
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Author: McMurry, H. L. / Johnson, B. W. 

Title: Plutonium Fuel Requirements for Operation of the MTR 

Date: 6/11/1957 

Report: IDO-16378 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An approximate equation for the fuel content of Pu239 per assembly needed to give 
the same charge life as a stated content of U235 is derived by a perturbation method. Current MTR practice 
requires refueling after 400 Mwd operation. About 180 grams of U235 per fuel assembly are required. On 
this basis about 125 grams of Pu239 per assembly are predicted. The initial critical position for the Pu239 
fueled reactor is estimated to occur when the shim rods are in 1.5 inches deeper than in the U235 system. 
This will aggravate the hot spot problems. The equations used here are derived using a number of 
approximations. It is believed that the predicted Pu239 fuel content is fairly good, but the estimate of the 
initial shim rod level relative to the U235 fueled reactor as only qualitative. Certainly at start-up the shims 
will be more deeply inserted in the Pu239 system. 
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Author: Johnson, B. W. / McMurry, H. L. 

Title: Comparison of Flux and Power Distributions, and Void and Temperature Coefficients of the MTR 
with U-235, and Pu-239 Fuel 

Date: 7/26/1957 

Report: IDO-16384 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bubbles; Capture; Configuration; Distribution; Efficiency; Epithermal 
Neutrons; Equations; Fast Neutrons; Fission; Fuels; Materials Testing; MTR; Neutron Flux; Numericals; 
Plutonium 239; Reactivity; Reactor Core; Reactors; Reflectors; Surfaces; Temperature; Thermal Neutrons; 
Uranium 235; Variations; Void Coefficient; Zones 
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Author: Metcalf, D. R. / Kobold, V. C. 

Title: A Four-Region, Two-Group Calculation of Spert III Critical Size and Flux Distribution 

Date: 7/18/1957 

Report: IDO-16390 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Criticality; Distribution; Efficiency; Equations; 
Fast Neutrons; Group Theory; High Temperature; Mass; Neutron Flux; Numericals; Planning; Reactor 
Core; Reactors; Reflectors; SPERT-3; Spheres; Stainless Steels; Thermal Insulation; Thermal Neutrons; 
Variations; Water; Zones 
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Author: McMurry, H. L. / Johnson, B. W. 

Title: Relative Neutron Lifetimes in the MTR Fueled with U235 and Pu239 

Date: 8/8/1957 

Report: IDO-16391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Fuels; Lifetime; MTR; Neutrons; Numericals; Plutonium 239; 
Reactors; Uranium 235 
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Author: Bright, G. O. / Forbes, S. G. / Nyer, W. E. / Schroeder, F. 

Title: An Elementary Model for Reactor Burst Behavior 

Date: 8/2/1957 

Report: IDO-16393 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An elementary model for the description of reactor transient behavior is presented. 
Work initially done by Fuchs and later by Weinberg and Ergen was extended to include a correlation 
between transient pressures and the rate of change of power. A modification of the above equations is made 
to take into account an elementary hydrodynamical consideration. The situation where the shutdown 
coefficient has an energy release threshold is discussed. 



 

C-8442 
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Author: Evans, J. E. 

Title: Quarterly Progress Report for MTR Technical Branches, Second Quarter, 1957 

Date: 8/22/1957 

Report: IDO-16394 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Calcium- Cross Sections- Delayed Neutrons- Dispersion Theory- Energy 
Levels- Fission- Neodymium 143- Neodymium 145- Nuclear Theory- Plutonium 239- Plutonium 240- 
Resonance Neutrons- Samarium 147- Samarium 149- Spin- Strontium- Targets- Tellurium 123- Tellurium 
125- Thermal Neutrons- Uranium 233- Wigner-Eisenbud Theory- Yttrium; Capture- Cross Sections- 
Monitoring- Neutron Flux- Qualitative Analysis- Resonance Escape Probability- Resonance Neutrons- 
Thermal Neutrons; Cements- Configuration- Critical Assemblies- Fuels- Mathematics- Plates- Reactor 
Core- Shielding- SPERT-1- SPERT-3- Transport Theory 
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Author: Johnson, B. W. / McMurry, H. L. 

Title: Reactivity Effects of Xe-135 and Sm-149 for the MTR 

Date: 8/8/1957 

Report: IDO-16398 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Cross Sections; Efficiency; Energy; Epithermal Neutrons; 
Equations; Fission Products; Fuels; Materials Testing; MTR; Neutron Flux; Numericals; Plutonium 239; 
Poisoning; Reactivity; Reactors; Samarium 149; Spectra; Stability; Thermal Neutrons; Uranium 235; 
Xenon 135 
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Author: McMurry, H. L. / Cazier, G. A. / Goin, R. W. 

Title: Calculation of MTR Fuel Charges 

Date: 9/27/1957 

Report: IDO-16401 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For economical operation of the MTR, mixtures of new and used fuel must be 
scheduled so that the required cycle time is met, and start-up after a scram, when Xe/sup 135/ is present in 
the retained elements, is possible. The procedure described starts with an equation relating charge life to 
the amount of uniformly distributed poison needed to keep a freshly loaded reactor just critical with all 
control rods out. This equation is adapted to give an expression for the life of a new fuel charge in terms of 
the known life of the preceding charge, and the changes in the initial fuel loading of the charges. It is then 
only necessary to compute the difference between the life of the new charge and the preceding one. 
Expressions for the distribution of retained fuel, and fuel re-cycled from the canal which will permit start-
up after a scram when Xe/sup 135/ is present in the retained elements, are also developed. 
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Author: Howerton, R. J. / Hanson, G. H. / Conner, W. P. 

Title: Parameters of High Flux Testing Reactors 

Date: 8/23/1957 

Report: IDO-16406 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation of thermal fixed-fuel reactors using a cylindrical annulus design 
with a central experimental facility results in calculated total neutron fluxes, in a gray absorber simulated 
experiment within the central experimental facility (radius 10 to 15 cm), of 4to 5 x 10/sup 15/n/cm/sup 2/ 
sec with D2O as coolant, moderator and reflector at an operating power of 400 to 500 Mw. Total neutron 
fluxes of about one-half these could be obtained using H2O as coolant., moderator and reflector at a power 
cost of 300 to 400 Mw. Reducing the fuel concentration results in significantly higher total fluxes but with 
prohibitively high operating powers. Obtainable fluxes in the simulated experiments have proved to be 
inversely proportional to the radius of the experimental facility and the wall thickness of the experiment. It 
is found that thermal fixed-fuel reactors have a built-in upper limit for mean thermal neutron core flux 
depending upon the two parameters of allowable percentage fuel burnup and minimum allowable cycle 
time. For the particular case of 40% burnup and 6 day cycle time, the mean value for the time averaged 
thermal core flux is 1.7 x hat a limit exists with circulating fuel reactors with the parameters being allowable 
operating power and critical mass. 
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Author: Bright, G. O. ed. 

Title: Reactor Projects Branch Quarterly Progress Report for July, August, September 1957 

Date: 10/1/1957 

Report: IDO-16416 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Spert--I-- A brief resume of A core experiments is presented and the results of some 
of the static measurements with the B core are shown. It was found that four usable cores are possible with 
the removable-plate B fuel assemblies. The measurements made to date have been with a 24 fuel plate/ 
assembly, 32 assembly core, and include rod worth, flux distribution, temperature coefficient and 
preliminary void coefficient studies. Spert--II-- The construction contract was let and construction started 
in August. Spert--III -- The control system circuit drawings are essentially complete. Data Reduction and 
Interpretation-- The progress made in reducing the large raw data backlog from the Spert I A core 
experiments is shown. Work is continuing on the calculation of reactivity behavior during a transient, with 
the principal area of investigation being that of a boiling or slightly subcooled experiments. The use of other 
calculational procedures as a check on the reactivity behavior work is being investigated. Theoretical-- The 
critical masses for the various possible B cores were calculated, and agree quite well with the 
experimentally determined values. Some machine calculations of the temperature and void effect with the 
32 assembly core were made, but no direct comparison with empirical values is yet possible. Two 
theoretical formulations, one a refinement of the Fuchs' model for reactor self-shutdown which seeks to 
explain the initial reactor transient behavior, and one which endeavors to show that the shutdown 
mechanism for reactor periods longer than 50 msec can be ascribed to moderator density changes, were 
evolved. Instrumentation--The primary activities of the Instrumentation section were directed toward 
completion of all modification, maintenance, installation, and calibration of instrumentation necessary for 
performing static and transient tests on the Spert--I B” core. Engineering-- Various modifications were 
made of the Spert--I reactor, including a new mechanism for clamping the fuel assembly in the core. 
Corrosion studies on Al were made for the Spert--I and Spert--II cores. A program is underway to determine 
a suitable control rod construction for Spert--II. Flow tests were made on Spert-- II and Spert -- III fuel 
assemblies. A complete description of the Spert--III control rod test facility is given. The results of the tests 
which have been made in this facility show that the present design of the Spert-- III control rods and drives 
is satisfactory. An engineering completion schedule is given for both Spert--II and Spert--III. (For preceding 
period see (IDO- 16415 
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Author: McCollom, K. A. 

Title: Quarterly Progress Report for MTR-ETR Technical Branches Third Quarter 1957 

Date: 12/16/1957 

Report: IDO-16430 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MTR-ETR Technical Assistance. The Engineering Test Reactor Critical Facility fuel 
loading was increased from a 49-element core to a 59-element core to give an excess reactivity of 11% in 
DELTA k/k. Statistical weights and thermal flux measurements were made throughout the core. A means 
of estimating variation in boron content in ETR fuel elements by comparing a standard fuel element with a 
dummy element and an element containing only fuel showed the average boron content per fuel element to 
be 0.65 grams more than the specified 1.6 grams. The equivalent total curie value of MTR fuel elements 
and the curie content of several specific isotopes were worked out. MTRETR Development. Four 
experimental shim rod magnets have already operated successfully without failure for longer than the 
average life of existing MTR shim rod magnets. The lower original cost, the replaceable coil feature, and 
the negligible maintenance for the experimental magnet should drastically reduce the maintenance attention 
presently required in the MTR. Refinements were made on the calculations of MTR fuel charge and xenon 
override. Prediction of MTR charge life was made using ingrowth of Xe135 after a power reduction. 
Methods of measuring both boron and fuel contained in ETR elements by chemical and non-destructive 
techniques are being 
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Author: Deboisblanc, D. R. / Burdick, E. E. / Deboer, T. K. 

Title: Engineering Test Reactor Critical Facility Hazards Summary Report 

Date: 1/24/1958 

Report: IDO-16435 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements in the Engineering Test Reactor Critical Facility in connection with 
safety hazards involved in some proposed experiments are presented. 
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Author: Bright, G. O. 

Title: Quarterly Progress Report for October, November, December, 1957 

Date: 3/21/1958 

Report: IDO-16437 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Spert 1. Static tests on the B cores were completed. The control rod worth and 
temperature coefficient were determined for each of the B cores: the 24 fuel plates/ assembly, 32 assembly 
core (B-24/32); 18 fuel plates/ assembly, 40 assembly core (B-16/40); and the 12 fuel plates/assembly, 64 
assembly core (B-12/44). Void coefficient studies were performed on each core, and a slightly positive 
coefficient was found in the central portion of the B-12/64 core. Flux distributions were measured for each 
core. The kinetic testing program was initiated, and a number of transient experiments were performed, 
with results yet in the preliminary stage. Data Reduction and Interpretation. Almost all of the usable data 
from the Spert 1-A core tests have been reduced. A cross-index is being set up to facilitate finding desired 
test data. Reactivity calculations on boiling step-transients continues. Theoretical. Reactor statics 
calculations on the Spert 1-B core are in progress. A review of the system operation indicates that the cold 
trap for recovery of D2 vapor is adequate. A piping modification which will allow use of the small heat 
exchanger for light water cooling is contemplated. Corrosion studies on aluminum have resulted in the 
selection of 6061 aluminum for the core structure. Tests on the Spert LFL control rods indicate that redesign 
of the upper end box section will be necessary because of the large pressure drop across it. Means for 
reducing flux peaking at the junction of the fuel and poison sections are under investigation. Calculations 
of the after-shutdown activity indicate that normal shutdown operation can be performed. Studies are in 
progress on the beat transfer characteristics of the reactor and the use of soluble poison for reactor control. 
(For preceding period see IDO-16416.) 
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Author: Gossmann, S. R. 

Title: Stability Analysis of the ETR with Reactivity Feedback Through the Temperature Coefficient 

Date: 9/18/1958 

Report: IDO-16448 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A frequency response analysis of the ETR at 175 Mw was performed. Differential 
equations and transfer functions describing the transient behavior of the reactor core power production and 
heat transfer are presented along with those for the heat exchanger and the temperature control loop. The 
reactor is a power generator with inherent feedback. The feedback transfer function is derived, and the open 
and closed-loop frequency response of the system is investigated to determine reactor stability and the 
effectiveness of the temperature controller. As expected, the ETR is found to possess a very high stability 
margin. On the other hand, the temperature controller is found to be ineffective in its present configuration. 
The closed-loop response is taken to be the response of the reactor with its inherent feedback and has no 
reference to an external control system such as would be used for maintaining a constant power level. 
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Author: Burdick, E. E. / Henscheid, J. W. 

Title: Reactivity Measurements in the ETR Critical Facility 

Date: 7/10/1958 

Report: IDO-16454 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report was issued in preliminary form as PTR273, dated Jan. 27, 1958. The ETR 
Critical Facility went critical on May 20, 1957. Since then the program consisted of reactor check-out and 
accumulation of data which would aid in the startup of the parent reactor. The reactivity measurements 
indicate that, although the reactivity worth of both the safety rods and of the excess reactivity for the core 
were measured to be lower than the value calculated in the design of the reactor, the nuclear safety of the 
reactor will not be seriously affected. 
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Author: Healy, P. W. 

Title: Quarterly Progress Report for MTR-ETR Technical Branches Second Quarter, 1958 

Date: 9/8/1958 

Report: IDO-16481 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Absorption; Aluminum; Barium; Barium 141; Barium 142; Beta Decay; 
Bismuth; Bonding; Boron; Burnup; Cadmium 115; Canning; Cobalt 59; Computers; Configuration; Control 
Systems; Criticality; Cross Sections; Crystals; Cyclotrons; Decay; Deuteron Beams; Digital Systems; 
Distribution; Efficiency; Energy Levels; Enrichment; Equations; Errors; ETR; Failures; Fast Neutrons; 
Fission; Fission Products; Fuel Elements; Gamma Radiation; Gamma Spectrometers; High Temperature; 
IBM 650; Iridium 191; Iridium 193; Iron 59; Irradiation; Leaks; Mass; Materials Testing; Measured Values; 
Moderators; Molybdenum 93; Molybdenum 99; Monitoring; MTR; Multiplication Fact 
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Author: Bright, G. O. 

Title: Reactor Projects Branch Quarterly Progress Report for April, May, June, 1958 

Date: 1/19/1959 

Report: IDO-16489 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of ramp reactivity addition tests was made with the B-12/64 core, with results 
indicating that there is no unexpected deviation from results obtained from the A core. Several reactor fuse 
experiments were performed for Atomics International. The fuses operated quite satisfactorily, and 
reactivity calculations show that full poison injection was achieved about 40 milliseconds after the fuse was 
triggered. Compensated reactivity calculations for the B cores show behavior similar to the A core results. 
Design studies for a pile oscillator mechanism to be used with the Spert I-B cores were completed. 
Oscillator designs were tested in the reactor. Results show that a mechanism mounted in the core-center 
cross structure gives adequate performance with regard to wave shape, frequency, and reactivity 
amplitudes. In analysis of the SPERT IIi core, tentative values of critical rod positions, rod worths, 
temperature coefficients, and shutdown worth as functions of temperature were obtained. Drift tests 
performed on electronic components revealed adequate stability. The procurement and fabrication of the 
necessary components to convert SPERT I for use with the APPR core were completed. The over-all 
completion of the SPERT II project is about 55%. The SPERT III project is approximately 98% complete. 
(For preceding period see IDO-16452.) 
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Author: Bentzen, F. L. ed. 

Title: Reactor Projects Branch Quarterly Progress for October, November, December 1958 

Date: 9/1/1959 

Report: IDO-16537 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Activation Analysis- Air- Boiling- Bubbles- Cadmium- Configuration- 
Control Elements- Criticality- Defects- Distribution- Failures- Foils- Fuel Elements- Gold- Injection- 
Magnesium- Mass- Measured Values- Mockup- Motion- Neutron Flux- Plates- Poisoning- Power- 
Reactivity- Reactor Core- Reactor Oscillators- Reactors- Rods- Rotation- SPERT-1- Stainless Steels- 
Standards- Surfaces- Temperature- Transfer Functions- Transients- Uranium 235- Void Coefficient- Zones; 
Amplifiers- Currents- Errors- Frequency- Instruments- Ionization Chambers- Neutron Flux- Reactors- 
SPERT-1- SPERT-3- Transistors 
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Author: Norberg, J. A. 

Title: Quarterly Progress Report for January, February, March 1959 

Date: 11/20/1959 

Report: IDO-16539 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: reactor shutdown of heat transfer to the moderator, a series of experiments were 
performed in the SPERT I reactor using insulated Type A fuel assemblies. Three heat transfer conditions 
were investigated: (1) boiling temperatures not attained prior to reactor self-shutdown, (2) boiling 
temperatures existent throughout the tests, and (3) boiling temperatures attained prior to shutdown for an 
uninsulated core, but not for the insulated core. Comparison of the results of the insulated core experiments 
with previous core data revealed no difference in behavior. The need for detailed studies of spontaneous 
shutdown mechanisms stimulated a series of capsule-type experiments designed to measure moderator 
expulsion and radiolytic gas formation during a reactor excursion. Temperature and void coefficient 
calculations for the SPERT I B-12/64 core have been made and are in essential agreement with available 
experimental results. A tabulation of the 20'C step transient test data for the P-18/19 core has been 
completed. The analysis may be extended to other systems. Engineering. Corrosion and galling of threaded 
fasteners used in reactor internal structures under high temperature (650 deg F) demineralized water service 
has initiated an investigation to determine more suitable materials. Warping and blistering of P18/19 core 
fuel assembly plates has prompted a metallurgical investigation to determine the extent of damage and 
possible cause of the failure. Fuel and cladding temperatures and heat transfer rates for a 5 msec transient 
test were calculated. Center-line meat temperatures were shown to reach approximately 1500 deg F with 
peak heat fluxes of 1.1 x 10/sup 7/ Btu/(hr)(ft./sup 2/). Construction of the facility is estimated at 80% 
completed. Reactor components are being modified, based on SPERT III experience, with design and 
fabrication estimated at 90% complete. 
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Author: Haire, J. C. ed. 

Title: SPERT Project. Quarterly Technical Report for April, May, June 1959 

Date: 4/12/1960 

Report: IDO-16584 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SPERT I: The characteristics of the boiling process and its relation to moderator 
expulsion in Spert I were investigated in a series of capsule type experiments. A fuel-bearing capsule, 
instrumented to provide pressure, volume, and temperature data during transient power excursions, was 
placed in a high flux region of the Spert I P core. Five step-induced transients initiated from boiling indicate 
that the kinetic behavior of the stainless steel clad P-18/19 core is dependent on initial temperature in a 
manner similar to that of previously tested aluminum clad spert cores. Reactivity oscillator techniques were 
used in the P-18/19 core to determine the phase and magnitude of the reactivity-to-power transfer function 
from 0.01 to 18.4 cps at low power and at temperatures below boiling. Criticality data on relatively simple 
lattices, both rod-free and containing a single poison rod, were obtained from a series of clean critical 
experiments performed on a number of light water-moderated and - reflected slab configurations of Spert 
III fuel elements. Changes in water height during the critical water height experiment were measured to 
plus or minus 0.0013 inches by means of a simple remote indicating system designed and built for this 
purpose. SPERT III: The operational loading was determined to be 44 fuel assemblies and 8 control rods. 
Experiments revealed that this loading provides about.50 excess at 2500 psi and 650 deg C and a total rod 
worth above ambient critical of about.50. Measurements were made of the pressure and temperature 
coefficients of reactivity and the temperature defect. Apparatus for non-nuclear engineering tests was 
installed and the tests were initiated to obtain data on core hydraulics, system energy balance, and general 
plant equipment. A primary coolant sampling station has been added. Experimental apparatus for void 
experiments was designed and fabrication started. Data reduction and interpretation: A review of previous 
investigations of boiling and its relation to shutdown effects was made in pursuance of a photographic 
investigation of shutdown mechanisms. A photographic technique was developed for conducting tests in a 
fuel-bearing, water-filled test cell in Spert I. A machine program using computed reactivity as input data 
was used to obtain power solutions tc the kinetics equations. Comparison of the computed and experimental 
power burst shapes showed the reactivity data and power data to be consistent and in this way has essentially 
verified the independent program for reactivity calculations. Engineering: Corrosion and galling tendencies 
were investigated in materials of construction for threaded components used in high temperature 
demineralized water service. The Spert II primary piping system was completed. Calibrations, check-out, 
and final tests are in preparation. Work continued on control system wiring, wiring schedules, and 
schematic drawings. The initial core was accepted. (For preceding period see IDO-16539.) 
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Author: Spano, A. H. 

Title: SPERT Project Quarterly Technical Report for July, August, September 1959 

Date: 7/11/1960 

Report: IDO-16606 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A core loading accident in a water moderated research reactor was simulated in 
SPERT I by releasing a fuel assembly and allowing it to fall freely into a vacant grid position in the slightly 
sub-critical core. A series of transients of increasing severity was performed to determine the extent of the 
reactor response in such an accident and the radiation dosages that would be received by personnel situated 
at varying distances from the reactor. The measured reactivity wave shape generated by the Spent I 
oscillator fit a sine curve closely, with a second harmonic component of less than 2% and with a third 
harmonic-component of less than 3%. Measurements were also made to determine the magnitude of the 
reactivity effect as a function of the axial displacement of the Cd curtain surrounding the oscillator. Studies 
of the warping and blister damage suffered by the P-18/19 fuel assemblies during transient tests revealed 
that the blistering is related to the original fabrication of the assemblies and that the warping factor. (For 
preceding period see IDO-16584.). 
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Author: Wilson, T. R. 

Title: SPERT Project Quarterly Technical Report, January, February, March 1960 

Date: 3/31/1961 

Report: IDO-16617 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SPERT 1. A series of experiments relating to the problem of reactor startup from very 
low initial power was performed with a cold, clean, stainless steel core in the Spert I facility. tne intrinsic 
neutron source level for th core was measured and found to be approximately 500 n/sec Time delays were 
observed between the step-wise injection of reactivity at power levels of about 10/sup -//sup 5/ watts and 
the attainment of a stable period. In some cases, these delays, which are attributed in part to the statistical 
properties of neutron chains, were as long as 2 seconds. In one sourceless startup test, control rods were 
withdrawn at a rate of 20(/sec with period and level scram circuits operative. The period circuit scrammed 
the reactor at a trivial power level before the reactor period became shorter than 50 msec. SPERT II. 
Construction of the Spert II facility was completed. Initial criticality was achieved in light water with 24, 
type "B" fuel assemblies containing 24 plates each and 8, 17-plate, control rod... 
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Author: n. a. 

Title: Materials Testing Reactor-Engineering Test Reactor Technical Branches Quarterly Report for 
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Date: 10/31/1961 

Report: IDO-16633 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Amplifiers; Circuits; Computers; Cross Sections; 
Cylinders; ETR; Fast Neutrons; Group Theory; IBM 650; Krieger-Nelkin Theory; Materials Testing; 
MUFT-Code; Neutron Flux; Neutrons; Reactor Core; Research Reactors; Safety; Spectra; Temperature; 
Water; Absorption; Aluminum Alloys; Computers; Cross Sections; ETR; Fission; IBM 650; Krieger- 
Nelkin Theory; Materials Testing; MTR; Neutron Spectrometers; Neutrons; Plutonium 239; Plutonium 
241; Protactinium 231; Research Reactors; Rotation; Steam; Temperature; Uranium Alloys; Uranium 233; 
Uranium 235; Vapors; Water; Activation; Antimony 124; Beryllium; Cadmium; Capture; Cross Sections; 
ETR; Gases; Half-Life; Iridium 191; Irradiation; Jackets; Krieger-Nelkin Theory; Materials Testing; 
Promethium 147; Promethium 148; Research Reactors; Resonance Neutrons; Rhodium 103; Slowdown; 
Uranium 235; Angular Distribution; Beryllium; Crystals; Dispersions; Energy; ETR; Krieger-Nelkin 
Theory; Materials Testing; Methane; Neutrons; Research Reactors; Scattering; Thermal Neutrons; Decay; 
ETR; Gamma Radiation; Half-Life; Krieger-Nelkin Theory; Materials Testing; Measured Values; 
Promethium 148; Research Reactors; Samarium 148; Yttrium 92; Counters; Detection; Electronic 
Equipment; ETR; Krieger-Nelkin Theory; Liquids; Materials Testing; Monitoring; Research Reactors; 
Solutions; Stability; Computers; Criticality; Cross Sections; Deuterium; Deuterium Compounds; Ethane; 
ETR; Fuels; Gases; Hydrocarbons; IBM 650; Krieger-Nelkin Theory; Mathematics; Methane; Neutrons; 
Organic Moderator; Oscillations; Paraffin; Propane; Research Reactors; Scattering; Storage; Transport 
Theory; Zemach-Glauber formalism 
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8443…..…..…………………..…….……..……ID Number…………………..…..…………….8443 

Author: Spano, A. H. 

Title: Perturbation Measurement of 1/Beta-eff Using a 1/V Absorber 

Date: 3/1/1961 

Report: IDO-16638 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is given of the experimental measurement of the prompt- neutron 
lifetime parameter of a SPERT water moderated and reflected reactor using the l/v-absorber perturbation 
technique. The l/ beta(eff) result given by the experiment is compared with the dynamic value obtained 
from super prompt- critical power excursion experiments performed on the same core. The latter value is 
found to be constant throughout the reciprocal reactor period range 0 < alpha < 300 sec/sup -1/; 
consequently, the comparison permits an evaluation of the static l/v-absorber method in terms of the direct 
step-transient technique. 
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8444…..…..…………………..…….……..……ID Number…………………..…..…………….8444 

Author: deBoisblanc, D. R. / et al. 

Title: Proposal for an Advanced Engineering Test Reactor-ETR II 

Date: 3/17/1960 

Report: IDO-16666 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a study are presented which was directed at providing additional 
experimental loop irradiation space for the AEC-DRD testing program. It was a premise that the 
experiments allocated to this reactor were those that could not be accommodated in the MTR, ETR, or in 
existing commercial test reactors. To accomplish the design objectives called for, a reactor producing 
perturbed neutron fluxes exceeding 10/sup 15/ thermal neutrons per square centimeter per second and 1.5 
x 10/sup 15/ epithermal neutrons per square centimeter per second. To accommodate the experimental 
samples, the reactor fuel core is four feet long in the direction of experimental loops. The vertical 
arrangement of reactor and experiments permits the use of straight and vertical loops penetrating the top 
cap of the reactor vessel. The design offers a high degree of accessibility of the exterior portions of the 
experiments and offers very convenient handling and discharge of experiments. Since the loops are to be 
integrated into the reactor design and the in-pile portions installed before reactor startup, it is felt that many 
of the problems encountered in MTR and ETR experience will cease to exist. Installation of the loops prior 
to startup will have an added advantage in that the flux variations experienced in experiments in ETR every 
time a new loop is installed will be absent. ETR II (formerly called ETR IV) has a core configuration which 
provides essentially nine flux-trap regions in a geometry which is almost optimum for cylindrical 
experiments. The geometry is similar to that of a four-leaf clover with one flux trap in each leaf, one at the 
intersection of the leaves, and one between each pair of leaves. The nominal power level is 250 Mw. The 
study was carried out in enough detail to permit the establishment of the design parameters and to develop 
the power requirement which, conservatively rated, will definitely reach the flux specifications. A critical 
mockup of an arrangement similar to ETR II was loaded into the Engineering Test Reactor Critical Facility. 
A two-dimensional calculation of this actual test provided a confirmation of validity of the computer 
techniques in predicting the behavior of this reactor. 
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8445…..…..…………………..…….……..……ID Number…………………..…..…………….8445 

Author: Spano, A. H. 

Title: Experimental and Analytical Reactivity Studies of Clean Critical Stainless Steel Cores 

Date: 6/16/1961 

Report: IDO-16691 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results are presented of critical water height measurements made on close-packed 
lattices of Spert III, highly enriched, plate-type, stainless- steel-clad fuel elements. Experiments were 
conducted with cores containing no control rods and with cores containing a single, fully-inserted control 
rod. The "clean critical" data obtained in these experiments were used to test the validity of various aspects 
of a four-group, diffusion theory analysis of the full scale Spert III reactor. The results of the analyses of 
the rod-free and single-rodded critical lattices show that for such stainless steel cores k(eff) can be 
calculated to within 1% DELTA k and that the Spert III control rod worth is calculable to a few tenths % 
DELTA k. 



 

C-8463 

8446…..…..…………………..…….……..……ID Number…………………..…..…………….8446 

Author: McMurry, H. L. / Metcalf, D. R. 

Title: Measurement of Reactivity in Thermal Reactors 

Date: 2/29/1960 

Report: IDO-16709 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The equations used as the basis for computing reactivities from experimental data 
when fissioning is mainly by thermal neutrons are shown. The conditions are reviewed under which an 
asymptotic period given by the inhour equation will be obtained. The reactivity and the period are usually 
associated with a reactor which can be brought to criticality by the addition of distributed poison. Some 
origins of equations relating reactivity to this poison distribution are sketched. The equation derived using 
adjoint functions had the soundest theoretical basis. However it involves parameters not usually measured. 
When fuel is distributed non-uniformly the correct theory suggests that the poison should be distributed in 
proportion to the macroscopic thermal cross section in the core. 
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8447…..…..…………………..…….……..……ID Number…………………..…..…………….8447 

Author: n.a. 

Title: Materials Testing Reactor-Engineering Test Reactor Technical Branches Quarterly Report, October 
1-December 31, 1961 

Date: 3/20/1962 

Report: IDO-16760 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: fuel weighting functions were calculated for the ARMF which agree well with 
experimental measurements. Reactor physics caIcuIations were made in cylindrical systems consisting of 
boron stainless-steel flat plates distributed in homogeneous solutions of UO2(NO3)2 to compare with 
critical experiments. Some progress was made in developing calculational methods which can be used with 
some reliance in the evaluation of possible criticality hazards and in design studies for the ICPP. New 
MUFT R beryllium decks were developed from basic nuclear data. The use of these decks in MUFT R 
calculations brought the calculated age more in line with experimental values. The presence of thorium was 
shown to increase F/sub 1/, the factor that characterizes the 1/E component of the neutron flux, by 60 to 
80% in the ARMF. Wires consisting of 1% gold and 99% copper were used as monitors in this 
measurement. The study of liquid phase sorption of boric acid on three aluminas indicated appreciable 
sorptron on two activated aluminas, and negligible sorption on a hydrated alpha alumina. The sorption was 
determined at slightly above room temperature. Sample fuel plates of uranium-aluminum alloys and 
uranium oxide aluminum cermets were irradiated at 400 deg F in the MTR core and post- irradiation 
annealing tests were conducted at 390 to 650 deg F. Irradiation of 13 UO2 Experimental Gas Cooled 
Reactor fuel capsules in the ETR continued. Total cross section measurements of Pu/sup 238/ were made 
in the energy region from 0.01 to 20 ev. Resonances were obtained at 2.88, 5.17, 9.96, and 18.6 ev. A survey 
measurement was taken utilizing the 45-meter flight path, and additional resonances were observed at ~60, 
70, and 83 ev. A total thermal cross section of ~610 barns was measured. A preliminary resonance activation 
integral value of 8.4 barns and a thermal activation cross section of 1.0 barn was obtained for Nb/ sup 94/ 
activating to 2.03 x 10/sup 4/-year Nb/sup 94/. A resonance integral of 500 barns and a thermal activation 
cross section of --5 barns was determined for 2.03 x 10/sup 4/year Nb/sup 94/ activating to 35.3-day Nb/sup 
95/. A corrected value for the half life of Sb/sup 122m/ was established as 4.2 min. This was reported 
previously as 3.5 min for the metastable state. Measurements were made to determine changes in the 
symmetric/asymmetric fission ratio of U235 near 0.284-ev resonance. In conjunction with the decay 
schemes program, computer techniques were developed which permit the calculation of the complete pulse- 
height response of a scintillation spectrometer to any radioactive nuclide. This requires only a knowledge 
of the decay scheme and the measurement parameters for the detector being used. Special techniques were 
developed in several areas of instrumentation. A constant charge pulse generator allows charge supplied to 
a capacitor to be constant to 0.1 percent. A line surge protector will completely disconnect transistor 
equipment from the line 2 milliseconds after the surge first appears. A fast-scaling 1-microsecond double 
pulse resolution scaler with 6 decades of electrical and meter readout uses solid state circuit components 
and can be buiit for 0. An arrangement of a neutron source, a BF3 chamber, and appropriate electronics 
allowed continuous determination of boron concentration in a boric acid chemical loop. A 3-phase oscillator 
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to be used in operation of the velocity selector rotors has a frequency choice from 166 to 500 cps with a 
short term stability (jitter) less than 1 microsecond. A group of new IBM-650 programs was completed and 
placed in service in a general purpose nonlinear least squares fitting program, a program to compute the 
shape of beta-ray energy distributions, an orbital electron tracing program, an auto-correlation and power 
spectrum program, and a program to process data from the PAED-24 experiment in the MTR. Work has 
started on a program for the quantitative analysis of gamma- ray spectra 
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8448…..…..…………………..…….……..……ID Number…………………..…..…………….8448 

Author: Stephan, L. A. 

Title: Transient Tests of the BSR-II Core in the SPERT Facility 

Date: 4/1/1963 

Report: IDO-16768, 21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of transient tests was performed in Spert I with the Bulk Shielding Reactor 
II (BSR-II) core to determine the self-limiting properties of this core and to test the response of the reactor 
control system. The experimental program included measurements of the static parameters, self- limiting 
transient tests, control-system-shutdown transient tests, low-level start-up tests, and determinations of the 
reduced prompt neutron lifetime by dynamic and static techniques. The kinetic behavior of the BSR-II self-
limiting transient tests showed a general similarity to behavior of self-limiting transient tests performed on 
other plate-type cores tested at Spert. The control system was found to be more effective in terminating 
power bursts than was the inherent self-shutdown of the reactor for excursions initiated by reactivity 
additions of up to an excess reactivity of about 1.8 dollars, corresponding to a reactor period of about 3 
msec. For reactivity insertions larger than 1.8 dollars, self-shutdown was more effective than shutdown by 
external controls in limiting the excursion. In the short-period region where limited or total core damage 
can occur, no increased protection to the reactor is provided by the control system. 
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8449…..…..…………………..…….……..……ID Number…………………..…..…………….8449 

Author: Schroeder, F. ed. 

Title: Quarterly Technical Report on SPERT Project, January-March 1962 

Date: 8/10/1962 

Report: IDO-16788 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Analog Systems; Computers; Coolant Loops; 
Criticality; Density; Equations; Excursions; Expansion; Frequency; Fuel Cans; Fuel Elements; Heating; 
Inspection; Lifetime; Measured Values; Moderators; Neutrons; Operation; Plates; Power; Programming; 
Prompt Neutrons; Reactivity; Reactor Core; Reactor Safety; Reactors; Recording Systems; Shutdown; 
SPERT-1; SPERT-3; Statistics; Testing; Transfer Functions; Transients; Variations; Water Moderator; 
Zones 
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8450…..…..…………………..…….……..……ID Number…………………..…..…………….8450 

Author: Haire, J. C. / Bright, G. O. 

Title: 1960 Idaho Conference on Reactor Kinetics Held at Sun Valley, Idaho, October 12-14, 1960 

Date: 7/1/1962 

Report: IDO-16791 

Conference/Journal: 1960 Idaho Conference on Reactor Kinetics Held at Sun Valley, Idaho, October 
12-14, 1960 

Conference Session:  

Abstract/Keyterms: Thirty papers are included on reactor kinetics with emphasis being placed on reactor 
safety and design considerations resulting from kinetic work. Information is presented on power excursion 
programs, reactor transfer function determination and application, reactor instability and thermal-hydraulic 
problems, and analytical methods in reactor kinetics. The accomplishments in the field and areas needing 
emphasis are discussed and summarized. Constructive suggestions are made on program direction and 
information dissemination. Separate abstracts were prepared for each paper. (N.W.R.) lOl2 Data and 
analytical work on various power excursion tests are summarized and discussed in order to show the present 
position and understanding of reactor kinetics under accident conditions. The results show that our 
understanding of plate-type, water-moderated systems of the low power research type seem to be in good 
shape. On the other hand, information on radiolytic gas formation and transient boiling phenomena is not 
understood too well. Data are primarily presented on safety experiments with SPERT I and KEWB; 
however, some information is presented on power excursion tests of Borax I, SPERT III, Triga, Treat, and 
Godiva. Results show that the problem of predicting the response of reactor systems is on a much firmer 
basis, even without knowing very much about details. 
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8451…..…..…………………..…….……..……ID Number…………………..…..…………….8451 

Author: Schroeder, F. 

Title: Power Excursion Studies 

Date: 7/1/1962 

Report: IDO-16791 

Conference/Journal: 1960 Idaho Conference on Reactor Kinetics Held at Sun Valley, Idaho, October 
12-14, 1960 

Conference Session:  

Abstract/Keyterms: Thirty papers are included on reactor kinetics with emphasis being placed on reactor 
safety and design considerations resulting from kinetic work. Information is presented on power excursion 
programs, reactor transfer function determination and application, reactor instability and thermal-hydraulic 
problems, and analytical methods in reactor kinetics. The accomplishments in the field and areas needing 
emphasis are discussed and summarized. Constructive suggestions are made on program direction and 
information dissemination. Separate abstracts were prepared for each paper. (N.W.R.) lOl2 Data and 
analytical work on various power excursion tests are summarized and discussed in order to show the present 
position and understanding of reactor kinetics under accident conditions. The results show that our 
understanding of plate-type, water-moderated systems of the low power research type seem to be in good 
shape. On the other hand, information on radiolytic gas formation and transient boiling phenomena is not 
understood too well. Data are primarily presented on safety experiments with SPERT I and KEWB; 
however, some information is presented on power excursion tests of Borax I, SPERT III, Triga, Treat, and 
Godiva. Results show that the problem of predicting the response of reactor systems is on a much firmer 
basis, even without knowing very much about details. 
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8452…..…..…………………..…….……..……ID Number…………………..…..…………….8452 

Author: n.a. 

Title: Materials Testing Reactor-Engineering Test Reactor Technical Branches Quarterly Report, October 
1-December 31, 1962 

Date: 3/29/1963 

Report: IDO-16857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Initial criticality of ARMF II was achieved December 4, 1962, on 3201 g U235 with 
a center-hole equivalent of one fuel element. The instrumentation included an automatic data integrator and 
readout system. Heat transfer conditions in a simulated ETR flow channel were measured up to burnout 
(3.8 x 10/sup 6/ Btu/hr ft/sup 2/). This work substantiated the use of the Ditus-Boelter and the Jens Ottes 
correlations for heat transfer in ETR fuel elements. Preliminary results were obtained in irradiation testing 
of sample fuel plates containing powdered uranium-aluminum intermetallic compounds. A study was made 
of the desirability, from a nuclear standpoint, of replacing the present cadmium safety rods in the ETR by 
hafnium rods. Hafnium was found to be superior to cadmium both in total shutdown worth and resistance 
to burnout. A series of calculations was made to study the epithermal poison sensitivity in the ARMF for 
modified experimental water hole conditions. It was found that the sensitivity was increased significantly 
by reducing the water hole from a 6.5- to a 3.25-in. square and placing a Mark II fuel element in this position 
with the sample located at the center of this assembly. Collaborative nuclear chemistry and fast chopper 
measurements of a 360curie sample of Ta/sup 182/ (115 day) reveal a prominent resonance at 0.147 ev with 
a peak cross section of 47,000 barns. Reasonable account of some aspects of the inelastic scattering of 
thermal energy region neutrons from liquid methane can be made using a cluster model involving 18 
molecules. Rotational freedom is allowed but the translational motion is inhibited. Measurements of neutron 
inelastic scattering from powdered Be reveal strong structure effects. A detailed study of the shapes of 
gamma ray spectra obtained with NaI scintillation counters was completed. The problems associated with 
the development of computer techniques for analysis of pulse- height spectra are treated. Procedures for 
handling these data with computer programs are presented. Installation and check-out of the instrumentation 
and control system for the ARMF II was completed. Some of the important features of the regulating rod 
readout and shim rod drive readout are described. The results of tests of pressure transducers and associated 
cables in a high peak flux environment is reported along with laboratory tests of strain gages. An 
experimental displacement flowmeter was developed to measure the transient flow of the water moderator 
during transient power excursions of a reactor. A three- phase frequency divider was developed for use with 
the velocity selector. Other experimental techniques include a logarithmic X-Y plotter, a new method of 
measuring magnet release time, and a time-saving chart reader. The library of nuclear codes on tape at the 
Bartlesville computing center now encompasses 26 separate programs ready for routine use. In addition the 
gamma shape generation was largely converted to FORTRAN, along with other programs for the analysis 
of gamma spectra. A program to solve numerically an integral equation of the first kind was written and 
checked out for the IBM 650. 
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8453…..…..…………………..…….……..……ID Number…………………..…..…………….8453 

Author: Miller, R. W. / Sola, A. / McCardell, R. K. 

Title: Report of the SPERT-1 Destructive Test Program on an Aluminum, Plate-type, Water-Moderated 
Reactor 

Date: 6/1/1964 

Report: IDO-16883 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Atmosphere; Chemical Reactions; Contamination; 
Energy; Excursions; Explosions; Fission Products; Fuel Elements; Melting; Plates; Power; Pressure; 
Reactivity; Reactor Core; Reactor Safety; Reactors; SPERT- 1; Steam; Temperature; Testing; Water; Water 
Moderator 
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8454…..…..…………………..…….……..……ID Number…………………..…..…………….8454 

Author: Schroeder, F. ed. 

Title: SPERT Project. Quarterly Technical Report, October-December 1962 

Date: 5/17/1963 

Report: IDO-16890 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A successful integral-core destructive test was performed in the Spert I facility with 
a highly enriched, platetype, water-moderated core. A 3.2-msec- period power excursion was initiated by 
an essentially stepwise addition of 3.5 dollars of reactivity The excursion was self-limiting, with a peak 
power of 2.3 Gw and with a nuclear energy release in the burst of 31 Mw-sec. After the nuclear excursion 
had self-limited and the power had returned to a level of about 5% of the peak value, a sudden pressure rise 
occurred which disassembled the core and produced widespread damage to associated equipment. The 
maximum fuel alloy temperature was slightly in excess of 1200 deg C, in agreement with calculations based 
on the measured nuclear energy release. The characteristics of the nuclear burst for the destructive test were 
in agreement with predictions based on extrapolation of the results of previous nondestructive tests. The 
peak pressure in the explosion, which occurred after the nuclear burst, was of the order of several thousand 
psi and the rise time of this pressure pulse was significantly less than 1 msec. A series of static experiments 
was performed in the Spert II facility for a close-packed core with D2O as the moderator in order to obtain 
information to aid in the design of necessary structural components for kinetic testing of this type of core 
under various initial system conditions, including forced coolant flow. Critical experiments were performed 
and a 57- assembly core was determined to have a cold, clean excess reactivity of 9.6 dollars and a shutdown 
reactivity margin of about 6.6 dollars. A 52-assembly core having a shutdown margin of about 10 dollars 
was used for a series of reactivity worth measurements of fuel assemblies in various positions on the core 
perimeter and of typical structural components in the reflector region around the core. An experimental 
program was undertaken in the Spert lV reactor to determine if any significant changes in neutron flux 
distribution, ion chamber power calibration, or reduced prompt neutron lifetime could be measured as a 
result of a large population of voids in the central region of the core, such as might arise during an excursion 
test. The thermal neutron flux in the center of the core is depressed by the presence of voids, and the flux 
spectrum is slightly hardened. However, the power calibration of typical neutron-sensitive ion chambers in 
the reflector and the value of the reduced prompt neutron lifetime (measured by analysis of statistical 
fluctuations of the core neutron population) are relatively insensitive to the presence of a centrally located 
void population worth approximately two dollars in reactivity. The isothermal temperature coefficient for 
the Spert PIV core was measured over the temperature range of approximately 20 to 35 deg C and found to 
vary from --0.7 to --1.2 DEC. An analysis was performed of the dynamics of reflector-perturbed reactors. 
This analysis has shown that the dynamic behavior of a reflected reactor perturbed by changes within the 
reflector differs both from the behavior of the statically- equivalent bare reactor and from the behavior of 
the same reflected reactor perturbed within the core, because the perturbation alters the values of the 
reflector delayed-group parameters. While for the case of a reflected reactor perturbed in the core it is 
possible to out-run the reflected neutrons, for the reflector perturbed case this not possible. Thus, the 
parameters which define the inhour relation or the transfer function representing the response of the reactor 
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to reactivity feedback mechanisms acting within the core cannot be completely determined by experiments 
in which reflector perturbations are used to vary the reactivity of the system. An illustrative example is 
presented for an enriched uranium, plate-type D2O-moderated and -reflected reactor. 
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8455…..…..…………………..…….……..……ID Number…………………..…..…………….8455 

Author: Johnson, R. L. 

Title: A Statistical Determination of the Reduced Prompt Neutron Generation Time,$Lambda$//Anti 
$Beta$/, in the SPERT IV Reactor 

Date: 8/1/1963 

Report: IDO-16903 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An experimental determination of the reduced prompt neutron generation time 
LAMBDA / beta in the Spert IV reactor utilizing a technique based on the statistical behavior of the neutron 
population is described. A mathematical model including the effects of delayed neutrons that relates the 
statistic variance-to-mean ratio of the count rate as a function of counting time” to integral reactor 
parameters is derived. This model is used in conjunction with subcritical counting measurements from the 
Spert IV reactor to provide a value of LAMBDA / beta that is in good agreement with an independent 
measurement obtained from super prompt critical excursion experiments. 
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8456…..…..…………………..…….……..……ID Number…………………..…..…………….8456 

Author: Wagner, R. J. 

Title: IREKIN--Program for the Numerical Solution of the Reactor Kinetic Equations 

Date: 3/1/1963 

Report: IDO-16928 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Differential Equations; 
Numericals; Power; Programming; Reactivity; Reactors 
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8457…..…..…………………..…….……..……ID Number…………………..…..…………….8457 

Author: Putnam, G. E. 

Title: Some Methods of Calculation of the Parameters in the Reactor Kinetics Equations 

Date: 2/1/1965 

Report: IDO-16983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Delayed Neutrons; Differential Equations; 
Distribution; Equations; Integrals; Lifetime; Neutrons; Numericals; Prompt Neutrons; Reaction Kinetics; 
Reactors 
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8458…..…..…………………..…….……..……ID Number…………………..…..…………….8458 

Author: Sandquist, G. M. 

Title: Xenon-135 Induced Instabilities of the Neutron Flux in Nuclear Reactors 

Date: 10/1/1964 

Report: IDO-16985 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; ATR; Computers; Digital 
Systems; Distribution; FORTRAN; IBM 7040; Induction; Iodine 135; Neutron Flux; Neutrons; 
Programming; Reactors; Research Reactors; Simulators; Stability; Thermal Neutrons; Xenon 135 
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8459…..…..…………………..…….……..……ID Number…………………..…..…………….8459 

Author: Goldsberry, V. W. 

Title: Self-Limiting Excursion Tests of the SPERT II Highly Enriched Plate-Type D2O-Moderated 
Reactor. Part IV. Data Summary Report 

Date: 9/1/1964 

Report: IDO-16990 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Diagrams; Energy; 
Enrichment; Excursions; Fuel Elements; Fuels; Heavy Water Moderator; Plates; Pressure; Reactivity; 
Reactor Safety; Reactors; Research Reactors; Review; Surfaces; Tables; Temperature 
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8460…..…..…………………..…….……..……ID Number…………………..…..…………….8460 

Author: McClure, J. A. / Johnson, R. L. 

Title: Critical Loading and Initial Static Experiments in the SPERT II Reactor with a Close-Packed D2O-
Moderated Core 

Date: 6/1/1964 

Report: IDO-16996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Activation; Bubbles; Configuration; Criticality; Enrichment; 
Excursions; Foils; Fuel Elements; Gold; Heavy Water Moderator; Mass; Measured Values; Neutron Flux; 
Neutrons; Plates; Poisoning; Power; Pressure; Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; 
Reactors; Research Reactors; SPERT-2; Temperature; Temperature Coefficient; Testing; Uranium 235; 
Void Coefficient; Zones 
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8461…..…..…………………..…….……..……ID Number…………………..…..…………….8461 

Author: Crocker, J. G. / Stephan, L. A. 

Title: Reactor Power Excursion Tests in the SPERT IV Facility 

Date: 1/1/1964 

Report: IDO-17000 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Accidents; Enrichment; Excursions; Fuel Elements; Liquid 
Flow; Performance; Plates; Power; Reactivity; Reactor Safety; Reactors; SPERT-4; Temperature; Testing; 
Water Coolant; Water Moderator 
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8462…..…..…………………..…….……..……ID Number…………………..…..…………….8462 

Author: Miller, R. W. / McCardell, R. K. / Lagier, T. F. 

Title: Addendum to the SPERT IV Hazards. Summary Report--Capsule Driver Core 

Date: 2/1/1965 

Report: IDO-17002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Control Systems; Excursions; 
Irradiation; Numericals; Planning; Pulses; Radiation Protection; Reactivity; Reactor Core; Reactor Safety 
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8463…..…..…………………..…….……..……ID Number…………………..…..…………….8463 

Author: Houghtaling, J. E. / Norberg, J. A. / Haire, J. C. 

Title: Addendum to the SPERT III Hazards Summary Report-Low-Enrichment Oxide Core 

Date: 10/1/1965 

Report: IDO-17003, (Rev. 2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Accidents; Control Systems; 
Criticality; Enrichment; Planning; Reactivity; Reactor Core; Reactors; Safety; SPERT-3; Testing; Uranium 
Dioxide 
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8464…..…..…………………..…….……..……ID Number…………………..…..…………….8464 

Author: Spano, A. H. ed. 

Title: SPERT Project Quarterly Technical Report, January-March 1964 

Date: 7/1/1964 

Report: IDO-17010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Boiling; Configuration; Control Elements; Coolants; 
Criticality; Delayed Neutrons; Diffusion; Distribution; Doppler Reactivity; Energy; Equilibrium; 
Explosions; Feedback; Flow Rate; Frequency; Fuel Cans; Fuel Elements; Fuel Pins; Fuels; Heating; Heavy 
Water Moderator; Helium; Irradiation; Levels; Lifetime; Metallurgy; Moderators; Nucleate Boiling; PBF; 
Pellets; Planning; Plates; Power; Pressure; Prompt Neutrons; Reactivity; Reactor Core; Reactor Noise; 
Reactor Period; Rods; Rupture; Sensitivity; Shutdown; SPERT-1; SPERT-3; SPERT-4; Stability; Steam; 
Temperature; Testing; Thermal Properties; Transients; Tubes; Uranium Dioxide; Zirconium Oxides 
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8465…..…..…………………..…….……..……ID Number…………………..…..…………….8465 

Author: Dietz, K. A. 

Title: Step Project Quarterly Technical Report July 1963-September 1963 

Date: 7/1/1964 

Report: IDO-17012 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Calibration; Criticality; LOFT; 
Planning; Power; Power Plants; Pressure Vessels; Reactivity; Reactor Safety; Reactors; SNAP-10 Series; 
Standards; Testing 
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8466…..…..…………………..…….……..……ID Number…………………..…..…………….8466 

Author: Gipson, D. H. / Peereboom, R. A. 

Title: DUZIT-ARMF Data Analysis Program for the IBM-7040 

Date: 10/1/1964 

Report: IDO-17026 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Control Elements; Digital 
Systems; FORTRAN; Fuel Elements; IBM 7040; Measured Values; Multiplication Factors; Programming; 
Quantity Ratio; Reactivity; Reactors; Rods 
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8467…..…..…………………..…….……..……ID Number…………………..…..…………….8467 

Author: Grund, J. E. ed. 

Title: Experimental Results of Potentially Destructive Reactivity Additions to an Oxide Core 

Date: 12/1/1964 

Report: IDO-17028 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Canning; Deformation; 
Diagrams; Doppler Effect; Excursions; Failures; Fuel Elements; Materials Testing; Plating; Powders; 
Reactivity; Reactor Core; Reactors; Research Reactors; Rods; Spectral Shift; Stainless Steels; Tables; 
Testing; Transients; Uranium Dioxide 
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8468…..…..…………………..…….……..……ID Number…………………..…..…………….8468 

Author: Spano, A. H. ed. 

Title: SPERT Project Quarterly Technical Report, April-June 1964 

Date: 9/1/1964 

Report: IDO-17030 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Accidents; Burnout; Control 
Elements; Coolant Loops; Critical Assemblies; Criticality; Deformation; Excursions; Explosions; Failures; 
Fission Products; Fluid Flow; Fuel Cans; Fuel Elements; Fuels; Heavy Water Moderator; In Pile Loops; 
Irradiation; Melting; Mockup; Moderators; Nucleate Boiling; Operation; Planning; Plates; Pulses; 
Reactivity; Reactor Core; Reactors; Research Reactors; Shutdown; SPERT-1; SPERT-2; SPERT-3; 
SPERT-4; Steam; Temperature; Testing; Transfer Functions; Transients; Uranium Dioxide; Water 
Moderator 
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8469…..…..…………………..…….……..……ID Number…………………..…..…………….8469 

Author: Dugone, J. / Wieland, D. D. 

Title: Fuel Rod Experience During the SPERT I Destructive Test Series with a Stainless Steel Clad, Rod-
Type Core 

Date: 3/1/1965 

Report: IDO-17048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Ceramics; Deformation; Excursions; Fuel 
Cans; Fuel Elements; Fuels; Inspection; Metallurgy; Powders; Reactor Safety; Reactors; Rods; SPERT-1; 
Stainless Steels; Testing; Uranium Dioxide 
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8470…..…..…………………..…….……..……ID Number…………………..…..…………….8470 

Author: Wilson, T. R. / Hauge, O. M. / Matheney, G. B. / Homer, G. B. 

Title: An Engineering Test Program to Investigate a Loss of Coolant Accident 

Date: 10/1/1964 

Report: IDO-17049 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Coolant Loops; Coolants; 
Decontamination; Failures; Fission Products; LOFT; Losses; Planning; Pressure; Reactor Safety; Reactors; 
Testing; Vessels; Water Coolant; Water Moderator 
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8471…..…..…………………..…….……..……ID Number…………………..…..…………….8471 

Author: Dietz, K. A. 

Title: STEP PROJECT. Quarterly Technical Report, January-March 1964 April-June 1964 

Date: 6/1/1965 

Report: IDO-17070 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space; Accidents; Computers; Confinement; 
Coolant Loops; Criticality; Diagrams; Excursions; Heat Transfer; Hydraulics; Instruments; LOFT; Losses; 
Lungs; Measured Values; Mechanical Structures; Numericals; Performance; Personnel; Planning; Power 
Plants; Pressure; Programming; Radiation Doses; Radioactivity; Reactivity; Reactor Fueling; Reactor 
Safety; Reactors; SNAP-10 Series; SnaPTRan-2; Space Vehicles; Standards; Tables; Testing; Transients; 
Vessels; Water Coolant 
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8472…..…..…………………..…….……..……ID Number…………………..…..…………….8472 

Author: Power, B. J. / Hagen, R. N. / Johnson, S. O. 

Title: SPORT--A System for Processing Reactor Transient Data on the IBM-7040 Computer 

Date: 7/1/1965 

Report: IDO-17078 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Differential Equations; Energy; 
Frequency; IBM 7040; Mathematics; Programming; Reactivity; SPERT-1; SPERT-4; Tables; Transfer 
Functions; Transients 



 

C-8492 

8473…..…..…………………..…….……..……ID Number…………………..…..…………….8473 

Author: Forbes, S. G. / Bentzen, F. L. / French, P. / Grund, J. E. / Haire, I. C. / Nyer, W. E. / Walker, R. 
F. 

Title: Preliminary Report on a Comparison on ORNL SPERT D Critical Experiments with Calculations 

Date: 12:00:00 AM 

Report: IDO-17093 Preliminary Report 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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8474…..…..…………………..…….……..……ID Number…………………..…..…………….8474 

Author: Fox, J. K. 

Title: A Correlation of Interaction Data with Calculations Using the Geller Model 

Date: 8/1/1965 

Report: IDO-17095 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality Studies; Air; Buckling; Configuration; Coupling; Critical 
Assemblies; Criticality; Cylinders; Equations; Fissionable Materials; Interactions; Leakage; Measured 
Values; Neutrons; Numericals; Plates; Probability 
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8475…..…..…………………..…….……..……ID Number…………………..…..…………….8475 

Author: Crocker, J. G. 

Title: SPERT Project Quarterly Technical Report, January-March 1965 

Date: 7/1/1965 

Report: IDO-17097 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum; Capsules; Carbon Steels; 
Computers; Coolants; Cylinders; Energy; Errors; Excursions; Failures; Fluid Flow; Fuel Elements; 
Instruments; Leaks; Losses; Magnesium Oxides; Materials Testing; Measured Values; Numericals; 
Performance; Plates; Plating; Power; Pressure; Programming; Pumps; Reactivity; Reactor Core; Reactor 
Safety; Research Reactors; SPERT-3; SPERT-4; Stainless Steel-304; Stainless Steels; Steel-ASTM-A106; 
Temperature; Thermal Insulation; Thermocouples; Transfer Functions; Transients; Velocity 
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8476…..…..…………………..…….……..……ID Number…………………..…..…………….8476 

Author: n.a. 

Title: Nuclear Technology Branches Quarterly Report, January 1-March 31, 1965 

Date: 12/1/1965 

Report: IDO-17104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Air; Aluminum; Aluminum Alloys; 
Aluminum Oxides; Analog Systems; Angular Distribution; Annealing; Argon; ARMF-1; ARMF-2; ATR; 
ATRC; Beryllium; Beta Decay; Beta Particles; Canning; Circuits; Coincidence Methods; Computers; 
Cooling; Counters; Critical Assemblies; Cross Sections; Diagrams; Diffraction; Distribution; Ductility; 
Efficiency; Emission; Energy; EOCR; Equations; Ethane; ETR; ETRC; Fast Neutrons; Fatigue; Fission; 
Fission Products; Fluid Flow; Fuel Elements; Fuels; Gamma Radiation; Gases; Inelastic Scattering; 
Inspection; Intermetallic Compounds; Internal Conversion; Irradiation; Lasers; Light; Liquids; Magnesium; 
Materials Testing 
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8477…..…..…………………..…….……..……ID Number…………………..…..…………….8477 

Author: Johnson, R. L. / Larson, H. A. / McClure, J. A. / Norberg, J. A. 

Title: An Analysis of the Excursion Behavior of a Highly Enriched Plate-Type D2O-Moderated Core in 
SPERT II 

Date: 9/1/1965 

Report: IDO-17109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum; Distribution; Enrichment; 
Excursions; Expansion; Fuel Elements; Heavy Water Moderator; Lifetime; Plates; Power; Pressure; Prompt 
Neutrons; Reactivity; Reactor Safety; Reactors; SPERT-2; Temperature; Testing; Transients; Uranium 
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8478…..…..…………………..…….……..……ID Number…………………..…..…………….8478 

Author: Wagner, R. J. 

Title: IREKIN-Program for the Numerical Solution of the Reactor Kinetics Equations 

Date: 1/1/1966 

Report: IDO-17114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Differential Equations; Digital 
Systems; Energy; IBM 7040; Neutrons; Numericals; Power; Programming; Reactivity; Reactors 
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8479…..…..…………………..…….……..……ID Number…………………..…..…………….8479 

Author: Solbrig, A. W. Jr. 

Title: Topics in Nuclear Reactor Theory 

Date: 9/1/1965 

Report: IDO-17120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Binding Energy; Boltzmann Equation; 
Bound State; Cross Sections; Differential Equations; Equations; Molecules; Motion; Neutron Beams; 
Neutrons; Nuclear Reactions; Nuclei; Reactors; Scattering; Spectral Shift; Targets; Transport Theory 
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8480…..…..…………………..…….……..……ID Number…………………..…..…………….8480 

Author: Sandquist, G. M. 

Title: XKINEQ-A Two-Group, Two-Dimensional, Multiregion Computer Code for Examining Flux 
Stability in Nuclear Reactors in the Presence of 135Xe 

Date: 1/1/1966 

Report: IDO-17127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Configuration; Cylinders; 
Differential Equations; Digital Systems; FORTRAN; Neutron Flux; Programming; Reactors; Stability; X- 
Codes; Xenon 135 
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8481…..…..…………………..…….……..……ID Number…………………..…..…………….8481 

Author: Hunter, B. R. / Murri, E. L. / Matheney, G. B. / Palmer, J. F. 

Title: Sampling and Analysis of Fission Products during the Loss-Of-Fluid TEST (LOFT). An Interim 
Report 

Date: 12/1/1965 

Report: IDO-17128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Behavior; Environment; Fission 
Products; Instruments; LOFT; Losses; Power Plants; Qualitative Analysis; Reactors; Research Reactors; 
Safety; Sampling; Water Coolant 
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8482…..…..…………………..…….……..……ID Number…………………..…..…………….8482 

Author: Crocker, J. G. 

Title: SPERT Project. Quarterly Technical Report, July-September 1965 

Date: 2/1/1966 

Report: IDO-17146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; General; Computers; Configuration; Control Elements; 
Criticality; Differential Equations; Distribution; Doppler Effect; Excursions; Failures; Feedback; Fuel 
Elements; Measured Values; Neutron Flux; Numericals; Operation; PBR; Power; Programming; 
Reactivity; Reactor Core; Reactors; Rods; SPERT- 4; SPERT-1; Transducers; Transients; Uranium 
Dioxide; Velocity; Water 
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8483…..…..…………………..…….……..……ID Number…………………..…..…………….8483 

Author: Cloud, L. G. / Brown, R. H. / Wilde, N. / Boland, T. J. 

Title: The Advanced Reactivity Measurement Facility II Noise Study 

Date: 5/1/1966 

Report: IDO-17169 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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8484…..…..…………………..…….……..……ID Number…………………..…..…………….8484 

Author: Wilde, N. / Boland, T. J. / Anderson, S. D. 

Title: Instrument Development Branch Annual Report, 1965 

Date: 9/1/1966 

Report: IDO-17211 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Miscellaneous Instruments & Components; Abundance- Boron- 
Fuel Elements- Monitoring- Proportional Counters- Recovery- Solvents- Uranium- Zirconium; 
Acceleration- Air- Deformation- Gages- Instruments- Pressure- Pressure Vessels- Reactors- SNAP 
Systems- Strain Gages- Testing- Velocity; Accidents- Analysis- ATR- EOCR- Research Reactors- 
Transients; Alarm Systems- Circuits- Design- Gates- Generators- Monitoring- Switches; Alpha Detection- 
Beta Detection- Design- Performance- Proportional Counters; Amplifiers- Analog Systems- Electronic 
Equipment- Multiplication Factors- Pulses; Amplifiers- Crystal Counters- Design- Gamma Spectrometers- 
German NESDPS Office of Nuclear Energy Space and Defense Power Systems 
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8485…..…..…………………..…….……..……ID Number…………………..…..…………….8485 

Author: Grossmann, S. R. / Gottschalk, B. B. 

Title: Safety Analysis Report for FRAN Prompt Burst Machine 

Date: 9/1/1967 

Report: IDO-17231 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Analysis; Control 
Elements; Criticality; Efficiency; Fran; Operation; Performance; Reactivity; Reactor Safety; Research 
Reactors 
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8486…..…..…………………..…….……..……ID Number…………………..…..…………….8486 

Author: Gossmann, S. R. / Gottschalk, V. B. 

Title: Safety Analysis Report for Fran Prompt Burst Machine 

Date: 1/1/1968 

Report: IDO--17231(Add.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Analysis; Control 
Elements; Criticality; Efficiency; Fran; Operation; Performance; Reactivity; Reactor Safety; Research 
Reactors 
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8487…..…..…………………..…….……..……ID Number…………………..…..…………….8487 

Author: Dietz, K. A. 

Title: Engineering and Test Branch Quarterly Technical Report, July 1967—September 1967 

Date: 1/1/1968 

Report: IDO-17241 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fission Products / Monitoring of LOFT Fuel Pin Release; Iodine Isotopes I-135 / 
Monitoring in LOFT Fuel Pin Release; Iodine Isotopes I-131 / Monitoring in LOFT Fuel Pin Release; 
Reactor Safety Experiments / Physics Characteristics of LOFT Core, Effects of Control Rod and Fuel Pin 
Configuration On 
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8488…..…..…………………..…….……..……ID Number…………………..…..…………….8488 

Author: Rushton, B. L. 

Title: Physics Methods Used to Compute Reactivity, $Lambda$/Anti $Beta$/Sub Eff/, and Rod Worth for 
the PBF Critical Experiments 

Date: 1/1/1968 

Report: IDO--17276 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Critical Assemblies; Criticality; Delayed 
Neutrons; Measurement; Mockup; Numericals; PBF; Reactivity; Research Reactors; Testing; Variations 
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8489…..…..…………………..…….……..……ID Number…………………..…..…………….8489 

Author: n. a. 

Title: Final Report of Sl-1 Recovery Operation, May 1961 Thru July 1962 

Date: 7/27/1962 

Report: IDO-19311; TM-62-7-704 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In May, 1961, it was determined no renewed nuclear reaction in the SL-1 pressure 
vessel was possible as long as water was excluded. It was therefore possible to proceed with the final phase 
of the SL-1 recovery. This work consisted of moving the pressure vessel and core to the Hot Shop at the 
north end of the National Reactor Testing Station, dissecting and analyzing the reactor and its components, 
cutting up and burying the reactor building, and decontaminating the rest of the SL-1 area. These things 
were accomplished by the General Electric Company between May 1961 and July 1962. It was determined 
that the central control rod was bound in its shroud at a position corresponding to 20- inch withdrawal. 
Analysis of the pertinent data showed that the amount of reactivity associated with this rod position, inserted 
at a rate competitive with manual withdrawal of the rod, can explain the significant evidence which was 
collected. No other means of withdrawing the rod was found to be in accordance with the evidence. It was 
found that the relatively low yield (130 Mw-sec) nuclear excursion produced a water hammer with pressures 
up to 10,000 psi, which, in turn, caused the pressure vessel to rise some 9 feet in the air. 
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8490…..…..…………………..…….……..……ID Number…………………..…..…………….8490 

Author: n.a. 

Title: Design Criteria for Gas-Cooled Loop in the Advanced Test Reactor 

Date: 5/1/1963 

Report: IDO-24044 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; ATR; Control Systems; Criticality; 
Diagrams; Gas Coolant; In Pile Loops; Instruments; Laboratory Equipment; Mechanics; Motors; Planning; 
Remote Handling; Research Reactors; Standards; Testing; Vessels 
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8491…..…..…………………..…….……..……ID Number…………………..…..…………….8491 

Author: Jones, H. M. / Neuhold, R. J. / Turner, R. A. 

Title: Nuclear Analysis of the Advanced Test Reactor Critical Experiments 

Date: 12/1/1963 

Report: IDO-24458; S-R-132 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; BW-CA-1; Criticality; Distribution; Energy; Epithermal 
Neutrons; Neutron Flux; Numericals; Planning; Power; Reactivity; Reactor Core; Reactors; Temperature; 
Thermal Neutrons; Void Coefficient; Zones 
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8492…..…..…………………..…….……..……ID Number…………………..…..…………….8492 

Author: n. a. 

Title: Army Gas-Cooled Reactor Systems Program Monthly Progress Report for August 1959 

Date: 9/30/1959 

Report: IDO-28544 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the Gas Cooled Reactor Experiment-I the BMI-16 in-pile tube was installed and 
pressure checked. Parallel operation with two blowers was unsuccessful. The lifetime of an ML-1 fuel 
element was evaluated for two cases. Cross sections were drawn of three IB elements for use in studying 
neutron scattering. Pressure drops of five basic space designs were compared. Preliminary investigations 
and reports were completed on a production line scintillation spectrometer to safeguard against mixing 
pellets of different loadings. A variable-speed rotary welding machine for welding fuel pins was assembled. 
The test model for the transient heat transfer method was completed. Periodic combustion tube and furnace 
failures interrupted gas corrosion tests, but creep and tube burst tests were continued. Existing alloys were 
investigated and did not meet ML-1 design requirements. In-pile testing of the IB-1 alpha T. element was 
completed. Two GCRE production elements were placed in the BMI critical facility for comparison 
with...Corrosion tests with ammonium pentaborate for shielding showed that it was unstable above 150. At 
the Gas Turbine Test Facility design information was provided for open cycle piping. 
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8493…..…..…………………..…….……..……ID Number…………………..…..…………….8493 

Author: n.a. 

Title: Army Gas-Cooled Reactor Systems Program Semiannual Progress Report for January 1-June 30, 
1960 

Date: 7/31/1960 

Report: IDO-28558 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Gas Cooled Reactor Experiment I. Expedient modifications to the tube bundle and 
control rods made possible the attainment of initial critical of the GCRE-I reactor early in February. The 
scheduled series of low-power experiments was completed and the facility shut down in mid April to permit 
the permanent modification to the tube bundle, control rods, and instrumentation. Gas Cooled Reactor 
Experiment II. Work on the GCRE-II was limited to materials development and systems studies. These 
studies included mobile and portable power systems using homogeneous graphite reactors as well as 
modifications and improvements to the ML-1 system. The materials development effort was devoted to 
homogeneous graphite fuel materials. The ML-1. Activation measurements were made in the Lid Tank 
Facility. Reanalysis of stresses in the tube sheet indicated high stresses in certain regions. Design of most 
of the reactor package was completed and fabrication initiated. An alloy (80% Ag--15% In--5% Cd) was 
selected for the ML- 1 control blades on the basis of ductility tests, corrosion tests, and neutronic 
calculations. A critical experiment was performed on the ML-1 configuration with pin type fuel elements. 
The recuperator design selected is a four-pas-s shell and tube heat exchanger. Fuel-element Development. 
A preliminary design study indicated that the seven-pin fuel element does not significantly improve 
performance over that obtainable with the 19-pin design. A corrosion test specimen of Hastelloy X exposed 
for 5000 hr in air at 1750 deg F showed 0.0016- in. penetration. Beryllium oxide-- uranium oxide capsule 
irradiation was completed with about 2 at.% U235 burn-up at maximum surface temperature of 1740 deg 
F. The IB-2T-Z irradiation test was completed after about 800 hr of operation, including 1147 thermal 
cycles between 1000 and 1600 deg F without any evidence of malfunction. The irradiation of the GCRE-1 
plate type element (1-3P) was completed after 429 hr of operation. (For preceding period see IDO-28549.) 
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8494…..…..…………………..…….……..……ID Number…………………..…..…………….8494 

Author: n.a. 

Title: Army Gas-Cooled Reactor Systems Program. Monthly Progress Report for September 1960 

Date: 9/1/1960 

Report: IDO-28563 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: NRTS Operations. Testing of the GCRE with the plate type fuel elements was 
concluded and this core was removed. The pin type fuel elements were loaded and critical experiments and 
zero-power tests begun. ML-1 operations are summarized. ML-1. Fabrication of the ML-1 package 
progressed satisfactorily. The tube bundle assembly was leak tested and control blade mount assemblies 
were completed. Confirmatory measurements for the shield were made at ORNL. Fuel Element 
Development. In the IB-2T-1 in-pile test, long-lived fission product activity was noted in the loop gas after 
increase of outlet gas temperature to 1300 deg F. Materials evaluation results included tensile properties of 
Hastelloy- X at 1750 deg F and tube burst tests at 2100 to 2300 deg F. Compositions and tensile properties 
for modifications of Hastelloy-X are given. Advanced Reactor Systems Project. Evaluations of advanced 
nuclear power plants were made to select a system for an advanced mobile power plant concept. Helium 
and air were studied as coolants, and closed turbine cycles were compared with open cycle two- fluid 
systems. Gas Turbine Test Facility. Results of test runs are discussed. 
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8495…..…..…………………..…….……..……ID Number…………………..…..…………….8495 

Author: n.a. 

Title: Army Gas-Cooled Reactor Systems Program. Final Summary Report of the Gas- Cooled Reactor 
Experiment-I 

Date: 10/1/1963 

Report: IDO-28598 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Initial criticality of the GCRE-I reactor was achieved on 23 February 1960 and testing 
and evaluation were continued until April 1961. The mission of the GCRE-I was the generation of neutronic 
and engineering data in support of the design and development of a nuclear energy source for a 
demonstration low- power gas-cooled, water-moderated power plant. The GCRE reactor was a 
heterogeneous, fully-enriched uranium-fueled unit operated in a pool of demineralized water which served 
as the moderator and primary radiological shield. Fuel elements were contained in a tube bundle, or 
calandria, which separated the fuel from the water moderator and provided passages for the gas coolant. 
Test operations and experimental evaluations were conducted with two core loadings of different design 
(one consisting of dispersion plate-type fuel elements and the other of pin-type elements) and two calandriss 
of similar design (one fabricated of aluminum and the other of stainless steel). A description of the facility 
and the test reactor, a full account of the conduct and results of the experimental program, and a discussion 
of the operating organization and philosophy are summarized. A bibliography of reports covering the GCRE 
program is presented. 
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8496…..…..…………………..…….……..……ID Number…………………..…..…………….8496 

Author: Quilici, R. E. 

Title: Army Gas Cooled Reactor Systems Program Summary of Nuclear Physics Experiments 

Date: 1/1/1965 

Report: IDO-28631 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies at the Oak Ridge School of Reactor Technology (ORSORT), and by the 
Sanderson-Porter Co. established the feasibility of the development of a mobile nuclear power plant for 
military use. The Army Gas-Cooled Reactor Systems Program (AGCRSP) was initiated to develop such a 
power plant. The nuclear reactors were built and operated under this program experimental reactor to 
provide core and fuel element information for the design of a demonstration power plant. The ML-1 
demonstration power plant. Nuclear experiments were performed with critical assemblies at Battelle 
Memorial Institute (BMI), in the GCRE-I reactor, and in the ML-1 reactor. The results of this work were 
documented in a number of reports which provide detailed discussions of the experiments and the various 
aspects of the developmental work performed; this report briefly summarizes the entire program of critical 
experiments. 
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8497…..…..…………………..…….……..……ID Number…………………..…..…………….8497 

Author: Bukowski, K. / Dąbek, W. / Suwalski, W. / Szczechla, B. 

Title: Safety Report for AGATA Critical Stand 

Date: 4/1/1973 

Report: IEA report 0-176/IXA/72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-026 
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8498…..…..…………………..…….……..……ID Number…………………..…..…………….8498 

Author: Suwalski, W. 

Title: Core Configurations of the Critical Stand AGATA, Investigated in the Period May 1973 - November 
1974 (in Polish) 

Date: 11/1/1974 

Report: IEA report 0-215/IXA/74 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-026 
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8499…..…..…………………..…….……..……ID Number…………………..…..…………….8499 

Author: Szczechla, Bronisław 

Title: Results of U-235 Content Measurements in the Fresh Reactor Fuel 

Date: 2/1/1977 

Report: IEA report 0-56/IXA/77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-026 
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8500…..…..…………………..…….……..……ID Number…………………..…..…………….8500 

Author: de Toledo, P. S. / Penteado, A. C. F. / Franzen, H. R. 

Title: Some Results of the Operation of the Brazilian Swimming Pool Reactor Iear-1 

Date: 1/1/1960 

Report: IEA-018 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results are presented of pre-critical, critical, and power experiments which were 
performed on the IEAR-1 reactor in the period Jan. 1959 to April 1960. Tests of defective fuel elements 
and calibration of safety rods and power-measuring instruments are described. High-power operation from 
500 kw to 5 Mw is treated. 



 

C-8520 

8501…..…..…………………..…….……..……ID Number…………………..…..…………….8501 

Author: Granziers, Mario Roberto 

Title: Analise de Acidentes de Criticalidade no Reator de Potencia Sero do Instituto de Energia Atomica 

Date: 7/1/1978 

Report: IEA-063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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8502…..…..…………………..…….……..……ID Number…………………..…..…………….8502 

Author: n.a. 

Title: Research Reactor; Reator de Pesquisas 

Date: 1/1/1958 

Report: IEA-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 5 Mw swimming pool reactor of the Instituton de Energia Atomica of Brazil is 
described. The reactor is cooled and moderated by water and uses 20% enriched uranium fuel, clad with 
aluminum. The pneumatic irradiation system and the reactor characteristics are discussed. The critical 
experiments made with the reactor are briefly reviewed, and the other research made is outlined. 
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8503…..…..…………………..…….……..……ID Number…………………..…..…………….8503 

Author: Franzen, H. R. / Foshina, M. / Mazzilli, E. 

Title: Calculo da Massa de Oxido de Uranio Para o Arranjo Sub-Critico Ressuco. (Calculation of the Mass 
of Uranium Oxide for the Subcritical Assembly Ressuco) 

Date: 1/1/1966 

Report: IEA--130 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Fuels; Analysis; Criticality; 
Equations; Exponential Piles; Fuels; Mass; Uranium Dioxide; Water Moderator 
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8504…..…..…………………..…….……..……ID Number…………………..…..…………….8504 

Author: Franzen, H. R. 

Title: Progressive Substitution Experiments in UO2 Lattices Moderated by D2O-H2O Mixtures 

Date: 1/1/1967 

Report: IEA-139 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Neutron Buckling in Enriched Uranium Oxide (UO2) Fueled 
Heavy Water- Moderated Lattices in NORA, Progressive Substitution Measurements of Material; Neutrons 
/ Buckling in Enriched Uranium Oxide (UO2) Fueled Heavy-Water-Water Moderated Lattices in NORA, 
Progressive Substitution Measurements of Material 
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8505…..…..…………………..…….……..……ID Number…………………..…..…………….8505 

Author: Correa, F. / Marzo, M. A. S. / Collussi, I. / Ferreira, A. C. A. 

Title: Calculation of the Fissile Mass of a Graphite Moderated Critical Assembly Using 93% Enriched 
Uranium 

Date: 6/1/1976 

Report: IEA-422 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass of uranium has been calculated for a graphite moderated set fueled 
with 93% enriched uranium to be mounted on the Instituto de Energia Atomica split table Zero Power 
Reactor. The core composition was optimized to permit the maximum number of configurations to be 
studied. Analysis of three core compositions shows that 8 kg of uranium enriched to 93%-U-235 (by weight) 
and 100 kg of thorium would be sufficient for criticality experiments. 
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8506…..…..…………………..…….……..……ID Number…………………..…..…………….8506 

Author: Dillenburg, D. / Jacob, G. / Saraiva De Toledo, E. P. 

Title: The Reaction Be9(n,2n)Be8 in Heterogeneous, Thermal Reactors Moderated with Beryllium: II. 
Calculation of the Fast Effect Factor; A REACAO Be9(N,2n) Be8 Em Reatores Termicos Heterogeneos 
Moderados a Berilio: II. Calculo do Fator de Efeito Rapido 

Date: 1/1/1960 

Report: IEA-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Using the theoretical basis established in part one, an estimate was made of the fast 
effect in beryllium on the infinite multiplication factor of heterogeneous thermal reactors moderated by 
beryllium. Using available data relative to the different collision cross sections involved, the result obtained 
was a 7 % increase in the multiplication factor. This value is in agreement with data previously presented 
at the Geneva Conference, and approximates the results of criticality experiments. 
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8507…..…..…………………..…….……..……ID Number…………………..…..…………….8507 

Author: Nakata, H. 

Title: Calculation of Reactivity of Control Rods in Graphite Moderated Reactors 

Date: 5/1/1978 

Report: IEA-DT-056 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study about the method of calculation for the reactivity of control rods in graphite-
moderated critical assemblies, is presented. The result of theoretical calculation, developed by super cells 
and Nordheim-Scalettar methods are compared with experimental results for the critical Assembly of 
General Atomic. The two methods are then applicable to reactivity calculation of the control rods of 
graphite moderated critical assemblies. 
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8508…..…..…………………..…….……..……ID Number…………………..…..…………….8508 

Author: Granziera, M. R. 

Title: Analysis of Criticality Accidents in the Zero Power Reactor of Instituto De Energia Atomica, Brazil 

Date: 7/1/1978 

Report: IEA-DT-063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis of criticality accidents in the zero power reactor of Instituto de Energia 
Atomica, Brazil, is presented. 
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8509…..…..…………………..…….……..……ID Number…………………..…..…………….8509 

Author: Dos Santos, A. 

Title: Numerical Study of Criticality of the Slab Reactors with Three Regions in One-Group Transport 
Theory 

Date: 1/1/1979 

Report: IEA-DT-122 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The criticality of slab reactors consisting of core, blanket, and reflector is studied 
numerically based on the singular-eigenfunction-expansion method in one-group transport theory. The 
purpose of this work is three-fold problem can be converted, using a recently developed method, to a set of 
regular integral equations for the expansion coefficients, such that numerical solutions can be obtained for 
the first time based on an exact theory; (2) highly accurate numerical results that can serve as standards of 
comparison for various approximate methods are reported for representative sets of parameters; and (3) the 
accuracy of the P sub(N) approximation, one of the more often used methods, is analyzed compared to the 
exact results. 
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8510…..…..…………………..…….……..……ID Number…………………..…..…………….8510 

Author: De Floh, B. / Araujo, J. A. / Matsuda, H. T. 

Title: Introduction to the Study of the Treatment of Spent Nuclear Fuel 

Date: 1/1/1975 

Report: IEA-TI-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An introduction is made to the study of the treatment of spent nuclear fuels. Main 
topics discussed are processes, treatment of thorium based fuels (THOREX process), analytical chemistry 
of spent nuclear fuel and design of industrial facilities. 
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8511…..…..…………………..…….……..……ID Number…………………..…..…………….8511 

Author: Staff 

Title: Warning Equipment for Criticality Accidents 

Date: 2/1/1980 

Report: IEC 458/WG5, Draft 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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8512…..…..…………………..…….……..……ID Number…………………..…..…………….8512 

Author: n. a. 

Title: International Standard, Warning Equipment for Criticality Accidents 

Date: 1/1/1987 

Report: IEC 860: 1987 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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8513…..…..…………………..…….……..……ID Number…………………..…..…………….8513 

Author: Wakabayashi, Yonemura, Yujiro / Heguri, Hiroaki / et al. 

Title: Measurement of Varying Subcritical Reactivity with Digital Time-Series Data Acquisition System 
Using Difference Filter Techniques 

Date: 1/1/2009 

Report: IEEE 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 



 

C-8533 

8514…..…..…………………..…….……..……ID Number…………………..…..…………….8514 

Author: Roberts, J. J. / Smith, H. P. Jr. 

Title: On-Line Computers in Optimal Reactor Shutdown 

Date: 2/1/1966 

Report: IEEE (Inst. Elec. Electron. Eng.), Trans. Nucl. Sci.: Vol: NS- 13: No. 1 

Conference/Journal: IEEE (Inst. Elec. Electron. Eng.), Trans. Nucl. Sci. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; California; Computers; Control; Differential 
Equations; Digital Systems; Iodine 135; Neutron Flux; Numericals; Poisoning; Power; Reactivity; 
Reactors; Shutdown; Spheres; Thermal Neutrons; USA; Uses; Variations; Xenon 135 
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8515…..…..…………………..…….……..……ID Number…………………..…..…………….8515 

Author: Hil, N. W. / Mihalczo, J. T. / Allen, J. W. / Chiles, M. M. 

Title: Optimization of Nanosecond Fission Ion Chambers for Reactor Physics Applications 

Date: 2/1/1975 

Report: IEEE Trans. Nucl. Sci., v. NS-22, no. 1, pp. 686-690 

Conference/Journal: IEEE Trans. Nucl. Sci. 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Fission Chambers- Optimization; Design; Geometry; Reactor Instrumentation; Timing Properties 
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8516…..…..…………………..…….……..……ID Number…………………..…..…………….8516 

Author: Meason, J. L. / Wright, H. L. / Hogan, J. C. / Harvey, J. T. 

Title: Neutron Spectral Distribution from a Godiva Type Critical Assembly 

Date: 12/1/1975 

Report: IEEE Trans. Nucl. Sci., v. NS-22, no. 6, 2330-2335 

Conference/Journal: Annual conference on nuclear and space radiation effects; 14 Jul 1975; Arcata, CA 

Conference Session:  

Abstract/Keyterms: Neutron spectrum measurements were made at the White Sands Missile Range 
(WSMR) Fast Burst Reactor (FBR), a Godiva type critical assembly. The spectrum measurements were 
performed by neutron activation techniques coupled with the computer code SAND II. Results from this 
investigation reveal a spectral index of 6.7 for the leakage spectrum and 7.8 for the Glory Hole spectrum 
or, the neutron leakage spectrum of this Godiva type critical assembly is harder by approximately 30 percent 
when comparing its spectral index to previous measurements. Furthermore, the neutron spectrum measured 
in the Glory Hole for the FBR reveals that this spectrum is softer than the leakage spectrum by a factor of 
1.16 for the spectral indices.( 
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8517…..…..…………………..…….……..……ID Number…………………..…..…………….8517 

Author: Atac, M. 

Title: Breakdown Processes in Wire Chambers, Prevention and Rate Capability 

Date: 2/1/1984 

Report: IEEE Trans. Nucl. Sci.; Volume: 31:1 

Conference/Journal: IEEE Trans. Nucl. Sci. 

Conference Session:  

Abstract/Keyterms: Breakdowns were optically and electronically observed in drift tubes and drift 
chambers. They occur at a critical gain for given intensity in a gas mixture when ultraviolet photons are not 
completely quenched. It was observed that the breakdowns depended critically on average current for a 
given gas mixture independent of the size of the drift tubes used. Using 4.6% ethyl alcohol vapor mixed 
into 50/50 argon ethane gas, breakdowns are eliminated up to 7.mu..A average current drawn by pulses on 
a 1 cm section of an anode wire under an intense source. Pulses with an avalanche size of 10/sup 6/ 
electrons, rates above 10/sup 6/ pulses per centimeter per wire may be obtained with the elimination of 
breakdowns. 
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8518…..…..…………………..…….……..……ID Number…………………..…..…………….8518 

Author: McConchie, Seth M. / Mihalczo, John T. 

Title: Characterization of an Associated Particle Neutron Generator with ZnO:Ga Alpha-Detector and 
Active Focusing 

Date: 1/1/2008 

Report: IEEE Transactions on Nuclear Science; Journal Volume: 56; Journal Issue: 3 

Conference/Journal: IEEE Transactions on Nuclear Science 

Conference Session:  

Abstract/Keyterms: A deuterium-tritium (DT) associated particle neutron generator (APNG) with active 
focusing has been operated using an alpha particle detector made of a ZnO:Ga phosphor with decay time 
of approximately 1 ns. The APNG is capable of producing 109 neutrons per second. The DT beam spot 
diameter was adjusted and measured from 7 mm to 2.1 mm with the possibility of achieving 1 mm subject 
to the removal of a safety interlock protecting the APNG tritiated target. In addition, the alpha detector was 
found to have a detection efficiency of 88% and sub-nanosecond time resolution (&lt; 0.7 ns) using a Burle 
8850 bialkali photocathode. Lastly, the neutron beam was obstructed using various amounts of lead 
shielding to study the generator's imaging contrast capability for neutron radiography. The APNG provides 
high-rate capability and a large solid angle with acceptance of 8%. 
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8519…..…..…………………..…….……..……ID Number…………………..…..…………….8519 

Author: Nixon, K. V. / Dowdy, E. J. / France, S. W. / Millegan, D. R. / Robba, A. A. 

Title: Neutron Multiplication Measurement Instrument 

Date: 2/1/1983 

Report: IEEE, 30, 1, 531-535 

Conference/Journal: IEEE (Institute of Electrical and Electronics Engineers) Transactions on Nuclear 
Science (U.S.) 

Conference Session:  

Abstract/Keyterms: The Advanced Nuclear Technology Group of the Los Alamos National Laboratory is 
now using intelligent data-acquisition and analysis instrumentation for determining the multiplication of 
nuclear material. Earlier instrumentation, such as the large NIM-crate systems, depended on house power 
and required additional computation to determine multiplication or to estimate error. The portable, battery-
powered multiplication measurement unit, with advanced computational power, acquires data, calculates 
multiplication, and completes error analysis automatically. Thus, the multiplication is determined easily 
and an available error estimate enables the user to judge the significance of results. 
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8520…..…..…………………..…….……..……ID Number…………………..…..…………….8520 

Author: Zolnay, A. S. / Barnett, C. S. / Spracklen, H. P. 

Title: Passive Neutron Multiplication Measurements 

Date: 2/1/1983 

Report: IEEE, 30, 1, 811-814 

Conference/Journal: IEEE (Institute of Electrical and Electronics Engineers) Transactions on Nuclear 
Science (U.S.) 

Conference Session:  

Abstract/Keyterms: The authors have developed an instrument to measure neutron multiplication by 
statistical analysis of the timing of neutrons emitted from fissionable material. This instrument is capable 
of repeated analysis of the same recorded data with selected algorithms, graphical displays showing 
statistical properties of the data, and preservation of raw data on disk for future comparisons. In their 
measurements the authors have made a comparison of the covariance to mean and Feynman variance to 
mean analysis algorithms to show that the covariance avoids a bias term and measures directly the effect 
due to the presence of neutron chains. A spherical assembly of enriched uranium shells and acrylic resin 
reflector/moderator components used for the measurements is described. Preliminary experimental results 
of the Feynman variance to mean measurements show the expected correlation with assembly 
multiplication. 
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8521…..…..…………………..…….……..……ID Number…………………..…..…………….8521 

Author: Friesen, R. D. 

Title: Fast-Neutron Detector for Use as a Criticality Monitor 

Date: 2/1/1977 

Report: IEEE, NS-24, 1 

Conference/Journal: IEEE (Institute of Electrical and Electronics Engineers) Transactions on Nuclear 
Science (U.S.) Formerly IRE Trans. Nucl. Sci 

Conference Session:  

Abstract/Keyterms: To increase the reliability of the criticality monitoring system in a diagnostic 
chemistry area and to reduce the number of false alarms, a new monitoring system was built using a fast-
neutron detector. This paper outlines the design requirements, describes the system as it was built, and 
reports on the results of several months of operation. The new monitor has proven much more useful than 
the gamma-detector system it replaced. 
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8522…..…..…………………..…….……..……ID Number…………………..…..…………….8522 

Author: Cohn, C. E. 

Title: Data-Acquisition System for the Fast Criticals ZPR-6 and ZPR-9 

Date: 10/1/1981 

Report: IEEE, Nucl. Sci., NS-28, 5 

Conference/Journal: IEEE (Institute of Electrical and Electronics Engineers) Transactions on Nuclear 
Science (U.S.) Formerly IRE Trans. Nucl. Sci 

Conference Session:  

Abstract/Keyterms: This system is used for experimental data acquisition and processing for the ZPR-6 
and ZPR-9 fast critical assemblies. It replaces a setup based on a Systems SEL-840 computer that had been 
in use for almost a decade. It is noteworthy for a number of departures from standard Harris hardware and 
software. These were made to minimize expense and to facilitate this changeover as well as future 
changeovers. 
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8523…..…..…………………..…….……..……ID Number…………………..…..…………….8523 

Author: Thom, K. / Schneider, R. T. 

Title: Gaseous Fuel Reactor Research 

Date: 12/1/1977 

Report: IEEE, PS-5, 4, 259-272 

Conference/Journal: IEEE (Institute of Electrical and Electronics Engineers) Transactions on Plasma 
Science (U.S.) 

Conference Session:  

Abstract/Keyterms: Gaseous Fuel Nuclear Reactors are externally moderated and contain the fissile 
material inside a cavity where it is suspended by fluid mechanics forces. The gaseous phase of the nuclear 
fuel permits operation of the reactor at temperatures much higher than the melting point of all materials. 
NASA has originally supported relevant research for space propulsion. The continuation of this work 
includes new research on power generation on Earth for improved economy and environmental 
acceptability. In reactor experiments with enriched uranium hexafluoride, UF6, a critical mass of 6 kg is 
determined. Pressurized UF6 remains chemically stable at temperatures up to 2000 deg K. The interaction 
of fission fragments with their gaseous environment causes preferential excitation and ionization, leading 
to non-equilibrium optical radiation. Powerful fluxes of photons are expected to become a superior 
mechanism of energy extraction from the fissioning gas or plasma in the reactor. The pumping of lasers 
solely by fission fragments is realized in a variety of lasants. A near term objective of the NASA gaseous 
fuel reactor program is a benchmark experiment at 100 kW power and at a gas temperature of 1600 deg K, 
demonstrating the feasibility of major advances in reactor technology. A concerted research effort is leading 
to this experiment. A 
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8524…..…..…………………..…….……..……ID Number…………………..…..…………….8524 

Author: Couto, R. T. / Santo, A. C. F. 

Title: Review of Kaganove's Solution for the Reactor Point Kinetics Equations 

Date: 9/1/1993 

Report: IEN-53/93 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Kaganove's Method / Reactor Point Kinetics Equations 
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8525…..…..…………………..…….……..……ID Number…………………..…..…………….8525 

Author: Couto, R. T. 

Title: The Lumped-Parameter Method for the Evaluation of Temperature Feedback Reactivity and 
Assessment of Safety Limits in Nuclear Reactors 

Date: 9/1/1993 

Report: IEN-54/93 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Lumped Parameters / Average Temperatures / Fuel / Clad / Coolant 
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8526…..…..…………………..…….……..……ID Number…………………..…..…………….8526 

Author: Bastos, W. S. / Renke, C. A. C. / Batista, J. L. / Couto, R. T. / De Santo, A. C. F. / Dos Santos, 
R. S. / Botelho, D. A. / Gadelha, J. A. M. / Alvim, A. C. M. 

Title: Radioisotope Producer Reactor: Technical Report 1991 

Date: 1/1/1994 

Report: IEN-55 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radioisotope Producer Reactor (Rpr) / Radioisotope Producer Reactor Conceptual 
Project 
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8527…..…..…………………..…….……..……ID Number…………………..…..…………….8527 

Author: Pare, V. K. / Kryter, R. C. / Mihalczo, J. T. 

Title: Experience with a Digital Noise Analysis System in Subcriticality Measurements on a Mockup of 
the FFTF 

Date: 2/1/1974 

Report: IETNA, NS-21, 767-770 

Conference/Journal: IEEE Trans. Nucl. Sci., Nuclear science symposium and nuclear power systems 
symposium/ 14 Nov 1973/ San Francisco, CA 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; FFTF Reactor- Reactor Noise; Computer Codes; Digital Systems; Fourier 
Analysis; Mockup; Reactivity; ZPR-9 Reactor 
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8528…..…..…………………..…….……..……ID Number…………………..…..…………….8528 

Author: Teare, S. W. / Shanes, F. C. / Hersey, M. W. 

Title: Assessing Low Power Reactivity Levels in Subcritical CANDU Reactors 

Date: 8/1/1996 

Report: IETNAE, 43 (4Pt2), 2434-2437 

Conference/Journal: IEEE Transactions on Nuclear Science 

Conference Session:  

Abstract/Keyterms: A new technique has been developed for monitoring slow reactivity changes in 
Canadian deuterium uranium (CANDU) nuclear reactors during low power operation, following a sustained 
period of high power operation. The power doubling halving worth (PDHW) test tracks slow reactivity 
changes by evaluating the reactivity perturbation required by the power regulating system to halve and 
double reactor power over time. During low power operation of a CANDU reactor, the PDHW test is used 
to monitor the decay of the photoneutron precursors, so that the reactor power can be lowered using a preset 
amount of reactivity. The PDHW test is described in this paper and is validated by using computer 
simulations and operating data from a CANDU reactor. 
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8529…..…..…………………..…….……..……ID Number…………………..…..…………….8529 

Author: Smith, Micheal A. / Lell, Richard M. / Schaefer, Robert W. / McKnight, Richard D. 

Title: ZPR-6 Assembly 6A: A Cylindrical Assembly with Uranium Oxide Fuel and Sodium with a Thick 
Depleted-Uranium Blanket 

Date: 9/30/2004 

Report: IEU-COMP-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Over a period of 30 years more than a hundred Zero Power Reactor (ZPR) critical 
assemblies were constructed at Argonne National Laboratory. These facilities, ZPR-3, ZPR-6, ZPR-9 and 
ZPPR, were all fast critical assembly facilities. The original reason for performing these critical experiments 
was to support fast reactor development. Nevertheless, data from some of the assemblies are well suited to 
form the basis for criticality safety benchmarks. of the three classes of ZPR assemblies, engineering 
mockups, engineering benchmarks and physics benchmarks, the last group tends to be most useful for 
criticality safety. Because physics benchmarks were designed to test fast reactor physics data and methods, 
they were as simple as possible in geometry and composition. The principal fissile species was 235U or 
239Pu. Fuel enrichments ranged from 9% to 95%. Often there were only one or two main core diluent 
materials, such as aluminum, graphite, iron, sodium or stainless steel. The cores were reflected (and 
insulated from room return effects) by one or two layers of materials such as depleted uranium, lead or 
stainless steel. Despite their more complex nature, a small number of assemblies from the other two classes 
would make useful criticality safety benchmarks because they have features related to criticality safety 
issues, such as reflection by soil-like material. The term “benchmark” in a ZPR program connotes a 
particularly simple loading aimed at gaining basic reactor physics insight, as opposed to studying a reactor 
design. In fact, the ZPR-6/6A Benchmark Assembly had a very uniform core assembled from plates of 
depleted uranium, sodium, iron oxide, U3O8, and 93% enriched 235U. It had a simple core unit cell whose 
neutronic characteristics were dominated by 235U and 238U. Many of the experiments involved measuring, 
in both traditional and novel ways, the reactivity associated with introducing a small sample of material 
near the center of the assembly. Some of these experiments required unusually careful measurements of 
criticality. Loading of ZPR-6 Assembly 6A began in October 1969 and experiments on this assembly 
continued through March 1970. The particular configuration judged most suitable for a criticality-safety 
benchmark was Loading 6 with a fissile loading of 1784.4 kg 235U. A very accurate transformation to a 
simplified model is needed to make any of the ZPR assemblies a practical criticality-safety benchmark. 
There is simply too much geometric detail in an exact model of a ZPR assembly − even a clean benchmark 
such as ZPR-6/6A Loading 6. The transformation must reduce the detail to a practical level without masking 
any of the important features of the critical experiment, and it must do this without increasing the total 
uncertainty far beyond that of the original experiment. Such a transformation is described in Section 3. It 
was made using a pair of continuous-energy Monte Carlo calculations. First, Loading 6 was modeled in full 
detail −every plate, drawer, matrix tube, and air gap was modeled explicitly. Then the region wise 
compositions and volumes from this model were used to construct a homogeneous, two-dimensional (RZ) 
model. This simple model is the criticality-safety benchmark model. The difference in keff values from the 
two models was used to adjust the measured excess reactivity of Loading 6, yielding a result for the 
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benchmark model. Uncertainties associated with this simplification, which go beyond Monte Carlo 
statistical uncertainties, were taken into account. The net difference in keff and each of the effects that 
contribute to it are small (<1%). 
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8530…..…..…………………..…….……..……ID Number…………………..…..…………….8530 

Author: Tsiboulia, Anatoli / Golubev, Vladimir / Ivanova, Tatiana / Rozhikhin, Yevgeniy 

Title: k-Infinity Measurements with Enriched Uranium Mixed with Thorium and Polyethylene (KBR-18, 
KBR-19, KBR-20, and KBR-21 Assemblies) 

Date: 9/30/2002 

Report: IEU-COMP-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Four k∞ experiments were performed on the COBRA critical facility at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russian Federation, from 1990 to 1994. The 
experimental program consisted of determination of k∞ for combinations of enriched (various combinations 
of 90% and 36% 235U) uranium dioxide, thorium metal, and various amounts of the moderator material, 
polyethylene. The H/ 235U ratio was 0.0 for the KBR-18 assembly, ~1 for KBR-19, ~10 for KBR-20, and 
~70 for KBR-21. From 1995 to 1997, two critical experiments (KBR-22 and KBR-23) with compositions 
of highly enriched (90% 235U) uranium metal, thorium metal and polyethylene were performed on 
COBRA. These experiments are evaluated in HEU-MET-FAST-068. The experimental data presented here 
are taken from references, unclassified internal reports, and experimental logbooks. The four k∞ 
experiments are evaluated here and are considered to be acceptable for use as benchmark experiments. The 
experiments of this series cover a wide range of spectra of neutrons causing fission. Although the majority 
of the neutrons causing fission in KBR-19 and 20 are of intermediate energy and are appropriately 
categorized as “INTER”, the majority of neutrons causing fission are fast in KBR-18 and are thermal in 
KBR-21.KBR-18 and KBR-21 are more appropriately categorized as “FAST” and “THERM”, respectively. 
Complete documentation of all four configurations is given in IEU-COMP-INTER-001. 
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8531…..…..…………………..…….……..……ID Number…………………..…..…………….8531 

Author: Lell, R. M. / Mcknight, R. D. / Perel, R. L. / Wagschal, J. J. 

Title: ZPR-3 Assembly 12: A Cylindrical Assembly of Highly Enriched Uranium, Depleted Uranium and 
Graphite with an Average 235U Enrichment of 21 Atom %. 

Date: 9/30/2010 

Report: IEU-COMP-FAST-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Over a period of 30 years, more than a hundred Zero Power Reactor (ZPR) critical 
assemblies were constructed at Argonne National Laboratory. The ZPR facilities, ZPR-3, ZPR-6, ZPR-9 
and ZPPR, were all fast critical assembly facilities. The ZPR critical assemblies were constructed to support 
fast reactor development, but data from some of these assemblies are also well suited for nuclear data 
validation and to form the basis for criticality safety benchmarks. A number of the Argonne ZPR/ZPPR 
critical assemblies have been evaluated as ICSBEP and IRPhEP benchmarks. of the three classes of ZPR 
assemblies, engineering mockups, engineering benchmarks and physics benchmarks, the last group tends 
to be most useful for criticality safety. Because physics benchmarks were designed to test fast reactor 
physics data and methods, they were as simple as possible in geometry and composition. The principal 
fissile species was 235U or 239Pu. Fuel enrichments ranged from 9% to 95%. Often there were only one 
or two main core diluent materials, such as aluminum, graphite, iron, sodium or stainless steel. The cores 
were reflected (and insulated from room return effects) by one or two layers of materials such as depleted 
uranium, lead or stainless steel. Despite their more complex nature, a small number of assemblies from the 
other two classes would make useful criticality safety benchmarks because they have features related to 
criticality safety issues, such as reflection by soil-like material. ZPR-3 Assembly 12 (ZPR-3/12) was 
designed as a fast reactor physics benchmark experiment with an average core 235U enrichment of 
approximately 21 at.%. Approximately 68.9% of the total fissions in this assembly occur above 100 keV, 
approximately 31.1% occur below 100 keV, and essentially none below 0.625 eV - thus the classification 
as a 'fast' assembly. This assembly is Fast Reactor Benchmark No. 9 in the Cross Section Evaluation 
Working Group (CSEWG) Benchmark Specifications and has historically been used as a data validation 
benchmark assembly. Loading of ZPR-3 Assembly 12 began in late Jan. 1958, and the Assembly 12 
program ended in Feb. 1958. The core consisted of highly enriched uranium (HEU) plates, depleted 
uranium plates and graphite plates loaded into stainless steel drawers which were inserted into the central 
square stainless steel tubes of a 31 x 31 matrix on a split table machine. The core unit cell consisted of two 
columns of 0.125 in.-wide (3.175 mm) HEU plates, seven columns of 0.125 in.-wide depleted uranium 
plates and seven columns of 0.125 in.-wide graphite plates. The length of each column was 9 in. (228.6 
mm) in each half of the core. The graphite plates were included to produce a softer neutron spectrum that 
would be more characteristic of a large power reactor. The axial blanket consisted of 12 in. (304.8 mm) of 
depleted uranium behind the core. The thickness of the radial blanket was approximately 12 in. and the 
length of the radial blanket in each half of the matrix was 21 in. (533.4 mm). The assembly geometry 
approximated a right circular cylinder as closely as the square matrix tubes allowed. According to the 
logbook and loading records for ZPR-3/12, the reference critical configuration was loading 10 which was 
critical on Feb. 5, 1958. The subsequent loadings were very similar but less clean for criticality because 
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there were modifications made to accommodate reactor physics measurements other than criticality. 
Accordingly, ZPR-3/12 loading 10 was selected as the only configuration for this benchmark. As 
documented below, it was determined to be acceptable as a criticality safety benchmark experiment. An 
accurate transformation to a simplified model is needed to make any ZPR assembly a practical criticality-
safety benchmark. There is simply too much geometric detail in an exact (as-built) model of a ZPR 
assembly, even a clean core such as ZPR-3/12 loading 10. The transformation must reduce the detail to a 
practical level without masking any of the important features of the critical experiment, and it must do this 
without increasing the total uncertainty far beyond that of the original experiment. Such a transformation 
is described in Section 3. It was obtained using a pair of continuous-energy Monte Carlo calculations. First, 
the critical configuration was modeled in full detail - every plate, drawer, matrix tube, and air gap was 
modeled explicitly. Then the region wise compositions and volumes from the detailed as-built model were 
used to construct a homogeneous, two-dimensional (RZ) model of ZPR-3/12 that conserved the mass of 
each nuclide and volume of each region. The simple model is the criticality-safety benchmark model. The 
difference in the calculated k(eff) values between the as-built 3-dimensional model and the homogeneous 
2-dimensional benchmark model was used to adjust the measured excess reactivity of ZPR-3/12 loading 10 
to obtain the k(eff) for the benchmark model. 
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8532…..…..…………………..…….……..……ID Number…………………..…..…………….8532 

Author: Tsiboulia, Anatoli / Golubev, Vladimir / Ivanova, Tatiana / Rozhikhin, Yevgeniy 

Title: k-Infinity Measurements with Enriched Uranium Mixed with Thorium and Polyethylene (KBR-18, 
KBR-19, KBR-20, and KBR-21 Assemblies) 

Date: 9/30/2002 

Report: IEU-COMP-INTER-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Four k∞ experiments were performed on the COBRA critical facility at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russian Federation, from 1990 to 1994. The 
experimental program consisted of determination of k∞ for combinations of enriched (various combinations 
of 90% and 36% 235U) uranium dioxide, thorium metal, and various amounts of the moderator material, 
polyethylene. The H/ 235U ratio was 0.0 for the KBR-18 assembly, ~1 for KBR-19, ~10 for KBR-20, and 
~70 for KBR-21. From 1995 to 1997, two critical experiments (KBR-22 and KBR-23) with compositions 
of highly enriched (90% 235U) uranium metal, thorium metal and polyethylene were performed on 
COBRA. These experiments are evaluated in HEU-MET-FAST-068. The experiments of this series cover 
a wide range of spectra of neutrons causing fission. KBR-19 and KBR-20 had intermediate spectra and are 
appropriately categorized as “INTER.” However, KBR-18 had a fast spectrum and is more appropriately 
categorized as “FAST,” and KBR-21 had a thermal spectrum and so is better categorized as “THERM.” 
(See spectra data in Appendix D.) The four k∞ experiments are 
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8533…..…..…………………..…….……..……ID Number…………………..…..…………….8533 

Author: Tsiboulia, Anatoli / Doulin, Victor / Nikolaev, Mark / Rozhikhin, Yevgeniy 

Title: k-Infinity Experiments for 238U in Fast Neutron Spectra: Measurements with Enriched Uranium or 
Plutonium Mixed with Depleted Uranium (BFS-35, BFS-33, BFS-38, BFS-31, and BFS-42 Assemblies) 

Date: 9/30/2004 

Report: IEU-COMP-INTER-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven k∞ experiments were performed on the BFS-1 and BFS-2 critical facilities at 
the Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation during the 1970s. The 
experimental program consisted of determination of k∞ for 5 combinations of fissile and fertile materials: 
enriched (various combinations of 36% and/or 90% 235U) uranium metal and depleted uranium metal 
(BFS-35); uranium (90% 235U) dioxide and depleted-uranium dioxide (BFS-33); plutonium metal and 
depleted-uranium metal (BFS-38); plutonium metal and depleted-uranium dioxide (BFS-31); and 
plutonium metal and depleted-uranium dioxide with addition of polyethylene (BFS-42). The BFS-31 
experiments were performed on the BFS-2 facility. The other experiments were performed on BFS-1. The 
fissile and fertile materials were small discs (approximately 5 cm in diameter) in stainless steel or aluminum 
cans placed in a repeated-cell arrangement into stainless steel or aluminum cylindrical tubes. The values of 
k∞ were determined using the results of reactivity measurements performed in the center of the assemblies. 
The results of these experiments were previously published in References 1 and 2. The experimental data 
presented here are taken from references, unclassified internal reports, and experimental logbooks. The 
eleven k∞ experiments are evaluated here and are considered to be acceptable for use as criticality safety 
benchmark experiments. The configurations represented in these five series of experiments (BFS-31,33, 
35, 38, and 42) include various combinations of plutonium and uranium, various combinations of uranium 
enrichments, and various combinations of metal and oxide fuels. The spectra are predominately fast (over 
50% of the fissions occur above 100 keV); however, the spectra for the three configurations of BFS-33 are 
predominately intermediate (over 50% of the fissions occur between 0.625 eV and 100 keV). As a result, 
this evaluation has been given the identifier MIX-MISC-FAST-001. However, only BFS-31 (Cases 9 and 
10) and BFS-42 (Case 11) experiments are appropriately categorized as MIX-MISC-FAST-001. BFS-35 
(Cases 1, 2, and 3) experiments are more appropriately categorized as IEU-MET-FAST-017, BFS-33 
(Cases 4, 5, and 6) experiments are more appropriately categorized as IEU-COMP-INTER-002, and BFS-
38 (Cases 7 and 8) experiments are more appropriately categorized as MIX-MET-FAST-015. Complete 
documentation of all eleven configurations is given in MIX-MISC-FAST-001. 
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8534…..…..…………………..…….……..……ID Number…………………..…..…………….8534 

Author: Elam, Karla R. 

Title: Unreflected UF4-CF2 Blocks with 37.5% 235U 

Date: 9/30/2006 

Report: IEU-COMP-INTER-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of fourteen critical experiments using an equimolar mixture of uranium 
tetrafluoride (UF4) and Teflon (CF2) were performed at the Oak Ridge National Laboratory (ORNL) 
Critical Experiments Facility (Building 9213) in 1956 and 1957. The uranium was enriched to 
approximately 37.5 wt.% in 235U. The mixture was compressed into three different sizes of blocks to 
enable stacking of critical configurations of various shapes. Very little moisture was present in this material, 
so experiments at very low H/X values were possible. In some cases, interstitial moderator material was 
used to alter the H/X of the overall experiment. All but one of these contained methacrylate plastic, and the 
remaining one used cellulose acetate plastic. H/X values for the unreflected series of experiments range 
from 0.07 to 17.10. These unreflected experiments were conducted on a split table apparatus in Building 
9213 at the Oak Ridge Y-12 Plant. These experiments were part of a larger set that were designed to provide 
critical mass data for uranium of intermediate enrichment at various moderation levels, as published in 
Reference 1. Reference 1 also includes data for a set of experiments using these same blocks but in a water 
reflector, and experiments done with a combination of 37.5 wt.% 235U blocks and similar depleted uranium 
tetrafluoride/Teflon blocks to simulate enrichments between 37.5 and 12.5 wt. %. It is likely that these 
experiments were performed to provide critical mass data for storage of solid UF6, since the equimolar 
mixture could be described as UF6C and the density is similar to that of solid UF6. The minimum critical 
mass data are included in an early nuclear safety guide for the K-25 Gaseous Diffusion Plant that was 
published in 1959. Reference 1 is the primary published reference for these experiments. However, 
important data were also taken from two logbooks – Book 111R and Book 113R – included in the Oak 
Ridge logbook collection. The fourteen configurations evaluated here are summarized in Table 1. Nine of 
the fourteen configurations have over 50% of fissions occurring in the intermediate energy range (Cases 1 
– 8, and Case 10) and are appropriately categorized as “INTER”. However, 3 cases (Cases 9, 11, and 12) 
do not have 50% of fissions occurring in any one of the fast, intermediate, or thermal energy ranges and are 
more appropriately categorized as “MIXED”. The remaining 3 cases (Cases 12, 13, and 14) have over 50% 
of fissions occurring in the thermal energy range and are more appropriately categorized as “THERM.” All 
fourteen experiments have been judged acceptable for use as criticality-safety benchmark experiments. 
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8535…..…..…………………..…….……..……ID Number…………………..…..…………….8535 

Author: Elam, Karla R. 

Title: Unreflected UF4-CF2 Blocks with 37.5% 235U 

Date: 9/30/2006 

Report: IEU-COMP-MIXED-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of fourteen critical experiments using an equimolar mixture of uranium 
tetrafluoride (UF4) and Teflon (CF2) were performed at the Oak Ridge National Laboratory (ORNL) 
Critical Experiments Facility (Building 9213) in 1956 and 1957. The uranium was enriched to 
approximately 37.5 wt.% in 235U. The mixture was compressed into three different sizes of blocks to 
enable stacking of critical configurations of various shapes. Very little moisture was present in this material, 
so experiments at very low H/X values were possible. In some cases, interstitial moderator material was 
used to alter the H/X of the overall experiment. All but one of these contained methacrylate plastic, and the 
remaining one used cellulose acetate plastic. H/X values for the unreflected series of experiments range 
from 0.07 to 17.10. These unreflected experiments were conducted on a split table apparatus in Building 
9213 at the Oak Ridge Y-12 Plant. These experiments were part of a larger set that were designed to provide 
critical mass data for uranium of intermediate enrichment at various moderation levels, as published in 
Reference 1. Reference 1 also includes data for a set of experiments using these same blocks but in a water 
reflector, and experiments done with a combination of 37.5 wt.% 235U blocks and similar depleted uranium 
tetrafluoride/Teflon blocks to simulate enrichments between 37.5 and 12.5 wt. %. It is likely that these 
experiments were performed to provide critical mass data for storage of solid UF6, since the equimolar 
mixture could be described as UF6C and the density is similar to that of solid UF6. The minimum critical 
mass data are included in an early nuclear safety guide for the K-25 Gaseous Diffusion Plant that was 
published in 1959. Reference 1 is the primary published reference for these experiments. However, 
important data were also taken from two logbooks – Book 111R and Book 113R – included in the Oak 
Ridge logbook collection. 



 

C-8557 

8536…..…..…………………..…….……..……ID Number…………………..…..…………….8536 

Author: Dean, Virginia F. 

Title: Critical Arrays of Polyethylene-Moderated U(30)F4-Polytetrafluoroethylene One-Inch Cubes 

Date: 3/31/1995 

Report: IEU-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: One-inch cubes of U(30)F -polytetrafluoroethylene [(CF) ] (“U-cubes”) were 4 2n 
stacked with one-inch cubes and half-cubes of polyethylene (“H-cubes”) into cuboid shapes on two 
aluminum platforms, one movable. Blocks were added until criticality was achieved when the two cuboids 
were brought together. Most critical cores were reflected by paraffin. Sheets of cadmium or boron 
surrounded the core in a few cases. Twenty-nine ratios and patterns of “U-cubes” and “Hcubes” were 
reported in sufficient detail to qualify as acceptable benchmark experiments. 
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8537…..…..…………………..…….……..……ID Number…………………..…..…………….8537 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Lependin, Vladimir 

Title: Water-Moderated U(17)O2 Annular Fuel Rods without Absorber and with Gadolinium or Cadmium 
Absorbers in 6.8-cm-Pitch Hexagonal Lattices at Different Temperatures 

Date: 9/30/1998 

Report: IEU-COMP-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical approach experiments with stainless steel clad UO2 fuel rods (17 wt.% 235U) 
in a water filled tank were performed in 1970 - 1973 in the MATR facility at the Institute of Physics and 
Power Engineering, Obninsk, Russia. The fuel rods were arranged in hexagonal lattices with a pitch of 6.8 
cm. Each lattice comprised one of three forms of the fuel rod: without absorber element, with gadolinium 
absorber element, or with cadmium absorber element in the center of each fuel rod. The lattices were fully 
reflected on all sides with water. The critical mass was defined for “cold” (~ 20°C) and “hot” (~ 200°C) 
assemblies. The six assemblies were zero-power experiments. Water for the “hot” assemblies was heated 
by an external electric heater. All six configurations presented here are considered to be acceptable for use 
as benchmark critical experiments. 
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8538…..…..…………………..…….……..……ID Number…………………..…..…………….8538 

Author: Jeraj, Robert / Ravnik, Matjaz 

Title: TRIGA Mark II Benchmark Critical Experiments 

Date: 9/30/1999 

Report: IEU-COMP-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The benchmark experiments were performed as a part of startup test of the TRIGA 
Mark II reactor in Ljubljana, Slovenia, after reconstruction and upgrading in 1991, during which all core 
components (top and bottom grid plates, fuel, control rods, irradiation channels), with the exception of the 
graphite reflector around the core, were replaced with new ones. The experiments in steady-state operation 
were performed with completely fresh fuel (including instrumented elements and fueled followers of 
control rods) in a compact and uniform core (i. e. all elements including the fueled followers of control rods 
were of the same type with no nonfuel components in the critical core configuration) at well-controlled 
operating conditions. Standard commercial TRIGA fuel elements of 20 wt.% enrichment and 12 wt.% 
uranium concentration were used. It should be noted that the core lattice does not have a periodic structure. 
For this reason the benchmark cannot be treated as a unit-cell problem with effective buckling but has to 
be modeled explicitly in 3D geometry. Commercial TRIGA fuel elements and fueled-follower control rods 
were used in the experiment. The information on the fuel composition and geometry is limited to the data 
released by the fuel manufacturer. The material and geometry uncertainties are for this reason too large for 
testing design codes. However, the benchmark is primarily intended for testing operational codes normally 
applied by the users of TRIGA reactors for core management and irradiation optimization purposes where 
such uncertainties can be tolerated. This evaluation describes two critical experiments. The core 
configurations differed only in the position of 7 outermost fuel elements and so are closely correlated. Both 
cores were critical within 300 pcm (0.3%). The two experiments are considered to be acceptable as 
benchmark critical experiments. 
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8539…..…..…………………..…….……..……ID Number…………………..…..…………….8539 

Author: Tsiboulia, Anatoli / Golubev, Vladimir / Ivanova, Tatiana / Rozhikhin, Yevgeniy 

Title: k-Infinity Measurements with Enriched Uranium Mixed with Thorium and Polyethylene (KBR-18, 
KBR-19, KBR-20, and KBR-21 Assemblies) 

Date: 9/30/2005 

Report: IEU-COMP-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Four k∞ experiments were performed on the COBRA critical facility at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russian Federation, from 1990 to 1994. The 
experimental program consisted of determination of k∞ for combinations of enriched (various combinations 
of 90% and 36% 235U) uranium dioxide, thorium metal, and various amounts of the moderator material, 
polyethylene. The H/ 235U ratio was 0.0 for the KBR-18 assembly, ~1 for KBR-19, ~10 for KBR-20, and 
~70 for KBR-21. From 1995 to 1997, two critical experiments (KBR-22 and KBR-23) with compositions 
of highly enriched (90% 235U) uranium metal, thorium metal and polyethylene were performed on 
COBRA. These experiments are evaluated in HEU-MET-FAST-068. The experimental data presented here 
are taken from references, unclassified internal reports, and experimental logbooks. The four k∞ 
experiments are evaluated here and are considered to be acceptable for use as benchmark experiments. The 
experiments of this series cover a wide range of spectra of neutrons causing fission. Although the majority 
of the neutrons causing fission in KBR-19 and 20 are of intermediate energy and are appropriately 
categorized as “INTER”, the majority of neutrons causing fission are fast in KBR-18 and are thermal in 
KBR-21.KBR-18 and KBR-21 are more appropriately categorized as “FAST” and “THERM”, respectively. 
Complete documentation of all four configurations is given in IEU-COMP-INTER-001. 
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8540…..…..…………………..…….……..……ID Number…………………..…..…………….8540 

Author: Kim, Soon S. / Dean, Virginia F. 

Title: Evaluation of the Initial Critical Configuration of the HTR-10 Pebble-bed Reactor 

Date: 8/31/1996 

Report: IEU-COMP-THERM-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical-approach experiments with clusters of aluminum clad U(4.31)O 
fuel rods in a 2 large water-filled tank was performed over the course of several years at the Critical Mass 
Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included rectangular, square-pitched 
lattice clusters, with pitches of 2.54 cm or 1.892 cm (LEU-COMP-THERM-002 and -004). Some of these 
experiments were performed with absorber plates of various materials between clusters (LEU-COMP-
THERM-009). Some circular, triangular-pitched lattices, with pitches of 2.398, 1.891, 1.801, or 1.598 cm, 
were used to measure the effect of gadolinium dissolved in the water (LEU-COMP-THERM-005). This 
evaluation documents water-reflected clusters with reflecting walls of depleted uranium, lead, and steel on 
two opposite sides of the cluster array. A total of thirty experiments, performed in the late 1970's and early 
1980's, were evaluated. All of these were judged to be acceptable as benchmark data. Information in this 
section comes from References 1 - 10, which are the original PNL reports of these experiments. The primary 
references for this set of experiments at 2.54-cm or 1.892-cm pitch are References 3, 5, and 6. Over the 
course of performing experiments with this set of fuel rods, analyses were done which resulted in better 
characterization of the rods over time. For example, the enrichment was originally reported at 4.29 wt. %, 
but later improved to 4.306 wt. %. Therefore, only the most recent fuel rod data is provided in this 
evaluation. 
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8541…..…..…………………..…….……..……ID Number…………………..…..…………….8541 

Author: Saiz, Pedro M. Ortego / Sobrino, Jose G. López 

Title: Unreflected UF4-CF2 Blocks with 37.5% 235U 

Date: 9/30/2001 

Report: IEU-COMP-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments using aluminum-clad uranium oxide of low 
enrichment was performed in 1977, 1978, and 1979 at the CX-10 critical facility of Babcock-Wilcox 
(B&W) Lynchburg Research Center. The first group of experiments involved configurations of individual 
fuel rods located in arrays, or clusters, with variable space between the clusters of rods, and with absorber 
rods of B4C in the space between clusters. These experiments were carried out between November 1977 
and March 1978 and are reported here. A second group of experiments involved the same fuel rods located 
with similar distances between clusters, but used absorber plates as isolators of the different clusters, instead 
of absorber rods. This second set of experiments is evaluated in LEU-COMP-THERM-051. The uranium 
enrichment is 2.5%. The moderator and reflector is ordinary water, borated in some cases. The fuel cladding 
is aluminum. Absorber pins are boron carbide. Fuel pellet diameter is 1.030 cm and the clad outer diameter 
is 1.206 cm. The spacing between fuel rods is 1.636 cm, center-to-center. Each configuration has 9 clusters 
of 14x14 fuel rods except the first, which is a single cluster of cylindrical shape. The spacing between 
clusters is always a multiple of the fuel rod pitch. Core height is slightly more than 150 cm, but its active 
part is determined by the moderator height, which varies between 108 and 149 cm. Two parameters are 
used to control the criticality of the system, the height of the water and the boron concentration in water. 
The number of absorber rods and their location is fixed during each experiment. Some experiments (Cores 
IIIA to IIIG) were repeated at different combinations of water level and boron concentration but keeping 
the same position and quantity of fuel and absorber rods. From the point of view of validation of codes, 
these experiments are strongly correlated. The total number of configurations is 15. All 15 of these are 
considered to be acceptable for use as benchmark experiments for criticality safety. 
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8542…..…..…………………..…….……..……ID Number…………………..…..…………….8542 

Author: Krohn, Burton J. 

Title: The Early Jemima Experiments: Bare Cylindrical Configurations of Enriched and Natural Uranium 

Date: 3/31/1995 

Report: IEU-MET-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The purpose of the early Aunt Jemima experiments, performed at the Pajarito critical 
assembly facility at Los Alamos (1952-1954), was to determine critical conditions for bare uranium 
cylinders of intermediate enrichment. Ideally, the composition of the cylinders would be uniform. In 
practice, the vertical cylindrical columns were constructed by stacking thin disks of enriched uranium 
(oralloy, or Oy, 93.4 wt.% 235U) and natural uranium (tuballoy, or Tu) in different orders. The cylinder 
might have resembled a stack of pancakes; hence “Jemima,” the brand name of a pancake mix, was selected 
for the experiments. Because the thicknesses of the individual disks were small compared to their diameter 
or to the height of the combined column, the composition could be described as moderately enriched and 
approximately uniform. A total of five critical cylindrical configurations of uranium disks, partial disks (in 
the shape of 45° circular sectors), and layers of rectangular blocks were assembled. Documentation and 
detailed drawings provide enough information for four of the experiments (involving only the disks and 
sectors) to qualify as benchmark experiments. For each of the four acceptable experiments, two benchmark 
models, reference (detailed) and idealized, are developed in this evaluation. 
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8543…..…..…………………..…….……..……ID Number…………………..…..…………….8543 

Author: Kidman, Russell B. 

Title: Natural Uranium Reflected Assembly of Enriched and Natural Uranium Plates 

Date: 8/31/1996 

Report: IEU-MET-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This critical experiment was a cylindrical assembly with a core of alternating plates 
of enriched and natural uranium surrounded by a natural uranium reflector. The core average enrichment 
was ~ 16 wt.% 235U. This experiment was performed at the Los Alamos Pajarito critical assembly facility 
around 1956 and can be considered an extension of the earlier “Jemima” experiments that determined the 
critical conditions of bare natural and enriched uranium disks of combined intermediate enrichments (29 - 
94 wt.% 235U; see IEU-MET-FAST-001). This experiment determined critical parameters for an 
appreciably lower enrichment assembly and allowed the extension testing of the constant-power relation 
between critical mass of uranium and 235U concentration (m =const c-1.7) that was previously determined 
for c enrichments above 29 wt.% 235U. This experiment is documented in References 2-4. In cases where 
small differences exist in values of dimensions, masses, or densities, the reevaluated data presented in 
Reference 3 are used and reported here. Based on our evaluation of these documents, this experiment is 
judged to be an acceptable criticality-safety benchmark. 
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8544…..…..…………………..…….……..……ID Number…………………..…..…………….8544 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Zakharov, A. N. / Ilyin, 
V. I. / Kuvshinov, M. I. / Malinkin, A. A. / Yuferev, V. I. 

Title: Bare Spherical Assembly of 235U(36%) 

Date: 9/30/2000 

Report: IEU-MET-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of bare metal 235U(36%) assemblies were conducted at 
VNIIEF’s criticality test facility (CTF) in 1994. As a result of these efforts, two benchmark models, one 
detailed and one simplified, of a single experiment were developed. Reference 1 provides a description of 
the experimental facility. The other experimental data that is presented was extracted from experimenter 
log books and experiment catalogues. 
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8545…..…..…………………..…….……..……ID Number…………………..…..…………….8545 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Zakharov, A. N. / Ilyin, 
V. I. / Kuvshinov, M. I. / Malinkin, A. A. / Yuferev, V. I. 

Title: Graphite-Reflected Spherical Assembly of 235U(36%) 

Date: 9/30/2000 

Report: IEU-MET-FAST-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a graphite-reflected assembly of 235U(36%) were 
performed by VNIIEF in September 1977 at its criticality test facility (CTF). The core pieces were 
manufactured in February 1977. These experiments were re-evaluated between 1992 and 1994. As a result 
of these efforts, two benchmark models, one detailed and one simplified, of a single experiment were 
developed. Reference 1 provides a description of the experimental facility. The other experimental data that 
is presented was extracted from experimenter log books and experiment catalogues. 
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8546…..…..…………………..…….……..……ID Number…………………..…..…………….8546 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Zakharov, A. N. / Ilyin, 
V. I. / Kuvshinov, M. I. / Malinkin, A. A. / Yuferev, V. I. 

Title: Steel-Reflected Spherical Assembly of 235U(36%) 

Date: 9/30/2000 

Report: IEU-MET-FAST-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of steel-reflected 235U(36%) assemblies were conducted 
by VNIIEF in 1994 at its criticality test facility (CTF). The core pieces were manufactured in 1977. These 
experiments were re-evaluated in 1995. As a result of these efforts, two benchmark models, one detailed 
and one simplified, of a single experiment were developed. Reference 1 provides a description of the 
experimental facility. The other experimental data that is presented was extracted from experimenter log 
books and experiment catalogues. 
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8547…..…..…………………..…….……..……ID Number…………………..…..…………….8547 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Zakharov, A. N. / Ilyin, 
V. I. / Kuvshinov, M. I. / Malinkin, A. A. / Yuferev, V. I. 

Title: Duralumin-Reflected Spherical Assembly of 235U(36%) 

Date: 9/30/2000 

Report: IEU-MET-FAST-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a Duralumin-reflected assembly of 235U(36%) were 
conducted by VNIIEF in 1994 at its criticality test facility (CTF). The core pieces were manufactured in 
1977. As a result of these experiments, two benchmark models, one detailed and one simplified, of a single 
experiment were developed. The other experimental data that is presented was extracted from experimenter 
log books and experiment catalogues. 
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8548…..…..…………………..…….……..……ID Number…………………..…..…………….8548 

Author: Sapir, Joseph L. / Krohn, Burton J. 

Title: Big Ten: A Large, Mixed-Uranium-Metal Cylindrical Core with 10% Average 235U Enrichment, 
Surrounded by a Thick 238U Reflector 

Date: 9/30/1999 

Report: IEU-MET-FAST-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The idea for the Big Ten assembly was initially conceived in 1966. The assembly 
attained initial criticality at the Los Alamos Critical Experiment Facility (LACEF) in 1971. Big Ten is a 
cylindrical assembly with a core composed entirely of fissionable material in metal form, like most of the 
earlier critical assemblies at the LACEF. However, it is very large and massive; the name “Big Ten” reflects 
both its total mass of uranium (10 metric tons) and the average 235U enrichment of its core (10%). The 
primary objective for Big Ten was to measure effective cross sections in a neutron spectrum that, although 
still energetic, was appreciably softer than those in the earlier, smaller Los Alamos metal assemblies. Such 
a spectrum would resemble that of a liquid-metal fast breeder reactor (LMFBR). The desired flux spectrum 
could be produced by a critical assembly with fuel of considerably lower average enrichment. Therefore, 
the design demanded a much larger, reflected configuration. The metal core was surrounded by a 6-in. -
thick depleted-uranium reflector. Several aspects of the Big Ten assembly enhanced its utility for measuring 
cross sections: (1) Its relatively uncomplicated cylindrical configuration facilitated the comparisons 
between measured and calculated neutronic characteristics. (2) The large size of the assembly rendered the 
reactivity stable and reproducible to high precision. Because of this trait, Big Ten was selected as one of 
the assemblies to provide a “standard” spectrum for comparing reaction rates, during 1974-1977, for the 
Interlaboratory Reaction Rate (ILRR) fast neutron standardization program sponsored by the U. S. 
Department of Energy. (3) The thick depleted-uranium reflector reduced sensitivity to external 
perturbations. Big Ten operations have experienced three chronological phases: early [1971-1980], inactive 
[1981-1990], and contemporary [1991-1996]. The Big Ten experiment was disassembled during 1996. In 
the early phase, kinetic investigations were carried out before 1973. After that, numerous foil-irradiation 
experiments contributed extensively to the compendium of nuclear decay characteristics and reaction-rate 
data obtained under the ILRR program. Following ten years of inactivity, the Big Ten assembly was 
reconfigured to operate at reduced reactivity. At this writing, however, insufficient details of the 
contemporary configuration are available to establish a benchmark. This report evaluates the initial Big Ten 
loading used for kinetic studies. This acceptable benchmark experiment represented the early Big Ten 
assembly in its simplest closed (supercritical) configuration. In this configuration all control and safety rods 
in the annular reflector were fully inserted, making the reflector nearly solid and homogeneous. This 
evaluation also specifies three benchmark models for the benchmark experiment. One model is a two-zone 
model with a homogenized cylindrical core and depleted-uranium reflector with a significant calculated 
bias (~1%). The other two models are referred to as the detailed and the simplified models. Both accurately 
specify all zones containing the four types of uranium used in the Big Ten assembly: 93 wt.% 235U [U(93)], 
10 wt.% 235U [U(10)], natural uranium [U(nat)], and depleted uranium [U(dep)]. They differ only in the 
representation of six reflector control rods and their associated void gaps and liners. 
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8549…..…..…………………..…….……..……ID Number…………………..…..…………….8549 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Zakharov, A. N. / Ilyin, 
V. I. / Kuvshinov, M. I. / Yuferev, V. I. 

Title: Depleted-Uranium-Reflected Spherical Assembly of 235U(36%) 

Date: 9/30/1997 

Report: IEU-MET-FAST-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a depleted-uranium-reflected assembly of 235U(36%) 
were conducted by VNIIEF in 1993 at its criticality test facility (CTF). These experiments were reevaluated 
in 1996. These efforts resulted in a spherical benchmark critical-assembly model. The other experimental 
data presented were extracted from experimenter log books and experiment catalogues. A single experiment 
is evaluated and is considered acceptable for use as a criticality safety benchmark experiment. 
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8550…..…..…………………..…….……..……ID Number…………………..…..…………….8550 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Ilyin, V. I. / Kuvshinov, 
M. I. / Yuferev, V. I. 

Title: Spherical Assembly of 235U(36%) with a 5.75-cm Polyethylene Reflector 

Date: 9/30/1998 

Report: IEU-MET-FAST-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a polyethylene-reflected assembly of 235U(36%) were 
conducted by VNIIEF in 1977 at its criticality test facility (CTF). The core pieces were manufactured also 
in 1977. Participating in the acquisition of primary experimental data were M. I. Kuvshinov, A. A. 
Malinkin, V. P. Yegorov, B. D. Sciborskij, and V. A. Davidenko. These experiments were computationally 
and theoretically re-evaluated in 1997. These efforts resulted in an acceptable spherical benchmark model 
of the critical assembly. Reference 1 provides a description of the experimental facility. The other 
experimental data presented were extracted from experimenter logbooks and experiment catalogues. 
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8551…..…..…………………..…….……..……ID Number…………………..…..…………….8551 

Author: Bunde, Kermit A. / McKnight, Richard D. 

Title: The U9 Benchmark Assembly: A Cylindrical Assembly of U Metal (9% 235U) with a Thick Depleted 
Uranium Reflector 

Date: 9/30/2000 

Report: IEU-MET-FAST-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The U9 Benchmark Assembly was part of the Diagnostic Cores Program planned for 
the Argonne National Laboratory (ANL) ZPR-6 and ZPR-9 critical facilities. The objective of the 
Diagnostic Cores Program was to resolve longstanding discrepancies between calculated and measured 
values for small sample central worths, βeff, and the 238U capture-to- 239Pu fission reaction rate ratio 
(c28/f49). The Diagnostic Cores Program consisted of two phases. Phase I was a definitive investigation of 
one cause of the central worth discrepancy, namely, the effects of heterogeneities in the vicinity of the 
samples which are not treated by the calculations. Phase II was planned to find the dependence on 
composition and spectrum of these three discrepancies. Because the Phase II Program encompassed a wide 
range of spectra and emphasized strongly the reactor materials of greatest importance to the discrepant 
parameters, these assemblies provide excellent systems for criticality-safety validation. The first assembly 
of the Phase II Diagnostic Cores Program was the U/Fe Benchmark Assembly (ZPR-9/34), which has been 
included in this Handbook as benchmark HEU-MET-FAST-035. The second assembly of the Phase II 
Diagnostic Cores Program was the U9 Benchmark Assembly. This assembly had a heterogeneous 
cylindrical core constructed of enriched-uranium and depleted-uranium plates with an average 235U 
enrichment of 9%. This assembly was intended to be a close plate analog of the Los Alamos National 
Laboratory (LANL) Big Ten assembly (IEU-MET-FAST-007) – a critical assembly with a cylindrical core 
of uranium (10% 235U) and a depleted-uranium reflector in which the traditional central worth 
discrepancies had not been observed. 
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8552…..…..…………………..…….……..……ID Number…………………..…..…………….8552 

Author: Mohamed, Amr / McKnight, Richard D. 

Title: ZPR-3 Assembly 41: A Cylindrical Assembly of U Metal (16% 235U), Aluminum, and Steel, 
Reflected by Depleted-Uranium 

Date: 8/30/2001 

Report: IEU-MET-FAST-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The fast zero power reactor experiment (ZPR-3) was built at the site of the National 
Reactor Testing Station in Idaho in 1955 to obtain neutron physics information necessary for the design of 
fast power breeder reactors. It was used to study blanketed cores having a range of compositions in which 
the volume fractions of 235U, 238U, iron and sodium (simulated by reduced-density aluminum) were 
varied. Assembly 41 was built to obtain a 235U volume fraction as close as practical to the fraction in the 
exponential experiments performed in 1955. This composition was studied to augment a series of other 
ZPR-3 assemblies in which a similar volume fraction of uranium was used, but with 238U/ 235U ratios 
ranging between one and 10. This assembly was also of interest for the comparison of experimental results 
with measurements made in a fast exponential experiment and in a fast-thermal critical assembly, both of 
which used a similar ~5/1 (238U/235U) composition. The Assembly 41 program was carried out between 
August 20 and October 15, 1962. The ZPR-3 Assembly 41 was designed to have a very clean and simple 
benchmark configuration. In fact, the entire core of this assembly was built using a four-drawer sequence 
containing five 1/8-inch thick columns of enriched uranium as the basic core unit cell. Depleted uranium, 
steel, and low-density aluminum plates were added as diluents to complete the composition. Four nuclides, 
235U, 238U, Fe, and Al, dominated the neutronic behavior in the core region. The material isotopic ratios 
were such that the bulk of the neutron spectrum is in the 100-keV to 3-MeV energy range and the peak is 
at about 300 keV. Thus, the spectrum is in the fast range, although not as hard as the spectrum in classic 
Los Alamos assemblies, such as Godiva (see HEU-MET-FAST-001). This assembly is also closely related 
to the ICSBEP benchmark evaluations for ZPR-9 Assembly 34, the Uranium/Iron Benchmark Assembly 
(see HEU-MET-FAST-035), ZPR-9 Assembly 36, the U9 Benchmark Assembly (see IEU-MET-FAST-
010), and ZPR-3 Assembly 23 (see HEU-MET-FAST-055). Like ZPR-9/34 and ZPR-3/23, this assembly 
addresses for the criticality safety community the perceived lack of metal/ 235U systems. A very accurate 
transformation to a simplified model is needed to make any of the ZPR assemblies a practical criticality-
safety benchmark. There is simply too much geometric detail in an exact model of a ZPR assembly − even 
a clean benchmark such as ZPR-3/41. The transformation must reduce the detail to a practical level without 
masking any of the important features of the criticality experiment, and it must do this without increasing 
the total uncertainty far beyond that of the original experiment. Such a transformation is described in 
Section 3. It was made using a pair of continuous-energy Monte Carlo calculations. First, ZPR-3/41 was 
modeled in full detail − every plate, drawer, matrix tube, and air gap was modeled explicitly. Then the 
region wise compositions and volumes from this model were used as a homogeneous, two-dimensional 
(RZ) model. This simple model is the criticality-safety benchmark model. The difference in keff values 
from the two models was used to adjust the measured excess reactivity of ZPR-3/41, yielding a result for 
the benchmark model. Uncertainties associated with this simplification, which go beyond Monte Carlo 
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statistical uncertainties, were taken into account. The net difference in keff and each of the effects that 
contribute to it are small. 
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8553…..…..…………………..…….……..……ID Number…………………..…..…………….8553 

Author: Aliberti, Gerardo / Lell, Richard M. / Smith, Micheal A. / McKnight, Richard D. 

Title: ZPR-9 Assembly 1: A Cylindrical Assembly of U Metal (93% 235U) and Depleted Uranium with 
Aluminum Reflectors 

Date: 9/30/2004 

Report: IEU-MET-FAST-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Assembly 1 was one of a series of cores built for the Argonne National Laboratory 
(ANL) ZPR-9 critical facilitya to study the neutronics of high temperature fast reactors proposed in the 
Argonne nuclear rocket program of the 1960s. That program recommended a refractory-metal-based fast 
reactor that would have the potential for operation at very high temperatures. Tungsten (W) was selected 
for study as the refractory metal, perhaps alloyed with rhenium where added strength or temperature 
performance was required. A series of nine tungsten bearing assemblies utilizing differing light weight 
reflector materials (Al, Al2O3, and BeO-Al) were built for development of a fast reactor with tungsten for 
nuclear propulsion. 
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8554…..…..…………………..…….……..……ID Number…………………..…..…………….8554 

Author: Schaefer, Robert W. / Lell, Richard M. / Smith, Micheal A. / McKnight, Richard D. 

Title: ZPR-9 Assemblies 2 and 3: Cylindrical Assemblies of U Metal and Tungsten with Aluminum 
Reflectors 

Date: 9/30/2003 

Report: IEU-MET-FAST-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Assemblies 2 and 3 were two members of a series of cores built at the Argonne 
National Laboratory (ANL) ZPR-9 critical facilitya to study the neutronics of high temperature fast reactors 
proposed in the Argonne nuclear rocket program of the 1960s. That program recommended a refractory-
metalbased fast reactor that would have the potential for operation at very high temperatures. Tungsten (W) 
was selected for study as the refractory metal, perhaps alloyed with rhenium where added strength or 
temperature performance was required. A series of tungsten bearing assemblies utilizing differing light 
weight reflector materials (Al, Al2O3, and BeO-Al) were built for development of a fast reactor with 
tungsten for nuclear propulsion. The entire series of nine assemblies will be evaluated for potential use as 
criticality safety benchmarks. Assembly 1 (ZPR-9/1) was selected as a well characterized reference 
assembly. It contained no tungsten and had an enrichment (235U/U) of ~11%. It differed from ZPR-3 
Assemblies 11 and 22 and Assembly 1 of ZPR-6 only in that in ZPR-9/1 the matrix and drawers were 
aluminum instead of stainless steel, and the reflector plate material was aluminum instead of depleted 
uranium. This reference assembly is identified in this Handbook as benchmark IEU-MET-FAST-013. In 
Assemblies 2, 3 and 4 (ZPR-9/2, 3, and 4), one-fourth, one-half, and finally all of the depleted uranium 
diluent in the core unit cell of Assembly 1 were replaced by tungsten. Assemblies 2 and 3, with 235U/U 
enrichments of ~16% and ~21%, respectively, are the subject of this benchmark. Assembly 4, identified in 
this handbook as benchmark HEU-MET-FAST-060, had a core consisting essentially of just tungsten and 
93% enriched uranium. These first four assemblies in this series test the exchange of 238U and tungsten. 
Some carbon was added to the core cell in Assembly 5 to produce a somewhat softer spectrum. In Assembly 
6 some of the tungsten was replaced with perforated aluminum plates. These two assemblies (ZPR-9/5 and 
6) are identified in this Handbook as benchmark HEU-MET-FAST-067. In the final three assemblies of 
this series, the dense aluminum reflector was replaced with Al2O3 and BeO-Al, which were more effective 
reflectors due to the presence of the oxygen. ZPR-9/7, 8, and 9 are identified in this Handbook as benchmark 
HEU-MET-FAST-070. 
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8555…..…..…………………..…….……..……ID Number…………………..…..…………….8555 

Author: Lell, R. M. / Mcknight, R. D. / Schaefer, R. W. 

Title: ZPR-3 Assembly 6F: A Spherical Assembly of Highly Enriched Uranium, Depleted Uranium, 
Aluminum and Steel with an Average 235U Enrichment of 47 Atom %. 

Date: 9/30/2010 

Report: IEU-MET-FAST-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Over a period of 30 years, more than a hundred Zero Power Reactor (ZPR) critical 
assemblies were constructed at Argonne National Laboratory. The ZPR facilities, ZPR-3, ZPR-6, ZPR-9 
and ZPPR, were all fast critical assembly facilities. The ZPR critical assemblies were constructed to support 
fast reactor development, but data from some of these assemblies are also well suited for nuclear data 
validation and to form the basis for criticality safety benchmarks. A number of the Argonne ZPR/ZPPR 
critical assemblies have been evaluated as ICSBEP and IRPhEP benchmarks. of the three classes of ZPR 
assemblies, engineering mockups, engineering benchmarks and physics benchmarks, the last group tends 
to be most useful for criticality safety. Because physics benchmarks were designed to test fast reactor 
physics data and methods, they were as simple as possible in geometry and composition. The principal 
fissile species was 235U or 239Pu. Fuel enrichments ranged from 9% to 95%. Often there were only one 
or two main core diluent materials, such as aluminum, graphite, iron, sodium or stainless steel. The cores 
were reflected (and insulated from room return effects) by one or two layers of materials such as depleted 
uranium, lead or stainless steel. Despite their more complex nature, a small number of assemblies from the 
other two classes would make useful criticality safety benchmarks because they have features related to 
criticality safety issues, such as reflection by soil-like material. ZPR-3 Assembly 6 consisted of six phases, 
A through F. In each phase a critical configuration was constructed to simulate a very simple shape such as 
a slab, cylinder or sphere that could be analyzed with the limited analytical tools available in the 1950s. In 
each case the configuration consisted of a core region of metal plates surrounded by a thick depleted 
uranium metal reflector. The average compositions of the core configurations were essentially identical in 
phases A-F. ZPR-3 Assembly 6F (ZPR-3/6F), the final phase of the Assembly 6 program, simulated a 
spherical core with a thick depleted uranium reflector. ZPR-3/6F was designed as a fast reactor physics 
benchmark experiment with an average core 235U enrichment of approximately 47 at.%. Approximately 
81.4% of the total fissions in this assembly occur above 100 keV, approximately 18.6% occur below 100 
keV, and essentially none below 0.625 eV - thus the classification as a 'fast' assembly. This assembly is 
Fast Reactor Benchmark No. 7 in the Cross Section Evaluation Working Group (CSEWG) Benchmark 
Specifications and has historically been used as a data validation benchmark assembly. Loading of ZPR-
3/6F began in late December 1956, and the experimental measurements were performed in January 1957. 
The core consisted of highly enriched uranium (HEU) plates, depleted uranium plates, perforated aluminum 
plates and stainless steel plates loaded into aluminum drawers, which were inserted into the central square 
stainless steel tubes of a 31 x 31 matrix on a split table machine. The core unit cell consisted of three 
columns of 0.125 in.-wide (3.175 mm) HEU plates, three columns of 0.125 in.-wide depleted uranium 
plates, nine columns of 0.125 in.-wide perforated aluminum plates and one column of stainless steel plates. 
The maximum length of each column of core material in a drawer was 9 in. (228.6 mm). Because of the 
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goal to produce an approximately spherical core, core fuel and diluent column lengths generally varied 
between adjacent drawers and frequently within an individual drawer. The axial reflector consisted of 
depleted uranium plates and blocks loaded in the available space in the front (core) drawers, with the 
remainder loaded into back drawers behind the front drawers. The radial reflector consisted of blocks of 
depleted uranium loaded directly into the matrix tubes. The assembly geometry approximated a reflected 
sphere as closely as the square matrix tubes, the drawers and the shapes of fuel and diluent plates allowed. 
According to the logbook and loading records for ZPR-3/6F, the reference critical configuration was 
loading 5 which was critical on January 4, 1957. The subsequent loadings were very similar but were less 
clean for criticality because there were modifications made to accommodate reactor physics measurements 
other than criticality. Accordingly, ZPR-3/6F loading 5 was selected as the only configuration for this 
benchmark. As documented below, it was determined to be acceptable as a criticality safety benchmark 
experiment. A very accurate transformation to a simplified model is needed to make any ZPR assembly a 
practical criticality-safety benchmark. There is simply too much geometric detail in an exact (as-built) 
model of a ZPR assembly. This especially true of ZPR-3/6F because of the complex core loading required 
to approximate a sphere with rectangular plates in a square matrix. 
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8556…..…..…………………..…….……..……ID Number…………………..…..…………….8556 

Author: Lell, R. M. / Mcknight, R. D. / Tsiboulia, A. / Rozhikhin, Y. 

Title: ZPR-3 Assembly 11: A Cylindrical Assembly of Highly Enriched Uranium and Depleted Uranium 
with an Average 235U Enrichment of 12 Atom % and a Depleted Uranium Reflector. 

Date: 9/30/2010 

Report: IEU-MET-FAST-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Over a period of 30 years, more than a hundred Zero Power Reactor (ZPR) critical 
assemblies were constructed at Argonne National Laboratory. The ZPR facilities, ZPR-3, ZPR-6, ZPR-9 
and ZPPR, were all fast critical assembly facilities. The ZPR critical assemblies were constructed to support 
fast reactor development, but data from some of these assemblies are also well suited for nuclear data 
validation and to form the basis for criticality safety benchmarks. A number of the Argonne ZPR/ZPPR 
critical assemblies have been evaluated as ICSBEP and IRPhEP benchmarks. of the three classes of ZPR 
assemblies, engineering mockups, engineering benchmarks and physics benchmarks, the last group tends 
to be most useful for criticality safety. Because physics benchmarks were designed to test fast reactor 
physics data and methods, they were as simple as possible in geometry and composition. The principal 
fissile species was 235U or 239Pu. Fuel enrichments ranged from 9% to 95%. Often there were only one 
or two main core diluent materials, such as aluminum, graphite, iron, sodium or stainless steel. The cores 
were reflected (and insulated from room return effects) by one or two layers of materials such as depleted 
uranium, lead or stainless steel. Despite their more complex nature, a small number of assemblies from the 
other two classes would make useful criticality safety benchmarks because they have features related to 
criticality safety issues, such as reflection by soil-like material. ZPR-3 Assembly 11 (ZPR-3/11) was 
designed as a fast reactor physics benchmark experiment with an average core 235U enrichment of 
approximately 12 at.% and a depleted uranium reflector. Approximately 79.7% of the total fissions in this 
assembly occur above 100 keV, approximately 20.3% occur below 100 keV, and essentially none below 
0.625 eV - thus the classification as a 'fast' assembly. This assembly is Fast Reactor Benchmark No. 8 in 
the Cross Section Evaluation Working Group (CSEWG) Benchmark Specifications and has historically 
been used as a data validation benchmark assembly. Loading of ZPR-3 Assembly 11 began in early January 
1958, and the Assembly 11 program ended in late January 1958. The core consisted of highly enriched 
uranium (HEU) plates and depleted uranium plates loaded into stainless steel drawers, which were inserted 
into the central square stainless steel tubes of a 31 x 31 matrix on a split table machine. The core unit cell 
consisted of two columns of 0.125 in.-wide (3.175 mm) HEU plates, six columns of 0.125 in.-wide (3.175 
mm) depleted uranium plates and one column of 1.0 in.-wide (25.4 mm) depleted uranium plates. The 
length of each column was 10 in. (254.0 mm) in each half of the core. The axial blanket consisted of 12 in. 
(304.8 mm) of depleted uranium behind the core. The thickness of the depleted uranium radial blanket was 
approximately 14 in. (355.6 mm), and the length of the radial blanket in each half of the matrix was 22 in. 
(558.8 mm). The assembly geometry approximated a right circular cylinder as closely as the square matrix 
tubes allowed. According to the logbook and loading records for ZPR-3/11, the reference critical 
configuration was loading 10 which was critical on January 21, 1958. Subsequent loadings were very 
similar but less clean for criticality because there were modifications made to accommodate reactor physics 
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measurements other than criticality. Accordingly, ZPR-3/11 loading 10 was selected as the only 
configuration for this benchmark. As documented below, it was determined to be acceptable as a criticality 
safety benchmark experiment. A very accurate transformation to a simplified model is needed to make any 
ZPR assembly a practical criticality-safety benchmark. There is simply too much geometric detail in an 
exact (as-built) model of a ZPR assembly, even a clean core such as ZPR-3/11 loading 10. The 
transformation must reduce the detail to a practical level without masking any of the important features of 
the critical experiment, and it must do this without increasing the total uncertainty far beyond that of the 
original experiment. Such a transformation is described in Section 3. It was obtained using a pair of 
continuous-energy Monte Carlo calculations. First, the critical configuration was modeled in full detail - 
every plate, drawer, matrix tube, and air gap was modeled explicitly. Then the region wise compositions 
and volumes from the detailed as-built model were used to construct a homogeneous, two-dimensional (RZ) 
model of ZPR-3/11 that conserved the mass of each nuclide and volume of each region. The simple 
cylindrical model is the criticality-safety benchmark model. The difference in the calculated k(eff) values 
between the as-built three-dimensional model and the homogeneous two-dimensional benchmark model 
was used to adjust the measured excess reactivity of ZPR-3/11 loading 10 to obtain the k(eff) for the 
benchmark model 
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8557…..…..…………………..…….……..……ID Number…………………..…..…………….8557 

Author: Tsiboulia, Anatoli / Doulin, Victor / Nikolaev, Mark / Rozhikhin, Yevgeniy 

Title: k-Infinity Experiments for 238U in Fast Neutron Spectra: Measurements with Enriched Uranium or 
Plutonium Mixed with Depleted Uranium (BFS-35, BFS-33, BFS-38, BFS-31, and BFS-42 Assemblies) 

Date: 9/30/2004 

Report: IEU-MET-FAST-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven k∞ experiments were performed on the BFS-1 and BFS-2 critical facilities at 
the Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation during the 1970s. The 
experimental program consisted of determination of k∞ for 5 combinations of fissile and fertile materials: 
enriched (various combinations of 36% and/or 90% 235U) uranium metal and depleted uranium metal 
(BFS-35); uranium (90% 235U) dioxide and depleted-uranium dioxide (BFS-33); plutonium metal and 
depleted-uranium metal (BFS-38); plutonium metal and depleted-uranium dioxide (BFS-31); and 
plutonium metal and depleted-uranium dioxide with addition of polyethylene (BFS-42). The BFS-31 
experiments were performed on the BFS-2 facility. The other experiments were performed on BFS-1. The 
fissile and fertile materials were small discs (approximately 5 cm in diameter) in stainless steel or aluminum 
cans placed in a repeated-cell arrangement into stainless steel or aluminum cylindrical tubes. The values of 
k∞ were determined using the results of reactivity measurements performed in the center of the assemblies. 
The experimental data presented here are taken from references, unclassified internal reports, and 
experimental logbooks. The eleven k∞ experiments are evaluated here and are considered to be acceptable 
for use as criticality safety benchmark experiments. The configurations represented in these five series of 
experiments (BFS-31,33, 35, 38, and 42) include various combinations of plutonium and uranium, various 
combinations of uranium enrichments, and various combinations of metal and oxide fuels. The spectra are 
predominately fast (over 50% of the fissions occur above 100 keV); however, the spectra for the three 
configurations of BFS-33 are predominately intermediate (over 50% of the fissions occur between 0.625 
eV and 100 keV). As a result, this evaluation has been given the identifier MIX-MISC-FAST-001. 
However, only BFS-31 (Cases 9 and 10) and BFS-42 (Case 11) experiments are appropriately categorized 
as MIX-MISC-FAST-001. BFS-35 (Cases 1, 2, and 3) experiments are more appropriately categorized as 
IEU-MET-FAST-017, BFS-33 (Cases 4, 5, and 6) experiments are more appropriately categorized as IEU-
COMP-INTER-002, and BFS-38 (Cases 7 and 8) experiments are more appropriately categorized as MIX-
MET-FAST-015. Complete documentation of all eleven configurations is given in MIX-MISC-FAST-001. 



 

C-8582 

8558…..…..…………………..…….……..……ID Number…………………..…..…………….8558 

Author: Tancock, Nigel P. / Humphreys, Richard D. 

Title: 45.5% 235U Pseudo-Cylindrical Metal Slabs: Bare Assemblies 
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Report: IEU-MET-FAST-019 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of subcritical high-multiplication experiments were performed at the Atomic 
Weapons Establishment (Aldermaston) to determine the critical thickness of IEU (45.5 wt.% 235U) metal 
slabs. The purpose of this work was to provide data against which calculations of fast-reactor melt-down 
configurations could be checked. The experiments were performed using the Atlas vertical assembly 
machine. The experiments commenced during late August 1959 and ended on January 8th 1960. 
Approximately 470 kg of 45.5 wt.% enriched uranium metal were available for this work. This material 
was cast and, where necessary, machined into hexagonal and half-hexagonal blocks of varying thickness. 
These blocks were then used to construct pseudo-cylindrical assemblies. A mock fission neutron source 
was positioned at the centre of each assembly and measurements of the central-source multiplication were 
made as a function of slab thickness. The critical thickness was obtained by graphical extrapolation. The 
critical thickness was determined for slabs with reported effective radii of 5.79 inches (14.71 cm), 8.46 
inches (21.49 cm) and 11.05 inches (28.07 cm) reflected by natural uranium, graphite, boronated graphite, 
steel and aluminium; and for slabs with reported effective radii of 5.79 inches (14.71 cm) and 8.46 inches 
(21.49 cm) with no reflector. The results obtained gave critical masses for a reported height/diameter ratio 
range of 0.08 to 0.63. Preliminary experimental findings were described in interim reports. McEnhill and 
Weale provided an overview of the experimental results. Finally, the formal report on these experiments 
was prepared by Dominey et al. Note also that some additional experimental details are given in the 
UKAEA “Handbook of Experimental Criticality Data” (Reference 3). These experiments were conducted 
under the direction of Mr. A. F. Thomas, who was assisted by Mr. J. R. Dominey and Mr. R. C. Lane. Mr. 
H. Goodfellow advised on the experimental design and Mr. O. J. E. Perkins led the experimental team. The 
two “bare” assemblies are evaluated in this report and both are shown to be acceptable benchmarks. The 
reflected assemblies will be evaluated in a separate report. 
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Report: IEU-MET-FAST-020 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments were carried out with the fast zero-power 
reactor FR0 at Studsvik, Sweden during 1964-1971. The FR0 fast reactor was designed and operated by 
AB Atomenergi and installed in 1963. The Research Institute of National Defence (FOA, now the Defence 
Research Agency, FOI) participated in many of the experiments. The aim was to gain experience in the 
operation of a fast reactor, to develop methods for measurement of important reactor physics parameters, 
as well as to check calculation methods and crosssection data. The FR0 reactor reached its first criticality 
on February 11, 1964 and was closed down in 1971. The FR0 was made critical 544 times and was in 
operation for approximately 1600 hours. The FR0 experiments covered studies of fast reactor physics, 
including critical mass, reaction rate ratios, reactivity control coefficients, heterogeneity effects, reactivity 
worths, Doppler effects, fast neutron spectrometry and streaming in empty channels. The measurement and 
evaluation methods used by the experimenters agree to a large extent with Reference 1 which also refers to 
the FR0 experiments. FR0 was a split-table machine with vertical fuel and reflector elements. A quantity 
of approximately 600 kg of uranium was available for performing critical experiments. The uranium metal 
with 20 wt.% 235U in the form of more than 3,000 plates(a) with varying dimensions allowed for a flexible 
fuel geometry. About 7,000 kg of copper reflector was manufactured in about 3,000 units. The fuel plates 
and reflector pieces (plates and blocks) were both designed to fit into the same element structure. This 
combination of fuel material (undiluted uranium metal with 20 wt.% 235U), geometry (approximately 
cylindrical) and reflector (copper) characterized FR0 Series 1 experiments. The choice of copper reflection 
was a compromise in the design of the reactor. Originally, a natural uranium reflector had been preferred. 
During the initial critical experiments, it was found that the copper resulted in a softer than expected neutron 
energy spectrum in the reflector. To investigate this, a number of experiments were made in 1964-1965 to 
investigate the influence of the copper and to find good cross-sections for copper. This was the main reason 
for varying the copper reflector thickness in Series 1 experiments. In 1968, after critical experiments with 
various moderating materials, additional experiments were carried out with the Series 1 design. The main 
purpose was to support testing of a Monte Carlo code in determining the effect of gaps between two 
cylinders. Since the two cylinders had to have the same axis, a horizontal axis cylinder shape was required 
to give the gaps. All other experiments had a vertical axis. Nine experiments in the FR0 Series 1 were 
included in this evaluation and are judged acceptable for use as benchmark critical experiments. 



 

C-8584 

8560…..…..…………………..…….……..……ID Number…………………..…..…………….8560 

Author: Glouchkov, Evgueni S. / Khvostionov, Vladimir E. 

Title: Graphite-Reflected Uranyl Sulfate (20.9% 235U) Solutions 

Date: 9/30/1997 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The purpose of these experiments, performed at the Russian Research Center 
“Kurchatov Institute” in 1980-1981, was to investigate nuclear safety issues for a special-purpose compact 
reactor with an aqueous solution of uranyl sulphate (~20.9% at. 235U) and graphite reflector Four 
configurations of critical assemblies with different concentrations of uranium in the solution are involved 
in this work. These configurations are described in sufficient detail and can be used as benchmark critical 
experiments. 
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Report: IEU-SOL-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment was performed at Los Alamos Scientific Laboratory with the initial 
criticality achieved on May 9, 1944a when “Mr. Fermi pulled out the control rod and was able to adjust the 
neutron intensity without a driving source”. This experiment was identified early in 1943 to determine the 
critical mass of 235U in homogeneous solutions at various concentrations and moderating media. The 
purpose of this assembly, commonly referred to as the “water boiler,” was to gain experience in the 
operation and control of a nuclear chain reaction and to prepare personnel and equipment for critical 
experiments as soon as kilograms of active material were available. The lack of large amounts of material 
necessitated the use of a slow neutron reaction and the use of the best possible reflector. The experiment 
was a simple configuration of a hollow sphere containing fissile solution within a beryllium oxide reflector 
(often referred to as a tamper). This assembly became known as LoPo (low power) since it was operated at 
essentially zero power in order to simplify the overall design, eliminate shielding requirements, and 
minimize radiation effects in the solution. The highest power was approximately 50 milliwatts. The initial 
critical configuration for the LoPo assembly involved approximately 14.7% enriched uranyl sulfate (UO2 
SO4) solution in a 1-foot (30.48 cm) diameter stainless steel sphere centered in a beryllium oxide pseudo-
sphere approximately 3 feet (91.44 cm) in diameter. The H/ 235U ratio was 646. Additional experiments 
were performed to determine the effectiveness of various substances as possible reflector materials; 
however, some of these experiments had insufficient fissile material available to reach criticality and the 
measured results were extrapolated to determine the critical mass. The additional experiments are briefly 
discussed in Section 1.4 and are discussed in more detail in Appendix B. The beryllium oxide-reflected 
sphere of 14.7% enriched uranyl sulfate solution is considered acceptable for use as a benchmark critical 
experiment. The additional experiments performed on the LoPo assembly are considered unacceptable for 
use as benchmark critical experiments due to a lack of information available to reconstruct the details of 
the experiments and the large extrapolations necessary to reach critical. 
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Abstract/Keyterms: Criticality studies of fast breeder reactors of spherical geometry within the two-group 
diffusion approximation are reported. Each reactor is supposed to consist of several homogeneous 
concentric zones of different compositions. The two-group neutron flux equations are rigorously solved for 
an arbitrary zone, and a criterion is given for the determination of the character of the zone. Further, a 
solution which can be evaluated numerically is obtained for the neutron flux spectrum over the entire reactor 
range. This solution is normalized to the maximum reactor power density. Numerical results are reported 
for two- and three-zone fast reactors corresponding to several fissile material and fertile material strategies. 
Calculations have been made for 118 reactors of small dimensions, each reactor containing a same given 
amount of fertile material, for which the diffusion approximation is known to lie valid. The obtained results 
show that three-zone reactors are more advantageous than the usual two-zone reactors. from the point of 
view of the breeding properties. 
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Date: 6/11/1958 
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Conference Session:  

Abstract/Keyterms: The results of calculations done on the critical sizes of interacting slabs are reported. 
Two-group diffusion theory is used, and the limitations of this method are discussed. The slabs were 
assumed to contain a fissile solution of H/U = 300. The slabs were infinite in two dimensions, and the 
center-to- center distance for criticality was calculated in terms of the slab thickness. Two geometrical 
configurations were used: that of an infinite array, and that of two interacting slabs. The medium between 
the slabs, the reflector, was assumed to vary, and results are quoted for water, a boron solution with varying 
resonance escape probability, and for wood impregnated with boron. The results in the limiting case of 
infinite separation, i.e., a single slab, are also given, and comparison is made with the experimental data 
available. 
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Abstract/Keyterms: A method for estimating one-group cross sections with some degree of spectrum-
dependence for application to fast reactor surveys is presented. Cross sections are given in the form of 
curves which represent a condensation of multigroup diffusion calculations. The accuracy of the method 
for critical mass calculations is discussed and the errors involved are listed. 
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Abstract/Keyterms: The critical Laplacians (or bucklings) of fully reflected rectangular and finite 
cylindrical reactors are found by a new method called the Method of Optimized Parameters. The results 
obtained by this method are compared with those found by a Standard Approximate Solution and by 
Ribaric's method. In certain cases all three methods are known to give exact results for the critical Laplacian. 
In general, however, the Method of Optimized Parameters is the only one for which the sign of the error in 
the critical Laplacian is known. It has also previously been shown to compare very favorably with a finite 
difference equation solution. The discrepancies between the Standard, Optimized Parameter and Ribaric's 
method are discussed. The last two methods give results in fair agreement in most cases and are significantly 
different from results obtained by the Standard method in certain cases. The Method of Optimized 
Parameters has three advantages over Ribaric's method: the sign of the error in the critical Laplacian is 
known; it is easier to use than Ribaric's method for calculations; and it is more adaptable to reactors of 
complex shape. 
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Abstract/Keyterms: A simple interaction theory is presented for calculating safe arrays of fissile units of 
arbitrary size, shape, and distribution. At every stage of the theory an endeavor was made to err on the side 
of safety. Mixed arrays of fast and thermal units are considered. The reflecting material and void present 
between units may be well defined, as for example in certain kinds of fissile store, or it can be random as 
in plants where personnel and portable equipment may be in close proximity to vessels. The theory is 
compared, for the case of well-defined reflectors and fissile units of one type, with the results of three 
interaction experiments made; on a pair of 20-kg spheres of uranium immersed in water, on arrays of similar 
spheres in a concrete vault, and for 3- and 7-unit arrays of cylinders containing aqueous solutions of uranyl 
fluoride. The theoretical results are generally more conservative than the experimental ones, but not to an 
unduly pessimistic degree It is not feasible to test a novel feature of the theory, in that it can deal with the 
case of random or unknown distributions of reflecting material. Since the experiments for well-defined 
reflectors indicated that the assumptions of the theory do err on the side of safety, the predictions for random 
reflectors are considered to be conservative. These pitches are somewhat greater than those for well-defined 
reflectors, but the increases are insufficient to cause real difficulties in the design and cost of plant. To those 
dealing with large numbers of interaction problems the theory may prove to be attractive on four accounts. 
The good agreement obtained so far with experiment suggests that the theory is reasonably accurate. Unlike 
Monte Carlo methods, which in principle are more accurate, the method requires very little computation, 
(as many as thirty cases of an interaction problem can be dealt with in five minutes on a medium size 
computer such as Mercury). Unlike the interaction parameter method it does not require an experiment on 
a simple assembly of units in order to make a prediction for a complicated array of units. The theory makes 
predictions using the same core and reflector constants as employed in ordinary reactor calculations for 
single units. 



 

C-8597 

8573…..…..…………………..…….……..……ID Number…………………..…..…………….8573 

Author: Ackroyd, R. T. 

Title: Variation Principles for Two Group Diffusion Theory. Part I. Bare Systems 

Date: 9/27/1955 

Report: IGR-R/R-151; WHC(C )/P-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Diffusion; Group Theory; Neutrons; Reactors; 
Transport Theory; Variations 



 

C-8598 

8574…..…..…………………..…….……..……ID Number…………………..…..…………….8574 

Author: Ackroyd, R. T. 

Title: Modified Rayleigh-Ritz Procedure for Determining an Upper Bound for the Critical Laplacian for 
One Group Diffusion Theory 

Date: 4/11/1956 

Report: IGR-R/R-169; WHC(C )/P-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Carbon; Charged Particles; Critical Assemblies; Criticality; 
Diffusion; Elementary Particles; Emission; Energy; Group Theory; Interactions; Irradiation; Measured 
Values; Nuclear Emulsions; Particle Tracks; Pions; Reflectors; Scattering; Targets; Transport Theory 



 

C-8599 

8575…..…..…………………..…….……..……ID Number…………………..…..…………….8575 

Author: Ackroyd, R. T. 

Title: Variational Principle of One Group Diffusion Theory for Inhomogeneous Reactors 

Date: 11/1/1956 

Report: IGR-R/R-197 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Criticality; Diffusion; Group Theory; Mass; 
Neutron Flux; Reactor Core; Reactors; Transport Theory; Zones 



 

C-8600 

8576…..…..…………………..…….……..……ID Number…………………..…..…………….8576 

Author: Ackroyd, R. T. 

Title: Variational Principle of One-Group Diffusion Theory for Anisotropic and Inhomogeneous Media 

Date: 4/1/1957 

Report: IGR-R/R-209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Anisotropy; Buckling; Criticality; Differential Equations; Diffusion; Group 
Theory; Neutron Flux; Reactor Core; Reactors; Variations 



 

C-8601 

8577…..…..…………………..…….……..……ID Number…………………..…..…………….8577 

Author: Ackroyd, R. T. / Campbell, A. / Haskey, H. W. 

Title: A Rayleigh-Ritz Procedure for Determining the Flux and the Critical Laplacian of One-Group 
Diffusion Theory for Heterogeneous Reactors 

Date: 10/1/1957 

Report: IGR-R/R-210; IGC-WHC(C )/P-75 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Rayleigh-Ritz procedure for determining the flux and critical Laplacian of one-
group diffusion theory is given for heterogeneous reactors. The procedure is used to determine the flux and 
the critical Laplacian for a bare slab when the Laplacian varies almost linearly across the slab. A comparison 
is made with Spinney's result for diffusion theory. The present method is completely general and can be 
applied to arbitrary distributions of fissile material. 
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Abstract/Keyterms: lower bounds for the critical Laplacian and the critical size of an infinite elliptical 
cylinder is extended in this report to include some finite elliptical cylinders. Fairly close upper and lower 
bounds for the critical Laplacian of reflected elliptical cylinders of finite length can be obtained by virtually 
no more work than is required to read a chart. 
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Abstract/Keyterms: Two methods are given for obtaining simple upper bounds for the critical Laplacians 
of some simple solids. The methods are based on the variational principle for one-group diffusion theory. 
Upper bounds are given for the critical Laplacians of reflected, infinitely long, circular and elliptical 
cylinders; a reflected, infinitely long rectangular prism, and a completely reflected finite circular cylinder. 
In the example of a circular cylinder with a non-capturing reflector the upper bound for the critical 
Laplacian lambda /sup 2/ is within 0.12% of the correct value. A typical fast reactor is used as an example 
of both methods. 
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Abstract/Keyterms: A simple interaction theory is presented for calculating safe arrays of fissile units of 
arbitrary size, shape, and distribution. At every stage of the theory an endeavor was made to err on the side 
of safety. Mixed arrays of fast and thermal units are considered. The reflecting material and void present 
between units may be well defined, as for example in certain kinds of fissile store, or it can be random as 
in plants where personnel and portable equipment may be in close proximity to vessels. The theory is 
compared, for the case of well-defined reflectors and fissile units of one type, with the results of three 
interaction experiments made; on a pair of 20-kg spheres of uranium immersed in water, on arrays of similar 
spheres in a concrete vault, and for 3- and 7-unit arrays of cylinders containing aqueous solutions of uranyl 
fluoride. The theoretical results are generally more conservative than the experimental ones, but not to an 
unduly pessimistic degree It is not feasible to test a novel feature of the theory, in that it can deal with the 
case of random or unknown distributions of reflecting material. Since the experiments for well-defined 
reflectors indicated that the assumptions of the theory do err on the side of safety, the predictions for random 
reflectors are considered to be conservative. These pitches are somewhat greater than those for well-defined 
reflectors, but the increases are insufficient to cause real difficulties in the design and cost of plant. To those 
dealing with large numbers of interaction problems the theory may prove to be attractive on four accounts. 
The good agreement obtained so far with experiment suggests that the theory is reasonably accurate. Unlike 
Monte Carlo methods, which in principle are more accurate, the method requires very little computation, 
(as many as thirty cases of an interaction problem can be dealt with in five minutes on a medium size 
computer such as Mercury). Unlike the interaction parameter method it does not require an experiment on 
a simple assembly of units in order to make a prediction for a complicated array of units. The theory makes 
predictions using the same core and reflector constants as employed in ordinary reactor calculations for 
single units. 
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interpretation of the model. 
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Abstract/Keyterms: In this paper there is described the recalculation of a critical experiment performed 
by KWU. The experiment was carried out with a configuration of 4 x 4 BWR fuel assemblies. There were 
measured power form factors of the rods in a 8 x 8 cluster and the critical water level. The paper first of all 
deals with the creation of a 60-group library with microscopic cross-section. Then there is described the 
calculation of macroscopic group constants for computation with the finite-difference code DIFF-2D and 
the 3D-Monte-Carlo code MORSE-K. For this purpose there were performed cell calculations with 
different types of cells and supercells for the calculation of the homogenized cross-sections. The results 
obtained with the computer codes DIFF-2D and MORSE-K agree well with each other and with the results 
of the measurements. Finally the follow some sensitivity studies for the reactivity. 
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Abstract/Keyterms: The experiments can be divided into two general classes: those in which the fuel is a 
homogeneous solution and those in which the fuel is in the form of various heterogeneous fuel elements. 
Most of the comparisons were made utilizing experiments in which the fuel was 93.2% enriched uranium-
235. However, experiments in which the fuel was 5.0% and 2.0% were also used. One experiment in which 
the fuel was a solution of uranium-233 was calculated. For the comparisons with homogeneous 
experiments, the geometries included spheres, cylinders, and slabs. In a number of cases, the fuel was in 
the form of an annular ring about a central non fueled region. In some cases the systems were poisoned by 
the use of cadmium sheets. The solution experiments were usually performed with rather concentrated fuel 
(300 to 400 g/l uranium-235): however, in some cases more dilute fuels were used. For the 2.0% enriched 
fuel, a homogeneous mixture of uranium tetrafluoride and paraffin wax was required to obtain a sufficient 
concentration of uranium-235. Most of these experiments were of the single body type. However, for the 
experiments in slab geometry, experiments with as many a three slabs, parallel in water at several separation 
distances, were studied in order to evaluate interaction effects across water gaps. Three series of 
experiments using 93% enriched uranium fuel elements were calculated. Elements 3x3 inches square with 
24-inch active length were used in the first two series of comparisons. In the first series, SPERT-D elements 
containing 307 grams uranium-235 were used; in the second, Bulk Shielding Facility, 168 grams uranium-
235 were used. For a third series, two types of HTRE circular elements were used. Both of these contained 
more than one kg of uranium-235 per element in about the same volume as the previous elements. This 
very high loading is due to the fact that the HTRE elements were not designed to operate in a water 
moderator. In the SPERT-D series for some experiments, varying amounts of boron were added to the water 
with a small amount of uranyl nitrate. In the HTRE series, two concentrations of uranyl nitrate were added 
to a few experiments. In each of these series of experiments, arrays were rectangular; however, in some 
cases single and multiple slab geometries were utilized in order to study gap effects. 
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Abstract/Keyterms: A method is given for the rapid and simultaneous calculation of the neutron flux and 
the critical dimensions of a reactor. 
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Abstract/Keyterms: Proserpine, a homogeneous, thermal reactor using Pu fuel is described along with the 
building housing the reactor and associated research facilities. The core, fuel circulation system, control 
system, reflector, safety devices and a criticality study program are discussed. 
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Abstract/Keyterms: By definition, the critical dimensions or mass (the size beyond which temperature 
increases without limit) of a self-heating chemical cannot be measured directly. Hence, experimental work 
must be done with supercritical masses whose allowable size depends upon the time available to the 
experimenter and upon the risk of eventual explosion which can be tolerated. As an aid to planning such 
experiments, an IBM 704 computer was used to find the numerical solutions of Fourier's equation, including 
a power generation term and associated initial and boundary conditions, thus simulating the theoretical 
dynamic behavior of a mass of a self-heating chemical. The program was used to simulate the behavior of 
spheres of a material similar to a mixture of NH4NO3 and fuel oil. 
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Abstract/Keyterms: The results of calculations of standard fast reactors performed in several laboratories 
with different sets of constants (OSKAR-75, BNAB-M, CARNAVAL-IV, FD-5, KFKINR, ENDF/B-IV) 
are compared. 
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Abstract/Keyterms: An elaborate water purification system for the production of high-purity water for use 
as moderator, reflector, and coolant in the Indian Point Nuclear Power Plant is described. Softening is 
carried out with a resin which is a copolymer of styrene cross-linked with 10% divinylbenzene. After 
decarbonization and deionization the water is treated with cyclohexylamine to adjust the pH to 8.8 to 9.0. 
Ion exchange treatment of a by-pass stream is utilized to maintain high purity in the primary coolant. 
Maximum design flow in the primary coolant purification system is 160,000 pounds per hour. Boric acid 
in the concentration of 500 p.p.m. of the primary coolant is used as a poison to keep the reactor subcritical 
during start-up and shutdown. All of the water treatment units are operated by remote control. 
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Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities. the Potential for a Nuclear Criticality Accident is 
One Concern that is Unique to the Nuclear Industry. However, If Managed Properly, the Risk of a Criticality 
Accident Can Be Reduced to An Acceptable Level. in Fact, the Risk of a Criticality Accident Can Generally 
Be Reduced to a Level that is Much Lower Than the Risk Associated with Non-Nuclear Activities that 
Have Similar Consequences. 
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Abstract/Keyterms: The basic structure of all ICSBEP benchmark evaluations is essentially the same and 
includes (1) a detailed description of the experiment; (2) an evaluation of the experiment, including an 
exhaustive effort to quantify the effects of uncertainties on measured quantities; (3) a concise presentation 
of benchmark-model specifications; (4) sample calculation results; and (5) a summary of experimental 
references. Computer code input listings and other relevant information are generally preserved in 
appendixes. Details of an ICSBEP evaluation are presented. 
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Abstract/Keyterms: The end of the cold war produced large amounts of excess fissile materials in the 
United States and Russia. The Department of Energy has initiated numerous activities to focus on 
identifying material management strategies for disposition of these excess materials. To date, many of these 
planning strategies have included isotopic dilution of highly enriched uranium as a means of reducing the 
proliferation and safety risks. Isotopic dilution by dry blending highly enriched uranium with natural and/or 
depleted uranium has been identified as one non-aqueous method to achieve these risk (proliferation and 
criticality safety) reductions. This paper reviews the technology of dry blending as applied to free flowing 
oxide materials. 



 

C-8642 

8618…..…..…………………..…….……..……ID Number…………………..…..…………….8618 

Author: Schrader, Bradley J. / D. R. Wenzel 

Title: Evaluating the Dose Consequences of Progeny Ingrowth and Decay During Transport in the 
Environment - Counting Atoms 

Date: 4/1/2002 

Report: INEEL/CON-02-00430 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The evaluation of a release of radioactive material to the environment is a complex 
problem. The evaluation of the dose consequences from such a release adds issues that must be considered 
in order to determine the actual radiation dose to an individual. One of the key issues is the ingrowth of the 
progeny from the initial inventory during the transport through the environment. The evaluation of an acute 
release from a criticality accident and a chronic release of transuranics to the soil are the two extremes that 
demonstrate the spectrum of issues that must be addressed in order to determine the dose to a receptor at 
some distance and time from the release point. The evaluation of this can be accomplished by integration 
of the buildup and decay differential equations. The differential equations are difficult to evaluate for a 
source term that contains numerous short-lived radionuclides in decay chains. The evaluation is simplified 
by a method of evaluation called "counting atom". The source term is evaluated on an atom basis during 
production and transport. The life cycle of the atoms of each radionuclide are evaluated individually from 
the generation during a criticality event and during transport through the facility and environment to the 
downwind receptor. 
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Abstract/Keyterms: An LDRD (Laboratory Directed Research and Development) project is underway at 
the Idaho National Laboratory (INL) to demonstrate the feasibility of using a three-dimensional multi-group 
deterministic neutron transport code (Attila®) to perform global (core-wide) criticality, flux and depletion 
calculations for safety analysis of the Advanced Test Reactor (ATR). This paper discusses the ATR, model 
development, capabilities of Attila, generation of the cross-section libraries, comparisons to experimental 
results for Advanced Fuel Cycle (AFC) concepts, and future work planned with Attila. 
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Abstract/Keyterms: The OECD/Nuclear Energy Data Bank was established by its member countries as 
an institution to allow effective sharing of knowledge and its basic underlying information and data in key 
areas of nuclear science and technology. The activities as regards preserving and transferring knowledge 
consist of the: — Acquisition of basic nuclear data, computer codes and experimental system data needed 
over a wide range of nuclear and radiation applications. — Independent verification and validation of these 
data using quality assurance methods, adding value through international benchmark exercises, workshops 
and meetings and by issuing relevant reports with conclusions and recommendations, as well as by 
organising training courses to ensure their qualified and competent use. — Dissemination of the different 
products to authorised establishments in member countries and collecting and integrating user feedback. of 
particular importance has been the establishment of basic and integral experiments databases and the 
methodology developed with the aim of knowledge preservation and transfer. Databases established thus 
far include: — IRPhE – International Reactor Physics Experimental Benchmarks Evaluations, — SINBAD 
– a radiation shielding experiments database (nuclear reactors, fusion neutronics and accelerators), — IFPE 
– International Fuel Performance Benchmark Experiments Database, — TDB – The Thermochemical 
Database Project, — ICSBE – International Nuclear Criticality Safety Benchmark Evaluations, — CCVM 
– CSNI Code Validation Matrix of Thermal-hydraulic Codes for LWR LOCA and Transients. This paper 
will concentrate on knowledge preservation and transfer concepts and methods related to some of the 
integral experiments and TDB. 
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Abstract/Keyterms: An LDRD (Laboratory Directed Research and Development) project is ongoing at 
the Idaho National Engineering and Environmental Laboratory (INEEL) for applying the three-dimensional 
multi-group deterministic neutron transport code (Attila®) to criticality, flux and depletion calculations of 
the Advanced Test Reactor (ATR). This paper discusses the model development, capabilities of Attila, 
generation of the cross-section libraries, and comparisons to an ATR MCNP model and future. 
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Abstract/Keyterms: The National Spent Nuclear Fuel Program, located at the Idaho National Laboratory 
(INL), has developed a new nickel-chromium-molybdenum-gadolinium structural alloy for storage and 
long-term disposal of spent nuclear fuel (SNF). The new alloy will be used for SNF storage container inserts 
for nuclear criticality control. Gadolinium has been chosen as the neutron absorption alloying element due 
to its high thermal neutron absorption cross section. This alloy must be resistant to localized corrosion when 
exposed to postulated Yucca Mountain in-package chemistries. The corrosion resistance properties of three 
experimental heats of this alloy are presented. The alloys performance are compared to Alloy 22 and borated 
stainless steel. The results show that initially the new Ni-Cr-Mo-Gd alloy is less resistant to corrosion as 
compared to another Ni-Cr-Mo-Gd alloy (Alloy 22); but when the secondary phase that contains 
gadolinium (gadolinide) is dissolved, the alloy surface becomes passive. The focus of this work is to qualify 
these gadolinium containing materials for ASME code qualification and acceptance in the Yucca Mountain 
Repository. 
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Conference/Journal: PATRAM `98: 12. international conference on packaging and transportation of 
radioactive material, Paris (France), 10-15 May 1998 

Conference Session:  

Abstract/Keyterms: New issues in criticality safety continue to emerge as spent fuel storage facilities 
reach the saturation point, fuel enrichments and burn-ups increase and new types of plutonium-carrying 
fuels are being developed. The new challenges related to the manipulation, transportation and storage of 
fuel demand further work to improve models predicting behavior through new experiments, especially 
where there is a lack of data in the present databases. This article summarizes the activities of the 
OECD/NEA working groups that coordinate and carry out work in the domain of criticality safety. 
Particular attention is devoted to establishing sound databases required in this area and to addressing issues 
of high relevance such as burn-up credit. This aimed toward improving safety and identifying economic 
solutions to issues concerning the back end of the fuel cycle. 
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Abstract/Keyterms: A Spent Nuclear Fuel (SNF) can, which is called the High Integrity Can (HIC), is 
being designed at the Idaho National Engineering and Environmental Laboratory (INEEL). Its intended use 
is to contain SNF sent to the Idaho Nuclear Technology and Engineering Center (INTEC). INTEC will then 
do the final work with the HIC to send it to the repository at Yucca Mountain, Nevada, for long-term 
storage. One portion of the analysis, which was required for the HIC, was accidental drop scenarios. This 
consisted of 19 simulated drops from a height of 30-feet with impact on a flat rigid surface. Elastic/plastic 
analyses were performed for the simulated drops. Additionally, two elastic/plastic analyses were performed 
for drops from a height of 17-feet with impact on a rigid surface having a narrow raised portion across its 
center. The purpose of the analyses was to determine if any breach occurred which opened a crack wider 
than 0.05-inches from these drop scenarios. Also some plastic deformations were needed from certain drop 
scenarios to support the Criticality Safety documentation. The analytical results for the simulated drop 
scenarios showed that, though the seal in the lid may be broken, no 0.05-inch breach occurred. Also, the 
deformations for Criticality Safety documentation were calculated and show on the applicable output plots. 
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Abstract/Keyterms: Two series of criticality safe benchmark experiments involving fissile material (both 
highly enriched uranium and plutonium) interspersed in a typical waste matrix are being performed at the 
Institute of Physics and Power Engineering (IPPE) in Obninsk, Russia. The National Spent Nuclear Fuel 
Program (NSNFP) at the Idaho National Engineering and Environmental Laboratory (INEEL) is sponsoring 
the experiments. Data will be used to validate criticality safety calculations that are being performed in 
support of NSNFP efforts to store highly enriched spent nuclear fuels at the United Stated geologic 
repository at Yucca Mountain, Nevada. However, these data are applicable to a wide range of criticality 
safety operations involving fissile contaminated waste streams. Experimental design parameters are 
presented in this paper. Experimental results will be available in the Fall of 1999. 
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Abstract/Keyterms: An experimental and calculational study has been performed to understand and 
prevent inadvertent activation of the criticality alarm system (CAS) from fuel-handling operations at the 
Irradiated Fuel Storage Facility. In conjunction with the study, the CAS neutron detectors were tested to 
verify the design specifications for gamma rejection capability and zero response limit. A minimum 
physical restrictive boundary around the CAS location was established based on a gamma ray dose rate 
limit of 10 rad/hr. The canister loaded with spent nuclear fuel must be moved in the area outside the 
exclusion zone so as not to trigger a false alarm from the CAS detectors. 
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Date: 1/1/2003 

Report: INEEL/EXT-02-00304 
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Abstract/Keyterms: The first set of critical experiments from the Shippingport Light Water Breeder 
Reactor Program included eight, simple geometry critical cores built with 233UO2 -ZrO2, 235UO2 -ZrO2, 
ThO2, and ThO2-233UO2 nuclear materials. These cores are evaluated, described, and modeled to provide 
benchmarks and validation information for INEEL criticality safety calculation methodology. In addition 
to consistency with INEEL methodology, benchmark development and nuclear data are consistent with 
International Criticality Safety Benchmark Evaluation Project methodology. Section 1 of this report 
introduces the experiments and the reason they are useful for validating some INEEL criticality safety 
calculations. Section 2 provides detailed experiment descriptions based on currently available experiment 
reports. Section 3 identifies criticality safety validation requirement sources and summarizes requirements 
that most affect this report. Section 4 identifies relevant hand calculation and computer code calculation 
methodologies used in the experiment evaluation, benchmark development, and validation calculations. 
Section 5 provides a detailed experiment evaluation. This section identifies resolutions for currently 
unavailable and discrepant information. Section 5 also reports calculated experiment uncertainty effects. 
Section 6 describes the developed benchmarks. Section 6 includes calculated sensitivities to various 
benchmark features and parameters. Section 7 summarizes validation results. Appendices describe various 
assumptions and their bases, list experimenter calculations results for items that were independently 
calculated for this validation work, report other information gathered and developed by SCIENTEC 
personnel while evaluating these same experiments, and list benchmark sample input and miscellaneous 
supplementary data. 
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Abstract/Keyterms: This report contains the chemical, physical, and radiological parameters that were 
chosen to represent the U.S. Department of Energy spent nuclear fuel in the Yucca Mountain license 
application. It also contains the selected packaging requirements for the various fuel types and the criticality 
controls that were used. The data are reported for representative fuels and bounding fuels in groups of fuels 
that were selected for the analysis. The justification for the selection of each parameter is given. The data 
reported were not generated under any quality assurance program. 
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Abstract/Keyterms: A preliminary criticality safety evaluation is presented for in situ grouting in the 
Subsurface Disposal Area (SDA) at the Idaho National Engineering Laboratory. The grouting materials 
evaluated are cement and paraffin. The evaluation determines physical and administrative controls 
necessary to preclude criticality and identifies additional information required for a final criticality safety 
evaluation. The evaluation shows that there are no criticality concerns with cementitious grout but a neutron 
poison such as boron would be required for the use of the paraffin matrix. 
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Abstract/Keyterms: PU-MET-FAST-034; Experimental critical configurations are reported for several 
dozen spherical and hemispherical single-unit assemblies of plutonium metal. Most were solid but many 
were hollow-centered, thick, shell-like geometries. All were constructed of nested plutonium (mostly{sup 
2139}Pu) metal hemispherical shells. Three kinds of critical configurations are reported. Two required 
interpolation and/or extrapolation of data to obtain the critical mass because reflector conditions were 
essentially infinite. The first finds the plutonium essentially fully reflected by a hydrogen-rich oil; the 
second is essentially unreflected. The third kind reports the critical oil reflector height above a large 
plutonium metal assembly of accurately known mass (no interpolation required) when that mass was too 
great to permit full oil reflection. Some configurations had thicknesses of mild steel just outside the 
plutonium metal, separating it from the oil. These experiments were performed at the Rocky Flats Critical 
Mass Laboratory in the late 1960s. They have not been published in a form suitable for benchmark-quality 
comparisons against state-of-the-art computational techniques until this paper. The age of the data and other 
factors lead to some difficulty in reconstructing aspects of the program and may, in turn, decrease 
confidence in certain details. Whenever this true, the point is acknowledged. The plutonium metal was 
alpha-phase 239Pu containing 5.9 wt.-%240Pu. All assemblies were formed by nesting 1.667-mm-thick 
(nominal) bare plutonium metal hemispherical shells, also called hemishells, until the desired configuration 
was achieved. Very small tolerance gaps machined into radial dimensions reduced the effective density a 
small amount in all cases. Steel components were also nested hemispherical shells; but these were 
nominally 3.333-mm thick. Oil was used as the reflector because of its chemical compatibility with 
plutonium metal. 
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Abstract/Keyterms: MIX-MET-FAST-013, SPEC-MET-FAST-011, SPEC-MET-FAST-014, SPEC-
MET-FAST-008, HEU-MET-FAST-039; Sixty-nine critical configurations of up to 186 kg of uranium are 
reported from very early experiments (1960s) performed at the Rocky Flats Critical Mass Laboratory near 
Denver, Colorado. Enriched (93%) uranium metal spherical and hemispherical configurations were studied. 
All were thick-walled shells except for two solid hemispheres. Experiments were essentially unreflected; 
or they included central and/or external regions of mild steel. No liquids were involved. Critical parameters 
are derived from extrapolations beyond subcritical data. Extrapolations, rather than more precise 
interpolations between slightly supercritical and slightly subcritical configurations, were necessary because 
experiments involved manually assembled configurations. Many extrapolations were quite long; but the 
general lack of curvature in the subcritical region lends credibility to their validity. In addition to delayed 
critical parameters, a procedure is offered which might permit the determination of prompt critical 
parameters as well for the same cases. This conjectured procedure is not based on any strong physical 
arguments. 
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Abstract/Keyterms: Two experimental critical-approach programs are reported. Both were performed at 
the Rocky Flats Plant near Denver, Colorado; and both date back to the late 1960s. Both involve very large 
arrays of massive plutonium ingots. These ingots had been cast in the foundry at the Rocky Flats Plant as 
part of their routine production operations; they were not specially prepared for either study. Consequently, 
considerable variation in ingot mass is encountered. This mass varied between approximately 7 kg and a 
little more than 10 kg. One program, performed in the spring of 1969, involved stacked arrays of ingots 
contained within cylindrical, disk-shaped, thin, steel cans. This program studied four arrays defined by the 
pattern of steel cans in a single layer. The four were: 1 x N, 3 x N, 2 x 2 x N, and 3 x 3 x N. The second 
was a tightly-packed, triangular-pitched patterns; the last two were square-pitched patterns. The other 
program, performed about a year earlier, involved similar ingots also contained in similar steel cans, but 
these canned plutonium ingots were placed in commercial steel drums. This study pertained to one-, two-, 
and three-layered horizontal arrays of drums. All cases proved to be well subcritical. Most would have 
remained subcritical had the parameters of the array under study been continued infinitely beyond the 
reciprocal multiplication safety limit. In one case for the drum arrays, an uncertain extrapolation of the data 
of the earlier program suggests that criticality might have eventually been attained had several thousand 
additional kilograms of plutonium been available for use. 
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Title: Criticality Safety Basics, a Study Guide 
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Abstract/Keyterms: This document is a self-study and classroom guide, for criticality safety of activities 
with fissile materials outside nuclear reactors. This guide provides a basic overview of criticality safety and 
criticality accident prevention methods divided into three parts: theory, application, and history. Except for 
topic emphasis, theory and history information is general, while application information is specific to the 
Idaho National Engineering and Environmental Laboratory (INEEL). Information presented here should be 
useful to personnel who must know criticality safety basics to perform their assignments safely or to design 
critically safe equipment or operations. However, the guide's primary target audience is fissile material 
handler candidates. 
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Abstract/Keyterms: About three dozen previously unreported critical configurations are presented for 
very complex geometries filled with high concentration enriched uranyl nitrate solution. These geometries 
resemble a tall, thin Central Column (or trunk of a “tree”) having long, thin arms (or “branches”) extending 
up to four directions off the column. Arms are equally spaced from one another in vertical planes, and that 
spacing ranges from arms in contact to quite wide spacings. Both the Central Column and the many different 
arms are critically safe by themselves with each, alone, is filled with fissile solution; but, in combination, 
criticality occurs due to the interactions between arms and the column. Such neutronic interactions formed 
the principal focus of this study. While these results are fresh to the nuclear criticality safety industry and 
to those seeking novel experiments against which to validate computer codes, the experiments, themselves, 
are not recent. Over 100 experiments were performed at the Rocky Flats Critical Mass Laboratory between 
September, 1967, and February of the following year. 
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Abstract/Keyterms: Six uranium isotopes and fourteen fission product isotopes were calculated on a mass 
basis at end-of-life (EOL) conditions for three fuel rods from different Light Water Breeder Reactor 
(LWBR) measurements. The three fuel rods evaluated here were taken from an LWBR seed module, a 
standard blanket module, and a reflector (Type IV) module. The calculated results were derived using a 
depletion methodology previously employed to evaluate many of the radionuclide inventories for spent 
nuclear fuels at the Idaho National Engineering and Environmental Laboratory. The primary goal of the 
calculational task was to further support the validation of this particular calculational methodology and its 
application to diverse reactor types and fuels. Result comparisons between the calculated and measured 
mass concentrations in the three rods indicate good agreement for the three major uranium isotopes (U-233, 
U-234, U-235) with differences of less than 20%. For the seed and standard blanket rod, the U-233 and U-
234 differences were within 5% of the measured values (these two isotopes alone represent greater than 
97% of the EOL total uranium mass). For the major krypton and xenon fission product isotopes, differences 
of less than 20% and less than 30% were observed, respectively. In general, good agreement was obtained 
for nearly all the measured isotopes. For these isotopes exhibiting significant differences, possible 
explanations are discussed in terms of measurement uncertainty, complex transmutations, etc. 
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Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was 
initiated in 1992 by the U.S. Department of Energy. The ICSBEP became an official activity of the 
Organisation for Economic Co-operation and Development (OECD) Nuclear Energy Agency in 1995. 
Representatives from the United States, United Kingdom, France, Japan, the Russian Federation, Hungary, 
Republic of Korea, Slovenia, Yugoslavia, Kazakhstan, Spain, and Israel are now participating. The purpose 
of the ICSBEP is to identify, evaluate, verify, and formally document a comprehensive and internationally 
peer-reviewed set of criticality safety benchmark data. The work of the ICSBEP is published as an OECD 
handbook entitled &#34; International Handbook of Evaluated Criticality Safety Benchmark 
Experiments&#34; (ICSBEP Handbook). The 2002 edition of the ICSBEP Handbook contains benchmark 
model specifications for 2881 critical or subcritical configurations that are intended for validating computer 
codes that calculate effective neutron multiplication and for testing basic nuclear data. 
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Abstract/Keyterms: The Rover process for recovering unused uranium from graphite fuels was operated 
during 1983 and 1984, and then shut down in 1984. The first steps of the process used fluidized alumina 
beds to burn away the graphite and produce a uranium bearing ash. The ash was then transferred to a 
different process cell for acid dissolution. At the time of shutdown, a significant, but unmeasureable, 
quantity of highly enriched uranium was left in the process vessels. Normal decontamination procedures 
could not be used due to plugged process lines and the exclusion of moderator materials (water or finely 
divided organic substances) for criticality safety. The presence of highly enriched uranium in poorly defined 
quantity and configuration led to concerns for criticality safety, nuclear materials accountability, and 
physical security. A project was established to eliminate these concerns by cleaning and/or removing the 
process vessels, piping, and cells and sending the recovered Uranium Bearing Material (UBM) to secure 
storage. A key element of this project was the design of a system for collecting and transporting dry solids 
to a location where they could be loaded into critically favorable storage cans. 
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Abstract/Keyterms: The Rover Fuels Processing Facility operated in the early 1980’s, recovering uranium 
from graphite fuels. In 1996 clean-out began of uranium bearing material remaining in the Rover cells 
where combustion processes had occurred. Success of the Rover Deactivation Project depends on the safe, 
timely, and cost-effective repackaging and removal of the uranium bearing material. Due to a number of 
issues which could not be resolved prior to clean-out, and consideration of cost and schedule objectives, a 
graded approach was taken to projected design and criticality safety analysis. The safety authorization basis 
was upgraded primarily by a specific Deactivation addendum, instead of being completely rewritten to 
current format and content standards. In place of having all design activities completed prior to the start of 
the Deactivation, the project design and accompanying safety documentation evolved as the project 
progressed. The Unreviewed Safety Question determination process was used to ensure that new project 
activities were within the safety envelope. This graded approach allowed operational flexibility while 
maintaining a critically safe work environment. 
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Abstract/Keyterms: A series of 62 critical and critical approach experiments were performed to evaluate 
a possible novel means of storing large volumes of fissile solution in a critically safe configuration. This 
study is intended to increase safety and economy through use of such a system in commercial plants which 
handle fissionable materials in liquid form. The fissile solution’s concentration may equal or slightly exceed 
the minimum-critical-volume concentration; and experiments were performed for high-enriched uranium 
solution. Results should be generally applicable in a wide variety of plant situations. The method is called 
the ’Poisoned Tube Tank’ because strong neutron absorbers (neutron poisons) are placed inside periodically 
spaced stainless steel tubes which separate absorber material from solution, keeping the former free of 
contamination. Eight absorbers are investigated. Both square and triangular pitched lattice patterns are 
studied. Ancillary topics which closely model typical plant situations are also reported. They include the 
effect of removing small bundles of absorbers as might occur during inspections in a production plant. Not 
taking the tank out of service for these inspections would be an economic advantage. Another ancillary 
topic studies the effect of the presence of a significant volume of unpoisoned solution close to the Poisoned 
Tube Tank on the critical height. A summary of the experimental findings is that boron compounds were 
excellent absorbers, as expected. This was true for granular materials such as Gerstley Borate and Borax; 
but it was also true for the flexible solid composed of boron carbide and rubber, even though only thin 
sheets were used. Experiments with small bundles of absorbers intentionally removed reveal that quite 
reasonable tanks could be constructed that would allow a few tubes at a time to be removed from the tank 
for inspection without removing the tank from production service. 
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Abstract/Keyterms: This report presents evaluations, findings, and recommendations of the Idaho 
National Engineering and Environmental Laboratory (INEEL) Spent Nuclear Fuel Task Team. The 
technical strategy developed by the Task Team includes stabilization, near term storage, packaging, 
transport, and ultimate disposal. Key issues identified and discussed include waste characterization, 
criticality, packaging, waste form performance, and special fuels. Current plans focus on onsite needs, and 
include three central elements: (1) resolution of near-term vulnerabilities, (2) consolidation of storage 
locations, and (3) achieving dry storage in transportable packages. In addition to the Task Team report, 
appendices contain information on the INEEL spent fuel inventory; regulatory decisions and agreements; 
and analyses of criticality, packaging, storage, transportation, and system performance of a geological 
repository. 
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Abstract/Keyterms: Typically used LMITCO criticality safety computational methods are evaluated for 
suitability when applied to INEEL233U systems which reasonably can be modeled as simple-geometry, 
single-unit systems. Sixty-seven critical experiments of uranium highly enriched in233U, including 57 
aqueous solution, thermal-energy systems and 10 metal, fast-energy systems, were modeled. These 
experiments include 41 cylindrical and 26 spherical cores, and 41 reflected and 26 unreflected systems. No 
experiments were found for intermediate-neutron-energy ranges or with interstitial non-hydrogenous 
materials typical of waste systems, mixed233U and plutonium, or reflectors such as steel, lead, or concrete. 
No simple geometry experiments were found with cubic or annular cores, or approximating infinite sea 
systems. Calculations were performed with various tools and methodologies. Nine cross-section libraries, 
based on ENDF/B-IV, -V, or -VI.2, or on Hansen-Roach source data, were used with cross-section 
processing methods of MCNP or SCALE. The k(eff) calculations were performed with neutral-particle 
transport and Monte Carlo methods of criticality codes DANT, MCNP 4A, and KENO Va. 
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Abstract/Keyterms: This paper presents lessons learned from a Probabilistic Risk Assessment (PRA) of 
the potential for a criticality in a repository containing spent nuclear fuel with high enriched uranium. The 
insights gained consisted of remarkably detailed conclusions about design issues, failure mechanisms, 
frequencies and source terms for events up to 10,000 years in the future. Also discussed are the approaches 
taken by the analysts in presenting this very technical report to a nontechnical and possibly antagonistic 
audience. 
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Abstract/Keyterms: This document is a summary description for an Underwater Fuel Storage Facility 
(UFSF) for foreign research reactor (FRR) spent nuclear fuel (SNF). A FRR SNF environmental Impact 
Statement (EIS) is being prepared and will include both wet and dry storage facilities as storage alternatives. 
For the UFSF presented in this document, a specific site is not chosen. This facility can be sited at any one 
of the five locations under consideration in the EIS. These locations are the Idaho National Engineering 
Laboratory, Savannah River Site, Hanford, Oak Ridge National Laboratory, and Nevada Test Site. Generic 
facility environmental impacts and emissions are provided in this report. A baseline fuel element is defined 
in Section 2.2, and the results of a fission product analysis are presented. Requirements for a storage facility 
have been researched and are summarized in Section 3. Section 4 describes three facility options: (1) the 
Centralized-UFSF, which would store the entire fuel element quantity in a single facility at a single location, 
(2) the Regionalized Large-UFSF, which would store 75% of the fuel element quantity in some region of 
the country, and (3) the Regionalized Small-UFSF, which would store 25% of the fuel element quantity, 
with the possibility of a number of these facilities in various regions throughout the country. The operational 
philosophy is presented in Section 5, and Section 6 contains a description of the equipment. Section 7 
defines the utilities required for the facility. Cost estimates are discussed in Section 8, and detailed cost 
estimates are included. Impacts to worker safety, public safety, and the environment are discussed in 
Section 9. Accidental releases are presented in Section 10. Standard Environmental Impact Forms are 
included in Section 11. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A new non-fertile, weapons-grade plutonium oxide fuel concept is developed and 
evaluated for deep burn applications in a boiling water reactor environment using the General Electric 8x8 
Advanced Boiling Water Reactor (ABWR) fuel assembly dimensions and pitch. Detailed infinite lattice 
fuel burnup results and neutronic performance characteristics are given and although preliminary in nature, 
clearly demonstrate the fuel`s potential as an effective means to expedite the disposition of plutonium in 
existing light water reactors. The new non-fertile fuel concept is an all oxide composition containing 
plutonia, zirconia, calcia, and erbia having the following design weight percentages: 8.3; 80.4; 9.7; and 1.6. 
This fuel composition in an infinite fuel lattice operating at linear heat generation rates of 6.0 or 12.0 kW/ft 
per rod can remain critical for up to 1,200 and 600 Effective Full Power Days (EFPD), respectively, and 
achieve a burnup of 7.45{times} 10{sup 20} f/cc. These burnups correspond to a 71--73% total plutonium 
isotope destruction and a 91--94% destruction of the 239Pu isotope for the 0--40% moderator steam void 
condition. Total plutonium destruction greater than 73% is possible with a fuel management scheme that 
allows subcritical fuel assemblies to be driven by adjacent high reactivity assemblies. The fuel exhibits very 
favorable neutron characteristics from beginning-of-life (BOL) to end-of-life (EOL). Prompt fuel Doppler 
coefficient of reactivity are negative, with values ranging between{minus}0.4 to{minus}2.0 pcm/K over 
the temperature range of 900 to 2,200 K. The ABWR fuel lattice remains in an undermoderated condition 
for both hot operational and cold startup conditions over the entire fuel burnup lifetime. 
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Abstract/Keyterms: The methodology for handling bias and uncertainty when calculational methods are 
used in criticality safety evaluations (CSE’s) is a rapidly evolving technology. The changes in the 
methodology are driven by a number of factors. One factor responsible for changes in the methodology for 
handling bias and uncertainty in CSE’s within the overview of the US Department of Energy (DOE) is a 
shift in the overview function from a “site” perception to a more uniform or “national” perception. Other 
causes for change or improvement in the methodology for handling calculational bias and uncertainty are; 
(1) an increased demand for benchmark criticals data to expand the area (range) of applicability of existing 
data, (2) a demand for new data to supplement existing benchmark criticals data, (3) the increased reliance 
on (or need for) computational benchmarks which supplement (or replace) experimental measurements in 
critical assemblies, and (4) an increased demand for benchmark data applicable to the expanded range of 
conditions and configurations encountered in DOE site restoration and remediation. 
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Abstract/Keyterms: This report is a continuation of repository criticality evaluation work. Both the 
probability and consequences of a criticality were considered. A long-term, low-power, water-moderated 
criticality was the most likely of those considered. Its probability was low but not low enough to be 
dismissed. The governing regulation, 40 CFR 191, allows an event to be dismissed if it has less than one 
chance in 10,000 of occurring in 10,000 years. This implies a regulatory concern threshold of 10-8/yr. Even 
if such an event occurred, the repository inventory would still be dominated by the disposed fuel and waste 
and no significant additional releases would be expected. The major categories of criticality investigated 
were: water-moderated with fast or slow reactivity insertion, dry (hard-spectrum) with fast or slow 
reactivity insertion, water-moderated on the surface due to human intrusion, and far field. Fault trees were 
prepared to assess these scenarios. As a result of this study, the probability of a criticality in 10,000 years 
was revised from 3x10{sup -3} to 5x10{sup -4}, primarily through the elimination of conservatism and 
correction of assumptions. The presence of water is a major concern in criticality studies. The possibility 
of flooding due to water table rise had been dismissed in previous studies. Conservative models indicate 
that this a defensible position. The possibility of a silica moderated criticality was considered briefly. The 
preliminary study identified isotopes of concern for release and these were verified by several comparative 
methods. Most isotopes had similar ratios across source categories and those that did not could be accounted 
for by fuel or waste characteristics. The ORIGEN2 code was validated to be sufficiently accurate for PA 
purposes for the low-power, long-term scenario considered in the criticality study. 
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Abstract/Keyterms: This report presents information from the ANS Criticality Alarm System Workshop 
relating to the consensus standard requirements and guidance. Topics presented include: definition; 
nomenclature; requirements and recommendations; purpose of criticality alarms; design criteria; signal 
characteristics; reliability, dependability and durability; tests; and emergency preparedness and planning. 
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Abstract/Keyterms: The characteristics, detection, and emergency management of nuclear criticality 
accidents outside reactors has been an important component of criticality safety for as long as the need for 
this specialized safety discipline has been recognized. The general interest and importance of such topics 
receives special emphasis because of the potentially lethal, albeit highly localized, effects of criticality 
accidents and because of heightened public and regulatory concerns for any undesirable event in nuclear 
and radiological fields. This bibliography lists references which are potentially applicable to or interesting 
for criticality alarm, detection, and warning systems; criticality accident emergency management; and their 
associated programs. The lists are annotated to assist bibliography users in identifying applicable: industry 
and regulatory guidance and requirements, with historical development information and comments; 
criticality accident characteristics, consequences, experiences, and responses; hazard-, risk-, or safety-
analysis criteria; CAS design and qualification criteria; CAS calibration, maintenance, repair, and testing 
criteria; experiences of CAS designers and maintainers; criticality accident emergency management 
(planning, preparedness, response, and recovery) requirements and guidance; criticality accident 
emergency management experience, plans, and techniques; methods and tools for analysis; and additional 
bibliographies. 
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Abstract/Keyterms: Forty-nine critical configurations are reported for experiments involving arrays of 3 
kg plutonium metal cylinders moderated and reflected by water. Thirty-four of these describe systems 
assembled in the laboratory, while 15 others are derived critical parameters inferred from 46 subcritical 
cases. The arrays included 2x2xN, N= 2, 3, 4, and 5, in one program and 3x3x3 configurations in a later 
study. All were three-dimensional, nearly square arrays with equal horizontal lattice spacings but a different 
vertical lattice spacing. Horizontal spacings ranged from units in contact to 180 mm center-to-center; and 
vertical spacings ranged from about 80 mm to almost 400 mm center-to-center. Several nearly-equilateral 
3x3x3 arrays exhibit an extremely sensitive dependence upon horizontal separation for identical vertical 
spacings. A line array of unreflected and essentially unmoderated canned plutonium metal units appeared 
to be well subcritical based on measurements made to assure safety during the manual assembly operations. 
All experiments were performed at two widely separated times in the mid-1970s and early 1980s under two 
programs at the Rocky Flats Plant`s Critical Mass Laboratory. 
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Abstract/Keyterms: A total of 61 critical configurations are reported for experiments involving various 
combinations of annular tanks into which enriched uranium solution was pumped. These experiments were 
performed at two widely separated times in the 1980s under two programs at the Rocky Flats Plant’s Critical 
Mass Laboratory. The uranyl nitrate solution contained about 370 g of uranium per liter, but this 
concentration varied a little over the duration of the studies. The uranium was enriched to about 93% 235U. 
All tanks were typical of sizes commonly found in nuclear production plants. They were about 2 m tall and 
ranged in diameter from 0.6 m to 1.5 m. Annular thicknesses and conditions of neutron reflection, 
moderation, and absorption were such that criticality would be achieved with these dimensions. Only 13 of 
the entire set of 74 experiments proved to be subcritical when tanks were completely filled with solution. 
Single tanks of several radial thicknesses were studied as well as small line arrays (1 x 2 and 1 x 3) of 
annular tanks. Many systems were reflected on four sides and the bottom by concrete, but none were 
reflected from above. Many experiments also contained materials within and outside the annular regions 
that contained strong neutron absorbers. One program had such a thick external moderator/absorber 
combination that no reflector was used at all. 
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Abstract/Keyterms: This paper describes the interim storage of plutonium nitrate between the 
reprocessing plant and the conversion area of a mixed oxide fuel fabrication plant, which are assumed to 
be co-located. The capacity of the store is assumed to be 6 tons Pu. A general description of the major 
handling, criticality, maintenance and physical protection philosophy is given, together with comments on 
its safety and impact on the environment. 
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Abstract/Keyterms: This paper describes the interim storage of plutonium oxide after its conversion from 
plutonium nitrate and before fabrication into fuel elements. The capacity of the store is 3 tons Pu. A 
description of the major handling, criticality, maintenance and physical protection philosophy is given, 
together with comments on the safety of the store and its impact on the environment. 
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Abstract/Keyterms: This paper assumes that there will be a requirement to store several tonnes of 
separated plutonium over the normal operational life of the associated industrial nuclear plant (i.e. 10-20 
years) and that it must be capable of being used for both long and short-term storage. The paper includes 
the following main topics of storage, general handling principles, criticality, maintenance and physical 
protection principles, and an analysis of safety and impact on the environment. 
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Abstract/Keyterms: This Spanish study gives a more detailed analysis of a possible store for plutonium 
oxide. The capacity of the store is assumed to be 30 T. Pu and the minimum storage time 2 years. The study 
includes a general description of the store and its design philosophy; comments on the quality and properties 
of the material stored; a detailed criticality study and comments on gas and heat generation and shielding 
requirements; and a brief cost evaluation. Costs are estimated to be about $110/kg PuO2/year. 
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Abstract/Keyterms: On account of the Rapsodie and Fortissimo fuel pins, irradiated at Cadarache, being 
reprocessed at La Hague, the CEA has some experience of transport of irradiated fuel from fast breeder 
reactors. After a short description of IU 07 packaging design used for this purpose, the report mentions the 
problems raised by the transport of the PHENIX reactor pins and the choice made between possible 
alternatives for the alternatives for the construction of IU 11 packaging. 
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Abstract/Keyterms: The principal problems of the Liquid Metal Fast Breeder Reactor (LMFBR) fuel 
reprocessing are discussed in comparison with the LWR fuel reprocessing; the problems result primarily 
from a high concentration of plutonium, a high burnup, and a considerable specific power of the irradiated 
core fuel. The high concentration of Pu and the high burnup bring about problems during the fuel dissolution 
and in the extraction steps of the reprocessing, while the high specific power causes problems during 
handling the elements, in the non-aqueous head-end stages, and during the gaseous effluents treatment. The 
irradiated fuel is suggested to be processed not sooner than after at least six months' cooling by a modified 
standard procedure used during the LWR fuel reprocessing (the chop-and-leach method combined with the 
Purex process) supplemented with No removal and eventually also with the removal of volatile fission 
products (“voloxidation"). Fuel disassembly and shearing the elements may be replaced by melting-down 
the constructional material and the canning. The real LMFBR fuel reprocessing has not yet exceeded the 
laboratory or semi-pilot plant scale. 
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Abstract/Keyterms: A lecture, originally delivered as a part of the 1959 ANDIN course in Fuels and 
Materials for Nuclear Installations, is presented. Several references are made to the basic theory of nuclear 
fuels, and a brief history of the use of uranium oxide as a fuel in various countries is given. The discussion 
includes the chemical methods for preparing the oxide and industrial methods for manufacturing fuel 
elements. The various phases of these procedures and the equipment needed to carry them out are described. 
The security measures to be adopted in order to prevent the escape of radioactive dust into the air, as well 
as criticality of materials, are reviewed. 
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Abstract/Keyterms: Experiments performed on the ISPRA-1 reactor during startup and first year's 
operation are described. With a 20% enriched core, the critical mass and other parameters connected with 
reactor reactivity were determined by subcritical experiments. Results concerning control rod calibrations, 
temperature coefficients, flux inside core, and uniform poisoning are discussed. Calculations made using 
two-group theory are in accord with experiment. 
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Abstract/Keyterms: Criticality calculations for geometric configurations here studied make use of the 
neutron transport equation in its multigroup formulation, which is solved by the Monte Carlo statistical-
probabilistic method. The computational code KENO IV, which use the Monte Carlo method, was utilized 
in all criticality calculations. All calculations were restricted to plutonium nitrate solutions, 100w% 
concentration of Pu-239, in water. Calculations were performed to obtain critical dimensions (radius) of a 
bare infinite cylinder and the effect produced by the addition of a 0.32 cm stainless steel cladding analyzed. 
Then, the most simple pipe intersection system is examined one studied in the preceding case, constituting 
the type ‘T' intersection. Further addition of a second cylinder, to the T-Type system is investigated; this 
the cross-intersection type. Next, the effect produced by the introduction of a second central column to type 
’T' system is analyzed. The effect of the introduction of several arms in the same quadrant is also studied. 
Infinite cylinders and cross-intersection type systems are analyzed in their nominal and maximum reflection 
conditions. 
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Abstract/Keyterms: The performance of the HAMMER-TECHNION system in the criticality analysis of 
mixed oxide (UO2-PuO2) fuel pins clad with Zircaloy-2 and having light water as moderator was analyzed 
in this work. The basic nuclear data libraries for the HAMMER-TECHNION have been generated by 
processing the ENDF/B-IV and JENDL-2 nuclear data files with the NJOY system. The question of the 
effect of Plutonium resonances close to the thermal region on the average thermal parameters was addressed 
by creating a special version of the HAMMER-TECHNION system with the thermal energy cut-off at 1.855 
eV. The final system effective multiplication factor was calculated with the CITATION code by using the 
homogenized four-group cross sections generated by the HAMMER-TECHNION system. Results are 
shown for the original HAMMER-TECHNION thermal cut-off and for the one at 1.855 eV. Besides that, 
for some selected critical systems, the effect of the resonance interference among the resonances of the 
Uranium and Plutonium isotopes was addressed by using the ROLAIDS module of the AMPX-II system. 
The effect of the thermal energy cut-off on the integral parameters of the critical systems was not found to 
be of extreme importance. 
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carried attaining criticality. 
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Title: Planning of a Number of "Pure" Critical Experiments with Heavy Water and Natural Uranium Aimed 
at Reactor Constant Verification 

Date: 1/1/1976 

Report: INIS-MF-4043 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The evaluation is made of consumption of the natural uranium necessary for 
performing several measurements on "pure" critical assemblies in order to obtain a set of evaluated 
constants for the calculation of heavy-water systems. The least informative "measurements" have been 
removed from a large set of model critical "experiments." The informativeness has been determined by the 
variation of the evaluation error, i.e., joint consideration of the microexperiments and macroexperiments. 
The calculations are performed anew at each new ejection step. The attained economy of the materials is 
approximately five times that in case of intuitive planning" at an insignificant loss of accuracy. The 
conclusion is drawn to the effect that instead of a great number of experiments just a few critical 
measurements (three critical experiments per uranium lump with two various diameters at various lattice 
pitches) should be performed, provided they are performed and the results, processed as thoroughly as 
possible. 
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Report: INIS-MF-4043 

Conference/Journal:  
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Abstract/Keyterms: This paper deals with the determination of the informativity of integral experiments 
on critical assemblies. It is shown that the experiment informativity depends strongly on the assembly 
composition and a new method for the optimization of the fuel assembly composition is proposed. 
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Author: Zizin, M. N. 

Title: EKS Modular System of Programs for the Evaluation of Integral Experiments 

Date: 1/1/1976 

Report: INIS-MF-4043 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Module code system is described. It is aimed at the evaluation of integral experiments 
and storing of calculated and experimental data on critical assemblies in formats specified by the list of the 
EKS system standard values. The library of the system comprises 140 computational modules including 
those for calculating the sensitivity coefficients of fraction-linear functionals to micro-and macro cross-
section changes. 
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Turzik, Z. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The methods are shown and the results are tabulated of experiments carried out on 
the TR-0 reactor. In critical height measurements in single-region experiments, a reactor period greater than 
1.5 hours was considered to be the achievement of criticality. The neutron flux spatial distribution in the 
core was measured using a miniature fission chamber or activation foils. The effect was also studied of 
neutron migration anisotropy and the reactivity coefficient dependent on moderator level changes was 
measured for all core configurations. The moderator temperature reactivity coefficient was measured by 
platinum resistance thermometers while the fuel temperature reactivity coefficient was measured by four 
special fuel elements with electric heating. Activation foils were also used in measuring neutron flux density 
on the central and the peripheral type fuel elements. 
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Title: Physics Properties of WWER Type Reactors Studied on ZR-6 Assembly 

Date: 1/1/1976 

Report: INIS-MF-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In Budapest, coordinated research of CMEA countries is under way on the ZR-6 
critical assembly aimed at obtaining detailed information on the physical parameters of the WWER type 
reactor core. Attention is focused on reactor kinetics, and the physics is studied of the basic WWER lattice 
with 12.7 mm pitch and 3.6% U 235 enrichment both with a pure light-water moderator and with an 
admixture of boric acid, as well as of other lattices (e.g., with a pitch of 11 mm). Computer programmes 
are written for processing experimental results. Activation foils with cadmium cladding and without 
cadmium as well as plastic detectors are used for the determination of neutron flux microscopic distribution. 
The macroscopic distribution of neutron fluxes is determined by measuring the gamma activity of fuel 
elements, by activating a wire in the core and by activating foils placed in between fuel pellets or on the 
fuel element surfaces. In all these cases different activation detector materials have been used (Dy, Au, Cu, 
in, Lu), different measuring methods (beta, gamma detection, track counting under the microscope) and 
different experimental facilities have been employed. 



 

C-8756 

8732…..…..…………………..…….……..……ID Number…………………..…..…………….8732 

Author: Cermak, J. / Tinka, I. / Tinkova, E. 

Title: Calculations of Physics Characteristics of the Fast Reactor Core 

Date: 1/1/1976 

Report: INIS-MF-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Programmes have been written for fast reactors for the calculation of criticality, 
neutron flux spatial distribution in the core and the reflectors including other core characteristics, such as 
the distribution of heat generation and reactor output, reactivity coefficients, the effectivity of regulating 
and compensating elements, reactivity changes, and others. The programmes using a 26-group system in 
one-dimensional and two-dimensional geometry are based on the Galerkin variation method. Programmes 
have also been written based on the finite element method. The programmes have been tested in the 
calculation of two variants of the BN 350 fast power reactor and of the BN 600 reactor. In both cases, 
following the fundamental calculation of criticality and neutron fields the reactivity coefficients and some 
other physics parameters have been determined. 
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Author: Hudec, F. / Kryl, F. 

Title: Operational Physics Properties of the A-1 Reactor Core Studied on TR-0 Reactor 

Date: 1/1/1976 

Report: INIS-MF-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The research into the A-1 reactor core physical properties carried out on the TR-0 
reactor included reactivity measurements of the absorption rods, fuel elements and empty fuel channels, 
and measurement of the thermal neutron field in the core operating configurations. In reactivity 
measurements, differences were determined in the core critical heights with and without the respective 
elements in the lattice and the reactivity coefficient dependent on the moderator height in the pure core. 
Using these variables, the change was studied in reactivity due to the introduction of the respective elements 
in the reactor lattice. Four different configurations of regulating and scram rods were measured as were 
nine configurations with fuel elements removed and with empty fuel channels. For measuring the thermal 
neutron field the A-1 reactor core was simulated using a two-region assembly with 44 fuel elements of the 
central type and 72 fuel elements of the peripheral type. The neutron flux distribution was measured using 
a miniature fission chamber and activation foils. Two operating core configuration variants were measured, 
i.e., with 4 half-inserted absorption rods and 4 shortened rods, and with 4 half-inserted absorbers. The 
results of the measurements are tabulated. 
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Author: Kujal, J. / Kujal, B. 

Title: Efficient Calculation Methods of Fast Reactor and Fuel Cycle Thereof 

Date: 1/1/1976 

Report: INIS-MF-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ZELVA programme is briefly described for the calculation of a fast reactor and 
its fuel cycle. The programme includes a neutron-physics calculation and consequent thermal-hydraulic and 
strength calculations. The neutron calculation includes the determination of 26-group microscopic cross 
sections, the calculation of criticality and neutron flux distribution. The physics calculation is carried out 
one-dimensionally in a 26-group approximation. The thermal-hydraulic calculation determines the basic 
heat technology characteristics of the fuel element and fuel assembly and is performed for maximally loaded 
fuel assemblies in the core and in the breeding blanket. The maximal temperatures of the fuel pin cladding 
and the maximal fuel temperature are determined from the calculated values of thermal power density 
provided the input and output coolant temperatures are given. Also determined are friction losses, losses 
due to location, to spacing elements and other local losses. The strength calculation includes the 
determination of strength, deformation and function criteria characterizing the fuel pin and the fuel 
assembly claddings. It is estimated that the cladding is strained by a time-variable overpressure of fission 
products and a time-variable heat stress. 



 

C-8759 

8735…..…..…………………..…….……..……ID Number…………………..…..…………….8735 
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Title: Heterogeneous Method in Physics Calculations of KS Type Reactors 

Date: 1/1/1976 

Report: INIS-MF-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A number of programmes in two-dimensional geometry were written for the 
calculations of A-1 reactor criticality and for the assessment of experiments carried out on the TR-0 reactor. 
The programmes have been applied in calculating the effective critical heights of the hot A-1 reactor and 
for a partially filled core, the hot reactor reactivity, the thermal neutron flux distribution for the cold and 
the hot reactors, the distribution of heat generation in hot reactor fuel rods, and the hot reactor regulating 
rod efficiency. For calculations, a heterogeneous method has been used based on a two-dimensional reactor 
description which, as against commonly used methods also considers the anisotropy of diffusion in the 
radial and the axial directions, the dependence of resonance escape probability in a fuel element on its 
position in the lattice, and the non-zero fuel element radius. Some results are shown in graphs. 
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Author: Rypar, V. 

Title: Reactor Kinetics and Noise Studied on TR-0 Reactor 

Date: 1/1/1976 

Report: INIS-MF-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The decay parameter of prompt neutrons, external source intensity, reactor output and 
reactivity may be determined by measuring the distribution of the number of neutrons in certain time 
intervals. The measurement of time interval distribution on the TR-0 reactor was performed for three types 
of lattices with A-1 fuel elements, having a pitch of 26 cm. The proportional counter NWI-22 was used for 
neutron detection. The results of measurements showed good agreement with theoretical values. An inverse 
kinetics method based on the space-independent point model of reactor kinetics was used for determining 
the reactivity coefficient dependent on the moderator height (the level coefficient). The method makes use 
of the relationship between unknown reactivity and the measured neutron flux values. The measurement of 
the level coefficient was carried out for three core configurations at a lattice pitch of 26 cm in on-line mode 
using a single-purpose computer. 
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Title: Neutron Analysis of Spent Fuel Pools 

Date: 1/1/1978 

Report: INIS-MF-4473 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The nuclear energy industry in Spain, as everywhere in the world, is facing the 
problem of increasing the capacity of the existing pools for storing spent fuel elements. At JEN the problems 
related with this circumstance are being analyzed. In this work part of the corresponding research is 
included and it is expected to publish in the very near future a more detailed comprehensive work including 
neutronics, thermohydraulic and shielding aspects of the spent fuel pool design. 
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Title: Safety in French Installations for Spent LWR Fuel Storage 

Date: 1/1/1978 

Report: INIS-MF-4477 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The operation of the LWRs requires the storage of irradiated fuel elements in cooling 
pools, which it is possible to access directly from the reactor core. After transportation to the reprocessing 
plants, the storage must be continued in storage pools located at the entry of the plant. The requirements 
retained in order that no safety problems arise during the overall storage time have been defined from the 
acquired experience. They are relative to all functions having an effect on the normal operating conditions 
and effluents processing, etc. The requirements have been defined so that the storages cannot be the cause 
of accidents either resulting in an impact on the environment or being the consequences of the environment 
conditions They need the permanent presence of a qualified staff. 
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Author: Kazachkovskii, O. D. 

Title: Nuclear Power and Neutron Physics 

Date: 1/1/1977 

Report: INIS-MF-4508 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Principle demands in the field of neutron physics due to the development of nuclear 
power (first of all fast breeder reactors) are outlined. The problem is emphasized to ensure such a quality 
of neutron data that would permit not to develop critical assemblies for the next generations of fast reactors. 
The highest possible accuracy of the measurements is to be reached. This has a direct bearing on the 
phenomenon of nuclear fission that is closely related to one of the most pressing problems of contemporary 
nuclear physics-the problem of collective motion of nuclear matter. 
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Author: Zentralstelle Fuer Atomkernenergie-Dokumentation 

Title: Order of 6 October 1977 Defining the Characteristics of Each Type of Large Nuclear Installation 

Date: 1/1/1978 

Report: INIS-MF-4602 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Order, made by the French Minister of Industry, Commerce and Crafts and the 
Minister of Labour, lays down the characteristics of large nuclear installations which should be included in 
the document provided for under Section 10 of decree No. 75-306 of 28 April 1975 on the protection of 
workers against the hazards of ionizing radiation in large nuclear installations. These include inter alia the 
reactor type, its nominal power, the nature and cladding of the fuel, the rate of loading/unloading of the 
fuel, provisions to prevent criticality risks outside normal operation of the reactor, controlled areas and the 
measures for protection against ionizing radiation. The Order also lays down the characteristics for plants 
for the preparation and treatment of irradiated nuclear fuels as well as the characteristics of facilities for the 
storage, use, manufacture and transformation of radioactive substances, and the maximum permissible 
annual quantities of radioactive releases. 
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Author: Burmistenko, Yu. N. / Gurkov, V. A. / Gambaryan, R. G. 

Title: Multiplier-1 Plant for Neutron Activation Analysis 

Date: 1/1/1975 

Report: INIS-MF-4645 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The specific features and the main technological characteristics of equipment for the 
rapid control by means of the neutron activation analysis of the composition of various substances 
geological samples, samples of metals and solutions under stationary laboratory conditions are described. 
The equipment is built on the basis of subcritical assembly with an isotropic neutron source 238Pu-Be. The 
equipment is fitted out by systems of sample transportation, control and measurement. The subcritical 
assembly has three vertical and one horizontal experimental channels. The control desk ensures the remote 
control of nuclear processes. The results of experimental determination by means of the above equipment 
of the threshold for detection of a number of elements, which constitute a value from 10$sup-2$ to 10$sup-
6$ g, are presented. 
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Author: Petre, I. 

Title: Contributions to the Elaboration of a Nuclear Data Set for Fast Reactors 

Date: 1/1/1977 

Report: INIS-MF-4983 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A set of nuclear data was calculated for fast reactors based on an "optimum 
agreement" with experimental data. It allows a better approach to a fast reactor project, since both integral 
and differential data were employed to draw it up. The mathematical method used consists in modifying 
differential data in view of obtaining a minimum disparity between integral calculated and measured values. 
The original contribution of the thesis lies in a statistical substantiation of the calculation method. For this 
purpose, a minimum theorem was demonstrated and the statistical behaviour of the Lagrange multipliers 
vector as well as the section estimated set were investigated, demonstrating the character of non-biased 
estimator. There were also contributions to the formalism for sensitivity coefficients by developing the 
variational method, generalizing the Swanlake method and writing the sensitivity calculations under a form 
consistent with the ANISN code. In the last part, the calculation code for the improved nuclear data set is 
presented using element U235 as a calculating example. The code was run on IBM-370 and PDP-15 
computers (with a limited number of integral data). Section corrections for ZPR-III systems of 400 kg, 200 
kg and 150 kg critical mass were calculated. 
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Research Centre, Bombay, March 7-9, 1979 

Conference Session:  

Abstract/Keyterms: n.a. 



 

C-8768 

8744…..…..…………………..…….……..……ID Number…………………..…..…………….8744 
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Title: Criticizing of Gamma Research Centre Subcritical Assembly by Filling D2O 

Date: 1/1/1977 

Report: INIS-MF-5426 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A subcritical assembly in Gama Research Centre consist of natural uranium fuel, 
aluminum cladding and water moderator, so that critical assembly can be obtained by using heavy water 
moderator, and fuel addition. Crystal optimization can be measured by four group method and using 
Methuselah cross section tables. The design of U-D2O subcritical assembly is presented. 



 

C-8769 

8745…..…..…………………..…….……..……ID Number…………………..…..…………….8745 

Author: Shani, G. / Ronen, Y. / Karolevich, S. 

Title: Design of a Subcritical Assembly for the Department of Nuclear Engineering, Ben-Gurion University 
of the Negev-Beer-Sheva 

Date: 1/1/1979 

Report: INIS-MF-5515 

Conference/Journal: Transactions of the Nuclear Societies of Israel, v. 7, Joint Annual Meeting 1979 

Conference Session:  

Abstract/Keyterms: n.a. 



 

C-8770 

8746…..…..…………………..…….……..……ID Number…………………..…..…………….8746 

Author: Parus, I. / Kezhek, J. / Zhultovski, T. 

Title: On-Line Control in Irradiated Fuel Reprocessing 

Date: 1/1/1977 

Report: INIS-MF-5565 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The state of control methods existing in spent nuclear fuel reprocessing and the main 
tendencies of their development are considered. The review of measurement methods gives a special 
consideration to those methods which have a future development prospect. Special attention is given to the 
reliability in some fuel reprocessing conditions and to the measurement accuracy. The criticality state 
control of fuel reprocessing installations has been discussed. Some problems on a remote automatic control 
of the fuel reprocessing installations are presented. 
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Title: Problem of Nuclear Criticality of Technological Systems with a Variable Gradient of Fissioning 
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Report: INIS-MF-5565 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A new approach to the control of nuclear criticality of technological systems in 
reactor fuel reprocessing is presented. It is based on the permanent reactivity control of systems in which 
changes in physical-chemical properties occur. The experimental set-up and the idea of experiments are 
described. It is considered reasonable to use Monte Carlo method for foreseeing the danger operation of the 
apparatus. The input data and calculational results of system reactivity changes with a time variable gradient 
of fissioning material concentration are presented. 
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Title: Critical Assemblies Nuclear Safety Regulations 
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Report: INIS-MF-5575 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The regulations were approved in November 1978 by the Permanent Commission of 
CMEA on peaceful utilization of nuclear energy for application in the CMEA member-countries. The 
regulations contain concepts, definitions and terminology; technical specifications of a critical assembly 
design; requirements to the technical project of a critical assembly; list and structure of necessary 
documentation for a critical assembly; order of a critical assembly putting into operation; organization rules 
of a critical assembly operation; rules of the fissile materials storage; rules of the personnel actions in 
emergency situations. The regulations establish demands and conditions of the CMEA member-countries 
critical assemblies’ nuclear safety. The regulations are spread to all critical assemblies under operation, 
construction and projecting irrespective to their type and departmental belonging. The regulations has been 
developed taking into consideration the standards in force in the CMEA member-countries and operation 
experience on critical assemblies. The state supervision on critical assemblies and other nuclear installations 
nuclear safety is performed by the State Inspection on nuclear safety of the country ("Gosatomnadzor"). 
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Abstract/Keyterms: Presented are the measurement results of the multiplication coefficients of an infinite 
medium from enriched uranium and stainless steel and the central reactivity coefficients of the Fe, Ni, and 
Cr, stainless steel components for three versions of uranium-steel composition differing in steel and 235U 
concentrations in the central zone. The experiment is performed on the fast critical assembly representing 
a multizone system consisting of a central uranium-steel zone, a steel buffer layer and an outer zone. The 
reactivity of the central zone was measured by means of a reactor oscillator. The 235U reactivity was 
determined by the measured reactivity of an enriched uranium block after accounting for the reactivity of 
the 238U containing in the block and in shell. The discrepancy between experiment and theory was shown 
to be reducible by increasing the Fe, Ni and Cr capture cross sections in the range of resonance energies. 
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Jerusalum, Israel, 9-14 March, 1980 

Conference Session:  

Abstract/Keyterms: A routine personal dosemeter is usually sufficient for the determination of the gamma 
dose resulting from a radiation accident, but for accidents involving neutron exposures, notably criticality 
accidents, special dosimetry methods are generally necessary for accurate dose estimations. During the last 
two decades various types of nuclear accident dosemeters have been developed and tested. Important 
contributions to this development have been made through a series of intercomparisons organized by the 
Oak Ridge National Laboratory in the USA, and through an international coordinated research programme, 
including intercomparisons, organized by the IAEA. In this paper, the merits and demerits of the various 
established nuclear accident dosimetry methods are discussed, and new possibilities are considered. 
Preferably, nuclear accident dosemeters should be simple and easy to use, although the use of more 
complicated systems may be warranted at some types of establishments. The degree of complexity should, 
of course, depend on the presumed risk and on the available expertise. At some establishments a cost/benefit 
analysis may indicate that the value of providing special nuclear accident dosemeters is not worth the cost. 
It is concluded, however, that generally the arguments favouring the provision of nuclear accident 
dosemeters … 
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Title: Calculations on Heavy-Water Moderated and Cooled Natural Uranium Fueled Power Reactors 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of the codes that the Instituto Nacional de Investigaciones Nucleares (Mexico) 
has for the nuclear reactors design calculations is the LEOPARD code. This work studies the reliability of 
this code in reactors design calculations which component materials are the same of the heavy water 
moderated and cooled, natural uranium fueled power reactors. 
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Title: Validation of the APPOLO-MORET Neutronic Codes on Critical Experimental Configurations 
Simulating the Shipping Casks for Light Water Fuels 
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Report: INIS-MF-6447 

Conference/Journal: Patram-80. Bundesanstalt fuer Materialpruefung, Berlin, 1980 

Conference Session:  

Abstract/Keyterms: The presented experimental data provide benchmarks. The practical lessons drawn 
from the experiments and the good agreement of calculation results (Apollo and Moret codes) with 
experimental determinations give us confidence in achieving nuclear criticality safety studies of shipping 
casks for light water reactors fuel elements. 
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Title: Criticality Calculations for Homogeneous Mixtures of Uranium and Plutonium 

Date: 5/1/1981 
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Abstract/Keyterms: Critical parameters were calculated using the one-dimensional multigroup transport 
theory. Calculations have been performed for water mixture of uranium metal and uranium oxides and 
plutonium nitrates to determine the dimensions of simple critical geometries (sphere and cylinder). The 
results of the calculations were plotted showing critical parameters (volume, radius or critical mass). The 
critical values obtained in Handbuch zur Kritikalitat were used to compare with critical parameters. A 
sensitivity study for the influences of mesh space size, multigroup structure and order of the S sub(n) 
approximation on the critical radius was carried out. The GAMTEC-II code was used to generate 
multigroup cross sections data. Critical radii were calculated using the one-dimensional multigroup 
transport code DTF-IV. 
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Title: Criticality Problems in the Head-End of Reprocessing of HTGR Fuel Elements 

Date: 12/19/1980 

Report: INIS-MF-7321 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary discussion of the safety-and fuel concepts of the gas-cooled high 
temperature reactor is followed by information on the calculation methodology and the computer codes 
used. The main part of the work concerns the criticality problems in graphite separation and in the 
decomposition of the heavy metal slag. 
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Title: Neutronic Calculation of the Next Fuel Elements for the Argonaut Reactor 

Date: 1/1/1981 

Report: INIS-MF-7666 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The best parameters of the next fuel elements of the Argonaut reactor, at IEN 
(Instituto de Engenharia Nuclear-Brazil), were determined. The next fuel elements will be rods of an 
uranium mixture (19.98% enriched), graphite and bakelite. The parameters to be determined are density, 
percentage of uranium in the mixture, pellet radius, rod material and elements arrangement (step). The 
calculations routines consisted in the analysis of several steps, using the LEOPARD computer code for cell 
calculations and RMAT1D for one dimensional spatial calculations (criticality) with four energy groups. 
Finally a neutronic study of the Argonaut reactors present configuration was done, using the HAMMER 
computer code (cell), the EXTERMINATOR computer code (two-dimensional calculations) and 
RAMAT1D. 
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Title: Calculation of Critical Parameters in Uranium Mixtures 

Date: 1/1/1981 

Report: INIS-MF-7666 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical parameters were calculated using the one-dimensional multigroup transport 
theory. Calculations have been performed for water mixture of uranium metal and uranium oxides. The 
results of the calculations were plotted showing critical parameters (critical-mass or radius). The critical 
values obtained in ’Handbuch Zur Kritikalitat' were used to compare with critical parameters. A sensitivity 
study for the influence of the space mesh size, multigroup structure and order of the Sn approximation on 
the critical radius was carried out. The Gamtec-II code and DTF-IV were used. 
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Author: Vellozo, S. O. 

Title: Criticality Calculations for Safety Analysis 

Date: 1/1/1981 

Report: INIS-MF-7666 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality studies in uranium nitrate and plutonium nitrate aqueous solutions were 
done. For uranium compound three basic computer codes are used results obtained with the different 
computer codes were analyzed and compared with the ’Handbuck zur Kriticalitat'. The cross sections and 
the cylindrical geometry were generated by Gamtec-II computer code. In the second compound the 
thickness of the recipient with plutonium nitrate are used with rectangular geometry and concrete reflector. 
The effective multiplication constant was calculated with the Gamtec-II and KENO-IV library. The results 
show many differences. 
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Author: Pombo, J. B. S. M. 

Title: Measurement of Material Buckling of Subcritical Assembly CAPITU 

Date: 11/1/1976 

Report: INIS-MF-7806 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Material buckling and cadmium ratio measurements for 5 lattices of the subcritical 
assembly CAPITU with UO2 as fuel (French fuel elements) and D2O as moderator are reported. Flux shape 
method from foil activation data has been used. Some developed accessories, experimental procedures and 
the counting system used are also described. Flux distributions were analyzed by least squares fitting 
method and by a moments method. Final results for material buckling were confronted with theoretical 
values and with values obtained by pulsed neutron techniques. A summary of the programs used for 
preliminary processing of counting data and for least squares fitting are included. Although the 
measurements involved some problems which were not definitively solved, results seem to be reasonably 
reliable and the methodology well implemented. 
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Title: Calculation of Multiplication Factors Regarding Criticality Aiming at the Storage of Fissile Material 

Date: 4/1/1982 

Report: INIS-MF-7888 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The multiplication factors of several systems with low enrichment, 3, 5% and 3, 2% 
in the isotope 235U, aiming at the storage of fuel of ANGRA-I and ANGRA II, through the method of 
Monte Carlo, by the computational code KENO-IV and the library of section of cross Hansen-Roach with 
16 groups of energy. The method of Monte Carlo is specially suitable to the calculation of the factor of 
multiplication, because it is one of the most accurate models of solution and allows the description of 
complex tridimensional systems. Various tests of sensibility of this method have been done in order to 
present the most convenient way of working with KENO-IV code. The safety on criticality of stores of 
fissile material of the ’Fabrica de Elementos Combustiveis’ has been analyzed through the method of Monte 
Carlo. 
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Author: Hoermann, E. / Doehler, J. / Diegelmann, M. / Keil, W. / Tully, A. 

Title: Accident Analysis of Process Stages in Nuclear Fuel Reprocessing 

Date: 3/1/1983 

Report: INIS-MF-9189 

Conference/Journal: Safety analyses for reprocessing and waste processing. Summarizing interim 
report. Pt. 1., Mar 1983/ 20-49 pp 

Conference Session:  

Abstract/Keyterms: WA-350 (RP-350) 
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Author: n. a. 

Title: Safety Analyses for Reprocessing and Waste Processing. Summarizing Interim Report. Pt. 1 

Date: 3/1/1983 

Report: INIS-MF-9189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Incident Analysis / Storage and Solidification Facilities 



 

C-8791 

8767…..…..…………………..…….……..……ID Number…………………..…..…………….8767 

Author: Deigele, E. 

Title: Investigations on Uranyl Nitrate Solubility in Nitric Acid in Different Concentrations at 
Temperatures of 5C 

Date: 1/1/1983 

Report: INIS-MF-9277 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Solubility of Uranyl Nitrate / High Concentration Range 
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Author: n. a. 

Title: Nuclear Data, Cross Section Libraries and Their Application in Nuclear Technology 

Date: 10/1/1985 

Report: INIS-MF-9895; CONF-8510183 

Conference/Journal: International seminar on nuclear data, cross section libraries and their application 
in nuclear technology, Bonn, F.R. Germany, 1 Oct 1985 

Conference Session:  

Abstract/Keyterms: Evaluated Nuclear Data Libraries / Computer Codes 
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Author: Krzysztoszek, G. / Dabkowski, L. / Hryczuk, A. / Moldysz, A. 

Title: Operation and Safety of the Nuclear Facilities at the Reactor Research Centre 

Date: 1/1/1998 

Report: INIS-PL-99003, 15-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Afanas'ev, A. M. / Afanas'eva, A. A. 

Title: A Fast Algorithm for Calculating Full-Scale Three-Dimensional Neutron Fields in a Reactor 

Date: 12:00:00 AM 

Report: INIS-RU-365, 47-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Control Rod Displacement / Channel Reloading / Local Reactivity Insertion 
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Author: Gerasimov, A. S. / Zaritskaya, T. S. / Rudik, A. P. 

Title: Control Rod Efficiency during the Xenon Extrapoisoning 

Date: 1/1/1991 

Report: INIS-RU-366, 008-011 

Conference/Journal: Problems of nuclear science and technology. Scientific-technical collection 

Conference Session:  

Abstract/Keyterms: Xenon Extra poisoning 
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Author: Marakazov, A. A. / Novikov, A. N. / Belyaeva, E. D. / Zholkevich, E. A. / Kokhanovskaya, L. 
V. / Suslov, A. A. 

Title: ALBOM Code Abstract 

Date: 1/1/1991 

Report: INIS-RU-366, 033-035 

Conference/Journal: Problems of nuclear science and technology. Scientific-technical collection 

Conference Session:  

Abstract/Keyterms: BIPR-7 / WWER Reactor Calculation 
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Author: Borshchev, V. P. / Zhirnov, A. D. / Sirotkin, A. P. / Stenbok, I. A. / Cherkashov, Yu. M. / 
Burlakov, E. V. / Krayushkin, A. V. / Nikitin, V. D. / Romanenko, V. S. / Tishkin, Yu. A. 

Title: Neutron Characteristics of RBMK Before Chernobyl Accident and after Introduction of Measures to 
Increase their Safety 

Date: 1/1/1992 

Report: INIS-RU-372, 020-026 

Conference/Journal: Problems of nuclear science and technology. Scientific-technical collection 

Conference Session:  

Abstract/Keyterms: Chernobyl-4 Accident / Positive Void Reactivity Coefficient 
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Author: Stumbur, Eh. A. / Milyutina, Z. N. 

Title: The Analysis of Neutron Physical Characteristics of Fast Reactors by Means of Pulsed Experiments 

Date: 1/1/1992 

Report: INIS-RU-372, 055-062 

Conference/Journal: Problems of nuclear science and technology. Scientific-technical collection 

Conference Session:  

Abstract/Keyterms: Critical Size / Laplacian / Neutron Pulse Damping Decrement Measurement / BFS-
32 Assemblies / Fast Power Reactors 
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Author: Shikalov, V. F. 

Title: Determination of Arrangement Places of Fuel Remains and State and Subcriticality 

Date: 5/1/1988 

Report: INIS-RU-388 

Conference/Journal: Chernobyl'-88. 1. all-union scientific and technical meeting on results of accident 
effect elimination at the Chernobyl' NPP, Chernobyl' (Ukraine), 10-15 May 1988 

Conference Session:  

Abstract/Keyterms:  
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Author: Belov, D. Yu. / Alekseev, P. N. 

Title: Application of the Similarity Theory for Optimization of Fast Reactor Safety Characteristics 

Date: 9/8/1995 

Report: INIS-RU-426, 053-055 

Conference/Journal: Topical meeting on problems of nuclear reactor safety, Moscow (Russian 
Federation), 4-8 Sep 1995 

Conference Session:  

Abstract/Keyterms:  
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Author: Aleksakov, G. N. 

Title: Experience of Application the Computerized Measurement System KENTAVR-6K at the Kursk NPP 

Date: 9/8/1995 

Report: INIS-RU-426, 096-097 

Conference/Journal: Topical meeting on problems of nuclear reactor safety, Moscow (Russian 
Federation), 4-8 Sep 1995 

Conference Session:  

Abstract/Keyterms:  
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Author: Vasil'ev, A. V. 

Title: Elaboration of the Enhanced Accuracy Finite Difference Scheme for Neutron Diffusion Equation 
Solution into the Program JAR 

Date: 9/8/1995 

Report: INIS-RU-427, 129-194 

Conference/Journal: Topical meeting on problems of nuclear reactor safety, Moscow (Russian 
Federation), 4-8 Sep 1995 

Conference Session:  

Abstract/Keyterms:  
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Author: Belov, S. P. / Dvukhsherstnov, V. G. / Dulin, V. A. 

Title: Experimental Investigation of the Characteristics of the Fast Reactor Core with Neptunium in Fuel 
at BFS-1 Critical Facility 

Date: 9/8/1995 

Report: INIS-RU-427, 192-194 

Conference/Journal: Topical meeting on problems of nuclear reactor safety, Moscow (Russian 
Federation), 4-8 Sep 1995 

Conference Session:  

Abstract/Keyterms:  
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Title: Use of Integral Experiments for Nuclear Data Optimization and Improvement of the Fast Breeder 
Reactor Criticality and Conversion Parameters 

Date: 1/1/1980 

Report: INIS-SU-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recent investigation results in the field of constant system optimization of fast 
reactors are presented. A set of integral experiments, the basis of the OSKAR-6 constant system has been 
analyzed from the view point of correctness of the experiments and value of their errors present in the set. 
The final set comprises 85 evaluated integral experiments. A possibility of conducting more consequent 
accountancy of the error correlations has arose at the expense of the optimization program translation in the 
BESM-6 computer. Different variants of the constant system optimization have revealed different 
tendencies in k(eff) alternations and conversion coefficient (CC) of fast reactors. Obtained is 
CCsub(opt)=1.01 RCsub(OSKAR-76); k(eff, opt)=0.9965 k(eff) (OSKAR-76). Dispersions constitute ± 
0.03 for CC and ± 0.01 for k(eff) in this case. 
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Author: Kazaritskij, V. D. 

Title: Use of the Monte Carlo Method in the Process of Interpretation of Critical Experiments for Nuclear 
Data Evaluation 

Date: 1/1/1980 

Report: INIS-SU-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Test experiments for lattices of thermal uranium fuel reactors have been analyzed to 
refine nuclear data. The Monte Carlo method was used to calculate reaction rates and their perturbations. 
The calculational scheme is realized within the framework of the method of generations with the constant 
number of points. Results of the calculation performed for the TRX lattice with ratio of volumes of the 
moderator and fuel equal to 2.35 were used as an example. It is concluded that the methods considered 
permit to unambiguously bind experimental and calculational values and turn out to be especially effective 
for analyzing rod lattices of thermal reactors. 
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Author: Vozyakov, V. V. / Vorotyntsev, M. F. / Pivovarov, V. A. / Van'kov, A. A. / Voropaev, A. I. / 
Shapar, A. V. 

Title: Testing the Detailed Neutron Cross Sections for Iron Using the Results of Experiments with Iron 
Containing Breeding Composition 

Date: 1/1/1980 

Report: INIS-SU-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results are presented of calculation of a detailed neutron spectrum in the KBR-3-3 
critical assembly where iron to U235 nuclei quantity ratio is about 135. Dependence of accuracy of group 
constants used on the method of their preparation has been analyzed. Standardized group neutron fluxes 
obtained by averaging of a detailed calculation and calculated from the methodology of a group approach 
as well as experimental data have been compared. It is shown that deviation of the calculated value from 
an exact one exceeds 20% for the cross section of U238, Fe and Mn radiation capture. Comparison of main 
reaction rate values and neutron conversion factor for an infinite medium obtained by the detailed and group 
calculations shows that error of all the versions of the approximated calculation is high and amounts to 
15%. This error is mainly related to a great contribution to resulting low energy neutron cross section for 
which error of blocking constants calculation is the highest. 
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Author: Tarasov, V. A. / Daruga, V. K. / Zhukov, A. V. / Kudryashov, L. N. / Korobejnikov, V. V. / 
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Title: Determination of the k(eff) for the BFS-40 Critical Assembly Using Different Programs and Systems 
of Constants 

Date: 1/1/1981 

Report: INIS-SU-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Determination of data variability during the calculation of the (effective 
multiplication factor) of a physical model of a fast reactor according to widely used programs and systems 
of constants as well as choice of an optimal technique for calculating the critical reactor state by comparison 
with an experiment have been investigated. Comparison of the calculated technique between themselves 
and with the experiment was performed at the BFS-40 facility simulating the BOR-60 type reactor (fast 
reactor with oxide fuel and steel reflector). Results of calculations according to the programs using the 
Monte-Carlo method (MK-26, MMK-22, MMK-22P, ARMONT), according to the two-dimensional 
diffusion programs (DD-26, DD-18, RADAR) and one-dimensional programs (9M, M26, 26D, $S sub N$) 
using 18-group and 26-group libraries of constants (BNAB-70 and BNAB-78) are given. The best 
agreement with the experiment (within the limits of 1% k(eff)) gives the calculations by the Monte-Carlo 
method in the subgroup approximation with the BNAB-78 library constants. The rest programs disagree 
with experiments by 4-12% k(eff) which results from different reasons. 
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Author: Vojtovetskij, S. V. / Tsygankov, L. S. 

Title: Definition of Reactor Reactivity in Supercriticality Region by Extrapolation of Subcritical 
Experiments 

Date: 1/1/1989 

Report: INIS-SU-213/A, 057-058 

Conference/Journal: Nuclear reactor physics. Nuclear reactor physics and methods of calculation. 
Scintific-technical collection 

Conference Session:  

Abstract/Keyterms: many-dimensional approximation / heuristical self organization / subcritical 
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Author: Khoruzhij, V. Kh. / Koshelev, A. S. 

Title: Determination of Effective Parameters of Point Kinetics Upon the Results of Pulse Experiment on 
Subcritical or Slightly Supercritical Reactor 

Date: 1/1/1991 

Report: INIS-SU-339/A, 026-031 

Conference/Journal: Physics of nuclear reactor. Scientific-technical collection 

Conference Session:  

Abstract/Keyterms: Neutron Kinetics / Fission Intensity Drop / Pulse Reactor 
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Author: Kolesov, V. F. / Malinkin, A. A. 

Title: Kinetics of Two-Section Booster-Reactor with Asymmetric Neutron Connection between Sections 

Date: 1/1/1991 

Report: INIS-SU-339/A, 10-23 

Conference/Journal: Physics of nuclear reactor. Scientific-technical collection (Fizika yadernykh 
reaktorov. Nauchno-tekhnicheskij sbornik)., 1991/ [48] pp. Voprosy atomnoj nauki i tekhniki 

Conference Session:  

Abstract/Keyterms: Kinetics / Two-Section Booster-Reactor / Neutron Coupling 
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Author: Kosourov, K. B. / Dukhovenskij, A. S. / Astakhov, S. A. 

Title: Measurements of the WWER-1000 Reactor Core Some Neutron-Physical Characteristics 

Date: 1/1/1987 

Report: INIS-SU-64, 66-69 

Conference/Journal: Nuclear reactor physics and engineering. Scientific-technical collection. (Fizika i 
tekhnika yadernykh reaktorov.. Nauchno-tekhnicheskij sbornik)., 1987/ Voprosy atomnoj nauki i 
tekhniki. no. 8 

Conference Session:  

Abstract/Keyterms: South UKrainian-2 / Novo-Voronezh-5 / Reactors / WWER-1000 
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Author: Badovskij, V. P. / Dubar, L. V. / Shevchenko, S. V. 

Title: On the Problem of Radiation Hazard of Fuel-Containing Materials in Conversion of Object 

Date: 1/1/1994 

Report: INIS-UA-028, 084-092 

Conference/Journal: Problems of Chernobyl exclusion zone 

Conference Session:  

Abstract/Keyterms: Hazard of Fuel-Containing / Fuel / Hazard Measurements 
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Title: The Study of Physics and Safety Characteristics for In-Hospital Neutron Irradiator (IHNI) 

Date: 9/27/2007 

Report: INIS-US--08N0001 

Conference/Journal: International Meeting on Reduced Enrichment for Research and Test Reactors, 
Prague (Czech Republic), 23-27 Sep 2007 

Conference Session:  

Abstract/Keyterms: The IHNI is designed with low-enrichment 235U (LEU) for Boron Neutron Capture 
Therapy (BNCT) based on Miniature Neutron Source Reactor (MNSR). The IHNI, operated with thermal 
power 30kW, is an under-moderated reactor of pool-tank type, and UO2} as fuel, light water as coolant and 
moderator, and metallic beryllium as reflector. The paper gives the physics and safety characteristics of 
IHNI. The physics characteristics include those parameters of the criticality and the beam port used for 
BNCT. The safety characteristics compare the safety parameters between reactor core of LEU and HEU. 
The result shows that LEU could meet the requirements of criticality and flux at exit of each beam. 
Furthermore, the better safety characteristics could approach by adopting the LEU in comparison with 
HEU. 
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Author: Whittemore, W. L. 

Title: The Early Development and use of the TRIGA Reactor 

Date: 7/1/1994 

Report: INIS-US--09N0001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review of the first few years of the TRIGA Reactor project is interesting since a 
new research reactor concept was being developed quite early in the history of research reactors in the 
United States. Unusual at that time were the unique features of the TRIGA reactor being developed. It is 
also interesting to review the licensing procedures in effect in 1958. The initial AEC license for a 10 kW 
U-ZrH{sub x} reactor with a 15 kW refrigerator cooling system was upgraded to 1 MW within a few 
months of the initial criticality in May 1958. A photographic record of the rapid development from the 
initial to the early commercial version of TRIGA reactors will be presented. The first tentative, and then 
serious, efforts to pulse the Mark I TRIGA reactor will also be discussed. 
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Conference/Journal: Biennial U.S. TRIGA users' conference, Anaheim, CA (United States), 12-14 Mar 
1984 

Conference Session:  

Abstract/Keyterms: A unique set of TRIGA experiments has evolved over the past several years to provide 
reactor operators, undergraduate students, and graduate students a basic understanding of reactor subcritical 
neutron multiplication and critical experiments. A common approach in all of these experiments is to use 
more than one neutron detector for the subcritical experiments and to use critical and supercritical 
experiments to determine the k(eff) of the various core configurations. In addition, the experiments are 
performed with the transient rod (TR) fully inserted to minimize movement of fuel elements and to shorten 
the time of conducting the experiment. Criticality is attained by raising the TR to its critical height just 
before adding another fuel element that would make the core critical. In these experiments the transient 
control rod (TR) is calibrated over a short portion of its movement and/or the worth of a few fuel elements 
is measured to permit reducing the core reactivity by a known amount from a slightly supercritical core of 
measured k(eff) to that of a subcritical core. For reactor operators, particularly the TMI-2 reactor operators, 
the effect of moving the neutron source, buckling effects, and neutron source-core-detector arrangements 
are demonstrated. 
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Conference Session:  

Abstract/Keyterms: The utilization of the Illinois Advanced TRIGA reactor as a driving source for the 
loosely coupled Low Power Reactor (LOPRA) critical assembly in the TRIGA bulk shielding tank is 
described. Side reflectors of graphite were installed on LOPRA to reduce fuel inventory for criticality. 
Square wave operation of TRIGA produced increase in LOPRA power to several kilowatts in a four minute 
square wave. Local neutron flux and fuel temperature data in LOPRA were obtained throughout the studies. 
Techniques for evaluating average and local temperature feedback from the digitized time series data are 
presented. 
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Conference/Journal: TRIGA owners' conference, College Station, TX (United States), 21-22 Feb 1972 

Conference Session:  

Abstract/Keyterms: The aluminum-clad core in the DORF reactor was replaced by a stainless-steel-clad 
core and after a leak the original poison-followed transient rod was replaced with a spare aluminum-
followed rod, which resulted in an increase in excess core reactivity. When the reactor was moved to an 
alternate operational position adjacent to the exposure room, the excess reactivity was reduced. It was 
decided to increase the excess reactivity of the reactor by installing fuel-follower control rods so that 
criticality could be obtained with the core in close proximity to the exposure room tank wall with the 
transient rod down. The procedure which included fuel unloading, some mechanical modification to 
position the new fuel follower control rods and reloading fuel into the core was accomplished with 
maximum total exposure received by any person 116 mR. 
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Date: 7/1/1972 

Report: INIS-US--09N0217; T--739 

Conference/Journal: TRIGA owners' conference, College Station, TX (United States), 21-22 Feb 1972 

Conference Session:  

Abstract/Keyterms: On June 8, 1971, the Torrey Pines TRIGA Mark III reactor went critical on a core 
loading of FLIP (Fuel Lifetime Improvement Program) fuel. This new TRIGA fuel, which was developed 
by Gulf Energy and Environmental Systems, contains 70% enriched uranium and erbium as a burnable 
poison alloyed with 91 wt.-% zirconium. The reactor achieved criticality with 53 FLIP fuel elements and 
was then loaded to a total of 67 fuel elements after calibrating the control rods. A number of tests were 
performed on the core. Although there were a few problems related to the startup, once the reactor was on 
the line the FLIP core performed very much like the old 20%-enriched core. 
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Author: Geisler, G. C. / McMaster, I. B. / Totenbier, R. E. 

Title: Operating History and Experience at the Penn State TRIGA Reactor 

Date: 7/1/1970 

Report: INIS-US--09N0246; T--117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor operation began at Penn State with the startup of the first University Park 
reactor. The first core was assembled from typical MTR fuel elements, and logged 2200 MW hours during 
its life. In the early 1960's, a concern for the integrity of the fuel assemblies, and a desire for increased 
capability developed. As a result, funding was obtained for a new core, and after a study of various 
alternatives the TRIGA reactor was selected. The new core and control system was installed in December 
of 1965 and on December 31, the 'new' Penn State reactor was loaded to criticality. The present low excess 
reactivity is not an operational problem because the reactor is operated on a two shift basis five days a week 
and is often operated at low power levels for various experiments, laboratory classes and training. Problems 
due to activation were experienced in December of 1968, when a detailed inspection of the core structure 
was accomplished. The objective of this was to reveal any deterioration of the structure. It was found that 
such an inspection was quite feasible. 
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Author: Boeck, H. / Buchberger, T. / Buchtela, K. / Grass, F. / Hammer, J. / Kasa, T. / Schindler, P. / 
Weber, H. W. / Westphal, G. P. 

Title: Summary of Current Research Projects at the Atominstitute of the Austrian Universities 

Date: 4/9/1986 

Report: INIS-US--09N0265; TOC--18 

Conference/Journal: Biennial U.S. TRIGA users' conference, College Station, TX (United States), 6-9 
Apr 1986 

Conference Session:  

Abstract/Keyterms: The 250 kW TRIGA Mark II reactor Vienna, with pulsing capability up to 250 MW 
is used as a university reactor for basic and applied research, education and training. The reactor is presently 
operated with a mixed core using 72 standard TRIGA fuel elements, 54 of them are still from first criticality 
(Al-clad), 9 of them were added later (SST-clad) and 9 are FLIP elements in the C ring. As experimental 
facilities, four beam tubes, one thermal column, one neutron radiography collimator installed in the previous 
thermalizing column, one slow and one fast pneumatic transfer system and five irradiation tubes are 
available. The experimental facilities are mainly used for students' education and training. Industrial 
research and routine service irradiations are only performed if a certain amount of scientific output can be 
expected. In many cases special experiments are designed and tested at the Atominstitute and later 
transferred to more powerful neutron sources such as the ILL high flux reactor in Grenoble/France. 
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8797…..…..…………………..…….……..……ID Number…………………..…..…………….8797 

Author: Nelson, George W. 

Title: Characterization of Fast Neutron Spectrum in the TRIGA For Hardness Testing of Electronic 
Components 

Date: 4/9/1986 

Report: INIS-US--09N0265; TOC--18 

Conference/Journal: Biennial U.S. TRIGA users' conference, College Station, TX (United States), 6-9 
Apr 1986 

Conference Session:  

Abstract/Keyterms: Argonne National Laboratory-West, operated by the University of Chicago, is located 
near Idaho Falls, ID, on the Idaho National Engineering Laboratory Site. ANL-West performs work in 
support of the Liquid Metal Fast Breeder Reactor Program (LMFBR) sponsored by the United States 
Department of Energy. The NRAD reactor is located at the Argonne Site within the Hot Fuel Examination 
Facility/North, a large hot cell facility where both non-destructive and destructive examinations are 
performed on highly irradiated reactor fuels and materials in support of the LMFBR program. The NRAD 
facility utilizes a 250-kW TRIGA reactor and is completely dedicated to neutron radiography and the 
development of radiography techniques. Criticality was first achieved at the NRAD reactor in October of 
1977. Since that time, a number of modifications have been implemented to improve operational efficiency 
and radiography production. This paper describes the modifications and changes that significantly improved 
operational efficiency and reliability of the reactor and the essential auxiliary reactor systems. 
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8798…..…..…………………..…….……..……ID Number…………………..…..…………….8798 

Author: Weeks, A. A. / Pruett, D. P. / Heidel, C. C. 

Title: Modifications to the NRAD Reactor (1977 to Present) 

Date: 4/9/1986 

Report: INIS-US--09N0265; TOC--18 

Conference/Journal: Biennial U.S. TRIGA users' conference, College Station, TX (United States), 6-9 
Apr 1986 

Conference Session:  

Abstract/Keyterms: The NRAD facility utilizes a 250-kW TRIGA reactor and is completely dedicated to 
neutron radiography and the development of radiography techniques. Criticality was first achieved at the 
NRAD reactor in October 1977. Since that time, a number of modifications have been implemented to 
improve operational efficiency and radiography production. The modifications to the NRAD reactor are 
categorized as either 'operational improvements', which have increased operational efficiency and 
reliability, or as 'production improvements', which have reduced the number of unscheduled shutdowns due 
to instrument malfunctions or mechanical failures. A brief synopsis of the significant reactor modifications 
in both categories is presented. 
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8799…..…..…………………..…….……..……ID Number…………………..…..…………….8799 

Author: Anderson, T. V. / Ringle, J. C. / Johnson, A. G. 

Title: A Spare-Parts Inventory Program for TRIGA Reactors 

Date: 2/25/1974 

Report: INIS-US--09N0328; TOC--5 

Conference/Journal: TRIGA owners' conference, Albuquerque, NM (United States), 25-27 Feb 1974 

Conference Session:  

Abstract/Keyterms: As is fairly common with new reactor facilities, we had a few spare parts on hand as 
part of our original purchase when the OSU TRIGA first went critical in March of 1967. Within a year or 
so, however, it became apparent that we should critically examine our spare parts inventory in order to 
avoid unnecessary or prolonged outages due to lack of a crucial piece of equipment. Many critical 
components (those which must be present and operable according to our license or technical specifications) 
were considered, and a priority list of acquiring these was established. This first list was drawn up in March, 
1969, two years after initial criticality, and some key components were ordered. The availability of funds 
was the overriding restriction then and now. This spare-parts list is reviewed and new components 
purchased annually; the average amount spent has been about $2,000 per year. This inventory has proved 
invaluable more than once; without it, we would have had lengthy shutdowns awaiting the arrival of the 
needed component. The sobering thought, however, is that our spare-parts inventory is still not complete-
far from it, in fact, because this would be prohibitively expensive. It is very difficult to guess with 100% 
accuracy just which component might need replacing, and your $10,000 inventory of spare parts is useless 
in that instance if it doesn't include the needed part. An idea worth considering is to either (a) encourage 
General Atomic, through the collective voice of all TRIGA owners, to maintain a rather complete inventory 
of replacement parts, or (b) maintain an owner's spare-parts pool, financed by contributions from all the 
facilities. If either of these pools was established, the needed part could reach any facility within the U.S. 
within a few days, minimizing reactor outage time. 
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8800…..…..…………………..…….……..……ID Number…………………..…..…………….8800 

Author: Brown-Campos, R. 

Title: The Puerto Rico Nuclear Center Reactor Conversion Project 

Date: 7/1/1974 

Report: INIS-US--09N0328; TOC--5 

Conference/Journal: TRIGA owners' conference, Albuquerque, NM (United States), 25-27 Feb 1974 

Conference Session:  

Abstract/Keyterms: For the purpose of upgrading the control and instrumentation system to meet new 
AEC requirements, to increase the available neutron flux for experimenters and to replace burned out fuel 
the Puerto Rico Nuclear Center started a modification program on its old MTR type, one megawatt reactor 
on March 1971. A TRIGA core utilizing the newly developed FLIP fuel, capable of operating at two 
megawatts with natural convection cooling and with pulsing capabilities was chosen. The major conversion 
tasks included: 1. Modification of the bridge, tower and grid plate structures, 2. Modification of the water 
cooling system (inside the reactor pool), 3. Installation of a larger heat exchanger and cooling tower, 4. 
Installation of a new instrumentation and control console (including neutron detectors and rod drive 
mechanisms). 5. Installation of a TRIGA FLIP core. Initial criticality was achieved on January 1972. For 
the chosen operating configuration the critical mass was 11,522 grams of uranium 235. Core excess 
reactivity was $7.12 and the total (5) rod worth was $12.06. During the early stages of the startup program 
to determine the basic core parameters and while conducting a stepwise increase in power to the design 
power level of two megawatts a power fluctuation on all neutron detectors was noticed. It was determined 
that the power fluctuations started at about 1.4 megawatts and sharply increased as power approached 2 
megawatts. Experiments to determine the cause of the problem and to correct the condition were conducted 
on July and December 1972 and June 1973. Modifications to the core included changing fuel pin pitch and 
the addition of dummy elements in the central region of the core. Final acceptance by AEC Headquarters 
was requested on October 1973. 
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8801…..…..…………………..…….……..……ID Number…………………..…..…………….8801 

Author: Larson, S. L. / Day, B. A. 

Title: Materials of Criticality Safety Concern in Waste Packages 

Date: 7/1/2006 

Report: INIS-US--09-WM-06433 

Conference/Journal: Waste Management 2006 Symposium - WM'06 - Global Accomplishments in 
Environmental and Radioactive Waste Management: Education and Opportunity for the Next Generation 
of Waste Management Professionals, Tucson, AZ (United States), 26 Feb - 2 Mar 2006; 

Conference Session:  

Abstract/Keyterms: 10 CFR 71.55 requires in part that the fissile material package remain subcritical 
when considering 'the most reactive credible configuration consistent with the chemical and physical form 
of the material'. As waste drums and packages may contain unlimited types of materials, determination of 
the appropriately bounding moderator and reflector materials to ensure compliance with 71.55 requires a 
comprehensive analysis. Such an analysis was performed to determine the materials or elements that 
produce the most reactive configuration with regards to both moderation and reflection of a Pu-239 system. 
The study was originally performed for the TRUPACT-II shipping package and thus the historical fissile 
mass limit for the package, 325 g Pu-239, was used. Reactivity calculations were performed with the 
SCALE package to numerically assess the moderation or reflection merits of the materials. Additional 
details and results are given in SAIC-1322-001. The development of payload controls utilizing process 
knowledge to determine the classification of special moderator and/or reflector materials and the associated 
fissile mass limit is also addressed. 
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8802…..…..…………………..…….……..……ID Number…………………..…..…………….8802 

Author: Cho, D. K. / Lee, Y. / Lee, J. Y. / Choi, H. J. / Choi, J. W. 

Title: Impacts of a High-Burnup Spent Fuel on a Geological Disposal System Design 

Date: 3/1/2007 

Report: INIS-US--09-WM-07121 

Conference/Journal: WM'07: 2007 Waste Management Symposium - Global Accomplishments in 
Environmental and Radioactive Waste Management: Education and Opportunity for the Next Generation 
of Waste Management Professionals, Tucson, AZ (United States), 25 Feb - 1 Mar 2007 

Conference Session:  

Abstract/Keyterms: The influence of a burnup increase of a spent nuclear fuel on a deep geological 
disposal system was evaluated in this study. First, the impact of a burnup increase on each aspect related to 
thermal and nuclear safety concerns was quantified. And then, the tunnel length, excavation volume, and 
the raw materials for a cast insert, copper, bentonite, and backfill needed to constitute a disposal system 
were comprehensively analyzed based on the spent fuel inventory to generate 1 Terawatt-year (TWa), to 
establish the overall effects and consequences on a geological disposal. As a result, impact of a burnup 
increase on the criticality safety and radiation shielding was shown to be negligible. The disposal area, 
however, is considerably affected because of a higher thermal load, and it is reasonable to use a canister 
such as the Korean Reference Disposal Canister (KDC-1) containing 4 spent fuels up to 50 GWD/MtU, and 
to use a canister containing 3 spent fuels beyond 50 GWD/MtU. Although a considerable increased, 33 % 
in the tunnel length and 30 % in the excavation volume, was observed as the burnup increases from 50 to 
60 GWD/MtU, because a decrease in the canister needs can offset an increase in the excavation volume, it 
can be concluded that a burnup increase of a spent fuel is not a critical concern for a geological disposal of 
a spent fuel. 
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8803…..…..…………………..…….……..……ID Number…………………..…..…………….8803 

Author: Griffin, P. J. / Peters, C. D. 

Title: Path Forward for Dosimetry Cross Sections 

Date: 5/1/2011 

Report: INIS-US--13-ISRD-14-os2p-2 

Conference/Journal: International Symposium on Reactor Dosimetry, Bretton Woods, NH (United 
States), 22-27 May 2011 

Conference Session:  

Abstract/Keyterms: In the 1980's the dosimetry community embraced the need for a high fidelity 
quantification of uncertainty in nuclear data used for dosimetry applications. This led to the adoption of 
energy-dependent covariance matrices as the accepted manner of quantifying the uncertainty data. The 
trend for the dosimetry community to require high fidelity treatment of uncertainty estimates has continued 
to the current time where requirements on nuclear data are codified in standards such as ASTM E 1018. 
This paper surveys the current state of the dosimetry cross sections and investigates the quality of the current 
dosimetry cross section evaluations by examining calculated-to-experimental ratios in neutron benchmark 
fields. In recent years more nuclear-related technical areas are placing an emphasis on uncertainty 
quantification. With the availability of model-based cross sections and covariance matrices produced by 
nuclear data codes, some nuclear-related communities are considering the role these covariance matrices 
should play. While funding within the dosimetry community for cross section evaluations has been very 
meager, other areas, such as the solar-related astrophysics community and the US Nuclear Criticality Safety 
Program, have been supporting research in the area of neutron cross sections. The Cross Section Evaluation 
Working Group (CSEWG) is responsible for the creation and maintenance of the ENDF/B library which 
has been the mainstay for the reactor dosimetry community. Given the new trends in cross section 
evaluations, this paper explores the path forward for the US nuclear reactor dosimetry community and its 
use of the ENDF/B cross-sections. The major concern is maintenance of the sufficiency and accuracy of 
the uncertainty estimate when used for dosimetry applications. The two major areas of deficiency in the 
proposed ENDF/B approach are: 1) the use of unrelated covariance matrices in ENDF/B evaluations and 
2) the lack of 'due consideration' of experimental data in the evaluation. 
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8804…..…..…………………..…….……..……ID Number…………………..…..…………….8804 

Author: Jacquet, X. / Casoli, P. / Authier, N. / Rousseau, G. / Barsu, C. 

Title: New Measurements and Calculations to Characterize the Caliban Pulsed Reactor Cavity Neutron 
Spectrum by the Foil Activation Method 

Date: 5/1/2011 

Report: INIS-US--13-ISRD-14-os4p-5 

Conference/Journal: International Symposium on Reactor Dosimetry, Bretton Woods, NH (United 
States), 22-27 May 2011 

Conference Session:  

Abstract/Keyterms: Caliban is a cylindrical metallic core reactor mainly composed of uranium 235. It is 
operated by the Criticality and Neutron Science Research Laboratory located at the French Atomic Energy 
Commission research center in Valduc. As with other fast burst reactors, Caliban is used extensively for 
determining the responses of electronic parts or other objects and materials to neutron-induced 
displacements. Therefore, Caliban's irradiation characteristics, and especially its central cavity neutron 
spectrum, have to be very accurately evaluated. The foil activation method has been used in the past by the 
Criticality and Neutron Science Research Laboratory to evaluate the neutron spectrum of the different 
facilities it operated, and in particular to characterize the Caliban cavity spectrum. In order to strengthen 
and to improve our knowledge of the Caliban cavity neutron spectrum and to reduce the uncertainties 
associated with the available evaluations, new measurements have been performed on the reactor and 
interpreted by the foil activation method. A sensor set has been selected to sample adequately the studied 
spectrum. Experimental measured reaction rates have been compared to the results from UMG spectrum 
unfolding software and to values obtained with the activation code Fispact. Experimental and simulation 
results are overall in good agreement, although gaps exist for some sensors. UMG software has also been 
used to rebuild the Caliban cavity neutron spectrum from activation measurements. For this purpose, a 
default spectrum is needed, and one has been calculated with the Monte-Carlo transport code Tripoli 4 
using the benchmarked Caliban description. 
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8805…..…..…………………..…….……..……ID Number…………………..…..…………….8805 

Author: Gregoire, G. / Beretz, D. / Destouches, C. 

Title: Jules Horowitz Reactor, A New Irradiation Facility: Improving Dosimetry for the Future of Nuclear 
Experimentation 

Date: 5/1/2011 

Report: INIS-US--13-ISRD-14-P1-01 

Conference/Journal: International Symposium on Reactor Dosimetry, Bretton Woods, NH (United 
States), 22-27 May 2011 

Conference Session:  

Abstract/Keyterms: Document available in abstract form only, full text of document follows: The Jules 
Horowitz Reactor (JHR) is an experimental reactor under construction at the French Nuclear Energy and 
Alternative Energies Commission (CEA) facility at Cadarache. It will achieve its first criticality by the end 
of 2014. Experiments that will be conducted at JHR will deal with fuel, cladding, and material behavior. 
The JHR will also produce medical radio-isotopes and doped silicon for the electronic industry. As a new 
irradiation facility, its instrumentation will benefit from recent improvements. Nuclear instrumentation will 
include reactor dosimetry, as it is a reference technique to determine neutron fluence in experimental 
devices or characterize irradiation locations. Reactor dosimetry has been improved with the progress of 
simulation tools and nuclear data, but at the same time the customer needs have increased: Experimental 
results must have reduced and assessed uncertainties. This now a necessary condition to perform an 
experimental irradiation in a test reactor. Items improved, in the framework of a general upgrading of the 
dosimetry process based on uncertainty minimization, will include dosimeter, nuclear data, and modelling 
scheme. 
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Author: Hu, J. P. / Reciniello, R. N. / Holden, N. E. 

Title: Decommissioning of the High Flux Beam Reactor at Brookhaven Lab 

Date: 5/1/2011 

Report: INIS-US--13-ISRD-14-P1-03 

Conference/Journal: International Symposium on Reactor Dosimetry, Bretton Woods, NH (United 
States), 22-27 May 2011 

Conference Session:  

Abstract/Keyterms: The high-flux beam reactor (HFBR) at the Brookhaven National Laboratory was a 
heavy water cooled and moderated reactor that achieved criticality on Oct. 31, 1965. It operated at a power 
level of 40 megawatts. An equipment upgrade in 1982 allowed operations at 60 megawatts. After a 1989 
reactor shutdown to reanalyze safety impact of a hypothetical loss of coolant accident, the reactor was 
restarted in 1991 at 30 megawatts. The HFBR was shut down in December 1996 for routine maintenance 
and refueling. At that time, a leak of tritiated water was identified by routine sampling of groundwater from 
wells located adjacent to the reactor's spent fuel pool. The reactor remained shut down for almost three 
years for safety and environmental reviews. In November 1999 the United States Dept. of Energy decided 
to permanently shut down the HFBR. The decontamination and decommissioning of the HFBR complex, 
consisting of multiple structures and systems to operate and maintain the reactor, were complete in 2009 
after removing and shipping off all the control rod blades. The emptied and cleaned HFBR dome, which 
still contains the irradiated reactor vessel, is presently under 24/7 surveillance for safety. Detailed dosimetry 
performed for the HFBR decommissioning during 1996-2009 is described in the paper. 
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Author: Wagschal, J. J. 

Title: Sensitivity of Adjustment to Parameter Correlations and to Response-Parameter Correlations 

Date: 5/1/2011 

Report: INIS-US--13-ISRD-14-P2-8 

Conference/Journal: International Symposium on Reactor Dosimetry, Bretton Woods, NH (United 
States), 22-27 May 2011 

Conference Session:  

Abstract/Keyterms: The adjusted parameters and response, and their respective posterior uncertainties 
and correlations, are presented explicitly as functions of all relevant prior correlations for the two 
parameters, one response case. The dependence of these adjusted entities on the various prior correlations 
is analyzed and portrayed graphically for various valid correlation combinations on a simple criticality 
problem. 
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Author: Kim, Soon Sam / Schnitzler, Bruce G. 

Title: Validation of Improved 3d ATR Model 

Date: 11/1/2005 

Report: INL/CON-05-00322 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: A full-core Monte Carlo based 3D model of the Advanced Test Reactor (ATR) was 
previously developed. An improved 3D model has been developed by the International Criticality Safety 
Benchmark Evaluation Project (ICSBEP) to eliminate homogeneity of fuel plates of the old model, 
incorporate core changes into the new model, and to validate against a newer, more complicated core 
configuration. This new 3D model adds capability for fuel loading design and azimuthal power peaking 
studies of the ATR fuel elements 
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Author: Lucas, D. Scott 

Title: Comparison of the 3-D Deterministic Neutron Transport Code Attila® to Measure Data, MCNP and 
MCNPX for the Advanced Test Reactor 

Date: 9/1/2005 

Report: INL/CON-05-00662 

Conference/Journal: M&C 2005 International Topical,Avignon, FR,09/12/2005,09/15/2005 

Conference Session:  

Abstract/Keyterms: An LDRD (Laboratory Directed Research and Development) project is underway at 
the Idaho National Laboratory (INL) to apply the three-dimensional multi-group deterministic neutron 
transport code (Attila®) to criticality, flux and depletion calculations of the Advanced Test Reactor (ATR). 
This paper discusses the development of Attila models for ATR, capabilities of Attila, the generation and 
use of different cross-section libraries, and comparisons to ATR data, MCNP, MCNPX and future 
applications. 
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Author: William K. Terry 

Title: Evaluation of the Initial Critical Configuration of the HTR-10 Pebble-Bed Reactor 

Date: 11/1/2005 

Report: INL/CON-05-00852 

Conference/Journal: International Reactor Physics Experiment Program Working Group Meeting,Paris, 
France,11/02/2005,11 

Conference Session:  

Abstract/Keyterms: This report describes the evaluation of data from the initial criticality measurement 
of the HTR-10 pebble-bed reactor at the Institute of Nuclear Energy Technology in China to determine 
whether the data are of sufficient quality to use as benchmarks for reactor physics computer codes intended 
for pebble-bed reactor analysis. The evaluation applied the INL pebble-bed reactor physics code PEBBED 
to perform an uncertainty analysis on the core critical height. The overall uncertainty in k-effective was 
slightly over 0.5%, which is considered adequate for an experimental benchmark. 
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Author: Taylor, Larry L. 

Title: Template Criticality Analyses to Qualify DOE Fuels for Repository Acceptance 

Date: 5/1/2006 

Report: INL/CON-05-00878 

Conference/Journal: High-Level Radioactive Waste Management Conference,Las Vegas, 
NV,04/30/2006,05/04/2006 

Conference Session:  

Abstract/Keyterms: Paper covers the development of a criticality analysis for a select numbers of 
aluminum fuel types, and recommends how such a generic analysis might be applied to all other fuels using 
that common basket design. 
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Author: Briggs, J. Blair / Sartori, Enrico / Scott, Lori 

Title: The International Reactor Physics Experiment Evaluation Project (IRPHEP) 

Date: 9/14/2006 

Report: INL/CON-06-01060 

Conference/Journal: PHYSOR-2006: American Nuclear Society's Topical Meeting on Reactor Physic,s 
Vancouver, BC (Canada), 10-14 Sep 2006 

Conference Session:  

Abstract/Keyterms: Since the beginning of the Nuclear Power industry, numerous experiments concerned 
with nuclear energy and technology have been performed at different research laboratories, worldwide. 
These experiments required a large investment in terms of infrastructure, expertise, and cost; however, 
many were performed without a high degree of attention to archival of results for future use. The degree 
and quality of documentation varies greatly. There is an urgent need to preserve integral reactor physics 
experimental data, including measurement methods, techniques, and separate or special effects data for 
nuclear energy and technology applications and the knowledge and competence contained therein. If the 
data are compromised, it is unlikely that any of these experiments will be repeated again in the future. The 
International Reactor Physics Evaluation Project (IRPhEP) was initiated, as a pilot activity in 1999 by the 
by the Organization of Economic Cooperation and Development (OECD) Nuclear Energy Agency (NEA) 
Nuclear Science Committee (NSC). The project was endorsed as an official activity of the NSC in June of 
2003. The purpose of the IRPhEP is to provide an extensively peer reviewed set of reactor physics related 
integral benchmark data that can be used by reactor designers and safety analysts to validate the analytical 
tools used to design next generation reactors and establish the safety basis for operation of these reactors. 
A short history of the IRPhEP is presented and its purposes are discussed in this paper. Accomplishments 
of the IRPhEP, including the first publication of the IRPhEP Handbook, are highlighted and the future of 
the project outlined. 
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Author: Sumner, Tyler / Briggs, J. Blair / Montierth, Leland 

Title: Highly Enriched Uranium Metal Annuli and Cylinders with Polyethylene Reflectors and/or Internal 
Polyethylene Moderator 

Date: 6/1/2007 

Report: INL/CON-06-11658 

Conference/Journal: Eighth International Conference on Nuclear Criticality Safety, May 28 - June 1, 
2007, St. Petersburg, Russia 

Conference Session:  

Abstract/Keyterms: A variety of critical experiments were constructed of enriched uranium metal during 
the 1960s and 1970s at the Oak Ridge Critical Experiments Facility in support of criticality safety 
operations at the Y-12 Plant. The purposes of these experiments included the evaluation of storage, casting, 
and handling limits for the Y-12 Plant and providing data for verification of calculation methods and cross-
sections for nuclear criticality safety applications. These included solid cylinders of various diameters, 
annuli of various inner and outer diameters, two and three interacting cylinders of various diameters, and 
graphite and polyethylene reflected cylinders and annuli. of the hundreds of delayed critical experiments, 
experiments of uranium metal annuli with and without polyethylene reflectors and with the central void 
region either empty or filled with polyethylene were evaluated under ICSBEP Identifier HEU-MET-FAST-
076. The outer diameter of the uranium annuli varied from 9 to 15 inches in two-inch increments. In 
addition, there were uranium metal cylinders with diameters varying from 7 to 15 inches with complete 
reflection and reflection on one flat surface to simulate floor reflection. Most of the experiments were 
performed between February 1964 and April 1964. Five partially reflected (reflected on the top only) 
experiments were assembled in November 1967, but are judged by the evaluators not to be of benchmark 
quality. Twenty-four of the twenty-five experiments have been determined to have fast spectra. The only 
exception has a mixed spectrum. Analyses were performed in which uncertainty associated with five 
different parameters associated with the uranium parts and three associated with the polyethylene parts was 
evaluated. Included were uranium mass, height, diameter, isotopic content, and impurity content and 
polyethylene mass, diameter, and impurity content. There were additional uncertainties associated with 
assembly alignment, support structure, and the value for ßeff. In addition to the idealizations made by the 
experimenters (removal of a diaphragm), a few simplifications were also made to the benchmark models 
that resulted in a small bias and additional uncertainty. Simplifications included omission of the support 
structure, possible surrounding equipment, and the walls, floor, and ceiling of the experimental cell. Bias 
values that result from these simplifications were determined and associated uncertainty in the bias values 
were included in the overall uncertainty in benchmark keff values. Bias values ranged from 0.0002 ?k to 
0.0093 ?k below the experimental value. Overall uncertainties range from ? 0.0002 to ? 0.0011. Major 
contributors to the overall uncertainty include uncertainty in the support structure and the polyethylene 
parts. A comparison of experimental, benchmark-model, and MCNP-model keff values is shown in Figure 
1. The experimental keff values are derived from the original reactivities reported by the principal 
experimentalist. The benchmark-model keff values are the experimental keff values adjusted to account for 
biases that were introduced by removing the support structure and surroundings. The MCNP-model keff 
values are simply the values found from MCNP calculations using the benchmark specifications and 
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ENDF/B-VI cross-section data. Figure 1. Comparison of Experimental, Benchmark-Model and MCNP-
Model keff value 
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Conference/Journal: International Conference on Nuclear Data for Science and Technology (ND2007); 
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Conference Session:  

Abstract/Keyterms: The status of the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP) was last reported in a nuclear data conference at the International Conference on Nuclear Data 
for Science and Technology, ND-2004, in Santa Fe, New Mexico. Since that time the number and type of 
integral benchmarks have increased significantly. Included in the ICSBEP Handbook are criticality-alarm 
/ shielding and fundamental physic benchmarks in addition to the traditional critical / subcritical benchmark 
data. Since ND 2004, a reactor physics counterpart to the ICSBEP, the International Reactor Physics 
Experiment Evaluation Project (IRPhEP) was initiated. The IRPhEP is patterned after the ICSBEP, but 
focuses on other integral measurements, such as buckling, spectral characteristics, reactivity effects, 
reactivity coefficients, kinetics measurements, reaction-rate and power distributions, nuclide compositions, 
and other miscellaneous-type measurements in addition to the critical configuration. The status of these two 
projects is discussed and selected benchmarks highlighted in this paper. 
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Abstract/Keyterms: This paper discusses operational and criticality safety experience associated with the 
Idaho National Laboratory Fuel Conditioning Facility which uses a pyrometallurgical process to treat spent 
fast reactor metallic fuel. The process is conducted in an inert atmosphere hot cell. The process starts with 
chopping metallic fuel elements into a basket. The basket is lowered into molten salt (LiCl-KCl) along with 
a steel mandrel. Active metal fission products, transuranic metals and sodium metal in the spent fuel 
undergo chemical oxidation and form chlorides. Voltage is applied between the basket, which serves as an 
anode, and the mandrel, which serves as a cathode, causing metallic uranium in the spent fuel to undergo 
electro-chemical oxidation thereby forming uranium chloride. Simultaneously at the cathode, uranium 
chloride undergoes electro-chemical reduction and deposits uranium metal onto the mandrel. The uranium 
metal and accompanying entrained salt are placed in a distillation furnace where the uranium melts forming 
an ingot and the entrained salt boils and subsequently condenses in a separate crucible. The uranium ingots 
are placed in long term storage. During the ten year operating history, over one hundred criticality safety 
evaluations were prepared. All criticality safety related limits and controls for the entire process are 
contained in a single document which required over thirty revisions to accommodate the process changes. 
Operational implementation of the limits and controls includes use of a near real-time computerized 
tracking system. The tracking system uses an Oracle database coupled with numerous software applications. 
The computerized tracking system includes direct fuel handler interaction with every movement of material. 
Improvements to this system during the ten year history include introduction of web based operator 
interaction, tracking of moderator materials and the development of a plethora database queries to assist in 
day to day operations as well as obtaining historical information. Over 12, 000 driver fuel elements have 
been processed resulting in the production of 2500 kg of 20% enriched uranium. Also, over one thousand 
blanket fuel elements have been processed resulting in the production of 2400 kg of depleted uranium. 
These operations required over 35, 000 fissile material transfers between zones and over 6000 transfers 
between containers. Throughout all of these movements, no mass limit violations occurred. Numerous 
lessons were learned over the ten year operating history. From a criticality safety perspective, the most 
important lesson learned was the involvement of a criticality safety practitioner in daily operations. A 
criticality safety engineer was assigned directly to facility operations, and was responsible for 
implementation of limits and controls including upkeep of the associated computerized tracking files. The 
criticality safety engineer was also responsible for conducting fuel handler training activities including 
serving on fuel handler qualification oral boards, and continually assessing operations from a criticality 
control perspective. The criticality safety engineer also attended bimonthly project planning meetings to 
identify upcoming process changes that would require criticality safety evaluation. 
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Abstract/Keyterms: The National Spent Nuclear Fuel Program (NSNFP), located at the Idaho National 
Laboratory, coordinates and integrates management and disposal of U.S. Department of Energy-owned 
spent nuclear fuel. These management functions include using the DOE standardized canister for 
packaging, storage, treatment, transport, and long-term disposal in the Yucca Mountain Repository. Nuclear 
criticality must be prevented in the postulated event where a waste package is breached and water (neutron 
moderator) is introduced into the waste package. Criticality control will be implemented by using a new, 
weldable, corrosion-resistant, neutron-absorbing material to fabricate the welded structural inserts (fuel 
baskets) that will be placed in the standardized canister. The new alloy is based on the Ni-Cr-Mo alloy 
system with a gadolinium addition. Gadolinium was chosen as the neutron absorption alloying element 
because of its high thermal neutron absorption cross section. This paper describes a weld development 
program to qualify this new material for American Society of Mechanical Engineers (ASME) welding 
procedures, develop data to extend the present ASME Code Case (unwelded) for welded construction, and 
understand the weldability and microstructural factors inherent to this alloy. 
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Abstract/Keyterms: Neutron transmission experiments were performed on samples of an advanced nickel-
chromium-molybdenum-gadolinium (Ni-Cr-Mo-Gd) neutron absorber alloy. The primary purpose of the 
experiments was to demonstrate the thermal neutron absorbing capability of the alloy at specific gadolinium 
dopant levels. The new alloy is to be deployed for criticality control of highly enriched DOE SNF. For the 
transmission experiments, alloy test samples were fabricated with 0.0, 1.58 and 2.1 wt.% natural gadolinium 
dispersed in a Ni-Cr-Mo base alloy. The transmission experiments were successfully carried out at the Los 
Alamos Neutron Science Center (LANSCE). Measured data from the neutron transmission experiments 
were compared to calculated results derived from a simple exponential transmission formula using only 
radiative capture cross sections. Excellent agreement between the measured and calculated results 
demonstrated the expected strong thermal absorption capability of the gadolinium poison and in addition, 
verified the measured elemental composition of the alloy test samples. The good agreement also indirectly 
confirmed that the gadolinium was dispersed fairly uniformly in the alloy and the ENDF VII radiative 
capture cross section data were accurate. 
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Abstract/Keyterms: Neutron transmission experiments were performed on samples of an advanced nickel-
chromium-molybdenum-gadolinium (Ni-Cr-Mo-Gd) neutron absorber alloy and chromium-nickel (Cr-Ni) 
stainless steel, modified by the addition of boron. The primary purpose of the experiments was to 
demonstrate the thermal neutron absorbing capability of the materials at specific gadolinium and boron 
dopant levels. The Ni-Cr-Mo-Gd alloy is envisioned to be deployed for criticality control of highly enriched 
U.S. Department of Energy (DOE)-owned spent nuclear fuel (SNF). For these transmission experiments, 
test samples were fabricated with 0.0, 1.58 and 2.1 wt.% natural gadolinium dispersed in a Ni-Cr-Mo base 
alloy and 1.16 wt.% boron in stainless steel. The transmission experiments were successfully carried out at 
the Los Alamos Neutron Science Center (LANSCE). Measured data from the neutron transmission 
experiments were compared to calculated results derived from a simple exponential transmission formula 
using total neutron cross sections. Excellent agreement between the measured and calculated results 
demonstrated the expected strong thermal absorption capability of the gadolinium and boron elements and 
in addition, verified the measured elemental composition of the Ni-Cr-Mo-Gd alloy and borated stainless 
steel test samples. The good agreement also indirectly confirmed that the size and distribution of the 
gadolinium in both the hot-top (as-cast) and Ni-Cr-Mo-Gd converted to plate was not a discriminator related 
to neutron absorption. Moreover, the Evaluated Nuclear Data File (ENDF VII) total neutron cross section 
data were accurate. 
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Abstract/Keyterms: The Transportation, Aging and Disposal (TAD) canister-based system is being 
proposed to transport and store spent nuclear fuel at the Monitored Geologic Repository (MGR) located at 
Yucca Mountain, Nevada. The preliminary design of this system identifies borated stainless steel as the 
neutron absorber material that will be used to fabricate fuel basket inserts for nuclear criticality control. 
This paper discusses corrosion test results for verifying the performance of this material manufactured to 
the requirements of ASTM A887, Grade A, under the expected repository conditions. 
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Abstract/Keyterms: This paper presents a global approach to the validation of the parameters that enter 
into the neutronics simulation tools for advanced fast reactors with the objective to reduce the uncertainties 
associated to crucial design parameters. This global approach makes use of sensitivity/uncertainty methods; 
statistical data adjustments; integral experiment selection, analysis and “representativity” quantification 
with respect to a reference system; scientifically based cross section covariance data and appropriate 
methods for their use in multigroup calculations. This global approach has been applied to the uncertainty 
reduction on the criticality of the Advanced Burner Reactor, (both metal and oxide core versions) presently 
investigated in the frame of the GNEP initiative. The results obtained are very encouraging and allow to 
indicate some possible improvements of the ENDF/B-VII data file. 
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Abstract/Keyterms: Coupling neutronics to thermomechanics is important for the analysis of fast burst 
reactors, because the criticality and safety study of fast burst reactors heavily depends on the 
thermomechanical behavior of fuel materials. For instance, the shutdown mechanism or the transition 
between super and sub-critical states are driven by the fuel material expansion or contraction. The material 
expansion or contraction is due to temperature gradient which results from fission power. In this paper, we 
introduce a numerical model for coupling of neutron diffusion and thermomechanics in fast burst reactors. 
We also provide some analysis of the coupled system. We studied material behaviors corresponding to 
different levels of power pulses. 
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Abstract/Keyterms: The National Aeronautics and Space Administration (NASA) is providing funding to 
the Department of Energy (DOE) to assess, develop, and test nuclear technologies that could provide 
surface power to a lunar outpost. Sufficient testing of this fission surface power (FSP) system will need to 
be completed to enable a decision by NASA for flight development. The near-term goal for the FSP work 
is to conduct the minimum amount of testing needed to validate the system performance within an 
acceptable risk. This report attempts to assess the current modeling capabilities and quantify any bias 
associated with the modeling methods for designing the nuclear reactor. The baseline FSP system is a 
sodium-potassium (NaK) cooled, fast spectrum reactor with 93% 235U enriched HEU-O2 fuel, SS316 
cladding, and beryllium reflectors with B4C control drums. The FSP is to produce approximately 40 kWe 
net power with a lifetime of at least 8 years at full power. A flight-ready FSP is to be ready for launch and 
deployment by 2020. Existing benchmarks from the International Criticality Safety Benchmark Evaluation 
Program (ICSBEP) were reviewed and modeled in MCNP. An average bias of less than 0.6% was 
determined using the ENDF/B-VII cross-section libraries except in the case of subcritical experiments, 
which exhibited an average bias of approximately 1.5%. The bias increases with increasing reflector worth 
of the beryllium. The uncertainties and sensitivities in cross section data for the FSP model and ZPPR-20 
configurations were assessed using TSUNAMI-3D. The cross-section covariance uncertainty in the FSP 
model was calculated as 2.09%, which was dominated by the uncertainty in the 235U(n, ?) reactions. Global 
integral indices were generated in TSUNAMI-IP using pre-release SCALE 6 cross-section covariance data. 
The ZPPR-20 benchmark models exhibit strong similarity with the FSP model. A penalty assessment was 
performed to determine the degree of which the FSP model could not be characterized by available ZPPR-
20 benchmark data. The uncertainty in the FSP covariance data was reduced from 2.09% to 0.29%, where 
the bulk of the uncertainty was from the Be(n, n) reaction. Advanced analysis techniques using ZPPR-20C 
data should provide sufficient information to preclude the necessity of a cold critical of the FSP. Further 
testing to reduce uncertainties in the beryllium and uranium cross-section data should reduce the overall 
uncertainty in the computational models. The utilization of parameterization analysis software with 
perturbation techniques can help in understanding the computational uncertainty and relative systematic 
effects of parameters such as control drum, reflector, and material worth, temperature effects, and reaction 
rate measurements. 
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Abstract/Keyterms: Nuclear Facilities are undergoing a documented safety analysis upgrade. In 
conjunction with the upgrade effort, shielding analysis of the Fuel Conditioning Facility (FCF) hot cell 
windows has been conducted. This paper describes the shielding analysis methodology. Each 4-ft thick 
window uses nine glass slabs, an oil film between the slabs, numerous steel plates, and packed lead wool. 
Operations in the hot cell center on used nuclear fuel (UNF) processing. Prior to the shielding analysis, 
shield testing with a gamma ray source was conducted, and the windows were found to be very effective 
gamma shields. Despite these results, because the glass contained significant amounts of lead and little 
neutron absorbing material, some doubt lingered regarding the effectiveness of the windows in neutron 
shielding situations, such as during an accidental criticality. MCNP was selected as an analysis tool because 
it could model complicated geometry, and it could track gamma and neutron radiation. A bounding 
criticality source was developed based on the composition of the UNF. Additionally, a bounding gamma 
source was developed based on the fission product content of the UNF. Modeling the windows required 
field inspections and detailed examination of drawings and material specifications. Consistent with the 
shield testing results, MCNP results demonstrated that the shielding was very effective with respect to 
gamma radiation, and in addition, the analysis demonstrated that the shielding was also very effective 
during an accidental criticality. 
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Abstract/Keyterms: High-quality integral benchmark experiments have always been a priority for 
criticality safety. However, interest in integral benchmark data is increasing as efforts to quantify and reduce 
calculational uncertainties accelerate to meet the demands of future criticality safety needs to support next 
generation reactor and advanced fuel cycle concepts. The importance of drawing upon existing benchmark 
data is becoming more apparent because of dwindling availability of critical facilities worldwide and the 
high cost of performing new experiments. Integral benchmark data from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments and the International Handbook of Reactor Physics 
Benchmark Experiments are widely used. Benchmark data have been added to these two handbooks since 
the last Nuclear Criticality Safety Division Topical Meeting in Knoxville, Tennessee (September 2005). 
This paper highlights these additions. 
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Abstract/Keyterms: One approach to address the United States Nuclear Power (NP) 2010 program for the 
advanced light water reactor (LWR) (Gen-III+) intermediate-term spent fuel disposal need is to reduce 
spent fuel storage volume while enhancing proliferation resistance. One proposed solution includes 
increasing burnup of the discharged spent fuel and mixing minor actinide (MA) transuranic nuclides 
(237Np and 241Am) in the high burnup fuel. Thus, we can reduce the spent fuel volume while increasing 
the proliferation resistance by increasing the isotopic ratio of 238Pu/Pu. For future advanced nuclear 
systems, MAs are viewed more as a resource to be recycled, and transmuted to less hazardous and possibly 
more useful forms, rather than simply disposed of as a waste stream in an expensive repository facility. 
MAs play a much larger part in the design of advanced systems and fuel cycles, not only as additional 
sources of useful energy, but also as direct contributors to the reactivity control of the systems into which 
they are incorporated. A typical boiling water reactor (BWR) fuel unit lattice cell model with UO2 fuel pins 
will be used to investigate the effectiveness of adding MAs (237Np and/or 241Am) to enhance proliferation 
resistance and improve fuel cycle performance for the intermediate-term goal of future nuclear energy 
systems. However, adding MAs will increase plutonium production in the discharged spent fuel. In this 
work, the Monte-Carlo coupling with ORIGEN-2.2 (MCWO) method was used to optimize the MA loading 
in the UO2 fuel such that the discharged spent fuel demonstrates enhanced proliferation resistance, while 
minimizing plutonium production. The axial averaged MA transmutation characteristics at different burnup 
were compared and their impact on neutronics criticality and the ratio of 238Pu/Pu discussed. 
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Abstract/Keyterms: The Neutron Radiography Reactor Facility (NRAD) is a Training, Research, Isotope 
Production, General Atomics (TRIGA) reactor which was installed in the Idaho National Laboratory (INL) 
Hot Fuels Examination Facility (HFEF) at the Materials and Fuels Complex (MFC) in the mid 1970s. The 
facility provides researchers the capability to examine both irradiated and non-irradiated materials in 
support of reactor fuel and components programs through non-destructive neutron radiography 
examination. The facility has been used in the past as one facet of a suite of reactor fuels and component 
examination facilities available to researchers at the INL and throughout the DOE complex. The facility 
has also served various commercial research activities in addition to the DOE research and development 
support. The reactor was initially constructed using Fuel Lifetime Improvement Program (FLIP)- type 
highly enriched uranium (HEU) fuel obtained from the dismantled Puerto Rico Nuclear Center (PRNC) 
reactor. In accordance with international non-proliferation agreements, the NRAD core will be converted 
to a low enriched uranium (LEU) fuel and will continue to utilize the PRNC control rods, control rod drives, 
startup source, and instrument console as was previously used with the HEU core. The existing NRAD 
Safety Analysis Report (SAR) was created and maintained in the preferred format of the day, combining 
sections of both DOE-STD-3009 and Nuclear Regulatory Commission Regulatory Guide 1.70. An 
addendum was developed to cover the refueling and reactor operation with the LEU core. This addendum 
follows the existing SAR format combining required formats from both the DOE and NRC. This paper 
discusses the project to successfully write a compliant and approved addendum to the existing safety basis 
documents. 
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Abstract/Keyterms: Dry (non-aqueous) separations technologies have been used for treatment of used 
nuclear fuel since the 1960s, and they are still being developed and demonstrated in many countries. Dry 
technologies offer potential advantages compared to traditional aqueous separations including: 
compactness, resistance to radiation effects, criticality control benefits, compatibility with advanced fuel 
types, and ability to produce low purity products. Within the Department of Energy’s Advanced Fuel Cycle 
Initiative, an electrochemical process employing molten salts is being developed for recycle of fast reactor 
fuel and treatment of light water reactor oxide fuel to produce a feed for fast reactors. Much of the 
development of this technology is based on treatment of used Experimental Breeder Reactor II (EBR-II) 
fuel, which is metallic. Electrochemical treatment of the EBR-II fuel has been ongoing in the Fuel 
Conditioning Facility, located at the Materials and Fuel Complex of Idaho National Laboratory since 1996. 
More than 3.8 metric tons of heavy metal of metallic fast reactor fuel have been treated using this 
technology. This paper will summarize the status of electrochemical development and demonstration 
activities with used nuclear fuel, including high-level waste work. A historic perspective on the background 
of dry processing will also be provided. 
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Abstract/Keyterms: A measurement plan and preliminary Monte Carlo simulations are presented for the 
investigation of well-defined mixed-oxide fuel pins. Measurement analysis including pulse-height 
distributions and time-dependent cross-correlation functions will be performed separately for neutrons and 
gamma rays. The utilization of Monte Carlo particle transport codes, specifically MCNP-PoliMi, is 
discussed in conjunction with the anticipated measurements. Four EJ-309 liquid scintillation detectors with 
an accurate pulse timing and digital, offline, optimized pulse-shape discrimination method will be used to 
prove the dependency of pulse-height distributions, cross-correlation functions, and material multiplicities 
upon fuel pin composition, fuel pin quantity, and detector geometry. The objective of the measurements 
and simulations is to identify novel methods for describing mixed-oxide fuel samples by relating measured 
quantities to fuel characteristics such as criticality, mass quantity, and material composition. This research 
has applications in nuclear safeguards and nonproliferation. 
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Abstract/Keyterms: The March 2010 edition of the International Reactor Physics Experiment Evaluation 
Project (IRPhEP) Handbook includes additional benchmark data that can be implemented in the validation 
of data and methods for Generation IV (GEN-IV) reactor designs. Evaluations supporting sodium-cooled 
fast reactor (SFR) efforts include the initial isothermal tests of the Fast Flux Test Facility (FFTF) at the 
Hanford Site, the Zero Power Physics Reactor (ZPPR) 10B and 10C experiments at the Idaho National 
Laboratory (INL), and the burn-up reactivity coefficient of Japan’s JOYO reactor. An assessment of 
Russia’s BFS-61 assemblies at the Institute of Physics and Power Engineering (IPPE) provides additional 
information for lead-cooled fast reactor (LFR) systems. Benchmarks in support of the very high temperature 
reactor (VHTR) project include evaluations of the HTR-PROTEUS experiments performed at the Paul 
Scherrer Institut (PSI) in Switzerland and the start-up core physics tests of Japan’s High Temperature 
Engineering Test Reactor. The critical configuration of the Power Burst Facility (PBF) at the INL which 
used ternary ceramic fuel, U(18)O2-CaO-ZrO2, is of interest for fuel cycle research and development 
(FCR&D) and has some similarities to “inert-matrix” fuels that are of interest in GEN-IV advanced reactor 
design. Two additional evaluations were revised to include additional evaluated experimental data, in 
support of light water reactor (LWR) and heavy water reactor (HWR) research; these include reactor 
physics experiments at Brazil’s IPEN/MB-01 Research Reactor Facility and the French High Flux Reactor 
(RHF), respectively. The IRPhEP Handbook now includes data from 45 experimental series (representing 
24 reactor facilities) and represents contributions from 15 countries. These experimental measurements 
represent large investments of infrastructure, experience, and cost that have been evaluated and preserved 
as benchmarks for the validation of methods and collection of data in support of current and future reactor 
design and development 
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Abstract/Keyterms: The Idaho National Laboratory (INL) is tasked with the development of reactor 
physics analysis capability of the Next Generation Nuclear Power (NGNP) project. In order to examine the 
INL’s current prismatic reactor analysis tools, the project is conducting a benchmark exercise based on 
modeling the High Temperature Test Reactor (HTTR). This exercise entails the development of a model 
for the initial criticality, a 19 fuel column thin annular core, and the fully loaded core critical condition with 
30 fuel columns. Special emphasis devoted to physical phenomena and artifacts in HTTR that are similar 
to phenomena and artifacts in the NGNP base design. The DRAGON code is used in this study since it 
offers significant ease and versatility in modeling prismatic designs. DRAGON can generate transport 
solutions via Collision Probability (CP), Method of Characteristics (MOC) and Discrete Ordinates (Sn). A 
fine group cross-section library based on the SHEM 281 energy structure is used in the DRAGON 
calculations. The results from this study show reasonable agreement in the calculation of the core 
multiplication factor with the MC methods, but a consistent bias of 2–3% with the experimental values is 
obtained. This systematic error has also been observed in other HTTR benchmark efforts and is well 
documented in the literature. The ENDF/B VII graphite and U235 cross sections appear to be the main 
source of the error. The isothermal temperature coefficients calculated with the fully loaded core 
configuration agree well with other benchmark participants but are 40% higher than the experimental 
values. This discrepancy with the measurement partially stems from the fact that during the experiments 
the control rods were adjusted to maintain criticality, whereas in the model, the rod positions were fixed. 
In addition, this work includes a brief study of a cross section generation approach that seeks to decouple 
the domain in order to account for neighbor effects. This spectral interpenetration is a dominant effect in 
annular HTR physics. This analysis methodology should be further explored in order to reduce the error 
that is systematically propagated in the traditional generation of cross sections. 
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Abstract/Keyterms: Nuclear Facilities may operate to maximize safeguards effectiveness without 
sacrificing safety or plant efficiency. This paper details advanced statistical techniques that will be applied 
to real plant process monitoring (PM) data from the Idaho Chemical Processing Plant (ICPP). In a 
simulation based on this data, multi-tank and multi-attribute correlations were tested against synthetic 
diversion scenarios. Kernel regression smoothing was used to fit a curve to the historical data, and 
multivariable, residual analysis and cumulative sum techniques set parameters for operating conditions. 
Diversion scenarios were created and tested, showing improved results when compared with a previous 
study utilizing only one-variable Z-testing. A brief analysis of the impact of the safeguards optimization on 
the rest of plant efficiency, criticality concerns, and overall requirements is presented. 
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Abstract/Keyterms: An assessment was previously performed to evaluate modeling capabilities and 
quantify preliminary biases and uncertainties associated with the modeling methods and data utilized in 
designing a nuclear reactor such as a beryllium-reflected, highly-enriched-uranium (HEU)-O2 fission 
surface power (FSP) system for space nuclear power. The conclusion of the previous study was that current 
capabilities could preclude the necessity of a cold critical test of the FSP; however, additional testing would 
reduce uncertainties in the beryllium and uranium cross-section data and the overall uncertainty in the 
computational models. A series of critical experiments using HEU metal were performed in the 1960s and 
1970s in support of criticality safety operations at the Y-12 Plant. of the hundreds of experiments, three 
were identified as fast-fission configurations reflected by beryllium metal. These experiments have been 
evaluated as benchmarks for inclusion in the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments (IHECSBE). Further evaluation of the benchmark experiments was performed 
using the sensitivity and uncertainty analysis capabilities of SCALE 6. The data adjustment methods of 
SCALE 6 have been employed in the validation of an example FSP design model to reduce the uncertainty 
due to the beryllium cross section data. 
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Abstract/Keyterms: Many critical infrastructure sectors have been investigating cyber security issues for 
several years especially with the help of two primary government programs. The U.S. Department of 
Energy (DOE) National SCADA Test Bed and the U.S. Department of Homeland Security (DHS) Control 
Systems Security Program have both implemented activities aimed at securing the industrial control 
systems that operate the North American electric grid along with several other critical infrastructure sectors 
(ICS). These programs have spent the last seven years working with industry including asset owners, 
educational institutions, standards and regulating bodies, and control system vendors. The programs 
common mission is to provide outreach, identification of cyber vulnerabilities to ICS and mitigation 
strategies to enhance security postures. The success of these programs indicates that a similar approach can 
be successfully translated into other sectors including nuclear operations, safeguards, and security. The 
industry regulating bodies have included cyber security requirements and in some cases, have incorporated 
sets of standards with penalties for non-compliance such as the North American Electric Reliability 
Corporation Critical Infrastructure Protection standards. These DOE and DHS programs that address 
security improvements by both suppliers and end users provide an excellent model for nuclear facility 
personnel concerned with safeguards and security cyber vulnerabilities and countermeasures. It is not a 
stretch to imagine complete surreptitious collapse of protection against the removal of nuclear material or 
even initiation of a criticality event as witnessed at Three Mile Island or Chernobyl in a nuclear ICS 
inadequately protected against the cyber threat 
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Abstract/Keyterms: In October and November of 1981 thirteen approach-to-critical experiments were 
performed on a remote split table machine (RSTM) in the Critical Mass Laboratory of Pacific Northwest 
Laboratory (PNL) in Richland, Washington, using planar arrays of polyethylene bottles filled with 
plutonium (Pu) nitrate solution. Arrays of up to sixteen bottles were used to measure the critical number of 
bottles and critical array spacing with a tight fitting Plexiglas{reg_sign} reflector on all sides of the arrays 
except the top. Some experiments used Plexiglas shells fitted around each bottle to determine the effect of 
moderation on criticality. Each bottle contained approximately 2.4 L of Pu(NO3)4 solution with a Pu 
content of 105 g Pu/L and a free acid molarity H+ of 5.1. The plutonium was of low 240Pu (2.9 wt.%) 
content. These experiments were performed to fill a gap in experimental data regarding criticality limits for 
storing and handling arrays of Pu solution in reprocessing facilities. of the thirteen approach-to-critical 
experiments eleven resulted in extrapolations to critical configurations. Four of the approaches were 
extrapolated to the critical number of bottles; these were not evaluated further due to the large uncertainty 
associated with the modeling of a fraction of a bottle. The remaining seven approaches were extrapolated 
to critical array spacing of 3-4 and 4-4 arrays; these seven critical configurations were evaluation for 
inclusion as acceptable benchmark experiments in the International Criticality Safety Benchmark 
Evaluation Project (ICSBEP) Handbook. Detailed and simple models of these configurations were created 
and the associated bias of these simplifications was determined to range from 0.00116 and 0.00162 {+-} 
0.00006 (delta)keff. Monte Carlo analysis of all models was completed using MCNP5 with ENDF/BVII.0 
neutron cross section libraries. A thorough uncertainty analysis of all critical, geometric, and material 
parameters was performed using parameter perturbation methods. It was found that uncertainty in the 
impurities in the polyethylene bottles, reflector position, bottle outer diameter, and critical array spacing 
had the largest effect. The total uncertainty ranged from 0.00651 to 0.00920 (delta)keff. Evaluation methods 
and results will be presented and discussed in greater detail in the full paper. 
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Abstract/Keyterms: The International Reactor Physics Experiment Evaluation Project (IRPhEP) and the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) were established to preserve 
integral reactor physics and criticality experiment data for present and future research. These valuable assets 
provide the basis for recording, developing, and validating our integral nuclear data, and experimental and 
computational methods. These projects are managed through the Idaho National Laboratory (INL) and the 
Organisation for Economic Co-operation and Development Nuclear Energy Agency (OECD-NEA). Staff 
and students at the Department of Energy - Idaho (DOE-ID) and INL are engaged in the development of 
benchmarks to support ongoing research activities. These benchmarks include reactors or assemblies that 
support Next Generation Nuclear Plant (NGNP) research, space nuclear Fission Surface Power System 
(FSPS) design validation, and currently operational facilities in Southeastern Idaho. 
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Abstract/Keyterms: Interest in high-quality integral benchmark data is increasing as efforts to quantify 
and reduce calculational uncertainties accelerate to meet the demands of next generation reactor and 
advanced fuel cycle concepts. Two Organization for Economic Cooperation and Development (OECD) 
Nuclear Energy Agency (NEA) activities, the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP), initiated in 1992, and the International Reactor Physics Experiment Evaluation Project 
(IRPhEP), initiated in 2003, have been identifying existing integral experiment data, evaluating those data, 
and providing integral benchmark specifications for methods and data validation for nearly two decades. 
Thus far, 14 countries have contributed to the IRPhEP, and 20 have contributed to the ICSBEP. Data 
provided by these two projects will be of use to the international reactor physics, criticality safety, and 
nuclear data communities for future decades The Russian Federation has been a major contributor to both 
projects with the Institute of Physics and Power Engineering (IPPE) as the major contributor from the 
Russian Federation. Included in the benchmark specifications from the BFS facilities are 34 critical 
configurations from BFS-49, 61, 62, 73, 79, 81, 97, 99, and 101; spectral characteristics measurements from 
BFS-31, 42, 57, 59, 61, 62, 73, 97, 99, and 101; reactivity effects measurements from BFS-62-3A; reactivity 
coefficients and kinetics measurements from BFS-73; and reaction rate measurements from BFS-42, 61, 
62, 73, 97, 99, and 101. 



 

C-8862 

8837…..…..…………………..…….……..……ID Number…………………..…..…………….8837 

Author: Margaret A. Marshall / John D. Bess 

Title: Graphite and Beryllium Reflector Critical Assemblies of UO2 (Benchmark Experiments 2 and 3) 

Date: 11/1/2012 

Report: INL/CON-12-26214 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: A series of experiments was carried out in 1962-65 at the Oak Ridge National 
Laboratory Critical Experiments Facility (ORCEF) for use in space reactor research programs. A core 
containing 93.2 wt% enriched UO2 fuel rods was used in these experiments. The first part of the 
experimental series consisted of 252 tightly-packed fuel rods (1.27-cm triangular pitch) with graphite 
reflectors [1], the second part used 252 graphite-reflected fuel rods organized in a 1.506-cm triangular-pitch 
array [2], and the final part of the experimental series consisted of 253 beryllium-reflected fuel rods in a 
1.506-cm-triangular-pitch configuration and in a 7-tube-cluster configuration [3]. Fission rate distribution 
and cadmium ratio measurements were taken for all three parts of the experimental series. Reactivity 
coefficient measurements were taken for various materials placed in the beryllium reflected core. All three 
experiments in the series have been evaluated for inclusion in the International Reactor Physics Experiment 
Evaluation Project (IRPhEP) and the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP) Handbooks, [5]. The evaluation of the first experiment in the series was discussed at the 2011 
ANS Winter meeting [6]. The evaluations of the second and third experiments are discussed below. These 
experiments are of interest as benchmarks because they support the validation of compact reactor designs 
with similar characteristics to the design parameters for a space nuclear fission surface power system. 
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Abstract/Keyterms: The baseline design for space nuclear power is a fission surface power (FSP) system: 
sodium-potassium (NaK) cooled, fast spectrum reactor with highly-enriched-uranium (HEU)-O2 fuel, 
stainless steel (SS) cladding, and beryllium reflectors with B4C control drums. Previous studies were 
performed to evaluate modeling capabilities and quantify uncertainties and biases associated with analysis 
methods and nuclear data. Comparison of Zero Power Plutonium Reactor (ZPPR)-20 benchmark 
experiments with the FSP design indicated that further reduction of the total design model uncertainty 
requires the reduction in uncertainties pertaining to beryllium and uranium cross-section data. Further 
comparison with three beryllium-reflected HEU-metal benchmark experiments performed at the Oak Ridge 
Critical Experiments Facility (ORCEF) concluded the requirement that experimental validation data have 
similar cross section sensitivities to those found in the FSP design. A series of critical experiments was 
performed at ORCEF in the 1960s to support the Medium Power Reactor Experiment (MPRE) space reactor 
design. The small, compact critical assembly (SCCA) experiments were graphite- or beryllium-reflected 
assemblies of SS-clad, HEU-O2 fuel on a vertical lift machine. All five configurations were evaluated as 
benchmarks. Two of the five configurations were beryllium reflected, and further evaluated using the 
sensitivity and uncertainty analysis capabilities of SCALE 6.1. Validation of the example FSP design model 
was successful in reducing the primary uncertainty constituent, the Be(n,n) reaction, from 0.28 %dk/k to 
0.0004 %dk/k. Further assessment of additional reactor physics measurements performed on the SCCA 
experiments may serve to further validate FSP design and operation 
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Abstract/Keyterms: A series of small, compact critical assembly (SCCA) experiments were performed in 
1962-1965 at the Oak Ridge National Laboratory Critical Experiments Facility (ORCEF) for the Medium-
Power Reactor Experiment (MPRE) program. The MPRE was a stainless-steel clad, highly enriched 
uranium (HEU)-O2 fueled, BeO reflected reactor design to provide electrical power to space vehicles. 
Cooling and heat transfer were to be achieved by boiling potassium in the reactor core and passing vapor 
directly through a turbine. Graphite- and beryllium-reflected assemblies were constructed at ORCEF to 
verify the critical mass, power distribution, and other reactor physics measurements needed to validate 
reactor calculations and reactor physics methods. The experimental series was broken into three parts, with 
the third portion of the experiments representing the beryllium-reflected measurements. The latter 
experiments are of interest for validating current reactor design efforts for a fission surface power reactor. 
The entire series has been evaluated as acceptable benchmark experiments and submitted for publication in 
the International Handbook of Evaluated Criticality Safety Benchmark Experiments and in the International 
Handbook of Evaluated Reactor Physics Benchmark Experiments. 
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Abstract/Keyterms: In the early 1970’s, critical experiments using an unreflected metal sphere of highly 
enriched uranium (HEU) were performed with the focus to provide a “very accurate description…as an 
ideal benchmark for calculational methods and cross-section data files.” Two near-critical configurations 
of the Oak Ridge Sphere (ORSphere) were evaluated as acceptable benchmark experiments for inclusion 
in the International Handbook of Evaluated Criticality Safety Benchmark Experiments (ICSBEP 
Handbook). The results from those benchmark experiments were then compared with additional 
unmoderated and unreflected HEU metal benchmark experiment configurations currently found in the 
ICSBEP Handbook. For basic geometries (spheres, cylinders, and slabs) the eigenvalues calculated using 
MCNP5 and ENDF/B-VII.0 were within 3 of their respective benchmark values. There appears to be 
generally a good agreement between calculated and benchmark values for spherical and slab geometry 
systems. Cylindrical geometry configurations tended to calculate low, including more complex bare HEU 
metal systems containing cylinders. The ORSphere experiments do not calculate within their 1s uncertainty 
and there is a possibility that the effect of the measured uncertainties for the Godiva I benchmark may need 
reevaluated. There is significant scatter in the calculations for the highly-correlated ORCEF cylinder 
experiments, which are constructed from close-fitting HEU discs and annuli. Selection of a nuclear data 
library can have a larger impact on calculated eigenvalue results than the variation found within calculations 
of a given experimental series, such as the ORCEF cylinders, using a single nuclear data set. 
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Abstract/Keyterms: In the early 1970s Dr. John T. Mihalczo (team leader), J.J. Lynn, and J.R. Taylor 
performed experiments at the Oak Ridge Critical Experiments Facility (ORCEF) with highly enriched 
uranium (HEU) metal (called Oak Ridge Alloy or Oralloy) in an attempt to recreate Godiva I results with 
greater accuracy than those performed at Los Alamos National Laboratory in the 1950s (HEU-MET-FAST-
001). The purpose of the Oak Ridge Oralloy Sphere (ORSphere) experiments was to estimate the 
unreflected and unmoderated critical mass of an idealized sphere of uranium metal corrected to a density, 
purity, and enrichment such that it could be compared with the Godiva I experiments[1]. Part of the 
experimental series was the measurement of the delayed neutron fraction, ßeff, using time correlation 
measurements and using the central void reactivity measurement. The time correlations measurements were 
rejected by the experimenter. The measurements using the central void reactivity measurement yielded a 
ßeff value of 0.00657, which agrees well with the value measured with Godiva I (0.0066). This 
measurement is evaluated, found to be acceptable, and discussed in extensive detail in “ORSphere: Physics 
Measurements for Bare, HEU(93.2) Metal Sphere”[2]. In order to determine the delayed neutron fraction 
using the central void reactivity delayed neutron parameters must be used. The experimenter utilized the 
delayed neutron parameters set forth by Keepin, Wimment, and Zeigler[3]. If the derivation of the ßeff is 
repeated with different delayed neutron parameters from various modern nuclear data sets the resulting 
values vary greatly from the expected results. 
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Abstract/Keyterms: The critical configuration of the small, compact critical assembly (SCCA) 
experiments performed at the Oak Ridge Critical Experiments Facility (ORCEF) in 1962-1965 have been 
evaluated as acceptable benchmark experiments for inclusion in the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments. The initial intent of these experiments was to support the design 
of the Medium Power Reactor Experiment (MPRE) program, whose purpose was to study “power plants 
for the production of electrical power in space vehicles.” The third configuration in this series of 
experiments was a beryllium-reflected assembly of stainless-steel-clad, highly enriched uranium (HEU)-
O2 fuel mockup of a potassium-cooled space power reactor. Reactivity measurements cadmium ratio 
spectral measurements and fission rate measurements were measured through the core and top reflector. 
Fuel effect worth measurements and neutron moderating and absorbing material worths were also measured 
in the assembly fuel region. The cadmium ratios, fission rate, and worth measurements were evaluated for 
inclusion in the International Handbook of Evaluated Criticality Safety Benchmark Experiments. The fuel 
tube effect and neutron moderating and absorbing material worth measurements are the focus of this paper. 
Additionally, a measurement of the worth of potassium filling the core region was performed but has not 
yet been evaluated Pellets of 93.15 wt.% enriched uranium dioxide (UO2) were stacked in 30.48 cm tall 
stainless steel fuel tubes (0.3 cm tall end caps). Each fuel tube had 26 pellets with a total mass of 295.8 g 
UO2 per tube. 253 tubes were arranged in 1.506-cm triangular lattice. An additional 7-tube cluster critical 
configuration was also measured but not used for any physics measurements. The core was surrounded on 
all side by a beryllium reflector. The fuel effect worths were measured by removing fuel tubes at various 
radius. An accident scenario was also simulated by moving outward twenty fuel rods from the periphery of 
the core so they were touching the core tank. The change in the system reactivity when the fuel tube(s) were 
removed/moved compared with the base configuration was the worth of the fuel tubes or accident scenario. 
The worth of neutron absorbing and moderating materials was measured by inserting material rods into the 
core at regular intervals or placing lids at the top of the core tank. Stainless steel 347, tungsten, niobium, 
polyethylene, graphite, boron carbide, aluminum and cadmium rods and/or lid worths were all measured. 
The change in the system reactivity when a material was inserted into the core is the worth of the material 
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Abstract/Keyterms: The Radiological Safety Analysis Computer Program (RSAC-6.2) calculates the 
consequences of a release of radionuclides to the atmosphere. Using a personal computer, a user can 
generate a fission product inventory from either reactor operating history or a nuclear criticality accident. 
RSAC-6.2 models the effects of high-efficiency particulate air filters or other cleanup systems and 
calculates decay and ingrowth during transport through processes, facilities, and the environment. Doses 
are calculated for resuspension, inhalation, immersion, ground surface, and ingestion pathways. WinRP 
2.0, a Windows based overlay to RSAC-6.2, assists users in creating and running RSAC-6.2 input files. 
This users manual contains the mathematical models and operating instructions for RSAC-6.2 and WinRP 
2.0. Instructions, screens, and examples are provided to guide the user through the functions provided by 
RSAC-6.2 and WinRP 2.0. These programs are designed for users who are familiar with radiological dose 
assessment methods. 
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Abstract/Keyterms: This document represents a summary version of the criticality analysis done to 
support loading SNF in a Type 1a basket/standard canister combination. Specifically, this engineering 
design file (EDF) captures the information pertinent to the intact condition of four fuel types with different 
fissile loads and their calculated reactivities. These fuels are then degraded into various configurations 
inside a canister without the presence of significant moderation. The important aspect of this study is the 
portrayal of the fuel degradation and its effect on the reactivity of a single canister given the supposition 
there will be continued moderation exclusion from the canister. Subsequent analyses also investigate the 
most reactive ‘dry’ canister in a nine canister array inside a hypothetical transport cask, both dry and partial 
to complete flooding inside the transport cask. The analyses also includes a comparison of the most reactive 
configuration to other benchmarked fuels using a software package called TSUNAMI, which is part of the 
SCALE 5.0 suite of software. 
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Abstract/Keyterms: This document is a modular self-study guide about criticality safety principles for 
Idaho National Laboratory emergency responders. This guide provides basic criticality safety information 
for people who, in response to an emergency, might enter an area that contains much fissionable (or fissile) 
material. The information should help responders understand unique factors that might be important in 
responding to a criticality accident or in preventing a criticality accident while responding to a different 
emergency. This study guide specifically supplements web-based training for firefighters (0INL1226) and 
includes information for other Idaho National Laboratory first responders. However, the guide audience 
also includes other first responders such as radiological control personnel. For interested readers, this guide 
includes clearly marked additional information that will not be included on tests. The additional information 
includes historical examples (Been there. Done that.), as well as facts and more in-depth information (Did 
you know …). INL criticality safety personnel revise this guide as needed to reflect program changes, user 
requests, and better information. Revision 0, issued May 2007, established the basic text. Revision 1 
incorporates operation, program, and training changes implemented since 2007. Revision 1 increases focus 
on first responders because later responders are more likely to have more assistance and guidance from 
facility personnel and subject matter experts. Revision 1 also completely reorganized the training to better 
emphasize physical concepts behind the criticality controls that help keep emergency responders safe. The 
changes are based on and consistent with changes made to course 0INL1226. 
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Abstract/Keyterms: COMBINE7.1 is a FORTRAN 90 computer code that generates multigroup neutron 
constants for use in the deterministic diffusion and transport theory neutronics analysis. The cross-section 
database used by COMBINE7.1 is derived from the Evaluated Nuclear Data Files (ENDF/B-VII.0). The 
neutron energy range covered is from 20 MeV to 1.0E-5 eV. The Los Alamos National Laboratory NJOY 
code is used as the processing code to generate a 167 fine-group cross-section library in MATXS format 
for Bondarenko self-shielding treatment. Resolved resonance parameters are extracted from ENDF/B-VII.0 
File 2 for a separate library to be used in an alternate Nordheim self-shielding treatment in the resolved 
resonance energy range. The equations solved for energy dependent neutron spectrum in the 167 fine-group 
structure are the B3 or B1 zero-dimensional approximations to the transport equation. The fine group cross 
sections needed for the spectrum calculation are first prepared by Bondarenko self-shielding interpolation 
in terms of background cross section and temperature. The geometric lump effect, when present, is 
accounted for by augmenting the background cross section. Nordheim self-shielded fine group cross 
sections for a material having resolved resonance parameters overwrite correspondingly the existing self-
shielded fine group cross sections when this option is used. COMBINE7.1 coalesces fine group cross 
sections into broad group macroscopic and microscopic constants. The coalescing is performed by utilizing 
fine-group fluxes and/or currents obtained by spectrum calculation as the weighting functions. The 
multigroup constants may be output in any of several standard formats including INL format, ANISN 14 
free format, CCCC ISOTXS format, and AMPX working library format. ANISN-PC, a one-dimensional 
(1-D) discrete-ordinate transport code, is incorporated into COMBINE7.1. As an option, the 167 fine-group 
constants generated by zero-dimensional COMBINE portion in the program can be used to calculate 
regionwise spectra in the 1-D ANISN portion, all internally to reflect the 1-D transport correction. The 
regionwise spectra are then used to generate mutigroup regionwise neutron constants. The 1-D neutron 
transport can be performed up to three stages, e.g., from a TRISO fuel to PEBBLE to 1-D full core wedge. 
In addition, COMBINE7.1 has now the capability of adjoint flux calculation through the 1-D ANISN 
transport. Photon transport capability is also added. For this, a photon production and photo-atomic cross 
section library, MATNG.LIB, was generated in MATXS format through NJOY code. The photon 
production cross section matrix is of 167 neutron - 18 photon groups. Photo-atomic cross sections, including 
heating, are in 18 energy groups. 
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Abstract/Keyterms: The Radiological Safety Analysis Computer (RSAC) Program Version 7.2 (RSAC-
7) is the newest version of the RSAC legacy code. It calculates the consequences of a release of 
radionuclides to the atmosphere. A user can generate a fission product inventory from either reactor 
operating history or a nuclear criticality event. RSAC-7 models the effects of high-efficiency particulate air 
filters or other cleanup systems and calculates the decay and ingrowth during transport through processes, 
facilities, and the environment. Doses are calculated for inhalation, air immersion, ground surface, 
ingestion, and cloud gamma pathways. RSAC-7 can be used as a tool to evaluate accident conditions in 
emergency response scenarios, radiological sabotage events and to evaluate safety basis accident 
consequences. This users’ manual contains the mathematical models and operating instructions for RSAC-
7. Instructions, screens, and examples are provided to guide the user through the functions provided by 
RSAC-7. This program was designed for users who are familiar with radiological dose assessment methods. 
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Abstract/Keyterms: A series of seven experiments were performed at the Rocky Flats Critical Mass 
Laboratory beginning in August, 1980 (References 1 and 2). Highly enriched uranyl nitrate solution was 
introduced into a 1-3 linear array of nested stainless steel annular tanks. The tanks were inside a concrete 
enclosure, with various moderator and absorber materials placed inside and/or between the tanks. These 
moderators and absorbers included boron-free concrete, borated concrete, borated plaster, and cadmium. 
Two configurations included placing bottles of highly enriched uranyl nitrate between tanks externally. 
Another experiment involved nested hemispheres of highly enriched uranium placed between tanks 
externally. These three configurations are not evaluated in this report. The experiments evaluated here are 
part of a series of experiments, one set of which is evaluated in HEU-SOL-THERM-033. The experiments 
in this and HEU-SOL-THERM-033 were performed similarly. They took place in the same room and used 
the same tanks, some of the same moderators and absorbers, some of the same reflector panels, and uranyl 
nitrate solution from the same location. There are probably additional similarities that existed that are not 
identified here. Thus, many of the descriptions in this report are either the same or similar to those in the 
HEU-SOL-THERM-033 report. Seventeen configurations (sixteen of which were critical) were performed 
during seven experiments; six of those experiments are evaluated here with thirteen configurations. Two 
configurations were identical, except for solution height, and were conducted to test repeatability. The 
solution heights were averaged and the two were evaluated as one configuration, which gives a total of 
twelve evaluated configurations. One of the seventeen configurations was subcritical. of the twelve critical 
configurations evaluated, nine were judged as acceptable as benchmarks. 
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Title: Power Burst Facility: U(18)O2-CaO-ZrO2 Fuel Rods in Water 
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Abstract/Keyterms: The Power Burst Facility (PBF) reactor operated from 1972 to 1985 on the SPERT 
Area I of the Idaho National Laboratory, then known as Nuclear Reactor Test Station. PBF was designed 
to provide experimental data to aid in defining thresholds for and modes of failure under postulated accident 
conditions. PBF reactor startup testing began in 1972. This evaluation focuses on two operational loading 
tests, chronologically numbered 1 and 2, published in a startup-test report in 1974. Data for these tests was 
used by one of the authors to validate a MCNP model for criticality safety purposes. Although specific 
references to original documents are kept in the text, all the reactor parameters and test specific data 
presented here was adapted from that report. The tests were performed with operational fuel loadings, a 
stainless steel in-pile tube (IPT) mockup, a neutron source, four pulse chambers, two fission chambers, and 
one ion chamber. The reactor's four transition rods (TRs) and control rods (CRs) were present but TR boron 
was completely withdrawn below the core and CR boron was partially withdrawn above the core. Test 
configurations differ primarily in the number of shim rods, and consequently the number of fuel rods 
included in the core. The critical condition was approached by incrementally and uniformly withdrawing 
CR boron from the core. Based on the analysis of the experimental data and numerical calculations, both 
experiments are considered acceptable as criticality safety benchmarks. 
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Abstract/Keyterms: The purpose of this research is to provide a fundamental computational investigation 
into the possible integration of experimental activities with the Advanced Test Reactor Critical (ATR-C) 
facility with the development of benchmark experiments. Criticality benchmarks performed in the ATR-C 
could provide integral data for key matrix and structural materials used in nuclear systems. Results would 
then be utilized in the improvement of nuclear data libraries and as a means for analytical methods 
validation. It is proposed that experiments consisting of well-characterized quantities of materials be placed 
in the Northwest flux trap position of the ATR-C. The reactivity worth of the material could be determined 
and computationally analyzed through comprehensive benchmark activities including uncertainty analyses. 
Experiments were modeled in the available benchmark model of the ATR using MCNP5 with the ENDF/B-
VII.0 cross section library. A single bar (9.5 cm long, 0.5 cm wide, and 121.92 cm high) of each material 
could provide sufficient reactivity difference in the core geometry for computational modeling and analysis. 
However, to provide increased opportunity for the validation of computational models, additional bars of 
material placed in the flux trap would increase the effective reactivity up to a limit of 1$ insertion. For 
simplicity in assembly manufacture, approximately four bars of material could provide a means for 
additional experimental benchmark configurations, except in the case of strong neutron absorbers and many 
materials providing positive reactivity. Future tasks include the cost analysis and development of the 
experimental assemblies, including means for the characterization of the neutron flux and spectral indices. 
Oscillation techniques may also serve to provide additional means for experimentation and validation of 
computational methods and acquisition of integral data for improving neutron cross sections. Further 
assessment of oscillation techniques for implementation in the ATR-C may be of additional benefit. The 
establishment of benchmark experiment capabilities in the ATR-C would allow for the further development 
of techniques and facility enhancements involving neutronics experimentation in the ATR-C. 
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Abstract/Keyterms: The High Temperature Engineering Test Reactor (HTTR) of the Japan Atomic 
Energy Agency (JAEA) is a 30 MWth, graphite-moderated, helium-cooled reactor that was constructed 
with the objectives to establish and upgrade the technological basis for advanced high-temperature gas-
cooled reactors (HTGRs) as well as to conduct various irradiation tests for innovative high-temperature 
research. The core size of the HTTR represents about one-half of that of future HTGRs, and the high excess 
reactivity of the HTTR, necessary for compensation of temperature, xenon, and burnup effects during power 
operations, is similar to that of future HTGRs. During the start-up core physics tests of the HTTR, various 
annular cores were formed to provide experimental data for verification of design codes for future HTGRs. 
The Japanese government approved construction of the HTTR in the 1989 fiscal year budget; construction 
began at the Oarai Research and Development Center in March 1991 and was completed May 1996. Fuel 
loading began July 1, 1998, from the core periphery. The first criticality was attained with an annular core 
on November 10, 1998 at 14:18, followed by a series of start-up core physics tests until a fully-loaded core 
was developed on December 16, 1998. Criticality tests were carried out into January 1999. The first full 
power operation with an average core outlet temperature of 850ºC was completed on December 7, 2001, 
and operational licensing of the HTTR was approved on March 6, 2002. The HTTR attained high 
temperature operation at 950 ºC in April 19, 2004. After a series of safety demonstration tests, it will be 
used as the heat source in a hydrogen production system by 2015. Hot zero-power critical, rise-to-power, 
irradiation, and safety demonstration testing, have also been performed with the HTTR, representing 
additional means for computational validation efforts. Power tests were performed in steps from 0 to 30 
MW, with various tests performed at each step to confirm core characteristics, thermal-hydraulic properties, 
and radiation shielding. The high-temperature test operation at 950 ºC represented the fifth and final phase 
of the rise-to-power tests. The safety tests demonstrated inherent safety features of the HTTR such as slow 
temperature response during abnormal events due to the large heat capacity of the core and the negative 
reactivity feedback. The experimental benchmark performed and currently evaluated in this report pertains 
to the data available for the annular core criticals from the initial six isothermal, annular and fully-loaded, 
core critical measurements performed at the HTTR. Evaluation of the start-up core physics tests specific to 
the fully-loaded core is compiled elsewhere (HTTR-GCR-RESR-001). 
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Abstract/Keyterms: A series of ten experiments were conducted at the Oak Ridge National Laboratory 
Critical Experiment Facility in December 1955, and January 1956, in an attempt to determine critical 
conditions for a slab of aqueous uranium oxyfluoride (UO2F2). These experiments were recorded in an 
Oak Ridge Critical Experiments Logbook and results were published in a journal of the American Nuclear 
Society, Nuclear Science and Engineering, by J. K. Fox, L. W. Gilley, and J. h Marable (Reference 1). The 
purpose of these experiments was to obtain the minimum critical thickness of an effectively infinite slab of 
UO2F2 solution by extrapolation of experimental data. To do this the slab thickness was varied and critical 
solution and water-reflector heights were measured using two different fuel solutions. of the ten conducted 
experiments eight of the experiments reached critical conditions but the results of only six of the 
experiments were published in Reference 1. All ten experiments were evaluated from which five critical 
configurations were judged as acceptable criticality safety benchmarks. The total uncertainty in the 
acceptable benchmarks is between 0.25 and 0.33 % ?k/keff. UO2F2 fuel is also evaluated in HEU-SOL-
THERM-043, HEU-SOL-THERM-011, and HEU-SOL-THERM-012, but these those evaluation reports 
are for large reflected and unreflected spheres. Aluminum cylinders of UO2F2 are evaluated in HEU-SOL-
THERM-050. 
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Abstract/Keyterms: The 2 × 2 array HEU-Re experiment was performed on the Planet universal critical 
assembly machine on November 4th, 2003 at the Los Alamos Critical Experiments Facility (LACEF) at 
Los Alamos National Laboratory (LANL). For this experiment, there were 10 ½ units, each full unit 
containing four HEU foils and two rhenium foils. The top unit contained only two HEU foils and two 
rhenium foils. A total of 42 HEU foils were used for this experiment. Rhenium is a desirable cladding 
material for space nuclear power applications. This experiment consisted of HEU foils interleaved with 
rhenium foils and is moderated and reflected by polyethylene plates. A unit consisted of a polyethylene 
plate, which has a recess for rhenium foils, and four HEU foils in a single layer in the top recess of each 
polyethylene plate. The Planet universal criticality assembly machine has been previously used in 
experiments containing HEU foils interspersed with SiO2 (HEU-MET-THERM-001), Al (HEU-MET-
THERM-008), MgO (HEU-MET-THERM-009), Gd foils (HEU-MET-THERM-010), 2 × 2 × 26 Al (HEU-
MET-THERM-012), Fe (HEU-MET-THERM-0and HEU-MET-THERM-015), 2 × 2 × 23 SiO2 (HEU-
MET-THERM-014), 2 × 2 × 11 hastalloy plates (HEU-MET-THERM-016), and concrete (HEU-MET-
THERM-018). The 2 × 2 array of HEU-Re is considered acceptable for use as a benchmark critical 
experiment. 
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Abstract/Keyterms: During the period from 1963 – 1973, experiments involving highly enriched uranium 
units were performed at the Oak Ridge National Laboratory Critical Experiments Facility to determine 
various critical configurations of three-dimensional arrays. The experiments formed a four-part series, and 
were reported by several different experimenters; the results of interest for this evaluation are those reported 
for the fourth experimentation, Critical Three-Dimensional Arrays of Neutron Interacting Units: Part IV, 
published and performed by D.W. Magnuson (Ref 1). Information is also available in the logbook. This set 
of experiments utilized subcritical metal units on a split table apparatus to determine critical configurations 
for 2×2×2 arrangements of highly enriched uranium reflected by concrete. Magnuson manipulated the 
configuration of several uranium cylinders and blocks within a concrete reflector. The different 
permutations utilized uranium cylinders of two different heights in various positions in the three 
dimensional array; certain cases also placed thin uranium blocks on top of the cylinders. The thickness of 
the surrounding concrete, as well as the inner dimensions of the concrete reflector was also varied in certain 
cases. The variations resulted in fourteen different experimental permutations or configurations. All 
fourteen configurations were judged to be unacceptable for use as criticality safety benchmarks. All 
experiments were initially evaluated; however only three configurations were evaluated in detail. 
Configurations 2, 4, 6 and 12 were not evaluated in detail because they are subcritical and configurations 
5, 7, 8, 9, and 10 were also were not evaluated in detail because they were supercritical by more than beta 
effective (~0.007), or prompt critical. The experiments evaluated in detail for this benchmark were 
configurations 1, 3, and 11. The experimental report also contains the information for HEU-MET-FAST-
056. Closely related work has been recorded in HEU-MET-FAST-053, which is a benchmark evaluation 
of a different series of three dimensional array experiments with four different moderator materials. HEU-
MET-FAST-023 and HEU-MET-FAST-026 are also related because they utilize the same metal cylinders 
as these experiments. 
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Abstract/Keyterms: During the period from 1963 – 1973, experiments involving highly enriched uranium 
units were performed at the Oak Ridge National Laboratory Critical Experiments Facility to determine 
various critical configurations of three-dimensional arrays. The experiments formed a four-part series, and 
were reported by several different experimenters; the results of interest for this evaluation are those reported 
for the fourth experimentation, Critical Three-Dimensional Arrays of Neutron Interacting Units: Part IV, 
published and performed by D.W. Magnuson (Ref 1). Information is also available in the logbook. This set 
of experiments utilized subcritical metal units on a split table apparatus to determine critical configurations 
for 2×2×2 arrangements of highly enriched uranium reflected by concrete. Magnuson manipulated the 
configuration of several uranium cylinders and blocks within a concrete reflector. The different 
permutations utilized uranium cylinders of two different heights in various positions in the three 
dimensional array; certain cases also placed thin uranium blocks on top of the cylinders. The thickness of 
the surrounding concrete, as well as the inner dimensions of the concrete reflector was also varied in certain 
cases. The variations resulted in fourteen different experimental permutations or configurations. All 
fourteen configurations were judged to be unacceptable for use as criticality safety benchmarks. All 
experiments were initially evaluated; however only three configurations were evaluated in detail. 
Configurations 2, 4, 6 and 12 were not evaluated in detail because they are subcritical and configurations 
5, 7, 8, 9, and 10 were also were not evaluated in detail because they were supercritical by more than beta 
effective (~0.007), or prompt critical. The experiments evaluated in detail for this benchmark were 
configurations 1, 3, and 11. The experimental report also contains the information for HEU-MET-FAST-
056. Closely related work has been recorded in HEU-MET-FAST-053, which is a benchmark evaluation 
of a different series of three dimensional array experiments with four different moderator materials. HEU-
MET-FAST-023 and HEU-MET-FAST-026 are also related because they utilize the same metal cylinders 
as these experiments. 
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Abstract/Keyterms: This benchmark details the results of an experiment performed in the early 1970s as 
part of a series testing critical configurations in three dimensional arrays. For this experiment, cylinders of 
93.2% enriched uranium metal were arranged in a 2x2x2 array inside of a polyethylene reflector. Layers of 
vermiculite of varying heights were surrounding each cylinder to achieve criticality variations. A total of 
four experimental configurations were tested by D.W. Magnuson, and detailed in his experimental report 
“Critical Three-Dimensional Arrays of Neutron Interacting Units: Part IV. Arrays of U(93.2) Metal 
Reflected by Concrete and Arrays Separated by Vermiculite and Reflected by Polyethylene.” The 
benchmark HEU-MET-FAST054 is closely related; the results of both experiments are discussed in the 
same report (Ref. 1) Closely related work has been recorded in HEU-MET-FAST-053, which is a 
benchmark evaluation of a different series of three dimensional array experiments with four different 
moderator materials. HEU-MET-FAST-023 and HEU-MET-FAST-026 are also related because they utilize 
the same metal cylinders as these experiments. 
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Abstract/Keyterms: A variety of critical experiments were constructed of enriched uranium metal during 
the 1960s and 1970s at the Oak Ridge Critical Experiments Facility (ORCEF) in support of criticality safety 
operations at the Y-12 Plant. The purposes of these experiments included the evaluation of storage, casting, 
and handling limits for the Y-12 Plant and providing data for verification of calculation methods and cross-
sections for nuclear criticality safety applications. These included solid cylinders of various diameters, 
annuli of various inner and outer diameters, two and three interacting cylinders of various diameters, and 
graphite and polyethylene reflected cylinders and annuli. of the hundreds of delayed critical experiments, 
one experiment was comprised of a stack of approximately 7-inch-diameter metal discs. The bottom of the 
stack consisted of uranium with an approximate height of 4-1/8 inches. The top of the stack consisted of 
beryllium with an approximate height of 5-9/16 inches. This experiment was performed on August 20, 1963 
by Mihalczo, J. T. and R. G. Taylor (Ref. 1) with accompanying logbook. Both detailed and simplified 
model specifications are provided in this evaluation. This fast-spectra experiment was determined to 
represent an acceptable benchmark. The calculated eigenvalues for both the detailed and simple models are 
within approximately 0.5% of the benchmark values, but significantly greater than 3s from the benchmark 
value because the uncertainty in the benchmark is very small: ±0.0002 (1s). There is significant variability 
between results using different neutron cross section libraries, the greatest being a keff of ~0.65%. 
Unreflected and unmoderated experiments with the same highly enriched uranium metal parts were 
performed at the Oak Ridge Critical Experiments Facility in the 1960s and are evaluated in HEU MET 
FAST 051. Thin graphite reflected (2 inches or less) experiments also using the same highly enriched 
uranium metal parts are evaluated in HEU MET FAST 071. Polyethylene-reflected configurations are 
evaluated in HEU-MET-FAST-076. Highly enriched metal annuli with beryllium cores are evaluated in 
HEU-MET-FAST-059. 
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Abstract/Keyterms: A variety of critical experiments were constructed of enriched uranium metal during 
the 1960s and 1970s at the Oak Ridge Critical Experiments Facility (ORCEF) in support of criticality safety 
operations at the Y-12 Plant. The purposes of these experiments included the evaluation of storage, casting, 
and handling limits for the Y-12 Plant and providing data for verification of calculation methods and cross-
sections for nuclear criticality safety applications. These included solid cylinders of various diameters, 
annuli of various inner and outer diameters, two and three interacting cylinders of various diameters, and 
graphite and polyethylene reflected cylinders and annuli. of the hundreds of delayed critical experiments, 
two were performed that consisted of uranium metal annuli with a solid beryllium metal core. The outer 
diameter of the annuli was approximately 13 or 15 inches with an inner diameter of 7 inches. The diameter 
of the core was approximately 7 inches. The critical height of the configurations was approximately 5 and 
4 inches, respectively. The uranium annuli consisted of multiple stacked rings with diametral thicknesses 
of approximately 2 inches apiece and varying heights. The 15-inch experiment was performed on June 4, 
1963, and the 13-inch experiment on July 12, 1963 by Mihalczo, J. T. and R. G. Taylor (Ref. 1) with 
accompanying logbook. Both detailed and simplified model specifications are provided in this evaluation. 
Both of these fast-spectra experiments were determined to represent acceptable benchmarks. The calculated 
eigenvalues for both the detailed and simple models are within approximately 0.6% of the benchmark 
values, but significantly greater than 3s from the benchmark value because the uncertainty in the benchmark 
is very small: <±0.0004 (1s). There is significant variability between results using different neutron cross 
section libraries, the greatest being a keff of ~0.67%. Unreflected and unmoderated experiments with the 
same highly enriched uranium metal parts were performed at the Oak Ridge Critical Experiments Facility 
in the 1960s and are evaluated in HEU MET FAST 051. Thin graphite reflected (2 inches or less) 
experiments also using the same highly enriched uranium metal parts are evaluated in HEU MET FAST 
071. Polyethylene-reflected configurations are evaluated in HEU-MET-FAST-076. A stack of highly 
enriched metal discs with a thick beryllium reflector is evaluated in HEU-MET-FAST-069. 
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Abstract/Keyterms: The Japanese high temperature gas reactor program is centered on the High 
Temperature Engineering Test Reactor (HTTR), which has a thermal power of 30 MW and 950°C 
maximum coolant outlet temperature. The HTTR achieved criticality in November 1998 and has undergone 
a series of rise-to-power tests [Fujikawa 2004]. In December 2001, an outlet temperature of 850°C was 
achieved and in April 2004 a temperature of 950°C was achieved. As of July 2004, the reactor had operated 
for 224 effective full power days (EFPD). The planned core life cycle is 660 EFPD [Verfondern 2000]. It 
is planned to couple a high temperature process heat application to the HTTR through its intermediate heat 
exchanger in the future. 
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Abstract/Keyterms: Idaho National Laboratory (INL) is tasked with the development of reactor physics 
analysis capability of the Next Generation Nuclear Power (NGNP) project. In order to examine INL’s 
current prismatic reactor deterministic analysis tools, the project is conducting a benchmark exercise based 
on modeling the High Temperature Test Reactor (HTTR). This exercise entails the development of a model 
for the initial criticality, a 19 column thin annular core, and the fully loaded core critical condition with 30 
columns. Special emphasis devoted to the annular core modeling, which shares more characteristics with 
the NGNP base design. The DRAGON code is used in this study because it offers significant ease and 
versatility in modeling prismatic designs. Despite some geometric limitations, the code performs quite well 
compared to other lattice physics codes. DRAGON can generate transport solutions via collision probability 
(CP), method of characteristics (MOC), and discrete ordinates (Sn). A fine group cross section library based 
on the SHEM 281 energy structure is used in the DRAGON calculations. HEXPEDITE is the hexagonal z 
full core solver used in this study and is based on the Green’s Function solution of the transverse integrated 
equations. In addition, two Monte Carlo (MC) based codes, MCNP5 and PSG2/SERPENT, provide 
benchmarking capability for the DRAGON and the nodal diffusion solver codes. The results from this study 
show a consistent bias of 2–3% for the core multiplication factor. This systematic error has also been 
observed in other HTTR benchmark efforts and is well documented in the literature. The ENDF/B VII 
graphite and U235 cross sections appear to be the main source of the error. The isothermal temperature 
coefficients calculated with the fully loaded core configuration agree well with other benchmark 
participants but are 40% higher than the experimental values. This discrepancy with the measurement stems 
from the fact that during the experiments the control rods were adjusted to maintain criticality, whereas in 
the model, the rod positions were fixed. In addition, this work includes a brief study of a cross section 
generation approach that seeks to decouple the domain in order to account for neighbor effects. This spectral 
interpenetration is a dominant effect in annular HTR physics. This analysis methodology should be further 
explored in order to reduce the error that is systematically propagated in the traditional generation of cross 
sections. 
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Report: INL/EXT-10-19486 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron radiography (NRAD) reactor is a 250 kW TRIGA® (Training, Research, 
Isotopes, General Atomics) Mark II, tank-type research reactor currently located in the basement, below 
the main hot cell, of the Hot Fuel Examination Facility (HFEF) at the Idaho National Laboratory (INL). It 
is equipped with two beam tubes with separate radiography stations for the performance of neutron 
radiography irradiation on small test components. The initial critical configuration developed during the 
fuel loading process, which contains only 56 fuel elements, has been evaluated as an acceptable benchmark 
experiment. The 60-fuel-element operational core configuration of the NRAD LEU TRIGA reactor has also 
been evaluated as an acceptable benchmark experiment. Calculated eigenvalues differ significantly (~±1%) 
from the benchmark eigenvalue and have demonstrated sensitivity to the thermal scattering treatment of 
hydrogen in the U-Er-Zr-H fuel. 
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Title: Criticality Safety Evaluation for the Advanced Test Reactor U-Mo Demonstration Elements 
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Report: INL/EXT-10-20323 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Reduced Enrichment Research Test Reactors (RERTR) fuel development 
program is developing a high uranium density fuel based on a (LEU) uranium-molybdenum alloy. Testing 
of prototypic RERTR fuel elements is necessary to demonstrate integrated fuel performance behavior and 
scale-up of fabrication techniques. Two RERTR-Full Size Demonstration fuel elements based on the ATR-
Reduced YA elements (all but one plate fueled) are to be fabricated for testing in the Advanced Test Reactor 
(ATR). The two fuel elements will be irradiated in alternating cycles such that only one element is loaded 
in the reactor at a time. Existing criticality analyses have analyzed Standard (HEU) ATR elements (all 
plates fueled) from which controls have been derived. This criticality safety evaluation (CSE) documents 
analysis that determines the reactivity of the Demonstration fuel elements relative to HEU ATR elements 
and shows that the Demonstration elements are bound by the Standard HEU ATR elements and existing 
HEU ATR element controls are applicable to the Demonstration elements. 
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Title: Passive and Active Radiation Measurements Capability at the INL Zero Power Physics Reactor 
(ZPPR) Facility 
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Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) facility is a Department of Energy facility 
located in the Idaho National Laboratory’s (INL) Materials and Fuels Complex. It contains various nuclear 
and non-nuclear materials that are available to support many radiation measurement assessments. User-
selected, single material, nuclear and non-nuclear materials can be readily utilized with ZPPR clamshell 
containers with almost no criticality concerns. If custom, multi-material configurations are desired, the 
ZPPR clamshell or an approved aluminum Inspection Object (IO) Box container may be utilized, yet each 
specific material configuration will require a criticality assessment. As an example of the specialized 
material configurations possible, the National Nuclear Security Agency’s Office of Nuclear Verification 
(NNSA/NA 243) has sponsored the assembly of six material configurations. These are shown in the 
Appendixes and have been designated for semi-permanent storage that can be available to support various 
radiation measurement applications. 
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Abstract/Keyterms: In October and November of 1981 thirteen approaches-to-critical were performed on 
a remote split table machine (RSTM) in the Critical Mass Laboratory of Pacific Northwest Laboratory 
(PNL) in Richland, Washington using planar arrays of polyethylene bottles filled with plutonium (Pu) 
nitrate solution. Arrays of up to sixteen bottles were used to measure the critical number of bottles and 
critical array spacing with a tight fitting Plexiglas® reflector on all sides of the arrays except the top. Some 
experiments used Plexiglas shells fitted around each bottles to determine the effect of moderation on 
criticality. Each bottle contained approximately 2.4 L of Pu(NO3)4 solution with a Pu content of 105 g 
Pu/L and a free acid molarity H+ of 5.1. The plutonium was of low 240Pu (2.9 wt.%) content. These 
experiments were sponsored by Rockwell Hanford Operations because of the lack of experimental data on 
the criticality of arrays of bottles of Pu solution such as might be found in storage and handling at the Purex 
Facility at Hanford. The results of these experiments were used “to provide benchmark data to validate 
calculational codes used in criticality safety assessments of [the] plant configurations” (Ref. 1). Data for 
this evaluation were collected from the published report (Ref. 1), the approach to critical logbook, the 
experimenter’s logbook, and communication with the primary experimenter, B. Michael Durst. of the 13 
experiments preformed 10 were evaluated. One of the experiments was not evaluated because it had been 
thrown out by the experimenter, one was not evaluated because it was a repeat of another experiment and 
the third was not evaluated because it reported the critical number of bottles as being greater than 25. Seven 
of the thirteen evaluated experiments were determined to be acceptable benchmark experiments. A similar 
experiment using uranyl nitrate was benchmarked as U233-SOL-THERM-014. 
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Abstract/Keyterms: Following the defunding of the Yucca Mountain Project, it is reasonable to assume 
that commercial used fuel will remain in storage for the foreseeable future. This report proposes 
supplementing the ongoing research and development work related to potential degradation of used fuel, 
baskets, poisons, and storage canisters during an extended period of storage with a parallel path. This 
parallel path can assure criticality safety during transportation by implementing a concept that achieves 
moderator exclusion (no in-leakage of moderator into the used fuel cavity). Using updated risk assessment 
insights for additional technical justification and relying upon a component inside of the transportation cask 
that provides a watertight function, a strong argument can be made that moderator intrusion is not credible 
and should not be a required assumption for criticality evaluations during normal conditions of 
transportation. A demonstrating testing program supporting a detailed analytical effort as well as updated 
risk assessment insights can provide the basis for moderator exclusion during hypothetical accident 
conditions. This report also discusses how this engineered concept can support the goal of standardized 
transportation. 
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Abstract/Keyterms: Researchers at the Idaho National Laboratory (INL) were tasked with reviewing 
possible criticality testing needs to support development of the fission surface power system reactor design. 
Reactor physics testing can provide significant information to aid in development of technologies associated 
with small, fast spectrum reactors that could be applied for non-terrestrial power systems, leading to 
eventual system qualification. Several studies have been conducted in recent years to assess the data and 
analyses required to design and build a space fission power system with high confidence that the system 
will perform as designed [Marcille, 2004a, 2004b; Weaver, 2007; Parry et al., 2008]. This report will 
provide a summary of previous critical tests and physics measurements that are potentially applicable to 
the current reactor design (both those that have been benchmarked and those not yet benchmarked), 
summarize recent studies of potential nuclear testing needs for space reactor development and their 
applicability to the current baseline fission surface power (FSP) system design, and provide an overview of 
a suite of tests (separate effects, sub-critical or critical) that could fill in the information database to improve 
the accuracy of physics modeling efforts as the FSP design is refined. Some recommendations for tasks that 
could be completed in the near term are also included. Specific recommendations on critical test 
configurations will be reserved until after the sensitivity analyses being conducted by Los Alamos National 
Laboratory (LANL) are completed. 
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Abstract/Keyterms: A series of critical experiments were completed in 1962-1965 at Oak Ridge National 
Laboratory's Critical Experiments Facility in support of the Medium-Power Reactor Experiments (MPRE) 
program. In the late 1950's efforts were made to study 'power plants for the production of electrical power 
in space vehicles'. The MPRE program was a part of those efforts and studied the feasibility of a stainless 
steel system, boiling potassium 1 MW(t), or about 140 kW(e), reactor. The program was carried out in FY 
1964, 1965, and 1966. A summary of the program's effort was compiled in 1967. The delayed critical 
experiments served as a mockup of a small, potassium-cooled space power reactor for validation of reactor 
calculations and reactor physics methods. Initial experiments, performed in November and December of 
1962, consisted of a core of unmoderated 253 stainless steel tubes, each containing 26 UO2 fuel pellets, 
surrounded by a graphite reflector. Measurements were made to determine critical reflector arrangements, 
fission-rate distributions, and cadmium ratio distributions. Subsequent experiments used beryllium 
reflectors and measured the reactivity for various materials placed in the core. 'The [assemblies were built] 
on [a] vertical assembly machine so that the movable part was the core and bottom reflector.' The 
experiment studied within this evaluation was the first of the series and had the 253 fuel tubes packed tightly 
into a 22.87 cm outside diameter (OD) core tank. Two critical configurations were found by varying the 
amount of graphite reflector (References 1 and 2). Information for this evaluation was compiled from 
Reference 1 and 2, reports on subsequent experiments in the series, and the experimental logbook as well 
as from communication with the experimenter, John T. Mihalczo. 
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Abstract/Keyterms: The National Criticality Experiments Research Center (NCERC) was officially 
opened on August 29, 2011. Located within the Device Assembly Facility (DAF) at the Nevada National 
Security Site (NNSS), the NCERC has become a consolidation facility within the United States for critical 
configuration testing, particularly those involving highly enriched uranium (HEU). The DAF is a 
Department of Energy (DOE) owned facility that is operated by the National Nuclear Security 
Agency/Nevada Site Office (NNSA/NSO). User laboratories include the Lawrence Livermore National 
Laboratory (LLNL) and Los Alamos National Laboratory (LANL). Personnel bring their home lab 
qualifications and procedures with them to the DAF, such that non-site specific training need not be 
repeated to conduct work at DAF. The NNSS Management and Operating contractor is National Security 
Technologies, LLC (NSTec) and the NNSS Safeguards and Security contractor is Wackenhut Services. The 
complete report provides an overview and status of the available laboratories and test bays at NCERC, 
available test materials and test support configurations, and test requirements and limitations for performing 
sub-critical and critical tests. The current summary provides a brief summary of the facility status and the 
method by which experiments may be introduced to NCERC. 



 

C-8896 

8871…..…..…………………..…….……..……ID Number…………………..…..…………….8871 

Author: Hoffman, Andrea 

Title: 2011 Annual Criticality Safety Program Performance Summary 

Date: 12/1/2011 

Report: INL/EXT-11-23919 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities.' DOE Order 420.1B contains requirements for DOE 'Heads of 
Field Elements' to approve the criticality safety program and specific elements of the program, namely, the 
qualification of criticality staff and the method for preparing criticality safety evaluations. This was 
accomplished by the approval of SAR-400, 'INL Standardized Nuclear Safety Basis Manual,' Chapter 6, 
'Prevention of Inadvertent Criticality.' Chapter 6 of SAR-400 contains sufficient detail and/or reference to 
the specific DOE and contractor documents that adequately describe the INL Criticality Safety Program 
per the elements specified in DOE Order 420.1B. The Safety Evaluation Report for SAR-400 specifically 
recognizes that the approval of SAR-400 approves the INL Criticality Safety Program. No new source 
requirements were released in 2011. A revision to LRD-18001 is planned for 2012 to clarify design 
requirements for criticality alarms. Training - Criticality Safety Engineering has developed training and 
provides training for many employee positions, including fissionable material handlers, facility managers, 
criticality safety officers, firefighters, and criticality safety engineers. Criticality safety training at the INL 
is a program strength. A revision to the training module developed in 2010 to supplement MFC certified 
fissionable material handlers (operators) training was prepared and presented in August of 2011. This 
training, 'Applied Science of Criticality Safety,' builds upon existing training and gives operators a better 
understanding of how their criticality controls are derived. Improvements to 00INL189, 'INL Criticality 
Safety Principles' are planned for 2012 to strengthen fissionable material handler training. 
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Abstract/Keyterms: The GROTESQUE experiments were designed specifically to develop and test 
neutronics for the GEOM subroutine of the 05R code. Two complex arrangements of various highly 
enriched uranium metal cylinders, rectangular parallelepipeds, and spheres were arranged in a circular 
formation on a steel diaphragm. A centerpiece was raised remotely through a hole in the steel diaphragm 
to achieve criticality. The first arrangement consisted of five major units, each major unit consisting of a 
stack of smaller uranium pieces. The second arrangement utilized nine major units, again consisting of 
stacks of smaller uranium pieces. The 9-unit arrangement is the only experiment discussed in this 
evaluation, since the five stack experiment never achieved criticality. The 9-unit arrangement is shown in 
Figure 1.1. The experiments were performed at the Oak Ridge Critical Experiments Facility (ORCEF) in 
June 1964. The 9-unit configuration was later used as part of the development process for early versions of 
KENO and a model representing a variation of this experiment (Sample Problem 7: GROTESQUE without 
the Diaphragm) is released with modern versions of SCALE for testing the proper installation of the KENO 
module. An experimental report for the GROTESQUE experiment has not been published; however there 
are two publications that describe the experiment (References 1 and 2). A separate reportc discussing the 
conversion of the 05r model into a KENO model was published; however, the author did not consult with 
the experimenter for GROTESQUE. This report is considered unreliable (except for dimensions) by the 
experimenter and should not be used to obtain information pertinent to the GROTESQUE experiment. The 
Oak Ridge Critical Experiments Facility (ORCEF) Logbook 15r contains the primary documentation from 
the experimenter for this experiment. The GROTESQUE arrangement of nine major units was evaluated 
an determined to be an acceptable benchmark experiment. 
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Abstract/Keyterms: A series of critical experiments were completed in 1962-1965 at Oak Ridge National 
Laboratory’s Critical Experiments Facility in support of the Medium-Power Reactor Experiments (MPRE) 
program. In the late 1950’s efforts were made to study “power plants for the production of electrical power 
in space vehicles”. The MPRE program was a part of those efforts and studied the feasibility of a stainless 
steel system, boiling potassium 1 MW(t), or about 140 kW(e), reactor. The program was carried out in 
[fiscal years] 1964, 1965, and 1966. A summary of the program’s effort was compiled in 1967. The delayed 
critical experiments were a mockup of a small, potassium-cooled space power reactor for validation of 
reactor calculations and reactor physics methods. Initial experiments, performed in November and 
December of 1962, consisted of a core of 253 unmoderated stainless steel tubes, each containing 26 UO2 
fuel pellets, surrounded by a graphite reflector. Measurements were made to determine critical reflector 
arrangements, fission-rate distributions, and cadmium ratio distributions. Subsequent experiments used 
beryllium reflectors and measured the reactivity for various materials placed in the core. “The [assemblies 
were built] on [a] vertical assembly machine so that the movable part was the core and bottom reflector.” 
The first experiment in the series was evaluated in HEU-COMP-FAST-001. It had the 253 fuel tubes packed 
tightly into a 22.87 cm outside diameter (OD) core tank (References 1 and 2). The second experiment in 
the series, performed in early 1963, which is studied in this evaluation, had the 253 fuel tubes at a 1.506-
cm triangular lattice in a 25.96 cm OD core tank and graphite reflectors on all sides. The experiment has 
been determined to represent an acceptable benchmark experiment. Information for this evaluation was 
compiled from published reports on all three parts of the experimental series (Reference 1-5) and the 
experimental logbook as well as from communication with the experimenter, John T. Mihalczo. 
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Abstract/Keyterms: A series of critical experiments were completed in 1962-1965 at Oak Ridge National 
Laboratory’s Critical Experiments Facility in support of the Medium-Power Reactor Experiments (MPRE) 
program. In the late 1950’s efforts were made to study “power plants for the production of electrical power 
in space vehicles”. The MPRE program was a part of those efforts and studied the feasibility of a stainless 
steel system, boiling potassium 1 MW(t), or about 140 kW(e), reactor. The program was carried out in 
[fiscal years] 1964, 1965, and 1966. A summary of the program’s effort was compiled in 1967. The delayed 
critical experiments were a mockup of a small, potassium-cooled space power reactor for validation of 
reactor calculations and reactor physics methods. Initial experiments, performed in November and 
December of 1962, consisted of a core of 253 unmoderated stainless steel tubes, each containing 26 UO2 
fuel pellets, surrounded by a graphite reflector. Measurements were made to determine critical reflector 
arrangements, fission-rate distributions, and cadmium ratio distributions. “The [assemblies were built] on 
[a] vertical assembly machine so that the movable part was the core and bottom reflector.” The first two 
experiments in the series were evaluated in HEU-COMP-FAST-001 (SCCA-FUND-EXP-001) and HEU-
COMP-FAST-002 (SCCA-FUND-EXP-002). The first experiment had the 253 fuel tubes packed tightly 
into a 22.87 cm outside diameter (OD) core tank (References 1 and 2). The second experiment in the series, 
performed in early 1963, had the 253 fuel tubes at a 1.506-cm triangular lattice in a 25.96 cm OD core tank 
and graphite reflectors on all sides. The third set of experiments in the series, performed in mid-1963, which 
is studied in this evaluation, used beryllium reflectors. The beryllium reflected system was the preferred 
reactor configuration for this application because of the small thickness of the reflector. The two core 
configurations had the 253 fuel tubes at a 1.506-cm triangular lattice and arranged in 7-tube clusters. The 
experiments have been determined to represent acceptable benchmark experiments. Information for this 
evaluation was compiled from published reports on all three parts of the experimental series (Reference 1-
5) and the experimental logbook as well as from communication with the experimenter, John T. Mihalczo. 
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Abstract/Keyterms: A series of critical experiments were completed from 1962–1965 at Oak Ridge 
National Laboratory’s (ORNL’s) Critical Experiments Facility (CEF) in support of the Medium-Power 
Reactor Experiments (MPRE) program. In the late 1950s, efforts were made to study “power plants for the 
production of electrical power in space vehicles.”(a) The MPRE program was a part of those efforts and 
studied the feasibility of a stainless-steel system, boiling potassium 1 MW(t), or about 140 kW(e), reactor. 
The program was carried out in [fiscal years] 1964, 1965, and 1966. A summary of the program’s effort 
was compiled in 1967.a The delayed critical experiments were a mockup of a small, potassium-cooled space 
power reactor for validation of reactor calculations and reactor physics methods. Initial experiments, 
performed in November and December of 1962, consisted of a core of unmoderated stainless-steel tubes, 
each containing 26 UO2 fuel pellets, surrounded by a graphite reflector. Measurements were performed to 
determine critical reflector arrangements, relative fission-rate distributions, and cadmium ratio 
distributions. Subsequent experiments used beryllium reflectors and measured the reactivity for various 
materials placed in the core. “The [assemblies were built] on [a] vertical assembly machine so that the 
movable part was the core and bottom reflector” (see Reference 1). The experiment studied in this 
evaluation was the second of the series and had the fuel rods in a 1.506-cm-triangular pitch. One critical 
configuration was found (see Reference 3). Once the critical configuration had been achieved, various 
measurements of reactivity, relative axial and radial activation rates of 235U,bc and cadmium ratios were 
performed. The cadmium ratio, reactivity, and activation rate measurements performed on the critical 
configuration are described in Sections 1.3, 1.4, and 1.7, respectively. 
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Abstract/Keyterms: Cadmium ratios were measured with enriched uranium metal foils at various locations 
in the assembly with the fuel tube at the 1.506-cm spacing. They are described in the following subsections. 
The experiment configuration was the same as the first critical configuration described in HEU-COMP-
FAST-004 (Case 1). The experimenter placed 0.75-cm-diameter × 0.010-cm-thick 93.15%-235U-enriched 
uranium metal foils with and without 0.051-cm-thick cadmium covers at various locations in the core and 
top reflector. One part of the cadmium cover was cup shape and contained the uranium foil. The other part 
was a lid that fit over the exposed side of the foil when it was in the cup shaped section of the cover. As 
can be seen in the logbook, two runs were required to obtain all the measurements necessary for the 
cadmium ratio. The bare foil measurements within the top reflector were run first as part of the axial foil 
activation measurements. The results of this run are used for both the axial activation results and the 
cadmium ratios. Cadmium covered foils were then placed at the same location through the top reflector in 
a different run. Three pairs of bare and cadmium covered foils were also placed through the core tank. One 
pair was placed at the axial center of a fuel tube 11.35 cm from the center of the core. Two pairs of foils 
were placed on top of fuel tubes 3.02 and 12.06 cm from the center of the core. The activation of the uranium 
metal foils was measured after removal from the assembly using two lead shielded NaI scintillation 
detectors as follows. The NaI scintillators were carefully matched and had detection efficiencies for 
counting delayed-fission-product gamma rays with energies above 250 KeV within 5%. In all foil activation 
measurements, one foil at a specific location was used as a normalizing foil to remove the effects of the 
decay of fission products during the counting measurements with the NaI detectors. The normalization foil 
was placed on one NaI scintillator and the other foil on the other NaI detector and the activities measured 
simultaneously. The activation of a particular foil was compared to that of the normalization foil by dividing 
the count rate for each foil by that of the normalization foil. To correct for the differing efficiencies of the 
two NaI detectors, the normalization foil was counted in Detector 1 simultaneously with the foil at position 
x in Detector 2, and then the normalization foil was counted simultaneously in Detector 2 with the foil from 
position x in Counter 1. The activity of the foil from position x was divided by the activity of the 
normalization foil counted simultaneously. This resulted in obtaining two values of the ratio that were then 
averaged. This procedure essentially removed the effect of the differing efficiencies of the two NaI 
detectors. Differing efficiencies of 10% resulted in errors in the ratios measured to less than 1%. The 
background counting rates obatined with the foils used for the measurements on the NaI detectors before 
their irradiation measurement were subtracted from all count rates. The results of the cadmium ratio 
measurements are given in Table 1.3-1 and Figure 1.3-1. “No correction has been made for self shielding 
in the foils” (Reference 3). 
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Abstract/Keyterms: In the early 1970’s Dr. John T. Mihalczo (team leader), J.J. Lynn, and J.R. Taylor 
performed experiments at the Oak Ridge Critical Experiments Facility (ORCEF) with highly enriched 
uranium (HEU) metal (called Oak Ridge Alloy or Oralloy) in an attempt to recreate Godiva I results with 
greater accuracy than those performed at Los Alamos National Laboratory in the 1950’s (HEU-MET-
FAST-001). The purpose of the Oak Ridge Oralloy Sphere (ORSphere) experiments was to estimate the 
unreflected and unmoderated critical mass of an idealized sphere of uranium metal corrected to a density, 
purity, and enrichment such that it could be compared with the Godiva I experiments. “The very accurate 
description of this sphere, as assembled, establishes it as an ideal benchmark for calculational methods and 
cross-section data files.” (Reference 1) While performing the ORSphere experiments care was taken to 
accurately document component dimensions (±0. 0001 in. for non-spherical parts), masses (±0.01 g), and 
material data. The experiment was also set up to minimize the amount of structural material in the sphere 
proximity. A three part sphere was initially assembled with an average radius of 3.4665 in. and was then 
machined down to an average radius of 3.4420 in. (3.4425 in. nominal). These two spherical configurations 
were evaluated and judged to be acceptable benchmark experiments; however, the two experiments are 
highly correlated. 
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Abstract/Keyterms: In the early 1970s Dr. John T. Mihalczo (team leader), J.J. Lynn, and J.R. Taylor 
performed experiments at the Oak Ridge Critical Experiments Facility (ORCEF) with highly enriched 
uranium (HEU) metal (called Oak Ridge Alloy or Oralloy) in an attempt to recreate Godiva I results with 
greater accuracy than those performed at Los Alamos National Laboratory in the 1950s (HEU-MET-FAST-
001). The purpose of the Oak Ridge Oralloy Sphere (ORSphere) experiments was to estimate the 
unreflected and unmoderated critical mass of an idealized sphere of uranium metal corrected to a density, 
purity, and enrichment such that it could be compared with the Godiva I experiments. “The very accurate 
description of this sphere, as assembled, establishes it as an ideal benchmark for calculational methods and 
cross-section data files” (Reference 1). While performing the ORSphere experiments care was taken to 
accurately document component dimensions (±0.0001 inches), masses (±0.01 g), and material data. The 
experiment was also set up to minimize the amount of structural material in the sphere proximity. Two, 
correlated spheres were evaluated and judged to be acceptable as criticality benchmark experiments. This 
evaluation is given in HEU-MET-FAST-100. The second, smaller sphere was used for additional reactor 
physics measurements. Worth measurements (Reference 1, 2, 3 and 4), the delayed neutron fraction 
(Reference 3, 4 and 5) and surface material worth coefficient (Reference 1 and 2) are all measured and 
judged to be acceptable as benchmark data. The prompt neutron decay (Reference 6), relative fission density 
(Reference 7) and relative neutron importance (Reference 7) were measured, but are not evaluated. 
Information for the evaluation was compiled from References 1 through 7, the experimental logbooks 8 
and 9 ; additional drawings and notes provided by the experimenter; and communication with the lead 
experimenter, John T. Mihalczo. 
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Conference/Journal:  
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Abstract/Keyterms: The Global Threat Reduction Initiative (GTRI) convert program is developing a high 
uranium density fuel based on a low enriched uranium (LEU) uranium-molybdenum alloy. Testing of 
prototypic GTRI fuel elements is necessary to demonstrate integrated fuel performance behavior and scale-
up of fabrication techniques. GTRI Enhanced LEU Fuel (ELF) elements based on the ATR-Standard Size 
elements (all plates fueled) are to be fabricated for testing in the Advanced Test Reactor (ATR). While a 
specific ELF element design will eventually be provided for detailed analyses and in-core testing, this 
criticality safety evaluation (CSE) is intended to evaluate a hypothetical ELF element design for criticality 
safety purposes. Existing criticality analyses have analyzed Standard (HEU) ATR elements from which 
controls have been derived. This CSE documents analysis that determines the reactivity of the hypothetical 
ELF fuel elements relative to HEU ATR elements and whether the existing HEU ATR element controls 
bound the ELF element. The initial calculations presented in this CSE analyzed the original ELF design, 
now referred to as Mod 0.1. In addition as part of a fuel meat thickness optimization effort for reactor 
performance other designs have been evaluated. As of early 2014 the most current conceptual designs are 
Mk1A and Mk1B that were previously referred to as conceptual designs Mod 0.10 and Mod 0.11, 
respectively. Revision 1 evaluates the reactivity of the ATR HEU Mark IV elements for a comparison with 
the Mark VII elements. 



 

C-8905 

8880…..…..…………………..…….……..……ID Number…………………..…..…………….8880 

Author: Gray S. Chang 

Title: Enhancing BWR Proliferation Resistance Fuel with Minor Actinides 

Date: 3/1/2009 

Report: INL/JOU-09-15533 

Conference/Journal: Journal of Nuclear Materials; Volume: 385; Issue: 1 

Conference Session:  

Abstract/Keyterms: To reduce spent fuel for storage and enhance the proliferation resistance for the 
intermediate-term, there are two major approaches (a) increase the discharged spent fuel burnup in the 
advanced light water reactor- LWR (Gen-III Plus), which not only can reduce the spent fuel for storage, but 
also increase the 238Pu isotopes ratio to enhance the proliferation resistance, and (b) use of transuranic 
nuclides (237Np and 241Am) in the high burnup fuel, which can drastically increase the proliferation 
resistance isotope ratio of 238Pu/Pu. For future advanced nuclear systems, minor actinides (MA) are viewed 
more as a resource to be recycled, and transmuted to less hazardous and possibly more useful forms, rather 
than simply disposed of as a waste stream in an expensive repository facility. As a result, MAs play a much 
larger part in the design of advanced systems and fuel cycles, not only as additional sources of useful energy, 
but also as direct contributors to the reactivity control of the systems into which they are incorporated. In 
the study, a typical boiling water reactor (BWR) fuel unit lattice cell model with UO2 fuel pins will be used 
to investigate the effectiveness of minor actinide reduction approach (MARA) for enhancing proliferation 
resistance and improving the fuel cycle performance in the intermediate-term goal for future nuclear energy 
systems. To account for the water coolant density variation from the bottom (0.76 g/cm3) to the top (0.35 
g/cm3) of the core, the axial coolant channel and fuel pin were divided to 24 nodes. The MA transmutation 
characteristics at different elevations were compared and their impact on neutronics criticality discussed. 
The concept of MARA, which involves the use of transuranic nuclides (237Np and/or 241Am), 
significantly increases the 238Pu/Pu ratio for proliferation resistance, as well as serves as a burnable 
absorber to hold-down the initial excess reactivity. It is believed that MARA can play an important role in 
atoms for peace and the intermediate-term of nuclear energy reconnaissance. 
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Abstract/Keyterms: Significant research is currently being performed whereby fast reactor cores have 
been designed to burn transuranic materials reducing the volume and long-term radiotoxicity of spent 
nuclear fuel. These core and depletion models depend on various computer codes. This research used 
MCNPX 2.6.0 and ERANOS 2.1 to model a standard 250MWt Advanced Burner Test Reactor (ABTR) 
core. The intent was to benchmark criticality and burnup results from a stochastic Monte Carlo code and a 
deterministic depletion code using a standard ABTR model created by Argonne National Laboratory. 
Because each of these codes solve the transport and burnup problem differently, there is a need to 
benchmark the core models in order to verify results and identify root causes for significant differences in 
results between codes. Flux calculations in ERANOS were performed using diffusion theory, Legendre 
polynomial approximations (using the VARIANT module) and discrete ordinates methods. The k-effective 
for the higher-order transport models remained within 1000 pcm of the MCNPX model. The difference 
between the total heavy nuclide mass balance in ERANOS using the various flux calculations and the 
MCNPX depletion model was less than 0.4% out to a burnup of 1095 days (67.45 GWd/MTHM). For 
individual heavy nuclides, the depletion models closely matched (< 5.0 % difference) throughout the 
depletion for isotopes of Uranium, Neptunium and Plutonium and most of the higher transuranics. Notable 
exceptions were 242Am, 242Cm, 243Cm and 246Cm where differences ranged from 0.1 – 0.2% after 26 
days and increased to 11 - 136% at 1095 days. 
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Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) has 
published the International Handbook of Evaluated Criticality Safety Benchmark Experiments annually 
since 1995. The Handbook now spans over 51,000 pages with benchmark specifications for 4, 283 critical, 
near critical, or subcritical configurations; 24 criticality alarm placement/shielding configurations with 
multiple dose points for each; and 200 configurations that have been categorized as fundamental physics 
measurements relevant to criticality safety applications. Benchmark data in the ICSBEP Handbook were 
originally intended for validation of criticality safety methods and data; however, the benchmark 
specifications are now used extensively for nuclear data testing. There are several, less frequently used 
benchmarks within the Handbook that are very sensitive to thorium and certain key structural and 
moderating materials. Calculated results for many of those benchmarks using modern nuclear data libraries 
suggest there is still room for improvement. These and other highly sensitive, but rarely quoted benchmarks 
are highlighted and data testing results provided using the Monte Carlo N-Particle Version 5 (MCNP5) 
code and continuous energy ENDF/B-V, VI.8, and VII.0, JEFF-3.1, and JENDL-3.3 nuclear data libraries. 
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Abstract/Keyterms: Typical users of the International Criticality Safety Evaluation Project (ICSBEP) 
Handbook have specific criteria to which they desire to find matching experiments. Depending on the 
application, those criteria may consist of any combination of physical or chemical characteristics and/or 
various neutronic parameters. The ICSBEP Handbook contains a structured format helping the user narrow 
the search for experiments of interest. However, with nearly 4300 different experimental configurations 
and the ever-increasing addition of experimental data, the necessity to perform multiple criteria searches 
have rendered these features insufficient. As a result, a relational database was created with information 
extracted from the ICSBEP Handbook. A users’ interface was designed by OECD and DOE to allow the 
interrogation of this database. The database and the corresponding users’ interface are referred to as DICE. 
DICE currently offers the capability to perform multiple criteria searches that go beyond simple fuel, 
physical form and spectra and includes expanded general information, fuel form, moderator/coolant, 
neutron-absorbing material, cladding, reflector, separator, geometry, benchmark results, spectra, and 
neutron balance parameters. DICE also includes the capability to display graphical representations of 
neutron spectra, detailed neutron balance, sensitivity coefficients for capture, fission, elastic scattering, 
inelastic scattering, nu-bar and mu-bar, as well as several other features. 
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Abstract/Keyterms: The critical mass and dimensions of simple geometries containing highly enriched 
uranium dioxide (UO2) and uranium mononitride (UN) encapsulated in tungsten-rhenium alloys are 
determined using MCNP5 criticality calculations. Spheres as well as cylinders with length to radius ratios 
of 1.82 are computationally built to consist of 60 vol.% fuel and 40 vol.% metal matrix. Within the 
geometries the uranium is enriched to 93 wt.% uranium-235 and the rhenium content within the metal alloy 
was modeled over a range of 0 to 30 at.%. The spheres containing UO2 were determined to have a critical 
radius of 18.29 cm to 19.11 cm and a critical mass ranging from 366 kg to 424 kg. The cylinders containing 
UO2 were found to have a critical radius ranging from 17.07 cm to 17.844 cm with a corresponding critical 
mass of 406 kg to 471 kg. Spheres engrained with UN were determined to have a critical radius ranging 
from 14.82 cm to 15.19 cm and a critical mass between 222 kg and 242 kg. Cylinders which were engrained 
with UN were determined to have a critical radius ranging from 13.811 cm to 14.155 cm with a 
corresponding critical mass of 245 kg to 267 kg. The critical geometries were also computationally 
submerged in a neutronically infinite medium of fresh water to determine the effects of rhenium addition 
on criticality accidents due to water submersion. The Monte Carlo analysis demonstrated that rhenium 
addition of up to 30 at.% can reduce the excess reactivity due to water submersion by up to $5.07 for UO2 
fueled cylinders, $3.87 for UO2 fueled spheres and approximately $3.00 for UN fueled spheres and 
cylinders. 
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Abstract/Keyterms: The ENDF/B-VII.1 library is the latest revision to the United States' Evaluated 
Nuclear Data File (ENDF). The ENDF library is currently in its seventh generation, with ENDF/B-VII.0 
being released in 2006. This revision expands upon that library, including the addition of new evaluated 
files (was 393 neutron files previously, now 418 including replacement of elemental vanadium and zinc 
evaluations with isotopic evaluations) and extension or updating of many existing neutron data files. 
Complete details are provided in the companion paper [1]. This paper focuses on how accurately application 
libraries may be expected to perform in criticality calculations with these data. Continuous energy cross 
section libraries, suitable for use with the MCNP Monte Carlo transport code, have been generated and 
applied to a suite of nearly one thousand critical benchmark assemblies defined in the International 
Criticality Safety Benchmark Evaluation Project's International Handbook of Evaluated Criticality Safety 
Benchmark Experiments. This suite covers uranium and plutonium fuel systems in a variety of forms such 
as metallic, oxide or solution, and under a variety of spectral conditions, including unmoderated (i.e., bare), 
metal reflected and water or other light element reflected. Assembly eigenvalues that were accurately 
predicted with ENDF/B-VII.0 cross sections such as unmoderated and uranium reflected 235U and 239Pu 
assemblies, HEU solution systems and LEU oxide lattice systems that mimic commercial PWR 
configurations continue to be accurately calculated with ENDF/B-VII.1 cross sections, and deficiencies in 
predicted eigenvalues for assemblies containing selected materials, including titanium, manganese, 
cadmium and tungsten are greatly reduced. Improvements are also confirmed for selected actinide reaction 
rates such as 236U capture. Other deficiencies, such as the overprediction of Pu solution system critical 
eigenvalues and a decreasing trend in calculated eigenvalue for 233U fueled systems as a function of 
Above-Thermal Fission Fraction remain. The comprehensive nature of this critical benchmark suite and the 
generally accurate calculated eigenvalues obtained with ENDF/B-VII.1 neutron cross sections support the 
conclusion that this the most accurate general purpose ENDF/B cross section library yet released to the 
technical community. 
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Abstract/Keyterms: The ENDF/B-VII.1 library is our latest recommended evaluated nuclear data file for 
use in nuclear science and technology applications, and incorporates advances made in the five years since 
the release of ENDF/B-VII.0. These advances focus on neutron cross sections, covariances, fission product 
yields and decay data, and represent work by the US Cross Section Evaluation Working Group (CSEWG) 
in nuclear data evaluation that utilizes developments in nuclear theory, modeling, simulation, and 
experiment. The principal advances in the new library are: (1) An increase in the breadth of neutron reaction 
cross section coverage, extending from 393 nuclides to 418 nuclides; (2) Covariance uncertainty data for 
185 of the most important nuclides, as documented in companion papers in this edition; (3) R-matrix 
analyses of neutron reactions on light nuclei, including isotopes of He, Li, and Be; (4) Resonance parameter 
analyses at lower energies and statistical high energy reactions at higher energies for isotopes of F, Cl, K, 
Ti, V, Mn, Cr, Ni, Zr and W; (5) Modifications to thermal neutron reactions on fission products (isotopes 
of Mo, Tc, Rh, Ag, Cs, Nd, Sm, Eu) and neutron absorber materials (Cd, Gd); (6) Improved minor actinide 
evaluations for isotopes of U, Np, Pu, and Am (we are not making changes to the major actinides 235,238U 
and 239Pu at this point, except for delayed neutron data, and instead we intend to update them after a further 
period of research in experiment and theory), and our adoption of JENDL-4.0 evaluations for isotopes of 
Cm, Bk, Cf, Es, Fm, and some other minor actinides; (7) Fission energy release evaluations; (8) Fission 
product yield advances for fission-spectrum neutrons and 14 MeV neutrons incident on 239Pu; and (9) A 
new Decay Data sublibrary. Integral validation testing of the ENDF/B-VII.1 library is provided for a variety 
of quantities: For nuclear criticality, the VII.1 library maintains the generally-good performance seen for 
VII.0 for a wide range of MCNP simulations of criticality benchmarks, with improved performance coming 
from new structural material evaluations, especially for Ti, Mn, Cr, Zr and W. For Be we see some 
improvements although the fast assembly data appear to be mutually inconsistent. Actinide cross section 
updates are also assessed through comparisons of fission and capture reaction rate measurements in critical 
assemblies and fast reactors. We describe the cross section evaluations that have been updated for ENDF/B-
VII.1 and the measured data and calculations that motivated the changes, and therefore this paper augments 
the ENDF/B-VII.0 publication [1]. 
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Abstract/Keyterms: An exact scattering kernel formulation for anisotropic scattering up to angular order 
10 has been developed and implemented into a deterministic code. The effects of accounting for lattice 
dynamics on the modeling of neutron scattering in 235U, 238U, 238Pu, and other nuclides have been 
demonstrated. The new formulation essentially reproduces other investigators previous results for isotropic 
scattering and quantifies the departures from the isotropic values when higher angular orders are accounted 
for. The correct accounting for the lattice effects influences the estimated values for the probability of 
neutron absorption and scattering, which in turn affect the estimation of core reactivity and burnup 
characteristics. It is shown that, when using the exact scattering kernel formulation, the probability for 
upscattering significantly increases with increasing temperatures. For example, upscattering for 238U from 
below the 20.67 eV resonance increases from 5.57% at 300 K to 30.41% at 1000 K, respectively. Thus, it 
is shown that the exact scattering kernel is strongly sensitive to temperature, a fact of major importance for 
High Temperature Reactor fuels. The slowing down process is important in thermal reactors because it 
results in the neutrons entering the thermal energy range in which the majority of fission events occur. 
Correctly modeling the slowing down and hence slowing down source into the thermal energy range and 
consequently allowing the correct modeling of the thermal energy neutron fluxes (or the correct thermal 
range portion of the spectrum) is paramount to the correct prediction of criticality and safety features such 
as the Doppler effect. These artifacts are important for all thermal spectrum reactors. In High Temperature 
Reactors such as the NGNP or the Deep Burn HTR these effects are even more important. 
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Abstract/Keyterms: Within the framework of the IAEA Coordinated Research Project on HTGR 
Uncertainty Analysis in Modeling, criticality calculations of the Very High Temperature Critical Assembly 
experiment were performed as the validation reference to the prismatic MHTGR-350 lattice calculations. 
Criticality measurements performed at several temperature points at this Japanese graphite-moderated 
facility were recently included in the International Handbook of Evaluated Reactor Physics Benchmark 
Experiments, and represent one of the few data sets available for the validation of HTGR lattice physics. 
Here, this work compares VHTRC criticality simulations utilizing the Monte Carlo codes Serpent and 
SCALE/KENO-VI. Reasonable agreement was found between Serpent and KENO-VI, but only the use of 
the latest ENDF cross section library release, namely the ENDF/B-VII.1 library, led to an improved match 
with the measured data. Furthermore, the fourth beta release of SCALE 6.2/KENO-VI showed significant 
improvements from the current SCALE 6.1.2 version, compared to the experimental values and Serpent 
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Abstract/Keyterms: Passive multiplicity measurements of fissile metal assemblies are well established for 
measuring the multiplication, fissile content, and detection efficiency. In plutonium metal assemblies, most 
of the neutrons are unambiguously observed from fission chains because of the high spontaneous fission 
rate. However, uranium metal assemblies have low spontaneous fission rate such that the observed neutrons 
are a mixture of fission chain neutrons and cosmic-ray spallation neutrons. As a result the multiplication, 
fissile content, and detection efficiency are difficult to measure without accurate quantification of the single 
neutron events unrelated to the fission chains. However, studying fission chains is simplified by knowing 
when each chain starts, which can be accomplished using a time-tagged active source such as a 252Cf 
ionization chamber or a deuterium-tritium (D-T) neutron generator with an alpha detector. This paper 
presents time correlation measurements that have been performed with up to five 18 kg highly enriched 
uranium (HEU) storage castings and a 252Cf ionization chamber placed near the center of each assembly. 
The measurements included liquid scintillators with pulse shape discrimination operating on the timescale 
of fission chains and 3He proportional counters whose traditional use in multiplicity counting is well 
understood within a point-kinetics framework. Neutron time correlation distributions have been measured 
to characterize each assembly and are compared with the equivalent distributions collected passively. 
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Abstract/Keyterms: The Nuclear Materials Identification System (NMIS) has proven shown itself capable 
of accurately determining the mass of fissile material inside of a container using active interrogation with 
a deuterium-tritium neutron generator. This paper investigated the possibility that the NMIS could be used 
to determine the mass of UO3 powder located in stainless-steel trough-shaped containers at the Y-12 
National Security Complex. The MCNP-PoliMi computer code was used to model several imaging 
measurements by the NMIS and estimate how accurately the mass of the UO3 powder could be determined. 
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Abstract/Keyterms: For pulsed-neutron experiments performed in a subcritical reactor, the reactivity 
obtained from the area-ratio method is sensitive to detector positions. The spatial effects are induced by the 
presence of both the prompt neutron harmonics and the delayed neutron harmonics in the reactor. The 
traditional kinetics distortion factor is only limited to correcting the spatial effects caused by the 
fundamental prompt-{alpha} mode. In this paper, we derive spatial correction factors fp and fd to account 
for spatial effects induced by the prompt neutron harmonics and the delayed neutron harmonics, 
respectively. Our numerical simulations with the FX2-TH time-dependent multigroup diffusion code 
indicate that the high-order prompt neutron harmonics lead to significant spatial effects and cannot be 
neglected in calculating the spatial correction factors. The prompt spatial correction factor fp can be simply 
determined by the ratio of the normalized detector responses corresponding to the fundamental k-mode and 
the prompt neutron flux integrated over the pulse period. Thus, it is convenient to calculate and provides 
physically intuitive explanations on the spatial dependence of reactivity measured in the MUSE-4 
experiments: overestimation of the subcriticality in regions close to the external neutron source and 
underestimation of the subcriticality away from the source but within the fuel region. 
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Abstract/Keyterms: Neutron radiography is a powerful investigative technique for analyzing the interior 
structure of an object. If the true attenuation of neutrons at each position in the object can be measured, the 
cross-sections can be computed using the exponential attenuation formula. However, scattered neutrons 
will contribute to the measured neutron flux and reduce the measured attenuation. The Nuclear Materials 
Identification System (NMIS) uses a time-tagged and electronically collimated DT neutron source to reduce 
this effect; however, some of the scattering component remains. This work used Monte Carlo simulations 
to calculate the scattering component for a variety of scenarios. The scattering for each scenario was fit 
using a Gaussian distribution to derive a point scatter function. These point scatter functions were used to 
develop a parameterized scatter removal algorithm that can calculate and remove the scattering component 
for a wide range of scenarios based on operator inputs. The process used to calculate the scatter functions 
and develop the scatter removal algorithm is discussed in detail. Examples of simulated and experimental 
measurements are used to test and validate the algorithm. 
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Abstract/Keyterms: This paper presents initial results from development of the induced-fission imaging 
technique, which can be used for the purpose of measuring or verifying the distribution of fissionable 
material in an unopened container. The technique is based on stimulating fissions in nuclear material with 
14 MeV neutrons from an associated-particle deuterium-tritium (D-T) generator and counting the 
subsequent induced fast fission neutrons with an array of fast organic scintillation detectors. For each source 
neutron incident on the container, the neutron creation time and initial trajectory are known from detection 
of the associated alpha particle of the d + T. {yields} {alpha} + n reaction. Many induced fissions will lie 
along (or near) the interrogating neutron path, allowing an image of the spatial distribution of prompt 
induced fissions, and thereby fissionable material, to be constructed. A variety of induced-fission imaging 
measurements have been performed at Oak Ridge National Laboratory with a portable, low-dose D-T 
generator, including single-view radiographic measurements and three-dimensional tomographic 
measurements. Results from these measurements will be presented along with the neutron transmission 
images that have been performed simultaneously. This new capability may have applications to a number 
of areas in which there may be a need to confirm the presence or configuration of nuclear materials, such 
as nuclear material control and accountability, quality assurance, treaty confirmation, or homeland security 
applications. 
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Abstract/Keyterms: In a passive multiplicity characterization of highly enriched uranium (HEU) 
assemblies, fission chains are initiated by the characteristically fast neutrons from spontaneous fission of 
238U and 235U as well as cosmic-ray spallation neutrons. Active interrogation of HEU uses other physical 
mechanisms for starting chains by inducing fission from high-energy neutrons, high-energy gamma-rays, 
delayed neutrons, or thermal neutrons. In all cases a contribution to the initiation of fission chains is the 
reflection of neutrons that initially escape the assembly and re-enter it after undergoing some scattering. 
The reflected neutron flux is geometry dependent and a combination of fast and thermal energies. The 
reflected thermal neutron contribution occurs hundreds of microseconds after the beginning of the fission 
chain and can be distinguished from the cosmic-ray spallation neutrons unrelated to fission chains, resulting 
in an HEU detection signature with high signal-to-noise. However, the reflected thermal neutron flux can 
be eliminated with an efficient thermal neutron absorber to investigate reflected neutron effects. In this 
paper, active and passive multiplicity measurements with HEU oxide assemblies of up to 16 kg of fuel pins 
and HEU metal assemblies of up to five 18 kg storage castings are reported. Each case demonstrates the 
differences in HEU signature when a borated thermal neutron absorber is present and shows the various 
detectable signatures with 3He proportional counters, the standard detector for differential die-way and 
neutron multiplicity measurements, and liquid scintillators, a detector capable of operating on the timescale 
of fission chains. 



 

C-8920 

8895…..…..…………………..…….……..……ID Number…………………..…..…………….8895 

Author: Radle, James E. / Archer, Daniel E. / Carter, Robert J. / Mullens, James Allen / Mihalczo, John 
T. / Britton, Charles L., Jr. / Lind, Randall F. / Wright, Michael C 

Title: Fieldable Nuclear Material Identification System 

Date: 7/16/2010 

Report: INMM 51st Annual Meeting, Baltimore, MD, USA, 20100711, 20100715 

Conference/Journal: INMM 51st Annual Meeting, Baltimore, MD, USA 

Conference Session:  

Abstract/Keyterms: The Fieldable Nuclear Material Identification System (FNMIS), funded by the NA-
241 Office of Dismantlement and Transparency, provides information to determine the material attributes 
and identity of heavily shielded nuclear objects. This information will provide future treaty participants 
with verifiable information required by the treaty regime. The neutron interrogation technology uses a 
combination of information from induced fission neutron radiation and transmitted neutron imaging 
information to provide high confidence that the shielded item is consistent with the host's declaration. The 
combination of material identification information and the shape and configuration of the item are very 
difficult to spoof. When used at various points in the warhead dismantlement sequence, the information 
complimented by tags and seals can be used to track subassembly and piece part information as the 
disassembly occurs. The neutron transmission imaging has been developed during the last seven years and 
the signature analysis over the last several decades. The FNMIS is the culmination of the effort to put the 
technology in a usable configuration for potential treaty verification purposes. 
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Abstract/Keyterms: Previous measurements of highly enriched uranium (HEU) storage castings 
performed by Oak Ridge National Laboratory (ORNL) at the Y-12 National Security Complex showed a 
prompt neutron time decay that is not exponential. These measurements showed that multiple time constants 
originating from multiplication, time-of-flight, scattering in the assembly and room return could be 
associated with this prompt neutron decay. In this work, the contribution not associated with neutron 
multiplication was investigated via measurements with a depleted uranium (DU) casting. The 
measurements at ORNL used an annular (5.0-in OD, 3.5-in ID, 6.0-in H) DU casting with a time-tagged 
252Cf source, centered vertically on the axis, and four closely coupled 1 1 6-in.-long plastic scintillators 
with -in.- thick lead shielding adjacent to the outer surface of the casting. This setup was identical to the 
configuration used in the previously performed measurements with HEU castings at Y-12. The time 
correlation between fission events and detections in the plastic scintillators was measured, as well as the 
time distribution of coincidences between multiple detectors within a 512-ns time window. The 
measurement results were then compared to MCNP-PoliMi calculations and the previous HEU 
measurements. Time constants from decay fits to the HEU and DU data were compared to characterize the 
contributions resulting from multiplication, time-of-flight, and scattering. 
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Abstract/Keyterms: The determination of the enrichment of uranium is required in many safeguards and 
security applications. Typical methods of determining the enrichment rely on detecting the 186 keV gamma 
ray emitted by 235U. In some applications, the uranium is surrounded by external shields, and removal of 
the shields is undesirable. In these situations, methods relying on the detection of the 186 keV gamma fail 
because the gamma ray is shielded easily. Oak Ridge National Laboratory (ORNL) has previously measured 
the enrichment of shielded uranium metal using active neutron interrogation. The method consists of 
measuring the time distribution of fast neutrons from induced fissions with large plastic scintillator 
detectors. To determine the enrichment, the measurements are compared to a calibration surface that is 
created from Monte Carlo simulations where the enrichment in the models is varied. In previous 
measurements, the geometry was always known. ORNL is extending this method to situations where the 
geometry and materials present are not known in advance. In the new method, the interrogating neutrons 
are both time and directionally tagged, and an array of small plastic scintillators measures the uncollided 
interrogating neutrons. Therefore, the attenuation through the item along many different paths is known. 
By applying image reconstruction techniques, an image of the item is created which shows the position-
dependent attenuation. The image permits estimating the geometry and materials present, and these 
estimates are used as input for the Monte Carlo simulations. As before, simulations predict the time 
distribution of induced fission neutrons for different enrichments. Matching the measured time distribution 
to the closest prediction from the simulations provides an estimate of the enrichment. This presentation 
discusses the method and provides results from recent simulations that show the importance of knowing 
the geometry and materials from the imaging system. 
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Abstract/Keyterms: The Nuclear Materials Identification System (NMIS) uses fast neutron tomographic 
imaging to nonintrusively examine the interior structure of shielded objects. The pixel values in such images 
represent the attenuation coefficients of the time- and directionally-tagged fast neutrons from a deuterium-
tritium (D T) neutron generator. The reconstruction techniques use either a filtered back projection or a 
maximum likelihood expectation maximization algorithm. As a first test of the capabilities of these 
reconstruction techniques to correctly identify individual parts inside of an object, fast neutron imaging was 
used to identify the regions of shielding surrounding a depleted uranium casting from a library of possible 
parts. The shielding consisted of multiple regions of common materials such as steel, lead, aluminum, and 
polyethylene. First, the full object was imaged, and then each of the individual parts was imaged. Several 
additional parts that were not present in the original object were also imaged to form a library. The 
individual parts were compared to the full object, and the correct ones were identified using three different 
methods. These methods included a visual match, an iterative fit of each part, and a mathematical test 
comparing the sum of squared errors. The successful results demonstrate an initial application of matching. 
This suggests that it should be possible to implement more sophisticated matching techniques using 
automated pixel-by-pixel comparison methods in the future. 
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Abstract/Keyterms: The neutron transmission, elastic scattering, and non elastic reactions can be used to 
distinguish various isotopes. Neutron transmission as a function of energy can be used in some cases to 
identify materials in unknown objects. A time tagged californium source that provides a fission spectrum 
of neutrons is a useful source for neutron time-of-flight (TOF) transmission measurements. Many nuclear 
weapons trainer units for a particular weapons system (no fissile, but of same weight and center of gravity) 
in shipping containers were returned to the National Nuclear Security Administration Y-12 National 
Security Complex in the mid 1990s. Nuclear Materials Identification System (NMIS) measurements with 
a time tagged californium neutron source were used to verify that these trainers did not contain fissile 
material. In these blind tests, the time distributions of neutrons through the containers were measured as a 
function of position to locate the approximate center of the trainer in the container. Measurements were 
also performed with an empty container. TOF template matching measurements were then performed at 
this location for a large number of units. In these measurements, the californium source was located on one 
end of the container and a proton recoil scintillator was located on the other end. The variations in the TOF 
transmission for times corresponding to 1 to 5 MeV were significantly larger than statistical. Further 
examination of the time distribution or the energy dependence revealed that these variations corresponded 
to the variations in the neutron cross section of aluminum averaged over the energy resolution of the 
californium TOF measurement with a flight path of about 90 cm. Measurements using different thicknesses 
of aluminum were also performed with the source and detector separated the same distance as for the trainer 
measurements. These comparison measurements confirmed that the material in the trainers was aluminum, 
and the total thickness of aluminum through the trainers was determined. This an example of how 
californium transmission TOF measurements can be used to identify materials. 
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Abstract/Keyterms: Neutron radiography and fission mapping measurements were performed on four 
measurement objects with varying composition and shielding arrangements at the Idaho National 
Laboratory's Zero Power Physics Reactor (ZPPR) facility. The measurement objects were assembled with 
ZPPR reactor plate materials comprising plutonium, natural uranium, or highly enriched uranium and were 
presented as unknowns for characterization. As a part of the characterization, neutron radiography was 
performed using a deuterium-tritium (D-T) neutron generator as a source of time and directionally tagged 
14 MeV neutrons. The neutrons were detected by plastic scintillators placed on the opposite side of the 
object, using the time-correlation-based data acquisition of the Nuclear Materials Identification System 
developed at Oak Ridge National Laboratory. Each object was measured at several rotations with respect 
to the neutron source to obtain a tomographic reconstruction of the object and a limited identification of 
materials via measurement of the neutron attenuation. Large area liquid scintillators with pulse shape 
discrimination were used to detect the induced fission neutrons. A fission site map reconstruction was 
produced by time correlating the induced fission neutrons with each tagged neutron from the D-T neutron 
generator. This paper describes the experimental configuration, the ZPPR measurement objects used, and 
the neutron imaging and fission mapping results. 
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Abstract/Keyterms: The Nuclear Materials Identification System (NMIS) detects and characterizes fissile 
and nonfissile materials using time correlations between a time-tagged source and one or more detectors. 
The first fieldable configuration of dedicated hardware and software was developed in the 1990s. In its 
original configuration, the measurement system consisted of a time-tagged source and two to four detectors. 
Measurements with this configuration were easily simulated using a single Monte Carlo run. The present 
measurement configuration is far more complex than the original. The source is now divided into multiple 
neutron cones; significantly more detectors are included; and the source, detectors, and object being 
interrogated can all be moved during the measurement to capture different views of the object. In addition 
to the hardware changes, the software can now reconstruct high-resolution tomographs of the 14 MeV 
neutron attenuation coefficients and fission sites inside the object. This work shows how a complex 
measurement of an object that consists of both fissile and nonfissile parts can be simulated by using multiple 
input decks and combining the resulting output into the desired format. The results of this simulation were 
then reconstructed using the imaging and fission-mapping software used with measurements. These 
reconstructions are consistent with the original model, thus validating the simulation method. 
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Abstract/Keyterms: Determining the enrichment of highly enriched uranium (HEU) metal assemblies 
shielded by depleted uranium (DU) proves a unique challenge to currently employed measurement 
techniques. Efforts to match time-correlated neutron distributions obtained through active interrogation to 
Monte Carlo simulations of the assemblies have shown promising results, given that the exact geometries 
of both the HEU metal assemblies and DU shields are known from imaging and fission site mapping. In 
certain situations, however, it is desirable to obtain enrichment with limited or no geometrical information 
of the assemblies being measured. This paper explores the possibility that the utilization of observables in 
the interrogation of assemblies by time-tagged D-T neutrons, including time-correlated distribution of 
neutrons and gammas using liquid scintillators operating on the fission chain time scale, can lead to 
enrichment determination without a complete set of geometrical information. 
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Abstract/Keyterms: This work tests a systematic procedure for analyzing data acquired by the Nuclear 
Materials Identification System (NMIS) at Oak Ridge National Laboratory with fast-neutron imaging and 
high-purity germanium (HPGe) gamma spectrometry capabilities. NMIS has been under development by 
the US Department of Energy Office of Nuclear Verification since the mid-1990s, and prior to that by the 
National Nuclear Security Administration Y-12 National Security Complex, with NMIS having been used 
at Y-12 for template matching to confirm inventory and receipts. In this present work, a complete set of 
NMIS time coincidence, fast-neutron imaging, fission mapping, and HPGe gamma-ray spectrometry data 
was obtained from Monte Carlo simulations for a configuration of fissile and nonfissile materials. The data 
were then presented for analysis to someone who had no prior knowledge of the unknown object to 
accurately determine the description of the object by applying the previously-mentioned procedure to the 
simulated data. The best approximation indicated that the unknown object was composed of concentric 
cylinders: a void inside highly enriched uranium (HEU) (84.7 {+-} 1.9 wt% 235U), surrounded by depleted 
uranium, surrounded by polyethylene. The final estimation of the unknown object had the correct materials 
and geometry, with error in the radius estimates of material regions varying from 1.58% at best and 4.25% 
at worst; error in the height estimates varied from 2% to 12%. The error in the HEU enrichment estimate 
was 5.9 wt% (within 2.5{sigma} of the true value). The accuracies of the determinations could be adequate 
for arms control applications. Future work will apply this iterative reconstructive procedure to other 
unknown objects to further test and refine it. 
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Abstract/Keyterms: Passive time coincidence measurements have been performed on highly enriched 
uranium (HEU) oxide fuel pins at the Idaho National Laboratory Power Burst Facility. These experiments 
evaluate HEU detection capability using passive coincidence counting when utilizing moderated 3He tubes. 
Data acquisition was performed with the Nuclear Material Identification System (NMIS) to calculate the 
neutron coincidence time distributions. The amounts of HEU measured were 1 kg, 4 kg, and 8 kg in sealed 
55-gallon drums. Data collected with the 3He tubes also include passive measurement of 31 kg of depleted 
uranium (DU) in order to determine the ability to distinguish HEU from DU. This paper presents results 
from the measurements. 
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Abstract/Keyterms: During the past three years a Working Group established by the Organization for 
Economic Co-operation and Development's Nuclear Energy Agency (OECD-NEA) in Paris, France, has 
been studying the validity and applicability of a variety of criticality safety computer programs and their 
associated nuclear data for the computation of the neutron multiplication factor, k(eff), for various transport 
packages used in the fuel cycle. The principal objective of this work has been to provide an internationally 
acceptable basis for the licensing authorities in a country to honor licensing approvals granted by other 
participating countries. Eleven countries participated in the initial study which consisted of examining 
criticality safety calculations for packages designed for spent light water reactor fuel transport. This paper 
presents a summary of this study which has been completed and reported in an OECD-NEA Report No. 
CSNI-71. The basic goal of this study was to outline a satisfactory validation procedure for this particular 
application. First, a set of actual critical experiments were chosen which contained the various material and 
geometric properties present in typical LWR transport containers. Secondly, calculations were made by 
each of the methods in order to determine how accurately each method reproduced the experimental values. 
This successful effort in developing a benchmark procedure for validating criticality calculations for spent 
LWR transport packages along with the successful intercomparison of a number of methods should provide 
increased confidence by licensing authorities in the use of these methods for this area of application. 
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Abstract/Keyterms: Instrumentation Related to Nuclear Science and Technology; Nuclear Disarmament, 
Safeguards, and Physical Protection; Alpha Detection; Neutron Detectors; Nuclear Materials Management; 
Time-Of-Flight Method 



 

C-8934 

8909…..…..…………………..…….……..……ID Number…………………..…..…………….8909 

Author: McConchie, Seth M. / Hausladen, Paul / Mihalczo, John T. / Wright, Michael C. / Archer, 
Daniel E 

Title: Passive Time Coincidence Measurements with HEU and DU Metal Castings 

Date: 7/19/2008 

Report: INMM, Nashville, TN, USA, 20080713, 20080718 

Conference/Journal: INMM, Nashville, TN, USA 

Conference Session:  

Abstract/Keyterms: A Department of Energy sponsored Oak Ridge National Laboratory/Y-12 National 
Security Complex program of passive time coincidence measurements has been initiated at Y-12 to evaluate 
the ability to determine the presence of high enriched uranium (HEU) and distinguish it from depleted 
uranium (DU). This program uses the Nuclear Materials Identification System (NMIS) without an active 
interrogation source. Previous passive NMIS measurements with Pu metal and Pu oxide have been 
successful in determining the Pu mass, assuming a known 240Pu content. The spontaneous fission of 
uranium metal is considerably lower than Pu and measurements of this type have been performed at 
Lawrence Livermore National Laboratory. This work presents results of measurements of HEU and DU 
metal castings using moderated 3He detectors. 
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Abstract/Keyterms: In 2007, a shipping container that arrived at ORNL was imaged using the neutron and 
gamma ray imaging capability of Nuclear Materials Identification System (NMIS). NMIS with imaging 
uses a time-tagged radiation source, which can be either a DT neutron generator or a 252Cf spontaneous 
fission source. The initial imaging measurements used the DT generator s 14.1 MeV neutrons. Because of 
the low attenuation of the container and its contents, subsequent measurements were performed with the 
fission energy spectrum neutrons and gamma rays of the 252Cf source. The 252Cf source provides a 
simultaneous measurement of both a neutron (more sensitive to organics) and a gamma ray (more sensitive 
to steels) image to be obtained. The images showed that the container contents were partially inverted 
instead of their expected arrangement. This information was useful in assessing the shipment packaging 
before the container was opened and indicates how NMIS with imaging can be used to image receipts. 
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Abstract/Keyterms: The use of fast-response liquid scintillators for passive measurements with highly 
enriched uranium (HEU) castings provides information on the timescale of the fission chain multiplication 
process for HEU. Thus, these detectors produce time responses characteristic of the HEU and not the 
moderator around 3He counters. Up to five HEU castings were assembled and the passive time coincidence 
measurements performed. The prompt neutron decay constants inferred from the Feynman variance data 
with the arrays of large liquid scintillators are compared with decay constants obtained from previously 
presented Feynman variance data collected in active interrogation measurements with these same HEU 
castings. The active measurements used plastic scintillation detectors adjacent to the castings to eliminate 
time-of-flight effects and showed that the prompt neutron decay constant is clearly not exponential. 
However, time-of-flight effects in the passive measurements result in exponential behavior and allow the 
Feynman variance data to be fit with the well-known point kinetics analytical formula. The characterization 
of the prompt neutron decay constant is investigated by comparing the results of the passive and active 
measurement data. 
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Abstract/Keyterms: Monitoring the amount of HEU in large (metric tons) storage arrays with passive time 
coincidence distribution measurements is complicated by a variety of effects. These include: (1) time 
correlated background from HEU outside the particular localized section of the storage array being 
monitored, (2) cosmic radiation induced fission of nearby array materials, and (3) how large a portion of 
the array can be monitored with a set of detectors at a particular location in the array. Such a large storage 
array is typically rows of 2 wide and 3 high birdcages (metal structures that maintain safe nuclear criticality 
spacing between stored HEU castings) separated by 2 foot wide aisles between rows. This evaluation 
investigates how large an array of birdcages can be monitored by two 4x4 arrays of proton recoil 
scintillators. Monte Carlo simulations provided the time distribution of coincidences, multiplets (number 
of times n detection events occur in a time interval), and Feynman variance as a function of the length of 
the array. These calculations were performed for hypothetical arrays of 18 kg HEU standard Y-12 storage 
castings spaced 20 in apart. These types of arrays are used because the spacing between HEU castings are 
loosely coupled in that the castings at the ends of the arrays only interact with adjacent castings; this makes 
monitoring of the entire array difficult with detectors at a particular location in the array. 
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Abstract/Keyterms: Five highly enriched (93.2 wt.% 235U) uranium (HEU) and three depleted (0.2 wt.% 
235U) uranium (DU) castings were available for passive time coincidence measurements with two arrays 
of eight total liquid scintillation detectors and two arrays of 32 total moderated 3He detectors. In addition 
to measurements with each type of casting, measurements were also performed with both types of castings 
intermingled. The spontaneous fission rate for the casting is primarily due to the presence of 238U. Thus, 
the DU castings have ~15 times more spontaneous fission that the HEU castings with very little addition in 
multiplication with each addition of a DU casting. The characteristic time behavior of the fission chain 
multiplication process is determined by the 235U. The presence of the DU castings in these assemblies has 
three physical effects: provision of an additional source of neutrons to initiate fission chains in the HEU, 
reflection of neutrons back into the HEU, and shielding of the detectors from fission chain neutrons and 
gammas. The effects are investigated within the context of the time coincidence distributions using the 
signal-triggered multiplets and Feynman variances. 
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Abstract/Keyterms: Neutron diffusion parameters for light water ($nu$$Sigma$sub(a), D0) have been 
measured by means of the method with variable buckling in the cylindrical geometry using the pulsed 
neutron source. The final results obtained are 442 cm2/s at temperature T. = 19 ± 1.5 deg C and they are in 
agreement with the data published in the literature. The influence of some measurement parameters, not yet 
published by other authors, on the measurement results has been found during this research. This the first 
part of the further measurements of the absorption cross sections of small samples going on in this 
laboratory. 
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dynamic parameters including the energy distribution of thermal neutrons are used instead of the one-
velocity approximation for a two-component system. Next the diffusion cooling correction is introduced 
into the thermal neutron average dynamic diffusion coefficient, into the dynamic material buckling, and 
into the Maxwellian distribution for thermal neutrons. An example is given for spherical geometry. The 
relation between the experimental pulsed parameters and the definitions for the average macroscopic cross-
sections is given for hydrogenous media. Results of the measurements for the system of concentric spheres 
are presented. 
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physical parameters from the calculation of the fine structure flux distributions in the elementary cells and 
of the slowing-down and resonance effects. These parameters have been used to determine the critical sizes 
and neutron density distributions in two-group diffusion approximation. A comparison of the calculated 
data with the available experimental results has been carried out. 
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performed. Diffusion parameters of the thermal group and of one or three epithermal groups have been 
determined. Using these data the critical calculations have been carried out and the main neutron density 
distributions presented. The role of some neutron processes in these systems and their influence on integral 
parameters has been considered. The calculated quantities have been compared with the available 
experimental data. 
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Abstract/Keyterms: The results of 0, 1, and 2 dimensional criticality calculations for selected plutonium 
enriched light water lattices are presented. Five square lattices (SAXTON) with 6.6% PuO2 in UO2 have 
been investigated. Six hexagonal lattices for CRITICAL APPROACH FACILITY with 8, 16 and 24% Pu-
240 enrichment have been studied. The calculations were performed as a test of LASER and WIMS code 
performance for Pu bearing fuel. 
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Abstract/Keyterms: A set of group material data for global diffusion calculations of the MARIA research 
reactor at zero power is obtained. The data are given by the S-WIMS code for 2 and 5 neutron energy groups 
respectively. The heterogeneities in the core, such as channels filled with water or absorbing boral rods 
were taken into account. The results of cell calculations were related to the experiment by means of overall 
reactor calculations for known, from the critical experiments, material configurations of the core. An 
influence of various assumptions concerning physical and geometrical cell models on the group constants 
is discussed. Optimal calculational models for the reactor cells were chosen. 
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Abstract/Keyterms: The Radiation Safety Information Computational Center (RSICC), which has been in 
existence since 1963, is the principal source and repository in the United States for computational tools for 
nuclear applications. RSICC collects, organizes, evaluates and distributes nuclear software and data 
involving the transport of neutral and charged particle radiation, and shielding and protection from radiation 
associated with: nuclear weapons and materials, fission and fusion reactors, outer space, accelerators, 
medical facilities, and nuclear waste. RSICC serves over 12,000 scientists and engineers from 94 countries. 
RSICC software provides in-depth coverage of radiation related topics: the physics of the interaction of 
radiation with matter, radiation production and sources, criticality safety, radiation protection and shielding, 
radiation detectors and measurements, shielding materials properties, radiation waste management, 
atmospheric dispersion and environmental dose, medical applications, macro- and micro-dosimetry 
calculations. 
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Abstract/Keyterms: IAEA regulations for the safe transport of radioactive materials, first issued in 1961, 
have been updated and expanded when necessary. The safety prescriptions attempt to ensure, under normal 
conditions and under accident conditions the package; adequate control of external radiation levels 
surrounding the package; safe means of dissipating any heat within the radioactive material; and criticality 
control, if the material is also fissile. 
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Abstract/Keyterms: Various methods of transport of irradiated fuel flasks in Europe are described. While 
many problems in the transport of heavy flasks have been solved some remain and new ones have appeared. 
Some of these problems are the accumulation of crud on the surface of fuel elements, the problems of failed 
fuel, stringent criticality criteria, the "sweating out" of contaminated flasks, the access, road or rail, to 
reactor sites, and the maintenance of the transport vehicles. Some future trends in the direction of heavy 
flasks in the range of 75 to 100 tonnes are indicated. 
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Abstract/Keyterms: After briefly outlining the development of the fuel reprocessing methods for spent 
fuels from thermal reactors, the problems in the reprocessing of fast reactor fuels are considered. The 
problems in aqueous processing of fast reactor fuels are on account of high burnup and high heat rating, 
solvent degradation, criticality and the disposal of fission products like 131I, 133Xe. The limitations in 
applying fluoride volatility methods to plutonium bearing fuel are those of handling and the behaviour of 
plutonium in plant scale. Presently available experience in reprocessing of fast reactor fuel has been only 
by the aqueous method as in France, UK and USSR. Reprocessing is at the cross roads. It is appropriate 
that past experience be reviewed to take care of the problems foreseen without damaging the prospects of 
availability of plutonium for the fast reactor programme. The impression that plants of less than five tonnes 
per day would not be economical has to be reviewed in the context of the currently available experience. 
The physical protection required for the fissile material can be afforded by a closed captive system of fast 
reactor, reprocessing plant and refabrication plant. It is essential to have a fresh thinking on the scope and 
aims of reprocessing and have realistic approach towards costs of reprocessing compatible with safety. 
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Abstract/Keyterms: Proof-of-principle measurements are reported demonstrating that multiplicity 
techniques can be used to identify prompt fission neutrons from photonuclear interrogation under 
circumstances where the fission neutrons may be accompanied by photo dissociated neutrons of an identical 
energy spectrum, and where the emitted neutrons are naturally bunched in time by the pulsed nature of the 
interrogating photon beam. The technique shows promise as a method for the detection of highly enriched 
uranium (HEU) compared to techniques based on delayed neutrons because prompt neutrons are orders of 
magnitude more abundant, and compared to passive multiplicity techniques because actively induced 
fission rates are orders of magnitude higher than spontaneous fission rates in HEU. The technique also 
shows promise in that multiplicity signatures can be used to distinguish HEU from other fissionable 
material. 
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Abstract/Keyterms: Along with the problem of the nuclear waste transmutation, the problem of 
minimization of waste production is of current interest. It is not possible to eliminate production of waste 
at a nuclear power plant, but, as is shown in this report, it is in principle possible to arrange a fuel 
composition with no net production of transuranic elements. The idea is to find the transuranic elements 
composition to which the depleted uranium is continuously supplied during frequent reprocessing, and 
amount of each other transuranic fuel component remains unchanged in time. For each transuranic 
component, the balance is achieved by equating burnup and production rates. The production is due to 
neutron capture by the neighboring lighter isotope and subsequent beta-decay. The burnup includes fission, 
neutron capture and decays. For the calculations a simplified burnup model which accounts for 9 isotopes 
of uranium, neptunium, plutonium and americium is used. The calculated fuel composition consists mainly 
of uranium with minority of plutonium isotopes. Such a fuel, after usage in a sub-critical fast reactor, should 
be reprocessed. The fission product content increases during burnup, representing a net production of waste, 
while the transuranic elements and 238U should be recycled into a new fuel. For such a fuel cycle, the net 
consumption is only for 238U, and the net waste production is just fission products. 
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Reactor Core; Spectra; Startup; Temperature; Uranium; Uranium Compounds 
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Conference Session:  

Abstract/Keyterms: It is well known that statistical estimates obtained from Monte Carlo criticality 
simulations can be adversely affected by cycle-to-cycle correlations in the fission source. In addition there 
are several other more fundamental issues that may lead to errors in Monte Carlo results. These factors can 
have a significant impact on the calculated eigenvalue, localized tally means and their associated standard 
deviations. In fact, modern Monte Carlo computational tools may generate standard deviation estimates 
that are a factor of five or more lower than the true standard deviation for a particular tally due to the inter-
cycle correlations in the fission source. The magnitude of this under-prediction can climb as high as one 
hundred when combined with an ill-converged fission source or poor sampling techniques. Since Monte 
Carlo methods are widely used in reactor analysis (as a benchmarking tool) and criticality safety 
applications, an in-depth understanding of the effects of these issues must be developed in order to support 
the practical use of Monte Carlo software packages. A rigorous statistical analysis of localized tally results 
in eigenvalue calculations is presented using the SCALE/KENO-VI and MCNP Monte Carlo codes. The 
purpose of this analysis to investigate the under-prediction in the uncertainty and its sensitivity to problem 
characteristics and calculational parameters, and to provide a comparative study between the two codes 
with respect to this under-prediction. It is shown herein that adequate source convergence along with proper 
specification of Monte Carlo parameters can reduce the magnitude of under-prediction in the uncertainty 
to reasonable levels; below a factor of 2 when inter-cycle correlations in the fission source are not a 
significant factor. In addition, through the use of a modified sampling procedure, the effects of inter-cycle 
correlations on both the mean value and standard deviation estimates can be isolated. 
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Conference Session:  

Abstract/Keyterms: For almost 40 years the Oak Ridge Electron Linear Accelerator (ORELA) at Oak 
Ridge National Laboratory (ORNL) has been operational and has provided high-resolution neutron cross-
section data for many isotopes in the energy range from thermal up to 60 MeV. ORELA is a four-section 
radiofrequency electron linear accelerator with a water-cooled tantalum neutron production target. Short 
(2-30 ns) electron burst widths together with available long flight paths lead to excellent time-of-flight 
resolution. The electron beam energy can range up to 180 MeV and at 50 kW of beam power yields a 
neutron production rate 10{sup 14} n/s. We report on recent refurbishment activities that included 
improvements to the accelerator vacuum and electron gun design and other upgrades. The current ORELA 
program is focused on high-resolution neutron cross-section measurements for the Nuclear Criticality 
Safety Program for nuclides for which deficiencies in existing data have been identified. Additionally 
neutron cross-section measurements for nuclear astrophysics are performed to support studies of heavy 
element synthesis in Asymptotic Giant Branch stars. Detection and data analysis capabilities have been 
developed for making highly accurate measurements of neutron capture, neutron total, and (n,{alpha}) cross 
sections simultaneously on different beam lines. 
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Conference Session:  

Abstract/Keyterms: A series of new measurements has been undertaken in response to deficiencies 
identified in nuclear data libraries of crucial importance to the Nuclear Criticality Safety Program. New 
data and evaluations, including covariances, are required for several materials found in mixtures with 
uranium. For this purpose we performed neutron capture and total cross-section measurements on natural 
potassium, {sup 41}K, and manganese. 
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Conference Session:  

Abstract/Keyterms: Many older neutron cross-section evaluations from libraries such as ENDF/B-VI or 
JENDL-3.2 exhibit deficiencies or do not cover energy ranges that are important for criticality safety 
applications. These deficiencies may occur in the resolved and unresolved-resonance regions. 
Consequently, these evaluated data may not be adequate for nuclear criticality calculations where effects 
such as self-shielding, multiple scattering, or Doppler broadening are important. To support the Nuclear 
Criticality Predictability Program, neutron cross-section measurements have been initiated at the Oak Ridge 
Electron Linear Accelerator (ORELA). ORELA is the only high-power white neutron source with excellent 
time resolution still operating in the United States. It is ideally suited to measure fission, neutron total, and 
capture cross sections in the energy range from 1 eV to {approx}600 keV, which is important for many 
nuclear criticality safety applications. 
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Conference/Journal: International Conference on Physics Problems of Thermal Reactor Design, London 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Computers; Configuration; 
Criticality; Exponential Piles; Heavy Water Moderator; Measurement; Programming; Reactivity; Water 
Moderator 
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Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Burnup; Criticality; 
Fuels; Measurement; Plutonium; Pressure; Reactivity; Reactor Core; Reactors; Saxton; Water Coolant 
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Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Criticality; Heavy Water Moderator; ISPRA-1; Measurement; Reactivity; Research Reactors 
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Conference Session:  

Abstract/Keyterms: Many older neutron cross-section evaluations from libraries such as ENDF/B-VI or 
JENDL-3.2 exhibit deficiencies or do not cover energy ranges that are important for criticality safety 
applications. These deficiencies may occur in the resolved and unresolved-resonance regions. 
Consequently, these evaluated data may not be adequate for nuclear criticality calculations where effects 
such as self-shielding, multiple scattering, or Doppler broadening are important. To support the Nuclear 
Criticality Predictability Program, neutron cross-section measurements have been initiated at the Oak Ridge 
Electron Linear Accelerator (ORELA). ORELA is the only high-power white neutron source with excellent 
time resolution still operating in the United States. It is ideally suited to measure fission, neutron total, and 
capture cross sections in the energy range from 1 eV to {approx}600 keV, which is important for many 
nuclear criticality safety applications. 
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Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; 
PHOEBUS-1B Reactor- Shielding; PHOEBUS-2A Reactor- Shielding; Rover Reactors- Shielding; 
Computer Codes; Criticality; Heat Transfer; Monte Carlo Method; Neutron Flux; Shields 
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Conference Session:  

Abstract/Keyterms:  
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September 19--22, 1967 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Criticality; Cross 
Sections; Fast Neutrons; Mass; Neutron Flux; Numericals; Reactors; Variations 
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Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms: The paper describes a simple and inexpensive Nuclear Accident Dosimetry system 
for use in criticality accidents. It consists of activation detectors of gold, copper, indium and sulfur for 
neutron dose estimation and a suitable thermoluminescent material for gamma dose measurements. The 
method of interpreting the activation data for the derivation of neutron fluence and dose is described giving 
the actual calculations involved. The highly degraded neutron spectrum from the Viper reactor (Harwell, 
UK.) provided a severe test of the system and the method of interpretation used and the results were very 
satisfactory. 
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Abstract/Keyterms: LEU-MET-THERM-002, LEU-MET-THERM-015 
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Conference Session:  

Abstract/Keyterms: The pulsed source described uses the burst of neutrons produced when bringing 
momentarily a homogeneous fissile solution into a supercritical state. The solution is enclosed in a 
cylindrical vessel in a subcritical configuration. The supercritical state is reached by bringing a movable 
neutron reflector up to the bottom of the vessel. The reaction is stopped by bringing the reflector back to its 
initial position. The source is surrounded by a concrete biological shield through which the neutron 
collimators are built. The burst duration is approximately 2 minutes. The integrated thermal neutron flux at 
the exposure window of a 180 cm long collimator having a 2 x 3 cm rectangular input window is 2.1 x 
10/sup 8/n cm/sup -2/. 
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meeting No. 2/11 

Conference Session:  

Abstract/Keyterms: The pressurized critical facility KRITZ is operated up to a maximum temperature of 
245 deg C. Buckling measurements on single-rod lattices of slightly enriched UO2 (1.35 wt% 235UO2) are 
reported. Two lattices with different moderator-to-fuel volume ratios (1.44 and 2.11) were studied. 
Experiments on Pu-bearing fuel (1.5% Pu, 0.16% 235U) are in progress.( 
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Conference/Journal: International symposium on physics of fast reactors, Tokyo, Japan, 16 Oct 1973 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; Reactors-Research, Test, Experimental, Zero-
Power & Training Reactors, & Subcritical Assemblies; LMFBR Type Reactors- Reactor Kinetics; SEFOR 
Reactor; ZPPR Reactor; Boron Carbides; Configuration; Control Elements; Control Rod Worths; 
Criticality; Design; Doppler Coefficient; Fission Ratio; Power Density; Reactor Control Systems; Sodium; 
Void Coefficient 
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Conference Session:  

Abstract/Keyterms: Reactors-Reactor Control Systems; Reactors-Power Reactors, Breeding; Snr Reactor- 
Control Rod Worths; Boron 10; Configuration; Criticality; Design; Enriched Uranium; Mockup; Neutron 
Absorbers; Optimization; Power Density; Reactivity Coefficients; Reactor Cores; Scram Rods; Simulation; 
SNEAK Reactor 



 

C-9003 

8978…..…..…………………..…….……..……ID Number…………………..…..…………….8978 

Author: Iijima, S. / Shimizu, A. / Inoue, T. 

Title: Analysis of FCA Critical Experiments and Its Application to JOYO Nuclear Design 

Date: 10/16/1973 

Report: International symposium on physics of fast reactors, Tokyo, Japan, 16 Oct 1973 
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Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; JOYO Reactor- Reactor Kinetics; Control Rod 
Worths; Criticality; Design; Doppler Coefficient; FCA Reactor; Group Constants; Heterogeneous Effects; 
Mockup; Multigroup Theory; Neutron Diffusion Equation; Neutron Flux; Reactivity Worths; Reactor 
Cores; Void Coefficient 
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Conference/Journal: International symposium on physics of fast reactors, Tokyo, Japan, 16 Oct 1973 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; Reactors-Research, Test, Experimental, Zero-
Power & Training Reactors, & Subcritical Assemblies; Beloyarsk-3 Reactor- Reactor Kinetics; BFS 
Reactor- Reactor Cores; Accuracy; Boron; Burnup; Control Elements; Criticality; Data; Mockup; 
Reactivity Worths; Simulation; Sodium; Void Coefficient 
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Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; LMFBR Type Reactors- Reactor Kinetics; 
Comparative Evaluations; Criticality; Data; Design; FCA Reactor; Mockup; Monju Reactor; Nuclear 
Reaction Kinetics; Power Density; Reactivity Coefficients; Reactivity Worths; Reactor Cores; Research 
Programs; Sodium; ZEBRA Reactor 
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Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Fast Reactors- Reactor Kinetics; Accuracy; 
Comparative Evaluations; Data; Errors; Fast Neutrons; Group Constants; Multiplication Factors; Neutron 
Reactions; Prompt Neutrons; Reactivity Coefficients; Reactivity Worths; Reactor Cores; Zero Power 
Reactors 
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Conference Session:  

Abstract/Keyterms: The Process Experimental Pilot Plant (PREPP) is an incineration system designed to 
thermally process mixed transuranic (TRU) waste and TRU contaminated low-level waste. The TRU 
isotopic composition is that of weapons grade plutonium (Pu) which necessitates that criticality prevention 
measures by incorporated into the plant design and operation. Criticality safety in the PREPP process is 
assured through the utilization of mass and moderation control in conjunction with favorable vessel 
geometries. The subject of this paper concerns the Pu mass holdup instrumentation system which is an 
integral part of the inprocess mass control strategy. Plant vessels and components requiring real-time mass 
holdup measurements were selected based on their evaluated potential for achieving physically credible Pu 
mass loadings and associated parameters which could lead to a criticality event. If the parameters requisite 
to a criticality occurrence could not physically be achieved under credible plant conditions, the particular 
location only required periodic portable holdup monitoring. Based on these analyses five real-time holdup 
monitoring locations were identified for criticality assurance purposes. An additional real-time instrument 
is part of the system but serves primarily in the capacity of providing operational support data. 
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Conference Session:  

Abstract/Keyterms: Criticality safety margins are inherent in spent fuel transportation casks, as 
accompanied by fuel burnup. Fuel burnup basically provides built-in poison for criticality control as a result 
of the depletion of fissile material and buildup of fission product absorbers. This paper illustrates the extent 
of the safety margin as a function of fuel burnup and its sensitivity to initial 235U enrichment for spent fuel 
in the GA-4 transportation cask, which is being developed to carry four fuel assemblies from pressurized 
water reactor (PWR) plant. The basis and method used in determining the safety margins is also presented. 
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Conference Session:  

Abstract/Keyterms: Fuel cycle facilities use slab tanks to store fissile solutions, because these tanks have 
both a high volume-to-floorspace efficiency and an easily verifiable, criticality control (thickness). The 
results of preliminary criticality analyses using a validated computer code and cross-section library, indicate 
that a slab tank designed without a solid neutron absorber is not economical in view of process requirements 
(inventory) and space limitations (layout). A subsequent calculational study assessed the possible increase 
in the thickness of a single, isolated slab tank using a solid neutron absorber. Finally, an analysis was 
performed to evaluate the maximum slab thickness for an array of tank/absorbers. The result of these studies 
showed the potential for expansion of slab tank thickness 
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Conference Session:  

Abstract/Keyterms: A joint exchange program on the subject of criticality data development was 
completed in August 1988. The program was between the US Department of Energy (DOE) and the Power 
Reactor and Nuclear Fuel Development Corporation (PNC) of Japan. The primary purpose of the program 
was to perform critical experiments to allow validation of computer codes and cross-section libraries used 
for safety analyses for facilities that recycle nuclear fuel. The experiments spanned the range of neutron 
spectra from the very under-moderated condition (H/Pu ratio=22) to the very over-moderated condition 
(H/Pu ratio=2220). Based on computations performed at the Oak Ridge National Laboratory (ORNL), the 
average calculated k-effective for these experiments is 1.004. Calculated k-effectives ranged from 0.991 to 
1.021, and the standard deviation of these results is 0.006. PNC staff have obtained similar calculational 
results in their validation studies. The good agreement between experiment and calculation gives 
confidence that the calculational methods can be applied to similar plant conditions 
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Abstract/Keyterms: One of the challenges associated with implementation of burnup credit is the 
validation of criticality calculations used in the safety evaluation; in particular the availability and use of 
applicable critical experiment data. The purpose of the validation is to quantify the relationship between 
reality and calculated results. Validation and determination of bias and bias uncertainty require the 
identification of sets of critical experiments that are similar to the criticality safety models. A principal 
challenge for crediting fission products (FP) in a burnup credit safety evaluation is the limited availability 
of relevant FP critical experiments for bias and bias uncertainty determination. This paper provides an 
evaluation of the available critical experiments that include FPs, along with bounding, burnup-dependent 
estimates of FP biases generated by combining energy dependent sensitivity data for a typical burnup credit 
application with the nuclear data uncertainty information distributed with SCALE 6. A method for 
determining separate bias and bias uncertainty values for individual FPs and illustrative results is presented. 
Finally, a FP bias calculation method based on data adjustment techniques and reactivity sensitivity 
coefficients calculated with the SCALE sensitivity/uncertainty tools and some typical results is presented. 
Using the methods described in this paper, the cross-section bias for a representative high-capacity spent 
fuel cask associated with the ENDF/B-VII nuclear data for 16 most important stable or near stable FPs is 
predicted to be no greater than 2% of the total worth of the 16 FPs, or less than 0.13 % k/k. 
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Abstract/Keyterms: The availability of measured isotopic assay data to validate computer code predictions 
of spent fuel compositions applied in burnup-credit criticality calculations is an essential component for 
bias and uncertainty determination in safety and licensing analyses. In recent years, as many countries move 
closer to implementing or expanding the use of burnup credit in criticality safety for licensing, there has 
been growing interest in acquiring additional high-quality assay data. The well-known open sources of 
assay data are viewed as potentially limiting for validating depletion calculations for burnup credit due to 
the relatively small number of isotopes measured (primarily actinides with relatively few fission products), 
sometimes large measurement uncertainties, incomplete documentation, and the limited burnup and 
enrichment range of the fuel samples. Oak Ridge National Laboratory (ORNL) recently initiated an 
extensive isotopic validation study that includes most of the public data archived in the Organization for 
Economic Cooperation and Development/Nuclear Energy Agency (OECD/NEA) electronic database, 
SFCOMPO, and new datasets obtained through participation in commercial experimental programs. To 
date, ORNL has analyzed approximately 120 different spent fuel samples from pressurized-water reactors 
that span a wide enrichment and burnup range and represent a broad class of assembly designs. The 
validation studies, completed using SCALE 5.1, are being used to support a technical basis for expanded 
implementation of burnup credit for spent fuel storage facilities, and other spent fuel analyses including 
radiation source term, dose assessment, decay heat, and waste repository safety analyses. This paper 
summarizes the isotopic assay data selected for this study, presents validation results obtained with SCALE 
5.1, and discusses some of the challenges and experience associated with evaluating the results. Preliminary 
results obtained using SCALE 6 and ENDF/B-VII cross sections libraries are also briefly summarized. Oak 
Ridge National Laboratory (ORNL) has been performing spent-fuel isotopic validation studies using the 
depletion analysis methods in the SCALE code system for the past 20 years. These studies involve 
comparisons of calculated inventories against measured isotopic composition data obtained from 
destructive radiochemical analysis of commercial spent nuclear fuel samples. The results of these 
benchmark studies are used to quantify the bias and uncertainties associated with isotopic calculations and 
ultimately determine appropriate margins for uncertainty that can be applied in safety-related analyses such 
as burnup credit in criticality calculations, decay heat analysis, and source terms. Previous studies using 
several versions of SCALE and nuclear data libraries have been published in multiple validation reports 
that evaluate selected experimental data obtained largely from public sources. A study was recently initiated 
at ORNL with the objectives of updating and expanding the validation calculations using a comprehensive 
database of experimental isotopic assay data that includes isotopic composition data obtained from both 
publicly available sources and international commercial programs. As part of the study, an extensive 
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isotopic database of nearly 120 measured spent fuel samples with an expanded range of initial enrichments 
and burnup values compared to previously analyzed data was reviewed and analyzed. The calculations were 
performed using two-dimensional (2-D) assembly models and a consistent set of modeling assumptions 
using the SCALE 5.1 code system and ENDF/B-V 44-group cross section library. As part of the current 
study, detailed benchmark modeling information and measurement data are being documented in a format 
that is readily usable for validating depletion and decay codes. The work is being extended to include 
analysis results using SCALE 6 and the ENDF/B-VII 238-group cross section library. This paper describes 
the isotopic composition data evaluated in this study and highlights the preliminary findings to date. 
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Abstract/Keyterms: Management of spent nuclear fuel is a key issue for many NEA member countries. 
In nuclear criticality safety, the decision of many countries to advance burnup credit as part of their licensing 
strategy has heightened recent interest in experimental data needed to validate computer codes used in 
burnup credit calculations. This paper discusses recent activities of an Expert Group on assay data, formed 
under the OECD/NEA/NSC/WPNCS (Working Party on Nuclear Criticality Safety) to help coordinate 
isotopic assay data activities and facilitate international collaboration between NEA member countries 
developing or implementing burnup credit methodologies. Recent activities of the Expert Group are 
described, focusing on the planned expansion of the Spent Fuel Isotopic Composition Database 
(SFCOMPO), and preparation of a state-of-the-art report on assay data that includes sections on 
recommended radiochemical analysis methods, techniques, and lessons learned from previous experiments. 
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Abstract/Keyterms: Periodic change in neutron density, when the reactor is in the subcritical initial state, 
is caused by sinusoidal change of the effective multiplication factor with a definite amplitude and 
frequency. The mean value of neutron density, depending on amplitude, frequency, and initial depth, either 
remains constant, rises to a definite value, or increases infinitely with the velocity, depending on the 
frequency and amplitude of the sinusoidal change of the effective multiplication factor. Analysis of the 
behavior of neutron density at different laws of the effective multiplication factor change shows that the 
sinusoidal change combined with a simultaneous increase of the effective multiplication factor allows the 
reactor in subcritical state with an arbitrary depth of subcriticality to be brought up to the required level of 
neutron density; in this case the reactor is in subcritical state with respect to a non-periodic component of 
reactivity. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety 
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Author: Tomlinson, R. E. 

Title: Technical Criteria for the Prevention of Criticality-Chemical Processing Division 

Date: 1/1/1968 

Report: ISO-522; ARH-0468 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; Control; 
Radiation Protection; Radiochemistry; Reactivity; Reprocessing 
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9026…..…..…………………..…….……..……ID Number…………………..…..…………….9026 

Author: Smith, H. E. 

Title: Analytical Data for N-Reactor Fuel Elements 

Date: 1/1/1967 

Report: ISO-647 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001 
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Author: n. a. 

Title: Nuclear Energy - Performance and Testing Requirements for Criticality Detection and Alarm 
Systems 

Date: 1/1/1987 

Report: ISO-7753-1987(E) 

Conference/Journal: Geneva (Switzerland): ISO, 1987 

Conference Session:  

Abstract/Keyterms: International Standard / Criticality Detection / Alarm Systems 
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Author: Rathvon, H. C. / Blasewitz, A. G. / Maher, R. / Eargle, J. C. Jr. / Wible, A. E. 

Title: Recovery of 233U from Irradiated Thoria 

Date: 5/1/1966 

Report: ISO-SA-3, (Rev.), (Rev.), CONF-660524-19 

Conference/Journal: From 2nd International Thorium Fuel Cycle Symposium, Gatlinburg, Tenn 

Conference Session:  

Abstract/Keyterms: Chemistry; Separation Processes and Procedures; Criticality; Irradiation; North 
America; Safety; Separation Processes; Solubility; Solvent Extraction; Tennessee; Thorium Oxides; 
Uranium 233; USA 
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Author: Ridgway, Kenneth R. 

Title: Calculated Nuclear Safety Parameters of Low Enriched Uranium 

Date: 5/17/1966 

Report: ISO-SA-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Computers; Criticality; Enrichment; Programming; Uranium 
Trioxide; Uranyl Nitrates; USA; Washington 
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Author: Hull, D. L. 

Title: Application of Monte Carlo criticality calculations to the Ames Laboratory Research Reactor 

Date: 4/1/1974 

Report: IS-T-628 

Conference/Journal: Thesis/Dissertation 

Conference Session:  

Abstract/Keyterms: Thesis. The modeling of the Ames Laboratory Research Reactor core region and the 
input required to utilize the Monte Carlo computer code KENO for criticality calculations are described. 
Reactivity calculations in terms of k-effective were made for various reactor configurations and compared 
to measurements made on the actual reactor. 
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Author: Suhubi, S. E. 

Title: On a Simple Solution of the General Multigroup Neutron Diffusion Equations 

Date: 1/1/1963 

Report: Istanbul Teknik Universitesi Bulteni, Vol: 16 

Conference/Journal: Istanbul Teknik Universitesi Bulteni (Turkey) 

Conference Session:  

Abstract/Keyterms: The solution of the most general integro-differential equations for multigroup neutron 
diffusion is given for onegroup neutrons in finite multiplicative media taking delayed neutrons into 
consideration. The criticality condition is obtained, and an explicit expression is derived for a flux 
distribution initiated by sending given neutron fluxes to certain points of the medium. 
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Author: Villamarín, D. / Blazquez, J. / Embid, M. / Fernández, R. / García-Sanz, J. / González, E. M. 

Title: Monte Carlo Simulation (MCNP4B) of Critical and Subcritical Configurations on the Fast 
Experimental Reactor CORAL-I 

Date: 1/1/1999 

Report: IT-918, CIEMAT 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-062 
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Author: Zaritskaya, T. S. / Rudik, A. P. / Tsenter, Eh. M. 

Title: Specific Energy of 235U - 238U Fuel Cycles 

Date: 1/1/1986 

Report: ITEF-148(1986) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Criticality Maintenance / Fuel Cycle / WWER-440 
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Author: Kochurov, B. P. 

Title: Test Calculations of Physical Parameters of the TRX, BETTIS and MIT Critical Assemblies 
According to the TRIFON Program 

Date: 1/1/1980 

Report: ITEF-164(1980) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of calculations of physical parameters characterizing the TRX, MIT and 
BETTIS critical assemblies obtained according to the program TRIFON are presented. The program 
TRIFON permits to calculate the space-energy neutron distribution in the multigroup approximation in a 
multizone cylindrical cell. Results of comparison of the TRX, BETTIS and MIT critical assembly 
parameters with experimental data and calculational results according to the Monte Carlo method are 
presented as well. Deviations of the parameters are in the range of 1.5-2 of experimental errors. Data on the 
interference of uranium 238 levels in the resonant neutron absorption in the cell are given. 
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Author: Mikhajlov, V. M. / Myrtsymova, L. A. 

Title: Some Problems of the Modified TVR-M Reactor Safety 

Date: 1/1/1986 

Report: ITEF-194(1986) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: TVR-M reactor / spent fuel storage facility / moderator and coolant draining 
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Author: Zaritskaya, T. S. / Kiselev, G. V. / Rudik, A. P. / Tsenter, Eh. M. 

Title: Dependence of Specific Energy on the Operation Mode of a Power Reactor 

Date: 1/1/1986 

Report: ITEF-26(1986) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: RBMK / WWER 
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Author: Zaritskaya, T. S. / Kiselev, G. V. / Rudik, A. P. / Tsenter, Eh. M. 

Title: Optimization of Specific Energy in Power Reactors 

Date: 1/1/1986 

Report: ITEF-4-1986 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: RBMK / WWER-440 reactor 
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Author: Zaritskaya, T. S. / Kiselev, G. V. / Rudik, A. P. / Tsenter, Eh. M. 

Title: Specific Energy Released in Power Reactors 

Date: 1/1/1986 

Report: ITEF-57-1986 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: RBMK / WWER-440 reactors 
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Author: Shimizu, Y. / Oka, T. 

Title: Comparison of the Dose Evaluation Methods for Criticality Accident 

Date: 7/1/2003 

Report: ITRS International Symposium On Radiation Safety and Detection Technology (ISORD-2) on 
July 24 –25 2003 

Conference/Journal: 2nd ITRS International Symposium On Radiation Safety and Detection 
Technology (ISORD-2) on July 24 –25 2003 

Conference Session:  

Abstract/Keyterms:  
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Author: Krasin, A. K. / Plindov, H. I. 

Title: Contribution of the (n,2n) and (n,alpha) Effects in Beryllium to the Neutron Multiplication 
Coefficient 

Date: 1/1/1965 

Report: Izv. Akad. Nauk BSSR, Ser. Fiz.-Tekh. Nauk, No. 1, 52-3 (1965) 

Conference/Journal: Izv. Akad. Nauk BSSR, Ser. Fiz.-Tekh. Nauk 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Nuclear Properties & Reactions, 6 <= A <= 19-Nuclear Reactions 
& Scattering; Alpha Particles; Beryllium; Criticality; Errors; Fast Neutrons; Mass; Moderators; 
Multiplication Factors; Neutron Beams; Neutrons; Reactors; Reflectors 
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Author: Apostolov, T. 

Title: Four-Group Integral Algorithm for Calculation of Criticality of Heterogeneous Uranium-Water 
Reactors 

Date: 1/1/1971 

Report: Izv. Fiz. Inst. Aneb, Bulg. Akad. Nauk. 20: 185-199 

Conference/Journal: Izv. Fiz. Inst. Aneb, Bulg. Akad. Nauk. 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Fuels; Multi-Group Theory; Uranium; Water 
Moderated Reactors 
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Author: Volkov, Yu. V. / Izotov, D. G. / Koznev, I. N. 

Title: Nonstationary Distribution of Prompt Neutrons during Reactor Take-Off Run with a Weak Outer 
Neutron Source 

Date: 1/1/1997 

Report: Izvestiya Vysshikh Uchebnykh Zavedenij. Yadernaya Ehnergetika/1, 32-37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nonstationary Distribution of Prompt Neutrons / Reactor 
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Author: Ehrlich, S. / Karpas, Z. / Ben-Dor, L. / Halicz, L. 

Title: High Precision Lead Isotope Ratio Measurements by Multicollector-ICP-MS in Variable Matrices 

Date: 1/1/2001 

Report: J . Anal. At. Spectrom. 16, 975 

Conference/Journal: J . Anal. At. Spectrom 

Conference Session:  

Abstract/Keyterms:  
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Author: Johnson, J. S. / Kraus, K. A. 

Title: Density and Refractive Index of Uranyl Fluoride Solutions 

Date: 9/1/1953 

Report: J. Am. Chem. Soc. 75, 4594-4595 (1953) 

Conference/Journal: Journal of the American Chemical Society 

Conference Session:  

Abstract/Keyterms:  
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Author: Andrews, G. A. 

Title: Criticality Accidents in Vinca, Yugoslavia, and Oak Ridge, Tennessee. Comparison of Radiation 
Injuries and Results of Therapy 

Date: 1/20/1962 

Report: J. Am. Med. Assoc.; Vol: 179 

Conference/Journal: J. Am. Med. Assoc. 

Conference Session:  

Abstract/Keyterms: Major accidents involving radiation from nuclear reactors occurred in Oak Ridge, 
Tenn., and in Vinca, Yugoslavia, in 1958. The 2 accidents were in some ways similar, and both contributed 
information on the treatment of total- body radiation injury. After the Y-I2 accident at Oak Ridge, the 5 
exposed men recovered with supportive care. The 6 Yugoslavian radiation victims were moved to Paris, 
where 1 died, and 5, including 4 who had received bone marrow injections, recovered. Efforts to evaluate 
the significance of the marrow treatment have involved consideration of physical measurements of radiation 
dose, biological evidence of severity of injury, and evidence for and against success of the marrow graft, 
but have not proved its value in these cases. A comparison of the 2 accidents helps to give perspective on 
these problems. 
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9046…..…..…………………..…….……..……ID Number…………………..…..…………….9046 

Author: Bro, M. I. / Lovejoy, E. R. / McKay, G. R. 

Title: Reactions of Irradiated Polytetra-Fluoroethylene Resin 

Date: 11/1/1963 

Report: J. Appl. Polymer Sci.; Journal Volume: Vol: 7 

Conference/Journal: J. Appl. Polymer Sci. 

Conference Session:  

Abstract/Keyterms: Chemistry; Control Systems; Critical Assemblies; Criticality; Decomposition; 
Decontamination; Density; Electrons; Fissionable Materials; Homogeneous Reactors; Irradiation; 
Laboratory Equipment; Lattices; Mechanical Properties; Organic Fluorine Compounds; Oxygen; 
Polyethylenes; Pyrolysis; Radiation Chemistry; Radiolysis; Reflection; Reprocessing; Resonance; Spin; 
Vacuum; Viscosity; Zones 
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Author: Thompson, A. S. 

Title: Numerical Computation of Neutron Distribution and Critical Size 

Date: 2/15/1950 

Report: J. Applied Phys., 22, 1223-1235; AECD-2988; NAA-SR-48 

Conference/Journal: J. Applied Phys. 

Conference Session:  

Abstract/Keyterms: Physics; Chemical Reactions; Cleaning; Contamination; Decomposition; Diffusion; 
Mineral Acids; Performance; Radioactivity; Sodium Silicates; Surfaces 
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Author: Mitake, S. / et al. 

Title: Analytical Study on the Criticality Accident at Uranium Processing Plant, (I) Analysis of Added 
Reactivity and Criticality Transients 

Date: 1/1/2000 

Report: J. At. Energy Soc. Japan, 42, 1079 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms:  
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Author: Hirayama, H. 

Title: Concepts of Dose for Photons and Relations between Conversion Factor to Effective Dose at the 
Enforcement of the Regulation Based on 1990 ICRP Recommendation 

Date: 1/1/2001 

Report: J. At. Energy Soc. Japan., 43, 5, 427 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms:  
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9050…..…..…………………..…….……..……ID Number…………………..…..…………….9050 

Author: Nomoto, S. / Tomioka, Y. H. / Nakamura, T. 

Title: On the Fast Breeder Reactor 

Date: 1/1/1960 

Report: J. At. Energy Soc. Japan: Vol: 2 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: A review is presented of the physical characteristics and present status of the fast 
breeder reactor. The neutron energy distribution, neutron spatial distribution, power distribution, and some 
consideration of the design of the fast reactor are described in order to evaluate the breeding potentiality. 
The kinetics and control characteristics of the fast reactor, such as the prompt neutron life time, effective 
delayed neutron fraction, reactivity change due to temperature change, and power instability are discussed. 
The experimental results with critical assemblies are summarized. 
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9051…..…..…………………..…….……..……ID Number…………………..…..…………….9051 

Author: Hishida, H. / Suita, T. / Sekiya, T. 

Title: Solution of N-Group Boltzmann Transport Equation for Homogeneous Chain Reacting System 

Date: 2/1/1961 

Report: J. At. energy Soc. Japan; Vol: 3 

Conference/Journal: J. At. energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: In a hydrogen moderated system, neutrons may be slowed down to the thermal energy 
region through only few collisions and the feed-back effect is of considerable importance. The time-
dependent n-group Boltzmann transport equation is solved for the infinite homogeneous medium including 
the fission source under the assumption that moderation is due to elastic scattering with hydrogen atoms. 
The time dependent solution is given in the form of a series of hypergeometric functions. The requirement 
for the stationary condition leads to the criticality equation and the stationary solution gives the energy 
spectrum. How the ordinary four factor formula is related to the criticality condition hereby obtained is 
explained. The delayed neutron function has an effect upon the steady state neutron spectrum but not upon 
the criticality condition. The velocity dependency of the neutron energy spectrum is found to be of v ( 
SIGMA /sup alpha /- SIGMA / sup 2//2) for every group. 
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9052…..…..…………………..…….……..……ID Number…………………..…..…………….9052 

Author: An, S. 

Title: Methods for Calculating the Reactor Periods of Multi-Region Reactors 

Date: 11/1/1961 

Report: J. At. Energy Soc. Japan; Vol: 3 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: Methods for calculating the reactor periods of multiregion reactors by multigroup 
theory are discussed. It is usually very difficult to solve the kinetic problems of multiregion reactors by a 
strict and straight forward method. Therefore, two kinds of approximation, the perturbation method and the 
method of coupled system parameters, are used under the condition that the system is nearly critical. In the 
former, introducing a vector, the elements of which consist of neutron fluxes and delayed neutron precursor 
concentrations, a formula is derived which relates the variation of the reactor periods to the perturbation 
conditions. The equation relating the reactivity with the steady reactor period is also obtained. In the latter, 
the coupled parameters concerning the neutron source terms of every energy group in every region are 
defined, and the kinetic equation which gives the steady period is derived using such parameters. 
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9053…..…..…………………..…….……..……ID Number…………………..…..…………….9053 

Author: Shibata, T. / Suita, T. / Hirayama, F. 

Title: The Propagation of Neutron Multiplication in the Pulsed Neutron Injected Cores 

Date: 11/1/1961 

Report: J. At. Energy Soc. Japan; Vol: 3 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: By using an analog computer two-group calculations were carried out on the transient 
behavior of neutron multiplication in bare cores of a swimming pool type reactor. The multiplication was 
caused by a short burst of fast neutrons on the central plane. The propagation of neutron multiplication from 
the source plane to the outer boundaries was found. The propagation velocity of neutron multiplication 
decreased with the increasing core size up to the crtical. The maximum thermal neutron flux caused by the 
pulsed neutron injection did not show a strong dependency on the core size. 
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9054…..…..…………………..…….……..……ID Number…………………..…..…………….9054 

Author: Fukai, Y. 

Title: Present Status of Reactor Theory from Viewpoint of Reactor Design 

Date: 1/1/1962 

Report: J. At. Energy Soc. Japan; Vol: 4 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: The present status of reactor theory is considered from viewpoints of reactor design. 
Discussion is given on calculation cost; fundamental problems such as evaluation of cross section value, 
solutions of Boltzmann transport equation, neutron slowing down, and criticality problems; methods for 
criticality calculations; and recent problems on neutron resonance, thermalization, and breeding. A brief 
discussion is also given on time dependent problems. 
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9055…..…..…………………..…….……..……ID Number…………………..…..…………….9055 

Author: Asaoka, T. 

Title: Determination of the Critical Condition by the Multiple Collision Method. Part II 

Date: 7/1/1961 

Report: J. At. Energy Soc., Vol: 3 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: Further development of the multiple collision method is presented. The critical 
condition for a monoenergetic neutron source was obtained by finding the pole of a Laplace transform for 
total neutron variation with time. The so-called c, the mean number of secondaries per collision, was 
calculated within an error less than 10/sup -5/ For every critical system with finite thickness. The asymptotic 
total number of neutrons in the system after a sufficiently long time was also derived. Finally, comparing 
the derived critical condition with that from diffusion theory, the extrapolation distance was evaluated 
accurately for a system with thickness less than several times the neutron mean free path. 
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9056…..…..…………………..…….……..……ID Number…………………..…..…………….9056 

Author: Oyama, A. / An, S. 

Title: Reactor Physics Experiments Using Subcritical Systems 

Date: 1/1/1959 

Report: J. Atomic Energy Soc. Japan 

Conference/Journal: J. Atomic Energy Soc. Japan; Vol: 1 

Conference Session:  

Abstract/Keyterms: A review is presented on reactor physics experiments using subcritical systems. 
Experimental facilities and techniques are described, and the correlations of theory and experiments are 
discussed. Some of the interesting pulsed neutron experiments utilizing subcritical systems are also 
discussed. 
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Author: Asaoka, T. 

Title: On the Critical Calculations by the Wienerhopf Method 

Date: 1/1/1959 

Report: J. Atomic Energy Soc. Japan: Vol: 1 

Conference/Journal: J. Atomic Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: Starting from the familiar integro-differential equation describing the slowing-down 
and diffusion of neutrons, the critical radius of a two-region thermal neutron reactor with spherical 
symmetry was calculated by the WienerHopf method. The only assumption is that the diffusion coefficient 
is proportional to the slowing-down length, which may be less restrictive than generally made. Using the 
Fermi slowing-down model, the critical radius of the internal region is calculated from an asymptotic 
solution in each region in which the external region is finitely extended. In that expression the extrapolation 
distance for the internal region can also be found. The integrals appearing in those expressions is 
numerically evaluated with little labor. Finally, two numerical examples are given and the results are 
compared with those obtained by the elementary diffusion approximation. 
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9058…..…..…………………..…….……..……ID Number…………………..…..…………….9058 

Author: Asaoka, T. 

Title: On the Determination of the Criticality Conditions by the Multiple Collision Method 

Date: 7/1/1960 

Report: J. Atomic Energy Soc. Japan: Vol: 2 

Conference/Journal: J. Atomic Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: The criticality conditions of the multiplying medium are derived analytically by the 
multiple collision method based on the viewpoint of the Monte Carlo approach. The successive life cycles 
of a typical neutron, in which the collision with a nucleus in the medium is regarded as an end of each life 
cycle. are followed statistically in order of time. The total number of neutrons in the medium is obtained 
by summing up those in every life-cycle and the criticality condition is derived from the convergence 
condition as time proceeds to infinity. The criticality of the one-dimensional homogeneous medium with 
isotropic scattering in the one velocity theory is treated. The well-known criticality condition is obtained 
easily for the infinite medium. For the finite medium, the critical equation is reduced to an infinite set of 
simultaneous equations which are valid when the thickness of the slab is much smaller than the mean free 
path. The approximate solution is obtained and discussed 
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Author: Oyama, A. / Kiyose, R. 

Title: The Time-Dependent Changes of Operation Conditions of a Thorium Homogeneous Power Reactor 
Before the Steady State 

Date: 6/1/1959 

Report: J. Atomic Energy Soc. Japan; Vol: 1 

Conference/Journal: J. Atomic Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: The time-dependent changes of operational conditions, such as concentrations of 
isotopes of fuel materials and make-up or removal rates of fuel, are calculated. The reactor considered is a 
heavy wrter moderated thorium homogeneous reactor, having a single region core of 4 m in diameter. The 
equations of fuel isotope build-up coupled with the criticality equation are solved by numerical integration. 
Either pure U235 or pure Pu239/is assumed to be used both as the initial start-up fuel and as the makeup 
fuel. The thorium concentration and the operating power are kept constant in each cases at either 250 or 
500 g/l D2O and 655 or 1280 Mw. Calculations are made on a total of six different cases and the results are 
compared. In all cases, the initial make-up rate is found to be considerably higher than the burn-up rate of 
fuel itself because of the building-up of non fissile isotopes such as Pa/sup 233/ and Pu240. However, due 
to the building-up of U233), the make-up rate required decreases fairly rapidly approaching to a certain 
asymptotic value, while in the case of a breeder, it becomes negative after a certain period of operation 
indicating that the removal of the excess uranium is necessary in order to maintain the criticality. It is 
observed also that the excess uranium removal can be started sooner in the cases of U235 start-up than in 
the case of Pu239 start-up. The actual removal rate of U233 gain is much higher in the case of Pu239 start-
up than in the case of U235 start-up, for a certain period after the excess uranium removal started. Other 
problems of fuel cycles of thorium reactors are discussed. 
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Author: Yabushita, S. 

Title: Criticality Condition for Bare Homogeneous Spherical Reactor in Velocity Dependent Pl 
Approximation 

Date: 3/1/1961 

Report: J. Atomic Energy Soc. Japan; Vol: 3 

Conference/Journal: J. Atomic Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: The criticality condition is derived for a bare homogeneous reactor in a velocity 
dependent P/sub L/ approximation, where the velocity dependence is approximated by Tschebyscheff 
polynomials. The criticality condition is expressed in the form of a determinant equal to zero. The numerical 
calculation is not carried out. 
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Author: Eggermont, G. / Decraemer, W. / Segaert, O. / Jacobs, R. 

Title: Criticality Dosimeters for Activity Measurements 

Date: 1/1/1970 

Report: J. Belge Radiol. 53: 220-229 

Conference/Journal: J. Belge Radiol. 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Instrumentation-
Radiation Detection Instruments-General Detectors & Monitors; Activation; Calcium Sulfates; Criticality; 
Dosemeters; Dosimetry; Gamma Radiation; Manganese; Neutrons; Personnel; Thermoluminescence; Uses 
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Author: Penelle, G. 

Title: General Considerations on Prevention of Critical Accidents 

Date: 1/1/1968 

Report: J. Belge Radiol., 51: 291-296 

Conference/Journal: J. Belge Radiol. 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Safety Procedures; Accidents; Bibliography; 
Criticality; Health Physics; Operation; Radiation Protection; Safety 
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Author: Boesch, T. / Hunzinger, W. / Oszuszky, F. 

Title: Criticality Aspects at Eurochemic 

Date: 1/1/1968 

Report: J. Belge Radiol., 51: 297-301 

Conference/Journal: J. Belge Radiol. 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Radiation Protection; Accidents; Belgium; 
Control; Criticality; Europe; Fabrication; Fuels; Health Physics; Personnel; Radiation Doses; Reactors; 
Safety 
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Author: Nicholls, C. M. / Gillieson, A. H. C. P. 

Title: Nuclear Criticality—A Novel Factor in the Design and Operation of Chemical Plants 

Date: 10/1/1958 

Report: J. Brit. Nucl. Energy Conference, 302-307 

Conference/Journal: J. British Nucl. Energy Conf 

Conference Session:  

Abstract/Keyterms:  
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Author: Baker, A. R. 

Title: Systematic Study of the Accuracy of Multigroup Criticality Calculations for Fast Critical Assemblies 

Date: 7/1/1967 

Report: J. Brit. Nucl. Energy Soc., 6: 249-59 
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Conference Session:  

Abstract/Keyterms: Calculations and measurements are discussed for some of the reactor physics 
parameters. The method generally used is to calculate the desired quantity in ZEUS and compare the 
calculated value with the ZEUS experimental result. The calculations are of two kinds: those which are 
needed early in the design of the reactor to predict certain characteristics (such as the critical size) which 
could be checked when the reactor is in operation, and more detailed calculations of the behavior of the 
reactor which are inconvenient or impossible to confirm by measurements in the reactor itseif. The 
calculation of detailed reaction rates in most parts of the core and breeder and the kinetic behavior of the 
reactor under fault conditions are in the latter category. 
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Abstract/Keyterms: Testing, commissioning, and initial operation methods and procedures are described 
of some of the over 350 test schedules made. Major items are selected and described in fairly broad outline 
for a few of the test schedules. Some of the tests described are: sphere pressure test, primary liquid metal 
pipe weld tests, maintenance flask dry testing, and wet testing of the removal and replacement of equipment 
or charge and discharge operations. Other topics discussed are welding procedures, installation and 
calibration of outer and inner rotating shield and associated equipment including control rods, sodium-
potassium filling, and critical assembly charging. A program involving operation of the reactor at low 
powers is also discussed. 
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Abstract/Keyterms: The evolution of the reprocessing of irradiated fuel and the recovery of plutonium 
from it is traced out, starting by following the Manhattan project up to the present time. A brief description 
of the plant and processes used for reprocessing is given, whilst the Purex process, which is used in all 
plants today, is given special attention. Some of the important safety problems of reprocessing plants are 
considered, together with the solutions which have been adopted to the problem. Some examples of the 
more important safety aspects are the control of activity, criticality control, and environmental impact. The 
related topic of irradiated fuel transport is briefly discussed. 
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Abstract/Keyterms: The principal design data for the nuclear power plant are listed; and the significant 
aspects of the pre-critical testing, fuel loading, initial criticality, zero power tests, power operation, and sea 
trial tests are reviewed. Operation of the power plant was entirely successful with only a few minor 
corrections made; the predicted characteristics were confirmed. Only two unintentional scrams of the power 
plant, both insignificant, occurred on the first two voyages. Information indicating significant design 
improvements was obtained. 
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Abstract/Keyterms: of all the actinides, plutonium has reached a stage of industrial importance. Even if 
plutonium is less intellectually stimulating than other members of the same family, it presents a certain 
originality which this article will attempt to evaluate. Effectively the plutonium combustibles fabrication 
plant at the Cadarache Centre (commonly known as the ATPu or CFCa) has been processing increasing 
quantities of plutonium for more than 20 years (almost 25). Looking briefly at the development of 
Cadarache, particularly with respect to quantities handled now and in the past, enables comparison of 
actinide processing from the gramme to the tonne scale. 
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Abstract/Keyterms: An extension of the Galton-Watson process is assumed as the definition for the 
position-dependent branching process of neutron population in reactors. A sequence of generating functions 
is defined; the problem of criticality is sthdied; and the basic limit theorem is presented. 
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Results for bare homogeneous reactors are expressed in terms of critical dimension and steady-state flux. 
A computational method for estimating these quantities by iteration of a nonlinear operator is presented. 



 

C-9108 

9082…..…..…………………..…….……..……ID Number…………………..…..…………….9082 

Author: Brockwell, P. J. 

Title: Multiplicative Transport Processes in One Dimension. 

Date: 10/1/1966 

Report: J. Math. Anal. Appl., 16: 173-187 

Conference/Journal: J. Math. Anal. Appl. 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Absorption; Boundary 
Conditions; Criticality; Differential Equations; Distribution; Multiplication Factors; Neutrons; Probability; 
Rods; Scattering; Transport Theory 



 

C-9109 

9083…..…..…………………..…….……..……ID Number…………………..…..…………….9083 

Author: Brockwell, P. J. / Moyal, J. E. 

Title: Characterization of Criticality for One-Dimensional Transport Processes 

Date: 4/1/1968 

Report: J. Math. Anal. Appl., 22: 25-44 

Conference/Journal: J. Math. Anal. Appl. 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Boundary Conditions; Collision 
Integral; Criticality; Differential Equations; Eigenvalues; Multiplication Factors; Neutrons; Probability; 
Reflection; Rods; Statistics; Transport Theory 



 

C-9110 

9084…..…..…………………..…….……..……ID Number…………………..…..…………….9084 

Author: Mullikin, T. W. / Victory, D. 

Title: N-Group Neutron Transport Theory: A Criticality Problem in Slab Geometry 

Date: 5/1/1977 

Report: J. Math. Anal. Appl.; 58:3 

Conference/Journal: J. Math. Anal. Appl.; (United States) 

Conference Session:  

Abstract/Keyterms: The steady-state equation for N-group neutron transport in slab geometry is written 
as an integral equation. A spectral analysis made of the integral operator and related to the criticality 
problem. The method depends on a representation for the resolvent kernel for a subcritical slab and on 
analytic continuation in a complex parameter to characterize eigenvalues in terms of singularities of the 
resolvent. The analytic continuation is based on a bifurcation analysis of some nonlinear matrix integral 
equations whose solutions provide a matrix Wiener--Hopf factorization of the Fourier transform of the 
kernel of the transport operator. 
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Abstract/Keyterms: The criticality problem is considered for energy dependent neutron transport in an 
isotropically scattering, homogeneous slab. Under a positivity assumption on the scattering kernel, an 
expression can be found relating the thickness of the slab to a parameter characterizing production by 
fission. This accomplished by exploiting the Perron-Frobenius-Jentsch characterization of positive 
operators (i.e. those leaving invariant a normal, reproducing cone in a Banach space). It is pointed out that 
those techniques work for classes of multigroup problems were the Case singular eigenfunction approach 
is not as feasible as in the one-group theory, which is also analyzed. 
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Abstract/Keyterms: We consider the multigroup time-dependent probability distribution of neutrons in a 
space-independent, source-free multiplying assembly. The first-order partial differential equation for the 
probability generating function can be derived from the forward Chapman--Kolmogorov equations of the 
stochastic process, and solved: in the principle: by the method of characteristics. It is well known that the 
asymptotic extinction probability is related to the singular point of the system of characteristic equations. 
An analysis of the location of this point in the hyperspace of dummy variables associated with neutrons of 
various velocity groups leads to a multigroup criticality condition for the assembly. 
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Abstract/Keyterms: The energy dependent transport system in an anisotropic medium in slab geometry 
subjecting possible internal source q and incoming fluxes psi/sub 0/, psi/sub 1/ is discussed. It has been 
shown in an earlier paper that under certain conditions on the average number of secondary neutrons per 
collision c, the scattering cross section sigma, and the optical slab length 2a, this system has a unique 
nonnegative solution for all inputs q, psi/sub 0/, psi/sub 1/. The aim of this paper is to establish analogous 
conditions on c, sigma, a so that the system has no nonnegative solution when there is either internal source 
or incoming fluxes (or both), and it only has the trivial solution when neither internal source nor incoming 
fluxes are present in the system. This conclusion together with the earlier results yield explicit conditions 
for insuring the supercriticality and the subcriticality of the energy dependent system and therefore lead to 
analytical upper and lower bounds for the critical value c in terms of sigma and a. 
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Abstract/Keyterms: An operator-valued generalization of Chandrasekhar's H-function satisfies a 
nonlinear integral equation. A bifurcation analysis of this equation gives an analytic continuation of the H-
function. This result is applied to a criticality problem in neutron transport theory, and asymptotic results 
are obtained. 
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Abstract/Keyterms: The Tschebyscheff polynomial approximation method of the neutron- transport 
equation is developed. The relations between the relaxation constants in this approximation and the positive 
roots of T/sub N+1/(/sub mu /)=O are derived. Using the se relations, the necessary condition for reactor 
criticality is discussed. Application to Milne's problem leads to an explicit expression for extrapolated end 
point which is formdlly the same in the spherical-harmonics method. Numerical comparison of this method 
with the spherical-harmonics Method verifies Conkie's conclusion STAW. R. Conkie, Nuclear Sci. and 
Eng. 6, 260 (1959)! that, for weak absorbers, the spherical-harmonics method gives the values for 
extrapolated end point which is closer to the exact value than the T/sub N/ method does while, for strong 
absorbers, the T/sub N/ method gives closer value than the P/sub L/ method does. 
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Abstract/Keyterms: By using the Case method of expansion of the angular neutron distribution into series 
with respect to eigenfunctions of the plane Boltzmann equation, the critical problem of a slab was 
formulated. By means of symmetry considerations, the problem of boundary condition was reduced to one 
singular integral equation, which was treated by classical methods. This treatment has given an integral 
equation for expansion coefficients, which by means of a simple transformation can be reduced to a 
Fredholm type with a regular kernel, and an additional equation, which plays the role of an exact critical 
condition. The methods and results of numerical calculations will be published soon. 
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Uranium 238 
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Title: On the Perturbation Formula for Ratios in Critical Systems 

Date: 12/1/1967 

Report: J. Nucl. Energy, 21: 899-902 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Configuration; Criticality; Equations; 
Mathematics; Neutrons; Reactivity; Reactors 
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Author: Casali, F. / Ghilardotti, G. / Montagnini, B. 

Title: Experiments on Natural Uranium Graphite Lattices by the Null Reactivity Method 

Date: 6/1/1968 

Report: J. Nucl. Energy, 22, 337-354 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactors, Research / Multiplication Factor Measurement in Natural Uranium-
Graphite Lattice in RB-1, Null Reactivity Method for Infinite; Reactivity / Multiplication Factor 
Measurements in RB-1 Reactor Natural Uranium-Graphite Lattice, Null Reactivity Method for Infinite 
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Title: Time-Of-Flight Measurements of the Neutron Spectrum in a Sub-Critical Fast Reactor Assembly 

Date: 9/1/1968 

Report: J. Nucl. Energy, 22, 547-568 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Neutrons, Intermediate / Energy Spectrum for Vera 7a Critical Assembly, Time-Of-
Flight Analysis of; Neutrons, Fast / Energy Spectrum for Vera 7a Critical Assembly, Time-Of-Flight 
Analysis of; Critical Assemblies / Neutron Energy Spectrum for Vera 7a, Time-Of-Flight Analysis of 100 
eV to 4.8 MeV 
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Title: Spherical Harmonics Convergence Studies for Critical Spheres 

Date: 3/1/1968 

Report: J. Nucl. Energy, 22: 173-85 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Criticality; Mathematics; 
Neutrons; Reactors; Spheres; Transport Theory 
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Title: Contribution to the Theory of Uncontrolled Prompt Critical Excursions in Liquid Metal Cooled Fast 
Reactors 

Date: 7/1/1969 

Report: J. Nucl. Energy, 23: 315-30 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Safety & Siting; Accidents; Bethe-Tait Method; 
Compression; Computers; Criticality; Density; Energy; Excursions; Fast Reactors; Fuels; IBM 7094; 
Liquid Metal Coolant; MCA; Metal Cooled Reactors; Pec Reactor; Power; Programming; Reactivity; 
Reactor Kinetics; Reactor Safety 
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Title: The Theory of a One-Dimensional Bare Reactor, Treated by the Lie Series Method 

Date: 7/1/1969 

Report: J. Nucl. Energy, 23: 361-7 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Diffusion; Elementary Particles; Equations; 
Group Theory; Lie Groups; Mathematics; Neutron Flux; Reactor Core; Reactor Kinetics; Reactors 
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Title: Measurement of Material Buckling as a Function of Void Fraction in a Sub-Critical Assembly 

Date: 1/1/1971 

Report: J. Nucl. Energy, 24, 587-591 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Buckling; Capture; Density; Diffusion; Fine Structure; 
Group Theory; Natural Uranium Fuel; Reactor Lattices; Resonance; Stacked Foil Technique; Subcritical 
Assemblies; Uranium 238; Void Fraction; Water Moderator 
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Title: Calculation of Critical Buckling and One-Group Flux-Distribution for Cores of Arbitrary Shape as a 
Method to Optimize Core Geometries 

Date: 12/1/1971 

Report: J. Nucl. Energy, 25, 615-22 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactors / Cores for, Method for Calculation of Critical Size and Neutron Flux 
Distribution in Optimized 



 

C-9139 

9113…..…..…………………..…….……..……ID Number…………………..…..…………….9113 

Author: Pal, L. / Turi, L. / Vigassy, J. 

Title: Experimental Determination of the Ratio Beta(eff)I on The ZR-1 Critical Assembly 

Date: 12/1/1963 

Report: J. Nucl. Energy, Pt. A ; B, 17, 473-480 

Conference/Journal: J. Nucl. Energy, Pt. A ; B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Critical Assemblies; Delayed Neutrons; Enrichment; Feynman 
Method; Fuels; Hydrogen Compounds; Lifetime; Measured Values; Moderators; Neutrons; Quantitative 
Analysis; Reactivity; Reactors; Rossi Curve; Thermal Neutrons; Transients; Transport Theory; Uranium; 
Water Moderator 
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Title: The Kinetic Behavior of a Reactor Composed of G Loosely Coupled Cores: Integral Formulation 

Date: 10/1/1964 

Report: J. Nucl. Energy, Pt. A ; B; Vol: 18 

Conference/Journal: J. Nucl. Energy, Pt. A ; B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Equations; Fluid 
Flow; Gas Flow; Integrals; Liquid Flow; Matrices; Mechanics; Neutron Density; Neutrons; Performance; 
Reaction Kinetics; Reactivity; Reactor Core; Reactor Kinetics; Reactors; Zones 
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Title: Xenon Override in Gas-Cooled Reactors. I. Sketching Xenon Transients 

Date: 11/1/1964 

Report: J. Nucl. Energy, Pt. A ; B; Vol: 18; 

Conference/Journal: J. Nucl. Energy, Pt. A ; B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Diagrams; Gas Coolant; Graphite 
Moderator; Losses; Natural Uranium Fuel; Power; Power Plants; Reactivity; Reactors; Xenon 
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Title: Xenon Override in Gas-Cooled Reactors. II. A Simple Theory of Sector-Rod Movement 

Date: 11/1/1964 

Report: J. Nucl. Energy, Pt. A ; B; Vol: 18; 

Conference/Journal: J. Nucl. Energy, Pt. A ; B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control Elements; Diagrams; Losses; 
Mathematics; Power; Power Plants; Reactors; Transients; Transport; Uses; Xenon 



 

C-9143 

9117…..…..…………………..…….……..……ID Number…………………..…..…………….9117 

Author: Klarsfeld, S. 

Title: Boundary Conditions for a Cylindrical Annular Reactor 

Date: 4/1/1965 

Report: J. Nucl. Energy, Pt. A ; B; Vol: 19; 

Conference/Journal: J. Nucl. Energy, Pt. A ; B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boundary Conditions; Cylinders; Diffusion; 
Mathematics; Neutrons; Reactors; Surfaces 



 

C-9144 

9118…..…..…………………..…….……..……ID Number…………………..…..…………….9118 
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Title: On the Decay of Neutrons in a Subcritical Assembly 

Date: 8/1/1962 

Report: J. Nucl. Energy, Pt. A and B: Vol: 16 

Conference/Journal: J. Nucl. Energy, Pt. A and B 

Conference Session:  

Abstract/Keyterms: Some aspects of the decay of the persisting neutron distribution in a large subcritical 
assembly are discussed. The problem of finding a relation between the decay constant and the criticality 
factor is considered. The problem of the boundary condition in a finite system is also treated. 
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Title: Flat Flux in a Slab Reactor with Natural Uranium 

Date: 2/1/1966 

Report: J. Nucl. Energy, Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy, Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Density; Differential Equations; 
Distribution; Heavy Water; Natural Uranium Fuel; Neutron Flux; Numericals; Production; Reactors; 
Resonance Escape Probability 
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Title: A Variational Principle for Ratios in Critical Systems 

Date: 2/1/1966 

Report: J. Nucl. Energy, Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy, Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Ackroyd, R. T. / Burton, E. J. / Perks, M. A. 

Title: A Unified Theory of Interaction for Two Arbitrarily Mixed Multi-Group Arrays Set in Well-Defined 
and Random Reflectors 

Date: 1/1/1960 

Report: J. Nucl. Energy, Pt. A, 11, 057-068 

Conference/Journal: J. Nucl. Energy, Pt. A ; B 

Conference Session:  

Abstract/Keyterms: An interaction theory is given for calculating space arrays of fissile units of arbitrary 
size, shape, and distribution which uses the same core and reflector constants as are employed in ordinary 
reactor calculations for single units. Mixed arrays of fast and thermal units are considered. The reflecting 
material between units may be well defined or random in distribution. A comparison with experiment 
suggests that the theory is reasonably accurate and errs on the side of safety. Unlike Monte Carlo methods, 
the method presented requires trivial computation (10 seconds per case computing time on a medium-size 
computer). Unlike the interaction parameter method, it does not require an experiment on a simple assembly 
of units before a prediction for a complicated array can be made. 
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Title: Comparison of Lattice Physics Experiments in Heated Graphite Stacks Containing Plutonium-
Uranium Fuel with Theoretical Prediction 

Date: 5/1/1965 

Report: J. Nucl. Energy, Pt. A; Vol: 19 

Conference/Journal: J. Nucl. Energy, Pt. A 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum Alloys; Buckling; Computers; 
Configuration; Distribution; Errors; Fission; Fuel Elements; Graphite Moderator; Measured Values; 
Neutron Flux; Numericals; Plutonium Alloys; Programming; Rods; Tables; Temperature 
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Author: Ryves, T. B. / Scott, M. C. 

Title: Subcritical Reactivity Measurement by a Source-Jerk Method 

Date: 9/1/1962 

Report: J. Nucl. Energy, Pts. A & B; Vol: 16 

Conference/Journal: J. Nucl. Energy, Pts. A & B 

Conference Session:  

Abstract/Keyterms: The theory of the source-jerk technique for the measurement of subcritical reactivity 
was refined to take account of harmonics present in the neutron flux distribution. The method was applied 
to tlie measurement of the subcritical activity in a large graphite-moderated uranium fueled reactor. The 
subcritical reactivity was found to be STA-2.83 plus or minus 0.21 percent delta k/k. This value is about 10 
per cent higher than estimates based on the subcritical approach to critical and on the measured interaction 
of shutoff rods. 
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Author: Yousef, M. Y. A. / Amin, E. A. / Lukyanov, A. A. 

Title: Approximate Treatment of the Fast Neutron Spectrum in a Two-Component Homogeneous Medium 

Date: 9/1/1965 

Report: J. Nucl. Energy, Pts. A and B; Vol: 19 

Conference/Journal: J. Nucl. Energy, Pts. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Distribution; 
Energy; Equations; Fast Neutrons; Heavy Water; Homogeneous Reactors; Integrals; Mathematics; Mixing; 
Moderators; Neutron Flux; Numericals; Reactors; Spectra; Water 
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Author: Siewert, G. E. 

Title: Extrapolated Endpoints in The Two-Group Theory of Neutron Diffusion 

Date: 8/1/1973 

Report: J. Nucl. Energy, v. 27, no. 8, pp. 553-558 

Conference/Journal: J. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Neutron Transport Theory- 
Multigroup Theory; Boundary Conditions; Criticality; Diffusion; Milne Problem; Neutron Diffusion 
Equation; Neutrons; Slabs 
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Title: A Semi-Analytical Evaluation of Diffusion Coefficients of Reactor Lattices Using the Monte Carlo 
Method 

Date: 6/1/1965 

Report: J. Nucl. Energy: Pt. A ; B, 19 

Conference/Journal: J. Nucl. Energy: Pt. A ; B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Air; Configuration; Diffusion; Fuel 
Elements; Monte Carlo Method; Neutrons; Numericals; Reactor Core; Reactors; Rods; Transport Theory; 
Zones 
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Author: Randles, J. 

Title: Feedback Due to Elastic Waves and Doppler Coefficient During the Excursions of a Pulsed Fast 
Reactor 

Date: 1/1/1966 

Report: J. Nucl. Energy: Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy: Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Excursions; Expansion; Fast 
Neutrons; Pellets; Planning; Pulses; Reactivity; Reactor Safety; Reactors; Shutdown 



 

C-9154 

9128…..…..…………………..…….……..……ID Number…………………..…..…………….9128 

Author: Windsor, M. E. / Wright, S. B. 

Title: Measurement of the Fast Neutron Spectrum in a Fast Reactor by a 6Li Semiconductor Spectrometer 

Date: 6/1/1966 

Report: J. Nucl. Energy: Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy: Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Space and Energy Effects in Reactor Fluctuation Experiments 

Date: 7/1/1966 

Report: J. Nucl. Energy: Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy: Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Correlation of Two-Group Theory with Neutron Flux Measurements in a Pool- Type Reactor 

Date: 8/1/1966 

Report: J. Nucl. Energy: Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy: Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Semi-Empirical Formula for the Change of Diffusion Coefficients Caused by Empty Channels 

Date: 8/1/1966 

Report: J. Nucl. Energy: Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy: Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Air; Anisotropy; Coolant Loops; Diffusion; 
Equations; Gas Coolant; Heavy Water Moderator; Leakage; Lifetime; Migration Area; Neutrons; Reactor 
Core; Slowdown; Thickness; Volume 
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Title: Pseudo-Exponential Decay of a Neutron Pulse in Small Beryllium Systems 

Date: 8/1/1966 

Report: J. Nucl. Energy: Pt. A and B; Vol: 20 

Conference/Journal: J. Nucl. Energy: Pt. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Kinetic Equations for Neutron Distributions 

Date: 8/1/1965 

Report: J. Nucl. Energy: Pts. A and B; Vol: 19 

Conference/Journal: J. Nucl. Energy: Pts. A and B 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Density; Distribution; Equations; 
Mathematics; Neutron Flux; Reaction Kinetics; Reactors 
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Author: Lu, M. / Epel, L. G. 

Title: Discussion of Sabotage Vulnerabilities - Consequences of Airborne Releases 

Date: 7/1/1985 

Report: J. Nucl. Mater. Manage., 14:3, 325-329 

Conference/Journal: J. Nucl. Mater. Manage. 

Conference Session:  

Abstract/Keyterms: A simplified mathematical model has been developed to provide conservative 
estimates of radioactive and/or chemical dispersal consequences. The model, described in this paper, is 
useful in assessing physical security protection needs and determining classification levels for information 
on DOE facilities. Sabotage scenarios for dispersals were developed based on public information, such as 
safety analysis reports and environmental impact statements for facilities of interest. The dispersal 
mechanisms considered include criticality incidents, explosive methods, pyrotechnics, lofting, etc. The 
technical knowledge required by a malevolent group intent upon causing dispersal includes the attack 
objective information, (target, source-consequences correlation and propagation characteristics) as well as 
attack capability information (physical security, dispersal know-how and engineered safety and protection 
features). Physical protection measures, which could protect materials via deterrence, detection, delay and 
apprehension, were suggested, along with classification techniques which could protect against dispersal 
by denying access to information critical to the success of sabotage. 
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Title: Uranium Release and Secondary Phase Formation During Unsaturated Testing of UO, at 90° C 

Date: 1/1/1992 

Report: J. Nucl. Mater., 190, 107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Harms, A. A. / Johnson, R. D. 

Title: Minimal-Error Few-Group Critical Mass Determination 

Date: 10/1/1970 

Report: J. Nucl. Sci. Technol. (Tokyo) 7: 539-41 

Conference/Journal: J. Nucl. Sci. Technol. (Tokyo) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Power Reactor Development-Kinetics & Dynamics; 
Computers; Critical Assemblies; Criticality; Efficiency; Errors; Group Theory; Mathematics; Optimization; 
Programming; Reactors 
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Author: Nakajima, T. / Tojo, T. / Kondo, M. 

Title: Measurement of Infinite Multiplication Factor in Heterogeneous U--H2O Subcritical Assembly 

Date: 4/1/1971 

Report: J. Nucl. Sci. Technol. (Tokyo) 8: 218-25 

Conference/Journal: J. Nucl. Sci. Technol. (Tokyo) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Reactor 
Theory-Kinetics; Criticality; Differential Equations; Errors; Exponential Piles; Mathematics; 
Multiplication Factors; Reactivity 
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Author: Yamamuro, N. / Inaba, G. 

Title: Sn Ratio in the Rossi-Alpha Experiment 

Date: 3/1/1968 

Report: J. Nucl. Sci. Technol. (Tokyo), 5: 140-1(Mar. 1968) 

Conference/Journal: J. Nucl. Sci. Technol. (Tokyo) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Criticality; 
Determination; Errors; Exponential Piles; Measurement; Prompt Neutrons; Reactivity; Reactor Period; 
Rossi Alpha Method 
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Author: Asahi, Y. 

Title: Theory of Omega-D Modes 

Date: 2/1/1975 

Report: J. Nucl. Sci. Technol. (Tokyo), v. 12, no. 2, pp. 92-106 

Conference/Journal: J. Nucl. Sci. Technol. (Tokyo) 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter 



 

C-9166 

9140…..…..…………………..…….……..……ID Number…………………..…..…………….9140 

Author: Kobayashi, K. / Fukao, M. / Matsuura, S. / Ueda, M. 

Title: Measurement of Thermal Utilization Factor in a Square Cell of UO2 - H2O Lattice 

Date: 11/1/1965 

Report: J. Nucl. Sci. Technol. Vol: 2 

Conference/Journal: J. Nucl. Sci. Technol (Tokyo) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum; Canning; Disadvantage Factor; 
Distribution; Measured Values; Neutron Flux; Reactor Core; Thermal Neutrons; Uranium Oxides; Water 
Moderator; Zones 
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Author: Hoshino, T. 

Title: Empirical Equation of Neutron Diffusion System Application of the Experimental Design Technique 

Date: 12/1/1970 

Report: J. Nucl. Sci. Technol., 7: 610-614 

Conference/Journal: J. Nucl. Sci. Technol. (Tokyo) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Coupled Reactor Cores; Criticality; Cross Sections; 
Neutrons; Numericals; Reactors; Statistics 
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Author: Horie, J. / Nishihara, H. 

Title: Numerical solution to critical problem of finite cylindrical reactors by variational method 

Date: 9/1/1974 

Report: J. Nucl. Sci. Technol., v. 11, no. 9, pp. 359-368 

Conference/Journal: J. Nucl. Sci. Technol. (Tokyo) 

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Criticality- Variational Methods; Neutron 
Transport Theory- Variational Methods; Critical Size; Eigenvalues; Extrapolation Length; Iterative 
Methods; Neutron Flux; Numerical Solution; Reactors; Ritz Method 
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Author: Fujiie, Y. / Suita, T. 

Title: Direct Measurement of Neutron Flux 

Date: 2/1/1966 

Report: J. Nucl. Sci. Technol., Vol: 3 

Conference/Journal: J. Nucl. Sci. Technol. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Circuits; Currents; Electric Charges; 
Electric Potential; Electrodes; Fission Products; Measured Values; Neutron Flux; Reactors 
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Author: Saito, K. / Otsuka, M. 

Title: Transfer Function and Power Spectral Density in a Zero Power Reactor 

Date: 2/1/1966 

Report: J. Nucl. Sci. Technol.; Vol: 3 

Conference/Journal: J. Nucl. Sci. Technol. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Energy; Homogeneous Reactors; Power; 
Reactivity; Reactors; Spectra; Transfer Functions; Transients 
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Author: Cooper, P. N. / Cooper, W. M. / Firth, K. 

Title: The Effect of Cylindrical Air Voids in a Highly Enriched Water-Moderated Core 

Date: 10/1/1961 

Report: J. nuclear Energy, Pts. A & B. Reactor Sci. and Technol.; Vol: 5 

Conference/Journal: J. nuclear Energy, Pts. A & B. Reactor Sci. and Technol. 

Conference Session:  

Abstract/Keyterms: Measurements were made in a light-water-moderated, highly-enriched, uranium-
fueled, sub-critical facility of the variation in critical mass with diameter of a central air void. These 
measurements indicated that there would be no transient increase in reactivity if a central void were to 
collapse radially. Other measurements on the slow flooding of a 3 in. diameter central air void showed that 
there was a slight addition of reactivity in the early stages, reaching a maximum of about 0.1 per cent, but 
that a completely flooded void was much less reactive than the empty void. Two-group diffusion theory 
calculations for the initial and final states indicated that the results of the measurements were not affected 
by small changes in the enrichment of the uranium. 
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Title: The Evaluation of Worth of Cylindrical Control Rods in Reflected Cylindrical Cores with Particular 
Reference to the O.M.R 

Date: 12/1/1961 

Report: J. Nuclear Energy, Pts. A and B. Reactor Sci. and Technol.; Vol: 15 

Conference/Journal: J. Nuclear Energy, Pts. A and B. Reactor Sci. and Technol. 

Conference Session:  

Abstract/Keyterms: A calculation is described for predicting control rod worths and radial flux 
distributions for arrays of cylindrical control rods in reflected cores. The effect on the control rod worths 
and fluxes of the voids (defined in this article as fuel-free zones containing moderator) that are present in 
the core as the result of the absence of some of the control rods is also considered. Two- group diffusion 
theory is used. The computation, which is programmed for MERCURY is used for OMR core calculations 
and some results are presented. 
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Author: Critoph, E. / Pearce, R. M. 

Title: The Reactivity Effect Due to Neutron Streaming in an Empty Tube 

Date: 4/1/1957 

Report: J. Nuclear Energy; Vol: 1 

Conference/Journal: J. Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Buckling; Configuration; Criticality; Cylinders; Equations; 
Errors; Leaks; Measured Values; Moderators; Neutron Beams; Neutron Flux; Perturbation Theory; 
Poisoning; Reactor Core; Reactors; Tubes; Volume; Zones 



 

C-9174 

9148…..…..…………………..…….……..……ID Number…………………..…..…………….9148 

Author: Hassitt, A. 

Title: An Improved Variational Method for the Solution of the One-Group Diffusion Equations 

Date: 12/1/1955 

Report: J. Nuclear Energy; Vol: 2 

Conference/Journal: J. Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Physics; Boundary Conditions; Criticality; Cylinders; Diffusion; Equations; 
Mathematics; Matrices; Reactors; Secular Equation; Variational Method 



 

C-9175 

9149…..…..…………………..…….……..……ID Number…………………..…..…………….9149 

Author: Persson, R. / Blomsjo, E. / Bustraan, M. / Meier, R. 

Title: Exponential Pile Experiments with Natural Uranium and Heavy Water 

Date: 10/1/1956 

Report: J. Nuclear Energy; Vol: 3, 188-206 

Conference/Journal: J. Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Physics; Boron Fluorides; Buckling; Configuration; Counters; Criticality; Diffusion 
Length; Efficiency; Equations; Errors; Exponential Piles; Fuel Elements; Heavy Water Moderator; Mass; 
Measured Values; Multiplication Factors; Natural Uranium Fuel; Neutron Detection; Neutron Flux; 
Numericals; Proportional Counters; Reactor Core; Resonance Escape Probability; Rods; Thermal 
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Conference/Journal: J. Nuclear Energy 
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Abstract/Keyterms: The required critical mass in a thermal reactor is examined. The speculation is based 
on a hypothetical case in which a thermal reactor is just critical and has an arbitrary fuel distribution. From 
this, a theorem is developed that a reactor buns fuel in such a manner as to increase the required critical 
mass and shut itself off. 
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Abstract/Keyterms: Slip in alpha uranium on the {1 1 0} at -196 deg C was established by two-surface 
analysis, and the slip direction was determined to be the <0 0 1>. Some evidence is presented which permits 
the postulation that the mechanism involves a movement in two <1 1 2> directions to produce an overall 
slip direction of <0 0 1>. The critical shear stress for {0 1 0} <1 0 0> slip and cross-slip was found to 
increase substantially relative to other mechanisms at low temperature. A direct confirmation of the <1 0 
0> slip direction was obtained by the disappearing trace method. Kinking on the (1 0 0) plane was observed 
to take a number of forms. Kink bands as narrow as 5 mu and as thick as 100 mu were observed, as well as 
a new microkinking mechanism. The axis of rotation for kinking was confirmed to be the <0 0 1> direction. 
Twinning on the {1 3 0}, {1 7 6}, and {1 7 2} planes was observed with the {1 3 0} plane by far the most 
active at both -196 and 350 deg C. Areas of operability were consistent with theoretical predictions. No 
new twin planes were observed. 
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Abstract/Keyterms: An accidental critical excursion took place in the plutonium recovery plant of the Los 
Alamos Scientific Laboratory on Dec. 30, 1958. The average whole-body dose in the lethal caee wse 
estimated at between 3900 and 4900 rads, with the incident dose to the upper abdomen calculated to be 
approximately 12000 rads of neutrons plus gamma radiation. Two other workers received total doses of 
approximately 130 and 35 rads, respectively, most of which was gamma radiation. The critical excursion 
took place in a tank of solution from which plutonium was being recovered, and the number of fissions was 
calculated to be approximately 1.5 x lO/sup 15/. The accident and subsequent events are recounted. The 
clinical case of the fatality is reviewed in detail. Data are included from routine chemical and pathological 
studies and special biochemical studies, whole- body counts, and gamma spectral measurements, dosimetric 
calculations, and health physics studies of area radiation levels. It was clearly apparent that the radiation 
dose varied widely in different parts of the body and even in different parts of the same organ. Results of 
clinical studies, covering the 14 months following the accident, are presented for the two workers who were 
exposed to non- lethal doses. Analysis of blood data led to the conclusion that changes following exposures 
in excess of 100 rads are characteristic and of clinical significancs, whereas dosss below 50 rads produce 
blood changes which are too slight to bs of any diagnostic value. 
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Abstract/Keyterms: Problems are discussed which were involved in dosimetric calculations on three 
individuals exposed to mixed gamma and neutron irradiation from an accidental critical excursion in a Pu 
processing plant. Complications connected with evaluation of doses to personnel involved in the accident 
ranged from the geometric and moderator characteristics of the source to the movement of personnel in the 
vicinity of the source after the accident. The standard dosimeter coverage was inadequate or absent. The 
critical reaction occurred in a 225-gal stainless steel tank containing approximately 130 gal of material. The 
critical reaction occurred in the upper layer of solution, in which 3.27 kg of Pu was dissolved. Apparently, 
when a stirrer was started, the material was brought into a critical configuration in the horizontal center of 
the tank. The geometric level of the critical reaction was determined by linear measurement of the long-
lived induced nu activity in a stainless steel baffle located inside the tank. The whole event consisted of a 
single supercritical reaction. The total fissions that occurred were determined subsequently by standard 
radiochemical analysis and found to be approximately 1.5 x 10/sup 17/, Calculations of neutron dose were 
based on the assumption that total neutron exposure was due almost exclusively to fast neutrons. 
Measurements were made of blood and total-body Na/sup 24/ activity, serum Na specific activity, induced 
activity in materials in pockets and clothing. Results were compared with results from an experiment using 
a Los Alamos prompt critical assembly and data from burros exposed to fast neutron irradiation. 
Estimations of gamma -ray dose were based on purely theoretical considerations and on readings from 
previously unexposed film badges located 137 ft. from the center of the criticality excursion. Estimates of 
various factors contributing to whole-body dose are tabulated. 
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Abstract/Keyterms: The work leading to the discovery of naturally sustained chain reactions at Oklo 
(Gabon) is described. In June 1972, the preparation of an isotopic standard in Pierrelatte gave some results 
significantly different from those expected. To explain these anomalies several hypotheses were put 
forward including the possibility of induced fission. A search for fission products was therefore decided. It 
proved that in the Oklo open pit nine parts of the deposits of uranium had experienced sustained fission 
chain reactions, and therefore had behaved as natural reactors. The following questions are discussed it 
occurred at Oklo and nowhere else. What was the extent and above all what was the mechanism of this 
occurrence. Information derived from analytical studies refers to the age of the deposit, duration of the 
chain sustained reactions are total power evolved. Typical values are 2.10$sup 9$ years, 106 years, 10$sup 
11$ kWh, respectively. Migration of fission products and transuranian elements can be studied. Rare 
earthÕs stay mostly with uranium. No indication of plutonium migration is found. Finally operation of the 
reactor is discussed. 
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Abstract/Keyterms: A sub-critical exponential stack has been commissioned at the Nuclear Engineering 
Laboratory of the Athens National Technical University and is being used for a number of experimental 
and theoretical investigations. This paper describes the pile generally and gives details of flux 
measurements and their analysis for natural uranium fuel. Variations in flux during fuel loading, flux 
peaking at axial discontinuities and the reflecting effect of the laboratory floor have all been examined and 
are discussed. 
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Abstract/Keyterms: The conditions for stability in chain reactions in 1, 2, and 3 dimensions were 
investigated. In each case a critical maximum size of the vessel was found, beyond which no steady state 
is possible. 
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Abstract/Keyterms: The critical radius in mass for aspherical homogeneous reactor of zero power with 
uranium enriched to 20% (UO2SO4 compound) with moderator was calculated. These calculations were 
carried out for various infinite reflectors (ordinary and heavy water. graphite) and for various finite 
thickness of reflector made of heavy water in the temperature range from 25 to 200 deg. The effect of 
reflector thickness made of heavy water on the reactivity was determined for the case of an infinite cylinder. 
It turns out that at zero power the critical dimensions of a spherical reactor with finite reflector of heavy 
water are less even at 200 deg than for the same reactor at 25 deg C, but without a reflector. Particular 
attention is paid to problems of operation and control of the reactor at different temperatures by varying the 
size of the reflector. For this purpose a reflector thickness of 30 to 40 cm is found to be fully adequate. The 
conclusions must be verified experimentally. 
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Abstract/Keyterms: The geometrical buckling of the conical sphere sector for different cone angles was 
calculated. The height of the shell is given as function of the radius of the inner smaller basis. The volume 
of the critical reactor does not differ very much from that of a cylindrical reactor of the same height. 
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Abstract/Keyterms: Critical radii and the masses of U235 were calculated on the basis of two-group theory 
for a bare reactor (20% enriched UO2 suspension in light water) at 20 C, and for the same reactor with 
natural UO2-light water reflector at 100 and 200 C. At 200 C there is still enough excess reactivity in the 
reflected reactor as compared with the bare reactor at 20 C, having the same mass of U235 or the same core 
diameter, so that the control room the start at room temperature till the power operation at 200 C can be 
achieved by changing the reflector level only. 
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Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was 
initiated in 1992 by the United States Department of Energy. The ICSBEP became an official activity of 
the Organization for Economic Cooperation and Development (OECD) – Nuclear Energy Agency (NEA) 
in 1995. Representatives from the United States, United Kingdom, France, Japan, the Russian Federation, 
Hungary, Republic of Korea, Slovenia, Yugoslavia, Kazakhstan, Spain, and Israel are now participating. 
The purpose of the ICSBEP is to identify, evaluate, verify, and formally document a comprehensive and 
internationally peer-reviewed set of criticality safety benchmark data. The work of the ICSBEP is published 
as an OECD handbook entitled “International Handbook of Evaluated Criticality Safety Benchmark 
Experiments”. The 2001 Edition of the Handbook contains benchmark specifications for 2642 critical or 
subcritical configurations that are intended for use in validation efforts and for testing basic nuclear data. 
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Abstract/Keyterms: The Reactor Physics Group of Brookhaven National Laboratory has measured the 
buckling, fast neutron effect, and thermal utilization of a sub-critical lattice consisting of 1.1 inch normal 
uranium rods, clad in aluminum and immersed in light water. The aluminum had a 1.300 inch OD and 0.050 
inch wall thickness. The rods were spaced 1.779 inch between centres to give a water-to-uranium volume 
ratio of 1.5 array on a graphite thermal column with an effectively infinite water reflector. These 
measurements repeat in part earlier work at ORNL as reported by Kouts, and by Rolf Persson in Sweden. 
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Abstract/Keyterms: Equations are developed which allow the calculation of the average number of 
neutrons per U235 fission from experimental measurements. Experimental methods are described, the 
results of which give a value of (7.8{+-}0.6){sup 1/2} neutrons per U235 thermal fission. 
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Abstract/Keyterms: Migration areas and effective delayed neutron fractions were measured in critical 
assemblies of slightly enriched uranium rods in light water. The fuel consists of uranium … in ratios of 2:1, 
3:1, and 4:1 were investigated. Migration areas were measured by observing the effect of fuel rod changes 
and boron poison in the water, separately and combined, on the excess reactivity. The analysis yields a 
value of M/sup 2/ which depends on the delayed neutron parameters, and one which is independent of them. 
Values of M/sup 2/ obtained by these methods are compared with those obtained carrier by sub-critical 
methods. A value of the effective delayed neutron fraction, gamma beta, in these assemblies is derived from 
the effect of uniform boron poison on the reactor periods. An average value of 0.0069 plus or minus 0.0001 
is obtained for the three assemblies. 



 

C-9204 

9178…..…..…………………..…….……..……ID Number…………………..…..…………….9178 

Author: Bacher, P. / Naudet, R. 

Title: Measurements of Bucklings by the Progressive Replacement Method 

Date: 1/1/1961 

Report: JAABA, 13, 112-127 (ANL-TRANS-787) 

Conference/Journal: Journal of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The quest for competitive power from nuclear reactors requires an accurate 
knowledge of neutron balance with varying geometrical and physical lattice parameters. A great number of 
critical experiments with good relative accuracy are therefore needed. The progressive replacement method 
described hereafter is particularly well suited to this objective, as it is a differential method. It is much 
cheaper and quicker than the usual critical experiment, but has comparable accuracy. It is shown in the first 
part of the paper how this method has been applied to heavy water lattices in the critical facility 
"AQUILON" and in the second part to graphite lattices during start-up experiments of the G1 and G2 
reactors in Marcoule. 
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Abstract/Keyterms: The non-linear reactor kinetics equations are reduced to an integral equation for the 
neutron density which appears particularly suitable for computer applications. The computer program 
described consists primarily of summing operations and appears to lead to better stability for equivalent 
time steps than other approaches. Any number of delayed neutron groups can be handled. 
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Abstract/Keyterms: The ratio, delta /sub 28/, of the fission rate in U238 to that in U235 was determined 
for various slightly enriched hexagonal miniature uranium rod lattices in light water. The experimental 
values of delta /sub 28/ and epsilon are given for 1.0, 1.15, and 1.3 per cent fuel enrichments, 1, 1.5, 2, 3, 
and 4 water-touranium volume ratios and 0.250, 0.387, and 0.600 in. rod diameters. 
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Abstract/Keyterms: The critical masses of mixtures of plutonium and Plexiglas, and of plutonium and 
graphite have been determined. The experimental data were derived from sub-critical neutron multiplication 
measurements on cylindrical assemblies containing these mixtures. The atomic ratios of moderator-to-fuel 
ranged from hydrogen/plutonium = 0 to 100 and carbon/plutonium = 0 to 10. Theoretical values of critical 
masses were derived for water and graphite moderated systems of plutonium using 16-group transport and 
diffusion calculations. The atomic ratios of moderator-to-fuel ranged from hydrogen/plutonium =0 to 1000 
and carbon/plutonium = 0 to 35000. The authors' experience indicates that the result of this work is an 
inexpensive and reasonably accurate method for making nuclear safety calculations upon these systems. 
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been measured as a function of the circulating velocity and the result appeared to be in agreement with 
theoretical considerations. 
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giving the neutron currents more facility. Since beryllia is also a better reflector than water, there will also 
be a decrease in critical mass, hence, increasing the actual radiation intensities in the core. Results are given 
for a subcritical reactor showing the comparisons with and without beryllium oxide reflector elements. 
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for the multiplication of an array immersed in a nonabsorbing medium for both external and internal neutron 
sources. The criterion is shown to apply no matter in what detail the neutron emission is considered. 



 

C-9212 

9186…..…..…………………..…….……..……ID Number…………………..…..…………….9186 

Author: Dowson, D. C. / Abbey, F. 

Title: Criticality of Interacting Arrays of Fissile Material. II. Unreflected Air-Spaced Arrays of Spheres 

Date: 1/1/1963 

Report: JAABA, 17, 7-13 

Conference/Journal: Journal of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: An initial application of the general method formulated in Part I to some unreflected 
air-spaced arrays of similar fissile spheres is described. 



 

C-9213 

9187…..…..…………………..…….……..……ID Number…………………..…..…………….9187 

Author: George, D. / Wheatley, C. G. H. 

Title: Fuel for the ZENITH Reactor 

Date: 1/1/1963 

Report: JAABA, 18, 233-239 

Conference/Journal: Journal of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Fabrication; Fuels; High Temperature; Production; Reactors; 
Research Reactors; Uranium 233; Uranium 235; Zenith 



 

C-9214 

9188…..…..…………………..…….……..……ID Number…………………..…..…………….9188 

Author: Dubovskii, B. G. / Kamaev, A. V. / Vladykov, G. M. / Kuznetsov, F. M. / et al. 

Title: Interaction of Subcritical Reactors 

Date: 1/1/1965 

Report: JAABA, 19, 271-277 

Conference/Journal: Journal of Nuclear Energy 

Conference Session:  

Abstract/Keyterms:  



 

C-9215 

9189…..…..…………………..…….……..……ID Number…………………..…..…………….9189 

Author: Ponomarev-Stepnoi, N. N. / Lomakin, S. S. 

Title: Study of a Critical Assembly Containing a Beryllium Moderator 

Date: 4/1/1965 

Report: JAABA, 19, 291-298 

Conference/Journal: Journal of Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Experiments carried out on uranium-beryllium critical assemblies are described in 
which were determined the square of the slowing down length, up to the energy at which the slowing down 
spectrum changes over to a thermal neutron spectrum, and the multiplication for fast neutrons from fission 
and from the reaction Be(n,2n), allowance being made for absorption during the slowing down process. 
Multigroup critical assembly calculations were made using the values of the parameters measured and good 
agreement was obtained between the calculated and experimental data. 
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assemblies were experimentally determined to obtain data for comparison with calculations. The center, or 
moderator region, of these assemblies is filled with oil or steel. The moderator region and the surrounding 
uranium region are spherically shaped for one series of measurements and hemispherical in shape for the 
second. The inner uranium region radius is varied from 0 to 12 cm. Calculations were performed for the oil 
moderated and reflected spherical assemblies. The results of the calculations and experiment are compared. 
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Abstract/Keyterms: PU-MET-FAST-034; The results of a series of critical mass measurements on alpha 
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parameters are obtained directly. A total of 42 critical masses were measured. 
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expected, when the reactor reached criticality. The critical mass was analyzed by AMF and JAERI a few 
years ago, but afterwards some modifications have been made of the structure for the reinforcement, for 
example, during the construction. The critical mass is recalculated perfectly and the difference between 15 
and S fuel elements is discussed. The deviation of the critical mass is mainly caused by the effects of control 
rods, fuel elements, grid-plate, etc., in the reflector; only heavy water or light water was considered as the 
reflector in the previous calculation. A simple method is used to calculate the critical mass. The effective 
multiplication factor for the core with 15 fuel elements is obtained about 2% higher than the experimental 
value. This difference is also discussed in detail. 
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Date: 12/1/1961 

Report: JAERI-1025 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: JRR-2, the second research reactor, is a thermal reactor, using the MTR- type fuel of 
20% enriched U, with heavy water both as moderator and coolant. The maximum thermal output and the 
mean thermal flux of the reactor are 10 Mw and 1 x 10/sup 14/ n/cm/sup 2//sec. The results of the various 
characteristic measurements on the reactor performed during a 4-month period after criticality was reached 
are presented. Included are results of critical experiments, calibration of control rods, reflecting effect of 
the upper part of heavy water, reactivity effect of fuel elements, characteristic measurement of the 
temperature coefficient, measurement of the distribution of the thermal fluxes, and calibration of the power 
output. 
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Date: 1/1/1962 

Report: JAERI-1028 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radiation monitoring during work related to critica1 experiments and related to JRR-
2 experiments is described. The reported monitoring was carried out during fuel preparation, a critical 
experiment and characteristic test, power- up test, and during a reactor continuous operation test. 
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Report: JAERI-1032 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To understand the reactor physics in enriched-fuel, graphite-moderated thermal 
reactors theoretical and experimental investigations were performed. A critical assembly was used to obtain 
the criticality data. An approach of criticality calculations was developed, and it is demonstrated that the 
procedure is feasible in the limited area such as in the case of enriched-fuel, graphite- moderated small 
thermal reactors. The agreement between the theoretical and experimental criticality data is good. The effect 
of chemical bending in the graphite is of interest in the thermal reactor. Results of theoretical calculations 
are also presented. 
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Conference/Journal:  
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Abstract/Keyterms: To understand the reactor physics in enriched-fuel, graphite-moderated thermal 
reactors theoretical and experimental investigations were performed. A critical assembly was used to obtain 
the criticality data. An approach of criticality calculations was developed, and it is demonstrated that the 
procedure is feasible in the limited area such as in the case of enriched-fuel, graphite-moderated small 
thermal reactors. The agreement between the theoretical and experimental criticality data is good. The effect 
of chemical bending in the graphite is of interest in the thermal reactor. Results of theoretical calculations 
are also presented. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An aqueous homogeneous critical facility was constructed. A series of critical 
experiments was performed on the system in which heavy water reflector surrounded heavy water solutions 
of uranyl sulfate with a U235 enrichment of 20%. Heavy water molecule to U235 atom ratio in the solutions 
ranged from 3600 to 800 depending on the core diameter. Space dependencies of thermal neutron spectra 
in these systems were studied by the integral method with Lu. Deviations of epithermal neutron spectra 
from l/E distribution were also investigated by the cadmium ratio method with in, Au, Pd, and Co. In 
theoretical analysis of these systems, leakage of fast neutrons from the core and competition of the leakage 
with resonance absorption in the core are important factors. Therefore the resonance escape probability was 
defined rigorously and a multigroup model was applied. The group constants were determined by averaging 
over spectra which were calculated by the Greuling Goertzel approximation. Agreements between 
theoretical and experimental results are satisfactory except perturbation terms. Discrepancies in the 
effective multiplication factors do not exceed 1%. Spatial distributions of the thermal, in-resonance, and 
fast neutron fluxes are well reproduced by the present theory. An agreement of the theoretical cadmium 
ratios in the core with the experimental values indicates that the leakage of fast neutrons from the core is 
treated adequately. 
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Conference/Journal:  
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Abstract/Keyterms: The nuclear characteristics of the high-temperature, gas-cooled, power reactor using 
semi-homogeneous fuel elements were calculated including the critical mass, neutron flux and power 
distributions, burnup, temperature coefficient, conversion ratio, poisoning effect, and reactivity effects of 
the reflector and fuel elements. The nuclear constants used are tabulated, and the results are given. 
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Report: JAERI-1050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The TNS CODE, an IBM 7090 FORTRAN code that calculates the thermal neutron 
spectrum at each position in a multi-region system and determines the thermal group constants, is described. 
In order to get the spectrum, the energy range concerned is divided into G groups, and the P/sub 1/ 
approximation is applied to calculate the neutron flux of each group. Finally, the G simultaneous differential 
equations are replaced with G simultaneous difference equations. The difference equations are solved 
directly without any iterations. The scattering kernel used in the code is based on the Brown model. Whether 
the region consists of light water, heavy water, or free gas, the TNS CODE gives the spectrum. Examples 
of calculations are shown for an enriched uranium heavy water homogeneous system. The results show 
significant variations of the effective absorption and fission rates in the system. 
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Fast Neutrons; JDPR; Multiplication Factors; Numericals; Power Plants; Reactors; Spectra; Thermal 
Neutrons; Water Coolant; Water Moderator 
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Equations; Digital Systems; Equations; Fast Neutrons; FORTRAN; Fuel Elements; IBM 704; IBM 7044; 
IBM 7090; Integrals; Lifetime; Mathematics; Neutron Flux; Neutrons; Nuclear Reactions; Numericals; 
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Title: KINAK: A Code for One-Dimensional, Nuclear, Thermal and Hydraulic Calculation for Boiling 
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Title: EXPANDA-5: One-Dimensional Diffusion Equation Program for Fast Reactors Consisting of Two-
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Abstract/Keyterms: Power Reactor Development-Physics & Core Engineering; Computer Codes; 
Configuration; Criticality Fast Reactors; Mathematics; Reactor Cores 
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Title: EXPANDA-75 One-Dimensional Diffusion Code for Multi-Region Plate Lattice Heterogeneous 
System 
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Abstract/Keyterms: An advanced treatment has been developed for analyzing a multi-region plate lattice 
heterogeneous system using the coarse group constants set provided for a homogeneous system. The 
essential points of this treatment are modification of effective admixture cross sections and improvement 
of effective elastic removal cross sections. By this treatment the heterogeneity effects for flux distributions 
and effective cross sections in the unit cell can be reproduced accurately in comparison with the ultra fine 
group treatment which consumes huge amounts of computing time. Based on the present treatment and 
using the JAERI-Fast set, a one-dimensional diffusion code, EXPANDA-75, was developed for extensive 
use for analyses of fast critical experiments. The user's guide is also presented in this report. 
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Title: ESELEM 4 a Code for Calculating Fine Neutron Spectrum and Multi-Group Cross Sections in Plate 
Lattice 

Date: 7/1/1976 

Report: JAERI-1245 
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Abstract/Keyterms: The multi-group treatment has been used in the design study of fast reactors and 
analysis of experiments at fast critical assemblies. The accuracy of the multi-group cross sections therefore 
affects strongly the results of these analyses. The ESELEM 4 code has been developed to produce multi-
group cross sections with an advanced method from the nuclear data libraries used in the JAERI Fast set. 
ESELEM 4 solves integral transport equation by the collision probability method in plate lattice geometry 
to obtain the fine neutron spectrum. A typical fine group mesh width is 0.008 in lethargy unit. The multi-
group cross sections are calculated by weighting the point data with the fine structure neutron flux. Some 
devices are applied to reduce computation time and computer core storage required for the calculation. The 
slowing down sources are calculated with the use of a recurrence formula derived for elastic and inelastic 
scattering. The broad group treatment is adopted above 2 MeV for dealing with both light any heavy 
elements. Also the resonance cross sections of heavy elements are represented in a broad group structure, 
for which we use the values of the JAERI Fast set. The library data are prepared by the PRESM code from 
ENDF/A type nuclear data files. 
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Abstract/Keyterms: MIX-COMP-THERM-004; LEU-COMP-THERM-035, LEU-COMP-THERM-006, 
LEU-COMP-THERM-062, LEU-COMP-THERM-065; Experimental critical sizes are presented for a total 
of about 250 lattices with 2.6 w/o UO2 and 3.0 w/o PuO2-natural UO2 fuel rods. The moderator was H2O 
and water-to-fuel volume ratios in the lattice cells ranged from 1.50 to 3.00 in the UO2 lattices and from 
2.42 to 5.55 in the PuO2-UO2 lattices. The critical sizes were determined with the number of the fuel rods 
and a water level which were required to make the lattice critical in the shape of a rectangular parallelepiped 
over the temperature range from room temperature to 80 deg C. Reactivity variations of the PuO2-UO2 
lattices due to decaying of 241Pu to 241Am were traced during 3 years. Some critical sizes of the UO2 and 
PuO2-UO2 lattices with a water gap and of the UO2 lattices with liquid poison in the moderator are also 
reported. Some physics parameters, such as the temperature coefficient of reactivity, the water-level worth, 
the reflector saving, the ratio between a migration area and an infinite multiplication factor and the critical 
buckling, are shown in relation to the critical sizes of the unperturbed lattices without the water gap and 
liquid poison. 
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Abstract/Keyterms: The JAERI-Fast set Version II(JFS-V-II) has been produced by revising the original 
JAERI-Fast set on a large scale. The revision works have been performed on the basis of the benchmark 
calculation for many fast critical assemblies, the cross section adjustment of using the least squares method 
and the evaluation of nuclear data. In JFS-V-II, the group constants of 25 nuclides, Be, 10B, 11B, C, O, Na, 
Al, Si, Cr, Mn, Fe, Ni, Cu, Mo, 232Th, 233U, 234U, 235U, 236U, 238U, 239Pu, 240Pu, 241Pu, 242Pu and 
241Am and FP group constants have been provided for both the standard seventy and twenty-five group 
structures. The composition dependence of group constants is taken into account for all these nuclides by 
preparing self-shielding factors. Especially, the self-shielding factors of important resonant nuclides are 
expressed by a function of three variables, i.e., composition, temperature and mutual interference parameter 
which is the ratio of the atomic number density of 238U to that of the fissile resonant nuclei. Moreover, the 
infinitely dilute elastic removal cross sections and self-shielding factors of the elastic removal cross sections 
are newly tabulated for important light and medium nuclides, O, Na, Fe, Cr, Ni and Al. Applicability of 
JFS-V-II was assessed 
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Date: 10/31/1962 

Report: JAERI-7020 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The annual report describes the activities of the Institute in 14 chapters: reactor 
development, plant construction, operation of research reactors, nuclear engineering, physics, chemistry, 
uses of radiation, health physics, etc. JRR-2, a CP-5 type reactor which reached criticality in October 1960 
is discussed; this reactor started operating at a power of 1 Mw in March 1961. The contract of JPDR (Japan 
Power Demonstration Reactor) was signed in August 1960; it is designed for a maximum electric output of 
12.5 Mw. Assembly of graphite in JRR-3, the first Japanese-built reactor with a power rating of 10 Mw, 
was recently completed. Continuing the efforts in the field of reactor development, a semi-homogeneous 
critical assembly became critical, an aqueous homogeneous critical assembly is almost ready for fuel 
loading and preliminary experiments were carried out on a fast reactor and on magnetohydrodynamic 
methods of electric power generation. Construction of a 20-Mev linear accelerator was completed; in 
addition, a 3.5-Mev Van de Graaff generator, a hot-cave unit for fuel reprocessing work, a plutonium 
research facility and a radioisotope production plant are under construction at present. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General and Miscellaneous; Enrichment; Fuel Elements; JRR-2; Reactor Fueling; 
Reactors; Research Reactors; Uranium; Criticality; JRR-3; Reactors; Distribution; Japan; Radioisotopes; 
Japan; JPDR; JRR-4; Power Plants; Reactors; Control; Coolants; Fuel Elements; Fuels; Heat Transfer; 
Instruments; Japan; Laboratory Equipment; Moderators; Radiation Chemistry; Radiation Protection; 
Radiochemistry; Reactor Core; Reactor Safety; Reactors; Reflectors; Reprocessing 
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Title: Benchmark Tests of JENDL-3.2 for Thermal and Fast Reactors 

Date: 1/1/1995 

Report: JAERI-Conf 95-008, 047 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Benchmark calculations for a variety of thermal and fast reactors have been 
performed by using the newly evaluated JENDL-3 Version-2 (JENDL-3.2) file. In the thermal reactor 
calculations for the uranium and plutonium fueled cores of TRX and TCA, the k(eff) and lattice parameters 
were well predicted. The fast reactor calculations for ZPPR-9 and FCA assemblies showed that the k(eff) 
reactivity worths of Doppler, sodium void and control rod, and reaction rate distribution were in a very 
good agreement with the experiments. 
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Title: A Few Reactor Physics Experiments Related to the HTGR Safety at VHTRC 

Date: 11/1/1994 

Report: JAERI-Conf-95-009, 105-125 

Conference/Journal: JAERI seminar on HTGR technologies, Tokai (Japan), 7-8 Nov 1994 

Conference Session:  

Abstract/Keyterms: Reactor Physics Experiments / HTGR-Type Critical Assembly / Very High 
Temperature Reactor Critical Assembly, VHTRC 
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Report: JAERI-Conf-96-010, 177-190 

Conference/Journal: JAERI symposium on HTGR technologies, Oarai (Japan), 15-16 Feb 1996 

Conference Session:  

Abstract/Keyterms: Defuelling / AVR Experimental Nuclear Power Plant / Pebble Bed High Temperature 
Gas-Cooled Reactor / Positive Reactivity 
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Title: Proceedings of the Second NUCEF Seminar. Japan Atomic Energy Research Inst., Tokyo 
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Report: JAERI-Conf-97-002 

Conference/Journal: NUCEF seminar, Tokai (Japan) 

Conference Session:  

Abstract/Keyterms:  
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Title: Status of Criticality Safety Research at NUCEF 

Date: 11/1/1997 

Report: JAERI-Conf-98-003, 15-30 

Conference/Journal: Symposium on nuclear data, Tokai (Japan), 27-28 Nov 1997 

Conference Session:  

Abstract/Keyterms: Critical Facilities / STACY (Static Experiment Critical Facility) / TRACY (Transient 
Experiment Critical Facility) / Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) 
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Report: JAERI-Conf-98-003, 67-72 

Conference/Journal: Symposium on nuclear data, Tokai (Japan), 27-28 Nov 1997 

Conference Session:  

Abstract/Keyterms: Pu Utilization / Thermal Reactors / Japan / Pu Fueled Thermal 
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Title: Proceedings of the Third NUCEF Seminar 
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Report: JAERI-Conf-98-010 

Conference/Journal: NUCEF seminar, Tokai (Japan), 24 Feb 1998 

Conference Session:  

Abstract/Keyterms: NUCEF Seminar / JAERI Tokai 
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Title: Reflector Experiments of STACY Cylindrical and Slab Core Tanks 

Date: 2/1/1998 

Report: JAERI-Conf-98-010, 3-4 

Conference/Journal: NUCEF seminar, Tokai (Japan), 24 Feb 1998 

Conference Session:  

Abstract/Keyterms: Critical Experiments / Reflector Effects / Structural Materials / STACY / Cylindrical 
/ Slab Core Tanks / Ordinary / Borated Concretes / Polyethylenes / TWOTRAN / SRAC95 / JENDL-3.2 
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Title: Experiment Program and Results of the TRACY 

Date: 2/1/1998 

Report: JAERI-Conf-98-010, 7-8 

Conference/Journal: NUCEF seminar, Tokai (Japan), 24 Feb 1998 

Conference Session:  

Abstract/Keyterms: JAERI / Supercritical Experiments / Low Enriched Uranium Nitrate Solution / Tracy 
/ NUCEF 
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Conference/Journal: Workshop on the utilization of research reactors, Bandung (Indonesia), 6-13 Nov 
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Abstract/Keyterms: Kartini Reactor / Atomic Energy National Agency 
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Title: Status and Future Program of Reactor Physics Experiments in JAERI Critical Facilities, FCA and 
TCA 

Date: 11/1/1998 

Report: JAERI-Conf-99-002, 92-97 

Conference/Journal: Symposium on nuclear data, Tokai (Japan), 19-20 Nov 1998 

Conference Session:  

Abstract/Keyterms: JAERI / FCA (Fast Critical Assembly) / TCA (Tank-type Critical Assembly 
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Title: Reflector Effects of Structural Material for Cylindrical and Slab Cores Containing 10% Enriched 
Uranyl Nitrate Solution 

Date: 1/1/1999 

Report: JAERI-Conf-99-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-008, LEU-SOL-THERM-009, LEU-SOL-THERM-010, LEU-
SOL-THERM-018, LEU-SOL-THERM-019, LEU-SOL-THERM-022 
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Title: Proceedings of the 2nd NUCEF International Symposium NUCEF'98. Safety Research and 
Development of Base Technology on Nuclear Fuel Cycle 

Date: 3/1/1999 

Report: JAERI-Conf-99-004; CONF-981185 

Conference/Journal: 2nd NUCEF International Symposium NUCEF'98. Safety Research and 
Development of Base Technology on Nuclear Fuel Cycle 

Conference Session:  

Abstract/Keyterms: 2nd NUCEF International Symposium / Criticality Safety / Reprocessing and 
Partitioning / Radioactive Waste Management 
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Title: MVP/GMVP: General Purpose Monte Carlo Codes for Neutron and Photon Transport Calculations 
Based on Continuous Energy and Multigroup Method 
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Report: JAERI-Data /Code 94-007 
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Conference Session:  

Abstract/Keyterms:  
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Title: Benchmark Calculations of JACS Code System for the Criticality Experiment of Pellet-Solution 
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Report: JAERI-Data /Code 94-014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: FSXLIB-J3R2: A Continuous Energy Cross Section Library for MCNP Based on JENDL-3.2 

Date: 1/1/1994 

Report: JAERI-Data /Code 94-020 

Conference/Journal: Japan Atomic Energy Research Institute 

Conference Session:  

Abstract/Keyterms:  
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Title: Spent Fuel Composition Database System on WWW - SFCOMPO on WWW Ver.2 - 
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Report: JAERI-Data/Code 2001-020 
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Conference Session:  

Abstract/Keyterms:  
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Title: Preparation of Data Relevant to Equivalent Uniform Burnup and Equivalent Initial Enrichment for 
Burnup Credit Evaluation (in Japanese) 
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Report: JAERI-Data/Code 2001-029 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: A Kinetics Code for Criticality Accident Analysis of Fissile Solution Systems: AGNES2 

Date: 1/1/2002 

Report: JAERI-Data/Code 2002-004 
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Conference Session:  

Abstract/Keyterms:  
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Miyoshi, Yoshinori 

Title: Tracy Transient Experiment Datebook 1) Pulse Withdrawal Experiment 

Date: 1/1/2002 

Report: JAERI-Data/Code 2002-005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Ramp Withdrawal Experiment 
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Report: JAERI-Data/Code 2002-006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9320 

9294…..…..…………………..…….……..……ID Number…………………..…..…………….9294 

Author: n. a. 
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Conference/Journal:  

Conference Session:  
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Title: SRAC95 General Purpose Neutronics Code System 

Date: 1/1/1996 

Report: JAERI-Data/Code 96-015 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: The Isotopic Compositions Database System on Spent Fuels in Light Water Reactors (SFCOMPO) 

Date: 1/1/1997 

Report: JAERI-Data/Code 96-036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Spent Fuel Isotopic Composition Data Base System on WWW -SFCOMPO on W3 - 

Date: 1/1/1997 

Report: JAERI-Data/Code 97-045 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Integrated Burnup Calculation Code System SWAT 

Date: 1/1/1997 

Report: JAERI-Data/Code 97-047 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Preparation of Dosimetry Code for Static Experiment Critical Facility STACY 
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Conference Session:  

Abstract/Keyterms:  
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Title: Criticality Data of Water-Reflected and -Moderated Homogeneous Mixed Oxide Fuel 

Date: 2/1/1996 

Report: JAERI-DATA/CODE-96-002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Development of a New Simulation Code for Evaluation of Criticality Transients Involving Fissile 
Solution Boiling 

Date: 3/1/1998 

Report: JAERI-Data/Code-98-011 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Computer Code TRACE / Excursion Characteristics / Criticality Excursions / Fissile 
Solutions. / CRAC Experiments 
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Title: POST - the Post Library Processor for Criticality Calculation Using SRAC95 

Date: 11/1/1998 

Report: JAERI-Data/Code-98-035 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Post / Post-Processor / SRAC95. 
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Title: EXPANDA-3 and EXPANDA-6: The One-Dimensional Diffusion Equation Codes for Fast Reactors 
with an Option of Concentration Adjustment 

Date: 1/1/1971 

Report: JAERI-M--4472 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; 1-Dimensional Calculations; Computer Calculations; 
Critical Mass; Cross Sections; Diffusion; Fast Reactors; Isotope Enriched Materials; Neutrons; Plutonium 
Oxides; Uranium Dioxide 
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Title: Analysis of Pulsed Neutron Experiments on Bare Fast Multiplying System by Storrer--Stievenart's 
Theory 

Date: 1/1/1971 

Report: JAERI-M--4652 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality Multi-Parameter 
Analysis; Multiplication Factors; Natural Uranium; Neutron Flux; Pulsed Neutron Techniques; Reactivity; 
Time Dependence 
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Date: 1/1/1971 

Report: JAERI-M--4658 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Criticality; Decay; Errors; 
Fast Reactors; FCA Reactor; Fuel Assemblies; Prompt Neutrons; Pulsed Neutron Techniques; Uranium 
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Title: Experiment and Calculation of Beta(eff)/l for the Light-Water Moderated Two-Region Core of UO2 
and PuO2-UO2 Lattices 

Date: 1/1/1972 

Report: JAERI-M-4696 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-004 
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Title: Remarks for Calculations of Prompt Neutron Decay Constant at Delayed Critical of Fast Reactor 
Systems 

Date: 2/1/1972 

Report: JAERI-M--4705 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fast Reactors- Neutron Spectra; Prompt Neutrons- Decay; Criticality; Fission 
Neutrons; Multiplication Factors 
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Title: ANDROMEDA, A One-Dimensional Diffusion Theory Burnup Code 

Date: 5/1/1972 

Report: JAERI-M--4808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; a Codes; Computer Codes- a Codes; Fast 
Reactors- Reactor Kinetics; Buckling; Burnup; Computer Calculations; Criticality; Cross Sections; Data; 
FORTRAN; Multigroup Theory; Multiplication Factors; Neutron Diffusion Equation; One-Dimensional 
Calculations; Self-Shielding 
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Title: FURNACEJ, A Two-Dimensional Diffusion Theory Burnup Code. 

Date: 1/1/1972 

Report: JAERI-M--4825 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Physics & Core Engineering; Burnup; CDC Computers; 
Computer Codes; Criticality; Cross Sections; Data Fast Reactors; FORTRAN; Multigroup Theory; Neutron 
Diffusion Equation; Neutron Leakage; Nuclear Fuels; Numerical Solution; Reactor Kinetics; Two-
Dimensional Calculations 
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Title: EXPANDA-70D: A One-Dimensional Diffusion Code for Multigroup Criticality and Perturbation 
Calculations with JAERI-Fast Sets of 70-Group Structure. 

Date: 1/1/1972 

Report: JAERI-M--4953 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Computer Calculations; Computer 
Codes; Criticality Fast Reactors; Group Constants; Multigroup Theory; Neutron Diffusion Equation; One- 
Dimensional Calculations; Perturbation Theory 
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Title: Effects of Fission Products on the Physics Parameters of Large Fast Reactors and Uncertainties in 
the Physics Parameters Due to the Fission-Product Nuclear Data Uncertainties 

Date: 11/1/1973 

Report: JAERI-M--5449 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; Fission Products- Reactivity Worths; LMFBR 
Type Reactors- Reactor Kinetics; Burnup; Criticality; Cross Sections; Data; Errors; Fission Yield; 
Multiplication Factors; Poisoning; Reactivity; Sodium; Void Coefficient 
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Title: Experiment and Analysis of B4C Simulating Control Rod on FCA V-3 Assembly. I. Neutron Source 
Multiplication Method 
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Report: JAERI-M--5867 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; JOYO Reactor- Control Rod Worths; Boron 
Carbides; Carbon; Comparative Evaluations; Criticality; Data; FCA Reactor; Group Constants; Mockup; 
Multiplication Factors; Neutron Sources; Reactivity Worths; Subcriticality 
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Title: Measurement and Analysis Of Density Coefficient on FCA-V 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Breeding; JOYO Reactor- Reactivity Coefficients; 
Accuracy; Criticality; Density; FCA Reactor; Measuring Methods; Mockup; Plutonium 241; Reactor 
Cores; Reactor Lattices; Reactor Materials 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Nuclear Reactor Technology-Theory & 
Calculation; Criticality- Analytical Solution; Fast Reactors- Criticality; Accuracy; Density; forecasting; 
Reactivity; Reactivity Coefficients; Reactor Cores; Volume 
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Title: Reactivity Measurement in a Far-Subcritical Fast System. III. Source Jerk Method 

Date: 3/1/1976 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments have been made to obtain the reliable values of reactivity of far 
subcritical fast systems. of the five methods used for subcriticality measurements, the source jerk method 
is described. The five subcritical systems of-2S to-7S were constructed in FCA VI-2 B2 assembly using 
three kinds of pin clusters with 90% and 80% enriched B3C. With five detectors placed in and out the 
assembly, reactivity of the systems was measured. The 14MeV neutrons from a Cockcroft-Walton 
accelerator were used as the external source. Position dependence of the measured reactivity is mainly 
caused by the singularity of the neutron source, but not by that of the B4C pin cluster. A position dependent 
detector efficiency is introduced to take into consideration of the difference in flux distribution between the 
state of “source in” and that after the source “jerked out.” 
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Title: Effects of the Used Calculation Method and Cross-Section Set Upon Safety Physics Parameters of a 
Gas-Cooled Fast Breeder Reactor 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Effects of the used calculation method and cross section set upon safety physics 
parameters of a gas-cooled fast breeder reactor have been studied with the GCFR pin reference core "GBR-
4." The methods used to examine nuclear characteristics of the reference core design are ordinary diffusion 
theory, collision probability, and Monte Carlo, and the cross section sets are JAERI-FAST set-version II 
and RCBN set-version III, the latest libraries in JAERI. In conclusion, the ordinary diffusion treatment is 
applicable to a pin-type gas-cooled fast reactor, but cannot predict well the axial streaming of neutrons. 
There is significant difference in the neutron streaming between the collision probability and the Monte 
Carlo treatments. Effects of the cross section set used on the reactivity calculated is relatively small, which, 
however, increases with fuel burnup. 
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Abstract/Keyterms: The method of nuclear calculation for JMTR core configuration is well established. 
Due to advance in the calculation techniques, however, the method has been partly revised, as follows. In 
calculating the fast neutron group constants, space dependent spectra obtained with code ANISN are used, 
not the spectra calculated by B-1 approximation, and, regional, group-dependent axial bucklings (B 
sub(Z)sup(2)) are fed in the diffusion code. The codes employed are GGC-4 for fast neutron group 
constants, THERMOS-JMTR for thermal neutron group constants and CITATION for diffusion 
calculation. It is then considered in the diffusion code how the boundary conditions at the exterior influence 
the neutron flux distribution. 
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Abstract/Keyterms: Critical masses of the 20%-enriched graphite moderated SHE assembly were 
measured in seven cores of different core configurations. The C/ 235U atomic ratio in the core region is 
from 2226 to 6628 in changing combination of fuel and graphite disks. The seven cores are cylindrical, 
surrounded with a radial graphite reflector, with the exceptions of one also loaded with slight thorium oxide 
and another with an annular core having inner and outer radial graphite reflectors. Calculation of the critical 
masses was made with 34-group one-dimensional diffusion computer code TUD, assuming that the core 
region is homogeneous for neutron transport calculation. The group constants for thermal neutrons were 
determined by an ordinary procedure considering the spatial dependence of neutron thermalization in use 
of Young and Koppel's scattering kernel (ENDF/A) for graphite, with computer codes PIXSE and TUD. 
The absorption and fission cross sections of 235U, 238U and C are from ENDF/B-III file. The epithermal 
energy region from 10 MeV to 0.683 eV is in 33 groups. Epithermal group constants were calculated with 
FAXSE code from GAM-I file. The resonance absorption and fission integrals of 235U and 238U were 
calculated with RICM code. Agreement in the critical masses between measurement and calculation is 
good, the discrepancies being 2.6% on average and 4.4% in maximum. In conclusion, the calculational 
technique used is adequate for predicting critical masses of the graphite moderated cores, loaded with 20%-
enriched uranium, such as the present semi-homogeneous cores of SHE-5-SHE-9. 
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Abstract/Keyterms: A critical mass of UO2 fuel was calculated with a transport code XSDRN to examine 
the effect of parameters such as U-235 enrichment and ratio of H/U-235 atomic density. Based on the 
results, the probability of re-criticality when molten UO2 of a water reactor was collected, was examined. 
If only the UO2 fuel gets together, a re-criticality does not occur under any conditions. 
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Abstract/Keyterms: The FCA assembly V-1 attained its first criticality on February 27th, 1970. The 
assembly V-1 is the first physics mock-up in series assemblies for which mock-up experiments for the 
JOYO (Japan Experimental Fast Reactor) are planned. Composition of the core material was so chosen that 
the neutron spectrum at the core center would represent the JOYO spectrum as precisely as possible. 
Emphasis was on the effects of Pu-240 spontaneous fission and plutonium fuel $alpha$-heating, because it 
was the first experience of plutonium loading in FCA. The critical masses 64.7 ± 0.3 kg (Pu-239 + Pu-240) 
and 118.2 ± 0.6 kg (U-235) were determined experimentally, through the correction experiment on 
assembly V-1-B set up by removing the hole for the external neutron source. The measured critical mass 
was compared with these of one-and two-dimensional diffusion calculations and one-dimensional S4 
calculation. The diffusion calculation using ABBN set underestimates the critical mass by 9% and using 
JAERI FAST set overestimates by 6%. S 4 calculation using ABBN set gives a critical mass 1.8% smaller 
than with the diffusion calculation. 
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Abstract/Keyterms: The FCA assembly V-1 is the first physics mock-up in series assemblies for which 
mock-up experiments of the JOYO (Japan Experimental Fast Reactor) are planned. To examine 
heterogeneity effect of the core, a bunching experiment was performed. Bunching effect of the bulk volume 
of core was estimated from the data obtained by bunching different volumes of regions in the core, and 
validity of the additivity was studied. R-dependence and Z-dependence of bunching effect were obtained 
by bunching a single drawer on radial axis of the core (CDB experiment) and a single pack on Z axis (SPB 
experiment), respectively. The bunching effect of several packs on the orthogonal axes of x-y-z in the core 
was also observed (ZB experiment). To get the exact value of full-core bunching effect, the bulk volume of 
core was bunched (BB experiment). The full-core bunching effect estimated from SPB or ZB experiment 
was about 40% larger than that from CDB or BB experiment. 
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Abstract/Keyterms: The results are described of critical experiments of the FCA assembly V-2, which is 
the second physics mock-up core for experimental fast reactor JOYO. Its first criticality was attained on 
October 23rd, 1970. Core composition of the assembly is the same as the following V-3 assembly. The 
main purpose is engineering mock-up experiments for JOYO control rods. The critical masses for the 
homogeneous cylindrical core were 91.40 ± 0.28 kg of 239Pu + 241Pu and 125.05 ± 0.38 kg of 235U. The 
calculated effective multiplication factor with SN correction differs from measured values with JAERI-Fast 
original, ditto version-II, RCBN and ABBN set by-0.18, +1.26,-0.28 and +2.92% dk respectively. 
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the MONJU inner-core composition, a U-235 fueled driver and a uranium metal blanket, the assembly VI-
1 is the MONJU outer-core mock-up. The experimental results are presented critical mass, plutonium higher 
isotopes effect, sample reactivity worths, reaction rates, fuel bunching effect, axial blanket effect, and pin-
plate comparison by using pin-fuel assemblies. 
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Abstract/Keyterms: For detection of thermal neutrons in multiplying systems, a scintillator mixture of 
ZnS(Ag), 6LiF and polyethylene was prepared, and its characteristics were shown. A scintillation detector 
using the mixture and a long acrylic-resin light guide was developed for measuring thermal neutrons in an 
U-H2O subcritical assembly(JAERISA). The detector was applied in the following reactor physics 
measurements with JAERISA cadmium ratio, (2) infinite multiplication factor, (3) material buckling, and 
(4) prompt neutron lifetime by pulsed neutron method. These experiments revealed that neutrons in the 
assembly are successfully detected by the detector owing to its outstanding characteristics of gamma-ray 
insensitivity, high detection efficiency and high spatial resolution. In the process of activity measurement 
of a foil activation detector with a GM counter, it was shown that accurate counting loss correction are 
difficult by usual method, because of the appreciable resolving time dependence on counting rates. In 
accurate correction, a new method was introduced for precise measurement of the resolving time. 
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Conference/Journal:  
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group constants library MGCL. The present paper describes the 
results of a test using criticality experiments about array of UF6 container cylinders. In all, 81 cases of 
experiments have been calculated for the UF6 container cylinder arrays arranged into various configurations 
from the 4 x 4 array to a linear-array, where cylinders are bare or reflected by polyethylene or by concrete. 
The KENO-IV calculation with the 26 group MGCL library results in about 3% excess of the multiplication 
factor for the unmoderated array where the fission due to fast neutrons is dominant. The conclusion is that 
in order to obtain a better prediction of the effective multiplication factors for the experiments considered 
here, the finer energy group structure is needed. 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group constants library MGCL. The present paper describes the 
results of a test using criticality experiments about slab-cylinder system of uranium nitrate solution. In all, 
128 cases of experiments have been calculated for the slab-cylinder configuration with and without 
Plexiglas reflector, having the various critical parameters such as the number of cylinders and height of the 
uranium nitrate solution. It is shown among several important results that the code and library gives a fairly 
good multiplication factor, that is, k(eff) -1.0 for heavily reflected cases, whereas k(eff) -0.91 for the 
unreflected ones. This suggests the necessity of more advanced treatment of the criticality calculation for 
the system where neutrons can easily leak out during slowing down process. 
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Abstract/Keyterms: Mock-up experiment on prototype fast breeder reactor "MONJU" has been performed 
using Fast Critical Facility (FCA), in JAERI. The first partial physics mock-up system is named FCA 
Assembly VI-1, which is two zoned core system. The inner core of the Assembly is the test region 
simulating the composition of the outer core of "MONJU," and the outer core of the Assembly is the driver 
region loaded by enriched uranium fuel. The measurements of critical mass, bunching effect, reaction rate 
ratio at the core center, and the radial distributions of fission rate have been conducted. Preliminary 
calculational results agree well with the measured values other than the fission rate distribution at the 
blanket region. 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group constants library MGCL. The present report describes the 
results of a test using criticality experiments about H2O moderated lattices of plutonium-enriched rods. In 
all, 28 cases of experiments have been calculated for the H2O moderated triangle lattices of plutonium-
enriched Aluminum-Plutonium alloy or UO2-PuO2 mixed oxide fuel rods. For 22 cases where lattice pitch 
is greater than 1.9 cm and no boron or a small amount of boron is included in moderation, the effective 
multiplication factor can be predicted as 0.991 in average with ±1.4% standard deviation by the JAERI's 
system. For the rest of the cases much deviation has been calculated, which requires further investigation. 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group constants library MGCL. The present report describes the 
results of a benchmark test using criticality experiments about intersecting cylinders of aqueous uranyl 
fluoride solution. In all, 45 cases of experiments have been calculated for a 30$sup 0$ lateral or a cross 
formed by cylinders respectively utilizing generalized geometry input of KENO-IV. The effective 
multiplication factor for the 45 cases can be predicted as 0.973 in average with 0.6% standard deviation by 
the calculational method reported. 
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Abstract/Keyterms: A benchmark test for the Monte Carlo calculation code KENO-IV and the newly 
developed multi-group constants library MGCL has been performed using criticality experiments about a 
pile of PuO2-UO2-Polystyrene compact fuel with a poison plate such as stainless steel, boral etc. This one 
of a series of benchmark tests which have been undertaken in JAERI in order to examine the capability of 
JAERI's criticality safety evaluation system. In all, 51 cases of the experiments have been calculated, and 
the effective multiplication factor can be predicted as 1.020 in average with ± 0.6% standard deviation by 
the JAERI's system. 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group constants library MGCL. The present report describes the 
results of a benchmark test using criticality experiments about cylinders or a tank containing uranyl nitrate 
solution. 31 cases of experiments have been calculated for maximum 4 x 4 array of cylinders with Plexiglas 
or concrete reflector and 45 cases of experiments for a single tank with or without reflector. For all the 76 
cases, the effective multiplication factor can be predicted as 0.959 in average with 1.0% standard deviation 
by the JAERI's system. 
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Title: KENO-IV Code Benchmark Calculation, (10). A Light Water Reactor Critical Assembly 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group library MGCL. The present report describes the results of 
a benchmark test using criticality experiments at the Tank-type critical Assembly (TCA) of JAERI. In all, 
125 cases of experiments have been calculated for H2O moderated square lattice of UO2 or UO2 + PuO2 
mixed oxide fuel rods with varying lattice configurations. For all the 125 cases, the effective multiplication 
factor (k(eff)) can be predicted as 0.995 ± 0.004 by this calculational method. Particularly for the 26 cases 
dealing with neutron absorbers, the k(eff) can be predicted as 0.998 ± 0.003, which is very accurate 
calculation compared with other cases. 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multi-group constants library MGCL. The present report describes the 
results of a test using criticality experiments about three clusters of UO2 rods lattice in water tank. A total 
of the 48 criticality cases has been calculated for the UO2 rods lattice being arrayed in three clusters as well 
as in a single cluster, with and without poison plates in water gap between the clusters. For these 48 cases 
in variety, the effective multiplication factors are predicted as 0.9902 in average, being normally distributed 
in a small standard deviation 0.0028. This sharp spectrum of results shows good reliability of the calculation 
by KENO-IV and 26-energy group MGCL for LWR fuel assemblies stored in a pool. 
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Abstract/Keyterms: A series of benchmark tests has been undertaken in JAERI in order to examine the 
capability of JAERI's criticality safety evaluation system consisting of the Monte Carlo calculation code 
KENO-IV and the newly developed multigroup constants library MGCL. The present report describes the 
results of a benchmark test using criticality experiments about Plutonium fuel in various shapes. In all, 33 
cases of experiments have been calculated for Pu(NO3)4 aqueous solution, Pu metal or PuO2-polystyrene 
compact in various shape (sphere, cylinder, rectangular parallelepiped). The effective multiplication factors 
calculated for the 33 cases distribute widely between 0.955 and 1.045 due to wide range of system variables. 
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Savannah River Laboratory Lattices 
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Abstract/Keyterms: As the core design for the Experimental Very High Temperature Gas Cooled Reactor 
progresses, evaluation of design precision has become increasingly important. For a high precision design, 
it is required to have adequate group constants based on accurate nuclear data, as well as calculation 
methods properly describing the physical behavior of neutrons. We, therefore, assembled a simulation core 
for VHTR, SHE-14, using a graphite-moderated 20%-enriched uranium Semi-Homogeneous Experimental 
Critical Facility (SHE), and obtained useful experimental data in evaluating the design precision. The 
VHTR is designed to accommodate burnable poison and control rods for reactivity compensation. 
Accordingly, the experimental burnable poison rods which are similar to those to be used in the 
experimental reactor were prepared, and their reactivity values were measured in the SHE-14 core. One to 
three rods of the above experimental burnable poison rods were inserted into the central column of the SHE-
14 core, and the reactivity values were measured by the period and fuel rod substitution method. The results 
of the measurements have clearly shown that due to the self-shielding effect of B4C particles, the reactivity 
value decreases with increasing particle diameter. For the particle diameter, the reactivity value is found to 
increase linearly with the logarithm of boron content. The measured values and those calculated are found 
to agree with each other within 5%. These results indicate that the reactivity of the burnable poison rod can 
be estimated fairly accurately by taking into account the self-shielding effect of... particles and the 
heterogeneity of the lattice cell. 
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Abstract/Keyterms: A series of critical experiments has been performed in ZPPR on the cooperative 
program between Japan and U.S. to provide useful data for the nuclear designing of a large LMFBR. The 
experiments are called "Jupiter Experiments." Analyses of these experiments are being carried out at FBEC, 
Toshiba, Hitachi, Mitsubishi, and Fuji under the sponsorship of PNC by using JENDL-2 library. This report 
summarizes the analysis results in Japan on ZPPR-9 experiments. The main points of the conclusion and 
observations from the analyses are summarized below; i) The calculation underpredicts the k(eff) of ZPPR-
9 core by about 0.7% with JENDL-2. 
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Abstract/Keyterms: This report summarizes the present status of the thermal reactor standard nuclear 
design code system SRAC developed by the nuclear design working group of the JAERI thermal reactor 
standard code committee which was started on July 1978. Descriptions are given at first on the brief 
introduction and the process of development of the code system SRAC, and then, the several benchmark 
tests performed to evaluate the performance of the code system. The results show the good predictions of 
the experimental keff values of the critical facilities; TCA for LWR, JMTRC for JAERI MTR, DCA for 
the Japanese Advanced Thermal Reactor and SHE for VHTR. A trial to the IAEA benchmark calculations 
on the Reduction of uranium Enrichment of Research and Test Reactors yields satisfactory agreements with 
the results of ANL. Another test to evaluate the fast group constants was also attempted by tracing the fast 
reactor benchmark problems which have been used to evaluate nuclear data file in the FBR reactor physics 
field. 
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Abstract/Keyterms: Generalized EXPANDA; EXPANDA-General criticality and perturbation code has 
been developed based on the code EXPANDA-70DRA. The new code has following characteristics; (1) 
Variable dimensioned coding is adopted. Hence this code is completely free from dimensional restrictions 
encountered at the fixed dimensioned code. There are no limitations for number of energy groups, regions, 
mesh points. (2) Acceptable all of the libraries; JAERI-Fast set, JENDL-1 and 2 set, ENDF/B IV set. (3) 
Possibility of exact perturbation calculation as well as first order perturbation. (4) Semi-automatic 
preparation of input data for two or three dimensional criticality calculation codes; CITATION or 
EXTERMINATOR-2. (5) Semi automatic preparation of input data for two or three dimensional 
perturbation calculation codes; CIPER or PERKY. (6) More accurate treatment for elastic removal effective 
cross sections for light and medium weight nuclides in the resonance region using exact weighting fluxes 
solved by recurrence formulae numerically. (7) Proper treatment for gross region heterogeneity due to the 
large material change at the interface of regions. (8) More efficient and easy treatment for the comparison 
of C/E (calculated to experimental) values of typical integral data obtained by the benchmark test in order 
to assess the applicability 
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Abstract/Keyterms: A series of critical experiments in light water lattice were carried out on five kinds of 
Gadolinia-Uranium dioxide (Gd2O3-UO2) test fuel rods containing 0.0, 0.05, 0.25, 1.50, 3.00 w% of 
Gd2O3 in Gd2O3-UO2. Reactivity effect, power distribution, neutron flux distribution, and temperature 
coefficient were measured for three types of lattices which were in shapes of annular, rectangular 
parallelepiped, and JPDR mockup core. The theoretical values corresponding to the measured ones were 
obtained by means of the design method for the FTA which is the test fuel assembly with Gd2O3-UO2 rods 
for JPDR, and the accuracy was checked. In general, the calculated values were in good agreement with the 
measured ones. Besides, the following characteristics of Gd2O3-UO2 rods are recognized both in 
measurement and calculation, i.e. (1) the effect due to gadolinia on reactivity, power distribution, and 
thermal neutron flux distribution are steeply saturating; the gadolinia content of only 1.50 w% is enough to 
reach the almost saturated condition, (2) the relative power becomes 20% to that of normal fuel under the 
saturated condition, (3) the relation between the negative reactivity and the power depression effect due to 
gadolinia is almost linear, and (4) the… 
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Abstract/Keyterms: A series of benchmark tests has been performed since 1980 in order to examine the 
capability of JAERI's criticality safety evaluation code system (JACS) which includes a Monte Carlo 
calculation code KENO-IV with the multi-group constants library MGCL. This report describes the results 
of benchmark calculations on selected criticality experiments using fuels of low/medium enriched uranium 
or those with high plutonium contents. The results showed that the calculated k(eff) 's were 3-4% lower 
than experimental values for nitrate solution systems, while for lattice assemblies a fairly good agreement 
in k(eff) 's was obtained. Then the Monte Carlo code was modified in determination of direction cosine of 
neutron scattering by using random numbers instead of a mean value, which gave 2-3% higher k(eff) 's for 
nitrate solution systems, coming much closer to the experimental ones. 
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Abstract/Keyterms: In the report, the criticality experiments, which were conducted for the core 
configurations of Semi-Homogeneous Experimental Assembly (SHE)-8, 12, 13, 14, are analyzed for the 
purpose of verifying the computer codes and calculational methods employed in the nuclear design of 
VHTR. The codes, DELIGHT-5 and CITATION calculate the neutron spectrum and the effective 
multiplication factor respectively. Each system of SHE is modeled by two dimensional R-Z, Triangular and 
three dimensional Triangular-Z geometries. Various effects such as axial buckling, modeling and the 
difference between diffusion and transport are also taken into account. Calculated values of effective 
multiplication factor show the disagreement of 1-3% from the values of experiments approximately. 
Therefore the analysis considered to be inadequate to the verification and more precise analysis required 
with the emphasis on how to model the system, condense the group constants and guess the buckling value 
for spectrum calculation. 



 

C-9431 

9405…..…..…………………..…….……..……ID Number…………………..…..…………….9405 

Author: Hirota, Y. / Endo, Y. / Matusuura, S. et al 

Title: TCA Critical Experiments and Characteristic Measurements 

Date: 1/20/1963 

Report: JAERI-Memo-1122 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Tank Type Critical Assembly (TCA) is being constructed parallel to the 
construction of Japan Power Demonstration Reactor. The initial fuel loading of TCA took place on Aug. 
22, 1962, and successfully reached criticality the next morning. The records of this first criticality and the 
characteristic measurements done during the succeeding four months are presented. An outline of the 
preliminary critical calculation is given. 
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Abstract/Keyterms: The method to treat randomly distributed spherical fuels in continuous energy Monte 
Carlo calculations has been established. In this method, the location of a spherical fuel is sampled 
probabilistically along the particle flight path from the spatial probability distribution of spherical fuels, 
called the nearest neighbor distribution. The necessary probability distribution was evaluated by a newly 
developed Monte Carlo hard sphere packing simulation code, which employs a random vector synthesis 
method to reduce overlaps of spherical fuels. The obtained probability distribution was validated by 
comparing a cross-section photograph of a real fuel compact and an X-ray diffraction experimental result. 
This method was installed in a Monte Carlo particle transport code and validated by an inventory check of 
spherical fuels and criticality calculations of ordered packing models. Also, an analysis of a critical 
assembly experiment was performed with the new code. As a result, it was confirmed that the method was 
applicable to practical reactor analysis. The method established is quite unique in the respect of 
probabilistically modeling the geometry of a great number of spherical fuels distributed randomly without 
any loss of the advantage of the continuous energy method. 
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Date: 3/1/1999 

Report: JAERI-Tech-99-033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reflector / Stainless / Concrete Isolator / Nuclear Criticality Safety Handbook of 
Japan 



 

C-9470 

9444…..…..…………………..…….……..……ID Number…………………..…..…………….9444 

Author: Kikuchi, T. / Miyoshi, Y. / Torii, Y. / Yamane, Y. / Tonoike, K. 

Title: Critical Configurations of Basic Slab Cores with 10% Enriched Uranyl Nitrate Solution 

Date: 1/1/1999 

Report: JAERI-Tech-99-038 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-016, LEU-SOL-THERM-017 



 

C-9471 

9445…..…..…………………..…….……..……ID Number…………………..…..…………….9445 

Author: Onodera, S. / Sono, H. / Hirose, H. / Tanino, S. / Nagasawa, M. / et al. 

Title: Annual Report of STACY Operation in F.Y. 1998(1) - 280 mm Thickness Slab Core -- 10% Enriched 
Uranyl Nitrate Solution 

Date: 1/1/1999 

Report: JAERI-Tech-99-084 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-019 



 

C-9472 

9446…..…..…………………..…….……..……ID Number…………………..…..…………….9446 

Author: Ploeger, G. / Bernnat, W. / Woerner, A. / Dietl, G. / Gaballah, I. 

Title: Reactivity Behaviour of a Pebble-Bed HTR during Hypothetical Accidents: PNP-500, After-Heat 
Removal and Shutdown System Failures, Temperature Development and Xe-135 Behavior 

Date: 5/1/1982 

Report: Jahrestagung Kerntechnik '82, 243-246 

Conference/Journal: Annual meeting on nuclear technology '82, Mannheim, Germany, F.R., 4 - 6 May 
1982 

Conference Session:  

Abstract/Keyterms:  



 

C-9473 

9447…..…..…………………..…….……..……ID Number…………………..…..…………….9447 

Author: Mika, S. / Giesser, W. / Schmiedel, F. 

Title: Variants of Spent Fuel Storage Systems for Spherical HTR Fuel Elements 

Date: 5/1/1982 

Report: Jahrestagung Kerntechnik '82, 745-748 

Conference/Journal: Annual meeting on nuclear technology '82, Mannheim, Germany, F.R., 4 - 6 May 
1982 

Conference Session:  

Abstract/Keyterms: n.a. 



 

C-9474 

9448…..…..…………………..…….……..……ID Number…………………..…..…………….9448 

Author: n. a. 

Title: Present Status of Nuclear Power Safety Studies in JAERI 

Date: 1/1/1982 

Report: Japan Atomic Energy Research Inst 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel / Japan Atomic Energy Research Institute 



 

C-9475 

9449…..…..…………………..…….……..……ID Number…………………..…..…………….9449 

Author: n. a. 

Title: Progress of Nuclear Safety Research, 1987. Japan Atomic Energy Research Inst., Tokyo 

Date: 1/1/1987 

Report: Japan Atomic Energy Research Inst 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Japan Atomic Energy Research Institute (JAERI) / Light Water / Nuclear Powerplants 
/ Nuclear Fuel Cycle Facilities 



 

C-9476 

9450…..…..…………………..…….……..……ID Number…………………..…..…………….9450 

Author: Sakurai, K. / Arakawa, T. / Suzaki, T. / Naito, Y. 

Title: Examination of Applicability of Exponential Experiment Method to Complex Array Cores 

Date: 1/1/1995 

Report: Japan Atomic Energy Research Institute Rept. JAERI-Research 95-082(1995) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9477 

9451…..…..…………………..…….……..……ID Number…………………..…..…………….9451 

Author: Yoshimura, Sadanori 

Title: Method of and Device for the Simulation of Nuclear Characteristics of a Reactor Core 

Date: 11/25/1982 

Report: Japanese Patent 57,191,592/A// 25 Nov 1982/6 pp. Int. Patent Code: G21C17/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Power Plant / Operation Safety 



 

C-9478 

9452…..…..…………………..…….……..……ID Number…………………..…..…………….9452 

Author: Yanagisawa, Akio 

Title: Control Rod Drive Monitor 

Date: 7/6/1982 

Report: Japanese Patent 57-108,796/A// 6 Jul 1982/5 pp. Int. Patent Code: G21C17/00/G21C7/12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Extraction / Adjacent Control Rods / Shutdown Margin Test / BWR Type 



 

C-9479 

9453…..…..…………………..…….……..……ID Number…………………..…..…………….9453 

Author: Yamamoto, S. / Matsumoto, T. / Koyama, Y. 

Title: Auxiliary Neutron Source for the Reactor Start-Up 

Date: 3/25/1982 

Report: Japanese Patent 57-50,689/A// 25 Mar 1982/3 pp. Int. Patent Code: G21C7/34/G21G4/02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Natural antimony 



 

C-9480 

9454…..…..…………………..…….……..……ID Number…………………..…..…………….9454 

Author: Higashigawa, Yuichi / Imanaga, Kenjiro 

Title: Method and Device for Controlling Reactor Pressure 

Date: 6/14/1983 

Report: Japanese Patent 58-99,797/A// 14 Jun 1983/9 pp. Int. Patent Code: G21D3/08 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Automatic Pressure Control 



 

C-9481 

9455…..…..…………………..…….……..……ID Number…………………..…..…………….9455 

Author: Ootsuka, Tsutomu / Sekimizu, Koichi 

Title: Monitoring Device for the Reactor Core State 

Date: 11/6/1984 

Report: Japanese Patent 59-195,192/A// 6 Nov 1984/4 pp. Int. Patent Code: G21C17/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Control Rod 



 

C-9482 

9456…..…..…………………..…….……..……ID Number…………………..…..…………….9456 

Author: Hasegawa, Shin-Ichi / Takeshita, Yotomi / Sekine, Masao 

Title: Method for Controlling Enrichment of Nuclear Fuel Materials 

Date: 11/9/1984 

Report: Japanese Patent 59-197,895/A// 9 Nov 1984/3 pp. Int. Patent Code: G21C21/02/G21C3/62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uniformity / Uranium Oxide Powder 



 

C-9483 

9457…..…..…………………..…….……..……ID Number…………………..…..…………….9457 

Author: Matsumoto, Takashi / Kanai, Hidetosh / Okino, Yoshiyuk / Takahashi, Hisaharu 

Title: Spent Fuel Storage Rack for Nuclear Reactors 

Date: 12/12/1984 

Report: Japanese Patent 59-220,684/A// 12 Dec 1984/3 pp. Int. Patent Code: G21C19/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Amorphous Alloy / Fe, Ni, Cr, B, Si / Absorber 



 

C-9484 

9458…..…..…………………..…….……..……ID Number…………………..…..…………….9458 

Author: Suzuki, Atsuko / Takagi, Kaoru 

Title: Fresh Fuel Storage Facility 

Date: 11/2/1982 

Report: Japanese Patent 59-81,597/A// 2 Nov 1982/6 pp. Int. Patent Code: 
G21C19/06/G21C19/32/G21C19/40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Patent / Fuel Assemblies / Fuel Storage 



 

C-9485 

9459…..…..…………………..…….……..……ID Number…………………..…..…………….9459 

Author: Yoshikawa, Tatuo / Ebata, Shigeo 

Title: Method of Monitoring the Thermal Margin in BWR Type Reactors 

Date: 5/28/1985 

Report: Japanese Patent 60-95,392/A// 28 May 1985/4 pp. Int. Patent Code: G21C17/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Patent / BWR Type Reactors / Water Density 



 

C-9486 

9460…..…..…………………..…….……..……ID Number…………………..…..…………….9460 

Author: Nakamura, Masaaki 

Title: Spent Fuel Storage Facilities 

Date: 5/29/1986 

Report: Japanese Patent 61-111,494/A// 29 May 1986/6 pp. Int. Patent Code: G21C19/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Irradiated Fuels / Storage Facility 



 

C-9487 

9461…..…..…………………..…….……..……ID Number…………………..…..…………….9461 

Author: Ikari, Hiroto 

Title: Method for Storing Nuclear Fuel Assemblies 

Date: 8/7/1986 

Report: Japanese Patent 61-175,594/A// 7 Aug 1986/4 pp. Int. Patent Code: G21C19/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Storage / Fuel Assemblies / Burnable Absorbing 



 

C-9488 

9462…..…..…………………..…….……..……ID Number…………………..…..…………….9462 

Author: Hirosawa, Jun-Ichi 

Title: Device for Recovering UF6 

Date: 9/29/1986 

Report: Japanese Patent 61-218,997/A// 29 Sep 1986/5 pp. Int. Patent Code: 
G21F9/02/B01D8/00/B01D53/34/B01D59/00/C01G43/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: UF6 Gas Recovery / UF6 Gas / Separator / Waste UF6 / Gas Delivery Port 



 

C-9489 

9463…..…..…………………..…….……..……ID Number…………………..…..…………….9463 

Author: Endo, Hiroshi 

Title: Fuel Assemblies for Use in LMFBR Type Reactors 

Date: 4/17/1986 

Report: Japanese Patent 61-75,288/A// 17 Apr 1986/5 pp. Int. Patent Code: G21C3/28/G21C3/30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Core Damaging Accidents / Fuel Assemblies / LMFBR Type / Fuel Pellets / 
Fuel Cladding Tubes / Neutron Absorber Pellets 



 

C-9490 

9464…..…..…………………..…….……..……ID Number…………………..…..…………….9464 

Author: Shima, Seishi / Nakajo, Noriyuki 

Title: Nuclear Reactor Control Rods 

Date: 4/21/1986 

Report: Japanese Patent 61-77,795/A// 21 Apr 1986/8 pp 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Control Rods / BWR-Type Reactors 



 

C-9491 

9465…..…..…………………..…….……..……ID Number…………………..…..…………….9465 

Author: n. a. 

Title: Fuel Assemblies for Use in BWR Type Reactors 

Date: 1/1/1986 

Report: Japanese Patent 61-8,696/A// 16 Jan 1986/6 pp. Int. Patent Code: G21C3/28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Shutdown Margin / Solid Pellets / Hollow Pellets 



 

C-9492 

9466…..…..…………………..…….……..……ID Number…………………..…..…………….9466 

Author: Arakawa, Akio 

Title: Method of Reactor Operation 

Date: 9/25/1987 

Report: Japanese Patent 62-116293/A// 27 May 1987/4 pp. Int. Patent Code: G21C7/08 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Control Rod Operation 



 

C-9493 

9467…..…..…………………..…….……..……ID Number…………………..…..…………….9467 

Author: Hoizumi, Atsushi 

Title: Method of Mounting Neutron Absorbers to a Fuel Assembly Storage Pool 

Date: 5/27/1987 

Report: Japanese Patent 62-116297/A// 27 May 1987/5 pp. Int. Patent Code: G21C19/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Storage Pool / Neutron Absorbers / Racks 



 

C-9494 

9468…..…..…………………..…….……..……ID Number…………………..…..…………….9468 

Author: Okayama, Tadayoshi / Natsume, Tomohiro 

Title: Criticality Control Method Upon Fuel Exchange in Nuclear Reactor 

Date: 6/4/1988 

Report: Japanese Patent 63-132198/A// 4 Jun 1988/5 pp. Int. Patent Code: G21C17/06/G21C19/19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Assembly 



 

C-9495 

9469…..…..…………………..…….……..……ID Number…………………..…..…………….9469 

Author: Yokoyama, Tsugio 

Title: Control Rod for Use in FBR Type Reactor 

Date: 9/30/1988 

Report: Japanese Patent 63-235894/A// 30 Sep 1988/4 pp. Int. Patent Code: G21C7/10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron Absorbent Members / Insertion Members 



 

C-9496 

9470…..…..…………………..…….……..……ID Number…………………..…..…………….9470 

Author: Otaki, Akira. 

Title: Emergency Reactor Core Scram Device 

Date: 11/2/1988 

Report: Japanese Patent 63-266392/A// 2 Nov 1988/7 pp. Int. Patent Code: G21C9/02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Emergency Reactor Core Scram Device / Neutron Absorbers / Abnormal 
Temperature 



 

C-9497 

9471…..…..…………………..…….……..……ID Number…………………..…..…………….9471 

Author: Nakamura, Kazumasa / Okino, Yoshiyuki. 

Title: Fuel Assembly Storing Rack 

Date: 3/17/1988 

Report: Japanese Patent 63-61191/A// 17 Mar 1988/5 pp. Int. Patent Code: G21C19/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Storage / Burn-Up 



 

C-9498 

9472…..…..…………………..…….……..……ID Number…………………..…..…………….9472 

Author: Sato, Tomomi / Tatemichi, Shin-Ichiro / Hasegawa, Hidenobu. 

Title: Method of Inspecting Control Rod Drive Mechanism 

Date: 3/25/1988 

Report: Japanese Patent 63-66500/A// 25 Mar 1988/6 pp. Int. Patent Code: G21C19/20/G21C7/16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Inspection / Control Rod Drives / Fuel Handling 



 

C-9499 

9473…..…..…………………..…….……..……ID Number…………………..…..…………….9473 

Author: Morooka, Shin-Ichi. 

Title: Fuel Assembly Used for BWR Type Reactor 

Date: 3/24/1989 

Report: Japanese Patent 64-79690/A// 24 Mar 1989/5 pp. Int. Patent Code: G21C3/06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Rod / BWR Type Reactor / Fuel Cans / Fuel Pellets 



 

C-9500 

9474…..…..…………………..…….……..……ID Number…………………..…..…………….9474 

Author: n.a. 

Title: Progress of the Fast Reactor Physics Program 

Date: 5/15/1973 

Report: JAPFNR--109; PNC-N--241-73-27(2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: JOYO Reactor- Reactor Kinetics; Monju Reactor- Reactor Kinetics; Reactor 
Kinetics- Research Programs; Criticality; Mockup; Multiplication Factors 



 

C-9501 

9475…..…..…………………..…….……..……ID Number…………………..…..…………….9475 

Author: Takano, H. / Mitani, H. / Matsui, Y. / Ishiguro, Y. / Kuroi, H. 

Title: Study on Plan of Mock-Up Critical Experiment for Large Fast Reactors by Using the FCA. (Study 
on an Amount of Pu Fuel Needed for Partial Mock-Up Experiment in Large Fast Reactors) 

Date: 7/1/1975 

Report: JAPFNR-479 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Study on Pu-contents needed for partial mock-up experiment in large fast reactors 
was performed by considering zone loading, sector loading, and partial sum mock-up methods. Integral 
quantities, i.e., central reaction rate ratio, reaction rate distribution, Doppler reactivity coefficient, Na-void 
reactivity and control rod reactivity were calculated for full mock-up and these partial mock-up cores with 
various Pu-contents. 



 

C-9502 

9476…..…..…………………..…….……..……ID Number…………………..…..…………….9476 

Author: Bendt, P. J. / Peterson, R. E. 

Title: Neutron Multiplication in Small Spheres of Fissionable Material 

Date: 9/1/1958 

Report: JAPIA, 29, 1271-1277 

Conference/Journal: Journal of Applied Physics (U.S.) 

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Configuration; Fission; Fission Chambers; Fissionable 
Materials; Group Theory; Lithium; Measured Values; Mockup; Multiplication Factors; Neptunium 237; 
Neutron Detection; Neutron Sources; Neutrons; Plutonium 239; Polonium; Proportional Counters; Spectra; 
Spheres; Uranium 233; Uranium 235; Uranium 238; Velocity; Vibrations 



 

C-9503 

9477…..…..…………………..…….……..……ID Number…………………..…..…………….9477 

Author: Das, S. 

Title: Concept of a Sub-Prompt-Critical Nuclear Reactor and Its Applications to the Solution of Safety-
Related Neutronic Problems in Reactor Kinetics 

Date: 7/1/1989 

Report: JAPND, 28 (7), 1241-1249 

Conference/Journal: Japanese Journal of Applied Physics, Part 1: Regular Papers and Short Notes 
(Japan) 

Conference Session:  

Abstract/Keyterms: Sub-Prompt-Critical Nuclear Reactor / Neutron Kinetics 



 

C-9504 

9478…..…..…………………..…….……..……ID Number…………………..…..…………….9478 

Author: n.a. 

Title: Elk River Reactor Safety Analysis Monthly Report, December 1967 

Date: 10/31/1968 

Report: JAT--67-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Operation & Economics; Control Elements; Criticality; 
Err; Measurement; Operation; Power; Power Plants; Protactinium; Reactors; Temperature; Transients; 
Water; Xenon 



 

C-9505 

9479…..…..…………………..…….……..……ID Number…………………..…..…………….9479 

Author: Arendt, J. S. / Lorenzo, D. K. / Lusby, A. F. 

Title: Evaluating Process Safety in the Chemical Industry, a Manager's Guide to Quantitative Risk 
Assessment 

Date: 12/1/1989 

Report: JBF Associates, Inc. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9506 

9480…..…..…………………..…….……..……ID Number…………………..…..…………….9480 

Author: Johnstone, I. / Taylor, W. H. / Wallace, S. K. 

Title: Critical Size and Flux Distribution Measurements in Highly Enriched, Light Water Moderated 
Lattices 

Date: 10/1/1963 

Report: JBNSA, 02 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: The experimental determinations of critical size and flux distributions in critical and 
sub-critical assemblies using fuel packs consisting of Al- U and stainless steel plates are described. The 
results show that few-group models are adequate for calculating the critical size of highly absorbing light 
water moderated lattices and that material buckling and thermal fine structure measurements can be made 
in light water moderated assemblies as small as 12 in. square and 24 in. high. 



 

C-9507 

9481…..…..…………………..…….……..……ID Number…………………..…..…………….9481 

Author: Lewins, J. 

Title: The Effect on Thermal Utilizations of a Spatially Varying Source 

Date: 10/1/1964 

Report: JBNSA, 03 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Diffusion; Distribution; 
Equations; Graphite Moderator; Mechanical Structures; Neutron Sources; Thermal Neutrons; Thermal 
Utilization; Uranium; Variations; Water Moderator 



 

C-9508 

9482…..…..…………………..…….……..……ID Number…………………..…..…………….9482 

Author: Weale, J. W. / Paterson, W. J. 

Title: Pulsed Source Methods in Fast Reactor Physics 

Date: 1/1/1964 

Report: JBNSA, 03, 311-319 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Pulsed source methods of measuring the prompt chain decay constant, alpha and the 
lower range neutron energy spectrum of a fast reactor are described. The methods are illustrated in terms 
of experimental results recently obtained on the zero-energy reactor, VERA. The alpha results are in good 
agreement with Rossi-alpha measurements but the observed variation of alpha with reactivity is not in 
agreement with simple theory. The neutron energy spectra have been measured by time-of-flight in the 
range 100 eV to 50 keV and there is some evidence from spectral-index measurements that the spectrum in 
the extracted neutron beam corresponds closely with reactor core spectrum. 



 

C-9509 

9483…..…..…………………..…….……..……ID Number…………………..…..…………….9483 

Author: Askew, J. R. / Fayers, F. J. / Kemshell, P. B. / et al. 

Title: A General Description of the Lattice Code WIMS 

Date: 1/1/1966 

Report: JBNSA, 05, 546 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: IEU-SOL-THERM-001 



 

C-9510 

9484…..…..…………………..…….……..……ID Number…………………..…..…………….9484 

Author: Askew, J. R. / Fayers, F. J. / Kemshell, P. B. 

Title: General Description of the Lattice Code WIMS 

Date: 10/1/1966 

Report: JBNSA, 05: 564-585 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Buckling; 
Configuration; Criticality; Cross Sections; Eigenvalues; Fast Neutrons; Mathematics; Programming; 
Reactivity; Reactor Core; Reactors; Resonance Escape Probability; Scattering; Spectra; Thermal Neutrons; 
Transport Theory; WIMS-Code; Zones 



 

C-9511 

9485…..…..…………………..…….……..……ID Number…………………..…..…………….9485 

Author: Barclay, F. R. 

Title: Analysis of Graphite Moderated Uranium and Plutonium.Uranium Oxide Fuel Clusters Using the 
Lattice Code WIMS 

Date: 4/1/1967 

Report: JBNSA, 06, 155-160 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Analysis of Graphite Moderated Uranium and Plutonium. Uranium Oxide Fuel 
Clusters Using the Lattice Code WIMS 



 

C-9512 

9486…..…..…………………..…….……..……ID Number…………………..…..…………….9486 

Author: Fayers, F. J. / Kemshell, P. B. / Terry, M. J. 

Title: Evaluation of Some Uncertainties in the Comparison between Theory and Experiment for Regular 
Light Water Lattices 

Date: 4/1/1967 

Report: JBNSA, 06, 161-181 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Behavior; Boron; Configuration; Fuel Elements; 
Losses; Measurement; Neutrons; Numericals; Reactors; Variations; Water Moderator 



 

C-9513 

9487…..…..…………………..…….……..……ID Number…………………..…..…………….9487 

Author: Briggs, A. J. / Johnstone, I. / Kemshell, P. B. / Newmarch, D. A. 

Title: Further Reactor Physics Studies for Steam Generating Heavy Water Reactors. Part I. Uniform Cluster 
Lattices Containing UO2 or PuO2/UO2 Fuel 

Date: 1/1/1969 

Report: JBNSA, 07, 061-090 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Uranium Oxides UO2 / PUO2-UO2, Physics Measurements for Uniform Rod 
Clusters of; Reactor Fuel Elements / Physics Measurements for Uniform Cluster Arrays of Uranium Oxide 
(UO2) and Plutonium Oxide (PUO2)-Uranium Oxide (UO ); Plutonium Oxides PUO2 / PUO2-UO2, 
Physics Measurements for Uniform Rod Clusters of; Reactors, Heavy Water-Moderated / Physics 
Measurements for Uranium Oxide (UO2) and Plutonium Oxide (PUO2)- Uranium Oxide (UO2) Fueled; 
Uranium Oxides UO2 / Physics Measurements for Uniform Rod Clusters of 



 

C-9514 

9488…..…..…………………..…….……..……ID Number…………………..…..…………….9488 

Author: Weale, J. W. / Goodfellow, H. / McTaggart, M. H. / Warnke, E. G. 

Title: Fast Pulsed Reactor “VIPER.” Part 1. General Description 

Date: 10/1/1968 

Report: JBNSA, 07, 313-327 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Operation; Analysis; Criticality; 
Operation; Performance; Pulses; Reactivity; Research Reactors; VIPER 



 

C-9515 

9489…..…..…………………..…….……..……ID Number…………………..…..…………….9489 

Author: McTaggart, M. H. / Goodfellow, H. / McCormick, W. B. / Weale, J. W. 

Title: Fast Pulsed Reactor “VIPER.” Part 2. Reactor Physics Measurements and Analysis 

Date: 10/1/1968 

Report: JBNSA, 07, 328-342 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Analysis; 
Criticality; Measurement; Pulses; Reactivity; Research Reactors; VIPER 



 

C-9516 

9490…..…..…………………..…….……..……ID Number…………………..…..…………….9490 

Author: Chalmers, J. H. 

Title: Criticality: A Review of Basic Concepts and their Applications, Part I 

Date: 10/1/1969 

Report: JBNSA, 08, 325-332 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry-Reactor Fuel Processing; 
Accidents; Criticality; Fabrication; Fuels; Hazards; Radioactivity; Radiochemistry; Reactor Safety; 
Reprocessing; Safety 



 

C-9517 

9491…..…..…………………..…….……..……ID Number…………………..…..…………….9491 

Author: Fox, W. N. / King, D. C. / Pitcher, H. H. W. / Sander, J. E. 

Title: Reactor Physics Measurements on 235U and 239Pu Fuels in an Intermediate Spectrum Assembly 

Date: 1/1/1970 

Report: JBNSA, 09, 015-027 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-033 



 

C-9518 

9492…..…..…………………..…….……..……ID Number…………………..…..…………….9492 

Author: Chalmers, J. H. / O’Sullivan, R. A. / Rushton, K. C. / Walker, G. 

Title: Criticality: A Review of Basic Concepts and their Applications, Part II 

Date: 1/1/1970 

Report: JBNSA, 09, 055-061 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Radioactive Material Handling; Accidents; Criticality; evaporation; Fissionable 
Materials; Fuel Elements; Packaging; Remote Handling; Reprocessing; Safety; Storage; Transport 



 

C-9519 

9493…..…..…………………..…….……..……ID Number…………………..…..…………….9493 

Author: Smith, M. J. S. / Barlow, S. V. 

Title: Development of Acceptance Criteria for Waste Packages 

Date: 1/1/1994 

Report: JBNSA, 33.1 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms:  



 

C-9520 

9494…..…..…………………..…….……..……ID Number…………………..…..…………….9494 

Author: Daniels, J. T. 

Title: Criticality Problems 

Date: 1/1/1965 

Report: JBNSA,04 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Physics; Criticality Studies; Configuration; Criticality; Economics; Fissionable 
Materials; Mixing; Plutonium; Safety; Storage; Transport; Uranium; Water 
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9495…..…..…………………..…….……..……ID Number…………………..…..…………….9495 

Author: Hintermann, K. O. / Schroeder, E. / Gutmann, H. 

Title: Reactor Physics of the Dragon Reactor Experiment 

Date: 7/1/1966 

Report: JBNSA,05: 281-90 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Criticality; Dragon; Fuel 
Elements; Loading; Numericals; Power Plants; Reactivity; Reactors; Testing 
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9496…..…..…………………..…….……..……ID Number…………………..…..…………….9496 

Author: Bridge, H. / Humphreys, E. 

Title: Reactivity Loss Due to Water Absorbed in the Graphite Reflector of the Universities Research 
Reactor 

Date: 7/1/1969 

Report: JBNSA,08, 237 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Accidents; Argonaut 
Type; Criticality; Excursions; Graphite; Neutron Beams; Operation; Pulsed Neutron Technique; Pulses; 
Reactivity; Reflectors; Research Reactors; Subcritical Assemblies; Testing; Urr; Water Coolant 
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9497…..…..…………………..…….……..……ID Number…………………..…..…………….9497 

Author: Chalmers, J. H. 

Title: Criticality and Chemical Plant. Part 1. Review of Basic Concepts and their Applications 

Date: 1/1/1969 

Report: JBNSA,08: 325-332 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Accidents; Criticality; Fabrication; Fuels; Hazards; Radioactivity; Radiochemistry; Reactor Safety; 
Reprocessing; Safety 
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9498…..…..…………………..…….……..……ID Number…………………..…..…………….9498 

Author: Mitchell, B. 

Title: Criticality Detection System for a Fuel Reprocessing Plant 

Date: 1/1/1970 

Report: JBNSA,09: 223-226 

Conference/Journal: J. Brit. Nucl. Energy Soc. 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Alarm Systems; Criticality; Fission Chambers; Fuels; Neutron Detection; Radiation Detectors; 
Reprocessing 
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9499…..…..…………………..…….……..……ID Number…………………..…..…………….9499 

Author: n. a. 

Title: Independent Criticality Safety Evaluation of Deposits in Cooler Equipment in Building K-31 at the 
Oak Ridge K-25 Site, Oak Ridge, Tennessee 

Date: 10/1/1996 

Report: JE/ER-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides an independent assessment of nuclear criticality issues 
associated with uranium deposits in the West and East Coolers for the 6A Booster Station in Building K-
31 at the Oak Ridge K-25 Site. This assessment investigates the applicability of the initial assumptions used 
by Lockheed Martin Energy Systems (Energy Systems) and evaluates criticality calculations previously 
completed by Energy Systems. The calculations were independently verified. Each component was 
evaluated for its ability to satisfy requirements for subcriticality and meet the double contingency principle. 
Facility walk downs, detailed neutronics analysis, and fault tree analysis (FTA) were performed. The 
facility walk downs provided a better understanding of the building condition and status, equipment 
configuration, and uranium deposit locations. The detailed neutronics analysis focused on system geometry 
and moderation levels applicable to the individual components. The FTA considered the annual rate of 
occurrence for the events identified as potential causes of criticality issues. This report also examines the 
advantages of using this type of evaluation to assess the removal process for additional components and 
equipment. 
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9500…..…..…………………..…….……..……ID Number…………………..…..…………….9500 

Author: Bouland, O. 

Title: Motivation for New 241Am Measurements 

Date: 12/1/2002 

Report: JEF/DOC-931, JEF meeting, Dec. 2002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9501…..…..…………………..…….……..……ID Number…………………..…..…………….9501 

Author: Nuclear Energy Agency 

Title: The JEF-2.2 Nuclear Data Library 

Date: 1/1/2000 

Report: JEFF Report 17, OECD 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9502…..…..…………………..…….……..……ID Number…………………..…..…………….9502 

Author: Martinez-Val Penalosa, Jose M. 

Title: Neutron Transport Calculations of Some Fast Critical Assemblies 

Date: 1/1/1976 

Report: JEN-325 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To analyse the influence of the input variables of the transport codes upon the 
neutronic results (eigenvalues, generation, times,...) four Benchmark calculations have been performed. 
Sensitivity analysis have been applied to express these dependencies in a useful way, and to get an 
unavoidable experience to carry out calculations achieving the required accuracy and doing them in 
practical computing times. 
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9503…..…..…………………..…….……..……ID Number…………………..…..…………….9503 

Author: Caro, R. / Martinez-Val, J. M. / Donoso, E. 

Title: Neutronics of Spent Fuel Storage Pools 

Date: 1/1/1978 

Report: JEN-465 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9504…..…..…………………..…….……..……ID Number…………………..…..…………….9504 

Author: Eriksen, V. O. / Halg, W. 

Title: Xe-135 Poisoning of the JEEP 

Date: 1/1/1953 

Report: JENER-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Jeep 
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9505…..…..…………………..…….……..……ID Number…………………..…..…………….9505 

Author: Holt, N. / Klepp, H. / Steenberg, K. 

Title: The First Running-Up of the Nuclear Reactor at Kjeller, Using Two Auxiliary Bf3-Counters in 
Connection with a 100McRa-Be Neutron Source 

Date: 1/1/1951 

Report: JENER-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Jeep 



 

C-9532 

9506…..…..…………………..…….……..……ID Number…………………..…..…………….9506 

Author: Goedkoop, J. A. / Jenssen, G. 

Title: Proceedings of the Kjeller Conference on Heavy Water Reactors, Held at Kjeller and Oslo, August 
11 to 13,1953 

Date: 1/1/1953 

Report: JENER-Pub-7 

Conference/Journal: Kjeller Conference on Heavy Water Reactors, Held at Kjeller and Oslo, August 11 
to 13,1953 

Conference Session:  

Abstract/Keyterms: Physics; Control Systems; Electronic Equipment; Heavy Water Coolant; Heavy 
Water Moderator; Instruments; Operation; Planning; Power Plants; Reactors 
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9507…..…..…………………..…….……..……ID Number…………………..…..…………….9507 

Author: Jenkins, I. L. . / Moore, . F. H. / Waterman, J. 

Title: X-ray powder crystallographic data on plutonium and other oxalate I-II 

Date: 1/1/1965 

Report: JINCA, 27, 077-078 

Conference/Journal: Journal of Inorganic and Nuclear Chemistry (England) 

Conference Session:  

Abstract/Keyterms: Chemistry; Inorganic and Physical Chemistry; Crystals; Gadolinium Compounds; 
Lanthanum Compounds; Lattices; Neodymium Compounds; Oxalates; Oxidation; Plutonium Compounds; 
Powders; Uranium Compounds; Valence; X Radiation 
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9508…..…..…………………..…….……..……ID Number…………………..…..…………….9508 

Author: Demant, J. T. 

Title: Nuclear Safety and Criticality in Workshops and Laboratories 

Date: 11/1/1974 

Report: JINEB, 15, 6, 171-174 

Conference/Journal: J. Inst. Nucl. Eng 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Fissile 
Materials- Criticality; Accidents; Critical Mass; Materials Handling; Nuclear Materials Management; 
Radiation Accidents; Radiation Hazards; Radiation Protection; Safety 
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9509…..…..…………………..…….……..……ID Number…………………..…..…………….9509 

Author: Somov, L. N. 

Title: Possibility of Transmutation of Radioactive Wastes from Nuclear Reactors in Subcritical Melted-
Salt Reactor with Photonuclear Neutron Source Based on Electron Accelerator 

Date: 4/1/1994 

Report: JINR-E-3-94-419, 298-309 

Conference/Journal: International seminar on interaction of neutrons with nuclei, Dubna (Russian 
Federation), 26-28 Apr 1994 

Conference Session:  

Abstract/Keyterms: Transmutation / Transuranium Elements 
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9510…..…..…………………..…….……..……ID Number…………………..…..…………….9510 

Author: Gron, M. / Lelek, V. 

Title: Flux Flattening by Means of Non-Uniform Fuel Distribution in a Slab Reactor with Finite Reflector 

Date: 1/1/1966 

Report: JINR--E4-2939 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Burnup; Criticality; Distribution; Equations; 
Fuels; Heavy Water Moderator; Homogeneous; Neutron Flux; Numericals; Reactors; Reflectors; 
Resonance Escape Probability; Thermal Neutrons; Uranium 
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9511…..…..…………………..…….……..……ID Number…………………..…..…………….9511 

Author: Kozik, B. 

Title: Statistical Theory of Neutron Multiplication and Noises in Stationary Nuclear Reactors; 
Statisticheskaya Teoriya Razmnozheniya Neitronov I Shumy V Statsionarnykh Yadernykh Reaktorakh 

Date: 1/1/1965 

Report: JINR-P-1996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Background; Differential Equations; 
Mathematics; Multiplication Factors; Neutron Flux; Nuclear Models; Numericals; Reactors; Stability; 
Statistics 
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9512…..…..…………………..…….……..……ID Number…………………..…..…………….9512 

Author: Govorkov, A. / Kozik, B. 

Title: On Statistics of the Amplitudes of the Pulses from the Pulsed Fast Reactor; O Statistike Amplitud 
Vspyshek Reaktora IBR 

Date: 1/1/1965 

Report: JINR-P-2076 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Distribution; 
Equations; Fast Neutrons; Integrals; Multiplication Factors; Numericals; Pulses; Reactors; Statistics 



 

C-9539 

9513…..…..…………………..…….……..……ID Number…………………..…..…………….9513 

Author: Kozik, Ben'yamin 

Title: Neutron Correlation in Nuclear Reactors with Account of Their Space and Energy Distribution; 
Korrelyatsiya Neitronov v Yadernykh Reaktorakh s Uchetom Ikh Pros- Transtvenno-Energeticheskogo 
Raspredeleniya 

Date: 1/1/1965 

Report: JINR-P-2216 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boltzmann Equation; Correlation Function; 
Density; Differential Equations; Diffusion; Distribution; Energy; Equations; Integrals; Mathematics; 
Neutrons; Reactors; Space; Statistics 
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9514…..…..…………………..…….……..……ID Number…………………..…..…………….9514 

Author: Kozik, B. 

Title: Correlation of Neutrons in a Reflected Reactor; Korrelyatsionnaya Teoriya Reaktora S Otrazhatelem 

Date: 1/1/1965 

Report: JINR-P-2335 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Feynman Method; Frequency; Lifetime; 
Multiplication Factors; Neutron Detection; Neutrons; Probability; Reactors; Reflectors; Spectra; Statistics; 
Transport Theory; Variations 



 

C-9541 

9515…..…..…………………..…….……..……ID Number…………………..…..…………….9515 

Author: Kozik, B. 

Title: Correlation Theory of Neutrons in Nuclear Reactors and a Concept of Transfer Function; 
Korrelyatsionnaya Teoriya Neitronov V Yadernykh Reaktorakh I Kontseptsiya Peredatochnoi Funktsh 

Date: 1/1/1965 

Report: JINR-P-2391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boltzmann Equation; Differential 
Equations; Equations; Green Function; Neutron Flux; Reactors; Transfer Functions; Transport Theory 



 

C-9542 

9516…..…..…………………..…….……..……ID Number…………………..…..…………….9516 

Author: Lelek, V. 

Title: Application of False Source Method to Heterogeneous Nucleus Calculationsin Cylindrical 
Geometry; Primenenie Metoda Lozhnykh Istochnikov K Raschetam Geterogennogo Yadra V 
Tsilindricheskoi Geometrii 

Date: 1/1/1966 

Report: JINR-P-2699 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-9543 

9517…..…..…………………..…….……..……ID Number…………………..…..…………….9517 

Author: Anan'ev, V. D. / Antsupov, N. P. / Babaev, A. I. 

Title: Reactor IBR-2 Physical Start-Up. Critical Assembly and Measuring of the Control System Efficiency 

Date: 1/1/1979 

Report: JINR-R-13-12465 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of the first stage of IBR-2 physical start-up experiments (without coolant) 
were described. The measurements were performed for determining the critical mass, effectiveness of the 
control rods and fuel assemblies, and the reactor power. Fission and boron chambers were used for neutron 
flux detecting. Experimental values of critical mass (69.3 assemblies) was near to the theoretical one (71±2 
assemblies). The control rod effectiveness turned out to be 1.5-2 times less than the calculated one. Fuel 
assembly effectiveness was measured in subcritical reactor and is equal to 0.012 deltak/k for the central 
assembly and 0.007 deltak/k at the core boundary. The core distribution of the effectiveness was near to 
theoretical one. The reactor power was measured by means of three methods density of the reactor noise 
and by core heating analysis. The accuracy of the power measurements is about 10 per cent. 
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9518…..…..…………………..…….……..……ID Number…………………..…..…………….9518 

Author: Anan'ev, V. D. / Kiselev, M. A. / Krasnykh, V. K. 

Title: Definition of Reactivity Effect Due to Fuel Burnup at the IBR-2 Reactor 

Date: 1/1/1989 

Report: JINR-R-3-89-612 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Depletion / IBR-2 Reactor 
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9519…..…..…………………..…….……..……ID Number…………………..…..…………….9519 

Author: Mingsheng, Du / Tenggao, You 

Title: On Discrete-Collocation Method for Solving the Transport Problem with Two-Dimensional 
Cylindrical Geometry 

Date: 6/1/1986 

Report: JIWUE, 3 (2), 129-141 

Conference/Journal: Chinese Journal of Computational Physics (China) 

Conference Session:  

Abstract/Keyterms: Discrete-Collocation Method / Neutron Transport Equation 
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9520…..…..…………………..…….……..……ID Number…………………..…..…………….9520 

Author: Jun, Zhang 

Title: A Variational Solution of the Geometric Buckling of Reactor for Ellipsoid and Its Application 

Date: 9/1/1988 

Report: JIWUE, 5 (3), 249-258 

Conference/Journal: Chinese Journal of Computational Physics (China) 

Conference Session:  

Abstract/Keyterms: Fast Fission Reactor / Homogeneous Ellipsoid 
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9521…..…..…………………..…….……..……ID Number…………………..…..…………….9521 

Author: Changyou, Chen 

Title: The Application of the Finite Element Numerical Method to Critical Problem of Two Dimensional 
Hexagonal Assembly Core 

Date: 9/1/1997 

Report: JIWUEP, 14 (4-5): 569-571 

Conference/Journal: Chinese Journal of Computational Physics (China) 

Conference Session:  

Abstract/Keyterms: Two-dimensional Hexagonal Assembly 
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9522…..…..…………………..…….……..……ID Number…………………..…..…………….9522 

Author: Ewing, R. I. / Bierman, S. R. 

Title: Measurement Techniques for Verifying Burnup 

Date: 5/1/1992 

Report: JNMM (Journal of the Institute of Nuclear Materials Management), 20:3, DOE Project 

Conference/Journal: JNMM (Journal of the Institute of Nuclear Materials Management) 

Conference Session:  

Abstract/Keyterms: Measurements of the nuclear radiation from spent reactor fuel are being considered 
to qualify assemblies for loading into casks that will be used to transport spent fuel from utility sites to a 
federal storage facility. To ensure nuclear criticality safety, the casks are being designed to accept 
assemblies that meet restrictions as to burnup, initial enrichment and cooling time. This paper reports that 
measurements could be used to ensure that only fuel assemblies that meet the restrictions are selected for 
loading. 



 

C-9549 

9523…..…..…………………..…….……..……ID Number…………………..…..…………….9523 

Author: Lake, W. H. / Boshoven, J. R. / Hassler, L. A. 

Title: Strategies for Certifying a Burnup Credit Cask 

Date: 5/1/1992 

Report: JNMM (Journal of the Institute of Nuclear Materials Management), 20:3, DOE Project 

Conference/Journal: JNMM (Journal of the Institute of Nuclear Materials Management) 

Conference Session:  

Abstract/Keyterms: A new generation of high capacity spent fuel transport casks is being developed by 
the U.S. Department of Energy (DOE) as part of the Federal Waste Management System (FWMS). Burnup 
credit, which recognizes the reduced reactivity of spent fuel is being used for these casks. Both cask designs 
being developed for DOE burnup credit. The cask designs must be certified by the Nuclear Regulatory 
commission (NRC) if they are to be used in the FWMS. Certification of these casks by the NRC would not 
require any change in transport regulations, and would be consistent with past practices. This paper reports 
that, to support certification, DOE has identified the technical issues related to burnup credit, and embarked 
on a development program to resolve them. Following a background discussion of criticality safety for 
spent fuel transport, an approach to design and use of a burnup credit cask is presented. It is concluded that 
an adequate technical basis being developed for spent fuel casks to demonstrate compliance with the NRC 
criticality safety requirements. 
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9524…..…..…………………..…….……..……ID Number…………………..…..…………….9524 

Author: Sanders, T. L. / Seager, K. D. / Ewing, R. I. 

Title: Burnup Credit Issues in Spent Fuel Transport 

Date: 5/1/1992 

Report: JNMM (Journal of the Institute of Nuclear Materials Management), 20:3, DOE Project 

Conference/Journal: JNMM (Journal of the Institute of Nuclear Materials Management) 

Conference Session:  

Abstract/Keyterms: Burnup credit has been successfully applied to spent fuel storage pools in the United 
States, resulting in increased capacity and permitting the storage of spent fuel with higher initial 
enrichments. This paper reports that the regulatory acceptance of transport cask design incorporating 
burnup credit and its benefits depends on the identification and resolution of issues that affect the 
determination of criticality safety margins. The factors contributing to the determination of criticality safety 
have been examined by fault-tree analysis to compare the issues involved in both the fresh fuel and burnup 
credit approaches to criticality safety. 
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9525…..…..…………………..…….……..……ID Number…………………..…..…………….9525 

Author: Lake, W. H. 

Title: The Use of Burnup Credit for Criticality Control for the Multipurpose Canister System 

Date: 1/1/1995 

Report: JNMM, 23, ISSUE: 3, DN: Presented at the INMM Spent Fuel Management Seminar XII, 
January 11-13, 1995, Washington, DC (US), PBD: Apr 1995 

Conference/Journal: INMM Spent Fuel Management Seminar XII, January 11—13, 1995, Washington, 
DC (US) 

Conference Session:  

Abstract/Keyterms: The US Department of Energy’s ongoing effort to demonstrate criticality safety for 
multipurpose canister systems that use burnup credit in addition to more conventional criticality control 
techniques is discussed. Because the multipurpose canister is a component of storage, transport and disposal 
systems, it must satisfy three sets of technical and regulatory design requirements. The general technical 
and regulatory considerations related to criticality safety design and burnup credit are highlighted. The 
principal issues related to criticality control, including the use of burnup credit, are identified, and the 
department’s approach to resolving these issues is presented. 
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9526…..…..…………………..…….……..……ID Number…………………..…..…………….9526 

Author: Kamei, T. / Yoshida, T. / Yokoyama, T. 

Title: Effect of Mock-Up Size on Extrapolation Accuracy in the Prediction of Large-LMFBR Neutronics 
Parameters 

Date: 1/1/1980 

Report: JNSTAX, 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: n.a. 
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9527…..…..…………………..…….……..……ID Number…………………..…..…………….9527 

Author: Gotoh, Y. 

Title: Measurement of Neutron Life in a D2O-System by Neutron Fluctuation 

Date: 9/1/1964 

Report: JNSTAX, 01 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Decay; Delayed Neutrons; Heavy Water; Lifetime; Measured 
Values; Neutrons; Quantitative Analysis; Quantity Ratio; Radiation Detectors; Reactivity; Variations 
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9528…..…..…………………..…….……..……ID Number…………………..…..…………….9528 

Author: Haga, T. / Kobayashi, I. 

Title: Space Dependent Reactivity Effect of Fission and Absorption 

Date: 10/1/1964 

Report: JNSTAX, 01 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Antimony Alloys; Cadmium 
Alloys; Enrichment; Equations; Fission; Fuel Elements; Fuels; Lead Alloys; Measured Values; 
Multiplication Factors; Reactivity; Space 
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9529…..…..…………………..…….……..……ID Number…………………..…..…………….9529 

Author: Inoue, K. 

Title: Temperature Coefficient of Neutron Multiplication Factor 

Date: 11/1/1964 

Report: JNSTAX, 01 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Criticality; Cross Sections; 
Equations; Fission; Homogeneous Reactors; Multiplication Factors; Neutrons; Numericals; Temperature; 
Variations 
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9530…..…..…………………..…….……..……ID Number…………………..…..…………….9530 

Author: Otsuka, M. / Saito, K. 

Title: Neutron Fluctuations in a Multipoint Reactor 

Date: 1/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Neutron Flux; Reactors; Variations 
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9531…..…..…………………..…….……..……ID Number…………………..…..…………….9531 

Author: Nomura, T. 

Title: Improvement in S/N Ratio of Reactor Noise Spectral Density 

Date: 2/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Background; Density; Detection; Electronic 
Equipment; Frequency; Instruments; Noise; Planning; Reactivity; Reactors; Spectra 
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9532…..…..…………………..…….……..……ID Number…………………..…..…………….9532 

Author: Uematsu, K. 

Title: A Study of Plutonium Recycle in a Gas-Cooled, Graphite-Moderated Reactor. Part III 

Date: 2/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Burnup; Computers; 
Distribution; Energy; Fuel Cycle; Fuel Elements; Gas Coolant; Graphite Moderator; Leaks; Multiplication 
Factors; Neutron Flux; Performance; Plutonium; Plutonium 239; Plutonium 240; Plutonium 241; Plutonium 
242; Power Plants; Programming; Radiation Effects; Reactors; Resonance; Thermal Neutrons; Uranium 
235; Uranium 236; Uranium 238 
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9533…..…..…………………..…….……..……ID Number…………………..…..…………….9533 

Author: McKay, M. H. 

Title: An Improvement on Shapiro's Approximation to a Function Occurring in the Theory of Resonance 
Absorption 

Date: 4/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Differential Equations; Errors; 
Integrals; Mathematics; Numericals; Resonance; Resonance Escape Probability; Tables 
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9534…..…..…………………..…….……..……ID Number…………………..…..…………….9534 

Author: Kobayashi, K. / Takeda, S. / Ukai, S. / Hoshino, T. / Matsuura, S. 

Title: Measurement of Migration Area and Multiplication Factor of UO2 -H2O Lattice 

Date: 7/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Configuration; Critical 
Assemblies; Diffusion; Enrichment; Lattices; Mixing; Multiplication Factors; Neutrons; Nuclear Models; 
Reactor Core; Reflectors; Uranium Dioxide; Water Moderator 
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9535…..…..…………………..…….……..……ID Number…………………..…..…………….9535 

Author: Kawai, T. 

Title: Coupled Reactor Kinetics. II. Theory 

Date: 8/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Coupling; Equations; Inhours; Interactions; 
Reactivity; Reactors; Transfer Functions 
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9536…..…..…………………..…….……..……ID Number…………………..…..…………….9536 

Author: Saito, K. / Otsuka, M. 

Title: Theory of Statistical Fluctuations in Neutron Distributions 

Date: 8/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Distribution; Feynman Method; 
Mathematics; Neutron Detection; Neutron Flux; Neutrons; Phase Space; Reactors; Statistics; Transport 
Theory; Variations 
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9537…..…..…………………..…….……..……ID Number…………………..…..…………….9537 

Author: Sugimoto, O. 

Title: The Reactivity Effect of Void and Hole 

Date: 8/1/1965 

Report: JNSTAX, 02 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Losses; Multiplication Factors; Neutrons; 
Perturbation Theory; Porosity; Probability; Reaction Kinetics; Reactivity; Reactors; Statistics 
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9538…..…..…………………..…….……..……ID Number…………………..…..…………….9538 

Author: Aisu, H. 

Title: Evaluation and Correction of the Error Due to Coarse Mesh Adjacent to Absorbing Regions in 
Diffusion Code Calculations 

Date: 9/1/1965 

Report: JNSTAX, 02 
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Abstract/Keyterms: A series of critical experiments and analyses have been made on cylindrical 
assemblies fueled with 20% enriched uranium metal in the JAERI fast critical facility. The first assembly 
contains in the core 10.8% of stainless steel and 6.5% of void by volume, and is provided with a natural 
uranium blanket 30 cm thick. Based on a number of correction experiments, the critical mass of the 
assembly was determined to be 94.9 ± 0.3 kg of uranium-235. With a reduced blanket thickness of 10 cm, 
the critical mass was found to increase by 16.4%. When one quarter of the enriched uranium metal was 
substituted by graphite, the critical mass increased by 36.6%. Comparison of these results with theoretical 
calculations indicated that the criticality of the assemblies can be well estimated by means of the S-N 
approximation with ANL-635SCT. 
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Abstract/Keyterms: A preliminary examination is presented of the effects of differences in the space-
dependent neutron spectrum on the criticality and reaction-rate distribution undertaken with 1950-group 
one-dimensional diffusion calculations using the DF2000 code and with 1950-group zero-dimensional 
spectrum calculations using the SP2000 code. The 1950-group cross section library used was AGLI/1, 
which is an adjusted version of AGLI/0. The systems taken up for this examination are FCA assemblies V-
2 with blanket and V-2-R with reflector. In both assemblies the core consists of Pu, enriched uranium, 
Al2O3, Na and SUS. The blanket comprises natural uranium and SUS, and the reflector SUS alone. 
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Abstract/Keyterms: Statistic formulation of the neutron counts registered in a gate triggered by the family-
first-pulse-which corresponds to the accumulated data in the usual Rossi-alpha experiment-is extended to 
the second moment. The second factorial moment <c(c-1)> of neutron counts which are correlated with the 
trigger pulse is expressed as a function of the gate width and of the waiting time from the family-birth to 
the triggering; and it is shown that the function cannot be divided to contain the two variables separately. 
Neutron counts uncorrelated with the trigger pulse are analyzed into two components, and the second 
factorial cumulant <c(c-1)>-<c>2 of that originating from the families born before the trigger is shown to 
manifest the same dependence on gate width as that of correlated counts, with an amplitude ratio identical 
with the first moments. The uncorrelated counts of the second kind originating from the families newly 
born after the trigger present a somewhat different relation to the gate width, and hence constitute what are 
for practical purpose the only truly uncorrelated counts. The second factorial cumulant of the all-inclusive 
(correlated as well as the two kinds of uncorrelated) counts in stationary neutron field is formulated. 
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Abstract/Keyterms: A new four-factor formula is proposed for deriving a "finite multiplication factor" k-
the ratio between neutron production and absorption rates in a finite medium-from experimentally 
determined lattice parameters in a slightly-enriched Pu-U lattice. The "two-group multiplication factor 
k(inf)-related to tau+L2 and equal to (1+tau Bsub(C)2).(1+L2Bsub(C)2) at criticality-is derived from k. 
The experimental lattice parameters are corrected to account for neutron leakage, from which the infinite 
multiplication factor k(inf) is derived. Differences are found between k, k(inf) and k(inf2) amounting to 
about 1--2% in the Advanced Thermal Reactor (ATR)-type heavy-water lattice, despite the fact that all 
these three quantities are often indiscriminately called "infinite multiplication factor." The proposed four-
factor formula for deriving k was applied to the Deuterium Critical Assembly (DCA) of 1.2%-enriched 
UO2 lattices of 28-pin clusters in square arrays spaced at 22.5 cm. The values of k calculated with a lattice 
design code METHUSELAH II were in fairly good agreement with those determined by experiment. The 
calculation tended to somewhat overestimate k, particularly in lattices of highly voided coolant. A similar 
tendency was… 
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Abstract/Keyterms: An attempt is made of applying the shielding factor method with a coarse-group 
structure to cell calculations for plate-type fast reactor assemblies. The 24-group collision probability 
calculations based on the shielding factor method derived from the basic equation is shown to give results 
of practical validity for heterogeneity and bunching reactivities, as proved by comparisons with 1950-group 
collision probability calculations and experiments in the FCA assemblies V-2 and VI-2. The mechanism of 
the heterogeneity effect in the two assemblies is examined in detail. Most part of the heterogeneity reactivity 
is found to be due to the flux heterogeneity effect, whereas the reactivity associated with the change of plate 
pattern is mostly caused by the change of the flux heterogeneity effect in the case of the assembly V-2, and 
by the change of the heterogeneous shielding effect in the case of the assembly VI-2. In comparison with 
experiment the calculated results on the streaming of neutrons in the entire assembly would tend to be closer 
to isotropic condition, which differs from prediction based on the anisotropic diffusion coefficients obtained 
in cell calculations. 
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Abstract/Keyterms: Work performed to improve the neutronic data used in predicting fast reactor 
properties, so as to permit estimation within the target design accuracy of for criticality or for breeding gain 
is discussed. Integral experiments using various critical assemblies have been performed in many countries 
as benchmark experiments for cross section evaluations. This has resulted in accumulation of integral data 
available for cross section evaluation, which permit to improve on the method and make it statistically 
consistent with the various differential measurements. 
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Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms:  



 

C-9608 

9582…..…..…………………..…….……..……ID Number…………………..…..…………….9582 

Author: Asaoka, T. / Asano, N. / Nakamura, H. / Mizuta, H. / Chichiwa, H. 

Title: Benchmark Tests of Radiation Transport Computer Codes for Reactor Core and Shield Calculations 

Date: 1/1/1978 

Report: JNSTAX, 15, 056-071 
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Conference Session:  

Abstract/Keyterms: Aiming at providing test problems that may be used to verify an adequate 
performance of the current version of a neutron and gamma-ray transport computer code used for reactor 
core or shield calculations, we summarize the input data and the calculated results for three benchmark 
problems. The 1st problem deals with a 1-dimensional small spherical reactor for use to test 1-dimensional 
S sub(N) codes, DTF-IV and ANISN, and possibly the MORSE Monte Carlo code. The 2nd problem 
concerned with 2-dimensional (x, y) neutron propagation through an absorbing medium gives a severe test 
for 2-dimensional S sub(N) codes, TWOTRAN-GG, TWOTRAN-II, DOT-3 and TRIPLET. The last 
problem dealing with 2-dimensional (r, z) radiation streaming is to test also the finite difference S sub(N) 
codes, TWOTRAN-II and DOT-3, and the finite element S sub(N) code FEMRZ. The present article 
summarizes also the general tendency of the effect of parameters used for these calculations on the 
numerical results and computation time. 
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Abstract/Keyterms: A series of critical experiments using mixed-oxide (PuO2-UO2) plutonium fuels was 
carried out at the Tank type Critical Assembly (TCA) in the Japan Atomic Energy Research Institute in 
cooperation with the Power Reactor and Nuclear Fuel Development Corporation. Isotopic compositions of 
the Pu were 68, 22, 7 and 2 w% for 239Pu, 240Pu, 241Pu and 242u, respectively, and the U was natural 
uranium. Critical mass, power distribution and neutron activation distribution of Au wire were measured 
for five kinds of lattices in which the ratios of atomic density of H to Pu were 295, 402, 494, 704 and 922, 
respectively. The codes LASER, UGMG42-THERMOS and GTB-2 were used for obtaining three neutron 
group constants and the PDQ-5 code was used in two-dimensional calculations for the lattices. The 
maximum differences of the calculated multiplication factors from the measured values distributed from-
1.32 to 1.72% dk/k. Calculated thermal neutron density, epithermal neutron flux and power distributions 
showed good agreement with measured data. 
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Abstract/Keyterms: Temperature coefficients of reactivity have been measured up to 600 deg C on cluster-
type UO2 fuel for three kinds of 235U enrichment and on a hollow cluster of SUS-cladding tubes by using 
a hot He gas loop in a heavy-water-moderated, pressure-tube-type critical assembly. A new experimental 
method has been developed which accurately eliminates the reactivity disturbance caused by heat leakage 
in the measurement of an extremely small change in reactivity. The fuel (fuel pellet, cladding and pressure-
tube) temperature coefficients of reactivity obtained for the temperature range below 300 deg C are +1.00 
± 0.04,-3.48 ± 0.13 and-6.36 ± 0.25 in the unit of 10$sup-5% deltak/k. deg C for 0.2%, 0.7% and 1.5% 
235U enrichment, respectively. In the higher temperature region above 300 deg C, each coefficient shifts 
to positive side by about 2 x 10$sup-5% deltak/k. deg C. Temperature coefficient of reactivity for the hollow 
cluster of SUS-cladding tubes (cladding and pressure-tube) has a large constant value with positive sign, 
+(6.42 ± 0.26) x 10$sup-5% deltak/k. deg C, all through the temperature range. A calculational model to 
analyze a hot-loop-type measurement of temperature coefficients with use of WIMS-D code was proposed 
and could be successfully applied to the present measurement. 
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Abstract/Keyterms: The effect of higher-harmonic fluxes on a subcriticality measurement by the 
exponential experiment was investigated. An analysis method for obtaining higher-harmonic eigenvalues 
and eigenfunctions of the neutron diffusion equation of which the eigenvalues are the decay constants in 
the exponential experiment was developed. We attempted to reproduce three-dimensional neutron flux 
distributions formed in the exponential experiment with superposition of higher-harmonic fluxes. 
Exponential experiments were performed for a subcritical rectangular fuel rod array of the TCA (Tank-type 
Critical Assembly) and the vertical neutron flux distributions at several horizontal locations were measured 
for various neutron source positions. Higher-harmonic eigenvalues and eigenfunctions in the exponential 
experiment were calculated to reproduce the vertical neutron fluxes. It was found that they were well 
reproduced within the fuel rod array or in the water-reflector region close to the array by taking account of 
the fewer-order harmonic fluxes. The method of higher-harmonic analysis presented in this paper enables 
us to evaluate the effect of higher-harmonic fluxes or to find measurement conditions such as the 
arrangement of a neutron source and neutron detectors for obtaining the decay constant of a fundamental 
mode flux. 



 

C-9667 

9641…..…..…………………..…….……..……ID Number…………………..…..…………….9641 

Author: Tonoike, K. / Miyoshi, Y. / Okubo, K. 

Title: Reactivity Effect Measurement of Neutron Interaction between Two Slab Cores Containing 10% 
Enriched Uranyl Nitrate Solution without Neutron Isolator 

Date: 12/31/1998 

Report: JNSTAX, 40, 238-245 

Conference/Journal: Journal of Nuclear Science and Technology (Tokyo) (Japan) 

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-023; The reactivity effect of neutron interaction between two 
identical units containing low enriched (10% 235U enrichment) uranyl nitrate solution without neutron 
isolator was measured in the STACY. The unit has 350 mm of thickness and 690 mm of width and distance 
between those two units was adjustable from 0 to 1,450 mm. Condition of the solution was about 290 gU/l 
in uranium concentration, about 0.8 N in free nitric acidity, 24-27degC in temperature and about 1.4 
g/cm{sup 3} in solution density. The reactivity effect was estimated from variation of critical solution level 
from 495 to 763 mm depending on the core distance. The reactivity effect was also evaluated by the solid 
angle method and a computational method using the continuous energy Monte Carlo code MCNP-4C and 
the nuclear data library JENDL 3.2. Those estimations were compared and the distance to isolate neutron 
interaction was overestimated by the solid angle method. The computational method considering neutron 
reflection from surrounding structures reproduced well the isolation distance given by the experiment. 
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Abstract/Keyterms: Effective fission source acceleration method in criticality safety analysis for a realistic 
spent fuel transport cask. Various axial burnup profiles from almost symmetry to strong asymmetry based 
on in-core flux measurements are proposed in the OECD/NEA Phase II-C burnup credit benchmark 
problem. In some cases, calculations by ordinary Monte Carlo method show very slow convergence of 
fission source distribution, and unacceptably large skipped cycles are needed to obtain a reliable fission 
source distribution for statistic criticality estimation. The matrix eigenvector calculation developed and 
incorporated in the ordinary Monte Carlo calculation to accelerate the slow fission source convergence is 
applied to the benchmark. The efficiency of acceleration by the matrix eigenvector calculation depends on 
the precision of fission matrix elements. In a certain stage of source iteration with acceleration repetition of 
fission source distribution, especially for this benchmark problem of very slow convergence, more 
acceleration repetitions cause anomalous results because of large statistic fluctuations of the estimation of 
fission matrix elements for regions with very low source levels. Here, we propose a new source acceleration 
method to detail with the slow convergence with less calculation time by modeling the division of fissile 
fuel region. 
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Abstract/Keyterms: The burnup of fuel pins in the subassemblies irradiated at the range from 0.003 to 
13.28% FIMA in the JOYO MK-II core were measured by the isotope dilution analysis. For the 
measurement, 75 and 51 specimens were taken from the fuel pins of driver fuel and irradiation test 
subassemblies, respectively. The data of burnup could be obtained within an experimental error of 4%, and 
were compared with the ones calculated by 3-dimensional neutron diffusion codes MAGI and ESPRIT-J, 
which are used for JOYO core management system. Both data of burnup almost agree with each other 
within an error of 5%. For the fuel pins loaded at the outer region of the subassembly in the 4th row, which 
was adjacent to reflectors, however, some of the calculation results were 15% less at most than the measured 
values. It is suggested from the calculation by a Monte Carlo code MCNP-4A that this difference between 
the calculated and the measured data attribute from the softening of neutron flux in the region adjacent to 
the reflector. 
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Abstract/Keyterms: Nuclear characteristic parameters were calculated and subcriticality judgment graphs 
were drawn for revision of the Data Collective for the Nuclear Criticality Safety Handbook. The calculated 
nuclear characteristic parameters were the neutron multiplication factor in infinite media, migration area 
and diffusion constant for 11 kinds of typical fuels encountered in criticality safety evaluation of nuclear 
fuel cycle facilities. These fuels included ADU-H2O, UF6-HF and Pu(NO{sub 3}){sub 4}-UO2(NO{sub 
3}){sub 2} solution, of which data were not cited in the Data Collection. The calculation was made with 
the Japanese Evaluated Nuclear Data Library JENDL-3.2 and a sequence of criticality calculation codes, 
SRAC, POST and SIMCRI. The subcriticality judgment graphs that depict the region of the two variables 
(a) uranium enrichment, 239Pu/Pu ratio or plutonium enrichment and (b) H/(Pu+ U) ratio where the neutron 
multiplication factor in infinite media k(inf){<=} 0.98 were drawn for the same kinds of fuels except UF6-
HF. The limitations of the subcriticality judgment graphs were also discussed. 
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Abstract/Keyterms: The hazard potential of fissile material-especially of plutonium-is increasing 
discussed in the public. This essay tries to point out the real hazards originating from the existence and use 
of fissile nuclides. As an introduction the main properties of the different fissile materials and the nuclear 
data of the uranium and plutonium isotopes are listed. The special nuclear properties that initiate potential 
hazards are the radioactivity and the fission process. They generate the possibility of irradiation from 
outside, of incorporation of radioactive nuclides, and of energy and radiation release in the course of a 
critical accident. The danger and consequences of such occurrences are evaluated to some details. Finally, 
the possible misuse of fissile materials in the hands of terrorists are addressed as well as the worldwide 
threat by the existence of nuclear weapons. 
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Abstract/Keyterms: Nuclear Facilities and transportation/storage package designs. SCALE is a modular 
code system that includes several codes which use either Monte Carlo or discrete ordinates solution 
methodologies for solving relevant neutral particle transport equations. This paper describes some of the 
key capabilities of the Monte Carlo criticality safety codes within the SCALE code system. 
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Abstract/Keyterms: The SCALE TSUNAMI-3D sensitivity and uncertainty analysis sequence computes 
the sensitivity of k-eff to each constituent multigroup cross section using adjoint techniques with the KENO 
Monte Carlo codes. A new technique to simultaneously obtain the product of the forward and adjoint 
angular flux moments within a single Monte Carlo calculation has been developed and implemented in the 
SCALE TSUNAMI-3D analysis sequence. A new concept in Monte Carlo theory has been developed for 
this work, an eigenvalue contributon estimator, which is an extension of previously developed fixed-source 
contributon estimators. A contributon is a particle for which the forward solution is accumulated, and its 
importance to the response, which is equivalent to the adjoint solution, is simultaneously accumulated. 
Thus, the contribution is a particle coupled with its contribution to the response, in this case keff. As 
implemented in SCALE, the contribution provides the importance of a particle exiting at any energy or 
direction for each location, energy and direction at which the forward flux solution is sampled. Although 
currently implemented for eigenvalue calculations in multigroup mode in KENO, this technique is directly 
applicable to continuous-energy calculations for many other responses such as fixed-source sensitivity 
analysis and quantification of reactor kinetics parameters. This paper provides the physical bases of 
eigenvalue contribution theory, provides details of implementation into TSUNAMI-3D, and provides 
results of sample calculations. 
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Abstract/Keyterms: The sensitivity and uncertainty analysis sequences of SCALE compute the sensitivity 
of k(eff) to each constituent multigroup cross section using perturbation theory based on forward and adjoint 
transport computations with several available codes. Versions 6.0 and 6.1 of SCALE, released in 2009 and 
2010, respectively, include important additions to the TSUNAMI-3D sequence, which computes forward 
and adjoint solutions in multigroup with the KENO Monte Carlo codes. Previously, sensitivity calculations 
were performed with the simple and efficient geometry capabilities of KENO V.a, but now calculations can 
also be performed with the generalized geometry code KENO-VI. TSUNAMI-3D requires spatial 
refinement of the angular flux moment solutions for the forward and adjoint calculations. These refinements 
are most efficiently achieved with the use of a mesh accumulator. For SCALE 6.0, a more flexible mesh 
accumulator capability has been added to the KENO codes, enabling varying granularity of the spatial 
refinement to optimize the calculation for different regions of the system model. The new mesh capabilities 
allow the efficient calculation of larger models than were previously possible. Additional improvements in 
the TSUNAMI calculations were realized in the computation of implicit effects of resonance self-shielding 
on the final sensitivity coefficients. Multigroup resonance self-shielded cross sections are accurately 
computed with SCALE's robust deterministic continuous-energy treatment for the resolved and thermal 
energy range and with Bondarenko shielding factors elsewhere, including the unresolved resonance range. 
However, the sensitivities of the self-shielded cross sections to the parameters input to the calculation are 
quantified using only full-range Bondarenko factors. 
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Abstract/Keyterms: This paper provides a review of the hybrid (Monte Carlo/deterministic) radiation 
transport methods and codes used at the Oak Ridge National Laboratory and examples of their application 
for increasing the efficiency of real-world, fixed-source Monte Carlo analyses. The two principal hybrid 
methods are (1) Consistent Adjoint Driven Importance Sampling (CADIS) for optimization of a localized 
detector (tally) region (e.g., flux, dose, or reaction rate at a particular location) and (2) Forward Weighted 
CADIS (FW-CADIS) for optimizing distributions (e.g., mesh tallies over all or part of the problem space) 
or multiple localized detector regions (e.g., simultaneous optimization of two or more localized tally 
regions). The two methods have been implemented and automated in both the MAVRIC sequence of 
SCALE 6 and ADVANTG, a code that works with the MCNP code. As implemented, the methods utilize 
the results of approximate, fast-running 3-D discrete ordinates transport calculations (with the Denovo 
code) to generate consistent space- and energy-dependent source and transport (weight windows) biasing 
parameters. These methods and codes have been applied to many relevant and challenging problems, 
including calculations of PWR ex-core thermal detector response, dose rates throughout an entire PWR 
facility, site boundary dose from arrays of commercial spent fuel storage casks, radiation fields for 
criticality accident alarm system placement, and detector response for special nuclear material detection 
scenarios and nuclear well-logging tools. Substantial computational speed-ups, generally O(10{sup 2-4}), 
have been realized for all applications to date. This paper provides a brief review of the methods, their 
implementation, results of their application, and current development activities, as well as a considerable 
list of references for readers seeking more information about the methods and/or their applications. 



 

C-9687 

9661…..…..…………………..…….……..……ID Number…………………..…..…………….9661 

Author: Haas, P. A. 

Title: Resin-Based Preparation of HTGR Fuels: Uranium Loading Development Studies 

Date: 1/1/1975 

Report: Joint meeting of the American Nuclear Society and the Atomic Industrial Forum, 16 Nov 1975, 
San Francisco, California, USA 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry-Reactor Fuel Processing; Nuclear 
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Journal Volume: Vol: 12; 

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; El-1; Fuels; Heavy Water Moderator; Levels; Measured 
Values; Multiplication Factors; Natural Uranium Fuel; Reactivity; Reactors; Temperature; Variations 
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Transport Theory; Zones 
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Conference Session:  

Abstract/Keyterms: After a short introduction outlining the history and applications of the methodology 
in reactor physics, a new application of the methodology in criticality safety is discussed. Some 
characteristic input data are discussed in detail. 
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Conference Session:  

Abstract/Keyterms: A time series approach has been applied to the nuclear fission source distribution 
generated by Monte Carlo (MC) particle transport in order to calculate the non-fundamental mode 
eigenvalues of the system. The novel aspect is the combination of the general technical principle of 
projection pursuit for multivariate data with the neutron multiplication eigenvalue problem in the nuclear 
engineering discipline. Proof is thoroughly provided that the stationary MC process is linear to first order 
approximation and that it transforms into one-dimensional autoregressive processes of order one (AR(1)) 
via the automated choice of projection vectors. The autocorrelation coefficient of the resulting AR(1) 
process corresponds to the ratio of the desired mode eigenvalue to the fundamental mode eigenvalue. All 
modern MC codes for nuclear criticality calculate the fundamental mode eigenvalue, so the desired mode 
eigenvalue can be easily determined. This time series approach was tested for a variety of problems 
including multi-dimensional ones. Numerical results show that the time series approach has strong potential 
for three dimensional whole reactor core. The eigenvalue ratio can be updated in an on-the-fly manner 
without storing the nuclear fission source distributions at all previous iteration cycles for the mean 
subtraction. Lastly, the effects of degenerate eigenvalues are investigated, and solutions are provided. 



 

C-9699 

9673…..…..…………………..…….……..……ID Number…………………..…..…………….9673 

Author: Natalizio, A. / Brunnader, H. / Sood, S. K. 

Title: Regulatory Aspects of Fusion Power-Lessons from Fission Plants 

Date: 6/1/1993 

Report: Journal of Fusion Energy, 12:1-2 
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Abstract/Keyterms: Experience from fission reactors has shown the regulatory process for licensing a 
nuclear facility to be legalistic, lengthy, unpredictable, and costly. This experience also indicates that much 
of the regulatory debate is focused on safety margins, that is, the smaller the safety margins the bigger the 
regulatory debate and the greater the amount of proof required to satisfy the regulatory. Such experience 
suggests that caution and prudence guide the development of a regulatory regime for fusion reactors. Fusion 
has intrinsic safety and environmental advantages over fission, which should alleviate significantly, or even 
eliminate, the regulatory problems associated with fission. The absence of a criticality concern and the 
absence of fission products preclude a Chernobyl type accident from occurring in a fusion reactor. Although 
in a fusion reactor there are large inventories of radioactive products that can be mobilized, the total quantity 
is orders of magnitude smaller than in fission power reactors. The bulk of the radioactivity in a fusion 
reactor is either activation products in steel structures, or tritium fuel supplies safely stored in the form of 
a metal tritide in storage beds. The quantity of tritium that can be mobilized under accident conditions is 
much less than ten million curies. This compares very favorably with a fission product inventory greater 
than ten billion curies in a fission power reactor. Furthermore, in a fission reactor, all of the reactivity is 
contained in a steel vessel that is pressurized to about 150 atmospheres, whereas in a fusion reactor, the 
inventory of radioactive material is dispersed in different areas of the plant, such that it is improbable that 
a single event could give rise to the release of the entire inventory to the environment. With such significant 
intrinsic safety advantages there is no a priori need to make fusion requirements/regulations more 
demanding and more stringent than fission. 
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Abstract/Keyterms: The time-average density of a boiling coolant at any axial location along a given flow 
channel is a function of the coolant pressures temperature at the inlet to the channel, mass rate of flows and 
the axial distribution of the heat input rate. Thus the time-average local density will be constants except for 
variations in these four variables, In predicting the stability or transient behavior of a reactor utilizing a 
boiling coolants it becomes necessary to express changes in coolant density as a function of changes in 
these four variables. The local time-average coolant density change that exists after steady state is attained, 
following a change in each of the variables, is derived. The changes in the four variables are sufficiently 
small to permit use of small- signal analysis. It is observed that equal but opposite fractional changes in the 
coolant mass rate and the heat input to the coolant will produce the same density change. 
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Abstract/Keyterms: Physics; Absorption; Correlation Function; Energy; Mathematics; Neutron Flux; 
Neutrons; Reflection; Transport Theory 



 

C-9702 

9676…..…..…………………..…….……..……ID Number…………………..…..…………….9676 

Author: Leonard, A. / Mullikin, T. W. 

Title: Spectral Analysis of the Anisotropic Neutron Transport Kernel in Slab Geometry with Applications 

Date: 3/1/1964 

Report: Journal of Mathematical Physics (New York) (U.S.); Vol: 5 

Conference/Journal: Journal of Mathematical Physics (New York) (U.S.) 

Conference Session:  
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Differential Equations; Fredholm Equation; Integral Equations; Integrals; Mathematics; Neutrons; 
Numericals; Plates; Production; Quantum Mechanics; Scattering; Spectroscopy; Thickness; Transport 
Theory 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Collisions; Configuration; Cylinders; 
Errors; Lattices; Matrices; Measured Values; Neutron Flux; Probability; Reactor Core; Reactors; Statistics; 
Surfaces; Thermal Neutrons; Transport Theory 
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Conference Session:  

Abstract/Keyterms: Major facts of a nuclear criticality accident, which resulted in the death of 1 man (K) 
and substantial exposures to 2 others, are recapitulated. The critical excursion took place in a tank of 
solution from which Pu was being recovered, and the number of fissions was calculated to be approximates 
1.5 x 10/ sup 17/. The average whole-body dose to K was estimated to be between 3900 and 4900 rads, 
with the incident dose to the upper abdomen calculated to be approximates 12000 rads, neutrons plus 
gamma. Two other workers, neither of whom showed any signs or symptoms of injury other than alterations 
in their blood counts, received total doses of approximately 130 and 35 rads, respectively, most of this being 
gamma radiation. K went promptly into shock and was unconscious within a few minutes of the accident. 
He was brought out of shock, but died 35 hr after the accident. Marked changes were observed in the 
hemopoietic and urinary systems, heart, gastrointestinal tract, and bone marrow. Lymphocytes were not 
found in the circulating blood after the eighth hour, and there was virtually complete urinary shut-down 
despite administration of large amounts of fluids. A surprisingly large percentage of the material was 
recovered from the pulmonary lymph nodes. K's dose varied widely in different parts of the body and even 
in different parts of the same organ, such as the heart and stomach. From data on the other 2, it appears that 
the changes following exposures in excess of 100 rads are characteristic and of clinical significance, 
whereas doses below 50 rads produce blood changes too slight to be of any diagnostic value. 
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Abstract/Keyterms: Inservice inspection is of great significance to a number of industries, especially such 
ones as petrochemical and nuclear power. of the quantitative approaches applied to inservice inspection, 
failure modes, effects, criticality analysis (FMECA) methodology is recommended. FMECA can provide a 
straightforward illustration of how risk can be used to prioritize components for inspection (ASME, 1991). 
But, at present, it has two limitations. One is that it cannot be used in the situation where components have 
multiple failure modes. The other is that it cannot be used in the situation where the uncertainties in the 
data of components have nonuniform distributions. In engineering practice, these two situations exist in 
many cases. In this paper, two methods based on fuzzy set theory are presented to treat these problems. The 
methods proposed here can be considered as a supplement to FMECA, thus extending its range of 
applicability. 
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Diagrams; Quantity Ratio; Solid Solutions; Solids; Solubility; Solutions; Stability; Temperature; Uranium 
Trioxide; Uranyl Compounds; Vapors; Water 
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Conference Session:  

Abstract/Keyterms: Chemistry; Ammonium Compounds; Beryllium; Cations; Chemical Reactions; 
Criticality; Lead; Mathematics; Mixing; Phenols; Potassium; Precipitation; Quantity Ratio; Solutions; 
Sulfates; Thorium Sulfates; Uranyl Compounds; Uranyl Nitrates; Water 
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Abstract/Keyterms: The intent of this work is to report the results and describe the procedures utilized to 
evaluate the chromium isotopes' cross sections, i.e., (50)Cr, (52)Cr, (53)Cr, and (54)Cr, for criticality safety 
applications. The evaluations were done in the resolved resonance region using the reduced Reich-Moore 
R-matrix formalism. The novel aspect of this evaluation is the inclusion of new transmission and capture 
cross-section measurements performed at the Oak Ridge Electron Linear Accelerator (ORELA) for energies 
below 100 keV and the extension of the (53)Cr energy region. The resonance analysis was performed with 
the multilevel R-matrix code, SAMMY, which utilizes the generalized least-squares technique based on the 
Bayes' theory. Complete sets of resonance parameters and resonance parameter covariance matrices 
(RPCMs) were obtained for each of the chromium isotopes from the SAMMY analysis of the experimental 
database. 
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Conference Session:  

Abstract/Keyterms: The Perron-Frobenius theory of nonnegative matrices is applied to provide a 
mathematical basis for the physical concept of criticality and for typical computational interpretations of 
this concept. 
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Abstract/Keyterms: The purpose of this patent is to improve the workability and safety by enabling the 
machine to check the subcritical state while loading the fuel assembly upon fuel charging. A process 
computer for calculating subcriticality degree is provided in the fuel charging machine, which is connected 
to a nuclear reactor. When it is judged the state to be subcritical, a fueling-possible signal is sent to the fuel 
charging machine. On the contrary, when it is not, fueling-stop or other position-selection signal is sent to 
the fuel charging machine. 
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Abstract/Keyterms: Critical control can be achieved and decontamination factor increased by adding 
metallic ions having a large neutron absorption cross section, such as Hf, Sc, and in, to the dissolution step 
and/or the extraction and separation steps of a spent nuclear fuel reprocessing method. This method 
performs critical control by the addition of soluble neutron poison metallic ions, and restrains the decrease 
of the decontamination factor of fission products and the reduction of recovery of plutonium and/or super 
plutonium by masking acidic organic phosphorus compounds. As the result of experiments, it was found 
that the increase in distribution ratio of radioactive zirconium due to formation of dibutyl phosphate can be 
restrained by the addition of a variety of metallic ions. A nitric acid solution containing U, Pu and fission 
products were contacted with tributyl phosphate/dodecane solution. The extracted U and Pu were washed 
with nitric acid solution. After 7 to 8 hours of operation, the compositions of extraction waste and extracted 
media were analyzed. The plutonium recovery was 99% or more. The material balance was 97-99%. The 
distribution and the concentration were satisfactory. The addition of nonradioactive zirconium increased by 
four times the decontamination factor once lowered to 1/8. 
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Abstract/Keyterms: A novel criticality accident alarm sensor comprises an ionization chamber housed by 
a paraffin moderator covered with cadmium. The thickness of the paraffin is so determined that a fast 
neutron is slowed down to thermal energy. The center electrode of the ionization chamber is covered with 
a material such as indium having a large thermal neutron activation cross section so as to radiate beta and/or 
gamma-rays having a half-life of a few seconds. If a system falls into criticality, the indium in the ionization 
chamber is activated to radiate beta-rays to thereby produce an ionization current. This current is used for 
the immediate generation of a criticality accident alarm. 
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Author: Horikawa, T. / Ueda, T. 

Title: Uranium Collector 

Date: 3/10/1976 

Report: JP 1977-109100 /A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The object is to prevent criticality accidents by controlling reactivity of collected 
uranium in a collector for collecting uranium and uranium compounds in a uranium enrichment plant. 
Structure such as boron and cadmium is located within a container of a cold trap collector or adjacent to 
exterior of the container of the collector, in order to suppress reactivity of uranium stored in the cold trap 
which utilizes low temperature coagulation of a collected material. A gaseous uranium introduced into the 
container of the collector is cooled to a low temperature and is stored in the container in a form of coagulant. 
Since the neutron absorber is provided, criticality accidents can be prevented. 
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Title: Safety Equipment in a Reactor 
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Report: JP 1978-21391/A 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The object of the invention is to safely retain, even if fuel should be molten and flown 
through the bottom of a container in a reactor, the molten fuel to remove heat generation of the fuel to 
prevent occurrence of a critical trouble. A reactor container housing a core and coolant has thereunder a 
separation dome in a central portion thereof and a partitioning plate coaxially and circularly disposed in the 
periphery of the separation dome, with a tray formed of magnesium oxide being disposed. Further, a cooling 
path system is provided so as to surround the tray. The cooling path system and the reactor container are 
surrounded and protected by a reactor wall provided with heat insulating refractory bricks, a coolant pouring 
system extends through the reactor wall, and the coolant is supplied to the tray. 
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Abstract/Keyterms: Neutron Multiplication Factor Measuring Method 
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Abstract/Keyterms: Control Rod / Neutron Absorbers 
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Conference/Journal:  
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Conference Session:  

Abstract/Keyterms: Neutron Poison Rod 
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Abstract/Keyterms: Control Rod / Neutron Absorbers 
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Title: Fuel Assembly 
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Report: JP 2-6785/A// 10 Jan 1990/20 pp. Int. Patent Code: G21C3/328/G21C3/326 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Cans / Fuel Assembly 
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Report: JP 3-107795/A// 8 May 1991/4 pp. Int. Patent Code: G21C7/28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Control Line / Injecting Liquids for Neutron Reflectors / Annular Tank 
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Title: Nuclear Reactor 
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Conference Session:  
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Conference/Journal:  
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Title: Fuel Storage Rack 
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Report: JP 5-40195/A// 19 Feb 1993/6 pp. Int. Patent Code: G21C19/07 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Structural Materials / Fuel Assembly Containing Pipe / Neutron Absorbing / Fuel 
Storage Density Increased 
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Author: Tada, Y. 

Title: Method of Storing Fuel Assemblies 

Date: 3/3/1979 

Report: JP 54-28996/A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Purpose: To decrease the storing space required for collective storage of fuel 
assemblies. Method: After inserting neutron absorbers in guide tubes such as control rod clusters provided 
to the fuel assembly, fuel assemblies are stored collectively. The neutron absorbers consist of boron carbide 
or the like and are contained in stainless steel pipes. Since neutrons produced from the fuel assemblies are 
absorbed in the above absorbers, attainment to the criticality can be avoided if the inter-assembly space is 
narrow. 
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Title: Reactor Criticality Approaching Method 

Date: 4/27/1979 

Report: JP 54-53792 /A 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A criticality approaching method is described which improves the draining of poison 
solution from poison pipes and is applicable to reactors having a plurality of neutron absorbers in the core, 
particularly light water reactors fitted with control rods and heavy water reactors fitted with poison pipes. 
During operation of the reactor, a power range neutron instrumentation constantly detects the power and 
emits signals to a neutron flux-power convertor. With the reactor power higher than that set by a power 
setter, an instruction is fed from a poison rapid-injection instructor so as to shut a poison injection valve 
and a heavy water level control valve, thereby stopping the reactor. Restarting is effected by injecting heavy 
water into the core tank and gradually draining the poison solution out of the poison pipe to increase the 
neutron flux within the core. In doing this the neutron flux is measured by a start range neutron 
instrumentation, and the measurements are used to find the neutron absorbing elements to be drawn out in 
the neighborhood of a critical point, the drawing rate being smaller than that at which the preceding neutron 
absorbers are drawn out. 
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Report: JP 6614558 - 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Computers; Control Elements; Control 
Systems; Criticality; Reactors; Startup 



 

C-9754 

9728…..…..…………………..…….……..……ID Number…………………..…..…………….9728 

Author: Yokoyama, Tsuguo / Tsuboi, Yasushi / Nagaoka, Kazuhito 

Title: Reactor Core of FBR Type Reactor 

Date: 5/19/1995 
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Conference Session:  

Abstract/Keyterms: FBR Type Reactor Core / Plenum Portion 
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Conference Session:  

Abstract/Keyterms: Invention / Nuclear Fuel Material Storage Vessel / Rectangular 
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Title: Fuel Assembly for FBR Type Reactor 
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Report: JP 7-306283/A// 21 Nov 1995/7 pp. Int. Patent Code: G21C3/328/G21C3/326/G21C5/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sodium Bond-Type Fuel Pins / Nitride Fuels / Carbide Fuels / Metal Fuels / Hydride 
Moderators / LMFBR Type Reactor 
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Title: Drip Tray 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Invention / A Uranium / Plutonium Mixed Oxide Fuel (Mox) / Uniformly Mixing 
PUO2 Powder and UO2 Powder 



 

C-9759 

9733…..…..…………………..…….……..……ID Number…………………..…..…………….9733 

Author: Shimazu, Yoichiro 

Title: N and Gamma Ray Intensity in Nuclear Reactor 

Date: 4/22/1997 

Report: JP 9-105796/A// 22 Apr 1997/5 pp. Int. Patent Code: G21C17/00/G01T3/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PWR / Boron Concentration 



 

C-9760 

9734…..…..…………………..…….……..……ID Number…………………..…..…………….9734 

Author: Ota, Kazuaki / Takazawa, Hiroshi / Yamakami, Sumio 

Title: Conversion Method of Spent Nuclear Fuel to Chloride and Device Therefor 

Date: 5/27/1997 

Report: JP 9-138295/A// 27 May 1997/7 pp. Int. Patent Code: G21C19/44/B01D19/00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chloride-Supporting Salts / Reaction Medium / Nuclear Fuels 



 

C-9761 

9735…..…..…………………..…….……..……ID Number…………………..…..…………….9735 

Author: Ota, Kazuaki / Ogami, Takeshi / Takazawa, Hiroshi / Yamagami, Sumio 

Title: Spent Nuclear Fuel Recovering Method and Device 

Date: 6/10/1997 

Report: JP 9-152497/A// 10 Jun 1997/10 pp. Int. Patent Code: G21C19/44 

Conference/Journal:  

Conference Session:  
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Title: Thermal and Criticality Analysis of the Plasma Core Reactor 
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Report: JPL-TR-32-189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radiative heat transfer to the propellant and reactor criticality for a fissionable 
gaseous rocket engine are analyzed to determine their interdependence. The necessity for propellant 
thicknesses of approximately 1 to 3 m due to poor thermal absorption properties of hydrogen significantly 
affects reactor critical radius and mass. The two primary adverse effects are: (1) increased absorption in the 
reflector-moderator for a given reflector thickness and (2) poor utilization of thermal neutrons by the core 
due to the lower geometrical view factor of the core for the reflector walls. In fact, there is a minimum core 
radius at a particular propellant thickness which allows the system to go” critical. Engine performance is 
limited primarily to two regions of operation: the first, a specific impulse of approximately 1550 sec at a 
thrust level of 2 x 10/sup 6/ lb and second, a specific impulse of approximately 2200 sec at a thrust level of 
5.3 x 10/sup 6/ lb. 
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Author: Estabrook, F. B. 

Title: Multigroup Diffusion with Periodic Arrays of Line Sources 

Date: 11/1/1960 

Report: JPL-TR-32-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A multigroup diffusion theory is formulated for heterogeneous reactors having 
periodic arrays of line discontinuities. These discontinuities are idealized cylindrical internal boundaries of 
an otherwise homogeneous moderating medium, and appropriate mixed-group or multiplying boundary 
conditions at such boundaries allow Floquet solutions to be found for the neutron fluxes in the moderator. 
Real superpositions of such Floquet solutions then can give the physical fluxes in finite reactors. The 
requirement that a Floquet solution in the moderator have the proper thermal flux behavior at a cylindrical 
internal boundary, to match the thermal flux actually inside a fuel rod, leads to a "criticality" condition, the 
solutions to which give the spectrum of allowed Floquet solutions. For each of these a relation between 
material bucklings of B/ sub x//sup 2/, B/sub y//sup 2/, and B/sub z//sup 2/ is obtained which is, in general, 
anisotropic. Some approximations to the general theory are given, and it is shown in the two-group case 
that the theory properly reduces to the homogeneous approximation. 
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Title: Criticality Calculations for a Fast Liquid-Metal-Cooled Reactor--Phase I 
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Report: JPL-TR-32-512 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multigroup diffusion theory calculations were employed to evaluate some static 
reactor physical properties for a conceptual fast liquid-metal-cooled reactor. Also, the influence of the 
constructional components on reactivity was investigated. It is concluded that the reactor concept holds 
promise in fulfilling the requirements of 20,000 hr of operation at 10 Mw thermal power with reflector 
control, provided 45,000 Mwd/t burnup can be achieved with a uranium refractory and lithium fuel slurry 
at 2700 deg F peak fuel temperature. 
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Moderator; Criticality; Diffusion; Distribution; Efficiency; Electricity; Fast Neutrons; Fermi Age; Fission; 
Fuel Elements; Neutrons; Numericals; Planning; Power; Power Plants; Reactors; Statistics; Thermal 
Neutrons; Thickness; Transport Theory; Zones 
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Abstract/Keyterms: Health and Safety; Accidents; Buildings; Criticality; Economics; Environment; 
Gamma Detection; Gamma Radiation; Instruments; Mockup; Monitoring; Ohio; Radiation Detectors; 
Radiation Sources; Testing 
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Title: The Zero Energy Experiment KAHTER for the High Temperature Reactor. Construction and 
Experimental Results of Phase I with Homogeneous Pebble Bed 

Date: 7/1/1975 

Report: JUEL-1215 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical pebble bed experiment KAHTER and the aim of the experiment are 
described. The experiments of phase I and their results are discussed. For comparison with calculations, the 
critical masses, the reactivity-worths of absorber rods and the reaction rates were measured. The influence 
of backscattering from the walls and a change of the filling factor of the pebble bed on the critical mass are 
investigated. Reactivity-worths of absorbers are determined by means of the inhour-method, the subcritical 
multiplication, the pulsed source measurements and the inverse kinetic method. These methods are 
compared one with another. Special attention is paid to the dependence on the detector position. Reaction 
rates are measured in the thermal, epithermal, and fast energy region. 
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Title: Application of the Transport Equation for the Interpretation of Experimental Results Obtained from 
Heterogeneous Critical Assemblies 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present report interprets selected experimental results of the critical experiment 
(ITR) by applying the transport equation in a Ssub(n)-approximation. Emphasis put on the investigation of 
methodological uncertainties in the computation of compact and heterogeneous neutronic system on the 
basis of multigroup constants. The measured reactivity value of a tungsten sample is checked against 
evaluations using given data-sets and with respect to the validity of resonance treatment. Special concern 
is given to resolving small reactivity changes. The concept of Wigner-Seitz approximation for the given 
lattice cell structure is checked experimentally by measurements of intracell fluxes and by measuring the 
space-dependent reactivity value of cell components. The interpretation of these methodologically 
independent experimental data including integral parameters-as the critical mass-leads to a consistent 
statement on a systematic error in the computed neutronic cell spectrum. 
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Title: Determination of Reactivity at a Compact Core with Low Absorption Reflector by Means of the 
Pulsed Neutron Method 

Date: 9/1/1976 

Report: JUEL-1343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pulsed measurements at a compact critical facility with low absorption reflector are 
described. By a number of such measurements at different points of the system a proper value for the 
reactivity can be determined, which allows a meaningful comparison with values calculated by static 
computer codes in spite of the presence of kinetic distortion in the system. A modified area ratio method is 
developed and applied to the measurements; furthermore a method is shown, which allows to suppress in 
this systems the kinetic distortion in the fundamental mode by application of special detectors. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of reactivity and the prompt decay constant were performed in an 
extremely slow system (alphasub(C) = 3.8 s$sup-1$)-the critical facility KAHTER-using a new measuring 
method on the basis of neutron noise analysis. This method gives information about the state of the reactor 
in a short time and with relatively little instrumentation compared with other methods. A calculational 
correction of the measuring results is not necessary as they are independent from the position of the 
detectors at a given reactor state. The subcriticality is evaluated from the zero crossing point of the 
correlation function. The lowest possible detector efficiency was determined in order to get information on 
the applicability of the method with power reactors. The result was that the use at large HTR-reactors to 
control the subcritical state during shut down periods might be difficult, because in such cases it seems to 
be almost impossible to realize the needed detector efficiency of about 10$sup-4$. The method is applicable 
however for alphasub(C)-measurements even in large HTR-reactors during the first startup of the reactor. 
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Report: JUEL-1507 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At three critical or subcritical facilities-two of them filled with spherical HTGR-fuel 
elements-the reactivity is determined using kinetic methods. Besides the inverse kinetic method, the 
applicability of the pulsed-neutron method is investigated. The experimental results using the pulsed-
neutron method are compared partly with the inverse kinetic method and partly with diffusion-calculations. 
It is shown, that in the HTGR the space dependence of the reactivity in radial direction is not remarkable 
in spite of the ’kinetic distortion'; on the contrary in axial direction-the direction of the external neutron 
source-space dependent reactivity worths are measured. The results of the pulsed-neutron methods of 
Sjoestrand and Simmons-King are rather good applicable in all configurations. For the method of Sjoestrand 
it is necessary to select the detector positions, whereas for Simmons-King the calculated life-time 
determines the results. Therefore it is proposed to compare calculated and measured decay constants of the 
prompt neutron field in future. 



 

C-9778 

9752…..…..…………………..…….……..……ID Number…………………..…..…………….9752 

Author: Pohlen, E. 

Title: Investigation of Core Neutronics Calculational Methods for the HTR-Critical Experiment 
(KAHTER) with Regard to the Validity of Calculation of the Influence of the Upper Cavity 

Date: 1/1/1982 

Report: JUEL-1760 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Core Neutronics Calculational Methods; HTR-Critical Experiment (Kahter); Pebble 
Bed Reactors 
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Title: Aqueous Chemical Reprocessing of HTR Fuel 

Date: 2/1/1984 

Report: JUEL-1899 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The THOREX process has been developed for reprocessing uranium and thorium 
from thorium-based fuel. Several flowsheet variants with acid and acid deficient feed solutions, respectively 
have been investigated in the past. In order to achieve high decontamination factors, a dual cycle THOREX 
process was developed. This process uses an acid feed solution in the first cycle and an acid deficient one 
in the second cycle. According to recent investigations, a single cycle process with acid feed solution should 
provide the necessary decontamination factors. An immediate separation of thorium and uranium appears 
advisable in view of both fuel cycle strategy and process feasibility. Pulse columns should be preferentially 
used as extraction apparatus, at least for the extraction step. Reprocessing of HTR-LEU fuel in existing 
PUREX plants is bothered with problems of criticality prevention due to the residual total fissile isotope 
content in the feed of greater than 2%. Special precaution must therefore be taken in several processing 
units. A more suitable method to overcome criticality difficulties may be the application of a flow sheet 
with lower TBP concentrations in the range of less than 10%. Beyond it, there are no further problems to 
consider with LEU fuel reprocessing. 
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Title: Plutonium-Properties and Possibilities 
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Report: JUEL-Conf-24 

Conference/Journal:  
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Abstract/Keyterms: The part the plutonium plays in the nuclear fuel cycle is demonstrated on the so far 
open fuel cycle. The possibilities and advantages of closing by recycling in lightwater reactors and fast 
breeders are mentioned and evaluated. This shows that the fact of recycling being renounced at present 
causes an increase of the Pu-reserves by at least 18 T. per year. Jet the technique used so far is already apt 
to guarantee protection of the operators and the environment from damage resulting from radiotoxicity and 
the criticality parameters. Also the potential hazards by terrorism and external actions have been realized 
and are being controlled. It should be of some interest to affect the fission of the Pu-amount by permanent 
recycling with energy gains in the reactor, and to keep by this means the accessible amount as small as 
possible. 
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Thermischen Neutronenflusses in den Detektoren Des Anfahr-und Abs 

Date: 6/1/1961 

Report: JUL-10-Re 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation was made of the nuclear instrumentation of the MERLIN reactor. 
The signals in the startup and shutdown channels for different characteristic operating conditions of the 
reactor were calculated. Type, position, and screening of the radiation detectors used in the two channels 
are described. The method of calculating the gamma radiation flux at the location of the detector is 
explained and the results are summarized. The gamma signal in the shutdown channel was calculated for 
the critical reactor at saturation of the fission product concentration and the signal in the startup channel for 
a shutdown reactor depending on the shutdown period which was assumed to be of such length that the 
fission product concentration had attained equilibrium. The calculations of the thermal neutron flux at the 
position of the detector are given. The corresponding neutron signals in the shutdown channel for the critical 
reactor and in the startup channel for the subcritical reactor were calculated at different values of negative 
reactivity. The results in regard to the function of the two channels are discussed. 
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Abstract/Keyterms: Nuclear Materials & Waste Management--Disposal & Storage; Environmental & 
Earth Sciences--Radioactivity Monitoring & Transport; Salt Deposits-- Spent Fuel Storage; Spent Fuel 
Storage-- Salt Deposits; Adsorption-- Diffusion-- Heating-- Krypton 85-- Permeability-- Salts-- 
Temperature Dependence-- Time Dependence-- Tritium; After-Heat-- Containers-- Design-- Hot Cells-- 
Openings-- Physical Protection Devices-- Pneumatics-- Safety-- Shielding-- Transport; Analytical 
Solution-- Containers-- Contamination-- Corrosion-- Criticality-- Diffusion-- Failures-- Gases-- Krypton 
85-- Leaching-- Leaks-- Losses-- Maximum Credible Accident-- Microstructure-- Seals-- Storage-- 
Tritium-- Tritium Compounds-- Water; Avr Reactor; Binary Mixtures; Radioactive Waste Disposal; Spent 
Fuel El 
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Title: Method of Interval Distribution Measurement to Determine the Reactivity in Nuclear Reactors 
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Report: JUL-1225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The application of noise analysis to signals of a neutron detector enables the 
measurement of the reactivity of a subcritical nuclear reactor by means of the Rossi-alpha determination. 
The measurement of the distribution density of the intervals between single counter tube pulses is one of 
the methods for investigating the pulse sequence of a counter tube. The Kolmogoroff theory of the 
branching processes is first applied to the detection of neutrons using an absorption detector. The reactor 
kinetic model characterized by monoenergetic neutrons in the point reactor is used as a basis. By 
introducing probability-creating functions, it is possible to derive three probability densities which are also 
measurable. It is shown that the Psub(cc) interval distribution measurement has the largest information 
content where the deviation from the Poisson distribution for non-correlated events is taken as a measure. 
A study of the determining parameters shows that complications in Psub(cc) measurements are only to be 
expected for reactivities close to the critical state or at high neutron source intensities. An experiment was 
set up on the SUR-100 to investigate further parameters influencing the Psub(cc) measurement; its 
arrangement and date evaluation are described in detail. 
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Title: Multigroup Effective Cross Sections for the Structural, Solution, and Breeding Materials of the Mosel 
Reactor; Multigruppen-Wirkung-Squerschnitte fuer die Struktur-, Loesungsund Brutmaterialien des Mosel-
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Beryllium; Breeding; 
Chromium; Cross Sections; Fission; Fluorine; Fused Salt Fuel; Iron; Mechanical Structures; Molybdenum; 
Monel; Neutrons; Nickel; Numericals; Reactors; Sodium; Thorium 
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Title: Results of the Start Up Experiments of the Reactor FRJ-1 after Remodeling 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Control Elements; Criticality; Liquid Flow; Mass; Measurement; Merlin-Juelich; Neutron Flux; 
Numericals; Reactivity; Reactors; Research Reactors; Rods; Startup; Testing; Thermal Neutrons; Water 
Coolant 
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Title: Determination of Critical Masses for Different Core Arrangements in the FRJ- 1 Merlin; Bestimmung 
Von Kernanordnungen Kritischen Massen fur Verschiedene im FRJ-1 Merlin 

Date: 10/1/1962 

Report: JUL-76-RE 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: With the help of instruments, consisting of 3 measuring channels with BF3counting 
tubes as detectors, temporarily installed in the reactor tank, an approximation of the critical conditions of 
the reactor for various core configurations was accomplished. From the approximation curves the critical 
masses for the respective core arrangements were determined by extrapolation. The following values were 
obtained: for a square core M = 2682.2 plus or minus 1.3 g U235, for a cruciform core M/sub c/ = 2837.9 
plus or minus 1.5 g U235 and for a BeO-reflected core M/sub c/ = 2134 g U/sub 235/. By installation of 
BeO reflector elements about 528 g of nuclear fuel could be saved. 
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Title: Limitation of Fissionable Material in Relation to Storage and Processing of Uranium--Thorium--
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Abstract/Keyterms: Reactors-Power Reactors, Non-Breeding, Light- Water Moderated, Boiling Water-
Cooled; BWR Type Reactors- Plutonium Recycle; Plutonium Recycle; Configuration; Criticality; Fuel 
Elements; Fuel Management; Plutonium; Reactor Cores; Reactor Kinetics 
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Conference/Journal:  
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Abstract/Keyterms: The two-dimensional DOT-IV discrete-ordinates program was applied in analyses of 
the K-33 cell floor radiation levels due to four hypothetical criticality events. The radiation sources 
correspond to leakage spectra from critical uranyl fluoride solutions ranging from 1.2 to 4.95 weight percent 
enrichment. For the criticality-alarm-system ANSI Standard 8.3 minimum accident of concern (1200 
Rad/hour at 2 meters from the surface of the critical volume), the dose rates at the maximum source-detector 
distance vary from approximately 150 to 200 mRad/hour of either neutron or photon radiation. The report 
includes a discussion of the methodology employed in the study, biological dose rates, thermal neutron 
reaction rates and appended dose rate plots. 
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Title: Criticality Safety Survey Computations of Uranium Hexafluoride Freezer/Sublimer Tube Lattices 
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Report: K/DD-1000 

Conference/Journal:  
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Abstract/Keyterms: The ANISN computer code has been used at the Oak Ridge Gaseous Diffusion Plant 
to survey the nuclear properties of infinite UF6 freezer/sublimer tube lattices immersed in hydrogen 
fluoride-moderated UF6 over the 1.0to 5.0% 235U enrichment range. Refrigerant-114 (R-114) at various 
densities was present with each freezer/sublimer tube. Infinite-medium multiplication factors were also 
determined for homogeneous UF6/HF and UF6/ R-114 systems. The survey provides a broad overview of 
the nuclear properties of UF6 freezer/sublimers and guidance for future computations on specific designs 
of these units proposed for gaseous diffusion plant application at a maximum 235U enrichment of 5%. 
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Title: High Energy Absorption Chocks for a 10-Ton UF6 Cylinder 
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Abstract/Keyterms: A new, light-weight, high-energy absorption chock has been designed, built, and 
tested to provide a high degree of impact protection for UF6 cylinders under both normal and accident 
conditions. Tests under a simulated UF6 loading have indicated that a 10-ton type thin wall UF6 cylinder, 
which contains 20,000 pounds of liquid UF6 with the high-energy absorption chock (HEAC) attached at 
each end, would not rupture when dropped onto a 16-in. thick reinforced concrete PAD at heights up to 12 
ft. Further testing or study to determine the applicability of this new cylinder protection device for use with 
other UF6 cylinders may be worthwhile. 
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Abstract/Keyterms: The Oak Ridge Gaseous Diffusion Plant was built during World War II and operated 
successfully until 1964 when shutdown was begun. The plant took natural (0.711% 235U) uranium as feed 
and processed it into both low-enriched uranium (LEU) and high-enriched uranium (HEU) with 
concentrations of{approximately}93% 235U. During operation, in-leakage of humid air into process piping 
and equipment caused reactions with gaseous uranium hexafluoride (UF6) that produced nonvolatile uranyl 
fluoride (UO2F2) deposits. After shutdown, the volatile UF6 was evacuated, but the UO2F2} deposits 
remained. The U.S. Department of Energy has initiated a program to improve nuclear criticality safety by 
removing the larger deposits of enriched uranium. 
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Abstract/Keyterms: A modified Nilfisk model GSJ dry vacuum cleaner is used throughout the K-25 Site 
to collect dry forms of highly enriched uranium (HEU). When vacuuming, solids are collected in a cyclone-
type separator vacuum cleaner body. Calculations were done with the SCALE (KENO V.a) computer code 
to establish conditions at which a nuclear criticality event might occur if the vacuum cleaner was filled with 
fissile solution. Conditions evaluated included full (12-in. water) reflection and nominal (1-in. water) 
reflection, and full (100%) and 20% 235U enrichment. Validation analyses of SCALE/KENO and the 
SCALE 27-group cross sections for nuclear criticality safety applications indicate that a calculated k(eff) + 
2{sigma}< 0.9605 may be considered safely subcritical. Thus, a system with a calculated k(eff) + 
2{sigma}{ge} 0.9605 is considered unsafe and may be critical. Critical conditions were calculated to be 70 
g U/L for 100% 235U and full 12-in. water reflection. This corresponds to a minimum critical mass of 
approximately 1,400 g 235U for the approximate 20.0-L volume of the vacuum cleaner. The actual volume 
of the vacuum cleaner is smaller than the modeled volume because some internal materials of construction 
were assumed to be fissile solution. The model was an overestimate, for conservatism, of fissile solution 
occupancy. At nominal reflection conditions, the critical concentration in a vacuum cleaner full of UO2F2 
solution was calculated to be 100 g235U/L, or 2,000 g mass of 100% 235U. At 20% 235U for the 20.0-L 
volume of the vacuum cleaner. At 15% 235U enrichment and full reflection, critical conditions were not 
reached at any possible concentration of uranium as a uranyl fluoride solution. At 17.5% 235U enrichment, 
criticality was reached at approximately 1,300 g U/L which is beyond saturation at 25 C. 
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Abstract/Keyterms: The use of a freezer-sublimer system operating at low desublimation pressures to 
replace 10-in. nuclearly safe cold traps for low assay (<5% U-235) uranium hexafluoride (UF6) would 
significantly simplify operations and is economically attractive provided the nuclear safety of the system 
can be assured. A major requirement of such assurance is the availability of conditions guaranteeing that 
the nuclear safety design criterion, which requires that the H/U atomic ratio in the condensate in the freezer-
sublimer always be less than 0.33 for assays up to 5%, will never be violated. A general vapor pressure 
equation giving the vapor pressure of HF-UF6 solutions as a function of temperature and mole fraction UF6 
has been developed. The precision of the data at the 95% confidence level is {plus minus}0.1 torr at 
temperatures between {minus}100{degree}F and {minus}121{degree}F. The calculated vapor pressure of 
pure HF is 4.6 torr at {minus}100{degree}F and 3.1 torr at {minus}108{degree}F. Theoretical 
considerations suggest that the true value will be slightly lower. In experimental studies of the cold trapping 
operation at {minus}108{degree}F and at a trap pressure of 2.2 torr, only 7.3% of the HF entering the trap 
was retained in the trap. At a trap pressure of 4.6 torr, over 80% of the HF entering the trap was retained. 
The data obtained in this study confirms that the physical chemistry of the HF-UF6 system previously 
developed accurately describes the behavior of the system and that so long as the pressure in the trap is 
maintained below the vapor pressure of pure HF at the trap temperatures, there is no way that sufficient HF 
can be trapped to give an H/U ratio of 0.33 regardless of the HF/UF6 ratio in the feed to the trap 
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Title: The Pattern of Explosive Reaction Between Uranium Hexafluoride and Hydrocarbon Oils 

Date: 3/21/1986 

Report: K/GD-1631-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Examination of uranium hexafluoride release incidents occurring over the past three 
decades of ORGDP experience has identified only four which apparently involved an explosion of a 
container resulting from reaction between uranium hexafluoride and an impurity. These four incidents 
exhibit a certain degree of commonality. Each has involved: (1) condensed phase uranium hexafluoride, (2) 
a moderately elevated temperature, (3) a sufficient quantity of uranium hexafluoride for a significant partial 
pressure to be maintained independently above that which can be consumed by chemical reaction, and (4) 
an organic liquid (probably hydrocarbon oil) accidentally present in the container as a contaminant. The 
purpose of this investigative search was to establish some conditional pattern for these four incidents to 
which their violent consequences could be attributed. Fortunately, the number of such incidents is relatively 
small, which emphasizes even more pointedly the unfortunate fact that documentation ranges from 
thorough to very limited. Documented sources of information are given in the bibliography. Copies of those 
which are not readily available are contained in six appendices. 
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Conference/Journal: Uranium Hexafluoride--Safe Handling, Processing, and Transporting Conference, 
Oak Ridge 

Conference Session:  

Abstract/Keyterms: This bibliography is a compilation of reports written about the transportation, 
handling, safety, and processing of uranium hexafluoride. An on-line literature search was executed using 
the DOE Energy files and the Nuclear Science Abstracts file to identify pertinent reports. The DOE Energy 
files contain unclassified information that is processed at the Office of Scientific and Technical Information 
of the US Department of Energy. The reports selected from these files were published between 1974 and 
1983. Nuclear Science Abstracts contains unclassified international nuclear science and technology 
literature published from 1948 to 1976. In addition, scientific and technical reports published by the US 
Atomic Energy Commission and the US Energy Research and Development Administration, as well as 
those published by other agencies, universities, and industrial and research organizations, are included in 
the Nuclear Science Abstracts file. An alphabetical listing of the acronyms used to denote the corporate 
sponsors follows the bibliography. 
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Abstract/Keyterms: The process of sampling and feeding is an important operation in handling UF6 in a 
gaseous diffusion plant. The Operational Safety Requirement (OSR) for implementation of this process is 
described in this paper. 
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Title: Criticality Safety Review of the Feed and Withdrawal (F/W) Facility 
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Abstract/Keyterms: General Studies of Nuclear Reactors; Cross Sections; Nuclear Data Collections; 
Slightly Enriched Uranium; Uranium 235; Comparative Evaluations; Criticality; Information Validation; 
Nuclear Reactions; Reactor Safety; Rocky Flats Plant; Actinide Isotopes; Actinide Nuclei; Actinides; Alpha 
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Conference/Journal:  
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Abstract/Keyterms: This report describes a reanalysis of data on liquid-liquid and liquid-vapor equilibria 
in the system UF6-HF, and the associated vapor pressures, and the applicability of these data to the use of 
analyses of vapor-phase samples for determining liquid-phase compositions; that is, determining the UF6 
content of the solution. Such use of vapor-phase sampling requires that: (1) UF6 and HF be the only 
significant components present; (2) equilibrium between liquid and vapor phases exists during the sampling 
operation. The first specification does not mean the exclusion of tens of parts per million of nonvolatile 
corrosion products; instead, it refers to the absence of appreciable quantities of species in liquid and vapor 
phases that could change the equilibrium distribution of UF6 and HF between these two phases. The present 
specification of liquid solution requires that the materials' temperature be above 61.2/sup 0/C. 
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Conference/Journal:  
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Abstract/Keyterms: Several experiments have been performed in which UF6 has been released into air 
under static conditions and contained in small release chambers (the largest was 8 cu ft) in order to 
characterize the solid product(s) created by reaction of the UF6 with moisture in the air. Relative humidity 
of the air was varied, experiment to experiment, from < 2 to 100% and the amount of UF6 released, 
experiment to experiment, varied from 5 to 230 mg. The releases were effected by rupture from internal 
pressure of the UF6 containers (some were glass and some were metal) and the solids produced were 
collected and characterized by electron microscopy, X-ray diffraction, laser light scattering, and a cascaded 
impactor which used mass measurement to evaluate aerodynamic behavior. Various morphologies and 
several compounds, dependent upon conditions of release, were observed, i.e., particle size and degree of 
agglomeration were dependent upon the relative humidity of the air into which the UF6 was released and 
the temperature of the UF6 at time of release. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: There were four basic questions addressed in this report that relate to the HF 
interaction in the environment. As to whether HF hydrates in the vapor phase and what the rate of that 
hydration is, there seems ample evidence that HF hydrates readily in the vapor phase and the rate of that 
hydration is very fast, i.e., dHF/dt greater than or equal to 25 torr sec/sup -1/. Concerning under what 
conditions condensation of the hydrate will occur and whether a third body is required for condensation, it 
was found that HF does effect the dew point or condensation of water and data was presented indicating 
the extent of that effect. It was also determined that condensation will occur without a third body present. 
Thus, in attempting to model an HF release for the Safety Analysis Report the hydration of HF and the 
subsequent heat released may be treated as occurring instantaneously; but the ultimate disposition of the 
HF will be strongly dependent upon the environmental conditions at the time of the release. 
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Abstract/Keyterms: Solution densities of binary solutions of the solutes hydrogen fluoride, 
dichlorotetrafluoroethane, trichlorotrifluoroethane, trichloroheptafluorobutane, and 
perfluorodimethylcyclohexane in the solvent uranium hexafluoride were measured at 70/sup 0/C. The 
solution densities obtained indicate the solutions to be nonideal. Calculated apparent molar volumes of the 
solute and solvents, and the molal weight of the solvent, are included. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: When gaseous uranium hexafluoride (UF6) is released into the atmosphere, it rapidly 
reacts with ambient moisture to form an aerosol of uranyl fluoride (UO2F2) and hydrogen fluoride (HF). 
As part of our Safety Analysis program, we have performed several experimental releases of HF6 in 
contained volumes in order to investigate techniques for sampling and characterizing the aerosol materials. 
The aggregate particle morphology and size distribution have been found to be dependent upon several 
conditions, including the temperature of the UF6 at the time of its release, the relative humidity of the air 
into which it is released, and the elapsed time after the release. Aerosol composition and settling rate have 
been investigated using stationary samplers for the separate collection of UO2F2 and HF and via laser 
spectroscopic remote sensing (Mie scatter and infrared spectroscopy) 



 

C-9842 

9816…..…..…………………..…….……..……ID Number…………………..…..…………….9816 

Author: Hedge, W. D. 

Title: Chromyl Fluoride and Molybdenum Hexafluoride Recovery from a 10-ton Cylinder of Uranium 
Hexafluoride: (Including %U and %U235 Comparisons Relative to Homogenization Study) 

Date: 10/1/1983 

Report: K/PS-610 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9843 

9817…..…..…………………..…….……..……ID Number…………………..…..…………….9817 

Author: Barber, E. J. 

Title: Effects of Reactions Between UF6 and Pump Oil (U) 

Date: 11/1/1983 

Report: K/PS-655 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9844 

9818…..…..…………………..…….……..……ID Number…………………..…..…………….9818 

Author: Parris, L. L. 

Title: Implications of the Effects of the Hydrogen Fluoride Concentration on the Solubility of Uranyl 
Fluoride During an Accident Scenario 

Date: 4/13/1984 

Report: K/PS-757 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9845 

9819…..…..…………………..…….……..……ID Number…………………..…..…………….9819 

Author: Barber, E. J. 

Title: The Solubility of Uranium Hexafluoride in Perfluoroethers 

Date: 7/1/1984 

Report: K/PS-798 
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Abstract/Keyterms: The polyperfluoroethers are compatible with uranium hexafluoride (UF6) and are 
suitable for use in diffusion pumps and in mechanical vacuum pumps which rely on oil as both the lubricant 
and the seal. The UF6 is soluble in all fluids with which it is compatible. Because a number of vacuum 
pumps in the BOP facilities of the GCEP plant employ these perfluoroether oils as the working fluid and 
have oil chambers which are large, questions have been raised as to the relationships governing the 
solubility of UF6 in these materials and the maximum quantities of UF6 which could be dissolved in these 
oils under credible accident conditions. This report summarizes these solubility relations and the interaction 
of the UF6 solubility and the pumping capability of this type of vacuum pump. It will be shown that, 
whereas the solubility of UF6 in Fomblin Y25 fluoroether fluid under a UF6 pressure of 760 torr and at the 
pump operating temperature of 160/sup 0/F is about 500 g of UF6 per liter of oil, the system controls are 
such as to isolate the system from the pumps before the quantity of UF6 dissolved in the perfluoroether 
exceeds about 10 g of UF6 per liter of oil. 
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Abstract/Keyterms: Several experiments have been performed in which UF6 was released into air under 
static conditions in a 6 m/sup 3/ release chamber in order to characterize the solid products of hydrolysis as 
the amount of UF6 released was increased. An aerosol concentration of approx. 25 gm/m/sup 3/ (150 gm) 
was the largest achieved. Electron microscopy was used to determine the morphology of the aerosol 
particles and to obtain geometric size measurements from micrographs and a cascaded impactor was used 
to obtain aerodynamic size measurements by measuring particle masses. Particle sizes and rate of particle 
size change were observed to be dependent on aerosol concentration. 
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Abstract/Keyterms: The five buildings at the K-25 Site formerly involved in the gaseous diffusion process 
contain 5000 gaseous diffusion stages as well as support facilities that are internally contaminated with 
uranium deposits. The gaseous diffusion facilities located at the Portsmouth Gaseous Diffusion Plant and 
the Paducah Gaseous Diffusion Plant also contain similar equipment and will eventually close. The 
decontamination of these facilities will require the most cost-effective technology consistent with the 
criticality, health physics, industrial hygiene, and environmental concerns; the technology must keep 
exposures to hazardous substances to levels as low as reasonably achievable (ALARA). This report 
documents recent laboratory experiments that were conducted to determine the feasibility of gas-phase 
decontamination of the internal surfaces of the gaseous diffusion equipment that is contaminated with 
uranium deposits. A gaseous fluorinating agent is used to fluorinate the solid uranium deposits to gaseous 
uranium hexafluoride (UF6), which can be recovered by chemical trapping or freezing. The lab results 
regarding the feasibility of the gas-phase process are encouraging. These results especially showed promise 
for a novel decontamination approach called the long-term, low-temperature (LTLT) process. In the LTLT 
process: The equipment is rendered leak tight, evacuated, leak tested, and pretreated, charged with chlorine 
trifluoride (ClF3) to subatmospheric pressure, left for an extended period, possibly > 4 months, while 
processing other items. Then the UF6 and other gases are evacuated. The UF6 is recovered by chemical 
trapping. The lab results demonstrated that ClF3 gas at subatmospheric pressure and at [approx] 
75[degree]F is capable of volatilizing heavy deposits of uranyl fluoride from copper metal surfaces 
sufficiently that the remaining radioactive emissions are below limits. 
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Abstract/Keyterms: The gravimetric analysis of uranium (U) in uranium hexafluoride (UF6) necessitates 
subsampling UF6 by transferring an aliquot of liquid UF6 through a vacuum manifold to a fluorothene 
sample vial. The aliquot of UF6 is frozen into the vial by cooling with liquid air. Once frozen, a cover-gas 
is admitted to the vacuum manifold and the vial. The vial is then removed in the cover-gas atmosphere and 
sealed with a nut-plug-gasket assembly. The cover-gas is admitted to prevent exposure of the frozen UF6 
to moisture in the atmosphere, and the weight of the cover-gas must be considered as part of the gross 
weight, but not as part of the net weight of the UF6 within the vial. An air buoyancy correction is also 
applied to correct for the air displacement of the brass weight equivalents used in obtaining the UF6 net 
weight. 
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Abstract/Keyterms: Presentation of alpha, beta and gamma hazards of uranium, safety guidance and plant 
policy 
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Abstract/Keyterms: IEU-COMP-THERM-001 Using uranium enriched to approximately 30% in the 235 
isotope and fabricated into one inch cubes having a density of 4.8 g/cm3 with the nuclear properties of 
uranium-hexafluoride a study has been made of several conditions affecting the mass assembled at 
criticality. The effect of intermixed hydrogen on the critical mass of uranium-235 was examined by 
including small blocks of polyethylene with the active material. Other variables affecting the critical mass 
about which some information was obtained are surrounding the core, density of uranium-235, homogeneity 
of the mixing of the hydrogenous and active materials and the geometrical shape of the assembly. With no 
intermixed hydrogen but with the active material surrounded by paraffin, it is possible to assemble more 
than 100 kg of uranium-235 into a cube without closely approaching criticality. Increasing the hydrogen 
content rapidly lowers the critical mass to 7.7 kg and 4.0 kg at hydrogen to uranium-235 atomic ratios of 
32 and 128 respectively. The removal of the paraffin reflector approximately doubles the critical mass; 
interposing cadmium or boron between the core and the paraffin also increases the mass by about two in 
the range of moderation studied. Provided the cross-sectional area of a parallelepiped assembly is 
sufficiently small, it is possible to extend its length indefinitely without criticality occurring. At an hydrogen 
to uranium-235 atomic ratio of 64, an assembly 6-inches x 7-inches in cross-sections can apparently be so 
extended. A few measurements on the density effect indicate the critical mass, at an hydrogen to uranium-
235 atomic ratio of 16, to vary as the-1.7 power of the density; at hydrogen to uranium-235 = 1.28, the 
exponent is about-2. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Much of the data requested by Hanford was determined in the K-643 experiment 
effort. 
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9826…..…..…………………..…….……..……ID Number…………………..…..…………….9826 

Author: Beck, C. K. / Callihan, A. D. / Morfitt, J. W. / Murray, R. L. 

Title: Critical Mass Studies, Part-3 

Date: 4/19/1949 

Report: K-0343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conditions under which uranium-235, contained in aqueous solutions of uranyl 
fluoride, become critical in right cylindrical aluminum and stainless steel reactors, have been examined. 
The uranium-235 content of the uranium was 93.4%. Values of the critical masses of uranium-235 and of 
the corresponding heights of the solution in the reactors have been measured as functions of the chemical 
concentration of the fuel and the diameter of the reactors. Concentrations ranged from 2.5 to 43% uranium-
235 by weight, corresponding to hydrogen to uranium-235 atomic ratios from about 1000 to 25, and reactor 
diameters varied from 5.5 inches to 20 inches. A few data were obtained with cadmium sheet placed 
between the reactor and the reflector water. The diameter of the largest reactor which could not be made 
critical under the most favorable conditions of these experiments was greater than 5.5 inches but less than 
6 inches. Omission of the water reflector increased this diameter to 8 inches. The minimum critical mass 
measured was 893 grams, contained in a reactor 25.4 cm (10) inches) in diameter and 22.4 cm high with a 
chemical concentration corresponding to a hydrogen to uranium-235 atomic ratio of 329. The absence of 
the water reflector water increased the critical mass by about 50%. 
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9827…..…..…………………..…….……..……ID Number…………………..…..…………….9827 

Author: Edlund, M. C. / Visner, S. 

Title: Radiation Dosage from Chain Reactions 

Date: 3/23/1949 

Report: K-0375 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Assumes a nearly fully 55 gallon drum of solution, most of water in drum must 
evaporate to terminate reaction. Predicts a 500 rad dose radius at 215 ft. 
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9828…..…..…………………..…….……..……ID Number…………………..…..…………….9828 

Author: Callihan, A. D. / Cronin, D. F. / Fox, J. K. / Macklin, R. L. / Morfitt, J. W. 

Title: Critical Mass Studies, Part-4 

Date: 11/28/1949 

Report: K-0406 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some exploratory experiments are reported describing the conditions under which 
enriched uranium, contained in aqueous solutions of uranyl fluoride, becomes critical in two right 
cylindrical reactors having parallel axes. Values of the height of solution and the critical mass have been 
obtained for reactors with diameters ranging from 5 to 20 inches. Data were obtained at four chemical 
concentrations corresponding to hydrogen/uranium-235 atomic ratios varying between 30 and 330 and with 
reactor separations up to 50 cm. In some of the experiments, the reactors were submerged in a water bath 
while others were done with no reflector. The critical mass of unenclosed two reactor system was found to 
depend upon the distance between the components when they were separated even as much as 50 cm. 
However, the mass in each was then more than 90% of that required to make it singly critical. Interposition 
of water between two reactors reduced their interaction due to the attenuation of the neutron flux by 
hydrogen. Two water enclosed reactors which could be made singly critical when approximately equilateral 
were found to be effectively isolated when separated 15 cm or more. Two, which could not be made 
individually critical, were isolated by a separation of a few centimeters. Those were singly critical at heights 
large compared to their diameters showed apparent interaction at more than 20 cm spacing. The effect is 
attributed to the equivalence of a few interaction neutrons in the two component system and the relatively 
large quantity of uranium which must be placed at the end of long reactors to produce small increases in 
reactivity. The smallest mass accumulated at criticality in these experiments was 680 g uranium-235 
contained in each of two water enclosed reactors ten inches in diameter with sides in contact, each filled to 
a height of 16.9 cm. The chemical concentration of the fuel corresponded to an H/uranium-235 atomic ratio 
of 329. 
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9829…..…..…………………..…….……..……ID Number…………………..…..…………….9829 

Author: Callihan, A. D. / Cronin, D. F. / Fox, J. K. / Morfitt, J. W. 

Title: Critical Mass Studies, Part-5 

Date: 6/30/1950 

Report: K-0643 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation has been made of the conditions under which aqueous solutions of 
enriched uranyl nitrate become critical in right cylindrical reactors. A comparison was made of the neutron 
reflectivity of stainless steel, bismuth subcarbonate both dry and as a water slurry, aqueous solutions of 
natural uranyl nitrate and phosphoric acid. The materials tested, with the exception of dry bismuth 
subcarbonate, were about as effective reflectors as water. Dry bismuth subcarbonate was considerably less 
effective. The free nitrogen content of the nitrate solution and the addition of phosphoric acid and metallic 
bismuth to the reactor core were among the variables studied. Nitric and phosphoric acid when introduced 
into the core material were effectively mild poisons when compared with aqueous solutions at the same 
hydrogen to uranium-235 ratio. Bismuth was introduced into the core as an array of aluminum clad bismuth 
rods. The critical mass of this array was only slightly less than that measured when the bismuth was replaced 
by a similar array of voids. 
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9830…..…..…………………..…….……..……ID Number…………………..…..…………….9830 

Author: Callihan, A. D. / McLendon, J. D. / Morfitt, J. W. 

Title: Criticality Test on P-10 Alloy Slugs 

Date: 7/11/1950 

Report: K-0644 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation has been made of the neutron multiplication by several arrays of 
slugs of an enriched uranium-aluminum alloy for the purpose of determining the nuclear safety of a 
proposed shipping container. It was determined that the proposed design, a two dimensional square array 
of 100 slugs spaced 3.125 inch on centers, was adequate. It was apparent from the experiment that such a 
single layer array could be safely extended indefinitely. However, 145 irregularly sized slugs, containing 
6.92 kg uranium-235, were made critical when submerged in water in a two dimensional square array in 
which each slug was 2.2 inch from each of the four nearest neighbors, the uranium density in the lattice 
being double that in the proposed shipping container. It has not been demonstrated that the experiment was 
done with optimum uranium distribution. 
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9831…..…..…………………..…….……..……ID Number…………………..…..…………….9831 

Author: Macklin, R. L. 

Title: A Proposed Method of Evaluating Critical Mass Hazards at Low Assays 

Date: 12/27/1950 

Report: K-0709 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is given for calculating safe volumes from the available critical mass data. 
Formulas and procedures are developed for performing such a calculation for solid uranium compound 
mixed or dissolved in hydrogenous liquids. 
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9832…..…..…………………..…….……..……ID Number…………………..…..…………….9832 

Author: Rohr, R. C. / Henry, H. F. 

Title: The Energy Spectrum of the Leakage Neutrons from a Homogeneous Reactor 

Date: 7/5/1951 

Report: K-0736 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Early development work for criticality accident dosimeters using indium foil 
irradiations performed as part of K-343 experiments. 
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9833…..…..…………………..…….……..……ID Number…………………..…..…………….9833 

Author: Callihan, D. / Cronin, D. F. / Macklin, R. L. / Morfitt, J. W. / Williams, D. V. P. 

Title: A Test of Neutron Multiplication by Slightly Enriched Uranium 

Date: 3/28/1951 

Report: K-0740 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test has been made of the nuclear safety of a cylindrical container, 8 ft. high and 2 
1/2 ft. in diameter, filled with approximately 3600 kg of UF6 having a U235 enrichment of 2% and a U235 
content of about 50 kg. The vessel could be enclosed by at least 8 1/2 in. of water although essentially no 
hydrogen was mixed with the uranium. No significant neutron multiplication was observed indicating the 
system to be far from critical, however the results are not sufficiently quantitative to allow an estimation of 
the critical conditions by extrapolation. Two cylinders of 2% enriched UF6, each 2 1/2 in. in diameter and 
4 ft. high, with axes parallel and sides in contact were also not critical when immersed in water. 



 

C-9860 

9834…..…..…………………..…….……..……ID Number…………………..…..…………….9834 

Author: Macklin, R. L. 

Title: Cylindrical Reactor Dimensions of the Water Tamped Enriched Uranyl Fluoride-Water System as a 
Function of Concentration 

Date: 5/9/1952 

Report: K-0905 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Hyperbolic curve fit relationships for height and diameter of critical solution 
cylinders. 
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9835…..…..…………………..…….……..……ID Number…………………..…..…………….9835 

Author: Henry, H. F. / Mallett, A. J. / Newlon, C. E. / Pryor, W. A. 

Title: Criticality Data and Nuclear Safety Guide Applicable to the Oak Ridge Gaseous Diffusion Plant 

Date: 5/1/1959 

Report: K-1019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-COMP-INTER-003; The available minimum experimental and theoretical 
criticality information for U235 enrichments of 1% to ~ 90% are presented together with the fundamental 
nuclear safety control criteria currently in effect at ORGDP. The fundamental nuclear safety criteria remain 
essentially unchanged from the previous edition of the report with the exception of the extension of 
nuclearly safe variables under 5% U235 enrichment, the increase of the minimum U235 enrichment 
considered to be non-reactive from 0.71% to 0.90%, and a statement of a new mass-volume principle. Other 
additions include guides for computing a solid angle and applying nuclearly safe variables to uranium 
materials, other than metal, of intermediate densities. 
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9836…..…..…………………..…….……..……ID Number…………………..…..…………….9836 

Author: Henry, H. F. / Mallett, A. J. / Newlon, C. E. / Pryor, W. A. 

Title: Criticality Data and Nuclear Safety Guide Applicable to the Oak Ridge Gaseous Diffusion Plant 

Date: 5/22/1959 

Report: K-1019, Rev 5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The available minimum experimental and theoretical criticality information for U235 
enrichments of 1% to ~ 90% are presented together with the fundamental nuclear safety control criteria 
currently in effect at ORGDP. The fundamental nuclear safety criteria remain essentially unchanged from 
the previous edition of the report with the exception of the extension of nuclearly safe variables under 5% 
U235 enrichment, the increase of the minimum U235 enrichment considered to be non-reactive from 0.71% 
to 0.90%, and a statement of a new mass-volume principle. Other additions include guides for computing 
a solid angle and applying nuclearly safe variables to uranium materials, other than metal, of intermediate 
densities. 
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9837…..…..…………………..…….……..……ID Number…………………..…..…………….9837 

Author: Barber, E. J. / Posey, J. C. / Junkins, J. H. 

Title: Phase Equilibria of the System Uranium Hexafluoride-Freon-114 

Date: 11/4/1953 

Report: K-1075 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9864 

9838…..…..…………………..…….……..……ID Number…………………..…..…………….9838 

Author: Geller, L. / Henry, H. F. 

Title: Analysis of a Possible Radiation Burst 

Date: 6/2/1953 

Report: K-1095 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Numericals; Reactor Safety 
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9839…..…..…………………..…….……..……ID Number…………………..…..…………….9839 

Author: McGill, R. M. / Barber, E. J. 

Title: Phase Equilibria of the Ternary System: Uranium Hexafluoride-Chlorine Trifluoride-Hydrogen 
Fluoride Part IV, Liquid-Vapor Equilibria of the Binary System: Uranium Hexafluoride-Chlorine 
Trifluoride 

Date: 2/26/1954 

Report: K-1102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9840…..…..…………………..…….……..……ID Number…………………..…..…………….9840 

Author: McGill, R. M. / Barber, E. J. 

Title: Phase Equilibria of the Ternary System: Uranium Hexafluoride-Chlorine Trifluoride-Hydrogen 
Fluoride--Part V--Liquid-Vapor Equilibria of the Binary System: Chlorine Trifluoride-Hydrogen Fluoride 

Date: 2/26/1954 

Report: K-1103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9841…..…..…………………..…….……..……ID Number…………………..…..…………….9841 

Author: Henry, H. F. / Newlon, C. E. 

Title: Water Boiler Calculations of Critical Parameters 

Date: 8/13/1954 

Report: K-1141 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Cylinders; Equations; Mass; Nuclear Theory; 
Numericals; Reflectors; Rods; Uranium 235; Volume; Water 
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9842…..…..…………………..…….……..……ID Number…………………..…..…………….9842 

Author: Knight, J. R. 

Title: Criticality Calculations for Hydrogenous Systems 

Date: 11/25/1955 

Report: K-1260 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Age; Criticality; Differential Equations; Fluid Flow; Hydrogen; Hydrogen 
Compounds; Magnetohydrodynamics; Mass; Mathematics; Moderators; Numericals; Oscillations; Plasma; 
Production; Programming; Safety; Sampling; Slowdown; Uranium; Uranium 235 
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9843…..…..…………………..…….……..……ID Number…………………..…..…………….9843 

Author: Henry, H. F. / Knight, J. R. / Newlon, C. E. 

Title: General Application of a Theory of Neutron Interaction 

Date: 11/15/1956 

Report: K-1309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Cylinders; Group Theory; Hydrogen; 
Interactions; Multiplication Factors; Neutrons; Numericals; Plates; Solutions; Uranium; Uranium 235 
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9844…..…..…………………..…….……..……ID Number…………………..…..…………….9844 

Author: Knight, J. R. 

Title: The Critical Mass of U-235 Mixtures with Various Moderators 

Date: 1/1/1957 

Report: K-1313 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9845…..…..…………………..…….……..……ID Number…………………..…..…………….9845 

Author: Henry, H. F. / Newlon, C. E. / Knight, J. R. 

Title: Self-Consistent Criteria for Evaluation of Neutron Interaction 

Date: 12/21/1956 

Report: K-1317 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Angular Distribution; Enrichment; Fissionable Materials; Group Theory; 
Hydrogen; Interactions; Mass; Moderators; Multiplication Factors; Neutrons; Planning; Plates; Quantity 
Ratio; Reactor Core; Safety; Sampling; Uranium; Uranium 235; Vessels 
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9846…..…..…………………..…….……..……ID Number…………………..…..…………….9846 

Author: Henry, H. F. / Newlon, C. E. / Knight, J. R. 

Title: Application of Interaction Criteria to Heterogeneous Systems 

Date: 6/4/1957 

Report: K-1335 (Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recent experimental criticality data with homogeneous and heterogeneous systems 
of interacting containers were used in evaluating an interaction principle for the safe storage and handling 
of dissimilar containers of fissionable materials. The experimental data which included slab and cylindrical 
geometries, U-235 assays of 93.2%, and H/U-235 atomic ratios from 0 to 330, and which extend below the 
useful range of a two-group theory previously used to evaluate interaction experiments, indicate that the 
principle is valid over the wide range of criticality parameters considered, and that a homogeneous system 
of interacting containers is, in general, more highly reactive than any corresponding heterogeneous one. An 
analysis was also made of the safety of cylindrical storage units where criticality control is based upon mass 
rather than upon geometric limitations. Calculations using a two group interaction theory indicate that, for 
containers meeting ORGDP safe interaction criteria, either uniform dilution or concentration of the fuel 
from an optimum H/U-235 ratio of about 600 will result in a smaller container separation being required. 
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9847…..…..…………………..…….……..……ID Number…………………..…..…………….9847 

Author: Knight, J. R. 

Title: A Special Purpose Slide Rule for Computing Solid Angles 

Date: 1/1/1957 

Report: K-1345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Criticality; Fissionable Materials; Planning; Tables 
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9848…..…..…………………..…….……..……ID Number…………………..…..…………….9848 

Author: Newlon, G. E. 

Title: Extension of the Safe Geometric Parameters to Slightly Enriched Uranium 

Date: 1/23/1958 

Report: K-1370 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Use is made of a method of buckling comparisons to extend the safe geometric 
criticality parameters of the infinite cylinder, infinite slab, and the sphere, to U of enrichments between 
0.72 and 5% U235 assays. The new criteria complete the determination of the assay variation of these safe 
parameters and permit their tabulation for U of all enrichments. Comparison with the available experimental 
data which include results of the Hanford Physical Constants Testing Reactor, together with previous 
ORGDP studies based on the Water Boiler Theory, indicates that the new criteria may be safely applied to 
the U systems normally encountered in gaseous diffusion plant operations. 
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9849…..…..…………………..…….……..……ID Number…………………..…..…………….9849 

Author: Henry, H. F. (Compiler), 

Title: Studies in Nuclear Safety 

Date: 8/14/1958 

Report: K-1380 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Lectures presented at the Nuclear Safety Training School, June 3 - 14, 1957. 
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9850…..…..…………………..…….……..……ID Number…………………..…..…………….9850 

Author: Henry, H. F. 

Title: Basic Principles of Nuclear Safety--Subcritical Systems. Pt. A of Studies in Nuclear Safety. Lectures 
Presented at the Nuclear Safety Training School Conducted by Union Carbide Nuclear Company, June 3-
14, 1957 

Date: 10/31/1958 

Report: K-1380(Pt.A) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In this general discussion of the problem of nuclear safety as it applies to normally 
subcritical systems, attempts have been made to emphasize the following basic points of general 
applicability: The potential hazard from an accidental chain reaction has been such that facilities where it 
is a problem have considered it necessary to take rather stringent steps to prevent the occurrence of such an 
accident. The problem of nuclear safety is amenable to the standard safety-type methods of control with 
obvious attention to special technical requirements which are somewhat more difficult of solution than are 
many types of safety problems. Where practicable, operations involving fissionable materials are conducted 
in equipment or otherwise under conditions where accidental criticality is virtually impossible and as little 
dependence as feasible is placed upon routine personnel actions; in general, it is maintained as a principle 
that no accident is possible without the simultaneous occurrence of at least two un-likely and independent 
events. 
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9851…..…..…………………..…….……..……ID Number…………………..…..…………….9851 

Author: n. a. 

Title: Critical Experiments in the Nuclear Safety Program. Pt. D of Studies in Nuclear Safety. Lectures 
Presented at the Nuclear Safety Training School Conducted by Union Carbide Nuclear Company, June 3-
14, 1957 

Date: 1/1/1957 

Report: K-1380(Pt.D) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some of the requirements and procedures for the performance of critical experiments 
are discussed 
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9852…..…..…………………..…….……..……ID Number…………………..…..…………….9852 

Author: Osborn, R. K. 

Title: The Fundamentals of Criticality. Pt. E of Studies in Nuclear Safety. Lectures Presented at the Nuclear 
Safety Training School Conducted by Union Carbide Nuclear Company, June 3-14, 1957 

Date: 10/31/1958 

Report: K-1380(Pt.E) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The basic considerations in determining criticality are outlined. Fundamentals of 
nuclear properties, neutron nuclear interactions, the criticality conditions, and heterogeneous systems are 
discussed. 
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9853…..…..…………………..…….……..……ID Number…………………..…..…………….9853 

Author: Gwin, R. / Thomas, J. T. 

Title: Critical Mass Data Applicable to Nuclear Safety Problems. Pt. F of Studies in Nuclear Safety. 
Lectures Presented at the Nuclear Safety Training School Conducted by Union Carbide Nuclear Company, 
June 3-14, 1957 

Date: 10/31/1958 

Report: K-1380(pt.F) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Representative data obtained at several laboratories are summarized graphically. 
These include homogeneous solutions, solids. effects of reflectors, and mention of preliminary information 
on interacting systems. 
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9854…..…..…………………..…….……..……ID Number…………………..…..…………….9854 

Author: Mori, T. / M. Nakagawa 

Title: Interaction Criteria, Interaction Problems 

Date: 12:00:00 AM 

Report: K-1380, Part H and I 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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9855…..…..…………………..…….……..……ID Number…………………..…..…………….9855 

Author: Bahler, K. W. / Rupp, A. F. / Lafferty, R. H. Jr. / Wachter, J. W. / O’Rourke, L. S. / Milone, C. 
R. 

Title: Prevention and Handling of Radiation Emergencies 

Date: 12/1/1959 

Report: K-1436 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: May be viewed as a comprehensive lessons-learned from the 1958 Y-12 accident. 
Studies carried out by a committee which was set up by Union Carbide Nuclear Company and Goodyear 
Atomic Corporation following the June 16, 1958, incident at Y-12 to review the prevention and handling 
of criticality and radiation accidents are summarized. The following areas are considered: evaluation of 
possible accidents, criticality philosophy and procedures, emergency procedures and mutual assistance, 
radiation alarms and monitors, communications, personnel monitors, area dosimeters, medical procedures, 
and training. 
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9856…..…..…………………..…….……..……ID Number…………………..…..…………….9856 

Author: Farrar, Jr., R. L. / AV. Faloon 

Title: Hydrolysis of Water-Saturated Chlorofluorocarbons in the Presence of Metals and the Associated 
Corrosion 

Date: 2/1/1961 

Report: K-1461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed to obtain hydrolysis data on water-saturated Coolant-
113, -114, -114A, and -317a in the presence of aluminum alloys, copper, and low-carbon steel. The 
associated corrosion was also investigated. Coolant316 was also used in the aluminum alloy study. The 
order of hydrolytic reactivity of the water-saturated chlorofluorocarbon coolants in the presence of 
aluminum alloys was … of copper and steel, the order of hydrolytic reactivity was Coolant-317a> -114A> 
-113>> -114. The hydrolysis rates of the chlorofluorocarbons were generally highest in the presence of 
steel and lowest in the presence of copper. Steel samples exposed to chlorofluorocarbons having a high 
hydrolysis rate were not corroded as much as aluminum samples exposed to chlorofluorocarbons having a 
lower hydrolysis rate. Neither the steel nor copper samples showed evidence of gross pitting after exposure 
to wet chlorofluorocarbon systems. In the presence of 3003 aluminum alloy, Coolant-114A is more reactive 
by at least two orders of magnitude than is the Coolant-114. A discussion of the mechanism of the corrosive 
attack on aluminum is presented, and it is concluded that a catalytic hydrolysis on the aluminum "barrier 
film" surface best represents the observed behavior. 
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9857…..…..…………………..…….……..……ID Number…………………..…..…………….9857 

Author: Wertz, R. J. / Hedge, W. D. 

Title: Density of Liquid Uranium Hexafluoride 

Date: 2/1/1965 

Report: K-1466 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Inorganic and Physical Chemistry; Density; Enrichment; Equations; 
Liquids; Measured Values; Uranium Hexafluoride; Uranium 235 
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9858…..…..…………………..…….……..……ID Number…………………..…..…………….9858 

Author: Henry, H. F. 

Title: Is All Radiation Harmful? 

Date: 5/1/1961 

Report: K-1470 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis made of available experimental results on the longevity effects of chronic 
low-level radiation upon animals. It is shown that a statistical average life lengthening effect occurs at 
chronic life-time irradiation exposure levels below about 2 to 5 rad/week; for higher exposures, a life- 
shortening effect is observed although the data do show variations among animals. Similarly, available data 
on chronic internal exposures resulting from injection of radioisotopes show that for such materials of 
interest as plutonium and uranium statistical life lengthening effects also occur for comparatively low 
injections where higher injections produce life shortening. The principal sources of human data are 
statistical studies on the longevity of radiologists, and these also indicate an apparent greater life expectancy 
for this group as compared to physicians in general. It is noted that available data do not permit unequivocal 
determination of the overall genetic effects of low levels of radiation, primarily because the data do not 
clearly indicate environmental selection principles. Some of the philosophical bases involved in evaluating 
the over-all somatic and genetic effects of low levels of radiation are briefly discussed. 
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9859…..…..…………………..…….……..……ID Number…………………..…..…………….9859 

Author: Henry, H. F. / Newlon, C. E. / Knight, J. R. 

Title: Extensions of Neutron Interaction Criteria 

Date: 7/11/1961 

Report: K-1478 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The solid-angle method of calculating theoretical spacings between subcrits has been 
extended and applied to large arrays of cylinders, to systems of units submerged in water, and to metal 
systems. The resulting predictions have been compared with experimental data, and, in most of the cases 
evaluated, k, the multiplication factor for the system of concern is found to be within ± 5% of 1.00 for an 
experimentally measured critical system. For 5 inch cylinders in planar arrays as large as 10 x 10, the 
spacing predicted by the theory is found to be within 0.25 inch of the experimental values. 
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9860…..…..…………………..…….……..……ID Number…………………..…..…………….9860 

Author: Newlon, C. E. 

Title: The Effect of Uranium Density on the Safe U-235 Enrichment Criterion 

Date: 10/11/1962 

Report: K-1550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review of the density effect on the criticality of low enrichment U indicated that 
the nuclear homogeneity of fissionable materials, considered under the safe enrichment criterion of 0.95% 
U235, should be established for nuclear safety. It appears that a condition of nuclear homogeneity will be 
maintained if the U density is less than or equal to 3.2 g U/cm/sup 3/, or for densities ranging from 3.2 g 
U/cm/sup 3/ up to a maximum of l8.9 g U/cm/sup 3/. One dimension of the U fuel is less than or equal to 
0.02 in. 
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9861…..…..…………………..…….……..……ID Number…………………..…..…………….9861 

Author: Henry, H. F. / Newlon, C. E. 

Title: A Nuclearly Safe 12-1/14-In. I.D. Packed Liquid Entrainment Separator 

Date: 10/17/1963 

Report: K-1582 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Commercially available borosilicate glass Raschig rings containing about 4 wt% 
boron were incorporated for nuclear safety in the design of a 12 1/4in. ID packed liquid entrainment 
separator for processing uranyl nitrate solutions up to 93.2% U enrichment. The nuclear safety evaluation 
of this equipment as described was made originally in 1960. 
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9862…..…..…………………..…….……..……ID Number…………………..…..…………….9862 
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Abstract/Keyterms: Notes that for equal-volume arrays of individually subcritical air-spaced units, 
minimum critical array U-235 mass occurs at enrichments substantially less than 93% enrichment. 
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Neutrons; Numericals; Quantity Ratio; Reactor Safety; Transport; Uses 
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C-9893 

9867…..…..…………………..…….……..……ID Number…………………..…..…………….9867 

Author: Smiley, S. H. / Brater, D. C. / Pashley, J. H. 

Title: ORGDP Reprocessing Studies Summary Progress Report Fiscal Year 1964 Through Fiscal Year 
1965 

Date: 10/29/1965 

Report: K-1649 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reprocessing via fluoride volatility methods are assessed from a variety of 
engineering standpoints, including criticality safety. Flow diagrams, equipment designs, etc. addressed. 
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Groups (Splits); Uranium Dioxide- Water; Plutonium Oxides; Hydrofluoric Acid- Sodium Fluorides- 
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Abstract/Keyterms: Chemistry-Analytical & Separations Chemistry- Radiometric & Radiochemical 
Procedures; Containers; Enriched Uranium; Gamma Spectroscopy; Quantitative Chemical Analysis; 
Uranium 235; Uranium Compounds; Uranium Hexafluoride Uranium Fluorides UF6/ Analysis for 
Uranium-235 By Portable $Gamma$ Spectrometry; Uranium Isotopes U-235 / Determination in Enriched 
Uranium Hexafluoride Contained in Cylinders and Impure Uranium Compounds in Cans By Portable 
$Gamma$ Spectrometry; Uranium / Compounds, Analysis of Impure, for Uranium-235 By Portable 
$Gamma$ Spectrometry 
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Conference Session:  

Abstract/Keyterms: The knowledge of the hydrogen concentration of hydrogen fluoride (HF)/uranium 
hexafluoride (UF6) gas mixtures when cooled below condensation or desublimation temperatures is 
necessary in determining fissile moderation for criticality safety considerations in UF6 desublimation 
processes. The HF/UF6 gas mixtures used in this study were initially at 126/sup 0/F (52/sup 0/C) and a 
maximum of 607 torr before cooling to 60/sup 0/F, 46/sup 0/F, 32/sup 0/F, 15/sup 0/F and 0/sup 0/F. 
Starting HF/UF6 gas mixture volume ratios wre 10/90, 50/50, and 90/10. Visual evidence of liquid HF 
occurred only in the cooling of 90/10 mixtures at or below 32/sup 0/F. Maximum relative enhancement 
(factor of 3) of HF in the cooled mixture occurred at 15/sup 0/F from a 10/90 initial HF/UF6 gas mixture. 
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Abstract/Keyterms: This empirical study for possible isotopic fractionation due to UF6 vapor distillation 
from valved containers was performed to determine the effects of repeated vapor sampling. Four different 
experiments were performed, each of which varied by the method of measuring the isotopic contents and/or 
by the difference in temperature gradients as follows: The ratio of the parent UF6 to the desublimed UF6 
collected at liquid nitrogen temperature and homogenized was measured by sampling the containers. The 
ratio of the parent UF6 to the desublimed UF6 collected at liquid nitrogen temperature and homogenized 
was measured by direct comparison to each other without subsampling. The ratio of the parent UF6 to the 
desublimed UF6 collected at liquid nitrogen and ice-water temperatures and homogenized was measured 
by indirect comparison to a common UF6 reference material without subsampling. The ratio of the parent 
UF6 to the desublimed UF6 collected at liquid nitrogen temperature without homogenizing was measured 
by indirect comparison to a common UF6 reference. Gas-phase, relative mass spectrometry was used for 
all isotopic measurements. Results of the study indicate that fractionation does occur. The U-235 isotope 
becomes more enriched in the parent container as the UF6 is vaporized from it and desublimed into the 
receiving cylinder; i.e., the vaporized fraction is enriched in the U-238 isotope. The degree of fractionation 
indicates that the separation is due to the U-238 isotope of UF6 having a higher vapor pressure than the U-
235 isotope of UF6. 
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Report: K-240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Describes manufacture of fissile material for the experiments described in K-126, 
plus tolerance measurements. Includes original (hand-written) 9-page fabrication procedure, 1-page (hand-
written) cost estimate for fabrication and material recovery. 
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Conference Session:  

Abstract/Keyterms: The requirement from ANSI/ANS-8.3 states: (1) a criticality alarm system meeting 
the requirements of this standard shall be installed in areas where personnel would be subject to an excessive 
radiation dose; and (2) excessive dose = any dose to personnel corresponding to an absorbed dose from 
neutrons and gamma rays equal to or greater than 0.12 Gy (12 rad) in free air. The requirement was 
misconstrued to imply that the Immediate Evaluation Zone (IEZ) had to cover out to 12 Rad of dose. This 
mis-interpretation prompted the following official clarification: The standard does not attempt to define the 
area that is to be evacuated, which is considered a management responsibility and outside the scope of this 
Standard. What we wanted was an IEZ that: (1) depended on the facility characteristics and hazards; (2) 
departed from the one 'Size' fits all mentality; (3) balanced the risk of a criticality with the risk of evacuating; 
and (4) was consistent with the emergency planning process. What they have is a facility that is a mile long; 
a facility that was falling down around them; a facility where workers are routinely in fall protection; and 
a facility where high noise is the normal condition. They ended up matching ANS-8.23 with their EPHA 
and DSA and eliminated 12 Rad as the criterion; integrated Emergency Planning into the process; 
established evacuation zones using DSA consequence levels; and introduced time dependence into the 
evacuation process. 
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Abstract/Keyterms: A test has been made of the nuclear safety of a cylindrical container, 8 ft. high and 2 
1/2 ft. in diameter, filled with approximately 3600 kg of UF6 having a U235 enrichment of 2% and a U235 
content of about 50 kg. The vessel could be enclosed by at least 8 1/2 in. of water although essentially no 
hydrogen was mixed with the uranium. No significant neutron multiplication was observed indicating the 
system to be far from critical, however the results are not sufficiently quantitative to allow an estimation of 
the critical conditions by extrapolation. Two cylinders of 2% enriched UF6, each 2 1/2 in. in diameter and 
4 ft. high, with axes parallel and sides in contact were also not critical when immersed in water. 
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Abstract/Keyterms: Applicability of the updated LEOPARD library was assessed through the benchmark 
tests for many light water-moderated critical assemblies and the results can be summarized as follows 
deviations for the ratios of the calculated k(eff) to the measured are 0.9954 and 1.52% for 44 UO2-fueled 
cores, and 0.9988 and 0.93% for 15 mixed-oxide (PuO2-UO2) plutonium-fueled cores. The 0.5% 
underprediction of k(eff) for UO2-fueled cores is very nearly the same as those concluded by the CSEWG 
benchmark testing of ENDF/B-IV. 2) In order to determine library bias, an adjustment work was carried 
out to test the effect of k(eff) values on changing the epithermal elastic scattering of U-238. As a result of 
the evaluation, it is performed that the average k(eff) and standard deviation are 0.9999 and 0.73%, 
respectively. Although the updated library still leaves something to be reevaluated, it is believed to be 
applicable for the analysis of light water-moderated reactor cores. 
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Abstract/Keyterms: A nuclear criticality safety has been evaluated for a multi-set mixer-settlers in which 
single set mixer-settler with a dimension of 9.0x 9.0x 39.6 cm is hypothetically in regular array. The safety 
evaluation has been based on computational analyses of various parametric effects on nuclear criticality in 
terms of critical-mass and/or volume, and effective multiplication factor. Parameters of interest that were 
varied in the calculation include concentration of fissile material, nitric acid normality, content of 
fissionable materials, surrounding reflectors, a variation of reflecting water densities, and weather 
condition. A numerical calculation of the nuclear criticality has been carried out by using transport codes, 
ANISN and DOT-3.5, and Monte Carlo code KENO-IV. It seems that the multi-set mixer-settlers under 
consideration is critically safe, with the effective multiplication factor being well below the safety limit of 
nuclear criticality, i.e., 0.9. 
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Date: 6/1/1997 

Report: KAERI/TR-861/97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Criticality Safety Guide 



 

C-9928 

9902…..…..…………………..…….……..……ID Number…………………..…..…………….9902 

Author: Doh, Jae Bum / Kang, Heui Yung / Suh, Ki Suk / Baek, Chang Yul / Yoon, Jung Hyun / et al. 

Title: Development of Spent Fuel Transportation Technology 

Date: 12/1/1994 

Report: KAERI-NEMAC/RR-121/94 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Ksc-7 Spent Fuel Shipping Cask / Neutron Shielding Materials / Transportation Cask 



 

C-9929 

9903…..…..…………………..…….……..……ID Number…………………..…..…………….9903 

Author: Doh, Jae Bum / Suh, Ki Suk / Yoon, Jung Hyun / Baek, Chang Yul / Bang, Kyung Sik / et al. 

Title: Development of Spent Fuel Transportation Technology/Development of Cask Safety Test 
Technology 

Date: 12/1/1994 

Report: KAERI-NEMAC/RR-134/94 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Ksc-7 Spent Fuel Shipping Cask / Safety Test Technology / Cask / Transport 



 

C-9930 

9904…..…..…………………..…….……..……ID Number…………………..…..…………….9904 

Author: Tonks, L. / Ehrlich, R. 

Title: Two-Group Representation of an Intermediate Pile 

Date: 1/19/1948 

Report: KAPL-0024 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Cross Sections; Group Theory; Numericals; Reactor Core; 
Reactors; Slowdown; Thermal Fission Factor; Variations 



 

C-9931 

9905…..…..…………………..…….……..……ID Number…………………..…..…………….9905 

Author: Hurwitz Jr., H. / Ehrlich, R. 

Title: Further Developments of Multi-Group Method for Intermediate Piles 

Date: 3/1/1948 

Report: KAPL-0039 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Epithermal Neutrons; Group Theory; Multiplication 
Factors; Neutron Flux; Numericals; Reactor Core; Reactors; Resonance Neutrons; Zones 



 

C-9932 

9906…..…..…………………..…….……..……ID Number…………………..…..…………….9906 

Author: French, D. M. / Hurwitz, Jr., H. 

Title: On the Accuracy of Two Group Equations 

Date: 3/5/1948 

Report: KAPL-0041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Diffusion; Errors; Group Theory; Neutrons; Numericals; Reactors; 
Reflectors; Slowdown 



 

C-9933 

9907…..…..…………………..…….……..……ID Number…………………..…..…………….9907 

Author: Tonks, L. 

Title: Nuclear Engineering Course, 1947-1948. Pile Neutron Physics VII 

Date: 2/26/1948 

Report: KAPL-0042 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Distribution; Moderators; Neutrons; Reactors; Slowdown 



 

C-9934 

9908…..…..…………………..…….……..……ID Number…………………..…..…………….9908 

Author: Gibbard, William G. 

Title: Xenon Transient Characteristics 

Date: 4/1/1948 

Report: KAPL-0044 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Capture; Poisoning; Quantity Ratio; Reactivity; Reactors; 
Transients; Variations; Xenon 



 

C-9935 

9909…..…..…………………..…….……..……ID Number…………………..…..…………….9909 

Author: Ehrlich, R. 

Title: Pile Neutron Physics VIII. Nuclear Engineering Course 1947-1948 

Date: 3/4/1948 

Report: KAPL-0050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The multigroup method for estimating critical sizes of various assemblies is 
discussed. The principle of the electrical simulator for solving other than spherical assemblies is mentioned 



 

C-9936 

9910…..…..…………………..…….……..……ID Number…………………..…..…………….9910 

Author: n. a. 

Title: Nuclear Engineering Course, 1947-1948 Assignment VII—Solution 

Date: 4/15/1948 

Report: KAPL-0058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control; Control Elements; Control Systems; Delayed Neutrons; Diagrams; 
Numericals; Reactivity; Research Reactors; Rods; Safety; Tables; Uranium 235 



 

C-9937 

9911…..…..…………………..…….……..……ID Number…………………..…..…………….9911 

Author: Brooks, Harvey 

Title: Perturbation Methods in Multi-Group Calculations 

Date: 5/25/1948 

Report: KAPL-0071 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Cross Sections; Energy Levels; Equations; Errors; Group 
Theory; Hurwitz Effect; Nuclear Models; Perturbation Theory; Reactivity; Reactor Core; Reactors; 
Resonance; Spheres; Transport Theory 



 

C-9938 

9912…..…..…………………..…….……..……ID Number…………………..…..…………….9912 

Author: Stevens, H. E. Jr. 

Title: Heat Transfer, Thermal Stress and Neutron Diffusion Physics in Bare Piles 

Date: 10/27/1948 

Report: KAPL-0095 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Coolant Loops; Coolants; Criticality; Diagrams; Diffusion; 
Fuel Elements; Heat Transfer; Mass; Neutrons; Numericals; Plates; Power; Reactors; Temperature; 
Thermal Stresses; Thickness; Volume 



 

C-9939 

9913…..…..…………………..…….……..……ID Number…………………..…..…………….9913 

Author: Hurwitz, Jr., Henry 

Title: Note on the Theory of Danger Coefficients 

Date: 9/18/1948 

Report: KAPL-0098 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Efficiency; Epithermal Neutrons; 
Equations; Fission; Multiplication Factors; Numericals; Reactivity; Reactors; Stability 



 

C-9940 

9914…..…..…………………..…….……..……ID Number…………………..…..…………….9914 

Author: Stevens, Jr., H. E. / Gibbard, W. G. 

Title: A Graphical Solution for Thermal and Partially Thermal Piles 

Date: 12/27/1948 

Report: KAPL-0100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Configuration; Criticality; Diagrams; Epithermal Neutrons; 
Equations; Fission; Group Theory; Homogeneous Reactors; Liquid Metal Coolant; Mass; Mathematics; 
Moderators; Reactor Core; Reactors; Reflectors; Sodium; Spheres; Thermal Neutrons; Uranium 235 



 

C-9941 

9915…..…..…………………..…….……..……ID Number…………………..…..…………….9915 

Author: n. a. 

Title: Progress Report No 26 (for) September 1-30, 1948 

Date: 1/1/1948 

Report: KAPL-0101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9942 

9916…..…..…………………..…….……..……ID Number…………………..…..…………….9916 

Author: Erlich, R. 

Title: Preliminary Investigation of a Fast Reactor 

Date: 3/15/1949 

Report: KAPL-0131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Brief multi-group analyses were made of the size and power distribution of reactors 
having no slowing-down material other than Na and structural material in the core. Investigations were 
made of assemblies with a 6-cm Be reflector and an infinite U blanket, a 12-cm MgO reflector and an 
infinite U blanket, or an infinite U reflector. Results of the analyses are tabulated. 



 

C-9943 

9917…..…..…………………..…….……..……ID Number…………………..…..…………….9917 

Author: n. a. 

Title: Technical Feasibility Report for the KAPL West Milton Area Reactor 

Date: 2/14/1950 

Report: KAPL-0238 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This feasibility report is presented under the following topics: objectives of the 
program; description of reactor system; criticality considerations; nuclear components--design, materials, 
fabrication, assembly, and testing; reactor structure; reactor controls; liquid metal heat transfer systems; 
power conversion; loading, transfer and storage facilities; shielding; processing fuel and breeder rods; 
experimental program and facilities; servicing reactor components; special waste handling facilities: and 
plan for reactor operation. 



 

C-9944 

9918…..…..…………………..…….……..……ID Number…………………..…..…………….9918 

Author: Bethe, H. A. 

Title: Theoretical Estimate of Maximum Possible Nuclear Explosion 

Date: 1/31/1950 

Report: KAPL-0294 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The maximum nuclear accident which could occur in a Na-cooled, Be moderated, Pu 
and power producing reactor is estimated theoretically. Results of nuclear calculations for a variety of 
compositions of fast, heterogeneous, sodium-cooled, U-235-fueled, plutonium- and power-producing 
reactors are reported. Core compositions typical of plate-, pin-, or wire-type fuel elements and with uranium 
as metal, alloy, and oxide were considered. These compositions included atom ratios in the following range: 
U-23B to U-235 from 2 to 8; sodium to U-235 from 1.5 to 12; iron to U-235 from 5 to 18; and vanadium 
to U-235 from 11 to 33. Calculations were performed to determine the effect of lead and iron reflectors 
between the core and blanket. Both natural and depleted uranium were evaluated as the blanket fertile 
material. Reactors were compared on a basis of conversion ratio, specific power, and the product of both. 
The calculated results are in general agreement with the experimental results from fast reactor assemblies. 
An analysis of the effect of new cross-section values as they became available is included. 



 

C-9945 

9919…..…..…………………..…….……..……ID Number…………………..…..…………….9919 

Author: Brooks, H. 

Title: Perturbation Theory for Boltzmann Equation 

Date: 2/27/1950 

Report: KAPL-0304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boltzmann Equation; Differential Equations; Perturbation Theory; Reactors; 
Transport Theory 



 

C-9946 

9920…..…..…………………..…….……..……ID Number…………………..…..…………….9920 

Author: Stewart, H. B. / Gavin, G. B. 

Title: Activation Experiments in the KAPL Preliminary Pile Assemblies Part 2. Results of Power 
Distribution and Neutron Flux Experiments for Ppa-2, -3, -4, and -5 

Date: 9/20/1950 

Report: KAPL-0329(Pt. II ) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9947 

9921…..…..…………………..…….……..……ID Number…………………..…..…………….9921 

Author: Stewart, H. B. / Gavin, G. B. 

Title: Activation Experiments in the KAPL Preliminary Pile Assemblies 

Date: 9/20/1950 

Report: KAPL-0329, PART 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to obtain a preliminary knowledge of the characteristics of reactors having a 
neutron spectrum predominately in the intermediate energy range, a number of experiments have been 
conducted on several critical assemblies which were designed to have the same general features as the 
contemplated KAPL reactor. The results of some of the activation experiments which have been conducted 
on these preliminary pile assemblies will be summarized in three reports as follows distribution and neutron 
flux experiments for PPA-2,-3,-4, and-5. Part III alpha experiments in PPA-5. 



 

C-9948 

9922…..…..…………………..…….……..……ID Number…………………..…..…………….9922 

Author: n. a. 

Title: Section II. Reactor Physics: Progress Report No. 45 

Date: 4/1/1950 

Report: KAPL-0339 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9949 

9923…..…..…………………..…….……..……ID Number…………………..…..…………….9923 

Author: Ehrlich, R. 

Title: Multi-Group and Adjoint Calculations for SAPL-5 

Date: 5/10/1950 

Report: KAPL-0346 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Blankets; Criticality; Differential Equations; Distribution; 
Epithermal Neutrons; Fast Fission Factor; Fast Neutrons; Group Theory; Lifetime; Measured Values; 
Moderators; Natural Uranium; Neutron Flux; Neutrons; Reactor Core; Reactors; Reflectors; Sodium; 
Thermal Neutrons; Uranium; Uranium 235 



 

C-9950 

9924…..…..…………………..…….……..……ID Number…………………..…..…………….9924 

Author: Ehrlich, R. 

Title: Multigroup and Adjoint Calculations for SAPL-2 and SAPL-3 

Date: 7/17/1950 

Report: KAPL-0347 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Beryllium; Blankets; Cross Sections; Differential Equations; 
Group Theory; Iron; Measured Values; Moderators; Natural Uranium; Neutron Flux; Neutrons; Nickel; 
Reactivity; Reactor Core; Reactors; Reflectors; Uranium; Variations 



 

C-9951 

9925…..…..…………………..…….……..……ID Number…………………..…..…………….9925 

Author: Stewart, H. B. / Laviolette, F. G. / McClelland, C. L. / Gavin, G. B. / Snyder, T. M. 

Title: Supplement No. 1: Feasibility Report for the KAPL Thermal Test Reactor 

Date: 4/3/1951 

Report: KAPL-0436(Supp.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9952 

9926…..…..…………………..…….……..……ID Number…………………..…..…………….9926 

Author: Anderson, A. M. 

Title: Pile Neutron Physics II: Nuclear Engineering Course 1948-1949 

Date: 1/13/1949 

Report: KAPL-0527 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Cylinders; Diffusion Length; Equations; Neutron Flux; 
Neutron Sources; Neutrons; Reactors; Reflectors; Spheres; Transport Theory 



 

C-9953 

9927…..…..…………………..…….……..……ID Number…………………..…..…………….9927 

Author: Stewart, H. B. / Laviolette, F. G. / McClelland, C. L. / Gavin, G. B. / Snyder, T. M. 

Title: A Low-Power Thermal Test Reactor Adaptable to Nuclear Physics Research 

Date: 11/3/1952 

Report: KAPL-0832; Nucleonics 11, No 8, 5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cadmium Ratio; Danger Coefficients; Moderators; Reactivity; Thermal 
Column; Ttr-1 



 

C-9954 

9928…..…..…………………..…….……..……ID Number…………………..…..…………….9928 

Author: n. a. 

Title: Report of the Physics Section for March, April, May 1953 

Date: 10/31/1956 

Report: KAPL-0931 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alloys; Alpha Beams; Atmosphere; Coating; Computers; Copper Alloys; 
Cross Sections; Crystal Counters; Density; Detection; Diffraction; Doppler Effect; Efficiency; Electric 
Charges; Electric Conductivity; Energy; Energy Range; Epithermal Neutrons; evaporation; Friction; Fuels; 
Germanium; Graphite; Impurities; Ionization Chambers; Iron Alloys; Lead Alloys; Magnetic Fields; 
Manganese; Mass Spectrometers; Metals; Neutron Sources; Neutrons; Nickel Alloys; Oils; Organic 
Compounds; Photographic Film Detectors; Plates; Plutonium 239; Polyvinyls; Potassium; Radiation Doses; 
Radiation Effects; Reactors; Resonance; Resonance Neutrons; Scattering; Silver 



 

C-9955 

9929…..…..…………………..…….……..……ID Number…………………..…..…………….9929 

Author: Roe, G. M. 

Title: Adaptation of Multigroup Methods to Cylindrical Geometries 

Date: 9/27/1954 

Report: KAPL-0950 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boltzmann Equation; Configuration; Cylinders; Differential Equations; 
Group Theory; Mathematics; Neutron Flux; Neutrons; Numericals; Reactors 



 

C-9956 

9930…..…..…………………..…….……..……ID Number…………………..…..…………….9930 

Author: Tonks, L. 

Title: Control and Endurance Evaluation of a Power Reactor by Means of a Critical Experiment 

Date: 9/18/1953 

Report: KAPL-0988 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Control; Control Elements; Control Systems; Criticality; 
Efficiency; Equations; Mass; Measured Values; Multiplication Factors; Neutron Flux; Performance; Power 
Plants; Reactivity; Reactor Core; Reactor Safety; Stability; Standards; Temperature; Transfer Functions 



 

C-9957 

9931…..…..…………………..…….……..……ID Number…………………..…..…………….9931 

Author: Fitzgerald, J. J. / Hurwitz, Jr., H. / Tonks, L. 

Title: Method for Evaluating Radiation Hazards from a Nuclear Incident 

Date: 3/26/1954 

Report: KAPL-1045 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Biology and Medicine; Fallout; Fission Products; Man; Measured Values; Nuclear 
Explosions; Radiation Doses; Radiation Hazards; Safety 



 

C-9958 

9932…..…..…………………..…….……..……ID Number…………………..…..…………….9932 

Author: Fitzgerald, J. J. / Chappell, D. G. 

Title: Graphic Aids to Estimate Nuclear Radiation Hazards 

Date: 8/30/1954 

Report: KAPL-1178 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Biology and Medicine; Accidents; Diagrams; Group Theory; Hazards; Quantitative 
Analysis; Radiation Effects 



 

C-9959 

9933…..…..…………………..…….……..……ID Number…………………..…..…………….9933 

Author: Habetler, G. J. 

Title: General One-Space-Dimensional Multigroup 

Date: 8/26/1954 

Report: KAPL-1182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Diffusion; Fermi Age; Finite Difference Method; 
Group Theory; Mathematics; Neutrons; Reactors; Slowdown 



 

C-9960 

9934…..…..…………………..…….……..……ID Number…………………..…..…………….9934 

Author: n. a. 

Title: Report of the Project Physics Section for June, July, August, 1954 

Date: 1/1/1954 

Report: KAPL-1207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-9961 

9935…..…..…………………..…….……..……ID Number…………………..…..…………….9935 

Author: n.a. 

Title: Report of the Nuclear Physics Section for June, July, August 1954 

Date: 10/31/1960 

Report: KAPL-1210 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alpha Particles- Energy- Energy Range- Fast Neutrons- Fission- Fission 
Chambers- Fissionable Materials- Lucite- Measured Values- Multiplication Factors- Neutron Detection- 
Neutrons- Phosphors- Polymers- Resonance Escape Probability- Testing- Uranium 235- Zinc Sulfides; 
Boron Carbides- Boron 10- Burnup- Crystals- Fission Chambers- Irradiation- Isotopes- Magnetic Fields- 
Mass Spectrometers- Measured Values- Plutonium 239- Quantity Ratio- Spectrometers- Uranium 239; 
Breeding- Computers- Criticality- Fertile Materials- Fissionable Materials- Fuel Elements- Mass- Metals- 
Numericals- Oxides- Planning- Pluto 



 

C-9962 

9936…..…..…………………..…….……..……ID Number…………………..…..…………….9936 

Author: Sampson, J. B. / Robb, W. L. / Stehn, J. R. / Davidson, J. K. 

Title: Poisoning in Thermal Reactors Due to Stable Fission Products 

Date: 10/4/1954 

Report: KAPL-1226 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Capture; Cross Sections; Efficiency; Equations; Errors; Fission 
Products; Fuels; Gases; Isotopes; Measured Values; Natural Uranium Fuel; Numericals; Poisoning; Power; 
Reactivity; Reactors; Samarium 151; Slowdown; Thermal Neutrons; Uranium 233; Uranium 235; 
Zirconium 93 



 

C-9963 

9937…..…..…………………..…….……..……ID Number…………………..…..…………….9937 

Author: Smith, J. H. / Stewart, J. C. 

Title: One-Group Criticality Conditions for a Black Eccentric Control Rod 

Date: 10/5/1955 

Report: KAPL-1414 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Criticality; Equations; Group Theory; Numericals; 
Reactivity; Reactors; Rods; Variations 



 

C-9964 

9938…..…..…………………..…….……..……ID Number…………………..…..…………….9938 

Author: McMillan, D. E. / Jones, M. E. / Sampson, J. B. / Gaerttner, E. R. / Snyder, T. M. 

Title: A Measurement of Eta and Other Fission Parameters for U-233, Pu-239, and Pu-241, Relative to U-
235 at Sub-Cadmium Neutron Energies 

Date: 12/15/1955 

Report: KAPL-1464 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Errors; Even-even Nuclei; Even-odd Nuclei; Fission; Mass; Measured 
Values; Multiplication Factors; Neutron Flux; Nuclei; Plutonium 239; Plutonium 241; Reactors; Research 
Reactors; Thermal Neutrons; Uranium 233; Uranium 235 



 

C-9965 

9939…..…..…………………..…….……..……ID Number…………………..…..…………….9939 

Author: Baldwin, E. E. 

Title: Internal Pressure Stress-Rupture Tests of Small-Diameter Tubing 

Date: 4/10/1956 

Report: KAPL-1533 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mineralogy, Metallurgy, and Ceramics; Annealing; Brazing; Carbides; Closures; 
Cold Working; Configuration; Criticality; Defects; Diagrams; Efficiency; Failures; Fission; Fission 
Products; Fuel Elements; Gases; Materials Testing; Measured Values; Numericals; Pressure; Sampling; 
Stainless Steels; Stresses; Tensile Properties; Thickness; Tubes; Water; Welding 



 

C-9966 

9940…..…..…………………..…….……..……ID Number…………………..…..…………….9940 

Author: Ring, L. S. / Stewart, J. C. 

Title: Flux Peaking Near Reactor Water Gaps 

Date: 7/19/1956 

Report: KAPL-1550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Buckling; Configuration; Cross Sections; Diffusion Length; 
Equations; Errors; Measured Values; Neutron Flux; Numericals; Reactivity; Reactor Core; Reactors; 
Thermal Neutrons; Transport Theory; Volume; Water; Water Moderator; Zones 



 

C-9967 

9941…..…..…………………..…….……..……ID Number…………………..…..…………….9941 

Author: Hofmann, P. L. / Hurwitz, Jr., H. / Wachspress, E. 

Title: A Xenon Calculation Procedure Adaptable to Digital Computers 

Date: 8/1/1956 

Report: KAPL-1594 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Digital Systems; Fission Products; Group Theory; Knolls 
Atomic Power Laboratory Laboratory Equipment; Mathematics; Operation; Poisoning; Quantity Ratio; 
Reactivity; Reactors; Resonance Neutrons; Shutdown; Xenon; Xenon 135 



 

C-9968 

9942…..…..…………………..…….……..……ID Number…………………..…..…………….9942 

Author: Wachspress, E. L. 

Title: Two-Dimensional R-/Theta/ Multigroup Calculations 

Date: 2/1/1957 

Report: KAPL-1641 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Computers; Configuration; Criticality; Epithermal Neutrons; 
Errors; Fast Neutrons; Group Theory; Mass; Measured Values; Mockup; Neutron Flux; Plates; 
Programming; Reactor Core; Reactors; Thermal Neutrons 



 

C-9969 

9943…..…..…………………..…….……..……ID Number…………………..…..…………….9943 

Author: Baraff, G. A. / Mallon, R. B. / Molino, D. F. / Davidson, J. K. 

Title: The Fast Oxide Breeder-Reactor Analysis. Part I. Neutron Yields, Cross Sections, Group Constants, 
and Machine Routines. Part II. Reactor Calculations 

Date: 6/30/1957 

Report: KAPL-1756(Pts. I & II) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: These two parts were issued separately, but are cataloged as a unit. Advanced 
Scientific Techniques Research Associates (ASTRA) has performed work for KAPL in the area of reactor 
physics with specific application to the KAPL Fast Oxide Breeder. The results of the first phase of this 
work, an evaluation of existing information on cross sections in the energy range of interest and on neutron 
yields for fissionable isotopes, are reported. The methods and techniques developed for reducing the raw 
data to group constants for PROD II (the code chosen for multigroup calculations) and modifications made 
to the PROD II code are discussed. The results of a new series of multigroup criticality calculations for the 
Fast Oxide Breeder reactor are reported. A new compilation of nuclear data prepared by ASTRA personnel 
was used as input. Among the more important differences between the new results and the original 
calculations of Luebke and Sampson are: an increase in fuel concentration (U/Pu ratio from 5/1 to 4/1) for 
the same reactor size and power output, reduction in the total breeding ratio obtainable from about 1.4 to 
1.3, and use of fuel movement rather than reflector movement for control. 



 

C-9970 

9944…..…..…………………..…….……..……ID Number…………………..…..…………….9944 

Author: n. a. 

Title: Quarterly Reactor Technology Report No. 1 (for) January 1-March 31, 1957 

Date: 10/31/1957 

Report: KAPL-1770 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Aluminum; Beryllium; Casting; Configuration; Control 
Elements; Convection; Coolant Loops; Corrosion; Cylinders; Dispersions; Distribution; Efficiency; 
Epithermal Neutrons; Equations; Europium Oxides; Extrusion; Fabrication; Friction; Fuel Elements; Heat 
Transfer; High Temperature; In Pile Loops; Ion Exchange Materials; Lattices; Liquid Metals; Mass; 
Measured Values; Neutron Flux; Planning; Radiation Effects; Radioactivity; Radioisotopes; Reactor Core; 
Silicon Carbides; Stainless Steels; Steels; Uranium Alloys; Uranium Oxides; Water; Wear; Zirconium 
Alloys; Zirconium Hydrides 



 

C-9971 

9945…..…..…………………..…….……..……ID Number…………………..…..…………….9945 

Author: Fitzgerald, J. J. / Feinberg, R. J. 

Title: Environmental Hazard Evaluations for Critical Assemblies 

Date: 12/5/1956 

Report: KAPL-1787 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Contamination; Critical Assemblies; Enrichment; Monitoring; 
Personnel; Populations; Radiation Doses; Radiation Protection; Reactor Safety; Standards; Statistics 



 

C-9972 

9946…..…..…………………..…….……..……ID Number…………………..…..…………….9946 

Author: Davidson, J. K. 

Title: Belgian Symposium on Chemical Processing, I. Session: Engineering of Radiochemical Plants 
Contactors and Auxiliaries 

Date: 6/27/1957 

Report: KAPL-1808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Criticality; Extraction Columns; Laboratory Equipment; Liquids; 
Mechanical Structures; Mixer-Settlers; Mixing; Planning; Pulse Columns; Pulses; Radiochemistry; Safety; 
Separation Processes; Solvent Extraction; Solvents 



 

C-9973 

9947…..…..…………………..…….……..……ID Number…………………..…..…………….9947 

Author: n. a. 

Title: Quarterly Reactor Technology Report No, 3 (for) July, August, September 1957 

Date: 1/1/1957 

Report: KAPL-1868 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Burnup rate studies were made for dysprosium isotopes as s step in their evaluation 
as burnable poisons. The variational method was applied to the calculation of flux ratios in repeating slab 
arrays. Calculated values were compared with measurements made in the Flexible Plastic Reactor. A one- 
dimensional three-group code was modified to calculate the thermal fluxes obtained from three types of 
source distribution in a cylindrical reactor having an effective multiplication factor of 0.753. Resonance 
capture and Doppler effect curves were plotted for slab arrays of U/sup 238/ and H2O. A general study of 
the use of medium-enriched fuel to reduce reactivity changes with life was carried out. The study included 
buildup and burnout of the U/sup 238/ chain through Pu/sup 241/. The mean slowing down time was plotted 
for a pulse of fast neutrons in a subcritical multiplying H2O-moderated medium. A number of one-group 
calculations were completed which show fractional changes in reactivity as a function of depth of insertion 
of a black central control rod. Other computer studies reported include criticality studies of a rectifier 
reactor, the effect of europium on the temperature defect of a water moderated thermal reactor, variational 
studies of resonance escape probability in lattices, and studies of cold water accidents with the SPY code. 
Further tests were conducted to determine the feasibility of continuous sampling. of unit cell effluent for 
fuel element failure detection. Results are reported from radiation effects studies of Gd/sub 2/O3-stainless 
steel and Eu/sub 2/O3- stainless ste el control materials. Studies of hydrogen diffusion and distribution in 
tin--zirconium and uranium--zirconium alloys were continued. A new method for measuring gases in 
reactor primary cooling water is described. (For preceding period see KAPL-1803.) 
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9948…..…..…………………..…….……..……ID Number…………………..…..…………….9948 

Author: Fehr, E. B. 

Title: Neutron Detectors for High-Temperature Applications 

Date: 5/1/1958 

Report: KAPL-1928 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron detectors for use in control and measurement of a critical assembly at 
temperatures up to 300 C are described. At this temperature, the available coaxial low-noise and high-
voltage cables are at the limit of their usefulness even for intermittent operation. Thus, further development 
in the field of high-temperature insulation meeting the exacting requirement of this application is a 
prerequisite for operation of chambers and counters at higher temperatures. 
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9949…..…..…………………..…….……..……ID Number…………………..…..…………….9949 

Author: n.a. 

Title: Reactor Technology Report No. 15--Physics 

Date: 12/1/1960 

Report: KAPL-2000-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The KAPL program for cross-section calculations is described. The 
photodisintegration of beryllium and carbon was studied with the direct interaction model. Relations were 
developed for (n, p) reactions and inelastic scattering. Experiments and related analyses are reported for 
measurement of a variety of nuclear species. The Hf/sup 174/ activation cross section was obtained from a 
specially enriched sample of HfO2. Natural Hf and Dy and Dy/sup 164/ were examined by chopper 
techniques for the energy dependence of their absorption cross sections. Pile absorption cross sections for 
Mo95, Nd143, Nd143s, and Sm147 were deduced from isotropic conversion of enriched samples in a 
pressurized water reactor. A redetermination of the resonance integral for cobalt was conducted with a thin 
sample to avoid self-shielding problems. Group Constants. A special data tape of nuclear cross sections 
was prepared. The tape contains the best basic information currently available for a variety of strong 
parasitic absorbers, fuels, structural materials, etc. Definitive experiments and calculations are reported on 
the determination of the diffusion length of thermal neutrons in water. A very rapid and accurate scheme 
for digital computation of average thermal cross sections in core life studies was developed. Lattice Effects. 
The computer program SWAKRAUM IV is described: the mathematical and physical models employed 
and the several options available for calculation of thermal neutron distributions in both space and energy 
are included. Results are reported from PPA studies of spatial variations of thermal and epithermal neutron 
flux in the neighborhood of moderating and absorbing inhomogeneities. A theoretical investigation of 
several experiments is reported in which epithermal distributions play a decisive role. A diffusion theory 
routine was developed for determining gamma heating in reactors. Statistical methods were applied to the 
calculation of self-shielding of dispersions of absorbing particles. Experimental and calculated data are 
given relating tc PMA measurements with discrete, highly self-shielded absorbers and less complicated 
poison distributions. Reactor Kinetics. For the investigation of core instabilities, it is necessary to know the 
transfer function relating reactivity and neutron flux in the system. Perturbation theory results were 
developed for this function as part of the analysis required to described complicated, time-dependent reactor 
behavior induced by nonuniform variation of material properties. The technique of determining reactor 
subcriticality with pulsed neutron measurements was automated. A physico mathematical model was 
developed to study probabilities associated with occurrence of certain hazardous reactor conditions. Studies 
are reported on the determination of neutron generation to be expected from such phenomena as 
spontaneous fission of fuel, ( alpha, n) reactions, cosmic rays, and fission-product decay. Secular 
Transients. Techniques for obtaining accurate cross sections were improved and generalized for the 
production of nuclear data to be used with arbitrary energy-group widths in depletion studies. An N/sup 13/ 
positron activity in the coolant of a reactor was shown to be due to the O16 (p, alpha)N13 reaction. Reactor 
TRAM program, for three-dimensional Monte Carlo calculation of low flexibility. One- and two-
dimensional diffusion calculations of criticality, neutron fluxes, fuel and poison depletion, etc., are supplied 
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by various components of the KARE system. Brief descriptions are given of a wide variety of calculations 
that are possible with KARE. A technique for generalized flux synthesis to permit increasingly accurate 
three-dimensional diffusion calculations is embodied in the CLAG program. Statistical problems that have 
arisen in connection with mathematical studies, sampling techniques, 
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9950…..…..…………………..…….……..……ID Number…………………..…..…………….9950 

Author: n.a. 

Title: Reactor Technology Report No. 19--Physics 

Date: 12/1/1961 

Report: KAPL-2000-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Cross Sections. The resonance integrals of Mn, Hf, and Nb were measured. 
The mass spectrometer filament enrichment technique was used to determine the Sm/sup 149/ effective 
activation cross section. The O/sup 16/ (n,p) cross section was measured as a function of neutron energy 
from 12.5 to 16.5 Mev. The F/sup 19/(p, alpha gamma) reaction was used to calibrate a 1-Mev Cockcroft-
Walton accelerator used to accelerate deuterons for producing neutrons. ABACUS, a computer program 
for cross-section calculations, is described. ABACUS was used to calculate the optical model parameters 
of the angular distributions of neutrons scattered from Zr/sup 9/ at 0.25 to 7 Mev. Methods are described 
for calculating elastic and inelastic differential cross sections, angular momentum coupling coefficients, 
and compound nucleus effects in neutron capture. Results are given for the development of a satisfactory 
potential function in the direct interaction model. Photoneutron production calculations for Be9 and C13 
were extended to an energy range E gamma approximately 3 Mev. Computational work on the cross section 
of the thermal neutron scattering by water and polyethylene is described. Neutron Spectra and Fluxes. The 
thermal neutron scattering kernels were used in calculating neutron spectra in both infinite homogeneous 
media and lattices. Computer programs for the calculation of neutron spectra are described, e.g., TET, 
TRANSWAKRUM, and TRAM. The application of variational techniques to linear systems is discussed. 
Few-Group Parameters: Criticality. A two-mode variational procedure was developed for calculating fast-
group diffusion theory parameters. In the variational calculation of thermal spectra, it is shown that the 
advantages of symmetrization of the scattering kernel are nil. Methods are given for computation of 
spectrum averaged cross sections. The temperature dependence of the thermal diffusion length in paraffin 
was measured and used to derive transport cross sections. The cross sections for fission products were 
examined in detail with respect to their poisoning effect on reactor cores, and it is concluded that, while 
uncertainties in current data give small errors, the assumption that stable products are formed directly in 
the fission process can lead to significant errors. Variation calculation of the reactivity k is discussed. 
Reactor Kinetics. The method for calculating the effect of neutron population fluctuations on reactor design 
was extended to account for the actual nonzero lifetime of prompt neutrons. A semi-direct variational 
method is given for solving the space-time neutron multigroup kinetic equations for reactor analysis. 
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9951…..…..…………………..…….……..……ID Number…………………..…..…………….9951 

Author: n.a. 

Title: Reactor Technology Report No. 23--Physics 

Date: 5/1/1963 

Report: KAPL-2000-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Aluminum; Angular Distribution; Anisotropy; 
Capture; Choppers; Computers; Configuration; Critical Assemblies; Criticality; Cross Sections; Decay; 
Diffusion; Diffusion Length; Distribution; Economics; Epithermal Neutrons; Equations; Errors; Fast 
Neutrons; Fuels; Group Theory; Hafnium; Half-Life; Homogeneous Reactors; Hydrogen; Isotopes; Low 
Temperature; Measured Values; Mixing; Moderators; MUFT-Code; Multiplication Factors; Neutron Flux; 
Neutron Spectrometers; Neutrons; Performance; Planning; Plates; Polyethylenes; Programming; Pulse 
Generators; Quantum Mechanics; Reactivity; Reactor Core; Reactor Oscillators; Reactors; Reflectors; 
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9952…..…..…………………..…….……..……ID Number…………………..…..…………….9952 

Author: n. a. 

Title: Reactor Technology Quarterly Report No. 7. Physics 

Date: 12/1/1958 

Report: KAPL-2000-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory. A Generalized Criterion for Xenon Instability and Flux Tilting 
During Xenon Override are Discussed. An Analysis is Made of Epithermal Capture Effects in Control Rod 
Evaluation. the Absorption Area of Black Control Rods in Media of Arbitrary Absorption is Determined. 
Work is Reported on the Transport and Boltzmann Equations. Escape Probabilities for Anisotropic 
Scattering are Discussed. the Slowing-Down Kernel for Delayed Neutron Groups Was Calculated. the 
Theory of Pulsed Neutrons in Multiplying Media is Discussed. the Influence of Europium and Plutonium 
Absorbers on Reactor Parameters Was Determined. Burnable Poisons. Dysprosium Depletion Studies and 
Burnup Calculations for Unshielded Europium and Dysprosium Chains are Reported. Depletion of Poisons 
Involving Isotopic Chains is Discussed. Cross Sections. Neutron Capture, Epithermal Absorptions, and 
Inelastic Scattering Parameters in Zirconium are Discussed. Isotopic Abundances and Cross Sections for 
Boron are Reported. Experimental Physics. Studies of the Depend Ence of Oxygen Activation on the 
Presence of Inelastic Scattering Materials are Presented. A Pulsed Neutron Reactivity Measurement and a 
Measurement of the Effective Delayed Neutron Fraction By the Substitution Method are Reported. Three 
Separate Lattices Were Investigated in a Heterogeneity Study. Mathematical Theory and Methods. A 
Mathematical Theory of Neutron Diffusion is Presented, and the Techniques Used in the Cure Program are 
Described. the REM, TRIXY, BOX, and Cross Section Codes are Described. (For Preceding Period See 
KAPL-2000-3.) 
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9953…..…..…………………..…….……..……ID Number…………………..…..…………….9953 

Author: n.a. 

Title: Reactor Technology Report No. 11-Physics 

Date: 12/1/1959 

Report: KAPL-2000-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory: a Series of Measurements of Spatial Flux Transients Introduced By 
Hydrogenous Gaps; and Absorbing Slabs Was Made in the PPA. A Few- Group Theory of Water Gap 
Peaking is Presented and Compared with Flux Transient Experiments. A Method Was Developed in Which 
Diffusion Theory and Existing Nuclear Codes are Utilized for the Prediction of Gamma Energy Distribution 
in Reactor Cores. SWAKRAUM a Two-Region Thermal Space-Energy Code for the IBM-704, is Described 
and Calculations for the Spatially Dependent Thermal Spectrum Near An Interface Between Different 
Media are Compared with Experiment. Tranvar, a One-Velocity Slab Geometry Code for the Calculation 
of Certain Space-Energy Problems, Was Generalized to Permit Up and Down Scattering in Hydrogen. the 
Problem is Solved in Two Steps at First, the One-Velocity Problem is Solved When Sources are Assumed 
to Be Present in N Distinct Moderator Slabs. the Spectrum is Next Found By Solving the Coupled Set of 
Integral Equations Obtained When the Source in Each Moderator Region is Expressed as An Integral of the 
Fluxes at Different Energies. the Effects of Chemical Binding of Molecules on the Slowing Down Time of 
Neutrons in Water Were Investigated. Experimental Physics: Water- Gap Reactivity Effects as a Function 
of Temperature Were Measured in Highly Enriched Cores Using the Pressurized Critical Facility at KAPL 
and Were Compared with Results of Two-Dimensional Diffusion-Theory Calculations. A Series of 
Measurements of the Core Distributed Reactivity Coefficients of Moderator and Structural Materials Was 
Made in a CH,-Moderated and -Reflected Slab Reactor (Pma-6) the Experiments Were Analyzed By Means 
of Various Cross-Section Routines Currently Employed in Nuclear Design Studies. Temperature 
Coefficients Were Obtained from Measurements Made on 10 Different Cores and Reflectors of the 
Pressurized Test Reactor. the Critical Temperature, Temperature Coefficient, and Neutron Density 
Distribution Were Determined in the Region from 68 to 550 Deg F of an 8 X 30 X 32 In. Core Having 
Various Wt.% B / Sup 10 / Stainless Steel Septa. the Temperature Dependence of Plate Equivalents for 
Burnable Poison Pin Arrays Was Investigated By a Direct Comparison Technique in the PTR. Experiments 
Described in This Paper Were Conducted with Critical Reactors Covering a Wide Range of Metal-To-
Water Ratios, Temperatures, Loadings, and Sizes and of Very Simple Structure and Geometry. Cross 
Sections: Reactor Spectra Effects on Fission Fragment Cross Sections Were Investigated. A Measurement 
of the Resonance Integral of Zr / Sup 91 / Was Made on a 4 Gm Sample of Zro2. Magnesium Cross Sections 
Were Prepared for Use as Input for the MUFT Code. Work on the Influence of Cross Sections Upon 
Calculated Neutron Age and Reactor Criticality Was Undertaken in Order to Develop An Understanding 
of Zr Cross Sections and to Determine Whether the Usual Computational Techniques Masked the Effects 
of Strong Scattering Resonances in O and Zr. Cross Section Values are Given for Sm Eu, and Gd. Burnable 
Poisons: Measurements are Reported on the Burnup of Eu and Dy Under Neutron Irradiation in the form 
of Dy2O3 and Eu2O3 Powder. the Ratio of the Amount of Eu / Sup 152 / (9.2 Hr) to Eu / Sup 152 / (11 
Yr.) Produced Under Neutron Irradiation of Eu / Sup 151 / Was Measured. the Particle Self-Shielding of 
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Boron Carbide Was Investigated. Mathematical Theory and Methods: Work on Advanced Diffusion Theory 
Techniques, Alternating Direction-Implicit Iteration Technique, and Code Development is Summarized. 
(For Preceding Period See KAPL 200-4.) 
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9954…..…..…………………..…….……..……ID Number…………………..…..…………….9954 

Author: Goldman, D. T. / Lubitz, C. R. 

Title: Calculation of Inelastic Neutron Scattering: Zirconium-90, Zirconium-92, Niobium-93, and 
Aluminum-27 

Date: 8/15/1961 

Report: KAPL-2163 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to produce accurate calculations of reactor criticality, neutron ages, and fast 
flux distributions, it is necessary to have accurate input for digital computation of the inelastic scattering of 
neutrons. The Hauser- Feshbach theory of compound nucleus reactions has been applied to the inelastic 
scattering of neutrons from Zr90, Zr92, Nb93, and Al27. Penetrabilities  were derived from optical 
potentials which included spin-orbit terms, necessitating an extension of the original Hauser-Feshbach 
equations to the spin-dependent case. For the heavy elements, two sets of optical potentials were used, 
derived in different ways, but both reproducing reasonably well the elastic scattering angular distributions. 
One of these sets appears to be more accurate than the other in predicting the inelastic cross sections. For 
Al, one set of parameters was used, for which both the elastic and inelastic predictions agree very well with 
the experimental data. The data presented will be incorporated, as appropriate, into multi- and few-group 
computer programs for reactor analysis. 
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9955…..…..…………………..…….……..……ID Number…………………..…..…………….9955 

Author: Archibald, J. A. Jr. / Teaford, H. L. 

Title: KARE--A System of Diffusion Theory Programs for the Philco 2000. Volume I. General Description, 
Input Instructions, and Output Details 

Date: 11/20/1962 

Report: KAPL-2165-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present KARE system provides semiautomatic calculations of neutron group 
constants, criticality, spatial distribution of neutron fluxes and fission sources, fuel and poison depletion, 
and lumped fission fragment poisoning effects throughout life. The group constant calculations are done by 
solving the few- group approximations of the multigroup diffusions which may be cylindrical, rectangular, 
or hexagonal (also referred to as triangular). In the two latter cases, diagonal mesh boundaries and region 
interfaces are permitted. KARE also includes a multichannel flux synthesis calculation, perturbation 
calculations, a calculation of gamma radiations, and a calculation of space- and spectrum- dependent 
thermal fluxes. A general technical description of the entire system and a detailed description of the input 
and output are given. 
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9956…..…..…………………..…….……..……ID Number…………………..…..…………….9956 

Author: Goodman, D. E. / Oby, P. V. / Turner, W. H. 

Title: KARE: A System of Diffusion Theory Programs for the Philco 2000. Volume II. Group Constant 
and Depletion Calculations 

Date: 6/1/1964 

Report: KAPL-2165-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Burnup; Computers; Control 
Elements; Criticality; Diffusion; Digital Systems; Distribution; Group Theory; KARE-Code; Lifetime; 
Mathematics; Neutron Flux; Neutrons; Numericals; Philco 2000; Poisoning; Programming; Reactors; Rods; 
Shielding; Transport Theory; Uranium 235 
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9957…..…..…………………..…….……..……ID Number…………………..…..…………….9957 

Author: Rubin, H. H. 

Title: ZAP--A Program for the Analysis of Space Time Kinetics with Xenon Feedback 

Date: 6/30/1964 

Report: KAPL-3061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Criticality; Differential Equations; Equations; 
Green Function; Lagrange Equations; Mechanics; Neutrons; Numericals; Philco 2000; Programming; 
Reactors; Transfer Functions; Variations; Xenon 
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9958…..…..…………………..…….……..……ID Number…………………..…..…………….9958 

Author: Kingdon, K. H. 

Title: A Suggestion Concerning the Direct Generation of Electricity from Fission Energy 

Date: 5/1/1950 

Report: KAPL-335 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Configuration; Coolants; Copper Alloys; Criticality; Cylinders; 
Electric Arcs; Electric Discharges; Electric Fields; Electricity; Electromagnetic Pumps; Electrons; Energy; 
Enrichment; Fission; Fissionable Materials; Fluorine; Gases; Ion Sources; Ions; Jackets; Magnetic Fields; 
Mixing; Monel; Multiplication Factors; Nickel Alloys; Planning; Power; Spheres; Temperature; Uranium 
Hexafluoride 
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9959…..…..…………………..…….……..……ID Number…………………..…..…………….9959 

Author: Bartels, W. J. C. 

Title: Self-Absorption of Monoenergetic Neutrons 

Date: 5/1/1950 

Report: KAPL-336 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Energy; Mathematics; Neutrons; Reactor Core; Self-
Absorption 
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9960…..…..…………………..…….……..……ID Number…………………..…..…………….9960 

Author: Sutton, T. M. / Brown, F. B. / Bischoff, F. G. / Macmillan, D. B. / Ellis, C. L. / Ward, J. T. / 
Ballinger, C. T. / Kelly, D. J. / Schindler, L. 

Title: The Physical Models and Statistical Procedures Used in the RACER Monte Carlo Code 

Date: 7/1/1999 

Report: KAPL-4840 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the MCV (Monte Carlo - Vectorized) Monte Carlo neutron 
transport code [Brown, 1982, 1983; Brown and Mendelson, 1984a]. MCV is a module in the RACER 
system of codes that is used for Monte Carlo reactor physics analysis. The MCV module contains all of the 
neutron transport and statistical analysis functions of the system, while other modules perform various 
input-related functions such as geometry description, material assignment, output edit specification, etc. 
MCV is very closely related to the 05R neutron Monte Carlo code [Irving et al., 1965] developed at Oak 
Ridge National Laboratory. 05R evolved into the 05RR module of the STEMB system, which was the 
forerunner of the RACER system. Much of the overall logic and physics treatment of 05RR has been 
retained and, indeed, the original verification of MCV was achieved through comparison with STEMB 
results. MCV has been designed to be very computationally efficient [Brown, 1981, Brown and Martin, 
1984b; Brown, 1986]. It was originally programmed to make use of vector-computing architectures such 
as those of the CDC Cyber- 205 and Cray X-MP. MCV was the first full-scale production Monte Carlo 
code to effectively utilize vector-processing capabilities. Subsequently, MCV was modified to utilize both 
distributed-memory [Sutton and Brown, 1994] and shared memory parallelism. The code has been compiled 
and run on platforms ranging from 32-bit UNIX workstations to clusters of 64-bit vector-parallel 
supercomputers. The computational efficiency of the code allows the analyst to perform calculations using 
many more neutron histories than is practical with most other Monte Carlo codes, thereby yielding results 
with smaller statistical uncertainties. MCV also utilizes variance reduction techniques such as survival 
biasing, splitting, and rouletting to permit additional reduction in uncertainties. While a general-purpose 
neutron Monte Carlo code, MCV is optimized for reactor physics calculations. It has the capability of 
performing iterated-source (criticality), multiplied-fixed-source, and fixed-source calculations. MCV uses 
a highly detailed continuous-energy (as opposed to multigroup) representation of neutron histories and cross 
section data. The spatial modeling is fully three-dimensional (3-D), and any geometrical region that can be 
described by quadric surfaces may be represented. The primary results are region-wise reaction rates, 
neutron production rates, slowing-down-densities, fluxes, leakages, and when appropriate the eigenvalue 
or multiplication factor. Region-wise nuclidic reaction rates are also computed, which may then be used by 
other modules in the system to determine time-dependent nuclide inventories so that RACER can perform 
depletion calculations. Furthermore, derived quantities such as ratios and sums of primary quantities and/or 
other derived quantities may also be calculated. MCV performs statistical analyses on output quantities, 
computing estimates of the 95% confidence intervals as well as indicators as to the reliability of these 
estimates. The remainder of this chapter provides an overview of the MCV algorithm. The following three 
chapters describe the MCV mathematical, physical, and statistical treatments in more detail. Specifically, 
Chapter 2 discusses topics related to tracking the histories including: geometry modeling, how histories are 
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moved through the geometry, and variance reduction techniques related to the tracking process. Chapter 3 
describes the nuclear data and physical models employed by MCV. Chapter 4 discusses the tallies, statistical 
analyses, and edits. Chapter 5 provides some guidance as to how to run the code, and Chapter 6 is a list of 
the code input options. 
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9961…..…..…………………..…….……..……ID Number…………………..…..…………….9961 

Author: Chalfant, J. R. / Lubitz, C. R. 

Title: Reactivity Coefficient of Aluminum in the PMA 

Date: 1/1/1963 

Report: KAPL-M-6121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Critical Assemblies; Criticality; Cross Sections; Distribution; 
Errors; Mathematics; Moderators; Plates; PMA; Polyethylenes; Reactivity; Reactor Core 
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9962…..…..…………………..…….……..……ID Number…………………..…..…………….9962 

Author: Edgar, K. R. / Reno, T. J. 

Title: TET--Thermal Energy Transport Program. (KAPL Version) 

Date: 10/1/1964 

Report: KAPL-M-6123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Angular Distribution; Anisotropy; Capture; 
Computers; Configuration; Critical Assemblies; Cross Sections; Energy; Equations; Group Theory; 
Neutron Flux; Plates; Programming; Space; Surfaces; Thermal Neutrons; Transport; Transport Theory; 
Vacuum; Vectors 
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9963…..…..…………………..…….……..……ID Number…………………..…..…………….9963 

Author: Mathews, R. L. 

Title: Calculation of Delta k from Neutron Flux 

Date: 12/18/1964 

Report: KAPL-M-6162 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Differential Equations; Digital 
Systems; Integrals; Multiplication Factors; Neutron Flux; Numericals; Philco 2000; Programming; 
Reactivity 
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9964…..…..…………………..…….……..……ID Number…………………..…..…………….9964 

Author: Goodman, D. E. 

Title: HOTSTICK--KARE Axial Power Distribution Program for the Philco 2000 

Date: 7/10/1962 

Report: KAPL-M-6185; RPC-5; Revision I 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Distribution; Equations; 
Matrices; Neutrons; Numericals; Philco 2000; Power; Programming; Reactor Core; Reactors; Spectra 
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9965…..…..…………………..…….……..……ID Number…………………..…..…………….9965 

Author: Fletcher, J. L. 

Title: KARE INPUT 

Date: 8/1/1964 

Report: KAPL-M-6186 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Configuration; Criticality; Efficiency; Inspection; 
KARE-Code; Programming; Reactors; Variations 
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9966…..…..…………………..…….……..……ID Number…………………..…..…………….9966 

Author: Calame, G. P. 

Title: The Effect of Mesh Size of Numerical Calculation of Power Peaking 

Date: 8/1/1964 

Report: KAPL-M-6198 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Diffusion; Diffusion Length; 
Equations; Errors; Finite Difference Method; Mathematics; Neutrons; Numericals; Reactors; Tables 
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9967…..…..…………………..…….……..……ID Number…………………..…..…………….9967 

Author: Reiter, R. A. 

Title: MONEY--A Reactivity Data Reduction Program for the IBM 1620 Computer 

Date: 1/11/1965 

Report: KAPL-M-6408 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Data Processing; Digital 
Systems; IBM 1620; Least Squares; Mathematics; Multiplication Factors; Programming; Reactivity; 
Reactors 
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9968…..…..…………………..…….……..……ID Number…………………..…..…………….9968 

Author: Federighi, F. D. / Reno, T. J. Jr. 

Title: SWAKRAUM. A Spatially Dependent Thermal Spectrum Program for the Philco 2000 

Date: 10/16/1964 

Report: KAPL-M-6413 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boltzmann Equation; Computers; Cross 
Sections; Differential Equations; Energy; Neutron Flux; Numericals; Philco 2000; Plates; Poisoning; 
Programming; Reactors; Scattering; Space; Spectra; Thermal Neutrons 
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9969…..…..…………………..…….……..……ID Number…………………..…..…………….9969 

Author: Mueller, G. O. 

Title: KWIP4--Kinetics with Plotter 

Date: 12/1/1964 

Report: KAPL-M-6431 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Diagrams; Digital Systems; 
FORTRAN; Multiplication Factors; Numericals; Philco 2000; Programming; Reactivity; Reactors; Tables 
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9970…..…..…………………..…….……..……ID Number…………………..…..…………….9970 

Author: Gazda, S. A. 

Title: Tim-3--A Flux Wire Data Reduction Program for Reactor Prototype Evaluation 

Date: 2/15/1965 

Report: KAPL-M-6445 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Activation Analysis; 
Computers; Data Processing; Decay; Distribution; Fission; Fuels; Irradiation; Measured Values; Neutron 
Flux; Power; Programming; Radioactivity; Reactors; Wires 



 

C-10000 

9971…..…..…………………..…….……..……ID Number…………………..…..…………….9971 

Author: Schultz, W. W. 

Title: Measurement of Urania Distribution in Solid Homogeneous Critical Assembly Fuel 

Date: 7/30/1965 

Report: KAPL-M-6448 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Analytical Procedures; Critical Assemblies; Dispersions; Distribution; 
Fission; Fuel Elements; Paraffin; Particle Tracks; Uranium Dioxide; Uranium 235; Uses; Zirconium Oxides 



 

C-10001 

9972…..…..…………………..…….……..……ID Number…………………..…..…………….9972 

Author: Heffley, R. A. / Watson, R. A. / Skolnik, W. 

Title: Measurement and Calculation of Relative Poison-To-Fuel Capture Ratios in Slab Cores 

Date: 11/1/1965 

Report: KAPL-M-6528 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boron 10; Capture; Critical Assemblies; 
Errors; Fission; Fuels; Measured Values; Neutrons; Numericals; Poisoning; Reactor Core; Reactors; 
Uranium 235 



 

C-10002 

9973…..…..…………………..…….……..……ID Number…………………..…..…………….9973 

Author: MacMillan, D. B. 

Title: Kinetics of Low Source Reactor Startups: Additional Numerical Results 

Date: 3/1/1966 

Report: KAPL-M-6550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-10003 

9974…..…..…………………..…….……..……ID Number…………………..…..…………….9974 

Author: Weinstein, S. / Reiter, R. A. 

Title: Catalogue of SHA Experiments and Calculations, Supplement 1 

Date: 5/1/1967 

Report: KAPL-M-6701 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Critical Assemblies; Criticality; Design; Homogeneous; Hydrogen; Moderators; Reactivity; Reactors 



 

C-10004 

9975…..…..…………………..…….……..……ID Number…………………..…..…………….9975 

Author: Reynolds, A. G. 

Title: Negative Reactivity Effect of Fuel Element Expansion on Cold Startup Accident 

Date: 5/17/1957 

Report: KAPL-M-AGR-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Criticality; Diagrams; Equations; Excursions; Expansion; Fuel 
Cans; Fuel Elements; Heat Transfer; Pressure; Reactivity; Reactors; Startup; Temperature; Temperature 
Coefficient; Water Coolant 



 

C-10005 

9976…..…..…………………..…….……..……ID Number…………………..…..…………….9976 

Author: Levy, A. / Kephart, A. R. / Matuszyk, C. P. 

Title: Fabrication of Critical Assembly Components from Non-Reactor Grade and Scrap Zirconium and 
Zircaloy 

Date: 5/21/1958 

Report: KAPL-M-AL-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A group of non-reactor grade ingots and ingots melted entirely from scrap was 
fabricated into core components for a zero power critical assembly. Problems were resolved relative to the 
mill fabrication of material with non-uniform composition and hardness. Methods were devised which 
enabled the suitable and economical working and construction of core components. Data on nuclear, 
mechanical, and corrosion properties were correlated with ingot composition, hardness, and mill fabrication 
techniques. 



 

C-10006 

9977…..…..…………………..…….……..……ID Number…………………..…..…………….9977 

Author: MacKinney, A. L. / Franke, J. S. 

Title: Initial Loading of Acme 1 

Date: 1/1/1957 

Report: KAPL-M-ALM-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Configuration; Critical Assemblies; Criticality; Diagrams; Fuel 
Elements; Measured Values; Polystyrene; Reactivity; Reactor Fueling; Reactors 



 

C-10007 

9978…..…..…………………..…….……..……ID Number…………………..…..…………….9978 

Author: Simmons, B. E. 

Title: Elementary Theory of the Pulsed Neutron Technique in Reactor Physics 

Date: 10/8/1956 

Report: KAPL-M-BES-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Injection; Neutron Flux; Neutrons; Pulses; Reactors 



 

C-10008 

9979…..…..…………………..…….……..……ID Number…………………..…..…………….9979 

Author: Simmons, B. E. 

Title: A Survey Experiment in Reactor Pulsing Techniques 

Date: 1/9/1957 

Report: KAPL-M-BES-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Group Theory; Measured Values; 
Moderators; Neutron Beams; Neutron Flux; Numericals; Polyethylenes; Pulses; Reactivity; Transients; 
Velocity 



 

C-10009 

9980…..…..…………………..…….……..……ID Number…………………..…..…………….9980 

Author: McKereghan, C. D. 

Title: Three Group Method for Calculation of High Critical Mass Thermal Reactors 

Date: 8/25/1953 

Report: KAPL-M-CDM-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Criticality; Equations; Group Theory; Reactors; Sar-1 



 

C-10010 

9981…..…..…………………..…….……..……ID Number…………………..…..…………….9981 

Author: Randall, C. H. 

Title: Stochastic Models for Heterogeneous Materials. I. (Large Scale Inhomogeneities and Neutron 
Transmission) 

Date: 8/1/1962 

Report: KAPL-M-CHR-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The performance of a heterogeneous material (or mixture), in general, critically 
depends on its microstructure. In order to evaluate such sensitivity with any degree of precision it is 
necessary to construct a mathematical model (or characterization) to describe the structure, and to relate it 
to the physical processes of interest. A simple example of such a model was described in KAPL-M- CHR-
4. It, however, neglected small scale (less than particle dimension) statistics, and large scale (greater than 
particle dimension) inhomogeneities. The cell model described in KAPL-M-CHR-4 is extended to include 
the effects of large scale inhomogeneities for a large class of structures. The relations that exist between the 
structures described by the model and the phase intercept (volumetric, areal, and lineal), and neutron 
transmission processes are analyzed in detail. Numerical examples are presented to illustrate the results. 



 

C-10011 

9982…..…..…………………..…….……..……ID Number…………………..…..…………….9982 

Author: Ranney, C. J. / Pravda, M. F. 

Title: Nuclear and Thermal Design of a Hypothetical Reactor 

Date: 2/1/1957 

Report: KAPL-M-CJR-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Equations; Errors; Heat Transfer; Mass; Neutron 
Flux; Numericals; Planning; Reactivity; Reactor Core; Reactors 



 

C-10012 

9983…..…..…………………..…….……..……ID Number…………………..…..…………….9983 

Author: McClelland, C. L. 

Title: Thermal Test Reactor Criticality Considerations 

Date: 3/26/1951 

Report: KAPL-M-CLM-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of experiments to test the contribution to pile reactivity of the various 
components of the design of the Thermal Test Reactor (TTR) are reported. Minor modifications of the TTR 
are discussed, with an estimate of the potential reduction in critical mass for the revised TTR to be 
assembled at the KAPL site. 



 

C-10013 

9984…..…..…………………..…….……..……ID Number…………………..…..…………….9984 

Author: Mannal, C. 

Title: Summary of Experimental Work Relating to Schenectady Power Pile 

Date: 12/15/1947 

Report: KAPL-M-CM-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief summary of experimental work done on the KAPL Intermediate Power 
Breeder is given. The material is divided into sections on applied physics, coolants, control, mechanisms, 
instruments, physics, chemistry and metallurgy, each page summarizing one experiment. 



 

C-10014 

9985…..…..…………………..…….……..……ID Number…………………..…..…………….9985 

Author: Larrick, C. V. 

Title: Some Criteria for Safe Storage of U-235 Fuel 

Date: 1/19/1956 

Report: KAPL-M-CVL-4 (del) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Fuels; Rods; Safety; Storage; Uranium 235 



 

C-10015 

9986…..…..…………………..…….……..……ID Number…………………..…..…………….9986 

Author: Maxwell, D. C. 

Title: A Stability Analysis of the Finite Difference Representation of the Energy Equation 

Date: 5/1/1960 

Report: KAPL-M-D1G-TD-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two explicit finite difference approximations were used to represent the energy 
equation in a water channel: the plenum node as used in ART and the pipe node as used in SPY. In addition 
to instability, the pipe node exhibited a characteristic known as "ringing" when the inlet water temperature 
to the node changed rapidly. An investigation of ringing and stability was made. Analytical methods were 
used to predict the critical value of the time interval DELTA t, and experimental verification on the IBM-
704 was obtained. A finite difference approximation called a "stable pipe" node was defined. The one node 
analysis proved that the normal pipe node will exhibit ringing even if the calculating time interval, DELTA 
t, equals zero. If the upper limit on the stability criteria were used, a linear buildup of error is likely. For 
proper attenuation of the error a DELTA t equal to no more than one-half of the upper limit was 
recommended. 



 

C-10016 

9987…..…..…………………..…….……..……ID Number…………………..…..…………….9987 

Author: Miller, D. R. 

Title: Critical Masses of Bare Spherical Thermal Piles with Beryllium Moderator and U235 Fuel 

Date: 7/24/1947 

Report: KAPL-M-DRM-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculated data are presented on critical masses of bare spherical piles with pure 
U235 fuel and Be moderator as a function of pile radius for various volume fractions of various coolants. 
The calculations are based on onevelocity theory with a correction made for loss of neutrons by leakage 
during slowing down. Absorption of neutrons of energy above thermal was neglected. 



 

C-10017 

9988…..…..…………………..…….……..……ID Number…………………..…..…………….9988 

Author: Hansen, E. C. 

Title: An Application of Perturbation Theory to Reactor Kinetics--Transfer Functions for a Two-Node 
Model 

Date: 2/26/1960 

Report: KAPL-M-ECH-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Analog Systems; Equations; Multiplication Factors; 
Perturbation Theory; Reactivity; Reactors; Stability; Transfer Functions 



 

C-10018 

9989…..…..…………………..…….……..……ID Number…………………..…..…………….9989 

Author: Hansen, E. C. / Schulz, H. F. 

Title: Determination of the Intrinsic Neutron Source Strength in the FPR Critical Assembly 

Date: 5/17/1960 

Report: KAPL-M-ECH-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analysis of experiments to measure the intrinsic neutron source strength in the FPH 
critical assembly at was: 36.5 plus or minus 2.3 n/sec kg of fuel. This was in U-metal fueled systems. The 
discrepancy between the presented value, 36.5 n/sec kg, and the expected value, 2-4 n/sec kg, was attributed 
to the strong source of neutrons from the ( alpha ,n) reaction in fluorine contained in the Teflon coating of 
the U-metal fuel strips. 



 

C-10019 

9990…..…..…………………..…….……..……ID Number…………………..…..…………….9990 

Author: Wachspress, E. L. 

Title: Two Dimensional Multigroup Equations R, Theta Dependency 5-Point Diffusion Equation 

Date: 7/13/1953 

Report: KAPL-M-ELW-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Diffusion; Epithermal Neutrons; Equations; Fast Neutrons; Group 
Theory; Homogeneous Reactors; Neutron Flux; Plates; Reactor Core; Reactors; Thermal Neutrons; Zones 



 

C-10020 

9991…..…..…………………..…….……..……ID Number…………………..…..…………….9991 

Author: Wachspress, E. L. 

Title: Iteration Procedure for Two Dimensional Multigroup Problems R, Theta Dependency 

Date: 12/18/1953 

Report: KAPL-M-ELW-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Epithermal Neutrons; Equations; Fast Neutrons; Group Theory; Neutron 
Flux; Performance; Plates; Reactor Core; Reactors; Thermal Neutrons 



 

C-10021 

9992…..…..…………………..…….……..……ID Number…………………..…..…………….9992 

Author: Wachspress, E. L. 

Title: Gamma, Theta Multigroup Analysis of the PPA-9 

Date: 4/9/1952 

Report: KAPL-M-ELW-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Configuration; Criticality; Distribution; Equations; Errors; 
Group Theory; Liquid Metal Coolant; Measured Values; Neutron Flux; Numericals; Power Plants; Reactor 
Core; Sodium; Spheres; Zones 



 

C-10022 

9993…..…..…………………..…….……..……ID Number…………………..…..…………….9993 

Author: Wachspress, E. L. 

Title: Gamma-/Theta/ Multigroup Analysis of the PPA-19 

Date: 4/1/1954 

Report: KAPL-M-ELW-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Configuration; Criticality; Distribution; Equations; Errors; 
Group Theory; Liquid Metal Coolant; Measured Values; Neutron Flux; Numericals; Power Plants; Reactor 
Core; Sodium; Spheres; Zones 



 

C-10023 

9994…..…..…………………..…….……..……ID Number…………………..…..…………….9994 

Author: Wachspress, E. L. 

Title: Nuclear Characteristics of a Three-Cylinder Moving Fuel Reactor 

Date: 12/29/1954 

Report: KAPL-M-ELW-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Cylinders; Distribution; Equations; Fuels; Neutron Flux; 
Numericals; Poisoning; Reactivity; Reactor Core; Reactor Fueling; Standards; Temperature; Transients; 
Variations; Xenon 



 

C-10024 

9995…..…..…………………..…….……..……ID Number…………………..…..…………….9995 

Author: Bach, D. R. / DuBois, F. / Dwyer, J. R. / Hickman, G. D. / Klann, P. G. / MacNaughton, L. A. 

Title: A Study of Erbium Oxide Used as Distributed Reactor Poison 

Date: 12/16/1960 

Report: KAPL-M-FPR-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two cores containing different amounts of fuel, aluminum, and erbium oxide on 
mylar tape, were constructed in the Flexible Plastic Assembly. These cores had beta gamma values of O.196 
and 0.486. Measurements were made in the core of reactivity coefficient of core constituents, various rod 
worths, and thermal and fast neutron distributions. Where possible, the experimental results were compared 
with calculated values. Extensive calculations using MUFTSOFOCATE and MUPT-SWAKRAUM were 
also made in an attempt to calculate the eigenvalues for the critical cores. The results of this study showed 
that the addition of erbium does not materially affect the ability to calculate reactor parameters. The main 
discrepancies between experiment and calculation appear to be due to the presence of a large amount of 
aluminum in those cores. 



 

C-10025 

9996…..…..…………………..…….……..……ID Number…………………..…..…………….9996 

Author: Hickman, G. D. / Bistline, J. A. 

Title: Investigation of Temperature Coefficients Obtained from Pressure Test Reactor 

Date: 7/23/1959 

Report: KAPL-M-GDH-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Starting from the criticality equation for a bare fission reactor an equation expressing 
the change in reactivity with respect to temperature (temperature coefficient) is obtaine. 



 

C-10026 

9997…..…..…………………..…….……..……ID Number…………………..…..…………….9997 

Author: Hickman, G. D. / Bistline, J. A. / Naughton, L. A. M. 

Title: A Comparison Between Experimental and Calculated Results in the Region from 68 F-550 F of an 
8" X 30" X 32" Core Having Various Weight Percent B-10 Stainless Steel Septa 

Date: 10/1/1959 

Report: KAPL-M-GDH-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of fifteen experiments was carried out on an 8 x 30 x 32 in. core in the 
Pressurized Critical Assembly at KAPL. In twelve of these experiments there was a 0.030 in. boron stainless 
steel septum bisecting the 8 in. dimension. These septa contained various weight percent B10. In the 
remaining three experiments there were no boron-stainless steel septa in the core. The eigenvalues and 
neutron density distributions were compared with values which were calculated using Deutsch cross 
sections and “Thin Region Theory.” The eigenvalues which were calculated were within 1% of the 
experimental values, with a spread of approximately 1%. For all the cores the calculated eigenvalues were 
lower than the experimental values. Analyses of the neutron density distributions showed the calculated 
results in fairly good agreement with the experimental results. In all cases this agreement was as good for 
the cores which contained the boron septa as for the ones which did not. It therefore appears that the boron 
has been well represented by “Thin Region Theory,” and that the main discrepancies between calculated 
and experimental values are due to the inadequacies of adapting the Deutsch scheme to these cores. 



 

C-10027 

9998…..…..…………………..…….……..……ID Number…………………..…..…………….9998 

Author: Brooks, H. 

Title: Notes on the Feasibility of a Dual-Purpose Reactor 

Date: 8/26/1949 

Report: KAPL-M-HB-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Beryllium Moderator; Blankets; Breeding; Configuration; 
Conversion; Coolant Loops; Criticality; Density; Distribution; EBR-1; Efficiency; Energy; Energy Range; 
Epithermal Neutrons; Fast Neutrons; Fertile Materials; Fissionable Materials; Fuel Elements; Fuels; Heat 
Transfer; High Temperature; Iron; Mass; Materials Testing; Mechanical Structures; Neutron Flux; 
Planning; Power; Power Plants; Production; Reactivity; Reactor Core; Reactor Safety; Reflectors; Rods; 
Sodium; Solids; Spectra; Standards; Tubes; Uranium 235; Variations; Zones 



 

C-10028 

9999…..…..…………………..…….……..……ID Number…………………..…..…………….9999 

Author: Stone, H. E. 

Title: Three-Group Adjoint Calculations 

Date: 5/9/1956 

Report: KAPL-M-HES-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Computers; Configuration; Cross Sections; Fuels; Group 
Theory; Neutron Flux; Perturbation Theory; Poisoning; Programming; Reactivity; Reactors; Temperature; 
Temperature Coefficient; Transients; Variations 



 

C-10029 

10000…..…..…………………..…….……..……ID Number…………………..…..…………….10000 

Author: Hurwitz, Jr., H. / Smith, J. H. 

Title: The Use of Organic Fluids in Simulating Hot Reactor Conditions 

Date: 11/13/1956 

Report: KAPL-M-HH-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Carbon; Critical Assemblies; Density; Heating; High 
Temperature; Hydrogen; Organic Moderator; Oxygen; Reactivity; Reactors; Temperature; Water 
Moderator 

  



 

C-10030 

10001…..…..…………………..…….……..……ID Number…………………..…..…………….10001 

Author: Hurwitz, Jr., Henry 

Title: A Two Group Calculation for Reactivity Trends in the Critical Experiment 

Date: 8/11/1947 

Report: KAPL-M-HH-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Critical Assemblies; Criticality; Fuels; Group Theory; 
Reactivity; Spheres; Startup; Uranium 235 



 

C-10031 

10002…..…..…………………..…….……..……ID Number…………………..…..…………….10002 

Author: Hurwitz, Jr., H. 

Title: Safety Calculations for Unloading Tunnel and Storage Vault 

Date: 2/9/1949 

Report: KAPL-M-HH-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buildings; Configuration; Fuels; Mass; Multiplication Factors; Numericals; 
Planning; Rods; Safety; Shelters; Storage; Transport; Uranium 235; Water 



 

C-10032 

10003…..…..…………………..…….……..……ID Number…………………..…..…………….10003 

Author: Truran, W. H. 

Title: Health Physics Semiannual Report for January-June 1959 

Date: 1/1/1959 

Report: KAPL-M-HP-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: No exposure of personnel to external or internal radiation exceeded the quarterly or 
average annual exposure limits recommended by the National Committee on Radiation Protection and 
Measurements. The maximum external exposure for the first and second quarters of calendar year 1959 
were 50% and 34%, respectively, of the quarterly limits. A total of 4.5 curies of fission product radioactivity 
was released to the Mohawk River without adverse effect on the utilization of the river water for recreation 
or as a source of drinking water. Less than 63 mc of fission product radioactivity were released to the 
atmosphere from KAPL ventilation air exhaust stacks. Radio contamination levels detected in 
environmental air, rain, vegetation, and soil followed patterns similar to those reported in the past resulting 
from local waste storage operations and fall-out from weapon tests. An automatic mechanical sample 
changer and radioactivity counter was placed in operation in June to replace manually operated counting 
equipment, permitting unattended off-shift counting and substantially reducing counting room operations 
expense. Developments in personnel area dosimetry included the design construction and testing of a 
neutron analyzer to evaluate the neutron energy spectrum and dose received by personnel from a criticality 
or reactor incident. Irradiations of the analyzer were made using the Van de Graaff accelerator at neutron 
energies of 2.1, fast neutron dosimeter was constructed, and theoretical calculations of its sensitivity were 
made using Monte Carlo techniques and the GMC code on the IBM-704. The above borated chamber in 
addition to the resonance threshold foil badge and a film foil moderator assembly were tested for neutron 
energy response using a Van de Graaff positive ion accelerator. Using various neutron phosphor-film 
combinations it was possible to measure thermal neutron exposures of the order of 2 mrem and fast neutrons 
of 200 mrem. Other developments involved the conversion of the cutie pie survey instrument to a tissue 
equivalent detector, the construction of a tissue equivalent proportional counter and associated system to 
measure the doses in a radiation field as a function of LET and RBE, and the continuation of the film- 
fading experiments. (For preceding period see KAPL-2060.) 



 

C-10033 

10004…..…..…………………..…….……..……ID Number…………………..…..…………….10004 

Author: Bornstein, I. 

Title: PPA-13 Rigor Mortis 

Date: 10/9/1953 

Report: KAPL-M-IB-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Buckling; Configuration; Critical Assemblies; Criticality; Epithermal Neutrons; 
Equations; Errors; Fast Neutrons; Group Theory; Mass; Measured Values; Mockup; Multiplication Factors; 
Neutron Flux; Numericals; Reactor Core; Reactors; Reflectors; Tables; Thermal Neutrons 



 

C-10034 

10005…..…..…………………..…….……..……ID Number…………………..…..…………….10005 

Author: Paniszczyn, J. B. 

Title: Composition of FPR-1, 2, 2A, and 3A 

Date: 5/24/1956 

Report: KAPL-M-JBP-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Four reactors with either a different k(inf) or a different geometry have been brought 
to critical in the FPR critical facility. This report describes both the composition and geometry for these 
reactors. 



 

C-10035 

10006…..…..…………………..…….……..……ID Number…………………..…..…………….10006 

Author: Sampson, John B. 

Title: Reactivity Perturbation of Small Test Regions in a Critical Assembly 

Date: 10/15/1957 

Report: KAPL-M-JBS-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Distribution; Environment; Measured 
Values; Multiplication Factors; Neutron Flux; Reactivity; Testing; Zones 



 

C-10036 

10007…..…..…………………..…….……..……ID Number…………………..…..…………….10007 

Author: Sampson, J. B. / Luebke, E. A. 

Title: Multi-Group Analysis of PuO2 Power Breeders: Preliminary Results 

Date: 8/17/1954 

Report: KAPL-M-JBS-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several Pu-fueled power breeders have been analyzed by the multi-group method. 
The results indicate that a feasible reactor can be made having fissile and fertile material in the form of an 
oxide in both core and blanket. One possible reactor with 6 atoms U238 per Pu in the core and 43 volume% 
Na has a critical mass of about 450 kg, a breeding ratio of about l.4 of which 0.66 is internal, and a power 
of about 800 Mw. Replacing the metal U blanket with U oxide results in no significant reduction in breeding 
ratio but makes possible more economical reprocessing of blanket material. Farther calculations are 
planned. 



 

C-10037 

10008…..…..…………………..…….……..……ID Number…………………..…..…………….10008 

Author: Bulmer, J. J. 

Title: Anisotropy Correction for Beryllium Transport Cross Sections and the Average Lethargy Increase 
Per Scattering Collision (/Xi/) 

Date: 8/30/1955 

Report: KAPL-M-JJB-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Angular Distribution; Anisotropy; Beryllium; Criticality; Cross Sections; 
Energy; Errors; Fermi Age; Lifetime; Mathematics; Moderators; Neutrons; Numericals; Reactors; 
Scattering; Transport Theory 



 

C-10038 

10009…..…..…………………..…….……..……ID Number…………………..…..…………….10009 

Author: Bulmer, J. J. / Siegel, R. 

Title: Summary of Multigroup Equations for Bare Cubical Reactors 

Date: 8/30/1955 

Report: KAPL-M-JJB-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Differential Equations; Equations; Group Theory; Lattices; 
Reactors; Review 



 

C-10039 

10010…..…..…………………..…….……..……ID Number…………………..…..…………….10010 

Author: Davidson, J. K. / Robb, W. L. 

Title: A Molten-Salt Thorium Converter for Power Production 

Date: 10/15/1956 

Report: KAPL-M-JKD-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Adsorption; Beryllium Fluorides; Burnup; Capture; Conversion; Criticality; 
Economics; Efficiency; Electricity; Equations; Fertile Materials; Fission; Fission Products; Fissionable 
Materials; Fluorides; Fused Salt Fuel; Homogeneous Reactors; Lithium Fluorides; Mass; Neutrons; 
Planning; Plutonium 239; Power; Power Plants; Production; Quantity Ratio; Reactivity; Reactor Core; 
Reactor Fueling; Reprocessing; Thorium; Thorium Fluorides; Uranium 232; Uranium 233; Uranium 235; 
Uranium Tetrafluoride; Volume 



 

C-10040 

10011…..…..…………………..…….……..……ID Number…………………..…..…………….10011 

Author: Chalfant, J. R. 

Title: A Comparison of Some Orthogonal and Nonorthogonal Modal Expansions 

Date: 12/1/1961 

Report: KAPL-M-JQC-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Configuration; Criticality; Differential Equations; Diffusion; 
Errors; Green Function; Group Theory; Helmholtz Equation; Mathematics; Multiplication Factors; 
Neutrons; Perturbation Theory; Plates; Reactor Core; Zones 
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10012…..…..…………………..…….……..……ID Number…………………..…..…………….10012 

Author: Roesser, J. R. 

Title: Calculation of Core Size for the Pressurized Test Reactor 

Date: 3/17/1958 

Report: KAPL-M-JRR-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The core widths were calculated for a 30 x 36 in. slab shape, water reflected, 
homogeneous, enriched U235, zirconium-water reactor. This was done after calculating reflector savings 
for the following core conditions: four different fuel densities, three metal to water ratios, and three 
temperatures. The core widths of the proposed heterogeneous reactors were then calculated from the 
homogeneous results using a tabulation of self-shielding factors for these geometries prepared by M. 
Barten. 
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Author: Tomonto, J. R. 

Title: Reactivity Coefficients in PMA-47. A Zirconium-Uranium, Unpoisoned Slab Core. Part II. Analysis 

Date: 1/1/1962 

Report: KAPL-M-JRT-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Configuration; Criticality; Cross Sections; 
Differential Equations; Diffusion; Distribution; Fuels; Neutron Flux; Neutrons; PMA; Polymers; 
Programming; Reactivity; Reactor Core; Reactors; Variations; Zirconium 
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10014…..…..…………………..…….……..……ID Number…………………..…..…………….10014 

Author: Stewart, J. C. 

Title: Theory of the Neutron-Amplifier Reactor 

Date: 10/25/1957 

Report: KAPL-M-JS-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The so-called neutron amplifier” principle, in which two or more subcritical regions 
are permitted to interact through a rectifying” neutron valve of moderator and thermal poison, has been 
proposed as a means of exciting a large subcritical power-generating region with a small, easily controlled 
source. An idealized system embodying this principle is investigated using a perturbation approach in two-
group diffusion theory. This approach makes possible the evaluation of performance characteristics of the 
assembly in terms of the separate components. The salient features emerging from the analysis appear to 
be as follows: (A) The transmission of the rectifier in the backward sense cannot be neglected; its effect is 
an increase in the control requirements of the source region, (The gain per stage” in a multi-stage amplifier 
is limited by the ratio of forward-to-backward transmission.) (B) Owing to the large moderator thickness 
required to attain a high forward-to-backward transmission ratio, the transmission in the forward sense is 
rather small. This condition is augmented by the intrinsically poor coupling of the transmitted neutrons to 
the fundamental mode of the power region. Consequently, the power region must be operated quite close 
to critical if it is to generate more power than the source region, and the power split (or gain) is sensitive to 
small changes in reactivity of the power region. Analytical and numerical results are presented. 
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10015…..…..…………………..…….……..……ID Number…………………..…..…………….10015 

Author: Weil, J. W. 

Title: An Interim Method for Rapid Estimation of Fuel Enrichment for Various Reactor Sizes 

Date: 4/16/1954 

Report: KAPL-M-JWW-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Enrichment; Equations; Fuels; Mass; Numericals; Reactor Core; 
Reactors; Volume 
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10016…..…..…………………..…….……..……ID Number…………………..…..…………….10016 

Author: Kesselring, K. A. 

Title: Preliminary Study of Fast Reactor Slug 

Date: 5/10/1949 

Report: KAPL-M-KAK-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Coolant Loops; Coolants; Criticality; Equations; Fast 
Neutrons; Fluid Flow; Fuel Elements; Heat Transfer; Hydraulics; Mass; Neutron Flux; Reactor Core; 
Reactors; Rods; Spectra; Surfaces 
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Author: Storm, M. L. 

Title: A Note on the Treatment of Thin Regions in Multigroup Calculations 

Date: 3/10/1958 

Report: KAPL-M-MLS-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current calculational techniques at KAPL for the explicit representation of thin 
regions (e.g., control rod blades) in multigroup calculations involve the mockup of the thin region by means 
of mesh points located on its surface, and the choice of effective cross sections. However, in many 
multigroup calculations, it is desirable to insert additional mesh points along the center line of a thin region 
in order that calculational advantage be taken of symmetries inher ent in the reactor geometry. Let R/sub 2/ 
and T/sub 2/ be the reflection and transmission probabilities of the original thin region of thickness 2t and 
R/sub 1/ and T/sub 1/ the corresponding probabilities of the two thin regions of thickness t created by 
insertion of the mesh points. The choice R/sub 1/ = R/ sub 2//1 + T/sub 2/, ivalence of both thin region 
representations in the multigroup calculations. The results of one-dimensional, three group, calculations 
illustrating the application of these formulas are also presented. 
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10018…..…..…………………..…….……..……ID Number…………………..…..…………….10018 

Author: French, N. E. / Ruane, T. F. 

Title: Analysis of a Plastic Moderated Critical Assembly (PMA-3A) Using Two Methods of Control Rod 
Representation 

Date: 6/27/1958 

Report: KAPL-M-NEF-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A plastic moderated critical assembly (PMA-3A) was used to compare calculational 
results with experiment. The annular core chosen contained eight boral cross rods which were represented 
in multigroup calculations by "thin-region" and "F-factor" methods. The two methods agree with one 
another and in turn agree within 1.4% DELTA K of the experimental measurements. 
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10019…..…..…………………..…….……..……ID Number…………………..…..…………….10019 

Author: Klann, P. G. 

Title: A Preliminary Measurement of the Effective Delayed Neutron Fraction in FPR-13 

Date: 8/15/1958 

Report: KAPL-M-PGK-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A pre1imiinary attempt to measure the effective delayed neutron fraction using the 
uranium-cadmium composite technique is described. The va1ue found for beta(eff) was 0.0082 
approximately 12% for FPR-13. The calculated value is 0.0076 for this assembly. The substantia1 
uncertainty stated for this measurement is due to counter difficu1ties and the … amount of data obtained. 
The experimental work confirming the theoretical expectation that the precision of the measurement is 
1imtted only by experiinenta1 errors since a11 quantities entering the ca1culation of beta were direct1y 
measured in the experiment and no recourse to calculated quantities was required. The systematic error 
resu1ting from neutron scattering from the composite foi1s is shown to be small by means of an auxiliary 
measurement with gold foils. 
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10020…..…..…………………..…….……..……ID Number…………………..…..…………….10020 

Author: Tetrault, P. J. / Gavin, D. A. 

Title: Comparison of Calculated and Measured Neutron Captures in Boron and Uranium- 235. 
(Measurements Performed in Plastic Mockup Assembly-44, -45, and -46) 

Date: 12/27/1961 

Report: KAPL-M-PJT-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The relative neutron absorption rates between a centrally located poison septum and 
the adjacent fuel plates were calculated and compared with measurements in the Plastic Mockup Assembly. 
Calculations and measurements are reported for three PMA slab cores each having the same fuel density of 
0.056 g/cc U235 and the same metalto-water ratio of 0.45. The cores were distinguished from one another 
by the poison's optical thickness (sigma /sub a/ t) of 0.6, 1.0, and 1.5 and the geometric buckling necessary 
to maintain criticality. The subcadmium neutron absorption rates which cover the energy range from 0 to 
0.5 ev were predicted by the SWAKRAUM double Pl approximation to within the experimental uncertainty 
of plus or minus 5%. The epicadmium neutron absorption rates which cover the range from 0.5 ev to fission 
energies are predicted by the MUFTKARE programs to within the experimental uncertainty of plus or 
minus 7%. In general, the calculated neutron absorption rates showed a random deviation from the 
experimental values. No apparent bias was observed in either the fuel or the poison captures. 
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10021…..…..…………………..…….……..……ID Number…………………..…..…………….10021 

Author: Hofmann, P. L. 

Title: Calculation of Reactivity Coefficients for Hafnium, Cadmium, and Boron for Various Sample 
Thicknesses 

Date: 5/25/1954 

Report: KAPL-M-PLH-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Boron; Cadmium; Configuration; Cross Sections; Distribution; 
Energy; Energy Range; Equations; Errors; Foils; Hafnium; Irradiation; Measured Values; Neutron Flux; 
Numericals; Perturbation Theory; Reactivity; Reactor Core; Reactors; Spectra; Thickness; Transport 
Theory 
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10022…..…..…………………..…….……..……ID Number…………………..…..…………….10022 

Author: Hofmann, P. L. 

Title: Multigroup Procedures as Used at KAPL 

Date: 3/27/1952 

Report: KAPL-M-PLH-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The basic procedures of the multigroup method are described. Applications are 
presented which were used in criticality calculations for spherical reactor assemblies. 
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10023…..…..…………………..…….……..……ID Number…………………..…..…………….10023 

Author: Hofmann, P. L. 

Title: Calculation of Some Danger Coefficients by Means of Perturbation Theory 

Date: 12/30/1952 

Report: KAPL-M-PLH-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10024…..…..…………………..…….……..……ID Number…………………..…..…………….10024 

Author: Szydlik, P. P. 

Title: Critical Masses of Homogeneous Water-Moderated Reactors 

Date: 8/12/1957 

Report: KAPL-M-PPS-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass density of U235 has been determined as a function of buckling for 
one region zirconium--water and stainless steel--water cores with and without B10. This functional 
relationship enables results to be applied to any type of geometry. Using reflector savings derived from 
multigroup calculations the above results were applied to a limited range of cylindrical cores with water 
reflectors. The critical mass as a function of the volume of stainless steel, the difference between critical 
masses hot and cold for a particular composition, and reactivity coefficients for the uranium mass are also 
shown. 
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10025…..…..…………………..…….……..……ID Number…………………..…..…………….10025 

Author: Rohr, R. C. 

Title: Initial Anarpa PPA Loading (PPA-34) 

Date: 7/2/1956 

Report: KAPL-M-RCR-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Distribution; Instruments; Power; Ppa; Reactor Core; 
Reactor Fueling; Reactor Safety; Reactors; Zones 



 

C-10055 

10026…..…..…………………..…….……..……ID Number…………………..…..…………….10026 

Author: Rohr, R. C. 

Title: Flat Flux Loading 

Date: 4/18/1957 

Report: KAPL-M-RCR-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Distribution; Equations; Measured Values; 
Moderators; Neutron Flux; Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; Testing; Uses; 
Zones 
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10027…..…..…………………..…….……..……ID Number…………………..…..…………….10027 

Author: Ehrlich, R. 

Title: Multi-Group Results on Blanketed Assemblies 

Date: 9/19/1947 

Report: KAPL-M-RE-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The multigroup method for determining the critical size of a reactor was applied to 
assemblies consisting of a core, Be reflector, and U238 blanket. Six energy groups were used in the 
calculations, and complete results are given in both graphical and tabular form. 
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10028…..…..…………………..…….……..……ID Number…………………..…..…………….10028 

Author: Ehrlich, R. 

Title: Further Multi-Group Results with Moderated Blankets 

Date: 3/22/1948 

Report: KAPL-M-RE-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of four multi-group calculations are reported. The first is an extension of 
calculations contained in MemoRE-1, being for the same core and reflector, but with a finite 15 cm Be--U 
blanket (pile 1). It is thus the calculation best simulating the 50-1, Be--U pile with 25% Na by volume. The 
three pile 2 calculations estimate the neutron properties of a 40-1 Be--U assembly with 40% Na by volume. 
Several schemes are considered. 
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10029…..…..…………………..…….……..……ID Number…………………..…..…………….10029 

Author: Ehrlich, R. 

Title: Multi-Group Calculations on the Fast Loading of the Variable Spectrum Reactor 

Date: 3/17/1950 

Report: KAPL-M-RE-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Control Elements; Cross Sections; Diagrams; Distribution; 
Energy; Epithermal Neutrons; Equations; Fast Neutrons; Neutron Flux; Planning; Power Plants; Reactivity; 
Reactor Core; Reactors; Rods; Spectral Shift; Spheres; SSCR; Stability; Standards; Temperature; Thermal 
Neutrons; Transients; Transport Theory; Zones 
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10030…..…..…………………..…….……..……ID Number…………………..…..…………….10030 

Author: Ehrlich, R. 

Title: Further Investigations of a Fast Reactor 

Date: 3/23/1950 

Report: KAPL-M-RE-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Blankets; Cross Sections; Energy; Energy Range; Fast Neutrons; 
Fuel Elements; Group Theory; Inelastic Scattering; Iron; Magnesium Oxides; Mechanical Structures; 
Natural Uranium Fuel; Nickel; Numericals; Reactor Core; Reactors; Reflectors; Rods; Scattering; 
Slowdown; Sodium; Uranium 
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10031…..…..…………………..…….……..……ID Number…………………..…..…………….10031 

Author: Stone, R. S. / Slovacek, R. E. 

Title: Experimental Determination of the Spectra in Several Cold Water Moderated Assemblies 

Date: 9/3/1956 

Report: KAPL-M-RSS-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron spectra were obtained for a series of subcritical fuel assemblies with light 
water as moderator. It is concluded from the experimental results that the observed spectra are in reasonable 
agreement with the Wigner-Wilkins thermal neutron spectra calculations. 



 

C-10061 

10032…..…..…………………..…….……..……ID Number…………………..…..…………….10032 

Author: Frost, R. T. / Schemel, R. J. 

Title: PTR Zero-Power Reactor Transfer Function 

Date: 8/1/1955 

Report: KAPL-M-RTF-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10033…..…..…………………..…….……..……ID Number…………………..…..…………….10033 

Author: Simon, R. J. 

Title: Critical Velocity of "Zero Shear" Single Fuel Plates 

Date: 11/10/1958 

Report: KAPL-M-RXS-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Tests were conducted in an attempt to check D. R. Miller's method of computing 
critical velocities for a flat plate assembly assuming fluid properties for the fuel. If fluid properties are 
assumed for the fuel, it is necessary to assume the fuel cannot transmit shear loadings and is limited to 
compressive load transmission only. It is concluded that the test results and predicted results agree 
reasonably well, and until more test data are available, Miller's method of predicting collapse velocities of 
flat plate subassemblies will give values of collapse velocities that are the minimum values at which 
collapse can be expected to occur. 
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10034…..…..…………………..…….……..……ID Number…………………..…..…………….10034 

Author: Bach, D. R. / Bunch, S. I. / Cerbone, R. J. / Slovacek, R. E. 

Title: Prompt Neutron Decay Constants in Multiplying Hydrogenous Media 

Date: 12/1/1960 

Report: KAPL-M-SIB-i 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The pulsed neutron technique for measurements in multiplying hydrogenous media 
is discussed. Measurements were made on assemblies whose k/ sub eff/ was 0.2 to 1.0 where subcriticality 
was effected by reducing the physical size from the critical size rather than by inserting poison. The decay 
constants were calculated using the 1/v poison removal method, and the results are compared with 
measurements. Preliminary integral-type measurements of the neutron spectrum which exists in the 
assembly during the decay of the neutron pulse were obtained. These indicate that the spectrum is extremely 
"diffusion cooled." A crude two-group calculation relates the decay constant to a spectral difference 
between the steady state and decaying state and indicates that the decaying-state spectrum should be softer 
than the steady-state spectrum. The limitations and possible applications of measurements in the far 
subcritical region are discussed. 
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10035…..…..…………………..…….……..……ID Number…………………..…..…………….10035 

Author: Weinstein, S. / Bobone, R. / Feiner, F. 

Title: Catalogue of SHA Experiments and Calculations 

Date: 7/1/1963 

Report: KAPL-M-SW-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of experiments performed to determine the critical configurations of a 
solid homogeneous assembly with and assortment of reflectors and internal neutron absorbers are presented. 
The configurations were represented in few group neutron diffusion models, and eigenvalue calculations 
were performed. The experiments and calculations are compared, and the effects of the nuclear data and 
computational model are discussed. 
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10036…..…..…………………..…….……..……ID Number…………………..…..…………….10036 

Author: Kitchen, S. W. / Bach, D. R. 

Title: Measurement of Migration Area and Infinite Multiplication in Highly Enriched Critical Reactors 

Date: 6/14/1956 

Report: KAPL-M-SWK-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In principle it is possible to measure the migration area by critical measurements near 
zero buckling. If the product of the migration area and the buckling is less than 0.1, the true migration area 
can be obtained directly from the slope of the infinite multiplication factor plotted against the buckling. If 
M/sup 2/B/sup 2/ is greater than 0.1, this slope may differ from the true migration area by more than ten 
percent. In practice it is not often practicable to make critical measurements with reactors using highly 
enriched fuel having M/ sup 2/B/sup 2/ less than 0.1. The true migration area and the infinite multiplication 
factor can be determined, however, by fitting a polynomial in B/ sup 2/ to critical measurements of the 
thermal utilization at large as well as at intermediate values of B/sup 2/. This procedure will also define the 
minimum number of groups in a multigroup expression that correctly describes the reactor compositions 
studied. In the absence of measurements at large B/sup 2/, it is possible to define a migration area by fitting 
a two-group expression to the logarithm of a calculated thermal utilization plotted against the measured 
buckling. This curve can be used to predict criticality in the range of the measured buckling to within plus 
or minus a dollar of reactivity. 
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10037…..…..…………………..…….……..……ID Number…………………..…..…………….10037 

Author: Kitchen, S. W. 

Title: Measurement of Fuel Self-Shielding in Closely Packed Slab Lattices 

Date: 3/15/1957 

Report: KAPL-M-SWK-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Configuration; Diffusion; Equations; Fuel Elements; Group 
Theory; Homogeneous Reactors; Measured Values; Neutron Flux; Neutrons; Plates; Reactivity; Reactor 
Core; Reactors; Shielding; Spectra; Volume 
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Author: Northrop, W. A. / Pearlstein, S. / Ruane, T. F. / Rouillard, I. A. 

Title: A Reactor Physics Parameter Survey of Zirconium-Water, Rod-Controlled, Reactors 

Date: 5/1/1955 

Report: KAPL-M-WAN-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of an extensive reactor physics parameter survey are presented. The 
purpose of the survey was to determine how several important quantities vary with reactor composition and 
dimensions. Fuel loading, temperature coefficient, axial power factor, radial power factor, and water gap 
peaking factor were among the quantities determined. 
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10039…..…..…………………..…….……..……ID Number…………………..…..…………….10039 

Author: Northrop, W. A. / Podhorez, I. A. 

Title: Loss of Thermal Control Effectiveness of Europium as a Result of Exposure in S3G 

Date: 3/1/1959 

Report: KAPL-M-WAN-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations were made of the reduction in the cross section of europium as a result 
of thermal neutron flux exposure. The cross section is related to the number of neutrons absorbed in the 
chain of five isotopes and these data are used to determine the loss of thermal control effectiveness stainless 
steel- europium oxide rods. In control rods of typical dimensions, the loss of thermal effectiveness after 
3000 hr at 100 Mw is negligible for concentrations of the oxide above 15 vol.%. The loss of control is likely 
to be slightly greater for program control than for bank control 
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10040…..…..…………………..…….……..……ID Number…………………..…..…………….10040 

Author: Wright, W. B. 

Title: Two-Group Calculation of the Rectifier Reactor 

Date: 10/10/1957 

Report: KAPL-M-WBW-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Boundary Conditions; Criticality; Diffusion; Fuels; Group Theory; 
Mathematics; Multiplication Factors; Neutrons; Numericals; Power; Reactor Core; Reactors; Thickness; 
Valves; Zones 
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Author: Wright, W. B. / Smith, J. H. 

Title: Perturbation of Spatial Flux Distributions by Detector Foils 

Date: 7/1/1958 

Report: KAPL-M-WBW-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In foil measurements of spatial flux transients near water gaps or thin absorbers, the 
question arises as to the degree to which the detector foils affect the measured quantities. Bothe and others 
have examined the flux depression created by the measuring foils resulting in an amplitude: correction to 
the observed flux. However, the possibility remains that the foils change the functional form of the flux as 
well as the amplitude by creating a region (defined by the series of detector foils) with an average cross-
section different from that of the lattice under study. An analysis of this effect is presented. 
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10042…..…..…………………..…….……..……ID Number…………………..…..…………….10042 

Author: Ray, W. E. 

Title: The Fabrication of Samples for Critical Assembly Tests 

Date: 6/25/1957 

Report: KAPL-M-WER-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mineralogy, Metallurgy, and Ceramics; Absorption; Alloys; Antimony Alloys; 
Arsenic Compounds; Austenite; Boron 10; Copper Alloys; Critical Assemblies; Cross Sections; 
Dispersions; Europium Oxides; Fabrication; forging; Gadolinium Oxides; Grain Size; Materials Testing; 
Measured Values; Melting; Metallography; Metals; Poisoning; Qualitative Analysis; Rolling; Samarium 
Oxides; Stainless Steels; Thickness; Vacuum 
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Author: Gibbard, W. G. 

Title: The Compositions of SAPL IV and SAPL V 

Date: 2/16/1950 

Report: KAPL-M-WGG-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Beryllium; Breeding; Configuration; Criticality; Epithermal 
Neutrons; Fissionable Materials; Fuel Elements; Iron; Mass; Measured Values; Multiplication Factors; 
Neutron Flux; Power Plants; Reactivity; Reactor Core; Reactor Fueling; Sodium; Thermal Neutrons; 
Uranium 235; Uranium 238; Zones 
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Author: Dodson, W. J. 

Title: A Survey of Burnable Poisons to Be Used in the Structural Material of a Core 

Date: 5/1/1954 

Report: KAPL-M-WJD-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Alloys; Boron 10; Burnup; Configuration; Control; Criticality; 
Cross Sections; Dysprosium 164; Efficiency; Elements; Equations; Fission; Fuels; Impurities; Iridium 191; 
Isotopes; Mass; Materials Testing; Mechanical Structures; Mercury 199; Multiplication Factors; Neutron 
Flux; Operation; Poisoning; Reactivity; Reactor Core; Reactor Safety; Reactors; Stability; Startup; Steels; 
Thermal Neutrons; Uranium; Variations 
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Author: Robb, W. L. 

Title: A Study of Natural Uranium Feed and Equilibrium Plutonium in a Water-Cooled and Moderated 
Power Reactor 

Date: 12/22/1956 

Report: KAPL-M-WLR-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alloys; Burnup; Configuration; Criticality; Equations; Fuel Elements; 
Natural Uranium Fuel; Numericals; Oxides; Plutonium; Reactivity; Reactor Core; Reactor Fueling; 
Reactors; Reprocessing; Stability; Uranium Alloys; Uranium Oxides; Water Coolant; Water Moderator; 
Zones 
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Author: Bistline, J. A. / Luce, R. G. / Skolnik, W. 

Title: On the Temperature Dependent Properties of an 8 1/4 Inch Slab Reactor 

Date: 9/3/1958 

Report: KAPL-M-WS-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments to determine the critical load of an 8 1/4 x 30 x 32-inch reactor as a 
function of moderator water, highly enriched uranium, and Zircaloy. The metal-water ratio was 1.53 to 1 
and a temperature range of 79.5 to 513 F was covered in five steps. 
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Author: Weinman, J.P. 

Title: Monte Carlo testing of unresolved resonance treatment for fast and intermediate critical assemblies 

Date: 10/1/1998 

Report: KAPL-P--000089 

Conference/Journal: International conference on the physics of nuclear science and technology, Long 
Island, NY (United States), 5-8 Oct 1998; 

Conference Session:  

Abstract/Keyterms: The purpose of this study is to investigate the eigenvalue sensitivity to changes in 
unresolved resonance treatment by comparing RACER Monte Carlo calculations for several fast and 
intermediate spectrum critical experiments. Calculations performed using smooth, dilute-average, tabulated 
cross sections were compared with calculations using the probability table method to produce stochastically 
generated resonance cross sections in the unresolved resonance region. The use of the probability table 
method is superior to the dilute-average cross section method for representing the unresolved resonance 
region because the table method properly accounts for resonance self shielding; thereby, reducing the 
effectiveness of the cross sections in the region. The unresolved resonance region is typically found in the 
intermediate and fast energy range. Eleven benchmark critical assemblies that span a range of 235U 
enrichments (93.8 to 10.2%) and four highly enriched 239Pu and 233U assemblies were analyzed. These 
benchmarks were chosen to accentuate the reactivity importance of the unresolved resonance range. 
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Determination; Differential Equations; Equations; Mathematics; Numericals; Polynomials; Reactors; 
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Title: Static Measurements Preparatory to Space-Time Kinetics Experiments in the SHA 
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Conference/Journal: 17th Conference on Remote Systems Technology, San Francisco, Calif 

Conference Session:  

Abstract/Keyterms: A series of clean reactor kinetics experiments on loosely coupled cores has been 
planned for the solid homogeneous assembly. As the first step in this program, a static analysis of the initial 
experimental configuration was performed using a three-dimensional synthesis diffusion theory model 
constructed of two-dimensional X-Y trial functions. For this model, cross sections plus spectrum and 
transport theory corrections were calculated with zero-and one-dimensional multigroup transport theory 
codes, while leakages were estimated from two-dimensional few-group RZ diffusion theory calculations. 
The resulting model correctly predicted the critical core eigenvalue, and good agreement was obtained 
between a series of measured and calculated foil traverses. 
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Title: Criticality in a Spent Fuel Repository in Wet Crystalline Rock 

Date: 5/1/1978 

Report: KBS-TR-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The KBS project proposes a method for final disposal of spent fuel as waste in a 
repository in deep mined cavities in wet crystalline rock. Such a repository would contain large amounts of 
fissile nuclides. This report considers the risks associated with assembly of these nuclides into critical 
configurations. Any criticality incident must be preceded by penetration of the long lived copper canisters 
surrounding the spent fuel waste, the life of which has been estimated to hundreds of thousands of years. 
Hence canister failure at a time where sufficient amounts of plutonium-239 still remain is already an 
unlikely event. It turns out that in order to create a situation where criticality with this nuclide could take 
place subsequent to canister failure several other unlikely conditions have to be simultaneously assumed. 
Thus the overall probability of the occurrence of criticality is vanishingly small. Criticality with uranium-
235 involves time perspectives far longer than are otherwise considered in connection with nuclear waste 
disposal. For geometric and other reasons it has to take place within the mined cavities of the repository, 
i.e. the deposition holes for the canisters or the tunnels above them. In fact, the scenarios leading to 
criticality incidents in the repository are based on so unlikely assumptions that they border on 
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Conference/Journal:  
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Abstract/Keyterms: The time required to accumulate a critical mass of uranium in the buffer material is 
discussed. It is concluded that it would take millions of years even if very unlikely series of events are 
postulated. 
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Title: A Mobile Manipulator for Use in Controlling Radiation Emergencies 

Date: 4/5/1965 

Report: K-C-768 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes engineering specifications for a remotely controlled robot, for purpose of 
achieving secure termination of a criticality accident. 
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Title: Project Management Guide for DOE Appraisals 

Date: 4/1/1993 

Report: KCP-613-5131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This guide defines a process to provide exemplary support to a DOE assessment team 
and highlights lessons learned from the first TSA of the Kansas City Plant which was performed April 21-
-April 30, 1992. DOE currently plans to conduct TSAs annually at the KCD. This guide can be used to 
prepare for future Tiger Team Reviews, TSAS, or ES H Progress Assessments. The guide will be modified 
periodically to reflect improvements in the appraisal management process as the DOE appraisal process 
evolves. The process, or portions thereof, described in this manual is expected to be applicable to managing 
a Conduct of Operations Assessment. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical interaction potentials were computed for water moderated UF6 systems 
at uranium-235 enrichments between 1 and 90% using the interaction angle method developed at ORGDP. 
The calculations indicate that significant gains are made in current spacing practices for the storage and 
shipment of UF6 containers, particularly in the 5% uranium-235 enrichment region. Results are given for 
arrays comprised of safe spheres and cylinders of infinite length. 



 

C-10088 

10059…..…..…………………..…….……..……ID Number…………………..…..…………….10059 

Author: Clouse, R. J. / Mallett, A. J. / Newlon, C. E. 

Title: A Triangular Slab Abrasive Slurry Tank for Handling Enriched Uranium 

Date: 3/29/1964 

Report: K-D-1810 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Has numerous hand-written notes by J. T. Thomas. Develops geometric buckling 
values for a segment of a right circular cylinder. 
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Report: KD-1817 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Increased the allowable enrichment limits for in-plant UF6 cylinders. 
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Abstract/Keyterms: Physics; Criticality; Cylinders; Enrichment; Neutrons; Numericals; Uranium; 
Uranium 235 
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Conference Session:  

Abstract/Keyterms: Engineering design for a critical mass lab to be co-constructed with the Oak Ridge 
Electron Linear Acceleration (ORELA). 
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Title: Criteria Change: Protective Structural Package for 30-in. diam UF6 Cylinder 

Date: 7/22/1966 

Report: K-D-1918 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Authorizes off-site shipment of 30-inch UF6 cylinders with up to 4.5% enrichments. 
Includes photos and descriptions of experiments involving 7 cylinders under water submersion, performed 
at the Oak Ridge Critical Experiments Facility. 
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Title: Protective Shipping Packages for 30-Inch Diameter UF6 Cylinders 

Date: 7/20/1966 

Report: K-D-1920 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Design; Packaging; Plastics; Radioactivity; 
Safety; Shielding; Storage; Transport; Uranium Fluorides 
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Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Cylinders; Design; Foams; 
High Temperature; Loading; Phenols; Testing; Transport; Uranium Fluorides; Vessels 
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Title: Use of Nonapproved Equipment for UF6 Transfer August 1966 - Significant Noncritical Incident 
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Date: 8/25/1966 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Unauthorized installation and use of a UF6 gas transfer line. 
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Title: Water Immersion Tests of UF6 Cylinders with Simulated Damage 

Date: 11/7/1967 

Report: K-D-1987 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of water immersion tests of UF6 cylinders with simulated damage was 
conducted to determine the extent of water inleakage. The uranium hexafluoride content was less than 
normal enrichment. Metal and glass cylinder units were used and metal-to- glass cylinder connections were 
also tested. In openings which occur where UF6 has solidified on the metal container walls or across the 
valve, an insoluble plug of monohydrated UO2F2 and metallic products is formed. This results from the 
reaction of the UF6 and water and the reaction of the resultant HF with the metal. Water will enter a void 
area if UF6 is not immediately available for reaction. Similar plug formations do not occur in Laboratory 
tests using glass tubes. 
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Conference/Journal: Scientific meeting of the Research Reactor Institute, Kyoto University, Kumatori 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-10106 

10077…..…..…………………..…….……..……ID Number…………………..…..…………….10077 

Author: Whitesides, G. E. / Cross, N. F. 

Title: On the Treatment of Hydrogen Scattering in Multigroup Monte Carlo Criticality Calculations 

Date: 10/31/1967 

Report: K-DP-2252 
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Assemblies; Criticality; Cross Sections; Geometry; Hydrogen; Monte Carlo Method; Neutrons; Reactors; 
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Abstract/Keyterms: Reactor Technology; Calculations; Computers; Configuration; Criticality; 
FORTRAN; IBM 7090; Multiplication Factors; Programming; Quantitative Analysis 
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Title: Safety Analysis Process at the Oak Ridge Gaseous Diffusion Plant 
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Report: K-DSA-991, CONF-840392-3 

Conference/Journal:  
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Abstract/Keyterms: Nuclear Facilities a safety analysis required. The analysis must assess the unique 
hazards in the operation of a facility, determine the safety system requirements, and quantify the residual 
risk. The unique hazards in the operation of the Oak Ridge Gaseous Diffusion Plant are nuclear criticality, 
penetrating radiation, and the release of toxic gas. This paper describes the process used to satisfy the safety 
analysis requirement, and gives some specific examples of its application. 
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Title: Engineering and Nuclear Technology Requirements to be Met by a Facility for Reprocessing Shortly 
Irradiated Nuclear Fuel 
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Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Operation & Economics; Burnup; Control Elements; 
Criticality; Design; Fuels; Power Plants; Reactor Core; Reactors; Rods; Temperature; Thermodynamics; 
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Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Criticality; Mathematical 
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Title: Application of Monte-Carlo Method to Reactor Calculation 

Date: 3/1/1973 

Report: KERNA 16, 3, 61-67 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: The Monte-Carlo method is a purely numerical method based on simple algorithms. 
Contrary to other well-known techniques of solving the Boltzmann equation it can be used to treat complex 
geometrics, energy dependence of cross- sections, and detailed neutron-nucleus interactions in scattering 
in a comparatively simple manner. The main drawback is in the slow convergence of statistical error. First 
ine solution of transport equation is generally treated, then some special problems are dealt with. 
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Lattices; Leaks; Mathematics; Neutron Flux; Neutrons; Numericals; Reactors; Research Reactors; Spectra; 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of calculations made in 1945 which led to the discovery of the principle 
of the pulse reactor were published, but the calculations themselves have never been published. The present 
article presents these calculations. The calculations are concerned with the analysis of an experiment in 
which fissionable materials arranged in a critical arrangement were exposed to fast neutrons so that a 
supercritical condition resulted. The variation of the criticality depends on the geometric alteration of the 
arrangement and on the thermal expansion of the system caused by the fission energy. Calculations for the 
neutron flux, neutron pulse, combination of the equations, and the second pulse are given. 
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Report: KERNA, 13, 6-11 

Conference/Journal: Kernergie 

Conference Session:  

Abstract/Keyterms: The results are presented of critical experiments using the fuel elements E-CH 1 
provided for the power level increasing of the RFR reactor. A description of both the structure and the 
optimization of a working charge is included. The zero-power experiment data necessary for the start-up of 
the power reactor are analyzed. 
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Conference Session:  

Abstract/Keyterms: The necessity is shown of comparatively calculating the fast reactor physics 
characteristics according to different programmes established by various institutions using simple models 
(test versions). For selected reactor versions the results of calculation k(eff), critical loading, breeding ratio, 
etc. according to programmes intended for one-dimensional or two-dimensional computation using 
different calculational methods and approximations are compared with each other. A comparison was made 
on the basis of the BNAB constants set. 
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Conference Session:  

Abstract/Keyterms: During operation of a nuclear power plant some 10 tons of irradiated uranium per 
year and gigawatt installed electric power have to be transported from the nuclear power plant to the 
reprocessing plant. The high content of radioactive fission products in the order of magnitude of 1 MCi/T. 
U, the generation of residual heat of 1 to 20 kW/T. U arising from them, and the content of fissionable 
materials amounting to a multiple of the critical mass represent a potential risk in public transportation. 
Safety in transportation of spent nuclear fuels is warranted on the basis of international regulations for the 
transport of radioactive materials. In estimating safety, the necessary shipping casks and flasks are of special 
importance. Long-term international experience is available in the field of spent nuclear fuel transportation. 
A review of transportation practice in various countries is given. 



 

C-10122 

10093…..…..…………………..…….……..……ID Number…………………..…..…………….10093 

Author: Graetz, H. 

Title: Method for Determining the Change of Boron Concentration Necessary to Obtain the Delayed 
Critical State 

Date: 9/1/1976 

Report: KERNA, 19, 09, 269-270 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Starting from analogy considerations, a method is presented for determining the 
change of boron concentration necessary to obtain the delayed critical state in a boric acid-controlled 
subcritical reactor. The method is based on measurements of the decay constant of the fundamental 
harmonic of prompt neutrons. 



 

C-10123 

10094…..…..…………………..…….……..……ID Number…………………..…..…………….10094 

Author: Pavelescu, M. / Dumitrescu, H. 

Title: Development of an Optimization Procedure for Fast Reactors Using the Mathematical Game Model 

Date: 11/1/1976 

Report: KERNA, 19, 11, 329-332 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: It is attempted to find the optimum structure of a fast power reactor from the point of 
view of minimum critical mass and of maximum thermal power. The content of strategies was enlarged in 
the sense that the mentioned objectives are considered as a function of different fertile masses and different 
couples of fissile and fertile mass distributions in a multizone reactor. In this way 14 to 20t 238U fertile 
mass reactors and the corresponding fissile and fertile mass distributions were investigated. Finally, the 
structure of an optimum reactor from the mentioned point of view is presented. 



 

C-10124 

10095…..…..…………………..…….……..……ID Number…………………..…..…………….10095 

Author: Kuzin, E. N. / Belov, S. P. / Dvukhsherstnov, V. G. / Kazanskij, Yu. A. / Shchadin, N. N. / 
Albert, D. / Hansen, W. / Vogel, W. / Koepernik, H. 

Title: Investigation of Neutron Spectra in BFS Fast Critical Assemblies by Means of Proton Recoil 
Proportional Counters 

Date: 1/1/1977 

Report: KERNA, 20, 1, 21-23 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Within the framework of cooperation in the field of fast neutron reactor physics 
between the USSR and the GDR at the Institute of Physics and Nuclear Power (FEI Obninsk) and the 
Central Institute of Nuclear Research (ZfK Rossendorf) during the period from 1970 to 1975 spectrometers 
using proton recoil proportional counters have been developed. The spectrometers allow to measure neutron 
spectra in fast critical assemblies in the energy range of 2 to 1200 keV. They were used for measuring 
neutron spectra in three critical assemblies of the BFS-1 facility in Obninsk. The results obtained with both 
spectrometers agree well for the energy range above 10 keV. The experimental data are compared with 
those calculated by standard reactor computational codes using different constants sets.. 



 

C-10125 

10096…..…..…………………..…….……..……ID Number…………………..…..…………….10096 

Author: Gegusch, M. 

Title: Problems of Radiation Protection and Nuclear Safety in Fuel Reprocessing and Fuel Element 
Fabrication Plants for Water-Cooled and Water-Moderated Thermal Reactors 

Date: 4/1/1982 

Report: KERNA, 25, 4, 141-148 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Radiation Protection / Nuclear Safety / Fuel Reprocessing / Fabrication Plants / 
PUREX Process 



 

C-10126 

10097…..…..…………………..…….……..……ID Number…………………..…..…………….10097 

Author: Konschak, K. / Horche, W. / Honisch, H. / Berger, J. / Doerschel, B. 

Title: Reactor Physics Studies at the Zittau Training and Research Reactor ZLFR 

Date: 4/1/1982 

Report: KERNA, 25, 4, 158-163 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: It is reported on experimental studies during the start-up period of the Zittau training 
and research reactor ZLFR. The critical mass obtained is in good agreement with the calculated value. It 
corresponds to a core charge of 90 fuel assemblies ECH-1. The shutdown reactivity of the safety rod and 
of the three control rods is 3.2% in total. The reactivity effects due to shuffling, internals, and configuration 
modifications as well as to intentional or unintentional changes in the operating conditions have been 
analyzed from the viewpoint of safe operation. 



 

C-10127 

10098…..…..…………………..…….……..……ID Number…………………..…..…………….10098 

Author: Milanova, R. N. / Byrzev, L. G. 

Title: Neutron Data Storage and Processing System for the WWER-440 Type Reactors of the Kozloduj 
Nuclear Power Plant 

Date: 6/1/1983 

Report: KERNA, 26 (6), 231-234 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Neutron Physics Data Storage / Processing System / WWER-440 Reactors / Kozloduj 
Nuclear Power Plant 



 

C-10128 

10099…..…..…………………..…….……..……ID Number…………………..…..…………….10099 

Author: Milanova, R. N. / Byrzev, L. G. 

Title: Results of an Analysis of Neutron Physics Data of the WWER-440 Reactor Operation in the Kozloduj 
Nuclear Power Plant 

Date: 6/1/1983 

Report: KERNA, 26 (6), 234-238 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Kozloduj Nuclear Power Plant 



 

C-10129 

10100…..…..…………………..…….……..……ID Number…………………..…..…………….10100 

Author: Hieronymus, W. 

Title: Long-Term Storage of Spent Fuel from the Rossendorf Research Reactor 

Date: 1/1/1983 

Report: KERNA, 26, 1, 27-32 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Long-term dry storage is in preparation for the Rossendorf Research Reactor (RFR) 
spent fuel with an average burnup of about 150,000 MWd/T. U. Considering the situation at the RFR, 
drywell storage is obviously favourable. Problems of decay heat removal, radiation protection, and critical 
safety are discussed. 



 

C-10130 

10101…..…..…………………..…….……..……ID Number…………………..…..…………….10101 

Author: Herman, A. / Möller, W. 

Title: Bestimmung der Abhängigkeit von Nuklidgehalten in VVER-440 Brennstoff Nach Rechnerischen 
Und Experimentellen Methoden 

Date: 1/1/1984 

Report: KERNA, 27, 255 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms:  



 

C-10131 

10102…..…..…………………..…….……..……ID Number…………………..…..…………….10102 

Author: Hicken, E. F. 

Title: Utilization of Safety and Operating Systems for Risk Mitigation with Non-Designed Accidents in 
Pressurized Power Reactors 

Date: 6/1/1989 

Report: KERNA, 33 (6): 245-249 

Conference/Journal: Scientific conference on power economy of the Zittau College of Advanced 
Technology, Zittau (German Democratic Republic), 7-9 Jun 1989 

Conference Session:  

Abstract/Keyterms: Subcriticality / Ensuring Core Cooling / Maintaining Integrity of the Containment 
Shell / Minimizing Fission Product Release 



 

C-10132 

10103…..…..…………………..…….……..……ID Number…………………..…..…………….10103 

Author: Muller, A. 

Title: Calculations of the Criticality Condition of a Boiling Water Reactor 

Date: 10/1/1960 

Report: Kernenergie (East Germany), Vol: 3 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Criticality calculations for a boiling water reactor are given. It is shown in the case of 
strong evaporation, and considering the extrapolation length, the steam advance rate, and a subcooling of 
the moderator involved in the active zone at the boiling point that a continuous analytical solution of the 
simple one-group equations using certain assumptions and hypotheses is possible. The most important 
assumption is that the moderator density depends only on the height in the core, and not on the radius which 
is approximately attainable by a suitably chosen rate profile of the in-flowing moderator. With the 
additional assumption of a constant ration of steam-to-water rate, it is more exactly attainable. 



 

C-10133 

10104…..…..…………………..…….……..……ID Number…………………..…..…………….10104 

Author: Meyer, K. 

Title: Scheme for Burn-Up Calculations. IV. Exchange of the Fuel from the Axis to the Boundary of a 
Cylindrical Reactor of Finite Height 

Date: 2/1/1961 

Report: Kernenergie (East Germany); Vol: 4 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: The burn-up after the transfer of the fuel rods from the axis to the perimeter of a 
reactor of finite height is calculated. The discrete transfer pattern through a continuous passage of the fuel 
was approximated. The one-group theory was used. It was assumed that k, is linearly dependent on the 
thermal neutron flux. Expressions for the maximum and mean burn-up depth and estimations of the neutron 
flux inhomogeneities to be expected are derived. 



 

C-10134 

10105…..…..…………………..…….……..……ID Number…………………..…..…………….10105 

Author: Wenzel, P. 

Title: Effective Steady-State Xenon Poisoning in Thermal Reactors 

Date: 10/1/1961 

Report: Kernenergie (East Germany); Vol: 4 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: With the help of the perturbation theory, the effect of the position dependence of the 
thermal neutron flux and the lattice parameter in the active zone on the steady-state xenon poisoning was 
investigated for thermal reactors with solid fuel elements. A correction for the xenon concentration 
calculated in the first approximation from the mean flux is given. The correction includes the position 
dependence of the flux and lattice parameter and depends in a simple manner on the mean flux in the active 
zone. In the estimation of the critical behavior of a reactor or for the interpretation of the control system, it 
is safer to calculate with the corrected effective values of the xenon concentration; they deviate sharply 
from the uncorrected values, principally for average fluxes in the order of magnitude of 10/sup 13/ n/cm/sup 
2/. 



 

C-10135 

10106…..…..…………………..…….……..……ID Number…………………..…..…………….10106 

Author: Wenzel, P. 

Title: Effective Xenon Poisoning after Shut-Down of a Thermal Reactor 

Date: 12/1/1961 

Report: Kernenergie (East Germany); Vol: 4 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: The effect of the position dependence of the thermal neutron flux and of the lattice 
parameter on the transient behavior of the xenon poisoning after shut- down of the reactor was investigated 
for thermal reactors with solid fuel elements with the help of the perturbation theory. A factor for the 
stationary xenon concentration, calculated in the first approximation from the mean flux and power, was 
given. This factor was clearly dependent on the time after shut-down, on the mean flux or the power before 
shut-down, and on the position dependence of the flux and of the lattice parameter. For the xenon 
concentration thus calculated, which represents correctly the effect on the reactivity of the system, the 
maximum value and the time when it is attained were determined; furthermore, the time which must elapse 
up to the decay of the so-called xenon peak was given. In estimation of the critical behavior of a reactor or 
for the design of the control system it is safer to calculate with the effective values of the xenon 
concentration as estimated above as there is sharp deviation from the values obtained without consideration 
of the position dependence. 



 

C-10136 

10107…..…..…………………..…….……..……ID Number…………………..…..…………….10107 

Author: Enginol, T. B. 

Title: Effectiveness of Control Rods in Multiple-Zone Reactors 

Date: 7/1/1963 

Report: Kernenergie (East Germany); Vol: 4 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Configuration; Control Elements; Criticality; 
Errors; Neutron Flux; Numericals; Reactivity; Reactors; Zones 



 

C-10137 

10108…..…..…………………..…….……..……ID Number…………………..…..…………….10108 

Author: Kiesewetter, H. 

Title: The Efficiency of Arbitrary Configurations of Rods Partially Inserted into a Cylindrical Multi-Layer 
Reactor 

Date: 6/1/1964 

Report: Kernenergie (East Germany); Vol: 7 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Buckling; Configuration; Control Elements; Criticality; 
Cylinders; Distribution; Efficiency; Equations; Fuel Elements; Layers; Numericals; Quantitative Analysis; 
Reactors; Rods 



 

C-10138 

10109…..…..…………………..…….……..……ID Number…………………..…..…………….10109 

Author: Schumann, P. / Albert, D. 

Title: Investigations of Epithermal Neutron Spectra by Means of Thin Resonance Foils 

Date: 2/1/1965 

Report: Kernenergie (East Germany); Vol: 8 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Diagrams; Energy; Energy Range; 
Epithermal Neutrons; eV Range; Foils; Gold; In Pile Loops; Indium 115; Lanthanum; Manganese; 
Measured Values; Molybdenum 98; Performance; Radiation Detectors; Reactor Core; Research Reactors; 
Resonance; Samarium 152; Spectra; Tables; Threshold Detectors; Tungsten 186; Variations 



 

C-10139 

10110…..…..…………………..…….……..……ID Number…………………..…..…………….10110 

Author: Kozik, B. 

Title: Statistical Theory of Reactors 

Date: 3/1/1966 

Report: Kernenergie (East Germany); Vol: 9 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-10140 

10111…..…..…………………..…….……..……ID Number…………………..…..…………….10111 

Author: Mueller, A. 

Title: Experience with Simple Methods for Evaluating Zero-Power Experiments at the Rheinsberg Nuclear 
Power Station Reactor 

Date: 6/1/1970 

Report: Kernenergie 13: 169-172 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Kinetics & Dynamics; Control Elements; Control Rod 
Worth; Distribution; Errors; Mathematics; Neutron Flux; Power Reactors; Reactivity; Reactor Core; 
Rheinsberg Reactor; Rods 



 

C-10141 

10112…..…..…………………..…….……..……ID Number…………………..…..…………….10112 

Author: Kulikowska, T. 

Title: Survey of INR Activities in Spectral Codes Development 

Date: 11/1/1970 

Report: Kernenergie 13: 347-55 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Algol; Computer Calculations; 
Criticality; Cross Sections; Group Theory; Neutron Flux; Programming; Slowdown; Spectra 
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10113…..…..…………………..…….……..……ID Number…………………..…..…………….10113 

Author: Woznicki, Z. 

Title: EWA-II: Two-Dimensional Two-Group Diffusion Fast Code 

Date: 10/1/1971 

Report: Kernenergie 14: No. 10, 325-328 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Computer Calculations; Criticality 
Multigroup Theory; Multiplication Factors; Neutron Diffusion Equation; Reactor Kinetics 



 

C-10143 

10114…..…..…………………..…….……..……ID Number…………………..…..…………….10114 

Author: Komissarov, L. V. / Lunin, G. L. 

Title: Experiments on Critical Assemblies and their Relation to Those Carried Out in Nuclear Power Plants 

Date: 8/1/1972 

Report: Kernenergie 15: No. 8, 253-258 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Commercial Power Reactors-Physics & Core 
Engineering; Performance; Reactor Cores; Reactor Lattices; Reactor Start-Up; Rheinsberg Akw1 Reactor; 
Testing; WWER-1 Reactor; WWER-2 Reactor; WWER-3 Reactor Rheinsberg Power Reactor / Startup of, 
Critical Assembly Experiments on Procedures for; Novo Voronezh Power Reactor, Unit 1 / Startup of, 
Critical Assembly Experiments on Procedures for; Novo Voronezh Power Reactor, Unit 3 / Startup of, 
Critical Assembly Experiments on Procedures for; Novo Voronezh Power Reactor, Unit 2 / Startup of, 
Critical Assembly Experiments on Procedures for 



 

C-10144 

10115…..…..…………………..…….……..……ID Number…………………..…..…………….10115 

Author: Sidorenko, V. D. 

Title: Multigroup Calculation of Criticality and Burn-Up of Homogeneous Fuel Lattices. I 

Date: 5/1/1969 

Report: Kernenergie, 12, 159-162 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Burnup; Configuration; Criticality; Fuels; Group Theory; 
Programming; Reactor Core; Reactor Lattices; Water Moderated Reactors 



 

C-10145 

10116…..…..…………………..…….……..……ID Number…………………..…..…………….10116 

Author: Endler, A. 

Title: The Critical Assembly ``RAKE`` 

Date: 12/1/1969 

Report: Kernenergie, 12, 373-375 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Critical Assemblies; Design; 
Fabrication; Rake Assembly 



 

C-10146 

10117…..…..…………………..…….……..……ID Number…………………..…..…………….10117 

Author: Bouzyk, J. / Kubowski, J. / Latek, S. 

Title: Investigation of Light Water Moderated Lattice by Differential Reactivity Method 

Date: 12/1/1969 

Report: Kernenergie, 12, 376-379 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Critical Parameters of Water Moderated Enriched Uranium 
Oxide (UO2) Fueled, Differential Reactivity Method for 



 

C-10147 

10118…..…..…………………..…….……..……ID Number…………………..…..…………….10118 

Author: Sidorenko, V. D. 

Title: Multigroup Calculation of Criticality and Burn-Up of Homogeneous Fuel Lattices. II 

Date: 6/1/1969 

Report: Kernenergie, 12: 203-209 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Burnup; Criticality; Differential Equations; Fuels; 
Homogeneous; Mathematics; Reactors 



 

C-10148 

10119…..…..…………………..…….……..……ID Number…………………..…..…………….10119 

Author: Wenzel, P. 

Title: Technical and Economic Studies on the Startup of Fast Breeders with Plutonium of 235U 

Date: 9/1/1973 

Report: Kernenergie, v. 16, no. 9, pp. 266-270 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: The amounts of fissile materials in the form of 239Pu or /sup 235/ U necessary for 
the startup and transient regime of a fast breeder reactor are determined and compared with each other using 
an analytical model. With that, the most important physico-technical parameters of the reactor, in particular 
the different critical masses and breeding factors for the two different fissile materials, the operating 
characteristics of the reactor, and the parameters of the external fuel cycle are taken into consideration. The 
algorithm given enables a large number of survey calculations with relatively small effort and may serve 
for optimizing the parameters introduced into the calculations and for evaluating a system-related plutonium 
price on the basis of that of uranium. 



 

C-10149 

10120…..…..…………………..…….……..……ID Number…………………..…..…………….10120 

Author: Fouad, H. Y. 

Title: Evaluation of Thermal Neutron Flux in Hydrogenous Moderators 

Date: 1/1/1975 

Report: Kernenergie, v. 18, no. 3, pp. 64-65 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Moderators- Neutron Flux; 
Neutron Transport Theory; Absorption; Boltzmann Statistics; Criticality; Hydrogen; Kernels; Neutron 
Spectra; Riccati Equation; Scattering; Thermal Neutrons; Velocity 



 

C-10150 

10121…..…..…………………..…….……..……ID Number…………………..…..…………….10121 

Author: Fouad, H. Y. 

Title: Enriched Uranium-Light Water Reactors Lattice Studies in the A.R.E. 

Date: 1/1/1975 

Report: Kernenergie, v. 18, no. 8, pp. 237-239 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; Nuclear Reactor Technology-Research, Test & Experimental Reactors; WWR-C-
CAIRO Reactor- Reactor Lattice Parameters; Criticality; Reactor Cells; Reactor Lattices; Subcritical 
Assemblies 



 

C-10151 

10122…..…..…………………..…….……..……ID Number…………………..…..…………….10122 

Author: Dmitrievskii, V. A. / Grigor'ev, I. S. 

Title: Determination of Critical Mass and Neutron Flux Distribution by the Method of Physical Models 

Date: 4/1/1960 

Report: Kernenergie, Vol: 3 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: The design of nuclear reactors, especially of new types, takes place before the 
experimental studies are made to determine their parameters. A new method for prior determination of 
critical mass and neutron flux distribution is discussed, a method using physical models. A reactor model 
is used for the experiments which contains no fissionable material. The “working" channels of the models 
are filled with a neutron absorber which has the same neutron absorption cross section as fissionable 
material. A neutron source which is moved along the channel imitates the production of fast neutrons. The 
distribution of the thermal neutron flux is measured with a detector which responds to thermal neutrons. If 
the power of the source and the absolute value of neutron flux are known, then one can obtain the critical 
mass from the experiment. The model method has been checked on a UF6 reactor. The experimentally 
produced value for critical mass was in good agreement with that obtained at startup. In addition to critical 
and exponential experiments for study of a proposed reactor, the method is also useful in the selection of 
optimal lattice parameters, and other factors. The method is very simple and requires neither fissionable 
material nor a high neutron flux. 



 

C-10152 

10123…..…..…………………..…….……..……ID Number…………………..…..…………….10123 

Author: Bessner, G. / Macke, W. / Reiche, Chr. 

Title: Layer Reactor According to the Two-Group Theory 

Date: 3/1/1963 

Report: Kernenergie, Vol: 6 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: The neutron distribution in a finite-layer reactor with thin fuel layers was calculated 
according to the two-group theory. A comparison of critical conditions permitted the determination of group 
constants for the homogeneous reactor. 



 

C-10153 

10124…..…..…………………..…….……..……ID Number…………………..…..…………….10124 

Author: Heinrich, H. 

Title: Calculation of the Efficiency of Rod Shaped Heterogeneities in Homogeneous Reactor Cores and 
Comparison with Experimental Data 

Date: 9/1/1965 

Report: Kernenergie, Vol: 8 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Collisions; Configuration; Diffusion; 
Efficiency; Group Theory; Homogeneous Reactors; Numericals; Probability; Reactor Core; Reactors; 
Rods; Statistics 



 

C-10154 

10125…..…..…………………..…….……..……ID Number…………………..…..…………….10125 

Author: Laletin, N. I. 

Title: The Effects of a Cylinder-Shaped Channel on Neutron Diffusion 

Date: 4/1/1960 

Report: Kernenergie; Vol: 3 

Conference/Journal: Kernenergie 

Conference Session:  

Abstract/Keyterms: The voids in the active zone of a reactor have a marked influence on the neutron loss. 
This effect is very important in calculation of the critical mass of a reactor. Often it is of interest to know 
the effect of empty channels on the diffusion of neutrons beyond the active zone. A mathematical treatment 
of the effect of a hollow cylindrical channel on neutron diffusion is given. Expressions are obtained for the 
neutron loss through a channel at the center of a reactor and the additional loss in the region of the channel. 
A study is also made of the applicability of the diffusion equations to the distribution function of neutron 
flux along a channel. 



 

C-10155 

10126…..…..…………………..…….……..……ID Number…………………..…..…………….10126 

Author: Griepentrog, E. 

Title: Numerical Treatment of the Kinetic Reactor Equations 

Date: 1/1/1965 

Report: Kernenergie; Vol: 8 

Conference/Journal: Kernenergie (East Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Decay; Efficiency; Equations; 
Numericals; Reactivity; Reactors; Shielding 



 

C-10156 

10127…..…..…………………..…….……..……ID Number…………………..…..…………….10127 

Author: Knight, J. R. / Newlon, C. E. 

Title: Basis Reactor Physics Problems in Fluid-Fuel Recirculated Reactors 

Date: 12:00:00 AM 

Report: Kerntechnik 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10157 

10128…..…..…………………..…….……..……ID Number…………………..…..…………….10128 

Author: Misenta, R. 

Title: Reactor-Physical Tests During the Commissioning of the Experimental Atomic Power Station at 
KAHL 

Date: 9/1/1961 

Report: Kerntechnik (West Germany): Vol: 3 

Conference/Journal: Kerntechnik (West Germany) Merged with Atomkernenergie to form 
Atomkernenerg./Kerntech.kyu Hokoku 

Conference Session:  

Abstract/Keyterms: The first step in the commissioning of the experimental atomic power station Kahl 
was the insertion of fuel elements into the reactor pressure vessel, whereby the smallest critical arrangement 
of the fuel elements was built up. After measurements of the blister coefficient and of the temperature 
coefficient of reactivity, and tests of the reactivity efficiency of the steel boxes, the complete core was 
inserted into the reactor pressure vessel. The charging of the fuel elements was interrupted for tests with 
36, 48, 60, 72, and 84 elements. Among other things, the blister and temperature coefficient of the reactivity 
were measured in the full reactor core with 88 fuel elements, control rod withdrawal sequence and critical 
arrangements of the control rods were determined and individual control rods gaged. The reactor-physical 
tests were performed at a power level in the kilowatt range, full is in a power range of only about 0.01% of 
the full thermal reactor capacity of 60 Mw. Zero-power tests were performed. 



 

C-10158 

10129…..…..…………………..…….……..……ID Number…………………..…..…………….10129 

Author: Kraemer, H. 

Title: Reactivity Measurements by Way of Pulse Source Measurements 

Date: 9/1/1964 

Report: Kerntechnik (West Germany); Vol: 6 

Conference/Journal: Kerntechnik (West Germany) Merged with Atomkernenergie to form 
Atomkernenerg./Kerntech.kyu Hokoku; Vol: 6 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Measured Values; Multiplication Factors; 
Performance; Planning; Pulses; Reactivity; Reactors; Uses 
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10130…..…..…………………..…….……..……ID Number…………………..…..…………….10130 

Author: Trkov, A. / Ravnik, M. / Boeck, H. / Glumac, B. 

Title: Reactivity Measurements in a Close-to-Critical TRIGA Reactor Using a Digital Reactivity Meter 

Date: 1/1/1992 

Report: Kerntechnik 57, 5, 296 

Conference/Journal: Kerntechnik 

Conference Session:  

Abstract/Keyterms: IEU-COMP-THERM-003 
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10131…..…..…………………..…….……..……ID Number…………………..…..…………….10131 

Author: Dose, G. 

Title: Loading Facilities for the Karlsruhe Fast Zero-Energy Critical Assembly SNEAK 

Date: 4/1/1967 

Report: Kerntechnik, 9, 132-136 
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Diagrams; Excursions; Fast Neutrons; Measured Values; Mockup; Numericals; Power; Reactivity; 
Research Reactors; SNEAK; Tables; Transients; Variations 
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Abstract/Keyterms: With a view to a better utilization of the uranium resources investigations of reactors 
with tight light-water-cooled lattices and a high conversion ratio are of interest (advanced pressurized water 
reactor, APWR). Because of the large deviations of the neutron energy spectra of APWR-lattices compared 
to thermal and fast reactors, a number of available computer codes and data libraries have been verified and 
compared. The following available experimental data have been investigated: (a) tight light-water 
moderated UO2-lattices from the “High Conversion Critical Experiments Program” in ZPR-7 in Argonne 
(USA), (b) light-water moderated mixed oxide-lattices from the “Plutonium Utilization Program” at 
Battelle Northwest (USA) and from the “Saxton Plutonium Program” at Westinghouse (USA). These 
lattices are less tight and contain less plutonium compared to the first design for a APWR-core. Further 
comparisons have been carried out for a reference-design of a homogeneous APWR-core, proposed by the 
TU-Braunschweig, and for a typical LMFBR-core from a NEACRP-benchmark. Procedures for the 
calculation of thermal reactors and modified procedures for the calculation of fast reactors have been used. 
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Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; Butyl 
Phosphates; Criticality; Fuel Elements; Mass; Plutonium; Reprocessing; Solvent Extraction; Toxicity; 
Uranium; Water 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Critical 
Assemblies; Criticality; Determination; Europe; Hungary; Measurement; Neutrons; Research Reactors; 
Uses; WWR Series; ZR-3 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Risk assessment is made on the basis of a system of emergency situations (ES). An 
ES is the combination of a mode of operation (MOP) and an initiating event (INE). The wide range of 
operating parameters (temperatures up to 130 deg C, pressures up to 3 bar) and the unique construction 
(regulation of the reactor by changing the water height under pressure) necessitated the consideration of 
different MOP's. A total of 16 MOP's and 24 INE's is considered. The transients triggered by the ES's are 
analysed making use of cause-consequence charts. Risk is expressed in terms of reactivity addition rates 
and the corresponding probabilities. 
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Title: Measurement of Reactivity Temperature Coefficient by Noise Method in a Power Reactor 
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Abstract/Keyterms: Temperature Reactivity Coefficient / Noise Measurements / PWR 
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Abstract/Keyterms: RFIT Program / WWER Type Reactors 
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Title: Development of Fast Reactors and Studies on Materials 
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Conference/Journal: Kinzoku (Japan) 

Conference Session:  

Abstract/Keyterms: The effort of independent development has born fruit, and the fast experimental 
reactor "JOYO" has attained the criticality on April 24, 1977. The fast neutron source reactor in the 
University of Tokyo has been in operation since 1972, but JOYO is the first full-scale fast reactor. The 
refining techniques for sodium and the purity control for sodium in use were important problems. The 
cooling of fuel rods, the swelling of fuel due to high burn-up, the strict dimensional allowance for fuel 
assemblies owing to poor controllability, the supporting method without large flow resistance for fuel 
assemblies, the local overheat of claddings due to FP gas leak, and the irradiation damage of claddings were 
deemed to be the requirements. The method of manufacturing fuel pellets was investigated. The temperature 
of coolant has been set at 500 deg. C reluctantly because of the difficulties in the development of cladding 
material. Steam-cooled fast reactors were conceived to avoid delay, but were not materialized. The cladding 
material for JOYO is 316 stainless steel containing reduced nitrogen as the measures to helium damage. As 
the piping material, 2,1/4 Cr-1Mo steel without niobium was used. In Japan, nickel clad vanadium alloy 
has been investigated in the University of Tokyo to give sodium resistance with nickel cladding. 



 

C-10234 

10205…..…..…………………..…….……..……ID Number…………………..…..…………….10205 

Author: Borisenko, V. I. / Golovach, A. I. / Geras'ko, V. N. 

Title: Physico-Technical Decisions of Control System Design of TCMCS 'Trap' of NPS-88 

Date: 1/1/1990 

Report: KIYI-90-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chernobyl Accident 



 

C-10235 

10206…..…..…………………..…….……..……ID Number…………………..…..…………….10206 

Author: Jones, C. G. / Rapp, K. E. 

Title: Deliquescence of Uranyl Fluoride Deposited on Converter Coolers 

Date: 7/16/1958 

Report: KL-176 

Conference/Journal:  
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Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Aluminum Alloys; Aluminum Oxides; Bromine Fluorides; Carbides; Coating; Compressors; Corrosion; 
Criticality; Duranickel; Filters; Fluidization; Fluorination; Gases; High Temperature; Hydrochloric Acid; 
Hydrogen; Leaks; Manganese Alloys; Nickel; Nickel Alloys; Operation; Oxidation; Performance; 
Plutonium Fluorides; Plutonium Nitrates; Porosity; Separation Processes; Sintering; Tin Chlorides; 
Titanium Alloys; Tubes; U3o8; Uranium Dioxide; Valves; Water; Zircaloy; Zirconium Chlorides 
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Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Aluminum Oxides- Criticality- Cylinders- Mass- Plutonium Oxides; Aluminum Oxides- Fluidization- 
Separation Processes- U3o8; Bromine Fluorides- Chemical Reactions- Fluorination- Impurities- Uranium 
Hexafluoride- U3o8; Compressors- Corrosion- Fluorine- Nitrogen- Operation- Performance; Filters- 
Hydrochloric Acid- Inert Gases- Nickel- Porosity- Sintering- Tin Chlorides- Tubes- Zirconium Chlorides; 
Fission Products- Pellets- Production- Radiations- Uranium Dioxide; Fuels; Plutonium Fluorides- Thermal 
Insulation- Traps; Reactors; Reprocessing Aluminum Oxides- Fluidization- Oxidation- Pellets- Powders- 
Production 
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Title: Fissile Class I Shipment of UF6 "Heel" Cylinders 

Date: 6/5/1974 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation; Casks- Safety; Uranium 
Hexafluoride- Transport; Accidents; Criticality; Packaging 
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Author: Newlon, C. E. / Taylor, R. G. 

Title: Activity Determination for UF6 Shipping Cylinders 

Date: 3/10/1970 

Report: K-L-6252 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; -Engineering-Facilities & Equipment; 
Containers; Cylinders; Equations; Radioactivity; Shielding; Transport; Uranium 234; Uranium 235; 
Uranium 238; Uranium Hexafluoride; Vessels Radioactivity / Calculations of Uranium Hexafluoride 
Shipping Cylinder, Equations for; Shielded Containers / Radioactivity of Cylindrical, for Shipping Uranium 
Hexafluoride, Equations for Calculation of; Shipping / Containers for Uranium Hexafluoride, Equations for 
Calculation of Radioactivity of Cylindrical; Uranium Fluorides UF6/ Shipping of, Equations for 
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Author: Newlon, C. E. / Taylor, R. G. 

Title: Nuclear Safety Analysis of Moderation-Controlled 48-in. I.D. Heavy-Wall UF6 Cylinders 

Date: 8/10/1970 

Report: K-L-6255 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Control; Criticality; Cylinders; 
Moderators; Numericals; Safety; Storage; Uranium 235; Uranium Hexafluoride 



 

C-10251 

10222…..…..…………………..…….……..……ID Number…………………..…..…………….10222 

Author: Taylor, R. G. 

Title: Monitoring for Uranium Accumulations in Diffusion Plant Equipment 

Date: 5/21/1973 

Report: K-L-6316 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Explains Technical Issues, Monitoring Equipment, and Practices/Program to Detect 
Uranium Accumulations; Isotope & Radiation Source Technology--Isotope Separation (Industrial)--
Uranium; Gaseous Diffusion Process-- Monitoring; Uranium 235-- Gaseous Diffusion Process; Buildup; 
Control; Enriched Uranium; Gamma Detection 
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Title: Solid angle-interaction potential method: illustrative problems 
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Report: K-L-6328; CONF-731101--11 

Conference/Journal: Joint meeting of the American Nuclear Society and the Atomic Industrial Forum 
and Nuclear Energy Exhibition, San Francisco, California, USA, 11 Nov 1973 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Uranium Oxides; Uranium Hexafluoride- Criticality; Uranium Oxides- Criticality; Slightly 
Enriched Uranium; Storage 



 

C-10253 

10224…..…..…………………..…….……..……ID Number…………………..…..…………….10224 

Author: Davis, Jr., W. / Kobisk, E. H. 

Title: Analysis of Uranium Hexafluoride-Hydrogen Fluoride Solutions by Freezing Point Determinations. 
Errors Caused by Liquid-Vapor Equilibrium 

Date: 4/5/1955 

Report: KLI-3438 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Errors; Hydrogen Fluorides; Liquids; Measured Values; Qualitative 
Analysis; Quantity Ratio; Solidification; Solutions; Thermodynamics; Uranium Hexafluoride; Vapors 
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Title: Preliminary Hazards Report to the Atomic Energy Commission for the Cornell University Dual Core 
Reactor Vitro Job No 1243 

Date: 1/17/1958 

Report: KLX-1789 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A dual-core reactor facility is proposed having an intermediate power swimming 
pool"' core and a zero power'" quasiflexible critical studies core. The facility design also incorporates a 
gamma irradiation cell. It is planned to operate both cores at the same console but not at the same time. All 
possible sources of radiation will be shielded. either through the use of water, ordinary concrete, barytes 
concrete, or other special materials according to the best calculation techniques available. Under normal 
operating conditions exposed areas will receive no more than 0.2 mr/hr. 
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Title: Calculated Critical Masses for Spherical Plutonium Core with Various Spherical Reflectors 

Date: 12/1/1972 
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Conference/Journal: Journal of the Korean Nuclear Society (South Korea) 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; -ReactorsReactor Theory & Calculation; Zero Power Reactors- Critical Mass; 
Neutron Reflectors; Number Codes; Plutonium; Reactor Cores; Spherical Configuration; Thickness 
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Title: Benchmark Test and Adjustment of an Updated Library from ENDF/B-IV 

Date: 9/1/1981 

Report: KNSKA, 13, 3, 130-138 

Conference/Journal: Journal of the Korean Nuclear Society (South Korea) 

Conference Session:  

Abstract/Keyterms: A LEOPARD library was updated from the ENDF/B-IV evaluated data using ETOT-
3-ETOG-3 code system. The applicability of the library was assessed through benchmark tests for many 
light water moderated critical assemblies, and adjustment techniques were applied to group constants to fit 
critical experiments. It is confirmed that the library from ENDF/B-IV, coupled with the use of LEOPARD 
code, leads to reasonable results for light water moderated UO2 fueled cores with the above adjustments. 
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Title: Atom Number Densities for Uranyl Nitrate Solution 

Date: 9/1/1982 

Report: KNSKA, 14 (3), 103-109 

Conference/Journal: Journal of the Korean Nuclear Society (South Korea) 

Conference Session:  

Abstract/Keyterms: An empirical formula for determining water content as functions of uranium 
concentration and nitric acid normalities in uranyl nitrate solutions has been derived from a least-squares 
analysis of experimental data, i.e., uranium concentration, nitric acid normalities and solution densities for 
a large number of UO2(NO3)2 solutions. The formula derived is Q=1-0.3628C-0.0327H$sup +$ where 
Q,C, and H$sup +$ stand for water constant (g/cc), uranium concentration (g/cc), and nitric acid normality, 
respectively. Atom number densities and nuclear criticality for hypothetical uranyl nitrate solutions have 
been calculated by using the empirical formula, and compared with the results obtained on the basis of 
uranium concentration, nitric acid normality, and solution density. The empirical formula derived in this 
study seems to be useful in uranium concentrations ranging from 0.295g/cc down to 0.004g/cc and nitric 
acid normality from 5.06 to 1.00. 
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Title: Criticality Safety Analysis of Spent Fuel Storage Facility for KO-RI Unit 1 

Date: 6/1/1982 

Report: KNSKA, 14, 2, 086-091 

Conference/Journal: Journal of the Korean Nuclear Society (South Korea) 

Conference Session:  

Abstract/Keyterms: In 1977, spent fuel storage capacity of Ko-Ri Unit 1 was raised to contain 4-2/3 core, 
by reducing the center-to-center spacing between fuel assemblies from 53.34cm to 36cm. In this paper the 
adequacy is discussed in detail by examining the previous design analysis report. According to the analytic 
method presented by Core Performance Branch, study on credible abnormal moderator density condition 
is performed by using KENO-IV for the redesigned spent fuel storage facility. Result shows that 36cm for 
the center-to-center spacing between fuel assemblies is not enough to keep the storage safe at water density 
of 0.1143g/cc, which gives the maximum k(eff) 0.9958±0.0048, which exceeds the CPB regulation limit 
0.98. A sensitivity study regarding center-to-center spacing indicates that it should be maintained at a 
distance greater than 43cm in order to meet the CPB requirements. 
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Report: KNSKA, 14, 3, 138-147 

Conference/Journal: Journal of the Korean Nuclear Society (South Korea) 

Conference Session:  

Abstract/Keyterms: A theoretical basis for analysis of plutonium-bearing fuel in a thermal nuclear power 
reactor has been established. The analysis of UO2-PuO2 fueled, light water moderated uniform lattice 
experiments has been performed. A unit cell program, KARATE, which is based on the theoretical models 
of GAM and THERMOS with some modifications, has been developed to generate a few-group cross-
sections. These cross-sections are subsequently used in the diffusion theory code, KIDD, to compare the 
calculated values of the effective multiplication factor with the measured. The average value of the effective 
multiplication factor for 41 selected critical experiments is estimated to be 0.9997 with standard deviation 
of 0.43%. This illustrates the fact that KARATE/KIDD system can be effectively used for the analysis of 
uniform lattices of UO2-PuO2 fuels. 
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Abstract/Keyterms: High Temperature Gas-Cooled Reactor / High Temperature Testing Reactor (HTTR) 
/ Oarai Research Laboratory of JAERI 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Air; Analog Systems; Boiling; Bubbles; 
Coolants; Diffusion; Exponential Piles; Injection; Moderators; Neutrons; Quantitative Analysis; Steam; 
Temperature; Water 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Cleaning; Cylinders; Decontamination; 
Shielding; Transport; Uranium Hexafluoride Uranium Fluorides UF6/ Shipping Container for, Method for 
Decontamination of 2.5 Ton Cylindrical; Shipping / Container for Uranium Hexafluoride, Method for 
Decontamination of 2.5 Ton Cylindrical; Decontamination / Method for Cylindrical Uranium Hexafluoride 
Shipping Containers; Shielded Containers / Decontamination of 2.5 Ton Cylindrical Uranium Hexafluoride 
Shipping, Method for 
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Title: Investigation of a Uranium Hexafluoride Release Incident on September 17, 1975 in the K-1423 Toll 
Enrichment Facility 

Date: 12/9/1975 

Report: K-P-6197 Add 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An explosion occurred in a 30A 2-1/2 ton UF6 cylinder at the K-1423 Toll 
Enrichment Facility on September 17, 1975, cracking the cylinder and resulting in the release of about 18 
lb of UF6. The damaged cylinder was one of 10 cylinders received by ORGDP from an enriching service 
customer on March 19, 1975. These cylinders were cleaned and inspected at ORGDP, returned to the 
cylinder manufacturer for inspection and hydrostatic testing, then reinspected at ORGDP, valves installed 
and leak tested, and evacuated prior to filling with enriched UF6 at the Toll Enrichment Facility. A 
committee was appointed to determine the cause of the incident, thoroughly evaluate procedures and 
practices and recommend necessary changes to preclude recurrence of a similar incident in the future. This 
report presents the investigations carried out by the committee and their conclusions and recommendations 
based on findings. 
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Report: KR--117 

Conference/Journal: The Second NPY International Advanced Summer School on Reactor Physics. 
Interpretation, Analysis, and Utilization of Reactor Physics Experiments in Thermal Neutron Critical and 
Subcritical Assemblies, Sandefjord, Norway, 22nd August--2nd September 1966 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Buckling; 
Distribution; Eigenvalues; Equations; Lectures; Mathematics; Multiplication Factors; Neutron Flux; 
Neutrons; Personnel; Reflectors; Research Reactors; Time 
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Criticality; Fuels; Heating; Reactors; Reprocessing; Safety; Separation Processes; Solvent Extraction; 
Transport 
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Conference Session:  

Abstract/Keyterms: Health and Safety; Density; Efficiency; Enrichment; Fissionable Materials; Nuclear 
Structure; Quantity Ratio; Reactor Safety; Safety; Uranium 235 
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Title: Critical Calculations of the Spectral Shift Reactor with the Savannah Fuel Charge 

Date: 5/1/1962 

Report: KR-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Parametric calculations of the infinite multiplication factor and material buckling 
were made for a light and heavy water moderated zero power assembly with the Savannah type of fuel. The 
moderator-to-fuel volume ratio and the composition of the D2O--H2O mixture were variable parameters. 
The purpose of this part of the NORA program was to form a basis for opinion on the possibilities of 
achieving criticality in each alternative with a given number of fuel rods and in a tank of given dimensions. 
Neutron temperature, thermal utilization, resonance escape probability, fast effect, infinite multiplication 
factor, diffusion area, slowing down area, material buckling, critical core size, and critical mass are 
discussed. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Date: 12/1/1964 

Report: KR-78 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; CDC 3600; Computers; Criticality; 
Diffusion; FORTRAN; Homogeneous Reactors; Programming; Reactor Core; Reactors; Thermal Neutrons 
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Date: 5/1/1964 

Report: KR-87; NORA-18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Activation; Configuration; Criticality; Detection; Deuterium; 
Distance; Equations; Foils; Fuel Elements; Heavy Water Moderator; Measured Values; Neutrons; Nora; 
Power; Quantity Ratio; Radiation Detectors; Resonance; Rods; Spectra; THERMOS-Code; Threshold 
Detectors; Uranium Dioxide; Uranium Oxides; Variations; Water; Water Moderator 
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Date: 1/1/1968 

Report: Kriticheskie Parametry Sistem s Delyashchimisya Veshchestavami I Yadernaya Bezopasnost, 
169-201 

Conference/Journal: Kriticheskie Parametry Sistem s Delyashchimisya Veshchestavami I Yadernaya 
Bezopasnost 

Conference Session:  

Abstract/Keyterms:  
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Title: Graphical Solution of the Equations for the Water-Tamped Water Boiler 

Date: 7/25/1951 

Report: KS-215 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Diagrams; Equations; Numericals; Reactors; Reflectors; 
Uranium 235; Water Coolant; Water Moderator 
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Title: Minimum Critical Mass of U-235 for Several Values of the U-235 Assay 
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Report: KS-219 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Mass; Sampling; Uranium 235 
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Conference Session:  

Abstract/Keyterms:  
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Title: U-235 Critical Mass Dependence on Moderation 

Date: 9/22/1952 

Report: KS-315 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Based on experimental data and on conservative theoretical considerations, an 
estimate has been made of the relation of the minimum U-235 critical mass to the hydrogen moderation for 
uranium material at the U-235 assays for which experimental information is available. These estimates have 
been used in indicating maximum safe amounts for conditions where definite moderation limitations can 
be established. 
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Conference Session:  

Abstract/Keyterms: Physics; Diffusion; Fissionable Materials; Group Theory; Interactions; Matrices; 
Perturbation Theory; Shells 
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Title: Variation of Certain Critical Parameters with Assay 
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Report: KS-336 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Binding Energy; Cesium; Criticality; Cylinders; Hydrogen; Hydrolysis; 
Hydroxides; Infrared Radiation; Mass; Phenols; Polymerization; Potassium Bromides; Pressure; 
Quantitative Analysis; Sampling; Seals; Spectroscopy; Uranium 235; Uranium Carbides; Volume; Waxes 
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Author: Geller, L. 

Title: The Interaction of Bare Systems of Containers, Part II 
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Report: KS-347 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A systematic criterion for determining sub-critical configurations of fissile material 
container systems is discussed: The criterion is applied to a number of cases. 
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Title: Radiation Monitoring of Alumina for Determination of Uranium Content 

Date: 6/1/1970 

Report: K-TL-107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activated alumina is used as the trap charge in processing operations to absorb UF6 
from vent gases. This study was made to determine whether a standard xenon probe (xenon-filled ionization 
chamber) and a Samson survey meter could be used to monitor the gamma radiation emitted by uranium 
contained in the leached alumina, and if, on the basis of these measurements, a useful estimate could be 
made of the amount of 235U contained in the alumina. Results indicate that the radiation monitoring will 
provide a simple and reliable means for establishing reasonable upper limits for the quantities of contained 
235U in leached waste alumina. 
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Title: Radiation-Dose Determinations from Indium Foils in Multiplant Security Badges 

Date: 6/7/1971 

Report: K-TL-172 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is a compilation of previously unpublished data concerning the use of 
indium foil for personnel monitoring in the event of a criticality accident. In particular, the report relates 
the calibration of the ORGDP security badge to the present multiplant badge, which was adopted in 1960. 
An earlier report described the methods used for calibrating the ORGDP badge and pointed out the 
limitations with respect to the accuracy of dose determinations as based upon any single radiation detection 
device, including indium foil, worn by an individual. The present report describes an experiment by which 
the relative instrument responses to radiation from indium foils in the older ORGDP security badges and in 
the multiplant badges were evaluated. With the results of this experiment, appropriate values to be utilized 
with the multiplant badge for referring employees to medical personnel in the event of a criticality accident 
were computed. It is emphasized that the purpose of the indium foils is to permit the rapid detection of 
persons who may have received serious radiation exposures from an accidental critical reaction so that 
medical personnel can give maximum attention to these people and will not have to give immediate 
attention to large numbers of people who have not received serious exposures. The crude dose estimates 
obtainable from indium foils are 
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Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Uranium Hexafluoride; Uranium Hexafluoride- Criticality; a Codes; Computer Calculations; 
Concretes; Cylinders; Neutron Reflectors; Storage; Water 
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Moderator and Reflector in the KUCA 
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Conference/Journal: Annu. Rep. Res. React. Inst., Kyoto Univ 

Conference Session:  

Abstract/Keyterms: Light-Water Moderated and Reflected Coupled-Core / Critical Mass / Neutron Flux 
Distribution / Separation Distance Between the Two Cores 
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Title: Fuel Bunching Effect on Reactivity in Polyethylene Moderated Highly-Enriched-Uranium Core with 
Moderator to Fuel Volume Ratio of 0.97 
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Conference/Journal: Annual Reports of the Research Reactor Institute, Kyoto University (Japan) 

Conference Session:  

Abstract/Keyterms: Fuel Bunching Effects / Measured / Polyethylene Moderated Core / Highly-Enriched-
Uranium (HEU) Fuel / Kyoto University Critical Assembly (KUCA) 
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Title: Safety and Interlock System of Kyoto University Critical Assembly 

Date: 1/31/1977 

Report: KURRI-TR-150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KUCA (Kyoto University Critical Assembly) is an entirely new type of critical 
facility which is composed of three independent highly enriched uranium cores, two with solid moderators 
and the other with a light water moderator. These three cores share many common facilities such as control 
rod drive mechanism, instrumentation system, and various experimental facilities. To secure safety and 
smooth operation of this multi-core system, a safety and interlock system was developed based on the ten 
years experiences in design, construction, and operation of research reactors at the Research Reactor 
Institute of Kyoto University. The first critical experiment with KUCA was performed in August 1974. 
Since then, this safety and interlock system have served as the nucleus of the network of KUCA. This 
document provides with the basic concept of the safety and interlock system together with various 
experiences in its construction and operation. Safety logics and system flow charts in various operational 
procedures are explained with many figures and tables. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Calibration; Control 
Elements; Coolant Loops; Criticality; Gamma Radiation; Jkrr; Neutron Flux; Radiation Doses; Reactivity; 
Research Reactors; Standards; Startup; Testing; Thermal Neutrons 
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Title: Control Desk and Graphic Panel of Kyoto University Critical Assembly (KUCA) 

Date: 1/25/1978 

Report: KURRI-TR-173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Kyoto University Critical Assembly (KUCA) is a unique critical assembly with 
three cores; two solid-moderator, one water-moderator heterogeneous cores with highly enriched uranium. 
In order to keep the safety and to operate this critical assembly smoothly and effectively, a man-machine 
communication system between the operator and facility has been designed in detail from the various points 
of view. The control desk and graphical panel were made so that an operator in the control room can operate 
the reactor and its attachments in the reactor room and can know their conditions exactly. 
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Title: Nuclear and Process Instrumentations of Kyoto University Critical Assembly 

Date: 1/1/1978 

Report: KURRI-TR-183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Kyoto University Critical Assembly (KUCA) is a new type critical assembly with 
three cores which consist of highly enriched uranium and of solid moderator or light water moderator. Three 
fission chambers, three un-compensated ionization chambers and co-axial cables connected to preamplifiers 
or to a cable junction box are located at each core assembly. By the junction box near at the entrance of the 
reactor room, each channel of amplifier, high voltage and some interlock cables are connected to a set of 
six neutron detectors of the operating core. The basic role of the operating staff of a nuclear research reactor 
is, of course, to operate the reactor safety and efficiently. In achieving this, the philosophy of "fail safe," 
"fool proof," "high reliability" and many other contrivances are employed in designing the nuclear 
instrumentation. 
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Title: Record of Radiation Control in Reactor Building, 14 (1977) 

Date: 1/1/1979 

Report: KURRI-TR-194 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the record of the Research Reactor Institute, Kyoto University. The contents are 
roughly divided into three sections of routine control in the facility, radiation control instruments, and 
regular self inspection and the regular inspection by authorities. Further, the response to ICRP publications 
22 (1973) and 26 (1977) is simply described at the beginning, and the activity of the health physics 
committee of the Institute is reported at the end. The description of routine control includes the spatial dose 
rate and monthly cumulative dose, surface contamination density, radioactivity concentration in water, 
concentration of radioactive gas and dust, exposure dose in the surroundings of the site, the radiation control 
of the critical assembly building, and special works and abnormality or accident records, with many 
numerical data. Though no accident occurred, but 44 abnormalities were recorded. However about a half 
was due to the superannuation of monitors. Therefore, in the section of radiation control instruments, the 
improvement and reconstruction of the dust-monitor and the radiation monitor panel in the central control 
room are mainly reported. The regular self inspection was held from August 25 to 31, and the regular 
inspection by the authorities from February 27 to March in the presence of the inspector dispatched by the 
Science and 
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Conference/Journal: KURRI symposium on criticality safety, Kyoto, Japan, 2 Feb 1987 
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Abstract/Keyterms: Major Features / Monte Carlo Method 



 

C-10322 

10293…..…..…………………..…….……..……ID Number…………………..…..…………….10293 

Author: Misawa, Tsuyoshi / Shiroya, Seiji / Kanda, Keiji. 

Title: Critical Experiment of a Coupled Core in the KUCA 

Date: 2/2/1987 

Report: KURRI-TR-294, 82-87 

Conference/Journal: KURRI symposium on criticality safety, Kyoto, Japan, 2 Feb 1987 

Conference Session:  

Abstract/Keyterms: Degree of Subcriticality / Kyoto University Critical Assembly (KUKA ) 
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Conference/Journal: Seminar on reactor physics experiments with critical assemblies, Kyoto, Japan, 26 
Nov 1987 

Conference Session:  

Abstract/Keyterms: Kyoto University Critical Assembly (KUCA) 
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Abstract/Keyterms:  



 

C-10325 

10296…..…..…………………..…….……..……ID Number…………………..…..…………….10296 

Author: Lee, B. L. / Tayloe, Jr., R. W. 
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Title: An Interim Report to the Manager of the Paducah Gaseous Diffusion Plant from the Paducah 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Paducah Environmental Advisory Committee was formed as: (1) an outgrowth 
of other Environmental Advisory Committees already in existence at Oak Ridge and other Martin Marietta 
Energy Systems plants; (2) a result of public concern following significant nuclear incidents at Bhopal and 
Chernobyl; (3) a result of the new direction and commitment of the management of the Paducah Gaseous 
Diffusion Plant following contract acquisition by Martin Marietta Energy Systems; and (4) a means of 
reducing and/or preventing local and/or public concern regarding the activities of and potential risks created 
by PGDP. This report discusses the following issues and concerns of the Committee arrived at through a 
series of meetings: (1) groundwater monitoring; (2) long-range tails storage; C-404, scrap yrads, and PCB 
and TCE cleanup; nuclear criticality plan and alarm systems; documentation of historical data regarding 
hazardous waste burial grounds; dosimeter badges; and asbestos handling and removal. 
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Date: 4/1/1993 

Report: KY/S-208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10346 

10317…..…..…………………..…….……..……ID Number…………………..…..…………….10317 

Author: Hines, T. W. 

Title: Immediate Evacuation Distance Requirements for Criticality Accident Alarm System Actuation 

Date: 9/1/1993 

Report: KY/S-210 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10347 

10318…..…..…………………..…….……..……ID Number…………………..…..…………….10318 

Author: Dean, J. C. / Redfield, W. F. 

Title: Nuclear Criticality Requirements for Handling and Storage of Potentially Fissile and Fissile Wastes 
Generated During Higher Assay Operations 

Date: 8/1/1993 

Report: KY/S-216 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10348 

10319…..…..…………………..…….……..……ID Number…………………..…..…………….10319 

Author: Nelson, J. P. / Hines, T. W. 

Title: Nuclear Criticality Safety Evaluation of the C-310 and C-335 Seal Exhaust and Wet Air Pump 
Stations at the Paducah Gaseous Diffusion Plant, NCSE 3971-08-05 and 3971-14-02 

Date: 11/1/1993 

Report: KY/S-217 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10349 

10320…..…..…………………..…….……..……ID Number…………………..…..…………….10320 

Author: Goebel, G. R. 

Title: Five-Gallon Drum Waste Oil Storage at 5.5 Weight Percent U235 at the Paducah Gaseous Diffusion 
Plant, NCSE-207 

Date: 8/1/1993 

Report: KY/S-218 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10350 

10321…..…..…………………..…….……..……ID Number…………………..…..…………….10321 

Author: Bracey J. T. 

Title: Validation of the Paducah Gaseous Diffusion Plant Nuclear Criticality Safety Code System for 16 
and 27 Group Cross Sections 

Date: 9/1/1993 

Report: KY/S-221 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10351 

10322…..…..…………………..…….……..……ID Number…………………..…..…………….10322 

Author: Allardice, R. H. 

Title: Validation of the Paducah Gaseous Diffusion Plant Nuclear Criticality Safety Code System for 16 
and 27 Group Cross Sections 

Date: 12:00:00 AM 

Report: KY/S-221, Rev 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10352 

10323…..…..…………………..…….……..……ID Number…………………..…..…………….10323 

Author: Baltimore, W. D. 

Title: Subcritical Dimensions for Water-Reflected UO2F2 and Water Systems at 5.5 Weight Percent 
Enrichment 

Date: 10/1/1993 

Report: KY/S-222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10353 

10324…..…..…………………..…….……..……ID Number…………………..…..…………….10324 

Author: Staff 

Title: PGDP OSR/TSR and Operability Approved Interpretations 

Date: 6/15/1995 

Report: KY/S-247 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10354 

10325…..…..…………………..…….……..……ID Number…………………..…..…………….10325 

Author: Lewis, S. T. 

Title: Technical Justification: Uranium Enriched to Less than One Weight Percent U235--Safe for 
Operations at the Paducah Gaseous Diffusion Plant 

Date: 3/1/1995 

Report: KY/S-248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10355 

10326…..…..…………………..…….……..……ID Number…………………..…..…………….10326 

Author: Staff 

Title: Guidelines for Nuclear Criticality Safety Evaluations at the Paducah Gaseous Diffusion Plant 

Date: 3/1/1995 

Report: KY/S-251 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10356 

10327…..…..…………………..…….……..……ID Number…………………..…..…………….10327 

Author: Staff 

Title: Justification for Excluding UF6 Cylinder Storage Yards from Criticality Accident Alarm Coverage 

Date: 10/1/1995 

Report: KY/S-271 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10357 

10328…..…..…………………..…….……..……ID Number…………………..…..…………….10328 

Author: Staff 

Title: Paducah Gaseous Diffusion Plant Quality Assurance Program Plan for the Nuclear Criticality Safety 
Program 

Date: 5/15/1990 

Report: KY/S-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10358 

10329…..…..…………………..…….……..……ID Number…………………..…..…………….10329 

Author: McBride, A. F. / Turner, S. L. / Lambert, M. R. 

Title: Assessment of Accident Frequencies in Process Inventory Control System Freezer/Sublimer 
Installations Volume 1: UF6 Release Accidents 

Date: 1/22/1993 

Report: KY/SUB-539-ESO-17200 Vol 1 (Draft) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10359 

10330…..…..…………………..…….……..……ID Number…………………..…..…………….10330 

Author: McBride, A. F. / Turner, S. L. / Lambert, M. R. 

Title: Assessment of Accident Frequencies in Process Inventory Control System Freezer/Sublimer 
Installations Volume 2: Section 6: Probabilistic Analysis of Potential Nuclear Criticality Accidents 

Date: 1/1/1993 

Report: KY/SUB-539-ESO-17200 Vol 2 (Draft) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10360 

10331…..…..…………………..…….……..……ID Number…………………..…..…………….10331 

Author: McBride, A. F. / Turner, S. L. / Lambert, M. R. 

Title: Assessment of the Frequency of Potential UF6 Release and Criticality Accidents in Process Inventory 
Control System Freezer/Sublimer Installations 

Date: 9/30/1993 

Report: KY/SUB-539-ESO-17200, Vol 1, 2, and 3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10361 

10332…..…..…………………..…….……..……ID Number…………………..…..…………….10332 

Author: McBride, A. F. / Turner, S. L. / Lambert, M. R. 

Title: Assessment of Accident Frequencies in Process Inventory Control System Freezer/Sublimer 
Installations Volume 3: Appendices 

Date: 1/1/1993 

Report: KY/SUB-539-SSO-17200 Vol 3 (Draft) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10362 

10333…..…..…………………..…….……..……ID Number…………………..…..…………….10333 

Author: Hermann, O. W. 

Title: A Generalized and Consistent Method for Calculating the Critical Mass of Homogeneous Aqueous 
Uranyl Fluoride Solutions 

Date: 10/1/1958 

Report: KY-294 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A more encompassing, yet consistent and practical, method of calculating the critical 
mass of aqueous uranyl fluoride solutions has been developed. Comparison of calculated results with 
experimentation gave a maximum of only 2.3% error in the effective multiplication factor and 9% error in 
the critical mass, with absolute averages of 0.7% and 3.4%, respectively, through the ranges from high 
moderation down to an hydrogen/uranium of 25 for 90% uranium-235 assays or an hydrogen-uranium of 4 
for 2% uranium-235 assays. 



 

C-10363 

10334…..…..…………………..…….……..……ID Number…………………..…..…………….10334 

Author: Pedigo, W. R. / Smith, V. A. / Bernstein, S. / Hamer, W. J. / Myers, J. L 

Title: Testing of Ten-Ton Uranium Hexafluoride Cylinders 

Date: 10/22/1965 

Report: KY-500 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10364 

10335…..…..…………………..…….……..……ID Number…………………..…..…………….10335 

Author: Stitt, D. H. 

Title: Safety analysis report on the ''Paducah Tiger'' protective overpack for 10- ton cylinders of uranium 
hexafluoride 

Date: 6/16/1975 

Report: KY--665 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation; Casks- Safety; Uranium 
Hexafluoride- Transport; Criticality; Cylinders; Design; Performance Testing; Specifications; Transport 
Regulations; Uranium 235 



 

C-10365 

10336…..…..…………………..…….……..……ID Number…………………..…..…………….10336 

Author: Robertson, R. C. 

Title: Nuclear Safety Considerations Associated with Increasing Paducah Product Assay to 5.0 wt% 235U 

Date: 12:00:00 AM 

Report: KY-710 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10366 

10337…..…..…………………..…….……..……ID Number…………………..…..…………….10337 

Author: Jokerst, T. A. 

Title: Nuclear Safety Considerations Associated with Increasing Paducah Product Assay to 5.0 wt% 235U 

Date: 4/29/1985 

Report: KY-710, Addendum 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10367 

10338…..…..…………………..…….……..……ID Number…………………..…..…………….10338 

Author: n. a. 

Title: Final Safety Analysis Report for the Paducah Gaseous Diffusion Plant 

Date: 12/1/1993 

Report: KY-734 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10368 

10339…..…..…………………..…….……..……ID Number…………………..…..…………….10339 

Author: Polston, Steve 

Title: System Safety Analysis High Assay Upgrading Project 

Date: 12/1/1991 

Report: KY-792 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10369 

10340…..…..…………………..…….……..……ID Number…………………..…..…………….10340 

Author: Myers, J. L. / Pedigo, W. R. / Hamer, W. J. / Smith, V. A. / Bernstein, S. 

Title: Testing of Ten-Ton Capacity Uranium Hexafluoride Shipping Cylinders 

Date: 12/7/1964 

Report: KY-D-2032 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10370 

10341…..…..…………………..…….……..……ID Number…………………..…..…………….10341 

Author: Hermann, O. W. 

Title: The Density Effect - in Regards to the Minimum Critical Enrichment of Aqueous Homogeneous 
Solutions 

Date: 1/16/1962 

Report: KY-L-258 (rev. 1); TID-19908 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality Studies; Critical Assemblies; Criticality; Density; Enrichment; 
Homogeneous Reactors; Solutions; Uranium; Uranium 235; Water 



 

C-10371 

10342…..…..…………………..…….……..……ID Number…………………..…..…………….10342 

Author: Otey, M. G. / Glenn, M. L. / Harris, R. L. 

Title: Corrosion in Diffusion Plant R-114 Coolant Systems 

Date: 11/1/1973 

Report: KY-L-663 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10372 

10343…..…..…………………..…….……..……ID Number…………………..…..…………….10343 

Author: Hetrick, D. L. 

Title: Dynamics of Nuclear Reactors 

Date: 1/1/1993 

Report: La Grange Park, Illinois, USA, ANS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Dynamics; Mathematics; Reactivity; Reactor Kinetics; Reactors 
Reactors / Book: Dynamics of Nuclear Reactors 



 

C-10373 

10344…..…..…………………..…….……..……ID Number…………………..…..…………….10344 

Author: Serber, R. 

Title: Los Alamos Primer 

Date: 4/1/1943 

Report: LA-00001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear, Theoretical)-Nuclear Properties & Reactions, A >= 220-Nuclear 
Reactions & Scattering-Spontaneous & Induced Fission; Nuclear Weapons; Neutron Reactions- Fast 
Fission; Plutonium 239- Neutron Reactions; Uranium 235- Neutron Reactions; Fast Neutrons 



 

C-10374 

10345…..…..…………………..…….……..……ID Number…………………..…..…………….10345 

Author: Frankel, S. P. / Nelson, E. 

Title: Integral Diffusion Problems 

Date: 4/1/1943 

Report: LA-00005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Angular Distribution; Boundary Conditions; Configuration; Criticality; 
Cross Sections; Differential Equations; Diffusion; Distribution; Fissionable Materials; Mass; Mathematics; 
Neutron Flux; Neutrons; Reflectors; Scattering; Spheres; Tamper; Variations; Velocity 



 

C-10375 

10346…..…..…………………..…….……..……ID Number…………………..…..…………….10346 

Author: Frankel, S. P. / Nelson, E. 

Title: Integral Treatment of Neutron Diffusion 

Date: 5/27/1943 

Report: LA-00008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10376 

10347…..…..…………………..…….……..……ID Number…………………..…..…………….10347 

Author: Rarita, W. / Serber, R. 

Title: Lead Sphere Integral Experiment 

Date: 7/21/1944 

Report: LA-00010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10377 

10348…..…..…………………..…….……..……ID Number…………………..…..…………….10348 

Author: Olum, Paul / Davis, R. R. 

Title: Critical Size and Multiplication Number for Untamped Rectangular Block by Variation Method 

Date: 1/1/1944 

Report: LA-00047 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Equations; Group Theory; Multiplication Factors; 
Numericals; Reactor Core; Variations 



 

C-10378 

10349…..…..…………………..…….……..……ID Number…………………..…..…………….10349 

Author: Frankel, S. P. / Nelson, E. 

Title: Methods of Treatment of Displacement Integral Equations 

Date: 2/1/1944 

Report: LA-00053-A; AECD-3497 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Albedo; Configuration; Criticality; Differential Equations; Diffusion; 
Mathematics; Multiplication Factors; Neutrons; Reflection; Reflectors; Transport Theory 



 

C-10379 

10350…..…..…………………..…….……..……ID Number…………………..…..…………….10350 

Author: Baker, C. P. / Daghlian, H. K. / Friedlander, G. / Holloway, M. G. / Kerst, D. W. / Schreiber, R. 
E. 

Title: Water Boiler 

Date: 9/4/1944 

Report: LA-00134; AECD-3063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-SOL-THERM-004 / The structural features of the uranyl sulphate water boiler 
in use at site y are given in detail with a full account of the safety features. Results of the corrosion tests on 
stainless steel of which the sphere was made are presented, and the fabrication of the beryllium oxide tamper 
surrounding the sphere is described. The structure and function of the control rod, the safety rod, and their 
related mechanical systems are explained, and an account is given of the temperature-controlling system. 
The activity of the boiler was measured as the mass of active material approached criticality; the results are 
discussed in detail. The control rod was calibrated and the effect of temperature change was noted. 
Measurements were also made on the super-critical period. Substituting graphite for beryllium oxide as 
tamper material increased the critical amount; the insertion of tuballoy slugs did not improve the 
effectiveness of graphite tamper greatly. 



 

C-10380 

10351…..…..…………………..…….……..……ID Number…………………..…..…………….10351 

Author: King, L. D. P. / Schreiber / R. E. 

Title: Distribution and Power Measurements in the Water Boiler 

Date: 10/19/1944 

Report: LA-00152 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-SOL-THERM-004; Physics; Activation; Boiling; Differential Equations; 
Distribution; Efficiency; Fermi Age; Fission Chambers; Foils; Homogeneous Reactors; Measured Values; 
Neutron Detection; Neutron Flux; Power; Radiation Detectors; Research Reactors 



 

C-10381 

10352…..…..…………………..…….……..……ID Number…………………..…..…………….10352 

Author: Frankel, S. / Fuchs, K. 

Title: Comparison of the Variation-Theory and End-Point Results for Tamped Spheres 

Date: 1/18/1944 

Report: LA-00205;AECD-2131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons; Absorption; Configuration; Errors; Nuclear Explosions; Thickness; 
Variations 



 

C-10382 

10353…..…..…………………..…….……..……ID Number…………………..…..…………….10353 

Author: Bethe, H. A. 

Title: Simplified Method for Calculating Critical Sizes 

Date: 1/19/1945 

Report: LA-00206 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Distribution; Equations; Group Theory; 
Moderators; Multiplication Factors; Neutrons; Reactor Core; Velocity 



 

C-10383 

10354…..…..…………………..…….……..……ID Number…………………..…..…………….10354 

Author: Serber, R. 

Title: A Graphical Representation of Critical Masses and Multiplication Rates 

Date: 3/6/1945 

Report: LA-00234 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An approximate method of calculating critical masses and multiplication rates is 
described which gives the results in a very convenient form. In this approximation the efficacy of the tamper 
in returning neutrons to the core can be described by a single number, the tamper’s reflection coefficient. 



 

C-10384 

10355…..…..…………………..…….……..……ID Number…………………..…..…………….10355 

Author: Carter, R. E. / Hinton, J. C. / King, L. D. P. / Schreiber, R. E. 

Title: Water Tamper Measurements 

Date: 4/12/1945 

Report: LA-00241 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass of an enriched uranyl sulfate solution in a water tamper was 
determined to be 1200 ± 50 gram. No direct measurement was possible because of insufficient enriched 
material for this purpose. The estimate was made by extrapolating counting rate versus grams of uranium-
235 to infinite counting rate. A lattice of tuballoy disks surrounding the sphere was found to be equivalent 
to about 50 to 100 grams of uranium-235. Distribution measurements were made in the tamper for high and 
low energy neutrons and it was found that in general the neutron flux decreased exponentially with 
increasing distance. 



 

C-10385 

10356…..…..…………………..…….……..……ID Number…………………..…..…………….10356 

Author: Case, K. M. 

Title: Multi-Medium Critical-Mass Problems 

Date: 3/30/1945 

Report: LA-00247 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: By use of a theory which has given excellent results for the critical mass of spheres 
both untamped and with infinite tampers, formulas are developed for more complicated configurations. 
Finite tampers, several successive tampers, air spaces between core and tamper, and holes in the active 
material are treated. The formulas obtained are found to be much simpler than those given by any other 
theory of similar accuracy. Numerical results and graphs are given for the various cases treated. 



 

C-10386 

10357…..…..…………………..…….……..……ID Number…………………..…..…………….10357 

Author: Frankel, S. / Goldberg, S. 

Title: The Mathematical Development of the End-Point Method 

Date: 4/10/1945 

Report: LA-00258 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons; Configuration; Differential Equations; Diffusion; Diffusion Length; Mean 
Free Path; Multiplication Factors; Neutron Beams; Nuclear Explosions; Scattering; Tamper 



 

C-10387 

10358…..…..…………………..…….……..……ID Number…………………..…..…………….10358 

Author: Feld, B. T. / Slotin, L. 

Title: Critical Mass of a Water-Tamped 49 Solution 

Date: 5/14/1945 

Report: LA-00272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A neutron burst from an untamped cylindrical enriched U assembly occurred is the 
Pajarito Remote Control Laboratory ai 1800 hours on 18 April, 1952. The circumstances causing the burst 
and a description of the assembly involved are given. There was no personnel hazard. Normal operations 
could have been resumed on other assemblies within two or three hours after the burst. No evidence of 
damage to the enriched U was observed. Also reported are some results of computations and past-burst tests 
and a discussion of probable time behavior of power level during the burst. Possibly the first critical 
experiments using Pu solution. Includes letter from K-25 to Los Alamos (05/22/1949) requesting certain 
dimensional details not contained in the report, plus a handwritten page (no date) containing the requested 
information. 



 

C-10388 

10359…..…..…………………..…….……..……ID Number…………………..…..…………….10359 

Author: Feld, B. T. / Slotin, S. L. 

Title: Critical Mass of a Water Tamped Plutonium-239 Solution 

Date: 5/14/1945 

Report: LA-00272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This experiment was designed to measure the critical mass of plutonium-239 in 
solution, in order to determine the amount of plutonium-239 that can be handled with safety. To contain 
the solution, four bottles with capacities 2.25, 3.6, 7.7, and 11.6 liters were used. These were commercial 
soda-glass bottles, as nearly equilateral cylinders as could be obtained to give the above range of capacities. 
Each bottle was provided with a closure containing a re-entrant steel tube, which extended to the center of 
the bottle. This tube served as a channel for a neutron source as well as for a detecting chamber. In addition, 
the closure was provided with a capillary gas leak as an outlet for the decomposition gases given off from 
the plutonium-239 solution. These bottles, when filled with plutonium-239 solution, were placed at the 
center of a cylindrical tank, 4.5 feet in diameter and 4.5 feet high. This tank could be filled with Los Alamos 
water to provide the tamping. 



 

C-10389 

10360…..…..…………………..…….……..……ID Number…………………..…..…………….10360 

Author: Feld, B. T. 

Title: Summary of Known Critical Masses of Uranium-235 and Plutonium-239 

Date: 6/14/1945 

Report: LA-00309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The following tables summarize our present knowledge of the critical masses of 
active materials in various configurations. By critical mass is meant the amount of active material (uranium-
235 or plutonium-239) required to produce a chain reaction which will just maintain itself on all the 
neutrons (including the delayed) emitted in fission. The figures quoted have been experimentally 
determined whenever possible; where theoretical figures are the only ones available, an attempt is made to 
include a configuration which has also been investigated experimentally and for which the theoretical value 
has been calculated in the same way. Unless otherwise stated, the core of active material is spherical in 
shape. 



 

C-10390 

10361…..…..…………………..…….……..……ID Number…………………..…..…………….10361 

Author: Frisch, O. R. 

Title: Controlled Production of an Explosive Nuclear Chain Reaction 

Date: 1/1/1945 

Report: LA-00397 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10391 

10362…..…..…………………..…….……..……ID Number…………………..…..…………….10362 

Author: Greuling, E. 

Title: Theory of Water-Tamped Water Boiler 

Date: 9/27/1945 

Report: LA-00399 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass of the water-tamped 14% enriched uranyl sulfate water boiler 
calculated by integral diffusion theory is 1.31 ±. 10 kg of 25. The calculated thermal neutron distribution 
in core and tamper of the under critical boiler containing 717 g of 25 and a Ra-Be source agrees with the 
measured distribution (LA-41). Simple formulae and curves appropriate for water-tamped spherical, 
infinite cylindrical, and plane slab hydride cores are applied to the calculation of the minimum critical mass 
and the minimum critical dimensions of the above type boilers. 



 

C-10392 

10363…..…..…………………..…….……..……ID Number…………………..…..…………….10363 

Author: Fermi, E. 

Title: Critical Mass Measurements for a 25 Sphere in Tu and WC Tampers 

Date: 10/30/1945 

Report: LA-00442 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10393 

10364…..…..…………………..…….……..……ID Number…………………..…..…………….10364 

Author: Greuling, E. / Marvin, C. 

Title: Graphical Method of Obtaining Critical Masses of Water-Tamped Water Boilers 

Date: 4/5/1946 

Report: LA-00493 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Enrichment; Fuel Solutions; Mass; Reactor Core; 
Reflectors; Safety; Solutions; Uranium 235; Uranium Compounds; Vessels; Volume; Water 



 

C-10394 

10365…..…..…………………..…….……..……ID Number…………………..…..…………….10365 

Author: Feynman, R. P. / Welton, T. A. / Ashkin, J. / Ehrlich, R. / Peshkin, M. / Reines, F. 

Title: The Calculation of Critical Masses Including the Effects of the Distribution of Neutron Energies 

Date: 1/21/1947 

Report: LA-00524 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Distribution; Efficiency; Mass; Multiplication 
Factors; Neutron Sources; Numericals; Reactors; Reflectors; Velocity 



 

C-10395 

10366…..…..…………………..…….……..……ID Number…………………..…..…………….10366 

Author: Carlson, Bengt 

Title: Neutron Diffusion - Spherical Harmonics Theory 

Date: 6/12/1946 

Report: LA-00571 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The polynomials closely associated with the Spherical Harmonics Method are 
investigated, in particular their asymptotic properties. The latter make it possible to obtain exact solutions 
by letting n approach infinity. 



 

C-10396 

10367…..…..…………………..…….……..……ID Number…………………..…..…………….10367 

Author: Fuchs, K. 

Title: Efficiency for Very Slow Assembly 

Date: 8/2/1946 

Report: LA-00596 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-10397 

10368…..…..…………………..…….……..……ID Number…………………..…..…………….10368 

Author: Welton, T. A. / Feynman, R. P. 

Title: Neutron Diffusion in a Space Lattice of Fissionable and Absorbing Materials 

Date: 8/27/1946 

Report: LA-00603 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Methods are developed for estimating the effect on a critical assembly of fabricating 
it as a lattice rather than in the more simply interpreted homogeneous manner. An idealized case is discussed 
supposing an infinite medium in which fission, elastic scattering and absorption can occur, neutrons of only 
one velocity present, and the neutron m.f.p. independent of position and equal to unity with the unit of 
length use 



 

C-10398 

10369…..…..…………………..…….……..……ID Number…………………..…..…………….10369 

Author: Greuling, E. / Argo, H. / Chew, G. / Frankel, M. E. / Konopinski, E. J. / et al. 

Title: Critical Dimensions of Water-Tamped Slabs and Spheres of Active Material 

Date: 8/6/1946 

Report: LA-00609 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The magnitude and distribution of the fission rate per unit area produced by three 
energy groups of moderated neutrons reflected from a water tamper into one side of an infinite slab of active 
material is calculated approximately in section II. This rate is directly proportional to the current density of 
fast neutrons from the active material incident on the water tamper. The critical slab thickness is obtained 
in section III by solving an inhomogeneous transport integral equation for the fast-neutron current density 
into the tamper. Extensive use is made of the formulae derived in The Mathematical Development of the 
End-Point Method by Frankel and Goldberg. In section IV slight alterations in the theory outlined in 
sections II and III were made so that one could approximately compute the critical radius of a water-tamper 
sphere of active material. The derived formulae were applied to calculate the critical dimensions of water-
tamped slabs and spheres of solid UF6 leaving various (25) isotope enrichment fractions. 
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Author: Baker, C. P. / Holloway, M. G. 

Title: Critical Masses of Enriched Uranium Hydrides and Some Related Measurements 

Date: 2/3/1947 

Report: LA-00618 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical masses of enriched uranium-hydrogen mixtures under various conditions 
was measured, using two assembly structures embodying safety devices. A table of critical masses of 
uranium hydride in various tampers is given. The neutron density distribution inside tungsten carbide and 
beryllium oxide tampers were measured with several detectors. 
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Title: Radiation Doses in the Pajarito Accident of May 21, 1946 

Date: 5/26/1948 

Report: LA-00687 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains interesting assessment as to the possible causes of the observed blue glow. 
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Conference Session:  
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Title: Polythene-Uranium-235 Critical Assembly and Neutron Distribution Studies 

Date: 11/1/1949 

Report: LA-00749 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Delayed critical behavior was investigated for an array of (0.5 inch) x (0.5 inch) x 
(0.5 inch) polythene and uranium-235 cubes of average composition of 1 uranium to 3.8 hydrogens to 1.9 
carbons in an 8-inch-thick tuballoy tamper. The pseudosphere of critical size (2130 cm3) contained 12.0 kg 
of 94.5% uranium-235. Rossi time-scale measurements gave alpha =-0.36E4 at delayed critical. Activity 
distributions for sulfur, gold, uranium-235, and uranium-238 samples were obtained as a function of radius 
of the assembly. Appreciable local variations in neutron spectrum resulted for the inhomogeneity of the 
active array. 
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Title: The Serber-Wilson Method Formulae and Computation Methods 

Date: 1/17/1950 

Report: LA-00756 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The discussion of the applications of the Serber-Wilson method in this report will be 
restricted to the one-velocity neutron diffusion model with isotropic scattering and to spherical 
configuration. 
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Title: Critical Assemblies, Chapter 4, Part 2, Water Boilers 

Date: 12/19/1947 

Report: LA-01034 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-SOL-THERM-004; Estimates for the critical mass and dimensions of 
homogeneous mixtures of both plutonium-239 and uranium-235 in various moderating media were required 
early in 1943. This necessity arose from the production of appreciable amounts of active material in solution 
at separation plants. Early estimates of these quantities were made by several people. In August 1943 it was 
decided to build the so called Water Boiler at site Y. The Water Boiler is a homogeneous chain reacting 
pile using an enriched uranyl solution in water. The purpose of this instrument was to gain experience in 
the operation and control of a chain reacting source and to prepare personnel and equipment for critical 
experiments as soon as kg of active material were available. The lack of large amounts of material 
necessitated the use of a slow neutron reaction, and the use of the best possible tamper or reflector. 



 

C-10405 

10376…..…..…………………..…….……..……ID Number…………………..…..…………….10376 

Author: Josephson, V. 

Title: Critical Mass Measurement on Oralloy in Tuballoy and Tungsten Carbide Tampers 

Date: 5/1/1954 

Report: LA-01114 (DEL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-002, HEU-MET-FAST-003; Oralloy critical-mass measurements 
have been made in tuballoy and tungsten carbide tampers to determine how the critical mass, m(subscript 
c), varies with tamper, tamper thickness, and core configuration. An attempt has been made to find some 
correlation between the experimental results and existing theoretical equations pertaining to the tamper and 
tamper-thickness studies. Calculations using known cross-section values in these theoretical equations do 
not give results consistent with experimental data. 
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Title: Oralloy Shape Factor Measurements 

Date: 8/8/1952 

Report: LA-01155 (DEL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements have been made at the Pajarito remote control laboratory to determine 
the effect of change of shape on system reactivity for oralloy cylinders. Systems tested include cylindrical 
configurations with various height-to-diameter ratios ranging from slabs to rods. Each system reactivity is 
referred to that of a sphere in the same tamper. Reactivity tests were made on bare (untamped) oralloy 
configurations, as well as on systems in tuballoy tampers 1.12 inch, 1.87 inch, and 8.0 inch thick. The 
amount of reactivity change associated with a particular cylinder height-to-diameter ratio is found to be a 
function of tamper thickness, and is greatest for very thin tampers. 
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Title: Oralloy (Enriched Uranium) Hydride Critical Assemblies 

Date: 1/1/1950 

Report: LA-01159 (DEL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report covers critical-mass determinations for pseudospheres of oralloy hydride 
composition (approximating uranium hydride) in 8 inch-thick tuballoy and nickel tampers and in the 
tuballoy tamper with nickel liner. The critical mass of a hydride cube in the thick tuballoy also is given. 
Data on weight and dimensional changes of hydride pieces during the period of use are included. Also 
presented are the results of Rossi time-scale measurements on the hydride assemblies. Values of alpha at 
delayed critical and its variation with mass in the neighborhood of delayed critical are given. Measurements 
on the activation of various detectors within the hydride assemblies are described. Results as a function of 
radial position are given for gold, for gold shielded by gold and by cadmium for sulfur and for fission 
catchers with uranium-235 and uranium-238. Reactivity changes resulting from the introduction of foreign 
materials into the hydride assemblies are discussed. Apparent regularities with respect to atomic number 
and qualitative interpretations of variations with radius are pointed out. From data for various radial 
positions, changes in critical mass corresponding to small changes in composition and density are 
computed. 
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Title: Neutron Energy Distributions Inside the Fast Reactor 

Date: 12/15/1950 

Report: LA-01192 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Clementine; Configuration; Distribution; Energy; Energy Range; 
Epithermal Neutrons; Fast Neutrons; Measured Values; Neutron Beams; Neutron Flux; Nuclear Emulsions; 
Numericals; Performance; Plates; Reactor Core; Research Reactors; Spectra; Thermal Neutrons 
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Title: Measurements on Untamped Oralloy Assembly 

Date: 2/8/1951 

Report: LA-01209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Argon; Boron 10; Copper; Critical Assemblies; Enrichment; Fission; Lead; 
Measured Values; Multiplication Factors; Oralloy; Plutonium; Reactivity; Tuballoy; Uranium 235 
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Author: Orndoff, J. D. / Paxton, H. C. 

Title: Measurements of Untamped Oralloy Assembly 

Date: 1/27/1964 

Report: LA-01209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The characteristics of an untamped, pseudospherical, oralloy assembly (about 98% 
critical) were surveyed. Physics; Argon; Boron 10; Copper; Critical Assemblies; Enrichment; Fission; 
Lead; Measured Values; Multiplication Factors determined at two different neutron multiplications, relative 
fission rates in oralloy and tuballoy were measured as a function of radius, and reactivity contributions per 
gram-atom of oralloy, plutonium, tuballoy, lead, silver, copper, and boron-10 were obtained at various 
positions. Results are considerably less reliable than corresponding data for assemblies operable at delayed 
critical. 
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Title: Energy Distribution of Fast Neutron Beam 

Date: 2/15/1951 

Report: LA-01234 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental techniques are described for the spectral measurement of a collimated 
fast-neutron beam. A H/sub 2-/ filled cloud chamber, proton-recording nuclear plates, and threshold fission 
foils were used as neutron detectors in the measurements. As an application of these techniques, the energy 
distribution and absolute flux of the fast neutron beam emerging from the Los Alamos fast reactor was 
measured from 0.1 to 18 Mev. 
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Author: Orndoff, J. D. / Paxton, H. C. / Hansen, G. E. 

Title: Critical Masses of Oralloy at Reduced Concentrations and Densities 

Date: 6/23/1951 

Report: LA-01251 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-003; From Pajarito measurements on oralloy cores of various 
densities and concentrations in an 8 inch thick tuballoy tamper, relations between critical mass and oralloy 
density and concentration are obtained. The oralloy critical mass is approximately proportional to rho(-
1.2)(c(-1.7)) for densities ranging from 50% to 100% of normal and 25 concentrations from 47% to 94%. 
Results are compared with predictions based on current values of uranium-235 and uranium-238 cross 
sections. 
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Title: Three-Velocity Neutron Diffusion Calculations for an Untamped Oralloy Sphere 

Date: 10/13/1951 

Report: LA-01272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a series of neutron-diffusion calculations relating to an untamped 
sphere are presented in detail. The three-velocity neutron-transport theory was taken as the basis for the 
analytical work preceding the computations. This theory, also known as the transport approximation, is 
defined in Report LA- 1271 
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Title: A Note on the Calculation of Neutron Multiplication 

Date: 7/16/1951 

Report: LA-01273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Multiplication Factors; Neutrons; Numericals 
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Date: 7/15/1951 

Report: LA-01278 
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Conference Session:  

Abstract/Keyterms:  
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Title: A Study of an Accidental Radiation Burst 

Date: 1/1/1951 

Report: LA-01289 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The accident of 02/01/1951 involving the "Aquarium" assembly device; investigation 
of cause. 
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Title: Oralloy Cylindrical Shape Factor and Critical Mass Measurements in Graphite, Paraffin, and Water 
Tampers 

Date: 10/27/1951 

Report: LA-01305 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass of an oralloy (93.9% uranium-235) sphere in graphite is given as a 
function of graphite tamper thickness. It was shown that about 20 inches of graphite is effectively infinite 
and that the about 17 inches used herein is about 98% infinite. Critical mass measurements of oralloy 
(93.9% uranium-235) spheres and cylinders of different diameters are given for about 17 inches graphite 
tamper, for effectively infinite paraffin tamper, and for effectively infinite water tamper. From these 
measurements cylindrical shape factors were computed. Both shape factors and critical masses are shown 
in figs. 22 and 23 as functions of the critical height to diameter ratio of the cylinders. 
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Title: Oralloy Cylindrical Shape Factor and Critical Mass Measurements in Graphite, Paraffin, and Water 
Tampers 

Date: 10/27/1951 

Report: LA-01305 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass of an Oy (93.9%) sphere in graphite is given as a function of graphite 
tamper thickness. It was shown that ~20 in. of graphite is effectively infinite and that the ~ 17 in. used 
herein is ~98% infinite. Critical mass measurements of Oy (93.9%) spheres and cylinders of different 
diameters are given for ~17 in. graphite tamper, for effectively infinite paraffin tamper, and for effectively 
infinite water tamper. From these measurements cylindrical shape fuctors were computed. Both shape 
factors and critical masses are shown as functions of the critical height to diameter ratio of the cylinders. 
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Title: Precision Critical-Mass Determinations for Oralloy and Plutonium in Spherical Tuballoy Tampers 

Date: 2/1/1952 

Report: LA-01356 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-032, HEU-MET-FAST-041; This report gives the results of 
precision delayed-critical-mass measurements on high-density and high uranium-235 concentration oralloy 
cores close tamped in spherical tuballoy shells. The six critical mass points obtained enable one to plot a 
reliable critical mass, mc, versus tuballoy tamper thickness curve. The results for oralloy (93.9 percent), 
rho = 18.75 g/cc are thicknesses of 0, 0.695, 1.76, 3.525, 3.925, and 9.0 inches the oralloy critical mass is 
51.9, 36.2, 26.5, 20.5, 19.75, and 17.35 kg, respectively. In addition, the critical mass, Mc, of plutonium in 
a tuballoy tamper thickness of 4.603 inches was measured and found to be about 6.28 kg. 
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Date: 5/1/1950 

Report: LA-01364 
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Conference Session:  

Abstract/Keyterms: Physics; Configuration; Diffusion; Mathematics; Neutrons; Scattering; Serber-
Wilson Method; Spheres; Transport Theory 
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Title: Tables of Functions Associated with the Serber-Wilson Method for Neutron Diffusion Calculations 
in a Spherical Geometry. Volume II 

Date: 5/1/1950 

Report: LA-01365 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Diffusion; Mathematics; Neutrons; Scattering; Serber-
Wilson Method; Spheres; Transport Theory 
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Title: Tables of Functions Associated with the Serber-Wilson Method for Neutron Diffusion Calculations 
in a Spherical Geometry. Volume III 

Date: 12/1/1950 

Report: LA-01366 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Diffusion; Mathematics; Neutrons; Scattering; Serber-
Wilson Method; Spheres; Transport Theory 
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Title: Multi-Velocity Serber-Wilson Neutron Diffusion Calculations 

Date: 3/24/1952 

Report: LA-01391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Diffusion; Group Theory; Neutrons; Numericals; Scattering; Serber-Wilson 
Method; Transport Theory; Velocity 
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Abstract/Keyterms: Physics; Configuration; Neutrons; Scattering; Shells; Spheres 
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Title: Burst Characteristics Associated with the Slow Assembly of Fissionable Materials 

Date: 7/1/1952 

Report: LA-01441 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Excursions; Explosions; Failures; 
Fissionable Materials; Fuel Elements; Fuel Solutions; Heating; High Temperature; Homogeneous Reactors; 
Measured Values; Multiplication Factors; Pressure; Pressure Vessels; Reactivity; Reactor Core; Reactors; 
Solutions; Zones 
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Title: Time Dependence of the Slowing Down of Neutrons with Constant Scattering Mean Free Path 

Date: 5/31/1952 

Report: LA-01445 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Simple expressions are derived for the time dependence of the slowing down of 
neutrons in simple media. In Section I, a method suggested by age theory is used, while in Section II, a two 
parameter scattering function is employed. Results are compared with exact calculations 
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Title: Neutron Burst from a Cylindrical Untamped Oy (Enriched U) Assembly 

Date: 7/22/1952 

Report: LA-01477 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The accident of 04/18/1952 involving the "Jemima" assembly device; investigation 
of cause. 
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Title: Neutron Distribution Measurements at Pajarito by Means of Photographic Emulsions 

Date: 5/15/1952 

Report: LA-01487 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method of using photographic emulsions for the study of neutron distributions is 
described. The construction of a simple machine for producing experimental critical assemblies in which 
the method has been used is reported. Sources of error are discussed. Curves of the perturbations when 
small spheres of various materials are placed in the center of the assembly are shown. 
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Author: Hansen, Gordon E. / Maier, Clifford 

Title: Material Replacement Experiments: Theory and Measurements for the Lady Godiva Assembly 

Date: 4/23/1953 

Report: LA-01525 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The perturbation theory for material replacement experiments in a bare assembly is 
given through second order, thus permitting corrections for sample size. Computed flux and adjoint 
distribution functions are tabulated for the Lady Godiva assembly, enabling the observed danger 
coefficients for U238 and U235 to be compared with corresponding predicted values. Consistency of this 
data is checked by its use in three independent combinations, each yielding the same value for the effective 
fraction of delayed neutrons from fast fission. Reactivity contributions associated with inelastic scattering 
were calculated and comparison made between central danger-coefficient ratios and ratios for the Topsy 
assembly. Evaluation of transport cross sections by means of replacement measurements in Godiva is 
illustrated for the several elements C, Cu, and Au. 
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Title: A Simple Method of Calculating Critical Masses of Proton Moderated Assemblies 

Date: 5/1/1953 

Report: LA-01548 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Semi-empirical modifications of age theory have been made to interpret the critical 
masses of proton moderated assemblies which may or may not have reflectors of various substances, in 
particular, water or steel. Critical masses of untamped water-moderated systems can be calculated by use 
of an appropriate age and linear extrapolation length. Assuming that all captures and fissions take place at 
thermal, a familiar expression can be set up which contains the age and extrapolation length which are not 
well determined by theory. An age value suggested by theory is taken, and ORNL criticality data (K343) 
are used to find the best extrapolation length. With these values the K343 critical masses can be computed 
to about plus or minus 5%, which is their estimated experimental uncertainty; this for H/U235 atomic ratios 
between 43 and 755. A theoretical discussion of effects which the simple "theory" of neglects is presented. 
It is indicated that several of these effects compensate to make a simple theory more useful than one would 
believe at first sight. To take into account reflectors of water, water shielded by cadmium, or steel of various 
thicknesses, it proves sufficient to alter the extrapolation length appropriately. For moderators which 
contain appreciable HNO3, H/sub 3/PO4, or steel, parameters are given which enable one to compute the 
appropriate ages and extrapolation lengths. Critical masses are again calculated to within about plus or 
minus 5%. A simple mode generalization is suggested for large scale inhomogeneities in the fuel region 
which preserve a constant age throughout. The critical equations and numerical parameters are assembled 
in the appendix. 
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Title: Topsy, A Remotely Controlled Machine for the Study of Critical Assemblies 

Date: 6/1/1953 

Report: LA-01579 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-003; This report describes the construction, operation, and 
typical uses of Topsy, the versatile, remotely controlled, critical assembly machine Pajarito. Section 1 
covers the mechanical design of the machine, and the hydraulic and electrical operation of the various 
components. Section 2 describes how Topsy is used for investigating reacting metal assemblies. Procedures 
for establishing a delayed critical configuration and operation at delayed critical are illustrated for the 
oralloy-tuballoy system. Also included are brief descriptions of oralloy-nickel, plutonium-tuballoy, and low 
density and concentration assemblies that have been made on the machine. 
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Abstract/Keyterms: Physics; Anisotropy; Criticality; Equations; Hydrogen; Numericals; Phosphoric 
Acid; Reactors; Slowdown; Solutions; Uranium Oxides 
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Title: Lady Godiva an Unreflected Uranium-235 Critical Assembly 

Date: 9/1/1953 

Report: LA-01614 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-001; A spherical, unreflected uranium-235 critical assembly (52.6 
kg) has been in operation since August, 1951. A remotely-controlled mechanical system is used to assemble 
subcritical components of the sphere, and reactivity is adjusted with uranium-235 control rods positioned 
in the sphere. The maximum power level during sustained operation is about 1 kilowatt. In addition to 
investigations of the neutron spectrum of the assembly, observation of the changes of reactivity produced 
by inserting foreign materials into the assembly, and the determination of parameters such as the 
temperature coefficient of reactivity, studies have been made of the behavior of the assembly at reactivities 
above prompt critical. 
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Title: Safety Tests for Melting and Casting Oralloy 

Date: 12/1/1953 

Report: LA-01623 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is a collection of data which were determined by several safety tests to 
assure safe procedures during the fabrication of oralloy. These tests indicated that a 4 inch ID melting 
crucible which had become flooded from the cooling coils of the furnace would be critical with about 23.7 
kg of oralloy. A 5 inch ID crucible under similar conditions would be critical when it contained 21.3 kg. A 
series of measurements to simulate multiple crucibles in a melting furnace indicates that a flooded array of 
four charged crucibles with a spacing of 1.6 inch between the graphite heater jackets would have a neutron 
multiplication of 16.2. It has been shown that a 1 inch thick oralloy plate in infinite paraffin tamping has a 
critical mass of 58 kg, and a 1.5 inch thick plate with the same tamping has a critical mass of 41 kg. Another 
test shows that a flooded oralloy hemisphere 10 inch ID would be critical with a wall thickness of 1 inch at 
60 kg. Also given in the last section are curves of oralloy critical mass for various diameter cylinders with 
water, paraffin, and graphite tamping. 
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Author: Linenberger, G. A. / Lowry, L. L. 

Title: Neutron Detector Traverses in the Topsy and Godiva Critical Assemblies 

Date: 4/1/1954 

Report: LA-01653 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-006; Neutron detector traverses of the untamped oralloy (Godiva) 
and the tuballoy-or nickel-tamped oralloy (Topsy) metal critical assemblies have been obtained by counting 
the following types of radiation gamma-activity of uranium-235 and uranium-238 fission products. 2) 
fission fragments of neptunium-237 in a spiral chamber. 3) and beta-activity of gold and sulfur. At a few 
positions within the assemblies, and for the uranium-235 fission spectrum, cross section ratios of a number 
of pairs of fissionable isotopes were determined by means of a comparison fission chamber. 
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Author: Paxton, H. C. 

Title: Bare Critical Assemblies of Oralloy at Intermediate Concentrations of Uranium-235 

Date: 2/29/1960 

Report: LA-01671 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-001; Bare cylindrical critical assemblies were constructed of 
stacked plates of fully enriched oralloy and tuballoy. Proportions were adjusted to give average uranium-
235 concentrations of 53.6%, 37.7%, and 29.0%. Approximate relations between critical parameters and 
uranium-235 concentration (c) are critical mass (total uranium, corrected to sphere) = kc(-1.71). 2. Rossi 
alpha = kc(0.92). 3. Total fission in uranium-235/total fission in uranium-238 = kc (-0.60). 4. Total fission 
in uranium-237/total fission in uranium-238 = kc (-0.29). 
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Author: Engle, L. B. / Hansen, G. E. / Paxton, H. C. 

Title: Material Replacements in Topsy and Godiva Assemblies 

Date: 7/1/1954 

Report: LA-01708 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Buckling; Configuration; Critical Assemblies; Criticality; Cross 
Sections; Danger Coefficients; Density; Deuterium; Diffusion Length; Energy; Energy Range; Enrichment; 
Epithermal Neutrons; Fast Neutrons; Fuels; Heavy Water Moderator; Hydrogen; Mass; Materials Testing; 
Measured Values; Moderators; Multiplication Factors; Neutron Flux; Numericals; Oralloy; Polyethylenes; 
Reactivity; Reactor Core; Scattering; Spectra; Thermal Neutrons; Topsy; Uranium 235 
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Author: Hoogterp, J. C. 

Title: Critical Masses of Graphite-Tamped Heterogeneous Oralloy-Graphite Systems 

Date: 5/19/1954 

Report: LA-01732 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass measurements on graphite-tamped, heterogeneous oralloy-graphite 
systems have been made as a safety guide for certain oralloy casting procedures. Various concentrations 
were obtained by alternately stacking 10.5-inch diameter oralloy and graphite plates. In the relation: 
(fraction of oralloy in the core volume) (-n) values for the exponent, n, in the neighborhood of 0.70 were 
obtained. 
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Author: Leachman, R. B. 

Title: Emission Probabilities of Prompt Neutrons from Spontaneous and Neutron-Induced Fission 

Date: 12/1/1954 

Report: LA-01863 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is developed for using the relatively easily measured fission parameters, 
together with the mass equation of fission and the evaporation model of the nucleus, to determine the 
emission probabilities of the fission neutrons. The distribution of the kinetic energies of the fragment pairs 
enters into these calculations in a sensitive manner. Neutron emission probabilities are computed for the 
fission of the compound nuclei U234, U236, and Pu240, for which cases reasonably adequate data on the 
fragment pair energies are available. Although the corresponding data for the fission of the compound 
nuclei Th233, U238, and U239 are considerably poorer, neutron emission probabilities are also computed. 
The calculated results from this method are in good agreement with direct measurements of fission 
neutrons. 
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Author: Bell, George I. 

Title: Calculations of the Critical Mass of UF6 as a Gaseous Core, With Reflectors of D2O, Be and C 

Date: 2/1/1955 

Report: LA-01874 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Capture; Configuration; Critical Assemblies; Criticality; Cross 
Sections; Diagrams; Diffusion Length; Enrichment; Epithermal Neutrons; Equations; Fast Neutrons; Fermi 
Age; Gas Fuel; Gases; Graphite; Heavy Water; Mass; Moderators; Numericals; Oralloy; Pressure; Reactor 
Core; Reactors; Reflectors; Shells; Slowdown; Spheres; Temperature; Thermal Neutrons; Thickness; 
Transport Theory; Uranium 235; Uranium Hexafluoride 
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Author: Mallary, E. C. / Paxton, H. C. / White, R. H. 

Title: Safety Tests for the Storage of Fissile Units 

Date: 2/1/1955 

Report: LA-01875 (del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements made on cubic lattices of fissile units inside 
cubic concrete vaults are reported. The inner dimensions of the concrete vaults ranged from 1 to 5 feet, and 
the dimensions of the lattices were changed accordingly. Where safety considerations of the test allowed, 
as many as 27 of the fissile units were used in the lattice. Tests also were made to determine tamping effect 
of the 1-foot thick vault walls and ceiling and the effect of impurities such as blocks of paraffin or the 
presence of boron plastic within the lattice of fissile units 
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Author: Carlson, Bengt G. 

Title: Solution of the Transport Equation by Sn Approximations 

Date: 2/1/1955 

Report: LA-01891 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boltzmann Equation; Cylinders; Differential Equations; Diffusion; 
Neutrons; Numericals; Spheres; Transport Theory 
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Author: Cranberg, L. / Nereson, N. G. 

Title: Fission Neutron Spectrum of U235 from 0.2 to 3 MeV 

Date: 5/1/1955 

Report: LA-01916 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Efficiency; Energy Range; Errors; Fast Neutrons; Fission; Neutron 
Spectrometers; Performance; Resolution; Thermal Neutrons; Uranium 235; Velocity 
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Author: Young, D. S. 

Title: Paraffin Cylinders to Measure Neutron Energies 

Date: 7/1/1955 

Report: LA-01938 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Antimony; Beryllium; Boron; Coating; Configuration; Counting Rates; 
Cylinders; Energy; Energy Range; Fast Neutrons; Ionization Chambers; KeV Range; Lithium; Measured 
Values; MeV Range; Mixing; Moderators; Neutron Detection; Neutron Sources; Operation; Paraffin; 
Photofission; Polonium; Pulses; Sensitivity; Slowdown; Thickness; Uses; Variations 
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Author: Paxton, H. C. / Graves, G. A. 

Title: Critical Masses of Fissionable Metals as Basic Nuclear Safety Data 

Date: 5/1/1956 

Report: LA-01958 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, PU-MET-
FAST-007, U233-MET-FAST-005; Data on critical configurations of fissionable metals are summarized 
in a form emphasizing the influence of conditions commonly of concern in nuclear safety questions. 
Although the bulk of the data is derived from experiments with uranium metal enriched, usually to about 
90 wt% uranium-235, i.e., oralloy, there are enough data for plutonium and uranium-233 to establish some 
general relations about their criticality relative to uranium. The specific information includes the influences 
exerted upon critical mass by various reflectors, by shape of the fissionable material, by variations in 
uranium-235 concentration, by variations in material density, and by graphite and hydrogenous diluents. 



 

C-10449 

10420…..…..…………………..…….……..……ID Number…………………..…..…………….10420 

Author: Neuer, J. J. / Stewart, C. B. 

Title: Preliminary Survey of Uranium Metal Exponential Columns 

Date: 10/31/1956 

Report: LA-02023 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reflected cylindrical exponential columns of bare and natural uranium were 
constructed of stacked plates of oralloy (93.4%) and tuballoy. Average concentrations of uranium-235 
ranging from 0.72% to 9.18% were investigated. Flux distributions, buckling values, and spectral indices 
were obtained. The indicated uranium-235 concentration for infinite critical mass is about 5.5%. 
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Author: Hoogterp, J. C. 

Title: Critical Masses of Oralloy Lattices Immersed in Water 

Date: 3/6/1957 

Report: LA-02026 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-003; A solid cube of oralloy (94.3% enrichment) becomes 
critical at 24 kg when immersed in an infinite water reflector. Various critical lattices have been obtained 
by dividing this solid shape into small units and uniformly dispersing them (in water) at various mean 
densities. For a given size of oralloy unit, there is a mean density at which the critical mass is minimum. 
The hydrogen-uranium atomic ratio (optimum) of the cores with minimum critical masses are: (oralloy unit 
dimension, /hydrogen/uranium-(optimum)/critical mass(m(sub-c), min, kg): 1 inch cube:5.4, 22.3; 1/2 inch 
cube, 15, 14; 1/8 by 12 inch rod: 53, 6.5. The optimum hydrogen-uranium atomic ratio for lattices with 
oralloy units of intermediate size can be reasonably predicted by interpolation. Measurements with 
nonuniformly dispersed oralloy do not indicate a critical mass below the minimum observed with a uniform 
lattice. Multiplication measurements were made with silver, gold, and cadmium rods inserted in the oralloy 
matrix. 
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Author: Wimett, T. F. / Engle, L. B. / Graves, G. A. / Keepin, G. R. / Orndoff, Jr., J. D. 

Title: Time Behavior of Godiva Through Prompt Critical 

Date: 5/23/1956 

Report: LA-02029 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies were made of the time behavior of a bare spherical U235 metal assembly 
(Godiva) following sudden increases in reactivity with essentially zero initial power level and no external 
neutron source. The highest final reactivity attained under controlled conditions was about 10 cents above 
prompt critical. In the region above prompt critical the observed fission rate increased exponentially until 
the decreasing reactivity from thermal expansion caused it to pass through a bell-shaped maximum or 
"burst." Following this burst, the fission rate dropped to a low-amplitude "tail" sustained by delayed 
neutrons and finally terminated upon automatic scramming of the assembly. Burst amplitudes 
corresponding to instantaneous power levels of 10,000 Mw were observed with durations under a 
millisecond. Excellent agreement was found between measured reactor periods and calculations based on 
recent delayed neutron data. Over-all burst behavior also was found to agree with theory based on a space 
independent one-group model. 
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Author: Jarvis, G. A. / Linenberger, G. A. / Paxton, H. C. 

Title: Plutonium-Metal Critical Assemblies 

Date: 10/17/1956 

Report: LA-02044 (DEL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The two plutonium-metal critical assemblies that have been studied at Pajarito site 
are Jezebel, bare plutonium, and Popsy, a plutonium core in a thick normal uranium reflector. These 
assemblies and their properties are described. 
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Author: Callihan, A. D. / Ozeroff, W. J. / Paxton, H. C. / Schuske, C. L. 

Title: Nuclear Safety Guide 

Date: 8/1/1956 

Report: LA-02063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The report copy is extensively marked up and otherwise altered; apparently Callihan 
used this copy as a working copy for development of TID-7016. Other draft materials for TID-7016 and 
correspondence are included in the folder. 
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Author: Neuer, J. J. / Hansen, G. E. / Jarvis, G. A. / Linenberger, G. A. / Young, D. S. 

Title: Critical Assembly of Uranium Metal at an Average Uranium-235 Concentration of 16-1/4% 

Date: 1/28/1957 

Report: LA-02085 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-MET-FAST-007, HEU-MET-THERM-001; A uranium metal critical assembly 
consisted of a 15 inch diameter core with an average uranium-235 content of 16.25%, surrounded by a 3 
inch thick natural uranium reflector. The critical mass was 692 kg of core material. 
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Author: Beyster, J. R. / Schrandt, R. G. / Walt, M. / Salmi, E. W. 

Title: Predictions of Fast Neutron Scattering Data with a Diffuse Surface Potential Well 

Date: 12/1/1956 

Report: LA-02099 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cross Sections; Energy Range; Fast Neutrons; Nuclear Models; Nuclei; 
Numericals; Optical Model; Parameters; Scattering; Standards; Surfaces 
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Author: Hansen, G. E. / Hoogterp, J. C. / Orndoff, J. D. / Paxton, H. C. 

Title: Beryllium-Reflected, Graphite-Moderated Critical Assemblies 

Date: 7/1/1957 

Report: LA-02141 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: See IHECSBE report HEU-MET-THERM-002 (none of the experiments are judged 
acceptable as benchmarks). Included are data on the properties of three sets of cylindrical Be- reflected, 
graphite-moderated critical assemblies that have been set up in the Honeycomb machine. The first set was 
primarily to establish characteristics as functions of C/U235 atomic ratio of a core with nearly constant 
reflector thickness. Fission rates were mapped with U235 foils, and reactivity contributions of some foreign 
materials were measured. The second set consisted of three assemblies with fixed cores to determine the 
effect of redistributing reflector from the ends to the cylindrical wall. Flux distributions in the basic fully-
reflected assembly were mapped extensively with bare and with Cd-shielded foils of U235, Au, and In. The 
third set was to establish the minimum- volume core at C/U235 approximately 350 that could be made 
critical with available Be. Influences of end reflector and of a Be island were checked. 



 

C-10457 
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Author: n.a. 

Title: Beryllium-Reflected, Graphite-Moderated Critical Assemblies 

Date: 10/11/1957 

Report: LA-02141 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-002; Collected in this report are data on properties of three sets 
of cylindrical beryllium-reflected, graphite-moderated critical assemblies that have been set up in the 
Honeycomb machine. The first set was primarily to establish characteristics as functions of carbon/oralloy 
atomic ratio of core with nearly constant reflector thickness. Fission rates were mapped with oralloy foils, 
and reactivity contributions of some foreign materials were measured. The second set consisted of three 
assemblies with fixed core to determine the effect of redistributing reflector from the ends of the cylindrical 
wall. This series was requested by LASL T-division to provide checks for a two-dimensional diffusion 
code. Flux distributions in the basic fully-reflected assembly were mapped extensively with bare and with 
cadmium-shielded foils of oralloy, gold, and indium. The third set was to establish the minimum-volume 
core at carbon/oralloy approximately 350 that could be made critical with available beryllium. Influences 
of end reflector and of a beryllium island were checked. In the final section is described a scheme for 
converting the simpler assemblies to equivalent spherical systems. The converted experimental data, then, 
are compared with results of a series of S4 (spherical) critical-mass computations. 
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Author: Barkmann, H. G. / Holm, D. M. / Kiehn, R. M. / Peterson, R. E. 

Title: Preliminary Critical Experiments on a Mock-Up of the Los Alamos Molten Plutonium Reactor 

Date: 6/1/1957 

Report: LA-02142 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-045; Physics; Computers; Control; Criticality; Distribution; Fission; 
Lampre-1; Liquid Metal Fuel; Mass; Mathematics; Measured Values; Mockup; Neutron Flux; Plutonium; 
Quantitative Analysis; Reactivity; Reactors; Variations 
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Author: Young, D. S. 

Title: (n,2n) Study of Be9 

Date: 10/1/1957 

Report: LA-02158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The (n,2n) reaction in Be was studied by means of different thicknesses of Be around 
neutron sources, and different thicknesses of paraffin around a B- lined detecting chamber. Changes in 
counting rate with these different thicknesses of Be and paraffin are attributed to elastic scattering, 
absorption, and the (n,2n) reaction. Absorption is almost certainly negligible. The effect of elastic scattering 
was mocked up by means of different thicknesses of graphite, so that the (n,2n) residue could be determined. 
Sources of error in this and other measurements of the reaction are discussed. It is found that if fission 
neutrons are permitted to collide with Be before they are degraded below the threshold of the reaction by 
collisions with other materials, the (n,2n) reaction can make a significant contribution to tbe neutron 
economy of a reactor. 
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Author: Cranberg, L. 

Title: Neutron Scattering by U235, Pu239, and U238 

Date: 1/1/1959 

Report: LA-02177 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Angular Distribution; Cross Sections; Elastic Scattering; 
Energy; Energy Range; Fast Neutrons; Inelastic Scattering; Measured Values; Multiple Scattering; Neutron 
Beams; Neutron Spectrometers; Numericals; Plutonium 239; Pulses; Scattering; Spectra; Time of Flight 
Method; Uranium 235; Uranium 238; Velocity 
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Author: Hansen, G. E. / Paxton, H. C. / Wood, D. P. 

Title: Critical Masses of Oralloy in Thin Reflectors 

Date: 7/16/1958 

Report: LA-02203 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-032, HEU-MET-FAST-063; Critical masses have been measured 
for 5.25 inch diameter oralloy cylinders in 0.5 and 1 inch thick reflectors of beryllium, graphite, magnesium, 
aluminum, titanium, mild steel, copper, tungsten alloy, tuballoy, nickel, cobalt, molybdenum, aluminum 
trioxide, molybdenum carbide, and polythene. These results have been converted to the equivalent spherical 
critical masses of oralloy and compared to yield consistent transport cross sections for the reflector 
materials. In addition, critical masses of oralloy spheres in approximately 2 and 4 inch thick spherical 
reflectors of tungsten alloy, iron, nickel, nickel-silver, copper, zinc, thorium, beryllium, beryllium oxide, 
carbon, and tuballoy have been determined. 
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Author: Bertino, J. P. / Kircher, J. A. 

Title: U233 Purification and Metal Production 

Date: 8/1/1958 

Report: LA-02245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two problems are encountered in U233b purification and metal production. One is 
high alpha activity, which requires that all operations be enclosed. The other is beta-gamma activity 
originating from U/sup 232/ present in U233 as a contaminant. This, the immediate daughter of U/sup 232, 
produces a chain of strong beta-gamma emitters, which make shielding and thorium separation procedures 
necessary. Chemically impure solutions of metal fabrication residues are separated from trace amounts of 
thorium isotopes by cation resin exchange in shielded equipment. The short-lived thorium daughters are 
allowed to decay, after which beta-gamma activity is low enough to permit chemical purification in 
unshielded equipment. The U233is chemically separated from nonradioactive contaminants by 
precipitation as UO4- xH2O, which is calcined to U/sub 3/O/sub 8/. The U3O8 is reduced to UO2 and 
converted to UF4. Pure metal is prepared by bomb reduction of the UF4 with calcium as the reducing agent. 
Residues from the chemical purification steps, reduction, metal fabrication, and general cleanup are 
processed into nitrate solutions, solvent extracted, and concentrated for recycle. Ion exchange, precipitation, 
reduction to metal, and casting all have effect upon the thorium isotopes and their daughters, resulting in 
changes in the levels and growth rates of beta-gamma activity. 
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Author: Sayeg, J. A. / Ballinger, E. R. / Harris, P. S. 

Title: Dosimetry for the Godiva II Critical Assembly Neutron Flux and Tissue Dose Measurements 

Date: 9/28/1959 

Report: LA-02310 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Critical Assemblies; Foils; Godiva-2; Measured Values; Neutron 
Flux; Radiation Doses; Reactors; Spectra; Tissues 
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Author: Swickard, E. O. 

Title: Los Alamos Molten Plutonium Reactor Experiment (LAMPRE) Hazards Report 

Date: 1/1/1959 

Report: LA-02327 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-045, MIX-MET-FAST-002, PU-MET-FAST-007, PU-MET-FAST-
008, PU-MET-FAST-009, PU-MET-FAST-010, HEU-MET-FAST-028, U233-MET-FAST-002, U233-
MET-FAST-003, U233-MET-FAST-004, U233-MET-FAST-005, U233-MET-FAST-006, PU-MET-
FAST-005, PU-MET-FAST-018, HEU-MET-FAST-063, MIX-MET-FAST-001, HEU-MET-FAST-032, 
HEU-MET-FAST-041, PU-MET-FAST-006, HEU-MET-FAST-078, HEU-MET-THERM-001; This 
report supersedes K-1-3425 and LA-2327(Prelim). The first experiment (LAMPRE I) in a program to 
develop molten plutonium fuels for fast reactors is described and the hazards associated with reactor 
operation are discussed and evaluated. The reactor description includes fuel element design, core 
configuration, sodium coolant system control, safety systems, fuel capsule charger, cover gas system, and 
shielding. Information of the site comprises population in surrounding areas, meteorological data, geology, 
and details of the reactor building. The malfunction of the several elements comprising the reactor system. 
A calculation on the effect of fuel element bowing appears in an appendix. 
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Author: Harris, P. S. / Montoya, E. F. / Schweitzer, W. H. 

Title: Dose and Flux Measurements on GODIVA Radiation Effects Experiments 

Date: 9/21/1959 

Report: LA-02355 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Flux and dose measurements of fast neutrons, thermal neutrons and gamma rays 
under perturbing conditions using Godiva as a source are described and discussed. The limitations of single 
monitoring devices are noted. It is pointed out that in order to improve the accuracy of flux and dose 
measurements in radiation effects studies, specific detectors must be used at the position of the experimental 
object. 
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Author: Engelke, M. J. / Riebe, B. B. / Sayeg, J. A. 

Title: Neutron Tissue Dose Survey for the Little Eva Critical Assembly 

Date: 4/1/1960 

Report: LA-02425 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A neutron tissue dose survey was made for the Little Eva critical assembly using the 
Hurst neutron proportional counter. Comparisons were also made with the Los Alamos "Converted Pee 
Wee" neutron counter. The data indicated the Pee Wee counter measurements to be a factor of 7 higher 
than those obtained with the Hurst counter. This difference in the measurements is mainly attributed to an 
"over response" of the Pee Wee (on a dose per neutron basis) in the intermediate and thermal neutron energy 
region. 
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Title: Revised Neutron Flux, Spectrum, and Tissue Dose Measurements at the Godiva II Critical Assembly 

Date: 4/1/1960 

Report: LA-02432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron-flux, spectra, and tissue-dose measurements were made at the Godiva II 
critical assembly by foil activation techniques. 
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Title: Revised Neutron Flux, Spectrum, and Tissue Dose Measurements at the Godiva II Critical Assembly 
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Report: LA-02432; Addendum to LA-2310 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron-flux, spectra, and tissue-dose measurements were made at the Godiva II 
critical assembly by foil activation techniques. 



 

C-10469 

10440…..…..…………………..…….……..……ID Number…………………..…..…………….10440 

Author: Holm, D. M. 

Title: A Gamma Ray Sensitive Fuel Level Detector for a Homogeneous Reactor 

Date: 7/1/1960 

Report: LA-02458 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A gamma -sensitive level detector was developed to determine the fuel level in the 
LAPRE approximately reactor vessel during the approach to a critical configuration. It was used to compare 
the calculated and experimentally determined critical fuel volume. Although neutron activation of the 
detector’s NaI crystal prevented level determination while the reactor was at power, the detector provided 
an accurate means of calibrating an indirect method used for determining fuel level in the reactor. 
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Abstract/Keyterms: The generalized Discrete S/sub n/ Method for solution of the multigroup, 
multidimensional transport equation is investigated. The transport and diffusion equations are derived in 
difference and differential form based upon a conservation law. The discrete direction representation of the 
angular integration variable is derived on the basis of a rotation reflection symmetry condition. In addition, 
if the reason able assumption that the mechanical quadrature point weights are each taken proportional to 
an area surrounding each point on the unit sphere, then the usual moment conditions are shown valid in an 
asymptotic sense. In particular, the P/sub n/, DP(sub n/2)-1, and Wick- Chandraseknar methods of solving 
the transport equation appear now as special cases. The full anisotropic scattering formulation, elementary 
perturbation theory, and group collapsing techniques are discussed with reference to the proposed 
equations. The general methods for solving the transport and diffusion difference equations are reviewed 
briefly. Finally, simple one-dimensional comparisons are made to indicate the treatment of the general 
method in comparison with other specialized approximation techniques. 
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by contact with an immiscible coolant. As an example of a mobile fuel system with a closed fuel-blanket 
processing loop, the DCR is compared in its economic potential with an advanced solid fuel breeder. The 
study shows a saving in fueling cost using mobile fuel which is substantially greater than the added 
investment and operating cost. 
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Abstract/Keyterms: The original version of this report tabulates critical masses of simple systems, which 
have been measured through the year 1963. This revision adds data through October 1975, and modifies 
some of the old critical specifications that have been reevaluated. The old format and symbolism are 
retained to simplify reproduction. 
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Abstract/Keyterms: A number of critical assemblies were studied for reactor safety and criticality 
evaluation reasons early in the nuclear powered rocket development period. These were all of water 
moderated uranium-233, uranium-235, and plutonium-239 critical experiments and the relatively few heavy 
water, beryllium, beryllium-oxide, and carbon moderated, enriched uranium-235 critical experiments 
available that provided simple parametrics and extremes in type. The atomic densities and dimensions 
directly useful for computational purposes are listed for fast to thermal flux spectrum assemblies. 
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Abstract/Keyterms: The parametric study of the critical reactor dimension as a function of moderator, 
fissionable isotope, and size has been made, based on a consistent variety of critical experiments studied in 
a companion report(LA-3219-MS). Minimum critical size and mass have been computed for a range of 
concentration of uranium-233, uranium-239, and plutonium-239 for water-moderated bare and reflected 
slab, cylinder, and sphere geometries, as well as corresponding results for uranium-235 and heavier atom 
moderators deuterium-oxide, beryllium, beryllium-oxide, and graphite. Some results are presented of the 
same sort for deuterium oxide, beryllium, and graphite reflector-moderated reactors. 
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Abstract/Keyterms: PU-MET-FAST-011; This discussion of criticality control is intended to encourage a 
working knowledge on the part of those who design and perform operations with fissile material. As 
background, requirements of the Atomic Energy Act are interpreted, and nuclear-safety experience is 
outlined. Both are shown to be compatible with reasonable principles of nuclear safety. Next, empirical 
criticality information is presented to help develop a feeling for conditions to be avoided during operations. 
Criticality-control methods that are consistent with the stated principles and available criticality data are 
described in the final section. 
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Abstract/Keyterms: Results of comparisons of calculated and experimental values of integral experiments 
involving neutron cross sections of uranium-235, uranium-238, plutonium-239, and plutonium-240 are 
presented. These comparisons were made in an effort to obtain microscopic neutron cross sections that 
would yield correct results when used in neutronics calculations of fast critical assemblies. 
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Abstract/Keyterms: The critical parameters of single homogeneous units are examined and tabulated. The 
study includes both theoretical and experimental results which are compared extensively in order to 
establish the accuracy of the theoretical method. The experimental data are reduced to standard conditions 
to facilitate this comparison and to investigate the consistency of the large number of critical experiments. 
Given the validity of the calculational scheme, the various affects of diluents (including moderators), 
reflectors, density charges, and poisons are studied. Finally, by application of the theory, results are 
obtained which are inaccessible or very difficult to obtain by experimental methods. 
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Abstract/Keyterms: A new low value for the critical mass of uranium-235 in a critical reactor assembly 
has been determined. This value is 250 grams of uranium-235 in a polyethylene core surrounded by a thick 
beryllium reflector. 
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chronologically, according to group. 
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Production; Spectroscopy; Chemical Analysis; Fabrication; Powders; Preparation; Alpha Particles; 
Counting Rates; Determination; Emission; Plutonium; Pulses; Time; Uranium; Computers; Critical 
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Abstract/Keyterms: Material bucklings measured in the equilibrium neutron spectra of heterogeneous 
uranium metal exponential columns containing 9.12% and 6.53% uranium-235 are reported. These results 
of exponential-column measurements are compared with value computed by means of Hansen-Roach cross 
sections. Through application of a fine-structure insert in the equilibrium spectral region of each column, 
fission cross-section ratios are structure-averaged. The measured spectral indices are given. 
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Abstract/Keyterms: These operating procedures apply to any criticality experiment performed at Pajarito 
site, in the facility described by LAMS-2698, revised, Hazards Evaluation for the Los Alamos Critical 
Assembly Facility,” November 1962. The experiments are conducted in remote-control laboratories, known 
as Kivas, which are located at some distance from the main laboratory building that houses individual 
control rooms for each Kiva. All remote controls and indicators, including closed-circuit television 
receivers, are mounted in the control rooms. Each Kiva is surrounded by a security fence beyond which is 
an additional posted area to keep personnel at a safe distance during remote operation. At other times, access 
within the fence is through a key-actuated gate. The same key actuates a three-position selector switch in 
the control room, which establishes safety plans appropriate to activities in the Kiva, and controls power to 
assemblies. 
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Abstract/Keyterms: Operating procedures consistent with DOE Order 5480.2, Chapter VI, and the 
American National Standard Safety Guide for the Performance of Critical Experiments are defined for the 
Pajarito Site Critical Assembly Facility of the Los Alamos National Laboratory. These operating procedures 
supersede and update those previously published in 1973 and apply to any criticality experiment performed 
at the facility. 
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Abstract/Keyterms: The Pajarito Plan for Radiation Emergency identifies possible accidents specific to 
the operations of the Los Alamos Critical Assemblies Facility, specifies the appropriate actions to take in 
the event of an accident, and assigns responsibility for those actions. 
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Fabrication; Fuel Elements; Maintenance; Operation; Performance; Reactors; Testing 
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10480…..…..…………………..…….……..……ID Number…………………..…..…………….10480 

Author: n. a. 

Title: Quarterly Status Report on Ultra High Temperature Reactor Experiment (UHTREX), for Period 
Ending April 30, 1969 

Date: 7/10/1969 

Report: LA-04207-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The UHTREX reactor has been operated at a core average temperature of 1020 
degrees F. This represents the first operation at an elevated temperature. The fuel load was 7.728 kg uranium 
(93% uranium-235) giving 8.81 dollars excess reactivity which was held down by three control rods. The 
temperature was increased at constant coolant flow by withdrawing rods until the temperature of 1020 
degrees F was reached with 14 cent of reactivity remaining. This intermediate temperature level was 
essentially as predicted, confirming the value of the core moderator temperature coefficient. Several hot 
restarts were made to test hot restart procedures. The buffer system was successful at limiting the vessel 
temperature to reasonable values. The coolant impurities were reduced to low values and no evidence of 
corrosion was found on elements removed for inspection. Calculated temperatures in the core and 
moderator were compared with thermocouple readings and the results from melt wires. The agreement 
between observed and calculated critical mass for three unrodded cold critical configurations has been 
improved by recent calculations. The critical mass for the intermediate temperature and design temperature 
has been recalculated. The fuel load has been increased to 11.5 kg uranium in preparation for the ascension 
in temperature and power toward the design maximum of 2400 degrees F coolant outlet at 3 Mw power. 
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10481…..…..…………………..…….……..……ID Number…………………..…..…………….10481 

Author: Hansen, G. E. / Paxton, H. C. 

Title: Reevaluated Critical Specifications of Some Los Alamos Fast-Neutron Systems 

Date: 9/1/1969 

Report: LA-04208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SPEC-MET-FAST-008, HEU-MET-FAST-002, PU-MET-FAST-005, PU-MET-
FAST-010, PU-MET-FAST-018, U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, 
U233-MET-FAST-005, MIX-MET-FAST-001, PU-MET-FAST-006, PU-MET-FAST-011, HEU-MET-
FAST-028, U233-MET-FAST-006, SPEC-MET-FAST-001, HEU-MET-THERM-001, HEU-MET-FAST-
032, HEU-MET-FAST-041, HEU-MET-THERM-003; The desire for more detailed critical specifications 
of Los Alamos fast-neutron assemblies than was required originally has led to the re-evaluation of a number 
of published critical masses. In each case, there is idealization to the appropriate one-dimensional or two-
dimensional representation. Minor changes of some published critical specifications result either from 
improvement of data upon which corrections are based or from more detailed accounting of component 
dimensions than was originally believed to be justified. 
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10482…..…..…………………..…….……..……ID Number…………………..…..…………….10482 

Author: Carmichael, B. M. / Bigil, J. C. / Meem, J. L. 

Title: Calculation and Interpretation of the UHTREX Critical Experiments 

Date: 8/1/1969 

Report: LA-04218 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The UHTREX (Ultra High Temperature Reactor Experiment) critical experiments 
are analyzed in a detailed comparison of calculations with experiment. Critical masses and flux profiles; 
control rod, fuel, and void worths; and temperature and pressure coefficients of reactivity for the reactor 
operating at low power and ambient temperature are discussed. 
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10483…..…..…………………..…….……..……ID Number…………………..…..…………….10483 

Author: Furnish, Jean 

Title: The Data of Nuclear Reactor Physics, 1967—1968. A Bibliography 

Date: 9/17/1969 

Report: LA-04225-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This bibliography is a continuation of LA-3740-MS. Nuclear science abstracts for 
1967 and 1968 have been searched and the pertinent abstracts arranged in the following order: I. critical 
experiments, reasonably homogeneous. II. Critical experiments, lattices. III. Reactivity measurements. IV. 
Neutron flux spectra. V. Neutron cross sections. VI. Laboratory summary reports and miscellaneous. 
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10484…..…..…………………..…….……..……ID Number…………………..…..…………….10484 

Author: Geer, W. U. / Koontz, P. G. / Orndoff, J. D. / Paxton, H. C. 

Title: Safety Analysis for the Los Alamos Critical-Assembly Facility 

Date: 11/7/1969 

Report: LA-04273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Safety & Siting; Accidents; Critical 
Assemblies; Operation; Pajarito Facility; Reactor Safety 
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10485…..…..…………………..…….……..……ID Number…………………..…..…………….10485 

Author: Smith, D. R. 

Title: Application of SN Calculations to the Evaluation of a Shipping Container for Small Quantities of 
Fissile Radioactive Material 

Date: 12/22/1969 

Report: LA-04325 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radioactive Materials / Shipping Container for, Safety Evaluation of Simple; 
Shielded Containers / Safety Evaluation of Simple, for Shipping Small Quantities of Radioactive Materials; 
Shipping / Containers for Fissile Radioactive Materials, Safety Evaluation of Simple 
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10486…..…..…………………..…….……..……ID Number…………………..…..…………….10486 

Author: Mills, Carroll B. 

Title: Tests of Neutron Cross Sections 

Date: 1/1/1970 

Report: LA-04429 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron Cross Sections / Accuracy of, Perturbation Method Test 
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10487…..…..…………………..…….……..……ID Number…………………..…..…………….10487 

Author: Sapir, J. L. / Orndoff, J. D. 

Title: Neutronics of the Phoebus-2 Reactor 

Date: 3/1/1970 

Report: LA-04455 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; 
PHOEBUS-2A Reactor- Reactor Kinetics; Analytical Solution; Mockup; Performance Testing; Reactivity 
NESDPS Office of Nuclear Energy Space and Defense Power Systems 
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10488…..…..…………………..…….……..……ID Number…………………..…..…………….10488 

Author: Orndoff, J. D. 

Title: Experimental Plan No. 184: Pewee ZEPO Operation 

Date: 5/1/1970 

Report: LA-04455 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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10489…..…..…………………..…….……..……ID Number…………………..…..…………….10489 

Author: Wimett, Thomas F. 

Title: Experimental Plan No. 186: Assembly, Delayed Critical and Burst Operation of Godiva IV Critical 
Assembly 

Date: 8/1/1973 

Report: LA-04455 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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10490…..…..…………………..…….……..……ID Number…………………..…..…………….10490 

Author: Sapir, J. 

Title: Twenty-Five Group Cross Sections Used in the Los Alamos Rover Program 

Date: 7/1/1970 

Report: LA-04484-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Aluminum; Beryllium; Boron; 
Carbon; Chromium; Cross Sections; Hydrogen; Hydrogen-Ortho; Hydrogen-Para; Inconel Alloys; Invar; 
Iron; Molybdenum; Neutron Beams; Nickel; Niobium; Reactors; Samarium 149; Stainless Steels; 
Tantalum; Tungsten; Uranium 235; Uranium 238; Xenon 135; Zirconium NESDPS Office of Nuclear 
Energy Space and Defense Power Systems; Inconel 718 / Neutron Cross Sections for, 25-Group, Iron / 
Neutron Cross Sections for, 25-Group, Molybdenum / Neutron Cross Sections for, 25-Group, Nickel / 
Neutron Cross Sections for, 25-Group, Niobium / Neutron Cross Sections for, 25-Group, Inconel 600 / 
Neutron Cross Sections for, 25-Group, Stainless Steel / Neutron Cross Sections for, 25-Group, Tantalum / 
Neutron Cross Sections for, 25-Group, Tungsten / Neutron Cross Sections for, 25-Group, Uranium Isotopes 
U-235 / Neutron Cross Sections for, 25-Group, Uranium Isotopes U-238 / Neutron Cross Sections for, 25-
Group, Xenon Isotopes Xe-135 / Neutron Cross Sections for, 25-Group, Zirconium / Neutron Cross 
Sections for, 25-Group, Hydrogen / Neutron Cross Sections for Natural, Ortho, and Para, Iron Alloys and 
Systems / Fe-Ni, Neutron Cross Sections for Invar, Neutron Cross Sections / Calculations for Nuclear 
Reactor Materials, Boron / Neutron Cross Sections for, 25-Group, Carbon / Neutron 
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10491…..…..…………………..…….……..……ID Number…………………..…..…………….10491 

Author: Reider, R. 

Title: An Early History of Criticality Safety 

Date: 5/1/1971 

Report: LA-04671 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Safety of Original Uranium-235 Fueled, History of 
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10492…..…..…………………..…….……..……ID Number…………………..…..…………….10492 

Author: Noyes, Horace E. 

Title: Shielded Shipping Container for Fissile Material Class 1 or Large Quantities of Radioactive Material 
Supplement 

Date: 3/1/1974 

Report: LA-04686-MS, Suppl 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation-Containers; Casks- Design; 
Spent Fuel Elements- Transport; Criticality; Heat Transfer; Quality Assurance; Safety; Shielding; Stainless 
Steel-304; Uranium 
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10493…..…..…………………..…….……..……ID Number…………………..…..…………….10493 

Author: Vigil, J. C. / Carmichael, B. M. / Best, G. H. 

Title: Nuclear Safety of an Airborne Thermal Reactor. Status Report of the Reactor Criticality Analysis 
Program to October 1, 1971 

Date: 10/1/1971 

Report: LA-04783 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors, Gas-Cooled / Core Meltdown in Aircraft Helium Cooled, Use of Diluent 
Poison for Shutdown Following Spherical, Reactor Control Elements / Evaluation of Diluent Poison Liquid, 
for Shutdown Following Spherical Core Meltdown in Aircraft Reactors; Reactors, Water-Moderated / Core 
Meltdown in Aircraft Helium Cooled, Use of Diluent Poison for Shutdown Following Spherical, Reactors, 
Aircraft / Core Meltdown in Thermal, Use of Diluent Poison for Shutdown Following Spherical... 



 

C-10523 

10494…..…..…………………..…….……..……ID Number…………………..…..…………….10494 

Author: Hendry, W. L. 

Title: Correspondence Between the Time- and Criticality-Eigenvalue Problems for a Bare-Slab Reactor 

Date: 12/1/1971 

Report: LA-04783 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory; Criticality; Eigenvalues; Homogeneous Reactors; Neutrons; Time; 
Transport Theory 
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10495…..…..…………………..…….……..……ID Number…………………..…..…………….10495 

Author: Wimett, T. F. / Whites, R. H. / Paxton, H. C. / Orndoff, J. 

Title: Kinglet Safety Analysis 

Date: 1/1/1971 

Report: LA-04797 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Safety & Siting; Kinglet; Reactor 
Safety 
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10496…..…..…………………..…….……..……ID Number…………………..…..…………….10496 

Author: Hoogterp, J. C. / Hansen, G. E. / Paxton, H. C. 

Title: Bare 93%-Enriched-Uranium-Carbon (170) Assembly 

Date: 3/1/1974 

Report: LA-04798-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The "Honeycomb critical assembly considered here is a nominal cube of 
uranium(93.15) foil and graphite plates regularly interleaved such that the carbon-to-uranium atomic ratio 
is 170. The assembly description is corrected empirically to a homogeneous near-cube reflected only by a 
low-density aluminum matrix that extends through the core and to the outside. Critical specifications for 
checking calculations are given in X, Y, Z coordinates and in equivalent R, Z coordinates. 
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10497…..…..…………………..…….……..……ID Number…………………..…..…………….10497 

Author: Conant, D. R. 

Title: Synergy and Artificial Intelligence 

Date: 3/1/1972 

Report: LA-04879 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General & Miscellaneous; Computers; Man; Synergism; Uses Computers / Synergy 
and Artificial Intelligence Using, Development of 
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10498…..…..…………………..…….……..……ID Number…………………..…..…………….10498 

Author: Hunter, R. E. / Stewart, L. / Hirons, T. J. 

Title: Evaluated Neutron-Induced Cross Sections for 239Pu and 240Pu 

Date: 6/1/1973 

Report: LA-05172 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Cross Sections; Excitation Functions; Fast Neutrons; Gamma Radiation; Intermediate 
Neutrons; KeV Range 10-100; KeV Range 100-1000; MeV Range 01-10; MeV Range 10-100; Multiplicity; 
Neutrons Angular Distribution- Delayed Neutrons- Plutonium 239; Nuclear Temperature- Plutonium 240- 
Prompt Neutrons 
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10499…..…..…………………..…….……..……ID Number…………………..…..…………….10499 

Author: Kirk, W. L. 

Title: Nuclear Furnace-1 Test Report 

Date: 3/1/1973 

Report: LA-05189-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10500…..…..…………………..…….……..……ID Number…………………..…..…………….10500 

Author: Balestrini, S. 

Title: Method to Estimate the Specific Fissions in 235U Using a NaI Crystal 

Date: 4/1/1974 

Report: LA-05587-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Analytical & Separations Chemistry-Radiometric & Radiochemical 
Procedures; Nuclear Materials & Waste Management-Handling Equipment & Procedures; a Codes 
Computer Codes- Codes; Neutron Reactions- Fission; Uranium 235- Radiometric Analysis; Criticality; 
Gamma Spectroscopy; Pulse Analyzers; Scintillation Counting; Solid Scintillation Detectors 
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10501…..…..…………………..…….……..……ID Number…………………..…..…………….10501 

Author: n. a. 

Title: Guidelines for the Interim Storage of AEC-generated Solid Transuranic Wastes 

Date: 6/1/1974 

Report: LA-05645 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Disposal & Storage; Radioactive Waste 
Storage- Recommendations; US AEC- Radioactive Waste Management; Criticality; Fires; Fissionable 
Materials; Materials Handling; Packaging; Quality Control; Radiation Monitoring; Site Selection; Solid 
Wastes; Transport 
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10502…..…..…………………..…….……..……ID Number…………………..…..…………….10502 

Author: Martin, E. R. / Jones, D. F. / Speir, L. G. 

Title: Passive Segmented Gamma Scan Operation Manual 

Date: 1/1/1974 

Report: LA-05652-M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Accountability & Safeguards-Technical; 
Fissile Materials- Safeguards; Plutonium 238- Nondestructive Analysis; Plutonium 239- Nondestructive 
Analysis; Safeguards; Uranium 235- Nondestructive Analysis; Computers; Gamma Detection; Li-Drifted 
Ge Detectors; Manuals; Nuclear Materials Management 
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10503…..…..…………………..…….……..……ID Number…………………..…..…………….10503 

Author: Foley, J. E. / Cowder, L. R. 

Title: Assay of the Uranium Content of Rover Scrap with the Random Source Interrogation system 

Date: 1/1/1974 

Report: LA-05692-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10504…..…..…………………..…….……..……ID Number…………………..…..…………….10504 

Author: Lobb, B. / Noyes, H. E. / Smith, D. R. 

Title: Rover Shipping Cask 

Date: 8/1/1975 

Report: LA-05834-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Transportation; Engineering--Facilities & 
Equipment--Shipping Containers; Casks-- Safety; Rover Reactors-- Spent Fuel Elements; Spent Fuel 
Elements-- Transport; TORY-2C Reactor-- Spent Fuel Elements; Criticality; Impact Strength; Quality 
Assurance; Shielding; Specifications 
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10505…..…..…………………..…….……..……ID Number…………………..…..…………….10505 

Author: Paxton, H. C. 

Title: Capsule Storage and Density-Analog Techniques 

Date: 5/1/1975 

Report: LA-05930-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Fissile 
Materials- Storage; Nuclear Weapons- Storage; Capsules; Critical Mass; Mathematical Models; Numerical 
Solution; Plutonium; Safety; Uranium 
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10506…..…..…………………..…….……..……ID Number…………………..…..…………….10506 

Author: Hansen, G. E. / Paxton, H. C. 

Title: A Tungsten-Carbide Critical Assembly 

Date: 6/1/1975 

Report: LA-05946-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Tungsten-Carbide Critical Assembly mainly consists of three close-fitting 
spherical shells the inside, a tungsten-carbide shell surrounding it, and a steel shell on the outside. Ideal 
critical specifications indicate a rather low computed value of k(eff). Observed and calculated fission-rate 
distributions for uranium-235, uranium-238, and neptunium-237 are compared, and calculated leakage 
neutrons per fission in various energy groups are given. 
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10507…..…..…………………..…….……..……ID Number…………………..…..…………….10507 

Author: Ragan, C. E. / Auchampaugh, G. F. / Hemmendinger, A. / Silbert, M. G. 

Title: Neutron Spectrum from an Oralloy Sphere 

Date: 6/1/1975 

Report: LA-05949-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Physics (Nuclear, 
Experimental)-Nuclear Properties & Reactions, A >= 220-Nuclear Reactions & Scattering; Highly 
Enriched Uranium- Neutron Spectra; Uranium 235- Neutron Reactions; Uranium 238- Neutron Reactions; 
Computer Calculations; Criticality; Deuteron Reactions; Monte Carlo Method; Neutron Flux; Pulsed 
Neutron Techniques; Spheres; Time-Of-Flight Method; Tritium 
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10508…..…..…………………..…….……..……ID Number…………………..…..…………….10508 

Author: Paxton, H. C. / Jarvis, G. A. / Byers, C. C. 

Title: Reflector-Moderated Critical Assemblies 

Date: 7/1/1975 

Report: LA-05963 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments with reflector-moderated critical assemblies were part of the Rover 
program at the Los Alamos Scientific Laboratory (LASL). These assemblies were characterized by thick 
heavy water or beryllium reflectors surrounding large cavities that contained highly enriched uranium at 
low average densities. Because interest in this type of system has been revived by LASL plasma cavity 
assembly studies, more detailed descriptions of the early assemblies than had been available in the 
unclassified literature are provided. 
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10509…..…..…………………..…….……..……ID Number…………………..…..…………….10509 

Author: Bernard, W. / Helmick, H. H. / Jarvis, G. A. / Plassmann, E. A. / White, R. H. 

Title: Research Program on Plasma Core Assembly 

Date: 5/1/1975 

Report: LA-05971-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An operating critical assembly having a 1.024-m-diam by 1.055-m-high cavity 
reflected by 0.48 m of beryllium has been constructed of residual beryllium reflector segments, control 
drums, drive motors, and control console from the Solid Core Nuclear Rocket Development Program. The 
critical mass for uranium distributed throughout the cavity is 16.9 kg U(93.2), which is high because of 
neutron undermoderation in the reflector due to porosity and poison contaminants in the beryllium and 
graphite reflector components. A flux trapping beryllium annulus, 0.546-m-ID by 0.89-m-OD, centered in 
the cavity, reduced the critical mass to 6.7 kg U(93.2). This arrangement will permit operation with a 
uranium hexafluoride zone inside the flux trap driven by an outer uranium-graphite fuel zone. The fission 
density inside the flux trap is appreciably higher than in the outer fuel zone. 
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10510…..…..…………………..…….……..……ID Number…………………..…..…………….10510 

Author: Malenfant, R. E. / Paxton, H. C. 

Title: Technical Specifications for the Pajarito Site Critical Experiments Facility 

Date: 12/1/1980 

Report: LA-06016-SOP (Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is to satisfy the requirement for technical specifications spelled out in 
DOE Manual Chapter 0540, Safety of DOE-Owned Reactors. The following technical specifications update 
the document, Technical Specifications for the Pajarito Site Critical Experiments Facility (June 1975). 



 

C-10540 

10511…..…..…………………..…….……..……ID Number…………………..…..…………….10511 

Author: Allen, J. D. / Cort, G. E. / McLaughlin, T. P. / Palmer, R. G. 

Title: Conceptual Design for a Fast Reactor Safety Test Facility. Preliminary Report 

Date: 8/1/1975 

Report: LA-06031-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In May 1975 Los Alamos Scientific Laboratory issued a preliminary report on a study 
of Fast Reactor Safety Test Facilities. The study addressed itself to three closely related tasks. (1) A review 
of the current understanding of fast reactor safety with the aim of identifying important areas of uncertainty 
which cannot be adequately resolved using analysis, out of pile and/or existing in-pile facilities. (2) 
Conceptual design studies of one or more new in-pile facilities having characteristics identified in (1) above. 
(3) An examination of advanced data acquisition techniques for possible incorporation in the new facilities. 
The work reported is an extension of the earlier work in task area (2) above. Based largely on conclusions 
drawn from the earlier work the scope of the current effort has been narrowed to the design study of a Type 
A facility operating in the Class III mode, i.e., a facility capable of accommodating up to 37 test pins and 
capable of imposing a burst on top of a high steady state power level. 
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10512…..…..…………………..…….……..……ID Number…………………..…..…………….10512 

Author: Paxton, H. C. 

Title: Safety Analysis of the Los Alamos Critical Experiments Facility 

Date: 10/1/1975 

Report: LA-06206 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The safety of Pajarito site critical assembly operations depends upon protection built 
into the facility, upon knowledgeable personnel, and upon good practice as defined by operating procedures 
and experimental plans. Distance, supplemented by shielding in some cases, would protect personnel 
against an extreme accident generating 10E19 fissions. During the facility's 28-year history, the direct cost 
of criticality accidents has translated to a risk of less than $200 per year. 
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10513…..…..…………………..…….……..……ID Number…………………..…..…………….10513 

Author: Paxton, H. C. 

Title: Safety Analysis of the Los Alamos Critical Experiments Facility (Vol. 1) 

Date: 10/1/1975 

Report: LA-06206 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The safety of Pajarito Site critical assembly operations depends upon protection built 
into the facility, upon knowledgeable personnel, and upon good practice as defined by operating procedures 
and experimental plans. Distance, supplemented by shielding in some cases, would protect personnel 
against an extreme accident generating 10/sup 19/ fissions. During the facility`s 28-year history, the direct 
cost of criticality accidents has translated to a risk of less than $200 per year. 
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10514…..…..…………………..…….……..……ID Number…………………..…..…………….10514 

Author: Paxton, H. C. 

Title: Safety Analysis of the Los Alamos Critical Experiments Facility. Volume II 

Date: 4/1/1976 

Report: LA-06206 (Vol.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Los Alamos critical assembly layout is designed to facilitate personnel protection 
by means of remote operation and stringent procedural controls during non operating periods. Public 
protection is straightforward because of the small fission-product inventory, essentially ambient pressures, 
and moderate temperatures. 
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10515…..…..…………………..…….……..……ID Number…………………..…..…………….10515 

Author: Orndoff, J. / Paxton, H. C. / Wimett, T. F. 

Title: Safety Analysis of the Los Alamos Critical Experiments Facility Burst Operation of SKUA 

Date: 5/1/1979 

Report: LA-06206 (Vol.2) (Add.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed consideration of the SKUA burst assembly is presented, thereby 
supplementing the facility safety analysis report covering the operation of other critical assemblies at Los 
Alamos. As with these assemblies the small fission-product inventory, ambient pressure, and moderate 
temperatures in SKUA are amenable to straightforward measures to ensure the protection of the public. 
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10516…..…..…………………..…….……..……ID Number…………………..…..…………….10516 

Author: Orndoff, J. / Paxton, H. C. / Wimett, T. F. 

Title: Safety Analysis of the Los Alamos Critical Experiments Facility Burst Operation of SKUA 

Date: 12/1/1980 

Report: LA-06206 (Vol.2) (Add.)(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Detailed consideration of the Skua burst assembly is provided, thereby supplementing 
the facility Safety Analysis Report covering the operation of other critical assemblies at the Los Alamos 
Scientific Laboratory. As with these assemblies the small fission-product inventory, ambient pressure, and 
moderate temperatures in Skua are amenable to straightforward measures to ensure the protection of the 
public. 
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10517…..…..…………………..…….……..……ID Number…………………..…..…………….10517 

Author: Kidman, R. B. / MacFarlane, R. E. 

Title: LIB-IV, A Library of Group Constants for Nuclear Reactor Calculations 

Date: 2/1/1976 

Report: LA-06260-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A 50-group, 101-isotope library of multigroup constants for nuclear reactor design is 
described. Nuclear cross sections, self-shielding factors, transfer matrices, and delayed neutron data were 
generated with MINX and NJOY using evaluated data from ENDF/B-IV. The output is in the CCCC-III 
interface format. Test results are presented for six CSEWG benchmark critical assemblies. 
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10518…..…..…………………..…….……..……ID Number…………………..…..…………….10518 

Author: Lathrop, K. D. 

Title: Program to Solve the Multigroup Discrete Ordinates Transport Equation in (X,Y,Z) Geometry 

Date: 4/1/1976 

Report: LA-06333-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Numerical formulations and programming algorithms are given for the 
THREETRAN computer program which solves the discrete ordinates, multigroup transport equation in 
(x,y,z) geometry. An efficient, flexible, and general data-handling strategy is derived to make use of three 
hierarchies of storage management, input instructions, and sample problem output are described. A six-
group, S4, 18 502 mesh point, 2 800 zone, k(eff) calculation of the ZPPR-4 critical assembly required 144 
min of CDC-7600 time to execute to a convergence tolerance of 5 x 10$sup-4$ and gave results in good 
qualitative agreement with experiment and other calculations. 
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10519…..…..…………………..…….……..……ID Number…………………..…..…………….10519 

Author: Kerr, A. K. 

Title: Publications of LASL Research, 1975 

Date: 9/1/1976 

Report: LA-06520-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This bibliography lists unclassified 1975 publications of work done at the Los Alamos 
Scientific Laboratory and those earlier publications that were received too late for inclusion in earlier 
compilations. Papers published in 1975 are included regardless of when they were actually written. 
Declassification of previously classified reports is considered to constitute publication. All classified 
issuances are omitted. The bibliography includes Los Alamos Scientific Laboratory reports, papers released 
as non-Los Alamos reports, journal articles, books, chapters of books, conference papers (whether 
published separately or as part of conference proceedings issued as books or reports), papers published in 
congressional hearings, theses, and U.S. Patents. Publications by LASL authors which are not records of 
Laboratory-sponsored work are included when the Library becomes aware of them. The entries are arranged 
in sections by the following broad subject categories analytical technology; astrophysics; atomic and 
molecular physics, equation of state, opacity; biology and medicine; chemical dynamics and kinetics; 
chemistry; cryogenics; crystallography; CTR and plasma physics; earth science and engineering; energy 
(nonnuclear); engineering and equipment; EPR, ESR, NMR studies; explosives and detonations; fission 
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10520…..…..…………………..…….……..……ID Number…………………..…..…………….10520 

Author: Peterson, D. M. / Stratton, W. L. / McLaughlin, T. P. 

Title: PAD: A One-Dimensional Coupled Neutronic-Thermodynamic Computer Code 

Date: 12/1/1976 

Report: LA-06540-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Theoretical and numerical foundations, utilization guide, sample problems, and 
program listing and glossary are given for the PAD computer code which describes dynamic systems with 
interactive neutronics, thermodynamics, and hydrodynamics in one-dimensional spherical, cylindrical, and 
planar geometries. The code has been applied to prompt critical excursions in various fissioning systems 
(solution, metal, LMFBR, etc.) as well as to nonfissioning systems. 
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10521…..…..…………………..…….……..……ID Number…………………..…..…………….10521 

Author: Lobb, B. 

Title: Safety Analysis Report for the TREAT Capsule Assembly Shipping Container 

Date: 12/1/1976 

Report: LA-06606-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Formerly known as the "MTR Shim Rod Shipping Container" and approved by the 
Department of Transportation under Special Permit 5828, this shipping container has been modified by the 
Los Alamos Scientific Laboratory to accommodate the movement of encapsulated fast reactor fuel pins for 
experimentation in the Transient Reactor Test (TREAT) Facility at the Argonne National Laboratory, Idaho 
Falls, Idaho. 
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10522…..…..…………………..…….……..……ID Number…………………..…..…………….10522 

Author: Jarvis, G. A. / Barton, D. M. / Helmick, H. H. / Bernard, W. / White, R. H. 

Title: Research on Plasma Core Reactors 

Date: 1/1/1977 

Report: LA-06666-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments and theoretical studies are being conducted for NASA on critical 
assemblies with 1-m-diam by 1-m-long low-density cores surrounded by a thick beryllium reflector. These 
assemblies make extensive use of existing nuclear propulsion reactor components, facilities, and 
instrumentation. Due to excessive porosity in the reflector, the initial critical mass was 19 kg U(93.2). 
Addition of a 17-cm-thick by 89-cm-diam beryllium flux trap in the cavity reduced the critical mass to 7 
kg when all the uranium was in the zone just outside the flux trap. A mockup aluminum UF6 container was 
placed inside the flux trap and fueled with uranium-graphite elements. Fission distributions and reactivity 
worths of fuel and structural materials were measured. Finally, an 85,000-cm3 aluminum canister in the 
central region was fueled with UF6 gas and fission density distributions determined. These results will be 
used to guide the design of a prototype plasma core reactor which will test energy removal by optical 
radiation. 
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10523…..…..…………………..…….……..……ID Number…………………..…..…………….10523 

Author: Petersen, L. 

Title: Publications of LASL Research, 1972-1976 

Date: 4/1/1977 

Report: LA-06755-MS (Vol.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This bibliography is a compilation of unclassified work done at the Los Alamos 
Scientific Laboratory and published during the years 1972 to 1976. Publications too late for inclusion in 
earlier compilations are also listed. Declassification of previously classified reports is considered to 
constitute publication. The bibliography includes LASL reports, journal articles, books, conference papers, 
papers published in congressional hearings, theses, patents, etc. The following subject areas are included 
aerospace studies; analytical technology; astrophysics; atomic and molecular physics, equation of state, 
opacity; biology and medicine; chemical dynamics and kinetics; chemistry; cryogenics; crystallography; 
CTR and plasma physics; earth science and engineering; energy (nonnuclear); engineering and equipment; 
EPR, ESR, NMR studies; explosives and detonations; fission physics; health and safety; hydrodynamics 
and radiation transport; instruments; lasers; mathematics and computers; medium-energy physics; 
metallurgy and ceramics technology; neutronics and criticality studies; nuclear physics; nuclear safeguards; 
physics; reactor technology; solid state science; and miscellaneous (including Project ROVER). 
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10524…..…..…………………..…….……..……ID Number…………………..…..…………….10524 

Author: Kirk, W. L. 

Title: Fission Reactor Critical Experiments and Analysis 

Date: 5/1/1977 

Report: LA-06807-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work accomplished in support of nonweapons programs by LASL Group Q-14 is 
described. Included are efforts in basic critical measurements, nuclear criticality safety, a plasma core 
critical assembly, and reactivity coefficient measurements. 
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10525…..…..…………………..…….……..……ID Number…………………..…..…………….10525 

Author: Ehrenkranz, T. E. / Dahl, D. A. / Plassmann, E. H. / Pogna, R. / Smith, D. R. 

Title: Safety Analysis of the Main Vault at TA-41, LASL 

Date: 2/1/1978 

Report: LA-06913 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Safety considerations discussed in this report show that special nuclear materials 
stored at a Los Alamos Scientific Laboratory facility (TA-41) present no inappropriate risk to workers or 
the public. The report addresses nuclear criticality, fire, and radioactive contamination potentials, as well 
as physical protection and material safeguards. 
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10526…..…..…………………..…….……..……ID Number…………………..…..…………….10526 

Author: Warren, J. L. 

Title: Reactor Technology. Progress Report, April—June 1977 

Date: 8/1/1977 

Report: LA-06931-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported in eight program areas. Steady progress has been made on 
defining the design of Space Electric Power Supply (SEPS) components. There have been three significant 
advances in heat pipe technology. Criteria have been set forth for the selection of compatible combinations 
of ceramics and metal coats for heat pipes. A system to avoid molecular absorption of the laser light in 
sodium vapor lasers was devised and tested. A mercury heat pipe to remove heat from stored fuel elements 
is being fabricated. Work continues on the evaluation of computer codes used in the analysis of gas-cooled 
nuclear reactors to be used for nuclear process heat. Work is nearly complete on a model of a Gas Core 
Reactor Power Plant. Criticality experiments are being run in the Plasma Core Critical Assembly. Several 
other critical assemblies are in routine use for verifying calculations and supporting research being done by 
other groups in the Laboratory. Several criticality safety studies and reviews were made. Work has begun 
on a proposal for developing an Electro-Nuclear Fuel Producer (ENFP). 
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10527…..…..…………………..…….……..……ID Number…………………..…..…………….10527 

Author: Paxton, H. C. 

Title: Thirty-Five Years at Pajarito Canyon Site 

Date: 5/1/1981 

Report: LA-07121-H-Rev 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A history of the research activities performed at the Pajarito Canyon Site from 1946 
to 1981 is presented. Critical assemblies described include: the Topsy assembly; Lady Godiva; Godiva 2; 
Jezebel; Flattop; the Honeycomb assembly for Rover studies; Kiwi-TNT; PARKA reactor; Big Ten; and 
Plasma Cavity Assembly. 
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10528…..…..…………………..…….……..……ID Number…………………..…..…………….10528 

Author: Paxton, H. C. 

Title: Experimental Criticality Specifications. An Annotated Bibliography Through 1977 

Date: 5/1/1978 

Report: LA-07170-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The compilation of approximately 300 references gives sources of experimental 
criticality parameters of systems containing 235U, 233U, and 239Pu. The intent is to cover basic data for 
criticality safety applications. The references are arranged by subject. 
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10529…..…..…………………..…….……..……ID Number…………………..…..…………….10529 

Author: Paxton, H. C. 

Title: Experimental Criticality Specifications. An Update Through 1979 

Date: 2/1/1980 

Report: LA-07170-MS-Suppl 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A table of contents for LA-7170-MS is provided, and publications of criticality 
specifications that appeared in 1978 and 1979 are listed. The table was omitted from the original document. 
An abstract of the original report appeared in Energy Research Abstracts, Volume 3: 43410. 
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10530…..…..…………………..…….……..……ID Number…………………..…..…………….10530 

Author: Warren, J. L. 

Title: Reactor technology. Progress report, October—December 1977 

Date: 4/1/1978 

Report: LA-07210-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported in eight program areas. Steady progress has been made in 
defining missions and the design of a nuclear Space Electric Power Supply. The Heat Pipe Program has 
produced two kinds of heat pipes for Hanford Engineering Development Laboratory and significant 
progress has been made in solving the problem of joining and sealing ceramic tubes for ceramic heat pipes. 
Under the Nuclear Process Heat Program, there has been an examination of pebble bed reactor design from 
the point of view of conserving uranium in the fuel cycle. The Plasma Core Reactor experiment produced 
some data on control rod effectiveness before a leak in the UF6 pump temporarily halted the experiment. 
Status and experiments are reported on five critical assemblies, SKUA, Jezebel, Godiva IV, Big Ten, and 
Flattop-U(93). Several tasks were carried out for the Nuclear Criticality Safety program, including 
conducting a course, doing several annual reviews, and evaluating the safety of three Nevada Test devices. 
As part of the Nonproliferation Alternate Sources Assessment Program we have concluded a study of 
Electro-nuclear Fuel Production and undertaken an evaluation of a study of gaseous core reactors by 
Southern Science Applications, Inc. 
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10531…..…..…………………..…….……..……ID Number…………………..…..…………….10531 

Author: Buden, D. 

Title: Nuclear Reactors for Space Electric Power 

Date: 6/1/1978 

Report: LA-07290-SR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Los Alamos Scientific Laboratory is studying reactor power plants for space 
applications in the late 1980s and 1990s. The study is concentrating on high-temperature, compact, fast 
reactors that can be coupled with various radiation shielding systems and thermoelectric, dynamic, or 
thermionic electric power conversion systems, depending on the mission. Lifetimes of 7 to 10 yr at full 
power, at converter operating temperatures of 1275 to 1675/sup 0/K, are being studied. The systems are 
being designed such that no single-failure modes exist that will cause a complete loss of power. In fact, to 
meet the long lifetimes, highly redundant design features are being emphasized. Questions have been raised 
about safety since the COSMOS 954 incident. “Fail-safe” means to prevent exposure of the population to 
radioactive material, meeting the environmental guidelines established by the U.S. Government have been 
and continue to be a necessary requirement for any space reactor program. The major safety feature to 
prevent prelaunch and launch radioactive material hazards is not operating the reactor before achieving the 
prescribed orbit. Design features in the reactor ensure that accidental criticality cannot occur. High orbits 
(above 400 to 500 nautical miles) have sufficient lifetimes to allow radioactive elements to decay to safe 
levels. The major proposed applications for satellites with reactors in Earth orbit are in geosynchronous 
orbit (19, 400 nautical miles). In missions at geosynchronous orbit, where orbital lifetimes are practically 
indefinite, the safety considerations are negligible. Orbits below 400 to 500 nautical miles are the ones 
where a safety issue is involved in case of satellite malfunction. The potential missions, the question of why 
reactors are being considered as a prime power candidate, reactor features, and safety considerations will 
be discussed. 
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10532…..…..…………………..…….……..……ID Number…………………..…..…………….10532 

Author: Warren, J. L. 

Title: Reactor Technology. Progress Report, January—March 1978 

Date: 7/1/1978 

Report: LA-07316-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported in eight program areas. The nuclear Space Electric Power Supply 
Program examined safety questions in the aftermath of the COSMOS 954 incident, examined the use of 
thermoelectric converters, examined the neutronic effectiveness of various reflecting materials, examined 
ways of connecting heat pipes to one another, studied the consequences of the failure of one heat pipe in 
the reactor core, and did conceptual design work on heat radiators for various power supplies. The Heat 
Pipe Program reported progress in the design of ceramic heat pipes, new application of heat pipes to solar 
collectors, and final performance tests of two pipes for HEDL applications. Under the Nuclear Process Heat 
Program, work continues on computer codes to model a pebble bed high-temperature gas-cooled reactor, 
adaptation of a set of German reactor calculation codes to use on U.S. computers, and a parametric study 
of a certain resonance integral required in reactor studies. Under the Nonproliferation Alternative Sources 
Assessment Program LASL has undertaken an evaluation of a study of gaseous core reactors by Southern 
Science Applications, Inc. Independently LASL has developed a proposal for a comprehensive study of 
gaseous uranium-fueled reactor technology. The Plasma Core Reactor Program has concentrated on 
restacking the beryllium reflector and redesigning the nuclear control system. The status of and experiments 
on four critical assemblies, SKUA, Godiva IV, Big Ten, and Flattop, are reported. The Nuclear Criticality 
Safety Program carried out several tasks including conducting a course, doing several annual safety reviews 
and evaluating the safety of two Nevada test devices. During the quarter one of the groups involved in 
reactor technology has acquired responsibility for the operation of a Cockroft-Walton accelerator. The 
present report contains information on the use of machine and improvements being made in its operation. 
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10533…..…..…………………..…….……..……ID Number…………………..…..…………….10533 

Author: Briesmeister, J. F. 

Title: MCNP-A General Monte Carlo Code for Neutron and Photon transport, Version 3A 

Date: 9/1/1986 

Report: LA-07396-M, Rev. 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10534…..…..…………………..…….……..……ID Number…………………..…..…………….10534 

Author: Warren, J. L. 

Title: Reactor Technology. Progress Report, April—June 1978 

Date: 8/1/1978 

Report: LA-07449-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The nuclear Space Electric Power Supply Program studied systems based on 
thermoelectric converters, determined the mass of the reactor as a function of the power and temperature, 
examined the effect of failure of heat pipes in the reactor core, continued to explore ways of making less 
massive waste heat radiators, and examined the question of single failure points for several reactor designs. 
The Heat Pipe Technology Program reported progress on methods of brazing ceramics in determination of 
the interaction between ceramics and tungsten coating needed to protect the ceramics from liquid metals 
used in heat pipes and on calculations of thermal stress. Also reported was the design of a gas-controlled, 
water-filled annular heat pipe for cooling optical equipment. The Nuclear Process Heat Program used the 
VSOP code package to calculate temperature distributions and fuel cycle costs for some reference fuel 
cycles. Technological assessments were started on methods of making pipeline-quality synthetic gaseous 
fuels using fission and fusion heat sources, and on the possibility of supplying district heating for Los 
Alamos Scientific Laboratory using nuclear reactors. The Gaseous Core Reactor Study Evaluation Program, 
calculated critical masses as a function of reflector thickness for a new reactor design and discovered a way 
of reducing the gas pressure in the core. Under the Plasma Core Reactor Program work continued on 
modification of the Plasma Core Critical Assembly. The status of the experiments on three critical facilities, 
Skua, Godiva IV, and the Comet Machine are reported. The Nuclear Criticality Safety Program carried out 
several tasks including conducting a course, evaluating the safety of two Nevada test devices and 
establishing criteria for the safe storage of SNAPTRAN fuel elements. The Pajarito Site Cockcroft-Walton 
accelerator was used to develop methods for fast neutron radiography and for nuclear weapon test 
diagnostics. 
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10535…..…..…………………..…….……..……ID Number…………………..…..…………….10535 

Author: Dudziak, D. J. / O’Dell, R. D. / Alcouffe, R. E. / Gomez, M. F. 

Title: Transport and reactor theory. Progress report, October 1—December 31, 1978 

Date: 3/1/1979 

Report: LA-07704-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research and development in transport and reactor theory by Los Alamos Scientific 
Laboratory Group T-1 for the first quarter of FY-1979 is reported. The Supporting Research and Reactor 
Safety Section reports on results of extending the linear characteristic method to both two-dimensional x-y 
geometry and one-dimensional spherical geometry. Also reported are work on an exponential spatial 
difference scheme, an investigation of the convergence properties of the multigrid iteration method for the 
two-dimensional diffusion equation, and application of transport differencing and acceleration methods to 
the neutronics module of the SIMMER-II code. Results are given for the application of SIMMER-II to 
unprotected loss-of-flow accidents in advanced reactors. Tasks reported in the Fusion Reactor Nucleonics 
area include continued development of the two-dimensional, triangular-mesh, discrete-ordinates code, 
TRIDENT-CTR; implementation of the MCNP Monte Carlo code on the MFE computer; and fusion reactor 
systems studies for a Li boiler concept. Coincidence counter neutronics applications for the nuclear 
safeguards program, and a Monte Carlo perturbation modification to the calculations, are also reported. The 
implementation of the contribution Monte Carlo method for shielding calculations is discussed. 
Intranuclear-cascade/evaporation neutron source and transport calculations to determine detailed neutron 
flux spectra for the as-built LAMPF Radiation Effects Facility are presented. The Fission Reactor 
Neutronics Section reports on the results of comparisons of performance of two-dimensional, discrete-
ordinates codes for fast reactor criticality calculations; work on the THREETRAN (hex,z) code; and 
progress with the discontinuous diamond-difference scheme for two-dimensional, orthogonal-grid spatial 
meshes. Maintenance and support of several other LASL codes is also discussed. 
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10536…..…..…………………..…….……..……ID Number…………………..…..…………….10536 

Author: Breslow, M. 

Title: Reactor Technology. Progress Report, January—March 1979 

Date: 6/1/1979 

Report: LA-07878-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Significant progress is reported in the technical feasibility program of the Space 
Reactor Technology Program, including: thermoelectric material samples were made with an implied 
overall converter efficiency of 8.5%; maximum UO2-fuel temperature in the core was computed to be 
approximately 1700 K with contact requirement between the molybdenum fins and core heat pipe of 10-
15%; a design reliability of 0.99 for the core heat pipes and thermo-electric modules has been established; 
and an assessment of power-plant requirements indicates we can meet our original design goals. Activities 
in the Reactor Structural Investigations Program included work in the experimental seismic program and 
structural work related to the Fort St. Vrain temperature fluctuation problem. Work on the Ceramic Heat 
Pipe Technology Development Program has included the experimental determination of the operating 
characteristics of ceramic heat pipe configurations, resolution of necessary heat pipe fabrication methods, 
and investigation of basic heat pipe operating characteristics for both the mercury heat pipe and for an 
annular heat pipe used for optical system cooling. The Nuclear Criticality Operations and Safety Program 
is investigating the development of a solution burst reactor, which could deliver a leakage neutron flux of 
sufficient magnitude and proper spectrum to be of interest for weapon-component vulnerability studies. 
Preliminary experiments have been conducted by the Nuclear Pumped Laser Program to measure the 
efficiency of conversion of fission fragment energy to excited electronic state energy. 
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10537…..…..…………………..…….……..……ID Number…………………..…..…………….10537 

Author: Kidman, R. B 

Title: Critical Mass Calculations for 239Pu 

Date: 11/1/1979 

Report: LA-08157-PR, 12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Physics and Radiation Physics; Nuclear Reactions; Research Programs; 
Actinide Nuclei; Beta-Minus Decay; Buildup; Cross Sections; Data Processing; Fission Products; Fission 
Yield; LASL; Nuclear Physics; Beta Decay; Decay; Heavy Nuclei; Isotopes; National Organizations; 
Nuclear Reaction Yield; Nuclei; Physics; Processing; Radioactive Materials; US AEC; US DOE; US 
ERDA; US Organizations; Yields- Nuclear Physics 
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10538…..…..…………………..…….……..……ID Number…………………..…..…………….10538 

Author: Breslow, M. / Sullivan, S. 

Title: Reactor Technology. Progress Report, July-September 1979 

Date: 12/1/1979 

Report: LA-08160-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information is presented concerning the space reactor electric power supply; gas-
cooled reactor safety; heat pipe technology development; and nuclear criticality experiments and safety. 
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10539…..…..…………………..…….……..……ID Number…………………..…..…………….10539 

Author: Emigh, C. R. 

Title: Reactor Technology. Progress Report, October-December 1979 

Date: 3/1/1980 

Report: LA-08259-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Significant progress is reported in the Space Reactor (SPAR) Electric Power Supply 
Program with the receipt of 2-D control rod calculations computing a reactivity worth of 7% available from 
natural B4C, and 12.5% from 90%-enriched B4C. The current 5% reactivity requirement is easily met. 
Molybdenum/sodium heat pipes SPAR-2 and SPAR-2A were completed and will be used in thermoelectric 
module development. The Heat Pipe Technology Development Program continues its investigation of 
improved ceramic heat pipe materials and closure configurations and their effect on material interface 
stresses. The Gas-Cooled Fast Reactor Safety Experiments Program reports the FLS3 test system 
configuration evolving as a result of continuing LASL and GA cooperation. Agreement was reached with 
GA that the system operating pressure will not exceed 6.6 MPa because of the limitation imposed by the 
thin wall of the available heat exchanger. Activity in the Reactor Safety/Structural Analysis Program 
continued with the core support block thermal stress analyses, heavy-water reactor seismic analysis, and 
analysis of prestressed concrete reactor vessels. Nuclear Criticality Experiments and Safety reports 
experiments are being prepared to evaluate the use of fast-neutron hodoscope technology to study the fission 
distribution in dynamic subcritical assemblies. The use of the Skua assembly to simulate reactor core 
meltdown conditions is being investigated. 
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10540…..…..…………………..…….……..……ID Number…………………..…..…………….10540 

Author: Swanson, James E. / Collinsworth, Paul R. / Krick, Merlyn s. 

Title: Shift-Register Coincidence Electronics System for Thermal Neutron Counters 

Date: 4/1/1980 

Report: LA-08319-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An improved shift-register, coincidence-counting logic circuit, developed for use 
with thermal neutron well counters, is described in detail. A distinguishing feature of the circuit is its ability 
to operate usefully at neutron counting rates of several hundred kHz. A portable electronics package 
incorporating the new coincidence logic and support circuits is also described. 
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10541…..…..…………………..…….……..……ID Number…………………..…..…………….10541 

Author: Close, D. A. / Booth, T. E. / Caldwell, J. T. 

Title: Criticality Calculations and Criticality Monitoring Studies of the Slagging Pyrolysis Incinerator 
Facility 

Date: 1/1/1981 

Report: LA-08336-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It was determined that the criticality hazard associated with the Slagging Pyrolysis 
Incinerator (SPI) Facility would be minimal if a three-level criticality-hazard prevention program were 
implemented. The first strategy consists of screening all incoming wastes for fissile content. The second 
prevention level is provided by introducing a small concentration of a neutron-absorbing compound, such 
as B2O3, into the input waste stream. The third prevention level is provided by direct criticality-hazard 
monitoring using sensitive neutron detectors in all regions of the facility where a significant hazard has 
been identified-principally the drying, pyrolysis, and slag regions. The facility could be shut down rapidly 
for cleanout if the measurements indicate an unsafe condition is developing. The criticality safety provided 
by the product of these three independent measures should reduce the hazard to a negligible level. 
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10542…..…..…………………..…….……..……ID Number…………………..…..…………….10542 

Author: Thompson, W. L. / Cashwell, E. D. / Godfrey, T. N. K. / et al. 

Title: The Status of Monte Carlo at Los Alamos 

Date: 5/1/1980 

Report: LA-08353-MS 

Conference/Journal: Oak Ridge Radiation Shielding Information Center (RSIC) Seminar-Workshop on 
Theory and Applications of Monte Carlo Methods, April 22, 1980 

Conference Session:  

Abstract/Keyterms: Four papers were presented by Group X-6 on April 22, 1980, at the Oak Ridge 
Radiation Shielding Information Center (RSIC) Seminar-Workshop on Theory and Applications of Monte 
Carlo Methods. These papers are combined into one report for convenience and because they are related to 
each other. The first paper (by Thompson and Cashwell) is a general survey about X-6 and MCNP and is 
an introduction to the other three papers. It can also serve as a resume of X-6. The second paper (by 
Godfrey) explains some of the details of geometry specification in MCNP. The third paper (by Cashwell 
and Schrandt) illustrates calculating flux at a point with MCNP; in particular, the once-more-collided flux 
estimator is demonstrated. Finally, the fourth paper (by Thompson, Deutsch, and Booth) is a tutorial on 
some variance-reduction techniques. It should be required for a fledging Monte Carlo practitioner. 
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10543…..…..…………………..…….……..……ID Number…………………..…..…………….10543 

Author: Breslow, M. / Sullivan, S. 

Title: Reactor Technology. Progress Report, January-March 1980 

Date: 6/1/1980 

Report: LA-08403-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported concerning space reactor (SPAR) electric power supply; GCFR 
reactor safety experiments; structural analysis of HTGR, PWR, and BWR containment vessels and pressure 
vessels; heat pipe technology development; and nuclear criticality experiments and safety. 
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10544…..…..…………………..…….……..……ID Number…………………..…..…………….10544 

Author: Emigh, C. R. / Breslow, M. / Sullivan, S. 

Title: Reactor Technology. Progress Report, April-June 1980 

Date: 11/1/1980 

Report: LA-08561-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Significant progress is reported in the Space Reactor (SPAR) Electric Power Supply 
Program with the initial testing of a 2-m-long molybdenum/sodium core heat pipe. Several performance 
limit points were obtained at temperatures above 1250 K. Work in the Gas-Cooled Fast Reactor Program 
is directed at completion of the FLS-3 experiments and, because of recent budgetary actions, orderly 
termination of all other effort. In the Reactor Safety/Structural Analysis area, work was completed on the 
Heavy Water Reactor seismic safety analysis and a final report sent to NRC. Effort in the Structural Margins 
to Failure Programs has focused on procuring information on Category I structures and structural systems 
and the experimental design for testing thin-walled steel cylinders with reinforced cutouts. Progress this 
quarter in the Heat Pipe Technology Development area has involved the expansion of materials 
investigation on the Ceramic Heat Pipe Program to encompass new working fluids and container materials. 
Nuclear Criticality Experiments and Safety reports submission of a proposal to DOE asking consideration 
of maintenance support for the Los Alamos Critical Assemblies Facility as part of a proposed National 
Criticality Safety Center. A new critical assembly, SHEBA, is being designed and fabricated to evaluate 
nuclear accident alarm dosimetry. 
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10545…..…..…………………..…….……..……ID Number…………………..…..…………….10545 

Author: Plassman, E. A. / Forehand, H. M. / et al. 

Title: Nuclear Criticality Experiments and Safety 

Date: 4/1/1981 

Report: LA-08797-PR, 71-83 

Conference/Journal: Progress Report, Energy Technology, October-December 1980 

Conference Session:  

Abstract/Keyterms: Progress in Nuclear Criticality Experiments and Safety is reported with the 
completion of experiments to evaluate criticality accident alarm detections and personnel dosimeters and 
the compilation of preliminary results. The Godiva IV detector collimation structures are being modified in 
preparation for neutron multiplication measurement in the next proof-of-principle experiment. Intrinsic 
radiation measurements of a fueled Tomahawk missile have been started using the W80-0 InRad unit. 
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Title: Nuclear Accident Dosimetry-Los Alamos Measurements at the Seventeenth Nuclear Accident 
Dosimetry Intercomparison Study at the Oak Ridge National Laboratory, DOSAR Facility, August 1980 

Date: 4/1/1981 

Report: LA-08799-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Teams from various US and foreign organizations participated in the Seventeenth 
Nuclear Accident Dosimetry Study held at the Oak Ridge National Laboratory's (ORNL) Dosimetry 
Applications Research (DOSAR) facility August 11 to 15, 1980. Criticality dosimeters were simultaneously 
exposed to pulses of mixed neutron and gamma radiation from the Health Physics Research Reactor 
(HPRR). This report summarizes the experimental work conducted by the Los Alamos team. In-air and 
phantom measurements were conducted by the Los Alamos team using area and personnel dosimeters. 
Combined blood sodium and sulfur fluence measurements of absorbed dose were also made. In addition, 
indium foils placed on phantoms were evaluated for the purpose of screening personnel for radiation 
exposure. All measurements were conducted for unshielded, 5-cm steel and 20-cm concrete shielding 
configurations. All participant dosimeters were exposed at 3 m from the center of the HPRR core. 
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Author: Vasilik, D. G. / Martin, R. W. 

Title: Los Alamos Personnel and Area Criticality Dosimeter Systems 

Date: 6/1/1981 

Report: LA-08848-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fissionable Materials are Handled and Processed at the Los Alamos National 
Laboratory. Although the Probability of a Nuclear Criticality Accident is Very Remote, It Must Be 
Considered. Los Alamos Maintains a Broad Spectrum of Dose Assessment Capabilities. This Report 
Describes the Methods Employed for Personnel Neutron, Area Neutron, and Photon Dose Evaluations with 
Passive Dosimetry Systems. 
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Author: Kidman, R. B. 

Title: Reckoning THOR 

Date: 5/1/1981 

Report: LA-08856-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Theoretical computation of the Los Alamos National Laboratory's critical assembly 
THOR (a thorium-reflected plutonium sphere) yields a high eigenvalue when compared to the 
experimentally measured eigenvalue. Several calculational improvements are investigated in an effort to 
reduce the discrepancy. Finally, the experimental procedure of reducing the raw configuration to clean 
specifications is reviewed. 
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Author: Vasilik, D. G. / Martin, R. W. / Fuller, D. 

Title: Nuclear-Accident Dosimetry Measurements at the Los Alamos SHEBA Critical Assembly 

Date: 7/1/1981 

Report: LA-08911-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality dosimeters were exposed to different degraded neutron and gamma-ray 
energy spectra from the Los Alamos Solution High Energy Burst Assembly (SHEBA). The liquid critical 
test assembly was operated in the continuous mode to provide a mixed source of neutron and gamma-ray 
radiation for the evaluation of Los Alamos criticality detector systems. Different neutron and gamma-ray 
spectra were generated by operating the reactor (a) shielded by 12 cm of Lucite, (b) unshielded, (c) shielded 
by 20 cm of concrete, and (d) shielded by 15 cm of steel. This report summarizes the dosimetry 
measurements conducted for these different configurations. In-air measurements were conducted with 
shielded and unshielded area and personnel dosimeters. Phantom measurements were made using personnel 
dosimeters. Combined blood-sodium and hair sulfur activation measurements of absorbed dose were also 
made. In addition, indium foils placed on phantoms were evaluated for the purpose of screening personnel 
for radiation exposure. 
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Author: Kidman, R. B 

Title: Los Alamos Benchmarks: Calculations Based on ENDF/B-V Data 

Date: 11/1/1981 

Report: LA-09037-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The new and revised benchmark specifications for nine Los Alamos National 
Laboratory critical assemblies are used to compute the entire set of parameters that were measured in the 
experiments. A comparison between the computed and experimental values provides a measure of the 
adequacy of the specifications, cross sections, and physics codes used in the calculations. 
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Author: Cobb, D. D. / Phillips, J. R. / Bosler, G. E. / Eccleston, G. W. / Halbig, J. K. / Hatcher, C. R. / 
Hsue, S. T. 

Title: Nondestructive Verification and Assay Systems for Spent Fuels 

Date: 4/1/1982 

Report: LA-09041- 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This an interim report of a study concerning the potential application of 
nondestructive measurements on irradiated light-water-reactor (LWR) fuels at spent-fuel storage facilities. 
It describes nondestructive measurement techniques and instruments that can provide useful data for more 
effective in-plant nuclear materials management, better safeguards and criticality safety, and more efficient 
storage of spent LWR fuel. In particular, several nondestructive measurement devices are already available 
so that utilities can implement new fuel-management and storage technologies for better use of existing 
spent-fuel storage capacity. The design of an engineered prototype in-plant spent-fuel measurement system 
is approx. 80% complete. This system would support improved spent-fuel storage and efficient fissile 
recovery if spent-fuel reprocessing becomes a reality. 
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Author: Cobb, D. D. / Phillips, J. R. / Baker, M. P. 

Title: Nondestructive Verification and Assay Systems for Spent Fuels; Technical appendixes 

Date: 4/1/1982 

Report: LA-09041-Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Six technical appendixes are presented that provide important supporting technical 
information for the study of the application of nondestructive measurements to spent-fuel storage. Each 
appendix addresses a particular technical subject in a reasonably self-contained fashion. Appendix A is a 
comparison of spent-fuel data predicted by reactor operators with measured data from reprocessors. This 
comparison indicates a rather high level of uncertainty in previous burnup calculations. Appendix B 
describes a series of nondestructive measurements at the GE-Morris Operation Spent-Fuel Storage Facility. 
This series of experiments successfully demonstrated a technique for reproducible positioning of fuel 
assemblies for nondestructive measurement. The experimental results indicate the importance of measuring 
the axial and angular burnup profiles of irradiated fuel assemblies for quantitative determination of spent-
fuel parameters. Appendix C is a reasonably comprehensive bibliography of reports and symposia papers 
on spent-fuel nondestructive measurements to April 1981. Appendix D is a compendium of spent-fuel 
calculations that includes isotope production and depletion calculations using the EPRI-CINDER code, 
calculations of neutron and gamma-ray source terms, and correlations of these sources with burnup and 
plutonium content. Appendix E describes the pulsed-neutron technique and its potential application to 
spent-fuel measurements. Although not yet developed, the technique holds the promise of providing 
separate measurements of the uranium and plutonium fissile isotopes. Appendix F describes the 
experimental program and facilities at Los Alamos for the development of spent-fuel nondestructive 
measurement systems. Measurements are reported showing that the active neutron method is sensitive to 
the replacement of a single fuel rod with a dummy rod in an unirradiated uranium fuel assembly. 
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Author: Pedicini, J. M. 

Title: Alternative Methods in Criticality 

Date: 1/1/1982 

Report: LA-09181-T 

Conference/Journal: Thesis/Dissertation 

Conference Session:  

Abstract/Keyterms: Two new methods of calculating the criticality of a nuclear system are introduced and 
verified. Most methods of determining the criticality of a nuclear system depend implicitly upon knowledge 
of the angular flux, net currents, or moments of the angular flux, on the system surface in order to know the 
leakage. For small systems, leakage is the predominant element in criticality calculations. Unfortunately, 
in these methods the least accurate fluxes, currents, or moments are those occurring near system surfaces 
or interfaces. This due to a mathematical inability to satisfy rigorously with a finite order angular 
polynomial expansion or angular difference technique the physical boundary conditions which occur on 
these surfaces. Consequently, one must accept large computational effort or less precise criticality 
calculations. The methods introduced in this thesis, including a direct leakage operator and an indirect 
multiple scattering leakage operator obviate the need to know angular fluxes accurately at system 
boundaries. Instead, the system wide scalar flux, an integral quantity which is substantially easier to obtain 
with good precision, is sufficient to obtain production, absorption, scattering, and leakage rates. 
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Author: Soran, Diane M. 

Title: An Analysis of the Alleged Kyshtym Disaster 

Date: 1/1/1982 

Report: LA-09217-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The alleged Kyshtym disaster has been an intriguing intelligence puzzle for almost 
25 years. Zhores Medvedev, a Soviet dissident, has written numerous journal articles as well as two books 
on the subject. He has argued that a vast contaminated area exists east of the city of Kyshtym in the southern 
Ural Mountains. Further, he has alleged that a nuclear waste disposal accident in 1957 to 1958 caused the 
contamination. The authors of this report are in partial disagreement with Medvedev's first allegation and 
in complete disagreement with his second. A contaminated area does exist east of Kyshtym, but Soviet 
carelessness coupled with general disregard for the citizenry and the environment are the prime causative 
factors, not a nuclear waste accident. 
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Author: Stratton, W. R. 

Title: Myth of Nuclear Explosions at Waste Disposal Sites 

Date: 10/1/1983 

Report: LA-09360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Approximately 25 years ago, an event is said to have occurred in the plains 
immediately west of the southern Ural mountains of the Soviet Union that is being disputed to this very 
day. One person says it was an explosion of nuclear wastes buried in a waste disposal site; other people say 
it was an above-ground test of an atomic weapon; still others suspect that an alleged contaminated area (of 
unknown size or even existence) is the result of a series of careless procedures. Since the event, a number 
of articles about the disposal-site explosion hypothesis written by a Soviet exile living in the United 
Kingdom have been published. Although the Soviet scientist's training and background are in the biological 
sciences and his knowledge of nuclear physics or chemistry is limited, people who oppose the use of nuclear 
energy seem to want to believe what he says without question. The work of this Soviet biologist has received 
wide exposure both in the United Kingdom and the United States. This report presents arguments against 
the disposal-site explosion hypothesis. Included are discussions of the amounts of plutonium that would be 
in a disposal site, the amounts of plutonium that would be needed to reach criticality in a soil-water-
plutonium mixture, and experiments and theoretical calculations on the behavior of such mixtures. Our 
quantitative analyses show that the postulated nuclear explosion is so improbable that it is essentially 
impossible and can be found only in the never-never land of an active imagination. 



 

C-10585 

10556…..…..…………………..…….……..……ID Number…………………..…..…………….10556 

Author: Mullins, L. J. / Morgan, A. N. / Apgar, S. A., III. / Christensen, D. C. 

Title: Six-Kilogram-Scale Electrorefining of Plutonium Metal 

Date: 9/1/1982 

Report: LA-09469-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The electrorefining of metallic plutonium scrap to produce high purity metal has been 
an established procedure at Los Alamos since 1964. This a batch process and was limited to 4-kg plutonium 
because of criticality safety considerations. Improvements in critical mass measurements have permitted us 
to develop a process for 6-kg plutonium. The 6-kg process is now operational. The increased size of the 
process, together with other improvements which have been made, makes plutonium electrorefining the 
principal industrial tool for processing and purifying metallic plutonium scrap. 
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Author: Palmer, R. G. / Lundberg, L. B. / Keddy, E. S. / Koenig, D. R. 

Title: Nuclear Reactor System Study for NASA/JPL. Final Report 

Date: 9/1/1982 

Report: LA-09498-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor shielding and safety studies and heat pipe development work undertaken for 
the Jet Propulsion Laboratory during the period March 1, 1981 to October 30, 1981 are described. Monte 
Carlo calculations of gamma and neutron shield configurations show that substantial weight penalties are 
incurred if exposures at 25 m to neutrons and gammas must be limited to 10/sup 12/ nvt and 10/sup 6/ rad, 
instead of the 10/sup 13/ nvt and 10/sup 7/ rad values used earlier. For a 1.6 MW/sub T./ reactor, the required 
shield weight increases from 400 to 815 kg. Water immersion criticality calculations have been extended 
to study the effect of water in fuel void spaces as well as in the core heat pipes. These show that the insertion 
into the core of eight blades of B4C with a mass totaling 2.5 kg will guarantee subcriticality. The design, 
fabrication procedure, and testing of a 4-m-long molybdenum/lithium heat pipe are described. It appears 
that an excess of oxygen in the wick prevented the attainment of expected performance capability. 
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Author: Bouchard, J. / Maurel, J. J. / Tromeur, Y. 

Title: Material Accountancy and Control Practice at a Research Reactor Facility 

Date: 12/1/1982 

Report: LA-09609-C 

Conference/Journal: International Training Course on Implementation of State Systems of Accounting 
for and Control of Nuclear Materials 

Conference Session:  

Abstract/Keyterms: This session surveys the regulations, organization, and accountancy practice that 
compose the French State System of Accountancy and Control. Practical examples are discussed showing 
how inventories are verified at a critical assembly facility and at a materials testing reactor. 
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Author: Kuroi, H. 

Title: Material Accountancy and Control for Research Reactors and Critical Assemblies 

Date: 12/1/1982 

Report: LA-09609-C 

Conference/Journal: International Training Course on Implementation of State Systems of Accounting 
for and Control of Nuclear Materials 

Conference Session:  

Abstract/Keyterms: The session addresses various aspects involved in Japan's implementation of a State 
System of Accounting and Control (SSAC) at research reactors and critical assemblies, including material 
accounting and control requirements, operating practice, staffing, and resource problems. Emphasis placed 
on practical experience in actual operating facilities. The lecture touches on current problems encountered 
at State and facility levels, and applications of advanced technology that might help solve the problems. 
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Author: Paxton, H. C. 

Title: History of Critical Experiments at Pajarito Site 

Date: 3/1/1983 

Report: LA-09685-H 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This account describes critical and subcritical assemblies operated remotely at the 
Pajarito Canyon Site at the Los Alamos National Laboratory. Earliest assemblies, directed exclusively 
toward the nuclear weapons program, were for safety tests. Other weapon-related assemblies provided 
neutronic information to check detailed weapon calculations. Topsy, the first of these critical assemblies, 
was followed by Lady Godiva, Jezebel, Flattop, and ultimately Big Ten. As reactor programs came to Los 
Alamos, design studies and mockups were tested at Pajarito Site. For example, nearly all 16 Rover reactors 
intended for Nevada tests were preceded by zero-power mockups and proof tests at Pajarito Site. Expanded 
interest and capability led to fast-pulse assemblies, culminating in Godiva IV and SKUA, and to the Kinglet 
and SHEBA solution assemblies. 
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Author: Lee, C. E. / Carruthers, L. M. 

Title: Comparison of SN Quadrature Methods in Benchmark Criticality Calculations 

Date: 7/1/1983 

Report: LA-09751-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A quadrature generation technique is formulated on the unit sphere for discrete 
ordinate transport programs. A computer code is developed for automation generation of weights and 
directions for arbitrary order n. Critical dimension predictions using the generated directed direction sets 
are compared with analytical transport solutions, P/sub n-1/, DP/sub (n-2)/2/, and EQ/sub n/ approximations 
in one-dimensional, one-group slabs, cylinders, and spheres. The k(eff) of the six-energy group Lady 
Godiva spherical benchmark problem is critiqued using various set and solutions methods. 
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Author: O'Dell, R. Douglas / et al. 

Title: User's Guide for TWODANT: A Code Package for Two-Dimensional, Diffusion-Accelerated, 
Neutral Particle Transport 

Date: 10/1/1984 

Report: LA-10049-M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Eisen, Y. / Vasilik, D. G. / Brake, R. J. 

Title: Evaluation of the Cu Activation Foil for Determining the Neutron Dose in the Energy Range of 1 Ev 
to 1 Mev 

Date: 8/1/1984 

Report: LA-10074-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Cu Activation Foil / Neutron Dose 
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Author: Eisen, Y. / Vasilik, D. G. / Brake, R. J. 

Title: Evaluation of the /Sup 63/Cu Activation Foil for Determining the Neutron Dose in the Energy Range 
of 1 Ev to 1 Mev 

Date: 8/1/1984 

Report: LA-10074-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The appropriateness of the /sup 63/Cu activation foil for determining the neutron dose 
in the energy region from 1 eV to 1 MeV has been investigated for spectra of seven different criticality 
accident configurations. A program was written for folding the published spectra with the /sup 63/Cu 
activation cross sections and with the fluence-to-dose or kerma conversion factors. It is shown that for these 
spectra the neutron dose and kerma result primarily from the energy region above 15 keV whereas the 
measured /sup 64/Cu activity is mainly determined by the fluence in the region between 1 eV and 15 keV. 
Uncertainties in the fluence spectrum in the low-energy region between 1 eV and 15 keV, which in reality 
do not affect the dose contribution, might lead to large deviations in the measured /sup 64/Cu activity and 
hence to the derived dose in the 1 eV to 1 MeV range. Use of /sup 10/B shielding for attenuating the fluence 
in the 1-eV to 15-keV region was evaluated, leading to the conclusion that the necessary amount of boron 
material is unacceptably large and would appreciably increase the cost of the dosimeter currently used at 
Los Alamos. The lower limit of neutron detectability would also be increased. 
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Author: Elder, J. C. / Graf, J. M. / et al. 

Title: A Guide to Radiological Accident Considerations for Siting and Design of DOE Nonreactor Nuclear 
Facilities 

Date: 1/1/1986 

Report: LA-10294-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities; Nuclear Facilities, and are Discussed in the 
Guide. 
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Author: Booth, Thomas E. 

Title: A Sample Problem for Variance Reduction in MCNP 

Date: 10/1/1985 

Report: LA-10363-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Los Alamos computer code Monte Carlo Neutron Photon (MCNP) has many 
useful variance reduction techniques to aid the Monte Carlo user. This report applies many of these 
techniques to a conceptually simple but computationally demanding neutron transport problem. 
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Author: West, J. T. III 

Title: SABRINA: An Interactive Three-Dimensional Geometry-Modeling Program for MCNP 

Date: 10/1/1986 

Report: LA-10363-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SABRINA is a fully interactive three-dimensional geometry-modeling program for 
MCNP, a Los Alamos Monte Carlo code for neutron and photon transport. In SABRINA, a user constructs 
either body geometry or surface geometry models and debugs spatial descriptions for the resulting objects. 
This enhanced capability significantly reduces effort in constructing and debugging complicated three-
dimensional geometry models for Monte Carlo analysis. 
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Author: Paxton, H. C. / Pruvost, N. L. 

Title: Critical Dimensions of Systems Containing 235U, 239Pu, and 233U, 1986 Revision 

Date: 7/1/1987 

Report: LA-10860-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is primarily a compilation of critical data obtained from experiments 
performed in a number of laboratories during the period of 1945 through 1985. It supplements the Nuclear 
Safety Guide (Report TID-7016 (Rev. 2)) in presenting critical data on which recommendations of the 
Guide are based. It must be emphasized that this report gives critical data without safety factors, so it is no 
substitute for the Guide or for the related document, the American National Standard for Nuclear Criticality 
Safety in Operations with Fissionable Materials Outside Reactors. Critical measurements with materials of 
interest in desired configurations yield information of greatest usefulness and accuracy. Where it is not 
feasible to obtain the desired critical data, for example, as a result of safety restrictions, subcritical data may 
be directly applicable, and in some cases may be extrapolated to approximate critical conditions. Critical 
conditions also may be approximated from the distribution of neutrons introduced into a subcritical 
assembly. These “exponential experiments” may be the only alternative where the quantity of material 
required is too great for a critical experiment. Calculated extensions of experimental data are included to 
show the nature of trends, not to substitute for results of experiments. They should be used with caution. A 
fundamental aim of this document is to illustrate relationships among critical data. The compilation and 
correlation of data for this purpose, from many measurements in a number of laboratories, require a certain 
amount of normalization or reduction to common terms. Frequently, for example, the effects of variations 
in geometry or density must be removed to show trends in data. The manner in which these alterations may 
be made is discussed in the early section Relations for Conversion to Standard Conditions.. 
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Author: Salimi, B. 

Title: Analysis of Infinite Domain Criticality Zones in Finite Reactors 

Date: 1/1/1987 

Report: LA-10895-T 

Conference/Journal: Thesis/Dissertation 

Conference Session:  

Abstract/Keyterms: A reactor that is infinitely large has two ideal properties: (1) the fission rate density 
and, hence, the power are uniform throughout; and (2) the fuel density needed for criticality is minimum. 
A finite reactor loaded in this way would be subcritical and would have to contain additional fuel to 
compensate for neutron leakage to sustain criticality. The performance of two reactor models is analyzed 
on the basis of the multi-group diffusion approximation. Both models comprise a primary inner core zone 
which would be critical if it were infinite in extent. In the first model, the primary core zone is surrounded 
by a secondary core which is loaded to achieve a specific power density (i.e., fission rate density). The 
exact solutions of the multi-group diffusion equations are obtained for up to four energy groups. In the 
second model, the primary core zone contains a “thin” spherical fission plate. The exact solutions of the 
one- and two-group diffusion equations are obtained. 
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Author: Thorn, Robert N. / Westervelt, Donald R. 

Title: Hydronuclear Experiments 

Date: 2/1/1987 

Report: LA-10902-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Hydronuclear experiments, a method for assessing some aspects of nuclear weapon 
safety, were conducted at Los Alamos during the 1958 to 1961 moratorium on nuclear testing. The 
experiments resulted in subcritical multiplying assemblies or a very slight degree of supercriticality and, in 
some cases, involved a slight, but insignificant, fission energy release. These experiments helped to identify 
so-called one-point safety problems associated with some of the nuclear weapons systems of that time. The 
need for remedial action was demonstrated, although some of the necessary design changes could not be 
made until after the resumption of weapons testing at the end of 1961. 



 

C-10600 

10571…..…..…………………..…….……..……ID Number…………………..…..…………….10571 

Author: O'Dell, R. Douglas / Alcouffe, Raymond E. 

Title: Transport Calculations for Nuclear Analyses: Theory and Guidelines for Effective Use of Transport 
Codes 

Date: 9/1/1987 

Report: LA-10983-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is for the serious user of discrete ordinates transport computer codes for 
performing nuclear analysis calculations. The first section after the introduction provides a reasonably 
thorough mathematical description of the analytic Boltzmann transport equation. Next is a section on the 
numerical discretization of the energy, angle, and space variables in the transport equation, along with an 
introduction to the source iteration method. The fourth section provides numerical details and features 
pertinent to discrete ordinates codes. That section details angular quadrature, spatial discretization methods, 
iteration acceleration methods, and search capabilities. The fifth section presents considerations in choosing 
a discrete ordinates code for use, and this followed by a section on typical discrete ordinates codes available 
throughout the world. The report ends with some guidance for the user. 
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Author: Paxton, H. C. / Orndoff, J. D. / Linenberger, G. A. 

Title: Oralloy Hydride Critical Assemblies 

Date: 5/22/1950 

Report: LA-1159 (Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Cadmium; Canning; Configuration; Critical Assemblies; 
Criticality; Density; Epithermal Neutrons; Foils; Fuel Elements; Gold; Mass; Measured Values; 
Moderators; Multiplication Factors; Neutron Flux; Nickel; Poisoning; Reactivity; Reactor Core; Resonance 
Escape Probability; Spheres; Sulfur; Thermal Neutrons; Thermal Utilization; Uranium; Uranium 235; 
Uranium 238; Volume; Weight; Zones 
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Title: Glossary of Nuclear Criticality Terms 

Date: 10/1/1989 

Report: LA-11627-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This a glossary of terms generally encountered in the literature of nuclear criticality 
and criticality safety. Terms sometimes misused are emphasized. 
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Title: Los Alamos Critical Experiments Facility 1989 Program Review 

Date: 5/1/1990 

Report: LA-11809-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Annual Program Review for the Los Alamos Critical Experiments Facility 
(LACEF) drew attendees from throughout the nuclear criticality community. They discussed the importance 
of the LACEF to their programs and stressed the uniqueness of the facilities available at the LACEF and 
the importance of doing numerous criticality experiments for a variety of programs. On-going and proposed 
activities were presented by the staff 
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Title: Comparison of the Fork and PYTHON Spent-Fuel Detectors 

Date: 7/1/1990 

Report: LA-11867-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instruments to Measure Radiation from Spent-Fuel Assemblies Have Been 
Developed in the United States and in France. They Have Different Objectives (Safeguards and Criticality 
Safety) that Have Led to Different Designs, But are Nevertheless Sufficiently Similar to Compare and 
Correlate. Small Capsules of 252Cf and 137cs Were Placed in a Fuel Pin and Moved Through a 17x17 
Array of Pins. By Raising the Source Pin, Axial Profiles Were Measured to Help Determine the Total 
Responses of the Instruments to Complete Assemblies. the Measurements Show the Relative Contributions 
to the Detectors’ Responses of Neutrons and Gamma Rays from Different Pin Locations. Sums of These 
Measurements Simulate Total Responses and How the Instruments are Correlated. Neutron Absorbing Pins 
Containing Gadolinium Were Inserted into the Assembly to Measure the Dampening of the Neutron Count 
Rates. These Results Will Be Useful in Understanding the Responses of Spent Fuel and Fresh Mixed-Oxide 
Fuel Stored Underwater with Poison Rods. 
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Author: Pruvost, N. L. / Seamon, R. E. / Rombaugh, C. T. 

Title: The X6XS.0 Cross Section Library for MCNP-4 

Date: 6/1/1991 

Report: LA-12135-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the work done by X-6, HSE-6, and CTR Technical Services 
to produce a comprehensive working cross-section library for MCNP-4 suitable for SUN workstations and 
similar environments. The resulting library consists of a total of 436 files (one file for each ZAID). The 
library is 152 Megabytes in Type 1 format and 32 Megabytes in Type 2 format. Type 2 can be used when 
porting the library from one computer to another of the same make. Otherwise, Type 1 must be used to 
ensure portability between different computer systems. Instructions for installing the library and adding 
ZAIDs to it are included here. Also included is a description of the steps necessary to install and test version 
4 of MCNP. To improve readability of this report, certain commands and filenames are given in uppercase 
letters. The actual command or filename on the SUN workstation, however, must be specified in lowercase 
letters. Any questions regarding the data contained in the library should be directed to X-6 and any questions 
regarding the installation of the library and the testing that was performed should be directed to HSE-6. 
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Author: Whalen, Daniel J. / Cardon, David A. / Uhle, Jennifer L. / Hendricks, John S. 

Title: MCNP: Neutron Benchmark Problems 

Date: 11/1/1991 

Report: LA-12212 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The recent widespread and increased use of radiation transport codes has produced 
greater user and institutional demand for assurances that such codes give correct results. Responding to 
these requirements for code validation, the general purpose Monte Carlo transport code MCNP has been 
tested on criticality, pulsed sphere, and shielding neutron problem families. Results for each were compared 
to experimental data. MCNP successfully predicted the experimental results of all three families within the 
expected data and statistical uncertainties. These successful predictions demonstrate that MCNP can 
successfully model a broad spectrum of neutron transport problems.; HEU-MET-FAST-001, HEU-MET-
FAST-004 
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10578…..…..…………………..…….……..……ID Number…………………..…..…………….10578 

Author: Malenfant, R. E. 

Title: The Pajarito Site Operating Procedures for the Los Alamos Critical Experiments Facility 

Date: 12/1/1991 

Report: LA-12217-M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operating procedures consistent with DOE Order 5480.6, and the American National 
Standard Safety Guide for the Performance of Critical Experiments are defined for the Los Alamos Critical 
Experiments Facility (LACEF) of the Los Alamos National Laboratory. These operating procedures 
supersede and update those previously published in 1983 and apply to any criticality experiment performed 
at the facility. 
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Author: Marshall, R. S. 

Title: SNM Holdup Measurements for Los Alamos Exhaust Ducts, Phase 1 Report 

Date: 2/1/1992 

Report: LA-12231-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Prompted by a request from the US Department of Energy to quantify the amount of 
fissile material holdup in glovebox exhaust ducts, the Los Alamos National Laboratory developed a two-
phase measurement plan and began initial (Phase 1) measurements in the fall of 1990. The Phase I 
measurements were designed to provide a comprehensive, semi quantitative survey of all ducting at Los 
Alamos associated with the direct handling of kilogram quantities of fissile materials. The Phase I 
measurements and follow-on measurements were competed in June 1991. The instruments, the resources 
required, and the semi quantitative results are presented. Tables list the 235U and 239Pu holdup found in 
ducts at eight technical areas. Holdup quantities are listed for the ducts in individual rooms housing exhaust 
ducting at these technical areas. of the 280 rooms surveyed, the estimated duct fissile holdup is summarized 
as follows: 239 rooms with <5 g, 27 rooms with >5 g but <50 g, and 14 rooms with >50 g. The holdup in 
one room has yet to be determined but is expected to be <50 g. The highest estimated duct holdup for any 
room is 683 g of 238U. This the only room with estimated holdup in excess of the 400-g limit specified by 
the Department of Energy. Final, quantitative, Phase II measurements will follow the Phase I effort and 
will be conducted on those ducts showing potential holdup approaching or exceeding 400 g fissile material. 
The Phase II effort and results will be published in a final report. 
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10580…..…..…………………..…….……..……ID Number…………………..…..…………….10580 

Author: Schlesser, J. A. 

Title: Nuclear Criticality Safety: 2-Day Training Course 

Date: 2/1/1997 

Report: LA-12386-M-Rev.(2/97) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This compilation of notes is presented as a source reference for the criticality safety 
course. At the completion of this training course, the attendee will: (1) be able to define terms commonly 
used in nuclear criticality safety; (2) be able to appreciate the fundamentals of nuclear criticality safety; (3) 
be able to identify factors which affect nuclear criticality safety; (4) be able to identify examples of 
criticality controls as used at Los Alamos; (5) be able to identify examples of circumstances present during 
criticality accidents; (6) have participated in conducting two critical experiments. 
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Author: Schlesser, J. A. 

Title: Nuclear Criticality Safety: 3-Day Training Course 

Date: 6/1/1993 

Report: LA-12387-M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The “3-Day Training Course” is an intensive course in criticality safety consisting of 
lectures and laboratory sessions, including active student participation in actual critical experiments, a visit 
to a plutonium processing facility, and in-depth discussions on safety philosophy. The program is directed 
toward personnel who currently have criticality safety responsibilities in the capacity of supervisory staff 
and/or line management. This compilation of notes is presented as a source reference for the criticality 
safety course. It represents the contributions of many people, particularly Tom McLaughlin, the course’s 
primary instructor. It should be noted that when chapters were extracted, an attempt was made to maintain 
footnotes and references as originally written. Photographs and illustrations are numbered sequentially. 
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10582…..…..…………………..…….……..……ID Number…………………..…..…………….10582 

Author: Schlesser, J. A. 

Title: Nuclear Criticality Safety: 5-Day Training Course 

Date: 11/1/1992 

Report: LA--12388-M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This compilation of notes is presented as a source reference for the criticality safety 
course. It represents the contributions of many people, particularly Tom McLaughlin, the course`s primary 
instructor. At the completion of this training course, the attendee will: be able to define terms commonly 
used in nuclear criticality safety; be able to appreciate the fundamentals of nuclear criticality safety; be able 
to identify factors which affect nuclear criticality safety; be able to identify examples of criticality controls 
as used at Los Alamos; be able to identify examples of circumstances present during criticality accidents; 
be able to identify examples of computer codes used by the nuclear criticality safety specialist; be able to 
identify examples of safety consciousness required in nuclear criticality safety. 
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Author: Wagner, John C. / Sisolak, James E. 

Title: MCNP: Criticality Safety Benchmark Problems 

Date: 10/1/1992 

Report: LA-12415 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-004; This report investigates the suitability of the general purpose 
Monte Carlo transport code MCNP for criticality safety calculations. The increased use of radiation 
transport codes for criticality problems has produced a greater user and institutional demand for assurances 
that such codes give correct results. Responding to these requirements for code validation, MCNP has been 
benchmarked against the KENO standard test set. MCNP results are compared to KENO calculations, as 
well as experimental results, where available. A comparison of MCNP continuous energy and multigroup 
results indicates that the continuous energy cross sections are more accurate, and MCNP successfully 
predicts the experimental results, in some cases better than KENO, within the expected data and statistical 
uncertainties. This benchmark study demonstrates that MCNP can accurately and efficiently model a 
relatively broad spectrum of criticality problems. 
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Author: Wahl, L. 

Title: Health Physics, 1991 Progress Report 

Date: 12/1/1992 

Report: LA-12429-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At Los Alamos National Laboratory, radiation protection services are provided by 
HS-1, -4, and -12, and technical support is provided to Laboratory groups that work with significant 
quantities of fissile material by HS-6. The mission of all these groups is to protect Laboratory workers, the 
public, and the environment from radiation associated with Laboratory operations. In this report, 1991 
radiation protection performance trends are presented. These data show that, in general, the collective 
external dose equivalent quantities from penetrating (gamma, x-ray, and neutron) radiation and from 
nonpenetrating (beta and low-energy photon) radiation decreased over most of 1991. In general, the number 
of confirmed contaminations of skin and personal clothing increased in the first quarter of 1991 but 
decreased markedly in subsequent quarters. Finally, there were no confirmed intakes (through ingestion or 
inhalation) of radioactive material at eight facilities in all of 1991. The 1991 radiation protection activities 
of the Laboratory, conducted at both the Nevada Test Site and at Los Alamos, are presented and discussed. 
These activities include external dosimetry, internal dosimetry, radiation-monitoring instrumentation, 
sample analyses, workplace monitoring, radioactive air emissions management, nuclear criticality safety, 
radiological emergency response, radiological training, radiological audits and investigations, and 
radiological records. This report details routine activities, including any significant changes and 
improvements in 1991; additional activities, including special investigations, studies, and reviews; 
publications and presentations; and professional activities, including professional memberships, training 
received, and conferences attended. 
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10585…..…..…………………..…….……..……ID Number…………………..…..…………….10585 

Author: Stewart, J. E. / Menlove, H. O. / et al. 

Title: Instrumentation and Procedure for Moisture Correction in Passive Neutron Coincidence Counting 
Assay of Bulk PuO2 and MOX Powders 

Date: 5/1/1993 

Report: LA-12546-MS (ISPO-351) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For passive neutron-coincidence-counting verification measurements of PuO2 and 
MOX powder, assay biases have been observed that result from moisture entrained in the sample. This 
report describes a unique set of experiments in which MOX samples, with a range of moisture 
concentrations, were produced and used to calibrate and evaluate two prototype moisture monitors. A new 
procedure for moisture corrections to PuO2 and MOX verification measurements yields MOX assays 
accurate to 1.5% (1{sigma}) for 0.6- and 1.1-kg samples. Monte Carlo simulations were used to extend the 
measured moisture calibration data to higher sample masses. A conceptual design for a high-efficiency 
neutron coincidence counter with improved sensitivity to moisture is also presented. 
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10586…..…..…………………..…….……..……ID Number…………………..…..…………….10586 

Author: Rutherford, D. A. 

Title: Proceedings of the First Annual Nuclear Criticality Safety Technology Project 

Date: 3/12/1992 

Report: LA-12556-C, CONF-9205206 

Conference/Journal: DOE nuclear criticality safety technology project workshop/ 12-14 May 1992/ 
Gaithersburg, MD (United States) 

Conference Session:  

Abstract/Keyterms: This document represents the published proceedings of the first annual Nuclear 
Criticality Safety Technology Project (NCSTP) Workshop, which took place May 12--14, 1992, in 
Gaithersburg, Md. The conference consisted of four sessions, each dealing with a specific aspect of nuclear 
criticality safety issues. The session titles were Criticality Code Development, Usage, and Validation,” 
Experimental Needs, Facilities, and Measurements,” Regulation, Compliance, and Their Effects on Nuclear 
Criticality Technology and Safety,” and The Nuclear Criticality Community Response to the USDOE 
Regulations and Compliance Directives.” The conference also sponsored a Working Group session, a report 
of the NCSTP Working Group is also presented. Individual papers have been cataloged separately. 
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Author: Briesmeister, J. F 

Title: MCNP - A General Monte Carlo N-Particle Transport Code, Version 4A 

Date: 1/1/1993 

Report: LA-12625 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Briesmeister, J. F. 

Title: MCNP- A General Monte Carlo N-Particle Transport Code Version 4C 

Date: 1/1/2000 

Report: LA-12645 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Malenfant, R. E. 

Title: Dosimetry at the Los Alamos Critical Experiments Facility: Past, Present, and Future 

Date: 10/1/1993 

Report: LA-12662-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Although the primary reason for the existence of the Los Alamos Critical Experiments 
Facility is to provide basic data on the physics of systems of fissile material, the physical arrangements and 
ability to provide sources of radiation have led to applications for all types of radiation dosimetry. In the 
broad definition of radiation phenomena, the facility has provided sources to evaluate biological effects, 
radiation shielding and transport, and measurements of basic parameters such as the evaluation of delayed 
neutron parameters. Within the last 15 years, many of the radiation measurements have been directed to 
calibration and intercomparison of dosimetry related to nuclear criticality safety. Future plans include (1) 
the new applications of Godiva IV, a bare-metal pulse assembly, for dosimetry (including an evaluation of 
neutron and gamma-ray room return); (2) a proposal to relocate the Health Physics Research Reactor from 
the Oak Ridge National Laboratory to Los Alamos, which will provide the opportunity to continue the 
application of a primary benchmark source to radiation dosimetry; and (3) a proposal to employ SHEBA, 
a low-enrichment solution assembly, for accident dosimetry and evaluation. 
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Author: Toffer, Hans 

Title: Alternate Techniques for Measuring Fissionable Material in Hanford Waste Tanks 

Date: 4/20/1993 

Report: LA-12672-C, 15 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Criticality Safety Problems in Restoration, Decontamination, and Decommissioning 
(High-Level Waste Tanks) 

Abstract/Keyterms: During the 50 years of plutonium production at the Hartford Site, the 177 waste tanks 
have received, as part of the waste streams, some fissionable materials. Criticality limits have been 
established for the tanks in terms of concentration and total mass. However, it has been difficult to 
demonstrate compliance to these limits because of uncertainties in tank inventory numbers and the lack of 
sampling data. To improve information of how much fissionable materials is in the tanks and infer data 
about material distributions, evaluation of alternate measurement techniques concept has been initiated. 
The fissionable materials are mainly plutonium and uranium isotopes containing small amounts of 
neptunium and americium. The measurements are not only important to demonstrating compliance with 
criticality limits but also to support future retrieval of materials from the tanks and pretreatment prior to 
final disposition. 
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Author: Petrie, Lester 

Title: Keno Development and Validation 19 

Date: 4/20/1993 

Report: LA-12672-C, 19 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session I: Criticality Code Development, Usage, and Validation 

Abstract/Keyterms: This presentation is in two parts, a discussion of the differences between KENOV a 
geometry and KENOVI geometry and a discussion of the validation of a new cross section library. KENOVI 
development is not finished, and verification and a generic validation have started. It is hoped that KENOIV 
will be released to the public this fall through RSIC. 
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Author: Briesmeister, Judith F. 

Title: MCNP4A--What's in it for you? 

Date: 4/20/1993 

Report: LA-12672-C, 20-21 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session I: Criticality Code Development, Usage, and Validation 

Abstract/Keyterms: The primary focus of the MCNP computer code is quality, followed by value and 
then new features. The features that are new in version 4A will be discussed. MCNP is a widely distributed 
general-purpose, continuous-energy, generalized geometry, time dependent Monte Carlo computer code. It 
transports neutrons, photons, and electrons in either single particle or coupled-particle mode through three-
dimensional geometry and can calculate keff eigenvalues for critical systems. Quality is the main focus of 
MCNP. Quality assurance includes a procedure for how problems are identified and corrected, a process of 
deciding what new features will be added, followed by a rigorous testing method, and a procedure for 
change control, version identification, and controlled release. Benchmarking calculations compare MCNP 
results to experimental and analytic results and calculational results from other computer codes. We are 
also working to meet government and industry software quality assurance standards and code validation 
requirements. 
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10593…..…..…………………..…….……..……ID Number…………………..…..…………….10593 

Author: Hansen, Gordon / Mihalczo, John T. 

Title: Control Reactivity Worth Measurements 

Date: 4/20/1993 

Report: LA-12672-C, 22 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session I: Criticality Code Development, Usage, and Validation 

Abstract/Keyterms: A near spherical unreflected and unmoderated uranium (93.7) metal configuration 
had been assembled to delayed criticality at Los Alamos National Laboratory in the 1950s. Experiments 
with highly-enriched uranium metal spherical shells had also been assembled. 2 Both of these experiments 
have been used to estimate the unreflected and unmoderated, highly-enriched-uranium spherical critical 
mass. The experiments described in this paper, although originally justified for leakage spectra 
measurernents and to investigate the use of a multiplying booster with a linear accelerator, also can provide 
estimates of the unreflected and unmoderated, highly-enriched-uranium spherical metal critical mass. 
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Author: Rothleder, Burton M. 

Title: Software Verification Validation, and Documentation 

Date: 4/20/1993 

Report: LA-12672-C, 23-24 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session I: Criticality Code Development, Usage, and Validation 

Abstract/Keyterms: Software used in DOE Programs must satisfy audit requirements imposed by DOE, 
and must be capable of withstanding external scrutiny provided by peer review groups and instigated by 
intervenors. Software that must be governed by Software Quality Assurance (SQA) practices is that used 
either to justify, challenge, or support justification of reactor and reactor related design, operations, safety 
and consequence analysis, or environmental impact analysis. Specified documentation is required for 
design, operational, safety, and environmental software in a form appropriate to the age and complexity of 
the software. There are two general types of software documentation: Software Development 
Documentation and Software User Documentation. Certain User Documentation is always required: 
Software Summary, User's Manual, and Programmer's Manual. Software must be verified, i.e., purged of 
programming errors and requirements errors, before it is validated, i.e., determined to represent physical 
reality within quantified bounds. Validation consists of two components: software development validation 
which examines the functionality of the software independent of its engineering context, and software 
engineering validation which examines the software in terms of its functionality as an engineering tool. 
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Author: Briggs, J. Blair 

Title: Criticality Safety, Benchmark Evaluation Project 

Date: 4/20/1993 

Report: LA-12672-C, 25 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session I: Criticality Code Development, Usage, and Validation 

Abstract/Keyterms: Every Criticality Safety Organization at Department of Energy facilities is required 
to compare results obtained from their calculational techniques with experimental data. The tedious process 
of researching benchmark critical data reported in journals, transactions, and reports is repeated over and 
over in an attempt to ensure criticality safety margins are accurate, and to comply with DOE orders. Since 
the beginning of the nuclear industry, thousands of benchmark critical experiments have been performed. 
However, many of these experiments were not performed with a high degree of quality assurance. A 
Criticality Safety Benchmark Evaluation Working Group was established to: 1. Identify and evaluate a 
comprehensive set of critical benchmark data. 2. Verify the data, to the extent possible, by reviewing 
original and subsequently revised documentation, talking with experimenters or individuals who were 
associated with the experimenters or the experiment facility. 3. Compile the data into a standardized format. 
4. Perform calculations of each experiment with standard criticality safety codes. 5. Formally document the 
work into a single source of verified benchmark critical data. Publication of the evaluated criticality safety 
benchmark experiments is scheduled for October 1994. Periodic revisions to this publication will be made 
at appropriate intervals as the work progresses. 
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Author: Conway, John T. 

Title: Recommendation 93-2 to the Secretary of Energy Pursuant to 42 U.S.C. § 2286A(5) Atomic Energy 
Act of 1954, as Amended. Dated: March 23, 1993 

Date: 4/20/1993 

Report: LA-12672-C, 29-30 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session II: Experimental Needs (LACEF Program Review) 

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities. This Interest Has Been evident as Board 
Members and Staff Have Reviewed Practices at the Pantex Plant. the Board Believes It is Important to 
Maintain a Good Base of Information for Criticality Control, Covering the Physical Situations that Will Be 
Encountered in Handling and Storing Fissionable Material in the Future, and to Ensure Retaining a 
Community of Individuals Competent in Practicing the Control. 
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Author: Elliott, Ernest P. 

Title: Validation of KENO V.a for Two Types of Systems 

Date: 4/20/1993 

Report: LA-12672-C, 31 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session II: Experimental Needs (LACEF Program Review) 

Abstract/Keyterms: The Oak Ridge Y-12 Plant desired to validate KENO V.a for two general types of 
systems: highly enriched uranium, carbon, and hydrogen and highly-enriched uranium and carbon at high 
C/U atomic ratios. These two categories of systems represent several types of contaminated recycle and 
waste, materials encountered in the plant such as hydrocarbons, cellulose-based materials, and graphite 
casting molds. A literature search was conducted to identify critical experiments that would serve as the 
basis for this validation effort. Any experiments considered for this validation effort had to be accurately 
described, include only the constituents of interest, and had to be actual critical assemblies (subcritical 
extrapolations were excluded). Four experimental series were chosen through this initial selection process 
for further evaluation: critical experiments performed in support of the Rover program, experiments 
performed at Los Alamos by C.C. Byers and J.C. Hoogterp, and experiments from Lawrence Livermore 
performed by A.J. Kirschbaum. The experiments of Mr. Hoogterp and Mr. Kirschbaum were later set aside 
because the definitive configuration of the critical assemblies could not be determined from reports and/or 
logbooks. The other two series (Rover and those performed by Dr. Byers) were used for the validation 
effort. Problems such as inadequate documentation arise frequently during validation efforts since the 
experimenters usually were evaluating a specific plant situation of interest, not preparing data for code 
validation. 
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Author: Toffer, Hans 

Title: Fissionable Material Measurement Needs in Hanford Site Waste Tanks 

Date: 4/20/1993 

Report: LA-12672-C, 32 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session II: Experimental Needs (LACEF Program Review) 

Abstract/Keyterms: The quantities, concentrations, and distributions of fissionable materials in the 
Hanford Site waste tanks are not well known. Measurements inside and outside the tanks could provide 
essential insights on how to establish criticality controls. Fissionable materials have accumulated in the 
tanks in conjunction with waste transfers. The fissionable materials have accumulated in the tanks in 
conjunction with waste transfers, the fissionable materials would be chemically combined with other 
elements and could settle in sediment layers or be in local accumulations. From all indications, the 
fissionable materials concentrations are low; however, the impact of diluting materials on criticality are not 
well known. 
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Author: Robinson, Mark A. 

Title: How More Objective Criticality Safety Analyses Can Benefit Future Waste Transportation and 
Storage 

Date: 4/20/1993 

Report: LA-12672-C, 33-40 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session II: Experimental Needs (LACEF Program Review) 

Abstract/Keyterms: An examination of the limiting assumptions of criticality safety models for TRU 
Waste drum storage and for the TRUPACT-II transuranic waste transport vessel indicates that these 
assumptions are unnecessarily conservative. The criticality limits for the TRUPACT-II represent a 
significant constraint on processing of TRU Wastes and residues (residues being similar in substrate to 
transuranic wastes but contain amounts of plutonium formerly considered economically recoverable for re-
use in weapons production). The TRUPACT-II limit is estimated to result in transportation costs of $850 
million for disposal of Rocky Flats residues, exceeding the cost of transportation if the TRUPACT-II limits 
corresponded to criticality limits for infinite array drum storage by an additional $790 M. The current 
TRUPACT-II limit also increases risks of transportation accidents by a factor of 14 over that incurred if the 
TRUPACT-II limits correlated to drum storage limits. The criticality safety community needs to re-evaluate 
the models that form the basis for those limits. 
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Author: Rothe, Robert E. 

Title: Critical Mass Laboratory at Rocky Flats 

Date: 4/20/1993 

Report: LA-12672-C, 41 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 April, 1993 

Conference Session: Session II: Experimental Needs (LACEF Program Review) 

Abstract/Keyterms: With the onset of "The Cold War," the United States government decided to initiate 
a vigorous program of nuclear weapons design, development, and production. Thus, Rocky Flats was born 
in 1952. The plant, northwest of Denver, handled both enriched uranium and plutonium. Safety was always 
important so the Nuclear Society Group was formed under the able leadership of C. L. Schuske, deceased. 
Criticality safety in these early days was estimated by a few sub-critical experimental approaches to 
criticality and the use of some simple models derived from reactor theory. No computerized calculational 
methods were available. These early simple "in situ" experiments were kept far from critical; and a long 
extrapolation was necessary to guess at the critical value. 
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Author: Philbin, J. S. / Coats, R. L. 

Title: Operational and Safety Characterization of the SPR-IIIM Fast Burst Reactor 
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Report: LA-12672-C, 42 

Conference/Journal: Annual Nuclear Criticality Safety Technology Project Workshop, Monterey, CA 
(United States), 16-20 Apr 1993 

Conference Session: Session II: Experimental Needs (LACEF Program Review) 

Abstract/Keyterms: SPR-IIIM is a modernized, improved version of SPR-111. The new system is 
expected to improve overall reliability and performance while reducing personnel dose and maintenance 
frequency. A description of the SPR-IIIM reactor and its features are presented in this paper along with 
plans for characterizing the reactors operational and safety characteristics. Enhancements of SPR-IIIM 
include a larger central irradiation cavity, 7.5 in. ID, a self-aligning safety block, spring-loaded fuel 
clamping, forced flow cooling across fuel plate gaps, and larger diameter hollow shafts with precision spline 
bearings support the reflector control elements. 
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Abstract/Keyterms: The Los Alamos Critical Experiments Facility (LACEF) is now becoming fully 
operational following an extended period of shutdown. It is appropriate at this time to review the status of 
the restart efforts, and to discuss the programmatic efforts which the facility hopes to carry out over the 
next few years. The mission statement for the LACEF is presented as a review item. The LACEF programs 
are aimed primarily at new technologies, prototype design, and service functions. These types of activities 
present a challenge for writing a Safety Analysis Report (SAR) since experiments at the facility are always 
expected to involve an element of newness and uncertainty. 
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Abstract/Keyterms: Analytical studies have confirmed that the minimum critical mass for 235U in a 
critical reactor assembly moderated with high-density polyethylene and surrounded by a thick beryllium 
reflector is on the order of 275 g. Similar studies have also shown that the minimum critical masses for 
233U ,and alpha-phase 239Pu in the same type of critical assembly and surrounded by a thick-beryllium 
reflector are on the order of 185 g and 190 g, respectively. 
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Abstract/Keyterms: Fieldable techniques for reactivity measurement have typically used correlation 
methods or pulsed source methods. The former method is poorly suited to systems which do not have a 
strong intrinsic neutron source (enriched uranium metal) while the latter requires equipment difficult to 
field. Work at Pajarito site on the source jerk method of subcritical reactivity determination was initiated 
by Spriggs I several years ago. We have built on this work to develop a fieldable system consisting of a PC 
clone interfaced to a mini CAMAC crate along with a source transporter or shuffler and a neutron detector. 
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Abstract/Keyterms: The Advanced Nuclear Technology Group of the Los Alamos National Laboratory 
proposes to reactivate the Health Physics Research Reactor (HPRR) in a DOSAR-type user facility at TA-
18 in Los Alamos. It is proposed to operate the HPRR as a service to continue to provide a well-
characterized, mixed (neutron and gamma ray), radiation source for calibration and inter-comparison of 
radiation dosimetry. Essentially, all radiation exposure standards for humans related to the observations 
resulting from Hiroshima and Nagasaki. Since those exposures were not instrumented, a 45- year program 
has been conducted to characterize those exposures. Part of that characterization was conducted in the 1960s 
when HPRR, a Godiva-like, bare enriched uranium, fast-burst reactor was operated on a tower at the Nevada 
Test Site to evaluate neutron and gamma-ray exposures on the ground. Although neither the spectra, 
neutron-to-gamma ratio, nor leakage per fission matched either of the sources in Japan, the data resulting 
from the study were the best available. Upon retirement, the fast-burst reactor was made the basis of the 
DOSAR facility at Oak Ridge National Laboratory, where it served as a primary source for I calibration 
and inter-comparison until 1988. 
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Abstract/Keyterms: The test involving reactor number 4 at the V.I. Lenin Nuclear Power Station was 
intended to demonstrate safety in the event of a simultaneous loss of utility power anti the turbogenerator. 
The inertia of the rotating equipment would be shown to be sufficient to provide power to feed water pumps 
and emergency core cooling systems until startup of the standby diesel generators. On April 25, the power 
was reduced from full power (3200 MWt) to the 700 - 1000 MWt range specified for the experiment. The 
automatic control system for a group of control rods was turned off. Poor procedures resulted in power 
reduction below 30 MWt, By 1:00 a.m. On the morning of April 26 the operators struggled to raise the 
power level to 200 MWt by manual control rod withdrawal; but could raise power no further due to xenon 
buildup. It appears that the operators were not aware of the extremely precarious condition in which the 
reactor had been placed. In this configuration, the operating margin had been reduced to one-fourth of the 
safety limit. They define the operating margin as the rod worth over the first few centimeters of insertion. 
Even worse was the high flow rate producing coolant conditions very close to saturation, meaning a small 
temperature increase could cause extensive flashing to steam. This was a terribly important variable because 
this type of reactor exhibits a positive void coefficient of reactivity. This means that if water flashes to 
steam, reactivity increases, raising power and temperature, thereby increasing steam production - a highly 
unstable condition! 
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Abstract/Keyterms: This paper presents methods used to perform criticality-related accident analyses for 
the SNL Hot Cell Facility (HCF) SAR. This includes the identification and screening of locations and 
processes within the facility that have potential for criticality. The paper also describes the methods being 
used to determine the accident frequency of such criticality events as well as the source terms, and dose 
consequences. The consequences and frequency estimates are combined into risk estimates. Release 
fractions and building removal fractions are defined for 12 chemical groups. Worker doses are determined 
using the DOSES computer code and a variety of standard shielding codes. DOSES calculates the dose due 
to immersion and inhalation from airborne radionuclides inside the facility. These analyses have shown that 
criticality potential at the HCF is limited only to the steel containment boxes (SCBs) portion of HCF and 
the fissile material storage area, Rm 108 of building 6580. Workers could receive lethal doses from a 
criticality incident at either location if they are in the vicinity of the event when it happens. Public and 
onsite consequences (outside the immediate vicinity) are negligible. 
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Abstract/Keyterms: Calculations to ensure criticality safety in the storage and transport of reactor fuel 
have traditionally been based on the assumption that all fuel, including spent fuel removed from reactors, 
is still in its most reactive or "fresh'" state, ignoring the reduced reactivity caused by irradiating the fuel in 
the reactor. This assumption increases costs and imposes unnecessary penalties in the handling of spent 
fuel. For example, the "fresh fuel" assumption forces utilities to ensure control of criticality by adding 
neutron absorbers (boron) to spent fuel storage pool and casks. The Electric Power Research Institute has 
estimated that the nuclear power utilities could save over $500 million by eliminating the boron materials 
needed just for storage casks to contain the present inventory of spent fuel. The borated material is 
unnecessary if calculations including the reduced reactivity of the spent fuel are accepted for nuclear 
criticality safety. Applying these principles to the design of transport casks for spent fuel, the capacity per 
cask can be increased by factors of three or more, resulting in decreased public and occupational radiation 
exposure and significant cost savings due to the reduction in the number of spent fuel shipments, handling 
operations, and casks required. This improvement can be accomplished without compromising acceptable 
safety margins. To obtain regulatory acceptance, criticality calculations involving the use of burned spent 
fuel must be validated by comparison with experiments. However, there have been no laboratory spent fuel 
critical experiments reported in the open literature. There are reports of critical experiments using fresh 
mixed oxide fuels that have been fabricated to emulate the U/Pu ratios in spent fuel. Also, commercial 
nuclear power plants routinely perform reactor physics measurements at the beginning of each fuel cycle 
that may qualify as spent fuel criticals. The experiment proposed in this summary and presentation will 
provide a direct measurement of pressurized-water reactor (PWR) spent fuel in a near-critical configuration. 
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Abstract/Keyterms: A reactor designed to perform criticality experiments in support of the Space Nuclear 
Thermal Propulsion (SNTP) program is currently in operation at the Sandia National Laboratories' reactor 
facility. The reactor is a small, water-moderated system that uses highly enriched uranium particle fuel in 
a 19- element configuration. Its purpose is to obtain neutronic measurements under a variety of 
experimental conditions that are subsequently used to benchmark reactor-design computer codes. 
Brookhaven National Laboratory (BNL), Babcock & Wilcox (B&W), and Sandia National Laboratories 
(SNL) participated in determining the reactor's performance requirements, design, follow-on 
experimentation, and in obtaining licensing approvals. BNL is primarily responsible lbr the analytical 
support, B&W the hardware design, and SNL the operational safety. All of the team members participate 
in determining the experimentation requirements, performance, and data reduction. Initial criticality was 
achieved in October 1989. An overall description of the reactor is presented along with key design features 
and safety-related aspects. 
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Abstract/Keyterms: The Topaz II Nuclear Space Reactor is being purchased from Russia by the U. S. 
Strategic Defense Initiative Organization (SDIO) for use in selected high orbit missions. Although the 
Topaz II reactors have never been flown by the Russians, they are the next generation of Topaz I reactors, 
which have been flown by the Russians. This "pathfinder" project is part of the US/Russian scientific 
exchange effort being encouraged to help stabilize the Russian scientific institutions. 
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Abstract/Keyterms: Operations of the fast burst reactor, Godiva IV, have been undertaken as part of the 
restart of the LACEF. We have treated these operations as if we were starting a new reactor. We kept a 
record of the room temperature, assembly temperature, and initial delayed critical configuration as part of 
the normal daily procedure with the anticipation that this would serve as a daily verification of the 
configuration of the material. The static reactivity coefficient measured (0.006 $/°C) is much larger than 
we expected from the published coefficients for the Godiva reactors. 
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Abstract/Keyterms: Several new computer models for predicting the effects of criticality accidents in 
aqueous fissile solutions have been proposed and tested in recent years. These models have attempted to 
predict transient pressures and kinetic energy as well as fission rates and energy yields. Both single-region 
models and multi-region models have been developed, and various methods for representing the production 
and effects of radiolytic gas have been tried. Computed results have been compared to experimental data 
from pulsed reactors (KEWB, CRAC, and SILENE). 
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Abstract/Keyterms: Penn State University has operated its Breazeale Nuclear Reactor since 1955 for the 
purposes of education, research, and service. A large graduate and undergraduate program in nuclear 
engineering has evolved which uses the reactor extensively. In addition, there is extensive multi-
disciplinary utilization by Penn State, surrounding universities and high schools, and industry. The program 
is typical of many of the 33 U.S. universities operating research reactors. 
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Abstract/Keyterms: The reactivity worth measurements performed in Lady Godiva were duplicated 
numerically using the Hansen-Roach sixteen-group cross-section library and TWODANT, a deterministic 
neutron transport code. The purpose of these calculations was to identify bounds in which the Hansen-
Roach library is applicable for fast neutron systems. The reactivities were determined from keff calculations 
using TWODANT for the case where both a sample and a void were modeled at the center of the assembly. 
The results from these calculations were mixed: the reactivities from some isotopes (B and Ni) agreed well 
with experimental values while others (Be, C, and AI) were off by as much as a factor of three. In a few 
cases (Fe, Co, and Th), the sign for the reactivity change was incorrect. Although uncertainties from sample 
purity and placement in the assembly may be contributing to the errors in the calculated reactivities, the 
energy group structure of the Hansen-Roach library appears to be adding to this effect. 
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Abstract/Keyterms: The Nuclear Criticality Safety (NCS) program at the University of Tennessee-
Knoxville is an academic specialization for nuclear engineering graduate students consisting of both special 
NCS courses and NCS research projects. Two courses are offered sequentially in consecutive semesters. 
The first course is an introductory course taught by a team of instructors; namely, H L. Dodds, C. M. 
Hopper, Mihalczo, J. T., J. T. Thomas, and R. M. Westfall. During the past year, these two courses were 
presented locally in Oak Ridge, TN, and remotely in Portsmouth, OH, and Paducah, KY, via live 
teleconference (i.e., live, 3-way, audio and video). 
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Abstract/Keyterms: Nuclear Facilities, etc. Many of these areas involve criticality safety issues, 
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Conference Session: Working Groups 

Abstract/Keyterms: The work group had an excellent well-attended and productive session on Monday. 
Due to the large audience including a lot of new faces the progress of the work group activities was 
discussed. Over the last four years, the effort of the work group has focused on developing a knowledge-
oriented data base of all the pertinent nuclear criticality literature. Significant progress has been made with 
the help of the work group members. Over 1500 data entries are in the database and over 800 of the entries 
have been knowledge screened to identify particular parameter studies they contain. A new concept was 
proposed for this work group meeting, namely a "value" index on each data base entry. The concept was 
discussed with the members present, suggestions were received and incorporated in the definitions and 
groupings of the value index. Subsequent to the discussion, data base literature compiled by major 
contractor organizations were handed out. Attendees proceeded to go through those listings and "value" 
index the documents they were familiar with. Several hundred documents were covered. 
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Conference Session: Working Groups 

Abstract/Keyterms: From July 27-28, 1993, the Experimental Needs Identification Workgroup (ENIWG) 
held a meeting to discuss the current and projected need for criticality experiments and facilities. Sponsored 
by the Department of Energy's (DOE) Nuclear Criticality Technology and Safety Project (NCT&SP), the 
ENIWG comprises representatives from the following communities: DOE contractors, DOE program 
offices, special groups working in the area of criticality safety, DOE critical mass laboratories, and the 
Nuclear Regulatory Commission. At this meeting, the Workgroup identified those nuclear criticality 
experiments that are necessary to support the DOE's changing programs and diverse production operations. 
This "Forecast" is generated by the Chair of the Workgroup, with input from the aforementioned groups. 
This document is considered a "living" document and will be updated periodically. 
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Conference Session:  

Abstract/Keyterms: This report is the proceedings of the annual Nuclear Criticality Technology and Safety 
Project (NCTSP) Workshop held in Monterey, California, on April 16-20, 1993. The NCTSP was 
sponsored by the Department of Energy and organized by the Los Alamos Critical Experiments Facility. 
The report is divided into six sections reflecting the sessions outlined on the workshop agenda. 
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Abstract/Keyterms: Nuclear Facilities Safety Board`s Recommendation 93-2. This Recommendation 
delineated the need for a critical experimental capability, which includes (1) a program of general-purpose 
experiments, (2) improving the information base, and (3) ongoing departmental programs. The nuclear 
community also recognizes the importance of criticality theory, which, as a stepping stone to computational 
analysis and safety code development, needs to be benchmarked against well-characterized critical 
experiments. A summary project of the Department`s needs with respect to criticality information includes 
(1) hands-on training, (2) criticality and nuclear data, (3) detector systems, (4) uranium- and plutonium-
based reactors, and (5) accident analysis. The Workgroup has evaluated, prioritized, and categorized each 
proposed experiment and program. Transportation/Applications is a new category intended to cover the 
areas of storage, training, emergency response, and standards. This category has the highest number of 
priority-1 experiments (nine). Facilities capable of performing experiments include the Los Alamos Critical 
Experiment Facility (LACEF) along with Area V at Sandia National Laboratory. The LACEF continues to 
house the most significant collection of critical assemblies in the Western Hemisphere. The staff of this 
facility and Area V are trained and certified, and documentation is current. ENIWG will continue to work 
with the nuclear community to identify and prioritize experiments because there is an overwhelming need 
for critical experiments to be performed for basic research and code validation. 
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Abstract/Keyterms: Fissile material holdup in glovebox and fume hood exhaust ducting has been 
quantified for all Los Alamos duct systems. Gamma-based, nondestructive measurements were used to 
quantify holdup. The measurements were performed during three measurement campaigns. The first 
campaign, Phase I, provided foot-by-foot, semiquantitative measurement data on all ducting. These data 
were used to identify ducting that required more accurate (quantitative) measurement. of the 280 duct 
systems receiving Phase I measurements, 262 indicated less than 50 g of fissile holdup and 19 indicated 
fissile holdup of 50 or more grams. Seven duct systems were measured in a second campaign, called Series 
1, Phase II. Holdup estimates on these ducts ranged from 421 g of 235U in a duct servicing a shut-down 
uranium-machining facility to 39 g of 239Pu in a duct servicing an active plutonium-processing facility. 
Measurements performed in the second campaign proved excessively laborious, so a third campaign was 
initiated that used more efficient instrumentation at some sacrifice in measurement quality. Holdup 
estimates for the 12 duct systems measured during this third campaign ranged from 70 g of 235U in a duct 
servicing analytical laboratories to 1 g of 235U and 1 g of 239Pu in a duct carrying exhaust air to a remote 
filter building. These quantitative holdup estimates support the conclusion made at the completion of the 
Phase I measurements that only ducts servicing shut-down uranium operations contain about 400 g of fissile 
holdup. No ventilation ducts at Los Alamos contain sufficient fissile material holdup to present a criticality 
safety concern. 



 

C-10651 

10622…..…..…………………..…….……..……ID Number…………………..…..…………….10622 

Author: Wagner, J. C. / Redmond, E. L. II. / Palmtag, S. P. / Hendricks, J. S. 

Title: MCNP: Multigroup/Adjoint Capabilities 

Date: 4/1/1994 

Report: LA--12704 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report discusses various aspects related to the use and validity of the general 
purpose Monte Carlo code MCNP for multigroup/adjoint calculations. The increased desire to perform 
comparisons between Monte Carlo and deterministic codes, along with the ever-present desire to increase 
the efficiency of large MCNP calculations has produced a greater user demand for the multigroup/adjoint 
capabilities. To more fully utilize these capabilities, we review the applications of the Monte Carlo 
multigroup/adjoint method, describe how to generate multigroup cross sections for MCNP with the 
auxiliary CRSRD code, describe how to use the multigroup/adjoint capability in MCNP, and provide 
examples and results indicating the effectiveness and validity of the MCNP multigroup/adjoint treatment. 
This information should assist users in taking advantage of the MCNP multigroup/adjoint capabilities. 
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Abstract/Keyterms: SHEBA II (Solution High Energy Burst Assembly) was constructed in order to better 
understand the neutronics of solutions of fissile materials.^In order to estimate the effect on criticality from 
the formation of bubbles, models were devised in MCNP (Monte Carlo Neutron Photon transport code) and 
THREEDANT (THREE dimensional, Diffusion-Accelerated, Neutral-Particle Transport).^It was found 
that the formation of voids in all but the outside bottom edge of the assembly cylinder tend to act as a 
negative insertion of reactivity. Also, an experiment has been designed which will verify the results of the 
codes. 
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Abstract/Keyterms: At Los Alamos National Laboratory, radiation protection services are provided by 
ESH-1, -4, and -12, and technical support is provided by ESH-6 to Laboratory groups that work with 
significant quantities of fissile material. The mission of all these groups is to protect Laboratory workers, 
the public, and the environment from radiation associated with Laboratory operations. In this report, 1992 
radiation protection performance trends are presented. These data show that, in general, the collective 
external dose equivalent quantities from penetrating (gamma, x-ray, and neutron) radiation and from 
nonpenetrating (beta and low-energy photon) radiation showed a slight downward trend during 1992. The 
number of confirmed contaminations of skin and personal clothing decreased in 1992 when compared to 
the previous year. Finally, there was one reportable DOE 5000.3A internal contamination event in 1992. 
The 1992 radiation protection activities of the Laboratory, conducted at both the Nevada Test Site and at 
Los Alamos, are presented and discussed. These activities include external dosimetry, internal dosimetry, 
radiation-monitoring instrumentation, sample analysis, workplace radiological monitoring, nuclear 
criticality safety, hazardous materials response, radiological training, and radiological records. This report 
details routine activities, including any significant changes and improvements in 1992; additional activities, 
including special investigations, studies, and reviews; publications and presentations; and professional 
activities, including professional memberships, training received, and conferences attended. 
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Abstract/Keyterms: The NJOY nuclear data processing system is a comprehensive computer code 
package for producing pointwise and multigroup cross sections and related quantities from elevated nuclear 
data in the ENDF format, including the latest US library, ENDF/B-VI. The NJOY code can work with 
neutrons, photons, and charged particles, and it can produce libraries for a wide variety of particle transport 
and reactor analysis codes. 
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Conference/Journal: Thesis/Dissertation 

Conference Session:  

Abstract/Keyterms: Nuclear criticality is a concern in many areas of nuclear engineering including waste 
management, nuclear weapons testing and design, basic nuclear research, and nuclear reactor design and 
analysis. As in many areas of science and engineering, experimental work conducted in this field has 
provided a wealth of data and insight essential to the formulation of theory and the advancement in 
knowledge of fissioning systems. In light of the many diverse applications of nuclear criticality, there is a 
continuing interest to learn and understand more about the fundamental physical processes through 
continued experimentation. This thesis addresses the problem of setting up and programming a 
microprocessor-based digital control system (PLC) for a proposed critical experiment using, among other 
devices, a stepper motor, a joystick control mechanism, and switches. This experiment represents a revised 
configuration to test cylindrical nuclear waste packages. A Monte Carlo numerical study for the proposed 
critical assembly has been performed in order to illustrate how results from numerical calculations are used 
in the process of assembling the control system and to corroborate previous experimental data. In summary, 
a control system utilizing some common devices necessary to perform a critical experiment (stepper motor, 
push-buttons, etc.) has been assembled. Control components were sized using the results of a probabilistic 
computer code (MCNP). Finally, a program was written that illustrates the coupling between the hardware 
and the devices being controlled in the new test fixture. 
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Author: Pruvost, Norman L. / Paxton, Hugh C. 

Title: Nuclear Criticality Safety Guide 

Date: 9/1/1996 

Report: LA-12808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This technical reference document cites information related to nuclear criticality 
safety principles, experience, and practice. The document also provides general guidance for criticality 
safety personnel and regulators. 
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Title: Criticality Calculations with MCNP: A Primer 

Date: 8/1/1994 

Report: LA-12827-M, Manual 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this Primer is to assist the nuclear criticality safety analyst to perform 
computer calculations using the Monte Carlo code MCNP. Because of the closure of many experimental 
facilities, reliance on computer simulation is increasing. Often the analyst has little experience with specific 
codes available at his/her facility. This Primer helps the analyst understand and use the MCNP Monte Carlo 
code for nuclear criticality analyses. 
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Abstract/Keyterms: A criticality study has been conducted for the measurement of highly enriched 
uranium (HEU) samples using the Active Well Coincidence Counter (AWCC). Computer calculations were 
performed to estimate the k(eff) of large samples inside the AWCC in the form of metal, UF4, and UO2. 
The discrete ordinates transport code TWODANT was used for all computations. In performing the study, 
the authors varied the AQCC in the following ways: (a) with and without the cadmium sample-cavity liner, 
(b) with and without the nickel reflector, and (c) with a water-filled sample cavity. Metal samples consisted 
of right-circular cylinders containing masses of up to 20 kg of uranium (18.6 kg of 235U) with a 12-cm 
diam. The samples of UF4 and UO2 contained up to 10 kg of 235U, had a height-to-diameter ratio of unity, 
and were modeled as both dry and having a moisture content of up to 40% by weight. The most reactive 
configuration resulted when they removed the cadmium liner and nickel reflector and flooded the sample 
cavity with water (case 3). Results of the study indicate a maximum k(eff) of 0.96 for the water-filled cavity 
containing a 20-kg uranium-metal cylinder. Dry samples composed of 10 kg of 235U in the form of UF4 
and UO2 resulted in a maximum k(eff) of 0.64 and 0.71 respectively. Samples of UF4 and UO2, also 
containing 10 kg of 235U, with 10% moisture by weight resulted in a maximum k(eff) of 0.81 and 0.83 
respectively. The subcritical limit for a water-flooded chamber without the nickel and cadmium in place is 
somewhat greater than 20% moisture by weight for a homogeneous fissile-water mixture containing 10 kg 
of 235U. 



 

C-10659 

10630…..…..…………………..…….……..……ID Number…………………..…..…………….10630 

Author: Wenz, T. R. 
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Conference/Journal:  
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Abstract/Keyterms: A one-dimensional reactivity calculation code is developed using first order 
perturbation theory. The reactivity equation is based on the multi-group transport equation using the discrete 
ordinates method for angular dependence. In addition to the first order perturbation approximations, the 
reactivity code uses only the isotropic scattering data, but cross section libraries with higher order scattering 
data can still be used with this code. The reactivity code obtains all the flux, cross section, and geometry 
data from the standard interface files created by ONEDANT, a discrete ordinates transport code. 
Comparisons between calculated and experimental reactivities were done with the central reactivity worth 
data for Lady Godiva, a bare uranium metal assembly. Good agreement is found for isotopes that do not 
violate the assumptions in the first order approximation. In general for cases where there are large 
discrepancies, the discretized cross section data is not accurately representing certain resonance regions that 
coincide with dominant flux groups in the Godiva assembly. Comparing reactivities calculated with first 
order perturbation theory and a straight {Delta}k/k calculation shows agreement within 10% indicating the 
perturbation of the calculated fluxes is small enough for first order perturbation theory to be applicable in 
the modeled system. Computation time comparisons between reactivities calculated with first order 
perturbation theory and straight {Delta}k/k calculations indicate considerable time can be saved performing 
a calculation with a perturbation code particularly as the complexity of the modeled problems increase. 
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Abstract/Keyterms: Nuclear and atomic data are the foundation upon which the radiation transport codes 
are built. For neutron transport the international standard is the Evaluated Nuclear Data File from 
Brookhaven National Laboratory. The latest version, ENDF/B-VI release 2, has recently become available 
for use in the Monte Carlo N-Particle (MCNP) radiation transport code. These neutron cross-section data 
are designated by ZAID identifiers ending in.60c and are referred to as the ENDF60 library. The ENDF60 
data library was processed from the ENDF/B-VI evaluations using the NJOY code. Fifty-two percent of 
the data evaluations are translations from ENDF/B-V. The remaining 48% are new evaluations which have 
sometimes changed significantly. The RSIC release package contains the ENDF60 neutron library, a new 
photon library MCPLIB02, the electron library EL1, and an updated XSDIR file. The authors report here 
the work done by the LANL Radiation Transport Group (X-6) in testing and validating the ENDF60 data 
library and in developing the necessary new sampling and detector schemes. When the ENDF60 library 
should be used in preference to the previous libraries, is also considered. The development of the new 
photon library MCPLIB02 is also discussed. 
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Abstract/Keyterms: The NMT-5 Criticality Database maintains criticality-related data and documentation 
to ensure the safety of workers handling special nuclear materials at the Plutonium Facility (TA-55) at Los 
Alamos National Laboratory. The database contains pertinent criticality safety limit information for more 
than 150 separate locations at which special nuclear materials are handled. Written in 4th Dimension for 
the Macintosh, it facilitates the production of signs for posting at these areas, tracks the history of postings 
and related authorizing documentation, and generates in Microsoft Word a current, comprehensive 
representation of all signs and supporting documentation, such as standard operating procedures and 
signature approvals. It facilitates the auditing process and is crucial to full and effective compliance with 
Department of Energy regulations. It has been recommended for installation throughout the Nuclear 
Materials Technology Division at Los Alamos. 
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Conference/Journal:  
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Abstract/Keyterms: If you have ever given up on a nuclear criticality calculation and terminated it because 
it took so long to converge, you might find this thesis of interest. The author develops three methods for 
improving the fission source convergence in nuclear criticality calculations for physical systems with high 
dominance ratios for which convergence is slow. The Fission Matrix Acceleration Method and the Fission 
Diffusion Synthetic Acceleration (FDSA) Method are acceleration methods that speed fission source 
convergence for both Monte Carlo and deterministic methods. The third method is a hybrid Monte Carlo 
method that also converges for difficult problems where the unaccelerated Monte Carlo method fails. The 
author tested the feasibility of all three methods in a test bed consisting of idealized problems. He has 
successfully accelerated fission source convergence in both deterministic and Monte Carlo criticality 
calculations. By filtering statistical noise, he has incorporated deterministic attributes into the Monte Carlo 
calculations in order to speed their source convergence. He has used both the fission matrix and a diffusion 
approximation to perform unbiased accelerations. The Fission Matrix Acceleration method has been 
implemented in the production code MCNP and successfully applied to a real problem. When the 
unaccelerated calculations are unable to converge to the correct solution, they cannot be accelerated in an 
unbiased fashion. A Hybrid Monte Carlo method weds Monte Carlo and a modified diffusion calculation 
to overcome these deficiencies. The Hybrid method additionally possesses reduced statistical errors. 



 

C-10664 

10635…..…..…………………..…….……..……ID Number…………………..…..…………….10635 

Author: Pope, N. G. / Brown, R. E. / Turner, W. J. / Courtney, K. / Joseph, E. L. / Jones, D. / Pruett, S. 

Title: Implementation Plan for the Operations Center Upgrade Project 

Date: 6/1/1996 

Report: LA-13141-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The crossover from the existing TA-55 Facility Control System to a newly 
constructed system will be implemented over a four-month period beginning the first week in January, 
1997. Personnel requirements and task duration have been established using planning and scheduling 
project management techniques. Each facility subsystem will be crossed over on individual four-day 
maintenance weekends during which building PF-4 will be exclusively reserved for these tasks. Each 
subsystem will be validated prior to the resumption of normal programmatic activities. PF-4 will be open 
for normal activities between each four-day maintenance weekend. Crossover will not begin until 
specifically outlined tasks are completed. 



 

C-10665 

10636…..…..…………………..…….……..……ID Number…………………..…..…………….10636 

Author: Pruvost, N. L. / Clayton, E. D. / Rombough, C. T. 

Title: Criticality and Fissionability Properties 

Date: 1/1/1998 

Report: LA-13151 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In May 1975 Los Alamos Scientific Laboratory issued a preliminary report on a study 
of Fast Reactor Safety Test Facilities. The study addressed itself to three closely related tasks. (1) A review 
of the current understanding of fast reactor safety with the aim of identifying important areas of uncertainty 
which cannot be adequately resolved using analysis, out of pile and/or existing in-pile facilities. (2) 
Conceptual design studies of one or more new in-pile facilities having characteristics identified in (1) above. 
(3) An examination of advanced data acquisition techniques for possible incorporation in the new facilities. 
The work reported is an extension of the earlier work in task area (2) above. Based largely on conclusions 
drawn from the earlier work the scope of the current effort has been narrowed to the design study of a Type 
A facility operating in the Class III mode, i.e., a facility capable of accommodating up to 37 test pins and 
capable of imposing a burst on top of a high steady state power level. 
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Abstract/Keyterms: This report assesses stabilization issues concerning mixed plutonium-uranium oxides 
containing < 50 wt% Pu. It recommends that these materials be stored under a revision to DOE-STD-3013-
96 ``Criteria for Preparing and Packaging Plutonium Metals and Oxides for Long-Term Storage,`` which 
addresses long-term storage of materials > 50 mass % Pu. Possible consequences of uranium substitution 
on thermal stabilization, specific surface areas, moisture readsorption behavior, loss-on-ignition analysis, 
and criticality safety of the oxide are examined and discussed. 
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Abstract/Keyterms: In 1960, Hansen analyzed the problem of assembling fissionable material in the 
presence of a weak neutron source. Using point kinetics, he defined the weak source condition and analyzed 
the consequences of delayed initiation during ramp reactivity additions. Although not clearly stated in 
Hansen`s work, the neutron source strength that appears in the weak source condition corresponds to the 
equivalent fundamental-mode source. In this work, we describe the concept of an equivalent fundamental-
mode source and we derive a deterministic expression for a factor, g, that converts any arbitrary source 
distribution to an equivalent fundamental-mode source. We also demonstrate a simplified method for 
calculating g in subcritical systems, and finally, we present a new experimental method that can be 
employed to measure the equivalent fundamental-mode source strength in a multiplying assembly. We 
demonstrate the method on the zero-power, XIX-1 assembly at the Fast Critical Assembly (FCA) Facility, 
Japan Atomic Energy Research Institute 
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Abstract/Keyterms: With the closure of many experimental facilities, the nuclear safety analyst has to rely 
on computer calculations to identify safe limits for the handling and storage of fissile materials. Although 
deterministic methods often do not provide exact models of a system, a substantial amount of reliable 
information on nuclear systems can be obtained using these methods if the user understands their 
limitations. To guide criticality specialists in this area, the Nuclear Criticality Safety Group at the University 
of New Mexico (UNM) in cooperation with the Radiation Transport Group at Los Alamos National 
Laboratory (LANL) has designed a primer to help the analyst understand and use the DANTSYS 
deterministic transport code for nuclear criticality safety analyses. DANTSYS is the new name of the group 
of codes formerly known as: ONEDANT, TWODANT, TWOHEX, TWOGQ, and THREEDANT. The 
primer is designed to teach by example, with each example illustrating two or three DANTSYS features 
useful in criticality analyses. Starting with a Quickstart chapter, the primer gives an overview of the basic 
requirements for DANTSYS input and allows the user to quickly run a simple criticality problem with 
DANTSYS. Each chapter has a list of basic objectives at the beginning identifying the goal of the chapter 
and the individual DANTSYS features covered in detail in the chapter example problems. On completion 
of the primer, it is expected that the user will be comfortable doing criticality calculations with DANTSYS 
and can handle 60--80% of the situations that normally arise in a facility. The primary provides a set of 
input files that can be selective modified by the user to fit each particular problem 
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Conference Session: Validation and Applications of Calculations 

Abstract/Keyterms: The ABBN-90 is a new version of the well-known Russian group-constant system 
ABBN. Included constants were calculated based on files of evaluated nuclear data from the BROND-2, 
ENDF/B-VI, and JENDL-3 libraries. The ABBN-90 is intended for the calculation of different types of 
nuclear reactors and radiation shielding. Calculations of criticality safety and reactivity accidents are also 
provided by using this constant set. Validation of the ABBN-90 set was made by using a computerized 
bank of evaluated critical experiments. This bank includes the results of experiments conducted in Russia 
and abroad of compact spherical assemblies with different reflectors, fast critical assemblies, and 
fuel/water-solution criticalities. This report presents the results of the calculational analysis of the whole 
collection of critical experiments. All calculations were produced with the ABBN-90 group-constant 
system. Revealed discrepancies between experimental and calculational results and their possible reasons 
are discussed. The codes and archives INDECS system is also described. This system includes three 
computerized banks: LEMEX, which consists of evaluated experiments and their calculational results; 
LSENS, which consists of sensitivity coefficients; and LUND, which consists of group-constant covariance 
matrices. The INDECS system permits us to estimate the accuracy of neutronics calculations. A discussion 
of the reliability of such estimations is finally presented. 
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Abstract/Keyterms: This paper very briefly analyzes a journal article about calculating k(inf) for metals 
mixed with uranium 235, and compares the article results with other calculation methods. The article 
suggested that continuous energy cross sections gave more accurate results than groupwise cross sections. 
The mixtures described in the article were dry, fast systems with several unusual characteristics; however, 
the majority of multigroup libraries used for analysis were developed for well moderated thermal systems. 
The results of calculations performed using several different codes and cross sections for three 
uranium/metal mixtures are presented in this paper. 
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Abstract/Keyterms: A very brief summary of the Criticality Safety Benchmark Evaluation Project of the 
Westinghouse Savannah River Company is provided in this paper. The purpose of the project is to provide 
a source of evaluated criticality safety experiments in an easily usable format. Another project goal is to 
search for any experiments that may have been lost or contain discrepancies, and to determine if they can 
be used. Results of evaluated experiments are being published as US DOE handbooks. 
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Abstract/Keyterms: This paper very briefly describes a project to evaluate previously performed critical 
experiments. The evaluation is intended for use by criticality safety engineers to verify calculations, and 
may also be used to identify data which need further investigation. The evaluation process is briefly 
outlined; the accepted benchmark critical experiments will be used as a standard for verification and 
validation. The end result of the project will be a comprehensive reference document. 
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Conference Session: Relevant Experiments for Critiicality Safety 

Abstract/Keyterms: An analytical study was conducted in which critical masses for some actinide isotopes 
were calculated with the Monte Carlo Neutron Photon (MCNP) Transport computer code. Different 
spherical computer models were used for even- and odd-neutron nuclides. Critical masses obtained are 
tabulated for Np-237, Pu-242, Am-241, Am-243, Pu-241, and Am-242m, together with indirect 
experimental data. Experimental data are needed for actinides with odd number of neutrons. 
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Abstract/Keyterms: This paper very briefly discusses the need for a fundamental criticality study of low 
concentrations of plutonium solutions. Examples of the occurrence of such solutions, which are 
characteristic of waste, are cited. Due to the prevalence of decontaminating and decommissioning activities, 
low concentration solutions are expected to become an important concern. Technical deficiencies in 
previous calculations are also discussed as a reason for performing low concentration criticality studies. 
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Abstract/Keyterms: This paper very briefly discusses the need for studies of the limiting critical 
concentration of radioactive waste matrix materials. Calculated limiting critical concentration values for 
some common waste materials are listed. However, for systems containing large quantities of waste 
materials, differences up to 10% in calculated k(eff) values are obtained by changing cross section data 
sets. Therefore, experimental results are needed to compare with calculation results for resolving these 
differences and establishing realistic biases. 
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Abstract/Keyterms: Measurements in a critical mass facility, such as the Los Alamos Critical Experiments 
Facility, could be performed on simulated nuclear waste materials that would provide important critical 
mass information and concurrently provide a calibration of alternate measurement techniques. In addition 
to criticality information, the measurements could also provide a better assessment of diluent 
material/neutron interaction cross sections. An Hanford, large quantities of fissionable materials are 
dispersed in tanks, fuel storage pools, and in solid waste. Although the fissionable materials are well diluted 
by a variety of neutron-moderating and -absorbing substances, it is difficult to assess the margin of 
subcriticality. A number of measurement approaches are proposed that will either help determine 
fissionable material concentrations, distributions, or provide a direct measure of subcriticality. The methods 
under consideration involve passive neutron counting, active neutron measurements, pulse neutron 
applications, neutron noise analyses, and cover gas evaluations. Active neutron measurements can also 
provide insight into the determination of neutron absorber concentrations. Efforts are underway to test some 
of the methods in actual waste tank environments and geometries. It is important that these methods be 
tested and calibrated in a critical mass facility. 
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Abstract/Keyterms: This paper presents a summary of experimental and calculational activities conducted 
at VNIIEF from the late 1940s to now to study the critical conditions of systems as part of a nuclear safety 
program. 
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Abstract/Keyterms: LEU-COMP-THERM-019, LEU-COMP-THERM-020, LEU-COMP-THERM-021, 
LEU-COMP-THERM-025, LEU-COMP-THERM-031; Since the 1950s, the Institute of Atomic Energy 
(now the Russian Research Center Kurchatov Institute) has investigated nuclear reactors intended for 
various purposes. A summary of the present state of these assemblies is given in an attachment to the paper. 
A second attachment provides a brief description of critical experiments for small nuclear power systems 
intended for decentralized power generation. The critical assemblies for these experiments were moderated 
by water and zirconium hydride, and fuel elements ranged in enrichment from 5% to 95% uranium 235. 
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Abstract/Keyterms: This paper briefly describes criticality investigations for weapon assembly and 
dismantlement at the Pantex Plant. Results are summarized for calculations performed for safety analyses, 
radiological hazards assessments, and a study to justify the criticality alarm exemption. Pits and pits in 
containers were modeled in their most reactive configuration. Criticality calculations were performed with 
the KENO and MCNP code packages. Configurations involving bare pits were subcritical by a substantial 
amount even with very conservative model assumptions. Thus, it is concluded that a critical configuration 
involving the bare pits is not credible 
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Abstract/Keyterms: A very brief summary of three postulated accident scenarios for weapons disassembly 
is provided in the paper. The first deals with a tetrahedral configuration of four generic pits; the second, an 
infinite planar array of generic pits with varying interstitial water density; and the third, a spherical shell 
with internal mass suspension in water varying the size and mass of the shell. Calculations were performed 
using the Monte Carlo Neutron Photon transport code MCNP4A. Preliminary calculations pointed to a need 
for higher resolution of small pit separation regimes and snapshots of hydrodynamic processes of 
water/plutonium mixtures. 
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Abstract/Keyterms: In 1992, an incident occurred at the Pantex Plant in which the cladding around a fissile 
material component (pit) cracked during dismantlement of the high explosives portion of a nuclear weapon. 
Although the event did not result in any significant contamination or personnel exposures, concerns about 
the incident led to the conclusion that the current dismantlement process was unacceptable. Options 
considered for redesign, dissolution tooling design considerations, dissolution tooling design features, and 
the analysis of the new dissolution tooling are summarized. The final tooling design developed incorporated 
a number of safety features and provides a simple, self-contained, low-maintenance method of high 
explosives removal for nuclear explosive dismantlement. Analyses demonstrate that the tooling design will 
remain subcritical under normal, abnormal, and credible accident scenarios. 
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Abstract/Keyterms: With diminishing requirements for plutonium, a substantial quantity of this material 
requires special handling and ultimately, long-term storage. To meet this objective, we at Los Alamos, have 
been involved in the design of a storage facility with the goal of providing storage capabilities for this and 
other nuclear materials. This paper presents preliminary basic design data, not for the structure and physical 
plant, but for the container and arrays which might be configured within the facility, with strong emphasis 
on criticality safety features 
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Abstract/Keyterms: This paper presents a very brief description of criticality concerns resulting from 
dismantlement of nuclear weapons. Two plutonium disposal options, and associated criticality 
considerations, are described: (1) irradiating it into reactor-grade spent fuel, and (2) immobilization and 
burial, either in a geologic repository or in deep, sealed boreholes. Mixed oxide spent fuel could contain 3 
to 4 wt% of reactor-grade plutonium. For the immobilization and the deep borehole options to be 
economically viable, a plutonium content of 3 to 7 wt% would be required. A study is proposed to evaluate 
the long-term criticality safety concerns for disposition of fissionable material in a geologic setting. 
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Abstract/Keyterms: This paper very briefly describes criticality investigations for nuclear weapon 
dismantlement at the Pantex Plant. The investigations performed were for pit staging, and build on previous 
criticality calculations for single pits. The KENO and MCNP computer models were used for pit and 
container combinations. Scenarios were based on administrative limits and actual or potential physical 
conditions in the facilities. Essentially all of the pit configurations modeled were subcritical by a substantial 
amount. It was concluded that a critical configuration involving pit/container combinations is not credible. 
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Abstract/Keyterms:  
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Abstract/Keyterms: Modifications and developments to the series of KENO multigroup, criticality safety 
transport codes are very briefly summarized. Three areas are addressed: (1) modifications to KENO-V.a, 
(2) development of KENO-VI, (3) modifications to the CSAS4 sequence of the SCALE package, and (4) 
future work on KENO related programs. Minor changes have been made to KENO-V.a, primarily for 
maintenance. KENO-VI has been developed and will be released soon. A new search type is being 
developed in SCALE to allow CSAS4 to do a concentration search on a mixture component. 
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Abstract/Keyterms: Benchmarking work for the computer program COG is very briefly described. COG 
is a Monte Carlo computer code that solves the Boltzmann equation for neutron and photon transport, deep 
penetration problems, and nuclear criticality problems. The results of three critical experiments are 
compared with COG and KENO-V.a calculation results. The results compare well the experiments, and are 
within the range of the KENO-V.a results. 
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Abstract/Keyterms: A brief progress report on updates to the Los Alamos Radiation Transport Code 
System (LARTCS) for solving criticality and fixed-source problems is provided. LARTCS integrates the 
Diffusion Accelerated Neutral Transport (DANT) discrete ordinates codes with the Monte Carlo N-Particle 
(MCNP) code. The LARCTS code is being developed with a graphical user interface for problem setup and 
analysis. Progress in the DANT system for criticality applications include a two-dimensional module which 
can be linked to a mesh-generation code and a faster iteration scheme. Updates to MCNP Version 4A allow 
statistical checks of calculated Monte Carlo results. 



 

C-10689 

10660…..…..…………………..…….……..……ID Number…………………..…..…………….10660 

Author: Williams, M. L. / Asgari, M./ Tashakorri, R. 

Title: Energy-Pointwise Discrete Ordinates Transport Methods 

Date: 3/11/1994 

Report: LA-13277-C, 110-111; CONF-9405144 

Conference/Journal: Nuclear criticality technology safety project workshop, Williamsburg, VA (United 
States), 10-11 May 1994 

Conference Session: Criticality Safety Software and Development 

Abstract/Keyterms: A very brief description is given of a one-dimensional code, CENTRM, which 
computes a detailed, space-dependent flux spectrum in a pointwise-energy representation within the 
resolved resonance range. The code will become a component in the SCALE system to improve 
computation of self-shielded cross sections, thereby enhancing the accuracy of codes such as KENO. 
CENTRM uses discrete-ordinates transport theory with an arbitrary angular quadrature order and a 
Legendre expansion of scattering anisotropy for moderator materials and heavy nuclides. The CENTRM 
program provides capability to deterministically compute full energy range, space-dependent angular flux 
spectra, rigorously accounting for resonance fine-structure and scattering anisotropy effects. 
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Abstract/Keyterms: This paper very briefly outlines technical considerations in performing critical 
experiments on weapons-grade plutonium mixed oxide fuel assemblies. The experiments proposed would 
use weapons-grade plutonium and Er{sub 2}O{sub 3} at various dissolved boron levels, and for specific 
fuel assemblies such as the ABBCE fuel assembly with five large water holes. Technical considerations 
described include the core, the measurements, safety, security, radiological matters, and licensing. It is 
concluded that the experiments are feasible at the Rensselaer Polytechnic Institute Reactor Critical Facility. 



 

C-10691 

10662…..…..…………………..…….……..……ID Number…………………..…..…………….10662 

Author: Hetrick, D. L. 

Title: Student Research in Criticality Safety at the University of Arizona 

Date: 3/11/1994 

Report: LA-13277-C, 118-119; CONF-9405144 

Conference/Journal: Nuclear criticality technology safety project workshop, Williamsburg, VA (United 
States), 10-11 May 1994 
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Abstract/Keyterms: A very brief progress report on four University of Arizona student projects is given. 
Improvements were made in simulations of power pulses in aqueous solutions, including the TWODANT 
model. TWODANT calculations were performed to investigate the effect of assembly shape on the 
expansion coefficient of reactivity for solutions. Preliminary calculations were made of critical heights for 
the Los Alamos SHEBA assembly. Calculations to support French experiments to measure temperature 
coefficients of dilute plutonium solutions confirmed feasibility. 
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Abstract/Keyterms: A list of seven research projects in nuclear criticality safety being conducted at the 
University of Tennessee is given. One of the projects is very briefly described. The study of space-
dependent kinetics analysis of a hypothetical criticality accident involving an array of bottles containing 
UO2F2 is being conducted for the US DOE, Oak Ridge National Laboratory, K-25 plant. Preliminary 
results for power versus time are presented, which indicate that space-time effects are significant after 
approximately 70 seconds. 
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Conference Session: Criticality Safety Studies at Universities 

Abstract/Keyterms: Two projects at the University of New Mexico are briefly described. The university`s 
Chemical and Nuclear Engineering Department has completed the final draft of a primer for MCNP4A, 
which it plans to publish soon. The primer was written to help an analyst who has little experience with the 
MCNP code to perform criticality safety analyses. In addition, the department has carried out a series of 
approach-to-critical experiments on the SHEBA-II, a UO2F2 solution critical assembly at Los Alamos 
National Laboratory. The results obtained differed slightly from what was predicted by the TWODANT 
code 
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Conference Session: Training 

Abstract/Keyterms: Criticality safety training is an important element of the Plutonium Facility safety 
program at Los Alamos National Laboratory. Training consists of student self-study handbooks and hands-
on performance-based training in a mock-up laboratory containing gloveboxes, trolley conveyor system, 
and self-monitoring instruments. A 10-minute video tape and lecture was presented to describe how training 
in this area is conducted. 
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Abstract/Keyterms: This document contains summaries of the most of the papers presented at the 1994 
Nuclear Criticality Technology Safety Project (NCTSP) meeting, which was held May 10 and 11 at 
Williamsburg, Va. The meeting was broken up into seven sessions, which covered the following topics: (1) 
Validation and Application of Calculations; (2) Relevant Experiments for Criticality Safety; (3) 
Experimental Facilities and Capabilities; (4) Rad-Waste and Weapons Disassembly; (5) Criticality Safety 
Software and Development; (6) Criticality Safety Studies at Universities; and (7) Training. The minutes 
and list of participants of the Critical Experiment Needs Identification Workgroup meeting, which was held 
on May 9 at the same venue, has been included as an appendix. A second appendix contains the names and 
addresses of all NCTSP meeting participants. Separate abstracts have been indexed to the database for 
contributions to this proceedings. 
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Abstract/Keyterms: The Solution High-Energy Burst Assembly (SHEBA) was originally constructed 
during 1980 and was designed to be a clean free-field geometry, right-circular, cylindrically symmetric 
critical assembly employing U(5%)F2 solution as fuel. A second version of SHEBA, employing the same 
fuel but equipped with a fuel pump and shielding pit, was commissioned in 1993. This report includes data 
and operating experience for the 1993 SHEBA only. Solution-fueled benchmark work focused on the 
development of experimental measurements of the characterization of SHEBA; a summary of the results 
are given. A description of the system and the experimental results are given in some detail in the report. 
Experiments were designed to: (1) study the behavior of nuclear excursions in a low-enrichment solution, 
(2) evaluate accidental criticality alarm detectors for fuel-processing facilities, (3) provide radiation spectra 
and dose measurements to benchmark radiation transport calculations on a low-enrichment solution system 
similar to centrifuge enrichment plants, and (4) provide radiation fields to calibrate personnel dosimetry 



 

C-10701 

10672…..…..…………………..…….……..……ID Number…………………..…..…………….10672 

Author: Sanchez, Rene G. 

Title: Proceedings of the Nuclear Criticality Technology Safety Workshop, San Diego, California, May 
16-17, 1995 

Date: 5/17/1995 

Report: LA-13439-C 

Conference/Journal: Nuclear criticality technology and safety project (NCTSP) annual meeting, San 
Diego, CA (United States), 17 May 1995 

Conference Session:  

Abstract/Keyterms: This document contains summaries of most of the papers presented at the 1995 
Nuclear Criticality Technology Safety Project (NCTSP) meeting, which was held May 16 and 17 at San 
Diego, Ca. The meeting was broken up into seven sessions, which covered the following topics: (1) 
Criticality Safety of Project Sapphire; (2) Relevant Experiments For Criticality Safety; (3) Interactions with 
the Former Soviet Union; (4) Misapplications and Limitations of Monte Carlo Methods Directed Toward 
Criticality Safety Analyses; (5) Monte Carlo Vulnerabilities of Execution and Interpretation; (6) Monte 
Carlo Vulnerabilities of Representation; and (7) Benchmark Comparisons. 
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Conference Session: Criticality Safety of the Project Sapphire 

Abstract/Keyterms: The mission of Project Sapphire was to repackage approximately 600 kg of highly 
enriched uranium (HEU) in the Republic of Kazakhstan into internationally acceptable shipping packages 
and transport the material to a storage location in the United States. There were four material types to be 
repackaged: metal; oxide; uranium beryllium (UBe) alloy; and residues from UBe alloy production. Seven 
major steps were necessary for successful execution of the project: planning and training; readiness 
assessment; deployment; set up; process; take down; and transport. Nuclear criticality safety especially 
affected several of these steps. 
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Conference Session: Criticality Safety of the Project Sapphire 

Abstract/Keyterms: In the early days of 1994, while news stories of nuclear materials allegedly being 
smuggled out of former Soviet Union republics were focusing attention on nuclear non-proliferation issues, 
President Bill Clinton was actively doing something to eliminate one such potential source of nuclear 
weapons grade materials. By early summer, negotiations between the USA and the Republic of Kazakhstan 
for the removal (by the USA) of several hundred kilograms of highly enriched uranium had reached such a 
high probability of success that full-scale planning activities for Project Sapphire were put into high gear. 
The mission of Project Sapphire was to remove almost 600 hundred kilograms of highly enriched uranium 
materials from storage containers at the Ulba Metallurgical Plant in Ust-Kamenogorsk in the Republic of 
Kazakhstan, repack the materials into steel cans, package these cans into shipping containers, and then 
transport these materials safely to the Oak Ridge Y-12 Plant for safeguarded temporary storage. 
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Abstract/Keyterms: Nuclear Facilities Safety Board (DNFSB) Recommendation 93-2 (Critical 
Experiment Capability) includes “improving the information base underlying prediction of criticality.” To 
that end, the Nuclear Criticality Experiments Steering Committee (NCESC) has compiled and prioritized a 
list of experiments solicited from the criticality community. In response to the NCESC list, a critical 
assembly is being designed at the Los Alamos Critical Experiments Facility (LACEF) to incorporate 
elements of several experiments. Specifically, the design will include elements from the following 
experiments: 1. Experiment 102 - Large Array of Small Units, 2. Experiment 501 - Assessment Program 
for Materials Used to Transport and Store Discrete Items and Weapons Components, 3. Experiment 502a - 
Absorption Properties of Waste Matrices and, 4. Experiment 609 - Validation of Calculational Methodology 
in the Intermediate Energy Range. 
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Abstract/Keyterms: The criticality of Np-237 is governed by several factors. For instance, it is well known 
that nuclides with an even number of neutrons, such Np-237, exhibit a sharp threshold in their fission cross 
section. For Np-237, the threshold occurs at approximately 500 keV. Above this neutron energy, the fission 
cross section is comparable to that of U-235. On the other hand, below this energy threshold, the fission 
cross section is quite low. Thus, the criticality of Np-237 can only occur in a fast neutron spectrum. Another 
factor that affects the critical mass of this element is the inelastic scattering cross section of Np-237. A low 
inelastic scattering cross section in a fast spectrum will enhance criticality, since fewer neutrons will scatter 
below the fission threshold where they will be unable to cause more fissions. 
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Abstract/Keyterms: A computer model, which simulates the dynamic behavior of the SHEBA assembly 
during excursions, has been developed at LACEF. This model is a simple lumped parameter model, which 
combines the neutron point kinetics equations with simple thermodynamic expressions for temperature and 
density. In addition, a radiolytic gas model has been.developed to simulate the production and migration of 
radiolytic gas bubbles in an aqueous fissile solution. The results produced by this model have been 
compared with experimental data from the SHEBA assembly. The goal of this work is a better 
understanding of the basic physics of aqueous fissile solutions, in particular, the reactivity feedback 
mechanisms present during an excursion and the phenomena of radiolytic gas formation and migration. It 
is anticipated that information gained from this work will be of use in other areas such as criticality accident 
analysis and in the design of the medical isotope production reactor (MPR). 
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Conference Session: Embedded Topical Meeting Misapplications and Limitations of Monte Carlo 
Methods Directed Toward Criticality Safety Analyses 

Abstract/Keyterms: Some years ago, Eugene Wigner made the comment, which I can only paraphrase, 
that it is surprising that the. equations of mathematical physics work as well as they do. He was certainly 
referring to the deterministic differential equations, and possibly to the related stochastic methods, that 
provide solutions to describe the behavior of physical systems. I think that his surprise, and ours in 
agreement, stems from the successful reification of Analysis (Le., calculus) as Physics. In a sense, however, 
it should not be surprising that stochastic methods work as well as they do, since they imitate natural 
processes directly and do not work better than their statistical precision. But both deterministic methods 
and stochastic methods can fail completely to “capture” the physical problem if they are misused and 
misapplied, independent of the accuracy of their representation of the physical problem. (Accuracy of 
representation of the physical (e.g., geometry, materials, data base) affects both methods equivalently.) For 
deterministic codes, selection of mesh, convergence, and quadrature to capture the physical problem can 
usually be evaluated, a priori, in terms of the physical behavior required of the solution. For stochastic 
codes, such selections are not relevant. Instead, selections of number of histories, random number 
generation method, sampling method, and source generation method are made to capture the physical 
problem. These selections cannot be easily evaluated in terms of the physical behavior required of the 
solution, if they can be evaluated in such terms at all, and as such their selection presents a subtlety, and 
poses a concomitant challenge, to the user of stochastic codes. 
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Abstract/Keyterms: In the course of applying Monte Carlo programs in the solution of criticality safety 
problems, a difficulty in correctly computing certain types of systems has arisen. In view of the increasing 
use of Monte Carlo-type programs, it is important that some statement be made about the type of systems 
in which the difficulty is likely to be encountered, since when one attempts to compute the multiplication 
factor for such a system, the result will almost always yield a low, and hence for criticality safety purposes, 
nonconservative result. This can occur with no hint that the computed result is in error. The extreme 
example, which defines a situation in which this difficulty can exist, is the “keffective of the world” 
problem. That is, if one attempts to calculate the k(eff) of the world using a Monte Carlo calculation, what 
k(eff), would be computed assuming that there are several critical assemblies located around the world? 
The answer would likely be the k(eff) of the world with no critical assemblies present. The cause of the 
erroneous result is the fact that the volume of fissile material in the world would be so large relative to the 
volume of fissile material in the critical assemblies that most commonly used forms of sampling would 
almost never “see” the critical assemblies. Hence, this would not reflect their existence in the computed 
k(eff). 
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Conference/Journal: Nuclear criticality technology and safety project (NCTSP) annual meeting, San 
Diego, CA (United States), 17 May 1995 

Conference Session: The k-effective of the World 

Abstract/Keyterms: In work originally published in 1971, Elliot Whitesides brought to our attention a 
problem still unsolved today. This was a problem he called “computing the keff of the world”, a name 
which has survived for many years. The specific example which Whitesides discusses was a 9 x 9 x 9 array 
of plutonium spheres, surrounded by a water reflector. The computed keff of the array was .93. When the 
central sphere was replaced by a sphere which, when isolated, was exactly critical, the computed eigenvalue 
was still .93. It seems important to note that there are at least two potential sources of difficulty in such 
problems. One is an inadequate number of generations; the other is an inadequate number of starters per 
generation or, more precisely, inadequate sampling of physical detail within each generation. It is easy to 
see that these are really different types of difficulties. If sampling within each generation is inadequate 
increasing the number of generations won’t help, and clearly increasing the amount of information gathered 
per generation won’t help if the number of generations is inadequate. In a way the error due to 
undersampling within a generation is analogous to course-mesh errors in deterministic calculations, while 
inadequate source convergence acts similarly both in deterministic calculations and Monte Carlo. 
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Conference Session: The k-effective of the World 

Abstract/Keyterms: For Monte Carlo algorithms aimed at solving criticality safety problems, the main 
distinguishing feature is the source specification and its convergence via a powering algorithm. Certain 
well-known problems of bias and instability can arise that need to be addressed. In the MONK software 
package the superhistory powering algorithm was developed in response to these problems and the method 
has been in general use for many years. This paper describes the superhistory powering algorithm and 
reviews experience of its usage since its development and subsequent implementation in the ANSWERS 
Software Service version of MONK. 
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Conference/Journal: Nuclear criticality technology and safety project (NCTSP) annual meeting, San 
Diego, CA (United States), 17 May 1995 

Conference Session: Monte Carlo Vulnerabilities of Execution and Interpretation 

Abstract/Keyterms: All Monte Carlo computer codes have an uncertainty associated with the find result. 
This uncertainty (or standard deviation) is due to the sampling method inherent within the Monte Carlo 
technique. The basic assumptions required for the final result and uncertainty to be valid are (1) the random 
numbers used are truly random, (2) there is no correlation between histories, (3) the number of histories 
used is sufficient to represent the problem, and (4) the entire problem is adequately sampled. The first two 
assumptions are an integral part of the computer code and the user has minimal control over them. The last 
two assumptions are strongly dependent on how a problem is setup and the number of histories processed. 
These are items the user has direct control over. This paper examines six aspects of the KENO Monte Carlo 
code that affect the above mentioned four assumptions. 



 

C-10712 

10683…..…..…………………..…….……..……ID Number…………………..…..…………….10683 

Author: Forster, R. A. / Booth, T. E. 

Title: MCNP Analyses of Criticality Calculation Results 

Date: 5/17/1995 

Report: LA-13439-C, 075-083 
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Conference Session: Monte Carlo Vulnerabilities of Execution and Interpretation 

Abstract/Keyterms: Careful assessment of the results of a calculation by the code itself can reduce 
mistakes in the problem setup and execution. MCNP has over four hundred error messages that inform the 
user of FATAL or WARNING errors that have been discovered during the processing of just the input file. 
MCNP4A performs a self assessment of the calculated results to aid the user in determining the quality of 
the Monte Carlo results. MCNP4A contains new, built-in sensitivity analyses of the MCNP Monte Carlo 
calculation that provide the user with simple WARNING messages for both criticality and fixed source 
calculations. The goal of the new analyses is to provide the MCNP criticality practitioner with enough 
information in the output to assess the validity of the k(eff) calculation and any associated tallies. The 
results of these checks are presented in the k(eff) results summary, several k(eff) tables and graphs, and 
tally tables and graphs. Plots of k(eff) at the workstation are also available as the problem is running or in 
a postprocessing mode to assess problem performance and results. 
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Conference Session: Monte Carlo Vulnerabilities of Execution and Interpretation 

Abstract/Keyterms: In general, reports typically list k(eff) s and/or Delta k(eff) s along with an upper 
bound on the estimated standard deviation of the estimated mean (ESD) for all evaluations. This leads to 
Monte Carlo results being viewed and reported as discrete values as opposed to confidence intervals. Again 
we point out the above to heighten the awareness of all users of Monte Carlo codes to the fact that Montc 
Carlo codes do not provide precise answers. Instead the answers obtained from Monte Carlo codes arc in 
the form of a confidence interval. 
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Conference Session: Monte Carlo Vulnerabilities of Execution and Interpretation 

Abstract/Keyterms: The Monte Carlo method is enjoying increasing popularity in nuclear criticality 
calculations. However, for some systems, the computer time necessary for convergence is enormous, often 
impractically so. Systems that have difficulty converging are those with high dominance ratios. Typical 
systems with high dominance ratios are large thermal nuclear reactors and arrays of isolated barrels of 
nuclear waste-any system with poor neutron communication between its distant regions. We describe a 
method that accelerates the convergence of the slowly converging components of the fission source. Since 
our method unfortunately enhances high order fluctuations in the fission source, it requires filtering out the 
statistical noise. Nevertheless, in the one-dimensional, monoenergetic problems presented, the method 
produces speedups of about 5.0, depending upon physical and computational parameters. 
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Diego, CA (United States), 17 May 1995 

Conference Session: Monte Carlo Vulnerabilities of Representation 

Abstract/Keyterms: Traditionally nuclear data evaluations have been performed in support of the analysis 
and design of thermal and fast reactors. In general, the neutron spectra characteristic of the thermal and fast 
systems used for data testing are predominantly in the low- and high-energy range with a relatively small 
influence from the intermediate-energy range. In the area of nuclear criticality safety, nuclear systems 
arising from applications involving fissionable materials outside reactors can lead to situations very 
different to those most commonly found in reactor analysis and design. These systems are not limited to 
thermal or fast and may have significant influence from the intermediate energy range. The extension of 
the range of applicability of the nuclear data evaluation beyond thermal and fast systems is therefore needed 
to cover problems found in nuclear criticality safety. Before criticality safety calculations are performed, 
the bias and uncertainties of the codes and cross sections that arc used must be determined. The most 
common sources of uncertainties, in general, are the calculational methodologies and the uncertainties 
related to the nuclear data, such as the microscopic cross sections, entering into the calculational procedure. 
The aim here is to focus on the evaluated nuclear data pertaining to applications in nuclear criticality safety. 
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Conference Session: Monte Carlo Vulnerabilities of Representation 

Abstract/Keyterms: This paper presents a discussion of the approximations inherent in representing the 
energy variation of neutron cross sections and their associated secondary neutron energy and angular 
dependences with multigroup values averaged over a grid of energy boundaries. The increasingly popular 
alternative is to perform stochastic sampling on these parameters in continuous-energy, direct-physics-
analog Monte Carlo models. The presentation concludes with a summary of the relative advantages and 
disadvantages of the two approaches. 



 

C-10717 

10688…..…..…………………..…….……..……ID Number…………………..…..…………….10688 

Author: Collins, P. J. / Aumeier, S. E. 

Title: Utilization of VIM Monte Carlo Calculations for Fast Reactor Experimental Data Analysis 

Date: 5/17/1995 

Report: LA-13439-C, 113-118 
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Conference Session: Monte Carlo Vulnerabilities of Representation 

Abstract/Keyterms: Calculations with the VIM Monte Carlo code have been vital in the analysis of 
experimental measurements for fast reactors at Argonne National Laboratory over the past 20 years. The 
full use of the data has been achieved by generalized least squares fitting of the results with a data 
sensitivity/adjustment method in the GMADJ code.'s2 This has enabled correlation of different 
measurements both in the same assembly and between different assemblies at DPR and between critical 
assemblies at other facilities. The VIM code has been vital in obtaining calculated results with uncertainties 
that are lower than those of the measurements which, using the GMADJ code, enables the identification of 
inconsistencies in measurements, and points to possible systematic errors. This review describes some of 
the areas where VIM has proved essential, with emphasis on criticality results. 
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Diego, CA (United States), 17 May 1995 

Conference Session: Monte Carlo Vulnerabilities of Representation 

Abstract/Keyterms: The continuous-energy neutron data library ENDF60, for use with the Monte Carlo 
NParticle radiation transport code MCNP4A, was released in the fall of 1994. It is comprised of 124 nuclide 
data files based on the ENDFB-VI evaluations through Release 2. Forty-eight percent of these materials are 
new or modified evaluations, while the balance are translations from ENDFB-V. The new evaluations 
include most of the important materials for criticality safety calculations, and include significant 
enhancements such as more isotopic evaluations, better resonance-range representations, and the new 
correlated energy-angle distributions for emitted particles. As part of the overall quality assurance testing 
of the ENDF60 library, calculations for well-known benchmark assemblies were performed. The results of 
these calculations help the user to know how the combination of ENDF60 and MCNP4A will perform for 
real problems. 



 

C-10719 

10690…..…..…………………..…….……..……ID Number…………………..…..…………….10690 

Author: Schaefer, R. W. / McKnight, R. D. / Collins, P. J. 
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Conference Session: Benchmark Comparisons 

Abstract/Keyterms: VIM is a continuous energy Monte Carlo code first developed around 1970 for the 
analysis of plate-type, fast-neutron, zero-power critical assemblies In most respects, VIM is functionally 
equivalent to the MCNP code but it has two features that make uniquely suited to the analysis of fast reactor 
critical experiments: 1) the plate lattice geometry option, which allows efficient description of and neutron 
tracking in the assembly geometry, and 2) a statistical treatment of neutron cross section data in the 
unresolved resonance range. Since its inception, VIM’S capabilities have expanded to include numerous 
features, such as thermal neutron cross sections, photon cross sections, and combinatorial and other 
geometry options, that have allowed its use in a wide range of neutral-particle transport problems. 
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Conference Session: Benchmark Comparisons 

Abstract/Keyterms: In this paper, we discuss the difficulties encountered in Monte Carlo analysis (using 
VIM) of the Zero Power Physics Reactor Assembly 13A, a neutronically loosely-coupled radial 
heterogeneous fast reactor. In particular, the fission rate statistical errors in large reactor core zones were 
badly underestimated, although the statistics were apparently quite good. The principal eigenvalue was not 
affected, however. 
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Conference Session: Benchmark Comparisons 

Abstract/Keyterms: An important effort in the field of nuclear criticality safety is the establishing and 
modeling of a set of benchmark critical (or near critical) experiments and the use of these benchmark 
experiment models to validate and verify computer codes and cross sections. For the most part Monte Carlo 
codes such as MCNP and KEN0.Va have emerged as the codes of choice in the U.S. Since Monte Carlo 
codes generally have the capability of modeling complex geometries in great detail there is a tendency to 
focus attention on modeling an experiment in very great detail. Indeed, it is the author’s observation that so 
much effort is expended trying to exactly model unimportant details (the ‘chaff‘) that many of the truly 
significant features and characteristics (the ‘wheat’) of the experiment can be lost in the shuffle. An obvious 
question now arises. How does one determine what is ‘wheat’ and what is ‘chaff’? 
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Abstract/Keyterms: The continuous-energy neutron data library ENDF60 for use with MCNP{trademark} 
was released in the fall of 1994, and was based on ENDF/B-VI evaluations through Release 2. As part of 
the data validation process for this library, a number of criticality benchmark calculations were performed. 
The original suite of nine criticality benchmarks used to test ENDF60 has now been expanded to 86 
benchmarks. This report documents the specifications for the suite of 86 criticality benchmarks that have 
been developed for validating nuclear data. 
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Abstract/Keyterms: On June 17, 1997, a critically accident occurred at Arzamas-16, which resulted in the 
death (within three days) of A. N. Zakharov, a Russian scientist with 20 years' experience conducting multi-
assembly experiments. In this case, the multiplying assembly was a fast metal system consisting of a 235U 
(90% enriched) core and a copper reflector. According to the Russian press, “Zakharov misjudged the 
degree of criticality of the breeding system and committed several gross violations of regulations.” As we 
see it, there were three major causes of this accident. First, the experiment was flawed by Zakharov's 
misreading of the appropriate size of the assembly, which he took from a notebook that described the old 
experiment he was attempting to repeat. Second, he disregarded the appropriate procedures and safety 
regulations. Third, these two mistakes were compounded by an improperly set audible alarm system and 
Zakharov's unsafe use of the table. We also discuss our reconstruction of the accident based on information 
given by the Russians to US scientists and information culled from Russian newspaper and magazine 
articles. We also describe our thoughts on the behavior of the assembly following the accident and the 
radiation dose level Zakharov may have received. These levels match values we have lately obtained from 
translations of Russian news articles. This accident clearly points out the penalty for weak administrative 
control of work with multiplying systems. Criticality experimentation requires formality of operation. The 
experimenter, his peers, and a trained safety person need to document that they understand the experiment 
and how it will be conducted. Knowing that the experiment was successfully run several decades ago does 
not justify bypassing a safety evaluation. 
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Abstract/Keyterms: A suite of 86 criticality benchmarks has been recently implemented in 
MCNP{trademark} as part of the nuclear data validation effort. These benchmarks have been run using two 
sets of MCNP continuous-energy neutron data: ENDF/B-VI based data through Release 2 (ENDF60) and 
the ENDF/B-V based data. New evaluations were completed for ENDF/B-VI for a number of the important 
nuclides such as the isotopes of H, Be, C, N, O, Fe, Ni, 235,238U, 237Np, and {sup 239,240}Pu. When 
examining the results of these calculations for the five major categories of 233U, intermediate-enriched 
235U (IEU), highly enriched 235U (HEU), 239Pu, and mixed metal assembles, we find the following: (1) 
The new evaluations for, 12C, and 14N show no net effect on k(eff) ; (2) There is a consistent decrease in 
k(eff) for all of the solution assemblies for ENDF/B-VI due to 1H and 16O, moving k(eff) further from the 
benchmark value for uranium solutions and closer to the benchmark value for plutonium solutions; (3) 
k(eff) decreased for the ENDF/B-VI Fe isotopic data, moving the calculated k(eff) further from the 
benchmark value; (4) k(eff) decreased for the ENDF/B-VI Ni isotopic data, moving the calculated k(eff) 
closer to the benchmark value; (5) The W data remained unchanged and tended to calculate slightly higher 
than the benchmark values; (6) For metal uranium systems, the ENDF/B-VI data for 235U tends to decrease 
k(eff) while the 238U data tends to increase k(eff). The net result depends on the energy spectrum and 
material specifications for the particular assembly; (7) For more intermediate-energy systems, the changes 
in the 235,238U evaluations tend to increase k(eff). For the mixed graphite and normal uranium-reflected 
assembly, a large increase in k(eff) due to changes in the 238U evaluation moved the calculated k(eff) much 
closer to the benchmark value. (8) There is little change in k(eff) for the uranium solutions due to the new 
235,238U evaluations; and (9) There is little change in k(eff) for the 239Pu metal assemblies, but a decrease 
in k(eff) for the solution assemblies, moving them closer to the benchmark value. 
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Abstract/Keyterms: Criticality accidents and the characteristics of prompt power excursions are discussed. 
Sixty accidental power excursions are reviewed. Sufficient detail is provided to enable the reader to 
understand the physical situation, the chemistry and material flow, and when available the administrative 
setting leading up to the time of the accident. Information on the power history, energy release, 
consequences, and causes are also included when available. For those accidents that occurred in process 
plants, two new sections have been included in this revision. The first is an analysis and summary of the 
physical and neutronic features of the chain reacting systems. The second is a compilation of observations 
and lessons learned. Excursions associated with large power reactors are not included in this report. 
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Abstract/Keyterms: Recently, a suite of 86 criticality benchmarks for the Monte Carlo N-Particle (MCNP) 
transport code was developed, and the results of testing the ENDF/B-V and ENDF/B-VI data (through 
Release 2) were published. In addition to the standard k(eff) measurements, other experimental 
measurements were performed on a number of these benchmark assemblies. In particular, the Cross Section 
Evaluation Working Group (CSEWG) specifications contain experimental data for neutron leakage and 
central-flux measurements, central-fission ratio measurements, and activation ratio measurements. 
Additionally, there exists another set of fission reaction-rate measurements performed at the National 
Institute of Standards and Technology (NIST) utilizing a 252Cf source. This report will describe the leakage 
and central-flux measurements and show a comparison of experimental data to MCNP simulations 
performed using the ENDF/B-V and B-VI (Release 2) data libraries. Central-fission and activation reaction-
rate measurements will be described, and the comparison of experimental data to MCNP simulations using 
available data libraries for each reaction of interest will be presented. Finally, the NIST fission reaction-
rate measurements will be described. A comparison of MCNP results published previously with the current 
MCNP simulations will be presented for the NIST measurements, and a comparison of the current MCNP 
simulations to the experimental measurements will be presented. 
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Abstract/Keyterms: Preparation of this document was inspired by the effort to revise American National 
Standard ANS-8.15, Criticality Aspects of Special Actinide Elements, dated 1981. Appendix A of ANS-
8.15 is concerned with estimates of fissionability for actinides not included in the Standard. These estimates 
are based on a nuclear fission model published in 1958. In the present document, this model is subjected to 
critical analysis and discussion. It is found that its basis, an empirical relation of spontaneous fission half-
lives to the fisibility parameter of the liquid-drop theory leading to a relationship of the fission barrier and 
hence the neutron fission cross sections to the same parameter, is much too simplistic. 
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Abstract/Keyterms: The nuclear criticality safety practitioner has many tools available to analyze normal 
case and credible process upsets for criticality safety evaluation development. The most common tools are 
probably the Monte Carlo or the deterministic criticality safety codes, which can be used to model very 
complex systems. However, use of these codes can obscure the parameters that a particular fissile system 
may be sensitive to, and criticality safety practitioners must avoid using computer codes as devices that 
take inputs and simply provide outputs. Many years ago, pioneers such as Joe Thomas, David Smith, and 
Hugh Paxton, among others in the field of nuclear criticality safety, took the time before the advent of high-
speed desktop computers to create simple hand calculation methods for criticality safety analyses. Some of 
the methods can be used for single fissile units whereas others can be used for fissile units arranged into 
simple array configurations 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Coupling; Reaction Kinetics; Reactivity; 
Reactor Core; Reactors; Temperature 



 

C-10730 

10701…..…..…………………..…….……..……ID Number…………………..…..…………….10701 

Author: Mills, C. B. 

Title: Static Physics of Rover Reactors 

Date: 2/1/1965 

Report: LA--3231 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; Rover 
Reactors- Reactor Kinetics; Computer Calculations; Criticality; Multiplication Factors; Neutron Transport; 
Power Density; Reactivity 
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Abstract/Keyterms: Power Reactor Development-Safety &; Siting; Accidents; Analysis; Computers; Fast 
Neutrons; Numericals; Reactor Safety; Reactors 
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Abstract/Keyterms: Research & Test Reactors-Operation & Economics; Los Alamos Scientific Lab; 
Reactor Operation; Safety; Zero Power Reactors Critical Assemblies / Operating Procedures for Pajarito 
Site Critical Assembly Facility 
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Abstract/Keyterms: Radiation Accidents- Planning; Criticality; Fissile Materials; Materials Handling; 
Radiation Hazards; Radiation Monitors; Remote Handling 
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Abstract/Keyterms: A nuclear incident involving an enriched U solution occurred in a first cycle product 
evaporator at the Idaho Chemical Processing Plant, National Reactor Testing Station, at approximately 
0950 on January 25, 1961. The reaction resulted from an accidental air lifting of a quantity of solution from 
a geometrically safe region of the evaporator into the 24-in. diameter vapor disengaging chamber. An 
energy release of 20 megawatt seconds (6 x lO/sup 17/ fissions) apparently occurred as a single burst. No 
significant radiation exposure to personnel, contamination of facilities or environs, property damage, or 
product loss resulted. Details of events leading to the incident, recommendations, and corrective measures 
are reported. 
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Abstract/Keyterms: This bibliography includes Los Alamos Scientific Laboratory reports, papers released 
as non-Los Alamos reports, journal articles, books, chapters of books, conference papers (whether 
published separately or as part of conference proceedings issued as books or reports), papers published in 
congressional hearings, theses, and U. S. patents. Publications by LASL authors which are not records of 
Laboratory-sponsored work are included when the Library becomes aware of them. The entries are arranged 
in sections by broad subject categories; within each section they are alphabetical by title. The following 
subject categories are included: aerospace studies; analytical technology; astrophysics; atomic and 
molecular physics, equation of state, opacity; biology and medicine; chemical dynamics and kinetics; 
chemistry; cryogenics; crystallography; CTR and plasma studies; earth science and engineering; energy 
(non-nuclear); engineering and equipment; EPR, ESR, NMR studies; explosives and detonations; fission 
physics; health and safety; hydrodynamics and radiation transport; instruments; lasers; mathematics and 
computers; medium-energy physics; metallurgy and ceramics technology; neutronic and criticality studies; 
nuclear physics; nuclear safeguards; physics; reactor technology; solid state science; and miscellaneous 
(including Project ROVER). Author, numerical and KWIC indexes are included. 
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philosophy of fast reactor safety analysis; (2) status of accident analysis and experimental needs; (3) 
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Abstract/Keyterms: A postulated fast reactor accident which has been extant for many years is a 
recriticality following partial or complete core melting. Independently of the cause or probability of such a 
situation, certain cases can be defined and some facets of the dynamic history of these cases can be 
described with more than enough accuracy for safety considerations. Calculations were made with the PAD 
code for systems with 10 vol percent voids and varying reactivity insertion rates. Additionally, two distinct 
geometric and equation of state models were investigated in conjunction with a model which accounted for 
possible neutron streaming reactivity effects. Significant results include fission and kinetic energy, 
temperatures and pressures. 
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constitute publication. The bibliography includes LASL reports, journal articles, books, conference papers, 
papers published in congressional hearings, theses, patents, etc. The following subject areas are included 
aerospace studies; analytical technology; astrophysics; atomic and molecular physics, equation of state, 
opacity; biology and medicine; chemical dynamics and kinetics; chemistry; cryogenics; crystallography; 
CTR and plasma physics; earth science and engineering; energy (nonnuclear); engineering and equipment; 
EPR, ESR, NMR studies; explosives and detonations; fission physics; health and safety; hydrodynamics 
and radiation transport; instruments; lasers; mathematics and computers; medium-energy physics; 
metallurgy and ceramics technology; neutronics and criticality studies; nuclear physics; nuclear safeguards; 
physics; reactor technology; solid state science; and miscellaneous (including Project ROVER). 
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Abstract/Keyterms: The Critical Assemblies Facility of the Los Alamos National Laboratory has been in 
existence for thirty-five years. In that period, many thousands of measurements have been made on 
assemblies of 235U, 233U, and 239Pu in various configurations, including the nitrate, sulfate, fluoride, 
carbide, and oxide chemical compositions and the solid, liquid, and gaseous states. The present complex of 
eleven operating machines is described, and typical applications are presented. 
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Abstract/Keyterms: This report describes the test and evaluation of a Los Alamos National Laboratory-
designed dual-range neutron coincidence counter at the Savannah River Plant Separations Area. A variety 
of incoming plutonium metal and oxide shipments were assayed with the counter. Assay accuracies were 
2% l sigma for pure metal, about 10% l sigma for impure metal, and 3% l sigma for oxide that was analyzed 
on a batch-by-batch basis. 
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Abstract/Keyterms: The Fluorinel and Storage (FAST) Facility delayed neutron interrogator (DNI) is a 
dual-assay instrument used to assay spent fuel for a criticality control check before dissolution and to 
measure waste solids for material accountability before disposal. A separate shielded cubicle located below 
the fluorinel fuel dissolution cell houses the DNI. Two tubes penetrate the dissolution cell floor and extend 
down through the instrument. The smaller tube enables precision assays on waste canisters containing small 
amounts of uranium, and the larger tube enables measurement of fuel packages of various shapes containing 
large quantities of uranium. A hard-copy operations terminal located in the crane corridor above the DNI 
cubicle is used to operate the DNI. This location allows the operator visual access for positioning and 
moving samples to and from the DNI tubes. The assay system is controlled by complex software programs 
(initiated through simple commands) that perform diagnostics and system checks, and then the sequential 
operations required to properly complete measurements. This report describes the design of the control 
system and electronic components composing the DNI. 
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Abstract/Keyterms: The probability distribution of the number of neutrons and delayed neutron precursors 
in a multiplying assembly is considered. Particular emphasis placed on the probability distribution for a 
system which is brought to a supercritical state in the presence of a neutron source which is so weak that 
deviations from the average population may be large. A space independent model is used with one group 
of neutrons. The problem is formulated in terms of the probability distribution generating function which 
satisfies a partial differential equation, which is derived. Its solution is attempted by the method of 
characteristics and general properties of the characteristic curves and the solution are discussed. The method 
is applied to a system without delayed neutrons, and, for a constant source, the generating function and 
probability distribution are found. The multiplication of precursors is treated in a short neutron lifetime 
model for a system which is below prompt critical. For a single group of precursors and constant reactivity, 
the generating function is derived. The short neutron life-time model is extended to a system above prompt 
critical, and again the generating function is found in a simple case. Calculation results are compared with 
experiments on Godiva and good qualitative agreement is shown. 
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Abstract/Keyterms: The small critical mass of Pu which limits charge size, coupled with its value 
necessitating quantitative recovery from all residues, makes the precision casting of Pu bearing alloys in 
reusable permanent molds doubly important. The use of thin CaF2 coatings on molds, vacuum casting 
techniques, and dimensional stabilizing treatments makes it possible to cast parts with shapes very close to 
the desired finished dimensions. Alloying and casting procedures for manufacturing two types of fuels for 
the LAMPRE (Los Alamos Molten Plutonium Reactor Experiment) program are described. 
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Abstract/Keyterms: A summary is presented of the various types of electronic instrumentation used. Also 
discussed is automatic data handling equipment, as well as the nature of command and readout signals used 
on remote control critical assembly machines. Equipment is described for performing prompt neutron 
lifetime measurements, pile oscillator technique, and the power fluctuation experiment. 
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Conference Session:  

Abstract/Keyterms: Since the beginning of the atomic energy industry, it has been necessary to extend 
and interpret experimental critical, data by means of calculations. These calculations, of varying degrees of 
rigor, have permitted some understanding of new configurations, materials, densities, reflectors, etc. An 
element of uncertainty has always been present and, in times past, this uncertainty has led to large factors 
of conservatism and/or ignorance. It is the thesis of this paper that for some configurations of fissile 
material, these factors may be reduced and in some cases calculations may be substituted for experiment. 
A situation now exists which is distinctly different from the situation, say, ten or more years ago. This the 
fairly ready accessibility of fast digital computers and the general availability of codes and cross section 
sets which allow a mathematically rigorous and physically correct calculation of a critical system. This 
paper will discuss the state of this art for one such computation. The theoretical technique used is the LASL 
neutron transport code making use of the Hansen-Roach 16 group cross section set. To specialize even 
more, we restrict ourselves to the one-dimensional codes--those for the sphere, the slab or the infinite 
cylinder. Our philosophy will be to regard the calculational scheme as a block box, and to compare these 
results with those of experiment. To do this, some of the existing experimental data will be reviewed and 
typical experiments which show the wide diversity of techniques used will be mentioned. It is hoped that a 
near-complete listing of appropriate experiments is given in the references. Next, the transformation scheme 
employed to change the critical dimensions of one geometrical shape to another will be introduced and, 
finally, given these data, a comparison between calculated values and experimental results will be given. 
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Abstract/Keyterms: A series of criticality calculations has been performed for selected experimental 
assemblies to test the Category I, ENDF/B neutron data. These assemblies include Jezebel (plutonium core), 
Topsy (enriched uranium core with natural uranium reflector), and ZPR-3 Assembly 48 (plutonium fuel, 
soft spectrum). Central reactivity worths were also computed for several materials of interest in fast reactor 
design. In the course of obtaining multigroup constants for input to the Los Alamos Scientific Laboratory 
codes used in these calculations, several ENDF/B retrieval and processing codes were employed. These 
include DAMMET, a code for rearranging and altering the mode of the standard BCD ENDF/B library 
tape; ETOE, a code for preparing an MC2 library tape; and MC2, a code for generating multigroup constants 
from microscopic neutron data. Calculational results have been compared with experiment as well as results 
obtained using other nuclear data libraries. 
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Abstract/Keyterms: This paper presents preliminary results on the effects of inserting various materials in 
spaces within the oralloy-tuballoy Topsy assembly. The resulting reactivity changes of the system are given 
as a function of radius for oralloy, tuballoy, aluminum, nickel, tungsten carbide and tungsten. Based on 
these measurements, attempts are made to compute the variation of critical mass with density of oralloy, 
with uranium-235 concentration and with concentration of admixed aluminum. The ratio of the effect 
introduced per atom to that per atom of uranium-235 also is given as a function of radius for each of the 
above materials. The principal purpose of this account is to invite criticism and suggestions which it is 
hoped may influence plans for a more extended program. 
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Enrichment; Equations; Homogeneous Reactors; Hydrogen; Mass; Methyl Radicals; Methylene; 
Moderators; Numericals; Spheres; Tungsten; Uranium 
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10747…..…..…………………..…….……..……ID Number…………………..…..…………….10747 

Author: Watt, B. W. 

Title: Suggestions on the Design of Heterogeneous Reactors 

Date: 4/15/1957 

Report: LAMS-2126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Coolant Loops; Coolants; Criticality; Distribution; Fluid Flow; 
Fuel Elements; Neutron Flux; Planning; Prompt Neutrons; Reactor Core; Reactor Safety; Reactors; 
Turbulence 
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10748…..…..…………………..…….……..……ID Number…………………..…..…………….10748 

Author: Mills, C. B. 

Title: Reactor Computing Practices 

Date: 6/1/1958 

Report: LAMS-2240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recent work on the problem of anticipating the neutronics of high-power reactors by 
the study of relatively simple systems is summarized. Systems considered are H2O, P2O, Be, and C 
moderated reactors. 
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10749…..…..…………………..…….……..……ID Number…………………..…..…………….10749 

Author: Mills, C. B. 

Title: Neutron Cross Sections for Fast and Intermediate Nuclear Reactors 

Date: 10/1/1958 

Report: LAMS-2255 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A neutron transport equation which was solved numerically has been connected with 
multigroup ncutron cross sections and critical assemblies to display the area of coverage and range of errors. 
The cross sections, critical assemblies, and results are tabulated. 
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10750…..…..…………………..…….……..……ID Number…………………..…..…………….10750 

Author: Mills, C. B. / Brinkley, F. W. 

Title: Physics of Intermediate Reactors 

Date: 1/1/1959 

Report: LAMS-2288 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multigroup neutron diffusion and transport equations have been shown to correlate 
neutron cross sections and simple critical experiments for a wide variety of materials to approximately 
second order accuracy. This system was used for criticality survey work for the moderators H and C, giving 
critical radius for moderator to fissionable material atomic ratio and temperature. Critical radius dependence 
for D/2 sub/O, Be, and BeO was computed for U235 only. Neutron group averaged cross sections 
supplementing and correcting previous listings are tabulated. These are consistent with the literature. 
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10751…..…..…………………..…….……..……ID Number…………………..…..…………….10751 

Author: Mills, C. B. 

Title: Physics of Intermediate Reactors 

Date: 4/1/1959 

Report: LAMS-2288 (Suppl. 1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Beryllium; Beryllium Oxides; Carbon; Criticality; Cross 
Sections; Diffusion; Fissionable Materials; Group Theory; Heavy Water; Hydrogen; Moderators; Tables; 
Temperature; Transport Theory; Uranium 235 
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10752…..…..…………………..…….……..……ID Number…………………..…..…………….10752 

Author: Paxton, H. C. / Baker, R. D. / Maraman, W. J. / Reider, R. 

Title: Nuclear-Criticality Accident at the Los Alamos Scientific Laboratory on December 30, 1958 

Date: 2/20/1959 

Report: LAMS-2293 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The nuclear-critical accident that occurred in the plutonium processing plant at the 
Los Alamos Scientific Laboratory on December 30, 1958, resulted from an unusual and complex set of 
circumstances. Reconstruction of the steps that preceded the accident and analysis of the materials involved 
give a reasonably specific picture of the conditions at the time of the radiation burst. 
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10753…..…..…………………..…….……..……ID Number…………………..…..…………….10753 

Author: Carlson, B. G. / Lee, C. / Worlton, W. 

Title: The DSN and TDC Neutron Transport Codes 

Date: 10/31/1960 

Report: LAMS-2346 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two reactor codes are described, one for one-dimensional geometries (DSN), and the 
other for the finite cylindrical case (TDC). The codes are based on a modified S/sub n/-approach to the 
numerical solution of the neutron transport equation. The codes are written in FLOCO II for use in the 
IBM-704. The actual machine codes are presented in appendices I and II. 
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10754…..…..…………………..…….……..……ID Number…………………..…..…………….10754 

Author: Paxton, H. C. 

Title: Critical Data for Nuclear Safety Guidance 

Date: 2/1/1960 

Report: LAMS-2415 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This collection of critical data is intended for the convenience of those who wish to 
evaluate nuclear safety problems. It is made available in the present form pending consideration as a 
supplement to TID-7016 (ID-35), the Nuclear Safety Guide. Major sources of information outside of the 
Los Alamos Scientific Laboratory are. The Argonne National Laboratory. The Dow Chemical Company, 
Rocky Flats Plant. General Electric Company, Hanford Atomic Products Operation. Lawrence Radiation 
Laboratory, Livermore. Union Carbide Corporation, Oak Ridge National Laboratory. U K Atomic Energy 
Research Establishment, Harwell. U. K. Atomic Weapons Research Establishment, Aldermaston. 
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10755…..…..…………………..…….……..……ID Number…………………..…..…………….10755 

Author: Paxton, H. C. 

Title: Density Analogue Correlations of Cubic Arrays of Fissile Units 

Date: 1/1/1961 

Report: LAMS-2478 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10756…..…..…………………..…….……..……ID Number…………………..…..…………….10756 

Author: Carmichael, B. M. / Peterson, R. E. 

Title: TURRET Preliminary Nuclear Calculations 

Date: 12/1/1960 

Report: LAMS-2482 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary study of the nuclear parameters of the Turret reactor is described. It is 
estimated that at the design operating temperature of 1350 deg C and power of 3 Mw(t) the critical mass 
will be 7.1 kg of highly enriched uranium. An estimate of 21% DELTA k is obtained for the amount of 
shutdown control needed, and it is calculated that the proposed three-ring control rod system will provide 
28% DELTA k shutdown control. A slow negative temperature reactivity coefficient of 1.4 x 10/sup -4/ 
(DELTA k/k)/ deg C is found, and a negative prompt reactivity coefficient of the order of 10/sup -5/ 
(DELTA k/k)/ deg C is envisioned. 
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10757…..…..…………………..…….……..……ID Number…………………..…..…………….10757 

Author: Barton, D. M. / Bernard, W. / Hansen, G. E. 

Title: Critical Masses of Composites of Oralloy and Plutonium-239-Plutonium-240 in FLATTOP 
Geometry 

Date: 12/1/1960 

Report: LAMS-2489 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-MET-FAST-002; Three critical plutonium-enriched uranium composites with 
plutonium of different plutonium-240 content are described. In these systems one gram of plutonium-240 
is equivalent to about 0.63 grams of plutonium-239 and the analysis presented which translates this datum 
to (nu-bar) (plutonium-240, 2 MeV) = 3.32 ± 0.14 neutrons emitted per plutonium-240 fission induced by 
a 2 MeV neutron. 
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10758…..…..…………………..…….……..……ID Number…………………..…..…………….10758 

Author: n.a. 

Title: Quarterly Status Report on Lampre Program for Period Ending February 20, 1961 

Date: 3/1/1961 

Report: LAMS-2531 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The LAMPRE-I project is summarized in terms of capsule development and 
production, sodium system, cover gas system, capsule charge, shielding, and fuel storage facility. The 
loading of the LAMPRE-I core was begun on January 20, 1961 with the sodium temperature set at 160 deg 
C. The reactor was brought to criticality on February 17, 1961. Operation of the Sodium Test Facility was 
continuous except for 6 maintenance and inspection shutdowns resulting in 680 idle hours. The intermediate 
sodium heat exchanger, steam generating unit, centrifugal sodium pumps, sodium flow control valves, and 
gas-fired sodium heater are discussed. Heat transfer test results are given for the various components. 
Research and development activities for the LAMPRE program are reported in the topics fuel and alloy 
program, container alloy development, direct contact core studies, development of liquid fuels, container 
materials for reactor fuels, and fuel reprocessing. 
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10759…..…..…………………..…….……..……ID Number…………………..…..…………….10759 

Author: Paxton, H. C. 

Title: Correlations of Experimental and Theoretical Critical Data. Comparative Reliability, Safety Factors 
for Criticality Control 

Date: 3/1/1961 

Report: LAMS-2537 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Correlations of computed and experimental critical data are discussed. The scope is 
limited to fissile systems that may be approximated by simple descriptions. The methods used to adjust data 
to uniform conditions are outlined. The requirements for computation where the values are intended to 
substitute for experimental data in nuclear safety guidance are described. Computational methods using 
DSN and multigroup diffusion techniques are discussed. Both computed and experimental data are given 
for the following of bare spheres of uranium with various moderators, critical masses and volumes of 
homogeneous water-moderated uranium spheres, core-density exponents for water reflected-water 
moderated uranium-235 or plutonium-239 spheres, critical diameters of infinite cylinders of homogeneous 
water-moderated uranium, critical thicknesses of infinite slabs of homogeneous water-moderated uranium, 
critical masses of delta-phase plutonium mixtures with water and Plexiglas, influence of plutonium-240 on 
critical mass of water-moderated plutonium spheres, critical diameters of infinitely-long cylinders and 
critical thickness of infinite slabs of homogeneous water-moderated plutonium-239, critical volumes of 
uranium-carbon-water systems, and critical masses of bare spheres of uranium diluted with other metals 
and graphite. 
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10760…..…..…………………..…….……..……ID Number…………………..…..…………….10760 

Author: Hansen, G. E. / Roach, W. H. 

Title: Six and Sixteen Group Cross Sections for Fast and Intermediate Critical Assemblies 

Date: 11/1/1961 

Report: LAMS-2543 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Six-group neutron cross sections are listed for the more common fissionable isotopes 
for study of fast neutron critical assemblies and sixteen group cross sections of the more common reactor 
material for study of intermediate neutron critical assemblies. Data sources and averaging scheme used for 
the development of these multigroup parameters are also given. 
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10761…..…..…………………..…….……..……ID Number…………………..…..…………….10761 

Author: Pena, B. / Geer, W. U. / Wood, D. P. 

Title: Critical Masses of Oralloy Annular Cylinders in Effectively Infinite Water and Thick Graphite 

Date: 1/1/1960 

Report: LAMS-2553 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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10762…..…..…………………..…….……..……ID Number…………………..…..…………….10762 

Author: Best, G. H. / Carmichael, B. M. / LaBauve, R. J. 

Title: Turret Core Calculations 

Date: 2/1/1961 

Report: LAMS-2561 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The calculations described are based on a model of the Turret reactor in which a 
distributed temperature profile is utilized. The critical mass for the model operating at a moderator volume 
average temperature of 1600 deg K and a power of 3 Mw is 6.8 kg of highly enriched uranium. A 
temperature coefficient of --8 x 10/sup -5// deg C is obtained in the vicinity of operating temperature. An 
estimate of 20% DELTA k is obtained for the amount of shut-down control needed. 
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10763…..…..…………………..…….……..……ID Number…………………..…..…………….10763 

Author: n.a. 

Title: Quarterly Status Report on Lampre Program for Period Ending May 20, 1961 

Date: 6/1/1961 

Report: LAMS-2564 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LAMPRE I. The operations and activities carried out in conjunction with LAMPRE 
I are summarized. Fuel and Container Development. Corrosion testing of containers made out of various 
tantalum alloys is described, and data are presented on the tensile properties of high-purity Ta sheet. A 
ternary phase diagram is presented for molten Pu-Ce-Co alloys. Melting points are given for a number of 
ternary U alloys and systems. A preliminary test of 5 ceramic crucibles with Pu-U-Mn fuels was made at 
900 deg C. Process Research and Development. A process for reprocessing UC-PuC buttons was developed 
which comprises the following steps: dissolution in 13 M HNO3-0.05 M HF, dilution, extraction of Pu and 
U into TBP, and selective stripping of Pu and U. A volatilization-liquatnnon run on irradiated Pu is 
described. A processing method was devised for recovery of U and Pu from sodium paste blankets or paste 
cores. Concept Development. Results of an analysis of a one-region, direct contact reactor using U -Pu fuel 
is given. Critical Experiments. A small-scale critical test of a circulating fuel, direct contact core called Pint 
Bottle Experiment is described. 2000-kw Sodium Test Facility. Its operation is described briefly. Core Test 
Facility. Progress on the design and development of the Facility is summarized. 
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10764…..…..…………………..…….……..……ID Number…………………..…..…………….10764 

Author: Wood, D. P. / Pena, B. 

Title: Critical Mass Measurements of Oralloy and Plutonium Cores in Spherical Aluminum Reflectors 

Date: 11/2/1961 

Report: LAMS-2579 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-009; The thicknesses of spherical aluminum reflectors required to 
bring approximately 38 kg oralloy and 11 kg plutonium spheres to delayed critical have been determined. 
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10765…..…..…………………..…….……..……ID Number…………………..…..…………….10765 

Author: n.a. 

Title: Quarterly Status Report on LAMPRE Program for Period Ending November 20, 1961 

Date: 12/1/1961 

Report: LAMS-2647 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LAMPRE I. The operations and activities carried out in conjunction with LAMPRE 
I are summarized. Fuel and Container Development. Corrosion testing of containers made out of various 
tantalum alloys is described, and data are presented on the tensile properties of high-purity Ta sheet. A 
ternary phase diagram is presented for molten Pu-Ce-Co alloys. Melting points are given for a number of 
ternary U alloys and systems. A preliminary test of 5 ceramic crucibles with Pu-U-Mn fuels was made at 
900 deg C. Process Research and Development. A process for reprocessing UC-PuC buttons was developed 
which comprises the following steps: dissolution in 13 M HNO3-0.05 M HF, dilution, extraction of Pu and 
U into TBP, and selective stripping of Pu and U. A volatilization-liquidation run on irradiated Pu is 
described. A processing method was devised for recovery of U and Pu from sodium paste blankets or paste 
cores. Concept Development. Results of an analysis of a one-region, direct contact reactor using U -Pu fuel 
is given. Critical Experiments. A small-scale critical test of a circulating fuel, direct contact core called Pint 
Bottle Experiment is described. 2000-kw Sodium Test Facility. Its operation is described briefly. Core Test 
Facility. Progress on the design and development of the Facility is summarized. 
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10766…..…..…………………..…….……..……ID Number…………………..…..…………….10766 

Author: n.a. 

Title: Quarterly Status Report on Lampre Program for Period Ending February 20, 1962 

Date: 3/1/1962 

Report: LAMS-2681 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LAMPRE I. The reactor operation is discussed. A malfunction in the shim operation 
was found and corrective measures taken. The core reloadings and other reactor modifications are 
described. The results of a gamma scanning of a fuel capsule are given. Fuel and Container Development. 
The properties and behavior of the Core I and the materials developed for Core II are described. Corrosion 
tests were carried out on pure Ta containers with molten Pu-Ce-Co alloys at 750 to 900 deg C, and the 
results indicate that Pu-Ce-Co alloys containing less than 5 g/cm/sup 3/ Pu should be acceptable for use in 
LAMPRE. The crystal structures of Pu/sub 3/Co and the most Ce-rich compound in the Ce-Co system, 
Ce/sub 24/Co/sub 11/, were determined. Results are given for a search for ternary eutectic alloys of high U 
content and for an investigation of the eutectic temperatures of several binary U alloys. Corrosive tests on 
ceramic materials with molten Mn-Pu-U and Mn-U alloys at 900 to 1000 deg C are summarized. Critical 
Experiments. Specifications and status are given for PBX. Core Test Facility. The status of the Core Test 
Facility design is given. The sodium systems, heat dump system, and disassembly cell mockup are 
discussed. Fuel Reprocessing. Results are presented of runs on the separation of plutonium from fission 
products by volatilization and liquation. 
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10767…..…..…………………..…….……..……ID Number…………………..…..…………….10767 

Author: Geer, W. U. / Koontz, P. G. / Orndoff, J. D. / Paxton, H. C. 

Title: Hazards Evaluation for the Los Alamos Critical Assembly Facility 

Date: 4/1/1962 

Report: LAMS-2698(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The safety of Pajarito critical assembly operations depends upon remote control and 
upon good practice as defined by operating regulations and experimental plans. Distance, in some cases 
supplemented by shielding, would protect personnel against an extreme accident generating 10/sup 19/ 
fissions. ( 
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10768…..…..…………………..…….……..……ID Number…………………..…..…………….10768 

Author: Hansen, G. E. / Wood, D. P. / Pena, B. 

Title: Reflector Savings of Moderating Materials on Large Diameter Uranium Slabs, Enriched to 93.2% in 
Uranium-235 

Date: 10/8/1962 

Report: LAMS-2744 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SPEC-MET-FAST-002; This report covers critical mass measurements of 15.0 inch 
and 21.0-inch diameter uranium cylinders, enriched to 93.2% in uranium-235, unreflected and reflected on 
one and/or two faces by carbon and the hydrogenous materials water, polyethylene, paraffin, and lucite. 
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10769…..…..…………………..…….……..……ID Number…………………..…..…………….10769 

Author: Bobisud, L. E. 

Title: Leakage Neutron Spectrum of U233 Critical Assembly 

Date: 9/1/1962 

Report: LAMS-2755 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The leakage neutron spectrum of a U233 spherical critical assembly (Jezebel) was 
measured using nuclear emulsions as radiator and detector. The spectrum obtained is compared with similar 
measurements on the U235 and Pu239 analogues of Jezebel U233; it is found to agree closely with that of 
the Pu239 assembly and to be harder than that of the U235 assembly. All three spectra are compared with 
theoretical spectra obtained from a numerical approximation to the neutron transport equation. 
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10770…..…..…………………..…….……..……ID Number…………………..…..…………….10770 

Author: Lathrop, K. D. 

Title: Anisotropic Scattering in the Transport Equation an Evaluation of Common Approximations 

Date: 3/1/1963 

Report: LAMS-2873 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the monenergistic transport equation, the infinite medium diffusion length is 
calculated for ratios of the mean number of secondary’s per collision less than unity. The diffusion length 
is calculated using several common approximations to scattering laws which attempt to account for 
anisotropic scattering. Results of these calculations are compared to direct solutions of the transport 
equation obtained using the exact scattering law for elastic scattering by hydrogen and a three term 
expansion in inverse powers of the atom mass for deuterium elastic scattering. In addition to common 
anisotropic scattering approximations, a step function approximation is developed and examined. A 
variational expression is derived for the diffusion length which appears as an eigenvalue in the transport 
equation. A quadratic trial function is found to provide an upper bound for the values of the eigenvalue and 
to give approximate expressions that are improvements over the usual small absorption expansions. 
Accuracy of the various approximations for calculating the infinite medium diffusion length and for 
describing hydrogen elastic scattering is compared. 
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10771…..…..…………………..…….……..……ID Number…………………..…..…………….10771 

Author: Grundl, J. A. 

Title: Study of Fission Neutron Spectra with High-Energy Activation Detectors 

Date: 3/1/1963 

Report: LAMS-2883 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The energy spectra of neutrons from the fission of U-235, U-233, and Pu- 239 were 
studied with seven high energy activation detectors covering the range 0.6 to 16 Mev. Interpretation is in 
terms of the Maxwellian spectral function E / sup 1/2 exp(--E/T). By means of a unique cavity arrangement 
within a moderator to obtain pure thermal-neutron-induced fission neutrons, the average energies of the 
three spectra are found to be in the ratios U-235:U-233:Pu-239 = (1):(1.016 surface process 0.003):(1.039 
surface process 0.003). Differences between the normalized spectra are most pronounced at high energies 
as exemplified by the relative Pu-239:U-235 flux ratios 1.17 surface process 0.013 for 6 < E < 11 Mev, and 
1.35 surface process 0.03 for E > 11 Mev. Comparable detector responses within unreflected critical 
assemblies of U-235, U-233, and Pu-239 metal are consistent with an increase of at least 2% in the average 
energy of the fission spectrum component of each assembly relative to the corresponding thermal-fission 
spectrum. This may be associated with the approximateiy 1.5 Mev average energy of the assembly neutrons 
inducing fission. Through extensive detector calibration, average detector cross section ratios or spectral 
indices are established for the U-235 fission spectrum. Uncertainties assigned, applicable to spectral 
analysis, do not include absolute cross section errors. Indices involving Cu-63(n,2n) show that the U-235 
fission spectrum yields approximately 20% fewer neutrons above 11 Mev than predicted by the Maxwellian 
spectral function. Though all other independent indices fall within two error intervals, they consistently 
suggest that the observed spectrum is shifted to higher energies. The associated development of the 
activation detectors as a comprehensive tooi for measuring distributed neutron spectra is described in detail. 
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10772…..…..…………………..…….……..……ID Number…………………..…..…………….10772 

Author: Chezem, C. G. / Stratton, W. R. 

Title: RAC--A Computer Program for Reactor Accident Calculations 

Date: 1/1/1963 

Report: LAMS-2920 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: the behavior of a graphite--uranium loaded reactor core in space and time during a 
power excursion. For calculational purposes, the core is assumed homogeneous and divided into an 
arbitrary number of squat, adjacent cylinders with a fixed relative flux distribution assigned to each such 
region. Given an assumption on the imposed reactivity above prompt critical the code cyclically generates 
fission energy, temperature and pressure in each region. A measure of the kinetic or explosive energy of 
the reactor transient is eventually obtained. The mathematical formulation, operation and complete 
computer listings are included. 
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10773…..…..…………………..…….……..……ID Number…………………..…..…………….10773 

Author: Stratton, W. R. 

Title: Critical Dimensions of Uranium(93.5)-Graphite-Water Spheres, Cylinders, and Slabs 

Date: 5/1/1962 

Report: LAMS-2955 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A parametric study of the critical dimensions of U(93.5) -- graphite-- water spheres, 
slabs, and cylinders is presented. The data were obtained by application of the LASL DSN code and include 
five different loadings of uranium in graphite; the range of moderation as caused by water is complete. Both 
unreflected and water-reflected systems are considered. 
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10774…..…..…………………..…….……..……ID Number…………………..…..…………….10774 

Author: Seale, R. L. 

Title: Coupled Core Reactors 

Date: 2/1/1964 

Report: LAMS-2967 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality; Distribution; Interactions; Operation; Power; 
Reactivity; Reactor Core; Reactors; Resonance; Transfer Functions; Zones 
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10775…..…..…………………..…….……..……ID Number…………………..…..…………….10775 

Author: Paxton, H. C. 

Title: Los Alamos Critical-Mass Data 

Date: 5/6/1964 

Report: LAMS-3067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-001, MIX-MET-FAST-002, HEU-MET-THERM-003; Tabulated 
are critical masses of simple systems, which have been measured at Los Alamos through the year 1963. 
Numerous Los Alamos critical mass data have been published only as points on curves, frequently after 
adjustment to "standard" conditions (e.g., to uniform values of uranium-235 enrichment and density), and 
usually without indication of reliability. Under these conditions, original data tend to become lost. It is the 
purpose of this compilation to retrieve original critical masses and to give some means of judging the quality 
of measurements. Indexes of accuracy are probable error, if it has been estimated, the maximum mass of 
fissile material used in the measurement, or the maximum central-source neutron multiplication attained. 
For non-hydrogenous systems a multiplication of 10 usually corresponds to a core mass that is 70% to 80% 
of critical, 20 corresponds to 85% to 90% of the critical mass, 50 corresponds to 93% to 97%, and 100 
corresponds to 96.5% to 98.5%. Generally, the probable error in critical mass is about one-quarter of the 
difference between the critical mass value and the maximum mass employed. This estimate may be valid 
down to an indicated probable error of 1% to 2%, beyond which the probable error is usually controlled by 
the precision with which the composition and geometry of the system can be described. Maximum 
multiplication is not a reliable index of accuracy for hydrogen-moderated assemblies because of the severe 
influence of neutron-spectral distortion. Not included in this compilation are several critical assemblies that 
cannot be described adequately by simple entries in tables (e.g., assemblies with non-uniform cores). Also 
omitted are a few critical mass estimates for which the maximum mass used was less than three-quarters of 
the critical value. 
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10776…..…..…………………..…….……..……ID Number…………………..…..…………….10776 

Author: Sapir, Joseph. / Orndoff, John 

Title: Use of Rover-Like Systems as Drivers for LMFBR Fuel Pin Tests 

Date: 4/1/1976 

Report: LAMS-NUREG-6246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations and experiments have been performed to investigate the use of Rover-
type reactors as driver cores for transient testing of LMFBR fuel pins. A PARKA assembly can deposit 
significant energies in test arrays containing up to 37 pins, while a Phoebus 2-type reactor can be used as a 
driver core for full subassembly tests (217 pins). A proposed test facility using the UHTREX (Ultra High 
Temperature Reactor Experiment) shielded facility is described. 
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10777…..…..…………………..…….……..……ID Number…………………..…..…………….10777 

Author: Bell, C. R. / Bleiweis, P. B. / Boudreau, J. E. / Parker, F. R. / Smith, L. L. 

Title: SIMMER-I: An S(n) Implicit, Multifield, Multicomponent, Eulerian, Recriticality code for LMFBR 
disrupted core analysis 

Date: 8/1/1976 

Report: LA-NUREG-6467-MS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physical models, numerical methods, and program description are presented for 
SIMMER-I, a computer program which predicts the neutronic and fluid dynamic behavior of an LMFBR 
during a hypothetical core disruptive accident. 
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10778…..…..…………………..…….……..……ID Number…………………..…..…………….10778 

Author: Harmon, C. D. II. / Busch, R. D. / Briesmeister, J. F. / Forster, R. A. 

Title: Criticality Calculations with MCNP: A Primer 

Date: 6/6/1994 

Report: LA-SUB-94-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: With the closure of many experimental facilities, the nuclear criticality safety analyst 
increasingly is required to rely on computer calculations to identify safe limits for the handling and storage 
of fissile materials. However, in many cases, the analyst has little experience with the specific codes 
available at his/her facility. This primer will help you, the analyst, understand and use the MCNP Monte 
Carlo code for nuclear criticality safety analyses. It assumes that you have a college education in a technical 
field. There is no assumption of familiarity with Monte Carlo codes in general or with MCNP in particular. 
Appendix A gives an introduction to Monte Carlo techniques. The primer is designed to teach by example, 
with each example illustrating two or three features of MCNP that are useful in criticality analyses. 
Beginning with a Quickstart chapter, the primer gives an overview of the basic requirements for MCNP 
input and allows you to run a simple criticality problem with MCNP. This chapter is not designed to explain 
either the input or the MCNP options in detail; but rather it introduces basic concepts that are further 
explained in following chapters. Each chapter begins with a list of basic objectives that identify the goal of 
the chapter, and a list of the individual MCNP features that are covered in detail in the unique chapter 
example problems. It is expected that on completion of the primer you will be comfortable using MCNP in 
criticality calculations and will be capable of handling 80 to 90 percent of the situations that normally arise 
in a facility. The primer provides a set of basic input files that you can selectively modify to fit the particular 
problem at hand. 
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Author: Los Alamos National Laboratory 

Title: Radiological Dose Assessment for Bounding Accident Scenarios at the Critical Experiment Facility, 
TA-18, Los Alamos National Lab., NM 

Date: 9/1/1991 

Report: LA-SUB-94-90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer modeling code, CRIT8, was written to allow prediction of the 
radiological doses to workers and members of the public resulting from these postulated maximum-effect 
accidents. The code accounts for the relationships of the initial parent radionuclide inventory at the time of 
the accident to the growth of radioactive daughter products, and considers the atmospheric conditions at 
time of release. The code then calculates a dose at chosen receptor locations for the sum of radionuclides 
produced as a result of the accident. Both criticality and non-criticality accidents are examined. 
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Models. Final Report, February 16, 1990--December 31, 1994 

Date: 2/24/1995 

Report: LA-SUB--95-97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Dr. Robert Busch of the Department of Chemical and Nuclear Engineering was the 
principal investigator on this project with technical direction provided by the staff in the Nuclear Criticality 
Safety Group at Los Alamos. During the period of the contract, he had a number of graduate and 
undergraduate students working on subtasks. The objective of this work was to develop information on 
uranium systems to enhance benchmarks for use in the verification of criticality safety computer models. 
During the first year of this project, most of the work was focused on setting up the SUN SPARC-1 
Workstation and acquiring the literature which described the critical experiments. By august 1990, the 
Workstation was operational with the current version of TWODANT loaded on the system. MCNP, version 
4 tape was made available from Los Alamos late in 1990. Various documents were acquired which provide 
the initial descriptions of the critical experiments under consideration as benchmarks. The next four years 
were spent working on various benchmark projects. A number of publications and presentations were made 
on this material. These are briefly discussed in this report. 
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Author: BUSCH, R. D. 

Title: A Primer for Criticality Calculations with DANTSYS 

Date: 2/1/1999 

Report: LA-SUB-99-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; General and Miscellaneous / Mathematics, Computing, and Information 
Science; Criticality Computer Calculations; Manuals 
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Title: Using Geochemistry to Assess the Extent and Frequency of Phenomena of the Oklo Type 

Date: 1/1/1977 

Report: LA-TR-77-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The group of natural nuclear reactors discovered at Oklo is the only one known at 
present. This leads one to wonder whether the phenomenon is a highly exceptional one or whether such 
nuclear reactions were frequent in the past. Judging by the conditions necessary for them to become 
established, such reactions could have taken place only in fairly remote times (probably over 1000 million 
years ago), when the concentration of 235U in natural uranium was a few percent. If, prior to those times, 
an appreciable fraction of the natural uranium underwent fission chain reactions and the products were 
redistributed in the earth's crust, the present isotopic composition of the elements which are abundant in 
fission might be different from the original composition. It would be characterized by a higher concentration 
of isotopes resulting from fission. Selenium, ruthenium, palladium and tellurium, which are rare in the 
earth's crust and abundant in fission, would be the elements most likely to experience changes in isotopic 
composition as a result of such phenomena. Efforts to estimate the order of magnitude of the concentrations 
of fission-product elements likely to cause detectable isotopic abundance variations has led to a study, in 
the first place, of ruthenium as a means of finding an upper limit for the extent of the... 



 

C-10812 

10783…..…..…………………..…….……..……ID Number…………………..…..…………….10783 

Author: Naudet, R. 

Title: Parametric Study of the Criticality of Natural Reactors 

Date: 1/1/1978 

Report: LA-TR-78-67 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Conditions for the criticality of natural reactors are investigated from a general point 
of view; a parametric study is presented, which expresses the possibility of chain reactions as functions of 
five parameters age of the deposit, the ore's uranium content, the volume of high-grade ore, the neutron 
capture of the vein of ore and the amount of water associated with the uranium. It is demonstrated that 
although criticality could theoretically be attained for ages that are not in excess of 1000 to 1200 MA, 
conditions would have to be exceptionally favorable for it since the deposits are clearly much younger than 
those at Oklo. The study offers a much better appreciation of the probability for discovery of other natural 
fissionable reactors. 
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Title: Studies of Criticality Accidents in Solution Carried Out in the SILENE Reactor: Phenomenology, 
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Date: 9/22/1983 

Report: LA-TR-83-22 

Conference/Journal: International Seminar on Criticality Studies Programs and Needs, Dijon, France, 
Sept. 1983 

Conference Session:  

Abstract/Keyterms:  
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Author: Barbry, F. / Prigent, R. 

Title: Characteristics of the French System for the Detection of Criticality Accidents 

Date: 9/22/1983 

Report: LA-TR-83-23 

Conference/Journal: International Seminar on Criticality Studies Programs and Needs, Dijon, France, 
Sept. 1983 

Conference Session:  

Abstract/Keyterms:  
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Title: Critical Assembly at The Institute of Physics at The Academy of Sciences of the Latvian SSR 

Date: 1/1/1968 

Report: Latv. PSR Zinat. Akad. Vestis, Fiz. Teh. Zinat. Ser., 5, 082-088 

Conference/Journal: Latv. PSR Zinat. Akad. Vestis, Fiz. Teh. Zinat. Ser. 

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Construction Features of, at Inst. of Physics, Academy of 
Sciences, Latvia 
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Conference/Journal: Latvijas PSR Zinatnu Akademijas Vestis, Fizikas un Tehnisko Zinatnu Serija 
(Latvian S.S.R.) 

Conference Session:  

Abstract/Keyterms: Reactor critical size and mass as being closely linked up with the neutron reflector 
composition and dimensions were experimentally and numerically studied at the RKS critical stand of 
Physics Institute (Latvian SSR Academy of Sciences) using water, graphite and beryllium neutron 
reflectors. The calculations of homogenized reactor cores were made by the Monte Carlo method according 
to MMK-10 program. It has been stated that graphite and beryllium, when used as side reflectors instead of 
water, decrease the uranium loading by 1.5 and 2 times, respectively, and the calculated effective neutron 
multiplication factors are in good agreement with their experimental values. 
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Date: 1/1/1979 

Report: Latvijas PSR Zinatnu Akademijas Vestis, Fizikas un Tehnisko Zinatnu Serija, 5, 3-6 

Conference/Journal: Latvijas PSR Zinatnu Akademijas Vestis, Fizikas un Tehnisko Zinatnu Serija 
(Latvian S.S.R.) 

Conference Session:  

Abstract/Keyterms: The influence of neutron traps in the center of the nuclear reactor core on the main 
parameters of the critical assembly is experimentally investigated. The critical assembly consists of nuclear 
fuel elements of TVS-2M type with uranium enriched in 235U to 90 %. According to the composition and 
configuration of the critical assembly, neutron traps and neutron lateral reflectors, the quantity of 235U 
used was changed from 1.75 to 2.94 kg, and efficiency ($delta$ k/k) of the control rods from 0.0138 to 
0.0424. 



 

C-10818 

10789…..…..…………………..…….……..……ID Number…………………..…..…………….10789 

Author: Giesler, G. C. 
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Date: 10/1/2000 

Report: LA-UR-00-2532 

Conference/Journal: 10th International Conference on Software Quality, 16-18 October 2000, New 
Orleans, Louisiana" 

Conference Session:  

Abstract/Keyterms: MCNP is the Monte Carlo N-Particle radiation transport code whose history dates 
back more than half a century to the early days of computing. From a simple beginning, its uses have grown 
to include fields such as criticality safety, radiation shielding, oil well logging, and medical imaging and 
diagnostics and an international user community of over 3000 users. This large user community could only 
happen by the maintenance of software quality throughout its history. This paper will describe how the 
quality was maintained in the past, how the process is being improved today, and directions for future 
efforts. 
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Date: 9/13/2001 
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Conference/Journal: International Meeting on Mathematical Methods for Nuclear Applications 
(September 9-13, 2001, Salt Lake City, UT) 

Conference Session:  

Abstract/Keyterms: HEU-MET-INTER-006; The ZEUS experiments have been designed to test the 
adequacy of 235U cross sections in the intermediate energy range. The first ZEUS experiment achieved 
initial criticality on April 26, 1999 with 10 HEU platters and 79 platters of graphite. The second experiment 
reached a critical condition on October 24, 2000, with 9 HEU platters and 54 platters of graphite. The first 
experiment, which has been described and analyzed previously, had a C/ 235U ratio of approximately 52:1. 
The corresponding ratio for the second experiment was approximately 40:1. This summary describes the 
analysis of the second ZEUS critical experiment. 
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Date: 1/1/2001 
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Conference/Journal:  
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Safety; 
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Title: NJOY 99/2001: New Capabilities in Data Processing 

Date: 4/18/2002 

Report: LA-UR-02-0689 

Conference/Journal: American Nuclear Society 12th Biennial RPSD Topical Meeting, April 14-18, 
2002, Santa Fe, NM 

Conference Session:  

Abstract/Keyterms: The NJOY Nuclear Data Processing System is used all over the world to process 
evaluated nuclear data in the ENDF format into libraries for applications. Over the last few years, a number 
of new capabilities have been added to the system to provide advanced features for MCNP, MCNPX, and 
other applications codes. These include probability tables for unresolved range self shielding, capabilities 
optimized for high-energy libraries (typically to 150 MeV for accelerator applications), options for detailed 
treatments of incident and outgoing charged particles, and a capability to handle photonuclear reactions. 
These new features and recent experience using NJOY99 for library production will be discussed, along 
with possible future work, such as delayed-neutron processing and capabilities to handle the new generation 
of photo-atomic, electro-atomic, and atomic-relaxation evaluations now becoming available in ENDF 
format. The latest version of the code, NJOY 2001, uses modern Fortran90 style, modularization, and 
memory allocation methods. The Evaluated Nuclear Data Files (ENDF) format has become the standard 
for representing nuclear data throughout the world, being used in the US ENDF/B libraries, the European 
JEF libraries, the Japanese JENDL libraries, and many others. At the same time, the NJOY Nuclear Data 
Processing System, which is used to convert evaluated nuclear data in the ENDF format into data libraries 
for nuclear applications, has become the method of choice throughout the world. The combination of these 
modern libraries of evaluated nuclear data and NJOY processing has proved very capable for classical 
applications in reactor analysis, fusion work, shielding, and criticality safety. However, over the last few 
years, new applications have appeared that require extended evaluated data and new processing techniques. 
A good example of this the interest in accelerator-boosted applications, which has led to the need for data 
to higher energies, such as 150 MeV. New kinds of evaluated data are appearing, such as photonuclear 
cross sections and more detailed files for photo-atomic, electro-atomic, and atomic-relaxation data, and the 
processing methods must be upgraded appropriately. Finally, increased accuracy requirements and 
improvements in applications codes (such as the provision of probability tables for self shielding and 
delayed neutrons for time dependent calculations in MCNP) have led to other needs for improvements in 
processing methods. 
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Author: Mosteller, R. D. 

Title: Validation Suite for MCNP 

Date: 1/1/2002 

Report: LA-UR-02-0878; LA-UR-02-878 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two validation suites, one for criticality and another for radiation shielding, have 
been defined and tested for the MCNP Monte Carlo code. All of the cases in the validation suites are based 
on experiments so that calculated and measured results can be compared in a meaningful way. The cases in 
the validation suites are described, and results from those cases are discussed. For several years, the 
distribution package for the MCNP Monte Carlo code1 has included an installation test suite to verify that 
MCNP has been installed correctly. However, the cases in that suite have been constructed primarily to test 
options within the code and to execute quickly. Consequently, they do not produce well-converged answers, 
and many of them are physically unrealistic. To remedy these deficiencies, sets of validation suites are 
being defined and tested for specific types of applications. All of the cases in the validation suites are based 
on benchmark experiments. Consequently, the results from the measurements are reliable and quantifiable, 
and calculated results can be compared with them in a meaningful way. Currently, validation suites exist 
for criticality and radiation-shielding applications. 
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Report: LA-UR-02-343 

Conference/Journal: New Frontiers of Nuclear Technology: Reactor Physics, Safety and High-
Performance Computing, Seoul (KR), 10/07/2002--10/10/2002 

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-001, HEU-MET-THERM-008; Radioactive waste containing 
fissile material is frequently encountered in decontamination and decommissioning activities. For the most 
part, this waste is placed in containers or drums and stored in storage facilities. The amount of fissile 
material in each drum is generally small because of criticality safety limits that have been calculated with 
computer transport codes such as MCNP,1 KENO,2 or ONEDANT.3 To the best of our knowledge, no 
experimental critical mass data are available to verify the accuracy of these calculations or any calculations 
for systems containing fissile material (U-235, Pu-239, U-233) in contact with matrix material such as 
Al2O3, CaO, SiO2, Al, MgO, etc. The experiments presented in this paper establish the critical masses of 
highly enriched uranium foils diluted to various X/ 235U ratios with polyethylene and SiO2, polyethylene 
and aluminum, polyethylene and MgO, polyethylene and Gd, polyethylene and Fe, and moderated and 
reflected with polyethylene. In addition, these critical mass experimental data will be used to validate cross 
section data. 
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Title: Gamma-Ray Measurements of a 6-Kilogram Neptunium Sphere 

Date: 1/1/2002 

Report: LA-UR-02-3601 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to better determine the properties of 237Np for criticality safety and nuclear 
nonproliferation, especially its critical mass, 6070-gram solid sphere was cast on 15 May 2001 in a hot cell. 
The casting sprue was cut off on a lathe and the casting ground to a final diameter of 8.29 cm. The sphere 
was enclosed in a spherical tungsten shell 0.523-cm thick to reduce the gamma-ray dose. The neptunium 
and the tungsten were doubly encapsulated in welded, spherical nickel shells, each 0.381-cm thick. The 
sprue material was analyzed by mass spectrometry. Here we report the results of the first gamma-ray 
measurements of this unique item. 
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Author: Christensen, L. / Brady-Raap, M. 

Title: Double Contingency Controls in the Pit Disassembly and Conversion Facility 

Date: 1/1/2002 

Report: LA-UR-02-5460 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Pit Disassembly and Conversion Facility (PDCF) will be built and operated at 
DOE'S Savannah River Site (SRS) in South Carolina. The facility will process over three metric tons of 
plutonium per year. There will be a significant amount of special nuclear material (SNM) moving through 
the various processing modules in the facility, and this will obviously require well-designed engineering 
controls to prevent criticality accidents. The PDCF control system will interlock glovebox entry doors 
closed if the correct amount of SNM has not been removed from the exit enclosure. These same engineering 
controls will also be used to verify that only plutonium goes to plutonium processing gloveboxes, enriched 
uranium goes to enriched uranium processing, and that neither goes into non-SNM processing gloveboxes. 
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Report: LA-UR-02-6189 

Conference/Journal: International Conference on the new Frontiers of Nuclear Technology, Reactor 
Physics, Safety and High-Performance Computing, Seoul, Korea, October 7-10, 2002 

Conference Session:  

Abstract/Keyterms: Critical masses of square-prisms of highly enriched uranium diluted in various X/ 
235U ratios with matrix material and polyethylene were measured. The Configuration cores were 22.86-
cm and 45.72-cm square and were reflected with 8.1 3-cm and 10.1 6-cm thick side polyethylene reflectors, 
respectively. The configurations had 10.1 6-cm thick top and bottom polyethylene reflectors. For some 
configurations, the Rossi-a, which is an eigenvalue value characteristic for a particular configuration, was 
measured to establish a reactivity scale based on the degree of subcriticality. Finally, the critical mass 
experiments are compared with values calculated with MCNP and ENDF/B-VI cross-sections. 
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Conference Session:  

Abstract/Keyterms: In Monte Carlo (MC) criticality calculations, source error propagation through the 
stationary cycles and source convergence in the settling (inactive) cycles are both dominated by the 
dominance ratio (DR) of fission kernels, Le., the ratio of the second largest to largest eigenvalues. For 
symmetric two fissile component systems with DR close to unity, the extinction of fission source sites can 
occur in one of the components even when the initial source is symmetric and the number of histories per 
cycle is larger than one thousand. When such a system is made slightly asymmetric, the neutron effective 
multiplication factor (kern) at the inactive cycles does not reflect the convergence to stationary source 
distribution. To overcome this problem, relative entropy (Kullback Leibler distance) is applied to a slightly 
asymmetric two fissile component problem with a dominance ratio of 0.9925. Numerical results show that 
relative entropy is effective as a posterior diagnostic tool. 
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Conference/Journal: 2003 Nuclear Mathematical and Computational Sciences Conference, Gatlinburg, 
TN, 6-11 April 2002 

Conference Session:  

Abstract/Keyterms: We apply the Implicitly Restarted Arnoldi Method (IRAM), a Krylov subspace 
iterative method, to the calculation of k-eigenvalues for criticality problems. We show that the method can 
be implemented with only modest changes to existing power iteration schemes in an SN transport code. 
Numerical results on three dimensional unstructured tetrahedral meshes are shown. Although we only 
compare the IRAM to unaccelerated power iteration, the results indicate that the IRAM is a potentially 
efficient and powerful technique, especially for problems with dominance ratios approaching unity. Key 
Words: criticality eigenvalues, Implicitly Restarted Arnoldi Method (IRAM), deterministic transport 
methods 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An initial assessment of the impact of preliminary data proposed for ENDF/B-VII 
has been made using the MCNP criticality validation suite. Relative to ENDF/B-VI, the data changes 
primarily involve high-energy elastic and inelastic scattering in the uranium isotopes and 239Pu, as well as 
resonance parameters for 238U. The criticality validation suite is a collection of 31 benchmarks taken from 
the International Handbook of Evaluated Criticality Benchmark Experiments. It contains cases for a variety 
of fuels, including 233U, highly enriched uranium (HEU), intermediate-enriched uranium (IEU), low-
enriched uranium (LEU), and plutonium. For each fuel type, there are cases with a variety of moderators, 
reflectors, spectra, and geometries. The cases in the suite are summarized in Table I. Three sets of 
calculations were performed for the suite using the MCNP5 Monte Carlo code. The first set employed 
nuclear data from ENDF/B-VI Release 8, the final release for ENDF/B-VI. The second set employed 
preliminary ENDF/B-VII data generated by group T-16 at Los Alamos National Laboratory for the uranium 
isotopes and for 239Pu but retained ENDF/B-VI data for all other nuclides. The third set was the same as 
the second except that a new set of 238U resonance parameters generated by researchers at Oak Ridge 
National Laboratory (ORNL) was added to the T-16 evaluation. The MCNPS calculations were run with 
5,000,000 active neutron histories for all but two cases in the suite. Only 3,000,000 active histories were 
used for those cases, SB-5 and ZEBRA-8H, because they require substantially more computer time per 
history than the other cases. Nonetheless, the standard deviation for k(eff) from those cases is comparable 
to those for other cases in the suite. The results from these calculations are presented in Table II. The 
preliminary ENDF/B-VII data produce marked improvements in k(eff) for bare spheres of 233U (Jezebel-
233), HEU (Godiva), and plutonium (Jezebel and Jezebel-240) as well as the other unreflected HEU and 
plutonium cases (Tinkertoy02 (c-11) and Pu Buttons, respectively). Furthermore, the reactivity swings 
between those bare spheres and the corresponding Flattop cases (which enclose the sphere inside an annulus 
of normal uranium) are substantially decreased. The changes also significantly improve k(eff) for BIG TEN 
and for HEU and plutonium spheres immersed in water (Godiva and Pu-MF-11, respectively). In addition, 
inclusion of the ORNL resonance parameters for 238U produces a significantly better value for k(eff) for 
B&W XI (2), a lattice of LEU fuel pins in water, and ORNL-II, an unreflected sphere of uranyl nitrate 
solution enriched in 233U. At the same time, the preliminary ENDF/B-VII data produce worse results for 
thermal lattices of 233U and HEU pins in water (SB-2 1/2 and SB-5, respectively), for the bare IEU sphere 
(IEU-MF-03) and the IEU sphere reflected by graphite (IEU-MF-04), for a plutonium sphere reflected by 
thorium (THOR), and for a MOX lattice in water (PNL-33). Furthermore, k(eff) for the uranium cases with 
intermediate spectra remains substantially underpredicted, while k(eff) for the plutonium case with an 
intermediate spectrum (HISS/HPG) continues to be significantly over-predicted. In conclusion, preliminary 
ENDF/B-VII data for the uranium isotopes and 239Pu produce improvements for most of the cases with 
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fast spectra, BIG TEN, and the lattice of LEU fuel pins in water. However, improvements still are needed 
in some areas, particularly those cases with intermediate spectra. 
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Abstract/Keyterms: An additional experiment has been performed using the recently cast 6-kg Np-237 
sphere. The experiment consisted of surrounding the neptunium sphere with highly enriched uranium and 
an iron reflector. The purpose of the critical experiment is to provide additional criticality data that can be 
used to validate criticality safety evaluations involving the deposition of neptunium. It is well known that 
237Np is primarily produced by successive neutron capture events in 235U or through the (n, 2n) reaction 
in 238U. These nuclear reactions lead to the production of 237U, which decays by beta emission into 
237Np. In addition, in the spent fuel, 241Am decays by alpha emission into 237Np. Because 237Np is a 
threshold fissioner, the best reflectors for critical systems containing neptunium are those materials that 
exhibit good neutron scattering properties such as low carbon steel (99 wt% Fe). In this experiment, the 
iron reflector reduced the amount of uranium used in the critical experiment and increased the importance 
of the neptunium sphere. 
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Conference Session:  

Abstract/Keyterms: An additional experiment has been performed using the recently cast 6-kg 237Np 
sphere. The experiment consisted of surrounding the neptunium sphere with highly enriched uranium and 
an iron reflector. The purpose of the critical experiment is to provide additional criticality data that can be 
used to validate criticality safety evaluations involving the deposition of neptunium. It is well known that 
237Np is primarily produced by successive neutron capture events in 235U or through the (n, 2n) reaction 
in 238U. These nuclear reactions lead to the production of 237U, which decays by beta emission into 
237Np. In addition, in the spent fuel, 241Am decays by alpha emission into 237Np. Because 237Np is a 
threshold fissioner, the best reflectors for critical systems containing neptunium are those materials that 
exhibit good neutron scattering properties such as low carbon steel (99 wt% Fe). In this experiment, the 
iron reflector reduced the amount of uranium used in the critical experiment and increased the importance 
of the neptunium sphere. 
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Conference Session:  

Abstract/Keyterms: A simple dosimeter made of a sulfur tablet, bare and cadmium covered indium foils 
and a cadmium covered copper foil has been modeled using MCNP5. Studies of the model without phantom 
or other confounding factors have shown that the cross sections and fluence-to-dose factors generated by 
the Monte Carlo method agree with those generated by analytic expressions for the high energy component. 
The threshold cross sections for the detectors on a phantom were calculated. The resulting doses assigned 
agree well with exposures made to three critical assemblies. In this study the angular dependence on a 
phantom is studied and compared with measurements taken on the Godiva reactor. The dosimeter positions 
on the phantom are facing the source, on the back and the side. In previous papers the modeling of a simple 
dosimeter made of a sulfur tablet, bare and cadmium covered indium foils and a cadmium covered copper 
foil has been modeled using MCNP5. The conclusion made was that most of the neutron dose from 
criticality assemblies results from the high energy neutron fluences determined by the sulfur and indium 
detectors. The results using doses measured from the Godiva, SHEBA, and bare and lead shielded SILENE 
reactors confirmed this. The angular dependence of an accident dosemeter is of interest in evaluating the 
exposure of personnel. To investigate this effect accident dosemeters were placed on a phantom and 
exposed to the Godiva reactor at phantom orientations of 0{sup o}, 45{sup o}, 90{sup o}, 135{sup o}, and 
180{sup o} to the assembly center line. 
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TA-18 to the Device Assembly Facility 
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Abstract/Keyterms: In December 2002, the National Nuclear Security Agency (NNSA) issued a Record 
of Decision announcing its intent to relocate safeguards Category I and II missions and associated special 
nuclear materials (SNM) from Los Alamos National Laboratory (LANL) Technical Area 18 (TA-18) to the 
Device Assembly Facility (DAF) at the Nevada Test Site (NTS). The Cat I and II missions support nuclear 
criticality safety, nuclear emergency response, nuclear nonproliferation, and homeland security. TA-18 is 
the sole remaining facility in the United States with the capability to perform general-purpose nuclear 
materials handling experiments and training. Hands-on and remote control experiments, measurements, and 
training with special materials and devices are conducted. The conceptual design for modifying the DAF 
to house these Cat I and II missions includes plans for packaging and transporting the SNM inventory 
associated with the missions. This paper discusses these preliminary packaging and transporting plans, 
including how they fit into the plans for transitioning the relevant TA- 18 missions to DAF while ensuring 
that mission, cost, and schedule requirements are met. 
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Conference/Journal: International Conference Nucl. Data Sci. Tech., Santa Fe, New Mexico, Sep. 26 - 
Oct. 1, 2004 
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Abstract/Keyterms: This report describes computational benchmark models for nuclear criticality derived 
from descriptions of the Systems for Nuclear Auxiliary Power (SNAP) Critical Assembly (SCA)-4B 
experimental criticality program conducted by Atomics International during the early 1960's. The selected 
experimental configurations consist of fueled SNAP 10A/2-type reactor cores subject to varied conditions 
of water immersion and reflection under experimental control to measure neutron multiplication. SNAP 
10A/2-type reactor cores are compact volumes fueled and moderated with the hydride of highly enriched 
uranium-zirconium alloy. Specifications for the materials and geometry needed to describe a given 
experimental configuration for a model using MCNP5 are provided. The material and geometry 
specifications are adequate to permit user development of input for alternative nuclear safety codes, such 
as KENO. A total of 73 distinct experimental configurations are described. 
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Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities Safety Board Recommendation 93-2, the Need 
for Critical Experiment Capability. This Paper Also Discusses the Role Dr. Sol Pearlstein Played in Helping 
the Department of Energy Lay the Foundation for a Robust and Enduring Criticality Safety Infrastructure. 
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Abstract/Keyterms: This report examines the origins and usage of two words - fissionable and fissile in 
the context of man-made nuclear criticality that was first achieved in 1942 following the discovery of the 
nuclear fission reaction in 1939. The fission physics primer section describes the features of the nuclear 
fission reaction that are of general relevance for understanding criticality. The body of the report cites 
specific excerpts from criticality publications to illustrate consistent and inconsistent usage. The authors 
annotate the excerpts in order to bring forward specific issues they judge to be relevant. 
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Conference Session:  

Abstract/Keyterms: Two new methods have been developed for fission multiplicity modeling in Monte 
Carlo calculations. The traditional method of sampling neutron multiplicity from fission is to sample the 
number of neutrons above or below the average. For example, if there are 2.7 neutrons per fission, three 
would be chosen 70% of the time and two would be chosen 30% of the time. For many applications, 
particularly 3He coincidence counting, a better estimate of the true number of neutrons per fission is 
required. Generally, this number is estimated by sampling a Gaussian distribution about the average. 
However, because the tail of the Gaussian distribution is negative and negative neutrons cannot be 
produced, a slight positive bias can be found in the average value. For criticality calculations, the result of 
rejecting the negative neutrons is an increase in k(eff) of 0.1% in some cases. For spontaneous fission, 
where the average number of neutrons emitted from fission is low, the error also can be unacceptably large. 
If the Gaussian width approaches the average number of fissions, 10% too many fission neutrons are 
produced by not treating the negative Gaussian tail adequately. The first method to treat the Gaussian tail 
is to determine a correction offset, which then is subtracted from all sampled values of the number of 
neutrons produced. This offset depends on the average value for any given fission at any energy and must 
be computed efficiently at each fission from the non-integrable error function. The second method is to 
determine a corrected zero point so that all neutrons sampled between zero and the corrected zero point are 
killed to compensate for the negative Gaussian tail bias. Again, the zero point must be computed efficiently 
at each fission. Both methods give excellent results with a negligible computing time penalty. It is now 
possible to include the full effects of fission multiplicity without the negative Gaussian tail bias. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Critical Mass Laboratory at the nuclear facility commonly known as “Rocky 
Flats” and located northwest of Denver, Colorado, was built in 1964. It served a very productive life until 
what later proved to be its final experiment in October of 1987. Throughout intervening years, about 1700 
experiments were performed with a common goal of enhancing nuclear criticality safety at that plant as 
well as the rest of the world-wide nuclear industry. Experiments were performed with high-enriched 
uranium, weapons-grade plutonium, as well as low-enriched uranium such as that used in some nuclear 
reactors. The physical form of these materials included solid metal in various shapes, solution at various 
concentrations, and powdered compound. Both single fissile units and arrays of identical components were 
studied. Experiments were conducted both unreflected and reflected by a variety of materials; and a number 
of different neutron absorbers and/or neutron moderators were employed in different programs. 
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Conference/Journal: Institute of Nuclear Materials Management 46th Annual Meeting, July 10-14, 
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Conference Session:  

Abstract/Keyterms: Non-destructive assay (NDA) measurements performed to locate and quantify holdup 
in the Oak Ridge K25 enrichment cascade used neutron totals counting and low-resolution gamma-ray 
spectroscopy. This facility housed the gaseous diffusion process for enrichment of uranium, in the form of 
UF6 gas, from {approx} 20% to 93%. Inventory of 235U inventory in K-25 is all holdup. These buildings 
have been slated for decontamination and decommissioning. The NDA measurements establish the 
inventory quantities and will be used to assure criticality safety and meet criteria for waste analysis and 
transportation. The tendency to err on the side of conservatism for the sake of criticality safety in specifying 
total NDA uncertainty argues, in the interests of safety and costs, for obtaining the best possible value of 
uncertainty at the conservative confidence level for each item of process equipment. Variable deposit 
distribution is a complex systematic effect (i.e., determined by multiple independent variables) on the 
portable NDA results for very large and bulk converters that contributes greatly to total uncertainty for 
holdup in converters measured by gamma or neutron NDA methods. Because the magnitudes of complex 
systematic effects are difficult to estimate, computational tools are important for evaluating those that are 
large. Motivated by very large discrepancies between gamma and neutron measurements of high-mass 
converters with gamma results tending to dominate, the Monte Carlo code MCNP has been used to 
determine the systematic effects of deposit distribution on gamma and neutron results for 235U holdup 
mass in converters. This paper details the numerical methodology used to evaluate large systematic effects 
unique to each measurement type, validates the methodology by comparison with measurements, and 
discusses how modeling tools can supplement the calibration of instruments used for holdup measurements 
by providing realistic values at well-defined confidence levels for dominating systematic effects. 
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Title: ENDF/B-VII.0, ENDF/B-VI, JEFF-3.1, and JENDL-3.3 Results for Unreflected Plutonium Solutions 
and MOX Lattices 

Date: 2/9/2007 

Report: LA-UR-07-0923 

Conference/Journal: Int'l Topical Meeting on Math & Computation & Supercomputing; 200704 ; 
Monterey 

Conference Session:  

Abstract/Keyterms: Previous studies have indicated that ENDF/B-VII preliminary releases {beta}-2 and 
{beta}-3, predecessors to the recent initial release of ENDF/B-VII.0, produce significantly better overall 
agreement with criticality benchmarks than does ENDF/B-VI. However, one of those studies also suggests 
that improvements still may be needed for thermal plutonium cross sections. The current study substantiates 
that concern by examining criticality benchmarks for unreflected spheres of plutonium-nitrate solutions and 
for slightly and heavily borated mixed-oxide (MOX) lattices. Results are presented for the JEFF-3.1 and 
JENDL-3.3 nuclear data libraries as well as ENDF/B-VII.0 and ENDF/B-VI. It is shown that ENDF/B-
VII.0 tends to overpredict reactivity for thermal plutonium benchmarks over at least a portion of the thermal 
range. In addition, it is found that additional benchmark data are needed for the deep thermal range. 
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Conference Session:  

Abstract/Keyterms: Los Alamos evaluates covariances for nuclear data library, mainly for actinides above 
the resonance regions and light elements in the entire energy range. We also develop techniques to evaluate 
the covariance data, like Bayesian and least-squares fitting methods, which are important to explore the 
uncertainty information on different types of physical quantities such as elastic scattering angular 
distribution, or prompt neutron fission spectra. This paper summarizes our current activities of the 
covariance evaluation work at LANL, including the actinide and light element data mainly for the criticality 
safety study and transmutation technology. The Bayesian method based on the Kalman filter technique, 
which combines uncertainties in the theoretical model and experimental data, is discussed. 
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Abstract/Keyterms: Verification and validation of nuclear data is critical to the accuracy of both stochastic 
and deterministic particle transport codes. In order to effectively test a set of nuclear data, the data must be 
applied to a wide variety of transport problems. Performing this task in a timely, efficient manner is tedious. 
The nuclear data team at Los Alamos National laboratory in collaboration with the University of Florida 
has developed a methodology to automate the process of nuclear data verification and validation (V and 
V). This automated V and V process can efficiently test a number of data libraries using well defined 
benchmark experiments, such as those in the International Criticality Safety Benchmark Experiment Project 
(ICSBEP). The process is implemented through an integrated set of Pyton scripts. Material and geometry 
data are read from an existing medium or given directly by the user to generate a benchmark experiment 
template file. The user specifies the choice of benchmark templates, codes, and libraries to form a V and V 
project. The Python scripts generate input decks for multiple transport codes from the templates, run and 
monitor individual jobs, and parse the relevant output automatically. The output can then be used to generate 
reports directly or can be stored into a database for later analysis. This methodology eases the burden on 
the user by reducing the amount of time and effort required for obtaining and compiling calculation results. 
The resource savings by using this automated methodology could potentially be an enabling technology for 
more sophisticated data studies, such as nuclear data uncertainty quantification. Once deployed, this tool 
will allow the nuclear data community to more thoroughly test data libraries leading to higher fidelity data 
in the future. 
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Abstract/Keyterms: Benchmarks; Bench-Scale Experiments; Criticality; Nickel; Plutonium; Safety; 
Spheres; Testing 
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Abstract/Keyterms: Assay of fissile materials in spent fuel that are produced or depleted during the 
operation of a reactor, is of paramount importance to nuclear materials accounting, verification of the 
reactor operation history, as well as for criticality considerations for storage. In order to prevent future 
proliferation following the spread of nuclear energy, we must develop accurate methods to assay large 
quantities of nuclear fuels. We analyze the potential of using a Lead Slowing Down Spectrometer for 
assaying spent fuel. We conclude that it is possible to design a system that will provide around 1% statistical 
precision in the determination of the 239Pu, 241Pu and 235U concentrations in a PWR spent-fuel assembly, 
for intermediate-to-high burnup levels, using commercial neutron sources, and a system of 238U threshold 
fission detectors. Pending further analysis of systematic errors, it is possible that missing pins can be 
detected, as can asymmetry in the fuel bundle. 
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Abstract/Keyterms: Convergence; Criticality; Monte Carlo Method 
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Abstract/Keyterms: Calculation Methods; Convergence; Criticality; Monte Carlo Method; Reviews; 
Statistics 
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Abstract/Keyterms: Nuclear criticality calculations with Monte Carlo codes are normally done using a 
power iteration method to obtain the dominant eigenfunction and eigenvalue. In the last few years it has 
been shown that the power iteration method can be modified to obtain the first two eigenfunctions. This 
modified power iteration method directly subtracts out the second eigenfunction and thus only powers out 
the third and higher eigenfunctions. The result is a convergence rate to the dominant eigenfunction being 
|k{sub 3}|/k{sub 1} instead of |k{sub 2}|/k{sub 1}. One difficulty is that the second eigenfunction contains 
particles of both positive and negative weights that must sum somehow to maintain the second 
eigenfunction. Summing negative and positive weights can be done using point detector mechanics, but 
this sometimes can be quite slow. We show that an approximate cancellation scheme is sufficient to 
accelerate the convergence to the dominant eigenfunction. A second difficulty is that for some problems 
the Monte Carlo implementation of the modified power method has some stability problems. We also show 
that a simple method deals with this in an effective, but ad hoc manner. 
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Abstract/Keyterms: The Unattended and Remote Monitoring (UNARM) system is a collection of 
specialized hardware and software used by the International Atomic Energy Agency (IAEA) to institute 
nuclear safeguards at many nuclear facilities around the world. The hardware consists of detectors, 
instruments, and networked computers for acquiring various forms of data, including but not limited to 
radiation data, global position coordinates, camera images, isotopic data, and operator declarations. The 
software provides two primary functions: the secure and reliable collection of this data from the instruments 
and the ability to perform an integrated review and analysis of the disparate data sources. Several years ago 
the team responsible for maintaining the software portion of the UNARM system began the process of 
formalizing its operations. These formal operations include a configuration management system, a change 
control board, an issue tracking system, and extensive formal testing, for both functionality and reliability. 
Functionality is tested with formal test cases chosen to fully represent the data types and methods of analysis 
that will be commonly encountered. Reliability is tested with iterative, concurrent testing where up to five 
analyses are executed simultaneously for thousands of cycles. Iterative concurrent testing helps ensure that 
there are no resource conflicts or leaks when multiple system components are in use simultaneously. The 
goal of this work is to provide a high quality, reliable product, commensurate with the criticality of the 
application. Testing results will be presented that demonstrate that this goal has been achieved and the 
impact of the introduction of a formal software engineering framework to the UNARM product will be 
presented. 
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Abstract/Keyterms: Nuclear Facilities Safety Board Recommendation 2007-1 Safety-Related In Situ 
Nondestructive Assay of Radioactive Materials. Some of the information that will be presented includes 
observations made during site visits, how information useful to all facilities using nondestructive assay to 
determine holdup material quantities will be disseminated, and preliminary results of a gap analysis 
performed on current in situ nondestructive assay holdup measurements. 
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Abstract/Keyterms: Measurement of the neutron capture cross-sections of a number of short-lived 
isotopes would advance both pure and applied scientific research. These cross-sections are needed for 
calculation of criticality and waste production estimates for the Advanced Fuel Cycle Initiative, for analysis 
of data from nuclear weapons tests, and to improve understanding of nucleosynthesis. However, 
measurement of these cross-sections would require a detector with a faster signal decay time than those 
used in existing neutron capture experiments. Crystals of faster detector materials are not available in 
sufficient sizes and quantities to supply these large-scale experiments. Instead, we propose to use 
nanocomposite detectors, consisting of nanoscale particles of a scintillating material dispersed in a matrix 
material. We have successfully fabricated cerium fluoride (CeF3) nanoparticles and dispersed them in a 
liquid matrix. We have characterized this scintillator and have measured its response to neutron capture. 
Results of the optical, structural, and radiation characterization will be presented. 



 

C-10854 

10824…..…..…………………..…….……..……ID Number…………………..…..…………….10824 

Author: Mosteller, Russell D. / Goda, Joetta M. 

Title: Analysis of Godiva-IV Delayed-Critical and Static Super-Prompt-Critical Conditions 

Date: 5/3/2009 

Report: LA-UR-09-1007 

Conference/Journal: Int'l. Conference on Mathematics, Computational Methods & Reactor Physics ; 
May 3, 2009 ; Saratoga Springs, NY 

Conference Session:  

Abstract/Keyterms: Super-prompt-critical burst experiments were conducted on the Godiva-IV assembly 
at Los Alamos National Laboratory from the 1960s through 2005. Detailed and simplified benchmark 
models have been constructed for four delayed-critical experiments and for the static phase of a super-
prompt-critical burst experiment. In addition, a two-dimensional cylindrical model has been developed for 
the super-prompt-critical condition. Criticality calculations have been performed for all of those models 
with four modern nuclear data libraries: ENDFIB-VI, ENDF/8-VII.0, JEFF-3.1, and JENDL-3.3. Overall, 
JENDL-3.3 produces the best agreement with the reference values for k(eff) 
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Abstract/Keyterms: A numerical method is presented for solving the time-dependent survival probability 
equation in general (1D/2D/3D) geometries using the multi group SN method. Although this equation was 
first formulated by Bell in the early 1960's, it has only been applied to stationary systems (for other than 
idealized point models) until recently, and detailed descriptions of numerical solution techniques are 
lacking in the literature. This paper presents such a description and applies it to a dynamic system 
representative of a figurative criticality accident scenario. 
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Abstract/Keyterms: Nuclear criticality calculations with Monte Carlo codes are normally done using a 
power iteration method to obtain the dominant eigenfunction and eigenvalue. In the last few years it has 
been shown that the power iteration method can be modified to obtain the first two eigenfunctions. This 
modified power iteration method directly subtracts out the second eigenfunction and thus only powers out 
the third and higher eigenfunctions. The result is a convergence rate to the dominant eigenfunction being 
|k{sub 3}|/k{sub 1} instead of |k{sub 2}|/k{sub 1}. One difficulty is that the second eigenfunction contains 
particles of both positive and negative weights that must sum somehow to maintain the second 
eigenfunction. Summing negative and positive weights can be done using point detector mechanics, but 
this sometimes can be quite slow. We show that an approximate cancellation scheme is sufficient to 
accelerate the convergence to the dominant eigenfunction. A second difficulty is that for some problems 
the Monte Carlo implementation of the modified power method has some stability problems. We also show 
that a simple method deals with this in an effective, but ad hoc manner. 
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Abstract/Keyterms: The neutron population in a multiplying body containing a weak random source may 
depart considerably from its average or expected value. The resulting behavior of the system is then 
unpredictable and a fully stochastic description of the neutron population becomes necessary. Stochastic 
considerations are especially important when dealing with pulsed reactors or in the case of criticality 
excursions in the presence of a weak source. Using the theory of discrete-state continuous-time Markov 
processes, and subject to some physical approximations, Bell [I] obtained approximate solutions for the 
neutron number probability distributions (pdf), with and without an intrinsic random neutron source, that 
were valid at late times and/ large neutron populations. In recent work, we obtained exact solutions for 
Bell's model problem, and in this paper we use these exact probability distributions to: (1) assess the 
accuracy of Bell's asymptotic solutions and show how the latter follow from the exact solutions, (2) 
rigorously examine the probability of obtaining a divergent chain reaction, and (3) demonstrate the 
existence of an abrupt transition from a stochastic to a deterministic phase with increasing source strength. 
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Abstract/Keyterms: Fission cross sections of a range of actinides have been measured at the Los Alamos 
Neutron Science Center (LANSCE) in support of nuclear energy applications. By combining measurement 
at two LANSCE facilities, Lujan Center and the Weapons Neutron Research center (WNR), differential 
cross sections can be measured from sub-thermal energies up to 200 MeV. Incident neutron energies are 
determined using the time-of-flight method, and parallel-plate ionization chambers are used to measure 
fission cross sections relative to the 235U standard. Recent measurements include the 233,238U, 239,242Pu 
and 243Am neutron-induced fission cross sections. In this paper preliminary results for cross section data 
of 243Am and 233U will be presented. 
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Abstract/Keyterms: I describe some high priority research areas in nuclear fission, where applications in 
nuclear reactor technologies and in modeling criticality in general are demanding higher accuracies in our 
databases. We focus on fission cross sections, fission neutron spectra, and fission product data. 
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Abstract/Keyterms: Two perturbation theory methodologies are implemented for k-eigenvalue 
calculations in the continuous-energy Monte Carlo code, MCNP6. A comparison of the accuracy of these 
techniques, the differential operator and adjoint-weighted methods, is performed numerically and 
analytically. Typically, the adjoint-weighted method shows better performance over a larger range; 
however, there are exceptions. 
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Abstract/Keyterms: Monte Carlo methods have been used to compute k(eff) and the fundamental model 
eigenfunction of critical systems since the 1950s. Despite the sophistication of today's Monte Carlo codes 
for representing realistic geometry and physics interactions, correct results can be obtained in criticality 
problems only if users pay attention to source convergence in the Monte Carlo iterations and to running a 
sufficient number of neutron histories to adequately sample all significant regions of the problem. 
Recommended best practices for criticality calculations are reviewed and applied to several practical 
problems for nuclear reactors and criticality safety, including the 'K-effective of the World' problem. 
Numerical results illustrate the concerns about convergence and bias. The general conclusion is that with 
today's high-performance computers, improved understanding of the theory, new tools for diagnosing 
convergence (e.g., Shannon entropy of the fission distribution), and clear practical guidance for performing 
calculations, practitioners will have a greater degree of confidence than ever of obtaining correct results for 
Monte Carlo criticality calculations. 
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Abstract/Keyterms: Assay of fissile materials in spent fuel that are produced or depleted during the 
operation of a reactor, is of paramount importance to nuclear materials accounting, verification of the 
reactor operation history, as well as for criticality considerations for storage. In order to prevent future 
proliferation following the spread of nuclear energy, we must develop accurate methods to assay large 
quantities of nuclear fuels. We analyze the potential of using a Lead Slowing Down Spectrometer for 
assaying spent fuel. We conclude that it is possible to design a system that will provide around 1% statistical 
precision in the determination of the 239Pu, 241Pu and 235U concentrations in a PWR spent-fuel assembly, 
for intermediate-to-high burnup levels, using commercial neutron sources, and a system of 238U threshold 
fission detectors. Pending further analysis of systematic errors, it is possible that missing pins can be 
detected, as can asymmetry in the fuel bundle. 
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Abstract/Keyterms: Calculations have been performed for 390 critical assemblies from the International 
Handbook of Evaluated Criticality Safety Benchmark Experiments using the beta2 release of ENDF/B-
VII.1. The results are compared to previous results for ENDF/B-VII. Cases that changed between the two 
versions are highlighted, and the results are discussed. The Cross Section Evaluation Working Group 
(CSEWG) is working on a new release of the ENDF/B-VII library of evaluated nuclear data, and the 'beta2' 
set of files was recently made available by the National Nuclear Data Center (NNDC). A set of about 850 
input files for the MCNP Monte Carlo code to run critical assemblies from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments was available from our previous data testing work for 
ENDF/B-VII.0. We have now run 390 of those cases using data based on the beta2 files, and those results 
will be presented below. The ENDF files were downloaded from the NNDC to a Mac workstation. They 
were then processed using NJOY10 into ACE format files for use in the MCNP Monte Carlo code. The 
processing was limited to materials needed for the data testing work at this point. The existing MCNP input 
decks were used. No checking was done to see if any of the benchmarks had been updated since the 
ENDF/B-VII testing was finished. Most runs used 50 million histories in order to get Monte Carlo statistical 
uncertainties down the 0.01% range. 
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Abstract/Keyterms: To verify that both MCNP5-1.60 and MCNP6-Beta-2 are performing correctly for 
criticality safety applications, several suites of verification/validation benchmark problems were run in 
early 2012. Results from these benchmark suites were compared with results from previously verified 
versions of MCNP5. The goals of this verification testing were: (1) Verify that MCNP5-1.60 works 
correctly for nuclear criticality safety applications, producing the same results as for the previous 
verification performed in 2010; (2) Determine the sensitivity to computer roundoff using different Fortran-
90 compilers for building MCNP5 and MCNP6, to support moving to current versions of the compilers; 
and (3) Verify that MCNP6-Beta-2 works correctly for nuclear criticality safety applications, producing the 
same results as for MCNP5-1.60. This provides support for eventual migration of users and applications to 
MCNP6. The current production version of MCNP5 included in the RSICC release package is MCNP5-
1.60. This version was first distributed by RSICC in October 2010. While there were subsequent RSICC 
distributions of the MCNP package in July 2011 and February 2012, no changes were made to MCNP5-
1.60. The RSICC release package in February 2012 included both MCNP5-1.60 and the current beta version 
of MCNP6, MCNP6-Beta-2. MCNP6 is the merger of MCNP5 and MCNPX capabilities. The current 
release of MCNP6 available from RSICC as of February 2012 is MCNP6-Beta-2. This version includes all 
of the features for criticality safety calculations that are available in MCNP5-1.60, and many new features 
largely unrelated to nuclear criticality safety calculations. This release is a 'beta' release to allow 
intermediate and advanced users to begin testing the merged code in their field of expertise. It should not 
be used for production calculations. 
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Abstract/Keyterms: Within the last decade, there has been increasing interest in the calculation of cross 
section sensitivity coefficients of k(eff) for integral experiment design and uncertainty analysis. The 
OECD/NEA has an Expert Group devoted to Sensitivity and Uncertainty Analysis within the Working 
Party for Nuclear Criticality Safety. This expert group has developed benchmarks to assess code capabilities 
and performance for doing sensitivity and uncertainty analysis. Phase III of a set of sensitivity benchmarks 
evaluates capabilities for computing sensitivity coefficients. MCNP6 has the capability to compute cross 
section sensitivities for k(eff) using continuous-energy physics. To help verify this capability, results for 
the Phase III benchmark cases are generated and submitted to the Expert Group for comparison. The Phase 
III benchmark has three cases: III.1, an array of MOX fuel pins, III.2, a series of infinite lattices of MOX 
fuel pins with varying pitches, and III.3 two spheres with homogeneous mixtures of UF4 and polyethylene 
with different enrichments. 
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Abstract/Keyterms: A critical experiment was performed to provide nuclear data in a non-thermal neutron 
spectrum and to reestablish experimental capability relevant to Stockpile Stewardship and Technical 
Nuclear Forensic programs. Irradiation foils were placed at specific locations in the ZEUS all oralloy 
critical experiment to obtain fission ratios. These ratios were compared with others from other critical 
assemblies to assess the degree of softness in the neutron spectrum. This critical experiment was performed 
at the National Criticality Experiments Research Center (NCERC) in Nevada. 



 

C-10868 

10838…..…..…………………..…….……..……ID Number…………………..…..…………….10838 

Author: Kahler, Albert C. III. 

Title: Testing (Validating?) Cross Sections with ICSBEP Benchmarks 

Date: 6/28/2012 

Report: LA-UR-12-22551 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: We discuss how to use critical benchmarks from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments to determine the applicability of specific cross 
sections to the end-user's problem of interest. Particular attention is paid to making sure the selected suite 
of benchmarks includes the user's range of applicability 
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Abstract/Keyterms: The expected or mean neutron number (or density) provides an adequate 
characterization of the neutron population and its dynamical excursions in most neutronic applications, in 
particular power reactors. Fluctuations in the neutron number, originating from the inherent randomness of 
neutron interactions and fission neutron multiplicities, are relatively small and ignorable for operational 
purposes, although measurements of the variance and time correlations provide valuable diagnostic 
information on fundamental reactor physics parameters. However, it is well known that there exist 
situations of great interest and importance in which a strictly deterministic description, or even one 
supplemented with a knowledge of low order statistical averages (variance, correlation), provides an 
incomplete and very unsatisfactory description of the state of the neutron population. These situations are 
marked by persistent large fluctuations in the neutron number where the emergence of a deterministic phase 
is suppressed. Such situations are strongly stochastic and therefore unpredictable (i.e., the mean is not 
representative of the actual population), and can arise either by design or by accident. Examples where the 
stochastic behavior of neutron populations must be taken into account include: nuclear weapon single-point 
safety assessment; criticality excursions in spent fuel storage and in the handling of fissile solutions in fuel 
fabrication and reprocessing; approach to critical under suboptimal reactor start-up conditions; preinitiation 
in fast burst research reactors; and weak nuclear signatures in the passive detection of nuclear materials. 
What distinguishes strongly stochastic neutronic systems from strongly deterministic systems is that, in the 
former, neutron multiplication occurs in the presence of weak neutron sources, such as spontaneous fission 
and background (cosmic) radiation. Weak sources (in a sense that can be made quite precise) lead to well 
separated fission chains (a fission chain is defined as the initial source neutron and all its subsequent 
progeny) in which some chains are short lived while others propagate for unusually long times. Under these 
conditions, fission chains do not overlap strongly and this precludes the cancellation of neutron number 
fluctuations necessary for the mean to become established as the dominant measure of the neutron 
population. The fate of individual chains then plays a defining role in the evolution of the neutron population 
in strongly stochastic systems, and of particular interest and importance in supercritical systems is the 
extinction probability, defined as the probability that the neutron chain (initiating neutron and its progeny) 
will be extinguished at a particular time, or its complement, the time-dependent survival probability. The 
time-asymptotic limit of the latter, the probability of divergence, gives the probability that the neutron 
population will grow without bound, and is more commonly known as the probability of initiation or just 
POI. The ability to numerically compute these probabilities, with high accuracy and without overly 
restricting the underlying physics (e.g., fission neutron multiplicity, reactivity variation) is clearly essential 
in developing an understanding of the behavior of strongly stochastic systems. 
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Abstract/Keyterms: After seven years, the former Los Alamos Critical Experiments Facility (LACEF), or 
Pajarito Site, has reopened for business as the National Criticality Experiments Research Center (NCERC) 
at the Nevada National Security Site (NNSS). Four critical assembly machines (Comet, Planet, Flattop, and 
Godiva-IV) made the journey from Los Alamos to the NNSS. All four machines received safety system 
upgrades along with new digital control systems. Between these machines, systems ranging from the 
thermal through the intermediate to the fast spectrum may be assembled. Steady-State, transient, and super-
prompt critical conditions may be explored. NCERC is the sole remaining facility in the United States 
capable of conducting general-purpose nuclear materials handling including the construction and operation 
of high-multiplication assemblies, delayed critical assemblies, and prompt critical assemblies. 
Reconstitution of the unique capabilities at NCERC ensures the viability of (1) The Nuclear Renaissance, 
(2) Stockpile Stewardship, and (3) and the next generation of criticality experimentalists. 
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Date: 8/14/2012 

Report: LA-UR-12-24111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: JOWOG 30 has been reorganized and reinvigorated over the past couple of years to: 
(1) Drive an increased level of value and accomplishment; (2) Broaden engagement from LANL to both 
NNSA and full Weapons Complex; and (3) Incorporate the Strategic Technical Facilities Modernization 
(STFM) initiative into J30 structure. Recent/Ongoing Exchanges (2011 and 2012) - Current Exchanges 
entirely focused within the five J30 tasking areas: Capability Gap, Facility Re-Kit, Commissioning, 
Environmental Liabilities, Safety Basis. Future Exchanges (2012 to 2015) - Continue current tasks 
according to plan, include additional tasks/teams in areas such as Criticality Safety and Radiation 
Protection. 
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Abstract/Keyterms: New unstructured mesh capabilities in MCNP6 (developmental version during 
summer 2012) show potential for conducting multi-physics analyses by coupling MCNP to a finite element 
solver such as Abaqus/CAE[2]. Before these new capabilities can be utilized, the ability of MCNP to 
accurately estimate eigenvalues and pin powers using an unstructured mesh must first be verified. Previous 
work to verify the unstructured mesh capabilities in MCNP was accomplished using the Godiva sphere [1], 
and this work attempts to build on that. To accomplish this, a criticality benchmark and a fuel assembly 
benchmark were used for calculations in MCNP using both the Constructive Solid Geometry (CSG) native 
to MCNP and the unstructured mesh geometry generated using Abaqus/CAE. The Big Ten criticality 
benchmark was modeled due to its geometry being similar to that of a reactor fuel pin. The C5G7 3-D 
Mixed Oxide (MOX) Fuel Assembly Benchmark was modeled to test the unstructured mesh capabilities 
on a reactor-type problem. 
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Abstract/Keyterms: In a Monte Carlo criticality calculation, before the tallying of quantities can begin, a 
converged fission source (the fundamental eigenvector of the fission kernel) is required. Tallies of interest 
may include powers, absorption rates, leakage rates, or the multiplication factor (the fundamental 
eigenvalue of the fission kernel, k(eff)). Just as in the power iteration method of linear algebra, if the 
dominance ratio (the ratio of the first and zeroth eigenvalues) is high, many iterations of neutron history 
simulations are required to isolate the fundamental mode of the problem. Optically large systems have large 
dominance ratios, and systems containing poor neutron communication between regions are also slow to 
converge. The fission matrix method, implemented into MCNP, addresses these problems. When Monte 
Carlo random walk from a source is executed, the fission kernel is stochastically applied to the source. 
Random numbers are used for: distances to collision, reaction types, scattering physics, fission reactions, 
etc. This method is used because the fission kernel is a complex, 7-dimensional operator that is not explicitly 
known. Deterministic methods use approximations/discretization in energy, space, and direction to the 
kernel. Consequently, they are faster. Monte Carlo directly simulates the physics, which necessitates the 
use of random sampling. Because of this statistical noise, common convergence acceleration methods used 
in deterministic methods do not work. In the fission matrix method, we are using the random walk 
information not only to build the next-iteration fission source, but also a spatially-averaged fission kernel. 
Just like in deterministic methods, this involves approximation and discretization. The approximation is the 
tallying of the spatially-discretized fission kernel with an incorrect fission source. We address this by 
making the spatial mesh fine enough that this error is negligible. As a consequence of discretization we get 
a spatially low-order kernel, the fundamental eigenvector of which should converge faster than that of 
continuous kernel. We can then redistribute the fission bank to match the fundamental fission matrix 
eigenvector, effectively eliminating all higher modes. For all computations here biasing is not used, with 
the intention of comparing the unaltered, conventional Monte Carlo process with the fission matrix results. 
The source convergence of standard Monte Carlo criticality calculations are, to some extent, always subject 
to the characteristics of the problem. This method seeks to partially eliminate this problem-dependence by 
directly calculating the spatial coupling. The primary cost of this, which has prevented widespread use since 
its inception, is the extra storage required. To account for the coupling of all N spatial regions to every other 
region requires storing N{sup 2} values. For realistic problems, where a fine resolution is required for the 
suppression of discretization error, the storage becomes inordinate. Two factors lead to a renewed interest 
here: the larger memory available on modern computers and the development of a better storage scheme 
based on physical intuition. When the distance between source and fission events is short compared with 
the size of the entire system, saving memory by accounting for only local coupling introduces little extra 
error. We can gain other information from directly tallying the fission kernel: higher eigenmodes and 
eigenvalues. Conventional Monte Carlo cannot calculate this data - here we have a way to get new 
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information for multiplying systems. In Ref. [5], higher mode eigenfunctions are analyzed for a three-region 
1-dimensional problem and 2-dimensional homogeneous problem. We analyze higher modes for more 
realistic problems. There is also the question of practical use of this information; here we examine a way 
of using eigenmode information to address the negative confidence interval bias due to inter-cycle 
correlation. We apply this method mainly to four problems: 2D pressurized water reactor (PWR), 3D Kord 
Smith Challenge, OECD - Nuclear Energy Agency (NEA) source convergence benchmark fuel storage 
vault [8], and Advanced Test Reactor (ATR). We see excellent source convergence acceleration for the 
most difficult problems: the 3D Kord Smith Challenge and fuel storage vault. Additionally, we examine 
higher eigenmode results for all these problems. Using part of the eigenvalue spectrum for a one-group 1D 
problem, we find confidence interval correction factors that are improvements over existing corrections 
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Abstract/Keyterms: Chemical and metallurgical operations involving plutonium and other nuclear 
materials account for most activities performed at the LANL's Plutonium Facility (PF-4). The presence of 
large quantities of fissile materials in numerous forms at PF-4 makes it necessary to maintain an active 
criticality safety program. The LANL Nuclear Criticality Safety (NCS) Program provides guidance to 
enable efficient operations while ensuring prevention of criticality accidents in the handling, storing, 
processing and transportation of fissionable material at PF-4. In order to achieve and sustain lower 
criticality safety control infraction (CSCI) rates, PF-4 operations are continuously improved, through the 
use of Lean Manufacturing and Six Sigma (LSS) business practices. Employing LSS, statistically 
significant variations (trends) can be identified in PF-4 CSCI reports. In this study, trends have been 
identified in the NCS Program using the NCS Database. An output metric has been developed that measures 
ADPSM Management progress toward meeting its NCS objectives and goals. Using a Pareto Chart, the 
primary CSCI attributes have been determined in order of those requiring the most management support. 
Data generated from analysis of CSCI data help identify and reduce number of corresponding attributes. 
In-field monitoring of CSCI's contribute to an organization's scientific and technological excellence by 
providing information that can be used to improve criticality safety operation safety. This increases 
technical knowledge and augments operational safety. 
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Abstract/Keyterms: Criticality safety at TA-55 relies on nuclear material containers that are water resistant 
to prevent significant amounts of water from coming into contact with fissile material in the event of a fire 
that causes a breach of glovevbox confinement and subsequent fire water ingress. A “water tight container” 
is a container that will not allow more than 50ml of water ingress when fully submerged, except when under 
sufficient pressure to produce structural discontinuity. There are many types of containers, welded 
containers, hermetically sealed containers, filtered containers, etc 
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10852…..…..…………………..…….……..……ID Number…………………..…..…………….10852 

Author: Miko, David K. / Desimone, David J. 

Title: Measurement of Fresh Fuel Rods to Demonstrate Compliance with Criticality Safety Limits 

Date: 11/3/2015 

Report: LA-UR--15-28594 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to operate TA-66 as a radiological facility with the quantity of nuclear 
material required to fulfil its mission, a criticality safety evaluation was required. This evaluation defined 
the control parameters for operations at the facility. The resulting evaluation for TA-66 placed limits on the 
amount of SNM, as well as other materials such as beryllium. In addition, there is a limit on the number of 
uranium fuel rods allowed subject to enrichment, outer diameter, and overall length restrictions. The 
enrichments for the rods to be shipped to TA-66 were documented in LA-UR-13-23581, but the outer 
diameter and length were not documented. This report provides this information. 
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10853…..…..…………………..…….……..……ID Number…………………..…..…………….10853 

Author: Brown, Forrest B. / Rising, Michael Evan / Alwin, Jennifer Louise 

Title: Lecture Notes on Criticality Safety Validation Using MCNP & Whisper 

Date: 3/11/2016 

Report: LA-UR--16-21659 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Training classes for nuclear criticality safety, MCNP documentation. The need for, 
and problems surrounding, validation of computer codes and data area considered first. Then some 
background for MCNP & Whisper is given--best practices for Monte Carlo criticality calculations, neutron 
spectra, S(α,β) thermal neutron scattering data, nuclear data sensitivities, covariance data, and correlation 
coefficients. Whisper is computational software designed to assist the nuclear criticality safety analyst with 
validation studies with the Monte Carlo radiation transport package MCNP. Whisper's methodology 
(benchmark selection – Ck's, weights; extreme value theory – bias, bias uncertainty; MOS for nuclear data 
uncertainty – GLLS) and usage are discussed. 
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10854…..…..…………………..…….……..……ID Number…………………..…..…………….10854 

Author: Adigun, Babatunde John / Fensin, Michael Lorne / Galloway, Jack D. / Trellue, Holly Renee 

Title: Maintaining a Critical Spectra within Monteburns for a Gas-Cooled Reactor Array by Way of Control 
Rod Manipulation 

Date: 6/7/2016 

Report: LA-UR--16-22226 

Conference/Journal: Annals of Nuclear Energy (Oxford) 

Conference Session:  

Abstract/Keyterms: Our burnup study examined the effect of a predicted critical control rod position on 
the nuclide predictability of several axial and radial locations within a 4×4 graphite moderated gas cooled 
reactor fuel cluster geometry. To achieve this, a control rod position estimator (CRPE) tool was developed 
within the framework of the linkage code Monteburns between the transport code MCNP and depletion 
code CINDER90, and four methodologies were proposed within the tool for maintaining criticality. Two 
of the proposed methods used an inverse multiplication approach - where the amount of fissile material in 
a set configuration is slowly altered until criticality is attained - in estimating the critical control rod 
position. Another method carried out several MCNP criticality calculations at different control rod 
positions, then used a linear fit to estimate the critical rod position. The final method used a second-order 
polynomial fit of several MCNP criticality calculations at different control rod positions to guess the critical 
rod position. The results showed that consistency in prediction of power densities as well as uranium and 
plutonium isotopics was mutual among methods within the CRPE tool that predicted critical position 
consistently well. Finall, while the CRPE tool is currently limited to manipulating a single control rod, 
future work could be geared toward implementing additional criticality search methodologies along with 
additional features 
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10855…..…..…………………..…….……..……ID Number…………………..…..…………….10855 

Author: Alwin, Jennifer Louise / Brown, Forrest B. / Rising, Michael Evan 

Title: Lecture Notes on Sensitivity-Uncertainty Based Nuclear Criticality Safety Validation 

Date: 5/2/2016 

Report: LA-UR--16-23533 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is a collection of lecture notes for sensitivity-uncertainty analysis of 
nuclear criticality safety validation. The use of and results from MCNP and Whisper are included. 
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10856…..…..…………………..…….……..……ID Number…………………..…..…………….10856 

Author: Brown, Forrest B. / Rising, Michael Evan / Alwin, Jennifer Louise 

Title: MCNP-WHISPER Methodology for Nuclear Criticality Safety Validation 

Date: 5/27/2016 

Report: LA-UR--16-23757 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Physics and Radiation Physics Monte Carlo; Neutron Transport 
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10857…..…..…………………..…….……..……ID Number…………………..…..…………….10857 

Author: Brown, Forrest B. 

Title: The MCNP6 Analytic Criticality Benchmark Suite 

Date: 6/16/2016 

Report: LA-UR--16-24255 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analytical benchmarks provide an invaluable tool for verifying computer codes used 
to simulate neutron transport. Several collections of analytical benchmark problems [1-4] are used routinely 
in the verification of production Monte Carlo codes such as MCNP® [5,6]. Verification of a computer code 
is a necessary prerequisite to the more complex validation process. The verification process confirms that 
a code performs its intended functions correctly. The validation process involves determining the absolute 
accuracy of code results vs. nature. In typical validations, results are computed for a set of benchmark 
experiments using a particular methodology (code, cross-section data with uncertainties, and modeling) and 
compared to the measured results from the set of benchmark experiments. The validation process 
determines bias, bias uncertainty, and possibly additional margins. Verification is generally performed by 
the code developers, while validation is generally performed by code users for a particular application 
space. The VERIFICATION_KEFF suite of criticality problems [1,2] was originally a set of 75 criticality 
problems found in the literature for which exact analytical solutions are available. Even though the spatial 
and energy detail is necessarily limited in analytical benchmarks, typically to a few regions or energy 
groups, the exact solutions obtained can be used to verify that the basic algorithms, mathematics, and 
methods used in complex production codes perform correctly. The present work has focused on revisiting 
this benchmark suite. A thorough review of the problems resulted in discarding some of them as not suitable 
for MCNP benchmarking. For the remaining problems, many of them were reformulated to permit 
execution in either multigroup mode or in the normal continuous-energy mode for MCNP. Execution of the 
benchmarks in continuous-energy mode provides a significant advance to MCNP verification methods. 
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10858…..…..…………………..…….……..……ID Number…………………..…..…………….10858 

Author: Brown, Forrest B. / Rising, Michael Evan / Alwin, Jennifer Louise / Mueller, Don 

Title: Sensitivity and Uncertainty Techniques for Use in Nuclear Criticality Safety 

Date: 7/27/2016 

Report: LA-UR-16-25648 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron Transport, MCNP, Validation 
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10859…..…..…………………..…….……..……ID Number…………………..…..…………….10859 

Author: Brown, Forrest B. 

Title: Sensitivity-Uncertainty Based Nuclear Criticality Safety Validation 

Date: 9/20/2016 

Report: LA-UR--16-27172 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: These are slides from a seminar given to the University of Mexico Nuclear 
Engineering Department. Whisper is a statistical analysis package developed to support nuclear criticality 
safety validation. It uses the sensitivity profile data for an application as computed by MCNP6 along with 
covariance files for the nuclear data to determine a baseline upper-subcritical-limit for the application. 
Whisper and its associated benchmark files are developed and maintained as part of MCNP6, and will be 
distributed with all future releases of MCNP6. Although sensitivity-uncertainty methods for NCS validation 
have been under development for 20 years, continuous-energy Monte Carlo codes such as MCNP could not 
determine the required adjoint-weighted tallies for sensitivity profiles. The recent introduction of the 
iterated fission probability method into MCNP led to the rapid development of sensitivity analysis 
capabilities for MCNP6 and the development of Whisper. Sensitivity-uncertainty based methods represent 
the future for NCS validation – making full use of today’s computer power to codify past approaches based 
largely on expert judgment. Validation results are defensible, auditable, and repeatable as needed with 
different assumptions and process models. The new methods can supplement, support, and extend 
traditional validation approaches. 
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10860…..…..…………………..…….……..……ID Number…………………..…..…………….10860 

Author: McDonough, Leo W 

Title: Parka Review 

Date: 12/1/1972 

Report: LA-UR-72-3489 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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10861…..…..…………………..…….……..……ID Number…………………..…..…………….10861 

Author: Reider, R. 

Title: Principles of Safety. Safety in General, Criticality Risk in Perspective 

Date: 4/30/1974 

Report: LA-UR-73-1428; CONF-731056-1 

Conference/Journal: Safety seminar, Miamisburg, Ohio, USA, 29 Oct 1973; Other Information 

Conference Session:  

Abstract/Keyterms: The role of management in the responsibility for training personnel in the 
fundamentals of safety and accident prevention is discussed. Program for radiation protection, with 
emphasis on criticality safety, are discussed briefly. 
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10862…..…..…………………..…….……..……ID Number…………………..…..…………….10862 

Author: Boudreau, J. E. / Jackson, J. F. 

Title: Recriticality considerations in LMFBR accidents 

Date: 4/1/1974 

Report: LA-UR--74-520; CONF-740401--3 

Conference/Journal: Conference on fast reactor safety, 2 Apr 1974, Beverly Hills, California, USA 

Conference Session:  

Abstract/Keyterms: From conference on fast reactor safety; Los Angeles, California, USA (2 Apr 1974). 
Recent studies suggest that fuel which is dispersed upward by a mild prompt critical burst may reenter the 
core region causing a secondary excursion. Several modes of fuel reentry recriticality are examined, and 
phenomena which strongly affect reactivity ramp rate estimates are evaluated. A broad range of ramp rates 
results from these studies. The results also indicate that a number of effects expected to be present in 
realistic situations can strongly mitigate the expected reactivity insertion rates. 
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10863…..…..…………………..…….……..……ID Number…………………..…..…………….10863 

Author: Smith, D. R. 

Title: A Review of Criticality Accidents 

Date: 5/1/1975 

Report: LA-UR-75-0829 

Conference/Journal: UNM Short Course in Criticality Safety- May 11-15, 1975 

Conference Session:  

Abstract/Keyterms:  
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10864…..…..…………………..…….……..……ID Number…………………..…..…………….10864 

Author: Smith, D. R. 

Title: Nuclear Criticality Safety in the Storage and Transportation of Fissile Material 

Date: 5/1/1975 

Report: LA-UR-75-0850 

Conference/Journal: UNM Short Course in Criticality Safety- May 11-15, 1975 

Conference Session:  

Abstract/Keyterms:  
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10865…..…..…………………..…….……..……ID Number…………………..…..…………….10865 

Author: Cowan, G. A. / Bryant, E. A. / Daniels, W. R. / Maeck, W. J. 

Title: U.S. Studies of the Oklo Phenomenon 

Date: 6/23/1975 

Report: LA-UR-75-1127, CONF-750641-2 

Conference/Journal: IAEA International symposium on the OKLO phenomenon, Libreville, Gabon, 23 
Jun 1975 

Conference Session:  

Abstract/Keyterms: Environmental & Earth Sciences-Minerals & Ores; Gabon- Uranium Deposits; 
Uranium Deposits- Chain Reactions; Criticality; Isotope Ratio; Mathematical Models; Uranium Ores 
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10866…..…..…………………..…….……..……ID Number…………………..…..…………….10866 

Author: Smith, D. R. 

Title: American National Standard Critical Accident Alarm System 

Date: 2/9/1976 

Report: LA-UR-75-2232, CONF-760202-10 

Conference/Journal: topical symposium on operational health physics, Denver, Colorado, USA, 9 Feb 
1976 

Conference Session:  

Abstract/Keyterms: An American National Standard has been developed to provide guidance for the 
design, maintenance, and use of criticality accident alarm systems.Discussion includes several details of 
this Standard, N16.2-1969, and of a revised version which is now nearing certification. 
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10867…..…..…………………..…….……..……ID Number…………………..…..…………….10867 

Author: Stratton, W. R. 

Title: Summary of Comments Offered at the Meeting on Recriticality Energetics, ANL, April 5-6, 1976 

Date: 4/5/1976 

Report: LA-UR-76-0887 

Conference/Journal: Meeting on recriticality energetics/ 5 Apr 1976/ Argonne, IL, USA 

Conference Session:  

Abstract/Keyterms: Some comments concerning LMFBR core disassembly accidents are presented. 
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10868…..…..…………………..…….……..……ID Number…………………..…..…………….10868 

Author: Jarvis, G. A. / Barton, D. M. / Helmick, H. H. / Bernard, W. / White, R. H. 

Title: Research on Plasma Core Reactors 

Date: 1/1/1976 

Report: LA-UR-76-1432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments and theoretical studies are being conducted for NASA on critical 
assemblies with one-meter diameter by one-meter long low-density cores surrounded by a thick beryllium 
reflector. These assemblies make extensive use of existing nuclear propulsion reactor components, 
facilities, and instrumentation. Due to excessive porosity in the reflector, the initial critical mass was 19 kg 
U(93.2). Addition of a 17-cm-thick by 89-cm-diameter beryllium flux trap in the cavity reduced the critical 
mass to 7 kg when all the uranium was in the zone just outside the flux trap. A mockup aluminum UF6 
container was placed inside the flux trap and fueled with uranium-graphite elements. Fission distributions 
and reactivity worths of fuel and structural materials were measured. Finally, an 85,000 cm3 aluminum 
canister in the central region was fueled with UF6 gas and fission density distributions determined. These 
results will be used to guide the design of a prototype plasma core reactor which will test energy removal 
by optical radiation. 
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10869…..…..…………………..…….……..……ID Number…………………..…..…………….10869 

Author: Orndoff, J. D. / Evans, A. E. 

Title: STF Simulation with PARKA and Application to Diagnostic Instrumentation Evaluation 

Date: 1/1/1976 

Report: LA-UR-76-2067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PARKA critical assembly at LASL has been modified to serve as a driver for an 
array of 37 enriched UO2 fuel pins. Utilizing good simulation of typical STF conditions, fuel motion 
diagnostic methods will be evaluated at low power for multiplying assemblies. Initial experiments are to 
establish the capability of the neutron hodoscope and in-core detectors. Preliminary results are reported for 
the latter technique. 
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10870…..…..…………………..…….……..……ID Number…………………..…..…………….10870 

Author: McLaughlin, T. P. / Jackson, J. F. / Forehand, H. M. / Koelling, J. J. / Stratton, W. R. 

Title: LMFBR disassembly analyses 

Date: 10/5/1976 

Report: LA-UR-76-2208; CONF-761001-24 

Conference/Journal: International meeting on fast reactor safety and related physics, Chicago, IL, USA, 
5 Oct 1976 

Conference Session:  

Abstract/Keyterms: The paper discusses reactor disassembly comparisons between (1) the PAD and 
VENUS-II computer codes and (2) the PAD code and a simple theoretical analysis. In the former 
comparisons a voided core model of an intermediate size LMFBR was the starting point for variations in 
the reactivity insertion rate, Doppler modeling, and fuel vapor equation of state. The study has shown that 
the peak-to-average power density is an important ratio whose value should be conserved when mapping 
from two- to one-dimensional geometry. Additionally, fission energy and peak temperature values agreed 
to within 10-15 percent, and kinetic energy as calculated by PAD is shown to be consistent with the post-
VENUS-II work evaluation. Finally, relatively small fission energy differences yielded substantially larger 
variations in the kinetic energy. The base for the latter comparison study was the original Bethe-Tait 
analysis. Results indicate good agreement between the two analyses with the exception of kinetic energy 
releases which differed by a factor of approximately 2. Parameter variations show high sensitivity of the 
calculated kinetic energy to thermal energy deposition and Doppler feedback. 
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10871…..…..…………………..…….……..……ID Number…………………..…..…………….10871 

Author: Stratton, W. R. 

Title: Summary of Comments Offered at the Meeting on Recriticality Energetics, ANL, April 5--6, 1976. 
[LMFBR] 

Date: 4/5/1976 

Report: LA-UR-76-887; CONF-760459-1 

Conference/Journal: Meeting on recriticality energetics, Argonne, IL, USA, 5 Apr 1976 

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; Specific Nuclear Reactors and Associated 
Plants; LMFBR Type Reactors; Reactor Core Disruption; Criticality; Meltdown; Accidents; Breeder 
Reactors; Epithermal Reactors; Fast Reactors; FBR Type Reactors; Liquid Metal Cooled Reactors; Reactor 
Accidents; Reactors 
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10872…..…..…………………..…….……..……ID Number…………………..…..…………….10872 

Author: Sheinberg, H. 

Title: Review of Some Past and Present Powder Metallurgy Programs at the Los Alamos Scientific 
Laboratory 

Date: 1/1/1977 

Report: LA-UR-77-0719 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Powder metallurgy programs at LASL are reviewed. Topics covered include KlWl 
reactor fuel elements; Phoebus reactor fuel elements, criticality control and poison plate material, structural 
composites for fuel element supports, and heat shields for fuel element supports; thermionic emitter reactor 
uranium carbide--zirconium carbide fuel pins, and molybdenum--uranium oxide fuel pins; laser and 
electron beam fusion targets; and current work in MHD components. 
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10873…..…..…………………..…….……..……ID Number…………………..…..…………….10873 

Author: Apt, K. E. / Balagna, J. P. / Bryant, E. A. / Cowan, G. A. / Daniels, W. R. / Vidale, R. J. 

Title: Search for Other Natural Fission Reactors 

Date: 1/1/1977 

Report: LA-UR-77-2796; CONF-771222, 677-689; IAEA-TC-119/37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Precambrian uranium ores have been surveyed for evidence of other natural fission 
reactors. The requirements for formation of a natural reactor direct investigations to uranium deposits with 
large, high-grade ore zones. Massive zones with volumes approximately greater than 1 m3 and 
concentrations approximately greater than 20 percent uranium are likely places for a fossil reactor if they 
are approximately greater than 0.6 b.a. old and if they contained sufficient water but lacked neutron-
absorbing impurities. While uranium deposits of northern Canada and northern Australia have received 
most attention, our samples have been obtained from the following worldwide locations Katanga regions 
of Zaire; Southwest Africa; Rio Grande do Norte, Brazil; the Jabiluka, Nabarlek, Koongarra, Ranger, and 
El Sharana ore bodies of the Northern Territory, Australia; the Beaverlodge, Maurice Bay, Key Lake, Cluff 
Lake, and Rabbit Lake ore bodies and the Great Bear Lake region, Canada. The ore samples were tested 
for isotopic variations in uranium, neodymium, samarium, and ruthenium which would indicate natural 
fission. Isotopic anomalies were not detected. Criticality was not achieved in these deposits because they 
did not have sufficient 235U content (a function of age and total uranium content) and/or because they 
had... 



 

C-10905 

10874…..…..…………………..…….……..……ID Number…………………..…..…………….10874 

Author: Koelling, J. J. / Hansen, G. E. / Byers, C. C. 

Title: Fission and Explosive Energy Releases of PuO2, PuO2--UO2, UO2, and UO3 Assemblies 

Date: 1/1/1977 

Report: LA-UR-77-72; CONF-761103-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical masses and fission and explosive energy releases of PuO2, PuO2-UO2, 
UO2 and UO3 assemblies were calculated. The choice of parameters used in the model is conservative and 
was chosen after review of appropriate plants that have been and are proposed for construction in the future. 
The resulting data envelopes are intended to include any conceivable set of circumstances that could 
ultimately lead to a nuclear incident. All energy release analysis was performed for initial fission spikes 
only; recriticality mechanisms were not considered. 
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10875…..…..…………………..…….……..……ID Number…………………..…..…………….10875 

Author: Byers, C. C. / Hansen, G. E. / Koelling, J. J. / Plassmann, E. A. / Smith, D. R. 

Title: Reactivity Coefficients of Heavy Isotopes in LASL’s Fast Critical Assemblies 

Date: 1/1/1978 

Report: LA-UR-78-0427 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A systematic investigation of heavy isotope behavior in the Pajarito fast-neutron 
critical assemblies is described. Included will be central reactivity coefficient measurements and fission 
rate measurements in natural uranium reflected plutonium and 93%-enriched uranium metal assemblies and 
in Big Ten, a depleted uranium reflected 10%-enriched uranium metal assembly. 
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10876…..…..…………………..…….……..……ID Number…………………..…..…………….10876 

Author: Helmick, Herbert H. / Schwenk, Francis C. 

Title: Gaseous Fuel Reactors for Power Systems 

Date: 8/1/1978 

Report: LA-UR-78-1437 

Conference/Journal: Thirteenth Intersociety Energy Conversion Engineering Conference, San Diego, 
CA, August 20-25, 1978 

Conference Session:  

Abstract/Keyterms: The Los Alamos Scientific Laboratory is participating in a NASA-sponsored program 
to demonstrate the feasibility of a gaseous uranium fueled reactor. The work is aimed at acquiring 
experimental and theoretical information for the design of a prototype plasma core reactor which will test 
heat removal by optical radiation. The basic goal of this work is for space applications; however, other 
NASA-sponsored work suggests several attractive applications to help meet earth-bound energy needs. 
Such potential benefits are small critical mass, on-site fuel processing, high fuel burnup, low fission 
fragment inventory in reactor core, high temperature for process heat, optical radiation for photochemistry 
and space power transmission, and high temperature for advanced propulsion systems. Low power reactor 
experiments using uranium hexafluoride gas as fuel demonstrated performance in accordance with reactor 
physics predictions. The final phase of experimental activity now in progress is the fabrication and testing 
of a buffer gas vortex confinement system. 
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10877…..…..…………………..…….……..……ID Number…………………..…..…………….10877 

Author: Davey, W. G. / Hansen, G. E. / Koelling, J. J. / McLaughlin, T. P. 

Title: Measurements in Los Alamos Benchmark Criticals and the Central Reactivity Discrepancy 

Date: 1/1/1978 

Report: LA-UR-78-2467; CONF-780921-12 

Conference/Journal: Conference on neutron physics and other applied purposes, Harwell, UK, 25 Sep 
1978 

Conference Session:  

Abstract/Keyterms: Measurements in seven Los Alamos fast critical facilities are described; all are related 
to elucidating the causes of the central reactivity discrepancy in fast reactors. Specific capabilities of these 
specialized assemblies permit measurements well-above delayed critical and these confirm the validity of 
the delayed neutron data used for calibration; there is therefore no reactivity-scale error. Reactivity 
measurements in these homogeneous assemblies exhibit no discrepancy. It is concluded that nuclear data 
should not be adjusted to eliminate the discrepancy found in other, heterogeneous assemblies. 
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10878…..…..…………………..…….……..……ID Number…………………..…..…………….10878 

Author: Evans, A. E. Jr. / Orndoff, J. D. / Talbert, W. L. Jr. 

Title: Evaluation of LMFBR Fuel-Motion Diagnostics Instrumentation with PARKA 

Date: 1/1/1978 

Report: LA-UR-78-2711; CONF-781033-15 

Conference/Journal: IEEE nuclear science symposium, Washington, DC, USA, 18 Oct 1978 

Conference Session:  

Abstract/Keyterms: To aid in the design of LMFBR safety test experiments and safety test facilities (STF), 
a program of evaluation of concepts for fuel-motion diagnostics instrumentation has been undertaken. A 
part of this evaluation is being done at PARKA, a Rover project critical assembly which has been modified 
to study the self nuclear image from driven FTR-type fuel assemblies. Feasibility of obtaining fast-neutron 
images of single-pin voids in assemblies of up to 127 fuel pins has been demonstrated, albeit marginally 
for the larger fuel bundles. The feasibility of using in-core detectors as fuel-motion monitors has also been 
studied. Use of PARKA in a pulsed mode to study STF transient phenomena is discussed. 
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10879…..…..…………………..…….……..……ID Number…………………..…..…………….10879 

Author: Miller, W. F., Jr. / Alcouffe, R. E. / Bosler, G. E. / Brinkley, F. W., Jr. / O’Dell, R. D. 

Title: Timing Comparison of Two-Dimensional Discrete-Ordinates Codes for Criticality Calculations 

Date: 1/1/1979 

Report: LA-UR-79-0038 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The authors compare two-dimensional discrete-ordinates neutron transport computer 
codes to solve reactor criticality problems. The fundamental interest is in determining which code requires 
the minimum Central Processing Unit (CPU) time for a given numerical model of a reasonably realistic fast 
reactor core and peripherals. The computer codes considered are the most advanced available and, in three 
cases, are not officially released. The conclusion, based on the study of four fast reactor core models, is that 
for this class of problems the diffusion synthetic accelerated version of TWOTRAN, labeled TWOTRAN-
DA, is superior to the other codes in terms of CPU requirements. 
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10880…..…..…………………..…….……..……ID Number…………………..…..…………….10880 

Author: Baxman, H. R. / Langner, D. G. / Sprinkle, J. K. / Sampson, T. E. / Canada, T. R. 

Title: In-Plant Evaluation of a Uranium NDA System 

Date: 1/1/1979 

Report: LA-UR-79-1476 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A uranium solution assay system was developed to allow accurate, timely process 
control, accountability, and criticality data to be obtained. In it, Ge(Li) gamma-ray spectroscopy is 
integrated with an interactive computer software package. The U concentration range is divided into three 
material categories concentrated leach solutions. 
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10881…..…..…………………..…….……..……ID Number…………………..…..…………….10881 

Author: Eccleston, G. W. / Menlove, H. O. / Echo, M. W. 

Title: Measurement System for High Enriched Spent Fuel Assemblies and Waste Solids 

Date: 1/1/1979 

Report: LA-UR-79-1857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nondestructive neutron interrogation system, being developed to assay the 235U 
content in bulk waste solids and high enriched spent fuel assemblies, is described. The instrument will be 
used for both nuclear materials accountability and criticality control by the facility operator. A range of 
fissile contents varies from 0 to 400 g in the waste and from about 8 to 12 kg in the spent fuel elements. 
Measurements must be obtained in the presence of large neutron (1.2 x 10$sup 7$ n/s) and gamma (50,000 
R/h) backgrounds. The system employs fast-neutron interrogation of the sample using a 5 mg 252Cf source 
combined with delayed neutron counting after the source is moved to storage. Preliminary Monte Carlo 
calculations indicate measurement precisions of better than ±5% (2 sigma) are obtainable for waste loadings 
in excess of 200 g 235U. 
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10882…..…..…………………..…….……..……ID Number…………………..…..…………….10882 

Author: Bohl, W. R. 

Title: Some Recriticality Studies with SIMMER -II 

Date: 8/19/1979 

Report: LA-UR-79-2340; CONF-790816-38 

Conference/Journal: International meeting on fast reactor safety technology/ 19 Aug 1979/ Seattle, WA, 
USA 

Conference Session:  

Abstract/Keyterms: The SIMMER-II code was applied to the problem of evaluating the potential for 
recriticality in an LMFBR HCDA. The phenomenology examined was based on the post SAS3D behavior 
in a CRBR LOF accident. The SIMMER-II results were found to be sensitive to the development of fuel 
blockages. If blockages were formed close to the core, the core-disruption phase of the behavior resulted 
from the significant energy required following SAS3D termination to raise the average steel temperature to 
saturation conditions; also material deposition near heat sinks eliminated condensation surfaces and induced 
core pressurization and fuel collapse. Excessive ramp rates (greater than $100/s) were judged to be unlikely, 
but improved knowledge and calculational treatments of the applicable phenomenology would be desirable. 
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Author: Hansen, G. E. / Gilliam, D. M. 

Title: Dosimetry Results for Big Ten and Related Benchmarks 

Date: 1/1/1979 

Report: LA-UR-79-2685 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measured average reaction cross sections for the Big Ten central flux spectrum are 
given together with calculated values based on the U.S. Evaluated Nuclear Data File ENDF/B-IV. Central 
reactivity coefficients for 233U, 235U, 239Pu, 6Li and 10B are given to check consistency of bias between 
measured and calculated reaction cross sections for these isotopes. Spectral indexes for the Los Alamos 
233U, 235U and 239Pu metal critical assemblies are updated, utilizing the Big Ten measurements and 
interassembly calibrations, and their implications for inelastic scattering are reiterated. 
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Title: Measurement of the Neutron Spectrum of the Big Ten Critical Assembly by Lithium-6 Spectrometry 

Date: 1/1/1979 

Report: LA-UR-79-2686; CONF-791051-4 

Conference/Journal: ASTM-EURATOM symposium on reactor dosimetry, Ispra, Italy, 1 Oct 1979 

Conference Session:  

Abstract/Keyterms: The central neutron-flux spectrum of the Los Alamos Scientific Laboratory's critical 
assembly, Big Ten, was measured with a 6Li spectrometer and techniques developed at the Centre d'Etude 
de L'Energie Nucleaire, MOL, as part of an experimental program to establish the characteristics of Big 
Ten. 
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Title: What Has Happened to the Survivors of the Early Los Alamos Nuclear Accidents 

Date: 1/1/1979 

Report: LA-UR-79-2802 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two nuclear accidents involving a plutonium sphere just subcritical in size occurred 
at the Los Alamos Laboratory, LA-1 in 1945 and LA-2 in 1946. Because remote control devices were 
deemed unreliable at the time, the tamper material (tungsten carbide bricks in LA-1 and beryllium 
hemispheres in LA-2) was added by hand with the operator standing next to the assembly. In each case the 
critical size of the assembly was accidentally exceeded and the resultant exponentially increasing chain 
reaction emitted a burst of neutrons and gamma rays. Ten persons were exposed to the radiation bursts 
which were largely composed of neutrons. The doses ranged from fatal in the case of the two operators, to 
small in the case of some survivors. The two operators died within weeks as a result of acute radiation 
injury. Only six of the eight survivors were available for follow-up study ten or more years after the 
accident. Four of these six survivors are now dead, but the two living survivors are in excellent health with 
no clinical or laboratory evidence of late radiation injury. Two of the deceased died of acute myelogenous 
leukemia, another died at age 83 of refractory anemia, and the fourth of myocardial infarction. The heart 
attack could have been precipitated by the myxedema assumed to have been the result of the radiation 
exposure. 
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Title: ENDF/B-IV, and V Cross Section Libraries for Thermal Power Reactor Analysis 

Date: 1/1/1979 

Report: LA-UR-79-2897 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The NJOY processing system was used to produce thermal reactor cross-section 
libraries from ENDF/B-IV, and-V evaluations for the fuel cycle codes EPRI-CELL and EPRI-CPM, for the 
continuous-energy Monte Carlo code MCNP, and for the Los Alamos discrete-ordinates transport codes. 
This consistent data source allowed the approximate methods (equivalence theory, B1, integral transport, 
PL-SN) to be compared with accurate Monte Carlo results. So far, this has resulted in improved methods 
for space-and-energy self-shielding in the resonance range (e.g., the NJOY flux calculator, epithermal 
disadvantage factors for EPRI-CELL, shielded elastic removal), it has shown why the newest ENDF-based 
libraries initially gave results worse than the old libraries, and it has pointed out problems for future study 
such as resonance interference effects at high burnup. Finally, the results are compared to various criticality 
benchmarks to evaluate the performance of ENDF/B-V for thermal reactor analysis and to establish the 
biases introduced by the approximate methods used in the fuel cycle codes. 
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Title: Timing Comparison of Two-Dimensional Discrete-Ordinates Codes for Criticality Calculations. 
[Fast Reactors] 

Date: 4/23/1979 

Report: LA-UR-79-38; CONF-790402-10 

Conference/Journal: Computational methods in nuclear engineering, Williamsburg, VA, USA, 23 Apr 
1979 

Conference Session:  

Abstract/Keyterms: The authors compare two-dimensional discrete-ordinates neutron transport computer 
codes to solve reactor criticality problems. The fundamental interest is in determining which code requires 
the minimum Central Processing Unit (CPU) time for a given numerical model of a reasonably realistic fast 
reactor core and peripherals. The computer codes considered are the most advanced available and, in three 
cases, are not officially released. The conclusion, based on the study of four fast reactor core models, is that 
for this class of problems the diffusion synthetic accelerated version of TWOTRAN, labeled TWOTRAN-
DA, is superior to the other codes in terms of CPU requirements. 
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Date: 1/1/1980 

Report: LA-UR-80-1158; CONF-800471-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At Los Alamos the early work of Fermi, von Neumann, and Ulam has been developed 
and supplemented by many followers, notably Cashwell and Everett, and the main product today is the 
continuous-energy, general-purpose, generalized-geometry, time-dependent, coupled neutron-photon 
transport code called MCNP. The Los Alamos Monte Carlo research and development effort is concentrated 
in Group X-6. MCNP treats an arbitrary three-dimensional configuration of arbitrary materials in geometric 
cells bounded by first- and second-degree surfaces and some fourth-degree surfaces (elliptical tori). Monte 
Carlo has evolved into perhaps the main method for radiation transport calculations at Los Alamos. MCNP 
is used in every technical division at the Laboratory by over 130 users about 600 times a month accounting 
for nearly 200 hours of CDC-7600 time. 
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Title: Rapid Fuel Drawer Scanner for Fast Critical Assembly Safeguards 

Date: 6/1/1980 

Report: LA-UR-80-1796 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An integrated scanning system incorporating highly efficient collimated neutron and 
high purity germanium gamma detectors with an on-line microprocessor has been developed to perform 
rapid inventorying of uranium and plutonium fuel drawers from fast critical assemblies. On-line least-
squares fit procedures provide quantitative comparisons at a rate exceeding two drawers per minute. For 
plutonium-containing fuel, the neutron scan data can be related to the included 240Pu isotopic mass; 
individual 239Pu, 241Pu, and 241Am isotopic contents are obtained from simultaneous scans of the 
appropriate isolated gamma lines. 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The stages through which criticality safety has progressed are reviewed and 
speculation about present signs of maturity is made. Early history, evolution, and accident experiences are 
described. It is concluded that criticality safety as a discipline is mature. 
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Date: 1/1/1981 

Report: LA-UR-81-0358 

Conference/Journal: International conference on nondestructive evaluation in the industry, Lindau, F.R. 
Germany, May 1981 

Conference Session:  

Abstract/Keyterms: An active neutron interrogation technique has been developed for the measurement 
of the 235U content in fresh fuel assemblies. The method employs an Am Li neutron source to induce 
fission reactions in the fuel assembly and coincidence counting of the resulting fission reaction neutrons. 
When no interrogation source is present, the passive neutron coincidence rate gives a measure of the 238U 
via the spontaneous fission reactions. The system can be applied to the fissile content determination in 
HWR, BWR, and LWR fuel assemblies for accountability, criticality control, and safeguards purposes. 
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Title: Transition-Phase Calculation of a Large, Heterogeneous-Core LMFBR. [SIMMER-II Calculations] 

Date: 1/1/1981 

Report: LA-UR-81-2160; CONF-811103-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A mechanistic calculation of a complete transition-phase sequence for a large 
heterogeneous core LMFBR has been performed using SIMMER-II. Recriticalities occurred as the 
disruption progressed through a series of different subphases. The number and severity of recriticalities was 
directly related to the timing and scale of fuel removal and coherence of material motion. The energetics 
associated with transition-phase are not yet resolved but the understanding of the characteristics of 
disruption and the effects of uncertainties has been extended significantly. 
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Title: Criticality Control of Special Actinide Elements 

Date: 12/1/1981 

Report: LA-UR-81-3520 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Actinides; Criticality; Safety Standards; Fissionable Materials; 
Subcriticality; Transuranium Elements; Elements; Materials; Metals; Standards 420203 - Engineering- 
Handling Equipment & Procedures 
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Title: Unmitigated Boron Dilution Events in a PWR. [During Shutdown] 

Date: 3/1/1982 

Report: LA-UR-82-1716; CONF-830103-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Dissolved boron is required for control of reactivity in a pressurized water reactor 
that is shut down. TRAC-PF1 calculations for a typical PWR for vessel-closed and vessel-open 
configurations show that a high-power excursion (approaching 20% of nominal operating power) is possible 
if dilution of the boron solution occurs. The calculations also show that sufficient heat capacity exists in the 
primary system to prevent a large temperature increase and that natural circulation flow of high 
concentration boron solution from the primary system into the core region will terminate the excursion. 
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Report: LA-UR-82-1988 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; Specific Nuclear Reactors and Associated 
Plants; Process Heat Reactors; Criticality; Reactor Accidents; Reactor Safety; Simulation; Accidents; 
Reactors; Safety 
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Conference/Journal: Specialists meeting on yields and decay data of fission product nuclides/ 24 Oct 
1983/ Upton, NY, USA 

Conference Session:  

Abstract/Keyterms: Analytical formulations that describe the time dependence of neutron populations in 
nuclear materials contain delayed-neutron dependent terms. These terms are important because the delayed 
neutrons, even though their yields in fission are small, permit control of the fission chain reaction process. 
Analytical applications that use delayed neutrons range from simple problems that can be solved with the 
point reactor kinetics equations to complex problems that can only be solved with large codes that couple 
fluid calculations with the neutron dynamics. Reactor safety codes, such as SIMMER, model transients of 
the entire reactor core using coupled space-time neutronics and comprehensive thermal-fluid dynamics. 
Nondestructive delayed-neutron assay instruments are designed and modeled using a three-dimensional 
continuous-energy Monte Carlo code. Calculations on high-burnup spent fuels and other materials that 
contain a mix of uranium and plutonium isotopes require accurate and complete information on the delayed-
neutron periods, yields, and energy spectra. A continuing need exists for delayed-neutron parameters for 
all the fissioning isotopes. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A history of the Los Alamos National Laboratory over its 40 years is presented. The 
evolution of the laboratory is broken down into the Oppenheimer years, the Bradbury years, the Agnew 
years and the Kerr years. The weapons program is described including nuclear data, early reactors, 
computing and computers, plutonium, criticality, weapon design and field testing. 
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Conference Session:  

Abstract/Keyterms: The design and performance analysis of a space nuclear-power system requires 
sophisticated analytical capabilities such as those developed during the nuclear rocket propulsion (Rover) 
program. In particular, optimizing the size of a space nuclear reactor for a given power level requires 
satisfying the conflicting requirements of nuclear criticality and heat removal. The optimization involves 
the determination of the coolant void (volume) fraction for which the reactor diameter is a minimum and 
temperature and structural limits are satisfied. A minimum exists because the critical diameter increases 
with increasing void fraction, whereas the reactor diameter needed to remove a specified power decreases 
with void fraction. The purpose of this presentation is to describe and demonstrate our analytical capability 
for the determination of minimum reactor size. The analysis based on combining neutronic criticality 
calculations with OPTION-code thermal-fluid calculations. 
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Title: Monte Carlo Alpha Calculation 
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Report: LA-UR-85-1224 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Monte Carlo algorithm to efficiently calculate static alpha eigenvalues, N = 
ne/sup..cap alpha..t/, for supercritical systems has been developed and tested. A direct Monte Carlo 
approach to calculating a static alpha is to simply follow the buildup in time of neutrons in a supercritical 
system and evaluate the logarithmic derivative of the neutron population with respect to time. This 
procedure is expensive, and the solution is very noisy and almost useless for a system near critical. The 
modified approach is to convert the time-dependent problem to a static..cap alpha../sup -/eigenvalue 
problem and regress..cap alpha.. On solutions of a/sup -/ k/sup -/eigenvalue problem. In practice, this 
procedure is much more efficient than the direct calculation, and produces much more accurate results. 
Because the Monte Carlo codes are intrinsically three-dimensional and use elaborate continuous-energy 
cross sections, this technique is now used as a standard for evaluating other calculational techniques in odd 
geometries or with group cross sections. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Early fuel removal from the active core of a liquid-metal-cooled fast breeder reactor 
undergoing a core-disruptive accident may reduce the potential for large energetics resulting from 
recriticalities. This paper presents a review of analyses with the SIMMER-II computer program of the 
effectiveness of possible fuel escape paths. Where possible, how SIMMER-II compares with or is validated 
against experiments that simulated the escape paths also is discussed. 
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Report: LA-UR-85-1373 

Conference/Journal: ANS/ENS Fast Reactor Safety Meeting, Knoxville, TN, USA, 21 Apr 1985 
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Abstract/Keyterms: Results of two sets of recent Los Alamos transition-phase experiments are reported 
herein. The two sets of experiments addressed two different behaviors of boiling pools of molten fuel, 
molten steel and steel vapor, in the transition phase of a core-disruptive accident (CDA) in a liquid-metal 
fast breeder reactor (LMFBR). The transient boilup experiments simulated the recriticality-induced motions 
of a boiling pool within a single subassembly during the subassembly-pool subphase of the transition phase. 
The melting wall experiments simulated the melting and entrainment of subassembly duct wall steel into a 
boiling pool during the same subphase. From the results of the transient boilup experiment we identified 
behaviors and phenomena that argue against an energetic disassembly from the subassembly-pool subphase. 
From the melting wall experiments we determined that a stable boiling pool is unlikely by showing that 
significant amounts of wall steel would likely be rapidly entrained and lead to pool collapse. 
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Conference Session:  

Abstract/Keyterms: Analyses of Los Alamos transition-phase experiments with the SIMMER-II computer 
code are reported. These transient boilup experiments simulated the recriticality-induced transient motion 
of a boiling pool of molten fuel, molten steel and steel vapor, within a subassembly duct in a liquid-metal 
fast breeder reactor during the transition phase of a core-disruptive accident. The two purposes of these 
experiments were to explore and reach a better understanding of fast reactor safety issues, and to provide 
data for SIMMER-II verification. Experimental data, consisting of four pressure traces and a high-speed 
movie, were recorded for four sets of initial conditions. For three of the four cases, SIMMER-II-calculated 
pressures compared reasonably well with the experimental pressures. After a modification to SIMMER-
II’s liquid-vapor drag correlation, the comparison for the fourth case was reasonable also. 
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Abstract/Keyterms: The Rocky Flats Criticality Alarm Systems consist of neutron-sensitive detectors 
coupled to individual building central logic and display systems. A new detector design is described. This 
detector includes a /sup 6/LiF neutron alpha particle converter, as in previous units, but uses ion-implanted 
silicon devices for the alpha particle sensor. A thick-film hybrd, low-input impedance, bipolar amplifier 
with CMOS (Complementary Metal Oxide Semiconductor) electronics is built into an enclosure designed 
to minimize radio frequency (rf) interference, mechanical shock, and seismic response. The unit has been 
tested to reject fields of 50 volts per meter and seismic input of 6.0 on the Richter scale (2-axis acceleration). 
The complete unit costs $600, including a 280-mm/sup 2/ ion-implanted sensor and /sup 6/LiF foil. An 
analysis of failures occurring over the past ten years is included. The failures tend to be tied predominantly 
to the annunciation systems in the individual buildings. 
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Abstract/Keyterms: This paper presents a summary of the major surety issues (safety, environmental 
protection, safeguards, reliability, quality assurance) that have been identified during Phase I of the SP-100 
Program and the progress that has been made in analyzing the most important of these issues in the context 
of the conceptual design effort. These issues have been identified as inadvertent criticality, toxic material 
release and dispersion, radiation exposure following end-of-life reentry, potential diversion of special 
nuclear material, failure to achieve end-of-life neutronic shutdown, and structural predictability for end-of-
life re-entry or boost. Because of the complexity of these issues, a simplified conservative approach was 
taken during Phase I. Progress on these issues has been mainly in the area of increased understanding of 
the issues, identification of design features to resolve the issues, and quantitative evaluations of the surety 
characteristics of the various design concepts. 
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Abstract/Keyterms: A method is proposed for measuring the effective reproduction factor, k, in subcritical 
systems. The method uses the transient response of a subcritical system to the sudden removal of an 
extraneous neutron source (i.e., a source jerk). The response is analyzed using an inverse kinetic technique 
that least-squares fits the exact analytical solution corresponding to a source-jerk transient as derived from 
the point-reactor model. It has been found that the technique can provide an accurate means of measuring 
k in systems that are close to critical (i.e., 0.95 < k < 1.0). As a system becomes more subcritical (i.e., k << 
1.0) spatial effects can introduce significant biases depending on the source and detector positions. 
However, methods are available that can correct for these biases and, hence, can allow measuring 
subcriticality in systems with k as low as 0.5. 



 

C-10937 

10906…..…..…………………..…….……..……ID Number…………………..…..…………….10906 

Author: Lisowskyi, P. W. / Ullmann, J. L. / Balestrini, S. J. / Carlson, A. D. / Wasson, O. A. / Hill, N. W. 

Title: Neutron Induced Fission Cross-Section Ratios for 232Th, 235,238U, 237Np and 239Pu from 1 to 
400 MeV 

Date: 6/1/1988 

Report: LA-UR-88-1813; CONF-880546-31 

Conference/Journal: Nucl. Data for Sci. and Technol., May 30-June 3,1988, Mito Japan, pp.97 

Conference Session:  

Abstract/Keyterms: Neutron Induced Fission Cross-Section Ratios 
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Conference Session:  

Abstract/Keyterms: The Compact Nuclear Power Source (CNPS) was designed to produce electric power 
for remote sites where fuel logistics and costs would justify a remotely sited nuclear power plant. Since the 
reactor was of novel design with no appropriate benchmarks, a series of critical experiments was carried 
out at LANL. This paper describes the methodology and reports the results of the postanalysis that was 
performed on the critical experiments, which included several distinct critical configurations, the 
measurement of the isothermal temperature coefficient of reactivity and various material worths. 
Comparisons with measurements indicate that current methods and cross sections are adequate for 
calculating at least the beginning of life conditions in low enriched 235U-graphite cores. 
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Abstract/Keyterms: Zero-power static and kinetic measurements have been made on a mock-up of the 
Compact Nuclear Power Source (CNPS), a graphite moderated, graphite reflected, U(19.9% 235U) fueled 
reactor design. Critical configurations were tracked from a first clean configuration (184 most central fuel 
channels filled and all control rod and heat pipe channels empty) to a fully loaded configuration (all 492 
fuel channels filled, core-length stainless steel pipe in the twelve heat-pipe channels, and approximately 
half-core-length boron carbide in the outer 4 control rod channels. Reactor physics data such as material 
worths and neutron lifetime are presented only for the clean and fully loaded configurations. 



 

C-10940 

10909…..…..…………………..…….……..……ID Number…………………..…..…………….10909 

Author: Malenfant, R. E. 

Title: Self-Limiting Features of Accidental Criticality in a Solution System 

Date: 9/1/1988 

Report: LA-UR-88-3124, CONF-8809144-1 

Conference/Journal: DOE criticality alarm system workshop, Richland, WA, USA, 20 Sep 1988 

Conference Session:  

Abstract/Keyterms: Experience with the SHEBA solution critical assembly during validation testing of 
accidental criticality alarm detectors provided several insights into the character of potential accidental 
excursions. Two observations were of particular interest. First, it is nearly impossible to maintain a solution 
system, particularly one employing low-enrichment material, in a constant state. If super-critical, the system 
will heat up, expand (or form bubbles), return to a sub-critical state, and shut down of its own accord without 
going into short period oscillations. Second, a very slow change in the system could produce a long “pulse” 
resulting in lengthy exposures, a high dose, but a low dose rate. The experiments dramatically contradicted 
the popular contention that accidental criticality is characterized by a blue flash, a clap of thunder, and 
violent expulsion of material 
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Abstract/Keyterms: Continuous measurement of uranium concentrations in liquid streams is necessary 
for criticality safety, process control, and nuclear materials accounting. The solutions may contain high 
concentrations of fission products or neutron emitters that interfere with nondestructive gamma-ray, 
neutron, or X-ray techniques. A technique that is rapid, noninvasive, unaffected by radioactivity, and that 
requires neither sample handling nor preparation is desirable. The laser spark, more formally known as 
laser-induced breakdown spectroscopy (LIBS), appears to have all of these properties. The use of LIBS to 
analyze static uranium solutions at concentrations of interest for process stream analysis has been 
successfully demonstrated. A test loop and flow cell have been constructed and experiments are being 
conducted on flowing streams. The results of these experiments will be reported. The authors plan to 
investigate its applicability to the determination of uranium, plutonium, americium, thorium, zirconium, 
and others in the future. It is probably impossible to measure isotopic compositions because the high 
electrical field in the laser spark produces Stark broadening of the uranium emission lines. 
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Date: 4/4/1989 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The MCNP code was used to generate time and energy spectra for neutron and photon 
transport throughout a fictitious facility. Calculations of this type will be utilized to design a new Los 
Alamos criticality alarm system. 
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Orlando, FL, USA 

Conference Session:  

Abstract/Keyterms: Process monitoring has been proposed as a safeguards measure to ensure that a 
facility is operating as designed, or as a surveillance measure to ensure that material is not removed from 
the facility in an undeclared manner. In a process-monitoring system, the facility operator monitors process 
operations such as tank levels, densities, and temperatures; process flows; and physical parameters such as 
valve positions to ensure that the operations performed are both desired and required. At many facilities 
(for example, Idaho), the process-monitoring system is also an important safety feature to prevent criticality. 
Verifying facility design is necessary for application of safeguards in a reprocessing plant. Verifying all 
pipes and valves through comparison of blueprints with the as-built facility is an almost impossible task 
with the International Atomic Energy Agency’s limited inspection resources. We propose applying process 
monitoring for international safeguards facility design verification. By carefully selecting process-operating 
variables, it may be possible to verify that plant flows are as described and that key measurement points are 
not bypassed. 
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Conference Session:  

Abstract/Keyterms: A new version of the NJOY Nuclear Data Processing Code is described. This version 
is called NJOY 89, and it supports most of the features of the new ENDF-6 format including the Reich-
Moore and Hybrid R-Function resonance representations, heating and damage calculations that make use 
of File 6 energy-angle distributions, the revised File 7 format for the thermal data, and multigroup transfer 
matrices based on File 6. The multigroup matrices can be computed for incident neutrons or charged-
particles, and for outgoing neutrons, photons, charge particles, and recoil nuclei. The MATXS output 
module has been upgraded to handle charged particles in order to enable the TRANSX code to prepare 
multiparticle coupled sets. The plotting module can display ENDF-6 format File 6 data in both 2-d and 3-
d perspective forms. In addition, some remaining problems are discussed. 
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Conference/Journal: International Meeting on Nuclear Criticality Safety Margins, San Francisco, CA 
(USA), 26 Nov - 1 Dec 1989 

Conference Session:  

Abstract/Keyterms: The differential dieaway technique (DDT), which uses a pulsed neutron source to 
interrogate containers of fissile materials with thermal neutrons, is reviewed. This method is widely used 
for certifying transuranic nuclear wastes for eventual emplacement at the Waste Isolation Pilot Plant. For 
purposes of criticality safety, an upper limit of 200 g of fissile material is permitted in a 55-gal waste drum. 
Problems involving waste-matrix effects and self-shielding may severely limit the accuracy of the DDT 
measurement. A dieaway method that uses both thermal and epithermal neutron interrogation, which has 
the potential for reducing these problems, is being developed. Recent experimental and calculational results 
for this development are described. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Subcritical measurements of the WINCO slab tank using the source-jerk technique 
are presented. This technique determines subcriticality by analyzing the transient response produced by the 
sudden removal of an extraneous neutron source (i.e., a source jerk). We have found that the technique can 
provide an accurate means of measuring k in configurations that are close to critical (i.e., 0.90 < k < 1.0). 
As the system becomes more subcritical (i.e., k < 0.90), spatial effects introduce significant biases 
depending on the source and detector positions. A comparison between the measurements and Monte Carlo 
code calculations is also presented. 
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Abstract/Keyterms: Historical and recent examples of the application of in situ measurements to provide 
knowledge for specific operations and general criticality safety guidance are reviewed. The importance of 
the American National Standard, Safety in Conducting Subcritical Neutron-Multiplication Measurements 
In Situ, ANSI/ANS-8.6, 1988 is discussed. Examples of possible future applications of in-situ 
measurements are provided. 
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Report: LA-UR-91-1118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At the request of the Rocky Flats Office of the Dept. of Energy, the Los Alamos 
National Laboratory, through the Los Alamos Technology Office at Rocky Flats, has performed a technical 
assessment of the Rocky Flats Plant Criticality Alarm System. 
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Report: LA-UR-91-1779, CONF-9109160-1 

Conference/Journal: Human Factors Society (HFS) conference/ 2-6 Sep 1991/ San Francisco, CA 
(USA) 

Conference Session:  

Abstract/Keyterms: Sneak Analysis was adapted for use in identifying human errors of commission. Flow 
diagrams were developed to guide the analyst through a series of questions aimed at locating SNEAK paths, 
SNEAK indications, SNEAK labels, and SNEAK timing. An illustration of the application of this 
methodology in a nuclear environment is given and a computerized tool to support SNEAK Analysis 
described. A nuclear power plant loss of coolant accident is used as the example of SNEAK analysis of 
reactor safety. 
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Conference/Journal: ICNC ‘91-International Conference on Nucl. Criticality Safety, Oxford, U.K., Sept. 
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Conference Session:  

Abstract/Keyterms: The American National Standard ANSI/ANS-8.3-1986, Criticality Accident Alarm 
System provides guidance for the establishment and maintenance of an alarm system to initiate personnel 
evacuation in the event of inadvertent criticality. In addition to identifying the physical features of the 
components of the system, the characteristics of accidents of concern are carefully delineated. 
Unfortunately, this ANSI Standard has led to considerable confusion in interpretation, and there is evidence 
that the minimum accident of concern” may not be appropriate. Furthermore, although intended as a guide, 
the provisions of the standard are being rigorously applied, sometimes with interpretations that are not 
consistent. Although the standard is clear in the use of absorbed dose in free air of 20 rad, at least one 
installation has interpreted the requirement to apply to dose in soft tissue. The standard is also clear in 
specifying the response to both neutrons and gamma rays. An assembly of uranyl fluoride enriched to 5% 
235U was operated to simulate a potential accident. The dose, delivered in a free run excursion 2 m from 
the surface of the vessel, was greater than 500 rad, without ever exceeding a rate of 20 rad/min, which is 
the set point for activating an alarm that meets the standard. The presence of an alarm system would not 
have prevented any of the five major accidents in chemical operations nor is it absolutely certain that the 
alarms were solely responsible for reducing personnel exposures following the accident. Nevertheless, 
criticality alarm systems are now the subject of great effort and expense. 
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Abstract/Keyterms: In this paper we analyze the use of these equivalent unit cells for two problem-types 
of interest: an infinite lattice of small-diameter fuel pins and an infinite array of large shipping containers. 
Both void and water are considered as interstitial materials between the cylindrical units. The fuel pins 
modeled are uranium nitride pins clad with tantalum and niobium with a diameter of 1.1 cm. The pins are 
infinitely long. The shipping container model is a 55 gallon drum with 13 cm thick insulation between the 
drum and the inner steel container. The fissile loading is a 6.5 kg sphere of plutonium inside the dry inner 
container. Results of k(eff) are provided there is exact” agreement (within statistics) among the models, 
thus confirming the neutronic equivalency of the three unit cell models when properly used. 
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Nuclear Disarmament, Safeguards, and 
Physical Protection; Criticality; Risk Assessment; Fissile Materials; Accidents; Emergency Plans; 
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Abstract/Keyterms: Within the nuclear criticality safety community, the Hansen-Roach 16 group cross 
section set has been the standard” for use in k(eff) calculations over the past 30 years. Yet even with its 
widespread acceptance, there are still questions about its validity and adequacy, about the proper procedure 
for calculating the potential scattering cross section, {sigma}{sub p}, for uranium and plutonium, and about 
the concept of resonance self shielding and its impact on cross sections. This paper attempts to address 
these questions. It provides a brief background on the Hansen-Roach cross sections. Next is presented a 
review of resonances in cross sections, self shielding of these resonances, and the use of {sigma}{sub p} 
to characterize resonance self shielding. Three prescriptions for calculating {sigma}{sub p} are given. 
Finally, results of several calculations of k(eff) on low-enriched uranium systems are provided to confirm 
the validity of the Hansen-Roach cross sections when applied to such systems. 
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Abstract/Keyterms: Nuclear Propulsion Systems / Space Exploration Initiative 
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Conference Session:  

Abstract/Keyterms: MCNP is a widely used and actively developed Monte Carlo radiation transport code. 
Many important features have recently been added and more are under development. Benchmark studies 
not only indicate that MCNP is accurate but also that modern computer codes can give answers basically 
as accurate as the physics data that goes in them. Even deep penetration problems can be correct to within 
a factor of two after 10 to 25 mean free paths of penetration, and finally, Monte Carlo calculations, once 
thought to be too expensive to run routinely, can now be run effectively on desktop computers which 
compete with the supercomputers of yesteryear 
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Abstract/Keyterms: Plasma Physics and Fusion Technology; Ma; Nuclear Physics and Radiation Physics; 
Neutron Transport Benchmarks; Criticality; Monte Carlo Method; Neutron Reactions; Nuclear Data 
Collections; Shielding; Thermonuclear Reactor Materials; Baryon Reactions; Computer Codes; Hadron 
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Abstract/Keyterms: In December 1991, the Strategic Defense Initiative Organization (SDIO) proposed 
investigating whether launching a Russian Topaz-II space nuclear power system could be done safely and 
within budget constraints. Functional safety requirements developed for the US Topaz mission mandated 
that the reactor remain subcritical when immersed in water. Topaz-II is an epithermal, enriched-uranium-
fueled, NaK- (liquid metal alloy with 22% sodium and 78% potassium) cooled, and zirconium hydride-
moderated reactor. A radial beryllium reflector containing 12 rotatable control drums surrounds the core. 
The authors prepared a computer model of the Topaz reactor that explicitly represented all major reactor 
components. Initial analyses indicated that in several water-immersion scenarios, the reactor would not 
remain subcritical. After additional calculations, modifications were proposed that would assure 
subcriticality under such conditions. This paper describes the analyses and the proposed modifications. 
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Abstract/Keyterms: The Topaz II Flight Safety team requires that the hardware for the Russian-built 
reactor be modified to ensure that the reactor remains subcritical in the event of an inadvertent accident in 
which the reactor is submersed in wet sand or water. In April 1993, the American Flight safety team chose 
the fuel-out anticriticality device as the baseline for the hardware design. We describe the initial stages of 
the hardware design; show how the mechanism works; and describe its function, the functional and 
operational requirements, and the difficult design problems encountered. Also described, are the initial 
interactions between the Russian and American design teams. Because the effort is to add an American 
modification to a Russian flight reactor, this project has required unusual technical cooperation and 
consultation with the Russian design team. 
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Abstract/Keyterms: In late 1976, LANL personnel performed are accurate measurement to determine the 
critical mass of a sphere of highly enriched uranium (oralloy) when reflected by water. This experiment has 
been used previously to benchmark the MCNP and KENO Monte Carlo codes. However, these benchmark 
calculations were performed for idealizations of the experiment and involved significant approximations. 
In contrast, the analysis reported herein is based on a detailed representation of the actual experiment and 
a set of recently published isotopic specifications for the sphere. Differences between the results from this 
study and those from the earlier benchmark calculations are related to specific aspects of those calculations. 
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Abstract/Keyterms: In late 1976, LANL personnel performed are accurate measurement to determine the 
critical mass of a sphere of highly enriched uranium (oralloy) when reflected by water. This experiment has 
been used previously to benchmark the MCNP and KENO Monte Carlo codes. However, these benchmark 
calculations were performed for idealizations of the experiment and involved significant approximations. 
In contrast, the analysis reported herein is based on a detailed representation of the actual experiment and 
a set of recently published isotopic specifications for the sphere. Differences between the results from this 
study and those from the earlier benchmark calculations are related to specific aspects of those calculations. 
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Abstract/Keyterms: As part of a safety assessment for proposed pump mixing operations to mitigate 
episodic gas releases in Tank 241-101-SY at the Hanford Site, Richland, Washington, a criticality safety 
analysis was made using the Sn transport code ONEDANT. The tank contains approximately one million 
gallons of waste and an estimated 910 G of plutonium. the criticality analysis considers reconfiguration and 
underestimation of plutonium content. The results indicate that Tank SY-101 does not present a criticality 
hazard. These methods are also used in criticality analyses of other Hanford tanks. 
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Abstract/Keyterms: With diminishing requirements for plutonium, a substantial quantity of this material 
requires special handling and ultimately, long-term storage. To meet this objective, we at Los Alamos, have 
been involved in the design of a storage facility with the goal of providing storage capabilities for this and 
other nuclear materials. This paper presents preliminary basic design data, not for the structure and physical 
plant, but for the container and arrays which might be configured within the facility, with strong emphasis 
on criticality safety features. 
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Abstract/Keyterms: An analytical study was conducted in which critical masses for some actinide isotopes 
were calculated with the Monte Carlo Neutron Photon (MCNP) Transport computer code. Different 
spherical computer models were used for even- and odd-neutron nuclides. Critical masses obtained are 
tabulated for Np-237, Pu-242, Am-241, Am-243, Pu-241, and Am-242m, together with indirect 
experimental data. Experimental data are needed for actinides with odd number of neutrons. 
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Abstract/Keyterms: Prompt critical in a bare reactor is defined as the point at which the reactivity {rho} 
of the reactor is equal to the effective delayed neutron fraction {beta}. In a reflected reactor, however, it is 
shown that prompt critical will occur at a reactivity of {rho} = {beta}(1-f) where f is the fraction of core 
neutrons that return to the core region after having leaked into the reflector. Furthermore, it is also shown 
that the mean prompt-neutron lifetime model that has been traditionally used to characterize the dynamic 
response of reflected reactors may not always provide an adequate representation of the system for 
reactivities greater than 1$, and finally, the coupled, point-kinetic equations proposed by Avery and further 
developed by Cohn for simple reflected systems are recast into a more usable form that can be readily used 
to perform superprompt critical transient analyses. 
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Abstract/Keyterms: An important part of the Department of Energy (DOE) Weapons Complex 
Reconfiguration (WCR) Program is the development of facilities for long-term storage of plutonium. The 
WCR design goals are to provide storage for metals, oxides, pits, and fuel-grade plutonium, including 
material being held as part of the Strategic Reserve and excess material. Major activities associated with 
plutonium storage are sorting the plutonium inventory, material handling and storage support, shipping and 
receiving, and surveillance of material in storage for both safety evaluations and safeguards and security. 
A variety of methods for plutonium storage have been used, both within the DOE weapons complex and 
by external organizations. This paper discusses the advantages and disadvantages of proposed storage 
concepts based upon functional criteria. The concepts discussed include floor wells, vertical and horizontal 
sleeves, warehouse storage on vertical racks, and modular storage units. Issues/factors considered in 
determining a preferred design include operational efficiency, maintenance and repair, environmental 
impact, radiation and criticality safety, safeguards and security, heat removal, waste minimization, 
international inspection requirements, and construction and operational costs. 
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Abstract/Keyterms: Accelerator-driven transmutation technology has been under study at Los Alamos for 
several years for application to nuclear waste treatment, tritium production, energy generation, and recently, 
to the disposition of excess weapons plutonium. Studies and evaluations performed to date at Los Alamos 
have led to a current focus on a fluid-fuel, fission system operating in a neutron source-supported subcritical 
mode, using molten salt reactor technology and accelerator-driven proton-neutron spallation. In this paper, 
the safety features and characteristics of such systems are explored from the perspective of the fundamental 
nuclear safety objectives that any reactor-type system should address. This exploration is qualitative in 
nature and uses current vintage solid-fueled reactors as a baseline for comparison. Based on the safety 
perspectives presented, such systems should be capable of meeting the fundamental nuclear safety 
objectives. In addition, they should be able to provide the safety robustness desired for advanced reactors. 
However, the manner in which safety objectives and robustness are achieved in very different from that 
associated with conventional reactors. Also, there are a number of safety design and operational challenges 
that will have to be addressed for the safety potential of such systems to be credible. 
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Title: Evaluation and Compilation of Fission Product Yields 
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Report: LA-UR-94-3106 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is the latest in a series of compilations of fission yield data. Fission 
yield measurements reported in the open literature and calculated charge distributions have been used to 
produce a recommended set of yields for the fission products. The original data with reference sources, and 
the recommended yields axe presented in tabular form. These include many nuclides which fission by 
neutrons at several energies. These energies include thermal energies (T), fission spectrum energies (F), 14 
meV High Energy (H or HE), and spontaneous fission (S), in six sets of ten each. Set A includes U235T, 
U235F, U235HE, U238F, U238HE, Pu239T, Pu239F, Pu241T, U233T, Th232F. Set B includes U233F, 
U233HE, U236F, Pu239H, Pu240F, Pu241F, Pu242F, Th232H, Np237F, Cf252S. Set C includes U234F, 
U237F, Pu240H, U234HE, U236HE, Pu238F, Am241F, Am243F, Np238F, Cm242F. Set D includes 
Th227T, Th229T, Pa231F, Am241T, Am241H, Am242MT, Cm245T, Cf249T, Cf251T, Es254T. Set E 
includes Cf250S, Cm244S, Cm248S, Es253S, Fm254S, Fm255T, Fm256S, Np237H, U232T, U238S. Set 
F includes Cm243T, Cm246S, Cm243F, Cm244F, Cm246F, Cm248F, Pu242H, Np237T, Pu240T, and 
Pu242T to complete fission product yield evaluations for 60 fissioning systems in all. This report also serves 
as the primary documentation for the second evaluation of yields in ENDF/B-VI released in 1993. 
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Title: Water Flooded and Immersed Critical Experiment and Analysis Performed in Support of the TOPAZ-
II Safety Program 

Date: 11/1/1994 

Report: LA-UR-94-3723; CONF-950110-16 

Conference/Journal: Symposium on Space Nuclear Power and Propulsion, Albuquerque, NM (United 
States),8-12 Jan 1995 

Conference Session:  

Abstract/Keyterms: Presented is a brief description of the Narciss-M2 critical assemblies, which simulate 
accidental water/wet-sand immersion of the TOPAZ-II reactor as well as water-flooding of core cavities. 
Experimental results obtained from these critical assemblies, including experiments with several fuel 
elements removed from the core, are shown. These configurations with several extracted fuel elements 
simulate a proposed fuel-out anticriticality-device modification to the TOPAZ-II reactor. Preliminary 
computational analysis of these experiments using the Monte Carlo neutron-transport method is outlined. 
Nuclear criticality safety of the TOPAZ-II reactor with an incorporated anticriticality unit is demonstrated. 
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Conference/Journal: AIP Conference; symposium on space nuclear power and propulsion, Albuquerque, 
NM (United States), 8-12 Jan 1995 

Conference Session:  

Abstract/Keyterms: Presented is a brief description of the Narciss-M2 critical assemblies, which simulate 
accidental water/wet-sand immersion of the TOPAZ-II reactor as well as water-flooding of core cavities. 
Experimental results obtained from these critical assemblies, including experiments with several fuel 
elements removed from the core, are shown. These configurations with several extracted fuel elements 
simulate a proposed fuel-out anticriticality-device modification to the TOPAZ-II reactor. Preliminary 
computational analysis of these experiments using the Monte Carlo neutron-transport method is outlined. 
Nuclear criticality safety of the TOPAZ-II reactor with an incorporated anticriticality unit is demonstrated. 
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Title: Los Alamos Critical Experiments Facility. Quarterly Progress Report, January 1--March 31, 1993 

Date: 12/31/1993 

Report: LA-UR--94-595 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Los Alamos Critical Experiments Facility (LACEF) is now operating after a 
lengthy period of shutdown that lasted from November 1989 until June 1991. Since June 1991, the efforts 
of the staff have concentrated on bringing the assemblies back to operational status. The facility is fully 
operational and performing experiments. This progress report nominally covers the second quarter of FY93 
(first quarter of calendar year 1993). It has sections on nuclear criticality safety classes, SHEBA II Project, 
Godiva IV activities, Skua activities, basic neutron physics measurements, etc. 
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Conference/Journal: International conference on nuclear criticality safety, Albuquerque, NM (United 
States), 17-22 Sep 1995 

Conference Session:  

Abstract/Keyterms: The MCNP Monte Carlo code, in conjunction with its continuous-energy ENDF/B-
V and ENDF/B-VI cross-section libraries, has been benchmarked against results from 27 different critical 
experiments. The predicted values of k(eff) are in excellent agreement with the benchmarks, except for the 
ENDF/B-V results for solutions of plutonium nitrate and, to a lesser degree, for the ENDF/B-V and 
ENDF/B-VI results for a bare sphere of 233U 
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Abstract/Keyterms: The continuous-energy neutron data library ENDF60, for use with the Monte Carlo 
N-Particle radiation transport code MCNP4A, was released in the fall of 1994. It is comprised of 124 
nuclide data files based on the ENDF/B-Vi evaluations through Release 2. Forty-eight percent of these 
materials are new or modified evaluations, while the balance are translations from ENDF/B-V. The new 
evaluations include most of the important materials for criticality safety calculations, and include significant 
enhancements such as more isotopic evaluations, better resonance-range representations, and the new 
correlated energy-angle distributions for emitted particles. As part of the overall quality assurance testing 
of the ENDF60 library, calculations for well-known benchmark assemblies were performed. The results of 
these calculations help the user to know how the combination of ENDF60 and MCNP4A will perform for 
real problems. 
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Conference/Journal:  
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Abstract/Keyterms: The visualization of the microscopic phenomena in a Monte Carlo simulation can 
improve the understanding of the problem and provide an important check on the model definition and 
execution. The paths, or tracks, of a sample of the Monte Carlo particles show how fission source neutrons 
migrate from one generation to another. The location of fission source neutrons and interactions can be 
shown by event markers. This new visualization is available for the Monte Carlo n-particle code MCNP 
due to the addition of fission source neutrons, tagged by cycle number, to the particle track (PTRAC) data. 
We report here on the use of this and similar information for the analysis and illustration of criticality 
calculations. 
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Abstract/Keyterms: For situations in which the standard point kinetic model does not adequately 
characterize the kinetic behavior of a reflected system, the Avery-Cohn differential equations can be used. 
However, these equations require that one determine the coupling parameters between the core and the 
reflector, f{sub cr} and f{sub rc}. The coupling parameter, f{sub cr}, represents the probability that a 
neutron in the core will leak into the reflector, and the coupling parameter, f{sub rc}, represents the 
probability that a neutron in the reflector will scatter back into the core. As discussed in Reference 3, these 
two coupling parameters can be calculated from the multiplication factor of the bare core, k{sub c}, the 
effective multiplication factor of the integral system, k(eff), and the fraction of system neutrons absorbed 
in the core region, P{sub ca}. The methodology presented in Ref. 3 was described for a fully reflected 
system, but it is also applicable to some types of partially reflected systems. In particular, it is applicable to 
those systems where neutrons leaving any core surface not contiguous to the reflector have a zero 
probability of entering the reflector. In other words, these surfaces have a view factor of 0 to all reflector 
surfaces in the system. However, if the view factor between an unreflected core surface and a reflector 
surface is not zero, then the aforementioned methodology has to be modified. To calculate f{sub cr}, one 
must include an estimate of the single-pass probability that a neutron escapes from the core to infinity, 
f{sub ci}. This accomplished by including a view factor(s) in the calculations that accounts for the fraction 
of neutrons that are not traveling on a line intersecting some portion of the reflector. 
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Abstract/Keyterms: The Accelerator-Driven Transmutation Technology (ADTT) Project carries three 
approaches for dealing with waste from the defense and commercial nuclear energy enterprise. First, the 
problem of excess weapons plutonium in the U.S. and Russia originating both from stockpile reductions 
and from defense production site clean-up is one of significant current and long-term concern. The ADTT 
technology offers the possibility of almost complete destruction of this plutonium by fission. The 
technology might be particularly effective for destruction of the low quality plutonium from defense site 
clean-up since the system does not require the fabrication of the waste into fuel assemblies, does not require 
reprocessing and refabrication, and can tolerate a high level of impurities in the feed stream. Second, the 
ADTT system also can destroy the plutonium, other higher actinide, and long-lived fission product from 
commercial nuclear waste which now can only be dealt with by geologic storage, and finally, and probably 
most importantly the system can be used for the production of virtually unlimited electric power from 
thorium with concurrent destruction of its long-lived waste components so that geologic containment for 
them is not required. In addition plutonium is not a significant byproduct of the power generation so that 
non-proliferation concerns about nuclear power are almost completely eliminated. All of the ADTT systems 
operate with an accelerator supplementing the neutrons which in reactors are provided only by the fission 
process, and therefore the system can be designed to eliminate the possibility for a runaway chain reaction. 
The means for integration of the accelerator into nuclear power technology in order to make these benefits 
possible is described including estimates of accelerator operating parameters required for the three 
objectives. 
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Conference/Journal:  
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Abstract/Keyterms: Nuclear Facilities Safety Board`s Recommendation 93-2. This Recommendation 
delineated the need for a critical experimental capability, which includes (1) a program of general-purpose 
experiments, (2) improving the information base, and (3) ongoing departmental programs. The nuclear 
community also recognizes the importance of criticality theory, which, as a stepping stone to computational 
analysis and safety code development, needs to be benchmarked against well-characterized critical 
experiments. A summary projection of the Department`s needs with respect to criticality information 
includes (1) hands-on training, (2) criticality and nuclear data, (3) detector systems, (4) uranium- and 
plutonium-based reactors, and (5) accident analysis. The Workgroup has evaluated, prioritized, and 
categorized each proposed experiment and program. Transportation/Applications is a new category 
intended to cover the areas of storage, training, emergency response, and standards. This category has the 
highest number of priority-1 experiments (nine). Facilities capable of performing experiments include the 
Los Alamos Critical Experiment Facility (LACEF) along with Area V at Sandia National Laboratory. The 
LACEF continues to house the most significant collection of critical assemblies in the Western Hemisphere. 
The staff of this facility and Area V are trained and certified, and documentation is current. ENIWG will 
continue to work with the nuclear community to identify and prioritize experiments because there is an 
overwhelming need for critical experiments to be performed for basic research and code validation. 
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Conference/Journal:  
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Abstract/Keyterms: The major objective of this study has been to examine the possibility of a nuclear 
explosion (and evaluate this event if it is possible) should 50 to 100 kg of plutonium be mixed with SiO2, 
vitrified, placed within a heavy steel container, and buried in the material known as Nevada tuff. To 
accomplish this objective we have created a survey of the critical states or configurations of mixtures of 
plutonium, SiO2, tuff, and water and examined these data to isolate those configurations that might be 
unstable or autocatalytic. The survey of critical data now exists and is published herein. We identify regions 
of criticality instability with the possibility of autocatalytic power behavior (the existence of such 
autocatalytic phenomena is not new). Autocatalytic power behavior is possible for a very limited range of 
wet systems, but this behavior is improbable. A quantitative and conservative evaluation of the fission 
power behavior of these autocatalytic mixtures shows that no explosion should be expected. 
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C-10986 

10955…..…..…………………..…….……..……ID Number…………………..…..…………….10955 

Author: Myers, W. / Rojas, S. / Kimpland, R. H. / Jaegers, P. J. / Sanchez, R. G. / Hayes, D. / 
Paternoster, R. / Anderson, R. / Stratton, W. 

Title: Dynamic Characteristics of Mixtures of Plutonium, Nevada Tuff, and Water 

Date: 2/1/1996 

Report: LA-UR--95-4076; CONF-960804--5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of the technical options being considered for long term disposition of weapons 
grade plutonium is geologic storage at Yucca Mountain. Multikilogram quantities of plutonium are to be 
vitrified, placed within a heavy steel container, and buried in the material know as Nevada tuff. It has been 
postulated that after ten thousand years, geologic and chemical processes would have disintegrated the steel 
container and created the possibility for plutonium to form mixtures with Nevada tuff and water that could 
lead to a nuclear explosion in the range of kilotons. A survey and description of critical homogeneous 
mixtures of plutonium, silicon dioxide, Nevada tuff, and water which also identified the mixture regimes 
where autocatalytic dynamic behavior is possible was completed. This study is a follow up of this survey 
and the major objective is to examine the dynamic behavior of the worst case critical and supercritical 
configurations of plutonium, water and Nevada tuff. 
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Abstract/Keyterms: LEU-SOL-THERM-001 
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Abstract/Keyterms: SPECTRUM `96: international conference on nuclear and hazardous waste 
management, Seattle, WA (United States), 18-23 Aug 1996 
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Abstract/Keyterms: The major objective of this study has been to examine the possibility of a nuclear 
explosion should 50 to 100 kg of plutonium be mixed with SiO2, vitrified, placed within a heavy steel 
container, and buried in the material known as Nevada tuff. To accomplish this objective, the authors have 
created a survey of critical states or configurations of mixtures of plutonium, SiO2, tuff, and water and 
examined these data to determine those configurations that might be unstable or autocatalytic. They have 
identified regions of criticality instability with the possibility of autocatalytic power behavior. Autocatalytic 
behavior is possible but improbable, for a very limited range of wet systems. 
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Abstract/Keyterms: Four accidents involving the approach to criticality occurred during the period July, 
1945, through May, 1996. These have been described in the format of the Operating Experience Weekly 
Summary which is distributed by the Office of Nuclear and Facility Safety. Although the lessons learned 
have been incorporated in standards, codes, and formal procedures during the last fifty years, this their first 
presentation in this format. It is particularly appropriate that they be presented in the forum of the Nuclear 
Criticality Technology Safety Project Workshop closest to the fiftieth anniversary of the last of the four 
accidents, and that which was most instrumental in demonstrating the need to incorporate lessons learned 
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Abstract/Keyterms: More than a year has passed since we released our original report pointing out the 
possibility of natural or induced rearrangement of fissile material underground into a critical mass, the 
possibility of positive feedback in underground configurations, the confinement of the rock to produce 
significant yield, and the possibility of venting or explosion. The nuclear weapons and repository storage 
groups at both Los Alamos and Livermore have been critical of our work while others have defended our 
calculations on wet and dry criticality. The conditions we identified for positive and negative feedback are 
no longer contested. The role of confinement of the rock in enhancing the yield from the explosion is still 
unsettled, and that is addressed later in this paper. The likelihood of confinement, venting, or explosive 
dispersion also remains unsettled and that is addressed here as well. Some critics of our work have tried to 
show that the probability of reconfiguration by natural processes is very small. They argue further that 
emplacement can be done in such a way as to make the probability even smaller. of course these additional 
efforts will raise the cost of waste emplacement and the question arises as to how much is enough. The 
answer to this question seems to not be an easy one. 
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Abstract/Keyterms: We have recently published an article in which we discuss means by which plutonium 
and other fissile material stored underground could reach criticality with positive feedback and therefore 
explosive potential. The Chernobyl rubble involving hundreds of tons of material is similar in some respects 
to the systems analyzed in the paper, and the practices there to control criticality may well increase the 
probability of a second event at Chernobyl 4. This paper explores the Chernobyl situation and remedial 
actions are recommended. 
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Abstract/Keyterms: The Nuclear Materials Storage Facility (NMSF) at the Los Alamos National 
Laboratory (LANL) was a Fiscal Year (FY) 1984 line-item project completed in 1987 that has never been 
operated because of major design and construction deficiencies. This renovation project, which will correct 
those deficiencies and allow operation of the facility, is proposed as an FY 97 line item. The mission of the 
project is to provide centralized intermediate and long-term storage of special nuclear materials (SNM) 
associated with defined LANL programmatic missions and to establish a centralized SNM shipping and 
receiving location for Technical Area (TA)-55 at LANL. Based on current projections, existing storage 
space for SNM at other locations at LANL will be loaded to capacity by approximately 2002. This will 
adversely affect LANUs ability to meet its mission requirements in the future. The affected missions include 
LANL`s weapons research, development, and testing (WRD&T) program; special materials recovery; 
stockpile surveillance/evaluation; advanced fuels and heat sources development and production; and safe, 
secure storage of existing nuclear materials inventories. The problem is further exacerbated by LANL`s 
inability to ship any materials offsite because of the lack of receiver sites for material and regulatory issues. 
Correction of the current deficiencies and enhancement of the facility will provide centralized storage close 
to a nuclear materials processing facility. The project will enable long-term, cost-effective storage in a 
secure environment with reduced radiation exposure to workers, and eliminate potential exposures to the 
public. This report is organized according to the sections and subsections outlined by Attachment 111-2 of 
DOE Document AL 4700.1, Project Management System. It is organized into seven parts. This document, 
Part VI - Alternatives Study, presents a study of the different storage/containment options considered for 
NMSF. 
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Abstract/Keyterms: The American National Standard, `Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors` ANSI/ANS-8.1- 1983 provides guidance for the nuclides 233U, 
235U, and 239Pu These three nuclides are of primary interest in out-of-reactor criticality safety since they 
are the most commonly encountered in the vast majority of operations. However, some operations can 
involve nuclides other than ̀ U, ̀ U, and ̀ Pu in sufficient quantities that their effect on criticality safety could 
be of concern. The American National Standard, ̀ Nuclear Criticality Control of Special Actinide Elements` 
ANSI/ANS-8.`15-1983 (Ref 2), provides guidance for fifteen such nuclides. 
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Conference Session:  

Abstract/Keyterms: The first version of this standard, which only included subcritical limits on 
homogeneous PUO2 -UO2 fuel mixtures, was approved July 17, 1978. The current version was revised to 
include limits on heterogeneous systems as well. This paper provides additional information on the limits, 
which cover 3 to 30% PUO2 in PUO2 +UO2 in water 
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Abstract/Keyterms: Safe and economical operations with fissile materials require knowledge of the 
subcriticality of configurations that arise in material processing, storage, and transportation. Data from 
critical experiments have been a principal source of information with which to establish safety margins. 
However, the lower cost and the expediency of performing confirmatory subcritical measurements on the 
process floor or in the storage vault resulted in much of the early criticality safety guidance being based on 
subcritical in situ experiments. 
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Title: Criticality Characteristics of Mixtures of Plutonium, Silicon Dioxide, Nevada Tuff, and Water: 
Yucca Mountain Project 

Date: 1/1/1997 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The parameters that determine when critical mixtures of 239Pu, SiO2, and water and 
mixtures of 239Pu, Nevada tuff, and water are capable of sustaining an increasing neutron chain reaction 
as may be caused by a positive void coefficient at constant temperature are established. A single canister is 
considered that is loaded with up to 75 kg of 239Pu. A survey of critical spherical mixtures of plutonium, 
SiO2, tuff, and water at constant temperature is created and these results are examined to determine the 
mixtures that might be autocatalytic. Regions of criticality instability are identified that have the possibility 
of autocatalytic power behavior. A positive void coefficient is possible for a very limited range of wet 
systems. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The parameters that determine when critical mixtures of 239Pu, SiO2, and water and 
mixtures of 239Pu, Nevada tuff, and water are capable of sustaining an increasing neutron chain reaction 
as may be caused by a positive void coefficient at constant temperature are established. A single canister is 
considered that is loaded with up to 75 kg of 239Pu. A survey of critical spherical mixtures of plutonium, 
SiO2, tuff, and water at constant temperature is created and these results are examined to determine the 
mixtures that might be autocatalytic. Regions of criticality instability are identified that have the possibility 
of autocatalytic power behavior. A positive void coefficient is possible for a very limited range of wet 
systems. 
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Abstract/Keyterms: Analysis of a criticality accident scenario occuring in a simple fast metal system using 
the coupled neutronic-hydrodynamic method is demonstrated by examining the last Godiva-I criticality 
accident. The basis tools and information for creating a coupled neutronic-hydrodynamic code are 
presented. Simplifying assumptions and approximations for creating an idealized model for the Godiva-I 
system are discussed. Estimates of the total energy generation and the maximum attainable kinetic energy 
yield are the most important results that are obtained from the code. With modifications, the methodology 
presented in this paper can be extended to analyze criticality accident excursions in other kinds of nuclear 
systems. 
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Conference/Journal:  
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Abstract/Keyterms: A k(eff) measurement is a necessary and vital measurement, but by itself it is not 
sufficient to validate any cross-section set; to validate all aspects of a cross-section set, numerous integral 
quantities such as k(eff), neutron lifetime, fission ratios, central reactivity worth, neutron spectra, effective 
delayed neutron fraction, and others should be measured. 
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Conference Session:  

Abstract/Keyterms: A Rossi-{alpha} experiment was performed on the zero-power, XIX-2 assembly at 
the Fast Critical Assembly (FCA) facility operated by the Japan Atomic Energy Research Institute (JAERI), 
Tokai-mura, Japan. The XIX-2 assembly is a plutonium/natural uranium system comprised of 
plutonium/natural uranium core surrounded by a depleted uranium dioxide blanket (referred to as the soft 
blanket). The soft blanket is surrounded by an outer blanket comprised of depleted uranium dioxide blanket 
(referred to as the depleted blanket). Because the neutron lifetime in the soft and depleted blankets are 
significantly larger than the neutron lifetime in the core region, multiple decay modes were observed during 
this experiment. The first decay mode was measured with reasonable accuracy; however, because of the 
high intrinsic source strength produced by the large amounts of Pu-240 contained in the core region, the 
intrinsic source background was reached very rapidly, thus precluding the second decay mode from being 
resolved well enough to estimate the average system lifetime. Nevertheless, using the first decay mode (i.e., 
the rapid die-away time constant), the alpha at delayed critical for this root was measured to be 13,100 +/- 
134 s{sup -1}. This root is associated with the prompt neutron lifetime of the core region. Using the 
calculated {beta}{sub eff} of 0.0036, the core lifetime is estimated to be 275 +/- 3% ns at delayed critical. 
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Abstract/Keyterms: Experiments were performed to measure a variety of parameters for SHEBA: 
behavior of the facility during transient and steady-state operation; characteristics of the SHEBA fuel; 
delayed-critical solution height vs solution temperature; initial reactor period and reactivity vs solution 
height; calibration of power level vs reactor power instrumentation readings; flux profile in SHEBA; 
radiation levels and neutron spectra outside the assembly for code verification and criticality alarm and 
dosimetry purposes; and effect on reactivity of voids in the fuel. 
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Abstract/Keyterms: A suite of 41 criticality benchmarks has been modeled using MCNP{trademark} 
(version 4B). Most of the assembly specifications were obtained from the Cross Section Evaluation 
Working Group (CSEWG) and the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP) compendiums of experimental benchmarks. A few assembly specifications were obtained from 
experimental papers. The suite contains thermal and fast assemblies, bare and reflected assemblies, and 
emphasizes 233U, 235U, 238U, and 239Pu. The values of k(eff) for each assembly in the suite were 
calculated using MCNP libraries derived primarily from release 2 of ENDF/B-V and release 2 of ENDF/B-
VI. The results show that the new ENDF/B-VI.2 evaluations for H, O, N, B, 235U, 238U, and 239Pu can 
have a significant impact on the values of k(eff). In addition to the integral quantity k(eff), several additional 
experimental measurements were performed and documented. These experimental measurements include 
central fission and reaction-rate ratios for various isotopes, and neutron leakage and flux spectra. They 
provide more detailed information about the accuracy of the nuclear data than can k(eff). Comparison 
calculations were performed using both ENDF/B-V.2 and ENDF/B-VI.2-based data libraries. The purpose 
of this paper is to compare the results of these additional calculations with experimental data, and to use 
these results to assess the quality of the nuclear data. 
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Abstract/Keyterms: The steady-state multiplication, M, of a subcritical system that is in equilibrium with 
an external/intrinsic source is defined as the total neutron-production rate divided by the external/ intrinsic 
neutron source rate, S. The total neutron-production rate, in this context, is the sum of the fission-production 
rate plus the source rate. Because the system is in equilibrium, the total neutron-production rate is identically 
equal to the loss rate from the system due to absorption plus leakage. If the source S is distributed identically 
to the fission source distribution (i.e., angle, energy, and space), then M will be related to the effective 
multiplication factor of the system, k(eff), as M = 1/(1-k(eff) 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Perturbation techniques are powerful tools for determining the effects of small 
changes, or perturbations, to a problem. Perturbations have long been problematic in Monte Carlo 
calculations because the effects of small changes to the problem are usually masked by the inherent 
statistical uncertainties. The recently released MCNP4B Monte Carlo computer code uses the differential 
operator technique, to calculate changes in tallies caused by perturbations in density and composition over 
given energy ranges and reaction types. This technique will allow for precise calculation of the changes in 
tallies even if the standard deviation of the unperturbed tally is larger than the change. The differential 
operator is approximated by a second order Taylor series. The implementation of the Taylor series 
expansion assumes that the coefficients are independent of any perturbed cross-sections. However, if the 
tally is multiplied by cross-section data this assumption is invalid and incorrect results will be generated. 
of significant interest is the use of perturbations in criticality calculations. Although the criticality source 
feature for MCNP cannot directly calculate perturbed eigenvalues, a track-length estimate for Keff can be 
tallied and the perturbation feature can be applied to this tally. However, since the tally multiplies the flux 
by the macroscopic fission cross-section, this tally is dependent on perturbed cross-section data and 
incorrect results will be calculated by the perturbation feature. In order to compute the correct tally, a 
correction term is needed that will account for the dependence of the Taylor series coefficients on the 
perturbed cross-section data. 
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Abstract/Keyterms: Based on extensive operating experience with the Godiva IV fast metal burst 
assembly at Los Alamos National Laboratory, the authors were able to create data plots for reactivity worths 
of standard configurations at various temperatures and room return locations. These plots show that the 
material uncertainties in criticality measurements are within {+-} 20 grams out of the 65.4 kilogram HEU 
Godiva core. This superior to active neutron well coincidence counter (AWCC) measurements. The 
criticality measurements have the additional advantage of not requiring disassembly of the reactor. No 
disassembly means the measurement takes less time--it can be done during each operation--and there is less 
dose to measurement personnel. 
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Abstract/Keyterms: Operations involving significant quantities of fissile material have been conducted at 
Los Alamos National Laboratory continuously since 1943. Until the advent of the Laboratory`s Nuclear 
Criticality Safety Committee (NCSC) in 1957, line management had sole responsibility for controlling 
criticality risks. From 1957 until 1961, the NCSC was the Laboratory body which promulgated policy 
guidance as well as some technical guidance for specific operations. In 1961 the Laboratory created the 
position of Nuclear Criticality Safety Office (in addition to the NCSC). In 1980, Laboratory management 
moved the Criticality Safety Officer (and one other LACEF staff member who, by that time, was also 
working nearly full-time on criticality safety issues) into the Health Division office. Later that same year 
the Criticality Safety Group, H-6 (at that time) was created within H-Division, and staffed by these two 
individuals. The training and education of these individuals in the art of criticality safety was almost entirely 
self-regulated, depending heavily on technical interactions between each other, as well as NCSC, LACEF, 
operations, other facility, and broader criticality safety community personnel. Although the Los Alamos 
criticality safety group has grown both in size and formality of operations since 1980, the basic philosophy 
that a criticality specialist must be developed through mentoring and self-motivation remains the same. 
Formally, this philosophy has been captured in an internal policy, document ``Conduct of Business in the 
Nuclear Criticality Safety Group.” There are no short cuts or substitutes in the development of a criticality 
safety specialist. A person must have a self-motivated personality, excellent communications skills, a 
thorough understanding of the principals of neutron physics, a safety-conscious and helpful attitude, a good 
perspective of real risk, as well as a detailed understanding of process operations and credible upsets. 
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Abstract/Keyterms: Monteburns is a fully automated tool that links the Monte Carlo transport code MCNP 
with the radioactive decay and burnup code ORIGEN2. Monteburns produces a large number of criticality 
and burnup results based on various material feed/removal specifications, power(s), and time intervals. The 
program processes input from the user that specifies the system geometry, initial material compositions, 
feed/removal specifications, and other code-specific parameters. Various results from MCNP, ORIGEN2, 
and other calculations are then output successively as the code runs. The principle function of monteburns 
is to transfer one-group cross section and flux values from MCNP to ORIGEN2, and then transfer the 
resulting material compositions (after irradiation and/or decay) from ORIGEN2 back to MCNP in a 
repeated, cyclic fashion. The basic requirement of the code is that the user have a working MCNP input file 
and other input parameters; all interaction with ORIGEN2 and other calculations are performed by 
monteburns. This report serves as a user`s manual for monteburns. It describes how the code functions, 
what input the user must provide, the calculations performed by the code, and it presents the format required 
for input files, as well as samples of these files. Monteburns is still in a developmental stage; thus, additions 
and/or changes may be made over time, and the user`s manual will change as well. This the first version of 
the user`s manual (valid for monteburns version 3.01); users should contact the authors to inquire if a more 
recent version is available. 
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Abstract/Keyterms: Calculations for the ANS UO2} lattice benchmark have been performed with the 
HELIOS lattice-physics code and six of its cross-section libraries derived from ENDF/B-VI Release 3. The 
results obtained from these comparisons suggest that further refinement may be needed to the cross sections 
for 238U. They also suggest that different group structures among the libraries produce a small but 
consistent reactivity bias. 
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Abstract/Keyterms: Calculations for the ANS UO2} lattice benchmark have been performed with the 
MCNP Monte Carlo code and its ENDF/B-V and ENDF/B-VI continuous-energy libraries. The ENDF/B-
V library produces significantly better agreement with the benchmark value for k(eff) than do the ENDF/B-
VI libraries. However, the pin power distributions are essentially the same irrespective of the library. 
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Abstract/Keyterms: In Reference 1 (G.D. Spriggs, R.D. Busch, and John G. Williams, ``Two-Region 
Kinetic Model for Reflected Reactors,`` Ann. Nucl. Energy, 24, No. 3, 205, (1997)), the authors presented 
a two-region point kinetic model for reflected reactors based on the Avery-Cohn differential equations. The 
model was developed for a core region surrounded by a non-multiplying, source-free reflector region. As 
part of the model development, they also introduced several probability relationships that were essential to 
calculating the coupling parameters that linked the two regions. Furthermore, they showed how these 
coupling parameters could be obtained from deterministic transport solutions. In this work, they present a 
new model that extends the aforementioned two-region kinetic model by including neutron multiplication 
in both regions. This new model has practical application to any reactor system that has significantly 
different neutronic properties in two distinct regions of the system--such as a fast breeder reactor consisting 
of an inner core surrounded by a multiplying blanket of a different composition. From this new model, they 
derive the inhour equation that is most appropriate for this type of system. 
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Abstract/Keyterms: This paper presents a summary of the results obtained by all of the contributors to the 
Uranium Benchmark Problem of the ANS Ad hoc Committee on Reactor Physics Benchmarks. The 
benchmark problem was based on critical experiments which mocked-up lattices typical of PWRs. Three 
separate cases constituted the benchmark problem. These included a uniform lattice, an assembly-type 
lattice with water holes and an assembly-type lattice with Pyrex rods. Calculated results were obtained from 
eighteen separate organizations from all over the world. Some organizations submitted more than one set 
of results based on different calculational methods and cross section data. Many of the most widely used 
assembly physics and core analysis computer codes and neutron cross section data libraries were applied 
by the contributors. 
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Abstract/Keyterms: Rossi-Alpha measurements were performed on the SHEBA assembly to determine 
the prompt neutron decay constants. These prompt neutron decay constants represent an eigenvalue 
characteristic of this particular assembly, which can be used to infer the amount of fissile material in the 
assembly. In addition, subcritical measurements using Rossi-Alpha and the source-jerk techniques were 
also performed on the SHEBA assembly. These measurements were compared against TWODANT 
calculations and agreed quite well. The subcritical measurements were also used to obtain a unique 
signature that represented the amount of material associated with the degree of subcriticality of the SHEBA 
assembly. Finally, the Feynman variance-to-mean technique in conjunction with TWODANT, were used 
to determine the effective delayed neutron fraction for the SHEBA assembly. 
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Abstract/Keyterms: Physics of Elementary Particles and Fields Codes; Benchmarks; Neutron Transport; 
Radiation Protection; Shielding; Monte Carlo Method Codes; Benchmarks Neutron Transport; Charged-
Particle Transport; Transport Theory; Monte Carlo Method; Energy Losses; Comparative Evaluations 
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Abstract/Keyterms: The objectives of this work were to evaluate the consequences of a postulated 
accident to onsite security personnel stationed near the facility during operations of the Godiva IV critical 
assembly and to identify controls needed to protect these personnel in case of an extreme criticality 
excursion equivalent to the design-basis accident (DBA). This paper presents the methodology and results 
of the source-term calculations, building ventilation rates, air concentrations, and consequence calculations 
that were performed using a multidisciplinary approach with several phenomenology models. Identification 
of controls needed to mitigate the consequences to near-field receptors is discussed. 
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Abstract/Keyterms: The recently published analytic benchmark test set has been used to verify the 
multigroup option of MCNP and the deterministic DANT/sys series of codes for criticality calculations. All 
seventy-five problems of the test set give values for k(eff) accurate to at least five significant digits. Flux 
ratios and flux shapes are also available for many of the problems. All seventy-five problems have been 
run by both the MCNP and DANT/sys codes and comparisons to k(eff) and flux shapes have been made. 
Results from this verification exercise are given below. 
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Abstract/Keyterms: Large amounts of 242Pu (0.3 to 0.8 mg/g UO2) are present in spent nuclear reactor 
fuel with more being produced on a daily basis. For stabilization and reprocessing of spent fuel, criticality 
safety data are needed to ensure that 242Pu is handled safely. The calculated bare critical mass of 242Pu is 
85.80 {+-} 3.46 kg at a density of 19.86 g/cm{sup 3}. This critical mass was derived based upon 
calculations of critical experiments that used up to 24 kg 242Pu. The previous critical mass derivation 
should be reasonably accurate until such time that integral data can be obtained 
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Abstract/Keyterms: The capability to calculate effective delayed neutron fractions has now been 
implemented into MCNP4B and is in the testing phase. This option should prove to be most useful for 
multiplying systems which are not easily modeled using deterministic codes. 
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Title: UH3 Critical Assemblies 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Prediction of Release Rates for a Potential Waste Repository at Yucca Mountain 

Date: 10/1/1990 

Report: LBL-27767 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear waste may be placed in the potential repository at Yucca Mountain in waste 
packages. The waste will consist of spent fuel assemblies or consolidated fuel rods, as well as borosilicate 
glass in steel pour containers, each enclosed in sealed containers. Current design calls for the waste 
packages to be surrounded by an air gap. Although the waste package is generally not seen as the primary 
barrier for nuclear waste isolation, it must in fact meet specific regulatory requirements. The US Nuclear 
Regulatory Commission requires that the release rate of any radionuclide from the engineered barrier 
system following the containment period shall not exceed one part in 100,000 per year of the inventory of 
that radionuclide calculated to be present at 1000 years following permanent closure. For low-inventory 
radionuclides, those that constitute less than 0.1 percent of the calculated total curie inventory at 1000 years, 
the allowable annual release is a constant value, equal to 10{sup{minus}8} of the total curie inventory in 
the repository at 1000 years. Therefore it is necessary to calculate release rates for waste packages at Yucca 
Mountain. We calculate release rates for key radionuclides using analytic solutions presented in a 
companion report. We consider both wet-drip and moist- continuous water-contact modes. We consider the 
release three types of species: solubility-limited species, species released congruent with solid-solid 
alteration of spent-fuel matrix or borosilicate glass, and readily soluble species from the fuel-cladding gap, 
gas plenum, and readily accessible grain boundaries. In each case we give the release rates of the species 
as a function of time. 
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Title: The Regulations for the Safe Transport of Radioactive Materials as Recommended by IAEA. I. their 
Development and Structure with Particular Reference to Shielding Requirements 

Date: 1/1/1969 

Report: Lead Shielding and Nuclear Safety Conference. London Lead Development Association (1969), 
p. 12 

Conference/Journal: Lead Shielding and Nuclear Safety Conference. London Lead Development 
Association (1969) 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; -Physics-Shielding; Containment; 
Containment Shells; Criticality; IAEA; Ionizing Radiations; Legal Aspects; Man; Packaging; Populations; 
Radiation Hazards; Radiation Sources; Radioactivity; Safeguards; Shells; Shielding; Sociology; Transport 
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Title: Elements of Nuclear Safety 
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Report: Les Ulis (France): Les editions de Physique, 1996/574 pp 

Conference/Journal: Les Ulis (France): Les editions de Physique, 1996/ 574 pp 

Conference Session:  

Abstract/Keyterms: Basic Principles / Experiments / Behaviours / ’'Safety Culture'' 
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Title: Nuclear Incident at the Idaho Chemical Processing Plant on January 25, 1961 (letter to Thomas P. 
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Report: Letter, July 14, 1999 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Compte rendu de visite – Visite effectuée par Mr Thomeret (SEEC) à la « Société Industrielle de 
Combustible Nucléaire » (SICN) – Atelier pilote à Veurey (Isère) le 29 mai 1969 
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Report: Lettre SEEC 69.441 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-006 
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Title: Fuel Transport Flask Subcritical Benchmark Experiments with Low Enriched Uranium (3wt.% 
235U) Dioxide Fuel 

Date: 9/30/1998 

Report: LEU-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical approach experiments with clusters of aluminum clad U(2.35)O2 
fuel rods in a large water-filled tank was performed over the course of several years at the Critical Mass 
Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included rectangular, square-pitched 
lattice clusters, with pitches of 2.032 cm or 1.684 cm. Gadolinium impurity in the water was reported for 
some experiments (LEU-COMP-THERM-003). Some of these experiments were performed with absorber 
plates of various materials between clusters (LEU-COMP-THERM-016). Others added reflecting walls of 
depleted uranium, lead, and steel on two opposite sides of the cluster array (LEU-COMP-THERM-017). 
Some circular, triangular pitched lattices, with pitches of 1.598 cm or 1.895 cm, were used to measure the 
effect of gadolinium dissolved in the water (LEU-COMP-THERM-005). This evaluation documents water-
reflected clusters at 2.032 cm square pitch with no absorber plates, reflecting walls, dissolved poison, or 
gadolinium impurity. A total of 8 experiments were evaluated. All of these were judged to be acceptable as 
benchmark data. Information in this section comes from References 1 - 10, which are the original PNL 
reports of these experiments. 
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Author: Dean, Virginia F. 

Title: Water-Moderated U(4.31)O2 Fuel Rods in 2.54-cm Square-Pitched Arrays 

Date: 3/31/1995 

Report: LEU-COMP-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical approach experiments with clusters of aluminum clad U(4.31)O2 
fuel rods in a large water-filled tank was performed over the course of several years at the Critical Mass 
Laboratory at the Pacific Northwest Laboratories. Experiments included rectangular, square-pitched lattice 
clusters, with pitches of 2.54 cm or 1.892 cm (LEU-COMP-THERM-004). Some of these experiments were 
performed with absorber plates of various materials between clusters (LEU-COMPTHERM- 009). Others 
added reflecting walls of depleted uranium, lead, and steel on two opposite sides of the cluster array (LEU-
COMP-THERM-010). Some circular, triangular-pitched lattices, with pitches of 2.398, 1.891, 1.801, or 
1.598 cm, were used to measure the effect of gadolinium dissolved in the water (LEU-COMPTHERM- 
005). Information in this section comes from References 1 - 10, which are the original PNL reports of these 
experiments. The primary references for this set of experiments at 2.54-cm pitch are References 2, 3, and 
5. Over the course of performing experiments with this set of fuel rods, analyses were done which resulted 
in better characterization of the rods over time. For example, the enrichment was originally reported at 4.29 
wt. %, but later improved to 4.306 wt. %. Therefore, only the most recent fuel rod data is provide in this 
evaluation. This evaluation documents water-reflected clusters with no absorber plates or reflecting walls. 
A total of five experiments were evaluated. All of these were judged to be acceptable as benchmark data. 
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Author: Dean, Virginia F. 

Title: Water-Moderated U(4.31)O2 Fuel Rods in 1.892-cm Square-Pitched Arrays (Gadolinium Water 
Impurity) 

Date: 3/31/1995 

Report: LEU-COMP-THERM-003; LEU-COMP-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical approach experiments with clusters of aluminum clad U(4.31)O2 
fuel rods in a large water-filled tank was performed over the course of several years at the Critical Mass 
Laboratory at the Pacific Northwest Laboratories. Experiments included rectangular, square-pitched lattice 
clusters, with pitches of 2.54 cm (LEU-COMP-THERM-002) or 1.892 cm. Some of these experiments were 
performed with absorber plates of various materials between clusters (LEU-COMPTHERM- 009). Others 
added reflecting walls of depleted uranium, lead, and steel on two opposite sides of the cluster array (LEU-
COMP-THERM-010). Some circular, triangular-pitched lattices, with pitches of 2.398, 1.891, 1.801, or 
1.598 cm, were used to measure the effect of gadolinium dissolved in the water (LEU-COMPTHERM- 
005). Information in this section comes from References 1-10, which are the original PNL reports of these 
experiments. The primary references for this particular set of experiments are References 4, 5, and 6. 
References 1-14 provide supplemental information. Details which are from specific references are so noted. 
Over the course of performing experiments with this set of fuel rods, analyses were done which resulted in 
better characterization of the rods over time. For example, the enrichment was originally reported at 4.29 
wt. %, but later improved to 4.306 wt. %. Therefore, only the most recent fuel rod data is provide in this 
evaluation. This evaluation documents water-reflected clusters with no absorber plates or reflecting walls 
and with a small, but calculably significant, amount of gadolinium impurity in the water-moderator. A total 
of 20 experiments were evaluated. All of these were judged to be acceptable as benchmark data. 
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Title: Critical Experiments with Low-Enriched Uranium Dioxide Fuel Rods in Water Containing Dissolved 
Gadolinium 

Date: 9/30/2000 

Report: LEU-COMP-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1981 British Nuclear Fuels, Limited, (BNFL) commissioned a series of criticality 
experiments at the United States Department of Energy (USDOE) Pacific Northwest Laboratory (PNL). 
The experimental programme considered a series of measurements designed to provide basic experimental 
data on light-water-type fuel rods in water poisoned with a soluble compound of gadolinium. A large 
number of experiments were performed to cover a wide range of gadolinium concentrations and moderator-
to-fuel ratios. The experiments utilized three types of fuel rods: low enriched uranium dioxide fuel rods 
containing 2.35-wt.% 235U, low-enriched uranium dioxide fuel rods containing 4.31-wt.% 235U, and 
mixed PuO2-UO2 rods containing 2-wt.% PuO2 in natural uranium dioxide. Experiments with the latter 
fuel are not considered here. A wide range of gadolinium concentrations were used, between zero and 2.5 
g Gd/l. Measurements were performed for both critical and subcritical assemblies (1 ≥ keff ≥ 0.87) which 
included fission-rate and fission to- capture ratio measurements. The experimental programme is described 
in detail in Reference 1. Reference 1 was produced in 1984 by the original experimentalist and is the sole 
reference of experimental data, i.e. it has not been possible to use any original experimental logbook data. 
However, the fuel rods used in these experiments have been used in previously evaluated ICSBEP 
Handbook experiments, LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-
003, LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-010, LEU-COMP-
THERM-012, LEU-COMP-THERM-016, LEU-COMP-THERM-017 and LEU-COMP-THERM-042, so 
some of the fuel-rod data is reprised herein. Three experiments (6, 9, and 11) were studied in 1990 as part 
of an OECD/NEA standard problem exercise on criticality codes for dissolving fissile oxides in acids. 
Sixteen critical experiments using the uranium dioxide fuel (2.35 and 4.31 wt. %) were evaluated and are 
considered acceptable for use as benchmark experiments. 
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Author: Miyoshi, Yoshinori / Arakawa, Takuya 

Title: Critical Arrays of Low Enriched UO2 Fuel Rods with Water-to-Fuel Volume Ratios Ranging from 
1.5 to 3.0 

Date: 9/30/1998 

Report: LEU-COMP-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experimental critical sizes are reported for light-water-moderated lattices with 2.6 
wt.% UO2 fuel rods. The experimental cores selected as basic benchmark experiments had fuel rods 
arranged in a square array. Critical sizes were determined by adjusting the water height. The water-to-fuel 
volume ratio in the lattice cells ranged from 1.50 to 3.00. Some physics parameters, such as temperature 
coefficient of reactivity, the extrapolation length and critical buckling were also given. The experiments 
were performed between 1963 and 1975. Eighteen configurations are judged to be acceptable as benchmark 
data. 
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Author: Poullot, Gilles / Hanlon, David 

Title: Water Reflected 4.738 Wt.% Enriched Uranium Dioxide Fuel Rod Arrays 

Date: 9/30/2006 

Report: LEU-COMP-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This paper is devoted to ten experiments with single fuel rods arrays that are water-
moderated and water-reflected. Rods contained low-enriched (4.738 wt.% 235U)a uranium dioxide (UO2) 
fuel and were clad with aluminium alloy AGS. These experiments were subcritical approaches extrapolated 
to critical, with the multiplication factor reached being very close to 1.000 (within 0.1%); the subcritical 
approach parameter was the water level. These experiments were carried out in testing equipment called 
“Apparatus B” in the experimental criticality facility of I. P. S. N. at SRSCc Valduc, C. E. A. d in 1978. 
All experiments are considered acceptable for use as benchmark experiments. These ten experiments are a 
set of a large experimental program performed in order to qualify criticality codes for the light-water reactor 
(LWR) fuel cycle; the program concerned pool storage, shipping casks, reprocessing, etc. Because of 
experimental constraints a special fuel-rod fabrication was ordered: the enrichment was higher (4.738%) 
than the usual one used at that time for LWR power reactors (3.5%); the fissile column was reduced to 90 
cm; and the cladding was not Zircaloy. In addition to the present evaluation, other parts of this program are 
described in LEU-COMP-THERM-27, 29, 34, 37, 38, 39, 40, 50 and 52. The experimental program is 
described in the basic report in Reference 1. Some results were published in References 2 and 3 just after 
the experiments were performed. Further data are provided by an additional report published in1998 and 
reviewed in 2002, written in the framework of the reevaluation of all programs performed at the Valduc 
facility with these rods. In particular, this latter report includes three photographs, here in Figures 1 and 2, 
and new data obtained when the clad on the rods was replaced with Zircaloy in 1995; among the new data 
are the uranium isotopic vector, the fuel density, and the fissile fuel dimensions (column height and pellet 
diameter). All programs are briefly presented in a special volume of Nuclear Science and Engineering and 
in the catalog and history of criticality experiments performed in Saclay and Valduc (Bâtiment N°10). This 
catalog was published in 2003; the paper version provides an exhaustive set of references and photographs 
found in the archives; the CD-ROM version provides, in addition, a copy of each report. 
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Author: Mosteller, Russell D. 

Title: Critical Lattice of UO2 Fuel Rods and Perturbing Rods in Borated Water 

Date: 8/31/1996 

Report: LEU-COMP-THERM-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Beginning in January 1970, a series of experiments with heterogeneous lattices of 
low-enriched UO fuel rods was performed at Babcock and Wilcox's (B&W's) Lynchburg 2 Research 
Center. The research was supported jointly by B&W and the U. S. Atomic Energy Commission (Reference 
1, p. 1) and was completed in early 1971. This evaluation addresses the series of 17 experiments that was 
designated as Core XI. The experiments for Core XI were performed inside a large aluminum tank 
containing borated water, UO fuel rods, and, in most cases, a number of “perturbing rods.” The 2 fuel rods 
contained low-enriched uranium (LEU) and were clad in aluminum. The water contained soluble boron in 
the form of dissolved boric acid (HBO). The water height was exactly 145 cm and the soluble boron 
concentration in the water was adjusted until each experimental configuration was slightly supercritical, 
with a value of 1.0007 for k. The soluble boron concentration for each experiment was eff determined by 
titration and reported in units of parts per million (PPM) in water. The standard deviation for each soluble 
boron concentration is ±3 PPM. For most of these experiments, the central region of the core closely 
resembled a 3 x 3 array of pressurized-water-reactor (PWR) fuel assemblies with fuel rods arranged in a 15 
x 15 lattice. (These assemblies are referred to both as “assemblies” and “subassemblies” in Reference 1. 
Hereinafter they will be referred to simply as assemblies.) The nine assemblies were surrounded by a driver 
region of LEU fuel rods, identical to those in the assemblies. The driver region had an irregular boundary. 
The number and arrangement of fuel rods in the driver region can be seen in Figure 1. The region between 
the driver boundary and the inner wall of the tank contained only borated water. 
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Author: Kim, Soon S. / Dean, Virginia F. 

Title: Water-Moderated Rectangular Clusters of U(4.31)O2 Fuel Rods (2.54-cm Pitch) Separated by Steel, 
Boral, Copper, Cadmium, Aluminum, or Zircalloy-4 Plates 

Date: 9/30/1999 

Report: LEU-COMP-THERM-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical-approach experiments with clusters of 36-inch-long aluminum-
clad U(4.31)O2 fuel rods in a large water-filled tank was performed over the course of several years at the 
Critical Mass Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included square 
pitched lattice clusters with pitches of 2.54 cm or 1.892 cm. Some of these experiments were simply rod 
clusters in water (LEU-COMP-THERM-002 and LEU-COMP-THERM-004). Others added lead, depleted-
uranium, or steel reflecting walls on two opposite sides of the cluster row (LEU-COMP-THERM-010). 
Some circular, triangular-pitched lattices, with pitches of 2.4, 1.8, or 1.6 cm, were used to measure the 
effect of gadolinium dissolved in the water (LEU-COMP-THERM-005). This evaluation documents water-
reflected experiments with 3 rectangular clusters of 2.54-cmpitched rods. Two absorber plates separated 
the two outer clusters from the center one. The plates were stainless steel, borated stainless steel, Boral, 
copper, copper with 1% cadmium, cadmium, aluminum, or Zircaloy-4. A total of 27 experiments, 
performed in 1977, were evaluated. The effect of the absorber plates is not large. The reactivity worths of 
the non-borated steel, copper without cadmium, aluminum, and Zircaloy-4 plates were calculated to be less 
than 0.85% of keff. Other plates were worth less than 2.5% of keff. Because of the adequacy of the 
experimental data, all of these experiments are judged to be acceptable as benchmarks. 
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Author: Kim, Soon S. / Dean, Virginia F. 

Title: Critical Arrays of Water-Moderated U(4.31)O2 Fuel Rods Reflected by Two Lead, Uranium, or Steel 
Walls 

Date: 8/31/1996 

Report: LEU-COMP-THERM-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical-approach experiments with clusters of aluminum clad U(4.31)O 
fuel rods in a 2 large water-filled tank was performed over the course of several years at the Critical Mass 
Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included rectangular, square-pitched 
lattice clusters, with pitches of 2.54 cm or 1.892 cm (LEU-COMP-THERM-002 and -004). Some of these 
experiments were performed with absorber plates of various materials between clusters (LEU-COMP-
THERM-009). Some circular, triangular-pitched lattices, with pitches of 2.398, 1.891, 1.801, or 1.598 cm, 
were used to measure the effect of gadolinium dissolved in the water (LEU-COMP-THERM-005). This 
evaluation documents water-reflected clusters with reflecting walls of depleted uranium, lead, and steel on 
two opposite sides of the cluster array. A total of thirty experiments, performed in the late 1970's and early 
1980's, were evaluated. All of these were judged to be acceptable as benchmark data. Information in this 
section comes from References 1 - 10, which are the original PNL reports of these experiments. Over the 
course of performing experiments with this set of fuel rods, analyses were done which resulted in better 
characterization of the rods over time. For example, the enrichment was originally reported at 4.29 wt. %, 
but later improved to 4.306 wt. %. Therefore, only the most recent fuel rod data is provided in this 
evaluation. 
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Author: Saiz, Pedro M. Ortego / Sobrino, Jose G. López 

Title: Critical Experiments Supporting Close Proximity Water Storage of Power Reactor Fuel, Part I - 
Absorber Rods 

Date: 9/30/2001 

Report: LEU-COMP-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments using aluminum-clad uranium oxide of low 
enrichment was performed in 1977, 1978, and 1979 at the CX-10 critical facility of Babcock-Wilcox 
(B&W) Lynchburg Research Center. The first group of experiments involved configurations of individual 
fuel rods located in arrays, or clusters, with variable space between the clusters of rods, and with absorber 
rods of B4C in the space between clusters. These experiments were carried out between November 1977 
and March 1978 and are reported here. A second group of experiments involved the same fuel rods located 
with similar distances between clusters, but used absorber plates as isolators of the different clusters, instead 
of absorber rods. This second set of experiments is evaluated in LEU-COMP-THERM-051. The uranium 
enrichment is 2.5%. The moderator and reflector is ordinary water, borated in some cases. The fuel cladding 
is aluminum. Absorber pins are boron carbide. Fuel pellet diameter is 1.030 cm and the clad outer diameter 
is 1.206 cm. The spacing between fuel rods is 1.636 cm, center-to-center. Each configuration has 9 clusters 
of 14x14 fuel rods except the first, which is a single cluster of cylindrical shape. The spacing between 
clusters is always a multiple of the fuel rod pitch. Core height is slightly more than 150 cm, but its active 
part is determined by the moderator height, which varies between 108 and 149 cm. Two parameters are 
used to control the criticality of the system, the height of the water and the boron concentration in water. 
The number of absorber rods and their location is fixed during each experiment. Some experiments (Cores 
IIIA to IIIG) were repeated at different combinations of water level and boron concentration but keeping 
the same position and quantity of fuel and absorber rods. From the point of view of validation of codes, 
these experiments are strongly correlated. The total number of configurations is 15. All 15 of these are 
considered to be acceptable for use as benchmark experiments for criticality safety. 
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Author: Kim, Soon S. / Dean, Virginia F. 

Title: Water-Moderated Rectangular Clusters of U(2.35)O2 Fuel Rods (1.684-cm Pitch) Separated by Steel, 
Boral, Boroflex, Cadmium, or Copper Plates (Gadolinium Water Impurity) 

Date: 9/30/1999 

Report: LEU-COMP-THERM-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical-approach experiments with clusters of 36-inch-long aluminum-
clad U(2.35)O2 fuel rods in a large water-filled tank was performed over the course of several years at the 
Critical Mass Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included square-
pitched lattice clusters with pitches of 2.032 cm (LEU-COMP-THERM-001, no Gd water impurity) or 
1.684 cm (LEU-COMP-THERM-003, with Gd water impurity). Some experiments had lead, depleted-
uranium, or steel reflecting walls on two opposite sides of the cluster row (LEU-COMP-THERM-017, no 
Gd impurity). Some circular, triangular-pitched lattices with pitches of 1.6 cm or 1.9 cm were used to 
measure the effect of gadolinium dissolved in the water (LEU-COMP-THERM-005). The effects of 
absorber plates for 2.032-cm-pitch rod clusters were also studied (LEU-COMP-THERM-016, no Gd 
impurity). This evaluation documents water-reflected experiments performed in late 1979 with 3 
rectangular clusters of 1.684-cm-pitched rods with neutron-absorber plates between clusters with a reported 
small Gd impurity in the water moderator-reflector. The absorber plates were stainless steel, borated 
stainless steel, Boral, Boroflex, copper, or copper with 1% cadmium. The effect of the absorber plates was 
1% to 7% of keff. Four-cluster experiments with rods at this pitch and with perpendicular absorber plates 
separating the four clusters were also performed, but only with the less effective absorbers, due to 
insufficient available fuel. They are not included in this evaluation. A total of 10 experiments were 
evaluated and found to be acceptable as benchmark data. Similar experiments with steel reflecting walls 
and no Gd impurity are documented in LEU-COMP-THERM-042. 
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Title: Water-moderated Rectangular Clusters of U(4.31)O2 Fuel Rods (1.892-cm pitch) Separated by Steel, 
Boral, Boroflex, Cadmium, or Copper Plates, with Steel Reflecting Walls 

Date: 9/30/2003 

Report: LEU-COMP-THERM-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical-approach experiments with clusters of 36-inch-long aluminum-
clad U(4.31)O2 fuel rods in a large water-filled tank was performed over the course of several years at the 
Critical Mass Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included square-pitch 
lattice clusters with pitches of 2.54 cm or 1.892 cm. Some of these experiments were simply rod clusters in 
water (LEU-COMP-THERM-002 and LEU-COMP-THERM-004). Others had lead, depleted-uranium, or 
steel reflecting walls on two opposite sides of the cluster row (LEU-COMP-THERM-010). Others had 
absorber plates between the clusters (LEU-COMP-THERM-009). Some circular, triangular-pitch lattices, 
with pitches of 2.4, 1.8, or 1.6 cm, were used to measure the effect of gadolinium dissolved in the water 
(LEU-COMP-THERM-005). This evaluation documents seven water-reflected experiments, performed in 
1980, with 3 rectangular clusters of 1.892-cm-pitch rods with absorber plates between clusters and steel 
walls on either side of the line of fuel clusters. The seven types of absorber-plate were stainless steel, borated 
stainless steel, Boral, Boroflex, cadmium, copper, and copper with 1% cadmium. The experimenters found 
that “the effectiveness of the neutron absorber plates to reduce the critical separation between fuel clusters 
is reduced slightly by the presence of the steel reflecting walls.”5 Worths of the absorber plates ranged from 
1% to 7% of keff. All seven experiments are judged to be acceptable as benchmark data. 
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Author: Dean, Virginia F. 

Title: Water-Reflected Arrays of U(4.31)O2 Fuel Rods (1.890-cm and 1.715-cm Square Pitch) in Borated 
Water 

Date: 9/30/2003 

Report: LEU-COMP-THERM-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical-approach experiments with arrays of 36-inch-long aluminum-clad 
U(4.31)O2 fuel rods in a large water-filled tank was performed over the course of several years at the 
Critical Mass Laboratory at the Pacific Northwest Laboratories (PNL). Most of the experiments were 
square-pitched lattice clusters, or arrays. Some were simply rod arrays in water (LEU-COMP-THERM-002 
and LEU-COMP-THERM-004). Others had lead, depleted-uranium, or steel reflecting walls on two 
opposite sides of a row of clusters (LEU-COMP-THERM-010). Others had absorber plates between the 
arrays (LEU-COMP-THERM-009). One set of experiments used both steel walls and absorber plates (LEU-
COMP-THERM-013). Some circular, triangular pitched lattices with pitches of 2.4, 1.8, or 1.6 cm were 
used to measure the effect of gadolinium dissolved in the water (LEU-COMP-THERM-005). This 
evaluation documents nine water-reflected experiments, performed in February-March, 1982. Each 
experiment was a nearly rectangular array of U(4.31)O2 rods completely submerged in water or borated 
water in a Plexiglas tank, or box, surrounded by a water reflector. The pitch of the rods for five experiments 
was 1.890 cm and was 1.715 cm for four experiments. Moderator-to-fuel volume ratios were 1.59 and 1.09. 
The critical number of rods was extrapolated from subcritical configurations. Boron concentration in the 
moderator ranged from 0 to 2.55 g/liter. The purpose of the experiments was to observe the simultaneous 
effects of boron concentration and pitch on critical number of rods. Because the standard uncertainty in keff 
for four experiments was greater than 1%, due to the large effect of the uncertainty in boron concentration 
in the moderator, the four are rejected as benchmark experiments. The other five experiments are judged to 
be acceptable as benchmark data. 
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11012…..…..…………………..…….……..……ID Number…………………..…..…………….11012 

Author: Szatmáry, Zoltán 

Title: The VVER Experiments: Regular and Perturbed Hexagonal Lattices of Low- Enriched UO2 Fuel 
Rods in Light Water 

Date: 9/30/2005 

Report: LEU-COMP-THERM-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A Temporary International Collective (TIC) has been established by an agreement 
signed in 1972 by VVER user countries to perform joint experiments and code development in the field of 
the physics of VVER (light water cooled and moderated power reactor). The cooperation was closed in 
1990. The main aims in forming TIC were the following (out of which the present compilation deals only 
with a part of the second item): - to elaborate calculational methods and computer codes for the VVER-
type reactors, - to yield experimental data for validating these codes and their libraries, - to develop 
measurement techniques applicable in VVER-type power reactors, - to collect neutron physics operational 
data of VVER-type power reactors. The experimental basis of TIC was the critical assembly ZR-6 operated 
by the Central Research Institute for Physics of the Hungarian Academy of Sciences (KFKI, Budapest). 
TIC being managed by the Hungarian group, the head of it was the director general of KFKI. The 
contributions of the participating countries were the following: the critical assembly ZR-6 was designed, 
built, and operated by Hungary, the fuel was supplied by the former USSR, while the other countries 
contributed manpower. The topics and detailed yearly programs of the joint investigations were defined by 
the Scientific Council of TIC. The total number of experimenters having participated in the joint research 
is over 50, coming from the 10 countries participating in TIC. All results of the joint research, which were 
originally classified, have been gradually declassified. The essentials of the results are published in the 
Final Report of TIC consisting of 4 volumes: Volumes I, III, and IV are experimental, while Volume II is 
calculational. 
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11013…..…..…………………..…….……..……ID Number…………………..…..…………….11013 

Author: Kim, Soon S. / Dean, Virginia F. 

Title: Water-Moderated Rectangular Clusters of U(2.35) O2 Fuel Rods (2.032-cm Pitch) Separated by 
Steel, Boral, Copper, Cadmium, Aluminum, or Zircaloy-4 Plates 

Date: 9/30/2003 

Report: LEU-COMP-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical approach experiments with clusters of 36-inch-long aluminum-
clad U(2.35)O2 fuel rods in a large water-filled tank was performed over the course of several years at the 
Critical Mass Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included square-
pitched lattice clusters with pitches of 2.032 cm or 1.684 cm. Some of these experiments were simply rod 
clusters in water (LEU-COMP-THERM-001, -003). Others added lead, depleted-uranium, or steel 
reflecting walls on two opposite sides of the cluster row (LEU-COMP-THERM-017). Some circular, 
triangular pitched lattices, with pitches of 1.598 cm or 1.895 cm, were used to measure the effect of 
gadolinium dissolved in the water (LEU-COMP-THERM-005). This evaluation documents water-reflected 
experiments with 3 rectangular clusters of 2.032-cmpitched rods. Two absorber plates separated the two 
outer clusters from the center one. The plates were stainless steel, borated stainless steel, Boral, copper, 
copper with 1% cadmium, cadmium, aluminum, or Zircaloy-4. A total of 32 experiments, performed in 
early 1977, were evaluated. The reactivity worths of the non-borated steel, copper without cadmium, 
aluminum, and Zircaloy-4 plates were calculated to be less than 1.1% of keff. Therefore these experiments 
are not recommended to validate calculations of these particular materials. However, because of the 
adequacy of the experimental data, all of these experiments are judged to be acceptable as benchmarks. 
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11014…..…..…………………..…….……..……ID Number…………………..…..…………….11014 

Author: Kim, Soon S. / Dean, Virginia F. 

Title: Critical Arrays of Water-Moderated U(2.35)O2 Fuel Rods Reflected by Two Lead, Uranium, or Steel 
Walls 

Date: 9/30/1998 

Report: LEU-COMP-THERM-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: n.a. 
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11015…..…..…………………..…….……..……ID Number…………………..…..…………….11015 

Author: Hanlon, David 

Title: Light Water Moderated and Reflected Low Enriched Uranium Dioxide (7 wt.%) Rod Lattice 

Date: 8/31/1996 

Report: LEU-COMP-THERM-018 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered a critical experiment with low enriched 
uranium dioxide fuel rods containing 7.0 wt.% 235U with light water moderation and reflection. One 
experiment was evaluated and is considered acceptable for use as a benchmark experiment. This experiment 
was performed in the DIMPLE low power reactor at AEA Technology’s Winfrith site during 1984. 
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11016…..…..…………………..…….……..……ID Number…………………..…..…………….11016 

Author: Bykov, Andrey A. / Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Water-Moderated Hexagonally Pitched Lattices of U(5%)O2 Stainless Steel Clad Fuel Rods 

Date: 9/30/1997 

Report: LEU-COMP-THERM-019 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with low enriched (approximately 5% 235U) cylindrical fuel rods was performed in 1961 in RRC 
“Kurchatov Institute” (see References 1, 2 and 3). These critical lattices consist of water-moderated uniform 
lattices of stainless steel or zirconium clad cylindrical fuel rods (see also LEU-COMP-THERM-020). In 
the some of these experiments the water moderator was poisoned by boric acid (see LEU-COMP-THERM-
021). This evaluation describes three critical configurations with hexagonal lattices with pitch values of 7, 
8, and 14 mm. All of these are considered to be acceptable for use as benchmark critical experiments. 
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11017…..…..…………………..…….……..……ID Number…………………..…..…………….11017 

Author: Bykov, Andrey A. / Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Water-Moderated Hexagonally Pitched Partially Flooded Lattices of U(5%)O2 Zirconium Clad Fuel 
Rods 

Date: 9/30/1997 

Report: LEU-COMP-THERM-020 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with low enriched (approximately 5% 235U) cylindrical fuel rods was performed in 1961 in RRC 
“Kurchatov Institute” (see References 1, 2, and 3). These critical lattices consist of water-moderated 
uniform lattices of stainless steel or zirconium clad cylindrical fuel rods (see also LEU-COMP-THERM-
019). In the some of these experiments the water moderator was poisoned by boric acid (see LEU-
COMPTHERM- 21). This evaluation describes seven critical configurations with hexagonal lattices of 
zirconium clad fuel rods with a pitch value of 13 mm. Six of them were partially flooded and one was fully 
flooded. All of these are considered to be acceptable for use as benchmark critical experiments. 



 

C-11049 

11018…..…..…………………..…….……..……ID Number…………………..…..…………….11018 

Author: Bykov, Andrey A. / Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Hexagonally Pitched Partially Flooded Lattices of U(5%)O2 Zirconium Clad Fuel Rods Moderated 
by Water with Boric Acid 

Date: 9/30/1997 

Report: LEU-COMP-THERM-021 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with low enriched (approximately 5% 235U) cylindrical fuel rods was performed in 1961 in RRC 
“Kurchatov Institute.” These critical lattices consist of water-moderated uniform lattices of stainless steel 
or zirconium clad cylindrical fuel rods (see also LEU-COMP-THERM-019, LEU-COMPTHERM- 020). 
This evaluation describes six critical configurations with hexagonal lattices of zirconium-clad fuel rods. 
They were partially flooded, and boric acid concentrations of 3.15 and 2.36 g/l were used for the two pitch 
values of 10 and 13 mm, respectively. All six experiments are considered to be acceptable for use as 
benchmark critical experiments. 
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11019…..…..…………………..…….……..……ID Number…………………..…..…………….11019 

Author: Gagarinski, Andrey Yu. / Oleg E. Zhukov / Pavlov, Vladimir D. 

Title: Uniform Water-Moderated Hexagonally Pitched Lattices of Rods with U(10%)O2 Fuel 

Date: 9/30/2000 

Report: LEU-COMP-THERM-022 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated lattices of enriched (10% 
235U) fuel rods was performed over the course of several years (1965-1967) in RRC ”Kurchatov Institute.” 
These experiments consist of uniform hexagonal (LEU-COMP-THERM-032) and square pitched (LEU-
COMP-THERM-024) lattices fully flooded with water and hexagonally pitched partially flooded lattices 
(LEU-COMP-THERM-023). This evaluation describes seven critical experiments for uniform fully flooded 
hexagonal lattices with pitch values of 0.7, 0.8, 1.0, 1.22, 1.4, 1.83, and 1.852 cm (50 < ρH/ρ5 < 629). All 
seven configurations are reported in sufficient detail to qualify as acceptable benchmark experiments. 
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11020…..…..…………………..…….……..……ID Number…………………..…..…………….11020 

Author: Gagarinski, Andrey Yu. / Oleg E. Zhukov / Pavlov, Vladimir D. 

Title: Partially Flooded Uniform Lattices of Rods with U(10%)O2 Fuel 

Date: 9/30/1997 

Report: LEU-COMP-THERM-023 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated lattices of enriched (10% 
235U) fuel rods was performed over the course of several years (1965-1967) in RRC “Kurchatov Institute.” 
These experiments consist of ones with uniform hexagonal (LEU-COMP-THERM-022 and LEU-COMP-
THERM-032) and square pitched (LEU-COMP-THERM-024) lattices fully flooded with water and 
hexagonally pitched, partially flooded lattices. This evaluation describes six critical experiments for 
different levels of water in the active core, which was a hexagonally pitched lattice of fuel rods. The pitch 
value of the lattice was 1.4 cm. All six configurations are reported in sufficient detail to qualify as acceptable 
benchmark experiments. 
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11021…..…..…………………..…….……..……ID Number…………………..…..…………….11021 

Author: Gagarinski, Andrey Yu. / Oleg E. Zhukov / Pavlov, Vladimir D. 

Title: Water-Moderated Square-Pitched Uniform Lattices of Rods with U(10%)O2 Fuel 

Date: 9/30/1997 

Report: LEU-COMP-THERM-024 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated lattices of enriched (10% 
235U) fuel rods was performed over the course of several years (1965-1967) in RRC “Kurchatov Institute.” 
These experiments consist of ones with uniform hexagonal (LEU-COMP-THERM-022 and LEU-COMP-
THERM-032) and square-pitched lattices fully flooded with water and hexagonal-pitched partially flooded 
lattices (LEU-COMP-THERM-023). This evaluation describes critical experiments for two square-pitched 
lattices of fuel rods. The two studied configurations are arrays of nearly rectangular cross section containing 
fuel rods with pitches of 0.62 cm and 0.62´Ö2 cm. Two configurations are reported in sufficient detail to 
qualify as acceptable benchmark experiments. 
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11022…..…..…………………..…….……..……ID Number…………………..…..…………….11022 

Author: Bykov, Andrey A. / Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Water-Moderated Hexagonally Pitched Lattices of U(7.5%)O2 Stainless-Steel- Clad Fuel Rods 

Date: 9/30/1997 

Report: LEU-COMP-THERM-025 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with low enriched (approximately 7.5% 235U) cylindrical fuel rods was performed in 1965 in RRC 
“Kurchatov Institute” (see References 1 and 2). These critical lattices consist of water-moderated uniform 
lattices of stainless- steel-clad cylindrical fuel rods. (See also LEU-COMP-THERM-022, LEU-COMP-
THERM-023, LEU-COMP-THERM-024, and LEU-COMP-THERM-032 with 10% enriched rods). This 
evaluation describes four fully flooded critical configurations with hexagonal lattices with pitch values of 
7, 8, 10, and 12.2 mm. All of these are considered to be acceptable for use as benchmark critical 
experiments. 
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11023…..…..…………………..…….……..……ID Number…………………..…..…………….11023 

Author: Tsiboulia, Anatoli / Rozhikhin, Yevgeniy / Lependin, Vladimir 

Title: Water-Moderated U(4.92)O2 Fuel Rods in 1.29, 1.09, and 1.01 cm Pitch Hexagonal Lattices at 
Different Temperatures 

Date: 9/30/2003 

Report: LEU-COMP-THERM-026 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical approach experiments with zirconium clad UO2 fuel rods (4.92 wt.% 235U) 
in a water-filled tank were performed in 1991 - 1995 on the MATR facility at the Institute of Physics and 
Power Engineering, Obninsk, Russia. A description of the MATR facility is given in References 1 and 2. 
Some data were taken from the experimenter’s workbooks. The fuel rods were arranged in hexagonal 
lattices with pitches of 1.29, 1.09, and 1.01 cm without absorber elements. The critical mass was defined 
for “cold” (∼ 20°C) and “hot” (about 200°C) conditions of assemblies. All six configurations presented 
here are considered to be acceptable for use as benchmark critical experiments. 
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11024…..…..…………………..…….……..……ID Number…………………..…..…………….11024 

Author: Poullot, Gilles 

Title: Water Moderated and Lead Reflected 4.75% Enriched Uranium Dioxide Rod Arrays 

Date: 9/30/2000 

Report: LEU-COMP-THERM-027 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered a lead-reflected, water-moderated array of low 
enriched UO2 fuel rods. The experiments were subcritical approaches extrapolated to critical; the 
multiplication factor reached was very close to 1.000 (within 0.1%). The experiments were very severe 
tests of the lead reflector effect. All experiments used an optimal geometric core consisting of a 14 x 14 
array of 4.74% enriched UO2 fuel rods reflected on four sides by 30-cm-thick lead reflectors. Four 
experiments were carried out corresponding to four different water gaps between the core and the lead. The 
experimental results show that the effect of reflection on the reactivity first increases and then decreases as 
the thickness of the water gap increases (the critical height first decreases and then increases). The 
experiments were carried out in APPARATUS B in the experimental criticality facility at SRSC Valduc 
(C. E. A. France) in December 1983. Measurements and initial analysis carried out by S. R. D. (Safety 
Reliability Directorate - UKAEA - United Kingdom) in parallel with S. E. C. (Service d'Etudes de Criticité, 
I. P. S. N. /C. E. - France) were partly funded by the Commission of the European Communities via the 
Directorate General for Energy. All four experiments are considered acceptable for use as benchmark 
experiments. 
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Author: Damian, Jose Ignacio Marquez 

Title: Water-Moderated U(4.31)O2 Fuel Rods in Triangular Lattices with Boron, Cadmium and 
Gadolinium as Soluble Poisons 

Date: 9/30/2008 

Report: LEU-COMP-THERM-028 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical approach experiments to determine the effect of different neutron 
absorbers in lattices of fuel rods was performed from 1977 to 1978 at the Pacific Northwest National 
Laboratories’ Critical Mass Laboratory. The following types of experiments were reported: 1. Triangular 
lattices of UO2 fuel rods in water-based solution containing boron, cadmium, or gadolinium. Criticality 
was approached by increasing the number of rods. 2. Triangular lattices of UO2 fuel rods in uranyl nitrate 
solution containing gadolinium. Criticality was approached by increasing the solution level. All these 
experiments were performed using the same type of fuel, 4.306 wt.% enriched UO2 fuel pellets in Type 
304L stainless steel clad. This evaluation focuses on the first series of experiments, consisting of three fuel 
rod lattices with lattice pitch values of 2.286 cm (0.9 inches), 2.794 cm (1.1 inches) and 3.302 cm (1.3 
inches). The corresponding values of the moderator-to-fuel volume ratio for the pitch values are 2.305, 
4.084, and 6.218. Each lattice was submerged in water with different concentrations of gadolinium nitrate 
[Gd(NO3)3], boric acid [H3BO3], or cadmium nitrate tetra-hydrate [Cd(NO3)2-4H2O]. The critical 
condition was approached by increasing the number of fuel rods and taking the count rate with and without 
control elements. The aim of these experiments was to determine the effect of boron, cadmium, and 
gadolinium as a soluble absorber on the criticality of lattices of light-water-reactor fuel. Twenty 
experimental configurations were evaluated. Based on the analysis of the experimental data, all 20 
experimental configurations are accepted as criticality safety benchmarks. 
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Author: Poullot, Gilles 

Title: Water Moderated and Reflected 4.75% Enriched Uranium Dioxide Rod Arrays Surrounded by 
Hafnium Plates 

Date: 9/30/2000 

Report: LEU-COMP-THERM-029 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Considered in this experimental program was a water-moderated array of low-
enriched UO2 fuel rods surrounded by hafnium plates. The experiments were subcritical approaches 
extrapolated to critical, with the multiplication factor reached being very close to 1.000 (within 0.1%). 
Three series of experiments were performed. The first one was performed in order to study the effect of 
variable hafnium-plate thickness. The second series was to study the array sizes with hafnium plates and 
the effect of removal of pins. The third series, without hafnium plates, was performed in order to have 
reference configurations of the same arrays, and therefore to appreciate the hafnium absorption effect in 
terms of critical water height differences. These experiments were carried out in APPARATUS B in the 
experimental criticality facility at SRSC Valduc (C. E. A. France) in 1978. All these experiments (a total 
of twelve) are considered to be acceptable as benchmark experiments. 
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Author: Bykov, Andrey A. / Gagarinski, Andrey Yu. / Pavlov, Vladimir D. 

Title: Water-Moderated Hexagonally Pitched Partially Flooded Lattices of U(5%)O2 Zirconium-Clad Fuel 
Rods 

Date: 9/30/1997 

Report: LEU-COMP-THERM-031 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated hexagonally pitched lattices 
with low enriched (approximately 5% 235U) cylindrical fuel rods was performed in 1961 in RRC 
“Kurchatov Institute” (see References 1, 2, and 3). These critical lattices consist of water-moderated 
uniform lattices of stainless steel or zirconium clad cylindrical fuel rods (see also LEU-COMP-THERM-
019 and LEUCOMP- THERM-020). In some of these experiments the water moderator was poisoned by 
boric acid (see LEU-COMP-THERM-021). This evaluation describes six critical configurations with 
partially flooded hexagonal lattices of zirconium clad fuel rods with a pitch of 8 mm. All of these are 
considered to be acceptable for use as benchmark critical experiments. 
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Author: Gagarinski, Andrey Yu. / Oleg E. Zhukov / Pavlov, Vladimir D. 

Title: Uniform Water-Moderated Lattices of Rods with U(10%)O2 Fuel in Range from 20 Degrees to 274 
Degrees C 

Date: 9/30/1997 

Report: LEU-COMP-THERM-032 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated lattices of enriched (10% 
235U) fuel rods was performed over the course of several years (1965-1967) in RRC “Kurchatov Institute”. 
These experiments consisted of ones with uniform hexagonal (LEU-COMP-THERM-022) and square 
pitched (LEU-COMP-THERM-024) lattices fully flooded with water, hexagonally pitched partially flooded 
lattices (LEU-COMP-THERM-023) at 20°C, and uniform hexagonal lattices at different temperatures. This 
evaluation describes nine critical experiments for uniform fully flooded hexagonal lattices with pitch values 
of 0.7, 1.4, and 1.852 cm at three different temperatures (ranging from 20°C to 274°C) for each lattice. The 
critical numbers of rods at 20°C differ from those reported in LEU-COMP-THERM- 022 because of 
different assembly support structure and application of steel tubes for safety rods in the present experiments. 
All nine configurations are reported in sufficient detail to qualify as acceptable benchmark experiments. 



 

C-11060 

11029…..…..…………………..…….……..……ID Number…………………..…..…………….11029 

Author: Mitake, Susumu 

Title: Reflected and Unreflected Assemblies of 2 and 3%-Enriched Uranium Fluoride in Paraffin 

Date: 9/30/2001 

Report: LEU-COMP-THERM-033 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From 1958 to 1968 at the Oak Ridge Critical Experiments Facility, a series of critical 
experiments was performed with homogeneous mixtures of finely divided uranium fluoride (UF4) 
dispersed in paraffin. The uranium fluoride was dispersed in the paraffin to produce essentially 
homogeneous mixtures with H/U atomic ratios ranging from 4 to 20. The uranium in the fuel mixtures 
contained either 2 or 3 wt.% 235U. The assemblies were rectangular parallelepipeds and, except for a few 
of the earliest experiments, contained no internal controls. The experiments included measurements of 
critical dimensions for each of eight fuel mixtures, both unreflected and reflected with hydrogenous 
materials (paraffin, Plexiglas, polyethylene). Fifty-two sets of critical dimensions were obtained. All of 
these measurements are deemed acceptable for use as criticality-safety benchmark experiments. 
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Author: Doutriaux, Daniel / Poullot, Gilles 

Title: Four 4.738% Enriched Uranium Dioxide Rod Assemblies Contained in Cadmium, Borated Stainless 
Steel or Boral Square Canisters, Water Moderated and Reflected 

Date: 9/30/2000 

Report: LEU-COMP-THERM-034 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments with 4.738% enriched uranium dioxide rod arrays in a large 
water-filled tank were carried out in Apparatus B of the experimental criticality facility at the “Service de 
Recherches et d'Etudes en Criticité” in Valduc (C. E. A. France). Experiments were subcritical approaches 
extrapolated to critical, with the multiplication factor reached being very close to 1.000 (within 0.1%). Each 
configuration of the experimental programme considered four 18 x 18 assemblies with 1.6-cm cell pitch 
contained in borated steel, Boral, or cadmium square canisters, with a water moderator and reflector, in 
order to simulate physical effects in high-density fuel-assemblies storage. The water gap between canisters 
was varied. A total of 26 experiments were performed in this part of the experimental programme. Two 
series of 9 and 7 experiments respectively with borated steel and Boral took place from November 1977 to 
July 1979 a third series of 10 experiments with cadmium absorbers was carried out in 1984. The effects of 
the borated steel, Boral, and cadmium are significant (> 10% of keff). It is pointed out that cases with a 
broad water gap (width > 2 cm) and a corresponding lower uncertainty are considered as acceptable to test 
the ability of code(s) to correctly calculate these materials. For the other experiments (width < 2 cm), 
uncertainties are very high. As part of this evaluation, additional data have been found in the laboratory 
logbook and archive. This reference is used in conjunction with the basic experimental reports throughout 
this evaluation. Twenty-four of the twenty-six experiments are judged to be acceptable as benchmarks. 
Cases 9 and 16 are rejected because their critical heights are not given. 
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Author: Miyoshi, Yoshinori / Yamamoto, Toshihiro 

Title: Critical Arrays of Low-Enriched UO2 Fuel Rods in Water with Soluble Poison of Gadolinium or 
Boron Poison 

Date: 9/30/1998 

Report: LEU-COMP-THERM-035 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experimental critical sizes are reported for light-water-moderated and -reflected UO2 
fuel-rod cores with soluble poisons, natural boron and natural gadolinium. The evaluation for unpoisoned 
fuel-rod cores is presented in LEU-COMP-THERM-006. The enrichment of the UO2 fuel rod is 2.6%. 
Experiments were carried out using the Tank-Type Critical Assembly (TCA) in 1988 at Tokai Research 
Establishment of JAERI. The experimental cores selected as basic benchmark experiments had fuel rods 
arranged in a rectangular array. Critical sizes were determined by adjusting the water level. The water-to-
fuel volume ratio in the lattice cell was 1.83. The temperature coefficient of reactivity is also given. Three 
experiments among a lot are selected and described in this paper. Other core configurations contained a 
different type fuel rod fabricated by a different method. Since the bowing of the fuel rods was large, the 
core configurations with those fuel rods are excluded from the benchmark. Three configurations are judged 
to be acceptable as benchmark data. 
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Author: Szatmáry, Zoltán 

Title: The VVER Experiments: Regular and Perturbed Hexagonal Lattices of Low- Enriched UO2 Fuel 
Rods in Light Water - Part 2 

Date: 9/30/2005 

Report: LEU-COMP-THERM-036 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The present evaluation presents those results of the Temporary International 
Collective (TIC) which were left out from the former evaluation LEU-COMP-THERM-015 published in 
1996. The latter was based on References 1 and 2. The present evaluation is based on Reference 3 which is 
being edited. The experiments were carried out from 1986 to 1990. Concerning the cooperation within TIC 
as well as the description of the ZR-6M critical assembly, refer to the former evaluation. However, all such 
details of this experimental facility which are pertinent to the data presented below are repeated here. ZR-
6M was operated in the Central Research Institute for Physics of the Hungarian Academy of Sciences 
(KFKI, Budapest). Most of the criticality data are VVER-type lattices, but there was a further series of 
experiments of lattices of fuel rods of enlarged diameter (13.6 mm). The core configurations studied can be 
categorized as follows: • regular and perturbed lattices of fuel rods of enlarged diameter moderated with 
pure or borated water; • regular lattices surrounded by a water reflector containing stainless steel rods; • 
lattices perturbed by absorber rods containing Gd; • lattices imitating spent-fuel storage; • perturbed lattices 
imitating fuel clusters. The lattice pitch was 12.7 mm and the fuel enrichment was 3.6 wt.% in the 
experiments performed with VVER-type fuel rods. The enrichment of fuel rods of enlarged diameter was 
2.0 wt.% and 2.4 wt. %. The lattice pitch was 19 mm or 26 mm for these experiments. The total number of 
acceptable core configurations presented is 69. They are listed in Tables 1 and 2. As to how they are divided 
in these categories and which parameters were varied, refer to Section 1.2. Although all experiments 
discussed in Reference 3 are acceptable, 6 experiments with rods of enlarged diameter were left out of the 
present evaluation due to the complication of core asymmetry. 
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Author: Bonnet, Jérome 

Title: Water-Moderated and Partially Concrete-Reflected 4.738-wt.%-Enriched Uranium Dioxide Rod 
Arrays 

Date: 9/30/2000 

Report: LEU-COMP-THERM-037 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Considered in this experimental programme is a water-moderated and partially 
concrete-reflected array of low-enriched UO2 (4.738 wt.% 235U) fuel rods at 1.6-cm square pitch. These 
experiments were subcritical approaches extrapolated to critical, with the multiplication factor reached 
being very close to 1.000 (within 0.1%). Forty-four experiments were performed. The aim of these 
experiments was to test a material which is present in all installations as more or less thick walls: concrete, 
which acts on escape neutrons of the fissile media as a reflector and/or isolator. Its effect on reactivity 
depends on its position with respect to the fissile material, its thickness, and its composition. These 
experiments were carried out in testing equipment called “Apparatus B” in the experimental criticality 
facility of I. P. S. N. at SRSC Valduc, C. E. A. France (Valduc Safety and Criticality Research Service) in 
1990. All are considered to be acceptable but many of them are considered as “rerun” experiments. Only 
eleven cases are retained as benchmark experiments. The experimental programme is described in the basic 
report and further data are provided by an additional report written in the framework of reevaluations of all 
programmes performed in the Valduc Facility with these rods. 



 

C-11065 

11034…..…..…………………..…….……..……ID Number…………………..…..…………….11034 

Author: Bonnet, Jérôme 

Title: Water-Moderated 4.738-wt.%-Enriched Uranium Dioxide Rod Arrays Next to a Borated Concrete 
Screen 

Date: 9/30/2000 

Report: LEU-COMP-THERM-038 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Considered in this experimental programme are water-moderated, low-enriched UO2 
(4.738 wt.% 235U) fuel-rod arrays at a square pitch placed next to a borated concrete screen. These 
experiments were subcritical approaches extrapolated to critical, with the multiplication factor reached 
being very close to 1.000 (within 0.1%). The aim of these experiments was to test a borated concrete 
material which is often used in fuel cycle installations. These experiments were carried out in testing 
equipment, called “Apparatus B”, in the experimental criticality facility of I. P. S. N. at SRSC Valduc, C. 
E. A. France (Valduc Safety and Criticality Research Service) in 1986 and 1987. Three series of 
experiments were carried out. All configurations consisted of narrow arrays in order to have representative 
tests: • The first and second sets were performed with baked concrete screens inside polyvinyl bags. Two 
types of configuration were studied: - reflection configuration (21 cases). The concrete screen being studied 
was placed against one long side of the core. - interaction configuration (34 cases). The studied concrete 
screen was inserted between two fuel-rod arrays, against the long sides. • The third set (42 cases) was 
performed with other borated concrete screens: they were not baked and were not placed in a waterproof 
polyvinyl bag. Only interaction was studied. The experimental programme is described in the basic report 
and further data are provided by an additional report written in the framework of reevaluation of all 
programmes performed in the Valduc facility with these rods. Fourteen cases coming from the first and 
second set are studied and are considered as acceptable as benchmark experiments. Experiments of the third 
set are not considered as acceptable: no waterproof bag being used, a problem in the water content is 
assumed. 
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Title: Incomplete Arrays of Water Reflected 4.738 Wt.% Enriched Uranium Dioxide Fuel Rods 

Date: 9/30/2006 

Report: LEU-COMP-THERM-039 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This paper is devoted to seventeen experiments with single fuel rods arrays that are 
watermoderated and water-reflected; these arrays are incomplete, having some positions without rods (hole 
positions). Rods contained low-enriched (4.738 wt.% 235U)a uranium oxide (UO2) fuel and were clad with 
aluminium alloy AGS. These experiments were subcritical approaches extrapolated to critical, with the 
multiplication factor reached being very close to 1.000 (within 0.1%); the subcritical approach parameter 
was the water level. These experiments were carried out in testing equipment called “Apparatus B” in the 
experimental criticality facility of I. P. S. N. at S. R. S. C. Valduc, C. E. A. D. in 1978. All experiments are 
considered acceptable for use as benchmark experiments. These seventeen experiments are a set of a large 
experimental program performed in order to qualify criticality codes for the light-water reactor (LWR) fuel 
cycle; the program concerns pool storage, shipping casks, reprocessing, etc. Actually, because of the hole 
positions, the considered set of experiments were only performed in order to qualify calculation codes, 
configurations being far from realistic ones except perhaps Cases 7 and 8, which are representative of an 
assembly without absorbing rods. Because of experimental constraints a special fuel-rod fabrication was 
ordered: the enrichment was higher (4.738%) than the usual one used at that time for LWR power reactors 
(3.5%); the fissile column was reduced to 90 cm; and the cladding was not Zircaloy. In addition to the 
present evaluation, other parts of this program are described in LEU-COMP-THERM-007, 27, 29, 34, 37, 
38, 40, 50 and 52. Some results were published in References 2 and 3 just after the experiments were 
performed. Further data are provided by an additional report published in1998 and reviewed in 2002, 
written in the framework of the re-evaluation of all programs performed in the Valduc facility with these 
rods. In particular, this latter report includes two photographs, here in Figures 1 and 2 which show complete 
arrays already described in LEU-COMP-THERM-007, and new data obtained when the clad on the rods 
was replaced with Zircaloy in 1995; among the new data are the uranium isotopic vector, the fuel density, 
and fuel dimensions (column height and pellet diameter). All programs are briefly presented in a special 
volume of the journal Nuclear Science and Engineering and in the catalog and history of criticality 
experiments performed in Saclay and Valduc (Bâtiment N°10). This catalog was published in 2003; the 
paper version provides an exhaustive set of references and photographs found in the archives; the CD-ROM 
version provides, in addition, a copy of each report. Data given here in Section 1 comes from the basic 
report. New and definitive data are given in Section 2. A first version of this evaluation was published in 
1999 in the ICSBEP handbook. This revision takes into account the latest recommendations given in the 
ICSBEP uncertainty guide 
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Conference Session:  

Abstract/Keyterms: Critical experiments with 4.738%-enriched uranium dioxide rod arrays in a large 
water-filled tank were carried out in Apparatus B of the experimental criticality facility at the “Service de 
Recherches et d'Etudes en Criticité” in Valduc (C. E. A. France). Experiments were subcritical approaches 
extrapolated to critical, with the multiplication factor reached being very close to 1.000 (within 0.1%). Each 
configuration of the experimental program considered four 18 x 18 assemblies of fuel rods at 1.6-cm square 
pitch, contained in borated steel or Boral square canisters, with a water moderator and several reflectors 
(water, lead + water, stainless steel + water) in order to simulate physical effects in shipping casks and high-
density fuel-assembly storage. The water gap between canisters and reflector blocks was varied. A total of 
10 experiments are reported for this part of the experimental program, which took place from November 
1977 to July 1979 This selection of experiments tests the effect of the reflector (lead or steel) on the water 
critical level. The significant effects of the borated steel and Boral materials have been assessed in LEU-
COMP-THERM-034. Since the water level changes correspond to a significant variation of reactivity, these 
experiments are considered as acceptable to test the ability of codes and their associated nuclear data 
libraries to correctly calculate these reflecting materials. As part of this evaluation, additional data have 
been found in the laboratory logbook and archive. 
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Conference Session:  

Abstract/Keyterms: The CRISTO II experiment was performed in the EOLE reactor (CEA-Cadarache, 
France) in 1980- 1981. The aim of this experiment was the study of high density storage: water gap eH2O 
= 4.5 cm. The experiment allows the comparison of the negative reactivity introduced by various kinds of 
neutron absorber plates (stainless steel, borated steel, and cadmium). CRISTO II provides the infinite 
multiplication factor of pressurized water reactor (PWR) assembly lattices for which a traditional critical 
experiment is not feasible; therefore, the k curve and, consequently, the saturation point (the point at which 
the absorber becomes “black”) are supplied as functions of the increase of the absorber efficiency (from 0 
to 10 mg/cm2 of 10B). Five configurations corresponding to four different absorber plates and one without 
absorber are considered acceptable for use as benchmark experiments. 
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Conference Session:  

Abstract/Keyterms: A series of critical approach experiments with clusters of 36-inch-long aluminum-
clad U(2.35)O2 fuel rods in a large water-filled tank was performed over the course of several years at the 
Critical Mass Laboratory at the Pacific Northwest Laboratories (PNL). Experiments included square-
pitched lattice clusters with pitches of 2.032 cm (LEU-COMP-THERM-001) or 1.684 cm (LEU-COMP-
THERM-003; with Gd water impurity). Some experiments had lead, depleted uranium, or steel reflecting 
walls on two opposite sides of the cluster row (LEU-COMP-THERM-017). Some circular, triangular-
pitched lattices, with pitches of 1.598 cm or 1.895 cm, were used to measure the effect of gadolinium 
dissolved in the water (LEU-COMP-THERM-005). Effects of absorber plates for rod clusters with 2.032-
cm pitch (LEU-COMP-THERM-016) and 1.684-cm pitch (LEU-COMP-THERM-012) were also studied. 
This evaluation documents seven water-reflected experiments, performed in late 1979 or early 1980, with 
3 rectangular clusters of 1.684-cm-pitched rods with absorber plates between clusters and steel walls on 
either side of the line of fuel clusters. The seven absorber-plate types were stainless steel, borated stainless 
steel, Boral, Boroflex, cadmium, copper, and copper with 1% cadmium. All of these experiments are judged 
to be acceptable as benchmark data. 
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Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched uranium fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the 
city of São Paulo, Brazil, in 2005. The IPEN/MB-01 reactor reached its first criticality on November 9, 
1988. Since then it has been utilized for basic reactor-physics research and as an instructional laboratory 
system. These critical lattices consist of essentially square, uniform lattices of stainless-steel-clad 
cylindrical fuel rods immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal 
pitch (maximum k∞). Similar configurations at the same pitch and with many of the same components are 
evaluated in LEU-COMP-THERM-044, LEU-COMP-THERM-077, LEU-COMP-THERM-082, LEU-
COMP-THERM-083, LEU-COMP-THERM-084, LEU-COMP-THERM-089, LEU-COMP-THERM-090, 
and LEU-COMP-THERM-091. The west face of the IPEN/MB-01 reactor was covered with a set of thin 
SS-304 plates to simulate a heavy reflector as used in the EPR reactor. The plates are 3 mm thick and their 
width and axial length were large enough to cover one whole side of the active core of the reactor. Thirty-
two (32) plates were used in the experiment. The critical configurations were found as a function of the 
number of plates. Fuel rods containing UO2 with uranium enriched to 4.3486 wt.% 235U were arranged in 
specific geometric configurations such that the system was brought as close as possible to the critical state. 
The configurations included the presence of a specified number of stainless steel (SS-304) and Gd2O3 
(gadolinia) rods in the active core. The fuel rods, stainless steel rods, and Gd2O3 rods were appropriately 
distributed in the core such that criticality could be established. Therefore, rod arrangement was the second 
varying parameter for the set of configurations considered. The core/moderator temperature for the critical 
condition was 21.00 +/- 0.40 degC for all configurations. Nine configurations were evaluated and they are 
acceptable as benchmark experiments. 
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Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched uranium fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the 
city of São Paulo, Brazil, in 2005. The IPEN/MB-01 reactor reached its first criticality on November 9, 
1988. Since then it has been utilized for basic reactor-physics research and as an instructional laboratory 
system. These critical lattices consist of essentially square, uniform lattices of stainless-steel-clad 
cylindrical fuel rods immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal 
pitch (maximum k(inf). Similar configurations at the same pitch and with many of the same components 
are evaluated in LEU-COMP-THERM-043, LEU-COMP-THERM-077, LEU-COMP-THERM-082, LEU-
COMP-THERM-083, LEU-COMP-THERM-084, LEU-COMP-THERM-089, LEU-COMP-THERM-090 
and LEU-COMP-THERM-091. Fuel rods containing UO2 with uranium enriched to 4.3486 wt.% 235U 
were arranged in specific geometric configurations such that the system was brought as close as possible to 
the critical state. The configurations included the presence of a specified number of stainless steel (SS-304) 
and copper rods in the active core. The fuel rods, stainless steel rods, and copper rods were appropriately 
distributed in the core such that criticality could be established. Rod arrangement was the varying parameter 
for the set of configurations considered. The core/moderator temperature for the critical condition was 21.00 
+/- 0.40 degC for all configurations. Ten configurations were evaluated and they are acceptable as 
benchmark experiments. 
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Abstract/Keyterms: A series of twenty-one critical experiments using very low-moderated uranium oxide 
(U3O8) were performed at the Rocky Flats Critical Experimental Facility in 1978. These experiments were 
part of a larger set that were designed to provide benchmarks for low-moderated and low-enriched uranium 
oxide, and were funded by the U. S. Nuclear Regulatory Commission. The uranium oxide in this series was 
enriched to 4.46 wt% 235U and was contained in 6-inch cubical aluminum cans. The oxide was compacted 
to a density of 4.7 g/cm3, so that each box contained approximately 15 kg of material. The boxes contained 
holes so that the moderation level within the uranium oxide could be adjusted during the series of 
experiments without repacking the material. The moderation level for the entire series ranged from an H/U 
of 0.77 to 2.03. At these low moderation levels and with the physical constraints of the experimental facility, 
criticality could not be achieved without the use of either high-enriched uranium drivers or interstitial 
moderation. The twenty-one critical experiments described here were performed with an H/U of 0.77 using 
an array of cans with varying amounts of Plexiglas moderator between the cans. The cans were stacked on 
a horizontal split table, and were reflected by either Plexiglas or concrete. The interstitial Plexiglas thickness 
ranged from approximately 1.0 to 2.5 cm. Some experiments also included thin sheets of steel or polyvinyl 
chloride (PVC) surrounding each can in the array in order to determine the effect of these moderate neutron 
absorbers. The number of cans was adjusted to produce the smallest critical table separation possible, which 
in the case of these experiments ranged from 0.23 to 1.83 cm. Because each critical experiment had some 
amount of table separation, both positive and negative period measurements were made at slightly smaller 
and larger table separation distances. This set of experiments is described in Reference 1, but since the same 
set of cans was used for a larger series of experiments, some important information is taken from Reference 
2. All twenty-one experiments were judged acceptable for use as criticality-safety benchmark experiments. 
However, experiment 14 is very similar to experiment 13, having the same configuration of cans but with 
the cans shuffled within the core. Therefore, these two experiments are highly correlated with one another 
and should not be considered independent experiments for the purposes of validation. While all twenty-one 
experiments have been shown to have thermal fission spectra, the more undermoderated experiments 
(numbers 3, 4, 10, 15, 16, and 17) have between 20 and 25 percent of fissions occurring in the intermediate 
region. These experiments also have greater than 55 percent of captures taking place in the intermediate 
region. See LEU-COMP-THERM-045-SPECTRA for more detailed fission and capture spectral 
information. 



 

C-11074 

11043…..…..…………………..…….……..……ID Number…………………..…..…………….11043 

Author: Hanlon, David 

Title: Fuel Transport Flask Critical Benchmark Experiments with Low-Enriched Uranium Dioxide Fuel 

Date: 9/30/2000 

Report: LEU-COMP-THERM-047 
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Conference Session:  

Abstract/Keyterms: The experimental program considered a series of measurements simulating transport-
flask fuel consolidation configurations. Two series of experiments were performed involving three critical 
experiments with low-enriched uranium dioxide fuel rods containing 3.0-wt.% 235U with light-water 
moderation and reflection. Two of these experiments also used low-enriched uranium dioxide fuel rods 
containing 7.0-wt.% 235U replacing some 3.0-wt.% 235U rods to simulate severe loading errors. The 
remaining experiments in the series consisted of subcritical configurations, simulating both transport and 
pond storage situations. Both sets of experiments were performed in an actual boron steel transport-flask 
inner container, within the DIMPLE low-power reactor at AEA Technology’s Winfrith site between 1984 
and 1986 and were partly funded by the Commission of the European Communities via the Directorate 
General for Energy. The experimental program is described in detail in Reference 1. Reference 1 was an 
evaluation of the experiments produced in 1992a by Dr. A. D. Knipe and the author of this evaluation while 
in direct contact with the original experimentalist and making full use of the experimental logbooks and 
documentation. The experimental configurations can be summarized as a 4Å~5 array of fuel compartments, 
19 of which contain 3-wt. %-enriched UO2 rods, with the last one being identical or containing 7-wt. %- 
enriched UO2 rods. The three critical experiments were evaluated and are considered acceptable for use as 
benchmark experiments. 
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Conference Session:  

Abstract/Keyterms: The experimental program considered critical experiments with low-enriched 
uranium dioxide fuel rods containing 3.0 wt.% 235U with light-water moderation and reflection. The 
experiments were performed in the DIMPLE low-power reactor at AEA Technology’s Winfrith site during 
1983. Another set of experiments using these rods was evaluated in LEU-COMP-THERM-047. The 
experimental program is described in detail in Reference 1. Reference 1 was an evaluation of the 
experiments produced in 1994 by Dr. A. D. Knipe while in direct contact with the original experimentalist 
and making full use of the experimental logbooks and documentation. However, one error of note has been 
found in Reference 1 and has been corrected, by re-examination of the experiment logbooks, in this 
evaluation. The experimental configurations comprised a cylindrical array of fuel rods centrally located 
within a large aluminium vessel (2.6 m diameter and 4 m high) containing water. The array of rods was 
light-water-moderated and fully reflected to a critical height of around 50 cm above the base of the fuel 
stack in the rods. The fuel rods were located on a square pitch of 1.32 cm (giving a moderator-to- fuel ratio 
of 0.996) and were supported by an upper and lower lattice plate. The lower lattice plate was situated on an 
aluminium fuel-support assembly. Five critical experiments were evaluated and are considered acceptable 
for use as benchmark experiments. The differences between core configurations are total number of fuel 
rods and critical water height. 
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Abstract/Keyterms: The experiments considered in this program were low-water-moderated uranium 
dioxide (5 wt.% enrichment) powder assemblies, with ‘polythene’ (polyethylene) reflection. Experiments 
were carried out using the split-table testing equipment called “MARACAS” in the experimental criticality 
facility at Valduc, near Dijon, France, in 1983 - 1987. This facility is run by S. R. S. C. (Safety and 
Criticality Research Service) of I. P. S. N. (Institute for Nuclear Protection Safety). The main objective of 
this program was to test low-moderated uranium dioxide powder in order to enable validation calculations 
to be performed for systems employing this material (for example a homogenizer). An additional more 
complex experimental arrangement was also carried out in order to provide a more stringent test of Monte 
Carlo methods. As shown in this paper, the neutron spectrum is thermal but with a strong intermediate 
energy component. Experiments were subcritical approaches extrapolated to critical, with the multiplication 
factor reached being very close to 1.000 (within 0.1%). Uranium dioxide powder was apportioned into 
boxes each containing 24 kg of dry oxide. The powder was moistened and the boxes were piled on a split 
table. The parallelepiped assembly was reflected by a 20-cm-thick polythene reflector. The subcritical 
approach parameter was the distance between the two half tables. A total oxide mass of 5, 535 kg was 
available and H/U ratios of between 0.0 and 3.0 (9 wt.% water) were studied. Due to this mass limit, critical 
separation distances could not be determined for H/U ratios lower than 2.0 (0.0, 1.0, and 1.5). Only 
experiments for which a critical separation distance could be determined are considered in this paper. 
Twenty-two experiments satisfy this condition giving eighteen benchmark configurations; the other four 
experiments are rerun configurations. In addition to the two tables this program used big devices: special 
crane near MARACAS machine, equipped with a suction disc linked to a void pump. This device was used 
instead of a hook in order to handle boxes and polythene blocks in tube channels, lift between MARACAS 
room and the storage located underneath, storage, moistening process equipment. The experimental 
program is described in basic reports and a first benchmark report was published in 1994. This special paper 
is the first comprehensive international publication. a In the framework of this evaluation all reports were 
used together with additional data found in the Valduc archives (drawings, laboratory books, etc.). The 
experimentalists were also contacted, two of whom are now retired (J. M. HONORE, experimentalist, and 
L. MAUBERT, physicist). 
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Abstract/Keyterms: Considered in this experimental program is a water-moderated and -reflected low-
enriched UO2 (4.738 wt.% 235U) fuel-rod array which contains at its center a Zircaloy tank containing a 
149Sm solution. These experiments were subcritical approaches extrapolated to critical, with the 
multiplication factor reached being very close to 1.00000 (within β/10, i. e., approximately 65⋅10-5). The 
subcritical approach parameter was the water level. Eleven experiments are evaluated of which all are 
considered acceptable for use as benchmark experiments. Five additional experiments were performed with 
boron solutions in order to validate the method on a well-known nuclide. Two more were performed with 
pure water. These experiments were carried out in early 1994 in the testing equipment called “Apparatus 
B” in the experimental criticality facility of IPSN-SRSCa located in building n°10 of Valduc CEA (France). 
They are the first part of the burnup-credit experimental programme of IPSN, conducted, studied, defined 
and utilized by SEC and performed by SRSC, on a selection of six fission products (103Rh, 133Cs, 143Nd, 
149Sm, 152Sm, 155Gd). The reasons for this selection were explained in a paper presented at ICNC’91 
and the full progressive program was explained in a paper at CSCND’97. The experimental programme is 
described in the basic report and further data are provided in an additional report written in 1998 in the 
framework of a re-evaluation of all programmes performed at Valduc between 1978-1994 with these 4.738 
wt.% 235U fuel rods. 
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Isolating Plates 

Date: 9/30/2001 

Report: LEU-COMP-THERM-051 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments using aluminum-clad uranium oxide of low 
enrichment were performed during several years at the CX-10 critical facility of Babcock-Wilcox (B&W) 
Lynchburg Research Center. The first group of experiments involved 15 configurations of fuel-rod clusters 
using absorber rods of B4C in the space between clusters. Those configurations are evaluated in LEU-
COMP-THERM-011. The second group of experiments involved 19 configurations that used the same fuel 
rods located with similar distances between clusters but with a structure similar to fuel assemblies, using 
absorber plates for isolating these assemblies. These experiments were performed between June 1978 and 
March 1979. The uranium enrichment is 2.5%, the moderator and reflector is borated water, the fuel 
cladding is aluminum, and the absorber is stainless steel and boron. Pellet diameter is 1.030 cm, and clad 
OD is 1.206 cm. The spacing of fuel rods is 1.636 cm center-to-center. The spacing between assemblies is 
always a multiple of this quantity. There are 9 assemblies of 14Å~14 fuel rods. The core height is slightly 
more than 150 cm (as in LEU-COMP-THERM-011) but the fuel rods are supported on the lower assembly 
grid and do not enter into the lower grid, so their upper end is at around 158 cm. The active part is 
determined by the moderator height which varies between 100 and 152 cm. Two parameters are used to 
control the criticality of the system, the water level and the boron concentration in water. As in LEU-
COMP-THERM-011, some experiments (Cores XIA to XIG) were reproduced at different combinations of 
water level and boron concentration, but keeping the same position and quantity of fuel and type of absorber 
plates. From the point of view of validation of computer codes, these experiments are strongly correlated. 
All 19 of these experiments are considered to be acceptable for use as benchmark experiments for criticality 
safety. 
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Title: Uranium Dioxide (4.738-Wt.%-Enriched) Fuel Rod Arrays Moderated and Reflected by Gadolinium 
Nitrate Solution 

Date: 9/30/2001 

Report: LEU-COMP-THERM-052 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments with 4.738%-enriched uranium dioxide rod arrays in a large tank 
of poisoned water were carried out in testing equipment called Apparatus B in the experimental criticality 
facility at the “Service de Recherches et d'Etudes en Criticité” in Valduc (C. E. A. France) in 1978. 
Experiments were subcritical approaches extrapolated to critical, with the multiplication factor reached 
being very close to 1.000 (within 0.1%). The six configurations of the experimental program were • either 
one hexagonal assembly of 1261 fuel rods (21 rods per side of the hexagon) • or one pseudo-cylindrical 
assembly of 1285 fuel rods (10 rods added on each side of the hexagon and 6 rods removed at each corner) 
at 1.35, 1.72 and 2.26-cm triangular pitch, moderated and reflected by a gadolinium nitrate solution. The 
gadolinium concentration was adjusted in such a way that the solution critical height (between 87.5 and 
89.6 cm) obtained by an extrapolation method covered most of the fissile column (90 cm). Six experiments 
are evaluated of which all are considered acceptable for use as benchmark experiments. It is expected that 
these experiments can be used to improve the gadolinium cross-section assessment, the gadolinium negative 
reactivity worth Δkeff being in the range 19% to 29%. The experimental program is described in the basic 
report. Some complementary results were reported in Reference 2 just after experiments were performed. 
Further data are provided by an additional report written during the period 1998 - 2000 in the framework 
of a re-evaluation of all experimental programs performed in the Valduc facility with these rods. This last 
report includes data found in archives and results of most recent extra measurements (mass and dimensions) 
carried out on the fuel rods. 
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Title: VVER Physics Experiments: Regular Hexagonal (1.27 Cm Pitch) Lattices of Low-Enriched U(4.4 
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Conference Session:  

Abstract/Keyterms: A wide range of experimental investigations of VVER physics was performed at the 
critical facility SF-9 operated by Russian Research Centre “Kurchatov Institute” (RRC KI) Institute of 
Nuclear Reactors in 1966-1987. The general-purpose SF-9 critical facility was built in 1966 for neutron 
physics investigations of light water fuel lattices. A series of experiments investigating the neutron-physics 
parameters of VVER-type uranium-water lattices was carried out in 1973. These experiments include 
measurements of the critical moderator height as a function of the number of fuel rods for near cylindrical 
cores with a regular hexagonal under-moderated lattice at pitch 12.7 mm and fuel enrichment 4.4 wt.% 
235U (14 cores). The purpose of the experiments was to obtain criticality parameters of a typical VVER-
type lattice at different core critical dimensions (that is, at different critical moderator heights and 
accordingly at different dry lengths of the fuel rods above the moderator level). Such data can be used both 
for direct comparison with calculations and for determination of buckling, extrapolation lengths and 
anisotropy of the migration area by fitting the proper function to the data. Using the results of measurements 
at different moderator heights, it is easier to analyze experiments and calculations. The above-mentioned 
14 experiments are evaluated here, all of which are judged to be acceptable for use as benchmark 
experiments. The evaluations of some other VVER physics experiments carried out at the critical facility 
SF-9 are included in evaluation LEU-COMP-THERM-085, which examined regular hexagonal (1.27 cm 
pitch) lattices of low-enriched U(6.5 wt.%) 235UO2 fuel rods in light water at different core critical 
dimensions. 
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Title: Light-Water Moderated and Reflected Low-Enriched Uranium (3 wt.% 235U) Dioxide Rod Lattices 

Date: 9/30/2002 

Report: LEU-COMP-THERM-055 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program encompassed critical experiments with low-enriched 
uranium dioxide fuel rods containing 3.0 wt.% 235U with light-water moderation and reflection. The 
experiments were performed in the DIMPLE low-power reactor at AEA Technology’s Winfrith site during 
the late 1980's and early 1990's. Other experiments using these rods are evaluated in LEU-COMP-THERM-
047 and LEU-COMP-THERM-048. The experimental program extended previous studies in water-
reflected cylindrical systems to power reactor geometries by assembling a cruciform array of 3%-enriched 
uranium dioxide fuel pins. The array simulated the rectangular corner configuration of a Pressurised Water 
Reactor (PWR) and effectively represented twelve PWR fuel assemblies (see Figure 1). Four primary 
versions of the cruciform assembly were constructed, the first being water-reflected as with the cylindrical 
systems. The assembly was then surrounded azimuthally by a stainless steel region simulating a PWR core 
baffle. A third version incorporated discrete burnable-poison pins and empty guide thimbles in a series of 
different arrays. A fourth version was an ex-core detector benchmark, which consisted of a realistic 
simulation of the core baffle, barrel, neutron-shield pad, and pressure vessel of a PWR. The experiments 
were performed in three separate phases, collectively known as the S06 series. The first phase, S06A and 
B, is the subject of this evaluation. The second phase, S06C, covering the burnable-poison pins and empty 
guide thimbles, consisted of 12 configurations. The final phase, S06D, the ex-core detector benchmark 
study, consisted of 7 configurations. The experimental configurations comprised a cruciform array of fuel 
rods centrally located within a large aluminium vessel (2.6 m diameter and 4 m high) containing water. The 
array of rods was immersed to a critical water height of around 50 cm above the base of the fuel stack in 
the rods. The fuel rods were located on a square pitch of 1.2507 cm (giving a moderator-to-fuel ratio of 
0.775) and were supported by an upper and lower lattice plate. The lower lattice plate was situated on an 
aluminium fuel-support assembly. The first two critical experiments from the entire series are evaluated 
here and are considered acceptable for use as benchmark experiments. The varying parameters for the two 
considered experiments are the azimuthal reflector and the critical water height. 



 

C-11082 

11051…..…..…………………..…….……..……ID Number…………………..…..…………….11051 

Author: Kim, Soon Sam 

Title: Critical Experiment with Borax-V Boiling Water Reactor Type Fuel Assemblies 

Date: 9/30/2004 

Report: LEU-COMP-THERM-056 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiment involving Boiling Water Reactor (BWR)-type fuel assemblies 
with water moderated and water-reflected 4.95%-enriched uranium dioxide was performed in early 1962 
in the BORAX-V facility located about one-half mile northwest of the EBR-I site of the National Reactor 
Testing Station (now the Idaho National Engineering and Environmental Laboratory). The object of the 
experiments was to advance the art of BWR design by performing experiments, and improve the 
understanding of factors limiting the stability of boiling reactors at high power densities. The BORAX-V 
core can contain a maximum of 60 fuel assemblies arranged in an 8 x 8 array with the corner assemblies 
missing. The fuel assemblies are composed of individually removable fuel rods arranged in a 7 x 7 array. 
The number of rods per assembly can change from 0 to 49. The critical core configuration contains 14 
BWR-type fuel assemblies. This experiment is judged to be acceptable as a benchmark. 



 

C-11083 

11052…..…..…………………..…….……..……ID Number…………………..…..…………….11052 

Author: Kachanov, V. M. / Kuzmin, A. N. / Jitarev, V. E. 

Title: RBMK Graphite Reactor: Uniform Configurations of U(1.8, 2.0, or 2.4 % 235U)O2 Fuel Assemblies, 
and Configurations of U(2.0% 235U)O2 Assemblies with Empty Channels, Water Columns, and Boron or 
Thorium Absorbers, with or without Water in Channels 

Date: 9/30/2004 

Report: LEU-COMP-THERM-060 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The RBMK reactor is a uranium-graphite reactor of one million kilowatts electric 
capacity. Now RBMK nuclear power plants produce more than 50% of the electricity produced from 
nuclear energy in Russia. A large complex of neutron experiments was performed at the Russian Research 
Center “Kurchatov Institute” during the period of the RBMK design development and improvement. 
Different critical masses were investigated in the RBMK critical facility. The experiments were performed 
at room temperature. The maximum power of the RBMK critical facility is 25 watts. All elements of the 
facility core are identical to similar elements of the RBMK reactor except the height of the core is half that 
of the power reactor. The critical masses studied were in the form of uniform configurations, configurations 
with empty channels in the core, with water columns, with additional standard absorbers made of boron 
steel, and a few with thorium absorbers. A comprehensive certification of the core components and careful 
analyses of experimental accuracy were made. These experiments in the RBMK critical facility permit one 
to obtain comprehensive data for neutron-code validation. This survey presents the results of 28 critical 
experiments, performed in the period 1982 through 1988. Ten critical configurations contain thorium 
absorbers. of the twenty-eight experiments evaluated, all are judged to be acceptable for use as criticality-
safety benchmark experiments 
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Abstract/Keyterms: A wide range of experimental investigations of VVER physics have been performed 
at the critical facility P operated by Russian Research Center “Kurchatov Institute” (RRC KI) Institute of 
Nuclear Reactors. The general-purpose P critical facility was built in 1987 for neutron-physics 
investigations of light-water fuel lattices of both VVER-440 and VVER-1000 fuel assemblies. A series of 
experiments concerning the neutron-physics parameters of VVER-type uranium-water lattices were carried 
out in 1992-1993, including - lattices perturbed by boron, hafnium, or dysprosium absorber rods - 8 
experiments; - lattices perturbed by water gap, with or without aluminium displacer tubes (displacer tubes 
decrease the effective moderator density in the water gap from 1.0 to 0.45 g/cm3) - 2 experiments The 
results are published in References 1 - 5. The purpose of these experiments was to investigate the following 
characteristics: - worth of absorber rods important for VVER-1000 reactors: boron absorber in the form of 
B4C, hafnium absorber in the form of metal rods and tubes, and dysprosium absorber in the form of 
Dy2O3⋅TiO2; - influence of moderator density decrease on the fuel-lattice multiplication factor of storage 
cell models of VVER-1000 fuel assemblies, important for spent-fuel-storage safety analysis. The above-
mentioned experiments are evaluated here. All ten are judged to be acceptable for use as critical benchmark 
experiments. 
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Title: 2.6%-Enriched UO2 Rods in Light-Water Moderator with Borated Stainless Steel Plate: Single 
Arrays 
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Conference Session:  

Abstract/Keyterms: Experimental critical sizes were reported for light-water-moderated and -reflected 
low-enriched UO2 fuel-rod cores, with and without borated stainless steel plates. The experiments were 
carried out using the Tank-Type Critical Assembly (TCA) in 1991 at Tokai Research Establishment of 
JAERI. The objectives of the critical experiments were to measure the reactivity effect of the borated 
stainless steel plates that were located near the fuel-rod array or between fuel-rod arrays. The obtained 
criticality data were used for validation of criticality-safety design methods for storage racks with borated 
stainless steels. There were three main types of core configurations in the experiments: 1) one fuel-rod array 
with borated stainless steel, 2) two fuel-rod arrays separated by two parallel borated stainless steel plates, 
3) four fuel-rod arrays separated by cruciform borated stainless steel plates. The plate thickness (3 mm, 6 
mm, 9 mm and 12 mm), the boron content (0 wt. %, 0.67 wt. %, 0.98 wt. %), and the distance between the 
fuel-rod array and the borated steel were parametrically changed, and the critical water levels were 
measured. The water-to-fuel volume ratios in the lattice were 1.83 and 2.48. However, the volume ratio of 
2.48 is not included in this report. In this report, fifteen critical core configurations of one rectangular fuel-
rod array, with and without borated stainless steel positioned near the array, are evaluated. The enrichment 
of the UO2 fuel is approximately 2.6%. Criticality was determined by adjusting the water level. The fifteen 
configurations are judged to be acceptable as benchmark data. Evaluations for other fuel-rod cores of TCA 
are presented in LEU-COMP-THERM-006 and LEU-COMP-THERM-035. The cores are composed of the 
pellet-type fuel rods. The former evaluation treats the most fundamental rectangular core configurations of 
TCA. In the latter evaluation, experimental critical sizes are reported for UO2 fuel-rod cores with soluble 
poisons, natural boron and natural gadolinium, in the light-water moderator and reflector. 



 

C-11086 

11055…..…..…………………..…….……..……ID Number…………………..…..…………….11055 

Author: Hanlon, David 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered critical experiments with low-enriched 
uranium dioxide fuel rods containing 3.0 wt.% 235U with light-water moderation and reflection. The 
experiments were performed in the DIMPLE low-power reactor at AEA Technology’s Winfrith site during 
the late 1980's and early 1990's. Other experiments using these rods were evaluated in LEU-COMP-
THERM-047, LEU-COMP-THERM-048, and LEU-COMP-THERM-055. The experimental program 
extended previous studies in water reflected cylindrical systems to power-reactor geometries by assembling 
a cruciform array of 3%-enriched uranium dioxide fuel pins. The array simulated the rectangular corner 
configuration of a Pressurised Water Reactor (PWR) and effectively represented twelve PWR fuel 
assemblies (Figure 1). Four primary versions of the cruciform assembly were constructed, the first being 
water reflected as with the cylindrical systems. The assembly was then surrounded on the sides by a stainless 
steel region simulating a PWR core baffle. A third version incorporated discrete burnable poison rods and 
empty guide thimbles in a series of different arrays. A fourth version was an ex-core detector benchmark, 
which consisted of a realistic simulation of the core baffle, barrel, neutron-shield PAD and pressure vessel 
of a PWR. The experiments were performed in three separate phases, collectively known as the S06 series. 
The first phase, covering S06A and B, was evaluated in LEU-COMP-THERM-055. The second phase, 
S06C, covered discrete burnable poison rods and empty guide-thimble locations, consisted of 12 
configurations, and is the subject of this evaluation. The final phase, S06D, the ex-core detector benchmark 
study, consisted of 7 configurations. The experimental configurations comprised a cruciform array of fuel 
rods centrally located within a large aluminium vessel (2.6 m diameter and 4 m high) containing water. The 
array of rods was light-water moderated and fully reflected to a critical height of around 50 cm above the 
base of the fuel stack in the rods. The fuel rods were located on a square pitch of 1.2507 cm (giving a 
moderator-to-fuel ratio of 0.775 and hence are under-moderated) and were supported by an upper and lower 
lattice plate. The lower lattice plate was situated on an aluminium fuel-support assembly. Twelve critical 
experiments from the entire series are evaluated here and are considered acceptable for use as benchmark 
experiments. The varying parameters for the twelve considered experiments are the location of discrete 
burnable poison rods and empty guide thimbles and the critical water height. 
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Abstract/Keyterms: Experimental critical sizes are reported for light-water-moderated and -reflected low-
enriched UO2 fuel-rod arrays with and without borated stainless steels. The experiments were carried out 
using the Tank-Type Critical Assembly (TCA) in 1991 at Tokai Research Establishment of JAERI. The 
objectives of the critical experiments were to measure the reactivity effect of borated stainless steels that 
were located near the fuel-rod array or between the fuel-rod arrays. The obtained criticality data were to be 
used for validation of criticality safety design methods for storage racks with borated stainless steels. There 
were three main types of core configurations in the experiments: 1) one fuel-rod array with borated stainless 
steel, 2) two fuel-rod arrays separated by two parallel borated steel plates, and 3) four fuel-rod arrays 
separated by cruciform borated stainless steel plates. The plate thickness (3 mm, 6 mm, 9 mm and 12 mm), 
the boron content (0 wt. %, 0.67 wt. %, 0.98 wt. %), the distance between the fuel-rod array and the borated 
steel, and the distance between the two fuel-rod arrays were parametrically changed, and critical water 
levels were measured. In this report, the cases of two rectangular fuel-rod arrays with and without borated 
stainless steel plates between arrays were chosen. The water-to-fuel volume ratios in the lattice cell were 
1.83 and 2.48. However, the volume ratio of 2.48 is not included in this report. Seventeen critical core 
configurations were evaluated. The enrichment of the UO2 fuel rod is approximately 2.6%. Critical sizes 
were determined by adjusting the water level. The seventeen configurations are judged to be acceptable as 
benchmark data. Evaluations for UO2 fuel-rod arrays of TCA without stainless steel plates are presented in 
LEU-COMP-THERM-006 and LEU-COMP-THERM-035. The arrays are composed of the same pellet-
type fuel rods. The former evaluation treats the most fundamental rectangular core configurations of TCA. 
In the latter evaluation, experimental critical sizes are reported for pellettype UO2 fuel-rod cores with 
soluble poisons, boron and gadolinium, in the light-water moderator and reflector. In LEU-COMP-
THERM-062, criticality configurations of a single fuel-rod array with borated stainless steel plates 
positioned in the water-reflector region were evaluated, which is very similar to this report. 
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Abstract/Keyterms: A series of ten critical experiments using very low-moderated uranium oxide (U3O8) 
were performed at the Rocky Flats Critical Experimental Facility in 1978. These experiments were part of 
a larger set that were designed to provide benchmarks for low-moderated and low-enriched uranium oxide, 
and which were funded by the U. S. Nuclear Regulatory Commission. The uranium oxide in this series was 
enriched to 4.46 wt.% 235U and was contained in 6-inch cubical aluminum cans. The oxide was compacted 
to a density of 4.7 g/cm3, so that each box contained approximately 15 kg of material. The boxes contained 
holes so that the moderation level within the uranium oxide could be adjusted during the series of 
experiments without repacking the material. The moderation level for the entire series ranged from and H/U 
of 0.77 to 2.03. At these low moderation levels, enrichment levels, and with the physical constraints of the 
experimental facility, criticality could not be achieved without the use of either high-enriched uranium 
(HEU) drivers or interstitial moderation. Twenty-one experiments performed at an H/U of 0.77 with 
interstitial Plexiglas moderation are evaluated in LEU-COMP-THERM-045. The ten critical experiments 
described here were performed with an H/U of 0.77, using a 5 x 5 x 5 array of cans, with either HEU metal 
or HEU solution placed in the center of the array as a driver. The cans were stacked on a horizontal split 
table, and were either “minimally” reflected with a thin steel shell, reflected by Plexiglas, or reflected by 
concrete. The ten configurations are summarized in Table 1. The mass of the HEU driver was adjusted to 
produce the smallest critical table separation possible, which in the case of these experiments ranged from 
0.63 to 1.46 cm. Because each critical experiment had some amount of table separation, both positive and 
negative period measurements were made at slightly smaller and larger table separation distances. 
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Abstract/Keyterms: A series of seventeen critical experiments using low-moderated uranium oxide 
(U3O8) were performed at the Rocky Flats Critical Experimental Facility in 1979. These experiments were 
part of a larger set that were designed to provide benchmarks for low-moderated and low-enriched uranium 
oxide, and which were funded by the U. S. Nuclear Regulatory Commission. The uranium oxide in this 
series was enriched to 4.48 wt.% 235U and was contained in 6-inch cubical aluminum cans. The oxide was 
compacted to a density of 4.7 g/cm3, so that each box contained approximately 15 kg of material. The boxes 
contained holes so that the moderation level within the uranium oxide could be adjusted during the series 
of experiments without repacking the material. The moderation level for the entire series ranged from and 
H/U of 0.77 to 2.03. At these low moderation levels, enrichment levels, and with the physical constraints 
of the experimental facility, criticality could not be achieved without the use of either high-enriched 
uranium (HEU) drivers or interstitial moderation. The twenty-one experiments performed at an H/U of 0.77 
with interstitial Plexiglas moderation are evaluated in LEU-COMP-THERM-045. The ten experiments 
performed at an H/U of 0.77 with HEU drivers are evaluated in LEU-COMP-THERM-066. The seventeen 
critical experiments described here were performed with an H/U of 1.25 or 2.03, using a 5 x 5 x5 array of 
cans, with either HEU metal or HEU solution placed in the center of the array as a driver. The cans were 
stacked on a horizontal split table, and were either “minimally” reflected with a thin steel shell, reflected 
by Plexiglas, or reflected by concrete. The seventeen configurations are summarized in Table 1. The mass 
of the HEU driver was adjusted to produce the smallest critical table separation possible, which in the case 
of these experiments ranged from 0.359 to 2.93 cm. Because each critical experiment had some amount of 
table separation, both positive and negative period measurements were made at slightly smaller and larger 
table separation distances. The system neutron mean free path as calculated using SCALE 5 for these 
experiments ranges from 1.2 cm to 2.7 cm. Also, using SCALE 5, the calculated percentage of fissions 
occurring in the oxide ranges from 65% to 99%. The remaining fissions occur in the driver material. 
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Abstract/Keyterms: A series of five critical experiments using low-moderated uranium oxide (U3O8) 
were performed at the Rocky Flats Critical Experimental Facility in 1978. These experiments were part of 
a larger set that were designed to provide benchmarks for low-moderated and low-enriched uranium oxide, 
and were funded by the U. S. Nuclear Regulatory Commission. The uranium oxide in this series was 
enriched to 4.48 wt.% 235U and was contained in 6-inch cubical aluminum cans. The oxide was compacted 
to a density of 4.7 g/cm3, so that each box contained approximately 15 kg of material. The boxes contained 
holes so that the moderation level within the uranium oxide could be adjusted during the series of 
experiments without repacking the material. The moderation level for the entire series ranged from an H/U 
of 0.77 to 2.03. At these low moderation levels and with the physical constraints of the experimental facility, 
criticality could not be achieved without the use of either high-enriched uranium drivers or interstitial 
moderation. The twenty-one experiments performed at an H/U of 0.77 with interstitial Plexiglas moderation 
are evaluated in LEU-COMP-THERM-045. The ten experiments performed at an H/U of 0.77 with HEU 
drivers are evaluated in LEU-COMP-THERM-066. The seventeen experiments performed at an H/U of 
1.25 or 2.03 with HEU drivers are evaluated in LEU-COMP-THERM-068. The five critical experiments 
described here were performed with an H/U of 1.25 or 2.03 using an array of cans with varying amounts of 
Plexiglas moderator between the cans. The cans were stacked on a horizontal split table, and were reflected 
by Plexiglas. The interstitial Plexiglas thickness was either 9.3 or 24.3 mm. The number of cans was 
adjusted to produce the smallest critical table separation possible, which in the case of these experiments 
ranged from 4.1 to 15.61 mm. Because each critical experiment had some amount of table separation, both 
positive and negative period measurements were made at slightly smaller and larger table separation 
distances. The system neutron mean free path as calculated using SCALE 5 for these experiments ranges 
from 0.77 cm to 1.03 cm. The five configurations are summarized in Table 1. 
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Conference Session:  

Abstract/Keyterms: A wide range of experimental investigations of VVER physics have been performed 
at the critical facility P operated by the Institute of Nuclear Reactors at the Russian Research Centre 
“Kurchatov Institute “ (RRC KI). The general-purpose P critical facility was built in 1987 for neutron 
physics investigations of both light-water fuel lattices and VVER-440 and VVER-1000 fuel assemblies. A 
series of experiments concerning the investigations of the neutron-physical parameters of VVER-type 
uranium-water lattices were carried out in 1989. These experiments include measurements of the critical 
moderator height as function of the number of fuel rods for the near-to-cylindrical cores with a regular 
hexagonal lattice at pitch 11.0 mm and fuel enrichment 6.5 wt.% 235U (12 cores). The purpose of the 
experiments was to obtain criticality parameters of a relatively tight VVER-type lattice with relatively high 
fuel enrichment at different core critical dimensions (that is, at different critical moderator heights and 
accordingly at different dry lengths of the fuel rods above the moderator level). The smaller pitch and higher 
fuel enrichment than typically used for VVER reactors were chosen because the hydrogen/uranium nuclear-
density ratio (NH/NU) of this lattice at room temperature is nearly the same as that of a VVER core at 
operation temperature. Such data can be used both for direct comparison with calculations and for 
determination of buckling, extrapolation lengths, and anisotropy of the migration area by fitting to them the 
proper function. Using the results of measurements at different moderator heights, it is easier to analyze 
experiments and calculations. The above-mentioned experiments are evaluated here, all twelve of which 
are judged to be acceptable for use as benchmark experiments. The evaluation of some other VVER physics 
experiments carried out at the critical facility P in 1993-1994 is included in LEU-COMP-THERM-061. 
Exactly the same tank but different grid plates (12.7 mm pitch, without additional middle grid plate) and 
different fuel rods (4.4 wt.% 235U fuel enrichment, fuel pellets without a central hole, etc) were used in 
these experiments. 
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Title: Low Moderated 4.738-wt.%-Enriched Uranium Dioxide Fuel Rod Arrays 

Date: 9/30/2008 

Report: LEU-COMP-THERM-071 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A low-enriched and low-water-moderated array composed of UO2 (4.738 wt.% 
235U) fuel rods at a 1.075-cmor 1.1-cm-square pitch is considered in this experimental program. These 
experiments were subcritical approaches extrapolated to critical, with the multiplication factor reached 
being very close to 1.000 (within 0.1%). The subcritical approach parameter was the water level. These 
experiments were carried out in the testing equipment called “Apparatus B” in the experimental criticality 
facility of CEA centre at Valduc in 1998. The experimental program is described in the basic report, but 
other reports were consulted in order to have the whole set of data. Fuel rods are identical to those used in 
LEU-COMP-THERM-050 (Pré-FP experiments), except that the AGS-clad rods were reclad with Zircaloy-
4. The main concern of nuclear manufacturers is to store the highest quantity of fuel assemblies in limited 
areas. One solution is to decrease the pitch between fuel rods in order to decrease the reactivity of individual 
assemblies. However, a strict validation of calculation methods is needed to ensure that calculations for 
such pitches are correct. That is the purpose of this benchmark. The total uncertainty in terms of reactivity 
is around 0.080% (1s), which might be underestimated given the lack of knowledge of systematic 
uncertainties. All experiments are considered acceptable for use as benchmark. 
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Title: Under-Moderated 4.738-wt.%-Enriched Uranium Dioxide Fuel Rod Arrays Reflected by Water or 
Polyethylene 

Date: 9/30/2008 

Report: LEU-COMP-THERM-072 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Low-enriched and low-water-moderated arrays composed of UO2 (4.738 wt.% 235U) 
fuel rods at a 1.6-cm square pitch (reflected or not by polyethylene, and by water) or at a 1.075-cm or 1.1-
cm square pitch (reflected by polyethylene and water) were studied in this experimental program. These 
experiments were subcritical approaches extrapolated to critical, with the multiplication factor reached 
being very close to 1.000 (within 0.1%). The subcritical approach parameter was the water level. These 
experiments were carried out in the testing equipment called “Apparatus B” in the experimental criticality 
facility at the CEA center at Valduc in 1998. The fuel in the rods is identical to the fuel used in LEU-
COMP-THERM-071, and the configurations involve the same polyethylene reflector blocks as in the 
MARACAS program (LEU-COMP-THERM-049). However, the pitch between rods was chosen variable 
to test the polyethylene reflector over a wider energy spectrum (undermoderated for 1.075- and 1.1-cm 
pitches corresponding to MARACAS or at the moderation optimum for 1.6-cm pitch). LEU-COMP-
THERM-071 experiments were used as reference experiments (without polyethylene) for the 
configurations with small pitches (1.075 or 1.1 cm). These experiments with tight pitches might also be 
used to validate calculation methods for such pitches in support of nuclear manufacturer needs for storing 
higher quantities of fuel assemblies in a limited amount of area. All nine experiments in this evaluation are 
considered acceptable for use as benchmarks. 
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Title: VVER Physics Experiments: Hexagonal (1.10 Cm Pitch) Lattices of Low Enriched U(6.5 Wt.% 
235U)O2 Fuel Rods in Light Water, Perturbed by Boron Absorber Rods and Water Holes 

Date: 9/30/2004 

Report: LEU-COMP-THERM-075 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A wide range of experimental investigations of VVER physics have been performed 
at the critical facility P operated by the Russian Research Centre “Kurchatov Institute” (RRC KI) Institute 
of Nuclear Reactors. The general-purpose P critical facility was built in 1987 for neutron physics 
investigations of both light-water fuel lattices and VVER-440 and VVER-1000 fuel assemblies. A series of 
experiments investigating the neutron-physical parameters of VVER-type uranium-water lattices was 
carried out in 1989. The effects of lattice perturbations were studied by replacing some of the fuel rods by 
boron absorber rods or by water holes (when fuel rods were withdrawn from some lattice positions without 
being replaced by absorber rods, water holes were obtained). These experiments include measurements of 
the critical moderator height as a function of the position of boron absorber rods and water holes for the 
near-to-cylindrical core with a regular hexagonal lattice at pitch 11.0 mm and fuel enrichment 6.5 wt.% 
235U (6 cores). The above-mentioned experiments are evaluated here, all of which are judged to be 
acceptable for use as benchmark experiments. The evaluations of some VVER physics experiments carried 
out at the critical facility P in 1993- 1994 - hexagonal (1.27 cm pitch) lattices of low-enriched U (4.4 wt.% 
235UO2 fuel rods in light water perturbed by boron, hafnium, or dysprosium absorber rods and by a water 
gap with/without aluminium displacer tubes - and in 1989 - regular hexagonal (1.10 cm pitch) lattices of 
low enriched U (6.5 wt.% 235UO2 fuel rods in light water at different core critical dimensions - are also 
included in the ICSBEP handbook as LEU-COMP-THERM-061 and LEU-COMP-THERM-070, 
respectively. The first case of LEU-COMP-THERM-070 (1201 fuel rods) is the unperturbed case to 
compare to the six perturbed cases in this evaluation. 
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Title: Critical Loading Configurations of the IPEN/MB-01 Reactor 

Date: 9/30/2006 

Report: LEU-COMP-THERM-077 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods surrounded by a rectangular baffle was conducted at the IPEN/MB-01 research 
reactor facility, located in the city of São Paulo, Brazil, in 2003. The IPEN/MB-01 reactor reached its first 
criticality on November 9, 1988. Since then it has been utilized for basic reactor-physics research and as an 
instructional laboratory system. These critical lattices consist of nearly square, uniform lattices of stainless-
steel-clad cylindrical fuel rods immersed in light water. The pitch of the rods is 15.0 mm, which is close to 
the optimal pitch (maximum k∞). The baffle consists of 19.5 ± 0.1-mm-thick stainless steel (type 304) 
plates located at 10.0 ± 0.5 mm from the fuel rods of the outermost rows. Fuel rods containing UO2 enriched 
to 4.3486 % were arranged in specific geometric configurations such that the system was brought, as close 
as possible, to the state of critical condition. Some configurations also included the presence of burnable-
poison (Al2O3-B4C) rods inserted in specific positions in the core. These burnable-poison rods have the 
same geometric form and dimensions as the fuel rods, and the boron content is 27.04 mg/cm3 in the Al2O3-
B4C pellet. They were appropriately distributed in the core such that criticality could be established. Fuel-
rod arrangements in the core as well as the amount and positions of the burnable-poison rods were the 
varying parameters for the set of configurations considered. The core/moderator temperature for the critical 
condition was 20.50 ± 0.20 °C for all configurations. Five configurations were evaluated and all are 
acceptable benchmark experiments. 
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Report: LEU-COMP-THERM-079 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The US Department of Energy Nuclear Energy Research Initiative (NERI) funded 
the Burnup Credit Critical Experiment (BUCCX) at Sandia National Laboratories. The BUCCX was 
designed to investigate the effect of fission product materials on critical systems. The BUCCX assembly 
was a water-moderated and -reflected array of Zircaloy-clad triangular-pitched U(4.31%)O2 fuel elements. 
Some of the fuel elements could be opened to allow placement of experiment materials between the fuel 
pellets in the element. The ten BUCCX critical experiments reported here test the effect of the fission 
product rhodium on the assembly. The calculated reactivity worth of the rhodium in the experiments ranged 
from 0% for cases with no rhodium to a maximum of 3.5% of keff. The fuel used in these experiments was 
fabricated from the fuel stock that was used in critical experiments at the Pacific Northwest National 
Laboratory (PNNL) and reported in LEU-COMP-THERM-002 and others. The fuel pellets used in those 
experiments were removed from the original aluminum cladding and reclad in Zircaloy-4 tubes for use in 
the experiments reported here. The ten critical experiments in this series were performed in 2002. The 
critical experiments were done in two sets, each set with a different fuel element pitch. When placed in a 
2.0 cm triangular pitch, the fuel elements have a fuel-to-water ratio similar to that of a pressurized water 
reactor fuel assembly. With a 2.8 cm pitch, the fuel elements are nearly optimally moderated. Four of the 
experiments contained no rhodium and were intended to provide a baseline against which the experiments 
containing rhodium could be compared. The remaining six critical experiments contained rhodium foils 
dispersed in some of the fuel elements. Three rhodium foil thicknesses were used. All ten critical 
experiments are judged to be acceptable as benchmarks. 
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HAHN” Nuclear Ship Program, Second Core) 
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Report: LEU-COMP-THERM-081 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1962 the German company Gesellschaft für Kernenergieverwertung in Schiffbau 
und Schiffahrt mbH (GKSS) ordered a nuclear-ore carrier at the Kieler Howaldtswerke AG shipyard. For 
the propulsion of this first German nuclear-powered merchant ship, an FDR reactor (advanced pressurized 
light-water reactor) was chosen in competition between three different reactor types. The reactor with the 
first core became critical on board the ship in 1968. Successful operation of the ship with power from the 
first core showed the basic feasibility of the FDR reactor for nuclear-ship propulsion. The design of the first 
core was not optimized due to uncertainties in some properties of the core materials. It was desirable to 
obtain experience with the first core as early as possible and use it in designing the second core. The 
operation of the second more advanced core was to provide information for the design of future cores with 
lower fuel-cycle costs. Before installing the second reactor core into the ship, zero-power experiments were 
performed in the Geesthacht critical facility (ANEX, anlage für Nulleistungsexperimente). The aim of the 
experiments was the testing of fuel loading, start up, and the important issue of the subcriticality of a cold 
core in the case of a “stuck rod”. The results of the theoretical calculations were to be verified with the 
experiment. With the building of FDR-II, they gained time and safety assurance in the starting phase on 
board the ship. After the success of both Otto Hahn reactors, the project was continued with the planning 
of a larger reactor for commercial container ships, the EFDR-80, which, however, has never been built. 
Several series of experiments were performed (beginning late July 1972 and ending late November 1972) 
with different core configurations, boric acid concentrations and control-rod positions. Investigated here 
are the zero-power experiments that were performed with the core consisting of 12 square and four corner 
fuel elements. Due to the poor knowledge about the geometry and characteristics of the control-rods, only 
one configuration, in which the control rods were completely withdrawn, was evaluated. It is considered 
acceptable for use as a criticality safety benchmark experiment. 
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Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the city of 
São Paulo, Brazil, in 2004. The IPEN/MB-01 reactor reached its first criticality on November 9, 1988. 
Since then it has been utilized for basic reactor-physics research and as an instructional laboratory system. 
These critical lattices consist of nearly square, uniform lattices of stainless-steel-clad cylindrical fuel rods 
immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal pitch (maximum 
k∞). Fuel rods containing UO2 enriched to 4.3486 % were arranged in specific geometric configurations 
such that the system was brought, as close as possible, to the state of critical condition. Some configurations 
also included the presence of burnable-poison (Al2O3-B4C) rods inserted in specific positions in the core. 
These burnable-poison rods have the same geometric form and dimensions as the fuel rods, and they were 
made of four specific lots of boron content in the Al2O3-B4C pellet; namely 27.04, 40.53, 55.60, and 60.45 
mg of B/cm3. They were appropriately distributed in the core such that criticality could be established. 
Fuel-rod arrangements in the core as well as the amount and positions of the burnable-poison rods were the 
varying parameters for the set of configurations considered. The core/moderator temperature for the critical 
condition was 20.50 ± 0.20 °C for all configurations. Six configurations were evaluated and all are 
acceptable benchmark experiments. 
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Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the city of 
São Paulo, Brazil, in 2004. The IPEN/MB-01 reactor reached its first criticality on November 9, 1988. 
Since then it has been utilized for basic reactor-physics research and as an instructional laboratory system. 
These critical lattices consist of nearly square, uniform lattices of stainless-steel-clad cylindrical fuel rods 
immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal pitch (maximum 
k∞). Fuel rods containing UO2 enriched to 4.3486 % were arranged in specific geometric configurations 
such that the system was brought, as close as possible, to the state of critical condition. The configurations 
included the presence of an aluminum block in the center of the active core. This aluminum block simulated 
a big central void in the reactor core. The fuel rods were appropriately distributed in the core such that 
criticality could be established. Fuel-rod arrangements in the core were the varying parameters for the set 
of configurations considered. The core/moderator temperature for the critical condition was 20.50 ± 0.20 
°C for all configurations. Three configurations were evaluated and all are acceptable benchmark 
experiments. 
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Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the city of 
São Paulo, Brazil, in 2004. The IPEN/MB-01 reactor reached its first criticality on November 9, 1988. 
Since then it has been utilized for basic reactor-physics research and as an instructional laboratory system. 
These critical lattices consist of nearly square, uniform lattices of stainless-steel-clad cylindrical fuel rods 
immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal pitch (maximum 
k∞). Similar configurations at the same pitch and with many of the same components are evaluated in LEU-
COMP-THERM-077, LEU-COMP-THERM-082 and LEU-COMP-THERM-083. Fuel rods containing 
UO2 enriched to 4.3486 % were arranged in specific geometric configurations such that the system was 
brought, as close as possible, to the critical condition. The configurations included the presence of a 
stainless steel (SS-304) cruciform rod in the center of the active core. The fuel rods were appropriately 
distributed in the core such that criticality could be established. Fuel-rod arrangements in the core were the 
varying parameters for the set of configurations considered. The core/moderator temperature for the critical 
condition was 21.50 ± 0.20 °C for all configurations. One configuration was evaluated and it is acceptable 
benchmark experiment. 
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Abstract/Keyterms: A wide range of experimental investigations of VVER physics have been performed 
at the critical facility SF-9 operated by Russian Research Centre “Kurchatov Institute” (RRC KI) Institute 
of Nuclear Reactors. The general-purpose SF-9 critical facility was built in 1966 for neutron physics 
investigations of both light-water fuel lattices and VVER fuel assemblies. A series of experiments 
concerning the investigations of the neutron-physics parameters of VVER-type uranium-water lattices were 
carried out during late 1973. These experiments include measurements of the critical moderator height as 
function of the number of fuel rods for the near-to-cylindrical cores with a regular hexagonal lattice at pitch 
12.7 mm and fuel enrichment 6.5 wt.% 235U (13 cores). The purpose of the experiments was to obtain 
criticality parameters of a typical VVER-type lattice at different core critical dimensions (that is, at different 
critical moderator heights and accordingly at different dry lengths of the fuel rods above the moderator 
level). Such data can be used both for direct comparison with calculations and for determination of buckling, 
extrapolation lengths, and anisotropy of the migration area by fitting to them the proper function. The results 
of measurements at different moderator heights are useful for the analysis of experiments and calculations. 
The above-mentioned experiments are evaluated here, all of which are judged to be acceptable for use as 
benchmark experiments. The evaluations of some other VVER physics experiments carried out at the 
critical facility P, which is identical to the SF-9 critical facility (with the exception of the tank), are LEU-
COMP-THERM-061 – hexagonal (1.27 cm pitch) lattices of U(4.4 wt.% 235UO2 fuel rods in light water 
perturbed by boron, hafnium, or dysprosium absorber rods or by a water gap with/without aluminium 
displacer tubes (1993-1994), LEU-COMP-THERM-070 - hexagonal (1.10 cm pitch) lattices of U(6.5 wt.% 
235UO2 fuel rods in light water at different core critical dimensions (1989), and LEU-COMP-THERM-
075 - hexagonal (1.10 cm pitch) lattices of U(6.5 wt.% 235UO2 fuel rods in light water perturbed by boron 
absorber rods or water holes (1989). The latter two sets of experiments used the same fuel rods as the 
experiments of this evaluation. 
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Abstract/Keyterms: Criticality measurements of different VVER cores were performed on the 
experimental zero-power reactor LR-0 (Nuclear Research Institute Řež plc) within the framework of 
projects for the VVER-440 and VVER-1000 type core loadings during 1997–2000. These projects were 
supported by the Ministry of Trade and Industry Czech Republic (MTI). The main goal of the MTI projects 
was to complete the experimental tasks, which could be utilized for verification of codes and libraries used 
for neutronic calculations in safety analyses of criticality of cores, storage, and transport-cask lattices for 
VVER type reactors. The reactor LR-0 is an experimental light-water-moderated zero-power reactor, 
originally designed for the research of VVER-1000 and VVER-440 type reactor cores, spent-fuel storage 
lattices and benchmark experiments. The LR-0 fuel elements are shortened with regards to VVER nuclear 
power plants (NPPs). The fuel elements are available with enrichments of 2 wt. %, 3 wt. %, 3.3 wt. %, 3.6 
wt. %, and 4.4 wt. %. The LR-0 reactor-fuel inventory consists of 68 dismountable VVER-1000 fuel 
assemblies. The main reactor features that influence the performing of experiments are the flexible 
rearrangement of the core, that the experiments are VVER radial full-scale, that experiments are at 
atmospheric pressure and room temperature, and power control is by means of moderator level change or 
control-cluster position. Continuous maximal nominal power is 1 kW with neutron thermal-flux density ≈ 
1013 n m-2 s-1. The LR-0 reactor is located in Řež near Prague (Czech Republic). The first criticality was 
reached in December 1982. The core was assembled from 6 fuel assemblies of the same enrichment (4.4 
wt.% or 3.6 wt.% 235U) surrounding a fuel assembly at the core center where fuel assemblies with 235U 
enrichment 2.0, 3.0, 3.3, 3.6, or 4.4 wt.% were successively substituted. The ten (10) experiments evaluated 
here were performed in 1998. These 10 experiments are accepted as benchmarks. 
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Abstract/Keyterms: Criticality measurements of different VVER cores were performed on the 
experimental zero-power reactor LR-0 (Nuclear Research Institute Řež plc) within the framework of 
projects for VVER-440 and VVER-1000 type core loadings during 1997–2000. These projects were 
supported by Ministry of Trade and Industry Czech Republic (MTI). The reactor LR-0 is an experimental 
light-water-moderated zero-power reactor, originally designed for the research of the VVER-1000 and 
VVER-440 type reactor cores, spent-fuel storage lattices and benchmark experiments. The LR-0 fuel 
elements are shortened with regards to VVER NPPs. The fuel elements are available with enrichment 2 wt. 
%, 3 wt. %, 3.3 wt. %, 3.6 wt. %, 4.4 wt. %. The LR-0 reactor fuel inventory consists of approximately 
21000 VVER fuel elements. The main reactor features that influence the performing of experiments are the 
flexible rearrangement of the core, that the experiments are radially full scale, that experiments are at 
atmospheric pressure and room temperature, and power control is by means of moderator level change or 
control-cluster position. Continuous maximal nominal power is 1 kW with neutron thermal-flux density ≈ 
1013 n m-2 s-1. The LR- 0 reactor (Figures1, 2, 3) is located in Řež near Prague (Czech Republic). The 
first criticality was reached in December 1982. The main goal of the MTI projects was to complete the 
experimental tasks, which could be utilized for verification of codes and libraries used for neutronic 
calculations in safety analyses of criticality of cores, storage, and transport-cask lattices for VVER type 
reactors. The core was assembled from 18 VVER-440 type fuel assemblies of the same enrichment 
surrounding the core center where a fuel assembly with 235U enrichment either 3.6 wt.% or 4.4 wt.% was 
successively substituted. (See core loading in Figure 4). The fuel assembly pitch (center-to-center distance 
between fuel assemblies) was changed during the experiment. In second stage of the projects the tubes 
made from stainless steel or stainless steel with boron (®ATABOR) were situated around these central fuel 
assemblies. The twenty-five (25) experiments evaluated here were performed in 2000. These core loadings 
with 5 different fuel assembly pitches compose totally 25 cases. All Fe absorbing tube cases are rejected 
for benchmark revision 0. There are 17 criticality measurements proposed to be included as benchmarks. 
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Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the city of 
São Paulo, Brazil, in 2005. The IPEN/MB-01 reactor reached its first criticality on November 9, 1988. 
Since then it has been utilized for basic reactor-physics research and as an instructional laboratory system. 
These critical lattices consist of nearly square, uniform lattices of stainless-steel-clad cylindrical fuel rods 
immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal pitch (maximum 
k∞). Similar configurations at the same pitch and with many of the same components are evaluated in LEU-
COMP-THERM-077, LEU-COMP-THERM-082, LEU-COMP-THERM-083, and LEU-COMP-THERM-
084. Fuel rods containing UO2 enriched to 4.3486 % were arranged in specific geometric configurations 
such that the system was brought, as close as possible, to the state of critical condition. The configurations 
included the presence of two borated stainless steel (SS-304) plates in the active core. The borated stainless 
steel plates used in this evaluation are the same ones used in the highly compact rack of the pool storage of 
the Brazilian PWR ANGRA-1. ELETRONUCLEAR, a company that manages the operation of all Brazilian 
PWR´s, designed and built the storage rack in order to gain space in the storage pool. The fuel and the 
borated stainless steel plates were appropriately distributed in the core such that criticality could be 
established. Fuel and borated stainless steel-plate arrangements in the core were the varying parameters for 
the set of configurations considered. The core/moderator temperature for the critical condition was 21.50 ± 
0.20 °C for all configurations. Four configurations were evaluated and they are acceptable as benchmark 
experiments. 
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Date: 9/30/2006 

Report: LEU-COMP-THERM-090 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the city of 
São Paulo, Brazil, in 2005. The IPEN/MB-01 reactor reached its first criticality on November 9, 1988. 
Since then it has been utilized for basic reactor-physics research and as an instructional laboratory system. 
These critical lattices consist of nearly square, uniform lattices of stainless-steel-clad cylindrical fuel rods 
immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal pitch (maximum 
k∞). Similar configurations at the same pitch and with many of the same components are evaluated in LEU-
COMP-THERM-077, LEU-COMP-THERM-082, LEU-COMP-THERM-083, and LEU-COMP-THERM-
084. Fuel rods containing UO2 enriched to 4.3486 % were arranged in specific geometric configurations 
such that the system was brought, as close as possible, to the state of critical condition. The configurations 
included the presence of a specified number of stainless steel (SS-304) rods in the active core. The fuel and 
stainless steel rods were appropriately distributed in the core such that criticality could be established. Fuel 
and stainless steel-rod arrangements in the core were the varying parameters for the set of configurations 
considered. The core/moderator temperature for the critical condition was 21.50 ± 0.20 °C for all 
configurations. Nine configurations were evaluated and they are acceptable as benchmark experiments. 
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Title: Critical Loading Configurations of the IPEN/MB-01 Reactor with UO2, Stainless Steel and GD2O3 
Rods 

Date: 9/30/2008 

Report: LEU-COMP-THERM-091 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water-moderated square-pitched lattices with 
low-enriched fuel rods was conducted at the IPEN/MB-01 research reactor facility, located in the city of 
São Paulo, Brazil, in 2005. The IPEN/MB-01 reactor reached its first criticality on November 9, 1988. 
Since then it has been utilized for basic reactor-physics research and as an instructional laboratory system. 
These critical lattices consist of essentially square, uniform lattices of stainless-steel-clad cylindrical fuel 
rods immersed in light water. The pitch of the rods is 15.0 mm, which is close to the optimal pitch 
(maximum k∞). Similar configurations at the same pitch and with many of the same components are 
evaluated in LEU-COMP-THERM-077, LEU-COMP-THERM-082, LEU-COMP-THERM-083, LEU-
COMP-THERM-084, LEU-COMP-THERM-089 and LEU-COMP-THERM-090. Fuel rods containing 
UO2 with uranium enriched to 4.3486 wt.% 235U were arranged in specific geometric configurations such 
that the system was brought as close as possible to the critical state. The configurations included the 
presence of a specified number of stainless steel (SS-304) and Gd2O3 (gadolinia) rods in the active core. 
The fuel rods, stainless steel rods, and Gd2O3 rods were appropriately distributed in the core such that 
criticality could be established. Rod arrangement was the varying parameter for the set of configurations 
considered. The core/moderator temperature for the critical condition was 21.00 ± 0.40 °C for all 
configurations. 
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Report: LEU-COMP-THERM-093 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-093 was reviewed and approved for publication by the 
International Reactor Physics Experiment Evaluation Project (IRPhEP). It was first published by the OECD 
NEA Nuclear Science Committee in the March 2006 Edition of the International Handbook of Evaluated 
Reactor Physics Benchmark Experiments, NEA/NSC/DOC(2006)1. The format used by the IRPhEP has 
been adapted from the ICSBEP format to accommodate many types of measurements in addition to 
measurement of the critical state. LEU-COMP-THERM-093 was reviewed and approved by the ICSBEP 
in May of 2006 and is published in the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments under its IRPhEP Identifier, DCA-HWR-EXP-001. Any revisions to this evaluation will be 
replicated in both Handbooks. 
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Sub 

Date: 9/30/2006 

Report: LEU-COMP-THERM-094 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A wide range of experimental investigations of VVER physics have been performed 
at the critical facility P operated by Russian Research Centre “Kurchatov Institute” (RRC KI) Institute of 
Nuclear Reactors. The general-purpose P critical facility was built in 1987 for neutron physics 
investigations both light water fuel lattices and VVER-440 and VVER-1000 fuel assemblies. A series of 
experiments concerning the investigations of the neutron-physical parameters of VVER-type uranium-
water lattices were carried out in 1990. These experiments include measurements of the critical moderator 
height as function of the number of fuel rods for the near-to-cylindrical two-region cores with a regular 
hexagonal undermoderated lattice at pitch 11.0 mm and fuel enrichment 6.5 and 4.4 wt.% 235U (11 cores). 
The purpose of the experiments was to obtain criticality parameters of a relatively tight two-region VVER-
type lattices at different core critical dimensions (that is, at different critical moderator heights and 
accordingly at different dry lengths of the fuel rods above the moderator level). Using the results of 
measurements at different moderator height, it is easier to analyze experiments and calculations. The above-
mentioned experiments are evaluated here, all of which are judged to be acceptable for use as benchmark 
experiments. 
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Report: LEU-MET-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A natural uranium - heavy water critical assembly, known as the RB reactor (‘Reactor 
B’), was designed in the Institute of Nuclear Sciences 'Boris Kidrič', now 'Vinča' Institute, Serbia, (ex- 
Yugoslavia) in April, 1958 The core was constructed from 208 metal uranium rods placed in a square lattice 
pitch of 120.0 mm in an aluminium cylindrical tank filled by heavy-water moderator. Neither reflector nor 
forced cooling system were provided. In Reference 2 it was described that “The critical assembly was 
intended to provide: - Experience in carrying out critical experiments, - Operation experience with nuclear 
reactors, and - Highly accurate critical conditions for heavy water - natural uranium lattices”. The assembly 
tank is mounted on an aluminium platform supported by an aluminium construction. In that way, the tank 
is at least 4 m away from any reflecting surface in the reactor hall. Criticality is achieved and maintained 
by fine adjustment of the heavy-water level, while the safety rods are out of the core. This simple natural 
uranium - heavy-water configuration is considered to be acceptable for use as benchmark critical 
experiment. The assembly was operated until October 15, 1958, when a serious power-excursion accident 
occurred. After the 'Vinča Dosimetry Experiment' carried out in April 1960 with the aim to determine 
absorbed dose received by the staff, the assembly was modernized and modified, during the period 1960-
1962, for operation with low-enriched uranium fuel. (See LEU-MET-THERM-002 and LEU-MET-
THERM-015). 
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Title: RB Reactor: Lattices of 2%-Enriched Uranium Elements in Heavy Water 

Date: 9/30/1999 

Report: LEU-MET-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A 2%-enriched metal uranium - heavy-water critical assembly, known as the RB 
reactor (Reactor B), was designed at the Institute of Nuclear Sciences 'Boris Kidrič', now Vinga Institute, 
in 1961- 1962 by modification of the natural uranium - heavy-water assembly constructed in 1958. The 
new core allows usage of different numbers of 2%-enriched metal uranium elements placed in square 
lattices with (preselected) various pitches. The core is arranged in an aluminium cylindrical tank filled by 
heavy-water moderator and reflector. Neither a forced cooling system nor radiation shielding were 
provided. In References 1 and 4 it was stated that the reactor reconstruction was made “in order to improve 
the safety of the system and to obtain better flexibility in performing the experiments.” The 12 experiments 
described here were performed from 1963 to 1999. The RB reactor (critical assembly) is still in operation. 
The assembly tank is mounted on an aluminium platform, supported by an aluminium construction. In that 
way, the tank is far away (at least 4 m) from any reflecting surface in the reactor hall. The fuel supporting 
grid plates allow construction of the cores with different square lattice pitches, Criticality is achieved and 
maintained by fine adjustment of the heavy-water level while the safety rods are out of the core. These 12 
simple 2%-enriched metal uranium - heavy-water configurations are considered acceptable for use as 
benchmark critical experiments. 
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Date: 9/30/2004 

Report: LEU-MET-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Considered in this experimental program were water-moderated and water-reflected 
metal tubes of low-enriched uranium (1.6% 235U) arranged in arrays. The experiments were subcritical 
approaches extrapolated to critical, the multiplication factor reached being very close to 1.0000 (within 
0.1%). The subcritical approach parameter was the water level. Parameters studied were the type of array 
(triangular or square), the space between tubes (0.0 to 3.0 cm), and the number of tubes. The experiments 
were carried out in 1969-1970 in the testing equipment called Apparatus B in the experimental criticality 
facility of Valduc (C. E. A. France). They were run by the “Section Expérimentale d’Etudes de Criticité” 
today called “Service de Recherche en Neutronique et en Criticité”. In all, 57 experiments were conducted 
of which 42 are reported in the present paper; the others gave no results, being too subcritical. Among these 
42 experiments, the 30 providing critical heights are retained and are considered acceptable for use as 
benchmark experiments. The experimental program is described in the safety report. Results are given in 
the experimental report written in the early 1970’s. In the framework of this evaluation several archives 
were consulted, there were discussions by telephone and visits to laboratories (Valduc and Cadarache), and 
meetings with retired people involved with this program were held. In particular with J. M. Honoré, who 
conducted these experiments, and with J. Tinjod, who was involved in the UNGG fuel fabrication at SICN-
Veurey plant (Société Industrielle des Combustibles Nucléaires). This latter person was met two times in 
December 2003, and evaluators had long phone calls with him up to May 2004. Therefore in order to be 
complete, a new report gathering all data was written. The fuel tubes used in these experiments were 
manufactured for Bugey-fuel studies. However these fuel tubes were not the usual ones used in the Bugey 
reactor because of their dimensions, the lack of cladding, and the enrichment (1.6%). It is noteworthy that 
the Bugey reactor was the last one using magnox-type fuel built in France. Actually reactors using this type 
of fuel, called UNGG (Uranium Naturel Graphite Gaz) in France, were powered with natural uranium, were 
moderated by graphite, and were cooled with gas. The Bugey reactor was connected to the electricity grid 
from April 15, 1972 to May 27, 1994. 
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Title: RB Reactor: Fuel Assemblies Substitution Criticality Experiments in Lattices of 2%-enriched 
Uranium in Heavy Water 
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Report: LEU-MET-THERM-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A 2%-enriched metal uranium - heavy-water critical facility, known as the RB reactor 
(Reactor B), was designed at the Institute of Nuclear Sciences 'Boris Kidrič' (now: 'Vinča'), near Belgrade, 
Yugoslavia (now Serbia) in 1961-1962 (see Reference 1) by modification of the natural-uranium - heavy-
water facility constructed in 1958 (References 2, 3, and LEU-MET-THERM-001 and LEU-MET-THERM-
002). The new core allows usage of different numbers of 2%-enriched uranium metal assemblies placed in 
square lattices with (pre-selected) various pitches. The core is arranged in an aluminium cylindrical tank 
filled by heavy-water moderator and reflector (see Reference 4). Neither a forced cooling system nor 
radiation shielding were provided. A total of 22 fuel-substitution criticality experiments were carried out in 
three series in the reactor core. Two series with seven fuel-substitution criticality experiments in each series 
were performed in 1968 with the aim to study a new theoretical approach to interpretation of the reactor 
core substitution experiments (see Reference 5). One series of eight fuel-substitution criticality experiments 
was performed in 1980 with the aim to study coolant void reactivity effect in radial zones of the core (see 
Reference 6). The RB reactor (critical facility) is still in operation. The facility tank is mounted on an 
aluminium platform. The tank is far away (at least 4 m) from any reflecting surface in the reactor hall. The 
fuel-assembly-supporting grid plates allow construction of the cores with different square lattice pitches. 
Criticality is achieved by fine adjustment of the heavy-water level, while the safety rods are taken out of 
the core. The 22 2%-enriched uranium-metal - heavy-water configurations with fuel-assembly substitution 
experiments are considered acceptable for use as benchmark critical experiments. 
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Report: LEU-MISC-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The five critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 2002 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) at the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). A heterogeneous STACY core with low-enriched uranium was 
constituted for the purpose of clarifying the limiting value used for the criticalitysafety control of the 
dissolver for LWR spent fuel. The core consisted of the core tank containing uranyl nitrate solution and a 
PWR-type UO2 fuel rod array with 2.1-cm square lattice pitch. Employing the 60-cm-diameter cylindrical 
core tank, a 6%-235U-enriched uranyl nitrate solution and 5%-235U-enriched UO2 fuel rods were used in 
these experiments. The fuel-rod array was the same for all configurations. The uranium concentration in 
the solution was adjusted, in stages, to values in the range of approximately 284 gU/l to 52 gU/l. The free 
nitric-acid concentration was kept at 2.5 mol/l, approximately. In this report, the cases with water reflector 
were selected, and five critical conditions were evaluated. Fourteen other STACY experiments with 10% 
235U-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004, LEU-SOL-THERM-016, 
and LEU-SOL-THERM-020 (water reflector); LEU-SOL-THERM-007, LEU-SOL-THERM-017, and 
LEU-SOL-THERM-021 (unreflected); LEU-SOL-THERM-008, LEU-SOL-THERM-018 (concrete 
reflector); LEU-SOL-THERM-010 and LEU-SOL-THERM-019 (polyethylene reflector); LEU-SOL-
THERM-009 and LEU-SOL-THERM-022 (borated-concrete reflector); LEU-SOL-THERM-023 (two 
interacting slab cores without neutron isolator); and LEU-SOL-THERM-024 (two interacting slab cores 
with polyethylene neutron isolator). All five critical configurations are accepted as benchmark experiments. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The six critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 2002 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) at the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). A heterogeneous STACY core with low-enricheduranium was 
constructed for the purpose of clarifying the limiting value used for the criticalitysafety control of the 
dissolver for LWR spent fuel. The core consisted of the core tank containing uranyl nitrate solution and a 
PWR-type UO2 fuel-rod array with 2.1-cm square lattice pitch. Employing the 60-cm-diameter cylindrical 
core tank, a 6%-235U-enriched uranyl nitrate solution and 5%-235U-enriched UO2 fuel rods were used in 
these experiments. The uranium concentration was adjusted, in stages, to values in the range of 
approximately 363 gU/l to 51 gU/l. The free nitric-acid concentration was kept at 2.5 mol/l, approximately. 
In this report, the unreflected cases were selected, and six critical conditions were evaluated. Another 
similar experiment was evaluated in LEU-MISC-THERM-001 (heterogeneous core with water reflector). 
All of the six critical configurations are accepted as benchmark experiments. 
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Report: LEU-MISC-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The fifteen critical configurations (eight unreflected and seven water-reflected) 
included in this evaluation are part of a series of experiments with the Static Experiment Critical Facility 
(STACY) performed in 2003 at the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) at 
the Tokai Research Establishment of the Japan Atomic Energy Research Institute (JAERI). A 
heterogeneous STACY core with low-enriched uranium was constructed for the purpose of clarifying the 
limiting value used for the criticalitysafety control of the dissolver for LWR spent fuel. The core consisted 
of a PWR-type UO2 fuel-rod array with a 1.5-cm lattice pitch in uranyl nitrate solution. Employing a 60-
cm-diameter cylindrical core tank, these experiments used a 6%-235U-enriched uranyl nitrate solution and 
5%-235U-enriched UO2 fuel rods. The uranium concentration was adjusted, in stages, to values in the range 
of approximately 382 gU/L to 50 gU/L. The free nitric-acid concentration was kept at 2.0 mol/L, 
approximately. Other similar experiments, which are heterogeneous cores with the same fuel rods at 2.1-
cm lattice pitch, were evaluated in LEU-MISC-THERM-001 (with water reflector) and LEU-MISC-
THERM-002 (with no reflector). In this report, both the eight unreflected and seven water-reflected cases 
are evaluated. All fifteen experiments are acceptable benchmark experiments. 
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Conference Session:  

Abstract/Keyterms: A series of critical approach experiments to determine the effect of different neutron 
absorbers in lattices of fuel rods was performed from 1977 to 1978 at the Pacific Northwest National 
Laboratories’ Critical Mass Laboratory. The following types of experiments were reported: 1. Triangular 
lattices of UO2 fuel rods in uranyl nitrate solution containing boron, cadmium or gadolinium. Criticality 
was approached by increasing the number of fuel rods. 2. Triangular lattices of UO2 fuel rods in uranyl 
nitrate solution containing gadolinium. Criticality was approached by increasing the solution level. All these 
experiments were performed using the same type of fuel, 4.306 wt.% enriched UO2 fuel pellets in Type 
304L stainless steel clad. This evaluation focuses on the second series of experiments, consisting of three 
fuel rod lattices with lattice pitch values of 2.286 cm (0.9 inches), 2.794 cm (1.1 inches), and 3.302 cm (1.3 
inches). The corresponding values of the moderator-to-fuel volume ratio for the pitch values are 2.305, 
4.084, and 6.218. Each lattice was submerged in four different concentrations of gadolinium nitrate 
[Gd(NO3)3] dissolved in uranyl nitrate [UO2(NO3)2]. The critical condition was approached by fixing the 
number of fuel rods and increasing the height of the solution. The aim of these experiments was to determine 
the effect of gadolinium as a soluble absorber on the criticality of lattices of LWR-type fuel. Based on major 
inconsistencies between these experiments and other similar experiments, and inconsistencies in the 
supplied fissile solution data (discussed in Section 2.3 and Appendix C) these experiments are unacceptable 
as criticality safety benchmarks. During the evaluation of the experiments an alternative analysis of the 
results was suggested. This evaluation contains data that were judged to be unacceptable as criticality safety 
benchmark data. However, it may contain data that are useful for other criticality safety applications. 
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Elements 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The twelve critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 2005 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) at the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). It should be noted that in that year JAERI was reorganized to 
become the Japan Atomic Energy Agency (JAEA), established as a Nuclear Science Research Institute. A 
heterogeneous STACY core with low-enriched uranium was constructed for the purpose of clarifying the 
limiting values for the criticality-safety control of the dissolver for LWR spent fuel. The core consisted of 
a PWR-type UO2 fuel-rod array with a 1.5-cm lattice pitch in uranyl nitrate solution. Employing a 60-
cmdiameter cylindrical core tank, these experiments used a 6%-235U-enriched uranyl nitrate solution and 
5%- 235U-enriched UO2 fuel rods. The uranium and free nitric acid concentrations were roughly kept at 
approximately 320 gU/L and 2.0 mol/L, respectively. Focusing on introduction of burn-up credit to the 
dissolving process, critical mass measurements were conducted using uranyl nitrate solution poisoned with 
pseudo-fission-product (FP) elements -- samarium, cesium, rhodium, and europium. In this report, the 
"pseudo-FP element" means an element whose isotopic composition is natural but which contains some FP 
nuclide(s). Chemical concentrations of the pseudo-FP elements were adjusted to be equivalent to a burn-up 
of about 30 GWd/t. Other similar experiments, which are heterogeneous cores with the same fuel rods at 
2.1-cm lattice pitch, were evaluated in LEU-MISC-THERM-001 (with water reflector) and LEU-MISC-
THERM-002 (with no reflector). In addition, experiments with 1.5-cm lattice pitch were evaluated in LEU-
MISC-THERM-003 (with and without water reflector). In this report, twelve water-reflected cases are 
evaluated and all of them are acceptable benchmark experiments. 
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Report: LEU-SOL- THERM-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Four critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 1996 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). Employing the 60-cm-diameter cylindrical core tank, a 10%- 
enriched uranyl nitrate solution was used in these experiments. The uranium concentration and the free 
nitric-acid concentration were adjusted to approximately 240 g/l and 2.1 mol/l, respectively. Four 
thicknesses of reflectors, polyethylene blocks packed in annular tube-shaped containers, were prepared and 
arranged next to the outer wall of the core tank. All four experiments are acceptable benchmark 
experiments. Other STACY experiments with 10%-enriched uranyl nitrate solution are evaluated in LEU-
SOL-THERM-004 (water reflector), LEU-SOL-THERM-007 (unreflected), LEU-SOL-THERM-008 
(ordinary-concrete reflector), and LEU-SOL-THERM-009 (borated concrete reflector). 
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Title: Unreflected UO2F2+H2O Cylindrical Assembly Sheba-II 

Date: 9/30/1997 

Report: LEU-SOL-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: SHEBA-II (Solution High Energy Burst Assembly-II) is a critical assembly 
experiment currently being operated at the Los Alamos Critical Experiments Facility. It is a bare assembly 
fueled with an aqueous solution of about 5% enriched uranyl fluoride that is stored in four critically safe 
steel tanks. Figure 1 is a schematic of the cylindrical assembly vessel (CAV) and the solution storage tanks; 
Figure 2 shows a photograph of the SHEBA-II experiment. The solution is transferred to the critical 
assembly vessel by a pump. Reactivity control is effected by varying the solution level, and a safety rod 
may be inserted in a thimble along the central axis of the CAV for fast shutdown. Two one-inch lines are 
used to rapidly gravity drain the CAV for additional shutdown capability. The critical assembly is housed 
inside a metal building that was formerly used for the “Kinglet” experiment, and a pit beneath SHEBA-II 
is available for operation below ground level. This evaluation is for the above-ground experiment only. The 
simple geometry provided by this cylindrical system allows for easily applied calculational methods, and 
thus SHEBA-II is ideally suited for use as a criticality safety benchmark experiment. 
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Date: 9/30/2000 

Report: LEU-SOL-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The three experiments included in this evaluation are part of a series of measurements 
performed in the 1950s at the Oak Ridge National Laboratory with low-enriched uranium (4.9 wt.% 235U). 
Critical experiment measurements were made with uranium oxyfluoride (UO2F2) solutions in a 27.3-in-
inner-diameter (174-liter) sphere with an aluminum wall 1/16 in. thick. The sphere was supported only by 
the top and bottom overflow and feed tubes, respectively. Three experiments are evaluated. One 
measurement was made in an unreflected sphere and two measurements were water reflected. To provide 
an effectively infinite neutron reflector for these two measurements, the sphere was mounted in a cylinder 
of appropriate dimensions. All three configurations are considered as acceptable for use as criticality safety 
benchmark experiments. 
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Report: LEU-SOL-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with aqueous uranyl nitrate solutions with uranium 
enriched to 10 wt.% 235U was performed in 1965 at the Solution Critical Facility of the Institute of Physics 
and Power Engineering, Obninsk, Russia. Critical experiment measurements were made with solution in 
thin-wall spherical tanks without reflectors. Spheres with outer diameters of 66 cm, 88 cm, and 120 cm 
were used. Criticality was achieved at two partial fillings of each sphere and at full fillings (nine critical 
states). One experiment differed from another in geometry size and in uranium concentration in the solution. 
Some details of the experiments were found by the experimenters in their workbooks. All nine experiments 
presented here are considered to be acceptable for use as benchmark experiments. 
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Title: STACY: Water-Reflected 10% Enriched Uranyl Nitrate Solution in a 60-cm- Diameter Cylindrical 
Tank 

Date: 9/30/2000 

Report: LEU-SOL-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Seven critical experiments included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 1995 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility in the Tokai Research Establishment of the Japan Atomic 
Energy Research Institute. In the first series of experiments using the water-reflected 60-cm-diameter and 
150-cm-high cylindrical tank, seven sets of critical data were obtained. The uranium concentration of the 
fuel solution ranged from 225 to 310 gU/liter and the uranium enrichment was 10 wt. %. On the bottom, 
side, and top of the core tank was a thick water reflector. The seven critical configurations are considered 
to be acceptable for use as critical benchmark data. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The three experiments 
included in this evaluation were performed with uranium enriched to 5.64 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 400.2 g/l was pumped into the core or inner tank, a stainless steel 
cylindrical tank with inner diameter 110 cm. One experiment was performed without absorber rods, another 
one with a central rod, and another one with a cluster of seven absorber rods arranged at the corners and 
center of a hexagon with a pitch of 31.8 cm, inserted in the center of the core tank. There was a thick side 
and bottom water reflector in these experiments. All three configurations are considered to be acceptable 
for use as criticality safety benchmark experiments. Experiments performed using the same tank and 
absorber rods with uranium enrichments of 10% and 89% are reported in evaluations LEU-SOL-THERM-
006 and HEU-SOL-THERM-035. 
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Conference Session:  

Abstract/Keyterms: A large number of critical experiments with absorber elements of different types in 
uranium nitrate solution of different enrichments and concentrations were performed in 1961 - 1963 at the 
Solution Physical Facility of the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia. The 
purpose of these experiments was to determine the effects of enrichment, concentration, geometry, neutron 
reflection, and type, diameter, number, and arrangement of absorber rods on the critical mass of light-water-
moderated homogeneous uranyl nitrate solutions. The experiments included ones with a central boron 
carbide or cadmium rod, clusters of boron carbide rods, and triangular lattices of boron carbide rods in 
cylindrical tanks of different dimensions filled with solutions of uranyl nitrate. The five experiments 
included in this evaluation were performed with uranium enriched to 10 wt.% 235U. Uranium nitrate 
solution with uranium concentration of 420.5 g/l was pumped into the core or inner tank, a stainless steel 
cylindrical tank with inner diameter 110 cm. One experiment was performed without absorber rods. In each 
of four experiments a different number of boron carbide absorber rods was inserted in the core tank. The 
absorber rods were arranged in a hexagonal lattice with different pitches. There was a thick side and bottom 
water reflector in these experiments. All five configurations are considered to be acceptable for use as 
criticality safety benchmark experiments. Experiments performed using the same tank and absorber rods 
with uranium enrichments of 5.64% and 89% are reported in evaluations LEU-SOL-THERM-005 and 
HEU-SOL-THERM-035. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Five critical experiments included in this evaluation are part of a series of experiments 
with the Static Experiment Critical Facility (STACY) performed in 1995 at the Nuclear Fuel Cycle Safety 
Engineering Research Facility in the Tokai Research Establishment of the Japan Atomic Energy Research 
Institute. In the first series of experiments using the unreflected 60-cmdiameter and 150-cm-high cylindrical 
tank, five sets of critical data were obtained. The uranium concentration of the fuel solution ranged from 
242 to 313 g U/liter and the uranium enrichment was 10 wt. %. The core tank was unreflected. The five 
critical configurations are considered to be acceptable for use as critical benchmark data. Other STACY 
experiments with 10%-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004 (water 
reflector), LEU-SOL-THERM-008 (concrete reflector), LEU-SOL-THERM-009 (borated-concrete 
reflector), and LEU-SOL-THERM-010 (polyethylene reflector). 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Four critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 1996 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). Employing the 60-cm-diameter cylindrical core tank, a 10%- 
enriched uranyl nitrate solution was used in these experiments. The uranium concentration and the free 
nitric-acid concentration were adjusted to approximately 240 g/” and 2.1 mol/”, respectively. Four concrete 
reflectors of different thicknesses, packed in annular tube-shaped containers, were prepared and arranged 
against the outer wall of the core tank. All four experiments are acceptable benchmark experiments. Other 
STACY experiments with 10%-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004 
(water reflector), LEU-SOL-THERM-007 (unreflected), LEU-SOL-THERM-009 (borated-concrete 
reflector), and LEU-SOL-THERM-010 (polyethylene reflector). 
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Title: STACY: 60-cm Diameter Cylinders of 10%-Enriched Uranyl Nitrate Solutions Reflected with 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Three critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 1996 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). Employing the 60-cm-diameter cylindrical core tank, a 10%- 
enriched uranyl nitrate solution was used in these experiments. The uranium concentration and the free 
nitric-acid concentration were adjusted to approximately 240 g/l and 2.1 mol/l, respectively. Three borated-
concrete reflectors of different boron content, packed in annular tube-shaped containers, were prepared and 
arranged against the outer wall of the core tank. All three experiments are acceptable benchmark 
experiments. Other STACY experiments with 10%-enriched uranyl nitrate solution are evaluated in LEU-
SOL-THERM-004 (water reflector), LEU-SOL-THERM-007 (unreflected), LEU-SOL-THERM-008 
(ordinary-concrete reflector), and LEU-SOL-THERM-010 (polyethylene reflector). 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The seven critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed from 1997 to the summer of 
1998 at the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) at the Tokai Research 
Establishment of the Japan Atomic Energy Research Institute (JAERI). Employing the 28-cmthick, 69-cm-
wide slab core tank, a 10%-enriched uranyl nitrate solution was used in these experiments. The uranium 
concentration was adjusted, in stages, to values in the range of approximately 464 gU/l to 300 gU/l. The 
free nitric acid concentration ranged from 0.8 mol/l to 1.0 mol/l, approximately. Other STACY experiments 
with 10%-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004 (water reflector), LEU-
SOL-THERM-007 (unreflected), LEU-SOL-THERM-008 (concrete reflector), LEU-SOL-THERM-009 
(borated-concrete reflector), LEU-SOL-THERM-010 (polyethylene reflector), and LEU-SOL-THERM-
017 (unreflected). All seven critical configurations are accepted as benchmark experiments. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The six critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in 1997 at the Nuclear Fuel 
Cycle Safety Engineering Research Facility (NUCEF) at the Tokai Research Establishment of the Japan 
Atomic Energy Research Institute (JAERI). Employing the 28-cm-thick, 69-cm-wide slab core tank, a 10%-
enriched uranyl nitrate solution was used in these unreflected experiments. The uranium concentration was 
adjusted, in stages, to values in the range of approximately 464 gU/l to 315 gU/l. The free nitric acid 
concentration ranged from 0.8 mol/l to 1.0 mol/l, approximately. Other STACY experiments with 10%-
enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004 (water reflector), LEU-SOL-
THERM-007 (unreflected), LEU-SOL-THERM-008 (concrete reflector), LEU-SOL-THERM-009 
(borated-concrete reflector), LEU-SOL-THERM-010 (polyethylene reflector), and LEU-SOL-THERM-
016 (water reflector). All six critical configurations are accepted as benchmark experiments. 
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Abstract/Keyterms: Six critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed from 1997 to the summer of 
1998 at the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research 
Establishment of the Japan Atomic Energy Research Institute (JAERI). Employing the 28-cm-thick, 69-
cm-wide slab core tank, a 10%-enriched uranyl nitrate solution was used in these experiments. The uranium 
concentration and the free nitric-acid concentration were adjusted to approximately 310-315 g/l and 0.8-1.0 
mol/l, respectively. Six thicknesses of reflectors, concrete blocks packed in slab-shaped containers, were 
prepared and arranged symmetrically on the large side walls of the core tank. All six experiments are 
acceptable benchmark experiments. Other STACY experiments with 10%-enriched uranyl nitrate solution 
are evaluated in LEU-SOL-THERM-004, LEU-SOL-THERM-016, and LEU-SOL-THERM-020 (water 
reflector); LEU-SOL-THERM-007, LEU-SOL-THERM-017, and LEU-SOL-THERM-021 (unreflected); 
LEU-SOL-THERM-008 (concrete reflector), LEU-SOL-THERM-009 (borated-concrete reflector); and 
LEU-SOL-THERM-010 and LEU-SOL-THERM-019 (polyethylene reflector). 
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Conference Session:  

Abstract/Keyterms: Six critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed from 1997 to summer of 1998 
at the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research 
Establishment of the Japan Atomic Energy Research Institute (JAERI). Employing the 28-cm-thick, 69-
cm-wide slab core tank, a 10%-enriched uranyl nitrate solution was used in these experiments. The uranium 
concentration and the free nitric-acid concentration were adjusted to approximately 320 g/l and 1.0 mol/l, 
respectively. Six thicknesses of reflectors, polyethylene blocks packed in slab-shaped containers, were 
prepared and arranged symmetrically on the large side walls of the core tank. All six experiments are 
acceptable benchmark experiments. Other STACY experiments with 10%-enriched uranyl nitrate solution 
are evaluated in LEU-SOL-THERM-004, LEU-SOL-THERM-016, and LEU-SOL-THERM-020 (water 
reflector); LEU-SOL-THERM-007, LEU-SOL-THERM-017, and LEU-SOL-THERM-021 (unreflected); 
LEU-SOL-THERM-008 and LEU-SOL-THERM-018 (concrete reflector), LEU-SOL-THERM-009 
(borated-concrete reflector); and LEU-SOL-THERM-010 (polyethylene reflector). 
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Reflected 

Date: 9/30/2002 

Report: LEU-SOL-THERM-020 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The four critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed from autumn of 1998 to the 
winter of 1999 at the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) at the Tokai 
Research Establishment of the Japan Atomic Energy Research Institute (JAERI). Employing the 80-cm-
diameter cylindrical core tank, a 10%-enriched uranyl nitrate solution was used in these experiments. The 
uranium concentration was adjusted, in stages, to values in the range of approximately 243 gU/l to 194 
gU/l. The free nitric-acid concentration was kept at 1.0 mol/l, approximately. Other STACY experiments 
with 10%-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-007, LEU-SOL-THERM-
017, and LEU-SOL-THERM-021 (unreflected); LEU-SOL-THERM-004 and LEU-SOL-THERM-016 
(water reflector); LEU-SOL-THERM-010 and LEU-SOL-THERM-019 (polyethylene reflector); LEU-
SOL-THERM-008 and LEU-SOL-THERM-018 (concrete reflector); and LEU-SOL-THERM-009 
(borated-concrete reflector). All four critical configurations are accepted as benchmark experiments. 
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Conference Session:  

Abstract/Keyterms: The four critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed from autumn of 1998 to early 
1999 at the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) at the Tokai Research 
Establishment of the Japan Atomic Energy Research Institute (JAERI). Employing the 80-cmdiameter 
cylindrical core tank, a 10%-enriched uranyl nitrate solution was used in these experiments. The uranium 
concentration was adjusted, in stages, to values in the range of approximately 243 gU/l to 194 gU/l. The 
free nitric-acid concentration was kept at 1.0 mol/l, approximately. Other STACY experiments with 10%-
enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004 (water reflector), LEU-SOL-
THERM-007 (unreflected), LEU-SOL-THERM-008 (concrete reflector), LEU-SOL-THERM-009 
(borated-concrete reflector), LEU-SOL-THERM-010 (polyethylene reflector), LEU-SOL-THERM-016 
(water-reflected), LEU-SOL-THERM-017 (unreflected), LEU-SOL-THERM-018 (concrete reflector), 
LEU-SOL-THERM-019 (polyethylene reflector), and LEU-SOL-THERM-020 (water-reflected). All four 
critical configurations are accepted as benchmark experiments. 
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Title: STACY: 28-cm-Thick Slabs of 10%-Enriched Uranyl Nitrate Solutions Reflected with Borated 
Concrete 

Date: 9/30/2002 

Report: LEU-SOL-THERM-022 
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Conference Session:  

Abstract/Keyterms: Four critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in the summer of 1997 at the 
Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research Establishment 
of the Japan Atomic Energy Research Institute (JAERI). Employing the rectangular 28-cm-thick, 69-
cmwide slab core tank, a 10%-enriched uranyl nitrate solution was used in these experiments. The uranium 
concentration and the free nitric acid concentration were adjusted to approximately 310 g/l and 0.8 mol/l, 
respectively. The experiments were performed at approximately 25 °C, almost the same temperature as the 
solution analysis. Borated-concrete reflectors (concrete blocks packed in slab-shaped containers) were 
arranged symmetrically beside the two large side walls of the core tank. Reflectors of four different boron 
contents were prepared. All four experiments are acceptable benchmark experiments. Other STACY 
experiments with 10%-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004, LEU-
SOL-THERM-016, and LEU-SOL-THERM-020 (water reflector); LEU-SOL-THERM-007, LEU-SOL-
THERM-017, and LEU-SOL-THERM-021 (unreflected); LEU-SOL-THERM-008, LEU-SOL-THERM-
018 (concrete reflector); LEU-SOL-THERM-009 (borated-concrete reflector); and LEU-SOL-THERM-
010 and LEU-SOL-THERM-019 (polyethylene reflector). 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Nine critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY) performed in the spring of 2000 at the 
Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) in the Tokai Research Establishment 
of the Japan Atomic Energy Research Institute (JAERI). Employing the two rectangular 35-cm-thick, 69- 
cm-wide slab core tanks, a 10%-enriched uranyl nitrate solution was used in these experiments. The 
uranium concentration and the free nitric-acid concentration were adjusted to approximately 290 g/l and 
0.8 mol/l, respectively. The two core tanks were arranged with their two large side walls facing each other 
at nine separations. All nine experiments are acceptable benchmark experiments. Other STACY 
experiments with 10%-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004, LEU-
SOL-THERM-016, and LEU-SOL-THERM-020 (water reflector); LEU-SOL-THERM-007, LEU-SOL-
THERM-017, and LEU-SOL-THERM-021 (unreflected); LEU-SOL-THERM-008, LEU-SOL-THERM-
018 (concrete reflector); LEU-SOL-THERM-009 and LEU-SOL-THERM-022 (borated-concrete 
reflector); and LEU-SOL-THERM-010 and LEU-SOL-THERM-019 (polyethylene reflector). 
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Conference Session:  

Abstract/Keyterms: Seven critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY)a performed in the summer of 2000 at 
the Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF)b in the Tokai Research 
Establishment of the Japan Atomic Energy Research Institute (JAERI). Employing the two rectangular 35-
cm-thick, 69- cm-wide slab (350T) core tanks, a 10%-235U-enriched uranyl nitrate solution was used in 
these experiments. The uranium concentration and the free nitric-acid concentration were adjusted to 
approximately 290 g/l and 0.8 mol/l, respectively. The two core tanks were arranged with their two large 
sidewalls facing each other, and seven thicknesses of isolators, polyethylene blocks packed in slab-shaped 
containers, were prepared and installed between the core tanks. The core tanks and the isolators were in air 
and unreflected. All seven experiments are acceptable benchmark experiments. Other STACY experiments 
with 10%-235U-enriched uranyl nitrate solution are evaluated in LEU-SOL-THERM-004, LEU-SOL-
THERM-016, and LEU-SOL-THERM-020 (water reflector); LEU-SOL-THERM-007, LEU-SOL-
THERM-017, and LEU-SOL-THERM-021 (unreflected); LEU-SOL-THERM-008, LEU-SOL-THERM-
018 (concrete reflector); LEU-SOL-THERM-009 and LEU-SOL-THERM-022 (borated-concrete 
reflector); LEU-SOL-THERM-010 and LEU-SOL-THERM-019 (polyethylene reflector); and LEU-SOL-
THERM-023 (interacting). 
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Abstract/Keyterms: Seven critical configurations included in this evaluation are part of a series of 
experiments with the Static Experiment Critical Facility (STACY)a performed in the autumn of 2000 at the 
Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF)b in the Tokai Research Establishment 
of the Japan Atomic Energy Research Institute (JAERI). Employing the two rectangular 35-cm-thick, 69-
cm-wide slab (350T) core tanks, a 10%-235U-enriched uranyl nitrate solution was used in these 
experiments. The uranium concentration and the free nitric-acid concentration were adjusted to 
approximately 290 g/l and 0.8 M, respectively. The two core tanks were arranged with their two large 
sidewalls facing each other, and seven thicknesses of concrete blocks packed in slab-shaped containers 
were prepared and installed between the core tanks. Generally, a thin material with neutron-slowing-down 
capability may give positive reactivity when it is set between interacting systems that are undermoderated. 
For this STACY case, however, the solution is an overmoderated system and the core tank walls of stainless 
steel act as thermal neutron absorbers. A combination of stainless steel and concrete blocks located between 
the core tanks gives negative reactivity in this case. Therefore, the concrete block and its container are 
referred to as an “isolator” or an “isolator unit” in this evaluation. The core tanks and the isolator units were 
in air and unreflected. All seven experiments are acceptable benchmark experiments. Several other similar 
experiments are evaluated in the “LEU-SOL-THERM” series. In particular, LEU-SOL-THERM-023 and 
LEU-SOL-THERM-024 describe experiments with 10%-enriched uranyl nitrate solution in the same two 
interacting slab cores, with no isolator and with polyethylene isolators, respectively. 
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Abstract/Keyterms: Reactor Theory; Criticality; FORTRAN; Fuel Rods; Heavy Water Moderator; IBM 
1620; Natural Uranium Fuel; Reactor Lattices; Uranium Dioxide 
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Abstract/Keyterms: ReactorsReactor Theory & Calculation; Computer Codes- Codes; Criticality- Two-
Dimensional Calculations Codes Reactor Kinetics- Two-Dimensional Calculations; Comparative 
Evaluations; Cylindrical Configuration; Neutron Diffusion Equation 



 

C-11144 

11113…..…..…………………..…….……..……ID Number…………………..…..…………….11113 

Author: Bicevskis, A. 

Title: Principles of Criticality Safety in Processing and Handling of Fissile Materials 

Date: 1/1/1970 

Report: LIB-Trans-490 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-11145 

11114…..…..…………………..…….……..……ID Number…………………..…..…………….11114 

Author: Walters, W. / Wenner, M. / Haghighat, A. / Sitaraman, S. / Ham, Y. S. 

Title: Methodology and Determination of Field of View of Neutron and Gamma Detectors in the ATUCHA 
Spent Fuel Storage Pool 

Date: 7/16/2009 

Report: LLNL-CONF-414296 
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Detectors in the Atucha Spent Fuel Storage Pool, Tucson, AZ, United States, Jul 12 - Jul 16, 2009 

Conference Session:  

Abstract/Keyterms: In this paper we seek to create a model by determining the field of view (FOV) of a 
detector (i.e. which assemblies contribute to the detector response) in the Atucha-I spent fuel pool. The 
FOV is determined by solving the adjoint transport equation using the 3-D, parallel PENTRAN (Parallel 
Environment Neutral-particle TRANsport) Sn code, with the detector cross section as the adjoint source. If 
this adjoint function is coupled with the source spectrum, then the contribution to the detector from each 
assembly can be determined. First, the reactor criticality was modeled using the MCNP5 (Monte Carlo N-
Particle) Monte Carlo code in order to determine the power distribution in each assembly. Using the power 
distribution data, the assemblies were divided and homogenized into 8 axial and 3 radial zones for burnup 
analysis. Depletion calculations were performed for each zone using the ORIGEN-ARP (Automatic Rapid 
Processing) utility from the SCALE 5.1 (Standardized Computer Analyses for Licensing Evaluation) code 
package. Spent fuel pool and detector were modeled in 2-D in PENTRAN as the detector plus 3 fuel 
assemblies along both x and y axes. Using the resulting adjoint function combined with the source spectrum, 
they have determined the FOVs of the fission chamber neutron detector that was used at Atucha, and 
concluded that 2 assemblies along x and y axes are needed for both cases (i.e. the 4 adjacent assemblies 
plus the next surrounding 12). For the neutron detector, 88% of the response comes from the nearest 4 
assemblies, with 99% from the nearest 16. Results for a uniformly sensitive gamma detector indicate that 
2 assemblies in both directions are also needed, with 89% of the response coming from the adjacent 
assemblies. A Monte Carlo calculation using MCNP was performed to benchmark the neutron result, giving 
a similar result (87% MCNP vs. 88% PENTRAN). Based on these studies, we have developed a database 
of FOVs as a function of burnup and decay conditions for different detector types, and a 
methodology/algorithm which uses this database to analyze the response of a detector placed in a spent fuel 
pool with the aim of detecting gross defects. 
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Abstract/Keyterms: General purpose languages, such as C++, permit the construction of various high level 
abstractions to hide redundant, low level details and accelerate programming productivity. Example 
abstractions include functions, data structures, classes, templates and so on. However, the use of 
abstractions significantly impedes static code analyses and optimizations, including parallelization, applied 
to the abstractions complex implementations. As a result, there is a common perception that performance 
is inversely proportional to the level of abstraction. On the other hand, programming large scale, possibly 
heterogeneous high-performance computing systems is notoriously difficult, and programmers are less 
likely to abandon the help from high level abstractions when solving real-world, complex problems. 
Therefore, the need for programming models balancing both programming productivity and execution 
performance has reached a new level of criticality. We are exploring a novel abstraction-friendly 
programming model in order to support high productivity and high performance computing. We believe 
that standard or domain-specific semantics associated with high level abstractions can be exploited to aid 
compiler analyses and optimizations, thus helping achieving high performance without losing high 
productivity. We encode representative abstractions and their useful semantics into an abstraction 
specification file. In the meantime, an accessible, source-to-source compiler infrastructure (the ROSE 
compiler) is used to facilitate recognizing high level abstractions and utilizing their semantics for more 
optimization opportunities. Our initial work has shown that recognizing abstractions and knowing their 
semantics within a compiler can dramatically extend the applicability of existing optimizations, including 
automatic parallelization. Moreover, a new set of optimizations have become possible within an abstraction-
friendly and semantics-aware programming model. In the future, we will apply our programming model to 
more large scale applications. In particular, we plan to classify and formalize more high level abstractions 
and semantics which are relevant to high performance computing. We will also investigate better ways to 
allow language designers, library developers and programmers to communicate abstraction and semantics 
information with each other 
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Abstract/Keyterms: Employing a recently developed Monte Carlo model, we study the fission of 240Pu 
induced by neutrons with energies from thermal to just below the threshold for second chance fission. 
Current measurements of the mean number of prompt neutrons emitted in fission, together with less 
accurate measurements of the neutron energy spectra, place remarkably fine constraints on predictions of 
microscopic calculations. In particular, the total excitation energy of the nascent fragments must be 
specified to within 1 MeV to avoid disagreement with measurements of the mean neutron multiplicity. The 
combination of the Monte Carlo fission model with a statistical likelihood analysis also presents a powerful 
tool for the evaluation of fission neutron data. of particular importance is the fission spectrum, which plays 
a key role in determining reactor criticality. We show that our approach can be used to develop an estimate 
of the fission spectrum with uncertainties several times smaller than current experimental uncertainties for 
outgoing neutron energies of less than 2 MeV. 
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Abstract/Keyterms: The advancement of computational technology has resulted in the wide-spread 
availability of powerful radiation transport Monte Carlo codes. Prevailing practices today rely heavily on 
Monte Carlo codes to provide the basis for assessing the reactivity of various fissile systems for nuclear 
criticality safety (NCS). In 1958, Weinberg and Wigner expressed their concerns on a 'deplorable trend in 
reactor design - the tendency to substitute a code for a theory'. Unfortunately, their concerns have largely 
become a reality in many modern NCS practices. lacking the time or information to understand the 
underlying neutron physics of the fissile system under consideration is indeed a deplorable trend. The 
purpose of this paper is to demonstrate that many features of criticality hand calculation methods are indeed 
based upon the fundamentals of the density law and that many correlations of important physics parameters 
can be more easily understood from such a perspective. Historically, the density law was recognized by 
many pioneers in the field, including during the Manhattan Project. However, it was by and large an 'oral 
tradition' in that bits and pieces of great physical insights of the pioneers were scattered in many earlier 
publications. This paper attempts to bring together some of the 'jewels' of the pioneers which might have 
been lost or forgotten. 
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Abstract/Keyterms: We have developed an improved evaluation method for the spectrum of neutrons 
emitted in fission of 239Pu induced by incident neutrons with energies up to 20 MeV. The covariance data, 
including incident energy correlations introduced by the evaluation method, were used to fix the input 
parameters in our event-by-event model of fission, FREYA, by applying formal statistical methods. Formal 
estimates of uncertainties in the evaluation were developed by randomly sampling model inputs and 
calculating likelihood functions based on agreement with the evaluated. Our approach is able to employ a 
greater variety of fission measurements than the relatively coarse spectral data alone. It also allows the 
study of numerous fission observables for more accurate model validation. The combination of an event-
by-event Monte Carlo fission model with a statistical-likelihood analysis thus a powerful tool for evaluation 
of fission-neutron data. Our empirical model FREYA follows the complete fission event from birth of the 
excited fragments through their decay via neutron emission until the fragment excitation energy is below 
the neutron separation energy when neutron emission can no longer occur. The most recent version of 
FREYA incorporates pre-equilibrium neutron emission, the emission of the first neutron before equilibrium 
is reached in the compound nucleus, and multi-chance fission, neutron evaporation prior to fission when 
the incident neutron energy is above the neutron separation energy. Energy, momentum, charge and mass 
number are conserved throughout the fission process. The best available values of fragment masses and 
total kinetic energies are used as inputs to FREYA. We fit three parameters that are not well under control 
from previous measurements: the shift in the total fragment kinetic energy; the energy scale of the 
asymptotic level density parameter, controlling the fragment 'temperature' for neutron evaporation; and the 
relative excitation of the light and heavy fragments, governing the number and energy of neutrons emitted 
from each fragment. The latter two parameters are assumed to be independent of the incident neutron energy 
while the first varies with incident energy. We describe our method and the subsequent spectral evaluation 
and present the results of several standard validation calculations that test our new evaluation. These 
benchmarks include critical assemblies, sensitive to criticality in fast systems; pulsed sphere measurements 
testing the spectra at incident neutron energies of 14 MeV; and other tests. 
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Abstract/Keyterms: An overview of the High-Performance Corrosion-Resistant Materials (HPCRM) 
Program, which was co-sponsored by the Defense Advanced Research Projects Agency (DARPA) Defense 
Sciences Office (DSO) and the United States Department of Energy (DOE) Office of Civilian and 
Radioactive Waste Management (OCRWM), is discussed. Programmatic investigations have included a 
broad range of topics: alloy design and composition; materials synthesis; thermal stability; corrosion 
resistance; environmental cracking; mechanical properties; damage tolerance; radiation effects; and 
important potential applications. Amorphous alloys identified as SAM2X5 (Fe{sub 49.7}Cr{sub 
17.7}Mn{sub 1.9}Mo{sub 7.4}W{sub 1.6}B{sub 15.2}C{sub 3.8}Si{sub 2.4}) and SAM1651 (Fe{sub 
48}Mo{sub 14}Cr{sub 15}Y{sub 2}C{sub 15}B{sub 6}) have been produced as melt-spun ribbons, drop-
cast ingots and thermal-spray coatings. Chromium (Cr), molybdenum (Mo) and tungsten (W) additions 
provided corrosion resistance, while boron (B) enabled glass formation. Earlier electrochemical studies of 
melt-spun ribbons and ingots of these amorphous alloys demonstrated outstanding passive film stability. 
More recently thermal-spray coatings of these amorphous alloys have been made and subjected to long-
term salt-fog and immersion tests. Good corrosion resistance has been observed during salt-fog testing. 
Corrosion rates were measured in situ with linear polarization, while simultaneously monitoring the open-
circuit corrosion potentials. Reasonably good performance was observed. The sensitivity of these 
measurements to electrolyte composition and temperature was determined. The high boron content of this 
particular amorphous metal makes this amorphous alloy an effective neutron absorber, and suitable for 
criticality control applications. In general, the corrosion resistance of such iron-based amorphous metals is 
maintained at operating temperatures up to the glass transition temperature. These materials are much 
harder than conventional stainless steel and nickel-based materials, and are proving to have excellent wear 
properties, sufficient to warrant their use in earth excavation, drilling and tunnel boring applications. Large 
areas have been successfully coated with these materials, with thicknesses of approximately one centimeter. 
The observed corrosion resistance may enable applications of importance in industries such as: oil and gas 
production, refining, nuclear power generation, shipping, and others. 
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Abstract/Keyterms: Employing a recently developed Monte-Carlo model, we study the fission of 240Pu 
induced by neutrons with energies from thermal to just below the threshold for second chance fission. 
Current measurements of the mean number of prompt neutrons emitted in fission, together with less 
accurate measurements of the neutron energy spectra, place remarkably fine constraints on predictions of 
microscopic calculations. In particular, the total excitation energy of the nascent fragments must be 
specified to within 1MeV to avoid disagreement with measurements of the mean neutron multiplicity. The 
combination of the Monte-Carlo fission model with a statistical likelihood analysis also presents a powerful 
tool for the evaluation of fission neutron data. of particular importance is the fission spectrum, which plays 
a key role in determining reactor criticality. We show that our approach can be used to develop an estimate 
of the fission spectrum with uncertainties several times smaller than current experimental uncertainties for 
outgoing neutron energies of less than 2 MeV. 
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Abstract/Keyterms: Plutonium possesses the most complicated phase diagram in the periodic table, driven 
by the complexities of overlapping 5f electron orbitals. Despite the importance of the 5f electrons in 
defining the structure and physical properties, there is no experimental evidence that these electrons localize 
to form magnetic moments in pure Pu and the {sup +}{mu}SR measurements included here place an upper 
limit of &lt; 0.001{micro}{sub B} for the magnetic moment on Pu. Instead, a large temperature 
independent Pauli susceptibility indicates they form narrow conduction bands. Radiation damage from the 
{alpha}-particle decay of Pu creates numerous defects in the crystal structure which produce a significant 
temperature dependent magnetic susceptibility {chi}(T), in {alpha}-Pu, {delta}-Pu(4.3at%Ga), and Pu{sub 
1-x}Am{sub x} alloys ({delta}-Pu phase). This effect can be removed by thermal annealing above room 
temperature. By contrast, below 35K the radiation damage is frozen in place permitting the evolution in 
{chi}(T) with increasing damage to be studied systematically. This leads to a two component model 
consisting of a Curie-Weiss term and a short-ranged interaction term consistent with disorder induced local 
moment models. Thus it is shown that self-damage creates localized magnetic moments in previously 
nonmagnetic plutonium. This effect is greatly magnified in some Pu{sub 1-x}Am{sub x} alloys where an 
apparent damage-induced phase transition occurs at low temperatures near Stage I annealing which results 
local moments on the order of 1 {micro}{sub B}/Pu. The phase is metastable, and anneals away at higher 
temperatures. 
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Abstract/Keyterms: This Technical Review Report (TRR) documents the review, performed by Lawrence 
Livermore National Laboratory (LLNL) Staff, at the request of the Department of Energy (DOE), on the 
'Safety Analysis Report for Packaging (SARP), Model 9978 B(M)F-96', Revision 1, March 2009 (S-SARP-
G-00002). The Model 9978 Package complies with 10 CFR 71, and with 'Regulations for the Safe Transport 
of Radioactive Material-1996 Edition (As Amended, 2000)-Safety Requirements', International Atomic 
Energy Agency (IAEA) Safety Standards Series No. TS-R-1. The Model 9978 Packaging is designed, 
analyzed, fabricated, and tested in accordance with Section III of the American Society of Mechanical 
Engineers Boiler and Pressure Vessel Code (ASME B&PVC). The review presented in this TRR was 
performed using the methods outlined in Revision 3 of the DOE's 'Packaging Review Guide (PRG) for 
Reviewing Safety Analysis Reports for Packages'. The format of the SARP follows that specified in 
Revision 2 of the Nuclear Regulatory Commission's Regulatory Guide 7.9, i.e., 'Standard Format and 
Content of Part 71 Applications for Approval of Packages for Radioactive Material'. Although the two 
documents are similar in their content, they are not identical. Formatting differences have been noted in 
this TRR, where appropriate. The Model 9978 Packaging is a single containment package, using a 5-inch 
containment vessel (5CV). It uses a nominal 35-gallon drum package design. In comparison, the Model 
9977 Packaging uses a 6-inch containment vessel (6CV). The Model 9977 and Model 9978 Packagings 
were developed concurrently, and they were referred to as the General Purpose Fissile Material Package, 
Version 1 (GPFP). Both packagings use General Plastics FR-3716 polyurethane foam as insulation and as 
impact limiters. The 5CV is used as the Primary Containment Vessel (PCV) in the Model 9975-96 
Packaging. The Model 9975-96 Packaging also has the 6CV as its Secondary Containment Vessel (SCV). 
In comparison, the Model 9975 Packagings use Celotex{trademark} for insulation and as impact limiters. 
To provide a historical perspective, it is noted that the Model 9975-96 Packaging is a 35-gallon drum 
package design that has evolved from a family of packages designed by DOE contractors at the Savannah 
River Site. Earlier package designs, i.e., the Model 9965, the Model 9966, the Model 9967, and the Model 
9968 Packagings, were originally designed and certified in the early 1980s. In the 1990s, updated package 
designs that incorporated design features consistent with the then-newer safety requirements were proposed. 
The updated package designs at the time were the Model 9972, the Model 9973, the Model 9974, and the 
Model 9975 Packagings, respectively. The Model 9975 Package was certified by the Packaging 
Certification Program, under the Office of Safety Management and Operations. The Model 9978 Package 
has six Content Envelopes: C.1 (238Pu Heat Sources), C.2 ( Pu/U Metals), C.3 (Pu/U Oxides, Reserved), 
C.4 (U Metal or Alloy), C.5 (U Compounds), and C.6 (Samples and Sources). Per 10 CFR 71.59 (Code of 
Federal Regulations), the value of N is 50 for the Model 9978 Package leading to a Criticality Safety Index 
(CSI) of 1.0. The Transport Index (TI), based on dose rate, is calculated to be a maximum of 4.1. 
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Abstract/Keyterms: Recent updates to NARAC plots for NNPP requires a modification to your iClient 
database. The steps you need to take are described below. Implementation of the non-reactor source terms 
in February 2009 included four plots, the traditional three instantaneous plots (1-3) and a new Gamma Dose 
Rate: 1. Particulate Air Concentration 2. Total Ground Deposition 3. Whole Body Inhalation Dose Rate 
(CEDE Rate) 4. Gamma Dose Rate These plots were all initially implemented to be instantaneous output 
and generated 30 minutes after the release time. Recently, Bettis and NAVSEA have requested the Whole 
Body CEDE rate plot to be changed to an integrated dose valid at two hours. This consistent with the change 
made to the Thyroid Dose rate plot conversion to a 2-hour Integrated Thyroid dose for the Reactor and 
Criticality accidents. 
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Abstract/Keyterms: The authors have compared calculations of critical assembly activation ratios using 3 
different Monte Carlo codes and one deterministic code. There is excellent agreement. Discrepancies 
between the different Monte Carlo codes are the 1-2% level. Notably, the deterministic calculations with 
87 groups are also in good agreement with the continuous energy Monte Carlo results. The three codes 
underestimate the 238U(n,f) reaction, suggesting that there is room for improvement in the evaluation, or 
in the evaluations of other reactions influencing the spectrum in BigTen. Until statistical uncertainties are 
implemented in Mercury, they strongly advise long runs to guarantee sufficient convergence of the flux at 
high energies, and they strongly encourage comparing Mercury results to a well-developed and documented 
code such as MCNP5 and/or COG. It may be that ENDL2008 will be available for use in COG within a 
year. Finally, it may be worthwhile to add a 'standard' reaction rate tally similar to those implemented in 
COG and MCNP5, if the goal is to expand the central fission and activation ratios simulations to include 
isotopes that are not part of the specifications for the assembly material composition. 
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Abstract/Keyterms: An initial study is performed to determine how temperature considerations affect 
LIFE neutronic simulations. Among other figures of merit, the isotopic mass accumulation, thermal power, 
tritium breeding, and criticality are analyzed. Possible fidelities of thermal modeling and degrees of 
coupling are explored. Lessons learned from switching and modifying nuclear datasets is communicated. 
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Abstract/Keyterms: This document addresses the concern raised in the Savannah River Site (SRS) 
Acceptance Criteria about receiving an item that is over batched by 1.0 kg of fissile materials. This 
document shows that the occurrence of this incredible. Some of the Department of Energy Standard 3013 
(DOE-STD-3013) requirements are described in Section 2.1. The SRS requirement is discussed in Section 
2.2. Section 2.3 describes the way fissile materials are handled in the Lawrence Livermore National 
Laboratory (LLNL) Plutonium Facility (B332). Based on the material handling discussed in Section 2.3, 
there are only three errors that could result in a shipping container being over batched. These are: incorrect 
measurement of the item, selecting the wrong item to package, and packaging two items into a single 
shipping container. The analysis in Section 3 shows that the first two events are incredible because of the 
controls that exist at LLNL. The third event is physically impossible. Therefore, it is incredible for an item 
to be shipped to SRS that is more than 1.0 kg of fissile materials over batched. 
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Abstract/Keyterms: Nuclear Physics and Radiation Physics 
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Title: Technical Review Report for the Justification for 9975 Gram Based Content Envelopes, C.10 and 
C.11 

Date: 9/28/2009 

Report: LLNL-TR-420288 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors 
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Author: Altenbach, T. J. / Beaulieu, R. A. / Watson, J. F. / Wong, H. J. 

Title: Radiography Facility - Building 239 Independent Validation Review 

Date: 2/2/2009 

Report: LLNL-TR-423182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this task was to perform an Independent Validation Review to 
evaluate the successful implementation and effectiveness of Safety Basis controls, including new and 
revised controls, to support the implementation of a new DSA/TSR for B239. This task addresses Milestone 
2 of FY10 PEP 7.6.6. As the first IVR ever conducted on a LLNL nuclear facility, it was designated a pilot 
project. The review follows the outline developed for Milestone 1 of the PEP, which is based on the DOE 
Draft Guide for Performance of Independent Verification Review of Safety Basis Controls. A formal Safety 
Basis procedure will be developed later, based on the lessons learned with this pilot project. Note, this 
review is termed a “Validation” in order to be consistent with the PEP definition and address issues 
historically raised about verification mechanisms at LLNL. Validation is intended to confirm that 
implementing mechanisms realistically establish the ability of TSR LCO, administrative control or safety 
management program to accomplish its intended safety function and that the controls are being 
implemented. This effort should not, however, be confused with a compliance assessment against all 
relevant DOE requirements and national standards. Nor is it used as a vehicle to question the derivation of 
controls already approved by LSO unless a given TSR statement simply cannot be implemented as stated 
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11130…..…..…………………..…….……..……ID Number…………………..…..…………….11130 

Author: Kim, S. S. / Dulik, G. M. 

Title: Rocky Flats Neutron Detector Testing at Valduc, France 

Date: 1/3/2011 

Report: LLNL-TR-466251 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recent program requirements of the US Department of Energy/NNSA have led to a 
need for a criticality accident alarm system to be installed at a newly activated facility. The Criticality 
Safety Group of the Lawrence Livermore National Laboratory (LLNL) was able to recover and store for 
possible future use approximately 200 neutron criticality detectors and 20 master alarm panels from the 
former Rocky Flats Plant in Golden, Colorado when the plant was closed. The Criticality Safety Group 
participated in a facility analysis and evaluation, the engineering design and review process, as well as the 
refurbishment, testing, and recalibration of the Rocky Flats criticality alarm system equipment to be used 
in the new facility. In order to demonstrate the functionality and survivability of the neutron detectors to 
the effects of an actual criticality accident, neutron detector testing was performed at the French CEA 
Valduc SILENE reactor from October 7 to October 19, 2010. The neutron detectors were exposed to three 
criticality events or pulses generated by the SILENE reactor. The first excursion was performed with a bare 
or unshielded reactor, and the second excursion was made with a lead shielded/reflected reactor, and the 
third excursion with a polyethylene reflected core. These tests of the Rocky Flats neutron detectors were 
performed as a part of the 2010 Criticality Accident Alarm System Benchmark Measurements at the 
SILENE Reactor. The principal investigators for this series of experiments were Thomas M. Miller and 
John C. Wagner of the Oak Ridge National Laboratory, with Nicolas Authier and Nathalie Baclet of CEA 
Valduc. Several other organizations were also represented, including the Y-12 National Security Complex, 
Lawrence Livermore National Laboratory, Los Alamos National Laboratory, CEA Saclay, and Babcock 
International Group. 
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Author: Hickman, D. P. / Wysong, A. R. / Heinrichs, D. P. / Wong, C. T. / Merritt, M. J. / Topper, J. D. / 
Gressmann, F. A. / Madden, D. J. 

Title: Evaluation of LLNL's Nuclear Accident Dosimeters at the CALIBAN Reactor September 2010 

Date: 6/21/2011 

Report: LLNL-TR-489712 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Lawrence Livermore National Laboratory uses neutron activation elements in a 
Panasonic TLD holder as a personnel nuclear accident dosimeter (PNAD). The LLNL PNAD has 
periodically been tested using a Cf-252 neutron source, however until 2009, it was more than 25 years since 
the PNAD has been tested against a source of neutrons that arise from a reactor generated neutron spectrum 
that simulates a criticality. In October 2009, LLNL participated in an intercomparison of nuclear accident 
dosimeters at the CEA Valduc Silene reactor (Hickman, et.al. 2010). In September 2010, LLNL participated 
in a second intercomparison of nuclear accident dosimeters at CEA Valduc. The reactor generated neutron 
irradiations for the 2010 exercise were performed at the Caliban reactor. The Caliban results are described 
in this report. The procedure for measuring the nuclear accident dosimeters in the event of an accident has 
a solid foundation based on many experimental results and comparisons. The entire process, from receiving 
the activated NADs to collecting and storing them after counting was executed successfully in a field based 
operation. Under normal conditions at LLNL, detectors are ready and available 24/7 to perform the 
necessary measurement of nuclear accident components. Likewise LLNL maintains processing laboratories 
that are separated from the areas where measurements occur, but contained within the same facility for easy 
movement from processing area to measurement area. In the event of a loss of LLNL permanent facilities, 
the Caliban and previous Silene exercises have demonstrated that LLNL can establish field operations that 
will very good nuclear accident dosimetry results. There are still several aspects of LLNL's nuclear accident 
dosimetry program that have not been tested or confirmed. For instance, LLNL's method for using of 
biological samples (blood and hair) has not been verified since the method was first developed in the 1980's. 
Because LLNL and the other DOE participants were limited in what they were allowed to do at the Caliban 
and Silene exercises and testing of various elements of the nuclear accident dosimetry programs cannot 
always be performed as guests at other sites, it has become evident that DOE needs its own capability to 
test nuclear accident dosimeters. Angular dependence determination and correction factors for NADs 
desperately need testing as well as more evaluation regarding the correct determination of gamma doses. It 
will be critical to properly design any testing facility so that the necessary experiments can be performed 
by DOE laboratories as well as guest laboratories. Alternate methods of dose assessment such as using 
various metals commonly found in pockets and clothing have yet to be evaluated. The DOE is planning to 
utilize the Godiva or Flattop reactor for testing nuclear accident dosimeters. LLNL has been assigned the 
primary operational authority for such testing. Proper testing of nuclear accident dosimeters will require 
highly specific characterization of the pulse fields. Just as important as the characterization of the pulsed 
fields will be the design of facilities used to process the NADs. Appropriate facilities will be needed to 
allow for early access to dosimeters to test and develop quick sorting techniques. These facilities will need 
appropriate laboratory preparation space and an area for measurements. Finally, such a facility will allow 



 

C-11163 

greater numbers of LLNL and DOE laboratory personnel to train on the processing and interpretation of 
nuclear accident dosimeters and results. Until this facility is fully operational for test purposes, DOE 
laboratories may need to continue periodic testing as guests of other reactor facilities such as Silene and 
Caliban. 
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Author: Chou, P 

Title: Criticality Safety Controls for 55-Gallon Drums with a Mass Limit of 200 grams Pu-239 

Date: 12/14/2011 

Report: LLNL-TR-521191 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The following 200-gram Pu drum criticality safety controls are applicable to RHWM 
drum storage operations: (1) Mass (Fissile/Pu) - each 55-gallon drum or its equivalent shall be limited to 
200 gram Pu or Pu equivalent; (2) Moderation - Hydrogen materials with a hydrogen density greater than 
that (0.133 g H/cc) of polyethylene and paraffin are not allowed and hydrogen materials with a hydrogen 
density no greater than that of polyethylene and paraffin are allowed with unlimited amounts; (3) Interaction 
- a spacing of 30-inches (76 cm) is required between arrays and 200-gram Pu drums shall be placed in 
arrays for 200-gram Pu drums only (no mingling of 200-gram Pu drums with other drums not meeting the 
drum controls associated with the 200-gram limit); (4) Reflection - no beryllium and carbon/graphite (other 
than the 50-gram waiver amount) is allowed, (note that Nat-U exceeding the waiver amount is allowed 
when its U-235 content is included in the fissile mass limit of 200 grams); and (5) Geometry - drum 
geometry, only 55-gallon drum or its equivalent shall be used and array geometry, 55-gallon drums are 
allowed for 2-high stacking. Steel waste boxes may be stacked 3-high if constraint. 
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11133…..…..…………………..…….……..……ID Number…………………..…..…………….11133 

Author: Chou, P. 

Title: Criticality Safety Analysis on the Mixed Be, Nat-U, and C (Graphite) Reflectors in 55-Gallon Waste 
Drums and Their Equivalents for HWM Applications 

Date: 12/14/2011 

Report: LLNL-TR-521211 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this analysis to develop and establish the technical basis on the 
criticality safety controls for the storage of mixed beryllium (Be), natural uranium (Nat-U), and carbon 
(C)/graphite reflectors in 55-gallon waste containers and/or their equivalents in Hazardous Waste 
Management (HWM) facilities. Based on the criticality safety limits and controls outlined in Section 3.0, 
the operations involving the use of mixed-reflector drums satisfy the double-contingency principle as 
required by DOE Order 420.1 and are therefore criticality safe. The mixed-reflector mass limit is 120 grams 
for each 55-gallon drum or its equivalent. A reflector waiver of 50 grams is allowed for Be, Nat-U, or 
C/graphite combined. The waived reflectors may be excluded from the reflector mass calculations when 
determining if a drum is compliant. The mixed-reflector drums are allowed to mix with the typical 55-
gallon one-reflector drums with a Pu mass limit of 120 grams. The fissile mass limit for the mixed-reflector 
container is 65 grams of Pu equivalent each. The corresponding reflector mass limits are 300 grams of Be, 
and/or 100 kilograms of Nat-U, and/or 110 kilograms of C/graphite for each container. All other unaffected 
control parameters for the one-reflector containers remain in effect for the mixed-reflector drums. For 
instance, Superior moderators, such as TrimSol, Superla white mineral oil No. 9, paraffin, and polyethylene, 
are allowed in unlimited quantities. Hydrogenous materials with a hydrogen density greater than 0.133 
gram/cc are not allowed. Also, an isolation separation of no less than 76.2 cm (30-inch) is required between 
a mixed array and any other array. Waste containers in the action of being transported are exempted from 
this 76.2-cm (30-inch) separation requirement. All deviations from the CS controls and mass limits listed 
in Section 3.0 will require individual criticality safety analyses on a case-by-case basis for each of them to 
confirm their criticality safety prior to their deployment and implementation 
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Author: Chou, P 

Title: Criticality Safety Evaluations on the Use of 200-gram Pu Mass Limit for RHWM Waste Storage 
Operations 

Date: 12/14/2011 

Report: LLNL-TR-521571 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This work establishes the criticality safety technical basis to increase the fissile mass 
limit from 120 grams to 200 grams for Type A 55-gallon drums and their equivalents. Current RHWM 
fissile mass limit is 120 grams Pu for Type A 55-gallon containers and their equivalent. In order to increase 
the Type A 55-gallon drum limit to 200 grams, a few additional criticality safety control requirements are 
needed on moderators, reflectors, and array controls to ensure that the 200-gram Pu drums remain criticality 
safe with inadvertent criticality remains incredible. The purpose of this work is to analyze the use of 200-
gram Pu drum mass limit for waste storage operations in Radioactive and Hazardous Waste Management 
(RHWM) Facilities. In this evaluation, the criticality safety controls associated with the 200-gram Pu drums 
are established for the RHWM waste storage operations. With the implementation of these criticality safety 
controls, the 200-gram Pu waste drum storage operations are demonstrated to be criticality safe and meet 
the double-contingency-principle requirement per DOE O 420.1. 
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Author: Percher, C. M 

Title: CSM 1576: Criticality Safety Evaluation of a New 3013 Calorimeter for Use Under OSP 332.032 

Date: 3/7/2009 

Report: LLNL-TR-625873 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors 
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Author: Ballou, L. B. 

Title: Nuclear Waste Packages for a Repository in Tuff 

Date: 8/1/1988 

Report: LL-TB-92 
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Author: Murgatroud, W. ed. 

Title: Circulating Liquid Metal Fuel Reactors. (Engineering Studies on a Uranium- Bismuth-Thorium 
System) 

Date: 7/25/1956 

Report: LMFS/P-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a study of some of the engineering aspects of a graphite moderated, U-
Bi solution fueled reactor of the circulating fuel tyoe are reported. Critical size calculations were carried 
out chiefly with the object of setting the scale of a core design and of specifying the materials allowed in 
the core structure. The calculations suggest that provided a core can be constructed without the significant 
use of steel, or its equivalent in neutron capturing material, conversion factors of 1 plus should be 
obtainable. Examination of approximations to the kinetic equations reveals conditions under which 
instability could occur. Some possible methods of plant control are discussed. It is not certain that control 
rods can be dispensed with. It is concluded that an intermediate liquid metal coolant is desirable and at 
present Bi and Pb--Bi is favored for this purpose. There is a great need for data to enable compact piping 
and heat exchangers to be designed. There is no evidence that the fuel can be pumped reliably on the scale 
required. It is stressed that this type reactor could not be designed at present. The emphasis at present should 
be on the U--Bi fuel technologies. 
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11138…..…..…………………..…….……..……ID Number…………………..…..…………….11138 

Author: Thompson, J. J. 

Title: Generalized Albedo Concepts in Two-Group Multi-Region Reactor Problems 

Date: 12/17/1956 

Report: LMFS/P-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The general principles of a method for the accurate or approximate analysis of the 
two group reactor problem are described. The assembly is split into simpler sub-systems and the critical 
equation derived by matrix methods in terms of albedo or flux matrices which describe the properties of 
the sub-regions. The calculation of the elements of these matrices is described for some configurations of 
frequent occurrence. 
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Author: Cobb, J. E. 

Title: High-Spectrum Reactors as Possible Thermionic Primary Heat Sources 

Date: 9/1/1960 

Report: LMSD-703084 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A one-space dimensional, multigroup, multiregion analysis was performed on a series 
of fast and semifast neutron spectrum refractory reactor types. Diffusion theory was used with transport 
corrections applied in the description of the neutron-transport process. The boundary conditions and 
selection of the energy groups used in the analysis gave a very good approximation to criticality for the 
types of reactors studied. Three primary reactor types were investigated pending final heat-transfer studies 
to determine the type which can best supply primary power to the thermionic units at the best mass ratio. 
The three types studied were bare critical, reflected, and internally reflected and externally reflected. 
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Author: Roark, Kevin 

Title: Neptunium Criticality Achieved 

Date: 10/21/2002 

Report: Los Alamos Daily News Bulletin, Monday, October 21, 2002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A full-controlled criticality of the element neptunium was achieved in late September 
at Los Alamos National Laboratory's Technical Area 18 using a six-kilogram nickel-clad neptunium sphere 
in combination with approximately 60 kilograms of enriched uranium. The experiment was conducted using 
the "Planet" assembly device at the Los Alamos Critical Experiments Facility or LACEF. The neptunium 
and enriched uranium assembly was constructed at TA-18's Critical Assembly and Storage Area-One, and 
mounted on the "Planet" device. The actual criticality was controlled remotely to assure the safety and 
security of the experiment. The experiment has yielded preliminary data that show the critical mass of 
neptunium is actually less than previously predicted. Following additional experimentation, the data will 
eventually pinpoint the element's exact critical mass, something that has not been determined before in the 
United States. 
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Title: Early Reactors - from Fermi's Water Boiler to Novel Power Prototypes 

Date: 1/1/1983 
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Conference/Journal: Los Alamos Science 
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Abstract/Keyterms:  
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Title: Plutonium - A Wartime Nightmare but a Metallurgist's Dream 

Date: 1/1/1983 

Report: Los Alamos Science, 4, 7, 142-151 

Conference/Journal: Los Alamos Science 

Conference Session:  

Abstract/Keyterms:  
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Author: Paxton, Hugh C. 

Title: Criticality - the Fine Line of Control 

Date: 1/1/1983 

Report: Los Alamos Science, 4, 7, 152-158 

Conference/Journal: Los Alamos Science 

Conference Session:  

Abstract/Keyterms:  
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Author: Sulit, R. A. 

Title: Radiological Monitoring During a Water Boiler Type Reactor Startup 

Date: 3/1/1954 

Report: LRL-0099 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Control; Critical Assemblies; Diagrams; Fast Neutrons; Gamma 
Radiation; Homogeneous Reactors; Monitoring; Personnel; Power; Radiation Detectors; Radiation Doses; 
Research Reactors; Startup; Thermal Neutrons; Water Moderator 
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Author: Shortall, J. W. / Flora, J. W. / Graham, R. H. / Shelton, A. V. 

Title: Description and Startup of a Water Boiler Reactor 

Date: 6/1/1954 

Report: LRL-0136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Critical Assemblies; Criticality; Homogeneous Reactors; Neutron 
Sources; Operation; Planning; Research Reactors; Startup; Water Moderator 
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Title: Temperature Effect on Reactivity of the Cr&D Water Boiler 

Date: 6/1/1954 

Report: LRL-148 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Homogeneous Reactors; Measured Values; 
Oscillations; Power; Reactivity; Research Reactors; Temperature; Variations; Water Moderator 
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Author: Brammer, H. A. 

Title: Plutonium Fast Power Breeder Reactor Study 

Date: 12/1/1953 

Report: LRL-68(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preliminary nuclear physics calculations are made on several reactor systems to 
determine a feasible configuration for a Pu fast power breeder reactor, with particular emphasis on 
achieving positive breeding gain, high specific power, and good over-all efficiency of the system. 
Nonblanket reactors of both single fuel pass (once-through) and fuel recycle types are investigated, but 
none of the systems calculated appears to be practical from the standpoint of critical mass requirements. 
Blanketed reactor calculations however, indicate that this type of system offers a feasible approach to the 
power breeder reactor problem. 
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Title: Results of LOFT zero power physics test 

Date: 8/22/1978 

Report: LTR-111-112; RE-P-78-068 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document presents the experimental results obtained in the performance of 
LOFT test SO-08.02-ZP, Initial Criticality and Zero Power Physics Tests. Along with numerical values for 
measured parameters, limits of error, where possible, are included. For the purpose of generating some 
understanding of the chain of events from measurement preparation to performance to final results, there is 
described here the experimental instrumentation, data acquisition, methods of data reduction, hardware and 
software verification, and reactor test configurations. For the details of each measurement method, the 
reader is directed to a cited reference. 
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Author: Fast, E. / Wheeler, F. J. 

Title: LOFT-I Shutdown Margin During Initial Fuel Load: An Independent Monte Carlo Analysis 

Date: 1/30/1978 

Report: LTR-111-89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO Monte Carlo calculations have been performed to provide an independent 
assessment of the criticality safety of the LOFT reactor during initial loading operations. The Monte Carlo 
model representation, with some minor exceptions, describes the geometry of the reactor internals exactly, 
i.e., each fuel pin, poison pin, guide tube, etc., is explicitly described. All nuclear data used in the 
calculations were from the ENDF/B libraries (all data was Version IV with the exception of the stainless 
steel which was Version III). Groupwise averaged cross sections, required by KENO were derived using 
integral transport theory for resonance shielding and S/sub n/ transport theory to collapse to the sixteen-
group structure used in the Monte Carlo model. Results of the calculations show that the criticality-safety 
margin is very high for the planned operations, i.e., the normalized k(eff) for the fully-loaded reactor with 
rods in at cold 3000 ppM coolant conditions is 0.807 +- 0.009/sub 95/. The results also show that shutdown 
margins are not decreased significantly if for some unforeseen reason, loss of borated water occurs in any 
region inside the vessel. Additional calculations show that the reactor is criticality safe if it becomes 
necessary to remove any (or even all) control rods from the core. The normalized k(eff) for the unrodded 
core at cold 3000 ppM coolant conditions was computed to be 0.898 +- 0.016/sub 95/. 



 

C-11182 

11150…..…..…………………..…….……..……ID Number…………………..…..…………….11150 
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Title: Safety Instrumented Functions as Criticality Defenses 

Date: 3/26/2007 

Report: LWO-RSS-2007-00025 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this paper is to share the SRS methodology for identifying the 
reliability requirements and documenting the expected performance of Safety Instrumented Functions 
(SIFs) used as criticality defenses. Nuclear Criticality SIFs are comprised of sensors, logic solvers, and final 
control elements, which may be either automatic or manual, to detect a process hazard and respond to 
prevent a criticality. The Savannah River Site (SRS) has invoked the chemical process industry safety 
standard (ANSI/ISA 84.00.01) for the design of safety significant instrumented systems. The ISA standard 
provides a graded approach to design based on the amount of risk reduction that is required of an SIF. SRS 
is embarking on application of this standard to nuclear criticality defenses, thus integrating criticality safety 
requirements with verifiable design methodology. Per the DOE G 421.1-1 discussion of the double 
contingency principle, guidance for a single contingency barrier includes,”The estimated probability that 
the control will fail (when called upon for protection) is not greater than 1 in 100 demands”. The application 
of this standard to nuclear criticality SIFs will provide clear requirements in terms of safety availability and 
testing to assure that the instrumented criticality system as designed, installed, and maintained will meet is 
performance requirements. The paper identifies the numerous challenges presented by this initiative and 
the benefits of this approach. 
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Abstract/Keyterms: Physics; Absorption; Fast Neutrons; Fission Products; Poisoning; Production; 
Radioisotopes; Reactors 
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Title: Fast Reactor Coolant Comparison 
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Abstract/Keyterms: Physics; Bismuth; Configuration; Coolants; Criticality; Equations; Fast Neutrons; 
Iron; Lead; Liquid Metal Coolant; Mass; Mercury; Potassium; Potassium Alloys; Reactor Core; Reactors; 
Reflectors; Sodium; Sodium Alloys; Spheres; Sulfur; Uranium 
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Title: Critical Mass Study for Cylindrical Geometry as a Function of Radius to Height Ratio 

Date: 1/20/1953 
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Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Cylinders; Iron; Lead; Mass; Plutonium; Power 
Plants; Reactor Core; Uranium; Variations 
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Title: Preliminary PBR Heat Transfer Study 
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Conference Session:  

Abstract/Keyterms: Physics; Breeding; Configuration; Coolant Loops; Coolants; Criticality; Distribution; 
Fertile Materials; Fissionable Materials; Heat Transfer; High Temperature; Liquid Metal Fuel; Mass; 
Neutron Flux; PBR; Planning; Power Plants; Production; Reactor Core; Temperature; Tubes 
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Title: Conceptual Design of a Wire-Cloth Core FBR 

Date: 7/29/1953 

Report: LWS-24944(DEL.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bren; Configuration; Coolant Loops; Criticality; Distribution; Economics; 
Efficiency; Enrichment; Fabrication; Fluid Flow; Fuel Elements; Fuels; Heat Transfer; Mass; Materials 
Testing; Mechanical Properties; Metallurgy; Neutron Flux; Planning; Porosity; Power Plants; Pressure; 
Reactor Core; Remote Handling; Steam; Temperature; Thermal Conductivity; Thickness; Variations; 
Water Coolant; Wires; Zones 
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Abstract/Keyterms: Physics; Bren; Configuration; Coolant Loops; Criticality; Diagrams; Distribution; 
Economics; Equations; Heat Transfer; High Temperature; Liquid Flow; Liquid Metal Fuel; Metallurgy; 
Neutron Flux; Nickel; Nickel Alloys; Planning; Plutonium 239; Plutonium Alloys; Power Plants; 
Reactivity; Reactor Core; Reprocessing; Temperature; Uranium 238; Uranium Alloys; Vessels 
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Title: Criticality Accident Alarm System Modeling with SCALE 

Date: 5/3/2009 

Report: M&C 2009, Saratoga Springs 

Conference/Journal: Int'l. Conference on Mathematics, Computational Methods & Reactor Physics ; 
May 3, 2009 ; Saratoga Springs, NY 

Conference Session:  

Abstract/Keyterms: Criticality accident alarm systems (CAAS) can be difficult to analyze since they 
consist of both criticality calculations and deep-penetration radiation transport calculations. Radiation 
transport codes are typically optimized for one of those two aspects but not both. A three-dimensional 
CAAS modeling capability within SCALE 6 has been created by linking the KENO-VI criticality code to 
the MAVRIC shielding sequence. KENO-VI has been optimized for criticality calculations and used for 
over 20 years. MAVRIC is a new sequence in SCALE 6 designed for radiation transport in deep-penetration 
problems. MAVRIC contains features such as automated variance reduction and mesh tally capabilities, 
which are quite useful in CAAS modeling. 
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Title: Introduction 
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Report: M.I.T. Press, 001-010 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  



 

C-11192 

11160…..…..…………………..…….……..……ID Number…………………..…..…………….11160 

Author: Dietrich, J. R. 

Title: The Reactor Core 
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Report: M.I.T. Press, 011-174 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Author: Gyftopoulos, E. P. 

Title: General Reactor Dynamics 

Date: 1/1/1964 

Report: M.I.T. Press, 175-204 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Title: The Doppler Coefficient 

Date: 1/1/1964 

Report: M.I.T. Press, 205-243 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Author: Paxton, H. C. / Keepin, G. R. 

Title: Criticality 

Date: 1/1/1964 

Report: M.I.T. Press, 244-284 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Title: Sensing and Control Instrumentation 

Date: 1/1/1964 

Report: M.I.T. Press, 285-416 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Title: Mathematical Models of Fast Transients 

Date: 1/1/1964 

Report: M.I.T. Press, 417-445 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Title: Water Reactor Kinetics 

Date: 1/1/1964 

Report: M.I.T. Press, 446-472 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Title: Kinetics of Solid-Moderator Reactors 

Date: 1/1/1964 

Report: M.I.T. Press, 473-529 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Author: McCarthy Jr., Walter J. 

Title: Fast Reactor Kinetics 

Date: 1/1/1964 

Report: M.I.T. Press, 530-609 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Title: Accidents and Destructive Tests 

Date: 1/1/1964 

Report: M.I.T. Press, 608-708 

Conference/Journal: The Technology of Nuclear Reactor Safety. Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Author: Thompson, T. J. / Beckerley, J. G. 

Title: The Technology of Nuclear Reactor Safety. Vol. 1, Reactor Physics and Control 

Date: 1/1/1964 

Report: M.I.T. Press, Chapter 5, 244-284 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Lutz, Harry, F. 

Title: Nuclear Criticality Safety Assessment Calculations: Part 1. Calculating Power Histories in Nuclear 
Excursions 

Date: 6/17/1985 

Report: M-164, Part 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: We will develop the lumped-parameter model for nuclear kinetics and exploit certain 
useful approximations of that model. The lumped-parameter model, which eliminates detailed properties 
of the system by means of some averaging process, is usually called the point-reactor model. As we will 
see, the equations that describe the point-reactor model depend only on the time variable. Effects produced 
by geometry or energy of the neutron are contained in the parameters of the point-reactor model. 
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Author: Lutz, Harry F. 

Title: Nuclear Criticality Safety Assessment Calculations: Part II. Calculating Array Criticality with 
Thomas’s Limiting Surface Density Model 

Date: 8/5/1986 

Report: M-164, Part 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In Part II we use J. T. Thomas’s limiting surface density model to calculate criticality 
in arrays of fissile materials of interest to the nuclear criticality specialist. Built on a foundation of Monte 
Carlo calculations, this model does an excellent job of describing the types of storage vaults specified by 
ANS-8.7-N16.5-1982. For air--spaced arrays of units in which the majority of fissions are induced by 
neutrons with energies greater than thermal energy, it is as accurate as the Monte Carlo codes that produce 
its parameters. 
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Author: Lutz, Harry F. 

Title: Nuclear Criticality Safety Assessment Calculations: Part III. Calculating Nuclear Criticality in Single 
Units 

Date: 6/9/1987 

Report: M-164, Part 3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: We will develop the lumped-parameter model for nuclear kinetics and exploit certain 
useful approximations of that model. The lumped-parameter model, which eliminates detailed properties 
of the system by means of same averaging process, is usually called the point-reactor model. As we will 
see, the equations that describe the point-reactor model depend only on the time variable. Effects produced 
by geometry or energy of the neutron are contained in the parameters of the point-reactor model. The point-
reactor model is satisfactory only when the chain-reacting system is close to critical. This restriction allows 
us to treat most cases of practical interest. For example, we want to describe how energy is generated during 
an excursion. Below critical, the power of a chain-reacting system decreases; above critical, it increases. It 
is difficult to increase the reactivity of a chain-reacting system very much above critical because the energy 
deposited in the system by the fission process shuts down the excursion. Hence, we only need a dynamic 
model that is valid near critical. The point-reactor model, of course, cannot describe spatially dependent 
dynamic effect. Our purpose in describing the point-reactor model is twofold. First, we want to give the 
reader an understanding of the phenomena involved in an accidental nuclear excursion. How much energy 
is likely to be produced during an accident What is the behavior in time of the energy released What 
properties of the system determine the shutdown mechanism of the nuclear excursion Second, we want to 
give the criticality safety specialist some computational tools for estimating the behavior of an accidental 
nuclear excursion when the parameters describing the chain-reacting system are not precisely known. 
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Title: Criticality Safety Audits: A Manual for LLNL, Appendix Volume Reference Documents 

Date: 12/1/1987 

Report: M-179, Appendix 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In this appendix volume we have provided the reference materials that will prove 
most valuable to conducting an effective criticality safety audit. Included are the texts of ten American 
Nuclear Society standards, the criticality safety chapter of the LLNL Health and Safety Manual, and DOE 
regulation 5480.1A, Chapter V. 
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Title: Criticality Safety Audits: LLNL Audit Team Manual 

Date: 3/1/1986 

Report: M-179, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Manual provides step-by-step instructions, procedures, guidance, and references 
for use by the members of a criticality safety audit team. 
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Author: Wilcox, T. P. Jr. 

Title: COG: A Particle Transport Code Designed to Solve the Boltzmann Equation for Deep-Penetration 
(Shielding) Problems: Volume 1: User's Manual 

Date: 2/1/1989 

Report: M-221-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: COG is a Monte Carlo computer code designed to solve the Boltzmann equation for 
transporting neutrons and photons and, in future versions, charged particles. The techniques included in the 
code make it most suited for solving deep penetration (shielding) problems, but provision is also included 
for solving criticality problems. The current versions of COG run on Cray-1 and Cray/X-MP computers. 
We expect that future versions of the code will function on other machines but will still require substantially 
the same inputs described in this manual. 
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Author: Menke, J. R. 

Title: Fast and “Mixed” Piles. Pile Technology Lecture 24 

Date: 10/31/1956 

Report: M-3753 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Fast Neutrons; Operation; Reactors; Solutions; Uranium; Zones 
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Author: McCullough, C. R. / Ross, P. N. 

Title: Pile Technology, Lectures 37 and 38 

Date: 12/5/1955 

Report: M-3975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium Moderator; Enrichment; Gas Coolant; Gases; Generators; 
Helium; Planning; Power; Power Plants; Turbines; Uranium 
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Author: Etherington, H. / Amorosi, A. / Anderson, G.A. / Ashcraft, E.B. / Dick, R. / Dietrich, J. / 
Kasschau, K. / Stevens, H.E. 

Title: Design Study for a Beryllium Metal Power Pile 

Date: 2/3/1947 

Report: M-4157 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium Moderator; Blankets; Configuration; Coolant Loops; Criticality; 
Cylinders; Dispersions; Equations; Fertile Materials; Fissionable Materials; Fuel Elements; Gas Flow; Heat 
Transfer; Helium; High Temperature; Homogeneous Reactors; Mass; Mechanical Structures; Neutron Flux; 
Planning; Power Plants; Reactivity; Reactor Core; Thorium; Volume; Zones 
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Title: Windscale 1957 - Anatomy of a Nuclear Accident 
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Report: Mac Millan Press Ltd, ISBN 0- 333-48252-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Szabo, F. 

Title: Principles of Fast-Reactor Physics 

Date: 1/1/1963 

Report: Magy. Fiz. Folyoirat, Vol: 11 

Conference/Journal: Magy. Fiz. Folyoirat 

Conference Session:  

Abstract/Keyterms: Fast reactors represent the only system able to create efficiently new fissionable 
material from 238U and 232Th thus increasing the world’s energy reserve in the first case by a factor of 
140. One of the interactions of the 238U + n system is radiative capture, which ultimately yields the alpha 
-emitting, fissionable 239Pu nucleus. The breeding ratio of thermal reactors is reduced by absorption in the 
moderator and the coolant and by neutron escape. Fast-reactor cores do not contain moderators. Decrease 
of the microscopic cross section must be compensated for by increased enrichment. Only liquid metals and 
alloys are considered satisfactory coolants for fast reactors. Criticality problems in reflected and unreflected 
systems were examined; the critical masses of Jezebel, Godiva, Popsy, and Topsy are tabulated. Unlike 
thermal reactors, the fast reactor' s spectrum is not limited by the Maxwellian distribution; it should be 
known to the designer from calculation or direct measurements. The fuel composition affects the neutron 
economy. The choice of good absorbers for use in the control system is more limited than in the case of 
thermal reactors; only the relatively expensive /sup 10/B is actually used. The hazards presented by the 
operation of fast reactors are considered difficult to evaluate at present. 
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Author: Szabo, F. 

Title: Basic Physics of Fast Reactors 

Date: 1/1/1963 

Report: Magy. Fiz. Folyoirat; Vol: 11 

Conference/Journal: Magy. Fiz. Folyoirat 

Conference Session:  

Abstract/Keyterms: Breeding Reactions, Breeding Factors in Thermal Reactors, Possibilities of Breeding 
at Various Neutron Energies, General Principles of Construction and Operation for Fast Reactors, 
Criticality in Fast Multiplier Systems, Neutron Energy Spectra in Fast Reactors, Properties of Systems 
Comprising Different Types of Reacting Materials, Effects of Non-Fissionable Substances on Reactivity, 
Kinetics, Control, Safety Factors, and Other Aspects Pertaining to Fast Reactors are Discussed. Twenty-
One References, including 1 German and 20 Western, are Given. 
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Author: Vertes, P. / Kovacs, L. M. 

Title: Investigation of Fission and Absorption Processes in the Range of Epithermal Neutron Energies for 
Heterogeneous Uranium Water Reactors 

Date: 1/1/1964 

Report: Magy. Tud. Akad. Kozp. Fiz. Kut. Int. Kozlemen; Vol: 12 

Conference/Journal: Magy. Tud. Akad. Kozp. Fiz. Kut. Int. Kozlemen 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Energy; Epithermal Neutrons; 
Errors; Fast Neutrons; Fission; Fuels; Nuclear Reactions; Numericals; Reactors; Resonance Neutrons; 
Slowdown; Thermal Neutrons; Uranium; Velocity; Water Coolant; Water Moderator 
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Szamosi, G. 

Title: The ZR-2 Critical Assembly 

Date: 1/1/1965 

Report: Magyar Tud. Akad. Kozp. Fiz. Kut. Int. Kozlem., 13, 363-376 

Conference/Journal: Magyar Tud. Akad. Kozp. Fiz. Kut. Int. Kozlem.; Vol: 13 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Fabrication; Operation; 
Planning; Reactor Safety; Zr-2 
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Author: Angeli, I. 

Title: Calculations for the Temperature Coefficient of a Homogeneous Reactor of the Water Boiler Type 
(In Hungarian) 

Date: 1/1/1960 

Report: Magyar Tudomanyos Akad. Atommag Kutato Intezete (Debrecen), Kozlemenyek; Vol: 2; 

Conference/Journal: Magyar Tudomanyos Akad. Atommag Kutato Intezete (Debrecen), Kozlemenyek 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Cross Sections; Differential Equations; Fuel Solutions; 
Reactivity; Reactors; Temperature; Variations; Water Coolant 
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Title: Examination of the Critical Radius of the BF3 Counter 
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Report: Magyar Tudomanyos Akad. Atommag Kutato Intezete (Debrecen). Kozlemenyek; Vol: 2 

Conference/Journal: Magyar Tudomanyos Akad. Atommag Kutato Intezete (Debrecen). Kozlemenyek 

Conference Session:  

Abstract/Keyterms: A. Milojevic et al., (Proceedings of the Second International Conference on the 
Peaceful Uses of Atomic Energy. Geneva, 195S. 14. 325 P/493) have noticed that the sensitive volume of 
a BF3 counter depends on a critical radius which is independent of the actual geometric dimensions of the 
apparatus. These findings could not be confirmed in experiments performed with a counter which was 
provided with a mica end window and was filled with BF3 gas under a pressure of 150 and 300 mm of Hg. 
A beam of alpha -particles was introduced into the counter parallel with the anode. The radial variation of 
the number of pulses and the integral amplitude distribution obtained as a function of the electronic 
amplification were determined, using various anodic distances. It is postulated that the effect observed by 
Milojevic and his co-workers was due to the electronegative contamination of the BF3 gas. 
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Title: Special Problems of Partial-Body Exposure 

Date: 1/1/1971 

Report: Manual on Radiation Haematology. Vienna International Atomic Energy Agency (1971), 191-
193 

Conference/Journal: Manual on Radiation Haematology.Vienna International Atomic Energy Agency 
(1971) 

Conference Session:  

Abstract/Keyterms: Life Sciences-Radiation Effects on Animals-Man; Accidents; Blood formation; Man; 
Radiation Doses; Radiation Injuries; Radiations 
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Title: Reactivity Determination and Monte Carlo Simulation of the Subcritical Reactor Experiment - 
"Yalina" 

Date: 12/31/2000 

Report: Master of Science Thesis, Royal Institute of Technology, Stockholm 2005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Smith D. K. / Freeborn, W. P. / Scheetz, B. E. 

Title: Compatibility Relationships in the U-Fe-0(-H) System at 400° C: The Implications of the Ferric- 
Ferrous Buffer for the Immobilization of Uranium and Transuranic Elements 

Date: 1/1/1983 

Report: Mater. Res. Soc. Symposium Proceedings 15, 91 (1983) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The current strategy for the immobilization of nuclear wastes is based upon a system 
of multiply redundant barriers for which geological containment is the final barrier to the migration of 
radionuclides in the biosphere. The ability of the repository host rock to buffer the oxygen fugacity of the 
pore waters is a critical concern for the evaluation of the far-field migration of selected elements; notably 
Tc, U and TRU elements. The buffer capacity of all proposed host rocks, with the exception of salt, is based 
upon the presence of both ferric and ferrous iron in the host rock phases. The system U-Fe-O(-H) was 
selected for study because of its significance on the role of Fe in controlling the oxidation state of the U. It 
has been established that the Fe/sup 2 +//Fe/sup 3 +/ couple is the controlling factor in limiting the uranium 
oxidation to the U/sup 4 +/ state. The results from this experimental study at 400/sup 0/C (the maximum 
worse case temperature for a repository) verified the existence of the compatibility triangles between 
hematite and UO2 /sub 00/ and magnetite and between U/sub 4/O/sub 9/ and UO2 /sub 00/ and hematite. 
These data indicate that in the presence both ferric and ferrous ions, the form of the uranium dioxide is 
retained as stoichiometric UO2 /sub 00/ and not as an intermediate member of the UO/sub 2+x/ solid 
solution series or other higher oxide. 
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Title: Depleted Uranium Oxides and Silicates as Spent Nuclear Fuel Waste Package Fill Material 

Date: 12/1/1996 

Report: Materials Research Society 1996 Fall Meeting: Symposium II, Scientific Basis for Nuclear 
Waste Management XX 

Conference/Journal: Materials Research Society 1996 Fall Meeting: Symposium II, Scientific Basis for 
Nuclear Waste Management 

Conference Session:  

Abstract/Keyterms:  
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Title: New Improvements in the Self-Shielding Formalism of the APOLLO2 Code 

Date: 4/1/1993 

Report: Mathematical methods and super computing in nuclear applications, Karlsruhe, Germany, Apr. 
19-23, 1993 

Conference/Journal: International topical meeting on mathematical methods and supercomputing in 
nuclear applications (M&C+SNA '93), Karlsruhe (Germany), 19-23 Apr 1993 

Conference Session:  

Abstract/Keyterms:  
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Author: Loubière, S. / Sanchez, R. / Coste, M. / Hebert, A. / Stankovski, Z. / Van Der Gucht, C. / 
Zmijarevic, I. 

Title: APOLLO2: Twelve Years Later 

Date: 9/1/1999 

Report: Mathematics and computation, reactor physics and environmental analysis in nuclear 
applications. M&C99 27-30 Sept. 27-30, 1999, Madrid 

Conference/Journal: Mathematics and computation, reactor physics and environmental analysis in 
nuclear applications. M&C99 27-30 Sept. 27-30, 1999, Madrid 

Conference Session:  

Abstract/Keyterms:  
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Author: Greenspan, E. / Price, W. G. / Fishman, H. 

Title: SWAN - A Code for the Analysis and Optimization of Fusion Reactor Nucleonic Characteristics 

Date: 1/11/1973 

Report: MATT-1008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is intended as a User's Manual for SWAN”--- a code written for 
perturbation theory analysis and optimization of the nucleonic characteristics of fusion reactor blankets. 
SWAN is also applicable to any problem described by the inhomogeneous linear transport equation, e.g., 
radiation shield problems. The optimization method is based on variational techniques. The variables of the 
optimization are material densities, with no restriction on their number. One joint restraint may be imposed 
in addition to upper and lower limits on each density. The parameter to be extremized and the restraint may 
be either a weight type (linear) or nucleonic (bilinear) functional. The transport calculations for SWAN are 
performed with the one-dimensional discrete-ordinate code ANISN. 
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Title: A Comparison of the Adsorption Characteristics of Diborane and Other Gases on Sodium Chloride 

Date: 3/1/1954 

Report: MCC-1023-TR-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Adsorption; Adsorption Heat; Boron Compounds; Boron Hydrides; 
Criticality; Diagrams; Ethane; Free Energy; Gases; Laboratory Equipment; Low Temperature; 
Mathematics; Methane; Sodium Chlorides; Temperature; Thermodynamics; Vacuum; Xenon 
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Date: 2/11/1947 

Report: MDCC-972; LADC-409 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Pile Kinetics 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Report: MDDC-555; LADC-295 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Report: MDDC-74; Science, 105, 27-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Criticality Model Report 

Date: 3/12/2003 

Report: MDL-EBS-NU-GS-000003 REV 00 ICN 01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of the “Criticality Model Report” is to validate the MCNP (CRWMS 
M&O 1998h) code's ability to accurately predict the effective neutron multiplication factor (k(eff)) for a 
range of conditions spanned by various critical configurations representative of the potential configurations 
commercial reactor assemblies stored in a waste package may take. Results of this work are an indication 
of the accuracy of MCNP for calculating eigenvalues, which will be used as input for criticality analyses 
for spent nuclear fuel (SNF) storage at the proposed Monitored Geologic Repository. The scope of this 
report is to document the development and validation of the criticality model. The scope of the criticality 
model is only applicable to commercial pressurized water reactor fuel. Valid ranges are established as part 
of the validation of the criticality model. This model activity follows the description in BSC (2002a). 
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Date: 10/25/2004 

Report: MDL-WIS-PA-000003, REV 01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The primary purpose of this model report is to develop abstractions for the response 
of engineered barrier system (EBS) components to seismic hazards at a geologic repository at Yucca 
Mountain, Nevada, and to define the methodology for using these abstractions in a seismic scenario class 
for the Total System Performance Assessment - License Application (TSPA-LA). A secondary purpose of 
this model report is to provide information for criticality studies related to seismic hazards. The seismic 
hazards addressed herein are vibratory ground motion, fault displacement, and rockfall due to ground 
motion. The EBS components are the drip shield, the waste package, and the fuel cladding. The 
requirements for development of the abstractions and the associated algorithms for the seismic scenario 
class are defined in “Technical Work Plan For: Regulatory Integration Modeling of Drift Degradation, 
Waste Package and Drip Shield Vibratory Motion and Seismic Consequences” (BSC 2004 [DIRS 171520]). 
The development of these abstractions will provide a more complete representation of flow into and 
transport from the EBS under disruptive events. The results from this development will also address 
portions of integrated subissue ENG2, Mechanical Disruption of Engineered Barriers, including the 
acceptance criteria for this subissue defined in Section 2.2.1.3.2.3 of the “Yucca Mountain Review Plan, 
Final Report” (NRC 2003 [DIRS 163274]). 
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Conference Session:  

Abstract/Keyterms: Two nuclear accidents involving a plutonium sphere just subcritical in size occurred 
at the Los Alamos Laboratory, LA-1 in 1945 and LA-2 in 1946. Because remote control devices were 
deemed unreliable at the time, the tamper material (tungsten carbide bricks in LA-1 and beryllium 
hemispheres in LA-2) was added by hand with the operator standing next to the assembly. In each case the 
critical size of the assembly was accidentally exceeded and the resultant exponentially increasing chain 
reaction emitted a burst of neutrons and gamma rays. Ten persons were exposed to the radiation bursts 
which were largely composed of neutrons. The doses ranged from fatal in the case of the two operators, to 
small in the case of some survivors. The two operators died within weeks as a result of acute radiation 
injury. Only six of the eight survivors were available for follow-up study ten or more years after the 
accident. Four of these six survivors are now dead, but the two living survivors are in excellent health with 
no clinical or laboratory evidence of late radiation injury. Two of the deceased died of acute myelogenous 
leukemia, another died at age 83 of refractory anemia, and the fourth of myocardial infarction. The heart 
attack could have been precipitated by the myxedema assumed to have been the result of the radiation 
exposure. 
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Conference Session:  
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Conference Session:  
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USSR; Vol: 5, No. 8 

Conference Session:  

Abstract/Keyterms: Published data indicate a partial or complete normalization period in hematopoiesis 
of animals exposed to chronic radiation injuries induced by 5 to 15 r of x radiation or by injections of Sr90. 
However, in some cases acute sickness appears during the restoration period. Studies were made of 41 dogs; 
17 dogs were exposed to x radiation and 24 dogs were given Sr90 injections. Ten of the 17 exposed to x 
radiation received 10 r daily and the other seven received 5 r daily. of the 10 receiving 10 r, three dogs did 
not exhibit any normalization period. The remaining seven receiving 10 r and the seven receiving 5 r 
exhibited a definite restoration of the hematopoietic function after 35 to 50 weeks (total doses of 2000 and 
1200 r, for the respective groups). Single intravenous injections of 0.1 to 0.2 mc/kg of Sr90 resulted in acute 
radiation sickness with 20% fatality after 1 to 2 months. In the remaining 80%, peripheral blood 
erythrocytes were restored to the initial number 5 months following the injection. Twenty to thirty-five 
months later, the erythrocyte number exceeded the initial number by 30 to 40%. 
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Conference/Journal: Meeting of the OECD/NEA/NSC WPNCS Expert Group on Burnup Credit, Paris, 
December 3-6, 2001 

Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Activation; Bromine; 
Cadmium; Cobalt; Critical Assemblies; Distribution; Epithermal Neutrons; Filters; Foils; Gold; Graphite 
Moderator; Indium; Iodine; Manganese; Measured Values; Multiplication Factors; Neutron Flux; Neutrons; 
Nuclei; Reactivity; Reflectors 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality; Differential Equations; Diffusion; Numericals; 
Reactors; Spheres; Transport Theory; Volume 
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Conference/Journal: Mem. Fac. Eng. Kyoto Univ. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Differential Equations; Energy; 
Equations; Fission; Green Function; Inhours; Lifetime; Multiplication Factors; Neutrons; Reactivity; 
Reactors; Space; Transport Theory; Variations 



 

C-11245 

11213…..…..…………………..…….……..……ID Number…………………..…..…………….11213 

Author: Newlon, C. E. 

Title: Derivation of a Criticality Equation for Interacting Containers 

Date: 8/30/1957 

Report: Memo 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-11246 

11214…..…..…………………..…….……..……ID Number…………………..…..…………….11214 

Author: Wakamatsu, S. / Nishina, K. / Hashimoto, K. / Fujishiro, T. 

Title: Reactor Physics Group Constants for the C-Core of the Kyoto University Critical Assembly 

Date: 3/1/1980 

Report: Memoirs of the Faculty of Engineering, Nagoya University, V. 31, 2, 196-213 

Conference/Journal: Memoirs of the Faculty of Engineering, Nagoya University (Japan) 

Conference Session:  

Abstract/Keyterms: To facilitate theoretical analyses of Kyoto University Critical Assembly (KUCA), 
reactor physics group constants were prepared. In this report we describe the procedures of the preparation, 
and verify the feasibility of the resulting constants through criticality calculations. For this purpose we first 
use computer code UGMG-42 for fast group constant production, and THERMOS for thermal group 
constant production. With these constants as inputs, criticality calculation is carried out by a two-
dimensional code "EQUIPOISE-3." The difference between the criticality calculation and experiment 
proves to be in the range 1.0--1.5%. In addition, comparison is made between the theoretical prediction and 
measured values of temperature coefficient, which is one of the fundamental characteristics of the 
Assembly. The calculation, which is performed with a one-dimensional code EXPANDA-25-IMPORT, 
reproduces successfully the experimental lattice-pitch dependence of this quantity. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-012, PU-SOL-THERM-033 
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Conference/Journal: Metal. Progr. 

Conference Session:  

Abstract/Keyterms: The results of a study that was made of the relative economics of using Zircaloy or 
stainless steel in five power-producing thermal reactors are summarized. The reactors were chosen to cover 
the entire range of U235 enrichment in fuel---from natural uranium (0.71% U235) in the NPD Reactor to 
highly enriched U235 (93% U235) in the General Electric Developmental Boiling Water Reactor. The 
investigation indicates that Zircaloy instead of stainless steel as structural material, fuel cladding, or fuel in 
nuclear reactors enables savings to be made through the use of uranium of lower enrichment or reduction 
in the critical mass. 
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Title: Principal Metallurgical Characteristics of Fuel Elements Fabricated for RE-- SUCO (Oxide 
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Conference/Journal: Metalurgia (Sao Paulo) 

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Ceramics & Cermets-Preparation & 
Fabrication; ADU; Aluminum; Chemical Reactions; Closures; Compacting; Critical Assemblies; 
Criticality; Fabrication; Fuel Cans; Fuel Elements; Inspection; Interactions; Loading; Powders; Preparation; 
Reactors; Sintering; South America; Uranium Dioxide 
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Abstract/Keyterms: Review / Loss-Of-Coolant Accidents (LOCAS) / Positive Void Reactivity 
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Conference Session:  

Abstract/Keyterms: Atomic Bombs and Warfare; Criticality- Mass- Nuclear Explosions- Performance- 
Planning; Nuclear Explosions- Personnel- Shock Waves- Thermonuclear Reactions; Nuclear Explosions- 
Radiation Protection 
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Conference Session:  

Abstract/Keyterms: Nuclear accidents from uncontrolled supercriticality which took place in several 
nations from 1945 to 1958 are discussed. A survey was made of the characteristics of the equipment 
involved in these accidents and of their mechanism. These accidents concerned critical assemblies, 
subcritical reactors, power reactors, and parts of fissionable material processing plants. The symptoms of 
the acute radiation syndrome were illustrated in relation to the dose of radiations absorbed and the manner 
of absorption of ionizing radiations. Recommended therapeutic procedures in acute radiation disease are 
graphed in three steps: a) general emergency therapy; b) symptomatic therapy; and c) causal therapy. Recent 
progresses in the chemistry of chelating agents and the most valuable procedures for incressing the 
excretion of radioactive substances from the human body are discussed. 
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Conference Session:  

Abstract/Keyterms: Nuclear accidents from uncontrolled supercriticality which took place in several 
nations from 1945 to 1958 are discussed. A survey was made of the characteristics of the equipment 
involved in these accidents and of their mechanism. These accidents concerned critical assemblies, 
subcritical reactors, power reactors, and parts of fissionable material processing plants. The symptoms of 
the acute radiation syndrome were illustrated in relation to the dose of radiations absorbed and the manner 
of absorption of ionizing radiations. Recommended therapeutic procedures in acute radiation disease are 
graphed in three steps: a) general emergency therapy; b) symptomatic therapy; and c) causal therapy. Recent 
progresses in the chemistry of chelating agents and the most valuable procedures for increasing the 
excretion of radioactive substances from the human body are discussed. 
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Conference Session:  

Abstract/Keyterms: Employing nuclear reactors as thermal sources for heating rocket propellants, it is 
possible to achieve higher specific impulses than those currently obtained through chemical combustion. 
Thermal, mechanical, and nuclear features of possible materials are examined. A compromise between low 
values of the specific mass and relatively low investment in fissionable material indicates that epithermal 
reactors should be the most suitable for rocket propulsion. The main problems connected with the criticality 
calculations, radiation shielding, and the choice of propellant are briefly discussed. The principal difficulties 
that make impossible at present the realization of liquid core reactors are shown. The main features of the 
Kiwi series reactors are presented. On the basis of the difficulties realized and the results obtained, possible 
future developments of the research in this field are discussed. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Blankets; Breeding; Burnup; Candu; Computers; 
Configuration; Conversion; Criticality; Differential Equations; Dissertation; Fuels; Heavy Water 
Moderator; Losses; Performance; Power; Pressure Vessels; Programming; Quantity Ratio; Reactors; 
Reprocessing; Thickness; Thorium; Thorium Oxides; Uranium 233; Uranium 235; Variations 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential Piles / Lattice Parameter Measurements in, Comparison of Theoretical 
Calculations With; Reactor Fuel Elements / Use of Single, for Determination of Reactor Physics 
Parameters; Reactors / Physics Parameters for, Evaluation of Single Element Method for Determination of 
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Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; ABMOMENT-Code; Computers; 
Configuration; Critical Assemblies; Criticality; Digital Systems; Distribution; Equations; Exponential 
Piles; FORTRAN; IBM 360 / 65; Mathematics; Measurement; Neutron Flux; Programming; RADBUCK-
Code; Rambler-Code; Reactivity 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Computers; Critical Assemblies; 
Cylinders; Distribution; Enrichment; Errors; Fast Neutrons; Foils; Fuel Elements; Heavy Water; Measured 
Values; Neutron Flux; Programming; Quantitative Analysis; Rods; Uranium 
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Abstract/Keyterms: Physics; Bismuth Alloys; Chlorides; Conversion; Criticality; Fast Neutrons; Fuel 
Solutions; Homogeneous Reactors; Mechanics; Numericals; Planning; Poisoning; Reactivity; Reactor 
Safety; Reactors; Thermal Neutrons; Uranium Alloys; Uranium Chlorides; Zones 
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Title: Measurements of Reactor Parameters in Subcritical and Critical Assemblies-a Review 

Date: 8/15/1962 

Report: MITNE-25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The literature on the relations of parameters obtained in various types of assemblies 
is surveyed. The emphasis placed on experimental results obtained in thermal systems and on problems 
raised by the existing data. 135 references. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Diagrams; Digital Systems; 
Distribution; Enrichment; Foils; FORTRAN; Fuel Elements; Half-Life; Heavy Water; Heavy Water 
Moderator; Lattices; Matrices; Measured Values; MITR; Neutron Flux; Numericals; Perturbation Theory; 
Programming; Reactor Core; Research Reactors; Rods; Tables; Testing; Thermal Neutrons; THERMOS-
Code; Transport; Uranium; Water 
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Abstract/Keyterms: This report is the third annual progress report of the heavy water lattice project of the 
Massachusetts Institute of Technology. The origin, early history, and main facilities of the project were 
described in the first progress report (NYO-9658, September 3, 1961). The second progress report (NYO-
10, 208, MITNE-26, September 30, 1962) described the experimental methods adopted or developed, and 
their application to three lattices of one-inch diameter, natural uranium lattices in heavy-water. That report 
also included the initial results obtained for a lattice of 0.25-inch diameter rods of uranium containing 
1.03% uranium-235, clad in aluminum, in a triangular array with a spacing of 1.25 inches. The present 
report gives more extensive results for this lattice and for another lattice of the same rods with a spacing of 
2.5 inches. 
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Abstract/Keyterms: A study was performed to determine the relation between maximum power density 
and length for a long, cylindrical, homogeneous reactor, taking axial temperature gradients into account. 
Results indicate that if the total power and the temperature rise through the core are held constant, maximum 
power density decreases with increasing length; however, the rate of decrease becomes smaller as the length 
is increased. The maximum power density occurs at approximately the same distance from the reactor inlet, 
regardless of reactor length, and the average temperature of the core fluid rises as a reactor length is 
increased. Furthermore, the power density distribution in the reactor is independent of whether the reactor 
is either just-critical or super-critical. 
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Conference Session:  

Abstract/Keyterms: The nuclear assembly Titan provides extremely flexible facilities built on a new 
concept and embodies a subcritical assembly and basic research devices integrated in nuclear reactor 
physics and engineering. The principal objectives of the installation are studies on enriched uranium-fueled, 
light water-moderated and -reflected heterogeneous systems. On the other hand the instrumentation and 
central system and the safety channel for training in reactor operation are provided. Triple safety actions 
such as accelerated insertion of control rods, damping of moderator, and void formation in the core are 
available. The assembly is now ready for being fueled. 
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11238…..…..…………………..…….……..……ID Number…………………..…..…………….11238 

Author: Takeda, E. / Mizuno, S. 

Title: 4Titan4-A Nuclear Assembly 

Date: 9/1/1963 

Report: Mitsubishi Denki Giho (Japan); Vol: 37 

Conference/Journal: Mitsubishi Denki Giho (Japan) 

Conference Session:  

Abstract/Keyterms: The nuclear assembly Titan provides extremely flexible facilities built on a new 
concept and embodies a subcritical assembly and basic research devices integrated in nuclear reactor 
physics and enginecring. The principal objectives of the installation are studies on enriched uranium-fueled, 
light water-moderated and -reflected heterogeneous systems. On the other hand the instrumentation and 
central system and the safety channel for training in reactor operation are provided. Triple safety actions 
such as accelerated insertion of control rods, damping of moderator, and void formation in the core are 
available. The assembly is now ready for being fueled. 
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11239…..…..…………………..…….……..……ID Number…………………..…..…………….11239 

Author: Smith, Micheal A. / Lell, Richard M. / Moneo, Pedro / Van D. en Hende, Paul A. / McKnight, 
Richard D. 

Title: ZPR-6 Assembly 7: A Cylindrical Assembly with Mixed (Pu,U)-Oxide Fuel and Sodium with a 
Thick Depleted-Uranium Reflector 

Date: 9/30/2003 

Report: MIX-COMP-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Over a period of 30 years more than a hundred Zero Power Reactor (ZPR) critical 
assemblies were constructed at Argonne National Laboratory. These facilities, ZPR-3, ZPR-6, ZPR-9 and 
ZPPR, were all fast critical assembly facilities. The original reason for performing these critical experiments 
was to support fast reactor development. Nevertheless, data from some of the assemblies are well suited to 
form the basis for criticality safety benchmarks. of the three classes of ZPR assemblies, engineering 
mockups, engineering benchmarks and physics benchmarks, the last group tends to be most useful for 
criticality safety. Because physics benchmarks were designed to test fast reactor physics data and methods, 
they were as simple as possible in geometry and composition. The principal fissile species was 235U or 
239Pu. Fuel enrichments ranged from 9% to 95%. Often there were only one or two main core diluent 
materials, such as aluminum, graphite, iron, sodium or stainless steel. The cores were reflected (and 
insulated from room return effects) by one or two layers of materials such as depleted uranium, lead or 
stainless steel. Despite their more complex nature, a small number of assemblies from the other two classes 
would make useful criticality safety benchmarks because they have features related to criticality safety 
issues, such as reflection by soil-like material. The term “benchmark” in a ZPR program connotes a 
particularly simple loading aimed at gaining basic reactor physics insight, as opposed to studying a reactor 
design. In fact, the ZPR-6/7 Benchmark Assembly had a very uniform core assembled from plates of 
depleted uranium, sodium, iron oxide, U3O8, and plutonium. It had a simple core unit cell whose neutronic 
characteristics were dominated by 239Pu and 238U. Many of the experiments involved measuring, in both 
traditional and novel ways, the reactivity associated with introducing a small sample of material near the 
center of the assembly. Some of these experiments required unusually careful measurements of criticality. 
Loading of ZPR-6 Assembly 7 began in July 1970 and experiments on this assembly continued through 
October 1971. The particular configuration judged most suitable for a criticality-safety benchmark was 
Loading 12 with a fissile loading of 15.4 kg 235U and 1118.1 kg 239Pu + 241Pu. A very accurate 
transformation to a simplified model is needed to make any of the ZPR assemblies a practical criticality-
safety benchmark. There is simply too much geometric detail in an exact model of a ZPR assembly − even 
a clean benchmark such as ZPR-6/7 Loading 12. The transformation must reduce the detail to a practical 
level without masking any of the important features of the critical experiment, and it must do this without 
increasing the total uncertainty far beyond that of the original experiment. Such a transformation is 
described in Section 3. It was made using a pair of continuous-energy Monte Carlo calculations. First, 
Loading 12 was modeled in full detail − every plate, drawer, matrix tube, and air gap was modeled 
explicitly. Then the region wise compositions and volumes from this model were used to construct a 
homogeneous, two-dimensional (RZ) model. This simple model is the criticality-safety benchmark model. 
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The difference in keff values from the two models was used to adjust the measured excess reactivity of 
Loading 12, yielding a result for the benchmark model. Uncertainties associated with this simplification, 
which go beyond Monte Carlo statistical uncertainties, were taken into account. The net difference in keff 
and each of the effects that contribute to it are small (<1%). 
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11240…..…..…………………..…….……..……ID Number…………………..…..…………….11240 

Author: Lell, Richard M. 

Title: ZPR-6 Assembly 7 High 240Pu Core: A Cylindrical Assembly with Mixed (PU,U)-Oxide Fuel and 
a Central High 240Pu Zone 

Date: 9/30/2008 

Report: MIX-COMP-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The high-240Pu-zone core (Loadings 85-139) was a variant of the uniform core 
(Reference 2). The plutonium in the standard Pu-U-Mo fuel plates used in the uniform core contains 11% 
240Pu. The high 240Pu zone was built by replacing all of the Pu-U-Mo plates in the exact core region of 
the uniform core (the central 61 drawers/half) with Pu-U-Mo plates containing 27% 240Pu in the plutonium 
component. The high 240Pu zone had a composition closer to that in an LMFBR core with high burnup. In 
its reference form, the high-240Puzone core was only slightly more complicated than the ZPR-6/7 reference 
uniform core, well within the definition of a benchmark core. The particular configuration judged most 
suitable for a criticality-safety benchmark of the high 240Pu configuration was Loading 99, which was the 
reference loading and is acceptable as a benchmark. The core region of Loading 99 contained 16.972 kg 
235U and 1057.615 kg 239Pu + 241Pu. This configuration’s excess reactivity, that is, the reactivity with 
all control rods in their most reactive position, was determined from the critical positions of control rods 
that had been calibrated by the inverse kinetics technique. According to the experimental log book, a on 
June 24, 1971 the excess reactivity was determined to be 70 inhours (Ih) (0.07 % dk/k) with the core 
temperature at 75°F (23.9°C). 
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11241…..…..…………………..…….……..……ID Number…………………..…..…………….11241 

Author: Santamarina, Alain 

Title: Undermoderated MOX (11 wt.% PuO2) Lattice in the EOLE Reactor 

Date: 9/30/2005 

Report: MIX-COMP-INTER-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The ERASME/S undermoderated MOX experiment was performed in 1985 as part 
of an extended 3-year program devoted to High Conversion PWRs. These HCPWRs are characterized by 
mixed-oxide fuel with high plutonium content (11% plutonium in ERASME) and a spectrum hardening 
linked to low moderation. The ERASME experiment consists of a large cylindrical undermoderated MOX 
lattice centered inside a PWR driver core of the zero-power EOLE facility at Cadarache. In order to improve 
the spectrum adaptation, a buffer zone of 552 UO2 (3.5 wt.% 235U) fuel rods in a tight pitch is positioned 
between the test zone and the driver zone. In the ERASME/S core shown in Figure 1, the 1507 MOX pins 
are arranged in a tight triangular pitch, which produces a very low moderation ratio: VH20/VMOX = 0.5. 
The measurement of the undermoderated MOX multiplication factor therefore can be used for the validation 
of criticality-safety calculations of MOX powders with 3 to 5% water content. This experiment is an 
acceptable benchmark experiment. 
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11242…..…..…………………..…….……..……ID Number…………………..…..…………….11242 

Author: Ellis, A. Nichole / Rhoden, W. Guy 

Title: 2.8 & 2.86 H:[Pu+U] Reflected and Un-Reflected, Polystyrene-Moderated, Mixed Oxide Blocks 
with and without Fixed Absorber Plates (Copper, Copper Containing 1 wt.% Cadmium, and Aluminum) 

Date: 9/30/2005 

Report: MIX-COMP-INTER-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-one critical experiments involving both Plexiglas-reflected (19 experiments) 
and bare (2 experiments) arrays of plutonium/uranium mixed oxide (MOX) polystyrene blocks are reported 
in of these twenty-one critical experiments, there are 9 cases with absorber plates. Nineteen of the twenty-
one experiments are deemed acceptable for use as criticality safety benchmark experiments. of the two not 
evaluated, one was a repeated configuration of the nineteen and one had insufficient or missing data. These 
experiments were performed on the Remote Split Table Machine (RSTM) at the Battelle Pacific Northwest 
Laboratory (PNL) Plutonium Critical Mass Laboratory on the Hanford site of Richland, Washington in the 
United States. The experiments were performed in November of 1971, September 1972, and June of 1973. 
The RSTM provided a safe approach to critical by having a table split into halves with one half stationary 
and one half movable. The intent of the experiments was to investigate the absorption worth of typical 
neutron absorbers for fast neutrons and to provide critical benchmarks for assessing absorption cross 
sections. Two sets of MOX blocks were used in these experiments. The two sets of MOX blocks were 
fabricated with fuel and polystyrene at an H to [total Pu + total U] atom ratio of 2.8 or 2.86. The 2.8 H:[Pu 
+ U] and 2.86 H:[Pu+U] atom ratio sets of blocks were fabricated to produce a fast neutron spectrum. Over 
50% of the fissions occur in the intermediate energy range for Cases 1 and 2 so these two cases are 
appropriately categorized as “INTER.” However, less than 50% of the fissions occur in each of the fast, 
intermediate, and thermal energy ranges for the remaining seventeen cases. These cases are more 
appropriately categorized as “MIXED.” Complete documentation of all 19 cases is provided in the main 
evaluation that is identified as MIX-COMP-MIXED-001. 
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11243…..…..…………………..…….……..……ID Number…………………..…..…………….11243 

Author: Ellis, A. Nichole / Rhoden, W. Guy 

Title: 2.8 & 2.86 H:[Pu+U] Reflected and Un-Reflected, Polystyrene-Moderated, mixed Oxide Blocks with 
and without Fixed Absorber Plates (Copper, Copper Containing 1 wt.% Cadmium, and Aluminum) 

Date: 9/30/2005 

Report: MIX-COMP-MIXED-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Twenty-one critical experiments involving both Plexiglas-reflected (19 experiments) 
and bare (2 experiments) arrays of plutonium/uranium mixed oxide (MOX) polystyrene blocks. of these 
twenty-one critical experiments, there are 9 cases with absorber plates. Nineteen of the twenty-one 
experiments are deemed acceptable for use as criticality safety benchmark experiments. These experiments 
were performed on the Remote Split Table Machine (RSTM) at the Battelle Pacific Northwest Laboratory 
(PNL) Plutonium Critical Mass Laboratory on the Hanford site of Richland, Washington in the United 
States. The experiments were performed in November of 1971, September 1972, and June of 1973. The 
RSTM provided a safe approach to critical by having a table split into halves with one half stationary and 
one half movable. The intent of the experiments was to investigate the absorption worth of typical neutron 
absorbers for fast neutrons and to provide critical benchmarks for assessing absorption cross sections. 
Individual MOX blocks were approximately 2 inches x 2 inches in length and width and approximately 
either 2 inches or 1/2 inch in height. Because of the height difference, the blocks are referred to by the 
experimentalists in the logbooks as 2-inch or 1/2-inch blocks. 
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11244…..…..…………………..…….……..……ID Number…………………..…..…………….11244 

Author: Hanlon, David 

Title: Water Reflected Mixed Plutonium-Uranium Oxide (20 wt.% Pu) Pins 

Date: 8/31/1996 

Report: MIX-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered predicted critical configurations extrapolated 
from near critical experiments with plutonium oxide-uranium oxide fuel pins containing 20 wt.% plutonium 
with light water moderation and reflection Four experiments were evaluated and are considered acceptable 
for use as benchmark experiments. One additional experiment was performed with this fuel but was 
performed at a much later date and so has been excluded from this evaluation. These experiments were 
performed at the Battelle Pacific Northwest Laboratories (PNL) Critical Mass Laboratory during February 
1978. 
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11245…..…..…………………..…….……..……ID Number…………………..…..…………….11245 

Author: Joo, Hyung-Kook 

Title: Rectangular Arrays of Water-moderated U02 -2 Wt.% Pu02 (8% 240Pu) Fuel Rods 

Date: 9/30/1997 

Report: MIX-COMP-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of twelve lattice experiments with either U(2.35)O2 or U(natural)O2-2 wt.% 
PuO2 (8% 240Pu) fuel rods was performed in the Plutonium Recycle Critical Facility (PRCF) at Pacific 
Northwest Laboratory in 1975-76. Six experiments contained UO2-2.35% 235U fuel and the other six 
contained natural UO2-2 wt.% PuO2 (8% 240Pu) fuel. The purpose of these experiments was not to 
measure criticality data but to measure power distribution, and the critical measurement data was secondary. 
Experiments with UO2 fuel included rectangular, square-pitched lattices, with 0.615- inch, 0.75-inch or 
0.87-inch pitch, in borated or pure water moderator. Experiments with natural UO2-2 wt.% PuO2 (8% 
240Pu) fuel included rectangular, square-pitched lattices, with 0.70-inch, 0.87-inch, or 0.99-inch pitch, in 
borated or pure water moderator These critical arrays are referred to as PNL 30-35 in NUREG/CR-0210 
and adopted as PNL 30-35 by the Cross Section Evaluation Working Group (CSEWG). This evaluation 
documents only the six natural UO2-2.0 wt.% PuO2 (8% 240Pu) mixed-oxide (MOX) fuel lattices with 
three different lattice pitches in borated or pure water. All six of these were judged to be acceptable for use 
as criticality safety benchmark data. 
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11246…..…..…………………..…….……..……ID Number…………………..…..…………….11246 

Author: Joo, Hyung-Kook 

Title: Rectangular Arrays of Water-Moderated UO2-6.6 Wt.% PuO2 Fuel Rods 

Date: 9/30/2001 

Report: MIX-COMP-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water moderated, single-region and multi-region 
UO2-PuO2 and/or UO2 fueled cores was performed in the Critical Reactor Experiment (CRX) facility at 
the Westinghouse Reactor Evaluation Center (WREC) in 1965. The purpose of these experiments was to 
verify the nuclear design of the Saxton partial plutonium core, which consisted of UO2-PuO2 assemblies 
in the central region with peripheral enriched UO2 assemblies. The fuel rods used in these critical 
experiments were the same fuel rods that later were installed in the Saxton partial plutonium core. 
Experiments consisted of single-region experiments with natural UO2-PuO2 or enriched UO2, and multi-
region experiments with both natural UO2-PuO2 and enriched UO2 with several different pitched lattices. 
This evaluation documents only six natural UO2-6.6 wt.% PuO2 mixed-oxide (MOX), square-pitched, 
partial-moderator-height lattices with five lattice pitches of 0.52 inch, 0.56 inch, 0.735 inch, 0.792 inch, 
and 1.04 inch in single region experiments. The experiments with 0.56-inch pitched lattices were performed 
with borated or pure water moderator, but the other pitched-lattice experiments were performed only with 
pure water moderator. All of these were judged to be acceptable as benchmark data. 
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11247…..…..…………………..…….……..……ID Number…………………..…..…………….11247 

Author: Yamamoto, Toshihiro 

Title: Critical Arrays of Plutonium-Uranium Fuel Rods with Water-to-Fuel Volume Ratios Ranging from 
2.4 to 5.6 

Date: 9/30/2000 

Report: MIX-COMP-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experimental critical sizes are reported for light-water-moderated lattices with 3.01 
wt.% PuO2 - natural UO2 fuel rods. The experiments were performed between 1972 and 1975 at Tokai 
Research Establishment of JAERI. The experimental cores selected as basic benchmark experiments had 
fuel rods arranged in a square array. Critical sizes were determined by adjusting the water height. The water-
to-fuel volume ratio in the lattice cells ranged from 2.42 to 5.55. Some physics parameters, such as 
temperature coefficient of reactivity, the extrapolation length, and critical buckling, were also given. Eleven 
configurations are judged to be acceptable as benchmark data. 
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11248…..…..…………………..…….……..……ID Number…………………..…..…………….11248 

Author: Kimball, D. S. / Bartholomay, Roger 

Title: Water-Moderated Mixed Plutonium-Uranium Oxide Pins, 4.0 Wt.% PuO2,18% 240Pu, Natural 
Uranium 

Date: 9/30/1999 

Report: MIX-COMP-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the 1960's, a series of subcritical benchmark experiments was performed at 
the Critical Approach Facility (CAF) at Hanford Operations in Richland, Washington. These experiments 
were performed to determine the critical conditions of varying PuO2-UO2 lattice arrangements without 
achieving the critical state. This series of subcritical experiments was part of the larger Plutonium 
Utilization Program, which conducted tests from 1962-1969 to supply data to support peaceful use of 
plutonium isotopes in power-generating reactors. The experiments examined in this evaluation were all 
fully water reflected and moderated hexagonal lattice arrays of fuel rods consisting of PuO2-UO2 with 4 
wt.% PuO2 (18% 240Pu) and natural uranium. Other PuO2 concentrations and 240Pu compositions in the 
same series of experiments are included in MIX-COMP-THERM-006, MIX-COMP-THERM-007, MIX-
COMP-THERM-008, and MIX-COMP-THERM-009, and in MIX-COMP-THERM-002 (square lattice). 
Seven (7) lattice configurations of 4 wt.% PuO2 were evaluated. All seven configurations are judged to be 
acceptable as criticality benchmarks. 
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11249…..…..…………………..…….……..……ID Number…………………..…..…………….11249 

Author: Campbell, Jim W. / Rahnema, Farzad 

Title: Water-Moderated Mixed Oxide Hexagonal Lattices - 2.0 Wt.% PuO2, 8% 240Pu, Natural Uranium 

Date: 9/30/2002 

Report: MIX-COMP-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1965, six subcritical benchmark experiments were performed with UO2-2.0 wt.% 
PuO2 (8% 240Pu) fuel rods at the Critical Approach Facility (CAF) at Hanford Operations in Richland, 
Washington. These experiments were part of a larger set of experiments, which covered a range of 
enrichments, plutonium isotopic ratios, and moderator-to-fuel ratios. Other parts of this large set of 
experiments are detailed in MIX-COMP-THERM-005, MIX-COMP-THERM-007, MIX-COMP-THERM-
008, and MIX-COMP-THERM-009. A separate set of experiments evaluated in MIX-COMP-THERM-002 
used the same fuel rods considered in this evaluation, but the fuel rods were arranged in different 
configurations. The experiments discussed in this evaluation were designed to determine the number of fuel 
rods for the assembly to be exactly critical using the approach-to-critical method. Six triangular-pitch 
lattices with 2 wt.% PuO2 rods, arrayed so that the core was approximately cylindrical, were used for the 
experiments described. Lattices with the following lattice spacing, or pitch, were used: 0.80 in. (2.0320 
cm), 0.93 in. (2.36220 cm), 1.05 in. (2.6670 cm), 1.143 in. (2.90322 cm), 1.32 in. (3.35280 cm), and 1.386 
in. (3.52044 cm). All six lattices are considered to be acceptable as criticality benchmarks. Another set of 
experiments to determine the worth of centrally located absorber rods was conducted with the 1.05-in. 
(2.6670-cm) and 1.32-in. (3.3528-cm) lattices. In these experiments, the central fuel rod was replaced with 
an absorber rod, which consisted of aluminum, boron, or hafnium oxide with various material compositions, 
and the change in keff was evaluated using the approach-to-critical method. Additional experiments were 
performed with the absorber rods wrapped in cadmium sleeves. Twenty-two different combinations of rods 
with and without cadmium sleeves were evaluated for both the 1.05-in. (2.6670-cm) and 1.32-in. (3.3528-
cm) pitch lattices. All 44 of these cases are also considered acceptable as criticality benchmarks. 
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11250…..…..…………………..…….……..……ID Number…………………..…..…………….11250 

Author: White, Travis L. 

Title: Hexagonal Lattices of Mixed Oxide Fuel Pins U02-2 Wt.% PuO2 (16% Pu-240), Natural Uranium 

Date: 9/30/2002 

Report: MIX-COMP-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the mid-1960’s, researchers at the Critical Approach Facility (CAF) in 
Richland, Washington, conducted a series of subcritical approach-to-critical experiments with arrays of fuel 
rods containing UO2 mixed with various enrichments of PuO2. The purpose of the trials was to develop a 
set of experimental data for a variety of PuO2 enrichments and moderator-to-fuel ratios for use in 
benchmarking new computational methods being developed as part of the Plutonium Utilization Program 
at Pacific Northwest Laboratory. Experiments were performed using PuO2 enrichments varying from 1.5 
to 4 wt.% PuO2, and in the case of 2 wt.% PuO2, the 240Pu isotopic composition of the plutonium was 
varied from 8 % to 24 %. The reviews of most of these experiments are covered in documents MIX-COMP-
THERM-005, MIX-COMP-THERM-006, MIX-COMP-THERM-007, MIX-COMP-THERM-008, and 
MIX-COMP-THERM-009. The above set of experiments was designed to determine the number of fuel 
rods for the lattice assembly to be just critical, with the rods uniformly arrayed in such a manner that the 
core was a right circular cylinder. This document reviews the case of UO2 - 2 wt.% PuO2 with 16% 240Pu 
enrichment arranged in five different hexagonal lattice spacings (measured in inches): 0.93 in. (2.3622 cm), 
1.05 in. (2.6670 cm), 1.143 in. (2.9032 cm), 1.32 in. (3.3528 cm), and 1.386 in. (3.5204 cm). Another set 
of experiments was performed to determine the worth of centrally located absorber rods in the 1.05-in. 
(2.6670 cm) lattice spacing configuration. Various absorber rods containing either hafnium oxide or boron 
were placed in the central fuel pin position, and the change in keff was evaluated using the approach-to-
critical method. Similar experiments were also performed with cadmium sleeves wrapped around the 
various absorber rods. In all, 22 different combinations of absorber rods with and without cadmium sleeves 
were evaluated. All five of the base cases and all 22 absorber rod cases are considered acceptable for use 
as criticality benchmarks. 
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11251…..…..…………………..…….……..……ID Number…………………..…..…………….11251 

Author: Bartholomay, Roger / White, Travis L. 

Title: Hexagonal Lattices of Mixed Oxide Fuel Pins – 2.0 Wt.% PuO2, 24% 240Pu, Natural Uranium 

Date: 9/30/2002 

Report: MIX-COMP-THERM-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1964 a series of subcritical approach to critical experiments was performed with 
UO2 - 2.0 wt.% PuO2, 24% 240Pu, fuel rods arranged in a fully water-reflected and -moderated right 
circular cylindrical hexagonal lattice in the Critical Approach Facility at Battelle-Pacific Northwest 
Laboratory. These experiments were part of a larger set of experiments designed to obtain critical mass 
data, which covered a range of enrichments and moderator-to-fuel volume ratios, for verification of 
calculational methods. Parts of this large set of experiments are detailed in other evaluations, MIX-COMP-
THERM-005, MIX-COMP-THERM-006, MIX-COMP-THERM-007, MIX-COMP-THERM-008, and 
MIX-COMP-THERM-009. of particular interest are MIX-COMP-THERM-006 and MIX-COMP-
THERM-007, which use the same fuel pin and consist of 2.0 wt.% PuO2 fuel, but have different 240Pu 
content. A separate set of experiments examined in MIX-COMP-THERM-002 also contained 2.0 wt.% 
PuO2 fuel, but the fuel rods were arranged as rectangular lattices. This set of experiments was designed to 
determine the number of fuel rods for the lattice assembly to be just critical, with the rods uniformly arrayed 
in such a manner that the core was a right circular cylinder. Since information concerning moderator-to-
fuel ratios was to be evaluated, six different triangular-pitched lattices were constructed with the following 
lattice spacing, or pitch: 0.80, 0.93, 1.05, 1.143, 1.32, and 1.386 inches. All six cases with UO2 - 2.0 wt.% 
PuO2, 24 % 240Pu, fuel rods are acceptable as criticality benchmarks, and are the focus of this report. 
Another set of experiments was performed to determine the worth of centrally located absorber rods in the 
1.05-inch lattice spacing configuration. Various absorber rods containing either hafnium oxide or boron 
were placed in the central fuel pin position, and the change in keff was evaluated using the approach-to-
critical method. Similar experiments were also performed with cadmium sleeves placed around the various 
absorber rods. In all, 22 different absorber-rod and or cadmium sleeve cases were evaluated. All 22 cases 
are acceptable as criticality benchmarks. 
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11252…..…..…………………..…….……..……ID Number…………………..…..…………….11252 

Author: Bartholomay, Roger / White, Travis L. 

Title: Mixed Oxide Fuel Pin Lattice – 1.5 wt.% PuO2, 8% 240Pu, Depleted Uranium 

Date: 9/30/1999 

Report: MIX-COMP-THERM-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1964 six critical experiments were performed with UO2 - 1.5-wt. %-PuO2 fuel 
rods arranged in a fully water-reflected and -moderated right-circular-cylindrical hexagonal lattice in the 
Critical Approach Facility at Battelle-Pacific Northwest Laboratory. These experiments were part of a 
larger set of experiments designed to obtain critical-mass data, which covered a range of enrichments and 
moderator-to-fuel volume ratios, for verification of calculational methods. Parts of this large set of 
experiments are detailed in other evaluations, MIX-COMP-THERM-005, MIX-COMP-THERM-006, 
MIX-COMP-THERM-007, and MIX-COMP-THERM-008. A separate set of experiments with a similar 
fuel mixture in a square lattice is examined in MIX-COMP-THERM-002. This set of experiments was 
designed to determine the number of fuel rods for the lattice assembly to be just critical, with the rods 
uniformly arrayed in such a manner that the core was a right circular cylinder. Six different triangular-
pitched lattices were constructed with the following lattice spacing, or pitch: 0.55, 0.60, 0.71, 0.80, 0.90, 
and 0.93 inches. All six cases with UO2 - 1.5-wt. %- PuO2, 8% 240Pu fuel rods are acceptable as criticality 
benchmarks, and are the focus of this report. 
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11253…..…..…………………..…….……..……ID Number…………………..…..…………….11253 

Author: Hack, Joseph D. 

Title: Mixed Oxide Fuel-Pin Lattice in Plutonium-Uranium Nitrate Solution 

Date: 9/30/2000 

Report: MIX-COMP-THERM-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From November 4, 1987 through April 4, 1988 eleven subcritical approach 
experiments were performed with plutonium-uranium nitrate solutions having a Pu/(Pu + U) weight ratio 
of approximately 0.22 in a boiler tube-type assembly at the Critical Approach Facility at Battelle-Pacific 
NorthwestLaboratory. These experiments were performed with an array of mixed oxide fuel pins in aqueous 
plutonium-uranium nitrate solutions. The concentration of the solutions in the boiler tube-type tank was 
varied from 4 to 468 g (Pu + U)/liter. The fuel pins in guide tubes were contained in a boiler tube-type tank 
and arranged in a 1.4-cm square-pitch lattice, which resembled cylindrical geometry. The last of the eleven 
experiments was performed with the fuel pins removed from the dry guide tubes. The experiments were 
performed with a water reflector. This set of experiments was designed to determine the critical height of 
the plutonium-uranium nitrate solution for the lattice assembly to be just critical and to determine the 
effectiveness of gadolinium, which was added to the solution for five of the experiments, as a neutron 
poison. Eleven experimental cases are acceptable as criticality benchmarks and are the focus of this report. 
Following the first publication of this evaluation in 1999 and a revision in 2000, it was recognized that the 
assigned identifier “COMP” does not appropriately represent the actual physical form of the fuel since both 
fuel rod lattices and fissile solution are present. Complete documentation of this evaluation is now given as 
MIX-MISC-THERM-001. 



 

C-11287 

11254…..…..…………………..…….……..……ID Number…………………..…..…………….11254 

Author: Doutriaux, Daniel 

Title: Mixed Oxide Rapsodie Fuel-Pin Arrays Moderated and Reflected by Water 

Date: 9/30/2002 

Report: MIX-COMP-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments with RAPSODIE mixed oxide pin arrays in a large water-filled 
tank were carried out in testing equipment called Apparatus B in the experimental criticality facility at the 
“Service de Recherches et d'Etudes en Criticité” in Valduc (C. E. A. France) in 1970. Experiments were 
subcritical approaches extrapolated to critical, with the multiplication factor reached being very close to 
1.000 (within 0.1%). The “UPuO2” fuel pins contained mixed oxide: 60%-235U-enriched uranium oxide, 
and plutonium oxide. The plutonium content in the uranium+plutonium metal was equal to 25.8 wt. %. 
Two hundred (200) “UPuO2” [actually (U+Pu)O2, or MOX] fuel pins were available for the whole 
program. Among them, 185 pins had 9.72 wt.% 240Pu in plutonium and 15 pins had 8.5 wt.% 240Pu. Only 
pins with 9.72 wt.% 240Pu in plutonium were used in these experiments. All these pins were manufactured 
for the C. E. A. 24-MW fast breeder research reactor RAPSODIE located in Cadarache. After experiments 
in Valduc, the pins were sent back to the ATPu (now COGEMA) manufacturer in Cadarache. However, 
they were never used in RAPSODIE. In fact, by the time they were returned to Cadarache, a fuel of a new 
type had been loaded in the reactor. This new fuel, called FORTISSIMO, was not compatible with the 
previous one because the reactor nominal power was changed from 24 MW to 40 MW. The six 
configurations of the experimental program each included an assembly moderated and reflected by water 
at 1.9 or 2.5-cm triangular pitch: • one hexagonal assembly of 169 fuel pins (8 pins per side of the hexagon) 
and two pseudo cylindrical assemblies of 163 and 151 fuel pins, at 1.9 cm pitch, • one hexagonal assembly 
of 127 fuel pins (7 pins per side of the hexagon) and two pseudo cylindrical assemblies of 139 and 151 fuel 
pins, at 2.5 cm pitch. The critical water height (between 30 and 35 cm), obtained by an extrapolation 
method, covered most of the fissile column (34.6 cm). Six experiments are evaluated of which all are 
considered acceptable for use as benchmark experiments. These experiments were the first ones of a long 
series in which several parameters were considered: moderator composition (dilute acid and plutonium 
nitrate solution), copper and aluminum present in the moderator region. 
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11255…..…..…………………..…….……..……ID Number…………………..…..…………….11255 

Author: Rathbun, R. W. / Biswas, Debdas / Ellis, A. Nichole 

Title: Reflected and Unreflected Polystyrene-Moderated, Mixed Oxide Cubes and Slabs 

Date: 9/30/2004 

Report: MIX-COMP-THERM-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-three critical experiments involving both Plexiglas-reflected (27 experiments) 
and bare (6 experiments) arrays of plutonium/uranium mixed oxide (MOX) polystyrene blocks are reported 
in References 1 and 2. The reported critical dimensions are based on 27 experiments performed at the 
Hanford Plutonium Critical Mass Laboratory (Battelle Pacific Northwest Laboratory’s Critical Mass 
Laboratory on the Hanford Site near Richland, Washington in the United States) between February 1970 
and May 1971, as well as 6 experiments performed in March 1972. The experimental platform utilized was 
the Remote Split Table Machine (RSTM). Experimental configurations were constructed from 
MOX/polystyrene compact blocks with H/[Pu + U] atom ratios of 19.5, 51.8, 30.6, and 47.4. The wt.% of 
Pu in the Pu + U material ranged from 7.6 to 30.0. The 240Pu concentration in these cubes was either 8.0 
or 23 wt. %. The wt.% of 235U in U was reported to be 0.151 for all experiments. Values of the particle 
size reported were <0.002 cm diameter for PuO2 particles (95 volume % of the distribution) and <0.004 
cm diameter for UO2 particles (95 volume % of the distribution). Additionally reported, 50 volume % of 
the PuO2 particles were <0.0005 cm diameter and 5 volume % were <0.00005 cm diameter; 50 volume % 
of the UO2 particles were <0.0009 cm diameter and 5 volume % were <0.0003 cm diameter. For 
polystyrene, 95 volume % of the particles were <0.225 cm diameter, 50 volume % were <0.150 cm 
diameter, and 5 volume % were <0.005 cm diameter. The intent of this group of experiments was to 
determine experimentally, by extrapolation, the critical dimensions of four individual configuration sets. 
These critical dimensions are defined for solid configurations of the MOX/polystyrene compact blocks in 
which the block cladding and the voids between the blocks are removed. The basis for the removal of these 
components was experimentally derived from auxiliary experiments. 
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11256…..…..…………………..…….……..……ID Number…………………..…..…………….11256 

Author: Rathbun, Roy W. / Eghbali, Davoud A. / Ellis, A. Nichole 

Title: Reflected, Polystyrene-Moderated, Mixed Oxide Blocks with Fixed Absorber Plates 

Date: 9/30/2004 

Report: MIX-COMP-THERM-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty critical experiments involving fixed absorber plates positioned in arrays of 
Plexiglas reflected, plutonium/uranium mixed oxide (MOX) polystyrene blocks are reported in References 
1 and 2 (all numerical data reported in this section are from these references). In addition to these 30 
configurations with absorber plates, one baseline stack of these MOX blocks without absorber plates was 
assembled. Thirty of the thirty-one experiments are deemed acceptable for use as criticality safety 
benchmark experiments. These experiments were performed on the Remote Split Table Machine (RSTM) 
at the Battelle Pacific Northwest Laboratory (PNL) Plutonium Critical Mass Laboratory on the Hanford 
site of Richland, Washington in the United States. The experiments were performed during September and 
November of 1975, as well as May of 1976. The RSTM provided a safe approach to critical by having a 
table split into halves with one half stationary and one half movable. The intent of the experiments was to 
investigate the absorption worth of typical neutron absorbers for thermal neutrons and to provide criticality 
benchmarks for assessing absorption cross sections. 
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11257…..…..…………………..…….……..……ID Number…………………..…..…………….11257 

Author: Losey, David C. 

Title: Reflected, Polystyrene-Moderated, Mixed Oxide Blocks with Fixed Absorber Plates of Cu, Cu-Cd 
and Al 

Date: 9/30/2004 

Report: MIX-COMP-THERM-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: References 1 and 2 describe 22 critical experiments using absorber plates of copper 
(Cu), Cu containing 1 weight percent (wt. %) cadmium (Cd), and aluminum (Al) within arrays of 
plutonium/uranium mixed oxide (MOX) polystyrene blocks. The arrays have thick Plexiglas reflection. 
These experiments were performed to investigate the absorption worth of Cu, Cu-Cd and Al for thermal 
neutrons and to provide “clean, well-defined, poisoned critical assemblies that can be used to check 
calculational techniques and cross section data “. The experiments were performed on the Remote Split 
Table Machine (RSTM), a split table with stationary and movable halves. All 22 experiments are acceptable 
as critical experiment benchmarks. The individual MOX blocks used in the experiments were nominally 2” 
x 2” in length × width and were referred to by the experimentalists in the logbooks as nominally 2”, 11/2” 
or 1/2” in height. The MOX blocks were fabricated by compacting fuel and polystyrene at an atom ratio for 
H to [total Pu + total U] of 30.6 to produce a thermalized neutron spectrum. PuO2 comprised 14.6 wt.% of 
the MOX; 8.0 wt.% of the plutonium is 240Pu. The 235U enrichment of the UO2 was 0.151 wt. %. For 
contamination control, the MOX blocks were encased or “clad” in a single layer of plastic tape. In the 
logbooks, these MOX blocks are identified as RSTM 8-(15-30) blocks where the numbers refer to the wt% 
240Pu in Pu, the wt.% PuO2 in MOX, and the atom ratio for H to [total Pu + total U], respectively. Values 
of the particle size reported were <0.002 cm diameter for PuO2 particles (95 volume % of the distribution) 
and <0.004 cm diameter for UO2 particles (95 volume % of the distribution). Additionally reported, for the 
PuO2 particles, 50 volume % were <0.0005 cm diameter and 5 volume % were <0.00005 cm diameter; for 
the UO2 particles, 50 volume % were <0.0009 cm diameter and 5 volume % were <0.0003 cm diameter. 
For polystyrene, 95 volume % of the particles were <0.225 cm diameter, 50 volume % were <0.150 cm 
diameter, and 5 volume % were <0.005 cm diameter. All experiments used configurations with the bottom 
fuel regions formed by at least three layers of 11/2” thick MOX blocks in a 9 x 9 array. A few configurations 
also had one or two layers of 2” blocks in the bottom fuel region. Absorber plates were placed above the 
bottom fuel region, with additional MOX block layers forming a fuel region above the absorber region. All 
fuel layers were 9 x 9 arrays of MOX blocks. The nominal thicknesses of the Cu, Cu-Cd and Al absorber 
regions ranged from ⅛” to 1” with multiple absorber plates stacked in some configurations to attain a 
specific thickness of the absorber region. The length and width of the absorber regions were essentially the 
same as the 9 x 9 array of MOX blocks. Different absorber materials were not mixed in the same experiment 
and the experiments had either one or two absorber regions, except for one experiment that had no absorber 
region. The number of MOX block layers above the absorber region was increased until an assembled 
configuration near critical was attained and then extrapolations from the actual assembled configuration 
were used to determine the critical height. The experimental configurations of stacked MOX blocks and 
absorber plates were fully reflected by Plexiglas blocks. The critical dimensions for the stacks were reported 
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in terms of fuel and absorber heights with the intent of allowing computations in which the block cladding 
and the voids between the blocks need not be explicitly modeled. The experimentalists proposed that the 
effects of the cladding and voids could be accounted for with a critical height correction factor (CHCF) 
derived from special experiments (see Section 1.4 and Reference 4). In addition to the CHCF, the 
experimentalists also applied to later experiments another height correction factor, referred to in this 
evaluation as the block height correction factor (BHCF). This BHCF was not applied by the 
experimentalists to these experiments, but was applied to the experiments of the MIX-COMP-THERM-013 
evaluation. The BHCF is discussed further in Section 2.4. Experiments were restacked several times over 
a period of time ensuring the vertical orientation of each block was maintained in order to determine the 
effect of keff. The critical height was determined to have little variability with each restacking, establishing 
the ability to repeat each experiment successfully. The critical experiments evaluated in MIX-COMP-
THERM-012 and -013 are closely related to the experiments of this evaluation in having used the RSTM 
and the same or similar MOX blocks. The MIX-COMP-THERM-012 experiments varied the base 
configurations of the MOX block stacks and had no absorber regions, while the MIX-COMP-THERM-013 
experiments (References 5 and 6) involved other absorber materials such as depleted uranium, boral, Cd, 
lead, stainless steel and borated stainless steel. All of the MIX-COMP-THERM-013 experiments and Set 3 
or Cases 14 through 22 in MIX-COMP-THERM-012 used the RSTM 8-(15-30) MOX blocks. The critical 
experiments evaluated in PU-COMP-MIXED-001 and -002 are similar to these experiments in having used 
the RSTM with stacks of compacted PuO2-polystyrene blocks. 
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11258…..…..…………………..…….……..……ID Number…………………..…..…………….11258 

Author: Ellis, A. Nichole 

Title: Reflected, Polystyrene-Moderated, Mixed Oxide Blocks (7.3 H:[Pu+U]) 

Date: 9/30/2005 

Report: MIX-COMP-THERM-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: (PLEASE NOTE: This evaluation contains data that were judged to be unacceptable 
as criticality safety benchmark data. However, it may contain data that are useful for other criticality safety 
applications. ) Five critical experiments of Plexiglas-reflected, plutonium/uranium mixed oxide (MOX) 
polystyrene blocks are reported in Reference 1 (all data reported in Section 1.0 is from this reference unless 
noted otherwise). All five experiments are deemed unacceptable for use as criticality safety benchmark 
experiments due to a lack of crucial information to determine the benchmark specifications. These 
experiments were performed on the Remote Split Table Machine (RSTM) at the Battelle Pacific Northwest 
Laboratory (PNL) Plutonium Critical Mass Laboratory on the Hanford site of Richland, Washington in the 
United States. The experiments were performed in August of 1975. The RSTM provided a safe approach 
to critical by having a table split into halves with one half stationary and one half movable. The intent of 
the experiments was to determine experimentally, by extrapolation, the critical dimensions of various 
configurations of MOX blocks. Individual MOX blocks were approximately 2 inches x 2 inches in length 
and width and approximately either 2 inches or 1/2 inch in height. Because of the height difference, the 
blocks are referred to by the experimentalists in the logbooks as 2-inch or 1/2-inch blocks. 
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11259…..…..…………………..…….……..……ID Number…………………..…..…………….11259 

Author: Ellis, A. Nichole / Rhoden, W. Guy 

Title: 22.8 H:[Pu+U] (with a 30.6 H:[Pu+U] driver region) Reflected, Polystyrene-Moderated, Mixed 
Oxide Blocks with Fixed Absorber Plates (Stainless Steel, Borated Stainless Steel, Depleted Uranium, 
Boral, Cadmium, Lead, Aluminum) 

Date: 9/30/2005 

Report: MIX-COMP-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eighteen critical experiments involving fixed absorber plates positioned in Plexiglas-
reflected arrays of plutonium/uranium mixed oxide (MOX) polystyrene blocks. In addition to these 18 
configurations with absorber plates, one baseline stack of these MOX blocks without absorber plates was 
assembled. Nineteen experiments are deemed acceptable for use as criticality safety benchmark 
experiments. These experiments were performed on the Remote Split Table Machine (RSTM) at the 
Battelle Pacific Northwest Laboratory (PNL) Plutonium Critical Mass Laboratory on the Hanford site of 
Richland, Washington in the United States. The experiments were performed in May and June of 1976. The 
RSTM provided a safe approach to critical by having a table split into halves with one half stationary and 
one half movable. The intent of the experiments was to investigate the absorption worth of typical neutron 
absorbers for thermal neutrons and to provide critical benchmarks for assessing absorption cross sections. 
Individual MOX blocks were approximately 2 inches x 2 inches in length and width and approximately 
either 2 inches or 1/2 inch in height. Because of the height difference, the blocks are referred to by the 
experimentalists in the logbooks as 2-inch or 1/2-inch blocks. 
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11260…..…..…………………..…….……..……ID Number…………………..…..…………….11260 

Author: Brewer, Roger W. 

Title: Benchmark Critical Experiment of a Plutonium Sphere Surrounded by Highly Enriched Uranium 

Date: 3/31/1995 

Report: MIX-MET-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In October 1958, a critical experiment at Los Alamos Scientific Laboratory was 
performed using a spherical mass of delta-phase plutonium surrounded by highly enriched uranium. The 
experiment is considered to be acceptable as a benchmark critical experiment. This experiment was 
performed as part of a series of experiments. This series is covered by PU-MET-FAST-005, PU-MET-
FAST-010, PU-METFAST- 018, U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, 
and U233- MET-FAST-005. 
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11261…..…..…………………..…….……..……ID Number…………………..…..…………….11261 

Author: Brewer, Roger W. 

Title: Spherical Composite Cores Composed of Plutonium and Highly Enriched Uranium Reflected by 
Normal Uranium 

Date: 9/30/1997 

Report: MIX-MET-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In October 1960 a series of three critical experiments was performed at Los Alamos 
Scientific Laboratory using spherical composite cores of alpha-phase plutonium and highly enriched 
uranium (HEU) reflected by normal (natural) uranium, NU. The three experiments were performed using 
three distinct spherical masses of alpha-phase plutonium of varying 240Pu contents, surrounded by varying 
thicknesses of uranium highly enriched in 235U, and reflected by varying thicknesses of normal uranium. 
of the three experiments, one was critical, another was slightly supercritical and the last one was subcritical. 
A curve fit to the data was used to obtain the critical mass of the supercritical experiment. The data was 
extrapolated to obtain the critical mass of the subcritical experiment. All three experiments are acceptable 
as benchmark critical experiments. 
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11262…..…..…………………..…….……..……ID Number…………………..…..…………….11262 

Author: Orlov, A. I. / Vasilyev, A. P. / Teryokhin, V. A. / Sokolov, Yu. A. 

Title: Sphere of Plutonium Surrounded by Highly Enriched Uranium 

Date: 9/30/1997 

Report: MIX-MET-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1992 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of plutonium 
surrounded by highly enriched uranium. This experiment has been used to validate neutron data of 
plutonium isotopes. Measurements were made with sufficient precision, and the configuration of the system 
is simple enough and defined well enough, for the experiment to be considered as a criticality safety 
benchmark. 
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11263…..…..…………………..…….……..……ID Number…………………..…..…………….11263 

Author: Lyutov, V. D. / A. P. Vasiliev / Sokolov, Yu. A. / Shmakov, V. M. / Teryokhin, V. A. 

Title: Spheres of Plutonium Surrounded by Highly Enriched Uranium and Reflected by Beryllium or 
Beryllium Oxide 

Date: 9/30/1997 

Report: MIX-MET-FAST-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this evaluation are two critical configurations that were 
assembled in 1983 using the VNIITF Criticality Test Facility. Here, each assembly is a sphere of plutonium 
surrounded by spherical shells of highly enriched uranium (HEU) and reflected by beryllium or beryllium 
oxide. These experiments compare the effects of the two reflective materials, because the cores and the 
reflector sizes are the same. Measurements were made with sufficient precision, and the configuration of 
the system is simple enough and defined well enough, for the experiment to be considered as a criticality 
safety benchmark. 



 

C-11298 

11264…..…..…………………..…….……..……ID Number…………………..…..…………….11264 

Author: Lyutov, V. D. / Vasilyev, A. P. / Teryokhin, V. A. / Sokolov, Yu. A. 

Title: Sphere of Plutonium Surrounded by Highly Enriched Uranium and Reflected by Aluminum 

Date: 9/30/1997 

Report: MIX-MET-FAST-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1992 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of plutonium 
surrounded by highly enriched uranium and reflected by aluminium. This experiment was used to validate 
neutron data of aluminium. Measurements were made with sufficient precision, and the configuration of 
the system is simple enough and defined well enough, for the experiment to be considered as a criticality 
safety benchmark. 
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11265…..…..…………………..…….……..……ID Number…………………..…..…………….11265 

Author: Brewer, Roger W. 

Title: Critical Experiments Performed Using Spherical Composite Cores Reflected by Beryllium 

Date: 8/31/1996 

Report: MIX-MET-FAST-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the late 1950s, a series of 33 subcritical experiments was performed at Lawrence 
Radiation Laboratory with beryllium reflectors. The 23 experiments performed using the composite cores 
are evaluated in this report. The experimenters used five distinct spherical masses of alpha-phase plutonium 
surrounded by varying thicknesses of HEU and varying thicknesses of beryllium reflectors. All of the 
experiments were subcritical. The experimenters operated the assembly such that a multiplication of 100 
was never exceeded. The data were extrapolated to obtain the critical beryllium thickness. All of the 
experiments are judged to be acceptable as benchmark critical experiments. 
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11266…..…..…………………..…….……..……ID Number…………………..…..…………….11266 

Author: Hanlon, David 

Title: K-Infinity Experiments in Fast/Intermediate Neutron Spectra for Various Fissile Materials 

Date: 9/30/1997 

Report: MIX-MET-FAST-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental programme comprised a series of experiments in fast/intermediate 
neutron spectra. The experiments were performed at the ZEBRA zero-power fast reactor at Winfrith, United 
Kingdom, during the late 1960s. As these experiments were performed in Assembly 8 they are known as 
ZEBRA8. The interpretation of the experiments has been taken from an original description of the 
experiments and a more recent re-evaluation performed in 1987. This reference was chosen since it was the 
first time the experimental data appeared in unclassified form and described all of the experimental data 
and uncertainties. The experimental programme considered various fissile materials in a repeated plate cell 
arrangement. Most of the experiments involved plutonium metal (95% 239Pu) plates interspersed with a 
combination of graphite, natural uranium metal, stainless steel, and sodium plates. One experiment 
comprised a combination of mixed plutonium and uranium oxide, natural uranium oxide, and graphite 
plates. One further experiment comprised enriched-uranium metal (37.5 wt.% 235U) and natural-uranium 
metal plates. Seven experiments were evaluated and are considered acceptable for use as benchmark 
experiments. Further background to the experiments is given in Appendix C. Although categorized as 
“fast,” some of the assemblies are sensitive to cross-section data in the intermediate energy range (See 
Section 2.0). 



 

C-11301 

11267…..…..…………………..…….……..……ID Number…………………..…..…………….11267 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Ilyin, V. I. / Kuvshinov, 
M. I. / Yuferev, V. I. 

Title: Spherical Assembly of 239Pu(δ, 98%) with a 0.75-cm External Shell of 235U(90%) 

Date: 9/30/1998 

Report: MIX-MET-FAST-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a d-phase metal 239Pu(98%) assembly with a 0.75-cm-
thick external shell of 235U(90%) were performed in 1990 at the VNIIEF criticality test facility (CTF). 
Participating in the acquisition of primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. 
Yegorov, A. N. Zakharov, B. D. Sciborskij, and V. A. Davidenko. In 1997 the latest computational and 
theoretical re-evaluation of these experiments was done. These efforts resulted in an acceptable spherical 
benchmark model of the critical assembly. Reference 1 provides a description of the experimental facility. 
The other experimental data presented were extracted from experimenter logbooks and experiment 
catalogues. 
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11268…..…..…………………..…….……..……ID Number…………………..…..…………….11268 

Author: Gorbatenko, M. V. / Gorelov, V. P. / Yegorov, V. P. / Zagrafov, V. G. / Ilyin, V. I. / Kuvshinov, 
M. I. / Yuferev, V. I. 

Title: Spherical Assembly of 239Pu(δ, 98%) with a 2.89-cm External Shell of 235U(90%) 

Date: 9/30/1998 

Report: MIX-MET-FAST-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a δ-phase 239Pu(98%) metal assembly with a 2.89-cm-
thick external shell of 235U(90%) were performed in 1990 at the VNIIEF criticality test facility (CTF). 
Participating in the acquisition of primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. 
Yegorov, A. N. Zakharov, B. D. Sciborskij, and V. A. Davidenko. In 1997 the latest computational and 
theoretical re-evaluation of these experiments was done. These efforts resulted in an acceptable spherical 
benchmark model of the critical assembly. Reference 1 provides a description of the experimental facility. 
The other experimental data presented were extracted from experimenter logbooks and experiment 
catalogues. 
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11269…..…..…………………..…….……..……ID Number…………………..…..…………….11269 

Author: McKnight, Richard D. / Lell, Richard M. / Schaefer, Robert W. / Mohamed, Amr 

Title: ZPPR-21 Phases B Through E: Cylindrical Assemblies of Mixed Fissile Pu and U Metal Reflected 
by Graphite 

Date: 9/30/2001 

Report: MIX-MET-FAST-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. ZPPR Assembly 21 consisted of a series of six criticality benchmark 
cores built in the ZPPR facility to provide data for validating criticality calculations for systems likely to 
arise in the Integral Fast Reactor (IFR) fuel processing operations. The assemblies were graphite reflected 
and had core fuel compositions containing different mixtures of plutonium and uranium in mock-up 
Pu/U/zirconium fuel. The first of these configurations, ZPPR- 21A (PU-MET-FAST-033), was built with 
only plutonium fuel to take advantage of the inherent neutron source of 240Pu. Then enriched uranium was 
progressively substituted for plutonium in Phases 21B through 21E which constitute the current benchmark 
MIX-MET-FAST-011. The final configuration, ZPPR-21F (HEU-MET-FAST-061), had an all-uranium 
fuel loading and required an external neutron source to assist in the approach to critical. Experiments in 
Assembly 21 Phases 21A through 21F were performed between June and September 1990. Each of the six 
phases of ZPPR Assembly 21 was designed to have a very clean and simple benchmark configuration. For 
any given phase the entire core was built with essentially a single unitcell. For the four mixed U- and Pu-
fueled configurations of Phases 21B through 21E, the nuclides 239Pu, 235U and 238U dominated the 
neutronic behavior in the core region (see Appendix C). The core isotopic composition was such that the 
bulk of the neutron spectrum is in the 100-keV to 4-MeV energy range and the peak is at about 600 keV. 
Thus, the spectrum is in the fast range, although not as hard as the spectrum in classic Los Alamos 
assemblies, such as Godiva (see HEU-MET-FAST-001). As noted above, this benchmark is closely related 
to the ICSBEP benchmark evaluations for the endpoint phases of ZPPR-21 (see PU-MET-FAST-033 for 
Phase 21A and HEU-MET-FAST-061 for Phase 21F). A very accurate transformation to a simplified model 
is needed to make any of the ZPPR assemblies a practical criticality-safety benchmark. There is simply too 
much geometric detail in an exact model of a ZPPR assembly − even for clean benchmarks such as ZPPR 
Loading 21B through 21E. The transformation must reduce the detail to a practical level without masking 
any of the important features of the criticality experiment and it must do this without increasing the total 
uncertainty far beyond that of the original experiment. Such a transformation is described in Section 3. It 
was made using pairs of continuous-energy Monte Carlo calculations. First, each of the phases 21B through 
21E were modeled in full detail − every plate, drawer, matrix tube, and air gap was modeled explicitly. 
Then the regionwise compositions and volumes from these models were each converted to homogeneous, 
two-dimensional (RZ) models. These simple models are the criticality-safety benchmark models. The 
differences in keff values from the two models were used to adjust the measured excess reactivities of 
Assembly 21 Phases 21B through 21E, yielding a result for each of the benchmark models. Uncertainties 
associated with this simplification, which go beyond Monte Carlo statistical uncertainties, were taken into 
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account. The four ZPPR Assembly 21 Phases 21B through 21E have been determined to be acceptable 
criticality-safety benchmark experiments. 
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Author: Lell, Richard M. / Schaefer, Robert W. / McKnight, Richard D. / Mohamed, Amr 

Title: ZPPR-21 Phase A: A Cylindrical Assembly of Pu Metal Reflected by Graphite 

Date: 9/30/2001 

Report: MIX-MET-FAST-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-21A Benchmark Assembly was part of a series of six 
criticality benchmark cores built in Assembly 21 of the ZPPR facility to provide data for validating 
criticality calculations for systems likely to arise in the Integral Fast Reactor (IFR) fuel processing 
operations. The assemblies were graphite reflected and had core fuel compositions containing different 
mixtures of plutonium and uranium in mock-up Pu/U/zirconium fuel. The first of these configurations, 
ZPPR-21A, was built with only plutonium fuel (~94.4 kg 239Pu) to take advantage of the inherent neutron 
source of 240Pu. Then enriched uranium was progressively substituted for plutonium in Phases 21B through 
21E (see MIX-MET-FAST-011). The final configuration, ZPPR-21F (HEU-MET-FAST-061), had an all-
uranium fuel loading and required an external neutron source to assist in the approach to critical. 
Experiments in Assembly 21 Phases 21A through 21F were performed between June and September 1990. 
The ZPPR Assembly 21A was designed to have a very clean and simple benchmark configuration. In fact, 
the entire core of this assembly was built with essentially a single unit-cell. The core unit cell contained Pu 
in two metallic forms: a Pu/Al alloy and a Pu/U/Mo alloy. The U content of the Pu/U/Mo fuel was depleted 
U, which was used to maintain the 238U content approximately constant over the six phases of Assembly 
21. The 238U accounts for ~6% of the fissions and ~35% of the captures in the core. Therefore this 
benchmark assembly is appropriately identified as MIX-MET-FAST-012. However, since this assembly 
was primarily designed to represent only the plutonium phase, a second identifier was assigned (PU-MET-
FAST-033). Two nuclides, 239Pu and 238U dominated the neutronic behavior in the core region. The core 
isotopic composition was such that the bulk of the neutron spectrum is in the 100-keV to 4-MeV energy 
range and the peak is at about 700 keV. Thus, the spectrum is in the fast range, although not as hard as the 
spectrum in classic Los Alamos assemblies, such as Godiva (see HEU-MET-FAST-001). As would be 
expected, the neutron balance for this assembly is dominated by 239Pu and 238U (see Appendix C). As 
noted above, this assembly is closely related to the ICSBEP benchmark evaluations for the other phases of 
ZPPR-21 (see MIX-MET-FAST-011 for Phases 21B through 21E and HEU-MET-FAST-061 for Phase 
21F). A very accurate transformation to a simplified model is needed to make any of the ZPPR assemblies 
a practical criticality-safety benchmark. There is simply too much geometric detail in an exact model of a 
ZPPR assembly − even a clean benchmark such as ZPPR Loading 21A. The transformation must reduce 
the detail to a practical level without masking any of the important features of the criticality experiment and 
it must do this without increasing the total uncertainty far beyond that of the original experiment. Such a 
transformation is described in Section 3. It was made using a pair of continuous-energy Monte Carlo 
calculations. First, Assembly 21A was modeled in full detail − every plate, drawer, matrix tube, and air gap 
was modeled explicitly. Then the regionwise compositions and volumes from this model were converted 
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to a homogeneous, twodimensional (RZ) model. This simple model is the criticality-safety benchmark 
model. The difference in keff values from the two models was used to adjust the measured excess reactivity 
of Assembly 21A, yielding a result for the benchmark model. Uncertainties associated with this 
simplification, which go beyond Monte Carlo statistical uncertainties, were taken into account. ZPPR 
Assembly 21A has been determined to be an acceptable criticality-safety benchmark experiment. Complete 
documentation of the ZPPR Assembly 21A is given in PU-MET-FAST-033. 
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Title: Plutonium Sphere Surrounded by Highly Enriched Uranium 

Date: 9/30/2005 

Report: MIX-MET-FAST-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment with an α-phase plutonium sphere surrounded by highly enriched 
uranium (HEU) hemispherical shells was performed using the Planet universal critical assembly at the Los 
Alamos Critical Experiment Facility (LACEF) at Los Alamos National Laboratory. The experiment 
consisted of surrounding the plutonium sphere with matching pairs of highly enriched uranium 
hemispherical shells. This experiment was performed using the same setup and materials that were used for 
the neptunium/oralloy experiment, SPEC-MET-FAST-008. The purpose of the experiment was to 
determine how well the transport computer code, MCNP, and the plutonium and uranium cross sections 
could reproduce this experiment and to try to explain why in the neptunium/oralloy experiment the 
calculated keff was so low. The bare plutonium-uranium experiment was performed in March 2003. The 
final experimental configuration consisted of a 4.483884-kg α-phase plutonium sphere surrounded with 
17.5366 kg of oralloy in shells. The top set of HEU shells was separated from the bottom set by a 0.0813-
cm-thick stainless steel membrane. The α-phase plutonium sphere was cast and clad in stainless steel by 
CMB-11, a group at Los Alamos National Laboratory, in October 1980. The plutonium sphere was cast and 
turned to a mean diameter of 7.5876 cm. The calculated density of the plutonium sphere was 19.604 g/cm3 
based on a weight of 4483.9 g and a volume of 228.72 cm3. The plutonium sphere was partially immersed 
in Freon to shrink it so that the stainless steel hemishells could fit tightly around it. The stainless steel 
hemisphere shells were then electron-beam welded together. The total mass for the sphere of plutonium 
including the cladding was 4536.2 g. Previous experiments with plutonium surrounded with highly enriched 
uranium are described in the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments. This experiment is judged to be acceptable as a benchmark critical experiment. 
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Title: K-Infinity Experiments for 238U in Fast Neutron Spectra: Measurements with Enriched Uranium or 
Plutonium Mixed with Depleted Uranium (BFS-35, BFS-33, BFS-38, BFS-31, and BFS-42 Assemblies) 

Date: 9/30/2004 

Report: MIX-MET-FAST-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven k∞ experiments were performed on the BFS-1 and BFS-2 critical facilities at 
the Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation during the 1970s. The 
experimental program consisted of determination of k∞ for 5 combinations of fissile and fertile materials: 
enriched (various combinations of 36% and/or 90% 235U) uranium metal and depleted uranium metal 
(BFS-35); uranium (90% 235U) dioxide and depleted-uranium dioxide (BFS-33); plutonium metal and 
depleted-uranium metal (BFS-38); plutonium metal and depleted-uranium dioxide (BFS-31); and 
plutonium metal and depleted-uranium dioxide with addition of polyethylene (BFS-42). The BFS-31 
experiments were performed on the BFS-2 facility. The other experiments were performed on BFS-1. The 
fissile and fertile materials were small discs (approximately 5 cm in diameter) in stainless steel or aluminum 
cans placed in a repeated-cell arrangement into stainless steel or aluminum cylindrical tubes. The values of 
k∞ were determined using the results of reactivity measurements performed in the center of the assemblies. 
The experimental data presented here are taken from references, unclassified internal reports, and 
experimental logbooks. The eleven k∞ experiments are evaluated here and are considered to be acceptable 
for use as criticality safety benchmark experiments. The configurations represented in these five series of 
experiments (BFS-31,33, 35, 38, and 42) include various combinations of plutonium and uranium, various 
combinations of uranium enrichments, and various combinations of metal and oxide fuels. The spectra are 
predominately fast (over 50% of the fissions occur above 100 keV); however, the spectra for the three 
configurations of BFS-33 are predominately intermediate (over 50% of the fissions occur between 0.625 
eV and 100 keV). As a result, this evaluation has been given the identifier MIX-MISC-FAST-001. 
However, only BFS-31 (Cases 9 and 10) and BFS-42 (Case 11) experiments are appropriately categorized 
as MIX-MISC-FAST-001. BFS-35 (Cases 1, 2, and 3) experiments are more appropriately categorized as 
IEU-MET-FAST-017, BFS-33 (Cases 4, 5, and 6) experiments are more appropriately categorized as IEU-
COMP-INTER-002, and BFS-38 (Cases 7 and 8) experiments are more appropriately categorized as MIX-
MET-FAST-015. Complete documentation of all eleven configurations is given in MIX-MISC-FAST-001. 



 

C-11309 

11273…..…..…………………..…….……..……ID Number…………………..…..…………….11273 

Author: Hanlon, David 

Title: K-Infinity Experiments in Fast/Intermediate Neutron Spectra for Various Fissile Materials 

Date: 9/30/1998 

Report: MIX-MET-INTER-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program comprised a series of k∞ experiments in fast/intermediate 
neutron spectra. The experiments were performed at the ZEBRA zero-power fast reactor at Winfrith, United 
Kingdom, during the late 1960s. As these experiments were performed in Assembly 8 they are known as 
ZEBRA8. The interpretation of the experiments has been taken from an original description of the 
experiments and a more recent re-evaluation performed in 1987. This reference was chosen since it was the 
first time the experimental data appeared in unclassified form and described all of the experimental data 
and uncertainties. The experimental program considered various fissile materials in a repeated plate cell 
arrangement. Most of the experiments involved plutonium metal (95% 239Pu) plates interspersed with a 
combination of graphite, natural uranium metal, stainless steel, and sodium plates. One experiment 
comprised a combination of mixed plutonium and uranium oxide, natural uranium oxide, and graphite 
plates. One further experiment comprised enriched-uranium metal (37.5 wt.% 235U) and natural-uranium 
metal plates. Seven experiments were evaluated and are considered acceptable for use as benchmark 
experiments. Even though all seven of the cases in this evaluation provide significant tests of the 
intermediate energy range, only two (Cases 1 and 6) have over 50% of the fissions occurring between 0.625 
eV and 100 KeV. Most of the fissions occur in the fast energy range for the other five cases. Therefore, 
Cases 1 and 6 are appropriately identified as MIX-MET-INTER-001, but complete documentation and 
evaluation of those configurations are included with the evaluation of the other experiments in this series, 
MIX-MET-FAST-008. 
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Title: Heterogeneous Cylinder of Plutonium, Highly Enriched Uranium, and Polyethylene 

Date: 9/30/1998 

Report: MIX-MET-INTER-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1987 at VNIITF using the 
criticality test facility FKBN (Vertical Lift Machine). The critical assembly was a cylinder consisting of 
alternating layers of plutonium, highly enriched uranium, and polyethylene. Six similar critical experiments 
having different thicknesses of the material layers were performed. These experiments were used for 
neutron data validation in the range of thermal and resonance neutron energies. One of these critical 
assemblies was chosen for evaluation. The configuration of the system is simple enough and measurements 
were made with sufficient precision for the experiment to be considered as a criticality safety benchmark. 
Although the assembly chosen for evaluation provides significant tests of cross section data in the 
intermediate energy range (>30% of the neutrons causing fission have energies between 0.625eV and 
100KeV), the majority of the total fissions does not occur in the fast, intermediate, or thermal energy ranges. 
Therefore, evaluation of this assembly is more appropriately identified as MIX-MET-MIXED-001. 
Complete documentation and evaluation of this configuration is given in MIX-MET-MIXED-001. 
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Title: Heterogeneous Cylinder of Plutonium, Highly Enriched Uranium, and Polyethylene 

Date: 9/30/1998 

Report: MIX-MET-MIXED-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment presented in this report was performed in 1987 at VNIITF using the 
criticality test facility FKBN (Vertical Lift Machine). The critical assembly was a cylinder consisting of 
alternating layers of plutonium, highly enriched uranium, and polyethylene. Six similar critical experiments 
having different thicknesses of the material layers were performed. These experiments were used for 
neutron-data validation in the range of thermal and resonance neutron energies. One of these critical 
assemblies was chosen for evaluation. The configuration of the system is simple enough and measurements 
were made with sufficient precision for the experiment to be considered as a criticality-safety benchmark. 
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Title: K-Infinity Experiments for 238U in Fast Neutron Spectra: Measurements with Enriched Uranium or 
Plutonium Mixed with Depleted Uranium (BFS-35, BFS-33, BFS-38, BFS-31, and BFS-42 Assemblies) 

Date: 9/30/2004 

Report: MIX-MISC-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven k∞ experiments were performed on the BFS-1 and BFS-2 critical facilities at 
the Institute of Physics and Power Engineering (IPPE), Obninsk, Russian Federation during the 1970s. The 
experimental program consisted of determination of k∞ for 5 combinations of fissile and fertile materials: 
enriched (various combinations of 36% and/or 90% 235U) uranium metal and depleted uranium metal 
(BFS-35); uranium (90% 235U) dioxide and depleted-uranium dioxide (BFS-33); plutonium metal and 
depleted-uranium metal (BFS-38); plutonium metal and depleted-uranium dioxide (BFS-31); and 
plutonium metal and depleted-uranium dioxide with addition of polyethylene (BFS-42). The BFS-31 
experiments were performed on the BFS-2 facility. The other experiments were performed on BFS-1. The 
fissile and fertile materials were small discs (approximately 5 cm in diameter) in stainless steel or aluminum 
cans placed in a repeated-cell arrangement into stainless steel or aluminum cylindrical tubes. The values of 
k∞ were determined using the results of reactivity measurements performed in the center of the assemblies. 
The results of these experiments were previously published in References 1 and 2. The experimental data 
presented here are taken from references, unclassified internal reports, and experimental logbooks. The 
eleven k∞ experiments are evaluated here and are considered to be acceptable for use as criticality safety 
benchmark experiments. The configurations represented in these five series of experiments (BFS-31, -33, 
-35, -38, and -42) include various combinations of plutonium and uranium, various combinations of 
uranium enrichments, and various combinations of metal and oxide fuels. The spectra are predominately 
fast (over 50% of the fissions occur above 100 keV); however, the spectra for the three configurations of 
BFS-33 are predominately intermediate (over 50% of the fissions occur between 0.625 eV and 100 keV). 
As a result, this evaluation has been given the identifier MIX-MISC-FAST-001. However, only BFS-31 
(Cases 9 and 10) and BFS-42 (Case 11) experiments are appropriately categorized as mixed plutonium-
uranium, miscellaneous composition, fast-spectrum systems. BFS- 35 (Cases 1, 2, and 3) are more 
appropriately categorized as intermediate uranium enrichment, metal, fast systems (IEU-MET-FAST-017). 
BFS-33 (Cases 4, 5, and 6) are more appropriately categorized as intermediate uranium enrichment, 
compound, intermediate-spectrum systems (IEU-COMP-INTER-002), and BFS-38 (Cases 7 and 8) are 
more appropriately categorized as mixed plutonium-uranium, metal, fast-spectrum systems (MIX-MET-
FAST-015). 
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Title: BFS-49 Assemblies: Critical Experiments with Heterogeneous Compositions of Plutonium, 
Depleted-uranium Dioxide, and Polyethylene 

Date: 9/30/2006 

Report: MIX-MISC-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of critical experiments designated BFS-49 with heterogeneous compositions 
of plutonium and depleted-uranium dioxide mixed with other materials like graphite, sodium, polyethylene 
used for spectra modification was performed at the Institute of Physics and Power Engineering (IPPE), 
Obninsk, Russia at the BFS-1 critical facility in 1985. This series was performed to obtain criticality data 
parameters of simple systems with plutonium fuel. Two critical configurations with heterogeneous 
compositions of plutonium, depleted-uranium dioxide, and polyethylene are the subject of this evaluation. 
The selected critical configurations were BFS-49/1A and -49/3G. The plutonium content in the fuel of these 
assemblies was 12.5 wt. %. The content of 240Pu in plutonium was 4.6 wt. %. BFS-49/1A contained no 
hydrogen. The H/Pu ratio was 0.7 in BFS-49/3G. These two configurations could be useful for 
consideration together with the critical configurations of the series of assemblies BFS-97, -99, and -101 
which were specifically performed to obtain additional integral benchmark data for the MOX fuel 
manufacturing process and particularly with low-moderated MOX fissile media. The experiments of the 
BFS-97, -99, and -101 series are evaluated in MIX-MISC-MIXED-001 as companions to the experiments 
presented in this evaluation. This experimental program was specifically performed to obtain additional 
integral benchmark data for the MOX fuel manufacturing process and particularly with low-moderated 
MOX fissile media The critical assemblies were composed of sets of stainless steel tubes (5.0 cm in outer 
diameter, 0.1 cm wall thickness, and about 2 m long) filled with pellets of plutonium metal in stainless steel 
cans and depleted uranium dioxide in aluminum cans. Also, depleted-uranium dioxide was used to fill tubes 
in the reflector at the core periphery. Thin polyethylene dowels were inserted into the space between the 
tubes in the core of the BFS-49/3G assembly. Solid equilateral triangular cross-section stainless steel bars 
were inserted into the space between the tubes in the lateral reflector of this assembly. The pitch of the 
hexagonal lattice of the tubes was 5.1 cm. These two experiments are evaluated here and are considered to 
be acceptable as criticality safety benchmark experiments. Evaluations of several series of critical 
experiments performed at the BFS-1 facility are already included in the ICSBEP Handbook. These 
evaluations are PU-MET-MIXED-001, HEU-MET-MIXED-005, MIX-MISC-FAST-001, and MIX-
MISC-MIXED-001. 
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Title: BFS-97, -99, -101 Assemblies: Critical Experiments with Heterogeneous Compositions of 
Plutonium, Depleted-uranium Dioxide, and Polyethylene 

Date: 9/30/2006 

Report: MIX-MISC-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of eleven critical configurations with heterogeneous compositions of 
plutonium, depleted-uranium dioxide, and polyethylene was performed at the Institute of Physics and Power 
Engineering (IPPE), Obninsk, Russia at the BFS-1 critical facility in May 2004 – October 2005. This 
experimental program was specifically performed to obtain additional integral benchmark data for the MOX 
fuel manufacturing process and particularly with low-moderated MOX fissile media. In these experiments 
damp MOX powders were simulated by assembling tightly packed cylindrical aluminum tubes containing 
various ratios of plutonium and depleted uranium dioxide fuel pellets. The specified water content was 
achieved by periodically including polyethylene dowels and/or polyethylene pellets. The composition of 
fuel material was investigated with two types of plutonium with different content of 240Pu. The critical 
configurations were designated as BFS-97/1, -97/2, -97/3, -97/4, -99/1, -99/1A, -99/2, -101/1, -101/2, -
101/2A, and -101/3 according to the rules of the BFS facility. 
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Title: BFS-97, -99, -101 Assemblies: Critical Experiments with Heterogeneous Compositions of 
Plutonium, Depleted-uranium Dioxide, and Polyethylene 

Date: 9/30/2006 

Report: MIX-MISC-MIXED-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of eleven critical configurations with heterogeneous compositions of 
plutonium, depleted-uranium dioxide, and polyethylene was performed at the Institute of Physics and Power 
Engineering (IPPE), Obninsk, Russia at the BFS-1 critical facility in May 2004 – October 2005. This 
experimental program was specifically performed to obtain additional integral benchmark data for the MOX 
fuel manufacturing process and particularly with low-moderated MOX fissile media. In these experiments 
damp MOX powders were simulated by assembling tightly packed cylindrical aluminum tubes containing 
various ratios of plutonium and depleted uranium dioxide fuel pellets. The specified water content was 
achieved by periodically including polyethylene dowels and/or polyethylene pellets. The composition of 
fuel material was investigated with two types of plutonium with different content of 240Pu. The critical 
configurations were designated as BFS-97/1, -97/2, -97/3, -97/4, -99/1, -99/1A, -99/2, -101/1, -101/2, -
101/2A, and -101/3 according to the rules of the BFS facility. 
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Author: Hack, Joseph D. 

Title: Mixed Oxide Fuel Pin Lattices in Plutonium-Uranium Nitrate Solution 

Date: 9/30/2003 

Report: MIX-MISC-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From November 4, 1987 through April 4, 1988 eleven subcritical approach 
experiments were performed with plutonium-uranium nitrate solutions having a Pu/(Pu + U) weight ratio 
of approximately 0.22 in a boiler tube-type assembly at the Critical Approach Facility at Battelle- Pacific 
Northwest Laboratory. These experiments were performed with an array of mixed oxide fuel pins in 
aqueous plutonium-uranium nitrate solutions. The concentration of the solutions in the boiler tube-type tank 
was varied from 4 to 468 g (Pu + U)/liter. The fuel pins in guide tubes were contained in a boiler tube-type 
tank and arranged in a 1.4-cm square-pitch lattice which resembled cylindrical geometry. The last of the 
eleven experiments was performed with the fuel pins removed from the dry guide tubes. The experiments 
were performed with a water reflector. This set of experiments was designed to determine the critical height 
of the plutonium-uranium nitrate solution for the lattice assembly to be just critical and to determine the 
effectiveness of gadolinium, which was added to the solution for five of the experiments, as a neutron 
poison. Eleven experimental cases are acceptable as criticality benchmarks and are the focus of this report. 
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Author: Bordy, Jean-Marc / Doutriaux, Daniel 

Title: Mixed Oxide Rapsodie Fuel Pin Arrays Moderated by Dilute Plutonium Nitrate Solution (9.89, 
10.07, or 19.6 g Pu/l) and Reflected by Water 

Date: 9/30/2002 

Report: MIX-MISC-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This paper is devoted to 12 critical experiments with RAPSODIE mixed oxide pin 
arrays. They were carried out in testing equipment called Apparatus D in the experimental criticality facility 
at the “Service de Recherches en Sûreté et Criticité” in Valduc (C. E. A. France) in 1970. These experiments 
include a hexahedral assembly, at 1.9 or 2.5-cm triangular pitch, moderated by a plutonium nitrate solution 
and reflected by water. The number of pins in the arrays varied from 19 to 169. The plutonium solution 
concentration varied from 9.89 to 19.6 g Pu/l. These experiments were subcritical approaches extrapolated 
to critical, with the multiplication factor reached being very close to 1.000 (within 0.1%). Two hundred 
UO2-PuO2 fuel pins were available. The metal plutonium content was equal to 25.8 wt.% of the total 
(uranium + plutonium) metal. The uranium-235 enrichment was 60 wt. %. The ratio 240Pu/Putotal was 
slightly less than 10 wt. %. All in all, 226 experiments were carried out with RAPSODIE pins. There were 
four series of experiments: (i) pin arrays in water carried out in Apparatus B (reported in MIX-COMP-
THERM-011), (ii) pin arrays in nitric acid solutions carried out in Apparatus D, (iii) pin arrays in plutonium 
solutions of low concentration (less than 20 g/l) carried out in Apparatus D (reported in this paper); and (iv) 
pin arrays in plutonium solutions of high concentration (range 20 g/l to 200 g/l) carried out in Apparatus B. 
The experimental program is described in the preliminary and final reports Some data useful to have as 
cross-reference information were taken from the Valduc laboratory logbooks and from Reference 5. In 
addition, for this evaluation, archives located in Cadarache were consulted: those from the COGEMA ATPu 
plant, where pins were manufactured, and the archives of the RAPSODIE reactor. Moreover, very useful 
information was given by RAPSODIE retired personnel: A. Bel, R. Gambin, Y. Masselot, and Madam S. 
Bataller. A synthesis of all gathered information is given in an additional report especially written within 
the framework of the present reevaluation. 
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Author: Bordy, Jean-Marc 

Title: Mixed-Oxide RAPSODIE Fuel-Pin Arrays Moderated by Concentrated Plutonium Nitrate Solution 
(19.7 to 194 g Pu/l) and Reflected by Water 

Date: 9/30/2003 

Report: MIX-MISC-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This paper is devoted to 29 water-reflected critical experiments: 25 were RAPSODIE 
mixed-oxide pin arrays in plutonium nitrate solution and 5 were plutonium nitrate solution with no pin 
array. They were carried out in 1971 in testing equipment called Apparatus B in the experimental criticality 
facility at “Section Expérimentale d’Etude en Criticité” today called “Service de Recherches en 
Neutronique et en Criticité” in Valduc (C. E. A. France). For the 24 experiments that included a hexahedral 
assembly, the triangular pitch was 1.5 or 1.9 cm. The number of pins in the arrays varied from 37 to 169, 
and the plutonium solution concentration varied from 19.7 to 194 g Pu/l. For the 5 experiments without a 
pin array, the plutonium solution concentration varied from 49.5 to 194 g Pu/l. All the experiments, with or 
without mixed-oxide pin arrays, were subcritical approaches extrapolated to critical, with the multiplication 
factor reached being very close to 1.000 (within 0.1%). Two hundred UO2-PuO2 fuel pins were available. 
The metal plutonium content was equal to 25.8 wt.% of the total (uranium + plutonium) metal. The ratio 
240Pu/Putotal was slightly less than 10 wt. %. The 235U enrichment of the uranium was 60 wt. %. In all, 
229 experiments were carried out in the four series of experiments with RAPSODIE pins: (i) pin arrays in 
water in Apparatus B (reported in MIX-COMP-THERM-011), (ii) pin arrays in nitric acid solutions carried 
out in Apparatus D, (iii) pin arrays in plutonium solutions of low concentration (less than 20 g/l) carried 
out in Apparatus D (reported in MIX-MISC-THERM-002); and (iv) pin arrays in plutonium solutions of 
high concentration (range 19.7 g/l to 194 g/l) carried out in Apparatus B. of the 159 experiments in the last 
series, 29 cases representative of the category have been selected to be reported in this paper. A detailed 
description of the 159 cases is given in Appendix F. The experimental program is described in the 
preliminary and final reports Some data useful to have as cross-reference information were taken from the 
Valduc laboratory logbooks and from Reference 5. In addition, for this evaluation, archives located in 
Cadarache were consulted: those from the COGEMA ATPu plant, where pins were manufactured, and the 
archives of the RAPSODIE reactor. Moreover, very useful information was given by RAPSODIE retired 
personnel: A. Bel, R. Gambin, Y. Masselot, and Madam S. Bataller. A synthesis of all gathered information 
is given in an additional report especially written within the framework of the Rapsodie-experiment 
ICSBEP evaluations (MIX-MISC-THERM-002 and -003, MIX-COMP-THERM-011). All 29 evaluated 
experiments are acceptable benchmark experiments. 
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Author: Foster, Paul J. / Briggs, J. Blair 

Title: Water-Reflected Triangular-Pitched Lattice of Mixed Oxide Fuel Rods Immersed in 
Plutonium/Uranyl Nitrate Solution Containing Gadolinium 

Date: 9/30/2004 

Report: MIX-MISC-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Several series of experiments containing plutonium-uranyl nitrate solution and 
mixtures of soluble poisons (boron and gadolinium) were performed at BNW (Battelle Pacific Northwest 
Laboratories) in the 1970’s. The data from these experiments, as specified by the authors of Reference 1,”... 
are needed in setting of criticality safety specifications for storage, processing and shipping of fissile 
material where it is desired to handle larger quantities with safety and efficiency. These data are needed 
also for validating calculational techniques and cross section sets.” Solutions of uranium and plutonium 
nitrate (30% plutonium in the total plutonium + uranium)”... were used in these experiments to determine 
the effect of neutron poisons.” The following four types of experiments are reported in Reference 1: 1. 
Triangular lattices of UO2 + PuO2 fuel pins in U + Pu nitrate solution containing gadolinium. 2. U + Pu 
nitrate solution containing gadolinium. 3. U + Pu nitrate solution in a Raschig-ring-filled tank. 4. UO2 + 
PuO2 fuel pins in U + Pu nitrate solution containing boron and gadolinium. This evaluation focuses on the 
first type, six heterogeneous configurations, which consist of mixed oxide (UO2, PuO2) fuel rods that are 
partially immersed in a plutonium /uranyl nitrate [Pu(NO3)4, UO2(NO3)2] solution containing gadolinium 
nitrate [Gd(NO3)3]. Gadolinium was used”... because of its high neutron cross section, high solubility, and 
compatibility in the separation process. Experiments indicate that the gadolinium has no tendency to plate 
out, precipitate, or stratify.” The purpose of this particular system was “... to provide information on the 
criticality of fuel rods in Gd-poisoned fissile solutions of U+Pu nitrates.” The six configurations considered 
in this evaluation differed by the concentration of gadolinium (0.02 g/l to 1.338 g/l) which, in turn, directly 
affects the critical height of the solution. All six configurations are considered acceptable for use as 
criticality safety benchmark experiments. 
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Author: Lengar, Igor / Tomazin, Milan / Ravnik, Matjaž 

Title: Water-Reflected Triangular-Pitched Lattice of Mixed Oxide Fuel Rods Immersed in Plutonium-
Uranyl Nitrate Solution containing Boron and Gadolinium 

Date: 9/30/2005 

Report: MIX-MISC-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Several series of experiments with plutonium-uranyl nitrate solution containing 
soluble poisons (boron and gadolinium) were performed at BNW (Battelle Pacific Northwest Laboratories) 
in the 1970s. The data from these experiments, as indicated by the authors of Reference 1, “... are needed 
in setting of criticality safety specifications for storage, processing and shipping of fissile material where it 
is desired to handle larger quantities with safety and efficiency. These data are needed also for validating 
calculational techniques and cross section sets. “Solutions of uranium and plutonium nitrate (30% 
plutonium in the total plutonium + uranium),”... were used in these experiments to determine the effect of 
neutron poisons.” The following five types of experiments are reported in Reference 1: 1. Triangular lattices 
of UO2 + PuO2 fuel pins in U + Pu nitrate solution containing gadolinium. 2. U + Pu nitrate solution 
containing gadolinium. 3. U + Pu nitrate solution in a Raschig-ring-filled tank. 4. UO2 + PuO2 fuel pins in 
U + Pu nitrate solution containing boron and gadolinium. 5. U + Pu nitrate solution containing boron and 
gadolinium. This evaluation focuses on the fourth type, seven heterogeneous configurations, which consist 
of mixed oxide (UO2, PuO2) fuel rods that are partially immersed in a plutonium-uranyl nitrate (Pu(NO3)4, 
UO2(NO3)2) solution containing boric acid (H3BO3) and gadolinium nitrate (Gd(NO3)3). In addition to 
boron, gadolinium was used “... because of its high neutron cross section, high solubility, and compatibility 
in the separation process. Experiments indicate that the gadolinium has no tendency to plate out, precipitate, 
or stratify.” The purpose of this particular system was “... to provide information on the criticality of fuel 
rods in B- and Gd-poisoned fissile solutions of U+Pu nitrates.” The seven configurations considered in this 
evaluation differ by the concentrations of boron (0.027 g/l to 1.662 g/l) and gadolinium (0.013 g/l to 0.541 
g/l) which, in turn, directly affect the critical height of the solution. Only 3 of the 7 configurations are 
considered acceptable for use as criticality safety benchmark experiments because of unacceptably large 
uncertainties in the gadolinium and boron concentrations in the other four. Two series of experiments 
reported in Reference 1, namely the first and the second type, are evaluated in MIX-MISC-THERM-004 
and in MIX-SOL-THERM-007, respectively. The setups of those experiments are partially identical to that 
of these experiments. Thus, much of the data in this report is copied or summarized from MIX-MISC-
THERM-004 and MIX-SOL-THERM-007. The experiments of the third type are evaluated in MIX-SOL-
THERM-008. 
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Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Plutonium Fraction 
of 0.2 and 1.0 in Annular Geometry 

Date: 9/30/2000 

Report: MIX-SOL-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: R. C. Lloyd of Battelle Pacific Northwest Laboratories (PNL) has completed and 
published a series of critical experiments with mixed plutonium-uranium nitrate solutions. This series of 
critical experiments was part of an extensive program jointly sponsored by the U. S. Department of Energy 
(DOE) and the Power Reactor and Nuclear Fuel Development Corporation (PNC) of Japan and was carried 
out in the mid-1980's. The experiments evaluated here (published as Report PNL-6451) were performed 
with mixed plutonium-uranium nitrate solution in annular cylindrical geometry. Annular geometry is 
commonly used to store fissile materials in a space-efficient yet criticality-safe mode. The ratio of 
plutonium to total heavy metal (plutonium plus uranium) was 0.22 or 0.97 for all experiments. The 
concentration of the solution in the annular region was varied from 61 to 489 g (Pu + U)/liter. All 
measurements were made with a water reflector. The central region of the annular tank could accommodate 
a concrete or polyethylene annular cylindrical insert. Interior to the inserts for most experiments was a 
stainless steel bottle containing an additional plutonium-uranium nitrate solution. In one experiment, the 
central region of the annular tank was filled with a solid cadmium-covered polyethylene insert. Following 
the publication of the initial PNL reports, considerable effort was devoted to an extensive reevaluation of 
this series of experiments by a collaboration of researchers from Oak Ridge National Laboratory (ORNL), 
PNL, and PNC. Their work produced a more accurate remeasurement and description of the “as built” 
hardware configuration and a more suitable treatment of the materials specifications. For the evaluations in 
this report, the data published by Smolen et al. were selected to supersede the original PNL report. The 
critical heights for the experiments in this evaluation were determined using the critical approach method. 
Neutron flux measurements were made with three boron-lined proportional counters as the height of the 
solution was incrementally increased. A plot of solution height times inverse count rate plotted as a function 
of solution height produced a straight line that extrapolated to zero at delayed critical. One experiment (088) 
could not achieve criticality within the height limitations of the vessel and does not qualify as a benchmark 
experiment. Therefore, none of the experimental data for 088 will appear in the tables of this report. The 
remaining 13 experiments are considered benchmark experiments. Calculations of keff for two experiments 
involving polyethylene and cadmium were the farthest from agreement with experiment, which may 
indicate a problem with the casual specification of the polyethylene material. Various forms of polyethylene 
exist with densities ranging from 0.90 g/cm3 to 0.965 g/cm3 and with the possibilities of impurities. These 
issues were not addressed in the experimental reports. 
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Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Plutonium Fraction 
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Report: MIX-SOL-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: R. C. Lloyd of Battelle Pacific Northwest Laboratories (PNL) has completed and 
published a series of critical experiments with mixed plutonium-uranium nitrate solutions. This series of 
critical experiments was part of an extensive program jointly sponsored by the U. S. Department of Energy 
(DOE) and the Power Reactor and Nuclear Fuel Development Corporation (PNC) of Japan and was carried 
out in the mid-1980's. The experiments evaluated here (published as Report PNL-6326) were performed 
with mixed plutonium-uranium nitrate solution in large cylindrical geometry. The objective of these 
experiments was to obtain data on the minimum fissile concentration for criticality in an effectively infinite 
cylindrical geometry. The concentrations of the solution were 23 and 53 g(Pu + U)/liter with a ratio of 
plutonium to total heavy metal (plutonium plus uranium) of 0.52 and 0.23, respectively. All measurements 
were made with a water reflector. Following the publication of the initial PNL reports, considerable effort 
was devoted to an extensive reevaluation of this series of experiments by a collaboration of researchers 
from Oak Ridge National Laboratory (ORNL), PNL, and PNC. Their work produced a more accurate 
remeasurement and description of the “as built” hardware configuration and a more suitable treatment of 
the materials specifications. For the evaluations in this report, the data published by Smolen et al. were 
selected to supersede the original PNL report. The critical heights for the experiments in this evaluation 
were determined using the critical approach method. Neutron flux measurements were made with three 
boron-lined proportional counters as the height of the solution was incrementally increased. A plot of 
solution height over count rate plotted as a function of solution height produces a straight line that 
extrapolates to zero at delayed critical. Three experiments (058, 059 and 061) provide benchmark criticality 
data. 
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Author: Hanlon, David 

Title: Water/Polyethylene Reflected Cylinders of Plutonium/Natural Uranium Nitrate 

Date: 9/30/1999 

Report: MIX-SOL-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered single stainless steel cylindrical vessels (of 
various diameters) containing a plutonium and natural uranium nitrate solution. The experimental program 
was conducted by UKAEA in the SCAMP (Solution Criticality Assembly Machine - Plutonium) facility at 
AWRE Aldermaston in the early 1970's. The cylinders of plutonium and natural uranium nitrate solution 
were reflected by water, except on the top face where the reflector was polyethylene. Ten experiments (each 
employing one of four available fissile solutions) were evaluated and are considered acceptable for use as 
benchmark experiments. 
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Author: Keeton, Stewart C. / Pohl, Bertram A. / Lee, Joseph D. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Plutonium Fraction 
of 0.4 in Small Cylindrical Geometry 

Date: 12/31/1996 

Report: MIX-SOL-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: R. C. Lloyd of PNL has completed and published a series of critical experiments with 
mixed plutonium-uranium nitrate solutions. This series of critical experiments was part of an extensive 
program jointly sponsored by the U. S. Department of Energy (DOE) and the Power Reactor and Nuclear 
Fuel Development Corporation (PNC) of Japan and was carried out in the mid- 1980's. The experiments 
evaluated here (published as Report PNL-6327) were performed with mixed plutonium-uranium nitrate 
solution in a cylindrical geometry tank with inside diameter of 35.39 cm and inside height of 106.60 cm. 
The objective of these experiments was to obtain experimental data to permit the validation of computer 
codes for criticality calculations and of cross-section data to minimize the uncertainties inherent therein, so 
that facility safety, efficiency, and reliability can be enhanced. The concentrations of the solution were 
about 105, 293, and 435 g(Pu+U)/liter with a ratio of plutonium to total heavy metal (plutonium plus 
uranium) of about 0.40 for all nine experiments. Three measurements were made with a water reflector, 
three with a concrete reflector, and three with no reflector. Following the publication of the initial PNL 
reports, considerable effort was devoted to an extensive reevaluation of this series of experiments by a 
collaboration of researchers from ORNL, PNL, and PNC. Their work resulted in a more accurate 
description of the “as built” hardware configuration and the materials specifications. For the evaluations in 
this report, the data published in Reference 2 by Smolen et al. is selected to supersede the original PNL 
report. The critical heights for the experiments in this evaluation were determined using the critical 
approach method. Neutron flux measurements were made with three independent boron-lined proportional 
counters located at separate positions as the height of the solution was incrementally increased. A plot of 
solution height over count rate plotted as a function of solution height produces a straight line that 
extrapolates to zero at delayed critical. The uncertainty in the critical height was estimated to be ± 1.6 mm. 
All nine experiments (065, 066, 067, 068, 069, 070, 077, 078, and 083) provide benchmark criticality data. 
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Author: Pohl, Bertram A. / Keeton, Stewart C. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Plutonium Fraction 
of 0.4 in Slab Geometry 

Date: 9/30/1997 

Report: MIX-SOL-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: R. C. Lloyd of PNL has completed and published a series of critical experiments with 
mixed plutonium-uranium nitrate solutions. This series of critical experiments was part of an extensive 
program jointly sponsored by the U. S. Department of Energy (DOE) and the Power Reactor and Nuclear 
Fuel Development Corporation (PNC) of Japan and was carried out in the mid- 1980's. The experiments 
evaluated here (published as Report PNL-6327) were performed with mixed plutonium-uranium nitrate 
solution in a variable-thickness slab tank with two 106.7 cm square sides and a width that could be varied 
from 7.6 to 22.8 cm. The objective of these experiments was to obtain experimental data to permit the 
validation of computer codes for criticality calculations and of cross-section data to minimize the 
uncertainties inherent therein, so that facility safety, efficiency, and reliability could be enhanced. The 
concentrations of the solution were about 105, 293, and 435 g(Pu+U)/liter with a ratio of plutonium to total 
heavy metal (plutonium plus uranium) of about 0.40 for all eight experiments. Four measurements were 
made with a water reflector, and four with no reflector. Following the publication of the initial PNL reports, 
considerable effort was devoted to an extensive reevaluation of this series of experiments by a collaboration 
of researchers from ORNL, PNL, and PNC. Their work resulted in a more accurate description of the “as 
built” hardware configuration and the materials specifications. For the evaluations in this report, the data 
published in Reference 2 by Smolen et al. is selected to supersede the original PNL report. Eight 
experiments have been evaluated and seven (063, 064, 071, 072, 074, 075, and 076) provide acceptable 
benchmark criticality data. Experiment 073, with no reflector, could not achieve criticality within vessel 
height limitations. 
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Author: Poullot, Gilles 

Title: Mixed Uranium (70%) Plutonium (30%) Nitrate Solution Poisoned with Gadolinium 

Date: 9/30/2003 

Report: MIX-SOL-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered a water-reflected cylinder tank (70 cm internal 
diameter) containing mixed uranium plutonium nitrate solution poisoned with natural gadolinium. The tank 
always contained approximately the same fissile nitrate solution (91 g/l Pu, 213 g/l U, H+ = 2.8N), but with 
a gadolinium concentration varying in the range of 0.03 to 0.712 g/l. These experiments were performed at 
the Valduc facility (CEA-France) near the city of Dijon in 1986 in Apparatus B. They were subcritical 
approaches extrapolated to critical. The multiplication factor reached was very close to 1 (within 0.1 %). 
Twenty subcritical approaches were performed in two months, some of them being a “rerun” with the same 
solution. Among these twenty experiments six are accepted for benchmarks. Fourteen experiments are not 
selected, because either they are too similar to the others (rerun experiments at slightly different 
temperatures), or they have incomplete chemical analyses. Within the framework of this evaluation a new 
report was written including data of the basic report and additional data found in laboratory archives. In 
this evaluation, when data comes only from Reference 2, this reference is specifically mentioned. This 
experimental program was presented at the ISCS’87 in 1987 (International Seminar on Nuclear Criticality 
Safety, Reference 3), but because it was classified, the given data were not complete. 
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Report: MIX-SOL-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Several series of experiments containing plutonium-uranyl nitrate solution and 
mixtures of soluble poisons (boron and gadolinium) were performed at BNW (Battelle Pacific Northwest 
Laboratories) in the 1970s. The data from these experiments, as specified by the authors of Reference 1,”... 
are needed in setting of criticality safety specifications for storage, processing and shipping of fissile 
material where it is desired to handle larger quantities with safety and efficiency. These data are needed 
also for validating calculational techniques and cross section sets.” Solutions of uranium and plutonium 
nitrate (30% plutonium in the total plutonium + uranium)”... were used in these experiments to determine 
the effect of neutron poisons.” The following four types of experiments are reported in Reference 1: 1. 
Triangular lattices of UO2 + PuO2 fuel pins in U + Pu nitrate solution containing gadolinium. 2. U + Pu 
nitrate solution containing gadolinium. 3. U + Pu nitrate solution in a Raschig-ring-filled tank. 4. UO2 + 
PuO2 fuel pins in U + Pu nitrate solution containing boron and gadolinium. This evaluation focuses on the 
second series of experiments, ten homogeneous configurations, which consist of a plutonium-uranyl nitrate 
[Pu(NO3)4, UO2(NO3)2] solution containing gadolinium nitrate [Gd(NO3)3]. Gadolinium was used”... 
because of its high neutron cross section, high solubility, and compatibility in the separation process. 
Experiments indicate that the gadolinium has no tendency to plate out, precipitate, or stratify.” The purpose 
of this experiment was “... to determine the criticality of homogeneous systems of U+Pu nitrate solutions 
with varying amounts of Gd added to the solution.” The plutonium concentration was approximately 76 g/l. 
The 240Pu content was approximately 5.77 wt.% and the 235U content was approximately 0.66%. The ten 
configurations considered in this evaluation differed by the concentration of gadolinium (0.042 g/l to 1.06 
g/l) which, in turn, directly affects the critical height of the solution. Only 7 of the 10 configurations are 
considered acceptable for use as criticality safety benchmark experiments because of unacceptably large 
uncertainties in the gadolinium concentration in three of the configurations. 
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Conference Session:  

Abstract/Keyterms: This set of experiments is one of five in a series of critical-approach experiments with 
cylindrical, water-reflected, poisoned, plutonium-uranium nitrate solutions performed at the Pacific 
Northwest Laboratories (PNL) in the 1970’s. The five types of experiments, which are documented in 
Reference 1, are 1. Solution containing gadolinium (evaluated in MIX-SOL-THERM-007). 2. Mixed-oxide 
fuel pins in solution containing gadolinium (MIX-MISC-THERM-004). 3. Solution in a Raschig-ring-filled 
tank (this evaluation). 4. Solution containing boron and gadolinium. 5. Mixed-oxide fuel pins in solution 
containing B and Gd (MIX-MISC-THERM-005). The experiments evaluated here, with the core tank filled 
with borated-glass Raschig rings, were performed in the first four months of 1974. The metal in solution 
was 30 to 39 wt.% plutonium containing approximately 5.7% 240Pu. The uranium was slightly depleted 
(0.665 wt.% 235U). The total U + Pu metal concentration ranged from 240 to 274 grams/liter. The Raschig 
rings occupied approximately 1/5 of the core tank’s capacity. The extrapolated critical solution height 
varied with solution composition. The metal concentrations of the last experiment are nearly the same as 
those of the solutions of the MIX-MISC-THERM-004 experiments, which were performed immediately 
after these in a different core tank. The isotopic compositions of the plutonium and uranium are nearly 
identical. Eight experiments with different solution compositions are evaluated. Although keff effects of 
estimated parameter uncertainties are large (~0.7%), as are estimated effects of modeling simplifications 
(~0.4%), all of the eight experiments are accepted as critical benchmark experiments. 
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Conference Session:  

Abstract/Keyterms: Several series of experiments with plutonium-uranyl nitrate solution containing 
soluble poisons (boron and gadolinium) were performed at BNW (Battelle Pacific Northwest Laboratories) 
in the 1970s. The data from these experiments, as indicated by the authors of Reference 1,”... are needed in 
setting of criticality safety specifications for storage, processing and shipping of fissile material where it is 
desired to handle larger quantities with safety and efficiency. These data are needed also for validating 
calculational techniques and cross section sets.” Solutions of uranium and plutonium nitrate (30% 
plutonium in the total plutonium + uranium)”... were used in these experiments to determine the effect of 
neutron poisons.” The following five types of experiments are reported in Reference 1: 1. Triangular lattices 
of UO2 + PuO2 fuel pins in U + Pu nitrate solution containing gadolinium. 2. U + Pu nitrate solution 
containing gadolinium. 3. U + Pu nitrate solution in a Raschig-ring-filled tank. 4. UO2 + PuO2 fuel pins in 
U + Pu nitrate solution containing boron and gadolinium. 5. U + Pu nitrate solution containing boron and 
gadolinium. This evaluation focuses on the fifth type, nine homogeneous configurations, which consist of 
a plutonium-uranyl nitrate [Pu(NO3)4, UO2(NO3)2] solution containing boric acid (H3BO3) and 
gadolinium nitrate (Gd(NO3)3). In addition to boron, gadolinium was used”... because of its high neutron 
cross section, high solubility, and compatibility in the separation process. Experiments indicate that the 
gadolinium has no tendency to plate out, precipitate, or stratify.” The purpose of this experiment was “... to 
determine the criticality of homogeneous systems of U+Pu nitrate solutions with varying amounts of B and 
Gd added to the solution.” The plutonium concentration ranged from 80 g/l to 85 g/l. The 240Pu content 
was less than 6.35 wt. %, and the 235U content was approximately 0.66%. The purpose of this particular 
system was “... to obtain data on the criticality of U+Pu nitrate solutions containing boron and gadolinium.” 
The nine configurations considered in this evaluation differ by the concentrations of boron (0 g/l to 1.54 
g/l) and gadolinium (0.04 g/l to 0.537 g/l) which, in turn, directly affect the critical height of the solution. 
The first four series of experiments reported in Reference 1, are evaluated in MIX-MISC-THERM-004, 
MIX-SOL-THERM-007, MIX-SOL-THERM-008 and in MIX-MISC-THERM-005, respectively. The 
setups of those experiments are partially identical to that of these experiments. Thus, much of the data in 
this report is copied or summarized from these evaluations. Both the fourth type of experiments (described 
in MIX-MISC-THERM-005) and the fifth type of experiments (this evaluation) mentioned at the beginning 
of this section have a common characteristic – partially very large uncertainties in the reported data. It 
seems that at the time the experiments were performed only limited care was taken to thoroughly document 
all data so that they could later be used by other evaluators as benchmark experiments. Enough evidence 
has, however, been found in the experimental report and especially in two different logbooks that 
uncertainty in keff lower than 1% could be achieved for three cases and an uncertainty of less than 2% for 
the remaining six cases. Due to the uniqueness of the experimental setup, all cases have been classified as 
criticality benchmarks. 
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Author: Wolfe, R. A. / Kahle, J. B. 

Title: Neutron Multiplication Determination of 238Pu Dioxide 

Date: 1/1/1966 

Report: MLM-1340 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety 
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11298…..…..…………………..…….……..……ID Number…………………..…..…………….11298 

Author: Wolfe, R. A. / Edling, D. A. / Giessing, D. F. / Kahle, J. B. / Stubbins, W. F. 

Title: Neutron Multiplication Experiment with Plutonium-238 Dioxide Double Sealed in Calorimeter 
Pressure Tubes 

Date: 1/9/1967 

Report: MLM-1395 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Maximum neutron multiplication was ~ 1.025. 
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11299…..…..…………………..…….……..……ID Number…………………..…..…………….11299 

Author: Wolfe, R. A. / Edling, D. A. 

Title: Subcritical Neutron Multiplication Experiment with SNAP-19C-2 Heat Sources Containing 238pu 
Isotope 

Date: 1/1/1967 

Report: MLM-1416 (DEL-1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Isotopes Pu-238 / Neutron Multiplication Measurements on Heat Sources 
of; Neutrons / Multiplication Measurements in Plutonium-238 Heat Sources; Systems for Nuclear Auxiliary 
Power (SNAP-19) / Heat Sources for, Performance and Safety of Plutonium-238; Heat Sources / Neutron 
Multiplication in SNAP-19c-2, Effects of Air and Water on Subcritical 
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11300…..…..…………………..…….……..……ID Number…………………..…..…………….11300 

Author: Wolfe, R. A. / Stubbins, W. F. 

Title: Subcritical Neutron Multiplication Experiment with Four SNAP-19B (IRHS) Heat Sources 
Containing 238Pu 

Date: 1/24/1969 

Report: MLM-1523 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Maximum Neutron Multiplication Was ~ 1.19; Handling and Storage / Safety 
Analysis of SNAP-19b Heat Sources of Plutonium-238, Effects of Array Spacings in Water and Air and 
Water and Lead Reflectors on Subcritical Neutron Multiplication; Systems for Nuclear Auxiliary Power 
(SNAP-19) / Heat Sources for, Effects of Array Spacings in Water and Air and Water and Lead Reflectors 
on Subcritical Neutron Multiplication in Plutonium-238; Plutonium Isotopes Pu-238 / Neutron 
Multiplication in SNAP-19b Heat Sources of, Effects of Array Spacings in Water and Air and Water and 
Lead Reflectors on Subcritical; Criticality / Neutron Multiplication in SNAP-19b Plutonium-238 Heat 
Sources, Effects of Array Spacings in Water and Air and Water and Lead Reflectors on Subcritical 
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Author: Wolfe, R. A. / Stubbins, W. F. 

Title: Subcritical Neutron Multiplication Experiment with Four SNAP-19B (IRHS) Heat Sources 
Containing 238Pu. 

Date: 1/1/1969 

Report: MLM--1523 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Air; Batteries; Configuration; Critical 
Assemblies; Criticality; Lead; Multiplication Factors; Neutrons; Plutonium 238; Radioisotopes; Safety; 
SNAP Batteries; Storage; Water 
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11302…..…..…………………..…….……..……ID Number…………………..…..…………….11302 

Author: Wolfe, R. A. 

Title: Criticality Analysis of the Large Heat Source System Containing 238PuO2 Fuel 

Date: 1/1/1968 

Report: MLM-1532 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Oxides PUO2 Criticality of Plutonium-238-Containing, for Use as 
Brayton Cycle Heat Source; Power Cycles / Heat Source Development for 25 Kw Plutonium-238-Fueled 
Brayton, for Use in Space; Fuel Capsules / Design for 25 Kw Plutonium-238-Fueled Heat Source; 
Plutonium Isotopes Pu-238 / Use as Heat Source in Brayton Cycle Power Generator, Criticality Analysis 
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Author: Abrahamson, S. G. / et al. 

Title: Plutonium-238 Isotopic Fuel Form Data Sheets 

Date: 10/31/1969 

Report: MLM-1691 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-11340 

11304…..…..…………………..…….……..……ID Number…………………..…..…………….11304 

Author: Wolfe, R. A. 

Title: Nuclear Criticality Safety of DOT Special Permit No. 6000 Package for Large Quantities of Fissile 
Waste Material 

Date: 2/20/1970 

Report: MLM-1714 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radioactive Waste / Shipping of, Criticality Safety of Department of Transportation 
No. 6000 Shielded Container for; Safety / Calculation of Criticality, of Department of Transportation No. 
6000 Shielded Container for Shipping Radioactive Waste; Shielded Containers / Criticality Safety of 
Department of Transportation No. 6000, for Shipping Radioactive Waste, Density Analog Method for 
Calculation of 
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11305…..…..…………………..…….……..……ID Number…………………..…..…………….11305 

Author: Madding, R. D. Jr. / Vallee, R. E. / Griffin, J. F. 

Title: Documentation of DOT-SP-5915 for 55/30 and 83/55 Drum Combination Packaging 

Date: 1/1/1972 

Report: MLM--1911 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation-Containers; Casks; 
Containers; Criticality; Design; Fissionable Materials; Radioactive Wastes; Safety; Shielding; Testing; 
Transport; Uses 
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11306…..…..…………………..…….……..……ID Number…………………..…..…………….11306 

Author: Griffin, J. F. / Edling, D. A. / Winemiller, C. D. 

Title: Safety Analysis Report for Packaging (SARP) Model Al-M1 Nuclear Packaging 

Date: 1/1/1972 

Report: MLM--1981 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation-Containers; Accidents; 
Casks; Containment; Criticality; Design; Fissile Materials; Packaging; Performance Testing; Safety; 
Shielding; Transport 
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11307…..…..…………………..…….……..……ID Number…………………..…..…………….11307 

Author: Griffin, J. F. / Peterson, J. B. /; Edling, D. A. / Rodriguez, L. F. 

Title: Safety Analysis Report for Packaging (SARP): ATMX-500 Railcar Nuclear Packaging 

Date: 5/31/1974 

Report: MLM-2145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation; Containers- Safety; 
Radioactive Wastes- Transport; Design; Packaging; Railways; Shielding; Thermal Insulation 
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11308…..…..…………………..…….……..……ID Number…………………..…..…………….11308 

Author: Griffin, J. F. / Bertram, R. E. / Blauvelt, R. K. / Edling, D. A. / Flanagan, T. M. / Peterson, J. B. / 
Prosser, D. L. 

Title: Safety Analysis Report for Packaging (SARP): USA/5790/BLF (ERDA-AL) and USA/5791/BLF 
(ERDA-AL) 

Date: 4/30/1976 

Report: MLM-2242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Casks; Safety; Radioactive Materials; Transport; Criticality; Design; 
Performance Testing; Specifications; Containers; Testing 
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11309…..…..…………………..…….……..……ID Number…………………..…..…………….11309 

Author: Griffin, J. F. / Bertram, R. E. / Blauvelt, R. K. / Edling, D. A. / Flanagan, T. M. / Peterson, J. B. / 
Prosser, D. L. 

Title: Safety Analysis Report for Packaging (SARP) USA/5790/BLF (ERDA-AL) and USA/5791/BLF 
(ERDA-AL) 

Date: 4/30/1976 

Report: MLM-2242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Safety Analysis Report for Packaging (SARP) satisfies the request of the U. S. 
Energy Research and Development Administration for a formal safety analysis of the two insulated drum 
shipping containers identified as USA/5790/BLF ERDA-AL and USA/5791/BLF ERDA-AL. Discussions 
of structural integrity, thermal resistance, radiation shielding and radiological safety, nuclear criticality 
safety, and quality control are included. Much of the information was previously submitted to 
ERDA/OSD/ALO and the Department of Transportation (DOT) and provided the basis for obtaining special 
permits DOT-SP-5790 and DOT-SP-5791 as well as the Interim Certificates of Compliance until the SARP 
could be prepared. Complete physical and technical descriptions of the packages are presented. Each 
package consists of a modified DOT Specification 2R cylindrical steel inner container centered within an 
insulated steel drum. The contents may be any radioactive materials which satisfy the requirements 
established in this SARP. A shipment of Plutonium-238 in the form of a solid oxide is evaluated in this 
SARP as an example. The results of the nuclear criticality safety analysis show how much of the fissile 
isotopes may be shipped as Fissile Class I, II, or III for each container. Design and development 
considerations, the test and evaluations required. 
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11310…..…..…………………..…….……..……ID Number…………………..…..…………….11310 

Author: Roome, L. G. / Watkins, R. A. / Bertram, R. E. / Kreider, H. B. 

Title: Safety Analysis Report for Packaging (SARP) for USA/5790/BLF (DOE-AL) and USA/5791/BLF 
(DOE-AL) 

Date: 1/25/1980 

Report: MLM-2242(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This revised Safety Analysis Report for Packaging (SARP) includes discussions of 
structural integrity, thermal resistance, radiation shielding and radiological safety, nuclear criticality safety, 
and quality control of shipping containers. Much of the information was previously submitted to 
AEC/OSD/ALO and the Department of Transportation (DOT) and provided the basis for obtaining special 
permits DOT-SP-5790 and DOT-SP-5791 as well as the Interim Certificates of Compliance until the 
original SARP could be prepared and Certificates of Compliance issued by ERDA. This SARP revision 
incorporates information on certain design changes, the most significant of which relate to the inner 
container for the Type 5790 package. Complete physical and technical descriptions of the packages are 
presented. Each package consists of a cylindrical steel inner container centered within an insulating steel 
drum assembly. The contents may be any radioactive materials which satisfy the requirements established 
in this SARP. A shipment of plutonium-238 in the form of a solid oxide is evaluated in this SARP as an 
example. The results of the nuclear criticality safety analysis show how much of the fissile isotopes may be 
shipped as Fissile Class I, II, or III for each container. Design and development considerations, the tests 
and evaluations required to 
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11311…..…..…………………..…….……..……ID Number…………………..…..…………….11311 

Author: Griffin, J. F. / Peterson, J. B. / Edling, D. A. / Blauvelt, R. K. 

Title: Safety Analysis Report for Packaging (SARP) ATMX-500 Railcar Nuclear Packaging 

Date: 7/8/1977 

Report: MLM-2428 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Safety Analysis Report for Packaging (SARP) is described that makes available to 
all potential users the technical specifications and limits pertinent to the modification and use of the ATMX 
Railcars for which the Department of Transportation has issued Special Permit No. 5948. The SARP 
includes discussions of structural integrity, thermal resistance, radiation shielding and radiological safety, 
nuclear criticality safety, and quality control. Much of the information was previously published in a similar 
report. A complete physical and technical description of the package is presented. The packaging consists 
of a specially modified ATMX Series 500 Railcar loaded with DOT Specification steel drums or fiberglass 
coated plywood boxes. The results of the nuclear criticality safety analysis provide the maximum quantities 
of each fissile isotope which may be shipped as Fissile Class I in 30-and 55-gal drums. A limit of 5 g/ft3 
was established for wooden boxes. Design and development considerations regarding the packaging 
concept and modification of the ATMX-500 Railcar are presented. Tables, dimensional sketches, sequential 
photographs of the structural modifications, technical references, loading and shipping guidelines, and 
results of Mound Laboratory's experience in using this container are included. An internal review of this 
SARP was… 
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11312…..…..…………………..…….……..……ID Number…………………..…..…………….11312 

Author: Griffin, J. F. Peterson, J. B. / Edling, D. A. / Blauvelt, R. K. 

Title: Safety Analysis Report for Packaging (SARP): ATMX-500 Railcar nuclear packaging 

Date: 7/8/1977 

Report: MLM-2428 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Safety Analysis Report for Packaging (SARP) is described that makes available to 
all potential users the technical specifications and limits pertinent to the modification and use of the ATMX 
Railcars for which the Department of Transportation has issued Special Permit No. 5948. The SARP 
includes discussions of structural integrity, thermal resistance, radiation shielding and radiological safety, 
nuclear criticality safety, and quality control. Much of the information was previously published in a similar 
report. A complete physical and technical description of the package is presented. The packaging consists 
of a specially modified ATMX Series 500 Railcar loaded with DOT Specification steel drums or fiberglass 
coated plywood boxes. The results of the nuclear criticality safety analysis provide the maximum quantities 
of each fissile isotope which may be shipped as Fissile Class I in 30- and 55-gal drums. A limit of 5 g/ft/sup 
3/ was established for wooden boxes. Design and development considerations regarding the packaging 
concept and modification of the ATMX-500 Railcar are presented. Tables, dimensional sketches, sequential 
photographs of the structural modifications, technical references, loading and shipping guidelines, and 
results of Mound Laboratory's experience in using this container are included. An internal review of this 
SARP was performed in compliance with the requirements of ERDA Manual Chapter 5201-Part V. 
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11313…..…..…………………..…….……..……ID Number…………………..…..…………….11313 

Author: Watkins, R. A. / Bertram, R. E. / Blauvelt, R. K. / Edling, D. A. / Flanagan, T. M. / Griffin, J. F. 
/ Rhinehammer, T. B. 

Title: Safety Analysis Report for Packaging (SARP): ATMX-500 Railcar Nuclear Packaging 

Date: 9/30/1977 

Report: MLM-2447 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The SARP includes structural integrity, thermal resistance, radiation shielding and 
radiological safety, nuclear criticality safety, and quality control of three insulated drum shipping containers 
identified as USA/9507/BLF (ERDA-AL), also called AL-M1, configurations 1, 3, and 5. Complete 
physical and technical descriptions of the packages are presented. Each package consists of an inner 
container centered within an insulated steel drum. The contents are plutonium-239 and uranium-235 in 
configurations-1 and-3. The configuration-5 package is intended for shipment of up to 100,000 Ci of 
tritiated water immobilized on a sorbent such as molecular sieve. 
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11314…..…..…………………..…….……..……ID Number…………………..…..…………….11314 

Author: Watkins, R. A. / Bertram, R. E. / Blauvelt, R. K. / Griffin, J. F. / Peterson, J. B. / Prosser, D. L. 

Title: Safety Analysis Report for Packaging (SARP) for USA/9507/BLF (DOE-AL) 

Date: 11/11/1977 

Report: MLM-2460 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Safety Analysis Report for Packaging (SARP) satisfies the request of the U.S. 
Energy Research and Development Administration for a formal safety analysis of the insulated drum 
shipping container identified as USA/9506/BLF(DOE-A1). Included are discussions of structural integrity, 
thermal resistance, radiation shielding and radiological safety, nuclear criticality safety, and quality control. 
Complete physical and technical descriptions of the packages are presented. 
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11315…..…..…………………..…….……..……ID Number…………………..…..…………….11315 

Author: Whitney, M. A. / Burgan, C. E. / Blauvelt, R. K. / Zocher, R. W. / Bronisz, S. E. 

Title: Safety-Analysis Report for Packaging (SARP) General-Purpose Heat-Source Module 750-Watt 
Shipping Container 

Date: 10/15/1981 

Report: MLM-2857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The SARP includes discussions of structural integrity, thermal resistance, radiation 
shielding and radiological safety, nuclear criticality safety, and quality control. Extensive tests and 
evaluations were performed to show that the container will function effectively with respect to all required 
standards and when subjected to normal transportation conditions and the sequence of four hypothetical 
accident conditions (free drop, puncture, thermal, and water immersion). In addition, a steady state 
temperature profile and radiation profile were measured using two heat sources that very closely resemble 
the GPHS. This gave an excellent representation of the GPHS temperature and radiation profile. A nuclear 
criticality safety analysis determined that all safety requirements are met. 
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11316…..…..…………………..…….……..……ID Number…………………..…..…………….11316 

Author: Coleman, H. L. / Whitney, M. A. / Williams, M. A. / Alexander, B. M. / Shapiro, A. Mound 

Title: Safety Analysis Report for Packaging (SARP): Model AL-M1 Nuclear Packaging 

Date: 11/24/1987 

Report: MLM-3446 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Safety Analysis Report for Packaging (SARP) satisfies the request of the US 
Department of Energy for a formal safety analysis of the shipping container identified as USA/9507/BLF, 
also called AL-M1, configuration 5. This report makes available to all potential users the technical 
information and the limits pertinent to the construction and use of the shipping containers. It includes 
discussions of structural integrity, thermal resistance, radiation shielding and radiological safety, nuclear 
criticality safety, and quality control. A complete physical and technical description of the package is 
presented. The package consists of an inner container centered within an insulated steel drum. The 
configuration-5 package contains tritiated water held on sorbent material. There are two other AL-M1 
packages, designated configurations 1 and 3. These use the same insulated outer drum, but licensing of 
these containers will not be addressed in this SARP. Design and development considerations, the tests and 
evaluations required to prove the ability of the container to withstand normal transportation conditions, and 
the sequence of four hypothetical accident conditions (free drop, puncture, thermal, and water immersion) 
are discussed. Tables, graphs, dimensional sketches, photographs, technical references, loading and 
shipping procedures, Monsanto Research Corporation-Mound experience in using the containers, and a 
copy of the DOE/OSD/ALO Certificate of Compliance are included. 
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11317…..…..…………………..…….……..……ID Number…………………..…..…………….11317 

Author: Coleman, H. L. / Whitney, M. A. / Williams, M. A. / Alexander, B. M. / Shapiro, A. 

Title: Safety Analysis Report for Packaging (SARP): Models AL-M3 and AL-M6 Nuclear Packaging 

Date: 11/24/1987 

Report: MLM-3465 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This revised Safety Analysis Report for Packaging (SARP) satisfies the requirement 
of the US Department of Energy (DOE) for an updated formal safety analysis of the two insulated drum 
shipping containers identified as USA/5790/BLF and USA/5791/BLF. The report makes available to all 
potential users the technical information and limits pertinent to the construction and use of the shipping 
containers. This SARP includes discussions of structural integrity, thermal resistance, radiation shielding 
and radiological safety, nuclear criticality safety, and quality control. Complete physical and technical 
descriptions of the packages are presented. Each package consists of a cylindrical steel inner container 
centered within an insulating steel drum assembly. The contents may be any radioactive materials that 
satisfy the requirements established in this SARP. A shipment of plutonium-238 in the form of a solid oxide 
is evaluated in this SARP as an example. Design and development considerations, the tests and evaluations 
required to prove the ability of the containers to withstand normal transportation conditions, and the 
sequence of four hypothetical accident conditions (free drop, puncture, thermal, and water immersion) are 
discussed. Tables, graphs, dimensional sketches, photographs, technical references, loading and shipping 
procedures, Mound Facility experience in using the containers, and copies of the DOE Certificates of 
Compliance are included. 
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11318…..…..…………………..…….……..……ID Number…………………..…..…………….11318 

Author: Powers, J. A. / Foster, K. W. / Stubbins, W. F. 

Title: Interim Plutonium-238 Criticality Report for Heat Source System Design 

Date: 6/18/1965 

Report: MLM-MU-65-66-0003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In a fast neutron flux, preliminary studies indicate a critical mass of plutonium-238 
comparable to that of plutonium-239. The quantity nu$Sigma$/sub f/-$Sigma$/sub a/, as measured in the 
Jezebel reactor, is 0.0118 ± 0.0006 cm$sup-1$ and 0.0117 ± 0.0004 cm $sup-$1 for plutonium-238 and 
plutonium-239 respectively. Using plutonium-239 fast fission parameters, planar and cylindrical critical 
array calculations for plutonium-238 heat sources are discussed. 
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11319…..…..…………………..…….……..……ID Number…………………..…..…………….11319 

Author: Wolfe, R. A. 

Title: The Nuclear Criticality Safety Aspects of Plutonium-238 

Date: 11/20/1969 

Report: MLM-MU--69-71-0015 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering not Included in Other Categories; Isotope and Radiation Source 
Technology; Plutonium 238; Criticality; Radioisotope Heat Sources; Radioisotope Batteries; Storage; 
Materials Handling 
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11320…..…..…………………..…….……..……ID Number…………………..…..…………….11320 

Author: Wakeford, R. / Smith, N. R. 

Title: Further Results from the Preliminary Testing of Group - MONK 6 

Date: 2/1/1983 

Report: MMC/P64 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11321…..…..…………………..…….……..……ID Number…………………..…..…………….11321 

Author: Gyftopoulos, E. P. 

Title: Nonlinear Reactor Kinetics 

Date: 1/1/1964 

Report: MMPP-FRPC-64-3; CONF-640615-2 

Conference/Journal: Fast Reactor Physics Conference, Ann Arbor, Mich. Orig. Receipt Date: 31-DEC-
65 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Integrals; 
Mathematics; Numericals; Reaction Kinetics; Reactors; Stability; Transients 
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11322…..…..…………………..…….……..……ID Number…………………..…..…………….11322 

Author: Brittain, W. / George, T. / Christenbury, C. / Pollard, J. / Rosenthal, H. / Russo, F. / Smith, C. / 
Trushin, J. 

Title: Tubular Core Development Program--Pm Core 3 Design Status Report 

Date: 1/1/1965 

Report: MND-2706-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Boron Carbides; Canning; 
Cermets; Coating; Configuration; Control Elements; Criticality; Dispersions; Fuel Elements; Fuels; Heat 
Transfer; Hydraulics; Measured Values; Mechanical Structures; Neutron Sources; Planning; Poisoning; 
Power Plants; Reactivity; Reactor Core; Reactors; Stainless Steels; Thermodynamics; Tubes; Uranium 
Dioxide; Zircaloy 
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11323…..…..…………………..…….……..……ID Number…………………..…..…………….11323 

Author: n. a. 

Title: Feasibility Study of Water-Cooled Thermionic Nuclear Power Plant 

Date: 11/1/1962 

Report: MND-2903( II) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is given of a development program recommended to permit design and 
construction of a water cooled thermionic plant. The entire program is divided into five areas: in-core diode 
development, both fuel element and thermionic-diode; plant component development; critical experiments, 
both hot and cold; electrical converter; and engineering. The schedule, cost, scope, manpower, and facilities 
are defined for each of these five areas. The interrelations between programs and the applicability of each 
program to the design is shown. 
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11324…..…..…………………..…….……..……ID Number…………………..…..…………….11324 

Author: Olsen, T. M. / Welshans, L. / Eicheldinger, C. 

Title: ANPP Code Development Program, Pressurized Water Task. Quarterly Progress Report No. 2 from 
November 1, 1959 to January 31, 1960 

Date: 2/1/1960 

Report: MND-C-2201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Boron; Buckling; Computers; Control Elements; Criticality; 
Cross Sections; Distribution; Energy Levels; Errors; Fabrication; Fuel Elements; Homogeneous Reactors; 
Matrices; Measured Values; Neutron Flux; Poisoning; Programming; Reactivity; Reactors; Reflectors; 
Scattering; Stainless Steels; Standards; Temperature; Thermal Neutrons 
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11325…..…..…………………..…….……..……ID Number…………………..…..…………….11325 

Author: Olsen, T. M. / Welshans, L. / Eicheldinger, C. 

Title: ANPP Code Development Program Pressurized Water Task Quarterly Progress Report No. 3 for 
February 1, 1960 to April 30, 1960 

Date: 5/1/1960 

Report: MND-C-2202 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress for the third quarter of the ANPP Code Development Program is reported. 
SNK transport flux equations were added to the SYNFAR physical model as an alternate option to the 
existing Pl-diffusion theory equations, and assembly and checkout of the corresponding subroutines were 
started. The existing cell correction physical model was verified experimentally. The SYNTAR slowing-
down subroutine dynamic flux and reactivity additions were checked out. Also checked out were the options 
of region dependent buckling, Todt buckling, spherical geometry, Behren's correction, and Couveyou-
Macanley moderation. Codes WANDA-3, CANDLE, MUFT-4, and TURBO were tried successfully, using 
the IBM- 709 compatibility option. C ELCOR input and mixture cross-section generation subroutines were 
checked out. The CSDP Program was placed in production, and SCAT and WMU Programs were checked 
out. Programs SYNFAR, DELTA, Breit-Wigner Formula, XIMU, and CSDP were added to the APWRC 
Library Tape. Basic cross section data reduction was completed for 41 materials and the results placed on 
magnetic tape. Critical experiments were performed on Cores 452, 450, and 354 during the period. The 
results of thermal buckling measurements and intracell thermal activations on Core 453 are also reported. 
Improvements were made in the thermal activation measurements, and the intracell measurements were 
made in greater detail. A new experiment was performed on several cores, which involved thermal 
activation measurements in the reflector region. Some companions of the experimental results from the 45-
mil cores are presented. A significant improvement in the fabrication technique for the Type I homogeneous 
element was achieved through use of fine mesh materials in the pressing blend. SYNFAR was used to 
predict the results of the PMZ-1 critical experiment. (For preceding period see MND-C-1201,) 
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11326…..…..…………………..…….……..……ID Number…………………..…..…………….11326 

Author: Olsen, T. M. / Welshans, L. / Eicheldinger, C. 

Title: ANPP Code Development Program, Pressurized Water Task. Quarterly Progress Report Number 
Five 

Date: 11/1/1960 

Report: MND-C-2204 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Activation; Blackness Theory; Buckling; 
Computers; Configuration; Control Rod Worth; Critical Assemblies; Criticality; Cross Sections; Elasticity; 
Fission Products; FORTRAN; Fuel Elements; Hardening; Homogeneous Reactors; Lifetime; Mass; 
Multiplication Factors; Neutron Flux; Neutron Sources; PM-1; Poisoning; Pressure; Programming; Prompt 
Neutrons; Pulses; Radiations; Reactivity; Reactors; Resonance Escape Probability; Scattering; Stability; 
SYBURN-Code; SYNFAR-Code; Temperature; Temperature Coefficient; Water; Water Coolant 
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Author: n.a. 

Title: ANPP Code Development Program Pressurized Water Task. Quarterly Progress Report No. 6, 
November 1, 1960 to January 31, 1961 

Date: 2/1/1961 

Report: MND-C-2205 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Final checkout, corrections, and modifications to SYNFAR, CELCOR and CSDP 
were completed. Improvements in tape storage completed the nuclear cross section requirements. The 
majority of coding on five SYBURN subroutines was completed. All corrections for input data for 
SYNFAR were calculated. Comparison was made between Pl and SN results for various core sizes and 
geometries with materials of interest in ANPP. Critical experiments were performed on Cores 402 and 404. 
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11328…..…..…………………..…….……..……ID Number…………………..…..…………….11328 

Author: Olsen, T. M. / Welshans, L. 

Title: ANPP Code Development Program Pressurized Water Task. Quarterly Progress Report No. 8, May 
1, 1961 to July 31, 1961 

Date: 8/1/1961 

Report: MND-C-2207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Buckling; Burnup; Computers; Configuration; Criticality; 
Density; Equations; Errors; Fuel Elements; Group Theory; Homogeneous Reactors; Isotopes; Levels; Mass; 
Measured Values; Metals; Moderators; Multiplication Factors; Neutron Flux; Numericals; Power Plants; 
Pressure; Programming; Reactivity; Reactor Core; Resonance Escape Probability; SPERT-3; SYBURN-
Code; SYNFAR-Code; Thermal Utilization; Transport Theory; Water; Water Coolant; Zones 
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11329…..…..…………………..…….……..……ID Number…………………..…..…………….11329 

Author: Colbeth, E. A. / Hubner, R. S. / Schweller, D. / Welshans, L. / Wenstrup, F. D. / Olsen, T. M. 

Title: ANPP Code Development Program, Pressurized Water Task Progress Report Number Nine. Period 
Covered: August 1, 1961 to January 31, 1962 

Date: 2/1/1962 

Report: MND-C-2208 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The coding of the remaining depletion subroutines of SYBURN and the changes in 
the transport subroutines in TTHEOR to permit a criticality search were finished. The modified version of 
CELCOR that includes the effects of leakage from adjacent regions in calculating the multigroup source 
terms was checked out. A comparison was made of two-dimensional P1 and DSN theory results. The 
relative rates of convergence, running times, and accuracy were studied. The GAM code was revised to 
permit it to read thermal cross sections from the data/ ape and/o write the SYBURN few-group constants 
on a binary tape. GAM-22, a 22- group version of the GAM program, was coded, compiled, and checked 
out. A code was written to compile and/or modify a nuclear data library tape to be used by GAM-type codes 
as thermal and fast cross section input. A code, RESINT, that uses experimental resonance integral data in 
improving the absorption and fission cross sections processed by CSDP was written and checked out. 
Critical experiments were carried out, and the cores analyzed by computer programs. 
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11330…..…..…………………..…….……..……ID Number…………………..…..…………….11330 

Author: Welshans, L. 

Title: An Experimental Program on Water-Moderator Arrays of Uranium and Stainless Steel 

Date: 12:00:00 AM 

Report: MND-C-2502 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An experimental study on critical arrays of water moderated, flat-plate, laminated 
fuel bundles is described. The U loading per bundle was about 54 g U235; stainless steel and boron steel 
contents were varied to provide the desired metal-to-water ratio and the proper boron loading. The 
experiments were performed in support of the ANPP code development program. This program is aimed at 
development of an automated general purpose nuclear design code. A total of 12 cores were studied. 
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11331…..…..…………………..…….……..……ID Number…………………..…..…………….11331 

Author: n. a. 

Title: ERDL Critical Experiments. Hazards Summary Report 

Date: 12/1/1957 

Report: MND-E-1157 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experimental reactor core is a heterogeneous, light water moderated, 
unpressurized, fully-enriched system that will operate at a maximum power of about ten watts. The 
criticality and nuclear characteristics tests for the zero power check point and power flattening experimental 
programs are described. A 2% step input analysis presented and shown to produce a 62.2 Mwsec energy 
release. The maximum credible incident is described and found to result in a series of 7 Mw-sec energy 
releases. Doses to surrounding areas due to a 62.2 Mw-sec excursion and 100% fission product release are 
discussed. A shielding analysis presented to show that the radiation levels in the control room are safe for 
operating personnel. Information contained in this report supersedes information in reports MND-1110 and 
MND-1111. 
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11332…..…..…………………..…….……..……ID Number…………………..…..…………….11332 

Author: Olsen, T. M. / Welshans, L. / Osmeyer, W. E. 

Title: ERDL Core Extrapolation Experiments: Design of Experiments. Task 103, Phase 1 

Date: 3/1/1959 

Report: MND-E-1744 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The analytical design is described of a critical experiment for investigation an APPR-
type core with a nominal loading of 45 kg of U235. The experiment will show the effects of boron loading 
and fuel plat thickness on total core reactivity at this loading. Nine cores will be studied; three boron 
loadings, three plate thicknesses for each boron loading. Analytical predictions of experimental results 
hazards analyses, and the experimental program design are included. 
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11333…..…..…………………..…….……..……ID Number…………………..…..…………….11333 

Author: Richmond, C. / Stevens, L. 

Title: ERDL Critical Experiment, Type F Fuel Plates. Task 103, Phase I 

Date: 2/1/1959 

Report: MND-E-1751 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design, specification, and fabrication history for U-bearing plates to be used in 
conducting critical experiments are described. 
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11334…..…..…………………..…….……..……ID Number…………………..…..…………….11334 

Author: n.a. 

Title: Zero Power Check Point Experiments--ERDL Task 100, Phase 3. Volume II 

Date: 4/1/1959 

Report: MND-E-1847-II 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The data presented cover the first series of experiments on the ERDL critical 
experiment reactor. The purpose of the experiments was to establish check points or points of comparison 
between the ERDL Reactor and the Army Package Power Reactor (APPR-1). Once the differences between 
the ERDL Reactor and the APPR-1 had been evaluated, the fully loaded design core was assembled. A 
series of measurements was made on this core to provide reference data for future studies on similar reactors 
with higher fuel loadings, power flattening, and other advanced features. The various cores studied are 
summarized. 
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11335…..…..…………………..…….……..……ID Number…………………..…..…………….11335 

Author: n.a. 

Title: Zero Power Check Point Experiments. Volume III. ERDL-Task 100, Phase 3 

Date: 6/1/1959 

Report: MND-E-1847-III 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three experiments were performed to furnish additional information on the 45-
element core reported in MND-E-1847-II. The critical water height for this core was found to be 9.99 in. 
The reactivity worth of a small amount of water was also evaluated. The total reactivity of the core was 
determined in several ways using 2% Cd in a Cd-Sn alloy as the core poison. The reactivity values are: 
incremental rod withdrawal-7.9% delta k/k incremental cadmium addition-7.8% delta k/k, and uniform 
cadmium removal--7.4% DELTA K/F. Alternate schemes for cadmium removal were tried to check the 
reactivity values established. Flux measurements were made in selected positions of the core before and 
after Cd addition to determine if a neutron spectral shift occurred. The Au resonance and epicadmium 
neutron flux showed an increase after Cd insertion while the thermal and fast flux decreased. There is a 
spectral shift when cadmium is used to poison out and measure the core reactivity. Four APPR-1 stationary 
fuel elements were compared to determine the two having the closest reactivity. These two are to be used 
as preliminary standards for comparison of ANPP critical experiments on the APPR-type reactor. The 
proposed semi-empirical method of determining total core reactivity by analytical extrapolation of 
experimental values of reactivity near the critical water height is not in agreement with the experiment. The 
total reactivity determined by this method was 11.7% delta k/k. Analytical duplication of the critical water 
height core and the critical core with the bank inserted resulted in calculated reactivities approximately 
0.9% delta k/k too low. The calculated reactivity of the nearly critical cadmium-poisoned core was 
approximately 2.5% delta k/k too high. 
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11336…..…..…………………..…….……..……ID Number…………………..…..…………….11336 

Author: n. a. 

Title: ERDL-NPFO—Quarterly Progress Report No 6 (for) October Through December 1958 

Date: 10/31/1959 

Report: MND-E-2004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Autoclave tests of type 430 stainless steel were conducted. Corrosion testing of heat 
exchangers is discussed. ln the nucleate boiling program recorded outputs of 1/2 and 1 inch were observed 
with the void detector for 3 and 5% voids, respectively. A transient test at the SPERT facility with the 
APPR ZPE core resulted in a peak power of 110 Mw on a period of 5 msec, for a total energy release under 
the burst of 16.5 Mwsec. Maximum fuel plate surface temperature was 487 deg C, and some buckling and 
blistering were observed. Critical experiments on the 45-element core are described. In the core 
extrapolation experiments an excursion analysis was completed for the most reactive of the nine cores. (For 
preceding period see MND-E- 2003.) 
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11337…..…..…………………..…….……..……ID Number…………………..…..…………….11337 

Author: n.a. 

Title: ERDL-NPFOR Quarterly Progress Report No. 7 for January Through March 1959 

Date: 4/1/1959 

Report: MND-E-2005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Corrosion testing of heat exchanger test units is described. In the nucleate boiling 
program Martin Hardcoat aluminum appeared to provide satisfactory electrical insulation for the test 
section, the sensitivity of the void detection equipment was improved so that a 1% void can be successfully 
measured, and a redesign of the test sections was initiated to obtain closer correspondence between the 
section and an actual fuel element. In the critical experiment program zero power check point experiments 
the critical water height with three plastic spacers between fuel bundles was determined to be 11.05-in. 
above the bottom of the active core, gross and fine flux measurements were completed, the reactivity of 
ERDL, APPR, and ORNL fuel elements were compared, the worth of a Martin APPR prototype control rod 
was compared with two APPR control rods supplied by ERDL, and the results of analytical studies of the 
core generally compared well with experimental results. In the critical experiment program core 
extrapolation experiments fabrication of 115 follower box fuel plates was completed, a modified safety rod 
actuator was tested and found to meet specifications, analytical predictions of experimental results for all 
nine cores were completed, and the design of the complete experimental program was completed. (For 
preceding period scc MND-E-2004.) 
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11338…..…..…………………..…….……..……ID Number…………………..…..…………….11338 

Author: n. a. 

Title: Core Extrapolation Experiments—ERDL Task 103, Phase 3 

Date: 9/1/1959 

Report: MND-E-2132 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were performed on a stainless steel-water core in support of the 
ANPP Code Development Program. The cold, clean, critical mass was determined experimentally to be 
15,700 plus or minus 10 gm of U235. The core configuration was a 4 x 4 array containing 2 safety control 
rods and 14 stationary elements, 1 of which contained a CE control rod. The analytically determined 
reactivity of the experimentally just-critical core was calculated twice using two independently and 
chemically determined values of the weight percentage of boron in the boron-stainless steel plates used in 
the experiment. The reactivity calculated, using one of these values, agreed with the experimental value 
within 0.5% DELTA K/K. A third independent chemical analysis will determine if this value is correct. A 
power calibration was made using aluminum catcher foils and fuel plate scanning techniques. The 
calculated power for the two determinations was 1.8 and 11.3 w. The CE control rods were calibrated using 
period mea... to -- 1.08% DELTA K/K. The reproducibility of the control rod positions at criticality was 
noted. The average difference in reactivities between runs on the same configuration was less than 1%. 
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11339…..…..…………………..…….……..……ID Number…………………..…..…………….11339 

Author: Eicheldinger, C. 

Title: ANPP Nucleate Boiling Program. Quarterly Progress Report No. 2 for September Through 
November 1960 

Date: 12/1/1960 

Report: MND-E-2415 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Resign of the test section, supports, and installation was completed. A study of the 
effect of manufacturing tolerances indicated that the maximum deviation between specified and actual heat 
flux in the critical notched area was 1.5%. The analog simulation study was completed. Curves showing 
power and flow variations are included. A motor-generator set is to be installed in the Mantin Heat Transfer 
Loop prior to performance of the test program. This unit is to provide improved transient response and is 
to enable programming of any credible operational power transient. All instrumentation for the program 
has been ordered. One major component, the recording oscillograph, has been received. (For preceding 
period see MND-E-2414.) 
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11340…..…..…………………..…….……..……ID Number…………………..…..…………….11340 

Author: n.a. 

Title: Fluidized Bed Reactor Study. Phase I--Feasibility 

Date: 2/1/1959 

Report: MND-FBR-1696 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fluidized Bed Reactor (FBR) consists of a bed of fuel pellets which circulate in 
a confined core region as the result of the upward flow of fluid through the particles. In the present concept 
the fluid acts as a fluidizing, coolant and reactor moderator medium. This report is the results of the Phase 
I study to determine the feasibility of this concept. This evaluation of the liquid fluidization process a reactor 
core design covers the materials, fluid flow and heat transfer, nuclear criticality and control, and the system 
and stability characteristics of the FBR concept. It was concluded that with proper system design using light 
water or organic fluidizing mediums, the concept is feasible and offers considerable promise for economic 
power production. The report concludes with the necessary development areas and investigations that must 
be undertaken to attain an operating reactor system. 
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11341…..…..…………………..…….……..……ID Number…………………..…..…………….11341 

Author: n. a. 

Title: Preliminary Hazards Report for the LFBR Critical Experiment 

Date: 12/1/1959 

Report: MND-LFBR-2179 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information is given for an evaluation of the Liquid Fluidized Bed Reactor (LFBR) 
Critical Experiment Facility addition. The site description contains analyses of the location. population, 
meteorology. geology. hydrology, and seismology of the CRF site. A description of the addition to the 
existing CRF includes a complete description of the Internal and external features of the addition. The 
operative safeguards to be incorporated into the facility are health physics. fuel element handling and 
storage. exhaust air control. waste disposal, and background monitoring. An evaluation was performed to 
determine the potential hazards to personnel in the facility and the residential population. A 2% step input 
analysis presented and shown to produce a maximum 900-Mw sec energy release. 



 

C-11378 

11342…..…..…………………..…….……..……ID Number…………………..…..…………….11342 

Author: n. a. 

Title: Liquid Fluidized Bed Reactor Study. Quarterly Progress Report No. 1 for October 15, 1959 to 
January 31, 1960 

Date: 2/1/1960 

Report: MND-LFBR-2303 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first of four quarterly progress reports on the Liquid Fluidized Bed Reactor study 
program is presented. The Preliminary Hazards Report for the LFBR Critical Experiment was completed 
and submitted to the USAEC. The analysis of two types of critical experiments consisted of examining the 
effects on reactivity of placing voids in certain regions of the two types of configuration. These studies 
included analyses of the variations in core size. core region variations of the moderator and fuel fractions, 
control rods, and control modifications necessary for both types of criticals. A cost comparison of the major 
equipment items was performed. Preliminary effort on the critical loop included initial investigation into 
fuel loading and removal requirements, vessel configurations, bed plate design and support, and system 
integration and transfer functions of control components. Under the abrasion studies, work was directed 
toward establishing the fabrication limitations of the various fuel materials and the over-all effects of the 
fabrication variables on the abrasion resistance of the fuel pellets. Cladding studies and mill screening tests 
of various pellets were initiated. The new experimental high pressure test loop was designed. 
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11343…..…..…………………..…….……..……ID Number…………………..…..…………….11343 

Author: n.a. 

Title: Liquid Fluidized Bed Reactor Study Second Quarterly Progress Report, February 1 to April 30, 1960 

Date: 5/1/1960 

Report: MND-LFBR-2304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The selection of the full critical was made as the experiment to be used to investigate 
the stability of the fluidized bed reactor. Work was continued on the design and planning of the critical 
experiment and major equipment was ordered for the critical loop. The high pressure test loop is undergoing 
shakedown operation, the construction, instrument calibration and hydrostatic tests were completed. 
Investigations of the effects of additives, pellet shapes, cladding variables, and fabrication processes are 
discussed. Screening tests in the Gall mills, autoclaves, and low-temperature loops continued to obtain 
experimental results of the various pellet abrasion samples. (For preceding period see MND-LFBR-2303.) 



 

C-11380 

11344…..…..…………………..…….……..……ID Number…………………..…..…………….11344 

Author: Hittman, F. 

Title: PM-1 Nuclear Power Plant Program 5th Quarterly Progress Report for March 1, 1960 to May 31, 
1960 

Date: 7/1/1960 

Report: MND-M-1816 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of the contract is the design, development fabrication. installation and 
initial testing and operation at a prepackaged air- transportable pressurized-water reached nuclear power 
plant, the PM-1. The specified output is 1 Mw(e) and 7 million Btu/hr of heat. The plant is to be in operation 
by March l962. The principle efforts during quarter were the completion of the final design submittals and 
specifications for plant components. Systems development work included structural testing of a full-scale 
test package, performance of a loading demonstration in a C-130A aircraft, and completion of testing of the 
air-stream condenser model. Reactor development work included: (1) Initiation of the flexible zero-power 
test (PMZ-1) experimental program: (2) Fabrication and delivery of a PM-1 type fuel element for irradiation 
in the SM-1 and initiation of a loop irradiation test at the WTR; (3) Continuation of reactor flow and heat-
transfer tests: (4) Development work on rare-earth control rods: and (5) Testing and redesign the prototype 
magnetic jack the control rod actuator. Core fabrication continued with the delivery of UO2 ordered to date 
and the completion of the production runs of fuel elements for the zero-power test. (For preceding period 
see MHD-M-1815.) 
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11345…..…..…………………..…….……..……ID Number…………………..…..…………….11345 

Author: n.a. 

Title: PM-1 Nuclear Power Plant Program. 11th Quarterly Progress Report, September 1, 1961 to 
November 30, 1961 

Date: 1/1/1962 

Report: MND-M-1822 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on development, plant installation, and testing of the PM-1 
reactor. Core fabrication, wet critical testing, and delivery to the site were accomplished. All major 
installation and construction were completed. Assembly verification testing and pre-startup testing were 
initiated. 
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11346…..…..…………………..…….……..……ID Number…………………..…..…………….11346 

Author: n.a. 

Title: PM-1 Nuclear Power Plant Program 12th Quarterly Progress Report, December 1, 1961 to February 
28, 1962 

Date: 4/10/1962 

Report: MND-M-1823 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Construction was completed on the PM-1 reactor. Plant installation and testing are 
described. Criticality was achieved at 6:43 PM, February 25, 1962. 
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11347…..…..…………………..…….……..……ID Number…………………..…..…………….11347 

Author: Kniedler, M. / Jordan, T. 

Title: Generalized Monte Carlo Program for Neutrons--GMCM-9 

Date: 7/15/1962 

Report: MND-MC-2856 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: GMCM-9 is a FORTRAN coded three-dimensional, multiregion, multienergy group, 
neutronic random walk solution for reactor and shielding problems. Estimates are provided on the neutron 
flux within various zones of the configuration, the leakage at outer boundaries, and the criticality of reactor 
configurations. Answers are also obtained on the number of neutrons emerging from elastic scattering, 
inelastic scattering, and fission for the various materials. The program takes time into account, and may be 
used to obtain the above answers for successive time periods to investigate the time-dependent nature of a 
particular reactor configuration. 



 

C-11384 

11348…..…..…………………..…….……..……ID Number…………………..…..…………….11348 

Author: Rosenthal, H. B. 

Title: PM Research and Development Program--PM Core 2 Critical Experiments 

Date: 12/1/1963 

Report: MND-MD-2545 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Configuration; Control Elements; Control Systems; Critical 
Assemblies; Criticality; Distribution; Failures; Fuel Cans; Mass; Measured Values; Mechanical Structures; 
Mockup; Multiplication Factors; Neutron Flux; Numericals; Planning; Pm-1; PM-3A; Power Plants; 
Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; Reactors; Rods; Shutdown; Temperature; 
Thermal Neutrons; Tubes; Variations 
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11349…..…..…………………..…….……..……ID Number…………………..…..…………….11349 

Author: Baer, R. L. 

Title: PM Research and Development Program. Quarterly Progress Report No. 1, April 15, 1961-June 30, 
1961 

Date: 10/31/1962 

Report: MND-MD-2560-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work accomplished on the PM research and development program is reported. Core 
design development, plant design development, fuel element and core component development, critical 
experiments and zero power testing, reactor flow tests, and heat transfer tests are discussed. 
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11350…..…..…………………..…….……..……ID Number…………………..…..…………….11350 

Author: Baer, R. L. 

Title: PM Research and Development Program. 2nd Quarterly Progress Report, July 1, 1961 to September 
30, 1961 

Date: 10/31/1962 

Report: MND-MD-2560-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Core design development. The design of advanced cores, suitable for use in the PM-
1 plant, was continued. Nuclear analyses and mechanical design studies were performed. It was determined 
that a core life of 60 megawatt-years is attainable without increasing the PM-1 core external dimensions. 
Plant design development. Studies to determine the feasibility of uprating the PM-1 plant were completed 
and show that by changing operating conditions and incorporating suitable equipment additions the plant 
is capable of producing l7.8 Mw(t) while delivering 2290 kw(e) to the site. The primary system parametric 
study was completed. Fuel element and core component development. Analytical fuel element cermet 
design techniques were used to establish a UO2 particle size range of interest. Experimental evaluations of 
UO2 and stainless steel matrix materials were initiated and the preparation and evaluation of spherical UO2 
powders were continued. The design of the finger-type control rod tests assemblies was completed. Critical 
experiments and zero power testing. All experimental aspects of the lumped poison rod studies were 
completed. Zoned poison experiments were initiated and the analysis of experimental results was continued. 
Heat transfer tests. The two-phase outlet restriction pressure drop program was initiated. Further analysis 
of the burnout data obtained using STTS-4 was performed. The fabrication of an improved burnout test 
section, STTS-5, has been initiated. 
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11351…..…..…………………..…….……..……ID Number…………………..…..…………….11351 

Author: Baer, R. L. 

Title: PM Research and Development Program. Third Quarterly Progress Report, October 1, 1961 to 
December 30, 1961 

Date: 2/1/1962 

Report: MND-MD-2560-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work accomplished on the Army Reactor PM research and development program is 
reported under the following topics on core design development, plant design development, fuel element 
and core component development, critical experiments and zero power testing, reactor flow tests, and heat 
transfer tests. 
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11352…..…..…………………..…….……..……ID Number…………………..…..…………….11352 

Author: Eicheldinger, C. 

Title: Pm Research and Development Program 4th Quarterly Progress Report, January 1, 1962 to March 
31, 1962 

Date: 10/31/1962 

Report: MND-MD-2560-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in the PM research and development program is reported. Core design and 
development continued for PM-1 plant. Evaluation of spherical and coated UO2 fuel particles continued. 
Tensile, hardness, and density testing of cermet matrix material was performed which revealed desirable 
strength and ductility properties in low Si 304 and 318 stainless steels. The finger-type control rod Test 1 
series was completed. Research plans for irradiation testing, critical experiments, and zero power testing 
were completed. The experimental portion of the two-phase pressure drop program associated with heat 
transfer was completed. Correlation of resulting data was successful. 
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11353…..…..…………………..…….……..……ID Number…………………..…..…………….11353 

Author: n.a. 

Title: Pm Research and Development Program. Fifth Quarterly Progress Report, April 1, 1962-June 30, 
1962 

Date: 10/31/1962 

Report: MND-MD-2560-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research and development work on the PM reactor program is reported under the 
following topics: core design development, fuel element and core component development, irradiation 
testing, critical experiments and zero power testing, and heat transfer tests. 
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11354…..…..…………………..…….……..……ID Number…………………..…..…………….11354 

Author: n.a. 

Title: Pm Research and Development Program 7th Quarterly Progress Report, October 1, 1962 to 
December 31, 1962 

Date: 10/31/1963 

Report: MND-MD-2560-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Aluminum Oxides; Boron Carbides; Coating; 
Compacting; Control Elements; Control Systems; Coolant Loops; Critical Assemblies; Criticality; Density; 
Diagrams; Distribution; Fabrication; Fluid Flow; Fuel Elements; Hydraulics; Impurities; Irradiation; 
Mockup; Neutron Flux; Pellets; Performance; Planning; Plates; Poisoning; Power; Power Plants; 
Preparation; Reactivity; Reactor Core; Reactor Fueling; Reduction; Servomechanisms; Shutdown; 
Stability; Stainless Steels; Targets; Temperature; Temperature Coefficient; Testing; Tubes; Uranium 
Dioxide; Zircaloy 
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11355…..…..…………………..…….……..……ID Number…………………..…..…………….11355 

Author: n.a. 

Title: PM Research and Development Program. Quarterly Progress Report No. 9, April 1 to June 30, 1963 

Date: 7/1/1963 

Report: MND-MD-2560-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Bonding; Communications; Contamination; Control; Control 
Elements; Control Systems; Criticality; Distribution; Fabrication; Fluid Flow; Fuel Cans; Fuel Elements; 
Irradiation; Materials Testing; Metallurgy; Oxidation; Planning; Poisoning; Porosity; Power; Power Plants; 
Reactivity; Reactor Core; Reduction; Spheres; Startup; Testing; Tubes; Uranium Dioxide; Water 



 

C-11392 

11356…..…..…………………..…….……..……ID Number…………………..…..…………….11356 

Author: Rosenthal, H. B. / Scicchitano, E. A. 

Title: Nuclear Studies on the MPR Zero Power Test Core 

Date: 12/23/1958 

Report: MND-MPR-1646 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Burnup; Configuration; Control Elements; Control Systems; Criticality; 
Distribution; Fins; Fluid Flow; Fuel Elements; Mpr; Neutron Flux; Numericals; Planning; Power; Pressure 
Vessels; Reactivity; Reactor Core; Reactors; Rods; Shielding; Shutdown; Temperature 
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11357…..…..…………………..…….……..……ID Number…………………..…..…………….11357 

Author: Silverstein, C. C. 

Title: The Applicability of Liquid Fluidized Beds to Nuclear Reactor Design 

Date: 12/1/1956 

Report: MND-RP-1256-1 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: The known characteristics of fluidized beds are reviewed, and the applicability of the 
liquid fluidization process to reactor core design is examined. The liquid fluidized bed is qualitatively 
comopared to both liquid homogeneous and solid fueled heterogeneous cores. The critical mass of thermal 
water fluidized and fast liquid metal cores is shown as a function of the liquid fraction of the core. It is 
concluded that "fail-safe" operation of water fluidized cores is possible and that both water moderated and 
fast fluidized reactors may have a high degree of nuclear stability over a certain range of liquid core 
fractions. Estimates of the heat transfer properties of liquid fluidized cores are made for the case where the 
fluidizing liquid acts as the reactor coolant and the case where a separate reactor coolant is used. In both 
cases high rates of heat transfer are obtained, but permissible coolant velocities are restricted to relatively 
small values in the former case. Maximum bed pumping power requirements are found to be less than two 
kilowatts per cubic foot of core volume. Methods of controlling liquid fluidized cores are examined, and it 
is concluded that under some circumstances operation is possible without control rods. Preliminary 
experimental evidence is presented which indicates that particle attrition in liquid fluidized beds may occur 
at a significant rate. A possible conceptual design utilizing a liquid fluidized core is described. 
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11358…..…..…………………..…….……..……ID Number…………………..…..…………….11358 

Author: Rosenthal, H. / Osmeyer, W. 

Title: Zero Power Test Studies on the Martin Power Reactor 

Date: 6/1/1958 

Report: MND-RP-558-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; California; Configuration; Control Elements; Criticality; Mass; Measured 
Values; Power Plants; Reactivity; Reactor Core; Reactor Safety; Reactors; Rods; Shutdown; Standards 
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11359…..…..…………………..…….……..……ID Number…………………..…..…………….11359 

Author: DOE 

Title: Disposal Criticality Analysis Methodology Technical Report 

Date: 9/4/1997 

Report: MOL.19980108.0700 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11360…..…..…………………..…….……..……ID Number…………………..…..…………….11360 

Author: Davis, J. Wesley 

Title: Maximizing Criticality Control Coverage for Geologic Disposal of DOE SNF 

Date: 2/4/2000 

Report: MOL.20000503.0083 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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11361…..…..…………………..…….……..……ID Number…………………..…..…………….11361 

Author: O’Leary, Patrick M. / Scaglione, John M. 

Title: An Empirical Approach to Bounding the Axial Reactivity Effects of PWR Spent Nuclear Fuel 

Date: 4/4/2001 

Report: MOL.20010522.0024 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of the significant issues yet to be resolved for using burnup credit (BUC) for 
spent nuclear fuel (SNF) is establishing a set of depletion parameters that produce an adequately 
conservative representation of the fuel's isotopic inventory. Depletion parameters (such as local power, fuel 
temperature, moderator temperature, burnable poison rod history, and soluble boron concentration) affect 
the isotopic inventory of fuel that is depleted in a pressurized water reactor (PWR). However, obtaining the 
detailed operating histories needed to model all PWR fuel assemblies to which BUC would be applied is 
an onerous and costly task. Simplifications therefore have been suggested that could lead to using 
“bounding” depletion parameters that could be broadly applied to different fuel assemblies. This paper 
presents a method for determining a set of bounding depletion parameters for use in criticality analyses for 
SNF. 



 

C-11398 

11362…..…..…………………..…….……..……ID Number…………………..…..…………….11362 

Author: Pettit, N. E. 

Title: Uncanistered Spent Nuclear Fuel Disposal Container System Description Document 

Date: 7/13/2001 

Report: MOL.20010927.0070 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Uncanistered Spent Nuclear Fuel (SNF) Disposal Container System supports the 
confinement and isolation of waste within the Engineered Barrier System of the Monitored Geologic 
Repository (MGR). Disposal containers are loaded with intact uncanistered assemblies and/or individually 
canistered SNF assemblies and sealed in the surface waste handling facilities, transferred to the 
underground through the access drifts, and emplaced in emplacement drifts. The Uncanistered SNF 
Disposal Container provides long-term confinement of the commercial SNF placed inside, and withstands 
the loading, transfer, emplacement, and retrieval loads and environments. The Uncanistered SNF Disposal 
Container System provides containment of waste for a designated period of time, and limits radionuclide 
release. The disposal container maintains the waste in a designated configuration, withstands maximum 
handling and rockfall loads, limits the individual SNF assembly temperatures after emplacement, limits the 
introduction of moderator into the disposal container during the criticality control period, resists corrosion 
in the expected handling and repository environments, and provides containment of waste in the event of 
an accident. 



 

C-11399 

11363…..…..…………………..…….……..……ID Number…………………..…..…………….11363 

Author: Halperin, J. / Koshland, Jr., D. E. 

Title: Production of Light Isotopes in a Homogeneous Pile 

Date: 1/24/1946 

Report: MonC-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Equations; Homogeneous Reactors; Isotopes; Nuclear Reactions; 
Numericals; Poisoning; Production; Quantity Ratio; Reactivity; Reactors 
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11364…..…..…………………..…….……..……ID Number…………………..…..…………….11364 

Author: McCullough, C. Rogers 

Title: Preliminary Design Proposal—Daniels Experimental Power Pile 

Date: 11/1/1946 

Report: MonN-188 (Bks. I and II) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Closures; Compressors; Coolant Loops; Efficiency; Failures; Fuel Elements; 
Gas Coolant; Gas Flow; Heat Exchangers; Heat Transfer; Heating; Helium; High Temperature; Mass; 
Materials Testing; Mechanical Structures; Moderators; Planning; Power Plants; Pressure; Reactor Core; 
Reactors; Research Reactors; Rods; Steam; Vessels 



 

C-11401 

11365…..…..…………………..…….……..……ID Number…………………..…..…………….11365 

Author: Stevens, Jr., H. E. 

Title: Critical Mass and Critical Size of Thermal Gas Cooled Piles 

Date: 9/25/1947 

Report: MonN-389 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A theoretical treatment of the critical mass and critical size of gas cooled thermal 
reactors surrounded by reflectors is presented. Many graphs based upon this approach are included for 
cylindrical reactors having Be, BeO, and C moderators, having various fuels and enrichment, and having 
many average temperatures. Curves of power output, pumping power, neutron economy, weight of 
materials, and specific power can be superposed upon the graphs, and an optimum design may be chosen 
according to the relative importance of the various factors. 
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11366…..…..…………………..…….……..……ID Number…………………..…..…………….11366 

Author: Stefanovic, D. / Pešić, M. 

Title: From a Critical Assembly Heavy Water - Natural Uranium to the Fast - Thermal Research Reactor 
in the Institute 'Vinga' 

Date: 9/1/1995 

Report: Monograph in Serbian, Institute of Nuclear Sciences, Vinga, Yugoslavia (September 1995) 

Conference/Journal: Monograph in Serbian, Institute of Nuclear SciencesVinga", Vinga, Yugoslavia 

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-002, LEU-MET-THERM-015 



 

C-11403 

11367…..…..…………………..…….……..……ID Number…………………..…..…………….11367 

Author: Snell, A. H. / Rush, J. H. 

Title: The Multiplication Factor for Product Drums Containing Uranium Hexa-Fluoride Problem 
Assignment No, Px14-1 

Date: 11/30/1945 

Report: MonP-047 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boron; Cadmium; Criticality; Enrichment; Fission; Measured Values; 
Multiplication Factors; Neutron Sources; Production; Reflectors; Uranium 235; Uranium Hexafluoride; 
Vessels; Water 
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11368…..…..…………………..…….……..……ID Number…………………..…..…………….11368 

Author: Snell, A. H. 

Title: Critical Experiments on Fluorinated and Hydrogenated Mixtures Containing Enriched Uranium 

Date: 1/22/1946 

Report: MoNP-048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments are described on the critical sizes of assemblies of fluorinated, 
hydrogenous mixtures containing 24% enriched uranium. A hydrogenous reflector was used. The critical 
masses of the uranium as a function of the amount of hydrogen in the mixture under the experimental 
conditions of density and effective molecular weight are tabulated. The effect of cadmium and boron 
shielding between the uranium mixture and the surrounding reflector was also studied, and an experiment 
was made on varying the shape from a cubical to an elongated geometry. An attempt is made to interpret 
the criticality results in terms of pure uranium hexafluoride, leading to the result that at this isotopic 
concentration, and a density of 4.5, about 36 kg of uranium hexafluoride would be critical if lumped 
surrounded closely by hydrogenous material. 



 

C-11405 

11369…..…..…………………..…….……..……ID Number…………………..…..…………….11369 

Author: Friedman, F. L. / Goldberger, M. L. 

Title: Critical Size and Breeding Gain of Resonance Piles 

Date: 11/1/1946 

Report: MonP-198 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Criticality; Efficiency; Equations; Quantity Ratio; Reactors; 
Resonance Neutrons; Volume 
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11370…..…..…………………..…….……..……ID Number…………………..…..…………….11370 

Author: Weinberg, A. M. 

Title: Physical Data on New High Flux Pile 

Date: 11/21/1946 

Report: MonP-206 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Included are general discussions of engineering, physical, control, critical, and heat 
transfer data on a proposed H2Ocooled and moderated reactor with a Be reflector. 
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11371…..…..…………………..…….……..……ID Number…………………..…..…………….11371 

Author: Goertzel, G. 

Title: A Pile with Space Uniform Activity 

Date: 3/25/1947 

Report: MonP-226 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Configuration; Heavy Water Moderator; Neutron Flux; 
Reactivity; Reactor Core; Spheres; Thorium; Uranium 233 
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11372…..…..…………………..…….……..……ID Number…………………..…..…………….11372 

Author: Garabedian, H. L. / Householder, A. S. 

Title: Multi-Group, Multi-Reflector Pile Theory 

Date: 2/12/1947 

Report: MonP-246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Cylinders; Equations; Group Theory; Reactor Core; Reactors; 
Reflectors; Spheres; Zones 
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11373…..…..…………………..…….……..……ID Number…………………..…..…………….11373 

Author: n. a. 

Title: Physics of the High Flux Pile II 

Date: 3/27/1947 

Report: MonP-272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control; Criticality; Distribution; Heat Transfer; Litr; Multiplication 
Factors; Neutron Flux; Planning; Production; Reactors; Shielding; Uranium 233 
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11374…..…..…………………..…….……..……ID Number…………………..…..…………….11374 

Author: Mann, M. M. / Martin, A. B. 

Title: Critical Experiments on a Small Reactor of Enriched Uranium-235 with Aluminum-Water Moderator 
and Deuterium Oxide, Beryllium, and Water Reflectors 

Date: 8/18/1947 

Report: MonP-357 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Complete descriptions and diagrams are given of the experimental arrangements. 
Resultant critical masses of uranium-235 are tabulated, and neutron flux distributions in the critical 
assembly are shown. 
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11375…..…..…………………..…….……..……ID Number…………………..…..…………….11375 

Author: Masket, A. V. H. 

Title: Numerical Integration of Multi-Group Pile Equations 

Date: 10/1/1947 

Report: MonP-360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Criticality; Differential Equations; Group Theory; 
Numericals; Reactivity; Reactors 
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11376…..…..…………………..…….……..……ID Number…………………..…..…………….11376 

Author: Donelian, K. O. / Menke, J. R. 

Title: Xenon Instability Periods as a Function of Flux in Thermal Piles 

Date: 9/10/1947 

Report: MonP-379 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Neutron Flux; Poisoning; Reactors; Xenon 135 
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11377…..…..…………………..…….……..……ID Number…………………..…..…………….11377 

Author: Greuling, E. / Spinrad, B. 

Title: Critical Mass and Neutron Distribution Calculations for the H2O Moderated Reactor with D2O, 
H2O, and Be Reflectors 

Date: 10/29/1947 

Report: MonP-402 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Criticality; Equations; Errors; Heavy Water; Measured Values; 
Neutron Flux; Numericals; Reactors; Reflectors; Volume; Water; Water Moderator 
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11378…..…..…………………..…….……..……ID Number…………………..…..…………….11378 

Author: Menke, J. R. 

Title: Interim Note on Mixed Pile Studies 

Date: 9/25/1947 

Report: MonP-412; CLM-JRM-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Diffusion; Fast Fission Factor; Group Theory; 
Heating; Reactivity; Reactors; Zones 



 

C-11415 

11379…..…..…………………..…….……..……ID Number…………………..…..…………….11379 

Author: Young, G. 

Title: Stabilization of a Fluid Pile Against Expansion 

Date: 11/5/1947 

Report: MonP-427 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolant Loops; Density; Expansion; Fluid Flow; Numericals; Reactivity; 
Reactor Core; Stability; Vessels 



 

C-11416 

11380…..…..…………………..…….……..……ID Number…………………..…..…………….11380 

Author: Young, G. / Noderer, L. 

Title: Distribution Functions and Fission Product Poisoning 

Date: 11/6/1947 

Report: MonP-428 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Capture; Cross Sections; Distribution; Fission Products; 
Measured Values; Poisoning; Thermal Neutrons 



 

C-11417 

11381…..…..…………………..…….……..……ID Number…………………..…..…………….11381 

Author: Garabedian, H. L. 

Title: Critical Conditions for a Multiplying Slab Reactor with a Non-Multiplying Reflector of Finite 
Thickness 

Date: 11/19/1947 

Report: MonP-434 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Critical Assemblies; Criticality; Equations; 
Multiplication Factors; Numericals; Reflectors; Scattering; Thickness; Variations; Zones 



 

C-11418 

11382…..…..…………………..…….……..……ID Number…………………..…..…………….11382 

Author: n. a. 

Title: Physics Division Quarterly Report, Period Covered September, October and November 1947 

Date: 12/11/1947 

Report: MonP-437 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Angular Distribution; Beryllium; Bismuth; Decay; Diagrams; 
Diffraction; Fission; Fission Products; Graphite; Indium; Instruments; Lifetime; Neutron Flux; Neutrons; 
Reactor Oscillators; Reactor Safety; Reactors; Reflectors; Resonance Neutrons; Shielding; Uranium 235; 
Water 
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11383…..…..…………………..…….……..……ID Number…………………..…..…………….11383 

Author: Snell, A. H. 

Title: Criticality Studies on Enriched Uranium—Heavy Water Systems 

Date: 12/15/1947 

Report: MonP-454 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical masses for systems consisting of uranium-235 dissolved in heavy water 
have been studied for mean concentrations of 2.58, 5.17 and 10.35 grams of uranium-235 per liter. The 
values obtained were respectively 1323, 930 and 869 grams uranium-235 in roughly cylindrical geometry 
surrounded with heavy water reflector on all sides. The effects of various holes and thimbles penetrating 
the lattice and the reflector are given. The temperature coefficients were found to be respectively-0.85E-3,-
0.59E-3 and-0.47E-3 in terms of (delta(k))/k per degree C over the range 20-80 degree C. The effectiveness 
of a single control rod was measured in terms of distributed poison in the reactor and in terms of grams of 
uranium-235. The efficiency of utilization of the leakage neutrons in a ring of thorium rods in the cylindrical 
part of the reflector was measured. Neutron distributions are given as obtained by foil activation in the 
various modification of the reactor. 



 

C-11420 

11384…..…..…………………..…….……..……ID Number…………………..…..…………….11384 

Author: n. a. 

Title: Critical Mass Needed to Over-Ride Xe 

Date: 12/19/1947 

Report: MonP-457 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Mass; Poisoning; Reactivity; Reactors; Xenon 



 

C-11421 

11385…..…..…………………..…….……..……ID Number…………………..…..…………….11385 

Author: Stanley, W. M. Jr. / Pahler, R. E. 

Title: Facilities for the Critical Size Experiments (Homogeneous and Heterogeneous). Final Report 

Date: 1/17/1947 

Report: MonT-180, Project No. C-90-M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air- Configuration- Control Elements- Control Systems- Criticality- 
Cylinders- Fuel Elements- Heavy Water Moderator- Homogeneous Reactors- Measured Values- Planning- 
Reactivity- Reactor Core- Reactor Safety- Reactors- Stainless Steels- Storage- Temperature- Variations- 
Vessels; Compressors- Levels- Motion- Operation- Temperature 



 

C-11422 

11386…..…..…………………..…….……..……ID Number…………………..…..…………….11386 

Author: Dollejal, N. A. / Emelyanov, I. Ya. 

Title: Channel Nuclear Energetic Reactor 

Date: 1/1/1980 

Report: Moscow, Atomizdat, 1980 

Conference/Journal: Moscow, Atomizdat 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-060 
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11387…..…..…………………..…….……..……ID Number…………………..…..…………….11387 

Author: Gorjachev, I. V. / Kolevatov, J. I. / Semenov, V. P. / Trykov, L. A. 

Title: Integral Experiments in Problem of Transport of Ionizing Radiations 

Date: 1/1/1985 

Report: Moscow, Energoatomizdat, 1985 

Conference/Journal: Moscow, Energoatomizdat 

Conference Session:  

Abstract/Keyterms: ALARM-CF-PB-SHIELD-001, ALARM-CF-FE-SHIELD-001 
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11388…..…..…………………..…….……..……ID Number…………………..…..…………….11388 

Author: Kolevatov, J. I. / Semenov, V. P. / Trykov, L. A. 

Title: Spectrometry of Neutrons and Gamma Radiation in Radiation Physics 

Date: 1/1/1990 

Report: Moscow, Energoatomizdat, 1990 

Conference/Journal: Moscow, Energoatomizdat 

Conference Session:  

Abstract/Keyterms: ALARM-CF-PB-SHIELD-001 



 

C-11425 

11389…..…..…………………..…….……..……ID Number…………………..…..…………….11389 

Author: Marková, L. 

Title: The Criticality Assessment of a General Storage Array in a Final Repository 

Date: 1/1/1994 

Report: MP094-23/A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-11426 

11390…..…..…………………..…….……..……ID Number…………………..…..…………….11390 

Author: Thomas, W. 

Title: Critical and Safe Parameters for Plutonium and Plutonium Compounds 

Date: 1/1/1969 

Report: MRR-056 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Isotopes Pu-239 / Critical Parameters for, Review of; Plutonium Nitrates 
/ Critical Parameters for Hydrated Full-Reflected Pu(NO3)4, Review of; Plutonium / Critical Parameters 
for Full-Reflected, Review of; Plutonium Oxides PUO2 / Critical Parameters for Hydrated Full-Reflected 



 

C-11427 

11391…..…..…………………..…….……..……ID Number…………………..…..…………….11391 

Author: Thomas, W. / Rueckert, N. T. 

Title: Criticality Calculations of the Poison Effect of Boron Raschig Rings in Plutonium Nitrate Solutions 

Date: 12/1/1971 

Report: MRR-096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality- Plutonium Nitrates; Plutonium Nitrates- Criticality; Boron; Column 
Packing; Monte Carlo Method; Safety; Solutions 



 

C-11428 

11392…..…..…………………..…….……..……ID Number…………………..…..…………….11392 

Author: Thomas, W. / Weber, W. 

Title: Criticality Safety of Typical Transport and Storage Containers for Homogeneous Fissionable 
Material 

Date: 4/1/1972 

Report: MRR-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; Casks- 
Safety; Criticality- Fissile Materials; Fissile Materials- Criticality Storage; Transport 
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11393…..…..…………………..…….……..……ID Number…………………..…..…………….11393 

Author: Weber, W. J. 

Title: Assembly and input of Monte Carlo program KENO-II 

Date: 12/1/1972 

Report: MRR--114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Criticality- Computer Calculations 
Mathematical Models; Monte Carlo Method 
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11394…..…..…………………..…….……..……ID Number…………………..…..…………….11394 

Author: Thomas, W. 

Title: Plate Poisoning as Criticality Control in the First Extraction Cycle of a Reprocessing Plant 

Date: 5/1/1976 

Report: MRR-158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The applicability of heterogeneous poison is investigated as criticality control for the 
first extraction cycle in a reprocessing plant. Boron-containing stainless steel with 1 wt% B has been chosen 
as a reference material for heterogeneous poison in form of plates. The reliability of computational method 
is checked against experiment. Distance between plates needed for criticality safety has been shown to be 
strongly dependent on plutonium concentration of the solution. A plate distance of 5 cm has been found to 
be safe up to 25 g Pu/l (isotopic vector 90, 5, 5), resp. 50 g Pu/l (isotopic vector 59, 25, 12, 4) for a limit of 
k <= 0.85. Further the influence of uranium concentration, nitrate content and a PuO2-tributyl phosphate-
mixture will be considered. A substantial improvement in criticality safety and corrosion stability can be 
achieved by hafnium. 



 

C-11431 

11395…..…..…………………..…….……..……ID Number…………………..…..…………….11395 

Author: Newmyer, W. D. 

Title: The Analysis of a Hypothetical Accident Involving Dry Highly Enriched UO2 Powder 

Date: 12/1/1991 

Report: MS Thesis, The University of Tennessee, 1991 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11396…..…..…………………..…….……..……ID Number…………………..…..…………….11396 

Author: Brewer, R. W. 

Title: Analysis of a Hypothetical Array Criticality Accident Involving Units of Uranyl Fluoride 

Date: 5/1/1993 

Report: MS Thesis, The University of Tennessee, 1993 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11397…..…..…………………..…….……..……ID Number…………………..…..…………….11397 

Author: Declue, J. F. 

Title: Productivity Techniques and Quality Aspects in the Criticality Safety Evaluation of Y-12 Type-B 
Fissile Material Packages 

Date: 11/1/2011 

Report: MS/DEC-110616 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: The inventory of certified Type-B fissile material packages consists of ten 
performance-based packages for offsite transportation purposes, serving transportation programs at the Y-
12 National Security Complex. The containment vessels range from 5 to 19 in. in diameter and from 17 to 
58 in. in height. The drum assembly external to the containment vessel ranges from 18 to 34 in. in diameter 
and from 26 to 71 in. in height. The weight of the packaging (drum assembly and containment vessel) 
ranges from 239 to 1550 lb. The older DT-nn series of Cellotex-based packages are being phased-out and 
replaced by a new generation of Kaolite-based ('Y-12 patented insulation') packages capable of 
withstanding the dynamic crush test 10 CFR 71.73(c)(2). Three replacement packages are in various stages 
of development; two are in use. The U.S. Department of Transportation (DOT) 6M specification package, 
which does not conform to the U.S. Nuclear Regulatory Commission requirements for Type-B packages, 
is no longer authorized for service on public roads. The ES-3100 shipping package is an example of a 
Kaolite-based Type-B fissile material package developed as a replacement package for the DOT 6M. With 
expanded utility, the ES-3100 is designed and licensed for transporting highly enriched uranium and 
plutonium materials on public roads. The ES-3100 provides added capability for air transport of up to 7-kg 
quantities of uranium material. This paper presents the productivity techniques and quality aspects in the 
criticality safety evaluation of Y-12 packages using the ES-3100 as an example. 



 

C-11434 

11398…..…..…………………..…….……..……ID Number…………………..…..…………….11398 

Author: Peierls, R. 

Title: Considerations Regarding Chain Reactions 

Date: 9/1/1940 

Report: MS-1,2,3,4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11399…..…..…………………..…….……..……ID Number…………………..…..…………….11399 

Author: Peierls, R. 

Title: Effect of Packing on the Critical Radius of the Sphere 

Date: 9/1/1940 

Report: MS-7A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Mass; Neutrons; Scattering; Spheres; Uranium 
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11400…..…..…………………..…….……..……ID Number…………………..…..…………….11400 

Author: Wilson, A. H. 

Title: A Comparison of the Approximate Methods of Calculating the Critical Size of a Sphere 

Date: 10/31/1951 

Report: MS-89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Neutron Flux; Spheres 
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11401…..…..…………………..…….……..……ID Number…………………..…..…………….11401 

Author: n. a. 

Title: A Proposed Critical Assembly Facility in Palo Alto, California 

Date: 5/11/1956 

Report: MSD-1721 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A proposal is made to include as a part of a permanent research laboratory a critical 
assembly facility for studics of nuclear reactor cores. Sufficient information is included for the evaluation, 
building permit, and license applications. Descriptions are given of the site, physical plant, apparatus, and 
operating procedure. Work that is presently foreseen and estimates of associated hazards are also included. 
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11402…..…..…………………..…….……..……ID Number…………………..…..…………….11402 

Author: n. a. 

Title: Critical Assembly LMSD-2 

Date: 9/12/1956 

Report: MSD-2001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical details and hazard analyses contained in MSD-1721 are amplified. A 
more detailed description of certain equipment, procedures, and calculations is given. The critical assembly 
will consist of a homogeneous right cylinder 12 in. in radius and approximately 24 in. high. The cylinder 
will be constructed of semicircular alloy plates of Be-U alloy. The alloy will contain approximately 7.1 
wt.% of fully enriched U. 
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11403…..…..…………………..…….……..……ID Number…………………..…..…………….11403 

Author: n. a. 

Title: Critical Assembly LMSD-1 

Date: 9/12/1956 

Report: MSD-2002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Lockheed Missile Systems Division proposes to erect and operate a privately owned 
critical assembly facility at its research center in Palo Alto, California. The LMSD-1, the first critical foil 
and moderator assembly to be constructed in the facility, is described, and the associated operations and 
hazards are discussed. 
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11404…..…..…………………..…….……..……ID Number…………………..…..…………….11404 

Author: Clayton, H. H. 

Title: Critical Laplacian and Neutron Densities in NRX Pile 

Date: 5/18/1946 

Report: MT-240; AECL-376 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Criticality; Equations; Fast Neutrons; Group 
Theory; Mass; Neutron Flux; Nrx; Reactor Core; Reactors; Thermal Neutrons 
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11405…..…..…………………..…….……..……ID Number…………………..…..…………….11405 

Author: Bernstein, K. 

Title: Effective One Energy Group Fission Cross Section of Uranium-238 in Fast Reactor Cores 

Date: 5/1/1953 

Report: MTA-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Approximate methods have been developed, using two energy group diffusion theory, 
to estimate the effective one energy group fission cross section of U238 for use in preliminary fast reactor 
core calculations. The method has been applied to plutonium--uranium and U235 enriched uranium fuel 
mixtures homogeneously mixed with structural material and coolant. Available experimental data from the 
EBR and critical assemblies at Los Alamos indicates a discrepancy of about ten per cent between the 
estimated and measured effective U238 fission cross sections. 
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11406…..…..…………………..…….……..……ID Number…………………..…..…………….11406 

Author: Webster, J. W. 

Title: Effect on Flux of High Uranium (235) Concentration in the MTR 

Date: 7/15/1954 

Report: MTRL-54-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Boron; Configuration; Control; Density; Distribution; 
Efficiency; Enrichment; Equations; Fuel Elements; Impurities; Irradiation; Materials Testing; Measured 
Values; MTR; Neutron Beams; Neutron Flux; Poisoning; Reactivity; Reactor Core; Reactors; Spectra; 
Tubes; Uranium 235 
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11407…..…..…………………..…….……..……ID Number…………………..…..…………….11407 

Author: Laukia, A. / Skytta, P. / Merisaari, S. / Tuominen, J. 

Title: Start-Up of the Loviisa 2 Nuclear Power Plant 

Date: 1/1/1982 

Report: MVMKD, 19 (4), 9-14 

Conference/Journal: Magy. Villamos Muvek Troszt Kozl 

Conference Session:  

Abstract/Keyterms: Loviisa-2 Nuclear Power Plant 
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11408…..…..…………………..…….……..……ID Number…………………..…..…………….11408 

Author: McCoy, III, F. R. / McLaughlin, T. P. / Lewis, L. C. 

Title: U.S. Department of Energy Trip Report of Visit to Tokyo and Tokai-Mura, Japan on October 18-19, 
1999 for Information Exchange with Government of Japan Concerning the September 30, 1999 Tokai-Mura 
Criticality Accident. U. S. Department of Energy 

Date: 10/1/1999 

Report: n.a 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11409…..…..…………………..…….……..……ID Number…………………..…..…………….11409 

Author: Martens, John H. / Minuth, F. G. 

Title: Selected List of Neutron and Gamma Irradiation Facilities in Operation, Being Built, or Planned 

Date: 1/1/1957 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11410…..…..…………………..…….……..……ID Number…………………..…..…………….11410 

Author: Anderson, W. K. / Theilacker, J. S. 

Title: Neutron Absorber Materials for Reactor Control 

Date: 1/1/1962 

Report: n.a. 

Conference/Journal: U.S. Government Printing Office 

Conference Session:  

Abstract/Keyterms:  
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11411…..…..…………………..…….……..……ID Number…………………..…..…………….11411 

Author: Goodwin Jr., A. 

Title: Nuclear Safety of Pyrex Glass Poisoned Systems 

Date: 7/10/1964 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11412…..…..…………………..…….……..……ID Number…………………..…..…………….11412 

Author: Kouts, H. 

Title: Report of the AEC Technical Review Committee 

Date: 11/1/1964 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Wood River Criticality Incident 
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11413…..…..…………………..…….……..……ID Number…………………..…..…………….11413 

Author: Kroesser, F. W. 

Title: Factory Mutual Water Drop Evaluation Program--The Measurement of Drop Sizes Produced by the 
Discharge of Water from a Sprinkler 

Date: 8/1/1969 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11414…..…..…………………..…….……..……ID Number…………………..…..…………….11414 

Author: Tuck, G. / Stratton, W. R. 

Title: Pu Disc Study 

Date: 4/25/1972 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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11415…..…..…………………..…….……..……ID Number…………………..…..…………….11415 

Author: Wilson, R. E 

Title: Measurement of Surface Multiplication an Index of Criticality for Far Subcritical Assemblies 

Date: 1/1/1975 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A previously unmeasured index of criticality has uniquely useful application in cases 
where only small quantities are available is the neutron surface multiplication (M/sub s/). The parameter 
M/sub s/ consists of the number of neutrons that leave an assembly of fissionable materials due to a single 
incoming neutron. In this investigation M/sub s/ was (1) measured experimentally using two different 
methods, with these values being compared to the results of Monte-Carlo calculations, and (2) studied 
analytically with three relatively simple models. The first experimental measurements of M/sub s/ were 
made on a series of four unreflected cubes of plutonium-polystyrene using indium foils as the neutron 
detector. A critical assembly provided the external neutron source. In further experiments a large (22-cm 
square) flat-plate thorium fission chamber was developed and constructed for use as a neutron detector. A 
number of gasket sizes were used to define the active surface of the detector for measurements with various 
cube sizes. The external fission spectra neutron source used was 252Cf. In preliminary parametric studies, 
simple models of M/sub s/ were developed as an alternative to using a large and expansive Monte-Carlo 
computer model. A one-group diffusion theory model for M/sub s/ of bare cubes shows the effects of 
material buckling and the… 
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11416…..…..…………………..…….……..……ID Number…………………..…..…………….11416 

Author: Boehnert, R. / Hochschule Aachen. 

Title: Theoretical Investigations of the Criticality in the Head End of the Reprocessing of HTR Fuel 
Elements 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: While there are enough exact experimental and theoretical data to guarantee a safe 
layout of the process equipment for all process stages in the reprocessing of spent LWR fuel elements, this 
not the case for most of the process equipment for HTR fuel element reprocessing. To some extent, this due 
to the different course of the process, but the main reasons are the considerably higher concentration of 
fission products and the use of 233U characterizing the external fuel cycle of HTR-type reactors. The results 
of the theoretical studies on the criticality safety design of a combustion reactor for use in the HTR HEAD 
END illustrate the problems connected with the application of these criticality calculations to comparable 
process equipment for HTR reprocessing. 
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11417…..…..…………………..…….……..……ID Number…………………..…..…………….11417 

Author: Bueker, H. / Kotte, U. / Stein, G. 

Title: Conceptual Design of a System for Nuclear Material Control in a Research Centre According to the 
IAEA Safeguards Requirements. Vol. I 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In comparison with other facilities handling nuclear material, a nuclear research 
centre is characterized by a wider spectrum of operations. This requires a number of installations within the 
centre such as research reactors, critical assemblies, research institutes and central departments, operating, 
in general, independently of each other. Nuclear material is stored and processed in small quantities and in 
different chemical and physical configurations within prescribed license areas. The conceptual design of a 
new system for nuclear material control in a research centre has to consider the operator's and IAEA's 
safeguards requirements. Using the example of the Juelich Nuclear Research Centre in the Federal Republic 
of Germany, these requirements are being examined in conjunction with the specified peculiarities of a 
nuclear research centre. Following this, a division of the research centre into material balance areas and key 
measurement points is being proposed, based on the existing facilities and license areas. The essential 
characteristic of the concept is a far-reaching displayability of the inventory and flow of nuclear material. 
The availability of information is based on differentiated material accountancy in conjunction with adequate 
measurement of nuclear material data. For data processing and generation of data, a computerized 
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11418…..…..…………………..…….……..……ID Number…………………..…..…………….11418 

Author: Finsterwalder, L. 

Title: In-Line Pu Measurement by Neutron Counting 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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11419…..…..…………………..…….……..……ID Number…………………..…..…………….11419 

Author: McDonald, B. J. / Fox, G. H. / Bremner, W. B. 

Title: Non-Destructive Measurement of Plutonium and Uranium in Process Wastes and Residues 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Routine methods used for measurement of the plutonium and uranium content of 
wastes and residues are described. In the case of combustible waste an automated monitor measuring the 
plutonium input to an incinerator, and exercising criticality control over the plant, is discussed. Methods 
used for plutonium and uranium measurement of large and small volumes of waste include gamma 
spectrometry and neutron interrogation. Process residues, mostly as fuel cladding (hulls) are an important 
item in plant accountancy and process control. Routinely used techniques are described for determination 
of 235U in fast reactor fuel hulls and of residual fuel in thermal oxide fuel hulls. Plant experience, precision, 
accuracy, and possible errors are discussed. The use of an isothermal calorimeter for criticality and plant 
accountancy on process slags is discussed. 
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11420…..…..…………………..…….……..……ID Number…………………..…..…………….11420 

Author: Sachs, R. G. 

Title: Argonne National Laboratory as an Interface between Physics and Industry 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Application of physics to industry requires the involvement of many other disciplines, 
including chemistry, material sciences, and many other fields of engineering; and the national laboratories 
in the United States have a mix of such disciplines particularly conducive to such transfer. They have 
participated in one of the most striking transfers of physics to industry in history, namely, the development 
of the nuclear power industry. Scientific feasibility of nuclear power was established when the first chain 
reaction was demonstrated at the Metallurgical Laboratory. Argonne National Laboratory as the successor 
to the Metallurgical Laboratory has played a major role in transferring the results of this physics experiment 
to industry, especially in demonstrating engineering feasibility of nuclear power. Major developments in 
industrial instrumentation have taken place in parallel with the development of nuclear energy, and many 
of these developments are applicable to other industrial systems as well. The responsibilities of the national 
laboratories have recently been extended into many energy technologies other than nuclear, offering them 
the opportunity to serve as an interface for transfer of physics into many new industries. A number of 
examples are cited. 
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11421…..…..…………………..…….……..……ID Number…………………..…..…………….11421 

Author: Thomas, W. 

Title: Nuclear Criticality Safety in the Reprocessing of Nuclear Fuels 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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11422…..…..…………………..…….……..……ID Number…………………..…..…………….11422 

Author: Uerpmann, E. P. / Kolditz, H. / Wolf, J. 

Title: Safety Considerations in the Planning of the Final Storage of Carbidic Fuel Elements of the AVR 
Reactor in the ASSE SALINE 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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11423…..…..…………………..…….……..……ID Number…………………..…..…………….11423 

Author: Walton, Ray D., Jr. 

Title: Oklo, the World's First Nuclear Fission Reactor 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The world's oldest identified nuclear fission reactor was fashioned by nature 
approximately two billion years ago in western equatorial Africa. The remains of the six-reactor complex, 
or what is now known as the Oklo Phenomenon, was discovered by the French Commissariate Energie 
Atomique (CEA) during 1972, in a rich uranium nine located at Oklo in the Republic of Gabon. Dr. George 
A. Cowan of LASL, one of the members of the team that produced the first man-made nuclear reactor in 
Chicago, recognized the relevance of Oklo to the long-term management of high-level radioactive waste. 
The US effort on Oklo is concentrated on evaluating the relevance of Oklo and other naturally occurring 
nuclear reactors on the terminal placement of radioactive waste in geologic formations. US efforts to locate 
additional natural reactors in Canada and Australia will be discussed. Recognition that God or nature 
created the oldest known nuclear fission reactor and essentially contained its associated waste long before 
the time of man is probably the most significant thing about Oklo. 
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11424…..…..…………………..…….……..……ID Number…………………..…..…………….11424 

Author: Warnecke, E. / Poetzschke, M. 

Title: Use of Hafnium as a Heterogeneous Neutron Poison in Reprocessing Plants 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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11425…..…..…………………..…….……..……ID Number…………………..…..…………….11425 

Author: Weiss, J. J., Jr. 

Title: Nuclear Data Assessment Based on the Analysis of Benchmark Criticals 

Date: 1/1/1976 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The recent trend in the nuclear industry has been toward the standardization of nuclear 
reactor design. Directly coupled to this the standardization of the nuclear data which is used in the 
calculations in the reactor design codes. Making an assessment of the data which is now available is the 
objective of the studies described. A total of sixty-nine lattices were analyzed. They consisted of eight 
groups: four groups of light water lattices with varying enrichments in the U-235 isotope (1.06 percent, 
1.027 percent, 1.143 percent and 1.29 percent), a group of natural uranium, heavy water lattices, a group 
utilizing UO2 as the fuel material, and two groups of 233UO2/ThO2 fueled lattices, one with light water 
and one with heavy water as the moderator. Each group included lattices with different pitches, moderator-
to-fuel volume ratios, fuel rod diameters, and experimental methods of determining the buckling. The 
HAMMER computer code was used to calculate keff for each of the lattices. Two sets of cross section data 
were used: the most recent version of ENDF/B, ENDF/B-IV and a much earlier set from ANL. The resulting 
values of keff which were determined from using both sets of data were then compared. The results and 
trends observed are consistent within a group of lattices, as well as for lattices having similar physical 
characteristics. In most cases criticality was underpredicted. This partly due to the assumptions employed 
in the calculational technique which was used. Overall, the ENDF/B-IV data gave better criticality 
predictions and was more sensitive to changes in the lattice parameters than was the ANL set of cross 
sections. 
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11426…..…..…………………..…….……..……ID Number…………………..…..…………….11426 

Author: Barbry, F. / Bousquet, J. / Prigent, R. / Renard, C. 

Title: Criticality Accidents at Facilities for Processing Fissile Material. Characteristics, Detection and 
Action Procedures 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In spite of the precautions which are always taken to avoid a criticality accident at 
facilities where fissionable material is handled or stored, the risk of such an accident occurring is not ruled 
out. It is difficult to conceive of a system which would afford sufficient biological protection to all the 
sensitive parts of the facility. In the event of an accident, it is therefore essential to alert the operators as 
early as possible, since their immediate and rapid withdrawal is the only way of limiting exposure. The 
CRAC (Radiological Consequences of a Criticality Accident) experiments carried out on fissionable 
solutions and their interpretation afford the best means of characterizing this type of accident. New 
detection criteria have been defined and new probes developed which are sensitive both to neutrons and 
gammas and have a dose response over a wide range of accident dynamics. Any false alarm which could 
affect the safety of facilities should be avoided. For this reason the detection network for criticality accidents 
was designed so that it would offer a sufficient degree of reliability. The paper includes a discussion of the 
rules to be followed when the network is set up. If the dose rate of each probe is known at all times it is 
possible to find the approximate location of the accident, to follow its pattern and to provide 
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11427…..…..…………………..…….……..……ID Number…………………..…..…………….11427 

Author: Flakus, F. N. 

Title: International Co-Ordinated Research Program on Nuclear Accident Dosimetry 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Where fissile materials are being processed in quantities exceeding the minimum 
critical amounts, a radiation risk to workers arises from the possibility of criticality excursions. Despite the 
fact that techniques for preventing the occurrence of such accidental excursions have reached very high 
standards it is generally agreed that the availability of suitable nuclear accident dosimetry (NAD) systems 
is very important. Following the recommendations of an Advisory Group meeting on NAD, the IAEA had 
established in 1969 an international coordinated research programme on NAD systems and elaborating 
standardized systems. A large number of research groups from 14 Member States throughout the world 
participated in this coordinated work. Since 1970 four international multilaboratory intercomparison 
experiments on NAD have been organized and the response of a variety of dosimeters examined in different 
neutron spectra under simulated accident conditions at Valduc (France), Oak Ridge (USA), Vinca 
(Yugoslavia) and Harwell (UK). The results achieved in these intercomparison studies show that NAD 
systems have been substantially improved and that several systems are available now in a number of 
laboratories throughout the world that perform within the criteria laid down by the initiating advisory group 
in 1969. 
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11428…..…..…………………..…….……..……ID Number…………………..…..…………….11428 

Author: Grolmes, M. A. 

Title: Advanced Fuels Safety Comparisons 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The safety considerations of advanced fuels are described relative to the present 
understanding of the safety of oxide fueled Liquid Metal Fast Breeder Reactors (LMFBR). Safety 
considerations important for the successful implementation of advanced fueled reactors must early on focus 
on the accident energetics issues of fuel coolant interactions and recriticality associated with core disruptive 
accidents. It is in these areas where the thermal physical property differences of the advanced fuel have the 
greatest significance. 
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11429…..…..…………………..…….……..……ID Number…………………..…..…………….11429 

Author: Kazanski Ju. A. / Doulin V. A. / Zinoviev V. P. 

Title: Metody lzuchenija Reactornyh Haracteristic na Kriticheskih Sborkah BFS (Methods of Reactor 
Parameters Investigation on the BFS Critical Assemblies). Moscow, Atomixdat, (in Russian) 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Kissel, Ph. P. / Renard, C. / Meramedjian, H. N. 

Title: Review of the Nuclear Safety Exercises Carried Out in French Industrial Facilities 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities. The subject and extent of each exercise are decided by mutual 
agreement between the management of the facility and the CEA officials in charge of Assistance in 
Protection and Nuclear Safety (APSN). The authors deal with such subjects as criticality accidents 
(evacuation of facilities, regrouping of personnel, rescue operations etc.) and fire involving large quantities 
of radioactive material (protection of the environment by spraying water on fumes laden with radioactive 
aerosols etc.). During these exercises use is made of the resources available with the safety services of the 
facility, one or more mobile nuclear action teams of the CEA and the appropriate resources within the 
competence of public authorities, e.g. Civil Defense, the fire brigades, the Gendarmerie etc. Each exercise 
is followed by a meeting which gives an opportunity for constructive criticism and for the adoption of 
measures best suited for solving problems which invariably arise, such as choice of methods and resources, 
co-ordination of their simultaneous or gradual application and so on. 
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11431…..…..…………………..…….……..……ID Number…………………..…..…………….11431 

Author: Klein, D. 

Title: Technical Concept for the Storage of Spent HTR Fuel Elements 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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11432…..…..…………………..…….……..……ID Number…………………..…..…………….11432 

Author: Lasseur, C. / Troesch, G. / Gaudiau, J. 

Title: Nuclear Data Processing Applied to Radiation Protection Using a Mini-Computer 'MULTI 20' 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A system planned for the linear analysis of nuclear data has been set up at the 
Radiation Protection Service at the CEN-FAR (Nuclear Research Center of Fontenay-aux-Roses). This 
apparatus, built around a’Plurimat N' set, has permitted an important reduction in the delay to obtain 
information used for radiation protection and an improvement in the measurement accuracy. This apparatus 
is presently used for the measurement and identification of radionuclides by gamma spectrometry (600 
spectres of year), for dosimetry in case of criticality accident and for the processing of results in the 
measurement of activity deposited on filters used for the control of air contamination in plant (400 measures 
a day). An application of automatic processing of information for the environment control and for the direct 
identification of gamma emitters contained in solid waste containers is being worked out. 
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11433…..…..…………………..…….……..……ID Number…………………..…..…………….11433 

Author: Menon, K. R. / Vartak, D. G. 

Title: Boron as Neutron Poison in Power Reactors-Its Estimation 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Estimation of boron, used as neutron poison in power reactors in India is discussed. 
Two methods described. Boron concentration in ppm has been determined both during (1) normal operation 
and (2) initial approach to criticality. The results have been plotted in the form of curves. A third method, 
being developed at RAPP, to be used with an on-line monitoring of boron concentration has also been 
briefly mentioned. 
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Author: n. a. 

Title: Notification Determining Technical Details Concerning Measures for Transportation of Nuclear Fuel 
Materials 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: These provisions are established on the basis of and to enforce “The regulation for 
installation and operation of reactor,” “The regulation concerning the fabricating business of nuclear fuel” 
and “The regulations concerning the reprocessing business of spent fuel." The terms used hereinafter are 
according to those used in such regulations. The limit of radioactivity concentration of things contaminated 
by the nuclear fuel materials which are not required to be enclosed in vessels is defined in the lists attached. 
In the applications for the approval of the measures concerning the transport of things remarkably difficult 
to be enclosed in vessels, the name and the address of the applicant, the kind, quantity, form and constitution 
of the thing contaminated by the nuclear fuel materials to be transported, the date and route of the transport 
and the measures for the prevention of injuries during the transport must be written. The limit of quantity 
of nuclear fuel materials classifying the performance of vessels is defined respectively in the lists attached. 
The radiation dose rates provided for by the Director General of the Science and Technology Agency 
concerning transported things and transporting apparatuses are 200 millirem per hour on the surfaces of 
such things and containers. 
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Author: Roth-Seefried, H. / Raum, H. / Born, F. 

Title: Criticality Calculations for a KWU-Compact Pool Benchmark Problem 

Date: 1/1/1977 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Chandramoleshwar, K. / Das, S. / Job, P. K. / et al. 

Title: PURNIMA II: A BeO Reflected 233U Uranyl Nitrate Solution Homogeneous Reactor 

Date: 1/1/1978 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments with 233U uranyl nitrate solution core surrounded by 30 cm 
thick BeO reflector are planned in PURNIMA II. These experiments are an extension of the subcritical 
multiplication experiments carried out earlier at PURNIMA. The fissile solution is to be contained in a 14 
cm diameter titanium core vessel which in turn is encased in a rectangular aluminum tank acting as 
secondary containment. Reactor start-up is accomplished by pneumatic transfer of fissile solution from a 
storage tank inside a glove box into the core vessel. The critical mass is estimated to be around 300 cm of 
233U. The main safety mechanism is reflector drop instead of core drop employed in PURNIMA I. Backup 
is provided by two boral safety plates that drop under gravity, on opposite sides of the core. Homogeneous 
solution reactors have been demonstrated to be inherently safe by virtue of their strong negative temperature 
coefficient of reactivity associated with void formation. The main mechanism of void production however 
is the direct radiolysis of water by fission fragments rather than by boiling of water. To facilitate rapid 
expansion of the solution a large free volume inside the core vessel above the solution has been provided 
in the design. Most of the fabrication work and necessary modifications to the PURNIMA control system 
have been completed. Criticality is expected to be achieved in the near future. 
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Author: De Francisco, J. L. / Lopez-Cotarelo, J. / Ramos, J. M. 

Title: Expansion of Capacity of Spent Fuel Pools and Associated Problems 

Date: 1/1/1978 

Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Expanding the spent fuel storage pool capacity is a good solution for utilities facing 
the current shortage in fuel reprocessing capacity. This paper reviews the problems more likely to be found 
when expanding a spent fuel storage facility by using high density storage racks. Basically three types of 
problem arise new facility, problems related with the works of expansion, and problems related with the 
long term storage of large quantities of spent fuel. 
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Report: n.a. 

Conference/Journal:  
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Abstract/Keyterms: Radiation damage features were investigated in minerals extracted from various 
zones of the Oklo fossil nuclear reactors. The main results of these investigations are was observed in clay 
minerals extracted from the reaction zones. Results from laboratory simulation experiments then give a 
plausible explanation for this observation, in strongly suggesting that the track registering minerals initially 
present in the reactor cores suffered a drastic in-situ regeneration, which was triggered by the deep 
groundwater etching of the nuclear particle tracks registered in the grains; (2) the highly heterogeneous 
uranium distribution found in the quartz grains sampled outside the reaction zones prevents the application 
of the classical fission-track dating technique. A new method was thus developed with a view to using the 
microscopic fission-fragment "stars" originating from tiny uranium-rich inclusions imbedded in the quartz 
grains for determining a track "model" age for the grains. In the normal zones far from the reactor borders 
the ages of the quartz grains cluster at a value of about 2.5±0.5x10$sup 9$ a, which is quite compatible 
with the formation age of the Chaillu Massif; (3) uraninite grains extracted from the Oklo reactor zones are 
very different from those found in other uranium ore deposits. 
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Title: Atomic Energy 
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Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The history of atomic energy is discussed under the following headings atomic 
structure, atomic fission, chain reactions, the atomic bomb, possible methods of [uranium isotopes] 
separation, gaseous diffusion, the first nuclear piles, Canada (Chalk River), the British atomic energy 
organization, fast reactors, commercial power-producing reactors, fuel element manufacture, chemical 
separation. 
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Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The authors outline the current international co-operation connected with the safety 
of fuel cycle facilities, with particular reference to the safety of facilities for the storage of spent fuel. The 
view of the NEA/CSNI Working Group on the Safety of the Fuel Cycle are reported and the principal 
problems of the safety of fuel storage are reviewed in the perspective of the safety of the entire fuel cycle. 
It is concluded that the problems associated with short-term storage are well understood and managed, and 
that the additional problem of maintaining the integrity of fuel assemblies during long-term storage requires 
further research. 
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Conference/Journal:  
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Abstract/Keyterms: Canadian buckling measurements of the 28-element natural uranium oxide fuel 
assemblies were analyzed using the code DUMLAC. Analysis was done for D2O and air coolants at 
different hexagonal lattice pitches. It was found that one has to reduce the resonance absorption around 10 
to 15% by using a fudge factor, in the order to get a good agreement between the measured and calculated 
buckling values. Integral neutron spectrum parameters were also measured in Canada for this cluster with 
three different coolants namely D2O, air and light water. Analysis of these measurements was done with 
DUMLAC code in order to understand the accuracy of the models used in the code for three parameters 
and to formulate some experiments in Zerlina for the improvement of lattice physics codes. It is found that 
for D2O and air coolants, one has to use the fudge factor for obtaining a good agreement between calculated 
and experimental values, whereas for H2O coolant no fudge factor is necessary. Therefore, it is concluded 
that models used in DUMLAC code are appropriate to generate the required parameters for a 28-rod cluster 
with a reasonable accuracy. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For many years the use of plutonium as an alternate fissile material in the thermal 
power reactors has been the subject of extensive research programmes. One of these programmes was 
started in Belgium which includes critical experiments in the VENUS facility at SCK/CEN. Two types of 
fuel rods which were used in the configurations are described. One is 4 wt.% UO2 and the other 2 wt.% 
PuO2. DTF-IV code was used to generate few group parameters using 40 group fast-thermal library. The 
code EXTERMINATOR was used to analyse two dimensional configurations. An extensive study using 2, 
4 and 5 groups was made. 5 group calculations which consisted of two thermal groups gave better agreement 
with experiments after a modification was made to the water parameters adjacent to the fuel region. 
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Report: n.a. 

Conference/Journal:  
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Abstract/Keyterms: Results of computations carried out to analyse the subcritical multiplication 
experiment conducted with uranyl nitrate solutions are presented. The system consisted of a solution core 
in the form of a rectangular parallelepiped reflected from all sides by beryllium oxide. Since three 
dimensional diffusion theory calculations alone can be used to simulate the system, an accurate set of two 
group constants are derived from the analysis of similar system in one dimensional spherical geometry 
configuration. Fluxes obtained from eighteen group transport theory (SN methods) calculations of one 
dimensional system are used to reduce the group set to two group constants. Critical mass values from these 
transport theory calculations are compared with those obtained from two group diffusion theory. This shows 
that diffusion theory with the derived group constants are adequate to predict critical mass values of these 
system with an accuracy of five percent when compared with the results of detailed transport theory 
methods. For the three dimensional system, critical masses are obtained using two group diffusion theory 
and compared with the experimental values estimated from the multiplication measurements. 
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Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Regulation is established on the basis of "The law for the regulations of nuclear 
source materials, nuclear fuel materials and reactors" and the "Law for the prevention of radiation injuries 
due to radioisotopes." The prescriptions cover the transport of radioactive materials by railway, street rail 
way, ropeway, trolley buses, motorcars and light vehicles. Terms are explained, such as nuclear fuel 
materials, radioisotopes, radioactive substances, transported radioactive things, transported fissile things, 
vehicles, containers, exclusive loading, surrounding inspection area. Four types of transported radioactive 
things are specified, L and A types being less dangerous and BM and BU being more dangerous. 
Transported fissile things are classified to three kinds according to the safety to criticality of such things. 
Transported radioactive things except those of L type and containers with transported fissile things shall 
not be loaded or unloaded at the places where persons other than those concerned come in usually. Loading 
and unloading of such things shall be carried out so that the safety of such things is not injured. The 
maximum dose rate of radiation of the containers with transported radioactive things shall not be more than 
200 millirem per hour on the surface and 10 millirem per hour at the distance of 1 meter. 
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Conference Session:  

Abstract/Keyterms: A joint study of the fluid inclusions and petrography of the sandstones in the FA at 
Oklo enables us to estimate the temperature and pressure conditions for the various diageneses. It also 
enables us to fix the time of the formation and functioning of the natural reactors, in relation to the 
geological events. The conditions for the siliceous diagenesis, just as for the formation of the Oklo tectonic 
structure at the beginning, are estimated at approximately 240 deg C and 1000 bar. The carbonate 
diagenesis, which comes after the functioning of the natural reactors, would appear to have occurred at 
about 180 deg C and 800 bar. The density of the fluids and pressure stresses (between 1000 and 800 bar) 
suggests that, during the nuclear reaction, the aqueous solutions may have reached temperatures between 
450 and at least 600 deg C. 
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Abstract/Keyterms: The salient design features of the 30 KW, tank type, source reactor to be installed in 
the basement of Radiometallurgy Laboratories at Reactor Research Centre, Kalpakkam for radiography of 
hot FBTR fuel pins, radiation physics experiments, and activation analysis are described. The design of this 
system exploits the inherent safety characteristics of water moderated low critical mass systems, like the 
Canadian SLOWPOKE reactor operating at the University of Toronto. The reactor will be fueled with 233U 
aluminum alloy plates, moderated and natural convection cooled by H2O and will use Be/BeO as reflector 
material. The critical mass of this system is expected to be less than 700 gm of 233U yielding an average 
core flux of 1012 n/cm2. Some results of preliminary 18 group DTP-IV calculations are presented. 
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Conference/Journal:  
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Abstract/Keyterms: Ore-mineralogical and electron microprobe studies of samples from the reaction zone 
at Oklo indicate that the uraninite (sample No. 1391/4) is massive, recrystallized and relatively 
homogeneous, although concentrations of galena of probable radiogenic origin and secondary cross-cutting 
veinlets containing carbonaceous matter occur. Microanalysis, by a combination of wavelength and energy 
dispersive techniques, indicates that the uraninite contains low mean values for thorium (0.26% ThO2), 
vanadium (0.02% V2O3) and yttrium (0.01% Y2O3), but is enriched in manganese (0.31% MnO), iron 
(0.81% Fe2O3) and calcium (0.96% CaO); titanium (0.13% TiO2) and silicon (0.43% SiO2) are present in 
small amounts. The uraninite composition indicates that it probably formed by thermal metamorphism and 
recrystallization of fine-grained pitchblende. The conditions for criticality were probably established during 
diagenesis and compaction of highly uraniferous, waterlogged and decaying organic rich algal material. 
This resulted in the progressive expulsion of porewater and carbonaceous matter into the aureole, associated 
with local heating and metamorphism of the pitchblende to uraninite followed by termination of the fission 
chain reaction. 
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Report: n.a. 

Conference/Journal:  
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Abstract/Keyterms: The numerical values and curves given are valid for an isolated system of grid-like 
ordered rods without cladding in H2O at maximum reflection. The UO2 density is maximum 10.96 g/cc, 
water density 1 g/cc. The rods have a grid arrangement by keeping equal distances. The length of rod, grid 
distance and rod diameter are random. The maximum degree of enrichment is 5% U235. Maximum 
reflection is practically achieved by a water layer of at least 30 cm, thick and density 1 g/cc. Note should 
be taken of the regulations in DIN 25 403 when using the above standard. 
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Report: n.a. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Purpose strengthening a basket and keeping an interior in the cask at a subcritical 
state has been described. Constitution cylinder of the cask is partitioned by a lattice-shaped basket 
accommodating therein a neutron absorption substance. In the thus partitioned chamber there is provided a 
hollow prismatic bolt, in which spent fuel assemblies are accommodated. The other part of the basket is 
filled with water, thereby shielding radiation emitted from spent fuel assemblies on one hand and cooling 
spent fuel assemblies on the other. The filled neutron absorbers are in a powdery or granular state, and 
diffused rapidly in water when any accident takes place thereby keeping the cask at a subcritical state. 
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Title: Nuclear Engineering in the Limelight 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An insight is given into the state of art of nuclear engineering considering only 
essential problems. The subject is covered under the following headings nuclear radiation, (3) measuring 
systems for nuclear radiation, (4) radioisotopes in industry, (5) aids in medicine, (6) radiation absorption 
and its utilization, (7) use of radioisotopes in research, (8) the chain reaction in a nuclear reactor, (9) power 
from nuclear power plants, (10) pressurized water reactors (PWR), (11) high-temperature reactors (HTGR), 
(12) fast breeder reactors (FBR), (13) nuclear energetics-a new branch of industry, (14) nuclear explosions, 
(15) nuclear research at Rossendorf, and (16) the energy of the future. An appendix includes definitions of 
terms used in nuclear engineering. The book is written for a wide circle of readers who are interested in the 
peaceful uses of nuclear energy. 
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Abstract/Keyterms: The paper describes a study of the effect of changes in the quantity of nuclear 
materials on the spectral indices measured in the core of the SPEKTR critical assembly. The authors 
determined the volume from which the removal of a given amount of 235U can be detected using a single 
pair of indicators. This made it possible to fix the control points in such a way that any diversion exceeding 
a certain level can be reliably detected. To determine the magnitude of the diversion an algorithm was 
developed based on the assumption of a linear relationship between the variation of the spectral indices and 
the magnitudes of local diversions. Using this algorithm, it is possible to calculate the magnitude of 
diversions of not more than 10.5 kg with an accuracy of 30-40%. 
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Date: 1/1/1979 

Report: n.a. 

Conference/Journal:  
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Abstract/Keyterms: In a brief introductory discussion about the availability of fissile material through 
nuclear power programmes, and the risk of proliferation of nuclear weapons, the occurrence or preparation 
of U-233, U-235 and Pu-239 is summarized. A list is given of the first nuclear explosions (including both 
fission and thermonuclear devices) in six countries, and the isotope used in each case. A table shows the 
rate of plutonium production in various types of reactor. The critical masses of U-235, Pu and U-233 at 
various enrichments, with and without reflectors, are shown. 
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Report: n.a. 
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Abstract/Keyterms: Gaseous-fuel nuclear reactors have significant advantages as energy sources for 
closed-cycle power systems. The advantages arise from the removal of temperature limits associated with 
conventional reactor fuel elements, the wide variety of methods of extracting energy from fissioning gases, 
and inherent low fissile and fission product in-core inventory due to continuous fuel reprocessing. Example 
power cycles and their general performance characteristics are discussed. Efficiencies of gaseous fuel 
reactor systems are shown to be high with resulting minimal environmental effects. A technical overview 
of the NASA-funded research program in gaseous fuel reactors is described and results of recent tests of 
uranium hexafluoride (UF6)-fueled critical assemblies are presented. 
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Abstract/Keyterms: The new control policy based on fuzzy approach for control of extraction process 
when taking into account criticality conditions was developed and verified. The example flowsheet 
suspected to exceed nuclear emergency conditions chosen for calculations was the 16-stage mixer-settler 
unit for uranium and plutonium recovery. The structure of the fuzzy controller is derived from earlier 
assessment of nuclear reactivity of the system. The results obtained confirm the usefulness of the fuzzy 
approach when the system's behavior cannot be described analytically and estimated accurately during 
process operation. 
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Title: Basic Design Requirements for the Containment System of a Mixed Oxide Fuel Fabrication Plant 

Date: 1/1/1980 
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Abstract/Keyterms: This paper describes the updated basic design requirements for the containment 
system of a mixed oxide fuel fabrication plant. The design has been developed on the basis of safety goals, 
taking into account the environmental compatibility under both normal and accident conditions. The 
different sources of risk, which might cause a mixed oxide release to the environment, are analysed with 
regard to the system performances. In particular, this paper describes both the operational containment 
leakages and the basic accidents that could occur, such as a fire causing primary containment unavailability. 
In each possible accident situation a fault tree analysis was developed with the aim of defining the 
availability requirements of the most important components relevant to nuclear safety. The study points out 
that nuclear safety goals are attained using industrial process components, while a higher quality level is 
required only for components performing protection functions. Finally, a general discussion is carried out 
to prove the attainment of the previously stated goals, on the basis of the evaluation of releases and of their 
probability. The conclusion reached was that the environmental impact of a mixed oxide fuel fabrication 
plant can be kept at a very low level. 
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Report: n.a. 

Conference/Journal:  
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Abstract/Keyterms: The computer program SEPHIS, developed to aid in determining optimum solvent 
extraction conditions for the reprocessing of nuclear power reactor fuels by the Purex method, is described. 
The program employs a combination of approximate mathematical equilibrium expressions and a transient, 
stage wise-process calculational method to allow stage and product-stream concentrations to be predicted 
with accuracy and reliability. The possible applications to inventory control for nuclear material safeguards, 
nuclear criticality analysis, and process analysis and control are of special interest. The method is also 
applicable to other counter-current liquid-liquid solvent extraction processes having known chemical 
kinetics that may involve multiple solutes and are performed in conventional contacting equipment. 
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Abstract/Keyterms: The two-and three-dimensional neutron calculation codes for fast reactors which have 
been developed at the CEA and are based on the finite difference method are compared with each other and 
with other CEA codes using the finite element method and the synthesis method (KAPLAN). The whole 
set is also compared with the CITATION code (Argonne National Laboratory). This comparison 
demonstrates the advantages of the finite element method for spatial calculations of core configurations 
associated with critical experiments (rectangular geometry) and configurations representative of power 
stations, both from the aspect of the time and cost of the calculation and from the aspect of the accuracy of 
the results obtained (discrepancies in the eigenvalues and from power distributions differing by less than 
1% from those obtained by the finite difference method). Thus, for example, the computing time for the 
ELECTRE finite element code (XY geometry) is a factor of three less than that required for the DIANE 
code, the CEA's most highly optimized finite difference code. Likewise, the computing time for the 
DESMEE code, used for hexagonal lattices, is 12 times less than that required for the DF2S finite difference 
code. 
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Abstract/Keyterms: The problems of fuel cycle safety connected with radioactive material transportation 
and spent nuclear fuel in particular are discussed. The main US NRC requirements for casks used for 
irradiated fuel transportation are considered. The main specifications of casks for fuel transportation by 
railway and road transport are presented. It is pointed out that in order to prevent environmental 
contamination it is necessary to assure integrity of casks both in normal conditions and during accidents. 
The conclusion is made that one of the most important problems which are taken into account during safety 
analysis and cask designing is the problem of nuclear safety assurance. It means that a charged cask must 
be subcritical during all possible accidents. At normal transport conditions the charged casks effective 
neutron multiplication factor must be sufficiently lower than 1.0. 
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Abstract/Keyterms: The organization and methods of environmental radiation monitoring while working 
at nuclear critical assemblies, are described. Necessary equipment for critical assemblies (signal and 
Ventilation systems, devices for recording accidental radiation levels of and for measuring radiation field 
distribution) and the personnel program of actions in case of nuclear accident. The dosimetric control at 
critical assemblies is usually ensured by telesystems. 8004-01 multi-channel dosimetric device is described 
as an example of such-system. 
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Abstract/Keyterms: The subject is treated in chapters, entitled unleashing the nucleus; how radiation 
affects us; is there a safe level of radiation; which radioactive substances are dangerous; according to plan; 
when things go wrong; the control of nuclear reactivity; keeping cool; defense in depth; margins of safety; 
to err is human; nuclear inheritance; security; plutonium economy; nuclear power and the nuclear powers; 
nuclear safety in focus. 
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Abstract/Keyterms: Physical principles are discussed of nuclear reactors and the use thereof as energy 
sources. Part one discusses the foundations of reactor physics and treats the problems of fission reaction 
physics, neutron diffusion, neutron slowing-down, steady state reactors, operational reactors, and reactor 
dynamics. Part two describes the basic types of power reactors, their design and configuration, it assesses 
the current state of development, and indicates the prospects of nuclear power. 
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Abstract/Keyterms: This report covers the investigation by HSE into the circumstances of the leak of 
highly radioactive product liquor inside a cell of the THORP plant at Sellafield. The leak was reported to 
us on 20 April 2005. The report includes a description of the investigation, its findings and the causes. It 
provides major lessons for both the operator of the Sellafield site, British Nuclear Group Sellafield Limited, 
and the nuclear industry generally. 
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special American Nuclear Society session regarding nuclear safety. 
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Reactors; Volume 
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Abstract/Keyterms: A summary of the existing data on low- and intermediate energy radiation damage to 
silicon solar cells is given, including new data collected in the present study. A detailed analysis of the 
effects of 8.3-Mev protons is given. At this energy and with limited statistics, the difference between eleven 
p on n cells and three n on p cells has diminished to less than a factor of 2 compared with the factor of 7 or 
8 that was observed for 1.5-Mev protons. Critical fluxes (required to cause 25% loss of efficiency) are 
tabulated for e1ectrons up to 17.6 Mev, and for alpha particles at 33 and 40 Mev. 
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Configuration; Critical Assemblies; Criticality; Cylinders; Fluorides; Fuels; NASA-ZPR-2; Reactivity; 
Reactors; Solutions; Uranyl Compounds 
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Polyethylene Wall Gas-Filled, Description of; Critical Assemblies / Radiation Dose Measurements for 
Tungsten-Water-Moderated, Analysis of $Gamma$ and Neutron; Neutrons / Dose Measurements for 
Tungsten-Water-Moderated Critical Assembly, Analysis of; Gamma Radiation / Dose Measurements for 
Tungsten-Water-Moderated Critical Assembly 
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Abstract/Keyterms: Rocket & Space Reactors-Kinetics & Dynamics; Analysis; Criticality; Differential 
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Date: 5/1/1970 

Report: N-70-26979 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments, which contain materials being considered for a small 
fast-spectrum reactor, is being performed by Atomics International under contract to Lewis Research 
Center. The first of the critical assemblies has already been constructed. The completed assembly, which is 
to be formed in stages, will be a simulation of a conceptual fast reactor which is to be cooled by lithium, 
fueled with uranium-235 nitride, and reflected by molybdenum. In the fast reactor concept cylindrical 
uranium nitride pellets are contained in tantalum alloy (T-111) tubes lined with tungsten foil. A T-111 
honeycomb lattice is used to maintain the position of the fuel elements. Six control drums containing both 
fuel and neutron absorber (t-111) are used for reactivity control. The neutron reflector is made of a 
molybdenum alloy. 
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Reactors- Mockup; Zero Power Reactors- Reactor Kinetics; Fast Reactors; Liquid Metal Cooled Reactors; 
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Abstract/Keyterms: Design power plant studies were carried out for two applications of the plasma core 
reactor transmute actinides effectively. In addition to the above applications the reactor produced electrical 
power with a high efficiency. A reactor subsystem was designed for each of the two applications. For the 
breeder reactor, neutronics calculations were carried out for a U-233 plasma core with a molten salt 
breeding blanket. A reactor was designed with a low critical mass (less than a few hundred kilograms U-
233) and a breeding ratio of 1.01. The plasma core actinide transmutation reactor was designed to transmute 
the nuclear waste from conventional LWR's. The spent fuel is reprocessed during which 100% of Np, Am, 
Cm, and higher actinides are separated from the other components. These actinides are then manufactured 
as oxides into zirconium clad fuel rods and charged as fuel assemblies in the reflector region of the plasma 
core actinide transmutation reactor. In the equilibrium cycle, about 7% of the actinides are directly fissioned 
away, while about 31% are removed by reprocessing. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical study of self-critical nuclear pumped laser system concepts was 
performed. Primary emphasis was placed on reactor concepts employing gaseous uranium hexafluoride 
(UF6) as the fissionable material. Relationships were developed between the key reactor design parameters 
including reactor power level, critical mass, neutron flux level, reactor size, operating pressure, and UF6 
optical properties. The results were used to select a reference conceptual laser system configuration. In the 
reference configuration, the 3.2 m cubed lasing volume is surrounded by a graphite internal moderator and 
a region of heavy water. Results of neutronics calculations yield a critical mass of 4.9 U(235) in the form 
(235)UF6. The configuration appears capable of operating in a continuous steady-state mode. The average 
gas temperature in the core is 600 K and the UF6 partial pressure within the lasing volume is 0.34 atm. 
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and 6-in. uniform lattices. 
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Reactor Safety; Reactors; Research Reactors; Uranium 235; Variations; Volume 



 

C-11554 

11518…..…..…………………..…….……..……ID Number…………………..…..…………….11518 

Author: Parrish, W. C. 

Title: Transient Heat Transfer in Heterogeneous Reactors 

Date: 12/19/1949 

Report: NAA-SR-0047 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Boiling; Criticality; Density; Failures; Films; Fuel Elements; Heat 
Transfer; Heavy Water Coolant; Heavy Water Moderator; Liquids; Mathematics; Operation; Reactivity; 
Reactors; Temperature; Transients 



 

C-11555 

11519…..…..…………………..…….……..……ID Number…………………..…..…………….11519 

Author: Cohen, E. R. / Greenfield, M. A. 

Title: Two-Group Equations for Multi-Region Reactors 

Date: 8/28/1950 

Report: NAA-SR-0081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Diffusion; Energy; Equations; Inhours; Neutrons; Reactivity; Reactor Core; 
Reactor Period; Reactors; Transport Theory; Zones 



 

C-11556 

11520…..…..…………………..…….……..……ID Number…………………..…..…………….11520 

Author: Browne, S. H. / Houghton, W. J. 

Title: Distribution of Feed Material in Production Reactors 

Date: 4/26/1954 

Report: NAA-SR-0091 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The problem of finding the optimum distribution for the producer material in a reactor 
which products special isotopes involves many aspects of reactor design. This report considers the effect 
of the neutron economy on the desired distribution. The resulting general equations are derived on the basis 
of one and two-group diffusion theories. The specific cases investigated in more detail are those of a one-
dimensional reactor with uniformly spaced producer material slabs in the core and/or reflector. An 
equivalence formula is presented relating the absorption of a slab to that of a uniform parallel array of rods. 



 

C-11557 

11521…..…..…………………..…….……..……ID Number…………………..…..…………….11521 

Author: Biehl, A. T. / Cohen, E. R. 

Title: The NAA Exponential Assembly Part 1 Apparatus and Preliminary Procedure 

Date: 6/22/1951 

Report: NAA-SR-0103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Beryllium; Configuration; Coolant Loops; Diffusion Length; 
Equations; Errors; Exponential Piles; Fuel Elements; Graphite Moderator; Heavy Water Moderator; 
Impurities; Measured Values; Naa; Natural Uranium Fuel; Neutron Flux; Neutron Sources; Numericals; 
Planning; Polonium; Pumps; Storage; Thermal Neutrons; Tubes; Vessels; Zones 



 

C-11558 

11522…..…..…………………..…….……..……ID Number…………………..…..…………….11522 

Author: Mills, M. M. 

Title: On the Hazard Due to Nuclear Reactors 

Date: 10/1/1950 

Report: NAA-SR-0116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Atmosphere; Buildings; Contamination; Coolant Loops; 
Cooling; Environment; evaporation; Excursions; Explosions; Failures; Fallout; Fission Products; Gases; 
Heating; Mechanical Structures; Melting; Meteorology; Personnel; Planning; Radioactivity; Reactivity; 
Reactor Core; Reactor Safety; Reactors; Stability; Temperature; Wind 



 

C-11559 

11523…..…..…………………..…….……..……ID Number…………………..…..…………….11523 

Author: Fahrner, T. / Trilling, C. A. / Weisner, E. F. 

Title: Natural Uranium Reactors for the Production of Plutonium and Useful Power 

Date: 9/26/1951 

Report: NAA-SR-0137 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Configuration; Coolant Loops; Coolants; Criticality; Distribution; 
Economics; Equations; Fuel Elements; Graphite Moderator; Heat Exchangers; Heat Transfer; Heavy Water 
Moderator; High Temperature; Liquid Metal Coolant; Mass; Materials Testing; Mechanical Structures; 
Natural Uranium Fuel; Neutron Flux; Performance; Planning; Plutonium; Power Plants; Production; 
Reactivity; Reactor Core; Rods; Steam; Temperature 



 

C-11560 

11524…..…..…………………..…….……..……ID Number…………………..…..…………….11524 

Author: Biehl, A. T. / Woods, D. 

Title: Intra-Cell Neutron Densities Part I. 1 Inch Diameter Natural Uranium Rods 

Date: 9/25/1951 

Report: NAA-SR-0138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alpha Particles; Astrophysics; Calcium 40; Capture; Carbon 12; Cross 
Sections; Density; Diffusion; Distribution; Elements; Emission; Heavy Water; Helium; High Temperature; 
Lattices; Light; Luminosity; Magnesium 24; Measured Values; Moderators; Neon 20; Neutron Flux; 
Numericals; Oxygen 16; Photometry; Production; Quantity Ratio; Resonance; Rods; Stars; Thermal 
Neutrons; Thermonuclear Reactions; Uranium 



 

C-11561 

11525…..…..…………………..…….……..……ID Number…………………..…..…………….11525 

Author: Woods, D. C. / Biehl, A. T. 

Title: Intra-Cell Neutron Densities in Natural Uranium-D2O Lattices. Part II 

Date: 6/1/1953 

Report: NAA-SR-0138(Pt. II ) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Configuration; Diffusion; Energy; Europium; Foils; Fuel 
Elements; Gold; Heavy Water Moderator; Hydrogen; Measured Values; Natural Uranium Fuel; Neutron 
Flux; Neutrons; Reactor Core; Reactors; Rods; Slowdown; Thermal Neutrons; Uranium; Wigner-Wilkins 
Model 



 

C-11562 

11526…..…..…………………..…….……..……ID Number…………………..…..…………….11526 

Author: Cohen, E. R. 

Title: Thermal Neutron Flux. in a Lattice Cell 

Date: 11/23/1951 

Report: NAA-SR-0155 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Configuration; Cylinders; Diffusion; Diffusion Length; 
Moderators; Neutron Flux; Reactor Core; Reactors; Thermal Neutrons; Thermal Utilization 



 

C-11563 

11527…..…..…………………..…….……..……ID Number…………………..…..…………….11527 

Author: Cohen, E. R. / Sehnert, R. H. 

Title: Reactor Physics Conference (Held at Los Angeles on) October 11, 12, and 13, 1951 

Date: 3/10/1953 

Report: NAA-SR-0195, 100-111 

Conference/Journal: Reactor Physics Conference (Held at Los Angeles on) October 11, 12, and 13, 
1951 

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Burnup; Conference; Criticality; Cross Sections; Diffusion 
Length; Equations; Exponential Piles; Mass; Materials Testing; Measured Values; Neutron Flux; 
Operation; Planning; Reactivity; Reactors; Stability; Standards; Transfer Functions; Transients 



 

C-11564 

11528…..…..…………………..…….……..……ID Number…………………..…..…………….11528 

Author: Kash, S. W. 

Title: Buckling Measurements of Thermal Neutrons in Natural Uranium-D2O Square Lattices 

Date: 12/1/1952 

Report: NAA-SR-0209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Heavy Water Moderator; Measured Values; 
Natural Uranium Fuel; Numericals; Reactor Core; Reactors; Thermal Neutrons 



 

C-11565 

11529…..…..…………………..…….……..……ID Number…………………..…..…………….11529 

Author: Laubenstein, R. A. 

Title: Reactor Physics Quarterly Progress Report (for) February, March, and April 1953 

Date: 7/8/1953 

Report: NAA-SR-0259 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Activation- Buckling- Configuration- Counters- Cross 
Sections- Depleted Uranium- Diffusion Length- Distribution- Efficiency- Exponential Piles- Foils- Heavy 
Water Moderator- Impurities- Measured Values- Neutron Flux- Reactor Core- Temperature- Thermal 
Neutrons- Uranium- Variations; Absorption- Boiling- Control Elements- Depleted Uranium- Erbium- 
Gamma Radiation- Graphite Moderator- Heating- Irradiation- Measured Values- Motion- Neutron Sources- 
Oscillations- Reactivity- Reactor Safety- Reactors- Temperature- Thermocouples- Uses- Variations- Water 
Moderator 



 

C-11566 

11530…..…..…………………..…….……..……ID Number…………………..…..…………….11530 

Author: Inman, G. M. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) December 1952, January and February 
1953 

Date: 7/15/1953 

Report: NAA-SR-0260 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolant Loops; Fuel Elements; Graphite Moderator; Liquid Metal Coolant; 
Mechanical Structures; Mechanics; Neutrons; Performance; Pipes; Reactor Safety; Reactors; Remote 
Handling; SGR; Shielding; Sodium 



 

C-11567 

11531…..…..…………………..…….……..……ID Number…………………..…..…………….11531 

Author: Martin, A. B. 

Title: Reactor Evaluation Quarterly Progress Report for May-July 1953 

Date: 10/20/1953 

Report: NAA-SR-0282 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Burnup; Economics; Enrichment; Equations; Fast Neutrons; 
Fuels; Graphite Moderator; Liquid Metal Coolant; Mixing; Natural Uranium Fuel; Numericals; Plutonium 
239; Plutonium 240; Poisoning; Power Plants; Reactivity; Reactors; Sodium; Startup; Uranium 233 



 

C-11568 

11532…..…..…………………..…….……..……ID Number…………………..…..…………….11532 

Author: n. a. 

Title: Reactor Physics Quarterly Progress Report (for) August-October 1953 

Date: 4/15/1954 

Report: NAA-SR-0854 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Buckling- Cadmium Alloys- Configuration- Depleted 
Uranium- Diffusion Length- Enrichment- Equations- Exponential Piles- Heavy Water Moderator- 
Impurities- Lead Alloys- Measured Values- Mockup- Natural Uranium Fuel- Numericals- Reactor Core- 
Reactors- Rods- Thermal Neutrons- Variations; Control Elements- Control Systems- Cross Sections- 
Depleted Uranium- Plates- Power- Reactivity 



 

C-11569 

11533…..…..…………………..…….……..……ID Number…………………..…..…………….11533 

Author: Inman, G. M. 

Title: Sodium Graphite Reactor Quarterly Progress Report for June-August 1953 

Date: 1/20/1954 

Report: NAA-SR-0878 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents- Burnup- Conversion- Coolant Loops- Graphite Moderator- 
Leaks- Liquid Metal Coolant- Losses- Neutron Flux- Poisoning- Power Plants- Reactivity- Reactor Safety- 
Reactors- SGR- Shielding- Sodium- Startup- Temperature- Transients- Variations; Bonding- Canning- 
Configuration- Fuel Elements- High Temperature- Nickel- Operation- Organic Coolant- Planning- Reactor 
Core- Reactor Fueling- SRE- Stainless Steels- Sulfur- Transport- Tubes- Uranium Alloys- Vessels- 
Welding- Zirconium 



 

C-11570 

11534…..…..…………………..…….……..……ID Number…………………..…..…………….11534 

Author: Beeley, R. J. 

Title: A Pebble-Bed Reactor for Stationary Power Plants 

Date: 5/15/1954 

Report: NAA-SR-0895 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bismuth; Coolant Loops; Decontamination; Economics; Electricity; 
Fabrication; Fuels; Graphite; Homogeneous Reactors; Liquid Metal Coolant; Pebble Bed; Pellets; Planning; 
Polonium 210; Power Plants; Reactor Core; Reactor Fueling; Reactors; Thorium; Uranium 



 

C-11571 

11535…..…..…………………..…….……..……ID Number…………………..…..…………….11535 

Author: Beeley, R. J. 

Title: Reactor Evaluation Quarterly Progress Report for November 1953-January 1954 

Date: 6/1/1954 

Report: NAA-SR-0924 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Measured Values; Operation; Reactors; Uses 



 

C-11572 

11536…..…..…………………..…….……..……ID Number…………………..…..…………….11536 

Author: Laubenstein, R. A. 

Title: Reactor Physics Quarterly Progress Report (for) November, 1953-January, 1954 

Date: 3/10/1954 

Report: NAA-SR-0925 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Boron; Buckling; Cadmium; Cadmium Alloys; Configuration; 
Control Systems; Diffusion Length; Distribution; Enrichment; Epithermal Neutrons; Exponential Piles; 
Foils; Gold; Heavy Water; Impurities; Indium; Lead Alloys; Natural Uranium Fuel; Neutron Flux; Neutron 
Sources; Rate Meters; Resolution; Rods; Scalers; Slowdown; Standards; Thermal Neutrons; Transport 
Theory; Uranium; Wbns 



 

C-11573 

11537…..…..…………………..…….……..……ID Number…………………..…..…………….11537 

Author: Aronchick, M. P. 

Title: Nuclear Startup Experiments for HNPF 

Date: 10/15/1964 

Report: NAA-SR-10078 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Elements; 
Criticality; Fuel Elements; Graphite Moderator; HNPF; Liquid Flow; Liquid Metal Coolant; Measured 
Values; Power; Power Plants; Reactivity; Reactor Fueling; Reactors; Rods; Sodium; Startup; Temperature; 
Variations; Xenon 



 

C-11574 

11538…..…..…………………..…….……..……ID Number…………………..…..…………….11538 

Author: Laubenstein, R. A. 

Title: Reactor Physics Quarterly Progress Report for February-April 1954 

Date: 8/1/1954 

Report: NAA-SR-1016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Anisotropy; Beryllium; Buckling; Cadmium; Configuration; 
Cross Sections; Diffusion; Distribution; Energy; Errors; Exponential Piles; Fast Neutrons; Foils; Heavy 
Water; Impurities; Indium; Losses; Measured Values; Neutron Flux; Neutron Sources; Neutrons; 
Reactivity; Reactors; Resonance Neutrons; Rods; Thermal Neutrons; Thorium; Uranium 



 

C-11575 

11539…..…..…………………..…….……..……ID Number…………………..…..…………….11539 

Author: Clifford, D. W. 

Title: Interim Report on the SNAP Critical Assembly 4A (SCA-4A) Experimental Results 

Date: 3/1/1965 

Report: NAA-SR-10245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; S10 
Reactor- Mockup; S2 Reactor- Mockup; Zero Power Reactors- Reactor Kinetics; Beryllium; Neutron 
Reflectors; Reactivity Worths; SNAP Reactors 



 

C-11576 

11540…..…..…………………..…….……..……ID Number…………………..…..…………….11540 

Author: Beeley, R. J. ed. 

Title: Reactor Evaluation Quarterly Progress Report for February-April 1954 

Date: 9/1/1954 

Report: NAA-SR-1029 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Control Systems; Criticality; Distribution; Equations; Errors; 
Fuels; Isotopes; Neutron Flux; Numericals; Plutonium; Power Plants; Reactivity; Reactors; Thorium; 
Uranium; Uranium 233; Volume 



 

C-11577 

11541…..…..…………………..…….……..……ID Number…………………..…..…………….11541 

Author: Lehman, G. W. 

Title: Improved Method for Numerically Solving Multi-Group Reactor Equations 

Date: 9/15/1954 

Report: NAA-SR-1034 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boundary Conditions; Computers; Configuration; Criticality; Differential 
Equations; Diffusion; Group Theory; Mathematics; Multiplication Factors; Neutron Flux; Numericals; 
Reactor Core; Reactors; Slowdown; Spheres; Zones 



 

C-11578 

11542…..…..…………………..…….……..……ID Number…………………..…..…………….11542 

Author: Martin, D. H. 

Title: Correction Factors for Measurements with Cadmium Covered Foils 

Date: 10/15/1954 

Report: NAA-SR-1076 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Cadmium; Cadmium Ratio; Energy Range; Errors; Foils; Gold; 
Indium; Losses; Measured Values; Neutron Detection; Neutron Flux; Surfaces; Testing; Thermal Neutrons; 
Thickness; Uses; Variations; Volume 



 

C-11579 

11543…..…..…………………..…….……..……ID Number…………………..…..…………….11543 

Author: Engle Jr., W. W. / Boling, M. A. / Colston, B. W. 

Title: DTF-II, A One-Dimensional, Multigroup Neutron Transport Program 

Date: 3/1/1966 

Report: NAA-SR-10951 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Neutron Physics; Computers; Configuration; Cross Sections; Cylinders; 
Differential Equations; IBM 7090; IBM 7094; Neutrons; Plates; Programming; Reactors; Spheres; 
Transport Theory 



 

C-11580 

11544…..…..…………………..…….……..……ID Number…………………..…..…………….11544 

Author: Laubenstein, R. A. 

Title: Reactor Physics Quarterly Progress Report for May-July 1954 

Date: 1/15/1955 

Report: NAA-SR-1102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Borates; Buckling; Diffusion Length; Distribution; Enrichment; 
Errors; Exponential Piles; Fermi Age; Heavy Water Moderator; Measured Values; Neutron Flux; 
Numericals; Reactors; Rods; Thermal Neutrons; Thermal Utilization; Uranium; Zones 



 

C-11581 

11545…..…..…………………..…….……..……ID Number…………………..…..…………….11545 

Author: n.a. 

Title: Piqua Nuclear Power Facility Reactor Operations Analysis Program. Semiannual Progress Report 
No. 5, July 1-December 31, 1964 

Date: 6/15/1965 

Report: NAA-SR-11142 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Chemical Reactions; 
Control Elements; Criticality; Diagrams; Filters; Leaks; Maintenance; Operation; Organic Coolant; Organic 
Moderator; Oxidation; Oxygen; Performance; PNPF; Polyphenyls; Power Plants; Pressure; Pumps; 
Radiation Effects; Reactivity; Reactor Fueling; Reactors; Rods; Shutdown; Standards; Superheating; 
Tables; Terphenyls; Tubes 



 

C-11582 

11546…..…..…………………..…….……..……ID Number…………………..…..…………….11546 

Author: Smith, C. R. F. / Saur, A. J. 

Title: Neutron Flux Monitoring with Argon Gas. A Final Report 

Date: 3/25/1966 

Report: NAA-SR-11356 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Argon 40; Argon 41; Gases; Monitoring; 
Neutron Flux; Power Plants; Pressure; Reactors; Scintillation Counters; Temperature 



 

C-11583 

11547…..…..…………………..…….……..……ID Number…………………..…..…………….11547 

Author: Hawley, J. P. 

Title: Water Immersion Safety for SNAP Reactors 

Date: 9/30/1967 

Report: NAA-SR--11361 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; SNAP 
Reactors- Reactor Safety; Criticality; Gadolinium; Moderators; Neutrons; Reactivity Worths; Reactor 
Accidents; Reactor Cores; S10 Reactor; S8 Reactor; Shielding; Underwater 



 

C-11584 

11548…..…..…………………..…….……..……ID Number…………………..…..…………….11548 

Author: Campbell, R. W. / Carpenter, S. G. 

Title: Reactivity Worths of Several Fast Reactor Control Materials 

Date: 7/25/1965 

Report: NAA-SR-11368 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boron; Boron 10; Control Elements; Energy 
Range; Europium Oxides; eV Range; Fast Neutrons; Fission; Gadolinium Oxides; Instruments; KeV 
Range; Materials Testing; Measured Values; Oscillations; Poisoning; Reactivity; Reactors; Rods; Tantalum 



 

C-11585 

11549…..…..…………………..…….……..……ID Number…………………..…..…………….11549 

Author: n.a. 

Title: Sodium-Cooled Reactor Advanced Development 

Date: 10/31/1966 

Report: NAA-SR-11450; Sect.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Coolant Loops; Criticality; 
Decontamination; Liquid Metal Coolant; Numericals; Operation; Reactors; SGR; Sodium; SRE 



 

C-11586 

11550…..…..…………………..…….……..……ID Number…………………..…..…………….11550 

Author: Golliher, K. G. / Randen, K. G. 

Title: Capabilities of the 1 Mw Shield Test and Irradiation Reactor 

Date: 11/10/1965 

Report: NAA-SR-11528 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Diagrams; Distribution; Electronic 
Equipment; Gamma Sources; Irradiation; Laboratory Equipment; Materials Testing; Neutron Flux; Neutron 
Sources; Operation; Performance; Planning; Reactor Core; Research Reactors; Shielding; Stir; Tables; 
Uses; Water Coolant; Water Moderator 



 

C-11587 

11551…..…..…………………..…….……..……ID Number…………………..…..…………….11551 

Author: n. a. 

Title: Fast-Reactor Development 

Date: 10/31/1966 

Report: NAA-SR-11650, Sect. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; General; Accidents; Behavior; Boiling; Capture; Coating; 
Criticality; Economics; Fabrication; Fast Neutrons; Fission; Flotation; Fuel Elements; Fuels; Heat Transfer; 
Heating; Irradiation; Liquid Metal Coolant; Losses; Neutrons; Plutonium Carbides; Pressure; Reactivity; 
Reactor Core; Reactor Safety; Reactors; Research Reactors; Resonance Escape Probability; Sensitivity; 
Sodium; Stresses; Temperature; Testing; Transients; Uranium 235; Uranium Carbides; Variations; Voids; 
ZPR-3 



 

C-11588 

11552…..…..…………………..…….……..……ID Number…………………..…..…………….11552 

Author: Laubenstein, R. A. 

Title: Reactor Physics Quarterly Progress Report for August-October 1954 

Date: 4/1/1955 

Report: NAA-SR-1204 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Buckling- Cross Sections- Deuterons- Epithermal Neutrons- 
Equations- Exponential Piles- Heavy Water Moderator- Mass- Measured Values- Moderators- Numericals- 
Reactors- Resonance- Rods- Scattering- Thermal Neutrons- Transport Theory- Uranium 235- Zones; 
Boiling- Cylinders- Frequency- Multiplication Factors- Neutron Flux- Planning- Reactor Oscillators- 
Reactor Safety- Sensitivity- Testing- Uses- Water 



 

C-11589 

11553…..…..…………………..…….……..……ID Number…………………..…..…………….11553 

Author: Laubenstein, R. A. / Houghton, William / Martin, David 

Title: Neutron Flux Measurements in the Mock-Up of the Uranium Production Reactor 

Date: 9/1/1955 

Report: NAA-SR-1237 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets- Boiling- Measured Values- Mockup- Moderators- Natural 
Uranium- Neutron Flux- Neutron Sources- Power Plants- Production- Radiobiology- Radioisotopes- 
Reactor Core- Reactors- Resonance Escape Probability- Resonance Neutrons- Thermal Neutrons- Thermal 
Utilization- Thorium- Uranium- Uranium 233- Water Coolant- Water Moderator; Configuration- 
Differential Equations- Diffusion- Distribution- Equations- Errors- Group Theory- Planning- 
Radiobiology- Radioisotopes- Reactor Core- Zones 



 

C-11590 

11554…..…..…………………..…….……..……ID Number…………………..…..…………….11554 

Author: Martin, A. B. / Inman, Guy M. 

Title: Sodium Graphite Reactor. Quarterly Progress Report (for) October-December 1954 

Date: 5/15/1955 

Report: NAA-SR-1292 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Configuration- Differential Equations- Distribution- 
Exponential Piles- Graphite Moderator- Liquid Metal Coolant- Neutron Flux- Neutrons- Plutonium- 
Polyphenyls- Power Plants- Reactivity- Reactor Core- Reactor Fueling- Reactors- Sodium- SRE- Stability- 
Thorium- Uranium 233- Zones; Accidents- Control- Control Systems- Coolant Loops- Corrosion- Fuel 
Elements- Group Theory- Helium- High Temperature- Impurities- Instruments- Leaks- Mechanical 
Structures- Moderators- Planning- Polyphenyls- Reflectors- Remote Handling- Shielding- SRE- Testing- 
Thermal Insulation; Concretes- Criticality- Diffusion 



 

C-11591 

11555…..…..…………………..…….……..……ID Number…………………..…..…………….11555 

Author: Martin, A. B. / Inman, Guy M. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) January-March 1955 Section a Section B 

Date: 10/1/1955 

Report: NAA-SR-1347 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-11592 

11556…..…..…………………..…….……..……ID Number…………………..…..…………….11556 

Author: Inman, G. M. 

Title: Sodium Graphite Reactor Quarterly Progress Report for January-March 1955. Section a. Section B 

Date: 10/1/1955 

Report: NAA-SR-1347(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Concretes; Configuration; Control Elements; Coolant Loops; Criticality; 
Cross Sections; Cylinders; Decomposition; Delayed Neutrons; Density; Diagrams; Distribution; Energy; 
Energy Range; Enrichment; Expansion; Exponential Piles; Fabrication; Fuel Elements; Gases; Graphite 
Moderator; Hardness; Heat Transfer; Heat Treatments; Helium; High Temperature; Impurities; Irradiation; 
Jackets; Liquid Flow; Liquid Metal Coolant; Machine Parts; Mass; Materials Testing; Measured Values; 
Mechanical Properties; Mechanical Structures; Mockup; MTR; Multiplication Factors; Neutron Flux; 
Numericals; Oxygen; Performance; Planning; Polyphenyls; Porosity; Potassium Compounds; Power 
Plants; Production; Prompt Neutrons; Pumps; Radiation Effects; Radiation Protection; Reactivity; Reactor 
Core; Reactor Fueling; Reactor Safety; Reactors; Reflectors; Remote Handling; Research Reactors; 
Resonance Escape Probability; Rods; Rolling; Seals; Servomechanisms; Shielding; Shutdown; Sodium; 
Sodium Compounds; Spectral Shift; SRE; Stability; Standards; Tables; Temperature; Terphenyls; Thermal 
Stresses; Thermal Utilization; Thickness; Thorium 232; Transients; Uranium Alloys; Uranium 238; 
Vacuum; Xylene; Zirconium; Zones 



 

C-11593 

11557…..…..…………………..…….……..……ID Number…………………..…..…………….11557 

Author: Fahrner, T. / Stoker, R. L. / Thomson, A. S. 

Title: An Engineering Test Reactor 

Date: 3/16/1951 

Report: NAA-SR-136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A relatively inexpensive reactor for the specific purpose of testing a sub-critical 
portion of another reactor under conditions that would exist during actual operation is discussed. It is 
concluded that an engineering tool for reactor development work that bridges the present gap between 
exponential and criticality experiments and the actual full scale operating reactor is feasible. An example 
of such a test reactor which would not entail development effort to ut into operation is depicted. 
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Author: Laubensteln, Richard A. 

Title: Reactor Physics Quarterly Progress Report (for) February-April 1955 

Date: 9/1/1955 

Report: NAA-SR-1432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air- Coolant Loops- Cylinders- Diffusion Length- Graphite Moderator- 
Moderators- Thermal Column- Thermal Neutrons; Boiling- Buckling- Exponential Piles- Gamma 
Radiation- Gamma Sources- Heavy Water- Lattices- Neutron Sources- Photoneutrons- Production- Water- 
WBNS; Boiling- Casting- Enrichment- Errors- Fuels- Mass Spectrometers- Qualitative Analysis- Reactors- 
Rods- Testing- Uranium 235- Water; Boiling- Combustion- Impurities- Reactors- Testing- Uranium 
Oxides- Water; Boiling- Cross Sections- Enrichment- Reactors- Testing- Uranium- Water; Enrichment- 
Exponential Piles- Graphite Moderator- Lattices- 
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11559…..…..…………………..…….……..……ID Number…………………..…..…………….11559 

Author: Martin, A. B. / Inman, Guy M. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) April-June 1955 

Date: 10/1/1955 

Report: NAA-SR-1457 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation- Buckling- Distribution- Dysprosium- Foils- Fuels- Graphite 
Moderator- Indium- Liquid Metal Coolant- Measured Values- Neutron Flux- Power Plants- Production- 
Reactivity- Reactor Core- Reactors- SGR- Sodium- SRE- Thorium- Uranium Isotopes- Uranium 235; 
Aluminum- Canning- Coolant Loops- Corrosion- Decomposition- Fuel Elements- Gases- Iron- Irradiation- 
Mechanical Properties- Metallography- Organic Coolant- Organic Moderator- Planning- Rods- SGR- SRE- 
Stainless Steels- Tensile Properties- Testing- Tubes- Zirconium; Configuration- Cooling- Degassing- 
Fabrication- Friction- Heat Transfer- 
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11560…..…..…………………..…….……..……ID Number…………………..…..…………….11560 

Author: Biehl, A. T. / et al. 

Title: A Measurement of the Neutron Temperature Effect Using Europium Oxide Foils 

Date: 9/25/1951 

Report: NAA-SR-148 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Canning; Configuration; Cross Sections; Distribution; Energy; 
Errors; Europium Oxides; Foils; Fuel Elements; Gold; Heavy Water Moderator; Low Temperature; 
Measured Values; Natural Uranium Fuel; Neutron Flux; Radioactivity; Reactor Core; Research Reactors; 
Rods; Spectra; Temperature; Thermal Neutrons; Thickness; Tubes; Uranium; Variations; Zones 



 

C-11597 
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Author: Martin, A. B. / Cochran, J. C. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) July-September 1955 

Date: 3/15/1956 

Report: NAA-SR-1513 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alloys; Bonding; Buckling; Burnup; Canning; Concretes; Configuration; 
Contamination; Control Elements; Control Systems; Conversion; Coolant Loops; Decay; Diagrams; 
Distribution; Earth; Equations; Exponential Piles; Fabrication; Fission Products; Fuel Cans; Fuel Elements; 
Fuels; Gases; Graphite; Graphite Moderator; Heat Exchangers; Heat Transfer; Heat Treatments; Helium; 
High Temperature; Hot Cells; Hydrogen; Impurities; Irradiation; Isotopes; Liquid Metal Coolant; Liquids; 
Lubrication; Machine Parts; Materials Testing; Measured Values; Mechanical Properties; Mechanical 
Structures; Mockup; Moderators; Molybdenum Sulfides; Monitoring; Natural U 
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Author: Fillmore, F. L. 

Title: Two-Group Calculation of the Critical Core Size of the SRE Reactor 

Date: 7/1/1956 

Report: NAA-SR-1517 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Cross Sections; Distribution; Equations; Group Theory; Neutron 
Flux; Reactor Core; Reactors; Sodium; SRE; Temperature; Transport Theory; Water 
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Author: Remley, M. E. / Flora, J. W. / Hetrick, D. L. / Inglis, L. P. 

Title: Program Review of the Water Boiler Reactor Kinetic Experiments 

Date: 3/15/1956 

Report: NAA-SR-1525 (Partial) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Descriptor Groups (Splits); Analog Systems- Boiling- Computers- Energy- 
Equations- Gases- Heat Transfer- Homogeneous Reactors- Measured Values- Power- Pressure- Prompt 
Neutrons- Radiation Chemistry- Reactivity- Reactor Core- Reactor Oscillators- Reactors- Transients- 
Water; Delayed Neutrons- Lifetime- Numericals 
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Author: Fillmore, F. L. 

Title: Buckling of Graphite Moderated Lattices Containing Seven Rod Fuel Clusters 

Date: 8/1/1956 

Report: NAA-SR-1535 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Energy; Equations; Exponential Piles; Fuel 
Elements; Graphite Moderator; Measured Values; Neutron Flux; Neutrons; Resonance Escape Probability; 
Resonance Neutrons; Rods; Uranium 
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Author: Martin, A. B. / Cochran, J. C. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) October-December 1955 

Date: 4/15/1956 

Report: NAA-SR-1582 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis was made of the nuclear parameters for sodium graphite reactor lattices. 
These parameters include thermal utilization, macroscopic cross sections, thermal diffusion length, and 
neutron absorption. Results of all calculations are given in graphical form. Test fuel slugs for the SRE were 
cycled up to 500 times between 100 and 500 deg C at the rate of 2 cycles/hr. Results are tabulated. The 
centrifugal casting of U alloy fuel slugs is briefly evaluated. Results of the microscopic examination of the 
extruded ThU breeder fuels are shown. The percent elongation of graphite due to the presence of Na is 
shown for various temperatures. Results of wear tests on graphite are also tabulated. The behavior of Zr in 
liquid Na was studied, and weight gains in Zr are summarized. Analog computer studies were continued, 
and data are included on the temperature effects of the response time of coolant channel Na outlet 
temperature thermocouples, the effects of continuous rod motion and pump speed changes on the outlet Na 
temperature and power, and the outlet temperature as a function of scram time. The critical evaluation of 
B--Ni rods is tabulated. The fuel rod assembly apparatus is described. Fuel rod development is discussed. 
Cyclograph traces of rods bonded with various Na--K alloys were recorded for rods at room temperature 
and heated to 450 and 600 deg F. The traces are indicative of uniform bonding. The moderator can 
fabrication and testing is also discussed. Tests were completed on Freeze Seal No. 2 for the 6-in. oval port 
Wedgeplug test valve at 450, 850, and 1250 deg F. The temperature gradients from the hot flange face to 
the end of the seal mechanism for various valve temperature conditions are shown. Sodium leak rates 
through the valve are tabulated. Progress in the development of a liquid Na level gage is briefly reported. 
The tubular heater experiment was completed, and the times to raise pipe temperatures from ambient to 350 
deg F are tabulated. Designs for a 6-in. Na pump loop are described briefly. A one to 3.5 scale model of a 
SRE fuel element was constructed to study the effect of side drag on the element during insertion operations 
at those fuel channels located near the outlet of the upper plenum chamber. The calibration of the SRE fuel 
element orifices was studied. Control rod lead screw development is discussed. Development of the safety 
rod system is described. Core tank galling tests are summarized. Experiments to determine the effects of 
radiation on MoS/ sub 2/ are described. Dose buildup factors for the concretes to be used in the reactor top 
shield are tabulated. Constants for the quadratic representation of the dose buildup factor and the capture 
gamma rays from heavy concrete are also tabulated. The sodium pumps and service system are described. 
The rated cooling capacity of the SRE tetralin evaporative cooler was checked. Results of a study on the 
effects of NaK temperature on the H content of He are tabulated. 
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Author: Glasgow, L. E. ed. 

Title: Sodium Graphite Reactor Quarterly Progress Report for April-June 1956 

Date: 9/15/1956 

Report: NAA-SR-1690 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Canning; Chemical Reactions; Configuration; Control Elements; 
Control Systems; Coolant Loops; Criticality; Cylinders; Fabrication; Fuel Elements; Graphite; Graphite 
Moderator; Hot Cells; Liquid Metal Coolant; Liquid Metals; Materials Testing; Mechanical Structures; 
Molybdenum Alloys; Numericals; Planning; Power Plants; Radiation Protection; Reactor Core; Reactors; 
Remote Handling; Rods; Shielding; Shutdown; Sodium; SRE; Stresses; Testing; Thermal Stresses; 
Titanium Alloys; Uranium Alloys; Vessels; Zirconium; Zirconium Alloys; Zones 



 

C-11603 

11567…..…..…………………..…….……..……ID Number…………………..…..…………….11567 

Author: Trilling, C. A. 

Title: Organic Moderated Reactor Experiment Progress Report No 1 (for) October 1955-July 1956 

Date: 3/15/1957 

Report: NAA-SR-1700 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Air; Buildings; Burnup; Configuration; Control Elements; 
Control Systems; Coolant Loops; Cooling; Criticality; Efficiency; Environment; Equations; Excursions; 
Failures; Fuel Elements; Heat Exchangers; Heat Transfer; Instruments; Leaks; Mass; Materials Testing; 
Measured Values; Mechanical Structures; Monitoring; Neutron Flux; OMRE; Organic Compounds; 
Organic Coolant; Organic Moderator; Programming; Pumps; Radiation Doses; Reactivity; Reactor Core; 
Reactor Safety; Reactors; Remote Control; Rods; Servomechanisms; Stability; Startup; Tables; 
Temperature; Zones 
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Author: n. a. 

Title: The KEWB Program Quarterly Progress Report (for) July-September 1956 

Date: 3/1/1957 

Report: NAA-SR-1811 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Decomposition; evaporation; Excursions; Fuels; Gases; 
KEWB; Measured Values; Moderators; Radiation Chemistry; Radiolysis; Reactivity; Reactor Oscillators; 
Reactors; Stability; Startup; Temperature; Transfer Functions; Transients; Water Coolant; Water Moderator 
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Author: Beeley, R. J. 

Title: Reactor Design and Evaluation Progress Report (for) May 1954-December 1956 

Date: 6/1/1957 

Report: NAA-SR-1873 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolants; Distribution; Group Theory; Heat Transfer; Hydrogen; Inelastic 
Scattering; Neutron Flux; Numericals; Organic Moderator; Planning; Radioactivity; Reactor Core; 
Reactors; Scattering; Slowdown; Transport Theory; Zones 
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Author: Hetrick, D. L. / Flora, J. W. / Garner, E. L. 

Title: Preliminary Results on the Kinetic Behavior of Water Boiler Reactors 

Date: 4/15/1987 

Report: NAA-SR-1896 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Bubbles; Decomposition; Density; Excursions; Expansion; Gases; 
Hydrogen; KEWB; Measured Values; Moderators; Neutron Flux; Oxygen; Pressure; Radiation Chemistry; 
Radiolysis; Reactivity; Reactor Safety; Reactors; Shutdown; Stability; Temperature; Water Coolant 
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Author: Swanson, V. A. / Hillig, O. R. / Martin, D. H. / LAubenstein, R. A. / Guderjahn, C. A. / Brown, 
W. W. / Johnson, J. L. 

Title: Construction and Operation of the AE-6 Water Boiler Reactor 

Date: 8/15/1957 

Report: NAA-SR-1920 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Coolant Loops; Criticality; Decomposition; Gases; Operation; 
Planning; Power; Pressure; Reactor Fueling; Reactors; Recombiner; Startup; Testing; Vapors; Water 
Coolant 



 

C-11608 
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Author: Dickinson, R. W. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) January-March, 1957 

Date: 7/1/1957 

Report: NAA-SR-1941 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium- Casting- Control Elements- Corrosion- Performance- SRE; 
Chromium Alloys- Configuration- Coolant Loops- Criticality- Deformation- Economics- Equations- Fuel 
Elements- Graphite Moderator- Irradiation- Liquid Metal Coolant- Mass- Measured Values- Molybdenum 
Alloys- Multiplication Factors- Neutron Flux- Reactor Fueling- Reactors- Rods- Sodium- Stainless Steels 
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Author: Betinis, E. J. 

Title: Flux Distribution for a Finite Cylindrical Bare Homogeneous Thermal Reactor with a Partially 
Inserted Control Rod 

Date: 7/1/1957 

Report: NAA-SR-1963 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Control Elements; Criticality; Cylinders; 
Differential Equations; Diffusion; Distribution; Errors; Group Theory; Homogeneous Reactors; Lattices; 
Mathematics; Mechanics; Neutron Flux; Reactor Core; Reactors; Statistics; Thermal Neutrons 
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Author: Betinis, E. J. 

Title: Flux-Distribution for a Finite Cylindrical Bare Homogeneous Thermal Reactor with a Partially 
Inserted Control Rod 

Date: 7/1/1957 

Report: NAA-SR-1963 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Control Elements; Criticality; Cylinders; 
Differential Equations; Diffusion; Distribution; Errors; Group Theory; Homogeneous Reactors; Lattices; 
Mathematics; Mechanics; Neutron Flux; Reactor Core; Reactors; Statistics; Thermal Neutrons 
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11575…..…..…………………..…….……..……ID Number…………………..…..…………….11575 

Author: Dickinson, R. W. 

Title: Sodium Graphite Reactor Quarterly Progress Report (for) April-June 1957 

Date: 9/1/1957 

Report: NAA-SR-2027 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buildings; Burnup; Canning; Casting; Configuration; Control Elements; 
Control Systems; Coolant Loops; Criticality; Decontamination; Deformation; Economics; Efficiency; 
Equations; Expansion; Fabrication; Failures; Fissionable Materials; Fuel Cans; Fuel Elements; Fuels; 
Gases; Graphite Moderator; Heat Exchangers; Heat Transfer; High Temperature; Hot Cells; Impurities; 
Irradiation; Lead; Leaks; Liquid Metal Coolant; Machine Parts; Maintenance; Mass; Materials Testing; 
Measured Values; Mechanical Structures; Mockup; Moderators; Multiplication Factors; Neutron Flux; 
Numericals; Personnel; Planning; Poisoning; Potassium Compounds; Power Plants; Production; Pumps; 
Radiation Doses; Radiation Effects; Radiation Protection; Reactivity; Reactor Core; Reactor Fueling; 
Reactor Safety; Reactors; Remote Handling; Rods; Seals; SGR; Shutdown; Sodium; Sodium Compounds; 
SRE; Stability; Standards; Steam; Temperature; Thickness; Thorium; Transfer Functions; Transients; 
Tubes; Uranium; Variations; Zirconium 
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Author: Walske, M. Carl 

Title: Reactor Physics Quarterly Progress Report (for) April- June 1957 

Date: 1/15/1958 

Report: NAA-SR-2058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The transport mean free path of thermal neutrons in diphenyl was measured by the B 
poisoning method to be 0.80 plus or minus 0.05 cm. This permits calculation of the horizontal buckling for 
the U rod lattices in the 2 1/ 4-foot-diameter tank, the result being 47.5 plus or minus 0.1 m/sup -2/. This 
leads to values of 1.3 plus or minus 0.9 and 17.8 plus or minus 0.5 m/sup -2/, respectively, for the bucklings 
of the natural (0.72%) and enriched (0.91%) U lattices for which the diphenyl moderator-to-fuel volume 
ratio is 4. Scintillation equipment is being set up to replace the Geiger counters at present in use for 
activation analysis. The scintillation equipment is also being adapted for use in resonance escape and fast-
effect measurements. (For preceding period see NAA-SR-1974.) 
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Author: Sletten, H. L. 

Title: Organic Moderated Reactor Experiment Safeguards Summary 

Date: 2/1/1958 

Report: NAA-SR-2323 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Originally issued July 9, 1956 as NAA-SR-Memo-1667. A description is presented 
of the Organic Moderated. Reactor Experiment (OMRE), of the hazards associated with this experiment, 
and of the safe-guards taken to ensure the safety of the operating personnel and the population of the 
surrounding area. The OMRE facility is located at the National Reactor Testing station at Arco, Idaho. It 
includes the reactor, its cooling system, and auxiliary equipment, as well as the buildings and services 
associated with the installation. It is to operate for one year and provide the information required to 
determine the feasibility of the concept of using a hydrocarbon as moderator, reflector, and coolant in a 
nuclear reactor under conditions of exposure to heat and radiation of interest in the generation or useful 
power. Various extreme accidents and hazards and their possible consequences are analyzed, and the safety 
measures taken to prevent their occurrence are described. It is concluded that even in case of the most 
improbable and most extreme credible accident, the OMRE will not constitute a hazard to the population 
of the surrounding area. 
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Author: Connolly, T. J. 

Title: Interim Report on Nuclear Analysis of SGR Fueling 

Date: 10/15/1958 

Report: NAA-SR-2561 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Burnup; Configuration; Conversion; Criticality; Economics; Efficiency; 
Enrichment; Equations; Fission; Fission Products; Fuel Elements; Graphite Moderator; Irradiation; 
Isotopes; Liquid Metal Coolant; Mass; Neutron Flux; Numericals; Operation; Planning; Poisoning; Power 
Plants; Programming; Reactivity; Reactor Core; Reactor Fueling; SGR; Sodium; Variations; Zones 
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Author: Brown, W. W. / Fillmore, F. L. / Scott, B. L. 

Title: Exponential Experiments with Graphite Lattices Containing Multirod Slightly Enriched Uranium 
Fuel Clusters 

Date: 1/15/1959 

Report: NAA-SR-3096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies of 13 exponential experiments with graphite moderated lattices containing 
multirod fuel clusters are presented. The bucklings and detailed intracell flux distributions were measured 
for each lattice. Average flux values for each material of the unit cell are given. The theoretical analysis 
yields a value of the effective resonance integral and of the resonance neutron inverse diffusion length in 
the moderator, which can be used in 2-group sodium graphite reactor calculations. There is evidence that 
neutron spectral hardening corrections are important, but a crude treatment of this effect did not improve 
the fit to the experimental measurements. The calculations are presented in detail, and various lattice 
parameters are tabulated. 
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Author: Zwetzig, G. B. 

Title: Organic Moderated Reactor Critical Experiment Hazards Summary 

Date: 12/15/1958 

Report: NAA-SR-3220 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments was planned utilizing a critical assembly mock-up with 
slightly enriched fuel in a heterogeneous, organic-moderated lattice. The fuel elements are uranium metal 
fabricated into flat plate, box-type fuel elements and other elements of special design. The moderator and 
reflector are Santowax-R. The critical assembly vessel is designed of mild steel, about 6 ft in diameter and 
81/2 ft high. The moderator is maintained in a liquid state by means of electrical heating. The temperature 
range for the experiments is 325 to 600 deg F in an unpressurized system. Boron carbide-filled shim and 
safety rods, actuated by cables, are used for control. The laboratory consists of a concrete-shielded high-
bay critical assembly cell, an adjoining control room, and supporting facilities. The laboratory design 
includes provisions for filtering the critical assembly room effluent air as required, and for holdup of any 
liquid radioactive waste generated. Various operating and equipment failures are postulated and analyzed, 
including the case of complete safety system failure. It was concluded that the maximum credible accident 
could not constitute a significant hazard to the public. 
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Author: Zink, J. W. 

Title: Use of Small Source Theory in the Determination of the Critical Size of Heterogeneous Thermal 
Reactors 

Date: 3/15/1959 

Report: NAA-SR-3222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical equation based on small source theory contains certain parameters which 
characterize the fuel elements and other parameters which characterize the moderator of a heterogeneous 
reactor. In addition, the dimensions of the lattice enter into the critical equation. The material buckling of a 
thermal reactor can be determined from this critical equation once the parameters characterizing the fuel 
elements and the moderator are known. The parameters which characterize the moderator are the thermal 
diffusion coefficient, age, and the thermal diffusion length. Methods of measuring these parameters are well 
known. The parameters which characterize the fuel element are the thermal blackness BETA, a 
multiplication factor h, and a third parameter gamma, which is related to the epithermal blackness of the 
fuel element. Methods of determining these parameters are described here for a case involving cylindrical 
geometry. The parameters are determined for a specific type fuel element, and the bucklings for a series of 
lattice spacings are compared with bucklings determined by means of all exponential experiment. The 
bucklings calculated from small source theory, utilizing experimental data from a single fuel element, were 
different by less than 10% from those measured by means of an exponential experiment over a wide range 
of lattice spacings. 
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Author: Campbell, R. W. 

Title: Low-Power Physics Experiments on the Sodium Reactor Experiment 

Date: 6/15/1959 

Report: NAA-SR-3341 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments was performed during the loading and low-power operation 
of the SRE to determine some of the more basic nuclear characteristics. Critical masses were determined 
and found to be 22.2 fuel elements, or 42.4 kg of uranium-235, for the dry reactor (no sodium present), and 
32.6 fuel elements or 62.2 kg of uranium-235, for the wet reactor (sodium present at 180 deg C). Neutron 
flux mappings were obtained and were found to be in general agreement with theory in the core region; 
however discrepancies were observed in the reflector region and biological shielding. The average 
reactivity worth was found to be approximately 2.0% for control rods and approximately 1.5% for safety 
rods. A measurement of the isothermal temperature coefficient of reactivity found it to be +1.36 x 10/sup -
3/%/ deg F at 400 deg F, to decrease with increasing temperature, and to approach 0.0%/ deg F at about 
800 deg F. Also, danger coefficients wore measured on a number of experimental reactor elements. 
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Author: Vernon, A. R. 

Title: Two-Group SRE Fluxes in Two Dimensions 

Date: 6/15/1959 

Report: NAA-SR-3515 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several two-group diffusion problems, representing the Sodium Reactor Experiment, 
were solved by means of NICK-2, a two-dimensional (r, z) multigroup diffusion code. The problems 
represented the following operational conditions: Wet criticality--33 elements loaded and all components 
at a uniform temperature of 180 deg C. Low temperature operation--43 elements loaded, inlet coolant 
temperature 260 deg C, and outlet coolant temperature 343 deg C. High temperature operation--43 elements 
loaded, inlet coolant temperature 260 deg C, and outlet coolant temperature 516 deg C. Two two-
dimensional fluxes and power densities are given for the above cases. In addition, the results for reactivity 
and critical mass are compared with the results of the usual one-dimensional approximation, assuming 
separability of the fluxes in cylindrical coordinates. The close agreement obtained indicates that the one-
dimensional approximation represents the two-dimensional situation quite well, even for high temperature 
operation. 
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Author: Bloomfield, M. / Bennett Iv, F. G. 

Title: Reactor Kinetics. A Bibliography 

Date: 11/1/1959 

Report: NAA-SR-3808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A bibliography covering the material listed in Nuclear Science Abstracts and 
Abstracts of Classified Reports up to July 1958 is presented. It is divided into 39 sections with author and 
report number indexes and a glossary of abbreviations. Each subject group has the entries by author order, 
or by title (if no author listed). Each entry has a number so as to assist the location of reports from either 
the author or number indexes. While this bibliography includes classified reports (indicated by AEC 
Classified), there are no classified titles. Publication dates of reports are given, when available, except 
where a date shows in the title, such as in progress reports. The report number index may be of special value 
to those researchers who desire all of one company's reports on this subject. 
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Author: McClure, J. J. 

Title: Boundary Perturbation Theory Applied to a Bare Truncated Sphere 

Date: 10/15/1959 

Report: NAA-SR-4039 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Boundary perturbation theory is used to find the geometric buckling in first and 
second order for a bare truncated spherical reactor in the one energy group diffusion theory approximation. 
The unperturbed system is the fall sphere; the perturbed system is a sphere from which a spherical segment 
has been removed. The results are given as a function of the degree of truncation, i.e., the height above the 
center of the sphere where the segment is removed. The results indicate that the void coefficient of a 
homogeneous, spherical water boiler reactor decreases in magnitude as the level of the liquid is increased; 
however, it does not change sign. It is concluded that such a reactor cannot become supercritical due to the 
introduction of voids alone. This in contrast to some previous results. The approximations inherent in this 
calculation tend to overestimate the decrease in void coefficient as a function of liquid level so that such an 
effect in a reflected reactor cannot be larger than calculated. However, this effect should be recognized in 
a detailed analysis of spherical water boiler transient experiments. 
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Author: Connolly, T. J. 

Title: Fuel Programming for Sodium Graphite Reactors 

Date: 10/15/1959 

Report: NAA-SR-4040 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effect of fuel programming, i.e., the scheme used for changing fuel in a core, on 
the reactivity and specific power of a sodium graphite reactor is discussed Fuel programs considered Include 
replacing fuel a core-load at a time or a radial zone at a time, replacing fuel to maintain the same average 
exposure of fuel elements throughout the core, and replacing and transferring fuel elements to maintain 
more highly exposed fuel in the center or at the periphery of the core. Flux and criticality calculations show 
the degree of power flattening and the concurrent decrease in effective multiplication which results from 
maintaining more exposed fuel toward the core center. Corverse effects are shown for the case of 
maintaining more exposed fuel near the core periphery. The excess reactivity which must be controlled in 
the various programs is considered. Illustrative schedules for implementing each of these programs in an 
SGR are presented 
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Title: AIM-5--A Multigroup, One-Dimensional Diffusion Equation Code 

Date: 3/1/1960 

Report: NAA-SR-4694 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description is given of a general multigroup, one dimensional diffusion equation 
code written in FORTRAN. Options included in the code are five different criticality searches, calculation 
of the adjoint flux, and the computation of an initial guess for a FORTRAN SNG code. 
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Author: Vaughan, E. U. 

Title: Flux Hardening in Fuel Rods 

Date: 3/15/1960 

Report: NAA-SR-4780 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Assuming an isothermal Maxwellian flux spectrum in the moderator, a correction to 
the diffusion theory estimate of thermal utilization of a reactor cell was calculated to account for the 
hardening of the neutron flux as it diffuses into the fuel rod. In representative cases the thermal utilization 
and, through it, the multiplication factor are reduced by about 0.6%-an amount which may be significant in 
careful critical mass estimates. 
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Title: The Determination of Lattice Parameters by Means of Measurements on a Single Fuel Element 

Date: 7/15/1960 

Report: NAA-SR-5392 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The four-factor critical equation for a heterogeneous thermal reactor is examined in 
detail. It is then expressed in terms of parameters which characterize separately the fuel element, the 
moderator, and the lattice-cell geometry of a heterogeneous thermal reactor. Methods for determining the 
parameters are discussed. The results of measurements and analysis for two different fuel element types are 
compared with the results of measurements made on full lattices consisting of these fuel elements. 
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Title: Kinetic Experiments on Water Boilers--"A" Core Report - Part I, Program History, Facility 
Description, And Experimental Results 

Date: 3/30/1962 

Report: NAA-SR-5415 (Partial) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Boiling; Chemical Reactions; Configuration; Control Elements; 
Decomposition; Excursions; Expansion; Explosions; Fuel Solutions; Homogeneous Reactors; Hydrogen; 
Measured Values; Oxygen; Pressure; Radiation Doses; Reactivity; Reactor Core; Reactors; Spheres; 
Temperature; Testing; Transients; Variations; Vessels; Water Coolant; Water Moderator; Zones 
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Title: Kinetic Experiments on Water Boilers --"A" Core Report - Part II, Analysis of Results 

Date: 2/1/1962 

Report: NAA-SR-5416 (Partial) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The status of the analytic portion of the KEWB program at the time of completion of 
the spherical core experiments is summarized. Three computer programs were developed for use in this 
analytic effort. The first reassembles and smooths three decades of reactor power data read separately from 
oscillogram records of reactor excursions. It then computes the logarithmic derivative of the power, energy 
release, fuel solution temperature, and temperature compensated reactivity. The second program utilizes 
the space-independent neutron kinetics equations with any number of delayed neutron groups to determine 
the reactivity in the reactor from the power and its derivative. The third program solves the space-
independent kinetics equations for the neutron flux from an input reactivity or initial period. Up to 50 
reactivity feedback equations includirg delayed neutrons are provided for in this program. A mathematical 
model of the reactor investigated extensively was one containing six delayed neutron groups, conventional 
treatment of temperature reactivity compensation, and void compensation of reactivity induced by 
radiolytic gas void growth proportional to the product of reactor power and energy release. Partial 
mathematical solutions to the kinetic equations were derived for reactivity feedback proportional to prompt 
temperature and void growth according to the product of power and energy. These solutions apply where 
delayed neutrons can be neglected, which is the region of major interest. Expressions are available relating 
power and energy and defining the peak power and energy release to peak power in terms of basic reactor 
parameters. Experimental evidence, particularly the experimental inhour curve, of another reactivity 
influencing mechanism was found present in the reactor at periods shorter than 10 msec. This mechanism 
was shown to behave as a delayed neutron group, having a mean delay time of approximately 2 msec and 
an abundance of 2%. A plausible origin of such neutrons was shown to be the reflector which thermalizes 
core neutrons and returns them to the core following a delay. 
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Title: Kinetic Experiments on Water Boilers --"A" Core Report - Part IV, Containment Aspects of 
Hydrogen-Oxygen Explosions 

Date: 12/1/1960 

Report: NAA-SR-5418 (Partial) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conventional method of estimating the internal pressure at which a vessel will 
fail leads to overestimates of the strength for static loading and an underestimate of the strength for a range 
of dynamic loadings. A theory that connects the time duration of the applied pressure and the effects of 
plastic flow is shown. The conclusion reached, in the example chosen, is that a reactor vessel can withstand 
a maximum pressure, occurring in a hydrogen-oxygen explosion, approximately twice the amount indicated 
by an analysis of a static loading. 
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Title: Hallam Critical Experiment 

Date: 5/1/1961 

Report: NAA-SR-5584 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a critical-experiment program conducted to study the Hallam Nuclear 
Power Facility (HNPF) reactor concept and to verify design parameters are presented. Experimental 
procedures and results are given, and comparisons are made with calculational techniques currently in use 
for determining the nuclear characteristics of the HNPF reactor. 
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Title: An Enriched UO2-ZrH Critical Assembly 

Date: 11/1/1960 

Report: NAA-SR-5610 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Activation; Beryllium; Criticality; Enrichment; Graphite; 
Hydrogen; Instruments; Moderators; Powder Metallurgy; Powders; Reactivity; Reactor Core; Reactors; 
Reflectors; Research Reactors; SNAP Systems; Spheres; Uranium Dioxide; Uranium 235; Zirconium 
Hydrides; Zones 
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Title: Physics Measurements on the SNAP Experimental Reactor (SER) 

Date: 1/30/1961 

Report: NAA-SR-5619 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Prior to operation of the SER at temperature and power and with NaK coolant present, 
a series of measurements were performed in the neighborhood of room temperature and at powers of 1 watt 
or less. These measurements were designed to establish the characteristics of the system under controlled 
conditions and to determine safe operating procedures. Measurements were made to determine critical mass 
in various reflector configurations, control drum and safety element worth, flux mappings in the reactor and 
importance mappings external to the reactor, reactivity coefficients of various materials, and kinetic 
parameters. The most important conclusion drawn is that the system as designed has the necessary reactivity 
and control for its anticipated operation. Full feasibility determinations must necessarily wait upon the 
outcome of experiments at power and temperature. 
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Title: Physics Measurements on the SNAP Experimental Reactor (SER) 

Date: 1/30/1961 

Report: NAA-SR-5619 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Buckling; Configuration; Control; Control Elements; Control 
Rod Worth; Criticality; Liquid Metal Coolant; Measured Values; Potassium; Power; Reactivity; Reactor 
Safety; Reactors; Reflectors; S8ER; SNAP Systems; Sodium; Temperature 
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Title: Additional Information on Dry, Zero-Power Experiments in HNPF 

Date: 9/1/1961 

Report: NAA-SR-5700(Suppl.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A report is presented which contains answers to questions on HNPF dry, zero power 
experiments as posed in letter to Atomics International (4275AT) from Division of Licensing and 
Regulations of the Atomic Energy Commission, Aug. 1961. The questions concern protective system 
interlocks, stack monitor, storage cell criticality, evacuation procedures, number of licensed operators 
available for control room duty, personnel resumes, and preoperational test criteria. 



 

C-11635 

11599…..…..…………………..…….……..……ID Number…………………..…..…………….11599 

Author: Blaine, R. A. / Watts, J. L. 

Title: Radial Flux Flattening in the Organic Moderated Reactor Critical Assembly by Variable Fuel-To-
Moderator Ratio 

Date: 8/15/1961 

Report: NAA-SR-5858 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations are carried out for a flux flattening experiment in the Organic Moderated 
Reactor critical assembly. It is proposed that the flux be flattened by varying the numbers of fuel plates per 
element to achieve variable fuel-to-moderator ratio. It is concluded that a reduction of the peak-to-average 
ratio from 1.69 to 1.17 can be achieved by this method; and that the power distribution is made more uneven 
by this method, so that variable fuel-to-moderator ratio is probably not desirable for full-scale power 
reactors. 
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Author: Keaten, R. W. 

Title: Reactivity Worth of Sodium in Sodium Cooled Reactors 

Date: 6/1/1961 

Report: NAA-SR-5904 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A simple and accurate method for determining sodium worth in sodium- cooled 
reactors is an analysis of the measured critical mass with and without sodium in the reactor. Application to 
both the first and second core loadings of the SRE shows that the amount of control available is more than 
sufficient to shut down the reactor with the sodium removed. 
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Title: The Fog One-Dimensional Neutron Diffusion Equation Codes 

Date: 8/15/1961 

Report: NAA-SR-6104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The FOG one-dimensional neutron diffusion equation codes provide a convenient 
tool for many reactor calculations. Provisions are made in the codes for calculating the flux and the adjoint 
flux, and for performing various criticality searches. Provision is also made for a buckling iteration 
calculation and an automatic calculation of extrapolation factors. The code is limited to a maximum of 4 
energy groups, 40 regions, and 239 space points. 
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Title: Calculated Nuclear Properties of Low-Enrichment Metal-Plate Lattices in the OMR Critical 
Assembly 

Date: 8/15/1961 

Report: NAA-SR-6330 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear calculations for a series of low enriched metal, fuel plate lattices moderated 
by Santowax-R are presented. Calculations using two-group and muitigroup methods are carried out to 
predict critical loadings and temperature coefficients. Results show that two group calculations 
overestimate reactivity by about 21/2% DELTA k/k while multigroup methods predict reactivity to within 
about 0.1%. Temperature coefficient calculations agree with experiment to better than a factor of two, which 
is considerable improvement over previous calculations. The worth of void in the center of the core is 
predicted as a function of the number of void channels and except for small voids agrees within 5% with 
experiment. The effect of fuel element orientation on criticality is investigated but not explained on the 
basis of anisotropic diffusion coefficients. A brief description of flux flattening calculations using the 
number of plates per fuel element to vary the fuel-to-moderator ratio ls included with an optimum 
distribution found by a new computer code. 
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Title: Critical Loading Experiment for the SRE with Thorium-Uranium Fuel 

Date: 3/1/1962 

Report: NAA-SR-6608 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The minimum critical loading of the SRE with Th--U fuel and Na in the core at 340 
deg F was found to be 30.6 plus or minus 0.2 fuel clusters. The operational loading, defined as criticality 
with two of the four shim rods in the core, was found to be 40.6 plus or minus 0.2 fuel clusters. An 
evaluation of various plotting techniques for critical experiment data is given. It was found that plotting the 
inverse multiplication as a function of radial buckling, using the physical radius plus reflector savings, gave 
the most linear approach to criticality. 
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Title: Nuclear Safety in Handling U-Zr Compacts 

Date: 11/16/1961 

Report: NAA-SR-6872 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety criteria are given for the handling of 11/2-in. by 11/2- in. compacts 
having a composition of 10 wt.% highly enriched U and 90 wt.% Zr. The maximum safe batch size for 
these compacts is 1.68 kg contained-U/sup 235, independent of spacing between compacts or the degree of 
water flooding. For long compacts the maximum safe mass per unit length is 0.94 kg contained-U235/ft of 
length. This, too, is independent of spacing between compacts or the degree of water flooding. Maximum 
safe batches containing no more than 1.68 kg U235/ each are safe with a minimum edge to-edge spacing of 
20 in. 
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Title: Production of Void and Pressure by Fission Track Nucleation of Radiolytic Gas Bubbles During 
Power Bursts in a Solution Reactor 

Date: 12/30/1962 
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Abstract/Keyterms: The Kinetic Experiment on Water Boiler (KEWB) reactor is a 50-kw aqueous 
homogeneous research reactor which was designed to study the safety characteristics and dynamic behavior 
of this class of reactors. When the reactor is placed on a short-period power transient, its aqueous uranyl 
sulfate fuel solution becomes rapidly supersaturated with H2 gas produced by the radiolysis of water. At a 
critical gas concentration, fission track nucleation of H2 bubbles occurs. The rapid formation and growth 
of these bubbles creates a pressure field, the so-called inertial pressure, which causes an increase in solution 
volume. This increase in solution volume, referred to as void, causes a loss of reactivity and constitutes an 
important shutdown mechanism. The conditions under which fission track nucleation of gas bubbles occurs 
are described. It is shown that the void volume and void compensated reactivity can be calculated from a 
knowledge of the pressure field. Simple models for the pressure field are presented which satisfactorily 
describe the observed pressures. The inpile capsule and KEWB experiments which confirm the validity of 
the mechanisms for these processes are described. The equations and data presented make it possible to 
predict with accuracy the onset and magnitude of the inential pressure and the dynamic reactivity for a large 
class of aqueous homogeneous reactors. 
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Abstract/Keyterms: Reactor Technology; Boiling; Decomposition; Delayed Neutrons; Equations; Fuel 
Solutions; Gases; Homogeneous Reactors; KEWB; Power; Pressure; Pulses; Quantity Ratio; Reactivity; 
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Title: Reflected Reactor Kinetics 
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Abstract/Keyterms: The transfer function of a reflected reactor was derived from a model which is 
applicable to all reactors. The result is identical to a bare reactor transfer function at low frequencies, 
provided that the neutron lifetime includes the effect of the reflector. At high frequencies the reflector 
introduces in effect an additional group of delayed neutrons. A calculation of the effective neutron lifetime 
in the SRE from the theoretical results was in good agreement with the experimental value. 
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Title: Advanced Sodium Cooled Reactors 
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Abstract/Keyterms: Details concerning operation and development of the Sodium Reactor Experiment 
are presented. Other information is included on critical experiments, development of reactor materials and 
components, development of ceramic and alloy fuel elements, and reactor safety investigation in the areas 
of two-phase forced Na convection and fission product release from Na fires. 



 

C-11645 

11609…..…..…………………..…….……..……ID Number…………………..…..…………….11609 

Author: Campbell, R. W. / Doyas, R. J. / Field, H. C. / Guderjahn, C. A. / Guenther, R. L. / Hausknect, 
D. F. / Mayer, M. S. / Morewitz, H. A. 

Title: Critical Experiments on Slightly Enriched Uranium Metal Fuel Elements in Graphite Lattices 

Date: 6/30/1963 

Report: NAA-SR-7541 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of clean critical experiments was performed in the SGR critical facility 
utilizing 2 wt% enriched, uranium metal, hollow cylinder, fuel elements in AGOT graphite moderator. Six 
lattice spacings were used, varying from 6.93 to 16.0 inch on a triangular pitch. Critical loadings and fuel 
element worths were determined and compared to the results of 4-group diffusion theory. Calculations 
utilized TEMPEST, S-4 form, and AIM-5 programs. The calculated k(eff) compares well with experiments 
over the full range of moderator-to-fuel volume ratios when using a 2200m/sec graphite absorption cross 
section of 4.07 millibarn. The sensitivity of the calculation to variations in the graphite absorption cross 
section was examined and the experimental error due to inventory uncertainties was assessed. The 
differential worths of both the central and peripheral fuel elements were obtained and agreed in general 
with AIM-5 calculations. The thermal flux traverse of a unit cell was shown to agree best with a Wilkins' 
spectrum option of tempest. Details of both the experimental and theoretical methods are given. 
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Title: Experiments with Water-Reflected, Undermoderated, Zirconium Hydride Critical Assemblies 
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Abstract/Keyterms: This report describes the Phases I and II SNAP Critical Assembly-4B(SCA-4B) 
experiments conducted by Atomics International as one of the projects in the SNAP Aerospace Safety 
Program. This project comprised a series of critical experiments with water-reflected, undermoderated, 
zirconium hydride assemblies. The purpose of these experiments was to evaluate the consequences of water 
immersion of SNAP 2/10A reactor cores. 
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Title: Hallam Nuclear Power Facility-Reactor Operations Analysis Program Semiannual Progress Report 
No. 2, March 1, 1963-August 31, 1963 
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Abstract/Keyterms: The plant operation from initial criticality to date is reviewed, and miscellaneous plant 
and systems performance is discussed. On the nuclear analysis side, fuel element exposure and reactivity 
history calculations were carried out. Systems and components analysis also discussed. 
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Abstract/Keyterms: A series of critical and subcritical experiments have been performed to determine 
values of material buckling and k(eff) for graphite assemblies fueled with slightly enriched (3.02 wt%), 
uranium carbide fuel elements. Lattice arrangements have been studied which included control channel 
mockups for triangular lattice pitches of 9, 11 and 12 inches. Experiments have been performed to determine 
critical mass for two-region (uranium-carbide and uranium-metal-fueled) assemblies and k(eff) for 
subcritical, uranium carbide fueled assemblies. Exponential experiments have been carried out to determine 
material buckling for subcritical assemblies containing uranium carbide fuel elements. Additional 
assemblies of varying size have been used to study diffusion anisotropy and the apparent dependence of 
material buckling upon assembly size. The exponential studies have been corrected for these effects. 
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Abstract/Keyterms: Material bucklings for uranium carbide fuel elements, enriched to 3.02 wt.% of 
uranium-235, were obtained from critical and subcritical assemblies. The fuel elements were placed in a 
graphite assembly on triangular lattice pitches of 9, 11, and 12 inches. Four-group theory was used to infer 
material bucklings from 12 "two region" critical mass measurements. Material bucklings were obtained 
from 22 subcritical assemblies consisting of 31, 23, and 19 cells set at pitches of 9, 11, and 12 inches. The 
large differences observed (up to 3.4m(-2)) between the critical and uncorrected subcritical values of 
material buckling have been shown to be due to diffusion anisotropy and the use of calculated rather than 
measured radial bucklings in the subcritical experiments. Multigroup (15 energy group) cell calculations 
gave material bucklings which agreed very well with those inferred from the critical assemblies. 
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Title: Final Evaluation Report-Hallam Nuclear Power Facility. Volume VI 

Date: 6/12/1964 

Report: NAA-SR-9777(Vol.VI) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Calibration; Control 
Elements; Criticality; Distribution; Fuel Elements; Graphite Moderator; HNPF; Liquid Metal Coolant; 
Poisoning; Power; Power Plants; Reactivity; Reactor Fueling; Reactors; Sodium; Standards; Startup; Xenon 
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Author: Yee, S. 

Title: SNAP Critical Assembly-4B Phase III Water Immersion Experiments 

Date: 12/1/1964 

Report: NAA-SR-9871 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space; Critical Assemblies; Poisoning; Power; 
Reactor Core; Reflection; Safety; SNAP Systems; Space; Testing; Water; Zones NESDPS Office of 
Nuclear Energy Space and Defense Power Systems 
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Title: Annual Technical Progress Report, AEC Unclassified Programs, Fiscal Year 1964 

Date: 8/31/1964 

Report: NAA-SR-9999 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General and Miscellaneous; Absorption; Accidents; Activation; Age; Air; 
Aluminum; Argon 41; Bismuth; Bismuth Chlorides; Boilers; Boiling; Buildings; Carbon; Ceramics; 
Cermets; Chemical Reactions; Combustion; Computers; Concretes; Control Elements; Convection; 
Coolants; Copper; Corrosion; Criticality; Cross Sections; Decomposition; Decontamination; Deuterium; 
Dispersions; Doppler Effect; Electric Conductivity; Electricity; Expansion; Failures; Fission Products; 
forced Convection; Fuel Cans; Fuel Elements; Fused Salts; Gold; Gold 197; Graphite; Graphite Moderator; 
Heat Exchangers; Heat Transfer; Heating; HNPF; Hydrogenation; Integrals; Iodine 131; Iron; Isotope 
Effects; 
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Conference/Journal:  

Conference Session:  
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Title: Water Boiler Calculations—I 

Date: 7/25/1951 

Report: NAA-SR-Memo-0048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Equations; Fuels; Reactors; Water Coolant; Water Moderator 
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Title: Progress Report for June 1951 

Date: 8/15/1951 

Report: NAA-SR-Memo-0070 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets- Breeding- Power- Reactors- Temperature; Differential Equations- 
Laplace Equations- NPR- Numericals- Reactors; Graphite- Impregnation- Radiation Effects- Uranium; 
Performance- Plutonium- Power- Reactors; Planning- Targets 
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Title: Water Boiler Calculations III 
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Report: NAA-SR-Memo-0072 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Equations; Reactivity; Reactors; Variations; Water Coolant; Water 
Moderator 



 

C-11664 

11628…..…..…………………..…….……..……ID Number…………………..…..…………….11628 

Author: Fahrner, T. 

Title: WBNS Critical Experiment 

Date: 3/11/1952 

Report: NAA-SR-Memo-0256 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program of criticality tests of the WBNS is presented. The assembly component 
parts are described. 
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Title: Basis for Criticality Calculations for Slightly Enriched Uranium, Plate-Type Plutonium Converter 
Reactor 

Date: 12/2/1952 

Report: NAA-SR-Memo-0507 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Conversion; Criticality; Equations; Errors; Fast Fission Factor; Fission 
Products; Fuel Elements; Multiplication Factors; Plates; Plutonium; Poisoning; Production; Reactors; 
Resonance Escape Probability; Thermal Utilization; Uranium 



 

C-11666 

11630…..…..…………………..…….……..……ID Number…………………..…..…………….11630 

Author: Robinson, L. B. 

Title: The Effect of Neutron Velocity Distribution on Eta 
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Report: NAA-SR-Memo-0542 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Distribution; Four Factor formula; Multiplication Factors; 
Neutrons; Numericals; Reactors; Resonance Escape Probability; Thermal Neutrons; Thermal Utilization; 
Velocity 
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Title: Criticality Hazard in the Converter Reactor Mock-Up 

Date: 2/20/1953 

Report: NAA-SR-Memo-0617 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Breeding; Configuration; Criticality; Diagrams; Equations; Fuel 
Elements; Mass; Mockup; Multiplication Factors; Numericals; Power Plants; Production; Reactivity; 
Reactor Core; Reactor Fueling; Reactor Safety; Reactors; Thorium; Uranium; Variations; Zones 
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Title: Heterogeneous Power Reactors and Intrinsic Safety 

Date: 4/10/1953 

Report: NAA-SR-Memo-0633 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation is made into the possibility of securing intrinsic” safety for 
heterogeneous power reactors, in particular, PPRE. Essentially, what is involved is replacing a cell of a 
normal reactor with a medium designed to produce, upon the power and temperature rise following the 
initiation of a super- prompt-critical reactivity increment, a negative increment of reactivity sufficient to 
prevent fuei rod temperatures from reaohing the melting point. Analyzed is the possible exploitation of the 
following phenomena: ( alpha) increase of sigma /sub th/ of certain nuclei with rising neutron temperature, 
( beta) decrease in density of liquid fuels upon rising material temperature, ( gamma) dissociation in liquid 
fuel solutions, ( delta) phase changes of liquid fuels, and ( SIGMA) fast effect reductions due to geometry 
changes in 25 fuel element coafiguration. A 2 rak runaway is analyzed for PPRE with a safety region 
operating on the principle of the alpha -phenomenon, the nucleus in question being Er. In general, it is 
concluded that for reactions of magnitude 1 to 1.5 rak any of the phenomena alpha, BETA, gamma may be 
conveniently and practically exploited although for a power reactor a beta -- gamma combination appears 
preferable. For a 3 rak reaction either the gamma, delta or SIGMA type phenomena may be exploited, 
although from other considerations than effectiveness in halting the runaway, the gamma type appears 
preferable. 
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Title: Effect of Reflector Thickness and Varying Amounts of Aluminum and Water on the Reflector 
Savings For-The Plutonium Production Core of the UPR 

Date: 4/27/1953 

Report: NAA-SR-Memo-0673 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to help determine the radial thickness and permissible amounts of poisons 
for the graphite reflector of the plutonium production core of the UPR, a few two group two-region 
criticality calculations were made. A curve of reflector savings, in per cent of an infinite reflector, as a 
function of thickness for pure graphite reflectors is given. A curve of savings, in per cent of an infinite pure 
graphite reflector, as a function of amount of aluminum and water content is given. The results show that a 
two foot graphite reflector will yield a reflector savings of 85% of that obtainable with an infinite reflector. 
Five percent aluminum reduces the reflector savings of a pure graphite reflector by approximately 10% and 
5% water results in a reduction of approximately 30% in the savings of a pure graphite reflector. 



 

C-11670 

11634…..…..…………………..…….……..……ID Number…………………..…..…………….11634 

Author: Balent, Ralph 

Title: Results of Two-Group Three-Region Criticality Calculations Done by the National Bureau of 
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Report: NAA-SR-Memo-0716 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Configuration; Control; Criticality; Equations; Fast Neutrons; 
Group Theory; Mass; Multiplication Factors; Neutron Flux; Production; Reactivity; Reactor Core; 
Reactors; Reflectors; Stability; Thermal Neutrons; Uranium; Zones 
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Title: Start- Up Incident in 30 Mw SGR 

Date: 7/29/1953 

Report: NAA-SR-Memo-0748 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A possible start-up incident in the 30 Mw SGR is analyzed. The calculations are 
performed on the AERDifferential Analyzer. Curves so obtained showing relative power, fuel rod energy 
density, and reactivity are presented for two values of control rod withdrawal speed. A withdrawal speed 
corresponding to a positive increment 1.5 x 10/sup -4/r/sec (1r = 1 dollar) results in fuel rod melting being 
attained about 40 sec after prompt criticality is reached. 
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Title: Preliminary Outline of the Critical Assembly and Initial Operational Testing of L-3 Reactor 

Date: 9/25/1953 

Report: NAA-SR-Memo-0784 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Efficiency; Operation; Reactor Core; Reactor Fueling; 
Reactors; Safety; Startup; Testing 
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Title: SRE Criticality Analysis 

Date: 6/16/1954 

Report: NAA-SR-Memo-1021 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Errors; Lattices; Liquid Metal Coolant; Mechanics; Reactor 
Safety; Reactors; Sodium; SRE; Statistics 
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Title: HNPF Spent Fuel Shipping Cask 

Date: 1/1/1964 

Report: NAA-SR-Memo--10549 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Design; Fuel Elements; Heat 
Transfer; Reactor Core; Safety; Shielding; Stresses; Transport; Vessels; Weight 
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Title: AIREK-KEWB-A Program for the Numerical Solution of the Space Independent Reactor Kinetics 
Equations for KEWB 

Date: 10/1/1964 

Report: NAA-SR-Memo-10632 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Computers; Diagrams; Differential 
Equations; Equations; FORTRAN; Integrals; KEWB; Numericals; Programming; Reaction Kinetics; 
Reactor Safety; Research Reactors; Tables; Transfer Functions; Water Coolant; Water Moderator 
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Title: SNAPTRAN 10A/2-1 Critical Assembly 

Date: 11/1/1964 

Report: NAA-SR-Memo-10660 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space; Configuration; Critical Assemblies; 
Criticality; Deformation; Gages; Instruments; Measured Values; Neutron Flux; Power Plants; Pressure; 
Reactor Core; Reactor Fueling; Reactors; SNAP-10 Series; Strain; Stresses; Thermocouples 
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Title: SRE Criticality Calculations 

Date: 1/1/1954 

Report: NAA-SR-Memo-1082 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The formulas and constants used in calculating the critical enrichment for a hot, clean, 
equilibrium xenon and samarium-poisoned 31-cell SRE core are presented. The results of this calculation 
may be considered somewhat pessimistic since, where uncertainties arose, they were resolved to favor a 
higher enrichment, This not to say, however, that there has been a departure from the accepted formulas, 
rather, it points to the number of judicious choices one must make to perform this type of calculation. The 
enrichment obtained for the conditions cited is 2.45 atomic percent, It is estimated that this enrichment 
should be raised to 2.8 at.% to account for control rods, thimbles, safety rods, and burnup. 
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Title: SCAP-IN IBM 7094 Code for the Spectral Analysis of Pulsed-Neutron Decay Data 

Date: 3/1/1965 

Report: NAA-SR-Memo-10941 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Computers; Decay; Errors; 
FORTRAN; Heat Transfer; IBM 7094; Moderators; Neutron Flux; Neutrons; Numericals; Programming; 
Pulses; Reactors; Spectra; Variations; Velocity 
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Title: SGX Lattice Constants and Reactivity 

Date: 9/28/1954 

Report: NAA-SR-Memo-1110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Lattice constants for the Na graphite exponential assemblies using 2.75% enriched U 
are calculated by the same procedures employed in the calculation of the SRE lattice constants. The method 
was described in detail in NAA-SRMemo-1021 and is not repeated here. The reactivity of each of the three 
proposed SGX lattices is obtained, and it is seen that all are substantially sub-critical. 
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Author: Laubenstein, R. A. 

Title: Use of the SRE Fuel in an Exponential Experiment 

Date: 10/5/1954 

Report: NAA-SR-Memo-1116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Configuration; Criticality; Equations; Excursions; Exponential 
Piles; Fuel Elements; Graphite Moderator; Liquid Metal Coolant; Measured Values; Reactivity; Reactors; 
Safety; Sodium; SRE; Uranium; Zones 
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Title: Measurements of Thermal Utilization (F) and /Delta/$Sup 25$ in SGR Uranium Monocarbide 
Lattices 

Date: 6/10/1965 

Report: NAA-SR-Memo-11313 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Aluminum Alloys; Cadmium; 
Cadmium Ratio; Configuration; Control; Criticality; Errors; Fission; Foils; Graphite Moderator; Liquid 
Metal Coolant; Multiplication Factors; Neutrons; Numericals; Radiation Detectors; Reactors; Sodium; 
Spectra; Thermal Utilization; Uranium 235; Uranium 238; Uranium Alloys; Uranium Carbides 
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Author: Tuttle, R. J. 

Title: A Summary of the Calculated Characteristics of the Epithermal Critical Assemblies 1 Through 13 

Date: 1/12/1966 

Report: NAA-SR-Memo-11799 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Surface-To-Mass and Heterogeneity Effects on the Specific Reactivity of Selected Materials in a Fast 
Neutron Spectrum 

Date: 1/1/1967 

Report: NAA-SR-Memo-12288 

Conference/Journal: 14th Conference on Remote Systems and Technology, Pittsburgh, Pa 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Configuration; Enrichment; 
Fast Neutrons; Reactivity; Tantalum; Thorium; Tungsten; Uranium 235 
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Title: Elimination of the Effect of a Constant Neutron Source in Reactivity Measurements 

Date: 1/1/1967 

Report: NAA-SR-Memo--12290(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Computers; 
Control Elements; Critical Assemblies; Digital Systems; Efficiency; FORTRAN; IBM; Measurement; 
Programming; Reactivity; Rods 
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Title: Nuclear Safety SRE Core III Fuel Element Storage 

Date: 5/17/1967 

Report: NAA-SR-Memo-12472 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Safety & Siting; Criticality; Determination; Fuel 
Elements; Mass; Multiplication Factors; Reactors; Safety; SRE; Storage 
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Title: Safe: A Three-Dimensional Monte Carlo Code for Nuclear Safety Studies 

Date: 1/1/1967 

Report: NAA-SR-Memo-12490 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Criticality; Fuel Elements; Monte Carlo 
Method; Reactors; Storage 
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Title: Preliminary Design Study of D2O Moderated Pb-Bi Cooled Natural Uranium Power Reactor 

Date: 12/10/1951 

Report: NAA-SR-Memo-153 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bismuth Alloys; Configuration; Criticality; Depleted Uranium; Heavy 
Water Moderator; Lead Alloys; Liquid Metal Coolant; Natural Uranium Fuel; Power Plants; Reactor 
Fueling; Reactors; Shutdown; Zones 
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Title: Multigroup Calculations of Sodium Graphite Reactors 

Date: 1/20/1956 

Report: NAA-SR-Memo-1542 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of multigroup calculations of a sodium graphite reactor are presented. The 
criticality and spatial fission distribution of the reactor calculated for a three group model are compared 
with those calculated for a more elaborate eight group model. 
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Title: OMRE Pre-Operation Testing Program Summary 

Date: 10/1/1956 

Report: NAA-SR-Memo-1772 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Control Elements; Coolant Loops; Criticality; Instruments; Measured 
Values; OMRE; Operation; Organic Moderator; Planning; Power; Power Plants; Reactors; Refining; 
Testing 
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Title: Heterogeneous Systems and Minimum Critical Mass 

Date: 12/17/1956 

Report: NAA-SR-Memo-1807 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Slightly enriched, thermal systems moderated and reflected by a hydrocarbon, were 
studied to gain an insight into the characteristic problems involved in constructing a heterogeneous lattice 
that would exhibit minimum variations in the thermal flux. The purpose of restricting the thermal flux to 
small variations is to acquire a uniform power density per fuel element. 
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Title: The Critical Assembly of OMRE 

Date: 4/25/1957 

Report: NAA-SR-Memo-1822 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical assembly of OMRE will be performed in the reactor core vessel with 
moderator present. Nuclear control will be furnished with the modified reactor control rod system, the 
reactor detectors, and the auxiliary neutron counters. The mechanical arrangement of the rod system is pre-
set during the time when the reactor core vessel is dry. The coinponents are dowelled and referenced so that 
they may be accurately re-assembled when the core is wet. The fuel and source loading procedure is checked 
both in the dry and wet configuration. The critical assembly of the core is performed with the usual counting 
data and reciprocal multiplication curves. The core is then loaded with fuel and dummies an excess 
reactivity which may be overcome at all temperatures with the two inner rods fully removed. The inner fast 
rod is calibrated by the period method. The inner and outer rod banks are calibrated against the fast rod and 
against each other by intercalibration with the servocontroller. The temperature coefficient of reactivity in 
measured by heating the plant with induction heating and nuclear heat. The rod drop times are measured, 
and flow, pressure, power, stability, and oscillator tests are performed. 
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Author: Guderjahn, C. 

Title: Some Nuclear Experiments on the SRE 

Date: 5/1/1957 

Report: NAA-SR-Memo-1956 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Subcritical assembly experiments were conducted by loading fuel elements in a SRE 
core and determining the critical mass from the counting rate data obtained from fission counters placed in 
the fuel channels. A plot of the normalized inverse count rate as a function of the number of the fuel 
elements loaded indicated a critical mass of 22.2 dry fuel elements at room temperature and 32.64 plus or 
minus 0.10 fuel elements at 400 deg F using a sodium coolant. The reactivity of the subcritical SRE was 
estimated from subcritical multiplication measurements, and the results were used to evaluate the worth of 
various fuel elements and poison elements. The total reactivity change caused by replacing each uranium 
element with a thorium-5% uranium element was determined. Flux mapping studies were made of the dry 
subcritical SRE using cadmium-covered and bars gold foils in the core and reflector. The results of the flux 
measurements are given graphically. 
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Title: Preliminary Study of Power Converter Reactors 

Date: 1/29/1952 

Report: NAA-SR-Memo-204(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Configuration; Conversion; Criticality; Economics; Equations; 
Fertile Materials; Fissionable Materials; Planning; Power Plants; Production; Reactor Core; Reactors; 
Tables; Uranium 233 
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Title: Required Loading for the OMRE 

Date: 11/15/1957 

Report: NAA-SR-Memo-2278 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass and reactivity addition per element was experimentally determined. 
The core loading was twenty-nine elements with an estimated reactivity of 6.8% at 300 deg F. The estimated 
worth of an additional element at this loading is 0.67% so that loading to 31 elements yields a reactivity of 
8.2%. The reactivity of this core at 500 deg F should be about 1% higher, yielding a gross reactivity of 
9.2%. Xenon and samarium poisoning account for about 3 to 5% reactivity so the net available for control 
and burnup is on the order of 5.7 to 6.2%. 
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Title: Intra-Cell Neutron Densities--Part II. 3/4 Inch, 1 Inch, 1-1/4 Inch, 1-1/2 Inch and 2 Inch Diameter 
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Date: 3/1/1952 

Report: NAA-SR-Memo-244 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results are presented of measurements of intra cell neutron flux distributions in 
natural uranium-D2O lattices as the rod size and cell spacing is varied. Interpretation of the results indicated 
the following: (1) diffusion theory is a poor approximation for the flux distribution inside the rods as well 
as in the D2O moderator, and (2) the effective neutron temperature increase is predominantly due to 
selective absorption in the uranium rods. Approximate expressions using an extrapolation length are given 
for calculating flux distributions. This methcd yields numerical values closer to experimental values than 
simple diffusion theory. (auth) 
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Title: A Blackness Measurement of an S.R.E. Fuel Cluster 

Date: 5/16/1958 

Report: NAA-SR-Memo-2711 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Configuration; Criticality; Differential Equations; 
Equations; Errors; Fuel Elements; Group Theory; Liquid Metal Coolant; Measured Values; Power Plants; 
Reactors; Sodium; SRE 
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Title: Geometry of the Converter Reactor 

Date: 3/28/1952 

Report: NAA-SR-Memo-277 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Buckling; Configuration; Conversion; Coolants; Criticality; 
Cylinders; Distribution; Efficiency; Eyes; Fast Neutrons; Fluid Flow; Lifetime; Mass; Mice; Neutron Flux; 
Plates; Power Plants; Radiation Injuries; Radiobiology; Reactor Core; Reactor Fueling; Reactors; Thorium; 
Uranium 233; X Radiation 
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Title: Criticality Procedure and Hazards Associated with the North American Aviation Water Boiler 
Neutron Source. App. A. Visit to Los Alamos Concerning Water Boiler. App. B. Flux Distribution in Water 
Boiler Pedestal. App. C. Flux Value and Distribution in WBNS 

Date: 3/28/1952 

Report: NAA-SR-Memo-278 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Boiling; Control Systems; Criticality; Decomposition; 
Distribution; Mass; Neutron Flux; Neutron Sources; Operation; Planning; Radioactivity; Reactors; 
Recombiner; Shielding; Solutions; Startup; Temperature; Water; Water Coolant; Wbns 
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Author: Beller, L. S. 

Title: Development of a Fast Scram Instrument of OMR Critical Experiment 

Date: 7/25/1958 

Report: NAA-SR-Memo-2919 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The instrumentation scheme for the OMR Critical Facility requires a scram circuit 
that operates within five milliseconds whenever a predetermined power level is reached. An instrument 
meeting these requirements was built and tested. Its detecting element is a scintillator sensitive to gamma 
radiation. 
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Author: Beller, L. S. 

Title: Fast Scram Instrument for the OMR Critical Experiment. Addendum 1 

Date: 12/7/1961 

Report: NAA-SR-Memo-2919-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A gamma-sensitive safety instrument for critical experiments is described which 
responds to a scram condition in less than five milliseconds. It was intended as a backup device having 
considerably faster response than conventional operating instruments. Twelve such instruments were used 
for some time on critical experiments. The experience with these instruments to date is summarized and 
recommendations are made for changes intended to enhance the reliability, stability, and ease of adjustment. 
The possibility of using the instrument as a reliable remote-area neutron or gamma monitor is discussed. 



 

C-11701 

11665…..…..…………………..…….……..……ID Number…………………..…..…………….11665 

Author: Benton, A. 

Title: Mock-Up for the Converter Reactor 

Date: 4/24/1952 

Report: NAA-SR-Memo-306 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Boiling; Configuration; Conversion; Critical Assemblies; 
Criticality; Cylinders; Density; Equations; Fertile Materials; Fissionable Materials; Heavy Water 
Moderator; Irradiation; Mass; Materials Testing; Mockup; Moderators; Multiplication Factors; Natural 
Uranium Fuel; Neutron Flux; Neutron Sources; Planning; Production; Reactor Core; Reactors; Spheres; 
Volume; Water Coolant; Water Moderator; Zones 
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11666…..…..…………………..…….……..……ID Number…………………..…..…………….11666 

Author: Laubenstein, R. A. 

Title: Proposed Experimental Physics Program for the Converter Reactor Project 

Date: 5/1/1952 

Report: NAA-SR-Memo-313 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A proposed mockup designed to supply data for a converter reactor to produce U233 
from Th with the use of highly enriched U235 as fuel is discussed. The Th and U235 requirements and the 
cost estimation for this mockup are included in an appendix. 
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11667…..…..…………………..…….……..……ID Number…………………..…..…………….11667 

Author: Beller, L. S. 

Title: Time Base Generator for OMR Critical Experiment 

Date: 10/20/1958 

Report: NAA-SR-Memo-3138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An accurate time standard is needed for the instrumentation of the OMR Critical 
Experiment. An instrument has been obtained and calibrated. The instrument consists of a temperature 
controlled crystal oscillator operating at one megacycle, a sloper, and a divider chain. 
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11668…..…..…………………..…….……..……ID Number…………………..…..…………….11668 

Author: Johnson, R. P. 

Title: Pre-Critical Electrical and Mechanical Testing: The Critical Assembly, Reactor Parameters 

Date: 10/16/1958 

Report: NAA-SR-Memo-3196 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Critical Assemblies; Criticality; 
Electricity; L-77; Mechanics; Reactor Core; Research Reactors; Sulfates; Testing; Uranyl Compounds 
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11669…..…..…………………..…….……..……ID Number…………………..…..…………….11669 

Author: Beller, L. S. 

Title: Measurement of Total Fall Time and Differences in Acceleration for a Control Rod Falling in Air 
and in Organic, OMR Critical Experiment 

Date: 12/1/1958 

Report: NAA-SR-Memo-3304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were made of the total fall time for control rods falling in air and in 
organic coolant for hazards calculations. Results of measurements of the time required for the entire 
instrumentation and safety system of the organic moderated reactor to function are summarized. 
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11670…..…..…………………..…….……..……ID Number…………………..…..…………….11670 

Author: Beller, L. S. 

Title: Scintillation Detector and Preamplifier Unit for General Counting Room Use, A.I. Critical 
Experiment Laboratory 

Date: 12/1/1958 

Report: NAA-SR-Memo-3308 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Scintillation counting techniques were chosen for a critical experiment laboratory. 
Three detector units were built and tested. They are exceptionally stable mechanically. The unit has 
sufficient sensitivity and signal to noise ratio to detect reliably from thin stilbene crystals. The system has 
sufficient resolution for gamma spectrum analysis. The output will drive up to 500 feet of G-62/U cable 
with good linearity. 
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11671…..…..…………………..…….……..……ID Number…………………..…..…………….11671 

Author: Hume, J. 

Title: Distribution of Power Density in the PIQUA OMR 

Date: 1/16/1959 

Report: NAA-SR-Memo-3419 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power density distributions were determined for several typical radial planes in the 
Piqua core. An axial distribution was determined for the case where the central control rod is completely 
inserted and the outer rods are inserted 66 cm for just critical. A clean core which was isothermal at 565 F 
was assumed. The peak-to-average power density factors were obtained. 
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11672…..…..…………………..…….……..……ID Number…………………..…..…………….11672 

Author: Johnson, R. P. 

Title: Preliminary Graphite Sample Analysis Utilizing the L-77 V.O Reactor 

Date: 5/14/1959 

Report: NAA-SR-Memo-3425 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The L-77 VO Reactor was used to determine the absorption cross section of different 
grades of graphite to be used in- the HNPF core. There were two methods to determine the absorption cross 
section of the graphite samples tested: period measurements and criticality methods. Experimental data 
from 83 individual tests indicate than an accuracy of; 2 mb and plus or minus 0.5 mb is obtainable with the 
methods. 
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11673…..…..…………………..…….……..……ID Number…………………..…..…………….11673 

Author: Balent, R. 

Title: Flattened vs Uniformly Loaded Core 

Date: 6/11/1952 

Report: NAA-SR-Memo-347 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Configuration; Conversion; Criticality; Efficiency; Equations; 
Heat Transfer; High Temperature; Mass; Neutron Flux; Numericals; Planning; Power Plants; Production; 
Quantity Ratio; Reactor Core; Reactor Fueling; Reactors; Standards; Variations 
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11674…..…..…………………..…….……..……ID Number…………………..…..…………….11674 

Author: Zink, J. W. 

Title: Fuel Element Parameters Using a Square Thermal Column 

Date: 1/27/1959 

Report: NAA-SR-Memo-3484 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The heterogeneous method of calculating the critical buckling of heterogeneous 
thermal reactors involves parameters which characterize the moderator and fuel elements. The moderator 
parameters (namely, age, diffusion length, and diffusion constant) can be determined by well-known 
methods. The fuel- element parameters, blackness, multiplication, and a resonance parameter can be 
determined by measurements about a single fuel element in a thermal column. The details of this procedure 
for a cylindrical thermal column were described previously. The use of a square thermal column requires 
some modification of the mathematics. The mathematical analysis for the square thermal column and an 
outline of the necessary experimental measurements are given. 
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11675…..…..…………………..…….……..……ID Number…………………..…..…………….11675 

Author: Doyas, R. J. 

Title: Further Studies of Nuclear Parameters of the U-Mo Fueled Hallam Nuclear Facility 

Date: 1/27/1959 

Report: NAA-SR-Memo-3486 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactor core design fueled with 10 wt% Mo--U alloy in 19-rod clusters was 
surveyed for epsilon ranging from 2.5 to 3.5 at.% and for fuel areas from 4.0 to 6.0 in./ Changing the fuel 
areas was done to select a preliminary reference design to use in the initial nuclear calculations. On the 
basis of these results, 5.0 to 6.0 in./ was chosen as the range for a further study on which an economic 
evaluation will be made. k(eff) and the initial conversion ratio were plotted as functions of epsilon and fuel 
areas. Nuclear data for the reference case are given along with the physical conditions assumed in the 
survey. 
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11676…..…..…………………..…….……..……ID Number…………………..…..…………….11676 

Author: McClure, J. J. 

Title: Nuclear Calculations for the Organic Moderated Exponential Experiments 

Date: 3/23/1959 

Report: NAA-SR-Memo-3659 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two group diffusion theory was used to obtain the critical loading, the thermal 
utilization, and the radial fluxes for a 13-element loading of the 12- plate element and a 9-element loading 
of the 10- and 19-plate elements in the OMR exponential experiments. Results are compared with measured 
values. 
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11677…..…..…………………..…….……..……ID Number…………………..…..…………….11677 

Author: Fillmore, F. L. 

Title: SRE Criticality for Uranium-Carbide Fuel 

Date: 5/13/1959 

Report: NAA-SR-Memo-3854 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical mass for the third SRE fuel loading using 5.85% enriched uranium 
carbide fuel in a 7 rod cluster 5.5 ft long was calculated for a wet (180 deg C) clean, hot (425 deg C) clean, 
and hot (425 deg C) poisoned cores. An excess reactivity of 3.5% above hot-poisoned was provided for. A 
reactor power of 20 Mw and UC density of 13.63 g/cm/sup 3/ were assumed. 
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11678…..…..…………………..…….……..……ID Number…………………..…..…………….11678 

Author: Scarlett, H. E. 

Title: Control Rod Guide for OMR Critical Assembly 

Date: 8/12/1959 

Report: NAA-SR-Memo-3866 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the original concept of the 0MR Critical Assembly it was intended to use control 
rods moving vertically in dry thimbles. More recent OMR designs employ "wet" rods moving directly in 
the organic. A guide for the "wet" control rods was designed and tested. This design employs a combination 
of an upper guide that is attached to the upper grid plate and a three bladed, Y-shaped lower guide attached 
to a lower grid plate extending vertically to overlap the upper guide. 
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11679…..…..…………………..…….……..……ID Number…………………..…..…………….11679 

Author: Swanson, V. A. 

Title: Flux Distribution Measurements in OMR Cores 

Date: 5/14/1959 

Report: NAA-SR-Memo-3872 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron flux distributions in a flexible mockup of an OMR core portion were 
measured. Two lattice configurations were studied. The diffusion length of thermal neutrons in the 
moderator and the critical sizes of the lattices were also measured Results, together with some comparisons 
with theoretical calculations, are tabulated. 
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11680…..…..…………………..…….……..……ID Number…………………..…..…………….11680 

Author: Maki, L. / Allen, W. 

Title: Calculations on the TRX Critical Assembly 

Date: 1/1/1959 

Report: NAA-SR-Memo-3892 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The following items were calculated for the different lattice spacing and were 
compared with the experimental results: resonance escape probability of U238, relative thermal flux in fuel 
and moderator, and thermal utilization and effective multiplication. 
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11681…..…..…………………..…….……..……ID Number…………………..…..…………….11681 

Author: Field, H. C. 

Title: Critical Mass of an OMR Core Using Plate Type Fuel Elements 

Date: 6/1/1959 

Report: NAA-SR-Memo-3980 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The clean critical mass of a core using low enrichment U plate-type fuel elements in 
a six-inch lattice spacing and using Santowax R at 340 deg F as the moderator was experimentally 
determined. Criticality was attained with thirty- nine fuel elements, containing 3915 kg of U, present in the 
core, three shim rods withdrawn, and the fourth shim rod about 7/8 withdrawn. The interpolated clean 
critical mass was determined to be 3910 kg of U. 
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11682…..…..…………………..…….……..……ID Number…………………..…..…………….11682 

Author: Tuttle, R. J. 

Title: Study of Inherent Shutdown of OMR Critical Assembly with Cylindrical Fuel Elements 

Date: 6/17/1959 

Report: NAA-SR-Memo-4042 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The inherent shutdown behavior of the OMR Critical Assembly fueled with 
cylindrical fuel elements was determined; Reactor Technology; Critical Assemblies; Cylinders; Fuel 
Elements; OMR; Organic Coolant; Organic Moderator; Reactors; Shutdown 
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11683…..…..…………………..…….……..……ID Number…………………..…..…………….11683 

Author: Moy, T. S. 

Title: Criticality Criterial for Fabrication of 2% Enriched Uranium Hollow Slugs 

Date: 7/8/1959 

Report: NAA-SR-Memo-4099 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: There are several points during the fabrication of uranium fuel slugs where there is a 
possibility of a fuel mixture becoming critical. These occur during the melting, casting, and plating of the 
slugs; and during the transporting and storing of sawdust, turnings, and the fabricated slugs. Several of 
these cases are examined and the proper volume, mass, and other characteristics that must be maintained in 
order to avoid criticality were determined. The problems associated with each step in the fabrication process 
are treated individually. 
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11684…..…..…………………..…….……..……ID Number…………………..…..…………….11684 

Author: Smathers, J. B. / Rood, H. 

Title: Preliminary Criticality and Flux Distribution Calculations for the U-10 w/o Mo. Reference Design 
Fuel Element Loading of the HNPF Core Using the Mark a Control Rod Scheme 

Date: 7/20/1959 

Report: NAA-SR-Memo-4101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality and flux distribution calculations were made, as a function of enrichment, 
for the U-10 wt.% Mo reference design fuel element loading of the HNPF core, Mark A control rod scheme. 
A U enrichment to serve as a basis for further detailed studies of the core nuclear performance 
characteristics was selected. A plot was made of k(eff) vs. enrichment for U enrichments between 2.5 at. % 
and 4.0 at, % U235. From a study of this plot and preliminary estimates of the excess reactivity requirements 
of the core, the 3 at. % enriched U case was selected for further study. Nuclear characteristics of the 3 at. 
% enriched case are presented. 



 

C-11721 

11685…..…..…………………..…….……..……ID Number…………………..…..…………….11685 

Author: Axford, R. A. 

Title: Problem Areas in Safety Analysis of SGR and OMR Reactors 

Date: 1/1/1959 

Report: NAA-SR-Memo-4223 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several problem areas relevant to the safety of SGR and OMR reactor systems and in 
which theoretical analysis required are delineated. The subjects are varied and include not only detailed 
investigations of the basic physical phenomena pertinent to safe reactor operation, but also the interplay of 
the physical phenomena which govern the stability of the full reactor system. The range of topics comprise 
four categories: (l) a survey of the practical problems relating to the safety of those reactor types and existing 
critical facilities of interest, (2) the mathematical treatment of the kinetic mechanisms and phenomenology 
of the full reactor system, (3) the analytic treatment of the significant feedback mechanisms and of those 
portions of the fields of fluid dynamics and heat transfer particularly relevant to reactor safely 
considerations, and (4) the construction of fundamental theories of the basic physical relevant to reactor 
safety considerations, and (4) the construction of fundamental theories of the basic physical effects which 
govern the identic behavior of various reactor systems. Each of these categories is discussed. 
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11686…..…..…………………..…….……..……ID Number…………………..…..…………….11686 

Author: Aronson, A. 

Title: SRE Criticality with Seven Solid Rod Cluster of Uranium Carbide Fuel 

Date: 8/1/1959 

Report: NAA-SR-Memo-4240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies were made to determine the enrichment required to provide excess reactivity 
of 4.5% above hot and poisoned for various numbers of clusters of UC fuel in the SRE. The fuel element 
is in the form of seven-rod clusters 6-ft. long. A plot is given of effective multiplication constants (k(eff)) 
vs. enrichment for cores consisting of 31, 37, and 43 clusters. The effects of additional clusters on reactivity 
with constant enrichment are shown. Cell thermal flux and core radial and axial thermal flux plots are given 
for 31 clusters with 5.0 at.% enriched fuel and are also plotted for 43 clusters with 4.0 at.% enriched fuel. 
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11687…..…..…………………..…….……..……ID Number…………………..…..…………….11687 

Author: Tuttle, R. J. 

Title: Technique for Gross Flux Measurements in the OMR Critical Assembly 

Date: 8/17/1959 

Report: NAA-SR-Memo-4263 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technique was developed for measuring the gross neutron flux distributions in the 
OMR Critical Assembly using Mn-alloy wires. Manganese-alloy (Mn-20% cu - l9%Ni) wire segments, 
one-half inch long, are loaded into Al or Cd tubing, which is then placed in a stainless steel tube inserted in 
the desired location in the critical assembly. After irradiation, the wires are removed and the 2.6 hour half-
life induced beta activity is counted using scintillation counters. The count-time for each wire is 
automatically extended as the radioactivity of a monitor wire decays, thus correcting for the radioactive 
decay. This method yields directly the relative activation of each wire. 
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11688…..…..…………………..…….……..……ID Number…………………..…..…………….11688 

Author: Tuttle, R. J. 

Title: Preliminary Gross Neutron Flux Distribution Measurements in the OMR Critical Assembly 

Date: 8/17/1959 

Report: NAA-SR-Memo-4266 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary survey of gross flux distributions in the OMR critical assembly was 
made. Three flux measurements were made using the neutron-induced activity of Mn alloy wire. The flux 
distributions obtained are shown. 
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11689…..…..…………………..…….……..……ID Number…………………..…..…………….11689 

Author: Tuttle, R. J. 

Title: Preliminary Power Calibration of the OMR Critical Assembly 

Date: 8/18/1959 

Report: NAA-SR-Memo-4267 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The nuclear instrumentation of the OMR Critical Assembly was calibrated in terms 
of watts of thermal power. Calibration was necessary for comparison of radiation shielding calculations and 
to permit estimation of the flux for various experiments. Aluminum and cadmium covered gold foils were 
irradiated near the core to obtain the thermal flux. From this and several flux-averaging factors, power was 
calculated for instrument readings. 
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11690…..…..…………………..…….……..……ID Number…………………..…..…………….11690 

Author: Campise, A. V. 

Title: Prompt Neutron Lifetime of the AETR Critical Assembly 

Date: 9/1/1959 

Report: NAA-SR-Memo-4272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three different calculational methods were used and compared to determine the 
prompt neutron lifetime of a typical AETR critical assembly. Results were obtained for an AETR critical 
assembly having a test region containing 23% carbon mixed with U233 fuel and structure materials. Results 
of the three methods are reported. 
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11691…..…..…………………..…….……..……ID Number…………………..…..…………….11691 

Author: Blaine, R. A. 

Title: Critical Mass Calculations--Correction 

Date: 8/28/1959 

Report: NAA-SR-Memo-4299 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Cell flux distribution was recalculated for the organic moderated critical facility in 
order to correct critical mass predictions. The calculations were based on homogenizing the fuel cell and 
calculating average thermal properties. A critical loading of 32.6 elements (thermal utilization 0.815) was 
obtained for a core with 7 cells empty. 
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11692…..…..…………………..…….……..……ID Number…………………..…..…………….11692 

Author: Aronson, A. L. 

Title: Further Nuclear Calculations on the 255 Mwe Advanced SGR 

Date: 10/10/1959 

Report: NAA-SR-Memo-4461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations are carried out on the 255-Mwe advanced sodium graphite reactor 
(ASGR), calandria core type, and the following functions are plotted: (1) k(eff) and initial conversion ratio 
vs. enrichment from 2.0 to 4 0 at % U235 at 1250 deg C as moderator temperature: (2) radial and axial 
neutron flux distribution vs. distance from core; and (3) k(eff) and moderator coefficient of reactivity vs. 
moderator temperature. For (2) and (3), the enrichment was 2.5 flector savings, which were found to be 
large, especially for the radial reflector, are plotted vs. neutron temperature. The analysis done with a two- 
group, two-region criticality scheme. The reactor is described in detail and its characteristics, e.g., 
microscopic neutron cross sections for individual reactor materials, are given. 
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11693…..…..…………………..…….……..……ID Number…………………..…..…………….11693 

Author: Neustadt, N. 

Title: Heterogeneous, Liquid Fuel, Beryllium Moderated Reactor 

Date: 7/25/1951 

Report: NAA-SR-Memo-45 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality calculations were made for a heterogeneous reactor containing a beryllium 
moderator. The fuel is U235 dissolved or otherwise dispersed in bismuth or lead. The Bi-U or Pb-U alloy 
is enclosed in a Mo tube. The Mo tube is surrounded by a gap of volume equal to the volume of the fuel 
rod. This gap is to be filled with He to insulate the moderator from the fuel rods. The temperatures 
considered are 1947 and 20 deg C. The liquid metal is at 1947 deg C and the moderator is at 20 deg C. The 
ratio of m/sub Be//m/sub 25/ is used (neutrons cold, or E = 0.025 e.v.). The Mo tube wall thicknesses 
considered are 1/32 and 1/16 inch. 
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11694…..…..…………………..…….……..……ID Number…………………..…..…………….11694 

Author: Horning, W. A. 

Title: A Reactor with Temperature Commutation 

Date: 11/1/1959 

Report: NAA-SR-Memo-4625 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A device which illustrates temperature commutation, i.e., pulsed heating of each point 
on a rotating wheel in such a manner that the temperature at a selected point remains higher than would be 
feasible with steady heating of each portion, is described. The concept is applied to a rotating wheel coated 
with a uranium glaze bounded on one side by a stationary moderating material in the form of a circular arc 
which covers about 60 ction prod- of the wheel's rim. Parameters of uranium integrity during operation, 
spalling of support material, critical mass, fission gases, choice of coolant gas, and design of energy 
converter are considered. 
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11695…..…..…………………..…….……..……ID Number…………………..…..…………….11695 

Author: Hayward, B. R. / Bloomfield, M. 

Title: Bibliography of Reports on Fast Reactor Technology 

Date: 3/23/1960 

Report: NAA-SR-Memo-5054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A bibliography is given of reports in the major fields of fast reactor technology. These 
fields are: fuels and materials, reprocessing, general technology, safety, and physics. 131 references are 
cited. 
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11696…..…..…………………..…….……..……ID Number…………………..…..…………….11696 

Author: Skeen, C. H. 

Title: Power Calibration of Graphite Critical Assembly 

Date: 3/21/1960 

Report: NAA-SR-Memo-5065 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Activation; Critical Assemblies; Foils; Gold; Graphite 
Moderator; Measured Values; Neutrons; Power; Standards 
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11697…..…..…………………..…….……..……ID Number…………………..…..…………….11697 

Author: Tuttle, R. J. 

Title: Flux Measurements in the Piqua OMR Critical Assembly 

Date: 4/1/1960 

Report: NAA-SR-Memo-5145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Axial flux methods were made near the central fuel fuel element of the Piqua Power 
Reactor critical assembly, both with and without a partially inserted control rod in the element. The gross 
radial flux and intracell flux distribution were measured under the same conditions. 
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11698…..…..…………………..…….……..……ID Number…………………..…..…………….11698 

Author: Einfeld, K. 

Title: Reactivity Worth of Control Rods in the Piqua OMR Critical Assembly 

Date: 5/10/1960 

Report: NAA-SR-Memo-5270 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Configuration; Control Elements; Critical Assemblies; 
Equations; Organic Coolant; Organic Moderator; Piqua OMR; Power Plants; Reactivity; Reactors; 
Standards 
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11699…..…..…………………..…….……..……ID Number…………………..…..…………….11699 

Author: Podeweltz, C. M. 

Title: The SNAP 10 Critical Assemblies. 

Date: 1/1/1960 

Report: NAA-SR-Memo--5315 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Propulsion & Auxiliary Power Reactors-Physics & Core Engineering; Computer 
Calculations; Critical Size; Mockup; SNAP Reactors; Zero Power Reactors 
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11700…..…..…………………..…….……..……ID Number…………………..…..…………….11700 

Author: Burton, S. F. / Griffin, C. W. / Keaten, R. W. / Lewis, R. A. / Moser, R. A. / Woodruff, R. W. 
Eds. 

Title: Procedures for Low-Power Physics Experiments in the SRE 

Date: 8/1/1960 

Report: NAA-SR-Memo-5337 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A comprehensive analysis of a double-ended main steam line break (MSLB) accident 
assumed to occur in the Asco nuclear power plant was carried out using the RELAP/PARCS coupled code. 
The general results of the benchmark provide a certain qualification of tools and methodologies used. 
Applying such methodologies to other plant models can be useful to extend conclusions and to identify 
areas where further analysis needed. The calculations showed the capability of the control rod to recover 
the accident. However, one stuck control rod caused some recriticality or return to power (RTP), whose 
magnitude is heavily affected by the initial and boundary conditions. This paper identifies similarities and 
discrepancies between the benchmark calculation on the TMI-1 model and the Westinghouse three-loop 
calculation on the Asco model. The use of an integral plant model was helpful in showing the importance 
on the RTP of different plant systems that are modeled in detail. The high-pressure injection system and 
feedwater lines as well as the broken steam line model are the most significant. 
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11701…..…..…………………..…….……..……ID Number…………………..…..…………….11701 

Author: Moore, E. A. Jr. 

Title: Operating Manual for the AE-6 Reactor 

Date: 6/23/1960 

Report: NAA-SR-Memo-5395 

Conference/Journal:  
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Abstract/Keyterms: An attempt is made to provide a single reference source for material pertinent to the 
maintenance and operation of the AE-6 Reactor. Descriptions of various components are included, as well 
as the common operational and maintenance procedures and check lists. Information is given on the 
subcritical assemblies that may be studied. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effects of varying the Na2O/P2O/sub 5/ ratio in the molten oxide fuel on the 
reactor parameters of a fused oxide breeder reactor were determined at several concentrations of UO2 and 
U235 enrichments. The Na2O/P2O/sub 5/ molar ratio was varied from 0.75 to 1.42, and the corresponding 
variations in the parameters were found to be relatively small. However, on the basis of the critical mass 
and core radius, the higher ratios appear to be more favorable. A parameter comparison was also made for 
a ratio of 1.1 between UO2 and PuO2 the results indicate that PuO2 is the most desirable fuel. 
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Abstract/Keyterms: The AIM-6 code solves the diffusion theory approximation to the one- dimensional 
Boltzmann equation in multigroup form. Up to 18 groups are allowed with both elastic and inelastic 
scattering to as many as 5 lower groups. The code is an extension of AIM-5 and includes several additional 
options plus a built-in microscopic library with the option of changing cross sections as desired for each 
case. The major advantage of this code over the few group codes now in use is that hydrogen scattering 
receives a better treatment. 
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Abstract/Keyterms: Calculations were made of the critical mass and metal and isothermal temperature 
coefficients for the Organic Moderated Reactor Critical Facility loaded with 12-plate fuel elements in a 6-
in. lattice, with and without control rod thimbles and in a 51/2-in. lattice without thimbles. The results 
indicate that the 2-group theory is probably adequate for coefficient studies, but the 15- group theory is far 
better for criticality calculations. While the 2- and 15- group metal temperature coefficients differ by a 
factor of 2, the agreement for the isothermal coefficients is very good. 



 

C-11742 

11706…..…..…………………..…….……..……ID Number…………………..…..…………….11706 

Author: Beller, L. S. 

Title: Experimental Evaluation of a Test Control Rod Internal to a Fuel Element in the Standard 
Configuration of the OMR Critical Experiment 

Date: 9/20/1960 

Report: NAA-SR-Memo-5718 
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Abstract/Keyterms: The effectiveness of a test control rod internal to and concentric with a cylindrical 
fuel element was evaluated relative to the standard 12-plate fuel elements and standard control rods of the 
initial loading of the Piqua Critical Experiment. The test control rod was calibrated by period measurement 
techniques in the central lattice position at two different loadings. 
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Abstract/Keyterms: The isothermal temperature coefficient of a 8-in. triangular lattice of cylindrical fuel 
elements over the temperature range of the OMR Critical Facility was measured. The results are shown 
with theoretical calculations for comparison. Two calculations of the temperature coefficient of a piqua-
type core were made. Both are in disagreement with experimental values over most of the temperature range 
of the measurement. 
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Title: Analysis of Control Rod Worth Measurements Made in the Hallam Critical Experiment 

Date: 4/15/1961 

Report: NAA-SR-Memo-6261 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data from the measurement of control rod worth in the Hallam Critical Experiment 
were used to determine the worth of similar rods in the HNPF Core. Two methods of analysis were 
employed. Using the first method, it was found that the calculation of the thermal worth of a centrally 
located control rod in the critical assembly did not agree with the measured thermal worth. Since the 
calculated and measured total worth was in agreement, it was concluded that the epithermal absorption rate 
in the rods was being overestimated. A revised calculational model was devised to enhance the effect of 
thermal neutron absorption. This revised model gave reasonable agreement with the measured thermal and 
total worth and thus was used to determine the worth of the HNPF Control rods. 
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Abstract/Keyterms: Criticality considerations in the design of nuclear chemical plants are presented. 
Emphasis placed on the need for understanding the bases of theoretical calculations and experimental 
criticality data, as well as the process variables, as prerequisites to establishing nuclear safety criteria. 
Examples are presented of the effects of several variables on criticality. Plant design is also considered. 
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Date: 5/16/1961 

Report: NAA-SR-Memo-6414 

Conference/Journal:  
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Abstract/Keyterms: Criteria were established for the safe fabrication and storage of 9.87% U235 enriched 
UO2 fuel rods. Due to the limited amount of fuel to be handled in this project, safe criteria were based on 
fuel rods at optimum rod size and lattice spacing and water flooding. When the fuel is handled in pellet 
form, 530 g contained U235 is the maximum safe batch size independent of container size. The maximum 
safe volume, independent of mass, is 6.5 liters. When handled as 0.30-inch diameter finished fuel rods, it 
is safe to handle 26 rods (920 g contained U235). A two-dimensional infinite array of fuel elements (24-
rod bundles) is safe with a minimum edge-to-edge separation of 24 inches. This same spacing between safe 
batches of pellets is also safe. Fifty columns (2.75 inches by 2.75 inches cross section) of fuel elements are 
safe with a minimum edge-to-edge spacing of 12 inches. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criteria were established for the storage and transportation of a maximum of one kg 
contained U235 scrap in each 55-gal drum. These drums are stored four drums per pallet in a square lattice 
array. An array of such pallets, two pallets wide by two pallets high by six pallets long containing a total of 
96 drums, is safe independent of the degree of water flooding. Two kg contained U235 is allowable per 
drum in a 180-drum, single-plane array. These arrays may be repeated with an edge-to-edge separation of 
at least 6 ft. 
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Abstract/Keyterms: Hallam Fuel Storage Facility is safe for the storage of 3.6% U enriched U --10% Mo 
fuel and of 4.9% U235 enriched UC fuel. It is pointed out that better analytic methods must be developed 
for evaluating the safety of fuels of low U235 enrichment. 
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Abstract/Keyterms: Nuclear safety criteria were established for the fabrication, storage, and transportation 
of UO2 fuels having an enrichment of 2.0 and 3.0% U235. Twelve figures are included summarizing the 
results of this study. The following criteria were established for the 3.0% U235 enriched fuel and may be 
safely applied to the 2.5% U235 enriched UO2 fuel of interest. The maximum safe batch size of UO2, 
independent of container size or degree of water flooding is l.22 gm. contained U235. Safe batch sizes as a 
function of container volume are also presented. The maximum safe geometries are 27 liters for the sphere 
volume, 9.75 inches for the infinite cylinder diameter, and 4.18 inches for the infinite slab thickness. The 
maximum safe numbers of rods, independent of container size or degree of water flooding, are 145, 110, 
and 90 for 0.30-inch, 0.34inch, and 0.38 inch diameter rods, respectively. Safe criteria are also given for 
the spacing between batches of pellets or rods. Safe criteria were also established for the 2.0% U235 
enriched UO2. The maximum safe batch size, independent of container size or degree of water flooding is 
1.99 kgm contained U235. Safe batch sizes as a function of container volume are also presented. The 
maximum safe geometries are 52 liters for the sphere volume, l2.5 inches for the infinite cylinder diameter, 
and 5.95 inches for the infinite slab thickness. The maximum safe numbers of rods, independent of container 
size or degree of water flooding, are 290, 230, and 180 for 0.30-inch, 0.34inch, and 0.38-inch diameter 
rods, respectively. Safe criteria are also given for the spacing between batches of pellets or rods. 
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Abstract/Keyterms: The methods used in Hallam Nuclear Power Facility (HNPF) dry and wet critical 
calculations are described. The methods were used in studying the various safety aspects of pre-operational 
and operatlonal procedures on dry critical and dry excess loadings in order to obtain information on the 
nuclear performance of the HNPF core. The core reactivity calculations were performed within the ultimate 
framework of one-dimensional few-group diffusion theory in cylindrical geometry, digital computer codes 
being the principal tools for the reactor calculations. 
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Abstract/Keyterms: Irreversible shutdown of an all-uranium carbide-fueled critical assembly can be 
obtained by using a low heat solder joint to attach the bottom plate to the bottom of the critical assembly 
fuel element. Since the assembly may operate at temperatures as high as 400 deg F, a solder was chosen 
that would melt at temperatures around 450 deg F. This will allow fuel to drop out of the element and fall 
to the grid plate, a distance of approximately 30 inches. The solder selected as a result of a series of 
experiments, was a 95% tin and 5% antimony alloy. This was found to provide sufficient strength to 
withstand a weight of 100 pounds and a mild jolting with the sample at 450 deg F for extended periods of 
time. At a temperature of 458 deg F, the sample was observed to have parted after 30 minutes of soaking. 
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Abstract/Keyterms: A shipping cask system was designed for shipping one fuel assembly from either the 
EOCR, OMRE, or Piqua Reactor plants. The shipment will be dry without liquid coolant between the cask 
and the fuel element shipping container after 30 days decay. Shielding is designed to limit radiation from 
the cask to 10 mr/hr at one meter from the cask surface and 200 mr/hr on contact with any point on the cask 
exterior surface. System description, general calculations, fire test analysis, shielding analysis, criticality 
analysis, thermal analysis, stress analysis, loading and unloading procedures, and test program are included. 
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Abstract/Keyterms: Nuclear safety aspects of shipping the fuel for eight 3.7% U235 enriched UC elements 
with two 4.9% U235 enriched UC elements were evaluated. Results of the evaluation indicate that it is safe 
to ship these 10 elements, required for the HNPF Core I, loaded in a single shipment. Packaging 
specifications are included. ( 
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Abstract/Keyterms: Maximum safe batch sizes were determined for all process steps involved in the 
melting and casting operations, as well as in the subsequent fuel handling procedures, of 15 wt.% U--85 
wt.% Zr fuel rods. Criteria for hydrided as well as unhydrided rods are presented. A method is presented 
for the determination of an equivalent fuel rod diameter so that criticality data, developed for long rods can 
be used in establishing nuclear safety criteria for fuel rods of any length. Packaging criteria are presented 
for the safe storage and transport of the fuel materials in 30 x 30 x 30 in. birdcages as well as in 55-gal. 
drums. The criteria developed can be used to determine the maximum safe number of storage units in an 
array when each unit contains no more than 45% of the critical quantity of fuel in spherical geometry under 
optimum conditions of water moderation and reflection. This independent of fuel composition. Thirty-three 
figures are given that have been used in the development of this criteria. 
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Abstract/Keyterms: Maximum safe batch sizes were determined for all process steps involved in the 
melting and casting operations, as well as in the subsequent fuel handling procedures, of 15 wt.% U--85 
wt.% Zr fuel rods. Criteria for hydrided as well as unhydrided rods are presented. A method is presented 
for the determination of an equivalent fuel rod diameter so that criticality data developed for long rods can 
be used in establishing nuclear safety criteria for fuel rods of any length. Packaging criteria are presented 
for the safe storage and transport of the fuel materials in 30 x 30 x 30 in. birdcages as well as in 55-gallon 
drums. The criteria developed can be used to determine the maximum safe number of storage units in an 
array when each unit contains no more than 45% of the critical quantity of fuel in spherical geometry under 
optimum conditions of water moderation and reflection. This independent of fuel composition. Thirty-three 
figures are given that were used in the development of this criteria. 
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Abstract/Keyterms: Material buckling values for a series of graphite moderated uranium carbide-fueled 
lattice s were obtained by exponential experiment using the AE-6 thermal column as the neutron source. 
Three lattice pitches with center to-center fuel spacings of 9.02, 11.015, and 12.056 in. were examined. The 
unit cell of the lattices was hexagonally shaped with a central control channel surrounded by 120 deg 
segments of six fuel elements located at the corners of the hexagon. The fuel consisted of 0.5-in.-diam. pins 
of 3 wt.% enriched uranium carbide arranged in an 18-pin cluster to mockup the element proposed for a 
500 Mwe power reactor design. The fuel process tubes also contained solid sodium to mockup core coolant. 
The central control channel can be changed to simulate either the wet or dry control concepts. The 
measurements were compared with theoretical values obtained from four-group theory with fast-flux 
weighting and thermal pin disadvantage factors. There is considerable disagreement between the two sets 
of results. Critical experiments performed for the 11-in. spacing only tend to bear out the validity of the 
exponential measurements. 
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Abstract/Keyterms: Two-group, two-region criticality calculations were made for 10 and 11 ft diameter 
tanks. The 10 ft tank required a core radius of 102 cm and the 11 ft tank a core radius of 95 cm for criticality. 
In the calculations, the fluxes were assumed to go to zero at the edge oi the graphite reflector. The fast 
group of the two-group calculation was broken down into 3 fast groups. The leakage out of the core and 
reflector for the 4 energy groups is given. 
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Abstract/Keyterms: The reactivity of the Piqua Nuclear Power Facility (PNPF) was calculated at various 
loadings using a one region (with reflector savings), four-group diffusion equation. These calculations were 
checked with a two-region, four- group FOG calculation. The thermal group constants were obtained with 
the TEMPEST II-S/sub 4/ procedure, the fast group constants with FORM. The U238 resonance integral 
was adjusted to make the calculations for the critical assembly fit the measurements and the adjusted 
parameter was used for the PNPF calculations. The minimum critical loading at 360 deg F was calculated 
to be 20.4 elements, with and excess reactivity of 0.22% (31 cents) for the minimum critical loading of 21 
elements. The excess reactivity wss calculated for core loadings of 19, 37, 61, and 85 elements, which result 
as the outer rings of element positions are filled consecutively. The isothermal temperature coefficient of 
reactivity was estimated for several core loadings by using the calculated reactivities at 325 deg F and 585 
deg F. The values of the coefficient for 21- and 61-element loadings are --4.6 and --4.9 x 10/sup -5/ delta 
k/ deg F, respectively. The largest coefficient is --5.0 x 10/sup -6/ delta k/ deg F at a loading of 38 elements. 
The kinetics parameters 1 and Beta(eff) were calculated using the PERT program. The lifetime is 5.23 x 
10/sup -5/ seconds at 325 deg F and 5.67 x 10/sup -6/ at 585 deg F. Beta effective ranged from 0.00689 for 
and 85-element loading at 325 deg F to 0.00728 for a 19-element loading at 585 deg F. A value of 0.0070 
was chosen for kinetics calculations. 
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Abstract/Keyterms: Safety criteria are presented for the handling of U/sup 233/ in finely divided fuel, 
unmoderated U/sup 233/ fuel systems, and water. These criteria are compared with those for U235 fuels. It 
is estimated that the maximum safe batch size of contained U235 is 1/3 to 1/2 that for the corresponding 
U235 fuels, depending on the fuel form, size, and degree of water moderation and reflection. For finely 
divided systems of fuel and water, the maximum safe batch size for U235 250 g compared to 350 g for 
U235 fuels. It is stressed that all fuel-handling operations, in which unclad fuel is involved, should be 
conducted in hoods. 
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Abstract/Keyterms: A convenient method by which the critical size, mass, and fuel distribution function 
can be calculated for the case of flat thermal flux across the core is outlined using simple diffusion theory. 
It is shown that the criticality condition for flat thermal flux using two neutron energy groups over two 
regions is given by a transcendental equation, which is fully as convenient to solve as is ordinary two group 
theory. A few calculations using the theory were made with different reflector thicknesses. The results are 
given and compared to the results obtained from ordinary two group theory. The critical radius as a function 
of reflector thickness for the flat flux case exhibits an unusual characteristic in that the core radius decreases 
with decreasing reflector thickness to a minimum value at some intermediate reflector thickness and then 
increases. A discussion of the possible advantages which flat flux cores would have, some of the limitations 
and a few examples as to how the fuel distribution could be obtained in various core designs is given. 
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Abstract/Keyterms: The magnitude of the reactor transfer function was measured over the frequency 
region from 10 to 80,000 cps using noise analysis techniques. Graphs of the transfer function revealed the 
presence of three break frequencies, indicating the effects of reflected neutron kinetic behavior. A 
simplified theoretical derivation of the spectral density function of high frequency reactor noise is presented 
for a source-free, two-region (core and reflector) critical reactor with the detector in the reflector. A curve 
fitting code was used to compare the data to the equation representing the transfer function of the theoretical 
two-region reactor kinetics model. The values of the three break frequencies obtained from the computed 
best fit to the experimental data were 1148, 10330, and 85, 177 radians/sec, corresponding to reactor system 
time constants of 871, 96.8, and 11.7 mu sec, respectively. Simultaneous solution of the equations 
associated with the three break frequencies, gave values for the neutron fractions and the lifetimes. 
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Abstract/Keyterms: A review was made of the nuclear safety of the Hallam maintenance cell for handling 
the 5.0% U235-enriched UC clusters as well as the 3.6% U235-enriched U--10 Mo fuel element clusters. 
It is not possible to make a single row of either fuel element clusters critical independent of the degree of 
water flooding or the length of the row. 
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Date: 1/1/1964 

Report: NAA-SR-Memo-9382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Material bucklings for UC fuel elements, enriched to 3.02% are inferred from critical 
experiments in which 24 UC fuel elements were surrounded by uranium metal fuel elements. The UC fuel 
elements were placed on triangular pitches of 9, 11, and 12 in. and the number of uranium. 
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Date: 6/25/1964 

Report: NAA-SR-Memo-9976 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Anisotropy; ASGR; 
Buckling; Ceramics; Configuration; Control Elements; Criticality; Defects; Diagrams; Diffusion; 
Enrichment; Exponential Piles; Fuel Elements; Graphite Moderator; Group Theory; Lattices; Liquid Metal 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Ceramics; Configuration; Control Elements; 
Critical Assemblies; Criticality; Diagrams; Equations; Fuel Elements; Fuels; Graphite Moderator; Liquid 
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Title: Detailed Procedure for Lattice Calculation 

Date: 2/19/1951 

Report: NAA-SR-MTA-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed program of calculations for MTA lattice characteristics is presented. The 
calculation program includes four values of uranium enrichment ratio (normal concentration and three 
depletion factors) and three possible moderator choices (graphite, H2O, D2/O). The constants involved are 
considered to be the best numbers available. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Diffusion; Equations; Matrices; Neutrons; Reactors 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Differential Equations; Distribution; Group Theory; 
Neutron Flux; Neutrons; Numericals; Reactor Core; Reactors; Reflectors 
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Title: NACA Zero Power Reactor Facility Hazards Summary 

Date: 6/24/1957 

Report: NACA-RMSE57F28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The NACA Zero Power Reactor is to be a homogeneous reactor using uranyl fluoride 
(UO2F2)-water solutions. The facility is designed for steady-state reactor operation of 10 watts, producing 
thermal neutron fluxes up to 10/sup 8/ neutrons/cm/sup 2/sec. One control rod will be installed, a safety 
rod, and will not be used for regulation. The facility is described including details of the system, the control 
system, and the reactor physics associated with certain families of loadings. The site is discussed complete 
with meteorology data and a geology map of the section. The kinds of experiments considered for the 
reactor, the hazards, including those associated with the maximum credible accident, and the administrative 
procedures are included. 
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Title: Two-Dimensional Diffusion Theory Analysis of Reactivity Effects of a Fuel Plate-Removal 
Experiment 

Date: 1/1/1958 

Report: NACA-TN-4164 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Effects of fuel plates successively withdrawn from the center fuel element of a seven 
by three-core loading at the Oak Ridge Bulk Shielding Facility were evaluated by two-dimensional two-
group diffusion calculations performed on the NACA reactor simulator. The two calculation methods used 
were: the slowing- down properties of the experimental fuel element were represented by infinite media 
parameters; the finite size of the experimental fuel element was recognized; and the slowingdown properties 
of the surrounding core were attributed to this small region. Reasonable agreement existed between 
experimental and calculated effects. 
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Uranium Deposits; Uranium Deposits- Ore Composition; Criticality; Depleted Uranium; Fission Products; 
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Conference/Journal: Nagra Bulletin (English Edition) (Nationale Genossenschaft fuer die Lagerung 
Radioaktiver Abfaelle) (Switzerland) 

Conference Session:  

Abstract/Keyterms: Spent Fuel Elements / Germany / NPP-Internal Storage Facilities / Reprocessing / 
Fuel Element Interim Storage Facility at Ahaus / Hamm-Uentrop High-Temperature Thorium Reactor 
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Conference/Journal: NAIG Annual Review (Japan) of the Australian and New Zealand Society of 
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Abstract/Keyterms: n.a. 
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Conference/Journal: NAIG Annual Review (Japan) of the Australian and New Zealand Society of 
Nuclear Medicine (New Zealand) 

Conference Session:  

Abstract/Keyterms: Nuclear Reactor Technology- Research, Test & Experimental Reactors; JOYO 
Reactor- Subcriticality; Subcriticality- Reactivity Meters; Criticality; Discrete Ordinate Method; Neutron 
Detectors; Performance; Perturbation Theory 
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Report: NAIG Annual Review, 1980, 7-10 

Conference/Journal: NAIG Annual Review (Japan) of the Australian and New Zealand Society of 
Nuclear Medicine (New Zealand) 
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Abstract/Keyterms:  
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Conference/Journal: NAIG Annu. Rev 
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Abstract/Keyterms:  
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Report: NARF-55-12T; MR-N-77 

Conference/Journal:  
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Abstract/Keyterms: Physics; Mathematics; Plates; Spheres 
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Conference Session:  

Abstract/Keyterms: Physics; Beryllium Oxides; Buckling; Configuration; Criticality; Efficiency; 
Excursions; Fast Neutrons; GTR; Irradiation; Leaks; Mass; Measured Values; Moderators; Neutron Flux; 
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Title: Calibration of the ASTR 

Date: 11/1/1957 

Report: NARF-57-48-T; FZK-9-090 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Aircraft Shield Test Reactor (ASTR) is a one Mw, Convair-built reactor designed 
primarily to provide a radiation source for airborne shielding studies related to the Aircraft Nuclear 
Propulsion project. Early experiments performed with the ASTR to determine its characteristics are 
reported. The purposes of the experiments were in general; to assemble all reactor components into an 
operating system, to determine the controllability of the reactor, to establish the important nuclear 
characteristics of the reactor, to establish an absolute low power calibration of the reactor, and to determine 
the linearity of reactor instrumentation. Results of the above experiments have proven the adequacy of the 
reactor system from the standpoint of safety, operability, and reliability. 
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Title: Flux Calculations by the Spherical Harmonics Method 

Date: 2/20/1959 

Report: NARF-59-4T; MR-N-219 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The spherical harmonics method of obtaining approximate solutions of the 
Boltzmann transport equation for neutrons is used to obtain the total flux and angular distribution of 
neutrons from an isotropic monoenergetic infinite plane source. Plane symmetry is assured by assuming all 
interfaces to be parallel to the source plane. Problems involving from two to four regions are considered 
and the general solutions and boundary conditions derived are applied to these problems. Results include 
the flux and angular distribution of neutrons in an infinite hydrogenous medium, and the effect of a slab of 
heavy material, placed in this medium at various distances from the source, on the flux and angular 
distributions. Calculation of the flux, and angular distribution of neutrons from the first four successive odd 
approximations, P/sub 1/, P/sub 3/, P/sub 5/, and P/sub 7/, indicates that for the geometrical arrangements 
considered a P/sub 3/ approximation is sufficient for prediction of the neutron flux. However, the neutron 
angular distribution shows a highly fluctuant behavior as the degree of the approximation changes, 
indicating the need for approximations of higher order. Application of the method in an investigation of 
effective removal cross section calculations is discussed. 
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Title: Test Analysis of the 3-Mw Ground Test Reactor 

Date: 5/31/1961 

Report: NARF-61-15T; MR-N-254 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The instrumentation and reactor frame of the Ground Test Reactor at Convair-Fort 
Worth were modified in order to increase the power level from 500 kw to 3 Mw. A criticality experiment 
was performed, and the control rods and power- level instrumentation were calibrated. Performance studies 
were made of the heat- transfer system, control-rod magnets, bypass panel, and the power level controller. 
Activation and poison buildup were analyzed. 
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Abstract/Keyterms: Reactor Technology; Aluminum; Computers; Criticality; Differential Equations; 
Diffusion; Fluorides; Fuel Solutions; Group Theory; Homogeneous Reactors; Hydrogen; Iron; Levels; 
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Title: Cavity Reactor Critical Experiment 

Date: 9/1/1967 

Report: NASA-CR-72234 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments were conducted at the Idaho test station on a large cavity 
reactor consisting of a cavity 183 cm in diameter of 122 cm long surrounded by 91 cm of heavy water. The 
cavity was fueled with uranium-235. Measurements were made on various configurations, including such 
variations as fuel diameter and shape, beryllium baffles in the reflector and insertion of various structural 
and operating materials characteristic of a nuclear rocket reactor. 
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Title: Cavity Reactor Engineering Mockup Critical Experiment 

Date: 5/22/1968 

Report: NASA-CR-72409 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For the past two years, the General Electric Company has been performing a number 
of cavity reactor critical experiments for the Lewis Research Center of the National Aeronautics and Space 
Administration and these experiments are currently in operation at the National Reactor Testing Station in 
Idaho. Previous reactor experiments have been reported including various configurations fueled with solid 
uranium sheets 0.0025 cm (0.001 inch) thick as well as actual gaseous uranium hexafluoride to fuel the 
reactors. During the past six months, three major configurations have been tested. These are as follows: 1. 
A stainless steel lined cavity with 2.0E21 atoms/cc hydrogen in the void region between the active core and 
cavity wall. Polyethylene 2 hydrogens per carbon was used to mockup the hydrogen propellant that would 
be present in an operating reactor. 2. A stainless steel lined cavity with variable hydrogen density in the 
outer portion of the fueled region and in the void between the active core and cavity wall. Polyethylene and 
polystyrene 1 hydrogen per carbon were used to mockup hydrogen. This configuration simulated the 
hydrogen density variation that would be expected in a high temperature cavity. 3. A stainless steel lined 
cavity with an annulus of MTR type fuel plates in the radial reflector. The use of fuel in the reflector is an 
attempt to reduce the critical mass within the cavity, and therefore, reduce the pressure requirements. These 
experiments have produced critical mass and related data to further evaluate the cavity reactor concept. 
These configurations have provided models for correlation of computer calculations and experimental 
results, and provided insight into the difficulties of performing adequate calculations on these systems. 
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Abstract/Keyterms: This report is the second volume pertaining to cavity reactor critical experiments 
performed at the national reactor testing station. This volume describes experiments with a full gaseous 
core of uranium hexafluoride and the mockup experiments using sheet fuel. All the prior and current cavity 
reactor experiments were conducted using sheet fuel. The gaseous core experiments described in this report 
were designed to evaluate the adequacy of the sheet fuel mockups. 
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Conference/Journal:  
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Abstract/Keyterms: A method is presented for determining the critical size of a cylindrical reactor by a 
one-dimensional group-diffusion method extended to a two-dimensional solution by prescribing values of 
axial leakage based on assumed flux levels. The neutron energy spectrum is divided into nine groups, and 
the reactor into four concentric cylinders. A computing machine program for an IBM 650 computer with 
attachments and a method for using the program with nine, or less, groups and four, or less, regions are 
given. 
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Title: Criticality Study of NASA Solution Reactors with 25.4 Centimeter-Diameter Cylindrical Stainless-
Steel Tanks 

Date: 9/1/1971 

Report: NASA-TM-X-2381 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The NASA Zero Power Reactors I and II (ZPR-1 and ZPR-2) have been modified 
and presently have 25.4-centimeter-diameter cylindrical core tanks. They are fuel solution reactors using 
highly enriched (93.2% uranium-235 aqueous uranyl fluoride that can be varied in concentration. ZPR-1 is 
designed primarily for radial reflector criticality studies and leakage spectrum measurements for the 
purpose of checking calculational models of various reflector materials. For this purpose, ZPR-1 is 
constructed with a minimum of surrounding structural or scattering material. ZPR-2 is a reactor that is used 
primarily as a radiation source for the study of neutron and gamma attenuation in surrounding layered 
shielding media or streaming through penetrations in proposed shielding configurations. This report briefly 
describes the two reactor systems and presents bare-core data obtained from tests using both reactors. These 
data include critical mass, fundamental prompt-mode decay constant, temperature coefficient, and 
incremental reactivity worth at delayed critical for a range of fuel concentrations having hydrogen to 
uranium-235 atom ratios from 73.7 to 280.5. Multigroup transport calculations were made for the same 
range of fuel concentration and the results are compared with experiment. 
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Abstract/Keyterms: An experimental reflector reactivity study was made with a compact cylindrical 
reactor using an uranyl fluoride-water fuel solution. The reactor was axially unreflected and radially 
reflected with segments of molybdenum. The reflector segments were displaced incrementally in both the 
axial and radial dimensions and the shutdown of each configuration was measured by using the pulsed-
neutron source technique. The reactivity effects for axial and radial displacement of reflector segments are 
tabulated separately and compared. The experiments provide data for control-system studies of compact-
space-power-reactor concepts. 
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Abstract/Keyterms: The lethargy-dependent equations of the consistent P1 approximation to the 
Boltzmann transport equation for slowing down neutrons were used as the basis of an IBM 704 computer 
program. Some of the effects included are linearly anisotropic center of mass elastic scattering, heavy 
element inelastic scattering based on the evaporation model of the nucleus, and optional variation of the 
buckling with lethargy. The microscopic cross-section data developed for this program covered 473 
1ethargy points from lethargy u =0 (10 Mev) to u = 19.8 (0.025 ev), the value of the fission neutron age in 
water was calculated to be 26.5 square centimeters; this value was compared with the recent experimental 
value given as 27.86 square centimeters. The Fourier transform of the slowing down kernel for water to 
indium resonance energy calculated compared well with the Fourier transform of the kernel for water as 
measured by Hill, Roberts, and Fitch. This method of calculation was applied to uranyl fluoride water 
solution critical assemblies. Theoretical results established for both unreflected and fully reflected critical 
assemblies were compared with available experimental data. The theoretical buckling curve derived as a 
function of the hydrogen to U235 atom concentration for an energy independent extrapolation distance was 
successful in predicting the critical heights of various unreflected cylindrical assemblies. The critical 
dimensions of fully water-reflected cylindrical assemblies were reasonably well predicted using the 
theoretical buckling curve and reflector savings for equivalent spherical assemblies. 
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Title: Low-Power Tests of the Plum Brook Reactor 
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Abstract/Keyterms: A description is given of the low-power nuclear tests of the NASA Plum Brook 
Reactor. The core is described, and the measured performance is given. The tests included initial criticality, 
measurement of cold clean excess and shutdown reactivity, control-rod worth calibrations, temperature 
coefficients, and neutron and gamma flux mapping of the core and the reflector. Figures are included to 
show the most significant results. 
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Title: Two-Dimensional Criticality Calculations of Gaseous-Core Cylindrical-Cavity Reactors 
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Abstract/Keyterms: The critical mass of a cylindrical, gaseous-core cavity reactor system was computed 
with a four-group, two-dimensional diffusion code. U235 and Pu/ sup 239/ were considered as fuels. 
Moderator materials investigated were deuterium oxide (at 70 deg F) and graphite (at 70 and 5300 deg F). 
The study was conducted in two parts; the first part considered the effect on critical mass of variable fuel-
region radius in a fixed-size cavity, and the second part pertained to specific effects for one particular 
configuration. The fuel region could be reduced to a radius of 0.20 to 0.33 of the cavity radius with little or 
no increase in critical mass. For fuel to-cavity-radius ratios from 0.20 to 1.0 and a graphite moderator at 
5300 deg F, Pu239 required about one-third of the critical mass of a U235-fueled system. A hole (simulating 
an exhaust nozzle) through one end of the reflector moderator region resulted in an increase in critical mass 
of 5%. The hydrogen gas, which in nuclear-rocket application would exist between the fuel and moderator 
regions, was found to have a negligible effect on critical mass. The critical mass was relatively independent 
of fuel-region temperature and could be computed by evaluating all thermal values at the moderator 
temperature. 
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Conference Session:  

Abstract/Keyterms: The NASA Zero Power Reactor II (ZPR-2) has been used to determine 
experimentally several critical cylindrical configurations of aqueous fuel solutions that contain 
heterogeneous arrays of voids. These voids are cylindrical, are symmetrically arranged parallel to the axis 
of the reactor, and extend the height of the core. The study covered a wide range of highly enriched aqueous 
uranyl fluoride fuel concentrations. The specific reactor void configurations consisted of symmetrical arrays 
of 1, 7, 19, 31 and 37 tubes approximately 7.6 cm in diameter arranged in hexagonal geometry with pitches 
of 9.652 or 10.922 cm. In addition to the critical mass and geometry, data are presented on the thermal 
neutron flux distributions in the central radial plane, and on the variation of void reactivity importance with 
radial position. These data explain qualitatively some of the reactivity effects associated with the different 
void spacings. 
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Abstract/Keyterms: Nuclear characteristics are analyzed for a spherical cavity reactor with a gaseous 
U235 core surrounded by a region of hydrogen gas and enclosed by an external D2O moderator reflector. 
Critical masses for moderator thicknesses of 50, 100, and 200 centimeters are obtained from a one-
dimensional, six-group diffusion analysis. Curves are presented to show the effects on critical mass of: 
shrinking the fuel region within the cavity, adding a zirconium structural wall between moderator and fuel 
regions, and moderator heating from 70 deg to 180 deg F. Thermal flux distributions are shown. Fully 
reflected cylindrical models are analyzed with a two-dimensional code. 
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Abstract/Keyterms: Pulsed-source experiments have been performed for an unreflected, cylindrical 
solution reactor for heights varying from delayed critical to highly subcritical systems. The fuel solution 
consists of enriched (93.2% uranium-235) as uranyl fluoride dissolved in water. For these experiments a 
hydrogen to uranium-235 atom ratio of 975 is used, thus giving highly thermal reactor spectra. Multigroup-
transport-theory-calculated values of the fundamental prompt-mode decay constant are compared with 
experimental values. Also, calculated values for the subcritical reactivity are compared with values obtained 
from the experiments by using the inhour method, the method of Simmons and King, and the three well-
known area-ratio methods-those of Garelis and Russell, Sjostrand, and Gozani. 
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Abstract/Keyterms: An experimental and analytical study of the pulsed-source technique for measuring 
shutdown reactivities was made using the Zero Power Reactor II (ZPR-2) over a wide range of fuel solution 
concentrations for configurations varying from delayed critical to highly subcritical. The fuel is an aqueous 
solution of enriched uranyl fluoride. Calculated fundamental prompt-model decay constants obtained using 
one-dimensional multigroup transport theory are compared to experimental values. Also, calculated values 
for the subcritical reactivity are compared with values derived from experiments using an inhour technique, 
the technique of Simmons and King, and the three well-known area-ratio techniques of Garelis and Russell, 
Gozani, and Sjostrand. 
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Abstract/Keyterms: A computerized, knowledge-screened, comprehensive database of the nuclear 
criticality safety documentation has been assembled as part of the Nuclear Criticality Technology and 
Safety (NCTS) Project. The database is focused on nuclear criticality parameter studies. The database has 
been computerized using dBASE III Plus and can be used on a personal computer or a workstation. More 
than 1300 documents have been reviewed by nuclear criticality specialists over the last 5 years to produce 
over 800 database entries. Nuclear criticality specialists will be able to access the database and retrieve 
information about topical parameter studies, authors, and chronology. The database places the accumulated 
knowledge in the nuclear criticality area over the last 50 years at the fingertips of a criticality analyst. 
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Conference Session:  

Abstract/Keyterms: The criticality safety community has historically directed a significant amount of 
effort toward attempting to quantify the integral behavior of fissioning systems via critical and subcritical 
experimental measurements. Some typical integral characteristics include critical masses, geometries, or 
concentrations for particular fissile isotopes in different chemical forms. While information such as this can 
be invaluable for determining criticality safety operating limits and for benchmarking computational 
methods, it is only a part of what is necessary for analyzing criticality accident alarm detectors. These 
analyses also require determination of the differential behavior of the leakage radiation (neutron and/or 
photon) emanating from the source, and an integral estimate of the corresponding detector dose response. 
This paper addresses part of the work done at the Savannah River Technology Center to validate version 
4.2 of the Monte Carlo transport code MCNP for application to criticality detector response analysis. 
Additionally, the paper discusses some observations about existing experimental data which can be used 
for code validation, as well as the need for further experiments. 
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Abstract/Keyterms: A near spherical unreflected and unmoderated uranium (93.7) metal configuration 
had been assembled to delayed criticality at Los Alamos National Laboratory in the 1950`s. Experiments 
with highly enriched uranium metal spherical shells had also been assembled. Both these experiments have 
been used to estimate the unreflected and unmoderated highly enriched uranium spherical critical mass. 
The experiments described in this paper, although originally justified for leakage spectra measurements and 
to investigate the use of a multiplying booster with a linear accelerator, also can provide estimates of the 
unreflected and unmoderated, highly enriched uranium spherical metal critical mass. 



 

C-11817 

11781…..…..…………………..…….……..……ID Number…………………..…..…………….11781 

Author: Barbry, Francis Y. 

Title: A Review of the SILENE Criticality Excursions Experiments 

Date: 9/23/1993 

Report: Nashville, 034-040 

Conference/Journal: Topical Meeting on Physics and Methods in Criticality Safety, Sept. 19-23, 1993, 
Nashville, TN 

Conference Session:  

Abstract/Keyterms:  



 

C-11818 

11782…..…..…………………..…….……..……ID Number…………………..…..…………….11782 

Author: Hendricks, J. S. / McKinney, G. W. / Forster, R. A. 

Title: New Developments Enhancing MCNP for Criticality Safety 

Date: 9/23/1993 

Report: Nashville, 043-046 

Conference/Journal: Topical Meeting on Physics and Methods in Criticality Safety, Sept. 19-23, 1993, 
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Conference Session:  

Abstract/Keyterms: Since the early 80’s MCNP has had three estimates of k(eff) : collision, absorption, 
and track length. MCNP has also had collision and absorption estimators of removal lifetime. These are 
calculated for every cycle and are averaged over the cycles as simple averages and covariance weighted 
averages. Correlation coefficients between estimators are also calculated. These criticality estimators are 
all in addition to the extensive summary information and tally edits used in shielding and other problems. 
A number of significant new developments have been made to enhance the MCNP Monte Carlo radiation 
transport code for criticality safety applications. These are available in the newly released MCNP4A version 
of the code. 
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Abstract/Keyterms: For several years criticality benchmark calculations with COG. COG is a point-wise 
Monte Carlo code developed at Lawrence Livermore National Laboratory (LLNL). It solves the Boltzmann 
equation for the transport of neutrons and photons. The principle consideration in developing COG was 
that the resulting calculation would be as accurate as the point-wise cross-sectional data, since no physics 
computational approximations were used. The objective of this paper is to report on COG results for 
criticality benchmark experiments in concert with MCNP comparisons which are resulting in corrections 
an upgrades to the point-wise ENDL cross-section data libraries. Benchmarking discrepancies reported here 
indicated difficulties in the Evaluated Nuclear Data Livermore (ENDL) cross-sections for U-238 at thermal 
neutron energy levels. This led to a re-evaluation and selection of the appropriate cross-section values from 
several cross-section sets available (ENDL, ENDF/B-V). Further cross-section upgrades anticipated. 
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Abstract/Keyterms: This report discusses KENO-VI which is a new version of the KENO Monte Carlo 
Criticality Safety developed at Oak Ridge National Laboratory. The purpose of KENO-VI is to provide a 
criticality safety code similar to KENO-V.a that possesses a more general and flexible geometry package. 
KENO-VI constructs and processes geometry data as sets of quadratic equations. A lengthy set of simple, 
easy-to-use geometric functions, similar to those provided in KENO-V.a., and the ability to build more 
complex geometric shapes represented by sets of quadratic equations are the heart of the geometry package 
in KENO-VI. The code’s flexibility is increased by allowing intersecting geometry regions, hexagonal as 
well as cuboidal arrays, and the ability to specify an array boundary that intersects the array. 
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Abstract/Keyterms: The application of deterministic, discrete ordinates codes to criticality safety 
problems can be a very useful complement to analyses performed using Monte Carlo methods. This 
especially so if there is a need for dose or flux maps of the system or if configuration perturbations are to 
be studied. In these latter two situations, it is difficult to obtain reliable Monte Carlo results due to statistical 
effects. Deterministic calculations are also useful as an independent check and verification of Monte Carlo 
results. The TWODANT system of discrete ordinates codes has recently been enhanced for criticality safety 
analysis. In addition to ONEDANT, TWODANT, and TWOHEX, the TWODANT system now includes 
TWODANT/GQ and THREEDANT. These two new code modules expand the applicability of the 
TWODANT system. These new capabilities will be demonstrated on a representative sample of nuclear 
criticality safety problems. First, TWODANT/GQ and THREEDANT will be described. Salient features of 
each code module will be discussed. Calculational results obtained by each will be presented and compared 
with each other and with Monte Carlo results. Finally, some guidelines for the effective use of the 
TWODANT system on criticality applications will be given. 
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Abstract/Keyterms: A model is developed that performs screening calculations to assess the reactivity 
added by sprinkler water in an air-spaced, storage array of fissile material that is surrounded by a water 
reflector. The purpose of the model is the expand the type of guidance given in ANSI/ANS-8.7, Guide for 
Nuclear Criticality Safety in the Storage of Fissile Materials. The dimensions and densities of the storage 
vault with sprinkler water are changed with the constant optical thickness transformation to an equivalent 
system with water at a density of 1 g/cc surrounded by a superdense reflector. The validity of the model is 
demonstrated by comparison with Monte Carlo calculations made with KENO V.a on storage arrays of 93.2 
wt% 235U metal. 
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Abstract/Keyterms: A number of anomalies have been observed for fissile material arrays. This paper will 
review anomalous behavior associated with interstitial array moderation and correct one previously-
misidentified anomaly. Most arrays show a maximum k(eff) with low-density water moderation. An earlier 
study, however, did not show this maximum for unreflected 5[times]5[times]5 and 10[times]10[times]10 
arrays of 15-kg 235U spheres. Our present calculations with MCNP and KENO V.a, however, show low-
density maximums for both unreflected and reflected arrays of these units. We conclude that the earlier 
calculations for unreflected arrays were in error -- perhaps due to problem setup or code errors. The 
reactivity enhancement due to fissile material density reductions, however, still exits and is now seen to 
occur for both unreflected and water-reflected arrays. 
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Abstract/Keyterms: The dissolver paradox is treated as coupled fast-thermal reactors. Each reactor is sub-
critical but the coupling is sufficient to form a critical system. The practical importance of the system occurs 
when the fast system by itself is mass limited and the thermal system by itself is volume limited. Numerous 
1D calculations have been made to calculate the neutron multiplication parameters of the separate fast and 
thermal systems that occur in the dissolver paradox. A model has been developed to describe the coupling 
between the systems. Monte Carlo calculations using the MCNP code have tested the model. 
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Abstract/Keyterms: Well-established computer codes are rendered useless if the user does not understand 
the underlying principles governing the code. A sampling of Monte Carlo Neutron Photon (MCNP) and 
KENO V.a computer code users has revealed a common misuse of the cross-section tables because of lack 
of foreknowledge. Cross-section tables are available to MCNP that account for molecular binding of less 
massive nuclei. However, the default tables are based upon collision physics of a free atom. The cross 
sections available to KENO V.a are based upon infinitely dilute systems. This can result in undesirable 
effects in criticality calculations of heterogeneous systems. This paper will describe the underlying physics 
and effects on criticality calculations of the various cross-section tables. 
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Abstract/Keyterms: The integral Fast Reactor (IFR) being developed by Argonne National Laboratory 
(ANL) combines the advantages of metal-fueled, liquid-metal cooled reactors and a closed-loop fuel cycle. 
Some of the primary advantages are passive safety for the reactor and resistance to diversion for the heavy 
metal in the fuel cycle. in addition, the IFR pyroprocess recycles all the long-lived actinide activation 
products for casting into new fuel pins so that they may be burned in the reactor. A key component in the 
Fuel Cycle Facility (FCF) recycling process is the electrorefiner (ER) in which the actinides are separated 
from the fission products. In the process, the metal fuel is electrochemically dissolved into a high-
temperature molten salt, and electrorefined uranium or uranium/plutonium products are deposited at 
cathodes. This report addresses the new and innovative aspects of the criticality analysis ensuing from 
processing metallic fuel, rather than metal oxide fuel, and from processing the spent fuel in batch operations. 
in particular, the criticality analysis employed a mechanistic approach as opposed to a probabilistic one. A 
probabilistic approach was unsuitable because of a lack of operational experience with some of the 
processes, rendering the estimation of accident event risk factors difficult. The criticality analysis also 
incorporated the uncertainties in heavy metal content attending the process items by defining normal 
operations envelopes (NOES) for key process parameters. The goal was to show that reasonable process 
uncertainties would be demonstrably safe toward criticality for continuous batch operations provided the 
key process parameters stayed within their NOES. Consequently the NOEs became the point of departure 
for accident events in the criticality analysis. 
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Abstract/Keyterms: Previous experiments have shown large changes in measured parameters such as the 
coherences and ratio of spectral densities for small changes in the measured configuration of fissile material 
and for small changes in k. This sensitivity was investigated by a variant of the Monte Carlo neutron 
transport code KENO-V.a, which calculates the time sequences of pulses at two detectors near a fissile 
assembly from the fission chain multiplication process initiated by a 252Cf source in or near the fissile 
assembly. This code directly calculates the noise analysis data from the 252Cf-source-driven neutron noise 
measurement method. Direct calculation of the experimental observables by the Monte Carlo method 
allows the benchmarking of calculational methods and cross sections. These calculations have shown a 
higher sensitivity of noise-measured quantities to cross sections and calculational methods than the neutron 
multiplication factor for aqueous fissile solutions. For example, the calculation with ENDF/B-IV cross 
sections yields a value of the coherence [gamma][sub 23][sup 2] 300% larger at low frequency than that 
from the Hansen-Roach cross sections. The coherence between detectors is a factor of 67 more sensitive to 
cross sections than the neutron multiplication factor, and this results from the coherence at low k being 
proportional to the fourth power of (k/[Delta]k). This increased sensitivity to calculational methods means 
that as far as validating calculational methods, a subcritical experiment at a k [approx] 0.9 by the 252Cf-
source-driven noise analysis method may be more useful than an experiment at k [approx] 1. The noise-
measured parameters can easily be obtained from measurements with an accuracy of [plus minus]1% or 
less, and the precision of the Monte Carlo calculation of these quantities can also be [plus minus]1% or 
less. 
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Conference Session:  

Abstract/Keyterms: The SCALE code system developed at Oak Ridge National Laboratory contains 
criticality safety analysis sequences that include the KENO V.a Monte Carlo code for calculation of the 
effective multiplication factor. These sequences are widely used for criticality safety analyses performed 
both in the United States and abroad. The purpose of the current work is to validate the SCALE-4 criticality 
sequences with an ENDF/B-V cross-section library for future distribution with SCALE-4. The library used 
for this validation is a broad-group library (44 groups) collapsed from the 238-group SCALE library. 
Extensive data testing of both the 238-group and the 44-group libraries included 10 fast and 18 thermal 
CSEWG benchmarks and 5 other fast benchmarks. Both libraries contain approximately 300 nuclides and 
are, therefore, capable of modeling most systems, including those containing spent fuel or radioactive 
waste. The validation of the broad-group library used 93 critical experiments as benchmarks. The range of 
experiments included 60 light-water-reactor fuel rod lattices, 13 mixed-oxide fuel rod lattice, and 15 other 
low- and high-enriched uranium critical assemblies. 
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Abstract/Keyterms: In the past, criticality safety analyses related to the handling and storage of fissile 
materials were obtained from critical experiments, nuclear safety guides, and handbooks. As a result of 
rising costs and time delays associated with critical experiments, most experimental facilities have been 
closed, triggering an increased reliance on computational methods. With this reliance comes the need and 
requirement for redundant validation by independent criticality codes. Currently, the KENO Monte Carlo 
transport code is the most widely used tool for criticality safety calculations. For other transport codes, such 
as MCNP, to be accepted by the criticality safety community as a redundant validation tool they must be 
able to reproduce experimental results at least as well as KENO. The Monte Carlo neutron, photon, and 
electron transport code MCNP, has an extensive list of attractive features, including continuous energy 
cross sections, generalized 3-D geometry, time dependent transport, criticality k(eff) calculations, and 
comprehensive source and tally capabilities. It is widely used for nuclear criticality analysis, nuclear reactor 
shielding, oil well logging, and medical dosimetry calculations. This report specifically addresses criticality 
and benchmarks the KENO 25 problem test set. These sample problems constitute the KENO standard 
benchmark set and represent a relatively wide variety of criticality problems. The KENO Monte Carlo code 
was chosen because of its extensive benchmarking against analytical and experimental criticality results. 
Whereas the uncertainty in experimental parameters generally prohibits code validation to better than about 
1% in k(eff), the value of k(eff) for criticality is considered unacceptable if it deviates more than a few 
percent from measurements. 
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Abstract/Keyterms: This paper describes the validation in accordance with ANSI/ANS-8.1-1983(R1988) 
of KENO V.a using the 27-group ENDF/B-IV cross-section library for systems containing highly-enriched 
uranium, carbon, and hydrogen and for systems containing highly-enriched uranium and carbon with high 
carbon to uranium (C/U) atomic ratios. The validation has been performed for two separate computational 
platforms: an IBM 3090 mainframe and an HP 9000 Model 730 workstation, both using the Oak Ridge Y-
12 Plant Nuclear Criticality Safety Software (NCSS) code package. Critical experiments performed at the 
Oak Ridge Critical Experiments Facility, in support of the Rover reactor program, and at the Pajarito site 
at Los Alamos National Laboratory were identified as having the constituents desired for this validation as 
well as sufficient experimental detail to allow accurate construction of KENO V.a calculational models. 
Calculated values of k(eff) for the Rover experiments, which contain uranium, carbon, and hydrogen, are 
between 1.0012 [+-] 0.0026 and 1.0245 [+-] 0.0023. Calculation of the Los Alamos experiments, which 
contain uranium and carbon at high C/U ratios, yields values of k(eff) between 0.9746 [+-] 0.0028 and 
0.9983 [+-] 0.0027. Safety criteria can be established using this data for both types of systems. 
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Abstract/Keyterms: As a part of a Department of Energy review of Oak Ridge National Laboratory 
facilities, nuclear safety documentation for the Radiochemical Development Facility (Building 3019) was 
found to be inadequate. While calculations existed which established safe limits for the storage of fissile 
material, these calculations were not performed with verified/validated software nor were the results 
reported in the manner prescribed by applicable DOE orders and ORNL procedures. To address this 
deficiency, the operations conducted in Building 3019 were reviewed and conditions were compared to 
available critical experiment data. Applicable critical experiments were selected and multiplication factors 
were calculated. Subcritical limits were derived for each of three fissile materials (U-233, U-235, and Pu-
239). One application of these limits was to certify the safety of a storage array which could contain any or 
all of the above nuclides at varying degrees of moderation. The studies presented are believed to fulfill most 
of the applicable regulatory requirements. 
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Abstract/Keyterms: The objectives of the Uranium Atomic Vapor Laser isotope Separation (U-AVLIS) 
are to develop, demonstrate, and deploy a laser-based process to enrich natural uranium in the U-235 isotope 
to levels useful as fuel in commercial light-water power reactors. Current U-AVLIS production plant 
criteria call for uranium product enriched in 235U up to 5 wt%. Development of the U-AVLIS technology 
is in an advanced stage, and demonstration of the integrated enrichment process is currently in progress 
using plant-scale equipment in the Uranium Demonstration System (UDS) at Lawrence Livermore National 
Laboratory. In this paper several existing experimental data which are applicable to the critical systems of 
importance to the safe design of the U-AVLIS plant are identified. These were used to benchmark a 
configuration-controlled, work station based version of one state-of-the-art computer code employed by the 
U-AVLIS program in UDS equipment design, and in U-AVLIS plant conceptual design NCS analyses. 
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Abstract/Keyterms: The Siloe and Pegase reactors, which achieved criticality in March and April of 1963, 
respectively, are described. Particular attention is given to the Pegase facility, and only the general 
parameters of Siloe are outlined. 
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Abstract/Keyterms: The Merlin research reactor is a light water-moderated reactor using highly enriched 
uranium fuel. A subcritical facility was buiit and is described for the experimental determination of the 
critical masses of the reactor before the reactor is made critical. The critical mass measurements for startup 
of the reactor are tabulated. 
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Abstract/Keyterms: A preliminary study has been performed to determine the effects of actinide cross 
sections uncertainties upon the long term characteristics of the actinide burning reactor. A program for the 
integral measurement of the actinides is planned at JAERI to improve the actinide cross section data. The 
small sample (20 g) perturbation and the reaction rate ratio are to be measured in the neutron spectra of 
varying hardness. Measurements are planned for 237Np, 238Pu, 241Am and 243Am. 
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Abstract/Keyterms: Active and passive autoradiographic techniques were used to obtain piece counts of 
fuel plates in fast critical assembly drawers and to verify the assembly loading pattern. Active 
autoradiography using prompt-fission and fission-product radiation was more successful with uranium fuel 
while passive autoradiography was more successful with plutonium fuel. A source multiplication technique 
was used to measure changes in reactivity when small quantities (2-2.5 kg) of fissile material were removed 
from a subcritical reference core of the Zero Power Plutonium Reactor. 
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Abstract/Keyterms: A criticality analysis has been carried out of several fast neutron multiplying 
assemblies using the 27-group cross-section set and resonance self-shielding factors which have been 
derived from version III and IV of ENDF/B library. These assemblies utilize metallic, oxide and carbide 
fuels of uranium and plutonium and represent very soft to very hard neutron spectra. The analysis indicates 
that fission and scattering cross-section of uranium and its isotopes need updating in the MeV energy range. 
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Abstract/Keyterms: Calculation-to-experiment discrepancies for several key integral parameters 
measured in ZPR fast critical assemblies are examined. Discussion includes a brief review of experimental 
and calculational methods and an estimate of their uncertainties. Comparison of the bias between the 
calculated and experimental values with their combined estimated uncertainties is used to infer nuclear data 
deficiencies. Several of these C/E discrepancies indicate probable errors in the ENDF/B-IV nuclear data 
files. 
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Abstract/Keyterms: For the design and optimization of reactors a precise knowledge of the microscopic 
neutron data is needed. For this purpose new evaluations for a number of important fast reactor materials 
have been performed at this laboratory. Reevaluations of 238U and 239Pu are discussed. To check the 
quality of the presently evaluated data in reactor physics calculations, their effect on k(eff) for a large variety 
of critical assemblies is studied. Calculation shows that with the evaluated data for 235U, 238U, 239Pu, 
240Pu, 241Pu and 242Pu the value of k(eff) for a large number of critical assemblies can be reasonably 
well reproduced without any adjustment of the data. 
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Abstract/Keyterms: The ENDF/B-4 cross sections of the principal isotopes of U and Pu are adjusted by 
critical-mass data on 15 metallic assemblies. Only very minor cross-section modifications are needed in 
order for neutronic calculations to reproduce the integral data well within their experimental errors. The 
nature of the adjustments and the quality of the input integral data are discussed. 
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Abstract/Keyterms: The BNL ThO2-3 wt% 233U light-water-moderated exponential experiments were 
analyzed to evaluate (1) cross section library sets for 233U and 232Th, and (2) correlations with measured 
ThO2 resonance integral data. A total of six cross section library sets were evaluated, including ENDF/B-
2 and ENDF/B-3 libraries for 232Th, ENDF/B-2 library for 233U, and ThO2 resonance integral correlations 
based on data by Weitman and Pettus, Hardy and Palowitch, and corrections to the latter data by Steen. A 
modified version of the LEOPARD code was used throughout this analysis. The principle results of this 
work are as follows: (1) The library set containing ENDF/B-2 data for 233U and ENDF/B-3 data for 232Th, 
together with ThO2 resonance integral correlation based on Steen's corrections to the Hardy and Palowitch 
data, yields the best agreement with measurements, giving an average keff of 0.9975 with a standard 
deviation of 0.0067 for the 21 analyzed configurations. (2) With respect to this “best” set, the ENDF/B-2 
232Th data is less reactive than the corresponding ENDF/B-3 data by approximately 0.1 percent dk. (3) 
The ThO2 resonance integral correlation based on data by Weitman and Pettus yields resonance integrals 
that are consistently higher than those produced by the correlation with Steen's values, even though the 
latter is normalized to an infinitely dilute resonance integral of 85.9 barns (0.5 ev cutoff), while the former 
is normalized to a corresponding value of 80 barns. Thus, with respect to the ”best” set, the ThO2 resonance 
integral correlation based on the Weitman and Pettus data is less reactive by approximately 0.7 percent dk. 
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Abstract/Keyterms: This report lists the existing standards or the status of regulations for 19 major topic 
areas related to exposure to ionizing radiation. Most entries are brief but thorough; some reference recent 
data. The National Council on Radiation Protection and Measurements (NCRP) published its last complete 
set of basic recommendations specifying limits for ionizing radiation in 1971. Although this report is not 
intended to be a complete revision, the recommendations contained herein replace all of the 
recommendations given in the 1971 Report. In addition, this report contains other basic recommendations. 
The NCRP believes that a logical direction in the evolution of the basis of radiation protection standards 
from the present system based on dose equivalent used by the NCRP and the ICRP is toward the 
development of an approach based specifically on risk. The Council believes that additional review and 
evaluation are required prior to the introduction of a radiation protection system in which the limitation of 
exposures is based solely on risk. For the present the Council adopts the effective dose equivalent system 
used by the ICRP, but has modified and updated this approach in several respects, as discussed in this 
report. 
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Conference Session: Burnup Credit II 

Abstract/Keyterms: Because boiling water reactors use control blades during operation, there can be 
significant changes to the local axial power shape, coolant density profile, and other parameters when the 
blades are inserted. Previous work examined the reactor operating parameters that impact cask reactivity. 
These previous studies identified limiting conditions for fuel cask reactivity or the direction of trends with 
cask reactivity (e.g., lower coolant densities result in higher cask reactivity). However, using limiting 
conditions for all parameters simultaneously is unrealistic. When the control blades are inserted deeply into 
the reactor—a limiting condition—the power is reduced and the void fraction decreases—a less limiting 
condition. This paper identifies the impacts of using assembly-specific conditions for control blade history, 
coolant density profile, burnup profile, and fuel temperature profile. Results indicate that cask reactivity is 
reduced when using assembly-specific operating conditions versus combining limiting conditions for the 
individual parameters of interest. the magnitude of reactivity reduction for using assembly-specific 
conditions varies based on each assembly and its operating conditions. Key Words: boiling water reactor, 
burnup credit, correlated conditions 
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Abstract/Keyterms: Monte Carlo Codes, Methods, & Applications Alicia Salazar-Crockett Plutonium 
solution chemistry is among the most complex of all the elements in the periodic table. Under acidic 
conditions up to four different oxidation states can be present in significant amounts in a single solution . 
From the perspective of nuclear criticality safety, accurate information regarding the concentration of 
plutonium and other constituents in solution must be well-known in order to correctly model plutonium 
solution systems for analysis. This requires knowledge of the solution system along with the ability to make 
accurate assumptions and predictions of the chemical and physical properties of the solution system. If 
neutron transport methods are used to assess subcriticality in a nuclear criticality safety analysis, the models 
must be compared with benchmark experiments which are similar and the suitability of the computer code 
system must be quantified. This paper describes some investigations undertaken to support the validation 
of plutonium solution systems for nuclear criticality safety analysis and how the Whisper 
sensitivity/uncertainty (S/U) tool can provide information to support validation of such systems. Case study 
results for various solution systems such as aqueous plutonium nitrate, aqueous plutonium chloride and 
hypothetical metal-water mixture are presented. Key Words: plutonium solution, criticality safety 
validation, Whisper, nitrate, chloride 
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Abstract/Keyterms: Criticality Safety Engineering at the Savannah River Site’s K-Area Complex seeks 
to reduce the computational burden of analysis for the K-Area Complex. By applying an adapted Limiting 
Surface Density hand calculation method, the need for lengthy detailed Monte Carlo models of the storage 
arrays may be reduced or eliminated. After promising initial results using models of idealized but 
heterogeneous packages, application of the method to large arrays of highly heterogeneous 9975 shipping 
packages is attempted. A SCALE KENO-VI model of the 9975 package, with true dimensions and radial 
and axial heterogeneity is developed. a suite of array arrangements representing both arrays with equal 
number of packages per side (package-cubic) and arrays with unequal number of packages per side (non-
cubic) are evaluated in SCALE. the cubic arrangements are used to derive the 9975-specific material and 
geometry constants for the LSD method. These constants are then used to implement the LSD method and 
compare the LSD- predicted critical mass per package to SCALE-predicted critical mass per package. 
Sensitivities to certain material and geometric nuances are evaluated for inclusion in the verification suite. 
Finally, the ability of the method to predict neutron multiplication changes induced by fissile mass changes 
is examined as a segue for evaluating credible abnormal conditions with the LSD method. Key Words: 
storage array, heterogeneous package, Limiting Surface Density method 
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Conference/Journal: ANS NCSD Nuclear Criticality Safety Division Topical Meeting, Carlsbad, NM, 
September 10-15, 2017 

Conference Session: Burnup Credit II 

Abstract/Keyterms: This paper discusses the modeling approach applied in the Used Nuclear Fuel 
Storage, Transportation, & Disposal Analysis Resource and Data System (UNF-ST&DARDS) to take credit 
for the reduced reactivity associated with the burnup of boiling water reactor (BWR) fuel for canister-
specific as-loaded criticality analysis. Burnup credit is routinely used for the analysis of pressurized water 
reactor (PWR) spent nuclear fuel (SNF) storage (wet), transportation, and disposal. the fresh fuel 
assumption has historically been applied to BWR SNF criticality analyses for dry storage and 
transportation, and the peak reactivity method of burnup credit has been applied to pool storage. the fresh 
fuel assumption ignores the credit for gadolinium burnable absorbers in BWR fuel, as well as the burnup 
of the fuel, and is therefore conservative. This work employs the framework traditionally used for PWR 
burnup credit analyses and applies available data and recently published regulatory guidance to justify a 
new approach to model the as-loaded burnup and enrichment of SNF assemblies in currently loaded dry 
casks. The following features of this criticality analysis approach are presented in this paper: (1) selection 
of axial burnup profiles for BWR fuel from publicly available sources using methods derived from recently 
published research [1], (2) justification of the selected axial burnup profiles as relevant to all types of BWR 
fuel, (3) justification for modeling the fuel assemblies with a uniform axial and radial enrichment, and (4) 
justification for modeling the axial void profile and control blade insertion during depletion. This analysis 
approach was used to evaluate 153 already-loaded BWR casks at 8 sites as a function of time in UNF-
ST&DARDS. Finally, the results of the as-loaded criticality safety margin assessments are presented. The 
results show the keff calculated for storage and transportation cases range from 0.71 to 0.83, and the 
eigenvalues calculated for the disposal cases range from 0.85 to 1.03, though the highest cases are 
dominated by very limiting hypothetical damaged fuel assumptions. Key Words: Spent nuclear fuel, burnup 
credit, boiling water reactor 
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Abstract/Keyterms: Innumerable experiments have been performed worldwide to support criticality safety 
activities. Those experiments represent significant investments in cost, expertise, and infrastructure; as 
such, they represent valuable assets as the basis for recording, development, and validation of methods and 
nuclear data vital for modern and future criticality safety needs. Preservation and evaluation of these 
experimental data as benchmarks serves to provide for the best interest of the nuclear criticality safety 
community. High-quality integral benchmark experiments have always been a priority. There is ever 
growing interest in developing integral benchmark data to increasingly quantify and reduce calculational 
uncertainties to meet the demands of future criticality safety needs supporting next generation reactors and 
advanced fuel cycle concepts. the importance of drawing upon existing benchmark data is becoming more 
apparent because of dwindling availability of critical facilities worldwide and the high cost of performing 
new experiments. Integral benchmark data from the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments (ICSBEP Handbook) and the International Handbook of Reactor Physics 
Benchmark Experiments (IRPhEP Handbook) are widely utilized. Significant benchmark data have been 
added to those two handbooks since the last Nuclear Criticality Safety Division Topical Meeting in 
Wilmington, North Carolina (September-October 2013). This paper highlights those additions. The 2016 
edition of the ICSBEP Handbook now includes data for 570 evaluations containing benchmark 
specifications for 4,913 critical, subcritical, or near-critical configurations, representing contributions from 
over 20 countries. There are a total of seven criticality-alarm-placement/shielding evaluations containing a 
total of 45 benchmark configurations, and eight fundamental physics benchmark evaluations containing a 
total of 215 measurements relevant to criticality safety applications. the IRPhEP Handbook now includes 
data from 151 experimental series (representing 50 reactor facilities) and also represents contributions from 
over 20 countries. of the 151 benchmarks, five are draft contributions. Both the ICSBEP and IRPhEP are 
collaborative efforts that involve numerous scientists, engineers, and administrative support personnel 
worldwide. Continued contribution to these handbooks is expected to further provide the high-quality 
benchmark data necessary to compliment criticality safety activities going forward. Key Words: 
Benchmark, Criticality Safety, Experiments, ICSBEP, IRPhEP, Reactor Physics. 
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Abstract/Keyterms: The US Department of Energy (DOE) Packaging Certification Program, Office of 
Packaging and Transportation, is offering Safety Analysis Report for Packaging (SARP) Shielding and 
Nuclear Criticality Safety (NCS) courses for SARP generalists and analysts. the SARP generalist course is 
designed for project managers, supervisors, NCS/shielding subject matter experts (SME), and SMEs in non-
NCS/shielding technical areas (e.g., structural, thermal, package design) who need to better understand how 
NCS/shielding analyses fit into the broader body of SARP documentation. the generalist course provides 
an overview of the regulations and guidelines for the criticality and shielding analyses for a SARP and 
illustrates how the NCS/shielding chapters integrate with the other parts of the SARP. After course material 
is presented, students in the generalist course will review an actual SARP document to examine key 
elements of the shielding and criticality analyses. the analyst course provides detailed instructions on the 
radioactive material package shielding analyses and NCS evaluation fundamentals needed by 
analysts/practitioners (i.e., safety analysts and/or technical reviewers) to prepare and/or review technical 
analyses for the SARP documentation. the analyst course also provides an overview of regulations and 
guidelines, in addition to detailed in-class exercises associated with package shielding and NCS analyses. 
Analysis teams will be faced with staged SARP examples in which several important decision processes in 
the generation of a SARP will be demonstrated and discussed. the courses are offered at Oak Ridge National 
Laboratory’s National Transportation Research Center. Key Words: SARP, nuclear criticality safety, 
shielding, transportation, training, education. 
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Conference Session: Qualification Programs 

Abstract/Keyterms: In 2011, the US Department of Energy/National Nuclear Security Administration 
(DOE/NNSA) Nuclear Criticality Safety Program (NCSP) developed and piloted a 2-week nuclear 
criticality safety (NCS) practitioner course to support training and qualification of new NCS staff. the 
course was developed in accordance with the American National Standard Institute/American Nuclear 
Society (ANSI/ANS) standard for NCS training and qualifications (ANSI/ANS-8.26-2007). in 2013, an 
NCS manager’s course was developed for process supervisors, managers, regulators, and other 
professionals with NCS-related responsibilities. These courses consist of classroom education, facility 
training, and hands-on subcritical and critical experiments training. Each course is currently offered twice 
per year. the 2-week practitioner course offers a week of classroom training, with practical workshops and 
exercises focused on teaching students how to perform an NCS evaluation. the second week of training 
involves hands-on critical and subcritical experiments and measurements. the first week is offered in Las 
Vegas, Nevada, at the DOE Nevada Field Office or the National Atomic Testing Museum. Depending on 
the student’s clearance level, the second week is offered at Sandia National Laboratory (SNL) (uncleared 
and L-cleared students) or at the National Criticality Experiments Research Center (NCERC) (Q-cleared 
students). the 1-week manager’s course is offered at SNL or NCERC, depending on clearance or interest, 
and includes classroom and hands-on critical and subcritical experiments and measurements. This paper 
provides an overview and status report for the DOE/NNSA NCSP training courses in NCS and provides 
information about future course offerings. Key Words: subcritical experiments, critical experiments, 
training, nuclear criticality safety, education. 



 

C-11880 

11844…..…..…………………..…….……..……ID Number…………………..…..…………….11844 

Author: Bowen, Douglas G. 

Title: Overview and Status of Domestic and International Standards for Nuclear Criticality Safety 

Date: 9/15/2017 

Report: NCSD_2017 

Conference/Journal: ANS NCSD Nuclear Criticality Safety Division Topical Meeting, Carlsbad, NM, 
September 10-15, 2017 
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Abstract/Keyterms: For many years, the domestic and international consensus standards for nuclear 
criticality safety (NCS) have provided guidance for those performing hands-on operations involving 
fissionable materials. These consensus standards have been crucial to reducing the number of criticality 
accidents in process facilities. the last known criticality accident inside the United States was in 1978 (39 
years ago at this writing) at the Idaho Chemical Processing Plant, and outside the United States, an accident 
occurred at Tokai-mura, Japan, in 1999 (18 years ago at this writing). the domestic consensus standards for 
NCS include the American Nuclear Society (ANS) standards. the ANS Standards Board, the NCS 
Consensus Committee, and the ANS-8 Subcommittee oversee the development and maintenance of these 
standards. There are currently eighteen standards in revision (seven) or maintenance (eleven) cycles, and 
one standard is currently in development. the international consensus standards for NCS calculations, 
procedures, and practices are maintained and developed within the International Organization for 
Standardization, Technical Committee 85 on Nuclear Energy, Subcommittee 5 on Nuclear Fuel 
Technology, and Working Group 8, “Nuclear Criticality Safety.” Seven standards are currently available, 
one standard is in revision, and four standards are at various stages of development. This paper provides 
the NCS community with an overview and status report of domestic and international NCS consensus 
standards to stimulate interest and to support their continued development. Key Words: ISO, ANS, nuclear 
criticality safety, consensus standards. 
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Conference Session: Methods and Software Development I 

Abstract/Keyterms: In 2017, a new version of the MCNP6 Monte Carlo code package was released – 
MCNP6.2. This is the first version of MCNP to include the Whisper package to support sensitivity-
uncertainty based nuclear criticality safety validation. This paper summarizes changes to MCNP6 from 
previous versions, with emphasis on those changes and new features that are important to NCS practitioners. 
Key Words: Monte Carlo, neutron transport, criticality 
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Conference Session: Criticality Safety – General II 

Abstract/Keyterms: To carry out the criticality accident dosimetry in its facilities, CEA currently uses a 
system composed of criticality belts, neutron spectrometers and personal dosimeters. the current neutron 
spectrometers are zone spectrometers named SNAC2. This spectrometer is made of a pile of foils of various 
materials activated by exposure to neutron fluxes. A study is currently under progress at CEA to analyze 
the opportunity to change this criticality accident dosimetry system into a new system which could even 
better fulfill the needs of the medical staff in charge of the criticality accident victims. One of the possible 
evolutions could be the use of a personal spectrometer, worn by the people working in the facility. Another 
possibility could be that the people wear several personal spectrometers placed at appropriate places to take 
into account the incident neutron flux direction. Such systems could have drawbacks too, such as the high 
number of foils that have to be measured. That is why it should also be interesting to perform sensitivity 
studies, to determine the number of required foils to achieve the accuracy for the target dose evaluation. 
Ultimately the choice of the dosimetry system will have to be made taking into account the medical needs 
and priorities. Key Words: Criticality accident, Dosimetry, Neutron Spectrometers 



 

C-11883 

11847…..…..…………………..…….……..……ID Number…………………..…..…………….11847 

Author: Cholvy, Laurent / Batifol, Beatrice / Noyelles, David 

Title: ATALANTE Research Facility– Implementation of a Rule Of Fractions for the Management of 
Reflecting Materials in Mass-Limited Units 

Date: 9/15/2017 

Report: NCSD_2017 

Conference/Journal: ANS NCSD Nuclear Criticality Safety Division Topical Meeting, Carlsbad, NM, 
September 10-15, 2017 

Conference Session: Criticality Safety – General I 

Abstract/Keyterms: ATALANTE, a research unit located in Marcoule, is one of the main Nuclear 
Facilities of the French CEA. As concerns criticality risk prevention, this facility is divided into work units 
mostly managed through a mass control mode. the authorized limit is 350 g of fissile material with 239PU-
H2O as reference fissile medium. This mass limit was determined considering a reflection by 20 cm of 
water. Under these conditions, some neutronic reflectors which are more efficient than water can only be 
authorized in limited quantities. in ATALANTE the reflecting materials identified as requiring a specific 
form of management are lead, uranium (235U/Utotal = 1%), graphite, heavy water and beryllium. Initially 
a maximum permissible mass was determined for each of these materials taken separately. However, this 
method requires that when different reflectors are present simultaneously, the sum of the masses of all these 
reflectors must be less than the limit specified for the most penalizing of them. This rule has proved to be 
too restrictive for the operators. a new rule has therefore been implemented: the rule of fractions. Criticality 
calculations were performed to demonstrate that this rule is acceptable. the geometric configurations studied 
involved a sphere of 350 g of 239PU moderated by water and reflected by various masses of 2 to 6 reflectors 
(successions of concentric shells), followed by 20 cm of water. It was concluded that compliance with the 
new rule makes it possible to ensure criticality safety in the simultaneous presence of different reflectors. 
Key Words: Atalante, criticality, reflectors, fractions. 
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Abstract/Keyterms: Nuclear fuel cycle facilities can encounter events, resulting from human errors, failure 
of safety organization or technical failures. However, the application of the concept of defense in depth, 
especially the first two levels (prevention of abnormal situations and detection) requires to ensure safety in 
such undesirable situations. Furthermore, the periodic safety reviews of each nuclear fuel cycle facility 
involve the evaluation of the safety of these facilities with regard to the regulation evolution, the best safety 
practices, the facility evolution (modifications, aging…) and the global feedback. Part of this work is based 
on the analysis of the feedback and lessons learned from the events that occurred during the past period. 
This specific work indeed provides lessons about the operating conditions of the facility and highlights 
malfunctions that have occurred during operations, maintenance or restart after a shutdown. Taking into 
account this feedback, IRSN developed a database gathering the events which have affected the safety of 
French fuel cycle facilities (from conversion to waste storage, laboratories and experimental facilities, 
facilities under dismantling and decommissioning). Among all the recorded events, it is possible to extract 
in particular those impacting the criticality safety. in order to extend the analysis of these events, the IRSN 
criticality safety department developed a specific database dedicated to criticality risks. the “criticality 
events” database is continuously updated on the basis of the declared events and their analysis by engineers 
from the criticality safety department. at this time, about 600 events are described and analyzed in this 
database. Key Words: Nuclear criticality events, database, nuclear criticality safety analysis, Periodic 
Safety Review. 
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Abstract/Keyterms: AWE (UK), IRSN (France), LLNL (USA) and ORNL (USA) began a long term 
collaboration effort in 2015 to update the nuclear criticality Slide Rule for the emergency response to a 
nuclear criticality accident. This document, published almost 20 years ago, gives order of magnitude 
estimates of key parameters, such as number of fissions and doses (neutron/gamma), useful for emergency 
response teams and public authorities. This paper presents, firstly, the motivation and the long term 
objectives for this update, then introduces the initial critical configuration, and finally presents the 
preliminary results obtained with modern 3D radiation transport codes and nuclear data for new 
configurations including plutonium systems. Key Words: Nuclear criticality accident, Slide rule, Plutonium 
systems. 
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Conference Session: Validation/Applicability Studies I 

Abstract/Keyterms: The validation and bias quantification methods employed by the Criticality Safety 
Engineering group at Savannah River Nuclear Solutions are discussed. Both SCALE and MCNP are 
validated against benchmark experiments, where these benchmark models have been divided into 
subgroups representative of the types of fissile material operations at SRNS. A quantification of the bias is 
made for each subgroup for each code and the three methods employed for quantification are discussed. the 
bias information is employed directly in the establishment of the Upper Safety Limit (USL) value of the 
neutron multiplication factor when using standardized documented SRNS methods. a simple example of 
validation and bias quantification is given and the procedure for setting the USL using the derived bias 
information is also presented. Key Words: validation, bias, MCNP, SCALE 
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Abstract/Keyterms: A MCNP study for a water-reflected sphere of plutonium metal water pseudo-solution 
was performed for a various ratios of 238Pu to 239PU to develop minimum critical mass curves. The 238Pu 
atom percent (at. %) was varied from 35 to 100 percent. It was demonstrated that at 238Pu ratios of ≥65 at. 
% the high absorption cross section of 238Pu in the thermal energy region dominates the system reactivity 
for water moderated systems resulting in a minimum critical mass in the metal rather than solution regime. 
However, due to the lack of available benchmark experiments to validated use of the 238Pu cross-section 
data for quantities above gram-level, the models fell outside the area of applicability (AOA) of the Los 
Alamos National Laboratory’s (LANL) Nuclear Criticality Safety Division’s (NCSD) MCNP validation 
report. an additional of margin of subcriticality (MOS) is needed for 238Pu systems. This additional MOS 
will be dependent on the amount and significance of the 238Pu, which varies in the MCNP study. Whisper 
is a computational software package designed to assist with validation studies for MCNP. Whisper uses 
sensitivity/uncertainty (S/U) methods to select relevant benchmarks to a particular application model. 
Therefore, Whisper 1.0.0 was used on the curve minima in the solution regime for the 65 at. % 238Pu curve 
to estimate an appropriate additional margin of subcriticality and create a subcritical curve based on the 
suggested upper subcritical limits (USL). Key Words: Whisper, Plutonium 238, Sensitivity/Uncertainty 
methods 
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Conference Session: Methods and Software Development I 

Abstract/Keyterms: A new release of the CRISTAL French criticality calculation package, named 
CRISTAL V2, has been developed and intensively validated by IRSN and CEA, in collaboration with 
AREVA. This package was designed to cover the needs of criticality practitioners in the fields of nuclear 
fuel cycle facilities and transportation of fissile materials. Based on an optimized modular architecture in 
an updated software development environment, the design of CRISTAL package V2 integrates new 
generation of cross-section libraries, new calculation schemes consistent with new applications, and up-to-
date calculation codes capabilities. Four calculation routes are currently available allowing multi-group and 
continuous energy calculations. The validation database is composed of more than 3000 critical 
experiments, in order to cover a wide range of configurations. The CRISTAL V2 package also includes 
customer services covering a large scope of activities like documentations, hotline, maintenance and 
training courses. A significant promotion and an increased recognition referred both nationally and 
internationally are foreseen, including the provision of the CRISTAL V2 package to the OECD / NEA Data 
Bank. Key Words: CRISTAL, criticality calculations, multi-group, continuous-energy, validation 
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Abstract/Keyterms: The Nuclear Criticality Safety Program at Sandia National Laboratories (SNL) uses 
a collection of benchmarks developed from the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments for validation of MCNP. in early 2016, an effort began to expand the benchmark 
collection to cover a broader range of materials and neutron spectra. the program undertook the task of 
updating current benchmarks to reflect best practices from Los Alamos National Laboratory (LANL) for 
MCNP calculations. Spring of 2016, LANL shared the Whisper code with SNL in a collaborated effort to 
investigate application of the code to activities at SNL. Whisper is a statistical package developed to support 
nuclear criticality safety validation efforts. It measures how well benchmarks correlate to a system or 
process and calculates a USL. Whisper has begun to develop into an asset for the SNL Nuclear Criticality 
Safety team to determine and reassure benchmarks selected for validation truly correlate process parameters 
(i.e., fall within an acceptable Area of Applicability). SNL’s use of traditional statistical methods, with the 
abilities of Whisper to identify correlating benchmarks, has facilitated in ensuring confidence in validation 
and USL determination. Key words: Whisper, uncertainties, benchmarks, software validation 
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Abstract/Keyterms: As the new ENDF/B-VIII.0 data has continued development from its initial beta 
release into the final release version, it has subsequently undergone processing and testing at Oak Ridge 
National Laboratory with AMPX and SCALE. Each of the beta releases has been processed with AMPX 
to create both multigroup (MG) and continuous-energy (CE) libraries. the MG libraries were all processed 
using the SCALE 252-group structure. These libraries were then used with the VALID suite for 
benchmarking the new data library’s performance against the currently distributed ENDF/B-VII.1 (VII.1)-
based SCALE libraries. Here, we compare the MG and CE VALID results for the two current ENDF 
releases, versions VII.1 and the most recent beta release of ENDF/B-VIII.0 as of this writing (VIII.0. 
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Frame 

Abstract/Keyterms: For the Swedish final repository the basic requirement concerning margin to 
criticality is that keff should be less than 0.95. This criterion is always fulfilled if the disposal canister is 
dry. If it is assumed that a canister is filled with water it is shown that the criticality criterion is fulfilled 
using burnup-credit for PWR fuel and credit for burnable poison for BWR fuel. If water is assumed to leak 
in, long term chemical processes will change the material compositions and geometries in the canister 
during the one million year analysis period. the main process expected to affect significantly the chemical 
composition of the materials in the canister is the corrosion of cast iron and carbon steel of the insert, the 
corrosion of the stainless steel, Inconel or Zircaloy in the fuel element structural material, the corrosion of 
Zircaloy cladding and finally the corrosion of spent fuel itself. During metal corrosion, various anoxic 
corrosion products are formed, usually with lower density than the metal itself, causing thus a volume 
increase in the canister, accompanied by geometrical changes. in this paper the reactivity effects of these 
changes are analysed and results presented. It is shown that the largest reactivity increase is due to the 
decrease of the water gap between the fuel and the fuel channel, due to the formation of Magnetite. Other 
process that possibly will increase the reactivity is if Siderite is produced besides from Magnetite, the 
production of Hydrogen, corrosion of the fuel and radial movements of fuel rods. Key Words: Final 
Repository, Criticality, Corrosion 
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Conference Session: Spent Nuclear Fuel and Other Fissile Materials Criticality Safety from Applicants 
and Regulators Perspective 

Abstract/Keyterms: The shortage of nuclear spent fuel storage pool has been issued. the spent fuel storage 
and transportation cask is one of the major alternatives for storing spent fuel. the use of advanced neutron 
absorber is important for effective storage of spent fuel in spent fuel cask. Gadolinium based neutron 
absorber is chosen since it has high neutron absorption cross section in thermal neutron region compared 
to boron and it does not produce any gas element when it reacts with a neutron. the major requirement for 
neutron absorbing materials in the spent fuel cask system is to maintain subcriticality in normal, off-normal 
and accident conditions. in this study, the criticality calculations under accident conditions are conducted 
to ensure the safety of spent fuel cask. Major accident conditions are flood and cask tip-over. the full and 
partial flooded condition is analyzed and 100% flooded condition has the highest reactivity. the water 
density is selected as 1 g/cm3 because keff is highest at this condition. When the cask tip-over, the flux trap 
reduces. in this case, a huge increase in reactivity of 800 pcm. Key Words: spent fuel storage and 
transportation cask, neutron absorber, gadolinium, accident condition 
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Abstract/Keyterms: The predictive capabilities of MCNP®6 for neutron noise experiments are shown in 
a comparison to the results of a series of Rossi-alpha measurements performed by J. Mihalczo utilizing a 
coupled set of symmetrical bare HEU cylinders. the results from the ptrac simulations agree well with the 
historical measured values. A series of case studies were conducted to study the effects of geometrical 
asymmetry in the coupling between two bare metal HEU cylinders. the difficulty in observing such systems 
is due in part to the inability to determine the individual coupling coefficients from measurement: unlike 
the symmetrical cases, only the product of the values can be obtained. a method is proposed utilizing 
MCNP6 tally ratios to separate the coupling coefficients for such systems. This work provides insight into 
the behavior of asymmetrically-coupled systems as the separation distance between the two cores is 
changed and also as the asymmetry is increased. As the asymmetry increases, both the slower and the faster 
observable prompt neutron decay constants increase in magnitude. the coupling time constants are 
determined from the measured decay constants. As the separation distance increases, both coupling 
coefficients decrease as expected. Based on these findings, an effective computational method utilizing 
MCNP6 and the Rossi-alpha technique can be applied to the prediction of asymmetrical coupled system 
measurements. Key Words:multipoint kinetics, Rossi-alpha, asymmetrically coupled reactors. 
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Conference Session: Criticality Safety – General II 

Abstract/Keyterms: A collection of nuclear criticality documents was begun in the 1970s at the University 
of California’s Lawrence Livermore Laboratory (now Lawrence Livermore National Laboratory). 
Documents in this bibliography are dated as early as 1940. the early documents described experimental 
work that was of vital importance to the safe use of fissile materials at nuclear reactors, the facilities for 
preparing or transporting nuclear fuel, or its eventual storage. the experiments were of direct value to 
support safe operations with fissile materials but they were also needed for validating early physics data 
and calculational methods and then for validating computational methods used in criticality safety 
evaluations. These documents provided information for our computerized bibliographic database [1,2]. The 
bibliography was originally intended for use by Livermore staff members but criticality safety "pioneers” 
encouraged us to make the database available to the broader nuclear safety community and even shared 
copies of their bibliographies and reports. A publication of the bibliography is being prepared and a 
searchable database is available on the U.S. Department of Energy’s Nuclear Criticality Safety Program’s 
NCSP website. The NCSP website also includes links from the bibliography to many full-text documents. 
the database continues to expand--the information in this paper is based on a “snapshot” of its present status. 
the “vintage” hardcopy document collection is preserved and is being scanned into digital format. Key 
Words: Bibliography, Nuclear, Criticality, Safety. 
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Conference Session: Criticality Safety – General III 

Abstract/Keyterms: A collection of nuclear criticality documents was begun in the 1970s at the University 
of California’s Lawrence Livermore Laboratory (now Lawrence Livermore National Laboratory). 
Documents in this bibliography are dated as early as 1940. the early documents described experimental 
work that was of vital importance to the safe use of fissile materials at nuclear reactors, the facilities for 
preparing or transporting nuclear fuel, or its eventual storage. the experiments were of direct value to 
support safe operations with fissile materials but they were also needed for validating early physics data 
and calculational methods and then for validating computational methods used in criticality safety 
evaluations. These documents provided information for our computerized bibliographic database which 
was originally published in hard-copy format . Our original “vintage” hardcopy document collection is 
preserved and is being scanned into digital format. the bibliography is available online as “LLNL Database” 
within the U.S. Department of Energy’s Nuclear Criticality Safety Program’s NCSP website. Bibliographic 
information and full-text documents continue to be downloaded from online databases. the online 
bibliography now contains close to 23,000 records. Links are available to over 3600 full-text documents 
within NCSP. This capability will be demonstrated at this conference. Key Words: Bibliography, Nuclear, 
Criticality, Safety. 
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Abstract/Keyterms: The experiments focused on the determination of activation reaction rates of selected 
IRDFF materials activated in a well-defined special core assembled in the LR-0 reactor are presented in the 
paper. the used core is designed and verified for IRDFF library testing by reactivity characterization, fission 
rates distribution and also neutron spectra measurement at the center of the core. 23Na(n,2n), 75As(n,2n), 
89Y(n,2n) and 90Zr(n,2n) reaction cross sections were measured in this special core. the presented neutron 
cross sections were derived from experimentally determined reaction rates of irradiated samples of NaF, 
As2O3, Y2O3, and ZrO2. These reaction rates are derived from gamma activities of the activation products 
of studied activation reactions. Net Peak Areas (NPA) of photons accompanying decay were measured 
using a semiconductor High Purity Germanium (HPGe) detector. Despite the fact that mentioned reactions 
have a threshold above 10 MeV, where the neutron spectrum in the special LR-0 core is nearly 
undistinguishable from 235U prompt fission neutron spectrum, the measured integral cross sections 
averaged in LR-0 spectrum were corrected for spectral shift. the obtained values of 235U spectral average 
cross section are: 3.84 ± 0.19 µb for 23Na(n,2n); 0.320 ± 0.015 mb for 75As(n,2n); 0.171 ± 0.006 for 
89Y(n,2n); 0.107 ± 0.005 mb for 90Zr(n,2n). Key Words: Cross section measurement; Reactor dosimetry; 
LR-0; Sample irradiation 
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Abstract/Keyterms: Following the Fukushima-Daiichi accident in 2011, France initiated a process to 
reassess the safety margins of its nuclear installations; these "Complementary Safety Evaluations" have led 
to numerous in-depth studies related to various risks. in this context, consequences of a hypothetical 
criticality accident – due to the usage of water as mean of intervention in connection to a catastrophic event 
(earthquake, flooding...) which would eventually lead to the ruin of buildings where fissile matter is handled 
– were studied. the goal of these studies was to assess the dose potentially inflicted to the intervention staff 
in the event of a criticality accident, depending on the intervention technique chosen. Rather than conduct 
multiple studies for each intervention technique, it was chosen to build abacuses that would allow a quick 
estimate of doses. This paper describes these abacuses as well as a methodology of implementation. 
Ambient dose equivalent depending on the distance to the accident site and on ordinary concrete width 
crossed were calculated as a first approach. Next, parametric studies were conducted to estimate the impact 
on the dose of various important parameters such as the physicochemical form and the volume of the source, 
or the composition of the concrete. These calculations were carried out with the deterministic one-
dimension code SN1D to allow for fast exploration of parameters variabilities. Finally, an implementation 
methodology, that allows to take into account these variabilities, as well as an applicability domain, are 
discussed. Key Words: Criticality accident, dosimetry, intervention planning 
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Abstract/Keyterms: Zircaloy based grids tend to grow with increasing fuel burnup. Grid growth increases 
the fuel pin pitch, which can increase fuel reactivity in the spent fuel pool. the amount of grid growth is 
dependent on the grid material. Zircaloy-4 grids tend to grow more than modern alloys such as 
Westinghouse ZirloTM or AREVA M5TM, that have been developed, in part, to reduce irradiation growth. 
Grid growth has been included in the recent criticality analysis of the North Anna and Indian Point Unit 2 
spent fuel pools. Grid growth is temperature dependent so the grid growth is not uniform over the axial 
length of the fuel. Above the active fuel is an Inconel grid which grows insignificantly. It has been 
conservatively assumed that the fuel pin pitch increases uniformly at all axial planes consistent with the 
maximum grid growth of any grid. Although this may seem overly conservative, the reactivity in the spent 
fuel pool for heavily burned fuel is dominated by the top few feet where the maximum grid growth occurs. 
at 50 GWd/MTU the grid growth is approximated as 0.47% for the Indian Point Unit 2 analysis. Assuming 
a uniform increase in pitch of 0.47% for 50 GWd/MTU fuel, the pool reactivity increases about 0.003 in k 
or about 0.6 GWd/MTU. Keywords: burnup credit, grid growth, spent fuel pool criticality 
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Conference Session: Experiment Needs/Proposals 

Abstract/Keyterms: The need for validating molybdenum and rhodium cross sections in the thermal 
energy range has arisen for many years for reprocessing activities and burnup credit calculations. an Integral 
Experimental Request (IER) sheet was submitted by IRSN to the NCSP in FY 2015. A preliminary design 
was therefore proposed for review. in order to define experiments that meet the requirements and that 
exhibit optimized sensitivities of keff to the capture cross sections of 95Mo and 103Rh, advanced 
algorithms of the PROMETHEE workbench, developed at IRSN, were used. the methodology as well as 
the main results are presented in this paper, which focuses only on the molybdenum experiments design. 
Key Words: algorithm, design, ECEGO, Molybdenum, NCSP, PROMETHEE 
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Abstract/Keyterms: Modeling complex problems can require a significant effort, be subject to human 
error, and contain repeated patterns of input. SCALE 6.2 and the Used Nuclear Fuel-Storage, Transportation 
& Disposal Analysis Resource and Data System (UNF-ST&DARDS) have attempted to mitigate these 
problems with the use of a template engine and template syntax. the template syntax allows redundant input 
to be consolidated into its simplest pattern and parameterized on the parts that change, reducing effort and 
likelihood of errors and encapsulating user experience into a reusable model component. This paper 
presents a summary of rapid modeling benefits and techniques that are facilitated when using templates. 
Specifically, this paper will discuss how these are applied in conducting as-loaded spent nuclear fuel 
canister criticality calculations using UNF-ST&DARDS and model perturbation and sampling using 
SCALE 6.2. Key Words: SCALE, UNF-ST&DARDS, Monte Carlo, Templates. 
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Abstract/Keyterms: SCALE 6.2 consolidated the multiple special-purpose graphical user interfaces (GUI) 
of SCALE 6.1 into a completely new and modern interface called Fulcrum. Fulcrum is a cross-platform 
GUI designed to create, edit, validate, and visualize SCALE input, output, and data. It is intended to be 
usable by both novice and experienced SCALE users with an unobtrusive design. This paper presents a 
summary of Fulcrum capabilities. Specifically, interactive input validation, context-aware auto-completion, 
navigation, interactive geometry visualization with mesh results overlay, job execution, data plotting, and 
highly configurable workspace layouts will be discussed. Key Words: SCALE, Fulcrum, Templates, 
Graphical User Interface 
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Conference Session: Qualification Programs 

Abstract/Keyterms: The Los Alamos National Laboratory (LANL) Criticality Safety Analyst (CSA) 
Qualification Standard was a multidivisional effort forged in late 2012. the result of the effort is a well-
documented and efficient approach to training, encompassing local and national Nuclear Criticality Safety 
(NCS) training courses for incoming criticality safety staff, as well as a model for professional development 
of qualified CSAs at LANL. Five years later, the approach to training and qualification for CSAs has 
evolved into a streamlined safety management function, integrated in all phases of employee recruitment, 
development, deployment, and management. Key Words: criticality safety, training, qualification 
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Abstract/Keyterms: This paper presents the results of the latest version of TRIPOLI-4® on its criticality 
validation suite, thermal spectra part. the criticality validation suite is made of 148 selected ICSBEP [3] 
benchmarks with various enrichments, fissile materials and spectra. The ICSBEP benchmarks 
computational models are prepared by the TRIPOLI-4® V&V team and are run in the same conditions for 
each benchmark: initial source, number of neutrons per cycle, number of inactive and active cycles, keff 
estimator and nuclear data. Comparisons are made with the experimental keff. Key Words: TRIPOLI-4®, 
criticality, validation, Monte Carlo, neutron 
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Conference Session: Validation/Applicability Studies I 

Abstract/Keyterms: Some guidance documents support validation of criticality safety evaluations for 
many system types, and some accommodate different regulators or regulatory requirements. While these 
reports address specific applications, no single document applies to all systems and incorporates both 
traditional and sensitivity/uncertainty-based validation techniques. Oak Ridge National Laboratory will 
develop a single reference report for the US Nuclear Regulatory Commission (NRC) that provides modern 
examples and suggested recommendations for a uniform approach for performing and documenting keff 
calculation validations applicable to any system containing fissile material. the project will include a 
literature review and development of a new, comprehensive NUREG/CR document on nuclear criticality 
safety validation. the NUREG will address the following experiences from recent reviews: 1. Inappropriate 
critical experiment selection 2. Insufficient trending analysis 3. Incorrectly calculated 95/95 uncertainties 
4. Failure to address how validation applies to safety analysis 5. Lack of goodness-of-fit testing in trending 
analyses 6. Incorrect use of commercial reactor critical data 7. Failure to meet bias determination 
methodology prerequisites 8. Inappropriate extrapolation of bias and uncertainty 9. Failure to identify 
validation analysis gaps and weaknesses 10. Inadequate validation analysis documentation The final report 
will provide guidance on use of trending analysis results, acceptable confidence levels for normality testing 
and trending analysis, management of validation analysis gaps and weaknesses, use of sensitivity and 
uncertainty analysis in validation analysis, and potential impact of correlations among critical experiments 
used in validation. It will also consolidate existing guidance documents using both traditional and 
sensitivity/uncertainty-based approaches. This document will support NRC-regulated activities, as well as 
validation used in criticality safety within other regulatory frameworks. Key Words: validation, critical 
experiments, guidance. 



 

C-11905 

11869…..…..…………………..…….……..……ID Number…………………..…..…………….11869 

Author: Marshall, W. J. / Rearden, B. T. / Pevey, R. E. 

Title: Determination of Critical Experiment Correlations For Experiments Involving Arrays of Low-
Enriched Fuel Rods 

Date: 9/15/2017 

Report: NCSD_2017 

Conference/Journal: ANS NCSD Nuclear Criticality Safety Division Topical Meeting, Carlsbad, NM, 
September 10-15, 2017 

Conference Session: Methods and Software Development I 

Abstract/Keyterms: Quantifying correlations among critical experiments has become a topic of interest 
over the last 10–15 years. Correlations arise from the shared use of fissile material, nonfissile materials, 
fixtures, and procedures in multiple experiments or multiple experiment series. a Monte Carlo sampling 
technique proposed as a viable technical method to evaluate these correlations has been implemented in the 
SCALE 6.2 Sampler sequence. This paper presents an investigation of the use of this new tool and technique 
for low-enriched uranium pin array experiments with a thermal neutron energy spectrum. The Nuclear 
Energy Agency’s Expert Group on Uncertainty Analyses for Criticality Safety Assessments has been 
examining methods of calculating the correlation coefficients among experiments from the LCT-007 and 
LCT-039 series. Results for two scenarios are presented to demonstrate the impact of pin pitch uncertainty 
modeling on the correlation coefficients. The convergence of the correlation coefficients is also 
investigated. Additional studies examine the impact of the stochastic uncertainty and the use of continuous-
energy Monte Carlo for individual realizations on the correlation coefficients. Correlation coefficients are 
also determined for the LCT-042 experiment series. This experiment series differs from other experiments 
because unique poison panels and fuel array separation distances may reduce correlation of the individual 
experiments within the series. The effects of pin pitch uncertainty and stochastic uncertainty are also 
examined for this series. Comparing the results of the two sets of experiments shows potential conclusions 
that can be drawn regarding viability of the Monte Carlo sampling technique for determining critical 
experiment correlations. Key Words: critical experiments, correlations, validation, Monte Carlo, Sampler 
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Abstract/Keyterms: Quantifying the correlations among critical experiments has become a topic of 
interest over the last 10–15 years. the correlations arise from the shared use of fissile material, nonfissile 
materials, fixtures, and procedures in multiple experiments or multiple experiment series. A Monte Carlo 
sampling technique proposed as a viable technical method to evaluate these correlations has been 
implemented within the SCALE 6.2 Sampler sequence. This paper presents the investigation of the use of 
this new tool and technique for highly enriched uranium solution experiments. One of the first attempts to 
quantify the correlations among critical experiments examined a series of highly enriched solution 
experiments, including the HST-001 series. These correlations are included in the International Criticality 
Safety Benchmark Evaluation Project Handbook, and they form a basis for methodology comparisons. 
Results generated using the Sampler implementation are compared with these previously published results. 
Additional studies involving the HST-001 experiment series are also presented. a range of different 
assumptions of the independence of the geometry components, enrichments, and other material 
compositions are implemented to investigate the impact of these assumptions on the correlation 
coefficients. These effects are investigated with these experiments because the calculation time is shorter 
for the solution experiments than for the low-enriched lattice experiments discussed in a companion paper. 
the magnitude of the effects of different independence assumptions on the correlation coefficients is 
important to establish which parameters must be clearly identified as shared or unique for accurate 
correlation determinations. Key Words: critical experiments, correlations, validation, Monte Carlo, 
Sampler 
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Abstract/Keyterms: A general issue and some selected topics discussed in international projects (ISO, 
IAEA, OECD) are presented. Long and broad experience in criticality safety is applied to find consistent 
safety principles for nuclear sites, external transport and final disposal. Support of standards and regulations 
is a main purpose. an ISO 1709 (criticality safety principles) draft proposes expansion of the scope to 
transport. Research on the basis for the IAEA Transport Regulations provides insights. Those Regulations 
are based on criticality safety principles. A general requirement for prevention of criticality during transport 
is combined with a prescriptive set of requirements on how to get regulatory approval. “Confinement 
system” was introduced in 1996 to separate subcriticality from radioactive material containment 
specifications. The much older intention was to provide technical support, but not safety, for the interphases 
between sites, transport and emergency. the application has changed unintentionally and significantly. a 
solution is proposed. the principle for determination of a threshold fissile nuclide mass limit for fissile 
material is used to support acceptability of rounding a Criticality Safety Index value down to zero, similar 
to determination of the Transport Index. Temperature effects on nuclear properties need to be accounted 
for. a -40 ºC to 800 ºC temperature range outside a package applies to transport. Burnup credit benchmarks 
involve high temperatures (depletion) and interpretation of operating reactor measurements for typical 
water pools (20 ºC to 120 ºC). KRITZ critical experiments between 20 ºC and 250 ºC are currently being 
evaluated. Key Words: Principles, Standards, Regulations, Consistency, Temperature 



 

C-11908 

11872…..…..…………………..…….……..……ID Number…………………..…..…………….11872 

Author: Mi Kima, Gyeong / Junga, GeonHee / Yookb, Dae Sik / Honga, Ser Gi / et al. 

Title: Characterization of Accumulated Nuclear Fuel in South Korea with Scenario 

Date: 9/15/2017 

Report: NCSD_2017 

Conference/Journal: ANS NCSD Nuclear Criticality Safety Division Topical Meeting, Carlsbad, NM, 
September 10-15, 2017 

Conference Session: Student Competition 

Abstract/Keyterms: In this work, the AMORES Program which automatically prepares ORIGEN-S 
inputs, executes ORIGEN-S, and edits ORIGEN-S outputs based on the spent nuclear fuel data and scenario 
on the nuclear power plant construction was introduced and applied to analyze the inventories, heat 
generations, radioactivities, and radiotoxicities of the SNFs generated in South Korea with realistic SNF 
data up to 2015 and three scenarios on the future NPP construction and operation from 2016 to 2035 or 
2053. the scenario study for PWR shows that the scenario considering the most cancellations of the future 
NPPs shows 12.7%, 24.1%, 25.3%, and 15.7% reductions of the spent nuclear fuel inventories, 
radioactivities, thermal heat generations, and the radiotoxicities, respectively at 2035, in comparison with 
the most optimistic scenario of NPPs construction. Also, the nuclide-wise decomposition was performed to 
show the nuclide-wise contributions to the total heat generation and radioactivity of the accumulated SNFs, 
which showed that the heat generation, radioactivity, and radiotoxicity of CANDU SNFs have significantly 
lower values due to the lower discharge burnup and no operation of CANDUs after 2027 than the PWR 
SNFs. key Words: Spent Nuclear Fuel (SNF), Scenario Study, Nuclear Waste Characterization 
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Abstract/Keyterms: Several studies have already been performed on mixed fissile units in storage arrays 
and concluded that the neutron spectrum of the fissile material, the shape of fissile units, the interstitial 
moderation and structural materials may have an impact on reactivity. For this paper, calculations are 
performed on a simplified infinite planar array with one level of fissile material units axially reflected by 
concrete. Fissile material is modelled by a cylinder shape centered in the array mesh selected (120 cm height 
and 60 cm pitch). Either air or interstitial moderation by water is modelled between the fissile units. Three 
parameters are studied: the fissile materials (with various moderation conditions), the cylinder dimension 
and the nature of the structural material. The main following conclusions can be drawn from these 
calculations: · For several mixed-array cases, air-spaced mixed arrays present a high increase on reactivity 
whereas interstitial moderation between fissile units leads to no or little impact. · Fissile unit shapes do not 
explain directly the mixing impact on reactivity. · Structural materials have an important impact on 
reactivity in mixed array (either an increase or a decrease) due to their absorbing and/or moderating 
properties either when air or interstitial moderation are modelled between fissile units. · No simple 
parameter was found to predict the impact on reactivity of mixed array in all studied configurations. 
However, a comparison of different neutron spectrum parameters can help to predict the absence or 
potential presence of a “mixing effect”. Indeed, if all parameters are similar, no “mixing effect” is observed. 
But, if these parameters present differences, there might be a “mixing effect”. Key Words: array, storage, 
mixing. 
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Abstract/Keyterms: The intent of this paper is to illuminate the reasons behind the culture of standards 
involvement by the criticality safety community in the NCSD, and specifically highlight those NCSD 
activities that build/support this culture. Many NCSD members are currently active in ANSI/ANS-8 and 
other standards and have been for the last half century. This paper was inspired by a request from ANS’s 
Professional Divisions Committee concerning how the professional divisions could “increase support to 
Standards development as Subject Matter Experts”. the healthy level of involvement (i.e., culture) by the 
NCSD membership in standards was noted. A history of the ANSI/ANS-8 series standards is provided, with 
roots going back to 1955. The need became apparent during a cluster of nuclear criticality accidents that 
occurred between 1958-1962. the first NCS related standard was the American Standard N6.1-1964, the 
parent of ANSI/ANS-8.1, which was prepared in 1958 and adopted in 1964. Thus, the involvement in 
standards by the NCS community goes back more than 50 years. The NCSD continues to help foster a 
culture of standards use and development. However, the support provided by the NCSD is frequently not 
recognized, and standards activities are often viewed as separate from the NCSD. This paper highlights the 
interaction between the NCSD and the ANSI/ANS-8 standards activities as well as the benefit of this 
support. Key Words: ANSI/ANS-8, NCSD, standards involvement, safety culture 
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Abstract/Keyterms: The purpose of this paper is to discuss the analysis of abnormal configurations of 
inline components, tanks and pumps in support of the integration of Criticality Safety into the Uranium 
Processing Facility (UPF) at Y-12 National Security Complex (Y-12). In-line components are components 
that are used in solution piping systems, including instrumentation, valves, pumps, and other general-use 
equipment. Mounted on selfcontained skids/modules, in-line components (instruments, seal pots, level 
switches, etc.), tanks, and pumps are associated with a wide variety of the UPF processes. Using computer 
generated models expected to bound abnormal conditions for process module configurations, this report 
evaluates the impact of loss of spacing between in-line components in in-line component arrays and the 
effects of abnormal events. All fissile materials are considered to have a 235U enrichment of 100% and full 
theoretical density of 18.81 g/cm3 to conservatively represent the maximum credible enrichment available. 
Water and concrete were utilized to account for the construction materials associated with the skids and 
other reflective surfaces. Uranyl nitrate, was evaluated over the range of 0 to 550 g U/L for various normal 
and abnormal configurations of components mounted on skids. Abnormal events included fissile spills, 
sprinkler activation, and loss of spacing due to a seismic event. the results from this analysis provide a basis 
that supports development of nuclear safety design criteria, which generates standardized volume limits 
expected to bound the actual internal volume of the planned components. the results also provide a basis 
for consistent Nuclear Criticality Safety (NCS) control of in-line components, pumps, and tanks, for the 
ultimate development of Criticality Safety Process Studies in the UPF. Key Words: uranyl nitrate, fissile 
spill, sprinklers, process modules, in-line components 
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Abstract/Keyterms: A method is proposed to evaluate the extent of subcriticality of an accident-damaged 
nuclear reactor. in this method the radiation ratio of two FP rare gas nuclides, ◌◌଼଼ 
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Conference Session: Experiment Needs/Proposals 

Abstract/Keyterms: Critical experiment benchmarks are essential for validating calculational techniques 
used by criticality safety engineers to guarantee safe fissile material operations, yet there remain significant 
areas of need where existing benchmarks are insufficient or entirely absent. There is a particularly notable 
shortage of intermediate benchmarks (where the majority of fissions are caused by neutrons with energy 
between 0.625 eV and 100 keV). This work describes the design of a set of critical experiments that address 
this gap by developing a highly enriched uranium (HEU) test bed into which various materials of interest 
(diluents) can be substituted. The first diluent to be investigated with this test bed is hafnium, a neutron 
poison used in nuclear applications for which there are no sufficiently sensitive benchmarks. Twenty-one 
critical configurations made up of stacked disks of HEU, polyethylene, and hafnium were designed and 
simulated in MCNP6 to calculate their fission energy spectra and the sensitivity of keff to changes in various 
cross sections. It was shown that configurations spanned the energy range from thermal (below 0.625 eV), 
through the intermediate energy range (0.625 eV to 100 keV), to fast (above 100 keV). Furthermore, it was 
determined that this set of experiments is sensitive to the hafnium and 235U cross section data. These test 
bed experiments were designed to allow substitution of various diluent plates and can therefore be used to 
quickly and easily produce many more benchmarks. Key Words: Critical Experiment, Hafnium, Uranium, 
Benchmark, Sensitivity 
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Abstract/Keyterms: In nuclear criticality safety, ensuring that all systems stay subcritical is of utmost 
importance to the safe operation of the facility as well as not imposing any undue risk to the public or the 
environment. This can be relatively straightforward for simple and isolated systems as the factors affecting 
criticality are well understood and proven based on past safety experience in the industry. However, array 
configurations can be challenging and present hidden complications not seen in simpler systems. While the 
reactivity of arrays depends on the same factors as simple/isolated systems, arrays are also influenced by 
interaction/spacing (including moderation effects) and reflection, which can introduce competing effects in 
the array that become harder to attribute to any one given factor. These effects can lead to some undesired 
effects and unanticipated trends in array systems, making it more important to understand those effects and 
in particular in UF6 cylinder arrays. Interstitial moderation/reflection is one of the effects that can lead to 
unanticipated trends in cylinder arrays the moderation/reflection effect of specific interest in this paper is 
mist or water vapor. Herein the reactivity differences in fixed pitched cylinder arrays with different cylinder 
masses are investigated as a function of mist density. the cylinder mass is based on varying the UF6 density 
to achieve the desired UF6 mass by completely filling the cylinder. Initial simulation results for different 
masses demonstrate that there could be some unique effects with mist densities in the range of 
approximately 0.1 and 0.3 g/cm3. These results are then compared to the results of different cylinder masses 
using the nominal solid UF6 density with the same mass values. This comparison shows these results are 
unique to modeling the cylinder with a given mass using a density that allows the mass to completely fill 
the cylinder. Key Words: UF6 cylinder array, mist conditions, UF6 density variation 
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Abstract/Keyterms: The factors affecting criticality safety are well understood by the nuclear engineering 
industry. Array configurations present multiple challenges to the industry due to the competing effects that 
are present in array systems – most notably interaction/spacing, moderation, and reflection. However, even 
the fissile mass geometry has been shown to complicate array systems. This attribute is also seen in filled 
UF6 cylinders, thus making it important to understand the reactivity in cylinder arrays. The process of 
filling UF6 cylinders results in non-uniform cylinder fill geometries. Due to the non-uniform fill, it becomes 
necessary to model a specific UF6 mass, in cylinder arrays, in different ways to ensure understanding of 
the reactivity of the system. Some of the ways to model the UF6 include: spreading the UF6 mass across 
the cylinder, all UF6 on the bottom of the cylinder, UF6 consolidated in the middle of the cylinder, and 
UF6 consolidated on the outside of the cylinder. Spreading the UF6 mass across the cylinder is 
accomplished by adjusting the UF6 density to achieve the given UF6 mass, whereas all the other scenarios 
use a fixed UF6 density with varying thicknesses to achieve the given UF6 mass. a different modeling 
approach, which helps to capture mixture effects, is to model the UF6 mass using the nominal UF6 density 
along with the void space for a given mass and distribute the mixture throughout the entire cylinder. This 
paper compares the reactivity of a cylinder array at a constant mass value using three different modeling 
techniques – completely filling the cylinder using a reduced UF6 density, filling the cylinder with nominal 
UF6 density and void space throughout the cylinder (same amount of void space as in the last technique), 
and all UF6 in the bottom of the cylinder (all void space on top of UF6). the results demonstrate that 
completely filling the cylinder produces the most reactive UF6 cylinder array system. Key Words: UF6 
cylinder array, UF6 density variation, UF6 mass fill variation. 
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Abstract/Keyterms: During last decennial review of ORPHÉE reactor, located in Saclay, France, 
regulators ask CEA to examine the possibility to have a means to stop a criticality accident in the transfer 
canal, resulting from the fall of heavy duty charge on fuel cask stored inside. This postulated criticality 
accident, occurring under several meters of water, is highly unlikely, but cannot be strictly excluded with 
the double contingency rule. Moreover, the dimensioning of the means is complexed by the lack of 
information about how fuel, casks and others objects at the bottom of canal are arranged after the fall of the 
charge. This paper presents all the course of the study, from preliminary studies about the choice of 
reference situation for calculation configuration, till the conclusion about impact on availability of 
installation with a concern about efficiency of system design. the intermediate studies concerning the 
following problematics are also presented: - choice of technological orientations of the means - that conduct 
to the use of neutronic poison and the resulting problematic for their handling -, - preparation and transfer 
of the poisoned solution to the place of accident, - solution injection system and homogenization . Key 
Words: criticality accident, heavy duty fall, neutronic poison 
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Abstract/Keyterms: The validation process of the codes used in criticality safety studies is an 
indispensable step in determining the permissible criteria for the criticality safety calculations. Several 
methods exist to choose critical experiments representative of the configuration of calculation leading to 
the maximum of reactivity, including one, the so-called "expert" approach, based on macroscopic physical 
parameters (physicochemical material, average energy of neutron leading to a fission, …). Although this 
approach is most commonly used by criticality experts in France, it has the disadvantage of having to know, 
in the most exhaustive way possible, all the criticality experiments available to select the experiments 
representative of the case of computation studied. Consequently, the search for tools enabling a pre-
selection of the critical experiments that are closest neutronically to the situation studied would make it 
possible to reduce this step in the development of a criticality safety study. The objective of the paper is to 
present, on a set of configurations resulting from criticality calculation notes where validation process has 
already been done using expert approach, a comparison of the results of correlation coefficient produced 
by SCALE 6.1.2 TSUNAMI module in regards to benchmarks selected by “expert” approach. Key Words: 
SCALE, TSUNAMI, validation. 
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Abstract/Keyterms: A challenge was posed to the criticality safety consultant to consider whether 
instrumentation identified by Plant Management in an existing facility could be claimed as appropriate 
safety measures to ensure compliance with moderator content limits in uranium dioxide (UO2) powder. 
During processing of low enriched UO2, trays of powder are heated in a steam and hydrogen environment 
in order to reduce fluoride levels. Whilst in the furnace environment criticality safety is ensured by the 
geometry of the furnace trays used to convey the powder; however, upon leaving the furnace the UO2 is 
bulked to a 210 litre drum subject to limited moderation control. Under fault conditions there is a potential 
that the powder may become wetted due to an imbalance in furnace gas flows resulting in steam condensing 
in the cooling section of the furnace. Therefore, the safety case methodology followed suggests that two 
independent and diverse safety measures are provided to terminate the progression of the fault(s) to 
criticality. the existing criticality safety case credits an infra-red moisture meter as one of two safety 
measures; however, the calibration procedure required to ensure this device remains suitable is a 
considerable challenge from a plant operability perspective. As an initial review failed to identify any 
suitable like-for-like replacement, the National Nuclear Laboratory (NNL) Nuclear Safety Section were 
requested by the customer to consider the existing criticality safety case and investigate whether any 
existing instrumentation could be used as an alternative method of detecting conditions in which excess 
moisture could be present within the furnace trays. A number of solutions were proposed and the benefits 
and challenges around each are discussed in this paper, concluding with the approach adopted by the project. 
Key Words: limited moderation, instrumentation, engineered safety measures, furnace, low enriched 
uranium. 1 
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Abstract/Keyterms: The purpose of this paper is to describe the organizational and material changes as 
well as the intervention procedure in order to stop a hypothetical criticality accident in the Melox 
homogenizer. By extension, this study will take into account a criticality accident in other workstations of 
the production chain. It establishes that stopping a criticality accident in the homogenizer requires that 20 
kg of hafnium oxide will be injected into its tank. This admission will be carried out in two stages: initially 
operators have to pour 20 kg of hafnium oxide into a jar, then in a second step this jar will be brought, using 
a manual mode controlled by an automation technician, into the homogenizing workstation from a distant 
controller. Then, from this distant controller, the technician will blend the Mox with the hafnium in the 
homogenizer, and eventually stop the accident. These interventions involve the inhibition of safety PLC 
and the permanent radiation monitoring in the rooms where human presence is necessary. the foreseen 
radiation doses are studied and are encouraging. Key Words: MELOX – Accident – Homogenizer – 
Neutronic absorber – Intervention 1. 
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Abstract/Keyterms: Along with the latest release of the general purpose Monte Carlo radiation transport 
code, MCNP6.2, came the first officially released version of Whisper, version 1.1, a statistical analysis 
code used for nuclear criticality safety (NCS) validation. the Whisper software package is primarily used 
to calculate the upper subcritical limit (USL) of a particular application case along with components of the 
margin of subcriticality (MOS). in the calculation of the MOS due to nuclear data uncertainties, Whisper 
uses the generalized linear-least-squares (GLLS) approach to obtain adjusted nuclear data uncertainties 
which are then propagated to estimate the nuclear data uncertainties in the keff of the application. Due to 
the fact that Whisper contains the simulated and measured keff values for over 1100 benchmarks, nuclear 
data sensitivity profiles for each benchmark along with the nuclear data covariance matrices, all of which 
are used in the GLLS method, it is possible to easily utilize these data available to help guide improvements 
to nuclear data evaluations. in the present work, the Whisper data and the GLLS method are used together 
to suggest an adjusted nuclear data cross section evaluation specifically for 233U such that the agreement 
between the calculated and experimental keff measurements of the relevant benchmarks are improved. with 
this adjusted nuclear data available, feedback to the theoretical and experimental nuclear data community 
is provided. Key Words: Whisper, criticality safety, generalized linear-least-squares, nuclear data 
adjustment 
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Abstract/Keyterms: Higher moderator temperature (lower density) and higher fuel temperatures used in 
the depletion analysis of spent fuel increases the reactivity. Modern criticality analyses for spent fuel pools 
typically determine the highest power assembly and use the temperatures from this high power assembly. 
the high power assembly is determined by finding the maximum assembly averaged relative power or 
peaking factor. for the depletion analysis it is appropriate to use the average peaking factor over the life of 
the assembly. This can be determined by dividing the assembly burnup by the sum of the core cycle burnups 
for the cycles the assembly was in the core. a bounding assembly averaged peaking factor is typically about 
1.4. Clearly this is 40% higher than the average assembly power. the reactivity limiting fuel assembly 
generally has low burnup and thus a low peaking factor. Rather than assume a limiting peaking factor to 
determine the temperatures in the depletion analysis, the depletion analysis can be performed multiple times 
with different temperature sets so the depleted isotopic content is a function of the peaking factor. This 
would allow more fuel assemblies to satisfy the loading criteria while maintaining the same criticality 
margin. The peaking factor credit can be about 2% in k or about 3.5 GWd/MTU change in the burnup 
requirements. Keywords: burnup credit, depletion analysis, peaking factor, spent fuel pool 
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Conference Session: Burnup Credit I 

Abstract/Keyterms: Most PWR spent fuel pool criticality analyses assume that the burnup is uniformly 
distributed among the fuel pins in the assembly. This assumption is accurate for PWR cores that have the 
typical small inter-assembly gap. the Palisades reactor core, however, is different in that it uses cruciform 
control rods in between fuel assemblies. Every interior assembly has two sides having a wide water gap 
and two sides having a narrow water gap. After depleting under these conditions, the pins near the wide 
water gap will have a higher burnup than the pins in the center. If the burnup is distributed uniformly among 
the pins, the resulting k calculation will be conservative but excessively so. the excess conservatism was 
found to be on the order of 1% in k. For this analysis, SCALE 6.1 depletion with TRITON is used followed 
by the CSAS5 module for the Palisades pool analysis. Several burnup zoning arrangements (uniform 
enrichment) were investigated ranging from 3 zones to as many as 19 zones. the 19 zone analysis agreed 
well with a CASMO analysis where every pin was its own depletion zone. It was found that 8 fuel zones 
gave essentially the same result as 19 zones with less complexity. the depletion calculation using 8 fuel 
zones instead of a single zone is more complicated but the resulting k calculation no longer has the excessive 
conservatism seen in a one zone model. Keywords: burnup credit, cruciform, depletion analysis, spent fuel 
pool 
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Abstract/Keyterms: A well-trained and qualified workforce is an essential element in the modern day 
work place of the nuclear industry. for generations, from the guilds of the Middle Age through to the early 
Industrial Age, people learned their crafts through hands-on training provided at the hands of masters. 
Today, though there is an ever-pressing need for mentoring in the workplace, the fast-paced environment 
and lack of time to develop specific in-house training programs can create hindrances to both formal and 
informal learning in the work place. One way to overcome this gap is through private company and 
academic collaboration. in 2012, the University of Nevada, Las Vegas (UNLV) developed a Nuclear 
Regulatory Commission sponsored Nuclear Criticality Safety Certificate Program. in collaboration with 
URENCO USA, an online version of the program was also developed to assist the URENCO criticality 
workforce in the nuclear criticality safety (NCS) qualification process to further their education. This paper 
looks into the differences between formal and informal learning and how factors, which shape informal 
learning, are use to compliment formal learning in the work environment. It further discusses how a 
collaborative relationship between private and academic partners can assist a company in maintaining a 
high level of expertise, while assisting with a company’s goals of fostering, sustaining and strengthening 
the nuclear safety culture. Key Words: Informal Learning, Professional Development, Nuclear Safety Cul 
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Abstract/Keyterms: In the 1980s, a series of the Haut Taux de Combustion (HTC) critical experiments 
was conducted at the Apparatus B experimental facility in Valduc with the support of the IRSN and AREVA 
NC. Four series of experiments were designed to assess profit associated with actinide-only burn-up credit 
in the criticality safety analysis for fuel handling (Phases 1 and 2), pool storage (Phase 3) and spent fuel 
cask (Phase 4) conditions. the HTC rods, specifically fabricated for the experiments, were designed to 
simulate a typical pressurized water reactor uranium oxide spent fuel. in order to validate the MVP-2.0 code 
and relatively new nuclear data libraries for the criticality safety analysis, the HTC critical experiments 
were analyzed using the MVP-2.0 code with JENDL-4.0, ENDF/B-VII.1 or JEFF-3.2. the effective neutron 
multiplication factor keff values were obtained through analyses of all phases of the HTC experiments. It 
was shown that averaged values of keff using JENDL-4.0 and ENDF/B-VII.1 were in good agreement with 
experimental results for all the phases, while those using JEFF-3.2 showed slight underestimation. Key 
Words: HTC, MVP 2.0, JENDL-4.0, ENDF/B-VII.1, JEFF-3.2, Validation 
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Abstract/Keyterms: This paper examines the prerequisites and boundary conditions for extending burnup 
credit from pressurized water reactors to boiling water reactors with validated depletion codes by 
performing uncertainty and sensitivity analyses on a modern boiling water reactor fuel assembly design. 
We developed a computational chain consisting of an axial boiling water reactor axial irradiation model, 
followed by a series of depletion calculations and a three-dimensional criticality calculation. the irradiation 
model puts into relation the profiles of power, burnup and moderator density of the fuel assembly at 24 
axial locations. in a simplified fashion it also includes the insertion of control blades. the depletion 
calculations of the fuel assembly were performed in axial slices with the 2D-depletion code HELIOS 1.12 
[1] [2]. the criticality calculations were done in 3D-geometry with KENO-Va from the SCALE 6.2.1 
package [3], in which several fuel assemblies are placed into a generic transport cask. for the uncertainty 
and sensitivity analyses a Monte Carlo sampling based approach is used applying the GRS tool SUnCISTT 
[3]. We performed several generic investigations testing the capabilities and the limitations of the whole 
computational chain. the impact of variations of the irradiation model on the resulting reactivity of the fuel 
assemblies inside a transport cask or storage pool was investigated using an uncertainty and sensitivity 
analysis on the whole computational chain. Geometrical uncertainties were also included in the evaluation 
and a parameter study on the use of control blades during irradiation was performed. the goal was to develop 
the procedures and tools to be able to obtain quantitative uncertainty data which can be used in the future 
to derive conservative irradiation profiles without unnecessary excess reactivity margins. Key Words: 
BWR, burnup credit, sensitivity, uncertainty, criticality, depletion 
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Abstract/Keyterms: We study the influence of calculation parameters on Monte-Carlo generated 
correlation coefficients of keff values for a data set of critical experiments. the correlation coefficients can 
be used e.g. to reduce conservatism in bias estimations, but generally must be treated correctly if a data set 
includes correlations. We find that the actual value of the correlation coefficient for a given data set depends 
on the number of samples and the ratio of the sampling uncertainty to the Monte-Carlo uncertainty of the 
individual keff calculation. We also discuss that the number of input parameters of the model to calculate 
the keff values do not necessarily impact the convergence of the correlation coefficient with increasing 
sample number. However, we explain how varying the aforementioned parameters lead to different 
converged results for the correlation coefficients. Key Words: criticality safety, validation, critical 
experiments, Monte-Carlo, correlation 
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Conference Session: Criticality Safety – General I 

Abstract/Keyterms: For operations on the Sellafield site involving fissile material a Criticality Accident 
Alarm System (CAAS) has traditionally been installed unless an omission case can be made. An omission 
case would examine if, in the absence of all controls, a criticality could reasonably be expected or whether 
the potential dose to an operator would remain below a maximum acceptable dose. It is a UK legal 
requirement for adequate emergency arrangements to be in place for hazards on a nuclear licensed site. for 
facilities where criticality is credible there is a regulatory expectation that a “Criticality Warning System” 
should be in place. a “Criticality Warning System” is not necessarily a full CAAS and alternative means of 
criticality detection may be part of an adequate emergency plan. The Sellafield site has a Magnox fuel 
reprocessing facility which has been operated since the 1960s. Evaporation of the Medium Active (MA) 
liquid waste from this process is undertaken in an associated building. Following extensive review of the 
plant and process a number of maloperations which can route fissile material to the MA evaporator were 
identified. Adequate controls to prevent these scenarios were shown to be in place. in the unlikely event of 
a failure of controls leading to sustained loss of fissile material a criticality incident may occur and hence 
an emergency plan was determined to be necessary. The novel emergency arrangements which were 
developed utilized the existing gamma monitor network located across multiple building floors. These 
gamma monitors are present for radiological safety. This emergency arrangement would require rapid 
interpretation of the gamma alarms by an operator and the manual triggering of a criticality evacuation 
alarm. The gamma monitors were demonstrated to be able to detect the minimum incident of concern (1015 
fissions) as well as being able to alarm during the ramp up in power of a large criticality incident (1018 
fissions). It was shown that a criticality accident could readily be distinguished from a radiological event 
(e.g. loss of containment). to support this work, criticality excursion analysis was used to examine the likely 
characteristics of a criticality in the MA evaporator. This novel arrangement was justified due to a number 
of factors including: the limited remaining operational lifetime of this facility (< 5 years), the low frequency 
of maloperation coupled with a failure of controls and the crucial risk reduction provided by the continued 
reprocessing of Magnox fuel. Furthermore, the time and cost involved with design and in- Key Words: 
Criticality Detection, Fission Yield, Magnox 
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Abstract/Keyterms: To decommission a legacy plutonium finishing facility, a number of gloveboxes need 
to be disposed of. These gloveboxes have been in place since the 1960s and were operational until the 
1980s. a period of initial cleanout and decommissioning took place in the 1990s and the first gloveboxes 
were removed from the line in the early 2000s. Compliance with downstream waste handling facility 
requirements meant that the gloveboxes needed to be removed using intensive 'hands-on' methods in order 
to size reduce them to fit into 200 litre (55 gallon) drums. This is the standard approach for handling waste 
items known as Plutonium Contaminated Material (PCM) on the Sellafield site and was credited in the 
criticality safety case for the decommissioning of the gloveboxes as it allowed each waste drum to be 
individually assayed such that the fissile content of the waste could be known. Not only was this approach 
time-consuming and laborious but as it involved operators working with cutting tools in a highly 
contaminated area it was challenged as being overly restrictive to operations and potentially hazardous to 
the workers. In order to decommission the remaining nine gloveboxes in the facility, a new 
decommissioning approach and associated criticality methodology has been developed. Instead of intensive 
size reduction and waste drum assay, the gloveboxes will be removed with little or no size reduction and 
put into storage crates without assay. the criticality assessor will review the operational history of each 
glovebox, along with the decommissioning records and relevant plant data, to make an evidence-based 
judgement that the crated glovebox represents no greater a residual criticality risk than would have been 
realised from the equivalent number of PCM drums that the standard decommissioning approach would 
have generated. This method identifies, in conjunction with the plant personnel, a number of review points 
to ensure that before the glovebox is removed any bulk residue material has been recovered and no more 
than a safe amount of moderating material (fixative) has been added to fix any remaining fissile 
contamination. Finally, once these review points have been confirmed to be complete - through a 
stakeholder meeting with criticality safety, plant operators and project managers - the glovebox will be 
placed in a crate, and this crate will be declared a Low Criticality Risk crate. No formal assay will be 
required prior to exporting the crate to the downstream waste handling facility and no fissile mass value 
will be assigned to the contents of the crate. No further intrusive work will be required on the crate and it 
can be safely stored without any spacing requirements, pending final disposal. Key Words: 
decommissioning, methodology, risk 
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Abstract/Keyterms: Water reflection is considered in nuclear criticality safety evaluations because it is 
readily available and easily forms a close-fitting reflector around fissile material. Concrete is commonly 
encountered industrial environments and can be a more effective reflector than water. A comprehensive 
study using 32 concrete compositions derived from an extensive literature survey was done for the three 
basic one-dimensional geometries used in radiation transport codes (spherical, infinite length cylindrical, 
and infinite extent slab) using a 235U metal/water fissile mixture. the concentration/moderation range over 
which criticality is possible was spanned, and the change in keff per unit change in element atomic number 
density for various concrete composition elements was computed to determine the relative effect of each 
element on neutron multiplication Key Words: concrete, reflection, sensitivity. 
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Abstract/Keyterms: In order to prepare for the TREAT reactor being taken off standby, the Gateway for 
Advanced Modeling and Simulation Lab has used a set of KENO models to simulate certain TREAT 
temperature- limited transients using the Transient Reactor eXcursion simulator (T-ReX) code, a hybrid 
deterministic-stochastic code. These transients are from the M8CAL experiment series, a set of experiments 
done to calibrate the reactor for the planned M8 series of fuel tests. Recently, the model has been updated 
in media definitions and geometry. Models were examined and calculations were performed to low 
uncertainty values to find the k-eff and reactivity insertions. Alterations to modeled values of shutdown and 
initial transient rod insertion depth were made to create models which had experimental values of reactivity 
insertion, pre-transient k-eff, or both. It was found that two of the altered media inputs, fuel and Zircaloy-
3 cladding, had significant effect on the k-eff. Surprisingly, the Zircaloy-3 composition had a larger effect 
on k-eff. The reactivity insertions in this model’s 2855, 2856 and 2857 temperature-limited transients were 
found to be above experimental values by a factor of 5.5% to 7%, and that pre-transient k-eff was too high, 
at 1.002. It was found that increasing shutdown rod insertion by 2 to 2.5 cm decreased pre-transient k-eff 
to 1.0, and that increasing shutdown rod insertion by 3 to 5 cm and decreasing initial transient rod insertion 
by 1 to 2 cm gave perfect pre-transient k-eff and total reactivity insertion. Key Words: TREAT, M8CAL, 
T-ReX, KENO 
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Abstract/Keyterms: The Potential NCS Issue (PNI) Process is a newly developed methodology that allows 
for the screening of new information potentially adverse to nuclear criticality safety. the PNI Process allows 
for transparency of possible emerging issues with both contractor management and on-site regulators. 
Sources of PNI include the (1) discovery of potential errors, inaccuracy, or omission in an effective 
criticality safety evaluation, (2) field conditions not accounted for in an effective evaluation, and (3) a 
potential inadequacy in a supporting calculation. Key Words: Occurrence Reporting, controls, screening 
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Abstract/Keyterms: Maintenance and construction activities inside aging DOE nuclear facilities often 
impact nuclear criticality safety controls and requirements. Gaps in communication, training, and 
implementation of criticality safety guidance and controls in maintenance and construction work packages 
were identified at the Y-12 National Security Complex in 2016 when a maintenance package in the field 
was discovered to not have been reviewed by criticality safety. This incident resulted in a deficiency 
because criticality safety review is required any time maintenance or construction is working on equipment 
containing fissile material or their work impacts fissile material or fissile material activities. This review is 
required to protect the basis and requirements of criticality safety evaluations. to address these issues, the 
Y-12 criticality safety group reviewed a large number of maintenance packages, created a new method of 
communicating criticality safety controls to maintenance and construction, and developed a criticality 
safety training session designed specifically for maintenance and construction work planners. This paper 
presents the improvements in communication and implementation made between criticality safety, 
maintenance, and construction at the Y-12 National Security Complex and possible applications for other 
DOE sites. Key Words: Maintenance, Construction, Y-12 National Security Complex 
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Abstract/Keyterms: The Los Alamos National Laboratory (LANL) Nuclear Criticality Safety (NCS) 
Pipeline is a method of accelerating the training and qualification of its next generation nuclear criticality 
safety professionals. an upper division university course in NCS will be offered at participating universities; 
students who perform well can participate in a summer internship in the LANL NCS Division the following 
summer focusing on NCS practices and facility specific training for qualification. Standout students may 
proceed with a criticality safety oriented research project worked during the senior academic year. the 
culmination of the pipeline is the hiring of students as full time personnel. This practice reduces the 
uncertainty around knowing whether the individual: (1) has the technical skills, knowledge, and abilities to 
succeed in criticality safety, (2) will be able to effectively integrate within the organization, and (3) is 
interested enough in the discipline to reduce potential retention issues. This approach will address 
significant challenges in the NCS industry, including rising attrition rates over the next two decades, 
significant time and resources typically required to train qualified criticality safety professionals once hired, 
and the absence of available NCS-related academic coursework available at colleges and universities. The 
university pipeline results in several benefits: (1) reduced training time and costs, (2) interested students 
will naturally self-sort and pursue the discipline at the university level, and (3) a pipeline of criticality safety 
candidates is readily available within the DOE Complex so that unexpected organizational or mission 
changes can be reacted to with increased agility. Key Words: Training, Qualification, University, Attrition, 
Criticality Safety 
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Abstract/Keyterms: It is important to accurately evaluate depletion uncertainties that exist due to the 
limitations of a computer code on accuracy in a nuclear depletion calculation for criticality safety analysis. 
in this work, the bias and bias uncertainty in the effective neutron multiplication factor (keff) for the generic 
32 PWR-assembly burnup credit (GBC-32) cask system were assessed using the Monte Carlo uncertainty 
sampling method for three different burnups and the isotopic biases and uncertainties obtained with the 
calculated and measured isotopic concentrations. the PLUS7 used nuclear fuel assemblies discharged from 
the Hanbit Nuclear Power Plant Unit 3 were assumed to be loaded into the GBC-32 cask. in addition, the 
statistical F-test in the two-way analysis of variance (ANOVA) was suggested to efficiently estimate the 
statistically converged total depletion uncertainty in keff, with a significant reduction of computing efforts 
in the Monte Carlo criticality calculations, and it was applied to the GBC-32 cask system after a sensitivity 
analysis was performed to select the important nuclides having significant contributions to the total 
depletion uncertainty. with the statistical F-tests in the two-way ANOVA, 100 criticality calculations were 
needed to get a statistically converged total depletion uncertainty for 10 and 30 GWD/MTU, while 120 
criticality calculations were needed for 50 GWD/MTU. Key Words: Depletion uncertainty, Dry storage 
cask, Monte Carlo uncertainty sampling method, Statistical F-test 
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Abstract/Keyterms: The thermal neutron scattering law for hydrogen bound in plutonium dihydride (H-
PuH2) is developed using first-principles density functional theory and lattice dynamics calculations. The 
GGA+U exchange correlation with spin-polarized magnetism is used to simulate the electronic structure of 
the material with a Hubbard U parameter that is selected to reproduce experimental lattice constant 
measurements. the partial phonon density of states from these calculations is used to develop a thermal 
neutron scattering law evaluation for H-PuH2 in the incoherent approximation. This thermal scattering law 
is used to predict the critical mass of 239PUH2 in various bare, reflected, and moderated spherical 
configurations with MC21 using ENDF/B-VII.1 cross sections. Calculations using the H-PuH2 thermal 
scattering law are compared with free-gas treatment. Key Words: Thermal Scattering Law, Plutonium 
Hydride, Predicted Critical Mass 
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Abstract/Keyterms: The OECD Nuclear Energy Agency (NEA) Working Party on Nuclear Criticality 
Safety (WPNCS) identified the MOX fuel manufacturing process as an area in which there is a need for 
additional integral benchmark data. The specific need focused on damp MOX powders. The WPNCS was 
ultimately asked by the NEA Nuclear Science Committee (NSC) to provide the framework for the selection 
and performance of new experiments that fill the identified need. A set of criteria was established to enable 
uniform comparison of experimental proposals with generic MOX application data. Criteria were 
established for five general characteristics: (1) neutronic parameters, (2) type of experiments, (3) financial 
aspects, (4) schedule, and (5) other considerations. Proposals were judged most importantly on their ability 
to match the neutronic parameters of predetermined MOX applications. The neutronic parameters that 
formed the basis for comparison included core average values (not local values) for flux, fission and capture 
rate; detailed balance data (fission and capture) for the main isotopes (Actinides, H and O); sensitivity 
coefficients to important nuclear reactions (fission, capture, elastic and inelastic scatter, nu-bar, mu-bar) for 
all uranium and plutonium isotopes, hydrogen, and oxygen; sensitivity profiles to the main nuclear reactions 
for uranium and plutonium isotopes; energy of average lethargy causing fission; and the average fission 
group energy. The focus of this paper is on the definition of the need; the neutronics criteria established to 
assess which, if any, of three proposed MOX experimental programs best meet the need; and the actual 
assessment of the proposed experimental programs. 
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Abstract/Keyterms: The International Reactor Physics Experiments Evaluation Project (IRPhEP) was 
initiated by the Organization for Economic Cooperation and Development (OECD) Nuclear Energy 
Agency’s (NEA) Nuclear Science Committee (NSC) in June of 2002. The IRPhEP focus is on the derivation 
of internationally peer reviewed benchmark models for several types of integral measurements, in addition 
to the critical configuration. While the benchmarks produced by the IRPhEP are of primary interest to the 
Reactor Physics Community, many of the benchmarks can be of significant value to the Criticality Safety 
and Nuclear Data Communities. Benchmarks that support the Next Generation Nuclear Plant (NGNP), for 
example, also support fuel manufacture, handling, transportation, and storage activities and could challenge 
current analytical methods. The IRPhEP is patterned after the International Criticality Safety Benchmark 
Evaluation Project (ICSBEP) and is closely coordinated with the ICSBEP. This paper highlights the 
benchmarks that are currently being prepared by the IRPhEP that are also of interest to the Criticality Safety 
Community. The different types of measurements and associated benchmarks that can be expected in the 
first publication and beyond are described. The protocol for inclusion of IRPhEP benchmarks as ICSBEP 
benchmarks and for inclusion of ICSBEP benchmarks as IRPhEP benchmarks is detailed. The format for 
IRPhEP benchmark evaluations is described as an extension of the ICSBEP format. Benchmarks produced 
by the IRPhEP add new dimension to criticality safety benchmarking efforts and expand the collection of 
available integral benchmarks for nuclear data testing. The first publication of the "International Handbook 
of Evaluated Reactor Physics Benchmark Experiments" is scheduled for January of 2006. 
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Abstract/Keyterms: In August 2004, two sealed canisters containing spent nuclear fuel were opened for 
processing at the Hanford Site's K West fuel storage basin. The fuel was to be processed through cleaning 
and sorting stations, repackaged into special baskets, placed into a cask, and removed from the basin for 
further processing and eventual dry storage. The canisters were expected to contain fuel from the old 
Hanford C Reactor, a graphite-moderated reactor fueled by very low-enriched uranium metal. The expected 
fuel type was an aluminum-clad slug about eight inches in length and with a weight of about eight pounds. 
Instead of the expected fuel, the two canisters contained several pieces of thin tubes, some with wire wraps. 
The material was placed into unsealed canisters for storage and to await further evaluation. Videotapes and 
still photographs of the items were examined in consultation with available retired Hanford employees. It 
was determined that the items had a fair probability of being cut-up pieces of fuel rods from the retired 
Hanford Plutonium Recycle Test Reactor (PRTR). Because the items had been safely handled several times, 
it was apparent that a criticality safety hazard did not exist when handling the material by itself, but it was 
necessary to determine if a hazard existed when combining the material with other known types of spent 
nuclear fuel. Because the PRTR operated more than 40 years ago, investigators had to rely on a combination 
of researching archived documents, and utilizing common-sense estimates coupled with bounding 
assumptions, to determine that the fuel items could be handled safely with other spent nuclear fuel in the 
storage basin. As older DOE facilities across the nation are shut down and cleaned out, the potential for 
more discoveries of this nature is increasing. As in this case, it is likely that only incomplete records will 
exist and that it will be increasingly difficult to immediately characterize the nature of the suspect 
fissionable material and its criticality hazards. 
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Abstract/Keyterms: This paper deals primarily with the use of a two-person rule on the mass limit control. 
Main emphasis placed on the appropriate use of a computer program to assist operators in carrying out mass 
control. An attempt will be exercised to compare the use of a mass control card system under a two-person 
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noted that instantaneous flow of molten uranium from the core and subsequent refreezing at the top of the 
lower blanket have been assumed. The molybdenum in the core was not assumed to melt with the uranium. 
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realistic calculation of the progress of melting is expected to lead to a lower reactivity insertion rate. 
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facilities is in agreement in those cases where available data are sufficient to make comparisons. ( 
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Has Been Added to Each Calandria Tube to Accommodate Possible Thermal Stresses. Design of the Barrier 
System Now Includes a Second Barrier Tube Between the Stainless Steel Barrier and the Calandria Tube. 
the Heat Loss from the Sodium in the Fuel Tubes to the D2O in the Calandria is Calculated to Be Less Than 
0.3 Mw. Studies Completed During the Quarter Indicate that Sodium-Water Reactions Do not Inherently 
Limit the Feasibility of the Sdr. A Careful Review of the Literature Has Shown that Sodium-Water Systems 
Can Be Designed for Safety Against a Reaction Between the Two Fluids. Adherence to Basic Safety Design 
Rules Prevents Shock Wave formation and High Temperature Peaks. Adequate Surge Volume, Low System 
Pressures, Inert Gas Blanketing, and Oxygen Exclusion are the Most Important of These Rules. Fabrication 
and Assembly of the Apparatus for the Fuel-Coolant Tube and Header Test Program is Nearing Completion. 
Single-Failure Barrier Tests Were Performed, Using Higher Sodium Temperatures, on Six Specimens of 
Type 1100 Aluminum (2s). the Feasibility of Using Aluminum as a Barrier Material Against Hot Sodium 
Has Been Demonstrated. Apparatus for the Multiple-Failure Barrier Tests Was Installed, and a Test 
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Fuel Element Studies, and Reactor Control and Core Physics Calculations. It Was Tentatively Concluded 
that a U-10 Wt.% Mo Alloy is Satisfactory for a Slightly Enriched Sdr and that UO2 is Satisfactory for 
Both a Natural Uranium and a Slightly Enriched SDR. Results of a Series of Two- Group Reactor Criticality 
Calculations Indicate that a 6 / 1 Fuel Channel to Control Rod Arrangement is Satisfactory for the Present 
Design (~120 Fuel Tubes). A Brief Study Was Made of the Advantages and Disadvantages of Incorporating 
Some of the Desirable Features of the Slab Design into the Present Calandria Design. Shielding Studies 
Were Concentrated on the Design Requirements for the Thermal Shield and the Bulk Shield Between the 
Reactor and Header Rooms. Preliminary Design Flow Sheets for the D2O Cover Gas, Sodium Cover Gas, 
and Barrier Gas Systems Were Prepared. (For Preceding Period See NDA 084-3.) 
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aluminum and Masonite cover. The PLATR is to be used to measure the infinite multiplication factor and 
a variety of lattice parameters of natural uranium lattices through the use of only a small sample of the 
lattice placed in the center of an enriched reactor. The general procedures presented in NDA-2-74 
(Operating Manual for the NDA Pawling Critical Facility) are supplemented and extended. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One of the major considerations facing the future development and practical 
application of fast reactors is the successful solution of the safety problems associated with this type of 
reactor. A survey of fast reactor fundamental safety problems was conducted at Atomic Power Development 
Associates, ANL, NRTS, and LASL. Problems that were felt to require additional effort are summarized. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A feasibility study of fast U233-Th breeder reactors was performed. The feasibility 
of attainment of breeding ratios greater than one was clearly demonstrated for a family of reactors fueled 
by U-Th metal alloy rod-type fuel elements, cooled by sodium, and structurally built of stainless steel. 
Initial breeding ratios of 1.43 to 1.53 were established for infinite-blanket reactors over a wide range of 
core sizes and compositions. In a specific reference design with a finite blanket, the net breeding ratio was 
estimated at 1.33. The effects on breeding ratio of long term operation in an equilibrium fuel cycle were 
found to be negligible. Allowance for uncertainties in cross section data, particularly for U233, was found 
in the most pessimistic case to reduce the breeding ratio from 1.33 to 1.15. The reference design, optimized 
to achieve a minimum doubling time, would require 25 yr of full-power operation to double the total system 
inventory of U233; the initial core inventory would be doubled. 
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Title: Preliminary Design of the ORNL Fast Burst Reactor 

Date: 7/30/1960 

Report: NDA-2136-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary design of a Fast Burst Reactor was prepared for ORNL. The 
mechanical-design features of the reactor and its calculated performance characteristics are described. The 
reactor resembles the Godiva I and II reactors with the significant exception that U--10 wt.% Mo alloy was 
used for fuel instead of unalloyed uranium. The reactor is intended to provide bursts of 10/sup 17/ fissions 
in ~40 mu sec and steady-state operation up to 10 kw. 
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Author: Agresta, J. 

Title: Stability Studies on Fast Reactors with Delayed Reactivity Coefficients 

Date: 8/15/1961 

Report: NDA-2147-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A systematic study was made on the effects of power coefficients of the types usually 
found in fast reactors on reactor stability. Both finite and infinite resonances in the transfer function giving 
the power response to reactivity oscillations are considered. The following coefficient cases were treated: 
delayed negative coefficient of the conduction or convection type, either alone or in combination with a 
prompt coefficient, and a combination of both delayed convection and delayed-conduction type 
coefficients. Formulas are given for testing unconditional stability of systems. 



 

C-12060 

12024…..…..…………………..…….……..……ID Number…………………..…..…………….12024 

Author: Liedtke, R. 

Title: A Survey of Contemporary Multigroup Codes for the Solution of Reactor Criticality Problems on 
Fast Digital Computers 

Date: 2/24/1955 

Report: NDA-2-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Computers; Criticality; Differential Equations; Digital Systems; 
Group Theory; Mathematics; Programming; Reactors 
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Author: Jens, W. H. 

Title: Summary of APDA Fast Reactor Safety Studies 

Date: 10/1/1956 

Report: NDA-27-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the evaluation of the safety of a reactor system it is usual to hypothesize many 
series of events which would lead to serious accidents. These events are then analyzed to determine 
quantitative results. The assumptions, important considerations, techniques, and results of a number of such 
studies which were made for the APDA fast breeder reactor are described. In general the initial assumption 
is made that reactivity is inserted at a linear rate into a reactor that has a neutron source and a negative 
temperature coefficient. (auth) The design of containment vessels for a nuclear power reactor may 
necessitate consideration of the transient thermal stresses and pressure stresses which may occur in the 
vessel wall. The most serious of these stresses would be due to the rapid increase in temperature of the 
inside volume following the release of a large quantity of hot water or steam from a system rupture. The 
analytical determination of this stress requires that a value be assigned to the film coefficient of heat 
transfer. In order to evaluate this film coefficient a testing program was inaugurated. This report presents 
the data obtained from these tests. 
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Title: Conceptual Design of a Natural Uranium, D2O-Moderated Critical Facility 

Date: 7/1/1959 

Report: NDA-84-23(Rev.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conceptual design of a full-scales natural U, D2O moderated critical experiment 
is presented. The objectives of this program are: to investigate and evaluate possible natural-U D2O-
moderated critical experiment programs and select that which will supply the maximum amount of new 
information to the technology of natural-U D2O-moderated reactors, to develop a conceptual design of a 
critical facility which will meet the requirements of the program developed in and to prepare preliminary 
cost estimates for the design construction and operation of the critical facility. 
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Author: Bernsohn, E. 

Title: SDR Project Quarterly Technical Progress Report for the Period February 1, 1958 Through April 30, 
1958 

Date: 6/30/1958 

Report: NDA-84-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Accidents; Alumel; Aluminum; Aluminum Alloys; Boiling; 
Buildings; Burnup; Chemical Reactions; Chlorides; Chromel; Chromium Alloys; Configuration; 
Contamination; Coolant Loops; Coolants; Corrosion; Corrosion Protection; Cracks; Criticality; Density; 
Economics; Enrichment; Equations; Explosions; Failures; Films; Fission Products; Fluid Flow; Fuel 
Elements; Gamma Radiation; Gas Coolant; Graphite; Heat Transfer; Heating; Heavy Water; High 
Temperature; Impurities; Inert Gases; Leaks; Liquid Flow; Liquid Metal Coolant; Manganese Alloys; 
Materials Testing; Measured Values; Mechanical Structures; Melting; Mockup; Moderators; Molybdenum 
Alloys; Natural Uranium Fuel; Neutron Flux; Nickel Alloys; Photoneutrons; Pipes; Planning; Power Plants; 
Pressure; Pressure Vessels; Production; Pumps; Reactivity; Reactor Core; Reactor Safety; Reactors; 
Reflectors; Rods; Sdr; Shells; Shielding; Shutdown; Silicides; Sodium; Spacers; Stability; Stainless Steels; 
Steam; Stresses; Surfaces; Temperature; Thermal Conductivity; Thermal Insulation; Thermal Stresses; 
Thermocouples; Transients; Tubes; Uranium; Uranium Alloys; Uranium Dioxide; Vessels; Water; Water 
Coolant; Zirconium; Zones 
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Title: Artificial Neutron Source Requirement for the Sub Critical Reactor 

Date: 11/25/1955 

Report: NDA-Memo-14-114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality; Exponential Piles; Graphite; Measured Values; 
Neutron Flux; Neutron Sources; Reactor Core; Shielding 
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Title: Problem of Low Melting Point Eutectics at Fuel Element Interface 

Date: 1/14/1955 

Report: NDA-Memo-14-65 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work performed under contract with the Detroit Edison Co. and the Dow Chemical 
Co. The effects of low-melting-point U- Fe or U-Ni eutectics being formed at the interface of U-Cr and U-
Zr fuel alloys in the proposed APDA reactor are discussed. From the temperature distribution it appears 
that the low-melting- point eutectics at the fuel element interface will not cause any damage to the reactor 
fuel elements. 
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Title: Thermal Cycling Tests on U-10 W/O Mo for the ORNL Fast Burst Reactor 

Date: 7/30/1960 
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Conference/Journal:  
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Abstract/Keyterms: One of the uncertainties concerning the use of uranium-10 wt.% molybdenum in the 
ORNL Fast Burst Reactor is the thermal-cycling behavior of this alloy. Accordingly, an experimental 
program was undertaken to determine whether transformation or distortion of gamma-phase uranium--10 
wt.% molybdenum can occur during simulated fast-burst reactor thermal cycling, and, should 
transformation occur, to establish the thermal cycling behavior of partially transformed uranium- - 10 wt.% 
molybdenum. Specimens were prepared by vacuum casting pins in coated- graphite molds, homogenizing 
the castings at 1650 deg F for 24 hr, and centerless grinding and cutting to 0.158-in. diameter by 1.5 in. 
long. The pins were sealed in evacuated Vycor tubes, heated rapidly both above and below the gamma- 
transformation temperature, and then cooled slowly to simulate reactor thermal cycling. Measurements of 
the time required to initiate transformation by conventional isothermal methods were employed to ensure 
that the alloy material behaved as indicated in the literature. Observation of changes in appearance, 
dimensions, density, resistivity, and metallographic structure were used to obtain the desired information. 
It was found that thermal cycling did not cause growth or distortion of either gamma-phase or partially 
transformed uranium-- 10 wt.% molybdenum pins. Transformation of gamma phase to alpha + delta was 
not initiated by thermal cycling below the equilibrium gamma-transition temperature. 
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Title: Operational Procedures and Some Accident Analyses for the ORNL Fast Burst Reactor 
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Report: NDA-Memo-2136-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operational procedures for burst and steady-state power operation are outlined in 
detail. In addition the procedure for the initial approach to criticality is described. Two possible reactor 
accidents were analyzed. These included:(1) failure of all mechanical scram devices to operate after a burst, 
and (2) a "maximum credible" accident in which the reactor is dropped from some height onto a concrete 
floor, becoming instantly assembled into a maximum reactivity configuration upon impact with the floor. 
Analysis of the first accident indicates that melting of a portion of the reactor may occur. The second 
accident results in an excursion amounting to approximately 10/sup 19/ fissions. This expected to destroy 
the core and possibly result in damage to the reactor building. The maximum instantaneous radiation dose 
to personnel in the control building, 1/4 mile away from the reactor, is not expected to exceed 1 rem. The 
subsequent dose to personnel from a fission product cloud is shown. It can be seen that the external beta 
and fission-product inhalation doses from this source are quite large if the cloud passes at ground level 
directly over an unprotected individual. For an individual inside a closed building, these dose rates will be 
drastically reduced. In addition. since the dose falls off rapidly with cloud height, it is highly unlikely that 
any personnel located indoors (at 1/4 mile from the reactor) will receive a serious radiation dose. The 
inhalation hazard due to vaporized uranium was found to be negligible at 1/4 mile from the accident site 
even under the most pessimistic conditions. 
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Report: N-Division Progress Report for April 21 - May 20, 1957, pp. 15-19 

Conference/Journal: N-Division Progress Report for April 21 - May 20, 1957, Los Alamos National 
Laboratory 

Conference Session:  

Abstract/Keyterms: MIX-MET-FAST-001, PU-MET-FAST-005, PU-MET-FAST-010, PU-MET-FAST-
018, U233-MET-FAST-002, U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-003, 
U233-MET-FAST-004, U233-MET-FAST-004, U233-MET-FAST-005, U233-MET-FAST-005 
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Report: N-Division Progress Report for April 21 - May 20, 1962, pages 14-19 

Conference/Journal: N-Division Progress Report for April 21 - May 20, 1962 

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-006, HEU-MET-FAST-028, U233-MET-FAST-006 
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Report: N-Division Progress Report for March 21 - April 20, 1964, pp. 2-4 

Conference/Journal: N-Division Progress Report for March 21 - April 20, 1964 

Conference Session:  

Abstract/Keyterms: U233-MET-FAST-006 
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Report: N-Division Progress Report for March 21- April 20, 1957, pp. 21-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-005 
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Report: N-Division Progress Report for November 21 - December 20, 1958, pp. 7-11 

Conference/Journal: N-Division Progress Report for November 21 - December 20, 1958, Los Alamos 
National Laboratory 

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-018, PU-MET-FAST-005, PU-MET-FAST-010, MIX-MET-FAST-
001 
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Report: N-Division Progress Report for October 21 - November 20, 1957, pp. 22- 26 

Conference/Journal: N-Division Progress Report for October 21 - November 20, 1957, Los Alamos 
National Laboratory 

Conference Session:  

Abstract/Keyterms: U233-MET-FAST-005, U233-MET-FAST-002, U233-MET-FAST-003, U233-
MET-FAST-004 
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Conference/Journal: N-Division Progress Report for September 21 - October 20, 1959, Los Alamos 
National Laboratory 

Conference Session:  

Abstract/Keyterms: U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, U233-
MET-FAST-005 
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Title: A Compilation of Camp Century Environmental Monitoring Data from June 28, 1962 to October 9, 
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Date: 6/1/1964 

Report: NDL-TR-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Air; Alpha Detection; Beta Detection; Boiling; Containers; 
Criticality; Environment; Fuels; Greenland; Ice; Light; Monitoring; Power Plants; Radioactivity; Reactors; 
Seasons; Ships; Testing; Waste Solutions; Water 
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Abstract/Keyterms: The threshold detector system was used in making neutron flux measurements at the 
KUKLA facility, Lawrence Radiation Laboratory. These included neutron flux versus distance from the 
source and perturbation of the neutron flux caused by the electrical components exposed in the radiation 
field. The flux shows a slight deviation from a 1/R/sup 2/ dependence at distances of less than 25 cm. There 
is little, if any, perturbation of the flux field due to the insertion of various electrical components. 
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Title: Safe Transport of Radioactive Materials 
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Abstract/Keyterms: The hazards of radioactive materials in transport are surveyed. The system whereby 
they are safely transported between nuclear establishments in the United Kingdom and overseas is outlined. 
Several popular misconceptions are dealt with. 
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Abstract/Keyterms:  
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Conference/Journal:  
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Abstract/Keyterms: ZPR-6 Assembly 7 (ZPR-6/7) encompasses a series of experiments performed at the 
ZPR-6 facility at Argonne National Laboratory in 1970 and 1971 as part of the Demonstration Reactor 
Benchmark Program (Reference 1). Assembly 7 simulated a large sodium-cooled LMFBR with mixed 
oxide fuel, depleted uranium radial and axial blankets, and a core H/D near unity. ZPR-6/7 was designed 
to test fast reactor physics data and methods, so configurations in the Assembly 7 program were as simple 
as possible in terms of geometry and composition. ZPR-6/7 had a very uniform core assembled from small 
plates of depleted uranium, sodium, iron oxide, U3O8 and Pu-U-Mo alloy loaded into stainless steel 
drawers. The steel drawers were placed in square stainless steel tubes in the two halves of a split table 
machine. ZPR-6/7 had a simple, symmetric core unit cell whose neutronic characteristics were dominated 
by plutonium and 238U. The core was surrounded by thick radial and axial regions of depleted uranium to 
simulate radial and axial blankets and to isolate the core from the surrounding room. The ZPR-6/7 program 
encompassed 139 separate core loadings which include the initial approach to critical and all subsequent 
core loading changes required to perform specific experiments and measurements. In this context a loading 
refers to a particular configuration of fueled drawers, radial blanket drawers and experimental equipment 
(if present) in the matrix of steel tubes. Two principal core configurations were established. The uniform 
core (Loadings 1-84) had a relatively uniform core composition. The high 240Pu core (Loadings 85-139) 
was a variant on the uniform core. The plutonium in the Pu-U-Mo fuel plates in the uniform core contains 
11% 240Pu. In the high 240Pu core, all Pu-U-Mo plates in the inner core region (central 61 matrix locations 
per half of the split table machine) were replaced by Pu-U-Mo plates containing 27% 240Pu in the 
plutonium component to construct a central core zone with a composition closer to that in an LMFBR core 
with high burnup. The high 240Pu configuration was constructed for two reasons. First, the composition of 
the high 240Pu zone more closely matched the composition of LMFBR cores anticipated in design work in 
1970. Second, comparison of measurements in the ZPR-6/7 uniform core with corresponding measurements 
in the high 240Pu zone provided an assessment of some of the effects of long-term 240Pu buildup in 
LMFBR cores. The uniform core version of ZPR-6/7 is evaluated in ZPR-LMFR-EXP-001. This document 
only addresses measurements in the high 240Pu core version of ZPR-6/7. Many types of measurements 
were performed as part of the ZPR-6/7 program. Measurements of criticality, sodium void worth, control 
rod worth and reaction rate distributions in the high 240Pu core configuration are evaluated here. For each 
category of measurements, the uncertainties are evaluated, and benchmark model data are provided. 
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Abstract/Keyterms: The Criticality Safety Benchmark Evaluation Project (CSBEP) was initiated in 
October of 1992 by the United States Department of Energy. The project quickly became an international 
effort as scientists from other interested countries became involved. The International Criticality Safety 
Benchmark Evaluation Project (ICSBEP) became an official activity of the Organization for Economic 
Cooperation and Development - Nuclear Energy Agency (OECD-NEA) in 1995. This handbook contains 
criticality safety benchmark specifications that have been derived from experiments that were performed at 
various nuclear critical facilities around the world. The benchmark specifications are intended for use by 
criticality safety engineers to validate calculational techniques used to establish minimum subcritical 
margins for operations with fissile material. Example calculations are presented; however, these 
calculations do not constitute a validation of the codes or cross section data. The evaluated criticality safety 
benchmark data are given in seven volumes. These volumes contain 284 evaluations with benchmark 
specifications for 2352 critical, near critical, or subcritical configurations. Experiments that are found 
unacceptable for use as criticality safety benchmark experiments are discussed in these evaluations; 
however, benchmark specifications are not derived for such experiments (in some cases they are provided 
in an appendix). Approximately 498 experimental configurations are categorized as unacceptable for use 
as criticality safety benchmark experiments. Additional evaluations are in progress and will be added to 
this document periodically. The document is organized in a manner that allows easy inclusion of additional 
evaluations, as they become available. 
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12055…..…..…………………..…….……..……ID Number…………………..…..…………….12055 

Author: Hanlon, David 

Title: Water-Reflected Mixed Plutonium-Uranium Oxide (20 wt.% Pu) Pins 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered predicted critical configurations extrapolated 
from near critical experiments with plutonium oxide-uranium oxide fuel pins containing 20 wt.% plutonium 
with light water moderation and reflection. Four experiments were evaluated and are considered acceptable 
for use as benchmark experiments. One additional experiment was performed with this fuel but was 
performed at a much later date and so has been excluded from this evaluation. These experiments were 
performed at the Battelle Pacific Northwest Laboratories (PNL) Critical Mass Laboratory during 1978 
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12056…..…..…………………..…….……..……ID Number…………………..…..…………….12056 

Author: Joo, Hyung-Kook 

Title: Rectangular Arrays of Water-Moderated UO2-2 Wt.% (8% 240Pu) Fuel Rods 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-007; A series of twelve lattice experiments with either 
U(2.35)O2 or U(natural)O2-2 wt.% PuO2 (8% 240Pu) fuel rods was performed in the Plutonium Recycle 
Critical Facility (PRCF) at Pacific Northwest Laboratory in 1975-76. Six experiments contained UO2-
2.35% 235U fuel and the other six contained natural UO2-2 wt.% PuO2 (8% 240Pu) fuel. The purpose of 
these experiments was not to mea sure criticality data but to measure power distribution, and the critical 
measurement data was secondary. Experiments with UO2 fuel included rectangular, square-pitched lattices, 
with 0.615- inch, 0.75-inch or 0.87-inch pitch, in borated or pure water moderator. Experiments with natural 
UO2-2 wt.% PuO2 (8% 240Pu) fuel included rectangular, square-pitched lattices, with 0.70-inch, 0.87-
inch, or 0.99-inch pitch, in borated or pure water moderator (References 1, 2, and 3). These critical arrays 
are referred to as PNL 30-35 in NUREG/CR-0210 (Reference 3) and adopted as PNL 30-35 by the Cross 
Section Evaluation Working Group (CSEWG). This evaluation documents only the six natural UO2-2.0 
wt.% PuO2 (8% 240Pu) mixed-oxide (MOX) fuel lattices with three different lattice pitches in borated or 
pure water. All six of these were judged to be acceptable for use as criticality safety benchmark data. 
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12057…..…..…………………..…….……..……ID Number…………………..…..…………….12057 

Author: Joo, Hyung-Kook 

Title: Rectangular Arrays of Water-Moderated UO2-6.6 Wt.% Fuel Rods 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments with water moderated, single-region and multi-region 
UO2-PuO2 and/or UO2 fueled cores was performed in the Critical Reactor Experiment (CRX) facility at 
the Westinghouse Reactor Evaluation Center (WREC) in 1965. The purpose of these experiments was to 
verify the nuclear design of the Saxton partial plutonium core, which consisted of UO2-PuO2 assemblies 
in the central region with peripheral enriched UO2 assemblies. The fuel rods used in these critical 
experiments were the same fuel rods that later were installed in the Saxton partial plutonium core. 
Experiments consisted of single-region experiments with natural UO2-PuO2 or enriched UO2, and multi-
region experiments with both natural UO2-PuO2 and enriched UO2 with several different pitched lattices. 
This evaluation documents only six natural UO2-6.6 wt.% PuO2 mixed-oxide (MOX), square-pitched, 
partial-moderator-height lattices with five lattice pitches of 0.52 inch, 0.56 inch, 0.735 inch, 0.792 inch, 
and 1.04 inch in single region experiments. The experiments with 0.56-inch pitched lattices were performed 
with borated or pure water moderator, but the other pitched-lattice experiments were performed only with 
pure water moderator. All of these were judged to be acceptable as benchmark data. 



 

C-12094 

12058…..…..…………………..…….……..……ID Number…………………..…..…………….12058 

Author: Yamamoto, Toshihiro 

Title: Critical Arrays of Mixed Plutonium-Uranium Fuel Rods with Water-to-Fuel Volume Ratios Ranging 
from 2.4 to 5.6 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experimental critical sizes are reported for light-water-moderated lattices with 3.01 
wt.% PuO2 - natural UO2 fuel rods. The experiments were performed between 1972 and 1975 at Tokai 
Research Establishment of JAERI. The experimental cores selected as basic benchmark experiments had 
fuel rods arranged in a square array. Critical sizes were determined by adjusting the water height. The water-
to-fuel volume ratio in the lattice cells ranged from 2.42 to 5.55. Some physics parameters, such as 
temperature coefficient of reactivity, the extrapolation length, and critical buckling, were also given. Eleven 
configurations are judged to be acceptable as benchmark data. 
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12059…..…..…………………..…….……..……ID Number…………………..…..…………….12059 

Author: Kimball, D. S. 

Title: Water-Moderated Mixed Plutonium-Uranium Oxide Pins, 4.0 Wt.% PuO2, 18% 240Pu, Natural 
Uranium 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: During the 1960's, a series of subcritical benchmark experiments was performed at 
the Critical Approach Facility (CAF) at Hanford Operations in Richland, Washington. These experiments 
were performed to determine the critical conditions of varying PuO2-UO2 lattice arrangements without 
achieving the critical state. This series of subcritical experiments was part of the larger Plutonium 
Utilization Program, which conducted tests from 1962-1969 to supply data to support peaceful use of 
plutonium isotopes in power-generating reactors. The experiments examined in this evaluation were all 
fully water reflected and moderated hexagonal lattice arrays of fuel rods consisting of PuO2-UO2 with 4 
wt.% PuO2 (18% 240Pu) and natural uranium. Other PuO2 concentrations and 240Pu compositions in the 
same series of experiments are included in MIX-COMP-THERM-006, MIX-COMP-THERM-007, MIX-
COMP-THERM-008, and MIX-COMP-THERM-009, and in MIX-COMP-THERM-002 (square lattice). 
Seven (7) lattice configurations of 4 wt.% PuO2 were evaluated. All seven configurations are judged to be 
acceptable as criticality benchmarks. 
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12060…..…..…………………..…….……..……ID Number…………………..…..…………….12060 

Author: Campbell, Jim W. / Rahnema, Farzad 

Title: Water-Moderated Mixed Oxide Hexagonal Lattices-2 Wt.% PuO2, 8% 240 Pu, Natural Uranium 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In 1965, six subcritical benchmark experiments were performed with UO2-2.0 wt.% 
PuO2 (8% 240Pu) fuel rods at the Critical Approach Facility (CAF) at Hanford Operations in Richland, 
Washington. These experiments were part of a larger set of experiments, which covered a range of 
enrichments, plutonium isotopic ratios, and moderator-to-fuel ratios. Other parts of this large set of 
experiments are detailed in MIX-COMP-THERM-005, MIX-COMP-THERM-007, MIX-COMP-THERM-
008, and MIX-COMP-THERM-009. A separate set of experiments evaluated in MIX-COMP-THERM-002 
used the same fuel rods considered in this evaluation, but the fuel rods were arranged in different 
configurations. The experiments discussed in this evaluation were designed to determine the number of fuel 
rods for the assembly to be exactly critical using the approach-to-critical method. Six triangular-pitch 
lattices with 2 wt.% PuO2 rods, arrayed so that the core was approximately cylindrical, were used for the 
experiments described. Lattices with the following lattice spacing, or pitch, were used: 0.80 in. (2.0320 
cm), 0.93 in. (2.36220 cm), 1.05 in. (2.6670 cm), 1.143 in. (2.90322 cm), 1.32 in. (3.35280 cm), and 1.386 
in. (3.52044 cm). All six lattices are considered to be acceptable as criticality benchmarks. Another set of 
experiments to determine the worth of centrally located absorber rods was conducted with the 1.05-in. 
(2.6670-cm) and 1.32-in. (3.3528-cm) lattices. In these experiments, the central fuel rod was replaced with 
an absorber rod, which consisted of aluminum, boron, or hafnium oxide with various material compositions, 
and the change in keff was evaluated using the approach-to-critical method. Additional experiments were 
performed with the absorber rods wrapped in cadmium sleeves. Twenty-two different combinations of rods 
with and without cadmium sleeves were evaluated for both the 1.05-in. (2.6670-cm) and 1.32-in. (3.3528-
cm) pitch lattices. All 44 of these cases are also considered acceptable as criticality benchmarks. 
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12061…..…..…………………..…….……..……ID Number…………………..…..…………….12061 

Author: White, Travis L. 

Title: Hexagonal Lattices of Mixed Oxide Fuel Pins UO2-2 Wt.% PuO2 (16% 240 Pu), Natural Uranium 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-007 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: During the mid-1960’s, researchers at the Critical Approach Facility (CAF) in 
Richland, Washington, conducted a series of subcritical approach-to-critical experiments with arrays of fuel 
rods containing UO2 mixed with various enrichments of PuO2. The purpose of the trials was to develop a 
set of experimental data for a variety of PuO2 enrichments and moderator-to-fuel ratios for use in 
benchmarking new computational methods being developed as part of the Plutonium Utilization Program 
at Pacific Northwest Laboratory. Experiments were performed using PuO2 enrichments varying from 1.5 
to 4 wt.% PuO2, and in the case of 2 wt.% PuO2, the 240Pu isotopic composition of the plutonium was 
varied from 8 % to 24 %. The reviews of most of these experiments are covered in documents MIX-COMP-
THERM-005, MIX-COMP-THERM-006, MIX-COMP-THERM-007, MIX-COMP-THERM-008, and 
MIX-COMP-THERM-009. The above set of experiments was designed to determine the number of fuel 
rods for the lattice assembly to be just critical, with the rods uniformly arrayed in such a manner that the 
core was a right circular cylinder. This document reviews the case of UO2 - 2 wt.% PuO2 with 16% 240Pu 
enrichment arranged in five different hexagonal lattice spacings (measured in inches): 0.93 in. (2.3622 cm), 
1.05 in. (2.6670 cm), 1.143 in. (2.9032 cm), 1.32 in. (3.3528 cm), and 1.386 in. (3.5204 cm). Another set 
of experiments was performed to determine the worth of centrally located absorber rods in the 1.05-in. 
(2.6670 cm) lattice spacing configuration. Various absorber rods containing either hafnium oxide or boron 
were placed in the central fuel pin position, and the change in keff was evaluated using the approach-to-
critical method. Similar experiments were also performed with cadmium sleeves wrapped around the 
various absorber rods. In all, 22 different combinations of absorber rods with and without cadmium sleeves 
were evaluated. All five of the base cases and all 22 absorber rod cases are considered acceptable for use 
as criticality benchmarks. 
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12062…..…..…………………..…….……..……ID Number…………………..…..…………….12062 

Author: Bartholomay, Roger / White, Travis L. 

Title: Hexagonal Lattices of Mixed Oxide Fuel Pins UO2-2.0 Wt.% PuO2, 24%Pu, Natural Uranium 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In 1964 a series of subcritical approach to critical experiments was performed with 
UO2 - 2.0 wt.% PuO2, 24% 240Pu, fuel rods arranged in a fully water-reflected and -moderated right 
circular cylindrical hexagonal lattice in the Critical Approach Facility at Battelle-Pacific Northwest 
Laboratory (Reference 1). These experiments were part of a larger set of experiments designed to obtain 
critical mass data, which covered a range of enrichments and moderator-to-fuel volume ratios, for 
verification of calculational methods. Parts of this large set of experiments are detailed in other evaluations, 
MIX-COMP-THERM-005, MIX-COMP-THERM-006, MIX-COMP-THERM-007, MIX-COMP-
THERM-008, and MIX-COMP-THERM-009. of particular interest are MIX-COMP-THERM-006 and 
MIX-COMP-THERM-007, which use the same fuel pin and consist of 2.0 wt.% PuO2 fuel, but have 
different 240Pu content. A separate set of experiments examined in MIX-COMP-THERM-002 also 
contained 2.0 wt.% PuO2 fuel, but the fuel rods were arranged as rectangular lattices. This set of 
experiments was designed to determine the number of fuel rods for the lattice assembly to be just critical, 
with the rods uniformly arrayed in such a manner that the core was a right circular cylinder. Since 
information concerning moderator-to-fuel ratios was to be evaluated, six different triangular-pitched lattices 
were constructed with the following lattice spacing, or pitch: 0.80, 0.93, 1.05, 1.143, 1.32, and 1.386 inches. 
All six cases with UO2 - 2.0 wt.% PuO2, 24 % 240Pu, fuel rods are acceptable as criticality benchmarks, 
and are the focus of this report. Another set of experiments was performed to determine the worth of 
centrally located absorber rods in the 1.05-inch lattice spacing configuration. Various absorber rods 
containing either hafnium oxide or boron were placed in the central fuel pin position, and the change in keff 
was evaluated using the approach-to-critical method. Similar experiments were also performed with 
cadmium sleeves placed around the various absorber rods. In all, 22 different absorber-rod and or cadmium 
sleeve cases were evaluated. All 22 cases are acceptable as criticality benchmarks. 
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Author: Bartholomay, Roger / White, Travis L. 

Title: Mixed-Oxide Fuel-Pin Lattice—1.5 Wt.% PuO2, 8% 240Pu, Depleted Uranium 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In 1964 six critical experiments were performed with UO2 - 1.5-wt.%-PuO2 fuel rods 
arranged in a fully water-reflected and -moderated right-circular-cylindrical hexagonal lattice in the Critical 
Approach Facility at Battelle-Pacific Northwest Laboratory (Reference 1). These experiments were part of 
a larger set of experiments designed to obtain critical-mass data, which covered a range of enrichments and 
moderator-to-fuel volume ratios, for verification of calculational methods. Parts of this large set of 
experiments are detailed in other evaluations, MIX-COMP-THERM-005, MIX-COMP-THERM-006, 
MIX-COMP-THERM-007, and MIX-COMP-THERM-008. A separate set of experiments with a similar 
fuel mixture in a square lattice is examined in MIX-COMP-THERM-002. This set of experiments was 
designed to determine the number of fuel rods for the lattice assembly to be just critical, with the rods 
uniformly arrayed in such a manner that the core was a right circular cylinder. Six different triangular-
pitched lattices were constructed with the following lattice spacing, or pitch: 0.55, 0.60, 0.71, 0.80, 0.90, 
and 0.93 inches. All six cases with UO2 - 1.5-wt.%- PuO2, 8% 240Pu fuel rods are acceptable as criticality 
benchmarks, and are the focus of this report. 
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Author: Hack, Joseph D. 

Title: Mixed Oxide Fuel-Pin Lattice in Plutonium-Uranium Nitrate Solution 

Date: 9/1/2000 

Report: NEA/NSC/DOC-(95)-03, Volume VI: MIX-COMP-THERM-010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: From November 4, 1987 through April 4, 1988 eleven subcritical approach 
experiments were performed with plutonium-uranium nitrate solutions having a Pu/(Pu + U) weight ratio 
of approximately 0.22 in a boiler tube-type assembly at the Critical Approach Facility at Battelle- Pacific 
Northwest Laboratory (Reference 1). These experiments were performed with an array of mixed oxide fuel 
pins in aqueous plutonium-uranium nitrate solutions. The concentration of the solutions in the boiler tube-
type tank was varied from 4 to 468 g (Pu + U)/liter. The fuel pins in guide tubes were contained in a boiler 
tube-type tank and arranged in a 1.4-cm square-pitch lattice which resembled cylindrical geometry. The 
last of the eleven experiments was performed with the fuel pins removed from the dry guide tubes. The 
experiments were performed with a water reflector. This set of experiments was designed to determine the 
critical height of the plutonium-uranium nitrate solution for the lattice assembly to be just critical and to 
determine the effectiveness of gadolinium, which was added to the solution for five of the experiments, as 
a neutron poison. Eleven experimental cases are acceptable as criticality benchmarks and are the focus of 
this report. 
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12065…..…..…………………..…….……..……ID Number…………………..…..…………….12065 

Author: Lell, R. M. / Schaefer, R. W. / Mcknight, R. D. / Tsiboulia, A. / Rozhikhin, Y. 

Title: ZPR-6 Assembly 7 High 240PU Core: A Cylindrical Assembly with Mixed (PU, U)-Oxide Fuel and 
a Central High 240 PU Zone. 

Date: 10/1/2007 

Report: NEA/NSC/DOC(95)03/VI VOLUME VI 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Over a period of 30 years more than a hundred Zero Power Reactor (ZPR) critical 
assemblies were constructed at Argonne National Laboratory. The ZPR facilities, ZPR-3, ZPR-6, ZPR-9 
and ZPPR, were all fast critical assembly facilities. The ZPR critical assemblies were constructed to support 
fast reactor development, but data from some of these assemblies are also well suited to form the basis for 
criticality safety benchmarks. of the three classes of ZPR assemblies, engineering mockups, engineering 
benchmarks and physics benchmarks, the last group tends to be most useful for criticality safety. Because 
physics benchmarks were designed to test fast reactor physics data and methods, they were as simple as 
possible in geometry and composition. The principal fissile species was 235U or 239Pu. Fuel enrichments 
ranged from 9% to 95%. Often there were only one or two main core diluent materials, such as aluminum, 
graphite, iron, sodium or stainless steel. The cores were reflected (and insulated from room return effects) 
by one or two layers of materials such as depleted uranium, lead or stainless steel. Despite their more 
complex nature, a small number of assemblies from the other two classes would make useful criticality 
safety benchmarks because they have features related to criticality safety issues, such as reflection by soil-
like material. The term 'benchmark' in a ZPR program connotes a particularly simple loading aimed at 
gaining basic reactor physics insight, as opposed to studying a reactor design. In fact, the ZPR-6/7 
Benchmark Assembly (Reference 1) had a very simple core unit cell assembled from plates of depleted 
uranium, sodium, iron oxide, U3O8, and plutonium. The ZPR-6/7 core cell-average composition is typical 
of the interior region of liquid-metal fast breeder reactors (LMFBRs) of the era. It was one part of the 
Demonstration Reactor Benchmark Program, which provided integral experiments characterizing the 
important features of demonstration-size LMFBRs. As a benchmark, ZPR-6/7 was devoid of many 'real' 
reactor features, such as simulated control rods and multiple enrichment zones, in its reference form. Those 
kinds of features were investigated experimentally in variants of the reference ZPR-6/7 or in other critical 
assemblies in the Demonstration Reactor Benchmark Program. 
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Title: Neptunium-237 and Highly Enriched Uranium Replacement Measurements Performed Using 
FLATTOP 
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Conference Session:  

Abstract/Keyterms:  
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Title: LEU-COMP-THERM –049, Revision 1 

Date: 9/1/2000 

Report: NEA/NSC/DOC/(95)03/IV 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Present Status of Minor Actinide Data 
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Agency 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Thermal Benchmark Experiment Compilation 

Date: 5/1/1974 

Report: NEACRP-L-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: The Experimental Results from CRISTO: Qualification of the Predicted Criticality of Fuel Storages 

Date: 12:00:00 AM 

Report: NEACRP-L-236 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Whitesides, G. E. 

Title: Standard Problem Exercise on Criticality Codes for Dissolving Fissile Oxides in Acids 

Date: 4/1/1990 

Report: NEACRP-L-306 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Actinide Isotopes; Actinide Nuclei; Alpha Decay Radioisotopes; even-even Nuclei; 
Fissionable Materials; Heavy Nuclei; Isotopes; Materials; Nuclei; Radioisotopes; Safety; Uranium 
Isotopes; Years Living Radioisotopes 
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Title: Application of Critical Experiments and Operating Data to Core Design Via Formal Methods of 
Cross Section Data Adjustment 

Date: 9/24/1988 

Report: NEACRP-L-307 

Conference/Journal: NEACRP Specialists Meeting, Jackson Hole, Wyoming, Sept. 23-24, 1988 

Conference Session:  

Abstract/Keyterms: General 
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Author: Santamarina, A. / H. Smith 

Title: Analysis of the OECD/NEACRP Problem n°20 on International Criticality Codes for Fuel Pellets in 
Fissile Solution 

Date: 12/1/1990 

Report: NEACRP-L-320 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Measurements of Control Rod Worths Using ZPPR 
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Report: NEACRP-U-75 

Conference/Journal: Specialists Meeting on Control Rod Measurement Technology Reactivitv Worths 
and Power Distribution, Cadarache, France, 1976 

Conference Session:  

Abstract/Keyterms: Experimental Methods 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Summary of the Work on the NEANDC Task Force on 238U 
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Report: NEANDC-313 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: General Principles of Nuclear Criticality Safety for Handling, Processing and Transportation of 
Fissile Materials in the CIS 

Date: 8/1/1992 

Report: NEBSDV, 31 (3), 309-312 

Conference/Journal: Nuclear Energy (British Nuclear Energy Society) (United Kingdom) 

Conference Session:  

Abstract/Keyterms: General Principles / Nuclear Criticality 
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Title: Summary of Critical Experimental Data from the Joint USDOE/PNC Criticality Data Development 
Programme 

Date: 8/1/1992 

Report: NEBSDV, 31 (3), 313-318 

Conference/Journal: Nuclear Energy (British Nuclear Energy Society) (United Kingdom) 

Conference Session:  

Abstract/Keyterms: A joint exchange programme on the subject of criticality data development was 
completed in August 1988. The programme was a cooperative effort between the U.S. Department of 
Energy and the Power Reactor and Nuclear Fuel Development Corporation of Japan. The primary purpose 
of the programme was to perform critical experiments to allow validation of computational methods used 
for safety analyses for facilities that recycle nuclear fuel. The experiments were performed with mixed 
Pu+U solutions in various geometries (cylinder, annular and slab) and various reflection conditions (bare, 
water and concrete). Also, critical lattices were assembled with Pu+U mixed-oxide fuel pins immersed in 
water, organic, Pu+U, and Pu+U+Gd solutions. The experiments spanned the range of neutron spectra from 
the very over-moderated condition (H/Pu ratio 22) to the very over-moderated condition (H/Pu ratio 2220). 
Using the criticality data provided by this programme, computational studies were performed to validate 
the SCALE computer code system. The good agreement between the calculational and experimental results 
allows the calculational method to be applied to similar plant conditions. 
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Title: Status of the Construction of the THTR-300 MW and the Design of a 500 MW Follow-on Plant 

Date: 4/1/1984 

Report: NEDEA, 78 (2), 109-117 

Conference/Journal: Nucl. Eng. Des 

Conference Session:  

Abstract/Keyterms: Thtr-300 MwE Prototype Nuclear Power Plant / BBC / HRB / NUKEM / Spherical 
Fuel Elements / HTR-500 MwE 
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Conference/Journal: Annual meeting on nuclear technology '95: joint meeting of Deutsches Atomforum 
e.V. (DAtF) and Kerntechnische Gesellschaft e.V. (KTG) on research and technology - our future, 
Nuernberg (Germany), 16-18 May 1995 

Conference Session:  

Abstract/Keyterms: Metal Fueled Fast Breeder Reactor Concept RAPID 



 

C-12119 

12083…..…..…………………..…….……..……ID Number…………………..…..…………….12083 

Author: Cabrillat, J. C. / Chauvin, J. P. / Martini, M. 

Title: The Nuclear Fuel Cycle Backend the Use of the CEA Critical Facilities for the Assessment of the 
Physics 

Date: 5/1/1995 

Report: NEDEAU, 170 (1-3), 089-093 

Conference/Journal: Annual meeting on nuclear technology '95: joint meeting of Deutsches Atomforum 
e.V. (DAtF) and Kerntechnische Gesellschaft e.V. (KTG) on research and technology - our future, 
Nuernberg (Germany), 16-18 May 1995 

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle Development 
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e.V. (DAtF) and Kerntechnische Gesellschaft e.V. (KTG) on research and technology - our future, 
Nuernberg (Germany), 16-18 May 1995 

Conference Session:  

Abstract/Keyterms: Fuel Assembly Inventories / KRB-II / Fuel Bundle Loading Errors 
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Report: NEDEAU, 179 (3), 281-286 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: HANARO (high-flux advanced neutron application research reactor) / HANAFMS 
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Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: Pool Type Storage / TRIGA Spent Fuel / Jozef Stefan Institute in Ljubljana, Slovenia, 
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Title: The Monte Carlo Codes MCNP and MCU for RBMK Criticality Calculations 
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Conference/Journal: Nuclear Engineering and Design 
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Abstract/Keyterms: Monte Carlo Codes MCNP and MCU / Detailed Representations of Seven Critical 
Experiments / Russian Research Center ’Kurchatov Institute' 
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Conference Session:  

Abstract/Keyterms: Results are presented of measurements and calculations of physics parameters in the 
first gas-cooled fast breeder reactor (GCFR) critical assemblies in the US, a program of experiments 
conducted on the ZPR-9 facility at Argonne National Laboratory. Through a progressive three-phase series 
of assemblies, the major features unique to GCFR physics due to the gaseous coolant, and the resulting hard 
neutron spectrum and greater leakage, were investigated. Phases I and II were simple-geometry, uniform-
core assemblies providing tests of nuclear data and GCFR design methods for fast reactors with large void 
fractions. The Phase III core simulates a GCFR design with three enrichment zones. This report primarily 
concerns the results obtained in Phase II. In addition to the usual central indices, reaction rate mappings, 
etc. these initial studies have provided the first experimental data on reactivity coefficients relevant to 
GCFR safety, such as worths of fuel, control, and cladding materials, Doppler effect, and coolant (helium) 
depressurization worth. Effects of steam ingress into coolant channels (due to hypothesized steam generator 
leak) were simulated using polyethylene. The physics information obtained is providing a valuable base for 
verification of GCFR design and safety analyses. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Transportation; Engineering--Facilities & 
Equipment--Shipping Containers; Casks-- Safety; Spent Fuel Elements-- Transport; BWR Type Reactors; 
Criticality; Design; PWR Type Reactors 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Commercial Power Reactors-Safety & Siting; BWR 
Type Reactors; Criticality; Excursions; Numerical Solution; Power Reactors; Prompt Neutrons; Rod Drop 
Method 
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Report: NEI-13(Rev.); AECL-1470 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The microscopic-discrete theory takes into account the reactor lattice structure by 
representing each rod by a line source of fast neutrons and a line sink of thermal neutrons. The application 
of the method to the problem of determining the Laplacian of a new lattice by substituting some rods of it 
for rods of a lattice of known Laplacian is considered. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Abstract/Keyterms: Packaging and Transport of Radioactive Material / Yokohama / Burn-Up Credit 
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Conference/Journal: Nuclear Engineering International 

Conference Session:  

Abstract/Keyterms: Prototype Fast Reactor / Defueling 
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May 1999 

Conference Session:  

Abstract/Keyterms: Reactor Core Calculations / Neutron Physics 
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Conference/Journal: Nekotorye Vopr. Inzh. Fiz. 

Conference Session:  

Abstract/Keyterms: Starting with the Boltzmann equation in the diffusion approximation, the scattering 
by hydrogen was treated separately from the scattering by all other nuclei, which were considered as heavy” 
for this purpose. The resulting equations were then put into the multigroup (in lethargy) form including 
inelastic scattering and using the fission spectrum as the source. The final results treated hydrogenous media 
in either the P/sub 1/ approximation or in a transport” approximation. The connection with the moment 
method” was developed. The criticality problem is discussed formally using the matrix method. A 
discussion of the extrapolation length as a lethargy group quantity is presented. Results of fifteen-group 
calculations are presented in both approximations for the critical radius of an assembly based on a core 
consisting of a UO2F2water solution with enriched uranium and compared with the experimentally 
determined dependence of the radius on hydrogen concentration. Similarly in a nine-group calculation the 
results from the two approximations for the age to 1.4 ev from fission in water--iron mixtures of various 
compositions are compared with experimental results. Twelve tables giving the group cross sections for 
several elements, especially hydrogen, are included in the appendix. 
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Report: NENKA, 68 (8), 719-727 

Conference/Journal: Nenryo Kyokai-shi (Japan) 

Conference Session:  

Abstract/Keyterms: MOX fuel / utilizing plutonium / Tokai Laboratory of PNC (Power Reactor and 
Nuclear Fuel Development Corporation) 
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Title: Critical Experimentation Status Report 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: NEPA Project: Nuclear Energy for the Propulsion of Airplanes, 
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Title: Reflector Removal as a Means of Pile Control 

Date: 5/3/1949 

Report: NEPA-1009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effect on reactivity of removing an all-over reflector from a square cylinder 
reactor is discussed, and a means of estimating the effect of removing a portion, e.g. the ends, is provided. 
By removing an all-over reflector from a reactor, it is possible to obtain up to about 50% change in 
reactivity, this upper limit being in fast piles. The available control increases also with the thickness of the 
reflector, but not much is gained for thickness of more than 6 or 8 inches. It was concluded from the results 
obtained that adequate control could be achieved in fast and intermediate reactors with a not unreasonable 
distortion of the reflector. 
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Title: Comparative Critical Conditions in Simple Nuclear Reactors 
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Report: NEPA-1100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The physical and nuclear properties of simple critical reactors are compared. Those 
considered include homogeneous, gas-cooled, enriched, cylindrical, and room temperature reactors 
containing hydrogen, beryllium oxide, beryllium carbide, graphite, or iron. Comparisons are made of U 
investments, critical sizes and other parameters and their interpretations. 
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Title: Critical Masses in Operable, Air-Cooled Beryllium Carbide Moderated Reactors 
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Report: NEPA-1263 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The criticality requirements of nuclear reactors at operating conditions are presented. 
The effects of high temperature, coolant, coating and fission product poisons were incorporated in the 
calculations for the determination of critical reactor sizes and uranium requirements after l00 hours of 
continuous operation at 600,000 kw. The assumptions for the reactors dealt with in this report are given. 
Calculations were based on neutron diffusion theory. The “Fermi Age” method was used to obtain bare 
reactor results, and both one and two group methods were used for reflected reactors. Computations were 
performed for reactors with 0, 3', and 6 reflectors, having free flow ratios of 0.2, 0.3, and 0.4, and over a 
wide range of uranium concentrations. The results are presented graphically to show the interrelations 
among reactor size, uranium requirement, reflector thickness, uranium concentration, free flow ratio and 
free flow area. A comparison is shown of the bare operating effects” reactors with the no effects” reactors. 
Two graphs are also included to give an indication of the energies of the neutrons that are causing fission 
in the various reactors considered. 
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Title: Study of Generalized Diluents in Reactors of Fixed Geometry 

Date: 10/20/1950 

Report: NEPA-1590 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculated critical masses as a function of diluent cross sections varying as 1/v or 
1/v/sup 2/5/ are presented graphically for reactors of a fixed size (2.5 ft core diam). Four moderators, Be 
metal, BeO, and two Be2C with added graphite were studied and compared. Various effects such as 
production spectra, variation of critical mass with core diameter and reflector savings and variation of 
median energy for fission with diluent absorption are included as illustrative material. An exposition of 
methods and assumptions is given with references to sources. 
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Title: Fission Chambers 
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Conference/Journal:  
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Abstract/Keyterms: 13 Pages Describing the Construction and Operating Characteristics of 2 Fission 
Chambers. 
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Title: NEPA Critical Experiment Facility 

Date: 4/1/1951 

Report: NEPA-1769 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-025; The NEPA portion of the joint NEPA-Carbide critical 
experiment facility is described, as well as some of its supporting facilities. Information is presented on 
mechanical equipment, electrical equipment, instrumentation, materials, and building. Detailed diagrams 
and instructions suitable for operating, maintaining and reproducing the equipment in use are provided in 
separate appendices. 
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Title: Electrical and Mechanical Systems (Appendix A to NEPA 1769) 

Date: 4/15/1951 

Report: NEPA-1827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains many photographs of the split table hardware (main assembly, individual 
components, electrical and other subsystems). 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-025 
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Date: 4/15/1951 

Report: NEPA-1828 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 68 Pages of drawings, photos and circuitry for Fission Chambers (NEPA-1743), BF3 
Proportional & Ionization (NEPA-1742), Sensory and Photomultron Chambers (NEPA-1744), various 
Amplifiers, Germanium Dioodes and Control Panels. 



 

C-12146 

12110…..…..…………………..…….……..……ID Number…………………..…..…………….12110 

Author: Bly, F. T. 

Title: Materials for Zero Power Reactor Experiments (Appendix C to NEPA-1769) 

Date: 4/6/1951 

Report: NEPA-1829 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains photographs of fuel and moderator items, fabrication drawings, purity 
information. Two copies of the report are in the folder. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-025 
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Title: Critical Reactor Sized and Weights for Uranium Carbide-Graphite Systems 

Date: 6/15/1948 

Report: NEPA-592 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality requirements for cylindrical, air-cooled, room temperature, homogeneous 
uranium carbide-graphite reactors utilizing completely enriched uranium and having graphite reflectors 
were determined. Results are presented in the form of graphs relating uranium weight, total reactor weight, 
reactor size, core composition, reflector thickness, and free flow ratio. The data are intended only for 
assisting in the selection of design points from a wide range of variables, and are not considered adequate 
for prediction of critical masses in actual critical assemblies. Some neutron flux spatial distributions are 
given. Also included are neutron flux energy distributions, fissioning energy distributions, and mean times 
between fissions for several reactors without reflectors. 
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Title: Critical Reactor Requirements for Uranium Carbide-Beryllium Carbide- Graphite Systems 

Date: 3/15/1949 

Report: NEPA-950 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The criticality requirements of nuclear reactors using enriched UC2 and moderated 
by Be2C are given. Calculations were based on neutron diffusion theory and performed over wide ranges 
of core composition, reflector thickness, and free flow ratio. The results are presented graphically to show 
clearly the interrelations between reactor size, uranium requirement, reactor weight, core composition, 
reflector thickness, and free flow ratio. 
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Title: Experimental Technique with Plutonium 

Date: 9/1/1963 

Report: Neue Tech, 5, 547-551 

Conference/Journal: Neue Tech 

Conference Session:  

Abstract/Keyterms: Pu is an alpha emitter, is highly inflammable and pyrophoric, and reaches criticality 
with a relatively small mass. The radiation protection precautions (air-tight glove boxes), the use of inert 
atmospheres, and criticality control are described. The microchemical methods used in the weighing, 
metallurgy, and separation and purification of micromasses of Pu are discussed. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Conference/Journal: Neue Technik 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Configuration; Critical 
Assemblies; Criticality; Heavy Water Moderator; Measured Values; Multiplication Factors; Planning; 
Reactivity; Reactors 
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Conference/Journal: Neue Technik 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum; Configuration; Diffusion; Fuel 
Elements; Gas Coolant; Heavy Water Moderator; Numericals; Reactor Core; Reactors; Thermal Diffusion; 
Thermal Neutrons; Tubes; Uranium Dioxide 
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Title: Critical and Sub-Critical Experiments 

Date: 12/1/1959 

Report: Neue Technik, 8, 027-030 

Conference/Journal: Neue Technik 

Conference Session:  

Abstract/Keyterms: The reactor design based on pare calculation from fundamental cross sections is still 
in an unsatisfactory state. Integral data taken from critical or subcritical experiments form a much better 
basis. This type of experiment has wide applications particularly to the uniform multiplying medium itself 
as well as to the investigation of all kinds of perturbations due to the operation and construction of a reactor. 
The critical experiment provides most of the information required for the reactor design. On the other hand 
the expenditures are high, since automatic safety devices are absolutely necessary. Subcritical and 
particularly the experimental experiments provide a method of obtaining much of the information required 
with the minimum expenditure on materials, shielding and instrumentation. 
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Report: Neue Technik, Neue Tech.: Vol: 3 

Conference/Journal: Neue Technik NT, Neue Tech. 

Conference Session:  

Abstract/Keyterms: The present work intends to clarify the question of whether material bucklings of 
D2O natural uranium lattices can be measured with precision in subcritical two-zone systems. The modified 
two-group formalism developed in this report was checked in two different experimental series. The results 
of the analysis of the experiments are very satisfactory and encourage similar studies under different 
conditions. In the last section, a special set of orthogonal functions for two-zone systems is presented and 
correlated with some experiments. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Critical Assemblies; Critical Mass; Criticality; Cross Sections; Differential Cross Sections; Doppler Effect; 
Fast Neutrons; Liquid Metal Coolant; Mass; Numericals; Plates; Plutonium; Reactivity; Reactors; Sodium; 
Spectra; Void Coefficient 
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Abstract/Keyterms: HEU-MET-FAST-015, PU-MET-FAST-021 
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Conference Session:  

Abstract/Keyterms: Biology and Medicine; Radiation Effects; Accidents; Contamination; Criticality; 
Fission Products; Nuclear Explosions; Radiation Doses; Radiation Injuries; Radiation Sickness; Uranium 
235 
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Conference/Journal: New Scientist (England) 

Conference Session:  

Abstract/Keyterms: In this article, extracted from ’Nuclear Disaster in the Urals' written by the present 
author, mechanisms are considered that could have been responsible for the explosion which occurred in 
the Urals in late 1957 or early 1958, causing a great many casualties and contaminating a vast territory, 
resulting from the improper storage of reactor products. Possibilities reviewed include; (1) an explosion 
due to thermal heating of selectively adsorbed residual plutonium, resulting from a chain reaction begun by 
the moderating action of water on the plutonium (2) an explosion in a storage tank that was insufficiently 
cooled, (3) an explosion in a geological formation into which high level wastes had been pumped under 
pressure. 
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Conference Session:  

Abstract/Keyterms: Health and Safety; Confinement; Criticality; Heat Treatments; Losses; 
Radioisotopes; Shielding; Standards; Storage; Transport 
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Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Pu239 - U235-fueled fast critical assemblies are of interest for the estimation of 
properties of Pu239/-fueled assemblies because of safety considerations and/or limited plutonium 
availability. Numerical analysis for bare and reflected homogeneous cores and reflected Two-region cores 
are previously reported. It is concluded that the errors in the calculated critical size for a 5.0 vol % Pu239/-
fueled system reduce by more than a factor of about 10 to 20, if an accurate experimental value of critical 
size of a critical assembly fueled by 0.5 vol % Pu239 and 4.5 vol % U235 is known. A general mathematical 
formula, which is useful to explain the above conclusions more clearly, is obtained for bare homogeneous 
mixtures using multigroup diffusion approximation. In order to predict the critical radius for the bare 
homogeneous Pu system to an accuracy of 1%, the errors for the experimental value of critical radius must 
be less than 0.1% for V/sup Pu//V/sup Fuel/ = 0.05 and 0.2% for V/sup Pu//V/sup Fuel/ = where V/sup Pu/ 
and V/sup Fuel/ are the volume fractions of Pu239 and fuel (Pu239 + U235) respectively. For the reflected 
Two region cores, the experimental errors required for the above accuracy must be less than 0.5% for the 
ratio of central Pu239 core region volume to total core volume of 0.1. 
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Conference Session:  

Abstract/Keyterms: Measurements are made of the prompt neutron lifetime and of the equivalent 
reactivity worths of control rods and the gap between two halves of the SHE-1 (Semi-Homogeneous Critical 
Assembly Core-1) by pulsed neutron technique. The decay constant alpha can be measured in the range 
from 7.19 to 147.7 sec/sup -1/ within 2.1%. The prompt neutron lifetime of this assembly is determined to 
be 1.21 plus or minus 0.03 ms (assuming Beta(eff) = 0.0067), and the equivalent reactivity worth of a Cd 
control rod to be 4.10 plus or minus 0.13 However, the reactivity found from the value of alpha by the 
conventional formula, ( alpha -- alpha /sub c/)/ alpha /sub c/ is found to have a larger error than experimental 
one below about -- 9 or SHE-1, because the change of the value of k(eff) Beta(eff)/1 with the degree of 
subcriticality is neglected. The theoretical validity of reactivity measurement in the reflected subcritical 
system by pulsed neutron technique is discussed. 
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Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Air; Bones; Criticality; Environment; Half-Life; 
Intestine; Liver; Man; Monitoring; Personnel; Plutonium; Quantitative Analysis; Quantity Ratio; Radiation 
Protection; Safety; Sampling; Solubility; Stomach; Toxicity 
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Conference Session:  

Abstract/Keyterms: A method for determining lattice parameters with a single fuel assembly is discussed. 
The purpose of the experiments was to explore the possibility of applying the method to measurements in 
organic coolant systems. In order to evaluate a new fuel assembly, it should be very useful to be able to 
measure the parameters effectively using small facilities. The apparatus used for the present study consisted 
of a cylindrical vessel (100 cm inner diameter and 200 cm height) containing an organic coolant--Santowax 
OMP. The fuel assembly used was a 22-rod uranium-oxide cluster, fixed in the center of the cylindrical 
vessel. The data obtained were compared with the results calculated by computer using established nuclear 
data and codes. The discrepancy between the measured and calculated values was found to be within 2% 
in the lattice spaces of 16 cm and 20 cm. Thus the method would appear to be practically applicable to 
organic coolant systems, at least in the range of the lattice spaces covered by the present experiment. 
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Conference Session:  

Abstract/Keyterms: This report presents a current survey of experimental techniques and analyses in fast 
critical experiments for large fast reactors. It consists of four parts: (1) a review of the discrepancies 
observed between the calculated results and the integral data obtained by critical facilities, and the 
uncertainties contained in nuclear data, (2) a description of the procedures used and the problems 
encountered in critical experiments, especially for plutonium-fueled cores, (3) survey of experimental 
techniques for the measurement of reactivity coefficients, sample reactivity worths, reaction rates, neutron 
spectra and kinetic parameters, (4) a discussion of problems in the analyses of experimental data. 
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Conference Session:  

Abstract/Keyterms: ADU; Alarm Systems; Enriched Uranium; Fissionable Materials; Fuel Cycle; Japan; 
Nuclear Materials Management; Plutonium; Powders; Safety; Uranium Dioxide 
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(Japan) 

Conference Session:  

Abstract/Keyterms: The reactor physics characteristics have been studied for the projected Nuclear Safety 
Research Reactor (NSRR), based on procedures for analysis established for the purpose. Moreover, an 
optimization study has been performed for the design of the experimental cavity. For the analysis, computer 
codes were specially prepared for producing the energy-group constants and for performing criticality 
calculations, which take into account the detailed neutron scattering process. 
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Conference Session:  

Abstract/Keyterms: A general review is given on the problems of spent fuel transportation associated with 
the large scale use of light water reactors and the completion of a fuel reprocessing plant in Japan. In the 
first part, the various regulatory standards for the transportation and casks adopted in Japan and in foreign 
countries are presented and briefly discussed. In the second part, the present status of the spent fuel 
transportation is reviewed. Especially, the design of casks is discussed from various viewpoints, such as 
cask structure, mechanical strength, heat removal, criticality management, shielding, and decontamination 
work. The brief design specifications for existing casks are summarized in a table. In the third part, shielding 
problems are treated. They included the energy spectra of gamma sources, neutron emitting sources, and 
the codes for shielding calculation. In the fourth part, the ships for transporting spent fuel are discussed. 
Here, the safety assurance against ship collision or stranding and the equipment for preventing radiation 
exposure are the main subjects. In the fifth part, the evaluation of cask accidents is described. As for the 
strength of casks, the items and conditions of drop test are discussed. As for thermal safety, heat removal 
and fire protection are discussed. Finally, the analysis of a hypothetical 
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Conference Session:  

Abstract/Keyterms: The result and experience on Pu fuels and their handling in Power Reactor and 
Nuclear Fuel Development Corp. are compiled in memory of the 10th anniversary of establishment of the 
first Pu fuel laboratory on Nov. 26, 1960. The second facility was built at the end of 1971 as a Pu fuel 
fabrication facility. The amount of Pu fuels fabricated in both facilities reached 15,000 fuel rods with 13t 
of mixed oxide pellets mostly for JOYO and DCA, and is further increasing for FUGEN. Quality assurance 
system has been arranged in accordance with increase of the fuel produced, and a fully documented system 
was completed for the FUGEN Pu fuel. Research and development work for Pu fuels has been focused on 
physical properties of mixed oxide, and in and out of pile evaluation of the fuel performance together with 
some activities related to Pu fuel design, and these results have been compiled in computer codes including 
fuel performance codes, PIPER and ACTIVE-II. Irradiation testings of the mixed oxide fuels totaling 418 
rods were carried out successfully in JRR-2, JMTR, HBWR, SAXTON, GETR, Rapsodie and Dounreay. 
Besides, 3,624 fuel rods were fabricated and used for critical experiments in DCA, TCA, etc. Concerning 
the safety control against Pu handling were described control systems for confinement, criticality, 
accountancy, radiation exposure, etc. 
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(Japan) 

Conference Session:  

Abstract/Keyterms: Results of research and development performed for analyzing the core neutronic and 
thermal characteristics of Japanese experimental fast reactor JOYO are presented. The analysis and 
production of neutronic characteristics were performed based on the full mock-up experiments with FCA 
(Fast Critical Assembly) at JAERI and on two-dimensional diffusion calculation with 25-group constants 
(NNS-5). The outline of FCA experiments and C/E values for various characteristics values are presented. 
For thermal characteristics, the design criteria and the results of various experiments such as core hydraulic 
tests, assembly hydraulic tests, effects of coolant mixing, measurement of surface thermal conductivity, 
evaluation of instrument reliability and fabrication error, and the determination of hot spot factors are 
explained. The design values with allowance are also presented. As for fuel characteristics, the outline of 
the fuel assembly, the design specification, analysis of burnup characteristics, results of creep experiments, 
and the results of fuel in a diation experiments are summarized. The determination of final thermal output, 
which was 75 MW, is also elucidated together with the projected operational and refueling pattern. Design 
values for major items are also listed for both 50 MW and 75 MW cores. 
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Conference Session:  

Abstract/Keyterms: The mock-up criticality experiments for MONJU are roughly divided into the full 
mock-up test using the ZEBRA of Winfrith Institute, UK AEA, and the partial mock-up experiment with 
FCA of JAERI. The former test has been carried out over 18 months from September 1971 as the Japan-
UK cooperative research project MOZART. With the FCA, the experiment complementing the MOZART 
has been carried out, focusing on the nuclear characteristics of MONJU which can be simulated with a 
relatively small core, and the experiment on highly enriched control rods and shielding is being continued 
now with the FCA 7 core. The experimental data of the MOZART and the ZPPR series in USA were 
exchanged at the international symposium in Tokyo, thus the prediction and the accuracy evaluation of the 
nuclear characteristics of MONJU became possible, and the highly reliable core design was able to be 
accomplished. The simulated criticality experiment is necessary for directly grasping the reliability of 
calculated values in comparison with the experimental values, and for the experimental prediction of the 
nuclear characteristics. The outline and the analysis of the simulated criticality experiment such as reactivity 
factor, control rod value, reaction rate distribution and sodium void reactivity are described, and the 
reflection of the results to the design of the core of.. 



 

C-12175 

12139…..…..…………………..…….……..……ID Number…………………..…..…………….12139 

Author: Kuroda, P. K. 

Title: Analysis of Possibility of Reactors Occurring in Nature 

Date: 4/1/1977 

Report: NGEGA, 19, 4, 225-232 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
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Conference Session:  

Abstract/Keyterms: A historical account is presented of the sequence of events which led to the 1956 
prediction by the author that nuclear reactors should have existed in nature approximately 2 billion years 
ago. Following a brief review of the natural reactor theory, some of the results from recent studies of the 
Oklo Phenomenon are discussed. The report consists of the following chapters Oklo Phenomenon-Models 
of Natural Reactors, IV. Possibility of the Graphite-type Natural Reactor, V. The Sudbury Phenomenon, 
and VI. Conclusion. The Chap. IV deals with the studies on the occurrence of fissiogenic xenon isotopes in 
the carbon-rich mineral thucholite from the Besner Mine, Parry Sound, Ontario, Canada. The thucholite 
contained fissiogenic xenon isotopes from 238U spontaneous fission, but not from 235U neutron-induced 
fission. The Chap. V deals with the studies of the abundance pattern of Ne, Ar, Kr and Xe in several granite 
samples, including the Red Rock granite from the Sudbury structure, Ontario, Canada, which, according to 
Dietz (1964), was formed by the impact of an asteroid about 1.7 billion years ago. No unusual concentration 
of fissiogenic xenon isotopes was detected in the Red Rock granite, but the observed rare gas abundance 
pattern resembled that in… 
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Conference Session:  

Abstract/Keyterms: A variety of 20% enriched uranium loaded and graphite-moderated cores consisting 
of the different lattice cells in wide range of carbon to uranium atomic ratio have been built at Semi-
Homogeneous Experimental Critical Assembly (SHE) to perform the critical experiments systematically. 
The results of the critical experiments on the cores are presented and compared with calculation using the 
nuclear data of ENDF/B-3, ENDF/B-4 and GGC-4 for the purpose being utilized for evaluating the 
accuracy of core design calculation for the experimental reactor for multi-purpose high temperature reactor. 
Experimental data are composed of critical masses of uranium, kinetic parameters and reactivity worths of 
the experimental control rods and the power distribution in the cores inserted with those rods. Calculations 
are made by the homogeneous and the heterogeneous models; the structures of the lattice cells of the cores 
are completely disregarded in the former, but are reasonably considered in the latter. As for the critical 
masses of uranium, it is made clear that the both models are valid for the homogeneously fuel loaded cores, 
but for the heterogeneously fuel loaded cores only the heterogeneous models proved to be successful. As 
for the other experimental data, analyses are applied with use of the homogeneous model in which some 
group constants are adjusted so as to explain the critical masses, and then agreement between measurement 
and calculation is satisfactory for the requirements from the design of the experimental reactor. 
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Conference Session:  

Abstract/Keyterms: More than 30 tons of plutonium-uranium mixed-oxide fuel have been manufactured 
at the Plutonium Facility in PNC for JOYO, FUGEN and DCA (Deuterium Critical Assembly) and for the 
purpose of irradiation tests. This report reviews the nuclear material accountability control system adopted 
in the Plutonium Facility. Initially, the main objective of the system was the criticality control of fissible 
materials at various stages of fuel manufacturing. The first part of this report describes the functions and 
the structure of the control system. A flow chart is provided to show the various stages of material flow and 
their associated computer files. The system is composed of the following three sub-systems procedures of 
nuclear material transfer; PIT (Physical Inventory Taking); data retrieval, report preparation and file 
maintenance. OMR (Optical Mark Reader) sheets are used to record the nuclear material transfer. The MUF 
(Materials Unaccounted For) are evaluated by PIT every three months through computer processing based 
on the OMR sheets. The MUF ratio of Pu handled in the facility every year from 1966 to 1977 are presented 
by a curve, indicating that the MUF ratio was kept well under 0.5% for every project (JOYO, FUGEN, and 
DCA). As for the Pu safeguards, the MBA (Material Balance Area) and the KMP (Key Measurement Point) 
in the... 
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Conference Session:  

Abstract/Keyterms: The Science Hall of Atomic Energy was built as a subsidiary facility of the Research 
Reactor Institute, Kyoto University. The purpose of this facility is to accept outside demands concerning 
the application of the research reactor. The building is a two story building, and has the floor area of 901.47 
m2. There are an exhibition room, a library, and a big lecture room. In the exhibition room, models of the 
Kyoto University Research Reactor and the Kyoto University Critical Assembly are placed. Various 
pictures concerning the application of the reactor are on the wall. In the library, people from outside of the 
Institute can use various books on science. Books for boys and girls are also stocked and used for public 
use. At the lecture room, various kinds of meeting can be held. 
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Conference Session:  

Abstract/Keyterms: Recently the concern about the safety evaluation for nuclear fuel handling facilities 
has heightened. In Japan, the problems of INFCE promoted the interest of people to the nuclear fuel cycle, 
the special committee investigating nuclear fuel safety in the Nuclear Safety Commission commenced the 
works, and the plan of the second reprocessing plant began to move ahead. Under such situations, the 
present state of the criticality safety analysis especially reviewed in this paper. Criticality safety is the 
problem in uranium enrichment facilities, uranium fuel fabricating facilities, uranium fuel transportation, 
fuel reprocessing facilities and plutonium fuel fabricating facilities in the nuclear fuel cycle except nuclear 
reactors. In such criticality problem, the isotopic and chemical compositions and the physical form of 
nuclear fission substances, the state of moderators and poisons used together, and the kinds of structural 
materials are very much diversified as compared with those in the criticality of reactors. The basic concept 
of criticality control, the limit on a single unit, the prevention of the mutual interference among units, the 
outline of the method of criticality safety evaluation in the Japan Atomic Energy Research Institute and 
others in Japan, the SCALE system in USA., and the examples of the bench mark calculation with KENO 
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Conference Session:  

Abstract/Keyterms: The criticality experiment program for large fast reactors by the joint research of the 
Power Reactor and Nuclear Fuel Development Corp. and the Department of Energy, USA, is called 
JUPITER Program. The experiment was carried out from April, 1978, to August, 1979, using the zero 
power plutonium reactor in ANL, and the analysis carried out independently in Japan and USA. The 
experiment this time was carried out with two assemblies, ZPPR-9 and 10, and it is called JUPITER Phase 
1. Two engineers were dispatched from PNC to ANL-Idaho for two years from August, 1978, and they 
took part in the planning, execution and analysis of the experiment to obtain the information. The FBR Core 
Design Committee was installed in PNC, and has studied the core plan, experimental plan and the course 
of analysis. The JUPITER Phase 1 is the bench mark experiment to obtain the information required at the 
initial stage of the nuclear design of demonstration reactor cores. The rating, object and progress of the 
JUPITER Phase 1, the outline of experiment, and the present state of the analysis of experiment are 
described. Hereafter, the general evaluation of the JUPITER Phase 1 will be carried out to clarify the 
problems when the present method of analysis applied to large homogeneous reactors. Also the bench mark 
experiment on large heterogeneous reactors will be planned. 
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Abstract/Keyterms: Fast Breeder Experimental Reactor, JOYO / Liquid Metal-Cooled FBR in Japan 
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Conference Session:  

Abstract/Keyterms: The nuclear criticality safety is becoming a key point in the nuclear safety 
considerations for nuclear installations outside reactors such as spent fuel reprocessing facilities, plutonium 
fuel fabrication facilities, large-scale hot laboratories, and so on. The research and development efforts 
about the criticality safety have not been considered in our country except some few development works to 
have calculational codes in the last few years. Nowadays, design and safety evaluation in the nuclear 
criticality safety depend on such essential sources as computer codes, experimental data, criticality safety 
guide books published in U.S.A., France, U.K. and FRG. In this article, status of the nuclear criticality 
safety considerations in our country are explained for the technique of the safety evaluation, available 
experimental data, needed experimental data, tasks to be carried out, and a scope of the project of Japan 
Atomic Energy Research Institute is presented to measure the criticality safety data. 
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(Japan) 
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Abstract/Keyterms: Joint Research Project Team on Thorium Fuel 
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Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Power Reactor and Nuclear Fuel Development Corp. (PNC) / Plutonium fuel 
production facility (PFPF) / mixed oxide (MOX) fuel fabrication 
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Date: 3/1/1990 

Report: NGEGA, 32 (3), 285-291 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Pressurized Water Reactors (PWRs) / Reactor Physics Tests 
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Report: NGEGA, 33 (4), 318-328 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Reprocessing Facility / JAERI 
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Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Improved Power Method / Higher-Harmonic Eigenvalue Calculation / Nuclear Plant 
Thermal-Hydraulic Dynamics 
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Title: Development of Automated Control Rod Operation Scheme for Boiling Water Reactor Startup 
Process 

Date: 2/1/1982 

Report: NGEGA, 34 (2), 161-173 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Automated Control Rod Operation / BWR Startup Process 
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Title: Development of Safety Analysis Techniques Applied for Nuclear Safety Examination 
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Report: NGEGA, 34 (3), 227-238 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Japan Institute of Nuclear Safety (Jins) / Nuclear Power Engineering Center (Nupec) 
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Title: Delayed Integral Counting Method for Rod Drop Experiments 

Date: 11/1/1996 

Report: NGEGA, 38 (11), 907-911 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Rod Drop Experiments / Subcriticality / Reactor / High Temperature Engineering 
Test Reactor (HTTR) 
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Title: New or Improved Computational Methods and Advanced Reactor Design 
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Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: New Research Results / Nuclear Computational Methods / Nuclear Design 



 

C-12194 

12158…..…..…………………..…….……..……ID Number…………………..…..…………….12158 

Author: Ajima, Tatsuro / Kosaki, Akio / Inohara, Yasuto / Yokoyama, Hayaichi 
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Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Transport / Storage / High Burnup / MOX Spent Fuel 



 

C-12195 

12159…..…..…………………..…….……..……ID Number…………………..…..…………….12159 

Author: Arii, A. / Aoyama, T. / Suzuki, S. 

Title: Core and Fuel Management Experience of the Joyo Irradiation Core (The MK-II Core) 
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Report: NGEGA, 39, 315-325 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: The experimental fast reactor JOYO was converted to the irradiation core (the MK-
II core) and attained its initial criticality in 1982. The MK-II core is operated at 100 MWt rated power. 
Since then 29 rated power operation cycles and several special operation cycles for irradiation tests and 
plant characteristics tests have already finished successfully. About 38,000 hours of operation time has been 
logged, and no fuel pin failure has been detected in the duration. That is, the core and fuel management 
experiences accumulated in the MK-II operations enhanced irradiation capabilities with longer cycle 
operations, increase of irradiation test rigs and higher reliability for prediction of the core characteristics. 
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Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: Minimum Critical Mass Problem / Goertzel 
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Report: NGEGA, 41 (6), 614-627 

Conference/Journal: Nippon Genshiryoku Gakkai-Shi (Journal of the Atomic Energy Society of Japan) 
(Japan) 

Conference Session:  

Abstract/Keyterms: MCNP / Japan / MVP Code 
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Date: 1/1/1963 

Report: NGEGA, 5, 1, 14-22 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: A series of critical experiments has been conducted on a system in which heavy water 
solutions of uranyl-sulfate with a uranium-235 enrichment of about 20% are surrounded by a heavy water 
reflector. The deuterium to uranium-235 atomic ratios in the solutions ranged from 7,200 to 1,600. In 
theoretical analysis of the system, leakage of fast neutrons from the core and competition of the leakage 
with resonance absorption in the core are rather important. Therefore, the resonance escape probability was 
defined rigorously and a multi-group model was applied to fast and epithermal neutrons. The group 
constants were determined by averaging over a spectrum which was calculated by the Greuling-Goertzel 
approximation. The agreement between the theoretical and experimental results are satisfactory except 
those for perturbation terms. The discrepancies in the effective multiplication factors do not exceed 1%. 
The spatial distributions of thermal and in-resonance neutron fluxes are well reproduced by the present 
theory. Agreement of the theoretical cadmium ratios with experimental values indicated that the effects due 
to the leakage of fast neutrons from the core are treated adequately. 
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Title: Experimental and Calculation Studies of Reaction-Rate Ratios at the "SPEKTR" Critical Assembly 

Date: 1/1/1976 

Report: NIIAR-P-20(286) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experiments on measuring the ratio of the reaction velocity and spectral indices 
have been conducted on the "SPEKTR" critical assembly consisting of the standard packets of the BOR 60 
reactor without sodium, with the mean energy of the neutrons in the centre of the core amounting to E=500 
keV. Variation of the energy has been achieved by changing combinations of the 21 and 90% enrichment 
packets in the central portion of the assembly. The calculations are made in P1 and S4 approximations in 
the uni-dimensional and two-dimensional geometries with constant systems of BNAB-26, BNAB-70, 
BNAB-7M and BNL-325. The ampoule device for the activation indicators in which the uranium dioxide 
pallets of one fuel element, dia. 6.0, have been replaced by the aluminum displaces, does not affect the 
value of the spectral indices within the limits of the experimental error (up to 4%). 
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Title: A High-Sensitivity, Position-Sensitive Fission Chamber for Subcriticality Measurements of Spent 
Fuel 

Date: 5/1/1990 

Report: NIMAE, 299 (1-3): 187-190; CONF-900563-1 

Conference/Journal: Symposium on radiation measurements and applications, Ann Arbor, MI (USA), 
21-24 May 1990 

Conference Session:  

Abstract/Keyterms: A high-sensitivity multisection fission counter has been developed by Reuter Stokes, 
Inc., under the Small Business Innovation Research Program of the US Department of Energy. This counter, 
designated the high-sensitivity position-sensitive fission counter (HSPSFC), was developed for 
subcriticality measurements by the 252Cf-source-driven neutron noise analysis method--a method that 
requires two neutron detection channels. Performance specifications for the counter were provided by 
ORNL for measurements on spent LWR fuel configurations in which multiplication factors (k-values) could 
be as low as 0.85. A 3 {times} 3 array of 2-in. dia multisection fission counters 8 ft in length will fit storage 
rack positions occupied by LWR fuel elements. Each counter consists of eight sensitive sections containing 
a total of {approximately}23 g of 235U. Transmission-line technology is used to minimize capacitances 
and thus provides broad bandwidths. Each event in the fission counter produces two current pulses 
propagating in opposite directions on the transmission line. The differences between arrival times of the 
pulses at the ends of a multisection fission counter determine the positions of the fission events. Tests on 
two fission counters indicate that each counter has a sensitivity of 16 cps/nv{sub th} and a position 
sensitivity with 1-ft resolution. 
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Title: Calibration of the Sulphur Detector in the UK Criticality Dosemeter 

Date: 6/1/1993 

Report: NIMAER, 339(1-2), 001-005 

Conference/Journal: Conference and international symposium on radionuclide metrology and its 
applications, Teddington (United Kingdom), 7-11 Jun 1993 

Conference Session:  

Abstract/Keyterms: Discs of Sulphur / UK Personnel Criticality Dosemeter 
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Title: 252Cf Fission Neutron Transport Through an Iron Sphere 

Date: 1/1/1998 

Report: Ninth International Symposium on Reactor Dosimetry 

Conference/Journal: Ninth International Symposium on Reactor Dosimetry, World Scientific 
Publishing, Singapore 

Conference Session:  

Abstract/Keyterms: FUND-NIST-CF-MULT-FISS-001 
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Title: Study on Critical Power of BWR Simulated Fuel Assembly. Upstream Effect of Spacer on Critical 
Power 

Date: 5/1/1994 

Report: Nippon Dennetsu Shinpojiumu Koen Ronbunshu/31 (1), 175-177 

Conference/Journal: National heat transfer symposium of Japan, Sapporo (Japan), 18-20 May 1994 

Conference Session:  

Abstract/Keyterms: BWR 4x4 Rod Bundle 
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Title: Analysis of Accident in Fast Reactors Melt-Down 

Date: 2/1/1971 

Report: Nippon Genshiryoku Gakkai Rochuseishi Kenkyu Senmon Iinkai Hokoku No. 32, 1-13 

Conference/Journal: Nippon Genshiryoku Gakkai Rochuseishi Kenkyu Senmon Iinkai Hokoku 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Safety & Siting; Bethe-Tait Method; Criticality; 
Doppler Effect; Excursions; Fast Reactors; Mathematical Models; Meltdown; Reactor Accidents; Reactor 
Core; Reactor Kinetics 
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Title: Response Matrix Method 

Date: 5/1/1963 

Report: Nippon Genshiryoku Gakkaishi (Japan) 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan); Vol: 5 

Conference Session:  

Abstract/Keyterms: A new method for estimating the criticality of multiregion reactors was developed. A 
spatial region was regarded as a black box which responds to the incident current of neutrons and gives the 
reflected current and the transmitted one as outputs and the response matrices were introduced as the basic 
quantity representing the effect of a spatial region to the behavior of neutrons in the reactor. Then it was 
shown by deriving the combination rule of response matrices of regions and the criticality equation by 
means of those matrices that the criticality of multiregion reactors can be determined if the response 
matrices of regions are known. The method is useful, since the response matrices of a region can be 
calculated more easily than the flux in a multiregion reactor because the calculation of those matrices is 
reduced to a boundary value problem of a bare homogeneous region and may be determined by direct 
measurements. The method was extended to time-dependent problems and the equation for the period of a 
multiregion reactor was also derived. 
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Title: An Improved Critical Equation in the Three-Group Diffusion Approximation 

Date: 1/1/1963 

Report: Nippon Genshiryoku Gakkaishi (Japan), Vol: 5 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan), Vol: 5 

Conference Session:  

Abstract/Keyterms: The critical equation in the 3-group diffusion approximation was improved by taking 
into account all the epithermal reactions. For the effective cross section, Westcott's formulation is followed, 
wherein the s-factor was modified so as to give the epithermal effect accurately. In connection with 
evaluating the modified s-factor, simple formulas for the effective resonance integrals of U235 and U238 
were derived for a very dilute homogeneous system and for a natural uranium rod. The present method was 
applied to the criticality calculation for JRR-3 (Japan Research Reactor No. 3), a natural uranium-heavy 
water moderated heterogeneous reactor, which went critical on Sept. 13, 1962. The prediction as to the 
criticality was verified fairly well. 
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Title: Comparisons of Nuclear Characteristics Between Circular Core Cell and Rectangular Core Cell as 
Material Engineering Test Reactor 

Date: 3/1/1964 

Report: Nippon Genshiryoku Gakkaishi (Japan); Journal Volume: Vol: 6 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: A comparison of possible types of research reactors for the production of 
transplutonium elements and other isotopes indicates that a flux-trap reactor consisting of a beryllium-
reflected light-water-cooled annular fuel region surrounding a light-water island provides the required 
thermal neutron fluxes at minimum cost. The preliminary design of such a reactor was carried out on the 
basis of a parametric study of the effect of dimensions of the island and fuel regions heat removal rates, and 
fuel loading on the achievable thermal neutron fluxes in the island and reflector. The results indicate that a 
12- to 14-cm- diam. island provides the maximum flux for a given power density. This in good agreement 
with the US8R critical experiments. Heat removal calculations indicate that average power densities up to 
3.9 Mw/liter are achievable with H/ sub 2/O-cooled, platetype fuel elements if the system is pressurized to 
650 psi to prevent surface boiling. On this basis, 100 Mw of heat can be removed from a 14-cm-ID x 36-
cm-OD x 30.5-cm-long fuel regions resulting in a thermal neutron flux of 3 x 10/sup 15/ in the island after 
insertion of 100 g of Cm/sup 244/ or equivalent. The resulting production of Cf252 amounts to 65 mg for 
a 1 1/2- year irradiation. Operation of the reactor at the more conservative level of 67 Mw, providing an 
irradiation flux of 2 x 10/sup 15/ in the islands will result in the production of 35 mg of Cf252 per 18 months 
from 100 g of Cm/sup 244/. A development program is proposed to answer the question of the feasibility 
of the higher power operation. In addition to the central irradiation facility for heavy element productions 
the HFIR contains ten hydraulic rabbit tubes passing through the beryllium reflector for isotope production 
and four beam holes for basic research, Preliminary estimates indicate that the cost of the facility, designed 
for an operating power level of 100 Mw, will be approximately 2 million. 



 

C-12208 

12172…..…..…………………..…….……..……ID Number…………………..…..…………….12172 

Author: Shindo, M. 

Title: Some Remarks on the Solution of Multi-Group Diffusion Equations 

Date: 7/1/1963 

Report: Nippon Genshiryoku Gakkaishi (Japan); Vol: 5; 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan); Vol: 5; 

Conference Session:  

Abstract/Keyterms: In the analytical calculation of criticality by the 3-group method, the equation which 
determines buckling may have, in general, complex solutions. For the positive real buckling, the flux has 
the same form as is given in the usual bare reactors, and has an oscillatory character, and for the negative 
real buckling, the flux has an exponential character. For the complex buckling, however, the flux contains 
both an oscillating and an exponential part. These forms were deduced explicitly for some typical reactor 
geometries. No other forms of functions appear if the number of groups becomes greater than three. 
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Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Aluminum; Cadmium; Criticality; Heavy Water; 
Iron; JRR-2; Neutron Flux; Neutrons; Numericals; Reactivity; Reactor Core; Research Reactors; Uranium; 
Variations; Water 
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Title: A New Method for Exponential Experiments 

Date: 1/1/1965 

Report: Nippon Genshiryoku Gakkaishi (Japan); Vol: 7 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Critical Assemblies; Criticality; 
Cylinders; Exponential Piles; Homogeneous Reactors; Planning 
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Title: Some Topics from Activities of Special Committee on Reactor Noise Analysis 

Date: 7/1/1965 

Report: Nippon Genshiryoku Gakkaishi (Japan); Vol: 7 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control; Reactivity; Reactor Noise; 
Reactors; Variations 
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Title: The Plutonium Fuel Development Laboratory of the Atomic Fuel Corporation 

Date: 1/1/1966 

Report: Nippon Genshiryoku Gakkaishi (Japan); Vol: 8 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, and Other Materials; Fabrication; Breeding; Combustion; 
Compacting; Criticality; Fabrication; Fast Neutrons; Fuel Elements; Fuels; Japan; Laboratory Equipment; 
Monitoring; Personnel; Plutonium; Plutonium Oxides; Reactors; Remote Handling; Safety; Uranium 
Dioxide 
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Title: Startup of Mihama Nuclear Power Station 

Date: 3/1/1971 

Report: Nippon Genshiryoku Gakkaishi 13: No. 3, 147-59 

Conference/Journal: Nippon Genshiryoku Gakkaishi 

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Operation & Economics; Computers; Control; Control 
Systems; Criticality; Fuels; Hot Channel Factors; Mihama-1; Multiplication Factors; Nuclear Power Plants; 
Reactivity; Reactor Fueling; Reliability; Startup; Temperature; Testing 
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Title: Mass Spectrometric Determination of Burnup 

Date: 1/1/1971 

Report: Nippon Genshiryoku Gakkaishi, 13, 688-694 

Conference/Journal: J. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms: Chemistry-Analytical & Separations Chemistry- Chemical & Spectral Procedures; -
Research & Test Reactors-Fuel Systems & Components; Burnup; Isotope Dilution; JRR-1 Reactor; Mass 
Spectrometers; Molybdenum; Neodymium; Nuclear Fuels; Quantitative Chemical Analysis; Uranium 
Isotopes Reactor Fuels / Burnup Analysis of, By Isotope Dilution Mass Spectrometry; Reactors, Research 
/ Fuel Burnup Analysis for JRR-1, Mass Spectrometric; Neodymium / Determination as Measure of Fuel 
Burnup By Isotope Dilution Mass Spectrometry; Uranium Isotopes / Determination as Measure of Fuel 
Burnup By Isotope Dilution Mass Spectrometry; Molybdenum / Determination as Measure of Fuel Burnup 
By Isotope Dilution Mass Spectrometry 
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Title: Problems Encountered During Design, Fabrication and Construction of JRR-3 

Date: 4/1/1963 

Report: Nippon Genshiryoku Gakkaishi, Vol: 5 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: JRR-3, (natural uranium-heavy water moderated and cooled research reactor) went 
critical on Sept. 12 in 1962, and at present measurements are being made of its characteristics at low power. 
The measured data will be compared in detail with design calculations, and the full power of 10 Mw thermal 
is expected to be attained during 1964. The preliminary design study for JRR-3 was started in 1954, when 
for the first time in Japan budgetary appropriation was made for research and development in atomic energy. 
Since 1956, work on JRR-3 has been under the charge of JAERI. Detailed design began in April 1957 with 
the cooperation of Japanese industrial companies. Construction work started in the beginning of 1959. Some 
problems encountered during these 6 years are described. 
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Conference Session:  

Abstract/Keyterms: The response matrix method was successfully applied to problems to solve the 
multigroup diffusion equation for one-dimensional multiregion reactors. The method consists of the 
calculation of response matrices of spatial regions, which is reduced to a boundary value problem for a bare 
homogeneous region and can be performed analytically, and of the criticality calculation by means of 
response matrices, which can be performed by simple algebra involving matrices even for reactors 
consisting of many spatial regions, since the order of matrices involved is equal to the number of energy 
groups independently of the number of spatial regions. By a numerical calculation it was confirmed that 
the method gives the accurate solution and that the execution time of the machine is appreciably less than 
that by the finite difference method for few-group calculations. Criticality calculations by means of an 
electronic anaiog computer were also performed. It was shown that the analog calculation gives us the 
multiplication factor of two-region reactors with an error less than 0.1% by simple procedures. 
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Title: Activities of Special Committee on Experimental Reactor Physics 
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Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Criticality; Graphite 
Moderator; Heavy Water Moderator; Measured Values; Neutrons; Pulses; Reactivity; Reactors; Spectra; 
Water Moderator 
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Title: Effect of Slight Shift of Fuel Elements on the Reactivity of UTR-B 

Date: 3/1/1964 

Report: Nippon Genshiryoku Gakkaishi: Vol: 6 

Conference/Journal: Nippon Genshiryoku Gakkaishi (Japan) 

Conference Session:  

Abstract/Keyterms: The core-tank of UTR-B is separated in six sections. Each section has a length of 83.3 
mm in east-west direction, and holds a fuel element that has a length of 76.2 mm in the same east-west 
direction. It may be expected that the reactivity of the reactor would be changed, if each fuel element is 
shifted towards the center line of the core-tank or in the opposite direction. The possible reactivity change 
due to the slight shift of the fuel elements was examined. It was found that if each fuel element is shifted 
toward the center line of the core-tank, the reactivity of the reactor increases and the critical mass decreases. 
If each fuel element is shifted outward in the opposite direction, the reactivity of the reactor decreases and 
the critical mass increases. This effect is smallest near the center line of the core-tank, and the farther the 
position is off the center line, the larger the effect becomes. But near the side of the core-tank, the effect 
comes small again. This may be affected by the thermal neutron flux distribution and the importance 
function. The thermal neutron flux distribution in the core-tank was measured, and the importance function 
was calculated. The curve of the statistical weight vs position of the core-tank was found to have the same 
tendency as the experimental results. 
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Author: n. a. 

Title: Annual Report and Account of the Japan Atomic Energy Research Institute, for Fiscal 1975 

Date: 9/1/1976 

Report: Nippon Genshiryoku Kenkyusho Nenpo, 50, 1-205 

Conference/Journal: Nippon Genshiryoku Kenkyusho Nenpo 

Conference Session:  

Abstract/Keyterms: Activities of JAERI in fiscal 1975 are described primarily as progressive reports, 
covering the following fields safety, reactor physics/engineering, fuel and materials, physics, chemistry, 
nuclear fusion, uranium enrichment, health physics, radioisotope production/utilization, radiation 
chemistry, facilities operation/management, etc. Among others, the year features criticality of NSRR 
(Nuclear Safety Research Reactor), completion of the first conceptual design of a multi-purpose high-
temperature gas cooled reactor, and initiation of the works on a critical plasma testing device. 
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12184…..…..…………………..…….……..……ID Number…………………..…..…………….12184 

Author: Maruyama, T. 

Title: Radiation Dose Estimation in Criticality Accident. Neutron Capture Probability of Phantoms 

Date: 1/1/1968 

Report: Nippon Igaku Hoshasen Gakkai Zasshi, 27: 1347-53 

Conference/Journal: Nippon Igaku Hoshasen Gakkai Zasshi 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; Body; 
Capture; Criticality; Fast Neutrons; Mockup; Neutrons; Phantoms; Probability; Radiation Doses; Statistics; 
Tissues 
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Author: Umeda, I. K. / Matsuoka, N. / Harada, Y. / Miyamoto, Keiji / Kanazawa, T. 

Title: Safety Considerations of New Critical Assembly for the Research Reactor Institute, Kyoto University 

Date: 3/1/1975 

Report: Nippon Kokan Giho, 66, 31-40 

Conference/Journal: Nippon Kokan Giho (Japan) 

Conference Session:  

Abstract/Keyterms: The new critical assembly type of nuclear reactor having three cores was completed 
at the Research Reactor Institute of Kyoto University in autumn of 1974. It is called KUCA (Kyoto 
University Critical Assembly). Safety of the critical assembly was considered sufficient in consequence of 
discussions between the researchers of the institute and the company design group. The new safety design 
of main equipment for the critical assembly is described. 
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Author: n. a. 

Title: XE-2 Safety Evaluation Report, Phase IA 

Date: 5/1/1968 

Report: NJD-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; XE-2 
Reactor- Safety; Criticality; Fabrication; Fuel Elements; Hydrolysis; Inert Atmosphere; Inspection; Reactor 
Poison Removal 
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12187…..…..…………………..…….……..……ID Number…………………..…..…………….12187 

Author: n.a. 

Title: XE-safety analysis report 

Date: 7/1/1967 

Report: NJD--9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Safety & Environmental Aspects; -Reactors-Space, Mobile, 
Propulsion, Transportation & Package Reactors; XE-PRIME Reactor- Safety; Criticality; Hazards; 
Hydrogen; Management; Meteorology; Radiation Doses; Test Facilities 
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Author: Cermak, J. / Holubar, A. / Kincl, J. / Lelek, V. / Markova, L. / Rocek, J. / Vanicek, J. / Zalesky, 
K. 

Title: LR-0 Reactor and WWER Physics Calculations 

Date: 1/1/1984 

Report: NKLNA, 02, 19-22 

Conference/Journal: Nukleon/ (Reaktor LR-0 a fyzikalni vypocty VVER). 

Conference Session:  

Abstract/Keyterms: Fed-Group Program / Nuclear Reactor LR-0 
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Author: Cermak, J. / Holubar, A. / Kyncl, J. / Lelek, V. / Markova, L. / Rocek, J. / Vanicek, J. / Zalesky, 
K. 

Title: Theory and Calculations Related to the Operation and Experiments on the Reactor LR-0 

Date: 1/1/1988 

Report: NKLNA, 14-24 

Conference/Journal: Nukleon (Czechoslovakia)/ special issue 

Conference Session:  

Abstract/Keyterms: Experiments / Reactor Core / Oldrich and Bretislav Programs 
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Author: Cermak, J. / Holubar, A. 

Title: Implementation and Testing of BNAB-78 Multigroup Library on ES 1040 Computer at UJV Rez 

Date: 1/1/1986 

Report: NKLNA, 2, 13-17 

Conference/Journal: Nukleon 

Conference Session:  

Abstract/Keyterms: BNAB-78 Library / UJV Rez / ARAMAKO Processing Program 
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Author: Lindholm, I. 

Title: NKS/RAK-2. Protection Against Radioactive Release in Reactor Accidents 

Date: 12/1/1995 

Report: NKS-96-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: RAK-2 Project / Severe Accident Phenomenology / Computerized Accident 
Management. / Reactors in Nordic Surroundings 
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12192…..…..…………………..…….……..……ID Number…………………..…..…………….12192 

Author: Lindholm, I. / Pekkarinen, E. / Nilsson, L. / Sjoevall, H. 

Title: Coolability of Degraded Core under Reflooding Conditions in Nordic Boiling Water Reactors 

Date: 9/1/1995 

Report: NKS-RAK-2(95) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: RAK-2.1 / Nordic Co-operative Reactor Safety Program, NKS 
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Author: n. a. 

Title: Safety Against Releases in Severe Accidents. Annual Report 1996. Project Plan 1997 

Date: 1/1/1997 

Report: NKS-RAK-2(96)-AR-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: RAK-2 Project / RAK-2.1 Severe Accident Phenomenology 
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Author: Hoejerup, F. / Miettinen, J. / Puska, E. K. / Anttila, M. / Lindholm, I. / Nilsson, L. / Sjoevall, H. 

Title: On Recriticality during Reflooding of a Degraded Boiling Water Reactor Core 

Date: 2/1/1997 

Report: NKS-RAK-2(97)TR-A3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In-vessel core melt progression / Nordic BWRs / RAK-2 project / recriticality / re-
flooded, degraded BWR core 
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12195…..…..…………………..…….……..……ID Number…………………..…..…………….12195 

Author: Putman, V. L. 

Title: Criticality Safety Basics for INL FMHs and CSOs 

Date: 4/1/2012 

Report: NL/EXT-06-01183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear power is a valuable and efficient energy alternative in our energy-intensive 
society. However, material that can generate nuclear power has properties that require this material be 
handled with caution. If improperly handled, a criticality accident could result, which could severely harm 
workers. This document is a modular self-study guide about Criticality Safety Principles. This guide's 
purpose it to help you work safely in areas where fissionable nuclear materials may be present, avoiding 
the severe radiological and programmatic impacts of a criticality accident. It is designed to stress the 
fundamental physical concepts behind criticality controls and the importance of criticality safety when 
handling fissionable materials outside nuclear reactors. This study guide was developed for fissionable-
material-handler and criticality-safety-officer candidates to use with related web-based course 00INL189, 
BEA Criticality Safety Principles, and to help prepare for the course exams. These individuals must 
understand basic information presented here. This guide may also be useful to other Idaho National 
Laboratory personnel who must know criticality safety basics to perform their assignments safely or to 
design critically safe equipment or operations. This guide also includes additional information that will not 
be included in 00INL189 tests. The additional information is in appendices and paragraphs with headings 
that begin with 'Did you know,' or with, 'Been there Done that'. Fissionable-material-handler and criticality-
safety-officer candidates may review additional information at their own discretion. This guide is revised 
as needed to reflect program changes, user requests, and better information. Issued in 2006, Revision 0 
established the basic text and integrated various programs from former contractors. Revision 1 incorporates 
operation and program changes implemented since 2006. It also incorporates suggestions, clarifications, 
and additional information from readers and from personnel who took course 00INL189. Revision 1 also 
completely reorganized the training to better emphasize physical concepts behind the criticality controls 
that fissionable material handlers and criticality safety officers must understand. The reorganization is based 
on and consistent with changes made to course 00INL189 due to a review of course exam results and to 
discussions with personnel who conduct area-specific training 
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12196…..…..…………………..…….……..……ID Number…………………..…..…………….12196 

Author: Marshall, Margaret A. 

Title: Critical Configuration and Physics Measurements for Assemblies of U(93.15)O2 Fuel Rods (1.506-
cm Pitch) 

Date: 2/1/2013 

Report: NL/EXT-12-27227 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments were completed from 1962–1965 at Oak Ridge 
National Laboratory’s (ORNL’s) Critical Experiments Facility (CEF) in support of the Medium-Power 
Reactor Experiments (MPRE) program. In the late 1950s, efforts were made to study “power plants for the 
production of electrical power in space vehicles.”(a) The MPRE program was a part of those efforts and 
studied the feasibility of a stainless-steel system, boiling potassium 1 MW(t), or about 140 kW(e), reactor. 
The program was carried out in [fiscal years] 1964, 1965, and 1966. A summary of the program’s effort 
was compiled in 1967.a The delayed critical experiments were a mockup of a small, potassium-cooled space 
power reactor for validation of reactor calculations and reactor physics methods. Initial experiments, 
performed in November and December of 1962, consisted of a core of unmoderated stainless-steel tubes, 
each containing 26 UO2 fuel pellets, surrounded by a graphite reflector. Measurements were performed to 
determine critical reflector arrangements, relative fission-rate distributions, and cadmium ratio 
distributions. Subsequent experiments used beryllium reflectors and measured the reactivity for various 
materials placed in the core. “The [assemblies were built] on [a] vertical assembly machine so that the 
movable part was the core and bottom reflector” (see Reference 1). The experiment studied in this 
evaluation was the second of the series and had the fuel rods in a 1.506-cm-triangular pitch. One critical 
configuration was found (see Reference 3). Once the critical configuration had been achieved, various 
measurements of reactivity, relative axial and radial activation rates of 235U,bc and cadmium ratios were 
performed. The cadmium ratio, reactivity, and activation rate measurements performed on the critical 
configuration are described in Sections 1.3, 1.4, and 1.7 
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Author: Dunaway, D. L. / Whitesides, E. 

Title: Criticality Safety Evaluation of Slightly Enriched Uranyl Nitrate Crystals in Vermiculite Shipping 
Containers 

Date: 11/3/1971 

Report: NLCO-1086 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranyl Nitrates / Criticality Safety of Enriched Crystals of, in Vermiculite Shipping 
Containers; Shielded Containers / Criticality Safety of Enriched Uranyl Nitrate Crystals in Vermiculite-
Lined 
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Author: Dolan, L. C. 

Title: Safety Analysis Report for Packaging Steel Banded Wooden Shipping Containers for Slightly 
Enriched Uranium Metal 

Date: 10/1/1983 

Report: NLCO-1107-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the NLO, Inc. steel-banded wooden shipping container 
family has been made in order to demonstrate its compliance with regulations governing the offsite 
shipment of radioactive materials. The evaluation encompasses four primary categories: structural integrity, 
thermal integrity, nuclear criticality safety and quality assurance. The results of this evaluation show that 
the container family complies with the regulations as outlined in 10CFR71 for the shipment of various 
uranium metal shapes enriched up to 1.25% 235U. 
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12199…..…..…………………..…….……..……ID Number…………………..…..…………….12199 

Author: Humphrey, H. W. 

Title: Verification of 235U Enrichment in SNM Receipts at the DOE Feed Materials Production Center 

Date: 2/1/1978 

Report: NLCO-1150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A diversity of uranium-bearing, nonirradiated materials with 235U assays from fully 
depleted to a maximum of 10 wt% 235U, is routinely returned to this DOE site for reprocessing. It is 
necessary to confirm the 235U isotopic content of Special Nuclear Material (SNM) receipts both for 
accountability and nuclear criticality safety purposed. Methods and instrumentation have been developed 
for an isotopic verification facility by which 235U isotopic content is rapidly and nondestructively 
determined. The 185 keV gamma photon emitted by 235U is measured using a dual-channel gamma 
spectrometer which incorporates automatic background subtraction and an optimized collimator/NaI(Tl) 
detector assembly. Measured activities are then related to 235U isotopic content by means of appropriate 
standards that have been destructively analyzed in the laboratory. Use of the described facility for the past 
seven years has resulted in improved nuclear safety procedures, better use of storage space and more 
stringent nuclear materials accountability. 
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12200…..…..…………………..…….……..……ID Number…………………..…..…………….12200 

Author: Dolan, L. C. 

Title: Nuclear Criticality Safety Practices in Digestion Systems of the Large Scale Production Facility of 
the Department of Energy at Fernald 

Date: 6/9/1982 

Report: NLCO-1177 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear criticality safety practices used at the Feed Materials Production Center at 
Fernald, Ohio in conjunction with its metal dissolving and nonmetal, e.g., ash and ore concentrates, 
digesting operations are reviewed. Operating procedures with several different types of dissolver or digester 
systems, i.e., metal dissolver, continuous, drum and safe geometry, are discussed. Calculations performed 
to verify the criticality safety of the operations are described. 
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12201…..…..…………………..…….……..……ID Number…………………..…..…………….12201 

Author: Dolan, L. C. 

Title: Safety Analysis Report for Packaging-Mark 15 Core Shipping Container. Work Period FY-1982 

Date: 2/1/1983 

Report: NLCO-1181 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Mark 15 enriched uranium (1.1 wt% 235U) Core 
Shipping Container has been made in order to demonstrate its compliance with regulations governing the 
offsite shipment of radioactive materials. The evaluation encompasses four primary categories integrity, 
thermal integrity, nuclear criticality safety and quality assurance. The results of this evaluation show that 
the Mark 15 Core Shipping Container complies with the regulations as outlined in 10CFR71. 
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12202…..…..…………………..…….……..……ID Number…………………..…..…………….12202 

Author: Hinnefeld 

Title: Safety Analysis Report on Packaging: Stainless Steel Pipe Shipping Tubes 

Date: 1/1/1983 

Report: NLCO-1186 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of Stainless Steel Pipe Shipping Tubes has been made in 
order to demonstrate their compliance with regulations for the shipment of enriched (1.1% 235U) uranium 
metal. The evaluation encompasses four primary categories integrity, nuclear criticality safety, and quality 
assurance. The results of this evaluation show that the Stainless Steel Pipe Shipping Tubes comply with the 
regulations in 10CFR71 for Fissile Class I shipments. 
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Author: Collopy, T. J. / Klopfenstein, R. K. 

Title: Role of Hydroxide Ion During Stripping of Uranium from Tri-N-Butyl Phosphate-Kerosene Solvent 
into Water 

Date: 12/28/1962 

Report: NLCO-852 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Laboratory tests were conducted to evaluate the use of ammonium hydroxide to 
enhance the stripping of uranium from the organic (TBP-kerosene) phase into the aqueous phase in a 
simulated refinery operation. A series of boildown tests was made to determine the maximum amount of 
NH4OH that could be added without causing precipitation of uranic acid. Other tests were made to 
determine the point at which the NH4OH could be added for maximum benefit during re-extraction, yet not 
cause precipitation. Equilibrations were made between uranium laden organic solvent and aqueous uranyl 
nitrate at various temperatures. Increased temperatures resulted in a shift in uranium distribution toward the 
aqueous phase. Thus it was shown that adding NH4OH to the aqueous stripping agent (water) and 
increasing the temperature of re-extraction are additive, beneficial effects. 
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12204…..…..…………………..…….……..……ID Number…………………..…..…………….12204 

Author: Trgina, M. 

Title: Comparison of Results of MCNP 4.2 Monte Carlo Code with Experimental Data or Computational 
Results of Some Deterministic Approximate Codes 

Date: 1/1/1994 

Report: NLEQE, 2, 3-10 

Conference/Journal: Nucleon (Czech Republic) 

Conference Session:  

Abstract/Keyterms: Los Alamos MCNP 4.2 Monte Carlo / WWER Fuel Compositions 
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Author: Marková, L. 

Title: Calculation of Axial Neutron Fluxes Along Z-Axis of a Critical Assembly with WWER-440 Type 
Reactor Fuel Assemblies Partly Pushed into Boron Steel Tubes 

Date: 1/1/1992 

Report: NLEQE, 2, 3-6 

Conference/Journal: Nucleon (Czech Republic) 

Conference Session:  

Abstract/Keyterms: Experiments / LR-0 Critical Assembly / Spent Fuel Storage / WWER-440 Type 
Reactor Lattice Pattern 
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Author: Broulik, J. 

Title: Spent Nuclear Fuel Storage Subcriticality Investigations 

Date: 1/1/1991 

Report: NLEQE, 2, 5-9 

Conference/Journal: Nucleon (Czech Republic) 

Conference Session:  

Abstract/Keyterms: Subcriticality Investigations / Spent Nuclear Fuel Storage / LR-O Reactor 
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Author: Rocek, J. / Trgina, M. / Vrba, L. / Zalesky, K. / Hudec, F. / Mikus, J. 

Title: Analysis of One Experiment with WWER-1000 Fuel Assemblies with Gd-Burnable Absorbers on 
the LR-0 Reactor 

Date: 1/1/1992 

Report: NLEQE, 2, 7-11 

Conference/Journal: Nucleon (Czech Republic) 

Conference Session:  

Abstract/Keyterms: LR-0 Reactor / WWER-1000 Type Fuel Assemblies 
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Author: Vincent, A. M. 

Title: Criticality Safety Envelope for Receipt, Handling, and Storage of Transuranic Waste 

Date: 12/4/1998 

Report: N-NCS-E-00008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current criticality safety limits for Solid Waste Management Facility (SWMF) 
Transuranic (TRU) Waste Storage Pads are based on analysis of systems where mass is the only 
independent parameter and all other parameters are assumed at their most reactive values (Ref. 1). These 
limits result in administrative controls (i.e., limit stacking of containers, coordination of drums for culvert 
storage based on individual drum fissile inventories, and mass limits for accumulation of polyethylene 
boxes in culverts) which can only be met by redundant SWMF administrative controls. These analyses did 
not credit the nature of the waste generator process that would provide bounding limits on the other 
parameters (i.e. less than optimal moderation and configurations within packages (containers)). They also 
did not indicate the margin of safety associated with operating to these mass limits. However, by crediting 
the waste generator processes (and maintaining such process assumptions via controls in the criteria for 
waste acceptance) sufficient margin of safety can be demonstrated to justify continued SWMF TRU PAD 
operation with fewer administrative controls than specified in the Double Contingency analysis 



 

C-12245 
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Author: McCoid, K. J. 

Title: Minimum Safe Gadolinium to Plutonium Ratio in an Infinite System 

Date: 7/1/2002 

Report: N-NCS-H- 00134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Raievski, V. 

Title: The SORA Reactor 

Date: 3/1/1964 

Report: No report number 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SORA Critical Experiments (Euratom). More than 45 memos regarding the ORNL 
SORA reactor program, to/from ORNL, AEC, and EURATOM staff, dating from 1965 to 1968. 
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Author: Larrimore, J. A. / Hass, R. / Giegerich, K. / Raievski, V. / Kley, W. 

Title: AEC-ENEA Seminar on Intense Neutron Sources Session IIIa The SORA Reactor: Design Status 
Report 

Date: 9/1/1966 

Report: No report number 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SORA Critical Experiments (Euratom) 
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Author: n. a. 

Title: Normes Pouvant s’Appliquer à des Chaînes de Fabrication Mettant en Œuvre du Plutonium et Dont 
la Sécurité est Assurée par des Limites de Masse 

Date: 1/1/1966 

Report: Note SCMC N°66-165 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n. a. 

Title: Normes Pouvant s’Appliquer à des Chaînes de Fabrication Mettant en Œuvre de l’Uranium Enrichi 
et Dont la Sécurité par une Limite de Masse 

Date: 1/1/1967 

Report: Note SEC N°67-125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Colomb, G. 

Title: Etude Expérimentale de la Criticité de Crayons Combustible de Type REP en Présence d’écrans de 
Béton Boré” Translation: Experimental Studies of LWR Fuel Rods Criticality with Concrete Reflectors 
Slabs.” 

Date: 3/1/1989 

Report: Note technique 89-02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-038 
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Author: Bataller, S. 

Title: Rapport d'Activité Concernant le Contrôle des Fabrications de la Filière Neutrons Rapides pour la 
Période du 15 Décembre 1967 au 15 Avril 1968 

Date: 4/29/1968 

Report: Note Technique n° ATPu 68-33 du 29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-011 
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Author: Grivot, P. / Giroud, P. 

Title: Sélection d’Expériences SILENE de Référence pour la Qualification des Codes d’Accidents de 
Criticité 

Date: 1/1/2002 

Report: Note technique SRNC 02-06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Portella, C. / Woillard, C. 

Title: Programme REP - Réflexion par du Béton Ordinaire - Rapport d’Expérience - Appareillage B 

Date: 9/1/1992 

Report: Note technique SRSC 91.07 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-037 
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Title: Description des Modèles Physiques du Code POWDER Version 3 

Date: 12:00:00 AM 

Report: Note technique SRSC n° 00-13 – 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Grivot, P. / Hynek, D. / Woillard, C. 

Title: Rapport d’Expériences" – Programme ‘Samarium’ Appareillage B 

Date: 12:00:00 AM 

Report: Note Technique SRSC n°94.06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-050 
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Author: Barabaschi, S. / Farinelli, U. / Zona, R. 

Title: The Reactor ISPRA-2 

Date: 3/1/1962 

Report: Notiz.; Vol: 8: No. 3 

Conference/Journal: Notiz. 

Conference Session:  

Abstract/Keyterms: The swimming-pool-type reactor Ispra-2, which is light-water-moderated, graphite-
reflected, and cooled by natural convection, ds described. The reactor operates at low power (10 to 100 
kw). This reactor became critical the first time on December 15th, 1961, and is installed in the gamma-tank 
of the ISPRA-1 auxiliary facilities. The reactor is to be dismantled in order to be installed in the Nuclear 
Center of Casaccia. 
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12221…..…..…………………..…….……..……ID Number…………………..…..…………….12221 

Author: n. a. 

Title: General Regulations on Nuclear Fuel Production Facility Safety 

Date: 1/1/2000 

Report: NP-016-2000, Moscow 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12222…..…..…………………..…….……..……ID Number…………………..…..…………….12222 

Author: Hallman, T. M. / Lubarsky, B. 

Title: NACA Reactor Facility Hazards Summary 

Date: 10/15/1956 

Report: NP-06229 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The NACA Zero Power Reactor is to be a homogeneous reactor using uranyl fluoride 
(UO2F2)-water solutions. The facility is designed for steady-state reactor operation of 10 watts, producing 
thermal neutron fluxes up to 10/sup 8/ neutrons/cm/sup 2/sec. One control rod will be installed, a safety 
rod, and will not be used for regulation. The facility is described including details of the system, the control 
system, and the reactor physics associated with certain families of loadings. The site is discussed complete 
with meteorology data and a geology map of the section. The kinds of experiments considered for the 
reactor, the hazards, including those associated with the maximum credible accident, and the administrative 
procedures are included. 
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12223…..…..…………………..…….……..……ID Number…………………..…..…………….12223 

Author: Boksenbom, Aaron S. 

Title: NACA Reactor Facility Hazards Summary Supplement I. Some Preliminary Analyses of Reactor 
Kinetics and Control 

Date: 11/1/1956 

Report: NP-06229 (Suppl. 1 ) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12224…..…..…………………..…….……..……ID Number…………………..…..…………….12224 

Author: Bogart, Donald / Hallman, Theodore M. 

Title: NACA Reactor Facility Hazards Summary Supplement III. Reactivity Measurements with the Bulk 
Shielding Reactor/Worth of Voids Within Core/Worth of Fuel Element Water Passages and Fuel Element 
Plates 

Date: 11/15/1956 

Report: NP-06229(Suppl. III ) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12225…..…..…………………..…….……..……ID Number…………………..…..…………….12225 

Author: Roxin, M. E. / Schulten, R. 

Title: Zum Verhalten Des Prompt Uberkritischen Reaktors (on the State of Prompt Over-Critical Reactors) 

Date: 1/1/1954 

Report: NP-06271 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Equations; Excursions; Reactivity; Reactors 
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12226…..…..…………………..…….……..……ID Number…………………..…..…………….12226 

Author: Chernick, J. 

Title: A Guide to the Calculation of Criticality Limits for Enriched Uranium 

Date: 1/1/1957 

Report: NP-06500 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Currents; Electric Potential; Enrichment; Gases; Interactions; 
Magnetic Fields; Measured Values; Numericals; Plasma; Pressure; Rotation; Uranium; Velocity 
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12227…..…..…………………..…….……..……ID Number…………………..…..…………….12227 

Author: n. a. 

Title: The Cornell University Dual-Core Reactor Preliminary Design Jan 1958. Appendix I- Calculations 
for the Swimming Pool Core. Appendix II Calculations for the Zero Power Core 

Date: 1/1/1958 

Report: NP-06748 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A dual-core reactor facility for a nuclear training program is proposed having an 
intermediate power swimming pool” core, and a zero power” quasiflexible critical studies core. The 10-kw 
swimming pool” core resembles the NRL Research Reactor in that the core will be rigidly fixed in a graphite 
niche, surrounded on three vertical faces of graphite and on the fourth by a pool of light water. The fuel 
elements will be the Materials Testing Reactor Al--U type. The zero power” core will consist of 1 to 2 tons 
of 1.5% enriched U in Al-clad rods which can be arranged in various lattices by means of movable grid 
plates. The primary detectors, i.e., the fission chambers and ion chambers in each core, will feed their 
outputs to individual mating boards. A common bank of amplifying, recording, and safety equipment will 
be connected to a mating board which is interchangeable for the two cores. A gamma irradiation facility is 
included as an auxiliary to the reactor. 
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12228…..…..…………………..…….……..……ID Number…………………..…..…………….12228 

Author: Carter, N. S. 

Title: Solution to Multi-Group Diffusion Equation for Plane Geometries 

Date: 11/25/1957 

Report: NP-06777 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A solution was obtained for the one-dimensional multi-group neutron diffusion 
equation in integral form. The integral expression was then reduced to a form suitable for hand calculation. 
The relationships developed between the expressions for the fluxes in the several groups greatly simplified 
the calculation and permitted the numerical results to be obtained in a reasonably short time. The flux 
distributions for neutrons with energy greater than a kilovolt in an H2O and D2O reflector were calculated 
by this method using nine groups. The results are presented. 
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12229…..…..…………………..…….……..……ID Number…………………..…..…………….12229 

Author: n. a. 

Title: Progress reports of Reactor Theory and Applied Mathematics Departments covering the period April 
1 to June 30, 1958; Papports d'Avancement Couvrant la Periode du Let Avril au 30 Juin 1958 

Date: 7/1/1958 

Report: NP-06954 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Accidents; Activation; Air; Analog Systems; Beryllium; BR-1; BR-2; 
Buckling; Buildings; Cadmium; Canning; Cements; Computers; Contamination; Criticality; Crystals; 
Decay; Decontamination; Environment; Equations; Explosives; Fermi Age; Fins; Fission Products; Fuel 
Elements; Fuels; Gamma Sources; Graphite; Impact Shock; Lattices; Magnesium Alloys; Magnox; Mass; 
Measured Values; Neutron Beams; Neutron Flux; Neutron Sources; Neutrons; Numericals; Planning; 
Radiation Doses; Radiation Effects; Radiation Protection; Radioactivity; Radium; Reactor Core; Reactor 
Safety; Reactors; Rods; Shielding; Standards; Tables; Thickness; Tubes; Uranium; Wigner Effect 
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12230…..…..…………………..…….……..……ID Number…………………..…..…………….12230 

Author: Van Der Parren, J. 

Title: Code 01 (in French) 

Date: 4/16/1958 

Report: NP-07123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An adaptation to the IBM 650 of a two-group theory developed on NDA is described. 
The code permits a criticality calculation, either followed or not followed by flux and current calculations. 
One can easily calculate the effect of modifications on one region only by assuming constant boundary 
conditions, the code allows the calculations of adjacent fluxes by the introduction of two supplementary 
steps. A maximum of 8 regions and 53 intervals cau be treated. 
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12231…..…..…………………..…….……..……ID Number…………………..…..…………….12231 

Author: De Meersman, R. 

Title: Code 05 (in French) 

Date: 7/29/1958 

Report: NP-07128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An adaptation of a criticality test based on the twogroup theory to the IBM-650 is 
described. The code is written in machine language and is divided into three parts. The criticality calculation 
can either be followed or not by the calculation of the flux and currents. A maximum of 30 regions and 107 
intervals can be considered. The Gill-Kutta method is used for the numerical integration. 
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12232…..…..…………………..…….……..……ID Number…………………..…..…………….12232 

Author: Lagnaux, J. P. 

Title: Interpretation Des Experiences Critiques Sur BR-1. Evaluation Dv Laplacien Materiel (Interpretation 
of Critical Experiments on BR-1. Evaluation of the Laplacian) 

Date: 7/23/1958 

Report: NP-07135 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The value of the material Laplacian was determlned for six loadlngs of BR-1 by two 
metheds. A value of 1.245 plus or minus 0.002 x 10/sup -4/ is given. 
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12233…..…..…………………..…….……..……ID Number…………………..…..…………….12233 

Author: De Myttenaere, P. 

Title: Constantes Nucleaires a Utiliser Pour Le Noyau de BR-2 (Nuclear Constants Used for the Core. of 
the BR-2) 

Date: 7/17/1958 

Report: NP-07140 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; BR-2; Configuration; Criticality; Cross Sections; Enrichment; Equations; 
Errors; Mass; Measured Values; Neutron Flux; Numericals; Reactor Core; Reactors; Research Reactors; 
Resonance Escape Probability; Standards; Thermal Utilization; Uranium; Water Coolant; Water 
Moderator; Zones 
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12234…..…..…………………..…….……..……ID Number…………………..…..…………….12234 

Author: n. a. 

Title: Proposal for Graphite Exponential Experiment 

Date: 1/1/1957 

Report: NP-07325 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An exponential assembly was designed for use by schools. Basically it is a small 
nuclear reactor in which the leakage of neutrons prevents a divergent chain reaction from taking place. 
Since it never becomes critical, a neutron source is required. The basic fuel component is natural uranium. 
The total fuel content in the proposed graphite exponential assembly is 1418.4 kg. An Sb--Be or Pu-- Be 
neutron source will be used. 
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12235…..…..…………………..…….……..……ID Number…………………..…..…………….12235 

Author: Kronenberg, Stanley / Murphy, Jr., Harry M. 

Title: Godiva II Irradiation of Semirad, October 9 and 10, 1958 

Date: 12/17/1958 

Report: NP-07576 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of an experiment are reported in which SEMIRAD were exposed to a burst 
of neutron radiation from the LASL Godiva II Reactor. The object of the experiment was a test the 
capabilities of SEMIRAD for measurement of ultrahigh radiation intensities with short resolving times at 
the highest possible neutron radiation dose rates obtainable under laboratory conditions, and a measure the 
relative spread in time of the neutron delivery rate due a time-of-flight scattering effects at a distance 
corresponding a approximately one-third mean free path from Godiva II. 
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12236…..…..…………………..…….……..……ID Number…………………..…..…………….12236 

Author: Larsson, A. 

Title: General Safety Factors for a Nuclear Fuel Reprocessing Plant. Part 1. Nuclear Safety. Part 2. 
Radiation Shielding. Part 3. Chemical Safety Problems. Technical Report No. 2 

Date: 12/12/1957 

Report: NP-07658 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety in a fuel reprocessing plant is discussed. Means of avoiding criticality 
such as mass limitation, safe geometry, and safe concentrations are examined along with a note of caution 
on reflection. In addition, shielding is discussed, and it is pointed out that major pieces of equipment must 
be heavily shielded especially at the head-end of the process. Designs based on maximum permissible dose 
rates are described, and recommendations for minimizing radiation are presented. Also, chemical safety 
aspects are considered including processes which involve toxic and irritant chemicals and those which 
involve inflammable or explosive materials. Several chemicals are listed according to their hazardous 
properties, and examples are given of the results of poor safety procedures. An outline of hazards to be 
avoided is also presented. 
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12237…..…..…………………..…….……..……ID Number…………………..…..…………….12237 

Author: Lung, E. / Hoffmann, O. / Jenne, E. / Detilleux, A. 

Title: Design of Plant for Treating Irradiated Nuclear Fuel: Preliminary Operating Flowsheets 

Date: 11/30/1958 

Report: NP-07681 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12238…..…..…………………..…….……..……ID Number…………………..…..…………….12238 

Author: Calleri, G. / Lung, M. / Zifferero, M. 

Title: Preliminary Criticality Study. Technical Report No. 52, Chapter 260 

Date: 1/1/1959 

Report: NP-07894 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief study is presented of criticality control and parameters for the proposed 100 
ton per year Eurochemic radiochemical processing plant. 
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12239…..…..…………………..…….……..……ID Number…………………..…..…………….12239 

Author: Cashwell, R. J. 

Title: Critical Experiment Reactor Safeguards. Critical Experiment Reactor Regulating Rod Calibrations 

Date: 1/1/1958 

Report: NP-09439, NR-48, LAC-148, NR-48, LAC-148, Addendum to LAC-147 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Accidents; CER; CERF; Control Elements; Critical Experiment 
Reactor; Criticality; Fuel Elements; Instruments; Reactor Core; Research Reactors; Rods; Safety; 
Swimming Pool 
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12240…..…..…………………..…….……..……ID Number…………………..…..…………….12240 

Author: n. a. 

Title: PTR Critical Experiment—Hazard Summary Report 

Date: 11/10/1960 

Report: NP-09603 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Authorization and approval are requested to use the facilities of the IRL Reactor to 
perform the Pressure Tube Reactor (PTR) critical experiment. The design and scope of the PTR critical 
experiment are described, and potential hazards are discussed. The PTR consists of 3.51-in.diameter 
cylindrical fuel elements located on a 37/8 in. triangular pitch. The experiment would be performed by 
replacing the IRL core with a PTR core and utilizing the existing IRL control drive mechanisms, control 
system, and monitoring system. The core materials and core size for the PTR are typical of a pool type 
research reactor. 



 

C-12277 

12241…..…..…………………..…….……..……ID Number…………………..…..…………….12241 

Author: Zelanzny, R. 

Title: Exact Solution of a Critical Problem for a Slab. Report No. 160/IX 

Date: 6/1/1960 

Report: NP-09688 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Using the Case method of expansion of the angular neutron distribution into series 
with respect to eigenfunctions of the plane Boltzmann equation, the critical problem of a slab was 
formulated. By means of symmetry considerations the problem of boundary condition was reduced to one 
singular integral equation, which was treated by classical methods. This treatment gave an integral equation 
for expansion coefficients which, by means of a simple transformation, can be reduced to a Fredholm type 
with a regular kernel, and an additional equation which plays the role of an exact critical condition. 
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12242…..…..…………………..…….……..……ID Number…………………..…..…………….12242 

Author: Smith, D. C. G. 

Title: Kinetic Behaviour of Fast Reactors 

Date: 12:00:00 AM 

Report: NP-10233, 65-78 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12243…..…..…………………..…….……..……ID Number…………………..…..…………….12243 

Author: Singh, S. 

Title: Criticality Studies of Project Phoenix 

Date: 10/31/1961 

Report: NP-10247, 218-222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Seventy-four papers were presented at the symposium. Seventy-one of these papers 
are included in full, and 3 in the form of abstracts in these proceedings. Separate abstracts were prepared 
for 68 of the papers. Three of the papers were previously abstracted in NSA. 
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12244…..…..…………………..…….……..……ID Number…………………..…..…………….12244 

Author: Gough, J. . R. C. / Redding, G. B. / Burnett, R. C. 

Title: Fabrication of Components for Thorium Doppler Coefficient Measurements in the General Atomic 
Critical Assembly. Project DRAGON. 

Date: 1/1/1961 

Report: NP-10334; DP-Report-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Ceramics & Cermets-Preparation & 
Fabrication; Carbon; Compacting; Critical Assemblies; Doppler Effect; Powders; Spectral Shift; Testing; 
Thorium; Velocity 
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12245…..…..…………………..…….……..……ID Number…………………..…..…………….12245 

Author: Fisher, J. R. / Hoover, R. A. ed. 

Title: Swedish Reactor Physics Progress Report I 

Date: 4/1/1957 

Report: NP-10486 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of criticality, flux, and reactivity analyses of the Swedish reactor completed 
during the period from November 1956 to April 1957 is described. Calculations were made for the required 
initial loading and maximum possible loading of U235 assuming a fuel enrichment of 20%, the critical 
mass, the total excess reactivity required, and the average temperature-density coefficient of reactivity. 
Values of the flux entering the 4 vertical test facilities in the corners of the core lattice are given. The 
methods, assumptions, imposed conditions, and definitions used to obtain the results are given. 
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12246…..…..…………………..…….……..……ID Number…………………..…..…………….12246 

Author: Fisher, J. R. / Mallicoat, W. M. 

Title: Swedish Reactor Physics Progress Report II 

Date: 7/17/1957 

Report: NP-10487 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The calculations of the critical mass and flux for the case of the center loop were 
completed. The methods used in the calculations and the final results are described. The compositions 
assumed for each region are listed. 
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12247…..…..…………………..…….……..……ID Number…………………..…..…………….12247 

Author: n. a. 

Title: Opera Phase II Final Report. Sept. 15, 1960 Ordnance Pulsed Experimental Research Assembly, 
Final Report 

Date: 9/15/1960 

Report: NP-10498; AN-240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12248…..…..…………………..…….……..……ID Number…………………..…..…………….12248 

Author: Vincze, Tibor 

Title: Fast Reactor Design Bibliography. Technical Report 61-3 

Date: 8/1/1961 

Report: NP-10610 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Five hundred and fifty-five references on fast reactors are presented. The bibliography 
covers reports, journal articles, books, U.S. and British patents, and conferences published from 1945 to 
1960. Entries of reports and periodicals are arranged chronologically by year, and within the chronological 
sections the arrangement is alphabetical by title. The other sections were arranged by title. Author and 
subject indexes are included. 
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12249…..…..…………………..…….……..……ID Number…………………..…..…………….12249 

Author: Kazachovskii, O. D. 

Title: Fast Neutron Reactors in the U.S.S.R 

Date: 12:00:00 AM 

Report: NP-10766, 32-35/ 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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12250…..…..…………………..…….……..……ID Number…………………..…..…………….12250 

Author: n.a. 

Title: Nero Development Programme Semiannual Report, July 1, 1961 to December 31, 1961 

Date: 10/31/1962 

Report: NP-11909 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The status of Nero reactor design at the end of the report period is described. Work 
in the various fields of design are reported in chapters on critical experiments, incorporation of burnable 
poison in UO2, irradiation experiments, corrosion research, general design and calculations, stress analysis 
of pressure vessel and cover, steam generator performance testing, control rod drives, development of 
special welding techniques, control rod materials and construction, pressurizer performance, pumps and 
accessories, heat extraction from the core, hydraulic parameter determination, and shielding design. 
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12251…..…..…………………..…….……..……ID Number…………………..…..…………….12251 

Author: Caizergues, R. et al. 

Title: Safety Report of a Criticality Experiment on a Plutonium Solution. Rapport de Surete d’Une 
Experience de Criticality sur Une Solution de Plutonium Alecto 

Date: 10/31/1963 

Report: NP-12249 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ALECTO experiment is for the study of the critical conditions of receptacles 
containing a Pu solution reflected by an infinite water reflector. The installation of this experiment is 
described in some detail. Theoretical calculations were made of the critical mass, reactivity effect of 
millimeters of solution, reactivity effect of safety elements, temperature coefficient, and safety of primary 
and secondary storage containers. The operation of the experimental installation, especially control 
apparatus and start-up and operational procedures, is described. The risks connected with an accidental 
reactivity introduction and a power excursion are then discussed. 
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12252…..…..…………………..…….……..……ID Number…………………..…..…………….12252 

Author: Caizergues, R. / d'Orval, C. C. / Kremser, J. / Verriere, P. 

Title: Safety Report of a Criticality Experiment on a Plutonium Solution. ALECTO; Rapport de Surete 
d'une Experience de Criticalite sur une Solution de Plutonium ALECTO 

Date: 10/31/1963 

Report: NP-12249; EC.S No. 86 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ALECTO experiment is for the study of the critical conditions of receptacles 
containing a Pu solution reflected by an infinite water reflector. The installation of this experiment is 
described in some detail. Theoretical calculations were made of the critical mass, reactivity effect of 
millimeters of solution, reactivity effect of safety elements, temperature coefficient, and safety of primary 
and secondary storage containers. The operation of the experimental installation, especially control 
apparatus and start-up and operational procedures, is described. The risks connected with an accidental 
reactivity introduction and a power excursion are then discussed. 
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12253…..…..…………………..…….……..……ID Number…………………..…..…………….12253 

Author: n.a. 

Title: New Madrid Earthquake. Long Range Seismic Measurements of Vela Uniform Project 8.4 

Date: 2/1/1962 

Report: NP-12465 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data obtained from seismograms of the New Madrid, Mo., earthquake on Feb. 2, 
1962, are presented. The data were obtained at long-range seismic measurement stations throughout the U. 
S. from film records and from magnetic tape records. A description is included concerning seismic 
instrumentation and data reduction methods. 
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12254…..…..…………………..…….……..……ID Number…………………..…..…………….12254 

Author: n. a. 

Title: APTR Critical Experiment Hazard Summary Report 

Date: 6/1/1963 

Report: NP-12998 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A critical experiment for the Advanced Pressure Tube Reactor (APTR) in the IRL 
Reactor is described and safeguards taken to reduce the consequences of potential hazards are described. 
The APTR core is a water-moderated, beryllium- and water-reflected flux trap type with an annular fueled 
region utilizing 90% enriched uranium. The calculated core physics characteristics for the critical 
experiment are given. The maximum credible accident would result in a total energy release of less than 
1.3 Mw-sec. 
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12255…..…..…………………..…….……..……ID Number…………………..…..…………….12255 

Author: Pritchared, W. M. 

Title: Subcritical Assemblies. A Compilation of References 

Date: 8/1/1963 

Report: NP-13092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A survey was made of the literature pertaining to exponential experiments and 
facilities. As a result of this survey, a compilation is given of references abstracted in Nuclear Science 
Abstracts between January 1951 and May 1963. The 219 references are arranged by subjects in 
chronological order under each subject heading. An author and a report number availability index is also 
provided. 
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12256…..…..…………………..…….……..……ID Number…………………..…..…………….12256 

Author: Purika, I. f Ioftode, I. I. / Gyrlya, I. 

Title: Determination of Reactor Transfer Function by Means of Analysis of Fluctuation Spectra; OB 
OPREDELENII PEREDATOCHNOI FUNKTSII REAKTORA METODOM ANALYZA 
CHASTOTNOGO SPEKTRA FLUKTUATSII 

Date: 4/1/1963 

Report: NP-13443 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The frequency spectrum of the reactor, which is directly related to the reactor transfer 
function, yields the same information as the methods based on a pulsed and modulated source; however, it 
is more convenient to use. The neutron flux measurements are carried by means of a high efficiency 
ionization chamber. The average square amplitude of the fluctuation at a given frequency is measured by 
an analog computer. After making the necessary corrections, the frequency fluctuation spectrum in the 
reactor lattice is obtained in the form of a Fourier- transform of the neutron flux. For frequencies higher 
than 10 hertz the effect of delayed neutrons may be neglected by considering the reactor subcritical with 
respect to prompt neutrons. Measurements were carried in the reactor after eliminating the effect of Xe 
poisoning and under steady-state operation. The frequency spectra were determined for time intervals of 1 
week during a 3-month period. The value of alpha = ( beta /1) was experimentally determined as 177 plus 
or minus 10% sec/sup -1/. The difference between this value and that measured by means of the reactivity 
changes is attributed to poisoning by fission products which results in an increase of the macroscopic cross 
section of the core. 
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12257…..…..…………………..…….……..……ID Number…………………..…..…………….12257 

Author: Semenov, V. N. / Lunin, G. L. / Komissarov, L. V. / Kamyshan, A. N. / Khalizev, V. I. / 
Andrianov, G. Ya. / Voznesenskii, V. A. / Kuz'micheva, V. A. / Lebedev, V. I. 

Title: Determining the Efficiency of Control Rods in Light Water Power Reactor Assemblies; Opredelenie 
Effektivnosti Reguliruyushchikh Sterzhnei V Sborkakh Reaktora VVER 

Date: 1/1/1963 

Report: NP-13714 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Efficiency of control rods in water reactors with constant moderating and scattering 
properties was analyzed. The results of critical experiments indicated the feasibility of using one-group 
conditions for a reactor with absorbers. In such a case the neutron distribution is described by the one-group 
diffusion equation with boundary conditions at the absorber surfaces and the reactor outer boundary. 
Calculations of absorber efficiency for a homogeneous zone (k = cons) are reduced to a determination of 
geometric reactor parameters, and in the case of a heterogeneous zone (where breeding properties are a 
function of coordinates) the problem is resolved by determining the minimum of a certain function. 
Calculations were made of the efficiency of water-filled absorbers and of the effects of water-filled channels 
in both homogeneous and heterogeneous assemblies. Results are given from experimental studies of thick 
absorbers. 
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12258…..…..…………………..…….……..……ID Number…………………..…..…………….12258 

Author: Schueller, W. 

Title: Irradiation Doses Resulting from a Criticality Accident 

Date: 7/1/1963 

Report: NP-13724, ETR-150, ETR-150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Criticality; Fissionable Materials; Gamma Radiation; 
Lethal Dose; Neutron Detection; Quantitative Analysis; Radiation Doses; Reactors; Shielding; Solutions; 
Standards; Thickness 
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12259…..…..…………………..…….……..……ID Number…………………..…..…………….12259 

Author: Lee, H. 

Title: Vulnerability of Municipal Water Facilities to Radioactive Contamination from Nuclear Attacks 

Date: 3/1/1964 

Report: NP-13806 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the event of a nuclear attack upon the United States, the surface source waters 
would become contaminated with radioactive nuclides carried by fallout particles. The absorbed dosage in 
the body tissues of humans resulting from drinking contaminated surface waters, especially after the water 
is processed in treatment plants, is not critical. In areas where heavy levels of fallout occur, the overriding 
hazard facing the survivors is external radiation. Contaminated water is a secondary problem facing 
survivors in the post attack environment. Also, a large proportion of the post attack population will have 
uncontaminated ground source water available, and, if this water is properly handled after it is drawn from 
wells, it will remain clean. 
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12260…..…..…………………..…….……..……ID Number…………………..…..…………….12260 
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found. Thermal and nuclear considerations of this loading led to the recommendation of bars 2.34 cm diam. 
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Zircaloy) instead of less expensive stainless steel as structural material, fuel cladding, or fuel diluent in 
nuclear reactors makes savings possible through the use of uranium of lower enrichment and/or through 
reduction in the critical mass of uranium. Columbia-National has made a study of the relative economics 
of using Zircaloy versus stainless steel in five power- producing thermal reactors, chosen so as to span the 
entire range of fuel enrichment from natural to highly-enriched uranium. Break-even prices of Zircaloy 
were computed for each reactor, i.e., the price at which, with an annual return on capital investment of 15%, 
the lower cost of uranium inventory is just balanced by the difference in cost between Zircaloy and stainless 
steel. 
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of a natural uranium system with high generating system thermal efficiencies made possible by superheat 
from the reactor. The reactor is to have two power producing zones having different composition and 
properties. One zone, operated at relatively low temperature, affords sufficient reactivity for the entire 
system to be fueled with natural uranium. The other zone contains high- temperature materials and is the 
source of superheat supply. Computations establish that the proper balance of power from the two zones 
required for a practical generating system can readily be achieved in reactor systems presently feasible. 
Two systems are dealt with in this investigation: (1) a sodium-gas system which is based entirely upon 
developed technology and for which detailed calculations are presented and (2) an all gas system which 
requires further development. 
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facility with a high flux-to-power ratio. Essential features of the MTR type core include large negative 
temperature and void coefficients plus two independent shutdown mechanisms. The core is a water-cooled 
Aquarium-type lattice which is graphite reflected on the sides and water reflected on the top and bottom. 
An average thermal flux 8 x 10/sup 10/ in the fuel is expected when the reactor is operating at 10 kg of 
U235. 
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Abstract/Keyterms: The testing of all flasks and handling equipment is almost complete. Modifications 
necessary to ensure satisfactory operation have been made. The natural uranium elements have been loaded 
into the core. A total of 74 tons of liquid metal has been melted and is held in the dump tanks. Filling the 
primary circuit with liquid metal is due to start soon. Criticality during July is programmed. 
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quite well with the accepted theory. The 8.6 in. lattice is the optimum lattice, resulting in higher flux levels 
and the largest value of critical buckling. All experimental buckling determinations proved to be positive, 
which indicates that a full scale reactor could be constructed of the same configuration as either the 6 in., 
8.5 in. or 12 in. lattice. There is no apparent measurable flux depression due to indium foil loading, even 
when foils are loaded unsymmetrically. Horizontal flux distributions are symmetrical in both the x and the 
y directions, and within the limitations imposed by statistics they agree well with the cosine distributions 
predicted by theory. The subcritical assembly could be operated satisfactorily using the smaller (100 
millicurie) external neutron source. However, the scattering of the experimental points obtained with this 
source is quite severe, and statistical deviations are very large. With the larger neutron source in place, flux 
levels are higher by a factor of five or more, with correspondingly smaller deviations and less scattering of 
experimental points. The fast neutrons from the external source are not entirely thermalized until they have 
penetrated approximately 30 in. into the assembly. This subcritical assembly, with the large external neutron 
source in place, can be used to great advantage as an instructional tool. Although the experimental results 
obtained were not extremely accurate, it is believed that the data can be reproduced with sufficient 
consistency and accuracy to correlate experimental results with classroom calculations. 
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Abstract/Keyterms: Computations indicate that when utilized in an idealized ramjet at a flight Mach 
number of 3.5 and an altitude of 37,500 feet, a constant area axial flow nuclear heat exchanger will be 
expected to produce 9,500 pounds of thrust with an air inlet Mach number of 0.2, a weighted radial 
temperature average of 2000 F and a frontal area of 7.7 square feet. Molybdenum alloy with a disilicide 
coating was selected as the container material. Sandwiched between the molybdenum was a fissionable 
alloy of highly enriched uranium and zirconium. From a nuclear aspect the unreflected heat exchanger 
becomes critical at a diameter of 40 inches and a length of 60 inches with a total weight of 8,052 pounds 
which includes 3,622 pounds of 90% enriched uranium. 
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Abstract/Keyterms: A parametric study of pressurized light water reactor cores was undertaken, in which 
both heat transfer and nuclear influences of the basic parameters on the quantity and required enrichment 
of the uranium fuel were considered. Methods were developed for computation of the minimum core size 
for a specified power output on the basis of heat transfer characteristics of the unit cell parameters. Also, 
the critical mass of U-235 required for a given reactor was computed. A Fourier solution for critical mass 
of a highly enriched, homogeneous, heavy water moderated reactor was used and methods were developed 
to adapt it to the low enrichment, heterogeneous, light water case, and to compute the necessary inputs. The 
factor by which the critical enrichment of a given reactor would have to be increased in order to attain a 
specified core life was also computed. A correlation was obtained between the adjusted Fourier program 
and experimental data; the methods selected for calculation of resonance escape probability, fast fission 
factor, and disadvantage factor for use in the program were also confirmed by comparison of results with 
experimental data. Ranges of parametric variation were chosen. For each case, an appropriate core diameter 
and total quantity of uranium were computed from the heat transfer characteristics associated with the 
parameters. 
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Abstract/Keyterms: The neutron flux distribution in a unit cell of the Iowa State College uranium-graphite 
subcritical assembly was investigated. Several techniques for flux measurements using the foil activation 
method were considered. The flux distribution was measured in three different directions inside the unit 
cell both with and without coolant. Experimental results were compared with the theoretical flux 
distribution. 
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Abstract/Keyterms: In practice, phase and amplitude relations, when considered as functions of the 
driving frequency, are collectively designated as the assembly transfer function The parametric forcing or 
driving function in this case is source forcing, an imposed variation in the primary source. The transfer 
function determined experimentally agrees quite well with that predicted by the theory. A mean neutron 
lifetime in the assembly of approximately 0.07 sec and an effective multiplication factor of approximately 
0.8 were determined. 
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Abstract/Keyterms: One- and two dimensional flux distributions are given o-group diffusion theory. One-
dimensional flux distributions are shown for the two- and four-region reactor models along with two-
dimensional iso-flux distributions. The calculated critical loading was found to be 18.6 fuel elements and 
is 0.6% lower than the experimentally determined critical loading value. Values of k(eff) For a 30- and 32-
element core, using a two-dimensional, two group diffusion theory program, are 1.106 and 1.130, 
respectively. One- and two-dimensional methods for calculating reactivities of the CER agree within 1%. 
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Abstract/Keyterms: The Critical Experiment Reactor became critical on June 9, 1958. After the startup 
tests, the reactor was taken critical 177 times in support of the Radiation Effects Reactor program. Critical 
and operational loadings for the Radiation Effects Reactor, rod calibrations, and temperature, void, and 
other reactivity coefficients were determined at the Critical Experiment Reactor. Extensive reactor operator 
training was conducted. 
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Abstract/Keyterms: A usual method for the measurement of the reactivity variation on poison removal 
from a critical reactor consists in the measurement of the stable period of the neutron flux increase and 
utilization of the Nordheim relation. It is possible in a subcritical reactor to compare one reactivity with 
another by measuring the neutron flux levels after the introduction of reactivity. The results obtained by 
both methods are compared in the present work. Using a standardized poison at a given point of the core a 
value delta k measured for the stable period is obtained. In the subcritical reactor equal poisons are added 
to the standard in positions symmetrical with respect to the center of charge of the core and the reactivities 
are compared; thus it is proved that within certain limits there is additivity of the reactivities, or an 
associated reactivity n delta k corresponds to n standard poisons. In a second experiment such poisons were 
extracted in a critical regime and the stable periods resulting from the extractions were measured. These 
experiment periods were compared with those predicted by the Nordheim relation. As the parameters differ 
according to source, comparisons were made with different sets of values. In all cases the agreement 
between the measured period and the calculated period was shown to be within the errors of the method. 
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assembly constructed at the Iowa State College were determined. This assembly with the fuel removed 
consisted of a rectangular parallelepiped of graphite moderator with an external fast neutron source. This 
moderating system is essentially a "sigma pile" with holes interspersed at regular intervals. 
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Abstract/Keyterms: The construction of the Riso Research Establishment was practically completed. The 
DR3 reached criticality on Jan. 17, 1960. An irradiation facility with a linear accelerator was completed 
during the summer of 1960. The operation of the DR1 and the DR2 is discussed. The second stage of the 
building program of the Agricultural Research Department was completed in 1959. A greenhouse for tracer 
experiments, a Co/sup 60/ gamma irradiation facility, and a small growth chamber designed to grow plants 
in an atmosphere of Co/sup 14/- labeled CO2 were built. Experiments on physiological and genetic effects 
of gamma irradiation in plants are outlined. Cooperative activities in the peaceful use of atomic energy are 
discussed. 
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Abstract/Keyterms: The total reactor operating time for the period was 1999.9 1.999.9 hr for a total 
integrated power of 31, 707 Mw(t). The reactor was brought to critical 105 times, which reflects the large 
number of criticals for reactor physics measurements and operator training exercises. A summary is given 
of the scram history in which five real scrams and six spu rious scrams occurred. Leakages in the liquid 
poison system causing reductions in boron concentration were found and repaired. The effectiveness of 
operational checks on control-rod drive connections to control rods was demonstrated in the prompt 
detection of the separation of control rod J-7 from its drive mechanism. The procedures for the disposal of 
radioactive wastes are described. Radiation surveys throughout the plant over the power operating range 
demonstrated the adequacy of shielding for both direct and scattered neutron and gamma radiations. 
Personnel exposures were less than the 300-mr weekly exposure limit. The failures and repairs of the in-
core neutron monitors are discussed. The cartridge type filter in the waste treatment plant was replaced by 
a precoat type filter and its associated backwash and charging provisions. Performance data are included 
for the reactor and turbine generator. 
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system is presented. The design utilizes the high efficiency and known technology of high pressure and 
temperature steam cycles for the conventional portion of the plant. The nuclear plant consists of a circular 
cylindrical core with fuel elements of 2% enriched UO2 in a graphite matrix. The reactor is safe in that it 
will become subcritical on loss of coolant and has a negative temperature coefficient of reactivity. Plant 
capital cost is estimated at 672, 000, or 9 per net electrical kilowatt.) 
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Abstract/Keyterms: The present volume has been prepared for persons with some knowledge of the 
physics of nuclear reactors. It is intended to make available the accumulated physics experience of the 
Knolls Atomic Power Laboratory in its work on intermediate spectrum reactors. Only those portions have 
been selected which were deemed to be most useful and significant to other physicists concerned with the 
problems of reactor design. The volume is divided into four parts which are more or less independent of 
one another. Part 1 (Chaps. 2--9), Investigation of Reactor Characteristics by Critical Assemblies, reflects 
the importance of the properties of critical assemblies and of the techniques for obtaining experimental 
information about such assemblies. Part 2 (Chaps. 10--20), Reactivity Effects Associated with Reactor 
Operation, details the use of both critical assemblies and reactor theory to make and test predictions of the 
manner in which the reactivity of an intermediate power reactor will vary during operation. Part 3 (Chaps. 
21--26), Heat Generation and Nuclear Materials Problems, considers how reactor heat generation is spread 
out in space and time, and what nuclear effects result from the presence of beryllium or sodium in the 
reactor. Part 4 (Chaps. 27--38), Reactor Kinetics and Temperature Coefficients, relates to the transient or 
near-transient behavior of intermediate reactors. 
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safe storage of liquid and solid radioactive wastes from plants producing UF6 from uranium mill 
concentrates. 
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Abstract/Keyterms: Guidance in complying with regulations of 10 CFR Part 70, Section 70.22, is provided 
through presentation of a procedure for presenting criticality accidents in storage of fissile materials outside 
of nuclear reactors. The procedure conforms with ANSI N16.5-1975, and is applicable to the storage of 
uranium containing more than 30 wt.% 235U, of 233U and of plutonium as metals and oxides. 
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Abstract/Keyterms: This regulatory guide provides guidance for complying with Section 70.22 Contents 
of Applications, of 10 CFR Part 70 Domestic Licensing of Special Nuclear Material, the Commission`s 
regulations by describing procedures acceptable to the NRC staff for the prevention of criticality accidents 
in operations involving homogeneous plutonium-uranium fuel mixtures outside reactors. This regulatory 
guide endorses ANSI/ANS-8.12-1978, Nuclear Criticality Control and Safety of Homogeneous Plutonium-
Uranium Fuel Mixtures Outside Reactors. 
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Abstract/Keyterms: This regulatory guide, ``Standard Format and Content for the Health and Safety 
Sections of License Renewal Applications for Uranium Processing and Fuel Fabrication`` (herein referred 
to as the Standard Format), has been prepared to provide more specific guidance for the preparation of the 
health and safety sections of license renewal applications. The Environmental Report is submitted as a 
separate document. The renewal application for the health and safety sections of the license consists of two 
major parts. The first part contains the proposed license conditions stating the performance requirements to 
which the applicant proposes to commit. The second part contains detailed safety information and 
descriptive information demonstrating the applicant`s adherence to the conditions of the first part. This 
Standard Format is designed to separate the requirements in Part I (license conditions) from the descriptive 
information in Part II (demonstration and performance record). 
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Abstract/Keyterms: Section 40.43, “Renewal of Licenses,” of 10 CFR Part 40, “Domestic Licensing of 
Source Material, “specifies that applications for renewal of specific licenses, including those for production 
of uranium hexafluoride, should be filed in accordance with Section 40.31, “Applications for Specific 
Licenses.” Section 40.31 identifies the general information required. This “Standard Format and Content 
for the Health and Safety Sections of License Renewal Applications for Uranium Hexafluoride Production” 
was prepared to provide more specific guidance for the preparation of the health and safety sections of 
renewal applications. The Environment Report is submitted separately. 
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the causes for the discrepancies that exist between the calculated and the experimentally determined 
reactivity of clean critical experiments. Three phases have been undertaken in the research the codes; (b) 
Definition of the various approximations incorporated into the codes; (c) Comparison between the values 
of a variety of reaction rates calculated by the two codes. It was concluded that the main cause of 
discrepancy between calculations and experiments is due to data inaccuracies, while approximations 
introduced in solving the transport equation are of smaller importance. 
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respectively. The reactivity effects of air voids in the reflector and in the core of the NRL Research Reactor 
were measured for a number of typical reactor configurations. Six voids were used, ranging in size from a 
2-H cube in the reflector to a 1 1/8-in. cylindrical void in the core. All voids in the reflector required 
additional fuel to compensate for their presence; voids in the core required the removal of fuel. In all cases, 
the interposition of cadmium between the reflector voids and the reactor prevented large reactivity increases 
when the voids were flooded with water. Reactivity changes were measured by subcritical multiplication, 
by addition of fuel, and with calibrated rods. There was a systematic difference in the magnitude of the 
numerical results, depending on the method used, with the results of the subcritical multiplication method 
being of relatively high magnitude and of the calibrated rods low. The effects of replacing fuel at the center 
of the core by water, graphite, and beryllium oxide were also observed 
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Abstract/Keyterms: Wettability studies of aqueous solutions of several series of pure, highly fluorinated 
aliphatic acids and salts were carried out on two low-energy organic solids, polyethylene and Teflon. As 
anticipated, the fluorinated compounds were able to depress the surface tension of water below the critical 
surface tension gamma /sub c/) of Teflon, and were therefore capable of completely wetting it. This in 
contrast to the limitations of conventional wetting agents which are hydrocarbon derivatives. Whenever 
possible, wettability curves were obtained for each solid surface by plotting the cosine of the contact angle 
versus the surface tension of the solution. The value of gamma, 19 dynes/ cm, thus obtained for Teflon is 
in reasonable agreement with the value of 18 dynes/cm established from previous studies. With 
polyethylene a value of gamma / sub c/ of 20 dynes/cm was obtained which is much lower than the 
established value of 31 dynes/cm. This led to experiments demonstrating that the phenomenon was caused 
by the adsorption of the fluorinated compounds on the polyethylene surface, thereby altering its wetting 
characteristics to those of a fluorinated surface. As expected from the difference in their surface energies, 
greater and more tenacious adsorption was observed on polyethylene than on Teflon. 
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the density was derived is indicated. 
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Date: 11/1/1992 

Report: NRRT-N-92-018 (Rev. 1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Chapiro, A. 

Title: Study of the Radiolysis of Dilute Solutions of Diphenylpicrylhydrazyl in Organic Solvents. II. The 
Spatial Distribution of the Primary Free Radicals 

Date: 4/1/1954 

Report: NSA-8-1329 

Conference/Journal: Journal de Chimie Physique (France) 

Conference Session:  

Abstract/Keyterms: Chemistry; Acetates; Capture; Chemical Reactions; Chlorinated Hydrocarbons; 
Chloroform; Criticality; Decomposition; DPPH; Free Radicals; Gamma Radiation; Methyl Radicals; 
Organic Compounds; Organic Nitrogen Compounds; Phenyl Radicals; Picryl Radicals; Qualitative 
Analysis; Quantity Ratio; Radiation Doses; Radiation Effects; Reaction Kinetics; Solutions; Solvents; X 
Radiation 
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Author: Frikken, A. J. / Mabbot, P. E. 

Title: Review of Criticality Safety Arrangements at Lucas Heights Research Laboratories 

Date: 1/1/1995 

Report: NSB 4/1995 

Conference/Journal:  
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Author: Battist, L. / Winnowski, W. S. / Dieterly, D. K. / Koch, R. C. 

Title: Radiochemistry During Start-Up and Early Operation of the Nuclear Ship Savannah. Final Report 

Date: 7/1/1962 

Report: NSEC-72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It was demonstrated that the radioactivity content of the primary system of the N.S. 
Savannah reactor plant was small and normal during the period of initial criticality and start-up, and during 
the sea trials and acceptance tests. The principal radioactive constituents (56Mn, 41Ar, 13N and 18F) are 
either intrinsic to the primary system of the pressurized water reactor or are normally found in the coo1ant 
in concentrations comparable to those observed in this program. The 56Mn concentrations observed at the 
various reactor power levels were slightly higher, relative to those for the other nuclides, than those 
observed in similar reactor plants. This slightly increased concentration is attributable to the fact that the 
coolant of this reactor was generally maintained between pH6 and pH7, whereas the primary coolants of 
the other plants were maintained at somewhat higher pH values. Data for fission product concentrations in 
the primary coolant indicate that their only significant source is uranium contamination of the reactor core 
surfaces. The observed concentrations do not represent any significant hazard or potential difficulty in plant 
operation. The small value of 5.6 x 10/sup -2/ mu g/cm/sup 2/ For the surface density of uranium indicates 
that no significant contamination of these surfaces occurred during core fabrication. No significant defect 
in a fuel element cladding was detected during the period in which these measurements were performed. 
The efficiency of the demineralizer for removal of anionic and cationic radionuclides from the primary 
coolant was shown to exceed 90%. Volatile radionuclides were the only radioactive constituents found in 
the demineralizer effluent. Data obtained for the concentrations of gross radioactivity in the waste tanks 
were maintained below the maximum permissible concentrations for discharge to the environment. On the 
basis of these radiochemistry studies, it may be concluded that the N.S. Savannah primary coolant system 
exhibited a normal content and distribution of radionuclides and that those plant components for which 
radioactivity indicators or monitors were observed exhibited safe and normal operation behavior. 
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Author: Thomas, J. T. / Fox, J. K. / Callihan, A. D. 

Title: A Direct Comparison of Some Nuclear Properties of Uranium-233 and Uranium-235 

Date: 3/1/1956 

Report: NSENAO, 001, 020-032 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Nuclear properties of U233 and U235 are compared using data obtained in a series of 
critical experiments. Aqueous solutions of uranyl oxyfluoride containing uranium enriched to about 90% 
in each of the two isotopes have been made critical in water-reflected spherical reactors having diameters 
of 26.4 and 32.0 cm. Assuming the reported nuclear constants for U235 are reliably known and assuming 
equality of the neutron leakage spectra of U233 and U235 for the same water-reflected critical sphere, the 
value of η(U233) at 0.026 ev was determined to be 2.31 ± 0.03. The critical masses for the two isotopes in 
these systems have been measured over the temperature range from 20°C to 100°C; corresponding values 
of the reactivity temperature coefficient are reported. Delayed neutron yields for the two isotopes were 
compared by noting the periods resulting from the withdrawal of a boron poison from the critical spheres. 
It is shown that the yield from U233 is about one-third that from U235, in agreement with other 
determinations. 
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Title: Topsy, A Remotely Controlled Critical Assembly Machine 

Date: 3/1/1956 

Report: NSENAO, 001, 053-061 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The Tools for Sensitivity and Uncertainty Analysis Methodology Implementation in 
three dimensions (TSUNAMI-3D) control module has been written for the Standardized Computer 
Analyses for Licensing Evaluation (SCALE) code system implementing this methodology. TSUNAMI-3D 
performs automated multigroup cross-section processing and then generates the forward and adjoint 
neutron fluxes with an enhanced version of the KENO V.a Monte Carlo code that implements the flux 
moment and angular flux calculational techniques. Sensitivity coefficients are generated with the newly 
developed Sensitivity Analysis Module for SCALE (SAMS). Results generated with TSUNAMI-3D 
compare favorably with results generated with direct perturbation techniques. 
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Author: Peterson, R. E. / Newby, G. A. 

Title: An Unreflected Uranium-235 Critical Assembly 

Date: 5/1/1956 

Report: NSENAO, 001, 112-125 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An unreflected, spherical uranium-235 critical assembly has been in operation at the 
Los Alamos Scientific Laboratory since August, 1951. A remotely controlled mechanical system is used to 
assemble subcritical components of the sphere, and reactivity is adjusted with uranium-235 control rods. 
The maximum power level during sustained operation is about 1 kW. Investigations with the assembly 
include studies of the neutron spectrum, observation of the changes of reactivity produced by inserting 
foreign materials into the assembly, and determination of parameters such as the temperature coefficient of 
reactivity. In addition, experiments at reactivities above prompt critical have been carried out. The assembly 
has also been used as a source of short, high-intensity bursts of neutrons in the study of delayed neutrons 
following fission. 
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Author: Cerutti, B. C. / Lichtenberger, H. V. / Okrent, D. / Rice, R. E. / Thalgott, F. W. 

Title: ZPR-3, Argonne's Fast Critical Facility 

Date: 5/1/1956 

Report: NSENAO, 001, 126-134 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An unmoderated chain-reacting system, the ZPR-3 zero power, fast critical facility, 
has been put into operation at the national reactor testing station in Idaho, as part of the Argonne National 
Laboratory's program to establish the feasibility of the generation of economic electric power by a fast 
power breeder. The first reactor built in the two-half assembly machine was a rectangular parallelepiped 
with a critical mass of 142.4 kg of uranium-235 and a core composition roughly that of the proposed 
Experimental Breeder Reactor II. This was the first of a series of fundamental and applied experiments 
planned for the facility. 
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Author: Chernick, Jack 

Title: Small Liquid Metal Fueled Reactor Systems 
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Report: NSENAO, 001, 135-155 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The nuclear properties and potentialities of small liquid metal fueled reactors (LMFR) 
are presented. Plutonium is discussed as an alternate fuel to uranium isotopes, lead as alternate carrier to 
bismuth, and beryllium as alternate moderator to graphite. Breeding potentialities of U233 and Pu239 fueled 
liquid metal systems are discussed. It is shown that non-breeder cores can be reduced to about 1 to 4 ft in 
diameter, depending on fuel concentration and core and reflector compositions. Internal versus external 
cooling and internal versus external moderation of the small LMFR are compared. Internally moderated 
reactors have a more complex core but require less fissionable material. For LMFR cores externally 
moderated by graphite, the critical mass requirements are found to be relatively constant over a wide range 
of fuel concentrations with a minimum of about 10 kg for U233 fuel. For small LMFR cores, heat transfer 
rather than heat transport is the only bar to extremely high specific power in power applications and to high 
neutron flux in research applications. Externally cooled reactors, coupled to conventional heat exchangers 
require a large external holdup of the liquid metal, thus putting a premium on low fuel concentrations. 
Internally cooled LMFR's with graphite (or beryllium) moderation and heat exchange require advances in 
present technology. Sodium is an attractive coolant for an internally cooled, externally moderated version 
of the LMFR with slurry type fuel elements. It is pointed out that, for research applications, the flux level 
achievable in a thermal reactor with fixed power output has about reached its practical limit. This not the 
situation for intermediate energy reactors. In particular, it is shown that an intermediate energy LMFR can 
achieve an average core flux of 1015 neutrons/cm2-sec at 10 Mw power output. Finally, integral 
experiments and neutron cross sections needed for firm estimates of the conversion ratios and critical mass 
requirements of LMFR systems, especially for weakly moderated systems, are discussed. 
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Abstract/Keyterms: Physics; Diffusion Length; Neutrons; Temperature; Thermal Neutrons; Water 
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Title: Homogeneous Heavy Water Moderated Critical Assemblies. Part 1. Experimental 

Date: 8/1/1956 

Report: NSENAO, 001, 327-341 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Ten critical assemblies of enriched uranyl-fluoride heavy-water solutions have been 
studied. In six cases, heavy water reflectors surrounded solutions in which the atomic ratio of deuterium to 
uranium-235 varied from 34 to 430. The remaining four assemblies were without reflector and the 
deuterium uranium-235 ratio ranged from 230 to 2080. Activation rates within the systems were measured 
for the resonance detectors indium, gold, palladium, and manganese and for the fission detectors uranium-
235, uranium-238, plutonium-239, and uranium-233. 
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Title: Measurement of Neutron Spectra of the Experimental Breeder Reactor 

Date: 10/1/1956 

Report: NSENAO, 001, 391-408 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The neutron spectra at two positions in the core and two positions in the inner blanket 
of the experimental breeder reactor in Idaho have been measured by means of beams extracted from these 
positions. The energy range covered was from 75 keV to 4 MeV. A cloud chamber was used for the 
measurement from 75 keV to 1 MeV and recoil-proton tracks in nuclear plates for that from 0.8 to 4 MeV. 
Reaction rate ratios measured inside the reactor agree well with those calculated from known cross sections 
and the spectra found in the beams. 
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Title: A Summary of Experimental Results of the Spherical Core Investigations in the KEWB Program 

Date: 6/1/1959 

Report: NSENAO, 002 (1), Suppl., 212-213 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The KEWB program examines the dynamic behavior of homogeneous research 
reactors. Investigations were made of the effect, on peak power, maximum pressure, and energy release, of 
the operating parameters; amount of reactivity released; initial core pressure; void volume above the fuel 
solution; rate of reactivity release; initial power level; and initial fuel temperature. Results are briefly 
summarized 
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Author: Gamble, D. P. 

Title: A Proposed Model of Bubble Growth During Fast Transients in the KEWB Reactor 

Date: 6/1/1959 

Report: NSENAO, 002 (1), Suppl., 213-214 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Experimental evidence indicates that the dominant shutdown mechanism operating 
in the KEWB Reactor during short-period transients is void production from radiolytic gas evolution. 
Growth of bubbles required to produce the observed reactivity changes appears unexplainable on the basis 
of thermodynamics. Since the dissipation of large amounts of energy occurs in a small volume, a mechanism 
is proposed for the bubble formation which involves fission fragments. Excellent qualitative correlation is 
observed between predictions based on the model and experimental observations. 
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Title: Arbitrary Arrangement of Control Elements 

Date: 6/1/1959 

Report: NSENAO, 002, 01, Suppl., 060-061 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The control of a reactor is often most conveniently accomplished by an array of 
absorbing elements of various sizes, compositions, and locations. As a simple example, the system may 
consist of a ring of identical shim rods plus regulating rods of lower reactivity value. During operation, one 
or more safety or control rods may be removed, leaving an asymmetric pattern. Criticality conditions for 
general configurations such as these in a bare equivalent cylindrical core are derived in the two-group model 
by an extension of an earlier work. 
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Author: Weissert, L. R. / Markert, W. Jr. / Duplin, V. J. Jr. 

Title: Fabrication of the Nuclear Merchant Ship Reactor Critical Experiment Fuel Rods by the Swaging 
Process 

Date: 2/1/1957 

Report: NSENAO, 002, 01, Suppl., 128 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The critical experiments supporting the design of the power plant of the N. S. 
Savannah required fuel rods of slightly enriched UO2 clad in stainless steel tubing. The rotary swaging 
technique was selected as the reference fabrication process for the experimental rods. Processing of the 
UO2 powder and fabrication of the rods are described. 
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Author: Hetrlck, D. L. / Dunenfeld, M. S. / Schwartz, A. 

Title: Numerical Computations for Fission Bursts in Pulsed Reactors 

Date: 6/1/1959 

Report: NSENAO, 002, 01, Suppl., 188-189 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactors; Computers; Excursions; Fast Neutrons; Fission; IBM 704; Numericals; 
Power; Programming; Pulses; Reactors; Variations 
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Author: Schroeder, F. / Forbes, S. G. / Nyer, W. E. / Bentzen, F. L. / Bright, G. O. 

Title: Experimental Study of Transient Behavior in a Subcooled, Water-Moderated Reactor 

Date: 1/1/1957 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: As a part of a program of reactor safety investigations, the response of a 
heterogeneous, water-moderated and -reflected reactor (SPERT I) to instantaneous reactivity additions has 
been studied experimentally with initial temperature of 20°C and initial power level of 5 watts. Excess 
reactivity additions from approximately O.3% to 1.4%, which result in asymptotic reactor periods from 10 
sec to 7 msec, produced self-limiting power bursts with peaks up to 1300 Mw. Plots of the typical behavior 
of reactor power, fuel plate temperatures, and transient pressures for these tests are presented and discussed. 
Maximum reactor power, fuel plate temperature, pressure, energy release, and other quantities are 
correlated as functions of reactor period. The instantaneous excess reactivity of the system during the 
transient test has been computed from the experimental power behavior and typical results are shown. The 
reactivity compensation necessary to limit a power burst of this type has been determined and is discussed 
as a function of initial reactor period. Several mechanisms for the self-shutdown of the reactor are postulated 
and discussed in light of the experimental results. 
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Author: Kelber, C. N. / Spinrad, B. I. 

Title: Two-Group Iteration Method for Annular Cylinders 

Date: 4/1/1957 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Criticality; Cylinders; Equations; Group Theory; Homogeneous 
Reactors; Reactivity; Reactors; Reflectors; Zones 
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Author: Francis, N. C. / Hurwitz, H. Jr. / Zweifel, P. F. 

Title: Criticality and Flux Calculations for Hydrogenous Assemblies 

Date: 5/1/1957 

Report: NSENAO, 002, 253-287 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The calculation of critical parameters, neutron distributions, and adjoint functions for 
reflected reactors is discussed. A variational technique and a modification of the Wiener-Hopf method are 
described. The major application is made for the case of reactors moderated by hydrogen, in which case the 
slowing-down kernel must be introduced either as a numerical function or as a polynomial fit to such a 
function. For the case of the polynomial fit, explicit formulas for critical size, neutron distributions, and 
adjoint functions have been found by the Wiener-Hopf method. A comparison with experimental results 
for water-moderated reactors shows discrepancies consistent with the discrepancy known to exist between 
the measured and calculated neutron age in water. 
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Author: Jankowski, F. J. / Klein, D. / Miller, T. M. 

Title: Calibration of Control Rods 
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Report: NSENAO, 002, 288-302 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Two methods for calibrating control rods are presented. A theoretical treatment is 
given of an oscillating technique and experimental results obtained by this method are compared with those 
obtained by the rod bump-period method. A second technique is described whereby a neutron source is 
suddenly removed from a subcritical reactor and the neutron levels before and after the change are 
compared. 
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Title: Method of Studying Multi-Region Reactors with an Analog Computer 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An electrical analog is described for the study of reactors whose nuclear properties 
vary with radius. Several neutron velocity groups can be used. The reactor is divided in uniform 
homogeneous regions which may be either slabs, spherical shells, or cylindrical shells. The group 
parameters may be independently varied in these regions and the analog immediately obtains the reactivity. 
The analog also yields the space distribution of the various neutron groups after being adjusted to the critical 
condition. A commercial, general purpose analog computer has been adapted to this problem. The analog 
can also solve the adjoint diffusion equations. 
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Title: The Wigner-Wilkins Calculated Thermal Neutron Spectra Compared with Measurements in a Water 
Moderator 

Date: 5/1/1957 

Report: NSENAO, 002, 394-404 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The calculational advantages of the Wigner-Wilkins thermal flux spectra make it a 
desirable theory to use for the determination of thermal group constants in water-moderated reactor 
systems; however, the physical assumptions required by the theory are far from satisfied by water, and an 
experimental verification of the theory is called for. Such data have been furnished by M. J. Poole at 
Harwell. Comparisons with calculations from the theory of Wigner and Wilkins show surprisingly good 
agreement, although some consistent deviations are noted. 
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Title: Prompt Neutron Periods of Metal Critical Assemblies 

Date: 7/1/1957 

Report: NSENAO, 002, 450-460 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-008; Measurement of the time distribution of pairs of counts due to 
neutrons originating from a common ancestor in a neutron chain, yields a value for the prompt neutron 
period of a near-critical system. such measurements can be used to establish the mass or control increment 
between delayed and prompt critical and, hence, constitute a reactivity calibration without use of the Inhour 
relation. Measurements are reported for several simple metal critical assemblies. 
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Title: Application of Minimum Loading Conditions to Enriched Lattices 
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Report: NSENAO, 002, 461-468 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The distribution of enrichment which makes a natural uranium lattice with k∞ < 1 
critical with the smallest amount of added U235 is calculated on the basis of a simple model. The results 
are generalized to the minimization of total enrichment cost when this cost is a nonlinear function of the 
added fissionable material. 
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Title: UO2-NaK Slurry Studies in Loops to 600°C 

Date: 7/1/1957 

Report: NSENAO, 002, 501-512 
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Conference Session:  

Abstract/Keyterms: Suspensions of UO2 in NaK alloy are being studied as possible reactor fuels. Two 
loops have so far been constructed of one-half inch stainless steel tubing with a test volume of 
approximately 150 cc. The Mark I loop was operated for 400 hours between 450 and 600°C, while 
circulating a slurry of 4.3 volume % UO2 (36.0 weight per cent). The radioactive monitor indicated that the 
slurry was uniformly suspended at a flow rate of 2 ft/sec. It was found that above 500°C the UO2 dropped 
out of suspension, but was immediately resuspended when the temperature dropped below the critical value 
of 500°C. The effect was reversible and could not be eliminated even at the fastest flows. The Mark II loop 
incorporated a density measuring device in order to correlate the radioactivity monitor with the density of 
the slurry. It was found, as previously suspected, that when the counts reached maximum value the density 
also was a maximum, at the calculated value. One gram of powdered uranium metal added to the loop with 
the UO2 completely eliminated the settling above 500°C observed in the Mark I loop. There was no 
evidence for corrosion or erosion of the loop, and the particle size of UO2 was practically unchanged after 
operation at the high temperature. The UO2 could be resuspended immediately after prolonged settling. 
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Conference Session:  

Abstract/Keyterms: Physics; Barriers; Confinement; Criticality; Cylinders; Diffusion; Electric Arcs; 
Electric Discharges; Electric Potential; Electrodes; Electrons; Energy; Equations; Fast Neutrons; Hydrogen; 
Impurities; Ionization; Ions; Losses; Magnetic Fields; Neutrons; Planning; Plasma; Reactors; Scattering; 
Slowdown; Thermonuclear Devices; Vacuum; Vessels; Water Moderator 
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Title: Experimental Measurement of the Slowing-Down Time Distribution for Neutrons in Water 
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Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms: The calculation of averaged thermal diffusion coefficients and absorption cross 
sections for hydrogenous assemblies is discussed, and numerical results are presented. Comparison is made 
with available experimental information. The averages are taken over Wigner-Wilkins spectra, which 
assume moderation by a perfect gas of hydrogen atoms in the presence of a 1/v absorber. The Radkowsky 
prescription has been used to obtain transport cross sections for various compounds containing hydrogen. 
Power series expansions are presented which simplify the calculation of average diffusion coefficients for 
mixtures. 
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Abstract/Keyterms: Physics; Diphenyls; Fermi Age; Neutrons; Phenyl Radicals; Polyphenyls 
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Title: The Aircraft Reactor Experiment—Physics 
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Conference Session:  

Abstract/Keyterms: The fluoride of a fissionable material dissolved in molten fluorides of other cations 
can serve as the fuel of a circulating-fuel nuclear reactor. These fluorides have a slowing-down power about 
one-half or one-fourth of the slowing-down power of dense graphite. The resonance escape probability 
depends strongly on the cation but is always less than that of carbon. The consequences of these properties 
for various reactor applications are discussed. Techniques for critical experiments for molten fluoride 
reactors have been developed, and the physics aspects of operation of the ARE have been analyzed. 
Operation of the ARE demonstrated that molten-fluoride reactors have strong negative temperature 
coefficients, mainly as a result of fuel expansion. The ARE was shown to be very stable and to be a slave 
to the power load. No Xe135 poisoning was found in the ARE, and the radioactivity of the fuel after removal 
from the reactor was less than it would have been if all fission fragments had been retained. The loss of 
delayed neutrons by fuel circulation modified the inhour equation but not the stability of the ARE. 
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12376…..…..…………………..…….……..……ID Number…………………..…..…………….12376 

Author: Bettis, E. S. / Cottrell, W. B. / Mann, E. R. / Meem, J. L. / Whitman, G. D. 

Title: The Aircraft Reactor Experiment. Operation 

Date: 11/1/1957 

Report: NSENAO, 002, 841-853 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The ARE was operated successfully in November, l954, at various power levels up 
to 2.5 Mw. The maximum steady-state fuel temperature was l580 deg F, and there was a differential 
temperature between the inlet and outlet in the NaF n for 24l hr before the reactor first became critical and 
the nuclear operation extended over a period of 22l hr. The final 74 hr of operation were in the megawatt 
range and resulted in the production of 96-Mwhr of nuclear energy effects of various transient conditions 
on reactor operation were determined. 
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12377…..…..…………………..…….……..……ID Number…………………..…..…………….12377 

Author: Axford, R. A. 

Title: Partially Flat Radial Flux and Power with Minimum Leakage 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Non-uniform core loadings may be expected to yield a given degree of flux or power 
density flattening with a minimum amount of core fuel investment. For a specified degree of thermal 
neutron flux or power density flattening in a large core the problem is to obtain the non-uniform core loading 
which achieves criticality with a minimum of neutron leakage from the core. Typical results of preliminary 
calculations are given for a 14ft. diam. right cylindrical active core of a sodium graphite-type reactor with 
an infinite radial reflector. 
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12378…..…..…………………..…….……..……ID Number…………………..…..…………….12378 

Author: Barnett, E. / Lanning, D. / Profio, E. / Schwartz, D. / Thompson, T. J. 

Title: The MIT Nuclear Reactor Startup 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The MIT Reactor is heavy water cooled and moderated and operates at 1 Mw. The 
fuel loadings utilize highly enriched MTR-type fuel elements arranged in concentric rings about the central 
position. The fuel is contained in a 4-ft- diam. aluminum tank surrounded by a 2-ft layer of graphite. There 
is a 2-ft D2O reflector above and below the core. The critical mass of the l9-element core consisting of l05-
g elements was measured as 1950 g. Three other core configurations were studied. Initial operations at 1 
Mw have shown that the temperature in the boral at the thermal shield is about 60 deg C. 
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12379…..…..…………………..…….……..……ID Number…………………..…..…………….12379 

Author: Bauman, N. P. / Graves, W. E. / O'Neill, G. F. 

Title: Neutron Economy in a Critical Mockup of the Heavy Water Components Test Reactor 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: To investigate variable leakage and complex interactions of systems, a full-scale 
nuclear mockup of the HWCTR was constructed in the reactor tank of the Process Development Pile. In 
the initial experiments performed in the mockup a study was made of the proper strength for the boron 
poison in the driver assemblies and in the control rods to obtain the desired operating characteristics of the 
HWCTR. A variety of methods was used to obtain differential and integral worths of the control rods. A 
series of flux traverses and neutron current determinations at the pile boundaries was undertaken to 
determine the over-all neutron economy under various reactor conditions. 
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12380…..…..…………………..…….……..……ID Number…………………..…..…………….12380 

Author: Beene, J. L. / Bermanis, H. L. 

Title: Nuclear Data Reduction System 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactors; Counters; Critical Assemblies; Criticality; Measured Values; Neutron Flux; 
Numericals; Planning; Power; Pulse Analyzers; Reactors; Recording Systems 
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12381…..…..…………………..…….……..……ID Number…………………..…..…………….12381 

Author: Binford, F. T. / Cagle, C. D. / Costner, R. A. / Cox, J. A. / Tabor, W. H. 

Title: The Oak Ridge Research Reactor: I. Preoperational Tests 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Preoperational testing of the ORR was started in Sept. l957 and continued 
intermittently through June l958. The total time consumed was about three months. Tests and measurements 
are described on coolant flow, building containment system, criticality, flux distribution, and boiling tests. 
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12382…..…..…………………..…….……..……ID Number…………………..…..…………….12382 

Author: Cook, J. M. / Okrent, D. / Satkus, D. / Lazarus, R. B. / Wells, M. B. 

Title: AX-1, A Computing Program for Coupled Neutronics-Hydrodynamics Calculations on the IBM-704 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactors; Accidents; Breeding; Computers; Criticality; Density; Equations; 
Explosions; Fast Neutrons; Fluid Flow; Hydrodynamics; IBM 704; Neutrons; Power; Pressure; 
Programming; Reactivity; Reactor Safety; Reactors; Temperature; Variations; Velocity; Zones 
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12383…..…..…………………..…….……..……ID Number…………………..…..…………….12383 

Author: Graves, W. E. / Hurley, T. J. 

Title: Flux Distributions in a Critical Mockup of the Heavy Water Components Test Reactor 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Large-scale changes in the neutron flux distribution are possible in the HWCTR, 
corresponding to the large reactivity transients which will lie experienced. To investigate the magnitude of 
the actual effects, the vertical, azimuthals and radial flux shapes were determined for a wide range of 
possible control rod configurations in the reactor mockup. Flux shapes around the tubular fuel assemblies 
were also investigated. 
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12384…..…..…………………..…….……..……ID Number…………………..…..…………….12384 

Author: Michael, P. / Rothenstein, W. 

Title: Preliminary Theoretical Studies of the Brookhaven Beam Research Reactor 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The purpose of the BBRR is to provide intense thermal and epithermal neutron beams 
for fundamental physics research. The core consists of plate-type fuel elements cooled by heavy water. 
D2O age calculations made with the GNU code agreed with recent measurements to better than 5%. A 
survey of spherical clean critical configurations for the BBRR was made for three D/U235 as atomic ratios 
(330. 185, and 110). Temperature coefficient of reactivity was determined to be -3 x 10/sup -4/ per deg C. 
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12385…..…..…………………..…….……..……ID Number…………………..…..…………….12385 

Author: Rothman, A. B. / Pennington, E. M. 

Title: Water Worth Methods in Determining M2 Inthud Cores 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactors; Criticality; Lifetime; Mathematics; Measured Values; Neutrons; 
Quantitative Analysis; Reactivity; Reactor Core; Reactors; Reflectors; Slowdown; Testing; Water 



 

C-12422 

12386…..…..…………………..…….……..……ID Number…………………..…..…………….12386 

Author: Skolnik, W. / Francis, N. C. 

Title: Zirconium Cross Sections for Reactor Calculations 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: It is shown that the use of realistic Zr cross sections in the calculations of the group 
constants, yields values or k(eff) in substantial agreement with the Goldsmith predictions and experiments. 
A companion of ages of Zr-H2O mixtures was made between calculated and experimental results. A 
number of clean critical experiments were calculated in a few-group theory using the new Zr cross sections 
and the results are evaluated. 
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12387…..…..…………………..…….……..……ID Number…………………..…..…………….12387 

Author: Swanson, V. A. 

Title: Neutron Flux Distributions in Organic Moderated Reactor Cores 

Date: 6/1/1959 

Report: NSENAO, 002, No. 1, Suppl. 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An experimental study was made of the neutron flux distributions in two uranium 
fueled organic moderated lattices placed on the thermal column of a water boiler reactor. The fuel elements 
consisted of either l0 or l2 l.875% enriched, Al-clad plates. The lattice under study had spacing of 6-in., 
and was held in a 4 ft diameter tank containing a terphenyl-diphenyl mixture at 27 deg C. Diffusion length, 
critical mass, and thermal utilization of the lattices were determined. 
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12388…..…..…………………..…….……..……ID Number…………………..…..…………….12388 

Author: Pinkel, B. / Young, G. B. W. 

Title: A Correlation of the Critical Conditions for Homogeneous Bare Reactors 

Date: 1/1/1957 

Report: NSENAO, 002, Suppl., 1 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method of correlating the critical conditions of bare homogeneous reactors is 
presented. This method is applied to the results of an 18 group analysis for a series of bares colds 
homogeneous reactors comprised of pure U235 and the moderators H2O, D2O, LiH, Be, BeO, and C over 
a wide range of moderator to uranium mole ratios. The properties contained in the correlation parameters 
used are the bucklings the transport mean free path, the ratio of U235 volume to total reactor volumes the 
moderator thermal absorption cross section, the neutron energy degradation parameters and the moderator 
to uranium mole ratio. 
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12389…..…..…………………..…….……..……ID Number…………………..…..…………….12389 

Author: Clement, J. D. / Leonard, J. H. / Demas, N. G. 

Title: Analysis of Lumped Burnable Poison Experiments with Applications 

Date: 6/1/1959 

Report: NSENAO, 002, Suppl., 1 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Results of criticality calculations and calculations of self-shielding factors are 
presented and are compared with experimental values. A simple method of relating the self-shielding factor 
to the absorption properties of the lump is discussed. Seed-blanket critical assemblies containing poison 
lumps per subassembly were analyzed using two-dimensional, four-energy-group theory. 
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12390…..…..…………………..…….……..……ID Number…………………..…..…………….12390 

Author: Silver, E. G. 

Title: A UO2 -Stainless Steel Reactor for the ORNL Bulk Shielding Facility 

Date: 6/1/1959 

Report: NSENAO, 002, Suppl., 1 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The feasibility of substituting stainless steel for Al will soon be investigated at the 
ORNL Bulk Shielding Facility with a new UO2--stainless steel core (BSR-II) now being fabricated. 
Deviations from the usual swimming pool design are discussed. Computations indicate that 6.02 kg of U235 
will be required for the cold, clean critical mass. The control mechanism was investigated. A proposed 
series of tests in the SPERT-I Test Facility is described. 
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12391…..…..…………………..…….……..……ID Number…………………..…..…………….12391 

Author: McMurray, H. L. / Grimaud, A. V. / Hanson, G. H. 

Title: Estimation of Charge Life for Reactors with Small Cores 

Date: 1/1/1958 

Report: NSENAO, 003, 038-046 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An expression for the charge life of a reactor is derived in terms of a model which 
assumes that enough uniformly distributed poison is always present to keep the reactor critical with control 
rods withdrawn. The burnout distribution is assumed to be constant and to be the same as at the end of the 
run, or to follow the calculated thermal flux distribution. Two group perturbation theory expressions for 
reactivity changes due to fuel burnout and uniform poison removal may then be equated and integrated 
under plausible simplifying restrictions to yield an expression for charge life in terms of calculable, or 
measurable quantities. 
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12392…..…..…………………..…….……..……ID Number…………………..…..…………….12392 

Author: Henry, A. F. 

Title: The Application of Reactor Kinetics to the Analysis of Experiments 

Date: 1/1/1958 

Report: NSENAO, 003, 052-070 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The conventional kinetics equations for reactors in which fuel is stationary are derived 
without approximation from the time-dependent transport equation. The utility of the precise form which 
results is discussed, first generally, then with reference to the detailed analysis of two typical experiments. 
It is shown that the analysis required for a precise interpretation of kinetics experiments can generally be 
made using the same techniques employed in the computation of criticality for stationary cases. 
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12393…..…..…………………..…….……..……ID Number…………………..…..…………….12393 

Author: Davis, Monte V. 

Title: The Doppler Coefficient of U235 Fuel Elements 

Date: 1/1/1958 

Report: NSENAO, 003, 107-110 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms:  
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12394…..…..…………………..…….……..……ID Number…………………..…..…………….12394 

Author: Baer, W. / Galper, M. J. / Carbone, N. 

Title: Measurements of the Conversion Ratio of the PWR Critical Facility Blanket 

Date: 2/1/1958 

Report: NSENAO, 003, 113-128 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A series of measurements of the conversion ratio of the PWR blanket has been 
performed. The experimental techniques and results are described, and a comparison of those results is 
made with theoretical calculations. The results indicate an average PWR blanket conversion ratio of 
approximately 1.15. 
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12395…..…..…………………..…….……..……ID Number…………………..…..…………….12395 

Author: Avery, Robert 

Title: Coupled Fast-Thermal Power Breeder 

Date: 2/1/1958 

Report: NSENAO, 003, 129-144 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Coupling a fast and thermal assembly in a power breeder reactor affords the 
possibility of obtaining the relatively long neutron lifetime characteristic of a thermal assembly and the 
high breeding ratio characteristic of a fast assembly. General properties of such mixed systems are 
discussed. A suggested design is discussed and compared with a prototype all-fast system. The coupled 
system considered consists of a 400-liter Pu239 fueled, Na-cooled, fast core surrounded by a 10-cm inner 
blanket annulus containing natural U, Na coolant, and structural material, but no moderator. Outside the 
inner blanket is a 30-cm annulus of Be surrounded by an outer blanket consisting primarily of depleted U. 
The inner blanket serves as core for the thermal system, as barrier for low-energy neutrons between 
moderator and fast core, and as reflector for the fast core. Its construction is essentially the same as the first 
part of the blanket in a fast power breeder, so that the transition from an all fast system to the coupled 
system involves only the replacement of blanket material by moderator and the use of natural rather than 
depleted uranium in the inner blanket. The properties of the system described are thereby changed: neutron 
lifetime increases from ∼1.5 × 10-7 sec. to ∼2×10-5 sec; breeding ratio reduced ∼10%; fast core critical 
mass decreased ∼10%; multiplication constant of the system without the contribution of thermal fissions 
∼0.95; thermal fissions generate ∼13% of total power; and the radial power distribution in fast core 
flattened, maximum to average ratio reduced from ∼1.5 to ∼1.3. 
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12396…..…..…………………..…….……..……ID Number…………………..…..…………….12396 

Author: Hofmann, P. L. / Storm, M. L. 

Title: Two-Dimensional (R, Z) Multigroup Calculation for an Intermediate Spectrum Critical Assembly 

Date: 3/1/1958 

Report: NSENAO, 003, 313-338 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The results of two-dimensional (R,Z) multigroup calculations of an experimental low-
power reactor (PPA-19) are described. Comparison is made between calculated results and experimental 
measurements of reactivity, power distribution, and sodium activation. Generally good agreement is 
observed between calculation and experiment. This calculation was performed in 1954 and represents the 
first application of Roe's two-dimensional multigroup formulation to the analysis of an operating critical 
assembly. The over-all objective of such calculations is to ascertain the accuracy of two-dimensional 
multigroup methods in order to facilitate their application to future problems in reactor design. 
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12397…..…..…………………..…….……..……ID Number…………………..…..…………….12397 

Author: Reier, M. 

Title: The Age of Polonium-Boron Neutrons in Water 

Date: 3/1/1958 

Report: NSENAO, 003, 374-375 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The age to indium resonance of Po--B neutrons in metal-water lattices has been 
measured and compared with theory. 
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12398…..…..…………………..…….……..……ID Number…………………..…..…………….12398 

Author: Klein, D. / Kranz, A. Z. / Smith, G. G. / Baer, W. / DeJuren, J. 

Title: Measurements of Thermal Utilization, Resonance Escape Probability, and Fast Effect in Water-
Moderated, Slightly Enriched Uranium and Uranium Oxide Lattices 

Date: 4/1/1958 

Report: NSENAO, 003, 403-427 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Measurements of thermal utilization, resonance escape probability, and fast effect 
have been made in 1.3% enriched uranium metal and uranium oxide fueled lattices. Parameter 
measurements were made in oxide lattices of fuel densities 7.53 g/cc and 10.53 g/cc. Experimental results 
were obtained in lattices having 0.600-inch and 0.387-inch diameter rods at several water-to- uranium 
ratios. Values of the parameters have also been determined for two 1.15% enriched metal fueled lattices. 
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12399…..…..…………………..…….……..……ID Number…………………..…..…………….12399 

Author: Avery, R. 

Title: Two-Group Diffusion Theory for a Ring of Cylindrical Rods 

Date: 5/1/1958 

Report: NSENAO, 003, 504-513 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The conditions for criticality and resulting flux distribution are obtained in the two-
group diffusion theory approximation for a ring of N equally spaced identical cylindrical rods embedded 
symmetrically in a radially bare cylinder. The system is uniform axially and of either finite or infinite height. 
Either or both of the two media of the system may be multiplying. The method used is a generalization of 
the Nordheim-Scalettar method for the soiution of the control rod problem of similar geometry. In satisfying 
each of the various boundary conditions, use is made of the Bessel function addition theorems to center all 
terms in the general solution at the appropriate line of symmetry. The results are obtained in terms of a 
Fourier expansion of the angular dependence of the flux about each rod, which in application must be cut 
off after some early term in the infinite series. The order of the critical determinant is equal to twice the 
number of angular terms retained. 
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12400…..…..…………………..…….……..……ID Number…………………..…..…………….12400 

Author: Simmons, B. E. / King, J. S. 

Title: A Pulsed Neutron Technique for Reactivity Determination 

Date: 5/1/1958 

Report: NSENAO, 003, 595-608 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: If a burst of neutrons is injected into a reactor, the rate of prompt decay of the resultant 
flux should be proportional to the reactivity in dollars as measured from prompt critical. The proportionality 
constant is the ratio of the effective delayed neutron fraction to the prompt neutron generation time and can 
be determined by pulsing the reactor at (delayed) critical. Experiments with distributed poison in several 
highly enriched, hydrogen-moderated critical assemblies indicate that such pulsed reactivity measurements 
are reliable at least as far as 
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12401…..…..…………………..…….……..……ID Number…………………..…..…………….12401 

Author: Nicholson, Richard B. 

Title: A High-Frequency Reactor Instability Mechanism 

Date: 5/1/1958 

Report: NSENAO, 003, 620-627 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An analysis has been made of a possible mechanism of reactor instability due to 
interaction of the effects of longitudinal vibration of the fuel elements, heat generation, thermal expansion, 
and neutron kinetics. The analysis shows that under certain conditions, if there were no frictional damping 
forces, an instability would exist in a reactor of the type that has solid fuel elements that run continuously 
the length of the core. Self-sustained oscillations would build up until the fuel elements were stressed 
beyond their yield point. It is further shown that the frictional damping must be greater than a certain critical 
value to prevent an instability of this type. The Enrico Fermi Fast Reactor, taken as an example, is found to 
have sufficient damping to assure that the instability will not exist. 
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12402…..…..…………………..…….……..……ID Number…………………..…..…………….12402 

Author: Stuart, G. W. 

Title: Critical Equations for Finite Cylindrical Reactors 

Date: 5/1/1958 

Report: NSENAO, 003, 628-630 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 
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12403…..…..…………………..…….……..……ID Number…………………..…..…………….12403 

Author: Fox, J. K. / Gilley, L. W. / Marable, J. H. 

Title: Critical Parameters of a Proton-Moderated and Proton-Reflected Slab of Uranium-235 

Date: 6/1/1958 

Report: NSENAO, 003, 694-697 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The critical thickness of proton moderated and proton reflected slab shaped volumes 
of aqueous solutions of uranium dioxide difluoride enriched to 93.2% in uranium-235 were measured at 
chemical concentrations near that required for minimum critical volume. These data yield 1.76 ± 0.07 inch 
as the minimum critical thickness of an infinite slab of the materials of the experiment at a concentration 
of 532 grams uranium-235/liter. This result is compared with a three-group two-region analysis of the 
infinite slab. 
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12404…..…..…………………..…….……..……ID Number…………………..…..…………….12404 

Author: Klein, D. / Baer, W. / Smith, G. G. 

Title: Spatial Distribution of U238 Resonance Neutron Capture in Uranium Metal Rods 

Date: 6/1/1958 

Report: NSENAO, 003, 698-706 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The spatial distribution for resonance neutron capture in U238 was determined within 
a 1.3% enriched 0.387-in. diameter uranium metal rod. The resonance integral can be obtained from this 
distribution 
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12405…..…..…………………..…….……..……ID Number…………………..…..…………….12405 

Author: Reier, M. / Obenshain, F. / Hellens, R. L. 

Title: The Age of Polonium-Beryllium Neutrons in Various Metal-Water Mixtures 

Date: 7/1/1958 

Report: NSENAO, 004, 001-011 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The slowing-down distribution of Po-Be neutrons has been measured in aluminum-
water, zirconium-water, and iron-water mixtures up to metal water ratios of 2:1 by volume. The second 
moment of the distribution has been obtained from these measurements and compared with theoretical 
calculations based on a solution of the transport equation. The effect of varying the source spectrum and 
cross sections in the calculations is discussed. 
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12406…..…..…………………..…….……..……ID Number…………………..…..…………….12406 

Author: Wade, J. W. 

Title: Neutron Age in Mixtures of D2O and H2O 

Date: 7/1/1958 

Report: NSENAO, 004, 012-024 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The neutron age for fission neutrons and Po-Be neutrons was measured in mixtures 
of D2O and H2O. The age was evaluated from the second moment of the slowing-down distribution at the 
1.4-ev resonance of indium. The ages of fission neutrons at concentrations of 99.8, 99.0, 98.4, 95.3, 94.0, 
91.8, 48.6% D2O, and in pure H2O were 109, 107, 106, 93, 86, 78, 38.6, and 31 cm/sup 2/, respectively. 
In the range from 100 to 90% D2O, the rate of decrease of the age was approximately 4 cm/sup 2/ For each 
additional per cent of H2O. The ages of Po-Be neutrons in 99.4, 48.6% D2O, and in H2O were 148, 72.5, 
and 55.7 cm/sup 2/, respectively. 
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12407…..…..…………………..…….……..……ID Number…………………..…..…………….12407 

Author: Nowak, M. J. 

Title: The General Critical Reactor Equations 

Date: 7/1/1958 

Report: NSENAO, 004, 025-043; ASAE-9 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A general formulation of the critical reactor equations is made to include space and 
velocity variation; the noncritical reactor is treated by using the effective multiplication factor. Two 
methods are developed for solving the general equation by splitting it into a pair of simultaneous equations: 
the space-energy split and the fission source split. By using unit sources one equation can be inverted to 
obtain a pair of integral equations for iterative solution of the general equation. The meaning of neutron 
importance and the physical picture associated with the concept are given. By using its physical meaning 
the importance balance equation, which is adjoint to the neutron flux equation, is derived by several 
methods. Neutron importance is used to formulate the change in reactor power produced by a change in 
reactor parameters. The effective multiplication factor and reactivity are introduced; the perturbation 
equation for reactor power change is developed in terms of reactivity. The necessary assumptions to derive 
the diffusion approximation are given, and the general diffusion equation with continuous energy 
dependence is obtained. From this the multigroup diffusion equations can be obtained, including the 
multigroup diffusion perturbation equations. The same methods used for the general critical reactor 
equation are applied to the diffusion equation to obtain its solution by splitting it into a pair of coupled 
integral equations. The integral equation for the effective multiplication factor is developed in terms of the 
fission source variable, and a stationary variational formula obtained for estimating the effective 
multiplication factor. 
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12408…..…..…………………..…….……..……ID Number…………………..…..…………….12408 

Author: Hartley, W. H. / Bayard, R. T. 

Title: Control Rod Worth Studies on Seed and Blanket Reactors 

Date: 7/1/1958 

Report: NSENAO, 004, 065-072 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A technique is described for determining control rod shutdown reactivity for tall 
reactors (small relative axial leakage) which may also be applicable to other reactor geometries. This 
method assumes that the rod bank region is an exponential assembly with the critical portion of the reactor 
as the driving source for the exponential. Comparison is made with the results obtained from the rod drop 
technique. 
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12409…..…..…………………..…….……..……ID Number…………………..…..…………….12409 

Author: Morewitz, H. A. / Valentine, R. F. 

Title: A System of Obtaining and Reducing Neutron Flux Data from a Critical Assembly 

Date: 7/1/1958 

Report: NSENAO, 004, 073-081 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Some new techniques have been applied in the determination of relative neutron 
fluxes in water moderated critical assemblies. Alloy wires of Mn--Fe, In--Al, Au--Al, and U--Zr have been 
prepared with a high degree of uniformity between individual samples of a given material. Beta activation 
of these wires is measured by thin scintillation crystals in conjunction with specially stabilized electronics. 
This procedure results in good “plateaus” of counting rate vs. photomultiplier voltage, discriminator setting, 
and amplifier gain. The counting time of a wire is controlled by a decaying sample of the activated material. 
Thus, as the counting continues, the counting interval becomes progressively longer, providing autonnatic 
decay correction of the data. Several benefits are obtained from this method. The statistics of counting for 
a wire of a given activation level are independent of the time of counting; nonuniform decay (e.g., mixed 
fission product decay) is handled with the same facility as simple exponential decay. Automatic sample 
changers are used which make possible the counting of larger numbers of samples (approximately 1500 per 
day) with a minimum of personnel. These changers have been so adjusted that good precision in positioning 
is maintained. The automatic feaiures of the counting system permit a rapid qualitative evaluation of the 
data. An error analysis has been made which indicates an experimental counting error (exclusive of 
statistical error due to decay) of approximately 0.8%. This error, when combined with the appropriate 
statistical error, has been applied to improve the use of computer codes in obtaining accurate least square 
fits of theoretical curves to the experimental data. 
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Author: Kiehn, R. M. 

Title: Some Applications of the S-N Method 

Date: 8/1/1958 

Report: NSENAO, 004, 166-179 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The S-N technique, a method devised by B. G. Carlson to solve the transport equation, 
has been applied to a number of critical assembly problems. A comparison of computed and experimental 
results is given. 
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Title: Xenon Poisoning Kinetics in Gas-Sparged, Molten Fluoride Fueled Nuclear Reactors 

Date: 9/1/1958 

Report: NSENAO, 004, 270-287 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A simple phenomenological theory is presented to describe the xenon poisoning of a 
molten fluoride fueled nuclear reactor which is sparged with a suitable inert gas. The extension of the theory 
to removal of other fission product species is indicated. The theory is illustrated by a parametric study. It is 
found that arbitrarily low levels of Xe/sup 135/ can be achieved by adequate sparging of the fuel. Such 
sparging also frees these reactors from the troublesome rise of the xenon poisoning during shutdowns. No 
reactivity transients of a serious nature are likely to result from changes in the rates of the xenon removal 
processes. 
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Date: 9/1/1958 

Report: NSENAO, 004, 297-321 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The PCTR is a seven-foot cube of graphite with a large cavity, 2 x 2 x 3 ft, located at 
its center. It is made critical by enriched uranium which is distributed on the boundary of the central cavity. 
One end of the assembly, 2 x 7 x 7 ft, is mounted on a movable cart, and can be moved away from the 
reactor proper allowing access to the central test region. The infinite medium, thermal neutron 
multiplication factor, k(inf) of a multiplying material is obtained by determining the amount of thermal 
absorber, which when inserted with the multiplying material into the central region of the PCTR, will 
change neither the reactivity of the assembly nor the energy distribution of neutrons in it. The design of the 
reactor and the method used for determining this absorber mass are discussed and results for two graphite-
natural uranium lattices are presented. 
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Date: 9/1/1958 

Report: NSENAO, 004, 322 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The absorption area method allows rod absorptions to be considered without treating 
the rods as discrete boundaries. The source neutrons for a rod absorbing neutron energy group are reduced 
in proportion to the rod absorption area. This paper presents rod absorption factors based on absorption area 
calculations that may be applied in any reactor region penetrated by the rods. The factors derived are 
dependent on the core and rod composition, rod geometry, and include rod interaction effects. 
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Report: NSENAO, 004, 332-340 
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Conference Session:  

Abstract/Keyterms: The selection of appropriate epithermal group-averaged cross sections for use in a 
few-group criticality calculation is particularly difficult when resonance absorbers are present. However, 
by use of the SOFOCATE code for the calculation of thermal spectra in hydrogenous media, it is now 
practical to include low-lying resonances below 2 ev in the thermal group. Since the SOFOCATE code, 
which is based on the Wigner-Wilkins differential equation for monatomic hydrogen thermalization, has 
yielded good agreement with measured spectra in water, it is felt that use of this code and inclusion of low-
lying resonances in the thermal group constitute a more accurate and convenient method of treating these 
resonances than other procedures. As an application of the method, a study has been made of some of the 
effects associated with the use of Eu as a means of reducing the temperature defect in water-moderated 
reactors. It is shown that the use of natural, unshielded Eu would reduce the temperature defect provided 
the spectral hardening introduced by the core absorption is sufficiently small. It is also shown that the strong 
dependence on spectral hardening is due to the presence of the Eu resonances at about 0.4 ev. 
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Date: 9/1/1958 

Report: NSENAO, 004, 341-353 
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Conference Session:  

Abstract/Keyterms: The effect of alloying on the amount of plutonium required in forming a critical mass 
of each alloy is expressed in tenms of an inventory requirement ratio, R/sub I/. This quantity was obtained 
for twenty-seven potential alloying elements at three compositional levels. The effectiveness of using 
Vegard's law to estimate the density of the alloys was appraised by comparing the estimated densities and 
R values of nine intermetallic compounds with their x-ray densities and the R/sub I/ values computed from 
them. The parametric variation of R/sub I/ with pound sign /sub T/, the number of excess neutrons per 
collision was also studied. 
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Date: 9/1/1958 

Report: NSENAO, 004, 498-500 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: During the course of homogeneous reactor fuel studies, critical measurements were 
carried out with solutions of uranium trioxide (93.5% uranium-235) dissolved in 4.3 molar phosphoric acid. 
A brief description of these measurements, their results, and an evaluation of some calculations is presented 
here. 
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Report: NSENAO, 004, 546-561 
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Conference Session:  

Abstract/Keyterms: The average 1.44-ev indium resonance age has been determined from activation 
measurements for a D(d,n)He/sup 3/ neutron source in water. The energy of the incident deuteron beam 
was 250 kev. The source emits neutrons anisotropically with energies from 3.12 Mev at 0 to 2.00 Mev at 
180. The activities were averaged over angle by the Gauss integration procedure using angles of 20.3, 90, 
and 159.7. The average age, when corrected for the absence of moderator in the duct which brings the 
deuteron beam into the medium, is 34.6 plus or minus 2.2 cm/sup 2/. Rigorous theoretical calculations for 
a D + D neutron source by Zweifel give 33.6 cm/sup 2/ For 100kev incident deuterons and 33.8 cm/sup 2/ 
For 150-kev deuterons. Any estimate of an age for a 250 kev D+ source would yield a larger value of age 
and closer agreement with this experiment. The variation of our measured ages versus angle may be 
understood qualitatively on the basis of effects due to the duct and the anisotropy of the source. 
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Report: NSENAO, 004, 635-648 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A general approach to the problem of evaluating the effectiveness in a reactor of plane 
control sheets is described. A formal expression for the critical equation of a reactor containing plane 
parallel control sheets is derived under very general conditions. The expression is simplified for cases of 
practical interest where the sheet spacing is large compared to the smaller of L or …With this limitation 
explicit and easily soluble, critical equations are derived for thermally black control sheets in a number of 
interesting arrangements. In particular, the critical equation for a rectangular parallelepiped reactor 
containing an arbitrary number of equally spaced control sheets placed anywhere in the reactor core is 
written in easily soluble form. Extension of the techniques to more complicated situations is discussed. 
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Report: NSENAO, 004, 690-697 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The graphite diffusion length was measured as a function of temperature in a 101-
inch cube of graphite. A water-cooled BF3 counter was used as the neutron flux detector, with additional 
measurements being made with gold and indium foils, the steady state neutron flux was furnished by means 
of four 1/2-gram, Ra-Be neutron sources. Measurements were taken over a range of temperature from 22 
to 600 C at intervals of about 50 C. The variation of diffusion length with temperature change is in good 
agreement with the calculated variation assuming a l/ nu cross section for graphite and a constant transport 
mean free path 
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Date: 12/1/1958 

Report: NSENAO, 004, 703-708 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The prompt neutron period of a bare sphere of U235 has been measured at two 
reactivites between delayed and prompt critical. The x-ray burst from a betatron was used to establish the 
initial neutron population in the critical assembly, and the neutron intensity was observed by photographing 
oscilloscope traces of pulses from a splral fission chamber. The values obtained for alpha, the reciprocal of 
the prompt neutron period, are -0.52 plus or minus 0.03 x 10/sup 6/ sec-/sup -1/ at 54 ceots reactivity, and 
-0.26 plus or minus 0.03 x 10/sup 6/ sec-/sup -1/ at 76 cents. 
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Conference Session:  

Abstract/Keyterms: An experiment was conducted in a critical assembly to determine water channel 
power peaking in a heterogeneous, highly enriched, water-moderated reactor subassembly. In addition to 
horizontal profiles of power density in a plane below a bank of control rods, data were obtained on the 
interacting effects of the control rod channel and bottom reflector power peaks. Experimental techniques 
are discussed. A computation for a comparable multiregion cell was made using a few-group diffusion 
theory digital computer code. Comparison of the results showed that variations in fast neutron spectrum 
and in manner of homogenization of materials within cell regions had no appreciable effects upon the power 
density peak. The choice of thermal neutron spectrum is important. Agreement between all experimental 
values and calculations with a Maxwellian spectrum was excellent. The comparison between experiment 
and calculations with a hardened thermal neutron spectrum was relatively poor. The results of this 
investigation indicate that great care must be exercised in interpreting experimental data on power 
distribution, and that two-dimensional diffusion theory calculations of power density are substantially 
verified. The use of U235 monitor foils is recommended in order to obtain a true fission power distribution. 
It was found that variations in the water gap width of the order of 10% had negligible effect upon the 
horizontal peak-to-average power ratio in the fuel. The use of metallic control rod extensions was found to 
decrease the horizontal peak-to-average ratio substantially, the magnitude of the decrease verifying 
analytical predictions. 
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Conference Session:  

Abstract/Keyterms: A fuel element consisting of plutonium and uranium oxide in steel tubing and capable 
of a large fraction of fuel burnup is described. As this fuel element makes possible recovery and 
refabrication with fewer steps than are required for a metal fuel element, lower recycle costs result. Breeders 
with fuel and fertile material in both oxide and metallic form were analyzed by the multigroup method on 
the UNIVAC for the purpose of comparing characteristics. A summary of the calculations is presented, the 
decrease in the breeding ratio resulting from the replacement of the metal core by oxide is only 0.2, a small 
effect in a future nuclear power economy where plutonium will have a low value as fuel rather than a high 
value as weapon material. Use of an oxide blanket may further reduce the breeding ratio by 0.05. An 
illustrative design is presented which has five atoms of uranium per atom of plutonium in the core and 
45%fl sodium, a breeding ratio of 1.4 and a critical mass of 4OO kg. Incremental refueling is assumed to 
reduce the control range required for 5O% burnup of the original fuel loaded. 
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Conference Session:  

Abstract/Keyterms: A common problem encountered by the criticality engineer is that of establishing 
worst-case or optimum conditions for a system subject to certain constraints. This an essential part of 
criticality analysis, and the engineer needs not only to be able to assess the possible accident conditions, 
but also to take account of the more expected variations of the parameters that define a system. A k(eff) 
search and optimization algorithm has been produced for the Monte Carlo criticality computer code 
MONK6, to assist the engineer in performing such assessments. It is able to solve certain types of criticality 
assessment problems more efficiently than by alternative methods, as well as being easier to use. An 
additional benefit is the calculation of statistical uncertainties on the optimum conditions, which are not 
easy to determine using existing techniques. Since the amount of extra work involved for each additional 
parameter is slight, the method becomes more and more economical as the number of parameters increases. 
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Abstract/Keyterms: The Iowa State College subcritical assembly is a natural uranium-graphite pile 
constructed as a teaching tool to illustrate the principles of nuclear physics and engineering and as a facility 
for graduate thesis research in nuclear engineering. The determination of the basic operating characteristics 
of this assembly is described and discussed. The material buckling as determined from flux measurements 
was the parameter used in comparing the results. Tests were conducted for the 6 in., in., and 12 in. lattice 
arrangements and for all uranium removed. Tests were made with air and water in the coolant annuli 
surrounding the uranium slugs. Bucklings were calculated using the elementary theory of Murray (in which 
all extraneous materials are treated as poisons) and the method of Volkoff and Rumsey (in which the 
moderating effect of the water and the shielding effects of the various materials are considered) for the three 
lattice arrangements, and they are compared with the experimental results. The position of the neutron 
sources in the source compartment and the presence of water around the sources were found to affect the 
measured value of material buckling. 
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Conference Session:  

Abstract/Keyterms: Reactor period-reactivity relations may be determined directly by numerical 
integration of “prompt-burst” neutron decay data without analysis into delayed neutron period and 
abundance values. Period-reactivity relations obtained by this method for six fissile species are compared 
with the corresponding relations calculated from the customary “inhour” equation. Application of this 
method to mixtures of fissile materials in various neutron energy spectra is discussed. 



 

C-12462 

12426…..…..…………………..…….……..……ID Number…………………..…..…………….12426 

Author: Wilf, H. S. 

Title: Concerning the Theory of Control Sheets 
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Conference Session:  

Abstract/Keyterms: Reactors; Age; Configuration; Control; Control Elements; Criticality; Diffusion 
Length; Equations; Quantitative Analysis; Reactor Core; Reactors; Sheets; Thermal Neutrons 
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Conference Session:  

Abstract/Keyterms: A continuously varying distribution of fissile material being difficult to realize in a 
minimum critical mass reactor, restricted distributions varying by steps are investigated in the particular 
case of "spherical" symmetry. It is shown that the crossing points of the restricted distribution with the 
unrestricted one are asymptotically distributed like the zeros of the orthogonal polynomials associated with 
the unrestricted distribution, as weight function. The differences between the minimum masses in the 
restricted and unrestricted cases are decreasing faster than 4/sup -p/, where p stands for the number of steps 
of different heights. Other asymptotic properties are examined. 
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Conference Session:  

Abstract/Keyterms: A simple analytic formula is derived for the values of the prompt neutron density, the 
delayed neutron emitter densities, and the period in a reactor at the instant it has become prompt critical 
under the assumption that it has been brought to a prompt critical state from an arbitrary subprompt critical 
initial state by introducing reactivity at the constant rate of a dollars per second. For a fixed value of a, these 
formulas are asymptotic with respect to small values of the dimensionless parameter al/β, in which l is the 
mean lifetime of a neutron in the reactor and β is the fraction of fission neutrons which are delayed. For 
fast reactors, the quantity l/β is generally small, so that our formulas should be useful in estimating the 
power rise at prompt critical unless the rate of introduction of reactivity is quite large. 
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Abstract/Keyterms: A dynamic reactivity, not the reactivity in general uses is defined relative to prompt 
critical as Oy melts below K = -l alpha, where alpha is the asymptotic (prompt) flux decay rate observed in 
a pulsed neutron experiment, and 1 is the prompt generation time of that same reactor made prompt critical 
by uniform subtraction of l/v poison. The dynamic reactivity coalesces near critical with the conventional 
perturbation reactivity impacting v/v. The dynamic reactivity is physically interpretable as the amount of 
uniform l/v poison whose removal would result in criticality, times the conventional reactivity coefficient 
of that poison in the critical reactor. The quantity 1 has the physical significance of the average time taken 
by a neutron to cause a fission in the steady-state prompt critical reactor; 1 is also the reactivity coefficient 
just mentioned. 
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Conference Session:  

Abstract/Keyterms: The response of a reactor to step changes in sigma k is reviewed for two cases; small 
positive changes in sigma k, and changes in sigma k greater than BETA. Analytical expressions are derived 
which give the negative change in sigma k required to terminate each type of excursion. Expressions for 
obtaining power overshoot are also obtained for each case for various types of sigma k removal. The 
analytical results are confirmed by more exact calculations with an analog and a digital computer. It is 
shown that to terminate an excursion produced by a change in sigma k < BETA, it is only necessary to 
reduce sigma k at a rate such that zero sigma k is reached in about 2 1/2 sec. excursion, it is only necessary 
to reduce sigma k to a value equal to approximately BETA, is demonstrated analytically. 
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Conference Session:  

Abstract/Keyterms: The radioactive In/sup 116/ produced by the In/sup 115/(n, gamma) In/sup 116/ 
reaction has been utilized in a simple personnel monitoring device at the ORGDP for several years as a 
method for estimating the total radiation dosage received in the event of a possible accidental nuclear 
reaction. A 1-gm indium foil is placed in a standard plastic security badge; after a suspected exposure to an 
accidental burst, this foil is monitored by a beta - gamma survey meter, and the reading obtained used to 
determine the estimated dosage. A time-after-exposure correction factor is also used. For calibration of 
indium foil, an exposure to a light-water moderated critical reactor of highly enriched uranyl fluoride was 
evaluated and the results are indicated briefly. An instantaneous exposure of about 60 mrad is detectable 
immediately after an exposure even with the unsplit badges and one of about 120 mrad is detectable an hour 
after the occurrence. 



 

C-12468 

12432…..…..…………………..…….……..……ID Number…………………..…..…………….12432 

Author: Goldsmith, M. / Ryan, T. M. 
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Conference Session:  

Abstract/Keyterms: A method of computing thermal activation shapes in critical assemblies is formulated 
and compared with experiment. Corrections are made for local variations of the flux and for inadequacies 
of diffusion theory. For the assemblies studied, these corrections range between 4 and 10 per cent of the 
calculated thermal activation; a more important change of approximately 20 per cent is introduced by taking 
account of the core and reflector thermal spectra. 
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Abstract/Keyterms: The use of thermally black control sheets in a reactor is examined for three special 
cases: a finite slab reactor with a control sheet at its midplane, an infinite slab 
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Conference Session:  

Abstract/Keyterms: The thermal neutron energy spectrum in a homogeneous medium has been studied by 
many authors. In case of heterogeneous reactors, the absorption in fuels is so strong that the thermal neutron 
energy spectrum in the fuel will have a higher energy than in the moderator. The different temperatures of 
these media will also cause a difference of spectra. The thermal neutron energy spectra of each medium in 
a heterogeneous reactor are studied in this paper. The thermal neutron energy spectrum and the neutron 
temperature in light-water moderated and UO2 fueled reactors were calculated by a numerical method and 
the approximate Wigner-Wilkins method. 
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Conference/Journal: Nuclear Science & Engineering 
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Abstract/Keyterms: An experimental and analytical study of the flux distribution of two- region core 
configurations was made for the TRY facility. The purpose of this study was to obtain an estimate of the 
sizes of critical configurations that would yield the same values of the basic reactor parameters in the inner 
region as a critical core consisting entirely of the inner region material and geometry. Several two-region 
cores were constructed and experimental measurements of thermal utilization, resonance escape 
probability, and fast fission effects were performed. Slow and fast neutron activation distributions were 
also obtained. Two inner regions were constructed utilizing 1.3 wt. enriched UO2 fuel 0.384 in. in diameter 
and with a density of 10.53 gm/cm/sub 3/, A third inner region utilized 1.3 wt.% enriched uranium metal 
fuel with a diameter of 0.387 in. Light water served as the moderator and reflector in all cases. The 
experimental and theoretical results indicate that by utilizing two-region cores, measurements of 
microscopic parameters can be made for a wide variety of fuel sizes, fuel enrichments, and water-to-
uranium volume ratios without the construction of full critical cores for each combination. 
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Abstract/Keyterms: An efficient Monte Carlo method is described for computing the fundamental 
eigenvalue of the homogeneous transport equation. Importance sampling is used and, in effect, one neutron 
is followed through a large number of collisions. 
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Abstract/Keyterms: Physics and Mathematics; Age; Fission; Neutrons; Uranium 233; Uranium 235; 
Water 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In order to determine the relative merits of the various rare earths as reactor control 
materials, a series of relative worth measurements was made in the Dresden Critical Assembly at Vallecitos 
Atomic Laboratory. Combinations of the oxides of five rare earths with highest thermal cross sections 
(dysprosium, erbium, europium, gadolinium, and samarium) were compared with cadmium and 2 per cent 
boron steel. Dy2O3, Gd2O3, and Sm2O3, separately and in combination, were found to be roughly 
equivalent in worth. Eu2O3 was found to be the strongest absorber. Er2O3 was found to be much less 
effective than the other materials studied. 



 

C-12475 

12439…..…..…………………..…….……..……ID Number…………………..…..…………….12439 

Author: Stoughton, R. W. / Halperin, J. 

Title: Heavy Nuclide Cross Sections of Particular Interest to Thermal Reactor Operation: Conventions, 
Measurements and Preferred Values 

Date: 8/1/1959 

Report: NSENAO, 006, 100-118 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The various conventions and definitions of thermal and resonance flux are discussed. 
Measurements of the thermal neutron cross sections, resonance integrals, and reactor cross sections of the 
following nuclides are critically reviewed: Th232, Th233, Pa233, U233, U234, U235, U236, U238, U239, 
Np239, Pu239, Pu240, Pu241, and Pu242. 



 

C-12476 

12440…..…..…………………..…….……..……ID Number…………………..…..…………….12440 

Author: Greebler, P. / Harker, W. H. / Harriman, J. M. 

Title: Neutron Thermalization Calculations for a Heterogeneous Lattice Containing Uranium and 
Plutonium Fuel in Water 

Date: 11/1/1957 

Report: NSENAO, 006, 128-134 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In a low-enrichment reactor at sufficiently high temperature that the Pu239 absorption 
cross section departs appreciably from 1/υ, plutonium build-up increases the sensitivity of the calculated 
thermal cross sections to the thermalization techniques used. Thermal neutron spectra are compared for two 
thermalization models in a heterogeneous lattice of a low-enrichment water-moderated reactor. Using 
blackness theory, equivalent homogeneous, monoenergetic cross sections for the lattice are computed at 
closely spaced energy intervals over the thermal energy range. The energy distribution of the thermal 
neutron flux is then obtained using both the Wigner-Wilkins and the Wilkins thermalization equations. 
Calculations are made with the fuel elements assumed to contain only U235 and U238 yielding almost pure 
1/υ absorption, and for the case of appreciable Pu239 present in addition to the uranium resulting in a 
significant departure from 1/υ absorption. Sensitivity of the calculated spectrum to the effective mass of the 
hydrogen is tested by allowing wide variations of the ξσs values for water at low energies in several 
applications of the Wilkins equation. Variations in the thermal neutron spectra, resulting from the choice 
of the thermalization equation (Wigner-Wilkins or Wilkins), from changing ξσs, or as a result of plutonium 
build-up, are evaluated in terms of isotopic cross sections averaged over the spectrum in each case. 



 

C-12477 

12441…..…..…………………..…….……..……ID Number…………………..…..…………….12441 

Author: Ketzlach, N. 

Title: Nuclear Safety of Iron-Encased Fuel Elements 

Date: 9/1/1959 

Report: NSENAO, 006, 187-190 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A study was made of the reactivity of water flooded arrays of 0.95% enriched U235 
fuel elements encased in aluminum and iron pipes. The feasibility of making large arrays of low U235 
enrichment safe for shipping and storing was determined. Lattice calculations for solid and I and E fuel 
elements when bare, and encased in 1/8 and 1/4 inch pipe were made. Buckling measurements were made 
on 1.34 in. diam. solid rods in 0.049 in. thick iron pipe. 



 

C-12478 

12442…..…..…………………..…….……..……ID Number…………………..…..…………….12442 

Author: Tonks, Lewi 

Title: Uniformly Spaced Control Elements in a Reactor: Theoretical Basis of Application of “Absorption 
Area” to Reactor Control Evaluation 

Date: 9/1/1959 

Report: NSENAO, 006, 202-213 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A quantitative but simple theory of the control effect of a uniformly distributed set of 
thermal poison elements in a hydrogen-moderated bare reactor core has been developed. Starting with plane 
parallel poison sheets, a zero-flux boundary condition, in a slab core and applying Fourier analysis, it has 
been possible to generalize to any boundary condition, to orthogonally intersecting sets of poison sheets in 
an infinite rectangular core, to control crosses, and cylindrical rods in regular array, to finite rectangular 
cores, and to finite cylindrical cores. Each element of the control array is associated with a cross-sectional 
area Ac within the core and within this area is an easily determined effective “absorption area” C. To a 
rather good accuracy the critical k of the controlled core is greater than the k of the uncontrolled core by 
the ratio Ac/(Ac − C). In this the theoretically based conclusion substantiates the intuitionally based and 
empirically confirmed methods worked out by Greebler (1), and by Pearlstein, Ruane, and Storm (2), and 
furnishes correction terms. 



 

C-12479 

12443…..…..…………………..…….……..……ID Number…………………..…..…………….12443 

Author: Wilkins Jr., J. E. 

Title: Minimum Total Mass 

Date: 9/1/1959 

Report: NSENAO, 006, 229-232 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The problem of designing a reactor with minimum total mass is posed. This problem 
is related to that of designing a reactor with minimum critical mass. For a simple class of thermal slab 
reactors, the known solution of the minimum critical mass problem enables a complete solution of the 
minimum total mass problem. 



 

C-12480 

12444…..…..…………………..…….……..……ID Number…………………..…..…………….12444 

Author: Jacobs, A. 

Title: Two-Group Albedo Theory and Application to Temperature Coefficient Calculations 

Date: 8/1/1959 

Report: NSENAO, 006, 255-259 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A two-group albedo theory is developed which seems to be valid for the calculation 
of temperature coefficients of nuclear reactors characterized by the PSR. Measurements of over-all 
coefficient for the PSR are in qualitative agreement with results calculated by the theory. Analysis under 
the present theory singles out the temperature variation of the ratio of the age to the thermal neutron 
diffusion length of the reflector as the primary contributor to a low temperature positive coefficient effect. 
The advantage of representing the criticality factor, k, by the two-group albedo theory is well illustrated by 
the endeavor of calculating the temperature coefficient. Under normal two-group multiregion treatment the 
criticality factor never explicitly appears and therefore it is impossible to obtain an explicit form of the 
variation of k with system parameters. The dissection of the nonleakage probability in the present theory is 
not unique, but it does lead to easy physical interpretation. 



 

C-12481 

12445…..…..…………………..…….……..……ID Number…………………..…..…………….12445 

Author: Stone, R. S. / Sleeper, Jr., H. P. / Stahl, R. H. / West, G. 

Title: Transient Behavior of TRIGA, a Zirconium-Hydride, Water-Moderated Reactor 

Date: 10/1/1959 

Report: NSENAO, 006, 255-259 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In this reactor two slightly subcritical slabs two feet apart are immersed in a large 
graphite reflector. The system achieves criticality by the small interaction due to exchange of thermal 
neutrons between the cores. The kinetic equations are derived by including an interaction term with the 
source terms of the thermal neutron diffusion equation, and writing a separate diffusion equation for each 
slab. The analysis accounts for observations that the ratio of flux levels in the two cores may depart 
considerably from unity although the reactor shows a single stable period. It is shown that the reactivity 
change which a rod in one core must introduce to restore criticality after a change is made in the other core 
is generally not equal in magnitude to that of the change which it compensates. Flux ratio as well as period 
must be known to determine the excess reactivities; conventional rod calibration data must be corrected for 
a progressive shift in ratio as reactivity is traded between rods. The rod drop method is discussed with two 
examples; a single relation does not suffice to describe the rod drop procedure. The single transfer function 
of a simple reactor system is replaced by a set of six transfer functions for the two-core system, two of 
which are derived for illustration. Even though an oscillator may be located midway between them, the 
amplitudes and phases of flux in the two cores will not agree except in the special situation of identical 
cores and equal flux levels. 



 

C-12482 

12446…..…..…………………..…….……..……ID Number…………………..…..…………….12446 

Author: Walter, C. E. 

Title: A Fuel Element for an Elevated-Temperature Critical Assembly 

Date: 10/1/1959 

Report: NSENAO, 006, 279-283 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Descriptions are given of elevated-temperature critical assembly experiments which 
will utilize stainless-steel clad fuel elements. The fuel element consists of 0.001- or 0.002-in. thick enriched-
uranium foil packaged in a welded 0.002-in. thick type-347 stainless-steel envelope. The design 
requirements for the fuel elements are stated, as are the considerations which led to the design selected. 
Beta heat treatment of the uranium was found necessary to provide compatible thermal-expansion 
characteristics for the two materials in the fuel element. 



 

C-12483 

12447…..…..…………………..…….……..……ID Number…………………..…..…………….12447 

Author: Cohn, C. E. 

Title: Errors in Reactivity Measurements Due to Photoneutron Effects 

Date: 10/1/1959 

Report: NSENAO, 006, 284-287 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In reactors having D2O or Be moderators, the photoneutrons produced by gamma 
rays from long-lived fission products give rise to transient effects which could introduce appreciable errors 
into various types of reactivity measurements. This paper presents digital computer calculations of these 
effects in D2O for criticality measurements, subcritical multiplication measurements, rod drops, and rising 
period measurements. It is found that in some cases appreciable errors are possible even after one hour 
waiting periods. Since the Be photoneutron data cannot be resolved into groups, calculations for Be could 
not be done. However, the nature of the effects that could be expected is discussed. 
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12448…..…..…………………..…….……..……ID Number…………………..…..…………….12448 

Author: Fultz, Stanley C. 

Title: The Time-Dependent Thermal Neutron Flux from a Pulsed Subcritical Assembly 

Date: 10/1/1959 

Report: NSENAO, 006, 313-319 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A two-group analysis has been applied to the transient behavior of the thermal flux 
in a subcritical assembly which has been given a short burst of fast neutrons. This analysis has been applied 
to graphite-U235 reactors having moderator-to-fuel (C/U) atomic ratios of 600, 1200, 2340, and 9550. The 
results are shown to be in agreement with measurements of the decay of thermal neutrons when short pulses 
of fast neutrons are incident on assemblies having these C/U ratios. 



 

C-12485 

12449…..…..…………………..…….……..……ID Number…………………..…..…………….12449 

Author: Baldwin, G. C. 

Title: Kinetics of a Reactor Composed of Two Loosely Coupled Cores 

Date: 10/1/1959 

Report: NSENAO, 006, 320-327 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The kinetics of the two-core configuration of the Argonaut reactor is examined. In 
this reactor two slightly subcritical slabs two feet apart are immersed in a large graphite reflector. The 
system achieves criticality by the small interaction due to exchange of thermal neutrons between the cores. 
The kinetic equations are derived by including an interaction term with the source terms of the thermal 
neutron diffusion equation, and writing a separate diffusion equation for each slab. This analysis accounts 
for observations that the ratio of flux levels in the two cores may depart considerably from unity although 
the reactor shows a single stable period. It is shown that the reactivity change which a rod in one core must 
introduce to restore criticality after a change is made in the other core is generally not equal in magnitude 
to that of the change which it compensates. Flux ratio as well as period must be known to determine the 
excess reactivities; conventional rod calibration data must be corrected for a progressive shift in flux ratio 
as reactivity is traded between rods. The rod drop method is discussed with two examples; a single relation 
does not suffice to describe the rod drop procedure. The single transfer function of a simple reactor system 
is replaced by a set of six transfer functions for the two-core system, two of which are derived for 
illustration. Even though an oscillator may be located midway between them, the amplitudes and phases of 
flux in the two cores will not agree except in the special situation of identical cores and equal flux levels. 
This complicates the problem of regulation. 



 

C-12486 

12450…..…..…………………..…….……..……ID Number…………………..…..…………….12450 

Author: Arnold, Jr., W. H. 

Title: Age in D2O-H2O Mixtures 

Date: 11/1/1959 
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Conference Session:  

Abstract/Keyterms: n.a. 
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12451…..…..…………………..…….……..……ID Number…………………..…..…………….12451 

Author: Corben, H. C. 

Title: Analysis of the Zero Power Reactor Transfer Function 

Date: 12/1/1959 

Report: NSENAO, 006, 461-465 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Algebraic expressions for the amplitude and phase of the zero power transfer function 
allow these quantities to be evaluated from measured precursor data without the use of a digital computer. 
The asymptotic forms of the amplitude and phase for large and small values of ω are particularly simple. 
The expressions show the conditions under which the gain should be frequency-independent and yield a 
simple formula for the angular frequency ω0 at which the phase angle reaches a maximum. The inhour 
relation is shown to be intimately related to the transfer function, the reactivity in dollars for any period 
α−1 less than one second being equal to 1 − tan ε, where ε is the phase angle at ω = α. The value of α 
corresponding to prompt critical is shown to be always equal to ω0. 



 

C-12488 

12452…..…..…………………..…….……..……ID Number…………………..…..…………….12452 

Author: Stone, R. S. / Slovacek, R. E. 

Title: Neutron Spectra Measurements 

Date: 12/1/1959 

Report: NSENAO, 006, 466-474 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Thermal neutron spectra have been measured with time-of-flight techniques. Spectra 
were obtained for pure water and for a nearly homogeneous subcritical assembly where the ratio of thermal 
absorption to high-energy scattering cross section was ∼0.3. For each medium, spectra were measured at 
298 and 586°K. The experimental results are presented and compared with calculated theoretical spectra. 
The agreement between theory and experiment is excellent for the multiplying media. On the basis of this 
agreement, one concludes that chemical binding effects in light water play a negligible role in determining 
the equilibrium neutron spectrum in water assemblies. 
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12453…..…..…………………..…….……..……ID Number…………………..…..…………….12453 

Author: Uhrig, Robert E. 

Title: Material Buckling Measurements in a Subcritical Assembly 

Date: 12/1/1959 

Report: NSENAO, 006, 530-532 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An alternate method of measuring material buckling in a subcritical assembly is 
presented. The fundamental mode of the neutron flux is isolated by using the orthogonality introduced when 
the equation for the neutron flux is a subcritical assembly is multiplied by [cos πx/a cos πy/b dx dy] and 
integrated over the cross-sectional area of the assembly. The resulting double integral is evaluated by 
measuring the neutron flux at grid points and then employing tabular integration. After neutron flux 
measurements have been taken on two levels, the inverse relaxation length and material buckling can be 
evaluated. The precision of these determinations are obtained by using the method of propagation of 
precision indices. 



 

C-12490 

12454…..…..…………………..…….……..……ID Number…………………..…..…………….12454 

Author: Reynolds, A. B. / Thompson, T. J. / Henry, K. M. / Johnson, E. B. 

Title: Reactivity Effects of Large Voids in the Reflector of a Light-Water-Moderated and -Reflected 
Reactor 

Date: 1/1/1960 

Report: NSENAO, 007, 001-013 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactivity effects of large voids in the reflector of the pool critical assembly, an 
enriched-uranium, light-water-moderated and-reflected reactor, were investigated. The four reactivity 
effects studied were (1) variation of reactivity with void size, (2) variation of reactivity with void position 
on the core-reflector interface, (3) variation of reactivity with the distance between the void and the core, 
and (4) superposition of void reactivity effects. The variation of reactivity with void size and position on 
the core-reflector interface was correlated by a statistical weight correlation. An approximate theoretical 
method based on two-group diffusion theory was developed for calculating both the effect on reactivity and 
the effect on the neutron flux for a void covering one entire face of a reactor having a rectangular 
parallelepiped core. The calculated effects on reactivity and on the thermal-neutron fluxes were in 
reasonable agreement with experimental results. 



 

C-12491 

12455…..…..…………………..…….……..……ID Number…………………..…..…………….12455 

Author: Levine, M. M. / Roach, K. E. / Wehmeyer, D. B. / Zweifel, P. F. 

Title: The Slowing Down of Neutrons by Deuterium 

Date: 1/1/1960 

Report: NSENAO, 007, 014-020 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The Greuling-Goertzel method is applied to calculation of the slowing down of 
neutrons in deuterium, and the results compared with thy Selengut- Goertzel method. in which the 
deuterium slowing-down is treated by age theory It is shown how existing codes for calculating slowing 
down in hydrogen can be modified in a simple manner to incorporate this treatment of deuterium Numerical 
results show excellent agreement between measured and calculated ages and indicate that a continuous 
slowing-down model for deuterium is inappropriate. This in qualitative agreement with the experiments 
performed by Wade, and in disagreement with Olcott s work. it is shown that an age kernel with an age to 
indium of 100 cm/sup 2/ may- be used to compute the fast leakage from heavy-water systems over a wide 
range of buckling. The situation concerning agreement with critical experiments remains to be clarified 
because of large uncertainties in other criticality factors 



 

C-12492 

12456…..…..…………………..…….……..……ID Number…………………..…..…………….12456 

Author: MacPhee, John 

Title: Approximate Solutions of the Reactor Kinetic Equations for Ramp Inputs 

Date: 1/1/1960 

Report: NSENAO, 007, 033-043 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Approximate methods, which are simple and quick to use, are presented for finding 
the response of a critical and a subcritical reactor, to ramp inputs of δk. The solutions are based on one 
equivalent group of delayed neutrons. Various methods of selecting the equivalent delayed neutron decay 
constant are discussed and it is shown that a one-group model will always be conservative if a particular 
method of selection is used. It is also demonstrated, that the approximate solutions are more accurate than 
the well-known approximation proposed by Newson. 
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12457…..…..…………………..…….……..……ID Number…………………..…..…………….12457 

Author: Linenberger, G. A. / Orndoff, J. D. / Paxton, H. C. 

Title: Enriched-Uranium Hydride Critical Assemblies 

Date: 1/1/1960 

Report: NSENAO, 007, 044-057 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Critical assemblies reported here consist of approximate spheres of enriched-uranium 
hydride composition (approximating uranium-trihydride in 8-inch thick normal uranium and nickel 
reflectors and in a uranium reflector with nickel liner. Data are of the following types neighborhood of 
delayed critical, internal neutron detectors, and variety of elements. From the reactivity coefficients at 
various radial positions, changes in critical mass corresponding to small changes in composition and density 
and computed. 



 

C-12494 

12458…..…..…………………..…….……..……ID Number…………………..…..…………….12458 

Author: Agresta, J. / Borst, L. B. 

Title: Space-Dependent Prompt Kinetics of a Subcritical Reactor 

Date: 1/1/1960 

Report: NSENAO, 007, 064-068 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method of calculating space-dependent reactor kinetics by direct numerical 
integration of the time-dependent multigroup equations is described. In particular, this method is applied to 
study the buildup and decay of neutron flux in a subcritical reactor with a step-function point external 
source. 
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12459…..…..…………………..…….……..……ID Number…………………..…..…………….12459 

Author: Schiff, D. / Ziering, S. 

Title: Many-Fold Moment Method 

Date: 2/1/1960 

Report: NSENAO, 007, 172-183 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An extension of Yvon's method to two-dimensional transport theory is given. The 
detailed formalism in P/sub 1/ approximation is presented Some pilot calculations on two dimensional 
critical sizes are presented both for bare and reflected reactors. A brief outline of extending this method to 
both three- dimensional or multigroup problems is given. 



 

C-12496 

12460…..…..…………………..…….……..……ID Number…………………..…..…………….12460 

Author: Nelkin, M. 

Title: The Decay of a Thermalized Neutron Pulse 

Date: 3/1/1960 

Report: NSENAO, 007, 210-216 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An improved theoretical basis presented for the interpretation of the pulsed-neutron 
technique for measuring thermal-neutron absorption cross sections and transport parameters. A procedure 
is given for the exact solution of the Fourier-transformed, multivelocity transport equation in an infinite 
medium. The objective is the calculation of the decay constant of the thermalized neutron flux following 
an initial pulse of fast neutrons. The method used is an expansion of the decay constant and neutron 
spectrum in a power series in the Fourier-transform variable. The procedure is first illustrated for the case 
of isotropic scattering and then generalized to anisotropic scattering by using the spherical harmonics 
expansion. The results are given in terms of integral equations whose solution involves a knowledge of the 
energy-transfer cross sections between thermal neutrons and the moderating material. The approach 
employed is to extract the maximum amount of information which is independent of these cross sections 
and to derive explicitly the equations involving them. It is necessary to solve these equations in order to 
obtain more accurate information. Finally, the relation of the infinite medium Fourier transform variable to 
the geometric buckling of a finite sample is discussed. It is noted that the conventional interpretation of the 
experiments in terms of the diffusion coefficient and diffusion cooling coefficient requires the assignment 
of an equivalent infinite medium buckling to each finite sample measured. The discussion in the present 
paper makes plausible the validity of this procedure. 



 

C-12497 

12461…..…..…………………..…….……..……ID Number…………………..…..…………….12461 

Author: Lewins, Jeffery 

Title: The Time-Dependent Importance of Neutrons and Precursors 

Date: 3/1/1960 

Report: NSENAO, 007, 268-274 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The concept of the adjoint neutron density is extended to a time-dependent field. The 
importance of neutrons and precursors is defined as the contribution of each to some final arbitrarily 
selected detectable process. An axiom is given which expresses the consistency requirement for such a 
definition. From this axiom, the equations and boundary conditions for the importance in the diffusion 
approximation are derived. The nature of the solutions to these equations is considered with particular 
regard to the time-dependent behavior of the importance. Several normalizations or final boundary 
conditions are proposed which include as special cases the conventional interpretations of the adjoint 
function in a just critical reactor. In particular, for a noncritical reactor, the equivalence is introduced as the 
number of neutrons and precursors distributed in the persisting solution that would replace one neutron or 
precursor with equivalent asymptotic results. 
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12462…..…..…………………..…….……..……ID Number…………………..…..…………….12462 

Author: Mochizuki, Keiichi / Takeda, Atushi 

Title: An Analysis of Neutron Flux Spatial Oscillation Due to Xenon Build-Up in a Large Power Reactor 
Core 

Date: 4/1/1960 

Report: NSENAO, 007, 336-344 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Neutron flux spatial oscillation due to xenon build-up in the reactor core is a well-
known characteristic of large power reactors. Especially a reactor with a positive temperature coefficient 
of reactivity tends to have such a characteristic. In this paper, the analysis has been pursued on a Calder 
Hall type reactor. Specific features to be taken into consideration were a large neutron flux flattened zone 
in the core and a graphite sleeve in each coolant channel. First, the threshold values of the temperature 
coefficient for initiating oscillation of successive orders of modes in radial and azimuthal directions as well 
as oscillation periods have been calculated. Secondly, the effect of the sleeve on threshold value and 
oscillation period has been investigated. Thirdly, in order to clarify this phenomenon, a vector analysis has 
been made which helps us to understand the critical condition for initiating the oscillation as well as the 
relation between effects of neutron leakage, temperature coefficients of fuel and moderator, and xenon 
poisoning. Finally, taking advantage of the transfer function defined in each mode, the spatial control 
method could be analyzed without using a spatial simulator. 
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12463…..…..…………………..…….……..……ID Number…………………..…..…………….12463 

Author: Fischer, G. J. 

Title: Neutron Energy Spectrum Measurements in Unmoderated Assemblies 

Date: 4/1/1960 

Report: NSENAO, 007, 355-362 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The neutron energy spectrum at the center of the dilute fast core of the coupled fast-
thermal reactor, ZPR-5 has been studied by use of fission chambers having electrodes quantitatively 
electrodeposited with uranium-234, uranium-235, uranium-236, and uranium-238. Atomic fission ratios 
found with these four uranium isotopes determine a four-group neutron energy spectrum which can readily 
be measured as a function of position in the core by use of suitable drive units. The same fission chamber 
procedure has been used to study the equilibrium neutron energy spectrum in a natural uranium exponential 
column at Los Alamos. The results of measurements in these two spectra are shown and compared with 
theoretical predictions. The ZPR-5 results are also compared to an analysis of this spectrum made by use 
of nuclear emulsions for the range 0.2 to 2.2 MeV. 
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12464…..…..…………………..…….……..……ID Number…………………..…..…………….12464 

Author: Lombard, D. B. / Blanchard, C. H. 

Title: Fission-to-Indium Age in Water 

Date: 5/1/1960 

Report: NSENAO, 007, 448-453 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A redetermination of the age τ (= ⅙ 〈r2〉) for neutrons of indium-resonance energy 
(1.46 ev) from a point U235 fission source is reported. Foils were irradiated in a geometrically simple 
arrangement in the Penn State Reactor pool, and counted in a standard manner. The value obtained, τ = 27.3 
± 0.9 cm2, is in better agreement with current theory than those from previous measurements. The spatial 
distribution found here differs most markedly from those observed in previous experiments by having a 
larger slope in the region within a few centimeters of the source. 
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Author: Cohn, C. E. 

Title: A Simplified Theory of Pile Noise 

Date: 5/1/1960 

Report: NSENAO, 007, 472-475 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A theoretical treatment is given of the statistical fluctuations in neutron population 
which occur in nuclear reactors. The absolute magnitude and frequency dependence of the spectral density 
of these fluctuations is obtained. The model used assumes that the fluctuations arise from a "noise-
equivalent source" whose strength can be easily calculated from fundamental considerations. Calculations 
are also presented of the fundamental statistical errors in criticality measurements. 
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Title: Flat Flux by Nonuniform Moderation 

Date: 6/1/1960 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The production of flat thermal flux by the nonuniform distribution of the moderator 
is discussed within the framework of two group theory for two region reactors. Equations determining the 
moderator distribution are derived and a numerical solution is presented for a typical reactor system. The 
moderator density is found to increase with increasing distance from the center of the core. All combinations 
of core and reflector materials cannot be used in these fiat flux systems, and the restrictions which determine 
allowability are discussed. In the special case of slab reactors in which the core and reflector are the same 
materials these systems have minimum critical mass. 



 

C-12503 

12467…..…..…………………..…….……..……ID Number…………………..…..…………….12467 
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Title: Measurements of Parameters Leading to P28, f, and ϵ in Light Water Moderated 4.48% and 2.73% 
Enriched Lattices 

Date: 6/1/1960 

Report: NSENAO, 007, 514-524 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: As part of the Yankee and the Belgian Reactor-3 Critical Experiments program at the 
Westinghouse Reactor Evaluation Center, measurements have been made of the parameters leading to p, f, 
and ϵ in a light-water moderated heterogeneous reactor with slightly enriched UO2 fuel rods clad in stainless 
steel. A detailed description of this reactor is given in reference 1. Measurements were made using 4.48% 
and 2.73% enriched fuel with lattice pitches of 0.470 and 0.435 in. The individual UO2 sintered pellets, in 
the fuel rods, had a diameter of 0.300 in, and a length of 0.600 in. The 4.48% and 2.73% fuel rods contained 
90 and 80 pellets, respectively. The stainless steel cladding was 0.305 in. i.d. and 0.347 in. O.D.. for the 
4.48% enriched fuel, and 0.306 in. i.d. and 0.338 in. O.D.. in the case of 2.73% enrichment. The 
measurements were performed using a higher fuel enrichment than used previously at Bettis (2, 3) and 
elsewhere for similar experiments, thus uncovering a large unexplored range of enrichments. 
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Title: Criticality Study on Treat Reactor--Cause of Excess Boron Impurity in Graphite 

Date: 6/1/1960 

Report: NSENAO, 007, 554 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Criticality calculations for the TREAT Reactor indicated a critical radius of 59 cm. 
However, TREAT became critical at a radius of 67.8 cm. The discrepancy was found to be due tc boron 
impurity in the graphite in excess of 1.0 ppm allowed in the original specifications. Studies seemed to 
indicate that the excess boron was picked up when the fuel tubes were baked in borated stainless steel 
separators. 
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Author: Kelber, C. N. / Kier, P. 

Title: Few Group Analysis of D2O-U235 Assemblies 

Date: 7/1/1960 

Report: NSENAO, 008, 001-011 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Few-group analysis applied to a variety of D2O--U235 critical assemblies. Use of 
relatively simple prescriptions for obtaining group constants is sufficient to give good values of the 
reactivity over a wide range of concentrations of U235 in D2O. Among these simple prescriptions is one 
which attempts to take into account the spatial variation in the neutron spectrum in reflected systems. This 
prescription improves the calculated reactivity by about 5% over that obtained with only a single thermal 
neutron spectrum characteristic of the core 
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Author: Foderaro, A. / Garabedian, H. L. 

Title: A New Method for the Solution of Group Diffusion Equations 

Date: 7/1/1960 

Report: NSENAO, 008, 044-052 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The diffusion equations associated with the multigroup, multiregion problem are 
solved by expansions in eigenfunctions which are solutions of the Helmholtz equation. A determinantal 
criticality equation is exhibited in which the order of the determinant is independent of the number of groups 
and which can be solved without recourse to complicated computational procedures. Moreover, the need to 
fulfill explicitly the requirements that the flux and current associated with each neutron group be continuous 
across interfaces is eliminated. 
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Author: Stewart, Leona 

Title: Leakage Neutron Spectrum from a Bare Pu239 Critical Assembly 

Date: 12/1/1960 

Report: NSENAO, 008, 047-054 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The leakage neutron spectrum of a bare Pu239 critical assembly has been measured 
with nuclear emulsions as both radiator and detector. A comparison with similar measurements on the U235 
analogue of this assembly indicates a higher average energy for the Pu239 neutrons. 
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Author: Bennett, E. F. 

Title: The Rice Formulation of Pile Noise 

Date: 7/1/1960 

Report: NSENAO, 008, 053-061 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Spectrum and variance of “pile noise” are discussed according to the formulation of 
S. O. Rice. It is shown that variance diverges as criticality is approached. A convergent quantity closely 
related to variance is introduced and observations on this quantity taken with ZPR-IV′, a light water-
moderated highly enriched source reactor at Argonne. 
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Date: 7/1/1960 

Report: NSENAO, 008, 062-065 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Measurements on the Diffusion Length of Thermal Neutrons in Water from 25 to 296 
degrees C 
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Title: Age of Na-Be Neutrons in Water and Kerosene 

Date: 8/1/1960 

Report: NSENAO, 008, 148-156 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The age to indium resonance of nearly monoenergetic 0.97 Mev neutrons from 
spherical Na-- gamma --Be sources was measured in water and kerosene. The age from a point source was 
inferred by extrapolation from measurements made with sources 3/4 and 3/8 in. in diameter. The flux age 
was 13.9 plus or minus 0.2 cm/sup 2/ in water and 13.8 plus or minus 0.2 cm/sup 2/ in kerosene. 
Calculations by the moments method gave 13 9 plus or minus 0 1 cm/sup 2/ in each medium, in excellent 
agreement with the measurements. The thermal migration area measured concurrently was 21.5 plus or 
minus 0.4 cm/sup 2/ in water and 20.6 plus or minus 0.4 cm/sup 2/ in kerosene. The migration area 
calculated from the resonance age was 22.2 plus or minus 0.5 cm/sup 2/ in water and 21.8 plus or minus 
0.5 cm/sup 2/ in kerosene. Both of these were substantially larger than the measured values. 
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Conference Session:  

Abstract/Keyterms: n.a. 
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Title: A Numerical Technique for Solving Group Diffusion Equations 

Date: 8/1/1960 

Report: NSENAO, 008, 164-170 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An efficient method for solving group diffusion equations is described. Application 
of the Perron Frobenius theory of non-negative matrices allows a direct determination of reactor criticality 
without calculation of neutron fluxes. Higher flux modes may also be found. Simultaneous calculation of 
all flux groups simplifies formulation with inelastic- and up-scattering, and provides a convenient tool for 
some kinetics studies. 
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Author: Pettus, W. G. 

Title: Age of U233 Fission Neutrons in Water 

Date: 8/1/1960 

Report: NSENAO, 008, 171 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Recent calculations indicated that the age of fission neutrons is somewhat smaller for 
U233 than for U235. because of the possible systematic errors associated with an absolute neutron age 
measurement in water, a relative measurement was adopted in which the second moments of the indium 
resonance activation flux from small converter disks of U233 and U235 were compared under identical 
experimental conditions. results indicated that the age of U233 neutrons was less than that of U235 neutrons 
by 5 plus or minus 3%. 
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Author: Kloverstrom, F. A. / Deck, R. M. / Reyenga, A. J. 

Title: Critical Measurements on Near-Homogeneous Beryllium Oxide-Moderated, Enriched-Uranium 
Fueled Systems 

Date: 9/1/1960 

Report: NSENAO, 008, 221-225 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: HEU-MET-INTER-009, HEU-MET-THERM-027, HEU-MET-THERM-027; A 
series of critical measurements on unreflected systems, fueled by thin enriched uranium (93.2%) foils, is 
described. Fuel density is varied by use of different foil thicknesses and spacings between foils. Five fuel 
densities have been used which correspond to atomic beryllium oxide / uranium-235 ratios from 246 to 
7660. For three of these ratios, the fuel foil thickness was varied to find effects of self-shielding and flux 
depression on the critical dimensions. 
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Author: Lingenfelter, R. E. 

Title: Criticality Calculations of Beryllium Oxide-Moderated Enriched Uranium Systems 

Date: 9/1/1960 

Report: NSENAO, 008, 226-232 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Criticality calculations have been performed on a series of unreflected beryllium-
oxide-uranium assemblies. The calculations were done with the one-dimensional, multigroup diffusion 
code ZOOM. In addition to determining the general reliability of the code input constants, studies were 
made of uranium-foil self-shielding corrections and the beryllium (n, 2n) reaction. 
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Date: 9/1/1960 

Report: NSENAO, 008, 251-253 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The validity of the transport approximation is checked for systems which cannot be 
treated by the diffusion approximation and deviations of the transport approximation from exact 
calculations are evaluated by means of a perturbation formula. It is concluded that even for critical systems 
of dimensions of the order of the transport mean free path the transport approximation yields good results. 
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Date: 9/1/1960 

Report: NSENAO, 008, 254-259 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Criticality conditions suitable for hand calculations are derived for reactor control rod 
configurations of practical interest. Two-group diffusion theory is applied to (a) arrays of several control 
rods of different materials, sizes, shapes, radial, and angular location; (b) reflected cores containing a 
symmetric ring of similar rods, with or without an axial rod. The reduction to elementary cases is 
demonstrated. 
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Author: Hickman, G. D. / Bistline, J. A. / MacNaughton, L. A. 

Title: Water-Moderated Cores with Boron Steel Septa at Elevated Temperatures 

Date: 11/1/1960 

Report: NSENAO, 008, 381-392 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A series of fifteen experiments were carried out on an 8 × 30 × 32 in. core in the 
Pressurized Critical Assembly at KAPL. In twelve of these experiments, 0.030-in. boron stainless steel 
septa bisected the 8-in. dimension. These septa contained various weight per cent B10. In the remaining 
three experiments, there were no boron-stainless steel septa in the core. The eigenvalues and neutron density 
distributions were compared with values which were calculated using Deutsch cross sections and “Thin 
Region Theory.” The eigenvalues which were calculated were within one per cent of the experimental 
values, with a spread of approximately one per cent. For all the cores, the calculated eigenvalues were lower 
than the experimental values. Analyses of the neutron density distributions showed the calculated results in 
fairly good agreement with the experimental results. In all cases, this agreement was as good for the cores 
which contained the boron septa as for the ones which did not. It therefore appears that the boron has been 
well represented by “Thin Region Theory,” and that the main discrepancies between calculated and 
experimental values are due to the inadequacies of adapting the Deutsch scheme to these cores. 
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Title: An Experimental Study of the Relative U235 Fission Activation as a Function of Energy in Slightly 
Enriched Uranium-Water Lattices 

Date: 11/1/1960 

Report: NSENAO, 008, 416-425 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Measurements of the relative U235 fission rates as a function of energy have been 
made for the TRX facility, a slightly enriched uranium, light water moderated critical assembly. The 
parameter directly measured is the ratio of the activity of a bare U235 foil to that of a similar foil enclosed 
in a box of absorbing material, which was either cadmium, boron, or gadolinium. The energy dependence 
associated with these ratios was obtained by the introduction of “effective cutoff energies” for the absorbing 
shields. A comparison is made with calculated values, based upon a simplified model for the neutron energy 
spectrum present, and the agreement is considered adequate. 
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Title: The Measurement of Reactivity 

Date: 11/1/1960 

Report: NSENAO, 008, 443-447 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The use of a general purpose analog computer for the continuous measurement of 
reactivity of a nuclear reactor is described. The machine is programmed to solve the conventional space-
independent reactor kinetics equations for reactivity using the signal from an ion chamber as input data. 
This technique provides reactivity information instantaneously and continuously. Using it, one can calibrate 
control rods “on the run,” and can measure stationary values of reactivity without waiting for asymptotic 
periods to develop. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The method of obtaining the gamma dose rate during a prompt critical burst from the 
"Godiva" reactor is presented. In this measurement, the fission-product gamma -ray contribution to the total 
gamma -ray dose must be determined. The determination of this quantity is described along with the results. 
Conclusions are drawn as to the relative contributions to the total dose from prompt. capture, and inelastic 
collision gamma -ray sources. 
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Title: Negative-Reactivity Measurements 

Date: 1/1/1960 

Report: NSENAO, 008, 518-522 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Negative-reactivity measurements are frequently made by the rod-drop and source-
jerk techniques. Analysis of the data from such experiments by the usual methods requires measurement of 
the flux-time curve during a transient. Two alternative methods of obtaining negative reactivities are 
presented here. Neither of these methods requires measurement of a flux transient. Experimental results 
using these methods are given. 
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Conference Session:  

Abstract/Keyterms: PU-MET-FAST-001; Two plutonium-metal critical assemblies have been studied at 
the Pajarito site in Los Alamos. Part-I of this article describes Jezebel, the bare plutonium assembly, and 
gives its observed characteristics along with a few comparisons with enriched-uranium systems. Part-II 
covers Popsy, a plutonium core in a thick normal-uranium reflector. As Popsy was relatively inflexible-
intended only for a preliminary survey-its experimental program was much less complete than that of 
Jezebel. 
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Conference Session:  

Abstract/Keyterms: The first-order perturbation theory, or equivalently the interpretation of reactivity 
coefficients, is illustrated for fast neutron critical systems. A second-order perturbation theory for small 
size sample replacements is given and illustrated especially as it pertains to measurements of reactivity 
coefficients. 
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Title: Reactivity Contributions of Various Materials in Topsy, Godiva, and Jezebel 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-001, HEU-MET-FAST-002, HEU-MET-FAST-003, MIX-MET-
FAST-002, PU-MET-FAST-001; This report brings together an extensive accumulation of reactivity 
contribution data for the various critical assemblies at Pajarito. Corresponding values of effective 
absorption and transport cross sections are derived, and relationships between critical mass and volume 
fraction of diluents are obtained in terms of these cross sections. In some favorable cases, inelastic scattering 
contributions to the effective absorption cross sections are estimated. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Critical configurations have been established with enriched uranium in the form of 
squat 15.0-inch diameter cylinders and elongated 3.24-inch diameter cylinders. These cores were reflected 
by depleted uranium, polyethylene, graphite, and water. Also, the squat cylinder was unreflected and 
reflected by beryllium of various thicknesses. Critical systems of plutonium were squat 6.0-inch diameter 
cylinders and elongated 2.25-inch diameter cylinders reflected by normal uranium, graphite, water, and in 
one case, polyethylene. Observed critical heights and diameters were corrected to correspond to standard 
enriched-uranium and plutonium densities and concentrations. These are tabulated along with effective 
extrapolation distances. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Critical masses of 6-inch diameter cylinders of plutonium diluted in various volume 
ratios with steel, aluminum, thorium, air, and depleted uranium were determined. The cores were in 0, 2, 
4.5, or 7.5-inch thick uranium reflectors and in 2, 4.5, or 7.5-inch thick thorium reflectors. From these data, 
the equivalent spherical critical masses of plutonium have been estimated. An appendix gives reflector 
savings of undiluted plutonium for a variety of materials. 
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Conference Session:  

Abstract/Keyterms: Critical masses have been measured for enriched-uranium-metal cylinders reflected 
on both ends and on one end only by multiple layers of two and three if the metals copper, iron, zinc, nickel, 
and stainless steel. For other measurements the core was partially moderated with graphite and with 
polyethylene so as to give the influence of decreased neutron energy upon reflector savings of the multiple 
reflectors. Critical mass values with composite reflectors less than the simple averages of values for the 
elements alone. This reduction of critical mass, most pronounced for the nickel-iron reflectors, is primarily 
due to the fact that the self-shielding of the scattering resonances in medium-z elements is appreciable when 
one-element reflectors are used, and is reduced when two or more of these elements are mixed in the 
reflectors. 
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Abstract/Keyterms: PU-MET-FAST-001, HEU-MET-FAST-001; The leakage neutron spectrum of a bare 
plutonium-239 critical assembly has been measured with nuclear emulsions as both radiator and detector. 
A comparison with similar measurements on the uranium-235 analog of this assembly indicates a higher 
average energy for the plutonium-239 neutrons. 
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Conference Session:  

Abstract/Keyterms: PU-MET-FAST-001; The responses of the activation detectors phosphorus (n,p), 
aluminum (n,p), iron (n,p), aluminum (n,alpha), and copper (n,2n) to the neutron spectra at the center of the 
bare uranium-235 and plutonium-239 critical assemblies, Godiva and Jezebel, are the basis of a precision 
comparison of these two spectra above 2 MeV. Results, interpreted in terms of the spectral function 
(e(1/2))(exp(-beta e)), show that the average energy of this component of the spectrum in Godiva is 4.7 ± 
0.8% lower than in Jezebel. From some preliminary measurements a close resemblance to the 
corresponding fission neutron spectra is indicated in this energy region. Results of photoplate measurements 
in the leakage spectra of both assemblies are considered and briefly analyzed. A discussion and 
determination of effective thresholds is appended. 
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Conference Session:  

Abstract/Keyterms: PU-MET-FAST-001, HEU-MET-FAST-001; Neutron activation (n, gamma) cross 
sections of various isotopes were determined in the Los Alamos Godiva and Jezebel assemblies by a 
comparison activation method. Where these values represent total capture, they may be used in conjunction 
with effective absorption cross sections ( sigma /sub a/) from reactivity contribution measurements to obtain 
the effect of energy degradation of the neutrons by inelastic scattering. 
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Abstract/Keyterms: U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, U233-
MET-FAST-005, PU-MET-FAST-010, PU-MET-FAST-018, MIX-MET-FAST-001; The thickness of 
reflectors required for critical configurations with spheres of uranium-233 and plutonium-239 have been 
estimated from multiplication measurements of nearly critical assemblies. Reflector materials employed 
were uranium enriched in uranium-235, normal uranium, beryllium and tungsten alloy. Correction of the 
experimental data has been attempted to give "idealized" dimensions, i.e., a solid core in intimate contact 
with its reflector material. 
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Abstract/Keyterms: A calculational survey of idealized fast breeder reactors is reported. Representative 
fuel (Pu239/, U235, U/sup 23/ >s/sup 3/), fertile (U238, Th232), structural (stainless steel), and coolant 
(sodium) materials are used in the calculations, references providing information as to the substitutional 
effect of other materials. The calculational method is defined. input parameters are discussed, and results, 
such as critical mass, critical volume, initial breeding ratios, and spectral indices for the reactors, are 
tabulated. 
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Abstract/Keyterms: Certain conflicts arising from previous measurements of neutron flux parameters in 
the equilibrium spectrum of natural uranium have been resolved. The parameters which were investigated 
are listed below along with "best" values as measured in this work. Material buckling: 0.0119 ± 0.0005 
cm(-2); diffusion length : 9.1700 ± 0.1800 cm; uranium-235 / uranium-238 fission cross section ratio: 
239.0000 ± 7.0000; plutonium-239 / uranium-238 fission cross section ratio: 250.0000 ± 16.0000; 
neptunium-237 / uranium-238 fission cross section ratio: 14.50000 ± 0.5000; uranium-238 inelastic 
scattering cross section: 2.00000 ± 0.04 barns. The experiment was performed at the Pajarito critical 
assemblies facility utilizing two exponential columns of natural uranium, each 30.7 inches high, having 
diameters of 15 and 21 inches and excited by a small fast reactor. The system was outdoors, elevated some 
11 feet above the ground level to reduce flux perturbations due to backscattering of neutrons. Perturbation 
corrected measurements in both columns made by several detection methods and with various source 
spectra agree to within experimental error and are consistent with calculated values. 
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Author: Keepin, G. R. / Cox, C. W. 

Title: General Solution of the Reactor Kinetics Equations 

Date: 12/1/1960 

Report: NSENAO, 008, 670-690 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The reactor kinetic equations are reduced to an integral form convenient for explicit 
numerical solution, involving no approximations beyond the usual space-independent assumption. 
Numerical evaluation is performed by the RTS (Reactor Transient Solution) code, written in FORTRAN II 
for the IBM-704 computer. The characteristic roots and residues which arise in this method of solution have 
been computed and are tabulated in detail for each of the main fissile species. Analytic or point-function 
reactivity variation may be introduced, together with constant or time-varying reactivity compensation, and 
the resulting power response, total energy release, and compensated reactivity computed precisely as 
functions of time. The code solves the general non-equilibrium kinetics problem with extraneous sources, 
the customary equilibrium solution being a special case of the general solution. Practical use of the method 
is demonstrated through computed response curves for representative reactivity-addition functions in 
various types of chain-reacting systems. 



 

C-12537 

12501…..…..…………………..…….……..……ID Number…………………..…..…………….12501 

Author: Wimett, T. F. / White, R. H. / Stratton, W. R. / Wood, D. P. 

Title: Godiva II—An Unmoderated Pulse-Irradiation Reactor 

Date: 12/1/1960 

Report: NSENAO, 008, 691-708 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Design features of Godiva II, the improved pulsed-reactor successor to Lady Godiva, 
are discussed together with characteristics of power excursions, and performance is compared with that of 
the original Godiva. Measurements of the wait time between stepwise reactivity insertion and the 
occurrence of a burst are presented and compared with theory based on a statistical model of fission chains. 
Analytical and numerical solutions of the reactor equations are developed to reproduce experimental data 
and extrapolate to higher energy release. Consideration is also given to perturbations arising from room-
returned neutrons. Two different modes of operation are discussed and some design problems of Godiva-
type pulsed reactors are briefly mentioned. Typical bursts are illustrated with peak powers up to 13,000 
Mw and widths at half-maximum down to 35 msec. 



 

C-12538 

12502…..…..…………………..…….……..……ID Number…………………..…..…………….12502 

Author: Hansen, G. E. 

Title: Assembly of Fissionable Material in the Presence of a Weak Neutron Source 

Date: 12/1/1960 

Report: NSENAO, 008, 709-719 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The probability distribution in time at which the neutron population is a slightly 
supercritical system attains a prescribed level is considered for the case where a source injects well under 
one neutron per neutron lifetime. For the case of ramp insertion of reactivity it is shown that the energy 
released in the consequent burst of fissions may in some cases (e.g., unmoderated enriched uranium 
systems) exceed by over a factor of one hundred the energy release predicted by the reactor kinetics 
equations. 



 

C-12539 

12503…..…..…………………..…….……..……ID Number…………………..…..…………….12503 

Author: Zink, J. W. / Rodeback, G. W. 

Title: The Determination of Lattice Parameters by Means of Measurements on a Single Fuel Element 

Date: 1/1/1961 

Report: NSENAO, 009, 016-025 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The four-factor critical equation for a heterogeneous thermal reactor is looked at in 
detail. It is then written in terms of parameters which characterize separately the fuel element, the 
moderator, and the lattice cell geometry of a heterogeneous thermal reactor. Methods for determining the 
parameters are then discussed. The results of measurements and analysis for two different fuel element 
types are compared with the results of measurements made on full lattices consisting of these fuel elements. 



 

C-12540 

12504…..…..…………………..…….……..……ID Number…………………..…..…………….12504 

Author: McCool, W. J. / Robinson, R. A. / Schrader, E. W. / Weiss, S. H. 

Title: SM-2 Flexible Critical Experiments 

Date: 1/1/1961 

Report: NSENAO, 009, 047-054 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The cold, clean, steel-reflected, final, SM-2 mock-up containing 36.4 kg uranium-
235 and 61 grams beryllium-10 maintained criticality after a seven rod bank withdrawal of 6.974 inch and 
has an "excess k" (delta k e) of 1520 cents. An infinite steel-water laminated reflector is worth 
approximately +85 cents over the infinite water reflected core. The measured reactivity coefficient, at 2000 
psi, ranges from-1.15 cents/ degree Fahrenheit to-5.20 cents/ degree Fahrenheit at 510 degree Fahrenheit. 
The integral reactivity effect of raising the SM-2 core water temperature from 103 to 510 degree Fahrenheit 
at 2000 psi and the water in the reflector coolant graph from 103 to 477 degree Fahrenheit at 2000 psi is-
889.7 cents. The average measured material coefficients for uranium-235 and beryllium-10 are 0.157 
cents/gram and 42.54 cents/gram, respectively. Without the benefit of flux suppressors, the maximum to 
average power ratio of 7.28 occurs at the top of the fuel section of control rod C, withdrawn to 7.14 inch, 
and a ratio of 5.28 occurs at the bottom of stationary element 43 and symmetric elements. 



 

C-12541 

12505…..…..…………………..…….……..……ID Number…………………..…..…………….12505 

Author: Dresner, Lawrence 

Title: Comparison Theorems for the Estimation of Criticality in Bare, One-Velocity Reactors 

Date: 2/1/1961 

Report: NSENAO, 009, 151-156 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Some theorems are given for the estimation of the criticality of bare, one-velocity 
reactors of irregular shape by comparison with similar reactors of regular shape for which the critical 
parameters are known. 



 

C-12542 

12506…..…..…………………..…….……..……ID Number…………………..…..…………….12506 

Author: Doerner, R. C. / Armani, R. J. 

Title: Age of Fission Energy Neutrons to Indium Resonance in Water 

Date: 1/1/1961 

Report: NSENAO, 009, 221-240 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Age of Fission Energy Neutrons to Indium Resonance in Water 
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12507…..…..…………………..…….……..……ID Number…………………..…..…………….12507 

Author: Puechl, K. H. 

Title: An Approach to Reactor Physics Using Results of Integral Experiments 

Date: 2/1/1961 

Report: NSENAO, 009, 241-259 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An approach to reactor physics is developed by analysis of experimental data on 
ordinary water, slightly enriched uranium lattices. The developed procedure is extremely simple, and for 
these particular lattices, it is demonstrated that the thermal utilization factor and resonance escape 
probability can be calculated to satisfactory accuracy. Generalization of the procedure to all types of lattices 
is discussed, and a number of graphite moderated lattices are analyzed. However, detailed analysis of 
further experimental data is required before the generalization can be used with complete confidence. To 
illustrate the reasonableness of the proposed general approach and hence the desirability for continued 
investigation along these lines, results of criticality and core-life calculations are presented for the Calder 
Hall reactor and for the Yankee reactor with various enrichments. 



 

C-12544 

12508…..…..…………………..…….……..……ID Number…………………..…..…………….12508 

Author: Sandmeier, H. A. 

Title: On the Maximization of the Sensitivity of a Fuel Assay Reactor 

Date: 2/1/1961 

Report: NSENAO, 009, 260-270 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: To test reactor fuel elements for their content of fissionable material and poison, it is 
desirable to have an assembly that has maximum sensitivity to a perturbation of fissionable absorber in the 
axial center line of the reactor. For normal sizes of thermal power reactor fuel elements, a graphite-
moderated reactor is a suitable choice. The change in reactivity measured is the difference between the 
effect of changes in the fission and absorption parameters. For a bare core and uniform fuel distribution, 
maximum sensitivity to a fission- parameter-perturbation was obtained for a reactor that had a minimum 
critical mass. Maximum sensitivity to an absorber-parameter-perturbation was obtained for a reactor that 
had a minimum amount of total absorptions. Both the fission and absorption sensitivity reached a maximum 
when the critical mass was minimum. For a reflected core and uniform fuel distribution, the sensitivity to 
a fissionable absorber could be increased 22% 



 

C-12545 

12509…..…..…………………..…….……..……ID Number…………………..…..…………….12509 

Author: Colomb, A. L. 

Title: Photoneutrons and the Control of a Pool-Type Reactor 

Date: 1/1/1960 

Report: NSENAO, 009, 289 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In a pool type reactor installation, the fission chambers or ionization chambers 
controlling the reactor detect two types of neutrons, e.g., thermalized fission neutrons and photoneutrons 
produced around the detector in a D(γ, η) H reaction. If the photoneutrons are produced by fission product 
gamma rays, there will be a superimposed neutron flux that may lead to unsafe operating conditions. This 
effect has been analytically and experimentally studied, and it is shown here that the unsafe conditions can 
be suppressed either by placing the detector closer to the reactor or by limiting the rate of change of reactor 
flux to a safe value. 



 

C-12546 

12510…..…..…………………..…….……..……ID Number…………………..…..…………….12510 

Author: Desaussure, G. / Henry, K. / Perez-Belles, R. 

Title: Reactivity Worth of the Central Fuel Element in the Bulk Shielding Reactor-I 

Date: 3/1/1961 

Report: NSENAO, 009, 291-298 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The reactivity worth of a plate-type fuel element at the center of a critical lattice of 
such elements has been experimentally determined by the pulsed-neutron method. This value has not been 
previously established because it is too large to be obtained by conventional inhour techniques. The value 
obtained for the Bulk Shielding Reactor-I Loading No. 78 was Δρ = 6.1 ± 0.5 dollars. Additional 
measurements of a configuration in which the central element was replaced by an element containing either 
one-half or three-quarters of a normal fuel element loading are discussed. 
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12511…..…..…………………..…….……..……ID Number…………………..…..…………….12511 

Author: Mills, C. B. 

Title: Minimum Critical Dimensions for Water Solutions 

Date: 3/1/1961 

Report: NSENAO, 009, 377-390 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: By use of the Los Alamos transport code, a parametric set of criticality conditions for 
one dimensional geometries of light water solutions of the fissionable materials uranium-233, uranium-235, 
and plutonium-239 has been determined. Minimum critical dimensions for slabs and cylinders and critical 
radius, mass, and volume for spheres as a function of solution concentrations(kg/liter) and H/X atomic ratio 
are shown for bare and light water reflected solutions. Results of experimental studies for critical 
dimensions are given to support the study. 



 

C-12548 

12512…..…..…………………..…….……..……ID Number…………………..…..…………….12512 

Author: DeJuren, J. A. 

Title: Slowing-Down Time of Neutrons in Water 

Date: 3/1/1961 

Report: NSENAO, 009, 408-409 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Cadmium; Cadmium Ratio; Capture; Cross Sections; 
Differential Equations; Measured Values; Moderators; Neutrons; Slowdown; Spectra; Thermal Neutrons; 
Water 



 

C-12549 

12513…..…..…………………..…….……..……ID Number…………………..…..…………….12513 

Author: Cooper, J. W. 

Title: Calculations of the Neutron Age in Water and Heavy Water for D-D Sources 

Date: 1/1/1961 

Report: NSENAO, 010, 001-010 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Calculations of the age to indium resonance of neutrons from the reaction 
D(d,n)He/sup 3/ in water and heavy water are performed by the Monte Carlo method. The calculations are 
designed to simulate experiments. The effect of the duct used to lead the deuteron beam into the medium is 
investigated. The computations show agreement with experimental results. 



 

C-12550 

12514…..…..…………………..…….……..……ID Number…………………..…..…………….12514 

Author: Goldstein, H. / Certaine, J. 

Title: Some Calculations on the Age of Neutrons in D2O 

Date: 1/1/1961 

Report: NSENAO, 010, 006-023 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The moments method is used to calculate the flux age at 1.44 ev, in D2O and D2O-
H2O mixtures, of neutrons from various point isotropic sources. For the neutrons from a D-D source 
averaged over-all solid angle and operating at a deuteron energy of 200 kev, the age in 99.8% D2O is 
computed to be 118.6 plus or minus 1.2 cm/sup 2/, in agreement with experiment. The rate of change of 
age for this source with very small admixtures of H2O is found to be-4.5% per 1% H2O. Flux ages to 1.44 
ev are also calculated for seven monoenergetic point sources from 2.00 to 2.98 Mev in energy. The 
approximate linearity of these ages with source energy is used to show that uncertainties in the angular 
distribution of the D-D source neutrons have a negligible effect on the averaged age. It is also shown that 
the 2.4 Mev antiresonance in oxygen is manifested in the age in D2O only as a correction to the first flight 
term. 
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12515…..…..…………………..…….……..……ID Number…………………..…..…………….12515 

Author: Spiegel, Jr., V. / Richardson, A. C. B. 

Title: Age to Indium Resonance for D-D Neutrons in Heavy Water 

Date: 1/1/1961 

Report: NSENAO, 010, 011-015 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The neutron age to the 1.44-ev resonance in indium has been determined from 
activation measurements for a D(d, n)He3 neutron source in 99.8% heavy water. Appropriately averaged 
and corrected indium foil activities yield the value 119.1 ± 1.5 cm2 for the age in an infinite medium. 
Independent theoretical calculations for exactly this experimental arrangement by Cooper, Goldstein and 
Certaine, and for a comparable case by Sullivan all yield values in agreement with this experimental result. 
It appears, therefore, that there is at present no discrepancy between theory and experiment for the age of 
2–3 Mev neutrons in heavy water. 



 

C-12552 

12516…..…..…………………..…….……..……ID Number…………………..…..…………….12516 

Author: Kolar, O. C. / Kloverstrom, F. A. 

Title: Pulsed Neutron Measurement of Control Rod Worths 

Date: 1/1/1961 

Report: NSENAO, 010, 045-052 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactivity measurements made by the pulsed neutron technique were compared with 
results obtained by conventional techniques. The pulsed neutron results were in good agreement with those 
obtained by stable period measurement and rod drop. Differential effectiveness of partially inserted rods 
was shown to be well represented by elementary perturbation theory. Finally, the pulsed neutron technique 
was found to be the only good method for measurement of large reactivity changes. 
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12517…..…..…………………..…….……..……ID Number…………………..…..…………….12517 

Author: McCool, W. J. / Robinson, R. A. / Schrader, E. W. / Weiss, S. H. 

Title: SM-2 Flexible Critical Experiments (note) 

Date: 5/1/1961 

Report: NSENAO, 010, 095 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 
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12518…..…..…………………..…….……..……ID Number…………………..…..…………….12518 

Author: Shapiro, M. M. 

Title: Minimum Critical Mass in Variable Density and Epithermal Reactors 

Date: 6/1/1961 

Report: NSENAO, 010, 159-162 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: For thermal reactors and those described by two neutron energy groups it is shown 
that the adjoint fluxes of multigroup diffusion theory can be expressed as linear combinations of the neutron 
fluxes even when the moderator density is a function of position. For the case of thermal reactors it is shown 
that minimum critical mass and constant thermal flux in the core are equivalent. 



 

C-12555 

12519…..…..…………………..…….……..……ID Number…………………..…..…………….12519 

Author: Trasi, M. S. 

Title: Two-Group Theory of a Ring of N Cylindrical Rods or Zones in a Reflected Reactor 

Date: 7/1/1961 

Report: NSENAO, 010, 240-246 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The critical condition is obtained for a system consisting of a ring of N equally spaced 
identical cylindrical rods in a reflected cylindrical reactor. The fluxes in each region are expressed in terms 
of a Fourier Series expansion of the angular dependence of the flux about each rod. The imposition of the 
boundary conditions gives a set of linear homogeneous equations, from which the critical determinant is 
deduced. Matrix theory is used throughout, which facilitates the treatment of the problem, and which in the 
case of a bare reactor provides a method of elimination of constants alternative to that given by Avery. The 
derivation is also valid for a system containing a ring of N multiplying or nonmultiplying zones. A little 
modification of this theory leads, without difficulty, to the solution of the problem of a ring of N control 
rods, which are “black” to thermal neutrons. 



 

C-12556 

12520…..…..…………………..…….……..……ID Number…………………..…..…………….12520 

Author: Ferziger, J. H. / Wang, G. S. C. / Zweifel, P. S. 

Title: Diffusion Lengths in Heterogeneous Media 

Date: 6/1/1961 

Report: NSENAO, 010, 285-294 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An adaptation of Behrens' Method to the calculation of diffusion lengths in 
heterogeneous media is given. In all cases, the diffusion length in a medium containing adsorbing lumps 
can be related to the self-shielding factor of the lumps. Calculations are presented only for the simplest case 
given but the results display considerable disagreement with a frequently used formula. On grounds which 
are mainly intuitive, it is believed that this method is more accurate, particularly for large moderator to 
absorber ratio. Final conclusions cannot be drawn, however, until more experimental data become available. 
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12521…..…..…………………..…….……..……ID Number…………………..…..…………….12521 

Author: Zweifel, P. F. / Ferziger, J. H. 

Title: Consistent P1 Criticality Calculations 

Date: 8/1/1961 

Report: NSENAO, 010, 357-361 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A "consistent P/sub 1/” ( P/sub 1/ = slowing down kernel in first approximation) four-
factor formula is derived. This formula, which contains a term not found in the usual four-factor formula, 
introduces a change in /sub eff/ approximately D/sup 2/B/sup 2/ where D is the thermal diffusion coefficient 
and B is the buckling. The term is negative for hydrogen and positive for other moderators. The correction 
is at most 1% DELTA k for a practical system. Since the four-factor formula is not expected to be accurate 
to 1%, it is proposed that this term be used mainly as a criterion for determining whether consistent P/sub 
1/ multigroup calculations are required, or whether simple group diffusion methods suffice. By using the 
consistent P/sub 1/ equations when the term D/sup 2/B/sup 2/ is of the order 1%, the introduction of a 
consistent error into the reactor calculations is avoided. The consistent P/sub 1/ multigroup equations are 
displayed. 



 

C-12558 

12522…..…..…………………..…….……..……ID Number…………………..…..…………….12522 

Author: Estabrook, Frank B. 

Title: Multigroup Diffusion with Periodic Arrays of Line Sources 

Date: 9/1/1961 

Report: NSENAO, 011, 043-047 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A multigroup diffusion theory is formulated for heterogeneous reactors having 
periodic arrays of line discontinuities. These discontinuities are idealized cylindrical internal boundaries of 
an otherwise homogeneous moderating medium, and appropriate mixed-group or multiplying boundary 
conditions at such boundaries allow Floquet solutions to be found for the neutron fluxes in the moderator. 
Real superpositions of such Floquet solutions can then give the physical fluxes in finite reactors. The 
requirement that a Floquet solution in the moderator have the proper thermal flux behavior at a cylindrical 
internal boundary, to match the thermal flux actually inside a fuel rod, leads to a “criticality” condition, the 
solutions of which give the spectrum of allowed Floquet solutions. For each of these a relation between 
material bucklings Bx2, By2, and Bz2 is obtained which is, in general, anisotropic. 
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12523…..…..…………………..…….……..……ID Number…………………..…..…………….12523 

Author: Mihalczo, J. T. / Mills, C. B. 

Title: Criticality of Low Enrichment Uranium-235 in Hydrogen 

Date: 9/1/1961 

Report: NSENAO, 011, 095-096 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The spherical critical mass and radius of homogeneous mixtures of 1 to 5% uranium-
235 enriched uranium and hydrogen are of theoretical interest due to the large effect of uranium-238 
resonance absorption on the neutron multiplication. Resonance integrals consistent with the Los Alamos 
multigroup description of neutron cross sections used for critical experiment analysis have recently been 
computed by G. I. Bell as a function of scattering cross sections per uranium atom. These effective 
multigroup cross sections, along with reactor calculation methods and recent ORNL experiments with 2 to 
5% enriched uranium homogeneously distributed in paraffin and in water, make it possible to coordinate 
calculational methods and experiments for these systems. 



 

C-12560 

12524…..…..…………………..…….……..……ID Number…………………..…..…………….12524 

Author: Pettus, W. G. 

Title: Neutron Age Measurements in Metal-Water Lattices 

Date: 11/1/1961 

Report: NSENAO, 011, 129-132 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The age of U235 fission neutrons to indium resonance energy has been measured in 
a number of lattices of Th-H2O and Th-Al-H2O and compared with theoretical calculations. As a check on 
the procedure similar measurements were made in pure water yielding a result of 27 0 plus or minus 0 9 
cm/sup 2/ In addition, the ratio of the age of U233 fission neutrons to the age of U235 fission neutrons in 
water was found to be 0.948 plus or minus 0.033. 
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12525…..…..…………………..…….……..……ID Number…………………..…..…………….12525 

Author: Bach, D. R. / Bunch, S. I. / Cerbone, R. J. / Slovacek, R. E. 

Title: Prompt Neutron Decay Constants in Multiplying Hydrogenous Media 

Date: 10/1/1961 

Report: NSENAO, 011, 199-210 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Prompt neutron decay constants have been measured for a series of polyethylene 
moderated subcritical assemblies. Values of keff varying between 0.20 and 1.0 were obtained by changing 
the physical size rather than by changing the poison concentration. The decay constants, as determined by 
the 1/v poison removal method, in a four-group diffusion calculation employing a group dependent 
buckling, agree to within 10% of the measured values. Preliminary integral type measurements of the 
neutron spectrum which exists in the assembly during the persistent spatial mode decay indicate that the 
spectrum is extremely “diffusion cooled.” A simple two-group calculation shows that the decay constant in 
a subcritical system is proportional to the difference of two spectra. The first is the spectrum which would 
exist in the assembly when excited by a time independent high energy source; the second is the spectrum 
existing in the assembly during the persistent mode decay of the neutron density. The conventional 
description of far-subcritical systems in terms of reactivity is tenuous because of the lack of well-defined 
experiments for its determination. It is apparently more useful to characterize a far-subcritical system by its 
decay constant, which is directly observable. 



 

C-12562 

12526…..…..…………………..…….……..……ID Number…………………..…..…………….12526 

Author: Knight, J. R. 

Title: Calculation of the Neutron Leakage Spectra and Neutron Doses from Bare Critical Systems 

Date: 11/1/1961 

Report: NSENAO, 011, 239-245 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Due to the interest in determining the dose received by persons near a criticality 
accident, a method for calculating the neutron spectra and neutron dose for highly enriched uranium 
solutions at various hydrogen to U235 atomic ratios is developed. This method uses the output from a code 
for criticality calculations, and determines the average leakage neutron energy, the neutron leakage 
spectrum, the first collision neutron dose, and the total neutron dose. The results of these calculations show 
that the average energy of the leakage neutrons and the dose per incident leakage neutron per cm/sup 2/ 
decrease somewhat with increased hydrogen to U235 atomic ratio, but it appears that this effect is 
sufficiently small so that an exact knowledge of the uranium concentration would not be necessary to obtain 
reasonable dose estimates. The effect of neutron scattering on the neutron spectra and doses is not evaluated. 
No attempt is made to describe actual dose determination methods, since these are adequately described 
elsewhere. 



 

C-12563 

12527…..…..…………………..…….……..……ID Number…………………..…..…………….12527 

Author: Miraldi, F. / Clark, M., Jr. 

Title: Interaction of Separated Fissionable Systems. Part II 

Date: 11/1/1961 

Report: NSENAO, 011, 256-262 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The critical parameters of coupled fissionable assemblies in close proximity to one 
another are studied by differential equations for the conservation of neutrons. The coupling between the 
assemblies is taken into account by the use of approximate boundary conditions derived from expressions 
for the average neutron flow between the assemblies. Critical equations are found from the one and two 
group diffusion theories and from the P3 approximation. The results are compared with existing 
experimental data. The methods are especially suited to the study of arrays of prisms. 



 

C-12564 

12528…..…..…………………..…….……..……ID Number…………………..…..…………….12528 

Author: Moore, J. G. / Rainey, R. H. 

Title: Chemical Feasibility of Nuclear Poisons in Uranium-Thorium Fuel Processing Systems 

Date: 11/1/1961 

Report: NSENAO, 011, 278-284 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Laboratory experiments have demonstrated the chemical feasibility of incorporating 
soluble salts of the neutron poisons boron, cadmium, samarium, and gadolinium in solutions associated 
with the processing of Consolidated Edison reactor fuel (stainless steel-clad 96% ThO2-4% highly enriched 
UO2). At room temperature at least 0.3 M boron or neutron cross section equivalent is soluble in the 6 M 
H2SO4 decladding solution or Thorex dissolvent (13 M HNO3-0.04 M F-0.1 M Al(NO3)3. None of the 
poisons were volatilized to a significant extent (i.e., <6%) during evaporation for fuel adjustment. 
Distribution coefficients obtained in batch extraction tests indicated low extraction of these nuclear poisons 
from nitrate solutions by TBP in Amsco. Single-cycle countercurrent batch extractions with the acid Thorex 
flowsheet, which uses 30% TBP, gave decontamination factors from uranium for boron, cadmium, and rare 
earths of ≧1 × 104, > 1.5 × 103, and > 104, respectively. Countercurrent batch extractions with 2.5% TBP 
in Amsco resulted in concentrations of boron, rare earths, and cadmium in the uranium product which were 
at the limits of analytical detection, i.e., 2.5, <4, and <17 ppm, respectively. Two cycles of extraction should 
decrease the concentration of the nuclear poisons to acceptable levels for fuel recycle. 
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12529…..…..…………………..…….……..……ID Number…………………..…..…………….12529 

Author: Sandmeier, H. A. 

Title: Ratio of Fundamental and Second Order Harmonics in Flux for Oscillator Experiments with Varying 
Amplitude of Reactivity Insertion 

Date: 11/1/1961 

Report: NSENAO, 011, 339-340 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In designing oscillator rods it is important to know where the limit in terms of 
reactivity lies if one is to be assured of a linear response. Hence, pertinent expressions are extracted to 
obtain the amplitude ratio of second order harmonic and fundamental with varying amplitude of reactivity 
insertions. These equations are applicable to any reactor provided the linear frequency response is known 
over a range equal to twice the nonlinear range of interest. This derivation is only valid for varying 
amplitude considerably below prompt critical. Furthermore, the frequencies should not be too high in order 
to avoid the appearance of spatial modes in the flux. In this analysis all the data necessary to obtain 
information on nonlinear behavior are linear. 
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12530…..…..…………………..…….……..……ID Number…………………..…..…………….12530 

Author: Fader, W. J. / Harrison, R. C. 

Title: The Determination of the Period-Reactivity Relation and Open-Loop Reactor Transfer Function from 
Rod-Drop Decay Data 

Date: 12/1/1961 

Report: NSENAO, 011, 405-414 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor period-reactivity relations and open-loop transfer functions may be 
determined directly by numerical integration of “rod-drop” neutron decay data without analysis into delayed 
neutron period and abundance values. Period-reactivity relations obtained by this method for two critical 
assemblies with and without beryllium in the core and reflector are compared with corresponding results 
calculated from the “in-hour” equation. Results of the application of the rod-drop experiment to the 
determination of the open-loop reactor transfer function are given for the beryllium-moderated assembly. 
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12531…..…..…………………..…….……..……ID Number…………………..…..…………….12531 

Author: Pinkel, Benjamin / Young, George B. W. 

Title: A Discussion of the Correlation of Critical Conditions for Bare Homogeneous Reactors 

Date: 12/1/1961 

Report: NSENAO, 011, 441-449 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 
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12532…..…..…………………..…….……..……ID Number…………………..…..…………….12532 

Author: Mesler, R. B. / O'Brien, H. G. / Freed, D. 

Title: Laboratory Experiments Using a Pulsed Neutron Source 

Date: 1/1/1962 

Report: NSENAO, 012, 079-081 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Laboratory experiments using pulsed neutron techniques are valuable for giving 
physical interpretation of reactor theory. Three experiments illustrate different pulsed neutron 
measurements. In one case diffusion properties of a sample are measured by varying the geometry of the 
sample. In another the absorption cross section of a solute is measured by varying the sample without 
changing its geometry. A third experiment illustrates the use of a pulsed neutron source in reactivity 
measurements. 
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12533…..…..…………………..…….……..……ID Number…………………..…..…………….12533 

Author: Parkins, W. E. 

Title: Surface Film Formation in Heterogeneous and Homogeneous Reactors 

Date: 1/1/1962 

Report: NSENAO, 012, 091-105 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Analysis of observations on surface film formation has indicated a single process to 
be primarily responsible. This process involves transport of particles present in the coolant to the surface, 
and attachment there through the establishment of chemical bonds. Brownian motion is the principal 
mechanism bringing partiales into contact with the surface, but many factors can be important in 
determining whether a given encounter will lead to permanent attachment of a particle. One of these factors, 
frequently present in reactor cores, is a surface electrostatic force caused by the flow of electrical currents. 
These currents are primarily the result of beta electron and photoelectron emission. Details of the various 
electrical parameters are analyzed for situations encountered in heterogeneous and homogeneous reactors. 
It is shown that the surface electrostatic force is critically dependent on the current density crossing the 
coolant-film interface, and on the electric resistivity of the surface of the film in contact with the coolant. 
Recommendations are made for means to prevent the formation of objectionable surface films. Attention is 
directed to the fact that the homogeneous slurry type of reactor combines conditions which can lead to the 
deposition of fuel bearing films on in-core surfaces. 
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12534…..…..…………………..…….……..……ID Number…………………..…..…………….12534 

Author: Lopez, W. M. / Beyster, J. R. 

Title: Measurement of Neutron Diffusion Parameters in Water by the Pulsed Neutron Method 

Date: 3/1/1962 

Report: NSENAO, 012, 190-202 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Neutron diffusion parameters in water were measured at 26.7 deg C with the pulsed 
neutron technique. The results are 210 plus or minus 1 mu sec for the neutron mean lifetime, 37503 plus or 
minus 366 cm/sup 2/ sec/sup -1/ For the average diffusion coefficient, and 5116 plus or minus 776 cm/sup 
4/ sec/sup -1/ For the diffusion cooling constant. From these values the thermal absorption cross section of 
hydrogen and the thermal diffusion length in water can be inferred to be 325 plus or minus 2 mb and 2.83 
plus or minus 0.02 cm, respectively. With a pulsed high-intensity neutron source provided by an electron 
linear accelerator, neutron lifetime measurements were performed on small and large water samples with 
values of the geometrical buckling from 0.014 cm/sup -2/ to 0.59 cm/sup -2/. Effects of harmonic modes in 
the large water geometries, which were determined by measurements of the time-dependent spatial flux 
distributions resulting from an external pulsed source of fast neutrons, were found to be adequately 
predictable with simple diffusion theory. 
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12535…..…..…………………..…….……..……ID Number…………………..…..…………….12535 

Author: Jones, D. H. / Christman, R. P. 

Title: A Three-Dimensional Depletion Analysis of the First Shippingport Pressurized Water Reactor 

Date: 2/1/1962 

Report: NSENAO, 012, 276-284 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The first Shippingport seed-blanket core was operated for 5530 equivalent full power 
hours at equilibrium xenon and samarium conditions. The comparison of physics measurements and 
calculations presented are those applicable to the firs: core containing the initial seed material. A three- 
dimensional diffusion theory depletion analysis indicates that this calculational model describes with 
reasonable accuracy the directly observed and inferred reactor parameters examined over core lifetime. The 
reactor parameters compared include: criticality, reactivity lifetime, xenon transient behavior, temperature 
coefficients, and blanket power fraction. While the primary emphasis on the three-dimensional calculational 
and experimental comparisons, the results of one and two-dimensional diffusion theory depletion 
calculations are included to indicate their relative merit. The results indicate that such reactor parameters 
as excess reactivity, temperature coefficients, and blanket power fraction, may be estimated to within 
approximately the same accuracy by one and two-dimensional depletion models as by this particular three-
dimensional model. This conclusion must be qualified by noting the crudeness employed in the three-
dimensional depletion model. 
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12536…..…..…………………..…….……..……ID Number…………………..…..…………….12536 

Author: Hurley, T. J. / Fike, H. R. / O’Neill, G. F. 

Title: Experimental Bucklings of Heavy Water Moderated Lattices of Natural Uranium Metal Rod Clusters 

Date: 3/1/1962 

Report: NSENAO, 012, 341-347 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Studies performed in the Process Development Pile of the Savannah River Laboratory 
have provided precise measurements of the material bucklings of a number of heavy water-moderated 
lattices of natural uranium metal rods over an extended range of fuel assembly sizes and lattice pitches. The 
1-inch uranium rods were clad with 0.032 inch of aluminum. Fuel assembly sizes varied from single rods 
to clusters of 3, 7, and 19 rods (0.09 to 1.81 kg uranium/centimeter) and lattice spacings from 7.00 to 21.00 
inch, covering a range of moderator-to-fuel volume ratios from 10.23 to 161.53. A few lattices were studied 
at different heavy water purities, in loadings of different sizes, and in reflected loadings. 
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12537…..…..…………………..…….……..……ID Number…………………..…..…………….12537 

Author: Wingfield, E. C. / Hennelly, E. J. 

Title: Exponential Measurements of Natural Uranium Rods in Heavy Water and Comparisons with Critical 
Experiments 

Date: 3/1/1962 

Report: NSENAO, 012, 348-358 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Buckling measurements of 42 lattices of natural uranium 1-inch rods in heavy water 
have been made in an exponential facility at two moderator purities. The fuel assemblies were single rods 
and clusters of 3, 7, and 19 rods. Lattice pitches varied from 3.00 to 21.59 inch. A comparison was made 
between the bucklings that were measured in the exponential facility and those that were obtained from 
critical measurements. On the basis of a constant radial buckling for the exponential, systematic differences 
between the exponential and critical measurements were noted. Possible causes of these differences are 
discussed. Experimental curves for changes in buckling produced by changes in moderator purity are also 
given. 
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12538…..…..…………………..…….……..……ID Number…………………..…..…………….12538 

Author: Gwin, R. / Magnuson, D. W. 

Title: Determination of Eta by Comparison of Anti –Eta(Delta) for U233 and Pu239 with Anti –Eta(Delta-
a) for U235 in a Flux Trap Critical Assembly 

Date: 3/1/1962 

Report: NSENAO, 012, 359-363 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The values of eta for U233 and eta for Pu239 have been determined by a reactivity 
coefficient measurement. An aqueous solution of each isotope was introduced axially into a critical 
cylindrical annular flux trap reactor, and the resulting reactivity change was measured by period 
determinations. From these data the ratios …and …were obtained. Using recently measured values of eta 
for U235 and the absorption cross sections in this ratio, the thermal values of 2.317 ± 0.040 for eta of U233 
and 2.032 ± 0.053 for eta of Pu239 are obtained. Correction to a neutron velocity of 2200 meters/sec by 
using the appropriate g-factor gives a value of 2.317 ± 0.040 for eta of U233 and 2.082 ± 0.054 for eta of 
Pu239. 
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12539…..…..…………………..…….……..……ID Number…………………..…..…………….12539 

Author: Gwin, R. / Magnuson, D. W. 

Title: The Measurement of Eta and Other Nuclear Properties of U233 and U235 in Critical Aqueous 
Solutions 

Date: 3/1/1962 

Report: NSENAO, 012, 364-380 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: U233-SOL-THERM-008, U233-SOL-THERM-009, U233-SOL-THERM-001, PU-
SOL-THERM-009; The thermal value of eta for U233 and U235 has been determined in a series of 
experiments on unreflected homogeneous aqueous solutions of the two isotopes. These experiments also 
yield a value for the neutron age and the limiting concentrations of the fissile isotope in the aqueous 
solutions for infinite volumes. Auxiliary experiments, establishing limits of error, testing certain aspects of 
the theoretical model employed, and experimentally determining the parameters in the critical equation, 
have been performed. Experiments performed with 27-in.-and 48-in.-diam spheres, and 5-ft-and 9-ft-diam 
cylinders have yielded consistent values of eta. Measurements of the nonleakage probability in cylindrical 
geometry have given values consistent with those predicted by a two-group model in which the theoretical 
value of the age was used. Within the experimental error no differences were found in the ages of fission 
neutrons for U233 and U235. The average thermal values of eta determined are U235, 2.076 ± 0.015. The 
2200 meters/see values are the same since the g-factors for eta are unity. The value of the neutron age to 
the indium resonance energy for U235 fission neutrons in water was found to be 25.6 ± 1.3 cm2. 
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12540…..…..…………………..…….……..……ID Number…………………..…..…………….12540 

Author: Shuck, A. B. / Ayer, J. E 

Title: Engineering Considerations for Remote Refabrication of EBR-II Fuel Elements 

Date: 3/1/1962 

Report: NSENAO, 012, 398-404 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The development of remote controlled methods for manufacturing EBR-II fuel 
elements was influenced by many interacting factors. Radiation levels within the process cell have been 
predicted to range from 103 to 107 rad per hour. Radiation damage to organic lubricant, electrical 
insulations, elastic seals, and protective coatings precludes the use of many standard machine components. 
Heat generated in the fuel by absorbed radiation makes forced cooling necessary in many operations. 
Oxygen must be excluded from all operations where the fuel is exposed. Equipment must be designed for 
remote maintenance and component replacement within the limitation of available manipulators. The EBR-
II fuel consisted of fissium alloy pins sodium bonded in stainless steel tubes. Precision casting was chosen 
as the basis for refabricating the fuel pins. Remote controlled equipment was developed to cast, assemble, 
and inspect the EBR-II fuel elements. Radiation resistant, plug-in machine components were developed to 
give reasonable life expectancy and to allow remote maintenance and replacement. 
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12541…..…..…………………..…….……..……ID Number…………………..…..…………….12541 

Author: Graves, W. E. 

Title: Measured Slowing Down Distribution at the Indium Resonance from a Line Source of Fission 
Neutrons in Heavy Water 

Date: 4/1/1962 

Report: NSENAO, 012, 439-441 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The neutron slowing-down distribution and age at In resonance from a line U source 
in heavy water are measured. The measured values are compared with values calculated from point-source 
data. The age at In resonance is obtained as III cm/sup 2/. 



 

C-12578 

12542…..…..…………………..…….……..……ID Number…………………..…..…………….12542 

Author: Mills, C. B. / Bell, G. I. 

Title: Criticality of Low Enrichment Uranium in Hydrogen 

Date: 4/1/1962 

Report: NSENAO, 012, 469-473 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Critical masses of homogeneous water-moderated assemblies containing low 
enrichment uranium are given. The calculations were made using the multigroup DSN code with eighteen 
energy groups. Effective absorption cross sections for U238 were computed with the infinite mass and 
narrow resonance approximations. The calculations were compared with various experiments and rather 
good agreement was found. The results are presented as a parametric survey for U235/U atom ratios from 
0.014 to 0.300 and for all H/U235 ratios for which criticality is possible. The decrease in critical radius with 
an infinite water reflector is also shown. A bare homogeneous system with U235/U < 0.010 cannot be made 
critical at any H/U235 ratio. 
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12543…..…..…………………..…….……..……ID Number…………………..…..…………….12543 

Author: Cantwell, M. / Goldsmith, M. 

Title: The Effect on Calculated Clean Critical Activation Shapes of the Use of Transport Approximations 
in the Fast Groups 

Date: 4/1/1962 

Report: NSENAO, 012, 490-497; WAPD-T-1375 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Measured fast fission activations of depleted U236 foils in thin clean critical slabs are 
compared with theoretical predictions made using the P-1 and P-3 approximations. Various methods of 
analyzing fast activation experiments are considered. Finally, the effect of the P-3 approximation in the fast 
groups on the thermal flux is studied by comparing Mn wire activations out to 50 cm in the reflector of a 
thin clean critical slab with several theoretical calculations. It is found that the deviations of the calculated 
P-1 activations from experiment increase as the observer moves farther out into the reflector. The use of 
the P-3 approximation gives marked improvement. As regards eigenvalues, experience in the analysis of 
thin clean critical slabs with highly enriched fuel and metal-to water volume ratios from 1 to 1.7 indicates 
that use of the P-3 approximation in the first few fast groups results in an increase in eigenvalue of more 
than a per cent. 
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12544…..…..…………………..…….……..……ID Number…………………..…..…………….12544 

Author: Perez-Belles, R. / Kington, J. D. / Desaussure, G. 

Title: A Measurement of the Effective Delayed Neutron Fraction for the Bulk Shielding Reactor-I 

Date: 4/1/1962 

Report: NSENAO, 012, 505-512 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The value of the effective delayed neutron fraction has been measured for a compact 
loading of the BSR-I by the boron-substitution technique. The value obtained was 0.0080 ± 0.0002. By 
adopting the value of the true delayed neutron fraction. β = 0.0064 ± 0.0002, measured by Keepin et al., the 
ratio of the effective delayed-neutron fraction to the true delayed-neutron fraction is found to be 1.25 ± 
0.05. When this quantity was computed by a three-group PDQ-code calculation, the result was 1.25, an 
agreement which suggests the validity of the computational method. 
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12545…..…..…………………..…….……..……ID Number…………………..…..…………….12545 

Author: Marti, J. T. / Schneeberger, J. P. 

Title: The Reactivity Effect of a Regular Array of Empty Cylindrical Channels in a Critical System 

Date: 5/1/1962 

Report: NSENAO, 013, 001-005 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A critical system consisting of a regular infinite array of cylindrical channels of any 
cross section in a homogeneous multiplying medium is divided into equivalent cells of finite height. For 
such a cell two-group diffusion theory is applied with additional terms for the loss and gain of neutrons by 
the channels. The resulting integral-differential equations are solved with sufficient accuracy by the 
perturbation method, giving the reactivity loss due to the channels. With the method proposed the neutron 
leakage at the ends of the channels is included and deviations from the original unperturbed flux of the 
reactor without channels are taken into account. The results are compared with calculations based on the 
usual assumption of unperturbed flux, using the Behrens formula to compute the diffusion lengths. It is 
shown that reactivity calculations are also possible for arrays of finite extent, assuming separability of the 
flux in an axial and a radial part. 
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12546…..…..…………………..…….……..……ID Number…………………..…..…………….12546 

Author: Mihalczo, J. T. / Neeley, V. I. 

Title: The Infinite Multiplication Constant of Homogeneous Hydrogen-Moderated 2.0 Weight Percent 
Uranium-235-Enriched Uranium 

Date: 5/1/1962 

Report: NSENAO, 013, 006-011 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The infinite medium neutron multiplication factor, k(inf), of a mixture of 92.1 wt% 
uranium tetrafluoride and 7.9 wt% paraffin has been measured both in the physical constants testing reactor 
at the Hanford Atomic Products Operation and in critical experiments at the Oak Ridge National 
Laboratory. The density of the mixture is 4.5 g/cc and the uranium-235 enrichment of the uranium is 2.0 
wt%, resulting in an hydrogen of 195. The values of k(inf) from the two experiments are 1.216 ± 0.013 and 
1.197 ± 0.015, respectively. In the analysis of the critical experiments a two group model was assumed for 
the nonleakage probability. The neutron age to thermal was determined from buckling perturbation 
measurements as 43.1 ± 3.4 cm2. The critical buckling was measured to be (4344 ± 65) e-6 cm(-2), the bare 
extrapolation distance 2.7 ± 0.3 cm, and the fast fission factor 1.039 ± 0.004. Within the experimental error, 
the values of k(inf) from critical experiments at ORNL and from the PCTR at HAPO agree. 
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12547…..…..…………………..…….……..……ID Number…………………..…..…………….12547 

Author: Cohn, C. E. 

Title: Reflected-Reactor Kinetics 

Date: 5/1/1962 

Report: NSENAO, 013, 012-017 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The zero-power kinetic behavior of reflected reactors has been investigated using a 
simple model, in order to determine what modifications are necessary in the use of bare-reactor kinetics in 
interpreting experiments in reflected reactors, especially in regard to measurement of prompt neutron 
lifetime by kinetics methods. It is found that, for the usual reflected reactor, the kinetic behavior of 
experimental interest corresponds to that of a bare reactor with the same 1/v lifetime. The model is also 
satisfactory for an unusual case, i.e. the fast-thermal coupled critical done in ZPR-III, in which some 
deviation from bare-reactor kinetics is observed. 
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12548…..…..…………………..…….……..……ID Number…………………..…..…………….12548 

Author: Lellouche, G. S. 

Title: Reactor Size Sufficient for Stability Against Spatial Xenon Oscillations 

Date: 5/1/1962 

Report: NSENAO, 013, 060-061; BNL-5738 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Configuration; Criticality; Differential Equations; Distribution; 
Fuels; Group Theory; Losses; Neutron Flux; Neutrons; Oscillations; Poisoning; Reactor Core; Stability; 
Transfer Functions; Variations; Xenon 
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12549…..…..…………………..…….……..……ID Number…………………..…..…………….12549 

Author: Deutsch, R. W. 

Title: An Engineering Physics Method of Calculation Applied to Light-Water Critical Experiments 
Investigating Nuclear Superheat 

Date: 6/1/1962 

Report: NSENAO, 013, 110-131 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An engineering physics method of calculation has been used to plan and interpret 
critical experiments that simulate a boiling reactor and a boiling reactor with integral nuclear superheat. 
The boiler region contains aluminum-clad fuel rods of 1.85 wt.% U235 enrichment and some rods of natural 
enrichment. The superheater region is composed of rod-in-tube elements, the fuel rod having 3.41 wt.% 
U235 enrichment and a stainless steel clad. For core arrangements containing boiler fuel, the variations in 
reactivity and rod-by-rod power distributions produced by changing fuel, moderator, and neutron poison 
content within a fuel assembly have been determined; also, reactivity measurements involving cadmium 
and boron-stainless steel control rods have been used to derive effective epithermal transmission 
probabilities for these materials. For the boiler-superheater cores, the variations in reactivity, power 
regulation, and rod-by-rod power distribution produced by changing the boiler-superheater arrangements, 
and by voiding and flooding the superheater region, have been determined. For most of the core 
arrangements, the theoretical predictions have been carried out prior to the measurements. The comparison 
of theory with experiment indicates that the method has calculated reactivity and rod-by-rod power 
distributions to within the limits imposed by the uncertainty of experimental techniques, which includes 
uncertainties in core dimensions and compositions. 
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12550…..…..…………………..…….……..……ID Number…………………..…..…………….12550 

Author: Joanou, G. D. / Goodjohn, A. J. / et al. 

Title: Moments Calculations of the Fermi Age in Moderators and Moderator-Metal Mixtures 

Date: 6/1/1962 

Report: NSENAO, 013, 171-189 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Essentially exact calculations of Fermi age in pure moderators and in moderator-
metal mixtures are performed by computing the first few moments of the slowing-down distribution. The 
treatment of energy degradation takes into account the anisotropy of the elastic scattering to sixth order in 
a Legendre expansion. Energy degradation through inelastic and (n, 2n) processes is explicitly included. 
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12551…..…..…………………..…….……..……ID Number…………………..…..…………….12551 

Author: Chernick, J. / Honeck, H. C. / Michael, P. / Moore, S. O. / Srikantiah, G. 

Title: The Correlation of Integral Experiments and High Energy Cross Sections 

Date: 7/1/1962 

Report: NSENAO, 013, 205-214 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The status of integral experiments on factors important to the neutron economy of 
reactors is reviewed. Integral experiments on the fast effect in isolated uranium rods are found to be in 
agreement for normal rod sizes but in disagreement for very thick rods. Relatively low inelastic cross 
sections for U238 are indicated by the analysis of recent Snell experiments. The value of 1.075 ± 0.020 for 
the fast multiplication factor of beryllium is confirmed by a preliminary survey of beryllium moderated 
critical experiments. The revised Hellstrand formula for the resonance integral of U238 is in agreement 
with old U.S. data, except for thick rods. The accuracy of recent calculations based on the modern theory 
of resonance absorption requires a similar increase in the accuracy of measurements of resonance integrals 
in reactor lattices. Discrepancies in direct measurements of the intermediate energy variation of eta for 
U238 could be resolved by accurate critical experiments on simple, undermoderated U238 fueled 
assemblies. 
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12552…..…..…………………..…….……..……ID Number…………………..…..…………….12552 

Author: Grimeland, B. / Messelt, S. / et al. 

Title: Influence of Moderator Size on the Slowing Down of (D, D) Neutrons in Paraffin Wax 

Date: 7/1/1962 

Report: NSENAO, 013, 261-263 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Neutrons from a D(d,n)He/sup 3/ neutron source, operating with 150-kev deuterons, 
were slowed down in blocks of paraffin wax. The distribution of 1.44-ev neutrons was measured with 
indium foils in five blocks of various dimensions, all facing the target with one of their end planes. The 
distribution was approximately the same in all blocks with thickness equal to or larger than 22 cm, which 
was about four times the slowing-down length in paraffin for (D,D) neutrons slowed down to 1.44 ev. 
Measurements were also made in a block of dimensions 50 x 50 x 100 cm/sup 3/ with the target at the 
center. The distribution of 1.44-ev neutrons was nearly the same as in the blocks. The slowing-down age 
for (D,D) neutrons to 1.44 ev in paraffin wax, measured in the direction of the incoming deuteron beam, 
was found to be (33.0 plus or minus 1.3) cm/sup 3/. 
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12553…..…..…………………..…….……..……ID Number…………………..…..…………….12553 

Author: Mills, C. B. 

Title: Reflector Moderated Reactors 

Date: 8/1/1962 

Report: NSENAO, 013, 301-305 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The complete spatial separation of moderator and uranium fuel bearing regions are 
shown by experiment to result in critical reactors with low critical mass and relatively uniform fissioning 
density. Studies of several of these experiments to establish the accuracy of a numerical method of 
calculation (SNG) for this class of problems show good correspondence between theory and experiment. 
This method is then used for a useful survey of critical mass and uranium-235 atomic density as a function 
of geometry for the best moderators, deuterium oxide and beryllium. 
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12554…..…..…………………..…….……..……ID Number…………………..…..…………….12554 

Author: Park, D. E. / Beyster, J. R. / Wikner, N. F. 

Title: Thermal Neutron Spectra in Graphite 

Date: 8/1/1962 

Report: NSENAO, 013, 306-324 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A pulsed, high-current, electron linear accelerator is used to excite thermal-neutron 
spectra in a graphite assembly. The steady-state energy spectra of neutrons are measured at several 
temperatures by pulsed-beam time-of-flight techniques. The measured spectra are compared with 
theoretical predictions which use free- and bound-carbon scattering kernels. The scattering kernel for 
carbon bound in graphite is obtained through a realistic treatment of the neutron-phonon interactions. With 
this kernel, theoretical calculations of spectra agree extremely well with the experimental results. 
Predictions derived from a scattering law in which the carbon atoms are treated as free differ markedly from 
the measured spectra, even up to a temperature of 810 deg K. Additional calculations show that the effects 
of chemical binding are significant in problems of reactor design physics. 



 

C-12591 

12555…..…..…………………..…….……..……ID Number…………………..…..…………….12555 

Author: Cooper, Ralph 

Title: Fast Reactor Rocket Engines—Criticality 

Date: 8/1/1962 

Report: NSENAO, 013, 355-365 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The complete spatial separation of moderator and uranium fuel bearing regions are 
shown by experiment to result in critical reactors with low critical mass and relatively uniform fissioning 
density. Studies of several of these experiments to establish the accuracy of a numerical method of 
calculation (SNG) for this class of problems show good correspondence between theory and experiment. 
This method is then used for a useful survey of critical mass and uranium-235 atomic density as a function 
of geometry for the best moderators, deuterium oxide and beryllium. 
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12556…..…..…………………..…….……..……ID Number…………………..…..…………….12556 

Author: Anderson, W. Kermit 

Title: Rare Earth Alloys, A Critical Review of the Alloy Systems of the Rare Earth, Scandium and Yttrium 
Metals 

Date: 8/1/1962 

Report: NSENAO, 013, 399 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Henry, Hugh F. 

Title: Criticality Control in Chemical and Metallurgical Plant 

Date: 8/1/1962 

Report: NSENAO, 013, 401-402 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Kepes, J. J. / Mikoleit, L. A. / Serenka, R. G. 

Title: Resonance and Total U238 Activation in Thin Natural Uranium-Niobium Fuel Plates 

Date: 9/1/1962 

Report: NSENAO, 014, 011-016 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Differential measurements of the epicadmium and total U238 radiative capture have 
been obtained in thin natural uranium-niobium plates and compared to several theoretical models. These 
fuel elements were located in Zircaloy-2 boxes, which in turn were placed in a light water moderated critical 
assembly at ambient temperatures. A Monte Carlo calculation with the assumption of a smooth 3.3 b 
contribution predicted the spatial epicadmium activation through a natural uranium fuel plate positioned in 
the center of the Zircaloy-2 box. It was observed that the integrated epicadmium U238 radiative capture in 
the end fuel plate of the Zircaloy-2 box was 1.27 times the capture in the center fuel plate. This sharp end-
to-center dipping was due to a water channel located next to the fuel box. An analytic calculation based on 
the thin resonance theory of Stein gave a value of 1.16 for this end-to-center ratio. The experimental 
integrated values for ρ28, the ratio of epicadmium to thermal captures, were 0.893 ± 0.009 in the center 
fuel plate, 0.765 ± 0.014 in the second from the end plate, and 0.851 ± 0.011 in the end plate. The value of 
ρ28 obtained using a diffusion theory approximation for these plates was 4.7%, 7.5%, and 21.7% below 
experiment. The prediction in the end plate was improved when the Stein theory was utilized to calculate 
the resonance capture. 
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12559…..…..…………………..…….……..……ID Number…………………..…..…………….12559 

Author: Bidwell, Richard M. / Ferguson, William E. / Burwell, Calvin C. / Hammond, R. Philip / et al. 

Title: The Development of High Purity Tantalum and Alloys for Liquid Plutonium Containment in 
LAMPRE I 

Date: 10/1/1962 

Report: NSENAO, 014, 109-122 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: By combining arc casting and electron beam melting, spectroscopically pure tantalum 
and alloys were produced, suitable for containment of molten Pu-Fe alloys. The 0.1% W alloy was used for 
the first LAMPRE loading. The effects of a large number of additives on the corrosion resistance of 
tantalum were tested. Additions of up to 10% tungsten gave increasing endurance. Specimens of tantalum 
irradiated with neutrons to give 3% conversion to tungsten were still satisfactory in mechanical properties 
for reactor use. Either tungsten addition or traces of yttrium raise the one-hour recrystallization temperature 
of tantalum by 400°C. Effects of internal strain, critical strain, and precipitation hardening in tantalum 
alloys were studied. High-temperature annealed tantalum had superior corrosion resistance to the fuel, while 
impact extruded and ironed material was better than deep-drawn metal. Mechanical tests on tantalum with 
added interstitial elements showed that their presence to the extent expected in LAMPRE would be unlikely 
to weaken the tantalum. While small amounts of hydrogen, nitrogen, and carbon in the tantalum had no 
effect on corrosion, oxygen was found to promote plutonium attack on the metal. 
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12560…..…..…………………..…….……..……ID Number…………………..…..…………….12560 

Author: Arnold, W. H. Jr. 

Title: Fit of Yankee Startup Experiment Data to a Simple Reactor Analysis Model 

Date: 10/1/1962 

Report: NSENAO, 014, 144-152 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A one group, bare reactor diffusion theory model has been applied to data from the 
startup experiments performed on the Yankee reactor. This data includes differential banked control rod 
worths at various bank heights, the critical balance being maintained by varying concentrations of boric 
acid, and differential boron worth. The results show an excellent fit to the hot (514°F) data, yielding M2, 
k∞, keff, and the shutdown k with high precision. The 100°F data did not show such good agreement, 
probably due to the narrower range of boron concentrations which could be employed at that temperature. 
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12561…..…..…………………..…….……..……ID Number…………………..…..…………….12561 

Author: Starr, E. / Koppel, J. 

Title: Determination of Diffusion Hardening in Water 

Date: 11/1/1962 

Report: NSENAO, 014, 225-229 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Diffusion lengths have been measured in H2O as a function of boric acid 
concentration. From these measurements of diffusion lengths, the diffusion parameters of water were 
determined by an improved method of analysis. The diffusion parameters for water reported are: the 
microscopic absorption cross section sigma /sub a/ = 326.9 plus or minus 1.6 mb, the diffusion coefficient 
D nu = 35,850 plus or minus 100 cm/sup 2//sec and the diffusion hardening coefficient D nu H = 2900 plus 
or minus 350 cm/sup 4//sec. 
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12562…..…..…………………..…….……..……ID Number…………………..…..…………….12562 

Author: Tetenbaum, Marvin / Mishler, Larry / Schnizlein, Glenn 

Title: Uranium Powder Ignition Studies 

Date: 11/1/1962 

Report: NSENAO, 014, 230-238 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Because ignition temperature is not an intrinsic property of a substance, the 
investigation reported in this paper was undertaken to measure the ignition behavior of uranium powder 
under well-defined boundary conditions such that quantitative predictions are possible. The ignition 
behavior of uranium powder has been found to be dependent on specific area of powder fraction, rate of 
heating, and geometry of sample. For a given mesh size powder and heating rate, constant limiting ignition 
temperature values are obtained practically independent of container size, when the powder bed exceeds a 
critical height. Critical height values are found to increase with particle size of powder; for a given particle 
size powder, critical height values decrease with heating rate. On the basis of the Frank-Kamenetskii theory 
of thermal explosions, when used in a restricted manner, limiting ignition temperature values for uranium 
powder can be estimated using critical height values as the significant geometrical dimension of the 
container. These calculated ignition temperatures are in reasonable agreement with those obtained with our 
experimental apparatus. The ignition behavior of uranium powder can be adequately described by 
converting isothermal expressions to a rising temperature basis according to the treatment of Murray, 
Buddery, and Taylor. 
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12563…..…..…………………..…….……..……ID Number…………………..…..…………….12563 

Author: Griffin, C. W. 

Title: Analysis of the Sodium Reactor Experiment Prompt Power Coefficient 

Date: 11/1/1962 

Report: NSENAO, 014, 304-311 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The prompt power coefficient resulting from the Doppler effect and fuel element 
bowing of unrestrained fuel clusters in the Th-U second core of the SRE was measured by performing 
power and flow ramp tests. Individual components of bowing magnitude and the Doppler coefficient were 
isolated. Fuel bowing resulted from three effects: axial temperature gradient, radial temperature gradient, 
and coolant flow. Magnitude of the flow effect was independent of power. Bowing was restrained by 
wrapping each cluster with a helically wound stainless steel wire. This reduced the power coefficient from 
+9¢/Mw to −2.5¢/Mw. The measured Doppler coefficient was −0.23¢/°F. 
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12564…..…..…………………..…….……..……ID Number…………………..…..…………….12564 

Author: Hardy, Jr., J. / Klein, D. / Smith, G. G. 

Title: Some Experimental Results Pertinent to Equivalence Relations for Effective Resonance Integrals 

Date: 12/1/1962 

Report: NSENAO, 014, 366-370 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An experimental test of several equivalence relations for effective resonance integrals 
is obtained from measurements of U238 resonance escape probability for lattices of the TRX critical 
facility, and measurements of the U238 resonance integrals of isolated rods of UO2 and uranium metal. 
The TRX lattices were H2O-moderated and composed of cylindrical, aluminum-clad fuel rods of slightly 
enriched uranium metal or UO2. The measurements are in agreement with two forms of equivalence among 
lattice and isolated rod resonance integrals for a given fuel composition. The equivalence between 
resonance integrals for fuel rods of different compositions (IT and UO2) does not appear to be as good. 
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12565…..…..…………………..…….……..……ID Number…………………..…..…………….12565 

Author: Mowery, A. L. Jr. / Murray, R. L. 

Title: A Generalized Variational Method for Reactor Analysis 

Date: 12/1/1962 

Report: NSENAO, 014, 401-413 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A technique designated as the generalized variational method (GVM) is described. 
The analysis based on the variational approach and is an outgrowth of investigation in the hypercircle 
method. In essence, the GVM consists of considering the trial functions that appear symmetrically 
(quadratically) in a positive-semidefinite variational principle as independent functions. A proposition is 
proved to demonstrate generally that the approximate eigenvalue obtained from the GVM is at least as 
accurate as the geometric average of the associated approximate eigenvalues. Also, a conjecture is proposed 
that the accuracy of the generalized variational eigenvalue is comparable to that of a variational result 
employing a trial function incorporating the dimensionality of both associated trial functions. The 
application of the GVM to the perturbation variational method yields results that establish the method. The 
generalized method completes the perturbation variational method by providing the even-order 
approximate results. For illustration, the GVM is employed to solve a bare reactor with a grey control sheet. 
Using Rayleigh Ritz optimized cosine series and optimized pyramid functions as associated solutions, the 
generalized variational eigenvalue accuracy indicates the effective combination of the dimensionalities of 
the associated trial functions. 
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12566…..…..…………………..…….……..……ID Number…………………..…..…………….12566 

Author: Clark, Hugh K. 

Title: Interaction of Fissionable Units 

Date: 1/1/1963 

Report: NSENAO, 015, 020-028 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A simple technique is described for computing the interaction in groupings of 
fissionable units. The units may be slabs, cylinders, or spheres and may be surrounded by a reflector. The 
validity of the approximations employed is discussed. The technique is illustrated by applying it to the 
specific example of calculating the interaction in a reflected cubic array of eight spheres of uranium (93.5% 
U235). Comparisons are made with experiment and with other methods of calculation. 
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12567…..…..…………………..…….……..……ID Number…………………..…..…………….12567 

Author: Hurwitz, D. B. / MacMillan, D. B. 

Title: Kinetics of Low Source Reactor Startups, Part I 

Date: 1/1/1963 

Report: NSENAO, 015, 166 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In Part I, statistical fluctuations of neutron populations in reactors are analyzed by 
means of an appropriate theoretical model which assumes zero neutron lifetime and one group of delayed 
neutrons. A computational technique is developed which employs the method of characteristics to calculate 
probability generating functions, thereby making possible the computation of the probability distribution 
of power during startup of a reactor with low source. Extensive numerical results are given for such 
computations for a wide range of source strengths and ramp reactivity insertion rates. The special 
relationships of fluctuations to safety considerations are discussed. Finally, the predictions of the model are 
compared with Godiva weak source transient data, and empirical criteria for conservative normalization of 
the model are presented. 
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12568…..…..…………………..…….……..……ID Number…………………..…..…………….12568 

Author: Hurwitz, Jr., H. 

Title: Kinetics of Low Source Reactor Startups. Part II 

Date: 2/1/1963 

Report: NSENAO, 015, 187-19 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Part II extends the work of Part I on probability distribution of power during a low 
source re-actor startup, by using a mathematical model in which the assumption of zero neutron lifetime is 
no longer made. This permits calculations to be carried to and beyond prompt critical, and consequently 
permits consideration of faster reactivity insertion rates than could be handled by the methods of Part I. A 
computational technique for the finite lifetime model is described. Numerical results are given, which 
extend the results of Part I. 
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12569…..…..…………………..…….……..……ID Number…………………..…..…………….12569 

Author: BryantE.A. / G. A. Cowan, G. A. / Sattizahn, J. E. / Wolfsberg, Kurt 

Title: Rates and Mechanisms of the Loss of Fission Products from Uranium-Graphite Fuel Materials 

Date: 1/1/1963 

Report: NSENAO, 015, 288-295 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Experimental evidence indicates that diffusion through the porous matrix and 
evaporation from the geometric surface are the rate-limiting processes in the loss of some fission products 
from uranium-graphite fuel. The loss of other fission products is rate-limited by unidentified processes 
which do not include those macroscopic diffusion or evaporation processes, but which may include 
diffusion or evaporation on the microscopic or granular scale. 
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12570…..…..…………………..…….……..……ID Number…………………..…..…………….12570 

Author: Wilkins, J. E. Jr. 

Title: Reactor Dynamics with Reactivity Loss Rate Proportional to Energy 

Date: 5/1/1963 

Report: NSENAO, 016, 135-137 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An analysis made of the differential equation for the dynamics of a reactor with an 
accidental excess reactivity and a control mechanism which removes reactivity at a rate proportional to the 
energy. The analysis based on the fluid dynamics problem of laminar flow over a flat plate when blowing 
or suction occurs. The results are plotted on a dimensionless graph of the time at which the reactor becomes 
critical again, the maximum power, and the energy. Series expansions of the variables are also derived. 
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Author: Goldman, D. T. / Federighi, F. D. 

Title: Calculation of Thermal Neutron Flux Spectra in a Polyethylene Moderated Medium 

Date: 6/1/1963 

Report: NSENAO, 016, 165-175 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A model is proposed for calculating the scattering of thermal energy neutrons by 
polyethylene. It is seen that a reasonable fit to the experimental total cross section results. This model is 
then used to calculate infinite medium spectra and the results compared with calculations using water and 
perfect gas scattering kernels, with a harder predicted spectrum apparent. The results are compared with 
experimental data for two amounts of absorption, and agreement between experiment and theory using an 
appropriate scattering model is observed. The model is then used to calculate reactor quantities for a 
particular one-dimensional finite lattice. The sensitivity of the flux spectra and criticality to the choice of 
scattering kernel is presented. The former quantity is more sensitively dependent than the latter. 
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12572…..…..…………………..…….……..……ID Number…………………..…..…………….12572 

Author: Graves, W. E. / Fike, H. R. / O’Neill, G. F. 

Title: Experimental Bucklings and Void Effects in Heavy Water Lattices of Natural Uranium Oxide Rod 
Clusters 

Date: 6/1/1963 

Report: NSENAO, 016, 186-195 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The material bucklings of twenty-five heavy water moderated lattices of natural 
uranium dioxide rod clusters were measured in the Process Development Pile (PDP). The measurements 
were made in one-region loadings, and should therefore be subject to little systematic error. A number of 
the lattices employed voided housing tubes around the fuel assemblies. Values of migration areas inferred 
from measurements of positive periods are also presented. An evaluation of the errors in the buckling 
measurements indicated that the bucklings should be accurate to about 1%. The migration areas are 
compared with theoretical values obtained from the Benoist theory, and the agreement is shown to be good. 
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12573…..…..…………………..…….……..……ID Number…………………..…..…………….12573 

Author: Esch, L. J. 

Title: Temperature Dependence of the Neutron Transport Cross Section in Polyethylene and Paraffin 

Date: 6/1/1963 

Report: NSENAO, 016, 196-201 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The neutron diffusion length in paraffin has been measured by a static technique in 
the temperature range from 60°C to 130°C. The neutron transport cross section was abstracted from the 
measured diffusion length. A semiempirical prescription describing the temperature dependence of the 
neutron transport cross section in paraffin and polyethylene has been derived. The derivation is based on 
that of the Radkowsky prescription for water. A calculation of the transport cross section in paraffin and 
polyethylene has been carried out in the temperature range from 20°C to 125°C. The measured transport 
cross section in paraffin has been compared with that predicted by the prescription. The values agree within 
3%. A 14% difference between the values for paraffin and those for water gives credence to the assumption 
that calculations of the characteristics of plastic moderated critical assemblies can be improved by the use 
of the proper prescription. 



 

C-12610 

12574…..…..…………………..…….……..……ID Number…………………..…..…………….12574 

Author: Garelis, E. / Russell, J. L. 

Title: Theory of Pulsed Neutron Source Measurements 

Date: 7/1/1963 

Report: NSENAO, 016, 263-270 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method of utilizing pulsed neutron source measurements for the determination of 
the subcriticality of an assembly directly in terms of dollars is proposed. Essentially, the method determines 
the parameter (k beta /1) using the complete response curve of a repetitively pulsed assembly after the 
quasi- equilibrium state is attained. This value of (k beta /1) coupled with the usual alpha measurement, 
assuming the prompt decay constant to be dominant, yields the reactivity directly. The analytical model is 
based on a bare one-group diffusion theory system with m-delayed precursors. The application of these 
results to experiment shows that their applicability is much broader than the simple analytical model would 
indicate. 
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12575…..…..…………………..…….……..……ID Number…………………..…..…………….12575 

Author: Mihalczo, J. T. 

Title: Superprompt-Critical Behavior of an Unmoderated, Unreflected Uranium-Molybdenum Alloy 
Reactor 

Date: 7/1/1963 

Report: NSENAO, 016, 291-298 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The time-dependent behavior of the neutron population in an unreflected, 
unmoderated cylindrical assembly of 90 wt% uranium (93.2 wt% uranium-235), 10 wt% molybdenum alloy 
following a rapid establishment of superprompt critical conditions with negligible initial neutron population 
has been studied. Reactivity increases up to 11 cents above prompt critical resulted in bursts yielding as 
many as 1.8E17 fissions and peak power up to 100, 000 Mw with periods as short as 16 microsec and 
temperature increases as large as 400 degrees C. For bursts greater than about 6.0E16 fissions the safety 
block--a piece of the core held in place by an electromagnet--is driven out by pressure waves about 225 
microsec after the peak of the burst. 
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12576…..…..…………………..…….……..……ID Number…………………..…..…………….12576 

Author: MacMillan, D. B. / Storm, M. L. 

Title: Kinetics of Low Source Reactor Startups—Part III 

Date: 8/1/1963 

Report: NSENAO, 016, 369-380; TID-16142(Pt.III) 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The applicability of the zero-neutron-lifetime approximation in describing the effects 
of neutron-level fluctuations is investigated for reactivities near and above prompt critical. It is concluded 
that meaningful statistical information can be obtained by the zero-lifetime model above prompt critical, 
and an approximate procedure for joining this model to a deterministic finite-lifetime model is suggested. 
Illustrative examples, comparing numerical results obtained by this approximation with more accurate 
finite-lifetime statistical calculations, are presented. In addition, application is made to Los Alamos and 
Livermore superprompt-critical burst experiments that fall outside of the practical computing range of the 
finite lifetime model. It is found that the agreement of calculation and experiment is as good as was found 
previously for a set of subprompt-critical burst experiments. 
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12577…..…..…………………..…….……..……ID Number…………………..…..…………….12577 

Author: Pomraning, G. C. / Clark, Jr., M. 

Title: Orthogonal Polynomial Angular Expansion of the Boltzmann Equation 

Date: 9/1/1963 

Report: NSENAO, 017, 008-017 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The angular dependence of the solution of the monoenergetic Boltzmann equation in 
slab geometry with isotropic scattering is expanded classically in the set of Jacobi polynomials which are 
orthogonal in the interval −1 to +1 with respect to the weight function w(μ) = (1 − μ)α (1 + μ)β. The low 
order solution obtained by retaining only the first two terms in the expansion is investigated in detail. In 
this low order it is shown that a proper choice of α and β leads to the exact asymptotic transport eigenvalue. 
With this choice of α and β a significant improvement in the linear extrapolation distance and the critical 
size of a bare slab over the usual (P − 1) diffusion theory is obtained. However, it is shown that, in general, 
the truncated set of classical Jacobi equations does not conserve neutrons. A modification in the truncation 
procedure is made in order to obtain neutron conservation while retaining the advantages of the Jacobi 
expansion. The choices α = β = -½ and α = β = −1 are discussed in some detail and shown to have advantages 
over the corresponding Legendre (α = β = 0) expansion. 
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12578…..…..…………………..…….……..……ID Number…………………..…..…………….12578 

Author: Mitsis, George J. 

Title: Transport Solutions to the One-Dimensional Critical Problem 

Date: 9/1/1963 

Report: NSENAO, 017, 055-064 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The new method of Case for treating the one-velocity transport equation is applied to 
a uniform, one-dimensional multiplying medium. The method leads to exact expressions for the neutron 
distribution and criticality conditions. These expressions depend on expansion coefficients which are shown 
to satisfy a Fredholm integral equation. The results of diffusion theory with the exact Milne problem 
extrapolation distance are shown to correspond to the zeroth-order approximation of the Neumann series 
solution to the Fredholm equation. 
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12579…..…..…………………..…….……..……ID Number…………………..…..…………….12579 

Author: Wood, D. E. / Birney, K. R. / Block, E. Z. 

Title: Lattice-Parameter Measurements for Solid and Concentric Tubes of Uranium Fuel in Graphite 
Lattices 

Date: 4/1/1964 

Report: NSENAO, 018, 116-125; HW-SA-3013 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Lattice parameters have been measured for natural uranium concentric tubes and solid 
fuel elements of 2.5 inches outside diameter in the Physical Constants Testing Reactor (PCTR). The primary 
quantities measured are the mass of copper required to reduce k∞ to one, copper activations throughout the 
lattice, and cadmium ratios for U238 capture, U235 and U238 fission, copper, gold, and lutetium. The 
results derived from these measurements are k∞, ε, and the effective neutron temperature for the concentric 
tube in a 10.5-inch graphite lattice with both water and air in the coolant channels; k∞ and for the concentric 
tube in an 8.375-inch lattice, water cooled only; and k∞,, and for the solid fuel in a 10.5-inch graphite 
lattice, water and air cooled. The effective fraction of the internal surfaces for resonance capture was 
determined to be 0.50. The average value of η for natural uranium in these lattices was found to be 1.30. 
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12580…..…..…………………..…….……..……ID Number…………………..…..…………….12580 

Author: Nicholson, R. B. 

Title: Methods for Determining the Energy Release in Hypothetical Fast Reactor Meltdown Accidents 

Date: 2/1/1964 

Report: NSENAO, 018, 207-209 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method for estimating the energy release in hypothetical fast reactor meltdown 
accidents, based on the hypotheses that the melted core of a reactor is rearranged in such a way that it forms 
a secondary critical assembly and that there is a constant rate of reactivity increase is evaluated. The 
mechanism for terminating the resulting power excursion is assumed to be disassembly of the core due to 
the pressure of vaporized uranium produced by the excursion. The Bethe-Tait method for calculating energy 
release is discussed and modified to include polynomial approximations to the power distribution and 
reactivity worth distribution, as well as a different treatment of the movement of material near the core 
surface. The energy release is shown to be approximately the same for tamped and untamped cores for rates 
of reactivity increase up to 6.4 sec/sup -1/, the highest rate treated. An improved method that eliminates 
some of the approximations of the Bethe-Tait method and is programmed for the IBM-7090 digital 
computer is presented. It is shown that the threshold equation of state generally used in previous energy 
release calculations tends to cause an overestimate for weak and moderate excursions, and that the saturated 
vapor pressure must be considered in these cases. The influence of the delayed neutrons is evaluated and 
shown to be small. The dependence of the energy release upon prompt neutron generation time, initial 
power level, rate of reactivity insertion, and Doppler effect is investigated. It is shown tha in some cases 
Doppler effect can limit the energy release to a small value even for high rates of reactivity insertion. A 
method for calculating the material movement and reactivity reduction in two dimensional cylindrical 
geometry is presented and applied to a calculation of the energy release for two particular configurations. 
A simple spherical model is developed which gives good agreement with the two-dimensional calculations. 
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12581…..…..…………………..…….……..……ID Number…………………..…..…………….12581 

Author: Greebler, P. 

Title: Measurement of Doppler Coefficient by Heating a Small Region of a Fast Reactor Critical Assembly 

Date: 2/1/1964 

Report: NSENAO, 018, 287-289 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An expression is derived for the total change in neutron resonance absorption when 
only one region of the reactor is heated. The depanture from the normal Doppler effect for U238 is 
calculated for a fast oxide-fueled reactor. ( 
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12582…..…..…………………..…….……..……ID Number…………………..…..…………….12582 

Author: Bidwell, Richard M. 

Title: Delayed Neutron Economy and Control in a Direct-Contact-Core Liquid-Metal-Fueled Reactor 

Date: 4/1/1964 

Report: NSENAO, 018, 435-442 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Losses of delayed-neutron precursors are estimated for liquid-metal-fueled reactor 
models in which the coolant is in direct contact with the flowing fuel. It is shown that as much as 90% of 
the precursors may be extracted by the coolant before decaying to supply neutrons. As a result, the excess 
reactivity corresponding to prompt critical can decrease by a factor of 10, leading to a considerable 
shortening of the reactor period corresponding to a given Δk. These conditions will, in actual operation at 
power, be alleviated by the contribution of the blanket's delayed neutrons and by the large negative 
temperature coefficient characteristic of liquid systems. The effects of mixing and reduced flow on delayed-
neutron economy and resulting reactor period are evaluated. The benefits of reducing the flow are shown 
to be by far the greater, and a slower flow is recommended if enhanced control through delayed neutrons is 
needed at start-up. 
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12583…..…..…………………..…….……..……ID Number…………………..…..…………….12583 

Author: Cady, K. Bingham / Clark, Jr., Melville 

Title: Neutron Transport in Cylindrical Rods 

Date: 4/1/1964 

Report: NSENAO, 018, 491-507 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A calculational method for Boltzmann's one-velocity, isotropic scattering transport 
equation is developed for cylindrical rods. The starting point is Peierls' integral equation, and the technique 
may be interpreted as a moments method or a variational method. Numerical results in the form of graphs 
are given for a set of standard problems. These problems include volume sources, surface sources, and the 
critical rod problem. For arbitrary, axially symmetric sources inside or outside the rod, a knowledge of the 
uncollided flux is sufficient to determine the escape probability from the rod in terms of these standard 
problems. 
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Author: Otsuka, M. 

Title: Fuel-Importance Function and Minimum Critical Mass 

Date: 4/1/1964 

Report: NSENAO, 018, 514-517 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: This discusses a representation of neutron balance in which the adjoint flux has no 
physically simple meaning. In this case, the function adjoint to the neutron absorption density may be 
defined as the fuel-importance function, and it plays the principal role in perturbation theory. Its application 
to the minimum-critical-mass problem gives a more physically clear interpretation. 
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Author: Henscheid, J. W. / Burdick, E. E. 

Title: Predicting Excess Reactivity in the ETR as a Function of Power-Time 

Date: 5/1/1964 

Report: NSENAO, 019, 039-047 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A semi-empirical equation is used to predict excess reactivity in the ETR as a function 
of power-time in terms of reactivity parameters which are routinely measured in a mockup of each ETR 
core in the ETR Critical Facility. Constants in the equation were evaluated by fitting the equation to plots 
of excess reactivity as a function of power-time obtained for several cores in the ETR. The equation and 
reactivity measurements fulfill the need for frequent and reliable predictions of core charge life as well as 
control-rod positions during reactor operation. 
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12586…..…..…………………..…….……..……ID Number…………………..…..…………….12586 

Author: Lewis, W. B. 

Title: Two-Group Material Bucklings in a Two-Region System 

Date: 5/1/1964 

Report: NSENAO, 019, 131 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In a one-region system, criticality cannot be attained unless the material-buckling 
equation has a positive root. In a two-region system this condition is no longer necessary. Strangely, this 
surprises many reactor experts. Familiarity with jit2 which is always negative, and ju.2, which is positive 
if a one-region system is to be critical, obscures the possibility of a system being critical if yt2 is also 
negative. Nevertheless, if both jit2 and v2 are negative in a fuel-bearing region, the addition of a non-fueled 
second region with only negative bucklings can produce a critical system. A long cylinder of natural 
uranium surrounded by a moderator is a familiar example of such a system. The flux in the uranium is 
described by two Bessel functions of the same type. If the fueled region is a slab, 
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12587…..…..…………………..…….……..……ID Number…………………..…..…………….12587 

Author: Garelis, E. 

Title: On the (K$Beta$1) Pulsing Theory 

Date: 5/1/1964 

Report: NSENAO, 019, 131-132 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: It is shown that the monoenergetic diffusion-theory approximation used in pulsed-
neutron source measurements for the (k beta /l) technique can be replaced by the monoenergetic transport-
theory approximation. The value (k beta / l) coupled with the alpha measurement of a subcritical assembly 
yields the reactivity directly. See also NSA 17- 31697. 
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12588…..…..…………………..…….……..……ID Number…………………..…..…………….12588 

Author: Badgley, Ronald W. / Uhrig, Robert E. 

Title: Power-Spectral-Density Measurements in a Subcritical Nuclear Reactor 

Date: 6/1/1964 

Report: NSENAO, 019, 158-163 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The power spectral density of the neutron density of a reactor is frequency dependent 
and related to the reactor transfer function and the power spectral density of the input disturbance. For a 
critical reactor, a power-spectral-density measurement can be used to evaluate the ratio (β/) where β is the 
effective delayed-neutron fraction and the effective neutron lifetime. For subcritical operation, an 
evaluation of the reactor shutdown margin can be obtained by determining the quantity where k, the 
effective reproduction constant, can be determined if the effective neutron lifetime and effective delayed 
neutron fraction are known. The output power spectral density of the University of Florida Training 
Reactor, operating in the subcritical region, has been measured using a plutonium/beryllium source to 
provide the input disturbance. The data are then fitted by a least-squares method to a theoretical model to 
obtain the quantity 
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12589…..…..…………………..…….……..……ID Number…………………..…..…………….12589 

Author: Calame, G. P. 

Title: Diffusion Parameters of Water for Various Scattering Kernels 

Date: 6/1/1964 

Report: NSENAO, 019, 189-195 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Some diffusion parameters of water are computed with various thermal-neutron 
scattering laws. It is found that the diffusion cooling coefficient, in particular, is reasonably sensitive to the 
scattering law, but that the diffusion cooling coefficients predicted by the Radkowsky and Nelkin kernels 
are in fortuitous agreement. The coefficients computed for the Nelkin kernel, when treated in a manner 
consistent with the way in which experimental data are treated, are in reasonable agreement with the results 
of a recent experiment. 
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12590…..…..…………………..…….……..……ID Number…………………..…..…………….12590 

Author: Grimeland, B. / Donvold, S. 

Title: Age to 1.44 eV for (D, D) Neutrons in Concrete 

Date: 6/1/1964 

Report: NSENAO, 019, 245-248 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Concrete is by far the material most commonly used for shielding. Fast neutrons are 
slowed down to thermal energies and are absorbed in the concrete. Gamma rays are emitted during the 
absorption process and the production of gamma rays will be proportional to the flux of thermal neutrons. 
The distribution of gamma-ray sources can be calculated assuming the results of age theory1, and calculated 
values for the age of fission neutrons to thermal energies in a number of different concretes are reported. 
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12591…..…..…………………..…….……..……ID Number…………………..…..…………….12591 

Author: Clendenin, W. W. 

Title: Relation of the Neutron Diffusion Length to Neutron-Pulse Parameters in H2O 

Date: 6/1/1964 

Report: NSENAO, 019, 248-249 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 
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12592…..…..…………………..…….……..……ID Number…………………..…..…………….12592 

Author: Davey, William G. 

Title: An Analysis of 23 ZPR—III Fast-Reactor Critical Experiments 

Date: 7/1/1964 

Report: NSENAO, 019, 259-273 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Over fifty fast critical assemblies have been studied in the Zero Power Reactor - III 
(ZPR-III) of Argonne National Laboratory since it started operation in 1955. All of these assemblies were 
fueled with U235 and reflected with depleted uranium; the core volumes ranged from 2 to 660 liters and 
the critical masses ranged from 26 to 580 kg of U235. The experimental characteristics of a representative 
group of 23 of these assemblies in which oxide, carbide and metallic fuels were simulated have been 
compared with calculated values. The parameters studied were critical size, central fission ratios, prompt-
neutron lifetimes and the reactivity effects of substitution of various materials at the reactor center. 
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12593…..…..…………………..…….……..……ID Number…………………..…..…………….12593 

Author: Canosa, José 

Title: Dynamics of an Adiabatic Point Reactor 

Date: 7/1/1964 

Report: NSENAO, 019, 329-342 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The problem of adiabatic excursions in a reactor is studied in general. We let the 
prompt temperature reactivity feedback be an unspecified function of temperature, ρ = ρ0 = ρ0 + f(T), where 
ρ is total reactivity, ρ0 initial step reactivity and f(T) the feedback function. The similarity of the behavior 
of the reactor for different f(T) is established by means of a topological (qualitative) analysis. A quantitative 
asymptotic solution of the non-linear system of DE describing the reactor is presented. In delayed critical 
excursions, the delayed neutrons play a determining role. In the first part of a prompt excursion, the delayed-
neutron source is nil; however this not so in the second part, where it contributes appreciably to the 
excursion. These conclusions are shown to be valid in general, and allow us to write down almost directly 
the (approximate) quantitative solution of the non-linear system for any f(T). These results are correlated 
with the experimental data for the adiabatic excursions of a UO2 core in SPERT I; in this case the (prompt) 
dependence of the reactivity on energy is of the form ρ = ρ0 - 4.588 × 10-4E0.74. 
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12594…..…..…………………..…….……..……ID Number…………………..…..…………….12594 

Author: Ohanian, M. J. / Daitch, P. B. 

Title: Eigenfunction Analysis of Thermal-Neutron Spectra 

Date: 7/1/1974 

Report: NSENAO, 019, 343-352 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Numerical solutions of the time-dependent thermalization problem in infinite 1/ν 
poisoned media as well as in finite media in the diffusion approximation have been obtained using an 
eigenfunction expansion of the neutron-density function in a discrete-energy representation. This 
eigenfunction method is compared with a method based on direct integration of the Boltzmann equation 
using a discrete-energy mesh for the scattering integral and a first-order Taylor series for the time 
integration. Both methods of calculation have given the same results where compared in the area of time-
dependent and steady-state spectra. The Wigner-Wilkins Mass-1 and Nelkin scattering models have been 
used with particular emphasis on the computation of time-dependent, asymptotic, steady-state spectra and 
diffusion parameters and the determination of their sensitivity to the scattering kernel. It is found that time-
dependent spectra are rather sensitive to the scattering kernel, particularly at times of the order of a few 
microseconds after the introduction of a neutron pulse in the case of hydrogenous moderators. The 
eigenvalues and eigenfunctions for both realistic scattering kernels show the characteristics predicted for 
simpler analytic models. Both discrete and continuum eigenvalues have been found with the eigenfunctions 
corresponding to the continuum eigenvalues exhibiting a characteristic singular behavior. An interpolation 
scheme to determine steady-state spectra in hydrogenous moderators is also presented. The method, which 
is based on interpolating in the reciprocal of the infinite-medium neutron lifetime, gives very good 
agreement with directly computed spectra in the range of 200 to 15 microseconds lifetime. A perturbation 
method based upon the infinite-medium eigenfunctions is used to compute diffusion parameters for the 
decay constant in water; this method, through terms in B4, yields the decay constant to better than 1% in 
comparison with the exact diffusion theory result for B2 = 1.0 cm-2. 
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12595…..…..…………………..…….……..……ID Number…………………..…..…………….12595 

Author: Knight, Jr., Bruce W. 

Title: Reactors of Uniform Power, Fuel Loading and Flux 

Date: 8/1/1964 

Report: NSENAO, 019, 393-399 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A tractable mixed numerical-analytic method is given for the approximate design of 
reflected reactors with cores having simultaneously flat power density, fuel loading, absorber distribution, 
and moderator distribution. The method as applied to finite cylinders yields a fast digital routine (about 1 
sec/calculation on the IBM 704) which gives trustworthy criticality values in systems with important 
neutron capture at energies above thermal. Corroborative experiments on critical assemblies containing 
molybdenum and tungsten show power distributions flat to within ±5%. 
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12596…..…..…………………..…….……..……ID Number…………………..…..…………….12596 

Author: Amster, H. J. / Talley, W. K. 

Title: Spatial-Distribution Functions for Calculating Neutron Densities by Monte Carlo 

Date: 9/1/1964 

Report: NSENAO, 020, 053-059 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: When describing neutrons interacting with homogeneous media, Monte Carlo can 
generate a sequence of energies and flight directions without locating the positions of the collisions that 
produced them. If the spatial distribution of one of these collisions is then described analytically, unbiased 
direct samples of the neutron density can conveniently be obtained at specified positions and energies and 
at discretely sampled angles. Previous applications for plane sources in infinite media with real cross 
sections are here generalized for plane sources in slabs and point sources within infinite half spaces. A 
modified treatment for heterogeneous media is also formulated. These extensions to other geometries can 
provide not only additional calculational standards, but also theoretical results that could disagree with 
experimental facts only because of the assumed nuclear data. 
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12597…..…..…………………..…….……..……ID Number…………………..…..…………….12597 

Author: Mihalczo, J. T. 

Title: Prompt-Neutron Lifetime in Critical Enriched-Uranium Metal Cylinders and Annuli 

Date: 9/1/1964 

Report: NSENAO, 020, 060-065 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-051, HEU-MET-FAST-071; Prompt-neutron lifetimes have been 
determined for unreflected and unmoderated critical assemblies of enriched-uranium metal (93.15% 
uranium-235) in cylindrical geometry. Five solid cylinders ranging in diameter from 7 to 15 inch and three 
cylindrical annuli having outside diameters as large as 15 inch were assembled to delayed critical and their 
prompt-neutron decay constants measured by the Rossi-alpha technique. The prompt-neutron lifetimes 
were determined from the measured decay constants and effective delayed-neutron fractions obtained by 
SN multigroup transport-theory calculations, which predicted the multiplication constants of all assemblies 
to within 0.5%. For the solid cylinders the lifetime value is 6.25 ± 0.04 nsec, which, within the limits of 
experimental errors, is independent of the dimensions of the cylinders and agrees with the lifetime of 6.2 ± 
0.1 nsec obtained from earlier prompt-neutron decay-constant measurements with a uranium sphere 
(Godiva I). For the cylindrical annuli the lifetime varied from 7.0 to 8.0 nsec. The increase in the lifetime 
value over that of the solid cylinders is due to the time required for neutrons to cross the center void. 
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12598…..…..…………………..…….……..……ID Number…………………..…..…………….12598 

Author: Rogers, W. B. / Kinard, F. E. 

Title: Material Buckling and Critical Masses of Uranium Rods Containing 3 Weight Percent Uranium-235 
in Water 

Date: 11/1/1964 

Report: NSENAO, 020, 266-271 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Exponential experiments with light-water moderator were conducted to determine 
criticality standards for the handling of uranium metal enriched to 3 wt% uranium-235. These 
measurements, made with massive rods 2 and 3 inch in diameter, were combined with Hanford 
measurements with smaller rods to provide critical bucklings and masses for water-moderated lattices over 
a range of rod diameters from less than 0.15 inch to more than 3 inch. Subcritical buckling measurements 
are compared with the more conventional approach-to-critical method. 
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12599…..…..…………………..…….……..……ID Number…………………..…..…………….12599 

Author: Groh, Edward F. / Cohn, Charles E. 

Title: A Simple, Compact Rod Drive Using a Stepping Motor 

Date: 11/1/1964 

Report: NSENAO, 020, 290-297 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A rod drive using a stepping motor has been developed for the Argonne Advanced 
Research Reactor critical experiment. The control rod is suspended from a roller chain which meshes with 
a sprocket driven by the motor. Rod position is indicated by counting the number of steps. Scram is 
produced by interrupting the power to the motor windings, thus removing the motor's holding torque. This 
design offers significant reductions in size and cost compared to existing types. 
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12600…..…..…………………..…….……..……ID Number…………………..…..…………….12600 

Author: Clark, H. K. 

Title: Application of a Simple, Practical Method for Computing Interaction to Arrays Found 
Experimentally to be Critical 

Date: 11/1/1964 

Report: NSENAO, 020, 307-313 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Calculations of the critical sizes of cubic arrays of interacting fissionable units are 
compared with critical experiments. The units are of two types of highly enriched uranium, and cylinders 
of highly enriched uranium metal. The arrays are surrounded by various thicknesses of hydrogenous 
reflectors. Agreement between calculation and experiment is reasonably good. The similarity of the results 
obtained with the widely differing types of units invites confidence in general applications of the method 
of calculation. Tables are presented for computing critical and safe sizes of cubic arrays of 8, 27, 64, or 125 
identical units as a function of the albedo of the reflector surrounding the array and of the reactivity of an 
individual unit. 
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12601…..…..…………………..…….……..……ID Number…………………..…..…………….12601 

Author: Henry, A. F. 

Title: The Application of Inhour Modes to the Description of Non-Separable Reactor Transients 

Date: 11/1/1964 

Report: NSENAO, 020, 338-351; WAPD-T-1671 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: For a large power reactor it appears possible to describe nonseparable space-time 
kinetics transients in terms of a particular set of spatial harmonics to be called inhour modes. These modes 
are defined as a subset of the period modes obtained by assuming a separable time variation ewt for all 
variables in the source-free, time-dependent neutron and neutron-precursor equations. Their use is 
appropriate whenever details of the neutron energy and angular behavior are not required. Inhour modes 
are shown to occur in clusters of seven, the seven eigenvalues of a given cluster being obtained as the roots 
of an inhour equation appropriate to the cluster. The neutron flux shapes associated with a particular cluster 
of seven modes are all approximately the same. It is shown that if these shapes are assumed to be identical, 
certain useful orthogonality relations and certain identities involving the roots of the inhour formula for a 
given cluster are obtained. Use of these results simplifies the extension of the conventional equations of 
reactor kinetics to the nonseparable case. Inhour modes are also useful in analyzing certain experiments 
involving subcritical assemblies. As an illustration, application to the source-jerk and pulsed-source 
experiments is made. 
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12602…..…..…………………..…….……..……ID Number…………………..…..…………….12602 

Author: Nahavandi, A. N. / von Hollen, R. F. 

Title: A Space-Dependent Dynamic Analyses of Boiling Water Reactor Systems 

Date: 12/1/1964 

Report: NSENAO, 020, 392-413 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Configuration; Control Systems; 
Coolant Loops; Cooling; Differential Equations; Fluid Flow; Neutron Flux; Neutrons; Numericals; Power 
Plants; Pressure; Reactor Core; Reactors; Stability; Transfer Functions; Transients; Transport Theory; 
Water Moderator 
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12603…..…..…………………..…….……..……ID Number…………………..…..…………….12603 

Author: Travelli, A. / Calame, G. P. 

Title: Thermal-Neutron Space-Time Decay Constants in Various Order Pn Approximations 

Date: 12/1/1964 

Report: NSENAO, 020, 414-427; TID-19521 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The thermal neutron space-time eigenvalue spectrum of the multigroup PN 
approximation is investigated numerically for a modified form of the Radkowsky Kernel. Both discrete 
eigenvalues and eigenvalues that are assigned to a ‘continuum region, ’ on the grounds that the 
corresponding eigenvectors exhibit singularities, are found. The continuum region so defined agrees well 
with that expected for the Boltzmann Equation. It is found that, when λ, the time decay constant, is plotted 
vs B2, the square of the geometrical buckling, there is in the PN approximation a critical value …beyond 
which no real eigenvalues λ exist. The value of …is sensitive to the order of the PN approximation, 
increasing with increasing N. It is conjectured that …corresponds, when the extrapolated endpoint is 
considered, to a slab of zero thickness through which a burst of neutrons would pass undisturbed as an ideal 
travelling wave. 
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12604…..…..…………………..…….……..……ID Number…………………..…..…………….12604 

Author: Judge, F. D. / Daitch, P. B. 

Title: Time-Dependent Flux in Small Assemblies 

Date: 12/1/1964 

Report: NSENAO, 020, 428-435; TID-20202 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The one-dimensional (slab), one-velocity time-dependent transport equation has been 
investigated using a variational method employing flat spatial trial functions. A simple approximation is 
found for the variation of the asymptotic decay rate (α) with slab size for small slabs. As expected, little 
difference is found between the use of a single flat spatial flux trial function and a double stepped flux trial 
function for thin slabs. The method is then extended to the case of a convex body of arbitrary shape. It is 
shown that an estimate for α is given by the relation where = first collision probability. For the slab case, 
an effective spatial buckling and an effective extrapolation distance consistent with the exact asymptotic 
decay constant were obtained. This extrapolation distance is approximately equal to the Milne problem 
value down to a scattering thickness of about 1.0 mean free path after which it rises to λs for the limiting 
case of zero thickness. Finally, asymptotic time decay rates based upon low-order PL and DPL 
approximations in slab geometry are determined either numerically or from the exact analytical solutions; 
a real eigenvalue may or may not exist depending on the boundary conditions. It is shown further that these 
low-order approximations yield erroneous time-dependent characteristics in the thin slab limit. 
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12605…..…..…………………..…….……..……ID Number…………………..…..…………….12605 

Author: Paschall, R. K. 

Title: The Age of Fission Neutrons to Indium-Resonance Energy in Water 

Date: 12/1/1964 

Report: NSENAO, 020, 436-444 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The age of fission neutrons to indium-resonance energy (1.46 eV) was measured in 
water using a plane fission source of finite diameter and essentially infinite plane detectors. This equivalent 
to a measurement using axial detectors with an infinite plane source. Thus, unlike recent measurements 
which used axial detectors with large plane sources, these results do not require calculated corrections to 
extrapolate to infinite-source geometry. The remaining corrections are small and well understood. The age 
measured in this experiment was 26.48 ± 0.32 cm2 at a density of 1.0 g/ml. 
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12606…..…..…………………..…….……..……ID Number…………………..…..…………….12606 

Author: Campbell, R. W. / Paschall, R. K. / et al. 

Title: The Age of Fission Neutrons to Indium-Resonance Energy in Graphite 

Date: 12/1/1964 

Report: NSENAO, 020, 445-454 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The age of fission neutrons to indium-resonance energy has been measured in AGOT 
graphite using the point-source technique. Corrections to the data arising from the following factors were 
investigated: (a) source and foil size, (b) finite dimensions of medium, (c) higher- and/or lower-energy 
activations, and (d) angular sensitivity of detector foils. The age was determined to be 307.8 ± 1.9 cm2; the 
fourth and sixth moments were 6.58 ± 0.05 × 106 cm4 and 3.84 ± 0.06 × 1010 cm6, respectively. These 
agree well with the values of 307.4 ± 1.0 cm2, 6.59 ± 0.06 × 106 cm4, and 4.01 ± 0.09 × 1010 cm6 obtained 
by Monte Carlo calculations. 
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12607…..…..…………………..…….……..……ID Number…………………..…..…………….12607 

Author: Lewins, J. 

Title: Time-Dependent Variational Principles for Nonconservative Systems 

Date: 12/1/1964 

Report: NSENAO, 020, 517-520 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Two variational principles are discussed for time-dependent problems in reactor 
physics. The first is a stationary expression for the meter reading at a given time, the second a stationary 
expression for the integral of the meter reading up to a given time. Both the principles, unlike conventional 
Lagrangians extended to time-dependent nonconservative systems, have the advantage of requiring trial 
functions to be exact only at one end of the time interval of interest. Either may be generalized to account 
for nonlinearities. The second principle reduces to the first by making a suitable identification, while the 
first principle in turn reduces to a well-known and powerful variational principle for the steady state. 
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12608…..…..…………………..…….……..……ID Number…………………..…..…………….12608 

Author: Wallace, S. K. 

Title: A Note on the Analysis of Pulsed Neutron Shutdown Measurements 

Date: 1/1/1965 

Report: NSENAO, 021, 116-119 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Distribution; Equations; 
Measured Values; Neutron Flux; Neutron Sources; Neutrons; Pulses; Reactors; Shutdown 
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12609…..…..…………………..…….……..……ID Number…………………..…..…………….12609 

Author: Doederlein, J. M. / Thomassen, J. A. / Johansen, T. H. 

Title: Comparison of Critical and Subcritical /Rho/$Sup 28$ Measurements 

Date: 1/1/1965 

Report: NSENAO, 021, 122-124 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Critical Assemblies; 
Enrichment; Exponential Piles; Heavy Water Moderator; Measured Values; Neutrons; Numericals; 
Reflectors; Uranium 238; Uranium Oxides 
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12610…..…..…………………..…….……..……ID Number…………………..…..…………….12610 

Author: Burnett, T. W. T. / Williamson, T. G. 

Title: Measurement of the Infinite Multiplication Factor in a Natural Uranium, Lightwater Lattice 

Date: 2/1/1965 

Report: NSENAO, 021, 201-205 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Differential Equations; 
Integrals; Lattices; Mathematics; Measured Values; Multiplication Factors; Natural Uranium Fuel; Neutron 
Flux; Neutrons; Numericals; Pulses; Thermal Neutrons; Water Moderator 
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12611…..…..…………………..…….……..……ID Number…………………..…..…………….12611 

Author: Richey, C. R. / Lloyd, R. C. / Clayton, E. D. 

Title: Criticality of Slightly Enriched Uranium in Water-Moderated Lattices 

Date: 2/1/1965 

Report: NSENAO, 021, 217-226 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A large number of experiments has been conducted with slightly enriched uranium in 
water on which the criteria for safely handling low-enrichment reactor fuels are based. Many of the early 
exponential experiments with slightly enriched uranium rods were performed by Koutset al. Kouts' initial 
measurements were with 0.750 inch-diameter uranium rods containing 1.027 wt% uranium-235; 
subsequent experiments were conducted with 0.387 and 0.600 inch-diam rods at 1.027, 1.143, and 1.299 
wt% uranium-235 enrichment. Clayton (1955), utilizing rods of 0.925 and 1.66-inch diam, conducted a 
series of exponential experiments with 1.007 wt% uranium-235 enriched uranium. The safety criteria for 
handling reactor fuel enriched to approximately 1 wt% uranium-235 are based on these two sets of data. 
Rogers and Kinard have recently conducted exponential pile measurements utilizing 3.0 wt%-enriched 
uranium rods of 2.0-and 3.0-inch diameter. Since Clayton’s initial experiments at the Hanford Laboratories 
with 1.007 wt% uranium-235 enriched rods, experiments have been conducted with water-moderated arrays 
consisting of 1) tubular fuel elements with enrichments ranging from 1.0 to 1.6 wt% uranium-235 (1956-
58), 2) uranium rods having 3.063 wt% uranium-235 (1958-59) and 2.0 wt% uranium-235 (1960), and 3) 
exponential experiments with 0.925 inch-diameter rods to test the possibility of attaining criticality with 
natural uranium, water-moderated lattices. Although the results of these latter experiments are already 
familiar to many involved in criticality safety and have found application in establishing safety criteria of 
slightly enriched uranium, they have not previously appeared in the formal literature. This paper presents a 
summary of these experiments. The results are combined with the earlier data of Kouts and Clayton to 
obtain maximum bucklings and minimum critical masses for uranium rods enriched to approximately 3 
wt% uranium-235. Analytical methods use to correlate the experimental data are applied in extending the 
results to uranium containing 5 wt% uranium-235. 



 

C-12648 

12612…..…..…………………..…….……..……ID Number…………………..…..…………….12612 

Author: Morton, III, John R. / Piowaty, James M. / Petruzzi, Joseph / Gardner, Loren 

Title: A Study of Beryllium-Oxide-Moderated Subcritical Assemblies Containing Various Metal 
Absorbers 

Date: 2/1/1965 

Report: NSENAO, 021, 289-295 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactivity worth measurements are reported for various metal plates in a quasi-
homogeneous subcritical assembly of enriched uranium and beryllium oxide. Worths of nickel, iron, cobalt, 
gold, Hastelloy R-235 and René 41 were measured in this system using the pulsed-neutron method. 
Equivalences were determined between these absorber materials and the fueled-core material. The results 
indicate that the prompt lifetime of this system is relatively insensitive to massive localized absorbers. 
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12613…..…..…………………..…….……..……ID Number…………………..…..…………….12613 

Author: Ferziger, J. H. / Robinson, A. H. 

Title: A Transport Theoretic Calculation of the Disadvantage Factor 

Date: 3/1/1965 

Report: NSENAO, 021, 382-389 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The disadvantage factor of a two-region slab lattice has been calculated using Case's 
formalism in one-velocity transport theory. Although the problem has not been solved exactly, the 
Fredholm equations for the expansion coefficients which are derived converge extremely rapidly under 
iteration. For the numerical calculations, an IBM-7090 code based on the results has been written; the 
disadvantage factor can be calculated with this code in two seconds. The problem treated in this paper is 
highly idealized, but Case's formalism admits extensions and may lead to efficient means of calculating 
disadvantage factors for more realistic models; some of the extensions will be given in a later paper. 
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Abstract/Keyterms: We consider the probability, pn(R,t∫; ,,t), that in a multiplying system, a neutron with 
position velocity, at time t leads to exactly n neutrons in region R of, space at time t∫. By formulating pn in 
terms of first collision probabilities we derive a non-linear (Boltzmann-like) integro-differential equation 
for the probability generating function, G. The linearized equation for = 1 - G is shown to be adjoint to the 
usual Boltzmann equation for the average neutron flux. The behavior of for subcritical and supercritical 
systems is analyzed. For large t∫-t, it is shown that for subcritical systems approaches zero exponentially, 
while for supercritical systems → which is a solution of the time-independent non-linear equation for and 
equals the probability of getting a divergent chain reaction from the initial neutron. In section B, one-
velocity theory with isotropic scattering is described in some detail while in section C are outlined the 
extensions to 1) energy-dependent problems with anisotropic scattering 2) multiple final states, 3) random 
sources, 4) counting problems, and 5) delayed neutron precursors. In section D methods for solution of 
equations for G are briefly discussed, and it is shown that the asymptotic behavior may be found from 
solutions of linear time-independent ‘adjoint α’ and ‘adjoint k’ calculations. Derivation of a point model 
independent of space and velocity is carried out by an expansion in adjoint α eigenfunctions and the model 
parameters are shown to differ from those usually assumed in point models. 
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Abstract/Keyterms: Multiregion critical cores, built on a split-table assembly machine, have been used to 
investigate reactor compositions typical of epithermal and fast power reactors. The design and operating 
features of the facility, constructed to study the thorium-uranium-233 fuel cycle, are described. Criticality 
calculations have been in good agreement with experimental values. 
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Abstract/Keyterms: Solid-state p-n junction counters have been fabricated to measure fission rates of 
materials with different fission thresholds. The fission reactions are caused by neutrons varying in energy 
from thermal energies for uranium-235 to 1.5 MeV for thorium-232. The data gathered from these solid-
state fission counters have been used to compare experimental with calculated fission rates in the AETR 
cores. The fission counter is assembled by placing an electroplated foil of a fissionable material near a p-n 
junction detector. An aluminum cap is placed over each detector and foil to form a neat, compact assembly. 
The resulting counter is small enough to fit inside a reactor with minimum distortion to the neutron 
spectrum. Fission counters employing thorium-232, uranium-233, uranium-234, uranium-235, uranium-
236, uranium-238, neptunium-237, and plutonium-239 as the principal fissionable material have been 
successfully fabricated. These solid-state fission counters have proved reliable instruments to measure 
neutron fluxes in high gamma-ray fields. True fission events are easily separated from other induced 
reactors in the counter. 
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Abstract/Keyterms: The variation of neutron importance with energy and position has been investigated 
in a multiregion critical assembly having a series of test regions typical of slightly epithermal to fast power 
reactors. Values of neutron importance at the center of the test regions were measured using neutron sources 
and a reactivity oscillator. The variation of neutron importance with position was determined using neutron 
sources in conjunction with a dynamic reactivity-measurement technique. Analysis of data from similar 
beryllium- and carbon-moderated test regions indicates the significance of the Be(n, 2n) reaction. The 
neutron sources used in this study were Po-Be, Po-B11, Po-CaF2, Po-Li7, Mock Fission and Sb-Be. 
Published source spectra were used in the analysis of the data; the Mock-Fission-source spectrum was 
determined by gamma-ray spectroscopy. Relative yields of these sources were determined by calibration in 
a manganese sulfate bath. 
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Abstract/Keyterms: The change in k∞ of a heterogeneous lattice caused by a uniform change in the 
temperature of the fuel has been measured, using the Physical Constants Testing Reactor (PCTR). The test 
lattice was moderated with graphite and fueled with concentric-tube elements of slightly enriched uranium 
metal. The temperature of the fuel was varied from 297 to 1241°K. The change in k∞ with temperature was 
nonlinear and could be represented by the relation …where T is in degrees Kelvin. The experimentally 
measured values of the constants were α = (−0.308 ± 0.004), β = (−0.120 ± 0.004), γ = (−0.085 ± 0.004). 
The unit functions, U, represent the changes in k∞ caused by the isothermal volume expansion of the fuel 
element when the uranium metal undergoes transformations in its crystal structure from alpha to beta and 
from beta to gamma phases. The term C is a normalization factor related to the lattice under study. The 
reactivity techniques employed here are shown to be four times more sensitive than activation methods for 
determining the functional relationship between the effective resonance integral of a fuel element and the 
temperature of the element. The constant, α, has been experimentally separated into two components: αv = 
(−0.240 ± 0.04). which is associated with the average interior temperature of the fuel, and αs = (−0.068 ± 
0.04), which is associated with the temperature of the surface of the fuel. This separation allows treatment 
of nonuniform temperature distribution in the fuel. 
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Abstract/Keyterms: The effects of anisotropic scattering approximations in the monoenergetic transport 
equation are evaluated by calculating discrete eigenvalues, fluxes due to a plane source, and slab critical 
half-thicknesses, all for homogeneous media. Relative to P2 scattering approximation results, which are 
deemed accurate because of their agreement with P4 solutions, the simple transport approximation 
overestimates eigenvalues and underestimates half-thicknesses in multiplying media while a P1 scattering 
approximation underestimates eigenvalues and overestimates thicknesses, but with smaller error. In the 
plane source problem, where the detailed flux behavior is observed, the transport approximation is even 
less accurate; but an extended transport approximation is found to be much more adequate. In overall 
effectiveness, in order of increasing accuracy, the approximations considered are ranked as follows: 1) 
transport, 2) forward-backward, 3) first-order Legendre, 4) extended transport, and 5) higher order 
Legendre. Some evidence is given to indicate that, even for severely anisotropic scattering, relatively low-
order Legendre approximations are sufficient to include anisotropic scattering effects. 



 

C-12659 

12623…..…..…………………..…….……..……ID Number…………………..…..…………….12623 

Author: Garabedian, H. L. / Lynch, R. E. 

Title: Nonlinear Reactor Kinetics Analysis 

Date: 4/1/1965 

Report: NSENAO, 021, 550-564 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: This study is concerned with two-group reactor kinetics in a multi-region reactor for 
problems which involve time-dependent coefficients and nonlinear terms. The method of solution described 
can be used in problems in which the cross sections are given as linear combinations of powers of the fluxes 
or as powers of the integrated fluxes. Numerical integration schemes are suggested to solve this class of 
problems. Included in the possible inherent shutdown mechanisms of a reactor is the Doppler broadening 
of absorption resonances. It is this particular phenomenon that is used in a Model Problem to illustrate 
techniques that may be used to solve a much wider class of problems. The Model Problem is based on two-
group diffusion theory, with one group of delayed neutrons, in a multi-region slab reactor. The results 
obtained are readily extensible to cylindrical and spherical geometries in one space variable. 
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Abstract/Keyterms: The propagation of neutron waves through homogeneous nuclear systems, 
multiplying or non-multiplying, is studied with the aid of the general linear model. This model is 
characterized by a relationship between the complex wave length and frequency, a dispersion law. It is 
shown that, independent of the geometry of the system, the nature of the propagation and hence the neutron 
wave optics of the medium, is governed by this dispersion law. It is also shown how this dispersion law can 
be measured in the general situation, using spectral analysis and modal decontamination techniques. When 
specialized to particular geometries, but not to particular systems, the possibility of stop-and-pass 
frequencies emerges. When specialized still further to a multiplying system governed by age-diffusion 
theory, a new criterion for criticality is found. This latter should be of interest in monitoring the approach 
to critical condition in a large reactor whose kinetics are spatially dependent. 
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Abstract/Keyterms: A numerical procedure for the integration of the reactor kinetics equation is 
developed. It has the property of being numerically unconditionally stable for all values of the reactivity or 
integration-step size. The basic assumption of the method is that the neutron and precursor densities behave 
exponentially with a frequency characteristic of the asymptotic frequency corresponding to the reactivity. 
As a consequence of the assumption, and the factoring of the kinetics equation, it is then shown that for 
constant reactivity the asymptotic numerical Eigen solution is exactly the asymptotic Eigen solution of the 
differential kinetics equations. Thus, for constant reactivity, the asymptotic numerical solution can be 
shown to differ from the asymptotic analytic solution by at most a constant factor, proportional to ht2, for 
all time. 
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Abstract/Keyterms: This paper gives a new and very simple method of calculating Dancoff factors in 
regular arrays of cylindrical fuel rods. This method is readily applicable to canned fuel, and comparisons 
with Monte Carlo calculations show that its accuracy is adequate for practical purposes. The paper also 
gives an extension of the standard equivalence theorem which, unlike the theorem itself, is accurate enough 
for practical work. This extension enables the resonance integrals of regular arrays to be calculated from 
the Dancoff factor and from calculations of the resonance integral in homogeneous mixtures. These 
methods have been compared with the very accurate Monte Carlo calculations of Levine; the result is most 
satisfactory. 
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Abstract/Keyterms: The extrapolation distance ϵ at the surface of a grey cylindrical control rod of given 
size is found in terms of the blackness β of the rod and in terms of the extrapolation distance ϵb at the 
surface of a black rod of the same size. The formula is where λe is the transport mean free path in the region 
external to the rod. Tables are provided for β and an empirical expression for ϵb/λe is given. 
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Abstract/Keyterms: Numerical comparisons have been made between exact and approximate solutions to 
the two-group space-time diffusion equations. Two slab cores were studied, one 240-cm thick and the other 
60-cm thick. Prompt critical bursts and limited ramp insertions of reactivity were simulated by imposing 
perturbations on the fission cross sections throughout the first quarter of the core. Feedback effects were 
neglected. Results were obtained using the conventional point kinetics equation, the adiabatic 
approximation and the space-time synthesis method. For one situation, two nodal methods were also 
examined. Comparisons with the exact space-time solutions suggest that, when the point kinetics equations 
are expected on qualitative grounds to be a poor approximation, the actual quantitative errors can be 
extremely large. of the other approximations tested the space-time synthesis method gave the most accurate 
results. 
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Abstract/Keyterms: The concept of a transfer function for a nuclear system is extended to include spatial 
effects. The general equation is derived using the time-dependent Fermi age and diffusion theories for a 
single-region, isotropic, homogeneous medium. The fluctuations of the thermal-neutron density at any point 
in the assembly is related to the variation of the fast-neutron source. The general transfer function equation 
is specialized for several cases, including the case of a point source in a cylindrical medium. Theoretical 
curves are calculated for multiplying and non-multiplying media and compared with the commonly used 
lumped-parameter transfer function. The results indicate, in general, that the lumped-parameter model 
predicts the correct behavior of the nuclear system only if the output detector is carefully positioned at a 
specific distance from the source. If the detector is located elsewhere, the lumped-parameter model is not 
capable of accurate results. The theoretical equations were used to calculate the spatially dependent transfer 
function between two detectors (the cross-transfer function) that were located within light- and heavy-water 
subcritical assemblies, simulating some experimental measurements. A comparison of the experimental and 
theoretical transfer functions indicate that the Fermi age, diffusion theory model might be quite adequate 
in describing the kinetics of a nuclear system. 
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Abstract/Keyterms: The complementary nature of pulsed-neutron and reactor-noise techniques in the 
investigation of reactor dynamic parameters is illuminated by considering the response of a reactor to two 
types of forcing functions. One of these forcing functions is the impulse function employed in pulsed-
neutron studies, while the other is derivable from the inherent randomness of the nuclear events taking place 
in the reactor. Both the prompt-neutron density following a burst of neutrons into a reactor system and the 
spectral density of the reactor noise can be expressed in terms of the prompt-neutron decay constant, α. 
This, in turn, is related to the ratio β/ℓ and the reactivity of the system. Either technique can be used to 
measure α; however, in practice, each is limited according to a ‘figure of merit’ for a given experimental 
situation. Measurements made on both subcritical and critical assemblies in the Critical Mass Laboratory 
at Hanford illustrate the complementary feature of these two techniques and their usefulness in verifying 
each other's experimental results. 
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Abstract/Keyterms: The purpose of this letter is to present a simple formulation of the reactor dynamics 
equations for sinusoidal reactivity variation which can be solved analytically. It is thereby possible to 
estimate the rate of divergence of the power level during an oscillation experiment. Similarly, it is possible 
to predict a mean value of the reactivity less than zero which should eliminate the mean-power-level drift. 
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Abstract/Keyterms: The fuel management optimization of a nuclear power plant is separable from the 
over-all optimum design. It has weak interactions with the core design and poison management which may 
be expressed by constraints upon the maximum permissible fuel burnup and ratio of peak-to-average power 
density (power peaking). Each time the reactor becomes subcritical, a decision must be made as to which 
fuel should be discharged and replaced and to what degree rearrangement is advantageous. This a multistage 
decision process whose objective is the minimum power cost over the plant life. A dynamic programing 
algorithm and a computer program have been developed to optimize the refueling policies of a single-
enrichment, three-zone, 1000-MWe PWR core for a minimum unit power cost. The major assumptions 
necessary for this method are the representation of the fuel composition by the sole parameter, burnup, and 
the prediction of the system behavior by least-squares polynomial curves fitted to prior calculations. These 
approximations have been verified and their accuracy is about 3%. Many problems are displayed to 
demonstrate the application of the method. The cost figures given in the numerical examples are for 
illustration purposes only and may not reflect current manufacturers' and utilities' policies. 
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Abstract/Keyterms: Monte Carlo calculations have been carried out in great detail on the reflection 
properties of concrete for fast neutrons. This paper presents the results for the differential angular dose 
albedo for various incident-beam conditions and touches upon some of the other distributions calculated. 
The following formula is offered to represent the calculated differential angular dose albedo to better than 
10% for about 95% of the values obtained, and which can be used to extend the results to the entire 
hemispherical range for both incident and reflected neutron velocity vectors: 
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Abstract/Keyterms: By expressing the fluxes associated with a range of experimental period 
measurements as linear combinations of several trial functions, a generalization of the inhour formula 
relating measured periods to linear functionals of the perturbation is obtained. The formula is applied to 
finding the fast periods and values of keff associated with the early stages of super-prompt critical-burst 
experiments or pulsed die-away experiments. By appropriate choice of trial functions, the formula may be 
rearranged so that it relates period to a single reactivity-like quantity and other small corrections. Since this 
quantity is a linear functional, values of it corresponding to different perturbations are additive, even when 
the over-all flux shapes associated with these perturbations differ. When two trial functions alone are 
sufficient for a range of experiments, further rearrangement results in a relationship that has the form of the 
so-called seven-group inhour equation. 
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Abstract/Keyterms: A procedure for calculating the neutron multiplication factor and few-group constants 
for water-moderated reactors has been developed. The intent of this development was to produce a 
calculational procedure which could be used with confidence in the engineering design of water-moderated 
reactors. Analytic procedures that require large amounts of computer time were excluded from 
consideration. The proposed procedure includes a heterogeneous treatment of the fast-fission effect, 
resonance absorptions and the thermal utilization. The results of the procedure agree well with more 
rigorous calculations requiring orders of magnitude more computer time. The procedures have been applied 
to 116 uranium-metal and uranium dioxide experimental lattices covering a wide range of parameters. The 
multiplication factor is calculated for all cases with a standard deviation about the mean of 0.86%. 
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Abstract/Keyterms: In a previous paper Leslie, Hill and Jonsson put forward a method for the rapid 
evaluation of the Dancoff factor in regular arrays of fuel rods. They also showed how extended rational 
approximations to the fuel nonescape probability could be used to improve the form of the equivalence 
theorem based on Wigner's rational approximation. This form of equivalence asserts that the resonance 
integral is a function of the geometry through the excess potential scattering 1/N… only, where N is the 
number density of the absorber and …is the mean chord. In the modification proposed by Leslie, Hill and 
Jonsson, this function is generalized to a/N…; the Bell factor a is found to vary with coolant density. By 
making use of an approximate analytic method for the calculation of collision probabilities in geometries 
more general than regular arrays, the present authors extend this work to cluster-type fuel elements. The 
basic procedure is the same as in the work referred to above. An analytic expression for the fuel-to-fuel 
collision probability is derived using arguments about its behavior in the black and white limits (i.e. in the 
limits of high and low cross sections). The Dancoff factor is derived from the behavior in the black limit. 
It is shown, by comparison with exact calculations, that for two types of cluster geometry of current interest 
in fuel element design, the proposed Dancoff factor is in error by at most 2%. Improved equivalence 
relations for cluster geometry are also considered. It has been customary to assume that the cluster is 
equivalent to an isolated rod of diameter dp/Γ, where dp is the diameter of a single pin in the cluster and Γ 
is the Dancoff factor. Such a procedure implies that the Bell factor of the cluster is constant and equal to its 
value for an isolated rod. It is shown in this paper that the Bell factor is a function of coolant density and 
that, in a particular case, the cluster is almost equivalent to an isolated rod at low density. As the density 
increases, the Bell factor drops rapidly by 6% and then increases slowly. 
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Abstract/Keyterms: For the heavy-gas model, the stationary space-dependent neutron spectrum in one- 
and two-dimensional heterogeneous thermal reactors is determined in the diffusion approximation. The fuel 
elements, which are not necessarily identical, and absorbing slabs or rods are arranged arbitrarily. However, 
absorption in all of them is assumed to follow a l/v law. The neutron flux is represented as a linear 
combination of the lowest eigenfunction of the Laplace operator for the geometry considered and a finite 
set of Green's functions for the stationary-wave equation for various, usually imaginary, wave numbers. 
The energy-dependent coefficients are determined by the author's method, developed in an earlier paper. 
The lowest eigenfunctions of the Laplace operator and Green's functions for the stationary-wave equation 
are given for some geometries of practical interest. Solutions found earlier for simple geometries may now 
be regarded as special representations of these Green's functions. But in these cases, too, other 
representations can be found which are to be preferred for numerical reasons. 
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Abstract/Keyterms: MIX-COMP-THERM-012, MIX-COMP-THERM-013, MIX-COMP-THERM-014, 
PU-SOL-THERM-033; Critical experiments were conducted with homogeneous mixtures of plutonium 
dioxide-polystyrene (hydrogen/plutonium atomic ratio of 15) containing both 2.2 and 8.0% plutonium-240. 
Criticality was determined for a series of Plexiglas reflected rectangular prisms ranging from near cubes, 
to long columns, and to thin slabs; bare arrays of near-cubic geometry were also studied. Critical thicknesses 
were 16.09 ±0.41 and 5.99 ±0.10 cm, respectively, for the bare and reflected infinite slabs of plutonium 
dioxide-polystyrene containing 2.2% plutonium-240. Corresponding values for the 8.0% plutonium-240 
mixtures were 18.48 ± 0.41 and 7.38 ± 0.09 cm. The infinite slab thicknesses for an equivalent plutonium-
239-water mixture (hydrogen/plutonium = 15, rho = 1.62 g plutonium/cc) were 11.66 ± 0.30 and 4.38 ± 
0.08 cm, respectively, for the bare and water-reflected slabs. Corresponding critical radii for infinitely long 
cylinders were 10.52 ± 0.16 and 6.54 ± 0.14 cm; radii for critical spheres were 13.81 ± 0.16 and 10.40 ± 
0.17 cm. 
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Abstract/Keyterms: Equilibrium neutron energy spectra inside finite blocks of beryllium at different 
temperatures have been calculated by solving the energy-dependent Boltzmann equation in the diffusion 
approximation by numerical iteration. Different sizes of the assembly have been considered. The values of 
the transport mean free path, λtr (E), (for various temperatures) have been taken from earlier work. Because 
of the peaks in the transport mean free path, the calculated equilibrium flux differs markedly from the 
Maxwellian, particularly for small sizes and low temperatures. Calculations also give the values of the 
decay constant, λ for equilibrium neutrons. Values of λ based on Placzek kernel agree very well with the 
experimental values. The reasons why the present calculated values, as also the experimental values of λ, 
exceed Corngold's theoretical upper bound have been discussed. The effect on λ of ‘trapped neutrons’ and 
that of cold neutrons has also been studied by taking different forms for σtr (E). 
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Abstract/Keyterms: An expression different from the conventional modal expansion about space-
dependent linear system kinetics is proposed. The solution is expressed in the form of a Laplace-
transformed source transfer function. The Taylor expansion of the function in ‘s’ (the variable in the 
transformed domain) is obtained by solving the related stationary equations. The series is approximately 
continued to the simple form of the transfer function such as the first-order lag or the transport lag 
expression. In this method, it is not necessary to solve the eigenvalue problem directly. This solution 
contains the contribution from the higher modes and gives a practical approximation in a simple form, even 
if the response includes much higher modes. A numerical example is shown. This method is also applicable 
to general linear distributed constant systems. Some applications to coupled reactor theory and to 
thermalization kinetics are mentioned. 
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Abstract/Keyterms: Because of the large physical size of typical boiling-water power-reactor cores, there 
is a possibility of transients in the spatial power distribution. The vertical coolant flow produces a strong 
undirectional coupling between the power in the lower and upper parts of the core. This situation is 
qualitatively analyzed by means of a highly simplified two-node reactor model. The additional assumption 
that the effective delayed-neutron period and fuel-element thermal time constant are equal makes possible 
a nonlinear graphical solution of the problem by the parametric trajectory method. In the illustrative 
numerical examples, the spatial power-distribution transients are mild. 
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Values; Neutron Flux; Numericals; Quantitative Analysis; Reactor Core; Reactors; Tubes; Uranium 235; 
Uranium 238 



 

C-12688 

12652…..…..…………………..…….……..……ID Number…………………..…..…………….12652 

Author: Paschall, R. K. 

Title: The Age of Fission Neutrons to Indium Resonance Energy in Zirconium-Water Mixtures Part I--
Experiment 

Date: 11/1/1965 

Report: NSENAO, 023, 256-263 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The age of fission neutrons to indium resonance energy (1.46 eV) was measured in 
mixtures of zirconium and water. Three different volume ratios of metal to water were investigated. The 
experimental technique of a finite plane fission source with essentially infinite plane detectors was used 
(which was equivalent to using an infinite plane source with axial detectors). Thus, the theoretical 
corrections to the measured results were only 1.5% or less. This the same technique used previously at this 
laboratory to measure the age in pure water, and comparisons were made with those data. The results 
indicate a linear variation of the age as a function of metal-to-water ratio. 
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Abstract/Keyterms: The Monte Carlo code TYCHE-III has been used to calculate with a high degree of 
convergence the second, fourth, and sixth spatial moments of the slowing-down density distribution at the 
indium resonance energy, for neutrons originating from a fission source at a point in infinitely extended 
water and zirconium-water moderators. The effects of both inelastic scattering and anisotropy of elastic 
scattering in oxygen and zirconium have been included. For water, the calculations were performed using 
several widely available sets of data on oxygen cross sections and angular distributions. The effects on the 
neutron age and higher spatial moments of several fission spectra are also reported. These calculations have 
been compared with the moments of experimentally measured distributions of neutron flux at the indium 
resonance energy, after applying a suitable correction to the computed slowing-down moments. The 
agreement between the calculated and measured values of the neutron ages and higher moments is seen to 
be satisfactory. 
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Abstract/Keyterms: Small crystals of NaI(TI) were exposed to (D, D) neutrons slowed down in a paraffin 
moderator. The crystals were either enclosed in cadmium or placed inside a small cadmium box filled with 
the moderator material. The activities induced in iodine at different positions were measured. Now let the 
normalized activities obtained with the detectors enclosed in cadmium be A1 and let those obtained with 
the detectors placed inside the cadmium box be A2. It is assumed that the difference A2 − A1 is proportional 
to q(0.5 eV)-the slowing down density at an energy of 0.5 eV-and from the measured quantities A2(r) and 
A1(r) the slowing down age has been determined. Bare crystals were also irradiated, and the induced 
activities measured. Let these activities be A3. Then the difference A3 − A1 will give a measure of the 
density of thermal neutrons and the migration area can be determined. With migration area and slowing 
down age known, the diffusion length of thermal neutrons could be determined too. The result obtained 
was L = (2.86 ± 0.16) cm compared to a calculated value of (2.60 ± 0.01)cm. The discrepancy might indicate 
that the neutron temperature in the paraffin is about 400 °K. Paraffin was used as moderator material 
because this greatly facilitated the experiment. It is never used as a reactor material and knowledge of the 
measured quantities may be of minor importance. The method, however, might possibly be of some interest. 
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Abstract/Keyterms: Parameter measurements in a 1.3% enriched UO2 lattice with H:U = 0.42 have been 
performed. These measurements are an extension of an experimental program in the TRX critical facility 
of the Bettis Atomic Power Laboratory. Earlier measurements were made for a wide range of water-to-
uranium (H2O:U) volume ratios (1:1 to 8:1) using 4-ft (1.2-m)-high slightly enriched, 0.387-in. (0.98-cm)-
diam uranium metal or oxide fuel rods clad with aluminum. The new data have been compared with current 
analytic techniques, using both P-1 and P-3 multigroup analysis in the epithermal neutron energy range and 
Monte Carlo multigroup methods for thermal neutrons. This extremely undermoderated lattice provides a 
very stringent test for both the computational methods and the neutron cross sections used. The quantities 
measured were: the ratio of epithermal-to-thermal radiative captures in U238 (ρ28); the ratio of captures in 
U238 to fissions in U235 (the modified conversion ratio, CR); the ratio of U238 fissions to U235 fissions 
(δ28); and the ratio of epithermal-to-thermal U235 fissions (δ25). In addition, activations were obtained 
with thermal-neutron detectors of widely different spectral response. The results indicate that the 
calculational methods predict the parameters very well, except for δ28. The discrepancy in δ28 may be due 
to inadequate U238 inelastic scattering cross sections, but this conclusion requires additional study. Monte 
Carlo calculations of thermal-neutron detector activations show that use of either the Nelkin or Koppel 
kernel gives results that agree with the data. 
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Abstract/Keyterms: Within the framework of a simplified one-dimensional model, the following problem 
is considered. Given a segment of some fissionable material with a length less than its natural critical length, 
construct, if possible, reflectors that provide albedos sufficient to make the segment critical (or achieve a 
prescribed degree of supercriticality) and do this in an optimal way (i.e. with minimum weight or cost). It 
is shown via asymptotic solutions to the one-dimensional Boltzmann equations that the appropriate left and 
right albedos lie on a segment of a hyperbola. For any pair of these albedos and for a wide class of 
optimization criteria, the optimal reflectors can be designed using the technique of dynamic programming. 
The solution to the problem is then found by a simple minimization along an arc of the hyperbola which 
relates the left and right albedos. Numerical examples are provided to illustrate the method when the 
optimization criterion is minimum weight. 
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Abstract/Keyterms: It is shown that it is possible to recast the usual canonical conditions for predicting 
stability-in-the-large for reactor-kinetics systems into terms of the parameters characteristic of the physical 
system, thus permitting direct qualitative examination of the stability of a given system. For systems with 
more than one reactivity coefficient, it is found as a direct consequence of the physical formulation that if 
the prompt coefficient is negative then a delayed positive coefficient can be more stabilizing than a delayed 
negative coefficient. 
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Abstract/Keyterms: The digital computer algorithm produced by the methods of dynamic programming, 
generates optimal reactor-shutdown programs that (i) minimize the post-shutdown xenon concentration 
maximum, or that (ii) minimize the xenon concentration itself at a given post-shutdown time. Such 
shutdown programs are found to consist of pulsing the reactor at specified intervals. The number and 
duration of the pulses depend on the parameters involved, especially the magnitude of the flux constraints, 
and the constraints on the xenon override reactivity available in a given fuel loading. 
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Abstract/Keyterms: The influence of the distribution of 235U, 239Pu, and 233U in water on the minimum 
critical mass, the minimum critical concentration per unit length of cylinder, and the minimum critical mass 
per unit area of slab surface is calculated. Two energy groups are employed in the calculations with 
parameters normalized to force agreement between calculations and experiments performed with water-
reflected spheres containing uniform aqueous solutions having a wide range of concentrations. Calculations 
made with these parameters for a water-reflected cylinder, in which the optimum distribution for minimum 
mass was approximated within five coaxial regions, agree well with experimental results. Minimum critical 
masses, concentrations per unit length of cylinder, and masses per unit area calculated for 235U, 239Pu, 
and 233U are, respectively, 768 g, 16.9 g/cm, 0.417 g/cm2; 492 g, 10.6 g/cm, 0.266 g/cm2; and 571 g, 13.5 
g/cm, 0.362 g/cm2. 
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Abstract/Keyterms: A perturbation method is described for the calculation of the heterogeneity effects on 
the multiplication factor and on the flux in fast reactors. It differs from the conventional perturbation method 
in that it uses an adjoint flux that is different from, but simply related to, the conventional adjoint. This new 
adjoint flux follows from the use of the collision-probability concept in the integral transport equation. The 
first-order changes in both the multiplication factor and the flux are simply expressed in terms of the 
conventional flux and adjoint flux obtained from homogeneous calculations. A procedure is described for 
the computation of higher-order changes. Qualitative results, as well as numerical results, are given. The 
application of the method to Doppler calculations in heterogeneous reactors is outlined. 
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Abstract/Keyterms: A set of moment equations is given for a reactor system in which neutron fluctuations 
are observed by detecting high-energy prompt photons that arise from neutron interactions. Attention is 
restricted to a one-speed “point-reactor” model in which delayed neutrons and photons are ignored. 
Expressions for the ratio of the variance to mean of the particles arising from the detection of photons are 
computed, as well as for the power spectral density of the detection rates. Comparison of these results with 
the corresponding expressions from conventional neutron-detecting noise analysis shows a striking 
similarity, and it is suggested that noise analysis by photon detection possesses certain other characteristics 
that endorse its feasibility in principle. 
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Abstract/Keyterms: An analytical method for continuous refuelings is developed. The starting point is the 
first-order nonlinear differential equation, and the technique for solving this a use of an elliptic function 
theory. The nature of the neutron flux distribution, eigenvalue, and critical velocity are investigated for the 
in-out and the out-in continuous refueling. Numerical results for neutron flux distribution are given. 
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Abstract/Keyterms: The theory of space-dependent stochastic fluctuations is developed in sufficient 
generality that any specialization can be made to a particular reactor model by finding the appropriate 
Green's function for the mean-neutron-density equation of the system in question. The approach used is the 
Langevin technique which, as developed here, yields the cross-correlation function as a double convolution 
over two Green's functions and the correlation function of equivalent “noise sources” present within the 
system. The character of these noise sources is examined in considerable detail to gain the basic physical 
understanding necessary to arrive at a calculational procedure and specific formulae. It is shown that when 
delayed-neutron effects are included, the input noise sources are not white. That is, their spectral-density 
functions are not constant. A clear distinction is made between fluctuations in the neutron density and the 
fluctuations observed with a detector. The density fluctuations include contributions from a neutron 
correlated with itself and direct progeny, whereas the mechanism of detection (invariably removing a 
neutron) eliminates this correlation. 
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Abstract/Keyterms: The problem of critical dimensions of an infinite slab multilayer multiplying system 
can be solved by the general procedure of K.M. Case. The angular neutron distribution and the critical core 
size can then be found by means of the solution of the Fredholm-type integral equation with an additional 
critical condition. Numerical calculations were done for the case of a multiplying slab surrounded by an 
infinite reflector assuming one energy group and isotropic scattering of neutrons. 
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Abstract/Keyterms: The neutron spectrum equations are investigated for regions in which the neutron 
source includes both volume and surface components. The results are thereby applicable to reflected cores 
and reflector regions. The spectrum is analyzed in the volume-integrated P1 approximation. The difference 
from the corresponding bare-core relations is an additional source, plus the redefinition of the leakage 
parameter. It is shown, with the approximation of diffusion theory, that the leakage parameter is always 
nonpositive. Several simplified forms are also developed for this term. A numerical calculation is presented 
to show the details of the procedure, and the results are compared to a multiregion analysis. 
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Abstract/Keyterms: It is shown that the most suitable boundary conditions connecting the moments of the 
angular flux at the two faces of an annular void surrounding the fuel in a reactor lattice cell are obtained 
from the consistent use of the transport-theory PN approximation in the void as well as in the other media, 
when N is not restricted to very low values. A different procedure, which is particularly appropriate in 
diffusion theory, had been used previously by Newmarch and extended to N = 3 and N = 5 by Tait and 
Clendenin. However, the algebraic difficulties are considerable, and, although their method is preferable to 
the systematic use of the PN approximation in all media for the lowest values of N, it is not capable of 
generalization to higher N. Comparisons of the different approaches are given for the lowest-order 
approximations; the method based on applying the PN approximation to all regions is given in a form 
suitable for any odd value of N, and numerical results are presented up to N = 11 to show that it converges 
rapidly. 
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Abstract/Keyterms: As suggested by Brissenden, it is possible to analyze the reaction rate in the 
unresolved resonance region by generating sets of random resonance parameters that have the correct 
statistical properties. Since each set of parameters is itself a random variable, an estimate of the probable 
error in an average-group cross section or reaction rate can be made by averaging over many random sets. 
This we have done for a mixture representative of fast breeder reactors and for the energy range 700 to 900 
eV. This region is a typical one for studying the Doppler effect. If we make the assumption (a great 
oversimplification) that the response in this small energy band is typical, not only for the mean but also for 
the variance, then we would conclude that, if all fine groups (of width 200 eV) have the same weight, the 
probable error in the fissile component of the Doppler coefficient is about equal to its mean value. For the 
fine group itself, the probable error in the difference in the relative changes of the fission and the absorption 
rates is about ten times the mean value. 
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Abstract/Keyterms: Solutions of the point kinetic equations with delayed neutrons for reactor systems 
with arbitrary linear feedback are investigated. It is found that the solutions that are Laplace transformable 
are bounded for all initial perturbations regardless of whether or not the system is linearly stable, provided 
the Laplace transform of the feedback kernel has no zeros on the positive real axis. This criterion is applied 
to some reactor models previously investigated by others. It is shown that there are also nontransformable 
solutions that possess a finite escape time and that such solutions can exist only if the reactor has a prompt 
positive reactivity coefficient. The asymptotic behavior of these solutions near the escape time is also 
obtained. These general conclusions are verified by considering some specific feedback models for which 
exact solutions are available. Numerical solutions for reactor systems with more realistic feedback models, 
such as one used to describe EBR-I, are obtained by a digital computer. 
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Abstract/Keyterms: The monoenergetic transport equation is solved in the P3 approximation for a 
cylindrical rod in a square cell. Reflecting boundary conditions applied on the boundary of the cell represent 
exactly the geometry of cylindrical rods in an infinite square-lattice array. By comparison with Monte Carlo 
calculations, the P3 calculations appear to approach the exact transport solution at about the same rate in 
two dimensions as in one dimension. For the cases investigated, the scalar flux in the central absorbing rod 
is rather independent of the angular position. This appears to be the reason for the success of the Wigner-
Seitz equivalent cylindrical cell, with various outer boundary conditions, in predicting flux disadvantage 
factors. Flux traverses in the square cell and in the Wigner-Seitz equivalent cylindrical cell are also 
illustrated. 
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Abstract/Keyterms: Using the fast chopper at the Stockholm reactor R1, we have measured angular 
neutron-flux spectra in an arrangement consisting of short uranium rods in heavy water. The rods were 
mounted in an aluminum container placed in the central vertical channel of the reactor. The axes of the rods 
were horizontal and approximately located in a vertical plane. The uranium was 29-mm diam, the aluminum 
can was 1-mm thick, and the spacing was about 140 mm. We measured … (E,…, …in the vertical direction 
…, for various positions …. At 1 eV the results obtained were equal to each other within ±7%, but in the 
thermal region, they differed considerably. Thus, at 0.01 eV, the highest value measured was as much as 
4.5 times the lowest one. In spite of the unclean geometry, we have also calculated the angular-flux spectra, 
starting from scalar-flux spectra obtained from the THERMOS code. The shape of the calculated spectra 
of the angular flux agreed within a few percent with the experimental spectra. From a combination of 
calculated and experimental results, we also obtained the spectrum of the incoming neutron current for a 
fuel rod. This current proved to have a neutron temperature about 7°C above the neutron temperature of the 
flux halfway between two rods. In the low-energy region (around 0.015 eV) the out-flux from a rod showed 
a wavy variation, believed to depend on Bragg effects in the metal. 
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Abstract/Keyterms: PU-SOL-THERM-018, PU-SOL-THERM-024, PU-SOL-THERM-026, PU-SOL-
THERM-025, PU-SOL-THERM-001, PU-SOL-THERM-011, PU-SOL-THERM-007, PU-SOL-THERM-
008, PU-SOL-THERM-019, PU-SOL-THERM-021; A series of criticality experiments were performed 
with plutonium (4.6% plutonium-240) nitrate solution in stainless steel spheres of 11.5-, 14-, and 15.2-inch 
diameter reflectors of water, concrete, paraffin, and stainless steel were used; experiments were also 
performed on the 15.2-inch sphere unreflected. The spheres were made critical with plutonium 
concentrations varying from 24 to 435 g plutonium/liter and molarity varying from 0.2 to 7.7. The minimum 
critical volumes for plutonium nitrate in water containing 4.6% plutonium-240 were determined to be about 
22 and 11 liters, respectively, for bare and reflected spheres at a concentration of 175 g plutonium/liter. The 
effect of a 0.030-inch cadmium shell or a 4-inch air cap between the reflector and the vessel reduced the 
reflector worth to that of a nominal reflector (1-inch of water or less) for the concentrations of plutonium 
measured. Comparisons were made between experimental and theoretical results using multigroup 
diffusion theory. 
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Abstract/Keyterms: The effects of spin polarization on the slowing down of neutrons in water is 
investigated. Spin-dependent scattering cross sections are derived from a combination of resonance 
parameters, experimental phase shifts, and optical model calculations. It is shown that the effect of 
polarization on the age of neutrons slowing down from an unpolarized plane source in an infinite moderator 
may be rigorously obtained from the P-1 approximation to the transport equation. One finds that the age of 
fission neutrons slowing down in water would be decreased by 0.8% by polarizing collisions with oxygen 
below 2.6 MeV were it not for depolarizing collisions with hydrogen that reduce this figure to 0.2%. 
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Abstract/Keyterms: A study of linearized reactor dynamics equations shows that delayed neutrons do not 
always “improve” the stability of nuclear reactors at power level and that a reactor may be unstable although 
it is stable when delayed neutrons are neglected. The critical power for instability and the damping of 
natural oscillations are larger when delayed neutrons are taken into account in the case of low-pass phase 
lagging reactivity feedbacks, but this property is not true for all types of feedbacks. 
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Abstract/Keyterms: Two equally valid systems of definitions are given for the neutron diffusion 
parameters of a reactor lattice: cell-average and cell-surface. In defining the cell-average parameters, we 
imagine a macroscopic flux distribution to be fixed in space while the lattice is translated with respect to it. 
In defining the cell-surface parameters, we work in terms of fluxes and currents on the surface of a cell 
having the fissile material at its center. Parameters from both systems have been used before; but until 
recently we have lacked complete clarity of definition and the realization that there are two valid systems 
of parameters that should not be mixed in the one calculation. The early formula, L2 is equal to the 
summation over all values of i of fiLi2, is for a cell-average thermal diffusion area; L2 = (outleakage)/B2 
(absorption), applied to a cell with the fissile material at the center, is a cell-surface diffusion area and is 
less than the summation over all values of i of fiLi2 by ≈(lattice spacing)2/24. 
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Abstract/Keyterms: SPEC-MET-FAST-001, SPEC-MET-FAST-002; The production cross sections 
…where α = σc/σf for 238Pu and 239Pu, have been compared in the fast neutron flux at the center of a bare 
spherical critical assembly of 239Pu. These quantities averaged by the fast-neutron spectrum indicate nearly 
the same properties for the even-even 238Pu nucleus as for the odd-even 239Pu nucleus. The ratio measured 
in a neutron flux peaked at 0.25 MeV with an average neutron energy …= 1.67 MeV is …(238Pu)/ …( 
239Pu) = 1.01 ± 0.06, and …(238Pu) = 3.76 ± 0.23 b. The results of this study indicate that 238Pu metal 
probably has a critical mass of the same order of magnitude as 239Pu metal. 
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Abstract/Keyterms: The technique usually employed to estimate errors in approximation schemes for 
neutron physics problems is simply to compare the results with higher order approximations or purely 
numerical results, or with available experimental measurements. In this paper, an analytic error-estimating 
technique is developed for deriving error bounds for approximate eigenvalues, which depends only on the 
proximity of the exact and approximate eigenvalues and not on higher order approximations. An integral 
equation formulation is employed in developing the error estimating method, but the form of the integral 
equation kernel is not restricted, so that broad classes of integral equations may be treated. By means of the 
Green's function, differential-equation eigenvalue problems may also be handled. To illustrate the error 
estimating method, the space decay constant eigenvalue problem of neutron thermalization theory is 
discussed. Error bounds are developed for the space decay constant eigenvalues in both the Wilkins heavy-
gas differential equation and Wigner-Wilkins integral-equation scattering models. The results obtained 
indicate that rigorous error estimates can be obtained with little computational effort. 
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Abstract/Keyterms: This paper discusses the validity of the pulsed-neutron experiments frequently used 
for checking core-shutdown calculations. The analysis of the experimental methods is based on energy-
dependent diffusion theory, since this, in its few-group form, is the usual core-design model. It is shown 
that the comparison of experimental and theoretical values of the fundamental-mode prompt decay constant 
is a valid check, but the Garelis and Russell method is subject to severe limitations. We show that certain 
assumptions must be made to deduce the Garelis and Russell equation and recommend that the experimenter 
check the extent to which these assumptions are violated before he attempts to use the Garelis and Russell 
method. 
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Abstract/Keyterms: A one-dimensional noniterative method for calculating the fast- and thermal-neutron 
flux distribution, effective neutron multiplication factor, power density, enthalpy profile, water density 
distribution, and steam void map of a light-water moderated reactor core is presented and programmed as 
a computer code — ANDREA. In this method, the spatial dependence of the neutron spectrum is accounted 
for explicitly. The method outlined in this paper can be used as one of the design tools for pressurized water 
reactor (PWR) cores as well as for boiling water reactors (BWR). The novelty of this method lies in its 
noniterative mathematical formulation which takes into account the nuclear-thermal interaction in a reactor 
channel. Fission density is directly related to heat generation and heat generation causes density changes in 
the coolant with subsequent formation of steam voids. The method described here is based on the fact that 
the above relationships are interdependent. As a result of this noniterative formulation, a significant amount 
of computer time is saved. Finally, it is to be noted that the method presented in this paper is primarily 
intended for the analysis of large power reactors. 
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Abstract/Keyterms: Two criteria for the Lagrange stability in reactors with an arbitrary linear feedback 
have been derived. The feedback kernel is assumed to be G(t) = rδ(t) + K(t), where r is the power-reactivity 
coefficient, and K(t), which is assumed to be bounded and integrable in (0, ∞), represents other feedback 
effects. The Laplace transform of K(t) is denoted by (s). It is found that “a) if r < 0 and r + (s) = 0 has no 
positive real roots, and b) if K(x)dx ≤ 0 for all t ≥ 0 in the case of r = 0, then all the solutions of the kinetic 
equations are bounded.” 
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Abstract/Keyterms: The physical question of the spatial stability of a reactor with respect to xenon 
oscillations corresponds to a mathematical question regarding the location in the complex plane of the roots 
of a certain eigenvalue problem. The introduction of feedback controllers corresponds to the imposition of 
constraints on the eigenvalue problem. The effect of certain such constraints on the locations of the 
eigenvalues is examined in this paper for the idealized case of a one-group uniform-ring reactor. It is found 
that the eigenvalues obey a rule related to Rayleigh's separation theorem for vibrating mechanical systems. 
A numerical example is given in which the solutions of the constrained eigenproblem are displayed, 
interpreted physically, and compared with those of the unconstrained problem. 
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Abstract/Keyterms: Criticality of the mockup of the Southwest Experimental Fast Oxide Reactor 
(SEFOR) in the ZPR-3 facility was achieved November 17, 1965. The neutron spectrum and uranium-to-
plutonium ratio of this all-plutonium critical is characteristic of large fast ceramic power reactors. The 
critical loading was the first in a series of experiments currently being conducted on the SEFOR mockup 
in a joint program by the General Electric Company and Argonne National Laboratory. 
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Abstract/Keyterms: Criticality of the mockup of the Southwest Experimental Fast Oxide Reactor 
(SEFOR) in the ZPR-3 facility was achieved November 17, 1965. The neutron spectrum and uranium-to-
plutonium ratio of this all-plutonium critical is characteristic of large fast ceramic power reactors. The 
critical loading was the first in a series of experiments currently being conducted on the SEFOR mockup 
in a joint program by the General Electric Company and Argonne National Laboratory. 
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Abstract/Keyterms: The effective resonance integral of uranium carbide rods has been measured, as a 
function of the surface-to-mass ratio, in the range 0.09 < S/M(cm2/g) < 0.3. The experimental technique 
used was based on the comparison of 238U resonance neutron-capture induced activities of UC rods of 
varying diameter and of a U reference rod, irradiated in a slowing-down neutron flux. This technique 
avoided the need for the determination of a correction factor to the data, taking into account the slight 
departure of the neutron spectrum from the ideal 1/E dependence. The neutron slowing-down flux has been 
monitored by activation of Au and Mo detectors. The results of the experiment are summarized by the 
following expression: RIUC = 3.14 + 26.95 (S/M)1/2 ± 4.5%b. Dresner's equivalence theorem has been 
used to relate the above results to the effective resonance integrals measured for U and UO2. The 
equivalence parameters resulting from the original treatment and from the modified treatment proposed by 
Levine were both applied. The close equivalence which was found for the measured resonance absorption 
by U, UO2, and UC when using the latter parameter, gave an indirect support to the validity of Levine's 
calculation model. 
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Abstract/Keyterms: Results of an experimental investigation indicate an improvement in accuracy of 
radial bucklings derived from activation distributions measured in reflected cylindrical systems can be 
obtained if: resultant activities are fitted to radial spatial functions derived from homogeneous two-group 
diffusion theory (i.e., Activity (R) = A J0(λR) + C I0(βR), where λ2 = radial buckling), and activation 
distributions are measured with a detector whose ratio of…is high. Radial bucklings derived from activation 
distributions measured with in, Au and Cu foils in the same core showed that values derived from the In 
data were the least sensitive to the region of the analyzed. On the basis of a two-group model, radial 
activation distributions measured with a detector in a reflected core which satisfies the following conditions 
…, where S1 = fast-thermal coupling coefficient, will yield a J0 distribution only, because the increase in 
activity from the increase in thermal flux is cancelled by the decrease in activity from the decrease in fast 
flux near the core-reflector boundary. Conclusions are substantiated by theoretical predictions based on the 
radial variation of fluxes calculated from two-group homogeneous diffusion theory. 
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Abstract/Keyterms: Criteria for nonlinear asymptotic stability of nuclear reactor systems representable by 
point reactor kinetics are derived. The reactor system model includes all delayed neutron precursors and 
linear feedback. The results are also extended to systems where the feedback is not linear. A procedure is 
outlined for the interpretation of the criteria by means of small-amplitude perturbation tests. The procedure 
is illustrated by using experimental transfer function measurements from Experimental Boiling Water 
Reactor. 
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Abstract/Keyterms: Measurements of the Doppler effect in resonant neutron capture have been made for 
samples having a nonuniform temperature distribution. These measurements were made on thorium and 
thorium-dioxide rods of approximately 3/4-in. diam. An activation technique was used, and the samples 
were exposed in a cadmium thimble at the center of a pool research reactor. The activated samples were 
dissolved, and the 233Pa was separated out and gamma counted. The Doppler coefficients for identical 
samples were determined with an axial heat source and with a peripheral heat source. In the axially heated 
cases, measurements were made with radial temperature drops ranging up to 185°C for the metal samples, 
and up to 1000°C for the oxide samples. In the peripherally heated cases, the temperature was uniform 
through the samples, and measurements were made with the temperature ranging up to about 350°C for 
both metal and oxide samples. The results show that the Doppler coefficient as a function of the average 
sample temperature is essentially the same for both axial and peripheral heating over the temperature range 
investigated. The measured values of the Doppler coefficients for the nonuniform temperature cases were 
(85 ± 5) × 10-4 and (95 ± 19) × lO-4 (°K)-½ for thorium metal and oxide, respectively. 
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Abstract/Keyterms: We have carried out some experiments and calculations on the neutron spectrum in a 
UO2 tube at various temperatures. The tube, 65.6-mm O.D.., 32.3-mm i.d., and 300-mm high, was canned 
in steel and mounted in a container which was placed in the central vertical channel of the reactor Rl. The 
tube was heated by the fission energy which was enough to keep it at a maximum temperature of 750°C. 
The lowest temperature was 50°C., With the fast chopper, we measured the spectrum from a lead scatterer 
in the center of the tube. By multiplying this spectrum with some correction factors, we got the spectrum 
in the scatterer, which is the final result from the measurements., the increase of the temperature from 50 
to 750°C gave an appreciable hardening of the neutron spectrum. This hardening will increase the reaction 
rate in 239Pu by 7.5% if one normalizes to equal reaction rate in a l/v absorber. Only a minor part of the 
value 7.5% depends on the heating of the steel and the lead., In the calculations we used the THERMOS 
code with the effective-width model for deuterium. All other materials, including UO2, were treated with 
the free-gas model. The energy ranged from 0.00025 to 3.06 eV., the experimental and computed spectra 
agreed reasonably well in the thermal region both at 50 and at 750°C. The calculated epithermal ratio and, 
to some extent, the spectrum in the joining region were sensitive to the value of the cell radius used in the 
calculations. So it is difficult to make a definite statement about the computational method for these 
energies. We have, however, no reason to suspect that the method would produce wrong results. The ratio 
between the high-temperature spectrum and the low-temperature spectrum appeared to be rather insensitive 
to the value of the cell radius even for epithermal energies, and we found a remarkable agreement with the 
measured ratio. Therefore, we had no reason to replace the free-gas model for UO2 by some other model - 
although the free-gas model is, of course, somewhat unphysical., Some THERMOS calculations were also 
made on the influence of hot steel and hot lead and on the influence of elevated moderator-temperature - 
220°C instead of the value 33°C used in the experiments., 
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Abstract/Keyterms: We have measured the thermal-neutron spectrum throughout the unit cell of several 
D 20-moderated natural-uranium lattices using both differential and integral methods. For the differential 
measurements the neutron diffraction method was used, and for the integral measurements, space-
dependent spectra were deduced from activation of gold and lutetium detectors. To obviate the numerous 
corrections normally required for the diffraction method, the total efficiency of the crystal spectrometer was 
determined using a beam with a known spectrum from a D2O thermal column. Satisfactory agreement was 
found between the activation measurements and theoretical results obtained with the THERMOS Code. 
However, effective neutron temperature changes derived from the differential spectra were systematically 
lower than the THERMOS calculations. Some uncertainty remains as to the precision of the differential 
spectra due to the method of calibration and the perturbing effect of the beam tube. Nevertheless, most of 
the measured spectra are in reasonably good agreement with calculated spectra. 
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Abstract/Keyterms: The fission yield of an accidental assembly of a supercritical volume of uranyl-nitrate 
solution will depend on several variables, two of which are discussed here: the rate of reactivity addition, 
and the effect of the weak-neutron flux in the solution. Fission yields for a 53 g/liter uranyl-nitrate solution 
subjected to various rates of reactivity addition were calculated. The small number of neutrons from the 
solution will cause the excursion to occur after the assembly has reached a critical mass and has become 
slightly supercritical. The effect of the delay in initiation on the fission yield of the assembly is calculated 
with curves of the probability of initiation vs time. The effect on the fission yield of different neutron source 
strengths, the addition of sodium carbonate to the solution, and changes in the uranium concentrations of 
the solutions are discussed. A comparison is made of the predicted values obtained from these calculations 
and the reported yields from six accidental excursions. 
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Abstract/Keyterms: Single-velocity Monte Carlo calculations and measurements have been performed to 
determine the differential angular thermal-neutron albedos for a reinforced concrete for monodirectional 
beams of incident thermal neutrons. Preliminary calculations using a statistical estimation technique 
indicate up to 50 scatterings should be followed for each neutron to produce good estimates of the 
differential albedos, and up to 100 scatterings to produce good estimates of the capture gamma-ray 
differential dose albedos. Deviation between experiment and calculation can be reduced to an average of 
5.1% for 72 points of comparison if an anisotropic scattering law for water deduced from earlier Argonne 
National Laboratory measurements is assumed. 
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Abstract/Keyterms: In a digital computer controlled system it is possible to monitor several variables 
almost at the same time and control the system according to the most critical one. This called a sampled-
data control system. The purpose of the paper is to demonstrate how to handle such a problem. A simplified 
reactor system including neutron kinetics and fuel and cooling medium kinetics with a simple control circuit 
is examined. It is assumed that the reactor has a great number of cooling channels, and it is necessary to 
check the exit temperatures of the cooling medium as the maximum value is the limiting factor. Sampling 
is performed to accomplish this. The temperatures are scanned and a comparison is made between the value 
stored in the memory and the point being measured. The higher of the two values remains in the one word 
memory. After checking all the temperatures, a pulse representing the temperature of the hottest channel is 
sent through the sampler to the regulator and the memory is cleared. A suitable method to study the stability 
is the z transform analysis. The procedures and logic followed are outlined here. First, the system is defined 
in the terms of Laplace transformation. Then the solving of the sampled system problem by the z transform 
theory is shown. A digital computer program is developed. The results of several calculations show the 
importance of choosing the right parameter combinations. 
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Abstract/Keyterms: Rigorous transport relations between mass, critical mass, and arbitrary perturbations 
are developed for nonuniform reactors. It is shown that reactivity is equal to the difference between the 
fractional increase of mass and critical mass, multiplied by the fractional destruction rate of total importance 
by moderator or by leakage. Sufficient conditions for an increase or decrease of critical mass in nonuniform 
reactors are obtained, and it is shown that burnup always increases the critical mass of thermal reactors. 
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Abstract/Keyterms: The intra-cell structure of the fast neutron flux has been measured in several TRX 
lattices with uranium-238 (n, fission) and aluminum (n, alpha) detectors. The lattices were light-water-
moderated, with cylindrical, 0.387-inch-diam fuel rods of slightly enriched uranium. The fuel rods were 
arranged in hexagonal arrays, with water volume ratios of 1.0, 2.35, 4.02, and 8.1. Measured activation 
shapes and integral fast advantage factors were compared with calculated results obtained with the 
MOCA2A Monte Carlo program. Agreement was very good. A one-group Monte Carlo calculation and a 
one-group collision-probability model were found to perform well in comparison with MOCA2A. 
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Abstract/Keyterms: A calculation of the critical volume of cylindrical reactors by means of n-group 
diffusion theory illustrates the usefulness of Lie series in reactor theory. In the case of Bessel functions of 
large arguments, analytical methods give rise to numerical difficulties. The present work deals with an 
analytical method developed to avoid such difficulties; problems of this kind can be solved on 
comparatively small computers. 
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Abstract/Keyterms: Power Reactor Development-Shielding; Energy Range; Fast Neutrons; FNR; 
Graphite; Measurement; MeV Range; Niobe-Code; Programming; Research Reactors; Shielding; Spectra; 
Water 
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Abstract/Keyterms: Material bucklings and extrapolation distances were measured for several slightly 
enriched uranium-metal tube lattices and tube-in-tube assembly lattices in light water. The tubes measured 
were: 1.002 wt.% uranium-235 enriched uranium (2.34-inch OD; 1.79-inch ID); 1.25 wt.% uranium-235 
enriched uranium (2.37-inch OD; 1.80-inch ID); and 1.95 wt.% uranium-235 enriched uranium (2.28-inch 
OD; 1.41-inch ID). The tube-in-tube assemblies measured were: 1.002 wt.% uranium outer tubes (2.34-
inch OD; 1.79-inch ID) Containing 1.002 wt.% uranium-235 inner tubes (1.18-inch OD; 0.49-inch ID); and 
1.25 wt.% uranium-235 outer tubes (2.37-inch OD; 1.80-inch ID) Containing 0.95 wt.% uranium-235 inner 
tubes (1.18-inch OD; 0.48-inch ID). Maximum bucklings for the tubes were found to be 25.00, 47.00, and 
83.00 m(-2), respectively; and for the tube-in-tube assemblies, 23.50 and 38.50 m(-2), respectively. Based 
on the measurements, critical parameters for use in nuclear safety analyses were calculated. 
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Abstract/Keyterms: A measurement of the neutron spectrum at the center of a large, dilute fast reactor is 
reported over the energy interval from 1 keV to 1 MeV. Resolution of the measurement was about 20% 
(FWHM) except at the lower energies. Errors in the measurement are described and a comparison made of 
the measured result with a multi energy-group calculation. There exists fair agreement between the 
measured spectrum and the multigroup calculation. 
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Abstract/Keyterms: An experimental method for the determination of the spectral average of the capture-
to-fission ratio ᾱ for materials inserted in a low-flux reactor is described. The procedure involves a 
comparison of reactor response to oscillated samples of a fissile material, an absorber, and a spontaneous 
fission neutron source, plus an experimental determination of fission rate for the fissile material and capture 
rate for the absorber. In addition, it is necessary that the neutron source be calibrated. These experimental 
results combined with a knowledge of the number of neutrons per fission for the fissile material, yield a 
value of the quantity 1 + ᾱ. This method has been tested in Hi-C Core 10, a critical assembly of 3%-
enriched-UO2 fuel pins, moderated and reflected by light water, in a lattice spacing which yields a H-to-
238U atom ratio of 2:91. The oscillator and absolute counting data yield a value of 0.217 for the central 
capture-to-fission ratio of 235U, with a standard deviation of ± 0.015. This agrees well with values derived 
from a combination of measured 235U fission cadmium ratios and calculated thermal and epithermal values 
for a. 
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Abstract/Keyterms: The Wiener-Hopf factorization method has been applied to the energy-dependent 
Milne problem with simple separable isotropic kernel and absorption of 1/vn type. Extensive numerical 
calculations for free gas scattering cross sections have been performed and their partial results are presented. 
Discussion of these results, namely the critical absorption coefficients, discrete space eigenvalues, 
extrapolation distances, and emergent neutron distributions confirm the earlier assertion of Williams that 
critical absorption as well as asymptotic spatial parameters depend rather weakly upon the energy exchange 
mechanism, being more sensitive to the energy dependence of the mean free path. Nelkinapos; s model for 
water has also been studied, in the form of a separable kernel. The critical absorption as well as discrete 
spatial eigenvalues for this case appear to be in good agreement with values obtained by Honeck for the 
full isotropic Nelkin kernel. 



 

C-12750 

12714…..…..…………………..…….……..……ID Number…………………..…..…………….12714 

Author: Aronson, Raphael 

Title: One-Velocity Neutron Transport Problems by the Transfer Matrix Method 

Date: 2/1/1967 

Report: NSENAO, 027, 271-282 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The transfer matrix for the neutron flux in slab geometry is expressed analytically, 
along with a number of auxiliary quantities, for energy-independent interactions with isotropic scattering. 
The eigenvalues and eigenfunctions of the transfer matrix are readily expressed in terms of those introduced 
by Case, working directly with the Boltzmann equation. The results are applied to the albedo problem, the 
Milne problem, and the critical slab problem. Since the transfer matrix approach works in principle for any 
cross sections, the ease of application implies that numerical calculations for more complicated cross 
sections will be reasonably straightforward. 
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Abstract/Keyterms: Extensive Monte Carlo calculations were performed to determine the distribution in 
energy and angle of neutrons reflected from steel-reinforced concrete for five incident directions and ten 
incident energy groups extending from 0.5 eV to 200 keV. The reflected distributions were determined in 
terms of a doubly differential albedo for each of 54 emergent directions for each energy group lying between 
and including the incident group and the tenth group (0.5 to 1.8 eV). The standard deviation of the doubly 
differential albedo averaged around ten percent. The angular slowing down density of the incident 
epicadmium neutrons within the slab was computed at 0.5 eV and was used as the source distribution for a 
Monte Carlo single-velocity diffusion calculation using 0.025-eV cross sections. From the diffusion 
calculation, the differential angular albedos of the reflected subcadmium neutrons and the depth 
distributions of captures occurring at subcadmium energies were obtained. Measurements of the differential 
angular albedo of emergent subcadmium neutrons due to a measured spectrum of incident mono-directional 
beams of epicadmium neutrons were performed at the ORNL Tower Shielding Facility in an experiment 
geometrically identical to that previously reported for incident subcadmium beams. of the 35 common 
points of calculation and measurement, the two largest discrepancies are 23 and 36%; the remaining 33 
comparisons produced a root-mean-square deviation of 4.5%. 
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Abstract/Keyterms: Monte Carlo calculations have been carried out to determine the fast-neutron dose-
rate distributions along the center lines of both a straight and a two-legged square concrete duct for a 
particularly demanding source geometry. The calculations incorporated doubly differential dose-albedo 
data for concrete which were previously reported. A comparison of the results of the calculations with those 
from a geometrically similar experiment shows good agreement, and places on a firm foundation the 
concept of treating the fast-neutron duct transmission problem as a reflection phenomenon at a point that is 
describable by the differential albedo properties of the walls. 
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Abstract/Keyterms: A method is described for predicting the neutron multiplication factors of 
geometrically complicated configurations of unreflected, unmoderated enriched-uranium metal from the 
results of two delayed-critical experiments in simple geometry. The method requires two constants 
characteristic of the metal. These are the total collision cross section (sigma (total)) and the number of 
neutrons produced per collision (nusigma(fission)/(sigma(total)), which are obtained from the two 
experiments by using S(12) transport-theory calculations with isotropic scattering. These constants, 
together with the assumption of isotropic scattering, are then used in O5R Monte Carlo neutron-transport 
calculations to predict the multiplication factors. The method has been tested by predicting the 
multiplication factors of 21 different delayed-critical assemblies with a wide variety of geometries to within 
a standard deviation of 1.5% 
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Abstract/Keyterms: The effect of air channels on the diffusion length of thermal neutrons in light water 
was measured and calculated. The comparison between experimental results, Monte Carlo calculations, and 
values derived using Behrens and Benoist formulae show a good agreement for the longitudinal diffusion 
length. In the transverse case, Benoist's method agrees with Monte Carlo results better than Behrens' values. 
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Abstract/Keyterms: The age of fission neutrons was measured to the indium resonance energy for light 
water and three metal-to-water volume ratios (1/4, 1/2, 2/3) in aluminum- water mixtures. A large plane 
highly enriched 235U fission plate provided the source of neutrons. Aluminum plates (0.127 × 122 × 122 
cm) oriented parallel to the source plane were used for the metal. Indium foil activities were taken in planes 
parallel to the source and integrated over these planes to obtain the equivalent activities that would result 
from an infinite source. From these data, the ages for the four cases were: M/W = 0, (26.24 ± 0.33 cm2); 
M/W = 1/4, (32.28 ± 0.50 cm2); M/W = 1/2, (39.96 ± 0.50 cm2); M/W = 2/3, (44.88 ± 0.59 cm2). To 
investigate heterogeneous effects, the plates were lumped to simulate 0.635-cm-thick plates and the 
measurements repeated for the 2/3 metal-to-water ratio. The measured age was 44.50 ± 0.49 cm2, indicating 
no lumping effect in this measurement. The data for the pure water measurement were also analyzed by 
applying geometric corrections for the finite size of the source plate. This resulted in a measured age of 
27.82 ± 0.66 cm2, which agrees with previous measurements utilizing this method of data analysis. 
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Abstract/Keyterms: The bounded periodic behavior of the reactor power is studied for those instances 
when the equilibrium power is greater than the critical power level. Simple formulas are derived, for 
reactors with arbitrary linear feedback and no delayed neutrons, for the amplitude and frequency of the limit 
cycles. These quantities are shown to be related to the ratio of the equilibrium-to-critical power level and 
to the Laplace transform of the feedback kernel. Since the techniques used apply for arbitrary values of the 
fundamental component of the power oscillation, they are used to derive a describing function which is 
valid for large amplitude disturbances. Conditions for the existence of critical power levels and, hence, limit 
cycles are discussed. Formulae for investigating the stability of these limit cycles are also derived. 
Applications are made to the circulating fuel reactor and to the two-temperature reactor. It is also suggested 
that the results can be used in two practical situations: 1) When the oscillation amplitude is indistinguishable 
from the reactor noise, the power level can exceed critical; and 2) When the oscillation amplitude is large, 
the reactor can be used as a self-sustained pulse-modulated neutron source. 
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Abstract/Keyterms: The invariant imbedding theory for the monoenergetic neutron transport equation in 
slab geometry is determined in terms of reflection, transmission, and escape functions. The application of 
this theory to escape probabilities, blackness coefficients, and critical size determinations is shown along 
with representative numerical evaluations. The high accuracy of the calculations and the fact that the 
angular dependence is always obtainable make the invariant imbedding method a reasonable approach to 
many problems. 
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Abstract/Keyterms: The results of critical experiments, performed with organic-moderated plate-type 
assemblies containing uranium enriched to 90% in uranium-235, in the zero-power reactor ROSPO, are 
reported. Several cores, differing in critical radius (19.5 to 47.5 cm) and in the ratio of uranium-to-stainless-
steel plate number, have been investigated. The comparison with the reactivities calculated by a standard 
two-group calculation procedure shows an overestimate of the (k(eff))'s (up to 1.95% (delta-k)/k for the 
smallest critical core) with a systematic dependence on the core radius. A satisfactory agreement is found 
for large-size cores (equal to or greater than 40 centimeter) it is shown that simple calculational 
improvements, such as a four-group evaluation of the nuclear constants, and a more detailed treatment of 
core-radial reflector interface zone, lead to a homogeneously good agreement (within 0.25% (delta-k)/k) 
over the whole range of core dimensions. 
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Abstract/Keyterms: Much theoretical work has been done in the past to represent the angular dependence 
in the scattering source term of the Boltzmann equation by means of Legendre or other series expansions. 
However, relatively little work has been done to feed this information into our present-day SN codes. The 
SN transport codes at LASL allow a representation of anisotropy in the scattering source term by means of 
multi-table cross-section sets and two formalisms are given here to generate these sets. Both involve the 
expansion of scattering cross sections in a series of Legendre polynomials, and incorporation of the 
expansion coefficients in the tables of transfer cross sections. One, called a consistent P approximation, 
involves a simple truncation of the series; while the other, called an extended transport approximation, 
includes an attempt to approximate the next higher term in the series. A general expression is derived for 
the error in the neutron flux due to either approximation. The numerical evaluation of SN cross-section 
entries for these formalisms has been computerized. Convergence with respect to Number of Tables is 
numerically investigated for several different neutron-transport problems: a) deep penetration of high-
energy neutrons in air; b) critical size of an enriched-uranium bare sphere; c) reflector savings for an 
enriched-uranium sphere immersed in H2O; and d) fast-reactor core mockup on ANL's ZPR-III. It is 
concluded from these problems that both approximations converge rapidly with increasing number of tables 
and that the simple transport approximation gives quite accurate results for a wide range of problems. 
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Abstract/Keyterms: A general transport-theory formulation of lattice kinetics is obtained by studying an 
infinite lattice with a macroscopic spatial-flux variation of the form exp(i B · r). A study is first made of 
the variation of the asymptotic inverse period and of the flux distribution as a function of the buckling 
vector, these being, respectively, the eigenvalue and the eigenfunction of the balance equation for the 
nonstationary system. This allows one to define the parameters which characterize the anisotropic migration 
of neutrons in the lattice. One also sees in the process that the introduction of a macroscopic curvature not 
only introduces net leakage, but also modifies the mean disappearance probability from the net effect of 
production and absorption. The finite-medium kinetic parameters which follow are defined in terms of the 
corresponding zero-buckling parameters and of the buckling-dependent part of the inverse period. All the 
parameters are expressed in terms of integrals of periodic functions only over a unit cell instead of over the 
whole pile. In particular, for homogeneous systems, the volume integral drops out. In the context of the 
formulation of this paper, the following known facts are restressed. First, there exists a choice in defining 
multiplication factors, which depends on whether the production operator employed is characteristic of 
instantaneous production rates or of production rates in stationary systems. Second, and added to this, there 
is a further arbitrariness in the definition of parameters such as mean lifetimes and multiplication factors, 
which stems from the freedom one has in the choice of weight functions. This arbitrariness is characteristic 
of all parameters that are not eigenvalues. However, with a proper choice of weight functions, the 
multiplication factors can be made identical to the eigenvalues of static-theory balance equations. These 
eigenvalues have the unambiguous meaning of being the reciprocals of the factors by which v is uniformly 
changed in order to stabilize nonstationary systems. Apart from its application to nonstationary systems 
around the critical point, the study is also applicable to pulsed systems which may be multiplying or non-
multiplying. An extension to exponential experiments on nondiverging infinite lattices can be very easily 
obtained. 
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Abstract/Keyterms: Three new models have been developed for-reactor physics calculations. These were 
obtained from the energy-dependent P-1 equations by a modal expansion of the neutron flux. For certain 
classes of problems, these models provide attractive alternatives and supplements to conventional 
multigroup finite-difference models, in that considerable reductions in complexity and computational effort 
are realized. Integral experimental data can be used directly in one of the models, and physical insight can 
be incorporated into all the models via the choice of expansion modes. Each of the models was applied to 
calculate the integral properties of fast-reactor critical assemblies. 
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Abstract/Keyterms: At the Brookhaven National Laboratory, material bucklings in light-water lattices 
have been measured in two ways. The first was the normal "flux-shape" technique in which the flux was 
mapped (with bare indium foils) in the fully loaded assembly. The second was the variable loading 
technique, in which only flux distributions perpendicular to the plane of the neutron source were measured 
for several radial sizes of lattices. 
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Abstract/Keyterms: In the theory described in this paper, the lattice of a critical or subcritical system is 
represented by an array of finite cylindrical elements, arbitrarily distributed throughout a cylindrical volume 
of moderator. The flux in each element is determined from multigroup PN theory, whose asymptotic part 
in the moderator, i.e., that part of the flux which survives in the moderator at distances of a few mean-free-
paths from the element, can readily be identified. The PN-corrected multigroup diffusion equation is solved 
in the moderator, taking full account of lattice geometry. It is then connected to the asymptotic part of the 
interior PN solution across each individual element-to-moderator interface. Thus the physical requirement 
that the angular neutron distribution be continuous across all interfaces is satisfied throughout the lattice. A 
similar approach is employed to make the distribution continuous across the moderator-to-reflector 
boundary. The theory yields, as do all heterogeneous theories, a neutron spectrum which changes 
continuously, both radially and azimuthally, across the lattice. The method is consistent in that it determines 
fuel characteristics in accordance with this changing spectrum without the need for defining cells or 
extrapolation lengths. 
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Abstract/Keyterms: In this paper we analyze the decay of a neutron pulse in small no multiplying systems, 
through the use of a simple model for the moderator. The model, a modified one-term degenerate kernel, 
enables us to include crystal-effects, and, at the same time, to reduce Boltzmann's equation to quadratures. 
We discuss the structure of the continuum contribution, and the analytic continuation of the functions 
λk(B2) Our analysis should elucidate some of the puzzling aspects of pulsed-neutron experiments in 
crystalline moderators, and the multigroup calculations which accompany them. 
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Abstract/Keyterms: The prompt neutron decay constant of the NORA reactor for a number of subcritical 
states has been determined by means of count-interval distribution measurements. The theoretical model 
agrees well with the experimental results. The technique has been compared with the Feynman and 
Mogilner methods. With the count-interval distribution technique, a better accuracy of the results has been 
achieved in a shorter time of measurement, as expected from the theory. 
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Conference Session:  

Abstract/Keyterms: A theoretical interpretation of the modified pulsed-neutron-source experiments of 
Sjöstrand, Gozani, and Garelis and Russell is given using exact steady-state Boltzmann equations. The 
interpretation is based on a phenomenological description of the experiments and is patterned after work 
done on the Garelis-Russell method by Corngold. The basic approximation made is that the fundamental 
prompt-mode decay constant is much larger than any delayed-neutron precursor decay constant. The 
theoretical interpretation allows the reactivities measured by the above three modified pulsed-source 
techniques to be easily calculated and compared to more conventional definitions of reactivity. The 
calculations can be performed by any standard source-iteration code that has been modified to solve the 
inhomogeneous problem. Experiments were performed on the Cornell University Critical Assembly and 
interpreted with the aid of the above theory. Calculations and experiments agree to within 20%. Sjöstrand's 
method is found to give the best result for this reactor. 
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Abstract/Keyterms: Monte Carlo calculations, employing the albedo concept, have been carried out to 
determine the thermal-neutron flux distributions along the centerlines of a straight, a two-legged, and a 
three-legged square open concrete duct for a particularly demanding source geometry. The neutrons 
entering the duct were of thermal energy. The calculations used differential angular albedo data for concrete 
which have been reported previously. A comparison of the results of the calculations with those from a 
geometrically similar experiment shows good agreement and places on a firm foundation the concept of 
treating the thermal-neutron duct transmission problem as a reflection phenomenon at a point that is 
describable by the differential albedo properties of the walls. 
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Abstract/Keyterms: Asymptotic decay constants for pulse-induced “thermalized” neutron fields have been 
measured for graphite cubical assemblies having geometric bucklings varying from 9.30 × 10–4 cm–2 to 
13.44 × 10–3 cm–2. A value of 700 μ sec was observed to be a sufficient time after the neutron pulse to 
identify and evaluate fundamental-mode decay in the smallest system included in the above interval of 
buckling. Values of the infinite-medium neutron lifetime –1 “Fick’s law” diffusion coefficient D0, as well 
as the so-called “diffusion-cooling” coefficient C, were obtained from least-squares fits to the experimental 
α/ρ vs B2/ρ2 data and are mutually consistent and stable over a large interval of B2 and in good agreement 
with theory. The existence of a well-defined negative FB6 term has been verified. An “effective” higher-
mode decay of (3570 ± 80)sec–1, independent of system buckling, was obtained and is consistent with the 
concept of a continuum lying above a critical limit for fundamental-mode decay. An apparent critical limit 
(v ∑ t)min has been identified in the interval 2392 sec–1 < (v ∑ t)min < 2648 sec–1 which corresponds to 
the interval of buckling 13.44 × 10–3 cm–2 to 16.53 × 10–3 cm–2. 
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Abstract/Keyterms: The Doppler effect in 238U capture and 235U fission has been measured by means 
of a foil activation technique in the fast-neutron spectrum core of the Mixed Spectrum Critical Assembly. 
Experimental results were obtained for two 238U foil thicknesses and one 235U foil thickness. The amount 
of scattering material between the foil and surrounding core fuel was varied to determine the effect on the 
Doppler measurement of change in the incident flux fine-energy structure in the resonances. In this 
experiment, only the foil is heated, while the core fuel remains at room temperature. The experiment is 
analyzed by means of the collision-probability method which is used to develop an expression for the 
resonance integral of a thin absorber which is separated from a homogeneous reactor fuel region by a purely 
scattering medium. The general expression for the foil resonance integral is simplified and numerical results 
are presented for the case in which the dominant resonances are weak; that is, for a fast reactor in which 
the 0.5 to 3.0-keV energy region dominates the 238U Doppler effect. The measured 238U Doppler effect 
expressed as the ratio typically was of the order of 0.015 ±0.002. This was a factor of 2 higher than that 
calculated using a neutron energy spectrum derived from “nominal” material cross sections. Presently 
available cross sections in the energy range of interest are sufficiently uncertain so that it is possible to infer 
from them “hard” or “soft” neutron energy spectra such that the value oi R-l varies by a factor of 2. The 
measured values for 238U agreed quantitatively with those found from the “soft” neutron energy spectrum. 
Within the precision of the measurement no 235U Doppler effect was observed. The calculated 235U 
Doppler effect was smaller than the sensitivity of the experiment, thus, within its precision (± 0.002), the 
measurement confirms the theory. 
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Abstract/Keyterms: The microparameters including the thermal-neutron disadvantage factor, DF, the epi- 
to sub-Cd neutron capture ratio in 238U, ρ28, the epi- to sub-Cd fission ratio in 235U, δ25, and the ratio of 
the epi-Cd 238U fission to the sub-Cd 235U fission, δ28, were measured in the Ozenji Critical Facility for 
a seven-rod clustered nuclear superheat fuel element. The factors f, p, and ϵ were derived therefrom and the 
effect of 235U epithermal fissions on the neutron multiplication factor was observed to be 1.5% Δk/k. 
Flooding changed the individual factors f, p, and ϵ by amounts corresponding to −6.8% Δk/k, +4.7% Δk/k, 
and −2.9% Δk/k, respectively, yielding an overall change of −5.1% Δk/k. The maximum discrepancies 
between measurement and calculation are 1 to 3% for DF, ρ28, δ25, and δ28; 0.3% Δk/k for f, p, and ϵ; and 
0.4% Δk/k for the infinite multiplication factor. The calculation of the effects of flooding on f, p, ϵ, and the 
infinite multiplication factor agrees with the experiment to within 0.3 to 0.4% Δk/k. When performing the 
cell calculations, care was taken to determine how to cylindricize the unit cell to perform the one-
dimensional calculations with the THERMOS code, how to select the value of the L factor to be used in the 
JUPITER code (modified MUFT) and how to incorporate the heterogeneous effect of fast fissions. 
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Abstract/Keyterms: PU-SOL-THERM-001, PU-SOL-THERM-002, PU-SOL-THERM-003, PU-SOL-
THERM-004, PU-SOL-THERM-005, PU-SOL-THERM-006, PU-SOL-THERM-007, PU-SOL-THERM-
010, PU-SOL-THERM-011, PU-SOL-THERM-019, PU-SOL-THERM-021; A computational analysis 
was made for the large number of available critical experiments with hydrogenous mixtures. The 
calculations were made using both multigroup S-4 and diffusion theory with 18 energy groups obtained 
with the GAMTEC-II code. Resonance capture by the isotope plutonium-240 was treated in the NR and 
NRIA approximations. Rather good agreement was found between experiment and theory. The results are 
given as a parametric survey for plutonium densities ranging from 0.015 to 1.0 g/(cc). The calculated 
minimum critical mass of plutonium-239 is 547 g for water-reflected aqueous plutonium nitrate solutions 
and 531 g for similar mixtures of plutonium-239 and water. 
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Abstract/Keyterms: Experimental data to establish criticality control specifications for enriched uranium 
rods undergoing dissolution are extremely limited. A principal difficulty in treating the problem 
theoretically is that the resonance absorbing uranium-238 is admixed in the aqueous solution in which the 
rods are immersed. The narrow resonance and infinite mass approximations are applied; and from this 
application, expressions are developed for treating resonance capture by an absorbing lump embedded in a 
moderator admixed with the absorber. The computed change in the critical buckling of a heterogeneous 
array on replacing the water moderator by a uranyl nitrate solution is in good agreement with experiment. 
Results from survey calculations for 3 and 5 wt% uranium-235 rods latticed in uranium-water mixtures are 
given. It was concluded that for enrichments up to 5 wt% uranium-235, dissolver vessels designed 
geometrically safe for water-moderated arrays of uranium rods will remain safe during the dissolution 
process. 
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Abstract/Keyterms: Within the experimental uncertainty, no difference was found between measurements 
made parallel rather than perpendicular to the thoria axis, nor were differences found when the detector 
foils were located inside the aluminum tubes among the pellets rather than in the moderator surrounding 
the tubes. However, it was found that the size and composition of the stringer which held and positioned 
the foils in the moderator could perturb the results. Analysis indicated that corrections ranging from +0.4% 
for 0% D2O to −0.4% for 90% D2O arise from considerations of absorption in other than the main indium 
resonance, detector foil shielding, and the lattice discontinuity required for source irradiation. 
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Abstract/Keyterms: Source-sink methods of calculation are compared with a set of experiments with 
mixed-fuel lattices in a heavy-water moderator. The theoretical model used was C. N. Klahr's modification 
of the Feinberg-Galanin theory. A comparison of calculation and experiment was made both for thermal-
neutron density ratios within the lattice components, and for critical geometric bucklings (radial and vertical 
separately). Agreement was good in the case of thermal-neutron density ratios and rather good for radial 
bucklings. The moderate disagreements between calculated and experimental critical vertical bucklings 
were ascribed primarily to errors in the cell codes used to generate input for the mixed lattice calculations. 
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Abstract/Keyterms: A method is developed to determine the ratio of the reactivity coupling coefficient to 
the mean generation time in a two-slab reactor based on experimental measurements of the inherent reactor-
noise spectrum. A matrix formulation of the cross-spectral density function of the fluctuating neutron 
density at two experimental access locations adjacent to the cores is used in conjunction with a two-point 
reactor model to show that the real part of the cross-spectral density vanishes at a particular frequency, 
termed the sink frequency. The sink frequency is a function of the ratio of the reactivity coupling coefficient 
to generation time in the cores and the times required for neutron disturbances to travel between the cores 
and the detector locations. Experimental results from the UTR-10 reactor verify the predicted behavior of 
the cross-spectral density function in the neighborhood of the sink frequency and provide an at-critical 
measurement of the reactivity coupling coefficient. 
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Abstract/Keyterms: A simple model is developed to describe the time-dependent neutron spectrum in 
pulsed systems whose decay may be dominated by either a fundamental or a pseudo fundamental mode. 
Such systems include a large class of fast multiplying assemblies and thermal nonmultiplying assemblies. 
The simple model provides qualitative understanding of the role played by the fundamental or pseudo 
fundamental mode in the kinetic evolution of the time-dependent neutron flux and, when optimized by a 
variational principle, gives excellent quantitative descriptions of the flux for a wide range of systems. Trial 
functions are presented which, when adjusted with a suitable variational principle, provide a good estimate 
of the shape and decay rate of the dominant reproducing mode of such systems. The method works well for 
systems where a fundamental mode exists and is also applicable in the range where pseudo fundamental 
mode behavior is observed. Eigenfunction eigenvalue solutions are obtained for the fast multiplying system 
Godiva and these, together with similar solutions for beryllium, provide a basis of comparison for the 
variational methods. The investigation shows that care should be exercised in associating reactivity and 
period parameters with far subcritical systems because the flux shape is changing substantially and the 
major regenerative mode is not isolated when the eigenvalue associated with this mode lies in the 
continuum. In the farther subcritical region an example shows a complete lack of a single dominant mode. 
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Abstract/Keyterms: The one-mode stochastic nuclear reactor model has been proposed by Bell to study 
fluctuations in neutron populations. The purpose of this model is to allow consistent space and energy 
corrections to point reactor stochastic results. The model has been extended to also cover fluctuations in 
captures and fissions. A time-dependent, Monte Carlo computer program has been developed to simulate 
these fluctuations for a one-velocity bare reactor system and to estimate parameters of the probability 
distributions. It has been shown that the one-mode model for neutron populations and captures gives 
excellent agreement with the Monte Carlo results. Both showed a correction of about 50% to the magnitude 
of the variance predicted by basic point reactor equations. The fission probabilities required a more careful 
examination, but the Monte Carlo results could be predicted by approximate solutions to the exact stochastic 
equations. The influence of spatial effects on the properties of persisting and non-persisting chains in 
supercritical systems has also been examined. The one-mode model provides important corrections. 
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Abstract/Keyterms: A method has been developed for the solution of the monoenergetic critical problem 
for a slab or a sphere. The method utilizes an expansion of the flux density in Legendre polynomials of the 
coordinate. It is equivalent to the usual variational method using powers of the coordinate, but the use of 
Legendre polynomials makes it possible to calculate most of the elements of the resulting matrix by means 
of recurrence formulae. A series of calculations has been performed for slabs and spheres with …≤ 5, where 
…is the thickness of the slab or the diameter of the sphere measured in mean-free-paths. The critical 
problem is equivalent to the problem of determining the decay constant of a subcritical system with an 
exponentially decaying flux density. In consequence, the calculations also give a series of decay constants 
for subcritical slabs and spheres. Comparisons with diffusion theory show that large errors can result from 
uncritical application of diffusion theory to small assemblies. The author would recommend that 
measurements on small pulsed assemblies be analyzed by means of more accurate methods; for example, 
the present method extended to multigroup treatment of the energy dependence. The results of the 
calculations show clearly the interesting fact that the exponentially decaying flux of very small spheres has 
a minimum at the center. 
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Abstract/Keyterms: The propagation of neutron waves through crystalline moderator beryllium has been 
studied. The two simultaneous integral equations in the real and imaginary part of the flux are reduced to a 
single homogeneous integral equation in an extended energy interval and this solved by an iterative 
procedure to determine the fundamental-mode eigenvalues and eigenfunctions for various angular 
frequencies of the source. We show that for frequencies exceeding a certain critical frequency ω, no discrete 
mode exists. Various parameters have been deduced including D0, the diffusion constant, and C, the 
diffusion cooling constant. These values are compared with the values obtained from pulsed-neutron 
experiments. 
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Abstract/Keyterms: The principal methods of core design uncertainly analysis are critically reviewed. The 
over conservatism of the Deterministic Method, which aims at ensuring that the design limits cannot be 
exceeded in the most loaded channel (or at the most loaded spot), leads to a probabilistic approach (the 
Statistical Method) in which the probability of such an event is evaluated. Recent work in this direction is 
discussed. It is emphasized, however, that a probabilistic reliability evaluation must cover the whole core, 
and not only its most heavily loaded element. The Synthesis Method presented here fulfills this requirement 
without demanding the use of computers. The Synthesis Method also allows the use of a realistic space-
dependent reliability criterion. The various methods under review are compared in their application to a 
fast gas-cooled reactor core. The power levels corresponding to a given reliability are calculated and the 
Synthesis Method is seen to be more conservative than the classical Statistical Method and less conservative 
than the Deterministic Method. 
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Abstract/Keyterms: A study of low average enrichment, uranium-metal exponential columns has been 
performed at the Los Alamos Scientific Laboratory. The source reactor, materials, equipment, and 
procedures were essentially the same as used in the earlier natural-uranium experiment. 
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Abstract/Keyterms: For the purpose of defining safety standards for the storage, processing, and transport 
of solutions of fissile material, it is important to establish certain limiting sizes at optimum uranium 
concentration. This note concerns the minimum critical thickness of an infinite slab of uranium-bearing 
solution. 
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Abstract/Keyterms: In the recovery of uranium from spent fuel elements and uranium bearing wastes, the 
uranium is converted to the nitrate form by dissolution in a nitric acid solution. It remains in this chemical 
form throughout many of the processing and handling steps associated with its recovery. Consequently, a 
firm knowledge is needed of the minimum uranium-235 enrichment for which a homogeneous uranyl 
nitrate system can be made critical. This minimum critical enrichment is the enrichment required to obtain 
an infinite neutron multiplication factor, k(inf), of unity under conditions of optimum moderation. Below 
this enrichment, criticality would not be possible during the processing and handling of the uranyl nitrate. 
Also, this enrichment and the hydrogenous uranyl atomic ratio of the homogeneous mixture that gives unity 
as the maximum value of k(inf) provide a fundamental point for comparison with reactor theory. It is also 
desirable, when checking calculational models and establishing nuclear safety guidelines, to know over 
what range of moderation criticality is possible for a given enrichment. This particularly true for low 
enriched uranium systems, since at low enrichments criticality is strongly dependent on both neutron 
moderation and uranium-235 enrichment. An experimental program to provide the above information was 
initiated and completed in the Physical Constants Test Reactor (PCTR) of Battelle-Northwest. The results 
and interpretation of these measurements are presented here. Previous experiments performed in the PCTR 
showed the minimum critical uranium-235 enrichment for homogeneous mixtures of uranium trioxide in 
water to be 1.034 ± 0.010 wt.%. Additional experiments with 3.04 wt.% enriched uranium trioxide and 
uranyl nitrate, hydrogenous systems established that the presence of the nitrate radical had a pronounced 
effect on criticality. The 3.04 wt.% enriched uranium trioxide had a maximum k(inf) value of 1.350 ± 0.013 
as compared to 1.145 ± for the 3.04 wt.% enriched uranyl nitrate. Subsequent calculations indicated that 
the minimum critical enrichment for homogeneous, hydrogenous uranyl nitrate mixtures was about 2 wt.%. 
Consequently, experiments were planned for uranium-235 enrichments slightly above this value. 
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Report: NSENAO, 032, 201-224 
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Abstract/Keyterms: With a view to a detailed study of heterogeneity effects in lattices, and in particular 
of the streaming effects introduced by the presence of channels, a project has been undertaken in France 
for studying graphite lattices by the pulsed source technique. The aim of the project is to obtain experimental 
data on clean simple systems for testing the methods used in lattice calculations. The project comprises 
three progressive stages: study of lattices of empty channels, followed by lattices of non-fissile material, 
and finally by multiplying lattices. This article presents the results obtained in the study of empty-channel 
lattices. Regarding the theoretical aspects of the project, the expressions involved are somewhat different, 
depending on whether one is dealing with stationary or with non-stationary systems. The point of view 
adopted in the theoretical studies presented in this article, as well as in a related article that has appeared in 
Nuclear Science and Engineering, has been to consider stationary systems as particular cases of non-
stationary ones. In the present article, detailed expressions are obtained for non-multiplying lattices, and 
wherever it was possible without digressing too much from the context, multiplying lattices have also been 
discussed. In one of the Appendixes in particular, a method is presented for the direct calculation of decay 
constants in multiplying or non-multiplying lattices, a particular form of which can be used for the 
calculation of critical bucklings. The main part of the article deals with the axial and the transversal 
diffusion coefficients in empty-channel lattices. Experiments have been performed on lattices with a square 
pitch of 20-cm side, the channel radii studied being 1.5, 2.5, 3.5, 4.5, 5.5, and 7 cm. Since the object was 
to determine if the anisotropy effects introduced in the diffusion coefficients by the cell geometry could be 
properly interpreted, the theoretical calculations have been limited to one-velocity treatments, which should 
be adequate for empty-channel systems. The comparison between experiment and theory is quite 
satisfactory, though some discrepancy is observed with the axial diffusion coefficient in the case of the 
large channel radii. The experiments indicate, furthermore, that the diffusion cooling coefficients vary very 
rapidly with channel radius. The theoretical treatment of cooling coefficients in lattices is very complex, 
and has not been attempted. One section of the article has been devoted to the consideration of extrapolation 
lengths of empty-channel graphite systems. Approximate analytical calculations as well as a numerical 
calculation utilizing the TDC code have been presented. They indicate that it is reasonable to consider the 
extrapolation length as being equal to 0.71 times the cell mean-free-path associated with the direction 
considered. This expression has been utilized to define the bucklings of the blocks studied. However, a 
more detailed study of extrapolation lengths would be very useful. The theoretical studies presented are 
based on the classical approach of expressing the finite medium decay constant as a power series of the 
buckling. This approach is strictly valid only if the corresponding infinite lattice has an asymptotic decay 
constant. The conditions necessary for its existence are considered and it is seen that configurations of non-
multiplying lattices can very easily be such that the required conditions are not satisfied. A satisfactory 
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treatment of such “singular” cases would require a theoretical approach that treats the finite system directly 
without calling upon the corresponding infinite one. 
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Conference Session:  

Abstract/Keyterms: Reactor physics parameters were measured in three heavy water lattices consisting of 
0.250-inch-diam, 1.03 wt.% uranium-235 metal rods in triangular arrays spaced at 1.25, 1.75, and 2.50 inch. 
The following quantities were measured in each lattice epicadmium to subcadmium radiative captures in 
uranium-238 (rho-28); the ratio of epicadmium to subcadmium fissions in uranium-235 (delta-25); the ratio 
of radiative captures in uranium-238 to fissions in uranium-235 (c-star); and the fissions in uranium to 
fissions in uranium-235 (delta-28). These experimental results were used to calculate the following reactor 
physics parameters for each lattice the resonance escape probability p, the fast fission factor epsilon, the 
multiplication factor for an infinite system k(inf), and the initial conversion ratio C. Analytical results 
obtained by using THERMOS and GAM-I are in fair agreement with the experimental results. 
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Date: 6/1/1968 

Report: NSENAO, 032, 292-301 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Prompt-neutron decay constants have been determined for unreflected and 
unmoderated subcritical cylinders of enriched uranium (93.15 wt.% 235U) by the Rossi-α technique. The 
cylinder diameters were 17.77, 27.93, and 38.09 cm and the heights varied from 10.184 to 2.548, 8.431 to 
5.399, and 7.502 to 4.780 cm, respectively. The decay constants agreed to within 4% with those measured 
by the pulsed-neutron method; the comparison with the results of Sn transport theory calculations showed 
disagreements as large as 20%. The ratio of the prompt-neutron decay constant of a cylinder at delayed 
criticality to that of a subcritical cylinder and the ratio of the corresponding prompt-neutron lifetimes were 
used to obtain subcritical reactivities as great as 33 dollars. The lifetimes were calculated using neutron 
fluxes from S8 transport theory. These reactivities agreed favorably with values determined by an analog 
computer whose input was the response of an ionization chamber to power changes when an assembly was 
disassembled from delayed criticality to a given reactivity. 
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Abstract/Keyterms: Aluminum/Neutron Slowing Down in Aluminum--Water Plate Lattices, anisotropy 
of; Water/Neutron Slowing Down in Aluminum--Water Plate Lattices of, anisotropy of; Neutrons/Slowing 
Down in Aluminum--Water Plate Lattices, anisotropy of, 
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Title: Anisotropic Neutron Slowing Down in Aluminum-Water Mixtures--II: Monte Carlo Calculations 
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Abstract/Keyterms: Aluminum/Neutron Slowing Down in Aluminum--Water Slab Systems, Monte Carlo 
Calculations of Anisotropy of; Water/Neutron Slowing Down in Aluminum--Water Slab Systems, Monte 
Carlo Calculations of Anisotropy of; Neutrons/Slowing Down in Aluminum--Water Slab Systems, Monte 
Carlo Calculations of Anisotropy of 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The feasibility of using Monte Carlo methods to compute the criticality of thermal 
reactors is investigated by analyzing three simple critical assemblies with the O5R Monte Carlo neutron 
transport code. Results indicate that a precision of 0.5 to 0.8% in the eigenvalue is obtainable for these cores 
in less than one hour on the CDC-6600 computer. Further time reductions are foreseeable pending 
refinements in the operating system and more effective utilization of variance-reduction techniques. Several 
aspects of problem strategy and variance estimation are examined, leading to increased understanding of 
criticality estimators and correlation of data. 
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Conference Session:  

Abstract/Keyterms: An artificial neutron source located within a subcritical reactor at a position that is 
asymmetric with respect to a line or a plane of symmetry will give rise to a neutron flux shape that is itself 
asymmetric. The ratio of counting rates from two counters at different locations will then depend on the 
degree of subcriticality of the reactor, and this ratio can be used to infer the effective multiplication constant 
(λ0) of the system provided certain auxiliary parameters, which must be either computed or obtained by 
experimental calibration, are known. This situation is analyzed theoretically and some simple numerical 
experiments are presented which suggest that the auxiliary parameters (which themselves depend on the 
degree of shutdown) may be taken as constants in some cases. 
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Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Critical Assemblies; 
Criticality; Distribution; Equations; Mathematics; Neutron Flux; Reactivity 
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Conference Session:  

Abstract/Keyterms: SPEC-MET-FAST-001, SPEC-MET-FAST-002; Central reactivity contributions of 
gram-sized samples of 244Cm, 239Pu, and 235U have been obtained in a fast critical assembly of bare 
239Pu in a spherical geometry. Resulting values are: 244Cm = (1276 ± 5%) cents/g at.; 239Pu = (1393 ± 
3%) cents/g at.; 235U = (701 ± 2%) cents/g at. From these data, the critical mass of a bare sphere of 244Cm 
is estimated to be (27.7 ± 2.5) kg at a density of 13.5 g/cm3. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Fluctuation spectra of the current from a neutron-sensitive ionization chamber located 
in a reactor have been determined experimentally with increased precision. The cold and clean Bulk 
Shielding Reactor core was held critical and at various subcritical reactivities up to ρ = −10β. The amplified 
current fluctuations were processed on-line in a ten-channel spectrum analyzer utilizing analog-computer 
components. The shapes of the spectra and the values of neutron generation time and reactivity inferred 
therefrom, were in good agreement with theoretical predictions and with values measured using the pulsed-
neutron technique. The results were the same for the two detector locations investigated. 
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Conference Session:  

Abstract/Keyterms: A cylindrical system of finite height is being considered, consisting of a series of 
homogeneous, concentric annular zones surrounded by moderator in the radial direction. For this system, a 
complete solution of the monoenergetic, stationary neutron transport equation is found in the PN spherical 
harmonics approximation. In the moderator, the scalar flux converges asymptotically towards the solution 
of the diffusion equation. When coupled with the heterogeneous (source-sink) theory, the method yields 
the scalar flux in a reactor and, after minor modifications, also applies to the exponential assembly. 
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Title: Investigation of the Criticality of Low-Enrichment Uranium Cylinders 
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Conference Session:  

Abstract/Keyterms: An attempt to achieve a near-critical assembly with a minimum average uranium-235 
enrichment of an unreflected, uranium metal, 21-inch-diam cylinder has been completed. The project was 
a part of the graduate-student summer employment program at the Pajarito critical Assembly facility of the 
Los Alamos Scientific Laboratory. Data were required for the design of a low-enrichment, uranium metal, 
reflected system. Utilizing only the materials on hand, 21-inch-diam plates of 93.3% enriched uranium and 
normal uranium, four low-enrichment cylinders were investigated. The thickness of the normal uranium 
plates dictated the exact enrichments attainable by interleaving the plates in a cyclic manner along the axis. 
The critical parameters were obtained by extrapolation of inverse multiplication curves, which extend to 93 
to 95% of the critical height. Corrections for the reflecting properties of the vertical support structure and 
the building itself were applied. The significant results are tabulated. A least-squares analysis (quadratic) 
of the data, inverse critical height squared vs % enrichment, yields results which extrapolate to an infinite-
height enrichment of 10.5 ± 0.2%. 



 

C-12802 

12765…..…..…………………..…….……..……ID Number…………………..…..…………….12765 

Author: Windsor, Henry H. 

Title: An Interpretation of Reflector Savings Measured in Water-Moderated and-Reflected Exponential 
Experiments 

Date: 7/1/1968 

Report: NSENAO, 033, 139-141 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Analysis; 
Computers; Distribution; Exponential Piles; Measurement; Neutron Flux; Reactivity; Reflectors; Thorium 
Oxides; Uranium Dioxide 
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Title: Thermal-Neutron Diffusion in Light and Heavy Water 
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Report: NSENAO, 033, 209-217 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Thermal-neutron diffusion coefficients for H2O and D2O were determined from 
static measurements of the neutron relaxation length in boron poisoned H2O and D2O and pulsed 
measurements of the neutron die-away in different sized containers of these two moderators. The 
coefficients derived for H2O are: …These results agree well with previously reported coefficients, fairly 
well with Honeck's calculations, and very well with Dorning's more recent calculations. The diffusion 
coefficients for D2O were derived from data in the range of (equivalent) poison concentrations, ∑a(B) = 
−0.04 to +0.04/cm. Restricting the data to these limits avoids possible difficulties associated with the 
approach to the Corngold limits at κ = (∑t)min and … The coefficients derived for D2O are: …Unlike 
previous experiments, these results indicate no discrepancy between pulsed and static determinations of D0 
for D2O. 
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Title: Numerical Solution of the Boltzmann Integral Equation: A Multigroup Benchmark Calculation 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Boltzmann Equation; Configuration; Critical Assemblies; Criticality; Differential Equations; Equations; 
Godiva-1; Mathematics; Reactivity; Transport Theory 
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Abstract/Keyterms: Reactor Components, Fuels & Accessories; Analysis; Criticality; Equations; 
Mathematics; Neutron Sources; Power; Reactivity; Reactors 
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Conference/Journal: Nuclear Science & Engineering 
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Abstract/Keyterms: The method of fission track counting has been placed on a precise absolute basis. 
Sources of systematic error have been investigated and eliminated or reduced so that precise fission rate 
measurements can be conducted. Solid State Track Recorders (SSTR) of pre-etched mica and polycarbonate 
resin (Makrofol) have been used. Experimental results depend critically on the quality of the fission sources 
employed. Consequently, different methods of fission source preparation have been examined. The 
efficiency and sensitivity of this method have been determined for both mica and Makrofol. An irradiation 
assembly providing uniform neutron flux exposures is used for relative measurements. Absolute 
calibrations have been carried out with 244Cm spontaneous fission sources. A limiting accuracy of close 
to 1% for absolute uranium fission rate measurements has been achieved. 
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Title: Positivity Theorems for the Discrete Form of the Multigroup Diffusion Equations 
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Report: NSENAO, 034, 057-066 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The existence of a unique positive critical flux distribution and of a corresponding 
single positive eigenvalue (k-effective), which is greater than the absolute value of any other eigenvalue, is 
established for the discrete form of the steady-state multigroup diffusion equations. The assumptions here 
are considerably less restrictive than in formerly published papers. For example, arbitrary scattering 
matrices, general fission transfer matrices (not necessarily in multiplicative form), and internal nondiffusion 
regions are allowed. Furthermore, the transitivity assumption of the problem is replaced by weak conditions 
of connectedness, which are not only sufficient but also necessary for the existence statements. The 
theoretical and computational significance of the existence and positivity theorems are discussed. Several 
examples illustrate the generality of the results and the importance of the conditions of connectedness. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The simplified-Pl(SPl) and modified-P2(MP2) transport approximations have been 
considered for use as practical nuclear design tools, replacing diffusion theory in the first few-group of a 
four-group scheme. Two numerical comparisons of two-dimensional systems indicate that SPl can be a 
satisfactory design tool for situations where the total cross section is slowly varying and the geometry is 
not too severe. The MP2 approximation has certain computing advantages, but does not yield as uniform 
an improvement over P1 as SPl does. 
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Abstract/Keyterms: Reactor Components, Fuels & Accessories; Buckling; Configuration; Cylinders; 
Determination; Reactor Core; Reactors 
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Title: Experimental Evaluation of Minima in the Total Neutron Cross Sections of Several Shielding 
Materials 

Date: 11/1/1968 

Report: NSENAO, 034, 114-121 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Neutron total cross sections in the energy range from 1 to 11 MeV have been 
experimentally evaluated for several shielding materials by comparing calculations and measurements of 
the spectra of the uncollided flux transmitted through thick samples. This technique provides a critical test 
of the minima in the cross sections but yields little information about the resonance regions. Special 
emphasis has been placed on evaluating the total cross sections in the Evaluated Nuclear Data File 
(ENDF/B), which, in most cases, are the best available, the exceptions being for iron and tungsten. 
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Title: Solution to the Neutron Transport Equation for an Infinite Cylinder by Fourier Series 

Date: 11/1/1968 

Report: NSENAO, 034, 134-147 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Approximate solutions to the one-velocity neutron transport equation for an infinite 
cylinder with isotropic scattering and spatially piecewise constant cross sections are obtained by Fourier 
expansion of the neutron distribution function in one of the angular variables. An infinite coupled set of 
equations for the expansion coefficients is derived and general properties of the solutions to the truncated 
set of equations are discussed. A scheme for solving these equations by Gauss quadratures is given, and, as 
an example, the solution to the bare infinite cylinder critical problem is given in three orders of 
approximation. Excellent accuracy is obtained with a fairly small investment of analytical effort. The 
extension of the method to include the effects of anisotropic scattering is sketched. 
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Title: Additional Conditions to the Neutron Multiplication Method of Reactivity Determination 
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Abstract/Keyterms: Reactor Theory-Kinetics; Analytic Functions; Criticality; Energy; Mathematics; 
Measurement; Reactivity; Reactors; Space 
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Abstract/Keyterms: Accurate critical parameters have been obtained for bare, nearly homogeneous 
assemblies of enriched uranium and graphite having carbon/uranium atom ratios in the range 960 to 23,000. 
Among the quantities measured were k(eff), critical bucklings, extrapolation distances, spectral indices, 
and neutron lifetimes. Particular attention was paid to the problem of neutrons returning from the 
surroundings. 
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Title: Analysis of Brookhaven Uranium-235 Graphite Critical Experiments 

Date: 12/1/1968 

Report: NSENAO, 034, 251-262 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Analysis of the nearly homogeneous enriched uranium-graphite critical assemblies 
described in the preceding paper by Phelps and Weinstock are reported in this paper. These assemblies are 
characterized mainly by their high leakage rate, and two methods are used for estimating the leakage: (1) 
the conventional B-1 approximation method and (2) the moments methods using Monte Carlo calculations 
for the moments of the slowing down distribution. It is found that the B-1 approximation describes the 
leakage effects quite accurately. Most of the cross sections used in the calculations are from the recent 
evaluated nuclear data file (ENDF/B). Results of calculations for k(eff), neutron lifetimes, and foil 
activation ratios are generally in excellent agreement with the measurements. 



 

C-12815 

12778…..…..…………………..…….……..……ID Number…………………..…..…………….12778 

Author: Staub, A. / Harris, D. R. / Goldsmith, M. 
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Abstract/Keyterms: U233-SOL-THERM-001, U233-SOL-THERM-008; A group of 11 aqueous critical 
experiments fueled by uranium-233 and uranium-235 and performed by Gwin and Magnuson have been 
analyzed to serve as integral tests of nuclear data important in reactor design. Measured eigenvalues were 
corrected for various effects including the presence of the aluminum container, departures from sphericity, 
delayed-neutron importance, and room return. Eigenvalues were calculated in simplified P-3 approximation 
using 60 energy groups, and determinations were made of the eigenvalue uncertainties (± 0.1%) associated 
with this treatment. Within the eigenvalue uncertainties (± 0.25%) resulting from fuel inventories, it was 
concluded that fissile nuclide and H(n,gamma) cross sections were adequate to match calculations and 
experiments but that there was evidence of erroneous nuclear data important in determining neutron 
leakage. In particular, a substantially harder uranium-233 fission neutron spectrum seems to be indicated. 
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Abstract/Keyterms: A discussion is given of the use of the indirect variational method for generating the 
trial functions needed to compute a variational estimate of a homogeneous functional of the solution to an 
eigenvalue equation. It is shown that one use of the method leads to no difficulties, whereas another use 
gives meaningless results. In this latter instance, the method of weighted residuals can be used to generate 
the necessary trial functions. With the trial functions known, the variational estimate of the functional of 
interest follows by quadrature. 
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Equations; Matrices; Multiple Scattering; Neutrons; Numericals; Plates; Reflection; Shielding; Thickness; 
Transport Theory 



 

C-12818 

12781…..…..…………………..…….……..……ID Number…………………..…..…………….12781 

Author: Kistner, G. / Mihalczo, J. T. 

Title: Critical Experiments for the Repetitively Pulsed Reactor SORA 

Date: 1/1/1969 

Report: NSENAO, 035, 027-044 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A series of static critical experiments has been performed on an accurate mockup of 
the SORA reactor. SORA is a proposed sodium-potassium cooled, repetitively pulsed fast reactor which 
would be used as a high-intensity neutron source for time-of-flight experiments. The reactivity of this 
reactor is varied by a movable reflector. Those parameters which are related to the kinetics of the reactor 
have been investigated thoroughly in the critical experiments. They have been measured for both beryllium 
and iron reflectors of several sizes and for various core and fixed reflector configurations. The total 
reactivity of the movable reflectors varied from 3.7 dollars for a 11.0-cm-wide iron reflector to 12 dollars 
for a 26.2-cm-wide beryllium reflector. The reactivity of the movable reflector as a function of its position 
has been shown to have a parabolic dependence on position characterized by the parameter alpha(sub-x), 
which varied from 4 to 9.9 cents/cm2. The prompt-neutron time decay is described by a fast decay constant 
which varied between 0.30 and 0.55 micro-seconds and a slow decay constant which varied between 0.05 
and 0.10 micro-seconds. The critical mass for the various experiments was between 50.3 and 57.3 kg of 
uranium enriched to 93.2 wt% uranium-235. Using space-independent neutron kinetics with one delayed-
neutron group. It has been shown that with a 24-cm-high x 7-cm-thick x 21-cm-wide beryllium reflector 
the assembly will produce 100 pulses/sec about 50-micro-seconds wide at half-maximum power with a 
peak-to-average power ratio of about 180. 
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Abstract/Keyterms: The diffusion parameters of light water have been measured by the pulsed-source 
method. The neutron bursts were produced from a Texas Neutron Generator by pulsing the ion source and 
using the 3H (d, n) 4He reaction. Neutrons were injected into spherical volumes of H2O and the decay 
constants of the neutrons were determined by means of an enriched BF3 miniature proportional counter. 
Neutron lifetime measurements were performed on small and large water samples with values of the 
geometric buckling from 0.035 to 0.655 cm−2. A harmonic analysis was conducted for the large geometries, 
while the waiting time method was used for the smaller ones. In the harmonic analysis, it appeared that a 
detector in a sphere is more sensitive to neutron fluctuation with time than it would be in a rectangular or 
cylindrical system. The diffusion parameters, D0 and C, were determined by fitting the decay constants to 
the equations and, where and are the geometric and the corresponding transport buckling, respectively. The 
second fit gave a lower standard deviation of C than did the first fit. 
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Abstract/Keyterms: Time-of-flight measurements of the neutron angular flux spectrum in graphite have 
been made to provide a standard of comparison for neutron penetration calculations. The spectrum from 
0.002 eV to 15 MeV was measured with an accuracy of ±13 to 32% and a resolution of ±2 to 10%, at angles 
from 0 to 60° and penetrations to 66 cm. Comparisons with Monte Carlo and discrete ordinates calculations 
using ENDF/B cross sections indicate fairly good agreement except in resonances and near zero degrees 
for discrete ordinates. Scalar fluxes have also been calculated with the moments method. 
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Abstract/Keyterms: The time-dependent neutron transport equation is treated as a problem in singular 
perturbation theory. The method of matched asymptotic expansions is used to find equations yielding 
approximate solutions that are uniformly valid in time. The long-time solutions resulting from this method 
are those of the prompt-jump approximation. Although best suited for fast subcritical systems, numerical 
results from diffusion theory calculations indicate that very good accuracy is obtained for thermal systems 
as well. 
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Abstract/Keyterms: Critical parameters are reported for an essentially unreflected system containing 
uranium solution and a fixed neutron poison. The uranium solution contained 450.8 g of uranium per liter. 
The uranium was enriched to 93.19 wt% uranium-235. The fixed poison was natural boron contained in 
stainless steel plates and comprised 1.02 wt% of the plates. The total boron content was varied on successive 
runs by changing the number of plates. The plates were arranged along parallel chords of the 106.6-cm-
diam cylindrical experimental tank; they were approximately uniformly spaced. Three types of 
measurements are reported. The first type provides data on an unpoisoned slab. In the second type, the 
uranium solution height at criticality was less than the height of the plates (119 cm) and provided data on a 
poisoned solution cylinder. When the boron concentration was 16.41 grams/liter, the cylinder was 
subcritical even if infinitely long. The third type of measurement, where the critical uranium solution height 
exceeded the plate height, allowed an evaluation of the interaction between an unpoisoned slab and a highly 
poisoned region. The highest boron concentration measured was 20.62 grams/liter. The experimental data 
are compared with results from neutron transport and diffusion computer codes. Computer results also 
provide asymptotic values for critical parameters not amenable to measurement because of apparatus 
limitations. Finally, the computer was used to extend the applicability of the data to more general systems. 
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Abstract/Keyterms: An energy-dependent transport theory solution for the infinite medium neutron-wave 
propagation problem is obtained by applying a Laguerre polynomial expansion to represent the flux energy 
dependence. Integral transform methods are utilized to determine solutions appropriate for a general 
isotropic scattering kernel and general cross sections. Detailed calculations are performed for a two-term 
polynomial expansion and an energy-dependent cross-section model. Although the polynomial expansion 
approximation appears to be quite satisfactory for low modulation frequencies, serious inadequacies exist 
for higher frequencies where continuum effects are important. A critical frequency is not predicted, and the 
two-dimensional continuum of eigenvalues is approximated by a series of cuts, the number of which 
depends on the number of terms in the expansion. 
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Abstract/Keyterms: Exponential and critical approach experiments have been performed to determine 
material bucklings and extrapolation distances for several hexagonal lattice arrays of 2.1 wt% uranium-235 
enriched uranium tubes in light water. Tubes of two sizes were measured-2.33-inch OD, 1.77-inch ID; and 
1.38-inch OD, 0.63-inch, ID. The arrays included clean lattices of uranium tubes; uranium tubes containing 
lithium aluminate target rods; uranium tubes with adjacent neutron absorbing columns; and two mixed 
lattices of 0.95 and 2.1 wt% enriched tubes-one with the 0.95 and 2.1 wt% tubes evenly distributed in the 
lattice, and the other with the 0.95 and 2.1 wt% tubes arranged in alternate rings. These experiments 
supplement data obtained in 1965 for 1.002, 1.25, and 1.95 wt% enriched uranium tubes. Critical parameters 
for these lattices, calculated with the HAMMER code, agree reasonably well with the measured results. 
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Abstract/Keyterms: A generalized digital computer approach to analyze the loss-of-coolant accident in 
pressurized water reactors requires a systematic specification of the plant geometric, physical, and 
topological characteristics and initial conditions. The solution of the problem is hampered by numerical 
stability and convergence problems which can be remedied by first classifying the problem variables into 
three categories: 1) numerically-integrated; 2) analytically-integrated; and 3) auxiliary algebraic variables. 
Second, in view of the occurrence of the acoustic wave phenomenon, the maximum allowable integration 
time step should be kept much smaller than the subharmonics present in the solution. Another distinctive 
feature of this study is the treatment of stratified elements, such as the pressurizer or the steam generator 
secondary. Allowance for mass exchange between the top and bottom control volumes in these elements is 
made by the introduction of bubble rise and condensate drop velocity concepts. Furthermore, to eliminate 
unrealistic pressure fluctuations in the ruptured elements at the onset of two-phase blowdown, critical flow 
models including inertia effects are introduced. To verify the sensitivity of the solution to various two-
phase frictional loss correlations, five well-known correlations are reviewed. A comparison of the analytical 
results against LOFT experimental data demonstrates a good agreement and shows that a more accurate 
prediction would require the introduction of metastability analysis. 
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Abstract/Keyterms: A series of experiments has been performed to study the diffusion of thermal neutrons 
in Al-H2O plate lattices. Although diffusion perpendicular to the plates could be described by an 
exponential function, thus defining a diffusion length, such was not the case for diffusion parallel to the 
plates. Various ancillary experiments support the conclusion that a discrete eigenvalue does not exist for 
parallel diffusion in such systems. This conclusion is in agreement with the theoretical predictions of 
Clancy, Durance, and McCulloch, and of Williams. 
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Abstract/Keyterms: A stochastic kinetic theory for space- and energy-dependent, zero power, nuclear 
reactor models is constructed from a last collision probability argument. The space and energy domains are 
partitioned into discrete cells. Equations are developed for the probabilities for transitions among the 
possible states of the reactor, and an equation is obtained for the probability generating function for these 
transition probabilities. Equations for the mean values, variances, covariances and correlation functions of 
the neutron and precursor distributions are derived. The stochastic distributions of neutrons and precursors 
are found to be space- and energy-dependent in subcritical reactors, but to attain a space- and energy- 
independent asymptotic form in supercritical reactors. The asymptotic distribution in a supercritical reactor 
is identical for the neutron and precursor distributions, and depends upon the manner in which the reactor 
is made supercritical. A method for applying the theory to low-source start-up calculations is suggested. 
The influence of spatial stochastic effects upon such calculations is demonstrated. 
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Abstract/Keyterms: A quasi-static method is proposed for evaluating spatial effects on nuclear reactor 
kinetics. The neutron flux shape is calculated approximately as an asymptotic solution of the two-group 
space-time diffusion equations, where delayed neutron behavior is included. Two iterative procedures are 
alternatively used according to the amount of reactivity involved. The first one operates until prompt 
criticality is reached. The second procedure replaces the first one as soon as the reactor goes superprompt 
critical. The main feature of the approach adopted is the possibility of selecting an initial guess such that 
convergence is reached at the first iteration. The matter is then reduced to solving two eigenvalue problems. 
Theoretical and numerical comparisons with Henry's adiabatic model outline the main role of perturbed 
adjoint fluxes and correct neutron-flux shape (the second agent only for superprompt critical excursions) in 
defining the generation time and reactivity. When compared with the exact solution, results of sample 
problems show substantial accuracy in the flux shape and amplitude. In subprompt critical excursions, only 
the synthesis method is as accurate as the metastatic one and yields errors of few percent at the flux peak. 
In the reactivity range above prompt critical, differences between the exact results and the metastatic ones 
are unessential. 
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Abstract/Keyterms: A method of solving the time-energy dependent problem in reactor physics is 
explained. This method uses an iterative process to solve the steady-state Boltzmann equation and takes 
advantage of the implicit time variable concealed in this equation and released by the iterative calculations. 
Various examples of calculations are presented for fast and thermal reactors. They reveal some interesting 
features of kinetics neutron population and provide information for understanding reactor kinetics and time-
of-flight spectra obtained both in fast and thermal subcritical systems. 
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Abstract/Keyterms: The neutron spectrum for a subcritical section of the thermionic critical experiment, 
Assembly No. 1, was measured by the pulsed source, time-of-flight method. The measurement was 
performed in a calculable slab configuration so that the results would be directly applicable to the critical 
assembly. The measured spectrum was compared with multigroup transport calculations based upon various 
cross-section data sets and cross-section treatments. The results demonstrate the need for consideration of 
unresolved resonance self-shielding in uranium-235, and suggest that the uranium-235 absorption cross-
section data may be slightly high at low energies (100 eV less than E less than 2 keV). 



 

C-12837 

12800…..…..…………………..…….……..……ID Number…………………..…..…………….12800 

Author: Goddard, A. J. H. / Johnson, P. W. 

Title: Thermal-Neutron Diffusion in Aqueous Absorbing Solutions 

Date: 7/1/1969 

Report: NSENAO, 037, 127-136 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Thermal-neutron diffusion lengths have been measured with an accuracy of typically 
½% in aqueous absorbing solution contained in a tank adjacent to a reactor thermal column. Both pure 
water and boric acid solutions were used at 22.3 and 65°C, and solutions of cadmium and gadolinium salts 
at the lower temperature. Ten concentrations of each absorber were used. Two of the measured diffusion 
lengths for cadmium yield space eigenvalues which violate the (ΣT)min limit of Corngold. Slight diffusion 
cooling occurs in cadmium solutions in contrast to marked heating effects in boron and gadolinium 
solutions. Theoretical predictions of diffusion lengths have been obtained by a B2 solution of the transport 
equation. Four scattering models were used: the Nelkin model, Haywood model, and two further models 
consisting of modifications to each of these. The modifications highlight particular parts of the hydrogen-
atom generalized frequency distribution. A Laguerre polynomial expansion technique is investigated but 
found to be unsuitable for the analysis of non-1/v poison data. 
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Abstract/Keyterms: A discrete neutron kinetics for periodically pulsed fast reactors is formulated in which 
the time behavior of the delayed neutron precursor concentrations is considered explicitly only just before 
and just after each power pulse. The power pulse is represented by a delta function and a general integration 
of the precursor equations between pulses is used. The difference equations obtained are well suited for use 
in digital simulation of pulsed reactors. An “inhour equation” for pulsed reactors is derived from the 
difference equations and is shown to reduce to the relation obtained from the period-averaged kinetics 
equations, if the deviation from pulsed criticality is small. 
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Abstract/Keyterms: The method of singular eigenfunction expansions is applied to time-independent one-
speed problems in which there are two half-space media which scatter neutrons anisotropically. Integrals 
are derived which reduce the calculation of the expansion coefficients to the solution of a non-singular 
integral equation plus associated coupled equations. In general, none of the expansion coefficients are found 
in closed form. 



 

C-12840 

12803…..…..…………………..…….……..……ID Number…………………..…..…………….12803 

Author: McCormick, N. J. 

Title: Neutron Transport for Anisotropic Scattering in Adjacent Half-Spaces. II. Numerical Results 

Date: 8/1/1969 

Report: NSENAO, 037, 252-261 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The method of singular eigenfunction expansions is applied to the time-independent 
one-speed Milne problem in which there are two half-space media. It is assumed that scattering in each 
medium is at most linear in the cosine of the scattering angle; closed form expressions are then obtained 
for the expansion coefficients. Numerical results show the dependence upon the scattering parameters of 
the extrapolation distance and the discontinuities in the asymptotic densities and currents at the interface. 
These results give the proper boundary conditions to be applied when using diffusion theory in problems 
involving two or more plane layers which are thick as compared to the mean-free-paths of the media. 
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Abstract/Keyterms: The efficacy of the overlapping group method in fast-reactor analysis investigated 
and tested on an idealized fast-reactor configuration. A full transport-theory treatment is adopted and the 
overlapping group equations are derived by the indirect use of a variational principle. A number of 
refinements to the basic method have been examined and serve to demonstrate that with a judicious choice 
of variational functional and trial functions it is possible to obtain accurate estimates not only of the 
reactivity and other integral quantities but also of the detailed flux. These include: leaving both the 
space/angle and energy dependence of the trial functions to be determined by the variational principle, 
incorporating discontinuous trial functions, and the use of a new variational principle for criticality 
problems that leads to estimates of homogeneous functionals of the unknown flux. 
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Abstract/Keyterms: Alternating-direction implicit (ADI) time-differencing approximations are developed 
for the two-dimensional neutron group-diffusion equations. These methods are analyzed for accuracy and 
stability relative to the implicit-difference approach used in the TWIGL program. It is shown that for model 
problems (bare homogeneous reactors with constant material properties) the ADI method is as accurate as 
the TWIGL method and much faster computationally. However, several numerical comparisons show that 
the ADI approach is asymptotically unstable for non-model problems unless extremely small time-steps are 
used. Such comparisons show the ADI methods (considered in this paper) to be inferior to the TWIGL 
method for realistic reactor-dynamic problems. A variant on the ADI scheme (ADI-B2) is developed and 
for a class of delayed supercritical problems shown to be potentially superior to all methods considered. 
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Abstract/Keyterms: By means of approximate numerical solutions obtained from a first-order correction 
to the prompt-jump approximation, good agreement is found with exact numerical solutions of the kinetics 
equations. Accuracies of <0.1% are obtainable for iterative time steps of as much as 1 sec, provided the 
reactor remains below prompt-critical [i.e., k(t) < $1]. The accuracy increases as l/β → 0, i.e., as the prompt-
neutron lifetime becomes smaller or as the reactor becomes “faster.” This true for both fast- and slow-
reactivity insertion rates, C. Two methods for handling rapid reactivity insertion rates are discussed. One 
(Method A) is more applicable for C ≈ 1 → 50 $/sec, and the other (Method B, which effectively shifts the 
time scale) is more applicable for C ≳ 50 $/sec. In the one delayed-neutron-group approximation, analytic 
results are presented for arbitrary reactivity insertion rates and comparisons are made with previous 
methods. 
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Abstract/Keyterms: Three methods are presented for calculating the multiplication of the delayed-neutron 
response which occurs in far-subcritical samples of fissionable material irradiated by an external neutron 
source: a three-energy group analytic expression; the zero prompt-lifetime approximation in conjunction 
with a one-dimensional steady-state transport theory code; and a three-dimensional time-dependent Monte 
Carlo code. The accuracy and limitations of the calculational techniques are demonstrated by a comparison 
with experimental measurements. 



 

C-12848 

12811…..…..…………………..…….……..……ID Number…………………..…..…………….12811 

Author: Newlon, C. E. 

Title: Energy-Dependent Reflection Coefficient for a Critical Cylinder of Aqueous U(4.98) Solution with 
Composite Reflector 

Date: 11/1/1969 

Report: NSENAO, 038, 173-174 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Cadmium; Criticality; Cross Sections; 
Cylinders; Energy; Fluorides; Group Theory; Neutrons; Reflection; Reflectors; Solutions; Steels; Transport 
Theory; Uranyl Compounds; Water 
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Abstract/Keyterms: The utility of reflection and transmission function (or collectively, response function) 
concepts in reactor physics is investigated. A review of previous work is given, indicating the relation 
between the differential (invariant imbedding) and functional (adding) equations for the response functions. 
In addition, a numerical halving technique is developed from the adding relations. By combining the 
invariant imbedding and functional equations, an efficient calculational technique for albedo, shielding, and 
criticality problems in slab geometry is obtained. The feasibility of performing response function 
experiments to obtain cross section and criticality information is also examined. The envisioned 
experimental setup is described and calculations are carried out to verify the numerical procedures. 
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Abstract/Keyterms: A two energy group model is proposed in this paper for studying the criticality of a 
slab of finite thickness in the framework of neutron transport theory. The system of the two stationary 
Boltzmann equations which, in the case of isotropic scattering, govern the flux distributions of the two 
neutron groups, is first solved by a Fourier transform technique. Explicit series expressions are then derived 
for the angular as well as for the total flux distributions in the interior and at the boundary of the critical 
slab. These series expressions are shown by numerical calculations to be rapidly convergent to the required 
solutions of the problem under examination. Results for the critical parameter and for the total and angular 
flux distributions are at last reported. 
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Abstract/Keyterms: The familiar rod-drop method for determining delayed-neutron parameters has been 
refined with new techniques of data collection, analysis, and correction. Values for a highly enriched 
uranium, heavy-water reactor have been obtained which have a general applicability because they have 
been accurately corrected for reactor power history, post-shutdown sub-critical neutron multiplication, and 
finite rod-drop time. Neutron flux after shutdown by rod drop in the Georgia Tech Research Reactor was 
monitored for periods in excess of three days using two detectors operated in parallel. One detector used a 
thermal-neutron-sensitive scintillator, the other a fission chamber. Flux-decay data were fit by weighted 
least squares using the Variable Metric Minimization method. This method was able to fit all the data 
simultaneously without limit on the number of fitting parameters. The most statistically-significant fit was 
obtained with 13 delayed-neutron groups, one of which was attributed to background due to its negligibly 
small decay constant. A fitting expression was used which accurately described the data collection process 
in which each data point was taken as the time integral of the flux over a finite time interval. The results 
are compared with values which have been obtained by small irradiated uranium samples and with decay-
constant values in the last reported heavy-water in-reactor determination. There are indications that 
delayed-neutron effectiveness is enhanced by ∼3% in this type of reactor and that the effectiveness of 
photoneutron groups is decreased by ∼28% because of attenuation of high-energy gamma rays. 
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Abstract/Keyterms: A subcritical assembly (29 × 38 × 29 cm) built of TRIGA-type fuel elements was 
pulsed by coupling it with the Illinois TRIGA reactor through a graphite thermal column (2 ft square by 4 
ft long). Flux measurements were made at seven locations in four different fuel loadings—9, 16, 25, and 
49 fuel elements—with keff varying from about 0.4 to 0.92. A polynomial expansion method is used to 
provide a continuous representation of pulse shapes. Derivatives appearing in a diffusion-theory model, 
evaluated using this expansion, are then used to determine the propagation velocity and the neutronic 
parameters. The maximum “asymptotic” velocity (removed from the boundaries) varied from 4 × 104 
cm/sec at keff = 0.60 to 2.54 × 104 cm/sec at keff = 0.92. The theoretical model involves an expansion 
which, depending on the number of terms retained, bounds the experimental data. However, differences of 
as much as 40% in absolute values are observed and they are attributed to inadequacies in the model for 
this small heterogeneous assembly. Uncertainties in the neutronic parameters, as well as nonlinearities in 
the instrumentation, may also contribute. 
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Abstract/Keyterms: Transport theory (Sn) calculations of the Ultra High Temperature Reactor Experiment 
(UHTREX) are compared with results obtained in clean cold critical experiments. These experiments are 
characterized by a high (43% of all neutrons produced) fast neutron leakage from the core, a hardened 
thermal neutron spectrum (a reactivity effect of −9.5% compared to a Maxwellian spectrum at the same 
temperature) and two spatial self-shielding effects. The smaller of the self-shielding effects, −2% in 
reactivity, occurs in the coated fuel particles contained in the fuel elements. A larger spatial self-shielding 
effect, −3.6% in reactivity, results from the heterogeneous arrangement of fuel elements and core 
moderator. The radial fuel channel design and radially graduated fuel loading complicate the calculation of 
the fuel element self-shielding because the entire core cannot be represented by one simple unit cell. 
However, conventional cell homogenization techniques are adequate when applied to subregions of the 
core. In spite of the geometrical complexities, the calculated multiplication factors and fission distributions 
agree well with experiment. 
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Abstract/Keyterms: This note describes an extensive series of reactivity worth measurements designed to 
check the validity of basic cross-section data on an integral basis. In particular, the recent data, released as 
the evaluated nuclear data file (ENDF/B), and the data evaluated over the last several years by Gulf General 
Atomic for utilization with the GAM series of codes, were investigated. The critical assembly, which is 
described in considerable detail elsewhere, is composed of blocks of slightly diluted fuel (93.2% enriched 
uranium and polyethylene with an atomic ratio, H/Uranium-235 approximately stacked into a cuboidal 
configuration. The composition was chosen to provide a clean, single-region simulation of the neutron 
spectrum of a thermionic reactor core reflected with beryllium oxide. The simple composition and 
configuration (mechanically homogeneous and bare) of this assembly were mended to facilitate the analysis 
of the reactivity measurements. Indeed, auxiliary measurements indicated that the configuration and 
neutron spectrum were reasonably well understood. Reactivity-worth measurements were performed at 
three locations within the assembly. The worth of small samples, consisting of thin disks nominally 3/4 
inch in diameter by 0.020 inch thick, was determined at the core center, and at an off-center position for 
some of the samples. Additionally, the worth of several thin slabs which were nominally 1/8 inch thick, 
was determined at a location adjacent to an exterior face of the assembly. The results highlight the 
sensitivity of the net reactivity effect to the basic cross-section data. The significant contribution of self-
shielding, even for neutronically thin samples, is discussed. The surprisingly good agreement between 
predictions bases upon ENDF/B and GAM data for most materials is brought out. Finally, the substantial 
deviations between experiment and analysis for several materials indicates that their cross-section data may 
warrant re-evaluation. 
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Abstract/Keyterms: A method of optimizing the fissile fuel distribution to obtain minimum critical mass 
for a fast breeder reactor of fixed power is presented. Constraints on the power density and on the fuel 
enrichment are considered. The reactor is described by one-group diffusion theory. The optimal trajectory 
in the phase space (flux-current) is found a priori using the Maximum Principle of Pontryagin. It is shown 
that in general, the optimum reactor has three distinct regions: a central constant-power-density region, a 
region of maximum fuel enrichment and an outer region of minimum enrichment corresponding to the 
blanket. The existence of this last region and its dimension depend on the outer boundary condition which 
can simulate the presence of an external reflector. The expressions obtained for the optimized dimensions 
of each region can be solved analytically and numerical results are given. 



 

C-12857 

12820…..…..…………………..…….……..……ID Number…………………..…..…………….12820 

Author: Coonfield, D. C. / Tuck, G. / Clark, H. E. / Ernst, B. B. 

Title: Critical Mass Irregularity of Steel-Moderated Enriched Uranium Metal Assemblies with Composite 
Steel-Oil Reflectors 

Date: 3/1/1970 

Report: NSENAO, 039, 320-328 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Critical masses have been determined by experiment and by calculation for enriched-
uranium-metal spherical shells moderated internally with a sphere of mild steel of radius 8.01 cm. The 
shells were reflected with various thicknesses of mild steel followed by an effectively infinite amount of 
oil. The points representing critical mass as a function of the thickness of the steel reflector are not related 
by a smooth curve. The irregularity appears to be most severe for a 3-cm-thick steel reflector and is due to 
the resonance in the neutron elastic-scattering cross section of iron. 
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Abstract/Keyterms: A new method for the solution of the Boltzmann equation for time-dependent or 
stationary neutron transport is presented. The essentials of the method are a Fourier transform of the 
transport integral equation and the decomposition of the new kernel into a bilinear form. In the 
monoenergetic case, the transport problem is reduced to the solution of an (infinite) linear system of 
equations. It is important that the matrix elements in this linear system be determined only once for any 
geometry and that this be done in an analytical way. In the present paper, the matrix elements for plane, 
spherical, and cylindrical geometries are constructed explicitly and are presented in a form suitable for 
numerical applications. To illustrate the efficiency of the method, the critical dimensions for these 
geometries have been determined in various integral transform ITN approximations, N being the order of 
the linear system after truncation. For samples of a thickness up to ∼10 mean-free-paths, the results for the 
critical dimension in stationary problems, or for the fundamental time-decay constants in nonstationary 
problems, have in the IT4 approximation, at least, the accuracy of the corresponding S16 results. The 
convergence of the ITN results, with respect to the order N, is very fast. The results for N = 4 can be 
considered as exact within one or two units in the fifth digit. The convergence behavior of the SN and the 
PN method is decidedly slower. In contrast to the SN, PN or Case's method, the smaller the system, the 
better the accuracy of the ITN calculations for fixed N is. The increase in accuracy by increasing N requires 
less computational effort for the ITN approximation than for SN or PN approximation. Apart from 
providing an analytical standard for the check of numerical approximations, the present method is a simple 
and rigorous tool for the calculation of neutron distributions, particularly in small systems. 
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Abstract/Keyterms: Criticality codes are in general adjusted to reproduce measured values of critical 
bucklings which furnish (k(inf)-1)/M2. The parameter adjusted is k(inf), the calculation of leakage being 
assumed to be well made. However, in the case of heterogeneous systems in particular, the slowing down 
region is not easy to study, and one has perforce to make certain simplifying assumptions which reflect on 
the calculated value of the age. Since a proper estimation of leakage is necessary for a code adjusted on 
clean critical systems to be valid when extrapolated to large power reactors where leakages are different, it 
is of practical interest to be able to use some experimental data for checking age calculations and searching 
for improvements if necessary. Pulsed experiments furnish the necessary experimental data, since 
measurements made on a given lattice for different block sizes permit the separation of multiplication from 
leakage. A method of analysis presented and applied to experiments on natural uranium/graphite lattices. 
An effective age-diffusion expression in which k(inf)/p, l2 and the mean lifetime are evaluated in terms of 
buckling-dependent spectra, is transformed into linear equation which permits simultaneous adjustment of 
p and of the age. Our analysis shows that pulsed experiments can be sufficiently precise for age adjustments. 
However, since these experiments are performed at far-from-critical bucklings, the precision is not 
sufficient for adjusting p, and hence k(inf). We conclude that these experiments are very useful for adjusting 
leakage, but this adjustment being made, critical experiments remain necessary for the subsequent 
adjustment of k(inf) with precision. 
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Abstract/Keyterms: Critical parameters are reported for uranium-solution systems consisting of equally 
spaced vertical cylinders arranged in a square array resting on the bottom of a 20.3-cm-high square slab 
tank. Some of these systems were reflected externally. Both the cylinders and the slab contained uranyl-
nitrate solution having 490 g of uranium (93.2 wt% uranium-235)/liter. A system of an 87-cm-high array 
of sixteen 11.0-cm-diam cylinders on an 11.4-cm-thick solution slab was critical. The slab alone was critical 
at 12.8 cm. Another critical system was a single 22.4-cm-diam cylinder of effectively infinite height on a 
solution slab 10.8-cm thick. The 22.4-cm diameter is 93.7% of the critical diameter for an infinite cylinder. 
Monte Carlo calculations, simulating several typical experimental critical systems, yielded values for k(eff) 
between 0.958 ± 0.012 and 0.986 ± 0.009. 
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Abstract/Keyterms: An integral transport method was developed and applied to the calculation of the 
central reactivity worths of various samples measured in a 2700-liter uranium-carbide fast core and in a 
4000-liter UO2 fast core. The method was used to obtain corrections to multigroup first-order perturbation 
calculations, incorporating self-shielding effects inside and outside the sample, as well as scattering, fission, 
and edge-effect perturbations. Resonance interaction between a 238U sample and the 238U in the core as 
well as resonance self-shielding in the sample itself were explicitly considered. A similar treatment was 
used for 235U samples. ENDF/B data were used in all of the analyses. The calculated central worths of 
10B and tantalum were in very good agreement with the measured values, indicating that the calculated 
value of βeff used to convert percent Δk/k to period measurements was reasonably accurate. The calculated 
worths of 235U were 5 to 10% greater than the measured values. The discrepancy between the calculated 
and measured values for 238U was 15 to 20%. The discrepancy for graphite in particular and scatterers in 
general was rather large, indicating that the distribution of the adjoint function is not adequately calculated. 
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Abstract/Keyterms: Space-time nuclear reactor kinetic calculations based on the well-known computer 
program WIGLE are compared with measurements from neutron-pulse-propagation experiments. 
Transients were induced in a heavy-water-moderated, natural uranium subcritical assembly using a 
coupling extending through a graphite thermal column to a pulsed TRIGA reactor. Results are reported for 
five keff values ranging from 0 to 0.92, involving cases both with and without cadmium control rods 
inserted. A unit-cell-homogenization technique was adopted for analysis purposes, with special attention 
being given to proper parameter assignment, such as neutron velocity averaging. Calculation results 
compare favorably with experimental results for the interior of the assembly; however, differences as large 
as 7% are noted near interfaces or boundaries. 
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Abstract/Keyterms: A low-order discrete ordinates model for the solution of a certain class of three-
dimensional neutron-transport problems is described. The method can be applied to cuboidal configurations 
with a region structure that allows the use of constant mesh spacings in each of the three coordinate 
directions. The angular flux distribution in a unit mesh cell is described in terms of discrete directions 
connecting the midpoints of 14 neighbor cells. A three-dimensional multigroup discrete ordinates code 3DT 
has been written for x, y, z-geometry which allows calculation of various configurations for small critical 
assemblies with computing speed far surpassing Monte Carlo techniques. The computed results for 
individual fuel-block reactivity worths of the fast thermionic critical experiment of Gulf General Atomic 
are in most cases in excellent agreement with experiment. 
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Abstract/Keyterms: It is suggested that fast-neutron spectra can be represented by the expression The 
parameters of this representation can be determined from experimental results, such as activation integrals, 
or from calculated group fluxes, by the least-squares method. A practical procedure to derive the parameters 
from results of multigroup calculations is given, and possible applications of smoothing the stepping spectra 
are discussed. The method was successfully applied to various spherical metallic critical systems. Some 
examples are given, and the quality of the resulting spectra is discussed. 
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Abstract/Keyterms: The last decade has seen widespread interest and activity in the field of pulsed-
neutron studies. Out of these studies have culminated methods and techniques for determining the degree 
of subcriticality of a multiplying system, for measuring diffusion and reaction parameters, for neutron 
spectral analysis, and for many other applications that ingenuity can conceive and devise. Described in this 
paper is an experiment in which the effective multiplication factor, k(eff), is determined for a bare, 
homogeneous subcritical assembly, and the age to thermal is deduced for the multiplying medium using the 
pulsed-neutron technique. 
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Abstract/Keyterms: Measurements have been made of relative nuclear-reaction rates within sub-critical 
water-moderated plutonia-urania fuel lattices, under conditions considered typical for plutonium recycle in 
central-station power reactors. Measurement conditions included water: fuel ratios of 3:1 and 2:1; 
temperatures of 70, 235, 330, 430, and 540°F; and three positions within the unit cell. Nuclear reaction rates 
measured included relative fission rates in 235U, 239Pu, and 241Pu, as well as relative capture rates in 
176Lu (principal resonance at 0.143 eV), 168Yb (0.597 eV), 191Ir (0.654 eV), 193Ir (1.303 eV), 197Au 
(4.906 eV), 139La (73.5 eV), and 63Cu (1/v detector). To facilitate comparison with predicted values, the 
experimental resonance absorption-rate ratios were normalized to ratios measured within a pure water 
spectrum. Experimental reaction-rate ratios were compared with values predicted using the THERMØS 
code in conjunction with a modified version of EPITHERMØS; and agreement varying from fair to good 
was observed. The internal consistency of the measurements suggests their future utility for evaluating 
methods of calculating neutron spectra and relative reaction rates within lattices of the type considered. 
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Abstract/Keyterms: In this paper, anisotropic transport-theory corrections to asymptotic diffusion theory 
are suggested and evaluated. These modifications are found to provide a natural and useful extension of 
diffusion-theory applications in one-dimensional, one-region problems. An effort is also made to determine 
whether the treatment of problems of more than one dimension in one-dimensional codes can be improved 
through the use of this extended formulation of diffusion theory. 
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Abstract/Keyterms: The Monte Carlo method is applied to calculate the reactivity change due to a moving 
reflector block in the pulsed fast reactor system. This reactivity change is an important quantity in the 
determination of the power pulse width. In the important region of small displacements about the maximum 
reactivity point, the reactivity change is so small that the ordinary Monte Carlo methods, using the 
importance sampling, Russian roulette, or splitting techniques, require prohibitively long calculation times. 
To avoid this difficulty, a new Monte Carlo method, which directly calculates the geometry coefficient of 
reactivity due to a geometry perturbation, is developed by adopting the method used in the calculation for 
the Doppler coefficient by Olhoeft. The formulation of the new method is discussed. The GEMCM code 
for this geometry perturbation, which is made by modifying the 05R code, is described. Finally, an analysis 
of the critical experiment for the pulsed fast reactor is carried out using this method and the applicability of 
the method is discussed. 
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Abstract/Keyterms: A new statistical method for evaluation of hot channel and hot spot factors is 
presented. A new definition of “hot spot” is proposed with which the probability of exceeding critical 
temperatures can be correlated to the size of the zone in which they occur. In contrast to previous methods, 
the hot channel factors are demonstrated to be independent of the assumed spot size, provided that the 
uncertainties are correctly specified. Therefore, a new criterion is proposed for specification of the 
uncertainties which are random variables along the fuel pin axis, and the concept of a “specific standard 
deviation” is introduced. The different effects of the uncertainties, whether they act on single elements of 
the core, on groups of elements or on the whole core, are taken into account by an appropriate procedure. 
The statistical analysis takes into account the whole core with its particular axial and radial nominal 
temperature profiles. The principal results obtained by the SHØSPA code for the sodium-cooled fast reactor 
Na-2 are discussed. 
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Abstract/Keyterms: Absolute reaction rates of thermal, resonance, and threshold detectors were calculated 
and measured within a graphite moderated, graphite reflected critical assembly using NERVA-type fuel 
elements to provide verification of analytical techniques and basic neutron cross-section data. Detectors 
used were: Dy, in, Au, W, Mn, Cu, 235U, and 238U foils and S pellets. Comparison of the calculated 
energy-dependent reaction rates with measured values showed them to be generally within experimental 
uncertainties. Near the outer edge of the reactor, however, the difference between the calculated and 
experimental values is greater than the experimental uncertainties. The comparison of these calculations 
and measurements show that the spatially dependent neutron spectra are adequately predicted with the 
multigroup, multiregion transport calculations utilized in this analysis. 
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Abstract/Keyterms: The space-independent reactor kinetics equations with two reactivity feedbacks are 
analyzed for stability and nonlinear oscillations. Expressions are derived using Fourier series methods for 
determining the frequency and fundamental amplitudes of the oscillations in reactivity and power. These 
results are compared with exact solutions of the system equations and agree in all cases for equilibrium 
power levels near the critical power level. The system of equations is examined for the effect of delayed 
neutrons on oscillatory solutions. When delayed neutrons are included, unstable limit cycles are found as 
well as stable limit cycles. 
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Abstract/Keyterms: In a reactor with feedback linearly proportional to the power level, the delayed 
neutrons permit the existence of unstable limit cycles. This means that, for linearly stable systems, the 
delayed neutrons can cause the system to become unstable for large enough disturbances. We demonstrate 
this analytically when the frequency of the limit cycle is near to the linear critical frequency. General 
criteria, based on the feedback transfer function, are given for the necessary existence of periodic solutions. 
Techniques for determining the stability of these periodic solutions are then shown. Examples are given for 
several reactor models. 
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Report: NSENAO, 042, 150-161 
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Conference Session:  

Abstract/Keyterms: An extended series of exponential experiments was carried out utilizing uranium-233 
dioxide-thoria fuel elements in uniform arrays in light and heavy water. In this series the principal 
parameters measured were material buckling, reflector savings, dysprosium disadvantage factor, ratio of 
epicadmium to subcadmium capture in thorium, and ratio of thorium-232 fission to uranium-233 fission. A 
total of 29 clean and poisoned lattices was measured. 
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Abstract/Keyterms: Acoustic wave propagation in a gaseous core nuclear rocket is investigated by a 
theoretical model. Slab geometry in a long initially uniform cavity is assumed for simplicity and the 
reflector-heat sink is taken to be of infinite thickness. Blackness theory is used to determine the transmission 
of thermal neutrons (and thereby the generation of heat) in the fissionable gas of the cavity. Mutual feedback 
between neutron dynamics and gas dynamics occurs by means of the density-dependence of the blackness 
coefficients. Numerical results indicate that neutronic feedback can be a significant influence toward 
stabilization of acoustic oscillations. The critical wave length (which is twice the critical core length) 
without neutronic feedback is calculated to be 100 cm while critical wave lengths of 150 and 232 cm were 
obtained for carbon and beryllium reflectors, respectively. These results show that the critical core lengths 
are still comparable to or shorter than typical reference core lengths (300 cm). Thus, while neutronic 
feedback has an effect on acoustic instability, the effect is not strong enough to alter the general conclusion 
that acoustic instability is a potential problem area for gaseous reactor development. 
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Abstract/Keyterms: A numerical investigation of space-time effects in the dynamic behavior of fast 
breeder reactors is presented. The basic approach is to compare results from point kinetics and time-
dependent diffusion theory. The accuracy of point kinetics is determined for different approximations to 
the shape function used in calculating the initiating reactivity and feedback coefficients. Several space-
dependent feedback models are studied. The importance of considering spatial effects that arise from two 
sources is shown. The first type consists of those induced by local reactivity perturbations. Usually, these 
can be adequately accounted for through the proper selection of a shape function. For example, it is found 
that when calculating rapid, localized ramp insertions, a good choice is the flux shape at prompt critical. 
The second type consists of those induced by feedback with strong space dependence. Spatial effects of this 
type are shown to be difficult to cope with when applying point kinetics. 
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Abstract/Keyterms: The heterogeneity and sodium void effects in ZPR-6 Assembly 5, a 2700-liter 
uranium-carbide core, were analyzed using ENDF/B data. 
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Report: NSENAO, 043, 303-314 
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Abstract/Keyterms: Axial neutron-pulse propagation experiments were conducted in cylindrical cores of 
the Cornell University Zero Power Reactor (ZPR). Energy-dependent neutron diffusion theory is found to 
provide a good prediction of the kinetic behavior of the assemblies. At short times the reactor response is 
that of an infinitely long reactor, and at long times exponential decay of Helmholtz spatial modes is 
observed. A space-independent pulse propagation velocity is not observed in most of the assemblies. Such 
a result is obtained only in infinitely long assemblies, and in most finite-length cores end-effect 
contamination cannot be neglected. In the Laplace transform domain the neutron density wave dispersion 
relations are obtained when the transform variable ξ is imaginary in the cores which would be prompt-
subcritical if they were infinitely long. When ξ is real, the inverse attenuation length which would be 
measured in a static exponential experiment in an assembly uniformly poisoned by an absorber of strength 
ξ/υ is obtained. The agreement between the measured parameters and the predictions of diffusion theory 
improves as the neutron multiplication of the assembly decreases due to decreased end-effect contamination 
of the infinitely long assembly response. The effective multiplication of an assembly is seen to decrease 
due to spectral hardening as 
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Abstract/Keyterms: An analysis of five metal critical assemblies constructed at the Los Alamos Scientific 
Laboratory is described in this paper. Nuclear data based on ENDF/B Versions 1 and 2 and the DSN method 
are used in the analysis. Special attention is focused on the variation of α (the ratio of capture-to-fission 
cross sections) for 239Pu. A study of the sensitivity of keff to the number of angular quadratures and the 
scattering model used in the calculation is also investigated. Finally, in addition to determining the reactivity 
of each core, the spatial variation of a spectral index for two cores is investigated. 
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Abstract/Keyterms: The ratio beta(eff)/lifetime has been deduced from reactor noise measurements in 
several uniform light-water lattices in the plutonium recycle critical facility. These lattices included one in 
which the fissile material was slightly enriched uranium, one in which the fissile material was plutonium, 
and five lattices in which the fissile material contained both uranium and plutonium. These measurements 
supply a set of experimental data over a range of plutonium enrichments that are applicable to plutonium 
recycle situations in thermal reactors. The measured values of beta(eff)/lifetime range from 33 ± 3 sec-1 
for a lattice of aluminum-plutonium rods to 153 ± 8 sec-1 for a lattice of uranium dioxide rods. Calculated 
values of beta(eff)/lifetime, obtained with a straight-forward reactor design calculational method, are in 
good agreement with measured values. 
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Abstract/Keyterms: The problem of optimal control rod withdrawal sequence is formulated for a 
multizone core model of a nuclear reactor. In particular, the maximum average burnup problem for light-
water reactors is investigated to find the governing principles in optimal control rod programming. The 
optimal solution depends only on end-of-life (EOL) states, and in the optimal state, the control poisons are 
all withdrawn from the entire core and the power distribution will be as uneven as possible within the 
constraints on the power peaking factor. We define the core composition, including the control poison, 
which represents the nuclear performance of each zone and it is taken as an independent control vector. The 
admissible control is defined such that the control vector satisfies the criticality condition and the constraints 
of power peaking factor. Some complexities of the other constraints to be considered are resolved by 
determining the reachable region of the burnup of each zone which is chosen as a state vector. The method 
described in this study is based on a topological mapping theory, and for illustrative purposes, the results 
in the case of a two-zone model are shown by using the method. 
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Abstract/Keyterms: A two-dimensional (R - Z) integral model for characterizing fast reactor excursions 
from accident inception through core disassembly is presented. For pre-disassembly calculations, a Eulerian 
geometric model is used and multichannel heat-transfer computations are performed. Reactivity feedback 
due to Doppler broadening, coolant density change and voiding, and fuel movement are taken into account. 
A Lagrangian coordinate system is used in the disassembly phase, wherein the neutronics balance consists 
of Doppler broadening and material motion. A unique feature of the model is the ability to accommodate a 
pointwise Energy-Density-Dependent Equation-of-State according to the local sodium inventory that 
actually exists at the time of disassembly. By providing a consistent basis for establishing the effective 
reactivity ramp rate, Doppler coefficient, appropriate Equation-of-State, and temperature distribution at the 
start of core disassembly, much of the arbitrariness normally associated with large accident analyses can be 
removed. For most accident analyses, this model predicts a significantly lower energy yield during a 
superprompt critical nuclear excursion than would be computed by using the conventional modified Bethe-
Tait analysis. 
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Abstract/Keyterms: Time-of-flight measurements of the fast-neutron angular flux spectrum in CH2 and 
LiH spheres have been made to test shielding calculations. The spheres were excited with an isotropic 
photofission neutron source. Measurements were compared with discrete ordinates and Monte Carlo 
calculations. The major calculational difficulty was found to be the representation of the zero-degree flux 
in the discrete ordinates program. 
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Abstract/Keyterms: A series of experiments performed at the High Temperature Test Facility of the Bettis 
Atomic Power Laboratory indicated that placing lead in the water-reflector region of a water-moderated 
thermal reactor causes the reactivity of the core to increase. Two-dimensional diffusion theory calculations 
of the above-mentioned experiments also predicted this, but undercalculated the Δk/k effect of 6 in. of lead 
by 25%. In addition, two-dimensional diffusion theory and Monte Carlo calculations were used to analyze 
the reactivity effect of a lead shipping container surrounding a Seed 2 cluster from Shippingport Core 2. 
All the calculations revealed that the presence of lead in the reflector region of a water-moderated core 
causes the reactivity of the core to be significantly higher than a core with a pure-water reflector. 
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Abstract/Keyterms: A synthesis and generalization of several recently developed methods for the 
numerical solution of the neutron transport equation in a homogeneous slab, assuming anisotropic scattering 
and energy dependence is presented. The generalization lies in the explicit inclusion of anisotropic 
scattering. After a Fourier transformation, a system of linear integral equations is obtained, the kernel of 
which is expanded in spherical Bessel functions. To process the final result in the direction of numerical 
evaluation, an approximation is proposed that results in the SPN - PL method where the flux is given by a 
double sum over spatial and angular Legendre polynomials. The expansion coefficients are determined 
from a system of linear integral equations. Treating the energy dependence by means of the multigroup 
concept, this system is reduced to a linear system of algebraic equations. Corresponding matrix elements 
depend on the optical thickness of the slab and can be computed from expansions available for arbitrary 
slab thicknesses. The SPN - PL method is of great practical importance since it is possible to obtain the 
solution of the transport equation with low computational effort. For example, assuming monoenergetic 
neutrons and isotropic scattering, the first and second eigenvalues of the transport equation can both be 
obtained with five exact digits from 3 × 3 or 4 × 4 matrices. The influence of the mean value of the linear 
anisotropy on the first and second eigenvalue and the decay constant is studied in detail. The validity of our 
approach is confirmed by comparing it with the SN and other methods. For certain mean values and optical 
thicknesses the second eigenvalue is found to be a complex number. Critical flux distribution is determined 
with great accuracy and shows perfect agreement with other published values. The flux due to a δ source, 
and a combination of a δ source with a flat one, is analyzed; it is confirmed that the SPN - PL method is 
not only applicable to small systems, but also (in most cases) to very large assemblies. 
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Abstract/Keyterms: Systems that are below prompt critical are considered, and the linear time-dependent 
neutron transport equation in a quite general setting is studied. Both source and cross sections are allowed 
to depend on space, energy, and time. The method of matched asymptotic expansions is used to find an 
asymptotic solution uniformly valid in time. This solution is written in the form of a sum of solutions to 
simpler problems and for most practical problems is essentially exact. After a short initial time period, the 
transport equation (with delayed neutrons neglected) may be solved at a given time by a single inversion of 
the steady-state transport operator; i.e., with a steady-state code. 
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Abstract/Keyterms: Integral values of the capture-to-fission cross-section ratio for plutonium-239 and 
uranium-233 have been measured in a soft spectrum fast reactor critical assembly using mass spectrometric 
techniques to determine the capture rate. Values of 0.363 ± 0.024 and 0.10 ± 0.04 were obtained for 
plutonium-239 and uranium-233, respectively. The value of 0.363 ± 0.024 is in good agreement with the 
value calculated using the revised Gwin differential cross-section data for plutonium-239. The value for 
uranium-233 is within experimental error in agreement with the value calculated using ENDF/B data. 
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Abstract/Keyterms: A fuel cycle analysis system is presented for performing fast reactor fuel cycle 
calculations. The REBUS system, an acronym for REactor BUrnup System, solves for the infinite time 
(equilibrium) operating conditions of a recycle system under fixed conditions. REBUS obtains the feed 
enrichments, the burn step (operating) time, and the control requirements which satisfy the constraint on 
the fuel discharge burnup, give the desired unpoisoned multiplication constant at some specified time during 
reactor operation, and maintain criticality. REBUS includes models of both the in-reactor fuel management 
and the external cycle. The in-reactor fuel management model permits any physically realizable fuel 
management scheme. In the external cycle, reprocessing and sale of the discharged fuel and refabrication 
with charge fuel makeup from reprocessing plants and/or external feed supplies can be studied. The isotope 
chain matrix may contain β−, β+, and α-decay terms as well as (n, γ), (n, p), (n, α), (n, 2n), and (n, f) 
reactions. The REBUS system is comprised of a neutronics model and a fuel cycle model. The fuel cycle 
model contains no geometric information so that any neutronics solution can be used (zero to three 
dimensional, diffusion or transport theory, direct or synthesis). REBUS has been operated with one- and 
two-dimensional diffusion theory neutronics models up to the present time. 
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Abstract/Keyterms: A subcritical time-of-flight spectrum facility (STSF) has been used to study the 
neutron spectra and kinetics of two fast assemblies designated STSF-2 and STSF-2A. Neutron spectra have 
been measured by the time-of-flight method between 5 MeV and 500 eV in the core and the reflector of the 
STSF-2 which is essentially the same as the ZPR-3 Assembly 17. The STSF-2 core was loaded with plate 
type elements and the neutron spectrum was determined at the surface of a graphite plate, an enriched 
uranium plate, and a depleted uranium plate. Detailed transport calculations have been performed with 
ENDF/B version 1 cross sections and compared to the experimental data which had been reduced by an 
original method. Finally, kinetic measurements have been performed on assembly STSF-2A which confirm 
the validity of the time-dependent calculations involved in the time-of-flight data analysis. 
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Abstract/Keyterms: A new collision probability formulation of integral transport theory is applied in the 
analysis of small-sample reactivity measurements. The calculational technique features a blending of 
diffusion theory, used to represent the unperturbed reactor, and integral transport theory, used to represent 
the sample and that portion of the reactor significantly perturbed by the sample. The theory forms the basis 
for a perturbation theory computer program, COPERT, which, in conjunction with the one-dimensional 
diffusion theory program MACH-1, has been applied to the analysis of central reactivity measurements in 
the ZPR-3 fast critical assembly. The method provides a convenient means of accounting for sample-size 
effects. 



 

C-12901 

12864…..…..…………………..…….……..……ID Number…………………..…..…………….12864 

Author: Heenan, T. F. / Adkins, C. R. 

Title: Cross Sections in the Unresolved Resonance Region: Methods and Evaluation of Approximations 

Date: 9/1/1971 

Report: NSENAO, 045, 279-296 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method is presented for calculating pointwise average cross sections in the 
unresolved region. This method can assess the effects of interference and overlap up to the fourth decimal 
place in cross-section calculations, having the capability of considering the effects of interference among 
sequences of resonances and of overlap between resonances in a sequence up to third order in each. Thus, 
the method, while more sophisticated than justified in view of current cross-section data uncertainties, can 
be used to evaluate the validity of various approximations currently made in the determination of cross 
sections for use in Doppler calculations. The effects of the level of approximation on cross-section 
calculations are given, Hwang's method for calculating the overlap in a single sequence is assessed, and the 
range of validity of Hwang's method and the approximations used in it are evaluated. Results of studies to 
determine the relative speed and accuracy of methods for calculating the J integral, performing the statistical 
average, and computing the complex probability integral, W, are also presented. The effects of interference 
among sequences are shown to be small for the calculation of cross sections and the Doppler change in 
cross sections over a wide range of composition. The effects of resonance overlap within one sequence, 
however, may be significant for the calculation of both cross sections and Doppler changes in cross sections 
in some critical assemblies. 
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Abstract/Keyterms: Diffusion parameters of thermal neutrons in water were determined from diffusion 
length measurements in 22 boron-poisoned aqueous solutions. A uniform plane source of thermal neutrons 
and a parallelepipedal polymethyl methacrylate container having a buckling of B2 = 9.1 × 10−2 cm−2 were 
used. The derived values of the diffusion parameters of thermal neutrons in water at 22 °C are These results 
are found to be in good agreement with Doming's recent calculations. 
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Abstract/Keyterms: The purpose of this paper is to determine the multigroup neutron flux in cells of finite, 
regular, unreflected, square lattices. The dependence on buckling and on cell squareness is shown explicitly 
for the moderator spectrum only. The corresponding fuel spectrum at each lattice site may be obtained 
readily from the condition of flux continuity. Heterogeneous theory of the source-sink type forms the 
starting point of the present theory. It is shown that each integration constant appearing in the heterogeneous 
solution for a finite periodic lattice separates into a product of two constants, one of which is a purely 
geometrical factor of position xi,yi of the i’th element, while the other is a purely physical constant 
depending on the physical characteristics of the lattice alone. Knowledge of the position dependence allows 
the flux in a square cell of a finite system to be determined for all multipole orders by means of summation 
techniques. The physical constants are obtained from multipole moderator-to-fuel boundary conditions. 
These conditions are expressed in terms of response coefficients and result in a set of equations from which 
the position dependence is again eliminated by means of summation techniques. The result is a set of 
simultaneous equations for the physical constants alone which can be solved once the criticality condition 
is satisfied. The number of these equations is independent of the number of elements in the lattice and 
equals twice the number of multipoles times the number of energy groups. 
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Abstract/Keyterms: The results of criticality measurements on 93.16% enriched uranium metal spheres 
symmetrically immersed in enriched uranyl nitrate solution cylinders are reported. The solution cylinders 
are 26.5, 38.4, and 51.1 cm in diameter with heights ranging from 16 to 70 cm. Solution concentrations, 
expressed in grams of uranium per liter, are 11.47, 12.55, 13.12, 21.25, 24.20, 24.72, 103.0, and 104.8. 
Twenty-seven critical systems are identified. The experimental critical parameters of each system are 
compared with computed values obtained by transport (DTF) and Monte Carlo (KENO) methods. Results 
from neither method exhibit a systematic difference from experimental values; the average difference in 
the critical radius is 2.5% for DTF and 2.0% for KENO. The effects of experimental perturbations are 
determined experimentally and calculationally. 
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Abstract/Keyterms: A series of space-time reactor kinetics experiments has been performed in the Solid 
Homogeneous Assembly. The ground rules were the following: 1. The cores were to be easy to model 
statically using few-group diffusion theory. 2. The dynamic behavior was to be one dimensional. 3. 
Significant flux tilt and delayed neutron flux tilt holdback effects were to be present. 4. The perturbation 
was to be essentially a negative step change in reactivity. 5. The flux distributions, absorber worths, and 
eigenvalue separation of each core were to be measurable in order to use this information to verify the core 
modeling process. The adequacy of few-group diffusion theory was checked using both one-dimensional 
multigroup (fast and thermal) and two-dimensional few-group transport theory calculations. The few-group 
diffusion theory model was solved in a cylindrical approximation using a finite difference code, and in 
correct 3D geometry using a synthesis code; the latter did an excellent job of predicting criticality and 
matching foil activation traverses made using the 55Mn (n, γ) thermal and 115In (n, n’) threshold reactions. 
The eigenvalue separation of each core was measured using both a static flux tilt method and a two-detector 
noise correlation method; the results agreed well with calculated values, indicating that these new 
experimental methods can provide an accurate determination of the eigenvalue separation of a core. The 
transient response of one of the cores to a step perturbation was compared to the response calculated using 
the space-time synthesis model. In general, it has been found that the transient response of the core can be 
predicted accurately provided that the core is well modeled statically, including the perturbation worth and 
the eigenvalue separation, and provided that the effective delayed neutron fraction is properly evaluated. 
This tends to verify the adequacy of existing methods for computing spatially dependent transients in cores 
describable by few-group diffusion theory. 
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Abstract/Keyterms: The High Temperature Lattice Test Reactor (HTLTR) is a unique critical facility 
specifically built for studying reactor lattices at temperatures up to 1000°C. A description of the reactor is 
given and the … unpoisoned technique for determining as measured by the unpoisoned method and the 
well known Physical Constants Testing Reactor null reactivity method are given for a natural UO2 -2.2 
wt% PUO2 (8% 240Pu) graphite lattice and for a UO2 (97.42 wt% 233U)-232ThO2-C fuel element in a 
graphite array. Experimental values for the neutron multiplication factor have been determined as a function 
of temperature using the HTLTR for a graphite moderated lattice fueled with a 235UC2 -232ThO2 -C fuel 
mixture. These results provide valuable check points for testing computational methods currently being 
applied in the design of high temperature gas cooled reactors. 
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Abstract/Keyterms: A critical experiment with spherical symmetry has been conducted on the gas core 
nuclear reactor concept. The nonspherical perturbations in the experiment were evaluated experimentally 
and produce corrections to the observed eigenvalue of less than 1% in multiplication. The reactor consisted 
of a low density, central uranium hexafluoride gaseous core, surrounded by an annulus of void or low 
density hydrocarbon, which in turn was surrounded with a 97-cm-thick heavy water reflector. 
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Abstract/Keyterms: A model is developed for the study of fast reactor flux and importance spectra. The 
model is based on slowing down theories of the continuous slowing down type with suitable modifications 
introduced where such theories are deficient. The ability to obtain analytic solution for the flux and 
importance spectra depends on the ability to fit basic cross-section ratios (such as the moderating ratio) to 
simple analytic forms. The cross-section fits are used to obtain an expression for the slowing down density, 
which generally is a smooth function. Detailed cross sections, however, are used to relate flux and 
importance to slowing down density. The model yields good agreement with multigroup spectra on both 
broad group and ultrafine group bases and yields quite accurate values for integral parameters (e.g., 
criticality and reaction rates). In addition, it is found possible to obtain a good correlation of cross-section 
fit parameters with composition. 
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Abstract/Keyterms: A transfer and scattering matrix technique is used to solve one-dimensional, time-
dependent, multigroup, discrete ordinates equations and those including the delayed-neutron equations. The 
solution is obtained in the frequency domain as a distributed parameter transfer function. This technique 
can accommodate anisotropic, spatially distributed extraneous sources and general anisotropic scattering. 
The numerical problems associated with the technique are analyzed, and a procedure is presented for 
controlling them. The results obtained with this technique are in good agreement with (a) statics results 
obtained from standard discrete ordinates calculations, and (b) experimental kinetics noise data obtained 
from a critical fast assembly. Calculated results of a simulated pulsed-neutron experiment on a subcritical 
fast assembly are presented. 
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Abstract/Keyterms: A series of dynamic measurements has been performed with a multiplying assembly 
in which a rotating beryllium reflector (worth 4.8 dollars in reactivity) moved past an unreflected core 
surface ∼60 times/sec at a speed of 264 m/sec. A pulse of 14.1-MeV neutrons was injected into the assembly 
each time the rotating reflector attained a position for which the reactivity of the assembly was maximum. 
The time distribution of neutrons after the injection of the pulse was measured in the core and adjacent to 
a 10.16- × 10.16- × 3.81-cm polyethylene scatterer which provided a pulse of thermal leakage neutrons. 
The maximum prompt-neutron multiplication of the assembly, which was reflected with iron on all sides 
but one and contained 58.6 kg of highly enriched uranium metal at delayed criticality, was varied from 75 
to 285 by fuel loading changes. This assembly with a maximum prompt-neutron multiplication of 285 
produced fast-neutron pulses with a width at half-maximum of 3.9 μsec, with a peak-to-minimum ratio of 
12,400 and with 80% of the power in the pulse. These pulses, when thermalized by the scatterer, were 
broadened to a width at half-maximum of 20.9 μsec with a peak-to-minimum power ratio of 1590. The 
number of thermal neutrons leaking from the outer surface of the scatterer was 3.3 × 10−5 n/(cm2 fission). 
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Abstract/Keyterms: The finite element method is applied to the multigroup neutron diffusion equations. 
The one-group inhomogeneous diffusion equation is first discretized using both triangular and rectangular 
elements. The finite element method is then extended to energy-dependent diffusion by treating the 
multigroup equations as a series of inhomogeneous one-group equations with sources arising from fission 
and group-to-group scattering. The resulting formalism is incorporated into a computer code for solving 
multigroup criticality problems by power iteration techniques. Numerical results are presented for a two-
group water reactor problem. Eigenvalues and flux distributions obtained from two finite element 
calculations using less than 500 simultaneous equations are in excellent agreement with an accurate PDQ 
calculation. 
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Abstract/Keyterms: In an earlier communication we discussed the measurement of subcritical reactivity 
utilizing reactor noise where all delayed neutrons were lumped into a single equivalent group. The analysis 
has now been refined in a manner to include all delayed-neutron groups and a different relation exists 
between subcritical reactivity and experimentally measurable quantities. 
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Abstract/Keyterms: The extension of asymptotic diffusion theory to reflected systems by applying 
discontinuous halfspace boundary conditions is demonstrated. Critical size calculations for two-region 
infinite planes, spheres, and infinite cylinders show significant improvement over standard diffusion theory 
calculations with continuity boundary conditions. 
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Abstract/Keyterms: Neutron spectra have been measured between 50 eV and 8 MeV by the time-of-flight 
method in the core of a fast subcritical assembly, designated STSF-1A. This core is loaded with plate-type 
elements consisting of BeO, enriched uranium, and depleted uranium. The measurements were made at the 
surface of the central BeO plate. Reduction of the data and comparison to transport calculations followed 
the procedures used for the STSF-2 and STSF-2A assemblies, which were described in detail in a previous 
paper. The STSF-1A is similar in most significant details to ZPR-3 Assembly 57, built at ANL/Idaho, in 
which the spectrum was measured with a proton recoil detector, and this similarity permitted a comparison 
of the time-of-flight and proton-recoil techniques. The two methods have been found to be generally in 
satisfactory agreement. 



 

C-12916 

12879…..…..…………………..…….……..……ID Number…………………..…..…………….12879 

Author: McElroy, W. N. / Armani, R. J. / Tochilin, E. 

Title: Spectral Distribution of Neutrons and Neutron Reaction Cross Sections in an Unreflected 235U 
Critical Assembly and the Fission Neutron Spectrum 

Date: 5/1/1972 

Report: NSENAO, 048, 051-071 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Apfa-3 Assembly; Cross 
Sections; Energy Spectra; Fission Neutrons; Neutron Spectra; Thermal Fission; Uranium 235; Zero Power 
Reactors 



 

C-12917 

12880…..…..…………………..…….……..……ID Number…………………..…..…………….12880 

Author: Koponen, B. L. / Doyas, R. J. 

Title: Extension of Linearly Anisotropic Asymptotic Diffusion Theory to Reflected Systems 

Date: 7/1/1972 

Report: NSENAO, 048, 115-119 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The extension of asymptotic diffusion theory to reflected systems by applying 
discontinuous halfspace boundary conditions is demonstrated. Critical size calculations for two-region 
infinite planes, spheres, and infinite cylinders show significant improvement over standard diffusion theory 
calculations with continuity boundary conditions. 
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Abstract/Keyterms: Rossi-alpha auto- and cross-correlation measurements on a large subcritical assembly 
using an in-core neutron detector and in-core and ex-core photon detectors are reported. The correlation 
amplitude and the main relaxation constant were determined in each measurement. The relaxation constants 
( = 4090 1/sec) and the nine relative correlation amplitudes obtained were used to determine four space 
damping factors and some basic parameters describing the sources of correlated fluctuations. By utilizing 
some basic fission parameters (⟨v⟩, ⟨v2⟩, spontaneous fission probability) and the effective multiplication 
factor (k = 0.788) from pulsed-neutron source measurements or from computations, estimates for the 
prompt-neutron lifetime (l = 53.2 µsec), the equivalent number of free neutrons (⟨y0⟩= 5.24) in the reactor, 
the mean fission rate (αf⟨y0⟩ = 73 800 1/sec) and the efficiency (€nl = 8.1 × 10-4) of the neutron detector 
could further be determined. The results verify the applicability of the gamma observation technique in 
reactor noise measurements as a substitute and a complement to noise measurements via neutron detection. 
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Abstract/Keyterms: An improved method, called Simulation of System Operation for Reliability 
Analysis, for utilizing Monte Carlo techniques in the computer analysis of the reliability of complex 
systems is presented. This method is particularly applicable to systems which employ highly reliable 
elements with extremely low failure rates. Earlier techniques of Brunot simulate operation of a system 
through a sequential series of time steps and test for system failure in each time step. After a sufficient 
number of time steps, a system failure probability can be determined. When such methods are applied to 
systems composed of highly reliable components, computer time requirements can become excessive. This 
due to the great number of time steps which must be examined to obtain statistically significant numbers of 
system failures. The method to be described begins by randomly selecting a “critical’ ’ time step of failure 
for each component. Failures are then examined to determine if a system failure combination has occurred 
in any time step. To continue the simulation, a second critical time step is chosen for each component and 
added to the first. The program proceeds in this fashion, considering only time steps in which at least one 
failure has occurred. Thus computer time requirements become essentially independent of failure rates. 
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Abstract/Keyterms: Criticality data on the effect of soluble poisons are needed for more accurate 
establishment of nuclear safety limits in the storage and processing of fissile solutions, since few 
experimental data are available. A research effort to provide data on poisoned systems is continuing with 
experiments using gadolinium in plutonium nitrate solutions. Gadolinium was chosen for this study because 
of its high neutron cross section, high solubility, and compatibility in the separation process. The present 
effort is oriented toward providing data on the effects of gadolinium additions for nuclear safety guidance 
and to provide experimental benchmarks for checking calculational techniques and cross section sets. 
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Abstract/Keyterms: A method is described for the analysis of oscillation measurements in critical 
assemblies where fissions are produced predominantly by thermal neutrons. The oscillation method 
developed in the CEA deals with the measurement of two signals: the “global” signal, which gives a 
representation of the sample reactivity, and the “local” signal, which gives the variation of the neutron 
density at the vicinity of the sample. Using a double calibration of the reactor by samples of enriched or 
depleted uranium and boronated uranium, it is possible to obtain independently the absorption and 
production reaction rates for plutonium in each sample, as a function of 235U reaction rates. The equivalent 
sample method is a more recent development and is based on the fact that a given perturbation of the 
absorption cross section, with any law of variation with energy in the thermal region, can be replaced by an 
absorption of well-known variation with energy which has the same effect on the neutronic density in the 
reactor beyond a small distance where spectrum effects are still appreciable. A series of measurements of 
uranium/plutonium rods performed in the CESAR reactor, from 20 to 400°C, is analyzed, and modifications 
of the absorption and fission cross sections of plutonium isotopes are proposed. 
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Abstract/Keyterms: The application of the simplified spherical harmonics (SSH) method for neutron 
transport calculations of critical homogeneous spheres of aqueous solutions of uranium has been 
reexamined to estimate the error introduced by the use of the simplified P7 approximation. Recalculation 
of the critical spheres in the SSH-P7 approximation with modified Marshak boundary conditions showed 
that no substantial error was introduced in the earlier analysis. 



 

C-12923 

12886…..…..…………………..…….……..……ID Number…………………..…..…………….12886 

Author: Thomas, Aubrey F. 

Title: Critical Assemblies and Reactor Research 

Date: 7/1/1972 

Report: NSENAO, 048, 367 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: n.a. 



 

C-12924 

12887…..…..…………………..…….……..……ID Number…………………..…..…………….12887 

Author: Raffety, S. J. / Mihalczo, J. T. 

Title: Homogeneous Critical Assemblies of 2 and 3% Uranium-235-Enriched Uranium in Paraffin 

Date: 8/1/1972 

Report: NSENAO, 048, 433-443 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A series of clean critical experiments has been performed with homogeneous 
mixtures of finely divided 2 and 3% enriched uranium tetrafluoride dispersed in paraffin with hydrogen to 
uranium-235 atomic ratio varying from 133 to 972. The assemblies were constructed in rectangular 
geometry, and minimum critical masses and volumes in cylindrical and spherical geometries were obtained 
from buckling conversions. 
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Abstract/Keyterms: A variational theory is developed for estimating reactivity worths (and other bilinear 
ratios) and reaction rate ratios in critical nuclear reactors. These estimates embody corrections to first-order 
perturbation theory which account for the flux change caused by the reactivity perturbation and for the 
changes in the flux and adjoint when the system is altered. The physical significance of certain generalized 
functions which arise in the development of the theory is investigated. The relation of the variational theory 
to generalized perturbation theory is examined, and the additional restrictions required to reduce the former 
to the latter are established. Finally, the variational theory is demonstrated to yield accurate estimates for 
reactivity worths and reaction rate ratios in a fast reactor model, subject to a wide range of alterations in 
nuclear properties and compositions. 
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Abstract/Keyterms: A one-group method for the calculation of neutron balances in fast reactor cores is 
developed and evaluated. The key feature of the method is the definition of two spectrum characterization 
parameters in terms of spectrum-averaged one-group cross sections for the homogenized core composition: 
where … is the mean logarithmic energy decrement for elastic moderation and ∑f, ∑TR, and are fission, 
transport, and removal cross sections, respectively. All required cross sections can then be correlated in the 
form = σ1 Sg (where and g are constants; one pair of values correlated for each cross section) except for 
threshold fission for which = σ1Rg. A rapidly converging iterative procedure is presented through which S 
and R can be determined for any core composition. Microscopic cross-section data are correlated in the 
above form using the 26-group ABBN multigroup set as parent data. The one-group method is tested for 
45 different fast reactor core compositions by comparing the results of the one-group calculations with 
those of 26-group calculations. The results are found to agree within an average error of ±1.77% in the 
material buckling or to ±0.69% in effective multiplication factor. One-group relationships are also 
developed for the calculation of prompt-neutron lifetime, Doppler reactivity, and other parameters of 
interest. 
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Abstract/Keyterms: The effective delayed-neutron fractions of 235U and 239Pu have been determined for 
two fast critical assemblies from measurements of the absolute fission rate and the apparent reactivity 
worths of a calibrated 252Cf neutron source. The experimental values of βeff for the two fissile isotopes, 
0.0078 to 0.00233, respectively, are in reasonable agreement with calculations. The results do not explain 
the 30% discrepancy in measured and calculated reactivity values in fast critical experiments. 
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Abstract/Keyterms: Pontryagin’s Maximum Principle and Robbins’ Criterion allow us to find, in the 
general case of intermediate reactors, the distribution of fuel enrichment that minimizes the critical mass of 
a reactor of given power and subject to constraints on the maximum power density and on the enrichment. 
The two group diffusion model is used in slab geometry. The optimal sequence of control (enrichment) 
zones is made up of a central constant power density zone, a zone of maximum enrichment, a zone of 
variable enrichment (where the control is singular) and finally an external zone of minimum enrichment (or 
a reflector). In the particular case of fast reactors the optimal solution does not include the singular control 
zone. 
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Abstract/Keyterms: Measurements using a fast critical assembly were performed in conjunction with the 
Brookhaven fast research reactor study. Cores made of highly enriched uranium, stainless steel, and 
aluminum, reflected mostly by stainless steel were used to obtain broad survey information, and, 
concurrently, to test the preliminary theoretical model. Quantities measured included critical mass, 
characteristics of movable reflector blocks, prompt neutron lifetime, worth of materials in potential control 
positions, neutron yield for a given power, and moderator block characteristics; the first three of these have 
been compared with calculations. 
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Conference Session:  

Abstract/Keyterms: We have performed integral measurements of pulsed neutron distributions in graphite 
stacks ranging in buckling from 0.0051 to 0,018 cm−2 and have compared the results to a modeled 
theoretical computation. Based on these measurements, we have defined a critical buckling of 0.0085 cm−2 
above which the decay of the neutron pulse is non-exponential. Non-exponential decay was observed in six 
graphite stacks which exceeded the critical buckling, while in three larger assemblies the decay was 
exponential over a significant part of the total measuring interval. From measurement of the time-dependent 
spatial distribution in four graphite assemblies, we were able to compute the effective decay constants of 
the two lowest order spatial modes as well as the time-dependent effective wave number of the distributions. 
We have interpreted the failure of the neutron distribution to establish either an exponential decay or an 
asymptotic spatial distribution in terms of recent theoretical work in this area. 
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Conference Session:  

Abstract/Keyterms: The use of Monte Carlo calculations in reactor criticality and shielding problems 
requires cross section data sets which are properties of the individual isotopes rather than group averaged 
sets. A major obstacle in containing such data entirely within a high speed computer memory has been the 
lack of a suitable method for producing such data sets in the unresolved resonance energy range. Up to 
now, two methods have been available: Generation of a point cross section data set based on a ladder of 
pseudoresolved resonances selected randomly from known average parameters and statistical laws. 
Generation of point cross sections during the Monte Carlo calculation, as needed, from stored average 
parameters. The first method is hardly feasible in view of the enormous storage requirements while the 
second method would require excessive computation time in fast reactor calculations. A new method has 
been successfully applied to the analysis of fast critical assemblies in the VIM code. Cross section 
probability tables are appropriately distributed through the unresolved energy range of a given isotope. 
These tables consist of a probability distribution of cross sections to be used in an energy range surrounding 
the table energy. They are generated from point data sets obtained from ladders produced about a small 
energy range, sufficient to contain 50 to 100 resonances, insuring an adequate sampling of resonance 
interference and overlap effects while preventing significant variation in the energy dependent average 
parameters. The probability table method assumes that the resonance energies are sufficiently close that the 
neutron enters a resonance randomly, i.e. that the cross section seen by a neutron at one energy is in no way 
correlated with that at another energy. Cross sections are obtained rapidly from these tables during a Monte 
Carlo calculation by a random selection from the probability distribution described by the table assigned to 
the neutron energy, while storage requirements for a typical isotope are of the order of 1500 locations. The 
method has been thoroughly tested and appears to represent the unresolved region as well as the data permits 
while achieving computational efficiency in severely limited space. 
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Abstract/Keyterms: Central reactivity worth measurements have been made in a fast reactor spectrum 
with samples of natural boron, boron-10, europium oxide, and tantalum. Various sized samples were used 
to investigate self-shielding effects in a fast reactor test region in Assembly 17 of the Epithermal Critical 
Experiments Laboratory. In addition to single cylinders, clusters of tantalum pins simulating a control rod 
segment were also used. Compared to an infinitely dilute sample, the most massive tantalum sample showed 
a reduction of 49 percent in reactivity per unit mass. For comparison with the tantalum measurements, 
extensive calculations using first-order perturbation theory, exact perturbation theory, and eigenvalue 
differences show good agreement within appropriate ranges—first-order perturbation for small 
perturbations, eigenvalue differences for large perturbations, and exact perturbation throughout the range. 
For europium, first-order perturbation calculations are in excellent agreement with the measurements, while 
for boron and B, the calculations predict a somewhat greater worth than was measured. By using the 
calculations to extrapolate the measurements, the following infinitely dilute specific reactivity values are 
obtained: boron, -55.8 m/g; 10B, −293.8 mg; europium, −20.6 mg; and tantalum, −5.83 m/g. 
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Date: 12/1/1972 

Report: NSENAO, 049, 482-488 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method is proposed for treating depletion effects in a nuclear reactor by a 
mathematical model in which the time derivative of the neutron flux is retained and the reactor is kept at its 
desired power level through operation of a control system actuated by any differences between the actual 
and desired power level. The criticality searches required with the conventional depletion method to find 
consistent density-temperature profiles, control rod positions, xenon distribution, and flux shapes are 
thereby avoided. The time-dependent flux, control, and isotopic concentration equations are linearized and 
solved simultaneously by a numerical procedure that permits time steps as large as those employed with 
conventional depletion codes. Simple numerical examples that test the essential features of the method are 
presented. 
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Title: Criticality of Graphite-and Polyethylene-Reflected Uranium(93.2)-Metal Cylinders and Annuli 
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Conference Session:  

Abstract/Keyterms: Cylinders and cylindrical annuli of uranium metal (93.15 wt% uranium-235), with 
diameters varying from 7 to 15 inch, were assembled to delayed criticality with graphite reflectors varying 
in thickness up to 18 inch or with an effectively infinite thickness polyethylene on all outer surfaces. In one 
series of measurements a polyethylene reflector was also placed adjacent to only one flat surface of the 
cylinders. The multiplication factor calculated by both S-N transport and Monte Carlo methods, with 
various sets of cross sections agreed very well with the experimental values. As a result of the high order 
of S-N and the large number of spatial intervals required, the computing time for the transport theory 
calculations was a factor of 10 larger than that required for the Monte Carlo calculations with standard 
deviations of 1%. 
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Title: Two-Group Critical Problems for Slabs and Spheres in Neutron-Transport Theory 
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Report: NSENAO, 050, 003-009 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The elementary solutions of the two-group neutron-transport equation are used to 
solve critical problems for finite slabs and spheres. The half-range orthogonality properties of the basic 
eigenvectors are used, along with the fundamental H -matrix, to reduce the encountered system of singular 
integral equations to a system of Fredholm-type equations, and these final equations are solved iteratively 
to yield accurate predictions of the two-group values of the extrapolated endpoint and critical dimensions 
for a selected set of slabs and spheres. 
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Title: Critical Experiments with Homogeneous Mixtures of Plutonium and Uranium Oxides Containing 8, 
15, and 30 wt% Plutonium 
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Report: NSENAO, 050, 115-126 
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Conference Session:  

Abstract/Keyterms: MIX-COMP-THERM-012, MIX-COMP-THERM-013, MIX-COMP-THERM-014, 
MIX-COMP-THERM-015, MIX-COMP-THERM-016, MIX-COMP-MIXED-001; Data are presented 
from critical experiments with mixed plutonium and uranium oxide fuels containing 30.0, 14.62, and 7.89 
wt.% plutonium and having hydrogen to (plutonium + uranium) atomic ratios of 47.4, 30.6, and 51.8, 
respectively. In addition to the experimental results, which can be used directly as integral benchmark 
checkpoints, derived critical sizes are presented for homogeneous mixtures in slab, spherical, and 
cylindrical geometries at the three experimental atomic ratios. 
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Conference Session:  

Abstract/Keyterms: Experimental criticality data on borated raschig rings in plutonium nitrate solutions 
are presented for use in establishing criticality safety limits and in verifying calculational methods for these 
type systems. The data cover the concentration range between 63-and 412-grams plutonium/liter for 
borosilicate-glass raschig rings containing 0.5 and 4.0 wt% boron, and stainless-steel raschig rings 
containing 1 wt% boron. 
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Abstract/Keyterms: Polynomial approximations in space are used for solving the integral transport 
equations for multilayers systems, in one dimensional spherical or cylindrical geometry with scattering 
anisotropy. These polynomial approximations are applied to the neutron sources (collided neutrons) in each 
layer, in such a way that the mean quadratic error is a minimum. The form of this approximation allows a 
less complicated treatment of the anisotropic components of the collided neutron sources than the usual 
approach (collision probabilities for uniform sources). In order to reduce the number of necessary integral 
equations when the scattering anisotropy is present, some differential equations relating the spherical 
harmonics components of the angular flux are used. This very useful from a numerical point of view, 
especially when polynomial approximations in space are introduced. A very important link between the 
scattering anisotropy and the degree of polynomial approximations is also derived. Based on this method 
the SHADOK code was written. Several numerical examples dealing with multigroup calculations of fast 
critical assemblies for spherical geometry (FRO-Godiva-TOPSY-ZPR.43/8) are given. The results show 
that (a) the large optical dimensions are not a problem for this improved integral method, (b) the scattering 
anisotropy (at least PI) does not increase the time of computation, and (c) the heterogeneous systems 
(reflected cores) can be calculated easily. The calculations with the proposed method are considerably faster 
than those of the SN method. 
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Conference Session:  

Abstract/Keyterms: An improved data processing method is developed for pulsed-neutron measurements 
in a multiplying medium. The characteristic feature of the method is to determine the value of the prompt-
neutron decay constant a as accurately as possible by removing the delayed-neutron decay component from 
the raw experimental data. The delay ed-neutron decay component is estimated to be the deviation of the 
response of a one-point reactor from a single exponential decay for repeated pulsed-neutron bursts. It is 
obtained by taking account of the first and second post-neutron bursts. From the application of the method 
to some test data provided by calculation and to experimental data from pulsed neutron experiments in the 
Semi-Homogeneous Experiment it is found that the usual data processing method, disregarding the slowly 
decaying delayed neutron mode, should underestimate the value of a by ∼4% in a near-critical multiplying 
medium having a neutron lifetime of ∼1 msec. 
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Abstract/Keyterms: One usually assumes that Sjöstrand’s area method for determination of reactivity by 
the pulsed-neutron technique is only valid in case of exponential prompt-neutron decay and no kinetic 
distortion. In this paper the method is shown to be valid more generally. Namely, for all systems satisfying 
multigroup multinode reactor equations, with only one fissioning node, the method holds true exactly when 
reactivity is understood to be the static reactivity, while βeff is defined as the relative difference between 
the static prompt and total multiplication factors, provided the sensitivity of the detector has the same energy 
dependence as the fission cross section of the fuel of the active zone. It follows, e.g., that Sjöstrand’s method 
with a suitable fission counter is very well suited for measurement of subcriticality in small reflected 
subcritical fast cores. Some general recommendations are given. 
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Conference Session:  

Abstract/Keyterms: The methods for non resonant cell homogenization in plate-type fast reactor critical 
assemblies are discussed and tested against high order Sn transport calculations in one-dimensional 
geometry. The methods tested show satisfactory agreement with transport calculations. The TESS 
calculations with bilinear flux-adjoint weighting are slightly preferred over flux weighting with either TESS 
or CALHET fluxes. Two different treatments of the leakage in the cell calculation lead to slightly different 
heterogeneity effects when calculated by flux weighting, but very little difference when calculated by 
bilinear weighting. A two-dimensional test problem gave some surprising results (negative heterogeneity 
factor) and has raised some unanswered questions. 
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Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Boundary Conditions; Criticality; 
Finite Element Method; Reactors; Slabs 
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Conference Session:  

Abstract/Keyterms: The benchmark experiments, performed in a plutonium-fueled critical assembly 
(ZPR-6 Assembly 7) in support of the fast reactor demonstration plant program, were used, in conjunction 
with a statistical method of correlation, as a source of suggestions for possible modifications to multigroup 
neutron cross-section sets based on ENDF/B files. Version 1 of these files was a starting point in the 
correlation procedure. The general trends of the results (lower 238U capture cross section and 235U fission 
cross section, higher 239Pu capture to fission ratio, with respect to ENDF/B Version 1 data) are discussed, 
and the suggested multigroup cross-section adjustments are compared with recent evaluations. Calculations 
of keff, and of the ratios of 238U and 235U fission rate and of 238U capture rate to 239Pu. fission rate, 
using the proposed adjusted set, give results in good agreement with the experiments. 
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Conference Session:  

Abstract/Keyterms: The Wiener-Hopf technique is applied to obtain the solution for the extrapolated 
endpoint for an infinite half-space problem containing a uniform isotropic source, and this endpoint is 
compared to the Milne extrapolated endpoint. Another definition of extrapolated endpoint for use in 
diffusion theory based on the interior flux for the uniform source half-space problem is given and compared 
to the equivalent uniform source diffusion theory endpoint. 



 

C-12945 

12908…..…..…………………..…….……..……ID Number…………………..…..…………….12908 

Author: Fricke, M. P. / Neill, J. M. 

Title: The (n, γn’) Reaction in Calculations of Fast Reactor Neutron Spectra 
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Conference Session:  

Abstract/Keyterms: The neutron spectrum and criticality of ZPR-3 Assembly 11 have been calculated 
using estimated cross sections for the mU(n, γn’) reaction. Inclusion of this reaction markedly improves 
agreement between the measured and calculated spectra, and it also decreases the calculated criticality by 
0.62%. This change in criticality can be compensated for by lowering the 238U capture cross section from 
the ENDF/B-III values to those of a recent microscopic measurement. These and other ramifications of the 
(n, γn’) reaction in fast reactor assemblies are discussed. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The effect of the 238U (n,γn’) reaction upon the integral properties of ZPR-6 
Assembly 7 and the Fast Test Reactor has been evaluated. This effect is <3%. 



 

C-12947 

12910…..…..…………………..…….……..……ID Number…………………..…..…………….12910 

Author: Siewert, C. E. 

Title: Exact Analytical Solution of an Elementary Critical Condition 

Date: 5/1/1973 
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Conference Session:  

Abstract/Keyterms: A real solution of the critical condition for an unreflected nuclear reactor, described 
by age-diffusion theory, is reported. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The monoenergetic integral transport equation is solved in an approximate manner 
by separating the integral into an asymptotic component plus a transient boundary component. Solutions to 
the resulting equation are obtained with only a modest increase in complexity over diffusion theory. The 
method is illustrated by several examples in which significant improvement over diffusion theory is 
obtained. 
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Abstract/Keyterms: n.a. 
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Abstract/Keyterms: The problem treated in Part I in terms of a continuous µ-variable is here treated in the 
double-PN approximation for azimuthally symmetric situations. Explicit representations for basic matrices 
are derived. The transfer matrix equations were solved on the CDC-6600. Results are presented for two 
problems of interest—transmission and reflection from thick slabs and the finite reflector critical problem. 
Anisotropic scattering is considered in both cases. Tables of typical computing times are presented. 
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Abstract/Keyterms: Secondary criticality resulting from massive core rearrangement is discussed where 
the material dynamics results from either mild or strong initial excursions. Diffusion theory is used to study 
the effect of moving boundaries on the flux, and to study the effect of internal fuel rearrangement on keff. 
Numerical transport methods are used to make accurate determinations of keff for complicated fuel 
configurations arising from disassembly calculations. It is concluded that secondary criticality may occur 
from fuel rearrangement, but that it is unlikely in most cases. Variations in core height/diameter ratio, zonal 
enrichment, and overall size can change the tendency for autocatalysis significantly. 
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Abstract/Keyterms: The perturbation formula introduced by Gandini for calculation of a nuclear reactivity 
change in second-order accuracy is modified to permit its wide applicability. It is shown that the formula 
could give the second-order perturbation terms for the respective reaction components. Application of the 
formula and its calculation method are described. 
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Abstract/Keyterms: An extensive series of measurements has been made in the Demonstration Reactor 
benchmark, the Zero Power Plutonium Reactor (ZPPR) Assembly 2, to provide physics data necessary for 
LMFBR design. An important objective of the program was to test the applicability of data obtained in the 
plate-fueled critical to a power reactor design with a more homogeneous composition. Sufficient, fuel 
inventory was obtained in the form of rods which were used, within sodium-filled calandria, to build large 
zones in which direct comparisons of parameters could be made with those in the plate zones. A variety of 
quantities worth of Compared in the two environments. In addition to the direct reactivity worth of rod-for-
plate substitution, comparisons are given for small sample and rates, reaction worths, neutron spectrum, 
reaction rate ratios, in-cell reaction rates, reaction rate scans, sodium-void coefficient, and 238U Doppler 
coefficient. The experiments are Compared With calculations using the ARC system and NDFB/Version-I 
data. It is found that many parameters of interest can be adequately studied in the plate geometry and that 
the calculation methods, in identified a good representation of the heterogeneity effects. Some areas are 
identified in which further experimental and analytical study is needed. 
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Abstract/Keyterms: The normal mode expansion technique is applied to the transformed mono-energetic 
integral transport equation to develop a solution for the rotationally invariant and axially infinite critical 
two-region cylinder with a finite outer reflector boundary. The model assumes isotropic scattering and 
identical neutron mean-free-paths in the core and reflector regions. The solution in terms of singular integral 
equations is obtained by applying a completeness theorem found for the singular eigenfunctions. Numerical 
results for a variety of core and reflector multiplying properties and reflector thicknesses are presented and 
compared with the results of other methods. The completeness inherent in this solution and the high 
precision in the numerical calculations provide results which may be used as analytic standards for this 
problem. 



 

C-12955 

12918…..…..…………………..…….……..……ID Number…………………..…..…………….12918 

Author: Lloyd, R. C. / Clayton, E. D. 

Title: The Criticality of High Burnup Plutonium 

Date: 9/1/1973 

Report: NSENAO, 052, 073-075 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-018; A series of experiments has been completed with plutonium 
obtained from extreme high burnup fuel to establish the combined effects of the various isotopes of 
plutonium on criticality. 



 

C-12956 

12919…..…..…………………..…….……..……ID Number…………………..…..…………….12919 

Author: Tzanos, Constantine P. / Gyftopoulos, Elias P. / Driscoll, Michael J. 

Title: Optimization of Material Distributions in Fast Reactor Cores 

Date: 9/1/1973 

Report: NSENAO, 052, 084-094 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An iterative optimization method based on linearization and linear programming is 
developed. The method can be used for the determination of the material distributions in a fast reactor 
which maximize or minimize integral reactor parameters that are linear functions of the neutron flux and 
the material volume fractions. The method has been applied to the problems of optimization of the fuel 
distribution in a reactor of fixed power output, constrained power density, and constrained material volume 
fractions so as to obtain (a) a maximum initial breeding gain, (b) a minimum critical mass, and (c) a 
minimum sodium void reactivity. Under this realistic set of constraints, numerical results show that the 
same fuel distribution yields maximum breeding gain, minimum critical mass, minimum sodium void 
reactivity, and uniform power density. 
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Abstract/Keyterms: ReactorsReactor Theory & Calculation; Reactor Kinetics- Neutron Diffusion 
Equation; Reactors- Criticality; Spherical Configuration 
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Abstract/Keyterms: Systematic errors responsible for the large discrepancy between the measured and 
calculated central reactivity coefficients were examined. These errors were narrowed to two sources: the 
normalization integral (or perturbation denominator) and the conversion factor of inhour, or dollars, to Δk/k 
units. The magnitude of both sources of error is uniquely determined by the ratio of the measured-to-
calculated normalization integral when the measurement is carried out using the 252 Cf source-reactivity 
method. The measured-to-calculated normalization integral ratios for ZPR-6 Assemblies 6A and 7, two 
typical demo-plant-size Liquid Metal Fast Breeder Reactor criticals, were 1.19 and 1.21, respectively. The 
magnitude of this discrepancy is essentially the same as that found for the central reactivity coefficient. 
Analysis of the available fission rate distribution in both assemblies indicates that the calculated 
normalization integral may be underestimated by 6 to 8% and that the remainder of 10 to 14% must come 
from the conversion factor. The delayed-neutron data of Krick and Evans, when used with the appropriate 
average number of neutrons per fission in each assembly, yield conversion factors 9 to 13% higher than the 
delayed-neutron data of Keepin. This would provide the explanation of the central reactivity discrepancy. 
Unfortunately, the method of calculating βeff could also produce errors of this magnitude even if one has 
an absolutely correct set of delayed-neutron fractions. More definitive measurements of the delayed-neutron 
fractions of pertinent isotopes, as a function of the incident neutron energy, are needed. In addition, 
measurements of βeff in various assemblies by different methods are required. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Experimental techniques previously used for measuring neutron spectra in fast critical 
assemblies have been applied to reactor shielding problems. Fast-neutron spectra in the energy range from 
25 keV to 1 MeV have been measured in the water shield surrounding a small thermal research reactor. 
Three different water thicknesses were investigated, as well as a combination of water with a 2-in.-thick 
slab of iron. The spectrometer system developed for these measurements employs small proton-recoil 
proportional counters, together with electronic pulse-shape discrimination for the rejection of gamma-ray 
signals. Since this discrimination is extremely important for shielding measurements, the detectors and 
electronic system are described in some detail. The basic theory underlying proton-recoil measurements of 
neutron spectra is reviewed, as well as the techniques used to correct for errors arising due to finite detector 
size and irregularities in the electric field within the counters. Results of the water measurements indicate 
that the spectrometer is capable of measuring the absolute neutron flux as well as relative variations within 
the spectrum at a given point. In addition, predictions of spectral hardening with increasing water thickness 
are verified. The water-iron measurements indicate that the system is capable of measuring spectral features 
caused by resonances in the cross section of the shield material. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The thermalization of neutrons was experimentally measured for the purpose of 
testing Kushneriuk’s thermalization calculation in a cylindrical shell of moderator surrounding a fuel rod 
in a thermal reactor. The basis of this study was the measurement of activations for a set of five detectors—
55Mn, 197Au, 115In, 239Pu, and 176Lu—inside the central fuel rod and the surrounding moderator at 20-
cm hexagonal lattice pitch in the Atomic Energy of Canada Ltd.’s (AECL’s) heavy-water-moderated, 
natural uranium critical reactor, ZEEP. The neutron flux distribution, calculated by Kushneriuk’s method 
(first-order and exact solutions), was used in calculating detector activations. When compared, the 
measured detector activations and those calculated showed good agreement in the moderator, with the 
exception of points near and inside the fuel rod. The measured detector activations were also compared 
with the predicted values obtained from the HAMMER code. In this instance, the agreement was generally 
better than that obtained between measured and calculated values based on Kushneriuk’s method. 
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Title: Comparison of Proton-Recoil and Time-of-Flight Neutron Spectral Measurements with Transport 
Calculations in Two Uranium-235-Fueled Fast Subcritical Reactors 

Date: 11/1/1973 

Report: NSENAO, 052, 330-342 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Cylindrical proportional counters were used to measure the scalar neutron flux in the 
core and reflector of the 235U-fueled fast subcritical reactors, STSF-7 and -9. These data have been 
compared with time-of-flight angular spectrum measurements in the same reactors, and with transport 
theory calculations of these assemblies utilizing ENDF/B-III cross sections. The agreement of the two 
measurement techniques at high energy indicates that the emission time correction procedures used for the 
time-of-flight studies on subcritical (keff = ≈0.92) assemblies with a 220-m flight path are reliable. At 
intermediate energies, the two types of measurements and the calculations were in good agreement for the 
STSF-9 oxide-fueled core, but significantly different for the metal-fueled STSF-7 core in the region of fine 
structure associated with the pronounced aluminum resonances below 300 keV. The time-of-flight data 
exhibited some energy mismatch here, and the 4π counter was subjected to more aluminum “shielding” 
than allowed for in the calculations. The shielding effect was strongest in the metal-fueled STSF-7 core, 
because of the absence of the oxygen moderator. At low energy, where the Doppler effects of the thermal 
coefficient of reactivity are concentrated, the calculations underpredict the flux. The time-of-flight data, 
which are the most reliable here, show the greatest disagreement with theory. 
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Report: NSENAO, 052, 350-359 
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Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-026, HEU-MET-FAST-023; Criticality studies were made of 
three-dimensional arrays of uranium-metal cylinders enriched to 93.2 wt.% in uranium-235. Four weight 
groups of units, ranging from 10.4 to 26.2 kg of uranium in five geometries, were employed to determine 
the critical surface separation between units as a function of the number in an array. The influence on 
criticality of hydrogenous neutron reflecting and moderating materials, unit shape, array shape, and of other 
controlled perturbations to some assemblies was examined. Monte Carlo calculations were performed of 
the experimental assemblies to confirm the neutron multiplication factors and to interpret the behavior of 
several subcritical assemblies. The Hansen-Roach neutron cross-section sets reproduce the results of the 
experiments, in a majority of cases, to an accuracy of 1% in k(eff). 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An empirical correlation of k∞ of a nucleus with the difference between its neutron 
binding energy and activation energy for fission, based on available data, suggests the possibility of 
providing estimates of k∞ of other heavy even-neutron nuclides. Calculated values of the activation and 
binding energies for nuclides ranging from… to… 



 

C-12964 

12927…..…..…………………..…….……..……ID Number…………………..…..…………….12927 

Author: Satyanarayana, U. / Ramamurty, S. 
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Report: NSENAO, 052, 417-420 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The low-lying energy levels of 235U and 239Pu are well fitted by a two-parameter 
formula due to Holmberg and Lipas. 
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Conference Session:  

Abstract/Keyterms: The finite element method is applied in multigroup formalism to the analysis of some 
fast and intermediate spherical critical systems. The approximation scheme is based on a self-adjoint 
variational principle associated with the formally self-adjoint form of the monoenergetic transport equation. 
A number of experimental critical assemblies are analyzed using unmodified and modified Hansen-Roach 
16-group cross sections. Comparison of the results with those obtained by SN calculations indicates that 
high accuracy is obtained by low-order finite element techniques. Several optional strategies are proposed 
which may further accelerate the convergence of finite element solutions. 
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Conference Session:  

Abstract/Keyterms: The influence of the inelastic-scattering, angle-energy correlation effect on the critical 
parameters of some reactor systems is discussed. The accuracy of a possible approximate treatment is also 
investigated. Results show that the effect gives a small, but remarkable, correction to the value of k(eff) 
and to the reaction rates. 
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Conference Session:  

Abstract/Keyterms: In evaluating fissile-material recovery operations involving meted salvage immersed 
in a reagent, a criticality safety engineer must be able to identify systems of minimum critical mass. Further, 
he must know the effect on the reproduction factor caused by changes in process variables such as container 
size or the fissile concentration of the reagent. No new experimental results are reported but studies of the 
criticality aspects of fissile-metal immersion by analyzing the most applicable of the existing measurements 
are presented. The results are expressed in terms of the critical mass of the metal region (excluding the mass 
of fissile material in solution) as a function of the fissile concentration and dimensions of the liquid cylinder. 
The analysis indicates that the critical mass of practical combinations of uranium metal and uranium 
solution always exceeds that of an 18.7-g/cm/sub 3/, 93.2% 235U-enriched uranium sphere centered in a 
300-g/liter metal-water mixture. The corresponding conservative approximation for plutonium systems 
holds for a 19.7-g/cm/sup 3/, 95% 239Pu sphere in a 200g/liter metal-water mixture. The upper limit of 
applicability of these results is 500 g/liter for both plutonium and uranium systems. The calculational 
techniques described underestimate critical masses of uranium by ~5%; the calculated masses of plutonium 
are sufficiently overestimated to be conservative in practical applications. 
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Conference Session:  

Abstract/Keyterms: An iterative method is proposed for solving the homogeneous (i.e., critical) or 
inhomogeneous (i.e., source) linear integral Boltzmann equation for general geometry. By using successive 
approximations, these two classes of problems are shown to be mathematically equivalent. For the 
homogeneous problem, constraints on the algorithm regarding the existence of eigenvalues and the initial 
approximation are investigated. The algorithm is applied to isotropically scattering slabs and spheres and 
is compared to previously published results as well as to an independent extrapolation method., For the 
inhomogeneous problem, an improvement over the normal successive collision method via the use of a 
Neumann series expansion is used to allow economic parametric studies. Constraints on the algorithm and 
methods of efficiently terminating the infinite Neumann series are investigated. The solution via the 
proposed method as applied to isotropically scattering slabs and spheres is provided in a compact form for 
a range of multiplication factors and optical dimensions. The shape of the scalar flux distribution is 
explained., Extensions of the method to more complex problems are outlined; in particular, the solution to 
an energy-dependent problem in general geometry is obtained and the implications of the results are 
discussed. 
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Conference Session:  

Abstract/Keyterms: The use of thermoluminescent dosimeters (TLDs) to determine gamma-ray heating 
in a zero-power fast-reactor environment is considered. Generalized cavity-ionization theory is used to 
determine the relationship between the gamma-ray heating in the medium and the energy deposited in a 
TLD placed within the medium. The relationship is a function of the composition of the TLD and the 
surrounding medium, the size of the TLD, and the gamma-ray spectrum in the medium. Calculations are 
presented for several combinations of these variables. Data on the response of TLD materials to fast 
neutrons are reviewed. The fast-neutron-induced contribution to the thermoluminescent output relative to 
the gamma-ray-induced contribution is investigated. The relationship between the thermoluminescent 
response and the energy deposited in the dosimeter is also discussed. 



 

C-12970 

12933…..…..…………………..…….……..……ID Number…………………..…..…………….12933 

Author: Simons, G. G. / Olson, A. P. 

Title: Analyses and Measurements of Gamma-Ray Heating in the Demonstration Benchmark Plutonium-
Fueled Critical Assembly 

Date: 2/1/1974 
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Conference Session:  

Abstract/Keyterms: Absolute gamma-ray heating was investigated in Assembly 2 of the Zero Power 
Plutonium Reactor (during operation in support of the Demonstration Reactor Benchmark critical program). 
Three loading configurations were studied: loading 90, normal plate core; loading 156, core with central 
control rod of boron carbide plus sodium; and loading 157, core with central control rod of tantalum plus 
sodium. All measurements were made with 7LiF thermoluminescent dosimeters encapsulated in a variety 
of electron-equilibrium sleeves, and the results are compared with calculated doses. Details of both the 
experimental procedures and the calculational techniques used to obtain gamma-radiation dose distributions 
are presented.( 
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Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; Instrumentation-Radiation Detection Instruments-General Detectors & Monitors; 
Californium 252- Neutron Sources; Subcritical Assemblies- Prompt Neutrons; Zero Power Reactors- 
Prompt Neutrons; Comparative Evaluations; Decay; Ionization Chambers; Performance; Rossi Alpha 
Method 
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Conference Session:  

Abstract/Keyterms: A series of studies was made of bubble nucleation by fission fragments and fast 
neutrons. The experimental work was conducted by a liquid suspension method in a pressure chamber 
designed to provide for visual determination of the onset of nucleation. The minimum superheat necessary 
for nucleation of visible bubbles was measured in water and propylene glycol. An analytic prediction 
method for the superheat threshold is presented, utilizing the “thermal spike” theory of Seitz and Rayleigh’s 
criteria for instability of a vapor jet in liquid. This method predicts that the important parameter a, equal to 
the ratio of the track length in which net energy must be deposited to the critical bubble radius, should equal 
6.07. By this analysis, this value is independent of the type of thermal-spike-producing radiation, the type 
of fluid, and the system condition. The experimental data from this investigation and all other published 
data were examined to determine the applicable a values. This examination did not result in identification 
of a values consistent with the proposed prediction. Reasons for the deviation of the data from predictions 
are discussed, but the basis of the deviations cannot be resolved. 
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Abstract/Keyterms: Samples used in Doppler-effect measurements in fast critical assemblies distort the 
flux in their vicinity. For fissile samples whose Doppler effect depends strongly on spectrum, this distortion 
may strongly affect the measured results. An integral transport method for computing distorted real and 
adjoint fluxes is developed and the fissile-sample Doppler measurements in a fast critical assembly, ZPR-
6 Assembly 7, are analyzed. It was found that the local flux distortions strongly affect the results and for a 
PuO2 sample even change the algebraic sign of the Doppler effect. 
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Abstract/Keyterms: The age of 252Cf fission neutrons to indium resonance energy (1.44 eV) was 
measured in water using a source encapsulated in a 7.6-mm-diam by 7.6-mm-high cylinder. The correction 
for the displacement of the moderator by the source was experimentally determined to be -0.13 cm2 or 
about -0.5% in approximate agreement with calculation. The distribution of indium resonance energy 
neutrons close to the source was measured to be Gaussian. The age measured for this experiment was 28.69 
± 0.39 cm2. An average energy for the 252Cf neutron spectrum of 2.21 ± 0.05 MeV is inferred from this 
age. 
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Abstract/Keyterms: A study of the sensitivity of the integral properties of the plutonium-fueled fast-
reactor critical assembly ZPR-6, Assembly 7 to uncertainties in the nuclear data has been performed with 
the aid of the VARI-1D variational sensitivity code; ENDF/B Version III was taken as a reference nuclear 
data base. The effect of 10% cross-section changes, which were correlated over the entire energy range, 
was analyzed, and allowed data uncertainties compatible with given uncertainties in integral parameters 
were established. Estimated uncertainties in important cross sections were considered, and the effect of 
different assumptions of the correlation in energy of the data uncertainties was examined. The effect of data 
changes among ENDF/B Versions I, II, and III was also analyzed. The most important data uncertainties 
are in the fission cross section of 239Pu and in the capture cross section of 238U, while the most important 
uncertainties in integral properties are in sodium void effect, breeding ratio, and keff. (The Doppler 
coefficient was not studied in the present work.) 
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Abstract/Keyterms: This paper contains benchmark data for the one-group criticality problem for the 
uniform slab and the uniform sphere in vacuum. The data which were obtained on the basis of the results 
of analytical transport theory refer to the critical parameters of the system as well as the particle density 
inside the system. 
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Abstract/Keyterms: Yields have been determined for the short-lived gamma-ray emitting nuclides 95Zr, 
97Zr, 103Ru, 131I, and 140Ba, produced in fission of 235U and 239Pu by both thermal and fast neutrons 
and in fission of 238U by fast neutrons. The dependence of the yields on neutron energy has been evaluated. 
The irradiations were carried out in an Argonne National Laboratory fast critical assembly and a thermal-
neutron source reactor. The number of fission-product atoms produced in thin metal foils was established 
by direct gamma-ray spectrometric assays on the foils. In the fast-neutron studies, the number of fissions 
in the foils was derived from solid-state fission-track recorders. These recorders contained nanogram 
amounts of the fissionable materials and were irradiated in close proximity to the foils. In the thermal-
neutron studies, the number of fissions was obtained from the 137Cs content and the 137Cs fractional 
fission yield. For certain fission products, e.g., 95Zr, the yields are in close agreement with those of the 
stable daughters, whereas for others, e.g., 140Ba, the yields are significantly lower. In the neutron energy 
range from thermal to 450 keV, relative changes of <1% are observed in the yields of all 239Pu fission 
products and of the major ones for 235U. The yields of 103Ru and 131I from 235U increase significantly 
in this energy range and appear to have a logarithmic neutron-energy dependence. 
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Abstract/Keyterms: Thirteen previously unpublished critical measurements on enriched (93.16 wt% 
uranium-235) uranium metal spheres, which are radially but not axially centered in cylinders of enriched 
(93.16 wt% uranium-235) uranium solution, are presented and compared with the results of Monte Carlo 
calculations. The average reproduction factor calculated for experimentally critical systems was k = 0.989, 
and this bias showed no systematic variation with the amount the sphere was displaced from center. The 
sphere size was increased, keeping other parameters constant, until criticality was calculated, at which point 
the average sphere radius and mass were 2.8 and 8.8%, respectively, greater than the experimental cases. 
For a given solution cylinder, the minimum critical metal sphere mass occurs when the sphere is centered 
in the solution. The increase in this critical mass with position along the cylinder axis also presented 
parametric in two tank diameters and five solution concentrations. For like asymmetries and at the same 
concentration, a greater change in the critical sphere mass with position is seen for tanks of large diameter 
than for smaller tanks. If the tank diameter is fixed, the greater change occurs for solutions of high 
concentration. 



 

C-12979 

12942…..…..…………………..…….……..……ID Number…………………..…..…………….12942 

Author: Dickinson, D. 

Title: Calculations on Raschig-Ring-Poisoned Plutonium Solution Systems Using Hansen-Roach Cross 
Sections 

Date: 7/1/1974 

Report: NSENAO, 054, 367-368 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Plutonium Nitrates-- Criticality; Column Packing; Computer Calculations; Cross Sections; Neutron 
Absorbers 
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Abstract/Keyterms: We were pleased to note the good results obtained by Dickinson in calculating 
criticality for some of our plutonium nitrate raschig-ring-filled vessels utilizing Hansen-Roach cross 
sections. Use of the formula provided for macroscopic potential scattering cross sections, with interpolation 
when the calculated ratio falls between two tabulated values, provides very good results and attests to the 
quality of the experiments. One of the principal purposes of the paper was to present experimental data for 
use in validation of cross sections and calculational methods. Since the original paper was presented, some 
additional calculational correlations, which may be of further interest, have been made using evaluated 
nuclear data file cross sections (ENDF/B-III version) with 18 energy groups. Comparison is made with 
values presented in the original paper. 



 

C-12981 

12944…..…..…………………..…….……..……ID Number…………………..…..…………….12944 

Author: Akl, D. / Laponche, B. 

Title: Calculation of the Flux Variation and the Reactivity Change Induced by a Central Perturbation in a 
Fast Critical Assembly the Reduced Reactor Model 

Date: 8/1/1974 

Report: NSENAO, 054, 387-394 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method is described for the analysis of experiments involving a central perturbation 
in a critical reactor. This method is particularly applicable to measurements dealing with reactivity changes 
or, as in some cases, with the variation of a fission chamber activation, in the vicinity of the perturbing 
sample (“local” signal). It is shown that the flux perturbation, induced by introducing the sample, can be 
calculated directly by solving a transport equation with a given source in the sample. This treatment, linked 
with the reduced reactor model, considerably shortens the required calculations. This method is applied to 
experiments performed in the ERMINE fast-thermal coupled critical facility at Fontenay-aux-Roses. 
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Abstract/Keyterms: MIX-COMP-THERM-012; Results are presented from a series of criticality 
experiments with homogeneous plutonium-uranium fuel mixtures with plutonium content in the range of 5 
to 8 wt.% the hydrogen to(plutonium + uranium) atomic ratios covered a range from 19.5 to a high of 80.7 
experiments provide data in the region of moderation where the minimum critical volume occurs for 
homogeneous plutonium-uranium systems with a plutonium content of 8 wt.% the minimum critical 
spherical radius for material containing 8 wt.% plutonium in plutonium-dioxide-uranium-dioxide-water 
mixtures was determined to be 14.98 cm. The criticality factors were computed with neutron transport 
theory and Monte Carlo calculations, using the DTF-IV and the KENO-II codes with both ENDF/B-II and 
ENDF/B-III version cross sections. The calculated values were found to be within ±2% of unity. 
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Abstract/Keyterms: MIX-COMP-THERM-013, MIX-COMP-THERM-015, MIX-COMP-THERM-016, 
MIX-COMP-MIXED-001, MIX-COMP-THERM-014; There has been considerable interest in the use of 
fixed neutron absorbers (poisons) for criticality control since their use would permit safely handling larger 
quantities of nuclear materials with reduced probability of criticality. To obtain experimental data in this 
area, the reactivity worth of two such materials, copper and copper containing 1 wt.% cadmium, was 
recently measured in two different energy spectrums and at different thicknesses up to 2.5 cm. The results 
of these measurements are presented in this paper and provide a set of clean, well-defined, poisoned critical 
assemblies that can be used to check calculational techniques and cross-section data. 
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Abstract/Keyterms: In-Core Thermionic Reactors (ITR) contain in-core materials which are very unusual 
in reactor physics (tungsten, niobium, molybdenum, and yttrium hydride) for this reason and due to the 
compact and very heterogeneous structure of such reactors, critical experiments for an ITR prototype were 
carried out. Different core configurations with measurements of critical masses, reactivity worths, fluxes, 
and power distributions, also provided the opportunity to test methods of computation, special nuclear data, 
and measuring methods on a more general basis. 
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Conference Session:  

Abstract/Keyterms: Calculations of neutron escape probability from a homogeneous isotropically 
scattering slab of finite optical thickness are reported as obtained by solving exactly the stationary linear 
integral transport equation for the total flux of monoenergetic neutrons. This done for both critical and 
subcritical configurations of the slab under examination, with both constant and variable sources being 
referred to in the latter configuration. Due to the transport approach here used, the numerical results for the 
escape probability cover the full range of variation of the mean number of scattered neutrons per collision, 
cs, i.e., 0 ≤ cs ≤ 1, whereas the half-thickness of the slab considered ranges from 5 or 10 mean-free-paths 
down to values as small as 10-4 mean-free-paths. 
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Conference Session:  

Abstract/Keyterms: The limiting critical concentration of plutonium-239 in aqueous solution has been 
reevaluated from experiments with data obtained in the Physical Constants Test Reactor and determined to 
be 7.19 ± 0.15 grams plutonium-239 liter. The value is supported by the results of 18-group diffusion theory 
calculations. 
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Date: 11/1/1974 

Report: NSENAO, 055, 280-295 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The purpose of this article is an up-to-date, detailed, and rigorous presentation of the 
generalized least-squares procedure developed by our group to improve neutron cross-section evaluations, 
based on direct cross-section measurements by means of integral data. Both discrete and continuous (energy 
dependent) integral quantities are considered. Explicit expressions are derived for the best estimates of the 
cross sections in a continuous form, as well as in the multigroup approximation. The procedure is illustrated 
by results relating to the updated Los Alamos data on spherical metallic critical assemblies and the latest 
ENDF/B cross-section library. It is demonstrated that by minor modifications of the ENDF/B cross sections, 
most of the experimental data can be reproduced within their quoted uncertainties. 
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Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; Heavy Water Moderated Reactors- Reactor Lattice Parameters; Zero Power 
Reactors- Reactor Lattice Parameters; Reactor Lattices; Thorium Oxides; Uranium Dioxide 
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Conference Session:  

Abstract/Keyterms: A set of high-temperature thermodynamic properties for sodium in the two-phase and 
subcooled-liquid regions has been predicted for the region between the low-temperature properties 
recommended by Golden and Tokar and the critical temperature. This set of high-temperature properties is 
recommended for consistent thermodynamic calculations in reactor safety analyses involving sodium. The 
saturation properties determined are: vapor pressure, liquid and vapor density, liquid and vapor enthalpy, 
liquid and vapor entropy, liquid compressibility (adiabatic and isothermal), liquid thermal-expansion 
coefficient, and liquid specific heat (constant pressure and constant volume). The subcooled-liquid 
properties determined are: pressure, enthalpy, entropy, compressibility (adiabatic and isothermal), thermal-
expansion coefficient, and specific heat (constant pressure and constant volume). 
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Abstract/Keyterms: Spectral synthesis, the representation of the energy dependence of the neutron flux 
by a combination of overlapping trial modes, has received only limited application to the analysis of fast 
reactors, because the savings in computational effort achieved via synthesis have not been sufficiently 
dramatic to compensate for the. occasional disconcerting failures of the methods. This Note develops an 
approximation procedure combining spectral synthesis with Wie-landVs method which recovers the large 
savings in computation time expected with synthesis methods. Such a scheme is illustrated by applying it 
to calculate the flux in a fast critical assembly. 
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Abstract/Keyterms: A new version of the source-multiplication method for measuring subcritical 
reactivities is presented. It does not require calibration against an independent reactivity measurement and 
can be applied for the determination of reactivities over the entire range of reactor shutdown. This version 
is compared with other source-multiplication methods. 
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Abstract/Keyterms: Reactors-Power Reactors, Breeding; Instrumentation-Radiation Detection 
Instruments-General Detectors & Monitors; FFTF Reactor- Neutron Spectra; Ionization Chambers- 
Specifications; Californium 252; Performance; Reactor Instrumentation 
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Abstract/Keyterms: The spatial distribution of the neutron importance in bare and natural-uranium-
reflected uranium (∼93.2 wt% 235U) and plutonium (∼4.7 at % 240Pu) metal spheres was measured using 
252Cf neutron sources. The spatial distribution of the fission density from activation measurements in the 
bare spheres and those previously measured for the reflected spheres are presented. Comparison of these 
distributions with those from S16 transport theory calculations showed that the measured and calculated 
results agreed very well for the bare spheres and in the central core of the reflected spheres. The 
disagreement in the natural uranium reflector increased with radius and attained values as large as ∼35% 
at the outer surface. The sensitivity of the calculations to the cross sections is examined. These 
measurements were undertaken to properly account for spatial effects in the point reactor kinetics 
description of Rossi-α measurements. The spatial-effects factors obtained from these measurements, which 
multiply the correlated amplitude of the Rossi-α measurement, were 1.123, 1.109, 1.163, and 1.214 for the 
bare uranium, bare plutonium, reflected uranium, and reflected plutonium spheres, respectively. The error 
in these values is ± 0.010. 
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Abstract/Keyterms: Space-dependent reactor kinetics problems can be solved by response techniques in 
which subassemblies of the core (called cells) are treated as “black box” transducers of neutron currents. In 
this paper we present a continuous integral theory of space-time neutronics, reduce this theory to an 
approximate response-matrix method, and solve some monoenergetic one-dimensional problems.The 
principal advantage over more usual reactor kinetics methods is the achievement of accuracy with a coarse 
spatial grid. Previously, criticality calculations using response-matrix methods had established this 
principle. The present work extends the result to time-dependent situations.The author believes that 
development of the response-matrix technique can significantly reduce the computational effort required 
for solution, without loss of accuracy, of a broad class of space-time reactor problems. 
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Neutrons- Extrapolation Length; Buckling; Criticality; Neutron Beams; Pulses; Reactor Kinetics; Slabs; 
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Abstract/Keyterms: ReactorsReactor Theory & Calculation; Criticality- Computer Calculations; Neutron 
Transport Theory- Computer Calculations; Computer Codes; Discrete Ordinate Method; Nonlinear 
Problems; Reactor Kinetics Equations; Scattering; Slabs; Space Dependence; Time Dependence 
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Abstract/Keyterms: The transfer matrix method is applied to energy-dependent neutron transport 
problems for multiplying and nonmultiplying media in one-dimensional plane geometry. Experimental 
cross sections are used for total, elastic, and inelastic scattering and fission. Numerical solutions are 
presented for the problem of a unit point isotropic source in an infinite medium of water and for the problem 
of the critical 235U slab with finite water reflectors. No iterations were necessary in this method. Numerical 
results obtained are consistent with physical considerations and compare favorably with the moments 
method results for the problem of the unit point isotropic source in an infinite water medium. 
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Abstract/Keyterms: In an earlier paper we proposed a method for the measurement of subcritical reactivity 
utilizing reactor noise. The theory has now been applied to the analysis of data obtained with the Berkeley 
TRIGA Mark III Reactor. A two-delayed-group approximation was found necessary to fit parameters in 
the expression for the variance-to-mean ratio of the neutron counting distribution. Results were found to be 
in good agreement with those from control rod calibrations. 
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Abstract/Keyterms: Measured integral quantities such as keff, central reaction-rate ratios, and central 
reactivity coefficients for 18 fast critical assemblies were calculated using the ENDF/B-IV neutron cross-
section set. The correlations between calculation and experiment using Version IV were then compared to 
those obtained with earlier cross-section data, specifically, Versions I, II, and III of ENDF/B and the 
Bondarenko cross-section set. In general, ENDF/B-IV was found to do an excellent job of calculating keff. 
However, discrepancies between calculation and experiment did exist for both reaction-rate ratios and 
reactivity coefficients. of particular interest, the fissile-fuel central-worth discrepancy for plutonium 
assemblies was found to be ∼20%. 
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Abstract/Keyterms: Experiments in a subcritical assembly with pebble-bed high-temperature gas-cooled 
reactor fuel and hydrogen ranging between 0 and 14.4 v% were carried out to study the effects of water 
ingress in reactivity and to test the accuracy of diffusion-code calculations for small subcritical systems. 
Special emphasis given to an adequate description of the influence of the water ingress on the diffusion 
properties of the pebble-bed system. The agreement between experimental and theoretical results is in all 
cases better than ±0.01 in k(eff). 
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Abstract/Keyterms: With the help of the generalized function theory, the macroscopic treatment of 
neutrons slowing down in a homogeneous medium is investigated. As a result, it is found that the balance 
equation for neutron flux is exactly expressed by for a monoenergetic source as well as a fission source, 
where the moderating parameter is defined as the ratio of slowing down density to collision integral.Source 
dependence of this parameter, (u), is also examined analytically and numerically. In the transient region the 
difference of (u)’s for a monoenergetic source and a fission source is shown to be remarkable. For a 
monoenergetic source the asymptotic value is found to be a monotonically decreasing function of the 
absorbing ratio, a, while the of fission neutrons is also a decreasing function for the smaller absorbing ratio 
than a certain critical absorbing ratio and for large a it has the constant value 
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Abstract/Keyterms: The elementary solutions of the one-speed transport equation are used, along with 
certain invariance principles, to establish tractable solutions to reflected reactor critical problems in plane 
geometry. 
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Abstract/Keyterms: There is current interest in the possibility that symmetric irradiation of a small pellet 
of fissionable material by intense laser beams may produce sufficient compression to cause the pellet to 
become supercritical and thus produce a fission microexplosion. It has been proposed that a repetitive series 
of such explosions in a suitable chamber could be the basis for an alternative means of generating 
commercial power from nuclear energy. An analysis of this scheme is presented that shows that the 
energetics do not appear favorable for power generation purposes. Although an input of several hundred 
megajoules of radiation energy is necessary to trigger a microexplosion, the idea appears to be an interesting 
physics experiment. Such microexplosions would be unique short- duration sources of nuclear radiations. 
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Abstract/Keyterms: Critical-experiment data are presented on a heterogeneous lattice of fuel rods 
comprised of uranium and plutonium oxides, clad with stainless steel, and moderated with (uranium + 
plutonium) nitrate solution, a condition not unlike that encountered in a fuel-element dissolver operation. 
The effect of a soluble neutron absorber (gadolinium nitrate) on the criticality of this type of system was 
also examined for its possible use as a method of criticality prevention and control during the dissolution 
step. The results provide data for code validation, an essential requirement on complex systems such as 
this, if the calculations are to be utilized to prescribe subsequent control limits under similar or related 
conditions in fuel processing. Experiments indicate (for the very limited data presented) that a 
heterogeneous system composed of these fuel rods in water can have a larger buckling than the fuel in the 
dissolved state. The question is, whether a fuel rod of a size different from that used in these experiments, 
immersed in fissile-bearing solutions, might have a still higher buckling (and smaller critical size) than the 
highest achievable buckling for fuel rods of optimum diameter and spacing in water. This important 
consideration regarding the criticality safety aspects of dissolvers must be examined in each case. The 
results of calculations of these systems with the KENO Monte Carlo code utilizing ENDF/B-II cross 
sections are presented. 
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Abstract/Keyterms: Generalized perturbation methods relevant to quantities linear with the neutron flux 
in time-dependent problems are discussed. In addition, it is shown how the well-known generalized 
perturbation formulations relevant to the static case under critical conditions can be simply derived. The 
time-dependent formulations in the neutron field may as well he applied to that of the nuclides in burnup 
and buildup problems by considering the buildup and decay matrix in place of the Boltzmann operator. 
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Abstract/Keyterms: A new and efficient Monte Carlo approach to the solution of the Dirichlet heat transfer 
problem is developed and implemented. The adaptability of this approach to Monte Carlo radiation 
transport codes is highly useful for problems that require both heat transfer and radiation transport 
calculations, e.g., analyses of nuclear reactor fuel shipping casks. Criticality, shielding, and heat transfer 
calculations can be performed with one geometric description and one computer code. 



 

C-13008 

12971…..…..…………………..…….……..……ID Number…………………..…..…………….12971 

Author: Dodds, Jr., H. L. 

Title: Accuracy of the Quasistatic Method for Two-Dimensional Thermal Reactor Transients with 
Feedback 

Date: 3/1/1976 

Report: NSENAO, 059, 271-276 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The quasistatic method was compared with a direct finite difference method of 
solving two-dimensional thermal reactor transient problems with thermal-hydraulic feedback. Calculations 
using both methods were performed for a cylindrical (r-z), D2O-moderated and -cooled uranium-fueled 
reactor. This study shows that the quasistatic method is capable of producing highly accurate results, 
relative to the direct finite difference method, for two-dimensional thermal reactor transients with feedback. 
The quasistatic method also offers the flexibility of using larger time steps between flux shape calculations, 
without encountering numerical problems, than the direct method. The quasistatic and direct method codes 
used in this work are comparable with respect to accuracy and computing costs for the subprompt critical 
transients considered in this work except for transients with weak spatial effects. For such transients, much 
larger time steps can be used in the quasistatic code than in the direct method code to achieve a specified 
accuracy, which, in turn, provides a considerable savings in computing costs. 
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Abstract/Keyterms: Experimental data that test the validity of a numerical solution of the transient few-
group neutron diffusion and delayed precursor equations in two-dimensional hexagonal geometry are 
presented. The experiments involve free fall insertion of 235U-bearing rods into an off-center location of a 
large critical, heavy-water-moderated lattice. The resulting transient flux tilts are strongly influenced by 
delayed neutron holdback. The calculated flux tilts agree with the measured flux tilts within the small 
uncertainty of the measurements. The data and input to the calculations are presented in sufficient detail to 
allow other methods of solution to be tested. 
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Abstract/Keyterms: Uranium fueled thermal-reactor lattice benchmarks, as well as some other 
experimental assemblies, were analyzed with ENDF/B-IV data and calculational techniques based on 
integral transport and SN methods together with Monte Carlo calculations in the resolved resonance region. 
Only a relatively small overprediction of the 238U resonance events-3 to 4 percent-remains when the 
present version of the ENDF/B data is used. It accounts for a considerable part of the 1 percent 
underprediction of criticality. Uranium-235 resonance absorption was found to be influenced noticeably by 
shielding due to the 238U resonances. For both 235U epithermal and 238U fast fissions, the agreement 
between calculation and experiment, although relatively good, showed greater fluctuations than in the case 
of the 238U capture. Calculated temperature variations of material buckling with temperature were greater 
than in the measurements, especially near room temperature, but the discrepancies were smaller in the 
critical than in the exponential assemblies. 
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Abstract/Keyterms: An experiment was performed with a mock-up of the core of the Fast Flux Test 
Facility (FFTF) reactor to evaluate three reactivity measurement methods for application to liquid-metal 
fast breeder reactors (LMFBR): modified source multiplication measurements with the low-level flux 
monitor for refueling (35 dollars subcritical) of FFTF, noise analysis to 35 dollars subcritical, and inverse 
kinetics rod drop to 12 dollars subcritical. To investigate the spatial dependence of these measurement 
methods and to resolve discrepancies previously reported, detectors were placed in the core, reflector, and 
radial shield, and experimental data were collected with the reactivity at near delayed criticality to 35 dollars 
subcritical. Conclusions from this experiment are the following. Low-level flux monitors in the shield of 
the FFTF will be adequate for reactivity surveillance during refueling, using the modified source 
multiplication method calibrated near critical by an inverse kinetics rod drop measurement. The break 
frequency noise analysis method to -35 dollars with in-core detectors, the modified source multiplication 
method to -35 dollars, and inverse kinetics rod drop method to -12 dollars with detectors at all locations 
(corrected for changes in nuclear parameters) yielded the same reactivities within less than 5 percent. From 
reactor physics considerations, break frequency noise analysis with in-core detectors is best for monitoring 
reactivity down to full shutdown since it requires only a simple correction with reactivity that depends on 
global parameters of the system rather than a correction that depends on the value of the flux at a point or 
on the inherent source intensity, such as are required for the modified source multiplication method. 
However, for simple point kinetics interpretation of the results, the measurements must be made only with 
in-core detectors 
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Abstract/Keyterms: The Goertzel reactor construct and the Goertzel-Wilkins theorem proved for this class 
of reactors are applied to a moderator fuel system at pressurized water reactor temperature and pressure 
conditions. The viability of the minimum critical mass as a global parameter to assess the integrity of energy 
group structures is investigated. The calculations are performed in diffusion and transport theory and up to 
eight energy groups are considered. Some initial guidelines based on the minimum critical mass for 
attaining nearly equivalent accuracy by using a fewer number of “properly” structured energy groups are 
discussed. Numerical results are still inconclusive but again suggest that transport theoretical calculations 
are pointless unless spectral codes that compute group constants include angular dependence. 
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Abstract/Keyterms: A generalization of Pacilio's method has been developed for utilizing two detectors 
to investigate reactor noise. The method requires only the measurement of the polarity of the detector 
output-current as compared with its average value, and therefore is of use in reactor systems with 
appreciable subcritical power. The modification extends the theory to the case in which the covariance can 
exceed unity. A unique bivariate negative binomial distribution is proposed for describing the correlated 
detectors, and a formula for the covariance-to-mean ratio is developed in terms of the polarity correlations 
between the detectors. From the ratio, the subcritical reactivity of the system can be determined. 
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Abstract/Keyterms: The Army Pulse Radiation Facility Reactor has been pulsed to 17 cents above prompt 
criticality using external reflector control. This a novel method of fast-pulse reactor operation. The purpose 
of this work is to provide a high neutron fluence uniform over a 106-mm-diam, 198-mm-high in-core 
irradiation cavity or “glory hole,” in both pulse and steady-state modes of operation. The 106-mm-diam 
glory hole is obtained by removing from the standard core a cylindrical center fuel element, the “safety 
block,” and replacing it functionally by three 50.8-mm-thick, 305-mm-high scramable copper reflectors 
positioned 5.3 mm from the reactor shroud. The cost of this modification was favorable since fabrication 
of new fuel pieces was unnecessary. To date this assembly has been successfully pulsed to yields as high 
as 1.83 × 1017 fission/pulse. There is an ∼38% increase in prompt neutron lifetime in the reflected core 
due to the central cavity and the reflectors. The prompt negative shutdown coefficient is decreased only 
slightly so that the reflected core can be pulsed with requisite safety and satisfactory reproducibility. At the 
routine pulse level of 1.5 × 1017 (±2%) fissions, the pulse width is 66 µsec, the neutron fluence in the glory 
hole is 5.0 × 1014 n/cm2 (>10 keV), where the peak neutron flux is 6.4 × 1018 n/(cm2 sec) and the gamma-
ray dose is 1.6 × 105 R. With a thermal-neutron flux trap, the peak thermal-neutron flux is 1 × 1018 n/(cm2 
sec). With a neutron-to-gamma-ray converter, the peak gamma-ray emission rate is 3 × 109 R/sec. 
Operation at 10 kW in a steady-state mode produces a neutron flux (>10 keV) of 1012 n/(cm2 sec). 
Experiments have been performed previously to evaluate the use of reflectors as control and pulse rods. 
The present method of operation extends the use of reflectors to provide the principal mechanical shutdown 
mechanism in superprompt critical pulse operation. 
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Abstract/Keyterms: The finite element method was used to solve a nonlinear two-dimensional reactor 
dynamics equation. The system considered is a superprompt critical fast reactor, subjected to the prompt 
feedback condition. Various nonuniform initial disturbances allow the examination of the spatial 
dependence of neutron dynamics. Under exact numerical treatment, the quadratic nonlinearity in the 
dynamics equation transforms into an N × N2 matrix operator, where N is the system degree of freedom. 
This large matrix size taxes heavily on computer time and storage. The results obtained here can be 
considered as a numerical standard. It is found that there is a strong spatial dependence during the early 
phase of the transient, and that this dependence increases with increasing discontinuity in initial conditions. 
The transient behavior at each point in space also depends strongly on the spatial distribution and magnitude 
of the initial disturbances. 
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Abstract/Keyterms: Combinations of a series of experiments was performed providing new criticality data 
on plutonium-uranium nitrate solutions in cylindrical and spherical geometry. For the experiments in 
cylindrical geometry, the plutonium content of the total uranium plus plutonium was about 30 wt%; 
whereas, in the case of the water-reflected spheres, measurements were performed with both 15 and 30 wt% 
plutonium. The uranium in the mixture was slightly depleted, containing 0.66 wt% uranium-235. The 
plutonium concentration covered by these experiments range between 12.4 to 97.3 g plutonium/l(uranium 
plus plutonium concentrations between 30 to 310 g/l). The plutonium-240 content of the plutonium was 5.6 
wt% in the first case and 4.7 wt% in the second. The experiments were analyzed using ENDF/B-III, and 
GAMTEC cross sections. The KENO code, with ENDF/B-III cross sections, as well as the HFN code, 
provide conservative results on the criticality factors for these systems. The average value of the computed 
k(eff) for the cylinders, using KENO, was 1.022, and for the spheres, 1.024 using HFN. Thus, using these 
methods and cross-section data, the computed critical masses and volumes would be expected to be smaller 
than those measured by about 2% in terms of k(eff). 
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Abstract/Keyterms: The effective delayed neutron fraction from fission was determined for an unreflected 
uranium (93.2 wt percent 235U) metal sphere from the ratio of time-correlated counts in a randomly pulsed 
neutron measurement to those in a Rossi-..cap alpha.. measurement. In the randomly pulsed neutron 
measurements, a 252Cf source was placed in the sphere which contained a fission counter that, because of 
its location, did not count neutrons directly from the source. Neutrons from spontaneous fission of 252Cf 
initiated fission chains in the sphere, and the fission counter detected events from the interaction of neutrons 
from these fission chains with the uranium of the fission counter. A Type I time analyzer was triggered 
each time a 252Cf nucleus fissioned and recorded the time distribution of neutrons from the fission chains 
initiated by neutrons from californium at T. = 0. The delayed neutron fraction by this method (60.2 +- 0.8 
x 10/sup -4/) is approximately 11 percent lower than that from other measurements or calculations that are 
all in agreement that this low value may be due to an improper theoretical formulation for the correction of 
point kinetics for spatial effects. The value of this correction factor estimated by another theoretical 
formulation is 30 percent larger. An 11 percent larger correction for spatial effects would produce 
agreement between this measurement and previously measured results. 
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Abstract/Keyterms: Neutron spectra have been measured for pure water and for boric acid solutions using 
the time-of-flight technique. After a critical review of the available calculational methods, three methods 
were selected for comparison with the experiments. The best method proved to be a transport code 
(modified DTF-IV) incorporating a bound hydrogen model based on the modified Haywood II frequency 
spectrum. For the pure-water spectrum, the largest discrepancy between theory and measurement was 16%. 
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Abstract/Keyterms: A benchmark measurement of the neutron leakage spectrum from a pulsed 38-kg 
uranium (93.5 percent 235U) sphere has been made using time-of-flight techniques. The sphere had a 
multiplication of approximately 11 for 14-MeV neutrons, and a neutron hold-up time of approximately 40 
nsec. The centrally located source of 14.1 +- 0.8-MeV neutrons, produced by bombarding a tritium gas 
target with pulses of low-energy deuterons, was isotropic to +-7.7 percent. Neutrons in the 0.180- to 16.0-
MeV energy range were detected at the end of a 39-m flight path by an Ne-213 liquid scintillator employing 
pulse-shape discrimination. The detector efficiency was measured over this same energy range using 
monoenergetic neutrons from the T(p,n) T(d,n), and D(d,n) reactions. The measured neutron flux as a 
function of energy is compared with the results of Monte Carlo calculations performed with the MCN code. 
Uranium cross sections from ENDF/B-IV and an older set from Lawrence Livermore Laboratory were used 
in the calculations. The results calculated using the ENDF/B-IV cross sections are in good agreement with 
the measurements, especially in the 1- to 6-MeV energy region where the uncertainties in both the 
calculated and experimental results are the smallest. 
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Abstract/Keyterms: Principles of invariance are used with the traditional P-L method to yield concise and 
improved results for critical calculations of reflected reactors. 
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Abstract/Keyterms: A general relationship between two-group fluxes and normal currents on the surface 
of a core surrounded by a homogeneous reflector is derived. The relationship is an integral one derived 
directly from the group diffusion equations for the homogeneous reflector material and hence depending 
only on group parameters associated with the reflector material. Approximate homogeneous, algebraic 
boundary conditions relating group fluxes to group currents at the core-reflector interface are then derived, 
and these are applied to three sizes of pressurized water reactors (PWRs). Application to a large PWR at 
the interface between core shroud and reflector yields particularly excellent results for criticality and flux 
shapes in the core. The savings in computer running time over that required if the reflector is accounted for 
explicitly is approximately 40 percent. 
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Abstract/Keyterms: A burnup control problem during a reactor core life is considered and solved by 
making use of a neutron-governing equation that is particularly devised to fit power reactors. Space-
dependent parameters are expanded using Walsh functions, and the burnup process is described in terms of 
the expansion coefficients. By applying the Walsh-function expansion to a newly devised neutron-
governing equation, CUMULUS, the criticality condition is established through a more simplified 
approach, and the system structure of a two-region reactor can be illustrated graphically. Using the above 
burnup model, an optimal control problem to maximize the average burnup at the end of a core life is 
considered, and numerical test problems are solved. 
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Abstract/Keyterms: The extent of penetration of flowing molten ceramic fuel in steel channels before 
solidification is a problem that arises in the analysis of hypothetical core disruptive accidents. 
Considerations of fuel crust behavior indicate that fuel freezing in steel channels can occur in two distinct 
ways that can be identified as conduction-limited freezing (fuel crust growth) and bulk freezing (fuel crust 
removal). Fuel crust removal can arise from two sources: (a) mechanical breakup and (b) melting heat 
transfer. Explicit formulas providing rough estimates of critical fuel crust removal conditions are presented. 
If the conditions in the fuel flow are such to prevent fuel crust growth then the steel wall melting can become 
severe. It is proposed here that steel ablation rapidly leads to fuel freezing in a bulk manner via turbulent 
mixing between the relatively “cold” molten steel and hot molten fuel. This steel ablation-induced freezing 
concept is used to obtain a simple expression for molten fuel penetration into steel channels. 
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Abstract/Keyterms: It is well known that a strong need exists for design criteria to limit liquid cross-flow-
induced vibration in heat exchanger tube bundles. This need has become even more critical with the advent 
of the nuclear power industry and the large heat exchange systems that it employs. An extensive series of 
experimental vibration tests has been conducted on tube bundles of contemporary interest in a large water 
tunnel. The main objective of these tests has been to develop a design criterion to limit vibration amplitudes. 
It has been found that the main excitation mechanisms are turbulence, some vortex shedding, and 
hydroelastic instability. The results of these tests are correlated and presented in an orderly fashion. It is 
found that the most serious excitation mechanism is hydroelastic instability. Criteria are advanced for 
establishing upper velocity limits based on the experimental findings. The vortex shedding mechanism is 
found to only be a problem for tubes in the inlet region of some bundles. Strouhal numbers associated with 
observed resonances are tabulated and discussed. Tube response to random turbulence has been studied for 
numerous bundles but is found to be of secondary significance. 
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Abstract/Keyterms: MIX-COMP-THERM-015, MIX-COMP-THERM-016, MIX-COMP-MIXED-001; 
The results from a series of criticality experiments with three different mixtures of oxides of plutonium and 
uranium are presented. The fuel mixtures consisted of uranium-235-depleted uranium homogenized with 
8.15, and 30 wt.% plutonium and blended, homogeneously, with polystyrene to achieve hydrogen to 
plutonium plus uranium atomic ratios of 7, 3, and 3, respectively. Critical sizes are given for rectangular 
parallelepipeds of each of the fuels fully reflected with a methacrylate plastic (Plexiglas). Critical sizes are 
also given for unreflected parallelepipeds of the 30-wt% plutonium-enriched fuel mixture. For the 30-wt% 
plutonium-enriched mixture, sufficient fuel was available to permit determining that the critical thickness 
of a fully reflected slab of this material, infinite in two dimensions, was 12.93 + 0.14 cm. Comparisons 
were made between the critical assemblies and calculational results using ENDF/B-III cross sections and 
the KENO and DTF-IV computer codes. Wherever comparisons could be made, the DTF-IV and KENO 
results were within 1% of each other; however, some of the comparisons between calculations and 
experiments differed by 2 to 3% in k(eff). 
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Abstract/Keyterms: The analysis of critical volumes of aqueous homogeneous solutions of uranium to aid 
in defining the 2200 m/sec neutron parameters for ENDF/B has been examined. The parameters for 233U 
and 235U are constrained by relating certain parameters to the constant K obtained from the analysis of the 
critical systems. Here K is directly proportional to the hydrogen capture cross section at 2200 m/sec. This 
note suggests that the capture cross section of hydrogen be removed from K and that a new constant 
K/$sigma$$sub aH$ be defined by the critical systems. This new constant is the hydrogen-to-uranium ratio 
for an infinite critical system populated with neutrons having a Maxwellian energy distribution. 
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Abstract/Keyterms: Control algorithms for power-shaping calculations and critical rod bank position 
searches are described. The algorithms allow a flux computation module using a finite difference solution 
of the few-group neutron diffusion equations with coarse-mesh rebalancing to be directly extended to 
control calculations. The control algorithms are formulated as an extension of the standard critical buckling 
search by recasting the procedure for calculating the eigenvalue. A comparison of the power-shaping 
calculation with an equivalent keff calculation demonstrates that the former requires approximately the 
same number of outer iterations as the latter. 
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Abstract/Keyterms: An energy balance, similar to the Hicks-Menzies concept but including a simple 
examination of the pressure versus temperature path to equilibrium, has been performed for mixtures of 
steel and mixed-oxide reactor fuel with ratios of mass of fuel to mass of steel ranging from 0.5 to 5.0 and 
with initial fuel temperatures from 3500 to 7500/sup 0/K. The results yield fundamental collapse criteria 
for the response of such a mixture to compressive perturbations and act as bounding criteria for potential 
compressive-driven recriticality when other criticality conditions are met. 
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Abstract/Keyterms: An optimization method, based on linear programming, has been developed that 
determines the enrichment distribution in a multizone reactor such that the desired power distribution is 
achieved at beginning-of-life conditions, as well as the poison distribution during reactor operation such 
that the reactor is kept critical and the desired power distribution is retained. Results of the numerical 
application of the method are presented. 
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Abstract/Keyterms: A new method based on the singular perturbation theory is presented for synthesizing 
suboptimal control of nuclear reactors with spatially distributed parameters. The inverse of the neutron 
velocity is regarded as a small perturbing parameter, and the model, adopted for simplicity, is an infinite 
slab reactor described by the one-group diffusion equation. A control is found for the problem of 
transferring a given distributed neutron flux to the desired one assuming the deviation is small. It is shown 
that the Helmholtz mode is suited for the singular perturbation technique when one carries out the modal 
expansion, and the mode controllability is then determined in view of the asymptotic stability of solutions, 
which depends on the criticality condition. The theoretical estimation of the error of solution is also 
attached. A numerical example is given showing a large saving of computation time in the present method. 
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Abstract/Keyterms: Methods for generating repair checklists on the basis of fault tree logic and 
probabilistic importance are presented. A one-step-ahead optimization procedure, based on the concept of 
component criticality, minimizing the expected time to diagnose system failure is outlined. Options 
available to the operator of a nuclear power plant when system fault conditions occur are addressed. A low-
pressure emergency core cooling injection system, a standby safeguard system of a pressurized water 
reactor power plant, is chosen as an example illustrating the methods presented. 
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Abstract/Keyterms: Integral measurements of delayed neutron fractions in fast reactor spectra by two 
different techniques were carried out. The worth of a calibrated californium-252 spontaneous fission source, 
together with absolute fission rates and with the normalization integral obtained from fission rate mapping, 
gives experimental values for the effective delayed neutron fraction of a critical assembly. These 
measurements were performed in three plutonium dioxide/uranium dioxide fueled assemblies and in one 
uranium dioxide fueled assembly. The pile oscillator technique was used to determine relative yields of 
delayed neutrons from uranium-235, uranium-238, and plutonium-239. The results confirm the evaluated 
yields by Tuttle, with a slight bias toward a higher plutonium-239 yield. With these data, the central worth 
discrepancy disappears for SNEAK measurements. 
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Abstract/Keyterms: In the analysis of fission product reactivity worths, measured in the fast reactor 
spectra of the STEK critical-experiments facility, extensive use is made of a statistical method of cross-
section adjustment. The principle is that adjustments are applied to the evaluated cross sections, as much 
as possible within their error limits and taking into account the existing correlations, in such a way that a 
better agreement between calculated and measured integral data is obtained. The method is briefly 
summarized in general terms, with some special applications needed for the STEK project. Then, a 
description is given of the practical realization for capture cross-section adjustment on the basis of reactivity 
worths of samples of fission product mixtures in different thicknesses measured in several fast reactor 
spectra. Details are given on the way the various contributions to the covariance matrix of group cross 
sections, including resonance self shielding, are calculated for the fission product nuclides and for the 
mixtures. The paper only outlines the methods used; examples of applications can be found elsewhere. 
Finally, some limitations of the method and possible extensions in connection with standard nuclear data 
error files are discussed. 
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Abstract/Keyterms: The increase in intensity of a 252Cf neutron source surrounded by uranium depleted 
in the 235U isotope has been measured, and the results of this experiment were used to determine of 238U 
for 252Cf spontaneous-fission neutrons. The measurement was performed in the TRIGA Mark III reactor, 
using the multiplication property of a subcritical TRIGA core. A Monte Carlo calculation was performed, 
which employed ENDF/B-III data, to provide analytical results for comparison with the measurements. The 
source enhancement obtained using a depleted uranium cylinder surrounding the 252Cf source was 
measured to be (7.35 ± 0.20)% compared with a calculated value of (7.11 ± 0.15)%. The calculated results, 
using ENDF/B-III data, agree with the measurement within the uncertainty of the evaluated values of v and 
σƒ. 
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Abstract/Keyterms: Subroutine POOL was developed for the study of hypothetical core disruptive 
accidents in nuclear reactors and, as such, is set up for use as a subroutine in the FX-2 Dynamic Neutronics 
Code. This combination permits scoping studies of the total neutronic/hydrodynamic interactions and is 
capable of performing phenomenological investigations of hypothetical problems ranging from the high 
ramp disassembly calculations, performed in the past by the Lagrangian code VENUS, to the study of 
recriticality in boiling pools of fuel and steel. POOL specifically includes, in at least parametric fashion, 
the following phenomena: 1. intra- and inter-element heat transfer by diffusion, convection, and radiation 
for both fuel and steel inside the pool and at the boundaries 2. local vapor generation and concurrent local 
pressurization 3. hydrodynamic behavior using the inviscid Navier-Stokes equations in a Eulerian 
formulation. Sample results are shown for boil-up of an initially quiescent dense pool of fuel and steel. 
Subroutine POOL was modified by removing the free surface portion of the calculation and the associated 
expansion of the Eulerian Grid. The combined code, known as FX2-P00L, was used to perform prompt 
burst calculations for two comparison cases for a 1000-MW(th) demolike reactor. Good agreement is shown 
between FX2-POOL and VENUS II for these two hypothetical situations, indicating that the hydrodynamic 
and thermodynamic assumptions made in POOL are accurate enough for prompt burst analysis and compare 
well with the VENUS models. 
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Abstract/Keyterms: A series of benchmark calculations of critical experiments has been performed to 
assess the effects that recent changes in the ENDF B data files have had on calculated liquid-metal fast 
breeder reactor parameters. Three well-documented critical assemblies were studied using standard 
methods of fast reactor analysis (two-dimensional multigroup diffusion theory) with both ENDF B-III and-
IV. A review of the changes in the principal cross sections incorporated in the latest evaluation has been 
made and was used to interpret the changes in calculated integral parameters. Some of the principal cross-
section modifications included in ENDF B-IV were: decreasing sf25 (approximately 2 percent), sf49 
(approximately 1 to 1.5 percent), and sc28 (approximately 3 to 4 percent) and increasing sf28 
(approximately 1 to 1.5 percent). In general, improved agreement between measured and calculated integral 
parameters has been obtained with the new ENDF B evaluation. The overprediction of 28c/49f is reduced 
slightly (approximately 1.5 percent); the central worth calculation-to-experiment discrepancy is generally 
reduced (approximately 5 to 15 percent); and little change occurs in the calculated eigenvalues that remain 
approximately 1.0 to 1.5 percent deltak low. 



 

C-13037 

13000…..…..…………………..…….……..……ID Number…………………..…..…………….13000 

Author: Neshat, K. / Siewert, C. E. 

Title: Improved P--L Solution to the Reflected Critical-Reactor Problem in Slab Geometry 

Date: 2/1/1977 

Report: NSENAO, 062, 330-332 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Principles of invariance are used with the traditional P-L method to yield concise and 
improved results for critical calculations of reflected reactors. 
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Abstract/Keyterms: In this Note, asymptotic solutions—As obtained through the application of 
perturbation techniques to neutron transport theory—Are constructed for different physical situations. In 
particular, large critical systems for both mono- and polyenergetic cases, as well as time-dependent 
problems, are considered. Numerical results are reported and discussed. 
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Abstract/Keyterms: A surface density model based on experimental and calculated criticality data is 
developed for finite water-reflected arrays and results in semiempirical analytic expressions describing 
criticality. The relations provide information on the reactivity associated with such perturbations to arrays 
as changes in unit shapes, cell volumes, array shapes, and array reflectors. Equivalence between different 
fissile materials in a critical array is defined. The surface density and density analog models are shown to 
be in correspondence when applied to the same data. The density analog model is expressible as f(N) = 
g(m)rho$sup-2$. The functions f(N) and g(m) are explicitly given, and the constant exponent has general 
applicability. 
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Abstract/Keyterms: Designers of thermal-neutron reactors have always had to adjust microscopic nuclear 
cross sections to predict neutron multiplication in slightly enriched uranium lattices. It has been surmised 
that the problem lies in an overestimation of the neutron capture cross section of 238U below 100 eV. We 
have measured these cross sections by three independent experiments. First, a series of neutron transmission 
and self-indication measurements were taken on samples of 238U ranging from 10.79 to 11 620 b/atom in 
inverse thickness. The level parameters were obtained using area analysis and multilevel fits. Next, the 
capture cross sections deduced from these level parameters were confirmed by direct measurements on both 
the continuum and discrete line portions of the low-energy gamma-ray spectra. High resolution 
measurements on the gamma-ray spectra were carried out from 530 to 900 keV over the neutron energy 
range from near thermal to ∼20 eV. Finally, a further check was made by activating thin samples of 238U 
with monochromatic neutrons obtained by Bragg scattering. The result is consistent with the capture cross 
sections obtained by the gamma-ray spectra measurement. Our results reduce, by 25%, the shielded capture 
integral discrepancy observed in early Bettis Atomic Power Laboratory critical experiments (TRX) with 
low-235U-enriched uranium rods latticed in water. When they are coupled with refined lattice calculations, 
much of the long-standing discrepancy is removed. 
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Abstract/Keyterms: The transmissions of 0.52- to 4000-eV neutrons through 3.62-, 1.08-, 0.254-, 0.0762-
, 0.0254-, 0.0127-, and 0.0036-cm-thick samples of uranium, enriched in the 238U isotope, have been 
measured at 42 m with a 1.0-mm-thick 6Li glass detector using the Oak Ridge Electron Linear Accelerator 
pulsed neutron source. To obtain resonance parameters, the seven transmissions of neutrons having energies 
ranging from 0.52 to 1086.8 eV have been shape-fitted by least-squares analysis to a multilevel Breit-
Wigner cross-section formalism with “picket-fence” terms to account for truncation effects. This 
simultaneous fit yielded a χ2 per degree of freedom near unity. Averaged over this energy range, an s-wave 
strength function of (0.968 ± 0.036) × 10-4 cm and an effective radius of (0.944 ± 0.005) × 10-12 cm were 
obtained. In addition, these transmission data yielded an average radiation width of 23.1 ±1.0 meV for the 
12 lowest energy s-wave resonances with radiation widths of 23.0 ± 0.8, 22.8 ± 0.8, and 22.9 ± 0.8 meV 
for the 6.67-, 20.9-, and 36.8-eV resonances, respectively. The derived radiation widths for these three 
resonances are shown to depend on the cross-section formalism employed. This work suggests that a 
multilevel formalism with truncation compensation is required to adequately represent the 238U total cross 
section. 
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Abstract/Keyterms: Calculated results are reported of steady-state space- and angle-dependent thermal-
neutron spectra inside an infinite slab as well as inside finite prisms of graphite with transverse dimensions 
varying from 100 x 100 cm/sup 2/ to 30 x 30 cm/sup 2/ and different longitudinal dimensions (ranging from 
100 to 180 cm). It is found that in the forward direction, due to streaming, cold neutrons pile up with 
distance. Neutron spectra in backward directions are depleted in sub-Bragg neutrons. At all distances from 
the source plane, the proportion of cold neutrons in the energy spectrum in the forward direction increases 
with decrease in transverse dimensions. The question of the existence of asymptotic conditions in these 
assemblies has been discussed in detail. It is shown that in the forward direction a true discrete mode does 
not exist even in an infinite slab 150 cm thick. However, pseudo-asymptotic conditions should exist beyond 
30 cm in a prism of transverse dimensions nearly 100 x 100 cm/sup 2/. The critical transverse dimensions 
for the existence of a pseudo-asymptotic mode lie somewhere between 100 x 100 cm/sup 2/ and 70 x 70 
cm/sup 2/, in conformity with the observed results of DeJuren and Swanson and theoretical predictions of 
Ahmed 
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Abstract/Keyterms: The control rod effect has been experimentally studied in the Deuterium Critical 
Assembly (DCA) by using annular absorbers that simulate control rods of the FUGEN reactor, a prototype 
heavy-water-moderated, boiling-light-water-cooled, pressure-tube-type reactor. The DCA cores for this 
experiment are of the 1.2%-235U-enriched UO2 lattices, and consist of 28-pin fuel clusters arranged in a 
square array of 22.5-cm lattice pitch. The experiment has been carried out with various control rod patterns 
and with varying coolant void fraction. Experimental results were analyzed by the “absorption area 
method,” which was employed in the FUGEN control rod design calculations. The calculated reactivity 
worth agreed with the experiment within ±10%. The calculations somewhat overestimated the absorber 
worths in the nonvoided core and underestimated them in the voided core. This tendency was found to be 
greatly improved by considering the anisotropy effect in the migration area of the cluster lattice. The 
experimental results were also analyzed by the “logarithmic derivative method.” This method more poorly 
predicted the worths, but described better the flux shape around the rods. 
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Abstract/Keyterms: Knowledge of the effects of neutron absorbers on the criticality of uranium-plutonium 
systems is necessary to better establish criticality safety programs. These data are needed in setting 
criticality safety specifications for storage, processing, and shipping of fissile materials where it is desired 
to handle quantities with safety and efficiency. These data are also needed for validating calculational 
techniques and cross-section sets. Aqueous solutions of the nitrates of uranium and plutonium were used in 
these experiments to determine the effect of neutron absorbers on criticality. In some experiments, UO2 
and PuO2 rods were latticed in the solutions to which various amounts of gadolinium and a gadolinium-
boron mixture were added. Critical dimensions were measured of homogeneous mixtures of the solutions 
with varying amounts of gadolinium and gadolinium-boron added. The effect of boron-glass Raschig rings 
on the criticality of the solutions was also determined. Plutonium comprised 30 wt.% of the uranium-
plutonium component of the solution. 
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Abstract/Keyterms: Two methods, one iterative and the other direct, are presented for the solution of the 
integral transport equation for monoenergetic neutrons in a three-dimensional finite system, made up of 
isotropically scattering and multiplying inhomogeneous materials. The methods are suggested by the 
physical characteristics of criticality, seen in the light of the mathematical concept of the dominance of the 
fundamental positive flux distribution. Additional results concern the lifecycle point of view for neutron 
chain reactions, the critical importance function, and the uniform convergence of the Neumann series in all 
subcritical cases. 



 

C-13046 

13009…..…..…………………..…….……..……ID Number…………………..…..…………….13009 

Author: Kumar, Ashok / Saxena, N. K. / Kothari, L. S. 

Title: Neutron Wave Propagation Across a Temperature Discontinuity 

Date: 5/1/1977 

Report: NSENAO, 063, 024-030 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Propagation of neutron waves across a temperature discontinuity in an infinite 
graphite assembly is investigated using a two-group approach. The first slab is assumed to be of finite width 
and the second is taken to be infinite. It is seen that the presence of the second medium is felt in the first 
medium at a larger distance from the interface for waves of smaller frequencies. In the second medium, 
equilibrium is established at a distance that depends on the frequency of the wave. It increases with the 
approach of critical frequency, becomes very large for frequencies greater than the critical frequency, and 
decreases with further increase in the frequency. 
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Abstract/Keyterms: On the basis of a point kinetic model (adiabatic approximation), the explosion of 
fissionable pellets is analyzed. The needed kinetic parameters are derived from steady-state multigroup 
transport calculations. The effect of the reflectors is included not only in the critical mass determination but 
also in the kinetic behavior of the pellets through the effective lifetime. Although the hydrodynamic 
expansion is not considered, fuel burnup is taken into account to ascertain the time needed for maximum 
efficiency. This time is then compared to the disassembly time. A simple formation is included that directly 
gives the micro explosion efficiency. Most of the numerical results are related to Li-D-reflected plutonium 
pellets. The ignition of the fission chain reactions is provided by fusion neutrons produced in the reflector, 
but the bootstrap mechanism between fission and fusion is not included. 
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Abstract/Keyterms: The proposed calculation method is unsophisticated but rapid. The first part 
(computer code CRITIC), which is based on the Fermi age equation, evaluates the number of neutrons per 
fission emitted from a moderated critical assembly and their energy spectrum. The second part (computer 
code NARCISSE), which uses the current albedo for concrete, evaluates the product of neutron reflection 
on the walls and calculates the fluence resulting at any point in the room and its energy distribution by 21 
groups. The results obtained are shown to compare satisfactorily with those obtained through the use of a 
Monte Carlo program. 
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Abstract/Keyterms: An overview of the recent accomplishments of the Computational Benchmark 
Problems Committee of the American Nuclear Society Mathematics and Computation Division is 
presented. Solutions of computational benchmark problems in the following eight areas are presented and 
discussed: (a) high-temperature gas-cooled reactor neutronics, (b) pressurized water reactor (PWR) thermal 
hydraulics, (c) PWR neutronics, (d) neutron transport in a cylindrical “black” rod, (e) neutron transport in 
a boiling water reactor (BWR) rod bundle, (f) BWR transient neutronics with thermal feedback, (g) neutron 
depletion in a heavy water reactor, and (h) heavy water reactor transient neutronics. It is concluded that 
these problems and solutions are of considerable value to the nuclear industry because they have been and 
will continue to be useful in the development, evaluation, and verification of computer codes and numerical-
solution methods. 
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Abstract/Keyterms: The authors propose that benchmark work in conventional neutronics be reorganized 
somewhat, so that key steps in the reactor design and analysis process be systematically benchmarked. 
Furthermore, they suggest that benchmark work in different areas be unified, and that new benchmark 
problems be developed for reactor safety and fusion power neutronics calculations. 
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Abstract/Keyterms: A smoothing and extrapolation method is applied to the point kinetics equations and 
the one-dimensional space-dependent reactor kinetics equations. The simple smoothing procedure is shown 
to be very efficient in reducing the oscillatory errors that occur when the standard Padé(1,1) and Crank-
Nicholson approximations are applied to stiff reactor kinetics equations. Fourth-order accuracy is achieved 
by applying a single Richardson extrapolation (on a global basis) to the smoothed results obtained from 
values calculated using two time-step grids. The numerical results for point kinetics demonstrate that the 
method is particularly efficient for very stiff problems such as subcritical and delayed supercritical 
transients in fast reactors. Application of the method to two one-dimensional kinetics benchmark problems 
solved using a standard space-dependent computer code that utilizes the Crank-Nicholson approximation 
leads to significant reduction in the overall computational effort required to achieve a given accuracy. 
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Abstract/Keyterms: In this paper we describe a validation procedure for and results of streaming 
calculations for the Argonne National Laboratory gas-cooled fast reactor critical assemblies. The 
calculational approach for evaluating anisotropic diffusion theory methods is discussed in the context of a 
broader validation effort. A tentative procedure for converting from the three-dimensional physical unit cell 
to a one-dimensional model and for the generation of Benoist anisotropic diffusion coefficients in this one-
dimensional model is described and analyzed. Based on the results, an alternate one-dimensional model 
and an alternate anisotropic diffusion coefficient prescription are developed. After evaluating the alternate 
procedure, conclusions are drawn from the study. 
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Abstract/Keyterms: A recent neutron wave experiment in a thermal-neutron multiplying assembly with 
and without control rods has been analyzed numerically in terms of transport theory. The code TASK was 
used for this purpose. The present study dealing with a highly 235U-enriched, compact, neutron-
multiplicative uranium system indicates that the dispersion law of the assembly is very sensitive to transport 
effects and to the estimation of the leakage of the fast neutron population. The present calculations of 
neutron wave propagation in multiplicative systems show that this technique can be used as a highly 
sophisticated experiment for integral checks of neutron cross-section sets. 
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Abstract/Keyterms: The problems of the anisotropy of both scattering and fission and of its effects on 
mono-energetic neutron flux distributions are discussed for both plane and spherical symmetries. After a 
statement of the problem for the case of a general anisotropy, the case of a finite-order anisotropy with 
azimuthal symmetry is considered, and various quantities of interest are studied as a function of a parameter 
that appropriately accounts for the different anisotropic behaviors of scattering and fission. Numerical 
results for the linearly anisotropic critical case in both plane and spherical symmetries are reported and are 
completed with the ones obtained by asymptotic method. 
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Abstract/Keyterms: MIX-COMP-THERM-013, MIX-COMP-THERM-014, MIX-COMP-THERM-015, 
MIX-COMP-THERM-016, MIX-COMP-MIXED-001; There is a continuing interest in the use of fixed 
neutron absorbers (poisons) for criticality control, since their use would permit safely handling larger 
quantities of nuclear materials with reduced probability of criticality. The effectiveness of such absorbers 
as neutron poisons depends on self-shielding effects, which in turn are determined by the magnitude of the 
absorption cross sections and their variation with energy, the thickness of material, and the neutron energy 
spectrum. Criticality experiments were performed to obtain data on the reactivity worths of several 
thicknesses of the following materials in two different neutron energy spectra: boral, cadmium, type 304-L 
stainless steel containing 1.6 wt.% boron, type 304-L stainless steel containing 1.1 wt.% boron, type 304-
L stainless steel; uranium depleted to 0.2 wt.% 235U, lead. The measurement data reported are limited to a 
single region of a given absorber material in each critical assembly. Combinations of absorber materials or 
multiregions were not investigated; however, material thicknesses were varied from 0 to approximately 60 
mm. The data are presented as sets of clean, well-defined, poisoned critical assemblies that can be used to 
check calculational techniques and cross-section data in two different neutron energy spectra. The materials 
are listed above in the order of their measured relative worth as fixed poisons in either neutron energy 
spectrum. 
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Abstract/Keyterms: The CN method of solving the transport equation has been developed at Saclay during 
the past few years. This method is based on a lemma proved by Placzek; an integral equation is provided 
for the angular flux at the boundary of the various media, and its kernel is the infinite medium Green's 
function. Four plane geometry problems are solved in one-velocity theory, with a linearly anisotropic 
scattering kernel: the albedo for the Milne problem, the extrapolation length for the same problem, albedo 
and transmission factor for slabs, and the critical thickness for slab reactors. Numerical results are obtained 
and compared with data computed by reference methods. 
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Abstract/Keyterms: Unsymmetric perturbations were introduced into the core of a large, critical, heavy-
water-moderated, multiregional reactor. The resulting three-dimensional changes in flux level and shape 
with time were measured. Perturbations included: 1. Free-fall insertion of rods near the reactor center. Each 
rod contained 235U slugs in the bottom half and lithium slugs in the top half 2. Free-fall insertion of rods 
into an off-center radial position. Each rod contained 235U slugs in the bottom half and aluminum in the 
top half. 3. Withdrawal of cadmium control rods from the central 20% of the reactor core. Flux tilts 
calculated with the TRIMHX code were within 5% of measured flux tilts. TRIMHX provides a three-
dimensional (hex-z geometry) solution of the few-group neutron diffusion and delayed precursor equations 
without feedback. Inputs to the calculations are available in sufficient detail to allow other methods of 
solution to be tested. 
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Abstract/Keyterms: An analysis made of the accuracy of the buckling approximation for the transverse 
leakage, used in various one- and two-dimensional transport theory computer codes. We find that the 
resulting approximate integro-differential form of the transport equation is not suitable for calculating 
accurate values of the angle-dependent flux for any case where transverse leakage has an appreciable effect 
on the solution. We have taken four problems, namely, critical equation, pulsed neutron and diffusion length 
problems, and extrapolated endpoints, and have solved them exactly using an equation derived in an earlier 
paper; we then solve the same problem by means of the buckling equation. In all cases, important deviations 
are noted that restrict the use of the buckling approximation. 
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Abstract/Keyterms: The pulsed neutron problem is studied in small but finite sized assemblies of liquid 
water and heavy water poisoned with such non-1/v neutron absorbers as samarium, cadmium, and 
gadolinium. It is found that the asymptotic neutron density is markedly dependent on the nature of the non-
1/v absorber. For a given buckling, one can find a critical concentration of gadolinium that will give a 
Maxwellian asymptotic neutron distribution. Thus, a finite assembly in the presence of a definite 
concentration of gadolinium acts as an infinite assembly. This not the case with samarium or cadmium. 
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Abstract/Keyterms: ZPPR-5; An indirect experimental technique for determining the expansion 
coefficient was developed to provide uncertainty estimates for expansion coefficient calculations. This 
technique uses an R, Z reactivity worth map synthesized from small-sample reactivity traverse 
measurements for major materials over the reactor core and blanket regions. The experimentally based 
expansion coefficients, representing the reactivity change due to uniform axial and radial expansion, are 
deduced by appropriately integrating measured worth profiles. This technique was evaluated in Phase A of 
the Zero Power Plutonium Reactor Assembly 5. Direct calculations of the expansion coefficients were 
performed, and results were compared with the experimentally determined values. The validity of the 
technique used to derive expansion coefficients from worth measurements was evaluated. It is concluded 
that the total expansion coefficients are reasonably well calculated; however, the calculated radial 
expansion coefficient was overestimated. Sources of possible systematic errors in the experimentally based 
values were studied. Based on the present experiment, an uncertainty of ±20% (90% level of confidence) 
on expansion calculations using ENDF/B-III data is estimated for a clean core configuration. 
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Abstract/Keyterms: Eleven 233U solution critical assemblies spanning an H/233U ratio range of 40 to 
2000 and an unreflected metal 233U assembly have been calculated with ENDF/B-IV and Hansen-Roach 
cross sections. Results from these calculations are compared with the experimental results and with each 
other. We observed an increasing disagreement between calculations with ENDF/B and Hansen-Roach data 
with decreasing H/233U ratio, indicative of large differences in their intermediate energy cross sections. 
The Hansen-Roach cross sections appeared to give reasonably good agreement with experiments over the 
whole range, whereas the ENDF/B calculations yielded high values for keff on assemblies of low 
moderation. We conclude that serious problems exist in the ENDF/B-IV representation of the 233U cross 
sections in the intermediate energy range and that further evaluation of this nuclide is warranted. In addition, 
we recommend that an experimental program be undertaken to obtain 233U criticality data at low H/233U 
ratios for verification of generalized criticality safety guidelines. 
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Abstract/Keyterms: Eleven 233U solution critical assemblies spanning an H/233U ratio range of 40 to 
2000 and an unreflected metal 233U assembly were calculated with ENDF/B-IV and Hansen--Roach cross 
sections. Results from these calculations are compared with the experimental results and with each other. 
An increasing disagreement is observed between calculations with ENDF/B and Hansen--Roach data with 
decreasing H/233U ratio, indicative of large differences in their intermediate-energy cross sections. The 
Hansen--Roach cross sections appeared to give reasonably good agreement with experiments over the 
whole range, whereas the ENDF/B calculations yielded high values for keff on assemblies of low 
moderation. It is concluded that serious problems exist in the ENDF/B-IV representation of the 233U cross 
sections in the intermediate energy range and that further evaluation of this nuclide is warranted. In addition, 
it is recommended that an experimental program be undertaken to obtain 233U criticality data at low 
H/233U ratios for verification of generalized criticality safety guidelines. 
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Abstract/Keyterms: Material bucklings have been determined as functions of 235U enrichment in UO2 
(0.7, 1.2, and 1.5 wt.% 235U), PuO2 enrichment in PuO2-UO2 (0.54 and 0.87 wt.% PuO2), fissile content 
of plutonium (91 and 75% Pu-fissile), lattice pitch (V/sub mod//V/sub fuel/ loading of 1.2 wt.% 235U-
enriched UO2 clusters was progressively replaced by the test clusters. Buckling differences resulting from 
the substitutions were analyzed by the new second-order (iterative) perturbation method, on the assumption 
that neutron diffusion is isotropic and that no difference in diffusion coefficients exists between the two 
lattices. This analysis takes into account the effect of distortion in radial neutron flux distribution in the 
substituted core without any iterative correction procedure that is usually adopted in the first-order 
perturbation method. Also, it is not necessary in the case of the present analysis to introduce any usual 
intermediate region for taking into account the effect of spectrum mismatch between two lattices. The 
material buckling differences between the test and reference lattices, which are in the range of-10.2 to 9.1 
m-2, were determined within 3% of uncertainty. 
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Abstract/Keyterms: The CN method of solving the transport equation is applied to one-velocity classical 
problems in cylindrical geometry. The cylindrical angular Green's function is calculated first, the inner and 
outer albedo problems are solved, and numerical results are obtained and compared with reference results. 
The extrapolation length for the cylindrical Milne problem is calculated, and accurate results are presented. 
Finally, the determination of the critical radius for multiplying media is treated. 
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Abstract/Keyterms: The Doppler effect of a small UO2 sample was determined for the temperature range 
from 300 to 1100 K at the core center of the Argonne National Laboratory gas-cooled fast reactor (GCFR) 
critical assembly. The measurement provided the first data on the important 238U Doppler effect in GCFR 
systems. The normalized value of the GCFR 238U Doppler effect was found to be 54% smaller than the 
corresponding value in an equivalent liquid-metal fast breeder reactor (LMFBR) assembly. Calculations 
with ENDF/B-IV data yielded a calculated/experimental (C/E) ratio of 0.83, which is considerably lower 
than that in LMFBR assemblies. The reason for this misprediction appears to be an underprediction of the 
low-energy flux, a feature that seems to be general to hard spectrum assemblies. The 238U Doppler effect 
was also determined in a “steam-flooded” GCFR assembly. The Doppler effect for the temperature range 
from 300 to 1100 K increased by 93% relative to the “dry” reference value because of spectral softening. 
The same calculational methods using ENDF/B-IV data resulted in the much better C/E value of 1.00. 
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Abstract/Keyterms: The Rossi alpha of the University of Maryland Reactor was measured at criticality 
and at shutdown by the Babala interval-distribution method. At criticality,..cap alpha../sub c/ = 145.8 +- 2.9 
s/sup -1/. At shutdown,..cap alpha../sub s/ = 1025.8 +- 4.1 s/sup -1/. The shutdown reactivity was found to 
be rho/sub s/..beta.. = -6.04 +- 0.14 dollars. An inverse kinetics analysis of a rod-drop experiment gave 
rho/sub s//..beta.. = -6.23 +- 0.13 dollars, which is considered with the interval-distribution result. 
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Abstract/Keyterms: The theory of a method of determination of reactivity from power spectral density 
measurements with 252Cf and the results of experiments with a critical assembly mockup of a liquid-metal 
fast breeder reactor (LMFBR) and with uranium (93.2 wt% 235U) metal cylinders and a sphere are 
presented. This method of reactivity determination has an advantage over existing methods in that it 
determines the reactivity only from properties of the reactor at the subcritical state of interest and thus does 
not require a calibration near delayed criticality. In these experiments, the reactivity was varied by changing 
the fissile loading or the amount of neutron absorber inserted; for the LMFBR mockup, the reactivity varied 
to approximately 75 dollars subcritical, and for the uranium metal assemblies to approximately 30 dollars 
subcritical. These experiments verified for the first time the predictions of theory that could be tested in the 
measurements. This method has potential use in the fuel loading of reactors to determine the reactivity far 
subcritical before initial criticality is achieved. It has the advantage of not requiring a calibration at known 
reactivity by another method; furthermore, the interpretation of the measured data to obtain the reactivity 
does not depend on relative or absolute values of the source intensity or detection 
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Abstract/Keyterms: This paper presents the first results of a comprehensive application of the sensitivity 
theory developed for the FORSS code system to the analysis of fast reactor integral experiments. A variety 
of assemblies and performance parameters were studied to determine the nuclear data sensitivity as a 
function of nuclide, reaction type, and energy. Comprehensive libraries of energy-dependent sensitivity 
coefficients were developed in a computer retrievable format for several critical assemblies. Uncertainties 
induced by nuclear data were quantified using preliminary energy-dependent relative covariance matrices 
evaluated with ENDF/B-IV cross sections and processed for 238U(n,f), 238U(n,γ), 239Pu(n,f), 239Pu(n,γ), 
and. Calculational results, cross-section covariances, and integral results and their covariances were used 
in a consistent fashion to improve uncertainty estimates of fast reactor core performance. A first attempt 
was made to quantify specifications for new cross-section measurements required to satisfy specific design 
goals at minimum experimental cost. An analysis of several critical experiments indicated that design 
accuracy goals of 0.5% in k and 2% in the central 238U capture: 239Pu fission ratio (28c/49f) ratio in mixed 
oxide liquid-metal fast breeder reactor cores are unlikely to be attained in the near future. This assumes that 
the nuclear data are based only on microscopic measurements, and the current cross-section measurement 
program is not changed dramatically. Current estimates are 2.3% in k and 7.3% in central reaction ratio 
using only differential covariance information. Using the measurements in ZPR-6/7 for k and central 
28c/49f in a cross-section adjustment scheme with assigned uncorrected standard deviations of 1 and 2%, 
respectively, standard deviations of the same parameters were computed to be 0.7 and 1.8%. Results of 
integral experiments, therefore, are needed to improve uncertainty estimates of reactor performance for 
current fast reactor design work. 



 

C-13069 

13032…..…..…………………..…….……..……ID Number…………………..…..…………….13032 

Author: Lin, Sheng-Chi / Robinson, J. C. / Selby, D. L. 

Title: Use of Variational Techniques for the Estimation of Neutron Detection Efficiency 

Date: 7/1/1978 

Report: NSENAO, 067, 061-073 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The Lewins variational functional was employed to formulate approximations to the 
neutron detection efficiency, which is a parameter required in the measurement of reactivity by the modified 
source multiplication technique. In particular, a conventional variational method, a variational extrapolation 
method, a variational interpolation method, and a multi-reference-state variational method were developed 
for estimating neutron detection efficiency. Results obtained using the various approximate techniques in 
one and two dimensions were compared with results from exact formulations. The results obtained using 
the multi-reference-state variational method in all cases and the variational interpolation method in most 
cases compared very favorably (discrepancies <5%) with results from the exact calculations. The 
approximate techniques can be cast in a form where very simple calculational capabilities are all that are 
required to obtain detection efficiency for any given (but arbitrary) subcritical state. Therefore, we conclude 
that the methodology developed herein would be applicable to on-line applications using minimal computer 
capabilities. 
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Abstract/Keyterms: Results for our liquid-metal fast breeder reactor benchmark problem obtained by 
several diffusion computer programs for two- and three-dimensional reactor models showed unexplained 
behavior or discrepancies. With the help of additional calculations and comparisons, it was possible to 
improve some of the computer programs. Most of the original calculations have been repeated (and, in 
addition, some new calculations have been performed), and the revised results of the comparison are 
presented. 
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Abstract/Keyterms: Calculations of the effective neutron multiplication factor of critical and subcritical 
infinitely long cylinders of aqueous solutions of fissile materials for various configurations of water and 
concrete reflectors are presented. These results provide a basis for investigating the criticality of intersecting 
pipes with similar reflectors. An infinitely long central cylinder, with up to four intersections within each 
0.46-m increment of length, was examined, and a method for evaluating the nuclear criticality safety of 
these configurations is given and a margin of subcriticality recommended. 
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Abstract/Keyterms: A critical study of higher order perturbation methods for reactor analysis made. These 
methods are classified as explicit, semi-implicit, and implicit, according to their ability to allow perturbative 
expressions to any order of approximation explicitly in terms of the perturbation. This latter condition is 
desirable in analytical studies or optimization searches for reactor systems. Emphasis placed on the problem 
of real flux normalization. Practical first- and second-order explicit formulations are finally given relevant 
to perturbations of the flux density. A typical example is described that indicates the potentiality of the so-
called “standard method.” 
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Abstract/Keyterms: The Canadian Deuterium-Uranium (CANDU) pressurized heavy water reactor is 
fueled continuously at power, with alternate channels being fueled in opposite directions (continuous 
bidirectional fueling). The rate at which channels are refueled in various regions of the core determines the 
burnup distribution in the core. The burnup distribution in the core determines the power distribution. In 
present practice, the core is divided radially into two burnup regions having constant average discharge 
burnup. The limit on maximum neutron flux and the requirement for a critical system determine the size of 
the inner burnup region and the values of the burnups in the two regions. We can increase the core average 
exit burnup if we allow the burnup distribution to vary continuously rather than being region wise constant. 
The purpose of this analysis to derive an optimum burnup distribution that will maximize core average 
discharge burnup subject to a limit on maximum flux. This equivalent to minimizing the total fuel feed rate. 
A set of equations describing the optimum distribution of burnup has been derived using calculus of 
variations techniques. These equations have been solved numerically in one-dimensional cylindrical 
geometry for homogeneous cores of approximately the size of current generation CANDU reactors. 
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Abstract/Keyterms: Wigner-Wilkins scattering kernel computation is reexamined from the viewpoint of 
a novel mapping. The benefits of this transformation are (a) a stream-lined integrand, (b) a simple, half-
strip integration domain, and (c) manifest detailed balance symmetry relative to the equilibrium 
Maxwellian. 
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Abstract/Keyterms: Monte Carlo neutron transport calculations of critical radii of bare UH3 spheres as a 
function of 233U and 235U enrichment in 238U were carried out using three different calculational methods 
(1) the continuous-energy method; (2) the multigroup approximation; and (3) the probability table method. 
Also calculated were the average neutron removal lifetimes and median fission-producing neutron energies 
for these critical systems. Results of these calculations were analyzed and compared to quantify and bound 
self-shielding effects arising from the neutron cross-section resonances in calculating these moderated 
critical assemblies. Although the critical radii of these assemblies are sensitive to the resonances in 238U, 
the removal lifetime seems to be affected much more by the fissile isotope resonances. The probability table 
method gives results that are in excellent agreement with continuous-energy calculations, thereby 
eliminating the need for special cross-section processing for each separate enrichment when using 
multigroup cross sections. 
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Abstract/Keyterms: A theoretical analysis of the reactivities of experimentally measured uniform light-
water-moderated and -reflected PuO2 in UO2 lattices and Pu(NO3)4 solutions is presented. The mixed-
oxide single-rod lattices are homogenized by the use of multigroup integral transport theory, and diffusion 
theory is used for the cylindrical core calculations. The cross sections are derived from the WIMS library. 
The homogeneous spherical Pu(NO3)4 solutions are analyzed by discrete-ordinates transport theory. Due 
to the small size of these assemblies, it is necessary that one-dimensional core calculations also be 
performed with a cross-section energy-group structure that can accurately represent neutron slowing down 
and thermalization at the core-reflector interface. Due to the uncertainty present in the Battelle Northwest 
Laboratories analyses of the mixed-oxide lattices, the agreement of predictions for these lattices with 
measurement is considered to be more satisfactory. These reactivity predictions agree generally within 
+0.6% of measurements for the mixed-oxide lattices and within 1% for the solution systems. 



 

C-13078 

13041…..…..…………………..…….……..……ID Number…………………..…..…………….13041 

Author: Milgram, Michael S. 

Title: Analytic Method for the Numerical Solution of the Integral Transport Equation for a Homogeneous 
Cylinder 

Date: 12/1/1978 

Report: NSENAO, 068, 249-269 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The integral transport equation for the flux density in the interior of an infinite 
homogeneous cylinder is reduced to a matrix eigenvalue problem for the critical cylinder and a set of linear 
algebraic equations for the driven case with surface in-currents. The matrix elements are identified as 
moments of modified Bessel functions and are easily computed. A connection is made with classical 
diffusion theory via a related matrix eigenvalue problem, from which the diffusion coefficient and 
extrapolation endpoint can be computed. Analytic properties of the matrix elements are used to obtain 
approximate solutions for (optically) dense and transparent cylinders. Numerical results are given for the 
American Nuclear Society benchmark black rod problem, and the fact that only small matrices are required 
for a large range of problems is demonstrated. 
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Abstract/Keyterms: Three-group diffusion theory has been applied to a computation of the 231Pa mass 
required to sustain a fast-neutron chain reaction. The method was tested by preliminary calculation of 
several 235U--238U systems and of a single 239Pu--238Pu system. The best agreement between 
predictions and measurements was found for high-enrichment 235U--238U systems. In the case of 231Pa, 
where many of the necessary data do not exist, use was made of the characteristics of 237Np as a substitute. 
The predicted critical radius for 231Pa is 22.67 ± 1.81 cm, and the corresponding critical mass is 750 ± 180 
kg. 
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Abstract/Keyterms: The neutron and fusion rate enhancement from in-flight reactions created by knock-
ons from fission fragment slowing down in a compressed eqi-molar DT-plutonium plasma has been 
calculated. The neutron enhancement is worth up to a factor-of-2 reduction in critical mass. However, the 
neutron e-folding time is on the order of the system disassembly time, thereby restricting the multiplication 
of the neutron population to a factor of 2 or 3. It therefore appears more appropriate to discuss fission in a 
thermonuclear plasma in terms of a fusion chain reaction (fission fragment amplification of the fusion rate) 
rather than a fission chain reaction (neutron enhancement and criticality). 
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Abstract/Keyterms: The recently developed FN method is used to solve the half-space albedo problem 
and the half-space constant-source problem. In addition, the reflected and transmitted currents for the finite 
slab and the critical thickness of a multiplying slab are reported. As further tests of the method, the inverse 
problem for the finite slab is solved, and the flux distortion factor for typical two-media problems is 
computed. It is shown that the FN method, although particularly concise, yields excellent numerical results 
for the problems considered. 
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Abstract/Keyterms: Energy-dependent fine-structure effects (FSEs) on the reactivity associated with 
perturbations in the density and temperature of resonance materials are investigated using a simple single-
resonance model Upper and lower bounds to these spectral effects are derived, and parametric studies are 
performed as a function of the background cross section and resonance structure of the unperturbed 
assembly and of the type and relative magnitude of the perturbation. It is found that spectral FSEs can be 
significant even for infinitesimal density or temperature perturbations. The capability of different 
perturbation theory formulations to account for these FSEs is investigated. The connection between the 
spectral FSEs and the disagreement of the calculated to the experimentally determined material and Doppler 
reactivity worth of fuel isotopes in fast critical experiments is also discussed. 
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Abstract/Keyterms: The physical behavior of the mockup burnable poison rods, containing 0.5, 1.0, and 
2.0 wt% Gd2O3 in natural uranium oxide pellets, has been studied in critical experiments. Specifically, the 
reactivity effects, thermal-neutron density distributions, and overall temperature coefficient of reactivity 
were of interest when related to the poison effect. It was shown that the poison reactivity effect did not 
change greatly when the Gd2O3 content of the fuel pellets was >0.5 wt %. The poison also made the 
temperature coefficient of reactivity more negative. Some analytical methods are given, and the calculated 
and experimental results are compared. 
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Abstract/Keyterms: The Case method is applied to the critical problem of a slab reactor with finite 
reflectors. The solution of the albedo problem is used to simplify the analysis of such a two-media problem. 
The expansion coefficient of the neutron angular flux of the core satisfies two coupled Fredholm integral 
equations in which some parameters and functions depend on the coefficients of the albedo problem. The 
approximate critical half-thickness and expansion coefficient are obtained by using the approximate result 
of the albedo problem. 
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Abstract/Keyterms: This paper describes the basic equations and solution techniques of a collection of 
heat transfer and coolant voiding dynamics models that have been developed and successfully applied to 
simulate hypothetical accidents in liquid-metal-cooled fast breeder reactors (LMFBRs) to the point of 
permanent subcriticality or to the initiation of a prompt-critical excursion. These models emphasize analytic 
and integral solution techniques to minimize computational time and have been programmed into the SACO 
fast-running accident analysis computer code. The comparisons of SACO results to analogous SAS3D 
results used to qualify these models are illustrated and discussed. The fast-running nature of these models 
makes them an ideal sensitivity analysis tool for use in probabilistic evaluations of LMFBR accidents. Their 
use in this application is illustrated. 
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Abstract/Keyterms: The criticality constants of fissile solutions containing borated Raschig rings are 
evaluated using the Monte Carlo code KENO IV with various geometry models. In addition to those used 
by other investigators, a new geometry model, the random geometry model, is presented to simulate the 
system of randomly oriented Raschig rings in solution. A technique to obtain the material thickness 
distribution functions of solution and rings for use in the random geometry model is also presented. 
Comparison between the experimental data and the calculated results using Monte Carlo method with 
various geometry models indicates that the random geometry model is a reasonable alternative to models 
previously used in describing the system of Raschig-ring-filled solution. The random geometry model also 
provides a solution to the problem of describing an array containing Raschig-ring-filled tanks that is not 
available to techniques using other models. 
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Abstract/Keyterms: PURNIMA, a PuO2-fueled copper-reflected zero-energy fast reactor at Trombay, was 
built as a mockup of the proposed air-cooled 30-kW Kalpakkam Pulsed Fast Reactor. The paper describes 
the salient features of PURNIMA and discusses the calculational methods used and the control philosophy 
and operational procedures adopted. Important aspects relating to the overall safety are examined in detail. 
Some of the experiments carried out with this facility are also briefly reported. 
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Abstract/Keyterms: A correlation technique has been developed to make the accuracy of complex and 
long-running resonance treatments available in fast, routine calculations. The technique is based on the 
subgroup method and is used to generate group-averaged resonance reaction rates. By fitting the correlation 
to several detailed auxiliary resonance calculations, a set of weights (the Lebesgue measure) is obtained. 
The weights can then be applied to a wider range of new cases. Use of the correlation technique results in 
one-tenth the computational burden of the detailed resonance treatment, yet the results duplicate the detailed 
calculations to within 0.01% in k(eff). 
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Abstract/Keyterms: For kernels appearing in the system of integral equations for Legendre moments of 
the angular flux, we propose a factorized form that also accounts for the anisotropy of scattering and works 
in the original Euclidean space. The stationary problem in the above simplified mathematical formulation 
for monoenergetic neutrons is then solved by a DKPL technique, i.e., a suitable basis defined, in terms of 
Legendre polynomials of the space variables, and the corresponding Fourier series development is adopted 
for the space distribution to reduce the system of integral equations for such unknowns to an algebraic 
system on the unknown coefficients of their Fourier series expansion inside the homogeneous 
parallelepiped. This expansion converges in the mean and point-wise uniformly to the exact solution. Both 
critical and subcritical physical situations are considered, and accurate numerical results for isotropic 
scattering are obtained. 
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Abstract/Keyterms: Equations are presented that allow the efficiencies of Monte Carlo techniques (for 
particle transport problems) to be calculated. This theory generalizes the theory of Amster and Djomehri to 
treat time-dependent multiplying systems, even when supercritical. Standard variance reducing techniques 
such as biased kernels, splitting, and Russian roulette are included in the theory. As concrete examples, the 
efficiencies of four Monte Carlo techniques for obtaining the expected number of collisions a particle makes 
have been analytically predicted. These predictions are stated and compared with the observed efficiencies 
obtained by Monte Carlo calculations using each of the four techniques. 
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Abstract/Keyterms: Measurement of the reactivity effect due to substitution of metallic thorium for the 
core elements in a critical assembly has been made as part of the preliminary experiment for an intermediate 
reactor by using the multiregion critical core. The results of criticality calculations have been in good 
agreement with experiments in the case of the core without thorium, although the calculated neutron 
multiplication factor has been approx. 2% larger than the experimental value for the core with thorium. 



 

C-13092 

13055…..…..…………………..…….……..……ID Number…………………..…..…………….13055 

Author: Manaranche, J. C. / Mangin, D. / Maubert, L. / Colomb, G. / Poullot, G. 

Title: Critical Experiments with Lattices of 4.75-wt%-235U-Enriched UO2 Rods in Water 

Date: 8/1/1979 

Report: NSENAO, 071, 154-163 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-039, LEU-COMP-THERM-007; The development of 
pressurized water reactors and boiling water reactors in the world necessitates complete critical experiments 
on this type of fuel for the validation of the methods used in criticality calculations and to resolve the various 
related problems. This paper presents the first results obtained at the Critical Mass Laboratory at Valduc 
during critical approaches achieved with lattices of 4.75-wt %-235U-enriched UO2 rods in water. Four 
square pitches (12.6, 16.0, 21.0, and 25.2 mm) and three triangular pitches (13.5, 17.2, and 22.6 mm) have 
been studied, and various configurations with fuel rods removed were investigated. Benchmark calculations 
are presented. 
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Abstract/Keyterms: A series of experiments was performed to determine the effect of soluble neutron 
absorbers on the criticality of water-moderated latticed assemblies. The soluble absorbers used were boron, 
gadolinium, and cadmium. These materials were mixed with the moderator and reflector of lattices of 4.3-
wt %-235U-enriched UO2 fuel pins with stainless-steel cladding. Lattice spacings of 22.9, 27.9, and 33.0 
mm, center-to-center, were measured to determine the critical number of rods. The value of k(eff) was 
computed for each assembly on which criticality was determined. The computed k(eff) value were up to 
approx. 2% above unity in some cases, with the average value for the entire series being 1.007. 
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Abstract/Keyterms: For a hierarchy of four logically different definitions for calculating the asymptotic 
growth of fast breeder reactor fuel, an investigation is performed concerning the comparative accuracy and 
computational effort associated with each definition. The definition based on detailed calculation of the 
accumulating fuel in an expanding park of reactors asymptotically yields the most accurate value of the 
infinite time growth rate, γ∞, which is used as a reference value. The computational effort involved with 
the park definition is very large. The definition based on the single reactor calculation of the equilibrium 
surplus production rate and fuel inventory gives a value for γ∞ of comparable accuracy to the park definition 
and uses significantly less central processor unit (CPU) time. The third definition is based on a continuous 
treatment of the reactor fuel cycle for a single reactor and gives a value for γ∞ that accurately approximates 
the second definition. The continuous definition requires very little CPU time. The fourth definition 
employs the isotopic breeding worths, wi, for a projection of the asymptotic growth rate. The CPU time 
involved in this definition is practically nil if its calculation is based on the few-cycle depletion calculation 
normally performed for core design and critical enrichment evaluations. The small inaccuracy (≃1%) of 
the breeding-worth-based definition is well within the inaccuracy range that results unavoidably from other 
sources such as nuclear cross sections, group constants, and flux calculations. This fully justifies the use of 
this approach in routine calculations. 
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Abstract/Keyterms: PU-MET-FAST-008; Critical specifications of Thor, an old assembly of thorium-
reflected plutonium, have been refined. These specifications are brought together with void coefficients, 
Rossi-alpha values, fission traverses, and spectral indices. 
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Abstract/Keyterms: Breeding estimates for long-term reactor fuel logistics are pursued, specifically 
deriving an instantaneous or transitory fuel growth rate definition, γ(t), from the basic space- and time-
dependent fuel cycle equations. The derivation is valid for either the discontinuous or continuous fuel cycle 
treatments. The resulting definition is applied to a uranium-plutonium fast reactor operating in the closed 
fuel cycle mode. Transitory growth rate results are calculated for various fuel isotopic weight-factor sets 
and initial fuel compositions. These results show γ(t) to be practically independent of the isotopic weight-
factor sets, provided the γ(t) is calculated from the time-dependent variation of the fuel isotopes. The growth 
rate derivation automatically yields the fuel composition shift in the form of the reactor fuel time derivative. 
Investigations of the impact of this quantity on transitory breeding descriptions show that it is the erroneous 
neglect of the fuel composition-shift term that induces the previously observed strong dependence of the 
growth rate upon the fuel isotopic weight-factor sets. Accurate approximation of the instantaneous fuel 
growth rate using transitory static reaction rate information (fuel-shift term neglected) is shown possible 
with the substitutional critical mass (CM) worth weights, 
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Abstract/Keyterms: The time-dependent breeding of fuel in a growing system of breeder reactors can be 
characterized by the transitory (instantaneous) growth rate, γ(t), which expresses both fuel and reactor 
properties. The three most important aspects of γ(t) can be expressed by time-independent integral concepts. 
Two of these concepts are in widespread use, although they are not generally calculated from the same 
definitions. A third integral concept that links the two earlier ones is introduced here. The time-dependent 
growth rate has an asymptotic value, γ∞, the equilibrium growth rate, which is the basis for the calculation 
of the doubling time. The equilibrium growth rate measures the breeding capability and represents a reactor 
property. Maximum deviation of γ(t) and γ∞ generally appears at the initial startup of the reactor, where γ(t 
= 0) = γ0. This deviation is due to the difference between the initial and asymptotic fuel inventory 
composition. The initial growth rate can be considered a second integral concept; it characterizes the 
breeding of a particular fuel in a given reactor. Growth rates are logarithmic derivatives of the growing 
mass of fuel in breeder reactors, especially γ∞, which describes the asymptotic growth by exp(γ∞t). There 
is, however, a variation in the fuel-mass factor in front of this exponential function during the transition 
from γ0 to γ∞. It is shown here that this variation of the fuel mass during transition can be described by a 
third integral concept, termed the breeding bonus, b. The breeding bonus measures the quality of a fuel for 
its use in a given reactor in terms of its impact on the magnitude of the asymptotically growing fuel mass. 
It is therefore an integral concept that comprises both fuel and reactor properties. Integral breeding concepts 
are generally calculated by application of a set of weight factors to the respective isotopic reaction rate and 
inventory components. So, the calculation of γ0 and γ∞ is facilitated by use of the critical mass (CM) worths 
() and the breeding worth factors (), respectively. It is shown here that the calculation of the breeding bonus, 
as a quantity that links initial and asymptotic fuel growth, is based on the joint application of and. 
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Abstract/Keyterms: The cross sections for neutron interactions with thorium targets were measured at 
several energies. Capture cross sections at 0.0253 eV and at 2 and 24.3 keV were measured by activation 
techniques. Transmission measurements were made from 10 to 100 eV, and capture cross sections were 
determined from 0.03 to 15 eV by recording discrete lines for the (n,γ) spectrum. The measured thermal 
cross section is 7.41 ± 0.08 b, at 2 keV the cross section is 1.96 ± 0.10 b, and at 24.3 keV it is 0.540 ± 0.014 
b. These values are reported relative to an assumed 231Pa branching ratio of 38.5% for the 311-keV gamma 
ray, and they do not include the branching ratio error. The results are fitted to R-matrix parameters. The 
transmission and (n,γ) measurements lead to parameters that give a somewhat higher epithermal capture 
than previously expected in thorium. This result brings the differential data into better agreement with 
experiments on subcritical assemblies. 
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Abstract/Keyterms: IEU-MET-FAST-007; Big Ten is described in the detail appropriate for a benchmark 
critical assembly. Characteristics provided are spectral indexes and a detailed neutron flux spectrum, Rossi-
a on a reactivity scale established by positive periods, and reactivity coefficients of a variety of isotopes, 
including the fissionable materials. The observed characteristics are compared with values calculated with 
ENDF/B-IV cross sections. 
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Abstract/Keyterms: For single-core reflected neutronic systems, generalized neutron generation time is 
derived and given physical interpretations in terms of importance. A system kinetic equation containing the 
moderator region response function previously introduced is reduced by a slow-variation approximation to 
the form of a conventional one-point kinetic equation, in which a parameter can be identified as generalized 
neutron generation time by analogy with a bare system. In such a mathematical expression for the 
parameter, one can further identify the amount of increase due to reflection over the bare system generation 
time. This amount is found to be the reflection time multiplied by the number of migrations that neutrons 
undergo between reflector and core in one generation. The theoretical generation time of the SHE assembly, 
a thermal-energy, graphite-moderated critical assembly, calculated by such a formulation with cylindrical 
geometry, agreed well with that from pulsed neutron experiments. 
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Abstract/Keyterms: The physics parameters of a bare sphere of metallic 237Np have been investigated. 
The calculations indicate that a chain reaction can be sustained with fast neutrons. The predicted critical 
radius is 8.86 cm, and the corresponding critical mass is 59.7 kg. Kinetic parameters such as the prompt 
neutron lifetime, l, the prompt neutron decay constant at delayed criticality, alpha/sub c/, and the effective 
delayed neutron fraction, beta/sub eff/, were also calculated. With respect to the last quantity, the 
phenomenon of the so-called vanishing dollar in systems consisting of even-neutron nuclei is discussed. 
Some remarks concern the possible utilization of 237Np, which is produced in nuclear power reactors as a 
by-product. 



 

C-13102 

13065…..…..…………………..…….……..……ID Number…………………..…..…………….13065 

Author: Yoshida, Tadashi 

Title: Improved Treatment of the Neutron Streaming Through Control Rod Followers in a Sodium-Cooled 
Fast Reactor 

Date: 12/1/1979 

Report: NSENAO, 072, 361-365 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A method is presented for determining by numerical integration a diffusion 
coefficient, Dz, applicable to the axial direction of a control rod follower region in a sodium-cooled fast 
reactor. By comparing criticality values from transport and diffusion theory for a simplified reactor model, 
we are able to show that this Dz applies well to the followers from the viewpoint of the calculated criticality 
factor, keff. By use of the same model, an inter comparison is also made between the present and other 
definitions of Dz. By using the present Dz, as a conclusion, we show that the currently used D (= 1/3Σ) for 
control rod followers leads to an underestimation of keff by ∼0.3% for a typical 300-MW(electric) class 
liquid-metal fast breeder reactor with one-third of the control rods inserted, which may increase to 0.4 to 
0.5% for a case where all control rods are withdrawn. 
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Abstract/Keyterms: The transfer matrix method is used to solve the Milne problem for a half space for 
neutrons interacting with a moderator at temperature T. Two different scattering models are considered. 
They are (a) the free monatomic gas of arbitrary molecular mass with constant cross sections in the center-
of-mass system, and (b) the Nelkin kernel for water. Both models permit an additional 1/v absorption cross 
section. We have obtained accurate numerical values for the diffusion length, the extrapolated end point, 
the critical absorption strength, and the boundary heating for a variety of values of the parameters. 
Comparison is made both with other calculations and with experiments. 
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Abstract/Keyterms: The variational formulation of the even-parity form of the within-group neutron 
transport equation is generalized to include complex trial functions. The introduction of transverse leakage 
effects through the buckling term exp(iB·r) leads, in general, to a coupled set of Euler equations for the real 
and imaginary even-parity flux components. The coupling between real and imaginary flux components is 
retained in both discrete-ordinates and finite element angular approximations. Employment of the spherical 
harmonics approximations in angle, however, leads to an uncoupled set of Euler equations if an appropriate 
choice of axes is made. Hence, a rigorous buckling treatment of third-dimensional leakage can be 
incorporated into two-dimensional transport computations without solving for the imaginary flux 
component. The foregoing spherical harmonic formulation is combined with finite element discretization 
in space in the multigroup criticality code FESH. One- and multigroup results are presented to demonstrate 
the elimination of ray effects and to examine the errors introduced by the DB2 leakage correction used in 
conventional transport calculations. 
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Abstract/Keyterms: A major portion of the safety analysis effort for the liquid-metal fast breeder reactor 
is involved in assessing the consequences of a hypothetical core disruptive accident. A postulated loss-of-
flow transient without scram may produce a two-phase fuel source at high pressures. The heat transfer 
process between the fuel and the sodium coolant as it is ejected into the upper plenum is described in this 
study. One mechanism that can cause the coolant to become entrained in the two-phase fuel is Taylor 
instabilities. The characteristic size of the entrained coolant droplets is considered to be equal to the critical 
wavelength of a Taylor instability. Analysis of full-scale reactor conditions indicates that the dominant heat 
transfer mechanism is radiation. Also, if noncondensible gases are absent, fuel vapor condensation on the 
sodium coolant droplets is controlled by mass diffusion, hence the subsequent rate of coolant vaporization 
is small. The net effect of the heat transfer is to reduce the fuel vapor pressure and reduce the expansion 
work by a factor of 1.2 to 2.5. Small-scale simulant experiments utilizing refrigerants could confirm the 
fuel condensation/sodium vaporization behavior, while reactor material tests must be done to investigate 
the radiation heat transfer mechanism. 
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Abstract/Keyterms: The moderator temperature coefficients of reactivity for a pressure-tube-type reactor 
consisting of highly heterogeneous cells with D2O moderator, H2O coolant, and 28-pin fuel cluster 
contained in a pressure-tube have been measured in order to clarify their dependence on the moderator 
temperature. A new experimental method has been developed that is applicable to ordinary critical 
assemblies not equipped with any special temperature control system. In this method, temperature changes 
of the core, which is subjected to natural cooling that permits heat transfer from the moderator to the H2O 
coolant, are measured continually, together with the resultant changes in reactivity. The data are analyzed 
with use of least-squares fitting to nonlinear functions. It has been clarified that the moderator temperature 
coefficient of reactivity of this type of reactor is markedly dependent on the moderator temperature, 
decreasing with increase in the temperature. In a clean lattice of 1.2 wt% 235U enriched UO2 fuel that 
contains no 10B in the moderator, the coefficient changes its sign from positive to negative at ∼40°C. 
Addition of 3.9 ppm of 10B into the D2O moderator of the same lattice causes the value of the temperature 
coefficient to shift considerably toward the positive side. Calculational results by the WIMS code reproduce 
quite well the experimental values of the temperature dependence of the moderator temperature coefficient 
of reactivity. However, their absolute values are rather small compared to the experimental ones. 
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Abstract/Keyterms: The adjustment of differential data can improve the agreement between calculation 
and experiment of integral quantities, but the adjustment process also introduces a posteriori correlations 
among the data that were not part of the a priori assumptions. In a forward calculation of integral parameters 
using adjusted differential data, the a posteriori correlations in general reduce the estimated uncertainty 
since the linear independence among differential data is reduced but the correlations inhibit the use of 
integral data to improve individual pieces of differential data. The adjusted data are validated for the 
calculation of integral parameters similar to those used in the adjustment. The physical interpretation of 
data adjustments is illustrated using a simple model to analyze bare homogeneous critical assemblies. 
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Abstract/Keyterms: It is well known that in the unresolved resonance region, cross sections are treated by 
a statistical formulation and that the non-uniqueness of the mean resonance data set used to represent the 
cross sections for various fertile and fissile nuclides has an impact on the calculations of the Doppler 
coefficient and the fission and capture rate distributions of the heavy elements in a fast power reactor. In 
this Note, the corresponding uncertainty associated with the calculation of the central Doppler worth in the 
critical assemblies is indicated. Through the choice of the mean resonance data sets, it is possible to vary 
the self-shielded cross sections to some extent and to vary the temperature derivatives of the self-shielded 
cross sections by a significant amount so as to improve the agreement between experiments and calculations 
for central Doppler worths. This adjustment can be performed without significantly altering the infinite 
dilution cross sections that are recommended in the unresolved resonance region. This approach is 
illustrated with sample calculations performed for the central 235U Doppler worth in the ZPR-6-7 
assembly. 
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Abstract/Keyterms: A method is proposed to derive three kinetic parameters of a zero-power coupled-
core system, namely coupling reactivity Δ, mean neutron transit time, and neutron generation time Λ of 
respective cores, from the measured frequency responses. In the experimental determination of the 
parameters, the analytical expression of coupling kernel and its frequency dependence, which are derived 
from the moderator region response function, are taken advantage of. For experimental determination of 
the parameters as well as frequency response, experiments were carried out with a pile oscillator installed 
in the Kyoto University Critical Assembly, a light-water-moderated and -reflected critical assembly. The 
variation of kinetic parameters with the core distance, in particular, was observed with special attention. 
The validity of the proposed method is demonstrated by close agreement in the first two of the above three 
parameters between the theory and the experiment. 
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Abstract/Keyterms: A method has been developed to calculate the fundamental mode decay constants in 
two- and three-dimensional pulsed neutron moderator assemblies using the separable form of the scattering 
kernel in the transport equation. The method uses the Fourier transform of the integral transport equation 
and is an extension of the method developed by Sahni to treat monoenergetic criticality problems for two- 
and three-dimensional geometries. The new kernel of the integral transform equation is factored into 
components depending on only one of the dimensions of the assembly. This property is further exploited 
by use of a single Fourier mode approximation in one or more dimensions while the kernels in the remaining 
dimensions are retained in their respective forms. In our numerical work, three simple forms of the 
scattering cross section are used for calculating the matrix elements of the relevant equations accurately. 
Numerical results are presented for the asymptotic decay constant in a one-dimensional slab, a one-
dimensional cylinder, two-dimensional infinite rectangular prisms, and three finite cylinders of different 
height-to-diameter ratios. The relation between the asymptotic decay constant and the geometrical buckling 
in the transport and diffusion approximations are also calculated for interpreting the results in terms of 
extrapolation lengths. 



 

C-13112 

13075…..…..…………………..…….……..……ID Number…………………..…..…………….13075 

Author: Marotta, Charles R. 

Title: Neutron Utilization Parameter for Complex Coupled Systems 

Date: 1/1/1981 

Report: NSENAO, 077, 107-109 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The algebraic difference between the average neutron lifetime (l) and the average 
generation time (g), referred to as the excess time E (= l − g), is shown to be a useful parameter giving 
physical insight into the degree of utilization of neutrons toward a chain reacting process in a complicated 
fissionable system. It can be used to support physical arguments in checking the validity of complex 
computer results as well as to give some rationale as to what results to expect in these calculations. The 
concept is applied to the classic criticality case of dry or wet storage of separated fuel assemblies in a 
variable density hydrogenous moderator. 
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Abstract/Keyterms: Self-shielding factors for inelastic scattering cross sections of iron are calculated from 
the evaluated nuclear data flies ENDF/B-IV and JENDL-2. The effect of self-shielding by inelastic 
scattering on the neutron spectra is studied for fast reactor assemblies ZPR-3-54 and MZB, the fast critical 
assembly of the Japanese fast reactor program. The effect is very pronounced, especially in the steel 
reflector, where the spectrum is shifted to higher energy. The radial distribution of fission reaction rates 
calculated by considering that the self-shielding effect becomes smaller for 235U and 239Pu, but larger for 
238U in the blanket and reflector regions. 
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Abstract/Keyterms: A finite element/orthogonal function scheme was tested against recently quoted 
benchmark eigenvalues to determine the accuracy that could be achieved. The eigenvalue for a 1-mean-
free-path-thick critical slab with isotropic scatter was determined to five significant figures. 
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Abstract/Keyterms: It is well known that for a large reactor a diffusion calculation of the system 
eigenvalue (criticality) is weakly dependent on the linear extrapolation distance γ. We characterize this 
weak dependence by a smallness parameter ϵ, and show that the complete neglect of γ leads to an error in 
the computed eigenvalue of the order of ϵ, whereas the use of an extrapolated endpoint introduces an error 
of the order of ϵ2. An explicit formula, which preserves the ϵ2 error characteristics, is derived which gives 
an energy independent extrapolated endpoint in terms of the energy-dependent linear extrapolation distance. 
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Abstract/Keyterms: A series of experiments was performed to determine the effect of gadolinium as a 
soluble neutron absorber on the criticality of fuel rod assemblies in uranyl nitrate solution. The experiments 
reported in this paper provide new data on a soluble neutron absorber for use in validating calculational 
methods in nuclear criticality safety of light water reactor (LWR)-type fuels. The data can be used for the 
benchmarking of calculations for dissolver applications or solid fuel storage in a solution system. 
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Abstract/Keyterms: A critical assembly with circulating enriched uranium solution was operated for brief 
periods at power up to 2 MW corresponding to a core temperature differential of 13°C. Although delayed 
neutron precursors were swept out of the critical region, contributing little to control, power followed excess 
reactivity satisfactorily. At excess reactivity of 0.2 dollar, power oscillations began to appear, and above 
∼0.5 dollar they diverged. The 1-s period appears to be associated with vibration of unconstrained piping. 
Reactivity quench coefficients are greater than those measured without flow. The difference is attributed to 
macroscopic release of radiolytic gas. 
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Abstract/Keyterms: PU-SOL-THERM-002, PU-SOL-THERM-003, PU-SOL-THERM-004, PU-SOL-
THERM-005, PU-SOL-THERM-006, PU-SOL-THERM-010, PU-SOL-THERM-011, PU-SOL-THERM-
011, PU-SOL-THERM-021; As a contribution to a required review of American National Standard for 
Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors, limits for plutonium 
systems have been recalculated to confirm their subcriticality under the stated conditions or to propose other 
values. This paper presents calculation methods and results. The validity of each calculation method was 
established by extensive correlation with critical experiments, and in some cases with experiments 
performed subsequent to the original limit calculations. 
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Abstract/Keyterms: The continuous slowing down integral transport theory has been extended to perform 
criticality iteration with fuel-depletion analysis for evaluating exposure-dependent spectral transitions in 
fast reactor core-blanket systems. The theory was applied to conventional and heterogeneous 
configurations, obtaining excellent predictions of the eigenvalue and the spectra. The results indicate the 
importance of space-dependent analysis involving considerable energy detail. The initial value energy 
considerations of the theory are the principal advantage in data processing and group collapse procedures 
requiring such detail. Several simplifying features were observed, further enhancing the advantages of the 
present method. The transport theory sophistication was attained without significant penalty as the spatial 
probabilities varied weakly with exposure. Similar insensitivity of the slowing down parameters and 
resonance self-shielding factors provide substantial savings in computer running time. Nonvariation of 
these parameters had small effects on fuel cycle characteristics. An analytical solution of the depletion 
equations was obtained based on the observed weak exposure variation of important microscopic reaction 
rates. The space-dependent slowing down theory as generalized here is thus shown to be an attractive tool 
for incorporating the required space-energy detail in a comprehensive fast reactor fuel cycle analysis. 
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Abstract/Keyterms: As part of a standards effort of the American Nuclear Society to establish subcritical 
mass limits for the transuranium actinides, critical masses were calculated for seven actinides, critical 
masses were calculated for seven actinide elements in bare, water-reflected, and steel-reflected metal 
systems. For the nuclides 242Pu and /sup 241/Am, values obtained with ENDF/B-V cross-section data were 
in much better agreement with values inferred from experimental measurement than were initial values 
calculated with ENDF/B-IV data. A brief description of the analytical methods employed is followed by a 
presentation of the results. 
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Abstract/Keyterms: Neutron reaction rates were measured by activation foils and thermo-luminescent 
detectors through 180-cm-thick sodium shields and through the layers of a 6-cm-thick iron plate and the 
sodium shields. A tightly coupled source shield configuration was constructed with the fast neutron reactor 
YAYOI as a source. Analysis of the experiments was made by using the DOT 3.5 code with 13-group 
neutron cross sections from the ENDF/B-IV library. Bondarenko-type self-shielding factors were included. 
The source condition for the analysis was determined by an iteration method from the experimental result 
at the reactor-shield interface and the initial estimate that was obtained from the core criticality calculation. 
The calculated neutron distributions in the shields agree with the experiments within ∼25% for the 
penetration through 180-cm-thick sodium. The shapes of the spatial distributions of the reaction rates in the 
shields show rather good agreement with the experiment. 
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Abstract/Keyterms: An adjoint Monte Carlo technique is described for the solution of neutron transport 
problems. The optimum biasing function for a zero-variance collision estimator is derived. A simple 
approximation to this optimum biasing function has been chosen to arrive at a problem-independent 
sampling scheme. The transport kernel for the adjoint particles is almost the same as for neutrons. The 
sampling of the collision kernel needs the introduction of so-called adjoint cross sections. The optimum 
treatment of an analogue of a one-velocity thermal group has also been derived. The method is extended to 
multiplying systems, especially for eigenfunction problems to enable the estimate of averages over the 
unknown fundamental neutron flux distribution. A versatile computer code, FOCUS, has been written, 
based on the described theory. Numerical examples are given for a shielding problem and a critical 
assembly, illustrating the performance of the FOCUS code. 
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Abstract/Keyterms: The various sources and sinks for heat in the reactor fuel and in the containment 
atmosphere are followed as a function of time, and they are used to determine what combinations of failures 
would lead to fuel meltdown and to rupture of the containment. Heat transfer problems are discussed and it 
is shown that their rates are not generally limiting. In some cases, it is indicated that the Rasmussen study 
assumptions were highly conservative. 
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Abstract/Keyterms: The AMPX-KENO computer code package is commonly used to evaluate criticality 
in high-density spent fuel storage rack designs. Consequently, it is important to know the reliability that 
can be placed on such calculations and whether or not the results are conservative. This paper evaluates a 
series of AMPX-KENO calculations which have been made on selected critical experiments. The results 
are compared with similar analyses reported in the literature by the Oak Ridge National Laboratory and 
Babcock & Wilcox. 
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Abstract/Keyterms: In a thorium-fueled reactor, the conversion of 232Th to 233U involves the 
intermediate nuclide 233Pa. This isotope has a significant reactivity effect in any thorium reactor, especially 
one with an important epithermal flux component. The light water breeder reactor, operating in the 
Shippingport atomic power station, is a 233U-Th reactor with about half the power produced at energies 
above thermal. The reactivity effect of full-power equilibrium 233Pa has been inferred from critical position 
measurements and control element reactivity worths to be ∼2.5% Δρ in this reactor, confirming 
calculational predictions. 
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Abstract/Keyterms: A numerical method is presented for calculating neutron transport problems in three-
dimensional (x,y,z) geometry on the basis of a method of direct integration of the integral transport 
equation. Several new techniques are introduced to the method to make it well adapted to practical neutron 
transport calculations in three-dimensional geometry. A technique for evaluating the scattering source based 
on an estimated spectral shape in each material region allows use of coarse energy mesh intervals without 
reducing calculational accuracy as compared with the calculation with fine meshes. A quadratic function 
approximation for the source spatial distribution in each spatial mesh interval is found to improve the 
mathematical error in direct integration of the source term over the spatial variable as compared with the 
linear- or exponential-function approximation used in the original method. In addition, Lagrange's 
interpolation formula is applied instead of the linear interpolation used in the original method for more 
accurate estimation of both flux and source. Comparisons are made of the calculations with experiments 
for three neutron transport problems, the pool critical assembly experiment, the Winfrith iron benchmark 
experiment, and the annular duct neutron streaming experiment, and with the three-dimensional Sn 
calculation to verify the validity of the present method for neutron transport calculations in (x,y,z) 
geometry. 
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Abstract/Keyterms: On the basis of standard nuclear evaporation theory, we calculate the prompt fission 
neutron spectrum N(E) as a function of both the fissioning nucleus and its excitation energy. To simulate 
the initial distribution of fission-fragment excitation energy and the subsequent cooling of the fragments as 
neutrons are emitted, we take the distribution of fission-fragment residual nuclear temperature to be 
triangular in shape, extending linearly from zero to a maximum value Tm. This maximum temperature is 
determined from the average energy release, the separation energy and kinetic energy of the neutron 
inducing fission, the total average fission-fragment kinetic energy, and the level density parameter of the 
Fermi gas model. The neutron energy spectrum for fixed residual nuclear temperature is integrated over 
this triangular distribution to obtain the neutron energy spectrum in the center-of-mass system of a given 
fission fragment, which is then transformed to the laboratory system. When the cross section σc for the 
inverse process of compound nucleus formation is assumed constant, N(E) is the sum of a four-term closed 
expression involving the exponential integral and the incomplete gamma function for the light fragment 
and an analogous result for the heavy fragment. We also calculate N(E) by numerical integration for an 
energy-dependent cross section σc that is obtained from an optical model; this shifts the peak in N(E) to 
somewhat lower neutron energy and changes the overall shape slightly. The spectra calculated for both a 
constant cross section and an energy-dependent cross section reproduce recent experimental data for several 
fissioning nuclei and excitation energies for a single choice of the nuclear level density parameter and 
without the use of any further adjustable parameters. However, the spectra calculated with an energy-
dependent cross section agree somewhat better with the experimental data than do those calculated with a 
constant cross section. Our approach is also used to calculate, the average number of prompt neutrons per 
fission, as a function of excitation energy for several fissioning nuclei. At high excitation energy, where 
fission following the emission of one or more neutrons is possible, we take into account the effects of and 
competition between first-, second-, and third-chance fission when calculating both N(E) and. For ease of 
computation, we present finally an approximate way to simulate the energy dependence of the compound 
nucleus cross section through a slight readjustment of the value of the level density parameter. 
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Abstract/Keyterms: Eleven 233U solution critical assemblies spanning an H/233U ratio range of 40 to 
2000 and an unreflected metal 233U assembly have been calculated with ENDF/B-IV and Hansen-Roach 
cross sections. Results from these calculations are compared with the experimental results and with each 
other. We observed an increasing disagreement between calculations with ENDF/B and Hansen-Roach data 
with decreasing H/233U ratio, indicative of large differences in their intermediate energy cross sections. 
The Hansen-Roach cross sections appeared to give reasonably good agreement with experiments over the 
whole range, whereas the ENDF/B calculations yielded high values for keff on assemblies of low 
moderation. We conclude that serious problems exist in the ENDF/B-IV representation of the 233U cross 
sections in the intermediate energy range and that further evaluation of this nuclide is warranted. In addition, 
we recommend that an experimental program be undertaken to obtain 233U criticality data at low H/233U 
ratios for verification of generalized criticality safety guidelines. 
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Abstract/Keyterms: As a contribution to a required review of the American National Standard for Nuclear 
Criticality Safety in Operations with Fissionable Materials Outside Reactors, limits for homogeneous 235U 
systems have been recalculated to confirm their subcriticality or, where there were doubts, to propose more 
restrictive values. In addition, other limits were calculated to propose for inclusion in the Standard, namely 
limits for solutions of 235UO2(NO3)2 and limits for solutions of both UO2F2 and 235UO2(NO3)2 that 
allow credit for the presence of 238U. Limits were also calculated for uranium oxides. The same three 
methods of calculation were used as in similar work done recently for plutonium systems. The validity of 
each was established by extensive correlations with pertinent critical experiments. 
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Abstract/Keyterms: As a contribution to the required quinquennial review of the American National 
Standard for Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors (ANSI 
N16.1-1975-ANS-8.1), limits for homogeneous 233U systems have been recalculated to confirm their 
subcriticality or, where there were doubts, to propose more restrictive values. In addition, other limits were 
calculated to be proposed for inclusion, namely, limits for aqueous solutions of UO2(NO3)2 and limits for 
uranium oxides. The same three methods of calculation were used as in similar work done recently for 
plutonium and 235U systems. The validity of each was established by correlation with the results of 
pertinent critical experiments. 
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Abstract/Keyterms: An analysis of spectral effects that arise from solving the k-, α-, γ-, and δ-eigenvalue 
formulations of the neutron transport equation is presented. Hierarchies of neutron spectra softness are 
established and expressed in terms of spatial-dependent local indices that are defined for both the core and 
the reflector of nuclear system configurations. Conclusions regarding the general behavior of the spectrum-
dependent integral spectral indices and initial conversion ratios given by the k-, α-, γ-, and δ-eigenvalue 
equations are also presented. Spectral effects in the core and in the reflector are distinguished by defining 
separate integral spectral indices for the core and for the reflector. It is shown that the relationship between 
the spectra given by the k-, α-, γ-, and δ-eigenvalue equations and the spectrum in a corresponding critical 
configuration depends on the specific physical process that causes deviation from criticality. Nevertheless, 
some general recommendations are offered regarding the use of a particular eigenvalue equation for specific 
applications. All conclusions are supported by numerical experiments performed for an idealized thermal 
system. 
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Abstract/Keyterms: An investigation of first-order perturbation (FOP) methods for computing sample 
worths has been performed. It is demonstrated that conventional cell homogenization methods introduce 
errors into FOP reactivity calculations because the intracell structure of adjoint fluxes is neglected. These 
errors are such that the conventional FOP reactivity expression is not accurate to first order, even in the 
limit of infinitesimal perturbations. A method for avoiding such approximations is introduced and applied 
to the calculation of small sample worths in plate-type fast reactor critical assemblies. It is demonstrated 
that errors introduced by real flux weighting of cross sections are such that homogenized FOP reactivity 
calculations overestimate fissile material worths in several critical assemblies by 5 to 10%. It is shown that 
these errors arise because of the heterogeneous nature of plate-type critical assemblies, and when 
appropriate reactivity calculations (which account for spatial heterogeneity of adjoint fluxes) are performed, 
a significant fraction of the long-standing central worth discrepancy is eliminated. 
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Abstract/Keyterms: The interference effect between different drawers was evaluated by using the unified 
diffusion coefficient obtained by a slab or a cylindrical model. For the parallel direction, the unified 
diffusion coefficient gave similar results as Yoshida's formula. The use of the two-drawer slab model 
overestimated the interference effect for the fuel region. When using the unified diffusion coefficient 
obtained by the three-drawer slab or cylindrical model, the sodium void worths in the CRP were calculated 
reasonably well for the cases considered here. 
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Abstract/Keyterms: The critical problem in a finite plane slab is studied by an appropriate extension of 
the integral transform method. For a given optical thickness, the value of the scattering ratio (or mean 
number of secondaries per collision) that makes the system critical is determined as an eigenvalue of a 
Fredholm integral equation, in which a continuous position dependence of the scattering ratio itself has 
been taken into account. The integral equation is solved by a suitable projection technique, and numerical 
results are presented and briefly discussed for a parabolic trend of the fuel enrichment inside the slab. 
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Abstract/Keyterms: Using the authors’ recently suggested thermal neutron scattering kernel for liquid 
hydrogen, which explicitly takes into account the presence of collective motions and two elastic field 
quantum exchange processes, an extensive study is made on the thermal neutron transport processes by 
solving the appropriate multigroup Boltzmann transport equation in liquid para and liquid para-
orthohydrogen mixtures. The calculated values of the asymptotic decay constant of a neutron pulse in liquid 
parahydrogen and a 47% para and 53% ortho mixture at 20 K for different assembly sizes are found to 
agree with the corresponding measured values of Bryan and Waltner, when the chemical binding energy 
represented by the Debye temperature, θD, is equal to 80 K. The critical buckling for liquid parahydrogen 
(= 0.16 cm-2) is much smaller in comparison with that of the mixture (=0.8 cm-2). The thermalization time, 
τth in µs, as calculated by using the eigenvalue spectrum and corresponding eigenfunctions in both liquid 
parahydrogen and the mixture, increases linearly with buckling but with different slopes and can be 
represented, respectively, as s/b τth = (68.0 + 750 B2) and τth = (68.0 + 180 B2). Unlike the case of ice at 
20 K, there is only one discrete mode in both liquid parahydrogen and the mixture.The calculated values of 
the diffusion length for natural absorption in pure parahydrogen and in a 47% parahydrogen and 53% 
orthohydrogen mixture are 5.8 and 2.4 cm, respectively. From the space-dependent spectra studies, it is 
found that the asymptotic spectra in both the systems for natural absorption are reached in a distance about 
twice the value of the respective diffusion lengths. The value of critical absorption in parahydrogen is only 
1.5 times the natural absorption, while in the mixture it is very large and is greater than ten times the natural 
absorption. The steady-state calculations were made in liquid parahydrogen at 20 and 11 K, and liquid para-
ortho mixtures at 20 K. The computed steady-state spectra at these temperatures for assembly size B2 = 
0.133 cm-2 turn out to be in good agreement with the corresponding experimental spectra of Whittemore. 
As the temperature of liquid parahydrogen is decreased from 20 to 11 K, the effective temperature of the 
spectra decreased from 34 to ∼25 K, resulting in a substantial increase of cold neutrons. In addition, several 
studies on steady-state spectra for different sizes of liquid para- and orthohydrogen assemblies, H2-D2 
mixtures at 20 and 11 K, and solid H2, D2 at 4 K were made to assess the production of intense beams of 
cold neutrons. As D2 is added to liquid parahydrogen, the effective temperature of the spectrum decreases 
for buckling values <0.005 cm-2 at 20 K, 0.002 cm-2 at 11 K, and 0.001 cm-2 at 4 K. For infinite size, pure 
D2 is the most intense cold neutron source, as the effective temperature will closely correspond to the 
temperature of the assembly at 20 and at 11 K, and at 4 K it will correspond to ∼6 K. For a practicable size 
of B2 = 0.0158 cm-2, however, it is found that parahydrogen, or any ortho-para mixture at 11 K is the best 
source of cold neutrons, better than even the optimum mixture of H2O-D2O. The increase is by more than 
an order, at very low energies, making it the practicable source for most intense beams of cold neutrons. 
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Abstract/Keyterms: The feasibility and relative merits of a quasi-time-dependent approach to burnup 
calculations is investigated. This method, which is shown to be practically equivalent to a true time-
dependent approach, uses one iterative level less than the conventional method and is less liable to 
nonconvergence problems. The method has been formulated using the finite difference form of the neutron 
diffusion equation and is implemented in a computer code named TDB. Several one- and two-dimensional 
pressurized water reactor cores were analyzed using both proposed and conventional methods. The 
calculations show that the proposed method is about twice as fast as the conventional one with a relative 
accuracy of <5% in material power fractions and critical boron value. 
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Abstract/Keyterms: A critical analysis of the Koppel-Young model is presented and compared with 
Nelkin’s model and their equivalence is asserted. It is shown that the only distinction between the two 
models is in the orientational averaging of the rotational-vibrational intermedial scattering function. Based 
on total cross sections, the Krieger-Nelkin orientation averaging has been confirmed to give excellent 
agreement with the Koppel-Young orientation averaging. However, significant quasi-periodical differences 
are observed when calculating differential cross sections. As a result of these insights, a new unified model 
is proposed for microdynamics of water molecules. 
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Abstract/Keyterms: We prove a mathematically rigorous theorem that asserts, under certain carefully 
stated hypotheses, the validity of the Goertzel and Otsuka conclusions that, in a thermal nuclear reactor that 
has a minimum critical mass, the fuel must be distributed so that the product of the thermal neutron flux 
and the adjoint thermal neutron flux is a constant in the core and does not exceed that constant in the 
reflector. We also furnish some examples that illustrate the necessity of imposing some mathematical 
hypotheses to obtain the desired conclusions. 
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Abstract/Keyterms: We prove two mathematically rigorous theorems that assert, under certain carefully 
stated hypotheses, the validity of the Goertzel and Otsuka conclusions that, in a thermal nuclear reactor that 
has a minimum critical mass, the fuel must be distributed so that the product of the thermal neutron flux 
and the adjoint thermal neutron flux is a constant in the core and does not exceed that constant in the 
reflector. These theorems differ from that in the preceding paper in the sense that some of the hypotheses 
of the earlier theorem have been strengthened and some weakened. The hypotheses can be weakened still 
further if we restrict attention to a fixed core and are not interested in results concerning the reflector. We 
also study the second variation of the critical mass functional. Finally, we show that, under some explicitly 
stated conditions, the multigroup diffusion theory for a thermal reactor can be treated as a special case of 
our general theory. 
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Abstract/Keyterms: PU-SOL-THERM-009; Experiments were performed with a 122-cm-diam sphere to 
determine criticality of aqueous solutions of plutonium in a system having low-neutron leakage. The 
plutonium in the chemical form of Pu(NO3)4 had a 240Pu content of 2.52 wt.%. The critical-sphere 
concentration obtained in this experiment was analyzed along with data from eight additional critical 
experiments to evaluate the minimum critical concentration for plutonium. The limiting critical 
concentration was determined to be 7.62 g Pu/l for Pu(NO3)4 without excess acid and 7.59 g Pu/l for a 
239Pu-water mixture. From these data, the Maxwellian-averaged thermal value of the number of fission 
neutrons emitted per neutron absorbed by 239Pu, eta, was determined to be 2.056 + or-0.037. The value at 
2200 m/s is 2.100 + or-0.041. 
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Abstract/Keyterms: In the considerations of recriticality of molten fuel assemblies, the presence of 
bubbles in the fuel plays an important role. In such a situation, there are two opposing contributions to 
reactivity from (a) the phenomenon of neutron streaming in bubbles (negative contribution) and (b) the 
phenomenon of changing neutron self-multiplication in the fuel (positive contribution). It is not possible to 
accurately calculate the individual reactivity contributions of the two phenomena using multidimensional 
transport theory or Monte Carlo codes. A simple diffusion theory expression given by Nicholson and 
Goldsmith for estimating reactivity contribution due to neutron streaming alone has been used extensively. 
As a part of the present contribution, first an attempt has been made to improve the applicability of the 
Nicholson-Goldsmith work by expressing extrapolation length in terms of the root-mean-square free path 
in the assembly. It is found that the application of the Trombay criticality formula, particularly its “modified 
Wigner rational variant,” leads to an expression for bubble reactivity worth, due to neutron streaming alone, 
that yields the closest agreement with the bubble worth values computed from the two-dimensional 
transport theory code TWOTRAN and the Monte Carlo code KENO. 
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Abstract/Keyterms: The physical behavior of burnable poison fuel pins, containing 0.1, 0.5, and 1.0 wt% 
Gd2O3 in 1.5 wt% UO2 pellets, has been studied through the measurements of reactivity change, coolant 
void reactivity, local power distribution, and thermal neutron flux distribution including fine structure, 
using a heavy-water-moderated, cluster-type fuel lattice. A new technique for utilizing a burnable poison 
has been developed using a gadolinium absorber rod inserted into the center of the cluster-type fuel 
assembly. Its physical behavior has been studied through the measurements of accompanying reactivity 
change, coolant void reactivity, local power distribution, and thermal neutron flux distribution. When the 
Gd2O3 content of the fuel pellets is more than 0.5 wt%, the reactivity effect is reduced largely due to the 
saturation of the thermal neutron self-shielding effect in the poisoned fuel pin. A gadolinium absorber rod 
inserted in the center of the fuel assembly, although it causes a small increase in local power peaking, is 
effective in the control of the initial excess reactivity and favorably affects the coolant void reactivity. An 
accurate calculation by the WIMS-D code requires division of the fuel pellet region into more than five 
mesh intervals owing to the enhancement of the thermal neutron selfshielding effect due to absorption by 
the gadolinium in the poisoned fuel pins. 
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Abstract/Keyterms: A recently developed sensitivity theory for nonlinear systems with responses defined 
at critical points, e.g., maxima, minima, or saddle points, of a function of the system's state variables and 
parameters is applied to a protected transient with scram on high-power level in the Fast Flux Test Facility. 
The single-phase segment of the fast reactor safety code MELT-IIIB is used to model this transient. Two 
responses of practical importance, namely, the maximum fuel temperature in the hot channel and the 
maximum normalized reactor power level, are considered. For the purposes of sensitivity analysis, a 
complete characterization of such responses requires consideration of both the numerical value of the 
response at the maximum, and the location in phase space where the maximum occurs. This because 
variations in the system parameters alter not only the value at this maximum but also alter the location of 
the maximum in phase space. Expressions for the sensitivities of the numerical value of each maximum-
type response and expressions for the sensitivities of the phase-space location at which the respective 
maximum occurs are derived in terms of adjoint functions. The adjoint systems satisfied by each of these 
adjoint functions are derived and solved. It is shown that the complete sensitivity analysis of each 
maximum-type response requires (a) the computation of as many adjoint functions as there are nonzero 
components of the maximum in phase space, and (b) the computation of one additional adjoint function for 
evaluating the sensitivities of the numerical value of the response. The same computer code can be used to 
calculate all the required adjoint functions. Once these adjoint functions are available, the sensitivities to 
all possible variations in the system parameters are obtained by quadratures. The sensitivities obtained by 
this efficient method are used to predict both changes in the numerical values of these maximum-type 
responses, and the new phase-space location at which the perturbed maxima occur when the system 
parameters are varied. These predictions are shown to agree well with direct recalculations using perturbed 
parameter values. 
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Abstract/Keyterms: The transport of monoenergetic neutrons in slabs and spheres with vacuum boundary 
conditions is studied. Isotropic scattering is assumed. The connection between the eigenvalues arising from 
the time-dependent and the stationary transport equation is established. Based on this, numerical values for 
the fundamental and higher order time eigenvalues are given. Finally, the more complicated case of 
anisotropic scattering is discussed. 
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Abstract/Keyterms: The integral transform method (ITN) has been extended to the treatment of one-
dimensional homogeneous media with linearly anisotropic scattering. A previously obtained formula 
linking the isotropic and the anisotropic one-dimensional kernels allows for calculation of the anisotropic 
matrix elements in the form of linear combinations of a few isotropic matrix elements. In practice, to solve 
the anisotropic problem of order N one needs only to calculate the isotropic collision matrix of order (N + 
2) in plane and spherical geometries and of order (N + 1) in cylindrical geometry. The method is applied to 
the calculation of critical parameters for bare cylinders. Highly accurate values, to be used as benchmarks, 
are obtained and illustrate the precision and fast convergence rate of the method. 
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Abstract/Keyterms: The F..nu.. method is used to compute the critical radius and the flux distribution for 
a bare cylinder of infinite length. With modest computational effort, the developed solution technique, 
though approximate, yields results accurate to at least six significant figures. 
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Abstract/Keyterms: In the design of a large liquid-metal fast breeder reactor (LMFBR), the bias-factor 
method is usually applied to reduce the error of predicted values of neutronics parameters. These bias 
factors are obtained through the analysis of mock-up experiments. When there exist some differences 
between the reactor to be designed and its mock-up experimental system, it is impossible to be free from 
extrapolation errors even after the application of the bias factor. This paper presents an evaluation model 
for the above kind of extrapolation error, which still remains after the biasing, due to cross-section 
uncertainties. As an example of an application of this model, the extrapolation error of the design parameters 
of a 1000-MW(electric) fast breeder reactor was evaluated for the case where bias factors from the large 
LMFBR mock-up critical experiment, ZPPR-10D, were available. As a result, the error in keff was found 
to range 0.3 to 1.1% depending on how precisely the reactivity effect of higher plutonium isotopes 
(especially 241Pu) was predicted. The extrapolation error was predicted to be <2.5% for the control rod 
worth and for the fission rate distributions of 239Pu and 238U. It was also shown that the extrapolation 
error for the control rod worth was reduced by use of a bias factor constructed from some different rod 
patterns. 
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Abstract/Keyterms: For certain postulated severe accident conditions such as a loss of piping integrity 
and a loss of heat sink in connection with liquid-metal fast breeder reactor safety analysis, the process of 
decay heat removal can lead to coolant boiling. For such low-heat-flux/low-flow conditions, a dryout or 
critical heat flux criterion is required in order to assess the potential for fuel pin failure and melting. 
Computer codes and full-scale experimental data are not available to completely address this problem at 
this time. Based on the interpretation of available experimental data and new analyses, it is concluded that 
a typical subassembly can be safely cooled (avoid dryout) under natural convection conditions for heat 
fluxes below ∼8 to 10% of the average nominal power; i.e., decay heat power levels can be safely 
accommodated in the natural convective regime. Furthermore, since this coolability limit is predicted to be 
rather insensitive to the subcooling value, it follows that the safety case relative to decay heat removal for 
an intact core geometry also becomes essentially independent of detailed accident conditions such as the 
potential for temporary stagnated flow or inlet flow reversal conditions. 
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Abstract/Keyterms: The Trombay criticality formula (TCF) has been derived by incorporating a number 
of well-known concepts of criticality physics to enable prediction of changes in critical size or k /SUB eff/ 
following alterations in geometrical and physical parameters of uniformly reflected small reactor 
assemblies characterized by large neutron leakage from the core. The variant parameters considered are 
size, shape, density and diluent concentration of the core, and density and thickness of the reflector. The 
effect of these changes (except core size) manifests, through sigma /SUB c/ the critical surface mass density 
of the “corresponding critical core,” that sigma, the massto-surface-area ratio of the core,” is essentially a 
measure of the product /rho/ extended to nonspherical systems and plays a dominant role in the TCF. The 
functional dependence of k /SUB eff/ on sigma/sigma /SUB c/, the system size relative to critical, is 
expressed in the TCF through two alternative representations, namely the modified Wigner rational form 
and, an exponential form, which is given. 
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Abstract/Keyterms: It was shown earlier that nonsolvated crystalline BeH2 could serve as an effective 
moderator in reducing nuclear critical masses below mining achievable in CH2-moderated systems on 
account of its (n,2n) reactivity bonus and higher hydrogen number density. The /sup 9/Be cross sections 
used in these calculations were found to overestimate the (n,2n) multiplication. The precise (n,2n) 
contribution to system reactivity and critical mass in the light of the latest /sup 9/Be cross section data are 
evaluated. The results show that in the case of BeH2-moderated and BeO-reflected systems, five additional 
neutrons are born in the reaction multiplication in beryllium per 100 fission neutrons released in the core, 
resulting in a reactivity gain of about 4%. The corresponding reduction in critical mass is about 16%. The 
critical masses calculated with corrected /sup 9/Be cross sections show that the crystalline BeH2-moderated 
and BeO-reflected systems apparently have the smallest possible theoretical critical masses, namely. 0.180, 
0.137, and 0.105 kg for 235U, 238U, and 239Pu respectively. 
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Abstract/Keyterms: A fast-efficient perturbation model is developed for generating four-group cross 
sections and flux spectrum and performing fuel depletion in a light water reactor unit cell configuration. In 
the thermal energy region, an approximate solution of the neutron spectrum is determined based on the 
Wigner-Wilkins free-gas hydrogen scattering model In the fast energy region, a combination of analytical 
and empirical techniques is used to determine resonance cross sections. These models are combined in a 
perturbation scheme and incorporated as the SIFAS code. Reaction rates of important nuclides in reactor 
cores can be estimated by the code to within 0.5% for fuel depletion studies with fuel burnup of up to 30 
000 MWd/tonne. 
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Abstract/Keyterms: A new method for global reactor core calculations is described. This method is based 
on a unique formulation of the response matrix method, implemented with a higher order finite element 
method. The unique aspects of this approach are twofold. First, there are two levels to the overall 
calculational scheme: the local or assembly level and the global or core level. Second, the response matrix 
scheme, which is formulated at both levels, consists of two separate response matrices rather than one 
response matrix as is generally the case. These separate response matrices are seen to be quite beneficial 
for the criticality eigenvalue calculation, because they are independent of keff. The response matrices are 
generated from a Galerkin finite element solution to the weak form of the diffusion equation, subject to an 
arbitrary incoming current and an arbitrary distributed source. Calculational results are reported for two test 
problems, the two-dimensional International Atomic Energy Agency benchmark problem and a two-
dimensional pressurized water reactor test problem (Biblis reactor), and they compare well with standard 
coarse mesh methods with respect to accuracy and efficiency. Moreover, the accuracy (and capability) is 
comparable to fine mesh for a fraction of the computational cost. Extension of the method to treat 
heterogeneous assemblies and spatial depletion effects is discussed. 
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Abstract/Keyterms: The results of a theoretical study of noise transmission characteristics of multiplying 
media and neutron noise source localization in liquid-metal fast breeder reactors (LMFBRs) by using the 
neutron wave propagation technique is reported. The study was carried out using one-group as well as 
multigroup diffusion theory. Both theories show that the noise transmission characteristics are quite 
sensitive to the multiplication factor k of the medium. For k very close to unity, the response of the out-of-
core detectors is found to be the same irrespective of the location of the neutron noise source in the 
multiplying medium. However, for a highly subcritical reactor, the response of the out-of-core detectors is 
sensitive to the location of the neutron noise source, and from the point of view of the noise transmission 
characteristics, the medium behaves like a nonmultiplying medium. The analytical results of one-group 
theory that are fully supported by the multigroup multiregion theory clearly indicate that the neutron noise 
signal at detector locations can be assumed to be made up of two components—the first (local) is insensitive 
to the multiplication factor, and the second (global) is very sensitive to the multiplication factor of the 
system. If the local component can be separated from the total out-of-core detector signal, then a proper 
calibration of the local component with respect to the various locations of neutron noise source may help 
in finding the location of the neutron noise source in LMFBR cores. Further, it is observed that, as in the 
case of nonmultiplying media, noise transmission through largely subcritical multiplying media occurs with 
equal attenuation for all frequencies w < (υ∑t)min, where υ is the speed of the neutrons and ∑t is the total 
removal cross section, and for w > (υ ∑,t)min, the attenuation increases with frequency. However, for a 
critical system, the global component in a multiplying medium is maximum at lower frequencies and 
decreases rapidly for higher frequencies, and the local component remains the same as in the case of largely 
subcritical systems. 



 

C-13157 

13120…..…..…………………..…….……..……ID Number…………………..…..…………….13120 

Author: Kazi, A. H. / Harrison, R. C. / Heimbach, C. R. / Robitaille, H. A. 

Title: Comparison of Measured and Calculated Radiation Transport in Air-Over-Ground Geometry to 1. 6 
Km from a Fission Source 

Date: 12/1/1983 

Report: NSENAO, 085, 371-386 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Neutron and gamma-ray tissue kerma and scalar spectrum measurements have been 
made at the Army Pulse Radiation Division (APRD), Aberdeen Proving Ground, to 1.6 km in air-over-
ground geometry from a fission source and are compared to state-of-the-art transport calculations. 
Measurements have been made by the APRD staff as well as German, Canadian, and French scientists. A 
variety of integral detectors and differential spectrometers were used. Agreement among the various groups 
ranges from good to excellent. Calculations have been made in support of shielding programs and in 
connection with the Hiroshima-Nagasaki dose reevaluation effort. The DOT transport calculations have 
been performed at the Lawrence Livermore and Oak Ridge National Laboratories, the Defense Research 
Establishment, Ottawa, and at Science Applications, Inc. Monte Carlo calculations have been performed at 
Los Alamos National Laboratory. The calculations are generally consistent. Average calculated-to-
measured kerma ratios range from 0.83 to 1.27. Calculated-to-measured neutron flux ratios vary from about 
0.6 near 1 keV and about 0.8 near 5 MeV to about 1.7 near 0.8 MeV. These spectral differences tend to 
cancel when determining tissue kerma, raising the possibility that some of the agreement in kerma may be 
fortuitous. Sources of possible discrepancies are discussed. 
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Abstract/Keyterms: A necessary condition for a large-scale steam explosion in a core meltdown accident 
in the light water reactor is the formation of a coarsely predispersed mixture of molten “fuel” and water. 
Chapman-Jouguet diagrams for tin-water mixtures indicate that thermal detonations at supercritical 
pressures are possible only with relatively low initial void fractions (<0.15). The present calculations deal 
with a one-dimensional array of fuel particles falling steadily from the lower tie plate into the lower plenum 
pool. Radiative heat fluxes turn out to be several times larger than the convective fluxes. Both homogeneous 
and separated flow models for the steam-water flow relative to the particles are formulated. In both cases 
the void fraction rapidly rises to above 0.85, and the particle volume fraction also decreases sharply, 
indicating rapid bed dispersal. This confirms a simpler calculation by Henry and Fauske of water removal 
from the heating zone, looked upon as a subcooled critical heat flux calculation. It would therefore appear 
to be very difficult to have an efficient steam explosion on a scale large enough to threaten the containment. 
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Abstract/Keyterms: It has been shown that the “minimum” achievable spherical critical masses for the 
three main fissile isotopes of 235U, 239Pu, and 233U at normal temperature and density with BeH2 as 
moderator and with a thick 9Be reflector is lower than for any other system reported so far. In this context 
the feasibility of decreasing the critical masses further by exploiting the Bragg cutoff phenomenon in cooled 
beryllium reflectors was investigated. The reactivity gain obtainable in cooling part (or whole) of the 
beryllium reflector of a BeH2-moderated homogeneous 233U system to liquid nitrogen temperature (78 K) 
is explored. Transport theory calculations show that a 50-cm two-zone beryllium reflector with a cooled 
inner zone of optimum thickness (∼15 cm) at 78 K has an improved albedo and results in a further reduction 
of 6 to 8% in the critical mass. 



 

C-13160 

13123…..…..…………………..…….……..……ID Number…………………..…..…………….13123 

Author: Moreira, João / Lee, John C. 

Title: Space-Time Analysis of Reactor-Control-Rod-Worth Measurements 

Date: 1/1/1984 

Report: NSENAO, 086, 091-105 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An efficient method has been developed to represent the space-time behavior of 
neutron detector signals in nuclear reactors. The method is based on a simplified solution to the neutron 
shape function in the framework of a quasi-static approximation to the time-dependent diffusion equation. 
The shape function is obtained as a sum of a modal expansion, representing the global flux perturbations, 
and a local function, representing the direct perturbations due to reactor parameter changes. The method 
was applied to the analysis of both integral and differential rod worth measurements obtained at the critical 
high-temperature gas-cooled reactor test facility, Kahter. The analysis of the Kahter data indicates the 
applicability of the proposed method in accounting for space-time effects in detector signals. 
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Abstract/Keyterms: The results of high-order PN calculations for the one-speed albedo and Milne 
problems in spherical geometry are presented. The computations were performed by the transfer matrix 
approach. The analysis included in the paper. Reflection probabilities are given for spheres of various radii 
and for the region exterior to spheres: reflection and transmission probabilities for spherical shells and 
extrapolation lengths for the exterior Milne problem. The method is found to diverge for sufficiently high 
values of N—the smaller the radius, the more rapidly divergence sets in. For moderate and large radii (≳2 
mfp), the method nevertheless gives generally excellent results. 
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Abstract/Keyterms: An efficient method has been developed to represent the space-time behavior of 
neutron detector signals in nuclear reactors. The method is based on a simplified solution to the neutron 
shape function in the framework of a quasi-static approximation to the time-dependent diffusion equation. 
The shape function is obtained as a sum of a modal expansion, representing the global flux perturbations, 
and a local function, representing the direct perturbations due to reactor parameter changes. The method 
was applied to the analysis of both integral and differential rod worth measurements obtained at the critical 
high-temperature gas-cooled reactor test facility, Kahter. The analysis of the Kahter data indicates the 
applicability of the proposed method in accounting for space-time effects in detector signals. 
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Abstract/Keyterms: An extensive study has been carried out to evaluate possible use of the 
perfluoropolyether fluids, obtained from hexafluoropropylene photo-oxidation and specially purified and 
selected, as lubricants or vacuum-working fluids, in the presence of UF6. Some physicochemical properties 
are reported and the results of the tests experienced on perfluoropolyether cuts put into contact with UF6 at 
different conditions for a long aging time at high temperature in the presence of some typical engineering 
materials. The results allowed a verification of the long-term compatibility of the perfluoropolyether special 
fractions against UF6 at temperatures up to 130°C. 
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Abstract/Keyterms: A stability analysis using a one-group model is presented for a coupled-core system. 
Positive prompt feedback of a γpj form is assumed, where pj is the fractional power variation of core j. 
Prompt power variations over a range of a few milliseconds after a disturbance are analyzed. The analysis 
combines Liapunov's method, prompt jump approximation, and the eigenfunction expansion of coupling 
region response flux. The last is treated as a pseudo-delayed neutron precursor. An asymptotic stability 
region is found for pj. For an asymmetric flux variation over a system of two coupled cores, either pI or pII 
can slightly exceed, by virtue of the coupling effect, the critical value (β/γ − 1) of a single-core case. Such 
a stability region is increased by additional inclusion of the coupling region fundamental mode in the 
treatment. The coupling region contributes to stability through its delayed response and coupling. An 
optimum core separation distance for stability is found. 
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Abstract/Keyterms: Sensitivity coefficients for leakage and non-leakage components of sodium void 
worth in a fast critical assembly are calculated based on generalized perturbation theory. Dependence of 
the sensitivity coefficients on void patterns is small, although total sensitivity coefficients change 
remarkably, depending on void patterns. Thus once sensitivity coefficients for the two components are 
obtained for a reference void pattern, sensitivity coefficients for arbitrary void patterns in the same zone 
can be accurately predicted. 
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Abstract/Keyterms: This article reviews fast critical assembly work conducted by experimental groups in 
the United States, Japan, England, France, and the Federal Republic of Germany. Topics considered include 
heterogeneous cores, control rods, the effects of accident-caused core distortions, the central reactivity 
worth discrepancy in US evaluations, and some methods to extrapolate results found in relatively small 
critical assemblies to large power reactors. The most important goal of future activities will be to extend as 
far as possible the reliability of neutronic analysis, which has now been achieved in applications to large 
reactor systems with their very high sensitivity of the spatial distribution of fluxes, reaction rates, and 
reactivity worths. It is concluded that given the continued development of fast reactor technology, there is 
a need for information that can only be provided by fast critical facilities. 
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Abstract/Keyterms: ZPPR-7; ZPPR-8; ZPPR-10; ZPPR-13; Experimental programs to investigate the 
physics characteristics of heterogeneous liquid metal fast breeder reactor cores have been conducted in the 
zero-power plutonium reactor critical facility over a period of about5 yr. Previous experiments on 
conventional homogeneous cores provided appropriate benchmark data against which to judge the 
heterogeneous core results. For a heterogeneous reactor of the Clinch River Breeder Reactor size, both the 
physics parameters and the ability to predict them by common design methods differ substantially from an 
equivalent conventional design. Data errors and methods approximations have a greater effect in the 
analysis of heterogeneous cores, particularly with respect to such spatially varying parameters as power 
distributions and control rod worths. Preliminary results from recent experiments on a 700-MW (electric)-
sized heterogeneous assembly are presented. As expected, predictions of physics parameters in general are 
worse than for conventional cores. Eigenvalue spectra and cross-section sensitivity have been used to 
characterize the spatial sensitivity of the cores. 
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Abstract/Keyterms: The Pre-Racine and Racine experimental programs, which have been performed on 
the MASURCA critical assembly at Cadarache since 1976, were designed for the study of the neutron 
physics characteristics of heterogeneous fast reactor cores. Geometrically simple configurations were 
chosen in which parameters, being typical for heterogeneous cores, were varied in a systematic manner 
while the basic fissile composition was kept the same. Measurements were made especially of the critical 
mass, the distributions of reaction rates and the spectral indices, the reactivity of sodium voiding, and 
control rod worths. Analyses were made independently by Commissariat a l’Energie Atomique (CEA) and 
DEBENE using their own calculational techniques and cross sections. No bias for core heterogeneity was 
found on critical mass predictions. The CEA calculations for void reactivities are consistent in 
heterogeneous and homogeneous configurations. For the calculation of local parameters, e.g., reaction rates 
and spectral indices, more sophisticated methods must be applied in heterogeneous cores, as transport 
effects also become more important in fissile zones with increasing fertile volume fraction. It was found at 
CEA that the ratio of the calculated reactivity of a central control rod to the experimental value does not 
change with the core size or with the presence of internal breeder zones. 
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Abstract/Keyterms: An experimental study of the heterogeneous liquid-metal fast breeder reactor core has 
been made using FCA VII-3 assemblies of an axially heterogeneous configuration. The internal blankets 
inserted in these assemblies differed in composition, arrangement, and thickness. The analysis was carried 
out using the Japan Atomic Energy Research Institute Fast Set Version II and the diffusion code in R-Z 
geometry. The S/sub 4/ calculation was made to evaluate the transport effects. Comparison between the 
calculated and experimental results reveals that the eigenvalue and the plutonium sample worth in the core 
are underestimated for the heterogeneous assembly, although they are well represented for the 
homogeneous assembly. The 238U capture rate is underestimated in the internal blanket relative to the core 
of the heterogeneous assembly. Further study is needed to solve the inconsistent prediction of the sodium-
void worth observed between the heterogeneous and homogeneous assemblies. 
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Abstract/Keyterms: Measurements of the worths of simulated control rods for fast power reactors have 
been made in the ZEBRA and SNEAK critical assemblies by the modified source multiplication method 
(MSMM). The assemblies used were the conventional and unconventional core arrangements from the 
BIZET program and a compacted version of a conventional core. The control rods were mainly natural 
B4C, with some study of 40% /sup 10/B-enriched B4C and of Eu2O3. Correction factors for the MSMM 
were obtained from eigenvalue and source-mode diffusion theory calculations in XY geometry. The 
measured rod worths and interactions are compared with calculated values from methods and data similar 
to those used by the different participants in the BIZET program to predict the corresponding parameters 
in fast power reactors. In general, acceptable agreement is found. 
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Abstract/Keyterms: The reactivity effects of material rearrangements, simulating conditions in a 
postulated liquid-metal fast breeder reactor accident, were measured in SNEAK-12A, a single-zone 
uranium-fueled critical assembly, and calculated using current Kernforschungszentrum Karlsruhe methods 
and data and, in part, also using the corresponding modules of the SIMMER-II accident analysis system. 
For all cases investigated, satisfactory agreement between theory and experiment was reached when two-
dimensional transport eigenvalue calculations were used. The application of first-order perturbation theory 
or diffusion theory in a number of cases led to larger discrepancies, particularly when the experiments 
involved fuel compaction. 
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Abstract/Keyterms: Result of recent fissile small sample worth experiments in three fast reactor diagnostic 
critical assemblies are presented. These experiments produced significant insight into heterogeneity-related 
errors in standard calculational models of worth experiments in plate-type critical assemblies. Results of 
improved techniques for calculation of worth experiments are presented, and the mean ratios of calculated 
to experimental worths in the three new benchmark critical assemblies are shown to be in the range from 
0.97 to 1.04. The implications of the improved understanding of small sample worth experiments with 
respect to previously reported critical experiments are discussed. HEU-MET-INTER-001, IEU-MET-
FAST-010, IEU-COMP-FAST-001, MIX-COMP-FAST-001, ZPR9-36, ZPR9-34, ZPR9-35, ZPR-
TM-444; 
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Abstract/Keyterms: Integral Experiments / Liquid-Metal Fast Breeder Reactor 
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Conference/Journal: Nuclear Science & Engineering 
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Abstract/Keyterms: The objective of “statistical screening” is to determine the effective input variables 
that contribute most to the total variation or uncertainty of the output of a complex computer code. This 
accomplished by performing a relatively small number of computer runs with the code and performing 
statistical analyses on the results. There are two fundamentally different classes of statistical methods 
available, one based on overdetermined, the other on underdetermined, systems of equations. The basic 
features of both are described and compared, and a number of critical issues are discussed. Reference is 
made to a computer code system incorporating both methods and applied to numerical and physical 
problems. 
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Abstract/Keyterms: A major revision of the ENDF/B-V evaluation of neutron-induced nuclear data for 
239Pu has been completed for neutron energies between 8 keV and 20 MeV. The most important changes 
to the evaluation include incorporation of a comprehensive new theoretical analysis based on recent 
experimental data to replace part of the total cross-section file and all of the elastic and inelastic cross 
sections and secondary distributions, reevaluation of the prompt and total average neutron multiplicities 
from fission for incident energies between 0.4 and 11.5 MeV to correct discrepancies of almost 3% with 
new experimental data, and the replacement of all secondary neutron energy spectra from fission with 
improved shapes based on approximations to a new theoretical method. The results have been validated by 
calculating measured quantities for five fast critical assemblies. The evaluation is being distributed as 
Revision 2 of ENDF/B-V by the National Nuclear Data Center at Brookhaven National Laboratory. 
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Abstract/Keyterms: The effect of a local cooling disturbance caused by an edge-type blockage in a liquid-
metal fast breeder reactor (LMFBR) fuel subassembly was investigated with a series of out-of-pile local 
blockage experiments with water and sodium. The heat exchange layer model first developed for central-
type blockage cases applied well to the present edge-type cases. An empirical formula was developed for 
estimating maximum temperatures in various subassemblies, and the conclusion was reached that a middle 
size edge-type blockage could lead to sodium boiling. The critical heat flux data of Power Reactor and 
Nuclear Fuel Development Corporation and Kernforschungszentrum Karlsruhe were correlated with the 
boiling inception heat flux for various core flow velocities. A linear relation was found between them, 
suggesting a possible interpretation of the coolability limit within the framework of nonboiling conditions. 
The theoretical (hypothetical) excess temperature in the absence of boiling, ΔTms (= Tmax − Tsat), seemed 
to cross a critical value at the instance of permanent dryout. Based on the constant critical ΔTms assumption 
and the formula for Tmax, an assessment was made of the thermohydraulic consequences for the different 
blockage size situations of a typical LMFBR. 
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Abstract/Keyterms: A proposed fuel freezing mechanism for molten UO2 fuel penetrating a steel channel 
was investigated in the course of liquid-metal-cooled fast breeder reactor hypothetical core disruptive 
accident safety studies. The fuel crust deposited on an underlying melting steel wall was analyzed as being 
subjected to two stresses, one due to the pressure difference between the flowing fuel and the stagnant 
molten steel layer, and the other resulting from the temperature variation through the crust thickness. 
Analyses based on the proposed freezing mechanism and comparisons with fuel freezing experiments 
confirmed that fuel freezing occurs in three modes. For initially low steel wall temperatures, the fuel crust 
was stable and grew to occlude the channel. At high steel wall temperatures (above 1070 K), instantaneous 
wall melting leading to steel entrainment was calculated to occur with final penetration depending on the 
refreezing of the entrained steel. Between these two extremes, the stress developed within the crust at the 
steel melting front exceeds the critical buckling value, the crust ruptures, and steel is injected into the fuel 
flow. Freezing is dominated by the fuel/steel mixture. The theoretical penetration distances and freezing 
times were in good agreement with the experimental results with no more than 20% error involved. 
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Abstract/Keyterms: A two-group, one-dimensional formulation of a coupled-core system is proposed as 
a revision of the one-group response function method by Shinkawa et al. The coupling coefficient of the 
Kyoto University Critical Assembly symmetric coupled-core loading is revised. In such a light-water-
coupled system, the fast-to-fast coupling, Δ11 proves the greatest, the fast-to-thermal, Δ12, the second, and 
the thermal-to-thermal, Δ22, the smallest component within the quantity; at the core distance of 10 cm, Δ12 
= 0.68Δ11 and Δ22 = 0.028Δ11. Beyond 20 cm, both Δ11 and Δ12 decrease approximately by the fast-
neutron relaxation length of water. The effectiveness of the incoming neutrons is considerably dependent 
on the thickness of the core that receives them. 
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Abstract/Keyterms: Two-dimensional diffusion calculations, as commonly used, are unreliable for excess 
reactivity computations of small nuclear systems with significant leakage in the untreated dimension. 
Observing that the errors are mainly systematic, similarity between nuclear systems is defined and a theory 
concerning effective buckling is developed that eliminates systematic errors. Excess core reactivities of the 
materials-test-reactor-type swimming-pool research reactor IRR-1 are then computed with an accuracy 
better than ±0.5% with 99% confidence, and, in fact, the differences between the computed and measured 
values are <0.15% for the cases computed. 
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Abstract/Keyterms: Some qualitative results of neutron noise in a boiling water reactor (BWR) are 
reported. By using one-group theory, it has been shown that the neutron flux fluctuations caused by a 
distributed source in space, representative of the coolant boiling noise in BWRs, can be considered as made 
up of two components: The first one, having a global character, is a quickly varying function of frequency 
and follows the fundamental mode solution in space; the second, called nonglobal (local), follows the spatial 
variation of noise-source intensity distribution and is independent of frequency for ω < υΣ, where υ is the 
speed of neutrons and Σ is the effective removal (production minus absorption) cross section. For ω < υΣ, 
this component decreases with increasing frequency. The formulation indicates that the global component 
is quite sensitive to the neutron multiplication factor of the system and, for the local component, the medium 
behaves like a nonmultiplying one. The global effect is dominant at lower frequencies in a critical system, 
and the local effect is dominant at higher frequencies. 
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Abstract/Keyterms: The forward Kolgomorov equation is written for the case of a subcritical reactor 
monitored by two detectors and excited by a fission source located inside a fission chamber (an arrangement 
currently in use to measure reactivities). The marginal distribution of neutrons is shown to be given by the 
negative binomial distribution with an amplified correlation as compared to the case of a photoneutron 
source. The amplification allows the definition of an equivalent factor Deq for the Diven factor, which 
makes possible the application of formulas originally derived for interpretation of noise measurement in 
the presence of a photoneutron source to the case of a fission source. The ratio of the correlations measured 
under the successive presence of both kind of sources allows the direct measurement of the effective delayed 
fraction, βef. The factor Deq is proven to be consistent with a derivation based on the Schottky prescription 
for the noise source. 
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Abstract/Keyterms: A unique processing of in-core flux detector data is described and demonstrated, such 
that the detailed in-core power distribution can be derived with great accuracy by combining a special 
“smoothed-out” set of in-core data with neutron diffusion theory. Rational Mapping (RAM) is designed in 
such a way that erratic detector signals are recognized very efficiently and can be eliminated from the 
experimental data set: This achieved by modal expansion of the difference between theoretical fluxes and 
experimental fluxes at the detector sites. Sensitivity studies have shown that RAM is quite stable, does not 
absorb the “wild” detector error in the mapping procedure, and results in mapped fluxes with errors about 
three times smaller than would be obtained by direct interpolation of detector readings. A new method is 
described to infer corrections to theoretical core parameters based on the difference between the RAM 
fluxes and the theoretical fluxes. 
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Abstract/Keyterms: The results of a detailed study of a fast neutron diffusion length and pulsed problem 
in depleted and enriched subcritical uranium assemblies (0.2 to 4% 235U) are reported. The multigroup 
space- and time-dependent equations are solved using the eigenfunction expansion method. The effect of 
235U concentration on space (diffusion length problem) and time (pulsed problem) eigenvalues and 
eigenfunctions, particularly on the “discrete” eigenvalue and eigenfunction, is discussed. The approach to 
equilibrium (both in space and in time) of fast neutrons changes with changing 235U concentration. 
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Abstract/Keyterms: Analysis of critical experiments for cross-section evaluation has been conducted on 
the basis of one-dimensional four-group diffusion theory calculations that explicitly model the 
homogenized core and reflector in the radial plane. Such analyses require a reflector representation that 
models the leakage process as accurately as feasible. The development and testing of few-group ENDF/B-
V based light water reflector constants for use in diffusion theory derived to reproduce leakage and other 
reaction rates from reference multifast group transport calculations are described. This work has been 
extended to parameterize similar higher order transport calculations with two- or four-group constants valid 
for application to typical pressurized water reactor baffle/reflector configurations as represented in coarse 
mesh diffusion (PDQ) representations. 
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Abstract/Keyterms: The findings of Kalambokas and Henry, about the representation of light water 
reactor reflectors by boundary conditions, are the basis for the development of a practical scheme for the 
elimination of the reflector from two-group diffusion calculations of a pressurized water reactor. Boundary 
conditions are generated once, from a full-sweep diffusion calculation of the core and reflector, then used 
in short core sweeps to calculate power distributions and criticality for any change in core properties. 
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Abstract/Keyterms: A sufficient condition for the asymptotic stability of nuclear reactors in terms of the 
equilibrium power level and delayed neutron parameters is presented. The integro differential point kinetics 
equation for an autonomous reactor with an arbitrary nonlinear feedback is written in the quasilinear form 
Q + w/sup 2/Q = ef(Q,Q). The averaging principle is applied to investigate the stability of the amplitude of 
the fundamental harmonic of the true nonlinear series solution of this equation. Using a related theorem, a 
stability criterion is obtained, which is found to be somewhat more general that some previously proposed 
criteria. 
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Abstract/Keyterms: To honor Alvin Weinberg for his role as one of the key architects of the nuclear age, 
it seems appropriate to include a brief account of his involvement in nonnuclear activities. The time span 
covered includes two critical periods for energy policy — 1973, immediately prior to the oil embargo, and 
1974 to 1975, the most traumatic years of the period immediately following the embargo. The first period 
is illustrated by Weinberg's involvement with the Club of Rome and the second period by his service as 
head of the Energy Research and Development Office of the Federal Energy Administration. His far-sighted 
views on energy and natural resource policy at that time are contrasted with the perceptions of others who 
were seeking radical technological and institutional solutions for crises that, in the end, were solved by the 
interplay of market forces and evolutionary progress in energy supply and conservation, and the use of 
natural resources. 
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Abstract/Keyterms: An account is given of some nuclear measurements that apparently had some 
importance in the early days of the nuclear chain reaction. These include measurements of the decay periods 
and the intensity of the delayed neutrons (important for the control of the chain reaction), and the first 
measurements relative to a fast-neutron chain reaction in uranium metal. The latter showed that normal 
uranium would have to be enriched by a factor of more than 12 in order to sustain a fast-neutron chain 
reaction in a finite geometry, and that high enrichment would be needed for a nuclear weapon. They also 
suggested to reactor theorists that the interaction fast effect might make an important contribution to a 
controlled slow-neutron chain reaction using natural water as moderator/coolant. (In the capable hands of 
others, this perception of the theorists led eventually to most of the civilian and naval power reactors.) Items 
of personal research are briefly mentioned, viz., observation of the radioactive decay of the free neutron, of 
nuclear recoil due to neutrino emission, and of the atomic consequences of radioactive decay. The periods 
covered are 1940-1944 with the Cyclotron Group at the Metallurgical Laboratory, Chicago, and 1944-1968 
at Oak Ridge, Tennessee. 
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Abstract/Keyterms: In the seed-blanket core concept, the major portion of the core power is typically 
produced in subcritical regions known as “blankets.” The small supercritical regions that drive the blankets 
are known as “seeds.” The concept lends itself to geometry control in which moving the seeds varies the 
leakage of neutrons into fertile material, thus avoiding the loss of neutrons to parasitic control devices. As 
a burner, the seed-blanket concept has significant advantages in the reduction of initial fuel loading and 
improvement in resource utilization. As a breeder, the seed-blanket concept has further advantages in 
making it feasible to obtain negative void and moderator reactivity coefficients. A summary is presented of 
recent studies of the application of the seed-blanket core concept with both heavy water and light water 
moderation. 
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Date: 9/1/1985 

Report: NSENAO, 091, 011-033 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The prediction accuracy of the burnup characteristics of large liquid-metal fast 
breeder reactors (LMFBRs) is very hard to evaluate because of the unavailability of the direct experimental 
information. A quantitative evaluation was performed on the accuracy of the burnup property by use of the 
sensitivity coefficients in a large LMFBR and the covariance matrix of nuclear data. Also evaluated was 
the decrease in prediction error when the cross-section set was adjusted by the use of experimental data, 
such as criticality, reaction rate ratios, and others. It was concluded that accuracy with the direct use of 
current nuclear data is ±30% for burnup reactivity loss and ±5% for breeding ratio. On the other hand, the 
accuracy would be improved to ±18% and ±2.5% by utilizing the experimental data obtained on the zero-
power plutonium reactor assembly. 
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I 

Date: 9/1/1985 

Report: NSENAO, 091, 059-076 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Monte Carlo techniques for the calculation of the effective multiplication factor Keff 
of a nuclear reactor are discussed. A source iteration procedure based on a fixed number of fission points 
per generation is rigorously analyzed in the framework of the Markov chain corresponding to that 
procedure. It is shown that the estimated eigenvalue converges asymptotically to the correct eigenvalue of 
the transport equation and the bias in Keff is bounded by an expression of the form C·N1/2, where N is the 
number of fission points in each generation and C is a constant depending on the bulk properties of the 
reactor. 
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II 
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Conference Session:  

Abstract/Keyterms: Recently a Markov chain process corresponding to a source iteration procedure was 
proposed and analyzed. The properties of this process are further analyzed, yielding an integral equation 
for the first-order bias in the eigenmode and an explicit first-order expression for the bias in the eigenvalue. 
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Report: NSENAO, 091, 143-152 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A deuterium-tritium neutron source is amplified when emitted into a body of material 
with appreciable (n,2n), (n,3n), and (n,f) cross sections. This amplification is described by a simple theory, 
approximating the strict integral transport description of the process. The distribution of neutrons in energy, 
from 14 MeV down to the (n,2n) threshold, is approximated by a generalized slowing down equation, which 
is similar in form to the infinite medium slowing down equation, and with average collision probabilities 
taking up the role of scattering fractions. Following a few collisions, the collision source spatial distribution 
resembles the fundamental mode flux distribution of a critical reactor. The average collision probability for 
such a source is, in diffusion theory, ∑tr/(∑tr + DB2), where B2 is the geometrical buckling of the system. 
This yields an expression of the form (αx+βx2)/(l + αx + βx2) for the average collision probability, where 
x is a representative optical thickness of the system. It has been shown by numerical means that this form 
for the average collision probability is generally true for centrally peaked sources in variously shaped bare 
bodies of any optical thickness. 
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Conference Session:  

Abstract/Keyterms: An analysis of the Oklo natural reactor, a self-sustaining and self-regulating critical 
assembly that existed some 2 billion years ago in Gabon, Africa, is presented. Nonlinear continuous 
differential and nonlinear discrete iterative formulations are established and selected parameter 
characterizations identified. Conceivable power oscillations are calculated and discussed. Some 
implications of nonlinear mappings for nuclear simulation are suggested. 
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Abstract/Keyterms: An account is given of some nuclear measurements that apparently had some 
importance in the early days of the nuclear chain reaction. These include measurements of the decay periods 
and the intensity of the delayed neutrons (important for the control of the chain reaction), and the first 
measurements relative to a fast-neutron chain reaction in uranium metal. The latter showed that normal 
uranium would have to be enriched by a factor of more than 12 in order to sustain a fast-neutron chain 
reaction in a finite geometry, and that high enrichment would be needed for a nuclear weapon. They also 
suggested to reactor theorists that the interaction fast effect might make an important contribution to a 
controlled slow-neutron chain reaction using natural water as moderator/coolant. (In the capable hands of 
others, this perception of the theorists led eventually to most of the civilian and naval power reactors.) Items 
of personal research are briefly mentioned, viz., observation of the radioactive decay of the free neutron, of 
nuclear recoil due to neutrino emission, and of the atomic consequences of radioactive decay. The periods 
covered are 1940-1944 with the Cyclotron Group at the Metallurgical Laboratory, Chicago, and 1944-1968 
at Oak Ridge, Tennessee. 
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Abstract/Keyterms: The multigroup criticality safety code KENO-IV has been vectorized and tested on 
the FACOM VP-100 vector processor. At first, the vectorized KENO-IV on a scalar processor was slower 
than the original one by a factor of 1.4 because of the overhead introduced by vectorization. Making 
modifications of algorithms and techniques for vectorization, the vectorized version has become faster than 
the original one by a factor of 1.4 on the vector processor. For further speedup of the code, some 
improvements on compiler and hardware, especially on addition of Monte Carlo pipelines to the vector 
processor, are discussed. 
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Abstract/Keyterms: The Monte Carlo scheme for deep-penetration problems, where both transport and 
collision kernels are biased synergistically, leads to minimum variance. Obtaining a proper biasing 
parameter is still a problem. For certain values of biasing parameter, the variance could be infinite even in 
a very simple problem. Using moment equations of statistical error prediction, a critical biasing parameter 
is obtained. A biasing parameter greater than the critical parameter may lead to an unbounded second 
moment in a simple one-dimensional homogeneous shield problem. A prescription is provided that may 
help to avoid a poor selection of the biasing parameter. 
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Conference Session:  

Abstract/Keyterms: A methodology is developed for the evaluation of the energetic consequences of 
postulated core disruptive accidents (CDAs), in liquid-metal fast breeder reactors. The methodology 
provides a framework for integrating the results of mechanistic analyses, including whole-core simulations 
(SAS, SIMMER), special effects analytical evaluations, and simulant material experiments into a 
probabilistic appreciation of accident evolution paths and respective likelihoods. Detailed quantitative 
results are presented for the Clinch River Breeder Reactor heterogeneous core design. As a result of this 
work, new perspectives were generated in the following areas: role of plenum fission gases, presence and 
role of small recriticalities in the early stages of core disruption, large annular and cylindrical pool 
recriticalities and associated disassembly yields, energy partition, and the role of structural response of 
vessel internal structures. The results indicate that a CDA-induced energetic vessel head failure is physically 
unreasonable. 
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Abstract/Keyterms: Ten aqueous homogeneous critical assemblies were analyzed with ENDF/B-V data 
by means of the SAM-CE continuous energy Monte Carlo code. Calculated k(eff) values are consistent 
with experiment for large, dilute assemblies but become systematically as much as 1% too large for 
assemblies with both high leakage and hard flux spectra. Adjustments of k(eff) to measured capture and 
fission integrals indicate improvements that should be investigated further. 
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Conference Session:  

Abstract/Keyterms: The time response of a critical reactor to a perturbation in the cross sections has been 
analyzed in terms of the Green's function of the system. In this way it is possible to visualize the perturbation 
as a source of neutron waves that are reflected at the boundaries of the system. The original and reflected 
waves could, in principle, interfere with each other in producing resonances in response to the system; 
nevertheless, the damping of the neutron waves is usually so large that no dominant frequencies appear. 
Any observed resonant behavior of the neutron flux has then to be produced by a resonance in the 
perturbation. 
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Abstract/Keyterms: The FN method is used, in regard to two-group neutron-transport theory, to compute 
accurate critical dimensions for slabs and spheres. 
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Title: Subcriticality Measurements for Coupled Uranium Metal Cylinders Using the 252Cf-Source-Driven 
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Date: 1/1/1987 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The subcriticality of two interacting solution tanks was determined using 252Cf-
source-driven neutron noise analysis methods. This work was supported by a program of collaboration 
between the US Dept. of Energy and the Power Reactor and Nuclear Fuel Development Corporation of 
Japan to study aspects of nuclear criticality safety related to the development of fast breeder technology. 
These experiments were the first test of this method for an interacting system with materials (in this case, 
uranyl nitrate 140 g U/l, 93.15 wt% 235U) typical of nuclear materials in processing plants. 
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Conference Session:  

Abstract/Keyterms: A general view is given of the significance and practical application of critical 
experiments for design and development of high-temperature gas-cooled reactor (HTGR) pebble-bed cores, 
mainly in the Federal Republic of Germany. Some experimental results are presented, and the theoretical 
methods that are used to evaluate different effects are discussed. The main target seems to be attained; for 
HTGR pebble-bed cores, reliable methods for nuclear design are available. 
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Title: Neutron Physical Investigations on the Shutdown Effect of Small Boronated Absorbing Spheres for 
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Conference Session:  

Abstract/Keyterms: An emergency shutdown system for high-temperature gas-cooled pebble-bed reactors 
is proposed in addition to the common absorber rod shutdown system. This system is based on the strongly 
absorbing effect of small boronated graphite spheres (called KLAK), which trickle in case of emergency 
by gravity from the top reflector into the reactor core. The inner reflector of the Siemens-Argonaut reactor 
was substituted by an assembly of spherical Arbeitsgemeinschaft Versuchsreaktor fuel elements, and the 
shutdown effect was examined by installing well-defined KLAK nests inside this assembly. The purpose 
was to develop and prove a calculational procedure for determining criticality values for assemblies of large 
fuel spheres and small absorbing spheres. 
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Abstract/Keyterms: The critical facility KAHTER was used to verify and to adjust theoretical models 
describing the physics of pebble-bed high-temperature gas-cooled reactors. Using methods such as 
evaluating critical masses, flux mappings, and reaction rate measurements, more sophisticated experimental 
and theoretical methods have been developed to get exact information and interpretation of control rod 
efficiency, power determination, and fast neutron damage. 
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Abstract/Keyterms: Several fuel-loading concepts are proposed for high-temperature reactors of the 
pebble-bed type. A very promising one is the so-called OTTO (once through then out) loading scheme. 
Some of the intrinsic features of OTTO fuel loading are the axial nonsymmetrical power and neutron flux 
distribution with a pronounced maximum at the upper reactor core region. Since the neutron physics of 
OTTO cores will be very different from previous homogeneous fuel-loading schemes, detailed 
experimental and theoretical investigations of these objectives were performed at the critical facility 
KAHTER. Experimental and theoretical investigations have been carried out to determine critical masses, 
reaction rates, and control rod worths in the upper cavity and top reflector. Fast flux distributions in upper 
graphite reflectors were also measured to estimate graphite damage. The critical masses and keff’s are 
calculated using two- and three-dimensional code systems. The three-dimensional codes give keff values 
for the high-temperature gas-cooled reactor OTTO cores at zero burnup within a margin that is currently 
standard for these calculations. The agreement of measured and calculated reactivity worths of the top 
reflector rods is better than 2%. 
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Abstract/Keyterms: The measurements that were made in recent years to determine the hot and the cold 
coefficient of reactivity and the corresponding model calculations carried out by both Interatom and 
Hochtemperaturreaktorbau are described. The effects of the partial load of low-enriched uranium (LEU) 
fuel were of major interest. The cold coefficient is determined in shutdown periods by measuring the 
subcriticality at different core temperatures. The hot coefficient is determined under operation in connection 
with a change in coolant outlet temperature at constant power using a calibrated rod curve. In the case of 
the cold coefficient, experiment and model calculations are in perfect agreement. Calculated values for the 
hot coefficient are ∼20% lower than the experimental ones. However, neither experiment nor model 
calculation show any significant change of the hot coefficient when about one-fourth of the core content 
was being replaced by LEU fuel. 
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Conference Session:  

Abstract/Keyterms: Fort St. Vrain (FSV) is the only graphite-moderated, helium-cooled nuclear power 
plant in the United States. It was preceded by the 40-MW(electric) Peach Bottom high-temperature gas-
cooled reactor (HTGR), which was permanently shut down in 1975. The Public Service Company of 
Colorado owns and operates FSV, and the core design and manufacture were performed by General Atomic 
Company (now GA Technologies, Inc.). Extensive physics testing of the 330-MW(electric) FSV HTGR 
was conducted to confirm the adequacy of the calculational models used in the core design. The physics 
testing performed during the first three cycles has confirmed that the calculational models used for the core 
design have been eminently successful in predicting the core nuclear performance from initial cold 
criticality through power operation and refueling. 



 

C-13213 

13176…..…..…………………..…….……..……ID Number…………………..…..…………….13176 

Author: Kaneko, Yoshihiko 

Title: Reactor Physics Research Activities Related to the Very High Temperature Reactor in Japan 

Date: 10/1/1987 

Report: NSENAO, 097, 145-160 

Conference/Journal: Nuclear Science & Engineering 
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Abstract/Keyterms: Reactor physics research activities in Japan that are related to the very high 
temperature reactor (VHTR) for multipurpose use are briefly summarized. Emphasis placed on critical 
experiments. Neutronic core design accuracy required for the experimental VHTR is made clear, and 
nuclear data compilation and neutronic calculation code development are described. For experimental work, 
after a review of the results of all reactor physics experiments performed on the Semi-Homogeneous 
Experiment at the Japan Atomic Energy Research Institute, its reconstruction program to the VHTR critical 
assembly is presented. The aim of this program is to perform a detailed mockup experiment of the 
experimental VHTR loaded with low-enriched uranium-coated particle fuels. Finally, improvement of the 
neutronic calculation accuracy attained through comparison between calculation and experiment is 
illustrated, and some future problems are pointed out. 
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Abstract/Keyterms: For calculations of high-temperature gas-cooled reactors with low-enrichment fuel, 
it is important to know the plutonium cross sections accurately. Therefore, a calculational method was 
developed, by which the plutonium cross-section data of the ENDF/B-IV library can be examined. This 
method uses zero- and one-dimensional neutron transport calculations to collapse the basic data into one-
group cross sections, which then can be compared with experimental values obtained from integral tests. 
For comparison the data from the critical experiment CESAR-II of the Centre d’Etudes Nucléaires, 
Cadarache, France, were utilized. In this experiment samples with different plutonium concentrations and 
different mixtures of the plutonium isotopes were oscillated inside the core at different temperatures 
between 20 and 360°C. The simulation of this experiment through the calculational model developed in the 
present study showed that the ENDF/B-IV data for plutonium are reasonable. 
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Abstract/Keyterms: ZPPR-9; ZPPR-13; ZPPR-15; Recent measurements in the zero-power physics 
reactor have been used to study the effects of spatial decoupling in fast reactor critical assemblies of various 
sizes and compositions. Flux distributions in these assemblies had varying degrees of sensitivity to 
perturbations. Decoupling was investigated using rod-drop, boron-oscillator, and noise-coherence 
techniques, which emphasized different times following perturbations. Equilibrium flux distributions were 
also measured for subcritical configurations with inserted control rods. For most assemblies, accurate 
reactivity measurements were obtained by analyzing the power history from a single detector using inverse 
kinetics methods, assuming an instantaneous efficiency change for the detector. The instantaneous 
efficiency change assumption broke down, however, in assemblies with zones in which normal plutonium 
fuel was replaced by 235U fuel or fuel with a high 240Pu content. Flux redistributions caused by 
perturbations in these cores took several minutes to evolve. 
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Abstract/Keyterms: Cell homogenization methods for the neutronics analysis of the blanket region of a 
plate-type liquid-metal fast breeder reactor critical assembly are investigated, and an improved method is 
proposed, which calculates cell-averaged cross sections so as to preserve groupwise reaction rates in each 
cell in a multidrawer cell model. The present homogenization method has been applied to the analysis of 
the heterogeneous fast critical assembly ZPPR-13. It was found that the keff difference between 
homogeneous and heterogeneous fast critical assemblies was reduced from 0.4 to 0.2% &Delta; k/k by 
using the present method. 
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Abstract/Keyterms: Two-dimensional heterogeneity effects on cell-averaged cross sections and diffusion 
coefficients have been estimated. Both of the heterogeneity effects caused by the flux fine structure and the 
resonance shielding are taken into account. The accuracy of several one-dimensional cell models is assessed 
by comparing cell parameters obtained from one- and two-dimensional cell calculations. The two-
dimensional cell heterogeneity effects on core performance parameters have been evaluated for the large 
fast critical assembly ZPPR-9. The ZEBRA CADENZA plate-pin experiments have been analyzed using 
the two-dimensional cell model, and the usefulness of the two-dimensional cell calculation is discussed. 
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Abstract/Keyterms: The longer term response of oxide- and metal-fueled liquid-metal-cooled reactors to 
unscrammed loss-of-flow and loss-of-heat-sink failures is investigated. The investigation consists of a 
review of numerical transient calculations performed by the Argonne National Laboratory Reactor Analysis 
and Safety Division, and of analytical analyses of semi asymptotic states. The emphasis on the identification 
and evaluation of an inherent shutdown state for metal fuel, with its high heat conductivity, as an alternative 
to the familiar low-power asymptotic critical state. Design implications for retaining the inherently effected 
shutdown for a sufficiently long period are discussed and quantitatively evaluated. In addition, the effect of 
uncertainties of reactivity coefficients on predictions for such unscrammed transients is investigated. It is 
shown how measurements during a preoperational safety demonstration phase can validate and possibly 
correct those predictions. 
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Abstract/Keyterms: The isomer /sup 242m/Am with a half-life of 141 yr. is obtained from a (n,..gamma..) 
capture reaction with /sup 241/Am. The latter is a decay product of 241Pu. The isomer /sup 242m/Am has 
the highest known thermal fission cross section. The cross sections of this isomer are evaluated. Unit cell 
calculations show that nuclear systems with /sup 242m/Am require less fuel by a factor of 2 to 100 
compared to conventional fuels. These results indicate that potential applications of americium fuel exist, 
particularly for space reactors. 
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Title: Power Reactor and Critical Experiment Heterogeneity Effects Assessment for Bias Factors 
Definition 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Heterogeneity effects are compared in a power reactor subassembly of the 
SUPERPHENIX type and in the lattices of the critical experiments performed in the MASURCA critical 
facility. Both the fuel in heterogeneity and the structure tube heterogeneity are evaluated with a two-step 
method based on the subgroup technique for self-shielding effect evaluation and on the Benoist method for 
streaming effect evaluation (the DHARMA method). Besides validation with reference calculations for 
simple geometries, experimental evidence confirms the good performance of the method proposed. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The current status of axial heterogeneous core (AHC) design development in Japan, 
which consists of an AHC core design in a pool-type demonstration fast breeder reactor (DFBR) and 
research and development activities supporting AHC core design, is presented. The DFBR core design 
objectives developed by The Japan Atomic Power Company include (a) favorable core seismic response, 
(b) core compactness, (c) high availability, and (d) lower fuel cycle cost. The AHC concept was selected 
as a reference pool-type DFBR core because it met these objectives more suitably than the homogeneous 
core (HOC). The AHC core layouts were optimized emphasizing the reduction of the burnup reactivity 
swing, peak fast fluence, and power peaking. The key performance parameters resulting from the AHC, 
such as flat axial power/flux distribution, lower peak fast fluence, lower burnup reactivity swing, etc., were 
evaluated in comparison with the HOC. The critical experiments at the Japan Atomic Energy Research 
Institute's Fast Critical Assembly facility demonstrate the key AHC performance characteristics. The large 
AHC engineering benchmark experiments using the zero-power plutonium reactor and the AHC fuel pin 
irradiation test program using the JOYO reactor are also presented. 



 

C-13222 

13185…..…..…………………..…….……..……ID Number…………………..…..…………….13185 

Author: Henneges, Georg 
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Report: NSENAO, 100, 314-323 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The reactivity effects of material rearrangements, simulating conditions in a 
postulated liquid-metal fast breeder reactor accident, were measured in three different critical assemblies. 
SNEAK-12A, a single-zone core, fueled with enriched uranium metal plates; SNEAK-12B, which had a 
central test zone fueled with Pu0202 rod bundles surrounded by a buffer and a driver zone; and SNEAK-
12C, which had nearly the same integral compositions as SNEAK-12B but was loaded totally with plates. 
The reactivity effects were calculated using current Kernforschungszentrum Karlsruhe methods and data 
and, in part, also using the corresponding modules of the SIMMER-11 accident analysis system. Also, for 
some configurations, a comparison of measured and calculated fission rate distributions was performed., 
the evaluation yielded similar results for the three assemblies. For most cases investigated, satisfactory 
agreement between theory and experiment was reached when two-dimensional transport eigenvalue 
calculations or exact transport perturbation methods were used. As long as larger deviations occurred, 
transport results generally were on the conservative side. First-order transport perturbation theory only 
worked well in a limited number of cases. Diffusion calculations often led to large discrepancies, 
particularly when the experiments involved fuel dilution. 
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Report: NSENAO, 100, 342-351 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The CASMO code is an assembly spectrum code that uses multigroup integral 
transport theory with four thermal energy groups for the two-dimensional calculation. The latest version, 
CASMO-3, contains several new features, specifically a new data library, multibundle capability, gamma 
detector calculation, flux discontinuity factor edit, and an option for generating transport theory corrected 
baffle/reflector data. Extensive benchmarking, including comparisons against cold- and high-temperature 
critical experiments, Monte Carlo calculations, measured isotopics, and power reactor core follow, has 
verified that accurate results are obtained. The new multibundle capability has been used for studies of 
interassembly spectrum coupling and for validation of core physics methods. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-041; APOLLO II is a new, multigroup transport code under 
development at the Commissariat a l`Energie Atomique. The code has a modular structure and uses 
sophisticated software for data structuralization, dynamic memory management, data storage, and user 
macrolanguage. This paper gives an overview of the main methods used in the code for (a) 
multidimensional collision probability calculations, (b) leakage calculations, and (c) homogenization 
procedures. Numerical examples are given to demonstrate the potential of the modular structure of the code 
and the novel multilevel flat-flux representation used in the calculation of the collision probabilities. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Two new low- and high-order time-dependent nodal-integral methods were 
developed and applied to both incompressible fluid flow and natural convection. These new methods have 
a high level of accuracy on a coarse mesh, high efficiency, and an ability to reproduce results using various 
time-step sizes independent of a Courant condition. These new methods are applied to various bench-mark 
problems, such as double-glazing to verify their accuracy in space and time. Other applications to 
bifurcation searches and stability of flow fields verify their accuracy and their ability to duplicate natural 
phenomena without exhibiting problems with spurious solutions, turning points, and bifurcation points. The 
new methods are also used to verify the existence of critical values of the aspect ratio. The means by which 
alternative stable solutions can be obtained form a no-flow initial condition for a critical aspect ratio are 
also examined. 
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Conference Session:  

Abstract/Keyterms: Power distributions of the large-scale axially heterogeneous liquid-metal fast breeder 
reactor were studied by using the experiment results of fast critical assemblies XI, XII, and XIII and the 
results of their analyses. The power distributions were examined by the gamma-scanning method and 
fission rate measurements using 239Pu and 238U fission counters and the foil irradiation method. In 
addition to the measurements in the reference core, the power distributions were measured in the core with 
a control rod inserted and in a modified core where the shape of the internal blanket was determined by the 
radial boundary. The calculation was made by using JENDL-2 and the Japan Atomic Energy Research 
Institute`s standard calculation system for fast reactor neutronics. The power flattening trend, caused by the 
decrease of the fast neutron flux, was observed in the axial and radial power distributions. The effect of the 
radial boundary shape of the internal blanket on the power distribution was determined in the core. The 
thickness of the internal blanket was reduced at its radial boundary. The influence of the internal blanket 
was observed in the power distributions in the core with a control rod inserted. The calculation predicted 
the neutron spectrum harder in the internal blanket. In the radial distributions of 239Pu fission rates, the 
space dependency of the calculated-to-experiment values was found at the active core close to the internal 
blanket. 
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Title: Analyses of Reactor Physics Experiments in the Kyoto University Critical Assembly 
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Report: NSENAO, 100, 525-537 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Both experimental and analytical studies have been performed on the temperature 
coefficient of reactivity in a light water moderated and reflected core loaded with highly enriched uranium 
fuel at the Kyoto University Critical Assembly. The temperature effect on reactivity was measured for the 
20 to 70/sup 0/C range to investigate separately the effects of the H/ 235U atomic ratio and the core shape 
on this quantity. The results of both the eigenvalue and perturbation calculations by the SRAC code system 
approximately reproduced the experimental data. It was found that the contribution of the core region to 
the temperature coefficient was negative due to the degradation of moderation, whereas that of the reflector 
region was positive due to the decrease in neutron absorption. The positive contribution of the reflector 
region became large as the H/ 235U atomic ratio became smaller and the core shape became more slender. 
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Report: NSENAO, 100, 538-548 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: To solve the problems encountered in the analysis of the large homogeneous and 
heterogeneous fast critical assemblies, Zero-Power Plutonium Reactor (ZPPR) 9, 10, and 13, the authors 
have revisited the analysis using improved methods. Two-dimensional cell calculations, cell calculations 
using multidrawer cell models, and three-dimensional transport theory core calculations were introduced. 
Using these methods, the discrepancies in the calculation-to-experiment (C/E) values of kappa/sub eff/ For 
the fast critical assemblies was reduced. The use of the multidrawer model reduced the C/E spatial 
dependency of the control rod worths in the ZPPR-10 cores. To investigate the remaining problems of the 
spatial dependence of the C/E values of reaction rate distribution and control rod worth, the authors have 
adjusted a cross-section set obtained from the JENDL-2 library using the integral experiments. The cross-
section changes, particularly for the diffusion coefficient, 238U scattering and capture, and 239Pu fission 
cross sections, have corrected the spatial dependence, as well as the overestimation of the /sup 239/U 
capture to 239Pu fission rate ratio and sodium void worth. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Results of the first benchmark physics tests of a metallic-fueled, demonstration-size 
liquid-metal reactor (LMR) are reported. A simple, two-zone, cylindrical conventional assembly was built 
with three distinctly different compositions to represent the stages of the Integral Fast Reactor fuel cycle. 
Experiments included criticality, control, power distribution, reaction rate ratios, reactivity coefficients, 
shielding, kinetics, and spectrum. Analysis was done with three-dimensional nodal diffusion calculations 
and ENDF/B-V.2 cross sections. Predictions of the ZPPR-15 reactor physics parameters agreed sufficiently 
well with the measured values to justify confidence in design analyses for metallic-fueled LMRs. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An expert system for diagnosing operational transients in a nuclear power plant is 
discussed. Hypothesis and test is used as the problem-solving strategy with hypotheses generated by an 
expert system that monitors the plant for patterns of data symptomatic of known failure modes. Fuzzy logic 
is employed as the inferencing mechanism with two complementary implication schemes to handle 
scenarios involving competing failures. Hypothesis testing is performed by simulating the behavior of 
faulted components using numerical models. A filter has been developed for systematically adjusting key 
model parameters in an attempt to obtain agreement between simulations and actual plant data. Pattern 
recognition is employed as a decision analysis technique for choosing among several hypotheses based on 
simulation results. An artificial intelligence framework based on a critical functions approach is used to 
deal with the complexity of a nuclear plant. A prototype system for diagnosing transients in the reactor 
coolant system of a pressurized water reactor has been developed to test the algorithms described here. 
Results are presented for the diagnosis of data from the Three Mile Island Unit 2 loss-of-feedwater/small-
break loss-of-coolant accident. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The author presents empirical formulas derived that describe neutron flux 
distributions in straight and bent cylindrical steel-walled ducts in symmetrical and asymmetrical 
geometries. Asymmetry is defined by the slant angle between the duct axis and a line passing through the 
center of the duct mouth and source. Streaming neutrons are divided into direct, albedo, and penetration 
components. The first two components are described by a function of the axial distance in units of the 
square root of the line-of-sight area. The last component is described by a function of the neutron flux 
distribution in the shield in the absence of the duct. 
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Title: Systematics of Criticality Data of Special Actinide Nuclides Deduced Through the Trombay 
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Date: 7/1/1989 

Report: NSENAO, 102, 295-309 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The authors describe a number of interesting systematics and correlations deduced by 
analyzing the criticality data of special actinide nuclides using concepts embodied in the Trombay critically 
formula (TCF). The {kappa}/sub {infinity}/ of fast metal actinide nuclides gives a remarkable linear 
correlation with the fissibility parameter Z/sup 2//A. The neutron leakage probability of all fast metal cores 
characterized using a constant parameter {sigma}/sub std/ enables computation of the critical mass value 
of any unknown fissile nuclide knowing only its Z/sup 2//A value. Since the neutron leakage probability 
from dilute fissile solutions is primarily governed by the scattering/slowing down properties of the 
hydrogen present in water, critical masses and subcritical limits can be predicted for any water-reflected 
system at any specified hydrogen-to-actinide atomic ratio knowing only the {kappa}/sub {infinity}/ value 
of the given fissile solution. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The state of the JEF-2 evaluation of 238U + n cross sections in the region of 
unresolved resonances ({approximately} 10 to 300 keV) is reported with special emphasis on recent 
progress in theory (rigorous expressions for resonance-averaged cross sections with arbitrary level overlap), 
which permits reliable model-aided evaluation and parameterization by simultaneous fits to total, capture, 
and inelastic scattering cross-section data. Formalized inclusion of information from resolved resonances 
via Bayes theorem has helped to remove discrepancies between resolved and unresolved parameters and 
has improved resonance statistics. Comparison with the latest ENDF/B-VI (pointwise) evaluations of the 
capture and the total cross sections shows agreement within 1 to 3%. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Experiments done in several critical assemblies of the liquid-metal-cooled fast reactor 
type simulated core axial expansion, core radial expansion and bowing, coolant expansion, and control 
driveline expansion. For the most part, new experimental techniques were developed to perform these 
experiments. Calculations of the experiments basically used design-level methods except when it was 
necessary to investigate complexities peculiar to the experiments. It was found that these feedback 
reactivities generally are overpredicted, but the predictions are within 30% of the experimental values. 
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Conference Session:  

Abstract/Keyterms: Gamma-dose analysis was performed on an absolute-value basis at the zero-power 
plutonium reactor (ZPPR)-13B/4 critical assembly, which was one of the benchmark radially heterogeneous 
650-MW(electric) liquid-metal reactor cores, to validate the current data and methods applicable to power 
reactor design calculations. Discussions of particular aspects inherent to the critical measurements, such as 
heterogeneity in the ZPPR plate cells and delayed fission product gamma effect, are included. The results 
showed that the gamma-energy deposition distribution was reproduced within an accuracy of ∼10% in 
cores that had complicated fuel and internal blanket layouts. 
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Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Experiments in zero-power physics reactor 17 provided physics data for a full-scale 
axially heterogeneous 650-MW(electric) liquid-metal reactor. Measurements and analysis are reported for 
control rod worths, reaction rate distributions, gamma dose distributions, sodium void worths, and 
criticality. Agreement between measurement and calculation is generally satisfactory, but the axial 
heterogeneity did introduce analytical complications. Design-level calculation methods gave somewhat 
worse agreement with measurement than in previous homogeneous or radially heterogeneous assemblies. 
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Conference Session:  

Abstract/Keyterms: Critical experiments have been performed on a mock-up of the compact nuclear 
power source (CNPS), a small reactor system designed to provide power at sites where fuel costs and 
logistics make fossil-fuel-powered systems less attractive. Although the program has been canceled, its 
unique physics characteristics make the CNPS a useful benchmark for medium-enriched uranium-graphite-
moderated reactors. The physical design, details of the critical experiments, and the methods and results of 
the analysis are described. The discrepancies between calculations and experiments are such that, though 
further modeling work is necessary to delineate the causes, the beginning-of-life performance of the reactor 
was adequately predicted. 
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Conference Session:  

Abstract/Keyterms: Pin Power Reconstruction Capability Has Recently Been Added to the Simulate-3 
Nodal Reactor Analysis Code. Detailed Descriptions of the Models Employed are Presented. This 
Reconstruction Method is Based on Single-Assembly (Not Colorset) form Functions, and a Detailed 
Treatment of Spectral Interaction Between Assemblies is Introduced. This Pin Power Reconstruction 
Method Produces Accurate Calculation of Pin Powers Throughout Depletion and Fuel Shuffling. 
Comparisons with Multigroup Transport Calculations and with Measured Critical Assembly Power 
Distributions Demonstrate that the Pin Power Reconstruction Method is Comparable in Accuracy to Fine-
Mesh Methods. the High Numerical Efficiency of the Reconstruction Method Permits Economical 
Calculation of Three-Dimensional Pin Power Distributions in Light Water Reactors. 



 

C-13239 

13202…..…..…………………..…….……..……ID Number…………………..…..…………….13202 

Author: Misawa, T. / Shiroya, S. / Kanda, K. 

Title: Measurement of Prompt Decay Constant and Subcriticality by the Feynman- Method 

Date: 1/1/1990 

Report: NSENAO, 104, 053-065 
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Conference Session:  

Abstract/Keyterms: The Feynman-{alpha} experiments have been carried out using light-water-
moderated and -reflected cores loaded with highly enriched uranium fuel at the Kyoto University critical 
assembly. An experimental technique using a multichannel scaler was developed to improve the accuracy 
of measurement and to shorten measuring time. Then, the {beta}{sub eff}/l values of single and coupled 
cores with different neutron spectra were measured to demonstrate the capability of the present technique 
for measuring the prompt neutron decay constant {alpha}. Moreover, the Feynman-{alpha} method was 
applied to measuring large subcriticalities. Through these experiments, it is found that the present technique 
greatly improves the accuracy of {alpha} measurement, and the one-point reactor approximation is 
applicable to a tightly coupled core. It is also found that the subcriticality down to approximately {minus} 
35 $ can be measured by this method if the position of the neutron detector is chosen carefully, and the 
present Feynman-{alpha} method can be applied to a subcriticality monitoring system 
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Conference Session:  

Abstract/Keyterms: The spent-fuel carrying capacities of previous-generation spent-fuel shipping casks 
have been primarily thermal and/or shielding limited. Shielding and heat transfer requirements for casks 
designed to transport older spent fuel with longer decay times are reduced considerably and cask capacities 
become criticality limited. Using burnup credit in the design of future casks can result in increased cask 
capacities as well as reduced environmental impacts and savings in time and money. 
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Conference Session:  

Abstract/Keyterms: A new direction for the analysis of nonlinear models of nuclear systems is suggested 
to overcome fundamental limitations of sensitivity analysis and optimization methods currently prevalent 
in nuclear engineering usage. This direction is toward a global analysis of the behavior of the respective 
system as its design parameters are allowed to vary over their respective design ranges. Presented is a 
methodology for global analysis that unifies and extends the current scopes of sensitivity analysis and 
optimization by identifying all the critical points (maxima, minima) and solution bifurcation points together 
with corresponding sensitivities at any design point of interest. The potential applicability of this 
methodology is illustrated with test problems involving multiple critical points and bifurcations and 
comprising both equality and inequality constraints. 
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Conference Session:  

Abstract/Keyterms: The harmonic expansion of the detector field of view in terms of direct and adjoint 
kinetic eigenfunctions together with the use of a modified version of the Schottky prescription of the 
equivalent source of noise make possible the harmonic analysis of stochastic descriptors used in the 
measurement of kinetic parameters. The results are general in the sense that they do not depend on the 
approximations of the Boltzmann operator, the distribution of fissile materials, or the multiplicity of the 
neutron source that drives the subcritical system. The results are applied to analyze the particular case of a 
system driven by a 252Cf source, with the californium deposited in one of the electrodes of a fission 
chamber and monitored by two sets of neutron detectors. This analysis oriented toward the interpretation 
of experiments to measure reactivities with the stochastic method of the 252Cf source (ratio method). The 
theory is then used to synthesize stochastic observables using a simple approximation of the Boltzmann 
operator, i.e., two-point kinetics, which show the general features of the spatial effects observed 
experimentally. 
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Conference Session:  

Abstract/Keyterms: An improved technique for inferring the eigenvalue separation, which is important in 
spatial stability analysis, was developed using the noise coherence function. It was applied to fast reactor 
critical assemblies of various sizes and compositions that exhibited a wide range of spatial decoupling. In 
each experiment, four lithium-glass detectors were used to measure noise coherence functions. Various 
ratios of the coherence functions were used to obtain the first two modes of separation considering higher 
modes and variations in detector efficiencies. The eigenvalue separation obtained by noise analysis agreed 
well with calculation. 
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Abstract/Keyterms: n.a. 
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Abstract/Keyterms: n.a. 
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Abstract/Keyterms: Changes in the sign of the reactivity coefficient due to changes in the water density 
are very important in all water-moderated lattices. This sign is determined by the lattice parameters, such 
as the fuel enrichment and the lattice pitch. It is negative in undermoderated lattices. However, in special 
lattices, for example, in spent-fuel storage pools, this reactivity coefficient could be positive, even though 
one would predict a negative value from the lattice parameters. An example of this effect is presented, and 
the unexpected sign is explained. 
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Abstract/Keyterms: A diffusion iterative scheme has been developed to analyze the basic three-
dimensional supercell problem encountered in pressurized heavy water reactors (PHWRs). Multigroup 
transport calculations are performed essentially in one dimension for the fuel cluster cell and the reactivity 
device (RD) supercell problems. Iterative diffusion calculations are done in one and two dimensions such 
that the net transport leakages into the fuel cluster or RD are reproduced. The few-group parameters of the 
fuel cluster or the boundary conditions on the RD surface are modified for this purpose. With these 
modifications, the three-dimensional supercell problem is treated by diffusion theory. The accuracy of the 
new scheme is demonstrated against the corresponding transport solutions in both one and three dimensions. 
A half-bundle-sized constant mesh is proposed for core diffusion analyses. Since the RDs in a PHWR are 
rather arbitrarily located, it is difficult to perturb the lattice parameters of controlled meshes properly when 
a constant mesh size is employed. A flux-related weighting scheme is devised to distribute the δ∑’s in 
meshes falling within the zone of influence of an RD. This core model is compared with a direct method 
where the supercell concept is avoided and RDs are simulated by internal boundary conditions directly in 
the core diffusion simulation. Analysis of certain low-power criticals provides the experimental validation 
of the calculational schemes. 
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Abstract/Keyterms: This paper reports on dynamic measurements of the subcritical neutron multiplication 
factor k(eff) using the 252Cf-source-driven neutron noise analysis method performed for an unreflected 
25.1-cm-i.d. cylindrical tank containing aqueous uranyl nitrate as the solution height changed at rates of 1 
to 23 cm/min, with corresponding changes in k(eff) from 4 {times} 10 {sub {minus} 4} to 0.01. These 
experiments, which were the first test of the method to measure k(eff) while it is changing, showed the 
following: this method has the capability to measure subcriticality for a multiplying system to a k(eff) as 
low as 0.30; experimental k(eff) values can be obtained from the ratio of spectral densities with as little as 
6 s of data accumulation and a small fraction of a second analysis time while the solution tank is drained 
from a height of 29.5 to 6.5 cm in {approx} 60 s, with corresponding changes in k(eff) from 0.95 to 0.30; 
the measured k(eff) values obtained do not depend on the speed at which the solution height is changed or 
whether it is filling or draining; the results of the dynamic measurements agreed with the static 
measurements; where static measurements were practical (limited to k(eff) down to {approx} 0.5 by 
detection efficiency) with 3He proportional counters sensitive to leakage neutrons only, the results agreed 
with those from measurements with scintillation detectors sensitive to gamma rays and neutrons escaping 
from the system; as in previous experiments the ratios of spectral densities at low frequency were used 
successfully to obtain k(eff) values using a modified point kinetics interpretation of the data; the neutron 
multiplication factors from independent measurements using the break frequency noise analysis method 
agree with the value of k(eff) from the measured ratios of spectral densities of k(eff) values of 0.65. 



 

C-13249 

13212…..…..…………………..…….……..……ID Number…………………..…..…………….13212 

Author: Carew, J. F. 

Title: An Analytic Method for Analyzing Prompt-Critical Reactivity Transients 

Date: 4/1/1990 

Report: NSENAO, 104, 396-401 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: An analytic method for analyzing prompt-critical reactivity transients for a nonlinear 
energy feedback model is derived. The nonlinear point kinetics equation is replaced by a least-squares 
equivalent linear equation, and an approximate time-dependent reactivity is determined analytically. 
Assuming the power burst is infinitely sharp and symmetric about the peak, the transient peak energy, 
power, and pressure are expressed in terms of the inserted reactivity. The resulting expressions allow the 
definition of an equivalent step reactivity transient that preserves both the peak energy and power. The 
method is applied to the case where the feedback nonlinearity is small, and simplified expressions for the 
transient peak energy and power are determined and shown to approximate the known exact results in the 
case of a ramp reactivity insertion and a linear energy feedback model. 
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Abstract/Keyterms: A sample of (U,Pu)-mixed oxide was fission heated along the saturation line and into 
the compressed liquid regime. The density of the sample at temperatures around 7000 K was determined 
from the onset of the liquid-phase pressure signal. Values for the compressibility of the (U,Pu)-mixed oxide 
were determined from the slope of the measured pressure/time signal. Based on these results and earlier 
measurements, new relations are proposed for the following properties: the density/enthalpy, 
density/temperature, thermal expansion/temperature, and isothermal compressibility/temperature relations. 
The ranges of validity are 1400 to 3600 kJ/kg and 3120 to 7600 K, respectively. The property relations are 
recommended for both liquid UO2 and (U,PUO2 with yPu ≤ 0.25. The measured data strongly suggest that 
the critical temperature of (U,PUO2 is well above 8000 K. 
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Abstract/Keyterms: The loading of the Superphénix core took place between July 20 and October 3, 1985. 
The loading of the first core, involving 5.7 tonnes of plutonium, employed a new strategy in the pattern of 
fuel/dummy assembly replacement moves, known as the checkerboard pattern. This pattern proved highly 
satisfactory; significant counting rates were obtained on the low-power chambers early in the loading; 
overall loading time was reduced; and the interpretation of measurements was facilitated., the results were 
in good agreement with precalculated values, which were reconfirmed by a further, more detailed 
interpretation that took into account the actual conditions at the time of the reload. The reactivity differences 
between calculated and measured values for the first critical core loading (containing 33 dummy 
assemblies) and the fully loaded power core were –0.12 and –0.02% A k/k, respectively. This agreement 
between experimental and calculated values demonstrates the satisfactory performance of the data sets and 
methods used in the analysis. 
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Abstract/Keyterms: Several experiments on Superphénix are used to compare calculations and 
measurements for various control rod configurations that show salient spatial effects: 1. “local criticality” 
configurations (i.e., in a subcritical reactor with all rods inserted, adjacent control rods are successively 
withdrawn up to criticality) 2. criticality achieved with one control rod curtain up and the other remaining 
fully inserted 3. “handling error” configurations (i.e., all rods inserted except one, which is supposed to be 
replaced by a fuel subassembly). These experiments and their analysis are described. The calculation-to-
experiment comparison shows a good agreement. 
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Abstract/Keyterms: A series of experiments was performed in slab geometry using a mixed aqueous Pu-
U nitrate with 173 and 262 g/{ell} of plutonium and uranium, respectively. Both the thickness of the slab 
for an {approximately}71-cm fixed height and the height for a 19.05-cm fixed thickness were varied for 
this slab, which had a 106.7-cm base length. The plutonium contained 91.1 wt% 239Pu while the depleted 
uranium contained 0.57 wt% 235U. These measurements using the 252Cf-source-driven neutron noise 
analysis method are interpreted using modified point kinetics to obtain the subcritical neutron multiplication 
factors. This paper summarizes the data accumulated in the measurements and their interpretation in this 
first application of the method to slab geometry. The results and conclusions of these experiments are the 
capability to measure the subcriticality for a multiplying system of slab geometry by the 252Cf-source-
driven noise method to a k as low as 0.70 was demonstrated; the reactivities obtained by independent 
measurements using break-frequency noise analysis agreed with those obtained from the ratio of spectral 
densities within the experimental uncertainties; the criteria developed in previous experiments for choosing 
source-detector-system configuration for which the data can be interpreted using modified point kinetics 
were also satisfactory for this experiment; measurement times for this geometry were not significantly 
different from those used in cylindrical geometry and were sufficiently short to allow practical 
measurements; the applicability of the method and understanding of the theory of the measurement method 
for plutonium solution systems were demonstrated; and calculated neutron multiplication factors agreed 
with those from experiments within {approximately}0.02. 
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Abstract/Keyterms: A study of the stability of subcritical neutronic modes in boiling water reactors that 
can result in out-of-phase power oscillations is presented. A mechanism has been identified for this type of 
instability, and the LAPUR code has been modified to account for it. Numerical results show that there is 
a region in the power flow operating map where an out-of-phase instability mode is likely even if the core 
wide mode is stable. 
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Abstract/Keyterms: This paper reports on the analysis of neutron spectra emitted form a 14-MeV source 
and streaming through a void steel duct embedded in concrete carried out using a multigroup Monte Carlo 
code on a small computer. The calculated results are compared with experimental results and with other 
calculational analyses involving continuous energy Monte Carlo methods. The computational methods 
agree when the P{sub N} expansion of the multigroup method is sufficiently extended. Some discrepancies 
with the experimental results, found in earlier analyses, still remain; and these are investigated with regard 
to the use of a new modification of the evaluated iron data, the spreading of the calculated results for 
comparison with experimental spectra, and various other modeling details. 
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Abstract/Keyterms: A pattern recognition algorithm has been developed for systematic generation of 
shallow knowledge for nuclear power plant transient diagnostics. The algorithm involves feature selection 
and pattern discovery. The selection of N best features is attained by discarding redundant and 
nondiscriminatory features. An entropy minimax algorithm is used to discover the patterns by searching an 
N-dimensional feature space, populated with transient events of the data base, to locate subspaces that 
discriminate among the event classes. These patterns are then represented as production rules for 
diagnostics. A series of approximations have been implemented in the algorithm to handle the discovery of 
patterns in multidimensional space. We have also developed a perturbation algorithm within the entropy 
minimax framework to update the patterns in an incremental fashion as new data are obtained. The Midland 
Nuclear Power Plant Unit 2 simulator is used to generate 144 single-failure events. Based on these events, 
25 production rules are generated, representing a two-level hierarchical knowledge structure of single-
failure events along the critical safety function approach. These rules represent the common characteristics 
of time-varying features over the diagnostic time, thereby providing diagnostic capability at any time during 
the transient. 
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Abstract/Keyterms: The monoenergetic transport equation with isotropic scattering and vacuum boundary 
conditions is applied to two-media spherical and plane systems. The mean-free-path is assumed to be the 
same even though the multiplication factors are different in both media. The two coupled integral equations 
that are obtained are numerically solved using the spatial Legendre polynomial method (Carlvik's method). 
Seven or more eigenvalues for various dimensions of the bodies are given, and the first five flux modes for 
some cases are plotted. In addition, for homogeneous systems, this paper presents more accurate and higher 
eigenvalues than those thus far known. 
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Abstract/Keyterms: The classic example used to illustrate the solution to the point kinetics equations with 
one equivalent delayed-neutron group is argued to be inappropriate for real reactors. However, a solution 
to the equations, altered by the addition of a neutron source, is shown to have qualitative resemblance to a 
real reactor and to predict that all steady states are subcritical. Reactivity oscillations are cited as another 
reason for subcritical steady states. 
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Abstract/Keyterms: Perturbation theory has been used to obtain expressions for the reactivity associated 
with deformation of a thin plate in a critical reactor. The methodology uses reactivity worth coefficients 
computed for a homogeneous system to assess the effect of changes in the shape and composition of 
heterogeneous components such as structural and fuel elements. The resulting expressions are applied to 
two heuristic sample problems consisting of a uniform plate displacement and a sinusoidal plate bowing 
deformation. In the former case, the perturbation results agree well with exact analytical calculations. The 
second case provides useful analytical approximations that illustrate how the deformation reactivity is 
expected to vary with the fractional plate elongation, the location of the plate in the core, and other 
parameters. 
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Abstract/Keyterms: The effects on coolant void reactivity from soluble poison and from control rods 
inserted into the moderator of a light-water-cooled pressure-tube-type heavy water reactor (HWR) are 
studied in experiments and theoretical analyses. The soluble neutron absorber is 10B burnable poison 
uniformly dissolved in the moderator, and the boron carbide control rods are inserted into the moderator 
vertically between fuel channels. The reactivity caused by the increased void fraction is measured in the 
deuterium critical assembly (DCA). The void reactivity becomes less negative with the soluble neutron 
absorber, and the change is nearly proportional to the concentration of poison. The void reactivity is not as 
dependent on the number of control rods inserted, and the incremental positive shift lessens with increasing 
control rod worth. Experimental and calculated (WIMS-D4 code) results agree within ±1 $., the effects on 
void reactivity caused by the neutron absorbers are investigated by perturbation analysis. Neutrons are 
easily thermalized by light water in the pressure tube at lower void fractions, and some diffuse into the 
heavy water moderator. More thermal neutrons are absorbed in the heavy water in the presence of an 
absorber than with a higher void fraction. 
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Abstract/Keyterms: In this paper within the context of one-group diffusion theory, the authors discuss the 
effect of randomness (stochasticity) on the criticality of a bare nuclear reactor. Previous authors have 
concluded that randomness decreases the critical size for a given amount of fuel, and that such randomness, 
when introduced into a homogeneous critical reactor, leads most probably to a supercritical state. By 
considering a sufficiently simple stochastic problem so that exact results can be obtained, we judge these 
prior conclusions to be only partially correct. The authors show that the effect of randomness on a criticality 
problem depends on both the nature of the randomness and the ensemble-averaging procedure and 
interpretation used to describe the reactor in the stochastic setting. 



 

C-13262 

13225…..…..…………………..…….……..……ID Number…………………..…..…………….13225 

Author: Aihara, Nagafumi / Fukumura, Nobuo / Kadotani, Hiroyuki / Hachiya, Yuuki 

Title: Axial Dependence of Partial Void Reactivity in a Light Water-Cooled, Heavy Water-Moderated, 
Pressure-Tube Reactor 

Date: 10/1/1991 

Report: NSENAO, 109, 158-170 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The effect on reactivity of changes in the coolant levels in the pressure tubes of a 
pressure-tube heavy water reactor is experimentally studied to clarify the effect of an axial coolant void 
fraction distribution. The coolant void fraction distribution is simulated by stepwise changes in the coolant 
levels in the Deuterium Critical Assembly (DCA). The reactivity is measured for a 25.0-cm-pitch square-
lattice core with a positive coolant void reactivity. The reactivity changes resulting from changes in the 
coolant levels are measured as changes in the critical heavy water levels. The axial distribution of the 
thermal neutron flux is also measured by the copper activation method. In these measurements, the critical 
heavy water levels show a sinuous curve having a maximum and a minimum, and a positive reactivity larger 
than those of both the 0% and the 100% void uniform cores is introduced at certain coolant levels by 
stepwise changes in the coolant levels. An experimental analysis performed with the coupled WIMS-
ATR/CITATION code system, whose analytical method was established through DCA critical 
experiments. Agreement between experiment and analysis fairly good. Furthermore, the peculiar reactivity 
behavior resulting from changes in the coolant levels is analyzed using a simplified model to take note of 
typical reactor physics parameters. It is clarified that this anomalous phenomenon is caused by the 
combined effect of the flattened S curve change in the thermal neutron absorption and the even flatter S 
curve change in the neutron leakage caused by the changes in the coolant levels. Useful information is 
obtained regarding reactivity behavior with an axial coolant void fraction distribution. 
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Abstract/Keyterms: The accuracy of the nuclear design code system for the High-Temperature 
Engineering Test Reactor (HTTR) is evaluated for the neutronic characteristics that depend on core 
temperature by analyzing the overall temperature coefficients of reactivity and the effective multiplication 
factors obtained by an experiment in which the Very High Temperature Reactor Critical Assembly 
(VHTRC) is heated from ambient temperature to 200°C. The core of the VHTRC consists of block-type 
fuel containing low-enriched uranium (LEU). The nuclear design code system for the HTTR includes the 
DELIGHT, TWOTRAN-2, and CITATION-1000VP computer codes. The DELIGHT code is a one-
dimensional cell burnup code developed to evaluate the nuclear characteristics of HTTR fuel and to 
calculate the group constants. The calculated overall temperature coefficients of reactivity between ambient 
temperature and 200°C agree well with the measured coefficients, and the calculated effective 
multiplication factors for different temperatures agree with measured factors within an uncertainty of 0.6%. 
From the results, it is concluded that the nuclear design code system for the HTTR predicts well the 
temperature-dependent neutronic characteristics of a core containing LEU fuel. 
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Abstract/Keyterms: The variational nodal transport method is generalized for the effective treatment of 
multigroup criticality problems in two and three dimensions. A symbolic manipulation procedure is 
developed to achieve the fully automated generation of nodal response matrices in three-dimensional and 
non-Cartesian geometries. A red-black partitioned matrix algorithm for accelerating the solutions of the 
resulting within-group equations is presented, and its efficacy demonstrated. The methods are implemented 
as an option of the Argonne National Laboratory code DIF3D and applied to a series of five benchmark 
problems in x-y-z and hexagonal-z geometries. For reactors with large transport effects, the variational P3 
calculations agree with accurate Monte Carlo eigenvalues to within a few hundredths to a few tenths of a 
percent while requiring Cray X-MP computing times ranging from tens to hundreds of seconds. 
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Abstract/Keyterms: For high-accuracy criticality calculations, one should take into account the difference 
in the energy distributions between prompt and delayed fission neutrons. In steady-state reactor 
calculations, it is usually assumed that delayed and prompt neutrons are emitted with the same energy 
distribution. This approximation may lead to systematic deviations in kef of between −0.2 and +0.05%. 
While for typical cores of liquid-metal-cooled fast reactors and corresponding critical assemblies the effect 
is usually fairly small, it may become more important for low-enriched k∞ experiments and for highly 
enriched, high-leakage cores. For group cross-section adjustment procedures usually covering a wide range 
of critical assemblies with fairly different nuclear characteristics, a proper treatment of the energy 
distributions of delayed neutrons could be particularly important for excluding systematic differences as far 
as possible. 
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Abstract/Keyterms: A WIMS-based calculational route for pebble-bed fuel has been established. An 
outstanding advantage of the WIMS code is its integrated route from basic lattice data to burnup-dependent 
lattice cross sections. The problem in applying WIMS to pebble-bed fuel is that it lacks spherical geometry. 
This problem is solved by establishing a number of practical equivalences enabling the replacement of a 
lattice of spherical fuels by a lattice of cylindrical fuels. A special program was written to convert physical 
data into WIMS input files, including the Dancoff factor required for resonance shielding in the multilayer 
multicell pebble lattice. This capacity provides all that is necessary to generate core-homogenized cross 
sections directly applicable to core studies. Also generated are zone-homogenized cross sections; in some 
cases, their use in a transport code results in more accurate core-homogenized cross sections. In terms of 
the fuel infinite criticality factor, this added accuracy is in the range of 1 to 3 mk for fuel free of absorbers 
or fuel carrying boron-only absorbers; it is in the range of 3 to 12 mk for fuel carrying hafnium absorbers. 
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Abstract/Keyterms: In this paper, an adaptive multilevel algorithm for integral equations is described that 
has been developed with the Chandrasekhar H equation and its generalizations in mind. The algorithm 
maintains good performance when the Fréchet derivative of the nonlinear map is singular at the solution, 
as happens in radiative transfer with conservative scattering and in critical neutron transport. Numerical 
examples that demonstrate the algorithm’s effectiveness are presented. 
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Abstract/Keyterms: The application of the Langevin equation method to the study of fluctuations in the 
space- and velocity-dependent neutron density as well as in the detector outputs in nuclear reactors is 
presented. In this case, the Langevin equation is the stochastic linear neutron transport equation with a 
space- and velocity-dependent random neutron source, often referred to as the noise equivalent source 
(NES). The power spectral densities (PSDs) of the NESs in the transport equation, as well as in the 
accompanying detection rate equations, are obtained, and the cross- and auto-power spectral densities of 
the outputs of pairs of detectors are explicitly calculated. The transport-level expression for the R([omega]) 
ratio measured in the 252Cf source-driven noise analysis method is also derived. Finally, the 
implementation of the Langevin equation approach at different levels of approximation is discussed, and 
the stochastic one-speed transport and one-group P[sub 1] equations are derived by first integrating the 
stochastic transport equation over speed and then eliminating the angular dependence by a spherical 
harmonics expansion. By taking the large transport rate limit in the P[sub 1] description, the stochastic 
diffusion equation is obtained as well as the PSD of the NES in it. This procedure also leads directly to the 
stochastic Fick`s law. 
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Abstract/Keyterms: Antiprotons are negatively charged protons that continuously slow down in matter 
until they are stopped and captured on the surface of a nucleus by a proton; in which case, both proton and 
antiproton annihilate into gammas, pions, and other short-lived particles. When an antiproton annihilates at 
rest on the surface of an actinide nucleus, such as uranium, many fragments and neutrons are also produced, 
following direct reaction, nuclear evaporation, and fission processes, along with production of high-energy 
gammas and pions. Collectively, these processes have been termed antiproton fission, for simplicity, 
because many neutrons are produced as the end result of all reactions. Recent experiments at CERN suggest 
that as many as 15 to 20 neutrons ar emitted following antiproton annihilation on [sup 238]U, that their 
distribution is peaked near 5 MeV in energy, and that a sizeable fraction (45 to 75%) of the annihilation 
energy (1.88 GeV per annihilation) is deposited locally in the [sup 238]U. A fit to the experimental neutron 
spectrum of Angelopoulos et al. is presented, and the systematics of transporting and annihilating 
antiprotons in a multigroup representation are investigated for the first time. Applications of antiproton 
transport and fission in small spherical assemblies are discussed and contrasted, mainly systematics of local 
and nonlocal antiproton annihilation, criticality, and disassembly. 
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Report: NSENAO, 113, 122-135 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A simplified model for a liquid-metal-cooled reactor (LMR) transient analysis, in 
which point kinetics as well as lumped descriptions of the heat transfer equations in all components are 
applied, is converted from a differential into an integral formulation. All 30 differential balance equations 
are implicitly solved in terms of convolution integrals. The prompt jump approximation is applied as the 
strong negative feedback effectively keeps the net reactivity well below prompt critical. After implicit finite 
differencing of the convolution integrals, the kinetics equation assumes a new form, i.e., the “quadratic 
dynamics equation.” In this integral formulation, the initial value problem of typical LMR transients can be 
solved with large time steps (initially I s, later up to 256 s). This then makes transient problems amenable 
to a treatment on a personal computer. The resulting mathematical model forms the basis for the GW-
BASIC program LMR transient calculation (LTC) program. The LTC program has also been converted to 
QuickBASIC. The running time for a 10-h transient overpower transient is then ≈40 to 10 s, depending on 
the hardware version (286, 386, or 486 with math coprocessors). 
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Conference Session:  

Abstract/Keyterms: The ENDF/B-V nuclear data are validated for use in light water reactor criticality 
calculations. This done by using the continuous energy Monte Carlo code MCNP to simulate critical 
experiments with two distinct core configurations typical of those of boiling water reactors. By varying 
parameters such as temperature, burnable absorber content, and the amount of control poison, a set of 12 
experiments is selected. Eigenvalue and local fission density results from the Monte Carlo simulations are 
found to be in good agreement with the measurements. 
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Conference Session:  

Abstract/Keyterms: A formula for the uncertainty of core performance parameters based on a combination 
of the cross-section adjustment and bias factor methods has been derived. The formula is compared with 
those derived from the cross-section adjustment method and the bias factor method used separately. When 
the method error correlation is strong between the critical assemblies and a target core, the combined 
method is superior to the cross-section adjustment method used alone. The combined method is, in general, 
superior to the bias factor method used alone. Numerical results are presented for the uncertainties of keff, 
the control rod worth, and the power distribution of a large fast reactor. The combined method yields a 
smaller uncertainty for the control rod worth calculated in dollar units than the cross-section adjustment 
method used alone. 
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Abstract/Keyterms: A computational study was performed to determine the validity of the Rule-Of-
Fractions for assuring criticality safety margins. The form of the Rule-of-Fractions examined was the 
equation: {summation}{sub i} A{sub i}/ a{sub i} {le} 1 where a{sub i} is the quantity of fissile/fissionable 
nuclide present, and A{sub i} is the quantity of the same nuclide i that corresponds to a known margin in 
k(eff). The study considered binary mixtures of two nuclides that exactly satisfied the equality condition of 
the equation. k(eff) values of homogeneous and heterogeneous binary mixtures of fissile/fissionable 
nuclides in metal and solution form were considered in spherical geometry. Results were compared to Rule-
Of-Fraction predicted k(eff) values using an assumed linear relationship. Calculations were performed with 
the ANISN code with Hansen-Roach and ENDF/B-IV cross sections. The results of this study demonstrated 
that the Rule-Of-Fractions in the above equation does not always maintain criticality safety margins in 
k(eff) for mixtures of nuclides. 
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Conference Session:  

Abstract/Keyterms: An in-pile experimental technique to measure the decay constants and the relative 
abundances of the delayed neutron groups applicable for a given reactor system is presented. The method 
is based on a least-squares-fitting technique that simultaneously fits a series of transients produced by small 
reactivity perturbations to a reactor operating initially at delayed critical. The function that is least-squares 
fit is the analytic solution (written in terms of an arbitrary number of delayed neutron groups) as obtained 
by the point reactor model for the reactor response following a step change in reactivity. The application of 
the method does not require any knowledge of the size of the reactivity perturbations, and the method is 
independent of the detector efficiency. The results are based solely on the measurable quantities of relative 
power, time, and one measurable root of the Inhour equation. 
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Abstract/Keyterms: Solutions of fissile materials are often encountered during spent-fuel reprocessing. 
To estimate the hazards from accidental criticalities in these solutions, models have been developed to 
understand better the dynamics involved. Accurate representation of reactivity feedback mechanisms is a 
crucial part of such models. Reactivity feedback from uniform volumetric solution expansion is studied. 
For faster transients, density redistribution may also occur because of a variation of nuclear energy as a 
function of position in the assembly. Neutronic spectral temperature reactivity effects are studied by 
creating temperature-dependent cross sections from ENDF/B-VI data. The volumetric and temperature 
reactivity feedback coefficients are determined for the CRAC, KEWB-5, SILENE, and SHEBA solution 
assemblies. Spectral temperature coefficients are also calculated for poisoned, unpoisoned, and reflected 
plutonium solutions. Feedback coefficients are seen to be functions of geometry and isotopic contents of 
the assemblies. Results for plutonium solutions agree with other calculations, which confirms the possibility 
of autocatalytic excursions in large, dilute solutions. 
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Abstract/Keyterms: The integral transport equation is solved in periodic slab lattices in the case where a 
critical buckling search is performed. First, the angular flux is factorized into two parts: a periodic 
microscopic flux and a macroscopic form with no angular dependence. The macroscopic form only depends 
on a buckling vector with a given orientation. The critical buckling norm along with the corresponding 
microscopic flux are obtained using anisotropic collision probability calculations that are repeated until 
criticality is achieved. This procedure allows the periodic boundary conditions of slab lattices to be taken 
into account using closed-form contributions obtained from the cyclic-tracking technique, without resorting 
to infinite series of exponential-integral evaluations. Numerical results are presented for one-group 
heterogeneous problems with isotropic and anisotropic scattering kernels, some of which include void slit 
regions. 



 

C-13277 

13240…..…..…………………..…….……..……ID Number…………………..…..…………….13240 

Author: Kowata, Yasuki / Fukumura, Nobuo 

Title: Influence of Burnable Gadolinia Poison on Coolant Void Reactivity in a Pressure-Tube-Type Heavy 
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Conference Session:  

Abstract/Keyterms: The influence of burnable gadolinia poison in fuel assemblies on coolant void 
reactivity for a pressure-tube-type boiling light-water-cooled heavy water reactor is investigated in critical 
experiments using the Deuterium Critical Assembly (DCA) and theoretical analyses by the WIMS-D4/ 
CITATION code system. The experimental and the calculated void reactivities agree within ±0.2 $., A 
number of gadolinia-poisoned fuel assemblies are dispersively loaded in the central region of the DCA core 
together with unpoisoned fuel assemblies. Each gadolinia-poisoned assembly is composed of three or four 
Gd2O3-poisoned UO2 fuel rods as well as unpoisoned fuel rods. The gadolinia concentration is varied from 
0.0 to 1.0 wt%., the void reactivity in the core becomes less negative with the addition of gadolinia but 
become saturated at a Gd2O3 concentration of ≈0.5 wt%. The void reactivity becomes much less negative 
with a higher loading ratio of the gadolinia-poisoned assemblies in the core and as the gadolinia-poisoned 
fuel rods are arranged in the outer layers of the assembly. When the fissile nuclide in the pellets of the 
unpoisoned fuel assembly is changed from uranium to plutonium, the incremental positive shift of the void 
reactivity can be reduced because of the increase in the 0.3-eV thermal resonance absorption of 239Pu and 
241 Pu. 
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Abstract/Keyterms: Investigations were performed on the ZPPR-13A critical assembly to determine the 
cause of the radial variation of the calculated-to-experimental (C/E) ratio for control rod worth in large 
heterogeneous cores. The effects of errors in cross section, mesh size, group condensation, transport, and 
modeling were studied by using two- and three-dimensional diffusion calculations and three-dimensional 
transport calculations. In that process, the cross-section set and the calculation scheme that are being used 
for fast reactor design in India have been revalidated. The cross-section set was found to yield satisfactory 
results. Three-dimensional calculations with adjusted and unadjusted cross sections confirmed that the error 
in cross sections was largely responsible for the radial dependence of the C/E ratios. The contributions from 
group condensation and mesh size errors were <2%, and from modeling errors and transport correction, 
<1%. The effect of these errors is insignificant when compared with the effect of the cross-section error. 
The analysis also showed that even without the adjustment in diffusion coefficient suggested in earlier 
studies, a satisfactory prediction is found, at least for this benchmark. The diffusion-to-transport correction 
for control rod worth was found to be -7%. 
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Abstract/Keyterms: A new physics approach is presented to evaluate the theoretical transmutation 
potential of different nuclear power systems (standard or advanced fission reactors and hybrid 
accelerator/sub-critical blankets). The nuclei to be transmuted are the transuranium (or transplutonium) 
isotopes produced in the irradiation of naturally occurring fuels (uranium or thorium) and the fission product 
isotopes. The analysis based on an evaluation of neutronic constraints on the transmutation rates integrated 
over the life of the nuclide families, taking into account the overall neutron balance of the system being 
considered. This method allows a comparison of the potential of different systems and establishes physics 
limitations, particularly in the field of fission product transmutation. 
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Abstract/Keyterms: Time-domain noise analysis techniques such as the Rossi-α, the variance-to-mean, 
and the interval-distribution methods can be used to measure fundamental reactor parameters in a wide 
variety of reactor systems, provided the power level of the system is not too high. Simple expressions have 
been derived that define the maximum power level (i.e., the “reactor noise threshold”) above which time-
domain reactor noise techniques are likely to fail in subcritical, critical, and supercritical systems. 
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Abstract/Keyterms: The object of this research project is to develop a vectorized version of the KENO-
V. a criticality safety code, benchmark it against the original version of the code, and determine its speedup 
factor for various classes of problems. The current generation of supercomputers is equipped with vector 
processors that allow the same operation to be simultaneously performed on a string of data. Unfortunately, 
the Monte Carlo algorithm used in KENO-V.a, which tracks particles individually, cannot utilize these 
vector processors. A new Monte Carlo algorithm that would efficiently utilize the vector processors 
currently used in computers is needed. The algorithm developed for the vectorized version of KENO-V. a 
is an event-based, stack-driven, all-zone, implicit-stack Monte Carlo algorithm. This algorithm divides the 
particles into one of four main stacks: free-flight, inward crossing, outward crossing, or collision. A fifth 
stack, kill, contains all particles that have either leaked from the system or have been terminated by Russian 
roulette. This approach minimizes data transfer between stacks and optimizes the vector length, thus 
maximizing the speedup. For the 25 benchmark problems, speedup factors ranging from 1.8 to 5.7 relative 
to the optimized scalar version of KENO-V.a were obtained. Problem geometry, material composition, and 
the number of histories per generation - all have significant effects on the speedup factor of a problem. 
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Abstract/Keyterms: New core-reflector boundary conditions designed to replace the explicit 
representation of the reflector in nodal computations are developed taking into account the transverse 
leakage in the reflector region. Two approximations are introduced for the transverse leakage in the reflector 
region: exponential approximation for the slab reflector and quadratic polynomial and exponential 
approximation for the L-shaped reflector. Core-reflector boundary conditions that relate net current with 
flux at the core-reflector interfaces are then derived by solving the transverse integrated neutron diffusion 
equation with transverse leakage approximations in the reflector region. To test the usefulness of new core-
reflector boundary conditions, nodal expansion method computations with and without explicit 
representation of reflectors are performed for the core power distribution and criticality of Zion-1 and YGN-
1 pressurized water reactors. It is demonstrated that core power and criticality computations with new 
boundary conditions agree very well with those with the reflector included explicitly in computational 
nodes. 
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Abstract/Keyterms: The derivation of the standard expression for the Monte Carlo eigenvalue bias is 
reviewed. It is noted that the bias is due to the repeated normalization of the fission source by the eigenvalue. 
This normalization can be partially or completely eliminated, but when this done, the variance in the 
eigenvalue may increase unacceptably. Thus, it seems impractical, in general, to eliminate the bias in this 
way. Next, the Brissenden-Garlick relation between eigenvalue bias and variance is rederived for nonanalog 
tracking and estimation. From this relation, it is shown that the eigenvalue bias under normal conditions is 
smaller than the eigenvalue's standard deviation. In this sense, the bias is not significant, so that it is not 
crucially important to eliminate or to estimate it. 
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Abstract/Keyterms: The KENO-NR Monte Carlo code was developed to simulate the measurement of 
R([omega]) = G[sub 12]([omega])G[sub 13]([omega])/G[sub 11]([omega])G[sub 23]([omega]), a ratio of 
spectral densities measured by the 252Cf source-driven noise analysis (CSDNA) method for determining 
subcriticality. From a direct comparison of simulated and measured R([omega]), cross sections and the 
physical system model can be benchmarked and then used in standard criticality codes for determining 
k(eff) for a multiplying system. This procedure eliminates the dependence of the CSDNA method on the 
point-kinetics model and allows cross-section and geometry models to be validated for noncritical 
configurations. For a set of uranium cylinders (93.2 wt% 235U and 17.7-cm outer diameter) of varying 
height, the simulated and the measured R([omega]) values in the low-frequency limit and the prompt 
neutron decay constant [alpha] agreed to within 10%. These results indicate that the approach of validating 
a simulation of the direct experimental data should lead to improved neutronic parameters for fissile 
systems. 
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Abstract/Keyterms: A Monte Carlo program is described that calculates Dancoff factors in arbitrary 
arrangements of cylindrical or spherical fuel elements. The fuel elements can have different diameters and 
material compositions, and they are allowed to be black or partially transparent. Calculations of the Dancoff 
factor are based on its collision probability definition. The Monte Carlo approach is recommended because 
it is equally applicable in simple and in complicated geometries. It is shown that some of the commonly 
used algorithms are inaccurate even in infinite regular lattices. An example of application includes the 
Canada deuterium uranium (CANDU) 37-pin fuel bundle, which requires different Dancoff factors for the 
symmetrically different fuel pin positions. 
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Abstract/Keyterms: Three-dimensional (3D) correction factors designed to take into account the 
heterogeneity effects of the missing dimension in two-dimensional (2D) reactor computation are rigorously 
defined. An approximate method for computing the 3D correction factors is proposed by introducing 
simplified model cores. For verification of the proposed method, 2D and 3D ROCS code computations are 
performed for the first three cycles of the Yonggwang Unit 2 pressurized water reactor. The utility of the 
proposed method is then discussed by demonstrating that the 2D ROCS results with the use of the 
approximate 3D correction factors agree well with the 3D ROCS results in the letdown behavior of the 
critical soluble boron concentration and the core power distribution. 
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Abstract/Keyterms: There are two main reasons generally suggested for the measurement of the 
subcriticalities of nuclear fuel systems, power reactors (during initial loading and refueling), fuel storage, 
and processing facilities: Knowledge of the subcriticality first provides a method to analyze and predict 
nuclear performance and second is helpful in obtaining the operational and safety aspects of the system. 
Here, a semiempirical formula for neutron detector responses, to be used to infer reactivities in subcriticality 
measurements, is presented. A formal theory for the multipoint approximation of the Boltzmann operators 
makes possible the description of a large variety of nuclear fuel systems by means of an equivalent two-
point model that regards a whole system as the coupled system made up of an arbitrary number of nuclear 
fuels. Because the analytical formula includes the fitting parameter associated with the detector 
configuration and because the removal of spatial effects or higher mode contaminations in the detector 
responses is accomplished by devising the detector configurations, the conventional point approximation 
can be used to infer the reactivity of a far-subcritical system. For an example of an application to existing 
experiments, the current method is used to analyze subcriticality measurements by using the 252Cf source-
driven neutron noise analysis method. 
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Abstract/Keyterms: The hydrogen content of zirconium hydride blocks used as the moderator in Topaz-
2-type space reactors is estimated according to correlation-regression analysis procedures of mathematical 
statistics and is based on the results of the definition of the reactivity of the blocks in a research critical 
assembly. A linear mathematical model for a variable response is formulated within the framework of the 
first-order perturbation theory applied to the estimation of reactivity effects in reactors. A PASPORT 
computer code is written based on the developed algorithm. The statistical analysis of the available data 
performed by using PASPORT shows that the developed approach allows determination of the 
insignificance of the contribution of the impurities to the reactivity of the blocks, verification of the 
manufacturer’s data on the hydrogen content in zirconium hydride blocks, and estimation of the reactivity 
shift in a standard block. 
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Abstract/Keyterms: The modified conversion ratio (MCR) (the ratio of the 238U capture rate to the total 
fission rate) in a light-water-moderated uranium-plutonium mixed-oxide (MOX-) fuel lattice was measured 
for four types of lattices with different plutonium enrichment. In the current method, the relative reaction 
rates of 238U capture and total fission were obtained from nondestructive gamma-ray spectrometry of 
239Np and fission products, respectively, which accumulated in the fuel rod irradiated at the Tank-Type 
Critical Assembly. The measured results of the fission rates derived from two different fission products 
agreed well with each other, and the measured MCRs showed good agreement with the results of the Monte 
Carlo calculation with the whole-core model. Therefore, the current nondestructive method is applicable to 
the MCR measurement of MOX fuel. 
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Abstract/Keyterms: This paper considers ways to approach radiologically clean nuclear power (RCNP), 
i.e., an energy production technology based on a natural nuclear fuel transmutation with a simultaneous 
fission product transformation into stable or short-lived nuclei. Ways to limit the long-term radiotoxicity 
accumulation in the fuel cycle, both related to actinides and to long-lived fission products, and to limit the 
radiological risk related to the in-core nuclear fuel inventory are defined. Criteria and guidelines are defined 
in that perspective, and they are applied to the evaluation of different options such as open or closed fuel 
cycles, burnup extension, type of neutron spectrum, use of thorium or uranium fuel cycle, and subcriticality 
in the multiplying region. Meanwhile, understanding the physics implications of the requirements for an 
RCNP reveals that there are promising ways to improve current systems. Ideal systems, which are defined 
to exploit all the desirable physics features to make them better in terms of environmental impact, show 
potential advantages, but they are never so spectacular—and certainly are to be taken extremely carefully—
in view of the need of complementary technological feasibility and cost and safety analyses, Moreover, the 
problem of radiation doses, which is essential for fuel cycle management and could appreciably influence 
the choice of the appropriate fuel cycle, have not yet been taken into account. This last aspect and more 
specific safety analyses, together with cost-benefit evaluations, will be the subject of future investigations. 
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Abstract/Keyterms: Three approaches are presented to treat anisotropic scattering in neutron transport. 
The approaches are based on the even-odd-parity flux formalism and yield three different second-order 
equations for the even-parity flux. The first one is based on the total elimination of the odd-parity flux of 
the second-order equation. In the other two approaches, anisotropic scattering contributions are 
homogenized and incorporated into the collision term. The numerical solutions of these equations are 
implemented in the CRONOS code for pressurized water reactor core calculations and are done with a finite 
element spatial approximation and the discrete ordinates methods (SN) for the angular variable. Numerical 
results are presented for critical problems (keff) in x-y geometry. Comparisons with the APOLL02 
assembly code show the accuracy and the efficiency of the proposed algorithms. 
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Abstract/Keyterms: A benchmark study is presented of new methodologies of the Studsvik CASMO-
4/SIMULATE-3 advanced nuclear design code system against a pressurized water reactor (PWR)-type 
mixed-oxide (MOX) fuel critical experiment with high plutonium content. Both CASMO-4 two-
dimensional transport core calculations and SIMULATE-3 nodal core calculations that use the pin power 
reconstruction model are performed for the experimental geometries. All the assembly two-group constants 
for SIMULATE-3, including those for MOX assemblies, are generated by CASMO-4 single-assembly 
calculations. The CASMO-4 improved transmission probability method and the SIMULATE-3 improved 
nodal and spectral interaction models are verified to be effective for accurate prediction of the pin power 
distribution inside high plutonium content PWR MOX assemblies and UO2 assemblies that are adjacent to 
the MOX assemblies. 
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Abstract/Keyterms: Critical experiments that used high-concentration mixed-oxide (MOX) fuels in 
boiling water reactor lattice configurations and that were performed in the VENUS International Program 
are analyzed with CASMO-4 (C-4)/SIMULATE-3 (S-3). Both heterogeneous full-core transport 
calculations by C-4 and nodal diffusion calculations by S-3 with single-bundle CASMO-4 constants are 
performed, and the obtained results, such as eigenvalues and pin power distributions, are compared against 
the measured results. The agreement between the calculations and the measurements is quite satisfactory, 
and a good predictive capability of C-4 and S-3 for MOX fuels is verified. 
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Abstract/Keyterms: Large computer codes have been created in the past to predict the energy release in 
hypothetical core disruptive accidents (CDA) postulated to occur in liquid-metal reactors (LMRs). These 
codes, such as SIMMER, are highly specific to LMR designs. More recent attention has focused on thermal-
spectrum criticality accidents such as for fuel storage basins and waste tanks containing fissile material. 
This paper presents results from recent one-dimensional kinetics simulations, performed for a recriticality 
accident in a thermal spectrum. Reactivity insertion rates generally are smaller than in LMR CDAs, and the 
energetics generally are more benign. Parametric variation of input was performed, including reactivity 
insertion and initial temperature. 
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Abstract/Keyterms: A procedure is presented to obtain a continuous-energy representation of the neutron 
spectrum using one-dimensional discrete ordinates calculations with a combination of multigroup (MG) 
and pointwise (PW) nuclear data. This provides the capability of determining the fine-structure energy 
distribution of the angular flux and flux moments within the resonance range as well as the smoother 
spectrum in the high- and thermal-energy ranges. A new method called a submoment expansion is 
developed to accurately calculate the Legendre moments of the elastic scatter source for the PW transport 
calculation, and the coupling between the MG and PW calculations is discussed in detail. The continuous-
energy flux spectra can be utilized as problem-dependent weighting functions to process self-shielded MG 
cross sections for reactor physics and/or criticality safety analysis. This calculational method has been 
implemented in a new PW transport code called CENTRM that can be executed as a module in the AMPX 
and SCALE computer code packages. An example application using ENDF/B-VI cross-section data to 
analyze critical benchmarks is presented. 
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Abstract/Keyterms: A new numerical method, the probabilistic method of discrete ordinates (PMDO) for 
solving multigroup transport equations in three-dimensional complex geometry, is presented. The method 
can be used for reactor core and shielding calculations. Integral equations are adopted for the angular flux 
in cells of arbitrary form. They are coupled by means of net currents defined at interfaces. The sphere of 
directions is arbitrarily subdivided into a number of angular diapasons. These diapasons, along with cell 
volume and pieces of cell surface, produce elementary phase domains, so the basic PMDO equations are 
the algebraic analogues of piece-wise coupled integral transport equations. They are written for neutron 
flux and currents integrated over corresponding phase domains. The coefficients of the equations discretely 
depend on the angular variable and have the meaning of probabilities of uncollided neutrons being 
transmitted between different phase domains. On the basis of algebraic equations separately obtained for 
coarse and fine domains, the global-local iterative PMDO scheme has also been developed specifically for 
calculations in extensive heterogeneous media. Together with the direct PMDO equations, the system of 
conjugate equations has been constructed for the calculation of neutron importance function related to 
various nonlinear functionals. Codes based on the method and some numerical applications, including 
examples related to criticality calculations and deep penetration problems, have been briefly described. 
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Abstract/Keyterms: The 252Cf-source-driven noise analysis method has been used in measurements for 
subcritical configurations of fissile systems for a variety of applications. Measurements and sensitivity 
studies with the KENO-NR Monte Carlo neutron transport code showed that this measurement method has 
the potential to monitor many dynamic situations in processing plants such as in casting facilities, in a 
continuous dissolver, or in batch dissolvers either to be used as a signature to verify that various processes 
are occurring in a repeatable or bounded way or to obtain the neutron multiplication factor k. This 
Verification of normal operation would be by comparing noise analysis signatures for the process with 
reference signatures. Abnormal operation could be ascertained if the signature deviates by some specified 
amount from the reference signatures from normal operation. The deviations from normal could be 
specified by measurements or by Monte Carlo neutron transport theory methods directly calculating the 
measured parameters for the processing plant applications. Measurements with enriched uranyl nitrate 
solutions are presented as an example to demonstrate the high measured sensitivity of noise-measured 
parameters. To evaluate this high sensitivity, KENO-NR was used to investigate changes in the noise-
measured parameters to variation in fissile system parameters using neutron transport calculations for three 
aqueous solutions, uranyl nitrate, uranyl fluoride, and plutonium nitrate, and for an array of light water 
reactor spent fuel. This high sensitivity has also allowed this measurement method to be used to identify 
nuclear weapons and/or weapons components in shipping containers by comparing with reference 
signatures obtained from measurements or calculations and for nondestructive assay of special nuclear 
materials. 
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Abstract/Keyterms: An autoregressive moving average model of neutron fluctuations with large 
measurement noise is developed from the Langevin stochastic equations with the noise equivalent source 
in the form of a vector Wiener process. The neutron field/detector interaction is explicitly treated, and 
delayed neutrons are included The Kalman filter with nonzero covariance between input and output noise 
is applied in the derivations to reduce the state-space equations to the input-output form. Theoretical 
developments are verified using time series data from the prompt-neutron decay constant measurements at 
the zero-power reactor RB in Vinca. Model parameters are estimated by the maximum likelihood off-line 
algorithm and an adaptive pole estimation algorithm based on the recursive prediction error method with 
implemented regularization and stability control. The results show that subcriticality can be estimated from 
real data with high measurement noise using a shorter statistical sample than in standard methods based on 
the power spectral density or the Feynman variance-to-mean ratio method. 
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Abstract/Keyterms: A neutronic analysis presented of three incinerator subcritical lattices, driven by 
accelerated protons and designed to transmute the minor actinides, the 99Tc and the 129I, of light water 
reactor (LWR) waste. A calculational methodology must first be established to enable a neutronic burnup 
analysis of fission cores driven by high-energy protons. The methodology is based on the following codes: 
HERMES, the Forschungszentrum Jülich adaptation of HETC, for high-energy interactions; MCNP3, for 
neutron interactions below 20 MeV of neutron energy; and KORIGEN, the Forschungszentrum Karlsruhe 
adaptation of ORIGEN, for burnup analysis. A result of applying the methodology is that the minor 
actinides, the 99Tc, and the I29I, of LWR waste may be transmuted in subcritical cores, driven by the 
spallation neutrons emanating from the bombardment of the cores with 1600-MeV protons. Three core 
types are required. Core type I is fueled by the minor actinides and is a modification of the Brookhaven 
National Laboratory PHOENIX. With a proton current of 20 mA, the core incinerates the minor actinide 
waste of 14 LWRs. Core type II contains the 99Tc, l29I, and plutonium waste of 19 LWRs. With a proton 
beam of 130 mA, the core incinerates the technetium and 60% of the iodine. With a fraction of the 
plutonium coming out of this core, the remaining 40% of 129I is incinerated in core type III. All three cores 
run to 100 000 MWd/tonne or slightly higher; on the average, no core is a net consumer of grid electricity; 
all are cooled by sodium but remain subcritical with the loss of coolant. 
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Abstract/Keyterms: An accurate prediction of the reactor pressure vessel (PV) fast neutron fluence (E> 
1.0 MeV or E> 0.1 MeV) is necessary to ensure PV integrity over the design lifetime. The discrete ordinates 
method (SN method) is the method of choice to treat such problems, and the DORT SN code is widely used 
as a standard tool for PV fluence calculations. The SN numerics and the corresponding DORT numerical 
options and features offer alternative choices that increase flexibility but also impact results. The effects of 
SN numerics based on PV fluence calculations for two pressurized water reactors are examined. The 
differencing schemes [linear, zero-weighted (ZW), and θ-weighted (TW)] and their interactions with spatial 
and angular discretization are also examined. The linear and TW ( θ = 0.9) schemes introduce unphysical 
flux oscillations that for certain groups and positions may exceed 10%. The ZW scheme produces smooth 
results; however, its results differ from the other two schemes. A good compromise for PV fluence 
calculations is a TW scheme with a small θ value (i.e., θ = 0.3), which reduces the uncertainty to ∼3%. 
Angular discretization and spatial mesh size employed in typical calculations introduce another ∼3 and 
∼2% uncertainty, respectively. The analysis further shows that the fixup is not necessary for the negative 
scattering source. The pointwise convergence criterion is also not a critical issue in the fast energy range 
because of a relatively fast convergence rate. Similarly, acceleration parameters impact mainly the 
execution time and only marginally the results. The root-mean-square combined uncertainty for standard 
PV fluence calculations due to the options analyzed is ∼5%. 
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Abstract/Keyterms: The reprocessing of nuclear fuel usually involves the process of chemical separation. 
The fuel, usually in oxide form, is first dissolved in some type of acid such as nitric, sulfuric, or 
hydrofluoric. This results in the fuel being transformed into a homogeneous aqueous fissile solution. In this 
form there may be a higher probability of an accidental criticality of the solution, especially when being 
transported through pipes or stored in vessels. Here, a new two-dimensional computer model for simulating 
power and pressure pulses in aqueous fissile solutions has been developed. This model includes a radiolytic 
gas production model that tracks the number of gas bubbles produced during an excursion. An equation of 
state has been developed that accounts for the production of inertial pressure due to a lag in thermal 
expansion and the creation of radiolytic gas bubbles. In addition, a study of various reactivity feedback 
mechanisms occurring during nuclear bursts has been made. The model’s predicted power and pressure 
pulses are compared with data from the KEWB and SILENE solution pulsed reactor experiments and have 
produced results that closely match the experimental data and that exhibit the main features of the 
experimental power and pressure traces. 
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Abstract/Keyterms: A singular perturbation technique is applied to the time-independent one-dimensional 
neutron transport equation with isotropic neutron scattering. The technique reduces the transport problem 
to a series of diffusion theory problems in the interior medium and a series of simplified transport problems 
solved analytically in the boundary layer. The analysis provides a consistent method for deriving and 
comparing various diffusion theory approximations to the transport equation. In addition, the resulting 
scheme provides a systematic method for enhancing the accuracy of diffusion theory calculations of global 
flux distributions. A general asymptotic expansion of c, the number of secondary neutrons per collision, is 
obtained and an O(ε2) correction to the diffusion theory boundary condition at a material interface is 
derived. The perturbation technique has been applied analytically to both fixed source and criticality 
problems. The technique is also incorporated in a multigroup diffusion theory computer code. In test 
calculations, the error in flux distributions is reduced to about one-half that achieved with standard diffusion 
theory techniques. 
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Abstract/Keyterms: The FLEXBURN neutron transport code is developed by the discrete ordinates 
(S{sub n}) method to analyze heterogeneous fuel assemblies in light water reactors. The transport equations 
are formulated with transmission and leakage probabilities in arbitrary convex square meshes. Arbitrary 
convex square meshes precisely describe fuel assemblies as lattices of cells. The code deals with fuel 
assemblies including gadolinia doped fuel rods, water rods, or plutonium mixed fuel rods with control 
blades. The code can make burnup calculation sequentially to high burnup. The results computed by the 
FLEXBURN code are validated by comparing them with those of the ANISN typical transport code and 
the KENO-IV Monte Carlo code. The FLEXBURN code provides control blade worth and detailed 
distributions of flux, power, burnup, and atomic densities in complicated boiling water reactor and 
pressurized water reactor fuel assemblies. 
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Abstract/Keyterms: The method to treat randomly distributed spherical fuels in continuous energy Monte 
Carlo calculations has been established. In this method, the location of a spherical fuel is sampled 
probabilistically along the particle flight path from the spatial probability distribution of spherical fuels, 
called the nearest neighbor distribution. The necessary probability distribution was evaluated by a newly 
developed Monte Carlo hard sphere packing simulation code, which employs a random vector synthesis 
method to reduce overlaps of spherical fuels. The obtained probability distribution was validated by 
comparing a cross-section photograph of a real fuel compact and an X-ray diffraction experimental result. 
This method was installed in a Monte Carlo particle transport code and validated by an inventory check of 
spherical fuels and criticality calculations of ordered packing models. Also, an analysis of a critical 
assembly experiment was performed with the new code. As a result, it was confirmed that the method was 
applicable to practical reactor analysis. The method established is quite unique in the respect of 
probabilistically modeling the geometry of a great number of spherical fuels distributed randomly without 
any loss of the advantage of the continuous energy method. 
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Abstract/Keyterms: The trend toward increased reliance on passive features for power reactor safety 
makes it important to obtain the characteristics of the reactor system from measurements on the system. A 
method is described for solving for the delayed neutron parameters in a liquid-metal power reactor by fitting 
an analytic solution of the point-kinetics equations to the flux die-away from a dropped rod in an initially 
critical core. The method includes treatment of those conditions found in a power reactor that depart from 
those in a critical assembly experiment. These include a comparatively long rod drop time and a detector 
signal that instead of providing an integrated count rate is a sampled data signal proportional to the 
instantaneous fission power. The delayed neutron parameter values calculated from a rod drop experiment 
in the Experimental Breeder Reactor II are in agreement with values calculated using first principles and 
knowledge of core material composition and nuclear cross sections. 
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Abstract/Keyterms: The integral transport equation is solved in square unit cells by assuming the existence 
of a fundamental mode. The equations governing the B{sub n} method are given without making the small 
buckling approximation. First, the angular flux is factorized into two parts: a periodic microscopic fine-
structure flux and a macroscopic form with no angular dependence. The macroscopic form only depends 
on a buckling vector with a given orientation. The critical buckling norm, along with the corresponding 
fine-structure flux, is obtained using collision probability calculations that are repeated until criticality is 
achieved. The procedure allows the periodic or reflective boundary conditions of the unit cell to be taken 
into account using closed-form contributions obtained from the cyclic tracking technique. Numerical results 
are presented for one-group heterogeneous cell problems with isotropic and linearly anisotropic scattering 
kernels, some of which include void regions. 
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Abstract/Keyterms: A perturbation method based on the variational nodal method for solving the neutron 
transport equation is developed for multidimensional geometries. The method utilizes the solution of the 
corresponding adjoint transport equation to calculate changes in the critical eigenvalue due to cross-section 
changes. Both first-order and exact perturbation theory expressions are derived. The adjoint solution 
algorithm has been formulated and incorporated into the variational nodal option of the Argonne National 
Laboratory DIF3D production code. To demonstrate the efficacy of the methods, perturbation calculations 
are performed on the three-dimensional Takeda benchmark problems in both Cartesian and hexagonal 
geometries. The resulting changes in eigenvalue are also obtained by direct calculation with the variational 
nodal method and compared with the change approximated by the first-order and exact theory expressions 
from the perturbation method. Exact perturbation results are in excellent agreement with the actual 
eigenvalue differences calculated in VARIANT. First-order theory holds well for sufficiently small 
perturbations. The times required for the perturbation calculations are small compared with those expended 
for the base-forward and adjoint calculations. 
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Abstract/Keyterms: Biases in the estimators of the variance and intercycle covariances in Monte Carlo 
eigenvalue calculations are analyzed. The relations among the “real” and “apparent” values of variances 
and intercycle covariances are derived, where real refers to a true value that is calculated from 
independently repeated Monte Carlo runs and apparent refers to the expected value of estimates from a 
single Monte Carlo run. Next, iterative methods based on the foregoing relations are proposed to estimate 
the standard deviation of the eigenvalue. The methods work well for the cases in which the ratios of the 
real to apparent values of variances are between 1.4 and 3.1. Even in the case where the foregoing ratio is 
>5, >70% of the standard deviation estimates fall within 40% from the true value. 
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Abstract/Keyterms: Isotopes of the higher actinide elements are produced as a result of successive 
radiative capture reactions in the uranium fuel of nuclear reactors. Typically, these transuranic isotopes 
decay through long chains, have long half-lives, and dominate the long-term toxicity of spent reactor fuel. 
One of the options for high level waste management is to remove the higher actinide elements from spent 
fuel by chemical processing, to load them into new special fuel elements, and to transmute them by neutron-
induced fission into shorter-lived fission fragments. Reactors designed to achieve high actinide fission 
(transmutation) rates are called actinide burners. In such reactors, the actinide wastes would constitute much 
of the fissionable fuel. Due to the high transuranic isotope loadings in the fuel of actinide burners, the 
neutronic properties of the higher actinide isotopes will have a significant effect on the criticality and safety 
characteristics of such reactors. While there is an extensive operational database for reactors fueled with 
uranium and plutonium, operating experience with fuel containing large amounts of actinide wastes is quite 
limited. Two important neutronic properties of actinide burner cores are their reactivity and their delayed 
neutron fraction. Both of these properties will be strongly influenced by the neutronic characteristics of the 
actinide waste isotopes. Here, delayed neutron yields and decay constants for235U, 237Np,241Am, 
and{sup 243}Am were measured at the Texas A and M. University TRIGA reactor using a fast pneumatic 
transfer system. The detection system consisted of an array of BF{sub 3} proportional counters embedded 
in a polyethylene cylinder. The measured values of the total delayed neutron yield per 100 fissions from 
thermal neutron-induced fission of 235U, 237Np,241Am, and{sup 243}Am were determined to be 1.59{+-
} 0.04, 1.29{+-} 0.04, 0.49{+-} 0.02, and 0.84{+-} 0.04, respectively. 
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Abstract/Keyterms: Interest in generating energy with thorium fuel has increased lately as a result of the 
activation of subcritical ThO2 lattices by accelerated protons. A tight, ThO2 water-cooled lattice has been 
proposed to generate 200 MW(thermal) with 1.5-GeV protons in a current of ∼ 7mA. A tight-latticed core, 
consisting of a ThO2/233UO2 seed embedded in a large ThO2 blanket, has been proposed to generate 2400 
MW(thermal) with 1.0-GeV protons in a current of 20 mA. A consistent detailed analysis of these two 
energy amplifiers, carried out with the HERMES, MCNP, KORIGEN, WIMS, and BOXER codes, results 
in performances inferior to those claimed. The net power generated will be one-fourth of that claimed for 
the former and 1/2.5 of that claimed for the latter. 
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Abstract/Keyterms: A new variational functional for space-time neutronics is presented. This functional 
is stationary about the integro-differential form of the diffusion equation, in which the delayed neutron 
source is expressed as a convolution integral of the flux, and an integro-differential adjoint flux equation. 
The new functional is used to derive a quasi-static method that is similar to the improved quasistatic (IQS) 
method, except that the equation for the flux shape uses a different expression for the delayed neutron 
source. In a one-dimensional sub-prompt critical test problem, the new variational quasi-static method was 
slightly more accurate than the IQS method. 
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Abstract/Keyterms: The exponential characteristic (EC) method is one of a family of nonlinear spatial 
quadratures for discrete ordinates radiation transport that are positive and at least second-order accurate and 
provide accurate results for deep-penetration problems using coarse meshes. We use a split-cell 
methodology to adapt the method to unstructured grids of arbitrarily shaped and oriented triangular cells 
that provide efficient representation of curved surfaces. Exponential representations of the flux entering 
through a cell edge and of the scattering source within a cell are constructed to match average values and 
first moments passed from the adjacent cell (or from the boundary conditions) or obtained from the angular 
quadrature of the directional flux spatial moments in the previous iteration (or from an initial guess). The 
resulting one- and two-dimensional nonlinear rootsolving problems are efficiently solved using Newton’s 
method with an accurate starting approximation. Improved algorithms, presented here, have increased the 
efficiency of the method by a factor of 10 as compared to an initial report. The EC method now costs only 
twice as much per cell as does the linear characteristic method but can be accurate with many fewer cells. 
Numerical testing shows the EC method to be robust and effective. 
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Abstract/Keyterms: The Green`s Function Method (GFM) is employed to obtain scalar and angular flux 
distributions in heterogeneous slab geometry with isotropic scattering. All solutions utilize the infinite-
medium Green`s function to obtain results in finite media. Past Green`s function analyses that do not resort 
to expansions of the angular flux in basis functions have been performed for nonmultiplying media only; 
in this paper, results are provided, for the first time, for both multiplying and nonmultiplying media using 
the GFM. Several source configurations are considered, including a beam source on the leftmost face, 
isotropic incidence on any face, and constant inhomogeneous volume sources in internal materials. Scalar 
and angular flux distributions compare favorably with those obtained using the F{sub N} method as well 
as the ONEDANT discrete ordinates code. In addition, the single and heterogeneous critical slab problems 
are investigated and solved using the GFM 
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Abstract/Keyterms: Accelerator-driven systems (ADSs) have been proposed for a variety of purposes. 
Different fuel cycles have also been associated with these systems. An analysis made based exclusively on 
simple but well-established physics facts. Requirements related to the subcriticality level, the reactivity 
evolution during irradiation, and the energy needed to feed the accelerator are examined, in particular with 
respect to thorium- or uranium-based fuel cycles. Moreover, the somewhat forgotten aspect of the spallation 
neutron source importance is underlined to set up guidelines to optimize specific ADS design. The potential 
role of ADS to burn long-lived wastes is also stressed. 
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Abstract/Keyterms: In a dynamic simulation method recently developed for accelerator-driven subcritical 
waste transmutation systems, power levels are renormalized dynamically based on the changing reactivity 
of the flowing system. For such systems, the power varies directly with the source strength, and inversely 
with the reactivity. The prompt-jump form of the point-kinetics equations has been used to provide the 
dynamic renormalization factor for the spatially dependent flowing-fuel system. A unique characteristic of 
the source-dominated system has been discovered. In the traditional reactor system, power changes are 
controlled by the half-life for decay of the longest-lived delayed neutron precursors. For the source-
dominated system, the delayed neutron precursors do not appreciably slow the response of the system. 
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Abstract/Keyterms: A fuel management scheme is proposed for a twofold purpose: incineration of light 
water reactor waste plutonium and electricity generation. The scheme is based on a fast spectrum core with 
lead as a coolant. The core is managed in a three-batch mode, 200 days per cycle. Enriched 10B, in B4C 
pellets, is used as burnable poison, reducing the criticality drop to just 2.8%/cycle. The latter can be handled 
easily with a few control rods. The core is flat, with a 400-cm diameter and 90-cm height, to ensure that 
core voiding results in a criticality decrease. Recycled fuel is recharged into the core after the fission 
products, but not actinides, have been removed. Equilibrium operation is reached within a short period of 
2 yr. In a span of 27 yr, the core will incinerate the plutonium at an average rate of 730 kg/yr, while 
generating 1000 MW(electric). 
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Abstract/Keyterms: Neutronic characteristics of critical configurations, which may be formed if large 
enough quantities of weapons-grade plutonium that might be stored in a geologic repository are released, 
transported, and deposited below the repository on rock surfaces in fractures, are investigated. Three 
neutronic characteristics of the plutonium-rock-water systems are examined: multiplication factor k, time 
eigenvalue{alpha}. Three processes are identified that have the potential for a large positive reactivity 
feedback: (a) water removal, (b) spectrum hardening, and (c) homogenization. The higher the initial water 
concentration, the more absorbing the medium, the more heterogeneous the plutonium deposition, and the 
larger the core volume, the larger the magnitude of positive reactivity feedback can be. Critical 
configurations were identified in which all but one (i.e., core expansion) of the reactivity feedback 
mechanisms are positive. Scenarios are described in which natural phenomena could drive slightly 
subcritical configurations to develop an autocatalytic prompt supercritical chain reaction. 
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Abstract/Keyterms: We consider the scalar flux and current distributions for vanishingly small one-speed 
bare homogeneous critical systems in the three standard one-dimensional geometries. The similarities and 
differences between geometries is quite different from the corresponding results recently discussed by 
Karlsson and Pázsit, who considered large (diffusive) systems. 
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Abstract/Keyterms: The delayed neutron activity resulting from the fast induced fission of 235U and 
237Np has been studied. The six-group decay constants, relative abundances, and absolute yield of delayed 
neutrons from fast fission of 235U and 237Np were measured using the Godiva IV fast assembly at the Los 
Alamos Critical Experiments Facility. The absolute yield measured for 235U was 0.0163 ± 0.0008 
neutron/fission. This value compares very well with the well-established Keepin absolute yield of 0.0165 
± 0.0005. The absolute yield value measured for 237Np was 0.0126 ± 0.0007. The measured delayed 
neutron parameters for 235U are corroborated with period (e-folding time) versus reactivity calculations. 
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Abstract/Keyterms: Neutronic characteristics are investigated of critical configurations consisting of U 
and moist rock, which may be formed if large enough quantities of highly enriched U (HEU) are released, 
transported, and deposited in the rock below the repository. A companion study investigated neutronic 
characteristics of similar critical configurations consisting of weapons-grade Pu (wPu) and moist rock. Two 
modes of U deposition are considered: uniform homogeneous and heterogeneous. The latter is assumed to 
be of the form of thin planar deposition layers separated by relatively thick slabs of rock, making a constant 
pitch lattice. Three neutronic characteristics are examined: the critical U loading, and the variation, with 
the change of operating conditions, of the multiplication factor k; the time-eigenvalue a; and the effective 
neutron generation time{Lambda}. They are compared against the characteristics of the corresponding 
wPu-rock systems. The study is done parametrically by solving time-independent transport equations. The 
effect of various mechanisms (including water removal, U and rock temperature increase, homogenization 
of fissile and rock materials, and the system expansion) on the neutronic characteristics is studied 
independently. A surprising finding is that heterogeneous depositions of HEU in moist rock can have a 
positive reactivity feedback due to spectrum hardening. Moreover, the magnitude and temperature 
dependence of heterogeneous U-rock systems can be comparable to those of Pu-rock systems despite the 
fact that they are due to entirely different mechanisms. It is concluded that heterogeneous HEU deposits in 
moist rock can be just about as autocatalytic as critical wPu deposits but require approximately twice the 
critical mass. 
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Abstract/Keyterms: The recent revival of interest in accelerator-driven subcritical fluid-fueled systems is 
documented. Several important applications of these systems are mentioned, and this used to motivate the 
need for dynamic analysis of the nuclear kinetics of such systems. A physical description of the Los Alamos 
National Laboratory accelerator-based conversion (ABC) concept is provided. This system is used as the 
basis for the kinetics study in this research. The current approach to the dynamic simulation of an 
accelerator-driven subcritical fluid-fueled system includes four functional elements: A discrete ordinates 
model is used to calculate the flux distribution for the source-driven system; a nodal convection model is 
used to calculate time-dependent isotope and temperature distributions that impact reactivity; a nodal 
importance weighting model is used to calculate the reactivity impact of temperature and isotope 
distributions and to feed this information back to the time-dependent nodal convection model; and a 
transient driver is used to simulate transients, model the balance of plant, and record simulation data. 
Specific transients that have been analyzed with the current modeling system are discussed. These transients 
include loss-of-flow and loss-of-cooling accidents, xenon and samarium transients, and cold-plug and 
overfueling events. The results of various transients have uncovered unpredictable behavior, unresolved 
design issues, and the need for active control. The need for the development of a nodal-coupling spatial 
kinetics model is mentioned. 
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Abstract/Keyterms: The parameters that determine when critical mixtures of 239Pu, SiO2, and water and 
mixtures of 239Pu, Nevada tuff, and water are capable of sustaining an increasing neutron chain reaction 
as may be caused by a positive void coefficient at constant temperature are established. A single canister is 
considered that is loaded with up to 75 kg of 239Pu. A survey of critical spherical mixtures of plutonium, 
SiO2, tuff, and water at constant temperature is created and these results are examined to determine the 
mixtures that might be autocatalytic. Regions of criticality instability are identified that have the possibility 
of autocatalytic power behavior. A positive void coefficient is possible for a very limited range of wet 
systems. 
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Abstract/Keyterms: A modal neutron kinetics method was developed and applied to new problems with 
boiling water reactor oscillations. The modal method is uniquely suited for such problems because the 
oscillation components, in-phase and out-of-phase, correspond directly to separate expansion functions. 
One problem is understanding the origin and predicting the magnitude of the in-phase component that is 
always present during out-of-phase power oscillations. Another exercise of the method was the calculation 
of the relative critical power ratio (CPR) response to in-phase and out-of-phase oscillations, known as the 
DIVOM curve, using a fast single hydraulic channel model. The new calculations confirm the BWR owners 
group results and similar calculations using the full three-dimensional neutronics and multichannel models 
of the RAMONA-3 code. In addition, the origin of the large difference between the in-phase and out-of-
phase CPR responses could be explained. Modal analysis of the reactivity biases associated with oscillating 
reactivity insertions for the two known modes could explain the out-of-phase mode higher propensity to 
growth compared with the in-phase mode of oscillation. 
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Abstract/Keyterms: An analysis presented of reactor dynamics during inherent shutdown and recriticality 
after loss of cooling without scram. The influence of the strength of external neutron sources is studied, and 
the dynamics of fission product decay heat is explicitly taken into account. It is shown that decay heat and 
(in thermal reactors) xenon dynamics play a dominant role in inherent reactor shutdown. Fission power 
level at first spontaneous recriticality is determined by both the strength of the external/inherent neutron 
sources and the reactivity ramp rate induced by xenon decay and cooling down of the subcritical reactor 
core. The first power surge after recriticality is only very weakly dependent on the external/inherent neutron 
source strength, and the amplitude of fission power oscillations is mainly determined by the reactivity ramp 
rate at first recriticality. Frequency and stability of the power oscillations after recriticality depend on the 
thermal inertia of the core and the power-reactivity defect. Stability is slightly deteriorated by the fission 
product decay dynamics, but the influence of xenon dynamics is negligible. 
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Abstract/Keyterms: A model for critical flow in capillaries and cracks of an initially subcooled liquid 
containing a dissolved noncondensable gas is presented. The model is based on the iterative numerical 
solution of, and the imposition of critical flow conditions on, one-dimensional two-phase flow conservation 
equations, everywhere assuming homogeneous equilibrium two-phase flow, and equilibrium between 
liquid and vapor-noncondensable mixture phases with respect to the concentration of the noncondensable. 
Model predictions are compared with data from two different sources with good agreement, indicating that 
the assumption of complete equilibrium between the two phases is adequate for estimating the critical flow 
in microchannels and cracks. The effect of dissolved noncondensables is examined, and it is shown that the 
desorption of dissolved noncondensables from water can lead to a slight (up to several percent) reduction 
in the critical flow rate. 
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Abstract/Keyterms: The behavior of the average eigenvalue <keff> of the critical one-speed slab reactor 
is analyzed as a function of local density fluctuation, while keeping the total material loading of the reactor 
constant, using a combination of analytical and numerical methods. A perturbation of the reference reactor 
as a binary material medium is used as developed by Pomraning. Two parallel probability distributions are 
utilized, and the averages as obtained in the corresponding ensembles are compared. These two distributions 
provide a heuristic description of the physical effects of the spatial perturbation and a methodology that can 
be extended to practical problems. The sources of increase and decrease in the eigenvalues of the perturbed 
configurations are identified, and their relative strengths are identified as functions of the reemission factor 
c. The average eigenvalue is found to always increase for the perturbations and distributions considered 
and is plotted as function of c from c = 1 to …. As the number of regions N (even integer) in the binomial 
distribution is increased, the number of possible perturbed configurations increases rapidly such that the 
new members of the ensemble are closer to the reference reactor in fuel distribution, and thus each has an 
eigenvalue keff increasingly closer to 1. Since these new members predominate the ensemble at large N, 
<keff> tends to 1 strictly from above as N increases. A similar behavior is observed with the exponential 
distribution but is tied to the average binary material thickness or the exponential distribution correlation 
length. The analysis also shows that (using either distribution) for the same c, <keff> is larger for systems 
with less scattering in the corresponding reference reactor. In other words, for a fixed c, the maximum 
<keff> is when…, and the minimum is when …= 0 in the corresponding reference reactors. Some of the 
conditions on the stochastic perturbation distribution and the cross-section components that are necessary 
(but may not be sufficient) to produce <keff> below 1 are identified. 
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Abstract/Keyterms: The development and setup of a procedure to simulate passive assays of plutonium 
dioxide samples by the neutron coincidence counting technique are presented. The main topics are pulse 
train simulation methodology, application of the neutron coincidence counting technique to the simulated 
pulse trains and subsequent Reals rate calculation, validation of the simulation procedure by direct 
comparison with experimental data from 1 × 101 g ÷ 2.5 × 103 g PuO2 reference standards, application of 
the simulator for studying ideal well counters, and presentation of further developments concerning possible 
applications of the simulator as a design tool for well counters and for studying dead-time and induced 
fission correction formulas. 
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Abstract/Keyterms: The reactivity worth of a central void region in the Oak Ridge National Laboratory 
(ORNL) unmoderated and unreflected uranium (93.20 wt% 235U) metal sphere was obtained by 
replacement measurements in a small (0.460-cm-diam) central spherical region in this 3.4420-in.-radius 
sphere. The measured central void region worth was 9.165 ± 0.023 ¢ using the delayed neutron parameters 
of Keepin, Wimett, and Zeigler to obtain the reactivity from the measured stable reactor periods. This value 
is slightly larger than measurements for Godiva I with larger cylindrical samples of uranium (93.70 wt% 
235U) in the center: 135.50 ± 0.12 ¢/mol for Godiva I and 138.05 ± 0.34 ¢/mol for the ORNL sphere 
measurements. The difference could be due to sample size effect. The central worth was also calculated by 
neutron transport theory methods to be 6.02 ± 0.01 × 10-4 k. The measured and calculated values are related 
by the effective delayed neutron fraction. The value of the effective delayed neutron fraction obtained in 
this way from the ORNL sphere is 0.00657 ± 0.00002, which is in excellent agreement with that obtained 
from Godiva I measurements, where the effective delayed neutron fraction was determined as the increment 
between delayed and prompt criticality and was 0.0066. From these ORNL measurements, using the 
delayed neutron parameters of ENDF-B/VI to obtain the reactivity from the stable reactor period 
measurements, the central void worth is 7.984 ± 0.021 ¢, and the inferred effective delayed neutron fraction 
is 0.00754. These values are 14.2% higher than those obtained from use of the Keepin, Wimett, and Zeigler 
delayed neutron data and produce a value of effective delayed neutron fraction in disagreement with Godiva 
I measurements, thus questioning the usefulness of the six-group delayed neutron parameters (fast fission) 
of uranium from ENDF-B/VI for obtaining the reactivity from the measured reactor period using the Inhour 
equation 
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Abstract/Keyterms: The experimental and simulated results of reactivity effects and reaction rate 
sensitivity to different ranges of neutron energy in heavy water solutions of thorium nitrate are reported. 
The experiments were carried out at the MAKET critical plant at the Institute for Theoretical and 
Experimental Physics. The reactivity effects were measured by a critical experimental method using the 
experimental dependence of lattice reactivity variations as a function of heavy water levels in the core tank. 
The reaction rates and the functionals were measured in the experimental samples of 27Al, naturCu, and 
232Th and of a many-composite Al + 55Mn + naturCu + 197Au + naturLu alloy. The experimental samples 
were measured using a Canberra co-manufactured spectrometer (a GC-2518 Ge detector, a 1510 module, 
and a 1510 plate with software to emulate a multichannel analyzer on an IBM personal computer). The 
experimental run yielded macrodistribution of reaction rates in the lattice, the reactivity effects induced by 
different thorium nitrate concentrations in the heavy water solution within the volume of the experimental 
setup, the reactivity effects induced by different heights of filling the experimental tank with the thorium 
nitrate solution, distribution of reaction rates within the experimental volume, and distributions of the 
functional …within the experimental volume. All of the experimental data were simulated by the MCU 
code and partly by the TRIFON-TREC code. Therefore, it is possible to validate the applicability of the 
codes for simulating blankets of subcritical accelerator-driven facilities with independent circulation of a 
heavy water solution of thorium such that 233U buildup to replace the transmuted 239Pu can be studied. 
The results of the experiments and simulation are tabulated and displayed as plots. 
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Abstract/Keyterms: A dynamic model of natural circulation boiling water reactors (BWRs) is analyzed 
using a bifurcation code and numerical simulations. The two fundamental bifurcation types relevant to 
BWRs, the supercritical and the subcritical Hopf bifurcations, are first studied in natural circulation systems 
without nuclear feedback. The effect of nodalization approximation in the riser on stability and bifurcation 
characteristics of the system is determined. The strong effect of the nuclear-thermohydraulic interaction on 
the nonlinear characteristics of a natural circulation BWR is then explored in a parametric study. 
Supercritical bifurcations become dominant in the (high-power) Type-II region for small values of the 
subcooling number and a strong nuclear-thermohydraulic coupling. A cascade of period-doubling pitchfork 
bifurcations (deep in the unstable region) is also predicted by the model under these conditions. Subcritical 
bifurcations in the Type-II instability region were found for larger values of the subcooling number. Both 
Hopf-bifurcation modes were also encountered in the Type-I instability region (low power or high 
power/high subcooling). Finally, the nonlinear reactor model was validated successfully compared with 
nonlinear power oscillations measured in a natural circulation BWR. 
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Abstract/Keyterms: An extended version of the cascade-exciton model (CEM) of nuclear reactions is 
applied to analyze nucleon-induced fission cross sections for 209Bi and 208Pb nuclei in the 45- to 500-
MeV energy range. The available data on linear momentum transfer are analyzed as well. The results are 
compared with analytical approximations resulting from a comparative critical analysis of all available 
experimental data. Systematic discrepancies between calculations and experimental data are revealed. A 
modification of the CEM is proposed, which significantly improves the model predictions for projectile 
energies above 100 MeV. 
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Abstract/Keyterms: Experimental determination of the resonance neutron absorption in a heavy water 
solution of 2.57 g/litre 237Np is presented. Experimental samples were irradiated in the MAKET critical 
plant. Prior to irradiation, 237Np was radiochemically purified to remove 233Pa. The experimental samples 
were prepared by evaporating two aliquot samples taken from the irradiated solution. The nuclide 
composition of the samples was analyzed using a GC-2518 Ge detector, a 1510 module, and an S-100 plate 
to emulate a multichannel analyzer in an IBM personal computer. The spectrometric resolution was 1.8 
keV at the 1332-keV line. The gamma spectra were processed by the ASPRO code. The neutron flux was 
measured by two methods using Al + 55Mn + natCu + 197Au + natLu alloy foils. 
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Abstract/Keyterms: Space-dependent nuclear characteristics, measured by critical experiments on large-
size fast breeder reactor (FBR) cores, were reviewed and interpreted. It was observed that radial neutron 
flux distributions were significantly distorted by perturbations, control rod reactivity interaction effects 
were large, and the point kinetics was not valid. These physical behaviors are enhanced as the spatial 
neutronic decoupling increases. To obtain stable and benign nuclear characteristics and to make the kinetics 
as close to the point kinetics as possible, it is necessary to reduce the spatial decoupling. This an important 
issue that must be taken into account in the nuclear design for large FBR cores. A new nuclear core design 
method for large FBR cores is proposed in which neutronic stability is considered at the same time as 
performance and safety for the optimization of core design. The neutronic stability is improved by reducing 
the spatial decoupling and by taking into account the spatial higher harmonics. 
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Abstract/Keyterms: A new R-matrix analysis of the 235U cross-section data in the 0- to 2250-eV energy 
region is presented. The analysis was performed with the SAMMY computer code that has recently been 
updated to permit, for the first time, inclusion of both differential and integral data within the analysis 
process. Fourteen differential data sets and six integral quantities were used in this evaluation: two 
measurements of fission plus capture, one of fission plus absorption, six of fission alone, two of 
transmission, and one of eta, plus standard values of thermal cross sections for fission and capture, and of 
K1 and the Westcott g factors for both fission and absorption. An excellent representation was obtained for 
the high-resolution transmission, fission, and capture cross-section data as well for the integral quantities. 
The result is a single set of resonance parameters spanning the entire range up to 2250 eV, a decided 
improvement over the present ENDF/B-VI evaluation, in which 11 discrete resonance parameter sets are 
required to cover that same energy range. This new evaluation is expected to greatly improve predictability 
of the criticality safety margins for nuclear systems in which 235U is present. 
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Abstract/Keyterms: Neutron time-of-flight experiments have long been used to determine resonance 
parameters. Those resonance parameters have then been used in calculations of integral quantities such as 
Maxwellian averages or resonance integrals, and results of those calculations in turn have been used as a 
criterion for acceptability of the resonance analysis. However, the calculations were inadequate because 
covariances on the parameter values were not included in the calculations. An effort to correct for that 
deficiency is documented: The R-matrix analysis code SAMMY has been modified to include integral 
quantities of importance, directly within the resonance parameter analysis, to determine the best fit to both 
differential (microscopic) and integral (macroscopic) data simultaneously. This modification was 
implemented because it is expected to have an impact on the intermediate energy range that is important 
for criticality safety applications. 
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Abstract/Keyterms: Two subcritical assemblies (consisting of a subcritical reactor plus a neutron emitter 
such as 252Cf) designed for conducting neutron activation analyses in the field are described. The size of 
the assemblies has been minimized (compared to conventional, graphite-moderated assemblies) to allow 
for field portability. Although less powerful than using a research reactor as the source of neutrons, these 
assemblies will provide an adequate source of neutrons for detecting gold concentrations in rock or soil 
samples down to the limits of economic importance. Using a field-portable source of neutrons eliminates 
the need for shipping samples back to the reactor for analysis, which may be important for reasons of sample 
security and measurement turnaround time. The two subcritical assemblies are composed of natural 
uranium metal as the multiplying material and high-density polyethylene as the moderator, and they have 
keff approximately equal to 0.8 for the smaller assembly (~692-kg assembly mass) and 0.9 for the larger 
assembly (~3059-kg assembly mass). The larger assembly was found to be more desirable from a neutronics 
standpoint; however, it may be too massive to maintain field portability. It was found that the optimal 
location for the irradiation facility (a 4.0-cm-high, 2.0-cm-diam right cylinder) in the subcritical assemblies 
is the grid location as close to the neutron emitter location as possible. It was also found that the total, 
epithermal plus thermal (i.e., neutron energy <0.5 eV), and thermal (i.e., neutron energy <0.05 eV) volume-
averaged neutron fluxes were as follows (assuming a neutron emitter source strength of 109 n/s): 1.72 × 
108, 4.47 × 107, and 2.15 × 107 cm-2s-1 for the smaller assembly, and 3.43 × 108, 9.09 × 107, and 4.37 × 
107 cm-2s-1 for the larger assembly. Although the purpose for which the assembly was designed was for 
conducting neutron activation analyses for gold, the assemblies should also work equally well for analyzing 
sample compositions of other elements at both the bulk and trace levels. 
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Abstract/Keyterms: An analytic study of the solid angle subtended at a point by objects of first and second 
algebraic order has been made. It is shown that the derived solid angle for all such objects is in the form of 
a general elliptic integral, which can be written as a linear combination of elliptic integrals of the first and 
third kind and elementary functions. Many common surfaces and volumes have been investigated, including 
the conic sections and their volumes of revolution. The principal feature of the study is the manipulation of 
solid-angle equations into integral forms that can be matched with those found in handbook tables. These 
integrals are amenable to computer special function library routine analysis requiring no direct interaction 
with elliptic integrals by the user. The general case requires the solution of a fourth-order equation before 
specific solid-angle formulations can be made, but for many common geometric objects this equation can 
be solved by elementary means. Methods for the testing and application of solid-angle equations with 
Monte Carlo rejection and estimation techniques are presented. Approximate and degenerate forms of the 
equations are shown, and methods for the evaluation of the solid angle of a torus are outlined. 
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Abstract/Keyterms: Severe accident simulation has been performed in the past to predict the energy 
release arising from hypothetical core disruptive accidents (CDA) postulated to occur in liquid-metal 
reactors (LMRs). This field has developed to a mature state with the creation of computer codes such as 
SIMMER, but these codes are highly specific to LMR designs. More recent attention has focused on 
thermal-spectrum criticality accidents. This has resulted in the creation of a new simulator code, A Transient 
History for Energetic Nuclear Accidents_2D (ATHENA_2D), which solves the transient multigroup space-
time kinetics equations, coupled to multichannel thermal hydraulics and computational fluid dynamics. 
This paper presents results from two-dimensional kinetics simulations performed for a water reflood 
recriticality accident in a damaged light water reactor, typical of a Three Mile Island end-state core 
geometry. The accident is initiated by assuming reflood water that is insufficiently borated and a reactivity-
optimized debris bed. Reactivity insertion rates analyzed in this study generally are smaller than in LMR 
CDAs (tens of dollars per second versus up to hundreds of dollars per second), and the energetics are 
slightly lower. Parametric variation of input was performed, including reactivity insertion rate and initial 
temperature. 
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Abstract/Keyterms: The midway Monte Carlo method for calculating detector responses combines a 
forward and an adjoint Monte Carlo calculation. In both calculations, particle scores are registered at a 
surface to be chosen by the user somewhere between the source and detector domains. The theory of the 
midway response determination is developed within the framework of transport theory for external sources 
and for criticality theory. The theory is also developed for photons, which are generated at inelastic 
scattering or capture of neutrons. In either the forward or the adjoint calculation a so-called black absorber 
technique can be applied; i.e., particles need not be followed after passing the midway surface. The midway 
Monte Carlo method is implemented in the general-purpose MCNP Monte Carlo code. 
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Abstract/Keyterms: This work originated because of the need to measure (in situ and nondestructively) 
the degree of purity of the graphite of the Swiss critical facility Proteus. The comparison between measured 
and calculated values of the decay constant of a pulse of neutrons was the chosen technique. The decay 
constant (in the absence of fissile materials) depends, mainly, on the purity of the graphite (via the 
absorption process) and leakage. The leakage factor depends on the thermalization process and the 
geometry of the system. Because it is very difficult to calculate in complex geometries like the Proteus 
cavity, Monte Carlo simulations of the behavior of a pulse of neutrons were made with the MCNP code. 
Despite all the sophistication of MCNP, the ultimate accuracy of the calculations is dependent upon the 
quality of the nuclear data that describe the thermalization process in the graphite. A recent review of these 
data shows that very little has changed in the last 30 yr in the ENDF/B evaluation of the double-differential 
scattering cross section. We decided then to benchmark the current state of the art to compute kinetics 
experiments in graphite (the MCNP code and the ENDF/B-VI cross-section set) against experimental data 
and other theoretical results for the analysis of the thermalization problem. Two classes of experiments 
were analyzed: (a) neutron wave propagation, where the observable is the complex relaxation length, and 
(b) pulsed neutron decay, where is measured as a function of the dimensions of the graphite. Once the bias 
of the calculational technique was known, it was used to calculate the neutron decay constant of the Proteus 
cavity as a function of the 10B equivalent impurity concentration. A comparison with pulsed neutron decay 
experiments made at Proteus allowed the determination of the degree of purity of the graphite. In this last 
part, we took full advantage of the sophistication of the MCNP code to model many details of the facility 
quite accurately including room return effects. 
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Abstract/Keyterms: The Feynman- and Rossi-alpha formulas are calculated for subcritical systems driven 
by a multiple emission source, i.e., one that emits several neutrons on each source emission event. The 
prime example of such sources is a spallation source, which will be used in future accelerator-driven 
subcritical systems (ADS), such as the energy amplifier. The Feynman- and Rossi-alpha formulas are 
calculated with backward master equations for such systems. The essence of the theory is a formula that 
connects the probability distribution of a cascade, induced by one single particle, with that induced by a 
continuous source of particles. Compact and consistent expressions are found for both the Feynman- and 
Rossi-alpha formulas. In agreement with earlier forward-theory-based or heuristic calculations, it is shown 
that the presence of the spallation source does not alter the time-dependence of the formulas, but enhances 
its amplitude. Hence, both methods appear to be promising to be used in future stationary ADS systems 
with relatively large subcriticalities. 
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Abstract/Keyterms: Accelerator-driven systems (ADS) for nuclear waste transmutation will periodically 
need absolutely calibrated measurements of the subcriticality level. These measurements will allow both 
the check of the subcriticality margin during the ADS operation life and the related comparison between 
the experimental and foreseen fuel cycle reactivity effect. Until now, the possibility of absolute (source-
jerk-type) reactivity measurements, to be made just after external source breakoff, has been mentioned in 
ADS proposals. 
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Abstract/Keyterms: The results are presented of an investigation of the multiplying properties of lava-
formed fuel-containing masses (LFCM); also, the possibility of developing ignition and dynamics of a self-
sustaining chain reaction (SCR) in the LFCM of the destroyed Unit 4 of the Chernobyl nuclear power plant 
(the so-called Shelter) is discussed. The SCALE 4.3 computer code was used to calculate the multiplication 
factor, the neutron energy spectrum, the spatial distribution of the neutron flux density, etc., as functions of 
the water content in the LFCM for different system models. These results can help to determine the optimum 
placement of detectors in the rooms under the reactor. In addition, the dynamic of an SCR under the 
hypothetical condition that the filling of the LFCM by water leads to an excess multiplication factor over 
unity was considered. Such a treatment was performed for a simple model that takes into account the 
evaporation of water and an increase in temperature due to an energy release in the LFCM. The different 
modes of the LFCM behavior depending on the velocity of water filling are discussed. 
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Abstract/Keyterms: LEU-COMP-THERM-082, LEU-COMP-THERM-083, LEU-COMP-THERM-084, 
LEU-COMP-THERM-090, LEU-COMP-THERM-077, LEU-COMP-THERM-089, HEU-MET-INTER-
006; A new experimental quantity is presented to serve as a benchmark to verify the adequacy of the newly 
released 235U thermal and subthermal cross sections for the determination of the reactivity coefficients of 
light water reactors. Such a quantity is denominated the inversion point, and by definition it is the 
temperature for which the isothermal reactivity coefficient of a reactor system becomes positive. The 
experimental bases for its determination are discussed. The experiment has been performed in the 
IPEN/MB-01 reactor facility. Instead of heating the reactor system as usual in experiments considering 
temperature variations, the reactor system is cooled to ~8.5°C. By means of a heating/cooling system, the 
temperature is allowed to increase slowly in a stepwise manner. For each step, the control bank critical 
position is recorded, and by analyzing its behavior as a function of temperature, the inversion point is 
inferred. The inversion point has been found to be an adequate experimental quantity to validate the thermal 
and subthermal 235U cross section because it does not require any sort of calculated correction factors or 
any quantity that comes either from the calculational methodologies or from another experiment. In 
addition, the inversion point is an experimental quantity that can be measured with an excellent level of 
accuracy due mainly to the very precise characteristics of the control bank system of the IPEN/ MB-01 
reactor. The final value obtained for the IPEN/MB-01 reactor is 14.99 ± 0.15°C. 
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Abstract/Keyterms: One reliable and convenient way of processing the cross sections in the resolved 
energy region is by use of the generalized pole representation, whereby the Doppler-broadening calculation 
can be carried out rigorously using the analytical approach. So far, its applications have been limited to 
cases with resonance parameters specified by the Reich-Moore formalism. Although such an approach can 
in principle be extended to all three remaining representations of resolved resonance parameters specified 
by the ENDF data format, there is no computational tool for handling such a task at present. Given that 
Breit-Wigner formalisms are probably the most widely used by any evaluated nuclear data library to 
represent cross sections, a special effort needs to be made to convert the single- and multilevel Breit-Wigner 
resonance parameters to pole parameters. The FORTRAN computer code BW2PR has been developed for 
this purpose. Extensive calculations have been performed to demonstrate that the proposed method ensures 
the conservation of the information contained originally in Breit-Wigner resonance parameters. This will 
make it possible to apply the exact Doppler-broadening method to a larger collection of nuclides. 
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Abstract/Keyterms: The DANTSYS discrete ordinates computer code system is applied to quantitative 
estimation of water kerma rate distributions in the vicinity of discrete photon sources with energies in the 
20- to 800-keV range in two-dimensional cylindrical r-z geometry. Unencapsulated sources immersed in 
cylindrical water phantoms of 40-cm diameter and 40-cm height are modeled in either homogeneous 
phantoms or shielded by Ti, Fe, and Pb filters with thicknesses of 1 and 2 mean free paths. The obtained 
dose results are compared with corresponding photon Monte Carlo simulations. A 210-group photon cross-
section library for applications in this energy range is developed and applied, together with a general-
purpose 42-group library developed at Los Alamos National Laboratory, for DANTSYS calculations. The 
accuracy of DANTSYS with the 42-group library relative to Monte Carlo exhibits large pointwise 
fluctuations from -42 to +84%. The major cause for the observed discrepancies is determined to be the 
inadequacy of the weighting function used for the 42-group library derivation. DANTSYS simulations with 
a finer 210-group library show excellent accuracy on and off the source transverse plane relative to Monte 
Carlo kerma calculations, varying from -4.9 to 3.7%. The P3 Legendre polynomial expansion of the angular 
scattering function is shown to be sufficient for accurate calculations. The results demonstrate that 
DANTSYS is capable of calculating photon doses in very good agreement with Monte Carlo and that the 
multigroup cross-section library and efficient techniques for mitigation of ray effects are critical for 
accurate discrete ordinates implementation. 
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Abstract/Keyterms: Bifurcation analyses of the impact of the void distribution parameter C0 and the axial 
power profile on the stability of boiling water reactors (BWRs) are reported. Bifurcation characteristics of 
heated channels (without nuclear feedback) appear to be very sensitive to the axial power profile. A turning 
point bifurcation was detected for a (symmetrically) peaked axial power profile. This kind of bifurcation 
does not occur for a uniformly heated channel. Both supercritical and subcritical Hopf bifurcations were 
encountered in a (nuclear-coupled) reactor system, depending on the strength of the void reactivity 
feedback. Subcritical bifurcations become less likely to occur as C0 is significantly larger than unity. In 
BWRs with a strong nuclear feedback, the oscillation amplitude of limit cycles caused by a supercritical 
bifurcation is very sensitive to both C0 and the axial power profile. 
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Abstract/Keyterms: Analysis of the benchmark problems on the void coefficient of mixed-oxide (MOX)-
fueled tight-pitch cells has been performed using the Japanese SRAC code system with the JENDL-3.2 
library and the French APOLLO-2 code with the CEA93 library based on JEF-2.2. The benchmark 
problems have been specified to investigate the physical phenomena occurring during the progressive 
voidage of MOX-fueled tight-pitch lattices, such as high conversion light water reactor lattices, and to 
evaluate the impact of nuclear data and calculational methods. Despite the most recently compiled nuclear 
data libraries and the sophisticated calculation schemes employed in both code systems, the k and void 
reactivity values obtained by the two code systems show considerable discrepancy especially in the highly 
voided state. The discrepancy of k values shows an obvious dependence on void fraction and has been 
shown to be sensitive to the isotopic composition of plutonium. The observed discrepancies are analyzed 
by being decomposed into contributing isotopes and reactions and have been shown to be caused by a 
complicated balance of both negative and positive components, which are mainly attributable to differences 
in a limited number of isotopes including Pu239, Pu241, O16, and stainless steel. 
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Abstract/Keyterms: Two of the methods that can be used for the measurement of the subcriticality of a 
multiplying system are the inverse kinetic (IK) and the pulsed neutron source (PNS) techniques. These 
methods depend considerably on correction factors and/or kinetic parameters, which usually need to be 
calculated using the same neutronic codes as those being validated via the experiments. The use of 
epithermal detectors to reduce the dependence of area-ratio PNS measurements on calculated correction 
factors was reported previously. In the current work, for the first time, epithermal detectors have been used 
for IK measurements. As in the case of the PNS experiments, these were carried out in core/reflector 
configurations with large spatial effects, systematic comparisons with thermal measurements clearly 
bringing out the considerably lower sensitivity of the epithermal IK results to calculational corrections. A 
new two-group point-kinetic model has currently been developed as an extension of the usual theoretical 
basis (employing a single energy group) for analyzing kinetic experiments. This has been essential for 
justifying the analysis methodology employed for the epithermal IK measurements. 
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Abstract/Keyterms: In support of the U.S. Department of Energy need for new data for criticality safety 
applications, new high-resolution fission cross-section measurements of 233U have been made at the Oak 
Ridge Electron Linear Accelerator. The measurements were carried out over a 0.4-eV to 700-keV energy 
range at the 80-m flight station using a fission chamber. Corrections were made for experimental effects to 
obtain the average fission cross section in this energy range. Results are compared to previous 
measurements. 
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Abstract/Keyterms: A general formulation is developed for calculating the mean neutron flux in spatially 
random media. It is based upon Keller's first order smoothing approximation and starts from the integral 
form of the transport equation in which the number densities of the various nuclear species are considered 
as stationary random variables. The mean flux is shown to be described by a linear integral equation. In 
some special cases this has been solved. In particular, for a purely absorbing medium we calculate the flux 
in the neighborhood of point, line and plane sources and demonstrate the importance of the degree of 
anisotropy in the correlation function. We also obtain an analytical expression for the collision probability 
in a spatially random medium and compare this with its deterministic analog. An explicit solution for the 
mean flux in an infinite medium is obtained in terms of a general source distribution using Fourier 
transforms. Using image pile theory we are able to calculate the effect of randomness on the critical size of 
a body. We can show that, for a fissile material, spatial randomness always increases the reactivity of the 
mixture. 
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Abstract/Keyterms: Using an importance function describing the capability of a system for producing 
fission neutrons, a new definition of the subcriticality is proposed, which has the physical meaning of a 
multiplication factor in a real subcritical system with external sources. This multiplication factor ks, which 
expresses the number of fission neutrons produced by a fission neutron in a steady state, is different from 
the usual criticality factor or the effective multiplication factor keff, since the former is calculated from the 
inhomogeneous equation with external source, whereas the latter is calculated from the homogeneous 
criticality equation without external source. 
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Abstract/Keyterms: Recently, analytical formulas have been derived for the Feynman- and Rossi-Alpha 
measurements in accelerator-driven systems. In such systems, due to the multiplicity of the sources, the 
Feynman- and Rossi-Alpha formulas contain additional terms as compared with the traditional cases. A 
numerical evaluation of these formulas for systems with such sources is given. An assessment of the 
contribution of the terms that are novel as compared to the traditional formula is made. These include the 
terms arising from the source multiplicity, and the prompt-delayed and delayed-delayed correlations. 
Further, the consequences of averaging the delayed-neutron families are analyzed. Finally, a comparison is 
made, assuming traditional core material and one possible type of future accelerator-driven system. 
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Abstract/Keyterms: Capture reaction rate ratios of 237Np relative to 197Au were measured in 11 thermal 
neutron fields provided by the Kyoto University Critical Assembly and the Kyoto University Reactor Heavy 
Water Neutron Irradiation Facility. In the measurement, both samples of 237Np and 197Au were irradiated 
at the same time, and their gamma activities were measured. The typical experimental error was 3.5%. The 
analysis was performed by three steps: full-core calculation, self-shielding correction of the sample, and 
perturbation correction of the sample. Three full-core calculations by a continuous-energy Monte Carlo 
code (MVP), a transport code (TWOTRAN), and a diffusion code (CITATION) were made with the 
JENDL-3.2 library. The self-shielding factors were derived by an analytical formula, and the perturbation 
factors were calculated by another MVP calculation. The reaction rates were derived by multiplying the 
neutron spectrum, the two correction factors, and the capture cross sections of 237Np and {sup 197}Au.As 
a result, the three full-core calculations provided almost the same neutron spectra at the sample position 
and gave almost the same calculated-to-experimental values (C/Es) for the capture reaction rate ratios of 
237Np relative to {sup 197}Au. Based on the capture cross section of 237Np taken from the JENDL-3.2 
library, the C/Es were between 0.97 and 1.04, and the average C/E among the 11 cores was 1.01. On the 
other hand, the C/Es using the ENDF/B-VI and the JEF-2.2 were 1.02 to 1.06 for harder spectrum cores, 
whereas the C/Es for the softer spectrum cores were 1.08 to 1.16. It is concluded that the JENDL-3.2 library 
has good accuracy for the capture cross section of 237Np but the ENDF/B-VI and the JEF-2.2 libraries 
overestimate that of 237Np >10% in the thermal neutron energy region. 
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Abstract/Keyterms: Two experiments performed at the IPEN/MB-01 reactor are suggested to serve as a 
benchmark problem to verify mainly the adequacy of the 235U nuclear data for criticality analyses and for 
the isothermal reactivity coefficient determination of thermal reactors. The experiments are claimed to be 
well-defined, and they are suitable for a benchmark problem partially due to their small uncertainties and 
partially due to the lack of any sort of calculated correction factors or any quantity that comes either from 
the calculational methodologies or from another experiment. The isothermal experiment fulfills a specific 
need to introduce a reactor response that is sensitive to the 235U cross-section shape below 5 meV. This 
feature could be accomplished due mainly to the very precise control bank system characteristics of the 
IPEN/MB-01 reactor. The MCNP-4B calculational analyses reveal that the most recent 235U evaluation 
(Leal-Derrien-Larson's evaluation) incorporated in ENDF/B-VI release 5 performs well in the theory-
experiment result comparisons of the aforementioned experiments. Particularly in the isothermal 
experiment, ENDF/B-VI release 5 produces results that even considering the deviations inherent to the 
Monte Carlo method meet the desired accuracy (±1.0 pcm/°C) for the isothermal reactivity coefficient 
determination in contrast to the JEF-2.2 and JENDL-3.2 libraries, which produce unacceptably high keff 
results. The main reasons are the 235U nuclear data in the case of JEF-2.2 and the nuclear data of both 
235U and iron in the case of JENDL-3.2. 
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Abstract/Keyterms: Measured neutron resonance cross sections are usually analyzed and parametrized by 
fitting theoretical curves to high-resolution point data. Theoretically, the cross sections depend mainly on 
the "internal" levels inside the fitted energy range but also on the "external" levels outside. Although the 
external levels are mostly unknown, they must be accounted for. If they are simply omitted, the 
experimental data cannot be fitted satisfactorily. Especially with elastic scattering and total cross-section 
data, one gets troublesome edge effects and difficulties with the potential cross section between resonances. 
Various ad hoc approaches to these problems are still being used, involving replacement of the unknown 
levels by equidistant ("picket fence") or Monte Carlo-sampled resonance sequences, or replication of the 
internal level sequence; however, more convenient, better working, and theoretically sound techniques have 
been available for decades. These analytical techniques are reviewed. They describe the contribution of 
external levels to the R matrix concisely in terms of average resonance parameters (strength function, 
effective radius, etc.). A more recent, especially convenient approximation accounts for the edge effects by 
just one fictitious pair of very broad external resonances. Fitting the thermal region, including accurately 
known thermal cross sections, is often done by adjusting a number of bound levels by trial and error, 
although again a simple analytical recipe involving just one bound level has been available for a long time. 
For illustration, these analytical techniques are applied to the resolved resonance region of 52Cr. The 
distinction between channel radii and effective radii, crucial in the present context, is emphasized. 



 

C-13360 

13323…..…..…………………..…….……..……ID Number…………………..…..…………….13323 

Author: Wallenius, Jan / Tucek, Kamil / Carlsson, Johan / Gudowski, Waclaw 

Title: Application of Burnable Absorbers in an Accelerator-Driven System 

Date: 1/1/2001 

Report: NSENAO, 137, 096-106 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The application of burnable absorbers (BAs) to minimize power peaking, reactivity 
loss, and capture-to-fission probabilities in an accelerator-driven waste transmutation system has been 
investigated. Boron-10-enriched B4C absorber rods were introduced into a lead-bismuth-cooled core fueled 
with transuranic (TRU) discharges from light water reactors to achieve the smallest possible power 
peakings at beginning-of-life (BOL) subcriticality level of 0.97. Detailed Monte Carlo simulations show 
that a radial power peaking equal to 1.2 at BOL is attainable using a four-zone differentiation in BA content. 
Using a newly written Monte Carlo burnup code, reactivity losses were calculated to be 640 pcm per percent 
TRU burnup for unrecycled TRU discharges. Comparing to corresponding values in BA-free cores, BA 
introduction diminishes reactivity losses in TRU-fueled subcritical cores by ~20%. Radial power peaking 
after 300 days of operation at 1200-MW thermal power was <1.75 at a subcriticality level of ~0.92, which 
appears to be acceptable, with respect to limitations in cladding and fuel temperatures. In addition, the use 
of BAs yields significantly higher fission-to-capture probabilities in even-neutron-number nuclides. 
Fission-to-absorption probability ratio for 241Am equal to 0.33 was achieved in the configuration studied. 
Hence, production of the strong alpha-emitter 242Cm is reduced, leading to smaller fuel-swelling rates and 
pin pressurization. Disadvantages following BA introduction, such as increase of void worth and decrease 
of Doppler feedback in conjunction with small values of eff, need to be addressed by detailed studies of 
subcritical core dynamics. 
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Abstract/Keyterms: Research on the incorporation of compressibility effects, for both the liquid and 
radiolytic gas phases, into the Finite Element Transient Criticality (FETCH) coupled 
neutronics/computational fluid dynamics code is described. The code has been developed to simulate 
criticality transients in multiphase media and is applied here to fissile solution transient criticality. The 
predicted fission and pressure transients obtained by the enhanced numerical model are benchmarked 
against the results from the SILENE series of experiments on criticality transients in uranium solutions. 
The amplitude and the form of the first pressure peak, following a step reactivity change, are well 
represented, and insight is gained into the form of subsequent pressure oscillations. An explanation is given 
on the absence of these oscillations in more energetic transients. 
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Abstract/Keyterms: A method is presented to compute sensitivity coefficients for the eigenvalue of a 
critical assembly, including implicit effects associated with changes in resonance-shielded multigroup cross 
sections. Two alternative approaches, based on a forward and an adjoint solution, respectively, are 
developed to determine the effect of perturbations on the weight function used in group averaging of 
resonance cross sections. The forward method uses an automated methodology to compute the flux 
derivative with respect to various cross-section processing parameters. The adjoint method introduces 
adjoint equations for a multigroup cross-section functional and presents adjoint slowing-down equations 
for two common methods of resonance self-shielding. Expressions are presented for sensitivity coefficients 
of self-shielded group cross sections. These sensitivity coefficients are combined with conventional 
eigenvalue sensitivity coefficients to obtain a general perturbation expression for the multiplication factor. 
An example application determines the sensitivity of the critical eigenvalue to hydrogen density changes in 
a homogeneous sphere containing low-enriched uranium. It is shown that changes in 238U-shielded cross 
sections caused by perturbations in hydrogen concentrations are important components in the overall 
eigenvalue sensitivity coefficient, which is predicted well by the developed method. 
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Abstract/Keyterms: This paper demonstrates that the analytic nodal method (ANM) solution to two-group 
(2-G) diffusion equations can be formulated in the same way as the nodal expansion method (NEM) 
solution, and thereby, the two most popular transverse integrated nodal method formulations can be 
integrated into a unified nodal method (UNM) formulation. For this purpose, the analytic solution, i.e., the 
combined homogeneous and particular solution, of transverse-integrated one-dimensional, 2-G diffusion 
equations is represented by an expansion of analytic basis functions while the expansion coefficients are 
obtained in the same way as the NEM. The advantages of the UNM formulation are then discussed. It is a 
stable method in itself so that it does not require approximate schemes to avoid the instability at the near-
critical nodes. Because it does not introduce any approximate scheme in conjunction with the stability 
questions at the near-critical nodes, it is more accurate than the conventional ANM formulation in the case 
where the latter needs to introduce approximations. It is readily incorporated into a number of existing NEM 
production codes. These advantages are demonstrated in terms of numerical solutions of Nuclear Energy 
Agency Committee on Reactor Physics pressurized water reactor benchmark problems. 
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Abstract/Keyterms: A new calculational scheme has been developed for the accurate assessment of 
gamma heating in fast reactors, its special feature being the determination of the gamma source distribution 
that is formulated in a near-to-exact manner. The improved methodology, which has been implemented into 
the ERANOS (European Reactor Analysis Optimized System) code package, is currently validated for Pu-
burning configurations, for which gamma-heating target accuracies are particularly high. This has been 
accomplished through comparisons with new integral measurements conducted at the MASURCA facility, 
as well as with reevaluated earlier experiments. In the new measurements, absolute gamma-heating rates 
were determined in PuO2/UO2-fueled cores surrounded by a steel/sodium reflector, mainly using TLD-700 
thermoluminescent dosimeters. Thereby, a considerable effort was undertaken to minimize systematic 
errors. The calculation/experiment values determined from the analysis of the critical experiments are 0.90 
for the PuO2/UO2 core region, 0.84 for the steel/sodium reflector, and 0.89 for an internal steel/sodium 
diluent zone. The most plausible causes for the observed discrepancies have been identified to be data 
related, i.e., too low fission gamma energies and too low capture cross sections for the structural elements. 
The transferability of the current validation findings to a modified Superphénix configuration, in which the 
radial fertile blanket is replaced by a steel/sodium reflector, and to the 1500 MW(electric) Pu-burning 
CAPRA 4/94 reference design has been demonstrated. 
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Abstract/Keyterms: The best sources of neutrons for neutron capture therapy (NCT) are nuclear reactors. 
To consider installing nuclear reactors in hospitals, such reactors must be cheap and inherently safe. To 
meet these requirements, the power of the reactor should be low. To obtain low reactor power and high 
flux, the critical mass should be small. A preliminary design for a 10-kW homogeneous reactor with a 
critical mass of 19.22 g 242mAm is presented. The obtained results of this reactor are compared with the 
NCT requirements. Although the presented design could potentially be a cheap reactor, there is uncertainty 
regarding the cost of the 242mAm fuel. 
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Abstract/Keyterms: A new type of nuclear reactor is presented that consists of a graphite-walled tube 
partly filled with TRISO-coated fuel particles. Helium is used as a coolant that flows from bottom to top 
through the tube, thereby fluidizing the particle bed. Only when the coolant flow is large enough does the 
reactor become critical because of the surrounding graphite that moderates and reflects the neutrons. The 
fuel particle designed for this reactor is strongly undermoderated and has a temperature coefficient of 
reactivity that is sufficiently negative. The outer diameter is 1 mm with a fuel kernel diameter of 0.26 mm. 
The fuel enrichment (16.7%) and the core inventory (120 kg of uranium) inherently limit the maximum 
power to 16 MW(thermal). A lumped-temperature point-kinetics model has been made that describes the 
fluidization of the particle bed, coupled to the thermal hydraulics and the neutronics of the core. The model 
has been linearized around the stationary solution, and the transfer function from coolant mass flow rate 
perturbations to reactor power fluctuations has been calculated. From a root-locus analysis, the reactor 
operation is shown to be stable with respect to small variations of the coolant mass flow rate around the 
stationary operation points. Transient analyses with the nonlinear reactor model show that for the three 
transients considered (a step in the coolant mass flow rate, a decrease of the coolant inlet temperature, and 
a loss of heat sink), the fuel temperature remains well below 1600°C. Recommendations are made for 
further research. 
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Abstract/Keyterms: To evaluate neutron and gamma-ray absorbed doses in human bodies at criticality 
accidents, two kinds of tissue-equivalent dosimeters, a polymer-alanine dosimeter and a thermoluminescent 
dosimeter (TLD) made of 7Li211B4O7, were applied to dosimetry experiments with ~10% enriched uranyl 
nitrate solution at the Transient Experiment Critical Facility (TRACY) in the Japan Atomic Energy 
Research Institute. For the experiments, five transient operations were conducted to simulate criticality 
accidents by varying the conditions of reactivity addition. Very high doses from both neutrons and gamma 
rays were successfully measured in the range of 1.5 to 1600 Gy by using polymer-alanine dosimeters. The 
gamma-ray doses were able to be determined in the range of 1 to 900 Gy by using 7Li211B4O7 TLDs. In 
addition, it is confirmed that the doses are proportional to integrated power during transient operations 
although the conditions of reactivity addition are different. Since the sensitivity of 7Li211B4O7 to gamma 
rays is almost the same as that of alanine, the neutron doses are easily evaluated without any complicated 
correction by subtracting the gamma-ray doses obtained by the 7Li211B4O7 TLDs from the sum of neutron 
and gamma-ray doses by the polymer-alanine dosimeters. As a result of computational analyses by the 
MCNP4B code, it is also found that calculated doses agree with measured ones within 95% confidence 
intervals and the MCNP4B is applicable to the evaluation of neutron and gamma-ray absorbed doses during 
the transient. 
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Abstract/Keyterms: An improved quasi-static method is applied to the time-dependent, three-dimensional 
neutron transport equation with explicit representation of delayed neutrons. The relevant equations are 
derived, and the corresponding implementation of the method is presented. The resulting new code, which 
uses a three-dimensional, discrete ordinates code (TORT) to solve the static fixed-source equations, is tested 
using transient benchmark problems that are available in the literature. Results obtained with the new time-
dependent code, named TDTORT, are in satisfactory agreement with the benchmark problem results. 
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Abstract/Keyterms: The number of spent nuclear fuel assemblies taken from nuclear power plants and to 
be stored in existing storage pools is increasing. Therefore, there is a need to optimize the storage 
configurations. The computer codes and cross sections used to analyze proposed storage configurations 
must be validated through comparison with experimental data. Restrictive values of ksafe, caused by limited 
data, can prevent optimal storage utilization. As a collaborative effort between Westinghouse Safety 
Management Solutions, Oak Ridge National Laboratory (ORNL), Georgia Institute of Technology, and the 
University of Missouri Research Reactor (MURR), more than 120 experiments were performed using four 
highly enriched MURR fuel assemblies. The 252Cf-source-driven noise analysis technique developed at 
ORNL was used as the measurement method for these experiments. This method is based on calculating a 
specific ratio of measured auto-power and cross-power spectral densities. Twenty-two unique 
configurations from the MURR experimental program were analyzed for benchmarking purposes. 
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Abstract/Keyterms: A method has been developed for calculating the probability distribution of the 
multiplication factor in a system in which the fissile or absorbing elements are randomly distributed across 
the core and can have random material properties. It has practical applications to the storage of radioactive 
waste in drums in which fissile material is stored in a background matrix. The procedure is based upon the 
source-sink method of heterogeneous reactors developed by Feinberg, Galanin, Horning and Stewart in 
which the fuel element or absorber is replaced by a point sink of thermal neutrons and a point source of fast 
neutrons. The positions and material properties are sampled from a random distribution and a probability 
distribution is built up for the multiplication factor keff. Calculations are made for spheres in a cubic system 
and probability distributions, mean values and variances are obtained for 1, 2, 3, 5, 10 and 25 spheres in 
both water and graphite moderated systems. Some interesting fine structure is found in the probability 
distributions which is attributed to preferred symmetric groupings of the spheres in the lattice. We also 
examine the effect of small random movements of the spheres about their mean positions and in particular 
study the effect of anisotropy of motion, i.e. perpendicular to the plane and in the plane, on the mean value 
of the multiplication factor and the associated probability distributions. Some experimental results obtained 
by Lloyd on reactivity changes in random lattices are examined and qualitative agreement is obtained. A 
convenient form of the three dimensional Greens function for a rectangular box is developed which is 
especially useful for numerical purposes due to its rapid convergence properties. 
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Abstract/Keyterms: Accurate critical experiments have been performed for the validation of total fission 
(Ftot) and 238U-capture (C8) reaction rate distributions obtained with CASMO-4, HELIOS, BOXER, and 
MCNP4B for the lower axial region of a real Westinghouse SVEA-96+ fuel assembly. The assembly 
comprised fresh fuel with an average 235U enrichment of 4.02 wt%, a maximum enrichment of 4.74 wt%, 
14 burnable-absorber fuel pins, and full-density water moderation. The experimental configuration 
investigated was core 1A of the LWR-PROTEUS Phase I project, where 61 different fuel pins, representing 
~64% of the assembly, were gamma-scanned individually. Calculated (C) and measured (E) values have 
been compared in terms of C/E distributions. For Ftot, the standard deviations are 1.2% for HELIOS, 0.9% 
for CASMO-4, 0.8% for MCNP4B, and 1.7% for BOXER. Standard deviations of 1.1% for HELIOS, 
CASMO-4, and MCNP4B and 1.2% for BOXER were obtained in the case of C8. Despite the high degree 
of accuracy observed on the average, it was found that the five burnable-absorber fuel pins investigated 
showed a noticeable underprediction of Ftot, quite systematically, for the deterministic codes evaluated 
(average C/E for the burnable-absorber fuel pins in the range 0.974 to 0.988, depending on the code). 
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Abstract/Keyterms: Within the framework of the Nuclear Energy Agency Nuclear Science Committee, 
theoretical physics benchmarks and multiple recycling issues related to various mixed-oxide (MOX)-fueled 
systems have been studied. Many improvements and clarifications in nuclear data libraries and calculation 
methods have been achieved from the results of the theoretical benchmarks performed. However, it was 
felt that there was also a need to link these findings to data from experiments. Hence, a blind international 
benchmark exercise based on the two-dimensional VENUS-2 MOX core measurement data was carried 
out. Twelve participants from ten countries participated in the benchmark. Both the deterministic and the 
Monte Carlo methods were applied with different nuclear data sets. This technical note provides a 
comparative analysis between calculated and measured results. Comparison with experimental results 
identified the origins of discrepancies between calculations and measurements and enabled the quantitative 
comparison of the relative merits of the different calculation methods. 
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Abstract/Keyterms: Optimization criteria for the representability of numerical models for the estimation 
of relative reactivity changes, due to localized perturbations in boiling water reactor (BWR) lattices, have 
been theoretically developed and tested. The validity of the derived theoretical expressions has been 
assessed for the case of a reactivity perturbation corresponding to the removal of an individual fuel pin from 
a nominal BWR assembly, thus effectively substituting the pin by water. Such reactivity effects are of 
importance in the context of evaluating advanced fuel element designs, e.g., those employing part-length 
rods. Two different geometry models have been implemented for the LWR-PROTEUS critical research 
facility [full core (FC) and a smaller, reduced geometry (RG)], using the light water reactor assembly code 
BOXER, and calculations have been performed for the nominal cases (all pins present in the central test 
assembly) and the perturbed cases (individual pins removed). The FC results have been compared with the 
results of the RG model with two different boundary conditions (reflective and critical albedo). The 
comparisons have shown that the results of critical albedo calculations feature superior representability. 
Differences in relative reactivity effects, with respect to results of the FC calculation, are found to be within 
the range ±1 to ±4%. 
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Abstract/Keyterms: The analysis of the fluctuations of signals coming from detectors in the vicinity of a 
subcritical assembly of fissile materials is commonly used for the control and safeguard of nuclear materials 
and might be used for the surveillance of an accelerator driven system. One of the stochastic techniques is 
the measurement of the probability distributions of counts in time intervals T. (gates); the departure of the 
ratio of the variance and the mean value with respect to 1 (the correlation) is directly related to the amount 
of fissile material and its subcriticality. The measurement of this correlation is affected by dead-time effects 
due to count losses because of the finite-time resolution of the detection system. We present a theory that 
allows (a) the calculation of the probability of losing n counts (P(n)) in gate t, (b) the definition of 
experimental conditions under which P(2) << P(1), and (c) a methodology to correct the measured 
correlation because of losing one count in any gate. The theory is applied to the analysis of experiments 
performed in a highly enriched subcritical assembly. 
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Abstract/Keyterms: This work examines the capabilities of simulation codes to predict the concentration 
of nuclides in spent reactor fuel, in particular mixed-oxide (MOX) fuel, via comparisons with destructive 
radiochemical analyses performed on irradiated samples. We report on three MOX samples irradiated in a 
pressurized water reactor (PWR) and two UO2 samples irradiated in a different PWR. Actinide and fission-
product concentrations were measured and were compared with concentration values obtained from 
simulation studies. The actinides include isotopes of uranium, neptunium, plutonium, americium, and 
curium. The fission products include isotopes of cesium, neodymium, samarium, europium, and gadolinium 
as well as 90Sr, 95Mo, 99Tc, 101Ru, 106Ru, 103Rh, 109Ag, 125Sb, 129I, and 144Ce. For many of the 
actinides, the predictions are quite good when compared with the measured values; but concentrations of 
some tend to be overpredicted. The cesium and neodymium, and some samarium concentrations, are well 
predicted, but some of the other fission products show variable results. The sensitivity of some of the results 
to sample-burnup estimates is discussed. 
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Abstract/Keyterms: The standard implementation of the differential operator (Taylor series) perturbation 
method for Monte Carlo criticality problems has previously been shown to have a wide range of 
applicability. In this method, the unperturbed fission distribution is used as a fixed source to estimate the 
change in the keff eigenvalue of a system due to a perturbation. A new method, based on the deterministic 
perturbation theory assumption that the flux distribution (rather than the fission source distribution) is 
unchanged after a perturbation, is proposed in this paper. Dubbed the F-A method, the new method is 
implemented within the framework of the standard differential operator method by making tallies only in 
perturbed fissionable regions and combining the standard differential operator estimate of their 
perturbations according to the deterministic first-order perturbation formula. The F-A method, developed 
to extend the range of applicability of the differential operator method rather than as a replacement, was 
more accurate than the standard implementation for positive and negative density perturbations in a thin 
shell at the exterior of a computational Godiva model. The F-A method was also more accurate than the 
standard implementation at estimating reactivity worth profiles of samples with a very small positive 
reactivity worth (compared to actual measurements) in the ZEUS critical assembly, but it was less accurate 
for a sample with a small negative reactivity worth. 
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Abstract/Keyterms: A model of neutron multiplication for aggregates of randomly placed fissile spheres 
with random material properties in a background medium is presented in terms of the transport equation. 
Two distinct problems are examined: (1) small spheres in an infinite bulk medium in which the total cross 
section in the spheres and bulk medium are the same and (2) small spheres in a void or purely absorbing 
medium but with different total cross sections in sphere and medium. In both cases we consider criticality 
in which there are random material properties of the spheres and random positions in the container. The 
random sphere problem is studied statistically by calculating the multiplication factor for many thousands 
of cases with different positions and material properties and, from the results, constructing a probability 
distribution function for the multiplication factor. Some of the results are also calculated using diffusion 
theory and therefore we are able to give guidance on the likely errors caused by diffusion theory in this type 
of problem. Although the problems are restricted to the one speed approximation, they may be applicable 
to fast neutron problems and we apply the work to spheres composed of random proportions of 235U and 
238U. The work also has some bearing on the physical behaviour of pebble bed reactors which are of 
current interest, and in the storage of fissile waste. We have also discussed some of the underlying statistical 
problems associated with random arrays of spheres in a uniform lattice. In formulating our problem, we use 
the collision probability technique and as a by-product derive some new inter-lump collision probabilities 
for two spheres. 
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Abstract/Keyterms: Molten salt reactors (MSRs) have the distinction of having a liquid fuel that is also 
the coolant. The transport of delayed-neutron precursors by the fuel modifies the precursors' equation. As 
a consequence, it is necessary to adapt the methods currently used for solid fuel reactors to achieve critical 
or kinetics calculations for an MSR. A program is presented for which this adaptation has been carried out 
within the framework of the two-energy-group diffusion theory with one dimension of space. This program 
has been called Cinsf1D (Cinétique pour réacteur à sels fondus 1D). 
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Abstract/Keyterms: A radially dependent, angular leakage correction was applied to a one-dimensional, 
multigroup neutron diffusion theory computer code to accurately model hemispherical geometry. This 
method allows the analyst to model hemispherical geometry, important in nuclear criticality safety analyses, 
with one-dimensional computer codes, which execute very quickly. Rapid turnaround times for scoping 
studies thus may be realized. This method uses an approach analogous to an axial leakage correction in a 
one-dimensional cylinder calculation. The two-dimensional Laplace operator was preserved in spherical 
geometry using a leakage correction proportional to 1/r2, which was folded into the one-dimensional 
spherical calculation on a mesh-by-mesh basis. Hemispherical geometry is of interest to criticality safety 
because of its similarity to piles of spilled fissile material and accumulations of fissile material in process 
containers. A hemisphere also provides a more realistic calculational model for spilled fissile material than 
does a sphere. 
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Abstract/Keyterms: Critical experiments are carried out in order to validate, improve, and benchmark the 
extensive data calculations available. A series of such experiments was performed at the Los Alamos 
Criticality Experiments Facility. These experiments were performed to provide criticality safety data for 
waste matrix materials. These critical experiments were fueled with highly enriched uranium, moderated 
and reflected with polyethylene, and mixed with silicon dioxide (SiO2), aluminum (Al), magnesium oxide 
(MgO), and gadolinium (Gd). The uncertainties affecting the experiment were divided into three broad 
categories: mass measurement, geometry, and material composition. Each category is considered in turn, 
and then the total experimental uncertainty is derived. All four experiments had a measured keff of 1.001. 
The sensitivity analyses of these critical experiments yielded uncertainties in the measured keff of ±0.0026 
for SiO2, ±0.0026 for Al, ±0.0021 for MgO, and ±0.0029 for Gd. These experiments were judged to be of 
benchmark quality. 
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Abstract/Keyterms: Under the auspices of the International Atomic Energy Agency, a series of well-
documented benchmark experiments were performed at the Proteus facility of the Swiss Paul Scherrer 
Institute. Thirteen critical pebble bed reactor configurations were assembled, with ten of them deterministic 
with a precise location of the low-enriched fuel and moderator pebbles. Seven of these configurations were 
modeled with a very high spatial resolution with the Monte Carlo code MCNP with details that go from the 
fuel kernel (0.5 mm in diameter) to the walls surrounding the facility. The calculations of the k's of the 
configurations agree quite well with the experiments (within a fraction of a dollar). A sensitivity analysis 
included to discuss the possibility of a small bias; also biases introduced by customary approximations of 
production codes were calculated. The experiments and the analysis of this paper might be very useful tools 
to check the calculational accuracy of procedures used in the emerging work related to pebble bed modular 
gas-cooled reactors. 
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Abstract/Keyterms: The contributions of different physical phenomena to the reactivity temperature 
coefficient (RTC) in typical light water moderated lattices have been assessed. Using the APOLLO2 code 
with the CEA93 cross-section library based on JEF2.2 data, we have analyzed the main French experiments 
available on the RTC: the CREOLE and MISTRAL experiments. In these experiments performed in the 
EOLE critical facility located at CEA/Cadarache, the RTC has been measured in both UO2 and UO2-PuO2 
pressurized water reactor-type lattices. Our calculations have shown that the calculation error in UO2 
lattices is <1 pcm/°C, which is considered as the target accuracy for reactor design calculations. On the 
other hand the calculation error in mixed oxide lattices is more significant in both low- and high-temperature 
ranges: An average error of -2 ± 0.5 pcm/°C is observed at low temperatures, and an error of +3 ± 2 pcm/°C 
is obtained for temperatures >250°C. Our analysis has shown that the negative error in the low-temperature 
range is linked to the thermal spectrum shift effect, which is strongly dependent on the thermal shapes of 
the cross sections of plutonium isotopes, whereas the positive error in the high-temperature range is mainly 
linked to the water density effects. 
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Abstract/Keyterms: Actinide samples irradiated in the Dounreay Prototype Fast Reactor for 492 effective 
full-power days were analyzed at Japan Atomic Energy Research Institute by radiochemical methods to 
measure the isotopic compositions of the fission products (molybdenum, zirconium, and neodymium 
isotopes) and of the actinides (uranium, neptunium, plutonium, americium, curium, and californium 
isotopes). In this first of two companion papers, procedures used for chemical analyses and the analyzed 
data are presented. There is good agreement between the current results and previous results obtained at 
Oak Ridge National Laboratory. Therefore, these analytical results could serve as a benchmark for future 
calculations and validation of nuclear data libraries. Such a validation is attempted in the companion paper. 
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Abstract/Keyterms: To evaluate neutron cross-section data of minor actinides (MAs), separated actinide 
samples and dosimetry samples were irradiated at the Dounreay Prototype Fast Reactor for 492 effective 
full-power days. Irradiated samples were analyzed both at Oak Ridge National Laboratory and at Japan 
Atomic Energy Research Institute (JAERI). This independent duplication has resulted in the generation of 
reliable radiochemical analysis data. Based on the burnup calculations of major actinide ( 235U and 239Pu) 
and dosimetry samples, the neutron flux distribution and the flux level were adjusted at the locations where 
MA samples were irradiated. The burnup calculations were carried out for MAs using the determined flux 
distribution and flux level. The calculated results were compared with the experimental data. A brief 
description of sample preparation and irradiation and a detailed discussion of radiochemical analysis at 
JAERI are given in a companion paper. The current paper discusses the burnup calculations and the 
validation of MA cross-section data in evaluated nuclear data libraries. 
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Abstract/Keyterms: Projects dealing with future reactors based on new fuels and able to incinerate nuclear 
waste require good knowledge of numerous cross sections. In order to resolve nuclear database 
discrepancies, capture cross-section profiles between 0.1 eV and 30 keV have been measured for different 
materials using a lead-slowing-down-time spectrometer in association with a pulsed neutron generator. The 
measurement of the neutron flux with a 233U fission detector and a 3He counter, and careful analysis of 
the E-T correlation compared to very precise Monte Carlo simulations, brought new information on the 
lead scattering cross section. Capture profiles for reference materials (gold, tantalum, indium, and silver), 
core materials (thorium and technetium), and structure materials (manganese and nickel) were measured 
with a CeF3 scintillator and photomultiplier for different thicknesses. Areas of agreement and disagreement 
between experimental results and simulations using different databases have been determined with a 
precision of 5%. Correction tables are given for some elements. This method opens an efficient way for 
revisiting (n, {gamma}) databases, and it allows rapid error evaluation and sensitivity studies. 
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Abstract/Keyterms: The authors describe the criticality and reactivity measurement method (CRMM) and 
give results of their analysis obtained by using this method for a physical inventory of nuclear materials 
(NMs) on the Nartsiss critical assembly at the Russian Research Center Kurchatov Institute (RRC KI). The 
proposed approach is a further development of the criticality measurement method used at the Los Alamos 
National Laboratory (LANL), and is a joint effort of LANL and RRC KI. A brief description is given of 
the Nartsiss critical assembly. Statistical control charts are used to study the reproducibility of results. The 
contributions of individual components to the resultant error of the proposed method are estimated. The 
method of quantile estimates of random errors is used in error analysis. It is shown that the CRMM has 
high sensitivity and may be successfully used in NM control and accountability. 
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Abstract/Keyterms: A new numerical method for computing first-flight collision, escape, and 
transmission probabilities in three dimensions is described. The method consists of subdividing the domain 
into parts called elements and assuming, as an approximation, that the interaction between a source element 
and a sink element takes place only along the path that joins their centers of mass. The calculation is 
repeated with the number of elements increased successively and Richardson extrapolation to an infinite 
number of elements applied to the sequence of results until convergence to the desired degree of accuracy 
is attained. Solutions to some test problems indicate that, in general, four steps of repeated Richardson 
extrapolation are sufficient to yield results with an accuracy comparable to that of existing codes. 
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Abstract/Keyterms: The data-processing system CONSYST/ABBN coupled with the ABBN-93 nuclear 
data library (NDL) was used in the analysis of BFS-62 and ZPPR JUPITER experiment series fast reactor 
mixed oxide cores, applying the Japan Nuclear Cycle Development Institute (JNC), Japan, core calculation 
code CITATION-FBR. The FFCP cell code was used to take into account the spatial cell heterogeneity and 
resonance effects based on the subgroup approach. The NDL effect has been studied by comparing the 
results calculated using the ABBN-93 nuclear data with the former ones obtained at JNC based on the 
JENDL-3.2 NDL. Calculation analysis results for the keff parameter for four BFS-62 cores as well as for 
three ZPPR JUPITER experiment series cores (ZPPR-9, ZPPR-13A, and ZPPR-17A) have been obtained. 
The estimated uncertainty in the keff values caused by possible errors in calculation of the applied 
corrections was estimated to be ~0.3% in the case of the ZPPR cores and 0.2% for the BFS-62 cores. The 
NDL effect determined by applying the ABBN-93 nuclear data in the JNC calculation route for the keff 
parameter appeared to be ~0.3% for the ZPPR and BFS-62 cores with plutonium. As for BFS-62 uranium-
loaded cores, the NDL effect was ~0.1%. Sensitivity analysis was applied, and it has shown that the main 
contributors to the NDL effect are uranium, plutonium, and iron cross sections. This work is closely related 
to the JNC-Institute of Physics and Power Engineering, Russian Federation, collaboration on experimental 
investigation of excess weapon plutonium disposition in the BN-600 reactor using the BFS facility. 
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Abstract/Keyterms: An importance function of the external spallation neutrons in an accelerator-driven 
system (ADS) has been introduced and characterized to address the source multiplication in a subcritical 
blanket. For a model ADS problem with a central external source, the source importance function is 
evaluated with a neutron transport code system. For a homogeneous core, essential characteristics of the 
importance are identified from the viewpoint of spatial distributions and energy dependency, etc. The 
importance function is evaluated for two different beam tube diameters, and its dependency on the buffer 
thickness is also addressed. In order to assess the impact of the power distribution on the importance 
function, a heterogeneous core is considered, and its importance function is evaluated. The analyses show 
that the peak importance occurs in the inner fuel blanket zone, not in the central source region, and the 
neutron importance in a high-energy regime, above 7 to 20 MeV, is high and increases with the energy. 
Also, the effects of a neutron absorber on the source importance are studied, and it is found that the source 
importance could be drastically reduced by surrounding the source with a strong neutron absorber such as 
B4C. In addition, the source importance function is compared with the conventional -mode adjoint flux, 
which is used as an importance function of fission neutrons in critical reactors. The comparison reveals that 
the inhomogeneous source importance function could be quite similar to the homogeneous -mode adjoint 
flux in both spatial and spectral distributions for a wide range of subcriticality. 
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Abstract/Keyterms: Previous work into the space-dependent kinetics of the conceptual nuclear fluidized 
bed has highlighted the sensitivity of fission power to particle movements within the bed. The work 
presented in this paper investigates a method of stabilizing the fission power by making it less sensitive to 
fuel particle movement. Steady-state neutronic calculations are performed to obtain a suitable design that 
is stable to radial and axial fuel particle movements in the bed. Detailed spatial/temporal simulations 
performed using the finite element transient criticality (FETCH) code investigate the dynamics of the new 
reactor design. A dual requirement of the design is that it has a moderate power output of ~300 
MW(thermal). 



 

C-13391 

13354…..…..…………………..…….……..……ID Number…………………..…..…………….13354 

Author: Briggs, J. Blair / Scott, Lori / Nouri, Ali 

Title: The International Criticality Safety Benchmark Evaluation Project 

Date: 9/1/2003 

Report: NSENAO, 145, 001-010 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was 
initiated in 1992 by the U.S. Department of Energy. The ICSBEP became an official activity of the 
Organisation for Economic Co-operation and Development (OECD) Nuclear Energy Agency in 1995. 
Representatives from the United States, United Kingdom, France, Japan, the Russian Federation, Hungary, 
Republic of Korea, Slovenia, Yugoslavia, Kazakhstan, Spain, and Israel are now participating. The purpose 
of the ICSBEP is to identify, evaluate, verify, and formally document a comprehensive and internationally 
peer-reviewed set of criticality safety benchmark data. The work of the ICSBEP is published as an OECD 
handbook entitled "International Handbook of Evaluated Criticality Safety Benchmark Experiments" 
(ICSBEP Handbook). The 2002 edition of the ICSBEP Handbook contains benchmark model specifications 
for 2881 critical or subcritical configurations that are intended for validating computer codes that calculate 
effective neutron multiplication and for testing basic nuclear data. 



 

C-13392 

13355…..…..…………………..…….……..……ID Number…………………..…..…………….13355 

Author: Nouri, Ali / Nagel, Pierre / Briggs, J. Blair / Ivanova, Tatiana 

Title: DICE: Database for the International Criticality Safety Benchmark Evaluation Program Handbook 

Date: 9/1/2003 

Report: NSENAO, 145, 011-019 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The 2002 edition of the "International Handbook of Evaluated Criticality Safety 
Benchmark Experiments" (ICSBEP Handbook) spans more than 26 000 pages and contains 330 evaluations 
with benchmark specifications for 2881 critical or near-critical configurations. With such a large content, 
it became evident that the users needed more than a broad and qualitative classification of experiments to 
make efficient use of the ICSBEP Handbook. This paper describes the features of Database for the 
International Handbook of Evaluated Criticality Safety Benchmark Experiments (DICE), which is a 
database for the ICSBEP Handbook. The DICE program contains a relational database loaded with selected 
information from each configuration and a users' interface that enables one to query the database and to 
extract specific parameters. Summary descriptions of each experimental configuration can also be obtained. 
In addition, plotting capabilities provide the means of comparing neutron spectra and sensitivity coefficients 
for a set of configurations. 
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Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) 
provides a handbook of descriptions, evaluations, and models of experiments with fissionable material. The 
"International Handbook of Evaluated Criticality Safety Benchmark Experiments" (ICSBEP Handbook) is 
useful for criticality safety analysts and nuclear-data evaluators for validation of neutron transport codes 
and nuclear cross-section sets. Each of the four main parts of the ICSBEP document provides valuable 
information. The four parts are as follows: Part 1, detailed description of the experiment; Part 2, evaluation 
of experimental data to obtain parameter values that define the model and their uncertainties; Part 3, 
derivation and concise description of the benchmark model; and Part 4, sample calculation results. The 
ICSBEP Handbook provides a practical, standardized format for documenting nuclear experiments. 
Valuable, previously unknown data are often discovered during the evaluation process. Besides these 
discoveries, many other things have been learned during this first decade of evaluating and providing 
benchmark models of experiments. The current method is described in order to improve understanding of 
what is required to evaluate benchmark experiments for validation purposes. 
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Abstract/Keyterms: Since 1958, the Commissariat a l'Energie Atomique and then the Institut de 
Radioprotection et de Surete Nucleaire (previously the Institut de Protection et de Surete Nucleaire) have 
carried out criticality experiments first in Saclay and then in the Valduc criticality laboratory. This paper is 
a survey of the programs conducted during the last 45 yr with the different apparatuses. This paper also 
gives information about plans for the future. Programs are presented following the chronology and the 
International Criticality Safety Benchmark Evaluation Project classification. Among the numerous series 
of experiments, now 22 series (corresponding to 407 configurations) have been included in the 'International 
Handbook of Evaluated Criticality Safety Benchmark Experiments'. 
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Abstract/Keyterms: Experimental research facilities involving critical assemblies used in support of the 
U.K. nuclear power program are reviewed from the perspective of nuclear criticality safety. The scope of 
the U.K. program is outlined, and major facilities and programs are briefly reviewed. The methods and data 
arising from these programs, and their application for nuclear criticality safety assessment, are noted. The 
experiments selected for inclusion in the International Criticality Safety Benchmark Evaluation Project 
"International Handbook of Evaluated Criticality Safety Benchmark Experiments" are briefly outlined. 
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Abstract/Keyterms: Much of the research performed at the Los Alamos Critical Experiments Facility 
(LACEF) today is in direct support of the U.S. Department of Energy (DOE)/National Nuclear Security 
Administration's (NNSA's) Nuclear Criticality Safety Program (NCSP). A key component of this support 
includes performing high-priority critical and subcritical experiments and then analyzing and documenting 
those experiments as benchmarks for the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP). The current complement of five operational critical assemblies is described, and an overview of 
LACEF support for the DOE/NNSA NCSP and the ICSBEP is presented. 
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Abstract/Keyterms: Numerous criticality safety benchmarks have been, and continue to be, developed 
from experiments performed on Argonne National Laboratory's plate-type fast critical assemblies. The 
nature and scope of assemblies suitable for deriving these benchmarks are discussed. The benchmark 
derivation process, including full treatment of all significant uncertainties, is explained. Calculational 
results are presented that support the small uncertainty assigned to the key derivation step in which complex 
geometric detail is removed. 
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Abstract/Keyterms: The necessity of accounting for the correlation of experimental uncertainties when 
determining calculational uncertainty in criticality predictions is demonstrated in this paper. An example 
of constructing the correlation matrix for the experimental uncertainties of the experiments with highly 
enriched uranium solutions performed and evaluated at the Institute of Physics and Power Engineering, 
Russian Federation, is presented. A conclusion is drawn with regard to the significant influence of the 
correlations on the average calculation-experiment deviation and the deviation uncertainty. 
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Abstract/Keyterms: The ZEUS experiments have been designed to test the adequacy of 235U cross 
sections in the intermediate-energy range. Detailed models of the three ZEUS critical experiments are 
developed for the MCNP Monte Carlo code, and calculated results, based on cross sections derived from 
ENDF/B-V and ENDF/B-VI, are presented and assessed. A series of modeling simplifications then is 
described that transforms the detailed representations into benchmark configurations, and the reactivity 
impact of each of those simplifications is assessed. 
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Abstract/Keyterms: Modern nuclear criticality safety analysis places great reliance on calculations 
performed using computer codes, in particular, those employing the Monte Carlo method of solution. In the 
United Kingdom the acknowledged standard Monte Carlo code for criticality safety assessment is MONK. 
The accuracy achievable with MONK is ultimately governed by the accuracy of the nuclear data employed 
and their representation within the code nuclear data library. The U.K. industry uses JEFF-based libraries, 
taking advantage of modern nuclear data evaluations. Following the release of a frozen version of the library 
(JEF2.2), a program of work was undertaken in the United Kingdom to develop nuclear data libraries for 
use in reactor physics, shielding, and criticality application codes and to provide benchmark evidence to 
support their use. For criticality, this involved developing a hyper-fine-group energy library for the MONK 
code and undertaking a large program of comparison calculations for selected international experiments. A 
significant contribution to this validation effort has been the high-quality experimental data from the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) International Handbook of 
Evaluated Critical Safety Benchmark Experiments. This paper summarizes the work involved in arriving 
at the current stage whereby the use of MONK in conjunction with a JEF2.2-based library is accepted within 
the U.K. nuclear industry. Specific examples are given, where ICSBEP has provided experimental 
evaluations for application areas previously unsupported by more traditional experimental data sources. 
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Abstract/Keyterms: Evaluated criticality benchmark data obtained at the Static Criticality Experiment 
Facility (STACY) account for a large percentage of low-enriched uranium (LEU) solution systems 
documented in the "International Handbook of Evaluated Criticality Safety Benchmark Experiments." 
These data are available for validation of computer codes and nuclear data used for criticality safety 
analyses of LEU solution systems. The calculated keff's for the water-reflected STACY criticality 
experiments have been overestimated with JENDL-3.2 by ~0.7%. These overestimations were kept in mind 
while making modifications of the fission spectrum and the fission cross section of 235U, and the (n,p) 
cross section of 14N in JENDL-3.3. Because of these modifications, the keff's calculated with JENDL-3.3 
were largely improved. The contributions of these modifications in JENDL-3.3 with respect to JENDL-3.2 
and ENDF/B-VI.5 were investigated by performing perturbation calculations. The overestimation of the 
elastic-scattering cross section of 56Fe in the mega-electron-volt range was one of the reasons for the keff 
overestimations for the STACY experiments with JENDL-3.2. The modification of 56Fe cross sections in 
JENDL-3.3 reduces keff's in the STACY experiments by 0.2%. The dependence of calculated keff's on 
uranium concentration still exists in JENDL-3.3. The overestimation of calculated keff's for the STACY 
experiments with JENDL-3.3 is not insignificant and is as much as 0.6%. These problems are to be resolved 
in a future evaluation of the cross-section library. 
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Abstract/Keyterms: A criticality benchmark experiment performed at the Jozef Stefan Institute TRIGA 
Mark II research reactor is described. This experiment and its evaluation are given as examples of 
benchmark experiments at research reactors. For this reason the differences and possible problems 
compared to other benchmark experiments are particularly emphasized. General guidelines for performing 
criticality benchmarks in research reactors are given. The criticality benchmark experiment was performed 
in a normal operating reactor core using commercially available fresh 20% enriched fuel elements 
containing 12 wt% uranium in uranium-zirconium hydride fuel material. Experimental conditions to 
minimize experimental errors and to enhance computer modeling accuracy are described. Uncertainties in 
multiplication factor due to fuel composition and geometry data are analyzed by sensitivity analysis. The 
simplifications in the benchmark model compared to the actual geometry are evaluated. Sample benchmark 
calculations with the MCNP and KENO Monte Carlo codes are given. 
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Abstract/Keyterms: As an example of the application of the International Criticality Safety Benchmark 
Evaluation Project (ICSBEP) work to the nuclear industry, the validation of the control module CSAS26 
of SCALE 4.4a for criticality calculations on a personal computer platform is presented. This work has 
been done using the models of critical experiments being compiled by the Organisation for Economic Co-
operation and Development/Nuclear Energy Agency (OECD/NEA) since 1992. The description and results 
of this compilation were first presented during the Fifth International Conference on Nuclear Criticality 
Safety (ICNC'95). Out of 2881 critical configurations included in the latest edition (September 2002) of the 
ICSBEP 'International Handbook of Evaluated Criticality Safety Benchmark Experiments', 
NEA/NSC/DOC(95)03, OECD/NEA, 131 have been selected for the CSAS26 validation. The selected 
critical experiments have characteristics similar to the systems to be simulated with CSAS26 for low-
enriched uranium (LEU) fuel fabrication applications. They represent both homogeneous configurations 
and hexagonally pitched rod lattices of low-enriched (from 1.60 to 5.00 wt% 235U) UO2 with several 
absorbers. The statistical uncertainties related to the application of CSAS26 for criticality calculations are 
also evaluated. The great number of cases involved allows an exhaustive statistical treatment of the data, 
including the analysis of correlations related to the type of system being simulated. The statistical 
uncertainties found are very small. As a result, the module CSAS26 is considered as a quite suitable 
calculational method for application to criticality safety analysis at LEU facilities. 
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Abstract/Keyterms: The Critical Mass Laboratory (CML) at Rocky Flats northwest of Denver, Colorado, 
was built in 1964 and commissioned to conduct nuclear experiments on January 28, 1965. It was built to 
attain more accurate and precise experimental data to ensure nuclear criticality safety at the plant than were 
previously possible. Prior to its construction, safety data were obtained from long extrapolations of 
subcritical data (called in situ experiments), calculated parameters from reactor engineering "models," and 
a few other imprecise methods. About 1700 critical and critical-approach experiments involving several 
chemical forms of enriched uranium and plutonium were performed between then and 1988. These 
experiments included single units and arrays of fissile materials, reflected and "bare" systems, and 
configurations with various degrees of moderation, as well as some containing strong neutron absorbers. In 
1989, a raid by the Federal Bureau of Investigation (FBI) caused the plant as a whole to focus on 
"resumption" instead of further criticality safety experiments. Though either not recognized or not admitted 
for a few years, that FBI raid did sound the death knell for the CML. The plant's optimistic goal of 
resumption evolved to one of deactivation, decommissioning, and plantwide demolition during the 1990s. 
The once-proud CML facility was finally demolished in April of 2002. 
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Abstract/Keyterms: Thousands of critical and high-multiplication subcritical experiments were performed 
at the Lawrence Radiation Laboratory (LRL) Critical Facility throughout the 1950s and 1960s. This paper 
presents a brief history of the origins of the LRL and the critical facility with a synopsis of those experiments 
that have been evaluated and published or will soon appear in the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments. 
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Abstract/Keyterms: The paper gives a brief overview of benchmark experiments that have been performed 
and are being performed at the Russian Research Centre "Kurchatov Institutes" (RRC KIs), satisfy 
requirements of the International Criticality Safety Benchmark Evaluation Project (ICSBEP), and have been 
published or will be published in the "International Handbook of Evaluated Criticality Safety Benchmark 
Experiments." These experiments include critical experiments in water-moderated facilities pertaining to 
substantiation of reactor physics for VVER-type light water reactors with uranium enrichments varying 
from natural uranium to ~6.5%; in heterogeneous critical assemblies with a widely varying uranium 
enrichment (from 5 to 96%) for small nuclear power systems of various applications; in critical assemblies 
with a uranyl sulfate solution core; and in critical assemblies simulating peculiarities of high-temperature 
gas-cooled reactors (HTGR), RBMK physics, etc. A list of critical assemblies currently in operation at RRC 
KI is given. Future experimental programs are briefly described; their implementation, if based on the 
ICSBEP requirements, will be useful for the international community. Using RRC KI as an example, it is 
demonstrated that Russian nuclear centers maintain capabilities for carrying out a wide range of new critical 
experiments, including international cooperation in this area. 
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Abstract/Keyterms: The paper describes test facilities used by the Russian Federal Nuclear Center, All-
Russian Institute of Technical Physics (VNIITF) to perform benchmark experiments essential for the 
verification of nuclear data libraries. The key experiments discussed in the paper include critical mass 
measurements; the investigation of reaction rate distribution in critical and subcritical systems, in particular 
those with a 14-MeV neutron source; and studies on the spectra of neutrons and gamma quanta emitted 
from spheres and reflected by hemispheres with a central pulse source of 14-MeV neutrons. New 
experiments are proposed with a view to revising nuclear data essential for new nuclear developments. 
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Abstract/Keyterms: Sensitivity and uncertainty analysis methodologies under development at Oak Ridge 
National Laboratory were applied to determine whether existing benchmark experiments adequately cover 
the area of applicability for the criticality code and data validation of PuO2 and mixed-oxide (MOX) powder 
systems. The study examined three PuO2 powder systems and four MOX powder systems that would be 
useful for establishing mass limits for a MOX fuel fabrication facility. Using traditional methods to choose 
experiments for criticality analysis validation, 46 benchmark critical experiments were identified as 
applicable to the PuO2 powder systems. However, only 14 experiments were thought to be within the area 
of applicability for dry MOX powder systems. The applicability of 318 benchmark critical experiments, 
including the 60 experiments initially identified, was assessed. Each benchmark and powder system was 
analyzed using the Tools for Sensitivity and UNcertainty Analysis Methodology Implementation 
(TSUNAMI) one-dimensional (TSUNAMI-1D) or TSUNAMI three-dimensional (TSUNAMI-3D) 
sensitivity analysis sequences, which will be included in the next release of the SCALE code system. This 
sensitivity data and cross-section uncertainty data were then processed with TSUNAMI-IP to determine the 
correlation of each application to each experiment in the benchmarking set. Correlation coefficients are 
used to assess the similarity between systems and determine the applicability of one system for the code 
and data validation of another. The applicability of most of the experiments identified using traditional 
methods was confirmed by the TSUNAMI analysis. In addition, some PuO2 and MOX powder systems 
were determined to be within the area of applicability of several other benchmarks that would not have 
been considered using traditional methods. Therefore, the number of benchmark experiments useful for the 
validation of these systems exceeds the number previously expected. The TSUNAMI analysis also 
emphasized some areas where more benchmark data are needed, indicating the need for further evaluation 
of existing experiments, or possibly the completion of new experiments to fill these gaps. This lack of 
evaluated data is particularly important for very dry and dense MOX powder systems. 



 

C-13409 

13372…..…..…………………..…….……..……ID Number…………………..…..…………….13372 

Author: Kahler, A. C. 

Title: Monte Carlo Eigenvalue Calculations with ENDF/B-VI.8, JEFF-3.0, and JENDL-3.3 Cross Sections 
for a Selection of International Criticality Safety Benchmark Evaluation Project Handbook Benchmarks 

Date: 10/1/2003 

Report: NSENAO, 145, 213-224 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Continuous-energy Monte Carlo eigenvalue calculations have been performed for a 
selection of HEU-MET-FAST, IEU-MET-FAST, HEU-SOL-THERM, LEU-COMP-THERM, and LEU-
SOL-THERM benchmarks using ENDF/B (primarily VI.8), JEFF-3.0, and JENDL-3.3 cross sections. 
These benchmarks allow for testing the cross-section data for both common reactor nuclides such as 1H, 
16O, and 235,238U and structural and shielding elements such as Al, Ti, Fe, Ni, and Pb. The latest cross-
section libraries yield near-unity eigenvalues for unreflected or water-reflected HEU-SOL-THERM and 
LEU-SOL-THERM systems. Near-unity eigenvalues are also obtained for bare HEU-MET-FAST and IEU-
MET-FAST systems, but small deviations from unity are observed in both FAST and THERM benchmarks 
as a function of nonhydrogenous reflector material and thickness. The long-standing problem of lower 
eigenvalues in water-reflected low-enriched-uranium fuel lattice systems remains, regardless of cross-
section library. 
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Abstract/Keyterms: LEU-MET-THERM-015; The RB reactor was designed as a natural-uranium, heavy 
water, nonreflected critical assembly in the Vinča Institute of Nuclear Sciences, Belgrade, Yugoslavia, in 
1958. From 1962 until 2002, numerous critical experiments were carried out with low-enriched uranium 
and high-enriched uranium fuel elements of tubular shape, known as the Russian TVR-S fuel assembly 
type, placed in various heavy water square lattices within the RB cylindrical aluminum tank. Some of these 
well-documented experiments were selected, described, evaluated, and accepted for inclusion in the 
"International Handbook of Evaluated Criticality Safety Benchmark Experiments," contributing to the 
preservation of a rather small number of heavy water benchmark critical experiments. 
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Abstract/Keyterms: Effective neutron multiplication factors for 66 critical systems were calculated in 
order to test the neutron data library BAS. The class of systems chosen for the keff calculations includes 
unreflected metal uranium and plutonium systems and systems that were reflected by 238U, Fe, Al, Ti, Pb, 
Be, C, CH2, and H2O. Configurations and materials used in these critical systems were taken from the 
"International Handbook of Evaluated Criticality Safety Benchmark Experiments." The calculations with 
BAS were performed using the codes PRIZMA-D and MCNP.4a. For comparison, the calculations were 
repeated using MCNP.4a with ENDF/B5 and ENDF/B6 cross-section data. A comparison of all results is 
provided. 
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Abstract/Keyterms: The ABBN-93 299-group cross-section library is used as a source of neutron data for 
criticality calculations with the MMK-KENO Monte Carlo criticality code. Validation of criticality 
calculations is performed using the data presented in the "International Handbook of Evaluated Criticality 
Safety Benchmark Experiments." This paper contains a description of a validation method based on 
statistical analysis of discrepancies between calculated and benchmark-model keff's and the results of this 
validation for different types of experiments. Another validation method using a well-known procedure of 
group cross-section adjustment based on the maximum likelihood method (generalized least-squares 
method) and results of the validation for water-moderated highly enriched uranium homogeneous critical 
systems using selected experiments of the HEU-SOL-THERM type are also presented. 
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Abstract/Keyterms: The basic characteristics of waste materials such as silicon dioxide, aluminum, and 
iron fueled with highly enriched uranium (HEU) and moderated and reflected by polyethylene were 
investigated. These critical experiments were performed at the Los Alamos Criticality Experiments Facility. 
The primary intention of these experiments is to provide supplementary data that can be used to validate 
and improve criticality data for the Yucca Mountain and the Hanford Storage Waste Tanks Projects. The 
secondary intention of the 2¥2 experiments is to reduce the H/U ratio and increase the waste material/U 
ratio from previously published experiments. These experiments were designed to supply data for interlaced 
waste material/fuel/moderator systems on the thermal region. The experiments contained silicon dioxide 
(SiO2), aluminum (Al), and iron (Fe) mixed with 93.23% enriched uranium and moderated and reflected 
by polyethylene. This analysis systematically examines uncertainties associated with the critical 
experiments as they affect the calculated multiplication factor. The systematic analysis separated into 
uncertainties due to mass measurements, uncertainties due to fabrication, and uncertainties due to 
composition. Each type of uncertainty is analyzed individually, and a total combined uncertainty is derived. 
The SiO2-HEU experiment had a measured keff of 0.993, the Al-HEU experiment had a measured keff of 
0.990, and the Fe-HEU experiment had a measured keff of 1.000. The calculated keff values tend to agree 
well with the experimental values. The sensitivity analysis of these critical experiments yielded a total 
combined uncertainty on the measured keff of ±0.0044 for SiO2, of ±0.0048 for Al, and of ±0.0046 for Fe. 
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Abstract/Keyterms: Nuclear Facilities were obtained. The analysis proved the applicability of the MVP 
code to the criticality-safety analysis of nuclear fuel facilities, particularly to the analysis of systems fueled 
with plutonium and in homogeneous and thermal-energy conditions. 
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Abstract/Keyterms: The cycle-to-cycle correlation (autocorrelation) in Monte Carlo criticality 
calculations is analyzed concerning the dominance ratio of fission kernels. The mathematical analysis 
focuses on how the eigenfunctions of a fission kernel decay if operated on by the cycle-to-cycle error 
propagation operator of the Monte Carlo stationary source distribution. The analytical results obtained can 
be summarized as follows: When the dominance ratio of a fission kernel is close to unity, autocorrelation 
of the k-effective tallies is weak and may be negligible, while the autocorrelation of the source distribution 
is strong and decays slowly. The practical implication is that when one analyzes a critical reactor with a 
large dominance ratio by Monte Carlo methods, the confidence interval estimation of the fission rate and 
other quantities at individual locations must account for the strong autocorrelation. Numerical results are 
presented for sample problems with a dominance ratio of 0.85-0.99, where Shannon and relative entropies 
are utilized to exclude the influence of initial nonstationarity. 
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Abstract/Keyterms: In order to study the beam power amplification of an accelerator-driven system 
(ADS), a new parameter, the proton source efficiency is introduced. represents the average importance of 
the external proton source, relative to the average importance of the eigenmode production, and is closely 
related to the neutron source efficiency [varphi], which is frequently used in the ADS field. [varphi] is 
commonly used in the physics of subcritical systems driven by any external source. On the contrary, has 
been defined in this paper exclusively for ADS studies where the system is driven by a spallation source. 
The main advantage with using instead of [varphi] for ADS is that the way of defining the external source 
is unique and that it is proportional to the core power divided by the proton beam power, independent of 
the neutron source distribution. Numerical simulations have been performed with the Monte Carlo code 
MCNPX in order to study as a function of different design parameters. It was found that, in order to 
maximize and therefore minimize the proton current needs, a target radius as small as possible should be 
chosen. For target radii smaller than ~30 cm, lead-bismuth is a better choice of coolant material than 
sodium, regarding the proton source efficiency, while for larger target radii the two materials are equally 
good. The optimal axial proton beam impact was found to be located ~20 cm above the core center. Varying 
the proton energy, was found to have a maximum for proton energies between 1200 and 1400 MeV. 
Increasing the americium content in the fuel decreases considerably, in particular when the target radius is 
large. 
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Abstract/Keyterms: The shift toward low-enrichment uranium (LEU) fuel for gas-cooled high-
temperature reactors (HTRs) has revealed a lack of experimental data for validating neutronics codes that 
are used for the design and licensing of such systems. In the framework of the LEU-HTR experimental 
program at the PROTEUS critical facility, the safety-related effects of accidental moderation increase 
(ingress of water or other hydrogenous compounds) in pebble-bed HTR core configurations employing 
low-enriched (16.7%) fuel were investigated. An important neutron balance component in this context is 
the integral reaction rate ratio of 238U capture (C8) relative to 235U fission (F5). It was necessary to 
develop new experimental techniques for the accurate measurement of C8/F5 in the doubly heterogeneous 
fuel pebbles. These have involved the utilization of specially prepared particle foils on the one hand and 
the counting of whole fuel pebbles on the other. Core-center measurements employing both experimental 
methods have been carried out in two different HTR-PROTEUS configurations (with and without 
accidental moderation increase simulation, respectively). In each case, satisfactory agreement was obtained 
between the experimental results based on the two techniques. By carrying out a comparison of particle-
foil C8/F5 measurements in the PROTEUS reactor's thermal column with the results of standard foil-
activation measurement techniques, the systematic uncertainty of the core-center measurements could be 
reduced by ~0.6%, yielding a net experimental error of ±1% with either of the new methods. A comparison 
of the experimental results with calculations based on the MICROX-2/TWODANT codes in conjunction 
with JEF-1 cross sections has indicated that this calculational route overpredicts the core-center C8/F5 value 
by ~2.5% in both the investigated configurations. 
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Abstract/Keyterms: A genetic algorithm is used to optimize the nuclear fuel reload for a boiling water 
reactor, and an order coding is proposed for the chromosomes and appropriate crossover and mutation 
operators. The fitness function was designed so that the genetic algorithm creates fuel reloads that, on one 
hand, satisfy the constrictions for the radial power peaking factor, the minimum critical power ratio, and 
the maximum linear heat generation rate while optimizing the effective multiplication factor at the 
beginning and end of the cycle. To find the values of these variables, a neural network trained with the 
behavior of a reactor simulator was used to predict them. The computation time is therefore greatly 
decreased in the search process. We validated this method with data from five cycles of the Laguna Verde 
Nuclear Power Plant in Mexico. 
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Abstract/Keyterms: A new variational variance reduction (VVR) technique is developed for improving 
the efficiency of Monte Carlo multigroup nuclear reactor eigenvalue and eigenfunction calculations. The 
VVR method employs a variational functional, which requires detailed estimates of both the forward and 
adjoint fluxes. The direct functional, employed in standard Monte Carlo calculations, requires only limited 
information concerning the forward flux. The variational functional requires global information about the 
forward and adjoint fluxes and hence is more expensive to evaluate but is more accurate than the direct 
functional. In calculations, this increased accuracy outweighs the extra expense, resulting in a more efficient 
Monte Carlo simulation. In our work, we evaluate the variational functional using Monte Carlo-calculated 
forward flux estimates and deterministically calculated adjoint flux estimates. Also, we represent the adjoint 
flux as a low-order polynomial in space and angle, which is accurate for diffusive systems. (In such systems, 
which are common in reactor analysis problems, the angular flux is locally nearly linear in space and angle.) 
Using this adjoint representation, we develop specific VVR methods for eigenvalue problems, in which an 
estimate of the eigenvalue k in a criticality calculation is desired, and eigenfunction problems, in which an 
estimate of a detector response due to a fission neutron source during a criticality calculation is desired. 
The resulting VVR method is very efficient for the problems of interest. With a set of example problems, 
we demonstrate the increased efficiency of the VVR method over standard Monte Carlo. 
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Abstract/Keyterms: The classic minimum critical mass problem, posed and solved by Goertzel using 
multigroup diffusion theory, is revisited and reformulated in terms of the two-group transport equation with 
isotropic scattering. A new variational principle is constructed from which it is possible to derive the 
conditions necessary for a minimum critical mass. Contrary to the behavior noted in diffusion theory, this 
condition does not correspond to a flat thermal flux in the core. This a major conclusion of the present work. 
To find the associated solutions, we develop a coupled set of integral equations for the components of the 
angular flux in the core. We then show that, for weakly absorbing moderators, the lowest order 
approximation to this set provides an accurate representation of the minimum mass conditions. It also 
emerges that the flat flux is a very good representation of the true flux. With the above assumptions, the 
problem reduces to that of solving a Fredholm equation of the first kind for the fuel mass distribution across 
the core. We solve this equation numerically for the case of an infinitely reflected, infinite slab and compare 
the results with those from diffusion theory. The transport theory results show one very interesting and 
important feature, namely, a steep rise in fuel concentration as the boundary is approached which goes to 
infinity at the boundary. This in contrast to the diffusion theory result which requires an ad hoc addition of 
surface delta functions for a solution to exist. Thus we come to the conclusion that the increased surface 
concentration of fuel is a natural consequence of transport theory but not of diffusion theory. This the 
second major conclusion of this work. Detailed numerical results are presented for 235U-graphite and 
235U-water mixtures. 



 

C-13421 

13384…..…..…………………..…….……..……ID Number…………………..…..…………….13384 

Author: Choi, Hangbok / Roh, Gyuhong 

Title: Benchmarking MCNP and WIMS/RFSP Against Measurement Data - I: Deuterium Critical 
Assembly 

Date: 2/15/2004 

Report: NSENAO, 146, 188-199 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Benchmark calculations have been performed for the conventional Canadian 
deuterium uranium (CANDU) core analysis code RFSP and the Monte Carlo code MCNP-4B using 
experimental data from the deuterium critical assembly. The benchmark calculation was carried out for the 
effective multiplication factor (keff), void reactivity, local power peaking factor (LPPF), and power 
distribution of a uniform core with 1.2 wt% UO2 and two-region cores with PuO2-UO2 fuels. The RFSP 
calculation was performed with two energy groups, using lattice parameters generated by WIMS-AECL 
with the ENDF/B-V cross-section library. The RFSP calculation has shown that the root-mean-square (rms) 
errors of the keff and the void reactivity are within 0.6% k and 0.3% (1/k), respectively. The MCNP 
simulation was performed using a fully heterogeneous core model that explicitly describes the individual 
fuel rod and channel. The simulation showed an excellent agreement for the keff against the measurement, 
while the rms error of the void reactivity was 0.4% (1/k). The LPPF and core power distribution estimated 
by both codes matched those of the measurements within 4 and 9%, respectively. Conclusively, the physics 
analysis by the RFSP code in conjunction with the WIMS-AECL produces credible results for the light 
water-cooled and heavy water-moderated system. In addition, the MCNP-4B code has proved its potential 
as a computational benchmarking tool for the heavy water-moderated system. 
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Abstract/Keyterms: BOT3P is a set of standard FORTRAN 77 language programs developed at the 
ENEA-Bologna Nuclear Data Centre. BOT3P Version 1.0 was originally conceived to give the users of the 
DORT and TORT deterministic transport codes some useful diagnostic tools to prepare and to check their 
input data files. BOT3P Version 3.0 contains some important additions in the input geometrical model 
description, such as "rod" and "hexagonal" geometrical objects, respecting the exact cross-sectional area 
value and very suitable to describe a reactor lattice in detail. Moreover, it has extended the possibility to 
produce the geometrical, material distribution, and fixed neutron source data for the deterministic transport 
codes TWODANT and THREEDANT of the DANTSYS system and for the PARTISN code too, starting 
from the same input to BOT3P. When users require X-Y-Z TORT/THREEDANT/PARTISN mesh grids to 
be generated, BOT3P Version 3.0 produces a geometrical input for the MCNP Monte Carlo transport code 
also, where the MCNP cells correspond to the X-Y-Z bodies created for TORT. BOT3P Version 3.0 lets 
users specify areas/volumes of the model where the zone/material distribution can be defined not only by a 
combinatorial geometry but also by an external source, such as one originated from computerized 
tomography scan data (only for three-dimensional applications) and from one or more external 
DORT/TORT input files. BOT3P was developed on a DIGITAL UNIX ALPHA 500/333 workstation and 
successfully used in some complex neutron shielding and criticality benchmarks. It was also tested on Red 
Hat Linux 7.1 and is designed to run on most UNIX platforms. All BOT3P versions are publicly available 
from the Organisation for Economic Co-operation and Deve 
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Abstract/Keyterms: A systematic study on long-lived fission products (LLFPs) transmutation has been 
performed with the aim of devising an optimal strategy for their transmutation in critical or subcritical 
reactor systems and evaluating impacts on the geologic repository. First, 99Tc and 129I were confirmed to 
have highest transmutation priorities in terms of transmutability and long-term radiological risk reduction. 
Then, the transmutation potentials of thermal and fast systems for 99Tc and 129I were evaluated by 
considering a typical pressurized water reactor (PWR) core and a sodium-cooled accelerator transmutation 
of waste system. To determine the best transmutation capabilities, various target design and loading 
optimization studies were performed. It was found that both 99Tc and 129I can be stabilized (i.e., zero net 
production) in the same PWR core under current design constraints by mixing 99Tc with fuel and by loading 
CaI2 target pins mixed with ZrH2 in guide tubes, but the PWR option appears to have a limited applicability 
as a burner of legacy LLFP. In fast systems, loading of moderated LLFP target assemblies in the core 
periphery (reflector region) was found to be preferable from the viewpoint of neutron economy and safety. 
By a simultaneous loading of 99Tc and 129I target assemblies in the reflector region, the self-generated 
99Tc and 129I as well as the amount produced by several PWR cores could be consumed at a cost of ~10% 
increased fuel inventory. Discharge burnups of ~29 and ~37% are achieved for 99Tc and 129I target 
assemblies with an ~5-yr irradiation period. Based on these results, the impacts of 99Tc and 129I 
transmutation on the Yucca mountain repository were assessed in terms of the dose rate. The current Yucca 
Mountain release evaluations do not indicate a compelling need to transmute 99Tc and 129I because the 
resulting dose rates fall well below current regulatory limits. However, elimination of the LLFP inventory 
could allow significant relaxation of the waste form and container performance criteria, with associated 
economic benefits. Therefore, some development of either specialized waste form or transmutation target 
for the LLFP is prudent, especially considering the potential accumulation of large LLFP inventory with 
sustained use of nuclear energy into the future. 
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Abstract/Keyterms: The theoretical basis for the application of sensitivity and uncertainty (S/U) analysis 
methods to the validation of benchmark data sets for use in criticality safety applications is developed. 
Sensitivity analyses produce energy-dependent sensitivity coefficients that give the relative change in the 
system multiplication factor keff value as a function of relative changes in the cross-section data by isotope, 
reaction, and energy. Integral indices are then developed that utilize the sensitivity information to quantify 
similarities between pairs of systems, typically a benchmark experiment and design system. Uncertainty 
analyses provide an estimate of the uncertainties in the calculated values of the system keff due to cross-
section uncertainties, as well as correlation in the keff uncertainties between systems. These uncertainty 
correlations provide an additional measure of system similarity. The use of the similarity measures from 
both S/U analyses in the formal determination of areas of applicability for benchmark experiments is 
developed. Furthermore, the use of these similarity measures as a trending parameter for the estimation of 
the computational bias and uncertainty is explored. The S/U analysis results, along with the calculated and 
measured keff values and estimates of uncertainties in the measurements, were used in this work to 
demonstrate application of the generalized linear-least-squares methodology (GLLSM) to data validation 
for criticality safety studies. An illustrative example is used to demonstrate the application of these S/U 
analysis procedures to actual criticality safety problems. Computational biases, uncertainties, and the upper 
subcritical limit for the example applications are determined with the new methods and compared to those 
obtained through traditional criticality safety analysis validation techniques. The GLLSM procedure is also 
applied to determine cutoff values for the similarity indices such that applicability of a benchmark 
experiment to a criticality safety design system can be assured. Additionally, the GLLSM procedure is used 
to determine how many applicable benchmark experiments exceeding a certain degree of similarity are 
necessary for an accurate assessment of the computational bias. 
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Abstract/Keyterms: Methodologies to calculate adjoint-based first-order-linear perturbation theory 
sensitivity coefficients with multigroup Monte Carlo methods are developed, implemented, and tested in 
this paper. These techniques can quickly produce sensitivity coefficients for all nuclides and reaction types 
for each region of a system model. Monte Carlo techniques have been developed to calculate the neutron 
flux moments and/or angular fluxes necessary for the generation of the scattering terms of the sensitivity 
coefficients. 
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Abstract/Keyterms: The Implicitly Restarted Arnoldi Method (IRAM), a Krylov subspace iterative 
method, applied to k-eigenvalue calculations for criticality problems in deterministic transport codes is 
discussed. A computationally efficient alternative to the power iteration method that is typically used for 
such problems, the IRAM not only finds the largest eigenvalue but also several additional higher order 
eigenvectors with little extra computational cost. Implementation requires only modest changes to existing 
power iteration coding present in an SN transport program. Numerical results are presented for three-
dimensional SN transport on unstructured tetrahedral meshes to compare the IRAM results with those 
computed using the traditional, unaccelerated power iteration method. The results indicate that the IRAM 
can be an efficient and powerful technique, especially for problems with dominance ratios approaching 
unity. 
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Abstract/Keyterms: An optimized algorithm for implementing a recently developed method of computing 
collision probabilities (CPs) in three dimensions is reported in this work for the case of a homogeneous 
cube. Use is made of the geometrical regularity of the domain to rewrite, in a very compact way, the 
approximate formulas for calculating CPs in general three-dimensional geometry that were derived in a 
previous work by the author. The ensuing gain in computation time is found to be substantial: While the 
computation time associated with the general formulas increases as K{sup 2}, where K is the number of 
elements used in the calculation, that of the specific formulas increases only linearly with K. Accurate 
numerical results are given for several test cases, and an extension of the algorithm for computing the self-
collision probability for a hexahedron is reported at the end of the work. 
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Abstract/Keyterms: Sensitivity and uncertainty analysis becoming increasingly widespread in many fields 
of engineering and sciences, encompassing practically all of the experimental data-processing activities and 
many computational modeling and process simulation activities. There are many methods, based either on 
deterministic or statistical concepts, for performing sensitivity and uncertainty analysis. However, a precise, 
unified terminology across all methods does not seem to exist, yet often, identical words (e.g., “sensitivity”) 
may not necessarily describe identical quantities, particularly when stemming from conceptually distinct 
(statistical versus deterministic) methods. Furthermore, the relative strengths and weaknesses of the various 
methods do not seem to have been reviewed comparatively in the literature published thus far. This paper 
is the first part of a comparative review, written in two parts, that focuses on the salient features of the 
statistical and deterministic methods currently used for local and global sensitivity and uncertainty analysis 
of both large-scale computational models and indirect experimental measurements. Deterministic methods 
are analyzed in Part I, while statistical methods are highlighted in Part II. Part I of this review commences 
by highlighting the deterministic methods for computing local sensitivities, namely, the so-called Brute-
Force Method (based on recalculations), the Direct Method (including the Decoupled Direct Method), the 
Green's Function Method, the Forward Sensitivity Analysis Procedure (FSAP), and the Adjoint Sensitivity 
Analysis Procedure (ASAP). Except for the Brute-Force Method, it is emphasized that local sensitivities 
can be computed exactly and exhaustively only by using deterministic methods. Furthermore, it is noted 
that the Direct Method and the FSAP require at least as many model evaluations as there are parameters, 
while the ASAP requires a single model evaluation of an appropriate adjoint model whose source term is 
related to the response under investigation. If this adjoint model is developed simultaneously with the 
original model, then the adjoint model requires relatively modest additional resources to develop and 
implement. If, however, the adjoint model is constructed a posteriori, considerable skills may be required 
for its successful development and implementation. Nevertheless, the ASAP is the most efficient method 
to use for computing local sensitivities of large-scale systems, where the number of parameters, and 
parameter variations, exceeds the number of responses of interest. The Global ASAP (GASAP) is also 
highlighted as it appears to be the only deterministic method published thus far for performing genuinely 
global analysis of nonlinear systems. The GASAP uses both the forward and the adjoint sensitivity systems 
to explore, exhaustively and efficiently, the entire phase-space of system parameters and dependent 
variables in order to obtain complete information about the important global features of the physical system, 
namely, the critical points of the response and the bifurcation branches and/or turning points of the system's 
state variables. 
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Abstract/Keyterms: HEU-MET-THERM-031; Scientists at the Los Alamos National Laboratory 
measured the critical masses of square prisms of highly enriched uranium diluted in various X/ 235U with 
matrix material and polyethylene. The configuration cores were 22.86 and 45.72 cm square and were 
reflected with 8.13-cm-thick and 10.16-cm-thick side polyethylene reflectors, respectively. The 
configurations had 10.16-cm-thick top and bottom polyethylene reflectors. For some configurations, the 
Rossi-, which is an eigenvalue characteristic for a particular configuration, was measured to establish a 
reactivity scale based on the degree of subcriticality. These experiments provided critical mass data in the 
thermal energy range for systems containing Si, Mg, Al, Gd, and Fe. The measured keff from these 
experiments was compared with the calculated keff from MCNP using ENDF/B-V and ENDF/B-VI cross-
section data. The observed biases were +0.005 k and +0.008 k for Si, +0.0006 k and +0.008 k for Al, 
+0.0023 k for Mg, +0.004 k and +0.01304 k for Gd, and +0.0123 k and -0.00106 k for Fe. 
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Abstract/Keyterms: SIMMER-III is a general two-dimensional, three-velocity-field, multiphase, 
multicomponent, Eulerian, fluid dynamics code coupled with a space-time and energy-dependent neutron 
transport kinetics model. The philosophy behind the SIMMER-III development was to generate a versatile 
and flexible tool, applicable for the safety analysis of various reactor types with different neutron spectra 
and coolants including the new accelerator-driven systems for waste transmutation. Currently, a three-
dimensional version is also available, coined SIMMER-IV. The main backbone for analyses, however, is 
still SIMMER-III. SIMMER-III has proven especially well suited for fast spectrum systems such as the 
liquid-metal-cooled fast reactor where it is one of the key codes for safety analysis, including its application 
within licensing procedures. To serve especially the last purpose, the code must be made sufficiently robust 
and reliable and be tested and validated extensively. A comprehensive and systematic assessment program 
of the code has been conducted. This paper gives the major achievements of this assessment program. The 
SIMMER-III code handles by default liquid-metal-cooled fast reactor core materials - fuel, steel, coolant, 
control rod, and fission gas, in solid, liquid, and vapor states. The total of 27 density and 16 energy 
components are modeled in three velocity fields and one structure field in order that important fluid motions 
in a degraded core are simulated adequately. The spatial differencing method is based on Eulerian staggered 
mesh with a higher-order differencing scheme to mitigate numerical diffusion. An improved analytic 
equation-of-state model provides good accuracy especially at high temperature and pressure. Multiple flow-
regime treatment is available over the entire void fraction range. An interfacial area convection model 
improves the flexibility of the code by tracing transport and history of interfaces and thereby better 
represents physical phenomena. A generalized and flexible code framework, along with improved 
numerical stability and accuracy, allows us to apply it to a variety of simple and complex multiphase flow 
problems. The code assessment program is an ongoing effort. Two major milestones have been achieved in 
the past by completing two assessment campaigns, Phase 1 and Phase 2: Phase 1 for fundamental code 
assessment of individual models and Phase 2 for integral code assessment for key phenomena relevant to 
liquid-metal-cooled fast reactor safety. Through this systematic code assessment program, comprehensive 
validation of the physical models has been conducted step-by-step. The assessment program has 
demonstrated that SIMMER-III is a state-of-the-art code with advanced models sufficiently flexible for 
simulating transient multiphase phenomena occurring during core disruptive accidents. This paper 
concentrates on the specifics of the code, mainly reflected in its application to sodium experiments related 
to the safety of liquid-metal-cooled fast reactors. 
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Abstract/Keyterms: In future planned accelerator-driven subcritical systems, as well as in some recent 
related experiments, the neutron source to be used will be a pulsed accelerator. For such cases the 
application of the Feynman-alpha method for measuring the reactivity is not straightforward. The 
dependence of the Feynman Y(T) curve (variance-to-mean minus unity) on the measurement time T will 
show quasi-periodic ripples, corresponding to the periodicity of the source intensity. Correspondingly, the 
analytical solution will become much more complicated. One can perform such a pulsed Feynman-alpha 
measurement in two different ways: either by synchronizing the start of each measurement block with the 
pulses ("deterministic pulsing") or by not synchronizing ("random pulsing"). The variance-to-mean has 
been derived analytically for both cases and reported briefly in previous publications. However, two 
different methods were used and the two cases were reported separately. In this paper we give a unified 
treatment and a comparative analysis of the two cases. It is found that the stochastic pulsing leads to an 
analytic solution that is much simpler than that for the deterministic case, and the relationship between the 
pulsed and continuous source is much more straightforward than in the deterministic case. However, the 
amplitude of the ripples, constituting a deviation of the pulsed Feynman Y curve from the smooth curve 
corresponding to the traditional constant source case, is much larger for the stochastic pulsing than for the 
deterministic one. The reasons for this are also analyzed in the paper. The results are in agreement with 
recent measurements, made by other groups in the European Community-supported project MUSE. 
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Abstract/Keyterms: The objective of the work is the determination of the importance of transport effects 
in subcritical systems driven by an oscillated neutron source. The transport equation is solved in the 
frequency domain for two-dimensional source-driven systems, using the discrete ordinates method. Some 
problems connected with the application of synthetic acceleration procedures for the solution of the 
transport equation in the frequency domain are addressed. Comparisons between transport and diffusion 
results allow identification of physical situations (multiplying system geometry and material 
characteristics) in which transport effects could be important for a certain range of the frequency of the 
source. 
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Abstract/Keyterms: The TRiga Accelerator-Driven Experiment (TRADE), to be performed in the TRIGA 
reactor of the ENEA-Casaccia Centre in Italy, consists of the coupling of an external proton accelerator to 
a target to be installed in the central channel of the reactor scrammed to subcriticality. This pilot experiment, 
aimed at a global demonstration of the accelerator-driven system concept, is based on an original idea of 
C. Rubbia. The present paper reports the results of some neutronic analyses focused on the feasibility of 
TRADE. Results show that all relevant experiments (at different power levels in a wide range of 
subcriticalities) can be carried out with relatively limited modifications to the present TRIGA reactor. 
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Abstract/Keyterms: The MUSE program (multiplication with an external source) is in progress at the 
MASURCA critical facility at the Cadarache Research Center of the Commissariat a l'Energie Atomique 
in France. The program is dedicated to the physics studies of accelerator-driven systems in support of 
transmutation studies of minor actinides and long-lived fission products. It began in 1995 with the coupling 
of a Cf source in MASURCA and was followed by a commercial (d, T) source. In 2001, a specially 
constructed (d, D)/(d, T) neutron generator (GENEPI) was placed in MASURCA and the MUSE-4 program 
commenced. We describe the first phases of the MUSE-4 program, with data presented that were obtained 
up to about the summer of 2002. We present some results from the 'reference' configuration, which can 
operate at critical. We present traverses of measured fission reaction rates, with comparison to calculations. 
Also in the reference configuration, we performed activation foil measurements and present these results 
compared to calculations. Because a major objective of the MUSE program is to test and qualify methods 
of subcritical reactivity measurement, we have devoted a major portion of our studies to this area. We have 
used classical methods (rod drop, source multiplication) to attempt to measure the subcritical level. In these 
early phases we studied core configurations of around k(eff) = 0.995. Deeper subcriticality (k(eff) = 0.96) 
was achieved by inserting a safety rod. In addition to the methods mentioned above, we have devoted a lot 
of effort to pulse neutron source, fluctuation (Rossi-{alpha} and Feynman-{alpha}), and transfer function 
methods (e.g., cross-power spectral density). We present our preliminary results of all the methods, with 
some discussion regarding cross comparison. 
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Abstract/Keyterms: A homogenized whole-reactor cylindrical model of the Dounreay Fast Reactor has 
been constructed using both deterministic and Monte Carlo codes to determine neutron flux distributions 
inside the core and at various out-of-core components. The principal aim is to predict neutron-induced 
activation levels using both methods and make comparisons against the measured thermal reaction rates. 
Neutron transport calculations have been performed for a fixed source using a spatially lumped fission 
neutron distribution, which has been derived from measurements. The deterministic code used is based on 
the finite element approximation to the multigroup second-order even-parity neutron transport equation, 
which is implemented in the EVENT code. The Monte Carlo solutions were obtained using the MCNP4C 
code, in which neutron cross sections are represented in pointwise (or continuous) form. We have compared 
neutron spectra at various locations not only to show differences between using multigroup deterministic 
and continuous energy (point nuclear data) Monte Carlo methods but also to assess neutron-induced 
activation levels calculated using the spectra obtained from both methods. Results were also compared 
against experiments that were carried out to determine neutron-induced reaction rates. To determine 
activation levels, we employed the European Activation Code System FISPACT. We have found that the 
neutron spectra calculated at various in-core and out-of-core components show some differences, which 
mainly reflect the use of multigroup and point energy nuclear data libraries and methods employed, but 
these differences have not resulted in large errors on the calculated activation levels of materials that are 
important (such as steel components) for decommissioning studies of the reactor. The agreement of 
calculated reaction rates of thermal neutron detectors such as the 55Mn(n,{gamma}){sup 56}Mn against 
measurements was satisfactory. 
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Abstract/Keyterms: In the nuclear engineering community, the error propagation of the Monte Carlo 
fission source distribution through cycles is known to be a linear Markov process when the number of 
histories per cycle is sufficiently large. In the statistics community, linear Markov processes with linear 
observation functions are known to have an autoregressive moving average (ARMA) representation of 
orders p and p - 1. Therefore, one can perform ARMA fitting of the binned Monte Carlo fission source in 
order to compute physical and statistical quantities relevant to nuclear criticality analysis. In this work, the 
ARMA fitting of a binary Monte Carlo fission source has been successfully developed as a method to 
compute the dominance ratio, i.e., the ratio of the second-largest to the largest eigenvalues. The method is 
free of binning mesh refinement and does not require the alteration of the basic source iteration cycle 
algorithm. Numerical results are presented for problems with one-group isotropic, two-group linearly 
anisotropic, and continuous-energy cross sections. Also, a strategy for the analysis of eigenmodes higher 
than the second-largest eigenvalue is demonstrated numerically. 
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Abstract/Keyterms: The subchannel code COBRA-TF has been introduced for an evaluation of thermal 
margins on the local pin-by-pin level in a pressurized water reactor. The coupling of COBRA-TF with 
TRAC-PF1/NEM is performed by providing from TRAC to COBRA-TF axial and radial thermal-hydraulic 
boundary conditions and relative pin-power profiles, obtained with the pin power reconstruction model of 
the nodal expansion method (NEM). An efficient algorithm for coupling of the subchannel code COBRA-
TF with TRAC-PF1/NEM in the parallel virtual machine environment was developed addressing the issues 
of time synchronization, data exchange, spatial overlays, and coupled convergence. Local feedback 
modeling on the pin level was implemented into COBRA-TF, which enabled updating the local form 
functions and the recalculation of the pin powers in TRAC-PF1/NEM after obtaining the local feedback 
parameters. The coupled TRAC-PF1/NEM/COBRA-TF code system was tested on the rod ejection 
accident and main steam line break benchmark problems. In both problems, the local results are closer than 
before the introduced multilevel coupling to the corresponding critical limits. This fact indicates that the 
assembly average results tend to underestimate the accident consequences in terms of local safety margins. 
The capability of local safety evaluation, performed simultaneously (online) with coupled global three-
dimensional neutron kinetics/thermal-hydraulic calculations, is introduced and tested. The obtained results 
demonstrate the importance of the current work. 
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Abstract/Keyterms: In Monte Carlo criticality calculations, source error propagation through the 
stationary (active) cycles and source convergence in the settling (inactive) cycles are both dominated by 
the dominance ratio (DR) of fission kernels. For symmetric two-fissile-component systems with the DR 
close to unity, the extinction of fission source sites can occur in one of the components even when the initial 
source is symmetric and the number of histories per cycle is more than 1000. When such a system is made 
slightly asymmetric, the neutron effective multiplication factor at the inactive cycles does not reflect the 
convergence to stationary source distribution. To overcome this problem, relative entropy has been applied 
to a slightly asymmetric two-fissile-component problem with a DR of 0.993. The numerical results are 
mostly satisfactory but also show the possibility of the occasional occurrence of unnecessarily strict 
stationarity diagnostics. Therefore, a criterion is defined based on the concept of data compression limit in 
information theory. Numerical results for a pressurized water reactor fuel storage facility with a DR of 
0.994 strongly support the efficacy of relative entropy in both the posterior and progressive stationarity 
diagnostics. 
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Abstract/Keyterms: The paper considers some physical aspects of the neutron space kinetics of critical 
and source-driven subcritical systems. The possibility of introducing some indicators to qualify the spatial 
nature of neutronic transients is investigated. It is shown theoretically and then proved by numerical 
examples that the separation of the eigenvalues of the mathematical operator defining the problem can be 
taken as a good indicator of the importance of space effects in time-dependent conditions. To obtain good 
physical insight into the phenomena, paradigmatically simple configurations are considered, and whenever 
possible, a fully analytical approach is used. The presented results evidence the limits of applicability of 
classic simplified models for transient analyses, such as point kinetics. In a second part, the paper considers 
the open problem of the choice of the weighting function to be used either for the generation of the kinetic 
parameters of point-like models or for the exploitation of quasi-static procedures, analyzing comparatively 
the effect of different options on the results of transient calculations. 
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Abstract/Keyterms: In this study, the criticality analysis for a pebble bed reactor, HTR-10, is performed 
with Monte Carlo simulations. The MCNP4B code package is utilized in the analysis with ENDF/B-VI 
continuous energy cross sections. The full core with the initial loading case is considered in simulations. 
The variation of the effective multiplication factor as a function of core loading height is also analyzed. 
Three different geometrical models are employed to see the effect of geometrical detail on the criticality 
calculations. Results are compared with diffusion calculations as well as the experimental data. Results 
show that the use of the homogenized fuel zone model does not yield acceptable results and underestimates 
the core criticality. However, the results obtained by using models with uniform and randomly distributed 
coated fuel particles in the fuel zone are in quite good agreement and there is not any systematic difference. 
Furthermore, criticality values do not change significantly with different random arrangements of coated 
fuel particles in fuel spheres. However, the random and irregular arrangements of pebbles may result in 
statistically different criticality values at least due to varying streaming effect. 
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Abstract/Keyterms: We present recent improvements in assembly-level calculations for reactor analysis, 
including modifications that support core-level analysis by quasi-diffusion. Our main focus is on accurately 
approximating the effects that neighboring assemblies have on the few-group cross sections, assembly 
discontinuity factors, form factors, and other transport parameters of a given assembly. We show that we 
can do this by using albedo boundary conditions that are estimated with low computational cost. We also 
present an efficient way to tabulate these effects to permit accurate interpolation by the core-level algorithm. 
We describe our algorithms and present results from several difficult test problems containing mixed-oxide 
and UO2 assemblies. Our methodology significantly reduces the largest errors made by present-day 
methodology. For example, in our test problems it reduces the maximum pin-power error by a factor of ~5. 
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Abstract/Keyterms: The discrete ordinates code DORT is employed to treat pin cell and fuel assembly 
configurations in two spatial dimensions. Despite DORT's restriction to regular (i.e., Cartesian) coordinates, 
we demonstrate its ability to calculate accurate pin power distributions and eigenvalues of typical reactor 
fuel lattices. Several numerical experiments have been performed to investigate the effects of spatial, 
angular, and energy discretization and to quantify their impact on the results. DORT is also used to 
homogenize and collapse cross-section sets within the framework of the coupled transport/burnup code 
system KENOREST. 
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Abstract/Keyterms: Point genetic equations are introduced. These equations are similar to the well-known 
point kinetic equations but characterize and couple individual fission generations in subcritical systems. 
Point genetic equations are able to describe dynamic behavior of source-driven subcritical systems on 
shorter timescales than is possible with point kinetic equations. Point genetic parameters can be used as a 
first-order characterization of the system and can be calculated using standard Monte Carlo techniques; the 
implementation in other calculational schemes seems straightforward. A Godiva sphere is considered to 
show the applicability of the point genetic equations in describing a detector response on short timescales. 
For this system the point genetic parameters are calculated and compared with reference calculations. 
Typical dynamic source behavior is considered by studying a transient in which the neutron source energy 
decreases from 20 to 1 MeV. For all cases studied, the point genetic equations are compared to full space-
time kinetic solutions, and it is shown that point genetics performs well. 
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Abstract/Keyterms: The ability of point kinetics to describe dynamic processes in accelerator-driven 
systems (ADSs) is investigated. Full three-dimensional energy-space-time-dependent calculations, coupled 
with thermal and hydraulic feedback effects, are performed and used as a standard of comparison. Various 
transient accident sequences are studied. Calculations are performed in the range of keff = 0.9594 to 0.9987 
to provide insight into the dependence of the performance on the subcritical level. Numerical experiments 
are carried out on a minor-actinide-loaded and lead-bismuth-cooled ADS. It is shown that the point kinetics 
approximation is capable of providing highly accurate calculations in such systems. The results suggest 
better precision at lower keff levels. It is found that subcritical operation provides features that are favorable 
from a point kinetics view of application. For example, reduced sensitivity to system reactivity 
perturbations effectively mitigates any spatial distortions. If a subcritical reactor is subject to a change in 
the strength of the external source, or a change in reactivity within the subcritical range, the neutron 
population will adjust to a new stationary level. Therefore, within the normal range of operation, the power 
predicted by the point kinetics method and the associated error in comparison with the exact solution tends 
to approach an essentially bounded value. It was found that the point kinetics model is likely to 
underestimate the power rise following a positive reactivity insertion in an ADS, which is similar to the 
behavior in critical systems. However, the effect is characteristically lowered in subcritical versus critical 
or near-critical reactor operation. 
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Abstract/Keyterms: Benchmark calculations of the Canada deuterium uranium reactor design and analysis 
codes were performed for the Monte Carlo and conventional methods using Phase-B measurement data of 
the Wolsong Nuclear Power Plant 2. In this study, the benchmark calculations were done for the criticality, 
boron worth, reactivity device worth, and flux scan. For the benchmark calculation of the Monte Carlo 
method by MCNP-4B, the criticality was estimated within 4 mk. The reactivity worth of the control devices 
was consistent with the measurement data within 15%. For the benchmark calculation of the conventional 
method composed of WIMS-AECL, SHETAN, and RFSP, the criticality was also predicted within 4 mk. 
The reactivity device worth was generally consistent with the measured data except for the strong absorbers 
such as shutoff rods and mechanical control absorbers. The results of the flux distribution calculations were 
also satisfactory for both code systems. 



 

C-13446 

13409…..…..…………………..…….……..……ID Number…………………..…..…………….13409 

Author: Murray, Raymond L. 

Title: Geometric Buckling of Elliptical Cylinder 

Date: 5/15/2005 

Report: NSENAO, 150, 245-256 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Research by Gast and Bournia on nuclear reactor cores in the form of elliptical 
cylinders is revisited. Derivations are presented, and data are extended in scope and accuracy. Findings on 
asymptotic series for constants needed in the evaluation of Mathieu functions are reported, along with 
accurate alternative techniques. Geometric bucklings are expressed in terms of circular cylinders with 
equivalent surface-to-volume ratios in a form that allows easy interpolation from tables. The estimation of 
extrapolation distances at boundaries of elliptical systems is addressed. Applications considered include a 
possible research reactor, the damage of fuel storage/shipping casks, and decommissioning of the damaged 
Windscale reactor. 
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Abstract/Keyterms: Annular cores were formed in start-up core physics tests of the High Temperature 
Engineering Test Reactor (HTTR) to obtain experimental data for verification of design codes. The first 
criticality, control rod (CR) positions at critical conditions, neutron flux distribution, excess reactivity, etc., 
were measured as representative data. These data were evaluated with the MVP Monte Carlo code, which 
can consider directly the heterogeneity of coated fuel particles (CFPs) distributed randomly in fuel 
compacts. It was made clear that the heterogeneity effect of CFPs on keff's for annular cores is smaller than 
that for fully loaded cores. The measured and the calculated keff's agreed with each other with differences 
<1%k. The calculated neutron flux distributions agreed with the measured results. A revised method was 
applied for evaluation of excess reactivity to exclude the negative shadowing effect of CRs. The revised 
and calculated excess reactivity agreed with differences <1%k/k. 
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Abstract/Keyterms: BOT3P consists of a set of standard FORTRAN-77 language programs developed at 
the ENEA-Bologna Nuclear Data Centre. BOT3P Version 1.0 was originally conceived to give the users of 
the DORT and TORT deterministic transport codes some useful diagnostic tools to prepare and check their 
input data files. BOT3P Version 3.0 introduced some important additions in the input geometrical model 
description and extended the possibility to produce the geometrical, material distribution, and fixed neutron 
source data to the deterministic transport codes TWODANT, THREEDANT, and PARTISN, and in the 
case of X-Y-Z mesh grids, a geometrical input to the MCNP Monte Carlo transport code, starting from the 
same input to BOT3P.BOT3P Version 4.0 extends the modeling capabilities of previous BOT3P versions, 
reduces CPU times, and facilitates the debugging of the computer code input. Version 4.0 also produces 
the geometrical entries for the sensitivity code SUSD3D, for both Cartesian and cylindrical geometries, and 
stores the fine-mesh arrays and the material zone map in a binary file, the contents of which can be 
visualized by the graphics modules of BOT3P. This new feature makes interfacing to any deterministic and 
Monte Carlo transport code easy and might open new promising application fields to this package.BOT3P 
was developed on a DIGITAL UNIX ALPHA 500/333 workstation and successfully used in some complex 
neutron shielding and criticality benchmarks. It was also tested on Red Hat Linux 7.1 and is designed to 
run on most UNIX platforms. All BOT3P versions are publicly available from the Organization for 
Economic Cooperation and Development/Nuclear Energy Agency Data Bank. 
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Abstract/Keyterms: Stability and bifurcation analyses of boiling water reactors have been carried out 
using a reduced-order two-channel model developed earlier by Karve et al. To parameterize azimuthal 
asymmetry in core loading, an amplification factor F is introduced into the model to vary azimuthal mode 
feedback coefficients. Bifurcation analysis code BIFDD and numerical integration are used to analyze the 
reduced-order model composed of 22 modified ordinary differential equations. Results are presented for 
effects of azimuthal asymmetry (as parameterized by the amplification parameter F) on characteristics of 
oscillations. Analysis of eigenvectors corresponding to the two pairs of complex conjugate eigenvalues 
with the largest and second largest real parts suggests that one of these pairs is responsible for in-phase 
oscillations and the other for the out-of-phase oscillations. For a uniform core without azimuthal asymmetry 
(F = 1), as a bifurcation parameter (total pressure drop) is varied, the pair of eigenvalues corresponding to 
the fundamental mode first cross the imaginary axis, thus making the system unstable and leading to in-
phase oscillations. However, for azimuthally asymmetric cores (corresponding to large values of F) and 
small inlet subcooling, the pair of eigenvalues corresponding to the first azimuthal mode, whose real part 
is the second largest for F = 1 case, approach the vertical axis faster (as a bifurcation parameter is varied) 
than those corresponding to the fundamental mode, thus becoming the dominant pair of eigenvalues. This 
leads to out-of-phase oscillations. Results of bifurcation analyses show that both sub- and supercritical 
bifurcation can occur for large as well as small azimuthal asymmetry, depending on values of other 
operating parameters. Changes in characteristics of oscillations (in-phase or out-of-phase; super- or 
subcritical bifurcation), therefore, result along the stability boundary. Numerical integrations confirm the 
results of stability and bifurcation analyses. 
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Abstract/Keyterms: Evaluated data are adjusted on experimental measurements using nuclear reaction 
models. Among these data, those concerning alpha-particle interactions on light nuclei are not well known, 
although crucial for neutron emission problems via (, n) processes in nuclear fuels (oxide, carbide, nitride). 
Examples of applications are reprocessing, packaging and storage of radioactive waste, and intrinsic 
neutron source term evaluation in critical and subcritical reactors (accelerator-driven systems). The goal is 
the modeling of (,n) reactions on oxygen isotopes to extract the resonance parameters. The SAMMY code, 
which relies on the Reich-Moore approximation of the R-matrix theory, is used. In the most recent version, 
the SAMMY code allows the study of the in- and outgoing charged-particle channels. An important 
validation of this new feature has been made. In addition, a manifest lack of experimental data for this type 
of reaction has been underlined. Finally, the impact of the new pointwise description of the (,n) reaction 
cross section on the energy distribution calculation of the intrinsic neutron source of an irradiated mixed-
oxide fuel pin is shown and compared to the standard calculation, which uses average cross sections. 
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Abstract/Keyterms: The criterion of information-theoretic stationarity diagnostics for the Monte Carlo 
simulation of nuclear criticality has been extended to undersampling diagnostics. Here, undersampling 
diagnostics means the posterior checking of the number of neutron histories per cycle. A statistically sound 
criterion using Shannon and relative entropies is defined based on the inequality with a penalty term for the 
minimum descriptive length of instantaneously decodable encoding. An alternative criterion based on a 
large sample property of particle population is defined within the information-theoretic framework of the 
asymptotic equipartition property and the method of types. An auxiliary criterion is proposed using the 
concave property of Shannon entropy. Numerical results are presented for the "k-effective of the world" 
problem by Whitesides. The results indicate that the estimation bias of the neutron effective multiplication 
factor will be reduced to a practically negligible level if these criteria are satisfied. It can be concluded that 
equilibrium is a stronger condition than stationarity concerning the source distribution in the Monte Carlo 
simulation. 



 

C-13452 

13415…..…..…………………..…….……..……ID Number…………………..…..…………….13415 

Author: Bokov, Pavel M. / Ridikas, Danas / Slessarev, Igor / Koeberl, Oliver 

Title: Core Subcriticality as a Tool of Safety Enhancement 

Date: 11/15/2005 

Report: NSENAO, 151, 335-343 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Core subcriticality can play an important role if the safety enhancement of a nuclear 
system is necessary, in particular, when minor actinides submitted for transmutation cause essential 
degradation of the reactivity feedback effects or/and significant reduction of the delayed neutron fraction. 
The present work shows that core subcriticality together with thermohydraulics optimization can 
compensate for the possible degradation of the Doppler effect and the reduction of the delayed neutron 
fraction. The particular dependence of the spallation neutron yield allows the creation of a supplementary 
negative feedback effect in case of accelerator coupled hybrid systems. A number of quantitative examples 
are provided in this context. 
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Abstract/Keyterms: In recent years, neutron attenuation measurements have demonstrated that neutron 
absorber panels with discrete boron carbide particles are less effective in neutron absorption than equivalent 
homogeneous absorber panels. The penalty observed in these attenuation measurements with thermal 
neutrons has been assumed to apply to the criticality analysis of fuel storage cells, without regard to the 
very significant difference in the neutron spectrum involved. Furthermore, the attenuation measurements 
are made with a collimated beam of thermalized neutrons impinging perpendicularly on the absorber panel, 
whereas in fuel storage cells, the neutrons are nearly isotropic and impinge on the panel at all angles. In an 
effort to understand the phenomena involved and to more accurately determine the effect on criticality 
safety analyses, calculations were made with the MCNP code, which is capable of explicitly describing 
discrete B4C particles of various mean size. Results of these calculations, described herein, show that 
neutron attenuation measurements are only weakly related to criticality analysis and that the penalty seen 
in attenuation measurements does not apply and should not be directly applied in criticality analyses. 
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Abstract/Keyterms: Most criticality safety calculations are performed using Monte Carlo techniques 
because of Monte Carlo's ability to handle complex three-dimensional geometries. For Monte Carlo 
calculations, the more histories sampled, the lower the standard deviation of the resulting estimates. 
Therefore, the common intuition is that the more histories the better; as a result, analysts tend to run Monte 
Carlo analyses as long as possible (or at least to a minimum acceptable uncertainty). For Monte Carlo 
criticality safety analyses, however, the optimization situation is complicated by the fact that procedures 
usually require that an extra margin of safety be added because of the statistical uncertainty of the Monte 
Carlo calculations. This additional safety margin affects the impact of the choice of the calculational 
standard deviation, both on production and on safety. This paper shows that, under the assumptions of 
normally distributed benchmarking calculational errors and exact compliance with the upper subcritical 
limit (USL), the standard deviation that optimizes production is zero, but there is a nonzero value of the 
calculational standard deviation that minimizes the risk of inadvertently labeling a supercritical 
configuration as subcritical. Furthermore, this value is shown to be a simple function of the typical 
benchmarking step outcomes - the bias, the standard deviation of the bias, the USL, and the number of 
standard deviations added to calculated k-effectives before comparison to the USL. 
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Abstract/Keyterms: An experiment to investigate the critical mass of 237Np was performed at the Los 
Alamos Critical Experiments Facility. The critical configuration consisted of a 6.07-kg neptunium sphere 
surrounded by 62.555 kg of highly enriched uranium hemispherical shells. The experiment was performed 
in order to decrease the large uncertainty in the critical mass of 237Np for criticality safety and 
nonproliferation issues. The critical configuration had an experimental keff of 1.003. Comparison of the 
experimental results with computational methods used to predict the keff of the system led to identification 
of a large discrepancy in the 237Np cross-section data from ENDF/B-VI used by the analysis performed 
with the MCNP code. In an effort to bound the uncertainty on the experimental keff, a sensitivity analysis 
was performed. This analysis systematically examines uncertainties associated with the critical experiment 
as they affect the calculated multiplication factor. The systematic analysis separated into uncertainties due 
to mass measurements, uncertainties due to geometry of materials, and uncertainties due to impurities. Each 
type of uncertainty is analyzed individually, and a total combined uncertainty is derived. The sensitivity 
analysis on this experiment yielded a total combined uncertainty on the measured keff of ±0.0032. 
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Abstract/Keyterms: A postulated single control rod drop transient was calculated for a typical boiling 
water reactor plant taking into account effects of detailed void distributions in those bundles neighboring 
the withdrawn control blade. Time-dependent pin power distributions were reconstructed by the plant 
simulator TRAC/BF1-ENTRÉE and were exported to the subchannel code NASCA. Macroscopic cross-
section libraries based on flat and distorted void distributions were allocated in accordance with fuel 
location in a simplified two-way coupling method. Exposure trends of bundle neutronic properties were 
compared between two void distributions. Although the infinite multiplication factor was not influenced, 
the radial peaking factor increased significantly because of the void distortion caused by pin-by-pin 
exposure of fissile materials. The result with the combined cross sections was compared with those with 
the flat void cross sections. Application of the combined cross sections lowered the initial local peaking 
because of larger neutron leakage around the withdrawn control blade. The transient linear power density 
at the critical fuel rod increased more rapidly. A change in the fuel heat flux was attenuated because of the 
heat conduction delay. As a consequence of these effects, the peak cladding temperature became slightly 
lower than that of the flat void model. 
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Abstract/Keyterms: Current burnable absorbers such as boron carbide placed in the control rod guide 
tubes of fresh fuel assemblies create a water displacement penalty at end of cycle (EOC) that reduces the 
overall maximum cycle length of the reactor. Other burnable absorbers such as gadolinium-oxide mixed in 
the fuel do not create the water displacement penalty but create a lower centerline melt temperature for the 
fresh fuel and reduce the overall enrichment for the assembly. This research proposes using a transuranic 
(TRU) isotope with a relatively high absorption cross section such as 240Pu to reduce excess criticality 
within the reactor at beginning of cycle. The added benefit of using this TRU isotope over a standard 
burnable absorber is that when it absorbs a neutron it no longer negatively affects the criticality of the 
reactor, and it will transmutate into a fissile material that will add to the overall criticality of the reactor at 
EOC. 
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Abstract/Keyterms: We present an approach to uncertainty quantification for nuclear applications that 
combines the covariance evaluation of differential cross-section data and the error propagation from 
matching a criticality experiment using a neutron-transport calculation. We have studied the reduction in 
uncertainty of 239Pu fission cross sections by using a one-dimensional neutron-transport calculation with 
the PARTISN code. The evaluation of 239Pu differential cross-section data is combined with a criticality 
measurement (Jezebel) using a Bayesian method. To quantify the uncertainty in such calculations, we 
generate a set of random samples of the cross sections, which represents the covariance matrix, and estimate 
the distribution of calculated quantities, such as criticality. We show that inclusion of the Jezebel data 
reduces uncertainties in estimating neutron multiplicity. 
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Abstract/Keyterms: An improved version of a numerical method for computing collision probabilities is 
developed for r--z geometry. It is concluded from the results of numerous test cases that the method can be 
used to compute collision probabilities in this geometry with an accuracy better than 0.1% in typically <1 
s (occasionally, in a few seconds when dealing with difficult cases) on the Athlon 64 3200+ processor. The 
developed algorithm is implemented into the framework of the collision probability method and tested for 
one-group criticality problems for finite circular and semicircular cylinders. 
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Abstract/Keyterms: The presence of a localized spallation source in an accelerator-driven subcritical 
system leads to significant spatial variations in the power distribution and invalidates the simple point-
kinetics approach. To eliminate higher-harmonics contamination in the detector response and to account 
properly for spatial and spectral effects in reactivity determination, a method directly combining 
measurements with numerical simulations of the experimental data is developed through a quasi-static 
formulation. The method provides space-time correction to a variety of traditional point-kinetics techniques 
and determines the reactivity essentially independent of the detector position, as long as sufficiently 
accurate information on the reactor configuration is provided. In the current work, the space-time 
corrections are derived for two well-known point-kinetics methods: area-ratio technique and -method. 
Numerical simulations performed with the FX2-TH diffusion theory code along with a space-time analysis 
of MUSE-4 pulsed source experimental data illustrate the applicability of the proposed methods for the 
determination of significant subcriticality levels in fast and thermal reactor systems. 
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Abstract/Keyterms: here is a growing need for very small nuclear reactors for space applications and as 
portable high-intensity neutron sources. This technical note investigates the question of what is the smallest 
possible thermal reactor. It was found that the smallest reactor is a spherically shaped solution of 
242mAm(NO3)3 in water. The weight of such a reactor is 4.95 kg with 0.7 kg of 242mAm nuclear fuel. 
The radius of the reactor in this case is 9.6 cm. 
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Abstract/Keyterms: The performances of autoregressive processes and the autoregressive moving average 
process of order two and one [ARMA(2, 1)] have been investigated concerning the confidence interval 
estimation in Monte Carlo eigenvalue calculation. Two reasons exist for these model choices. First, the 
Wold decomposition states that any zero-mean stationary stochastic process can be expressed as the sum 
of a deterministic process and a moving average process of infinite order. This justifies the application of 
autoregressive fitting and autoregressive moving average fitting to a centered k-effective series from 
stationary iteration cycles. Second, ARMA(2, 1) fitting is a logically natural refinement of first-order 
autoregressive fitting since the noise propagation in iterated source methods can be reduced to an 
autoregressive moving average model of orders p and p - 1 [ARMA(p, p - 1)]. Numerical results are 
presented for the "k-effective of the world" problem. The results indicate that ARMA(2, 1) fitting performs 
much better than the autoregressive fitting of low orders. Also presented are some related theoretical results; 
MacMillan's formula to confidence limits can be derived from the ARMA(p, p - 1) representation of source 
distribution; and the multiplicity of higher eigenmodes can make the decay of the autocorrelation of source 
distribution much different than predicted by the sum of exponential terms. The latter result indicates poor 
performance that time series methods would exhibit for the confidence interval estimation of the fission 
rate distribution in the critical reactor with symmetric component placement. 
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Abstract/Keyterms: Particle dynamics of nuclear fuel material has not been considered in conventional 
nuclear criticality evaluations. However, the particle motion influences nuclear criticality significantly. In 
the present study, the criticality calculation is combined with the discrete element method (DEM) to 
investigate the effects of the particle macroscopic behavior on nuclear criticality. Particle motion is 
analyzed in a rotating drum by the DEM, and then, the nuclear calculation is carried out. This paper focuses 
on particle size distribution, size segregation, and change of surface area of the particle bed. The particle 
size distribution has an important influence on the nuclear criticality evaluation because it affects not only 
the particle movement but also the atomic number densities in the bed. The surface area of the particle bed 
shows a close correlation with the multiplication factor. On the other hand, the size segregation does not 
have a significant effect on nuclear criticality. 
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Abstract/Keyterms: A method is presented to obtain a continuous-energy representation of the neutron 
spectrum using two-dimensional discrete ordinates calculations with a combination of multigroup (MG) 
and pointwise (PW) nuclear data. This provides the capability of determining the fine-structure energy 
distribution of the angular flux and flux moments within the resonance range as well as the smoother 
spectrum in the high- and thermal-energy ranges. The continuous-energy flux spectra can be utilized as 
problem-dependent weighting functions within the whole two-dimensional domain to process self-shielded 
MG cross sections for reactor physics and/or criticality safety analysis so that the two-dimensional 
heterogeneous effect in the resonance calculation can be fully considered. This calculational method has 
been implemented in a new PW transport code called GEMINEWTRN that may be executed as a module 
in the SCALE computer code system. Example applications using ENDF/B cross-section data are presented 
to study the two-dimensional heterogeneous effect in the resonance calculations. 
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Abstract/Keyterms: The accuracy of a neutronics model depends not only on the validity of the equations 
that are solved but also on the quality of the cross-section model. This last is currently constituted by a set 
of correlations, the parameterized tables, relating the data of the neutronics problem to the local conditions. 
The more the correlations represent the local conditions, the more the results will be accurate. For a 
simulation model, this means that the results will be closer to the measurements. The goal of the data 
identification method presented is to solve a constrained inverse problem and to obtain the parameters of 
some further correlations that will enhance the accuracy of the results. The constraint imposed minimizes 
the error committed in solving the diffusion equation, using as reference the results of a more accurate 
computer code or the measurements performed for in-core flux maps. Some purely numerical examples and 
an application in conjunction with in-core measurements illustrate the method. 
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Abstract/Keyterms: Empirical parameters for a new fast-neutron differential dose albedo formula are 
presented for water, concrete, iron, and lead and for ten energy bands between 0.1 and 10.0 MeV. Data are 
also presented for 252Cf spontaneous fission neutrons, 14-MeV neutrons, and thermal neutrons. The 24-
parameter approximation, based on modern dose units, agrees with MCNP-calculated values within 10%. 
Revised data are also presented for a five-parameter secondary-photon albedo formula, proposed earlier by 
Maerker and Muckenthaler, that is within 20% of MCNP values for the four materials. Finally, these revised 
albedo formulas are applied to the problem of thermal neutrons transmitted through a three-legged duct and 
compared to previous experimental results. 
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Abstract/Keyterms: This paper analyzes whether reactor plutonium after denaturing by increasing its 
isotopic content of 238Pu to 6 to 8% can be regarded as proliferation resistant. In this case the utilization 
of such denatured reactor plutonium would become unsuitable for a nuclear explosive device (NED) 
because the high-explosive lenses surrounding the plutonium would melt or their elevated temperature 
would lead to self-ignition. Eight different plutonium isotopic mixtures with increasing 238Pu content are 
analyzed, and their critical masses if surrounded by a 5-cm-thick reflector of natural uranium are 
determined. This allows calculation of the alpha-particle heat power generated in the plutonium sphere by 
238Pu and other plutonium isotopes. Then, three levels of technology with regard to the size of such 
hypothetical NEDs (HNEDs) and the technological level of high explosives are defined. On the basis of 
material data available in the open scientific literature, the radial temperature profiles in such HNEDs of an 
assumed configuration are calculated, and it is found that for low-technology HNEDs the limiting 
temperatures are exceeded for a 238Pu content of 1.6%. For high-technology HNEDs these limiting 
temperatures are exceeded for a 238Pu content above ~6% or somewhat more. Such denatured plutonium 
can be considered as proliferation resistant, similarly as uranium with <20% 235U or <12% 233U. 
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Abstract/Keyterms: An optimization method has been developed to determine the optimal fresh fuel rod 
configurations, fresh streams, and fresh bundle design placements given a known exposed fuel loading 
pattern and operational strategy for boiling water reactors. The optimization method is based on a first-
order approximation of various core parameters, such as hot excess reactivity and critical power ratio, using 
fuel rod perturbations to the reference fresh bundle designs. A simulated annealing optimization algorithm 
is shown to produce fresh bundle designs, consisting of rods selected from a user-defined set of rod types 
that optimize the core design with respect to its design constraints. The method utilizes a linear 
superposition method based upon sensitivity coefficients to approximate core parameters. A parallel 
computing system was implemented to decrease wall clock time for the numerous lattice physics and core 
simulator calculations. A periodic update of the reference bundle design, without the computational burden 
of updating the sensitivity coefficients, was introduced and is shown to significantly improve the accuracy 
of the approximation model. Application of the method demonstrates that improved core designs are 
achieved when a many-fresh bundle design (i.e., stream) solution is considered as part of the design space. 
Six-stream (and higher) core designs that increase fuel utilization while simultaneously reducing 
manufacturing costs through reduction of fuel rod types fabricated, previously unattainable with existing 
methodologies, are now possible. 
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Abstract/Keyterms: The Numerical Nuclear Reactor (NNR) was developed to provide a high-fidelity tool 
for light water reactor analysis based on first-principles models. High fidelity is accomplished by integrating 
full physics, highly refined solution modules for the coupled neutronic and thermal-hydraulic phenomena. 
Each solution module employs methods and models that are formulated faithfully to the first principles 
governing the physics, real geometry, and constituents. Specifically, the critical analysis elements that are 
incorporated in the coupled code capability are a direct whole-core neutron transport solution and an ultra-
fine-mesh computational fluid dynamics / heat transfer solution, each obtained with explicit (sub-fuel-pin-
cell level) heterogeneous representations of the components of the core. The considerable computational 
resources required for such highly refined modeling are addressed by using massively parallel computers, 
which together with the coupled codes constitute the NNR. To establish confidence in the NNR 
methodology, verification and validation of the solution modules have been performed and are continuing 
for both the neutronic module and the thermal-hydraulic module for single-phase and two-phase boiling 
conditions under prototypical pressurized water reactor and boiling water reactor conditions. This paper 
describes the features of the NNR and validation of each module and provides the results of several coupled 
code calculations. 
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Abstract/Keyterms: Neutron fluctuations in a constant multiplying medium (zero power noise) and those 
in a fluctuating medium (power reactor noise) have been traditionally considered as two separate disciplines 
that exist in two opposing limiting areas of operation (low and high power, respectively). They have also 
been treated by different mathematical methods, i.e., master equations and Langevin equation, respectively. 
In this paper we develop a theory of neutron fluctuations in a medium randomly varying in time, based on 
a forward-type master equation approach. This method accounts for both the zero power and the power 
reactor noise simultaneously. Factorial moments and related quantities (variance, power spectrum, etc.) of 
the number of the neutrons are calculated in subcritical systems with a stationary external source. It is 
shown that the pure zero power and power reactor noise results can be reconstructed in the cases of 
vanishing system fluctuations and high power, respectively, the latter being a nontrivial result. Further, it 
is shown that the effect of system fluctuations on the zero power noise is retained even in the limit of 
vanishing neutron number (reactor power). The results have thus even practical significance for low-power 
systems with fluctuating properties. The results also have a bearing on other types of branching processes 
such as evolution of biological systems, germ colonies, epidemics, etc., which take place in a time-varying 
environment. 
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Abstract/Keyterms: In the present study we investigate the influence of the fuel axial shuffling and the 
operational control rod maneuvering on the performances of the one-pass (no reprocessing) deep-burn 
incineration of light water reactor waste in the gas turbine-modular helium reactor. After an irradiation 
period, the fuel axial shuffling schedule has to take into account the fuel depletion profile generated by the 
adjustments of the position of the operational control rods, because the insertion of the rods strongly alters 
the neutron flux shape. We aimed at implementing a numerical simulation as close as possible to a real 
scenario and therefore took advantage of the powerful geometrical modeling capability of the MCB code 
to describe the reactor in a detailed three-dimensional geometry model in which we simulated over 120 
different burnable materials, each of them undergoing a different neutron flux intensity. We adjusted the 
position of the control rods every 90 effective full-power days of irradiation to maintain the core as close 
as possible to the critical condition; thereafter, we recalculated the neutron flux and cross sections by a new 
MCNP/MCB run. At the present time, this sophisticated approach can be realized only by a computer cluster 
of ten 64-bit processors working in parallel mode. The fuel axial shuffling adds from 3 to 5% to the 
transmutation rates of 239Pu, plutonium, and all actinides, which range from 80 to 86, 50 to 53, and 46 to 
48%, respectively; the present results are 5 to 14% less compared to the case of a two-pass (reprocessing) 
deep burn. The efficiency of transmuting minor actinides has been estimated by comparing the long-term 
radio-toxicity of the fresh and irradiated americium and curium fuel; this comparison revealed that it is not 
worthwhile to transmute americium and curium in the current design of the gas turbine-modular helium 
reactor by a one-pass deep burn. 
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Abstract/Keyterms: The NEPTUNE project constitutes the thermal-hydraulic part of the long-term 
Electricité de France and Commissariat a l'Energie Atomique joint research and development program for 
the next generation of nuclear reactor simulation tools. This program is also financially supported by the 
Institut de radioprotection et de sûreté nucléaire and AREVA NP. The project aims at developing a new 
software platform for advanced two-phase flow thermal hydraulics covering the whole range of modeling 
scales and allowing easy multiscale and multidisciplinary calculations. NEPTUNE is a fully integrated 
project that covers the following fields: software development, research in physical modeling and numerical 
methods, development of advanced instrumentation techniques, and performance of new experimental 
programs. The analysis of the industrial needs points out that three main simulation scales are involved. 
The system scale is dedicated to the overall description of the reactor. The component or subchannel scale 
allows three-dimensional computations of the main components of the reactors: cores, steam generators, 
condensers, and heat exchangers. The current generation of system and component codes has reached a 
very high level of maturity for industrial applications. The third scale, computational fluid dynamics (CFD) 
in open medium, allows one to go beyond the limits of the component scale for a finer description of the 
flows. This scale opens promising perspectives for industrial simulations, and the development and 
validation of the NEPTUNE CFD module have been a priority since the beginning of the project. It is based 
on advanced physical models (two-fluid or multifield model combined with interfacial area transport and 
two-phase turbulence) and modern numerical methods (fully unstructured finite volume solvers). For the 
system and component scales, prototype developments have also started, including new physical models 
and numerical methods. In addition to scale-specific developments, the generalized use of multiscale 
calculations is also expected to be a major means to meet the industrial needs. The coexistence of different 
simulation scales together with the fast growth of computing power multiplies the computation possibilities. 
In particular, thanks to the recent progress of CFD tools, one can imagine local zooms in some critical parts 
of the reactor components. The NEPTUNE multiscale platform will offer advanced coupling functionalities 
based on state-of-the-art software architecture and new numerical coupling techniques. Finally, despite the 
existence of a huge worldwide database of two-phase flow experiments, the validation of new physical 
models (more local, more complex) requires new experimental data. That is the reason why for several 
years we have been developing new instrumentation techniques such as four-sensor optical probes, X-ray 
tomography, and hot-wire anemometry. These techniques will be used for new experimental programs 
(currently being launched) that have been defined in connection with the high-priority industrial 
applications (departure from nucleate boiling, pressurized thermal shock, loss-of-coolant accident, etc.). 
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Abstract/Keyterms: New ENDF-6 formatted nuclear data libraries are presented for 204,206,207,208Pb 
and 209Bi, for incident neutrons and protons. Apart from the resonance range, which we have adopted from 
the best available source in existing libraries, the nuclear data evaluations are completely revised in the 0 
to 20 MeV energy range and moreover extend up to 200 MeV. This collection of isotopic evaluations is 
created by using the nuclear model code TALYS with a consistent set of input parameters for all isotopes. 
The most important nuclear reaction models and parameters needed for our data files are described. We 
have intended to make these evaluations complete in their description of reaction channels, and use a 
consistent method to store the data in ENDF-6 format, which includes cross sections, angular distributions, 
double-differential spectra, discrete and continuum photon production cross sections, and residual 
production (activation) cross sections including isomers. It is shown that the data present in our libraries 
give an improved agreement with existing basic experimental data. Moreover, we have validated the new 
libraries with criticality and shielding benchmarks, where available. We present the results of neutronics 
calculations on subcritical accelerator-driven systems to show the impact of our new nuclear data on critical 
reactor parameters, such as keff, when compared with the existing ENDF/B-VI, JENDL, and JEFF libraries. 
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Abstract/Keyterms: Experimental data acquired during experimental fast reactor JOYO MK-I 
performance tests in the late 1970s have been reevaluated and analyzed with a nuclear analysis system for 
fast reactors employed by the Japan Atomic Energy Agency. For the purpose of improving the prediction 
accuracy of nuclear characteristics, nominal values and uncertainties of the experimental data were 
reevaluated in light of knowledge obtained after the MK-I performance test and calculation results based 
on the latest reactor physics analysis methods. All nominal values were corrected by a formulation of 
control rod interaction effects proposed in the present paper, and all possible uncertainty factors were 
evaluated and quantified. The analysis results agreed well with measured values within the experimental 
and nuclear-induced uncertainties for all the nuclear characteristics of criticality, control rod worth, sodium 
void reactivity, fuel replacement reactivity, and isothermal temperature coefficient. Meanwhile, the present 
reevaluated data have been registered with the International Reactor Physics Benchmark Experiments 
Project with the expectation that these data will be widely used. 
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Abstract/Keyterms: Recently, three-dimensional neutron-kinetics core models have been coupled to 
advanced thermal-hydraulic system codes. These coupled codes can be used for the analysis of the whole 
reactor system. In the framework of the international association Atomic Energy Research (AER) on VVER 
Reactor Physics and Reactor Safety, two benchmarks for these code systems were defined. The reference 
reactor is the Russian VVER-440. The response of the reactor core to a symmetric and an asymmetric main 
steam line break should be investigated. So, different aspects of the coupling could be tested. As an 
additional feature, the participants had to use their own nuclear data. Each of these benchmarks was 
calculated by five different code systems. The comparison of the received solutions for the symmetric case 
shows good agreement in the evolution of the thermal hydraulics. When the core power reestablishes after 
recriticality, differences between the single solutions develop, mainly connected with the use of different 
nuclear data. Because of the increased complexity of the calculations, in the second benchmark differences 
between the thermal-hydraulic behavior in the single calculations were observed, additionally. These 
differences have their main origin in the behavior of the secondary side. The results of both benchmarks 
show the safety potential of the VVER-440 reactor. Even under very conservative conditions, no fuel rod 
failure was determined by the calculations, and the reactor was transferred into a subcritical final state. 
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Abstract/Keyterms: The primary shutdown mechanism of all-metal nuclear assemblies engaging in pulsed 
operations is thermal expansion of the fuel material. Typically, a fuel temperature coefficient of reactivity 
is acquired by building the apparatus and fitting the operational data to the Nordheim-Fuchs kinetics 
equations. This value may vary as a function of reactivity insertion because of thermomechanical effects in 
the fuel material, which leads to uncertainty regarding untested reactor designs. This paper presents a 
computational method for modeling power, temperature, and thermoelastic displacement behavior of a 
spherical Godiva-like assembly during a prompt supercritical excursion and provides a way of determining 
fuel temperature coefficients of reactivity without the use of operational data. 
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Abstract/Keyterms: A series of critical-mass experiments using a 6-kg neptunium sphere was performed 
on the Planet vertical-assembly machine at Los Alamos National Laboratory (LANL). The purpose of the 
experiments was to obtain a better estimate of the critical mass of 237Np. The configurations that were 
studied included surrounding the neptunium sphere with highly enriched uranium (HEU) shells as well as 
reflecting it with iron and polyethylene. An additional experiment using a 4.5-kg phase plutonium sphere 
surrounded with HEU was performed to demonstrate how well the computer transport code and the existing 
cross-section data for uranium and plutonium could reproduce the experiment. For some of the 
configurations, the prompt-neutron decay constants at delayed critical were measured. These experiments 
provided an integral measurement of the cross sections for 237Np in the fast-energy and possibly in the 
intermediate-energy regions. The measured keff from these experiments was compared with the calculated 
keff from the Monte Carlo N-Particle (MCNP) transport code using ENDF/B-V and ENDF/B-VI and cross-
section data evaluated by the Nuclear Theory and Applications group (T-16) at LANL. In all the neptunium 
experiments, the calculated keff values based on ENDF/B-VI data were ~1% lower than the experimental 
keff. After adjusting the cross sections for neptunium and 235U to match the bare neptunium/HEU 
experiment as well as Godiva keff criticality and spectra indexes, the MCNP code yielded a value of 57 +/- 
4 kg for the bare critical mass of 237Np. 
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Abstract/Keyterms: The MUSE-4 program is a series of zero-power experiments carried out at the 
Commissariat Ã l'Energie Atomique Cadarache MASURCA nuclear facility from 2001 to 2004 to study 
the neutronics of accelerator-driven systems (ADSs). The program has investigated the coupling of a 
multiplying medium to neutron sources of 2.6 or 14 MeV provided by an accelerator (GENEPI) via D(d, 
n)3He or T(d, n)4He nuclear fusion reactions, respectively. The fuel was UO2-PuO2, the simulated coolant 
was sodium or lead, and the multiplication factor keff ranged from 1 to 0.95. The aim of the experiment 
was to develop new measurement techniques specific to ADSs and to test the performances of neutronic 
calculations codes for such systems. The interpretation of the MUSE-4 experiment has shown that the 
physical parameters of the system are globally well reproduced by calculations performed with the 
ERANOS code system, which proves good agreement with both the measurements and the reference Monte 
Carlo calculations; this concerns the critical mass, the delayed neutron fraction, the fission rate shapes, and 
the spectral indices. This a particularly remarkable issue for ERANOS and its associated libraries, which 
had never been tested for such situations. Concerning the nuclear data, JEF-based cross sections provide a 
better agreement on critical mass than other libraries. A sensitivity of several measured parameters to the 
elastic and inelastic cross section of lead have been demonstrated, and possible biases on these cross 
sections have been indicated. We have shown that several methods based on deterministic or stochastic 
calculations allow us to relate the experimental neutron population decay after a source pulse with the 
reactivity of the system; these reactivity determination techniques are in good agreement with standard 
reactivity measurement techniques. 
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Abstract/Keyterms: The OB-1 method for the calculation of the minimum critical mass of fissile actinides 
in metal/water systems was described in a previous paper. A fit to the calculated minimum critical mass 
data using the extended criticality parameter is the basis of the revised method. The solution density 
(grams/liter) for the minimum critical mass is also obtained by a fit to calculated values. Input to the 
calculation consists of the Maxwellian averaged fission and absorption cross sections and the thermal values 
of nubar. The revised method gives more accurate values than the original method does for both the 
minimum critical mass and the solution densities. The OB-1 method has been extended to calculate the 
uncertainties in the minimum critical mass for 12 different fissile nuclides. The uncertainties for the fission 
and capture cross sections and the estimated nubar uncertainties are used to determine the uncertainties in 
the minimum critical mass, either in percent or grams. Results have been obtained for 233U, 235U, 236Pu, 
239Pu, 241Pu, 242mAm, 243Cm, 245Cm, 249Cf, 251Cf, 253Cf, and 254Es. Eight of these 12 nuclides are 
included in the ANS-8.15 standard. 
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Abstract/Keyterms: Coupled Monte Carlo depletion systems provide a versatile and an accurate tool for 
analyzing advanced thermal and fast reactor designs for a variety of fuel compositions and geometries. The 
main drawback of Monte Carlo-based systems is a long calculation time imposing significant restrictions 
on the complexity and amount of design-oriented calculations. This paper presents an alternative approach 
to interfacing the Monte Carlo and depletion modules aimed at addressing this problem. The main idea is 
to calculate the one-group cross sections for all relevant isotopes required by the depletion module in a 
separate module external to Monte Carlo calculations. Thus, the Monte Carlo module will produce the 
criticality and neutron spectrum only, without tallying of the individual isotope reaction rates. The one-
group cross section for all isotopes will be generated in a separate module by collapsing a universal 
multigroup (MG) cross-section library using the Monte Carlo calculated flux. Here, the term "universal" 
means that a single MG cross-section set will be applicable for all reactor systems and is independent of 
reactor characteristics such as a neutron spectrum; fuel composition; and fuel cell, assembly, and core 
geometries. This approach was originally proposed by Haeck et al. and implemented in the ALEPH code. 
Implementation of the proposed approach to Monte Carlo burnup interfacing was carried out through the 
BGCORE system. One-group cross sections generated by the BGCORE system were compared with those 
tallied directly by the MCNP code. Analysis of this comparison was carried out and led to the conclusion 
that in order to achieve the accuracy required for a reliable core and fuel cycle analysis, accounting for the 
background cross section (sigma0) in the unresolved resonance energy region is essential. An extension of 
the one-group cross-section generation model was implemented and tested by tabulating and interpolating 
by a simplified sigma0 model. A significant improvement of the one-group cross-section accuracy was 
demonstrated. 



 

C-13481 

13444…..…..…………………..…….……..……ID Number…………………..…..…………….13444 

Author: Kessler, G. 

Title: Proliferation Resistance of Americium Originating from Spent Irradiated Reactor Fuel of Pressurized 
Water Reactors, Fast Reactors, and Accelerator-Driven Systems with Different Fuel Cycle Options 

Date: 5/1/2008 

Report: NSENAO, 159, 056-082 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The three most important americium isotopes, 241Am, 242mAm, and 243Am 
originate in the nuclear fuel of pressurized water reactors (PWRs), fast reactors (FRs), or accelerator-driven 
systems (ADSs) in a ratio of 241Am/243Am between ~0.45/0.55 to ~0.85/0.15. The content of 242mAm 
in the spent fuel of PWRs, FRs, and ADSs is relatively small and varies between 0.08 and 4.5%. Only by 
dedicated breeding in 241Am fuel and blanket assemblies could this 242mAm content be increased to ~7%. 
Only the isotope 241Am has a relatively high alpha-particle heat production whereas the isotopes 242mAm 
and 243Am have a relatively small alpha-particle heat production. All three americium isotopes are 
spontaneous fission neutron emitters. In this paper the different isotopic compositions of the three 
americium isotopes, 241Am, 242mAm, and 243Am are assembled for a number of fuel cycle strategies for 
PWRs, FRs and ADSs. Then, the critical masses, spontaneous fission neutron sources, and alpha-particle 
heat power of these different americium compositions are calculated. In a preignition analysis for gun 
systems and implosion systems, it is shown that only the implosion system would be applicable to the 
considered americium isotopic compositions. A subsequent thermal analysis with assumptions for the 
geometry and choice of materials of so-called hypothetical nuclear explosive devices (HNEDs) shows that 
the high alpha-particle heat power in the fissile reactor americium part would lead to such high temperatures 
that the surrounding chemical high explosives would melt and self-explode, and the americium metal would 
melt. Such HNEDs on the basis of reactor americium as fissile material would be technically unfeasible. 
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Abstract/Keyterms: A new 237Np burning strategy in a supercritical CO2-cooled fast reactor core has 
been proposed: consuming 237Np as fuel and burnable poison to attain zero burnup reactivity loss. Addition 
of 237Np at content of 6.5 wt% in fuel engenders nearly zero burnup reactivity loss of 0.02% k/k during 10 
yr. The burning rate of 237Np in the core is ~69 kg/yr, which is equivalent to the quantity produced in a 
year from about 20 light water reactors of equivalent electrical output. The zero burnup reactivity loss 
enables reduction of the control rod number to half that of a typical sodium-cooled mixed-oxide fuel 
MONJU core without added 237Np and no need for rod operation with fuel burning to compensate for the 
burnup reactivity loss. Void reactivity is 0.72% k/kk', which is three-fourths that of a typical Na-cooled 
core, although 237Np is added and the active core length is elongated to 1.2 m. The power density is reduced 
to ~20% of that in a Na-cooled core. The hot-spot temperature of cladding is below its maximum 
permissible temperature of 700Â°C. 
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Abstract/Keyterms: Benchmark calculations of Canada deuterium uranium (CANDU) reactor physics 
design and analysis codes have been performed for a lattice code WIMS-AECL, a supercell code 
DRAGON, and a core analysis code RFSP by using the physics measurement data of Wolsong nuclear 
power plants. In this study, the lattice and reactivity device models were examined based on Wolsong-2 
measurement data for the criticality and reactivity device worth. Sensitivity calculations were also 
performed for the number of energy groups and the cross-section library. Using the lattice and reactivity 
device models obtained from the Wolsong-2 calculation, the benchmark calculations were extended to the 
Wolsong-3 and Wolsong-4 plants. Compared to a previous study, this study showed that the results of the 
criticality and reactivity device worth calculations were improved when the material data were updated and 
the exact two-group cross sections were used. For the three nuclear power plants, the calculated core 
reactivity was within 0.2% k of criticality. The zone controller unit reactivity worth was estimated to have 
a maximum error of ~8%. The total reactivity worth of other reactivity control devices was consistent with 
the measurement data within 13%. The root-mean-square error of the flux distribution calculation was 
<12% when compared with flux scans performed during Phase B physics tests. In conclusion, the CANDU 
physics design and analysis codes used in this benchmark study predicted the physics parameters within 
the allowed uncertainty level of the measurement data. 
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Abstract/Keyterms: A new benchmark for monoenergetic neutron transport in one-dimensional 
cylindrical geometry is presented. In the past, several accurate benchmarks (i.e., numerical solutions) in 
cylindrical geometry, based on the singular eigenfunction expansion of the solution to the corresponding 
pseudoproblem, have appeared in the literature. In the new formulation, called the direct FN method in 
cylindrical geometry, we base the FN solution directly on the integro-differential equation satisfied by the 
pseudoproblem. Through appropriate projections, a straightforward FN formulation results in singular 
integral equations for both the flux and current. Enhanced by convergence acceleration, the FN 
approximation accurately reproduces published benchmark solutions for both fixed sources and criticality. 
Thus, we have developed an entirely pedagogical self-contained and highly accurate benchmark based on 
an alternative application of FN theory. 
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Abstract/Keyterms: The National Aeronautics and Space Administration is considering nuclear power 
sources for space exploration. A series of critical mass experiments was designed to address the 
development, performance, and design of a space nuclear reactor being considered to support the 
Prometheus project. These experiments consisted of interlacing the refractory metals rhenium (Re), 
molybdenum (Mo), tantalum-2.5 wt% tungsten (Ta-2.5W), and niobium-1 wt% zirconium (Nb-1Zr) with 
moderating materials (graphite or polyethylene) and were fueled by highly enriched uranium plates. These 
experiments are designed to assess the adequacy of and uncertainty in refractory metal neutron cross-section 
evaluations for use in Prometheus nuclear reactor design work. The critical experiments were designed in 
the energy spectrum closely resembling or bracketing that in the proposed space reactor. For each material 
(Re, Mo, Ta-2.5W and Nb-1Zr), four critical configurations were designed and performed to measure the 
sensitivity of keff to the material under four different and progressively softer neutron spectra (core center 
spectrum, harder than core average spectrum, softer than core average spectrum, and accident flooded 
spectrum). The thicknesses of the graphite or polyethylene moderator and reflector plates were adjusted to 
achieve the desired neutron spectrum. One critical and 18 subcritical experiments provided for 
measurements of material neutronic behavior in a simple cylindrical geometry configuration that was 
modeled in MCNP with ENDF/B-VI.6 cross-section data and compared to the extrapolated or predicted 
critical mass for all the experiments. These experiments were performed at the Los Alamos National 
Laboratory using the Planet vertical lift critical assembly at the Los Alamos Critical Experiment Facility. 
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Abstract/Keyterms: The stationarity diagnostics of source distribution in the iterated-source Monte Carlo 
computation for nuclear criticality and static nuclear reactor analysis have been studied using relative 
entropy and the Wilcoxon signed rank sum. Novel aspects of the diagnostics are (a) the relative entropy of 
permuted and nonpermuted source distributions and (b) a series of differenced relative entropies. Item (a) 
combined with averaging over random permutations has some smoothing effect on the fluctuation through 
iteration cycles. The benefit of item (b) is twofold: The differencing works as decorrelation, and the mean 
in stationarity of a differenced series is exactly zero. Therefore, the Wilcoxon signed rank sum has been 
applied to check the stationarity of the differenced relative entropy series. Another novel aspect of the 
diagnostics is the use of a problem-independent number of iteration cycles preceding the current iteration 
cycle upon the computation of the Wilcoxon signed rank sum. In addition, it has been shown that the 
progressive relative entropy in previous work can be used and the moving average of the Wilcoxon signed 
rank sums of its differenced series is a stringent measure of stationarity. Numerical results are presented for 
two- and three-dimensional modeling of an initial core of pressurized water reactors. 
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Abstract/Keyterms: Graphite-moderated thermal-spectrum subcritical reactors with a long diffusion path 
from neutron birth to absorption can be driven effectively from a neutron production target outside of the 
core, in contrast to the commonly accepted view that subcritical power reactors must have the source at the 
reactor center. Advantages of the external target include (a) elimination of the capital cost of a heavy magnet 
suspended above the reactor core, (b) elimination of safety concerns related to beam-induced damage from 
power failure in the magnet, (c) avoiding the disruption of the core to accommodate the neutron target, (d) 
the elimination of difficulties of access and removal of the target or fuel from the core owing to the magnet, 
and (e) the elimination of power peaking around the target and related high fuel burnup and materials 
damage concerns. There are also gains from driving a single reactor with two external targets instead of 
one. 
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Abstract/Keyterms: A criticality accident is accompanied by intense neutron and gamma emissions and 
release of radioactive fission products - gases and aerosols - generating risk of irradiation and 
contamination. This work has supplemented earlier work in criticality safety, which concentrated on critical 
mass measurements and computations. Understanding of the consequences of criticality accidents was 
limited. Emergency planning was hampered by lack of data. Information became available from pulsed 
reactor experiments, but the experiments were restricted to the established reactor configurations. The 
objectives of research performed at the Valduc criticality laboratory, mainly on aqueous fissile media, using 
the CRAC and SILENE facilities, by multidisciplinary teams of physicists, dosimetry specialists, and 
radiobiologists, were to model criticality accident physics, estimate irradiation risks and radioactive 
releases, detect excursions, and organize emergency response. The results of the Valduc experiments have 
contributed toward improved understanding of criticality accident phenomenology and better evaluation of 
the risks associated with such accidents. 
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Abstract/Keyterms: From 1998 to 2004, a series of critical experiments referred to as the fission product 
(FP) experimental program was performed at the Commissariat a l'Energie Atomique Valduc research 
facility. The experiments were designed by Institut de radioprotection et de sûreté nucléaire (IRSN) and 
funded by AREVA NC and IRSN within the French program supporting development of a technical basis 
for burnup credit validation. The experiments were performed with the following six key fission products 
encountered in solution either individually or as mixtures: 103Rh, 133Cs, natNd, 149Sm, 152Sm, and 
155Gd. The program aimed at compensating for the lack of information on critical experiments involving 
FPs and at establishing a basis for FPs credit validation. One hundred forty-five critical experiments were 
performed, evaluated, and analyzed with the French CRISTAL criticality safety package and the American 
SCALE5.1 code system employing different cross-section libraries. The aim of the paper is to show the 
experimental data potential to improve the ability to perform validation of full burnup credit calculation. 
The paper describes three phases of the experimental program; the results of preliminary evaluation, the 
calculation, and the sensitivity/uncertainty study of the FP experiments used to validate the APOLLO2-
MORET 4 route in the CRISTAL criticality package for burnup credit applications 
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Abstract/Keyterms: The growing interest in innovative reactors and advanced fuel cycle designs requires 
more accurate prediction of various transuranic actinide concentrations during irradiation or following 
discharge because of their effect on reactivity or spent-fuel emissions, such as gamma and neutron activity 
and decay heat. In this respect, many of the important actinides originate from the 241Am(n, gamma) 
reaction, which leads to either the ground or the metastable state of 242Am. The branching ratio for this 
reaction depends on the incident neutron energy and has very large uncertainty in the current evaluated 
nuclear data files. This study examines the effect of accounting for the energy dependence of the 241Am(n, 
gamma) reaction branching ratio calculated from different evaluated data files for different reactor and fuel 
types on the reactivity and concentrations of some important actinides. The results of the study confirm that 
the uncertainty in knowing the 241Am(n, gamma) reaction branching ratio has a negligible effect on the 
characteristics of conventional light water reactor fuel. However, in advanced reactors with large loadings 
of actinides in general, and 241Am in particular, the branching ratio data calculated from the different data 
files may lead to significant differences in the prediction of the fuel criticality and isotopic composition. 
Moreover, it was found that neutron energy spectrum weighting of the branching ratio in each analyzed 
case is particularly important and may result in up to a factor of 2 difference in the branching ratio value. 
Currently, most of the neutronic codes have a single branching ratio value in their data libraries, which is 
sometimes difficult or impossible to update in accordance with the neutron spectrum shape for the analyzed 
system. 
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Abstract/Keyterms: Subcritical measurements were conducted with an alpha-phase plutonium sphere 
using the 252Cf source-driven noise analysis method. Measurements were performed with both 
polyethylene and acrylic reflectors. For each reflector type, five different reflector thicknesses were 
investigated: 0 (bare), 1.27, 2.54, 3.81, and 7.62 cm. A certain ratio of spectral quantities that depends on 
the fluctuations in the fission chain multiplication process was measured for each configuration. In addition, 
two types of Monte Carlo calculations were employed to estimate the keff and spectral ratio values of each 
configuration. From the measured and computed quantities, the multiplication and uncertainty of the system 
can be inferred. The polyethylene measurements compared well to previous measurements conducted with 
the same plutonium sphere and polyethylene reflector thicknesses. The acrylic measurements provide 
benchmark data of an alpha-phase plutonium sphere reflected by acrylic 
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Abstract/Keyterms: In the 1980s a series of the Haut Taux de Combustion (HTC) critical experiments 
with fuel pins in a water-moderated lattice was conducted at the Apparatus B experimental facility in Valduc 
(Commissariat a l'Energie Atomique, France) with the support of the Institut de Radioprotection et de 
Surtete Nucleaire and AREVA NC. Four series of experiments were designed to assess profit associated 
with actinide-only burnup credit in the criticality safety evaluation for fuel handling, pool storage, and 
spent-fuel cask conditions. The HTC rods, specifically fabricated for the experiments, simulated typical 
pressurized water reactor uranium oxide spent fuel that had an initial enrichment of 4.5 wt.% 235U and was 
burned to 37.5 GWd/tonne U. The configurations have been modeled with the CRISTAL criticality package 
and SCALE 5.1 code system. Sensitivity/uncertainty analysis has been employed to evaluate the HTC 
experiments and to study their applicability for validation of burnup credit calculations. This paper presents 
the experimental program, the principal results of the experiment evaluation, and modeling. The HTC data 
applicability to burnup credit validation is demonstrated with an example of spent-fuel storage models. 
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Abstract/Keyterms: We generated, for the first time, a very comprehensive set of estimates of cross-
section covariance data in the neutron energy range of 5 keV to 20 MeV. The covariance matrices were 
obtained for 307 materials, from 19F to 209Bi, covering structural materials, fission products, and heavy 
nonfissile nuclei. These results offer model-based, consistent assessments of covariance data for nuclear 
criticality safety applications. The evaluation methodology combines the nuclear reaction model code 
EMPIRE, which calculates the sensitivity of the cross sections to nuclear reaction model parameters, and 
the Bayesian code KALMAN, which propagates uncertainties of the model parameters to these cross 
sections. Taking into account the large number of materials studied, we refer only marginally to 
experimental data. The covariances were derived from the perturbation of several key model parameters 
selected by the sensitivity analysis. These parameters refer to the optical model potential, the level densities, 
and the strength of the preequilibrium emission. Our work represents the first attempt to generate neutron 
cross-section covariances on such a large scale. 
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Abstract/Keyterms: In our earlier papers, we developed a theory of reactor noise for accelerator-driven 
systems (ADSs). It was shown that reactor noise in ADSs is different from that in critical or radioactive 
source-driven subcritical systems because of the periodically pulsed source and its non-Poisson character. 
Various noise descriptors, such as Rossi alpha, Feynman alpha (or variance to mean), power spectral 
density, and cross-power spectral density, were derived, for a periodically pulsed source, including 
correlation between different pulses and finite pulses of different shapes. Throughout the work we restricted 
ourselves to the case of prompt neutrons only. In the present paper, we extend the theory to the delayed 
neutron case. Feynman-alpha and Rossi-alpha formulas are derived by considering the source to be a 
periodically pulsed non-Poisson source, without correlations between different pulses. Each pulse is 
assumed to be a delta function. The calculations are carried out in the time domain that leads to closed-form 
expressions for these descriptors. 
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Abstract/Keyterms: We present a model of a subcritical neutron multiplying system coupled to an external 
time-dependent neutron source, within one-group diffusion theory. Within this scheme we show that the 
problem is fully solvable without any other approximation. Then, we are able to show that all the known 
results about such systems can be consistently derived. In such a way we are able to discuss various specific 
aspects that distinguish a subcritical system from a critical one without relying on any other approximations 
or assumptions. Moreover, we prove that a subcritical system has very different working regimes as the 
level of subcriticality varies. 
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Abstract/Keyterms: The second Egyptian Research Reactor, ET-RR-2, went critical on November 27, 
1997. The National Center of Nuclear Safety and Radiation Control has the responsibility for the evaluation 
and the assessment of the safety of this reactor. The purpose of this paper is to present an approach to the 
optimization of the fuel element plate, in which every target is considered as a separate objective to be 
optimized. Multi-objective optimization is a powerful tool for resolving conflicting objectives in 
engineering design and numerous other fields. The fuel element plate is designed with a view to improve 
reliability and lifetime, and it is one of the most important elements during the shutdown. In this paper, we 
present a conceptual design approach for the fuel element plate, in conjunction with a genetic algorithm to 
obtain a fuel plate that maximizes a fitness value for optimizing the safety design of the fuel plate. 
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Abstract/Keyterms: We show that major existing Monte Carlo burnup codes are numerically unstable in 
cycle calculations of critical reactors; spatial oscillations of the neutron flux can be observed even when 
relatively small time steps are used. This caused by using the explicit Euler or midpoint method that appear 
to be numerically unstable with the step sizes common in cycle calculations. More stable methods that are 
common in deterministic burnup calculations, like the modified Euler method, can easily be introduced into 
the Monte Carlo burnup codes. 
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Abstract/Keyterms: Step-refined on-the-fly convergence diagnostics have been studied for Monte Carlo 
fission source distribution. The diagnostics consist of progressive relative entropy, its differenced series, 
and the Wilcoxon signed rank sum. The new aspect in the present work is the examination of a smaller 
number of cycles preceding the current cycle at step 1 diagnosis and the increase of the number of cycles 
for examination at step 2 diagnosis. This refinement process proceeds along with the actual progression of 
cycles and continues until the number of cycles for examination becomes >66% of the declared convergence 
cycle or the declaration of convergence stays in the same cycle for five consecutive steps. In each diagnostic 
step the Wilcoxon signed rank sum of the difference series of progressive relative entropy is examined to 
check if the downward crossing of the median of the range of the Wilcoxon rank sum occurs. The feasibility 
test was conducted for the fresh fuel vault of a pressurized water reactor (PWR) with the checkerboard 
placement of fuel bundle units and water-filled units, the critical sphere known as Godiva, the three-
dimensional whole-core model of a PWR, and the Whitesides' k-effective of the world problem. The 
performance was observed to be consistent with or more conservative than that of the posterior relative 
entropy diagnosis. The methodology can potentially be extended to problems in need of 5000 cycles or 
more until convergence. A safeguard different from posterior diagnostics is proposed. 
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Abstract/Keyterms: Coupling neutronics to thermomechanics is important for the analysis of fast burst 
reactors, because the criticality and safety study of fast burst reactors depends on the thermomechanical 
behavior of fuel materials. For instance, the shutdown mechanism or the transition between super and 
subcritical states are driven by the fuel material expansion or contraction. The material expansion or 
contraction is due to the temperature gradient which results from fission power. In this paper, we introduce 
a numerical model for coupling of neutron diffusion and thermomechanics in fast burst reactors. The goal 
is to have a better understanding of the relation between the reactivity insertion and the thermomechanical 
response of fuel materials. We perform a non-dimensional analysis of the coupled system which provides 
insight into the behavior of the transient. We also provide a semi analytical solution model to the coupled 
system for partial verification of our numerical solutions. We studied material behavior corresponding to 
different levels of reactivity insertion. 
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Abstract/Keyterms: Subcritical measurements were conducted with an a-phase plutonium sphere reflected 
by nickel hemishells using the 252Cf Source-Driven Noise Analysis (CSDNA) method to provide criticality 
safety benchmark data. Measured configurations included a bare plutonium sphere as well as the plutonium 
sphere reflected by the following nickel thicknesses: 1.27, 2.54, 3.81, 5.08, and 7.62 cm. A certain ratio of 
spectral quantities was measured for each configuration which varies linearly with the keff of the system. 
In addition, two types of Monte Carlo calculations were employed: a modified version of MCNP to 
calculate the ratio of spectral quantities and a KCODE calculation. From the measured and computed 
quantities the multiplication of each configuration can be approximated. A comprehensive uncertainty 
analysis was then performed that includes uncertainties in the geometry and materials present in the system 
in addition to the uncertainties in the method and nuclear data. 
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Abstract/Keyterms: The mission of the Reduced Enrichment for Research and Test Reactors Program is 
to minimize and, to the extent possible, eliminate the use of highly enriched uranium (HEU) in civilian 
nuclear applications by working to convert research and test reactors, as well as radioisotope production 
processes, to low-enriched uranium (LEU) fuel and targets. Oak Ridge National Laboratory (ORNL) is 
currently reviewing the design bases and key operating criteria including fuel operating parameters, 
enrichment-related safety analyses, fuel performance, and fuel fabrication in regard to converting the fuel 
of the High Flux Isotope Reactor (HFIR) from HEU to LEU. The purpose of this study is to validate Monte 
Carlo methods currently in use for conversion analyses. The methods have been validated for the prediction 
of flux values in the reactor target, reflector, and beam tubes, but this study focuses on the prediction of the 
power density profile in the core. Power distributions were calculated in the fuel elements of the HFIR, a 
research reactor at ORNL, via MCNP and were compared to experimentally obtained data. This study was 
performed to validate Monte Carlo methods for power density calculations and to observe biases. A current 
three-dimensional MCNP model was modified to replicate the 1965 HFIR Critical Experiment 3 (HFIRCE-
3). In this experiment, the power profile was determined by counting the gamma activity at selected 
locations in the core. “Foils” (chunks of fuel meat and clad) were punched out of the fuel elements in 
HFIRCE-3 following irradiation, and experimental relative power densities were obtained by measuring 
the activity of these foils and comparing each foil's activity to the activity of a normalizing foil. This analysis 
consisted of calculating corresponding activities by inserting volume tallies into the modified MCNP model 
to represent the punchings. The average fission density was calculated for each foil location and then 
normalized to the reference foil. Power distributions were obtained for clean core (no poison in moderator 
and symmetrical rod position at 44.536 cm withdrawn with respect to the core axial midplane) and fully 
poisoned moderator (1.35 grams of boron per liter in moderator and rods fully withdrawn) conditions. The 
observed deviations between the experimental and calculated values for both conditions were within the 
reported experimental uncertainties except for some foils located on the top and bottom edges of the fuel 
plates. 
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Abstract/Keyterms: For pulsed-neutron experiments performed in a subcritical reactor, the reactivity 
obtained from the area-ratio method is sensitive to detector positions. The spatial effects are induced by the 
presence of both the prompt neutron harmonics and the delayed neutron harmonics in the reactor. The 
traditional kinetics distortion factor is only limited to correcting the spatial effects caused by the 
fundamental prompt- mode. In this paper, we derive spatial correction factors fp and fd to account for spatial 
effects induced by the prompt neutron harmonics and the delayed neutron harmonics, respectively. Our 
numerical simulations with the FX2-TH time-dependent multigroup diffusion code indicate that the high-
order prompt neutron harmonics lead to significant spatial effects and cannot be neglected in calculating 
the spatial correction factors. The prompt spatial correction factor fp can be simply determined by the ratio 
of the normalized detector responses corresponding to the fundamental k-mode and the prompt neutron flux 
integrated over the pulse period. Thus, it is convenient to calculate and provides physically intuitive 
explanations on the spatial dependence of reactivity measured in the MUSE-4 experiments: overestimation 
of the subcriticality in regions close to the external neutron source and underestimation of the subcriticality 
away from the source but within the fuel region. 
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Abstract/Keyterms: Direct and approximate local sensitivity analysis techniques within the context of 
stochastic point kinetics neglecting delayed neutrons and external neutron sources. After reviewing the 
derivation of certain probabilities that the neutron population in a nuclear assembly is exactly zero 
[probabilities of extinction (POEs)], we consider their dependence on physical data. We subsequently focus 
on fission number distribution dependence and draw comparisons between two different data sets. As 
various POEs are dependent upon these data through the solution of a nonlinear ordinary differential 
equation, local sensitivity analysis provides a useful means through which to assess the effects of data 
reevaluation. We first conduct this analysis generally (though approximately) using Gâteaux-derivative 
methodology. Following the generalized developments, exact and approximate results for 235U are 
presented with a discussion concerning important consequences related to criticality safety. 
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Abstract/Keyterms: Stochastic point kinetics neglecting delayed neutrons has been subject to rigorous 
analysis in the years since its introduction. Many approximate solutions appearing within this context are 
based upon the “quadratic approximation,” where fission multiplicity is truncated at two. In this technical 
note we review the quadratic approximation within the context of a stochastic, space-independent, one-
energy-group model neglecting delayed neutrons and its generalization to higher-order approximations in 
transient and stationary systems. This generalization results in the probability of a zero neutron population 
for a source-free system being governed by transcendental and polynomial algebraic equations in the 
transient and infinite time limit cases, respectively. For239Pu, we solve the transcendental equation over a 
wider range of prompt multiplication factors and times than has been previously accomplished. We also 
reproduce and generalize associated solutions of the polynomial algebraic equation. In both cases, solutions 
are computed for successive generalizations of the quadratic approximation to higher-order maximum 
fission multiplicity. 
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Abstract/Keyterms: The Programme d'Etude du Réflecteur Lourd dans Eole (PERLE) critical experiment 
was recently performed in the EOLE zero-power reactor to provide representative experimental data for 
heavy stainless steel (SS) reflector physics. It is a UO2 regular 27 × 27 square core surrounded by a 22-cm-
thick SS block. The neutron source presents the same spectrum as Gen-III pressurized water reactors 
(PWRs).The analysis of measurements with the TRIPOLI4 reference Monte Carlo calculations notably 
aims at validating 56Fe nuclear data in the JEFF3.1.1 library. Large uncertainties are still associated with 
56Fe nuclear data, in particular for the inelastic cross section ([approximate]10% at 1 sigma) since 
considerable discrepancies have been observed between various international evaluations of the inelastic 
level. This paper is dedicated to the analysis of the PERLE experiment. The reactivity worth of the PERLE 
heavy reflector was measured and compared with the efficiency of both the water reflector and the standard 
PWR reflector (2-cm-SS baffle). The radial power distribution at the core/reflector interface was measured 
by direct gamma spectrometry on fuel pins. The TRIPOLI4 analysis gives satisfactory results. The flux 
attenuation with SS penetration was measured by miniature fission chambers and metallic activation foils, 
using the fast, intermediate, and thermal response function. Interpretation of flux attenuation measurements 
shows calculation/experiment discrepancies within the experimental uncertainty. These results highlight 
that the 56Fe cross sections in the JEFF3.1.1 library have been evaluated accurately. 
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Abstract/Keyterms: The area ratio method of Sjöstrand is generally considered one of the most reliable 
reactivity determination methods and thus is a major candidate for off-line calibration purposes in future 
accelerator-driven systems for high-level waste incineration. In this work, the Sjöstrand area ratio method 
has been evaluated experimentally under thorough conditions in the strongly heterogeneous subcritical 
facility YALINA-Booster. Both strengths and weaknesses of the method have been identified. Most 
surprisingly, it has been found that the area ratio reactivity estimates may differ a factor of 2 depending on 
detector position. It is also shown that this strong spatial dependence can be explained based on a simple 
two-region point-kinetics model and corrected by means of correction factors obtained through Monte Carlo 
simulations. A new Monte Carlo correction method is proposed that includes, at the same time, the spatial 
disturbance and the effective delayed neutron fraction. In that way, the value of the effective multiplication 
factor is obtained from the measured dollar reactivity without the need of calculating the effective delayed 
neutron fraction explicitly, and thereby, the delayed neutron transport is performed only once. Further, it 
has been found that the Sjöstrand area ratio method is not sensitive to perturbations of the source 
multiplication factor. 
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Abstract/Keyterms: Uncertainties associated with the prompt fission neutron spectrum (PFNS) of n(0.5 
MeV) + 239Pu evaluated for the ENDF/B-VII.0 library are estimated using known experimental 
information and model parameter uncertainties in the framework of the Madland-Nix model. The model 
parameters used for the ENDF/B-VII.0 evaluation are also used in the present work. A covariance matrix 
is obtained, and its eigenvalues are estimated. Sampled spectra are then used in PARTISN transport 
simulations to infer the impact of PFNS uncertainties on the calculation of the multiplication factor keff in 
the Jezebel critical assembly. The present evaluated PFNS uncertainties lead to ˜0.24% uncertainty in the 
Jezebel keff. Finally, multigroup covariance matrices are produced in 33- and 590-group structures. 
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Abstract/Keyterms: The fundamental basis regarding treatment of unresolved resonances and the 
construction of probability tables and the relevant issues with their application to reactor physics is critically 
examined. A theoretical model using integral transform techniques is developed that provides a viable 
alternative to the stochastic-based “ladder” method widely used to construct probability tables. A brief 
review of the statistical theory for treating the unresolved resonances is presented, followed by a critical 
examination of these methods. Then a reference method for computing various probability distributions at 
0 K is derived analytically for Breit-Wigner resonances. This reference model provides the analytical 
insight and conceptual basis for extension to the general case of arbitrary temperature. The generalization 
to arbitrary temperature is accomplished using the Chebyshev expansion while maintaining the general 
forms of the distributions. Results of extensive benchmark calculations to verify the viability of the 
proposed method are presented. Finally, there is discussion of the remaining challenges in application of 
this new analytical approach, in particular, the issue of its extension beyond the Breit-Wigner 
approximation. 



 

C-13511 

13474…..…..…………………..…….……..……ID Number…………………..…..…………….13474 

Author: Christoforou, Stavros / Hoogenboom, J. Eduard 

Title: A Zero-Variance-Based Scheme for Monte Carlo Criticality Calculations 

Date: 1/1/2011 

Report: NSENAO, 167, 091-104 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Proof of a zero-variance scheme for Monte Carlo criticality calculations using adjoint 
function biasing is given and demonstrated computationally. Although the scheme is of theoretical value, 
it is shown that biasing using adjoint functions can improve the variance of the keff estimate. The method 
is general and can be applied to any type of system, as long as the adjoint functions can be obtained, usually 
from a deterministic calculation. 
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Abstract/Keyterms: We present a new approach for the $k$--eigenvalue problem using a combination of 
classical power iteration and the Jacobian--free Newton--Krylov method (JFNK). The method poses the 
$k$--eigenvalue problem as a fully coupled nonlinear system, which is solved by JFNK with an effective 
block preconditioning consisting of the power iteration and algebraic multigrid. We demonstrate 
effectiveness and algorithmic scalability of the method on a 1-D, one group problem and two 2-D two group 
problems and provide comparison to other efforts using similar algorithmic approaches. 
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Abstract/Keyterms: The utility of stochastic point kinetics theory has been demonstrated through the 
examination of a criticality excursion in a supercritical system. It has been found that a deterministic point 
kinetics model underpredicts the excursion maximum energy release by up to two orders of magnitude with 
respect to a counterpart stochastic model. This potentially large underprediction shows that neutron 
population fluctuations play an important role in the evolution of that system. This work provides a review 
of the formalism and approximations used to arrive at this conclusion. To broaden the result's applicability, 
we relax several approximations, leading to the construction of new, nonanalytical expressions. We 
compare the two sets of results using local sensitivity analysis, which also allows us to assess the impact of 
potential uncertainties in included model parameters or data. This comparison (presented also for a 235U 
system) also proves useful in assessing the validity of the approximations under consideration. 
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Abstract/Keyterms: To obtain the probability distribution of the burst waiting time of neutron initiation 
in a multiplying assembly, a method that simulates the neutrons that induce a persistent fission chain is 
introduced in this paper. By this simulation method, neutron initiation experiments performed on Godiva-
II and CFBR-II at a reactivity above prompt critical and performed on Godiva-I at a reactivity above delayed 
critical are studied. The probability density function of the burst waiting time of these experiments is 
calculated, and the results agree well with those of the experiments. Based on this simulation algorithm, the 
strength of the delayed neutron source changing with time is also calculated, which helps in the 
understanding of these neutron initiation experiments conducted on the pulse reactor. 
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Abstract/Keyterms: This paper presents a novel approach to combine Monte Carlo optimization and 
nuclear data to produce an optimal adjusted nuclear data file. We first introduce the methodology, which is 
based on the so-called “Total Monte Carlo” and the TALYS system. As an original procedure, not only a 
single nuclear data file is produced for a given isotope but virtually an infinite number, defining probability 
distributions for each nuclear quantity. Then, each of these random nuclear data libraries is used in a series 
of benchmark calculations. With a goodness-of-fit estimator, a best evaluation for that benchmark set can 
be selected. To apply the proposed method, the neutron-induced reactions on 239Pu are chosen. More than 
600 random files of 239Pu are presented, and each of them is tested with 120 criticality benchmarks. From 
this, the best performing random file is chosen and proposed as the optimum choice among the studied 
random set. 
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Abstract/Keyterms: Through our earlier papers, we have shown that reactor noise in accelerator-driven 
systems (ADS) is different from that in critical or radioactive source-driven subcritical systems due to 
periodically pulsed source and its non-Poisson character. We have developed a theory of reactor noise for 
ADS, taking into account the non-Poisson character of the source. Various noise descriptors, such as Rossi-
alpha, Feynman-alpha (or variance to mean), power spectral density, and cross power spectral density, have 
been derived for a periodically pulsed source, including correlation between different pulses and finite 
pulses of different shapes. For mathematical simplicity, the theory was restricted to the case of prompt 
neutrons only. Recently, we extended the theory to the delayed neutron case and derived Feynman-alpha 
and Rossi-alpha formulae by considering the source to be a periodically pulsed non-Poisson source, without 
correlations between different pulses. The present paper extends the treatment to account for the possibility 
of correlations between pulses. Feynman-alpha and Rossi-alpha formulas are derived by considering the 
source to be a periodic sequence of delta function non-Poisson pulses, with exponential correlations. 
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Abstract/Keyterms: This paper introduces the explicitly restarted Arnoldi's method for calculating 
eigenvalues and eigenvectors in a Monte Carlo criticality calculation. Arnoldi's method is described along 
with the power method. The power method has been used for decades for Monte Carlo criticality 
calculations despite the availability of other algorithms with better convergence properties. The Monte 
Carlo application of the transport-fission operator of the Boltzmann transport equation is defined, and the 
Monte Carlo implementation of both Arnoldi's method and the power method are described. A brief 
discussion of eigenvalue and fission source convergence is given. Numerical simulations of one-
dimensional slab geometries are presented, demonstrating the convergence of both the eigenvalue and 
fission source (as measured by the Shannon entropy) for both Arnoldi's method and the power method. The 
results show that Arnoldi's method does not need to discard iterations like the power method because both 
the eigenvalue and fission source appear to converge immediately, even for problems with high dominance 
ratios. 



 

C-13518 

13481…..…..…………………..…….……..……ID Number…………………..…..…………….13481 

Author: Degweker, S. B. / Rana, Y. S. 

Title: The Langevin Approach to Reactor Noise in Accelerator-Driven Systems 

Date: 11/1/2011 

Report: NSENAO, 169, 296-313 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Reactor noise in accelerator-driven systems (ADSs) is different from that in critical 
or radioactive source-driven subcritical systems because of the periodically pulsed source and its non-
Poisson character. In two earlier papers, we developed a theory of ADS reactor noise, incorporating these 
features. The non-Poisson character of the source does not permit the use of the forward Kolmogorov 
equation or the Bartlette formula, two commonly used techniques in traditional noise theory. The method 
used in these papers was a probability-generating function combined with the linear character of the reactor 
noise in zero-power systems. In this paper we develop the Langevin approach to reactor noise in ADSs. 
Apart from being simpler, the Langevin approach allows treatment of feedback effects arising in ADSs 
with significant power as well as other noise sources, if any. We demonstrate that it is possible to obtain 
the correct expressions for various noise descriptors using this approach. The method is then applied to treat 
correlated non-Poisson pulsed sources with a finite pulse width including delayed neutrons. The present 
paper complements and expands our earlier discussions of ADS reactor noise. 
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Abstract/Keyterms: The burst initiation time and emission rate of delayed neutrons for the Godiva I 
assembly in the presence of a weak neutron source, which is 5[c-slash] above prompt criticality, were 
calculated using an analog Monte Carlo method. The initiation time of the simulation is consistent with the 
result of the experiment. The calculated emission rate of delayed neutrons is included, and an extended 
probability model of the initiation time is derived based on point kinetics, which well explains the 
experimental measurement. 
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Abstract/Keyterms: While stochastic neutron transport theories have been developed in rigorous detail, 
many applications have historically been investigated using the point-kinetics formulation. In this work we 
develop a space-dependent model using the diffusion approximation to the Pál-Bell probability generating 
function equation, resulting in a nonlinear analog of the conventional time-dependent neutron diffusion 
equation. We investigate a variety of approximate solutions for the time- and space-dependent survival 
probability in one-dimensional symmetric, one-speed, isotropic, delayed neutron precursor-free systems, 
and compare them to counterpart point-kinetics results. Following the theoretical developments, we apply 
the new results in the context of a criticality accident scenario, from which the importance of spatial effects 
is revealed. 
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Abstract/Keyterms: The accelerator-driven system (ADS) is an innovative reactor that is being considered 
as a dedicated high-level-waste burner in a double-strata fuel cycle. (“Double-strata fuel cycle” means a 
partitioning and transmutation system for long-lived radioactive nuclides.) The target is the physical and 
functional interface between the accelerator and the subcritical reactor in the ADS, so it is probably the 
most innovative component of the ADS. Key parameters of ADS are the number of neutrons emitted per 
incident proton, the neutron multiplicity (n/p), the mean energy deposited in the target for neutrons 
produced, the neutron energy spectrum, and the spallation product spatial distribution. This paper focuses 
on the production of neutrons in the spallation reactions. The neutrons produced in the spallation reactions 
can be characterized by their energy and spatial distributions and multiplicity. The present calculations have 
been performed using the Monte Carlo code MCNPX. The Monte Carlo simulations have been performed 
to investigate the neutron multiplicity as a function of incident proton beam energy, as well as a function 
of target material and target size. Neutron flux distributions at the target surface are calculated and 
compared with different target materials and proton energies. A comparison of MCNPX with experimental 
results is made. 



 

C-13522 

13485…..…..…………………..…….……..……ID Number…………………..…..…………….13485 

Author: Ray, Sherly / Modak, R. S. 

Title: On the Method ASCM for the Solution of the External Source Problem in a Slightly Subcritical 
Reactor 

Date: 1/1/2012 

Report: NSENAO, 170, 075-086 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: Numerical evaluation of the steady-state neutron flux distribution in a slightly 
subcritical nuclear reactor due to the presence of a fixed external source is considered by using neutron 
diffusion theory. It has been shown in the literature that in the particular case when keff is very close to 
unity (say, within 1 mk), many solution techniques face severe convergence problems. In this context, an 
acceleration method called Accelerated SubCritical Multiplication (ASCM), originally suggested in the 
well-known neutron transport code TORT, is investigated in this paper specifically for such cases. The 
studies are based on a realistic heavy water reactor test case analyzed by two-group diffusion theory. ASCM 
is found to work very well. It is useful even when the distributions of the external source and the fission 
source are vastly different. ASCM is based on iterative scaling of the overall flux level in the reactor. An 
alternative way to evaluate the “scaling factor” is discussed. A somewhat new ASCM-like scheme is 
suggested to accelerate the Jacobi and Gauss-Seidel iterations needed for the within-group calculations. 
Conditions for the effectiveness of this scheme are discussed. Implications of the present work in reactor 
kinetics and some other fields are indicated. 
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Abstract/Keyterms: In this work we describe a new method for parallelizing the source iterations in a 
Monte Carlo criticality calculation. Instead of having one global fission bank that needs to be synchronized, 
as is traditionally done, our method has each processor keep track of a local fission bank while still 
preserving reproducibility. In doing so, it is required to send only a limited set of fission bank sites between 
processors, thereby drastically reducing the total amount of data sent through the network. The algorithm 
was implemented in a simple Monte Carlo code and shown to scale up to hundreds of processors and 
furthermore outperforms traditional algorithms by at least two orders of magnitude in wall-clock time. 
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Abstract/Keyterms: This paper presents new evaluations for the two natural isotopes of copper from 
thermal neutron energy up to 200 MeV, including covariances. The evaluation and adjustment method 
consists of applying a Monte Carlo method to select the model parameters to obtain better agreement with 
differential data, criticality safety, and fusion benchmarks. In the resonance range, the latest resonance 
parameters and uncertainties are adopted. In the fast neutron range, the TALYS reaction code is used to 
calculate all nuclear data quantities and covariances. The proposed evaluations present important 
improvements for fusion benchmarks compared to the current libraries. These new evaluations of 63Cu and 
65Cu are proposed for the JEFF-3.2 European nuclear data library. As a spinoff, correlations between cross 
sections and benchmarks can be obtained. 
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Abstract/Keyterms: A series of isothermal physics measurements were performed as part of an acceptance 
testing program for the Fast Flux Test Facility (FFTF). A HEX-Z partially-homogenized benchmark model 
of the FFTF fully-loaded core configuration was developed for evaluation of these measurements. 
Evaluated measurements include the critical eigenvalue of the fully-loaded core, two neutron spectra, 32 
reactivity effects measurements, an isothermal temperature coefficient, and low-energy gamma and electron 
spectra. Dominant uncertainties in the critical configuration include the placement of radial shielding 
around the core, reactor core assembly pitch, composition of the stainless steel components, plutonium 
content in the fuel pellets, and boron content in the absorber pellets. Calculations of criticality, reactivity 
effects measurements, and the isothermal temperature coefficient using MCNP5 and ENDF/B-VII.0 cross 
sections with the benchmark model are in good agreement with the benchmark experiment measurements. 
There is only some correlation between calculated and measured spectral measurements; homogenization 
of many of the core components may have impacted computational assessment of these measurements. This 
benchmark evaluation has been added to the IRPhEP Handbook. 
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Abstract/Keyterms: Because of the importance of accurate data for fission chain yields (FCYs) for many 
applications, we present a rigorous “clean sheet” evaluation of all available data to provide an accurate set 
of pertinent FCYs. Because some nuclear data (e.g., half-lives, branching ratios, etc.) have been refined 
since the original analyses, where possible we update the data and their associated uncertainties. This 
evaluation is particularly topical since there are differences in the nuclear data used by radiochemists at 
different laboratories internationally and since some experiments from the 1970s have been recently 
reexamined with details published for the first time. The focus of this work is the production of a small set 
of fission products (95Zr, 99Mo, 144Ce, 147Nd) from plutonium irradiated by fission spectrum neutrons. 
Because 147Nd is a common isotope used at several laboratories, its production rate is examined critically. 
We find that most of the interlaboratory discrepancies can be explained by a dependence of its yield on the 
energy of the neutron causing fission, so we consider in detail the statistical significance of this claim. The 
potential for neutron energy dependence of 147Nd production from plutonium was first recognized in 1977 
by Maeck and recently raised again as a possibility by Chadwick. The data for 95Zr, by contrast, 
demonstrate no statistically significant energy-dependence trends, but the data at the higher energies 
demonstrate significant scatter. With the relatively small number of data points, and recognizing that 
measurement methods and technologies have likely significantly improved in the nearly 30 years since the 
last measurement, additional measurements to refine the assessment and improve the uncertainties may be 
warranted. 
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Abstract/Keyterms: An orthonormally weighted standardized time series (OWSTS) was investigated for 
the statistical error estimation of local tallies in Monte Carlo criticality calculation. Unlike the original 
implementation of a standardized time series, the computation of standard deviation via OWSTS can be 
made free of the grouping of iteration cycles into batches. The characteristic aspect of OWSTS is the 
application of an arbitrary number of weighting functions to a standardized series of tallies such that 
asymptotically independent and unbiased estimates are produced based on the statistics of Brownian bridge. 
In the present work, a trigonometric set of weighting functions is extended and applied to local power tallies 
in the three-dimensional model of a pressurized water reactor core. Numerical results demonstrate that the 
OWSTS error estimation is unbiased for a sufficiently large number of iteration cycles. 
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Abstract/Keyterms: To validate new nuclear cross-section evaluations and computational methods, a large 
number of benchmark experiments were performed in the past. The Organisation for Economic Co-
operation and Development (OECD) Nuclear Energy Agency (NEA) launched several projects aiming to 
collect, preserve, and disseminate the benchmark data in a user-friendly format. Reactor physics 
benchmarks are covered by the International Reactor Physics Experiments (IRPhE) project. This paper 
presents the preparation of the IRPhE compilation for the KRITZ-2 critical experiments, consisting of 
altogether six configurations, both UO2 and mixed oxide, measured at two different temperatures at 
Studsvik. These configurations were selected for the purpose of the OECD/NEA uncertainty analysis in 
modeling benchmark activities. Uncertainties due to input data uncertainties, modeling errors, and 
numerical approximations were studied, with particular emphasis on the uncertainties in the nuclear cross-
section data. The SUSD3D sensitivity-uncertainty code with the SCALE-6.0, JENDL-4, and/or JENDL-
3.2 covariance data were used in this study. The consistency among the calculated-to-experiment values 
and the overall computational uncertainties is discussed. 
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Abstract/Keyterms: We present a nonlinear acceleration algorithm for a transport criticality problem. The 
algorithm combines the well-known nonlinear diffusion acceleration (NDA) algorithm with a recently 
developed, Newton-based nonlinear criticality acceleration (NCA) algorithm. The algorithm first employs 
NDA to reduce the system to scalar flux, then NCA is applied to the resulting drift-diffusion system. We 
apply a nonlinear elimination technique to eliminate the eigenvalue constraint equation from the Jacobian 
matrix. Numerical results show that the algorithm can reduce the CPU time by a factor of 30 to 400 
compared to traditional power iterations (PIs) combined with standard source iterations and by a factor of 
3 to 5 compared to application of NDA combined with inner PIs. 
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Abstract/Keyterms: In loosely coupled systems and large-scale systems, Monte Carlo criticality 
calculation suffers from slow fission source convergence because of the high dominance ratio (DR). In 
previous work, the Wielandt method and the superhistory method have been separately proposed to 
accelerate source convergence. However, although both methods decrease the DR, they are found not able 
to sufficiently accelerate fission source convergence. In this paper, the effective DR is defined and used to 
analyze the effectiveness of the Wielandt method and the superhistory method and to theoretically prove 
that they cannot reduce the computational time to converge the fission source. Accordingly, both methods 
are modified by adjusting the source population of inactive cycles, and their efficiency after adjustment is 
also compared. Moreover, the asymptotic Wielandt method (AWM) and the asymptotic superhistory 
method (ASM) are proposed, and the rules of deciding asymptotic parameters are also discussed. The new 
methods are implemented into the RMC code and validated by calculating loosely coupled problems and 
large-scale problems. Numerical calculation results show that AWM and ASM are practical and efficient 
for source convergence acceleration, which can save 75% to 90% of the computational time to reach a 
converged fission source. 
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Abstract/Keyterms: The Monte Carlo method is widely used to compute the fundamental eigenfunction 
and eigenvalue for nuclear systems. However, the standard power iteration method computes only the 
fundamental eigenmode, while it would be beneficial to also compute the higher eigenfunctions and 
eigenvalues to support the reactor transient analysis, stability analysis, and assessments of nuclear safety, 
as well as to enable certain source convergence acceleration techniques. Modifications to the power method 
have been developed that in principle can accomplish this goal, but they typically lead to unphysical positive 
and negative particles requiring a procedure to compute the net-weight deposition. In this paper, we present 
a new mechanism that enables the Monte Carlo procedure, with certain modifications, to compute the 
second eigenfunction and eigenvalue for one-dimensional (1-D) problems. The method could in principle 
be extended to higher harmonics and general geometries. The results from numerical examples, including 
a 1-D, two-group, multiregion example, are consistent with reference results. Moreover, the extra 
computational cost of this method is of the same order of magnitude as the conventional Monte Carlo 
simulations. This method can be applied solely to solve for the high eigenmodes, or implemented as a part 
of a net-weight computation mechanism when negative particles are present in the modified power iteration 
method. 
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Abstract/Keyterms: Significant underprediction bias in uncertainties of neutron flux is observed in Monte 
Carlo criticality calculations of large cores. It is universally recognized that this underprediction is closely 
associated with the ratio of the second-largest eigenvalue to the largest eigenvalue, or the dominance ratio, 
of the fission kernel. In this paper a close analogy is presumed between neutron flux autocorrelations in 
Monte Carlo calculations and flux variances due to stochastic uncertainties of the properties of fuel 
assemblies within the manufacturing tolerance limits. Interesting consequences following from this analogy 
are confirmed in quite realistic calculations. A useful expression is derived for fast evaluation of the 
minimal number of histories to be modeled to achieve preset confidence limits of flux distribution in large 
cores. 
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Abstract/Keyterms: We have implemented the first-order adjoint sensitivity analysis procedure (ASAP) 
into the three-dimensional parallel radiation transport code system Denovo, a module of the SCALE 
software suite. In particular, we used a Krylov-based approach to compute the solution to the 
inhomogeneous adjoint systems occurring in the ASAP. Our implementation, as a component of Denovo's 
scalable framework, should allow the efficient computation of cross section and atomic number density 
sensitivity coefficients for critical systems in a massively parallel fashion. We have constructed a proof that 
the Krylov-based approach converges to a unique solution and compared its computational requirements 
with the standard algorithm used in the neutron transport community. In addition, we performed a 
verification of our ASAP implementation on the Godiva experimental benchmark. We found the new 
approach to be an order of magnitude faster than the standard algorithm in this benchmark. 
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Abstract/Keyterms: An experimental study of low-pressure, natural convection critical heat flux (CHF) 
has been carried out with full-scale fuel pins, simulating typical Training, Research, Isotopes, and General 
Atomics (TRIGA) reactor conditions. The test section is an annular upwardly flowing channel formed by a 
round tube and a simulated fuel pin heater rod with a chopped-cosine power profile, located in the center 
of the tube. Experiments were performed under the following conditions: inlet water subcooling varying 
from 10 to 70 K, pressure varying from 110 to 200 kPa, and natural circulation mass flux up to 400 kg/m2s. 
CHF was observed, and associated data have been compared with selected CHF correlations. It has been 
found that the CHF increases as the pressure or mass flux increases, but does not significantly depend on 
the inlet subcooling. Among the numerous presented CHF data and correlations, few data exist, and no 
specific correlations have been developed for TRIGA reactor conditions. Because of the lack of specific 
correlation, the correlations of Bernath, El-Genk et al., Mishima and Ishii, and Block and Wallis have been 
used to estimate the TRIGA CHF outside of their intended ranges of applicability. These correlations are 
evaluated against the current experimental data. 
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Abstract/Keyterms: The thermal scattering data for H in H2O are adjusted to better fit a series of criticality 
safety benchmarks using the Petten adjustment method for optimizing nuclear data. This method is based 
on the “Total Monte Carlo” approach developed for nuclear data uncertainty propagation to a large-scale 
system, together with a selection based on a global distance to specific criticality benchmarks. This paper 
demonstrates the possibility to improve the agreement with integral benchmarks by modifying the thermal 
scattering data. It is an additional step toward defining a globally adjusted nuclear data library with the 
Petten adjustment method, including thermal scattering data and nuclear data at higher energy. 
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Abstract/Keyterms: This paper presents a method for determining partial biases and bias uncertainties for 
application in fission product burnup credit criticality safety analysis. The contribution of each nuclide to 
the overall system keff bias and the bias uncertainty are determined via the generalized linear least squares 
method. Where experimental benchmarks are available to validate specific nuclides, sensitivity and 
uncertainty analysis used to project biases observed in the benchmarks to biases appropriate for the safety 
system. Two weighting schemes are proposed to produce an overall bias in the safety system from several 
single partial biases. Finally, these methods are used to determine partial biases for 149Sm and 103Rh from 
two experiment series and to apply these biases to a representative used fuel safety system. The biases 
obtained are compared to bounding estimates, and the sensitivity of the results to relevant assumptions is 
addressed. 
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Abstract/Keyterms: Sensitivity analysis a technique that is widely used in reactor physics calculations to 
efficiently obtain first-order changes in responses of interest due to variations of input parameters. This 
paper presents an extension of the well-known perturbation procedures for the critical eigenvalue and flux 
functionals. The extended method makes it possible to determine sensitivities in coupled criticality 
problems with mutual feedback between neutronics and one or more augmenting systems (e.g., thermal 
hydraulics or fission product poisoning). The technique uses appropriate neutronic and augmenting adjoint 
functions, which can be obtained by solving a system of coupled adjoint equations. Three different 
approaches are presented for considering the effects of perturbations in coupled criticality problems with 
feedback: The steady-state power level is allowed to adjust to maintain criticality with the perturbed 
parameters (power perturbation), a change is allowed in the critical eigenvalue while the flux is constrained 
(eigenvalue perturbation), or simultaneous perturbations are made to ensure criticality at the unperturbed 
power level (control parameter perturbation). In the case of power and eigenvalue perturbations, 
sensitivities can be obtained with or without power- and k-reset procedures, respectively, yielding identical 
results to control parameter perturbation. The paper presents the theoretical background, an application to 
a one-dimensional slab problem with thermal and fission product feedback, and a numerical procedure to 
obtain the necessary adjoint functions. The proposed technique relies on using the neutronics and 
augmenting codes separately as a preconditioner for Krylov methods employed to the coupled adjoint 
problem. This makes the development of new codes unnecessary and provides a means of large-scale 
implementation. 
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Abstract/Keyterms: A quantity that is frequently of interest in stochastic neutronics calculations is the 
probability of extinction (POE), or its complement, the survival probability. Even within the simplest 
stochastic point kinetics formulations, the POE is typically extracted from numerical calculations or 
approximated. An example of the latter strategy involves the truncation of the fission multiplicity 
distribution at two, resulting in the “quadratic approximation.” While this methodology yields closed-form 
results for the POE, it is valid only for supercritical multiplication near unity. In this technical note, we 
attempt to obviate fission multiplicity truncation in the construction of transient and infinite time limit 
closed-form POE solutions. In the infinite time limit, we arrive at the necessity of solving a quintic algebraic 
equation; we provide a brief discussion of the mature formalism available for solving quintic equations and 
generate a variety of simple representations using hypergeometric series. We evaluate and discuss both the 
new and existing approximations in the context of an example 235U system and compare their validity over 
a range of supercritical multiplication factors. 
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Abstract/Keyterms: It is well-known that statistical estimates obtained from Monte Carlo criticality 
simulations can be adversely affected by cycle-to-cycle correlations in the fission source, which can lead 
to estimates of statistical uncertainties that are lower than the true uncertainty by a factor of 5 or more. 
However, several other more fundamental issues such as adequate source sampling over the fissionable 
regions and source convergence can have a significant impact on the uncertainties for the calculated 
eigenvalue and localized tally means, and these issues may be mistaken for effects resulting from cycle-to-
cycle correlations. In worst-case scenarios, the uncertainty may be underpredicted by a factor of 40 or more. 
Since Monte Carlo methods are widely used in criticality safety applications and are increasingly being 
used for benchmarking reactor analyses, an in-depth understanding of the effects of these issues must be 
developed in order to support the practical use of Monte Carlo software packages. A rigorous statistical 
analysis of eigenvalue and localized tally results in Monte Carlo criticality calculations is presented using 
the SCALE/KENO-VI (continuous-energy version) and MCNP codes. The purpose of this analysis to 
investigate the under prediction of uncertainty and its sensitivity to problem characteristics and calculational 
parameters using two of the most widely used Monte Carlo criticality codes. For the problems considered 
here, which are fuel rod and fuel assembly problems with reflecting boundary conditions on all four 
horizontal sides, we show that adequate source convergence along with proper specification of Monte Carlo 
parameters can reduce the magnitude of uncertainty under prediction to reasonable levels, below a factor 
of 2 in most cases. 
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Abstract/Keyterms: A new approach is developed for solving stochastic eigenvalue problems that arise 
when uncertainty is present in the cross-section data in a critical assembly. The method has been shown to 
agree with values obtained from a direct quadrature. The new approach, which uses a polynomial chaos 
expansion (PCE), does not involve the nonlinear equations associated with the classical method of PCE, 
but rather a linear equation obtained by considering an equivalent time-dependent problem; it therefore 
leads to much simpler calculational procedures. The convergence of the method is rapid, and it is illustrated 
by numerical examples based upon a criticality problem and by comparison with a problem that uses the 
nonlinear method. 
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Abstract/Keyterms: Among the six types of Generation IV reactors, the supercritical water reactor 
(SCWR) is the only one that adopts light water as the reactor coolant. Different from the boiling, two-phase 
coolant in the core of a traditional boiling water reactor (BWR), the coolant in an SCWR would remain in 
one phase throughout the entire primary coolant circuit (PCC) due to its much higher operating temperature 
(>374°C) and pressure (>22.1 MPa). For a conventional BWR, the coolant is relatively oxidizing due to the 
presence of hydrogen peroxide and oxygen, directly or indirectly produced via water radiolysis. This 
outcome eventually leads to degradation of structural materials, primarily stress corrosion cracking. In an 
SCWR, the solubility of oxygen in the reactor coolant is extremely high. In the absence of the gas stripping 
effect in a single-phase coolant, worse degradation phenomena are expected to appear in the structural and 
core components. To ensure proper designs of the structural components and suitable selection of the 
materials to meet the requirements of operation safety, it would be of great assistance to the design engineers 
of an SCWR to be aware of the intrinsic state of water chemistry in the entire PCC. Since SCWRs are still 
at the stage of conceptual design and no practical data are available, a computer model was developed for 
determining the water chemistry variation and the corrosion behavior of metallic materials in the PCC of a 
conceptual SCWR. Radiolysis parameters used for calculating the concentrations of major redox species 
(i.e., [O2], [H2], and [H2O2]) in the reactor coolant were collected from literature reports. However, the 
lack of sufficient data necessitated that some were derived by extrapolation. Calculations indicated that the 
concentrations of the two major oxidizing species (H2O2 and O2) could become extremely high at locations 
inside or near the core, considerably higher than those in typical BWRs. It was therefore speculated that the 
structural materials in an SCWR may be exposed to an environment not only at a much higher temperature 
but also one that is more oxidizing than that in a conventional BWR. 
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Abstract/Keyterms: Several low-power experiments have evaluated various methods, including those 
based on noise analysis, to measure the subcritical reactivity in accelerator-driven systems (ADSs). Similar 
experiments are planned at the Bhabha Atomic Research Centre (BARC). We have developed a new theory 
of reactor noise in ADSs taking into account the non-Poisson character of the source. One of the aims of 
the BARC experiments is to verify the theory and to interpret the results in terms of the new theory. As part 
of the experimental planning, a simulation of the kinds of results that might be expected with different 
counting and analyzing setups is necessary. We have developed an analog Monte Carlo code for carrying 
out these simulations. The simulator generates a detailed time history of counts in the detector so that any 
method of analysis can be carried out. Since analog Monte Carlo takes a very long computing time, instead 
of carrying out a simulation to yield results equivalent to transport theory, we attempt to reproduce results 
equivalent to few-group diffusion theory, which requires much less time. We discuss the basic theory of 
the simulation method and the results of our simulations on a simplified model of a proposed subcritical 
assembly. 
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Abstract/Keyterms: In this paper, two modifications to improve the efficiency of Lee et al.'s recently 
proposed “CMFD [coarse-mesh finite difference]-accelerated Monte Carlo” method for neutron criticality 
problems are presented and tested. This CMFD method employs standard Monte Carlo techniques to 
estimate nonlinear functionals (ratios of integrals), which are used in low-order CMFD equations to obtain 
the eigenvalue and discrete representations of the eigenfunction. In a “feedback” procedure, the Monte 
Carlo fission source is then modified to match the resulting CMFD fission source. The proposed new 
methods differ from the CMFD-accelerated Monte Carlo method only in the definition of the nonlinear 
functionals. The new methods are compared with the CMFD-accelerated Monte Carlo method for two high-
dominance-ratio test problems. All of the hybrid methods rapidly converge the Monte Carlo fission source, 
enabling a large reduction in the number of inactive cycles. However, the new methods stabilize the fission 
source more efficiently than the CMFD-accelerated Monte Carlo method, enabling a reduction in the 
number of active cycles as well. Also, in all the hybrid methods, the apparent variance of the eigenfunction 
is nearly equal to the real variance, so the real statistical error is well estimated from a single calculation. 
This a major advantage over the standard Monte Carlo method, in which the real variance is typically 
underestimated due to intercycle correlations. 
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Abstract/Keyterms: Nuclear criticality safety assessment often requires groupwise Monte Carlo 
simulations of k-effective in order to check subcriticality of the system of interest. A typical task to be 
performed by safety assessors is hence to find the worst combination of input parameters of the criticality 
Monte Carlo code (i.e., leading to maximum reactivity) over the whole operating range. Then, checking 
subcriticality can be done by solving a maximization problem where the input-output map defined by the 
Monte Carlo code expectation (or an upper quantile) stands for the objective function or “parametric” 
model. This straightforward view of criticality parametric calculations complies with recent works in 
Design of Computer Experiments, an active research field in applied statistics. This framework provides a 
robust support to enhance and consolidate good practices in criticality safety assessment. Indeed, 
supplementing the standard “expert-driven” assessment by a suitable optimization algorithm may be helpful 
to increase the reliability of the whole process and the robustness of its conclusions. Such a new safety 
practice is intended to rely on both well-suited mathematical tools (compliant optimization algorithms) and 
computing infrastructure (a flexible grid-computing environment). 



 

C-13545 

13508…..…..…………………..…….……..……ID Number…………………..…..…………….13508 

Author: Becker, B. / Weltz, A. / Kulisek, J. A. / Thompson, J. / et al. 

Title: Nondestructive Assay Measurements Using the RPI Lead Slowing-Down Spectrometer 

Date: 10/1/2013 

Report: NSENAO, 175, 124-134 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The use of a lead slowing-down spectrometer (LSDS) is considered as a possible 
option for nondestructive assay of fissile material of used nuclear fuel. The primary objective is to quantify 
fissile isotopes, particularly 239Pu and 235U, via a direct measurement distinguishing them through their 
characteristic fission spectra in the LSDS. In this paper, we present several assay measurements performed 
at the Rensselaer Polytechnic Institute (RPI) to support ongoing feasibility studies of the method and to 
provide benchmark experiments for Monte Carlo calculations of the assay system. A fresh uranium oxide 
fuel rod from the RPI Walthousen Reactor Critical Facility, a 239Pu-Be source, and several highly enriched 
235U disks were assayed in the LSDS. The characteristic fission spectra were measured with 238U and 
232Th threshold fission chambers, which are primarily sensitive to fission neutrons with energies above 
the threshold. Despite the constant neutron and gamma background from the Pu-Be source and the intense 
interrogation neutron flux, the LSDS system was able to measure the characteristic 235U and 239Pu 
responses. All measurements were compared to Monte Carlo simulations complementing previous 
modeling-based studies. It is shown that the available simulation tools and models are well suited to 
simulate the assay. An absolute calibration technique of the LSDS, which is required to perform quantitative 
measurements of the assayed fissile materials, is presented. 
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Abstract/Keyterms: The polynomial chaos expansion-stochastic collocation method (PCE-SCM) is 
demonstrated to be a computationally efficient approach for propagating nuclear data uncertainties 
evaluated for the prompt fission neutron spectra (PFNS) of n +235U and n +239Pu fission reactions through 
two fast neutron critical benchmark experiments. A principal component decomposition of the PFNS 
covariance matrices yields an efficient representation of the uncertainty in terms of two to four random 
variables. Both normal and uniform distributions are considered for these random variables, and the random 
output variables (angular flux and k-eigenvalue) are expressed in terms of Hermite and Legendre chaos 
expansions, respectively. Tensor product Hermite and Legendre Gauss quadrature sets, respectively, are 
used to relate the deterministic chaos expansion coefficients to solutions of independent transport k-
eigenvalue problems, and the resulting polynomial chaos expansion provides a complete statistical 
characterization of the uncertainty in the output variables. Direct random sampling of the PFNS followed 
by repeated solution of the transport problem to create an ensemble of solutions is used to benchmark results 
obtained from the PCE-SCM implementation. Both direct random sampling and the PCE-SCM 
implementation yield comparable results where, for the Jezebel and Lady Godiva critical assemblies, the 
calculated uncertainties in keff resulting from the PFNS propagated uncertainties are found to be of the 
same order or larger than reported experimental measurement uncertainties, respectively. The PCE-SCM 
implementation results obtained require orders of magnitude less computational resources compared with 
the direct random sampling approach. 
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Abstract/Keyterms: This paper shows two ways to improve the accuracy of the transport calculations. 
These improvements, implemented in the APOLLO2 code, concern the fission source calculation and the 
self-shielding models. The calculation of the fission source was generalized to fission spectra including an 
incident neutron energy dependence. The subgroup self-shielding model was updated for a mixture of 
resonant nuclides. Some tests on fast neutron systems like a critical sphere without reflector, a sodium-
cooled cell, and a helium-cooled cell show that the use of four optimized incident macro groups for fission 
spectra guarantees a correct representation of the fission source. The tests on a critical sphere with a thick 
steel reflector and on a water-moderated mixed oxide cell prove that the subgroup self-shielding, accounting 
for the mutual shielding of several resonant nuclides, allows us to improve the accuracy of the neutron 
transport solution. 
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Abstract/Keyterms: Sodium boiling phenomena in nuclear reactors have been reviewed in the context of 
the renewed interest in sodium-cooled fast reactors. This paper presents all properties that influence sodium 
boiling behavior, including thermodynamic and transport properties, as well as the typical composition of 
reactor-grade sodium, the surface wetting, radiative heat transfer properties, and noncondensable behavior. 
Starting from these properties, the tendency for high superheat is explained, together with the reasons that 
the problem of superheat can be neglected for reactor systems. The peculiar boiling behavior of sodium in 
assemblies is explained on the basis of the temperature profile. This leads us to conclude that a typical slug 
flow pattern prevails for sodium boiling. The boiling heat transfer for pool film boiling is also given, 
deducing that the critical heat flux phenomena for sodium boiling in reactor systems is mainly related to 
dryout and not to the departure from nucleate boiling. The correlations that exist for the minimum film-
boiling temperature are discussed in light of their applicability to liquid sodium. Although there are already 
a large amount of data, gaps in the current understanding of sodium are highlighted. 
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Abstract/Keyterms: This work presents the application of first-order adjoint sensitivity analysis, 
uncertainty quantification, and data assimilation to a subcritical plutonium benchmark experiment using a 
modified version of the discrete ordinates radiation transport code Denovo. Previous Monte Carlo 
simulations of this benchmark saw a consistent overprediction of the mean and variance of the measured 
neutron multiplicity distribution. It was observed that a small scalar reduction in the value of the 239Pu-
induced fission neutron multiplicity was capable of significantly reducing the discrepancies. This work 
extends those results by computing first-order sensitivities to each nuclide, reaction type, energy, and 
material region in the benchmark. The sensitivities are then used in a data assimilation methodology to 
simultaneously calibrate all responses and multigroup nuclear data. The resulting best-estimate values for 
the energy group differential multiplicity (νEg) are 1σ to 2σ less than the nominal values found in ENDF/B-
VII for energies less than ~1.5 MeV. 



 

C-13550 

13513…..…..…………………..…….……..……ID Number…………………..…..…………….13513 

Author: Sambuu, Odmaa / Obara, Toru 

Title: Possible Design of Long-Life Small Prismatic HTGR for Passive Decay Heat Removal 

Date: 5/1/2014 

Report: NSENAO, 177, 097-110 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: In the past decade, greater emphasis has been placed in nuclear reactor design on 
passive systems for the removal of decay heat. This study focuses on the passive safety feature of decay 
heat removal in modular high-temperature gas-cooled reactors (HTGRs). The availability of this feature 
depends largely on reactor dimensions, power, and initial core temperature. It is assumed that the initial 
temperatures of fuel, graphite matrix, and coolant are the same, and so are represented by the initial core 
temperature, which is uniformly distributed throughout the core. However, little is known in general about 
the relationships among the parameters mentioned above or on the ability of the core to passively reject 
decay heat. To obtain a general understanding of the relationship of those parameters in HTGRs, analyses 
were performed, estimating the effects of initial core and soil temperatures and of the presence of structural 
materials on the maximum core temperature, allowable power, and size. Appropriate sizes were evaluated 
for reactors with given powers having various maximum power densities and operating at different initial 
core temperatures. Criticality and burnup analyses for the proposed reactors were performed, and it was 
found that all reactors with 20 wt.% of uranium enrichment can be critical for over 16 years of operation. 
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Abstract/Keyterms: Measurement and monitoring of the degree of subcriticality of accelerator-driven 
systems (ADSs) are essential safety requirements to ensure that such systems remain subcritical during 
operation and shutdown. In recent years, a number of methods for measuring and monitoring subcriticality 
in ADSs have been studied around the world. Many low-power experiments have been performed, and still 
others are planned. Similar experiments are being planned at the Bhabha Atomic Research Centre. One 
general class of these techniques is based on neutron noise theory. As a part of the experimental planning, 
we have carried out simulations of the proposed noise experiments using a Monte Carlo–based neutron 
diffusion code developed for this purpose. These simulations have provided us with valuable information 
about the feasibility of the proposed experiments and the kind of accuracy that can be expected from such 
measurements. Since a diffusion theory–based Monte Carlo code has its own limitations, a more accurate 
description will be provided by transport theory–based analog Monte Carlo. The present paper discusses 
the development of such a code specifically intended for simulating the noise-based experiments, such as 
Rossi-alpha and Feynman-alpha. The code is based on the delta neutron tracking method (also called the 
Woodcock and Coleman method), which results in fast and relatively simple handling of complex 
geometries. The code has been validated with a few criticality and noise benchmark problems. The paper 
also presents results of simulations of the proposed ADS noise experiments at the PURNIMA facility 
obtained using the code. 
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Abstract/Keyterms: Grid spacers within nuclear fuel assemblies play a critical role in fuel performance 
and contribute to safety margins by enhancing the margin to the critical heat flux. The Organisation for 
Economic Co-operation and Development/Nuclear Energy Agency has organized a computational 
benchmark wherein the prediction of flows and turbulence downstream of a mixing-type grid spacer are 
examined. Studies performed by McMaster University using STAR-CCM+ for the final submission to this 
MATiS-H blind benchmark exercise related to inter-subchannel mixing and turbulence are presented in this 
paper. The rationale behind the choice of the computational scheme along with comparisons of the 
submitted results to the experiments is reported. The goal at the outset of the study was to obtain a 
reasonably accurate solution with a minimum number of nodes and appropriate turbulence models such that 
the results would be relevant for engineering applications that include property variations and heat transfer. 
As such, advanced modeling methods such as large eddy simulation and unsteady Reynolds-averaged 
Navier-Stokes (URANS) were not included within the scope of the models tested. However, URANS was 
used to study some specific separate-effect flow features within the grid spacer, and these tests were 
compared to their steady counterparts. A comprehensive separate-effect study was performed first in order 
to finalize the computational scheme for the submission. Several partial geometries were studied for steady 
and unsteady behavior as well as for mesh sensitivity, turbulence, and wall modeling effects. A series of 
successively more complex simulations, sometimes involving unsteady modeling, was performed up to and 
including a study of similar 5 × 5 rod bundle geometry reported in the literature. The final submission 
results are presented in the paper and are compared with the benchmark data that have recently been 
released. 
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Abstract/Keyterms: Experimental studies on the thorium-loaded accelerator-driven system (ADS) were 
conducted at the Kyoto University Critical Assembly. Mockup experiments were carried out in both the 
critical and subcritical states to investigate the influence of different thermal neutron profiles on the thorium 
capture and fission reactions. Thorium plate irradiation experiments for the thorium capture and fission 
reactions demonstrate fission reactions in the critical state, and the calculated-to-experiment values of 
reaction rates show accuracy within a relative difference of ∼30%. In the ADS experiments with an external 
neutron source (14-MeV neutrons and 100-MeV protons), subcritical experiments were carried out in the 
thorium-loaded cores to investigate the influence of different thermal neutron profiles on thorium capture 
reaction rates by the measurement of 115In(n,γ)116mIn reactions. The results reveal the difference between 
reaction rate distributions attributed to varying not only the neutron spectrum of the core but also the 
external neutron source. A comparison between the measured and calculated reaction rate distributions 
reflects the accuracy of reaction-rate analyses for the thorium-loaded ADS experiments with an external 
neutron source. Additionally, kinetic experiments were carried out to deduce the prompt neutron decay 
constants and subcriticality by the pulsed neutron method. 
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Abstract/Keyterms: We provide experimental data on the initiation of persistent fission chains obtained 
at different supercritical states, using the fast burst reactor Caliban. In many previous papers, theory has 
been compared mostly with initiation experiments at various superprompt critical states, whereas very few 
experimental data have been published on delayed supercritical states. To fill the lack of data, we have 
conducted three studies on the reactor at reactivities far below 0.7 $, which is one of the lowest states ever 
published for a similar assembly. We give a justification of the use of the gamma function to fit 
experimental results for the temporal distributions of waiting times and compare experiments with 
numerical simulations obtained with a punctual zero-dimensional Monte Carlo code and a punctual 
deterministic initiation code. 
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Abstract/Keyterms: A new and faster Total Monte Carlo (TMC) method for the propagation of nuclear 
data uncertainties in Monte Carlo nuclear simulations is presented (the fast TMC method). It addresses the 
main drawback of the original TMC method, namely, the necessary large time multiplication factor 
compared to a single calculation. With this new method, Monte Carlo simulations can now be accompanied 
with an uncertainty propagation (other than statistical), with small additional calculation time. The fast 
TMC method is presented and compared with the TMC and fast GRS methods for criticality and shielding 
benchmarks and burnup calculations. Finally, to demonstrate the efficiency of the method, uncertainties 
due to uncertainties in 235,238U, 239Pu, and thermal scattering nuclear data, for the local deposited power 
in 12.7 million cells, are calculated for a full-size reactor core. 
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Abstract/Keyterms: In order to avoid calculation bias and increase calculation efficiency, convergence of 
the fission source distribution (FSD) in Monte Carlo simulations is important. Numerous analysis methods 
have been developed and used for checking the fission source convergence. However, such schemes have 
low applicability to Monte Carlo codes or give low diagnostic accuracy. To address these limitations, a 
method to verify the fission source convergence using the average and standard deviation of fission source 
positions is proposed. To collect the fission site information, the MCNP5 code was modified, and position 
information was extracted. The accuracy and advantages of the proposed method were verified by solving 
Organisation for Economic Co-operation and Development/Nuclear Energy Agency benchmark problems 
with the modified MCNP5 code and comparing the results to those obtained with the Shannon entropy and 
the nine center distance sum approaches. The analysis shows that the proposed method has good 
applicability and exhibits high accuracy for verifying the convergence of the FSD. It is expected that the 
proposed scheme will be a valuable contribution to the field of the fission source convergence. 
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Abstract/Keyterms: The phenomenology for a particular behavior of packed beds in heavy liquid metal 
(HLM) fast reactors during postaccident heat removal is proposed. Because of the similar densities of the 
fuel and the HLM, an inherent passive safety self-removal feedback mechanism due to buoyancy forces is 
developed, which propels the packed bed away from the wall, thus preventing temperatures that can 
jeopardize the vessel’s structural integrity and reducing the recriticality potential by limiting the allowable 
bed depth. This identified mechanism will have somewhat compensatory tendencies in the self-leveling 
behavior of debris beds, which are crucial for sodium-cooled reactors, but unfortunately, it is not operative 
for HLMs because of the absence of boiling of the coolant. By means of a simplified geometrical model, a 
preliminary analysis of the potentiality of the phenomenon has been performed. 
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Abstract/Keyterms: Interest in high-quality integral benchmark data is increasing as efforts to quantify 
and reduce calculational uncertainties associated with advanced modeling and simulation accelerate to meet 
the demands of next-generation reactor and advanced fuel cycle concepts. Two Organisation for Economic 
Co-operation and Development (OECD)/Nuclear Energy Agency (NEA) activities, the International 
Criticality Safety Benchmark Evaluation Project (ICSBEP), initiated in 1992, and the International Reactor 
Physics Experiment Evaluation Project (IRPhEP), initiated in 2003, have been identifying existing integral 
experiment data, evaluating those data, and providing integral benchmark specifications for methods and 
data validation for nearly two decades. Data provided by those two projects will be of use to the 
international reactor physics, criticality safety, and nuclear data communities for future decades. An 
overview of the IRPhEP and a brief update of the ICSBEP are provided in this paper. 
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Abstract/Keyterms: The 2014 International Handbook of Evaluated Reactor Physics Benchmark 
Experiments (IRPhEP Handbook) spans over 30,000 pages and contains 136 evaluations. In the handbook, 
evaluations are grouped by reactor type (light water reactor, heavy water reactor, liquid metal cooled fast 
reactor, etc.) and contain up to ten different types of measurements, each of which can be applied to code 
and nuclear data validation. Despite the thoughtful organization and strict format rules for evaluations, 
identifying suitable validation cases remains challenging. To assist with searching and trending the IRPhEP 
Handbook, a relational database and user interface named IDAT (IRPhEP Database and Analysis Tool) 
was developed. IDAT was first distributed with the 2013 edition of the IRPhEP Handbook and will be 
updated annually as evaluations are added and revised. Data characterizing the measurements were 
extracted to allow for searching and trending in IDAT. Measurement types in the database include 
criticality, buckling, spectral characteristics, reactivity effects, reactivity coefficients, kinetics, reaction 
rates, and power distribution measurements. Additionally, the database contains calculated quantities, such 
as neutron flux/capture/fission spectrum data, neutron balance data, and keff sensitivity data, along with 
tools to visualize these data. IDAT can employ data to assist in the identification of similar experiments 
using a variety of metrics, within a “Rank Similar” pane. For each measurement in the database, there is 
also a “Trending” pane, allowing multilevel plots of calculated over experimental values allowing users to 
drill down by applying various filters. This paper describes the creation of IDAT as well as its features. 
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Abstract/Keyterms: The International Reactor Physics Experiment Evaluation Project (IRPhEP) and the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) provide evaluated integral 
benchmark data that may be used for validation of reactor physics/nuclear criticality safety analytical 
methods and data, nuclear data testing, advanced modeling and simulation, and safety analysis licensing 
activities. The handbooks produced by these programs are used in over 30 countries. Five example 
applications are presented in this paper: (a) use of IRPhEP data in uncertainty analyses and cross-section 
adjustment, (b) uncertainty evaluation methods for reactor core design at Japan Atomic Energy Agency 
using reactor physics experimental data, (c) application of benchmarking data to a broad range of criticality 
safety problems, (d) cross-section data testing with ICSBEP benchmarks, and (e) use of the International 
Handbook of Evaluated Reactor Physics Benchmark Experiments to support the power industry. 
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Abstract/Keyterms: Criticality safety and reactor physics benchmark experiments may share certain 
components of the configurations and the same experimental techniques. This results in correlations 
between pairs of benchmark experiments. The correlations may impact validation results of criticality safety 
or reactor physics calculations as well as nuclear data validation. This paper presents how experimental 
correlations have been established for some fast and thermal neutron spectra configurations, documented 
in International Handbook of Evaluated Criticality Safety Benchmark Experiments and in International 
Handbook of Evaluated Reactor Physics Benchmark Experiments. It also discusses the impact of those 
correlations on validation of the most recent nuclear data libraries. 
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Abstract/Keyterms: The ZPPR-12 experiments conducted by Argonne National Laboratory were designed 
to study sodium void worth, cell heterogeneity, and neutron streaming. The small core made it possible to 
conduct sodium void and neutron streaming experiments over the entire core. The simple, clean, single-
zone core had no internal structures such as internal blankets or control rods to affect measurements or 
complicate interpretation of experimental results. Criticality and selected sodium void worth measurements 
were evaluated for ZPPR-12, and a detailed uncertainty analysis was performed for the measurements 
chosen for the benchmark. Highly detailed as-built models were developed for all configurations selected 
for the benchmark. A simplified RZ model was also created for the criticality benchmark. MCNP5 
calculations with ENDF/B-VII.0 data for the benchmark models show generally good agreement between 
calculated and benchmark values for keff and sodium void worth. 
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Abstract/Keyterms: Under the International Reactor Physics Experiment Evaluation Project (IRPhEP) 
framework, in the cooperative JUPITER program between the United States and Japan, benchmarks are 
established to study large fast breeder reactor (FBR) core physics utilizing nine Zero Power Plutonium 
Reactor (ZPPR) critical experimental cores. These benchmarks cover a wide variety of core concepts 
including homogeneous and heterogeneous configurations, clean and engineering mock-up cores of 600- 
to 1000-MW(electric)–class sizes, and various core parameters such as criticality, reaction rate, and 
reactivity. Recently, detailed experimental information from original documents from Argonne National 
Laboratory has been scrutinized very carefully to establish the benchmark model and to evaluate 
quantitatively the experimental uncertainty. The benchmarks supply users with heterogeneous cell models 
and three-dimensional (3-D) core configurations, which are simplified to a degree that preserves the 
important physical features of the ZPPR cores such as plate heterogeneity, different drawer types, and 3-D 
core arrangement. Further, the benchmark handbook includes as-built information of the ZPPR cores as a 
complete set of electronic form; therefore, a user can develop his or her own benchmark model if necessary. 
The analysis of the benchmark with the deterministic or Monte Carlo method demonstrates its usefulness 
both for improving analytical methods and for validating nuclear data. 
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Abstract/Keyterms: In total, eight evaluations with 27 critical configurations spanning 11 series of 
assemblies conducted at the BFS-1 and BFS-2 facilities [BFS: Bol'shoy Fizicheskiy Stand (in transcription 
from Russian: Big Physical Facility)] are documented in the 2013 edition of the International Handbook of 
Evaluated Reactor Physics Benchmark Experiments (IRPhEP Handbook). The evaluations concern four 
scientific issues: physics of sodium-cooled, medium-sized fast reactors; physics of sodium-cooled, small-
sized experimental reactors; physics of lead-cooled fast reactors; and integral benchmark data for the mixed 
oxide (MOX) fuel manufacturing process, particularly low-moderated MOX fissile media. Also, two 
evaluations with 11 critical configurations spanning two series of assemblies conducted at the BFS-1 
facility where many physical parameters in addition to criticality were measured and are documented in the 
International Handbook of Evaluated Criticality Safety Benchmark Experiments (ICSBEP Handbook). 
These experiments were designed to obtain data that are applicable to a wide range of criticality safety 
operations involving fissile contaminated waste streams. This paper provides an overview of the BFS 
experiments presented in the IRPhEP and ICSBEP Handbooks. 
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Abstract/Keyterms: Benchmark models were developed to evaluate 11 critical core configurations of the 
HTR-PROTEUS pebble bed experimental program. Various additional reactor physics measurements were 
carried out as part of this program; currently, only a total of 37 absorber rod worth measurements have been 
evaluated as acceptable benchmark experiments for cores 4, 9, and 10. Dominant uncertainties in the 
experimental Keff for all core configurations come from uncertainties in the 235U enrichment of the fuel, 
impurities in the moderator pebbles, and the density and impurity content of the radial reflector. 
Calculations of Keff with MCNP5 and ENDF/B-VII.0 neutron nuclear data are greater than the benchmark 
values but are within 1% and within the 3σ uncertainty, except for core 4, which is the only randomly 
packed pebble configuration. Repeated calculations of keff with MCNP6.1 and ENDF/B-VII.1 are lower 
than the benchmark values but are within 1% (∼3σ), except for cores 5 and 9, which calculate lower than 
the benchmark eigenvalues by <4σ. The primary difference between the two nuclear data libraries is the 
adjustment of the absorption cross section of graphite. Simulations of the absorber rod worth measurements 
are within 3σ of the benchmark experiment values. The complete benchmark evaluation details are available 
in the 2014 edition of the International Handbook of Evaluated Reactor Physics Benchmark Experiments. 
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Abstract/Keyterms: A series of integral reactor physics experiments conducted at the Very High 
Temperature Reactor Critical Assembly was analyzed to assemble it into a benchmark through an extensive 
peer-review process under the International Reactor Physics Experiment Evaluation Project. This 
benchmark provides the experimental data with respect to the criticalities of seven core configurations and 
the temperature effect on reactivity up to 200°C with explicit experimental uncertainties newly evaluated. 
It further presents the benchmark models and corresponding values with some simplifications so that it can 
be used by reactor designers for validating the analytical tools employed to design next-generation reactors 
and for establishing the safety basis for operation of these reactors. 
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Abstract/Keyterms: Benchmark models were developed to evaluate six cold-critical and two warm-
critical, zero-power measurements of the high-temperature engineering test reactor (HTTR). Additional 
measurements of the subcritical configuration of the fully loaded core, core excess reactivity, shutdown 
margins, six isothermal temperature coefficients, and axial reaction-rate distributions were also evaluated 
as acceptable benchmark experiments. Insufficient information is publicly available to develop finely 
detailed models of the HTTR as much of the design information is still proprietary. The uncertainties in the 
benchmark models are judged to be of sufficient magnitude to encompass any biases and bias uncertainties 
incurred through the simplification process used to develop the benchmark models. However, use of the 
benchmark critical configurations of the HTTR for nuclear data adjustment is not recommended as the 
impact of these biases has not been addressed with rigorous detail. The impact of any simplification biases, 
if any, is not expected to significantly impact evaluation of the other reactor physics measurement 
calculations. Dominant uncertainties in the experimental keff for all core configurations come from 
uncertainties in the impurity content of the various graphite blocks that compose the HTTR. Monte Carlo 
calculations of keff are between ∼0.9% and ∼2.7% greater than the benchmark values. Reevaluation of the 
HTTR models as additional information becomes available could improve the quality of this benchmark 
and possibly reduce the computational biases. High-quality characterization of graphite impurities would 
significantly improve the quality of the HTTR benchmark assessment. Simulations of the other reactor 
physics measurements are in good agreement with the benchmark experiment values. The complete 
benchmark evaluation details are available in the 2014 edition of the International Handbook of Evaluated 
Reactor Physics Benchmark Experiments. 



 

C-13568 

13531…..…..…………………..…….……..……ID Number…………………..…..…………….13531 

Author: Leclaire, Nicolas / Duhamel, Isabelle / Le Dauphin, François-Xavier / Briggs, Blair / et al. 

Title: The MIRTE Experimental Program: An Opportunity to Test Structural Materials in Various 
Configurations in Thermal Energy Spectrum 

Date: 12/1/2014 

Report: NSENAO, 178, 429-445 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: The MIRTE (Materials in Interacting and Reflecting configurations, all Thicknesses) 
program was established to answer the needs of criticality safety practitioners in terms of experimental 
validation of structural materials and to possibly contribute to nuclear data improvement, which ultimately 
supports reactor safety analysis as well. MIRTE took the shape of a collaboration between the AREVA and 
ANDRA French industrialists and a noncommercial international funding partner such as the U.S. 
Department of Energy. The aim of this paper is to present the configurations of the MIRTE 1 and MIRTE 
2 programs and to highlight the results of the titanium experiments recently published in the International 
Handbook of Evaluated Criticality Safety Benchmark Experiments. 
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Abstract/Keyterms: In the early 1970s, J. T. Mihalczo (team leader), J. J. Lynn, and J. R. Taylor performed 
experiments at the Oak Ridge Critical Experiments Facility with highly enriched uranium (HEU) metal 
(called Oak Ridge Alloy or Oralloy) in an effort to recreate Godiva I results with greater accuracy than 
those performed at Los Alamos National Laboratory in the 1950s. The purpose of the Oak Ridge Oralloy 
Sphere experiments was to estimate the unreflected and unmoderated critical mass of an idealized sphere 
of uranium metal corrected to a density, purity, and enrichment such that it could be compared with the 
Godiva I experiments. Additionally, various material reactivity worths, the surface material worth 
coefficient, the delayed neutron fraction, the prompt neutron decay constant, relative fission density, and 
relative neutron importance were all measured. The critical assembly, material reactivity worths, the surface 
material worth coefficient, and the delayed neutron fraction were all evaluated as benchmark experiment 
measurements. The reactor physics measurements are the focus of this paper; although for clarity the critical 
assembly benchmark specifications are briefly discussed. 



 

C-13570 

13533…..…..…………………..…….……..……ID Number…………………..…..…………….13533 

Author: Marshall, Margaret A. 

Title: Evaluation of Cadmium Ratio and Foil Activation Measurements for a Beryllium-Reflected 
Assembly of U(93.15)O2 Fuel Rods (1.506-cm Triangular Pitch) 

Date: 12/1/2014 

Report: NSENAO, 178, 479-495 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A series of small, compact critical assembly experiments was completed from 1962 
to 1965 at Oak Ridge National Laboratory's Critical Experiments Facility in support of the Medium-Power 
Reactor Experiments program. Initial experiments, performed in November and December 1962, consisted 
of a core of unmoderated stainless steel tubes surrounded by a graphite reflector. Later experiments included 
beryllium-reflected assemblies with the fuel in a 1.506-cm triangular lattice and in seven-tube clusters. 
Once the critical configurations had been achieved, various measurements of reactivity, relative axial and 
radial activation rates of 235U, and cadmium ratios were performed. The critical configurations, the 
cadmium ratio, and activation rate measurements for the beryllium-reflected 1.506-cm-array critical 
configuration have been evaluated and are described in this paper. It was found that these measurements 
are acceptable as benchmark experiments and have been included in the International Handbook of 
Evaluated Reactor Physics Benchmark Experiments and the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments. 
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Abstract/Keyterms: A complete summary of experimental criticality data for plutonium-dioxide-uranium-
dioxide fuel rods in water is presented. The information presented is sufficiently complete for use in 
computer code validation. The experimental data applicable to LWR fuel criticality safety are reasonably 
complete. Measurements cover rod sizes from 0.34 to 0.50 inch; plutonium-240 content in the range of 8 
to 24 wt%; and fuel enrichments from 1.5 to 6.6 wt% plutonium-dioxide. This span provides a good basis 
for calculations directed toward the criticality safety of PWR and BWR plutonium recycle fuels. The 
experimental data applicable to LMFBR fuels are much less extensive adequate data base for criticality 
safety in the long term, additional lattice critical experiments will undoubtedly be needed. 
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Abstract/Keyterms: The zero-power reactor VENUS (Vulcain Experimental Nuclear Study) was built in 
1963–1964 at CEN-SCK, Mol, Belgium, as a nuclear mock-up of a projected spectral shift marine reactor 
called VULCAIN. The facility was modified in 1966 and 1967 in preparation for carrying out a series of 
critical experiments for the Belgian Plutonium Recycle Programme (PRP), which was partially supported 
by EURATOM. This was the VENUS-PRP program that took place between 1967 and 1975. VENUS-
PRP-9 and VENUS-PRP-9/1, and VENUS-PRP-7 were two series of these PRP configurations that were 
carried out in 1967–1968 and that have recently been subject to evaluations as part of the Organisation for 
Economic Co-operation and Development, Nuclear Energy Agency International Reactor Physics 
Experiment Evaluation Project (IRPhEP). The VENUS-PRP-9 and VENUS-PRP-9/1 configurations 
focused on the study of the power distribution across the boundary between a standard UO2 fuel region, 
enriched to 4 wt% 235U, and a mixed oxide fuel region made of UO2, enriched to 3 wt% 235U with ∼1 
wt% PuO2, simulating a one-cycle burnt fuel. The IRPhEP evaluation focused on evaluating reaction rates 
and powers measured along a line that crossed the boundary between the two regions. In the VENUS-PRP-
7, VENUS-PRP-7/1, and VENUS-PRP-7/3 series—which used essentially the same fuel pins—reactivities, 
reactivity worths of substituted and removed fuel pins, and radial fission rate distributions were measured; 
these quantities were evaluated in the framework of the IRPhEP project. 
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Abstract/Keyterms: This paper summarizes the evaluation for core I and core VIII of the Babcock & 
Wilcox Spectral Shift Control Reactor critical experiment program. The Spectral Shift Control Reactor 
concept, moderated and cooled by a variable mixture of heavy and light water, envisaged changing of the 
thermal neutron spectrum during the operation to encourage breeding and to sustain the core criticality. 
Core I contained 484 fuel rods with 4% UO2 fuel in light water while core VIII contained 2188 fuel rods 
with 93% enriched UO2-ThO2 fuel in a moderator mixture of heavy and light water. For core I, the 
criticality experiment and measurements of the thermal disadvantage factor were evaluated. For core VIII, 
only the criticality experiment was evaluated. For both cores, experimental uncertainties were determined 
confirming the good level of accuracy achieved by the experimentalists. Based on the experimental 
configurations, benchmarks were proposed, and their biases were determined. 
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Abstract/Keyterms: The Epithermal Test Assembly (ETA) experiments were performed to test the 
adequacy of 233U, 235U, and 232Th cross sections in epithermal spectra in support of the Light Water 
Breeder Reactor (LWBR) Program. The ETA design contained a central heavy water–moderated test region 
surrounded by a light water–moderated annular driver region. Two series of experiments were performed: 
ETA-I with 235UO2-ThO2 fuel rods in the test region and ETA-II with 233UO2-ThO2 fuel rods in the test 
region. The dominant uncertainties in the critical configurations include the test-rod pitch pitch for ETA-I; 
the test-region fuel-rod fuel density and 233U to ( 233U  + Th) weight ratio for ETA-II; and the driver-
region fuel-rod outer diameter, uranium enrichment, and pitch for both ETA experiments. Benchmark 
model results using MCNP5 are provided for ENDF/B-V, ENDF/B-VI, ENDF/B-VII.0, and ENDF/B-VII.1 
cross sections with only the ENDF/B-VII.0 results falling within three standard deviations of the benchmark 
model keff. The ETA-I and ETA-II benchmark evaluations have been included in the International 
Handbook of Evaluated Criticality Safety Benchmark Experiments and are replicated in the International 
Handbook of Evaluated Reactor Physics Benchmark Experiments. 
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Abstract/Keyterms: Benchmark models were developed to evaluate the cold-critical start-up 
measurements performed during the fresh core reload of the neutron radiography (NRAD) reactor with low-
enriched uranium fuel. Experiments include criticality, control rod worth measurements, shutdown margin, 
and excess reactivity for four core loadings with 56, 60, 62, and 64 fuel elements. The worths of four 
graphite reflector block assemblies and an empty dry tube used for experiment irradiations were also 
measured and evaluated for the 60-fuel-element core configuration. Dominant uncertainties in the 
experimental keff come from uncertainties in the manganese content and impurities in the stainless steel 
fuel cladding as well as the 236U and erbium poison content in the fuel matrix. Calculations with MCNP5 
(Monte Carlo N-Particle version 5-1.60) and ENDF/B-VII.0 neutron nuclear data are ∼1.4% (9σ) greater 
than the benchmark model eigenvalues, which is commonly seen in Monte Carlo simulations of other 
TRIGA (Training, Research, Isotopes, General Atomics) reactors. Simulations of the worth measurements 
are within the 2σ uncertainty for most of the benchmark experiment worth values. The complete benchmark 
evaluation details are available in the 2014 edition of the International Handbook of Evaluated Reactor 
Physics Benchmark Experiments. 
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Abstract/Keyterms: There is a need for improved molybdenum isotope covariance data for use in 
modeling a new uranium-molybdenum fuel form to be produced at the Y-12 National Security Complex 
(Y-12). Covariance data correlate the uncertainty in an isotopic cross section at a particular energy to 
uncertainties at other energies. While high-fidelity covariance data exist for key isotopes, the low-fidelity 
covariance data available for most isotopes, including the natural molybdenum isotopes considered in this 
work, are derived from integral measurements without meaningful correlation between energy regions. This 
paper provides a framework for using the Bayesian R-matrix code SAMMY to derive improved isotopic 
resonance region covariance data from elemental experimental cross-section data. These resonance-wise 
covariance data were combined with integral uncertainty data from the Atlas of Neutron Resonances, 
uncertainty data generated via a dispersion method, and high-energy uncertainty data previously generated 
with the Empire-KALMAN code to produce an improved set of covariance data for the natural molybdenum 
isotopes. The improved covariance data sets, along with the associated resonance parameters, were inserted 
into JENDL4.0 data files for the molybdenum isotopes for use in data processing and modeling codes. 
Additionally, a series of critical experiments featuring the new U(19.5%)-10Mo fuel form produced at Y-
12 was designed. Along with existing molybdenum sensitive critical experiments, these were used to 
compare the performance of the new molybdenum covariance data against the existing low-fidelity 
evaluation. The new covariance data were found to result in reduced overall bias, reduced bias due to the 
molybdenum isotopes, and improved goodness of fit of computational to experimental results. 
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Abstract/Keyterms: A novel experimental method is introduced for effectively validating neutron 
initiation probability, through which the delayed neutron influence on the source strength can be 
neglected—this the main reason for substantially explaining the burst waiting time experiments performed 
in the Godiva and Caliban burst reactors. The key idea of the new method is that the burst is initiated by 
simultaneously injecting a pulse of neutrons with appropriate strength just as the reactor achieves prompt 
supercritical and tallied by judging whether or not the burst is initiated by the pulsed neutrons based on the 
measured data. The principle of the method is described using initiation theory. The Chinese Fast Burst 
Reactor–II (CFBR-II) structure and two sets of configurations for preliminary experiments are then 
described. Last, those two sets of preliminary experiments are carried out on CFBR-II in the state of 0.042 
$ prompt supercritical, and results, including the typical picture and other important measured data, are 
provided in order to illustrate how the initiation probability can be validated. The initiation probability of 
0.43 was determined by preliminary performing of 65 bursts, which is an ∼35% relative difference between 
the theoretic calculations and the experimental results. Some discussion and suggestions for possible 
follow-on work are provided. 
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Abstract/Keyterms: Analytical Green’s function–based diffusion Monte Carlo (MC) methods have been 
applied earlier for simulation of reactor noise experiments for measuring the degree of subcriticality in 
accelerator-driven systems. In this method analytical solution of the diffusion equation is used to construct 
the probability distribution function for neutron absorption in a medium. This method has several 
advantages such as speed, elegance, and exactitude but was applicable to a rather restricted class of 
problems, such as an infinite or bare homogeneous medium. In the present paper, we further develop the 
analytical Green’s function (analytical diffusion kernel) approach to demonstrate its utility in a wider class 
of problems like a heterogeneous medium with the same or different diffusion coefficients. We provide 
mathematical and numerical proofs of the validity of certain recipes that were proposed for heterogeneous 
systems. We also investigate whether and to what extent the diffusion theory–based MC can be improved 
to give results closer to transport theory, particularly in situations wherein diffusion theory methods are 
otherwise inapplicable. 
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Abstract/Keyterms: Burnup credit for used fuel assemblies, in particular, pressurized water reactor 
uranium oxide, has been a major focus of research in France for more than 30 years. As a result, a wealth 
of knowledge and experience has been gained. The first implementation of burnup credit in France used 
the “50-leastirradiated- cm” method approved by the French safety authority in the early 1980s. However, 
because of the continuous increase in fuel enrichment, the industry is interested in reducing the 
conservatisms of this method by taking into consideration more realistic hypotheses, such as the 
introduction of fission products and a nonuniform axial burnup profile. To address this concern, a working 
group, bringing together several French nuclear companies and institutions [AREVA, CEA (Commissariat 
a` l’Energie Atomique et aux Energies Alternatives), EDF (Electricite´ de France), and IRSN (Institut de 
Radioprotection et de Suˆrete´ Nucle´aire)], was created in 1997. This paper presents the results of the 
working group’s discussions and studies on all the issues pertaining to the use of burnup credit. In addition, 
the practical experience of AREVA TN (a division of AREVA dealing with radioactive materials transport 
and storage throughout the entire nuclear fuel cycle) with transport casks, using input from these results, is 
described. 
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Abstract/Keyterms: The reactivity measurement in a subcritical assembly using the area ratio method is 
affected by the detector location and needs to be corrected for spatial dependence. One of the approaches 
to calculate the spatial correction factor is based on steady-state numerical simulation as proposed by Bell 
and Glasstone. This paper discusses the evaluation of the spatial correction factor for the BRAHMMA (BeO 
Reflected And HDPe Moderated Multiplying Assembly) subcritical assembly, India. The factors have been 
used to correct experimentally measured reactivity values from the area ratio method at different locations 
inside the core. 
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Abstract/Keyterms: An overestimation of the keff values for mixed oxide (MOX) fuels was identified 
with Monte Carlo (TRIPOLI-4) and deterministic (APOLLO2) calculations based on the Joint Evaluated 
Fission and Fusion (JEFF) evaluated nuclear data library. The overestimation becomes sizeable with Pu 
aging, reaching a reactivity change of Δρ≈+700 pcm for integral measurements carried out with MOX fuel 
containing a large amount of americium. This bias was observed for various critical configurations 
performed in the zero-power reactor EOLE of the Commissariat à l’énergie atomique et aux énergies 
alternatives (CEA), Cadarache, France. The present work focuses on the improvements achieved with the 
new 239Pu and 241Am evaluated nuclear data files available in the latest version of the JEFF library (JEFF-
3.2). The resolved resonance range of the plutonium evaluation was reevaluated at Oak Ridge National 
Laboratory (ORNL), Oak Ridge, Tennessee, with the SAMMY code in collaboration with CEA Cadarache. 
The resonance parameters of the americium evaluation were obtained with the REFIT code in collaboration 
with the research institutes Institute for Reference Materials and Measurements (IRMM), Geel, Belgium, 
and Institut de recherche sur les lois fondamentales de l’Univers (Irfu), Saclay, France. 
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Abstract/Keyterms: This project seeks to allow coupling of differential and integral data evaluation in a 
continuous-energy framework and to use the generalized linear least-squares (GLLS) methodology in the 
TSURFER module of the SCALE code package to update the parameters of a resolved resonance region 
evaluation. Recognizing that the GLLS methodology in TSURFER is identical to the mathematical 
description of a Bayesian update in SAMMY, the SAMINT code was created to use the mathematical 
machinery of SAMMY to update resolved resonance parameters based on integral data. Traditionally, 
SAMMY used differential experimental data to adjust nuclear data parameters. Integral experimental data, 
such as in the International Criticality Safety Benchmark Experiments Project, remain a tool for validation 
of completed nuclear data evaluations. SAMINT extracts information from integral benchmarks to aid the 
nuclear data evaluation process. Later, integral data can be used to resolve any remaining ambiguity 
between differential data sets, highlight troublesome energy regions, determine key nuclear data parameters 
for integral benchmark calculations, and improve the nuclear data covariance matrix evaluation. SAMINT 
is not intended to bias nuclear data toward specific integral experiments but should be used to supplement 
the evaluation of differential experimental data. Using GLLS ensures proper weight is given to the 
differential data. 
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Abstract/Keyterms: The BOXER3 code was developed in the Bhabha Atomic Research Centre during the 
1980s as a three-dimensional code for the analysis of a pressurized heavy water reactor supercell containing 
fuel, moderator, and a reactivity device inserted perpendicular to the fuel channel, with options for carrying 
out calculations in a general two-dimensional geometry (infinite and homogeneous in one direction) and a 
one-dimensional plane geometry. Taking into account the computing resources available then, the code was 
run in few groups after obtaining condensed group cross sections for various materials from a one-
dimensional multigroup calculation. 
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Abstract/Keyterms: In an accelerator-driven system (ADS), the effective delayed neutron fraction βeff is 
required for subcriticality measurements in order to convert measured reactivity in dollar units into pcm 
units. Here, an alternative calculation methodology with source-dependent reaction rates is proposed to 
estimate the subcriticality (pcm units) with an external neutron source for the newly defined parameter 
βRRsource . In the proposed methodology, the parameter is obtained by the k-ratio method with reaction 
rates considering the external neutron source (fixed-source calculation) and is compared with that obtained 
by the eigenvalue calculations (MCNP6.1). To investigate its applicability to the estimation of 
subcriticality, subcriticality measurements by the extrapolated area ratio method are carried out in the 
experiments in ADS at the Kyoto University Critical Assembly, with the variation of subcriticality (pcm 
units) and the spectrum of the external neutron source. Then, βRRsource is estimated by the proposed 
methodology with MCNPX-2.5.0. The measured subcriticality with the use of βRRsource obtained by the 
fixed-source calculations shows good agreement with that obtained by the different measurement 
methodology and MCNPX-2.5.0. Through the subcriticality estimation, the applicability of the proposed 
methodology is confirmed for different subcriticality levels and the spectrum of the external neutron source. 
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Abstract/Keyterms: The use of accelerator-driven systems for incineration of nuclear waste and energy 
production requires monitoring of different parameters that govern reactor safety. One of the most important 
parameters is the multiplication factor keff . The present paper describes the results of experiments carried 
out on a subcritical system (BRAHMMA) using a pulsed neutron source. The value of the multiplication 
factor keff obtained from time responses of the core that were measured in situ using neutron detectors after 
insertion of a neutron pulse matches well with the calculated value. 
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Abstract/Keyterms: Dispensing with the traditional approach to solving the equations modeling 
multiplying critical nuclear systems as an eigenvalue system, this work proposes a new and comprehensive 
mathematical framework (C-Framework) that eliminates the need for solving eigenvalue problems when 
computing the forward and adjoint neutron flux distributions in critical reactors. Consequently, the C-
Framework enables the mathematical and computational analysis of critical and noncritical multiplying 
systems, with or without external sources, in a unified manner. By eliminating the need for solving 
eigenvalue problems, the C-Framework also enables the use of more efficient numerical methods (than 
currently used) for computing the forward and adjoint neutron flux distributions in critical reactors. 
Furthermore, the C-Framework also enables the application of the Comprehensive Adjoint Sensitivity 
Analysis Methodology (C-ASAM) as a replacement for the so-called generalized perturbation theory 
(GPT). The C-ASAM is much simpler to apply than the GPT, while not only yielding all of the results that 
the GPT can deliver, but also delivering results for all of the many—and not “GPT-allowable”—nonlinear 
responses of interest in reactor analysis that do not satisfy the very restrictive orthogonality relations 
required by the GPT’s underlying generalized adjoint equation. By dispensing with the need for solving 
eigenvalue problems involving the inversion of singular operators, the C-ASAM is vastly more general and 
more efficient than the GPT. These conclusions are underscored by exact analytical results presented for 
paradigm illustrative problems, which include problems that are solvable using the GPT (e.g., the system’s 
multiplication factor, ratios of reaction rates responses), and problems that are not solvable using the GPT 
(e.g., absolute reaction rates, equilibrium xenon concentration responses); all of these problems are shown 
to be solvable exactly and most efficiently within the C-ASAM framework. 
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Abstract/Keyterms: The evaluation of uncertainties is essential for criticality safety. This paper deals with 
material density and composition uncertainties and provides guidance on how traditional first-order 
sensitivity methods can be used to predict their effects. Unlike problems that deal with traditional cross-
section uncertainty analysis, material density and composition-related problems are often characterized by 
constraints that do not allow arbitrary and independent variations of the input parameters. Their proper 
handling requires constrained sensitivities that take into account the interdependence of the inputs. This 
paper discusses how traditional unconstrained isotopic density sensitivities can be calculated using the 
adjoint sensitivity capabilities of the popular Monte Carlo codes MCNP6 and SCALE 6.2, and we also 
present the equations to be used when forward and adjoint flux distributions are available. Subsequently, 
we show how the constrained sensitivities can be computed using the unconstrained (adjoint-based) 
sensitivities as well as by applying central differences directly. Three distinct procedures are presented for 
enforcing the constraint on the input variables, each leading to different constrained sensitivities. As a 
guide, the sensitivity and uncertainty formulas for several frequently encountered specific cases involving 
densities and compositions are given. An analytic k∞ example highlights the relationship between 
constrained sensitivity formulas and central differences, and a more realistic numerical problem reveals 
similarities among the computer codes used and differences among the three methods of enforcing the 
constraint. 
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Abstract/Keyterms: It is frequently important to estimate the uncertainty and sensitivity of measured and 
computed detector responses in subcritical experiments and simulations. These uncertainties arise from the 
physical construction of the experiment, uncertainties in the transport parameters, and counting 
uncertainties. Perturbation theory enables sensitivity analysis (SA) and uncertainty quantification on 
integral quantities like detector responses. The aim of our work is to apply SA to the statistics of subcritical 
neutron multiplicity counting distributions. Current SA methods have only been applied to mean detector 
responses and the keffeigenvalue. For multiplicity counting experiments, knowledge of the higher-order 
counting moments and their uncertainties are essential for a complete SA. We apply perturbation theory to 
compute the sensitivity of neutron multiplicity counting moments to arbitrarily high order. Each moment is 
determined by solving an adjoint transport equation with a source term that is a function of the adjoint 
solutions for lower-order moments. This enables moments of arbitrarily high order to be sequentially 
determined, and it shows that each moment is sensitive to the uncertainties of all lower-order moments. To 
close our SA of the moments, we derive forward transport equations that are functions of the forward flux 
and lower-order moment adjoint fluxes. We verify our calculations for the first three moments by 
comparison with multiplicity counting measurements of a subcritical plutonium metal sphere. For the first 
three moments, the most influential parameters are ranked, and the validity of first-order perturbation theory 
is demonstrated by examining the series truncation error. This enables a detailed SA of subcritical 
multiplicity counting measurements of fissionable material based on transport theory. 
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Abstract/Keyterms: Since the 1960s, Monte Carlo methods have been used to compute the effect of 
perturbations on system responses and for computing sensitivity coefficients. This review article focuses 
on 21st-century developments specific to k-eigenvalue calculations. The theory of correlated sampling, 
differential operator sampling, and adjoint-based approaches and their historical methods from the 20th 
century are briefly summarized. Specific focus is given to four recent and significant developments: fission 
source correction using the correlated sampling and differential operator sampling methods, adjoint-based 
perturbations for the k eigenvalue using the iterated fission probability method, an extension to reaction 
rate ratios using generalized perturbation theory, and a recent development using a collision history 
approach allowing for the calculation of sensitivity coefficients of bilinear ratios and generalized responses. 
Differences and similarities of the four methods are discussed along with a comparison to the 20th-century 
approaches. A perspective on future developments is also given. 
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Abstract/Keyterms: Sensitivity and uncertainty analyses of lead (Pb) isotope cross sections are conducted 
with the use of sample reactivity experiments at the Kyoto University Critical Assembly (KUCA). With the 
combined use of the SRAC2006 and MARBLE code systems, attempts are made to precisely examine the 
contributions of the reactions and energy regions of Pb isotope cross sections to reactivity based on the 
covariance data of JENDL-4.0.Moreover, the effect of decreasing uncertainty is discussed in terms of the 
accuracy of sample reactivity by applying the cross-section adjustment method to the uncertainty analyses. 
From the results of the sensitivity and uncertainty analyses, the reliability of Pb isotope cross sections, such 
as the Pb isotope covariance data of JENDL-4.0, is compared with the JENDL-3.3, ENDF/B-VII.0, and 
JEFF-3.1 libraries. Additionally, the numerical results reveal the applicability of the sensitivity and 
uncertainty analyses to the thermal neutron spectrum cores, such as the KUCA core, and demonstrate the 
improvement in the calculation results generated by the cross-section adjustment. 
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Abstract/Keyterms: The long-standing problem of implementing the PN method effectively for spherical 
geometry is revisited in this work. It is shown that a least-squares approach to the method resolves to a great 
extent the numerical instability reported for the first time by Aronson in 1984. In the proposed version of 
the method, a small loss of accuracy is still observed for intermediate orders of the approximation, but in 
high order (typically N ≥ 199), full accuracy is recovered, and the method can be used with confidence even 
for extremely high orders of the approximation. Numerical results of benchmark quality are tabulated for 
the quantities of interest for two basic transport problems in spherical geometry: the albedo problem for a 
sphere and the critical-sphere problem, both including cases that show the effects of scattering anisotropy 
described by the binomial law. 
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Abstract/Keyterms: In general, spatial homogenization, energy group condensation, and angular 
approximation are all included in the homogenization process. For the traditional pressurized water reactor 
(PWR) two-step calculation, the assembly homogenization with assembly discontinuity factors plus two-
group (2G) neutron diffusion calculation have been proved to be a very efficient combination. However, 
this changes and becomes unsettled for the pin-by-pin calculation. Thus, this paper evaluates pin-cell 
homogenization techniques by comparison with the two-dimensional one-step whole-core transport 
calculation. For the homogenization, both the generalized equivalence theory (GET) and the 
superhomogenization (SPH) methods are studied. Considering the spectrum interference effect between 
different types of fuel pin cells, both 2G and 7-group (7G) structures are condensed from the 69-group 
WIMS-D4 library structure. For practical reactor core applications, the low-order angular approximations, 
including the diffusion and the SP3 methods, are compared with each other to determine which one is 
accurate enough for the PWR pin-by-pin calculation. Numerical results have demonstrated that both the 
GET and the SPH methods work effectively in pin-cell homogenization. In consideration of the spectrum 
interference effect, the 7G structure is sufficient for the pin-by-pin calculation. Compared with the diffusion 
method, the SP3 method can decrease the errors dramatically. 
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Abstract/Keyterms: To validate an MCNP5 model of the Missouri S&T Research Reactor (MSTR), 
temperature and void effects on reactivity experiments were simulated and performed. We compared the 
keff of the modeled reactor mirroring the position of all control rods to the actual critical reactor (keff = 
1.00000). In the simulation we modeled three different scenarios. In the first two scenarios, the reactor is 
modeled as isothermal at two different temperatures (measured experimentally near the core), and in the 
third scenario, we split the core into bottom and top parts and used interpolated values for the temperatures 
of both halves. The model predicted keff’s for the “critical reactor” between 1.00234 and 1.00248 
(±0.00018) when using as temperature the experimental thermocouple readings at the top of the core and 
keff’s between 1.00296 to 1.00383 (±0.00018) when using the temperature of thermocouple readings at the 
bottom of the core. In the third experiment, a linear vertical temperature profile was included in the model 
(only top and bottom of the core), and the model predicted keff’s between 1.00218 and 1.00302 (±0.00018). 
The keff modeled and experimental values differed by as much as 0.40%. A void coefficient of the reactivity 
experiment was also simulated introducing a void tube in the model and the control rods made to mirror the 
critical experimental reactor with an identical void. 
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Abstract/Keyterms: Resonance parameter evaluation of the 235U cross sections using the Reich-Moore 
formalism was done with the computer code SAMMY from 0 to 2.25 keV to address issues with capture 
cross-section and standard fission cross-section values. The evaluation includes recent capture and fission 
cross-section measurements as well as high-resolution data used in previous 235U evaluation. Moreover 
the new 235U resonance parameter evaluation has been used in the calculation of a new benchmark 
experiment performed at the IPEN/MB-01 research reactor. The experiment, named the inversion point of 
the isothermal reactivity coefficient, is used to test temperature effects at low temperature. The results 
demonstrate that the new 235U evaluation has greatly improved the prediction of reactivity temperature 
coefficient in contrast to previous evaluations. This paper is outlined in two parts, namely the first part deals 
with the description of the 235U resonance analysis and evaluation up to 2.25 keV, and the second part 
presents the results of the isothermal reactivity coefficient calculations performed on the IPEN/MB-01 
reactor. 
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Abstract/Keyterms: An approach to multiregion supercritical transient analysis based on the integral 
kinetic model (IKM) and Monte Carlo method is further developed with new features. The IKM describes 
the region-dependent fission rate during the transient in a system of arbitrary geometry using a secondary 
fission probability density function, which takes the explicit neutron transport time between successive 
fissions across the regions into account. The new features of the improved approach include treatment of 
the multiregion transient using repeated multidimensional linear interpolation between pre-obtained kinetic 
functions (i.e., secondary probability density function), a new method for calculating the kinetic functions 
using the continuous-energy Monte Carlo code MVP2.0, and utilization of kinetic functions directly in the 
IKM without the fitting function that introduces a fitting error. The improved approach is verified by 
applying it to the supercritical transient in simple Godiva systems of different region combinations without 
feedback. In addition, we attempt to validate the improved approach by applying it to the supercritical 
transient in a simplified Godiva system with thermal expansion feedback and compare the obtained and 
experimental results. The verification results indicate the improved approach works well with different 
combinations of regions while the validation results show promising agreement with the experimental 
results. This study is part of an ongoing research activity on the development of Multi-region Integral 
Kinetic (MIK) code for general space- and time-dependent kinetic analyses. 
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Abstract/Keyterms: Neutron multiplicity counting (NMC) techniques are widely used for nuclear 
materials accountability and international safeguards applications to quantitatively evaluate characteristic 
properties pertaining to fissile material. Mathematical models for NMC moments have been previously 
derived for systems that use capture-based detectors; however, these models are not applicable when 
scatter-based detectors are used because of “neutron cross talk.” Neutron cross talk occurs when a single 
neutron scatters and deposits energy above threshold into multiple detectors causing spurious increase in 
multiplicity counts; this, in turn, has caused fissile mass to be overestimated when not treated. In this paper, 
we propose new mathematical models derived from point kinetics to correct for neutron cross-talk effects 
up to any arbitrary order N, where N denotes the maximum number of counts a single neutron can cause. 
The new models were used to estimate the fissile mass of plutonium metal and oxide samples with effective 
240Pu mass ranging from 2.5 to 250 g. The adequacy of the models was confirmed using simulations of a 
conceptual scatter-based neutron multiplicity counter (e.g., organic scintillators) using MCNPX v2.7e with 
the PoliMi fission event generating extension. The fissile mass estimates with no correction for neutron 
cross-talk events yielded an average relative deviation from the true 240Pueff mass of 55.94% and 84.56% 
for metal and oxide samples, respectively. When neutron cross-talk events of order N = 2 are included in 
the model, the fissile mass estimates yielded an average relative deviation of 11.89% for metal and 13.21% 
for oxide samples. Accounting for neutron cross-talk events of order N = 3 resulted in fissile mass estimates 
with an average relative deviation of 9.58% and 10.51% for metal and oxide samples, respectively. These 
mass estimates were compared to a reference case (i.e., no neutron cross-talk effects) that yielded an average 
relative deviation of 6.81% and 4.77% for metal and oxide samples, respectively. The discrepancy between 
the estimates from the proposed model and the reference case is attributed to the assumed value of N, which 
sets a finite upper bound on the order of cross-talk events the model treats (i.e., the model for N = 3 assumes 
that a neutron will never cause more than three counts). 
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Abstract/Keyterms: The time and phase-space dependent backward master equation is used to develop 
and numerically solve a coupled system of transport equations for the probability distribution of the neutron 
number in subregions of a spherically symmetric, reflected, subcritical plutonium sphere. The number 
distributions are computed for a single initial neutron injected into the assembly and localized in phase 
space as well as in the presence of a uniformly distributed spontaneous fission source in the fissile region. 
A standard multigroup, discrete ordinates scheme with second-order spatial and fully implicit time 
discretization proved sufficiently accurate for this application. The results presented show complex 
behaviors arising from the material interface and spectral effects due to neutron slowing down that cannot 
be encapsulated in a lumped model. Additionally, low-order spatial moments were computed both by 
averaging the number distributions of finite order and directly solving the transport equations for the 
moments using the same numerical scheme. While generally excellent agreement is observed between the 
two approaches, the truncation order has a noticeable effect on the accuracy of the higher moments that are 
computed using the number distributions. 
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Abstract/Keyterms: To validate lead (Pb) nuclear cross sections, a series of integral experiments to 
measure lead void reactivity worths was conducted in a high-enriched uranium (HEU)/Pb system and a 
low-enriched uranium (LEU)/Pb system using the Comet Critical Assembly at the National Criticality 
Experiments Research Center. There is a follow-on experiment to measure the lead void reactivity worths 
in a plutonium/Pb system that is currently under investigation. The critical experiments in the two uranium 
systems were designed to provide complementary data sets having different sensitivities to scattering cross 
sections of lead. The larger amount of the 238U present in the LEU/Pb core increases the neutron 
importance above 1 MeV compared with the HEU/Pb core. Since removal of lead from the core shifts the 
neutron spectrum to the higher energy region, positive lead void reactivity worths were observed in the 
LEU/Pb core while negative values were observed in the HEU/Pb core. This technical note is a preliminarily 
report of the experimental analysis results for the lead void reactivity worths with the Monte Carlo 
calculation code MCNP® version 6.1 together with nuclear data libraries JENDL-4.0 and ENDF/B-VII.1. 
The calculation values were found to overestimate the negative reactivity worths for the HEU/Pb core while 
being consistent for the LEU/Pb core. 
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Abstract/Keyterms: The use of the Monte Carlo (MC) method for space-time reactor kinetics is expected 
to be much more accurate than the presently used deterministic methods largely based on few-group 
diffusion theory. However, the development of the MC method for space-time reactor kinetics poses 
challenges because of the vastly different timescales of neutrons and delayed neutron precursors and their 
vastly different populations that also change with time by several orders of magnitude. In order to meet 
these challenges in MC-based space kinetics, we propose various new schemes such as deterministic decay 
of precursors in each time step, adjustment of weights of neutrons and precursors for population control, 
use of mean number of secondaries per collision, and particle splitting/Russian roulette to reduce the 
variance in neutron power. The efficacy of these measures is first tested in a simpler point-kinetics version 
of the MC method against analytical or accurate numerical solutions of point-kinetics equations. The ideas 
are then extended to space-dependent MC kinetics and are validated against a transport theory/MC transient 
benchmark. We have also tested our methods by comparison with results of realistic space-time kinetics 
benchmarks/studies involving multiregion reactors, energy dependence, movement of control rods, and 
feedback—most of which are based on few-group diffusion theory treated by the finite difference method. 
To facilitate exact comparison with such benchmarks, we have implemented the schemes described above 
for space-time reactor kinetics based on finite difference diffusion MC, a method developed by us earlier 
in a different context. 
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Cells; Leak Testing; Maintenance; Quality Assurance; Remote Handling Equipment; Research Programs; 
Safety 
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Criticality; Data Acquisition; Planning; Quality Control; Radiation Protection; Research Programs 
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Date: 7/18/1968 

Report: NTO-M-24504 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; 
PHOEBUS-2A Reactor- Research Programs; Criticality; Nevada Test Site; Radiochemistry; Safety; Test 
Facilities 



 

C-13605 

13568…..…..…………………..…….……..……ID Number…………………..…..…………….13568 

Author: n. a. 

Title: Semi-Monthly Progress Report, July 16—July 31, 1968 

Date: 8/16/1968 

Report: NTO-M-24560 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Research Programs; Criticality; Documentation; 
Quality Control; Radiochemistry; Test Facilities 



 

C-13606 

13569…..…..…………………..…….……..……ID Number…………………..…..…………….13569 

Author: n. a. 

Title: XE-PRIME EP-1 Initial Criticality and EP-SL2 Steam Line. SPEAR Report 

Date: 12/18/1968 

Report: NTO-R-0164 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; XE-
PRIME Reactor- Performance Testing; Dosimetry; Reactor Control Systems; Reactor Start-Up; Transfer 
Functions 



 

C-13607 

13570…..…..…………………..…….……..……ID Number…………………..…..…………….13570 

Author: n.a. 

Title: XE-PRIME EP-9A High ISP Startup Tests. SPEAR Report 

Date: 9/1/1969 

Report: NTO-R--0179 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, Mobile, Propulsion, Transportation & Package Reactors; XE-
PRIME Reactor- Reactor Start-Up; Criticality; Performance Testing; Temperature Dependence 



 

C-13608 

13571…..…..…………………..…….……..……ID Number…………………..…..…………….13571 

Author: n. a. 

Title: Fundamentals of Radiation Safety for NERVA Test Operations Personnel 

Date: 4/1/1967 

Report: NTO-T-0022 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Radiation Protection; Criticality; Manuals; 
Radiation Accidents; Shielding 



 

C-13609 

13572…..…..…………………..…….……..……ID Number…………………..…..…………….13572 

Author: Pešić, M. 

Title: Review of Accident Analyses of RB Experimental Reactor 

Date: 1/1/2003 

Report: NTRP, 003-015 

Conference/Journal: Nuclear Technology and Radiation Protection 

Conference Session:  

Abstract/Keyterms: The RB reactor is a uranium fuel heavy water moderated critical assembly that has 
been put and kept in operation by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia and Montenegro 
since April 1958. The first complete Safety Analysis Report of the RB reactor was prepared in 1961/62; 
yet, the first accident analysis had been made in late 1958 with the aim to examine a power transition and 
the total equivalent doses received by the staff during the reactivity accident that occurred on October 15, 
1958. Since 1960, the RB reactor has been modified a few times. Beside the initial natural uranium metal 
fuel rods, new types of fuel (TVR-S types of Russian origin) consisting of 2% enriched metal uranium and 
80% enriched UO2, dispersed in aluminium matrix, have been available since 1962 and 1976, respectively. 
Modifications of the control and safety systems of the reactor were made occasionally. Special reactor cores 
were designed and constructed using all three types of fuel elements, as well as the coupled fast-thermal 
ones. The Nuclear Safety Committee of the Vinča Institute, an independent regulatory body, approved for 
usage all these modifications of the RB reactor on the basis of the Preliminary Safety Analysis Reports, 
which, beside proposed technical modifications and new regulation rules, included safety analyses of 
various possible accidents. A special attention was given (and a new safety methodology was proposed) to 
thorough analyses of the design-based accidents related to the coupled fast-thermal cores that included 
central zones of the reactor filled by the fuel elements without any moderator. In this paper, an overview of 
some accidents, methodologies and computation tools used for the accident analyses of the RB reactor is 
given. 



 

C-13610 

13573…..…..…………………..…….……..……ID Number…………………..…..…………….13573 

Author: Yates, K. R. 

Title: Technical Basis for the Use of Alarming Personal Criticality Detectors to Augment Permanent 
Nuclear Incident Monitor (NIM) Systems in Areas Not Normally Occupied 

Date: 5/26/2003 

Report: N-TRT-G-00001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical basis for the use of alarming personal criticality detectors (APCDs) to 
augment permanent Nuclear Incident Monitor (NIM) Systems in areas not normally occupied is evaluated. 
All applicable DOE O 420.1A and ANSI/ANS-8.3-1997 criticality alarm system requirements and 
recommendations are evaluated for applicability to APCDs. Based on this evaluation, design criteria and 
administrative requirements are presented for APCDs. Siemens EPD/Mk-2 and EPD-N devices are shown 
to meet the design criteria. A definition of not normally occupied is also presented. 



 

C-13611 

13574…..…..…………………..…….……..……ID Number…………………..…..…………….13574 

Author: Parkinson, T. F. / Diaz, N. J. / Perez, R. B. 

Title: Determination of Lattice Parameters of D2O-Moderated Systems from Pulsed and Static Neutron 
Measurements 

Date: 12/1/1966 

Report: Nucl. Energ., 262-270 (Nov.-Dec. 1966) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-13612 

13575…..…..…………………..…….……..……ID Number…………………..…..…………….13575 

Author: Chawia, T. C. 

Title: The Effect of a Foreign Element or Rig in a Reflected Reactor 

Date: 10/1/1964 

Report: Nucl. Energy 

Conference/Journal: Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Control Systems; 
Distribution; Fissionable Materials; Homogeneous Reactors; Mathematics; Moderators; Neutron Flux; 
Reflectors; Research Reactors; Rods 



 

C-13613 

13576…..…..…………………..…….……..……ID Number…………………..…..…………….13576 

Author: Lewins, J. 

Title: An Inhomogeneous Perturbation Theory with an Application to Changes in the Thermal Utilization 
of a Lattice Cell During Fuel Irradiation 

Date: 5/1/1965 

Report: Nucl. Energy 

Conference/Journal: Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Breeding; Burnup; Configuration; 
Diagrams; Diffusion; Fission Products; Irradiation; Mathematics; Numericals; Perturbation Theory; 
Plutonium; Production; Reactivity; Reactor Core; Thermal Neutrons; Variations; Xenon 



 

C-13614 

13577…..…..…………………..…….……..……ID Number…………………..…..…………….13577 

Author: Lewins, J. 

Title: Improved Calculation Methods for Ratios Appearing in Reactor Statics 

Date: 3/1/1966 

Report: Nucl. Energy 

Conference/Journal: Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Critical Assemblies; Criticality; 
Exponential Piles; Multiplication Factors; Numericals; Programming; Reactors; Variations 



 

C-13615 

13578…..…..…………………..…….……..……ID Number…………………..…..…………….13578 

Author: McLaughlin, T. P. 

Title: Process Criticality Accident Likelihoods, Consequences and Emergency Planning 

Date: 1/1/1992 

Report: Nucl. Energy, 31, No. 2, 143 

Conference/Journal: Nuclear Energy 

Conference Session:  

Abstract/Keyterms: Evaluation of criticality accident risks in the processing of significant quantities of 
fissile materials is both complex and subjective, largely due to the lack of accident statistics. Thus, 
complying with standards such as ISO 7753 which mandates that the need for an alarm system be evaluated, 
is also subjective. A review of guidance found in the literature on potential accident magnitudes is presented 
for different material forms and arrangements. Reasoned arguments are also presented concerning accident 
prevention and accident likelihoods for these material forms and arrangements. 



 

C-13616 

13579…..…..…………………..…….……..……ID Number…………………..…..…………….13579 

Author: Shaw, J. 

Title: Nuclear Measurements with a Low Power Critical Assembly 

Date: 5/1/1966 

Report: Nucl. Energy, xx, 129-133 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-13617 

13580…..…..…………………..…….……..……ID Number…………………..…..…………….13580 

Author: n.a. 

Title: McMaster University Reactor 

Date: 2/1/1963 

Report: Nucl. Energy; Other Information: Orig. Receipt Date: 31-DEC-63 

Conference/Journal: Nucl. Energy 

Conference Session:  

Abstract/Keyterms: A description is presented of the design, operations, and programs of the McMaster 
University pool reactor. The reactor is operated at 1 Mw, and provision is made for 5Mw operation in the 
future. Criticality was achieved in April 1959. 



 

C-13618 

13581…..…..…………………..…….……..……ID Number…………………..…..…………….13581 

Author: Savolainen, A. W. 

Title: Proposed Standard [for] Criticality Accident Alarm System 

Date: 11/1/1967 

Report: Nucl. Eng. Bull., 5: 1-7 

Conference/Journal: Nucl. Eng. Bull. 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Accidents; Alarm Systems; Criticality; Safety; Standards 



 

C-13619 

13582…..…..…………………..…….……..……ID Number…………………..…..…………….13582 

Author: n. a. 

Title: Proposed Revised USA Standard [N6.1.1-1967 Rev.]: Nuclear Criticality Safety Standard for 
Operations with Fissionable Materials Outside Reactors 

Date: 1/1/1968 

Report: Nucl. Eng. Bull., 6-1: 8p.(Jan. 1968). 

Conference/Journal: Nucl. Eng. Bull., 

Conference Session:  

Abstract/Keyterms: Fissionable Material / Criticality Safety Standards for Handling, Storage, Processing, 
and Transport of 



 

C-13620 

13583…..…..…………………..…….……..……ID Number…………………..…..…………….13583 

Author: n. a. 

Title: Proposed Standard [ANS 8.4]: Standard for Safety in Conducting Subcritical Neutron-Multiplication 
Measurements in Situ 

Date: 3/1/1968 

Report: Nucl. Eng. Bull., 6-2: 4p 

Conference/Journal: Nucl. Eng. Bull., 6-2: 4p.(Mar. 1968) 

Conference Session:  

Abstract/Keyterms: A Tool for Criticality Accident Emergency Planning, Training and Response 



 

C-13621 

13584…..…..…………………..…….……..……ID Number…………………..…..…………….13584 

Author: Ferrell, W. / Suo-Anttila, A. / Catton, I. / Kastenberg, W. E. 

Title: An Approximate Method for Calculating Secondary Criticality Following LMFBR Meltdown 
Accidents 

Date: 1/1/1975 

Report: Nucl. Eng. Des., v. 32, no. 3, 421-427 

Conference/Journal: Nucl. Eng. Des. 

Conference Session:  

Abstract/Keyterms: Reactors-Reactor Safety & Environmental Aspects; Reactors-Power Reactors, 
Breeding; Nuclear Reactor Technology-Reactor Safety; LMFBR Type Reactors- Meltdown; Bessel 
Functions; Boundary Conditions; Eigenvalues; Galerkin-Petrov Method; Laplacian; Matrices; Reactivity; 
Reactor Safety 



 

C-13622 

13585…..…..…………………..…….……..……ID Number…………………..…..…………….13585 

Author: McCulloch, D. / Naigeon, J. 

Title: Split-Table Critical Facilities for the Australian AEC 

Date: 8/1/1972 

Report: Nucl. Eng. Int. 17: No. 195, 633-6 

Conference/Journal: Nucl. Eng. Int. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors; Australia; Criticality; Fast Reactors; Reactor Cores; 
Reactor Lattices; Thermal Reactors; Zero Power Reactors 



 

C-13623 

13586…..…..…………………..…….……..……ID Number…………………..…..…………….13586 

Author: Hughes, T. G. 

Title: Criticality Incident at Windscale 

Date: 2/1/1972 

Report: Nucl. Eng. Int., 17, No. 189, 095-097 

Conference/Journal: Nuclear Engineering International 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry-Reactor Fuel Processing; 
Accidents; Buildup; Criticality; Fuel Reprocessing Plants; Plutonium; Radiation Hazards; Radiochemistry 



 

C-13624 

13587…..…..…………………..…….……..……ID Number…………………..…..…………….13587 

Author: Barrett, P. R. 

Title: Pulse Propagation Experiment Upon Heterogeneous Multiplying Subcritical Assemblies as a 
Correlation Tool 

Date: 10/1/1967 

Report: Nucl. Eng., 12: 764-766 

Conference/Journal: Nucl. Eng. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Critical 
Assemblies; Criticality; Diffusion; Distribution; Exponential Piles; Neutrons; Propagation; Pulses 



 

C-13625 

13588…..…..…………………..…….……..……ID Number…………………..…..…………….13588 

Author: Jung, H. 

Title: Two Suggestions Regarding Controlled Fusion: Approximation Equations for Fusion--Fission 
Reactors and Fusion--Reaction--Tube Reactors 

Date: 6/1/1969 

Report: Nucl. Fusion, 9: 169-71 

Conference/Journal: Nucl. Fusion 

Conference Session:  

Abstract/Keyterms: Physics-Controlled Thermonuclear Research- Thermonuclear Engineering & 
Equipment; Criticality; Fission; Neutrons; Reactors; Thermonuclear Devices; Thermonuclear Reactions 



 

C-13626 

13589…..…..…………………..…….……..……ID Number…………………..…..…………….13589 

Author: Umbarger, C. J. / Cowder, L. R. 

Title: Portable Radioactivity Monitor for Liquid Effluents, Surface Contaminations, and Bulk Solid 
Wasters 

Date: 1/1/1974 

Report: Nucl. Instr. Methods, 121, 491 

Conference/Journal: Nucl. Instr. Methods 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments-Nuclear Spectroscopic 
Instrumentation; Liquid Contamination Monitors- Solid Scintillation Detectors; Radiation Monitors- Solid 
Scintillation Detectors; Radioactive Effluents- Radiation Monitoring; Radioactive Wastes- Radiometric 
Analysis; Surface Contamination Monitors- Solid Scintillation Detectors; Americium; Gamma 
Spectrometers; Gamma Spectroscopy; Liquid Wastes; Plutonium; Sodium Iodides; Solid Wastes; 
Specifications; Surface Contamination; Thorium; Uranium 



 

C-13627 

13590…..…..…………………..…….……..……ID Number…………………..…..…………….13590 

Author: Bennett, E. F. / Yule, T. J. 

Title: Response Functions for Proton-Recoil Proportional Counter Spectrometer 

Date: 1/1/1972 

Report: Nucl. Instr. Methods, 98, 393 

Conference/Journal: Nucl. Instr. Methods 

Conference Session:  

Abstract/Keyterms: Experimental Methods 



 

C-13628 

13591…..…..…………………..…….……..……ID Number…………………..…..…………….13591 

Author: Lomer, P. D. / Wood, J. D. L. H. / Bottomley, R. C. 

Title: A Pulsed Neutron Source for Reactor Measurements 

Date: 2/1/1964 

Report: Nucl. Instr. Methods; Vol: 26 

Conference/Journal: Nucl. Instr. Methods 

Conference Session:  

Abstract/Keyterms: A companion paper shows the “anomalies”, and even the safety issues, that may be 
raised by the very usual problem of making safe a fissile mass inside a controlled geometry. These 
anomalies mainly come from the solving of such problems which belong to the mathematical family of 
“robust inversion” including two inversion parameters (the fissile mass and the geometry) and one nuisance 
parameter (the moderation ratio of the fissile material). Since a “brute force” method of resolution requires 
a lot of calculations and since a “smart” method of resolution requires a lot of engineer time, it is tempting 
to solve these problems by a “custom made” approach rather than to achieve a “whole” resolution. The 
present paper shows how one can use a hand calculation method (derivation of the one-speed diffusion 
theory) to perform the whole resolution of such kind of problems with a minimum calculations and human 
efforts. The powerful capability of predicting the “anomalies” highlighted in the companion paper is shown. 
Then the limitations of such a method are discussed: limitation in the geometry of the problem and bias in 
absolute values prediction. Finally, new algorithms of computer experiments design, dedicated to solve 
robust inversion problems and based on Kriging surrogates, are tested to solve these problems with limiting 
calculations and human efforts. The performance of these new algorithms may supplement the one-speed 
diffusion theory limitations. 



 

C-13629 

13592…..…..…………………..…….……..……ID Number…………………..…..…………….13592 

Author: Beckurts, K. H. / Glauner, W. / Hagen, S. / Kuechle, M. / Meister, H. / Wintzer, D. 

Title: Reactor Physics Research with Pulsed Neutron Sources 

Date: 1/1/1961 

Report: Nucl. Instr., 11, 144 

Conference/Journal: Nuclear Instruments 

Conference Session:  

Abstract/Keyterms: For the past 6 years pulsed neutron sources have been successfully used for studies 
of the kinetic behavior of neutrons in matter. Three main fields of interest have been particularly stressed: 
neutron lifetime measurements in moderators; reactivity measurements on reactor systems; and neutron 
spectra measurements by time-of-flight techniques. A number of most important results was obtained, 
particularly in the field of neutron thermalization research. The present status of pulsed source techniques 
and some of the more relevant results are discussed. 



 

C-13630 

13593…..…..…………………..…….……..……ID Number…………………..…..…………….13593 

Author: Brunson, G. S. 

Title: On the possible connection between the central worth discrepancy and the dollar discrepancy 

Date: 3/15/1975 

Report: Nucl. Instrum. Methods, v. 125, no. 1, pp. 139-147 

Conference/Journal: Nucl. Instrum. Methods 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; ReactorsReactor Theory & Calculation; Zero Power Reactors- Reactivity Worths; 
Criticality; Dollars; Fast Neutrons; Neutron Reflectors; Prompt Neutrons; Reactor Cores; Reactor Period; 
ZPR- 3 Reactor 



 

C-13631 

13594…..…..…………………..…….……..……ID Number…………………..…..…………….13594 

Author: Akutsu, H. / Shiga, K. / Tsutsumi, M. / Aoki, M. 

Title: Real-Time Accountancy and Control System at Plutonium Fuel Facility of PNC 

Date: 6/18/1976 

Report: Nucl. Mater. Manage., 4:3, 470-479 

Conference/Journal: Nucl. Mater. Manage., Annual meeting of the Institute of Nuclear Materials 
Management, Inc., 18 Jun 1975, New Orleans, LA, USA 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Accountability & Safeguards; Fuel 
Fabrication Plants- Accounting; Data Processing; Japanese Organizations; Material Unaccounted for; 
Nuclear Materials Management; Plutonium; Real Time Systems; Safeguards 



 

C-13632 

13595…..…..…………………..…….……..……ID Number…………………..…..…………….13595 

Author: Brenner, L. M. / McDoqwell, S. C. T. 

Title: ERDA’s Integrated Safeguards System Program 

Date: 6/18/1976 

Report: Nucl. Mater. Manage., 5:3, 17, 292-301 

Conference/Journal: Nucl. Mater. Manage., Annual meeting of the Institute of Nuclear Materials 
Management, Inc., 18 Jun 1975, New Orleans, LA, USA 

Conference Session:  

Abstract/Keyterms: Analysis and evaluation of ERDA’s Safeguards program has resulted in a marked 
departure from the traditionally separate roles of (a) materials accountability and (b) security. Integrated 
safeguards system concepts and designs now integrate the interactive elements of physical protection and 
materials measurement and control into a common facility-wide safeguards system. Additional needed 
technology and flexible modules are being identified for incorporation in generic and specific facilities 
design and demonstration. Using computer models, safeguards effectiveness will be assessed against 
various credible threat levels and adversary actions. Projected goals and milestones are presented. These 
cost-effective integrated safeguards systems also benefit process control, product quality assurance, health 
and safety and criticality. 



 

C-13633 

13596…..…..…………………..…….……..……ID Number…………………..…..…………….13596 

Author: Lusk, E. C. / Gates, J. E. 

Title: New Developments in the Design of Shipping Casks for Irradiated Fuel Elements 

Date: 6/1/1963 

Report: Nucl. News, 06, 011-014 

Conference/Journal: Nuclear News 

Conference Session:  

Abstract/Keyterms: Some aspects of designing casks for transporting irradiated fuel elements are 
reviewed. The major problems of shielding, heat removal, criticality, and economic considerations are 
treated along with some solutions to these problems. 



 

C-13634 

13597…..…..…………………..…….……..……ID Number…………………..…..…………….13597 

Author: Frisch, O. 

Title: The Dragon Experiment 

Date: 4/1/1969 

Report: NUCL. NEWS, 12, 30-32 

Conference/Journal: Nuclear News 

Conference Session:  

Abstract/Keyterms: Some months ago my wife brought me a letter. I had overslept and was still rather 
sleepy, and I stared at that letter that referred to; American Nuclear Society National Topical Meeting, fast 
burst reactors.; and I said, good God, do the Americans run a meeting on a nationwide scale because their 
reactors burst so fast?; Well, after that I woke up and realized that I was being honored as the father (I feel 
more like the grandfather) of the reactors I had always called pulsed reactors, having arranged the 
experiment that, for the first time, established a short-lasting harmless fast fission reaction, which did not 
depend on delayed neutrons. This experiment, which involved a group of no less than 17 people, became 
known as the Dragon experiment. 



 

C-13635 

13598…..…..…………………..…….……..……ID Number…………………..…..…………….13598 

Author: Chernick, J. / Avery, R. / Auerbach, T. A. 

Title: Reactor Physics and Performance 

Date: 10/1/1964 

Report: Nucl. News; Vol: 7: No. 10 

Conference/Journal: Nucl. News 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Conference; Criticality; Lattices; Nuclear Theory; Performance; 
Reactors; Switzerland; Thermal Utilization 



 

C-13636 

13599…..…..…………………..…….……..……ID Number…………………..…..…………….13599 

Author: Crandall, J. N. 

Title: Why Critical and Exponential 

Date: 12/1/1964 

Report: Nucl. News; Vol: 7: No. 12 

Conference/Journal: Nucl. News 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Economics; 
Exponential Piles; Uses 



 

C-13637 

13600…..…..…………………..…….……..……ID Number…………………..…..…………….13600 

Author: n.a. 

Title: Plutonium Fuel for Thermal Reactors 

Date: 4/1/1965 

Report: Nucl. News; Vol: 8: No. 4 

Conference/Journal: Nucl. News 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Fuels; Criticality; Cross Sections; Economics; Fabrication; Fuel 
Elements; Poisoning; Reactivity; Reactors; Reprocessing; Rockets; Thermal Neutrons 



 

C-13638 

13601…..…..…………………..…….……..……ID Number…………………..…..…………….13601 

Author: Griffith, J. D. 

Title: Reflections on the Recriticality Conference at Argonne National Laboratory. [LMFBR] 

Date: 1/1/1977 

Report: Nucl. Saf.; 18:1 

Conference/Journal: Nucl. Safety 

Conference Session:  

Abstract/Keyterms: The consensus of the April 1976 recriticality conference at Argonne National 
Laboratory was that the energetic recriticality accident is a highly improbable event but that proof of its 
impossibility is not yet fully convincing to the interested scientific community. The author extends the 
discussion and suggests that an endless effort to establish the existence of very-low-probability events or 
to prove the impossibility of some postulated events would be a fruitless endeavor. It is concluded that the 
emphasis should be shifted from a search for greater assurance of the nonexistence of low-probability events 
to the understanding of real phenomena at the various natural lines of assurance that exist for a liquid-metal-
cooled fast breeder reactor. The author proposes that this be done with an appropriate risk curve 
incorporating the lines of assurance and a proposed criterion. The criterion proposed is that phenomena that 
can be made to occur experimentally under realistic reactor conditions be studied and understood and 
phenomena that cannot be made to happen experimentally be assumed to have a probability of occurrence 
lower by a factor of 10/sup -2/ to 10/sup -3/ and the consequences of these lower-probability events be 
studied at the next line of assurance. 



 

C-13639 

13602…..…..…………………..…….……..……ID Number…………………..…..…………….13602 

Author: Casto, W. R. 

Title: Selected Safety-Related Occurrences Reported in November and December 1976 

Date: 1/1/1977 

Report: Nucl. Saf.; 18:2 

Conference/Journal: Nucl. Safety 

Conference Session:  

Abstract/Keyterms: of the occurrences reported in November and December, three are reviewed here 
because of their uniqueness and/or general interest: a salt problem in the switchgear of Millstone 2, flooding 
in the turbine building of Oconee 3, and an inadvertent criticality at Millstone 1. 



 

C-13640 

13603…..…..…………………..…….……..……ID Number…………………..…..…………….13603 

Author: Anderson, J. L. 

Title: Role of LogN Period Meter in Reactor Protection 

Date: 1/1/1963 

Report: Nucl. Safety, 04, 048 

Conference/Journal: Nuclear Safety 

Conference Session:  

Abstract/Keyterms:  



 

C-13641 

13604…..…..…………………..…….……..……ID Number…………………..…..…………….13604 

Author: MacDonald, P.E. / Seiffert, S.L. / Martinson, Z.R. / McCardell, R.K. / Owen, D.E. / Fukuda, 
S.K. 

Title: Assessment of Light Water Reactor Fuel Damage During a Reactivity Initiated Accident 

Date: 10/1/1980 

Report: Nucl. Safety, 21, 5, 582-601 

Conference/Journal: Nuclear Safety 

Conference Session:  

Abstract/Keyterms: This article presents an assessment of damage to light-water-reactor fuel during a 
reactivity-initiated accident and comments on the adequacy of the present Nuclear Regulatory Commission 
design requirements. Results from early experiments in the Special Power Excursion Reactor Test (SPERT) 
are reviewed and compared with results from recent computer simulations and Power Burst Facility tests. 
A progression of fuel-rod and cladding damage events is presented. High-strain-rate deformation of 
relatively cool irradiated cladding early in the transient can result in fracture at a radial average peak fuel 
enthalpy of approx. 140 cal/g UO2. Volume expansion of previously irradiated fuel on melting can cause 
deformation and rupture of the cladding and coolant channel blockage at higher peak enthalpies. When 
cladding temperatures reach values near the melting point, variations in coolant conditions around and along 
the rod cause thickening and thinning of the cladding. The regions of cladding wall thinning are 
subsequently oxidized to brittle oxygen-stabilized alpha Zircaloy and zirconium dioxide and fracture during 
quenching when the radial average peak fuel enthalpy is 250 cal/g UO2 or above. The mode of rod failure 
is strongly affected by previous irradiation and peak fuel enthalpy. 



 

C-13642 

13605…..…..…………………..…….……..……ID Number…………………..…..…………….13605 

Author: Ergen, W. K. 

Title: SPERT-I Destructive Test with UO2 Fuel 

Date: 1/1/1964 

Report: Nucl. Safety, Vol: 5: No. 3; 

Conference/Journal: Nucl. Safety 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Excursions; Fuel Cans; Fuel 
Elements; Reactor Safety; Research Reactors; SPERT-1; Testing; Uranium Dioxide 



 

C-13643 

13606…..…..…………………..…….……..……ID Number…………………..…..…………….13606 

Author: Ricker, C. W. 

Title: Significance of Subcriticality Measurements by Analysis of Neutron-Density Fluctuations 

Date: 1/1/1964 

Report: Nucl. Safety; Vol: 6: No. 2 

Conference/Journal: Nucl. Safety 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Density; Errors; Mathematics; 
Measured Values; Neutron Flux; Neutron Sources; Reactivity; Reactor Safety; Reactors; Subcritical; 
Variations 



 

C-13644 

13607…..…..…………………..…….……..……ID Number…………………..…..…………….13607 

Author: Nichols, J. P. 

Title: Storage of Irradiated Fuel Elements at Reactor Plants 

Date: 1/1/1965 

Report: Nucl. Safety; Vol: 7 

Conference/Journal: Nucl. Safety 

Conference Session:  

Abstract/Keyterms: Health and Safety; Criticality; Fuel Cans; Fuel Elements; Irradiation; Measured 
Values; Metals; Radioactivity; Reactors; Safety; Storage; Testing; Water 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Coating; Excursions; Explosives; 
Fuel Elements; Mockup; Planning; Plates; Power; Reactors; Stresses; Variations; Volume; Water Coolant; 
Water Moderator 
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Abstract/Keyterms: Health and Safety; Accidents; Criticality; Dosemeters; Errors; Gamma Radiation; 
Measured Values; Neutrons; Personnel; Radiation Doses; Reactors 
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Abstract/Keyterms: Physics; Criticality; Fluorinated Hydrocarbons; Fuel Elements; Measured Values; 
Polymers; Teflon 
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Conference Session:  

Abstract/Keyterms: Neutronic and Thermal-Hydraulics Analysis / Conversion / La Reina Research 
Reactor. 
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Conference Session:  

Abstract/Keyterms: La Reina Reactor / Medium Enrichment Uranium Fuel Elements / Experiments 
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Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- General Detectors & Monitors; 
Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; Alarm Systems; Dosemeters; 
Dosimetry; Monitoring; Personnel 
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Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Safety Procedures; Life Sciences-Health 
Physics & Safety-Dosimetry & Monitoring; Accidents; Belgium; Criticality; Dosemeters; Energy Levels; 
Gamma Radiation; Industry; Neutrons; Personnel; Radiation Chemistry; Radiation Detectors; Radiation 
Doses; Radiation Protection; Safety; Separation Processes; Standards 
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Abstract/Keyterms: LEU-COMP-THERM-019, LEU-COMP-THERM-020, LEU-COMP-THERM-021, 
LEU-COMP-THERM-025, LEU-COMP-THERM-031 
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Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality; Cross Sections; 
Errors; Multiplication Factors; Neutron Beams; Numericals; Reactors 
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Title: Recent Use of Covariance Data for Criticality Safety Assessment 
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Conference Session:  

Abstract/Keyterms: The TSUNAMI codes of the Oak Ridge National Laboratory SCALE code system 
were applied to a burnup credit application to demonstrate the use of sensitivity and uncertainty analysis 
with recent cross section covariance data for criticality safety code and data validation. The use of 
sensitivity and uncertainty analysis provides for the assessment of a defensible computational bias, bias 
uncertainty, and gap analysis for a complex system that otherwise could be assessed only through the use 
of expert judgment and conservative assumptions. 
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Title: Benchmarking ENDF/B-VII.0 

Date: 12/15/2006 

Report: Nuclear Data Sheets; 107 

Conference/Journal: Nuclear Data Sheets 

Conference Session:  

Abstract/Keyterms: The new major release VII.0 of the ENDF/B nuclear data library has been tested 
extensively using benchmark calculations. These were based upon MCNP-4C3 continuous-energy Monte 
Carlo neutronics simulations, together with nuclear data processed using the code NJOY. Three types of 
benchmarks were used, viz., criticality safety benchmarks (fusion) shielding benchmarks, and reference 
systems for which the effective delayed neutron fraction is reported. For criticality safety, more than 700 
benchmarks from the International Handbook of Criticality Safety Benchmark Experiments were used. 
Benchmarks from all categories were used, ranging from low-enriched uranium, compound fuel, thermal 
spectrum ones (LEU-COMP-THERM), to mixed uranium-plutonium, metallic fuel, fast spectrum ones 
(MIX-MET-FAST). For fusion shielding many benchmarks were based on IAEA specifications for the 
Oktavian experiments (for Al, Co, Cr, Cu, LiF, Mn, Mo, Si, Ti, W, Zr), Fusion Neutronics Source in Japan 
(for Be, C O, Fe, Pb), and Pulsed Sphere experiments at Lawrence Livermore National Laboratory (for 6Li, 
{sup 7}Li, Be, C, N, O, Mg, Al, Ti, Fe, Pb, D{sub 2}O, H2O, concrete, polyethylene and teflon). For testing 
delayed neutron data more than thirty measurements in widely varying systems were used. Among these 
were measurements in the Tank Critical Assembly (TCA in Japan) and IPEN/MB-01 (Brazil), both with a 
thermal spectrum, and two cores in MASURCA (France) and three cores in the Fast Critical Assembly 
(FCA, Japan), all with fast spectra. In criticality safety, many benchmarks were chosen from the category 
with a thermal spectrum, low-enriched uranium, compound fuel (LEU-COMP-THERM), because this 
typical of most current-day reactors, and because these benchmarks were previously underpredicted by as 
much as 0.5% by most nuclear data libraries (such as ENDF/B-VI.8, JEFF-3.0). The calculated results 
presented here show that this underprediction is no longer there for ENDF/B-VII.0. The average over 257 
benchmarks deviates only 0.017% from the measured benchmark value. Moreover, no clear trends (with 
e.g. enrichment, lattice pitch, or spectrum) have been observed. Also for fast spectrum benchmarks, both 
for intermediately or highly enriched uranium and for plutonium, clear improvements are apparent from 
the calculations. The results for bare assemblies have improved, as well as those with a depleted or natural 
uranium reflector. On the other hand, the results for plutonium solutions (PU-SOL-THERM) are still high, 
on average (over 120 benchmarks) roughly 0.6%. Furthermore there still is a bias for a range of benchmarks 
based on cores in the Zero Power Reactor (ANL) with sizable amounts of tungsten in them. The results for 
the fusion shielding benchmarks have not changed significantly, compared to ENDF/B-VI.8, for most 
materials. The delayed neutron testing shows that the values for both thermal and fast spectrum cases are 
now well predicted, which is an improvement when compared with ENDF/B-VI.8. 
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Conference/Journal: Workshop on neutron cross section covariances, Port Jefferson, NY (United 
States), 24-28 Jun 2008 

Conference Session:  

Abstract/Keyterms: With the growing demand for multigroup covariances, the National Nuclear Data 
Center (NNDC) has been experiencing an upsurge in its covariance data processing activities using the two 
US codes NJOY-99 (LANL) and PUFF-IV (ORNL). The code NJOY-99 was upgraded by incorporating 
the new module ERRORJ-2.3, while the NNDC served as the active user and provided feedback. The 
NNDC has been primarily processing neutron cross section covariances on its 64-bit Linux cluster in 
support of two DOE programs, the Global Nuclear Energy Partnership (GNEP) and the Nuclear Criticality 
Safety Program (NCSP). For GNEP, the NNDC used NJOY-99.259 to generate multigroup covariance 
matrices of {sup 56}Fe, {sup 23}Na, 239Pu, 235U and 238U from the JENDL-3.3 library using the 15-, 
33-, and 230-energy group structures. These covariance matrices will be used to test a new collapsing 
algorithm which will subsequently be employed to calculate uncertainties on integral parameters in different 
fast neutron-based systems. For NCSP, we used PUFF-IV 1.0.4 to verify the process-ability of new 
evaluated covariance data of 55Mn, 239Pu, 233U, 235U and 238U generated by a collaboration of ORNL 
and LANL. For the data end-users at large, the NNDC has made available a Web site which provides a 
static visualization interface for all materials with covariance data in the four major data libraries: ENDF/B-
VI.8 (47 materials), ENDF/B-VII.0 (26 materials), JEFF-3.1 (37 materials) and JENDL-3.3 (20 materials) 
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Conference/Journal: Workshop on neutron cross section covariances, Port Jefferson, NY (United 
States), 24-28 Jun 2008 

Conference Session:  

Abstract/Keyterms: In the present paper, the current status of covariance applications to fast reactor 
analysis and design is summarized with actual examples. The covariance applications are classified into 
three fields. First, covariances are used to quantify the uncertainty of nuclear core parameters such as 
criticality, control rod worth, reaction rate ratio, power distribution, sodium void reactivity, etc. The special 
features of the Japanese case are to include both the burnup-related parameters such as burnup reactivity 
loss or fuel composition changes, and the temperature-related parameter, that is, the Doppler reactivity. 
Second, covariances are used to select the important nuclides, reactions and energy ranges which are 
dominant to the uncertainty of core parameters, and to give nuclear scientists recommendations to improve 
the accuracy of the data. Finally, covariances are used to improve the accuracy of core design values by 
adopting the integral data such as the critical experiments and the power reactor operation data. The way 
toward improvement is classified into the conventional E/C (Experiment/Calculation) bias method and the 
more comprehensive cross section adjustment based on the Bayesian theorem and the generalized least 
square method. In Japan, an adjusted group-constant set, ADJ2000R, is now being used in the design work 
for future fast reactors. 
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Conference/Journal: Workshop on neutron cross section covariances, Port Jefferson, NY (United 
States), 24-28 Jun 2008 

Conference Session:  

Abstract/Keyterms: A Workshop on Neutron Cross Section Covariances was held from June 24-27, 2008, 
in Port Jefferson, New York. This Workshop was organized by the National Nuclear Data Center, 
Brookhaven National Laboratory, to provide a forum for reporting on the status of the growing field of 
neutron cross section covariances for applications and for discussing future directions of the work in this 
field. The Workshop focused on the following four major topical areas: covariance methodology, recent 
covariance evaluations, covariance applications, and user perspectives. Attention was given to the entire 
spectrum of neutron cross section covariance concerns ranging from light nuclei to the actinides, and from 
the thermal energy region to 20 MeV. The papers presented at this conference explored topics ranging from 
fundamental nuclear physics concerns to very specific applications in advanced reactor design and nuclear 
criticality safety. This paper provides a summary of this workshop. Brief comments on the highlights of 
each Workshop contribution are provided. In addition, a perspective on the achievements and shortcomings 
of the Workshop as well as on the future direction of research in this field is offered. 
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Conference/Journal: Workshop on neutron cross section covariances, Port Jefferson, NY (United 
States), 24-28 Jun 2008 

Conference Session:  

Abstract/Keyterms: Los Alamos evaluates covariances for the evaluated nuclear data library (ENDF), 
mainly for actinides above the resonance region and for light elements in the entire energy range. We also 
develop techniques to evaluate the covariance data, like Bayesian and least-squares fitting methods, which 
are important to explore the uncertainty information on different types of physical quantities such as elastic 
scattering angular distribution, or prompt neutron fission spectra. This paper summarizes our current 
activities of the covariance evaluation work at LANL, including the actinide and light element data mainly 
for criticality safety studies and transmutation technology. The Bayesian method based on the Kalman filter 
technique, which combines uncertainties in the theoretical model and experimental data, is discussed. 
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Abstract/Keyterms: We describe new dosimetry (radiochemical) ENDF evaluations for yttrium, iridium, 
and thulium. These LANL2006 evaluations were based upon measured data and on nuclear model cross 
section calculations. In the case of iridium and yttrium, new measurements using the GEANIE gamma-ray 
detector at LANSCE were used to infer (n,xn) cross sections, the measurements being augmented by nuclear 
model calculations using the GNASH code. The thulium isotope evaluations were based on GNASH 
calculations and older measurements. The evaluated cross section data are tested through comparisons of 
simulations with measurements of reaction rates in critical assemblies and in Bethe sphere (sometimes 
called Wyman sphere) integral experiments. Two types of Bethe sphere experiments were studied - a LiD 
experiment that had a significant component of 14 MeV neutrons, and a LiD-U experiment that additionally 
had varying amounts of fission neutrons depending upon the location. These simulations were performed 
with the MCNP code using continuous energy Monte Carlo, and because the neutron fluences can be 
modeled fairly accurately by MCNP at different locations in these assemblies, the comparisons provide a 
valuable validation test of the accuracy of the evaluated cross sections and their energy dependencies. The 
MCNP integral reaction rate validation testing for the three detectors yttrium, iridium, and thulium, in the 
LANL2006 database is summarized as follows: (1) (n,2n)near 14 MeV: In 14 MeV-dominated locations 
(the LiD Bethe spheres and the outer regions of the LiD-U Bethe spheres), the (n,2n) products are modeled 
very well for all three detectors, suggesting that the evaluated {sup 89}Y(n,2n), {sup 191}Ir(n,2n), and 
{sup 169}Tm(n,2n) cross sections are accurate to better than about 5% near 14 MeV; (2) (n,2n)near 
threshold: In locations that have a significant number of fission spectrum neutrons or downscattered 
neutrons from 14 MeV inelastic scattering (the central regions of the LiD-U spheres and the fast critical 
assemblies), the (n,2n) products are overpredicted by 5-30 % for the three detectors, suggesting either the 
threshold region (n,2n) cross sections are too high, or that the MCNP-simulated neutron flux is too large 
for neutron energies above about 8 MeV; (3) Capture: The capture products for yttrium are modeled 
accurately for the LiD Bethe spheres, but are underpredicted by about 20% for the LiD-U Bethe spheres 
and the critical assemblies; for iridium-191 they are predicted accurately in the critical assemblies; and for 
thulium they are generally overpredicted by 10-30 %; (4) Inelastic scattering in iridium: The evaluated {sup 
193}Ir(n,n{sup '}){sup 193m}Ir cross section performs well over a very wide range of neutron spectra 
(where the 193m/190 spectrum hardness index varies by over three orders of magnitude), the differences 
between simulation and experiment typically being better than 10-15%; (5) Iridium 193m/190 spectrum 
hardness index: Our simulations reproduce the measured 193m/190 data typically to better than 10-20% 
over three orders of magnitude in the 193m/190 ratio. The aforementioned indications from data testing 
involving assemblies containing actinides - that the (n,2n) products are overpredicted by 5-30% - could be 
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used to motivate a decrease in the evaluated (n,2n) cross sections in the approximately 8-12 MeV range. 
However, at this stage we have not modified these cross sections since: (a) They are consistent with the 
cross section laboratory measurements; and (b) It is possible that the cross sections are correct and instead 
the simulated integral assembly neutron spectrum is too high for neutron energies above 8 MeV. The latter 
possibility is particularly intriguing given all three detector materials showed a bias in the same direction, 
and that the evaluated actinide prompt fission spectra and inelastic scattering data are probably uncertain to 
at least 20% above 8 MeV. We also discuss refinements needed in the transport methods to faithfully 
represent the evaluated data. 
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Conference Session:  

Abstract/Keyterms: The NJOY Nuclear Data Processing System is widely used to convert evaluations in 
the Evaluated Nuclear Data Files (ENDF) format into forms useful for practical applications such as fission 
and fusion reactor analysis, stockpile stewardship calculations, criticality safety, radiation shielding, 
nuclear waste management, nuclear medicine procedures, and more. This paper provides a description of 
the system's capabilities, summary descriptions of the methods used, and information on how to use the 
code to process the modern evaluated nuclear data files from ENDF/B-VII. It begins with the generation of 
pointwise libraries, including reaction and resonance reconstruction, Doppler broadening, radiation heating 
and damage, thermal scattering data, unresolved resonance data, and gas production. It then reviews the 
production of libraries for the continuous-energy Monte Carlo code MCNP, multigroup neutron, photon, 
and particle cross sections and matrices, and photon interaction data. The generation of uncertainty 
information for ENDF data is discussed, including new capabilities for calculating covariances of resonance 
data, angular distributions, energy distributions, and radioactive nuclide production. NJOY's ability to 
prepare thermal scattering data evaluations for bound moderators (which was used during the preparation 
of the ENDF/B-VII library) is described. The strong plotting capabilities of NJOY are summarized. Many 
examples of black and white and color Postscript plots are included throughout the paper. The capabilities 
of NJOY to output multigroup data in several different formats to suit various applications is reviewed. 
Finally, a section is included that summarizes the history of the development of the NJOY system over the 
last 37 years. 
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Conference/Journal: Nuclear Energy 

Conference Session:  

Abstract/Keyterms: The TSM (Tubular Solid Moderator) critical experiment for the HTRE-III reactor is 
described. The designs of the control system, moderator, diffusion barrier, matrix con figurations, and 
general makeup of the TSM are outlined. The specifications of TSM and HTRE-III are compared. 
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Conference/Journal: Nuclear Energy Engr. 

Conference Session:  

Abstract/Keyterms: Hazards of working with plutonium are discussed relative to four properties of the 
element; it can become critical, it emits alpha particles, it can constitute a radiation hazard, and in certain 
forms it is pyrophoric. Safe handling methods, storage methods, and firefighting techniques are discussed. 
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Abstract/Keyterms: Physics; Aircraft; Configuration; Coolant Loops; Criticality; evaporation; Fast 
Neutrons; Fissionable Materials; Fluid Flow; Gas Coolant; Heating; Mass; Moderators; Multiplication 
Factors; Power Plants; Pressure; Propulsion; Reactor Core; Reactors; Stability; Thermal Neutrons; Zones 
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Conference Session:  

Abstract/Keyterms: A discussion of the design of the Zenith is given with emphasis on alternative design 
possibilities in core and reflector temperature control, primary circuit design, materials of construction, 
instrumentation, and secondary containment for coolant gases. A diagram is given showing the relation of 
the reactor to its surrounding facilities. 
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Abstract/Keyterms: A detailed design description is presented of the NPD reactor, a 20- Mw(e) (gross) 
heavy-water natural-uranium reactor for demonstrating the feasibility of power generation with reactors of 
this type. Criticality was first attained on April 11, 1962, and full power generation was achieved on June 
28, 1962. 
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Abstract/Keyterms: Physics; Accidents; Criticality; Density; Fabrication; Fuel Elements; Fuel Solutions; 
Fuels; Interactions; Mass; Mechanical Structures; Neutrons; Reactor Fueling; Reactors; Reflectors; Safety; 
Slowdown; Solutions; Storage; Transport 
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Conference Session:  

Abstract/Keyterms: Patents; Criticality; Fission; Fuels; Heavy Water; Moderators; Nuclear Reactions; 
Planning; Reactors; Uranium Oxides 
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Abstract/Keyterms: Physics; Aluminum Alloys; Criticality; Efficiency; Fuel Elements; Mass; Merlin; 
Neutron Flux; Planning; Research Reactors; Uranium 235; Uranium Alloys; Water Coolant; Water 
Moderator 
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Conference Session:  

Abstract/Keyterms: Elements having a highly enriched fuel content may become dangerous because on 
melting they may cause the buildup of a super-critical mass leading to a nuclear explosion. This may, e.g., 
occur by complete loss of coolant from the reactor core. This danger can be eliminated by an element 
composed of an outer and an inner tubular sheath of different materials between which the fuel is contained 
in tubular form. The material of the inner sheath is so selected that it collapses at a lower temperature than 
the outer sheath. When such a collapse occurs some of the fuel content discharges under gravity along the 
inside of the outer sheath. Three examples are given: (1) fuel content and inner sheath after mutual solid 
diffusion form a molten alloy while no reaction occurs with the outer sheath; (2) an inner sheath of two-ply 
material forming a binary eutectic at a temperature higher than 50 deg C below the melting point of the fuel 
content and more than 200 deg C below that of the outer sheath; (3) a single material for the inner sheath 
(vanadium) that melts at a temperature higher than 50 deg C below the melting point of the fuel content 
(enriched uranium) and more than 200 deg C below the melting point of the outer sheath (of niobium). 
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Author: Kay, J. M. / Strickland, R. E. 

Title: The Exponential Experiment at Imperial College 

Date: 7/1/1958 

Report: Nuclear Eng.; Vol: 3 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: The necessity for a sub-critical assembly as an aid to reactor design is shown, and an 
account is given of design and construction of the natural uranium graphite moderated assembly at Imperial 
College. 
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Author: Edwards, J. / Holmes, J. E. R. 

Title: Neptune, The Admiralty Zero Energy Reactor at Harwell 

Date: 8/1/1958 

Report: Nuclear Eng.; Vol: 3 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: For the design of the “Dreadnought” submarine reactor, it was essential to have a zero 
energy experimental unit for rapid checking of calculations. Some of the mechanical design features and 
the type of experimental work carried out are described. 
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Author: n.a. 

Title: Nuclear Reactor 

Date: 11/1/1958 

Report: Nuclear Eng.; Vol: 3; British Patent 794,614 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: Local increase of temperature by accidental stopping of the calorific flow by 
ebullition when a large quantity of vapor renders heat exchange contact between the fuel element and the 
liquid surrounding uncertain, can be dangerous. The temperature may become so high as to destroy the 
structure. It can be avoided by forced rapid circulation of the liquid under pressure. Ebullition can be 
tolerated when the flow of heat in the most loaded zone is limited to a value remote enough from the critical 
flow of heat. In the new arrangement, the formation of a continuous film of vapor on the surface of an 
element is prevented by a surface configuration of the element casing with corrugations and protuberances 
enlarging the surface in contact with the liquid two to four times of the plain solid. 
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13641…..…..…………………..…….……..……ID Number…………………..…..…………….13641 

Author: Fortescue, P. 

Title: Nuclear Power Plant 

Date: 3/1/1959 

Report: Nuclear Eng.; Vol: 4 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: A plant for experimental or breeding purposes is built up of a reaction vessel 
containing a critical mass of fissile material (enriched uranium hexafluoride and beryllium fluoride as 
moderator in a nickel vessel), a temperature and pressure reducing device (turbine), a heat exchanger, and 
a condenser. The fissile gas is expanded in the reaction vessel, reduced in temperature and pressure in the 
turbine, used as heating medium in the exchanger, and returned to the condenser. 
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13642…..…..…………………..…….……..……ID Number…………………..…..…………….13642 

Author: n.a. 

Title: Halden BHWR 

Date: 3/1/1959 

Report: Nuclear Eng.; Vol: 4 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: The boiling heavy water reactor at Halden which is scheduled to go critical shortly is 
described, and a cutaway drawing is presented. The reactor, a Dutch Norwegian project, is regarded to be 
experimental although a load exists for the steam when the experimental work is completed. The 
containment is a cavern excavated from a mountain. 
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Author: Courant, E. D. 

Title: Atomic Energy Pile 

Date: 5/1/1959 

Report: Nuclear Eng.; Vol: 4 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: The pile has a core dimensioned slightly below critical size. The control members 
contain an amount of fissile material equivalent to at lease 1.5% of their weight and larger than the amount 
of fissile material in the core substance. Initially, the control rods need only be inserted a short distance to 
bring the multiplication factor to a value exceeding 1. But, when the pile activity drops, the rods are inserted 
farther. The design is of particular interest in connection with breeder piles. 
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13644…..…..…………………..…….……..……ID Number…………………..…..…………….13644 

Author: Diamond, J. / Smith, J. 

Title: Nuclear Reactors 

Date: 2/1/1959 

Report: Nuclear Eng.; Vol: 4; British Patent 796,991 

Conference/Journal: Nuclear Eng.; Vol: 4 

Conference Session:  

Abstract/Keyterms: Certain advantages of natural water moderated reactors are counteracted by the 
disadvantages of low critical temperature coupled with high critical pressure, which have also to be 
considered when using heavy water or liquid hydrocarbons as moderators. Such disadvantages can be 
overcome by heat insulation between channels carrying the reactor coolant and the moderator, by a gas 
space, with or without a solid insulator. The arrangement is particularly useful in sodium cooled water 
moderated reactors. An insulating space also acts as a barrier and, in case of leaks, an inert scavenging gas 
circulated through the insulating channels can be used to detect such leakage. 
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Author: Allen, J. 

Title: Commissioning DFR 

Date: 1/1/1960 

Report: Nuclear Eng.; Vol: 5 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: The designed power output from the DFR is 60 Mw(t) using uranium or plutonium 
as fuel and a sodium potassium liquid-metal alloy as coolant. Testing of components in the reactor flasks 
and removal equipment, fuel element charging mechanism, coolant circuits, and critical assembly was 
carried out over a period of 50 weeks. A stringent testing program was laid down for all equipment used to 
transfer components in and out of the primary coolant circuit. Prior to the critical assembly 2,100 of the 
2.239 channels, 1,872 for breeder elements and 367 for core elements, were changed "in air" about 150 
were changed with the element change machine after the coolant was changed. The coolant consisted of 
four different compositions of NaK weighing a total of 119 tons. Enriched fuel elements containing 45.5% 
U235 were gradually inserted in place of the natural uranium elements in the approach to criticality. The 
elements in the outer edge of the core and In control reds were replaced first. then the interchange proceeded 
from the center of the core outward. The interchange of elements was begun on October 28, l959, and 
criticality was reached on November 14, 1959. 
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13646…..…..…………………..…….……..……ID Number…………………..…..…………….13646 

Author: Barrett, P. R. / Hall, R. S. / Jakeman, D. / Scott, S. A. / Walker, J. 

Title: Pulsed Neutron Sources 

Date: 6/1/1961 

Report: Nuclear Eng.; Vol: 6 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: Fairly monoenergetic neutrons may be produced by reactions of deuteron beams on 
deuterium or tritium at approximately 200 kev, yielding neutron energies of 2.5 or 14 Mev, respectively. 
Uses of these neutron beams, pulsed or continuous, are described in studies of neutron diffusion in water, 
diffusion cooling, and slowing down. The application of pulsed sources to subcritical assembly exponential 
experiments is examined. 
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Author: Strickland, R. E. / McConalogue, D. J. 

Title: Magnox Core Performance Analysis 

Date: 1/1/1962 

Report: Nuclear Eng.; Vol: 7 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: A single-point model is developed to represent the performance of Magnox cores on 
the assumptions that maximum channel output is independent of coolant flow and temperatures. Using the 
basic geometry and temperature data, specified comparisons of six U.K. power reactors are made. 
Minimization computations are also carried out for the uranium inventory of reactor cores of given outputs. 
The uranium inventory is regarded as a function of three independent variables, the fuel rod diameter, the 
lattice pitch, and the active core length. The results from these computations are used to calculate possible 
fuel costs. 
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Author: n.a. 

Title: EBR-2: A Closed Cycle Fast Breeder 

Date: 9/1/1962 

Report: Nuclear Eng.; Vol: 7 

Conference/Journal: Nuclear Eng. 

Conference Session:  

Abstract/Keyterms: A brief description is given of the 62.5-Mw(th) EBR-2. Coolant loading is scheduled 
to begin in Oct. l962, and wet criticality should be reached by early 1963. 
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Author: White, P. A. F. 

Title: Plutonium Fuel Element Production. Survey of Plant Development at AWRE Aldermaston 

Date: 5/1/1964 

Report: Nuclear Engineering (England) Vol: 9 

Conference/Journal: Nuclear Engineering (England) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Chemical Reactions; Criticality; Fabrication; Fuel Elements; 
Plutonium; Production; Shielding; Vessels 
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Author: n.a. 

Title: Hunterston--First Reactor Critical 

Date: 11/1/1963 

Report: Nuclear Engineering (England), Vol: 8 

Conference/Journal: Nuclear Engineering (England) 

Conference Session:  

Abstract/Keyterms: The modifications that were made to the original plan for the reactor are discussed, 
and the original approach to criticality is described. The refueling equipment, which was extensively 
modified, is also described along with the refueling operation. 
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13651…..…..…………………..…….……..……ID Number…………………..…..…………….13651 

Author: Aspinall, K. J. 

Title: Criticality Detection and Alarm Systems 

Date: 3/1/1966 

Report: Nuclear Engineering (England); Absorbed Nucl. Power; Changed to Nucl. Eng. Int.; Journal 
Volume: Vol: 11 

Conference/Journal: Nuclear Engineering (England) Absorbed Nucl. Power Changed to Nucl. Eng. Int.; 
Journal Volume: Vol: 11 

Conference Session:  

Abstract/Keyterms: Instrumentation; Radiation Detection; Alarm Systems; Background; Criticality; 
Detection; Monitoring; Operation; Planning; Radiation Doses; Radiochemistry; Reprocessing; UKAEA 
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13652…..…..…………………..…….……..……ID Number…………………..…..…………….13652 

Author: Milosevic, M. J. / Pesic, M. P. 

Title: Nuclear Criticality Safety Considerations for CASTOR Casks with Spent Fuel of The Rossendorf 
Nuclear Devices 

Date: 7/1/1997 

Report: Nuclear Engineering and Design, 170, 053-058 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: The spent fuel of the shut down Rossendorf nuclear devices is to be loaded into 
storage and transport casks of the type CASTOR-MTR-2. According to the variety of different nuclear 
devices at the Rossendorf site, the Rossendorf fuel is characterized by a great variety with regard to 
geometry, material, enrichment, and burn-up. According to the special loading conception, the fuel is 
embedded in aluminium bodies that the fill the CASTOR. The void fraction within the CASTOR is very 
small resulting in a small water fraction if water flooding is assumed. The criticality safety is proved by 
MCNP and OMEGA calculations. These are independent codes that use a completely different data base. 
The results of both codes agree very well demonstrating the reliability of the calculations. Apart from the 
proof of criticality safety, some interesting features were found mainly as a result of the very small water 
fraction. 
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Author: Seifert, Eberhard 

Title: The Nuclear Fuel Cycle Backend the Use of the CEA Critical Facilities for the Assessment of The 
Physics 

Date: 7/1/1997 

Report: Nuclear Engineering and Design, 170, 089-093 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: The French strategy of nuclear fuel cycle development is at the basis of large R and 
D programmes performed in the framework of the collaboration involving EDF, FRAMATOME, 
COGEMA and CEA. In the specific field of reactor physics large experimental programmes are being 
conducted at the critical facilities of CEA, MASCURCA, EOLE and MINERVE. They provide a large set 
of results to validate calculation schemes and nuclear data. 
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Author: Hong, Liem Peng / Arbie, Bakri / Sembiring, T. M. / Prayoto, P. / Nabbi, R. 

Title: An Analysis of Burnup Reactivity Credit for Reactor RA Spent Fuel Storage 

Date: 3/1/1998 

Report: Nuclear Engineering and Design, 180, 029-035 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: The need for increasing the spent fuel storage capacity has led to the development of 
validated methods for assessing the reactivity effects associated with fuel burnup. This paper gives an 
overview of the criticality safety analysis methodology used to investigate the sensitivity of storage system 
reactivities to changes in fuel burnup. Results representing the validation of the methods are also discussed. 
As an example of the application of this methodology an analysis of the burnup reactivity credit for the 
three-dimensional model of the reactor RA spent fuel storage is described. 
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Author: Cousinou, P. / Lavarenne, C. / Biron, D. / Douchet, M. / Grouiller, J. P. / Thiollay, N. / Guillou, 
E. 

Title: Fuel Management Strategy for the New Equilibrium Silicide Core Design of RSG GAS (MPR-30) 

Date: 4/1/1998 

Report: Nuclear Engineering and Design, 180, 207–219 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: The design procedure and fuel management strategy are described for converting the 
oxide core of the 30 MWth RSG GAS (MPR-30) to the new equilibrium silicide core using a higher uranium 
loading. A procedure to directly search for the equilibrium core has been devised and implemented in an 
in-core fuel management code developed for RSG GAS. Compared to the present oxide fuel with 2.96 gU 
cm−3 meat density which can only provide a 25-day core cycle length under nominal power, the new 
silicide equilibrium core with 3.55 and 4.15 gU cm−3 meat density can significantly extend the core cycle 
length, namely, to about 32 and 37 days, respectively, while saving one fuel element per cycle. This 
achievement increases the reactor availability and utilisation, and reduces fuel cost. 
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Author: Liem, P. H. / et al. 

Title: Taking Burnup Credit into Account in Criticality Studies: The Situation as it Is Now and the Prospect 
for the Future 

Date: 8/31/1997 

Report: Nuclear Engineering and Design, 208, 205-214 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: As enrichment of the fuel has become higher than the limits used at the designing 
stages, it seemed necessary to consider fuel depletion during irradiation to guarantee the criticality safety 
for relatively high enriched fuels transportation, storage or reprocessing. This burnup credit will make it 
possible to use the devices for spent fuels which are initially relatively high enriched. For that purpose, a 
method was developed considering: (i) partial Uranium-and-Plutonium burnup credit in the criticality 
studies, and (ii) a conservative assumption concerning the axial profile; this actinides-only method was 
supported by an experimental program called HTC. The method was accepted by the French Safety 
Authority. Moreover, in order to reduce again the calculated values of the reactivity for irradiated fuels, a 
French working group was set up in 1997 to define a conservative method which enables industrial 
companies to take burnup credit into account with some of the fission products and using a more precise 
profile. The work of this group has been divided into four tasks related to: the determination of (i) the 
composition of the fuel, (ii) a conservative profile, (iii) a conservative irradiation history, and (iv) the 
calculation scheme. This work is also supported by experimental programs related to the validation of the 
fission products effects, in terms of reactivity. 
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Author: Pain, C. C. / Gomes, J. L. M. A. / Eaton, M. D. / De Oliveira, C. R. E. / Umpleby, A. P. / 
Goddard, A. J. H. / et al. 

Title: Space-Dependent Kinetics Simulation of a Gas-Cooled Fluidized Bed Nuclear Reactor 

Date: 1/1/2002 

Report: Nuclear Engineering and Design, 219, 225 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms:  
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Author: Ponomarev-Stepnoi, N. N. / Kukharkin, N. E. / Bobrov, A. A. / Chuniaev, E. I. / . Garin, V. P. / 
Glushkov, E. S. / G. V. Kompaniets, / Krutov, A. M. / Lobyntsev, V. A. / . Polyakov, D. N. / Smirnov, O. 
N. / . Zimin, A. A 

Title: Experiments on HTR criticality parameters at the ASTRA facility of the Kurchatov 

Date: 6/1/2003 

Report: Nuclear Engineering and Design, 222, 215-229 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: The “zero” power ASTRA critical facility at the Kurchatov Institute is intended for 
experimental investigation of neutronics of HTGR reactors. Spherical graphite elements with multilayer 
coated fuel particles inside, along with pure graphite and absorber containing spherical elements can be 
used in different configurations of cores. Reactor-grade graphite blocks are used in the structures of bottom, 
side, top, and/or internal reflectors. Hardware capabilities of the facility allow creation of the critical 
assemblies with the outer diameter and height of the side reflector of up to 3.8 and 4.6 m, respectively. The 
ASTRA critical facility was used to simulate the HTGR reactors earlier designed in Russia, PBMR reactor 
(being developed in RSA) and is going to be used under the international GT-MHR project (France, Japan, 
Russia, USA) mainly for the purpose of obtaining experimental benchmark data for computer code 
validations. Brief description of the ASTRA facility characteristics, investigated core configurations, 
experimental methods, and results is given in the paper. 
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Author: Seker, Volkan / Çolak, Üner 

Title: HTR-10 full core first criticality analysis with MCNP 

Date: 6/1/2003 

Report: Nuclear Engineering and Design, 222, 263-270 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: Experimental facilities like HTR-10, HTTR, and ASTRA serve as the source of 
information for the currently designed high temperature gas-cooled nuclear reactors. It is also desired to 
verify the existing codes against the data obtained in such facilities. In this study, first criticality calculations 
of a pebble bed gas-cooled reactor, HTR-10, is performed with MCNP-4B, a code system for Monte Carlo 
particle transport simulation. HTR-10 has rather unique characteristics in terms of the randomness in 
geometry as in the case of all pebble bed reactors. The geometrical model of the full reactor is obtained by 
using lattice and universe facilities provided by MCNP. Modeling details are discussed with necessary 
simplifications. Results obtained by Monte Carlo simulations are compared with available data. It is 
observed that Monte Carlo simulations yield sufficiently accurate results in terms of initial criticality of the 
HTR-10 reactor. 
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Glushkov, E. S. / Kompaniets, G. V. / Krutov, A. M. / Lobyntsev, V. A. / Polyakov, D. N. / Smirnov, O. 
N. / Zimin, A. A. 

Title: Submersion Criticality Safety of Fast Spectrum Space Reactors: Potential Spectral Shift Absorbers 

Date: 1/31/2002 

Report: Nuclear Engineering and Design, 236, 238-254 

Conference/Journal: Nuclear Engineering and Design 

Conference Session:  

Abstract/Keyterms: Compact, fast spectrum, nuclear reactors are being considered to support NASA's 
future space exploration sometime in the next decade. In order to secure launch approval, these reactors 
should remain sufficiently subcritical when submerged in seawater or wet sand and subsequently flooded, 
following a launch abort accident. In such an accident, the neutron spectrum in the reactor is thermalized, 
typically increasing reactivity, and potentially making the reactor supercritical. Incorporating “Spectral 
Shift Absorbers” (or SSAs), which have significantly higher absorption cross-sections for thermal versus 
fast neutrons, could offset the reactivity increase. It has always been the assertion that the worst-case 
submersion accident involves a fully flooded reactor; however, this work shows that, depending on the type 
and amount of SSA in the reactor, a submerged but unflooded reactor could be more reactive. A screening 
of the existing nuclear database for potential SSAs yielded 28 elements and nuclides, which are examined 
in detail as additives to a representative homogeneous space reactor core by varying the SSA-to-U235 atom 
ratio. The effect of placing a thin coating of different SSA materials on the outside surface of the reactor 
core is also investigated. Nine SSAs (boron-10, cadmium, cadmium-113, samarium-149, europium-151, 
gadolinium, gadolinium-155, gadolinium-157, and iridium) are recommended for further consideration in 
actual space reactor designs. 
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Report: Nuclear Engineering and Science Congress, Preprint 83 
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Institute of Chemical Engineers 12-16, 1955 

Conference Session:  

Abstract/Keyterms:  
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Title: Fast Reactors 

Date: 1/1/1961 

Report: Nuclear Engineering Monographs. London, Temple Press Limited, 1961 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Instrumentation and Control of Spent Fuel Facilities. Instrumentation 

Date: 10/1/1997 

Report: Nuclear Engineering, 1997, BN3445.1 - BN3445.29 

Conference/Journal: Nuclear engineering. (Genie nucleaire). Paris (France) 

Conference Session:  

Abstract/Keyterms: Spent Fuels Reprocessing / Vitrification / Burial and Concreting / Dissolver / Waste 
Casks 
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Title: Fortieth Anniversary of Fermi Pile 

Date: 1/1/1983 

Report: Nuclear Engineering, 24, 1, 13-15 

Conference/Journal: Nuclear Engineering (England) Absorbed Nucl. Power Changed to Nucl. Eng. Int 

Conference Session:  

Abstract/Keyterms: To mark the fortieth anniversary of the first controlled chain reaction, some of the 
processes, experiments and calculations leading up to the event, which took place under the direction of 
Enrico Fermi in Chicago on 2 December 1942, are recorded. The relative simplicity of this first pile is 
stressed. 
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Author: Dunster, H. J. 

Title: Health Physics Aspects of Criticality 

Date: 10/1/1959 

Report: Nuclear Engineering, 4, 343-346 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The methods of detecting the release of radiation, the identification of exposed 
personnel, and an estimation of the dose received are reviewed 
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Title: Nuclear Reactors Theory 

Date: 8/1/1993 

Report: Nuclear engineering, Aug 1993/B3025-1-B3025-33 

Conference/Journal: Nuclear engineering. (Genie nucleaire). Paris (France) 

Conference Session:  

Abstract/Keyterms: Principles of Chain Reaction and Criticality 
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Title: Criticality Incident Detection System 
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Report: Nuclear Engineering, xx, 279 

Conference/Journal: Nuclear Engineering 

Conference Session:  

Abstract/Keyterms:  
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Title: Criticality Control of Fissile Materials: IAEA Symposium, Stockholm, November 1 to 5 
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Report: Nuclear Engineering, xx, 453 

Conference/Journal: Nuclear Engineering 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Beryllium; 
Configuration; Criticality; Fuels; Gas Fuel; Gases; Graphite; Measurement; Moderators; Reflectors; 
Research Reactors; Uranium Hexafluoride Reactors, Research / Criticality Measurements for Enriched 
Uranium Fluoride (UF6)-Fueled Beryllium Moderated Graphite Reflected 
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Title: Experience Critique ORGEL. Model for Reactor Physics Studies 

Date: 12/1/1963 

Report: Nuclear Engineering: Vol: 8 

Conference/Journal: Nuclear Engineering (England) Absorbed Nucl. Power Changed to Nucl. Eng. Int. 

Conference Session:  

Abstract/Keyterms: The Orgel critical experiment, ECO, is described. The structure, pitch mechanism, 
physics details, burnup simulation, and initial operation are discussed. 
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Title: Investigations About the Critical Radius of the BF3 Counters 

Date: 2/1/1961 

Report: Nuclear Instr. & Methods; Vol: 10 

Conference/Journal: Nuclear Instr. & Methods 

Conference Session:  

Abstract/Keyterms: No critical radius is found in the investigated BF3 proportional counter. Alpha-
particles are introduced parallel with the anode into the mica end-window counter filled with BF3-gas at 
150 Hg mm, and the radial change of the number of impulses is thus studied. In the counter filled with BF3- 
gas at 150 and 300 Hg mm, the integral amplitude distribution is investigated as a function of electronic 
amplification at various distances of the source from the anode. 
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Conference/Journal: Nuclear Instr. & Methods 

Conference Session:  

Abstract/Keyterms: There is a fundamental lower limit to the time in which it is possible to recognize an 
excursion in the mean rate of pulses occurring at random and to distinguish it reliably from a chance 
fluctuation. This lower limit was found and evaluated numerically for the case of an exponential excursion. 
It is possible to build relatively simple electronic equipment which will give indication of such an excursion 
in little more than the absolute minimum time over a wide range of conditions of initial pulse rats and of 
excursion period. An example of such a circuit is described and shown to be capable of responding in less 
than one period of the excursion or in less than the time to count 200 pulses at the initial rate, whichever is 
the greater. This circuit will give false indication only on extremely rare voltage fluctuations exceeding 10 
standard deviations, which are of negligible probability per year. It is suggested that the method described 
may be of use to give rapid warning of excursions in reactors and critical assemblies. In any case, the 
theoretical optimum found constitutes a standard of reference by which equipment for such warning may 
be judged. 
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Author: Hurwitz, Jr., H. / Ehrlich, R. 

Title: Multigroup Methods for Neutron Diffusion Problems 

Date: 1/1/1954 

Report: Nucleonics, 12, 2, 23-30; AECD-3595 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Differential Equations; Diffusion; Distribution; Fermi Age; Group Theory; 
Neutron Flux; Neutrons; Numericals; Reactivity 



 

C-13758 

13720…..…..…………………..…….……..……ID Number…………………..…..…………….13720 

Author: Fleck, J. A. Jr. 

Title: Kinetics of Circulating Reactors at Low Power 

Date: 10/1/1954 

Report: Nucleonics, 12, No. 10 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Delayed Neutrons; Differential Equations; Eigenvalues; Fuel 
Slurries; Fuel Solutions; Liquid Metal Fuel; Reactivity; Reactors 



 

C-13759 

13721…..…..…………………..…….……..……ID Number…………………..…..…………….13721 

Author: Bogaardt, M. / Bustraan, M. 

Title: Producing Plutonium in U-D2O Reactors 

Date: 12/1/1954 

Report: Nucleonics, 12, No. 12 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Conversion; Criticality; Enrichment; Heavy Water 
Moderator; Multiplication Factors; Plutonium; Production; Reactivity; Reactor Core; Reactors; Reflectors; 
Uranium; Variations 



 

C-13760 

13722…..…..…………………..…….……..……ID Number…………………..…..…………….13722 

Author: Livingston, R. S. / Boch, A. L. 

Title: ORNL's Design for a Power Reactor Package 

Date: 5/1/1955 

Report: Nucleonics, 13 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Control; Control Systems; Coolant Loops; Cooling; Criticality; Economics; 
Equations; Operation; Planning; Power Plants; Pressure; Reactor Core; Reactors; Shielding; Vessels 



 

C-13761 

13723…..…..…………………..…….……..……ID Number…………………..…..…………….13723 

Author: Paxton, H. C. 

Title: Critical Assemblies at Los Alamos 

Date: 10/1/1955 

Report: Nucleonics, 13, 048-050 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Simple critical assemblies used at Los Alamos have provided valuable information 
about fast-neutron systems. They've also served as a source of 50 micro-seconds bursts of approximately 
10E16 neutrons for instantaneous irradiations in studies of delayed neutrons from fission. The Los Alamos 
critical-assemblies group is located a few miles from the town of Los Alamos in Pajarito canyon. The 
remotely-controlled assembly machines are of two types safety tests and more specialized, but still simple, 
machines for the operation of semipermanent critical assemblies. 



 

C-13762 

13724…..…..…………………..…….……..……ID Number…………………..…..…………….13724 

Author: Murray, R. L. / Niestlie, J. W. 

Title: Reactor Control-rod Theories 

Date: 1/1/1958 

Report: Nucleonics, 13, 18 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms:  



 

C-13763 

13725…..…..…………………..…….……..……ID Number…………………..…..…………….13725 

Author: n. a. 

Title: Reactors 

Date: 9/1/1955 

Report: Nucleonics, 13, 40-45 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms:  



 

C-13764 

13726…..…..…………………..…….……..……ID Number…………………..…..…………….13726 

Author: Houston, R. W. 

Title: Calculating Thermal Utilization for Large Thermal Reactors 

Date: 4/1/1955 

Report: Nucleonics, 13, No. 4 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Canning; Coolants; Criticality; Differential Equations; Fuel Elements; Gas 
Coolant; Liquid Metal Coolant; Multiplication Factors; Neutrons; Reactivity; Reactor Core; Reactors; 
Thermal Utilization 



 

C-13765 

13727…..…..…………………..…….……..……ID Number…………………..…..…………….13727 

Author: Callihan, Dixon 

Title: Nuclear Safety in Processing Reactor Fuel Solutions 

Date: 7/1/1956 

Report: Nucleonics, 14, 038-041 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Density; Fuel Solutions; Leaks; Neutrons; Planning; Reactors; 
Reprocessing; Safety; Slowdown; Storage; Vessels 



 

C-13766 

13728…..…..…………………..…….……..……ID Number…………………..…..…………….13728 

Author: n.a. 

Title: Small 5-Watt Reactor Is for Teaching, Research 

Date: 10/1/1956 

Report: Nucleonics, 14, No. 10 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Fuel Solutions; Homogeneous Reactors; Mass; Neutron Flux; 
Planning; Power; Reactivity; Research Reactors; Sulfates; Thermal Neutrons; Uranium 235; Uranyl 
Compounds 



 

C-13767 

13729…..…..…………………..…….……..……ID Number…………………..…..…………….13729 

Author: Breazeale, W. M. 

Title: Research Reactors—Selection and Operation 

Date: 11/1/1956 

Report: Nucleonics, 14, No. 11 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; Economics; Efficiency; Fuels; Mass; Measured Values; 
Neutron Flux; Operation; Personnel; Reactor Safety; Research Reactors; Vessels; Water Coolant; Water 
Moderator 



 

C-13768 

13730…..…..…………………..…….……..……ID Number…………………..…..…………….13730 

Author: n.a. 

Title: Research Reactors--U.S. Manufacturers Reactors for Export 

Date: 11/1/1956 

Report: Nucleonics, 14, No. 11 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Economics; Efficiency; Enrichment; Fabrication; Fuels; Mass; 
Moderators; Neutron Flux; Operation; Power; Reactor Safety; Reactors; Reflectors; Reprocessing; 
Research Reactors; Tables; Transport 



 

C-13769 

13731…..…..…………………..…….……..……ID Number…………………..…..…………….13731 

Author: Tobias, M. / Claiborne, H. C. 

Title: Fuel Costs in Homogeneous Reactors Are Insensitive to Nuclear Parameters 

Date: 12/1/1956 

Report: Nucleonics, 14, No. 12 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Configuration; Criticality; Economics; Fuels; Homogeneous 
Reactors; Neutron Flux; Reactivity; Reactor Core; Reactors; Spheres; Thorium; Zones 



 

C-13770 

13732…..…..…………………..…….……..……ID Number…………………..…..…………….13732 

Author: Zinn, W. H. 

Title: A Letter on EBR-I Fuel Meltdown 

Date: 6/1/1956 

Report: Nucleonics, 14, No. 6 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Criticality; EBR-1; Fuel Elements; Fuels; Measured Values; 
Melting; Reactors; Temperature 



 

C-13771 

13733…..…..…………………..…….……..……ID Number…………………..…..…………….13733 

Author: Borst, L. B. 

Title: Subcritical Reactor in a Pickle Barrel—NYU’s Training Tool 

Date: 8/1/1956 

Report: Nucleonics, 14, No. 8 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Measured Values; PBNYU; Planning; Reactors; Research 
Reactors; Safety 



 

C-13772 

13734…..…..…………………..…….……..……ID Number…………………..…..…………….13734 

Author: Biehl, A. T. / Fayram, R. / Henley, R. / Linenberger, G. A. / Montgomery, H. / Mainhardt, R. / 
Newby, G. / Randall, J. / Sawle, D. / Sherwin, J. 

Title: Compact, Low-Cost Reactor Emphasizes Safety 

Date: 9/1/1956 

Report: Nucleonics, 14, No. 9 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Economics; Mechanical Structures; Reactor Safety; Research 
Reactors; Sensitivity; Transport; Uses; Weight 



 

C-13773 

13735…..…..…………………..…….……..……ID Number…………………..…..…………….13735 

Author: Graves, G. A. / Paxton, H. C. 

Title: Critical Masses of Oralloy Assemblies 

Date: 6/1/1957 

Report: Nucleonics, 15, 090-092 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Nuclear-safety data from critical experiments tell the effects of reflection, shape, 
density, concentration, and dilution on enriched-uranium configuration. One can also draw some 
conclusions concerning plutonium and uranium-233. 



 

C-13774 

13736…..…..…………………..…….……..……ID Number…………………..…..…………….13736 

Author: Paxton, H. C. 

Title: Godiva Wrecked at Los Alamos 

Date: 4/1/1957 

Report: Nucleonics, 15, 104 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms:  



 

C-13775 

13737…..…..…………………..…….……..……ID Number…………………..…..…………….13737 

Author: Brunson, G. S. / Curran, R. / Kaufmann, S. G. / McMahon, J. / Pahis, L. 

Title: Measuring the Prompt Period of a Reactor 

Date: 11/1/1957 

Report: Nucleonics, 15, No. 11 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: The method described, the Rossi alpha method, arrives at the prompt period through 
statistical observations of the neutron population while the reactor is in a delayed critical or subcritical 
condition. In addition the method yields information about over-all reactor behavior and permits control-
rod evaluation directly in dollars. 



 

C-13776 

13738…..…..…………………..…….……..……ID Number…………………..…..…………….13738 

Author: Banister, A. W. / Murray, R. L. 

Title: Calculating Burnout Effects 

Date: 6/1/1957 

Report: Nucleonics, 15, No. 6 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Boundary Conditions; Burnout; Criticality; Differential Equations; 
Diffusion; Distribution; Fission Products; Fuel Elements; Mathematics; Neutron Flux; Perturbation Theory; 
Poisoning; Reactors; Thermal Neutrons 



 

C-13777 

13739…..…..…………………..…….……..……ID Number…………………..…..…………….13739 

Author: Harrer, J. W. 

Title: Starting Up EBWR 

Date: 7/1/1957 

Report: Nucleonics, 15, No. 7 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Physics; Boiling; Criticality; EBWR; Measured Values; Power Plants; Reactors; 
Startup; Water Coolant; Water Moderator 



 

C-13778 

13740…..…..…………………..…….……..……ID Number…………………..…..…………….13740 

Author: Spinrad, B. I. 

Title: Reactor Physics 

Date: 9/1/1957 

Report: Nucleonics, 15, No. 9 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor physics is defined as the study of the interaction of neutrons with bulk matter. 
It is particularly concerned with such interactions in systems containing fissionable materials. It 
encompasses the study of criticality of such systems and of the changes in criticality arising from 
mechanical, thermal and radiation-induced changes in their properties. The development of reactor physics 
as a science is reviewed and future developments are predicted. 



 

C-13779 

13741…..…..…………………..…….……..……ID Number…………………..…..…………….13741 

Author: n. a. 

Title: Nucleonics Survey Operating Critical Facilities in the U S 

Date: 1/1/1958 

Report: Nucleonics, 16, 044-045 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms:  



 

C-13780 

13742…..…..…………………..…….……..……ID Number…………………..…..…………….13742 

Author: Paxton, H. C. 

Title: Critical-Assembly Booby Traps 

Date: 1/1/1958 

Report: Nucleonics, 16, 080-081 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms:  



 

C-13781 

13743…..…..…………………..…….……..……ID Number…………………..…..…………….13743 

Author: Keepin, G. R. / Wimett, T. F. 

Title: Reactor Kinetic Functions: A New Evaluation 

Date: 10/1/1958 

Report: Nucleonics, 16, 10, 86-90 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: The two reactor kinetic functions, the period-vs.reactivity relation and tbe zero-power 
transfer function, were calculated in detail for the six fissionable nuclides U233, U235, U238, U sup 240/, 
and Th/sup 232. Interpolation of cases will allow estimates for the kinetic behavior of mixed-isotope' 
systems. 



 

C-13782 

13744…..…..…………………..…….……..……ID Number…………………..…..…………….13744 

Author: n. a. 

Title: Oak Ridge Y-12 Accidental Excursion, June 16, 1958 

Date: 11/1/1958 

Report: Nucleonics, 16, 138-140, 200-203 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: An aqueous solution of enriched uranium inadvertently flowed into a 55 gal drum in 
a process area in Oak Ridge in June 1958, establishing a prompt-critical neutron chain reaction in which 
about 10/sup 18/ fissions occurred before the system finally became subcritical by the addition of water. 
The solution contained about 2.5 kg of U235. Records of the radiation field show the power excursion to 
have continued about 20 min during which the reaction oscillated a number of times. This paper describes 
the accident and presents a reactor-physics analysis yielding reactivities in an unperturbed system as great 
as 1.3 per cent which were above zero for a time consistent with observations. A plausible sequence of 
events during the excursion is enumerated. The emergency and health physics procedures and the medical 
observations of exposed personnel will be given in subsequent papers of this series. 



 

C-13783 

13745…..…..…………………..…….……..……ID Number…………………..…..…………….13745 

Author: Katcoff, S. 

Title: Fission-Product Yields from U, Th, and Pu 

Date: 4/1/1958 

Report: Nucleonics, 16, 4, 78-85 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Graphs and tabulations of the fission yields of U235, U233, Pu239/, Th232, and 
U238, and the decay chains and yields of U235 are given. 



 

C-13784 

13746…..…..…………………..…….……..……ID Number…………………..…..…………….13746 

Author: Pelletier, C. A. 

Title: Permissible Weight Concentrations for Enriched Uranium 

Date: 10/1/1958 

Report: Nucleonics, 16, No. 10 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: The maximum permissible weight concentration, which is the ratio of the maximum 
permissible concentration to the specific activity. is plotted as a function of U235 enrichment. There is a 
rapid decrease in allowable weight concentration as enrichment increases from natural to 5%. 



 

C-13785 

13747…..…..…………………..…….……..……ID Number…………………..…..…………….13747 

Author: Noaks, J. W. 

Title: The APPR Zero Power Experiments 

Date: 12/1/1958 

Report: Nucleonics, 16, No. 12 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: A series of zero-power experiments were conducted at the Alco critical facility on an 
assembly composed of the fabricated elements and the APPR-1 core- support structure and control-rod 
drives. Discussions are presented on these experiments which gave final values for the mass, rod worths 
and temperature coefficients as well as other information that helped in the design of remaining parts of the 
reactor system. The assembly of the facility is described, and the procedures for the experimental program 
are included. 



 

C-13786 

13748…..…..…………………..…….……..……ID Number…………………..…..…………….13748 

Author: Paxton, H. C. / Baker, R. D. / Maraman, W. J. / Reider, R. 

Title: Los Alamos Criticality Accident December 30, 1958 

Date: 4/1/1959 

Report: Nucleonics, 17, 107-108 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: The nuclear-critical accident that occurred in the plutonium processing plant at the 
Los Alamos Scientific Laboratory on December 30, 1958, resulted from an unusual and complex set of 
circumstances. Reconstruction of the steps that preceded the accident and analysis of the materials involved 
give a reasonably specific picture of the conditions at the time of the radiation burst. 



 

C-13787 

13749…..…..…………………..…….……..……ID Number…………………..…..…………….13749 

Author: Smets, H. 

Title: Computing Aid for Reactor-Kinetics Equations 

Date: 4/1/1959 

Report: Nucleonics, 17, 4, 104 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: A versatile graphical tool is given which can be used for all values of neutron lifetime 
and for a wide range of reactivities. It can be used to compute roots of the in-hour equation or the exact 
response to a ramp (exponential or inverse-function variation of reactivity). It also aids in computing the 
kernel of the integral equation of reactor kinetics. 



 

C-13788 

13750…..…..…………………..…….……..……ID Number…………………..…..…………….13750 

Author: Slavic, P. 

Title: Yugoslavian Criticality Accident October 15, 1958 

Date: 4/1/1959 

Report: Nucleonics, 17, 4, 106 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: A zero-power reactor built for reactor-design experiments and an accident involving 
the reactor are described. In the detailed description of the facility it is pointed out that the reactor can be 
started without switching on the flux recorder. This jack of an interlock system and the fact that monitors 
and safety circuits were turned off made possible the accident of Oct. 15, 1958. An uncontrolled rise of 
heavy water when operating personnel smelled ozone. of the eight persons involved, six were flown to the 
Curie Foundation, Paris, for treatment. One died, and five recovered and returned to Yugoslavia. 
Calculations are given which indicate that the average whole-body dose from neutrons was 388 rems and 
from gamma radiation, 295 rems. 



 

C-13789 

13751…..…..…………………..…….……..……ID Number…………………..…..…………….13751 

Author: West, J. M. / Roy, G. M. 

Title: The Future of Boiling-Water Reactors 

Date: 1/1/1959 

Report: Nucleonics, 17, No. 1 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: From the analysis of performance data from the Experimental Boiling Water Reactor 
(EBWR), estimates are presented for the performance and costs of future boiling-water reactor plants. 
Experimental data indicate that both EBWR and Borax IV are stable in operation even though they have 
much more reactivity invested in steam voids than did earlier boiling reactors. The operation of these 
natural-circulation reactors at high steam-void fractions permits and increase in power density large enough 
to virtually eliminate earlier concern about power-density limitations in this reactor type. To escape the U 
metal- water hazards future boiling reactors will turn to UO2 fuel. Since the oxide is half as dense as the 
metals substitution of UO2in a natural circulation boiling reactor would mean a substantial increase in core 
size for the same output. However, for small reactors the layer core would still be less expensive than using 
forced circulation. Small EBWR-type reactors appear to have the lowest capital cost (estimated at 0 to 
0/kw(e) of any reactor type. In large reactors the design modifications needed to maintain a high power 
density with natural circulation make forced circulation more economical. Large forced-circulation plants 
if built today on U. S. industrial sites would cost 0 to 0/kwh(e). 



 

C-13790 

13752…..…..…………………..…….……..……ID Number…………………..…..…………….13752 

Author: Stone, J. J. Jr. / Gordon, B. B. / Boyd, R. S. 

Title: Physical Simulation of a Variable-Reflector Reactor 

Date: 2/1/1959 

Report: Nucleonics, 17, No. 2 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: The operation of a mockup of a reflector-control system of a boiling- water reactor is 
described. Design details are discussed and shown schematically. Stability was achieved by inserting baffle 
plates in the hydraulic coupling. 



 

C-13791 

13753…..…..…………………..…….……..……ID Number…………………..…..…………….13753 

Author: Lightle, R. E. 

Title: Criticality of MTR-Type Fuel Elements 

Date: 1/1/1960 

Report: Nucleonics, 18, 009 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Canning; Configuration; Criticality; Diagrams; Equations; Fuel 
Elements; Multiplication Factors; Plates; Quantity Ratio; Reactor Core; Reflectors; Research Reactors; 
Thickness; Uranium 235; Variations; Water Coolant; Water Moderator 



 

C-13792 

13754…..…..…………………..…….……..……ID Number…………………..…..…………….13754 

Author: Miller, T. M. / et al. 

Title: Automatic Data Reduction for Criticality Assemblies 

Date: 1/1/1960 

Report: Nucleonics, 18, 86-87 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms:  



 

C-13793 

13755…..…..…………………..…….……..……ID Number…………………..…..…………….13755 

Author: Russell, J. L. Jr. 

Title: Relative Worth of Control Materials 

Date: 12/1/1960 

Report: Nucleonics, 18, No. 12 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: A semiempirical treatment of resonance absorption in control elements is proposed. 
The simplification is based on the postulate that, for slab-type control elements, any resonance absorber 
can be replaced by an equivalent amount of boron, which will have the same epicadmium absorption rate, 
and that this boron equivalence is the same for all thermal reactors. The boron equivalence was determined 
for l8 control elements of cadmium, hafnium, and indium, as a function of thickness, with ordinary coupon 
experiments in a low-enrichment water- moderated critical assembly. 



 

C-13794 

13756…..…..…………………..…….……..……ID Number…………………..…..…………….13756 

Author: Hennelly, E. J. 

Title: Pressurized Subcritical Facility 

Date: 3/1/1961 

Report: Nucleonics, 19: No. 3 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: A pressurized subcritical facility using D2O was constructed for collecting physics 
data for D2O-moderated power reactor designs requiring high moderator temperatures. The facility has a 
self-pressurizing tank heated to 215 deg C by steam coils, and neutrons are supplied by five Sb-Be sources. 
The constructional details are given, e.g., of pressure vessel, neutron sources, fuel failure detector, foils for 
neutron flux measurement, and materials. 



 

C-13795 

13757…..…..…………………..…….……..……ID Number…………………..…..…………….13757 

Author: Keepin, G. R. 

Title: Neutron Data for Reactor Kinetics. 1. Delayed Neutrons from Fission. 2. Photoneutrons from D2O 
And Beryllium 

Date: 8/1/1962 

Report: Nucleonics, 20, 150 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: 1. Tables are given summarizing the Los Alamos results for the delayed neutron 
periods, abundances, and yields from several fissioning species. A plot of the yield vs energy of neutron 
inducing the fission is made for the post1956 data, and a plot of log yield vs A--3Z, where A = mass number 
and Z = atomic number of fissioning nucleus, gives a straight line for all species. Data on energies of 
delayed neutron groups and on composite delayed-neutron spectra are compared. Delayed-neutron fractions 
of the total neutron yields are tabulated for the main fissile species. A summary of the identified and possible 
delayed- neutron precursors in U235 fission is given. 2. A table is presented of the photoneutron yield from 
fission gammas om D2O, and a new analysis of Be photoneutron data is made which results in a set of nine 
photoneutron groups. 



 

C-13796 

13758…..…..…………………..…….……..……ID Number…………………..…..…………….13758 

Author: Foltz, J. R. / Abraham, L. / Strominger, D. 

Title: Preparing U233 Fuel for AETR Critical Experiments 

Date: 11/1/1962 

Report: Nucleonics, 20: No. 11 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: The preparation, fabrication, and radiation levels of U233 as U/ sub 3/O/sub 8/ in 
stainless steel-clad platelets for a critical experiment for studying the Advanced Epithermal Thorium 
Reactor concept are described. The U233, initially in the form of an impure UO2(NO3)2 solution, was 
treated to remove thorium, denitrated, calcined, and fabricated. Inspection and radiation intensity of the 
platelets 2 months after treatment are discussed. 



 

C-13797 

13759…..…..…………………..…….……..……ID Number…………………..…..…………….13759 

Author: Gordon, R. / Althouse, L. 

Title: How to Make Blister-Free Uranium Detector Foils 

Date: 2/1/1962 

Report: Nucleonics, 20: No. 2 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: To make small detector foils for irradiation measurements and subsequent beta or 
gamma counting, one can strip off the plastic coating and punch out small disks from large, thin metallic 
sheets of uranium U235 or U238 used for zero-power critical assemblies. Before they can be used, however, 
these disks must be sealed between covers to avoid contamination. A method is described for covering 
these uranium disks with ordinary household aluminum foil. During the procedure, it is found necessary to 
use a moisture-free adhesive to seal the aluminum foil to the uranium disks in order to prevent blistering. 
Although the bonds are sensitive to extreme temperature variations and impart little tensile strength, the 
detector foils remain blister-free and usable for more than a month. 



 

C-13798 

13760…..…..…………………..…….……..……ID Number…………………..…..…………….13760 

Author: Weech, M. E. 

Title: Boron Permits Larger Reprocessing Vessels 

Date: 1/1/1963 

Report: Nucleonics, 21, 70-71 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Use of boron- stainless-steel plates inside process equipment permits construction of 
larger fuel reproces facilities without creating critical conditions. Some specific applications are mentioned; 
design factors (particularly, calculation of critical conditions) are discussed; tests on boron- stainless steel 
structures are reported; and cost estimates are given. 



 

C-13799 

13761…..…..…………………..…….……..……ID Number…………………..…..…………….13761 

Author: Thie, J. A. 

Title: Operating Information from Reactor Noise 

Date: 3/1/1963 

Report: Nucleonics, 21: No. 3 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Analytical techniques used in obtaining information from fluctuations in a reactor's 
power level are discussed. Use of such analysis to determine the delayed-neutron fraction, power level, 
stability, degree of subcriticality, and in operation safety is explained. 



 

C-13800 

13762…..…..…………………..…….……..……ID Number…………………..…..…………….13762 

Author: n.a. 

Title: Reactor Physics 

Date: 10/1/1964 

Report: Nucleonics, 22: No. 10 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Control; Criticality; Distribution; 
Fuels; Neutron Flux; Numericals; Power; Quantitative Analysis; Switzerland 
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13763…..…..…………………..…….……..……ID Number…………………..…..…………….13763 

Author: Fehr, E. B. / Bryce, D. H. 

Title: Absolute Thermal-Neutron-Flux Measurement Using Vanadium Foils 

Date: 3/1/1965 

Report: Nucleonics, 23: No. 3 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Beta Detection; Coincidence 
Methods; Efficiency; Foils; Gamma Detection; Measured Values; Neutron Flux; Planning; Proportional 
Counters; Resolution; Scintillation Counters; Thermal Neutrons; Uses; Vanadium 



 

C-13802 

13764…..…..…………………..…….……..……ID Number…………………..…..…………….13764 

Author: n.a. 

Title: A Perspective on Startup Experience 

Date: 3/1/1965 

Report: Nucleonics, 23: No. 3 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Criticality; Personnel; 
Power; Reactors; Startup; Testing 
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Title: Predicting Criticality and Nuclear Characteristics 

Date: 3/1/1965 

Report: Nucleonics, 23: No. 3 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Bibliography; Burnup; 
Control Elements; Criticality; Economics; Errors; Numericals; Power; Reactivity; Reactors; Review; Rods; 
Shutdown 
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Title: Reactor Loading and Physics Tests 

Date: 3/1/1965 

Report: Nucleonics, 23: No. 3 

Conference/Journal: Nucleonics 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Systems; 
Criticality; Instruments; Mass; Measured Values; Power; Power Plants; Reactivity; Reactor Fueling; 
Reactors; Rods; Standards; Testing; Transients 
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Author: Ahmad, M. 

Title: Neutron Streaming and Anisotropic Effects in Diffusing Media with Empty Channels. Part I 

Date: 12/1/1969 

Report: Nucleus, 6: 200-205 

Conference/Journal: Nucleus (Karachi) 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Anisotropy; Criticality; Diffusion; Neutrons; Openings; 
Reactors 
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Author: Lewis, T. A. 

Title: Improved Method of Measuring Shutdown Reactivity with the Source Jerk Technique 

Date: 6/1/1984 

Report: NUEGA, 23 (3), 133-139 

Conference/Journal: Nucl. Energy (Inst. Nucl. Eng.) 

Conference Session:  

Abstract/Keyterms: Measurement / Subcritical Reactivity / Source Jerk Technique 
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Author: Murgatroyd, W. / Mansfield, W. K. / Kim, J. M. 

Title: The Queen Mary College Uranium-Water Subcritical Assembly 

Date: 10/1/1959 

Report: NUENA, 04, 352-354 

Conference/Journal: Nuclear Engineering 

Conference Session:  

Abstract/Keyterms: The aluminum core tank, 4 ft 6 in. cube, is supported centrally by a graphite pedestal. 
Up to 256 natural uranium-aluminum canned fuel elements can be loaded in the core. Demineralized water 
is used both as coolant and moderator. A 10 curie Po - Be source is used which gives a uniform thermal 
flux of 10/sup4/ ncm/sup 2/sec at the base of the tank. A 250-kv d-c rectifier set was erected and an 
accelerator tube and an iron source are being developed to produce a 1 ma beam of deuterons. A yield in 
excess of 10/sub9/or 10/sup 10/n sec is predicted from such a source for deuterium-zirconium and tritium 
zirconium water-cooled targets, respectively. Four main types of flux measurement are being used. 
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Author: Mansfield, W. K. / Shaw, J. 

Title: Queen Mary College Critical Assembly 

Date: 2/1/1965 

Report: NUENA, 10, 058-061 

Conference/Journal: Nuclear Engineering (England) Absorbed Nucl. Power Changed to Nucl. Eng. Int. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Aluminum Alloys; Critical 
Assemblies; Fuel Elements; Graphite; Lattices; Measured Values; Planning; Reactor Core; Reflectors; 
Transients; Uranium Alloys; Water Moderator 
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Title: Venus Accident 

Date: 1/1/1967 

Report: NUENA, 12, 036-037 

Conference/Journal: Nuclear Engineering 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Control Elements; Critical Assemblies; 
Excursions; Man; Personnel; Radiation Doses; Reactors; Venus; Vulcain 
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Title: Nuclear Research in Germany 1938 to 1945 

Date: 8/1/1986 

Report: NUENA, 27 (4), 116-119 

Conference/Journal: Nucl. Eng. Des 

Conference Session:  

Abstract/Keyterms: Summary / Major events / Nuclear Research / Germany 1938-1945 / Various 
Experimental Piles 
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Title: Nuclear Safety of PWR Fuel Assemblies: Pressurized Water Reactor Fuel Assembly Storage 

Date: 4/1/1992 

Report: NUEND, 31 (2), 103-106 

Conference/Journal: Nuclear Engineer (Institution of Nuclear Engineers) (United Kingdom) 

Conference Session:  

Abstract/Keyterms: Storage / Pressurized Water Reactor (PWR) Fuel Assemblies / British Nuclear Fuels 
Limited, Springfields / Moderation Control 
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Conference/Journal: Nuclear Europe (Switzerland) 

Conference Session:  

Abstract/Keyterms: Hidrola's Servicio de Ingenieria y Analisis Nucleares (SIAN 
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Title: NTA Film as a Personnel Neutron Monitor in Criticality Accidents 

Date: 1/15/1977 

Report: NUIMA, 140, 2, 379-383 

Conference/Journal: Nuclear Instruments and Methods (Netherlands) Formerly Nucl. Instrum. Changed 
to Nucl. Instrum. Methods Phys. Res 

Conference Session:  

Abstract/Keyterms: Kodak nuclear track emulsions (known as NTA films) used by personnel for routine 
fast neutron monitoring are not useful in criticality accidents because of the high gamma background and 
the large proton track population expected in the emulsion. However the bromine content of the emulsion 
gets activated to $sup 82$Br on exposure to thermal and intermediate energy neutrons. $sup 82$Br is a 
beta-gamma emitter decaying with a half-life of 35.9 h. The induced activity in the cadmium-covered film 
is used to evaluate the intermediate energy neutron dose. Further, the NTA emulsion base is made of 
cellulose acetate. The carbon recoils produced in the base give rise to damage tracks. The damage track 
density is a measure of fast neutron dose. The induced bromine activity as well as the response of cellulose 
acetate in producing damage tracks, vary according to the leakage neutron spectral shape. To overcome 
these energy dependence problems, the average neutron activation cross section values for $sup 81$Br as 
well as the cellulose acetate response were determined for about twenty spectra from various critical 
assemblies. The method provides an independent estimate of neutron dose component along with the 
criticality badges that are available at present. As most threshold detector systems consist of gold, copper 
and indium foils as well as sulphur pellets, the... 
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Conference/Journal: Nuclear Instruments and Methods (Netherlands) Formerly Nucl. Instrum. Changed 
to Nucl. Instrum. Methods Phys. Res 

Conference Session:  

Abstract/Keyterms: A 252Cf activation analysis facility has been developed for routing multi element 
analysis of a wide variety of solid and liquid samples. The facility contains six sources of 252Cf totaling 
slightly over 100 mg. These sources are placed in a 93% 235U-enriched uranium core which is subcritical 
with a K effective of 0.985 (multiplication factor of 66). The system produces a thermal flux on the order 
of 1010 neutrons per square centimeter per second. A pneumatic rabbit system permits automatic 
irradiation, decay, and counting regimes to be performed unattended on the samples. The activated isotopes 
are analyzed through their photon emission with state-of-the-art intrinsic Ge detectors (Ge detectors, Ge(Li) 
detectors, and NaI(Tl) multidimensional gamma ray spectrometers. High efficiency (25%), low 
background, anticoincidence-shielded Ge(Li) gamma ray detector systems have been constructed to provide 
the lowest possible background yet maintain a peak to Compton ratio of greater than 1000 to 1. The 
multidimensional gamma ray spectrometer systems are composed of 23 cm diameter x 20 cm thick NaI(Tl) 
crystals surrounded by NaI(Tl) anticoincidence shields. 
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to Nucl. Instrum. Methods Phys. Res 

Conference Session:  

Abstract/Keyterms:  
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Conference/Journal: Nuclear Instruments and Methods (Netherlands) Formerly Nucl. Instrum. Changed 
to Nucl. Instrum. Methods Phys. Res 

Conference Session:  

Abstract/Keyterms: Studies are undertaken on the various aspects of personnel neutron dosimetry in 
criticality accidents. A fast neutron dosimetry system based on threshold activation and charged particle 
track-etching methods was developed. Resonance activation was employed for intermediate energy neutron 
dose measurements. The detectorless gap between the energy regions covered by resonance and threshold 
detectors was bridged by resorting to extrapolation based on the knowledge of typical neutron spectra likely 
to be encountered in criticality accidents. 
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to Nucl. Instrum. Methods Phys. Res 

Conference Session:  

Abstract/Keyterms: This paper deals with the neutron counting statistics in a subcritical, cyclo-stationary, 
nuclear reactor explicitly taking into account the delayed neutrons. In the framework of the one-velocity 
point-reactor model, the backward Kolmogorov equation is used to study the branching processes in a 
system assumed to contain a time dependent neutron source and a set of counters. Analytical expressions 
for the moments up to the second order of the number of counts measured by one or two of the detectors 
are obtained. These expressions are then specialized for the die-away experiment modelled as a regular 
sequence of rectangular neutron pulses. The explicit expressions thereby obtained allow the calculation of 
the variance-covariance matrix required for estimating the kinetic parameters from the experimental data. 
Results are reported and a Fortran IV program for computing the moments is available. 
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Conference Session:  

Abstract/Keyterms: This paper is the second of two dealing with the neutron counting statistics in a 
subcritical cyclostationary multiplying system fed by a time dependent neutron source, explicitly taking 
into account the delayed neutrons. The general expressions for the mean value, variance and covariance of 
the counts, previously obtained in the realm of the theory of branching stochastic processes, are herein 
specialized to the case of a sinusoidal source. By means of these expressions the estimation of the kinetic 
parameters of the medium can be performed in a sinusoidally modulated neutron source experiment taking 
into account the proper complete correlation matrix. Numerical results are reported. A FORTRAN IV 
program is available for computing the count moment in the case of the pulsed neutron source, dealt with 
in the first part, and for a sinusoidal source in the present case. 
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Title: "Anna" the Critical Assembly of the Second Polish Experimental Reactor 

Date: 1/1/1962 

Report: NUKLA, 07, 209-222 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The design of the enriched uranium critical assembly with water-graphite moderator 
and the power order of watts are described. The assembly is being constructed as a part of a research 
program of the second Polish experimental high flux material testing reactor. A description of the 
experiment's program, parameters, and the construction of the assembly, as well as the description of main 
systems: control, dosimetry and so-called filling system are also given. Much attention was devoted to the 
problem of safety. 



 

C-13820 

13782…..…..…………………..…….……..……ID Number…………………..…..…………….13782 

Author: Bouzyk, J. / Bukowski, K. / Ciechanowicz, W. / Kubowski, J. / Latek, S. / Suwalski, W. / 
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Title: Progress in Reactor Kinetics at Institute of Nuclear Research in Swierk 
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Report: NUKLA, 11, 241-264 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors 
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Title: The Basic Static Parameters for WWR-SM Lattices with Water Channels. Estimation of 
Heterogeneity Effect on Neutron Age 

Date: 4/1/1970 

Report: NUKLA, 15, 399-410 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: Investigations of the basic static characteristics of WWR-SM lattices (36% enriched 
multitube fuel, water moderated) with increased water-to-fuel ratio are described. 
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Title: Analysis of the Physical Parameters of the ANNA Critical Assembly 

Date: 10/1/1973 

Report: NUKLA, 18, 474-494 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The analysis of several systems of the ANNA critical assembly is described with the 
aim to determine the physical parameters and properties of the assembly at critical states. The analysis has 
consisted essentially in the determination of few-group diffusion parameters in the individual zones of the 
systems and in calculations of criticality. The results of calculations are presented and compared with the 
available experimental evidence. The role of some neutron processes in the systems investigated and their 
influence on integral parameters have been considered. Also the geometrical and material parameters of the 
assembly are included. 
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Author: Avramov, A. M. / Tyutyunnikov, P. L. / Mikulski, A. T. / Rafalska, E. / Chwaszczewski, S. / 
Jablonski, K. 

Title: Investigation of the Neutron Detection Statistics in Fast Critical Assembly BFS-24-1 

Date: 1/1/1974 

Report: NUKLA, 19, 127-137 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The results of the neutron detection statistics investigation at the fast critical assembly 
BFS-24-1 are given. The Rossi-alpha measurements were carried out using 10 channel time analyzer, 
alphameter device. Parallelly the measurements using the variable dead time method and zero probability 
method were performed. The prompt neutron decay constants, the effectiveness of neutron detector and the 
intensity of external neutron source are determined using the experimental data. The experimental values 
of prompt neutron decay constant are compared with the calculated ones. The codes used in the calculation 
are following 26-group code 26-M and EWA-1, one dimensional, multiregion, nonstationary diffusion 3-
group code SPECTR, 26-group, diffusion code in buckling approximation, MIXSPECTR. In all codes the 
26 group nuclear constants BNAB-26 and BNAB-70 are used. 
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Author: Adamski, L. / Bukowski, K. 

Title: Fast-Thermal Critical Assembly P-ANNA-1 

Date: 6/1/1974 

Report: NUKLA, 19, 565-574 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: Two-zone critical assembly is described, which contains natural uranium metal in the 
central zone. The following parameters were measured spectra, and reactivity of hydrogen-containing 
moderators in the central zone. The results of measurements are compared with the results of calculations 
performed using BNAB-26 and BNAB-70 multigroup constants. 
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Title: Accuracy of the Experimental Methods Used in the Investigations of Reactor Characteristics on 
Critical Assemblies with Slightly Enriched UO2 Fuel and Light Water Moderator. Pt. 1 

Date: 1/1/1974 

Report: NUKLA, 19, 791-802 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The development of the experimental methods and of the comparison of the 
experimental results with the theoretical description for the light water lattices with slightly enriched UO2 
fuel has been presented. Experimental integral parameters constitute the basic test for the calculational 
methods. These parameters consist of: material buckling B2, dr/dH parameter, intracell parameters d28, 
r28, d25, MCR, x as well as of spectral indices SI and related activation measurements. On the basis of the 
neutron balance for one chosen 3% enriched UO2:H2O lattice the influence of the accuracy of reactor 
parameters on k(eff) has been evaluated. The data on the accuracies of these parameters attained in 
advanced laboratories have been compiled. On these bases the recommended accuracy values for the reactor 
parameters have been derived. 
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Title: Accuracy of the Experimental Methods Used in the Investigations of Reactor Characteristics on 
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Date: 1/1/1974 

Report: NUKLA, 19, 869-890 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: To illustrate the degree of difficulty connected with the derivation of valuable 
experimental results in the investigation of light water lattices with slightly enriched UO2 fuel and to justify 
the accuracy recommended in Part 1 of this paper, remarks on the experimental inaccuracy sources have 
been given. The remarks concern the material buckling B2, dr/dH parameter, intracell parameters d28, r28, 
d25, MCR, x as well as the SI spectral indices and related activation measurements. The most important 
sources of the random and systematic uncertainties have been described and exemplary values of these 
uncertainties have been quoted in tables. 
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Title: System of Programmes for Neutron-Physics Calculations of WWER Reactors 

Date: 6/1/1978 

Report: NUKLA, 23, 691-708 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The system of programmes for calculations of WWER type reactors has been 
developed in the reactor computation department, Computing Centre CYFRONET, Institute of Nuclear 
Research. A short characteristic of the system is given together with the outline of consecutive steps in its 
preparation. Then each programme is described with emphasis put on the features inherent for WWER type 
reactors. 
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Title: Study of Plutonium Accumulation in the "First" Extraction of Purex Process 

Date: 1/1/1979 

Report: NUKLA, 24, 1193-1207 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The Watson-Rainey version of the SEPHIS computer code was used for the 
calculations of low-acid flowsheets of first extraction in the Purex process (simultaneous separation of U 
and Pu from fission products. The analysis of the steady-state concentration profiles of plutonium with 
special attention to conditions leading to accumulation of the element in extractor has been made. The 
problem of nuclear criticality of extraction systems during reprocessing of spent fuels from thermal and fast 
reactors has been considered. 
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Title: The Effect of the Different Isotopes Composition in the Nuclear Reactor with Uranium Fuel on the 
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Date: 1/1/1988 

Report: NUKLA, 33, 283-299 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: Homogeneous Critical Nuclear Reactor / ANISN-W Code / Neutron Flux / BULA 
Code 
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Title: Experimental Research on Physical Characteristics of WWER Type Reactors with the Zr-6 Critical 
Assembly 

Date: 1/1/1975 

Report: Nukleon, 3, 11-19 

Conference/Journal: Nukleon (Czechoslovakia) 

Conference Session:  

Abstract/Keyterms: Testing programs and experimental results with the ZR-6 zero-power facility in 
Budapest are described. The tests have been carried out by an international group with participants from 
Nuclear Research Institute, the main goal being to establish the background to improve the parameters of 
WWER type power plants. The experiments included static measurements of micro-and macroparameters, 
core kinetics, and working up of methods to measure the high negative reactivity. 
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Author: Meetz, K. / Hafele, W. 

Title: Design of a Research Reactor with Natural Uranium and Heavy Water with Respect to Physical 
Parameters 

Date: 4/1/1958 

Report: Nukleonik, 01 

Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Aluminum; Buckling; Burnout; Canning; Configuration; 
Coolant Loops; Criticality; Cross Sections; Cylinders; Diagrams; Equations; Fast Neutrons; Fluid Flow; 
Fuel Elements; Heavy Water Coolant; Heavy Water Moderator; High Temperature; Irradiation; Melting; 
Natural Uranium Fuel; Neutron Flux; Planning; Reactivity; Reactor Core; Reactors; Reflectors; Research 
Reactors; Rods; Thermal Neutrons; Volume; Zones 
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Date: 10/1/1959 

Report: Nukleonik, 01 

Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: The problem of the measurement of B2 of a heterogeneous reactor structure in a 
partial volume which is smaller than the critical volume is considered. For the measurement this partial 
volume should be inserted as the central zone in a reactor so that with this addition a critical volume is 
produced. The two basic defects of such an arrangement are the deviations of the neutron spectrum and the 
flux density distribution in the component volume to be investigated from the behavior in a critical reactor 
with the same internal structure. A method is given to adjust the neutron spectrum and to synchronize the 
flux density distribution to that in the reactor. By a measurement method with exchangeable and rotating 
probes, various systematic errors were eliminated and non-symmetrics were averaged out. The 
measurement accuracy obtainable must be sufficient to determine from the measurement in the 
heterogeneous system a better value for B/sup 2/ than one obtains from theory. A greater accuracy is 
obtainable also by comparison with a homogeneous solution which contains uranyl sulfate with a given 
enrichment and supplementary absorber with a concentration so balanced that a direct comparison of both 
systems is possible. An experimental method was given and theoretically proven. 
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Title: The Descriptive Function of Supercritical Reactors 
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Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: The descriptive function of a supercritical reactor was derived and compared, by 
introduction of an ersatz” reactor, with that of the straight critical reactors. The results show that the ersatz 
reactor with smaller relative fraction of delayed neutrons (its mother nucleus decay constants are larger) 
works comparably with the straight critical reactor. 
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Title: Reactor Kinetic Approximations for the Evaluation of Safety Questions 
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Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: Some of the numerous formulas for the approximate solution of reactor kinetic 
problems are classified and supplemented. Under special consideration of safety questions, the accuracy 
and range of applicability of the various methods were investigated. The basic reactor kinetic equations and 
functions were defined within the framework of an integral concept of the space-independent kinetic theory. 
They serve as the basis for working out approximations from four different viewpoints. It was shown how 
the result of a so-called start-up accident can be followed by means of manual calculation methods of the 
source range up to prompt super-critical states. Precautions, which can be taken, to end power excursions 
so that the reactor remains intact under the conservative assumption of negligible selfpeeling effects are 
given. 
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Conference Session:  

Abstract/Keyterms: In fast ramp-like reactivity perturbations in a reactor and in the presence of prompt 
negative temperature coefficients, power oscillations occur which lead to a stepped temperature rise. The 
pattern of this oscillation depends on many reactor parameters and cannot be calculated analytically, an 
approximation calculation was described, and its results were compared with effective processes calculated 
on an analog computer. In addition, the application of this approximation calculation to the problem---under 
what conditions does a negative temperature coefficient facilitate the interpretation of a safety system---
was described. 
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Date: 1/1/1963 
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Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: The extrapolation length necessary for the calculation of the critical dimensions of 
the core of a fast reactor was investigated on the assumption that in the interior of the one-dimensional 
homogeneous core the consistent equations of the P/sub 1/ approximation apply and a mixed boundary 
condition exists at the limit. The critical sizes of the core were determined approximately from the series 
development of this boundary condition by a perturbation parameter. The first series term yields a 
generalization of the extrapolation length approximation to the mean given by Inonu. Only the persistent 
spectra of the flux and singleflux function need be known. The recursive determination of the higher series 
terms necessitates the resolution of a boundary value problem for each term. 
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Conference Session:  

Abstract/Keyterms: In connection with a derivation of boundary conditions, the neutron distribution and 
reactivity in nuclear reactors with large cavities were calculated. In the foreground stands the criticality 
problems of spherical-pile reactors: the change of the neutron flux and the multiplication constant in putting 
fuel in a reflecting hollow cylinder and the influence of reflector position on the reactivity. Neutron flux 
measurements in a graphite block with and without cavities were compared with results of calculations. 
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Conference Session:  

Abstract/Keyterms: The critical behavior of a reactor with a sloping form for inserted reactivity and with 
reaction of a prompt negative temperature coefficient was investigated. The peculiarities of fast reactors 
and their differences from thermal reactors were determined. The condition was studied in which the size 
of the prompt negative temperature coefficient can be determined from the course of the (prompt) 
supercritical power excursion. This method for the determination of the prompt (Doppler) temperature 
coefficient is of interest for fast reactors and allows the use of high temperatures in fuel materials and 
represents a valuable supplement to measurement methods in critical zero-energy arrangements. 
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Abstract/Keyterms: For the determination of the neutron lifetime of a highly subcritical reactor, the Rossi 
alpha method is used. The distribution of the Intervals of the pulses that were produced by a neutron counter 
installed in the reactor was measured with a time analyzer. The neutron lifetime of a reactor (the subcritical 
reactor of the Technical School, Tokyo), which consists of water and natural uranium in aluminum 
cladding, is about 55 mu sec. 
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Abstract/Keyterms: The mutual dependence of a large number of parameters was quantitatively 
determined for helium-cooled fast reactors with cylindrical fuel rods and UO2-- PuO2 mixtures. A system 
of four equations describes the cooling- technical and neutron-physical behavior of the core and the 
secondary circuit. The variables can be arranged in four groups: temperatures, form parameters, circuit 
parameters, and the effect of the material composition. The variations of the specific output, the critical 
mass, and the total efficiency were studied in dependence on the four groups of variables, Some guide lines 
were worked out which facilitate the establishment of the four parameters for practical representation of a 
plant. 
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Abstract/Keyterms: Physics; Configuration; Criticality; Diffusion; Equations; Lifetime; Mathematics; 
Neutron Flux; Neutrons; Numericals; Plates; Reactors; Slowdown; Variations; Zones 
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Abstract/Keyterms: Reactor Technology; Argonaut Garching; Criticality; Delayed Neutrons; 
Distribution; Equations; Fast Neutrons; Measured Values; Neutron Flux; Neutron Sources; Numericals; 
Power; Quantitative Analysis; Reactivity; Reactors; Standards; Variations 



 

C-13844 

13806…..…..…………………..…….……..……ID Number…………………..…..…………….13806 

Author: Blaesser, G. 

Title: Theoretical Foundations of Parameter Oscillation Measurements 

Date: 9/1/1964 

Report: Nukleonik, 06 

Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Detection; Measured Values; 
Neutrons; Oscillations; Production; Reactors; Signals; Thermal Neutrons; Variations 
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Energy; Fuel Elements; Heavy Water Moderator; Natural Uranium Fuel; Numericals; Reactors; Spectra; 
Variations 
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Neutrons; Integrals; Mathematics; Performance; Pulses; Reaction Kinetics; Reactors 
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Radiation Effects; Reactors; Thermal Neutrons 
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One Group Method for Critical; Neutrons / Buckling Determination in Two-Dimensional Homogeneous 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boundary Conditions; Collisions; 
Cylinders; Differential Equations; Distribution; Errors; Fuel Elements; Mathematics; Neutron Flux; 
Neutrons; Probability; Reflection; Rods; Surfaces; Tables; Zones 
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Flux; Reactivity; Reactor Core; Reactor Lattices; Reactors; Transients; Variations; Zones 
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Report: Nukleonik, 2 

Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: If a hollow space develops in a critical system (from overheating, for example), the 
sign of the combined void coefficients of reactivity depends upon the position of the voids in the reactor. 
In order to answer the question as to the regions with positive and negative void coefficients in the most 
general form, a reactor geometry with a fitted coordinate system is selected and it is assumed that the 
unperturbed neutron flux and its corresponding influence function are determined analytically within the 
limits of an n-group calculation. The calculations are shown. 
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Report: Nukleonik, 2 

Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: As is known the problem of a reactor homogeneously reflecting on all sides, whose 
flux distribution depends on more than a position coordinate, was solved earlier by approximation methods. 
For the practically important case of the cylindrical reactor reflecting on blanket and casing. Marchuk, 
Ziegler, et al. present various approximation methods which satisfy in good approximation the calculation 
of critical volumes. However, with these methods it is not possible to make reliable assumptions on the flux 
distribution of single neutron groups. By introduction of rotational elliptical coordinates, it is easy to solve 
rigorously the multigroup diffusion problems of a reflecting spheroidal reactor so that any number of energy 
groups and reflector shells can be assumed. The flux distribution yields in the non-stationary case 
successive spheroidal functions. In the critical state only two eigenfunctions remain. A special investigation 
then shows that a cylindrical reactor can be approximated through a spheroidal reactor. 
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Group Theory; Homogeneous Reactors; Lattices; Neutron Flux; Plates; Reactors; Transport Theory; 
Volume 
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Conference Session:  

Abstract/Keyterms: The earlier described method (Oldekop, Nukleonik 2. reactors with plate- life fuel 
elements was specialized to the case of the two-group calculation. The exact k(eff) value resulted from a 
quadratic equation whose coefficients depend on the material constants and the geometric dimensions. The 
exact k(eff) values for various reactor dimensions were compared with the values calculated by the 
elementary 6-factor formula. The slight deviations in suitable factor calculation depend practically only on 
the total buckling. A nominal anisotropy effect cannot be established in the natural U/D2O plate lattice 
considered. 
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Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: The critical dimensions of the fission zone and the neutron distribution of a 
universally reflecting reactor were calculated according to the concept of reflector economy. The flux was 
represented by a separation expression. The results were compared with the exact values calculated with a 
difference program. It was shown that the critical dimensions and, in a large part of the reactor, the flux 
pattern also agrees well with the exact values. 
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Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: A method is described for approximate evaluation of neutron-flux values at the core-
reflector interface, using no data from criticality computations. In this method it is sufficient to know the 
basic data of reactor design, e.g., power, expected external surface of the core, and multiplication 
coefficient. The method is based on the multigroup removal-age-diffusion approximation that is used in 
shielding computations. 
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Conference Session:  

Abstract/Keyterms: A consequence of the multigroup equations of linear reactor kinetics leads to the 
importance function of reactors with inclusion of delayed neutrons, For the case of the time-independent 
material constant, the physical significance of the importance functions was illustrated for critical and 
super-critical reactors. 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Configuration; Criticality; 
Density; Differential Equations; Diffusion; Distribution; Equations; Fast Neutrons; Integrals; Mathematics; 
Neutron Flux; Neutrons; Numericals; Programming; Reactors; Stability; Thermal Neutrons 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The criteria for the selection of the second Polish research reactor are given. The 
thermal and nuclear characteristics for the selected reactors are presented. The present status of the project 
and the future program are described. 
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Report: Nukleonika (Poland); Vol: 4 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The expression for the reactor period T as a function of the multiplication factor in 
subcritical state (i.e., before attaining k(eff) = 1) was found. It is possible to prepare T(k) diagrams in order 
to gage the reactivity meter and the reactor periodmeter. 
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Report: Nukleonika (Poland); Vol: 6 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The influence of the thermal reactivity coefficient on the transient temperature 
distribution of a fuel element may be calculated by solving the thermal conductivity and reactor kinetics 
equations. The solutions of these equations, in the case of the coolant temperature not being the function of 
time and the reactor being nearly critical, are obtained. The disturbance function is a step reactivity change 
delta k which value is less then beta = 0.0075. It enables one to get the kinetics equations as linear 
differential equations. The solution of these equations is obtained after introducing to them the Laplace and 
Hankel transforms. 
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Conference/Journal: Nukleonika (Poland) 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Configuration; Control 
Systems; Criticality; Cross Sections; Fuels; Homogeneous Reactors; Mean Free Path; Moderators; 
Neutrons; Nuclear Theory; Reactors; Rods; Slowdown; Thermal Neutrons 
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Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Anisotropy; Criticality; 
Differential Equations; Eigenfunctions; Fredholm Equations; Integral Equations; Neutrons; Scattering; 
Transport Theory 
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Title: Relation Between the Stable Reactor Period and the Prompt Neutron Time Constant in the ANNA 
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Conference/Journal: Nukleonika 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
ANNA; Critical Assemblies; Criticality; Equations; Mathematics; Measurement; Neutrons; Reactivity; 
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Date: 1/1/1970 
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Conference Session:  
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Date: 12/1/1958 

Report: Nukleonika, Vol: 1 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The eigenvalue and the eigenfunction of a two-dimensional rectangular layout of fuel 
elements in a finite moderating medium were calculated, in which, in contrast to previously suggested 
methods, the resonance absorption was considered by the addition of suitable depressions to the source term 
of thermal neutrons. The consideration of the resonance absorption is of significance for the calculation of 
the eigenvalue of a perturbed lattice structure since in this case not only the thermal source, but also the 
resonance transition probability of the layout is altered. The correct reactivity change can be found only 
with incorporation of the resonance absorption. It was also shown that by a suitable generalization the 
experimentally determined source density distribution could be used for the calculation of the eigenvalues 
and eigenfunctions. 
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Author: Szoda, Z. 

Title: Numerical and Graphical Method of the Reactor Critical Mass Calculation in Case of Anisotropic 
Diffusion Coefficient 

Date: 1/1/1962 

Report: Nukleonika, Vol: 7 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The method deals with the calculation of the critical mass of cylindrical nuclear 
reactors that can be described with sufficient precision by two grouped diffusion equations or so-calied two 
and one-half grouped ones. The method takes into consideration the anisotropy of the diffusion coefficient 
and assures precision to three significant digits. 
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Title: Nuclear Reactor Start-Up Simulator 

Date: 1/1/1961 

Report: Nukleonika,Vol: 6 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: Physical processes with a parameter changing over a very wide range (e.g. neutron 
flux in reactors) are investigated with the aid of computer techniques. The method of automatic change of 
the scale factors of the machine is presented, and a reactor startup simulator applying this method is 
described. 
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Title: Asymptotic Reactor Theory in Plane Geometry 

Date: 1/1/1962 

Report: Nukleonika: Vol: 7 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: The critical conditions for slab reactor systems satisfying the assumptions of the 
asymptotic reactor theory are derived. The formulas are based upon the solutions of two basic problems in 
neutron transport theory, viz. One half-space and two adjacent half-spaces. 
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Date: 1/1/1962 

Report: Nukleonika; Vol: 7 

Conference/Journal: Nukleonika (Poland) 

Conference Session:  

Abstract/Keyterms: Experimental data concerning critical mass, control-rod worths, and reactivity effects 
of a fuel assembly and graphite expellers were obtained. 
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Date: 3/5/1987 
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Conference/Journal: Symposium on safeguards at Los Alamos: 20 years, Los Alamos, NM, USA, 5 Mar 
1987 

Conference Session:  

Abstract/Keyterms: Both passive- and active-neutron-based nondestructive assay (NDA) systems have 
been used extensively for safeguards, process control, and criticality safety. Most plutonium measurements 
make use of the passive neutron signal from the spontaneous fission of the 240Pu-effective; however, 
uranium samples often require active neutron assay because the passive signals are too weak or lacking in 
penetrability. This paper gives a brief review of active and passive neutron NDA systems. Some future 
directions for the passive assay of plutonium are discussed. 
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Title: The Safeguards Active Response Inventory System (SARIS) 

Date: 7/1/1987 

Report: NUMMB, 16: 339-344 

Conference/Journal: INMM annual meeting on safeguards: a mature technology, Newport Beach, CA, 
USA, 12 Jul 1987 

Conference Session:  

Abstract/Keyterms: The Safeguards Active Response Inventory System (SARIS) is a computerized 
accountability system developed for nuclear materials control that incorporates elements of process 
monitoring, criticality safety, physical inventory and safeguards. It takes data from the process operations, 
stores it in an on-line database and translates the information into the formats needed by the various users. 
It traces the material through the process from feed to product; including recycle, waste and scraps streams. 
It models the process as the material changes form to ensure that artificial losses are not created. It 
automatically generates input to Nuclear Materials Management and Safeguards System (NMMSS), 
performs checks to prevent the possibility of a criticality accident, prepares an audit trail for Safeguards, 
prints labels for nuclear material containers, and produces DOE/NRC 741 forms. SARIS has been installed 
at three laboratories across the country. 
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Vol: (10), 21 

Conference Session:  

Abstract/Keyterms: A theory is developed for neutron multiplying structures in which a small number of 
highly reactive blocks (spikes) are imbedded in a finite subcritical medium. This basic medium is assumed 
to be homogeneous from the standpoint of neutron migration and multiplication. The theory may be derived 
by performing a proper inversion of the integral operator describing the thermal flux distribution. The 
problem is placed in the same form encountered when treating, along the lines of heterogeneous theory, a 
"reactor with a small number of blocks." Cylindrical multiplying structures are examined: the resulting 
treatment---within the limits of the age-diffusion or multigroup theory---can be considered as the exact one, 
at least for those systems in which the spikes can be taken as line singularities of the neutron field. Spiked 
structures, even if the basic multiplying medium is left unchanged, possess as many degrees of freedom as 
the number of classes of spikes constituting the system, times the number of parameters characterizing each 
spike. An optimization theory is found for such types of nuclear reactors in order to fulfill, by a proper 
choice of the free parameters, the criticality condition and other requirements. 
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Conference Session:  

Abstract/Keyterms: The critical equation together with the stationary thermal neutron distribution is stated 
for a cylindrical neutron-multiplying structure. The fissionable material was assumed to be lumped into 
several blocks; allowance was made for an arbitrary distribution of them in the system. The source-sink 
technique was used throughout, while the neutron migration was dealt with by age- diffusion or multigroup 
approximations. Leakage and nonleakage probabilities as a function of the neutron birth position were 
carefully computed. A method was worked out for the simultaneous evaluation of the criticality, together 
with the maxima and minima of any function of the critical mass itself. 
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Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Distribution; Fast Neutrons; 
Multiplication Factors; Neutron Sources; Thermal Neutrons; Transport Theory 
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Abstract/Keyterms: Physics; Configuration; Criticality; Equations; Neutron Flux; Numericals; Prompt 
Neutrons; Reactivity; Reactors; Reflectors; Transients; Variations 



 

C-13931 

13893…..…..…………………..…….……..……ID Number…………………..…..…………….13893 

Author: Greenwood, R. C. / Helmer, R. G. / Rogers, J. W. / Popek, R. J. / Heinrich, R. R. / et al. 

Title: Radiometric Reaction Rate Measurements in CFRMF and Big-10 

Date: 10/7/1977 

Report: NUREG/CP-0004, 1207-1221 

Conference/Journal: 2nd ASTM-Euratom Symposium on Reactor Dosimetry: Dosimetry Methods for 
Fuels, Cladding, and Structural Materials, Palo Alto, CA, October 3-7, 1977 

Conference Session:  

Abstract/Keyterms: IEU-MET-FAST-007 



 

C-13932 

13894…..…..…………………..…….……..……ID Number…………………..…..…………….13894 

Author: Kaiser, R. E. / et al. 

Title: Extrapolation of Small Sample Doppler Reactivity Measurements 

Date: 9/24/1982 

Report: NUREG/CP-0034, 118-132 

Conference/Journal: Topical Meeting on Advances in Reactor Physics and Core Thermal Hydraulics, 
Kiamesha Lake, NY, Sept. 22-24, 1982 

Conference Session:  
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Conference Session:  

Abstract/Keyterms: GENERAL; Recent progress in assessing the status of measurement and analysis of 
key fast reactor integral parameters is reviews. The relationship between the parameters (238U capture, 
fission rates, sodium-void reactivity Doppler reactivity coefficient, small sample reactivity, and criticality) 
and typical design and safety parameters in LMFBRs is explained. Major discrepancies between 
calculations with ENDF/B-Version IV data and the critical experiments are examined, and recent progress 
in resolution of some long-standing discrepancies is presented. 
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Abstract/Keyterms: An extensive validation study of the ENDF/MC2-2/SDX cell homogenization path 
has been made. The validation procedure has relied on the availability of rigorous Monte Carlo results 
obtained with the VIM code. The current study has investigated three ZPR benchmark assemblies with 
rather diverse characteristics. The calculations have included homogeneous zero-leakage cells, critically-
buckled heterogeneous cells, and full as-built critical assemblies. This study has identified and eliminated 
several limitations and inconsistencies in these analytical methods and their application. The deterministic 
methods and Monte Carlo have been shown to agree very well (i.e., generally within 1 $sigma$ 
uncertainties) for zero-buckled homogeneous and heterogeneous cell calculations. For the high-buckling 
cases, there was a bias on leakage-related parameters for both the homogeneous and heterogeneous cell 
calculations. This bias-less leakage with MC2-2/SDC relative to VIM-was consistent with the results 
observed in the full assembly calculations. MC2-2/SDX eigenvalues for the three ZPR assemblies were 0.5 
to 0.7% sigma k high relative to VIM. Principal cross sections and neutron spectrum in the full assembly 
calculations were in good agreement between these methods. 
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Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-041; At various steps the fuel cycle of PWR reactors 
necessitates assembly storage either fresh or burned. Economic criteria lead to a minimization in the volume 
of the storage pools, brought about by reducing the fuel assembly lattice pitch; on the other hand safety 
criteria define that the storage must always be subcritical (k(inf) < 0.95). In this context, the CRISTO 
experiment has been conceived in order to qualify the calculation schemes of these storage lattices and to 
validate criticality calculations in accidental configurations multiplication factor of subcritical lattices for 
which a traditional critical experiment is not feasible. Cosponsored by CEA and FRAMATOME, CRISTO 
was realized in the EOLE reactor at Cadarache, CEA Center. 
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Abstract/Keyterms: Reactivity calculations were performed to determine the sensitivity of three liquid 
metal-cooled, fast reactor designs to various accident environments. The concepts, proposed for the SP-100 
Space Nuclear Power Program, included one thermionic and two fuel-pin designs. Numerous models of 
each core were developed to analyze the effect of core compaction and of water-flooded lattice spreading. 
Results indicate that those designs incorporating in-core control are least affected by core compaction and 
that the thermionic concept can best withstand expansion of the flooded fuel element array. 
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Abstract/Keyterms: Measurements / Prompt Neutron Decay Constant / Delayed Criticality / Oak Ridge 
Research Reactor (ORR) 
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Abstract/Keyterms: This paper discusses salient aspects of severe accident related phenomenological 
considerations, scoping studies, and mitigative design features being studied for incorporation into a high-
power research reactor plant. Key results of scoping studies on steam explosions, recriticality, core-concrete 
interactions, and containment transport are highlighted. Evolving design features of the containment are 
described. Containment response calculations for a site-suitability basis transient are presented that 
demonstrate acceptable source term values and superior containment performance. Oak Ridge National 
Laboratory’s (ORNL) Advanced Neutron Source (ANS) will be a new user facility for all kinds of neutron 
research, centered around a research reactor of unprecedented neutron beam flux. A defense-in-depth 
philosophy has been adopted. In response to this commitment, ANS Project management initiated severe 
accident analysis and related technology development early-on in the design phase itself. This was done to 
aid in designing a sufficiently robust containment for retention and controlled release of radionuclides in 
the event of such an accident. It also provides a means for satisfying on- and off-site regulatory 
requirements, accident-related dose exposures, and containment response and source-term best-estimate 
analyses for level-2 and -3 Probabilistic Risk Analysis (PRAs) that will be produced. Moreover, it will 
provide the best possible understanding of the ANS under severe accident conditions and consequently 
provide insights for the development of strategies and design philosophies for accident mitigation, 
management, and emergency preparedness efforts. 
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Abstract/Keyterms: return to power during the reflooding phase following a LBLOCA. TRAC-
PF1/MOD2 / Nodal Expansion Method (NEM) 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer code, SNAKE (Solid Angle Calculational System for Neutron Interaction 
and Array k-effective Estimation), has been developed for the calculation of solid angles subtended by 
geometric forms composed of spherical, cylindrical, and planar surfaces, either singularly or in specified 
arrays, from exact analytic integral forms. This basic capability is used to provide information necessary 
for the solid angle method for evaluation of neutron interaction in arrays. This document outlines the 
methodology and use of the code. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer code, SNAKE (Solid Angle Calculational System For Neutron 
Interaction and Array K-effective Estimation), has been developed for the calculation of solid angles 
subtended by geometric forms composed of spherical, cylindrical, and planar surfaces, either singularly or 
in specified arrays, from exact analytic integral forms. This basic capability is used to provide information 
necessary for the solid angle method for evaluation of neutron interaction in arrays. This document outlines 
the methodology and use of the code. 
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Abstract/Keyterms: Results of a study to investigate the margin of safety associated with the application 
of the solid angle neutron interaction method to evaluate the criticality safety of arrays of fissile units are 
presented. The study was primarily concerned with the application of the method to low enriched (< or = 
to 5 wt% 235U) uranium systems, since LWR fuel fabrication is a major area of application of the method 
today. However, some work on fully enriched U and Pu systems was included. Several combinations of 
allowed conditions, which although predicted to yield a safe array by the solid angle method, actually 
yielded a critical array when calculated by the KENO-IV code with Hansen-Roach cross sections. It was 
not possible to demonstrate the validity of the solid angle method for the general case. The problem areas 
identified did suggest some possible additional criteria or limitations which might be applied to render the 
method valid for a given area of application. One possible approach would be to limit the application to 
water reflected arrays of well moderated units with < or = to wt% 235U and unit k(eff) s based on optimum 
moderation within the units. Whether or not a given set of these criteria or limitations is complete for a 
specific application remains to be tested. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The solid angle method provides an approximation for nuclear criticality safety 
analyses for fissile arrays. It was formulated for use with highly-enriched systems. This study was initiated 
to determine applicability of this method to low-enriched uranium systems, using as a standard for 
comparison analyses the KENO-IV code and the Hansen-Roach cross sections. The report identified many 
conditions for which a margin of safety does exist, using the solid angle method. The study also determined 
that some applications exist for which a safety margin does not exist, using common criteria, and has 
recommended additional criteria needed to assure safety margins. These additional criteria have not been 
tested extensively to assure generic applicability. 
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Date: 10/1/1977 

Report: NUREG/CR-0011 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The study presented deals with several areas of uncertainty in the analysis of the 
unprotected overpower transient for the Clinch River Breeder Reactor. These areas of uncertainty include 
the time, place, and mode of fuel pin failure; pre-failure fuel motion; fuel freezing, plugging, and plate-out 
following pin failure; and the potential for re-criticality. Internal molten fuel motion prior to pin failure was 
found to be sensitive to ramp rate and burnup. The strain-limit fuel failure criterion was found to be 
inappropriate for analysis based on existing data. The coupling of pre-transient- and transient-induced 
stresses tended to force the failure location towards the core midplane. 
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Report: NUREG/CR-0030; SAND-76-0587 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PARC (plutonium accident resistant container) project resulted in the design, 
development, and certification testing of a crashworthy air-transportable plutonium package (shipping 
container) for certification by the USNRC (Nuclear Regulatory Commission). This PAT-1 (plutonium air 
transportable) package survives a very severe sequential test program of impact, crush, puncture, slash, 
burn, and water immersion. There is also an individual hydrostatic pressure test. The package was 
engineered for a payload mass capacity of 3.15 kg of PuO2 and a thermal capacity of 25 watts. The design 
rationale for very high energy absorption (impact, crush, puncture, and slash protection) with residual high-
level fire protection resulted in a reasonably small air-transportable package, advancing the packaging state-
of-art. Optimization design iterations were utilized in the areas of impact energy absorption and stress and 
thermal analysis. Package test results are presented in relation to radioactive materials containment 
acceptance criteria, shielding and criticality standards. 
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Abstract/Keyterms: Seventy-six benchmark experiments are reported, giving the critical height of uranyl 
nitrate solution systems. Both material and geometry properties were well determined to reduce greatly any 
contribution to a theoretical/experimental discrepancy attributable to the experiment. The program used 
uranyl nitrate solution with the uranium enriched to 93.17% uranium-235 and a concentration range from 
54.89 grams uranium/liter to 369.96 grams uranium/liter. Unreflected experiments are reported, as 
measurements within thick-walled cubical reflector shells composed of concrete and methyl methacrylate 
plastic. Experiments involving a single tank and arrays of cylinders were performed. Single tank diameters 
ranged from 27.88 cm to 50.69 cm, and arrays of up to sixteen cylinders had containers of 16.12 cm or 
21.12 cm diameter. Containers composed of aluminum or stainless steel were studied. For all these 
parameters, the critical heights ranged from 17.13 cm to 110.20 cm. 
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Abstract/Keyterms: LEU-COMP-THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-042, 
LEU-COMP-THERM-001, LEU-COMP-THERM-003, LEU-COMP-THERM-004, LEU-COMP-
THERM-002, LEU-COMP-THERM-017, LEU-COMP-THERM-009, LEU-COMP-THERM-010; 
Measurement data are presented from a series of criticality experiments on systems simulating fuel element 
shipping containers and fuel storage basins. The conditions investigated involve clusters of 4.29 wt.% 
uranium-235 enriched uranium dioxide fuel rods immersed in water. The number of rods required for 
criticality in a square lattice spacing (25.4 mm) near optimum neutron moderation and the critical separation 
between three subcritical clusters aligned in a row was determined. The effect that the following fixed 
neutron absorbers had on this critical separation was also measured: 304L steel with 0, 1.1, and 1.6 wt.% 
boron); boral; copper with 0 and 1 wt.% cadmium; cadmium; aluminum; Zircaloy-4. 
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Date: 5/1/1978 

Report: NUREG/CR-0095; ORNL/NUREG/CSD-6 
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Abstract/Keyterms: The Nuclear Safety Guide was first issued in 1956 as classified AEC report LA-2063 
and was reprinted the next year, unclassified, as TID-7016. Revision 1, published in 1961, extended the 
scope and refined the guiding information. The present revision of the Guide differs significantly from its 
predecessor in that the latter was intentionally conservative in its recommendations. Firmly based on 
experimental evidence of criticality, the original Guide and the first revision were considered to be of most 
value to organizations whose activities with fissionable materials were not extensive and, secondarily, that 
it would serve as a point of departure for members of established nuclear safety teams, experienced in the 
field. The reader will find a significant change in the character of information presented in this version. 
Nuclear Criticality Safety has matured in the past twelve years. The advance of calculational capability has 
permitted validated calculations to extend and substitute for experimental data. The broadened data base 
has enabled better interpolation, extension, and understanding of available information, especially in areas 
previously addressed by undefined but adequate factors of safety. The content has been thereby enriched in 
qualitative guidance. The information inherently contains, and the user can recapture, the quantitative 
guidance 
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Abstract/Keyterms: LEU-COMP-THERM-066, LEU-COMP-THERM-068; This the tenth in the series 
of quarterly reports describing critical experiments being performed at Rocky Flats for the U.S. Nuclear 
Regulatory Commission (NRC). Five special cans of oxide, used to fill the regions around the driver support 
and source removal slots, have been packed and adjusted to an hydrogen/uranium ratio of 0.75 by injecting 
measured quantities of water. Handstacking of the metal and solution uranium drivers has been completed. 
Two pairs of solution driver cans were fabricated of Type 304 stainless steel and their dimensions measured. 
Handstacking of the low-enriched oxide cans at an hydrogen/uranium ratio of 0.75 was performed on the 
horizontal split table in the concrete reflector. The first table closure of the concrete-reflected oxide 
experiment had the solution driver cans in the array, but they contained no solution. The reciprocal 
multiplication was measured as a function of the table separation, and a value of 0.55 with the table 
completely closed was achieved. 
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Abstract/Keyterms: Water reactor research is summarized for the following programs: Semiscale, LOFT, 
Thermal Fuels Behavior, Code Development and Analysis, Code Verification and Applications, and the 3-
D Project. The Semiscale Program reports progress in converting to a new Mod-3 configuration scaled 
more directly to a PWR; improved mass flow rate measurement using a full-flow drag screen in two-
component fluid flow is reported. The LOFT Experimental Program reports achievement of initial 
criticality of the LOFT reactor and discusses calculations of loft fuel rod behavior for initial nuclear 
experiments. The Thermal Fuels Behavior Program reports on the various test series in the PBF reactor 
(including results of three recent loss-of-coolant experiments) and discusses progress in Halden fuel 
behavior research and postirradiation examination of reactor fuel. The Code Development and Analysis 
Program reports release of the RELAP4/MOD6 code, an evaluation of a nonequilibrium post-CHF heat 
transfer correlation, and development of an improved fuel rod fission gas release model. The Code 
Verification and Applications Program reports plans for verifying the RELAP4/MOD6 and FRAP-T4 
codes, and describes the status of fuel rod analysis code verification. The multinational 3-D Experiment 
Project reports design, analysis, and instrumentation development in support of German and Japanese 
reflood experiments. 
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Author: Parks, C. V. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation: Control Modules C4, C6 

Date: 3/1/1997 

Report: NUREG/CR-0200, Rev. 5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Manual represents Revision 5 of the user documentation for the modular code 
system referred to as SCALE. The history of the SCALE code system dates back to 1969 when the current 
Computational Physics and Engineering Division at Oak Ridge National Laboratory (ORNL) began 
providing the transportation package certification staff at the U. S. Atomic Energy Commission with 
computational support in the use of the new KENO code for performing criticality safety assessments with 
the statistical Monte Carlo method. From 1969 to 1976 the certification staff relied on the ORNL staff to 
assist them in the correct use of codes and data for criticality, shielding, and heat transfer analyses of 
transportation packages. However, the certification staff learned that, with only occasional use of the codes, 
it was difficult to become proficient in performing the calculations often needed for an independent safety 
review. Thus, shortly after the move of the certification staff to the U.S. Nuclear Regulatory Commission 
(NRC), the NRC staff proposed the development of an easy-to-use analysis system that provided the 
technical capabilities of the individual modules with which they were familiar. With this proposal, the 
concept of the Standardized Computer Analyses for Licensing Evaluation (SCALE) code system was born. 
This volume is part of the manual related to the control modules for the newest updated version of this 
computational package. 
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13924…..…..…………………..…….……..……ID Number…………………..…..…………….13924 

Author: n. a. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
and Evaluation 

Date: 3/1/1997 

Report: NUREG/CR-0200, Rev. 5, ORNL/NUREG/CSD-2/R5, Vols. 3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Manual represents Revision 5 of the user documentation for the modular code 
system referred to as SCALE. The history of the SCALE code system dates back to 1969 when the current 
Computational Physics and Engineering Division at Oak Ridge National Laboratory (ORNL) began 
providing the transportation package certification staff at the U.S. Atomic Energy Commission with 
computational support in the use of the new KENO code for performing criticality safety assessments with 
the statistical Monte Carlo method. From 1969 to 1976 the certification staff relied on the ORNL staff to 
assist them in the correct use of codes and data for criticality, shielding, and heat transfer analyses of 
transportation packages. However, the certification staff learned that, with only occasional use of the codes, 
it was difficult to become proficient in performing the calculations often needed for an independent safety 
review. Thus, shortly after the move of the certification staff to the U.S. Nuclear Regulatory Commission 
(NRC), the NRC staff proposed the development of an easy-to-use analysis system that provided the 
technical capabilities of the individual modules with which they were familiar. With this proposal, the 
concept of the Standardized Computer Analyses for Licensing Evaluation (SCALE) code system was born. 
This manual covers an array of modules written for the SCALE package, consisting of drivers, system 
libraries, cross section and materials properties libraries, input/output routines, storage modules, and help 
files 
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13925…..…..…………………..…….……..……ID Number…………………..…..…………….13925 

Author: n. a. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
and Evaluation 

Date: 1/1/2000 

Report: NUREG/CR-0200, Rev. 6, ORNL/NUREG/CSD-2/R6, Vols. I, II, and III 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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13926…..…..…………………..…….……..……ID Number…………………..…..…………….13926 

Author: n. a. 

Title: SCALE: A Modular Code System for Performing Standardized Analyses for Licensing Evaluation 

Date: 4/1/1995 

Report: NUREG/CR-0200, Rev.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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13927…..…..…………………..…….……..……ID Number…………………..…..…………….13927 

Author: Stratton, W. R. 

Title: CSAS: Control Module for Enhanced Criticality Safety Analysis Sequences 

Date: 12:00:00 AM 

Report: NUREG/CR-0200, Vol. I Section C4, Rev. 5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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13928…..…..…………………..…….……..……ID Number…………………..…..…………….13928 

Author: n. a. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Volume 1. Control Modules 

Date: 12/1/1984 

Report: NUREG/CR-0200-1; ORNL/NUREG/CSD-2/1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi-faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. Volume 1 describes 
the following control modules: a one-dimensional criticality safety analysis module; an enhanced criticality 
safety analysis module with an optimum pitch search option; a coupled one-dimensional depletion and 
shielding analysis module; an automated Monte Carlo shielding analysis module; and a two-dimensional 
heat transfer analysis of fuel casks. Separate abstracts are provided for each control module description. 
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13929…..…..…………………..…….……..……ID Number…………………..…..…………….13929 

Author: n. a. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Volume 2. Functional Modules 

Date: 12/1/1984 

Report: NUREG/CR-0200-2; ORNL/NUREG/CSD-2/2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities and package designs. Volume 2 describes the computer codes 
(functional modules) used within the criticality, shielding, and heat transfer calculation control modules. 
Separate abstracts are provided for the functional modules available: resonance self-shielding by the 
Bondarenko method; resonance self-shielding by the Nordheim method; a one-dimensional discrete-
ordinates program for transport analysis; calculation of fluxes and dose rates outside a shield; improved 
Monte Carlo criticality program; processing of problem-dependent cross sections and neutron spectral data; 
calculation of fuel depletion, transmutation, fission product buildup and decay; mixing of multigroup cross 
sections; neutron and photon Monte Carlo transport analyses (advanced geometry); heat conduction (finite 
difference formulation); 3-D geometry plotting program; temperature distribution plotting programs; and 
plotting program to verify heat transfer input data. 
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13930…..…..…………………..…….……..……ID Number…………………..…..…………….13930 

Author: n. a. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Volume 3. Miscellaneous 

Date: 12/1/1984 

Report: NUREG/CR-0200-3; ORNL/NUREG/CSD-2/3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi-faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. Volume 3 describes 
various libraries, input systems, and guides for use with the SCALE System; separate abstracts are provided 
for each. 
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13931…..…..…………………..…….……..……ID Number…………………..…..…………….13931 

Author: Oak Ridge National Laboratory 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Volume 1, Part 2: Control Modules S1—H1/Revision 5. Nuclear Regulatory Commission, 
Washington, DC 

Date: 3/1/1997 

Report: NUREG/CR-0200-Rev.5-Vol.1-Pt.2; ORNL/NUREG/CSD-2/R5-Vol.1-Pt.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SCALE--a modular code system for Standardized Computer Analyses Licensing 
Evaluation--has been developed by Oak Ridge National Laboratory at the request of the US Nuclear 
Regulatory Commission. The SCALE system utilizes well-established computer codes and methods within 
standard analysis sequences that (1) allow an input format designed for the occasional user and/or novice, 
(2) automated the data processing and coupling between modules, and (3) provide accurate and reliable 
results. System development has been directed at problem-dependent cross-section processing and analysis 
of criticality safety, shielding, heat transfer, and depletion/decay problems. Since the initial release of 
SCALE in 1980, the code system has been heavily used for evaluation of nuclear fuel facility and package 
designs. This revision documents Version 4.3 of the system. 
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13932…..…..…………………..…….……..……ID Number…………………..…..…………….13932 

Author: Oak Ridge National Laboratory 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Nuclear Regulatory Commission, Washington, DC, Office of Nuclear Material Safety and 
Safeguards/Oak Ridge National Lab., TN 

Date: 3/1/1997 

Report: NUREG/CR-0200-Rev.5-Vol.3; ORNL/NUREG/CSD-2/R5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Manual represents Revision 5 of the user documentation for the modular code 
system referred to as SCALE. The history of the SCALE code system dates back to 1969 when the current 
Computational Physics and Engineering Division at Oak Ridge National Laboratory (ORNL) began 
providing the transportation package certification staff at the U.S. Atomic Energy Commission with 
computational support in the use of the new KENO code for performing criticality safety assessments with 
the statistical Monte Carlo method. From 1969 to 1976 the certification staff relied on the ORNL staff to 
assist them in the correct use of codes and data for criticality, shielding, and heat transfer analyses of 
transportation packages. However, the certification staff learned that, with only occasional use of the codes, 
it was difficult to become proficient in performing the calculations often needed for an independent safety 
review. Thus, shortly after the move of the certification staff to the U.S. Nuclear Regulatory Commission 
(NRC), the NRC staff proposed the development of an easy-to-use analysis system that provided the 
technical capabilities of the individual modules with which they were familiar. With this proposal, the 
concept of the Standardized Computer Analyses for Licensing Evaluation (SCALE) code system was born. 
This manual covers an array of modules written for the SCALE package, consisting of drivers, system 
libraries, cross section and materials properties libraries, input/output routines, storage modules, and help 
files. 
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13933…..…..…………………..…….……..……ID Number…………………..…..…………….13933 

Author: Bucholz, J. A. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Book I. Volume 1. Control Modules 

Date: 10/1/1981 

Report: NUREG/CR-0200-Vol.1-Bk.1; ORNL/NUREG/CSD-2-Vol.1-Bk.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. The control modules 
available with SCALE are documented in Volume 1 of this manual. Volume 2 provides documentation for 
each of the well-established functional modules used within the SCALE system. Volume 3 contains 
documentation for the miscellaneous components of the SCALE system. 
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13934…..…..…………………..…….……..……ID Number…………………..…..…………….13934 

Author: Oak Ridge National Laboratory 

Title: SCALE-A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Volume 1. Control Modules 

Date: 1/1/1983 

Report: NUREG/CR-0200-Vol.1-R2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multifaceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear-fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. 
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13935…..…..…………………..…….……..……ID Number…………………..…..…………….13935 

Author: Bucholz, J. 

Title: KENO IV/S an Improved Monte Carlo Criticality Program/Theory 

Date: 1/1/1982 

Report: NUREG/CR-0200-Vol.2-Bk.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO IV is a multigroup Monte Carlo criticality program written for the IBM 360 
computers. It executes rapidly and is flexibly dimensioned so the allowed size of a problem (i.e., the number 
of energy groups, number of geometry cards, etc., is arbitrary) is limited only by the total data storage 
required. The input data, with the exception of cross sections, fission spectra and albedos, may be entered 
in free form. The geometry input is quite simple to prepare and complicated three-dimensional systems can 
often be described with a minimum of effort. The results calculated by KENO IV include k-effective, 
lifetime and generation time, energy-dependent leakages and absorptions, energy-and region-dependent 
fluxes and region-dependent fission densities. Criticality searches can be made on unit dimensions or on 
the number of units in an array. This report includes a summary of the theory utilized by KENO IV, a 
section describing the logical program flow, a compilation of the error messages printed by the code and a 
comprehensive data guide for preparing input to the code. 
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13936…..…..…………………..…….……..……ID Number…………………..…..…………….13936 

Author: Bucholz, J. 

Title: Morse-SGC/S Neutron and Photon Monte Carlo Transport Analysis with Super-Grouping and 
Advanced Geometry Features 

Date: 1/1/1982 

Report: NUREG/CR-0200-Vol.2-Bk.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MORSE-SGC/S is the SCALE version of the MORSE-SGC code. This new version 
contains the supergroup cross-section storage and tracking feature of MORSE-SGC, along with a new 
improved geometry system (MARS, Multiple Array System) for nested rectangular array analysis. 
MORSE-SGC/S is written to solve a wide variety of shielding and criticality problems without user-
required subroutines. 
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13937…..…..…………………..…….……..……ID Number…………………..…..…………….13937 

Author: Bucholz, J. 

Title: SCALE A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation 

Date: 1/1/1982 

Report: NUREG/CR-0200-Vol.2-Bk.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. 
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13938…..…..…………………..…….……..……ID Number…………………..…..…………….13938 

Author: Bucholz, J. A. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation 

Date: 1/1/1982 

Report: NUREG/CR-0200-Vol.2-Bk.2; ORNL/NUREG/CSD-2-Vol.2-Bk.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can alo be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. 
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13939…..…..…………………..…….……..……ID Number…………………..…..…………….13939 

Author: Oak Ridge National Laboratory 

Title: SCALE-A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation 

Date: 1/1/1982 

Report: NUREG/CR-0200-Vol.2-Bk.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. Volume 2 contains 
documentations for the following functional modules used in the SCALE system JUNEBUG, a three-
dimensional geometry plotting code. 
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13940…..…..…………………..…….……..……ID Number…………………..…..…………….13940 

Author: Petrie, L. M. / Landers, N. F. 

Title: KENO-V Improved Monte Carlo Criticality Program with Super-Grouping 

Date: 1/1/1982 

Report: NUREG/CR-0200-Vol.2-Bk.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO V is a new multigroup Monte Carlo criticality program developed in the 
tradition of KENO and KENO IV for use in the SCALE system. The primary purpose of KENO V is to 
determine k-effective. Other calculated quantities include lifetime and generation time, energy-dependent 
leakages, energy-and region-dependent absorptions, fissions, fluxes, and fission densities. KENO V 
combines many of the efficient performance capabilities of KENO IV with improvements such as flexible 
data input, the ability to specify origins for cylindrical and spherical geometry regions, the capability of 
super grouping energy dependent data, a P/sub n/ scattering model in the cross sections, a procedure for 
matching lethargy boundaries between albedos and cross sections to extend the usefulness of the albedo 
feature, and improved restart capabilities. This advanced user-oriented program combines simplified data 
input and efficient computer storage allocation to readily solve large problems whose computer storage 
requirements precluded solution when using KENO IV. 
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13941…..…..…………………..…….……..……ID Number…………………..…..…………….13941 

Author: Oak Ridge National Laboratory 

Title: SCALE-A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Volume 2. Functional Modules 

Date: 6/1/1983 

Report: NUREG/CR-0200-Vol.2-Rev.1; ORNL/NUREG/CSD-2/Vol.2/Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual provides documentation for a new, multi-faceted computational system 
called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has been developed to 
provide a standard analysis tool for use by the NRC staff and licensees in evaluating nuclear-fuel facility 
and package designs. The SCALE system consists of several automated analytical sequences (control 
modules) which perform criticality, shielding, and/or heat-transfer calculations with a minimum of user-
required input. The computer codes (functional modules) used within each analytical sequence can also be 
run in a stand-alone fashion or coupled together in a sequence determined by the user. 
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13942…..…..…………………..…….……..……ID Number…………………..…..…………….13942 

Author: Oak Ridge National Laboratory 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. Revisions and Errata Sheets for Volumes 1, 2, 3. Oak Ridge National Lab 

Date: 12/1/1984 

Report: NUREG/CR-0200-Vols.1,2,3; ORNL/NUREG/CSD-2/R3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SCALE Documentation / NUREG/CR-0200 
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13943…..…..…………………..…….……..……ID Number…………………..…..…………….13943 

Author: Oak Ridge National laboratory 

Title: SCALE-A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation 

Date: 6/1/1983 

Report: NUREG/CR-0200-Vols.1-2-3-Bk.4;ORNL/NUREG/CSD-2/R2-Bk.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Books IV and V of this manual provide additional documentation for a multi faceted 
computational system called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has 
been developed to provide a standard analysis tool for use by the NRC staff and licensees in evaluation of 
nuclear fuel facility and package designs. The SCALE system consists of several automated analytical 
sequences (control modules) which perform criticality, shielding, and/or heat transfer calculations with a 
minimum of user-required input. The computer codes (functional modules) used within each analytical 
sequence can also be run in a stand-alone fashion or coupled together in a sequence determined by the user. 
This book includes description, and sample cases. 
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13944…..…..…………………..…….……..……ID Number…………………..…..…………….13944 

Author: n.a. 

Title: SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation. [Additions] 

Date: 6/1/1983 

Report: NUREG/CR-0200-Vols.1-2-3-Bk.5; ORNL/NUREG/CSD-2/R2-Bk.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Books IV and V of this manual provide additional documentation for a multi faceted 
computational system called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has 
been developed to provide a standard analysis tool for use by the NRC staff and licensees in evaluation of 
nuclear fuel facility and package designs. The SCALE system consists of several automated analytical 
sequences (control modules) which perform criticality, shielding, and/or heat transfer calculations with a 
minimum of user-required input. The computer codes (functional modules) used within each analytical 
sequence can also be run in a stand-alone fashion or coupled together in a sequence determined by the user. 
This book covers: control modules, functional modules, and miscellaneous. 
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13945…..…..…………………..…….……..……ID Number…………………..…..…………….13945 

Author: Oak Ridge National Laboratory 

Title: SCALE-A Modular Code System for Performing Standardized Computer Analyses for Licensing 
Evaluation 

Date: 6/1/1983 

Report: NUREG/CR-0200-Vols.1-2-3-Bk.5; ORNL/NUREG/CSD-2/R2-Bk.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Books IV and V of this manual provide additional documentation for a multi faceted 
computational system called SCALE (Standardized Computer Analyses for Licensing Evaluation) that has 
been developed to provide a standard analysis tool for use by the NRC staff and licensees in evaluation of 
nuclear fuel facility and package designs. The SCALE system consists of several automated analytical 
sequences (control modules) which perform criticality, shielding, and/or heat transfer calculations with a 
minimum of user-required input. The computer codes (functional modules) used within each analytical 
sequence can also be run in a stand-alone fashion or coupled together in a sequence determined by the user. 
This book covers 
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13946…..…..…………………..…….……..……ID Number…………………..…..…………….13946 

Author: Jenquin, U. P. / Bierman, S. R. 

Title: Benchmark Experiments to Test Plutonium and Stainless Steel Cross Sections 

Date: 6/1/1978 

Report: NUREG/CR-0210; PNL-2273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutronics calculations of physical systems containing fissionable material in various 
configurations are often necessary to assess criticality safety and economic parameters. Criticality safety of 
the material must be assured for all configurations in the fuel fabrication, spent fuel reprocessing, and 
transportation processes. Integral criticality experiments are utilized to evaluate neutron cross sections, test 
theoretical methods, and validate calculational procedures. The Nuclear Regulatory Commission (NRC) 
commissioned Battelle, Pacific Northwest Laboratory (PNL) to ascertain the accuracy of the neutron cross 
sections for the isotopes of plutonium and the constituents of stainless steel and determine if improvements 
can be made in application to criticality safety analysis. NRC's particular area of interest is in the 
transportation of light--water reactor spent fuel assemblies. The project was divided into two tasks. The 
first task was to define a set of integral experimental measurements (benchmarks). The second task is to 
use these benchmarks in neutronics calculations such that the accuracy of ENDF/B-IV plutonium and 
stainless steel cross sections can be assessed. The results of the second task should help to identify 
deficiencies in the neutron cross sections. The results of the first task are given. 
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13947…..…..…………………..…….……..……ID Number…………………..…..…………….13947 

Author: Theofanous, T. G. 

Title: Multiphase Transients with Coolant and Core Materials in LMFBR Core Disruptive Accident 
Energetics Evaluations 

Date: 6/1/1978 

Report: NUREG/CR-0224 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An overview of core disruptive accidents in LMFBRs and an assessment of their 
potential for energetic consequences are presented. Areas in which current state-of-the-art is found 
inadequate are identified. In particular the early post disruptive period (called herein Transition to the 
Transition Phase) is identified as a key area having received inadequate attention to date. Further the idea 
of mild dispersal from a fully developed Transition Phase at decay heat power levels does not appear 
justified. However considerable question exists as to the attainability of such full core pool under accident 
conditions. Specific recommendations for research work in relation to licensing needs are presented. 
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13948…..…..…………………..…….……..……ID Number…………………..…..…………….13948 

Author: Ernst, B. B. / Oh, I. / Tuck, G. 

Title: Reference Critical Experiments. Progress Report, April 1-June 30, 1978 

Date: 8/1/1978 

Report: NUREG/CR-0297; RFP-2829 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments was conducted to provide accurate critical data on low-
enriched uranium oxide (U3O8) systems with three different moisture contents and under several conditions 
of reflection. These data will provide check-points against which computer accuracy may be determined. 
The core currently being studied consists of approx. 1900 kg of low-enriched (4.5% U-235) uranium oxide 
with an H/U of approx. 0.75. The oxide alone is not critical; hence, a high-enriched (93% U-235) uranium 
driver section near the core center is required. During this quarter, nine critical data points were obtained 
for concrete-, plastic-, and minimally-reflected cores with three different drivers. Thirteen experiments were 
added to the program to determine the effect of various moderator materials interspersed between the core 
units. For these experiments, all material has been obtained and fabricated, and other preparations are nearly 
completed. The uranium oxide is gaining weight with time. Four oxide cans have been isolated in controlled 
atmospheres to determine the cause of the weight gain. 
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13949…..…..…………………..…….……..……ID Number…………………..…..…………….13949 

Author: Argonne National Lab. 

Title: Physics of Reactor Safety. Quarterly Report, April-June 1978 

Date: 8/1/1978 

Report: NUREG/CR-0477 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work on LMFBR reactor safety programs, Monte Carlo analysis of safety-related 
critical assembly experiments, and reactor core thermal-hydraulic code development is summarized. 
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13950…..…..…………………..…….……..……ID Number…………………..…..…………….13950 

Author: Goebel, G. R. / Oh, I. / Rothe, R. E. 

Title: Reference Critical Experiments. Progress Report, July-September 1978 

Date: 1/1/1979 

Report: NUREG/CR-0499; RFP-2868 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is the twelfth in the series of quarterly progress reports describing 
reference critical experiments being performed at the critical mass facility at Rocky Flats, Rockwell 
International, for the U.S. Nuclear Regulatory Commission (NRC). Thirteen critical array experiments were 
performed for the low enriched, damp (H/U approximately 0.75), uranium oxide (U3O8) having various 
moderating materials interspersed between cans in the plastic reflector. The elemental compositions of five 
nonfissile materials used in the oxide experiments were determined by laboratory analysis. A test was 
conducted on four oxide cans to analyze the oxide weight gain for the period May 26 through September 
12, 1978; and the weight gain was found to be attributable to an absorption of oxygen from the air. 
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Abstract/Keyterms: LEU-COMP-THERM-045, LEU-COMP-THERM-066, LEU-COMP-THERM-068, 
LEU-COMP-THERM-069; This the thirteenth (13th) in the series of quarterly progress reports describing 
reference critical experiments being performed at the Critical Mass Facility at Rockwell International's 
Rocky Flats Plant for the U.S. Nuclear Regulatory Commission (NRC). In addition to a discussion of 
experiments already performed, a list of criticality experiments needed to provide criticality data for the 
design and licensing of new facilities is included. Experimental programs currently underway at Babcock 
and Wilcox, Battelle Pacific Northwest Laboratories, and Rocky Flats are described. Two critical 
experiments were repeated using the low-enriched, damp (H/U approx. 0.75) uranium oxide (U3O8) in the 
plastic reflector. They were repeated to determine the combined effect of parameters (oxide weight gain, 
cuboid dimensions, etc.) that might vary. Repeat experimental results are in good agreement with the 
original experimental results. Two new critical experiments were performed with plastic interspersed 
between cans of uranium oxide in the concrete reflector. Reweighing of the oxide cans indicates that the 
oxide continues to gain weight. Composition of the uranium oxide and metals used in the experiments were 
determined by laboratory analyses. 
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Author: Argonne National Lab. 

Title: Physics of Reactor Safety. Quarterly Report, July-September 1978 

Date: 11/1/1978 

Report: NUREG/CR-0653 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report summarizes work done on reactor safety program by members of the 
Reactor Safety Appraisals Group, Monte Carlo analysis of safety-related critical assembly experiments and 
Planning of Safety-Related (ZPR) Planning and Experiments Group. Work on reactor core thermal-
hydraulic code development performed in the Components Technology Division is also included. 
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Title: Benchmark Critical Experiments on Low-Enriched Uranium Oxide Systems with H/U = 0.77 

Date: 8/1/1979 

Report: NUREG/CR-0674 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Ten benchmark experiments were performed at the Critical Mass Laboratory at 
Rockwell International's Rocky Flats Plant, Golden, Colorado, for the US Nuclear Regulatory Commission. 
They provide accurate criticality data for low-enriched damp uranium oxide (U/sub 3/O/sub 8/) systems. 
The core studied consisted of 152 mm cubical aluminum cans containing an average of 15,129 g of low-
enriched (4.46% 235U) uranium oxide compacted to a density of 4.68 g/cm/sup 3/ and with an H/U atomic 
ratio of 0.77. One hundred twenty five (125) of these cans were arranged in an approx. 770 mm cubical 
array. Since the oxide alone cannot be made critical in an array of this size, an enriched (approx. 93% 235U) 
metal or solution driver was used to achieve criticality. Measurements are reported for systems having the 
least practical reflection and for systems reflected by approx. 254-mm-thick concrete or plastic. Under the 
three reflection conditions, the mass of the uranium metal driver ranged from 29.87 kg to 33.54 kg for an 
oxide core of 1864.6 kg. For an oxide core of 1824.9 kg, the weight of the high concentration (351.2 kg 
U/m/sup 3/) solution driver varied from 14.07 kg to 16.14 kg, and the weight of the low concentration (86.4 
kg U/m/sup 3/) solution driver from 12.4 kg to 14.0 kg. 
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Title: KENO-IV/CG, the Combinatorial Geometry Version of the KENO Monte Carlo Criticality Safety 
Program 

Date: 9/1/1979 

Report: NUREG/CR-0709, ORNL/NUREG/CSD-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO-IV/CG was developed to merge the simple geometry input description utilized 
by combinatorial geometry with the repeating lattice feature of the original KENO geometry package. The 
result is a criticality code with the ability to model a complex system of repeating rectangular lattices inside 
a complicated three-dimensional geometry system. Furthermore, combinatorial geometry was modified to 
differentiate between combinatorial zones describing a particular KENO BOX to be repeated in a KENO 
array and those combinatorial zones describing geometry external to an array. This allows the user to 
maintain a simple coordinate system without any geometric conflict due to spatial overlap. Several difficult 
criticality design problems have been solved with the new geometry package in KENO-IV/CG, thus 
illustrating the power of the code to model difficult geometries with a minimum of effort. 
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Title: Physics of Reactor Safety. Quarterly Report, October-December 1978 

Date: 3/1/1979 

Report: NUREG/CR-0759 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is summarized in reactor-safety research and technical coordination of the 
RSR safety analysis program, Monte Carlo analysis of safety-related critical assembly experiments, 
planning of safety-related critical experiments, and work on reactor core thermal hydraulics. 



 

C-13994 

13956…..…..…………………..…….……..……ID Number…………………..…..…………….13956 

Author: n. a. 

Title: 35 wt% and 4.31 wt% 235U Enriched UO2 Rods in Water with Uranium or Lead Reflecting Walls, 
Undermoderated Water-to-Fuel Volume Ratio of 1.6 

Date: 12/1/1981 

Report: NUREG/CR-0796, PNL-3926, Vol. 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-042 
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Title: Criticality Experiments with Subcritical Clusters of 2.35 wt% and 4.29 wt% 235U Enriched UO 
Rods in Water with Uranium or Lead Reflecting Walls, Near Optimum Water-to-Fuel Volume Ratio 

Date: 4/1/1979 

Report: NUREG/CR-0796, Vol. 1; PNL-2827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-010, LEU-COMP-
THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-014, LEU-COMP-THERM-017; A 
series of criticality experiments with 2.35 wt.% and 4.29 wt.% 235U enriched UO2 rods in water have 
provided well defined benchmark type data showing that both depleted uranium and lead reflecting walls 
submerged in the water reflector, are better neutron reflectors than water alone. For each fuel enrichment 
the critical separation between three subcritical, near optimally moderated fuel clusters was observed to 
increase as either 77 mm thick depleted uranium or 102 mm thick lead reflecting walls were moved toward 
the fuel. The maximum reactivity effect was observed for the depleted uranium with about 20 mm of water 
between the reflecting walls and the fuel region; whereas, for the lead a maximum effect was obtained with 
essentially no water between the reflecting walls and the fuel region. This maximum reactivity effect was 
observed to occur at the same spatial separation between the fuel and reflecting walls for both fuel 
enrichments. However, the measurements indicated that the magnitude of this phenomenon is dependent 
on the 235U enrichment of the fuel. The lead reflecting walls increased the critical separation between fuel 
clusters a maximum of 67% for the 2.35 wt.% 235U enriched fuel and at least 152% for the 4.29 wt.% 
enriched fuel. Similar results were observed with the depleted uranium reflecting walls. 
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Title: Criticality Experiments with Subcritical Clusters of 2.35 wt% and 4.31 wt% 235U Enriched UO 
Rods in Water with Uranium or Lead Reflecting Walls, Undermoderated Water-to-Fuel Volume Ratio of 
1.6 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-017, LEU-COMP-THERM-009, LEU-COMP-THERM-014, 
LEU-COMP-THERM-001, LEU-COMP-THERM-003, LEU-COMP-THERM-004, LEU-COMP-
THERM-002, LEU-COMP-THERM-010; A series of criticality experiments with 2.35 wt.% and 4.29 wt.% 
235U enriched UO2 rods in water have provided well defined benchmark type data showing that both 
depleted uranium and lead reflecting walls submerged in the water reflector, are better neutron reflectors 
than water alone. For each fuel enrichment the critical separation between three subcritical, near optimally 
moderated fuel clusters was observed to increase as either 77 mm thick depleted uranium or 102 mm thick 
lead reflecting walls were moved toward the fuel. The maximum reactivity effect was observed for the 
depleted uranium with about 20 mm of water between the reflecting walls and the fuel region; whereas, for 
the lead a maximum effect was obtained with essentially no water between the reflecting walls and the fuel 
region. This maximum reactivity effect was observed to occur at the same spatial separation between the 
fuel and reflecting walls for both fuel enrichments. However, the measurements indicated that the 
magnitude of this phenomenon is dependent on the 235U enrichment of the fuel. The lead reflecting walls 
increased the critical separation between fuel clusters a maximum of 67% for the 2.35 wt.% 235U enriched 
fuel and at least 152% for the 4.29 wt.% enriched fuel. Similar results were observed with the depleted 
uranium reflecting walls. 
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Author: Goebel, G. R. / Oh, I. / Rothe, R. E. 

Title: Reference Critical Experiments. Progress Report, January-March 1979 

Date: 6/1/1979 

Report: NUREG/CR-0827; RFP-2932 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Eight critical experiments were performed using the low-enriched, damp (H/U 
approx. 0.77) uranium oxide (U3O8) in the concrete reflector. This concludes the interstitially-moderated 
experiments. Two critical experiments were repeated. One was repeated ten months after the original 
experiment to determine the combined effect of oxide weight gain and statistical error of measurements. 
The second repeat experiment was performed a few hours after the original experiment, so oxide weight 
gain would not be a factor, to see the effect on critical results of restacking and rearranging the oxide cans. 
Impurity content and particle size distribution of the oxide were determined by laboratory analysis. Water 
has been added to the uranium oxide to increase the H/U atomic ratio from 0.77 to 1.25. The uranium oxide 
with an H/U ratio of 1.25 will be used in the next series of experiments. Reweighing of the oxide cans 
indicates that the oxide continues to gain weight. 
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Title: Physics of Reactor Safety. Quarterly Report, January-March 1979 

Date: 5/1/1979 

Report: NUREG/CR-0864 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Quarterly progress report summarizes work done during the months of January-
-March 1979 in Argonne National Laboratory's Applied Physics and Components Technology Divisions 
for the Division of Reactor Safety Research of the US Regulatory Commission. The work in the Applied 
Physics Division includes reports on reactor-safety research and technical coordination of the RSR safety 
analysis program by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of safety-
related critical assembly experiments by members of the Reactor Computations Group, and planning of 
safety-related critical experiments by members of the Zero Power Reactor (ZPR) Planning and Experiments 
Group. Work on reactor core thermal-hydraulics was performed in ANL's Components Technology 
Division. 
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Title: Integral Data Evaluation of Stainless Steel, 239Pu, 240Pu, and H2O for Homogeneous Plutonium 
Systems 

Date: 8/1/1979 

Report: NUREG/CR-0965; PNL-3071 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Theory-experiment correlations of plutonium-fueled systems using ENDF/B cross-
section data have discrepancies which could be due to cross-section data, theoretical methods, and/or 
interpretation of the experiment. Analyses of homogeneous plutonium critical experiments were performed 
to determine where cross section deficiencies may exist. New thermal cross-section data (0.3 eV) were 
generated for 239Pu and 240Pu capture, fission, and neutrons per fission. Two scattering kernels for 
hydrogen bound in water were also generated. Calculated values of k(eff) using these new data were 
compared with corresponding values using ENDF/B-IV data. The results indicate that the 240Pu resonance 
data are sufficiently well known for hydrogen-moderated plutonium systems. In systems using stainless 
steel as structural and/or neutron control, a large fraction of the neutron absorptions occur in the stainless 
steel. Analyses of several systems containing stainless steel indicate that the uncertainty in calculated values 
of k(eff) is small using current estimates of the uncertainties in the cross sections. 
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Title: Reference Critical Experiments. Progress Report, April 1, 1979-June 30, 1979 

Date: 10/1/1979 

Report: NUREG/CR-1008; RFP-2990 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the fifteenth in the series of quarterly progress reports describing reference 
critical experiments being performed at the Critical Mass Laboratory at Rockwell International's Rocky 
Flats Plant for the US Nuclear Regulatory Commission (NRC). The results of eight critical experiments are 
reported using the low-enriched, damp (H/U approx. 1.25) uranium oxide (U3O8) in the concrete reflector 
and the minimal steel reflector. The oxide alone is not critical; hence, a high-enriched (93% U-235) uranium 
driver section near the core center was required. The drivers used in these experiments were a uranium 
metal sphere, high concentration uranyl nitrate solution, and low concentration uranyl nitrate solution. 
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Author: Rothe, R. E. / Oh, I. / Goebel, G. R. 

Title: Critical Experiments with Interstitially-Moderated Arrays of Low-Enriched Uranium Oxide 

Date: 9/1/1980 

Report: NUREG/CR-1071; RFP-3008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-045, LEU-COMP-THERM-066, LEU-COMP-THERM-068, 
LEU-COMP-THERM-069 
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Title: Physics of Reactor Safety. Quarterly Report, April-June 1979 

Date: 8/1/1979 

Report: NUREG/CR-1096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Quarterly progress report summarizes work done during the months of April-
June 1979 in Argonne National Laboratory's Applied Physics and Components Technology Divisions for 
the Division of Reactor Safety Research of the US Nuclear Regulatory Commission. The work in the 
Applied Physics Division includes reports on reactor-safety research and technical coordination of the RSR 
safety analysis program by members of the Reactor Safety Appraisals Group, Monte Carlo analysis of 
safety-related critical assembly experiments by members of the Reactor Computations Group, and planning 
of safety-related critical experiments by members of the Zero Power Reactor (ZPR) Planning and 
Experiments Group. Work on reactor core thermal-hydraulics was performed in ANL's Components 
Technology Division. 
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Author: Argonne National Lab. 

Title: Physics of Reactor Safety. Quarterly Report, July-September 1979 

Date: 11/1/1979 

Report: NUREG/CR-1252 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The work in the Applied Physics Division includes reports on reactor-safety research 
and technical coordination of the RSR safety analysis program by members of the Reactor Safety Appraisals 
Group, Monte Carlo analysis of safety-related critical assembly experiments by members of the Reactor 
Computations Group, and planning of safety-related critical experiments by members of the Zero Power 
Reactor (ZPR) Planning and Experiments Group. Work on reactor core thermal-hydraulics was performed 
in ANL's Components Technology Division. 
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Title: Criticality Experiments with Subcritical Clusters of 2.35 wt% and 4.31 wt% 235U Enriched UO2 
Rods in Water at a Water-to-Fuel Volume Ratio of 1.6 

Date: 7/1/1980 

Report: NUREG/CR-1547, PNL-3314 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-010, LEU-COMP-
THERM-014, LEU-COMP-THERM-017, LEU-COMP-THERM-042 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fourth in a series of Nuclear Regulatory Commission funded criticality 
experiments have provided data for 2.35 wt% and 4.31 wt% 235U enriched UO2 rods at a water-to-fuel 
volume ratio of 1.6. The results from some 147 critical experiments are presented. They include for each 
enrichment: {sm_bullet}The critical size of single lattices or clusters of fuel {sm_bullet}The critical 
separation between sub-critical clusters of fuel {sm_bullet}The critical separation between sub-critical 
clusters of fuel having fixed neutron absorbers between the fuel clusters {sm_bullet}The isolation distance 
between fuel clusters {sm_bullet}The critical size of fuel clusters containing water holes and voids 
{sm_bullet}The critical size of fuel clusters separated by flux traps The fixed neutron absorbers for which 
data were obtained include 304-L steel, borated 304-L steel, copper, copper containing 1 wt% cadmium, 
cadmium, aluminium, zirconium and two trade name materials containing boron (Boral and Boroflex). 
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Title: Solid Angle and Surface Density as Criticality Parameters 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two methods often used to establish nuclear criticality safety limits for operations 
with fissile materials are the surface density and solid angle techniques. The two methods are used as 
parameters to express experimental and validated calculations of critical configurations. It is demonstrated 
that each method can represent critical arrangements of subcritical units and that there can be established a 
one-to-one correspondence between them. The analyses further show that the effect on an array neutron 
multiplication factor of perturbations to the array can be reliably estimated and that each form of fissile 
material and unit shape has a specific representation. 



 

C-14007 

13969…..…..…………………..…….……..……ID Number…………………..…..…………….13969 

Author: Goebel, G. R. / Oh, I. / Rothe, R. E. / Tuck, G. 

Title: Critical Experiments on Low-Enriched Uranium Oxide System with H/U=1.25 

Date: 10/1/1982 

Report: NUREG/CR-1653 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-066, LEU-COMP-THERM-068, LEU-COMP-THERM-069; 
Fifteen (15) critical experiments were performed on a horizontal split table machine using 4.48%-enriched 
sup(235)U uranium oxide(U3O8). The oxide was compacted to a density of 4.68g/cm3 and placed in 152 
mm cubical aluminum cans. Water was added to achieve an H/U of 1.25. Various arrays of oxide cans were 
distributed on each half of the split table, and the separation between halves reduced until criticality 
occurred. The critical table separation varied from 3.59 mm to 18.40 mm. Twelve (12) experiments required 
the addition of a high-enriched(93 % 235U) metal or solution driver to achieve criticality. These 
experiments were performed in a plastic, concrete, or thin steel reflector. Three additional experiments in 
the plastic reflector contained either 9.3-mm-or 24.3-mm-thick plastic moderator material between the 
oxide cans and did not require a driver to achieve criticality. Critical uranium driver masses ranged from 
9.999 kg to 14.000 kg (solution driver), and from 25.378 kg to 29.278 kg (metal driver) for 5X5X5 arrays 
of uranium oxide cans. Always, one or four of these 125 cans had to be removed to make room for the 
drivers. Therefore, the uranium oxide masses used were 1823.8 kg and 1863.5 kg. For the moderated 
experiments, the uranium oxide mass ranged between 574.4 kg and 1210.0 kg. 
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Title: Criticality Experiments with Subcritical Clusters of 2.35 wt% and 4.31 wt% 235U EnrichedUO2 
Rods in Water with Steel Reflecting Walls 

Date: 4/1/1981 

Report: NUREG/CR-1784; PNL-3602 

Conference/Journal:  

Conference Session:  
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LEU-COMP-THERM-003, LEU-COMP-THERM-042, LEU-COMP-THERM-004, LEU-COMP-
THERM-009, LEU-COMP-THERM-017, LEU-COMP-THERM-010 



 

C-14009 

13971…..…..…………………..…….……..……ID Number…………………..…..…………….13971 

Author: Hathout, A. M. / Westfall, R. M. / Dodds, H. L. 
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Conference/Journal:  
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Abstract/Keyterms: The calculations and analysis of two series of recently performed critical experiments 
are presented. Three cross-section libraries available in the SCALE system are used in the analyses. The 
results obtained are discussed in detail and are compared with MORET code calculations. The comparison 
with experimental results validates the cross-section libraries and allows an optimistic approach to the 
results of future studies using the three libraries and the SCALE system. 
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Abstract/Keyterms: The purpose of this work is to develop a parameter search capability for use in 
criticality safety analysis of nuclear fuel shipping containers. This new search capability is being developed 
for use in the SCALE computer code system. SCALE is being developed for licensing evaluation of various 
transportation package designs. It can perform criticality safety analysis, shielding analysis, and heat 
transfer analysis on systems described in multi-dimensional geometry. The work described in this report is 
specifically concerned with the criticality safety analysis capability of SCALE, and particularly, with two 
sequences that will provide SCALE users with the option to perform criticality searches on systems 
described in either one-dimensional or three-dimensional geometries. This search package includes a 
method for an optimization search (maxima or minima) and a method for a fixed value search. The 
optimization search is a search for the most reactive state of a system. It searches for the value of a 
parameter, such as fuel assembly lattice pitch or fuel concentration that corresponds to the maximum k-
effective of the system. Similarly, the fixed value search is a search for the value of a parameter that 
corresponds to a fixed value of k-effective. Both searches rely on least squares curve fitting to obtain the 
information needed to make an estimate. Specifically, the data points are least squares fitted to a cubic 
polynomial which is solved analytically for parameter values that correspond to maximum or fixed values 
of K-effective. This new search capability has been implemented into a FORTRAN computer routine 
named OPTMIZ which is used to perform the parameter modifications in SCALE’s two criticality search 
options. Results obtained from OPTMIZ show that fixed value criticality searching is greatly improved 
with regard to accuracy and computing cost relative to the existing search capability available in KENO-
IV. 
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Abstract/Keyterms: The solid angle method has long been used to establish safe spacings for subcritical 
units of fissile materials, especially uranium with a low 235U content. Analytic representation of criticality 
in terms of the total solid angle subtended by the unit nearest the center of an array has permitted an 
evaluation of the margin of subcriticality implicit in an allowable total solid angle, OmegaA It is shown 
that the method cannot have general applicability but is dependent upon the type of fissile material, the 
number and specific arrangement of the units in an array, and the array reflector conditions. The method is 
principally one of comparison. The relative difference between the allowed total solid angle and the total 
solid angle corresponding to criticality is a measure of the safety. This study demonstrates that the arbitrary 
application of an OmegaA to an array of fissile material without having established the magnitude of the 
margin of subcriticality is questionable. The method is usable provided the area of applicability is defined 
by a validated method. 
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Abstract/Keyterms: A P3 227-neutron-group cross-section library has been processed for the subsequent 
generation of problem-dependent fine-or broad-group cross sections for a broad range of applications, 
including shipping cask calculations, general criticality safety analyses, and reactor core and shielding 
analyses. The energy group structure covers the range 10$sup-5$ eV-20 MeV, including 79 thermal groups 
below 3 eV. The 129-material library includes processed data for all materials in the ENDF/B-V General 
Purpose File, several data sets prepared from LENDL data, hydrogen with water-and polyethylene-bound 
thermal kernels, deuterium with C2O-bound thermal kernels, carbon with a graphite thermal kernel, a 
special 1/V data set, and a dose factor data set. The library, which is in AMPX master format, is designated 
CSRL-V (Criticality Safety Reference Library based on ENDF/B-V data). Also included in CSRL-V is a 
pointwise total, fission, elastic scattering, and (n,gamma) cross-section library containing data sets for all 
ENDF/B-V resonance materials. Data in the pointwise library were processed with the infinite dilute 
approximation at a temperature of 296 deg K. 
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Abstract/Keyterms: This report describes implementation of a systematic approach for biasing a Monte 
Carlo radiation transport calculation. In particular, the adjoint fluxes from a one-dimensional discrete 
ordinates calculation with the XSDRNPM-S code are used to generate biasing parameters for the 
multigroup Monte Carlo code, MORSE-SGC/S. Application of this biasing procedure to several deep 
penetration spent fuel shipping cask problems is also reported. The results obtained for neutron and gamma-
ray transport indicate that relatively inexpensive Monte Carlo calculations are possible for dry and water 
filled shipping cask problems using these procedures.. 
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Abstract/Keyterms: Although not intended to study the evolution of a solution nuclear criticality accident, 
the Kinetic Experiment on Water Boiler (KEWB) demonstrated the dependence of the nuclear excursion 
on parameters such as solution temperature and radiolytic gas. Similarly, the CRAC ('Consequences 
Radiologigues d'un Accident de Criticite') program results indicate the excursion was governed by 
parameters such as the solution addition rate, initial neutron population, solute concentration, and thermal 
and radiolytic gas feedback. The majority of the energy deposited in a fissile solution is by the fission 
fragments. Energy deposition causes an increase in temperature decreasing density and hence neutron 
leakage. A second feature is the decomposition of water molecules into H2 and O2 in the solution. 
Microbubbles are nucleated in the fissile solution by a localized thermal spike generated by a fission 
fragment. In a supersaturated solution the bubble will grow and produce negative feedback by increasing 
neutron leakage. Both an energy and a pressure model have been incorporated into a space-independent 
kinetic computer code, MACKIN, while the pressure model was also incorporated into a space-dependent 
code, AZPAD. The models have been successful in predicting the peak power, burst energy, and maximum 
system pressure for the first burst in both KEWB. 



 

C-14017 

13979…..…..…………………..…….……..……ID Number…………………..…..…………….13979 

Author: Baldwin, C. A. 

Title: Two-And Three-Dimensional Diffusion Theory Calculations for the Pool Critical Assembly Pressure 
Vessel Wall Benchmark Facility 

Date: 7/1/1982 

Report: NUREG/CR-2579; ORNL/TM-8118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several diffusion theory calculations for the Pool Critical Assembly Pressure Vessel 
Wall Benchmark Facility core were performed. Two-dimensional calculations were performed to study the 
effect of various multigroup cross-section libraries on the calculated power distribution and to study the 
effect of a small water gap between the core and an aluminum window simulator. Three-dimensional 
calculations were performed to study the effect of control rod modeling on the calculated power 
distribution. Calculated power distributions were compared with an experiment power distribution derived 
from minature fission chamber measurements. Results showed that there was no significant difference in 
the calculated power distribution when using collapsed broad group cross sections as compared to finer 
group structures. 
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Title: Critical Experiments with 4.31 wt% 235U-Enriched UO2 Rods in Highly Borated Water Lattices 

Date: 8/1/1982 

Report: NUREG/CR-2709 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-010, LEU-COMP-
THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-014, LEU-COMP-THERM-017, LEU-
COMP-THERM-042; A series of critical experiments were performed with 4.31 wt.% 235U enriched UO2 
fuel rods immersed in water containing various concentrations of boron ranging up to 2.55 g/l. The boron 
was added in the form of boric acid (H3BO3). Critical experimental data were obtained for two different 
lattice pitches wherein the water-to-uranium oxide volume ratios were 1.59 and 1.09. The experiments 
provide benchmarks on heavily borated systems for use in validating calculational techniques employed in 
analyzing fuel shipping casks and spent fuel storage systems that may utilize boron for criticality control. 
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Abstract/Keyterms: Selected pertinent and uninterpreted data from the sixth anticipated transient 
experiment (Experiment L6-6) conducted in the Loss-of-Fluid Test (LOFT) facility are presented. 
Experiment L6-6 simulated a boron dilution accident by injecting demineralized water into the primary 
coolant system (PCS) at a rate of 0.47 L/s while the reactor was in a cold shutdown condition with the 
control rods withdrawn. System pressure was maintained at approximately 285 kPa throughout the 
experiment. The experiment was divided into two parts. In the first part, L6-6A, a recirculation flow of 4.7 
L/s was maintained through the PCS and criticality was achieved 7416 +- 10 s after the initiation of the 
dilution flow. The second part, L6-6B, was identical to L6-6A except that a recirculation flow of 9.5 L/s 
was maintained and criticality occurred at 8058 +- 10 s. 
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Abstract/Keyterms: Water-fog densities were measured in a laboratory experiment using x-ray 
diagnostics. Fog densities were measured, varying the flow rate, nozzle type, nozzle configuration, nozzle 
height above the x-ray beam, and water surface tension. Suspended water volume fractions between 0.0008 
and 0.0074 percent were measured. The fog density increases approximately as the square root of the flow 
rate; the other parameters had little effect on the density. 
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Abstract/Keyterms: The technology of thermal hydraulic aspects of the transition phase accident sequence 
in liquid metal fast breeder reactors has been reviewed. Previous analyses of the transition phase accident 
sequence have been reviewed and the current understanding of major thermal hydraulic phenomenology 
has been assessed. As a result of the foregoing, together with a scoping analysis of the transition phase 
accident sequence, major transition phase issues have been defined and research needs have been identified. 
The major conclusion of transition phase scoping analysis that fuel dispersal cannot be relied upon to rule 
out the possibility of recriticalities during this stage of the accident. 



 

C-14022 

13984…..…..…………………..…….……..……ID Number…………………..…..…………….13984 

Author: Siman-Tov, M. / Dykstra, J. / Holt, D. D. / Huxtable, W. P. / Just, R. A. / Williams, W. R. 

Title: Scenarios and Analytical Methods for UF6 Releases at NRC-Licensed Fuel Cycle Facilities 

Date: 6/1/1984 

Report: NUREG/CR-3139; ORNL/ENG/TM-25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report identifies and discusses potential scenarios for the accidental release of 
UF6 at NRC-licensed UF6 production and fuel fabrication facilities based on a literature review, site visits, 
and DOE enrichment plant experience. Analytical tools needed for evaluating source terms for such releases 
are discussed, and the applicability of existing methods is reviewed. Accident scenarios are discussed under 
the broad headings of cylinder failures, UF6 process system failures, nuclear criticality events, and operator 
errors and are categorized by location, release source, phase of UF6 prior to release, release flow 
characteristics, release causes, initiating events, and UF6 inventory at risk. At least three types of releases 
are identified for further examination (1) a release from a liquid-filled cylinder outdoors, (2) a release from 
a pigtail or cylinder in a steam chest, (3) an indoor release from either (a) a pigtail or liquid-filled cylinder 
or (b) other indoor source depending on facility design and operating procedures. Indoor release phenomena 
may be analyzed to determine input terms for a ventilation model by using a time-dependent homogeneous 
compartment model or a more complex hydrodynamic model if time-dependent, spatial variations in 
concentrations, temperature, and pressure are important. 
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Abstract/Keyterms: The results of an independent assessment of core disruptive accident energetics for 
the Clinch River Breeder Reactor are presented in this document. This assessment was performed for the 
Nuclear Regulatory Commission under the direction of the CRBR Program Office within the Office of 
Nuclear Reactor Regulation. It considered in detail the accident behavior for three accident initiators that 
are representative of three different classes of events; unprotected loss of flow, unprotected reactivity 
insertion, and protected loss of heat sink. The primary system's energetics accommodation capability was 
realistically, yet conservatively, determined in terms of core events. This accommodation capability was 
found to be equivalent to an isentropic work potential for expansion to one atmosphere of 2550 MJ or a 
ramp rate of about 200 $/s applied to a classical two-phase disassembly. 
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Conference/Journal:  
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Abstract/Keyterms: In order to establish requirements for emergency preparedness plans at facilities 
licensed by the Office of Nuclear Materials Safety and Safeguards, the Nuclear Regulatory Commission 
(NRC) needs to develop source terms (the amount of material made airborne) in accidents. These source 
terms are used to estimate the potential public doses from the events, which, in turn, will be used to judge 
whether emergency preparedness plans are needed for a particular type of facility. Pacific Northwest 
Laboratory is providing the NRC with source terms by developing several accident scenarios for eleven 
types of fuel cycle and by-product operations. Several scenarios are developed for each operation, leading 
to the identification of the maximum release considered for emergency preparedness planning (MREPP) 
scenario. The MREPP scenarios postulated were of three types fire, tornado, and criticality. Fire was 
significant at oxide fuel fabrication, UF6 production, radiopharmaceutical manufacturing, radiopharmacy, 
sealed source manufacturing, waste warehousing, and university research and development facilities. 
Tornadoes were MREPP events for uranium mills and plutonium contaminated facilities, and criticalities 
were significant at nonoxide fuel fabrication and nuclear research and development facilities. Techniques 
for adjusting the 
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Abstract/Keyterms: This report is an initial look at a possible analysis method for determining if 
equipment expected to operate during and after a station blackout can be “reasonably” expected to survive 
the environments generated. The dominant environment in this scenario is expected to be dry heat, and this 
the only one explicitly analyzed in this report. The general conclusion is that a simple analysis method such 
as the one presented herein can be used to assess equipment operability in station blackout environments. 
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Abstract/Keyterms: SCALE - a modular code system for Standardized Computer Analyses for Licensing 
Evaluation - has been developed at Oak Ridge National Laboratory at the request of the US Nuclear 
Regulatory Commission staff. The SCALE system utilizes well-established computer codes and methods 
within standard analytic sequences that allow simplified free-form input, automate the data processing and 
coupling between codes, and provide accurate and reliable results. System development has been directed 
at criticality safety, shielding, and heat transfer analysis of spent fuel transport and/or storage casks. 
However, only a few of the sequences (and none of the individual functional modules) are restricted to cask 
applications. This report will provide a background on the history of the SCALE development and review 
the components and their function within the system. The available data libraries are also discussed, 
together with the automated features that standardize the data processing and systems analysis. 
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Conference/Journal:  
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Abstract/Keyterms: This two-volume report describes the activities, findings, and recommendations of a 
project entitled “Techniques for Presenting Flowchart-Format Emergency Operating Procedures.” The 
project team surveyed the literature pertaining to flowcharts, reviewed existing flowchart emergency 
operating procedures (EOPs), interviewed consultants who produced flowcharts, and interviewed reactor 
operator licensing examiners about the use of flowcharts in nuclear power plants. This document, and 
Volume 1 of this report, discusses the use of flowchart-format EOPs in nuclear power plants and presents 
issue to be addressed in the design and implementation of flowchart EOPs 



 

C-14028 

13990…..…..…………………..…….……..……ID Number…………………..…..…………….13990 

Author: Sheaffer, M. K. / Thomas, G. R. / Dann, R. K. / Russell, E. W. 

Title: Engineering Drawings for 10 CFR Part 71 Package Approvals 

Date: 5/1/1998 

Report: NUREG/CR-5502; UCRL-ID-130438 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-14029 

13991…..…..…………………..…….……..……ID Number…………………..…..…………….13991 

Author: Reilly, D. / Ensslin, N. / Smith, H. Jr. / Kreiner, S. 

Title: Passive Nondestructive Assay of Nuclear Materials 

Date: 3/1/1991 
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Abstract/Keyterms: The term nondestructive assay (NDA) is applied to a series of measurement 
techniques for nuclear fuel materials. The techniques measure radiation induced or emitted spontaneously 
from the nuclear material; the measurements are nondestructive in that they do not alter the physical or 
chemical state of the nuclear material. NDA techniques are characterized as passive or active depending on 
whether they measure radiation from the spontaneous decay of the nuclear material or radiation induced by 
an external source. This book emphasizes passive NDA techniques, although certain active techniques like 
gamma-ray absorption densitometry and x-ray fluorescence are discussed here because of their intimate 
relation to passive assay techniques. The principal NDA techniques are classified as gamma-ray assay, 
neutron assay, and calorimetry. Gamma-ray assay techniques are treated in Chapters 1--10. Neutron assay 
techniques are the subject of Chapters 11--17. Chapters 11--13 cover the origin of neutrons, neutron 
interactions, and neutron detectors. Chapters 14--17 cover the theory and applications of total and 
coincidence neutron counting. Chapter 18 deals with the assay of irradiated nuclear fuel, which uses both 
gamma-ray and neutron assay techniques. Chapter 19 covers perimeter monitoring, which uses gamma-ray 
and neutron detectors of high sensitivity to check that no unauthorized nuclear material crosses a facility 
boundary. The subject of Chapter 20 is attribute and semiquantitative measurements. The goal of these 
measurements is a rapid verification of the contents of nuclear material containers to assist physical 
inventory verifications. Waste and holdup measurements are also treated in this chapter. Chapters 21 and 
22 cover calorimetry theory and application, and Chapter 23 is a brief application guide to illustrate which 
techniques can be used to solve certain measurement problems. 
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Abstract/Keyterms: This report describes the results of a study conducted by Pacific Northwest 
Laboratory to assist the US Nuclear Regulatory Commission in evaluating the potential for recriticality in 
boiling water reactors (BWRs) during certain low probability severe accidents. Based on a conservative 
bounding analysis, this report concludes that there is a potential for recriticality in BWRs if core reflood 
occurs after control blade melting has begun but prior to significant fuel rod melting. However, a 
recriticality event will most likely not generate a pressure pulse significant enough to fail the vessel. Instead, 
a quasi-steady power level would result and the containment pressure and temperature would increase until 
the containment failure pressure is reached, unless actions are taken to terminate the event. Two strategies 
are identified that would aid in regaining control of the reactor and terminate the recriticality event before 
containment failure pressures are reached. The first strategy involves initiating boration injection at or 
before the time of core reflood if the potential for control blade melting exists. The second strategy involves 
initiating residual heat removal suppression pool cooling to remove the heat load generated by the 
recriticality event and thus extend the time available for boration.. 
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Abstract/Keyterms: This report provides recommendations on preparing the criticality safety section of 
an application for approval of a transportation package containing fissile material. The analytical approach 
to the evaluation is emphasized rather than the performance standards that the package must meet. Where 
performance standards are addressed, this report incorporates the requirements of 10 CFR Part 71. 
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Conference Session:  

Abstract/Keyterms: This report documents the results of a study into the frequency and consequences of 
misloading fresh fuel assemblies during the reloading of a pressurized water reactor. The consequences that 
were considered included (1) loss of required shutdown margin, (2) inadvertent criticality, and (3) worker 
exposure within the plant given inadvertent criticality. Neutronic calculations were performed for different 
patterns of fresh fuel clustered together in a Combustion Engineering rector. The fresh fuel considered had 
a high U-235 content and was assumed to be loaded without control element assemblies. The frequencies 
of misloading fresh fuel assemblies into these clustered patterns were calculated taking into account 
operator errors an equipment malfunctions that could occur during an offload/reload sequence. The study 
has improved our understanding of how difficult it is to misload fuel and has quantified the loss of shutdown 
margin and the frequency of occurrence for specific misloadings as well as the doses that might result from 
an inadvertent criticality. 
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Abstract/Keyterms: During some of the design basis accidents in Modular High Temperature Gas Cooled 
Reactors (MHTGRs), the main Heat Transport System (HTS) and the Shutdown Cooling System n removed 
by the passive Reactor (SCS) are assumed to have failed. Decay heat is the Cavity Cooling System (RCCS) 
only. If either forced flow cooling system becomes available during such a transient, its restart could 
significantly reduce the down-time. This report used the THATCH code to examine whether such restart, 
during a period of elevated core temperatures, can be accomplished within safe limits for fuel and metal 
component temperatures. If the reactor is scrammed, either system can apparently be restarted at any time, 
without exceeding any safe limits. However, under unscrammed conditions a restart of forced cooling can 
lead to recriticality, with fuel and metal temperatures significantly exceeding the safety limits. 
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Abstract/Keyterms: Results are presented of a systems failure analysis of the PIUS plant systems that are 
used during normal reactor operation and postulated accidents. This study was performed to provide the 
NRC with an understanding of the behavior of the plant. The study applied two diverse failure identification 
methods, Failure Modes Effects Criticality Analysis (FMECA) and Hazards Operability (HAZOP) to the 
plant systems, supported by several deterministic analyses. Conventional PRA methods were also used 
along with a scheme for classifying events by initiator frequency and combinations of failures. Principal 
results of this study are: (a) an extensive listing of potential event sequences, grouped in categories that can 
be used by the NRC, (b) identification of support systems that are important to safety, and (c) identification 
of key operator actions. 
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; General and Miscellaneous / Mathematics, 
Computing, and Information Science 
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Abstract/Keyterms: In a recent criticality analysis for an array of water-moderated packages containing 
highly enriched uranium, the 123-group cross-section library in the SCALE system was observed to have 
a nonconservative discrepancy of approximately 3 to 3.5% when compared with more recently developed 
libraries. A simple representative system of UO2F2-H2O was used to identify that the problem results from 
a lack of resonance data for 235U. Only a single set of self-shielded cross sections, most likely 
corresponding to a water-moderated infinite dilute system, was provided with the original data. The 
UO2F2-H2O study indicates that this limitation may cause nonconservative discrepancies as high as 5.5% 
for some water-moderated, highly enriched uranium systems. Characteristics of the systems where the 
discrepancy is evident are identified and discussed. 
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Abstract/Keyterms: This report is designed as a guide for performing criticality benchmark calculations 
for light-water-reactor (LWR) fuel applications. The guide provides documentation of 180 criticality 
experiments with geometries, materials, and neutron interaction characteristics representative of 
transportation packages containing LWR fuel or uranium oxide pellets or powder. These experiments 
should benefit the U.S. Nuclear Regulatory Commission (NRC) staff and licensees in validation of 
computational methods used in LWR fuel storage and transportation concerns. The experiments are 
classified by key parameters such as enrichment, water/fuel volume, hydrogen-to-fissile ratio (H/X), and 
lattice pitch. Groups of experiments with common features such as separator plates, shielding walls, and 
soluble boron are also identified. In addition, a sample validation using these experiments and a statistical 
analysis of the results are provided. Recommendations for selecting suitable experiments and determination 
of calculational bias and uncertainty are presented as part of this benchmark guide. 
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Abstract/Keyterms: This pool critical assembly (PCA) pressure vessel wall facility benchmark (PCA 
benchmark) is described and analyzed in this report. Analysis of the PCA benchmark can be used for partial 
fulfillment of the requirements for the qualification of the methodology for pressure vessel neutron fluence 
calculations, as required by the US Nuclear Regulatory Commission regulatory guide DG-1053. Section 1 
of this report describes the PCA benchmark and provides all data necessary for the benchmark analysis. 
The measured quantities, to be compared with the calculated values, are the equivalent fission fluxes. In 
Section 2 the analysis of the PCA benchmark is described. Calculations with the computer code DORT, 
based on the discrete-ordinates method, were performed for three ENDF/B-VI-based multigroup libraries: 
BUGLE-93, SAILOR-95, and BUGLE-96. An excellent agreement of the calculated (C) and measures (M) 
equivalent fission fluxes was obtained. The arithmetic average C/M for all the dosimeters (total of 31) was 
0.93 {+-} 0.03 and 0.92 {+-} 0.03 for the SAILOR-95 and BUGLE-96 libraries, respectively. The average 
C/M ratio, obtained with the BUGLE-93 library, for the 28 measurements was 0.93 {+-} 0.03 (the 
neptunium measurements in the water and air regions were overpredicted and excluded from the average). 
No systematic decrease in the C/M ratios with increasing distance from the core was observed for any of 
the libraries used. 
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Abstract/Keyterms: Whenever a decision is made to newly install the SCALE nuclear criticality safety 
software on a computer system, the user should run a set of verification and validation (V&V) test cases to 
demonstrate that the software is properly installed and functioning correctly. This report is intended to serve 
as a guide for this V&V in that it specifies test cases to run and gives expected results. The report describes 
the V&V that has been performed for the nuclear criticality safety software in a version of SCALE-4. The 
verification problems specified by the code developers have been run, and the results compare favorably 
with those in the SCALE 4.2 baseline. The results reported in this document are from the SCALE 4.2P 
version which was run on an IBM RS/6000 workstation. These results verify that the SCALE-4 nuclear 
criticality safety software has been correctly installed and is functioning properly. A validation has been 
performed for KENO V.a utilizing the CSAS25 criticality sequence and the SCALE 27-group cross-section 
library for 233U, {sup 235U, and 239Pu fissile, systems in a broad range of geometries and fissile fuel 
forms. The experimental models used for the validation were taken from three previous validations of 
KENO V.a. A statistical analysis of the calculated results was used to determine the average calculational 
bias and a subcritical k(eff) criteria for each class of systems validated. Included the statistical analysis a 
means of estimating the margin of subcriticality in k(eff). This validation demonstrates that KENO V.a and 
the 27-group library may be used for nuclear criticality safety computations provided the system being 
analyzed falls within the range of the experiments used in the validation. 
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Abstract/Keyterms: Whenever a decision is made to newly install the SCALE radiation shielding software 
on a computer system, the user should run a set of verification and validation (V&V) test cases to 
demonstrate that the software is properly installed and functioning correctly. This report is intended to serve 
as a guide for this V&V in that it specifies test cases to run and gives expected results. The report describes 
the V&V that has been performed for the radiation shielding software in a version of SCALE-4. This report 
provides documentation of sample problems which are recommended for use in the V&V of the SCALE-4 
system for all releases. The results reported in this document are from the SCALE-4.2P version which was 
run on an IBM RS/6000 work-station. These results verify that the SCALE-4 radiation shielding software 
has been correctly installed and is functioning properly. A set of problems for use by other shielding codes 
(e.g., MCNP, TWOTRAN, MORSE) performing similar V&V are discussed. A validation has been 
performed for XSDRNPM and MORSE-SGC6 utilizing SASI and SAS4 shielding sequences and the 
SCALE 27-18 group (27N-18COUPLE) cross-section library for typical nuclear reactor spent fuel sources 
and a variety of transport package geometries. The experimental models used for the validation were taken 
from two previous applications of the SASI and SAS4 methods. 
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Abstract/Keyterms: The purpose of this study was to evaluate whether or not fissile uranium in low-level-
waste (LLW) facilities can be concentrated by hydrogeochemical processes to permit nuclear criticality. A 
team of experts in hydrology, geology, geochemistry, soil chemistry, and criticality safety was formed to 
develop achievable scenarios for hydrogeochemical increases in concentration of special nuclear material 
(SNM), and to use these scenarios to aid in evaluating the potential for nuclear criticality. The team`s 
approach was to perform simultaneous hydrogeochemical and nuclear criticality studies to (1) identify some 
achievable scenarios for uranium migration and concentration increase at LLW disposal facilities, (2) model 
groundwater transport and subsequent concentration increase via sorption or precipitation of uranium, and 
(3) evaluate the potential for nuclear criticality resulting from potential increases in uranium concentration 
over disposal limits. The analysis of SNM was restricted to 235U in the present scope of work. The outcome 
of the work indicates that criticality is possible given established regulatory limits on SNM disposal. 
However, a review based on actual disposal records of an existing site operation indicates that the potential 
for criticality is not a concern under current burial practices. 
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Abstract/Keyterms: This report proposes and documents a computational benchmark problem for the 
estimation of the additional reactivity margin available in spent nuclear fuel (SNF) from fission products 
and minor actinides in a burnup-credit storage/transport environment, relative to SNF compositions 
containing only the major actinides. The benchmark problem/configuration is a generic burnup credit cask 
designed to hold 32 pressurized water reactor (PWR) assemblies. The purpose of this computational 
benchmark is to provide a reference configuration for the estimation of the additional reactivity margin, 
which is encouraged in the U.S. Nuclear Regulatory Commission (NRC) guidance for partial burnup credit 
(ISG8), and document reference estimations of the additional reactivity margin as a function of initial 
enrichment, burnup, and cooling time. Consequently, the geometry and material specifications are provided 
in sufficient detail to enable independent evaluations. Estimates of additional reactivity margin for this 
reference configuration may be compared to those of similar burnup-credit casks to provide an indication 
of the validity of design-specific estimates of fission-product margin. The reference solutions were 
generated with the SAS2H-depletion and CSAS25-criticality sequences of the SCALE 4.4a package. 
Although the SAS2H and CSAS25 sequences have been extensively validated elsewhere, the reference 
solutions are not directly or indirectly based on experimental results. Consequently, this computational 
benchmark cannot be used to satisfy the ANS 8.1 requirements for validation of calculational methods and 
is not intended to be used to establish biases for burnup credit analyses 
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Abstract/Keyterms: This report presents studies to assess reactivity margins and loading curves for 
pressurized water reactor (PWR) burnup-credit criticality safety evaluations. The studies are based on a 
generic high-density 32-assembly cask and systematically vary individual calculational (depletion and 
criticality) assumptions to demonstrate the impact on the predicted effective neutron multiplication factor, 
k(eff), and burnup-credit loading curves. The purpose of this report is to provide a greater understanding of 
the importance of input parameter variations and quantify the impact of calculational assumptions on the 
outcome of a burnup-credit evaluation. This study should provide guidance to regulators and industry on 
the technical areas where improved information will most enhance the estimation of accurate subcritical 
margins. Based on these studies, areas where future work may provide the most benefit are identified. The 
report also includes an evaluation of the degree of burnup credit needed for high-density casks to transport 
the current spent nuclear fuel inventory. By comparing PWR discharge data to actinide-only based loading 
curves and determining the number of assemblies that meet the loading criteria, this evaluation finds that 
additional negative reactivity (through either increased credit for fuel burnup or cask design/utilization 
modifications) is necessary to accommodate the majority of current spent fuel assemblies in high-capacity 
casks. Assemblies that are not acceptable for loading in the prototypic high-capacity cask may be stored or 
transported by other means (e.g., lower capacity casks that utilize flux traps and/or increased fixed poison 
concentrations or high-capacity casks with design/utilization modifications). 
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Abstract/Keyterms: Uncertainties in the predicted isotopic concentrations in spent nuclear fuel represent 
one of the largest sources of overall uncertainty in criticality calculations that use burnup credit. The 
methods used to propagate the uncertainties in the calculated nuclide concentrations to the uncertainty in 
the predicted neutron multiplication factor k(eff) of the system can have a significant effect on the 
uncertainty in the safety margin in criticality calculations and ultimately affect the potential capacity of 
spent fuel transport and storage casks employing burnup credit. Methods that can provide a more accurate 
and realistic estimate of the uncertainty may enable increased spent fuel cask capacity and fewer casks 
needing to be transported, thereby reducing regulatory burden on licensee while maintaining safety for 
transporting spent fuel. This report surveys several different best-estimate strategies for considering the 
effects of nuclide uncertainties in burnup-credit analyses. The potential benefits of these strategies are 
illustrated for a prototypical burnup-credit cask design. The subcritical margin estimated using best-
estimate methods is discussed in comparison to the margin estimated using conventional bounding methods 
of uncertainty propagation. To quantify the comparison, each of the strategies for estimating uncertainty 
has been performed using a common database of spent fuel isotopic assay measurements for pressurized-
light-water reactor fuels and predicted nuclide concentrations obtained using the current version of the 
SCALE code system. The experimental database applied in this study has been significantly expanded to 
include new high-enrichment and high-burnup spent fuel assay data recently published for a wide range of 
important burnup-credit actinides and fission products. Expanded rare earth fission-product measurements 
performed at the Khlopin Radium Institute in Russia that contain the only known publicly-available 
measurement for {sup 103}Rh have also been included 
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Abstract/Keyterms: Section 208 of the Energy Reorganization Act of 1974 identifies an abnormal 
occurrence as an unscheduled incident or event which the Nuclear Regulatory Commission determines to 
be significant from the standpoint of public health or safety and requires a quarterly report of such events 
to be made to Congress. This report covers the period from January 1 to March 31, 1985. The report states 
that for this reporting period, there was one abnormal occurrence at the nuclear power plants licensed to 
operate; the event involved a premature criticality during reactor startup. There were three abnormal 
occurrences at the other NRC licensees. Two events involved diagnostic medical mis-administrations and 
the other event involved unlawful possession of radioactive material. There were four abnormal occurrences 
reported by an Agreement State (Texas). Three events involved radiation overexposures; the other event 
involved a well logging source which was apparently stolen, but later was recovered. The report also 
contains information updating some previously reported abnormal occurrences. 
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Abstract/Keyterms: Section 208 of the Energy Reorganization Act of 1974 identifies an abnormal 
occurrence as an unscheduled incident or event which the Nuclear Regulatory Commission determines to 
be significant from the standpoint of public health or safety and requires a quarterly report of such events 
to be made to Congress. This report, the seventh in the series, covers the period from October 1 to December 
31, 1976. The NRC has determined that during this period: (1) There were two abnormal occurrences at the 
63 nuclear power plants licensed to operate. One event involved improper control rod withdrawals resulting 
in an unplanned reactor criticality. The second is a generic event pertaining to feedwater nozzle cracking in 
Boiling Water Reactors. The incidents had no actual impact on public health or safety. (2) There were five 
abnormal occurrences at other licensee facilities. The occurrences involved overexposures to radiography 
personnel; one event also involved high radiation levels in unrestricted areas. This report also contains 
information updating previously reported abnormal occurrences. This report does not contain information 
on activities in those states which have entered into agreements with the NRC for the assumption of certain 
regulatory authority pursuant to Section 274 of the Atomic Energy Act, as amended. Future reports will 
include Agreement State licensee activities as soon as procedures can be implemented. 
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Abstract/Keyterms: Section 208 of the Energy Reorganization Act of 1974 identifies an abnormal 
occurrence as an unscheduled incident or event that the Nuclear Regulatory Commission determines to be 
significant from the standpoint of public health or safety and requires a quarterly report of such events to 
be made to Congress. This report covers the period from April 1 through June 30, 1991. The report discusses 
five abnormal occurrences, none of which involved a nuclear power plant. Two of the events occurred at 
NRC-licensed facilities: one involved a potential criticality accident at a nuclear fuel cycle facility, and one 
involved multiple medical teletherapy misadministrations. The Agreement States reported three abnormal 
occurrences, all involving radiation overexposures. The report also contains information that updates some 
previously reported abnormal occurrences. 
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Abstract/Keyterms: A joint ERDA-NRC task force was created to develop a proposed action plan for 
improving the control and protection of nuclear materials at NRC licensed fuel cycle facilities possessing 
significant amounts of highly enriched uranium and plutonium. This report briefly summarizes the task 
force findings and proposed plan of action. The task force addressed the current status and future direction 
of physical security safeguards at NRC licensed fuel cycle facilities now in possession of significant 
amounts of strategic special nuclear materials (SSNM). The focus of the task force was on near-term, site 
specific actions that would provide confident control and protection against thefts or diversions of SSNM. 
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Abstract/Keyterms: The primary purpose of the Handbook is to present methods, models, and estimated 
human error probabilities (HEPs) to enable qualified analysts to make quantitative or qualitative 
assessments of occurrences of human errors in nuclear power plants (NPPs) that affect the availability or 
operational reliability of engineered safety features and components. The Handbook is intended to provide 
much of the modeling and information necessary for the performance of human reliability analysis (HRA) 
as a part of probabilistic risk assessment (PRA) of NPPs. Although not a design guide, a second purpose of 
the Handbook is to enable the user to recognize error-likely equipment design, plant policies and practices, 
written procedures, and other human factors problems so that improvements can be considered. The 
Handbook provides the methodology to identify and quantify the potential for human error in NPP tasks. 
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Title: Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and Preparedness 
in Support of Nuclear Power Plants 

Date: 11/1/1980 

Report: NUREG-0654 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to provide a common reference and interim guidance 
source for: state and local governments and nuclear facility operators in the development of radiological 
emergency response plans and preparedness in support of nuclear power plants; and Nuclear Regulatory 
Commission (NRC), Federal Emergency Management Agency (FEMA) and other Federal agency 
personnel engaged in the review of state, local government, and licensee plans and preparedness 
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Abstract/Keyterms: The purpose of this document is to identify the elements necessary for utilities to 
prepare and implement a program of Emergency Operating Procedures (EOPs) for use by control room 
personnel to assist in mitigating the consequences of a broad range of accidents and multiple equipment 
failures. This document applies only to the EOPs so designated; it does not address emergency preparedness 
or emergency planning. It also represents the resolution of comments on NUREG-0799, Draft Criteria for 
Preparation of Emergency Operating Procedures. 
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Abstract/Keyterms: Potential accidents for 15 types of fuel cycle and other radioactive material licensees 
were analyzed. The most potentially hazardous accident, by a large margin, was determined to be the sudden 
rupture of a heated multi-ton cylinder of UF6. Acute fatalities offsite are probably not credible. Acute 
permanent injuries may be possible for many hundreds of meters, and clinically observable transient effects 
of unknown long term consequences may be possible for distances up to a few miles. These effects would 
be caused by the chemical toxicity of the UF6. Radiation doses would not be significant. The most 
potentially hazardous accident due to radiation exposure was determined to be a large fire at certain facilities 
handling large quantities of alpha-emitting radionuclides (i.e., Po-210, Pu-238, Pu-239, Am-241, Cm-242, 
Cm-244) or radioiodines (I-125 and I-131). However, acute fatalities or injuries to people offsite due to 
accidental releases of these materials do not seem plausible. The only other significant accident was 
identified as a long-term pulsating criticality at fuel cycle facilities handling high-enriched uranium or 
plutonium. An important feature of the most serious accidents is that releases are likely to start without 
prior warning. The releases would usually end within about half an hour. 
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Abstract/Keyterms: As directed by the Nuclear Waste Policy Act of 1982, the US Department of Energy 
has prepared a proposal for the US Congress for a facility that can be used for the monitored retrievable 
storage of spent fuel from commercial users. This report describes the evaluation performed by the staff of 
the US Nuclear Regulatory Commission of the design concepts for the monitored retrievable storage facility 
proposed by the Department of Energy. On February 5, 1986 the NRC submitted its principal comments to 
the Department of Energy in the letter shown on the following pages. 
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Abstract/Keyterms: NUREG-1179, Volume 1, reported on the rupture of a Model 48Y uranium 
hexafluoride (UF6) cylinder and the subsequent release of UF6. At the time of publication, a detailed 
metallurgical examination of the damaged cylinder was under way and results were not available. 
Subsequent to the publication of Volume 1, a second incident occurred at the Sequoyah Fuels Corporation 
facility. On March 13, 1986, a Model 48X cylinder was overfilled during a special one-time draining 
procedure; however, no release of UF6 occurred. An Augmented Investigation Team investigated this 
second incident. This report, NUREG-1179, Volume 2, presents the findings made by the Augmented 
Investigation Team of the March 13 incident and the report of the detailed metallurgical examination 
conducted by Battelle Columbus Division of the cylinder damaged on January 4, 1986. 
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Abstract/Keyterms: NUREG-1179, Volume 1, reported on the rupture of a Model 48Y uranium 
hexafluoride (UF6) cylinder and the subsequent release of UF6. At the time of publication, a detailed 
metallurgical examination of the damaged cylinder was under way and results were not available. 
Subsequent to the publication of Volume 1, a second incident occurred at the Sequoyah Fuels Corporation 
facility. On March 13, 1986, a Model 48X cylinder was overfilled during a special one-time draining 
procedure; however, no release of UF6 occurred. An Augmented Investigation Team investigated this 
second incident. This report, NUREG-1179, Volume 2, presents the findings made by the Augmented 
Investigation Team of the March 13 incident and the report of the detailed metallurgical examination 
conducted by Battelle Columbus Division of the cylinder damaged on January 4, 1986. 
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Abstract/Keyterms: The uranium hexafluoride (UF6) release of January 4, 1986, at the Sequoyah Fuels 
Corporation facility has been reviewed by a NRC Lessons-Learned Group. A Model 48Y cylinder 
containing UF6 ruptured upon being heated after it was grossly overfilled. The UF6 released upon rupture 
of the cylinder reacted with airborne moisture to produce hydrofluoric acid (HF) and uranyl fluoride 
(UO2F2). One individual died from exposure to airborne HF and several others were injured. There were 
no significant immediate effects from exposure to uranyl fluoride. This report of the Lessons-Learned 
Group presents discussions and recommendations on the process, operation and design of the facility, as 
well as on the responses of the licensee, NRC, and other local, state and federal agencies to the incident. It 
also provides recommendations in the areas of NRC licensing and inspection of fuel facility and certain 
other NMSS licensees. The implementation of some recommendations will depend on decisions to be made 
regarding the scope of NRC responsibilities with respect to those aspects of the design and operation of 
such facilities that are not directly related to radiological safety. 
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Abstract/Keyterms: The Accident Analysis Handbook (AAH) covers four generic facilities: fuel 
manufacturing, fuel reprocessing, waste storage/solidification, and spent fuel storage; and six accident 
types: fire, explosion, tornado, criticality, spill, and equipment failure. These are the accident types 
considered to make major contributions to the radiological risk from accidents in nuclear fuel cycle facility 
operations. The AAH will enable the user to calculate source term releases from accident scenarios 
manually or by computer. A major feature of the AAH is development of accident sample problems to 
provide input to source term analysis methods and transport computer codes. Sample problems and 
illustrative examples for different accident types are included in the AAh 



 

C-14067 

14029…..…..…………………..…….……..……ID Number…………………..…..…………….14029 

Author: n. a. 

Title: Proposed Method for Regulating Major Materials Licensees. Nuclear Regulatory Commission, 
Washington, DC 

Date: 2/1/1992 

Report: NUREG-1324 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Director, Office of Nuclear Material Safety and Safeguards, US Nuclear 
Regulatory Commission, appointed a Materials Regulatory Review Task Force to conduct a broad-based 
review of the Commission’s current licensing and oversight programs for fuel cycle and large materials 
plants. The task force, as requested, defined the components and subcomponents of an ideal regulatory 
evaluation system for these types of licensed plants and compared they to the components and 
subcomponents of the existing regulatory evaluation system. This report discusses findings from this 
comparison and proposed recommendations on the basis of these findings. 
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Conference Session:  

Abstract/Keyterms: At the General Electric Nuclear Fuel and Component Manufacturing facility, located 
near Wilmington, North Carolina, on May 28 and 29, 1991, approximately 150 kilograms of uranium were 
inadvertently transferred from safe process tanks to an unsafe tank located at the waste treatment facility, 
thus creating the potential for a localized criticality safety problem. The excess uranium was ultimately 
safely recovered when the tank contents were centrifuged to remove the uranium-bearing material. 
Subsequently, the US Nuclear Regulatory Commission dispatched an Incident Investigation Team to 
determine what happened, to identify probable causes, and to make appropriate findings and conclusions. 
This report describes the incident, the methodology used by the team in its investigation, and presents the 
team’s findings and conclusions. 
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Abstract/Keyterms: This report documents the US Nuclear Regulatory Commission (NRC) staff review 
and safety evaluation of the Louisiana Energy Services, L.P. (LES, the applicant) application for a license 
to possess and use byproduct, source, and special nuclear material and to enrich natural uranium to a 
maximum of 5 percent U-235 by the gas centrifuge process. The plant, to be known as the Claiborne 
Enrichment Center (CEC), would be constructed near the town of Homer in Claiborne Parish, Louisiana. 
At full production in a given year, the plant will receive approximately 4,700 tonnes of feed UF6 and 
produce 870 tonnes of low-enriched UF6, and 3,830 tonnes of depleted UF6 tails. Facility construction, 
operation, and decommissioning are expected to last 5, 30, and 7 years, respectively. The objective of the 
review is to evaluate the potential adverse impacts of operation of the facility on worker and public health 
and safety under both normal operating and accident conditions. The review also considers the management 
organization, administrative programs, and financial qualifications provided to assure safe design and 
operation of the facility. The NRC staff concludes that the applicant`s descriptions, specifications, and 
analyses provide an adequate basis for safety review of facility operations and that construction and 
operation of the facility does not pose an undue risk to public health and safety. 
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maximum of 5 percent U-235 by the gas centrifuge process. The plant, to be known as the Claiborne 
Enrichment Center (CEC), would be constructed near the town of Homer in Claiborne Parish, Louisiana. 
At full production in a given year, the plant will receive approximately 4,700 tonnes of feed UF6 and 
produce 870 tonnes of low-enriched UF6, and 3,830 tonnes of depleted UF6 tails. Facility construction, 
operation, and decommissioning are expected to last 5, 30, and 7 years, respectively. The objective of the 
review is to evaluate the potential adverse impacts of operation of the facility on worker and public health 
and safety under both normal operating and accident conditions. The review also considers the management 
organization, administrative programs, and financial qualifications provided to assure safe design and 
operation of the facility. The NRC staff concludes that the applicant`s descriptions, specifications, and 
analyses provide an adequate basis for safety review of facility operations and that construction and 
operation of the facility does not pose an undue risk to public health and safety. 
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Abstract/Keyterms: Measurement data are presented from a series of criticality experiments on systems 
simulating fuel element shipping containers and fuel storage basins. The conditions investigated involve 
clusters of 4.29 wt.% 235U enriched UO2 fuel rods immersed in water. The number of rods required for 
criticality in a square lattice spacing (25.4 mm) near optimum neutron moderation and the critical separation 
between three subcritical clusters aligned in a row was determined. The effect that the following fixed 
neutron absorbers had on this critical separation was also measured: (1) 304L steel with 0, 1.1, and 1.6 w% 
boron; (2) Boral; (3) copper with 0 and 1 wt.% cadmium; (4) cadmium; (5) aluminum; and (6) Zircaloy-4. 
The fuel rods are 12.649 mm in diameter, clad in 0.660 mm thick, 12.827 mm ID aluminum tubing and 
varied in length from 914 mm to 927 mm. The neutron absorbers are in the form of plates and are positioned 
between the fuel clusters such that no line of sight existed between the clusters. Measurements were made 
with each absorber plate located approximately midway between the fuel clusters and with the plates near 
the respective cell boundary of the center fuel cluster. 
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alarms for all three plants are described. 
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exposure to ionizing radiation have been recorded worldwide. Among these were 14 criticality accidents 
with 5 fatalities, none of which occurred after 1965. Since 1965, the majority of accidents have been caused 
by exposure to such radiation devices as machines or sources, sometimes producing localized burns with 
no fatalities (48 accidents), but sometimes producing total-body irradiation resulting in 9 fatalities (20 
accidents). This experience, including details of medical management, was reviewed at a conference 
convened by the Radiation Emergency Assistance Center/Training Site, a unit of the Medical and Health 
Sciences Division operated for the US Department of Energy by Oak Ridge Associated Universities, to 
address the topic, the Medical Basis for Radiation Accident Preparedness. The conference, which was held 
on Oct. 18-20, 1979, in Oak Ridge, Tenn., is reviewed in this article. 
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the power distribution in the core and on reactor criticality following failure of some control rods to insert 
fully after the first scram actuation. The analysis of the incident is based on the established sequence of 
events, the plant data, and the interpretation of instrumentation responses. The analysis also addresses the 
effects of initial core-power level on this transient. 
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in regular use for more than two decades. Safe operation of this fast reactor over this extended period 
indicates that (1) fundamental design, (2) operational procedures, (3) operator training and performance, 
(4) maintenance activities, and (5) management have all been eminently satisfactory. The reactor and its 
uses are described, the operational history and significant events are reviewed, and operational 
improvements and maintenance are discussed. 
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Table 2.8 of this report has been found to contain errors. The table was designed to indicate configurations 
with effective multiplication factors of 0.95. Because of an error in configuration descriptions, some of the 
configurations have multiplication factors as high as 1.09. A corrected table is available from the 
undersigned, and Revision 3 of the report is being prepared. 
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(all of which will hereafter be referred to as documents) that provide requirements for the assurance of 
software in safety systems in nuclear power plants. The study focuses on identifying, for developers of 
standards, the elements to be addressed in a standard for providing reasonable assurance of software in 
safety systems in nuclear power plants. The documents vary widely in their requirements and the precision 
with which the requirements are expressed. Recommendations are outlined for guidance for the assurance 
of high-integrity software 
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Abstract/Keyterms: This article discusses salient aspects of severe-accident-related recriticality modeling 
and analysis in the Advanced Neutron Source (ANS) reactor. The development of an analytical capability 
that uses the KEAO5A-SCALE system is described, including evaluation of suitable nuclear cross-section 
sets to account for the effects of system geometry mixture temperature, material dispersion and other 
thermal-hydraulic conditions. Benchmarking and validation efforts conducted with KENO5-SCALE and 
other neutronic codes and compared with critical experiment data are described. Potential deviations and 
biases resulting front the use of the 16-group Hansen-Roach library are shown. A comprehensive rest matrix 
of calculations to determine the reactivity of various hypothetical configurations that might arise, along 
with the effects of various parameters on that reactivity, is described. Strong dependencies on geometry, 
material constituents, and thermal-hydraulic conditions are also discussed as well as the introduction of 
designed mitigative features. 
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Abstract/Keyterms: Nuclear criticality safety programs throughout the United States are quite successful, 
as compared with other safety disciplines, at protecting life and property, especially when regarded as a 
developing safety function with no historical perspective for the cause and effect of process nuclear 
criticality accidents before 1943. The programs evolved through self-imposed and regulatory-imposed 
incentives. They are the products of conscientious individuals, supportive corporations, obliged regulators, 
and intervenors (political, public, and private). The maturing of nuclear criticality safety programs 
throughout the United States has been spasmodic, with stability provided by the volunteer standards efforts 
within the American Nuclear Society. This presentation provides the status, relative to current needs, for 
nuclear criticality safety program elements that address organization of and assignments for nuclear 
criticality safety program responsibilities; personnel qualifications; and analytical capabilities for the 
technical definition of critical, subcritical, safety and operating limits, and program quality assurance. 
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Abstract/Keyterms: The tube vaults at the Oak Ridge Y-12 Plant were constructed in 1975 out of massive 
amounts of concrete to safely store large quantities of highly enriched uranium (HEU) metal. At the time 
of construction, criticality safety specialists were concerned about the concrete drying out over time. The 
difference between dry and wet concrete is the absence of unbound water, which results in a change in the 
hydrogen content of the concrete by a factor of 2. For this system, dry concrete increases the neutron 
interaction between the uranium metal castings in the array. With the development of the 252Cf-source-
driven frequency-analysis method for the determination of subcriticality, it became feasible to perform a 
more sensitive, meaningful, and relevant subcriticality measurement of this vault configuration with HEU. 
For this vault loading, the average mass of the castings was 18.75 kg of uranium, and the 235U enrichment 
was 93.2 wt%. These measurements are interpreted with a general Monte Carlo model rather than limited-
point kinetics models that were used in previous measurements. This measurement and analysis shows how 
the 252Cf-source-driven frequency-analysis method with MCNP-DSP can be used to obtain the subcritical 
neutron multiplication factor and the bias in calculational methods for criticality safety for an in-plant 
configuration of fissile material. The determination of the neutron multiplication factor from the measured 
data did not depend on knowing the condition of the vault concrete. The use of a more general Monte Carlo 
model in place of the limited-point kinetics models extends the application of this method. 
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Abstract/Keyterms: Plant photosynthesis has created a unique planet-wide geochemistry--an oxidizing 
atmosphere with oxidizing surface waters on a planetary body with chemically reducing conditions near or 
at some distance below the surface. Uranium is up to four orders of magnitude more soluble under 
chemically oxidizing conditions than it is under chemically reducing conditions. Thus uranium tends to 
leach from surface rock and disposal sites, move with groundwater, and concentrate where chemically 
reducing conditions appear. The earth’s geochemistry concentrates uranium and can separate uranium from 
all other elements except oxygen, hydrogen (in water), and silicon (silicates, etc.). Fissionable isotopes, 
isotopes that can form a critical mass, include 232U, 233U, 234U, 235U, and many higher actinides that 
eventually decay to one of these uranium isotopes. The potential for nuclear criticality exists if the 
precipitated uranium from disposal sites has a significant fissionable enrichment, mass, and volume. The 
earth’s geochemistry suggests that isotopic dilution of fissionable materials in waste with238U is a 
preferred strategy to prevent long-term nuclear criticality in and beyond the boundaries of waste disposal 
facilities because the238U does not separate from the fissionable uranium isotopes. Geological, laboratory, 
and theoretical data indicate that the potential for nuclear criticality can be minimized by diluting fissionable 
materials in each package with238U to less than 1 wt% 235U equivalent, or nearly the 0.71 wt% 235U 
found in nature. 
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Abstract/Keyterms: Classical Activation Method / Reactor Physical Experiment / Relative Measurements 
/ Neutron Flux Distribution / Micro-Neutron Detector / Conventional Electronic Equipment / Neutron Flux 
Was Measured On-Line / Light Water Zero-Power Reactor 
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Abstract/Keyterms: The Liquid Metal Breeder (LIMB) reactor is an internally-cooled fluid fuel reactor 
based upon a Th232-U233 thermal breeder cycle. It employs a molten lead coolant, a uranium-bismuth 
solution fuel, a thorium bismuthide dispersion in lead-bismuth blanket fluid and a graphite moderator. Heat 
from the fuel is transferred through a graphite fuel element to the coolant which transports the heat to an 
external boiler and pump. This arrangement overcomes the major disadvantages found in previous 
“externally-cooled” liquid-metal-fuel reactors. Equilibrium concentrations of uranium isotopes heavier than 
U233 and other reasonable assumptions were derived from existing information and then used to develop 
a broad survey of LIMB reactor sizes. Two sizes, 200 and 1000 MW(th), were chosen for more detailed 
evaluation. The 200 MW(th) has a potential breeding ratio of 1.08 and an 8 year doubling time. The 1000 
MW(th) reactor has a breeding ratio of 1.05 and a 12 year doubling time. Using the most pessimistic 
estimates on processing could reduce the breeding ratio, while improvements in design and the utilization 
of low-cross-section coolants can counteract these losses. LIMB reactor technology can lead to an efficient 
breeder, even in large power sources, and warrants further engineering evaluations. 
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Abstract/Keyterms: An excursion-limiting fuse has been incorporated into the design of the Mixed 
Spectrum Critical Assembly. This fuse provides an ultimate shutdown mechanism, backing up the safety 
system and preventing clad perforation by removing fuel from the uncooled fast core during all credible 
accidents even with the safety system inoperative. The unique and important features of this fuse are: The 
load-carrying fissile material is supported in a simple manner that provides excellent thermal isolation from 
the surroundings and adequate space to deform without interference with the decoupling action. The portion 
of the coupling device where the mechanical separation takes place is located away from the load-carrying 
fissile material which triggers the action. Tests show that this fuse does not release the fuel elements during 
normal operation, but that it will actuate in the event of an excursion. 
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Conference Session:  

Abstract/Keyterms: Regenerating detectors incorporate fertile material along with fissile material to 
sustain the sensitivity of neutron monitors located in high-flux environments. A mathematical model for 
optimizing the initial composition of the regenerating material was formulated and programed. An 
experimental evaluation, based on mass-spectrometer determinations of the change in isotopic composition 
as a function of neutron exposure, was completed using plutonium isotopes. The agreement between 
experiment and calculations is within uncertainty introduced by basic cross-section data. 
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Abstract/Keyterms: The effective resonance temperature (Teff) correlation of UO2 pellets based on 
experimental power coefficient data from PWR cores, namely, YANKEE, SAXTON, BR-3, and SELNI, is 
presented. The correlation can predict the total power defect of reactivity from hot zero power to full power 
within experimental uncertainties and Teff at any power level within ± 80°F (± 45°C), a magnitude which 
constitutes no more than ± 6% of the value at full power for current PWR design. With the ± 80°F 
uncertainty in Teff, the magnitude of the power coefficient of reactivity can vary as much as ± 30% in the 
low power region and ± 20% in the high power region. This study indicates the temperature drop in the gap 
between the pellet and clad is much lower than the value calculated for it in the past. 
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Abstract/Keyterms: Borated stainless steel is frequently used in critical experiments for special 
measurements and to simulate reactor components. The validity of such measurements depends on the 
accuracy with which the boron density in the steel is known and on the uniformity of the boron dispersion 
in the steel. This work describes the technique for measuring the boron inventory in two different borated 
stainless steels by means of a sensitively instrumented subcritical test assembly. The results compare 
favorably with monochromatic neutron transmission measurements and with classical chemical analyses. 
The absolute calibration of the test assembly for boron was accomplished by means of steel coupons to 
which measured amounts of powdered elemental boron had been added. 



 

C-14121 

14083…..…..…………………..…….……..……ID Number…………………..…..…………….14083 

Author: Palmer, J. A. / Bridgman, C. J. / Verrelli, D. M. 

Title: Kinetic Behavior of a Circulating-Water Reactor Following Large Reactivity Changes 

Date: 4/1/1966 

Report: NUTYBB, 002, 081-088 

Conference/Journal: Nuclear Applications & Technology 

Conference Session:  

Abstract/Keyterms: A method is described that predicts the kinetic response of a circulating-water-cooled 
and -moderated reactor to large changes in reactivity. This response is displayed in the form of time histories 
of power, peak fuel plate temperature, energy, reactivity, and period. The validity of the method is verified 
by the agreement of calculated and experimental data when it is applied directly to the SPERT-IV reactor. 
The general applicability and usefulness of the method are illustrated by the analysis of the Air Force 
Nuclear Engineering Test Reactor. A comparison with SPERT-IV, a parametric study, and an accident 
evaluation are shown as sample results. 
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Abstract/Keyterms: This paper presents calculated values of the extrapolation distance for the water-
reflected 235U-H2O-Zr ternary system. This extrapolation distance, together with previously published 
critical buckling data, permits the ready determination of critical dimensions for all possible compositions 
of this system. Prior to this study, only limited data were available for the extrapolation distance for the 
235U-H2O binary system, and no data existed for the ternary system. A quantitative determination of the 
extrapolation distance was achieved utilizing, in a unique manner, nuclear codes developed for reactor 
design purposes. Accuracy of the results has been confirmed at compositions for which experimental data 
are available. The extrapolation distance was found to be essentially independent of the shape of the system 
but strongly dependent upon composition. A single diagram that presents critical buckling and extrapolation 
distance as a function of composition has been developed. With this diagram it is possible to determine 
critical dimensions for a given shape and composition and optimum conditions for criticality. As an 
important practical example, the minimum critical limits for optimally water-moderated cylindrical arrays 
of 235U-Zr fuel elements are presented as a function of fuel-element length and composition. 
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Abstract/Keyterms: The gaseous-core or cavity nuclear reactor is of significant interest for advanced 
nuclear propulsion because of its high performance capabilities compared to solid-core nuclear and 
chemical propulsion concepts. By removal of temperature limitations associated with solid materials in the 
core and by use of radiative transfer as the principal mode of energy transfer from the fuel to the propellant, 
propellant exhaust temperatures of 7000°K and specific impulses in excess of 2000 sec can be obtained. 
This article describes a detailed nuclear analysis of a gaseous-core nuclear rocket engine in which the spatial 
effects of the cavity liner material, coolant tubes, and structural components, as well as neutron streaming 
out of propellant inlet and outlet (nozzle) passages, are considered. Calculational methods were evaluated, 
and multigroup diffusion theory was selected. Two-dimensional diffusion and transport calculations are 
compared for finite cylindrical cavity reactors having both central and annular nozzle exhausts. A parameter 
study was made of fuel and reflector materials, core and reflector dimensions, and temperature effects. 
Significant results of this study are: 1) extremely high fuel loadings are required for a propulsion reactor; 
2) substantial preheating of the reflector will be required for startup; and 3) uranium-233 has significant 
advantages over 235U and 239Pu as fuel in gaseous-core nuclear rockets. 
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Abstract/Keyterms: The interpretation of detector response to changes in a subcritical reactor is at present 
only qualitatively understood. In an experimental facility the detectors can be moved until adequate 
response is obtained. However, in a nonexperimental facility which lacks the flexibility to relocate 
detectors, it may not be possible to correlate changes in Ke with observed changes in detector response. In 
this article, a calculation model and method are derived and tested permitting quantitative interpretation of 
detector response to material and geometric changes in a subcritical reactor. 
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Abstract/Keyterms: Rocket & Space Reactors-Kinetics & Dynamics; Beryllium; Carbon; Criticality; 
Cylinders; Fuels; Gas Coolant; Gas Fuel; Heavy Water; Homogeneous; Mass; Measurement; Moderators; 
Multiplication Factors; Reactors; Reflectors; Rockets; Uranium 235 



 

C-14126 

14088…..…..…………………..…….……..……ID Number…………………..…..…………….14088 

Author: Downes, Kenneth W. / Court, Anita 

Title: Neutron Beams from Split-Core Light-Water-Moderated Reactors 

Date: 7/1/1967 

Report: NUTYBB, 003, 399-405 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: These studies were performed for the purpose of determining whether simple fuel 
alteration could lead to improved performance of neutron beam experiments at light-water-moderated 
reactors of the Bulk Shielding Facility (BSF) type. Thermal-neutron beams from split cores and a standard 
BSF core were characterized. Data were normalized to the standard core. For a split core with a 4-in. gap, 
the ratio of thermal neutrons-to-fast neutrons was improved by a factor of 6.6 ± 0.3 over that in a standard 
core; the ratio of thermal neutrons-to-gamma rays was improved by a factor of 2.9 ± 0.1 over that in a 
standard core. The thermal-neutron beam intensity was 67% of the value obtained from the standard core. 
Reactivity characteristics of split cores with a 4-in. gap were also investigated as a function of size. In an 
assembly with a built-in excess k of > 2.5%, it was found that one section of the core could be taken critical 
independent of the position of control rods in the other section. 
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Abstract/Keyterms: Experimental criticality data do not exist for most plutonium compounds. To obtain 
guidelines for nuclear criticality safety use, a survey utilizing transport-theory calculations was made to 
determine the critical masses of bare and water-reflected spheres as a function of density and 
hydrogen/plutonium ratio for 12 of these compounds in the undermoderated range (hydrogen/plutonium 
less than or equal to 20). The compounds considered were plutonium trihydride, plutonium nitride, 
plutonium carbide, plutonium tricarbide, plutonium dioxide, plutonium trioxide, plutonium trifluoride, 
plutonium trichloride, plutonium tetranitrate, plutonium oxalate. Also derived were core density exponents 
which permit critical masses to be predicted for compounds with densities ranging down to one-fifth of 
their theoretical values. The validity of the calculations was examined by comparing results with the limited 
criticality data on homogeneous plutonium dioxide systems in the undermoderated range. Comparisons 
were also made for plutonium metal systems and for three heterogeneous plutonium-fueled assemblies. 
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Abstract/Keyterms: Since the quality of subcriticality measurements using neutron noise analysis in 
power reactors is degraded by high gamma-ray intensities produced by residual fission products, a study 
was made to derive an equation that can be used to predict this degrading effect quantitatively. For 
simplicity, this study is based on one-detector measurements but is equally appropriate to two-detector 
cross-correlation measurements. Equations derived to give insight into the behavior of ionization chambers 
operating in high gamma environments have led to the experimental development of a relatively low-cost, 
optimized chamber. 
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Abstract/Keyterms: Criticality parametrics for enriched fissionable reactor fuel in water have been 
extended to the effects of thick moderator reflectors, with emphasis on beryllium. The result was a minimum 
critical mass one-third of that in the water-reflected assembly. 
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Abstract/Keyterms: Correlations of data characterizing arrays of subcritical units that interact to render 
whole arrays critical show that the resulting thickness of fissile material solution contained in an array, 
when “smeared” over the base area of that array, can be compared to the thickness of a single homogeneous 
unit having a composition and shape similar to that of the array. The correlations resulted in curves that can 
be used to predict critical arrays of solutions or to determine safe spacing using appropriate safety factors. 
Although the same relationship between array-smeared thickness and single-unit thickness does not appear 
to apply to metal systems, a useful curve that guides the determination of criteria for adequate spacing is 
developed. 
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Abstract/Keyterms: U233-SOL-THERM-014; The results of neutron multiplication measurements 
performed with arrays of uranium-233 solution apply to criticality safety considerations in handling 
solutions at a concentration of approximately 330 g uranium-233/liter and are useful in checking 
computational methods. The measurements were made with 17.3 kg. Uranium-233 in both reflected and 
unreflected arrays. Critical numbers of bottles were determined as a function of spacing, and the effect of 
adding moderating material between the bottles comprising an array was also examined. Monte Carlo 
calculations were found to reproduce the experimental data reasonably well, with k(eff) being computed to 
within about 0.03 of unity for those cases compared. 
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Abstract/Keyterms: The uranium and plutonium isotopic distributions of 45 irradiated fuel rods of natural 
uranium dioxide are compared to theoretical predictions made using three-dimensional P-1 neutron 
diffusion techniques. The calculations are different in that normalization to experimental results is made 
only by use of the total core energy output and measured critical rod-bank heights. This in contrast to 
normalizing each individual fuel-rod burnup to the experimental value and then investigating resultant 
isotopic distributions in the rod. The comparison indicates good agreement but identifies the need for a 
spatial spectrum variation of the 238U epithermal resonance absorption cross section and improved time -
dependence of the 238U and 239Pu cross sections. 
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Abstract/Keyterms: The neutron yields of plutonium-beryllium (α, n) sources, made of nominal 239Pu, 
are increasing due to the buildup of 241Am, an alpha emitter, from the beta-decay of 241Pu which is present 
in these sources. Measured increases in yields are compared with predicted increases based on the isotopic 
composition of the plutonium used in these sources. In cases where the isotopic composition was not 
previously known, the composition was deduced from calorimetric measurements. Sources were found to 
have initial rates of increase of up to 2% per year. In all cases except one the measured rate of increase was 
in agreement with the predicted rate. 
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Abstract/Keyterms: The present shortage of fast reactor test space, particularly for test regions > 2cm in 
diameter, led to a series of tests to develop an adequate spectrum-hardening filter so that a suitable fast-
neutron flux environment could he obtained in a large thermal test reactor. A boron filter was the best of a 
number of filter materials tested, and verification measurements were made in the Engineering Test Reactor 
II (ETR) Critical Experiment. After several design modifications, fast-neutron flux spectra typical of the 
Experimental Breeder Reactor II (EBR-II) were obtained at levels ∼½ of those obtainable in the peak region 
of the EBR-II but with a test hole diameter of 3.5 cm. Softer neutron spectra, typical of some of the proposed 
fast breeder designs, can be obtained in a filtered ETR experiment with fissile fission rates greater than 
those in the EBR-II. 
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Abstract/Keyterms: In this paper compilation and evaluation of neutron cross sections are oriented in part 
toward fast spectrum reactor physics. The use of these cross sections with the Sn neutron transport code 
has resulted in good agreement with experimental results for a variety of critical reactor assemblies. 
Measurements of critical mass and of the reactivity of a number of isotopes agreed very well with the results 
of calculations based on evaluated differential cross sections. Systematics of reactivity error magnitudes as 
a function of flux spectrum indicated several areas for cross-section correction. With these results as a basis 
for quality evaluation, an examination of the effect of spectral hardness on breeding gain of a fast reactor 
was made. The highest computed value of breeding gain for large U-Pu metal systems was 1.2 to 1.3, with 
average 239Pu concentration as low as 2%. Addition of structural material effects on spectral hardness 
decreased 239Pu breeding gain toward literature values of 0.2 to 0.8. 
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Abstract/Keyterms: Solid-state track recorders (SSTR) of muscovite mica have provided absolute fission 
rates and fission ratios for 235U and 238U in ZPR-6, Assembly 5. The results agree well with diffusion 
theory and satisfactorily with radiochemical fission rate measurements. However, comparisons with fission 
chamber measurements reveal some differences, which can be attributed to the perturbing influence of the 
fission counter itself. Due to the high sensitivity of the SSTR method, measurements were readily extended 
into the blanket region of the assembly. Simplicity, reliability, and the wide sensitivity range make SSTR 
measurements an unusually powerful method for fission rate studies in low-power reactors. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Beryllium; 
Criticality; Enrichment; Heavy Water Moderator; Mass; Reflectors; Spheres; Uranium 235; Water 
Moderator 
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Abstract/Keyterms: Statistical analysis of test results obtained by crushing SiC and ZrO2 yielded the 
optimum design characteristics for a miniature jaw crusher. The device was needed to reduce subcritical 
amounts of plutonium ceramics to sizes suitable for reactor use. Tests were conducted with a prototype jaw 
crusher in which crushing speed, jaw clearance, jaw angle, ratio of feed size to jaw clearance, and feed rate 
could be varied. A crusher built with the optimum design characteristics crushed (U, PUO2 to the particle-
size distribution that was predicted and desired. 
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Abstract/Keyterms: PU-SOL-THERM-033; The results and analyses are presented from the latest series 
of experiments in a continuing program for determining the critical parameters of plutonium mixtures 
having concentrations that are typical of wet powders, precipitates, slurries, and polymers. The initial series 
of measurements in this program were made on 15 hydrogen/plutonium fuel having plutonium-240 isotopic 
concentrations of 2.2 and 8.08 wt.%. The latest experiments were conducted with fuel having a plutonium-
240 isotopic concentration of 11.46 wt.% and a hydrogen/plutonium atom ratio of 5. Generally, these results 
indicate that the published values for the critical sizes and masses of plutonium should be increased for the 
highly concentrated systems. Additional data are needed, however, to better establish the criticality curves 
in this region. The 11.46 wt.% plutonium-240 isotopic concentration caused an increase of 30% in the 
spherical critical mass of a bare plutonium-239-water system at 5 hydrogen/plutonium. In the reflected 
system the increase was 43%. 
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Abstract/Keyterms: The absolute gamma dose was measured at 60 locations within the Tungsten Water-
Moderated Reactor critical assembly. The neutron dose was measured at 30 locations. Graphite wall thimble 
ionization chambers filled with carbon dioxide were used for gamma measurements and polyethylene wall 
chambers filled with ethylene were used for mixed gamma and neutron fluxes. The chambers were 
absolutely calibrated in a bremsstrahlung beam against a secondary calibration standard and in a reactor 
against a water-filled calorimeter. These calibrations were used to determine the absolute gamma and 
neutron responses for the chambers; this permitted partitioning the measured mixed radiation dose into a 
neutron dose. The measured gamma doses were compared with an ATHENA Monte Carlo calculation. 
Good agreement was found for the 16 locations compared. The average deviation was 10%. In addition, 
the measured neutron doses were compared with a first-collision calculation of the dose. The calculated 
neutron doses were uniformly low with an average deviation from the measurement of 18%. 
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Report: NUTYBB, 006, 104-115 

Conference/Journal: Nuclear Applications & Technology 

Conference Session:  

Abstract/Keyterms: The cavity reactor concept consists of a core, generally of dilute fuel, surrounded by 
a moderating reflector. This concept has long been considered as a means of attaining very high 
temperatures in a gaseous core, since the fuel need not be in contact with structural material. A number of 
critical experiments have been performed on configurations of different core size and shape, with different 
structural material thicknesses between the cavity and reflector, with different coolant densities surrounding 
the core, and with various other alterations. The principal purpose was to evaluate the effects of engineering 
design variables for a cavity propulsion reactor concept. Experiments reveal that a power reactor with the 
required structure and a cavity size 182.9 centimeter (6 ft) in diameter by 121.9 centimeter (4 ft) long can 
be expected to have a critical core loading of between 20 and 30 kg of uranium-235. 
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Report: NUTYBB, 006, 266-273 

Conference/Journal: Nuclear Applications & Technology 

Conference Session:  

Abstract/Keyterms: Recent theoretical and experimental work has established minimum critical masses 
for uranium and plutonium reactor fuels. Studies at Los Alamos show a minimum of 300 to 600 g in the 
critical mass of 235U for H2O or D2O moderator and D2O or Be reflectors. An H2O-moderated, Be-
reflected core containing 0.070 g 235U/mliter has a very low critical mass, which is of interest in the design 
of small power reactors and has attractive features for a new high neutron flux reactor concept. This report 
relates nuclear parameter studies to specific design objectives and shows how special effects of geometry 
and materials are important to such studies. 
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Title: Critical Parameters of Plutonium Systems. Part 1 Analysis of Experiments 

Date: 4/1/1969 

Report: NUTYBB, 006, 371-380 

Conference/Journal: Nuclear Applications & Technology 

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-033; To predict the critical parameters of plutonium fueled 
systems one must establish the accuracy of the computational methods to be employed and the accuracy 
and applicability of the available critical experiment data with which the calculations are to be compared. 
The accuracy of a multigroup diffusion theory code, HFN, and a multigroup transport theory code, DTF-
IV, was examined by analyzing recent plutonium critical experiments. The experiments cover the entire 
range of possible moderation ratios, and the plutonium fuels contain as much as 23.2 isotopic% plutonium-
240. All three basic geometries are represented by the experimental data examined. Where necessary, the 
criticality data were corrected, by means of additional experiments and/or calculations, to conform to one-
dimensional, clean, homogeneous critical assemblies which could be adequately defined and used as a basis 
for establishing nuclear criticality safety guidelines. 
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Conference/Journal: Nuclear Applications & Technology 

Conference Session:  

Abstract/Keyterms: Lack of experimental data for nuclear criticality control over operations with 
plutonium necessitates the use of computed critical parameters for guidance. To provide guidelines for 
criticality safety use, survey calculations for unreflected and water-reflected spheres, semi-infinite 
cylinders, and semi-infinite slabs have been made, using calculational techniques confirmed by available 
experimental data. The plutonium(metal)-water mixtures examined cover the entire range of possible 
moderation ratios and have isotopic plutonium-240 contents of less than or equal to 20%. Critical 
experiment data for water-reflected spherical systems containing plutonium nitrate solutions with less than 
or equal to 435 g plutonium/liter at 4.6 wt.% plutonium-240 were extrapolated by means of calculations to 
plutonium (metal)-water mixtures for a direct comparison between calculations and experimentally derived 
critical parameters. The effect of plutonium-240 on criticality was examined as a function of both 
concentration and geometry. The manner in which plutonium-240 affected the minimum critical mass of 
plutonium(metal)-water systems was also determined. 
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Title: Reactor-Noise Studies with an On-Line Digital Computer 

Date: 4/1/1969 

Report: NUTYBB, 006, 391-400 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A method for determining the prompt neutron decay constant of a fast critical 
assembly by noise analysis has been developed. It uses a digital computer to do polarity crosscorrelation 
on the outputs of two scintillation detectors. For the first time, such a measurement has been made in a fast 
assembly at criticality with no intrinsic limitation on power level. Portions of the technique were adapted 
for a study of the dynamics of a digital reactor control scheme. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A pressurized subcritical facility was constructed with its main pressure vessel 
directly above a 28-in.-diam (71-cm) fission source plate centered on the top face of the General Electric 
Nuclear Test Reactor (NTR). The main pressure vessel had an inside diameter of 36 in. and inner length 
(less head) of 48 in. to accommodate light-water-moderated fuel lattices with a keff 0.98, constructed of 
low-enrichment oxide fuel rods. Maximum operating conditions for the facility were 540°F at 1050 psig. 
The system was heated electrically at 110 kW to raise the temperature and at 35 kW to maintain it at 540°F. 
With the NTR at 30 kW, and with lattice keff8 n/(cm2 sec) at lattice center. The facility has been used to 
carry out a program of measurements of nuclear reaction rates within H2O-moderated subcritical lattices 
of plutonium-enriched oxide fuel rods. 
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Conference Session:  

Abstract/Keyterms: PU-MET-FAST-011; We have determined the critical mass of a water-reflected 
plutonium sphere. The experimental data are: 1. properties of metal: (a) all alpha-phase, (b) high purity, 
and (c) 94.5% plutonium-239, 5.18% plutonium-240. 2. Measurements: (a) mass-5546 g, (b) diameter-
8.126 cm at 20 degrees C, (c) density-19.74 g/cc at 20 degrees C, and (d) neutron multiplication-71 (based 
on unreflected value of 5). 3. Reflector-effectively infinite water. 4. Results: (a) critical mass, our 
experiment-5790 plus or minus 25 g (extrapolated from appropriately adjusted data), (b) DTF calculation, 
our experiment-k(eff) = 1.0037, and (c) applying above normalizing factor to DTF, critical mass of pure 
plutonium-239 = 5430 ± 25g. 
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Abstract/Keyterms: Experimental data are presented to show the conditions under which a complex fissile 
system may be conservatively approximated by a simpler system. The complex system consists of an 
unpoisoned uranium-solution slab in contact, on one face, with a thick region of heavily boron-poisoned 
uranium solution. The simpler system consists of an unpoisoned uranium-solution slab reflected, on one 
face, by Plexiglas. Measured critical thicknesses are reported for uranium-solution slabs unreflected, 
reflected on one face only, and reflected on both faces by Plexiglas. 
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Abstract/Keyterms: Most problems of nuclear criticality safety correspond to an array of fissile units 
arranged in a definite pattern in a surrounding medium of specified composition. For an infinite array, 
mathematical complications are greatly reduced. A suitable model consists of a purely mathematical 
portion, bulk material parameters, and boundary parameters. The model can be tied to experimental data at 
one point by modifying a single material parameter. If the tie-in with integral data is made for systems of 
nearly the same neutronics, strictly geometric differences may be handled with considerable confidence. 
Several significant reactivities are discussed including that corresponding to an extremum in the spacing of 
units. 
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Abstract/Keyterms: The MSRE is an 8-MW(th) reactor in which molten fluoride salt at 1200°F circulates 
through a core of graphite bars. Its purpose was to demonstrate the practicality of the key features of molten-
salt power reactors. Operation with 235U (33% enrichment) in the fuel salt began in June 1965, and by 
March 1968 nuclear operation amounted to 9000 equivalent full-power hours. The goal of demonstrating 
reliability had been attained—over the last 15 months of 235U operation the reactor had been critical 80% 
of the time. At the end of a 6-month run which climaxed this demonstration, the reactor was shut down and 
the 0.9 mole% uranium in the fuel was stripped very efficiently in an on-site fluorination facility. Uranium-
233 was then added to the carrier salt, making the MSRE the world's first reactor to be fueled with this 
fissile material. Nuclear operation was resumed in October 1968, and over 2500 equivalent full-power hours 
have now been produced with 233U. The MSRE has shown that salt handling in an operating reactor is 
quite practical, the salt chemistry is well behaved, there is practically no corrosion, the nuclear 
characteristics are very close to predictions, and the system is dynamically stable. Containment of fission 
products has been excellent and maintenance of radioactive components has been accomplished without 
unreasonable delay and with very little radiation exposure. The successful operation of the MSRE is an 
achievement that should strengthen confidence in the practicality of the molten-salt reactor concept. 
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Conference Session:  

Abstract/Keyterms: Small, high-temperature, fast-spectrum reactors, of the type proposed for auxiliary 
space-power applications, cannot be conveniently controlled by fuel or control-rod motion in the core. 
Consequently, the reflector (which may be a moderator) must provide the needed reactivity control. Critical 
experiment measurements employing conventional as well as pulsed-neutron techniques on various 
reflector control methods show that at least 5% Δk control worth is easily achieved, and full shutdown of 
over 12% Δk can be achieved by complete reflector removal. Though pulsed-neutron techniques are 
convenient for evaluating large changes in system reactivity, the interpretation of such measurements is far 
from straightforward, particularly on fast reactors with moderating reflectors. 
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Abstract/Keyterms: In this paper, we discuss the feasibility of the application of the gaseous-core reactor 
to electric-power-generation systems. An analysis of the radiation-heat-transfer process in the gaseous core 
is presented. The results of this analysis are then combined with an estimate of the quantity of uranium 
required for criticality to determine the core pressure and temperature for various values of power 
generation and core diameters. This analysis indicated that attractive power levels in reactors of practical 
size can be obtained with gas pressures and wall temperatures within the potential capability of known 
structural materials. As an example, it is estimated that a spherical gaseous-core reactor with a radius of 
152.4 cm would generate ∼4000 MW(th) with a gas pressure of ∼11 atm. Several configurations of the 
gaseous-core reactor employing thermionic converters and heat pipes are described. 
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Abstract/Keyterms: A study was initiated to determine the highest 235U enrichment that could be 
processed safely in a facility originally designed for refining natural uranium ores and concentrates. The 
equipment used in converting uranyl nitrate to uranium trioxide was determined to be the limiting factor. 
Calculations of neutron multiplication throughout the denitration cycle were made using data from the 
analysis of process material. It was determined that the maximum 235U enrichment could be safely 
increased to 2.0% from the previous limit of 1.25% 235U. Processing at the higher enrichment required 
slight changes in equipment to ensure against moderation of the material. 



 

C-14154 

14116…..…..…………………..…….……..……ID Number…………………..…..…………….14116 

Author: Trinko, Jr., J. R. / Hanauer, S. H. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A pulse-mode neutron detection system designed for reactor noise measurements was 
characterized and compared with conventional current-mode noise measurement systems. Pulses from a 
proportional counter with a 60-nsec electron collection time were amplified and applied to a discriminator 
and thence to a counting-rate circuit with a time constant of 15 µsec. Statistical fluctuations in the counting-
rate voltage were frequency analyzed. Under conditions of negligible gamma flux and counting loss, the 
pulse system yielded frequency spectra indistinguishable from ion-chamber spectra. The results were not 
very sensitive to counting loss up to at least 20%, but the effect of counting loss limited the ultimate useful 
neutron flux for the system tested to <2 × 106 n/(cm2 sec). Space charge and gamma pileup in the detector 
controlled the performance of the pulse system in high gamma fluxes; the pulse system performed better 
than the best available current system over a limited range of neutron- and gamma-flux intensities. Because 
of its shorter time constant, the pulse-mode system can be used to measure power spectral density at much 
higher frequencies than the current-mode system. Thus, the pulse-mode system appears to be the more 
attractive for fast reactor subcriticality measurements. 
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Abstract/Keyterms: Power Reactor Development-Operation & Economics; Breeder Reactors; Burnup; 
Configuration; Criticality; Economics; Fast Reactors; Fuel Cycle; Fuels; Mathematics; Neutron Flux; 
Poisoning; Power; Power Reactors; Reactivity; Reactor Core; Variations 
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Abstract/Keyterms: The critical size for a bubble pinned to a dislocation to continue motion has been 
evaluated. The result differs from earlier line-tension models. A statistical method for treating bubble 
coalescence has been developed in which bubble-size distribution is defined in terms of the number of gas 
atoms in a bubble on a logarithmic scale. Based on this method, a swelling and gas-release model is 
developed and discussed. The resulting model can be readily adapted to numerical computation. 
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Report: NUTYBB, 009, 218-228 
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Conference Session:  

Abstract/Keyterms: Plutonium-238 is an important heat producing isotope which is being used in 
increasing amounts as fuel in isotopic power generators for space, terrestrial, and oceanographic 
applications. Only within the past few years has the quantity of plutonium-238 become large enough to be 
considered as a potential nuclear criticality hazard. In order to insure nuclear criticality safety in the storage, 
processing and assembly of devices containing plutonium-238, a program has been established at Mound 
Laboratory to investigate the nuclear criticality properties of this isotope. This paper will summarize what 
is presently known about the criticality behavior of plutonium-238, what are some of the criticality controls 
used as Mound Laboratory for processing plutonium-238, and what measurements are needed in order to 
establish a Nuclear Safety Guide for Plutonium-238. 
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Abstract/Keyterms: The status of fast reactor mixed-oxide fuel performance model development, 
involving the OLYMPUS and CYGRO-F codes, is reviewed. Input information in several critical areas is 
examined including: the swelling, irradiation creep, and ductility of stainless-steel cladding; and the 
swelling and plasticity of mixed-oxide fuel. The predictions from the two codes are illustrated by parametric 
studies and application to high fluence/burnup ratio fuel rods of interest to the LMFBR program. The 
analytical studies indicate the major effects of stainless-steel swelling on fuel rod performance and the 
relationship between fuel density and cladding creep strain. 
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Abstract/Keyterms: A method was developed for determining the optimum fuel utilization for the Plum 
Brook Reactor (PBR). The method used available PBR criticality data to incorporate the effects of neutron 
leakage and nonuniformity of burnup in a point model of the core. This allowed the model to predict the 
performance of the core as a function of new element weight and number of uses per element. A graphical 
model was devised to determine the optimum. The article shows the derivation of the model and its 
application for a typical PBR configuration. 
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Abstract/Keyterms: The amount of fission products remaining in the molten mass of material that could 
result from core melt-through must be known to evaluate the heat loads on various parts of the structure, 
and depends on many factors too numerous to mention here. The present work was confined to an 
approximate evaluation of diffusion and internal convection as mass transfer mechanisms under fairly 
quiescent conditions. This condition was chosen because it would result in larger amounts of heat-
generating fission products remaining in the melt than would be the case with more violent agitation. 
Internal heat generation in a molten slab of fluid cooled primarily from the upper surface would create a 
temperature gradient which, at some critical value, would cause internal convection currents due to the 
greater buoyancy of the hotter material in the lower portions of the melt. These convection currents enhance 
both the heat and mass transfer from the interior of the molten material to the surface. The heat transfer and 
rate of release of fission products (using yttrium oxide as an example) from a slab of molten fuel and steel 
were calculated and the results compared with a diffusion calculation. A sensitivity analysis was performed 
and the effects of wide variations in the thickness of the melt, viscosity, coefficient of thermal expansion, 
diffusion coefficient, specific heat, and thermal conductivity are reported. For the base case of yttrium oxide 
in 200 tons of molten UO2 and steel in a slab 17.1 cm thick, the time required to release 80% of the fission 
product was 9 h, compared with 40 days for the case where a diffusion model was assumed. Although these 
results are very approximate, being based on estimated thermophysical properties and idealized 
assumptions, they show that the effect of internal convection on mass transfer is so important that it cannot 
be ignored in any process where its occurrence may be suspected. 
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Abstract/Keyterms: The Belgonucleaire-CEN research and development work, performed in the scope of 
a joint USAEC-EURATOM Program, involves the development of both fabrication techniques and 
methods of design calculations for plutonium-enriched cores. Based on experience gained since 1963, a 
specific study of plutonium recycle in the SENA reactor was undertaken in cooperation with EURATOM 
and the Belgian utilities. This study, confirmed by experiments carried out in the Belgian VENUS critical 
facility, has led to proposed optimized schemes for the composition and the location of plutonium-enriched 
fuel rods. For the conditions prevailing around 1973, it appears that, in the case of the SENA reactor, there 
should be a slight economic advantage in mixing the available plutonium with slightly enriched uranium 
arising from the reprocessing of the fuel assemblies rather than with natural or depleted uranium. 
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Abstract/Keyterms: The operation of boiling water reactors to date offers a wealth of operating data useful 
in evaluating the adequacy of existing operations analysis methods. Recent experience during the first fuel 
cycle of the KRB and Garigliano reactors has yielded considerable information on operating power 
distribution, fuel cycle lengths, and criticality predictions. The in-core neutron monitoring systems of the 
most recent BWR's allow experimental determination of operating power distributions in both the radial 
and axial dimensions. Recent methods developments in power distribution solutions and fuel cycle analysis 
have resulted in excellent predictive and postoperative analysis of core performance. Effects of control rod, 
steam void, and fuel exposure distributions on radial power distributions, and neutron multiplication factors 
are observed to be quite well represented with existing boiling water reactor digital computer simulators 
using three-dimensional fast-neutron flux solutions with thermal hydraulic feedback. 
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Abstract/Keyterms: The physics performance of Shippingport Core 2 operations from initial start-up of 
the first seed through initial power operations on the second seed is summarized. The emphasis on 
comparison of observed results with calculated results to identify the ability of current calculational 
techniques to describe core operations. Also included are selected comparisons of results of isotopic 
examination programs performed on Core 1 seed and blanket fuel assemblies. The comparisons indicate 
that critical core configurations are described with varying degrees of success with reactivity deviations 
generally <1% δ p. Power distributions agree reasonably well with measured values. Results of destructive 
analysis programs indicate that both gross and local fuel depletion are calculated to within 5 to 10%. 
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Abstract/Keyterms: Experimental data are presented to show the conditions under which a complex fissile 
system may be conservatively approximated by a simpler system. The complex system consists of an 
unpoisoned uranium-solution slab in contact, on one face, with a thick region of heavily boron-poisoned 
uranium solution. The simpler system consists of an unpoisoned uranium-solution slab reflected, on one 
face, by Plexiglas. Measured critical thicknesses are reported for uranium-solution slabs unreflected, 
reflected on one face only, and reflected on both faces by Plexiglas. 
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Abstract/Keyterms: The minimum critical core size for the Southwest Experimental Fast Oxide Reactor 
was predicted prior to the initial fuel loading using the results of a critical mockup in ZPR-3. The predicted 
minimum critical loading was 519 PuO2-UO2 fuel rods containing 285 kg of fissile (239Pu + 241Pu) 
plutonium, with 1 beryllium oxide tightener rod for each 6 fuel rods. The actual minimum critical loading 
was equivalent to a core containing 518 standard fuel rods and the nominal 6-to-1 ratio of fuel-to-tightener 
rods. The calculations used in the prediction are described and the agreement between experiment and 
calculation is discussed. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The feasibility of using a nuclear reactor as a thermally radiating energy source is 
investigated. Design parameters including radiant energy transmission, attenuation of γ and neutron fluxes, 
criticality, and heat transfer are evaluated. Since conclusive experimental data for nuclear and high 
temperature heat transfer properties are lacking, a mathematical relationship between these limiting 
parameters is derived and the results are presented for the whole range over which they are likely to vary. 
For some of the designs considered, the overlap within which a thermally radiating nuclear reactor can be 
considered feasible is sufficiently broad to cover all possible uncertainties. It is concluded, therefore, that a 
spherical W-UO2 cermet shell reactor, operating at a surface temperature of 2800°K, assuming a modest 
extrapolation of present-day materials technology, is indeed feasible. 
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Abstract/Keyterms: The feasibility of using a nuclear reactor as a thermally radiating energy source is 
investigated. Design parameters including radiant energy transmission, attenuation of γ and neutron fluxes, 
criticality, and heat transfer are evaluated. Since conclusive experimental data for nuclear and high 
temperature heat transfer properties are lacking, a mathematical relationship between these limiting 
parameters is derived and the results are presented for the whole range over which they are likely to vary. 
For some of the designs considered, the overlap within which a thermally radiating nuclear reactor can be 
considered feasible is sufficiently broad to cover all possible uncertainties. It is concluded, therefore, that a 
spherical W-UO2 cermet shell reactor, operating at a surface temperature of 2800°K, assuming a modest 
extrapolation of present-day materials technology, is indeed feasible. 
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Conference Session:  

Abstract/Keyterms: One of the methods considered for fuel assay in a nuclear safeguards program is 
analysis of reactivity response. For uranium-plutonium LMFBR fuels, such an assay is complicated by the 
similar response of the various fissile isotopes and the relatively large fast fission contribution from the 
fertile isotopes. The proposal is explored here to separate the responses, thereby promoting more accurate 
analysis, through design of an assay reactor which would be critical in two distinct modes having different 
spectra (hard and soft). The constraint is that the change in spectrum be obtained with little mechanical 
change in the system so as to avoid excessive reactivity renormalization. The solution examined here is a 
concept of a dilute fast spectrum fast reactor (zero-power) which is also critical when flooded with borated 
water. The response matrix is computed and the errors analyzed; problems in securing greater accuracy 
arise from the need to attain very low powers to measure spontaneous fission sources in the presence of 
fission product gammas, and the need for a better low-energy neutron filter than cadmium. 



 

C-14169 

14131…..…..…………………..…….……..……ID Number…………………..…..…………….14131 

Author: Mills, Carroll B. 

Title: A Small Nuclear Reactor for Undersea Use 

Date: 2/1/1971 

Report: NUTYBB, 010, 133-138 
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Conference Session:  

Abstract/Keyterms: Requirements for underseas nuclear reactor power systems for small vessels include: 
simplified small reactor and plant control and instrumentation; long-term compatibility of fuel, structure, 
and coolant; and extended fuel lifetime, safety, and low cost. Neutronic qualities that reflect these 
requirements are: lowest critical mass for low cost and small size; low fuel concentration in the fuel 
elements consistent with extended fuel lifetime, small fuel effects on fuel element materials properties, and 
small fission-product effects; negative temperature and core geometry coefficients of reactivity, in the 
interest of minimizing safety and control problems, 100-g fuel burnup (100 MWd of energy). A reactor 
design that has these qualities uses a pressurized water moderated, beryllium (4-in.) reflected, solid fuel 
geometry with 0.070 g/ml 235U in the core, and zirconium fuel elements, with a fuel mass including 0.1 
kg for burnup of under 0.8 kg 235U. This reactor core is 8 in. long and 8 in. in diameter, and contains 85%, 
by volume, of water at an operating temperature around 500°F, for a power level of 300 kW(th). 
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Conference Session:  

Abstract/Keyterms: Comparisons of calculation and experiment have been performed to test the adequacy 
of fewgroup subcritical diffusion theory in predicting neutron detector response induced from material 
changes in a subcritical water-moderated reactor. In many operations involving material changes in a 
subcritical reactor, it is desired to monitor changes in the multiplication factor (keff) of the system to ensure 
the safety of an operation by avoiding an accidental close approach to criticality. This monitoring procedure 
is accomplished by the introduction of artificial neutron sources to the system and by the proper 
interpretation of changes in neutron detector readings in terms of keff. Because of the rather complicated 
involvement of the source-core-detector system, proper interpretation of detector response observed during 
these operations can only be achieved by the availability to predict detector response obtained from an 
accurate calculational model. Comparisons of calculation to experiment show that diffusion theory may be 
used successfully for these purposes; however, certain limitations of the model must be recognized and 
avoided. The breakdown of the calculational model in certain cases can be related ultimately to the inability 
of few-group diffusion theory to predict the absolute magnitude of detector flux for large distances through 
a water (or metal-water) shield. This inability can result in inaccuracies in predicted count rate response 
when applied to a specific source-core-detector arrangement with the characteristic that a given material 
change results in gross changes in the axial flux distribution. These effects can be overcome by the suitable 
positioning of the neutron source and detector relative to the subcritical assembly. 
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Abstract/Keyterms: Phase relationships among solids in the UO2-O2-H2O system at 25, 100, and 200°C 
and pressures to 2 MPa have been calculated from critically evaluated thermodynamic data. Stability limits 
of the solids are expressed in terms of oxygen and water partial pressures at each temperature. The results 
are then discussed in terms of known UO2 oxidation reactions and uranium mineralogy. Particular attention 
is paid to “UO3 hydrates, some of which are shown to be stable phases in air at very low relative humidity’s 
(down to ∼0.1% at 25°C). This relevant to fuel storage because of the very high molar volumes of these 
phases, relative to UO2, and consequent potential for damage to defected fuel assemblies. Comparison of 
the calculated phase relationships with observed UO2 oxidation behavior helps to identify those phase 
interconversions that are kinetically constrained. 
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Abstract/Keyterms: An empirical model is presented for calculating safe nuclear criticality parameters for 
systems of intersecting pipes containing enriched uranyl nitrate solution. The model, which applies to 
systems consisting of a main pipe (the central column) from which smaller pipes (arms) branch off, uses as 
a criticality parameter the area of intersection of the arms with the column. Maximum safe values for both 
the central column diameter and the area of intersection of the arms with the column are provided for 
conditions of minimal, nominal, or full reflection. The current model, and extension of an earlier one, is 
based on Monte Carlo calculations as well as on experimental data. A review of the experimental and 
calculational data is included. 
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Abstract/Keyterms: An alternate method to that of representing the drop size spectrum by a mean drop 
diameter in an iodine removal analysis of the containment spray system is presented. A discrete drop size 
distribution, which is obtained from a fit of a continuous distribution function to the drop size spectrum 
observed for the nozzles employed in the spray sys tem is used. A model for the calculation of the changes 
in this distribution due to drop coalescence and condensation of steam on the spray drops is derived. The 
results obtained from this analysis show that consideration of the drop size spectrum, condensation, and 
coalescence in the analysis of the spray system does not degrade the iodine removal effectiveness calculated 
for a typical Westinghouse reactor containment. 
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Abstract/Keyterms: Instrumentation-Radiation Detection Instruments-General Detectors & Monitors; 
Circuits; Critical Mass; Criticality; Design; Multiplication Factors; Proportional Counters 
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Abstract/Keyterms: An expository formalism concerning the derivation of various forms of neutron 
transport equations is discussed. It relies fundamentally on a general neutron conservation condition as the 
starting point. The basic concepts employed are (a) expected number of neutrons, (b) phase-space 
representation, and (c) neutron density function. Thereafter, application of the formalism involves only 
common mathematical operations and some understanding of neutron-nucleus interactions. 
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Abstract/Keyterms: PU-SOL-THERM-033; The results and analyses presented are from the latest series 
of experiments in a continuing program for determining the critical parameters of plutonium mixtures 
having concentrations typical of wet powders, precipitates, slurries, and polymers. Previous measurements 
in this program were made on 15 hydrogen/plutonium fuel having plutonium-240 isotopic concentrations 
of 2.2 and 8.08 wt.% and on 5 hydrogen/plutonium fuel having a plutonium-240 isotopic concentration of 
11.46 wt.% this latest series of experiments was conducted with fuel in which the plutonium-240 isotopic 
content has been increased to 18.35 wt.% and the hydrogen/plutonium atomic ratio decreased to essentially 
zero. 
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Abstract/Keyterms: The time-dependent behavior of the neutron population in an unreflected, 
unmoderated cylindrical assembly of 90 wt% uranium (93.2 wt% 235U), 10 wt% molybdenum alloy 
following rapid establishment of a superprompt criticality with negligible initial neutron population has 
been studied. Reactivity increases up to 14¢ above prompt criticality resulted in pulses yielding as many as 
3.72 X1017 fissions with reactor periods as short as 12.4 µsec and temperature increases as large as 880°C. 
In these experiments the reactor produced pulses of 2 x 1017 fissions without any damage. A pulse of 2.37 
x 1017 fissions resulted in permanent elongation of the bolts holding the core together, and a pulse of 2.66 
x1017 fissions caused cracks in some of the core parts. Stresses obtained from measurements of the 
mechanical vibration of the reactor parts were consistent with the observed damage. 



 

C-14178 

14140…..…..…………………..…….……..……ID Number…………………..…..…………….14140 

Author: Roux, D. P. / Buhl, A. R. 

Title: Effect of Gamma Radiation on LMFBR Subcriticality Measurements Using Noise Analysis 

Date: 9/1/1971 

Report: NUTYBB, 012, 137-140 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: As a result of the effect of residual gamma radiation on neutron detectors in shutdown 
reactors, the precision of subcriticality measurements by noise analysis degraded. An equation for this 
gamma degradation effect was developed for application to fast reactors. The gamma degradation factor D 
and the detection efficiency Wn were evaluated for 10B, 3He, and U235 detectors for application in the 
Fast Flux Test Facility (FFTF), and it was concluded that the 235U, the least sensitive of the three detectors, 
is the best choice. The 235U detector is 40 times less efficient than the 3He detector, but it should experience 
only a slight degradation in the FFTF. By contrast, degradation factors varying between 100 and a few 
thousand are anticipated for the 3He detector through the shutdown range of -1 to -10 dollars. Furthermore, 
D is unity up to 106 R/h and is independent of p for the fission chamber when used as a counter. 
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Abstract/Keyterms: A nuclear analysis using transport theory was made of an open cycle gas-core reactor 
for assumed operating conditions. Calculations were made for cavity diameters from 2.44 to 4.88 m, for 
hydrogen (cavity) bypass variation from 0 to 99%, for reflector thickness from 0.61 to 1.07m, and for both 
isotopes 235U and 233U as fuel. The results for these configurations indicated that 233U and some bypass 
hydrogen may be necessary to keep critical mass levels low enough to give system pressures of <1000 atm. 
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Abstract/Keyterms: The phenomenon of interaction between air-spaced subcritical units of fissile 
materials has been investigated experimentally, and more recently using Monte Carlo calculations. Studies 
of array interactions using Monte Carlo codes indicate that certain techniques of array analysis which 
proceed from the extension of available experimental data may yield nonconservative results. These areas 
of apparent nonconservatism cannot be verified from studies of experimental data and may be subject to 
further question in view of inconsistencies observed among some of the Monte Carlo calculated arrays. 
Studies of experimental and calculated array data show the differing conclusions which may be developed 
and point out the need for future work. 
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Abstract/Keyterms: The effects of varying energy group cross-section sets and the space-angle mesh must 
be understood to evaluate critical parameters computed by the discrete ordinates Sn method. In this paper, 
these effects are investigated using critical mass calculations on several enriched uranium metal systems. 
Based on the variation of critical mass with refinement of the space-angle mesh, mesh specification criteria 
are deduced. The most significant criteria established for these systems is that Sn (n ≥ 16) calculations are 
required. Next, the literature on fast (En ≥ 3 keV) 235U and 238U neutron cross sections is reviewed and a 
seven-group cross-section set in this energy range is developed. This fast set is found to reproduce to within 
0.5% the measured critical masses of several fast uranium systems. Finally, group cross-section sets in the 
resolved resonance energy ranges of 235 U and 238U are developed according to several energy self-
shielding models. A recommended set is obtained by interpolation between two of these models. This set 
yields critical masses in good agreement with observed critical masses for several intermediate energy metal 
critical systems with several 235U enrichments. 
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Abstract/Keyterms: The polarity spectral coherence method (PSCM) of Seifritz has been proposed for 
measuring the subcritical reactivity of a nuclear reactor. However, due to the nature of the PSCM 
measurement technique, a systematic error in the subcritical reactivity measurement may occur due to 
unexpected changes in the neutron detection efficiency. This error is assessed through the development of 
the appropriate equations, and a hypothetical measurement in a typical liquid-metal fast breeder reactor is 
numerically evaluated. The results demonstrate that the PSCM is subject to systematic errors which can be 
quite serious and which must be considered when the PSCM technique is used. 
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Abstract/Keyterms: An analytical study has been completed to define minimum critical mass parameters 
for a spherical region containing a 235U-H2O mixture reflected by a natural uranium-water mixture. The 
study indicates that for an optimum natural-H2O reflector, the calculated minimum critical mass for the 
central sphere lies in the range of 75 to 200 g of 235U. The analytic study was divided into three phases. In 
the first phase homogeneous two-region systems were examined using diffusion theory programs. The 
results indicated a minimum critical mass of 451-g 285U for an optimal system. In the second phase a 
Monte Carlo program was utilized to compute keff for uranium metal rod-H2O moderated lattices for which 
experimental data are available. The purpose of the second phase was to establish the validity of the Monte 
Carlo program as an analytical tool. In the third phase the Monte Carlo program was used to calculate 235U 
+ H2O spheres closely reflected by an optimum lattice of natural uranium rods. The Monte Carlo program 
indicates that the minimum critical mass in an H2O-moderated system reflected by a uranium metal lattice 
is 135 ± 65 g 235U. 
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Abstract/Keyterms: The purpose of this paper is to report experiments on large hollow cylinders of highly 
enriched uranium-235-aluminum alloy fuel. The experiments consisted of static and pulsed measurements 
of parameters related to the reactivity of regularly spaced, subcritical arrays of large hollow cylinders of 
highly enriched uranium-235-aluminum alloy fuel in water. Calculations with the MGBS-TGAN codes and 
with the KENO code were compared to the measurements. 
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Abstract/Keyterms: The criticality safety of water-sprinkled arrays of enriched uranium metal on 20-in. 
center-to-center spacing was investigated using KENO, a multigroup Monte Carlo criticality calculation 
program. The effects of array size and unit apparent density on the optimum-density interspersed water 
moderation were analyzed. It was shown that larger arrays of enriched uranium require a lower density of 
interspersed hydrogenous moderator for optimum moderation than do similar smaller arrays. Also, it was 
shown that when the density of dry uranium metal units is decreased from full density without changing 
the mass or the center-to-center spacing of the units, while maintaining optimum interspersed hydrogenous 
moderation, the neutron multiplication of the array at first decreases, then increases beyond that of the array 
of full density units. The initial decrease of the neutron multiplication of the array may not be true in general 
for all arrays. 
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Abstract/Keyterms: The concept of a dual spectrum facility for the assay of reactor fuel is extended here 
to include the assay of thermal reactor fuel as well as LMFBR fuel, and the problems of neutron filter choice 
and moderator choice are examined. Finally, an estimate is made of the resistance of the concept to errors 
introduced by tampering with the plutonium distribution. The dual spectrum concept involves oscillating 
fuel against a standard in a hard spectrum in a dilute fast critical assembly, then softening the spectrum by 
introducing a moderator into the voids in the assembly, and oscillating the fuel inside various neutron 
absorbers or filters. The choice of moderator and of neutron filter is a set of design variables; the objective 
of this work is to determine that set of design variables which yields the lowest estimated bound on the 
error inherent in the fuel assay, and to extend these considerations to the assay of thermal reactor fuel. It is 
concluded that the filters hafnium, boron, and cadmium, together with water or graphite moderator, offer 
an optimal design set. The errors in the assay of fuel are, roughly, inversely proportional to the mass content 
of the fuel; the resistance to tampering is found to be high. 
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Abstract/Keyterms: where Da is the critical unit cylinder diameter of the array alone at 500 g U/ liter. The 
independent variables are the number of cylinders, N; the edge-to-edge spacing between nearest neighbored 
cylinders in cm, S; the array solution height in cm, H; the solution concentration in g U/liter, C; and the 
solution slab thickness in cm, T. The calculated unit cylinder diameter, Ds, in cm, is within ±11% of the 
experimentally measured diameter for 65 critical slab-array systems. This accuracy is sufficient for 
calculating the accident condition for nuclear safety purposes. Monte Carlo calculations were performed on 
some typical experimental configurations. The average keff ranges from 0.977 ± 0.017 to 0.996 ± 0.012. 
By increasing the slab thickness by the experimental error, the low keff was increased to 0.998 ± 0.012. 
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Abstract/Keyterms: An empirical formula has been developed for the criticality specialist who does not 
have readily available a computer that calculates the individual cylinder diameter for a critical uranyl nitrate 
solution slab-cylinder system. The formula is used to calculate the criticality condition for an accidental 
leak in an array of fissile-containing vessels which forms a solution slab under the array. The critical system 
consisted of a square array of 1, 4, 9, or 16 vertical, equal-diameter cylinders resting on and interacting with 
a horizontal slab. Both the array and the slab were filled with ∼495 g U/liter uranyl nitrate solution with 
the uranium enriched to 93.2 wt% 235U. The empirical formula, which predicts the critical unit cylinder 
diameter of the slab-array system, is 
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Abstract/Keyterms: A nitride-fueled nuclear reactor is proposed in which the fission products are 
selectively removed from the reactor in a liquid alloy, and makeup fuel added during operation. The concept 
is based on the behavior of the nitrogen-nitride equilibria in liquid fuel-tin alloy systems where an actinide 
nitride fuel in contact with liquid metal alloy will reversibly form or dissolve depending on the temperature, 
the nitrogen pressure on the system, and the fuel content of the alloy. Consequently, controlling the 
temperature and the nitrogen pressure over the solid nitride fuel-liquid alloy phases will result in a critical 
mass of nitride being maintained and the fission products that form being dissolved in the liquid alloy above 
it. The liquid alloy phase may be removed, the fission products eliminated, and the alloy recycled to the 
reactor with or without makeup fuel additions. 
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Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Research & Test Reactors-Physics & 
Core Engineering; Fuel Cans; Multiplication Factors; Nuclear Reaction Kinetics; Particle Size; PCTR 
Reactor; Plutonium Oxides; Reactor Lattices; Uranium Dioxide; Water Moderated Reactors; Zircaloy 
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Abstract/Keyterms: MIX-COMP-THERM-005, MIX-COMP-THERM-008, MIX-COMP-THERM-009, 
MIX-COMP-THERM-006, MIX-COMP-THERM-007; Results of experiments conducted in the Critical 
Approach Facility are presented for a total of 48 lattices of plutonium-enriched rods. Five rods of uranium 
dioxide-plutonium oxide rods ranging in plutonium oxide enrichment from 1.5 to 4.0 wt.%, and three kinds 
of aluminum-plutonium rods ranging in plutonium enrichment from 2.0 to 5.0 wt.%, were used in the 
experiments. The lattices covered a broad range of water-to-rod volume ratios. Parameters reported for each 
lattice are relaxation length measured in an exponential loading, the critical buckling, and reflector savings. 
For five of the lattices results are also reported of the worth of central absorber rods of boron and hafnium. 
The results of approach-to-critical experiments were verified by comparing them with the results of critical 
measurements conducted in three lattices. 
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Abstract/Keyterms: Mix-Comp-Therm-002, Mix-Comp-Therm-003, Mix-Comp-Therm-005, Mix-
Comp-Therm-006, Mix-Comp-Therm-008, Mix-Comp-Therm-009, Mix-Comp-Therm-012; a Theoretical 
Analysis of UO2-PUO2 Fueled, Light Water Moderated Lattice Experiments Has Been Performed to Aid 
in Establishing Technical Bases and Design Criteria for the Utilization of Plutonium-Bearing Fuel in 
Thermal Power Reactors. Results for UO2 and Al-Pu Lattices are Included to Understand the Effects Due 
to Uranium and Plutonium Separately. the Problems Involved in Calculating Critical Experiments are 
Discussed. Estimates of the Effects of Various Approximations Inherent in the Theoretical Methods and / 
or Analysis Procedures are Included Along with the Consequence on the Results of the Correlation. 
Uncertainties in the Measurements and the Neutron Cross-Section Data are Related to Uncertainties in the 
Calculated Values of Keff. Areas Which Should Be Investigated in Future Analyses are Also Identified. 
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Abstract/Keyterms: Calculations were performed which indicate that thermal flux increases of a factor of 
20 should be possible through the optimal use of fissile material regions surrounding 252Cf sources. For 
demonstration purposes, a subcritical system was assembled and used for trace element determination in 
marine life, terrestrial biota, and mineral specimens. This multiplying assembly consisted of PuO2 admixed 
with polystyrene and reflected with Plexiglas. Source neutrons were provided by a 200µg 252Cf source. A 
neutron flux amplification of about fivefold was achieved at the 252Cf source, while an amplification of 
some 40-fold was obtained 16 cm from the source where the majority of source exposures would be made. 
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Nuclear Materials & Waste Management--Transportation--Containers; Casks; Criticality; Cylindrical 
Configuration; Design; Fissile Materials; Multiplication Factors; Performance; Storage; Water Moderator 
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Abstract/Keyterms: A model has been developed for calculating critically safe storage configurations of 
cylindrical vessels containing aqueous solutions of UO2F2 (93.2% 235U) and Pu(NO3)4 (95% 239Pu and 
5% 240Pu). The method deals with square lattice arrays of cylindrical vessels in air surrounded by concrete 
walls. This model uses the concepts of surface density and unit surface -to -volume ratio to define safe array 
parameters. Important factors that influence this storage model are the shape of the individual storage units, 
storage room height, storage vessel wall thickness, and the effects of body reflection of personnel among 
the storage vessels. Accidental solution spills in the form of thin slabs of solution on the floor of an array 
also strongly influence the array parameter, surface density, and, consequently, storage or processing 
facility capacity. 
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Abstract/Keyterms: Several factors that influence the design and capacity of a fissile metal storage vault 
are the size and shape of individual storage units, surface density, double batching of storage units, the 
effects of personnel upon storage array reactivity, and the possibility of water flooding of arrays. 
Calculations indicate that when the fissile material is elevated 12 in. or more above the concrete floor of 
the vault, keff is decreased 4 to 5% when 3 in. of water is upon the concrete floor. The effect of personnel 
reflection upon the reactivity of an array is a strong function of the mass of a fissile unit as well as the shape 
and orientation of this fissile unit with regard to the reflector. For example, when a heavy flat plate of metal 
is held edgewise against the reflector, the value of keff is 0.804. When the plate is held flat against the 
reflector, keff is 1.115. A considerable penalty on storage capacity will occur if controls cannot be 
developed to preclude the double batching and water flooding. 
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Abstract/Keyterms: Metals, Ceramics, & Other Materials--Ceramics & Cermets--Preparation & 
Fabrication; Nuclear Materials & Waste Management--Handling Equipment & Procedures; Reactors--
Reactor Fuels; Nuclear Fuels-- Fabrication; Plutonium Oxides-- Fabrication; Uranium Dioxide-- 
Fabrication; Criticality; Materials Handling; Nuclear Industry; Safety Engineering; Water Cooled Reactors 
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Abstract/Keyterms: The available experimental reactor physics data related to problems of plutonium 
recycle have been reviewed and analyzed. Included were data from both basic lattice studies and irradiation 
experiments. It is concluded that there exists a reasonable amount of experimental data on clean lattice 
critical arrays. Extension of the data base to include more information on fine structure parameters would 
improve the usefulness of the experimental data base for testing design methods. The principal area where 
neutronic data are lacking is in the irradiation behavior of plutonium-fueled cores. The precision of the 
basic cross-section data for plutonium isotopes is reviewed. The precision to which the cross sections for 
the plutonium isotopes is known is nearly comparable to that for the uranium isotopes. On the basis of 
theory-experiment comparisons that have been published by several groups, the accuracy of existing 
calculational models needs to be improved. The principal area for improvement appears to be in calculating 
the thermal-neutron spectrum in plutonium-fueled systems. 
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Abstract/Keyterms: Critical parameters are given for a series of experiments on uranium metal spheres 
immersed in uranyl nitrate solution. The uranium in both regions is enriched to 93.2% uranium-235. In 
some configurations, the two fissile regions were separated by 0.33-cm-thick spherical shells of mild steel 
or boron stainless steel. These experiments were part of an investigation of the uncoupling effects of mild 
steel and boron stainless steel. 
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Abstract/Keyterms: PU-SOL-THERM-024, PU-SOL-THERM-026, PU-SOL-THERM-025; A series of 
criticality experiments was performed on plutonium nitrate solutions in slab geometry. The solutions 
contained plutonium at concentrations ranging between 58 and 412 gram plutonium/liter for material with 
three different isotopic contents 4.6, 18.4, and 23.2 wt.% plutonium-240. Acid molarities varied from 1.6 
to 5.000 the experiments were performed with a variable thickness slab-type vessel of 42-inch height and 
width, whose thickness could be adjusted with and without a water reflector and with a 1-inch-thick 
Plexiglas reflector. The critical experiment data from the finite slabs were corrected to yield values of 
critical thicknesses for one-dimensional infinite slabs, i.e., slabs of finite thickness but of infinite height and 
width. Analytical corrections, based on experimental data, were subsequently used to correct the critical 
infinite slab thicknesses for materials extraneous to the plutonium solutions, such as the effect of the 
stainless-steel vessel walls and room return neutrons. The analysis provided values for clean one-
dimensional assemblies that were then used as an integral check of calculational methods using cross 
sections from the ENDF/B-II data file. The computed values of k(eff) for these "clean" assemblies ranged 
between 0.988 and 1.040; the values increased somewhat with increasing concentration. 
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Abstract/Keyterms: Nuclear Materials & Waste Management--Transportation--Containers --Nuclear 
Materials & Waste Management--Handling Equipment & Procedures; Casks-- Safety; Uranium Dioxide-- 
Transport; Mathematical Models; Monte Carlo Method; Slightly Enriched Uranium 
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Abstract/Keyterms: Criticality- Uranium Dioxide; Plutonium Oxides- Criticality; Uranium Dioxide- 
Criticality; Computer Codes; Highly Enriched Uranium; Mathematical Models; Plutonium 239; Safety; 
Storage; Uranium 235; Water 
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Abstract/Keyterms: The 14-MeV neutrons from a controlled DT fusion plasma can potentially be used to 
produce neutron source multiplication and energy multiplication through fission in a heavy-element blanket 
surrounding the fusion plasma. Concepts which involve the use of fusion-produced neutrons to ultimately 
produce fission are generically classed as fusion-fission hybrids. The conceptual purposes of hybrids can 
be many and varied: to relax the fusion plasma confinement conditions to allow further development of 
fusion power; to breed fissile material for fission reactors; as a subcritical fission lattice which is more 
energetic than the pure fusion concept; and the ultimate reduction of radioactive heavy element waste to 
fission product. The concept of a hybrid is based on an analysis of the neutronic behavior of the blanket. 
The status of studies of the neutronics analyses of proposed hybrids has been reviewed. These results have 
been used to determine the need for further development of hybrid technology. 
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Title: Storage Capacity for Fissile Material as a Function of Facility Size 

Date: 12/1/1973 

Report: NUTYBB, 020, 179-189 

Conference/Journal: Nuclear Technology 
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Abstract/Keyterms: A model was developed which relates the surface density (liter/ ft/sup 2/ kg/ft/sup 2/) 
for enriched uranium and plutonium in a storage facility with its physical size. Calculations indicate that 
the allowable surface density for a small storage facility can be significantly increased over that for a large 
facility. A much higher total loading can be achieved for a given floor area by grouping several small 
adjacent storage rooms, each separated by a 1-ft-thick concrete wall, into a larger structure. This type of 
approach would need to be weighed against the added cost of 12-in.-thick interior concrete walls necessary 
to provide neutron isolation between adjacent rooms for a practical plant design. 



 

C-14211 

14173…..…..…………………..…….……..……ID Number…………………..…..…………….14173 

Author: Buhl, A. R. / Robinson, J. C. / Tomlinson, E. T. 

Title: Intercomparison of Nonperturbing Techniques for Inferring the Reactivity of Fast Reactors 

Date: 1/1/1974 

Report: NUTYBB, 021, 067-074 
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Abstract/Keyterms: Numerical experiments were performed to evaluate the applicability of nonperturbing 
techniques for inferring the reactivity of fast reactors. Almost all such techniques contain the tacit 
assumption that the flux throughout the system is described by the fundamental mode and that higher modal 
contamination is negligible. Results were obtained for four reactive states of a typical 1000-liter-core Liquid 
Metal Fast Breeder Reactor (critical, -1$, -7$, and -30$) which illustrate the range of applicability of the 
point-model assumption with first-order corrections. 
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Abstract/Keyterms: The applicability of portable instruments for rapid nondestructive verification of the 
enrichment of UF6 in cylinders has been tested on a large number of Types-30 and -5A cylinders. Three 
basic techniques were used: (1) gamma-ray counting with NaI, combined with ultrasonic measurement of 
cylinder wall thickness, (2) passive neutron counting, and (3) active-neutron interrogation with thermal 
neutrons from a radioactive neutron source. The accuracy of the gamma-ray method was approximates 5% 
for Type-30 cylinders of UF6 and 2% for highly enriched UF6 in Type-5A cylinders; however, the method 
occasionally failed for Type-30 cylinders because of background from nonvolatile daughters of 238U plated 
on the cylinder walls.The standard deviation of enrichments of 110 Type-30 cylinders, derived from 
passive-neutron counting data by assuming a constant 235U/234U ratio, is 6%.The response of the active 
system increases almost linearly with enrichment up to approximates 2.5% 235U and then saturates at 
approximates 4%.( 
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Abstract/Keyterms: A Pressurized Water Reactor suitable for unattended operation on the ocean floor has 
been designed. Its inherent safety, simplicity, and low cost also make it attractive for many applications on 
land. The conceptual design, which is patented, is based on the principle of minimum critical mass, such 
that any change in materials, size, shape, or fuel density results in a less reactive condition and, if the change 
is sufficiently large, results in automatic shutdown. 
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Abstract/Keyterms: The SNAP zirconium hydride reactor developed by the U.S. Atomic Energy 
Commission for space applications can also be used for the generation of power in marine applications. 
This reactor can be coupled with thermoelectric, organic Rankine, Brayton, and supercritical CO2 power 
conversion systems to yield compact, long-life power systems in the power range from several kW(e) to 
over 150 kW(e). The thermoelectric power conversion system, although exhibiting cycle efficiencies in the 
7 to 10% range, has proven long-life capability. The Brayton and the supercritical CO2 systems yield the 
smallest power systems, while the Brayton system yields the lightest system. The low operating 
temperatures and the relatively high efficiency of the organic Rankine system imply that this system 
exhibits the lowest unit cost. 
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Abstract/Keyterms: Minimum critical masses are calculated for arrays of fissile metal and oxide rods or 
metal plates spaced in water. The composition of the fissile materials investigated were 96% 239Pu and 4% 
240Pu or 93.4% 235U and 6.6% 238U. In addition, minimum critical masses were computed for arrays of 
plutonium and uranium metal cubes spaced in water. These studies were made to aid the criticality engineer 
in evaluating fabrication and storage problems involving the handling of various fissile shapes in 
hydrogenous media. Results were calculated in terms of array minimum critical masses as a function of the 
volume-to-surface ratio (V/S) of an array element. The minimum critical mass for cube arrays was found 
to remain constant over a wide range of V/S values, while the minimum critical mass of plate arrays always 
decreased with decreasing V/S rod arrays exhibited an intermediate behavior. Oxide arrays generally had 
smaller critical masses than corresponding metal arrays because of their smaller self-shielding factors. 
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Abstract/Keyterms: A study was made to determine the uncertainty in subcritical reactivity as inferred 
from inverse kinetics rod drop experiments (using the three-point method) due to the statistical uncertainty 
inherent in the observed count rate of the neutron sensor. The two methods employed were a classical 
propagation of error analysis, and an analysis of simulated repeated rod drops, with an assumption that the 
uncertainty in reactivity was due to the detection process itself for both techniques, To test the analysis 
methods, the reactivity uncertainties for various experimental rod drop data sets were computed by both 
methods. There was excellent agreement of the results. The propagation of error analysis may be used on 
three-point subcriticality measurements to provide an experimenter with an index to the statistical reliability 
of the inferred reactivity estimate. 



 

C-14217 

14179…..…..…………………..…….……..……ID Number…………………..…..…………….14179 

Author: Yang, C. Y. / Albrecht, R. W. 
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Abstract/Keyterms: A highly efficient and bias-free inverse kinetics technique has been developed to 
determine the subcriticality of a nuclear reactor. The new algorithm has been tested through simulation 
studies against two other algorithms currently being used. It was also extensively tested by analyzing actual 
rod-drop experimental data taken at the Argonne National Laboratory. Both simulation studies and the real 
data analyses showed that the new algorithm proposed here is a superior method in estimating the 
subcriticality of a system from the time-dependent neutron flux transient data. 
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Abstract/Keyterms: During the development of nuclear energy, a number of apparent anomalies have 
become evident in nuclear criticality. Some of these have appeared in the open literature and some have 
not. Yet, a naive extrapolation of existing data, without knowledge of the “anomalies,” could certainly lead 
to potentially serious consequences. The known “anomalies” include, but are not limited to, relationship 
between criticality in finite spheres and reflected cubes effect of added scatterers on the criticality of infinite 
slabs a small mass concept whereby criticality could be achieved with less than an ounce of fissile material 
in the form of a single small foil ≃0.2 mil thick effects of progressive water flooding on the criticality of 
interacting arrays of fissile materials in storage vaults effect of mixing metal and fissile bearing aqueous 
solutions together in the same vault criticality of coupled fast-thermal systems composed of small 
plutonium metal spheres surrounded by aqueous plutonium-bearing solutions criticality of slightly enriched 
uranium and the negative buckling core effects of density changes in spherical cores with weakly absorbing 
reflectors (external moderation) appearance of critically unbounded regions (of infinite masses) for slightly 
enriched uranium criticality in the earth criticality in the universe criticality of even-n nuclides beginning 
with the naturally occurring element,... beyond Californium projection of the “micro” critical mass for the 
doubly-closed shell super heavy magic nuclei of the future. There can be as many as three different fuel 
concentrations with the same critical volume, and perhaps four different fuel concentrations may result in 
the same critical mass. Contrary to the usual expectation, the sphere, after all, may not be the configuration 
of least mass; the reflected cube may be somewhat less under certain circumstances. In some cases, the 
effect of added scatterers can significantly reduce the critical dimension; whereas, in others, the result can 
be precisely the opposite. Reducing the core density can, under some circumstances, actually decrease the 
critical mass, contrary to the usual expectation that the mass will be increased. Surprising as it may seem, 
a system with k∞ < unity might be made critical by reducing the core size and adding a finite reflector of 
D2O, etc. (in the latter case keff > k∞!). In some cases, the effect of moderation results in the smallest 
critical mass; whereas, in others (dependent on the evenness or oddness of the nuclide), the effect is again 
precisely the opposite. Still other anomalies are known. Several of these anomalies constitute “autocatalytic 
reactions,” for in the event of criticality, the reactivity would be increasingly enhanced as a consequence of 
the reaction. 
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Abstract/Keyterms: Models for the safe and economical storage of large quantities of plutonium or highly 
enriched uranium have been developed. The models cover a wide range of compositions from aqueous 
solutions, wet and dry oxides, to full density metals. The models all use the parameters of unit surface-to-
volume ratio and array surface density to define the safe storage arrays. The models take account of unit 
shape, size, and composition, as well as vault size. Arrays containing a mixture of different units are easy 
to calculate by the model. Important accident situations, such as double batching and fissile solution spills, 
are considered. 
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Abstract/Keyterms: Simplified methods of estimating the results of accidental solution excursions in tanks 
have been developed. With these methods, an estimate of the number of fissions in the burst, total fissions, 
or maximum power level can usually be obtained with a desk calculator. The equation parameters are tank 
diameter, height, and fill rate. The fissile material concentration is not required since, in each case, the 
“worst-case” concentration was assumed in the derivation of the equation. These methods are sufficiently 
accurate for most calculations required for safety analysis reports and process plant design. The severity of 
an excursion can be limited by several methods which include criticality alarm activated shut-off valves in 
the feed lines, remote tank drain capability, minimizing tank size, etc. 
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Abstract/Keyterms: A system has been developed to measure continuously the 235U and 234U 
enrichment in the UF6 product of a gaseous diffusion plant. The measurements are made on liquid UF6 
prior to withdrawal into product cylinders. The 235U enrichment is measured to a relative accuracy of 0.5% 
at two sigma by counting the 185.7-keV gamma ray from 235U with an NaI detector. The 234U enrichment 
is measured with a neutron detector counting (α,n) neutrons from UF6. The neutron system can measure 
either 234 U enrichment directly or 235 U enrichment indirectly (for low-enriched uranium, 2 to 5% 235U, 
the two enrichments are nearly proportional). The accuracy of the neutron measurement is 2.5% at two 
sigma. The gamma and neutron measurements are independent and could be used singly if only one isotope 
were desired. Both are required to measure 235 U and 234 U enrichment. The system is presently installed 
at the Goodyear Atomic Corporation gaseous diffusion plant in Piketon, Ohio. 
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Title: Comparison of Two- and Three-Dimensional Calculations of Super Prompt Critical Excursions 

Date: 10/1/1974 

Report: NUTYBB, 024, 007-012 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Calculations of super prompt critical excursions induced by ramp variation of 
absorption cross sections are performed in various geometries (r, xy, rz, xyz). The time behavior of neutron 
flux and fuel temperature is analyzed, especially with regard to their dependence on geometry and rod 
velocity. The evaluations establish the need for genuine three-dimensional calculations to correctly predict 
peak flux and temperature distributions for situations where space-dependent feedback effects essential. 
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Title: Gamma-Ray Assay of Low-Enriched Uranium Waste 

Date: 10/1/1974 

Report: NUTYBB, 024, 081-092 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A method based on the detection of 0.767- and 1.001-MeV gamma rays from 234mPa 
has been developed for the assay of 238U in large containers of uranium waste. Detailed calibration and 
assay procedures were obtained for × 4- × 4-ft plywood boxes of combustible waste. The gamma rays were 
detected with a large NaI crystal and a line-source “standard” box was used for calibration. The calibration 
was extended over a wide range of box weights using Monte Carlo calculations of gamma-ray attenuation. 
The error in the calibration is <6% (2σ); much larger assay errors can result from heterogeneities in the 
waste and from the age dependence of the 238U daughters. The detection limit for a 5-min count is about 
30 g 238U in a typical box of combustibles. Data generated for the box problem, together with additional 
Monte Carlo calculations, were used to devise a simple analytical model applicable for the assay of boxes 
and cylinders in a range of practical geometries. The essential feature of this model is a flux buildup factor 
which accounts for Compton-scattered photons. 
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Title: Digital period meter 

Date: 10/1/1974 

Report: NUTYBB, 024, 099-101 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments; Reactivity Meters- Criticality; 
Accuracy; Critical Mass; Digital Systems; Performance; Readout Systems 
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Author: Thayer, Gary R. / Miley, George H. / Jones, Barclay G. 

Title: An Experimental Study of Two Coupled Reactors 

Date: 1/1/1975 

Report: NUTYBB, 025, 056-067 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A system composed of two coupled reactors, each of which can be made critical by 
itself, has been investigated. Detailed flux measurements for both steady-state operation and for large 
transients produced by pulsing one of the cores show that, if an appropriate formulation of the coupling 
coefficient is employed, a coupled point-reactor model agrees well with the experimental measurements. 
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Title: Criticality Design of a Large-Capacity Plutonium Melting Crucible 

Date: 1/1/1975 

Report: NUTYBB, 025, 072-082 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Experimental criticality measurements have been made on assemblies of plutonium 
metal to design a crucible that can safely melt up to 12 kg of plutonium. In addition, in situ experiments on 
two prototype crucibles and furnace setups confirmed the 12-kg capacity. These crucible designs were 
responsible for a considerable savings in initial capital and operating expense for a new plant. A comparison 
of Monte Carlo calculations and experimental measurements indicated that the calculational method is 
sufficiently accurate to be used in future crucible designs, rather than a series of critical mass measurements. 
The cost for a calculational study is less than 2% of the cost of an experimental study. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Analytical corrections for the effect of subcritical reactivity on /βeff, detector 
efficiency, and 240Pu source worth in control-rod-group worth measurements in zero-power plutonium 
reactor Assembly 3 have been evaluated. Calculations of each factor were performed for a number of 
subcritical configurations in Phases 1B and 2; the results are presented and compared to the critical 
reference case. An evaluation of the method is included to establish a logical and efficient procedure for 
determining such corrections for future assemblies, which shows that extrapolations between similar 
configurations can be made accurately on the basis of only one or two rod patterns. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: FUND-NIST-CF-MULT-FISS-001; The capability to measure absolute fission rates 
per nucleus at a remote laboratory site [the Coupled Fast Reactivity Measurement Facility (CFRMF) at 
Aerojet Nuclear Company] has been established to a precision level of better than ±1% and was sustained 
at that level for a period of two years. Double fission ionization chambers and solid-state track recorders 
were used in a series of irradiations designed to calibrate fission activation detectors used for reactor fuels 
and materials dosimetry. The array of reference and working fissionable deposits involved in the 
measurements included five isotopes: 239Pu, 235U, 238 U, 237Np, and 234U. Isotopic masses for the 
fissionable deposits were determined from interrelated components of mass assay: (a) relative and absolute 
alpha counting, (b) fission comparison counting in thermal-neutron beams, (c) mass spectrometry, and (d) 
quantitative deposition employing solutions of known fissionable element concentration. Absolute 
accuracies for the fission rates per nucleus measured in CFRMF are in the range of ±1.5 to ±2.5% and are 
dominated by uncertainties in the fissionable deposit masses. Fission cross-section ratios for the CFRMF 
central spectrum are (1.000 : 1.145 ± 0.017 : 0.0485 ± 0.0007 : 0.354 ± 0.008) for (235U: 239Pu: 238U: 
237Np), respectively. 
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Title: Fission-Product-Rate Measurements and Yields 
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Report: NUTYBB, 025, 294-304 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Measurements of the reaction rates for gamma-active fission product and yields from 
fission of 235U, 238U, 239Pu, and 237Np irradiated in the Coupled Fast Reactivity Measurements Facility 
and engineering mockup critical assembly neutron fields are reported. The fission products 95Zr, 103Ru, 
and 140Ba were measured by gamma-ray spectroscopy at four independently calibrated laboratories. It is 
concluded that each laboratory is capable of measuring absolute reaction rates to an accuracy of less than 
±2%. Fission yields of six gamma-active nuclides are reported. The primary objective of this work is to 
demonstrate the capability of measuring fission rates within fast-reactor environments to accuracies 
approaching 2.5%. It is shown that foil-activation techniques are capable of this accuracy under ideal 
conditions. Even greater accuracy is possible for relative measurements which utilize the identical gamma-
ray detector and nuclear decay data used to measure the fission yield. The fission yields measured in this 
study are compared to other measurements, and we find that the ENDF/B, Version IV, yields are, in general, 
consistent to within ±2% of our results for 235U, 238U, and 239Pu. 



 

C-14230 

14192…..…..…………………..…….……..……ID Number…………………..…..…………….14192 

Author: Rogers, J. W. / Millsap, D. A. / Harker, Y. D. 

Title: CFRMF Neutron Field Flux Spectral Characterization 
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Report: NUTYBB, 025, 330-348 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The Coupled Fast Reactivity Measurements Facility (CFRMF) is a zoned-core critical 
assembly with a fast-neutron spectrum zone in the center of an enriched 235 U, water-moderated thermal 
“driver” zone. The neutron spectrum of the fast zone has a mean energy of ∼0.72 MeV with an energy 
distribution of interest in fast breeder reactor dosimetry and reaction rate studies. The CFRMF neutron field 
has become one of the standard spectra for testing fast-neutron reactions in fissile and nonfissile materials 
in an interlaboratory experimental effort. The CFRMF has found much use as a fast-neutron field for the 
activation of materials of interest in the fast breeder reactor programs because of its well -studied energy 
spectrum and spatial gradients, intensity [up to 1011 n/(cm2 sec)], the precise control and reproducibility 
of intensity and experimental amenabilities. The neutron energy spectrum at the core center has been 
measured by proton-recoil spectrometry between ∼3.0 keV and ∼2.5 MeV and calculated by resonance 
absorption, transport theory, and Monte Carlo multigroup techniques from 10 MeV down. Neutron flux 
distributions in the fast zone have been examined by activation and fission rate measurements which show 
that gradients do not exceed ∼0.3% in the region where the experiments are located. 
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Title: The Central Neutron Spectrum of the Fast Critical Assembly ‘Big-Ten' 
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Conference Session:  

Abstract/Keyterms: IEU-MET-FAST-007; Reactors--Research, Test, Experimental, Zero-Power & 
Training Reactors, & Subcritical Assemblies; Big Ten Reactor-- Neutron Spectra; Proton Recoil Detectors 
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Title: The Conceptual Design of a Fast Subcritical Blanket Facility 

Date: 3/1/1975 

Report: NUTYBB, 025, 429-439 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The basic neutron physics investigations and the conceptual design of a cylindrical 
fast subcritical facility for investigating the properties of fast reactor blankets have been completed. The 
Department of Nuclear Engineering at Purdue University plans to construct this facility to enable students 
to carry out studies in fast reactor blankets and reflectors. Fast neutron flux spectra in this facility can be 
made very similar to the spectra anticipated in the blanket of either a typical large liquid-metal or gas-
cooled fast breeder reactor. Fast neutron spectra, spatial flux distributions, plutonium production rates, 
neutron transmission, and other physics parameters of typical fast reactor blanket designs can be 
investigated with this facility. The results can be used to refine the analysis and to improve the designs of 
blankets and structures outside the blankets in future fast breeder reactors. 



 

C-14233 

14195…..…..…………………..…….……..……ID Number…………………..…..…………….14195 

Author: Rothe, R. E. / Alvarez, D. L. / Clark, H. E. 

Title: The Criticality of Periodically Boron-Poisoned Uranium Solution Systems 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Nuclear safety engineers must evaluate the criticality potential of a variety of plant 
problems. Many of these involve an essentially unreflected system containing uranium solution and a fixed 
nuclear poison. Measured critical parameters for such a system at solution concentrations of 52.2-and 141.5-
grams uranium/liter, together with those reported previously at 450.8-grams uranium/liter, provide the 
engineer information over a wide range of concentrations normally encountered in industrial applications. 
The uranium was enriched to 93.24 wt.% uranium-235. The fixed poison was 1.02 wt.% natural boron 
alloyed in stainless-steel plates. Critical solution heights were measured for various numbers of nearly 
uniformly spaced vertical plates within the 106.6-cm-diam experimental tank. 
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Title: Criticality of Periodically Boron-Poisoned Enriched Uranium Solution Systems 

Date: 3/1/1975 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Criticality measurements were made on a large, unreflected uranium-solution system 
poisoned with evenly spaced boron-loaded stainless-steel plates. Critical solution heights were measured 
as a function of the average spacing between plates within a large tank. Experimental results were compared 
with KENO-II calculations whose material and geometry descriptions simulated experimental conditions 
accurately. Sixteen-energy-group cross-section sets were used. 
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Title: Fissile-Solution Storage in Pipes Isolated by Concrete or Water 

Date: 5/1/1975 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The storage of fissile solutions in tall cylinders neutronically isolated from each other 
by a moderating material, such as water or concrete, permits critically safe arrays that can be much more 
compact than arrays in air. Calculations show that up to ten times as many cylinders can be placed on a 
given floor area in such isolated arrays than in air-spaced arrays. However, this advantage must be weighed 
against the cost of construction and maintenance of moderated arrays. The water or concrete used as the 
isolating moderator also provide some personnel shielding against penetrating radiation. 
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Report: NUTYBB, 026, 254-264 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The large scale use of borosilicate glass raschig rings for the storage of plutonium 
nitrate and enriched uranyl nitrate solutions began at the Rocky Flats Plant (RFP) in 1959. Much has been 
learned since that date in the use of these rings. Some of the problems encountered with raschig rings are 
(a) corrosion of rings; (b) settling of the rings; (c) chipping and cracking which have led to pump and 
drainage problems; (d) silicious deposits on the rings in the storage of uranium solutions; (e) plutonium 
oxide sludge deposits on rings; and (f) the problem of completely filling conventional domed tanks. 
Solutions to most of these problems have been found; however, problems (a) and (e) are receiving additional 
attention at RFP. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Plutonium Nitrates-- Criticality; Uranyl Fluorides-- Criticality; Uranyl Nitrates-- Criticality; Aluminium; 
Geometry; Highly Enriched Uranium; Pipes; Plexiglas; Safety; Steels 
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Title: Critical Experiments - Benchmarks (Pu-U) Systems 
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Report: NUTYBB, 026, 352-381 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Fourteen different critical systems of plutonium-uranium homogeneous mixtures are 
arranged in a format amenable for use in validating calculational techniques and checking nuclear data. 
Each experimental system is completely defined under a single benchmark number. For the data that permit 
it, multiple critical dimensions are given for each fuel composition and geometry. Wherever possible, 
experimentally determined correction factors are provided for reducing the complexity of the critical 
assemblies. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Fourteen different critical systems of plutonium-uranium homogeneous mixtures are 
arranged in a format amenable for use in validating calculational techniques and checking nuclear data. 
Each experimental system is completely defined under a single benchmark number. For the data that permit 
it, multiple critical dimensions are given for each fuel composition and geometry. Wherever possible, 
experimentally determined correction factors are provided for reducing the complexity of the critical 
assemblies. 
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Conference Session:  

Abstract/Keyterms: Fissioning uranium plasmas are the gaseous fuel in high-temperature cavity reactors, 
originally conceived for nuclear rocket propulsion in space. A predominantly pragmatic research effort, 
sponsored by the National Aeronautics and Space Administration, has led to the determination of the most 
important characteristics of the uranium nuclear fireball in gaseous core reactors. For achieving thrust at a 
specific impulse up to 5000 sec, the nuclear fuel must bum at a temperature in excess of 10 000 K. For 
criticality the uranium particle density must be not less than the molecular density of gases at standard 
conditions, which, in combination with the high temperature, results in a uranium plasma pressure of several 
hundred atmospheres. The plasma is confined by a peripherally injected propellant flow, which 
simultaneously intercepts the thermal radiation from the nuclear fireball and provides for an effective 
mechanism for heat transfer. Results of extensive research indicate that the plasma core reactor scheme is 
feasible. In these investigations it was assumed that because of the high pressure the fissioning plasma is 
optically thick. It is now believed that in gases, the energy release of fissions can lead to distributions of 
ionized and excited states that deviate from Maxwell-Boltzmann distributions. In that case, the fissioning 
plasma, or gas, exists in a nonequilibrium state and is optically thin. This condition can be exploited for the 
direct conversion of fission fragment energy into coherent light, that is, for the nuclear-pumped lasers. In 
current research, the nonequilibrium conditions of fissioning plasmas and gases are emphasized, 
culminating in the first successful demonstrations of experimental nuclear-pumped lasers, and in a program 
of gaseous fuel reactor experiments with enriched uranium hexafluoride. A variety of applications of plasma 
core reactors and nuclear-pumped lasers is now envisioned for benefits in space and on earth. Such benefits 
include advanced propulsion in space, terrestrial power generation approaching 70% efficiency, the 
possibility of nuclear bumup of transuranium actinides wastes, and the breeding of 233U from thorium. 
The research on gaseous fuel reactors and nuclear-pumped lasers predominantly requires expertise in 
nuclear engineering, plasma, atomic, and molecular physics, and fluid mechanics and chemistry. A 
multidisciplinary effort is seen as a logical approach. 
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Abstract/Keyterms: Pulsed-neutron experiments were performed on the 330-MW Fort St. Vrain high-
temperature gas-cooled reactor (HTGR) to determine the reactivity of the core for various control rod 
configurations while the reactor was still subcritical. For all configurations the reactivity was inferred from 
the in-hour equation using the measured decay constant and a calculated generation time. For the 
configurations near critical, both the reactivity and generation time were determined using the extrapolated 
area-ratio method. The originally calculated (i.e., predicted) reactivities agreed poorly with those inferred 
from the experiments. However, by adding 5 ppm of boron to the reflector calculational model, the 
calculated generation time was significantly reduced. This brought the inferred reactivity into good 
agreement with that calculated for all control rod configurations. This emphasizes the dependence of the 
interpretation of pulsed-neutron experiments on calculations and the importance of the reflector in a large 
HTGR. Novel aspects of these experiments included the following: extensive two-dimensional computer 
simulations were performed prior to the experiments to determine the optimum source and detector 
locations; the neutron generation time was measured near critical by pulsing two different control rod 
configurations; all the data were fit by least squares to a sum of exponentials corresponding to one or two 
prompt modes and six delayed sub-modes; and an objective procedure using “tornado plots ” was developed 
to determine the starting channel for the least-squares analysis. 
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Abstract/Keyterms: To understand the phenomenology and consequences of a hypothetical mild (∼50¢ 
to $5/sec) overpower transient for a liquid-metal fast breeder reactor (LMFBR), a continuing series of in-
pile fuel-failure experiments has been performed in the TREA T reactor for both fresh and preirradiated 
pins. The voiding history obtained from the failure of a fresh fuel element has been shown to result from a 
mild fuel-coolant-interaction process. However, preirradiated pins are accompanied by significant fission 
gas retention, which leads to a difference in failure criterion and voiding mechanism. Thus, the dynamics 
of coolant expulsion, following the failure of preirradiated pins under overpower transient conditions, must 
include the effects of gas discharge to the coolant channel. The flow transient for preirradiated fuel 
elements, brought to failure in a flowing sodium environment, was analyzed in terms of fission-gas-induced 
voiding. The analytic approach was based on single-phase isothermal expansion of the fission-gas bubble, 
which was assumed to be ideal and to fill the coolant-channel cross section uniformly. Gas discharge 
through the cladding breach was calculated using either the equation for critical or for subcritical flow, 
depending on the pin-to-bubble pressure ratio. The coolant was considered incompressible. A parametric 
study indicates that the initial breach size is quite small, initiating a relatively slow rate of voiding without 
initial inlet-flow reversal. However, ∼100 msec after failure, rapid coolant expulsion and inlet-flow reversal 
occurs. To account for this condition, fission-gas communication between the storage plenum and core 
regions of the pin must be assumed, since the free gas inventory within the fueled section alone is quite 
small. At the time of flow reversal, however, significant melting and some vaporization of the fuel has 
occurred; thus, coolant expulsion by fuel-coolant interaction and/or fuel vapor pressure cannot be 
discounted. The release of such fission gas, however, will affect the energetics of fuel-coolant interaction 
and fuel sweepout; thus, gas effects must be taken into account in the analysis of LMFBR overpower 
transients. 
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Abstract/Keyterms: The use of pulsed reactors for the evaluation of reactor materials and components has 
been on the increase, and pulsed reactors to handle large components are under consideration.Pulsed 
reactors currently operate at a 30 to 50 $mu$sec pulse width and a neutron yield of 5 x 10$sup 16$ 
fission/pulse; improved capability would move toward even smaller pulse widths and neutron yields in the 
10$sup 17$ fission/pulse range.The gamma phase U--10 Mo alloy with highly enriched uranium has been 
the fuel alloy used in most pulsed reactors.The fabrication of U--10 Mo alloy fuel plates for the new SPR-
III reactor at Sandia Laboratories, Albuquerque, New Mexico, required a detailed review of all processing 
operations because of the highly enriched uranium and the related criticality considerations.It was necessary 
to cast the maximum allowable mass of highly enriched uranium (36 kg) in order to make a single fuel 
plate.The low carbon impurity level specified was obtained with the formulation of a new and highly 
successful composite coating material for graphite crucibles and molds.The plate distortions which occur 
in water quenching the alloy from the 950$sup 0$C gamma phase to room temperature were eliminated by 
quenching between cold platens in a hydraulic press.Typical mechanical properties obtained on cast, heat 
treated plates were 930 MPa yield strength, 940 MPa tensile strength, 12.9 percent elongation in 25.4 mm, 
and 35.4 percent reduction in area. 
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Abstract/Keyterms: Fusion-fission hybrid concepts are viewed as subcritical fission reactors driven and 
controlled by high-energy neutrons from a laser-induced fusion reactor. Blanket designs encompassing a 
substantial portion of the spectrum of different fission reactor technologies are analyzed and compared by 
calculating their fissile-breeding and fusion-energy-multiplying characteristics. With a large number of 
different fission technologies to choose from, it is essential to identify more promising hybrid concepts that 
can then be subjected to in-depth studies that treat the engineering, safety, and economic requirements as 
well as the neutronic aspects. In the course of neutronically analyzing and comparing several fission blanket 
concepts, this work has demonstrated that fusion-fission hybrids can be designed to meet a broad spectrum 
of fissile-breeding and fusion-energy-multiplying requirements. The neutronic results should prove to be 
extremely useful in formulating the technical scope of future studies concerned with evaluating the 
technical and economic feasibility of hybrid concepts for laser-induced fusion. 
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Abstract/Keyterms: A station was installed at the Rocky Flats Nuclear Safety Laboratory to volume-
calibrate their storage tank farm housing 560 kg of enriched (93.2 percent 235U) uranium solution. The 
calibration (relating contained solution volume to height) of tanks used to store or process fissile materials 
is often complicated by the large surface area presented by thousands of borosilicate glass rings used for 
criticality prevention. Yet, an accurate and reliable measurement of this relation is important to good 
material accountability and possibly to nuclear safety. The latter purpose can be served by detecting 
accumulations of insoluble precipitates or the formation of critically unsafe voids in the bed of rings. With 
this station, calibrations are easily accomplished with an accuracy better than 1 liter at any point within a 
500-liter tank. Additional benefits include increased safety through reduced potential for contamination 
release, improved efficiency since one operator replaces the previously required two, and the complete 
elimination of both solid and liquid contaminated waste generation. 
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Abstract/Keyterms: PU-MET-FAST-003, PU-MET-FAST-004, PU-MET-FAST-017; The first precision 
array measurements with high-density plutonium-metal cylindrical parts of 3 and 6 kg took place at the 
Livermore critical assembly facility from 1965 to 1969. Cubic arrays of up to sixty-four 6-kg parts were 
measured. Mock high-explosive epoxy moderators were used in several measurements. Experiments 
observing the effects of simulated body reflectors provided personnel safety guidance for the construction 
of these arrays. A comparison of Monte Carlo calculations and the experimental measurements indicated 
that the calculational method is sufficiently accurate to be used in nuclear safety guidance for arrays of 
these elements. Included for comparison are calculations for arrays comprised solely of the plutonium parts. 
Also included are calculations for 6-kg-part arrays in which a 0.479-cm-wide gap at the midplane has been 
eliminated and where the spacing was varied for each idealized array. 
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Title: On the Use and Influence of Gamma Radiation in Reactor Noise Measurements 

Date: 7/1/1976 

Report: NUTYBB, 030, 012-023 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A review and an investigation of gamma noise studies was conducted at Otaniemi, 
Finland, including the development of stochastic models, numerical studies, and experience gained from 
subcritical reactors. Three special and concrete aspects were considered: the use of photon-sensitive 
detectors for data extraction in reactor noise measurements, the degrading influence of gamma radiation in 
some types of measurements with gamma-compensated and -uncompensated ionization chambers, and a 
special gamma suppression technique in linear power measurements. 
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Title: Criticality Array Data and Calculational Methods: Preface 

Date: 8/1/1976 

Report: NUTYBB, 030, 099-100 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: This series of papers reviews criticality array data and the calculational techniques 
developed to extend the usefulness of these data in formulating rules for handling fissile material in 
processing and storage facilities. The object of this review is to give a presentation of this information in a 
way that will be useful to a criticality engineer in solving plant problems. The calculational techniques are 
explained and compared so that the criticality engineer can select 
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Author: Schuske, C. L. / Paxton, H. C. 

Title: History of Fissile Array Measurements in the United States 

Date: 8/1/1976 

Report: NUTYBB, 030, 101-137 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-003; The first measurements with arrays of fissile metal were 
performed at the Los Alamos Scientific Laboratory in 1947 and the first with fissile solutions were 
performed at the Oak Ridge critical experiments facility in 1949. Since then, there have been many other 
significant experiments at several U.S. laboratories including, in addition, Rocky Flats, Battelle-Pacific 
Northwest Laboratory, and the Lawrence Livermore Laboratory. array tests were the primary sources of 
data used in developing criticality criteria for fissile-process plants, and they provided the basis for several 
empirical storage models that are still in use. Some of the experimental data also serve to validate Monte 
Carlo neutron transport calculations now used extensively by the nuclear safety engineer in the design of 
storage and processing facilities. It is felt that there should be additional experimental data for further 
validation of calculational methods relied upon for criticality safety evaluation. The deficient areas include 
low-uranium-235-enriched uranium, uranium-233 with and without thorium, and plutonium-uranium 
mixtures. Also, critical data are lacking for arrays with the concrete reflectors normally found in process-
plant environments, and additional experiments on concrete-reflected arrays are needed. The purpose of 
this paper is to review the history of experiments in the U. S. with arrays of fissile material. In the course 
of this review, the resulting criticality data are presented, some for convenient continuing application and 
some to explain the evolution of engineering models of storage arrays. 
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Author: Hunt, D. C. 

Title: Review of Criticality Safety Models Used in Evaluating Arrays of Fissile Materials 

Date: 8/1/1976 

Report: NUTYBB, 030, 138-165 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The methods commonly used in this country to evaluate the criticality safety of fissile 
material arrays include density analog, NB2/sub N/, surface density, equilateral hyperbola, albedo, and 
solid-angle techniques. These can be divided into array unit interaction and semiempirical methods. The 
albedo and solid-angle techniques fall into the former class; the rest fall into the latter class. A study reveals 
that interaction methods are useful in treating arrays of arbitrary mesh patterns (e.g., triangular or 
hexagonal) having only a few units, while the semiempirical techniques are more applicable to arrays with 
a large number of units. The density analog and surface density approaches are easy to apply but typically 
require more auxiliary calculations, while other methods are more difficult to use, but more broadly 
applicable. None of the methods satisfactorily handle nonuniformly spaced arrays, arrays with arbitrary 
amounts of internal moderator, or clumped arrays, i.e., arrays of arrays. Most of the methods have some 
provision for treating mixed arrays, but these provisions often do not apply to arrays of arbitrarily arranged 
fast (e.g., metal) and slow (e.g., solution) units. 
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Author: Dickinson, D. / Whitesides, G. E. 

Title: Monte Carlo Method for Array Criticality Calculations 

Date: 8/1/1976 

Report: NUTYBB, 030, 166-189 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The Monte Carlo method for solving neutron transport problems consists of 
mathematically tracing paths of individual neutrons collision by collision until they are lost by absorption 
or leakage. The fate of the neutron after each collision is determined by the probability distribution functions 
that are formed from the neutron cross-section data. These distributions are sampled statistically to establish 
the successive steps in the neutron's path. The resulting data, accumulated from following a large number 
of batches, are analyzed to give estimates of k(eff) and other collision-related quantities. The use of 
electronic computers to produce the simulated neutron histories, initiated at Los Alamos Scientific 
Laboratory, made the use of the Monte Carlo method practical for many applications. In analog Monte 
Carlo simulation, the calculation follows the physical events of neutron scattering, absorption, and leakage. 
To increase calculational efficiency, modifications such as the use of statistical weights are introduced. The 
Monte Carlo method permits the use of a three-dimensional geometry description and a detailed cross-
section representation. Some of the problems in using the method are the selection of the spatial distribution 
for the initial batch, the preparation of the geometry description for complex units, and the 
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Author: Hunt, D. C. / Dickinson, D. 

Title: Comparative Calculational Evaluation of Array Criticality Models 

Date: 8/1/1976 

Report: NUTYBB, 030, 190-214 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The NB2/sub N/, albedo, interaction potential, weighted interaction Oak Ridge 
Gaseous Diffusion Plant solid-angle, s/v surface density, fraction critical surface density, and equilateral 
hyperbola methods are compared by attempting to apply them to 14 different example arrays. The example 
arrays are distinguished by the type of fissile material in the array units and by the number of units in each 
array. Arrays with units of Pu(95) metal, U(93) metal, damp U(93)O2, dry Pu(95)O2, U(93)O2(NO3)2 
solution, Pu(95)(NO3)4 solution, or U(5)O2F2 solution are considered. It is concluded that if the user has 
access to a Monte Carlo code such as KENO, he is better off using it than any of the other models for 
criticality evaluations of specific problems. The remainder of the models are most useful in establishing 
possible designs for a fissile storage or processing facility. The albedo method is found to be the preferred 
solid-angle technique, while the S/V surface density method and the NB2/sub N/ method are the most 
comprehensive and useful of the semiempirical techniques. The s/v method is easier to apply and covers 
more possible contingencies (e.g., array flooding or persons in arrays), while the NB2/sub N/ method is 
more difficult to use but has added. 
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Author: Mihalczo, J. T. / Tillett, G. C. / Selby, D. L. 

Title: Evaluation of initial loading counting rate data from experiments with the mock-up core for the Fast 
Flux Test Facility 

Date: 9/1/1976 

Report: NUTYBB, 030, 422-433 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The modified source multiplication method was used to determine the reactivity from 
the count rate data as fuel assemblies were removed from the engineering mock-up core for the Fast Flux 
Test Facility (FFTF). The count rate was monitored with a fission detector in the center of the core and in 
each of the three shield lobes (simulating the low-level flux monitor (LLFM)) as the ZPR-9 assembly was 
unloaded to simulate, in a reverse manner, the proposed initial loading to critical for the FFTF. Some 
conclusions from this interpretation are presented and discussed. 
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Title: Reactor Flux Measurements Using Thermoluminescent Dosimetry 

Date: 11/1/1976 

Report: NUTYBB, 031, 257-263 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Thermoluminescent dosimetry (TLD) was successfully evaluated as an in-core 
thermal-neu-tron-flux determinant. The LiF crystals enriched with either 6Li or 7Li provided two effective 
neu-tron-gamma discrimination techniques. The first method used both types of crystals. The 6LiF 
dosimeters, which have large thermal-neutron cross sections, detected both neutrons and gamma radiation, 
while the 7LiF dosimeters, possessing negligible thermal-neutron attenuation characteristics, monitored the 
gamma component only. The dosimeters were inserted into a reactor for a known time interval and read on 
a commercially available detection system, and the difference in dosimeter exposure yielded a direct 
measure of neutron flux. The second technique used bare and cadmium-covered 7LiF dosimeters. The bare 
crystals detected reactor gammas, while those encapsulated in cadmium measured reactor gammas plus 
capture gammas from the Cd(n, γ) reaction. The difference in exposures provided the capture-gamma 
contribution, which was proportional to reactor flux. Experiments using a subcritical and a TRIGA reactor 
revealed exposure rate to neutron flux sensitivities of 1.4 × 10−7 R/sec per ϕ and 2.6 × 10−8 R/sec per ϕ 
for the respective techniques. Accurate flux measurements were obtained over a range spanning 102 to 
1012 n/(cm2 sec). At higher fluxes, the dosimeters experienced radiation damage and readings became 
unreliable. The TLD results were compared against BF3 detection, foil activation, and fission chambers to 
derive an empirical exposure rate to the flux conversion factor. 
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Author: Bierman, S. R. 

Title: Reactivity Measurements Under Conditions Typical to Fuel Element Dissolution 

Date: 12/1/1976 

Report: NUTYBB, 031, 339-347 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The objectives of the measurements were to demonstrate the use of the pulsed neutron 
source technique for measuring the effectiveness of a neutron poison in reducing the reactivity of such a 
system and to determine the kinetic parameter $beta$/l for these systems. Reductions in k$sub eff$ from 
unity down to 0.64 were observed upon the addition of 1.34 g Gd/l to a critical system. Based on the prompt 
and delayed critical conditions determined for each gadolinium concentration, a continuous reduction, from 
$4.35/cm of solution depth down to $0.42/cm, was observed in the reactivity worth of the plutonium-
uranium nitrate solution as gadolinium was added to the solution. 
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Author: Clayton, E. D. / Durst, B. M. 

Title: Comment on the Interpretation and Application of Limiting Critical Concentrations of Fissile 
Nuclides in Water 

Date: 4/1/1977 

Report: NUTYBB, 033, 110-111 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: calculations of the infinite multiplication factor for aqueous homogeneous mixtures 
of mixed oxides of plutonium and natural uranium at low fissile concentrations (7 g Pu/ℓ) disclose a 
maximum to occur in the value of k∞ at a weight fraction, Pu/(Pu + U), of ∼0.0035. With mixed oxide 
solutions containing 7 g Pu/ℓ, the value of k∞ is estimated to be nearly 1.04, whereas in the absence of the 
natural uranium, the maximum value of k∞ at 7 g Pu/ℓ in water is ∼4% less or near unity. The occurrence 
of this peak in value of k∞ is due to the 235U content in the natural uranium. Thus, in the presence of 
natural uranium, it should be borne in mind that the limiting subcritical concentration of plutonium (given 
as 7.0 g Pu/ℓ) in water must be reduced to values <7.0 g Pu/ℓ to ensure sub criticality of the mixture. 
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Author: Bairiot, H. / Deramaix, P. / Vandenberg, C. / et al. 

Title: Plutonium Assemblies in Reload 1 of the Dodewaard Reactor 

Date: 4/1/1977 

Report: NUTYBB, 033, 184-202 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Since 1963, Belgonucleaire has been developing the design of plutonium assemblies 
of the island type (i.e., plutonium rods inserted in the control zone of the assembly and enriched uranium 
rods at the periphery) for light water reactors. The application to boiling water reactors (BWRs) led to the 
introduction, in April 1971, of two prototype plutonium island assemblies in the Dodewaard BWR (The 
Netherlands): Those assemblies incorporating plutonium in 42% of the rods are interchangeable with 
standard uranium assemblies of the same reload. Their design, which had to meet these criteria, was 
performed using the routine order in use at Belgonucleaire; experimental checks included a mock-up 
configuration simulated in the VENUS critical facility at Mol and open-vessel cold critical experiments 
performed in the Dodewaard core. The pelleted plutonium rods were fabricated and controlled by 
Belgonucleaire following the manufacturing procedures developed at the production plant. In one of the 
assemblies, three vibrated plutonium fuel rods with a lower fuel density were introduced in the three most 
highly rated positions to reduce the power rating. Those plutonium assemblies experienced peak pellet 
ratings up to 535 W/cm and were discharged in April 1974 after having reached a mean burnup of ∼21 000 
MWd/MT. In-core instrumentation during operation, visual examinations, and reactivity substitution 
experiments during reactor shutdown did not indicate any special feature for those assemblies compared to 
the standard uranium assemblies, thereby demonstrating their interchangeability. 
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Author: Thompson, Jack K. 

Title: Minimum Critical Mass of Plutonium-Polyethylene System Found to be Significantly Lower than 
Plutonium-Water System 

Date: 4/1/1977 

Report: NUTYBB, 033, 235-236 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Theoretical homogeneous plutonium-poly ethylene mixtures have significantly lower 
critical masses than theoretical homogeneous plutonium-water mixtures of comparable H/Pu ratio for H/Pu 
ratios close to optimum. The minimum critical mass for an optimally moderated, full water-reflected, 
homogeneous plutonium-poly ethylene mixture in spherical geometry has been calculated to be ∼360 g 
plutonium (±5% for cross-section uncertainties) compared to ∼530 g plutonium for a plutonium-water 
mixture under the same conditions. The 30% drop in critical mass is attributable to increased hydrogen 
atom density and the superior moderating characteristics of carbon over oxygen combined with a higher 
carbon atom density in polyethylene (ρ = 0.96 Mg/m3) than oxygen atom density in water (ρ = 1.0 Mg/m3). 
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Author: Koponen, B. L. 

Title: Reactivity Enhancement in Transportation and Storage Arrays Due to Fissile Material Density 
Reductions 

Date: 7/1/1977 

Report: NUTYBB, 034, 242-248 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Some storage and transportation arrays become more reactive when the fissile 
material density is reduced. This effect was calculated for arrays of shipping containers and for arrays of 
235U spheres. The reactivity enhancement is due mainly to increased utilization of thermal neutrons and 
reduction in neutron leakage resulting from the increased size of low-density units. 
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Title: The Importance of Heat Transfer in Hypothetical Core Disruptive Accident Analysis 

Date: 8/1/1977 

Report: NUTYBB, 035, 087-096 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: In the very unlikely event of a loss-of-flow accident in a liquid-metal fast breeder 
reactor being accompanied by complete failure to scram, the reactor could go prompt critical, generating a 
large amount of neutronic heat on a millisecond time scale. We find that fuel-to-steel heat transfer has a 
minimal influence upon the neutronic energy deposition during the prompt burst but that it can play an 
important role in material behavior in later stages of the hypothetical core disruptive accident. Furthermore, 
results obtained indicate that calculations of thermodynamic potential energy through adiabatic expansion 
to one atmosphere are conservative if performed at the end of the prompt burst and that fuel-to-steel heat 
transfer may significantly reduce the available work energy within the next 20 ms. 
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Title: Basis for Subcritical Limits in Proposed Criticality Safety Standard for Mixed Oxides 

Date: 1/1/1977 

Report: NUTYBB, 035, 097-111 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Subcommittee 8 of the Standards Committee of the American Nuclear Society has 
proposed a standard providing subcritical limits for operations with mixed oxides of plutonium and 
uranium. The subcritical limit is the limiting value assigned to a controlled parameter that results in a system 
known to be subcritical, provided the limiting value of no other controlled parameter of the system is 
violated. The proposed standard includes subcritical limits for mixed oxides containing up to 30 wt% 
plutonium in Pu + U. A review is made of available experimental data and validations undertaken that serve 
as the basis of the limits, and the assertion that they are, indeed, subcritical as given. 
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Author: Devillers, C. / Blum, P. 

Title: Neutron Multiplication and Shielding Problems in Pressurized Water Reactor Spent Fuel Shipping 
Casks 

Date: 8/1/1977 

Report: NUTYBB, 035, 112-118 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: To evaluate the degree of accuracy of computational methods used in the shield 
design of spent fuel shipping casks, comparisons have been made between biological dose-rate calculations 
and measurements at the surface of a cask carrying three pressurized water reactor fuel assemblies. Neutron 
dose-rate measurements made with the fuel-carrying region successively wet and dry are also used to derive 
an experimental value of the k(eff) of the wet fuel assemblies. Results obtained by this method are shown 
to be consistent with criticality calculations, taking into account fuel depletion. 
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Title: Fission and Explosive Energy Releases of PuO2, PuO2-UO2, UO2, and UO3 Assemblies 

Date: 10/1/1977 

Report: NUTYBB, 035, 611-616 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The critical masses and fission and explosive energy releases of PuO2, PuO2--UO2, 
UO2, and UO3 assemblies have been calculated. The parameters selected for the model are conservative. 
They were chosen after review of appropriate plants that have been and are proposed for construction in 
the future. The resulting data envelopes are intended to include any conceivable set of circumstances that 
could ultimately lead to a nuclear incident. All energy release analysis was performed for initial fission 
spikes only not considered. 
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Author: Schulze, G. / Würtz, H. 

Title: In-Line Determination of Fissile Material in High-Activity Solution 
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Report: NUTYBB, 035, 663-670 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A determination of fissile material concentration in high-level radioactive solutions 
can be accomplished by measuring the source multiplication of an external neutron source. Computer 
calculations and laboratory experiments were used to demonstrate the applicability of the method to fissile 
material solutions containing unknown quantities of homogeneous neutron poison materials. A relation 
between the fissile material concentration Cfiss and the quantities thermal and epithermal leakage neutron 
fluxes measured with 235U fission chambers is derived. The accuracy obtained using a 252Cf neutron 
source of source strength 5 × 108 n/s, a measuring time interval of 20 s, and assuming Cfiss to be at least 
twice the minimum detectable concentration is better than 30%. This adequate for application of the method 
for process control of pulsed columns in reprocessing plants 
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Author: Lloyd, R. C. / Bierman, S. R. / Clayton, E. D. / Durst, B. M. 

Title: Criticality Studies for a Neutron Multiplier 

Date: 2/1/1978 

Report: NUTYBB, 037, 148-158 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Critical experiments were performed on an annular assembly of 9(3.2) wt% 235U 
enriched U-Al alloy fuel elements in light water to provide data for the design and operation of a subcritical 
neutron multiplier of a 252Cf neutron source. The various factors affecting criticality were determined. In 
addition to measurement of the critical fuel rod loading under various conditions, values of k(eff) were 
determined as a function of fuel rod loading by means of pulsed neutron source experiments. The data 
provide the design basis for operation of the neutron multiplier, yielding a maximum flux value in the 
internal irradiation column consistent with maintaining a degree of subcriticality in operation. 
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Title: Neutron Multiplication Factors as a Function of Temperature: A Comparison of Calculated and 
Measured Values for Lattices Using 233UO2-ThO2 Fuel in Graphite 

Date: 3/1/1978 

Report: NUTYBB, 037, 227-245 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Neutron multiplication factors calculated as a function of temperature for three 
graphite-moderated 233 UO2-Th02-fueled lattices are correlated with the values measured for these lattices 
in the high-temperature lattice test reactor (HTLTR). The correlation analysis accomplished by fitting 
calculated values of k) to the measured values using two least-squares-fitted correlation coefficients: (a) a 
normalization factor and (b) a temperature coefficient bias factor. These correlations indicate the existence 
of a negative (non-conservative) bias in temperature coefficients of reactivity calculated using ENDF/B-IV 
cross-section data. Use of an alternate cross-section data set for thorium, which has a smaller resonance 
integral than ENDF/B-IV data, improved the agreement between calculated and measured temperature 
coefficients of reactivity for the three experimental lattices. The results of the correlations are used to 
estimate the bias in the temperature coefficient of reactivity calculated for a lattice typical of fresh 233U 
recycle fuel for a high-temperature gas-cooled reactor (HTGR). This extrapolation to a lattice having a 
heavier fissile loading than the experimental lattices is accomplished using a sensitivity analysis of the 
estimated bias to alternate thorium cross-section data used in calculations of kx(T). The envelope of 
uncertainty expected to contain the actual values for the temperature coefficient of the reactivity for the 
233U-fueled HTGR lattice studied remains negative at 1600 K (1327°C). Although a broader base of 
experimental data with improved accuracy is always desirable, the existing data base provided by the 
HTLTR experiments is judged to be adequate for the verification of neutronic calculations for the HTGR 
containing 233 U fuel at its current state of development. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The SECURE reactor was developed by a Finnish-Swedish project group in 1976–
1977. It is a small low-pressure and low-temperature nuclear plant for district heating purposes. The special 
safety requirements for a reactor of this kind have led to an unconventional design with certain inherent 
safety features to guarantee safe shutdown without the use of any active components. The reactor is located 
inside a large, slightly pressurized pool containing cold water with about 1000 ppm natural boron. On 
shutdown, the pool water flows into the primary system to keep the reactor subcritical. Boron is also used 
for power control, whereas burnup is compensated for by use of the burnable absorber Gd2O3. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The analyses performed to evaluate the capacity to contain the core materials after a 
hypothetical core meltdown accident are generally grouped under the area of post-accident heat removal 
(PAHR). Substantial advancement in the state-of-the-art of the PAHR area has occurred within the last few 
years. The key issues of PAHR, as applied to safety analyses of liquid-metal breeder reactors, are 
summarized in this Review. The Review includes heat source strength for post-accident conditions, in-
vessel core debris retention, ex-vessel core debris retention, and the effects of alternative fuel materials. 



 

C-14270 

14232…..…..…………………..…….……..……ID Number…………………..…..…………….14232 

Author: Marotta, C. R. 
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Abstract/Keyterms: A simple formulation was developed that permits a quick and accurate estimate of 
the maximum increase in reactivity that an unmoderated fissile system can experience if subjected to high 
compaction forces. The k(eff) estimates from the proposed model are compared with Monte Carlo and 
transport theory values and indicate that for low-density fissile systems and realistic compressions, there is 
excellent agreement. Good agreement is achieved for denser systems up to approx. 20% compression. Some 
practical areas of application and extension of the model are indicated in which large uniform external 
pressures may exist. 
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Abstract/Keyterms: A series of three-dimensional Monte Carlo criticality calculations has been performed 
to examine the criticality problems that exist in liquid-metal fast breeder reactor spent fuel shipping casks. 
The reactivity effects of subassembly loading sequences, total fuel payloads, subassembly pitches, neutron 
poisons, and choices of cask coolants and structural materials were considered. The analyses showed that, 
for a given type of fuel, the system k(eff) can be displayed in a manner that permits determination of the 
maximum number of subassemblies that can be safely loaded in a particular cask. For a given cask coolant, 
this maximum number can be fixed independent of (1) the sequence or positions in which the subassemblies 
are loaded; (2) the detailed design of the basket supporting the subassemblies, including small changes in 
the distance between the subassemblies; and (3) changes in the cask design outside the fuel region. Thus, 
the shielding, structural, and thermal problems inherent in the design of the outer cask structure can be 
addressed without reference to the criticality problem. 
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Title: Use of Zero Power Plutonium Reactor Measurements as a Support of Criticality Prediction for the 
SNR-300 

Date: 11/1/1978 

Report: NUTYBB, 041, 005-011 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Evaluations of criticality measurements performed in various SNEAK and Zero 
Power Plutonium Reactor (ZPPR) cores are compared. The best available methods of calculations 
(including transport theory) are used. The ZPPR results support well the trend indicated by the SNEAK 
evaluations for clean cores and for cores with followers; for cores with absorbers partially inserted, the 
agreement is only rough. Evaluations of control rod worth measurements are therefore also compared, using 
the routine method of calculation for SNR-300 (diffusion theory). The control rod worths are largely 
underestimated in SNEAK (C/E = 0.89), but only slightly underestimated in the ZPPR (C/E = 0.97). The 
difference in the nature of core fuel (uranium in SNEAK, plutonium in the ZPPR) could be at the origin of 
this discrepancy. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A practical method for self-shielding resonance cross sections for fast reactors with 
complex heterogeneity results in a multiregion equivalence relation that is identical in appearance to the 
conventional two-region equivalence relation. The effects of heterogeneity are accounted for in terms of 
material- and region-dependent escape cross sections. The escape cross sections are explicitly given in 
terms of the first-flight collision probabilities or transport coefficient. The formulation is well suited for use 
with the shielding factor method. A detailed validation of the heterogeneity calculations with the proposed 
formulation has been carried out for plate-type cells, and good agreement with Monte Carlo results has 
been obtained. Sensitivity studies were performed to compare the proposed multiregion heterogeneity 
treatment with conventional two-region treatments. The results suggest that it may be important to self-
shield explicitly and heterogeneously all the fuel and structural materials in the analysis of fast critical 
assemblies. 
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Title: Enrichment Zoning and Control Rod Programming for Reactivity and Power Shape Control 
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Report: NUTYBB, 041, 195-206 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: An efficient optimization method has been developed that determines simultaneously 
beginning-of-cycle (BOC) enrichment distribution and the control rod programming in reactors that lose 
reactivity during burnup such that (a) reactor criticality and a desired power distribution are satisfied 
throughout the cycle and (b) all the control rods are withdrawn at end-of-cycle (EOC). The method uses (a) 
an iterative scheme of uncontrolled burnup calculations [and linear programming (LP) for more than two 
enrichment zones] to determine a good approximation of the EOC reactor composition that satisfies reactor 
criticality and the desired power distribution and (b) LP in a reversed burnup process starting from the EOC 
conditions to determine the control rod programming and the BOC enrichment distribution. 
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Title: Benchmark Critical Experiments on High-Enriched Uranyl Nitrate Solution Systems 

Date: 12/1/1978 

Report: NUTYBB, 041, 207-225 
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Abstract/Keyterms: Seventy-six benchmark critical conditions are reported. Both material and geometry 
properties are so well determined as to reduce greatly any contribution to a theoretical/experimental 
discrepancy attributable to the experiment. The program uses uranyl nitrate solution with the uranium 
enriched to 93.17% 235U. The concentration ranges from 54.89 to 369.96 g U/l. Unreflected experiments 
are reported, as well as measurements within thick-walled cubical reflector shells composed of such 
common materials as concrete and plastic. For experiments using a single tank, the diameter of the tank 
ranged from 27.88 to 50.69 cm, and arrays of up to 16 cylinders have containers of two diameters: 16.12 
and 21.12 cm. Containers composed of aluminum or stainless steel are studied. For all these parameters, 
the critical heights range from 17.13 to 110.20 cm. 
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Conference Session:  

Abstract/Keyterms: Criticality calculations on minimally reflected, concrete-reflected, and plastic-
reflected single tanks and on arrays of cylinders reflected by concrete and plastic have been performed 
using the KENO-IV code with 16-group Hansen-Roach neutron cross sections. The fissile material was 
high-enriched (93.17% 235U) uranyl nitrate [UO2(NO3)2] solution. Calculated results are compared with 
those from a benchmark critical experiments program to provide the best possible verification of the 
calculational technique. The calculated k(eff) 's underestimate the critical condition by an average of 1.28% 
for the minimally reflected single tanks, 1.09% for the concrete-reflected single tanks, 0.60% for the plastic-
reflected single tanks, 0.75% for the concrete-reflected arrays of cylinders, and 0.51% for the plastic-
reflected arrays of cylinders. More than half of the present comparisons were within 1% of the experimental 
values, and the worst calculational and experimental discrepancy was 2.3% in k(eff) for the KENO 
calculations. 
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Abstract/Keyterms: Fuel storage racks have been redesigned to give closer spaced storage capabilities. In 
this redesign, the objective was to offer an optimum balance between maximum storage and minimum cost, 
with an adequate safety margin. Design conditions were: (1) B and W Mark B and Mark C pressurized 
water reactor fuel assemblies, (2) UO2 at 3.5 wt% enriched or MO2 at 4.5 wt% enriched, and (3) k/sub eff 
< 0.95. To achieve good geometric representations of the fuel assemblies and storage racks, KENO Monte 
Carlo computer codes were used. (Parametric studies were made of k(eff) versus can spacing, thickness, 
and boron concentration for an infinite storage pool.) The UO2 studies used KENO II with a 16-energy-
group neutron structure and the standard Hansen-Roach library. The MO2 studies used KENO IV with a 
123-energy-group structure. The KENO calculations were then benchmarked against critical experiment 
data. Systematic errors caused by biases in the calculational techniques were identified by comparing 
(benchmarking) calculated values with experimental values. Random errors caused by statistical errors in 
Monte Carlo calculations and material and fabrication tolerances were combined before being added to 
applicable systematic errors. 
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Title: Assessment of Criticality Safety 
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Abstract/Keyterms: A study was made of 100 violations of criticality safety specifications reported over 
a 10-y period in the operations of fuel reprocessing plants. The seriousness of each rule violation was 
evaluated by assigning it a severity index value. The underlying causes or reasons, for the violations were 
identified. A criticality event tree was constructed using the parameters, causes, and reasons found in the 
analysis of the infractions. The event tree provides a means for visualizing the paths to an accidental 
criticality. Some 65% of the violations were caused by misinterpretation on the part of the operator, being 
attributed to a lack of clarity in the specification and insufficient training; 33% were attributed to lack of 
care, whereas only 2% were caused by mechanical failure. A fault tree was constructed by assembling the 
events that could contribute to an accident. With suitable data on the probabilities of contributing events, 
the probability of the accident's occurrence can be forecast. Estimated probabilities for criticality were 
made, based on the limited data available, that in this case indicate a minimum time span of 244 y of plant 
operation per accident ranging up to approx. 3000 y subject to the various underlying assumptions made. 
Some general suggestions for improvement are formulated based on the cases studied. Although… 
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Conference Session:  

Abstract/Keyterms: Subcommittee 8 of the Standards Committee of the American Nuclear Society has 
conducted the prescribed five-year review and update of ANSI N16.4-1971, which provides guidance for 
the use of borosilicate glass Raschig rings as a neutron absorber in solutions of highly enriched fissile 
materials. The proposed revision to the Standard extends its application to low enriched 235U fuels based 
on the 235U concentration in the vessel and to a limited range of alkaline environments. It incorporates 
standard American Society for Testing and Materials chemical acceptance tests for the glass, a chemical 
acceptance test for its acceptability in an alkaline environment, and a test that provides information on 
volume loss due to chemical reaction in addition to that due to settling. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Nuclear nonproliferation considerations have resulted in renewed interest in the 
thorium fuel cycle. Reactor physics parameters of a typical 1200-MW(electric) fast breeder reactor design 
were compared for the cases when 233U is substituted for plutonium as a fissile fuel and when 232Th is 
substituted for 238U as a fertile fuel When the 238U in the blanket is replaced with 232Th, the reactor 
physics parameters are relatively unchanged. However, replacing 238U in the core with 232Th increases 
the critical mass by 11 to 15% and decreases the breeding ratio by 0.13 to 0.16. In addition, replacing the 
plutonium in the core with 233U decreases the critical mass by 4 to 6% and decreases the breeding ratio by 
0.13 to 0.16. Both of the changes in the core make the sodium void coefficient more negative. 
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Report: NUTYBB, 042, 150-154 
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Conference Session:  

Abstract/Keyterms: Subcritical multiplication constants have been derived from pulsed-neutron 
measurements for 2 x 3 square pitch and hexagonal arrays of massive hollow cylinders of uranium-
aluminum alloy in H2O. The cylinders were 22.02-cm-OD, 14.80-cm-ID bare 235U-Al alloy castings of 
30.50 wt% uranium (76.97% 235U) in aluminum. These measurements extend previous benchmark 
experiments on similar castings with lower enrichments. KENO-IV, a multigroup Monte Carlo criticality 
code (with Hansen-Roach cross sections), calculates the subcritical multiplication constants for these 
lattices over the reactivity range 0.77 < k(eff) < 0.98, with an average conservative bias of approx. 0.005 in 
k(eff). 
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Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-010, LEU-COMP-THERM-009, LEU-COMP-
THERM-017, LEU-COMP-THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-016, LEU-
COMP-THERM-042, LEU-COMP-THERM-014; Measurement data have been obtained from a series of 
criticality experiments on systems simulating fuel element shipping containers and fuel storage pools. The 
conditions investigated involved clusters of low enriched UO2 fuel rods immersed in water. The number 
of rods required for criticality near optimum neutron moderation and the criticality near optimum neutron 
moderation and the critical separation between three subcritical clusters of these rods aligned in a row was 
determined for 2.35 wt.% 235U-enriched rods and for 4.29 wt.% 235U-enriched rods. 
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Conference Session:  

Abstract/Keyterms: Some experience in 233U-Th processing is available from past operations at 
government sites and may be of interest to the current reevaluation of thorium fuel cycles. In five separate 
campaigns between 1964 and 1970, the Savannah River Plant processed ∼240 tons (MT) of thorium, 
irradiated as aluminum-clad metal and oxide and recovered ∼580 kg of total uranium. Satisfactory 
processing routes were devised for a solvent extraction plant that normally processes enriched uranium and 
previously was a Purex plant. In the initial campaigns, a dilute tributyl phosphate (TBP) flowsheet 
recovered only uranium, and thorium was sent to waste. In later campaigns, a modified Thorex solvent 
extraction flowsheet recovered both uranium and thorium. Satisfactory processing required specific 
attention to the slow dissolving rate of ThO2, the presence of highly radioactive 233Pa, solvent extraction 
flowsheet constraints to avoid formation of two organic phases in the thorium-TBP systems, the ingrowth 
of gamma-emitting daughters of 232U, and 233U criticality. 
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Abstract/Keyterms: The plutonium inventory control (PINC) system is a real-time material accountability 
control system that is expected to be applied to a new large-scale plutonium fuel production facility for both 
fast breeder reactor and heavy water reactor at the Power Reactor and Nuclear Development Corporation. 
The PINC is basically a system for material control but is expected to develop into a whole facility control 
system, including criticality control, process control, quality control, facility protection, and so forth. Under 
PINC, every process and storage area is divided into a unit area, which is the smallest unit for both 
accountability and process control. Item and material weight automatically are accounted for at every unit 
area, and data are simultaneously treated by a computer network system. Sensors necessary for the system 
are being developed. 
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Conference/Journal: Nuclear Technology 
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Abstract/Keyterms: In a core disruptive accident in a liquid-metal fast breeder reactor, rearrangement of 
core materials may lead to a prompt critical excursion. Damage to the primary containment, especially the 
head seals and head bolts, caused by the subsequent core disassembly is a primary concern of hypothetical 
accident analysis. A systematic study has been performed to evaluate the sensitivity of that damage in a 
commercial size reactor to various uncertainties. The damage is very insensitive to the equation-of-state of 
the fuel but highly sensitive to the reactivity ramp rate through prompt critical. From the point of view of 
vessel damage calculations, these results indicate that there is little incentive to improve our equation-of-
state data on unirradiated mixed-oxide fuel. 
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Abstract/Keyterms: ZPPR-7; The first physics measurements for a heterogeneous design of a 1000-
MW(thermal) liquid-metal fast breeder reactor were made in the Zero Power Plutonium Reactor (ZPPR) 
during the last half of 1976. This benchmark assembly, ZPPR-7, had a central blanket zone as well as three 
internal blanket rings. Fuel zones had a single enrichment. Cores with heavy plutonium buildup in the 
internal blankets as well as cores with clean internal blankets were investigated. Such key physics 
parameters as keff, most of the important reaction rates, control rod worths, sodium void reactivity, and 
material worths were studied in the ZPPR-7 program. Results verified the gain in breeding that were 
predicted for the heterogeneous arrangement. When design-level calculations were used, calculated-to-
experimental biases were different from those that had been found for homogeneous cores. 
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Abstract/Keyterms: Experimental and theoretical work is now in progress at the Commissariat à l’Energie 
Atomique to support the sodium mixed-oxide fast reactor design calculations of the heterogeneous concept. 
The results obtained with the calculational method presently used are compared to the experimental values 
given by the PRE-RACINE program performed on the MASURCA facility. The following parameters are 
studied: critical masses of heterogeneous configurations containing a single central fertile zone (R = 15 cm) 
fission rate ratios f8/f5, f9/f5, and c8/f5 in the internal fertile zone and in the fissile zone breeding gains of 
the different core zones sodium void effects in the internal fertile zone. The first results obtained with the 
new cross-section set CARNAVAL IV are given and compared to the values calculated with the previous 
CARNAVAL III set. The future development of the program is briefly described. 
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Abstract/Keyterms: MIX-COMP-THERM-001; A series of criticality experiments with fast test reactor 
(FTR) fuel pins in water has been performed in support of the Advanced Fuel Recycle Program (AFRP). 
The objective of these experiments was to provide clean, easily defined criticality data on AFRP-type fuel 
pins in water for use in verifying calculational techniques and nuclear data used in calculations. 
Measurement data were obtained on water-flooded square lattices of FTR fuel pins. The number of fuel 
pins required for criticality was determined at lattice pitches of 7.7, 9.5, 9.7, 12.6, 15.3, and 19.1 mm to be 
1268, 605, 580, 279, 205, and 162, respectively. These center-to-center fuel pin spacings correspond to 
water-to-fuel volume ratios of 1.67, 3.33, 3.49, 6.87, 10.88, and 17.53, respectively, and cover the neutron 
moderation range from near optimum to the highly undermoderated. KENO-IV calculations with ENDF 
data from the AMPX system overestimated the experimental results by 1 to 2% in k(eff). KENO-IV 
calculations with FLANGE-ETOG-THERMOS-EGGNIT-processed ENDF data resulted in calculated 
values 1 to 6% high in k(eff). 
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Abstract/Keyterms: Calculations are performed to determine the optimum design of a subcritical assembly 
for multiplying a 252Cf source. Subcritical experiments have been performed in a TRIGA research reactor 
to verify the calculational techniques. These experiments included measurements of subcritical 
multiplication, (2) fast adjoint and thermal fluxes, and (3) the thermal flux index (defined as the ratio of the 
thermal flux to the source strength). Good agreement was generally found between the theoretical and 
experimental values. The study shows that a sufficiently intense thermal flux can be attained for neutron 
activation analysis using a relatively inexpensive, simple, and safe multiplying assembly and a 252Cf 
source. It is anticipated that the system could be installed in such service facilities as hospitals and 
laboratories for use in activation analysis, radioisotope production, and/or neutron radiography. 
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Abstract/Keyterms: n.a. 
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Abstract/Keyterms: An analysis of a slow core meltdown in a liquid-metal fast breeder reactor was 
performed for the conditions of loss-of-heat-sink following neutronic shutdown. Simple models were 
developed for the prediction of phase changes and/or relocation of the core materials, including fuel, 
coolant, cladding ducts, control rod absorber material (B4C), and plenum gases. The sequence of events 
was accounted for, and the accident progression was described up to the point of recriticality. The neutronic 
behavior of the disrupted core was analyzed in r-z geometry with a static transport they code (TWOTRAN). 
For most scenarios assessed, the reactor is expected to become recritical, although large ramp rates are not 
anticipated. 
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Abstract/Keyterms: In case of accidental activity releases to the atmosphere, meteorological parameters 
have a strong influence on the radiological impact to the population. This influence is treated separately 
and is presented in the form of normalized dose statistics. It is shown that activity deposition on the ground 
constitutes the predominant exposure pathway and that, consequently, precipitation situations lead to the 
most critical consequences for the population. The analysis carried out using a limited number of weather 
sequences. It is shown that the effect on the results is small if this number is reduced from 1750 to 115, 
provided that rain is adequately represented. Major differences are found for the maximum dose, but not 
for the average, the variance, and the fraction by which the threshold dose of acute health effects is 
exceeded. 
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Abstract/Keyterms: ZPR9-32; Integral physics parameters of several representative, idealized meltdown 
liquid-metal fat breeder reactor (LMFBR) configurations were measured in mockup critical assemblies on 
the Zero Power Reactor 9 at Argonne National Laboratory. The experiments were designed to provide data 
for the validation of analytical methods used in the neutronics part of LMFBR accident analyses. Large 
core distortions were introduced in these experiments (involving 18.5% core volume), and the reactivity 
worths of configuration changes were determined. The neutronics parameters measured in the various 
configurations showed large changes on core distortion. Both diffusion theory and transport theory methods 
were shown to mispredict the experimental configuration eigenvalues. In addition, diffusion theory methods 
were shown to result in a nonconservative misprediction of the experimental configuration change worths. 
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Abstract/Keyterms: A series of criticality experiments with 2.35 and 4.31 wt% 235U enriched UO2 rods 
in water has provided well-defined benchmark-type data showing that both depleted uranium and lead 
reflecting walls, submerged in the water reflector, are better neutron reflectors than water alone. For each 
fuel enrichment, the critical separation between three subcritical, near optimally moderated fuel clusters 
was observed to increase as either 77-mm-thick depleted uranium or 102-mm-thick lead reflecting walls 
were moved toward the fuel The maximum reactivity effect was observed for the depleted uranium with 
∼20 mm of water between the reflecting walls and the fuel region, whereas for the lead, a maximum effect 
was obtained with essentially no water between the reflecting walls and the fuel region. This maximum 
reactivity effect was observed to occur at the same spatial separation between the fuel and reflecting walls 
for both fuel enrichments. However, the measurements indicated that the magnitude of this phenomenon is 
dependent on the 235U enrichment of the fuel The lead reflecting walls increased the critical separation 
between fuel clusters a maximum of 67% for the 2.35 wt% 235U enriched fuel and at least 152% for the 
4.31 wt% enriched fuel Similar results were observed with the depleted uranium reflecting walls.; LEU-
COMP-THERM-001, LEU-COMP-THERM-010, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-012, LEU-COMP-
THERM-013, LEU-COMP-THERM-014, LEU-COMP-THERM-016, LEU-COMP-THERM-017, LEU-
COMP-THERM-042, LEU-COMP-THERM-079; A series of criticality experiments with 2.35 and 4.31 
w% 235U enriched UO2 rods in water has provided well-defined benchmark-type data showing that both 
depleted uranium and lead reflecting walls, submerged in the water reflector, are better neutron reflectors 
than water alone. For each fuel enrichment, the critical separation between three subcritical, near optimally 
moderated fuel clusters was observed to increase as either 77-mm-thick depleted uranium or 102-mm-thick 
lead reflecting walls were moved toward the fuel. The maximum reactivity effect was observed for the 
depleted uranium with approx. 20 mm of water between the reflecting walls and the fuel region, whereas 
for the lead, a maximum effect was obtained with essentially no water between the reflecting walls and the 
fuel region. 
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Title: Accidental Criticality of a Fusion-Fission Hybrid Blanket Design 

Date: 2/1/1980 

Report: NUTYBB, 047, 221-233 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Whenever a fissionable blanket is added to a controlled thermonuclear reactor, an 
investigation of the potential for accidental criticality is necessary to ensure the safety of this hybrid device. 
The neutronic effects of blanket meltdown and the ingress of steam into the blanket, studied for one such 
fusion-fission hybrid reactor, indicate that accidental criticality will be achieved only for very long blanket 
residence times or highly improbable accident sequences. Even though only one hybrid device was 
investigated, the results indicate that it is possible to design a reactor that will remain subcritical even under 
certain incredible circumstances. 
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Author: Durst, B. M. / Bierman, S. R. / Clayton, E. D. / Mincey, J. F. 

Title: Critical Experiments with Solid Neutron Absorbers and Water-Moderated Fast Test Reactor Fuel 
Pins 

Date: 4/1/1980 

Report: NUTYBB, 048, 128-149 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A series of experiments was performed at the Battelle-Pacific Northwest Laboratories 
on water-flooded arrays of Fast Test Reactor fuel elements (PuO2-UO2) intermixed with solid neutron 
absorbers. The objective of these experiments was to provide reliable experiment data that could be used to 
benchmark computer codes and calculational schemes commonly used in criticality analysis of such 
systems. The neutron absorbers used were cadmium and Boral plates and gadolinium cylindrical rods. 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Critical masses and subcritical mass limits in oxide-water mixtures were calculated 
for actinide nuclides other than 233U, 235U, and 239Pu that have an odd number of neutrons in the nucleus; 
SN transport theory was used together with cross sections, drawn from the GLASS multigroup library, 
developed to provide accurate forecasts of actinide production at Savannah River. 
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Title: Supercriticality Through Optimum Moderation in Nuclear Fuel Storage 

Date: 5/1/1980 

Report: NUTYBB, 048, 251-260 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A nuclear fuel storage pool has to be designed to ensure subcriticality under any 
conditions. Within this framework, a peculiar moderation phenomenon that yields supercritical states from 
accidental (though very unlikely) circumstances is analyzed. Namely, in an overmoderated spent fuel pool, 
a reduction in the water density can lead to an increase in reactivity. Equally, a dry storage might be 
accidentally filled with water mist or foam, leading to a critical state. A numerical assessment is presented 
to point out the phenomenon and to clarify it. 
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Conference Session:  

Abstract/Keyterms: Criticality benchmark-type data are obtained on four undermoderated FTR (Fast Test 
Reactor) fuel pin-water lattices with concrete reflection. The experiments were designed to serve as 
benchmarks for validating computer codes and nuclear data used in calculations of mixed plutonium and 
uranium systems. These particular experiments provide measurement data on concrete reflectors that can 
be used for checking not only "concrete cross sections" but also the computer modeling of systems 
involving concrete reflectors. 
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Conference Session:  

Abstract/Keyterms: An analysis has been performed to determine the heatup of spent fuel following a 
hypothetical accident involving drainage of the storage pool. The heatup has been found to be strongly 
dependent on the spent fuel decay time, the storage rack design, and the packing density in the pool, as well 
as the drainage level and the building ventilation characteristics. In particular, the prerequisite decay time 
to preclude failure of the cladding due to rupture or melting has been found to vary from <10 days for some 
storage configurations to several years for others. The potential for reducing this critical decay time either 
by making reasonable design modifications or by providing effective emergency counter-measures has been 
found to be significant. 
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Title: BeH2 as a Moderator in Minimum Critical Mass Systems 

Date: 7/1/1980 

Report: NUTYBB, 049, 315-320 
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Conference Session:  

Abstract/Keyterms: The possibility of using BeH2 as a moderating material to further lower critical 
masses was investigated by the authors. Apart from the reactivity bonus and the better scattering properties 
of beryllium, the higher hydrogen atomic density, especially in the crystalline form of BeH2 could 
significantly bring down critical masses. 
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Abstract/Keyterms: In this paper, the concept of information divergence, based on Kullback`s information 
measure, is introduced into reactor noise analysis. Information divergence, as introduced by Kullback, is 
the total average information measuring the separation or dissimilarity between two classes of statistical 
populations. A new species of information divergence is proposed that applies information divergence 
theory to stochastic processes in general and the reactor noise process in particular. Using this information 
divergence, the pattern discrimination of reactor noise for a subcritical reactor is studied. 
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Abstract/Keyterms: The Nuclear Safety Department of the French Commissariat a l'Energie Atomique 
has achieved an important experimental program relating to the criticality of 4.75-wt%-235/U-enriched 
UO2 rods in water with various configurations. Two series of recent results are presented first series, 
completing the parametric study, deals with square-pitch lattices immersed in a sodium nitrate solution 
(H2O+NaNO3), and the second series deals with four assemblies of 1818 rods, between which various 
hydrogen compounds have been interposed. 
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Conference Session:  

Abstract/Keyterms: A possible accident scenario in a gas-cooled fast reactor (GCFR) is the leakage of 
secondary steam into the core. A full-scale experimental study of the physics effects of such an accidental 
condition has been performed on the zero power reactor (ZPR)-9 critical facility at Argonne National 
Laboratory. Polyethylene foam strips were used to simulate steam for these measurements. The basic 
neutronics parameters, namely, neutron spectrum, spectral indexes, reactivity worths, 238U Doppler effect, 
and B4C control rod worths, were measured in the steam-flooded GCFR critical assembly and in the 
corresponding dry, reference GCFR assembly. The results of these measurements clearly show the spectrum 
softening effects on steam entry. For the analysis of the experiments, ENDF/B-IV-based data were used 
with two-dimensional diffusion theory methods. It was concluded that the values of the primary safety 
parameters increased upon steam entry relative to the reference dry case. Such an increase would mitigate 
the effects of accidental steam entry in a GCFR. 
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Abstract/Keyterms: A series of subcritical multiplication experiments was conducted at PURNIMA 
Laboratories, Trombay, on a thick BeO-reflected 233U(98.2 wt% enrichment) uranyl nitrate solution 
system. The main purpose of the experiment was to develop the method of analysis and interpretation of 
neutron multiplication data in the early stages of approach to critical (k(eff) <<0.8) and estimate the 
minimum critical mass of the system in the idealized parallelepiped geometry. 
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Abstract/Keyterms: Several models have been proposed in the literature to describe glass leaching 
behavior in aqueous solutions, but they are primarily applicable to relatively simple glasses. Their 
shortcoming is that they do not incorporate enough of the phenomena occurring during leaching. Leaching 
characteristics of a complex waste containment glass are discussed. Gamma irradiation increases the leach 
rates. Since bulk diffusion does not play a major role in leaching, the existing models are totally indequate 
for complex glasses. 
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Abstract/Keyterms: LEU-COMP-THERM-011, LEU-COMP-THERM-051; Close-packed storage of 
light water reactor (LWR) fuel assemblies is needed to expand the capacity of existing underwater storage 
pools. This increased capacity is required to store the large volume of spent fuel that arises from prolonged 
on-site storage. To provide benchmark criticality data in support of this effort, an experimental program 
sponsored by the U.S. Department of Energy was undertaken. Low-enriched UO2 fuel pins in a water-
moderated lattice were used to construct 20 critical assemblies that simulated a variety of close-packed 
LWR fuel storage configurations. The critical assemblies consisted of nine LWR-type fuel assemblies 
(clusters) grouped in a radially reflected 3×3 array. Both the spacing and material between the fuel clusters 
were varied to provide numerous critical configurations. All pertinent data for each critical assembly are 
documented in sufficient detail to validate calculational methods according to the American National 
Standards Institute standard N16.9-1975. Criticality calculations using the Monte Carlo code KENO IV 
were performed for comparison with the experimental data. The comparison shows that the calculational 
model underestimates keff when separation between fuel clusters is >1 pin pitch (1.64 cm), and that the 
degree of underestimation increases as the spacing widens. 
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Abstract/Keyterms: Simplified methods based on the weak dependence of the fast reactor spectra on 
exposure have been developed for fuel cycle and sensitivity analysis of both the homogenized core and the 
core-blanket systems, resulting in significant savings in computer time relative to a direct method of 
spectrum calculation. In this paper the development of simplified procedures to include space dependence 
of the spectrum is reported. These methods are extended to evaluate the sensitivity of fuel cycle cost and 
breeding when basic cross-section data are varied. A simple method to complement direct methods of 
exposure-dependent multigroup sensitivity analysis has also been developed. 
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Abstract/Keyterms: The minimum overall size of a reflected pebble-bed reactor is, in general, 
considerably smaller than that of the corresponding bare-critical assembly. It becomes meaningful, 
therefore, to refer to reflector savings in terms of overall size and not just in terms of core dimensions or 
fuel requirements, as is usually the practice for other types of thermal reactors. This paper considers, for 
the purpose of illustration, numerical results for a spherical reactor fueled with low-enriched uranium (LEU) 
pebble-bed fuel elements at average burnup. The factors that contribute to the significant size-savings from 
the reflector are discussed, as are certain practical implications such as the possible dual criticality of a 
system of fixed outer dimensions. 
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Conference Session:  

Abstract/Keyterms: Fuel element storage racks in shipping casks or fuel basin storage pools are generally 
designed and built such that either structural materials and/or fixed neutron poisons create neutron flux 
traps between the fuel elements. To provide data for comparison with calculations on such systems, a series 
of criticality experiments has been performed in which flux traps were created between subcritical clusters 
of low 235U-enriched (2.35 and 4.31 wt%) UO2 rods in water. The results of these experiments are 
presented. 
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Abstract/Keyterms: The objective of this paper is to develop a device to measure the k(infinity) of a spent 
fuel assembly used in light water reactors. A subcritical assembly having a cross configuration is designed 
to allow measurement of the k(infinity) of a spent fuel assembly by comparing the change in its 
multiplication with that of a fuel assembly of known k(infinity). Calculations have been performed using 
nucleonic codes to develop polynomial equations that relate the k(infinity) of the spent fuel assembly to 
measured data. The measurements involve taking count rates with the spent fuel assembly in the center 
position of the subcritical assembly, and the measured data are the count rate ratio of the spent fuel assembly 
over the count rate taken with a fuel assembly of known k(infinity). The polynomial equations are easy to 
program on a microcomputer, which, together with the subcritical assembly, form the k(infinity) meter. 
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Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-003, LEU-COMP-THERM-004, 
LEU-COMP-THERM-002, LEU-COMP-THERM-017, LEU-COMP-THERM-009, LEU-COMP-
THERM-014, LEU-COMP-THERM-042, LEU-COMP-THERM-010; LEU-COMP-THERM-012, LEU-
COMP-THERM-013, LEU-COMP-THERM-016; A research program, funded by the U.S. Nuclear 
Regulatory Commission (NRC), to provide experimental criticality data on conditions simulating light 
water reactor (LWR) fuel shipping and storage configurations was begun in 1976 at the Battelle-operated 
Critical Mass Laboratory at Hanford. The results of four sets of experiments in this program have been 
reported in previous NRC documents. The results from a fifth set of experiments are covered in this paper 
and involve two fuels immersed in water. 
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Abstract/Keyterms: Investigation of the initial core poisoning of the pebble bed high temperature reactor 
has been made by experiments and by checking computations. In following the example of the thorium 
high-temperature reactor THTR-300, THTR absorber elements poisoned with hafnium-boron were added 
to the THTR fuel and graphite elements of the KAHTER core. Three different hafnium-boron poisoned 
core loadings, corresponding to 2.7, 5.3, and 8% reactivity compensation, were used in the experiments. 
For purposes of comparison, two cores poisoned exclusively with boron were also studied. The poisoning 
of these cores corresponds to 2.7 and 8% reactivity compensation, respectively. The experiments and 
checking computations should serve to test the accuracy of the theoretical models and data sets in modeling 
the reactivity effects of absorber poisoned elements in the THTR. In particular, the applicability of the 
nuclear data of hafnium and the treatment of resonance calculations should be verified. In addition to 
determining critical masses and keff, special emphasis was placed in the experiments on the exact 
determination of all reactivity effects. In some cases, repeated loading of a configuration also provided a 
measure of the reproducibility of keff. The experiments were checked computationally using the 
GAMTEREX code package and the program system RSYST. These two computation packages contain 
different data bases, although the hafnium data are identical, and the computing models differ in certain 
phases of the calculations. Both code systems compute keff values to within the present accuracy 
requirements, whereas the program system RSYST gives better agreement with experimental 
measurements. 
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Abstract/Keyterms: The Coupled Fast Reactivity Measurements Facility (CFRMF) is a zoned-core critical 
assembly with a fast neutron spectrum zone in the center of an enriched 235U, water-moderated thermal 
driver. The central neutron field is a Cross-Section Evaluation Working Group benchmark for data testing 
of fission product, actinide, and dosimetry cross sections important to fast reactor technology. The AMPX 
and FORSS code systems were used to determine a covariance matrix for the CFRMF central neutron 
spectrum. The covariance matrix accounts for neutron cross-section and fission spectrum uncertainties and 
correlations. Uncertainties in the 238U inelastic-scattering cross sections and in the 235U fission spectrum 
were found to contribute most to the standard deviations in the central flux spectrum. The flux-spectrum 
covariance matrix contains strong correlations. This strongly motivates including the off-diagonal elements 
in data testing and cross-section adjustment applications. The flux spectrum covariance matrix was applied 
in this work for integral data testing for dosimeter cross sections. 
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Abstract/Keyterms: The state of development of two laser techniques is sufficient for a laboratory 
experiment with the Raman laser offering better possibilities with regard to scalability and stepwise 
frequency tuning. It has to be emphasized, however, that both of these methods are still unable to fulfill the 
specifications for a technical isotope separation plant. A more or less continuous tunability is probably 
indispensable and repetition rates of the order of 10/sup 3/ to 10/sup 4/ Hz are required if a supersonic UF6 
jet is to be used to simplify the complex spectrum. The OPO mentioned earlier, while offering this 
continuous tunability, suffers from the severe drawback of insufficient pulse energy. In conclusion, the 
problem of an adequately powerful 16-..mu..m laser cannot be considered as resolved. 
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Abstract/Keyterms: The main feature of an advanced pressurized water reactor (APWR) with improved 
fuel utilization is a plutonium-enriched tight lattice core integrated in an unchanged primary system of a 
common pressurized water reactor (PWR) power station. Neutron physical investigations demonstrate that 
conversion ratios in excess of 0.9 and final burnups of ∼45,000 MWd/tHM are obtained with a reload 
enrichment of 7.5% fissile plutonium. The moderator-void coefficient is calculated to be negative. The 
high-pressure drop of an APWR core is compensated for by a slightly reduced coolant flow rate. Despite 
the fact that calculated safety parameters such as void coefficient, critical heat flux margin, and emergency 
core cooling behavior have to be proven by experiments, the homogeneous concept of a high-converting 
PWR appears to be feasible. 
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Abstract/Keyterms: The margin to criticality of selected distorted core configurations derived from the 
hypothetical loss of shutdown cooling accident in a 300-MW(electric) gas-cooled fast reactor has been 
investigated using two-dimensional transport theory. Configurations representing crumbled cores declad 
fuel columns in nearly intact geometry, and partial slumping of the fuel on the core floor with subsequent 
radial spreading have been studied. Three minimum postulated conditions for recriticality have been 
identified for the configurations characterized by declad fuel in nearly intact geometry: If the fuel is fully 
compacted (no spaces among the crumbled fuel pieces), then 55% of the fuel rods in the core must crumble 
for recriticality. If 65% of the volume in the crumbled fuel region is space occupied by fuel, then 46% of 
the fuel rods must be crumbled (with the remaining 54% standing erect but declad). If 28% of the volume 
in the crumbled fuel bed is space occupied by fuel, then 82% of the rods must crumble for recriticality. For 
cores that are postulated to melt and slump in a radially outward progression, the reactivity changes from a 
“safe shutdown” with K /SUB eff/ = 0.93 to supercritical with K /SUB eff/ = 1.103. If the compact, but 
molten, core spreads radially outward, the reactivity decreases to K /SUB eff/ = 1.041. 
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Abstract/Keyterms: A NaI(Tl)-based in-line enrichment monitor has been developed for the gas-phase 
UF6 feed stream of an enrichment plant to provide real-time material accountancy and/or containment-
surveillance data. The method has produced assay results that are independent of operating UF6 pressure, 
with an assay accuracy of better than 1% (1sigma) relative over the range of UF6 enrichments of 0.72 to 
5.4 at %. For 1.0%-enriched UF6 at 700 Torr, a 0.74% relative precision was obtained for a 1000-s counting 
time. As a result of these measurements, an in-line gas phase enrichment monitor has been installed in the 
Paducah-product feed line of the Oak Ridge Gaseous Diffusion Plant for field test and evaluation. 
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Abstract/Keyterms: Since 1963, the Rensselaer Polytechnic Institute`s (RPI) critical facility has contained 
6.01 kg of 235U, a load in excess of the 5-kg 235U formula quantity delimiting the stringent physical 
protection requirements of the Nuclear Regulatory Commission`s Category I. Because these requirements 
would be prohibitively expensive for RPI, a number of alternatives were examined, including 
decommissioning. A combined experimental and analytical program has succeeded in reconfiguring the 
core to loading below the formula quantity. Core physics parameters are within the technical specifications 
as before, and the experimental utility of the core is preserved in most aspects. The analysis used 
conventional pressurized water reactor industry nodal methods and can be regarded as providing 
experimental tests on these methods. 
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Abstract/Keyterms: ORIGEN2 is a versatile point-depletion and radioactive-decay computer code for use 
in simulating nuclear fuel cycles and calculating the nuclide compositions and characteristics of materials 
contained therein. It represents a revision and update of the original ORIGEN computer code, which was 
developed at the Oak Ridge National Laboratory (ORNL) and distributed worldwide beginning in the early 
1970s. Included in ORIGEN2 are provisions for incorporating data generated by more sophisticated reactor 
physics codes, a free-format input, and a highly flexible and controllable output; with these features, 
ORIGEN2 has the capability for simulating a wide variety of fuel cycle flow sheets. The decay, cross-
section, fission product yield, and photon emission data bases employed by ORIGEN2 have been 
extensively updated, and the list of reactors that can be simulated includes pressurized water reactors, 
boiling water reactors, liquid-metal fast breeder reactors, and Canada deuterium uranium reactors. A 
number of verification activities have been undertaken, including (a) comparison of ORIGEN2 decay heat 
results with both calculated and experimental values, and (b) comparison of predicted spent fuel 
compositions with measured values. The agreement between ORIGEN2 and the comparison bases is 
generally very good. Future work concerning ORIGEN2 will involve continued maintenance and user 
support along with additional verification studies and limited modifications to enhance its flexibility and 
usability. ORIGEN2 can be obtained, free of charge, from the ORNL Radiation Shielding Information 
Center. 
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Abstract/Keyterms: The behavior of a homogeneous reactor core of the 300-MW (electric) class has been 
evaluated during the pretransition and transition phases of a hypothetical loss-of-flow accident without 
scram. The SIMMER-II code has been used to track core material redistribution processes, which can lead 
to recriticalities and secondary nuclear power excursions. One of the key questions of core disruptive 
accident analysis if core meltdown inevitably leads to a bottled-up core situation with its energetics potential 
or if various phenomena exist (as material discharge of hot fuel through the axial blankets, drop-in of 
blanket material into the core region, etc.) that prevent the accident progression into a bottled-up transition 
phase pool. The analyses for the specified reactor design show that, taking into account the aforementioned 
phenomena, the dominant accident path will lead to the postaccident heat removal phase directly from the 
pretransition phase. The accident path into the transition phase with a bottled-up core situation and its 
energetics potential might thereby be avoided. 
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Abstract/Keyterms: The potential effect of low-density water moderation on an independent spent fuel 
storage installation (dry type) was investigated. As a function of water density, k(infinity) was determined 
for several water-flooding sequences. Calculations were performed for both unirradiated fuel assemblies 
and fuel at a burnup of 24 GWd/tonne M. 
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Title: Physics of a Gaseous Core Reactor 

Date: 12/1/1983 

Report: NUTYBB, 063, 359-368 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A specific type of gaseous core reactor consists of a UF4/CF4 fuel mixture in 
chemical equilibrium with a graphite reflector wall. Criticality calculations show that such a system requires 
a relatively small fuel investment. Temperature dependent fuel redistribution at power is shown to give a 
minor positive reactivity effect, which does not jeopardize safe reactor operation. Analysis of heat transport 
demonstrates that very high temperatures in the core center can be realized at moderate gas pressures, which 
opens a way to improve the efficiency of fission energy conversion processes. 
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Abstract/Keyterms: Some 500 cases of benchmark calculations on criticality problems for homogeneous 
experimental systems have been made with the KENO-IV Monte Carlo calculation code using the MGCL 
cross-section data library. The calculation results have been analyzed to classify the experimental systems 
so as to make the variance of calculated k /SUB eff/ bias as small as possible in each classified system. The 
trends of bias are identified and illustrated to be optimally expressed by a multiple variable regression 
equation in terms of several variables, which adequately correlate with the bias value of k /SUB eff/ 
calculated for the experiments. The uncertainty accompanied by bias correction for calculated k(eff) is 
clearly determined, and the margin set aside for the experimental error is assessed. Finally, the procedure 
to estimate nuclear criticality safety is proposed. 
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Abstract/Keyterms: The first results are presented of a comprehensive application of the sensitivity theory 
developed for the FORSS code system to the analysis of fast reactor integral experiments. A variety of 
assemblies and performance parameters were studied to determine the nuclear data sensitivity as a function 
of nuclide, reaction type, and energy. Comprehensive libraries of energy-dependent sensitivity coefficients 
were developed. Uncertainties induced by nuclear data were quantified using preliminary energy-dependent 
relative covariance matrices evaluated with ENDF B-IV cross sections and processed for 238U(n, f), 
238U(n,..gamma..), 239 Pu(n,..gamma..), and 239 Pu(anti..nu..). Calculational results, cross-section 
covariances, and integral results and their covariances were used in a consistent fashion to improve 
uncertainty estimates. A first attempt was made to quantify specifications for new cross-section 
measurements required to satisfy specific design goals at minimum experimental cost. An analysis of 
several critical experiments indicated that design accuracy goals of 0.5% in k and 2% in the central 238U 
capture: 239 Pu fission ratio (/sup 28/c//sup 49/f) ratio in mixed oxide liquid-metal fast breeder reactor 
cores are unlikely to be attained in the near future. this result assumes the nuclear data are based only on 
microscopic measurements, and the current cross-section measurement program is not changed 
dramatically. Current estimates are 2.3% in k and 7.3% in central reaction ratio using only differential 
covariance information. Using the measurements in ZPR-6/7 for k and central /sup 28/c//sup 49/f in a cross-
section adjustment scheme with assigned uncorrelated standard deviations of 1 and 2%, respectively, 
standard deviations of the same parameters were computed to be 0.7 and 1.8%. Results of integral 
experiments, therefore, are needed to improve uncertainty estimates. 
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Abstract/Keyterms: The Creys-Malville plant construction is now almost complete. Functional testing is 
well under way; loading and criticality are scheduled for 1985. A stage has been reached where first 
conclusions can be drawn from the SuperPHENIX design and construction experience. It is this vast 
reservoir of unique practical knowhow that was the subject of the recent meeting in Paris,”Experience 
acquise pendant la fabrication des composants du surgenerateur de Creys-Malville,” December 16, 1982, 
organized by the Societe Francaise d’Energie Nucleaire, Kerntechnische Gesellschaft, and the Societa 
Nucleare Italiana. SuperPHENIX is the world’s first commercial size breeder. The scale-up from its 
predecessor, PHENIX, represents a considerable engineering achievement, accomplished within just ten 
years and encompassing an immense technological stride forward. Design studies were performed using 
computer calculations and experimental research methods unthought of ten years ago. Hitherto unexplored 
aspects were investigated, in particular, in the fields of fatigue-creep damage assessment, seismic analyses, 
and identification and prevention of sodium water reaction hazards. New methods and procedures were 
elaborated, and highly specialized engineering teams were gradually formed and are presently ready to 
inaugurate the next step in fast breeder development. 
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Abstract/Keyterms: The optimization of in-core fuel management for a thorium-fueled Canada deuterium 
uranium (CANDU) nuclear reactor was investigated by minimizing the total refueling rate at equilibrium 
with respect to criticality and power-peaking constraints. The computer code ASTERIX was written to 
solve the optimization problem, using a steepest descent technique with a moderate number of diffusion 
calculations required. Because of the presence of /sup 233/Pa in the fuel, the diffusion calculations are 
nonlinear and are solved numerically by the specially written program CALYPSO. Simulation was 
performed on simple models of a CANDU 600-MW reactor, with the core divided into two or four refueling 
zones. Results indicated that the optimization method investigated did work out well and that potential 
savings of up to 14% in the feed rate are possible for the self-sufficient equilibrium thorium cycle fuel, with 
an optimum refueling rate of 1.372 X 10/sup -4/ MgHE (heavy elements)/MWd. Sensitivity of the optimal 
discharge burnups to the value of the power-peaking constraint was significant. 



 

C-14330 

14292…..…..…………………..…….……..……ID Number…………………..…..…………….14292 

Author: Yoder, Jr., Graydon L. / Morris, David G. / Mullins, Charles B. 

Title: Rod Bundle Burnout Data and Correlation Comparison 

Date: 3/1/1985 

Report: NUTYBB, 068, 355-369 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Rod bundle burnout data from 30 steady-state and 3 transient tests were obtained 
from experiments performed in the Thermal Hydraulic Test Facility at the Oak Ridge National Laboratory. 
The tests covered a parameter range relevant to intact core reactor accidents ranging from large break to 
small break loss-of-coolant conditions. Instrumentation within the 64-rod test section indicated that burnout 
occurred over an axial range within the bundle. The distance from the point where the first dry rod was 
detected to the point where all rods were dry was up to 60 cm in some of the tests. The burnout data should 
prove useful in developing new correlations for use in reactor thermal-hydraulic codes. Evaluation of 
several existing critical heat flux correlations using the data show that three correlations, the Barnett, 
Bowring, and Katto correlations, perform similarly and correlate the data better than the Biasi correlation. 
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Abstract/Keyterms: Thermodynamic and transport property predictions for UF6-He (gas mixtures) are 
presented covering the operating range of conceptual, circulating gas core nuclear systems. The gas 
mixtures of interest contain 10 to 20% helium by mass, which corresponds to helium mole fractions of 0.9 
and higher. For UF6 partial pressure <10 atm and temperatures in the range of 500 to 2000 K, mixture 
density can be determined from the ideal gas equation of state with an uncertainty of < 10%. Compared to 
pure UF6, the thermal conductivity of the mixtures is an order of magnitude greater; specific heat is doubled 
while viscosity is changed very little. For identical systems, it is shown that heat transfer rates for UF6-He 
mixtures are five to six times greater than for pure UF6. 



 

C-14332 

14294…..…..…………………..…….……..……ID Number…………………..…..…………….14294 

Author: Dugan, E. T. / Carroll, E. E. / Diaz, N. J. / Forehand, H. M. 

Title: Gas Core Reactor Neutronics-Theoretical Modeling and Experimental Verification 

Date: 5/1/1985 

Report: NUTYBB, 069, 134-153 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The development of a sound scientific data base that includes key information in the 
areas of neutronics, thermophysical properties, and materials for cyclic gaseous core reactors has been the 
objective of a lengthy theoretical/experimental research program at the University of Florida. The most 
recently completed phase of this program includes theoretical neutronics modeling and experimental 
verification. Static and dynamic neutronic experiments were conducted on the plasma core assembly at the 
Los Alamos National Laboratory to measure selected fundamental nuclear parameters in a gaseous core 
critical assembly in which a significant fraction ( about 20%) of the fissioning took place in gaseous 
uranium hexafluoride (UF6) fuel; the balance of the fissions occurred in a ring of conventional solid driver 
fuel rods surrounding the central gaseous core region. Measured parameters included neutron multiplication 
factors, neutron flux spatial and spectral distributions, reactor decay constants and reactivity worths of both 
the gaseous UF6 and the solid driver fuel rods for various critical and subcritical configurations. Measured 
parameters were then compared with theoretically predicted values to determine the adequacy of various 
analytical neutronics schemes. Theoretical predictions obtained from the various computational schemes 
for KeV neutronic parameters were, in general, in good agreement with one another and with experiment. 
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Abstract/Keyterms: Reactivity of void in the channels between the fuel plates is measured, and the impact 
of core conversion from using highly enriched uranium (HEU) to medium-enriched uranium (MEU) in the 
light-water-moderated cylindrical core with heavy water reflector is investigated on this quantity at the 
Kyoto University Critical Assembly. The void was generated in the flow channels by producing nitrogen 
gas bubbles through a small needle-like nozzle and the reactivity effect was measured. The void fraction 
was measured in an out of-pile experiment. The results indicate that the void effect on reactivity is slightly 
larger (more negative) in the MEU core than in the HEU core. It is also shown that the interference effect 
of reactivity by bubbling in two adjacent channels simultaneously is within the experimental error. 
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Abstract/Keyterms: The results of analyses on the void reactivity measurements performed in the Kyoto 
University Critical Assembly using medium-enriched uranium fuel as well as highly enriched uranium fuel 
are provided. In consideration of the heterogeneity of a complex core, four-group constants were generated 
by SRAC, a standard thermal reactor code system for reactor design and analysis at the Japan Atomic 
Energy Research Institute. The eigenvalue and perturbation calculations were subsequently performed by 
the 2D-FEM-KUR code, which is a two-dimensional diffusion code based on the finite element method. 
The calculated eigenvalue keff agreed with the measured value to within 0.5% in the calculated-to-
experiment ratio. The void reactivity calculated by perturbation theory approximately reproduced the 
experimental data including the spatial dependence. The discrepancy between the calculated and measured 
void reactivity was <0.05 × 10−3 Δ k / k per voided flow channel. 
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Abstract/Keyterms: The role of vapor bubble dynamics during an energetic superprompt critical power 
excursion in a liquid-metal-cooled fast breeder reactor (LMFBR) unprotected loss-of-flow accident is 
examined by extending a known bubble dynamics model to the case of a rapid temperature rise. Generally, 
bubble dynamics is expected to influence such an excursion in at least two ways: 1. The fuel vapor pressure 
buildup—An important shutdown mechanism for the nuclear excursion—could be delayed by limiting the 
fuel evaporation rate; this would mean large superheat of the liquid fuel. 2. Shrinkage of initially present 
bubbles during the excursion could cause a strong reduction of neutron streaming, and therefore increase 
the reactivity of the system (potential of an autocatalytic effect). Both problems have been studied in this 
paper, and the following results have been obtained: For the rather high heating rate of 400 K/ms, fuel vapor 
bubbles grow for typically 1.5 ms, and then shrink again due to the rapidly rising pressure. Growth rates 
are found to be fast enough so that the expected delay in vapor pressure buildup is small and can be 
neglected in core disassembly analysis. The case that the initial configuration is a boiling fuel/steel pool 
was further examined. The pool has a high void fraction due to the presence of steel vapor bubbles. Collapse 
of these bubbles during a temperature transient was studied with the bubble dynamics model. The associated 
reduction in the neutron streaming effect leads to an increase in reactivity. Its influence on the nuclear 
excursion was examined with the core disassembly code KADIS, using a modified Behrens formula for the 
streaming reactivity. The data of a homogeneous 300-MW(electric) class LMFBR were used, with a 33 
dollar/s reactivity ramp resulting from a recriticality driven by fuel compaction. Although the total 
streaming reactivity is as large as 2.32 dollars, it was found that its influence on the course of the power 
transient is only weak, because the bulk of it is released, at a high rate, only after the power peak, when 
nuclear shutdown by gross material motion is already in progress. 
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Abstract/Keyterms: Thermal reactor benchmark calculations have been performed with the “design 
codes” EPRI-CELL and PDQ using ENDF/B-V cross-section data. The purpose of these calculations is to 
determine the quality of ENDF/B-V data for predicting reactor parameters when used with methods 
typically employed for power reactor analysis. This verification is essential if ENDF/B-V cross sections 
are to be used widely by the nuclear industry for reactor design, core reload, and core-follow studies. It 
appears that ENDF/B-V, when used in typical reactor design codes, is an accurate data set for light water 
reactor analysis. Computed resonance integrals and reaction ratios for 238U seem to be slightly high but 
are within the uncertainty. The average keff obtained for a diverse set of 27 UO2 and MO2 critical 
configurations is 1.002 ± 0.002. Critical UO2 eigenvalues are consistently slightly overestimated, on the 
average by 0.2%. The average eigenvalue obtained for the mixed-oxide lattices is 1.0007 with a standard 
deviation of 0.0023. Plutonium isotopic ratios generally show good agreement with measured values 
obtained from burned power reactor pins. 
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Abstract/Keyterms: In the critical assembly SNEAK 12B, the reactivity effects of material movements 
occurring in a postulated fast reactor accident were investigated in a test zone composed of PuO2UO2 rod 
bundles. The experimental program included addition and removal of fuel, addition of steel between the 
fuel rods, and vertical and horizontal relocation of fuel. The measured reactivity changes could be well 
reproduced by eigenvalue calculations in SN transport theory, while first-order perturbation transport theory 
and diffusion theory in most cases yielded substantial deviations. 
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Abstract/Keyterms: The incentive of the Kernforschungszentrum Karlsruhe (KfK) advanced pressurized 
water reactor (APWR) investigations is the improvement of uranium utilization in a modem Federal 
Republic of Germany pressurized water reactor (PWR) by replacement of the core with a high converting 
one. The high conversion ratio is obtained by using mixed oxide (UPUO2 in a tight light-water-moderated 
triangular lattice. The harder neutron spectrum leads to higher conversion ratios, to higher fissile enrichment 
and fissile inventories, and to worse reactivity behavior after coolant density changes. That means that core 
modification of the PWR shifts its neutron physics properties in the direction of fast reactor characteristics. 
The analysis of available calculational methods for fast and thermal reactors showed that neither the 
WIMS/D code, reliable for thermal reactors, nor the approved KAPROS fast reactor code can adequately 
predict the reactivity of an APWR in all configurations between normal and a totally voided core. A newly 
developed procedure, KARBUS, within the KAPROS fast reactor code system combines the advantageous 
features of thermal and fast reactor calculational methods. The preliminary validation for fast, epithermal, 
and thermal lattices, including burnup behavior, indicates that KARBUS is an adequate tool for the APWR 
investigations at present. Improvements in the detailed analysis of a final APWR design and of APWR 
neutron physics experiments in progress are briefly discussed. Parametric calculations for a simplified 
model indicate that current KfK proposals for homogeneous and heterogeneous APWR cores are nearly 
optimum concerning the competitive properties conversion ratio and void effect in a critical core poisoned 
by reactor control or by fission products. 
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Abstract/Keyterms: The results are presented of a research project that is aimed at designing a gadolinium 
burnable poison (BP) system for complete reactivity control of a pressurized water reactor (PWR) core 
during the “equilibrium” cycle, resulting in the elimination of the soluble boron system, which represents 
a considerable saving in both capital and operating costs. A flat and strong negative moderator temperature 
coefficient is assured for a poison-free moderator. The design analysis of a core, heavily loaded with 
gadolinium BP rods, was based on a BGUCORE neutronic package and cluster model of a fuel assembly. 
The project objective was achieved by a novel lumped BP rod, designed as an annulus of gadolinium, clad 
by zirconium, and inserted into vacant guide thimbles of fresh-fuel assemblies. Specific combinations were 
found for the inner/outer radii of the poison ring, gadolinium densities, and number of rods per assembly, 
resulting in an almost flat criticality curve during the cycle. A reactivity swing of approx. =1%.delta.k can 
be easily controlled by an existing system of control rods. Comparison of the fuel cycle length of a 
gadolinium-controlled core with that of the reference, soluble, boron-controlled core indicated that there is 
no penalty due to residual poison at end of life. Unique guidelines for the fuel loading strategy were applied 
to find a practical fuel-shuffling scheme by which the design and operational constraints of a typical PWR 
core of current design were satisfied. Several problems should be solved for a practical implementation of 
the presented design relative to operational and safety requirements of the existing control rod system. 
Adequate movement of the regulating rods should be determined and shutdown margins of the safety rods 
should be ascertained. Final judgment of the feasibility of the concept may be made following the solution 
of these and other regulatory-related issues. 
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Abstract/Keyterms: Subcommittee 8 of the Standards Committee of the American Nuclear society is 
revising the Standard for Nuclear Criticality Control and Safety of Homogeneous Plutonium-Uranium Fuel 
Mixtures Outside Reactors to include limits on heterogeneous systems. In connection with this effort, a 
number of criticality calculations were completed for mixed-oxide (PuO2+UO2) fuel pins in water. The 
concentration of PuO2 in the UO2 (natural uranium) covered the range from 3.0 to 34 wt%. The isotopic 
makeup of the plutonium was also varied, up to 25 wt% 240Pu and 15 wt% /sup 24l/Pu. A search was made 
on fuel pin diameters and water-to-fuel volume ratios to obtain minimum critical dimensions and masses 
for a given fuel composition. Calculations made independently by several different members of the Work 
Group are compiled and compared, together with the proposed subcritical control limits for the Standard. 
Some difficulties were encountered with calculations pertaining to 30% PuO2 at 240Pu concentrations at 
water-to-fuel volume ratios and fuel pin diameters outside the area covered by any critical experiment. For 
this reason, dimensional limits on heterogeneous systems are not being proposed at this time for the 
Standard with 30% PuO2 at a 240Pu content of 25%. In general, for a given fuel composition of mixed 
oxides, a heterogeneous arrangement of fuel pins of optimum diameter in water results in substantially 
smaller minimum critical dimensions than are obtainable for and aqueous homogeneous plutonium-
uranium fuel mixture. 
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Abstract/Keyterms: Based on a simplified solution of the balance equations for concentration of uranium 
and plutonium isotopes and a set of two-group microscopic cross sections, isotopic ratios, 235U/U, Pu/U, 
and 239Pu, 235U, are calculated as a function of fuel burnup for pressurized water reactor spent fuel. The 
two-group cross sections for 235U, 238U, 239Pu, and water are collapsed into equivalent thermal-group 
constants, with the fast-to-thermal flux ratio obtained through a two-group criticality consideration. For this 
purpose, parasitic neutron captures are represented through a simple semiempirical relationship. The 
calculational model, incorporated as the BURN code, yields isotopic ratios that compare favorably with 
three major data sets from the ISTLIB data bank. 
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Abstract/Keyterms: The optimization problem of the in-core fuel management of a thorium-fueled 
CANDU pressurized heavy water reactor (PHWR) consists of several component actions: the number of 
fresh fuel bundles inserted in the channels, the choice of the channels to be refueled next, the refueling rate, 
and the composition of the fresh fuel bundles (the latter relevant to advanced fuel cycles). Several fresh fuel 
compositions of 232Th and 233U were investigated and compared to the self-sufficient equilibrium thorium 
(SSET) cycle fuel in terms of the objective function of an optimal fuel management problem. This 
optimization problem consisted of minimizing the total refueling rate at equilibrium with respect to 
critically and power peaking constraints. The maximum acceptable value of the form factor was equal to 
1.20, the form factor defined as the maximum-to-average power density ratio in the reactor core. The reactor 
core was divided into two refueling zones, each characterized by a uniform refueling rate for its channels. 
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Abstract/Keyterms: There are some cases where the ex-core neutron detector response is dependent not 
only on the fission source distribution in a core but also on neutron absorption in the borated water reflector. 
For example, an unexpectedly large response variation was measured during the nuclear ship Mutsu land-
loaded core critical experiment. This large response variation is caused largely by the boron concentration 
change associated with the change in control rod positioning during the experiment. The conventional 
Crump-Lee response calculation method has been modified to take into account this boron effect. The 
correction factor in regard to this effect has been estimated using the one-dimensional transport code 
ANISN. The detector response variations obtained by means of this new calculation procedure agree well 
with the measured values recorded during the experiment. 
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Abstract/Keyterms: As a result of the Commissariat a l’Energie Atomique CRAC experimental program, 
which studied the phenomenology and the radiological consequences of a criticality excursion in fissile 
solution, the EDAC system has been developed. This system detects a criticality accident and warns 
personnel as early as possible by triggering the necessary audiovisual alarm. The main features of this 
equipment are its ability to cover all types of accidental kinetics and to use sensors giving a total dose 
response in neutron and gamma radiation. According to new results acquired with the SILENE reactor in 
the field of criticality accidents, an evolution is taking place in France. An improved EDAC system is being 
designed not only to trigger a criticality alarm but also to provide information on the accident, to assist in 
accident diagnosis, and to contribute to being better equipped to cope with an accident situation, for 
example, if intervention is needed or if reoccupation of evacuated areas is desired. 
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Abstract/Keyterms: The critical experiments reported provide data for the effect of a soluble neutron 
absorber (cadmium nitrate) on the criticality of high-enriched uranium nitrate solution. These data can be 
used in criticality control and for validation of calculational methods. The experiments were performed 
with cylindrical vessels of two different diameters, 241.8 and 291.6 mm. Cadmium concentrations used in 
the high-enriched uranium solution ranged up to -- 11 gCd/iota. The vessels were reflected with water, and 
in some cases with water containing dissolved cadmium nitrate. The cadmium was found to be an effective 
neutron absorber when dissolved in the solution. 
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Abstract/Keyterms: The HELIOS.HX code has been developed for the design study of high conversion 
light water reactor (HCL WR) lattices. Analysis of the PROTEUS critical experiments at the Swiss Federal 
Institute for Reactor Research has been carried out as the first step toward validation of the HELIOS.HX 
code, and indications are that the accuracy may be at a higher or comparable level compared to that of 
WIMS-D, EPRI-CPM, and SRAC. In addition, comparisons with Monte Carlo calculations have also been 
performed for an HCLWR fuel assembly benchmark problem, showing that the accuracy is passable in the 
prediction of important nuclear characteristics, thereby indicating the validity of various approximations 
involved in the physics methods. These numerical results indicate that the code has basic potential as a tool 
for HCLWR lattice analysis, but covers only limited HCLWR lattice conditions. 
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Abstract/Keyterms: A one-step, continuous, thermochemical calcination process, called the FLASHCAL 
(Flash Calcination) process has been developed for the production of single- and mixed-oxide powders of 
fuel metals (uranium, thorium, and plutonium) from the respective nitrate solutions using the Whiteshell 
Roto-Spray Calciner (RSC). The metal-nitrate feed solution, either by itself or mixed with a suitable 
chemical reactant or additive is converted to its oxide powder in the RSC at temperatures between 300 and 
600°C. Rapid denitration takes place in the calciner, yielding the metal-oxide powders while simultaneously 
destroying any excess chemical additive and reaction by-products. In the production of precursor oxide 
powders suitable for fuel fabrication, the FLASHCAL process has advantages over batch calcination and 
other processes that involve precipitation and filtration steps because fewer processing and handling 
operations are needed. Results obtained with thorium nitrate and uranium nitrate-thorium nitrate mixtures 
indicate that some measure of control over the size distribution and morphology of the oxide product 
powders is possible in this process with the proper selection of chemical additive, as well as the operating 
parameters of the calciner. A particular advantage of the RSC is that due to the low holdup of materials in 
the calcination chamber, it can conveniently and safely handle fissile materials that are subject to criticality 
constraints. The simplicity of the process technology also makes it suitable for remote applications under 
radioactive conditions such as in fuel recycle and fuel refabrication operations. 
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Abstract/Keyterms: A natural circulation boiling water reactor (BWR) with a rated capacity of 600 
MW(electric) has been conceptually designed for small- and medium-sized light water reactors. The 
components and systems in the reactor are simplified by eliminating pumped recirculation systems and 
pumped emergency core cooling systems. Consequently, the volume of the reactor building is ∼50% of 
that for current BWRs with the same rated capacity; the construction period is also shorter. Its thermal-
hydraulic characteristics, critical power ratio (CPR) and flow stability at steady state, decrease in the 
minimum CPR (ΔMCPR) at transients, and the two-phase mixture level in the reactor pressure vessel (RPV) 
during accidents are investigated. The 8 × 8 fuel bundles with 3.1-m active lengths are used to achieve high 
seismic resistance and good thermal-hydraulic characteristics. Operation pressure of 7.0 MPa and 
volumetric power density of 34.2 kW/ℓ are determined from the CPR and flow stability limitations. The 
maximum ΔMCPR appears at load rejection transient and is <0.05. The CPR under normal operation is 
>1.3, which is a sufficient margin for the limitation value of 1.12. The two-phase mixture level in the RPV 
during an accident does not decrease to lower than the top of the core; the core uncovery and heatup of fuel 
cladding would not occur during any loss-of-coolant accident. 
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Abstract/Keyterms: Using as a starting base the high-density spent-fuel storage racks to be put into the 
Chinshan and Kuo-shang nuclear power plants, a series of criticality analyses with various combinations of 
fuel assemblies and storage rack designs were performed using an AMPX-KENO/XSDRNPM computer 
code package. The calculated k∞ value for the storage pools in the two subject plants using Boral (0.013 
g/cm2 10B) poisoned rack lattices and 3.2 wt% enriched fuel assemblies is 0.900 under conservative 
assumptions. Considering all the calculation biases and statistical and manufacturing uncertainties, the 
maximum k∞ value is estimated to be 0.929 under normal storage conditions. Variation in water 
temperature and density or abnormal positioning of fuel assemblies will result only in a negative effect on 
value. The deviation of the calculated k∞ values between the one-dimensional Sn XSDRNPM code and the 
KENO-IV code is within the normal Monte Carlo variations. Based on XSDRNPM calculations, k∞ values 
and the associated uncertainties due to fuel and rack manufacturing tolerances are tabulated. These 
interpolations can be used for the estimation of the value for any particular fuel and rack combination based 
on the tabulated data. 
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Abstract/Keyterms: A criticality safety study on a light water moderated and reflected coupled core loaded 
with highly enriched uranium fuel was performed in the Kyoto University Critical Assembly. The critical 
mass and neutron flux distribution were measured systematically as a function of the separation distance 
between the two cores, varying the H/ 235U atomic ratio (i.e., the moderator-to-fuel volume ratio). These 
data were analyzed with the SRAC code system to assess the capability of diffusion theory to analyze the 
coupled-core system. It was found that the critical mass of the coupled core showed the minimum when the 
two cores were separated by a certain distance depending on the neutron spectrum in the core region. The 
neutron flux peak value at the water gap region reached the maximum when the separation distance was 5 
to 6 cm. The results calculated with the diffusion code installed in the SRAC system agreed well with the 
experimental data. 



 

C-14351 

14313…..…..…………………..…….……..……ID Number…………………..…..…………….14313 

Author: Mihalczo, J. T. / King, W. T. 

Title: Quality Assurance Verification of High-Flux Isotope Reactor Fuel Elements by the 252Cf-Source-
Driven Noise Analysis Method 

Date: 2/1/1989 

Report: NUTYBB, 084, 205-222 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The method used since 1970 for determining the subcriticality of High-Flux Isotope 
Reactor (HFIR) fuel elements submerged in water is to add extra reactivity-calibrated uranium fuel plates 
and neutron absorber strips to a fuel element in order to achieve delayed criticality when it is submerged in 
water. This quality assurance (QA) verification determines that a fuel element meets reactivity 
specifications before it is used in the reactor. The use of 252Cf-source driven neutron noise analysis method 
to measure the subcriticality of fuel elements as an alternate to the critical experiments method as 
investigated by performing experiments with 29 HFIR fuel elements submerged in water. Reactivity was 
also measured by the break frequency noise analysis method. These measurements have shown that the 
252Cf-source-driven noise analysis method can be used to determine whether HFIR fuel elements are 
fabricated within design specification by measuring the subcritical neutron multiplication factor of the fuel 
element submerged in water without the need to achieve delayed critically. In addition, these experiments 
have shown that measurements can be made with the detectors outside the water reflector tank; the results 
do not depend on the type of detector used (neutron sensitive, gamma-ray sensitive or sensitive to both 
neutrons and gamma rays). 
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Abstract/Keyterms: Some of the most frequently presented scenarios for the initial power excursion of 
the Chernobyl accident are evaluated based on computer simulations. The applied transient model uses one-
dimensional descriptions of the reactor core and the main flow circuit. According to the simulations, a slow 
flow decrease caused by gradual slowing down of the four main circulation pumps could have initiated the 
accident only if the void reactivity coefficient had been considerably larger than the original Soviet figure. 
On the other hand, a faster flow reduction, such as pump cavitation or deliberate stopping of even some of 
the pumps, would have produced enough void for prompt criticality. However, this scenario is sensitive to 
the size of the void coefficient and to the amount of flow reduction. The most probable initiator was 
considered to be the positive scram caused by the graphite followers of the manual control rods. Such a 
mechanism would naturally have brought the additional reactivity to the bottom half of the reactor, and the 
timing of the power surge would have been the reported one. The simulations indicated that the positive 
scram was possible only because of the double-humped axial power profile that probably prevailed in the 
reactor before the accident. The simulations also demonstrated the inability of the shutdown system in this 
sequence. 
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Abstract/Keyterms: The pinching effect in a co-decontamination extraction process is investigated with 
much concern for criticality safety control. To predict the pinching effect, computer codes, such as PULCO, 
are used to make numerical simulations. Using computer codes for criticality safety control seems to be 
impractical, however, because some uncertainties are inevitably associated with the calculation due to the 
assumptions that are included in a simulation code; thus, a safety margin must be taken into account in 
designing extraction equipment. A new model for inferring pinching effects is proposed. It is based on 
knowledge that represents the intrinsic nature of the pinching effect and a co-decontamination process 
holding independent of process conditions. The predictions obtained from this model are conservative, but 
practical from the standpoint of criticality safety control. The margin in designing equipment can be reduced 
if the overall reliability of a measurement system in which this model is to be incorporated is high enough 
to predict pinching effects. The program of this model is written in logic programming language, C-Prolog. 
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Abstract/Keyterms: The equilibrium time for production of enriched uranium and the effective neutron 
multiplication factor {kappa}{sub eff} are calculated for ion-exchange uranium enrichment based on the 
U(IV)-U(VI) electron-exchange reaction process. Experimental data are shown to fit well with the 
calculated equilibrium time curve. It is concluded that under the assumed process operating conditions, as 
much as 10 yr would be required to attain 50% 235U enrichment of the product starting with natural 
uranium feed. The {kappa}{sub eff} calculations indicate that the U(IV)-U(VI) exchange system reaches 
the critical state at a production enrichment grade of 61% 235U in anion-exchange systems. From the safety 
viewpoint, however, it is suggested that the product enrichment grade of the process be limited to 11% or 
less. 
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Abstract/Keyterms: Criticality safety and adherence to established keff criteria had to be demonstrated 
for the various defueling operations performed at Three Mile Island Unit 2. This included determination of 
adequate neutron poisoning for the reactor coolant system (RCS), design of the defueling canisters, the 
canister-handling devices, the storage racks, and the shipping cask. Tools, equipment, and support systems 
required for the defueling operation also had to adhere to criticality safety requirements. The keff criterion 
used to define the poison concentration for the RCS was ≤0.99. This criterion, coupled with an extremely 
conservative core model, led to a poison concentration that provided an appropriate margin of safety. To 
define the fixed poison requirements for the defueling canisters, a keff criterion of <0.95 was used for both 
single canisters and arrays in all credible configurations. For all design analyses, bounding assumptions 
were made. For each set of analyses performed, the evaluation of keff included an allowance to account for 
uncertainties in the calculated values. A criticality benchmark study was completed to determine 
appropriate computer code bias values for both the RCS and canister analyses. A lenticular model, which 
included the entire fuel inventory, was used to define the RCS boron concentration. Based on the analysis 
by Oak Ridge National Laboratory, a boron concentration of 4350 ppm was required to meet the keff 
criterion. Babcock and Wilcox Company performed the design analyses for the defueling canisters. Each 
type of canister was explicitly modeled and analyzed using the KENO code. The design requirements 
mandated that the diameter of the canisters be larger than critically safe dimensions; thus, fixed boron 
poisoning was utilized. The fixed poison used in the canisters was either Boral plates or stacked sintered 
boron carbide pellets. The quantity and location of the canister poison was determined based on keff limits 
and operational criteria for the canisters. Analyses were also performed to ensure that keff was ≤0.95 for 
canisters contained within the canister-handling devices. 
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Abstract/Keyterms: During the accident at Three Mile Island Unit 2, a significant mass of core debris 
relocated to the bottom head of the reactor vessel. Subsequently, defueling activities in the core area 
redistributed the fuel and caused further core debris to relocate to the lower head region. An analytical 
approach is presented for determining the relative increase in lower plenum debris bed mass from observed 
changes in ex-core neutron detector readings. The neutron source magnitude of the fuel in the lower reactor 
vessel plenum and the degree of subcritical multiplication of neutrons in the lower head are investigated. 
Based on the mathematical relation formulated, it is estimated that during lower core area defueling 
(September 1986 to November 1987), between 12 and 23.5 additional tonnes of core materials relocated to 
the lower head. 
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Abstract/Keyterms: Beginning in 1984, the Three Mile Island Unit 2 (TMI-2) defueling design team 
requested Oak Ridge National Laboratory to supply criticality safety licensing and support analyses for all 
fuel removal operations. This paper discusses (a) the computational methods and basic analytic models 
employed in the work, (b) the areas where computational analyses were requested, and (c) pertinent results 
and indicates their impact on the defueling effort. 
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Abstract/Keyterms: Following the accident at Three Mile Island Unit 2 (TMI-2), the likelihood of a 
criticality outside of the reactor coolant system (RCS) during the plant cleanup was very small. Given the 
consequence of any possible critical event in the TMI-2 systems, However, it was always necessary to 
ensure that all steps were taken to prevent criticality. Therefore, engineered controls were developed to 
ensure that decontamination of plant systems containing fuel material could be conducted in a manner that 
precluded criticality. 
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Abstract/Keyterms: The defueling of the damaged reactor at Three Mile Island Unit 2 (TMI-2), is 
conducted under 9.15 m (30 ft) of water for radiation shielding and nuclear criticality control. Adequate 
reactor coolant water clarity is necessary in this effort. After the start of active defueling, the reactor coolant 
water clarity rapidly deteriorated due to the presence of suspended colloids and a microbiological growth, 
which the originally designed filtration system could not adequately remove. Therefore, an alternate 
filtration technique was required. Deep-bed filtration was chosen and tested as a potential alternate method. 
The deep-bed testing program consisted of three distinct phases: small-scale single-element testing using 
reactor coolant and demineralized water full-scale hydraulic testing using demineralized water canister 
loading tests using a mockup knockout canister. The test data from each phase are presented with an analysis 
of the results. Since the design objectives of turbidity values <1 ntu and a cumulative filter flow >378 500ℓ 
(100 000 gal) were not achieved, deep-bed filtration technology was not an acceptable substitute for the 
original filters. Certain deep-bed loadings did provide filtration with limited cumulative filter flow; 
however, based on the test results, the improvement in water clarity would have been inadequate for TMI-
2 needs. In general, the results of the deep-bed testing program indicate that the loadings that provided 
effective filtration did so at the expense of reduced run time and cumulative flow through the filter, whereas 
the loadings that provided higher cumulative filter flow and run time sacrificed filtration effectiveness. The 
results further indicate that the deep-bed filter failed to provide effective filtration at higher levels of 
suspended solids in the influent reactor coolant. To ultimately solve the TMI-2 water clarity problems, a 
melamine formaldehyde coagulant enhanced by a diatomaceous earth bodyfeed was utilized. 
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Abstract/Keyterms: Knowledge of the effective multiplication factor (keff) of variously configured 
damaged fuel at Three Mile Island Unit 2 (TMI-2) has greatly affected ongoing defueling operations. A 
recent DOT 4.3 discrete ordinates analysis has extended prior post accident analyses of keff to “best-
estimate “predictions of criticality at several crucial periods during the progression of the accident. Results 
from the current analysis show that the TMI-2 fuel was most likely in a highly subcritical configuration at 
all times during the accident. In addition, conservative calculations have shown that during the crucial initial 
coolant boiloff period of the accident, the conditions necessary for criticality are extremely unlikely. 
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Abstract/Keyterms: A requalification program was established for the Three Mile Island Unit 2 (TMI-2) 
reactor operators after the March 1979 accident made the TMI-2 reactor inoperable. A series of 
subcritical/critical experiments was presented in this requalification program using the Penn State Breazeale 
Reactor. The first five experiments were designed to demonstrate various conditions that might occur in the 
pressure vessel during the defueling program. Later this requalification program was reduced to presenting 
two experiments of a similar nature, but having different objectives and methods of presentation. These 
experiments are presented in detail, showing how this program contributed to the training of the TMI-2 
operators and their successful removal of the damaged core from the TMI-2 pressure vessel. 
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Abstract/Keyterms: A method for the nondestructive assay of spent light water reactor (LWR) fuel 
assemblies based on combined active and passive neutron counting is presented. The method allows the 
determination of burn-up, total fissile content, original enrichment of the spent fuel, and type of fuel 
[uranium or mixed oxide (MOX)]. The method, which was originally developed for criticality control in 
the front end of a reprocessing plant, can be used for plant safety assurance in nuclear installations and fuel 
storage facilities and for safeguards purposes. Measurements on spent uranium and MOX LWR fuel 
assemblies were undertaken in storage ponds at reprocessing plants and power stations. Results and 
experiences of the demonstration program are presented. Without prior knowledge of any fuel assembly 
data, the burnup of uranium fuel assemblies can be determined with an uncertainty of ±1200 MWd/tonne 
U and the initial enrichment of uranium fuel assemblies with an accuracy of ±5%. Using these data and 
accuracies, the total plutonium content can be determined from isotopic correlations with an accuracy of 
better than ±0.3 kg/tonne U for pressurized water reactor and ±0.5 kg/tonne U for boiling water reactor fuel 
assemblies. 
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Abstract/Keyterms: The areas of Integral Fast Reactor (IFR) safety research are characterized in terms of 
their importance to the risk of core disruption sequences for innovative designs. Such sequences constitute 
the primary risk to public health and safety. All core disruption sequences are divided into four fault 
categories: classic unprotected (unscrammed) events, loss of decay heat, local fault propagation, and failure 
of critical reactor structures. Event trees are used to describe these sequences, and the areas in the IFR safety 
and related base technology research programs are discussed with respect to their relevance in addressing 
the key issues in preventing or limiting core disruptive sequences. Thus, a measure of potential for risk 
reduction is obtained for guidance in establishing research priorities. 
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Abstract/Keyterms: A method for calculating the depletion and production of uranium, plutonium, 
transplutonium nuclides, and fission products (DPUFP) in a boiling water reactor was evaluated using 
measured values for JPDR-1 nuclear fuel. The results show that (a) a three-dimensional nuclear thermo-
hydrodynamic calculation is required for an accurate estimate, (b) the void fraction of a fuel assembly has 
a large effect on the production of transplutonium nuclides, (c) the measured values can be applied 
universally by correcting the irradiation and cooling histories and the effect of the neutron spectrum, (d) 
more reliable DPUFPs are obtained by closely correlating the calculated value of 134Cs/137Cs with the 
measured values, and (e) the effective neutron cross sections of uranium and plutonium can be obtained 
using the measured values. 
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Abstract/Keyterms: This paper analyzes the capability of various code systems and JEF-1-based nuclear 
data libraries to compute light water reactor lattices by comparing calculations with results from thermal 
reactor benchmark experiments TRX and BAPL and with previously published values. With the JEF-1 
evaluation, eigenvalues are generally well predicted within 8 mk (1 mk = 0.001) or less by all code systems, 
and all methods give reasonable results for the measured reaction rate ratios within, or not too far from, the 
experimental uncertainty. 
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Abstract/Keyterms: A series of subcritical experiments in unreflected annular geometry was performed 
with an aqueous Pu-U nitrate containing 173 and 262 g/{ell} of plutonium and uranium, respectively. The 
plutonium contained 91.1 wt% 239Pu, while the depleted uranium contained 0.57 wt% 235U.^In these 
experiments, the height of the solution in the annulus was varied from 17.8 to 84.2 cm. The annulus had an 
inner diameter of 25.4 cm, an outer diameter of 53.34 cm, and a 0.08-cm-thick wall of Type 304L stainless 
steel. In this paper, measurements using the 252Cf-source-driven neutron noise analysis method were 
interpreted to obtain the subcritical neutron multiplication factors. The data accumulated in the experiment, 
which is the first test of this method in annular geometry, are summarized, and the analysis of these data is 
presented. The results and conclusions of these experiments are as follows: the capability to measure the 
sub-criticality for a multiplying system of annular geometry to a k as low as 0.70 was demonstrated; the 
criteria developed in previous experiments for choosing source-detector system configurations for which 
the data can be interpreted using a modified point kinetics were also satisfactory for this experiment; the 
measurement times for this geometry were not significantly different from those used for cylindrical 
geometry and were sufficiently short to allow practical measurements; the reactivities obtained from break 
frequency noise analysis measurements agreed with those obtained from the ratios of spectral densities 
within the experimental uncertainties; the applicability of the method and an understanding of the theory of 
the measurement method for plutonium solution systems were demonstrated; and the calculated neutron 
multiplication factors agreed with the experimental values of k to within {approximately}0.03. 
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Abstract/Keyterms: A method for nondestructive assay of spent light water reactor fuel assemblies based 
on a combination of active and passive neutron counting is presented. After geometrical optimization, the 
Fuel Assembly Monitoring System (FAMOS) is a rather simple system. It allows the burnup, initial 
enrichment, type of fuel (uranium or mixed oxide), and criticality of the spent-fuel assembly to be 
determined. The results of a characterization program with emphasis on boiling water reactor (BWR) fuel 
assemblies are discussed. Burnup-dependent neutron emission data for spent BWR fuel are now available. 
The effect of steam void on plutonium and curium buildup is demonstrated. Because of this effect, the axial 
measurement position is of importance for an accurate assay. If the measurement is done at the upper part 
of the BWR fuel assembly, the error in burnup remains below ±2 GWd/tonne U, and the initial enrichment 
can be determined with an accuracy of ±15%. This still allows a clear distinction between the different 
enrichment regions used for BWR fuel assemblies. 
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Abstract/Keyterms: This paper reports on three-dimensional continuous-energy coupled neutron-gamma 
Monte Carlo models of the Advanced Neutron Source (ANS) final preconceptual and conceptual reference 
core designs developed using the Monte Carlo Neutron and Photon transport code (MCNP) Version 3b. 
These models contain the reactor core with control rods, the heavy water reflector tank with shutdown rods 
and some beam tubes, and the outer light water pool. Eighty homogenized fuel zones per fuel element are 
used to represent the radial and axial 235U fuel distribution. These models are the most sophisticated, 
physically accurate reactor physics models of the ANS currently available. The use of MCNP methods and 
applications to the ANS are demonstrated. Beam tube studies, coolant voiding studies, and many criticality 
studies have already been performed, as have studies with variance reduction techniques. In comparison 
with deterministic methods, MCNP proves superior in calculating the core multiplication factor and neutron 
fluxes in the reflector. The MCNP code offers the ANS project the capability of performing complicated 
reactor physics calculations not currently possible with most deterministic methods. 
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Abstract/Keyterms: This paper reports on a comprehensive fission gas release model developed by 
considering the behavior of multiple bubble sizes on the fuel grain boundary in terms of relevant physical 
parameters. This model takes into account bubble migration and coalescence; critical bubble size, which 
depends on the thermal gradient on the grain boundary; and the lenticular shape of the bubbles. Booth's 
classical diffusion theory is directly adopted in the modeling of intragranular fission gas behavior. To 
consider the bubble drift due to the thermal gradient, those bubbles that exceed the critical bubble size are 
assumed to be left on the grain boundary and to migrate along the thermal gradient until they encounter free 
voidages. Use of this model in the KAFEPA code, which predicts the absolute magnitude and the trend of 
the gas release depending on power history, gives better agreement with the experimental data than the 
predictions of the model in the ELESIM code, which considers only a single bubble size at the grain 
boundary. 
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Abstract/Keyterms: U233-MET-THERM-001; Aluminum-clad Al-20 wt% 233 U and Al-23 wt% Pu plate 
fuel subassemblies have been fabricated for the PURNIMA III critical facility and the Kamini research 
reactor. The fabrication flow sheet consists of preparing the master alloy using aluminum and uranium or 
plutonium metals as feed materials, remelting and casting the fuel alloy ingots, rolling, picture framing and 
sandwiching the fuel alloy between aluminum sheets, roll bonding, locating the fuel alloy core outline by 
X-ray radiography, and trimming and machining to final dimensions. Metallic molds produce better ingots 
than graphite ones. The addition of zirconium during melting improves the microstructure of the Al-U and 
Al-Pu castings and facilitates hot rolling of the ingots. In the subassembly the fuel plates are finally locked 
in aluminum spacer grooves by a novel roll-swaging technique. High-resolution X-ray radiographs and 
microdensitometric scans are utilized to confirm the homogeneous distribution of the fissile material in the 
fuel plates. Nonbond areas are detected by blister testing and immersion ultrasonic testing of the roll-bonded 
fuel plates. 
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Abstract/Keyterms: An active neutron multiplication method is studied in laboratory experiments aiming 
at establishing and improving nondestructive measurement methods for a spent light water reactor fuel 
bundle in water. The fuel rods used in the experiments consist of 1.0-cm-diam UO2 pellets enriched to 1 to 
3 wt% 235U, clad in 1.18-cm-O.D.. aluminum tubes. The rods are arranged in square arrays spaced to form 
a 1.52-cm lattice. The analysis carried out by two- or three dimensional, three-energy-group diffusion 
calculations. A simple empirical expression for the correlation between the neutron flux and the effective 
neutron multiplication factor keff is proposed in which a constant term is added to the well-known formula 
for one-point subcritical flux. The new expression has been found to be applicable to high-precision 
measurements. Through an experimental study of the correlation between the neutron flux profile and the 
neutron source response to a detector and studies of the new correlation expression, an improved 
measurement system is presented that is suitable for more precise measurements of keff. 
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Abstract/Keyterms: Analyses of unprotected loss-of-flow accidents for medium-size cores of current 
liquid-metal fast breeder reactors have shown that the accident proceeds into a transition phase where 
further meltdown is accompanied by recriticalities and secondary excursions. Assuming very pessimistic 
conditions concerning fuel discharge and blockage formation, a neutronically active whole-core pool of 
molten material can form. Neutronic or thermohydraulic disturbances may initiate a special motion pattern 
in these pools, called centralized sloshing, which can lead to energetic power excursions. If such a whole-
core pool is formed, its energetic potential must be adequately assessed. This requires sufficiently correct 
theoretical tools (codes) and proper consideration of the fluid-dynamic and thermohydraulic conditions of 
these pools. A series of experiments has been performed that serves as a benchmark for the SIMMER-II 
and the AFDM codes in assessing their adequacy in modeling such sloshing motions. Additional 
phenomenologically oriented experiments provide deeper insight into general motion patterns of sloshing 
fluids while taking special notice of asymmetries and obstacles that exist in such pools. 
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Abstract/Keyterms: Power reactor benchmark calculations using the advanced code package CASMO-3 
/SIMULATE-3 with new models have been performed for nine cycles of Chinshan Unit 1 and six cycles of 
Kuosheng Unit 1. The fuel reload designs include gadolinia as a burnable absorber, natural uranium axial 
blankets, and fuel from different vendors. The calculated results for cold critical tests and traversing in-core 
probe (TIP) responses are compared with measured data. These comparisons show that the new modeling 
accurately predicts important physics parameters for power reactors, and it is more accurate than the 
conventional model. However, more studies of the TIP adaption model are needed in order to gain more 
experience for its application. 
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Abstract/Keyterms: This paper reports on a methodology for homogenization and functionalization of 
one-dimensional cross sections for RETRAN that has been developed and encoded into the SIMULATE-3 
and SLICK computer programs. The method relies on the SIMULATE-3 nodal reactor analysis code to 
provide accurate solutions of the three-dimensional neutron diffusion equation in two energy groups. The 
process of producing the required data involves two distinct problems: the spatial homogenization of the 
three-dimensional cross sections and diffusion coefficients into one-dimensional variables and the 
functionalization of the one-dimensional data in terms of the feedback variables of coolant density, fuel 
temperature, and control fraction. The homogenization method is based on equivalence theory and 
preserves the eigenvalue and one-dimensional planar reaction rates of the three-dimensional solution. 
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Abstract/Keyterms: A means of transmuting key long-lived nuclear wastes, primarily the minor actinides 
(neptunium, americium, and curium) and iodine, using a hybrid proton accelerator and subcritical lattice, 
is proposed. By partitioning the components of the light water reactor (LWR) spent fuel and by transmuting 
key elements, such as the plutonium, the minor actinides, and a few of the long-lived fission products, some 
of the most significant challenges in building a waste repository can be substantially reduced. The proposed 
machine, based on the described PHOENIX Concept, would transmute the minor actinides and the iodine 
produced by 75 LWRs and would generate usable electricity (beyond that required to run the large 
accelerator) of 850 MW(electric). 
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Abstract/Keyterms: In high-temperature reactors (HTRs), ingress of water introduces positive reactivity. 
Normally, this controlled by the reactor itself, but in hypothetical situations, there could be a need for an 
active support by the control system. Calculational research identifies three reasons for the reactivity change 
caused by the water: (a) a negative contribution by the absorption of the hydrogen, (b) a positive 
contribution by the softening of the neutron energy spectrum, and (c) a reduction of the neutron leakage 
losses due to a shift in the neutron flux local distribution. By increasing the carbon/heavy metal ratio, the 
reactivity effect can be reduced to almost zero or even to negative values. In the modular pebble-bed HTR, 
this effect can be accomplished in a simple manner. By adding 25% of graphite spheres to the regular 
batches of feed fuel elements, the neutron spectrum effect is reduced, and the fractional absorption of 
hydrogen is increased; thus, the maximum excess reactivity is limited to 0.3%. The effect on economy and 
safety is negligible. 
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Abstract/Keyterms: In tabulating critical data, the hydrogen-to-fissile atom ratio (H/X) is commonly used 
to characterize the amount of moderation in a system. Though adequate in many cases, H/X does not 
account for the moderating contribution of other light nuclei contained in common uranium-moderator 
mixtures. This ratio also does not account for enrichment of the system, which affects the resonance 
absorption characteristics and, therefore, the moderating behavior of that system. To alleviate these 
problems, a two-energy-group diffusion theory analogy to the six-factor formula was applied to define a 
new parameter p/([eta][sub 2] [center dot] f[sub 2]), which describes the moderation characteristics or the 
thermalness' of a fissioning system and includes the effects of enrichment and the presence of moderators 
other than hydrogen. From an analysis of several low-enriched uranium systems with different moderators, 
it was found that the values of p/([eta][sub 2] [center dot] f[sub 2]) corresponding to minimum critical mass 
and volume tend to center in a narrower range than do the values of H/X for the same systems. Also, the 
thermalness parameter does not vary with the addition of a reflector and is applicable to systems with other 
than hydrogenous moderators. Based on these results, the thermalness parameter p/([eta][sub 2] [center dot] 
f[sub 2]) provides an effective means of characterizing moderated systems relative to optimum conditions. 
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Abstract/Keyterms: The first incidence of 233U-bearing fuel fabrication in India was the production of 
aluminum-clad Al-233U alloy fuel for the Kamini research reactor. The reactor physics experiments for 
this fuel are now being carried out in the PURNIMA III critical assembly, where Al-Pu alloy plate fuels 
will also be used. Both types of fuels were fabricated in the radiometallurgy laboratories of Bhabha Atomic 
Research Centre. The hazard potential of each step, evaluated from the site-specific radiological field data, 
is summarized. The parameters analyzed for this purpose include external and internal radiation hazards, 
contamination hazards, age of fuel material (i.e., time after separation), and experimental 
thermoluminescent detector exposure data. Gamma spectrometric data of the finished fuel plates were also 
analyzed for their utility in checking the material inventory. The collective dose equivalent from the 
fabrication operations for 12 subassemblies bearing 233U and 3 bearing plutonium) was 67 mSv, arising 
from external exposures only. The internal exposure was nil. Fabrication of fuel plates constituted >60% of 
the total exposure. Fabrication of fuel subassemblies and quality control inspection at all the stages 
accounted for the remaining radiation exposure. Handling of 233U/Pu fuels is likely to increase in the years 
ahead in India. In this context, analysis of radiological field data has yielded useful guidelines for future 
work. 
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Abstract/Keyterms: The subcritical neutron multiplication factors k for two parallel, axially separated, flat 
cylindrical tanks separated up to 57.91cm in air and containing enriched uranyl (93.1 wt% 235U nitrate 
solution (71.6-cm-i.d. tanks, 8.91-cm solution thickness, 1.555 g/cm[sup 3] solution density, and 404g U/l 
uranium density) were measured by the 252Cf-source-driven noise analysis method with measured k values 
varying from 0.99 to 0.80.hese measurements were performed at the Los Alamos National Laboratory 
(LANL) Critical Experiments Facility in 1989 and were part of the program of Westinghouse Idaho Nuclear 
Company (WINCO) to benchmark calculations for the design of the new storage system at Idaho National 
Engineering Laboratory. Initial subcriticality measurements by the source-jerk method at LANL had 
indicated that at a calculated neutron multiplication factor k = 0.95, the measured k was 0.975.his 
discrepancy was of concern to WINCO because the new storage facility was being designed with a k limit 
of 0.95, and thus, half of the criticality safety margin of the storage design was equal to the discrepancy 
between early measurements and calculations. The 252Cf-source-driven noise analysis measurements 
confirmed the validity of the calculational methods. In addition to providing the neutron multiplication 
factor from point-kinetics interpretation of the data, these measurements also provided the auto-power and 
cross-power spectral densities as a function of frequency, which can be calculated directly with recently 
developed Monte Carlo methods and thus could also be used to validate calculational methods and cross-
section sets. 
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Abstract/Keyterms: In the nuclear criticality safety design of a nuclear fuel cycle facility, the geometric 
buckling of the fuel core is one of the most important quantities used in estimating criticality. When the 
material buckling value is known for a system consisting of fissile materials, it is possible to judge whether 
or not the system is subcritical by comparing the material buckling with the geometric buckling. It is widely 
known that the geometric buckling of a given core can be calculated by using a simple formula for some 
geometries, e.g., square, cylinder, slab, and sphere. The experimental results of the geometrical buckling 
for typical regular polygons are described. Geometric buckling for three types of regular polygons has been 
measured in light-water moderated UO2-H[sub 2]O lattices in the tank-type critical assembly at the Japan 
Atomic Energy Research Institute. Based on the known critical buckling of a given experimental lattice and 
the measured critical water levels, the horizontal buckling has been evaluated for various sizes of regular 
hexagonal square, and regular triangular cores. This method is based on the separability of geometric 
buckling into horizontal and vertical components. From the measured critical water levels of each core, it 
was found that the horizontal buckling of the effective core region is inversely proportional to the square 
of the radius of the circumscribed circle of the core. 
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Abstract/Keyterms: A procedure is presented for the determination of geometric buckling for regular 
polygons. A new computation technique, the multiple reciprocity boundary element method (MRBEM), 
has been applied to solve the one-group neutron diffusion equation. The main difficulty in applying the 
ordinary boundary element method (BEM) to neutron diffusion problems has been the need to compute a 
domain integral, resulting from the fission source. The MRBEM has been developed for transforming this 
type of domain integral into an equivalent boundary integral. The basic idea of the MRBEM is to apply 
repeatedly the reciprocity theorem (Green’s second formula) using a sequence of higher order fundamental 
solutions. The MRBEM requires discretization of the boundary only rather than of the domain. This 
advantage is useful for extensive survey analyses of buckling for complex geometries. The results of survey 
analyses have indicated that the general form of geometric buckling is = (aN/Rc)2, where Rc represents the 
radius of the circumscribed circle of the regular polygon under consideration. The geometric constant aN 
depends on the type of regular polygon and takes the value of π for a square and 2.405 for a circle, an 
extreme case that has an infinite number of sides. Values of aN for a triangle, pentagon, hexagon, and 
octagon have been calculated as 4.190, 2.821, 2.675, and 2.547, respectively. Although the discussion is 
restricted to simple regular polygons, the proposed solution technique based on the MRBEM can easily be 
applied to many other complex geometries. 
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Abstract/Keyterms: Examination of externally moderated gas core reactor (GCR) neutronic calculations 
indicates that, in general, neutron diffusion theory is invalid and a higher order approximation to the 
transport equation needs to be employed. The Sn approximation yields accurate results but can require 
relatively long CPU computation times. A one-dimensional hybrid Sn-diffusion theory model is developed 
that employs the Sn approximation in the gas core region and for the first several mean free paths into the 
reflector region until the angular flux converges to its characteristic distribution in the reflector; diffusion 
theory is then used in the remaining portion of the reflector. A critical aspect of the hybrid scheme is to 
ensure proper interfacing between the Sn transport theory and diffusion theory approximations at the 
mathematical interface where the Sn-to-diffusion theory transition occurs. It is found that the point of 
transition from Sn theory to diffusion theory can be located closer to the core-reflector interface as the gas 
density in the core is reduced. Calculations performed on spherical GCR configurations for fuel gas 
densities ranging from 1018 to 1020 atom/cm3 and with both uniform and nonuniform fuel gas density 
distributions in the core show that the hybrid model gives accurate keff values and flux distributions as 
compared with results from the standard Sn approximation. For four energy groups and reflector thicknesses 
of 0.5 to 1.0 m, the hybrid model is roughly five times faster than a standard Sn calculation. For multigroup 
calculations on GCRs with thick (1 to 2 m) external moderator reflectors, the hybrid model is found to be 
about an order of magnitude faster than a standard Sn calculation. 
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Abstract/Keyterms: The Waste Isolation Pilot Plant (WIPP) facility is designed to store transuranic waste 
that will consist mainly of surface contaminate articles and sludge. The fissile material in the waste is 
predominantly 239Pu. The waste is grouped into two categories: contact-handled waste, which will be 
stored in 55-gal steel drums or in steel boxes, and remote-handled waste, which will be stored in specially 
designed cylindrical steel canisters. To show that criticality safety will be acceptable, criticality analyses 
were performed to demonstrate that a large number of containers with limiting loadings of fissile material 
could be stored at the site and meet a k(eff) limit of 0.95. Criticality analyses based on the classic worst-
case moderated plutonium sphere approach would severely limit the capacity for storage of waste at the 
facility. Therefore, these analyses use realistic or credible worst-case assumptions to better represent the 
actual storage situation without compromising the margin of safety. Numerous sensitivity studies were 
performed to determine the importance of various parameters on the criticality of the configuration. It was 
determined that the plutonium loading has the dominant effect on the system reactivity. Nearly all other 
reactivity variations from the sensitivity studies were found to be relatively small. The analysis shows that 
criticality of the contact-handled waste storage drums and boxes and the remote-handled canisters is 
prevented by restrictions on maximum fissile loading per container and on the size of handling/storage 
areas. 
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Abstract/Keyterms: To safely and permanently store high-level nuclear waste, the potential Yucca 
Mountain repository site must mitigate the release and transport of radionuclides for tens of thousands of 
years. In the failure scenario of greatest concern, water would contact a waste package, accelerate its failure 
rate, and eventually transport radionuclides to the water table. Analyses have demonstrated that (a) the 
ambient hydrological system will be dominated by repository-heat-driven hydrothermal flow for tens of 
thousands of years and (b) the only significant source of liquid water is from nonequilibrium fracture flow, 
driven either by meteoric sources or by the condensation of repository-heat-driven flow of water vapor. For 
sub-boiling conditions, the infiltration of meteoric water and condensate drainage are controlled by the 
highly heterogeneous distribution of hydrological properties, while for above-boiling conditions, they are 
largely determined thermodynamically. In a concept called the “extended-dry repository,” the heat of 
radioactive decay generates a region of above-boiling temperatures around the repository, thereby 
extending the time before liquid water can contact a waste package. It is also found that the magnitude of 
repository-heat-driven, buoyant, liquid-phase convection in the saturated zone is more dependent on the 
total mass of emplaced spent nuclear fuel (SNF) than on the details of SNF emplacement, such as the areal 
power density (expressed in kilowatts per acre) or SNF age. 
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Abstract/Keyterms: In situ heater tests are needed to provide an understanding of coupled geomechanical-
hydrothermal-geochemical behavior in the engineered and natural barriers under repository thermal 
loadings and to support the validation of related numerical and conceptual models. Hypothesis testing can 
help focus characterization, modeling, and testing activities required to support model validation and build 
robust site suitability and licensing arguments. In situ heater tests can address the following hypotheses: (a) 
repository-driven heat flow is dominated by heat conduction; (b) a region of above-boiling temperatures 
surrounding the repository corresponds to the absence of liquid water at the waste package environment; 
(c) fracture density and connectivity are sufficient to promote rock dryout due to boiling and condensate 
shedding; (d) rewetting of the dryout zone lags significantly behind the end of the boiling period; and (e) 
large-scale, buoyant, gas-phase convection may eventually dominate moisture movement in the unsaturated 
zone. Because of limited time, some of the in situ tests will have to be accelerated relative to actual thermal 
loading conditions. The trade-offs between the limited test duration and generating hydrothermal conditions 
applicable to repository performance during the entire thermal loading cycle are examined, including 
heating (boiling and dryout) and cooldown (rewetting). For in situ heater tests to be applicable to actual 
repository conditions, a minimum heater test duration of 6 to 7 yr. (including 4 yr. of full-power heating) is 
required. The parallel use of highly accelerated, shorter duration tests may also provide timely information 
for the license application. 
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Abstract/Keyterms: Calcination of uranyl nitrate into uranium oxide is part of normal operations of some 
enrichment plants. Typically, a calciner discharges uranium oxide powder (U3O8) into an exit chute that 
directs the powder into a receiving can located in a glove box. One possible scenario for a criticality accident 
is the exit chute becoming blocked with powder near its discharge. The blockage restricts the flow of 
powder causing the exit chute to become filled with the powder. If blockage does occur, the height of the 
powder could reach a level that would not be safe from a criticality point of view. In this analysis, the 
subcritical height limit is examined for 98% enriched U3O8 in the exit chute with full water reflection and 
optimal water moderation. The height limit for ensuring criticality safety during such an accumulation is 
28.2 cm above the top of the discharge pipe at the bottom of the chute. Chute design variations are also 
evaluated with full water reflection and optimal water moderation. Subcritical configurations for the exit 
chute variation are developed, but the configurations are not safe when combined with the calciner. To 
ensure criticality safety, modifications must be made to the calciner tube or safety measures must be 
implemented if these designs are to be utilized with 98% enriched material. A geometrically safe 
configuration for the exit chute is developed for a blockage of 20% enriched powder with full water 
reflection and optimal water moderation, and this configuration is safe when combined with the existing 
calciner. 
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Abstract/Keyterms: This paper describes the development of a computer model for predicting the 
excursion characteristics of a postulated, hypothetical, critically accident involving a homogeneous mixture 
of low-enriched UO2 powder and water contained in a cylindrical blender. The model uses point neutronics 
coupled with simple lumped-parameter thermal-hydraulic feedback. The temperature of the system is 
calculated using a simple time-dependent energy balance where two extreme conditions for the thermal 
behavior of the system are considered, which bound the real life situation. Using these extremes, three 
different models are developed. To evaluate the models, the authors compared the results with the results 
of the POWDER code, which was developed by the Commissariat a l’Energie Atomique/United Kingdom 
Atomic Energy Authority (CEA/UKAEA) for damp powder systems. The agreement in these comparisons 
is satisfactory. Results of the excursion studies in this work show that approximately 10[sup 19] fissions 
occur as a result of accidental water ingress into powder blenders containing 5, 000 kg of low-enriched 
(5%) UO2 powder. 
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Abstract/Keyterms: The central reactivity worth measurements performed in Lady Godiva were 
duplicated using TWODANT, a deterministic neutron transport code, and the 16-group Hansen-Roach 
cross-section library. The purpose of this work was to determine how well the Hansen-Roach library 
predicts the reactivity worths for a fast neutron system. Lady Godiva is a spherical uranium metal (93.7 
wt% 235U) critical assembly with a neutron flux distribution dominant in the first five groups of the 
Hansen-Roach energy structure (0.1 MeV and up). Provided that the cross sections of the replacement 
material do not undergo large variations (less than an order of magnitude) in any of the aforementioned 
groups, the calculated reactivities were within 10% of the experimental values. For cases where the 
reactivities were outside this range, a large variation in the cross section was found to exist in one of the 
groups, which was not fully accounted for in the Hansen-Roach group structure. However, even in the cases 
where the agreement between calculation and experiment was not good, the calculated reactivity appeared 
to be an extremum in that the effect was found to be either more negative or more positive than the 
experimental value. 
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Abstract/Keyterms: IEU-COMP-THERM-003; The experimental results of startup tests after 
reconstruction and modification of the TRIGA Mark II reactor in Ljubljana are presented. The experiments 
were performed with a completely fresh, compact, and uniform core. The operating conditions were well 
defined and controlled, so that the results can be used as a benchmark test case for TRIGA reactor 
calculations. Both steady-state and pulse mode operation were tested. In this paper, the following steady-
state experiments are treated: critical core and excess reactivity, control rod worths, fuel element reactivity 
worth distribution, fuel temperature distribution, and fuel temperature reactivity coefficient. 
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Abstract/Keyterms: Experimental results of pulse parameters and control rod worth measurements at 
TRIGA Mark 2 reactor in Ljubljana are presented. The measurements were performed with a completely 
fresh, uniform, and compact core. Only standard fuel elements with 12 wt% uranium were used. Special 
efforts were made to get reliable and accurate results at well-defined experimental conditions, and it is 
proposed to use the results as a benchmark test case for TRIGA reactors. 



 

C-14392 

14354…..…..…………………..…….……..……ID Number…………………..…..…………….14354 

Author: El-Genk, M. S. / Xue, Huimin / Paramonov, D. 

Title: Transient Analysis and Startup Simulation of a Thermionic Space Nuclear Reactor System 

Date: 1/1/1994 

Report: NUTYBB, 105, 070-086 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The thermionic transient analysis model is used to simulate the startup of the TOPAZ-
2 space nuclear power system in orbit. The simulated startup procedures are assumed for the purpose of 
demonstrating the capabilities of the model and may not represent an accurate account of the actual startup 
procedures of the TOPAZ-2 system. The temperature reactivity feedback effects of the moderator, UO2 
fuel, electrodes, coolant, and other components in the core are calculated, and their effects on the thermal 
and criticality conditions of the reactor are investigated. Also, estimates of the time constants of the 
temperature reactivity feedback for the UO2 fuel and the ZrH moderator during startup, as well as of the 
total temperature reactivity feedback as a function of the reactor steady-state thermal power, are obtained. 
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Abstract/Keyterms: The three-dimensional continuous-energy MCNP Monte Carlo code is used to 
develop a versatile and accurate reactor physics model of the Massachusetts Institute of Technology 
Research Reactor 2 (MITR-2). The validation of the model against existing experimental data is presented. 
Core multiplication factors as well as fast neutron in-core flux measurements were used in the validation 
process. The agreement between the MCNP predictions and the experimentally determined values is very 
good, which indicates that the Monte Carlo model is correctly simulating the MITR-2 
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Abstract/Keyterms: A thermo-hydrodynamic-neutronic analysis performed for a fast, uranium carbide 
(UC) fueled spacecraft nuclear in-core thermionic reactor. The thermo-hydrodynamic analysis shows that 
a hybrid thermionic spacecraft nuclear reactor can be designed for both electricity generation and nuclear 
thermal propulsion purposes. This reactor would deliver a thermal thrust ∼5000 N by a specific impulse of 
670 s at a hydrogen exit temperature ∼1900K. During the nuclear thermal thrust phase, the electricity 
generation will drop, depending on the entry temperature of the hydrogen propellant. Fresh hydrogen can 
be preheated through nozzle cooling up to 1000 K or more before entering the reactor. The hydrogen 
pressure and velocity at reactor entry are selected p = 30 atm and ν = 200 m/s, respectively. The pressure 
drop along the reactor core height (= 35 cm) is calculated Δp = 8.59 atm. The neutronic analysis has been 
conducted in S8-P3 approximation with the help of one- and two-dimensional neutron transport codes 
ANISN and DORT, respectively. The calculations have shown that a UC fueled electricity generating single 
mode thermionic nuclear reactor can be designed to be extremely compact because of the high atomic 
density of the nuclear fuel (by 95 % sintering density), namely, with a core radius of 8.7 cm and core height 
of 25 cm, leading to power levels as low as 5 kW(electric) by an electrical output on an emitter surface of 
1.243 W/cm2. A reactor control with boronated reflector drums at the outer periphery of the radial reflector 
of 16-cm thickness would make possible reactivity changes of Δkeff > 10%—Amply sufficient for a fast 
reactor—without a significant distortion of the fission power profile during all phases of the space mission. 
The hybrid thermionic spacecraft nuclear reactor mode contains cooling channels in the nuclear fuel for the 
hydrogen propellant. This increases the critical reactor size because of the lower uranium atomic density in 
this design concept. Calculations have lead to a reactor with a core radius of 22 cm and core height of 35 
cm leading to power levels ∼50 kW(electric) under the aforementioned thermionic conversion conditions. 
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Abstract/Keyterms: Recriticality is possible in a severe accident if unborated or low boron concentration 
water is added to a damaged core after control rod melting but before fuel melting. Recriticality in a severe 
accident in a boiling water reactor was parametrically investigated using the TWODANT code. Eigenvalue 
calculations for a unit central fuel cell with reflective boundary conditions were performed by solving the 
two-dimensional multigroup steady-state Boltzman transport equation using TWODANT. Two sets of 
calculations were performed in this work. The first set of calculations was carried out under three types of 
normal operating conditions to provide reference values for the accident calculations: (a) cold rodded 
condition, (b) cold unrodded condition, and (c) hot full-power condition. The eigenvalues at these 
conditions were found to be 1.055, 1.208, and 1.098, respectively. The second set of calculations was 
carried out after the melting of the control element and during the reflood phase, under the following reflood 
conditions: (a) reflood with unborated water and (b) reflood with borated water. For the reflood case with 
unborated water, five values of void fractions were considered (100, 60, 40, 20, and 0%). Decreasing void 
fractions represent greater refill levels during the reflood process. The system pressure was taken to be 7 
MPa, while the moderator temperature was set to 560 K. Plotting the eigenvalue compared with the fraction 
of control materials lost indicates recriticality is only possible if nearly 100% of the control material is lost 
from the core. Eigenvalue calculations were repeated for short- and long-term recovery conditions of the 
reflood phase corresponding to maximum moderator density at 4 MPa pressure and 525 K moderator 
temperature and for 1 MPa pressure and 325 K moderator temperature, respectively. Recriticality was again 
observed to be a concern only after losing 95% ore more of control materials from the unit cell. 



 

C-14396 

14358…..…..…………………..…….……..……ID Number…………………..…..…………….14358 

Author: Smolen, Gary R. / Bierman, Sidney R. / Fukumura Nobuo 

Title: Criticality Data and Validation Studies of Mixed-Oxide Fuel Pins in Aqueous and Organic Solutions 

Date: 9/1/1994 

Report: NUTYBB, 107, 285-303 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Critical experiments were conducted with organic- and water-moderated arrays of 
mixed plutonium and uranium oxide fuel pins. The organic solution consisted of 32 vol% tributyl phosphate 
and 68 vol% normal paraffin hydrocarbon. The square lattice pitches ranged from 0.761 to 1.935 cm. A 
direct comparison between the reactivity of the two systems was not possible, because most of the 
experiments conducted with water were performed [approximately]7 yr before the organic solution 
experiments. At the two lattice pitches where a direct comparison could be made, based on the number of 
fuel pins required for criticality, it was determined that the reactivity of the water-moderated system was 
the same or slightly higher than the organic-moderated system. These data were used in calculational studies 
performed independently at the Oak Ridge National Laboratory (ORNL) and the Power Reactor and 
Nuclear Fuel Development Corporation of Japan (PNC) with the KENO-IV computer code. A 27-energy-
group cross-section library derived from the Evaluated Nuclear Data File B-Version IV (ENDF/B-IV) was 
used in both studies. The results of these analyses are in good agreement with the experimental results with 
calculated k(eff) ’s ranging from 0.991 to 1.014. The average calculated k(eff) ’s based on the ORNL and 
PNC analyses were 1.001 and 1.004, respectively. No trends in calculated k(eff) with any parameters were 
identified. 
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Abstract/Keyterms: MIX-MISC-THERM-001, MIX-SOL-THERM-005, MIX-SOL-THERM-001, MIX-
SOL-THERM-002, PU-SOL-THERM-024, PU-SOL-THERM-026, MIX-SOL-THERM-004, PU-SOL-
THERM-025; A series of critical experiments was performed with mixed plutonium-uranium nitrate 
solutions in two cylinders and in a variable thickness slab tank. The solution concentrations ranged from 
12 to 174 g Pu/l with Pu/Pu+U ratios of 0.5, 0.4, and 0.2. The criticality data were used to validate two 
versions of the SCALE computer code system (SCALE-4 SCALE 2). Calculations were performed with 
the 27 energy group cross section library, derived from the Evaluated Nuclear Data File B-Version IV. The 
average calculated k-eff for all geometries (39 experiments) is 1.006 (sigma =0.006), calculated with 
SCALE-4, and 1.004 (sigma =0.007), calculated with SCALE-2. Overall the range of calculated k-eff varied 
from 0.989 to 1.019. These experiments covered a wide range of parameters, with variations in physical, 
chemical, and neutronic parameters. 
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Abstract/Keyterms: MIX-SOL-THERM-001, MIX-SOL-THERM-002; Critical experiments were 
performed at the Pacific Northwest Laboratory-Critical Mass Laboratory from 1985-1987 with mixed Pu-
U nitrated solutions in annular geometry. The 25.4 cm diam central region of the annular vessel contained 
various inserts, such as a bottle containing fissile solution and borated-concrete and cadmium covered 
polyethylene annular inserts. The fissile solution concentrations ranged from 47 to 226 g Pu/l with Pu/Pu 
+U ratios of 1.0, 0.5, and 0.2. The criticality data were used to validate two versions of the SCALE computer 
code system (SCALE-4 and SCALE-2). The analyses were performed with the 27 energy group cross 
section library, derived from the EValuated Nuclear Data File B-Version IV. Computer models were 
prepared to accurately simulate all significant materials that would affect the system reactivity. The average 
calculated k-eff for the 18 experiments was 1.008 (sigma= 0.006) with SCALE-4 and 1.004 (sigma=0.006) 
with SCALE-2. Overall, the range of calculated k-eff's varied from 0.990 to 1.017. The results of the 
validation calculations indicate that the SCALE computer code system is capable of accurately modeling 
Pu+U nitrate solutions in annular geometry. 
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Abstract/Keyterms: Critical experiments were performed at the Pacific Northwest Laboratory’s Critical 
Mass Laboratory in 1987 and 1988 with a heterogeneous array of mixed-oxide (MOX) fuel pins immersed 
in mixed plutonium-uranium nitrate solutions. The 996 fuel pins, on a 1.40-cm-square pitch, were 
configured in a cylindrical array. The solution heavy metal concentrations ranged from 4 to 468 g/[ell] and 
had a Pu/Pu + U ratio of 0.2. Critical experiments were also performed with gadolinium added to the fissile 
solution. These experiments were designed to simulate conditions in a MOX fuel dissolver, where fuel 
lumps are moderated by aqueous solutions containing fissile nuclides, with and without a soluble neutron 
poison. For the experimental conditions examined, it was determined that the critical size of the system 
increased as the heavy metal concentration increased. The criticality data were used to validate two versions 
of the scale computer code system and the 27-energy-group cross-section library, derived from the 
Evaluated Nuclear Data File B Version IV. The calculations results indicate that SCALE-2 has some 
difficulty in modeling these systems. Modifications in SCALE-4 have led to more accurate k(eff) results. 



 

C-14400 

14362…..…..…………………..…….……..……ID Number…………………..…..…………….14362 

Author: Ansari, Saleem A. / Iqbal, Masood / Ali, Liaqat / et al. 

Title: Critical and Power Experiments on the Low-Enriched Uranium Core of the Upgraded Pakistan 
Research Reactor-1 

Date: 10/1/1994 

Report: NUTYBB, 108, 013-023 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The Pakistan Research Reactor was converted from 93% highly enriched uranium 
fuel to 20% low-enriched uranium fuel in October 1991. The reactor power was also upgraded from 5 to 9 
MW. A series of critical and power experiments were performed on the new core for verification of design 
data and to determine the nuclear performance of the reactor. The characteristics tests included a criticality 
experiment, reactivity measurements on reflected and unreflected, critical and full-power cores, and flux 
distribution in and around the core, as well as thermal-hydraulic measurements. A comparison of the 
measured and the calculated results was also made. The results of the characteristics tests indicate that the 
performance of the new reactor is within design limits. 
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Abstract/Keyterms: The conceptual design of a direct-cycle fast breeder reactor (FBR) core cooled by 
supercritical water is carried out as a step toward a low-cost FBR plant. The supercritical water does not 
exhibit change of phase. The turbines are directly driven by the core outlet coolant. In comparison with a 
boiling water reactor (BWR), the recirculation systems, steam separators, and dryers are eliminated. The 
reactor system is much simpler than the conventional steam-cooled FBRs, which adopted Loeffler boilers 
and complicated coolant loops for generating steam and separating it from water. Negative complete and 
partial coolant void reactivity are proved without much deterioration in the breeding performances by 
inserting thin zirconium-hydride layers between the seeds and blankets in a radially heterogeneous core. 
The net electric power is 1245 MW(electric). The estimated compound system doubling time is 25 yr. The 
discharge burnup is 77.7 GWd/t, and the refueling period is 15 months with a 73% load factor. The thermal 
efficiency is high (41.5%), an improvement of 24% relative to a BWR’s. The pressure vessel is not thick at 
30.3 cm. 
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Abstract/Keyterms: Qualification efforts have been performed by the Taiwan Power Company (TPC) and 
the Institute of Nuclear Energy Research (INER) for the three-dimensional spatial kinetics code ARROTTA 
for light water reactor (LWR) core transient analysis. Together TPC and INER started a 5-yr project in 1989 
to establish independent capabilities to perform reload design and transient analysis utilizing state-of-the-
art computer programs. As part of the effort, the ARROTTA code was chosen to perform multidimensional 
kinetics calculations such as rod ejection for pressurized water reactors and rod drop for boiling water 
reactors (BWR). To qualify ARROTTA for evaluation of the Final Safety Analysis Report licensing basis 
core transients, ARROTTA has been benchmarked for the static core analysis against plant measured data 
and SIMULATE-3 predictions, and for the kinetic analysis against available benchmark problems. The 
static calculations compared include critical boron concentration, core power distribution, and control rod 
worth. The results indicate that ARROTTA predictions match very well with plant measured data and 
SIMULATE-3 predictions. The kinetic benchmark problems validated include the Nuclear Energy Agency 
Committee on Reactor Physics rod ejection problem, the three-dimensional Langenbuch-Maurer- Werner 
LWR rod withdrawal/insertion problem, and the three-dimensional linear regression analysis BWR 
transient benchmark problem. The results indicate that ARROTTA’s accuracy and stability are excellent as 
compared with other space-time kinetics codes. It is therefore concluded that ARROTTA provides accurate 
predictions for multidimensional core transients for LWRs. 
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Abstract/Keyterms: The system design of a direct-cycle supercritical-water-cooled fast reactor is 
presented. The supercritical water does not exhibit a change of phase. The recirculation system, steam 
separator, and dryer of a boiling water reactor (BWR) are unnecessary. Roughly speaking, the reactor 
pressure vessel and control rods are similar to those of a pressurized water reactor, the containment and 
emergency core cooling system are similar to a BWR, and the balance of plant is similar to a supercritical-
pressure fossil-fired power plant (FPP). The electric power of the fast converter is 1508 MW(electric). The 
number of coolant loops is only two because of the high coolant enthalpy. Containment volume is much 
reduced. The thermal efficiency is improved 24% over a BWR. The coolant void reactivity is negative by 
placing thin zirconium-hydride layers between seeds and blankets. The power costs would be much reduced 
compared with those of a light water reactor (LWR) and a liquid-metal fast breeder reactor. The concept is 
based on the huge amount of experience with the water coolant technology of LWRs and FPPs. The 
oxidation of stainless steel cladding is avoided by adopting a much lower coolant temperature than that of 
the FPP. 
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Abstract/Keyterms: Neutronics and thermal-hydraulics design and analyses of the pellet bed reactor for 
nuclear thermal propulsion are performed based on consideration of reactor criticality, passive decay heat 
removal, maximum fuel temperature, and subcriticality during a water flooding accident. Besides 
calculating the dimensions of the reactor core to satisfy the excess reactivity requirement at the beginning-
of-mission of 1.25 $ (k(eff) of 1.01), the TWODANT discrete ordinates code is used to estimate the radial 
and axial fission power density profiles in the core. These power profiles are used in the nuclear propulsion 
thermal-hydraulic analysis model (NUTHAM-S) to determine the two-dimensional steady-state 
temperature, pressure, and flow fields in the core and optimize the orificing in the hot frit to avoid hot spots 
in the core at full-power operation. 
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Abstract/Keyterms: For handling of nuclear fuel during reprocessing or for design of spent-fuel storage 
and transportation, one needs to know the scale of maximum credible criticality accidents, i.e., the total 
fission number so as to know the radiological exposure of working personnel as well as the risk to the public 
in the event of an accident. Some simplified evaluation models for conservatively predicting the number of 
total fissions during an accident are derived theoretically using the one-point adiabatic reactivity balance 
model for the homogeneous and thermogenesis systems, respectively, which are frequently seen in nuclear 
fuel facilities. These simplified evaluation models are subsequently validated with the transient experiment 
data and actual accident data published to date from the world nuclear community. Some conventionally 
used simplified evaluation models of this kind are quoted and compared with the results to show the 
convenience of the current models, having almost no restrictions in the application for any kind of nuclear 
fuel, material composition, geometry, and dimension, and thus, ensuring adequate margins for predicting 
the total fission number at the time of a criticality accident. 



 

C-14406 

14368…..…..…………………..…….……..……ID Number…………………..…..…………….14368 

Author: Borges, Volnei / De Vilhena, Marco Túllio 

Title: Dynamic Stability of a Fluidized-Bed Nuclear Reactor 

Date: 8/1/1995 

Report: NUTYBB, 11, 251-259 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Recent advances in the study of a fluidized-bed nuclear reactor’s stability, due to 
short and long time transients, are discussed. The point-kinetic model, which considers flux variation in the 
axial direction, is applied to study short time transients, and the theory of bifurcation is used for long time 
transients. Numerical results are presented for both transients. The preliminary results indicate that this 
concept of a nuclear reactor has a behavior similar to that of a conventional reactor regarding its dynamic 
stability. 
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Author: Broadhead, Bryan L. 

Title: Feasibility Assessment of Burnup Credit in the Criticality Analysis of Shipping Casks with Boiling 
Water Reactor Spent Fuel 

Date: 4/1/1995 

Report: NUTYBB, 110, 001-021 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The possible allowance of reactivity credit for the exposure history, of power reactor 
fuel has spurred interest because of the potential of greatly reduced risk and cost when applied to the design 
and certification of spent-fuel casks used for transportation and storage. Previous pressurized water reactor 
feasibility assessments are extended to boiling water reactor fuel. 
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Title: Evaluation of Burnup Credit for Fuel Storage Analysis—Experience in Spain 

Date: 4/1/1995 

Report: NUTYBB, 110, 022-032 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Several Spanish light water reactor commercial nuclear power plants / maximum 
spent-fuel pool storage / recracking / burnup credit / / pressurized water reactor / boiling water reactor 
(BWR) 
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Title: Burnup Credit Experiences with the GA-4 Cask 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: General Atomics (GA) is developing two legal weight truck casks for shipping spent 
fuel from both pressurized water reactors (PWRs) and boiling water reactors (BWRs). The GA-4 (4 PWR) 
and GA-9 (9 BWR) casks are high-capacity legal weight truck casks designed to transport light water 
reactor spent-fuel assemblies. The GA-9 cask can meet the criticality safety requirements using the “fresh 
fuel” assumption. To maintain a capacity of four PWR spent-fuel assemblies, the GA-4 cask uses burnup 
credit as part of the criticality control for initial enrichments>2.9 wt% 235U. Using the US Department of 
Energy Burnup Credit Program as a Basis, GA has performed burnup credit analysis for the GA-4 cask. 
The approach to calculating the minimum burnup requirement takes into account all of the key parameters 
affecting k(eff). It is based on technically sound principles and conservatively increases the burnup 
requirement for a given enrichment to account for all uncertainties and biases associated with the 
calculations. 



 

C-14410 

14372…..…..…………………..…….……..……ID Number…………………..…..…………….14372 
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Title: Study on the Criticality Safety Evaluation Method for Burnup Credit in JAERI 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: In relation to burnup credit, three tasks have been carried out at the Japan Atomic 
Energy Research Institute (JAERI) for establishing the evaluation method of criticality safety for a spent-
fuel system, such as storage age ponds and transport casks. The first task is to prepare a benchmark database 
of criticality experiments and nuclide compositions of spent fuels. The database of nuclide composition is 
formed by data treasured at JAERI and data collected from the literature. For the database of criticality 
experiments, the effective multiplication factor of a spent-fuel assembly has been measured at JAERI and 
data collected from the literature. For the database of criticality experiments, the effective multiplication 
factor of a spent-fuel assembly has been measured at JAERI. The next task is to develop computer codes. 
The burnup and criticality codes have been developed and validated by analyzing a large number of 
benchmarks stored in the aforementioned database. The last task needed to establish the methodology in 
order to confirm the subcriticality of a spent-fuel system applying burnup credit is described. A reference 
fuel assembly is introduced so that the criticality of a system can be evaluated by using it, instead of 
modeling all fuel assemblies explicitly. To determine the nuclide composition of a spent fuel, a simple 
method is studied utilizing a large number of nuclide composition data stored in the database. Further, the 
effects of the axial burnup profile and calculation errors are discussed, and the remaining tasks are 
identified. 
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Title: Validation of SCALE-4 for Burnup Credit Applications 
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Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: In the past, a criticality analysis of PWR fuel stored in racks and casks has assumed 
that the fuel is fresh with the maximum allowable initial enrichment. If credit is allowed for fuel burnup in 
the design of casks that are used in the transport of spent light water reactor fuel to a repository, the increase 
in payload can lead to a significant reduction in the cost of transport and a potential reduction in the risk to 
the public. A portion of the work has been performed at ORNL in support of the US DOE efforts to 
demonstrate a validation approach for criticality safety methods to be used in burnup credit cask design. To 
date, the SCALE code system developed at ORNL has been the primary computational tool used by DOE 
to investigate technical issues related to burnup credit. The ANSI/ANS-8.1 criticality safety standard 
requires validation and benchmarking of the calculational methods used in evaluating criticality safety 
limits for applications outside reactors by correlation against critical experiments that are applicable. 
Numerous critical experiments for fresh PWR-type fuel in storage and transport configurations exist and 
can be used as part of a validation database. However, there are no critical experiments with burned PWR-
type fuel in storage and transport configurations. As an alternative, commercial reactors offer an excellent 
source of measured critical configurations. The results reported demonstrate the ability of the ORNL 
SCALE-4 methodology to predict a value of k(eff) very close to the known value of 1.0, both for fresh fuel 
criticals and for the more complex reactor criticals. Beyond these results, additional work in the 
determination of biases and uncertainties is necessary prior to use in burnup credit applications. 
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Abstract/Keyterms: A “hybrid” reactor /simulation (HRS) testing arrangement has been developed and 
experimentally verified using The Pennsylvania State University (Penn State) TRIGA Reactor. The HRS 
uses actual plant components to supply key parameters to a digital simulation (and vice versa). To 
implement the HRS on the Penn State TRIGA reactor, an experimental or secondary control rod drive 
mechanism is used to introduce reactivity feedback effects that are characteristic of a boiling water reactor 
(BWR). The simulation portion of the HRS provides a means for introducing reactivity feedback caused by 
voiding via a reduced order thermal-hydraulic model. With the model bifurcation parameter set to the 
critical value, the nonlinearity caused by the neutronic-simulated thermal/hydraulic coupling of the hybrid 
system is evident upon attaining a limit cycle, thereby verifying that these effects are indeed present. The 
shape and frequency of oscillation (∼0.4 Hz) of the limit cycles obtained with the HRS are similar to those 
observed in operating commercial BWRs. A control or diagnostic system specifically designed to 
accommodate (or detect) this type of anomaly can be experimentally verified using the research reactor 
based HRS. 
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Abstract/Keyterms: The possibility of recriticality during the reflood phase of a severe accident in a 
boiling water reactor (BWR) is investigated. In addition, the fraction of control-rod material that must be 
retained to prevent recriticality is determined for several different geometries. Detailed calculations for a 
representative portion of a BWR core are performed with the Monte Carlo MCNP code to evaluate the 
neutronic response of the damaged core under a number of different scenarios. Retention of<10% of the{sup 
10}B that is initially present in the control rods may be sufficient to prevent recriticality. The reactivity 
effect of the retained 10B is sensitive to the porosity and homogeneity of the eutectic formed by the control 
rod materials as well as to the degree to which that eutectic is dispersed inside the fuel bundles. 
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Abstract/Keyterms: The Monte Carlo code MCNP has three different, but correlated, estimators for 
calculating k(eff) in nuclear criticality calculations: collision, absorption, and track length estimators. The 
combination of these three estimators, the three-combined k(eff) estimator, is shown to be the best k(eff) 
estimator available in MCNP for estimating k(eff) confidence intervals. Theoretically, the Gauss-Markov 
theorem provides a solid foundation for MCNP’s three-combined estimator. Analytically, a statistical study, 
where the estimates are drawn using a known covariance matrix, shows that the three-combined estimator 
is superior to the estimator with the smallest variance. Empirically, MCNP examples for several physical 
systems demonstrate the three-combined estimator’s superiority over each of the three individual estimators 
and its correct coverage rates. Additionally, the importance of MCNP’s statistical checks is demonstrated. 
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Abstract/Keyterms: The multigroup Monte Carlo code KENO V.a and the 238- and 44-energy-group 
ENDF/B-V cross-section libraries were validated for233U systems. Fifty-one critical experiments 
involving 233UO2(NO3)2, 233UO2F2, or 233U metal were selected for the validation. The H/233U ratios 
for the experiments range from 0 to 1986. Each experiment was modeled with KENO V.a, and the effective 
multiplication factor k(eff) was calculated for each system using the 44- and 238-group ENDF/B-V, the 
27- and 218-group ENDF/B-IV, and the 16-group Hansen-Roach cross-section libraries. The mean 
calculated k(eff) for all experiments using the 44- and 238-group libraries is 1.0090{+-} 0.0021 and 
1.0064{+-} 0.0020, respectively. For comparison, the mean calculated k(eff) using the 27-, 218-, and 16-
group libraries is 1.0142{+-} 0.0038, 1.0125{+-} 0.0038, and 0.9991{+-} 0.0019, respectively. In general, 
an improvement exists in the agreement between the calculated k(eff) ’s and the experimental results (i.e., 
k(eff) = 1.0) obtained with the newer ENDF/B-V libraries relative to ENDF/B-IV. This study is pertinent 
to233U storage outside of the reactor. 
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Abstract/Keyterms: A theoretical model is used to predict the consequences of a postulated hypothetical 
nuclear criticality excursion in a freezer/sublimer (F/S). Previous work has shown that an intrusion of water 
into a F/S may result in a critical configuration. A first attempt is made to model the neutronic and thermal-
hydraulic phenomena occurring during a criticality excursion involving both uranium hexafluoride (UF6) 
and uranyl fluoride (UO2F2) solution, which is present in the F/S during upset conditions. The model 
employs point neutronics coupled with simple thermal hydraulics. Reactivity feedback from changes in the 
properties of the system are included in the model. The excursion is studied in a 10-MW F/S with an initial 
load of 3,500 kg of 5% weight enriched UF6 and in a 20-MW F/S with an initial load of 6,800 kg of 2% 
weight enriched UF6. The magnitude of the fission release determined in this work is 5.93{times} 10{sup 
18} fissions in the 10-MW F/S and 4.21{times} 10{sup 18} fissions in the 20-MW F/S. In order to 
demonstrate the reliability of the techniques used in this work, a limited validation study was conducted by 
comparing the fission release and peak fission rate determined by this work with experimental results for a 
limited number of experiments. The agreement between calculations and experiments in the validation 
study is considered to be satisfactory. The calculational results for the hypothetical accidents in the two F/S 
vessels appear reasonable. 
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Abstract/Keyterms: A hypothetical nuclear criticality accident in a waste supercompactor is evaluated. 
The waste consists of a homogeneous mixture of plutonium 49, beryllium, and air contained in a 35 gallon 
carbon steel drum. Possible consequences are investigated. 



 

C-14418 

14380…..…..…………………..…….……..……ID Number…………………..…..…………….14380 

Author: Wilkinson, Alan D. / Basoglu, B. / Bentley, C. L. / et al. 
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Abstract/Keyterms: Slide rules are improved for estimating doses and dose rates resulting from nuclear 
criticality accidents. The original slide rules were created for highly enriched uranium solutions and metals 
using hand calculations along with the decades old Way-Wigner radioactive decay relationship and the 
inverse square law. This work uses state-of-the-art methods and better data to improve the original slide 
rules and to extend the slide rule concept to three additional systems; i.e., highly enriched (93.2 wt%) 
uranium damp (H/U= 10) powder (U3O8) and low-enriched (5 wt%) uranium mixtures (UO2F2) with a 
H/U ratio of 200 and 500. Although the improved slide rules differ only slightly from the original slide 
rules, the improved slide rules and the new slide rules can be used with greater confidence since they are 
based on more rigorous methods and better nuclear data. 
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Abstract/Keyterms: The neutron flux values at the sites important for the pressure vessels of the VVER-
1000 and VVER-440 reactors have been calculated by the three-dimensional TORT code and the synthesis 
method approximation. The synthesis method is widely used now for neutron fluence routine calculations 
in metal embrittlement surveillance. The three-dimensional neutron flux evaluation by the synthesis method 
is based on the two-dimensional and one-dimensional solutions of the transport equation. The comparison 
of the results obtained by both methods confirms the good consistency within 3% for integral neutron flux 
with energy >0.5 MeV, used for metal damage estimation, according to Russian reactor standards. Further 
investigations on the calculation validity will be based on comparisons with measurements of the threshold 
detector activities, monitored in the air shell behind the reactor pressure vessels of the Kozloduy nuclear 
power plant. 
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Abstract/Keyterms: The critical mass of an unreflected solid sphere of 239Pu is{approximately} 10 kg. 
The increase in critical mass observed for small water dilutions of unreflected 239Pu spheres is paradoxical. 
Introducing small amounts of water uniformly throughout the sphere increases the spherical volume 
containing the same amount of 239Pu as the critical solid sphere. The increase in radius decreases the 
surface-to-volume ratio of the sphere, which has the effect to first order of decreasing the neutron leakage, 
which is proportional to the surface, relative to the fissions, which are proportional to the volume. The 
reduction in neutron leakage is expected to reduce the critical mass, but instead, the critical mass is observed 
to increase. It is discussed how changes in the fast neutron spectrum with corresponding changes in the 
nuclear parameters result in an increase in critical mass for small water dilutions. 
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Abstract/Keyterms: To investigate the accuracy of the neutronic calculations in various neutron spectra, 
the modified conversion ratios [(MCR): ratio of 238U capture rate-to-total fission rate] of four kinds of 
light water-moderated UO2 fuel lattices were measured. In the measurements, the relative reaction rates of 
238U capture and total fission were obtained from the nondestructive gamma-ray spectrometry of 239Np 
and 143 Ce, respectively, which accumulated in the fuel rod irradiated at the Tank-Type Critical Assembly. 
The moderator-to-fuel volume ratios Vm/Vf of the measured lattices were 1.50 (undermoderate) to 3.00 
(overmoderate). The measured MCRs were 0.477 ± 0.014(Vm/Vf = 1.50), 0.434 ± 0.013(1.83), 0.383 ± 
0.011(2.48), and 0.356 ± 0.011(3.00), respectively. The Monte Carlo calculation employing the JENDL-3 
library showed good agreement with the experiments for all the cores, although they showed a tendency of 
overestimation for larger values of MCR, as shown in the case of UO2 tight lattices. Therefore, it was 
concluded that, for the cores investigated, the accuracy of the neutronic calculation method currently used 
was very good. 
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Abstract/Keyterms: The Los Alamos National Laboratory Monte Carlo MCNP code is applied to critical 
experiments performed at the RBMK critical facility of the Russian Research Center Kurchatov Institute, 
Moscow. The validation investigations are completed by whole-core criticality calculations of experiments 
at the Smolensk Unit 3 nuclear power plant as part of the start-up procedure. The geometric model exploits 
the powerful capabilities of MCNP by precise representation of the fuel and different types of nonfuel 
channels, which add up to a detailed model of the critical facility and the RBMK core. Continuous-energy 
cross-section tables are taken from the ENDF/B-IV and ENDF/B-VI libraries. As the most important 
uncertainty inherent to the experimental setup, the concentration of impurity isotopes in the graphite 
moderator is identified. Within the resulting error limits, the k(eff) and the void effect are well reproduced 
with both cross-section libraries. 
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Abstract/Keyterms: The Integral Fast Reactor being developed by Argonne National Laboratory (ANL) 
combines the advantages of metal-fueled, liquid-metal-cooled reactors and a closed fuel cycle. Presently, 
the Fuel Cycle Facility (FCF) at ANL-West in Idaho Falls, Idaho is being modified to recycle spent metallic 
fuel from Experimental Breeder Reactor II as part of a demonstration project sponsored by the Department 
of Energy. A key component of the FCF is the electrorefiner (ER) in which the actinides are separated from 
the fission products. In the electrorefining process, the metal fuel is anodically dissolved into a high-
temperature molten salt and refined uranium or uranium/plutonium products are deposited at cathodes. In 
this report, the criticality safety strategy for the FCF ER is summarized. FCF ER operations and processes 
formed the basis for evaluating criticality safety and control during actinide metal fuel refining. In order to 
show criticality safety for the FCF ER, the reference operating conditions for the ER had to be defined. 
Normal operating envelopes (NOES) were then defined to bracket the important operating conditions. To 
keep the operating conditions within their NOES, process controls were identified that can be used to 
regulate the actinide forms and content within the ER. A series of operational checks were developed for 
each operation that wig verify the extent or success of an operation. The criticality analysis considered the 
ER operating conditions at their NOE values as the point of departure for credible and incredible failure 
modes. As a result of the analysis, FCF ER operations were found to be safe with respect to criticality. 
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Abstract/Keyterms: The core design of a fast converter reactor adopting enriched UO2 fuel is studied for 
maximizing the power rating of the direct-cycle, supercritical water-cooled fast reactor with the same 
reactor pressure vessel as the breeder and mixed-oxide (MOX) fueled converter. The coolant void reactivity 
is kept negative by placing thin zirconium-hydride layers in the blanket fuel assemblies facing the driver 
fuels, as in our fast breeder reactor design. Compared with the fast converter adopting MOX fuel, the 
electric power output is increased 11%, from 1444 to 1625 MW(electric). It is attained by the reduced 
blanket fuel fraction for keeping negative reactivity at coolant voiding. The positive reactivity at flooding 
the core is much larger than that of the MOX core, but it can be managed by the control rod system. The 
conversion ratio, the surviving ratio, is 0.85, reduced 0.1 from that of the MOX converter. The enrichment 
of UO2fuel reaches 16.9%. The specific fissile inventory is the highest, compared with the MOX-fueled 
converter and breeder due to the lower fission cross sections of 235U. The cores of the supercritical water-
cooled reactors are radially heterogeneous. The decoupling problem is, however, much smaller than that of 
the liquid-metal fast breeder reactor due to the smaller core diameter. The hydrogen loss from the zirconium 
hydrides at steady state and accidental conditions does not impose a problem. 
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Abstract/Keyterms: A criticality safety analysis of a pool-type storage for spent TRIGA Mark II reactor 
fuel is presented. Two independent computer codes are applied: the MCNP Monte Carlo code and the 
WIMS lattice cell code. Two types of fuel elements are considered: standard fuel elements with 12 wt% 
uranium concentration and FLIP fuel elements. A parametric study of spent-fuel storage lattice pitch, fuel 
element burnup, and water density is presented. Normal conditions and postulated accident conditions are 
analyzed. A strong dependence of the multiplication factor on the distance between the fuel elements and 
on the effective water density is observed. A multiplication factor<1 may be expected for an infinite array 
of fuel rods at center-to-center distance6.5 cm, regardless of the fuel element type and burnup. At shorter 
distances, the subcriticality can be ensured only by adding absorbers to the array of fuel rods even if the 
fuel rods were burned to {approximately} 20% burnup. The results of both codes agree well for normal 
conditions. The results show that WIMS may be used as a complement to the Monte Carlo code in some 
parts of the criticality analysis. 
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Abstract/Keyterms: In-core thermionic space reactor design concepts that operate at a nominal power 
output range of 20 to 50 kW(electric) are described. Details of the neutronic, thermionic, thermal hydraulics, 
and shielding performance are presented. Because of the strong absorption of thermal neutrons by natural 
tungsten and the large amount of natural tungsten within the reactor core, two designs are considered. An 
overall system design code has been developed at Oregon State University to model advanced in-core 
thermionic energy conversion-based nuclear reactor systems for space applications. The code modules 
include neutronics and core criticality, a thermionic fuel element (TFE) performance module with integral 
thermal-hydraulic calculation capability, a radiation-shielding module, and a module for the waste heat 
rejection. The results show that the driverless single-cell Advanced Thermionic Initiative (ATI) 
configuration, which does not have driver fuel rods, proved to be more efficient than the driven core, which 
has driver rods. The results also show that the inclusion of the true axial and radial power distribution 
decrease the overall conversion efficiency. The flattening of the radial power distribution by three different 
methods would lead to a higher efficiency. The results show that only one TFE works at the optimum 
emitter temperature; all other TFEs are off the optimum performance and result in a 40% decrease of the 
efficiency of the overall system. The true axial profile is significantly different as there is a considerable 
amount of neutron leakage out of the top and bottom of the reactor. The analysis reveals that the axial power 
profile actually has a chopped cosine shape. For this axial profile, the reactor core overall efficiency for the 
driverless ATI reactor version is found to be 5.84% with a total electrical power of 21.92 kW(electric). By 
considering the true axial power profile instead of the uniform power profile, each TFE loses ∼80 
W(electric). 
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Abstract/Keyterms: In France, specifications for long-lived isotopes, which are critical for the safety of 
intermediate storage and disposal on surface sites, have been fixed. Because a number of these nuclides are 
pure beta or alpha emitters, a reliable radiochemical inventory of these isotopes requires a rather 
sophisticated preparative chemistry before radiation measurement. In view of the initial complexity of 
matrices for various types of waste, the preparation steps constitute a technological limit to the 
characterization. Therefore, practices eventually developed for synthetic waste may prove insufficient when 
applied to real samples. For isotopes with half-lives >105 yr., such as 99Tc and 129I, a physicochemical 
technique, inductively coupled plasma/mass spectrometry, constitutes an attractive alternative to 
radiochemical procedures. However, the request for high performance and limitations in sample activity 
does not allow preparative treatments and chemical separations from interfering species to be minimized. 
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Abstract/Keyterms: Potential routes to autocatalytic criticality in geologic repositories are systematically 
assessed. If highly enriched uranium (HEU) or 239Pu are transported and deposited in concentrations 
similar to natural uranium ore, in principle, criticality can occur. For some hypothesized critical 
configurations, removal of a small fraction of pore water provides a positive feedback mechanism that can 
lead to supercriticality. Rock heating and homogenization for these configurations can also significantly 
increase reactivity. At Yucca Mountain, it is highly unlikely that these configurations can occur; plutonium 
transport would occur primarily as colloids and deposit over short distances. HEU solute can move large 
distances in the Yucca Mountain setting; its ability to precipitate into critical configurations is unlikely 
because of a lack of active reducing agents. Appropriate engineering of the waste form and the repository 
can reduce any remaining probability of criticality. 



 

C-14429 

14391…..…..…………………..…….……..……ID Number…………………..…..…………….14391 

Author: Misawa, Tsuyoshi / Shiroya, Seiji / Kanda, Keiji 

Title: Study on Reactivity Worth of Beryllium by (n,2n) and (γ,n) Reactions 

Date: 10/1/1996 

Report: NUTYBB, 116, 009-018 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Experiments on the reactivity worth of beryllium metal were performed using the 
Kyoto University Critical Assembly, and they were analyzed to examine the validity of the computational 
method to treat (n,2n) reactions in calculations. The experimental results demonstrated that beryllium metal 
has positive reactivity worth compared with graphite. In the analysis, (n,2n) reactions were treated as 
modifying scattering cross sections in a transport calculation, whereas both scattering and absorption cross 
sections should be modified in a diffusion calculation. The results of calculations for the reactivity worth 
of beryllium agreed with experimental data within a few percent in the calculated-to-experimental ratio. 
Calculated results indicated that (n,2n) reactions of beryllium contribute by ∼85% to the positive reactivity 
worth compared with graphite in these experiments at a thermal reactor. Moreover, through the improved 
neutron and gamma-ray coupled calculation, the effect of (γ,n) reactions of beryllium on reactivity was 
estimated. It was found that (γ,n) reactions of beryllium can be negligible so far as this reactivity worth is 
concerned. 



 

C-14430 

14392…..…..…………………..…….……..……ID Number…………………..…..…………….14392 

Author: Taylor, P. / Hocking, W. H. / Johnson, L. H. / McEachern, R. J. / Sunder, S. 

Title: A Comparison of (Th, Pu)O2 and UO2 Fuels as Waste Forms for Direct Disposal 

Date: 11/1/1996 

Report: NUTYBB, 116, 222-230 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Issues relevant to the performance of irradiated (Th,PUO2 as a waste form for 
geological disposal are briefly reviewed. Fuels of this type are among those being considered for burning 
plutonium from dismantled nuclear weapons in power reactors, including Canada deuterium uranium 
(CANDU) systems. The high chemical stability and low aqueous solubility of thoria make this type of fuel 
attractive as a waste form. In contrast with UO2 fuel, the inertness of thoria to oxidation dominates most of 
the chemical issues of fuel disposal. The overall performance of a thoria-based fuel waste form is likely to 
be determined by the instant release of the gap inventories of mobile fission products such as 129I. This in 
turn will be controlled largely by the in-reactor power history and probably also by details of fuel 
fabrication. Limited experience with thoria-based fuels[chiefly (Th,U)O2] indicates that, for given power 
and burnup levels, gas releases can be substantially lower than with UO2 fuels. The gap and grain-boundary 
inventories of fission products are expected to be correspondingly low. A fabrication route involving 
molecular-level mixing (e.g., sol-gel process) would be preferable to powder blending, because microscopic 
heterogeneities in the fuel might adversely affect the retention of fission products. Pilot-scale irradiation, 
post irradiation examination, and leaching studies are required to support this preliminary assessment. Other 
issues that need to be addressed include impurity specifications (to minimize formation of long-lived 
activation products) and criticality and safeguards issues that might influence the design of fuel-handling 
facilities. 
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Abstract/Keyterms: Taiwan’s Maanshan Nuclear Power Station (MNPS) consists of two pressurized 
water reactors [2,775 MW(thermal)]. The reracking method has received licensing approval and has been 
successfully implemented by the Taiwan Power Company for MNPS to increase the spent-fuel storage 
capacity of each unit from 746 to 2,160 fuel assemblies. MNPS is the only nuclear power station in the 
world that can store the accumulated spent-fuel assemblies from 40 yr. of plant life in its on-site spent-fuel 
pool after reracking. The safety concerns regarding various aspects of this reracking project are presented. 
These safety concerns include thermal hydraulics, criticality, structure, radiation, and heavy loads. 
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Abstract/Keyterms: Additional criticality safety analysis of a pool-type storage for TRIGA spent fuel at 
the Jozef Stefan Institute in Ljubljana, Slovenia, is presented. Previous results have shown that subcriticality 
is not guaranteed for some postulated accidents (earthquake with subsequent fuel rack disintegration 
resulting in contact fuel pitch) under the assumption that the fuel rack is loaded with fresh 12 wt% standard 
fuel. To mitigate this deficiency, a study was done on replacing a certain number of fuel elements in the 
rack with cadmium-loaded absorber rods. The Monte Carlo computer code MCNP4A with an ENDF/B-V 
library and detailed three-dimensional geometrical model of the spent-fuel rack was used for this purpose. 
First, a minimum critical number of fuel elements was determined for contact pitch, and two possible 
geometries of rack disintegration were considered. Next, it was shown that subcriticality can be ensured 
when pitch is decreased from a rack design pitch of 8 cm to contact, if a certain number of fuel elements (8 
to 20 out of 70) are replaced by absorber rods, which are uniformly mixed into the lattice. To account for 
the possibility that random mixing of fuel elements and absorber rods can occur during rack disintegration 
and result in a supercritical configuration, a probabilistic study was made to sample the probability density 
functions for random absorber rod lattice loadings. Results of the calculations show that reasonably low 
probabilities for supercriticality can be achieved (down to 10{sup{minus}6} per severe earthquake, which 
would result in rack disintegration and subsequent maximum possible pitch decrease) even in the case 
where fresh 12 wt% standard TRIGA fuel would be stored in the spent-fuel pool. 



 

C-14433 

14395…..…..…………………..…….……..……ID Number…………………..…..…………….14395 

Author: Giles, Jr., Gary E. 

Title: Local Analysis Technique for the Advanced Neutron Source Reactor Fuel Defect Studies 

Date: 3/1/1997 

Report: NUTYBB, 117, 306-315 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The safety analysis for the Advanced Neutron Source Reactor (ANSR) required the 
development of a new analysis technique to determine fuel integrity and to assure avoidance of critical heat 
flux (CHF) conditions. The ANSR is a research reactor design intended to provide the highest continuous 
neutron beam intensity of any reactor in the world. Reliance on previous safety analysis techniques such as 
those used in the High Flux Isotope Reactor would result in a design that would not meet the requirements. 
A more accurate but still conservative analysis technique was developed for the ANSR safety analyses. 
This technique, the local analysis technique (LAT), relaxed some of the overly conservative assumptions 
of previous hot-spot studies by using a large number of detailed analyses. The conditions used in these 
analyses were spread over the possible distributions found in specific designs. This technique was used to 
analyze several core designs to produce confidence in the fuel plate integrity that could be damaged by 
excessive fuel temperatures and avoidance of CHF conditions. This approach can be used for other reactor 
designs and should allow increases in the operating power levels. Alternatively, the LAT could be used to 
demonstrate increased safety margins for present operating conditions. 
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Abstract/Keyterms: Redistribution of vitrified weapons-grade plutonium placed in the proposed Yucca 
Mountain repository is investigated based on the pure-colloid transport model for plutonium and the pure-
solute transport model for plutonium and the pure-solute transport model for plutonium, uranium, and 
boron. In the pure-colloid model, colloids carrying plutonium are assumed to settle out of groundwater in 
the fractures by flocculation. In the pure-solute model, 239Pu,235U, and boron are transported through 
fractures by advection and diffuse into the rock matrix with sorption retardation. Both models show that 
239Pu stays in the vicinity of the repository and decays there to235U. All the 239Pu that originally exists 
in the repository reaches the bottom end of 200-m fractures as235U. Boron spreads in the geologic medium 
during the glass leaching period and quickly disappears after the end of the leach time. Concentrations of 
239Pu and 235U are found to be too small for autocatalytic criticality. 
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Abstract/Keyterms: The Nuclear Fuel Cycle Safety Engineering Research Facility (NUCEF) is a large 
complex of research facilities where transuranic (TRU) elements are used. Liquid and solid waste 
containing TRU elements is generated mainly in the treatment of fuel for critical experiments and in the 
research of reprocessing and TRU waste management in hot cells and glove boxes. The rational 
management of TRU wastes is a very important issue not only for NUCEF but also for Japan. An integrated 
TRU waste management system is being developed with NUCEF as the test bed. The basic policy for 
establishing the system is to classify wastes by TRU concentration, to reduce waste volume, and to 
maximize reuse of TRU elements. The principal approach of the development program is to apply the 
outcomes of the research carried out in NUCEF. Key technologies are TRU measurement for classification 
of solid wastes and TRU separation and volume reduction for organic and aqueous wastes. Some 
technologies required for treating the wastes specific to the research activities in NUCEF need further 
development. Specifically, the separation and stabilization technologies for americium recovery from 
concentrated aqueous waste, which is generated in dissolution of mixed oxide when preparing fuel for 
critical experiments, needs further research. 
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Abstract/Keyterms: A core analysis system has been developed for the recent advanced designs of boiling 
water reactors. This system consists of a fuel assembly analysis code VMONT and a three-dimensional 
core simulator COSNEX. To cope with heterogeneous structures found in the recent high-performance fuel, 
VMONT employs a Monte Carlo neutron transport calculation method. COSNEX is based on a three-group 
nodal expansion method to treat spectral interactions among fuel assemblies. Both codes are vectorized to 
meet timing requirements as design tools. The analysis system is verified by the tracking of recent plant 
operations. Although the analyzed cores are highly heterogeneous in the multi-enrichment configuration, 
the system gives sufficient accuracy both in critical eigenvalues and thermal power distributions. 
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Abstract/Keyterms: LEU-SOL-THERM-004, LEU-SOL-THERM-007; A series of critical experiments 
with 10% enriched uranyl nitrate solution using a cylindrical core tank 60 cm in diameter have been 
performed with the Static Experiment Critical Facility at the Nuclear Fuel Cycle Safety Engineering 
Research Facility in the Tokai research establishment of the Japan Atomic Energy Research Institute. In 
the first series of experiments using the cylindrical core tank, systematic data of the critical height for water-
reflected cores and unreflected cores were obtained by changing the uranium concentration of the fuel 
solution from 313 to 225 g U/{ell}. As the reactivity of each core is controlled only by solution height, 
these criticality configurations, which have simple cylindrical shapes, are available for the validation of 
calculation codes used in criticality safety designs of nuclear fuel cycle facilities. The neutron multiplication 
factors of experimental cores were calculated with the two-dimensional transport code TWOTRAN in the 
SRAC code system and with the continuous-energy Monte Carlo code MCNP4A, employing the Japanese 
evaluated nuclear data library JENDL-3.2. The calculations from the combination of these calculation codes 
and the nuclear data library reproduce the neutron multiplication factors within an error of 0.9% for the 
experimental configuration of critical cores. 
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Abstract/Keyterms: Integral experiments with 2-m-long pressurized water reactor and boiling water 
reactor fuel rod bundle simulators containing a maximum of 57 rods (the CORA experimental program) as 
well as comprehensive single-effects investigations are examined. The physico-chemical material behavior 
of light water reactor fuel elements up to ∼2700 K under flowing steam is described. of particular 
importance is the determination of critical temperatures above which liquid phases form as a result of 
chemical interactions between the fuel element components and their influence on damage propagation. 
The results of the experiments show that low-temperature liquid phases form as early as ∼1300 K as a result 
of chemical interactions of INCONEL grid spacers with the Zircaloy cladding tube, of the absorber 
materials (Ag-In-Cd) with Zircaloy, and of boron carbide with stainless steel; however, extensive 
propagation of these interactions over large distances occurs only above 1550 K. Uranium oxide (UO2) 
fuel can be liquefied (dissolved) by molten metallic Zircaloy, with the formation of a U-Zr-O melt resulting 
in UO2 relocation. This process can even take place below the melting point of Zircaloy (2040 K) if the 
melt, generated by chemical reactions with the various core components, contains metallic zirconium. 
Beyond the melting point of Zircaloy (≥2040 K), the metallic melt dissolves UO2 more strongly; i.e., at a 
given time, more UO2 is dissolved. In this case, UO2 relocation occurs ∼1000 K below its melting point. 
The molten materials form coolant channel blockages (crusts) on solidification. In the CORA experimental 
facility, temperatures necessary to melt the remaining solid ceramic materials, up to ∼3150 K (according 
to the U-Zr-O phase diagram), were not attained. On the basis of the experimental results and 
thermodynamic considerations, three distinct temperature regimes can be defined where liquid phases that 
form in the reactor core give rise to substantial material relocations and different degrees of core damage. 
Quenching of an overheated fuel element with water from the bottom (simulating flooding of an uncovered 
reactor core) initially gives rise to further heating of the bundle components as a result of intensive oxidation 
of metallic constituents, which is associated with the formation of local melts and the additional generation 
of considerable amounts of hydrogen within a very short period of time. 
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Abstract/Keyterms: A criticality safety study of diffusion cascade coolers in a shutdown state is presented. 
The coolers represent six typical cascade coolers at a gaseous diffusion plant with accumulated deposits of 
UO2F2. The study involves k(eff) calculations for the coolers with various distributions of UO2F2, which 
are assumed as part of several hypothetical accident scenarios. The results show that at least two 
independent failures must occur in order to have a criticality. Additionally, the distributions chosen 
represent the upper bounds for k(eff). Individual results show that the k(eff) values for the cascade coolers 
designed for 80 and 97% enriched UF6 with deposit amounts, 2.409 and 2.185 kg, respectively, will not 
exceed 0.9 for the accident scenarios modeled. All other coolers require shell-side flooding with H2O in 
order to cause a criticality, which is possible only if two or more independent failures occur. 
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Abstract/Keyterms: KENO V.a is a multigroup Monte Carlo code that solves the Boltzmann transport 
equation and is used extensively in the nuclear criticality safety community to calculate the effective 
multiplication factor k(eff) of systems containing fissile material. Because of the smaller amount of disk 
storage and CPU time required in calculations, multigroup approaches have been preferred over continuous 
energy (point) approaches in the past to solve the transport equation. With the advent of high-performance 
computers, storage and CPU limitations are less restrictive, thereby making continuous energy methods 
viable for transport calculations. Moreover, continuous energy methods avoid many of the assumptions and 
approximations inherent in multigroup methods. Because a continuous energy version of KENO V.a does 
not exist, the objective of the work is to develop a new version of KENO V.a that utilizes continuous energy 
cross sections. Currently, a point cross-section library, which is based on a raw continuous energy cross-
section library such as ENDF/B-V is not available for implementation in KENO V.a; however, point cross-
section libraries are available for MCNP, another widely used Monte Carlo transport code. Since MCNP 
cross sections are based on ENDF data and are readily available, a new version of KENO V.a named 
PKENO V.a has been developed that performs the random walk using MCNP cross sections. To utilize 
point cross sections, extensive modifications have been made to KENO V.a. At this point in the research, 
testing of the code is underway. In particular, PKENO V.a, KENO V.a, and MCNP have been used to model 
nine critical experiments and one subcritical problem. The results obtained with PKENO V.a are in 
excellent agreement with MCNP, KENO V.a, and experiments. 
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Abstract/Keyterms: The radiation barrier alloy (RBA) concept is a method for introducing radioactive, 
chemical, and physical barriers for storing weapons-grade plutonium, and yet still allowing for accurate 
material control and accountability, as well as for retrieving the material by the host nation if desired. The 
radioactive and chemical barriers are achieved by fabricating the plutonium in the form of a plutonium-
beryllium compound (PuBe13), which results in neutron emission resulting from ({alpha},n) reactions 
within the compound and multiplication from (n,fission) processes in the plutonium. Preliminary physics 
analyses have been completed, as well as a general review of fabrication techniques and availability of the 
required materials. These studies revealed that dose levels in excess of 500 rem/h at a 1-m distance from 
the surface of the RBA assembly can be obtained. However, essential for achieving these dose levels is 
operation at a high level of neutron multiplication (k(eff) {approximately} 0.9). Criticality concerns, even 
under flooded conditions, can be eliminated through the use of a thermal-neutron-absorbing material (e.g., 
cadmium) either as a cladding material or a container material surrounding the RBA assembly. Fabrication 
techniques for the Pu-Be compound are well demonstrated and fully compatible with the RBA assembly 
fabrication. Data from disassembly of Pu-Be sources indicate that the compound is stable and no significant 
physical degradation occurs over a 40-yr time frame. There is no reason to believe that any additional 
problems exist for longer time frames, given that the components are designed for the appropriate lifetimes 
(i.e., adequately account for gas production). The materials required for RBA implementation are available 
in the required quantities, and cost of these materials is not prohibitive. 
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Abstract/Keyterms: IEU-COMP-THERM-003; Monte Carlo calculations of a criticality experiment with 
burned fuel on the TRIGA Mark II research reactor are presented. The main objective was to incorporate 
burned fuel composition calculated with the WIMSD4 deterministic code into the MCNP4B Monte Carlo 
code and compare the calculated keff with the measurements. The criticality experiment was performed in 
1998 at the "Jozef Stefan" Institute TRIGA Mark II reactor in Ljubljana, Slovenia, with the same fuel 
elements and loading pattern as in the TRIGA criticality benchmark experiment with fresh fuel performed 
in 1991. The only difference was that in 1998, the fuel elements had on average burnup of ~3%, 
corresponding to 1.3-MWd energy produced in the core in the period between 1991 and 1998. The fuel 
element burnup accumulated during 1991-1998 was calculated with the TRIGLAV in-house-developed fuel 
management two-dimensional multigroup diffusion code. The burned fuel isotopic composition was 
calculated with the WIMSD4 code and compared to the ORIGEN2 calculations. Extensive comparison of 
burned fuel material composition was performed for both codes for burnups up to 20% burned 235U, and 
the differences were evaluated in terms of reactivity. The WIMSD4 and ORIGEN2 results agreed well for 
all isotopes important in reactivity calculations, giving increased confidence in the WIMSD4 calculation of 
the burned fuel material composition. The keff calculated with the combined WIMSD4 and MCNP4B 
calculations showed good agreement with the experimental values. This shows that linking of WIMSD4 
with MCNP4B for criticality calculations with burned fuel is feasible and gives reliable results. 
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Abstract/Keyterms: Scenario identification, preparation of reliability data, and fault-tree construction 
were conducted for a criticality in a pulsed column of a typical model of a reprocessing facility to find a 
weak link in the system. The plant system data, the basic reliability data with the fault-tree analysis code 
FTL, were supplied from NUKEM GmbH, Germany. In this exercise, a low nitric acid concentration in the 
scrub flow to the pulsed column is initiated by failures of the reagent preparation system of the primary 
separation cycle, triggering plutonium accumulation, eventually exceeding the safety limit of the scrub 
column, and thus a criticality accident occurs. The occurrence frequency was evaluated to be 2.2 ¥ 10-5/yr 
for this most conservative case of the accident scenario. The main contributor was investigated by the fault-
tree branch analysis and identified to be human error relating to the sampling measurement for fresh nitric 
acid scrub feed. Because 2.2 ¥ 10-5/yr is quite a high value in comparison with the generally accepted 10-
6/yr, Monte Carlo uncertainty analysis assuming an error factor of 5 for each of the reliability data was 
conducted to predict a 90% confidence range of 1.9 ¥ 10-6/yr to 8.25 ¥ 10-5/yr. In addition, there might be 
unforeseen equipment failures related to the same criticality scenario. The additional analysis and 
discussion lead to the recommendation to adopt shape and dimension control in the design stage for the 
whole range of plutonium concentrations from a criticality safety point of view. 
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Abstract/Keyterms: In Germany, progress has been made in the development of a cask system for final 
disposal of spent fuel. The requirements for a final disposal cask and the planning requirements for a final 
repository are discussed, and a cask system is described that meets these requirements. Besides the 
description of the cask system and the planned inventory, the results of the shielding, criticality, and thermal 
calculations are described, as well as the results of the drop tests that have been performed with the cask. 
As a further development, a consolidated spent-fuel canister is described. 
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Abstract/Keyterms: The results are summarized of 15 yr of German research on spent fuel with respect to 
its suitability as a waste form disposed of in a repository located in the Gorleben salt dome. Within the 
multibarrier system for long-term isolation of high-level waste (HLW), the innermost engineered barrier 
"canistered spent fuel" contributes essentially to isolating radionuclides from the biosphere if a salt brine 
were to come into contact with the waste form. A large fraction of the radionuclide contents of the reacted 
fuel mass would become remobilized within secondary alteration products and on container corrosion 
products, but inevitably a certain nuclide-specific fraction would be released into the aqueous geochemical 
environment. The corrosion resistance of the fuel and the radionuclide mobility are not inherent materials 
properties but also depend on geological disposal conditions, packing concepts, and radioactive decay. In 
particular, the availability of oxidants is critical, controlling spent-fuel alteration rates and alteration 
products as well as radionuclide solubilities. Spent fuel is at least as suitable for final disposal as is HLW 
glass. 
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Abstract/Keyterms: Hundreds of criticality experiments were performed at Oak Ridge National 
Laboratory in the 1950s. Several sets of these experiments were used to determine the critical properties of 
233U and 235U. Here, four sets are analyzed to provide benchmark descriptions for validation of 
computational tools used by nuclear criticality specialists. All four sets were performed in water-reflected 
spherical geometry and contained a highly enriched uranyl fluoride solution (93.18% 235U) with the 
hydrogen-to-fissile ratio of measurements ranging from 35.8 to 1272. The scope of these experiments spans 
the minimum values of the subcritical mass limit curve. One experiment was never reported in the open 
literature, and three experiments were performed at elevated temperatures. An uncertainty in the 
experimental keff was found by sensitivity studies on reported measurement uncertainties, inconsistencies, 
and omissions in experimental parameters. To be useful for all computer codes, one-dimensional 
benchmark configurations were determined for all sets of experiments. The descriptions can be used to find 
bias values for a code/cross-section package. The keff values for similar configurations can then be 
corrected using the bias values. The sensitivity analysis of the experiments was performed using 
ONEDANT with 27-group ENDF/B-IV cross sections and MCNP with continuous-energy ENDF/B-V 
cross-section data. The keff values for both one- and three-dimensional configurations were found using 
MCNP with ENDF/B-V and ENDF/B-VI cross-section data. The values for keff for the one-dimensional 
configuration were also found by using ONEDANT and KENO V.a with Hansen-Roach and 27-group 
ENDF/B-IV cross sections. 
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Abstract/Keyterms: The United States and Russia expect to have a surplus of ~150 tonnes of weapons-
grade plutonium (WGP) and 1000 tonnes of weapons-grade uranium resulting from drastic reductions in 
nuclear weapons programs. One of the most favored candidate methods for disposing of the WGP is to 
blend it with natural or depleted uranium down to 5 to 7 wt% of WGP for light water reactor (LWR) fuel 
pellet fabrication. However, this approach, with a conversion ratio of 0.6, will produce more plutonium and 
other actinides in the spent fuel than the nonfertile fuel and the proposed actinide-reduced plutonium fuel 
(ARPF). This process only transforms the weapons-grade fissile materials to civilian-grade plutonium, 
which is still a nonproliferation concern, so it does not completely solve the plutonium disposition problem. 
Disposition of WGP in reactors without fertile material has been proposed by industry and national 
laboratories. A new ARPF is described that would use WGP mixed with medium-enrichment (20 at.% < 
235U < 93 at.%) UO2 and the nonfertile material tungsten to achieve a conversion ratio <0.1. The ARPF 
can meet the WGP disposal goal while minimizing the plutonium production. Its physics and burnup 
characteristics are analyzed, and the results are compared with LWR UO2 and mixed-oxide fuel. 
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Abstract/Keyterms: A criticality safety study of various forms of multiplying medium based on RBMK-
1000 fuel elements is presented. The calculations were performed with the Los Alamos National Laboratory 
Monte Carlo MCNP4B code. Continuous energy cross-section data have been taken from the ENDF/B-VI 
and ENDF/B-V libraries and S scattering functions from the ENDF/B-IV library. A detailed three-
dimensional model of the RBMK fuel element has been developed. A set of parametric calculations was 
performed for some hypothetical fuel conditions with the infinite model of storage lattice. Multiplying 
properties of homogenized mixture of fuel and moderator were also analyzed. Certain combinations of 
moderator (graphite-water mixture) and fuel may yield a significantly increased multiplication factor with 
respect to normal reactor lattice conditions. MCNP calculations were performed for fresh fuel conditions. 
The reduction of the multiplication factor due to burnup up to 20 GWd/TU was estimated using the 
WIMS/D-5 code for lattice-cell conditions. It was observed that the multiplication factor (kinf or keff) does 
not exceed unity if the burnup is taken into account regardless of the assumptions on the fuel conditions. 
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Abstract/Keyterms: It is well known that the maximum reactivity is realized for the flat fuel distribution 
with the fuel importance function being constant. The Lagrange method of an undetermined multiplier was 
used to incorporate the constraint that the mean uranium concentration or the total uranium mass shall be 
conserved. The OPT-SN computer program is developed, which includes an SN code ANISN-JR to solve 
the multigroup neutron transport equations. This program has given more reliable results than the previous 
scheme using the diffusion approximation, especially for bare and partially reflected fuel systems. OPT-SN 
was applied to criticality calculations for mixtures of 5 wt.% 235U-enriched uranium dioxide and water 
(slurries) covered with a water reflector in all directions, in half directions, and uncovered. The calculations 
made for the UO2-H2O slurries in a sphere, an infinitely long cylinder, and an infinite slab with a water 
reflector in all directions revealed that a degree of nonuniformity effect tends to increase as the mean 
uranium concentration increases. It amounts to ~6% k/k for these systems at the mean uranium 
concentration of 4000 gU/l. The degree of nonuniformity effect is found more than 6% k/k even for as low 
a mean uranium concentration as 700 gU/l of the slab fuel system with a reflector only on one side. This 
fact confirmed from the viewpoint of nuclear criticality safety the importance of evaluating the optimum 
distribution of fuel in slurry contained in a tank placed on the concrete floor. Precipitation is regarded as a 
realistic example. 
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Abstract/Keyterms: Guidance from the U.S. Department of Energy (DOE) for the performance of accident 
analysis in support of environmental impact assessments calls for a graded approach that considers 
frequencies as well as consequences of accidents, focuses on high-risk scenarios, and avoids bounding 
analyses that can obfuscate comparisons of alternative actions. This guidance reflects the fact that at the 
heart of an environmental impact statement is a comparative analysis of alternatives, including the proposed 
action; this analysis should address the environmental impacts in proportion to their potential significance, 
avoid addressing insignificant impacts in detail, and focus analysis resources to be as cost-effective as 
possible. Accordingly, a probabilistic risk analysis-based methodology to satisfy DOE guidance was 
developed and implemented for the DOE Waste Management Programmatic Environmental Impact 
Statement (WM PEIS). The methods are described and illustrated, and an outline of the computational 
framework is presented. This methodology, although developed for the WM PEIS, is, of course, applicable 
to general safety analyses. The implementation of the methods for the WM PEIS is summarized, and the 
extension of the methods to site-specific applications is explained. 
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Abstract/Keyterms: Monte Carlo N-Particle Transport Code System (MCNP) criticality calculations were 
performed on a library of critical benchmark experiments to obtain preliminary bias values and subcritical 
margins to be utilized in licensing calculations for high-level radioactive waste disposal. The critical 
experiments library includes a broad range of system physical and neutronic characteristics that are 
representative of a range of potential criticality configurations relevant to long-term deep geological 
disposal. Two hundred and eighty-nine critical benchmark experiments were selected and grouped into 20 
critical experiment classifications. From the results of this study, an applicable subcritical margin or 
maximum allowable keff can be selected for preliminary repository criticality analysis based on the 
similarity between the physical and neutronic characteristics of the system being analyzed and the relevant 
library classification. The results of this study provide quantification of both the confidence associated with 
the MCNP code and the presented conservative method for performing criticality evaluations relevant to 
repository emplacement of high-level radioactive waste. 
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Abstract/Keyterms: It is proposed that weapons-grade Pu recovered under the strategic arms reduction 
agreement be used in existing light water reactors under the current safety and licensing criteria. Based on 
experience with the commercial use of mixed-oxide (MOX) fuel in German pressurized water reactors, 
MOX fuel assemblies containing weapons-grade Pu have been designed. The related fuel management 
studies are presented. The possibility of using corresponding hexagonal MOX fuel assemblies in Russian-
type VVER 1000 reactors is also discussed. In addition, the use of weapons-grade Pu in modern boiling 
water reactors is addressed. It can be stated that safe normal operation and benign accident behavior are 
achievable. 
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Abstract/Keyterms: A subcritical multiplying assembly (SMA) was employed to improve the relatively 
low neutron fluxes of a 252Cf source, and the feasibility of using it as the neutron source for boron neutron 
capture therapy was explored. The Monte Carlo code MCNP was used to evaluate the effective 
multiplication factor keff of the entire system, the intensities and percentages of the epithermal neutron flux 
at the patient-end surface of the beam, and dosimetric properties of the beam in the elliptical brain phantom. 
The neutron beam with the SMA provides an epithermal neutron flux ~13.2 times higher than the beam 
without the SMA. After some optimization procedures, the beam in the final design provides a maximum 
advantage depth (AD) of 8.9 cm, a minimum AD of 7.3 cm, an advantage ratio of 5.5, and a therapeutic 
relative biological effectiveness dose rate of 4.23 cGy/min per 100 mg of 252Cf at a depth of 7.0 cm in the 
brain phantom. This dose rate is ~10 times higher than that provided by the beam designed without the 
SMA. Therefore, it is expected that the neutron beam can be more effective for treatment of tumors due to 
the increased therapeutic dose rates. 
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Abstract/Keyterms: Molten lead energy amplifiers present very interesting safety features to exploit 
nuclear fission in a subcritical assembly driven by a neutron spallation source. To characterize those 
features, reactivity effects due to geometric, material, and spectral changes are analyzed. A main objective 
of this study is to find out if reactor subcriticality is kept even in the case of accidents producing large 
reactor distortions. It is found that this possible in compact fuel arrays that have a high enough operational 
keff to yield a huge energy amplification, but the negative reactivity safety margin must be accurately 
assessed in any subcritical reactor design, as an essential point of its safety report. Some hints for future 
studies and better nuclear data calibration are also identified. 
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Abstract/Keyterms: The main-steam-line-break (MSLB) transient in a pressurized water reactor (PWR) 
is a core overcooling event that can result in a large positive reactivity insertion. In most analyses the 
shutdown margin is sufficiently large that the core does not return to critical. However, some researchers 
have reported an increase in the core power even though the core does not return to critical. A simplified 
kinetics model based on the prompt-jump-kinetics approximation is reported in new work, and a single 
delayed neutron group is used to explain the core power increase during subcriticality. Specifically, it is 
shown that the multiplication of the initial delayed-neutron source as predicted by the rate of change of the 
reactivity during the transient is the reason for the increase in power even though the core never returns to 
criticality after scram. The results are demonstrated using data from a RETRAN-03 model of a hot-zero-
power MSLB analysis of the Three Mile Island unit 1 PWR. 
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Abstract/Keyterms: The availability of the Monte Carlo-based code MCNP 4A has made possible the 
simulation of the low-enriched uranium (LEU)-fueled SLOWPOKE-2 reactor using a probabilistic 
approach. The reactor core and its surrounding pool can be modeled in three dimensions with numerous 
details included in the representation. Significant improvement from previous modeling attempts was 
obtained with the MCNP 4A simulation, with the discrepancy between the calculated and experimental 
values of the excess reactivity at 20°C reduced to only 0.2 mk. The analysis suggests the error of the MCNP 
4A-calculated excess reactivity as between 1 and 2 mk. The SLOWPOKE-2 reactor was then simulated 
with its single control rod at various degrees of insertion in the core: The reactivity worth of the rod was 
calculated as 7.85 mk, only 2.4 mk above the measured value. MCNP was then used for predicting the 
temperature effects on the excess reactivity. Although the inherent safety of the SLOWPOKE-2 reactor was 
confirmed in the simulation, the temperature dependence of the excess reactivity could not however be 
accurately predicted, due for the most part to the lack of appropriate cross-section libraries available at the 
time of this work. The potential of MCNP 4A is nevertheless clearly demonstrated for the simulation of the 
LEU-fueled SLOWPOKE-2 reactor, once the missing cross sections become available for the low 
temperatures at which the reactor operates. 
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Abstract/Keyterms: A conservative methodology is presented that would allow taking credit for burnup 
in the criticality safety analysis of spent nuclear fuel (SNF) packages. The method is based on the 
assumption that the isotopic concentration in the SNF and cross sections of each isotope for which credit is 
taken must be supported by validation experiments. The method allows credit for the changes in the 234U, 
235U, 236U, 238U, 238Pu, 239Pu, 240Pu, 241Pu, 242Pu, and 241Am concentration with burnup. No credit 
for fission product neutron absorbers is taken. The methodology consists of five major steps: 1. Validate a 
computer code system to calculate isotopic concentrations of SNF created during burnup in the reactor core 
and subsequent decay. Chemical assay benchmarks are used for this purpose, in conjunction with a method 
for assessing the calculational bias and uncertainty for each isotope. 2. Validate a computer code system to 
predict the subcritical multiplication factor keff of an SNF package by use of UO2 and UO2/PuO2 critical 
experiments. The method uses an upper safety limit on keff (which can be a function of trending parameters) 
to ensure that the calculated keff when increased for the bias and uncertainty is <0.95. 3. Establish 
conditions for the SNF (depletion analysis) and package (criticality analysis) that bound keff. Bounding 
axial and horizontal profiles must be established to ensure that the "end effect" and "horizontal effect" are 
accounted for conservatively. 4. Use the validated codes and bounding conditions to generate package-
loading criteria (burnup credit loading curves). Burnup credit loading curves show the minimum burnup 
required for a given initial enrichment. 5. Verify by measurement that SNF assemblies meet the package-
loading criteria, and confirm proper assembly selection prior to loading. 
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Abstract/Keyterms: The calculation of isotopic concentrations in spent nuclear fuel (SNF) assemblies and 
the subcritical multiplication factor of SNF packages are two of the essential requirements of the actinide-
only burnup credit methodology. To justify the accuracy of the computed values, the code systems used to 
perform the calculations must be validated. Here, the techniques used for actinide-only burnup credit 
isotopic and criticality validation are presented and demonstrated. Fifty-four chemical assays are included 
in the isotopic validation benchmark set. To perform the validation, the samples are analyzed to obtain 
isotopic concentrations for each of the isotopes included in the methodology (234U, 235U, 236U, 238U, 
238Pu, 239Pu, 240Pu, 241Pu, 242Pu, and 241Am). Correction factors are computed based on the measured 
and calculated values, which are then used to conservatively bias computed isotopic concentrations. For the 
criticality validation, 57 critical experiments are included in the benchmark set. The set is composed of 21 
UO2 and 36 mixed-oxide experiments, which are analyzed to determine the bias and corresponding 
uncertainty, ultimately resulting in an upper safety limit. This limit represents the maximum computed keff 
value that would be considered subcritical. 
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Abstract/Keyterms: A flat, uniform axial burnup assumption, preferred for its computational simplicity, 
does not always conservatively estimate the pressurized water reactor spent-fuel-cask multiplication 
factors. Rather, the reactivity effect of the significantly underburned fuel ends, usually referred to as the 
"end effect," can be properly treated by explicit modeling of the axial burnup distribution based on limiting 
axial burnup profiles. An alternative approach to this laborious explicit modeling is to augment the 
multiplication factor determined from an axially uniform calculation by an appropriate keff bias. Based on 
the observation that the end effect increases with a decrease in the cask size, conservative keff bias curves 
are determined by applying the limiting axial burnup profiles and assuming a single-assembly cask 
configuration. However, because of their conservative nature, the keff bias curves are not recommended 
unless there is a large reactivity margin in the particular cask of interest. The horizontal burnup distribution 
poses less reactivity concern simply because the limiting arrangement in a cask is an unlikely event. The 
possibility of two or more assemblies with low burnup zones placed inward and next to each other is small, 
while the underburned fuel ends will surely be next to each other. Regardless, the reactivity effect of the 
horizontal burnup distribution is bounded by assuming a conservative horizontal burnup gradient within 
individual assemblies and the most reactive arrangement of multiple assemblies in spent nuclear fuel casks. 
This approach can have a significant effect on small cask designs where the orientation of fuel assemblies 
has a substantial influence on the calculated multiplication factor because of the large radial neutron 
leakage. 
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Abstract/Keyterms: The U.S. Department of Energy has undertaken a project to reduce energy 
expenditures and improve energy system reliability in the 300 Area of the Hanford Site near Richland, 
Washington. This project replaced the centralized heating system with heating units for individual buildings 
or groups of buildings, constructed a new natural-gas distribution system to provide a fuel source for many 
of these units, and constructed a central control building to operate and maintain the system. The individual 
heating units include steam boilers that are housed in individual annex buildings located in the vicinity of 
a number of nuclear facilities operated by the Pacific Northwest National Laboratory (PNNL). The 
described analysis develops the basis for siting the package boilers and natural-gas distribution system used 
to supply steam to PNNL's 300 Area nuclear facilities. Minimum separation distances that would eliminate 
or reduce the risks of accidental dispersal of radioactive and hazardous materials in nearby nuclear facilities 
were calculated based on the effects of four potential fire and explosion (detonation) scenarios involving 
the boiler and natural-gas distribution system. These minimum separation distances were used to support 
siting decisions for the boilers and natural-gas pipelines. 
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Abstract/Keyterms: An assessment for the criticality safety of a conceptual repository for vitrified high-
level radioactive waste from reprocessed fuel of commercial light water reactors in a water-saturated 
granitic rock has been performed by quantitatively estimating the mass of fissile 235U existing in the entire 
far field as the performance measure. The uncertainties associated with the performance measure have been 
obtained by a statistical analysis with the Latin hypercube sampling method. With the assumed probability 
distribution functions for the model parameters, the mass of 235U released from the repository and existing 
in the far field at 100 million years is estimated to be< 40 kg with a 90% confidence level. This implies that 
all 235U existing in the entire far field at that time must accumulate in a single location for an 
overmoderated criticality event to occur in granitic rock. 
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Abstract/Keyterms: A methodology is described that serves as an alternative to the SAS2H path of the 
SCALE system to generate cross sections for point-depletion calculations with the ORIGEN-S code. 
Automatic Rapid Processing (ARP) is an algorithm that allows the generation of cross-section libraries 
suitable to the ORIGEN-S code by interpolation over pregenerated SAS2H libraries. The interpolations are 
carried out on the following variables: burnup, enrichment, and water density. The adequacy of the 
methodology is evaluated by comparing measured and computed spent-fuel isotopic compositions for 
pressurized water reactor and boiling water reactor systems. 
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Abstract/Keyterms: In 1967, a series of critical experiments were conducted at the Westinghouse Reactor 
Evaluation Center under the joint sponsorship of the Empire State Atomic Development Associates 
(ESADA) and Westinghouse using mixed-oxide (MOX) fuel. During the experimental program, both 
single- and multiregion critical core configurations were constructed for different fuel types and lattice 
pitches. Two types of MOX fuels and a low-enriched UO2 fuel were used. A description of selected single-
region ESADA experiments with criticality benchmark calculation results for those experiments as well as 
sensitivity analysis results on some configurations is given. Criticality calculations were performed using 
MCNP-4A with both ENDF/B-V and ENDF-B/VI cross-section libraries. The calculational results show 
that the calculated eigenvalues with ENDF/B-V cross-section libraries are higher than calculated 
eigenvalues with ENDF/B-VI cross-section libraries for all types of fuel. Calculational results also indicate 
that there is an increase in keff with increasing lattice pitch with both cross-section libraries. The 
uncertainties in keff value due to some uncertainties in the measured data are also calculated. 
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Abstract/Keyterms: The Saxton critical experiments, which used mixed-oxide (MOX) fuel of 6.6 wt% 
PuO2 in natural UO2 and UO2 fuel of 5.74 wt% 235U, are analyzed with MCNP-4B and continuous-energy 
cross-section libraries ENDF/B-V and ENDF/B-VI. An excellent agreement of calculated and experimental 
effective multiplication factors for the entire set of 1.3208-cm MOX lattices and 1.4224-cm MOX and UO2 
lattices was obtained. The analysis of criticality calculations for the five different lattice pitches show a bias 
with lattice pitch, which led to an increase of ~0.8% when doubling the lattice pitch. Good agreement 
between calculated and measured data was obtained for some of the relative power distribution experiments 
for MOX single-region cores and MOX/UO2 multiregion cores; however, for others the agreement was 
less satisfactory. No significant difference in the results for relative power with the two libraries was 
observed. 
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Abstract/Keyterms: Addition of sodium hydroxide to radioactive waste solutions produced a 
heterogeneous mixture of solids that exhibit different settling characteristics. Plutonium effectively 
coprecipitated with iron and uranium, and uranium with iron. Aluminum proved ineffective as a 
coprecipitating agent for either plutonium or uranium. Coprecipitation of uranium and plutonium occurs 
when the mole ratio of coprecipitating agent to actinide exceeds 1500. Addition of water to the alkaline 
slurries that simulate dilution during retrieval and pretreatment of high-level wastes results in dissolution 
of small amounts of uranium and plutonium in some slurries. The amount of uranium and plutonium 
dissolved did not saturate the solution in either actinide. 
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Abstract/Keyterms: A main-steam-line-break accident analysis for Three Mile Island Unit 1 is performed 
with point kinetics and three-dimensional kinetics with RETRAN-3D MOD002. These analyses were 
performed to demonstrate differences in results that can be expected due to different reactor kinetics models. 
To illustrate the difference in kinetics models, the RETRAN-3D models used for both analyses were the 
same with the exception of the reactor core modeling. The key assumptions and methods used to model 
loop mixing are described. The point-kinetics analysis demonstrates a significant return-to-power following 
the reactor trip while the three-dimensional kinetics case does not. This study shows that three-dimensional 
core transient modeling provides margin to recriticality over a point-kinetics approach. Such margin is 
desirable to allow for power uprate and extended refueling cycles. 
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Abstract/Keyterms: The feasibility of 100% mixed-oxide (MOX) fuel recycling in a standard pressurized 
water reactor (PWR) is explored. The plutonium neutronic specificity is analyzed and compared with 
uranium. The objective is to identify the generic aspects that could lead to current PWR design 
modifications. The plutonium isotopic composition was taken as a parameter. Accidents dealing with a 
change of the moderator density are of particular interest (especially considering that control worth is 
significantly reduced with MOX fuel). Study of core global draining leads to the following conclusion: 
Only very poor quality plutonium fuel (low fissile content) cannot be used in a 900-MW(electric) PWR 
because of a positive global draining reactivity effect. Study of the cooling accident (increase of moderator 
density) proves that the spurious opening of a secondary side valve is the most penalizing scenario in the 
case of MOX fuel utilization. The core reactivity was controlled in this study by 57 control rod clusters 
made of B4C rods having a 90% 10B content and a hafnium clad. The hypothetical return to criticality 
depends on plutonium isotopic composition. But the core is kept subcritical for all isotopic compositions 
provided an increase of the soluble boron 10B content up to a value of 40%. No major obstacle to the 100% 
MOX 900-MW(electric) PWR feasibility was found. 
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Abstract/Keyterms: The Los Alamos National Laboratory (LANL) has developed a system for 
determining 237Np, 241Am, and 243Am concentrations in spent fuel from measurements of the 240Pu/ 
239Pu isotopic ratio using calculations performed with the HELIOS lattice-physics code. Benchmark 
calculations for several pressurized water reactors (PWRs) were performed and compared to measured 
values from the literature for fuels with burnups ranging from 0 to 50000 MWd/tonne U. A direct correlation 
can be found between the 240Pu/ 239Pu isotopic ratio and the higher-actinide concentrations for each fuel 
type. Comparisons of calculated with measured values suggests that the LANL technique would yield 
237Np and 241Am concentrations within ±5% and 243Am concentrations within ±15% for PWRs. 
Expanding this system for all reprocessing applications will require more measured data (especially for 
boiling water reactors and VVER-type reactors), but the existing results show a marked improvement over 
the previous ORIGEN calculations. Also, a better determination of the 243Am concentrations may support 
a greater confidence in the calculated results or suggest an alteration to the existing nuclear data. The present 
state of these neutronics calculations suggests that the technology exists to reduce the need for direct 
measurement of the 237Np, 241Am, and 243Am concentrations in spent fuel. 
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Abstract/Keyterms: Given sufficient material, a large number of actinides could be used to form bare-
metal criticals. The effective delayed neutron fraction for a bare critical comprised of a fissile material is 
comparable with the absolute delayed neutron fraction. The effective delayed neutron fraction for a bare 
critical composed of a fissionable material is reduced by factors of 2 to 10 when compared with the absolute 
delayed neutron fraction. When the effective delayed neutron fraction is small, the difference between 
delayed and prompt criticality is small, and extreme caution must be used in critical assemblies of these 
materials. This study uses an approximate but realistic model to survey the actinide region to compare 
effective delayed neutron fractions with absolute delayed neutron fractions. 
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Abstract/Keyterms: Validating state-of-the-art methods used to predict fluence exposure to reactor 
pressure vessels (RPVs) has become an important issue in identifying the sources of uncertainty in the 
estimated RPV fluence for pressurized water reactors. This a very important aspect in evaluating irradiation 
damage leading to the hardening and embrittlement of such structural components. One of the major 
benchmark experiments carried out to test three-dimensional methodologies is the VENUS-3 Benchmark 
Experiment in which three-dimensional Monte Carlo and Sn codes have proved more efficient than 
synthesis methods. At the Instituto de Fusión Nuclear (DENIM) at the Universidad Politécnica de Madrid, 
a detailed full three-dimensional model of the Venus Critical Facility has been developed making use of 
the Monte Carlo transport code MCNP4B. The problem geometry and source modeling are described, and 
results, including calculated versus experimental (C/E) ratios as well as additional studies, are presented. 
Evidence was found that the great majority of C/E values fell within the 10% tolerance and most within 
5%. Tolerance limits are discussed on the basis of evaluated data library and fission spectra sensitivity, 
where a value ranging between 10 to 15% should be accepted. Also, a calculation of the atomic 
displacement rate has been carried out in various locations throughout the reactor, finding that values of 
0.0001 displacements per atom in external components such as the core barrel are representative of this 
type of reactor during a 30-yr time span. 
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Abstract/Keyterms: A novel system for energy production is presented. This system has a modular 
composition of homogeneous reactors with H2O and 242mAm as a fuel. These reactors are spheres of 0.11-
m radius and 1-MW(thermal) power and with a critical mass of 0.0201 kg of 242mAm. The advantages of 
homogeneous reactors are constant fuel reprocessing and constant refueling. As a result, there is a reduction 
of fission products, which improves the ratio of natural cooling to heat production with respect to a loss-
of-control accident (LOCA) and other safety aspects. Homogeneous reactors also have a large negative 
temperature coefficient and small inherent excess reactivity during operation. The reactor concept we have 
presented for a very small, homogeneous reactor, further enhances the safety aspects in the case of a LOCA, 
because of a large surface-to-volume ratio. The improved safety, the simplicity, and the small volume 
should compensate for the use of an unconventional nuclear fuel. 
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Abstract/Keyterms: This study deals with the analysis of some neutronics and safety parameters of the 
current core of a 3-MW TRIGA MARK-II research reactor and validation of the generated macroscopic 
cross-section library and calculational techniques by benchmarking with experimental, operational, and 
available Safety Analysis Report (SAR) values. The overall strategy is: (a) generation of the problem-
dependent cross-section library from basic Evaluated Nuclear Data Files such as ENDF/B-VI and JENDL-
3.2 with NJOY94.10+, (b) use of the WIMSD-5 package to generate a few-group neutron macroscopic 
cross section for all of the materials in the core and its immediate neighborhood, (c) use the three-
dimensional CITATION code to perform the global analysis of the core, and (d) checking of the validity of 
the CITATION diffusion code with the MCNP4B2 Monte Carlo code. The ultimate objective is to establish 
methods for reshuffling the current core configuration to upgrade the thermal flux at irradiation locations 
for increased isotope production. The computational methods, tools and techniques, customization of cross-
section libraries, various models for cells and supercells, and many associated utilities are standardized and 
established/validated for the overall neutronic analysis. The excess reactivity, neutron flux, power 
distribution, power peaking factors, determination of the hot spot, and fuel temperature reactivity 
coefficients f in the temperature range of 45 to 1000 °C are studied. All the analyses are performed using 
the 4- and 7-group libraries of the macroscopic cross sections generated from the 69-group WIMSD-5 
library. The 7-group calculations yield comparatively better agreement with the experimental value of keff 
and the other core parameters. The CITATION test runs using different cross-section sets based on the 
different models applied in the WIMSD-5 calculations show a strong influence of those models on the final 
integral parameter. Some of the cells are specially treated with the Prize options available in WIMSD-5 to 
take into account the fine structure of the flux gradient in the fuel-reflector interface region. The hot spot is 
found physically at the fuel position C4 with a maximum power density of 1.044559 ¥ 102 W/cm3. The 
calculated total peaking factor is 5.8867 compared to the original SAR value of 5.6325. The curve of f with 
the temperature at zero burnup shows that the curve deviates somewhat with that reported in the original 
SAR for low-enriched uranium fuel. The MCNP calculations establish that the CITATION calculations and 
the generated cross-section library are reasonably good for neutronic analysis of TRIGA reactors. The 
results obtained from the neutronic analysis will be used to analyze the thermal-hydraulic behavior and the 
safety margins of the core both for steady-state and pulse-mode operations. 
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Abstract/Keyterms: An effective way to reduce the large quantities of Pu currently accumulated 
worldwide would be to use uranium-free fuel in light water reactors (LWRs) so that no new Pu is produced. 
Such a possibility could be provided by an LWR fuel consisting of Pu in a neutronically inert matrix. It 
may be necessary to add a burnable absorber or thorium to reduce the reactivity swing during burnup. The 
methods and data currently used for LWR analyses have not been tested in conjunction with such exotic 
fuel materials. An international exercise has accordingly been launched to compare the relative performance 
of different code systems and the accuracy of the basic data. Comparison of the results of cell calculations 
done with fixed isotopic densities against reference Monte Carlo results shows fairly small but systematic 
differences in the multiplication factors. A sensitivity analysis done with different basic cross section 
libraries and the same code system allows one to distinguish between the effects of the codes and those of 
the databases. The results of the burnup calculations indicate a fair agreement in k both at beginning of life 
(BOL) and after 1200 days of irradiation [end of life (EOL)] under conditions representative of a present-
day pressurized water reactor. At BOL, the fuel temperature coefficients agree fairly well among the 
different contributions, but unacceptably large differences are observed at EOL. The void coefficients agree 
well for low voidage, but for void fractions >90%, there are significant effects mostly due to the databases 
used. The agreement in the calculated boron worths is good. 
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Abstract/Keyterms: The reactor physics trends that can be observed when the moderator-to-fuel (MF) 
ratio of a mixed-oxide (MOX) fuel lattice increases from two (the standard value) to four are investigated. 
The influence of the MF ratio on the moderator void coefficient, the fuel temperature coefficient, the 
moderator temperature coefficient, the boron reactivity worth, the critical boron concentration, the mean 
neutron generation time, and the effective delayed neutron fraction has been investigated. Increasing the 
MF ratio to values larger than three gives a moderator void coefficient sufficiently large to recycle the 
plutonium at least four times. Also, the values of other parameters like the boron reactivity worth, the fuel 
temperature coefficient, the moderator temperature coefficient, and the mean neutron generation time 
improve with increasing MF ratio. The effective delayed neutron fraction is almost independent of the MF 
ratio. According to a point-kinetics model, the response of a MOX-fueled reactor with an MF ratio of four 
to a moderator temperature decrease is similar to that of a UO2-fueled reactor with an MF ratio of two. 
Scenario studies show that recycling plutonium four times in pressurized water reactors reduces the 
plutonium production by a factor of three compared with a reference once-through scenario, but the 
americium and curium production triples. If the plutonium remaining after recycling four times is disposed 
of, the radiotoxicity reduces by only a factor of two. This factor increases to a maximum of five if the 
plutonium can be eliminated in special burner reactors. Recycling of americium and curium is needed to 
reduce the radiotoxicity of the spent fuel to lower values. In general, the plutonium mass reduction increases 
and the minor actinide production decrease with increasing MF ratio of the MOX fuel. Enlarging the MF 
ratio can be achieved by increasing the rod pitch or by reducing the fuel pin diameter. In both cases, the 
economic penalty is about the same and is quite large. 
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Abstract/Keyterms: An outline is given of simple evaluation models for a recriticality in an attempt to 
construct a fast reactor core that has high potential to terminate an accident and prevent its progression, 
under postulated core-damage conditions, into further disruption of the degraded core and into possible 
recriticality leading to an energetic power excursion. The basic idea to prevent recriticality events is to 
remove a certain amount of fuel material out of the core in order to keep the core subcritical. Based on the 
simplified models, general guidelines are given that minimize the amount of fuel removal necessary to 
avoid recriticality events. Multigroup two-dimensional diffusion calculations are also performed to 
ascertain the tendency obtained by the simple model for the reactivity insertion due to a core collapse. In 
the sense of controlled material relocation, the fraction of core materials is identified that should be 
preferentially removed out of the core to eliminate the recriticality potential. 
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Abstract/Keyterms: In a reprocessing facility where nuclear fuel solutions are processed, one could 
observe a series of power peaks, with the highest peak right after a criticality accident. The criticality alarm 
system (CAS) is designed to detect the first power peak and warn workers near the reacting material by 
sounding alarms immediately. Consequently, exposure of the workers would be minimized by an immediate 
and effective evacuation. Therefore, in the design and installation of a CAS, it is necessary to estimate the 
magnitude of the first power peak and to set up the threshold point where the CAS initiates the alarm. 
Furthermore, it is necessary to estimate the level of potential exposure of workers in the case of accidents 
so as to decide the appropriateness of installing a CAS for a given compartment. A simplified evaluation 
model to estimate the minimum scale of the first power peak during a criticality accident is derived by 
theoretical considerations only for use in the design of a CAS to set up the threshold point triggering the 
alarm signal. Another simplified evaluation model is derived in the same way to estimate the maximum 
scale of the first power peak for use in judging the appropriateness for installing a CAS. Both models are 
shown to have adequate margin in predicting the minimum and maximum scale of criticality accidents by 
comparing their results with French Criticality occurring Accidentally (CRAC) experimental data. 
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Abstract/Keyterms: The use of depleted uranium dioxide (DUO2) particulates as fill material for 
repository waste packages (WPs) containing light-water reactor (LWR) spent nuclear fuel (SNF) was 
investigated. A repository WP would be loaded with SNF, and small DUO2 particulates (0.5 to 1.0 mm) 
would be added to fill the void space inside the WP - including the coolant channels inside SNF assemblies. 
The DUO2 fill slows release of radionuclides from the SNF by (a) creating a local chemically reducing 
environment that slows degradation of the SNF UO2 and (b) reducing groundwater flow through the WP. 
The depleted uranium (DU) fill minimizes the potential for long-term criticality in the repository by isotopic 
dilution of 233U and 235U. The potential for criticality is primarily determined by 235U (a) originally in 
the SNF and (b) from decay of 239Pu. The use of DU consumes excess DU from the production of enriched 
uranium. The mechanisms for improvements in repository performance with DUO2 fill are defined, but 
additional work is required to fully quantify the benefits and costs of such an approach. 



 

C-14480 

14442…..…..…………………..…….……..……ID Number…………………..…..…………….14442 

Author: Venneri, Francesco / Williamson, Mark A. / Li, Ning / Houts, Michael G. / Morley, Richard A. / 
et al. 

Title: Disposition of Nuclear Waste Using Subcritical Accelerator-Driven Systems: Technology Choices 
and Implementation Scenarios 

Date: 10/1/2000 

Report: NUTYBB, 132, 015-029 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Los Alamos National Laboratory has led the development of accelerator-driven 
transmutation of waste (ATW) to provide an alternative technological solution to the disposition of nuclear 
waste. While ATW will not eliminate the need for a high-level waste repository, it offers a new technology 
option for altering the nature of nuclear waste and enhancing the capability of a repository. The basic 
concept of ATW focuses on reducing the time horizon for the radiological risk from hundreds of thousands 
of years to a few hundred years and on reducing the thermal loading. As such, ATW will greatly reduce the 
amount of transuranic elements that will be disposed of in a high-level waste repository. The goal of the 
ATW nuclear subsystem is to produce three orders of magnitude reduction in the long-term radiotoxicity 
of the waste sent to a repository, including losses through processing. If the goal is met, the radiotoxicity 
of ATW-treated waste after 300 yr. would be less than that of untreated waste after 100 000 yr. These 
objectives can be achieved through the use of high neutron fluxes produced in accelerator-driven subcritical 
systems. While critical fission reactors can produce high neutron fluxes to destroy actinides and select 
fission products, the effectiveness of the destruction is limited by the criticality requirement. Furthermore, 
a substantial amount of excess reactivity would have to be supplied initially and compensated for by control 
poisons. To overcome these intrinsic limitations, we searched for solutions in subcritical systems freed from 
the criticality requirement by taking advantage of the recent breakthroughs in accelerator technology and 
the release of liquid lead/bismuth nuclear coolant technology from Russia. The effort led to the selection of 
an accelerator-driven subcritical system that results in the destruction of the actinides and fission products 
of concern as well as permitting easy operational control through the external control of the neutron source. 
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Abstract/Keyterms: Cell-code benchmark calculations have been performed for the standard CANDU and 
DUPIC CANDU Fuel lattices compared with the MCNP-4B code. To consider the full isotopic composition 
and the temperature effect, new MCNP libraries have been generated from ENDF/B-VI release 3 and 
validated for typical benchmark problems. The lattice codes WIMS-AECL and HELIOS were then 
benchmarked by the MCNP code for the major physics parameters such as burnup reactivity, coolant void 
reactivity, fuel temperature coefficient, etc. The calculations have shown that the physics parameters 
estimated by the lattice codes are consistent with those by MCNP. However, there is a tendency that the 
error increases slightly when the fuel burnup is high. This study has shown that the WIMS-AECL produces 
reliable results for CANDU Fuel analysis. However, it is recommended that the cross-section library be 
updated to be used for the high-burnup fuels even though the current results are generally acceptable. This 
study has also shown that the HELIOS code has the potential to be used for CANDU Fuel lattice analysis 
in the future. 
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Abstract/Keyterms: A pressurized water reactor (PWR) fuel cycle is proposed, whose purpose is the 
elimination and degradation of weapons-grade plutonium. This Radkowsky thorium-fuel Pu incinerator 
(RTPI) cycle is based on a core and assemblies retrofittable to a Westinghouse-type PWR. The RTPI 
assembly, however, is a seed-blanket unit. The seed is supercritical, loaded with Pu-Zr alloy as fuel in a 
high moderator-to-fuel ratio configuration. The blanket is subcritical, loaded mainly with ThO2, generating 
and burning 233U in situ. Blankets are loaded once every 6 yr. The seed fuel management scheme is based 
on three batches, with one-third of the seed modules replaced every year. The core generates 1100 
MW(electric). Equilibrium conditions are achieved with the second seed loading. For equilibrium 
conditions, the annual average of disposed (loaded) Pu is 1210 kg, of which 702 kg are completely 
eliminated, and 508 kg are discharged, but with significantly degraded isotopics (i.e., with a high percentage 
of even mass isotopes). Spontaneous fissions per second in a gram of this degraded Pu are ~500, resulting 
in significantly increased proliferation resistance. Every 6 yr the blanket discharge contains 780 kg of 233U 
(including 233Pa) and 36 kg of 235U. However, the blankets are initially loaded with an amount of natural 
uranium selected such that these U fissile isotopes constitute only 12% of the total U discharge, a percentage 
equivalent to 20% 235U enrichment; hence, both the discharged uranium isotopics satisfy proliferation-
resistant criteria. The RTPI control variables, namely, the moderator temperature coefficient, the reactivity 
per ppm boron, and the control rods worth, are about equal to those of a PWR. The RTPI spent-fuel stockpile 
ingestion toxicity over a period of ten million years is about the same as the counterpart toxicities of a 
regular, or a mixed-oxide (MOX), PWR. Compared with known PWR MOX variants, the RTPI is, per 1000 
MW(electric) and per annum, a significantly more efficient incinerator of weapons-grade plutonium. 
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Abstract/Keyterms: The experimental results of criticality benchmark experiments performed at the Jozef 
Stefan Institute TRIGA Mark II reactor are presented. The experiments were performed with partly burned 
fuel in two compact and uniform core configurations in the same arrangements as were used in the fresh 
fuel criticality benchmark experiment performed in 1991. In the experiments, both core configurations 
contained only 12 wt% U-ZrH fuel with 20% enriched uranium. The first experimental core contained 43 
fuel elements with average burnup of 1.22 MWd or 2.8% 235U burned. The last experimental core 
configuration was composed of 48 fuel elements with average burnup of 1.15 MWd or 2.6% 235U burned. 
The experimental determination of keff for both core configurations, one subcritical and one critical, are 
presented. Burnup for all fuel elements was calculated in two-dimensional four-group diffusion 
approximation using the TRIGLAV code. The burnup of several fuel elements was measured also by the 
reactivity method. 
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Abstract/Keyterms: Current nuclear criticality safety limit requirements for transporting TRUPACT-II 
waste containers to the U.S. Department of Energy's Waste Isolation Pilot Plant (WIPP) specify that the 
239Pu fissile gram equivalent (FGE) plus two times its measurement error must be 325 g for a payload of 
fourteen 55-gal drums. The authorized method for calculating a TRUPACT-II FGE measurement error 
value is to take the square root of the sum of the squared error values for the individual containers (often 
called root-sum-squares or simply RSS). However, to the extent that the individual drum measurements 
contain common bias effects (e.g., due to common calibration or other adjustment factors), the 
corresponding measurement errors are correlated, and simple RSS calculations will underestimate the true 
error in the TRUPACT-II FGE value. The RSS calculations assume independence, while common bias 
effects can induce strong correlations between the errors in measurements. Significant bias effects can occur 
when the matrix characteristics for a particular waste type are not fully accounted for in the measurement 
process. Depending on the relative size of the bias error compared to precision error, the true measurement 
error can be greater than twice that calculated by RSS. In such cases, the FGE shipping requirement may 
not be met. To avoid underestimating the error, bias components should be estimated and propagated 
separately (combined only at the final step in the TRUPACT-II FGE calculation), or the effect of bias on 
covariance between measurements must be calculated. These covariance terms then need to be included in 
the final uncertainty calculations. 
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Abstract/Keyterms: It is important to use analyses to prove outstanding inherent reactor safety during a 
severe accident in order to convince the public and licensing authority of the safety advantage of the high-
temperature gas-cooled reactor (HTGR). In this study, the simulation of a depressurization accident without 
reactor scram (DAWS) was performed for a future HTGR with 450-MW thermal output, introducing the 
annular core of pin-in-block-type fuel, which was originally designed in Japan. The DAWS has the 
possibility of becoming one of the severe accidents postulated in the HTGR. To perform an accurate 
simulation, a new analytical model for reactor dynamics and indirect decay heat removal from the surface 
of the reactor pressure vessel (RPV) during the DAWS was developed. The features of the new simulation 
model are as follows: 1. A single-channel model is coupled with a two-dimensional reactor thermal model 
in the new simulation model. The reactor kinetics with a single-channel model during the DAWS is 
simulated taking into account heat removal from the reactor calculated in the R-Z reactor thermal model, 
including the RPV and indirect vessel cooling system. No conventional calculation codes with a single 
channel have a heat removal model from an RPV or were able to simulate precisely the transient during 
DAWS. 2. A xenon buildup and decay model for the reactivity calculation is made in addition to one point-
kinetics approximation to simulate a recriticality and a power oscillation following the initiation of the 
DAWS. 3. A transient simulation can be performed for two kinds of core models of pin-in-block- and 
multihole-type fuels. The accurate evaluation of xenon density and core temperature is of prime importance 
in the simulation of the DAWS. From the simulation result with a proper safety margin, it was confirmed 
that the safety performance of passive decay heat removal with cooling indirectly from the surface of the 
RPV is outstanding for the DAWS, and a severe-accident-free HTGR can be designed. The newly 
developed code is applicable to the detailed safety evaluation necessary to future HTGR design. 
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Abstract/Keyterms: Important decisions related to the kind of reactors to be used for the disposition of the 
surplus weapons-grade plutonium are going to be based on calculations. Benchmarking computational 
methods in all aspects of the fuel cycle with measured data is then an obvious necessity. Analysis of public 
domain data reveals that the cycle-2 irradiation in the Quad Cities-1 boiling water reactor is the most recent 
U.S. destructive examination, involving the irradiation of five mixed-oxide (MOX) assemblies using 80 
and 90% fissile Pu, quite close to weapons-grade Pu isotopic. Such measurements are rare, and they might 
be the only source of information to quantify differences in key neutronics parameters between high-fissile 
Pu systems and the well-characterized use of reactor-grade Pu. The pin neutronic performances for the UO2 
and MOX fuels are compared with assembly-level calculation in which ~20% of the pins are MOX pins 
surrounded by UO2 pins. For MOX rods, HELIOS models the chains for the isotopes of uranium and 
plutonium reasonably well when compared with measured data at ~12 000 MWd/tonne. However, 
indications are that the amounts of heavier actinides are underpredicted. Measurements and calculations of 
the relative pin power distribution for the last few weeks of the irradiation and the burnup are fairly 
consistent. The critical effects of the contribution of the 0.296-eV resonance to the production of higher 
actinides and the destruction of 239Pu are discussed. 
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Abstract/Keyterms: A new 69-group library of multigroup constants for the lattice code WIMS-D/4 has 
been generated with an improved resonance treatment, processing nuclear data from JENDL-3.2 by 
NJOY91.108. A parallel ENDF/B-VI based library has also been constructed for intercomparison of results. 
Benchmark calculations for a number of thermal reactor critical assemblies of both uranium and plutonium 
fuels have been performed with the code WIMS-D/4.1 with its three different libraries: the original WIMS 
library (NEA-0329/10) and the new ENDF/B-VI and JENDL-3.2 based libraries. The results calculated 
with both ENDF and JENDL based libraries show a similar tendency and are found in better agreement 
with the experimental values. Benchmark parameters are further calculated with the comprehensive lattice 
code SRAC95. The results from SRAC95 and WIMS-D/4.1 (both using JENDL-3.2 based libraries) agree 
well with each other. The new library is also verified for its applicability to mixed-oxide cores of varying 
plutonium contents. 
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Abstract/Keyterms: Numerical modeling of criticality transients in dilute plutonium solutions is 
presented. The solutions concerned may be expected to have an overall positive temperature coefficient of 
reactivity at ambient temperatures. Simulations were performed using the FETCH coupled radiation 
transport-multiphase hydrodynamics code for the cases of step and ramp reactivity insertions. The code has 
been developed for modeling scenarios beyond the reach of experiment and has been extended to cover the 
coupling of radiolytic gas behavior and pressure. It is demonstrated that dilute plutonium criticality 
excursions may be terminated by radiolytic gas evolution provided that the gas is allowed to evolve freely, 
and that this may result in modest fission yields. However, it is also demonstrated that suppression of 
radiolytic gas bubbles by pressure may give rise to considerably energetic excursions with consequent large 
yields. 
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Abstract/Keyterms: Criticality safety analysis devoted to spent-fuel storage and transportation has to be 
conservative in order to be sure no accident will ever happen. In the spent-fuel storage field, the assumption 
of freshness has been used to achieve the conservative aspect of criticality safety procedures. Nevertheless, 
after being irradiated in a reactor core, the fuel elements have obviously lost part of their original reactivity. 
The concept of taking into account this reactivity loss in criticality safety analysis known as burnup credit. 
To be used, burnup credit involves obtaining evidence of the reactivity loss with a burnup measurement. 
Many nondestructive assays (NDA) based on neutron as well as on gamma-ray emissions are devoted to 
spent-fuel characterization. Heavy nuclei that compose the fuels are modified during irradiation and 
cooling. Some of them emit neutrons spontaneously, and the link to burnup is a power link. As a result, 
burnup determination with passive neutron measurement is extremely accurate. Some gamma emitters also 
have interesting properties in order to characterize spent fuels, but the convenience of the gamma 
spectrometric methods is very dependent on the characteristics of the spent fuel. In addition, contrary to the 
neutron emission, the gamma signal is mostly representative of the peripheral rods of the fuels. Two devices 
based on neutron methods but combining different NDA methods which have been studied in the past are 
described in detail: 1. The PYTHON device is a combination of a passive neutron measurement, a 
collimated total gamma measurement, and an online depletion code. This device, which has been used in 
several nuclear power plants in western Europe, gives the average burnup within a 5% uncertainty and the 
extremity burnup. 2. The NAJA device is an automatic device that involves three nuclear methods and an 
online depletion code. It is designed to cover the whole fuel assembly panel (active neutron interrogation, 
passive neutron counting, and gamma spectrometry). 



 

C-14490 

14452…..…..…………………..…….……..……ID Number…………………..…..…………….14452 

Author: Guillermo D. Del Cul / Icenhour, Alan S. / Simmons, Darrell W. 

Title: Development of the Process for the Recovery and Conversion of 233UF6 Chemisorbed in NaF Traps 
from the Molten Salt Reactor Remediation Project 

Date: 10/1/2001 

Report: NUTYBB, 136, 089-098 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The Molten Salt Reactor Experiment (MSRE) site at Oak Ridge National Laboratory 
is being cleaned up and remediated. The removal of ~37 kg of fissile 233U is the main activity. of that 
inventory, ~23 kg has already been removed as UF6 from the piping system and chemisorbed in 25 NaF 
traps. This material is in temporary storage while it awaits conversion to a stable oxide. The planned 
recovery of ~11 kg of uranium from the fuel salt will generate another 15 to 19 NaF traps. The remaining 
2 to 3 kg of uranium are present in activated charcoal beds, which are also scheduled to be removed from 
the reactor site. Since all of these materials (NaF traps and the uranium-laden charcoal) are not suitable for 
long-term storage, they will be converted to a uranium oxide (U3O8), which is suitable for long-term 
storage. The conversion of the MSRE material into an oxide presents unique problems, such as criticality 
concerns, a large radiation field caused by the daughters of 232U (an impurity isotope in the 233U), and 
the possible spread of the high-radiation field from the release of 220Rn gas. To overcome these problems, 
a novel process was conceived and developed. This process was specially tailored for providing remote 
operations inside a hot cell while maintaining full containment at all times to avoid the spread of 
contamination. This process satisfies criticality concerns, maximizes the recovery of uranium, minimizes 
any radiation exposure to operators, and keeps waste disposal to a minimum. 
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Abstract/Keyterms: Modeling of nuclear criticality was omitted from performance assessment 
calculations for the Waste Isolation Pilot Plant (WIPP), a repository for waste contaminated with 
transuranic radioisotopes, located in southeastern New Mexico, based on arguments of low probability and 
low consequence. Low-probability arguments are presented here. Guidance provided by the Environmental 
Protection Agency (EPA) - the regulator of WIPP - allowed either qualitative "credibility" arguments or 
quantitative probability estimates when screening features, events, and processes such as criticality. 
Although information to quantitatively evaluate the probability of a criticality event was mostly lacking, 
qualitatively reasoned discussion of the inability to assemble a critical configuration of fissile material was 
accepted by the EPA. Specifically, after disposal and prior to an inadvertent human intrusion into the 
repository, there is no credible mechanism to move radioisotopes (and particularly, fissile material) since 
only small amounts of brine enter the repository, as adequately demonstrated in calculations over the years. 
An inadvertent human intrusion (an event that must be considered because of safety regulations) might 
allow a large pressure gradient to move more brine through the repository, but there is still no credible 
mechanism to counteract the natural tendency of the material to disperse during transport. Unfavorable 
physical conditions on concentrating fissile material include low initial solid concentration of fissile 
material, small mass of fissile material transported over 10 000 yr, and insufficient physical compaction; 
unfavorable hydrologic conditions include the limited amount of brine available to transport fissile material. 
Unfavorable geochemical conditions on concentrating the fissile radioisotopes include lack of sufficient 
adsorption and water chemistry conducive to precipitation. 
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Abstract/Keyterms: This research examines the practice of equating the reactivity of spent fuel to that of 
fresh fuel for the purpose of performing burnup credit criticality safety analyses for pressurized water 
reactor (PWR) spent-fuel pool (SFP) storage conditions. The investigation consists of comparing keff 
estimates based on reactivity "equivalent" fresh fuel enrichment (REFFE) to keff estimates using the 
calculated spent-fuel isotopics. Analyses of selected storage configurations common in PWR SFPs show 
that this practice yields nonconservative results (on the order of a few tenths of a percent) in configurations 
in which the spent fuel is adjacent to higher-reactivity assemblies (e.g., fresh or lower-burned assemblies) 
and yields conservative results in configurations in which spent fuel is adjacent to lower-reactivity 
assemblies (e.g., higher-burned fuel or empty cells). When the REFFE is determined based on unborated 
water moderation, analyses for storage conditions with soluble boron present reveal significant 
nonconservative results associated with the use of the REFFE. Finally, it is shown that the practice of 
equating the reactivity of spent fuel to fresh fuel is acceptable, provided the conditions for which the REFFE 
was determined remain unchanged. Determination of the REFFE for a reference configuration and 
subsequent use of the REFFE for different configurations violates the basis used for the determination of 
the REFFE and, thus, may lead to inaccurate, and possibly, nonconservative estimates of reactivity. A 
significant concentration (~2000 ppm) of soluble boron is typically (but not necessarily required to be) 
present in PWR SFPs, of which only a portion ([less than or approximately equal]500 ppm) may be credited 
in safety analyses. Thus, a large subcritical margin currently exists that more than accounts for errors or 
uncertainties associated with the use of the REFFE. Consequently, the findings presented here do not 
represent a significant safety concern unless/until the subcritical margin associated with the soluble boron 
(that is not currently explicitly credited) is offset by the uncertainties associated with burnup credit and/or 
the expanded allowance of credit for the soluble boron. 
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Abstract/Keyterms: To establish a nuclide composition benchmark data set for the verification of burnup 
codes, destructive analyses of light water reactor spent-fuel samples, which were cut out from several 
heights of spent-fuel rods, were carried out at the analytical laboratory at the Japan Atomic Energy Research 
Institute. The 16 samples from three kinds of pressurized water reactor (PWR) fuel rods and the 18 samples 
from two boiling water reactor (BWR) fuel rods were examined. Their initial 235U enrichments and 
burnups were from 2.6 to 4.1% and from 4 to 50 GWd/t, respectively. One PWR fuel rod and one BWR 
fuel rod contained gadolinia as a burnable poison. The measurements for more than 40 nuclides of uranium, 
transuranium, and fission product elements were performed by destructive analysis using mass 
spectrometry, and alpha-ray and gamma-ray spectrometry. Burnup for each sample was determined by the 
148Nd method. The analytical methods and the results as well as the related irradiation condition data are 
compiled as a complete benchmark data set. 
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Abstract/Keyterms: Monte Carlo calculations of a criticality experiment with burned fuel on the TRIGA 
Mark II research reactor are presented. The main objective was to incorporate burned fuel composition 
calculated with the WIMSD4 deterministic code into the MCNP4B Monte Carlo code and compare the 
calculated keff with the measurements. The criticality experiment was performed in 1998 at the "Jozef 
Stefan" Institute TRIGA Mark II reactor in Ljubljana, Slovenia, with the same fuel elements and loading 
pattern as in the TRIGA criticality benchmark experiment with fresh fuel performed in 1991. The only 
difference was that in 1998, the fuel elements had on average burnup of ~3%, corresponding to 1.3-MWd 
energy produced in the core in the period between 1991 and 1998. The fuel element burnup accumulated 
during 1991-1998 was calculated with the TRIGLAV in-house-developed fuel management two-
dimensional multigroup diffusion code. The burned fuel isotopic composition was calculated with the 
WIMSD4 code and compared to the ORIGEN2 calculations. Extensive comparison of burned fuel material 
composition was performed for both codes for burnups up to 20% burned 235U, and the differences were 
evaluated in terms of reactivity. The WIMSD4 and ORIGEN2 results agreed well for all isotopes important 
in reactivity calculations, giving increased confidence in the WIMSD4 calculation of the burned fuel 
material composition. The keff calculated with the combined WIMSD4 and MCNP4B calculations showed 
good agreement with the experimental values. This shows that linking of WIMSD4 with MCNP4B for 
criticality calculations with burned fuel is feasible and gives reliable results. 
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Abstract/Keyterms: Research on the utilization of thorium-based fuels in the intermediate neutron 
spectrum of a tight-pitch light water reactor (LWR) lattice is reported. The analysis was performed using 
the Studsvik/Scandpower lattice physics code HELIOS. The results show that thorium-based fuels in the 
intermediate spectrum of tight-pitch LWRs have considerable advantages in terms of conversion ratio, 
reactivity control, nonproliferation characteristics, and a reduced production of long-lived radiotoxic 
wastes. Because of the high conversion ratio of thorium-based fuels in intermediate spectrum reactors, the 
total fissile inventory required to achieve a given fuel burnup is only 11 to 17% higher than that of 238U 
fertile fuels. However, unlike 238U fertile fuels, the void reactivity coefficient with thorium-based fuels is 
negative in an intermediate spectrum reactor. This provides motivation for replacing 238U with 232Th in 
advanced high-conversion intermediate spectrum LWRs, such as the reduced-moderator reactor or the 
supercritical reactor. 
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Abstract/Keyterms: The burnup code system Step-Wise Burnup Analysis Code System (SWAT) is 
revised for use in a burnup credit analysis. An important feature of the revised SWAT is that its functions 
are achieved by calling validated neutronics codes without any changes to the original codes. This feature 
is realized with a system function of the operating system, which allows the revised SWAT to be 
independent of the development status of each code. A package of the revised SWAT contains the latest 
libraries based on JENDL-3.2 and the second version of the JNDC FP library. These libraries allow us to 
analyze burnup problems, such as an analysis of postirradiation examination (PIE), using the latest 
evaluated data of not only cross sections but also fission yield and decay constants. Another function of the 
revised SWAT is a library generator for the ORIGEN2 code, which is one of the most reliable burnup codes. 
ORIGEN2 users can obtain almost the same results with the revised SWAT using the library prepared by 
this function. The validation of the revised SWAT is conducted by calculation of the Organization for 
Economic Cooperation and Development/Nuclear Energy Agency burnup credit criticality safety 
benchmark Phase I-B and analyses of PIE data for spent fuel from Takahama Unit 3. The analysis of PIE 
data shows that the revised SWAT can predict the isotopic composition of main uranium and plutonium 
with a deviation of 5% from experimental results taken from UO2 fuels of 17 ¥ 17 fuel assemblies. Many 
results of fission products including samarium are within a deviation of 10%. This means that the revised 
SWAT has high reliability to predict the isotopic composition for pressurized water reactor spent fuel. 
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Abstract/Keyterms: Since thorium is an abundant fertile material, there is hope for the thorium-cycle fuels 
for an accelerator driven subcritical system (ADS). The ADS utilizes neutrons, which are generated by 
high-energy protons of giga-electron-volt-grade, but cross sections for the interaction of high-energy 
particles are not available for use in current ADS engineering design. In this paper the neutron behavior in 
the ADS target based on the related experimental data is clarified, and the feasibility of the ADS regarding 
both the molten salts (Flibe: 7LiF-BeF2-ThF4-233UF4, chloride: NaCl-ThCl4-233UCl4) and oxide ([Th, 
233U]O2) fuels is examined. The difference between the experiment and the calculated result at the ADS 
high-energy region is discussed. In a comparison of the fuels, the time evolution of keff and the beam 
current in the burning period are calculated. The calculated results suggest that the ADS with solid fuel has 
better future prospects than that with molten-salt fuels. The ADS with Flibe molten-salt fuel tends to require 
a high beam current and consequently needs the installation of a metallic spallation target and the 
continuous removal for fission products and protactinium. In comparison with the Flibe fuel, the ADS with 
chloride fuel has a flux distribution that is similar to a solid fuel reactor. 
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Abstract/Keyterms: Criticality of low-enriched-uranium (LEU) and mixed-oxide (MOX) assemblies at 
the VVER-1000-type Balakovo nuclear power plant is investigated. Effective multiplication factors for 
fresh fuel assemblies on the railroad platform, fresh fuel assemblies in the within-plant fuel transportation 
vehicle, and fresh fuel assemblies in the spent fuel storage pool are calculated. If there is no absorber 
between the units, the configurations with all MOX assemblies result in higher effective multiplication 
factors than the configurations with all LEU assemblies when the system is dry. When the systems are 
flooded, the configurations with all LEU assemblies result in higher effective multiplication factors. For 
normal operating conditions, effective multiplication factors for all configurations are below the presumed 
upper subcritical limit of 0.95. For an accident condition of a fully loaded within-plant fuel transportation 
vehicle that is "flooded" with low-density water (possibly from a fire suppression system), the presumed 
upper subcritical limit is exceeded by configurations containing either LEU or a combination of LEU and 
MOX assemblies. 
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Abstract/Keyterms: The effect of fixed absorbers on the reactivity of pressurized water reactor (PWR) 
spent nuclear fuel (SNF) in support of burnup-credit criticality safety analyses is examined. A fuel assembly 
burned in conjunction with fixed absorbers may have a higher reactivity for a given burnup than an 
assembly that has not used fixed absorbers. As a result, guidance on burnup credit, issued by the U.S. 
Nuclear Regulatory Commission's Spent Fuel Project Office, recommends restricting the use of burnup 
credit to assemblies that have not used burnable absorbers. This recommendation eliminates a large portion 
of the currently discharged SNF from loading in burnup credit casks and thus severely limits the practical 
usefulness of burnup credit. Therefore, data are needed to support the extension of burnup credit to 
additional SNF. This research investigates the effect of various fixed absorbers, including integral burnable 
absorbers, burnable poison rods, control rods, and axial power shaping rods, on the reactivity of PWR SNF. 
Trends in reactivity with relevant parameters (e.g., initial fuel enrichment, burnup and absorber type, 
exposure, and design) are established, and anticipated reactivity effects are quantified. Where appropriate, 
recommendations are offered for addressing the reactivity effects of the fixed absorbers in burnup-credit 
safety analyses. 
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Abstract/Keyterms: In order to facilitate discussions based on quantitative analysis about the end effect, 
which was often talked about in connection to burnup credit in criticality safety evaluation of spent fuel, a 
burnup importance function was introduced. This function showed the burnup effect on the reactivity as a 
function of the fuel position; an explicit expression of this function was derived by considering a change in 
reactivity with respect to a slight variation in fuel burnup. The burnup importance function was applied to 
the Phase IIA benchmark model that was adopted by the Organization for Economic Cooperation and 
Development/Nuclear Energy Agency Expert Group on Burnup Credit Criticality Safety. The function 
clearly displayed that burnup importance of the end regions increased (a) as burnup, (b) as cooling time, (c) 
in consideration of burnup profile, and (d) in consideration of fission products. Comparison of the burnup 
importance for different initial enrichments was also shown. 
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Abstract/Keyterms: The Monte Carlo coupling technique with the coordinate transformation is used to 
evaluate the shielding ability of a modular shielding house that accommodates four spent-fuel transportable 
storage casks for two units. The effective dose rate distributions can be obtained as far as 300 m from the 
center of the shielding house. The coupling technique is created with the Surface Source Write (SSW) card 
and the Surface Source Read/Coordinate Transformation (SSR/CRT) card in the MCNP 4C continuous 
energy Monte Carlo code as the "SSW-SSR/CRT calculation system." In the present Monte Carlo coupling 
calculation, the total effective dose rates 100, 200, and 300 m from the center of the shielding house are 
estimated to be 1.69, 0.285, and 0.0826 (micro Sv/yr per four casks), respectively. Accordingly, if the 
distance between the center of the shielding house and the site boundary of the storage facility is kept at 
>300 m, approximately 2400 casks are able to be accommodated in the modular shielding houses, under 
the Japanese severe criterion of 50 micro Sv/yr at the site boundary. The shielding house alone satisfies not 
only the technical conditions but also the economic requirements. It became evident that secondary gamma 
rays account for >60% of the effective total dose rate at all the calculated points around the shielding house, 
most of which are produced from the water in the steel-water-steel shielding system of the shielding house. 
The remainder of the dose rate comes mostly from neutrons; the fission product and 60Co activation gamma 
rays account for small percentages. Accordingly, reducing the secondary gamma rays is critical to 
improving not only the shielding ability but also the radiation safety of the shielding house. 
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Abstract/Keyterms: So-called dedicated fuels will be utilized to obtain maximum transmutation and 
incineration rates of minor actinides (MAs) in accelerator-driven systems (ADSs). These fuels are 
characterized by a high-MA content and the lack of the classical fertile materials such as 238U or 232Th. 
Dedicated fuels still have to be developed; however, programs are under way for their fabrication, 
irradiation, and testing. In Europe, mainly the oxide route is investigated and developed. A dedicated core 
will contain multiple "critical" fuel masses, resulting in a certain recriticality potential under core 
degradation conditions. The use of dedicated fuels may also lead to strong deterioration of the safety 
parameters of the reactor core, such as, e.g., the void worth, Doppler or the kinetics quantities, neutron 
generation time, and eff. Critical reactors with this kind of fuel might encounter safety problems, especially 
under severe accident conditions. For ADSs, it is assumed that because of the subcriticality of the system, 
the poor safety features of such fuels could be coped with. Analyses reveal some safety problems for ADSs 
with dedicated fuels. Additional inherent and passive safety measures are proposed to achieve the required 
safety level. A safety strategy along the lines of a defense approach is presented where these measures can 
be integrated. The ultimate goal of these measures is to eliminate any mechanistic severe accident scenario 
and the potential for energetics. 
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Abstract/Keyterms: It has been shown that supercriticality might occur for some postulated accident 
conditions at the TRIGA spent-fuel pool. However, the effect of burnup was not accounted for in previous 
studies. In this work, the combined effect of fuel burnup, pitch among fuel elements, and number of 
uniformly mixed absorber rods for a square arrangement on the spent-fuel pool keff is investigated. The 
Monte Carlo computer code MCNP4B with the ENDF-B/VI library and detailed three dimensional 
geometry was used. The WIMS-D code was used to model the isotopic composition of the standard TRIGA 
and FLIP fuel for 5, 10, 20 and 30% burnup level and 2- and 4-yr cooling time. The results show that out 
of the three studied effects, pitch from contact (3.75 cm) up to rack design pitch (8 cm), number of absorbers 
from zero to eight, and burnup up to 30%, the pitch has the greatest influence on the multiplication factor 
keff. In the interval in which the pitch was changed, keff decreased for up to ~0.4 for standard and ~0.3 for 
FLIP fuel. The number of absorber rods affects the multiplication factor much less. This effect is bigger for 
more compact arrangements, e.g., for contact of standard fuel elements with eight absorber rods among 
them, keff values are smaller for ~0.2 (~0.1 for FLIP) than for arrangements without absorber rods almost 
regardless of the burnup. The effect of burnup is the smallest. For standard fuel elements, it is ~0.1 for 
almost all pitches and numbers of absorbers. For FLIP fuel, it is smaller for a factor of 3, but increases with 
the burnup for compact arrangements. Cooling time of fuel has just a minor effect on the keff of spent-fuel 
pool and can be neglected in spent-fuel pool design. 
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Abstract/Keyterms: The third series of the critical experiments on 10% enriched uranyl nitrate solution 
has been performed at the Static Experiment Critical Facility (STACY) of the Japan Atomic Energy 
Research Institute. Water-reflected and unreflected 80-cm-diam cylindrical cores were used to obtain the 
systematic data of critical solution height and differential reactivity for various uranium concentrations 
from 190 to 240 g/l. The numerically evaluated extrapolation length of neutron flux distribution was in 
good agreement with the experimental result. The effective neutron multiplication factor keff for each core 
configuration and the effect of uncertainties on keff were also numerically evaluated with both the detailed 
experimental configuration of critical cores and a benchmark model provided for the validation of nuclear 
calculation codes. The MCNP 4B was used for the evaluation calculations with JENDL-3.2 cross-section 
library, and the value of the keff of the benchmark model was reproduced within the difference of 0.05% 
keff for the water-reflector cores and 0.17% keff for the unreflected cores. 
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Abstract/Keyterms: A comprehensive plan to develop shipping cask technology is described. Technical 
programs in the disciplines of heat transfer, structures and containment, spent fuel characterization, hot 
laboratory verification, shielding, and hazards analysis are discussed. Both short- and long-term goals in 
each discipline are delineated and how the disciplines interrelate is shown. The technologies developed will 
be used in the design, fabrication, and testing of truck-mounted and rail-car casks. These casks will be used 
for safely transporting short-cooled, high-burnup Liquid Metal Fast Breeder Reactor (LMFBR) spent fuel 
from reactors to reprocessing plants. 
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Abstract/Keyterms: A 200-MW(electric) simplified boiling water reactor (SBWR) was designed and 
analyzed under sponsorship of the U.S. Department of Energy Nuclear Energy Research Initiative program. 
The compact size of a 200-MW(electric) reactor makes it attractive for countries with a less well developed 
engineering infrastructure, as well as for developed countries seeking to tailor generation capacity more 
closely to the growth of their electricity demand. The 200-MW(electric) core design reported here is based 
on the 600-MW(electric) General Electric SBWR core, which was first analyzed in the work performed 
here in order to qualify the computer codes used in the analysis. Cross sections for the 8 × 8 fuel assembly 
design were generated with the HELIOS lattice physics code, and core simulation was performed with the 
U.S. Nuclear Regulatory Commission codes RELAP5/PARCS. In order to predict the critical heat flux, the 
Hench-Gillis correlation was implemented in the RELAP5 code. An equilibrium cycle was designed for 
the 200-MW(electric) core, which provided a cycle length of more than 2 yr and satisfied the minimum 
critical power ratio throughout the core life. 
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Abstract/Keyterms: In an underground repository for spent fuel, criticality is excluded initially by 
compliance with the disposal conditions. In the long term, critical accumulations of fissile material can be 
formed only by mobilization of uranium and plutonium from the waste forms and subsequent precipitation 
or sorption of these elements. This paper presents an overview of mechanisms relevant for mobilization 
and possible accumulation of U and Pu from disposed mixed-oxide fuel elements. Concentrations of fissile 
materials observed in laboratory corrosion experiments together with model approaches are applied to 
determine the degree of fissile material accumulation and the risk of a sustained nuclear chain reaction. A 
prerequisite of criticality in a repository is an accumulation of fissile materials. Since geometry, moderation, 
and neutron absorption properties cannot be forecast, the neutron multiplication factor kinf is used (instead 
of keff) as a measure of the incidence of criticality. The factor kinf is derived for several scenarios. Required 
critical masses and critical volumes are evaluated. The accumulation of Pu onto solids is considered, and it 
is shown how selective enrichment of Pu and U may affect the risk of criticality. It is also shown that the 
criterion for criticality would be met only in the unrealistic case of selective sorption of 239Pu. Realistic 
sorption densities are too low to provide sufficient accumulation of fissile materials for criticality. This 
particularly true if high Cl concentrations are present. 
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Abstract/Keyterms: The gamma-ray monitor installed at Processing Facility 1 in the JCO Tokai-works 
recorded the gamma dose rate change over time in proportion to power (nuclear fission rate) in the 
precipitation vessel from the beginning of the criticality accident to the end of the critical condition. The 
shape of the gamma dose rate record from 25 min after occurrence to the point of termination ("plateau" 
part) was normalized using the fission number 2.2 ¥ 1018, and the absolute value of the power was 
evaluated. 
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Abstract/Keyterms: This paper describes research on the application of the finite element transient 
criticality (FETCH) code to modeling and neutron dosimetry of the Tokaimura criticality incident. FETCH 
has been developed to model criticality transients in single and multiphase media and is applied here to 
fissile solution transient criticality. Since the initial transient behavior has different time scales and physics 
to the longer transient behavior, the transient modeling is divided into two parts: modeling the initial 
transient over a time scale of seconds in which radiolytic gases and free-surface sloshing play an important 
role in the transient - this provides information about the dose to workers; and modeling the long-term 
transient behavior following the initial transient that has a time scale over hours. The neutron dosimetry of 
worker who received the largest dose during the Tokaimura criticality incident is also investigated here. 
This dose was received mainly in the first few seconds of the ensuing nuclear criticality transient. In addition 
to the multiorgan dosimetry of worker A, this work provides a method of helping to evaluate the yield in 
the initial phase of the criticality incident; it also shows how kinetic simulations can be calibrated so that 
they can be applied to investigate the physics behind the incident. 
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Abstract/Keyterms: Fuel cycle analyses are performed to evaluate the impacts of further transmutation of 
spent nuclear fuel on high-level and low-level waste mass flows into repositories, on the composition and 
toxicity of the high-level waste, on the capacity of high-level waste repositories, and on the proliferation 
resistance of the high-level waste. Storage intact of light water reactor (LWR) spent nuclear fuel, a single 
recycle in a LWR of the plutonium as mixed-oxide fuel, and the repeated recycle of the transuranics in 
critical and subcritical fast reactors are compared with the focus on the waste management performance of 
these systems. Other considerations such as cost and technological challenges were beyond the scope of 
this study. The overall conclusion of the studies is that repeated recycling of the transuranics from spent 
nuclear fuel would significantly increase the capacity of high-level waste repositories per unit of nuclear 
energy produced, significantly increase the nuclear energy production per unit mass of uranium ore mined, 
significantly reduce the radiotoxicity of the waste streams per unit of nuclear energy produced, and 
significantly enhance the proliferation resistance of the material stored in high-level waste repositories. 
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Abstract/Keyterms: The possible application of 6Li as a burnable poison and U-Np nitride as a fuel for 
space nuclear reactors has been studied. The analysis was performed for an infinite lattice with a leakage 
in the form of buckling and (U-Np)N fuel with 20% uranium enrichment. The combination of 7Li as a 
coolant and 6Li as a burnable poison results in a favorable criticality behavior during burnup. The 
parameters taken into consideration include the different fuel and coolant compositions, the form of 
absorber material, and the various absorber mass and concentrations. It was found that absorption properties 
of 6Li allow reaching the burnup value up to 67 GWd/tHM while reactivity swing is comparable with eff. 
The corresponding reactor lifetime is ~10 to 30 yr. 
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Abstract/Keyterms: This paper presents the mass, concentration, and volume required for a critical event 
to occur in homogeneous mixtures of fissile material and various other geologic materials. The fissile 
material considered is primarily highly enriched uranium spent fuel; however, 239Pu is considered in some 
cases. The non-fissile materials examined are those found in the proposed repository area at Yucca 
Mountain, Nevada: volcanic tuff, iron rust, concrete, and naturally occurring water. For 235U, the minimum 
critical solid concentration for tuff was 5 kg/m3 (similar to sandstone), and in goethite, 45 kg/m3. The 
critical mass of uranium was sensitive to a number of factors, such as moisture content and fissile 
enrichment, but had a minimum, assuming almost 100% saturation and >20% enrichment, of 18 kg in tuff 
as Soddyite (or 9.5 kg as UO2) and 7 kg in goethite. For 239Pu, the minimum critical solid concentration 
for tuff was 3 kg/m3 (similar to sandstone); in goethite, 20 kg/m3. The critical mass of plutonium was also 
sensitive to a number of factors, but had a minimum, assuming 100% saturation and 80-90% enrichment, 
of 5 kg in tuff and 6 kg in goethite. 
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Abstract/Keyterms: This article presents several reasonable cases in which four mechanisms - dissolution, 
physical mixing, adsorption, and precipitation (either chemical change or evaporation) - might concentrate 
fissile material in and around a disposal container for radioactive waste at the proposed repository at Yucca 
Mountain, Nevada. The possible masses, concentrations, and volume are then compared to criticality limits. 
The cases examined evaluate the geologic barrier role in preventing criticality since engineered options for 
preventing criticality (e.g., boron or gadolinium neutron absorber in the disposal container) are not 
considered. The solid concentrations able to form in the natural environment are insufficient for criticality 
to occur because (a) solutions of 235U and 239Pu are clearly not critical; (b) physical mixing of fissile 
material with the entire potential iron oxide (as goethite – FeO(OH) in a waste package is not critical; (c) 
the adsorption of 239Pu on consolidated iron oxide in a waste package is not critical; (d) the adsorption of 
235U on consolidated iron oxide in a waste package is not critical when accounting for reduced adsorption 
because of carbonates at high pH; (e) the filtration of iron oxide colloids, containing fissile material, by the 
thin invert material is not critical; (f) insufficient retention through precipitation of 235U or 239Pu occurs 
in the invert; (g) adsorption of 235U and 239Pu on devitrified or clinoptolite-rich tuff below the repository 
is not critical; (h) the average precipitation/adsorption of 235U as uranyl silicates in the tuff is not critical 
by analogy with calcite deposition in lithophysae at Yucca Mountain; and (i) precipitation/adsorption 
(caused by cyclic drying) as uranyl silicates on fracture surfaces of the tuff is not critical by analogy with 
the oxidation of UO2, migration of UVI, and precipitation in fractures at the Nopal I ore deposit in Mexico. 
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Abstract/Keyterms: Up to now, criticality safety experts used density laws fitted on experimental data and 
applied them outside the measurement range. Depending on the case, such an approach could be wrong for 
nitrate solutions. Seven components are concerned: UO2(NO3)2, U(NO3)4, Pu(NO3)4, Pu(NO3)3, 
Th(NO3)4, Am(NO3)3, and HNO3. To obviate this problem, a new methodology based on the 
thermodynamic concept of mixtures of binary electrolytes solutions (one electrolyte + water) at constant 
water activity, a so-called "isopiestic" solution, has been developed by the Institute de Radioprotection et 
de Sûreté Nucléaire (IRSN) to calculate the nitrate solutions density. This paper presents its qualification 
by using criticality experiments. The theory and the implementation are also given. Qualification results of 
the uranyl and plutonium nitrate solutions show that the new density law (also called the isopiestic law) is 
in good agreement with the benchmarks. Thus, no bias is put into evidence for the uranium solutions, and 
a small negative bias equal to 0.2% is found for the plutonium solutions. Moreover, the isopiestic law 
corrects the observed 1% overestimation of keff due to the empirical IRSN Leroy and Jouan density law 
for uranium solutions and the observed 3.4% underestimation of keff due to the ARH-600 density law for 
plutonium solutions. The isopiestic density law has been implemented in CIGALES V2.0, the graphical 
user interface of the French criticality safety package CRISTAL that calculates the atom densities of 
nuclides (and writes the input file for CRISTAL computations). 
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Abstract/Keyterms: The Monte Carlo N-Particle (MCNP) code and a set of high-temperature neutron 
cross-section data were used to develop an accurate three-dimensional computational model of the Texas 
A&M University Nuclear Science Center Reactor (NSCR) at full power. The geometry of the reactor core 
was modeled as closely as possible including the details of all the fuel elements and control rods. The most 
significant approximation was made for entrained fission products because of the lack of knowledge of 
fission product inventory in the current reactor core. This study used the concept of "average fission 
product" to model the fission product in the reactor core and determined the concentration of the average 
fission product by repeating criticality calculations to make the reactor critical for a given critical condition. 
Finally, the developed model was tested by comparing the calculated results with those of other approaches, 
i.e., (a) an in-house three-dimensional diffusion code and (b) foil activation measurement. The developed 
reactor model showed a good agreement with these approaches. The developed model predicted the thermal 
neutron flux in samples within 11% of difference when compared with the results from the diffusion code 
and predicted the production of 198Au and 60Co within ~20% of difference when compared with the values 
measured with foils. The developed model also calculated the neutron energy spectrum very consistently 
with the other approaches for the entire energy range considered in this study. 
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Abstract/Keyterms: Laboratory-scale results on experiments performed to examine the feasibility of 
isotopic dilution of 235U in supernatant liquid storage tanks at the Savannah River Site are described. The 
isotopic dilution tests were accomplished by adding an alkaline depleted uranium solution to small portions 
of simulated and actual storage tank waste solutions with enriched 235U compositions. Based on the 
laboratory observations, recommendations were made, which involved the addition of significant quantities 
of uranyl carbonate solution to more than 4 million l of 235U enriched waste stored in tank 43H at the site 
to reduce the risk for criticality. A post-uranyl carbonate addition analysis on the tank supernate confirmed 
the effectiveness of depleted uranium in isotopic dilution of 235U. The 235U enrichment in tank 43H was 
isotopically diluted from an original high of >4 wt.% down to <0.5 wt.%, as predicted from the laboratory 
investigations. 



 

C-14517 

14479…..…..…………………..…….……..……ID Number…………………..…..…………….14479 

Author: Loaiza, David J. / Stratton, William 

Title: Criticality Data for Spherical 235U, 239Pu, and 237Np Systems Reflector-Moderated by Low 
Capturing-Moderator Materials 

Date: 5/15/2004 

Report: NUTYBB, 146, 143-154 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The critical dimensions of spherical systems moderated and reflected by low-
capturing materials such as D2O, BeO, Be, and C were investigated. A parametric study of the critical mass 
of enriched uranium, plutonium, and neptunium is examined and tabulated. The results obtained expand on 
the understanding of reflector-moderated critical systems, and they show regions of unstable criticality for 
235U and 239Pu reflected cores at intermediate densities. This instability is illustrated by calculations of 
the positive reactivity coefficient of volume expansion. The coefficient is positive, not negative, in the 
intermediate density region for 235U and 239Pu systems. For 237Np cores reflected by the same moderator, 
the effect is negligible. The critical dimensions were calculated with the DANTSYS codes using the 
Hansen-Roach cross-section libraries. This study is both a summary of mostly unpublished calculations and 
new calculations. Experimental data for these configurations are extremely limited. These are examined in 
the text when applicable. 
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Abstract/Keyterms: Sodium-cooled mixed-oxide core design studies are performed with a target burnup 
of 150 GWd/T, and possible measures against the recriticality issues in core disruptive accidents. Four types 
of core are compared from the viewpoints of core performance and reliability. Results show that all the 
types of core satisfy the target and that a homogeneous core with an axial blanket partial elimination 
subassembly is the superior concept, although experimental demonstration is required of molten fuel motion 
for mitigation of recriticality following fuel melting and loss of fuel pin integrity. 
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Abstract/Keyterms: In this paper, we propose a general fuzzy inference approach to building a model of 
hazardous road transport that relates given traffic, weather, and vehicle-speed conditions to the accident 
rate. The development of the model is discussed in detail, and its validation is provided with reference to 
literature data regarding the transport of spent nuclear fuel to its final confinement repository. 
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Abstract/Keyterms: A multiyear project at the Idaho National Engineering and Environmental Laboratory 
and the Massachusetts Institute of Technology investigated the potential of medium-power lead-alloy-
cooled technology to perform two missions: (1) the production of low-cost electricity and (2) the burning 
of actinides from light water reactor (LWR) spent fuel. The goal of achieving a high power level to enhance 
economic performance simultaneously with adoption of passive decay heat removal and modularity 
capabilities resulted in designs in the range of 600-800 MW(thermal), which we classify as a medium power 
level compared to the lower [~100 MW(thermal)] and higher [2800 MW(thermal)] power ratings of other 
lead-alloy-cooled designs. The plant design that was developed shows promise of achieving all the 
Generation-IV goals for future nuclear energy systems: sustainable energy generation, low overnight capital 
cost, a very low likelihood and degree of core damage during any conceivable accident, and a proliferation-
resistant fuel cycle. The reactor and fuel cycle designs that evolved to achieve these missions and goals 
resulted from study of the following key trade-offs: waste reduction versus reactor safety, waste reduction 
versus cost, and cost versus proliferation resistance. Secondary trade-offs that were also considered were 
monolithic versus modular design, active versus passive safety systems, forced versus natural circulation, 
alternative power conversion cycles, and lead versus lead-bismuth coolant. These studies led to a selection 
of a common modular design with forced convection cooling, passive decay heat removal, and a 
supercritical CO2 power cycle for all our reactor concepts. However, the concepts adopt different core 
designs to optimize the achievement of the two missions. For the low-cost electricity production mission, 
a design approach based on fueling with low enriched uranium operating without costly reprocessing in a 
once-through cycle was pursued to achieve a long operating cycle length by enhancing in-core breeding. 
For the actinide-burning mission three design variants were produced: (1) a fertile-free actinide burner, i.e., 
a single-tier strategy, (2) a minor actinide burner with plutonium burned in the LWR fleet, i.e., a two-tier 
strategy, and (3) an actinide burner with characteristics balanced to also favor economic electricity 
production. 
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Abstract/Keyterms: We outline the strategy and constraints adopted for the design of medium-power lead-
alloy-cooled actinide-burning reactors that strive for a lower cost than accelerator-driven systems and for 
robust safety. Reduced cost is pursued through the use of (1) a modular design and maximum power rating 
to capitalize on an economy of scale within the constraints imposed by modularity, (2) a very compact and 
simple supercritical-CO2 power cycle, and (3) simplifications of the primary system allowed by the use of 
lead coolant. Excellent safety is pursued by adopting the integral fast reactor approach of achieving a self-
controllable reactor that responds to all key abnormal occurrences, including anticipated transients without 
scrams, by a safe shutdown without exceeding core integrity limits. The three concepts developed are the 
fertile-free actinide burner for incineration of all transuranics from light water reactor (LWR) spent fuel, 
the fertile-free minor actinide (MA) burner for preferential burning of MAs working in tandem with LWRs 
or gas-cooled thermal reactors, and the actinide burner with thorium fuel aimed also at reducing the 
electricity generation costs through longer-cycle operation. 



 

C-14522 

14484…..…..…………………..…….……..……ID Number…………………..…..…………….14484 

Author: Mohanty, Sitakanta / Codell, Richard Blake 

Title: Independent Postclosure Performance Estimates of the Proposed Repository at Yucca Mountain 

Date: 11/1/2004 

Report: NUTYBB, 148, 105-114 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: The key findings from a suite of independent analyses of the performance of the 
proposed repository at Yucca Mountain, conducted by the Center for Nuclear Waste Regulatory Analyses 
(CNWRA) and the U.S. Nuclear Regulatory Commission (NRC), are summarized. The analyses are geared 
toward obtaining risk insights from deterministic and probabilistic calculations of potential exposure to 
people in a down-gradient community, determining the capability of barriers to reduce flow of water and 
prevent or delay radionuclide transport, and identifying models, parameters, and subsystems that have the 
most influence on repository performance through the use of sensitivity and uncertainty analyses. The 
analyses have allowed the CNWRA and NRC to focus on the most critical aspects of estimating postclosure 
repository performance. 
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Abstract/Keyterms: Simplified evaluation models are developed at the Japan Atomic Energy Research 
Institute (JAERI) to predict the first peak power, energy, and total fission numbers during a criticality 
accident for design and installation of a criticality alarm system and for quick response with measures to 
avoid excessive exposure of the general public. These models were first derived in previous papers only 
from theoretical considerations employing one-point reactor kinetic neutron behavior and thus are 
applicable to any geometrical shape of vessel containing fissile solution. Applicability concerning nuclide 
composition comes essentially from using empirical equations describing specific heat and density to give 
simplified forms of the models. The models developed originally for a stepwise reactivity insertion mode 
are shown in the current paper to approximately stand for the ramp reactivity insertion mode by giving their 
theoretical formation and are validated by applying experimental data from JAERI's Transient Experiment 
Critical Facility (TRACY) on a low-235U-enriched uranium nitrate solution as well as CRAC experiments 
on high-235U-enriched uranium nitrate solution together with past accident data, including the most recent 
JCO accident. 
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Abstract/Keyterms: Monte Carlo criticality safety and sensitivity calculations of pressurized water reactor 
(PWR) spent nuclear fuel repository facilities for the Slovenian nuclear power plant Krsko are presented. 
The MCNP4C code was deployed to model and assess the neutron multiplication parameters of pool-based 
storage and dry transport containers under various loading patterns and moderating conditions. To comply 
with standard safety requirements, fresh 4.25% enriched nuclear fuel was assumed. The impact of potential 
optimum moderation due to water steam or foam formation as well as of different interpretations, of neutron 
multiplication through varying the system boundary conditions was elaborated. The simulations indicate 
that in the case of compact (all rack locations filled with fresh fuel) single or "double tiering" loading, the 
supercriticality can occur under the conditions of enhanced neutron moderation, due to accidentally reduced 
density of cooling water. Under standard operational conditions the effective multiplication factor (keff) of 
pool-based storage facility remains below the specified safety limit of 0.95. The nuclear safety requirements 
are fulfilled even when the fuel elements are arranged at a minimal distance, which can be initiated, for 
example, by an earthquake. The dry container in its recommended loading scheme with 26 fuel elements 
represents a safe alternative for the repository of fresh fuel. Even in the case of complete water flooding, 
the keff remains below the specified safety level of 0.98. The criticality safety limit may however be 
exceeded with larger amounts of loaded fuel assemblies (i.e., 32). Additional Monte Carlo criticality safety 
analyses are scheduled to consider the "burnup credit" of PWR spent nuclear fuel, based on the ongoing 
calculation of typical burnup activities. 
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Abstract/Keyterms: The paper first briefly reviews the neutron source multiplication method and then 
presents an experimental study that shows that the parameter measured by the neutron source multiplication 
method actually is a subcritical effective neutron multiplication factor ks with an external neutron source, 
not the effective neutron multiplication factor keff. The parameters ks and keff have been researched for a 
nuclear critical safety experiment assembly using a uranium solution. The parameter ks was measured by 
the source multiplication method, while the parameter keff was measured by the power-raising period 
method. The relationship between keff and ks is discussed and their effects on nuclear safety are mentioned. 
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Abstract/Keyterms: In conventional criticality evaluations of nuclear powder systems, effects of 
particulate behavior were not considered. In other words, it is difficult to take into account the particle 
motion in the criticality evaluations. We have developed a novel criticality evaluation code to resolve this 
problem. The criticality evaluation code, coupling a discrete element method simulation code with a 
continuous-energy Monte Carlo transport code, makes it possible to study the effects of the particulate 
dynamics on criticality. This criticality evaluation code is applied to the mixed-oxide (MOX) fuel powder 
agitation process. The criticality evaluations are performed while mixing the MOX fuel powder and an 
additive powder in a stirred vessel to investigate the effects of the powder free surface deformation and the 
particulate mixture state on the effective multiplication factor. The evaluation results reveal that the 
effective multiplication factor decreases due to the powder boundary deformation while it increases as the 
mixture condition of MOX powder and Zn-St powder is close to homogeneous. 
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Abstract/Keyterms: A design is presented for a subcritical, He-cooled fast reactor, driven by a tokamak 
D-T fusion neutron source, for the transmutation of spent nuclear fuel (SNF). The reactor is fueled with 
coated transuranic (TRU) particles and is intended for the deep-burn (>90%) transmutation of the TRUs in 
SNF without reprocessing of the coated fuel particles. The reactor design is based on the materials, fuel, 
and separations technologies under near-term development in the U.S. Department of Energy (DOE) 
Nuclear Energy Program and on the plasma physics and fusion technologies under near-term development 
in the DOE Fusion Energy Sciences Program, with the objective of intermediate-term (~2040) deployment. 
The physical and performance characteristics and research and development requirements of such a reactor 
are described. 
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Abstract/Keyterms: NFCSim is an event-driven, time-dependent simulation code modeling the flow of 
materials through the nuclear fuel cycle. NFCSim tracks mass flow at the level of discrete reactor fuel 
charges/discharges and logs the history of nuclear material as it progresses through a detailed series of 
processes and facilities, generating life-cycle material balances for any number of reactors. NFCSim is an 
ideal tool for analysis - of the economics, sustainability, or proliferation resistance - of nonequilibrium, 
interacting, or evolving reactor fleets. The software couples with a criticality and burnup engine, LACE 
(Los Alamos Criticality Engine). LACE implements a piecewise-linear, reactor-specific reactivity model 
for its criticality calculations. This model constructs fluence-dependent reactivity traces for any facility; it 
is designed to address nuclear economies in which either a steady state is never obtained or is a poor 
approximation. LACE operates in transient and equilibrium fuel management regimes at the refueling batch 
level, derives reactor- and cycle-dependent initial fuel compositions, and invokes ORIGEN2.x to carry out 
burnup calculations. 
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Abstract/Keyterms: A recent cycle of a General Electric boiling water reactor performed two beginning-
of-cycle local cold criticals. The eigenvalues estimated by the core simulator were 0.99826 and 1.00610. 
The large spread in them (= 0.00784) is a source of concern, and it is studied here. An analysis process is 
developed using statistical techniques, where first a transfer function relating the core observable Y 
(eigenvalue) to various factors (X's) is established. Engineering judgment is used to recognize the best 
candidates for X's. They are identified as power-weighted assembly kinf's of selected assemblies around 
the withdrawn rods. These are a small subset of many X's that could potentially influence Y. However, the 
intention here is not to do a comprehensive study by accounting for all the X's. Rather, the scope is to 
demonstrate that the process developed is reasonable and to show its applicability to performing detailed 
studies. Variability in X's is obtained by perturbing nodal kinf's since they directly influence the buckling 
term in the quasi-two-group diffusion equation model of the core simulator. Any perturbations introduced 
in them are bounded by standard well-established uncertainties. The resulting perturbations in the X's may 
not necessarily be directly correlated to physical attributes, but they encompass numerous biases and 
uncertainties credited to input and modeling uncertainties. The "vital few" from the "unimportant many" 
X's are determined, and then they are subgrouped according to assembly type, location, exposure, and 
control rod insertion. The goal is to study how the subgroups influence Y in order to have a better 
understanding of the variability observed in it. 
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Abstract/Keyterms: Framatome ANP, Sandia National Laboratories (SNL), Oak Ridge National 
Laboratory (ORNL), and the University of Florida are cooperating on the U.S. Department of Energy 
Nuclear Energy Research Initiative (NERI) project 2001-0124 to design, assemble, execute, analyze, and 
document a series of critical experiments to validate reactor physics and criticality safety codes for the 
analysis of commercial power reactor fuels consisting of UO2 with 235U enrichments 5 wt%. The 
experiments will be conducted at the SNL Pulsed Reactor Facility. Framatome ANP and SNL produced 
two series of conceptual experiment designs based on typical parameters, such as fuel-to-moderator ratios, 
that meet the programmatic requirements of this project within the given restraints on available materials 
and facilities. ORNL used the Tools for Sensitivity and Uncertainty Analysis Methodology Implementation 
(TSUNAMI) to assess, from a detailed physics-based perspective, the similarity of the experiment designs 
to the commercial systems they are intended to validate. Based on the results of the TSUNAMI analysis, 
one series of experiments was found to be preferable to the other and will provide significant new data for 
the validation of reactor physics and criticality safety codes. 
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Abstract/Keyterms: Fast reactors cooled by lead or lead-bismuth alloy offer new interesting fuel cycle 
and fuel management options by virtue of the superb neutronics and safety features of these heavy liquid 
metal (HLM) coolants. One option is once-for-life cores having relatively low power density. These cores 
are fueled in the factory; there is no refueling or fuel shuffling on site. A second option is very long-life 
cores being made of a fissioning zone and a natural uranium blanket zone. The fissioning zone very slowly 
drifts toward the blanket. A third option is multirecycling of light water reactor (LWR) discharged fuel 
without partitioning of transuranics (TRUs) in fuel-self-sustaining reactors. LWR spent fuel could provide 
the initial fuel loading after extracting fission products and ~90% of its uranium. The makeup fuel is natural 
or depleted uranium. A fourth option is the high-burnup once-through fuel cycle using natural or depleted 
uranium feed. The initial fuel loading of this reactor is a mixture of enriched and natural uranium. The 
natural uranium utilization is 10 to 20 times higher than that of a once-through LWR. A fifth option is 
transmutation of TRUs from LWRs using critical HLM-cooled reactors; such reactors could be designed to 
have the same high actinide burning capability of accelerator-driven systems and have comparable safety, 
but at a substantially lower cost. These novel reactor designs and fuel management options are hereby 
reviewed. 
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Abstract/Keyterms: The Belgian Material Test Reactor BR2 is a strongly heterogeneous high-flux 
engineering test reactor at SCK-CEN (Centre d'Etude de l'Energie Nucléaire) in Mol with a thermal power 
of 60 to 100 MW. It deploys highly enriched uranium, water-cooled concentric plate fuel elements, 
positioned inside a beryllium reflector with a complex hyperboloid arrangement of test holes. The objective 
of this paper is to validate the MCNP&ORIGEN-S three-dimensional (3-D) model for reactivity predictions 
of the entire BR2 core during reactor operation. We employ the Monte Carlo code MCNP-4C to evaluate 
the effective multiplication factor keff and 3-D space-dependent specific power distribution. The one-
dimensional code ORIGEN-S is used to calculate the isotopic fuel depletion versus burnup and to prepare 
a database with depleted fuel compositions. The approach taken is to evaluate the 3-D power distribution 
at each time step and along with the database to evaluate the 3-D isotopic fuel depletion at the next step and 
to deduce the corresponding shim rod positions of the reactor operation. The capabilities of both codes are 
fully exploited without constraints on the number of involved isotope depletion chains or an increase of the 
computational time. The reactor has a complex operation, with important shutdowns between cycles, and 
its reactivity is strongly influenced by poisons, mainly 3He and 6Li from the beryllium reflector, and the 
burnable absorbers 149Sm and 10B in the fresh UAlx fuel. The computational predictions for the shim rod 
positions at various restarts are within 0.5 $ (eff = 0.0072). 
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Abstract/Keyterms: Transient safety characteristics of accelerator-driven systems using advanced minor 
actinide fuels have been investigated. Results for a molybdenum-based Ceramic-Metal (CerMet) fuel, a 
magnesia-based Ceramic-Ceramic fuel, and a zirconium-nitride-based fuel are reported. The focus is on the 
inherent safety aspects of core design. Accident analyses are carried out for the response to unprotected 
loss-of-flow and accelerator beam-overpower transients and coolant voiding scenarios. An attempt is made 
to establish basic design limits for the fuel and cladding. Maximum temperatures during transients are 
determined and compared with design limits. Reactivity effects associated with coolant void, fuel and 
structural expansion, and cladding relocation are investigated. Design studies encompass variations in 
lattice pitch and pin diameter. Critical mass studies are performed. The studies indicate favorable inherent 
safety features of the CerMet fuel. Major consideration is given to the potential threat of coolant voiding in 
accelerator-driven design proposals. Results for a transient test case study of a postulated steam generator 
tube rupture event leading to extensive coolant voiding are presented. The study underlines the importance 
of having a low coolant void reactivity value in a lead-bismuth system despite the high boiling temperature 
of the coolant. It was found that the power rise following a voiding transient increases dramatically near 
the critical state. The studies suggest that a reactivity margin of a few dollars in the voided state is sufficient 
to permit significant reactivity insertions. 
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Abstract/Keyterms: Analysis performed on the production and destruction rates of recycled transuranics 
(TRUs) in a light water reactor (LWR) fuel assembly using a Monte Carlo-based fuel depletion code 
(MONTEBURNS 2.0). Thirteen TRUs were recycled into the LWR model through ten 3-yr burnup cycles 
for a total depletion period of 30 yr. The focus of the research was to determine the relative reduction of 
TRU waste within the fuel cycle and determine the impact of the recycled TRUs on fuel criticality, waste 
toxicity, activity, and heat-load production. The amount of TRUs could be reduced by more than a factor 
of 4 for a 30-yr period when these 13 isotopes were recycled. 
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Abstract/Keyterms: A new approach to modeling fissile solution densities is developed and applied to 
arbitrary solutions of UO22+, Th4+, Pu4+, H+, and NO3- in water. The model is based on the semiempirical 
method of Pitzer for describing electrolyte solution thermodynamics. This new density model has been 
included in the recent release of the SCALE 5 code system as the default for criticality calculations of fissile 
solutions. 
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Abstract/Keyterms: We have designed a gas-cooled accelerator-driven system dedicated to transmutation 
of minor actinides. Thanks to the excellent neutron economy of the uranium-free fuel employed, the pin 
pitch to diameter ratio (P/D) could be increased to 1.8. The increased coolant fraction allows for decay heat 
removal at ambient pressure. The large coolant fraction further results in a low pressure loss - 26 kPa over 
the core, 35 kPa in total. Thanks to the large P/D, the elevation of the heat exchanger necessary to remove 
decay heat by natural circulation is just more than 1 m. The absence of uranium in conjunction with the 
presence of 35% (heavy atom) americium in the fuel results in a low effective delayed neutron fraction and 
a vanishing Doppler feedback, making subcritical operation mandatory. 
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Abstract/Keyterms: Measurements of delayed fission product gamma-ray transmission through low-
enriched UO2 fuel pin lattices in an air medium were conducted at the Rensselaer Polytechnic Institute 
Reactor Critical Facility (RCF). The RCF core consists of excess Special Power Excursion Reactor Test 
fuel pins enriched to 4.81 wt.% 235U and clad in stainless steel. An experimental apparatus was constructed 
to hold various arrangements of fuel pin lattices. The arrangements consisted of a single activated source 
pin taken from the reactor core surrounded by inactive fuel pins in an air medium. A sodium-iodide detector 
and gamma-ray spectroscopy system was used to generate a pulse-height spectrum of the gamma-ray 
radiation for detector positions outside the lattice. The change in radiation intensity as the detector is rotated 
about the vertical axis of the lattice, the "channeling effect," was measured. Measurements of the channeling 
effect were performed for six experimental arrangements: 3 × 3, 5 × 5, and 7 × 7 lattices, with both the 
corner and the center positions containing the activated pin. The results of the measurements demonstrate 
that the gamma-ray radiation intensity can vary widely as a function of angle relative to the angle of rotation 
about the vertical axis of the lattice. 
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Abstract/Keyterms: Before the reprocessing of low-enriched uranium (LEU) fuels at La Hague plant, the 
assemblies are characterized with a nondestructive assay based on neutron emission (NE) and gamma-ray 
emission combined with the CESAR depletion code, giving the burnup (BU) with a good accuracy (±5% 
within a batch of fuels from one of COGEMA-La Hague's clients). The measurements confirm the 
hypothesis of the safety-criticality analysis of the process, in the context of the BU credit allowance. There 
is a need to extend the allowance of the reprocessing plants to the case of more highly enriched LEU fuels 
and to the case of mixed-oxide (MOX) fuels. The aim is to propose an upgraded method, valid for both 
LEU and MOX fuels, giving the average BU with an uncertainty lower than ±15% for MOX fuels (without 
any modification of the current acceptance criteria for UO2 fuel, i.e., ±15%), with a complementary module 
checking the operator data using the gamma-ray emission and the CESAR depletion code. In particular, the 
NE was interpreted with depletion calculations in the case of MOX fuels, which is the principal aim of this 
paper. This allows the BU determination of MOX fuels, which has been qualified during a measurement 
campaign in La Hague with 20 MOX assemblies. The mean BU of pressurized water reactor MOX 
assemblies has been determined for the first time with a maximum discrepancy of ±5% compared to the 
declared value. 
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Abstract/Keyterms: The U.S. Department of Energy requires nuclear criticality control measures for 
storage of its highly enriched spent nuclear fuel. A new alloy based on the Ni-Cr-Mo alloy system with a 
gadolinium addition has been developed. Gadolinium has been chosen as the neutron absorption alloying 
element because of its high thermal neutron absorption cross section. The metallurgical development, 
mechanical and physical properties, thermal neutron absorption properties, and accelerated corrosion-
testing performance of this Ni-Cr-Mo-Gd alloy is described. A brief comparison is also included of the 
corrosion performance of this alloy as compared to borated stainless steel, which is commonly used as a 
neutron-absorbing, structural alloy. 
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Abstract/Keyterms: The caustic precipitation of plutonium and uranium from Pu- and U-containing waste 
solutions has been investigated to determine whether gadolinium could be used as a neutron poison for 
precipitation with greater than a fissile mass containing both Pu and enriched U. Precipitation experiments 
were performed using both process solution samples and simulant solutions with a range of 2.6 to 5.16 g/l 
U and 0 to 4.3:1 U:Pu. Analyses were performed on solutions at intermediate pH to determine the 
partitioning of elements for accident scenarios. When both Pu and U were present in the solution, 
precipitation began at pH 4.5 and by pH 7, 99% of Pu and U had precipitated. When complete neutralization 
was achieved at pH >14 with 1.2 M excess OH-, greater than 99% of Pu, U, and Gd had precipitated. At 
pH >14, the particle sizes were larger, and the distribution was a single mode. The ratio of hydrogen to 
fissile atoms in the precipitate was determined after both settling and centrifuging and indicates that 
sufficient water was associated with the precipitates to provide the needed neutron moderation for Gd to 
prevent a criticality in solutions containing up to 4.3:1 U:Pu and up to 5.16 g/l U. 
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Abstract/Keyterms: A design concept and supporting analysis are presented for a He-cooled fast reactor 
for the transmutation of spent nuclear fuel. Coated transuranic (TRU) fuel particles in a SiC matrix are used. 
The reactor operates subcritical (k 0.95), with a tokamak D-T fusion neutron source, to achieve >90% TRU 
burnup in repeated five-batch fuel cycles, fissions 1.1 tonnes/full-power year, and produces 700 
MW(electric) net electrical power. The reactor design is based on nuclear, fuels, materials, and separations 
technologies being developed in the Generation-IV, Next Generation Nuclear Plant, and Advanced Fuel 
Cycle Initiative programs and similar international programs, and the fusion neutron source is based on the 
physics and technology supporting the ITER design. 
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Abstract/Keyterms: A consistent analytical comparison has been made of the transient behavior of critical 
and subcritical fast-spectrum reactor systems, the basic core design assumed in each case being that of the 
80-MW(thermal) mixed-oxide-fueled, Pb-Bi-cooled, Experimental Accelerator Driven System (XADS). 
The transient calculations were performed using the FAST code system developed at the Paul Scherrer 
Institute. The present study demonstrates a high level of self-protection of both the critical and subcritical 
systems over a wide range of postulated events, including transient overpower due to reactivity insertion, 
loss of flow, station blackout, loss of coolant, and core overcooling accidents. The relative advantages and 
shortcomings of the two system types, from the viewpoint of transient behavior, are discussed on the basis 
of the corresponding simulation results obtained. 
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Abstract/Keyterms: Geologic repositories for the long-term storage of spent nuclear fuel (SNF) are limited 
in their capacity by the amount of decay heat emitted by the SNF. The largest long-term contribution to this 
decay heat comes from the transuranics (TRUs), the destruction of which could increase storage capacity 
by a factor of at least 10. A design concept for a subcritical gas-cooled fast transmutation reactor (GCFTR) 
fueled with TRUs from SNF is being developed. This paper presents the results of analyses of several 
GCFTR fuel cycle scenarios that have a deep-burn (>90% burnup of the TRU fuel) primary objective and 
a secondary objective of avoiding reprocessing of the TRU fuel if possible. 
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Abstract/Keyterms: The design concept for a subcritical, He-cooled, fast reactor, fueled with transuranics 
(TRUs) from spent nuclear fuel in coated TRISO particles and driven by a tokamak D-T fusion neutron 
source, is being developed at Georgia Institute of Technology. The basic concept has been developed in 
two previous papers. This paper reports (a) advances in the design concept intended to enable achievement 
of "deep-burn" of the TRUs and passive safety, (b) investigations of the possibility of reprocessing the 
TRISO TRU fuel and of extending the strength of the fusion neutron source, (c) more extensive analyses 
to confirm and improve the design with respect to the adequacy of the fuel and nuclear performance, heat 
removal, tritium self-sufficiency and shielding, (d) more extensive analyses to confirm that the International 
Tokamak Experimental Reactor divertor, magnet and heating/current drive systems can be adapted, and (e) 
fuel cycle analyses to further investigate the contribution that such a reactor could make to closing the 
nuclear fuel cycle. 
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Abstract/Keyterms: The paper presents the design objectives and structure of China's accelerator-driven 
subcritical system subcritical assembly Venus-1. The core of Venus-1 is a coupled core with a fast neutron 
zone and a thermal neutron zone. The fast neutron zone is at the center of the core and is formed by natural 
uranium fuel. A fast neutron spectrum field can be produced in the fast neutron zone and used for 
transmutation. The thermal neutron zone surrounds the fast neutron zone and is formed by low-enriched 
uranium fuel; it is a fission zone. Venus-1 is driven by an Am-Be or other steady neutron source (252Cf, 
D-D reaction or D-T reaction) to research the effect of an external neutron source with different energies 
on it or is driven by a D-T pulsed neutron source through the China Institute of Atomic Energy pulsed 
neutron generator to research the dynamic characteristic. On July 18, 2005, the first fuel element was loaded 
into the Venus-1 subcritical assembly, and some preliminary experiments on subcritical and neutron 
distribution have been performed. The final load has been determined by preliminary experiments on 
Venus-1. The relative neutron importance of the external source, the relative distribution of the thermal 
neutron flux in the fast neutron zone, and the variation of the neutron count with the addition of natural 
uranium fuel also have been determined by preliminary experiments on Venus-1. 
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Abstract/Keyterms: An evaluation of the Compact Nuclear Power Source (CNPS) experiments conducted 
at Los Alamos National Laboratory in the 1980s has been done using information available in the open 
literature. The MCNP4C Monte Carlo results for critical test configurations are in good agreement with the 
experimental values; the keff values are generally within 0.5% of the experimental values. The calculated 
total and differential rod worths and material worths were also found generally close to experimental values. 
These good results motivated the utilization of the experimental test data for the specification of two- and 
three-dimensional numerical benchmark cases that could be used for the verification and validation of core 
physics codes developed for Very High Temperature Reactor (VHTR) analysis, particularly the 
deterministic lattice and whole-core physics codes. To define the benchmark cases, the irregular 
arrangement of channels in the actual CNPS core was simplified to a regular Cartesian geometry 
arrangement in the benchmark cases, while preserving the important neutronics characteristics of the CNPS. 
The results of deterministic calculations using the HELIOS/DIF3D code package were compared to 
MCNP4C results to show the usefulness of the numerical benchmark cases. 
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Abstract/Keyterms: A working group from health occupational and clinical biochemistry services on 
French sites has issued essential data sheets on the guidelines to follow in managing the victims of a 
criticality accident. Since the priority of the medical management after a criticality accident is to assess the 
dose and the distribution of dose, some dosimetric investigations have been selected in order to provide a 
prompt response and to anticipate the final dose reconstruction. Comparison exercises between clinical 
biochemistry laboratories on French sites were carried out to confirm that each laboratory maintained the 
required operational methods for hair treatment and the appropriate equipment for 32P activity in hair and 
24Na activity in blood measurements, and to demonstrate its ability to rapidly provide neutron dose 
estimates after a criticality accident. As a result, a relation has been assessed to estimate the dose and the 
distribution of dose according to the neutron spectrum following a criticality accident. 
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Abstract/Keyterms: The paper presents the long-term safety assessment of the Maisiagala radioactive 
waste repository (Lithuania) using the advanced computer codes DUST, FEFLOW, and AMBER. The 
software DUST was employed for calculations of the one-dimensional leaching flux of radionuclides from 
the repository vault and subsequent transport in the unsaturated zone. Using the mass flux of radionuclides 
calculated in DUST as a source to the aquifer, the software FEFLOW was used for two-dimensional 
assessment of activity concentrations of radionuclides in groundwater. Using the groundwater 
concentrations calculated in FEFLOW, the code AMBER was used to calculate the dose over time at four 
hypothetical wells downstream from the repository. The well distances ranged from 150 to 1600 m. When 
the hypothetical drinking water well is installed 150 m from the repository (close to the outside perimeter 
of the controlled area), the highest effective doses will arise from 3H, 36Cl, and 239Pu. The doses 
determined by 3H and 36Cl may exceed a dose limit of 1 mSv/yr for 50 to 230 yr after the closure of the 
facility (1989). The dose of 239Pu will remain almost constant for >60 000 yr after the closure, yet it will 
not exceed the dose limit value. According to previous studies, the intrusion scenario is much more critical 
compared to the groundwater exposure pathway in the case of 239Pu (as well as 226Ra). 
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Abstract/Keyterms: An iron-based amorphous metal with good corrosion resistance and a high absorption 
cross section for thermal neutrons has been developed and is reported here. This amorphous alloy has the 
approximate formula Fe49.7Cr17.7Mn1.9Mo7.4W1.6B15.2C3.8Si2.4 and is known as SAM2X5. 
Chromium, molybdenum, and tungsten were added to provide corrosion resistance, while boron was added 
to promote glass formation and the absorption of thermal neutrons. Since this amorphous metal has a higher 
boron content than conventional borated stainless steels, it provides the nuclear engineer with design 
advantages for criticality control structures with enhanced safety. While melt-spun ribbons with limited 
practical applications were initially produced, large quantities (several tons) of gas-atomized powder have 
now been produced on an industrial scale, and applied as thermal-spray coatings on prototypical half-scale 
spent-nuclear-fuel containers and neutron-absorbing baskets. These prototypes and other SAM2X5 samples 
have undergone a variety of corrosion testing, including both salt-fog and long-term immersion testing. 
Modes and rates of corrosion have been determined in various relevant environments and are reported here. 
While these coatings have less corrosion resistance than melt-spun ribbons and optimized coatings 
produced in the laboratory, substantial corrosion resistance has been achieved. 
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Abstract/Keyterms: The feasibility for the lead-bismuth-cooled accelerator-driven system (ADS) to 
transmute minor actinides partitioned from high-level radioactive waste is discussed. Since lead-bismuth 
will cause considerable corrosion and erosion effects at high temperature, the fuel-clad temperature must 
be kept as low as possible. Moreover, the most critical issue of the ADS design is the engineering viability 
of the high-power spallation target and the beam window. The thermal-hydraulic and structural analysis 
was carried out for both the fuel assembly and the beam window. In addition to the analysis in steady state, 
the transient behaviors were also studied during typical transient and unprotected accidents. The results 
showed that engineering viability is reasonably achievable in the nominal operation. For the beam trip, 
which will be the most frequent transient, the number of events to cause the failure of the beam window is 
estimated as more than 105. For safety aspects of the ADS during unprotected accidents, the estimated 
results showed that unprotected loss of flow would cause the most significant problem, if the beam 
operation was kept. Therefore, high reliability of the beam shutdown is required for the ADS safety. 
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Abstract/Keyterms: The design concept of a subcritical advanced burner reactor (SABR) is described. 
SABR is fueled with transuranics (TRUs) discharged from thermal reactors cast into a TRU-Zr metal fuel 
pin and is cooled with sodium. The reactor operates subcritical to achieve a deep-burn four-batch fuel cycle 
that fissions 25% of the TRU in an 8.2-yr residence time, limited by radiation damage accumulation (200 
displacements per atom) in the oxygen dispersion strengthened clad and structure. The annual TRU fission 
rate in SABR [3000 MW(thermal)] is comparable to the annual TRU discharge of three to five 1000-
MW(electric) light water reactors, depending on the plant capacity factor of SABR. A tokamak D-T fusion 
neutron source based on physics and technology that will be demonstrated in ITER supports the subcritical 
operation. 
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Abstract/Keyterms: Modes (reactivity modes) of the neutron kinetic equation is applied, and the first 
subcritical mode of the neutron dynamics model is coupled with the coolant thermal-hydraulic model. The 
out-of-phase oscillation of the SCWR is found to be dominated by the reactor thermal hydraulics, whereas 
the BWR is more sensitive to the coolant density reactivity coefficient because of much stronger neutronic 
coupling. It is also found that the SCWR stability is sensitive to the details of the core simulation model 
and the hottest channel dominates the stability. The BWR is less sensitive to the core simulation model 
since it has much stronger neutronic coupling that is controlled by the whole-core average properties. Power 
and flow rate sensitivity analysis of the out-of-phase stability was also conducted for both the SCWR and 
the BWR. The SCWR stability is found to be more sensitive to the operating parameters than the typical 
BWR. Although the water rod heating can improve the SCWR out-of-phase stability, it cannot significantly 
improve the sensitivity feature. 
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Abstract/Keyterms: As the last topic of a series of U.S. reference supercritical water-cooled reactor 
(SCWR) design stability studies, coupled neutronic-thermal-hydraulic out-of-phase stability is analyzed 
and compared with that of a typical boiling water reactor (BWR). A modal expansion method based on 
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Abstract/Keyterms: The gas-cooled fast reactor (GFR) has received increased attention in the past decade 
under the impetus provided by the Generation-IV International Forum. The GFR given principal attention 
is a version using helium as a coolant. However, the work presented here is for a core using supercritical 
carbon dioxide (S-CO2) as a coolant, in a direct Brayton cycle, which has comparable cycle efficiency 
(~45%) at much lower temperatures (e.g., 650Â°C versus 850Â°C) than helium-based cycles. A reactor 
core for use in this direct cycle S-CO2 GFR has been designed that satisfies established neutronic and 
thermal-hydraulic steady-state design criteria, while concurrently supporting the Gen-IV criteria of 
sustainability, safety, proliferation, and economics. Use of innovative tube-in-duct fuel has been central to 
accomplishing this objective, as it provides a higher fuel volume fraction and lower fuel temperatures and 
pressure drop when compared to traditional pin-type fuel. Further, this large fuel volume fraction allows 
for a large enough heavy metal loading for a sustainable core lifetime without the need for external blankets, 
enhancing the proliferation resistance of such an approach. It was not possible to achieve a sustainable core 
(i.e., conversion ratio = 1.0) using conventional pin-type oxide fuel. Use of beryllium oxide (BeO) as a 
diluent is explored as a means for both power shaping and coolant void reactivity (CVR) reduction, similar 
to the studies carried out earlier for the sodium-cooled European Fast Reactor. Results show that relatively 
flat power profiles can be maintained throughout a batch-loaded "battery" core life of more than 15 yr using 
a combination of fissile concentration and diluent zoning, due to the moderating effect of the BeO. 
Combining BeO diluent with the innovative strategy of using a thick volume of S-CO2 coolant in the radial 
reflector yields negative CVR values throughout core life, a rare, if not unique accomplishment for fast 
reactors. The ability to maintain negative CVR comes from a combination of the effects of spectral 
softening due to the BeO diluent and the enhanced leakage upon voiding of the S-CO2 radial reflector. 
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Abstract/Keyterms: In the Prototype Fast Breeder Reactor, a core catcher is provided as an in-vessel core 
debris retention device to collect, support, and maintain in subcritical configuration the relocated core debris 
generated from fuel melting as a consequence of a severe accident scenario. It acts as a barrier to prevent 
settling of debris onto the main vessel and helps to maintain the main vessel temperature within acceptable 
creep range. In the Safety Engineering Division of the Indira Gandhi Center for Atomic Research, model 
experiments are carried out in water using a geometrically similar model to understand natural convective 
heat transfer and fluid flow in and around the core catcher below the grid plate. Influences of cylindrical 
and annular central openings (chimney) through the core catcher assembly are investigated to assess their 
relative thermal performances. Resistive heating elements are used as heat source to simulate debris decay 
heat on the core catcher. Series of experiments were carried out with both configurations. Temperatures 
were monitored at critical positions and compared with numerical evaluation. Flow fields and isotherms 
are analyzed with a computational model to understand the fluid flow and heat transfer characteristics inside 
the cavity along with experimental data for specified steady-state temperatures on the heat source plate. 
Numerical results are found to be in good agreement with those obtained from the experiments. The 
combined efforts of numerical and experimental work conclude that core catcher assembly with annular 
chimney is better in terms of natural convection heat removal capability. 
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Abstract/Keyterms: A hydrodynamics model has been developed to study extreme deformation of the 
space reactor system impacting on the ground with a high velocity. Two-dimensional geometry models for 
a monolithic core and a pinned core reactor have been developed with dynamic material models, including 
the material constitutive models and the equation-of-state models. Calculations have been performed for 
the reactor impacting onto dry sand at 230 and 150 m/s. A pinned core has a much larger fraction of gas 
volume in the reactor core and thus collapses faster than a monolithic core. The 150 m/s impact velocity 
case reveals that the gas coolant channels survive in a monolithic core even though the reactor is massively 
deformed. In a pinned core, however, most of the gas coolant region collapses with intact or partially 
collapsed fission product gas cores that are protected by solid UO2 fuel. The sand density varies as it is 
being compressed. Generally, sand beneath the impacting reactor has a higher density as it is compressed. 
In addition to consideration of global criticality, it is necessary to investigate local criticality. Because of 
nonuniform distribution of the gas coolant channels in a deformed monolithic core for the 230 m/s impact 
velocity case, it may be possible to induce criticality locally in those regions where collapse is more severe. 
It is not straightforward to make an engineering judgment based solely on impact analysis regarding which 
core concept is more susceptible to criticality events. The current impact study reveals that a pinned core 
reactor collapses faster than a monolithic core reactor. A reactor that collapses faster is thought to be more 
susceptible to producing a criticality. However, a monolithic core reactor with much higher mass and kinetic 
energy develops much higher compaction in the dry sand beneath the reactor. This means that it is expected 
to better reflect fast neutrons from the bottom boundary where the sand density for a monolithic core impact 
becomes much higher than for a pinned core impact. It is strongly recommended that neutronics calculations 
be performed to determine the susceptibility of criticality for the massively deformed nuclear reactors 
including appropriate reflecting boundary conditions. 
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Abstract/Keyterms: It is proposed that a fast-fission, heatpipe-cooled, lunar-surface power reactor system 
be divided into subcritical units that could be launched safely without the incorporation of additional 
spectral shift absorbers or other complex means of control. The reactor subunits are to be emplaced directly 
into the lunar regolith utilizing the regolith not just for shielding but as the reflector material to increase the 
neutron economy of the system. While a single subunit cannot achieve criticality by itself, coordinated 
placement of additional subunits will provide a critical reactor system for lunar surface power generation. 
A lunar regolith clustered-reactor system promotes reliability, safety, and ease of manufacture and testing 
at the cost of a slight increase in launch mass per rated power level and an overall reduction in neutron 
economy when compared to a single-reactor system. Additional subunits may be launched with future 
missions to increase the cluster size and power according to desired lunar base power demand and lifetime. 
The results address the potential uncertainties associated with the lunar regolith material and emplacement 
of the subunit systems. Physical distance between subunits within the clustered emplacement exhibits the 
most significant feedback regarding changes in overall system reactivity. Narrow, deep holes will be the 
most effective in reducing axial neutron leakage from the core. The variation in iron concentration in the 
lunar regolith can directly influence the overall system reactivity although its effects are less than the more 
dominant factors of subunit emplacement. 
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Abstract/Keyterms: This paper describes the dismantlement of the Tower Shielding Facility (TSF)-
Systems for Nuclear Auxiliary Power (SNAP) reactor, a SNAP-10A reactor used to validate radiation 
source terms and shield performance models at Oak Ridge National Laboratory (ORNL) from 1967 through 
1973. After shutdown, it was placed in storage at the Y-12 National Security Complex (Y-12), eventually 
falling under the auspices of the Highly Enriched Uranium (HEU) Disposition Program. To facilitate 
downblending of the HEU present in the fuel elements, the TSF-SNAP was moved to ORNL on June 24, 
2006. The reactor assembly was removed from its packaging, inspected, and the sodium-potassium (NaK) 
coolant was drained. A superheated steam process was used to chemically react the residual NaK inside the 
reactor assembly. The heat exchanger assembly was removed from the top of the reactor vessel, and the 
criticality safety sleeve was exchanged for a new safety sleeve that allowed for the removal of the vessel 
lid. A chain-mounted tubing cutter was used to separate the lid from the vessel, and the 36 fuel elements 
were removed and packaged in four U.S. Department of Transportation 2R/6M containers. The fuel 
elements were returned to Y-12 on July 13, 2006. The return of the fuel elements and disposal of all other 
reactor materials accomplished the formal objectives of the dismantlement project. In addition, a project 
model was established for the handling of a fully fueled liquid-metal-cooled reactor assembly. Current 
criticality safety codes have been benchmarked against experiments performed by Atomics International in 
the 1950s and 1960s. Execution of this project provides valuable experience applicable to future projects 
addressing space and liquid-metal-cooled reactors. 
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Abstract/Keyterms: The purpose of this study is to provide insights into the neutronic similarities that 
may exist between a generic cask containing typical spent nuclear fuel assemblies and commercial reactor 
critical (CRC) state-points. Forty CRC state-points from five pressurized-water reactors were selected for 
the study and the type of CRC state-points that may be applicable for validation of burnup credit criticality 
safety calculations for spent fuel transport/storage/disposal systems are identified. The study employed 
cross-section sensitivity and uncertainty analysis methods developed at Oak Ridge National Laboratory and 
the TSUNAMI set of tools in the SCALE code system as a means to investigate system similarity on an 
integral and nuclide-reaction specific level. The results indicate that, except for the fresh fuel core 
configuration, all analyzed CRC state-points are either highly similar, similar, or marginally similar to a 
generic cask containing spent nuclear fuel assemblies with burnups ranging from 10 to 60 GWd/MTU. 
Based on the integral system parameter, C{sub k}, approximately 30 of the 40 CRC state-points are 
applicable to validation of burnup credit in the generic cask containing typical spent fuel assemblies with 
burnups ranging from 10 to 60 GWd/MTU. The state-points providing the highest similarity (C{sub k} 
&gt; 0.95) were attained at or near the end of a reactor cycle. The C{sub k} values are dominated by neutron 
reactions with major actinides and hydrogen, as the sensitivities of these reactions are much higher than 
those of the minor actinides and fission products. On a nuclide-reaction specific level, the CRC state-points 
provide significant similarity for most of the actinides and fission products relevant to burnup credit. A 
comparison of energy-dependent sensitivity profiles shows a slight shift of the CRC k(eff) sensitivity 
profiles toward higher energies in the thermal region as compared to the k(eff) sensitivity profile of the 
generic cask. Parameters representing coverage of the application by the CRCs on an energy-dependent, 
nuclide-reaction specific level (i.e., effectiveness of the CRCs for validating the cross sections as used in 
the application) were also examined. Based on the CRCs with C{sub k}, 0.8 and an assumed relative 
standard deviation for uncovered covariance data of 25%, the relative standard deviation of k(eff) due to 
uncovered sensitivity data varies from 0.79% to 0.95% for cask burnups ranging from 10 to 60 GWd/MTU. 
As expected, this uncertainty in k(eff) is largely dominated by noncoverage of sensitivities from major 
actinides and hydrogen. The contributions from fission products and minor actinides are very small and 
comparable to statistical uncertainties in k(eff) results. These results (again, assuming a 25% uncertainty 
for uncovered covariance data) indicate that there could be approximately 1% uncertainty in the calculated 
application k(eff) due to incomplete neutronic testing (validation) of the software by the CRCs. However, 
this conclusion also assumes all other uncertainties in the complex CRC configurations (e.g., isotopic 
compositions of burned fuel, operation history, data) are well known. Thus, an evaluation of the 
uncertainties in the CRC configurations is needed prior to the use of CRCs for code validation (i.e., 
quantifying code bias and bias uncertainty). 
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Abstract/Keyterms: This paper provides insights into the neutronic similarities between a representative 
high-capacity rail-transport cask containing typical pressurized water reactor (PWR) spent nuclear fuel 
assemblies and critical reactor state-points, referred to as commercial reactor critical (CRC) state-points. 
Forty CRC state-points from five PWRs were analyzed, and the characteristics of CRC state-points that 
may be applicable for validation of burnup-credit criticality safety calculations for spent fuel 
transport/storage/disposal systems were identified. The study employed cross-section sensitivity and 
uncertainty analysis methods developed at Oak Ridge National Laboratory and the TSUNAMI set of tools 
in the SCALE code system as a means to investigate neutronic similarity on an integral and nuclide-
reaction-specific level. The results indicate that except for the fresh-fuel-core configuration, all analyzed 
CRC state-points are either highly similar, similar, or marginally similar to the representative high-capacity 
cask containing spent nuclear fuel assemblies with burnups ranging from 10 to 60 GWd/t U in terms of 
their shared uncertainty in keff due to cross-section uncertainties. On a nuclide-reaction-specific level, the 
CRC state-points provide significant coverage, in terms of neutronic similarity, for most of the actinides 
and fission products relevant to burnup credit. Hence, in principle, the evaluated CRC state-points could 
serve as part of a set of benchmark experiments for determining a bias and bias uncertainty to be applied to 
the calculated keff of a spent fuel transport/storage/disposal system to correct for approximations in 
computational methods and errors and uncertainties in nuclear data. Note, however, that an evaluation to 
quantify the uncertainties associated with various CRC modeling parameters (e.g., fuel isotopic 
compositions, physical characteristics of reactor core components, and reactor operating history 
information), which has relevance to the use of these critical configurations for bias determination, was not 
performed as part of this study. 
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Abstract/Keyterms: At the Y-12 National Security Complex, triage-style assessments are used to identify 
persons potentially exposed to high doses from criticality accident radiations using portable instruments by 
assessing the presence of activated sodium atoms in a person's blood. Historically, simple handheld Geiger-
Mueller (G-M) probes were used for these purposes although it was recognized that since these instruments 
contain no information on incident photon energy, it was impossible to differentiate between photons 
emitted by contamination on the potentially exposed worker from activation of sodium in the person's 
blood. This work examines the use of a portable gamma spectrometer for assessing blood sodium activation. 
Irradiations of a representative phantom were performed using two neutron source configurations 
(unmoderated and polyethylene-moderated 252Cf), and measurements were made using the spectrometer 
and a G-M detector following irradiation. Detection limits in terms of personnel neutron dose are given for 
two neutron fields representing metal and solution criticality spectra. Both G-M and spectrometer results 
indicate a low minimum detectable neutron dose indicating that both instruments are useful as an emergency 
response instrument. The spectrometer has the added benefit of discriminating between surface 
contamination and blood sodium activation. 
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Abstract/Keyterms: With the creation of the U.S. Department of Homeland Security (DHS) came the 
increased concern that terrorist groups would attempt to manufacture and use an improvised nuclear device 
or radiological dispersal device. As such, a primary mission of DHS is to protect the public against the use 
of these devices and to assist state and local responders in finding, locating, and identifying these types of 
devices and materials used to manufacture these devices. This assistance from DHS to state and local 
responders comes in the form of grant money to procure radiation detection equipment. In addition to this 
grant program, DHS has supported the development of American National Standards Institute standards for 
radiation detection equipment and has conducted testing of commercially available instruments. This paper 
identifies the types and kinds of commercially available equipment that can be used to detect and identify 
radiological material - for use in traditional search applications as well as primary and secondary screening 
of personnel, vehicles, and cargo containers. In doing so, key considerations for the conduct of operations 
are described as well as critical features of the instruments for specific applications. The current state of 
commercial instruments is described for different categories of detection equipment including personal 
radiation detectors, radioisotope identifiers, man-portable detection equipment, and radiation portal 
monitors. In addition, emerging technologies are also discussed, such as spectroscopic detectors and 
advanced spectroscopic portal monitors. 
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Abstract/Keyterms: New neutron production cross sections of tungsten isotopes such as 182W, 183W, 
184W, and 186W have been validated through shielding benchmarks and criticality safety benchmarks with 
the MCNPX-2.5.0 code. The calculation results based on the new evaluations have been compared with 
those based on ENDF/B-VII.0, JEFF-3.1, JENDL-3.3, and FENDL-2.1 as well as the benchmark 
experiments. In this paper, some noticeable improvements in calculations of the neutron leakage spectra 
from tungsten shields and the keff's for critical assemblies with tungsten are presented. 
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Abstract/Keyterms: International Reactor Innovative and Secure (IRIS) is an advanced pressurized water 
reactor with an integral primary system. It features an integral reactor vessel surrounded by a spherical steel 
containment 25 m in diameter. Both deterministic and Monte Carlo methods are used to characterize its 
radiation environment. This paper focuses on the generation of the neutron fission source that is employed 
as the fixed source in radiation transport calculations. To facilitate radiation shielding analysis, a technique 
is proposed to synthesize fission source data from the IRIS depletion history into an average and a limiting 
(maximum) source distribution. The average source preserves the time-integrated, spatially dependent 
fission neutrons and is suitable for evaluation of long-term irradiation effects, such as the radiation damage 
on the reactor vessel. The maximum source gives a bounding fission neutron distribution that is suitable for 
calculation of the maximum instantaneous dose to the personnel. Spatial and spectral effects are also taken 
into consideration in the source representation. Pinwise axial distributions of the neutron fission source and 
the associated contribution from primary fissionable isotopes have been generated to allow evaluation of 
neutron leakage in the critical regions, such as at the core periphery. Less detailed assembly wise axial 
distributions are also made available to simplify their implementation in the MCNP and TORT models. A 
comparison of the results obtained with the latter distributions against the reference results (employing the 
most detailed distribution) will show the impact of simplifications and help identify strategic features and 
locations where preserving the detailed information is beneficial for meeting specific shielding objectives. 
The judicious post processing and interpretation of the fission source distribution proposed by this approach 
make the subsequent radiation analysis practical while retaining the critical details needed to achieve high 
accuracy. 
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Abstract/Keyterms: After a radiological dispersal device event, there may be internally and/or externally 
contaminated victims. Those with life-threatening injuries may require immediate medical assistance prior 
to decontamination. The dose rates to which a healthcare provider is exposed due to the internal and external 
contamination of the victim were computed using Monte Carlo simulations and five anthropomorphic 
phantoms. For the external contamination modeling, the contamination is assumed to be uniformly 
distributed over the entire exterior of the victim's body. For the internal contamination modeling, the 
contamination was distributed in the appropriate organs according to biokinetic modeling. The specific 
isotopes considered were 60Co, 137Cs, 131I, 192Ir, and 241Am. The calculated dose rates demonstrate 
that life-saving care to stabilize critical patients can be provided without exceeding dose guidelines for first 
responders. 
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Abstract/Keyterms: Argonne National Laboratory of the United States and Kharkov Institute of Physics 
and Technology of Ukraine have been collaborating on the conceptual design development of an electron 
accelerator-driven subcritical facility. The facility will be utilized for performing basic and applied nuclear 
research, producing medical isotopes, and training young nuclear specialists. This paper presents the design 
and analyses of the biological shield performed for the top section of the facility. The neutron source driving 
the subcritical assembly is generated from the interaction of a 100-kW electron beam with a natural uranium 
target. The electron energy is in the range of 100 to 200 MeV, and it has a uniform spatial distribution. The 
shield design and the associated analyses are presented including different parametric studies. In the 
analyses, a significant effort was dedicated to the accurate prediction of the radiation dose outside the shield 
boundary as a function of the shield thickness without geometrical approximations or material 
homogenization. The MCNPX Monte Carlo code was utilized for the transport calculation of electrons, 
photons, and neutrons. Weight window variance-reduction techniques were introduced, and the dose 
equivalent outside the shield can be calculated with reasonably good statistics. 
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Abstract/Keyterms: To support the transport of spent nuclear fuel from Czech research reactors of Russian 
origin back to the Russian Federation, a special VPVR/M transport cask was designed at SKODA JS, Czech 
Republic. In 2007, the shipment of 16 VPVR/M casks with EK-10 fuel of 10 wt% 235U, IRT-2M fuel of 
80 wt% 235U, and IRT-2M fuel of 36 wt% 235U expended at the LVR-15 research facility since 1957 was 
realized. The VPVR/M cask was designed for all fuel types used in Russian research reactors of similar 
designs, which were built in many countries outside of Russia. A revised version of the ORIGEN 2.2 code 
was used for depletion calculations of 35 types of irradiated fuel. Shielding analyses of the VPVR/M cask 
were performed using the DORT code with the revised BUGLE-96 multigroup cross-section library based 
on ENDF/B-VI Release 3. The criticality of the cask loaded with the highest-reactivity fuel was evaluated 
with the MCNP code using the DLC-200 cross-section data library using the fresh fuel approach. The 
isotopic inventory of IRT-3M fuel of 36 wt% 235U burned up to 184 MWd/kg U was identified as the 
bounding value. The sources of gamma rays for shielding calculations, neutron sources for shielding and 
criticality calculations, and heat sources were consequently evaluated. The original design of the cask was 
optimized with respect to the minimum weight needed for the conservation of the required shielding 
properties. In compliance with the regulatory requirements for spent-fuel storage and transport casks, the 
subcriticality of the system met the criticality safety criterion of keff < 0.95 for all the fuel types evaluated. 
The cask fulfilled Czech safety criteria as well as International Atomic Energy Agency regulations for 
subcriticality, shielding, heat cooling, and structure requirements. 
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Abstract/Keyterms: In this paper, we describe the design philosophy behind Visual Workshop, a model-
viewing program. Visual Workshop is being developed as part of the nuclear codes development 
consortium between BNFL Group and Serco Assurance and will be marketed via Serco Assurance's 
ANSWERS Software Service. Visual Workshop is a Java-based program that allows shielding and 
criticality engineers to visualize their computational models for the ANSWERS computational codes in a 
multiplicity of ways - wireframe and two-dimensional and three-dimensional ray trace - via a single 
graphical interface. Visual Workshop integrates the cross-platform portability of Java with the existing 
FORTRAN calculation engines that are used successfully with the existing ANSWERS visualization codes. 
The use of the Swing graphical user interface library provides a common look-and-feel on all platforms. 
Visual Workshop also has the innovation of employing JOGL, the Java binding to OpenGL, thus gaining 
the advantages of hardware support that OpenGL can bring. Visual Workshop has also made use of open-
source freely licensed applications to provide functionality and to speed up development. Visual Workshop 
will act as a single interface for the checking of models, the submission of jobs, and the examination of job 
output. As such it builds upon the experiences gained using the suite of ANSWERS tools by expanding the 
existing capabilities to allow for the selective display of parameterized models, allow more effective error 
checking, and provide additional post processing and results display capabilities. Visual Workshop provides 
capabilities and tools for the engineers to refine and verify their models in a way that enhances their 
productivity. 
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Abstract/Keyterms: To evaluate the nuclear criticality safety in a typical nuclear waste storage tank, a 
study was initiated to measure the affinity of granular solids for plutonium, neptunium, and uranium from 
synthetic salt solutions and actual nuclear waste supernatant liquor. Granular solids such as activated 
carbon, hematite, and sodium phosphates, if present as sludge components in nuclear waste storage tanks, 
have been found to be capable of precipitating/sorbing actinides like plutonium, neptunium, and uranium 
from nuclear waste storage tank supernatant liquor. Our results show that the removal of plutonium and 
neptunium from simulants by tank solid sludge components may be due to the presence of the activated 
carbon and metal oxides. Thus, the potential may exist for the accumulation of fissile materials in nuclear 
waste storage tanks containing trace levels of these radionuclides during lengthy nuclear waste storage and 
processing. 
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Abstract/Keyterms: Neutron attenuation measurements have been used as an instrumental method of 
analyzing (normally flat) test coupons for the concentration of the 10B nuclide. Calibrated standards of 
well-characterized 10B content are used to interpret the observed neutron counting rates into the 10B areal 
density. Recently, there have been challenges to the validity of neutron attenuation measurements and their 
relationship to criticality safety analyses. For the most part, these challenges have been verbal without any 
supporting data. The present study was undertaken to provide experimental and analytical investigations of 
these challenges. The challenges are as follows: 1. It has been claimed that neutrons of any energy 
(including epithermal and fast neutrons) can be used for attenuation measurements. Spectral and reaction 
rate calculations are presented to demonstrate that only thermal neutrons have sufficient sensitivity to yield 
reliable neutron attenuation measurements because of the fundamental 1/v absorption cross section of 10B. 
2. It has been alleged that only small-diameter [0.953 cm (3/8 in.)] neutron beams are acceptable for neutron 
attenuation measurements and that larger-diameter [2.54 cm (1 in.)] beams would "mask" any defects or 
significant no uniformities. Both experimental and analytical data are presented to show that the 
measurements are independent of beam size and that adequate sensitivity to detect any defects or no 
uniformities is provided. Criticality calculations are also presented to illustrate that small defects (holes or 
cracks) have very small effects on results of criticality analyses. 3. It has been postulated that in absorbers 
using particles of boron carbide, neutrons could stream past discreet particles, reducing the effectiveness of 
the absorber. While this may be true in attenuation measurements, there is no evidence that neutron 
streaming has any significant effect in criticality safety analyses. Calculations and an explanation are 
presented. Neutron attenuation and criticality analyses refer to physically different phenomena with 
appreciably different path lengths rendering criticality analyses insensitive to streaming. 
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Abstract/Keyterms: Monte Carlo-linked depletion methods have gained recent interest due to the ability 
to model complex three-dimensional geometries using continuous-energy cross sections. The integration 
of CINDER90 into the MCNPX Monte Carlo radiation transport code provides a completely self-contained 
Monte Carlo-linked depletion capability in a single Monte Carlo code that is compatible with most nuclear 
criticality (KCODE) particle tracking features in MCNPX. MCNPX depletion tracks all necessary reaction 
rates and follows as many isotopes as cross-section data permit. The objective of this work is (a) describe 
the MCNPX depletion methodology dating from the original linking of MONTEBURNS and MCNP to the 
first public release of the integrated capability (MCNPX 2.6.B, June 2006) that has been reported 
previously, (b) further detail the many new depletion capability enhancements since then leading to the 
present Radiation Safety Information Computational Center (RSICC) release, MCNPX 2.6.0, (c) report 
calculation results for the H. B. Robinson benchmark, and (d) detail new features available in MCNPX 
2.7.A. Each version of MCNPX depletion starting from MCNPX 2.6.A leading to the official RSICC 
release of MCNPX 2.6.0 and the new beta release MCNPX 2.7.A included significant upgrades that 
addressed key issues from earlier versions. This paper details these key issues and the approach utilized to 
address the issues as enhancements for MCNPX 2.6.0. The MCNPX 2.6.0 depletion capability 
enhancements include (a) allowing the modeling of as large a system as computer memory capacity permits; 
(b) tracking every fission product available in ENDF/B VII.0; (c) enabling depletion in repeated structures 
geometries such as repeated arrays of fuel pins; (d) including metastable isotopes in burnup; and (e) 
manually changing the concentrations of any isotope during any time step by specified atom fraction, 
weight fraction, atom density, or gram density. These enhancements allow better detail to model the true 
system physics as well as to improve the robustness of the capability. H. B. Robinson benchmark 
calculations were completed to assess the validity of nuclide predictability of MCNPX 2.6.0. The results 
show comparisons of key actinide and fission products as compared to experiment and the SCALE-4 
SAS2H sequence 27-group cross-section library (27BURNUPLIB) results. MCNPX 2.6.0 depletion results 
are within 4% of the experimental results for most major actinides. Two major depletion enhancements are 
available in the MCNPX 2.7.A beta release: improved 63-group flux querying and parallelization of the 
burnup interface routines in multiprocessor mode. Fixing the energy group querying routine does correctly 
tally the energy flux for use with isotopes not containing transport cross sections; however, results show 
<1% change in nuclide prediction for the benchmark test case. MCNPX 2.7.A parallelizes the depletion 
interface routines and running of CINDER90 so that different burnable regions of a given depletion system 
can be preprocessed, burned, and post processed on separate slave processors. The parallelization involves 
minimal communication between processors and therefore leads to significant computational performance 
enhancement. The combination of new enhancements and testing of the MCNPX 2.6.0 depletion 
computational system make this capability a valuable Monte Carlo-linked depletion tool. Additional testing 



 

C-14572 

and feature enhancements are under development to further improve the usefulness of the computational 
tool. 
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Abstract/Keyterms: Verification and validation (V&V) of nuclear data are critical to the accuracy of both 
stochastic and deterministic particle transport codes. To effectively test a set of nuclear data, the data must 
be applied to a wide variety of transport problems. Performing this task in a timely, efficient manner is 
tedious. The nuclear data team at Los Alamos National Laboratory in collaboration with the University of 
Florida has developed a methodology to automate the process of nuclear data V&V. This automated V&V 
process can efficiently test a number of data libraries using well-defined benchmark experiments, such as 
those in the International Criticality Safety Benchmark Experiment Project. The process is implemented 
through an integrated set of Python scripts. Material and geometry data are read from an existing medium 
or given directly by the user to generate a benchmark experiment template file. The user specifies the choice 
of benchmark templates, codes, and libraries to form a V&V project. The Python scripts automatically 
generate input decks for multiple transport codes, run and monitor individual jobs, and parse the relevant 
output. The output can then be used to generate reports directly or can be stored in a database for later 
analysis. This methodology eases the burden on the user by reducing the amount of time and effort required 
for obtaining and compiling calculation results. The resource savings by using this automated methodology 
could potentially be an enabling technology for more sophisticated data studies, such as nuclear data 
uncertainty quantification. Once deployed, this tool will allow the nuclear data community to more 
thoroughly test data libraries leading to higher-fidelity data in the future. 
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Abstract/Keyterms: The transient response of the subcritical advanced burner reactor (SABR) subcritical, 
sodium-cooled, transuranic-fueled, fast transmutation reactor design concept, which ensued from several 
accident initiation events, has been simulated. The results establish such things as the number of primary 
loop pumps that could fail or the magnitude of flow reduction in the intermediate loop heat removal 
capability due to either pump failure or intermediate heat exchange failure that could be tolerated without 
core damage, the consequences of loss of electrical power, and the consequences of control rod ejection or 
neutron source excursions. Suggestions are offered for design changes to improve the already good safety 
characteristics of the design concept. 
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Abstract/Keyterms: A fuel cycle analysis was performed for the SABR transmutation reactor concept, 
using the ERANOS fast reactor physics code. SABR is a sodium-cooled, transuranic (TRU)-Zr-fueled, 
subcritical fast reactor driven by a tokamak fusion neutron source. Three different four-batch reprocessing 
fuel cycles, in which all the TRUs from spent nuclear fuel discharged from light water reactors are fissioned 
to >90% (by recycling four times), was examined. The total fuel residence time in the reactor was limited 
in these three cycles by a radiation damage limit (100, 200, or 300 displacements per atom) to the cladding 
material. In the fourth cycle the fuel residence time was determined by trying to achieve 90% burnup in a 
once-through cycle without reprocessing. 
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Abstract/Keyterms: Typical dimensions of large neutronic systems are often two orders of magnitude 
greater than the mean free path of the neutrons. Such high dominance ratio systems represent a particularly 
challenging issue when performing Monte Carlo criticality simulations. As a matter of fact, these 
simulations are contaminated by a cycle-to-cycle correlation that strongly slows down the flux convergence. 
In this paper, we will first discuss the link between the dominance ratio and the cycle-to-cycle correlations 
that are responsible for the poor flux convergence. Then, we will present a new and original technique to 
assess the dominance ratio of a given Monte Carlo simulation. It consists of fitting the relaxation process 
of the neutron field after an initial excitation from a fission source with a Dirac delta function shape. Having 
showed that these flux convergence issues are dominance ratio driven, we will then propose the use of an 
"independent replicas" approach to deal with the underprediction bias in statistics. The different theoretical 
points presented in this paper will be verified on a pin cell test case simulated with the Monte Carlo code 
TRIPOLI4. Additional results based on a three-dimensional pressurized water reactor core calculation are 
provided to confirm the reliability of the fitting technique described. 
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Abstract/Keyterms: This paper studies the U.S. reference Supercritical Water Reactor (SCWR) design 
with the newly extended coupled codes PARCS/RELAP5. Steady-state, burnup, and loss-of-feedwater 
transients are simulated. A possible flow reversal in moderator channels is found in the simulations, and 
the impact of this reversal on power peaking and reactivity is observed. The transient results show that the 
assembly with the maximum cladding surface temperature (MCST) and the assembly with the maximum 
power are different and that the MCST is within the material limit under the current design. 
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Abstract/Keyterms: Core disruptive accidents in fast reactors need to be monitored carefully since they 
may lead to possible criticality configurations. However, the worst-case scenario may have small 
probability occurrences, but the proof of it requires multidisciplinary studies. Even with the upgrade in 
computer performance, calculations would require several months on several parallel computers. Accurate 
calculations with short running times are thus required. Updating the neutronics module of SIMMER set 
up in the 1970s was therefore carried out with the help of routines able to handle probability tables for 
generating broad group libraries. The use of such libraries together with new SIMMER options is now able 
to produce reliable results in all sorts of situations while maintaining reduced calculation times. Indeed, 
until now, neutronics calculations from SIMMER gave results quite far from ERANOS ones (differences 
in reactivity larger than 1.5 $). The discrepancies were mainly due to the libraries used. As a consequence, 
in 2000, an ERANOS module (BISIM) was created to generate SIMMER nuclear data libraries (for both 
cross sections and self-shielding factors) from the ERANOS nuclear data file, thereby reducing the major 
source of inconsistencies. Other improvements were added by the Japan Atomic Energy Agency, on the 
way of calculating the transport cross section and on the library group scheme so as to better calculate the 
k-effective within a reasonable time frame, but also at the Commissariat à l'Energie Atomique et aux 
Energies Alternatives on the beta-effective calculation. A new option (using the Keepin data) was 
implemented in 2010 in SIMMER. Once all these optimizations were carried out, a comparison between 
the SIMMER (III for two dimensions and IV for three dimensions) and ERANOS results was performed 
for a series of disruptive and representative configurations. While the computation time has not changed 
significantly, the differences on k-effective between ERANOS reference route results and SIMMER 16 
energy-group calculations were drastically reduced by [approximately]0.8 $. 



 

C-14579 

14540…..…..…………………..…….……..……ID Number…………………..…..…………….14540 

Author: Bowman, Stephen M 

Title: SCALE 6: Comprehensive Nuclear Safety Analysis Code System 

Date: 5/1/2011 

Report: NUTYBB, 174, 126-148 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Version 6 of the Standardized Computer Analyses for Licensing Evaluation (SCALE) 
computer software system developed at Oak Ridge National Laboratory, released in February 2009, 
contains significant new capabilities and data for nuclear safety analysis and marks an important update for 
this software package, which is used worldwide. This paper highlights the capabilities of the SCALE 
system, including continuous-energy flux calculations for processing multigroup problem-dependent cross 
sections, ENDF/B-VII continuous-energy and multigroup nuclear cross-section data, continuous-energy 
Monte Carlo criticality safety calculations, Monte Carlo radiation shielding analyses with automated three-
dimensional variance reduction techniques, one- and three-dimensional sensitivity and uncertainty analyses 
for criticality safety evaluations, two- and three-dimensional lattice physics depletion analyses, fast and 
accurate source terms and decay heat calculations, automated burnup credit analyses with loading curve 
search, and integrated three-dimensional criticality accident alarm system analyses using coupled Monte 
Carlo criticality and shielding calculations. 
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Abstract/Keyterms: This paper describes the Monte Carlo codes KENO V.a and KENO-VI in SCALE 
that are primarily used to calculate multiplication factors and flux distributions of fissile systems. Both 
codes allow explicit geometric representation of the target systems and are used internationally for safety 
analyses involving fissile materials. KENO V.a has limiting geometric rules such as no intersections and 
no rotations. These limitations make KENO V.a execute very efficiently and run very fast. On the other 
hand, KENO-VI allows very complex geometric modeling. Both KENO codes can utilize either continuous-
energy or multigroup cross-section data and have been thoroughly verified and validated with ENDF 
libraries through ENDF/B-VII.0, which has been first distributed with SCALE 6. Development of the 
Monte Carlo solution technique and solution methodology as applied in both KENO codes is explained in 
this paper. Available options and proper application of the options and techniques are also discussed. 
Finally, performance of the codes is demonstrated using published benchmark problems. 
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Abstract/Keyterms: Prompt neutron decay at delayed criticality was measured by Oak Ridge National 
Laboratory for uranium-reflected highly enriched uranium (HEU) and Pu metal spheres (Flattop), for an 
unreflected Pu metal (4.5% 240Pu) sphere (Jezebel) at Los Alamos National Laboratory (LANL) and for 
an unreflected HEU metal sphere at Oak Ridge Critical Experiments Facility. The average prompt neutron 
decay constants from hundreds of Rossi-{alpha} and randomly pulsed neutron measurements with 252Cf 
at delayed criticality are as follows: 3.8458 {+-} 0.0016 x 10{sup 5} s{sup -1}, 2.2139 {+-} 0.0022 x 
10{sup 5} s{sup -1}, 6.3126 {+-} 0.0100 x 10{sup 5} s{sup -1}, and 1.1061 {+-} 0.0009 x 10{sup 6} s{sup 
-1}, respectively. These values agree with previous measurements by LANL for Flattop, Jezebel, and 
Godiva I as follows: 3.82 {+-} 0.02 x 10{sup 5} s{sup -1} for a uranium core; 2.14 {+-} 0.05 x 10{sup 5} 
s{sup -1} and 2.29 x 10{sup 5} s{sup -1} (uncertainty not reported) for a plutonium core; 6.4 {+-} 0.1 x 
10{sup 5} s{sup -1}, and 1.1 {+-} 0.1 x 10{sup 6} s{sup -1}, respectively, but have smaller uncertainties 
because of the larger number of measurements. For the Flattop and Jezebel assemblies, the measurements 
agree with calculations. Traditionally, the calculated decay constants for the bare uranium metal sphere 
Godiva I and the Oak Ridge Uranium Metal Sphere were higher than experimental by {approx}10%. Other 
energy-dependent quantities for the bare uranium sphere agree within 1%. 
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Abstract/Keyterms: The US Department of Energy requires nuclear criticality control materials be used 
for storage of highly enriched spent nuclear fuel used in government programs and the storage of 
commercial spent nuclear fuel at the proposed High-Level Nuclear Waste Geological Repository located at 
Yucca Mountain, Nevada. Two different metallic alloys (Ni-Cr-Mo-Gd and borated stainless steel) have 
been chosen for this service. An accelerated corrosion test program to validate these materials for this 
application is described and a performance comparison is made. 
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Abstract/Keyterms: According to the U.S. Nuclear Regulatory Commission's guidance based on concerns 
for potential channeling of neutrons between absorber particles, the criticality safety of transportation 
systems should not rely on credit for >75% of the boron in fixed neutron absorbers. The 75% efficiency (or 
effectiveness) factor was first formulated in 1987 for a cask to transport spent fuel from the Fermi Unit 1 
(Fermi-1) fast breeder reactor. Fermi-1 fuel was highly enriched (25.6 wt%), and a critical condition could 
possibly be achieved in a dry environment. The 75% factor was later expanded to include low-enriched 
light water reactor (LWR) spent fuel, although the latter cannot achieve a critical state without the presence 
of a moderator. Under flooded conditions, the net effect of channeling is significantly reduced because the 
neutrons are nearly isotropically scattered by the moderator and impact the neutron absorber from all 
possible directions. Under dry conditions or under conditions representative in neutron attenuation 
measurements for absorber qualification, the neutrons impact the absorber mostly perpendicularly, and 
neutron channeling is maximized. The effect of neutron channeling for the Fermi-1 fuel and for a typical 
LWR fuel shipment was quantified using a methodology developed to apply experimental transmission 
data to calculations of the neutron angular distribution at the neutron absorber sheet, yielding the strength 
of the neutron channeling effect for a particular fuel type and cask basket geometry. These analyses show 
that neutron absorber qualification via a collimated neutron transmission measurement conservatively 
bounds the neutron channeling effect. Further imposition of a 75%-only credit leads to an overly 
conservative amount in neutron absorbers. For transport applications of LWR spent fuel, this results in 
increased costs with no measurable benefits to criticality safety. 



 

C-14584 

14545…..…..…………………..…….……..……ID Number…………………..…..…………….14545 

Author: Bess, John D. 

Title: Evaluation of Plutonium Hemisphere Critical Experiments Partially Reflected by Steel and Oil 

Date: 1/1/2012 

Report: NUTYBB, 177, 029-035; INL/JOU-10-20593 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: A series of 15 critical experiments performed at the Rocky Flats Critical Mass 
Laboratory in the late 1960s were evaluated and then determined to represent acceptable benchmark 
experiments for the validation of calculational methods. This series of experiments was part of a larger set 
of experiments performed to evaluate operational safety margins at the Rocky Flats Plant. The experiments 
consisted of bare plutonium metal hemishells reflected by steel hemishells of increasing thickness and 
motor oil. The hemishell assembly was suspended within dual aluminum tanks. Criticality was achieved by 
pumping oil into the tanks such that effectively infinite reflection was achieved in all directions except 
directly above the assembly; then the critical oil height was recorded. The results of these experiments had 
been initially ignored because early computational methods had been inadequate to analyze partially-
reflected configurations. The dominant uncertainties include the uncertainty in the average plutonium 
density and the composition of materials in the gaps between the plutonium hemishells. Simple and detailed 
benchmark models were developed. Eigenvalue calculations using MCNP5 and ENDF/B-VII.0 were within 
2s of the benchmark values. This benchmark evaluation has been added to the ICSBEP Handbook. 
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Abstract/Keyterms: Erbia-credit super high burnup (Er-SHB) fuel offers a means to introduce >5 wt% 
235U enrichment fuel; small amounts of erbia added to all the high-enriched UO2 powder can reduce the 
initial reactivity to <5 wt% enrichment level. By using this erbia credit, the new fuel can be treated as <5 
wt% enriched fuel, and most modifications to the existing facilities and equipment can be avoided. One of 
the key issues for developing the Er-SHB fuel is to validate the criticality safety analysis tools for this fuel 
based on a series of experiments using fuel with small amounts of erbia in the entire core. For that purpose, 
a series of critical experiments have been performed at the Kyoto University Critical Assembly (KUCA). 
Four critical cores were constructed utilizing two different average enrichments, three different erbia 
contents, and four different H/U ratios. Numerical analyses have also been performed using several 
different cross-section libraries, and the results were compared with the measurements from the KUCA 
experiments. These results confirm the validity of the calculations and the cross-section libraries for 
determining erbia reactivity. This paper outlines the basic concepts of the Er-SHB fuel, the erbia 
experiments, and the analyses results. 



 

C-14586 

14547…..…..…………………..…….……..……ID Number…………………..…..…………….14547 

Author: Perkó, Zoltán / Kloosterman, Jan Leen / Fehér, Sándor 

Title: Minor Actinide Transmutation in GFR600 

Date: 1/1/2012 

Report: NUTYBB, 177, 083-097 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: Within the Generation IV initiative, the gas-cooled fast reactor (GFR) is one of the 
reactors dedicated to minor actinide (MA) transmutation. This paper summarizes the research performed 
with the GFR600 reference design in order to assess its MA burning capabilities. For the study, modules of 
the SCALE program system were used. Single-cycle parametric studies were performed with cores having 
different MA content and spatial distribution. It was shown that the addition of MAs to the fuel greatly 
reduced the reactivity loss during burnup. Moreover, the higher the MA content of the core, the higher the 
fraction of it that was fissioned; however, the more the delayed neutron fraction and the fuel temperature 
coefficient degraded. Significant reduction can be achieved in the amounts of neptunium and americium, 
while curium isotopes accumulate. The study of multiple consecutive cycles showed that by adding only 
depleted uranium (DU) to the reprocessed actinides in fuel fabrication (pure DU feed strategy), up to 70% 
of the initially loaded MAs can be fissioned in the first five cycles. Moreover, the reactor can be made 
critical during that time if the initial MA content is higher than 3%. By feeding MAs as well (constant MA 
content strategy), the reactivity has a steady increase from cycle to cycle, predominantly due to 238Pu 
breeding from 237Np. The effects of the isotopic composition of the plutonium and MAs were also 
examined by performing calculations with data specific to the spent fuel of traditional western pressure 
water reactors and Russian type VVER440 reactors. Despite the considerably different MA vectors, no 
significant deviation was found in their overall transmutation. However, the Pu composition had a strong 
effect on the reactivity and the delayed neutron fraction in the first cycles. Finally, cores having nonuniform 
MA content were investigated. It was found that though the MA destruction efficiency was significantly 
higher in the middle of the core than at the edge, moving some of the MAs from the outer regions to the 
center resulted in only minor improvement in their destruction. However, the spectral changes caused by 
the rearrangement increased the k-effective, which allowed higher burnups and increased MA destruction. 
Unfortunately, some of the safety parameters of the reactor degraded. 
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Abstract/Keyterms: The High Flux Isotope Reactor (HFIR) located at the Oak Ridge National Laboratory 
utilizes a large annular beryllium reflector that is subdivided into three concentric regions and encompasses 
the compact reactor core. Nuclear transmutations caused by neutron activation occur in the beryllium 
reflector regions, which leads to unwanted neutron-absorbing and radiation-emitting isotopes. During the 
past year, two topics related to the HFIR beryllium reflector were reviewed. The first topic included 
studying the neutron poison (3He and 6Li) buildup in the reflector regions and its effect on beginning-of-
cycle reactivity. A new methodology was developed to predict the reactivity impact and estimated 
symmetrical critical control element positions as a function of outage time between cycles due to 3He 
buildup and was shown to be in better agreement with actual symmetrical critical control element position 
data than the current methodology. The second topic included studying the composition of the beryllium 
reflector regions at discharge and during postdischarge decay to assess the viability of transporting, storing, 
and ultimately disposing of the reflector regions currently stored in the spent-fuel pool. The postirradiation 
curie inventories were used to determine whether, for disposal purposes, the reflector regions are discharged 
as transuranic (TRU) waste or become TRU waste during the decay period and to determine the nuclear 
hazard category, which may affect the controls invoked for transportation and temporary storage. Two of 
the reflector regions were determined to be TRU waste at discharge, and the other region was determined 
to become TRU waste <2 yr after being discharged due to irradiation of the initial uranium impurity content 
(0.0044 wt% uranium). It was also concluded that all three of the reflector regions could be classified as 
nuclear hazard category 3 (potential for localized consequences only). 
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Abstract/Keyterms: Spent nuclear fuel transported in large casks must remain subcritical in all credible 
configurations for normal operation and hypothetical accident conditions. The effects on spent nuclear fuel 
reactivity from "worst-case" accident scenarios were surveyed in NUREG/CR-6835,”Effects of Fuel 
Failure on Criticality Safety and Radiation Dose for Spent Fuel Casks." The survey used scenarios that 
were postulated to provide theoretical upper limits for reactivity effects of fuel relocation, although they 
were described as going "beyond credible conditions." These scenarios involved physical changes either to 
fuel assembly rod arrays or to collections of fuel pellets with the fuel skeleton removed. To provide more 
credible estimates of the probability and maximum reactivity changes, a process is presented that 
deconstructs each scenario into a set of subscenarios and identifies the physical phenomena required to 
create the subscenario. The boundary between credible but unlikely scenarios and incredible scenarios is 
more easily discernible with this process. For marginally credible worst-case scenarios, it is concluded that 
the maximum reasonable reactivity increase either is less than the mandated administrative nuclear 
criticality safety margin for scenarios involving physical changes to fuel assembly rod arrays or is a 
substantial reactivity decrease for scenarios involving collections of fuel pellets. A cask designer could 
apply scenario deconstruction to evaluate the physical limits that apply to a particular transportation cask, 
and perform calculations specific to a particular cask design to show that criticality safety requirements are 
met. 
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Abstract/Keyterms: Generalized perturbation theory (GPT) has been recognized as the most 
computationally efficient approach for performing sensitivity analysis for models with many input 
parameters, which renders forward sensitivity analysis computationally overwhelming. In critical systems, 
GPT involves the solution of the adjoint form of the eigenvalue problem with a response-dependent fixed 
source. Although conceptually simple to implement, most neutronics codes that can solve the adjoint 
eigenvalue problem do not have a GPT capability unless envisioned during code development. We 
introduce in this manuscript a reduced-order modeling approach based on subspace methods that requires 
the solution of the fundamental adjoint equations but allows the generation of response sensitivities without 
the need to set up GPT equations, and that provides an estimate of the error resulting from the reduction. 
Moreover, the new approach solves the eigenvalue problem independently of the number or type of 
responses. This allows for an efficient computation of sensitivities when many responses are required. This 
paper introduces the theory and implementation details of the GPT-free approach and describes how the 
errors could be estimated as part of the analysis. The applicability is demonstrated by estimating the 
variations in the flux distribution everywhere in the phase space of a fast critical sphere and a high-
temperature gas-cooled reactor prismatic lattice. The variations generated by the GPT-free approach are 
benchmarked to the exact variations generated by direct forward perturbations. 
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Abstract/Keyterms: The Japanese prototype fast breeder reactor Monju restarted its system startup test in 
May 2010 after a 14-year interruption. In the first stage of the test, reactor physics parameters have been 
measured at a zero power level. The present paper describes the evaluation of the criticality data. The best-
estimate value and its uncertainty are evaluated as accurately as possible, following the guidelines 
recommended by the International Criticality Safety Benchmark Evaluation Project. The restart core 
contains 1.5 wt% of 241Am, which is three times more than the previous test. To extract the influence of 
the 241Am accumulation on calculation accuracy, criticality data obtained in the previous test are evaluated 
at the same level of detail. The calculation accuracy is investigated with four major nuclear data libraries. 
It is confirmed that the accuracy is within 0.3% delta k/k, a 2 sigma value of experimental uncertainty, with 
JENDL-3.3, JENDL-4.0, and ENDF/B-VII.0. The reactivity change due to the 241Pu decay can be 
simulated within an accuracy of 1% with JENDL-4.0 and JEFF-3.1. 
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Abstract/Keyterms: The present paper describes the evaluation of the control rod worth data obtained in 
the Monju restart core. The best-estimate value and its uncertainty are evaluated in detail. As in the 
criticality evaluation, data obtained in the previous test are evaluated in the same level of detail. Evaluated 
results of control rod worth are consistent among control rods at symmetrical positions for a random 
uncertainty. The experimental uncertainty is ±2%, where the dominant uncertainty originates from the 
delayed neutron parameters used in the period method. The correlation in the uncertainties is also evaluated 
among different control rods and tests. One can discuss a difference in worth among different control rods 
and cores without a detailed knowledge of the original uncertainty evaluation. Based on the evaluated data, 
calculation accuracy is investigated with JENDL-3.3 and JENDL-4.0. It is confirmed that the calculation 
accuracy is within an experimental uncertainty of ±2% for each layer and 10B content. 
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Abstract/Keyterms: The present technical note describes the evaluation of the isothermal temperature 
coefficient data obtained in the Monju restart core. As in the preceding evaluations on the criticality and 
the control rod worth, the best-estimate value and its uncertainty are evaluated as accurately as possible. 
Data obtained in the previous test are evaluated in the same level of detail. The measured data show that 
the fuel composition change from the previous test decreases the magnitude of the temperature coefficient 
by [approximately]8%. Through a sensitivity analysis, it is confirmed that the decrease is mainly brought 
by the composition of 241Pu and 241Am. The best calculation accuracy within the experimental uncertainty 
of 2% is attained with JENDL-4.0 for the previous core; however, such a good accuracy is not achieved for 
the restart core. A further experimental investigation is required to solve the dependence of calculation 
accuracy on the core configurations. 
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Abstract/Keyterms: To support the safety analysis of the conversion of the BR2 research reactor to low-
enriched uranium (LEU) fuel and extend the validation basis of the RELAP code for the analysis of the 
conversion of research reactors from highly enriched (HEU) fuel to LEU, the simulation of BR2 tests 
A/400/1, C/600/3, and F/400/1 was undertaken. These tests are characterized by loss of flow initiated at 
different reactor power levels with or without loss of system pressure, reactor scram, flow reversal, and 
reactor cooling by natural circulation. This work presents the RELAP analysis of tests C/600/3 and F/400/1 
and comparison of code predictions with experimental measurements for peak cladding temperatures during 
the transient at different axial locations in an instrumented fuel assembly. The simulations show that 
accurate representation of the power distribution, especially after reactor scram, between the fuel assemblies 
and the moderator/reflector regions is critical for the correct prediction of the peak cladding temperatures 
during the transient. Detailed MCNP and ORIGEN simulations were performed to compute the power 
distribution between the fuel assemblies and the moderator/reflector regions. With these distributions the 
predicted peak cladding temperatures are in good agreement with experimental measurements. 
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Abstract/Keyterms: The use of highly-enriched fuels is an effective method for reducing the number of 
spent fuel assemblies and improving fuel cycle economics, e.g., with >5 wt% 235U. However, from a 
criticality safety point of view, such high enrichment levels require a significant investment for the 
considerable modification of most facilities and equipment. Erbia-credit super-high-burnup fuel offers an 
effective solution that can solve the problem: Small amounts of erbia added to the entire amount of UO2 
powder can reduce the reactivity level to less than that observed at a 5 wt% enrichment level, thus 
eliminating the need for the modifications mentioned above. A series of criticality safety analyses has been 
performed to determine the minimum and sufficient content of erbia that can guarantee a suitable erbia 
credit. As a noteworthy result, the erbia content required was determined for corresponding values of 
uranium enrichment in a range >5 wt%, as indicated in our ECOS (Erbia COntent for Sub-criticality 
judgment) diagram. This paper outlines a series of criticality safety analyses and explains how the minimum 
erbia content can be determined to ensure subcriticality for a >5 wt% enrichment fuel to ensure that the fuel 
obtained is equivalent to that whose enrichment is <5 wt%. 
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Abstract/Keyterms: The safe and economical design of new, innovative nuclear reactors will require 
uncertainty reduction in basic nuclear data that are input to simulations used during reactor design. These 
data uncertainties propagate to uncertainties in design responses, which in turn require the reactor designer 
to incorporate additional safety margins into the design, often increasing the cost of the reactor. Therefore, 
basic nuclear data need to be improved, and this accomplished through experimentation, which is often 
done using cold critical experiments. Considering the high cost of nuclear experiments, it is desired to have 
an optimized experiment that will provide the experimental data needed for maximum uncertainty reduction 
in the design responses. However, the optimization of the experiment is coupled to the reactor design itself 
because with reduced uncertainty in the design responses the reactor design can be re-optimized. It is thus 
desired to find the experiment design that gives the most optimized reactor design. Solution of this nested 
optimization problem is made possible by the use of the simulated annealing algorithm. Cost values for 
experiment design specifications and reactor design specifications are estimated and used to compute a total 
savings by comparing the a posteriori reactor cost to the a priori cost accounting for the offsetting cost of 
the experiment. This was done for the Argonne National Laboratory-developed Advanced Burner Test 
Reactor design concept employing a modified Zero Power Physics Reactor as the experimental facility. 



 

C-14596 

14557…..…..…………………..…….……..……ID Number…………………..…..…………….14557 

Author: Tamauchi, Yoshikazu / Miyata, Takashi / Takebe, Kazumi / et al. 

Title: New Risk Assessment Method for a Reprocessing Plant: Quantitative Safety Assessment 

Date: 2/1/2013 

Report: NUTYBB, 181 , 303-316 

Conference/Journal: Nuclear Technology 

Conference Session:  

Abstract/Keyterms: In a reprocessing plant, the various and many accidents identified related to 
mechanical processes, chemical processes, and storage facilities have to be assessed to know the total risk 
of the plant. To assess the individual risks of so many potential accidents efficiently and effectively, we 
have developed a simplified quantitative method called quantitative safety assessment (QSA), based on our 
experience in probabilistic risk assessment (PRA) for the Rokkasho Reprocessing Plant and with reference 
to the integrated safety analysis used in the United States for fuel cycle facilities. Our method not only 
includes such PRA features as quantifiability of the results and comparability of risk importance of the 
contributors to accident sequences but also offers the new features of simplified presentation and easy 
traceability. The designation of important safety structures, systems, components, and personnel activities 
is thus facilitated through the use of the results of this method. In this paper, the deployment of the QSA 
method is demonstrated using an example of a criticality accident in a plutonium partition process. 
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Abstract/Keyterms: Reactivity effects associated with the mitigation of unprotected loss of flow in sodium 
fast reactors are being studied to find ways to reduce the potential release of mechanical energy. The studies 
performed with ERANOS illustrate the importance of cladding removal as well as radial leakage changes 
during the core slumpdown. Possible arrangements and dispositions are envisioned that would avoid 
recriticality and hence the possibility of going into severe power excursions. Challenges to be faced by 
safety studies that would ascertain that no cliff-edge effects occur are then listed. 
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Abstract/Keyterms: A preliminary feasibility study is performed for a sodium-cooled breed-and-burn 
(B&B) fast reactor core for achieving high uranium utilization without solid fission product separation that 
could fit within a reactor vessel of the dimensions of SuperPRISM (S-PRISM). This 1000-MW(thermal) 
B&B core is to be fueled with depleted uranium with the exception of the fissile loading required for 
achieving initial criticality. When the fuel reaches its radiation damage limit, it is reconditioned using the 
melt-refining process and reloaded into the core until it runs out of reactivity. It is found that the maximum 
burnup at which the S-PRISM-sized B&B core can be designed to discharge its fuel is 43% fissions per 
initial metal atom. The corresponding uranium utilization is nearly 90 times higher than that of a light water 
reactor. The achievable burnup strongly depends on the fuel volume fraction but is almost insensitive to the 
core power density, fuel-reconditioning frequency, and duration of the fuel-reconditioning process. 
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Abstract/Keyterms: This work involved estimating the homogeneous metal-water mixture critical mass 
curves of 34 fissionable nuclides from thorium to einsteinium. Calculations were performed using the 
discrete ordinates code PARTISN with ENDF/B-VII.0 69-group cross sections. Sample MCNP5 test cases 
indicate reasonable agreement between the two transport codes. In general, the results confirmed that there 
are three "forms" of the critical mass curves: (a) the traditional curve most well known as characterizing 
the "big 3" nuclides (233U, 235U, 239Pu), where the minimum critical mass is found in a dilute solution; 
(b) a simple monotonic curve characterized by a monotonically increasing critical mass as water is added 
to the metal, where the minimum critical mass is a metal system; and (c) a hybrid curve where the shape is 
similar to the traditional curve but the minimum critical mass is the pure metal. In general, the traditional 
and monotonic curves follow the "odd-even" rule of thumb that a nuclide with an even Z and an odd A or 
vice versa will have a traditionally shaped curve and that the other nuclides will have a monotonically 
shaped curve. The violations of this rule of thumb, i.e., the hybrid curves, in the set of nuclides analyzed 
are comprised of 232U and 252Cf. Plutonium-236 is especially interesting because it is a traditionally 
shaped curve with the minimum critical mass in a relatively dilute solution, but it violates the "odd-even" 
rule of thumb. 
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Abstract/Keyterms: As early as the 1970s, attempts have been made to reduce the peak fuel temperature 
in pebble bed-type high-temperature reactors (HTRs) by means of so-called "wallpaper fuel," in which the 
fuel is arranged in a spherical shell within a pebble. By raising the particle packing fraction, fuel kernels 
are condensed to the outer diameter of the fuel zone, leaving a central part of the pebble free of fuel. This 
modification prevents power generation in this central fuel-free zone and decreases the temperature gradient 
across the pebble. Besides the reduction of maximum and average particle temperature, the wallpaper 
concept also enhances neutronic performance through improved neutron economy, resulting in reduced 
fissile material and/or enrichment needs or providing the potential to achieve higher burnup. To assess such 
improvements, calculations were performed using the PANTHERMIX code. Among other tests, 
investigations of fuel cycle under steady-state conditions and loss-of-coolant-accident calculations were 
conducted. Based on PANTHERMIX steady-state conditions, both particle failure fraction [with the 
CRYSTAL code (Code foR analYsis of STress in coAted particLes)] and fissile material cost can be 
determined. It is demonstrated that the wallpaper fuel type positively impacts the fuel cycle, reduces the 
production of minor actinides (MAs), and improves the safety-relevant parameters of the reactor. A 
comparison of these characteristics with those of Pebble Bed Modular Reactor (Pty) Limited (PBMR) type 
of fuel is presented: In comparison with PBMR fuel, the wallpaper design results in an increase of the 
effective neutron multiplication coefficient (by [approximately] 925 pcm). This reactivity increase can lead 
to a burnup extension (from 96.4 to 101.3 MWd/kg), therefore improving the burnup of HTRs, or to an 
enrichment reduction (from 9.6 to 9.277 wt%). Both options decrease MA production [as defined in 
g/TW(thermal) h, between 5.9% and 34.5%], making fuel reprocessing easier and reducing fuel cost (by 
4.6% for the high-burnup option and by 3.7% for the low-enrichment option). Safety is also improved, with 
particle temperature being reduced during steady-state operations (by >55 K for the most exposed particles 
and by almost 10 K on average). This positively impacts particle failure fraction as calculated by the fuel 
performance code CRYSTAL, leading to a reduction of up to 85% of the particle failure fraction over its 
in-core lifetime. This reduces the in-core fission product release. While an increase of the graphite density 
in the central fuel-free zone increases thermal inertia, initiates a faster reactor shutdown, and delays 
recriticality, it also disturbs the thermal flux that raises pebble powers in the inner part of the core. This 
increases the highest kernel temperature during a depressurized loss-of-coolant accident from 1872 K for 
the PBMR case to 1876, 1917, and 1895 K, respectively, for the three wallpaper designs proposed. The fuel 
changes suggested in this paper offer more versatility to the HTR concept. The conversion ratio can be 
decreased, leading to lower MA buildup and fuel reprocessing cost, or raised, leading to lower fuel 
consumption and fuel cost. 
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Abstract/Keyterms: A sodium-cooled fast reactor breed-and-burn (B&B) core and fuel cycle concept are 
proposed to achieve uranium utilization in the vicinity of 50% without separation of most of the fission 
products from the actinides. This core is to be fueled with depleted uranium (DU) with the exception of the 
initial core loading that uses fissile fuel to achieve initial criticality. When the cladding reaches its radiation 
damage limit, the melt-refining process is used to recondition the fuel, and then the fuel is reloaded into the 
core. This fuel reconditioning continues until the fuel reaches the neutronically maximum attainable burnup. 
When a fuel assembly is discharged at its maximum attainable burnup, it is replaced with a fresh DU 
assembly. The maximum burnup attainable in a large 3000-MW(thermal) B&B core is found to be 57% 
fissions per initial metal atoms (FIMA). The discharged fuel characteristics such as the inventory of 
actinides, radiotoxicity, and decay heat are one order of magnitude smaller, per unit of energy generated, 
than those of a light water reactor operating with the once-through fuel cycle. It is also found that the 
minimum burnup required for sustaining the B&B mode of operation is 19.4% FIMA. The fuel discharged 
at this burnup has sufficient excess reactivity for establishing initial criticality in a new large B&B core. 
The theoretical minimum doubling time for new core spawning is estimated to be [approximately] 10 
effective full-power years; there is no need for any external fissile material supply beyond that required for 
the initial "mother" reactor. Successful development and deployment of the B&B core along with fuel 
reconditioning could possibly provide up to 3000 yr worth of the current global nuclear electricity 
generation by using the DU stockpiles already accumulated worldwide. However, a number of important 
feasibility issues are yet to be resolved. 
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Abstract/Keyterms: Fuel cycle analyses of the transmutation of (a) all of the transuranics (TRUs) in light 
water reactor (LWR) spent nuclear fuel (SNF) and of (b) the minor actinides (MAs) remaining in SNF (after 
separation of much of the plutonium for starting up fast reactors) have been performed for the conceptual 
subcritical advanced burner reactor (SABR) fission-fusion hybrid sodium-cooled fast burner reactor. Both 
metallic and oxide burner reactor fuels were considered, and the effect of clad radiation damage limit on 
fuel residence time was investigated. For a radiation damage limit of 200 displacements per atom, the 
support ratio (LWR power/SABR power) for transmuting all of the TRUs produced by LWRs is 3/1, and 
for transmuting just the MAs produced by LWRs the support ratio is 25/1. The reduction in high-level waste 
repository capacity required due to this transmutation is a factor of 10, based on a decay heat at a 100 000-
yr limit on capacity. 
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Abstract/Keyterms: Radioactive waste management is now a much discussed public issue, especially 
since the Taiwanese government announced that three operating nuclear power plants will be 
decommissioned on schedule. Safe, efficient, reliable, and sustainable solutions to the management of 
radioactive wastes are critical to the feasibility of the nuclear decommissioning project. Because of the lack 
of system integration within radioactive waste storage facilities, most of the radioactive waste information 
systems remain inconsistent. Therefore, the establishment of an intelligent integrated system that provides 
active assistance in tracing the processes of radioactive wastes is urgent. This study is based on the 
technology of radio frequency identification for detection of radioactive waste locations. An automatic 
identification mechanism can monitor the status of storage and instantly notify the relevant parties. 
Meanwhile, this platform also employs the software agent as the infrastructure to construct the integrated 
information system architecture; the software agent has been widely accepted as an effective method to 
integrate heterogeneous systems of the new paradigm. The overall framework will help enhance the 
monitoring performance for radioactive waste. 
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Abstract/Keyterms: The use of high-enrichment fuels, e.g., fuels with >5 wt% 235U, is an effective 
method of reducing the number of spent-fuel assemblies and improving fuel cycle economics. However, 
from a criticality safety point of view, such high enrichment levels would entail considerable modification 
of most facilities and equipment, which would require a significant investment. Erbia-credit super-high-
burnup fuel offers the potential for an effective solution to this problem. The fuel is based on the concept 
that small amounts of erbia added to the entire amount of UO2 powder can reduce the reactivity level to 
less than that observed at a 5 wt% enrichment level, thus eliminating the majority of the modifications 
mentioned above. In this paper, a feasibility assessment from the viewpoint of fuel cycle economics is 
performed to confirm the benefits of erbia-credit-fuel implementation. A simple model to consider the erbia 
penalty is also proposed. The results show that the generation cost can be significantly reduced by using 
erbia credit, although the fuel cycle cost would not necessarily decrease in any of the cases when the 
enrichment level is increased. In addition, implementation scenarios of erbia credit are discussed 
considering the current industrial situation and the reactivity penalty incurred by the usage of erbia fuel. 
These implementation scenarios are also considered from the viewpoint of energy security. 
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Abstract/Keyterms: Using experimental data published in the International Handbook of Evaluated 
Reactor Physics Benchmark Experiments for the fresh cold core of the High Temperature Engineering Test 
Reactor, a comprehensive validation study has been carried out to assess the performance of the SCALE 
code system for analysis of high-temperature gas-cooled reactor configurations. This paper describes part 
of the results of that effort. The studies performed included criticality evaluations for the full core and for 
the annular cores realized during the fuel loading, as well as calculations and comparisons for excess 
reactivity, shutdown margin, control rod worths, temperature coefficient of reactivity, and reaction rate 
distributions. Comparisons of the SCALE results with both experimental values and MCNP-calculated 
values are presented. The comparisons show that the SCALE calculated results, obtained with both 
multigroup and continuous energy cross sections, are in reasonable agreement with the experimental data 
and the MCNP predictions. 
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Abstract/Keyterms: A new design of ultralong-cycle fast reactor (UCFR) with power rate of 1000 
MW(electric) has been developed based on the strategy of breed and burn. The bottom region of the core 
with low-enriched uranium plays a role of igniter of the core burning and the upper natural uranium region 
acts as a blanket for breeding. Fissile materials are bred in the blanket and the active core moves upward at 
a speed of 5.0 cm/year. Through the core depletion calculation using Monte Carlo code McCARD, it is 
confirmed that a full-power operation of 60 years without refueling is feasible with respect to nuclear 
isotopics and criticality. Core performance characteristics have been evaluated in terms of axial/radial 
power shapes, reactivity feedback coefficients, etc. This design will serve as a base model for further design 
study of UCFRs using light water reactor spent fuels in the blanket region. 
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Abstract/Keyterms: Different uranium-plutonium fuel compositions are considered for sodium fast 
reactors of the next generation. Considerable discrepancies in axial and radial neutron spectra for hybrid 
reactor systems compared to uranium oxide fuel cores increase uncertainties in the key calculated neutronic 
characteristics of hybrid systems. The calculation results of a BFS-62-3A critical assembly considered as a 
full-scale model of BN-600 hybrid core with steel reflector specify quite different spectra in local areas. In 
such systems the MCNP5 calculations demonstrate a noticeable sensitivity of the key neutronic 
characteristics (effective multiplication factor keff, spectral indices) to nuclear data libraries and extra steel 
such as dowels placed in the core. Uncertainties in the location of stainless steel dowels and in their quantity 
cause uncertainties in the fuel-to-steel mass ratio in the core. For 235U, 238U, and 239Pu, the calculated 
radial fission rate distributions against the reconstructed ones are analyzed. A comparative analysis of 
spectral indices, neutron spectra, and radial fission rate distributions is performed using nuclear data 
libraries generated from ENDF/B-VII.0, JEFF-3.1.1, JENDL-3.3, and BROND-3 for Fe and Cr isotopes. 
When performing analysis of the fission-rate sensitivity to the presence of plutonium in fuel, 239Pu is 
replaced by 235U in local areas containing plutonium. For radial fission rate distributions, peak 
discrepancies may be due to possible underestimation of some features of experimental data processing and 
reconstruction methods (Westcott factors, temperature dependence, local core features). A more-
sophisticated impact analysis of spatially different neutron spectra on neutron characteristics of the core is 
also required. To confirm the results of BFS-62-3A analysis, radial fission-rate distributions are calculated 
for BFS-62-4 with UO2 blanket instead of steel reflector. 
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Abstract/Keyterms: The thermal neutron elastic-scattering cross-section data for 16O used in various 
modern evaluated nuclear data libraries were reviewed and found to be generally too high compared with 
the best available experimental measurements. Some of the proposed revisions to the ENDF/B-VII.0 16O 
data library and recent results from the TENDL system increase this discrepancy further. The reactivity 
impact of revising the 16O data downward to be consistent with the best measurements was tested using 
the JENDL-3.3 16O cross-section values and was found to be very small in MCNP5 simulations of the 
UO2 and reactor-recycle MOX fuel cases of the American Nuclear Society Doppler defect numerical 
benchmark. However, large reactivity differences of up to [approximately]14 mk (1400 pcm) were observed 
using 16O data files from several evaluated nuclear data libraries in MCNP5 simulations of the Los Alamos 
National Laboratory highly enriched uranium (HEU) heavy water solution thermal critical experiments, 
which were performed in the 1950s. The latter result suggests that new measurements using HEU in a heavy 
water-moderated critical facility, such as the ZED-2 zero-power reactor at the Chalk River Laboratories, 
might help to resolve the discrepancy between the 16O thermal elastic-scattering cross-section values and 
thereby reduce or better define its uncertainty, although additional assessment work would be needed to 
confirm this. 
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Abstract/Keyterms: A new statistical sampling sequence called Sampler has been developed for the 
SCALE code system. Random values for the input multigroup cross sections are determined by using the 
XSUSA program to sample uncertainty data provided in the SCALE covariance library. Using these 
samples, Sampler computes perturbed self-shielded cross sections and propagates the perturbed nuclear 
data through any specified SCALE analysis sequence, including those for criticality safety, lattice physics 
with depletion, and shielding calculations. Statistical analysis of the output distributions provides 
uncertainties and correlations in the desired responses, due to nuclear data uncertainties. The 
Sampler/XSUSA methodology is described, and example applications are shown for criticality safety and 
spent-fuel analysis. 
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Abstract/Keyterms: A comprehensive review of accident neutron dosimetry using blood and hair analysis 
was performed and is summarized in this report. Experiments and calculations were conducted at Oak Ridge 
National Laboratory (ORNL) and the University of Tennessee (UT) to develop measurement techniques 
for the activity of 24Na in blood and 32P in hair for nuclear accident dosimetry. An operating procedure 
was established for the measurement of 24Na in blood using an HPGe detector system. The sensitivity of 
the measurement for a 20-mL sample is 0.01-0.02 Gy of total neutron dose for hard spectra and below 0.005 
Gy for soft spectra based on a 30- to 60-min counting time. The operating procedures for direct counting 
of hair samples are established using a liquid scintillation detector. Approximately 0.06-0.1 Gy of total 
neutron dose can be measured from a 1-g hair sample using this procedure. Detailed procedures for 
chemical dissolution and ashing of hair samples are also developed. A method is proposed to use blood and 
hair analysis for assessing neutron dose based on a collection of 98 neutron spectra. Ninety-eight blood 
activity-to-dose conversion factors were calculated. The calculated results for an uncollided fission 
spectrum compare favorably with previously published data for fission neutrons. This nuclear accident 
dosimetry system makes it possible to estimate an individual`s neutron dose within a few hours after an 
accident if the accident spectrum can be approximated from one of 98 tabulated neutron spectrum 
descriptions. If the information on accident and spectrum description is not available, the activity ratio of 
32P in hair and 24Na in blood can provide information related to the neutron spectrum for dose assessment. 
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Abstract/Keyterms: A metal fuel performance code was coupled to a subchannel analysis code to predict, 
in a computationally efficient way, critical phenomena that could lead to pin failure for steady-state and 
transient scenarios in sodium-cooled fast reactors. The fuel performance and subchannel codes coupled are 
FEAST-METAL and an updated version of COBRA-IV-I, respectively. In coupling the codes, the 
importance of azimuthal temperature and stress effects in the fuel pin were analyzed; it was concluded that 
azimuthal temperature averaging around the fuel pin is an acceptable approximation. The codes were 
coupled using a wrapper, the COBRA and FEAST Executer (CAFE), written in the Python programming 
language. Data from EBR-II was used to confirm and verify CAFE. Finally, CAFE was used to predict the 
maximum allowable burnup of three different fuel assembly designs (driver fuel, radial blanket, and tight-
pitch breed-and-burn fuel) as a function of operating temperature, linear power, fuel composition, cladding 
thickness, and smear density. 
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Abstract/Keyterms: This study compares Monte Carlo and deterministic neutronics analyses of the zero-
power YALINA Thermal subcritical assembly, which is located in Minsk, Belarus. The YALINA Thermal 
facility consists of a subcritical core that can be driven by either a californium neutron source or a 
deuterium-deuterium (D-D) neutron source. The californium neutron source is generated by the natural 
decay of 252Cf; the D-D neutron source is generated by a deuteron accelerator. The MCNPX, MONK, 
NJOY, DRAGON, PARTISN, and TORT computer programs have been used for calculating the neutron 
spectrum, the neutron flux, and the 3He(n,p) reaction rate set by californium and D-D neutron sources. 
These parameters have been computed in different experimental channels of the assembly for different fuel 
loading configurations. The MCNPX and MONK computer programs modeled the facility without any 
major approximation; the PARTISN and TORT computer simulations used 69 energy groups, S16 angular 
quadrature set, linear anisotropic scattering, and approximately 60 homogenized material zones. The results 
calculated by different computer programs are in good agreement; in addition, they match the 3He(n,p) 
reaction rate from experimental measurements obtained by californium and D-D neutron sources. 
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Abstract/Keyterms: The effect of temperature changes and in particular those that are accompanied by 
strong gradients was extensively investigated for fast reactors. Subcritical systems designed for their 
transmutation ability are to some extent similar to critical power reactors in their subassembly structure. 
However, they differ in two main aspects. First, the coolant in a subcritical system is lead or lead-bismuth 
eutectic (LBE) and not sodium, and second, the main cause for steep temperature gradients in a fast power 
reactor is sudden control rod insertion, or scram, whereas in subcritical systems shutdown of the accelerator 
and its proton beam is the main cause for temperature gradients. Furthermore, the increased probability of 
operational interruptions in an accelerator-driven system is largely due to the instability of the accelerator 
generating the proton beam. This study uses the knowledge gained from fast reactors as a preliminary 
reference and concentrates further on the unique features of the proposed subcritical systems. In particular, 
the effect of beam trips on the fuel pin integrity is evaluated as a function of the temperature gradients and 
the duration of the beam trips. It seems, however, that the largest hazard to the fuel pin integrity is due to 
the lead (or LBE) coolant. In particular, the stability of the protective oxide layer built on the clad surface 
with the lead coolant appears quite sensitive to sudden temperature changes. In the second part of this study, 
several available experimental results show that even very moderate temperature changes are sufficient to 
cause crack formation in the oxide layer thereby exposing the clad surface to enhanced LBE corrosion. In 
the worst case, complete exfoliation of the magnetite outer layer is observed. As a consequence, clad failure 
probability due to corrosion is considerably increased. 
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Abstract/Keyterms: Increasing the economic competitiveness of nuclear energy is vital to its future. One 
way to reduce the cost of the plant is by extracting more power from the same volume. A scoping study is 
conducted to maximize the power density in boiling water reactors (BWRs) under the constraints of using 
fuel with traditional materials and cylindrical geometry, and enrichments below 5% to enable its 
licensability with no changes to present facilities. An optimization search over all other design parameters 
yields a BWR with high power density (BWR-HD) at a power level of 5000 MW(thermal), equivalent to a 
26% uprated Advanced BWR (ABWR), the most recently built version of BWR. The BWR-HD utilizes 
about the same number of wider fuel assemblies, with 16 × 16 pin arrays and 35% shorter active fuel than 
the 10 × 10 assemblies of the ABWR. The fuel rod diameter and pitch are also reduced to just over 70% of 
the ABWR values. Thus, it is possible to increase the power density and specific power by 65% while 
maintaining the nominal ABWR minimum critical power ratio margin. The optimum core pressure is found 
to be the same as the current 7.2 MPa. The core exit quality is increased to 19% from the ABWR nominal 
exit quality of 15%. The pin linear heat generation rate is 20% lower, and the core pressure drop and mass 
of uranium are 30% lower. The BWR-HD's fuel, modeled with FRAPCON 3.4, showed similar 
performance to the ABWR pin design. This results in 20% reduced operations and maintenance and capital 
costs per unit energy, but total fuel cycle cost similar to that of the 18-month ABWR fuel cycle. 
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Abstract/Keyterms: An optimization search over all design parameters yields a boiling water reactor 
(BWR) with high power density (BWR-HD) at a power level of 5000 MW(thermal), equivalent to a 26% 
uprated Advanced BWR (ABWR), the latest version of operating BWR. This results in economic benefits, 
estimated to be [approximately]20% capital and operation and maintenance costs and similar total fuel 
cycle cost per unit electricity. A safety analysis of the BWR-HD was performed and compared with that of 
the ABWR. It covered a range of transients, involving a decrease in reactor coolant inventory or coolant 
system flow rate, changes in coolant temperature along with increase in reactor pressure, and a reactivity-
initiated transient. The BWR-HD's different core flow velocity, feedwater flow rate, core inlet temperature, 
void coefficient of reactivity, pressure drop, core fuel loading, and volume of fluid in the core resulted in 
very different response to transients. In general, the 1.3-m-shorter core results in faster scram times and 
lower total positive reactivity insertions during the transients, which improves the BWR-HD's performance 
compared to that of the ABWR. The core remains covered and the pressure in the reactor pressure vessel 
never rises above the licensing limits during any of the simulated transients. The change in minimum critical 
power ratio for the BWR-HD was smaller than or equal to that of the reference ABWR in all of the six 
simulated transients. For the loss-of-coolant-inventory accidents and severe accidents, the BWR-HD 
qualitative performance was judged to be acceptable and could result in an improved response with the 
lower fuel and zirconium loading. 
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Abstract/Keyterms: Reactivity insertion accidents have been analyzed for the 20-MW D2O-moderated 
research reactor (NBSR) at the National Institute of Standards and Technology (NIST). The analysis has 
been carried out for the present core, which contains highly enriched uranium fuel, and for a proposed 
equilibrium core with low-enriched uranium fuel. The time-dependent analysis of the primary system is 
performed with a RELAP5 model that includes the reactor vessel, primary coolant pump, heat exchanger, 
fuel element geometry, and flow channels for both the 6 inner and 24 outer fuel elements. Post processing 
of the simulation results has been conducted to evaluate minimum critical heat flux (CHF) ratio and 
minimum onset of flow instability (OFI) ratio using the Sudo-Kaminaga correlations and Saha-Zuber 
criteria, respectively. Evaluations are carried out for the control rod withdrawal start-up accident and the 
maximum reactivity insertion accident. In both cases the RELAP5 results indicate that no damage to the 
fuel will occur and there is adequate margin to CHF and OFI because of sufficient coolant flow through the 
fuel channels and the negative reactivity insertion due to scram. 
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Abstract/Keyterms: The Electric Power Research Institute (EPRI) has sponsored the development of a set 
of benchmarks that can be used to quantify the bias and uncertainty in computed reactivity decrements due 
to burnup. The bias and uncertainty covers imprecision in both the nuclide inventory and cross sections. 
The EPRI benchmarks are a function of enrichment, operating conditions (such as soluble boron 
concentration, burnable absorbers, and specific power), and storage rack conditions. The benchmarks are 
analyzed using SCALE 6.1 with both ENDF/B-V and ENDF/B-VII cross-section libraries. The depletion 
analyses are performed using the TRITON module, and the criticality calculations are performed with 
KENO-V.a and MCNP. The analysis shows that SCALE 6.1 with the ENDF/B-VII 238-group cross-section 
library supports the use of a depletion bias of only 0.0015 in Δk, where k represents the neutron 
multiplication factor, at peak reactivity after discharge from the core. This peak reactivity occurs after 100 
h of cooling. If credit is taken for more cooling, the bias should be increased to 0.0025. The depletion 
uncertainty is 0.0064. Using MCNP for the criticality calculations rather than KENO-V.a produces 
essentially the same results if the same ENDF/B cross-section library is used. Reliance on the ENDF/B-V 
cross-section library produces much larger disagreement with the benchmarks. The analysis covers 
numerous combinations of depletion and criticality options. In all cases, the historical uncertainty of 5% of 
the Δk of depletion (“Kopp memo”) was shown to be conservative for fuel with >30 GWd/T burnup. 
However, the Kopp memo's uncertainty may be exceeded at low burnups where the absolute magnitude of 
the uncertainty is small. 
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Abstract/Keyterms: Multiple recycle of transuranic (TRU) isotopes in thermal reactors results in 
degradation of the plutonium (Pu) fissile quality with buildup of higher actinides (e.g., Am, Cm, Cf), some 
of which are thermal absorbers. These phenomena lead to increasing amounts of Pu feed being required to 
sustain criticality and accordingly larger TRU content in the multirecycled fuel inventory, ultimately 
resulting in a positive moderator temperature coefficient (MTC) and void reactivity coefficient. Because of 
the favorable impact fostered by use of thorium (Th) on these coefficients, the feasibility of Th-TRU 
multiple recycle in reduced-moderation pressurized water reactors (PWRs) and boiling water reactors 
(BWRs) has been investigated. In this paper, Part I of two companion papers, the analysis limited to a single 
assembly, with full-core models presented in Part II. Spatial separation of TRU from bred uranium is found 
to greatly improve neutronic performance. A large reduction in moderation is necessary to allow full 
actinide recycle. This will pose thermal-hydraulic challenges, which are discussed in Part II. In addition, 
the harder neutron spectrum resulting from the reduced moderation also reduces the control rod worth, 
while there is a neutronic incentive to use increased mechanical shim to maintain a negative MTC. It may 
therefore be desirable to increase the number of rod cluster control assemblies. Superior burnup is 
achievable in a reduced-moderation BWR as a larger reduction in moderation is feasible, although the 
incineration rate is reduced relative to a PWR due to a higher conversion ratio. 
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Abstract/Keyterms: Multiple recycle of transuranic (TRU) isotopes in thermal reactors results in a 
degradation of the plutonium (Pu) fissile quality with buildup of higher actinides (e.g., Am, Cm, Cf), some 
of which are thermal absorbers. These phenomena lead to increasing amounts of Pu feed being required to 
sustain criticality and accordingly larger TRU content in the multirecycled fuel inventory, ultimately 
resulting in a positive moderator temperature coefficient (MTC) and void reactivity coefficient (VC). 
Because of the favorable impact fostered by use of thorium (Th) on these coefficients, the feasibility of Th-
TRU multiple recycle in reduced-moderation (RM) pressurized water reactors (PWRs) and RM boiling 
water reactors (called RMPWRs and RBWRs, respectively) has been investigated. In this paper, Part II of 
two companion papers, the results of the single-assembly analyses of Part I are developed to investigate 
full-core feasibility. A large reduction in moderation is necessary to allow full actinide recycle. This 
increases the core pressure drop, which poses some thermal-hydraulic challenges, which are more 
pronounced if the design implementation is through retrofitting an existing PWR. For a given reactor 
cooling pump, the core flow rate is reduced. Despite this, it is possible to achieve feasible inlet and outlet 
temperatures and minimum departure from nucleate boiling ratio, for the reduction in moderation 
considered here. Reflood after loss-of-coolant accident is expected to be slower, which may lead to 
unacceptable peak clad temperatures and/or clad oxidation. Equilibrium cycles are presented for the 
RMPWR and RBWR, with a negative MTC and VC. However, the RMPWR may have positive reactivity 
when fully voided, and the hard spectrum makes it difficult to achieve an adequate shutdown margin, such 
that for the considered fuel designs, additional rod banks would be required. 
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Abstract/Keyterms: The transient response of the high-temperature gas-cooled reactor (HTGR) to 
depressurized loss of forced circulation combined with failure of all reactor trip systems, a beyond-design-
basis accident, is analyzed for an extended period of time during which no active core cooling is resumed. 
The characteristic behavior of the reactor during the long-term conduction cooldown event is found to be 
shaped by several parameters that are usually not considered in the safety design of the HTGR. For example, 
while the Doppler effect is usually relied upon to provide inherent shutdown of the reactor, the reactivity 
coefficient of temperature of the graphite moderator is found to be a critical parameter for determining the 
final settling temperature of the fuel following the recriticality. Furthermore, this study finds that the peak 
fuel temperature reached during this event is correlated strongly even to the initial core operating 
temperature prior to the initiation of the transient event. These and other results of this study are expected 
to provide useful input to the development of enhanced safety design guidelines for commercial HTGRs in 
the aftermath of the Fukushima accident. 
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Abstract/Keyterms: The Canadian supercritical water-cooled reactor (SCWR) can be modeled as a 
multiple-input multiple-output system. It has a high power-to-flow ratio, strong cross coupling, and a high 
degree of nonlinearity in its dynamic characteristics. Because of the existence of strong cross coupling 
among system inputs and outputs, it is difficult for a traditional control system design methodology to 
produce a satisfactory control system. In this paper, the direct Nyquist array method is used first to decouple 
the system into a diagonally dominant form via a precompensator. After decoupling the system 
successfully, three single-input single-output dynamic compensators are synthesized in the frequency 
domain. By using the precompensator, the temperature variation because of disturbances at the reactor 
power and pressure is significantly reduced. The control system can effectively maintain the overall system 
stability and regulate the plant around a specified operating condition. To deal with the nonlinearities, a 
control strategy based on gain scheduling is adopted. Different sets of controllers are used for the plant at 
different load conditions. The proposed control strategies have been evaluated under various operating 
scenarios. The robustness of the controller with respect to operating condition changes is also investigated. 
It is shown that the decoupling control can effectively reduce the cross coupling inherent in the Canadian 
SCWR, and gain scheduling control can successfully achieve satisfactory performance for different 
operating conditions. 
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Abstract/Keyterms: Between 1980 and 1995, Oak Ridge National Laboratory (ORNL) was engaged in an 
intense effort to understand commercial boiling water reactor severe accident phenomenology, severe 
accident progression, and the potential role of the reactor operator in severe accident mitigation. This paper 
presents a summary of the major findings and conclusions from that period. Both detailed accident- and 
plant-specific results are discussed. The author, who was a member of the ORNL research team that 
performed the work, offers a historical perspective on lessons learned, lessons ignored, and lessons 
forgotten from that period. The relevancy of these findings in the post-Fukushima world is addressed. The 
author discusses the evolution of the current risk-informed regulatory framework, and identifies some key 
questions to be addressed and critical steps to be taken to inform the development of the new nuclear safety 
construct required in the wake of the Fukushima Daiichi accident. Finally, the author closes by sharing an 
ethos of nuclear reactor safety that can guide a new generation of reactor safety professionals in the post-
Fukushima era. 
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Abstract/Keyterms: An inherently safe thorium-breeder pebble bed reactor has great potential to improve 
the safety and sustainability of nuclear energy. The aim of this work is to determine the conditions under 
which breeding is possible in a thorium-breeder pebble bed reactor (PBR) and to present possible core 
designs for such a reactor. A method is developed to calculate the equilibrium core configuration of a 
thorium-breeder PBR, consisting of a driver channel and a breed channel. The SCALE system is used for 
cross-section generation and fuel depletion, and a two-dimensional (R,Z)-flux profile is obtained using the 
DALTON neutron diffusion code. With the code scheme, the influence of several geometrical, operational, 
and fuel management parameters on breeding capability can be studied. Four fuel reprocessing schemes are 
investigated. The first scheme recycles breeder pebbles into the driver channel after some delay for 
additional 233Pa decay. The second scheme reprocesses the discharged breeder pebbles to make driver 
pebbles with higher 233U content. The third scheme also reprocesses the uranium isotopes from the 
discharged driver pebbles. Criticality, and thus breeding, can only be achieved in practice for this case. The 
fourth scheme, which adjusts the driver pebble residence time to find a critical core, is used to design a 
thorium-breeder PBR under practical operating conditions. A breeder reactor can even be achieved for a 
150-cm core diameter, the same as for the uranium-fueled HTR-PM, but the design presented operates at a 
significantly lower reactor power, 71 MW(thermal) compared with 250 MW(thermal). 
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Abstract/Keyterms: The subcritical advanced burner reactor (SABR) concept, which combines IFR-
PRISM fast reactor technology and the ITER tokamak fusion physics and technology in a burner reactor 
for the transmutation of transuranics, has been adapted for a subcritical advanced breeder reactor (SABrR) 
that produces plutonium. It is found that basically the same fission and fusion technology, geometry, and 
major parameters as used in SABR can be used to achieve a significant fissile production rate (fissile 
breeding ratio ≈ 1.3) while maintaining tritium self-sufficiency (tritium breeding ratio >1.15). 
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Abstract/Keyterms: The conceptual design of the subcritical advanced burner reactor (SABR), a 3000-
MW(thermal) annular, modular sodium pool–type fast reactor, fueled by metallic transuranic (TRU) fuel 
processed from discharged light water reactor fuel and driven by a tokamak D-„T fusion neutron source 
based on ITER physics and technology, has been substantially upgraded. Several issues related to the 
integration of fission and fusion technologies have been addressed, e.g., refueling a modular sodium pool 
reactor located within the magnetic coil configuration of a tokamak, achieving long-burn quasi-steady-state 
plasma operation, access for heating and current drive power transmission to a toroidal plasma surrounded 
by a sodium pool fast reactor, suppression of magnetohydrodynamic effects in a liquid metal coolant 
flowing in a magnetic field, tritium self-sufficiency in a TRU transmutation reactor, shielding the 
superconducting magnets from fusion and fission neutrons, etc. A design concept for a SABR that could be 
deployed within 25 years, based on the IFR/PRISM metal-fuel, sodium pool fast reactor technology and on 
the ITER fusion physics and technology, is presented. This design concept can be used for realistic fuel 
cycle, dynamic safety, and other performance analyses of a SABR. 
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Abstract/Keyterms: This study addresses the overprediction of local power when the burnup distribution 
in each half-element of the National Institute of Standards and Technology (NIST) research reactor, known 
as the NBSR, is assumed to be uniform—A constraint in the full-core model used for neutronic analysis. A 
single-element model was utilized to quantify the impact of axial and platewise burnup on the power 
distribution within the NBSR fuel elements for both high-enriched uranium (HEU) and (proposed) low-
enriched uranium (LEU) fuel. To validate this approach, key parameters in the single-element model were 
compared to parameters from an equilibrium core model, specifically, neutron energy spectrum, power 
distribution, and integral 235U vector. The power distribution changes significantly when incorporating 
local burnup effects and has lower power peaking relative to the uniform burnup case. In the uniform burnup 
case, the axial relative power peaking is overpredicted by as much as 59% in the HEU single element and 
46% in the LEU single element. In the uniform burnup case, the platewise power peaking is overpredicted 
by as much as 23% in the HEU single element and 18% in the LEU single element. The degree of 
overprediction increases as a function of burnup cycle, with the greatest overprediction at the end of fuel 
element life. However, the overprediction in local power is always conservative in terms of the minimum 
critical heat flux ratio, a key safety parameter that depends on the local heat flux condition. The thermal 
flux peak is always in the midplane gap; this causes the local cumulative burnup near the midplane gap to 
be significantly higher than the fuel element average. Uniform burnup distribution throughout a half-
element also causes a bias in fuel element reactivity worth particularly near end of life, primarily due to the 
importance of the fissile inventory in the midplane gap region. Despite this bias, comparisons of cycle 
length exhibit very good agreement between the core model with uniform burnup and the NBSR, which 
has many decades of operational experience with HEU fuel. 
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Abstract/Keyterms: As part of an Idaho State University (ISU)–led Advanced Test Reactor (ATR) 
National Scientific User Facility (NSUF) collaborative project that includes Idaho National Laboratory 
(INL) and the French Alternative Energies and Atomic Energy Commission (CEA), flux detector 
evaluations were completed to compare their accuracy, response time, and long-duration performance. 
Special fixturing, developed by INL, allows real-time flux detectors to be inserted into various Advanced 
Test Reactor Critical Facility (ATRC) core positions to perform lobe power measurements, axial flux 
profile measurements, and detector cross-calibrations. Detectors initially evaluated in this program included 
miniature fission chambers, specialized self-powered neutron detectors (SPNDs), and specially developed 
commercial SPNDs. Results from this program provide important insights related to flux detector accuracy 
and resolution for subsequent ATR and CEA experiments and yield new flux data required for 
benchmarking models in the ATR Life Extension Program (LEP) Modeling Update Project. 
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Abstract/Keyterms: Because of the immense capital costs associated with new nuclear construction, 
interest remains high in developing strategies to uprate existing light water reactors (LWRs) for higher 
power density and in raising core power density for next-generation LWR designs. Toward these goals, the 
helical-cruciform (HC) fuel rod assembly has been proposed. The HC fuel rod assembly is a self-supporting 
nuclear fuel configuration consisting of four-petaled, axially twisted fuel rods closely packed in a square 
array. Advantages over traditional fuel geometry include a larger surface-to-volume ratio and improved 
radial mixing characteristics. The self-supporting nature of the assembly obviates the need for grid plates, 
improving core hydraulics. Past studies have identified these and other benefits of HC fuel rod geometry 
and have adapted its shape and design to LWR fuel assemblies for both boiling water reactor (BWR) and 
pressurized water reactor (PWR) applications. However, because of a lack of suitable thermal-hydraulic 
correlations to capture HC rod bundle flow behavior, this work fell short of a complete assessment of the 
potential. Recent progress has been made in this regard due to the empirical development of specialized 
hydraulic and lateral mixing correlations for HC rod geometry. As a result, advanced LWR core designs 
taking advantage of the HC fuel rod assembly can be reexamined with a greater degree of precision and 
confidence. For a BWR core using HC rod assemblies, applying the new HC rod bundle correlations to 
subchannel models uncovered a need to increase the hydraulic diameter of the tight side and corner 
subchannels, to prevent flow starvation. Small protrusions were added to the assembly box side at axial 
locations corresponding to each rod quarter-twist to act as spacers. This prompted a slight redesign of the 
rod cross-sectional shape. Likewise, the central water rod region was adjusted to maintain the reference 
hydrogen-to-uranium atom ratio. With these changes, subchannel models predicted a 24% allowable power 
uprate for the 200-cm twist pitch HC core, in comparison to a reference BWR with traditional fuel. The 
uprate is accomplished assuming a fixed-core power-to-flow ratio. In comparison, modeling showed that a 
PWR core employing HC fuel rod assemblies may allow power uprates up to 47%, for a fixed power-to-
flow ratio. One major difference from the BWR case is that subcooled critical heat flux (CHF) levels rise 
with increasing coolant mass velocity, opposite the trend for saturated CHF conditions. However, subcooled 
CHF is also known to be more sensitive to locally peaked heat flux, which was not explicitly modeled in 
these simulations. Power density gains claimed here will be ultimately dependent on the degree to which 
the HC rod's twist disrupts nascent pockets of vapor as subcooled CHF limits are approached; this effect 
should be further investigated experimentally. 
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Abstract/Keyterms: This paper describes a depletion code validation approach for criticality safety 
analysis using burnup credit for actinide and fission product nuclides in spent nuclear fuel (SNF) 
compositions. The technical basis for determining the uncertainties in the calculated nuclide concentrations 
is comparison of calculations to available measurements obtained from destructive radiochemical assay of 
SNF samples. Probability distributions developed for the uncertainties in the calculated nuclide 
concentrations were applied to the SNF compositions of criticality safety analysis models by the use of a 
Monte Carlo uncertainty sampling method to determine bias and bias uncertainty in the effective neutron 
multiplication factor. Application of the Monte Carlo uncertainty sampling approach is demonstrated for 
representative criticality safety analysis models of pressurized water reactor spent fuel pool storage racks 
and transportation packages using burnup-dependent nuclide concentrations calculated with Standardized 
Computer Analyses for Licensing Evaluation (SCALE) 6.1 and the Evaluated Nuclear Data File/B 
(ENDF/B) Version VII nuclear data. The validation approach and results support a recent revision of the 
U.S. Nuclear Regulatory Commission Interim Staff Guidance (ISG)-8. 
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Abstract/Keyterms: One of the most significant remaining challenges associated with expanded 
implementation of burnup credit in the United States is the validation of depletion and criticality 
calculations used in the safety evaluation—in particular, the availability and use of applicable measured 
data to support validation, especially for fission products (FPs). Applicants and regulatory reviewers have 
been constrained by both a scarcity of data and a lack of clear technical basis or approach for use of the 
data. This paper describes a validation approach for commercial spent nuclear fuel (SNF) criticality safety 
(keff) evaluations based on best-available data and methods and applies the approach for representative 
SNF storage and transport configurations/conditions to demonstrate its usage and applicability, as well as 
to provide reference bias results. The criticality validation approach utilizes not only available laboratory 
critical experiment (LCE) data from the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments and the French Haut Taux de Combustion program to support validation of the principal 
actinides but also calculated sensitivities, nuclear data uncertainties, and limited available FP LCE data to 
predict and verify individual biases for relevant minor actinides and FPs. The results demonstrate that (a) 
sufficient critical experiment data exist to adequately validate keff calculations via conventional validation 
approaches for the primary actinides, (b) sensitivity-based critical experiment selection is more appropriate 
for generating accurate application model bias and uncertainty, and (c) calculated sensitivities and nuclear 
data uncertainties can be used for generating conservative estimates of bias for minor actinides and FPs. 
Results based on the SCALE 6.1 and the ENDF/B-VII.0 cross-section libraries indicate that a conservative 
estimate of the bias for the minor actinides and FPs is 1.5% of their worth within the application model. 
This paper provides a detailed description of the approach and its technical bases, describes the application 
of the approach for representative pressurized water reactor and boiling water reactor safety analysis 
models, and provides reference bias results based on the prerelease SCALE 6.1 code package and ENDF/B-
VII nuclear cross-section data. 
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Abstract/Keyterms: A program is underway to convert the current high-enriched uranium (HEU) fuel to 
low-enriched uranium (LEU) fuel in the 20-MW D2O-moderated research reactor (NBSR) at the National 
Institute of Standards and Technology. A RELAP5 model has been developed to analyze postulated 
accidents in the NBSR with the present HEU fuel and a proposed LEU fuel. The model includes the reactor 
vessel, primary pumps, shutdown pumps, various valves, heat exchangers, and average and hottest fuel 
elements and flow channels in the region where flow enters through an inner plenum (6 fuel elements) and 
a region where flow enters through an outer plenum (24 elements). The equilibrium cycle power 
distributions in the fuel elements were determined based on three-dimensional Monte Carlo neutron 
transport calculations performed with the MCNPX code. In this paper we discuss safety analyses conducted 
for the loss-of-flow accidents resulting from either loss of electrical power or inadvertent throttling of flow 
control valves at the inlets to the inner and outer plena. The analysis shows that the fuel conversion will not 
lead to significant changes in the safety analysis and that the calculated maximum clad temperatures, 
minimum critical heat flux ratios, and minimum onset of flow instability ratios assure that there is adequate 
margin to fuel failure. 
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Abstract/Keyterms: A feedforward artificial neural network (ANN) is constructed using select nuclear 
criticality excursion experiment data sets from the French Consequences Radiologiques d’un Accident de 
Criticité (CRAC) and SILENE reactor campaigns. The ability to represent initial spike characteristics by 
an ANN provides a new method that is aligned to excursion data more directly and to a wider variable data 
set than traditional analytic approaches. The ANN is configured, trained, validated, and tested to 85 unique 
highly enriched uranium (HEU) excursion experiments, considering six input variables and two output 
variables (specific power and energy). The fidelity of the ANN is enhanced by normalizing the input and 
output data. The trained ANN is then used to determine output values for 19 select Kinetic Energy Water 
Boiler experiments and 14 additional CRAC excursions not used in the ANN construction. Furthermore, 
the same trained ANN is also used for an extensive comparison (80 cases) for a combination of uranium 
concentrations, ramp feed reactivity insertion rates, system volumes, and vertical container sizes. The 
specific spike energy and power ranges determined are bracketed by published experiment results and are 
more realistically represented than results derived from well-known analytical methods. The ability to 
predict initial peak fissions by an ANN does not require determining, a priori, a volume-dependent energy 
quench parameter (“b”) specific to HEU solutions. The results derived from the ANN can aid in designing 
realistic emergency planning constructs or criticality accident alarm system hardware placements without 
undue penalty for fission source term uncertainties. Neither excursion characteristics after the initial spike 
nor explicit time dependencies are modeled by an ANN at this time. The extension of the methods presented 
is left for further work. 
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Abstract/Keyterms: This paper, Part I of two companion papers, reviews concepts underlying the basis 
for evaluating the criticality scenario for an assessment of performance after closure of a geologic repository 
for radioactive waste. In the United States, either a low-probability or low-consequence rationale can be 
the basis of excluding criticality, using the usual assumptions that (a) the interplay between the probability 
and consequence is not significant and (b) the mean of the epistemic uncertainty of the probability and 
consequence provides a sufficient approximation. Furthermore, the rationale can be based on either 
qualitative or quantitative arguments. For those situations with quantitative arguments, this paper provides 
additional perspective on evaluating the criticality scenario by combining quantitative estimates of low 
probability and low consequence as a complementary cumulative distribution function. As a demonstration, 
the low probability and low consequence of the criticality scenario for the Waste Isolation Pilot Plant (a 
repository for defense transuranic element waste) is presented. 
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Abstract/Keyterms: This paper, Part II of two companion papers, demonstrates the concepts for evaluating 
the criticality scenario class after closure of a geologic repository for spent nuclear fuel (SNF) and high-
level radioactive waste. As an example, the low-probability rationale used to exclude consideration of 
criticality in the performance assessment of the potential Yucca Mountain (YM) repository in southern 
Nevada is summarized. The Yucca Mountain Project (YMP) presented a quantitative rationale that the 
probability of criticality inside breached waste containers was <10−4 over 104 yr to show that criticality 
was not necessary to consider. The dominant probability occurred when neutron absorber material was 
inadvertently left out for a package disposing of SNF from experimental reactors owned by the U.S. 
Department of Energy. In addition, this paper develops a quantitative estimate of the low probability of 
criticality outside the package in either the engineered or geologic barrier to complement the qualitative 
rationale developed by YMP. Because consequence may also be used as the basis of screening, 
consequences of criticality at the potential YM repository are roughly estimated, based on results from the 
literature. The consequences are then combined with the low-probability estimates as a complementary 
cumulative distribution function to place the corresponding estimated consequences in context and, thereby, 
provide further perspective on excluding the criticality scenario class. 
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Abstract/Keyterms: Experiments on the isothermal temperature reactivity coefficient (ITRC) have been 
carried out at the light water–moderated core with or without a D2O tank in the Kyoto University Critical 
Assembly. The ITRC experiments are analyzed by a continuous-energy Monte Carlo (MC) neutron 
transport analysis code, McCARD. Through the temperature changes of H2O and D2O, effects of the 
coolant density changes in moderator and reflector regions and the microscopic cross-section variations on 
the ITRC are investigated by sensitivity analyses with the use of the MC adjoint-weighted perturbation 
method. An adjoint-weighted correlated sampling method for the stochastic mixing technique of cross-
section libraries is devised to estimate the reactivity change from a perturbation of the thermal scattering 
cross sections due to the temperature change. From results of the MC perturbation analyses, it is clearly 
seen that the ITRCs of the two core configurations are dominated by a negative contribution of the number 
density change of hydrogen in the moderator region and a positive contribution of the thermal scattering 
cross-section change of hydrogen in the reflector region. 
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Abstract/Keyterms: In the case of a severe accident in a core resulting from unprotected loss of flow 
(ULOF) or unprotected transient overpower, damage can propagate from subassembly to subassembly and 
produce a whole-core–scale molten pool. Because the core is not in its most reactive configuration, a 
massive collapse of the molten material could result in a rapid supercritical condition with release of a large 
amount of energy. However, timely and sufficient fuel relocation outside the core by dedicated means could 
prevent any risk of recriticality and accident escalation. Based on a reference 1500-MW(electric) sodium-
cooled fast reactor design, this paper describes the main results obtained in evaluating the recriticality 
potential of the European Sodium Fast Reactor (ESFR) core and conditions for its elimination during a 
ULOF-type transient. This study has been carried out in the frame of the Collaborative Project on European 
Sodium Fast Reactor of the 7th Framework Programme Euratom. The numerical analyses carried out in the 
present work allow one to estimate the amount of fuel mass that has to be removed from the core in order 
to maintain it in subcritical conditions, preventing the formation of a critical pool. Requirements for 
successful application of this approach, in terms of the negative reactivity insertion rate by fuel relocation 
and timing of discharge from the core, are derived. 
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Abstract/Keyterms: At the Kyoto University Critical Assembly, a series of reactor physics experiments 
on the accelerator-driven system (ADS) coupled with the fixed-field alternating gradient (FFAG) 
accelerator are carried out, and the spallation neutrons generated by 100-MeV protons from the FFAG 
accelerator are successfully injected into the cores. In the ADS experiments, the neutron characteristics of 
the solid target are investigated through static and kinetic analyses, when the external neutron source of the 
neutron spectrum (the W, W-Be, or Pb-Bi target) is varied. The results demonstrate that the neutron yield 
is large with the W target, but a discrepancy is observed between the experiments and the calculations, 
because the experimental uncertainty of proton monitoring is attributable to defocusing of proton beams. 
With the use of reaction rate distribution in the core region, the static parameters are estimated fairly well 
in the analyses of the neutron multiplication and subcritical multiplication factor. In the kinetic experiments, 
the variation of the solid target used is clearly evident in the prompt neutron decay constant and the 
subcriticality. 
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Abstract/Keyterms: This technical note models the concept of fuzziness along with the stochastic behavior 
of the point-kinetics neutron equation. The fuzzy stochastic model is investigated numerically by extending 
the Euler-Maruyama method to fuzzy form. The uncertain neutron density and delayed neutron population 
are obtained and compared with Monte Carlo and stochastic principal component analysis solutions. 
Various combinations of fuzzy parameters are considered, and the uncertain neutron density and delayed 
neutron population are obtained in different cases. Finally, the sensitivity of these fuzzy parameters with 
stochastic behavior is investigated. 



 

C-14639 

14600…..…..…………………..…….……..……ID Number…………………..…..…………….14600 

Author: Tucker, Lucas P. / Usman, Shoaib / Alajo, Ayodeji 

Title: Upgrade and Simulation of the Subcritical Assembly at Missouri University of Science and 
Technology 

Date: 4/1/2016 

Report: NUTYBB, 194, 097-110 

Conference/Journal: Nuclear Technology / 

Conference Session:  

Abstract/Keyterms: The Missouri University of Science and Technology Subcritical Assembly has been 
brought back into service and upgraded with a new neutron detection system and Internet accessibility. 
Before the upgrade, neutron counting was possible in only one location. Using a movable detection system 
housed in acrylic tubes, measurements can now be taken in any empty fuel location and at any height within 
the tube, making three-dimensional flux mapping possible. By connecting the new detection system to a 
Canberra Lynx Digital Signal Analyzer, remote users can have limited data-collecting capabilities. To 
further enhance the potential of the facility, a Monte Carlo N-Particle transport code (MCNP) model of the 
subcritical assembly was created and validated by comparing its simulated predictions to experiments 
conducted at the facility. An approach to the criticality experiment using the 1/M approximation showed 
that the MCNP model accurately predicts keff if the detectors are placed between 27 and 36 cm from the 
neutron source. The results of an axial flux measurement experiment taken 20.3 cm from the neutron source 
differed from the MCNP-simulated results by an average of 12%. Finally, the validated MCNP model was 
used to show the effect of removing the facility’s fixed detector tube and redistributing its fuel. MCNP 
simulation predicts that the new configuration would increase the multiplication factor from 0.73481 ± 
0.00008 to 0.76844 ± 0.00004. 
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Abstract/Keyterms: This paper extends the verification and validation of MCNP6’s unstructured mesh 
(UM) features for neutron transport capabilities by comparing code and experimental results for two 
different sets of experiments. The first set of experiments comprises time-of-flight spectrum measurements 
of spheres pulsed by 14-MeV neutrons performed by Lawrence Livermore National Laboratory in the early 
1970s. The second set of experiments comprises spontaneous fission neutron attenuation measurements in 
relatively simple geometries with varying shield thicknesses performed by Ueki et al. in the early 1990s. 
First, traditional constructive solid geometry (CSG) models are analyzed to ensure agreement with 
experimental values and to form a basis of comparison with UM results. For the pulsed sphere experiments, 
a series of UM calculations is performed using first-order tetrahedral elements with various levels of mesh 
refinement. For the Ueki experiments, purely CSG, purely UM, and hybrid CSG/UM calculations are 
performed using first- and second-order tetrahedral and hexahedral elements. In the purely UM cases, two 
different meshing algorithms are used to specify the first-order tetrahedral mesh. The pulsed sphere 
calculated and experimental time-of-flight spectra agree with p-values >0.999 when compared using χ2 
goodness-of-fit tests. Furthermore, the UM results show discrepancies with the experimental values 
comparable to the CSG cases. The Ueki neutron attenuation calculated values using track-length and point 
detector tallies agree with the experimental values within 1σ with a single exception that agrees well within 
2σ. As such, we conclude that the results for the CSG and UM calculations agree among themselves and 
with the experimental quantities when considering the associated statistical uncertainties. 
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Abstract/Keyterms: The online reactivity monitoring of accelerator-driven systems is a crucial issue in 
reactor control and monitoring. The area-ratio method is one of the techniques for measuring the reactivity 
of subcritical systems using a pulsed neutron source. This technique has been used to measure reactivity at 
different locations in the subcritical assembly BRAHMMA developed at the Bhabha Atomic Research 
Centre, India. Since the reactivity measured by the area-ratio method is spatially dependent on the detector 
location, the Bell-Glasstone correction factor was used to correct the measured reactivity. 



 

C-14642 

14603…..…..…………………..…….……..……ID Number…………………..…..…………….14603 

Author: Kulesza, Joel A. / Martz, Roger L. 

Title: Evaluation of the Pool Critical Assembly Benchmark with Explicitly Modeled Geometry Using 
MCNP6 

Date: 3/1/2017 

Report: NUTYBB, 197, 284-295 

Conference/Journal: Nuclear Technology / 

Conference Session:  

Abstract/Keyterms: Despite being one of the most widely used benchmarks for qualifying light water 
reactor (LWR) radiation transport methods and data, no benchmark calculation of the Oak Ridge National 
Laboratory (ORNL) pool critical assembly (PCA) pressure vessel wall benchmark facility (PVWBF) using 
MCNP6 with explicitly modeled core geometry exists. As such, this paper provides results for such an 
analysis. First, a criticality calculation is used to construct the fixed source term. Next, ADVANTG-
generated variance reduction parameters are used within the final MCNP6 fixed source calculations. These 
calculations provide unadjusted dosimetry results using three sets of dosimetry reaction cross sections of 
varying ages (those packaged with MCNP6, from the IRDF-2002 multigroup library, and from the ACE-
formatted IRDFF v1.05 library). These results are then compared to two different sets of measured reaction 
rates. The comparison agrees in an overall sense within 2% and on a specific reaction and dosimetry location 
basis within 5%. Except for the neptunium dosimetry, the individual foil raw calculation-to-experiment 
comparisons usually agree within 10% but are typically greater than unity. Finally, in the course of 
developing these calculations, geometry that has previously not been completely specified is provided 
herein for the convenience of future analysts. 
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Abstract/Keyterms: A novel assessment has been completed to determine the previously unquantified and 
uncredited criticality margin available in as-loaded commercial spent nuclear fuel (SNF) canisters. This 
assessment was performed as part of a broader effort to assess issues and uncertainties with storage, 
subsequent transportation, and final disposal of SNF canister systems. Detailed analyses crediting the 
burnup, initial enrichment, and postirradiation cooling time of actual SNF inventory were performed for 
554 SNF canisters stored at 23 commercial reactor sites to determine realistic criticality safety margins. 
These detailed analyses were automated by the Used Nuclear Fuel-Storage, Transportation & Disposal 
Analysis Resource and Data System (UNF-ST&DARDS), a comprehensive, integrated data and analysis 
tool. Calculated, uncredited criticality margins (Δkeff) with respect to the safety analysis results range from 
0 to almost 0.30 Δkeff for normal storage and transportation cases. Calculated eigenvalues (keff) range 
from 0.72 to 1.11 assuming a degraded neutron absorber disposal condition, and they range from 0.94 to 
1.20 assuming a degraded basket disposal condition. Calculations with NaCl present in the moderator 
(which is possible for certain disposal geologies) were used to demonstrate the possibility for subcriticality 
for degraded cases with a keff above 0.98 with freshwater. The methods used to calculate keff for the 
canisters analyzed in this work are discussed in detail. The results demonstrate that, for the majority of 
canisters analyzed here, significant uncredited safety margin is available that could be used to compensate 
for uncertainties in the SNF assembly and canister internal components. These uncertainties are associated 
with long-term storage and subsequent transportation and disposal. Results also suggest that the inherent 
margins associated with how canisters are loaded could support future changes in licensing SNF storage 
and transportation systems to directly or indirectly credit the margins associated with actual SNF 
characteristics. Ongoing research continues to gather additional data to quantify uncredited safety margins 
for SNF canisters loaded at other nuclear reactor sites and to explore potential methods for applying this 
uncredited margin. 
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Abstract/Keyterms: The neutron dosimetry system incorporated in the NTS personnel dosimeter and the 
method of using it for nuclear accident dosimetry (NAD) are described. Details of the calibration procedure 
are given. Some useful cross sections and other detailed data are tabulated. 
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Abstract/Keyterms: Physics; Absorption; Beryllium; Beryllium Oxides; Compounds; Cross Sections; 
Danger Coefficients; Elements; Impurities; Neutrons; Reactivity; Reactor Oscillators; Uranium; Uranium 
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Abstract/Keyterms: The literature on the relations of parameters obtained in various types of assemblies 
is surveyed. The emphasis placed on experimental results obtained in thermal systems and on problems 
raised by the existing data. 135 references. 
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Abstract/Keyterms: A new IBM 704 computer code, FUELCYC, was developed for studying the effect 
on the fuel cycle of different methods of scheduling replacement of fuel and movement of control poisons. 
Four alternate fuel scheduling methods were built irto the code and provision is made for the addition of 
other methods. The fueling techniques available in the code are: (1) "Batch," the replacement of the entire 
fuel charge at one time, with uniform control poisoning during the irradiation; (2) "Inout," the progressive 
shifting of fuel rods from inner positions to outer positions; (3) "Outin," the progressive shifting of fuel 
rods from outer positions to inner positions; and (4) "Graded," the periodic replacement of the most 
irradiated fuel rod among different local groups of rods. FUELCYC is designed for the study of fuel cycles 
in large power reactors with azimuthal symmetry, which are fueled with U235, U238, and the higher 
nuclides in their irradiation chains. It is a two-dimensional code in which neutron leakage occurs from two 
energy groups and neutron absorptions are allowed in the thermal group and in one of four resonance groups 
for each fuel nuclide. Local properties are homogenized into cells. FUELCYC calculates the criticality 
factor, the flux distribution, the power density distribution, the burnup, the fuel cycle cost, and other 
properties during the life history of the fuel, taking into account the buildup and decay of nuclides in the 
fuel irradiation chains. An iterative method for solution of the flux distribution was developed which 
convenges even for very coarse mesh spacings, and allows a typical fuel cycle problem to be solved, with 
good accuracy, in from three to five minutes. 
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Abstract/Keyterms: The design, construction, and use of a subcritical assembly, intended for college 
teaching of reactor physics and of associated nuclear phenomena, are described. The report is written as a 
short cumulative progress report on the assumption that it may be of more value than status reports 
describing the work done in successive periods. ( 
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Abstract/Keyterms: Progress is indicated in three areas of heterogeneous reactor calculations: (1) multiple 
fission and absorption resonance effects; (2) a critical appraisal of the heterogeneous parameters and a better 
physical understanding of their values: and (3) the acquisition of HERESY-1 calculating experience on 
D2O lattices. The general plan of HERESY-2 is described. A start was made on the assembly and use of 
epithermal fission resonance data in the form of heterogeneous parameters. A discussion of the multiple 
resonance treatment and related topics is given. A critical analysis of the assumptions of the heterogeneous 
method was made, in connection with the evaluation of the parameters gamma (thermal absorption) and A 
(single equivalent resonance absorption) that are used in HERESY-1. The problems of infinite complex 
lattices, the approach to criticality of a square lattice, and the analysis of spiked cores in D2O were 
examined. A series of HERESY-1 calculations was carried out to examine the difference between square 
and hexagonal graphite- moderated lattice configurations. (For preceding period see NYO-2675.) 
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Abstract/Keyterms: Considerations pentaining to the effect of the finite size of the fuel elements-large 
source theory-on the kennels used in heterogeneous calculations are explored. The use of kernels going 
from the spatially distributed sources in one fuel element to spatially distributed slnks within another fuel 
element permits one to consider complex fuel elements with detailed interior structure. Self-effects of the 
fuel elements are calculated for some simple geometries. The effect of rod interactions on the kernels is 
considered and a simple homogenization recipe is given to take such interactions into account to first order. 
A comparison is made between heterogeneous calculations and experiments on critical configurations in a 
graphite lattice. The calculated reactivities agree with the experimental values to the extent expected. 
Heterogeneous calculations of control-rod configurations in a graphite lattice are presented. The results 
indicate that both in reactivity and in power distortion, control-rod effects are quite sensitive to the control-
rod pattern. Calculations on spiking effects are given. 
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Abstract/Keyterms: The recovery of enriched U scrap at the Electromagnetic Separation Plant N-12) is 
discussed. The criticality aspects of the recovery of enriched U scrap are presented. The recovery of low 
assay enriched U is described. Discussions are also presented on the handling of radioactive wastes. 
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Abstract/Keyterms: Results are presented of a study conducted to evaluate the potential hazards involved 
in the processing of unirradiated, enriched uranium in licensed commercial plants. The potential sources of 
nuclear accidents are examined and the range of excursion magnitudes to be expected from such accidents 
determined. The possible consequences are estimated in terms of the extent of the radiation hazards from 
direct nuclear radiation and the dispersal of radioactive fission products. ( 
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Conference/Journal: Onde elec. 

Conference Session:  

Abstract/Keyterms: The knowledge of the subcritical state of a reactor in the course of starting up makes 
it possible to avoid passing too quickly through the critical state. The problem arises every time the pile is 
put into action again following, for example, an appreciable modification in the fuel charge or a stop during 
a run at high power. The method described provides a means of knowing at each instant the antireactivity 
value of the pile by means of a direct-reading instrument mounted on the control board. This result is 
obtained by oscillating reactivity at fixed frequency and reading on a phasemeter the phasing of the neutron 
density. Theory shows, and experiments confirm that for a given frequency the phasing depends only on 
the lifetime of the prompt neutrons, the characteristics of the delayed neutrons, and the antireactivity of the 
reactor. 
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Abstract/Keyterms: Results of a literature search of abundant data on lanthanide and actinide individual 
and joint systematics are presented. Covered were several papers/reports about uranium solution chemistry, 
uranium deposits, a natural fission reactor, rare-earth deposits, manganese nodules, bedded and dome salt 
deposits, and miscellaneous items. This literature search is not complete but represents efforts of seven 
individuals attempting to gather data relevant to the objectives defined in this report. Many foreign articles, 
as well as many English language articles are absent. Approximately 800 articles were inspected; 69 are 
included in the References cited. The data search for actinides and lanthanides in natural rocks indicated 
that only limited segregation of the actinides U, Np, Pu, Am, and Cm from the lanthanides is possible should 
high-level waste be released from canisters stored in various geomedia. Supporting this were studies of 
Oklo and other uranium deposits, manganese nodules, monomineralic and concretion formation rates, and 
actinide and lanthanide transport in brines. The fact that some waste canisters may, under certain conditions, 
contain several critical masses of one or more actinides is countered by the facts that (a) most actinides 
have very short half-lives and would decay before release from canisters, (b) released actinides and 
lanthanides, although dispersed, would be transported and deposited as a group, thus preventing point 
concentration of any actinides, and (c) 235U has a much longer half-life than the other actinides, thus 
allowing greater time for possible reaccumulation and criticality; such a scenario would demand that 235U 
be segregated effectively from other elements in the lanthanide-actinide groups. No mechanism to do this 
consistent with the natural occurrences studied or the theoretical Eh-pH diagrams considered. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Prior studies have developed conceptual designs for National Waste Terminal Storage 
Repositories 1 and 2. Due to the considerable detail and volume of the documents describing these designs, 
it is often difficult to identify and comprehend the substantial conservatisms contained within them. This 
study identifies and explains the major technical conservatisms in these two conceptual designs in a concise 
and readily understandable format. The areas discussed include thermal loading of the geologic structure, 
rock mechanics and underground design, waste throughput capacity, hoisting systems, nuclear criticality 
safety, confinement of radioactive materials, occupational exposure and health physics, environmental 
effects, and cost estimates. Conservatisms are described in detail, quantified where possible, and compared 
to appropriate criteria. 



 

C-14679 

14640…..…..…………………..…….……..……ID Number…………………..…..…………….14640 

Author: Wurm, K. J. / Miller, N. E. 
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Date: 11/1/1982 

Report: ONWI-251 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This bibliography identifies documents that are pertinent to the design of waste 
packages for geologic disposal of nuclear waste. The bibliography is divided into fourteen subject 
categories so that anyone wishing to review the subject of leaching, for example, can turn to the leaching 
section and review the abstracts of reports which are concerned primarily with leaching. Abstracts are also 
cross referenced according to secondary subject matter so that one can get a complete list of abstracts for 
any of the fourteen subject categories. All documents which by their title alone appear to deal with the 
design of waste packages for the geologic disposal of spent fuel or high-level waste were obtained and 
reviewed. Only those documents which truly appear to be of interest to a waste package designer were 
abstracted. The documents not abstracted are listed in a separate section. There was no beginning date for 
consideration of a document for review. About 1100 documents were reviewed and about 450 documents 
were abstracted. 
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Abstract/Keyterms: The study identifies several spent fuel waste forms as well as the high level waste 
(HLW) and other waste forms from fuel reprocessing, defines facility and system design features to handle, 
transport, process, encapsulate, and dispose of these spent fuel and waste forms, and provides a comparative 
assessment of each of the spent fuel/waste alternatives with respect to technical feasibility, safeguards, 
criticality, radiological impact, retrievability, and economics. This volume provides the reader with a 
general overview of the study, coupled with the specific conclusions developed from the comparative 
assessments of the study cases and study variations. 



 

C-14681 

14642…..…..…………………..…….……..……ID Number…………………..…..…………….14642 

Author: Bechtel National, Inc. 

Title: Assessment of LWR Spent Fuel Disposal Options. Volume 2. System Definition and Assessments. 
Technical Report 

Date: 7/1/1979 

Report: ONWI-39(Vol.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Volume 2, in addition to introducing and defining the requirements for the study, 
contains the detailed evaluation of the study cases in each of six assessment areas, and describes and 
evaluates a number of study variations. 
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Considerations (Appendices). Technical Report 
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Report: ONWI-39(Vol.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Volume 3 (Appendices) provides a tabulation of the bases and assumptions used in 
the study as well as preconceptual design description and cost estimates of the facilities and transportation 
systems necessary to implement the various study cases. 
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Title: Conceptual Waste Package Interim Performance Specifications for Waste Forms for Geologic 
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Report: ONWI-462 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The interim performance specifications and data requirements presented are 
applicable to all types of radioactive wastes prepared for disposal in salt geologic repositories. In this 
document, an interim numerical value is provided for only one waste-form parameter - the waste-form 
release rate. This the key waste-form parameter affecting waste isolation, and is defined here for spent fuel, 
defense high-level waste (HLW), and commercial HLW. The waste-form performance specifications and 
data requirements respond to the waste package performance criteria. Subject areas treated include: 
containment and controlled release, operational period safety, criticality control, identification, and waste-
package performance testing requirements. This document was generated for use in the development of 
conceptual waste-package designs in salt. It will be revised as additional data, analyses, and regulatory 
requirements become available. 
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Title: Interim Performance Specifications for Conceptual Waste-Package Designs for Geologic Isolation 
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Date: 6/1/1983 

Report: ONWI-463 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The interim performance specifications and data requirements presented apply to 
conceptual waste package designs for all waste forms which will be isolated in salt geologic repositories. 
The waste package performance specifications and data requirements respond to the waste package 
performance criteria. Subject areas treated include: containment and controlled release, operational period 
safety, criticality control, identification, and waste package performance testing requirements. This 
document was generated for use in the development of conceptual waste package designs in salt. It will be 
revised as additional data, analyses, and regulatory requirements become available. 
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Date: 6/1/1983 

Report: ONWI-464 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conceptual waste package interim product specifications and data requirements 
presented are applicable specifically to the normal borosilicate glass product of the Defense Waste 
Processing Facility (DWPF). They provide preliminary numerical values for the defense high-level waste 
form parameters and properties identified in the waste form performance specification for geologic isolation 
in salt repositories. Subject areas treated include containment and isolation, operational period safety, 
criticality control, waste form/production canister identification, and waste package performance testing 
requirements. This document was generated for use in the development of conceptual waste package 
designs in salt. It will be revised as additional data, analyses, and regulatory requirements become available. 
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Title: Retrieval Options Study 

Date: 3/1/1980 

Report: ONWI-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Retrieval Options Study is part of the systems analysis activities of the Office of 
Nuclear Waste Isolation to develop the scientific and technological bases for radioactive waste repositories 
in various geologic media. The study considers two waste forms, high level waste and spent fuel, and 
defines various classes of waste retrieval and recovery. A methodology and data base are developed which 
allow the relative evaluation of retrieval and recovery costs and the following technical criteria: safety; 
technical feasibility; ease of retrieval; probable intact retrieval time; safeguards; monitoring; criticality; and 
licensability. A total of 505 repository options are defined and the cost and technical criteria evaluated 
utilizing a combination of facts and engineering judgments. The repositories evaluated are selected 
combinations of the following parameters: Geologic Media (salt, granite, basalt, shale); Retrieval Time 
after Emplacement (5 and 25 years); Emplacement Design (nominal hole, large hole, carbon steel canister, 
corrosion resistant canister, backfill in hole, nominal sleeves, thick wall sleeves); Emplacement 
Configuration (single vertical, multiple vertical, single horizontal, multiple horizontal, vaults; Thermal 
Considerations; (normal design, reduced density, once-through ventilation, recirculated ventilation); Room 
Backfill; (none, run-of-mine, early, 5 year delay, 25 year delay, decommissioned); and Rate of Retrieval; 
(same as emplacement, variably slower depending on repository/canister condition). 
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Reactors 
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Report: ORAU-262 
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Conference Session:  

Abstract/Keyterms: Results are reported from a survey of 178 criticality safety professionals within the 
DOE contractor system. Data are presented on the group’s demographics, work experience, areas of 
specialization, professional development, and use of ANS/ANSI standards and selected reference 
documents. 
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Abstract/Keyterms: These proceedings contain abstracts and papers of the general subject of training for 
the US DOE by Oak Ridge Associated Universities (ORAU). ORAU is a consortium of colleges and 
universities that explore opportunities, solve problems, and seek to make increasingly positive contributions 
to society through science and technology. ORAU operates in four major areas:medical sciences, science 
and engineering education, training and management systems, and energy and environment systems. 
Training programs at the Y-12 plant, WMCO, the Mound Laboratory, Sandia laboratories, Hanford, Rocky 
Flats plant, Los Alamos National Laboratory, and other DOE contractor facilities are presented. Individual 
papers are indexed separately. 
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Abstract/Keyterms: A description is presented of the medical care of eight patients exposed to whole-
body radiation at the Y-12 plant of the Union Carbide Nuclear Company, Oak Ridge, Tennessee June 16, 
1958. Five of the persons received doses in the neighborhood of 300 rads and three received doses between 
20 and 70 rads. The changes following irradiation were not complicated by any trauma or superimposed 
high-level skin irradiated. A general account of the hospital care is presented; medical developments are 
described; results are presented of serial hematological, biochemical, and other studies for a 60-day period; 
and individual case histories are included. It is pointed out that there is no specific therapy for acute severe 
radiation damage since there is no specific major pathology. All the treatment is symptomatic and the 
physician must refrain from doing anything that might do damage to the patient. Discussions on the acute 
radiation syndrome and personnel radiation monitoring from a criticality accident are included. The patients 
in the low-dosage group were dismissed from the hospital after 10 days, and the patients in the higher-
exposure group were dismissed from the hospital on the 44th post-accident day, and were followed for a 
time as outpatients. 
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Abstract/Keyterms: RSAP is a computer code for display of neutron cross section data and selected 
SAMMY output. SAMMY is a multilevel R-matrix code for fitting neutron time-of-flight cross-section 
data using Bayes' method. RSAP, which runs on the Digital Unix Alpha platform, reads ORELA Data Files 
(ODF) created by SAMMY and uses graphics routines from the PLPLOT package. In addition, RSAP can 
read data and/or computed values from ASCII files with a format specified by the user. Plot output may be 
displayed in an X window, sent to a postscript file (rsap.ps), or sent to a color postscript file (rsap.psc). 
Thirteen plot types are supported, allowing the user to display cross section data, transmission data, errors, 
theory, Bayes fits, and residuals in various combinations. In this document the designations theory and 
Bayes refer to the initial and final theoretical cross sections, respectively, as evaluated by SAMMY. Special 
plot types include Bayes/Data, Theory--Data, and Bayes--Data. Output from two SAMMY runs may be 
compared by plotting the ratios Theory2/Theory1 and Bayes2/Bayes1 or by plotting the differences 
(Theory2-Theory1) and (Bayes2-Bayes1). 
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Title: Health Physics Research Reactor (HPRR) Operating Report May 1 Through October 31, 1980 

Date: 12/8/1980 

Report: ORNL/CF-80/331 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor Operating Report May 1, 1979 Through October 31, 1979 

Date: 1/8/1980 

Report: ORNL/CF-80/4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor (HPRR) Operating Report May 1, 1981 Through October 31, 1981 

Date: 12/14/1981 

Report: ORNL/CF-81/327 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: HPRR Operating Report 11/1/80- 4/30/81 

Date: 12/1/1981 

Report: ORNL/CF-81/97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor (HPRR) Operating Report November 1, 1980 Through April 30, 
1981 

Date: 12/1/1981 

Report: ORNL/CF-81/97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Date: 8/19/1982 

Report: ORNL/CF-82/253 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor Operating Report November 1, 1982 Through April 30, 1983 
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Abstract/Keyterms:  
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Title: Health Physics Research Reactor Operating Report May 1 Through October 31, 1982 
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Report: ORNL/CF-83/31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Bailiff, E. G. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1 Through October 31, 1983 

Date: 1/18/1984 

Report: ORNL/CF-84/31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor Operating Report November 1, 1983 Through April 30, 1984 

Date: 9/18/1984 

Report: ORNL/CF-84/363 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor Operating Report May 1 Through October 31, 1984 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The operational report for November 1, 1984 through April 30, 1985 is missing. 
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Title: Health Physics Research Reactor Operating Report May 1 Through October 31, 1985 

Date: 12/31/1985 

Report: ORNL/CF-85/493 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operational reports for November 1, 1985 through April 30, 1986, and May 1, 1986 
through October 31, 1986 are missing. 
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Title: Health Physics Research Reactor Operating Report November 1, 1986 Through April 30, 1987 

Date: 7/21/1987 
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Conference Session:  

Abstract/Keyterms:  
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Title: Health Physics Research Reactor Operating Report May 1 Through October 31, 1987 

Date: 12/2/1987 

Report: ORNL/CF-87/351 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-14720 

14681…..…..…………………..…….……..……ID Number…………………..…..…………….14681 

Author: Bailiff, E. G. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1987 Through April 30, 1988 

Date: 12/31/1988 

Report: ORNL/CF-88/218 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental tests of the Aberdeen pulse reactor (very similar to the HPRR) to 
determine if modified equipment/procedure could assure subcriticality in event of water immersion. 
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Title: Correlations for Conversions Between Molar and Molal Concentrations for Sephis-Type Computer 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Validation of the SCALE Code System and One Cross-Section Library for Plutonium and 
Gadolinium Solutions 
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Report: ORNL/CFRP-84/20 
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Author: Rice, C. K. 

Title: The ORNL Modulating Heat Pump Design Tool User's Guide 

Date: 6/1/2001 

Report: ORNL/CON-343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ORNL Modulating Heat Pump Design Tool consists of a Modulating HPDM 
(Heat Pump Design Model) and a parametric-analysis (contour-data generating) front-end. Collectively the 
program is also referred to as MODCON which is in reference to the modulating and the contour data 
generating capabilities. The program was developed by Oak Ridge National Laboratory for the Department 
of Energy to provide a publicly-available system design tool for variable- and single-speed heat pumps. 
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Date: 9/20/1999 

Report: ORNL/CP-102951 

Conference/Journal: Sixth International Conference on Nuclear Criticality Safety, Palais des Congres, 
Versailles, France, September 20-24, 1999 

Conference Session:  

Abstract/Keyterms: An U/Fe benchmark, designated as HEU-MET-FAST-035, has been approved for 
inclusion in the International Handbook of Evaluated Criticality Safety Benchmark Experiments. The 
SCALE code and cross sections performed poorly in calculating this critical experiment. Deficiencies in 
both the ENDF/B-V representation of the resonance region for Fe and in the Nordheim integral treatment 
when applied to Fe were identified. The combination of these deficiencies led to an almost 10% over-
prediction of k(eff). Problems involving a large percentage of Fe and intermediate-energy spectrums present 
special cross-section processing difficulties for SCALE. In ENDF/B-V, resonance data for Fe only go to 
400 keV, although resonances are present well above 1 MeV. Significant resonance data are stored as file 
3 data instead of as resonance parameters. The Nordheim Integral Treatment used in NITAWL to process 
cross sections assume: resonances are widely spaced and all relevant information is contained in the 
resonance parameters (file 3 data is not processed). These limitations and assumptions result in poor 
solutions for this class of problems. 
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Title: Fast and Thermal Data Testing of LEU, IEU, and HEU Critical Assemblies 

Date: 9/20/1999 

Report: ORNL/CP-103004 

Conference/Journal: Sixth International Conference on Nuclear Criticality Safety, Palais des Congres, 
Versailles, France, September 20-24, 1999 

Conference Session:  

Abstract/Keyterms: The purpose of this paper is to report on data testing of the ENDF/B-VI, release 5, 
evaluation for LEU, IEU, and HEU benchmarks. In terms of the energy spectrum, there are 10 fast, 3 
intermediate, and 21 thermal cases. The characteristics of each benchmark are discussed briefly. The 
SCALE system (either XSDRN or KENOV.a) with the VITAMIN-B6 (199-group) cross section library 
were utilized. Hydrogen and U235 from the ENDF/B-VI, release 5, were used in the calculations. 
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Date: 9/20/1999 

Report: ORNL/CP-103007 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Environmental Sciences; Mathematics, Computers, Information Science, 
Management, Law, Miscellaneous; Nuclear Data Collections; Nuclear Data Collections; Criticality; 
Criticality; Safety; Safety; Data Processing; Data Processing 
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Title: Application of Covariance Data to Criticality Safety Data Validation 

Date: 11/13/1999 

Report: ORNL/CP-104995 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The use of cross-section covariance data has long been a key part of traditional 
sensitivity and uncertainty analyses (S/U). This paper presents the application of S/U methodologies to the 
data validation tasks of a criticality safety computational study. The S/U methods presented are designed 
to provide a formal means of establishing the area (or range) of applicability for criticality safety data 
validation studies. The goal of this work is to develop parameters that can be used to formally determine 
the “similarity” of a benchmark experiment (or a set of benchmark experiments individually) and the 
application area that is to be validated. These parameters are termed D parameters, which represent the 
differences by energy group of S/U-generated sensitivity profiles, and ck parameters, which are the 
correlation coefficients, each of which gives information relative to the similarity between pairs of selected 
systems. The application of a Generalized Linear Least-Squares Methodology ( GLLSM) tool to criticality 
safety validation tasks is also described in this paper. These methods and guidelines are also applied to a 
sample validation for uranium systems with enrichments greater than 5 wt%. 
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Report: ORNL/CP--96096; CONF-980606-- 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Over the past two decades, criticality safety analysts have come to rely to a large 
extent on Monte Carlo methods for criticality calculations. Monte Carlo has become popular because of its 
capability to model complex, non-orthogonal configurations or fissile materials, typical of real world 
problems. Over the last few years, however, interest in determinist transport methods has been revived, due 
shortcomings in the stochastic nature of Monte Carlo approaches for certain types of analyses. Specifically, 
deterministic methods are superior to stochastic methods for calculations requiring accurate neutron density 
distributions or differential fluxes. Although Monte Carlo methods are well suited for eigenvalue 
calculations, they lack the localized detail necessary to assess uncertainties and sensitivities important in 
determining a range of applicability. Monte Carlo methods are also inefficient as a transport solution for 
multiple pin depletion methods. Discrete ordinates methods have long been recognized as one of the most 
rigorous and accurate approximations used to solve the transport equation. However, until recently, 
geometric constraints in finite differencing schemes have made discrete ordinates methods impractical for 
non-orthogonal configurations such as reactor fuel assemblies. The development of an extended step 
characteristic (ESC) technique removes the grid structure limitations of traditional discrete ordinates 
methods. The NEWT computer code, a discrete ordinates code built upon the ESC formalism, is being 
developed as part of the SCALE code system. This paper will demonstrate the power, versatility, and 
applicability of NEWT as a state-of-the-art solution for current computational needs. 
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Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: In November 1996, a request was made to the US Department of Energy for a waiver 
for three shipments of spent nuclear fuel (SNF) from Oak Ridge National Laboratory (ORNL) to the 
Savannah River Site (SRS) in the US NRC certified BMI-1 cask (CoC 5957). Although the post-irradiation 
fissile mass (based on chemical assays) in each shipment was less than 800 g, a criticality safety analysis 
was needed because the pre-irradiation mass exceeded 800 g, the fissile material limit in the CoC. The 
analyses were performed on SNF consisting of aluminum-clad U3O8, UAlx, and U3Si2 plates, fragments 
and pieces that had been irradiated at ORNL during the Reduced Enrichment Research and Test Reactor 
Program of the 1980s. The highlights of the approach used to analyze this unique SNF and the benefits of 
the waiver are presented in this paper. 
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Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: Methods to prevent long term, disposal site nuclear criticality from fissile uranium 
isotopes in wastes were investigated. Long term refers to the time period after waste package (WP) failure 
and the subsequent loss of geometry and chemistry control within the WP. The preferred method of control 
was found to be the addition of sufficient depleted uranium to each WP so that the uranium enrichment is 
reduced to< 1 wt.% 235U and< 0.66 wt.% 233U in238U. 
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Title: Characterization of an Enriched Uranyl Fluoride Deposit in a Valve and Pipe Intersection Using 
Time-of-Flight Transmission Measurements with 252Cf 

Date: 7/1/1998 

Report: ORNL/CP-97759, CONF-980733 

Conference/Journal: Institute of Nuclear Materials Management (INMM) annual meeting, Naples, FL 
(United States), 26-30 Jul 1998 

Conference Session:  

Abstract/Keyterms: A method was developed and successfully applied to characterize large uranyl 
fluoride (UO2F2) deposits at the former Oak Ridge Gaseous Diffusion Plant. These deposits were formed 
by a wet air in-leakage into the UF6 process gas lines over a period of years. The resulting UO2F2 is 
hygroscopic, readily absorbing moisture from the air to form hydrates as UO2F2-nH2O. The ratio of 
hydrogen to uranium can vary from 0--16, and has significant nuclear criticality safety impacts for large 
deposits. In order to properly formulate the required course of action, a non-intrusive characterization of 
the distribution of the fissile material within the pipe, its total mass, and amount of hydration was necessary. 
The Nuclear Weapons Identification System (NWIS) previously developed at the Oak Ridge Y-12 Plant 
for identification of uranium weapons components in storage containers was used to successfully 
characterize these deposits. 
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Date: 6/1/1998 

Report: ORNL/CP-97879; CONF-980545 

Conference/Journal: Symposium on radiation measurements and applications, Ann Arbor, MI (United 
States), 11-14 May 1998 

Conference Session:  

Abstract/Keyterms: Characterization of a hydrated uranyl fluoride (UO2F2{center_dot}nH2O) deposit in 
a 17-ft-long, 24-in.-OD process pipe at the former Oak Ridge Gaseous Diffusion Plant was successfully 
performed by using 252Cf-source-correlated time-of-flight (TOF) transmission measurements. These 
measurements of neutrons and gamma rays through the pipe from an external 252Cf fission source were 
used to measure the deposit profile and its distribution along the pipe, the hydration (or H/U), and the total 
uranium mass. The measurements were performed with a source in an ionization chamber on one side of 
the pipe and detectors on the other. Scanning the pipe vertically and horizontally produced a spatial and 
time-dependent radiograph of the deposit in which transmitted gamma rays and neutrons were separated in 
time. The cross-correlation function between the source and the detector was measured with the Nuclear 
Weapons Identification System. After correcting for pipe effects, the deposit thickness was determined 
from the transmitted neutrons and H/U from the gamma rays. Results were consistent with a later intrusive 
observation of the shape and the color of the deposit; i.e., the deposit was annular and was on the top of the 
pipe at some locations, demonstrating the usefulness of this method for deposit characterization. 
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Report: ORNL/CP-98771, CONF-981003 

Conference/Journal: International Conference on the Physics of Nuclear Science and Technology, 
Physor 1998, Long Island, New-York, USA, Oct. 5-8, 1998 

Conference Session:  

Abstract/Keyterms: A method was developed and successfully applied to characterize large uranyl 
fluoride (UO2F2) deposits at the former Oak Ridge Gaseous Diffusion Plant. These deposits were formed 
by a wet air in-leakage into the UF6 process gas lines over a period of years. The resulting UO2F2 is 
hygroscopic, readily absorbing moisture from the air to form hydrates as UO2F2-nH2O. The ratio of 
hydrogen to uranium, denoted H/U, can vary from 0--16, and has significant nuclear criticality safety 
impacts for large deposits. In order to properly formulate the required course of action, a non-intrusive 
characterization of the distribution of the fissile material within the pipe, its total mass, and amount of 
hydration was needed. The Nuclear Weapons Identification System (NWIS) previously developed at the 
Oak Ridge Y-12 Plant for identification of uranium weapons components in storage containers was used to 
successfully characterize the distribution, hydration, and total mass of these deposits. 
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Report: ORNL/CP--99170; CONF-980733-- 

Conference/Journal: Institute of Nuclear Materials Management (INMM) annual meeting, Naples, FL 
(United States), 26-30 Jul 1998 

Conference Session:  

Abstract/Keyterms: This paper presents a demonstration of fissile-mass-flow measurements using the Oak 
Ridge National Laboratory (ORNL) Fissile Mass Flow Monitor in the Paducah Gaseous Diffusion Plant 
(PGDP). This Flow Monitor is part of a Blend Down Monitoring System (BDMS) that will be installed in 
at least two Russian Federation (R.F.) blending facilities. The key objectives of the demonstration of the 
ORNL Flow Monitor are two: (a) demonstrate that the ORNL Flow Monitor equipment is capable of 
reliably monitoring the mass flow rate of 235UF6 gas, and (b) provide a demonstration of ORNL Flow 
Monitor system in operation with UF6 flow for a visiting R.F. delegation. These two objectives have been 
met by the PGDP demonstration, as presented in this paper. 
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Conference/Journal: International conference on the physics of nuclear science and technology, Long 
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Conference Session:  

Abstract/Keyterms: The results and conclusions from a six-year study by an international benchmarking 
group in the comparison of computational methods for evaluating burnup credit in criticality safety analyses 
is presented. Approximately 20 participants from 12 countries have provided results for most problems. 
Four detailed benchmark problems for pressurized-water-reactor fuel have been completed. Results from 
work being finalized, addressing burnup credit for boiling-water-reactor fuel, are discussed, as well as 
planned activities for additional benchmarks, including mixed-oxide fuels, and other activities. 
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Title: International Studies on Burnup Credit Criticality Safety by an OECD/NEA Working Group 

Date: 11/1/1998 

Report: ORNL/CP--99309; CONF-981003-- 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results and conclusions from a six-year study by an international benchmarking 
group in the comparison of computational methods for evaluating burnup credit in criticality safety analyses 
is presented. Approximately 20 participants from 12 countries have provided results for most problems. 
Four detailed benchmark problems for pressurized-water-reactor fuel have been completed. Results from 
work being finalized, addressing burnup credit for boiling-water-reactor fuel, are discussed, as well as 
planned activities for additional benchmarks, including mixed-oxide fuels, and other activities. 
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Author: Petrie, L. M. / Whitesides, G. E. 

Title: Reactor Physics and Criticality Safety 

Date: 6/11/1990 

Report: ORNL/CSD/FTR-3621 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The traveler, along with two members of the OECD-NEA Working Group on 
Criticality Calculations from Cadarache, France, presented a paper at the PHYSOR ‘90 meeting, held in 
Marseille. The presentation summarized the findings of the Working Group relative to problems with 
several computational methods pursued during the efforts to validate calculations involving fissile materials 
in solid form surrounded by fissile material in solution. The following week both travelers attended a 
Working Group meeting at OECD Headquarters in Paris to continue their study of this type of problem and 
to review other potential computational validation topics. The major finding that was reviewed at the Paris 
meetings and which was the theme of the PHYSOR ‘90 meeting was the discovery that major errors in 
criticality calculations for the systems being studied could occur with several commonly used 
computational methods. 
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Title: Travel to Japan for the 10th International Symposium on the Packaging and Transportation of 
Radioactive Materials] Foreign Trip Report, September 14, 1992—October 2, 1992 

Date: 10/16/1992 

Report: ORNL/CSD/FTR-4423 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 10th International Symposium on the Packaging and Transportation of Radioactive 
Materials (PATRAM’92 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Investigation of the Solid Angle Method Applied to Reflected Cubic Arrays 

Date: 10/1/1976 

Report: ORNL/CSD/TM-013 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The solid angle method has been applied to neutron interactions between cubic arrays 
of fissile materials. Interaction curves for a nine-cubic-array system is determined. Interaction between 
units in single-array systems is also investigated. It is found that the safety curve for unit interaction given 
in TID-7016 is not applicable to single reflected cubic arrays of high enrichment fissile materials. 
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Title: Nuclear Criticality Safety of the Fuel Element Fabrication Facility at Attleboro, Massachusetts 

Date: 6/1/1978 

Report: ORNL/CSD/TM-055 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Attleboro Facility produces fuel elements for the ORR and the HFIR reactors at 
the Oak Ridge National Laboratory and for the HFBR reactor at the Brookhaven National Laboratory. It is 
proposed to utilize the criticality indicator system (CI) as a method for nuclear criticality control at the 
Attleboro fuel element fabrication facility. Application of the method requires an evaluation be made of the 
effect of hydrogenous moderation on the potential neutron multiplication factor of operations. Analyses are 
given which confirm the applicability of the CI system under credible normal and possible abnormal 
contingencies. It is also shown that no significant neutron multiplication occurs during normal operations 
and that a k(eff) not exceeding 0.5 may be expected for abnormal conditions. 
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Title: Reflectors, Infinite Cylinders, Intersecting Cylinders and Criticality 

Date: 7/1/1978 

Report: ORNL/CSD/TM-057 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations of the effective neutron multiplication factor of critical and subcritical 
infinitely long cylinders of aqueous solutions of fissile materials for various configurations of water and 
concrete reflectors are presented. The results provide a basis for investigating the criticality of intersecting 
pipes with similar reflectors. An infinitely long central cylinder with up to four intersections within each 
0.46 m increment of length was examined. A method for evaluating the nuclear criticality safety of these 
configurations is given and a margin of subcriticality recommended. 
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Conference/Journal:  
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Abstract/Keyterms: Spent and partially spent Oak Ridge Research Reactor (ORR) fuel elements are 
retained in the storage section of the ORR pool facility. Determination of a maximum expected neutron 
multiplication factor for the storage area is accomplished by a validated calculational method. The KENO 
Monte Carlo code and the Hansen-Roach 16-group neutron cross section sets were validated by calculations 
of critical experiments performed with early ORR fuel elements and with SPERT-D fuel elements. 
Calculations of various fuel element arrangements are presented which confirm the subcriticality previously 
inferred from critical experiments and indicate the k(eff) would not exceed 0.85, were the storage area to 
be filled to capacity with storage racks containing elements with the fissionable material loading increased 
to 350 g of 235U. 
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Conference/Journal:  
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Abstract/Keyterms: A fuel element shipping package employing a borated-phenolic foam as a thermal 
insulating material is designed to transport as many as seven fuel elements for use in the Oak Ridge 
Research Reactor, the Brookhaven Fast Beam Reactor, or the National Bureau of Standards Reactor. This 
report presents the criticality safety evaluation and demonstrates that the requirements for a Fissile Class I 
package are satisfied by the design. 
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Report: ORNL/CSD/TM-106 

Conference/Journal:  
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Abstract/Keyterms: Three hypothetical disrupted core models were analyzed for the President's 
Commission on the Accident at Three Mile Island. Soluble boron in the present configuration was assumed 
to be 3180 weight parts per million (WPPM). Positive reactivity effects due to fuel swelling, fuel slumping, 
and coolant displacement by ZrO2 increase the cold, shutdown system multiplication factor from 
approximately 0.74 to 0.86. The increase in reactivity for the three models can be roughly correlated with 
a decrease in the borated water-to-fuel volume ratio. Each of the 39,825 pin-lattice locations was modeled 
explicitly in the Monte Carlo analyses of the reactor core. Parametric studies were performed with one-
dimensional discrete-ordinates analyses. The report includes a benchmark critical analysis of the system at 
hot, zero-power startup, a description of the analytical methods used, and a comprehensive compilation of 
the data upon which the analytical models were based. 
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Date: 6/1/1980 
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Conference/Journal:  
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Abstract/Keyterms: A criticality data base for planar and linear arrays of low enriched damp uranium 
dioxide powder contained in cylindrical units is generated with the Monte Carlo criticality program KENO-
IV. This information is correlated with the Limiting Surface Density model, sigma(m) = c2(m0-m), refining 
the bulky KENO data base into a simple table of correlation constants c2 and m0. A solid angle 
representation of the KENO data base is provided. The solid angles were analytically determined by the 
SNAKE code and these are compared to an approximate formulation of the total solid angle associated with 
a critical array. 
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Abstract/Keyterms: This report details many of the interrelated considerations involved in optimizing 
large Pb, Fe, or U-metal spent fuel shipping casks containing 1, 2, 3, 5, 7, or 10-year-old PWR fuel 
assemblies. Scoping analyses based on criticality, shielding, and heat transfer considerations indicate that 
some casks may be able to hold as many as 18 to 21 ten-year-old PWR fuel assemblies. In the criticality 
section, a new type of inherently subcritical fuel assembly separator is described which uses hollow, borated 
stainless-steel tubes in the wall-forming structure between the assemblies. In another section, details of 
many n/gamma shielding optimization studies are presented, including the optimal n/gamma design points 
and the actual shielding requirements for each type of cask as a function of the age of the spent fuel and the 
number of assemblies in the cask. Multigroup source terms based on ORIGEN2 calculations at these and 
other decay times are also included. Lastly, the numerical methods and experimental correlations used in 
the steady-state and transient heat transfer analyses are fully documented, as are pertinent aspects of the 
SCOPE code for Shipping Cask Optimization and Parametric Evaluation. While only casks for square, 
intact PWR fuel assemblies were considered in this study, the SCOPE code may also be used to design and 
analyze casks 
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Abstract/Keyterms: The purpose of this study was to develop new conceptual designs for large Pb, Fe, 
and U-shielded spent fuel casks which have been optimized for the shipment of 2-, 3-, 5-, 7-, or 10-year-
old PWR spent fuel assemblies. Design specifications for about 100 cases of potential interest are presented 
along with a brief 20-page synopsis of the associated analyses. Optimized shielding requirements are 
presented for each type of cask as a function of the age of the spent fuel and the number of assemblies in 
the cask. With respect to criticality, a new type of inherently subcritical fuel assembly separator is described 
which uses hollow, borated stainless-steel tubes in the wall-forming structure between the assemblies. 
Steady-state and transient heat transfer analyses for casks under nominal and accident conditions were 
performed using the SCOPE code for Shipping Cask Optimization and Parametric Evaluation. Based on 
criticality, shielding, and heat transfer considerations, it appears that optimized cask designs could be 
developed to carry 15 to 18 five-year-old PWR fuel assemblies or as many as 18 to 21 ten-year-old PWR 
fuel assemblies. 
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Abstract/Keyterms: The solid angle method has long been used to establish safe spacings for subcritical 
units of fissile materials, especially uranium with a low 235U content. Analytic representation of criticality 
in terms of the total solid angle subtended by the unit nearest the center of an array has permitted an 
evaluation of the margin of subcriticality implicit in an allowable total solid angle,..cap omega../sub A/. It 
is shown that the method cannot have general applicability but is dependent upon the type of fissile material, 
the number and specific arrangement of the units in an array, and the array reflector conditions. The method 
is principally one of comparison. The relative difference between the allowed total solid angle and the total 
solid angle corresponding to criticality is a measure of the safety. This study demonstrates that the arbitrary 
application of an OmegaA to an array of fissile material without having established the magnitude of the 
margin of subcriticality is questionable. The method is usable provided the area of applicability is defined 
by a validated method. 
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Abstract/Keyterms: An analytical study is made of a proposed stainless steel basket to be used in the MH-
1A cask for the shipment of National Bureau of Standards reactor fuel elements. The use of B4C in the 
basket as a primary control for the prevention of criticality is shown to be effective but not necessary. A 
basket fabricated of 0.635-cm-thick stainless steel provides a sufficient margin of subcriticality. 



 

C-14751 

14712…..…..…………………..…….……..……ID Number…………………..…..…………….14712 

Author: Thomas, J. T. 

Title: Nuclear-Criticality-Safety Studies of Interest to TMI-2 Recovery Operations 

Date: 10/1/1982 

Report: ORNL/CSD/TM-193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of criticality calculations was made on simple systems representative of 
possible situations that may be found during recovery operations at TMI-2. While not specific to physical 
conditions that may be encountered, the effect of oxide fines on the neutron multiplication factor may be 
estimated from the relative effects observed in the systems studied. 
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Abstract/Keyterms: A FORTRAN computer program named SKINATH has been developed for solving 
the reactor point kinetics equations with simple thermal-hydraulic feedback. The program utilizes the 
ordinary differential equation solver, LSODE, developed by Hindmarsh at the Lawrence Livermore 
National Laboratory. Based on comparisons with both analytical and other numerical solution techniques, 
the program gives accurate results with impressively short run times. 
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Abstract/Keyterms: While the use of soluble neutron poisons coupled with mass control is sufficient to 
guarantee subcriticality in the rotary fuel dissolver, an alternate means of ensuring subcriticality was also 
investigated from a reactor physics viewpoint. The scheme proposed in this report relies on the use of 0.25-
in. diam stainless-steel-clad B4C pellets which could be mixed uniformly with the sheared fuel from the 
Fast Flux Test Facility (FFTF) as it is being fed to the dissolver. The calculations described herein show 
that an infinite system of the type just described would be safely subcritical (k/sub infinity/ less than or 
equal to 0.95) at all H/Pu ratios as long as the relative volume of FFTF fuel in the dry system does not 
exceed 34%. The operational complexities and equipment modifications necessary to employ this method 
of criticality control have not been examined. 
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Abstract/Keyterms: The KENO-Va improved Monte Carlo criticality program is used to calculate the 
neutron multiplication factor for TMI-U2 fuel compositions in a variety of configurations and to display 
parametric regions giving rise to maximum reactivity contributions. The lattice pitch of UO2 fuel pins 
producing a maximum k(eff) is determined as a function of boron concentrations in the coolant for infinite 
and finite systems. The characteristics of U3O8-coolant mixtures of interest to modeling the rubble region 
of the core are presented. Several disrupted core configurations are calculated and comparisons made. The 
results should be useful to proposed defueling of the TMI-U2 reactor. 
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Abstract/Keyterms: The purpose of this report is to demonstrate the capability of the KENO V.a Monte 
Carlo criticality program in modeling and calculating a critical experiment with relatively complex 
geometry. This experiment, consisting of an assembly of various pieces of uranium metal, has been given 
the name GROTESQUE. The steps taken to calculate this experiment using KENO V.a are described. A 
detailed description of the experiment and the input data used for the calculation are given. 
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Abstract/Keyterms: A series of calculations based on critical experiments have been performed using the 
KENO V.a Monte Carlo Criticality Program for the purpose of validating KENO V.a for use in evaluating 
Y-12 Plant criticality problems. The experiments were reflected and unreflected systems of single units and 
arrays containing highly enriched uranium metal or uranium compounds. Various geometrical shapes were 
used in the experiments. The SCALE control module CSAS25 with the 27-group ENDF/B-4 cross-section 
library was used to perform the calculations. Some of the experiments were also calculated using the 16-
group Hansen-Roach Library. Results are presented in a series of tables and discussed. Results show that 
the criteria established for the safe application of the KENO IV program may also be used for KENO V.a 
results. 
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Abstract/Keyterms: A series of calculations based on critical experiments have been performed using the 
KENO V.a Monte Carlo Criticality Program for the purpose of validating KENO V.a for use in evaluating 
Y-12 Plant criticality problems. The experiments were reflected and unreflected systems of single units and 
arrays containing highly enriched uranium metal or uranium compounds. Various geometrical shapes were 
used in the experiments. The SCALE control module CSAS25 with the 27-group ENDF/B-4 cross-section 
library was used to perform the calculations. Some of the experiments were also calculated using the 16-
group Hansen-Roach Library. Results are presented in a series of tables and discussed. Results show that 
the criteria established for the safe application of the KENO IV program may also be used for KENO V.a 
results. 
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Abstract/Keyterms: A bounding strategy has been adopted for assuring subcriticality during all TMI-2 
defueling operations. The strategy is based upon establishing a safe soluble boron level for the entire reactor 
core in an optimum reactivity configuration. This paper presents the determination of a fuel rubble model 
which yields a maximum infinite lattice multiplication factor and the subsequent application of cell-
averaged constants in finite system analyses. Included in the analyses are the effects of fuel burnup 
determined from a simplified power history of the reactor. A discussion of the analytical methods employed 
and the determination of an analytical bias with benchmark critical experiments completes the presentation. 
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Abstract/Keyterms: The SCALE code system, utilizing the Monte Carlo computer code KENO V.a, was 
employed to calculate 37 critical experiments. The critical assemblies had 235U enrichments of 5% or less 
and cover a variety of geometries and materials. Values of k(eff) were calculated using two different results 
using either of the cross-section libraries. The 16-energy-group Hansen-Roach and the 27-energy-group 
ENDF/B-IV cross-section libraries, available in SCALE, were used in this validation study, and both give 
good results for the experiments considered. It is concluded that the code and cross sections are adequate 
for low-enriched uranium systems and that reliable criticality safety calculations can be made for such 
systems provided the limits of validated applicability are not exceeded. 
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Abstract/Keyterms: This report presents the results of a study undertaken to resolve the long-standing 
discrepancies between calculations and experiments involving arrays of fissile solution units. Room return 
was found to be sufficient to account for the discrepancy of some bare arrays, but reflected arrays are still 
in disagreement, and the magnitude of the room return raises other unresolved issues. 
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Abstract/Keyterms: Paducah Gaseous Diffusion Plant (PGDP) performed an evaluation of the PGDP 
facilities to determine the feasibility of increasing product assay from 2.0 wt.% to 5.0 wt.% 235U and to 
determine the impact of this increase on plant criticality safety; their conclusions are reported in KY-710. 
This report critiques the methods used and conclusions reached in KY-710. 
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Abstract/Keyterms: The probability model for particle size data is usually assumed to be lognormal. For 
Pickrell's (1982) UF6 data, the lognormal is inappropriate and Johnson's S/sub B/ frequency curves are 
shown to be suitable alternative models. The type of particle size measurement, either mass or number, is 
also an important consideration for modeling. Converting from one measurement type to the other 
illustrated by UF6 aerosol data does not necessarily preserve the same probability distribution. 
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Abstract/Keyterms: The objective of this study was to determine the maximum number of specialized 
repository waste packages that could be shipped from the Monitored Retrievable Storage (MRS) facility in 
Pb-, Fe-, and U-shielded casks weighing 200, 000 or 300, 000 lbs. The study included 18 different waste 
packages designed for the Salt, Tuff, and Basalt repositories. Nine of these contained consolidated PWR 
fuel pins, and nine contained consolidated BWR fuel pins. Discrete ordinates calculations were performed 
to determine the neutron and gamma shield thicknesses that would ensure a dose rate of 10 millirem/hr, 10 
ft from the centerline of the cask(s). Over 100 casks of particular interest have been identified, while 
preliminary design information is also given for 522 casks of potential interest. Relative to the 200, 000-lb 
casks, 50 to 100% more fuel may be shipped in the larger 300, 000-lb casks. Placing the spent fuel canisters 
in overpacks prior to shipment from the MRS will reduce the net payload by 30 to 50%. The highest-
capacity cask/waste package combination studied corresponds to a 300, 000-lb U-shielded cask containing 
84 consolidated PWR fuel assemblies in 21 canisters, or 171 consolidated BWR fuel assemblies in 19 
canisters. Criticality analyses have shown these high-capacity casks to be safely subcritical - even if all the 
canisters were loaded with unirradiated LWR fuel containing 3.4 wt% U-235. 
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Abstract/Keyterms: Section 1 of this report documents the validation of KENO V.a against 258 critical 
experiments. Experiments considered were primarily high or low enriched uranium systems. The results 
indicate that the KENO V.a Monte Carlo Criticality Program accurately calculates a broad range of critical 
experiments. A substantial number of the calculations showed a positive or negative bias in excess of 1 
1/2% in k-effective (k(eff)). Classes of criticals which show a bias include 3% enriched green blocks, highly 
enriched uranyl fluoride slab arrays, and highly enriched uranyl nitrate arrays. If these biases are properly 
taken into account, the KENO V.a code can be used with confidence for the design and criticality safety 
analysis of uranium-containing systems. Section 2 of this report documents the results of investigation into 
the cause of the bias observed in Sect. 1. The results of this study indicate that the bias seen in Sect. 1 is 
caused by code bias, cross-section bias, reporting bias, and modeling bias. There is evidence that many of 
the experiments used in this validation and in previous validations are not adequately documented. The 
uncertainty in the experimental parameters overshadows bias caused by the code and cross sections and 
prohibits code validation to better than about 1% in k(eff). 
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Abstract/Keyterms: PU-MET-FAST-003, PU-MET-FAST-004, PU-MET-FAST-017; This report 
presents the results of computations performed to investigate the discrepancy between previous calculation 
and critical experiments involving bare cubic arrays of Pu metal cylinders. It is shown that including all the 
support structure in the modeling is sufficient to account for earlier discrepancies. The presence of concrete 
walls, simulating the experimental cell, produced no statistically significant change in the array k(eff). 



 

C-14766 

14727…..…..…………………..…….……..……ID Number…………………..…..…………….14727 

Author: Cerne, S. P. / Hermann, O. W. / Westfall, R. M. 

Title: Reactivity and Isotopic Composition of Spent PWR Fuel as a Function of Initial Enrichment, Burnup, 
and Cooling Time 

Date: 10/1/1987 

Report: ORNL/CSD/TM-244 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This study presents the reactivity loss of spent PWR fuel due to burnup in terms of 
the infinite lattice multiplications factor, k/sub infinity/. Calculations were performed using the SAS2 and 
CSAS1 control modules of the SCALE system. The k/sub infinity/ values calculated for all combinations 
of six enrichments, seven burnups, and five cooling times. The results are presented as a primary function 
of enrichment in both tabular and graphic form. An equation has been developed to estimate the tabulated 
values of k/sub infinity/`s by specifying enrichment, cooling time, and burnup. Atom densities for fresh 
fuel, and spent fuel at cooling times of 2, 10, and 20 years are included. 
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Abstract/Keyterms: This report provides a preliminary assessment of the computational tools and existing 
methods used to obtain radiation dose rates from shielded spent nuclear fuel and high-level radioactive 
waste (HLW). Particular emphasis placed on analysis tools and techniques applicable to 
facilities/equipment designed for the transport or storage of spent nuclear fuel or HLW. Applications to 
cask transport, storage, and facility handling are considered. The report reviews the analytic techniques for 
generating appropriate radiation sources, evaluating the radiation transport through the shield, and 
calculating the dose at a desired point or surface exterior to the shield. Discrete ordinates, Monte Carlo, and 
point kernel methods for evaluating radiation transport are reviewed, along with existing codes and data 
that utilize these methods. A literature survey was employed to select a cadre of codes and data libraries to 
be reviewed. The selection process was based on specific criteria presented in the report. Separate 
summaries were written for several codes (or family of codes) that provided information on the method of 
solution, limitations and advantages, availability, data access, ease of use, and known accuracy. For each 
data library, the summary covers the source of the data, applicability of these data, and known verification 
efforts. Finally, the report discusses the overall status of spent fuel shielding analysis techniques and 
attempts to illustrate areas where inaccuracy and/or uncertainty exist. The report notes the advantages and 
limitations of several analysis procedures and illustrates the importance of using adequate cross-section 
data sets. Additional work is recommended to enable final selection/validation of analysis tools that will 
best meet the US Department of Energy`s requirements for use in developing a viable HLW management 
system. 
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Abstract/Keyterms: State-of-the-art computational software was evaluated relative to the performance of 
criticality analyses of facilities and equipment involved in the handling, transport and storage of spent light-
water reactor fuel. It was determined that the KENO V.a Monte Carlo program was the most suitable. of 
the other programs evaluated, the MONK6.2 code was found to be the leading candidate for the 
performance of independent, corroborative analyses. The validation of cross-section data from the SCALE 
system for shipping cask and fuel consolidation applications was reviewed. For current design practices, 
the data validation is adequate. For new design approaches, such as neutron flux traps or taking credit for 
fission product absorption, additional validation studies must be performed. 
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Abstract/Keyterms: This report compares the radiation spectra and intensities predicted by three 
radionuclide inventory/depletion codes, ORIGEN2, ORIGEN-S, and CINDER-2. The comparisons were 
made for a series of light-water reactor models (including three pressurized-water reactors (PWR) and two 
boiling-water reactors (BWR)) at cooling times ranging from 30 d to 100 years. The work presented here 
complements the results described in an earlier report that discusses in detail the three depletion codes, the 
various reactor models, and the comparison by nuclide of the inventories, activities, and decay heat 
predictions by nuclide for the three codes. In this report, the photon production rates from fission product 
nuclides and actinides were compared as well as the total photon production rates and energy spectra. Very 
good agreement was observed in the photon source terms predicted by ORIGEN2 and ORIGEN-S. The 
absence of bremsstrahlung radiation in the CINDER-2 calculations resulted in large differences in both the 
production rates and spectra in comparison with the ORIGEN2 and ORIGEN-S results. A comparison of 
the CINDER-2 photon production rates with an ORIGEN-S calculation neglecting bremsstrahlung radiation 
showed good agreement. An additional discrepancy was observed in the photon spectra predicted from the 
CINDER-2 calculations and has been attributed to the absence of spectral data for 144Pr in those 
calculations. 
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Author: Broadhead, B. L. 

Title: Feasibility Assessment of Burnup Credit in the Criticality Analysis of Shipping Casks with Boiling 
Water Reactor Spent Fuel 

Date: 8/1/1991 

Report: ORNL/CSD/TM-268; TTC-1033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Considerable interest in the allowance of reactivity credit for the exposure history of 
power reactor fuel currently exists. This burnup credit`` issue has the potential to greatly reduce risk and 
cost when applied to the design and certification of spent fuel casks used for transportation and storage. 
Recently, analyses have demonstrated the technical feasibility and estimated the risk and economic 
incentives for allowing burnup credit in pressurized water reactor (PWR) spent fuel shipping cask 
applications. This report summarizes the extension of the previous PWR technical feasibility assessment to 
boiling water reactor (BWR) fuel. This feasibility analysis aims to apply simple methods that adequately 
characterize the time-dependent isotopic compositions of typical BWR fuel. An initial analysis objective 
was to identify a simple and reliable method for characterizing BWR spent fuel. Two different aspects of 
fuel characterization were considered: first, the generation of burn- up dependent material interaction 
probabilities; second, the prediction of material inventories over time (depletion). After characterizing the 
spent fuel at various stages of exposure and decay, three dimensional (3-D) models for an infinite array of 
assemblies and, in several cases, infinite arrays of assemblies in a typical shipping cask basket were 
analyzed. Results for assemblies without a basket provide reactivity control requirements as a function of 
burnup and decay, while results including the basket allow assessment of typical basket configurations to 
provide sufficient reactivity control for spent BWR fuel. Resulting basket worths and reactivity trends over 
time are then evaluated to determine whether burnup credit is needed and feasible in BWR applications. 
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Author: Greene, N. . M. / Ford, W. E. III. / Petrie, L. M. / Arwood, J. W. 

Title: AMPX-77: A modular code system for generating coupled multigroup neutron-gamma cross-section 
libraries from ENDF/B-IV and/or ENDF/B-V 

Date: 10/1/1992 

Report: ORNL/CSD/TM-283 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: AMPX-77 is a modular system of computer programs that pertain to nuclear analyses, 
with a primary emphasis on tasks associated with the production and use of multigroup cross sections. AH 
basic cross-section data are to be input in the formats used by the Evaluated Nuclear Data Files (ENDF/B), 
and output can be obtained in a variety of formats, including its own internal and very general formats, 
along with a variety of other useful formats used by major transport, diffusion theory, and Monte Carlo 
codes. Processing is provided for both neutron and gamma-my data. The present release contains codes all 
written in the FORTRAN-77 dialect of FORTRAN and wig process ENDF/B-V and earlier evaluations, 
though major modules are being upgraded in order to process ENDF/B-VI and will be released when a 
complete collection of usable routines is available. 
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Author: Jordan, W. C. / Turner, J. C. 

Title: Minimum Mass of Moderator Required for Criticality of Homogeneous Low-Enriched Uranium 
Systems 

Date: 12/1/1992 

Report: ORNL/CSD/TM-284 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A parametric calculational analysis has been performed in order to estimate the 
minimum mass of moderator required for criticality of homogeneous low-enriched uranium systems. The 
analysis was performed using a version of the SCALE-4.0 code system and the 27-group ENDF/B-IV cross-
section library. Water-moderated uranyl fluoride (UO2F2 and H2O) and hydrofluoric-acid-moderated 
uranium hexafluoride (UF6 and HF) systems were considered in the analysis over enrichments of 1.4 to 5 
wt% 235U. Estimates of the minimum critical volume, minimum critical mass of uranium, and the 
minimum mass of moderator required for criticality are presented. There was significant disagreement 
between the values generated in this study when compared with a similar undocumented study performed 
in 1983 using ANISN and the Knight-modified Hansen-Roach cross sections. An investigation into the 
cause of the disagreement was made, and the results are presented. 
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Author: Jordan, W. C. 

Title: Validation of SCALE 4.0 — CSAS25 module and the 27-group ENDF/B-IV cross-section library 
for low-enriched uranium systems 

Date: 2/1/1993 

Report: ORNL/CSD/TM-287 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A version of KENO V.a and the 27-group library in SCALE-4.0 were validated for 
use in evaluating the nuclear criticality safety of low-enriched uranium systems. A total of 59 critical 
systems were analyzed. A statistical analysis of the results was performed, and subcritical acceptance 
criteria are established. 
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Author: Jordan, W. C. 

Title: Calculational Criticality Analyses of 10- and 20-MW UF6 Freezer/Sublimer Vessels 

Date: 2/1/1993 

Report: ORNL/CSD/TM-288 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculational criticality analyses have been performed for 10- and 20-MW UF6 
freezer/sublimer vessels. The freezer/sublimers have been analyzed over a range of conditions that 
encompass normal operation and abnormal conditions. The effects of HF moderation of the UF6 in each 
vessel have been considered for uranium enriched between 2 and 5 wt% 235U. The results indicate that the 
nuclearly safe enrichments originally established for the operation of a 10-MW freezer/sublimer, based on 
a hydrogen-to-uranium moderation ratio of 0.33, are acceptable. If strict moderation control can be 
demonstrated for hydrogen-to-uranium moderation ratios that are less than 0.33, then the enrichment limits 
for the 10-MW freezer/sublimer may be increased slightly. The calculations performed also allow safe 
enrichment limits to be established for a 20-NM freezer/sublimer under moderation control. 
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Author: Ford, W. E. / Roussin, R. W. / Petrie, L. M. / Diggs, B. R. / Comolander, H. E. 

Title: Sample Problems for the Novice User of the AMPX-II System. [For Generating Coupled Multigroup 
Neutron--Gamma Libraries, In FORTRAN IV for IBM 360/91] 

Date: 3/16/1978 

Report: ORNL/CSD/TM-72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contents of the IBM version of the APMX system distributed by the Radiation 
Shielding Information Center (APMX-II) are described. Sample problems which demonstrate the procedure 
for implementing AMPX-II modules to generate point cross sections; generate multigroup neutron, photon 
production, and photon interaction cross sections for various transport codes; collapse multigroup cross 
sections; check, edit, and punch multigroup cross sections; and execute a one-dimensional discrete ordinates 
transport calculation are detailed. 
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Author: Ford, W. E. III. / Roussin, R. W. / Petrie, L. M. / Diggs, B. R. / Comolander, H. E. 

Title: Sample Problems for the Novice User of the AMPX-II System. [For Generating Coupled Multigroup 
Neutron--Gamma Libraries, In FORTRAN IV for IBM 360/91] 

Date: 1/1/1979 

Report: ORNL/CSD/TM-72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Physics and Radiation Physics; Computer Codes; a Codes; Neutron 
Transport; Photon Transport; Shielding; Cross Sections; Discrete Ordinate Method; FORTRAN; IBM 
Computers; Multigroup Theory; Computers; Neutral-Particle Transport; Neutron Transport Theory; 
Programming Languages; Radiation Transport; Transport Theory 
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Author: Fraley, S. K. 

Title: User's Guide for ICE-II 

Date: 7/1/1977 

Report: ORNL/CSD/TM-9 Rev1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ICE-II is a cross-section mixing code which will accept cross sections from an AMPX 
working library and produce mixed cross sections in the AMPX working library format, ANISN format, 
the group-independent ANISN format, and the Monte Carlo processed cross section library format. User 
input is in the free-form or fixed-form FIDO structure. The code is operable as a module in the AMPX 
system. 
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Author: Thomas, J. T. 

Title: Comparative Method for the Evaluation of Array Reflector Materials 

Date: 10/1/1979 

Report: ORNL/CSD-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A general method for the evaluation of materials as reflectors surrounding array of 
subcritical units of fissile materials is presented. Applied to the materials used in a Safe and Secure Trailer, 
it is concluded that the carrier effectiveness as a reflector can be expected to be less than that of a 2.5-cm-
thick water reflector. 
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Author: Fraley, S. K. 

Title: Users Guide to MORSE-SGC 

Date: 3/1/1976 

Report: ORNL/CSD-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The MORSE-SGC (Super Grouped Cross Section) code is a version of the MORSE 
code which reduced the core size requirements to solve problems with large cross-section storage 
requirements. This version of the MORSE code is available with both an improved combinatorial geometry 
package and a KENO geometry package. Other changes were also implemented in the code to make 
problem formulation more convenient. 11 tables. 
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Author: n. a. 

Title: CASK 40 Group Coupled Neutron and Gamma-Ray Cross Section Data 

Date: 1/1/1973 

Report: ORNL/DLC-23E 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-14782 

14743…..…..…………………..…….……..……ID Number…………………..…..…………….14743 

Author: Williams, W. R. 

Title: Calculational Methods for Analysis of Postulated UF6 Releases 

Date: 9/1/1985 

Report: ORNL/ENG/TM-31/V1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Actinide Compounds; Computer Codes; Condensers; Fluorides; Fluorine 
Compounds; Halides; Halogen Compounds; Hydrogen Compounds; Inorganic Acids; Oxygen Compounds; 
Physical Properties; Traps; Uranium Compounds; Uranium Fluorides; Vapor Condensers 
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Author: Johnson, E. B. 

Title: Criticality of Heterogeneous Lattices of Experimental Beryllium Oxide Reactor Fuel Pins in Water 
and in Aqueous Solutions Containing Boron and Uranyl Nitrate 

Date: 7/1/1976 

Report: ORNL/ENG-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fuel intended for the Experimental Beryllium Oxide Reactor was made available 
for a series of critical experiments at the Oak Ridge Critical Experiments Facility. The fuel pins consisted 
of compressed ceramic pellets contained in Hastelloy X-280 tubes. The pellets were a homogeneous 
mixture of U(62.4)O2 and BeO. The data generated are applicable to support the establishment of 
specifications for the chemical recovery of uranium in a process in which boron as a soluble neutron 
absorber is a part of the dissolver solution. It was found that a boron concentration of about 0.3 g/liter in a 
dilute solution of uranyl nitrate (approximately 3.7 g of 235U/liter) increased the critical mass 60 percent 
over that without boron. 
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Author: Johnson, E. B. 

Title: The Criticality of Heterogeneous Lattices of Experimental Beryllium Oxide Reactor Fuel Pins in 
Water and in Aqueous Solutions Containing Boron and Uranyl Nitrate 

Date: 7/1/1976 

Report: ORNL/ENG-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fuel intended for the experimental beryllium oxide reactor was made available 
for a series of critical experiments at the Oak Ridge critical experiments facility. The fuel pins consisted of 
compressed ceramic pellets contained in Hastelloy X-280 tubes. The pellets were a homogeneous mixture 
of 62.4% enriched uranium-dioxide and beryllium oxide. The data generated are applicable to support the 
establishment of specifications for the chemical recovery of uranium in a process in which boron as a 
soluble neutron absorber is a part of the dissolver solution. It was found that a boron concentration of about 
0.3 grams/liter in a dilute solution of uranyl nitrate (3.7 g of uranium-235/liter) increased the critical mass 
60% over that without boron. 
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Author: n. a. 

Title: Results of Fall 1994 Sampling of Gunite and Associated Tanks at the Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 

Date: 6/1/1995 

Report: ORNL/ER/Sub-87-99053/74 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Technical Memorandum, was developed under Work Breakdown Structure 
1.4.12.6.1.01.41.12.02. 11 (Activity Data Sheet 3301,”WAG 1”). This document provides the 
Environmental Restoration Program with analytical results from liquid and sludge samples from the Gunite 
and Associated Tanks (GAAT). Information provided in this report forms part of the technical basis for 
criticality safety, systems safety, engineering design, and waste management as they apply to the GAAT 
treatability study and remediation. 
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Author: n. a. 

Title: Results of 1995 characterization of Gunite and Associated Tanks at Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 

Date: 2/1/1996 

Report: ORNL/ER/Sub-87-99053/79 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This technical memorandum (TM) documents the 1995 characterization of eight 
underground radioactive waste tanks at Oak Ridge National Laboratory (ORNL). These tanks belong to the 
Gunite and Associated Tanks (GAAT) operable unit, and the characterization is part of the ongoing GAAT 
remedial investigation/feasibility study (RI/FS) process. This TM reports both field observations and 
analytical results; analytical results are also available from the Oak Ridge Environmental Information 
System (OREIS) data base under the project name GAAT (PROJ-NAME= GAAT). This characterization 
effort (Phase II) was a follow-up to the “Phase I “ sampling campaign reported in Results of Fall 1994 
Sampling of Gunite and Associated Tanks at the Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
ORNL/ER/Sub/87-99053/74, June 1995. The information contained here should be used in conjunction 
with that in the previous TM. The sampling plan is documented in ORNL Inactive Waste Tanks Sampling 
and Analysis Plan, ORNL/RAP/LTR-88/24, dated April 1988, as amended by Addendum 1, Revision 2: 
ORNL Inactive Tanks Sampling and Analysis Plan, DOE/OR/02-1354&D2, dated February 1995. Field 
team instructions are found in ORNL RI/FS Project Field Work Guides 01-WG-20, Field Work Guide for 
Sampling of Gunite and Associated Tanks, and 01-WG-21, Field Work Guide for Tank Characterization 
System Operations at ORNL. The field effort was conducted under the programmatic and procedural 
umbrella of the ORNL RI/FS Program, and the analysis was in accordance with ORNL Chemical and 
Analytical Sciences Division (CASD) procedures. The characterization campaign is intended to provide 
data for criticality safety, engineering design, and waste management as they apply to the GAAT treatability 
study and remediation. The Department of Energy (DOE) Carlsbad office was interested in results of this 
sampling campaign and provided funding for certain additional sample collection and analysis. 
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Author: Clark, C. Jr. / Burman, S. N. / Wilson, K. A. 

Title: Addendum to the Health and Safety Plan for Waste Area Grouping 6 at Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. Environmental Restoration Program 

Date: 8/1/1995 

Report: ORNL/ER-183/A1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: There are three purposes for this addendum to the health and safety plan for Waste 
Area Grouping 6. The first purpose is to provide record of a corrective action response concerning an 
occurrence on WAG 6 in October 1994 (ORO-MMES-ENVRES-1994-0016.) This occurrence involved a 
precautionary evacuation of subcontractor field crews due to malfunctioning monitor alarms for organic 
vapors. The corrective action is to revise the WAG 6 Site health and safety plan to improve communications 
during emergency events. The second purpose is to incorporate any outstanding health and safety issues 
not addressed in the original health and safety plan for WAG 6 document (ORNL/ER-183). The only 
variance of note is tritium air monitoring in the Tumulus building. The tritium air monitor is added in this 
addendum as monitoring equipment for WAG 6 with description of action level and calibration. The third 
purpose of this addendum is to satisfy a condition of approval for the pending Nuclear Criticality Safety 
Assessment (NCSA) pertaining to KEMA fuel storage at WAG 6. This approval condition requires the 
following: “The location of the KEMA burial shall be recorded and maintained in a controlled document 
that identifies the quantity and the general physical conditions at the time of the entombment with an 
admonishment to obtain nuclear criticality safety guidance before altering the burial condition.” In order to 
satisfy the approval, this document must be controlled. The predecessor to the pending NCSA is NSR No. 
0002WM22001. 
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Author: Francis, C. W. / Herbes, S. E. 

Title: Summary Review of the Chemical Characterization of Liquid and Sludge Contained in the Old 
Hydrofracture Tanks, Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Date: 2/1/1997 

Report: ORNL/ER-395 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents analytical data developed from samples collected from the five 
inactive tanks located at the Old Hydrofracture Facility (OHF) at the Oak Ridge National Laboratory 
(ORNL) in Oak Ridge, Tennessee. The samples were collected during December 1995 and January 1996. 
The purpose of the sampling and analysis project was (1) to determine whether the tank contents meet 
ORNL waste acceptance criteria, as specified in the Oak Ridge National Laboratory, Liquid Waste 
Treatment Systems, Waste Evaluation Criteria; (2) to determine various physical properties of the tank 
contents that would affect the design of a sludge mobilization system; and (3) to gather information to 
support a baseline risk assessment. The report focuses on the analytical results used to evaluate the tank 
contents with regard to nuclear criticality safety requirements and to regulatory waste characterization. 
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Author: Rawl, R. R. 

Title: Safe Transport of Radioactive Materials: Foreign Trip Report, October 3—10, 1992 

Date: 10/26/1982 

Report: ORNL/FTR-4429 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sagstram / Transportation Safety Matters 
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Author: Rawl, R. R. 

Title: Travel to Austria to Participate in the International Atomic Energy Agency's Consultants Services 
Meeting on Low Specific Activity Materials and for the Revision of the IAEA Regulations for the Safe 
Transport of Radioactive Material. Foreign Trip Report 

Date: 6/7/1993 

Report: ORNL/FTR-4635 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IAEA-Sponsored Meetings / Low Specific Activity Materials (Cs-23) 
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Title: Executive Summary: Reactor Critical Benchmark Calculations for Burnup Credit Applications 

Date: 4/1/1990 

Report: ORNL/M-1073 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor criticality safety analysis be validated against experimental measurements. Criticality safety 
evaluations of spent fuel storage and transportation casks have typically been benchmarked against cold” 
critical experiments. This an acceptable practice where the cask evaluation is conservatively based on fresh 
fuel isotopics is desired, it is necessary to benchmark computational methods against spent fuel critical 
configurations. This report summarizes the initial effort to benchmark selected away-from-reactor 
criticality analysis methods using several configurations from pressurized water reactors (PWR). 
Beginning-of-cycle (BOC) and end-of-cycle (EOC) reactor configurations have been analyzed. The KENO 
V.a module of SCALE was used to determine the effective multiplication factor (k(eff)) while resonance 
self-shielding of the cross sections was performed using standard SCALE techniques. In addition, two new 
pre-processor codes (CONDENSE and LUMPIT) were prepared to simplify the interface between the 
isotopic prediction codes and the SCALE modules. Two methods were employed to predict the spent fuel 
isotopics: multidimensional reactor analyses (PDQ7) and point-depletion analyses using both the SAS2 
sequence of SCALE and CELL2 code package. To date only the PDQ7 isotopic data have been used to 
analyze all the configurations. Using the SCALE 27-group cross section library, the calculated variance in 
k(eff) is approximately {plus minus}1.5{percent} {Delta}k. Further refinements and additional analyses 
are currently in progress. 
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Author: Bowman, S. M. 

Title: Validation of SCALE-4 for a Reference Problem Set 

Date: 7/1/1991 

Report: ORNL/M-1332 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents the results of criticality calculations performed to validate the 
recently released SCALE-4 modular code system for light water reactor (LWR) fuel for a proposed 
reference problem set of critical experiments which model various conditions typical of transportation and 
storage casks. In order to validate SCALE-4, the CSAS4 control module was used to calculate the effective 
neutron multiplication factor k(eff) via the BONAMI, NITAWL-2, and KENO V.a codes. Calculations 
were performed with both SCALE-4 and SCALE-3. The cross-section libraries used were the 27-group 
ENDF/B-IV library (27GROUPNDF4) and the 27-group ENDF/B-4 burnup library (27BURNUPLIB). The 
27BURNUPLIB library is an extension of the 27GROUPNDF4 library to include fission product nuclides 
which are necessary for depleted fuel analysis. The added fission product cross sections were obtained from 
ENDF/B-V data. 
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Author: Bowman, S. M. 

Title: Criticality Reference Benchmark Calculations for Burnup Credit Using Spent Fuel Isotopics 

Date: 4/1/1991 

Report: ORNL/M-1423 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To date, criticality analyses performed in support of the certification of spent fuel 
casks in the United States do not take credit for the reactivity reduction that results from burnup. By taking 
credit for the fuel burnup, commonly referred to as burnup credit,” the fuel loading capacity of these casks 
can be increased. One of the difficulties in implementing burnup credit in criticality analyses is that there 
have been no critical experiments performed with spent fuel which can be used for computer code 
validation. In lieu of that, a reference problem set of fresh fuel critical experiments which model various 
conditions typical of light water reactor (LWR) transportation and storage casks has been identified and 
used in the validation of SCALE-4. This report documents the use of this same problem set to perform spent 
fuel criticality benchmark calculations by replacing the actual fresh fuel isotopics from the experiments 
with six different sets of calculated spent fuel isotopics. The SCALE-4 modules SAS2H and CSAS4 were 
used to perform the analyses. These calculations do not model actual critical experiments. The calculated 
k-effectives are not supposed to equal unity and will vary depending on the initial enrichment and burnup 
of the calculated spent fuel isotopics. 



 

C-14794 

14755…..…..…………………..…….……..……ID Number…………………..…..…………….14755 

Author: Ehrlich, R. D. / Weeren, H. O. 

Title: Safety Assessment Document: Gunite Tank Sludge Removal 

Date: 6/1/1979 

Report: ORNL/M-1919, X-OE-77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document presents the assessment and analysis of the safety hazards involved in 
the Gunite Tank Sludge Removal Project. The six Gunite tanks comprising the South Tank Farm were 
constructed in 1943. Since then, one or more of these tanks have been used continuously for the temporary 
storage of intermediate level radioactive wastes (ILW) before evaporation. Another tank has been used for 
this temporary storage of the concentrated ILW prior to its disposal. Upon completion of the new ILW 
System presently under construction, the six Gunite tanks of the South Tank Farm will be removed from 
service. The purpose of this project is to remove the accumulated sludge from the Gunite tanks and to 
transfer the sludge to the new Hydrofracture Facility. The ultimate disposal of the empty tanks is not 
included in this project. 
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Title: HFIR Spent Fuel Management Alternatives 
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Report: ORNL/M-2377 

Conference/Journal:  
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Abstract/Keyterms: The High Flux Isotope Reactor (HFIR) at Martin Marietta Energy Systems’ Oak 
Ridge National Laboratory (ORNL) has been unable to ship its spent fuel to Savannah River Site (SRS) for 
reprocessing since 1985. The HFIR storage pools are expected to fill up in the February 1994 to February 
1995 time frame. If a management alternative to existing HFIR pool storage is not identified and 
implemented before the HFIR pools are full, the HFIR will be forced to shut down. This study investigated 
several alternatives for managing the HFIR spent fuel, attempting to identify options that could be 
implemented before the HFIR pools are full. The options investigated were: installing a dedicated dry cask 
storage facility at ORNL, increasing HFIR pool storage capacity by clearing the HFIR pools of debris and 
either close-packing or stacking the spent fuel elements, storing the spent fuel at another ORNL pool, 
storing the spent fuel in one or more hot cells at ORNL, and shipping the spent fuel offsite for reprocessing 
or storage elsewhere. 
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Title: Criticality Safety Calculations for Region B of the Millstone Unit No. 2 Spent Fuel Pool 

Date: 1/1/1993 

Report: ORNL/M-2574 

Conference/Journal:  
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Abstract/Keyterms: The Oak Ridge National Laboratory (ORNL) staff performed criticality safety 
calculations documented herein for the fresh fuel region (Region B) of the Northeast Nuclear Energy 
Company (NNECO) Millstone Unit No. 2 Spent Fuel Pool. The purpose of these calculations was to verify 
the results reported by NNECO in their application for revision to the Millstone Unit No. 2 technical 
specifications. All calculations were performed with the SCALE-4.1 code system developed at ORNL. 
Specifically, the CSAS25 criticality control sequence, which executes the BONAMI, NITAWL-II, and 
YENO V.a codes, was used to perform all k(eff) calculations. 
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Title: The ORNL Chemical Technology Division, 1950-1994 
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Abstract/Keyterms: This document attempts to reconstruct the role played by the Chemical Technology 
Division (Chem Tech) of the Oak Ridge National Laboratory (ORNL) in the atomic era since the 1940’s 
related to the development and production of nuclear weapons and power reactors. Chem Tech’s early 
contributions were landmark pioneering studies. Unknown and dimly perceived problems like chemical 
hazards, radioactivity, and criticality had to be dealt with. New chemical concepts and processes had to be 
developed to test the new theories being developed by physicists. New engineering concepts had to be 
developed and demonstrated in order to build facilities and equipment that had never before been attempted. 
Chem Tech’s role was chemical separations, especially uranium and plutonium, and nuclear fuel 
reprocessing. With diversification of national and ORNL missions, Chem Tech undertook R D studies in 
many areas including biotechnology; clinical and environmental chemistry; nuclear reactors; safety 
regulations; effective and safe waste management and disposal; computer modeling and informational 
databases; isotope production; and environmental control. The changing mission of Chem Tech are 
encapsulated in the evolving activities. 
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Conference/Journal:  
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Abstract/Keyterms: The Molten Salt Reactor Experiment (MSRE) was operated from June 1965 to 
December 1969. The objective of the experiment was to investigate the practicality of developing a power 
reactor consisting of a graphite lattice with circulating molten uranium salt as fuel for application in central 
power stations. When the experiment was terminated in 1969, approximately 4710 kg of salt containing 
approximately 36.3 kg of uranium, 675 g of plutonium, and various fission products were transferred to 
two fuel drain tanks (FDTs). The almost 30.5 kg of Uranium 233 in the salt is the primary fissile constituent, 
but about 0.93 kg of Uranium 235 is also present. In April 1994, a gas sample from the MSRE off-gas 
system (OGS) indicated that uranium had migrated from the FDTs into the OGS. Further investigation 
revealed a likely accumulation of approximately 2.6 kg of uranium in the auxiliary charcoal bed (ACB), 
which is located in the concrete-lined charcoal bed cell (CBC) below ground level outside the MSRE 
building. The nuclear criticality safety (NCS) situation was further complicated by the CBC being filled 
with water up to the overflow pipe, which completely submerged the ACB. Thus there was not only an 
increased risk of criticality because of water reflection in the ACB, but also because of potential moderation 
in the ACB in case of water inleakage. Leakage into the ACB would result in a direct path for water between 
the CBC and the OGS or FDTs, thus increasing the risk of criticality in these areas. When uranium was 
discovered in the ACB, a number of steps, detailed in this report, were immediately taken to try to 
understand and ameliorate the situation. After all the actions were completed, a validation of the results 
obtained for the ACB was performed. 
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Title: Evaluation of Measured LWR Spent Fuel Composition Data for Use in Code Validation 

Date: 2/1/1998 

Report: ORNL/M-6121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Burnup credit (BUC) is a concept applied in the criticality safety analysis of spent 
nuclear fuel in which credit or partial credit is taken for the reduced reactivity worth of the fuel due to both 
fissile depletion and the buildup of actinides and fission products that act as net neutron absorbers. 
Typically, a two-step process is applied in BUC analysis: first, depletion calculations are performed to 
estimate the isotopic content of spent fuel based on its burnup history; second, three-dimensional (3-D) 
criticality calculations are performed based on specific spent fuel packaging configurations. In seeking 
licensing approval of any BUC approach (e.g., disposal, transportation, or storage) both of these two 
computational procedures must be validated. This report was prepared in support of the validation process 
for depletion methods applied in the analysis of spent fuel from commercial light-water-reactor (LWR) 
designs. Such validation requires the comparison of computed isotopic compositions with those measured 
via radiochemical assay to assess the ability of a computer code to predict the contents of spent fuel samples. 
The purpose of this report is to address the availability and appropriateness of measured data for use in the 
validation of isotopic depletion methods. Although validation efforts to date at ORNL have been based on 
calculations using the SAS2H depletion sequence of the SCALE code system, this report has been prepared 
as an overview of potential sources of validation data independent of the code system used. However, data 
that are identified as in use in this report refer to earlier validation work performed using SAS2H in support 
of BUC. This report is the result of a study of available assay data, using the experience gained in spent 
fuel isotopic validation and with a consideration of the validation issues described earlier. This report 
recommends the suitability of each set of data for validation work similar in scope to the earlier work. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the work performed by ORNL for the Yucca Mountain Project 
(YMP) M and O contractor, Framatome COGEMA Fuels. The goal of this work was to obtain k(inf) values 
for infinite arrays of flooded boiling-water-reactor (BWR) fuel assemblies as a function of various 
burnup/enrichment and cooling-time combinations. These scenarios simulate expected limiting criticality 
loading conditions (for a given assembly type) for drift emplacements in a repository. Upon consultation 
with the YMP staff, a Quad Cities BWR fuel assembly was selected as a baseline assembly. This design 
consists of seven axial enrichment zones, three of which contain natural uranium oxide. No attempt was 
made to find a “bounding” or even “typical” assembly design due to the wide variety in fuel assembly 
designs necessary for consideration. The current work concentrates on establishing a baseline analysis, 
along with a small number of sensitivity studies which can be expanded later if desired. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the work performed by ORNL for the Yucca Mountain project 
(YMP) M and O contractor, Framatome COGEMA Fuels. The goal of this work was to obtain k(inf) values 
for infinite arrays of flooded boiling-water-reactor (BWR) fuel assemblies as a function of various 
burnup/enrichment and cooling-time combinations. These scenarios simulate expected limiting criticality 
loading conditions (for a given assembly type) for drift emplacements in a repository. Upon consultation 
with the YMP staff, a Quad Cities BWR fuel assembly was selected as a baseline assembly. This design 
consists of seven axial enrichment zones, three of which contain natural uranium oxide. No attempt was 
made to find a bounding or even typical assembly design due to the wide variety in fuel assembly designs 
necessary for consideration. The current work concentrates on establishing a baseline analysis, along with 
a small number of sensitivity studies which can be expected later if desired. As a result of similar studies 
of this nature, several effects are known to be important in the determination of the final k(inf) for spent 
fuel in a cask-like geometry. For a given enrichment there is an optimal burnup: for lower burnups, excess 
energy (and corresponding excess reactivity) is present in the fuel assembly; for larger burnups, the 
assembly is overburned and essentially driven by neighboring fuel assemblies. The majority of the 
burnup/enrichment scenarios included in this study were for some near-optimum burnup/enrichment 
combinations as determined from Energy Information Administration (EIA) data. Several calculations were 
performed for under- and over-burned fuel to show these effects 
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Title: Development of Nuclear Analysis Capabilities for DOE Waste Management Activities 

Date: 5/1/1998 

Report: ORNL/M-6549 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this project is to develop and demonstrate prototypic analysis 
capabilities that can be used by the nuclear safety analysis practitioners to: (1) demonstrate a more thorough 
understanding of the underlying physics phenomena that can lead to improved reliability and defensibility 
of safety evaluations; and (2) optimize operations related to the handling, storage, transportation, and 
disposal of fissile material and DOE spent fuel. To address these problems, the project will investigate the 
implementation of sensitivity and uncertainty methods within existing Monte Carlo codes used for 
criticality safety analyses, as well as within a new deterministic code that allows specification of arbitrary 
grids to accurately model the geometry details required in a criticality safety analysis. This capability can 
facilitate improved estimations of the required subcritical margin and potentially enable the use of a broader 
range of experiments in the validation process. The new arbitrary-grid radiation transport code will also 
enable detailed geometric modeling valuable for improved accuracy in application to a myriad of other 
problems related to waste characterization. Application to these problems will also be explored. 
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Title: Three-Mile Island Program 
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Report: ORNL/NFW-82/37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three-Mile Island (TMI) Program / Inorganic Sorbents / Decontamination / Aqueous 
Streams 
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Title: Transportation Program. Oak Ridge National Lab 
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Report: ORNL/NFW-82/37 
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Abstract/Keyterms: Defense Waste Transportation / New Data Management System, Inquire / Tru Waste 
Packages / Trupact 
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Report: ORNL/NUREG/CSD/TM-16; NUREG/CR-1616 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The motion of a thick reflector away from a critical array of subcritical units of fissile 
material results in an array reactivity loss. The fraction of the total reactivity worth of a reflector is related 
to the distance a reflector is located from the surfaces of an array. The magnitude of reactivity associated 
with the reflector location may be used in the assessment of nuclear criticality safety of operations with 
fissile materials to establish margins of subcriticality. An equivalence is established between the reactivity 
associated with reflector location and the reactivity associated with the thickness of a water reflector closely 
fitting an array. 
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Title: Validation of Three Cross-Section Libraries Used with the SCALE System for Criticality Safety 
Analysis 

Date: 6/1/1981 
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Conference/Journal:  
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Abstract/Keyterms: The calculations and analysis of two series of recently performed critical experiments 
are presented. Three cross-section libraries available in the SCALE system are used in the analyses. The 
results obtained are discussed in detail and are compared with MORET code calculations. The comparison 
with experimental results validates the cross-section libraries and allows an optimistic approach to the 
results of future studies using the three libraries and the SCALE system. 
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Title: Calculations of the Skyshine Gamma-Ray Dose Rates from Independent Spent Fuel Storage 
Installations (ISFSI) Under Worst Case Accident Conditions 

Date: 9/1/1980 

Report: ORNL/NUREG/TM-316 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations of the skyshine gamma-ray dose rates from three spent fuel storage pools 
under worst case accident conditions have been made using the discrete ordinates code DOT-IV and the 
Monte Carlo code MORSE and have been compared to those of two previous methods. The DNA 37N-
21G group cross-section library was utilized in the calculations, together with the Claiborne-Trubey 
gamma-ray dose factors taken from the same library. Plots of all results are presented. It was found that the 
dose was a strong function of the iron thickness over the fuel assemblies, the initial angular distribution of 
the emitted radiation, and the photon source near the top of the assemblies. 
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Title: Theoretical Basis of the Linear Nodal and Linear Characteristic Methods in the TORT Computer 
Code 

Date: 1/1/1993 

Report: ORNL/RM-12246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Novel numerical procedures for solving the Boltzmann equation have been added to 
the Three Dimensional Oak Ridge Discrete Ordinates Transport Code (TORT). These procedures produce 
much more accuracy in the flux solutions for a given mesh size, or allow a smaller mesh to be used in order 
to reduce costs. The first method is a special adaptation of the linear nodal method proposed by Walters 
and O'Dell. The basic method has been extensively adapted in order to avoid numerical distortions that may 
occur in shielding problems. The second method is a characteristic procedure with linear expansion of 
sources and boundary flows. These methods are in widespread use in the TORT code. 
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Title: Unfolding of Neutron Spectra from Godiva Type Critical Assemblies 

Date: 10/1/1976 

Report: ORNL/RSIC-40 

Conference/Journal:  
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Abstract/Keyterms: The results from three experiments conducted at the White Sands Missile Range Fast 
Burst Reactor Facility are discussed. The experiments were designed to measure the "free-field" neutron 
leakage spectrum and the neutron spectra from mildly perturbed environments. SAND-II was used to 
calculate the neutron spectrum utilizing several different trial input spectra for each experiment. 
Comparisons are made between the unfolded neutron spectrum for each trial input on the basis of the 
following parameters 10 KeV), spectral index and the hardness parameter, phi/sub eq//phi. 
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Title: Design Criteria for the 218-Group Criticality Safety Reference Library 
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Report: ORNL/RSIC-41 
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Abstract/Keyterms: The generation of a 218-group neutron cross-section library from ENDF/B-IV data 
is described. Experience in selecting broad-group subsets and applying them in the analysis of critical 
experiments is related. Recommendations on the use of the 218-group library are made. 
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Title: TRIMARAN: A Three Dimensional Multigroup P1 Monte Carlo Code for Criticality Studies 

Date: 8/1/1980 

Report: ORNL/RSIC-44, 095-103 

Conference/Journal:  
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Abstract/Keyterms: TRIMARAN is developed for safety analysis of nuclear components containing 
fissionable materials manufacture and reprocessing plants. It solves the transport equation by Monte Carlo 
method, in general three-dimensional geometry with multigroup P1 approximation. A special 
representation of cross sections and numbers has been developed in order to reduce considerably the 
computing cost and allow this three-dimensional code to compete with standard numerical program used 
in parametric studies. 
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Report: ORNL/RSIC-44, 121-128 
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Conference Session:  

Abstract/Keyterms: KENO V is a new multigroup Monte Carlo criticality program developed in the 
tradition of KENO and KENO IV for use in the SCALE system. The primary purpose of KENO V is to 
determine k-effective. Other calculated quantities include lifetime and generation time, energy-dependent 
leakages, energy-and region-dependent absorptions, fissions, fluxes, and fission densities. KENO V 
combines many of the efficient performance capabilities of KENO IV with improvements such as flexible 
data input, the ability to specify origins for cylindrical and spherical geometry regions, the capability of 
super grouping energy-dependent data, a PN scattering model in the cross sections, a procedure for 
matching lethargy boundaries between albedos and cross sections to extend the usefulness of the albedo 
feature, and improved restart capabilities. This advanced user-oriented program combines simplified data 
input and efficient computer storage allocation to readily solve large problems whose computer storage 
requirements precluded solution when using KENO IV. 
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Title: TRX and UO2 Criticality Benchmarks with SAM-CE 

Date: 8/1/1980 

Report: ORNL/RSIC-44, 157-168 
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Abstract/Keyterms: A set of thermal reactor benchmark calculations with SAM-CE which have been 
conducted at both MAGI and at BNL are described. Their purpose was both validation of the SAM-CE 
reactor eigenvalue capability developed by MAGI and a substantial contribution to the data testing of both 
ENDF/B-IV and ENDF/B-V libraries. This experience also resulted in increased calculational efficiency of 
the code and an example is given. The benchmark analysis included the TRX-1 infinite cell using both 
ENDF/B-IV and ENDF/B-V cross section sets and calculations using ENDF/B-IV of the TRX-1 full core 
and TRX-2 cell. BAPL-UO2-1 calculations were conducted for the cell using both ENDF/B-IV and 
ENDF/B-V and for the full core with ENDF/B-V. 
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Title: VIM: A Continuous Energy Monte Carlo Code at ANL 

Date: 8/1/1980 

Report: ORNL/RSIC-44, 31-46 

Conference/Journal:  
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Abstract/Keyterms: The continuous-energy Monte Carlo neutron transport code VIM and its auxiliaries 
are briefly described. The ENDF/B cross section data processing procedure is summarized and its 
benchmarking against MC2-2 is reviewed. Several representative applications at ANL are described, 
including fast critical assembly benchmark calculations and STF and TREAT Upgrade benchmark 
calculations. 



 

C-14816 

14777…..…..…………………..…….……..……ID Number…………………..…..…………….14777 

Author: Yamakoshi, H. 

Title: Applicability of Monte Carlo Code KENO-IV 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental data on criticality of a subcritical assembly was analyzed by Monte 
Carlo code KENO-IV for the purpose of verifying applicability of the code in the calculation of 
multiplication factor k(eff) for heterogeneous systems consisting of fuel rods about two hundred. Analysis 
was focused on studying influence of difference in adopted lattice constants upon calculated k(eff). Two 
sets of lattice constants were generated from group constants calculated by a transport code WIMS-D; one 
was generated with transport approximation, and the other was without the transport approximation, i.e. 
diffusion approximation. Conclusions are presented. 
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Abstract/Keyterms: The KRITZ-2 experiment has been adopted by the OECD/NEA Task Force on 
Reactor-Based Plutonium Disposition for use as a benchmark exercise. The KRITZ-2 experiment consists 
of three different core configurations (one with near-weapons-grade MOX) with critical conditions a 20 C 
and 245 C. The KRITZ-2 experiment has calculated the MCU-REA code, which is a continuous energy 
Monte Carlo code system developed at the Russian Research Center--Kurchatov Institute and is used 
extensively in the Fissile Materials Disposition Program. The calculated results for k(eff) and fission rate 
distributions are compared with the experimental data and results of other codes. The results are in good 
agreement with the experimental values. 
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Abstract/Keyterms: The purpose of this study is to simulate and assess the findings from selected ESADA 
experiments. It is presented in the format prescribed by the Nuclear Energy Agency Nuclear Science 
Committee for material to be included in the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments. 
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Abstract/Keyterms: In the 1970s at the Battelle Pacific Northwest Laboratory (PNL), a series of critical 
experiments using a remotely operated Split-Table Machine was performed with homogeneous mixtures of 
(Pu-U)O2-polystyrene fuels in the form of square compacts having different heights. The experiments 
determined the critical geometric configurations of MOX fuel assemblies with and without neutron poison 
plates. With respect to PuO2 content and moderation[H/(Pu+U)atomic] ratio (MR), two different 
homogeneous (Pu-U) O2-polystyrene mixtures were considered: Mixture (1) 14.62 wt.% PuO2 with 30.6 
MR, and Mixture (2) 30.3 wt.% PuO2 with 2.8 MR. In all mixtures, the uranium was depleted to about 
O.151 wt.% U235. Assemblies contained copper, copper-cadmium or aluminum neutron poison plates 
having thicknesses up to{approximately}2.5 cm. This evaluation contains 22 experiments for Mixture 1, 
and 10 for Mixture 2 compacts. For Mixture 1, there are 10 configurations with copper plates, 6 with 
aluminum, and 5 with copper-cadmium. One experiment contained no poison plate. For Mixture 2 
compacts, there are 3 configurations with copper, 3 with aluminum, and 3 with copper-cadmium poison 
plates. One experiment contained no poison plate. 
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Abstract/Keyterms: In 1967, a series of critical experiments were conducted at the Westinghouse Reactor 
Evaluation Center (WREC) using mixed-oxide (MOX) PuO2-UO2 and/or UO2 fuels in various lattices and 
configurations. These experiments were performed under the joint sponsorship of Empire State Atomic 
Development Associates (ESADA) plutonium program and Westinghouse. The purpose of these 
experiments was to develop experimental data useful in validating analytical methods used in the design of 
plutonium-bearing replacement fuel for water reactors. Three different fuel types were used during the 
experimental program: two MOX fuels and a low-enriched UO2 fuel. The MOX fuels were distinguished 
by their Pu240 content: 8 wt.% Pu240 and 24 wt.% Pu240. Both MOX fuels contained 2.0 wt.% PuO2 in 
natural UO2. The UO2 fuel with 2.72 wt.% enrichment was used for comparison with the plutonium data 
and for use in multiregion experiments. 
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Abstract/Keyterms: Burnup credit methodology is economically advantageous because significantly 
higher loading capacity may be achieved for spent nuclear fuel (SNF) casks based on this methodology as 
compared to the loading capacity based on a fresh fuel assumption. However, the criticality safety analysis 
for establishing the loading curve based on burnup credit becomes increasingly complex as more parameters 
accounting for spent fuel isotopic compositions are introduced to the safety analysis. The safety analysis 
requires validation of both depletion and criticality calculation methods. Validation of a neutronic-depletion 
code consists of quantifying the bias and the uncertainty associated with the bias in predicted SNF 
compositions caused by cross-section data uncertainty and by approximations in the calculational method. 
The validation is based on comparison between radiochemical assay (RCA) data and calculated isotopic 
concentrations for fuel samples representative of SNF inventory. The criticality analysis methodology for 
commercial SNF disposal allows burnup credit for 14 actinides and 15 fission product isotopes in SNF 
compositions. The neutronic-depletion method for disposal criticality analysis employing burnup credit is 
the two-dimensional (2-D) depletion sequence TRITON (Transport Rigor Implemented with Time-
dependent Operation for Neutronic depletion)/NEWT (New ESC-based Weighting Transport code) and the 
44GROUPNDF5 cross-section library in the Standardized Computer Analysis for Licensing Evaluation 
(SCALE 5.1) code system. The SCALE 44GROUPNDF5 cross section library is based on the Evaluated 
Nuclear Data File/B Version V (ENDF/B-V) library. The criticality calculation code for disposal criticality 
analysis employing burnup credit is General Monte Carlo N-Particle (MCNP) Transport Code. The purpose 
of this calculation report is to determine the bias on the calculated effective neutron multiplication factor, 
k(eff), due to the bias and bias uncertainty associated with predicted spent fuel compositions (i.e., determine 
the penalty in reactivity due to isotopic composition bias and uncertainty) for use in disposal criticality 
analysis employing burnup credit. The method used in this calculation to propagate the isotopic bias and 
bias-uncertainty values to k(eff) is the Monte Carlo uncertainty sampling method. The development of this 
report is consistent with 'Test Plan for: Isotopic Validation for Postclosure Criticality of Commercial Spent 
Nuclear Fuel'. This calculation report has been developed in support of burnup credit activities for the 
proposed repository at Yucca Mountain, Nevada, and provides a methodology that can be applied to other 
criticality safety applications employing burnup credit. 
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Abstract/Keyterms: Two important categories of potential repository wastes, non-LWR spent fuels and 
special LWR spent fuels, were evaluated regarding their future quantities and packaging requirements, 
including criticality aspects. Assuming that canisters similar to those planned for vitrified high-level waste 
and conventional LWR fuel assemblies prove to be acceptable for these fuels, it is estimated that about 
1400 such canisters will be needed for the non-LWR and special LWR spent fuels on hand and projected 
through the year 2020. Approximately half of these canisters are for HTGR spent fuel, a quarter are for 
TMI-2 spent fuel and core debris, and the balance are for fuels from a score of diverse sources. About two 
thirds of these spent fuels can be accommodated in extended vitrified HLW-size canisters and the remainder 
will fit into canisters proposed for use in a tuff repository. Since many of these fuels are of higher 
enrichment and/or lower burnup than standard LWR spent fuel, estimation of the number of fuel assemblies 
that could be safely placed in a canister required preliminary calculations of neutron multiplication factors 
to ensure non-criticality. These estimates showed that the canister configurations used would provide more 
than adequate volume for the neutron poisons needed for this purpose. 
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Author: Bowman, S. M. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations: Volume 2-Sequoyah Unit 
2 Cycle 3 

Date: 1/1/1995 

Report: ORNL/TM-12294/V2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit for the 
negative reactivity of the depleted (or spent) fuel isotopics is desired, it is necessary to benchmark 
computational methods against spent fuel critical configurations. This report summarizes a portion of the 
ongoing effort to benchmark away-from-reactor criticality analysis methods using critical configurations 
from commercial pressurized-water reactors. The analysis methodology selected for all the calculations 
reported herein is based on the codes and data provided in the SCALE-4 code system. The isotopic densities 
for the spent fuel assemblies in the critical configurations were calculated using the SAS2H analytical 
sequence of the SCALE-4 system. The sources of data and the procedures for deriving SAS2H input 
parameters are described in detail. The SNIKR code module was used to extract the necessary isotopic 
densities from the SAS2H results and provide the data in the format required by the SCALE criticality 
analysis modules. The CSASN analytical sequence in SCALE-4 was used to perform resonance processing 
of the cross sections. The KENO V.a module of SCALE-4 was used to calculate the effective multiplication 
factor (k(eff)) of each case. The SCALE-4 27-group burnup library containing ENDF/B-IV (actinides) and 
ENDF/B-V (fission products) data was used for all the calculations. This volume of the report documents 
the SCALE system analysis of three reactor critical configurations for the Sequoyah Unit 2 Cycle 3. This 
unit and cycle were chosen because of the relevance in spent fuel benchmark applications: (1) the unit had 
a significantly long downtime of 2.7 years during the middle of cycle (MOC) 3, and (2) the core consisted 
entirely of burned fuel at the MOC restart. The first benchmark critical calculation was the MOC restart at 
hot, full-power (HFP) critical conditions. The other two benchmark critical calculations were the beginning-
of-cycle (BOC) startup at both hot, zero-power (HZP) and HFP critical conditions. These latter calculations 
were used to check for consistency in the calculated results for different burnups and downtimes. The k(eff) 
results were in the range of 1.00014 to 1.00259 with a standard deviation of less than 0.001. 
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Author: Bowman, S. M. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations: Volume 3-Surry Unit 1 
Cycle 2 

Date: 1/1/1995 

Report: ORNL/TM-12294/V3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit for the 
negative reactivity of the depleted (or spent) fuel isotopics is desired, it is necessary to benchmark 
computational methods against spent fuel critical configurations. This report summarizes a portion of the 
ongoing effort to benchmark away-from-reactor criticality analysis methods using selected critical 
configurations from commercial pressurized-water reactors. The analysis methodology selected for all the 
calculations in this report is based on the codes and data provided in the SCALE-4 code system. The isotopic 
densities for the spent fuel assemblies in the critical configurations were calculated using the SAS2H 
analytical sequence of the SCALE-4 system. The sources of data and the procedures for deriving SAS2H 
input parameters are described in detail. The SNIKR code module was used to extract the necessary isotopic 
densities from the SAS2H results and to provide the data in the format required by the SCALE criticality 
analysis modules. The CSASN analytical sequence in SCALE-4 was used to perform resonance processing 
of the cross sections. The KENO V.a module of SCALE-4 was used to calculate the effective multiplication 
factor (k(eff)) of each case. The SCALE-4 27-group burnup library containing ENDF/B-IV (actinides) and 
ENDF/B-V (fission products) data was used for all the calculations. This volume of the report documents 
the SCALE system analysis of two reactor critical configurations for Surry Unit 1 Cycle 2. This unit and 
cycle were chosen for a previous analysis using a different methodology because detailed isotopics from 
multidimensional reactor calculations were available from the Virginia Power Company. These data 
permitted a direct comparison of criticality calculations using the utility-calculated isotopics with those 
using the isotopics generated by the SCALE-4 SAS2H sequence. These reactor critical benchmarks have 
been reanalyzed using the methodology described above. The two benchmark critical calculations were the 
beginning-of-cycle (BOC) startup at hot, zero-power (HZP) and an end-of-cycle (EOC) critical at hot, full-
power (HFP) critical conditions. These calculations were used to check for consistency in the calculated 
results for different burnup, downtime, temperature, xenon, and boron conditions. The k(eff) results were 
1.0014 and 1.0113, respectively, with a standard deviation of 0.0005. 
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Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations: Volume 4-Three Mile 
Island Unit 1 Cycle 5 

Date: 1/1/1995 

Report: ORNL/TM-12294/V4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS-8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit is to be 
taken for the reduced reactivity of burned or spent fuel relative to its original “fresh” composition, it is 
necessary to benchmark computational methods used in determining such reactivity worth against spent 
fuel reactivity measurements. This report summarizes a portion of the ongoing effort to benchmark away-
from-reactor criticality analysis methods using relevant and well-documented critical configurations from 
commercial pressurized water reactors. The analysis methodology utilized for all calculations in this report 
is based on the modules and data associated with the SCALE-4 code system. Isotopic densities for spent 
fuel assemblies in the core were calculated using the SCALE-4 SAS2H analytical sequence. The sources 
of data and the procedures for deriving SAS2H input parameters are described in detail. The SNIKR code 
family was used to extract the necessary isotopic densities from SAS2H results and to provide the data in 
the format required for SCALE criticality analysis modules. The CSASN analytical sequence in SCALE-4 
was used to perform resonance processing of cross sections. The KENO V.a module of SCALE-4 was used 
to calculate the effective multiplication factor (k(eff)) for the critical configuration. The SCALE-4 27-group 
burnup library containing ENDF/B-IV (actinides) and ENDF/B-V (fission products) data was used for all 
calculations. This volume of the report documents a reactor critical calculation for GPU Nuclear 
Corporation's Three Mile Island Unit 1 (TMI-1) during hot, zero-power startup testing for the beginning of 
cycle 5. This unit and cycle were selected because of their relevance in spent fuel benchmark applications: 
(1) cycle 5 startup occurred after an especially long downtime of 6.6 years; and (2) the core consisted 
primarily (75%) of burned fuel, with all fresh fuel loaded on the core outer periphery. A k(eff) value of 
0.9978 {+-} 0.0004 was obtained using two million neutron histories in the KENO V.a model. This result 
is close to the known critical k(eff) of 1.0 for the actual core and is consistent with other mixed-oxide 
criticality benchmarks. Thus this method is shown to be valid for spent fuel applications in burnup credit 
analyses. 
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Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations: Volume 5 - North Anna 
Unit 1 Cycle 5 

Date: 1/1/1993 
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Conference/Journal:  
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Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor (AFR) criticality safety analyses be validated against experimental measurements. If credit for 
the negative reactivity of the depleted (or spent) fuel isotopics is desired, it is necessary to benchmark 
computational methods against spent fuel critical configurations. This report summarizes a portion of the 
ongoing effort to benchmark AFR criticality analysis methods using selected critical configurations from 
commercial pressurized-water reactors (PWR). The analysis methodology selected for all calculations 
reported herein was the codes and data provided in the SCALE-4 code system. The isotopic densities for 
the spent fuel assemblies in the critical configurations were calculated using the SAS2H analytical sequence 
of the SCALE-4 system. The sources of data and the procedures for deriving SAS2H input parameters are 
described in detail. The SNIKR code module was used to extract the necessary isotopic densities from the 
SAS2H results and to provide the data in the format required by the SCALE criticality analysis modules. 
The CSASN analytical sequence in SCALE-4 was used to perform resonance processing of the cross 
sections. The KENO V.a module of SCALE-4 was used to calculate the effective multiplication factor 
(k(eff)) of each case. The SCALE-4 27-group burnup library containing ENDF/B-IV (actinides) and 
ENDF/B-V (fission products) data was used for all the calculations. This volume of the report documents 
the SCALE system analysis of one reactor critical configuration for North Anna Unit 1 Cycle 5. This unit 
and cycle were chosen for a previous analysis using a different methodology because detailed isotopics 
from multidimensional reactor calculations were available from the Virginia Power Company. These data 
permitted comparison of criticality calculations directly using the utility-calculated isotopics to those using 
the isotopics generated by the SCALE-4 SAS2H sequence. This reactor critical benchmark has been 
reanalyzed using the methodology described above. The benchmark critical calculation was the beginning-
of-cycle (BOC) startup at hot, zero power (HZP). The k(eff) result was 1.0040, with a standard deviation 
of 0.0005. 
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Abstract/Keyterms: Results are presented herein to determine the adequacy with respect to shielding 
regulations of reference designs for a truck cask containing 2 PWR or 5 BWR assemblies of standard burnup 
(45 GWd/MTU for PWR, 40 GWd/MTU for BWR) and 1 PWR assembly with extended burnup (55 
GWd/MTU). The study also includes reference and modified rail cask designs with projected payloads of 
8, 10, or 12 PWR assemblies. The burnup/age trends are analyzed in one dimension for both Pb and depleted 
uranium (DU) gamma-ray shields. The results of the two-dimensional shielding analysis uphold the one-
dimensional results as being an appropriate means of studying the burnup/age trends for the truck cask. 
These results show that the reference design for the Pb-shield truck cask is inadequate for all cases 
considered, while the DU-shield truck cask is capable of carrying the desired payloads. The one-
dimensional shielding analysis results for the reference Pb and DU rail casks indicate substantial margins 
exist in the side doses for reasonable burnup/age combinations. For a Pb-cask configuration, margins exist 
primarily for long-cooled (15 years) fuel. For the modified Pb and DU rail casks, the 2-m dose rates offer 
substantial margins below the regulatory limits for all burnup values considered provided the spent fuel has 
cooled for {>=}10 years. The modified Pb and DU casks yield essentially identical results and, hence, could 
be considered equivalent from a shielding perspective. The criticality analyses that were performed indicate 
that a truck basket can be designed to provide an adequate subcritical margin for 2 PWR assemblies 
enriched to 5 wt%. While the 10- and 12- assembly rail cask designs are very close to the regulatory limit 
of 0.95 for k(eff), after accounting for a 0.01 {Delta}k bias and 2 standard deviations, the limit is exceeded 
by about 3%. It is believed that a combination of decreased enrichments and/or increased water gaps should 
allow these baskets to be acceptable. 
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Report: ORNL/TM-12904 
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Abstract/Keyterms: A program of measurements and calculations to develop a method of measuring the 
fissionable material content of the large waste storage tanks at the Hanford, Washington, site is described 
in this report. These tanks contain radioactive waste from the processing of irradiated fuel elements from 
the plutonium-producing nuclear reactors at the Hanford site. Time correlation and noise analysis 
techniques, similar to those developed for and used in the Nuclear Weapons Identification System at the Y-
12 Plant in Oak Ridge, Tennessee, will be used at the Hanford site. Both ``passive`` techniques to detect 
the neutrons emitted spontaneously from the waste in the tank and ``active`` techniques using AmBe and 
252Cf neutron sources to induce fissions will be used. This work is divided into three major tasks: (1) 
development of high-sensitivity neutron detectors that can selectively count only neutrons in the high 
{gamma} radiation fields in the tanks, (2) Monte Carlo neutron transport calculations using both the KENO 
and MCNP codes to plan and analyze the measurements, and (3) the measurement of time-correlated 
neutrons by time and frequency analysis to distinguish spontaneous fission from sources inside the tanks. 
This report describes the development of the detector and its testing in radiation fields at the Radiation 
Calibration Facility at Oak Ridge National Laboratory and in tank TX-118 at the 200 W area at 
Westinghouse Hanford Company. 
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Title: Study on Recriticality of Fuel Debris During Hypothetical Severe Accidents in the Advanced 
Neutron Source Reactor 

Date: 9/1/1995 
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Conference/Journal:  
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Abstract/Keyterms: A study has been performed to measure the potential of recriticality during 
hypothetical severe accident in Advanced Neutron Source (ANS). For the lumped debris configuration in 
the Reactor Coolant System (RCS), as found in the previous study, recriticality potential may be very low. 
However, if fuel debris dispersed and mixed with heavy water in RCS, recriticality potential has been 
predicted to be substantial depending on thermal-hydraulic conditions surrounding fuel debris mixture. The 
recriticality potential in RCS is substantially reduced for the three element core design with 50% 
enrichment. Also, as observed in the previous study, strong dependencies of k(eff) on key thermal hydraulic 
parameters are shown. Light water contamination is shown to provide a positive reactivity, and void 
formation due to boiling of mixed water provides enough negative reactivity and to bring the system down 
to subcritical. For criticality potential in the subpile room, the lumped debris configuration does not pose a 
concern. Dispersed configuration in light water pool of the subpile room is also unlikely to result in 
criticality. However, if the debris dispersed in the pool that is mixed with heavy water, the results indicate 
that a substantial potential exists for the debris to reach the criticality. However, if prompt recriticality 
disperses the debris completely in the subpile room pool, subsequent recriticality may be prevented since 
neutron leakage effects become large enough 
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Title: The TORT three-dimensional discrete ordinates neutron/photon transport code (TORT version 3) 

Date: 10/1/1997 

Report: ORNL/TM-13221 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: TORT calculates the flux or fluence of neutrons and/or photons throughout three-
dimensional systems due to particles incident upon the system`s external boundaries, due to fixed internal 
sources, or due to sources generated by interaction with the system materials. The transport process is 
represented by the Boltzman transport equation. The method of discrete ordinates is used to treat the 
directional variable, and a multigroup formulation treats the energy dependence. Anisotropic scattering is 
treated using a Legendre expansion. Various methods are used to treat spatial dependence, including nodal 
and characteristic procedures that have been especially adapted to resist numerical distortion. A method of 
body overlay assists in material zone specification, or the specification can be generated by an external code 
supplied by the user. Several special features are designed to concentrate machine resources where they are 
most needed. The directional quadrature and Legendre expansion can vary with energy group. A 
discontinuous mesh capability has been shown to reduce the size of large problems by a factor of roughly 
three in some cases. The emphasis in this code is a robust, adaptable application of time-tested methods, 
together with a few well-tested extensions. 
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Abstract/Keyterms: In this report we investigate the adequacy of the available 233U cross-section data 
for calculation of experimental critical systems. The 233U evaluations provided in two evaluated nuclear 
data libraries, the U. S. Data Bank [ENDF/B (Evaluated Nuclear Data Files)] and the Japanese Data Bank 
[JENDL (Japanese Evaluated Nuclear Data Library)] are examined. Calculations were performed for six 
thermal and ten fast experimental critical systems using the Sn transport XSDRNPM code. To verify the 
performance of the 233U cross-section data for nuclear criticality safety application in which the neutron 
energy spectrum is predominantly in the epithermal energy range, calculations of four numerical benchmark 
systems with energy spectra in the intermediate energy range were done. These calculations serve only as 
an indication of the difference in calculated results that may be expected when the two 233U cross-section 
evaluations are used for problems with neutron spectra in the intermediate energy range. Additionally, 
comparisons of experimental and calculated central fission rate ratios were also made. The study has 
suggested that an ad hoc 233U evaluation based on the JENDL library provides better overall results for 
both fast and thermal experimental critical systems. 
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Title: Fissible Deposit Characterization at the Former Oak Ridge K-25 Gaseous Diffusion Plant by 252Cf-
Source-Driven Measurements 
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Abstract/Keyterms: The Deposit Removal Project was undertaken with the support of the U. S. 
Department of Energy at the East Tennessee Technology Park (ETTP) formerly the Oak Ridge K-25 Site. 
The project team performed the safe removal of the hydrated uranyl fluoride (UO2F2) deposits from the K-
29 Building of the former Oak Ridge Gaseous Diffusion Plant. The deposits had developed as a result of 
air leakage into UF6 gas process pipes; UO2F2 became hydrated by moisture from the air and deposited 
inside the pipes. The mass, its distribution, and the hydrogen content [that is, the ratio of H to U (H/U)], 
were the key parameters that controlled the nuclear criticality safety of the deposits. Earlier gamma-ray 
spectrometry measurements in K-29 had identified the largest deposits in the building. The first and third 
largest deposits in the building were measured in this program. The first deposit, found in the Unit 2, Cell 
7, B-Line Outlet process pipe (called the “Hockey Stick”) was about 1,300 kg ({+-} 50% uncertainty) at 
3.34 wt% 235U enrichment ({+-}50% uncertainty) and according to the gamma-ray spectroscopy was 
uniformly distributed. The second deposit (the third-largest deposit in the building), found in the Unit 2, 
Cell 6, A-Line Outlet process pipe (called the “Tee-Pipe”), had a uranium deposit estimated to be about 
240 kg ({+-} 50% uncertainty) at 3.4 wt% 235U enrichment ({+-} 20% uncertainty). Before deposit 
removal activities began, the Deposit Removal Project team needed to survey the inside of the pipes 
intrusively to assess the nuclear criticality safety of the deposits. Therefore, the spatial distribution of the 
deposits, the total uranium deposit mass, and the moderation level resulting from hydration of the deposits, 
all of which affect nuclear criticality safety were required. To perform the task safely and effectively, the 
Deposit Removal Project team requested that Oak Ridge National Laboratory (ORNL) characterize the two 
largest deposits with the 252Cf-source-driven transmission (CFSDT) technique, an active neutron 
interrogation method developed for use at the Oak Ridge Y-12 Plant to identify nuclear weapons 
components in containers. The active CFSDT measurement technique uses CFSDT time-of-flight 
measurements of prompt neutrons and gamma rays from an externally introduced 252Cf source. 
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Abstract/Keyterms: On the basis of the general stochastic neutron field theory developed by Munoz-Cobo 
et al, results on the covariance and bicovariance of the neutron field have been presented. These two 
statistical quantities are obtained from the counts observed in detectors operating during a period of time 
(gate length), {Delta}{sub qc}. A classical example is the so called Feynman Y-function that is defined as 
the variance to mean ratio of the neutron field. Upon taking the limit of the covariance and bicovariance 
function for {Delta}{sub qc} {r_arrow} O, one obtains the two and three detector cross correlation 
functions respectively. The mathematical structure of the results so obtained have a transparent physical 
interpretation in terms of the space and delay time overlap between the field-of-view of the detectors. For 
the first time, an expression has been obtained for the bispectrum function of the stochastic neutron field 
and for the appropriate weight functions to be used as space-energy-angle correction factors for the one-
point kinetics approximation. 
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Title: Subcritical Noise Analysis Measurements with Fresh and Spent Research Reactor Fuels Elements 
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Abstract/Keyterms: HEU-MET-THERM-001; The verification of the subcriticality is of utmost 
importance for the safe transportation and storage of nuclear reactor fuels. Transportation containers and 
storage facilities are designed such that nuclear fuels remain in a subcritical state. Such designs often 
involve excess conservatism because of the lack of relevant experimental data to verify the accuracy of 
Monte Carlo codes used in nuclear criticality safety analyses. A joint experimental research program 
between Oak Ridge National Laboratory, Westinghouse Safety Management Solutions, Inc., and the 
University of Missouri was initiated to obtain measured quantities that could be directly related to the 
subcriticality of simple arrays of Missouri University Research Reactor (MURR) fuel elements. A series of 
measurement were performed to assess the reactivity of materials such as BORAL, stainless steel, 
aluminum, and lead that are typically used in the construction of shipping casks. These materials were 
positioned between the fuel elements. In addition, a limited number of measurements were performed with 
configurations of fresh and spent (irradiated) fuel elements to ascertain the reactivity of the spent fuel 
elements. In these experiments, fresh fuel elements were replaced by spent fuel elements such that the 
subcritical reactivity change could be measured. The results of these measurements were used by 
Westinghouse Safety Management Solutions to determine the subcriticality of MURR fuel elements 
isolated by absorbing materials. The measurements were interpreted using the MCNP-DSP Monte Carlo 
code to obtain the subcritical neutron multiplication factor k(sub eff), and the bias in K(sub eff) that are 
used in criticality safety analyses. 
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Title: Calculational Benchmark Problems for VVER-1000 Mixed Oxide Fuel Cycle 
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Abstract/Keyterms: Standard problems were created to test the ability of American and Russian 
computational methods and data regarding the analysis of the storage and handling of Russian pressurized 
water reactor (VVER) mixed oxide fuel. Criticality safety and radiation shielding problems were analyzed. 
Analysis of American and Russian multiplication factors for fresh fuel storage for low-enriched uranium 
(UOX), weapons- (MOX-W) and reactor-grade (MOX-R) MOX differ by less than 2% for all variations of 
water density. For shielding calculations for fresh fuel, the ORNL results for the neutron source differ from 
the Russian results by less than 1% for UOX and MOX-R and by approximately 3% for MOX-W. For 
shielding calculations for fresh fuel assemblies, neutron dose rates at the surface of the assemblies differ 
from the Russian results by 5% to 9%; the level of agreement for gamma dose varies depending on the type 
of fuel, with UOX differing by the largest amount. The use of different gamma group structures and 
instantaneous versus asymptotic decay assumptions also complicate the comparison. For the calculation of 
dose rates from spent fuel in a shipping cask, the neutron source for UOX after 3-year cooling is within 1% 
and for MOX-W within 5% of one of the Russian results while the MOX-R difference is the largest at over 
10%. These studies are a portion of the documentation required by the Russian nuclear regulatory authority, 
GAN, in order to certify Russian programs and data as being acceptably accurate for the analysis of mixed 
oxide fuels. 
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Abstract/Keyterms: Criticality safety analyses often require detailed modeling of complex geometries. 
Effective visualization tools can enhance checking the accuracy of these models. This report describes the 
KENO3D visualization tool developed at the Oak Ridge National Laboratory (ORNL) to provide 
visualization of KENO V.a and KENO-VI criticality safety models. The development of KENO3D is part 
of the current efforts to enhance the SCALE (Standardized Computer Analyses for Licensing Evaluations) 
computer software system. 
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Abstract/Keyterms: Measurements have been performed on a family of water spheres at the National 
Institute of Standards and Technology (NIST) facilities. These measurements are important for criticality 
safety studies in that, frequently, difficulties have arisen in predicting the reactivity of individually 
subcritical components assembled in a critical array. It has been postulated that errors in the neutron leakage 
from individual elements in the array could be responsible for these problems. In these NIST measurements, 
an accurate determination of the leakage from a fission spectrum, modified by water scattering, is available. 
Previously, results for 3-, 4-, and 5-in. diam. water-filled spheres, both with and without cadmium covers 
over the fission chambers, were presented for four fissionable materials: 235U, 238U, 237Np, and 239Pu. 
Results were also given for “dry” systems, in which the water spheres were drained of water, with the 
results corresponding to essentially measurements of unmoderated 252Cf spontaneous-fission neutrons. 
The calculated-to-experimental (C/E) values ranged from 0.94 to 1.01 for the dry systems and 0.93 to 1.05 
for the wet systems, with experimental uncertainties ranging from 1.5 to 1.9%. These results indicated 
discrepancies that were clearly outside of the experimental uncertainties, and further investigation was 
suggested. This work updates the previous calculations with a comparison of the predicted C/E values with 
ENDF/B-V and ENDF/B-VI transport cross sections. Variations in the predicted C/E values that arise from 
the use of ENDF/B-V, ENDF/B-VI, ENDL92, and LLLDOS for the response fission cross sections are also 
tabulated. The use of both a 45-group NIST fission spectrum and a continuous-energy fission spectrum for 
252Cf are evaluated. The use of the generalized-linear-least-squares (GLLSM) procedures to investigate 
the reported discrepancies in the water sphere results for 235U, 238U, 239Pu, and 237Np is reported herein. 
These studies should be a valuable exercise to demonstrate the utility of the GLLS methodology and to 
attempt to understand the discrepancies seen. 
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Title: R-Matrix Evaluation of 16O Neutron Cross Sections up to 6.3 MeV 

Date: 8/1/2000 

Report: ORNL/TM-2000/212 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In this paper we describe an evaluation of 16O neutron cross sections in the resolved 
resonance region with the multilevel Reich-Moore R-matrix formalism. Resonance analyses were 
performed with the computer code SAMMY [LA98] which utilizes Bayes method, a generalized least 
squares technique. Over the years the nuclear community has developed a collection of evaluated nuclear 
data for applications in thermal, fast reactor, and fusion systems. However, typical neutron spectra in 
criticality safety applications are different from the spectra relevant to thermal, fast reactor, and fusion 
systems. In fact, the neutron spectra important for these non-reactor systems appear to peak in the 
epithermal energy range. Nuclear data play a major role in the calculation of the criticality safety margins 
for these systems. A thorough examination of how the present collection of nuclear data evaluations 
behaves in criticality safety calculations is needed. Many older evaluations will probably need to be revised, 
and new evaluations will be needed. Oxygen is an important element in criticality safety applications where 
oxides are present in significant abundance. The existing ENDF/B-VI.5 evaluation is expressed in terms of 
point-wise cross sections derived from the analysis of G. Hale [HA91]. Unfortunately such an evaluation 
is not directly useful for resonance analysis of data from samples in which oxygen is combined with other 
elements; for that purpose, Reich-Moore resonance parameters are needed. This paper addresses the task 
of providing those parameters. In the following sections we discuss the data, resonance analysis procedure, 
and results. 
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Author: Wagner, J. C. / Parks, C. V. 

Title: A Critical Review of Practice of Equating the Reactivity of Spent Fuel to Fresh Fuel in Burnup Credit 
Criticality Safety Analyses for PWR Spent Fuel Pool Storage 

Date: 9/1/2000 

Report: ORNL/TM-2000/230; NUREG/CR-6683 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This research examines the practice of equating the reactivity of spent fuel to that of 
fresh fuel for the purpose of performing burnup credit criticality safety analyses for PWR spent fuel pool 
(SFP) storage conditions. The investigation consists of comparing k(inf) estimates based on reactivity 
equivalent fresh fuel enrichment (REFFE) to k(inf) estimates using the actual spent fuel isotopics. Analyses 
of selected storage configurations common in PWR SFPs show that this practice yields nonconservative 
results (on the order of a few tenths of a percent) in configurations in which the spent fuel is adjacent to 
higher-reactivity assemblies (e.g., fresh or lower-burned assemblies) and yields conservative results in 
configurations in which spent fuel is adjacent to lower-reactivity assemblies (e.g., higher-burned fuel or 
empty cells). When the REFFE is determined based on unborated water moderation, analyses for storage 
conditions with soluble boron present reveal significant nonconservative results associated with the use of 
the REFFE. This observation is considered to be important, especially considering the recent allowance of 
credit for soluble boron up to 5% in reactivity. Finally, it is shown that the practice of equating the reactivity 
of spent fuel to fresh fuel is acceptable, provided the conditions for which the REFFE was determined 
remain unchanged. Determination of the REFFE for a reference configuration and subsequent use of the 
REFFE for different configurations violates the basis used for the determination of the REFFE and, thus, 
may lead to inaccurate, and possibly, nonconservative estimates of reactivity. A significant concentration 
({approximately}2000 ppm) of soluble boron is typically (but not necessarily required to be) present in 
PWR SFPs, of which only a portion ({le} 500 ppm) may be credited in safety analyses. Thus, a large 
subcritical margin currently exists that more than accounts for errors or uncertainties associated with the 
use of the REFFE. Consequently, the findings presented here do not represent a significant safety concern 
unless/until the subcritical margin associated with the soluble boron (that is not currently explicitly credited) 
is offset by the uncertainties associated with burnup credit and/or the expanded allowance of credit for the 
soluble boron. 
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Author: Goluoglu, S. 

Title: Criticality Calculations of Fresh LEU and MOX Assemblies for Transport and Storage at the 
Balakovo Nuclear Power Plant 

Date: 1/11/2001 

Report: ORNL/TM-2000/286 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Transportation of low-enriched uranium (LEU) and mixed-oxide (MOX) assemblies 
to and within the VVER-1000-type Balakovo Nuclear Power Plant is investigated. Effective multiplication 
factors for fresh fuel assemblies on the railroad platform, fresh fuel assemblies in the fuel transportation 
vehicle, and fresh fuel assemblies in the spent fuel storage pool are calculated. If there is no absorber 
between the units, the configurations with all MOX assemblies result in higher effective multiplication 
factors than the configurations with all LEU assemblies when the system is dry. When the system is flooded, 
the configurations with all LEU assemblies result in higher effective multiplication factors. For normal 
operating conditions, effective multiplication factors for all configurations are below the presumed upper 
subcritical limit of 0.95. For an accident condition of a fully loaded fuel transportation vehicle that is 
flooded with low-density water (possibly from a fire suppression system), the presumed upper subcritical 
limit is exceeded by configurations containing LEU assemblies. 
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Author: Fox, P. B. / Petrie, L. M. 

Title: Validation and Comparison of KENO V.a and KENO-VI 

Date: 5/6/2002 

Report: ORNL/TM-2001/110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the validation and comparison of KENO V.a and KENO-VI 
using the SCALE 27-group ENDF/B-IV and 238-group ENDF/B-V cross-section libraries against critical 
experiments. Experiments considered were primarily high- or low-enriched uranium systems. The results 
indicate that KENO V.a and KENO-VI Monte Carlo Criticality Programs accurately calculate a broad range 
of critical experiments. A number of the calculations showed a positive or negative bias in excess of 1 1/2% 
in k-effective k(eff). Classes of criticals that show a bias include 3% enriched green blocks, highly-enriched 
uranyl fluoride slab arrays, and highly-enriched uranyl nitrate arrays. If these biases are properly taken into 
account, KENO V.a and KENO-VI can be used with confidence for the design and criticality safety analysis 
of uranium-containing systems. KENO V.a and KENO-VI calculate the same k(eff) for a system within 
statistics and thus may be used interchangeably as long as the geometry of the problem can be modeled. 
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Author: Mihalczo, J. T. 

Title: Oak Ridge Multiple Attribute System (ORMAS) for Pu, HEU, HE, Chemical Agents, and Drugs 

Date: 9/21/2001 

Report: ORNL/TM-2001/175 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Military Technology, Weaponry, and 
National Defense; General and Miscellaneous / Mathematics, Computing, and Information Science; 
Chemical Explosives; Data Acquisition; Data Analysis; Fissile Materials; Fission Neutrons; Highly 
Enriched Uranium; Identification Systems; National Security; Neutron Sources; Scintillation Counters; 
Spectroscopy 
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Title: Investigations and Recommendations on the Use of Existing Experiments in Criticality Safety 
Analysis of Nuclear Fuel Cycle Facilities for Weapons-Grade Plutonium 

Date: 5/29/2002 

Report: ORNL/TM-2001/262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sensitivity and Uncertainty (S/U) methods, recently developed at Oak Ridge National 
Laboratory (ORNL) have been demonstrated to determine the applicability of critical benchmark 
experiments to the criticality code validation of design systems. These methods, although still under 
development, have been recently published in several sources. Development of the techniques used in this 
report was conducted through joint support from the United States Department of Energy (U.S. DOE) and 
the Nuclear Regulatory Commission (NRC) to provide a physics-based approach for the establishment of 
the area of applicability of critical experiments per the requirements of ANSI/ANS-8.1. Use of these 
methods may allow users to interpolate and extrapolate the traditional area of applicability (AOA) of a 
given set of critical experiments to include new application areas that may not have been anticipated during 
the experiment design. The new S/U analytical tools include the SEN1 and SEN3 sensitivity analysis 
sequences, which will be available with the next release of the Standardized Computer Analyses for 
Licensing Evaluation (SCALE) code system. These analysis sequences compute the relative change in the 
system neutron multiplication factor, k(eff), which would be observed for perturbations in the group-wise 
neutron cross-section data for each reaction of each nuclide in the system. The CANDE code uses sensitivity 
data determined separately for the design system applications and the individual experiments, along with 
the cross-section-covariance data, to calculate integral parameters which give a measure of the similarity 
between a particular design system and an experimental benchmark. A high-valued integral parameter for 
an experiment application pair indicates that the experiment demonstrates similar properties to the 
application. Thus, the experiment is applicable for the criticality code validation of the design system. A 
theoretical basis for the S/U techniques applied in this report is given in Sect. 2. This report pertains to two 
of the five AOAs identified by the licensee [Duke, COGEMA, Stone and Webster (DCS)] for the validation 
of criticality codes in the design of the Mixed-Oxide Fuel Fabrication Facility (MFFF). The five AOAs are 
as follows: (1) Pu-nitrate aqueous solutions (homogeneous systems), (2) Mixed-oxide (MOX) pellets, fuel 
rods and fuel assemblies (heterogeneous systems), (3) PuO2 powders, (4) MOX powders, and (5) Aqueous 
solutions of Pu compounds (Pu-oxalate solutions). This report addresses a S/U analysis pertaining to AOA 
3, PuO2 powders, and AOA 4, MOX powders. AOA 3 and AOA 4 are the subject of this report since the 
other AOAs (solutions and heterogeneous systems) appear to be well represented in the documented 
benchmark experiments used in the criticality safety community. Prior to this work, DCS used traditional 
criticality validation techniques to identify numerous experimental benchmarks that are applicable to AOAs 
3 and 4. Traditional techniques for selection of applicable benchmark experiments essentially consist of 
evaluating the area of applicability for important design parameters (e.g., Pu content or average neutron 
energy) and ensuring experiments have similar characteristics that bound or nearly bound the range of 
conditions requiring design analysis. DCS provided ORNL with compositions and dimensions for critical 
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systems used to establish preliminary mass limits for facility powder and fuel pellet handling areas 
corresponding to AOAs 3 and 4. ORNL has reviewed existing critical experiments to identify those, which, 
in addition to those provided by DCS, may be applicable to the criticality code validation for AOAs 3 and 
4. A S/U analysis was then performed to calculate the integral parameters used to determine the similarity 
of each critical experiment to each design system provided by DCS. This report contains a review of the 
S/U theory, a description of the design systems, a brief description of the critical experiments evaluated for 
applicability, and the results of the S/U analysis determining the applicability of each experiment to each 
application. 
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Author: Wagner, J. C. 

Title: Recommendations for Addressing Axial Burnup in the PWR Burnup Credit Analyses 

Date: 10/23/2002 

Report: ORNL/TM-2001/273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents studies performed to support the development of a technically 
justifiable approach for addressing the axial-burnup distribution in pressurized-water reactor (PWR) 
burnup-credit criticality safety analyses. The effect of the axial-burnup distribution on reactivity and 
proposed approaches for addressing the axial-burnup distribution are briefly reviewed. A publicly available 
database of profiles is examined in detail to identify profiles that maximize the neutron multiplication 
factor, k(eff), assess its adequacy for PWR burnup credit analyses, and investigate the existence of trends 
with fuel type and/or reactor operations. A statistical evaluation of the k(eff) values associated with the 
profiles in the axial-burnup-profile database was performed, and the most reactive (bounding) profiles were 
identified as statistical outliers. The impact of these bounding profiles on k(eff) is quantified for a high-
density burnup credit cask. Analyses are also presented to quantify the potential reactivity consequence of 
loading assemblies with axial-burnup profiles that are not bounded by the database. The report concludes 
with a discussion on the issues for consideration and recommendations for addressing axial burnup in 
criticality safety analyses using burnup credit for dry cask storage and transportation. 
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Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
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Conference Session:  

Abstract/Keyterms: This report describes a novel approach developed at the Oak Ridge National 
Laboratory (ORNL) for the estimation of the uncertainty in the prediction of the neutron multiplication 
factor for spent nuclear fuel. This technique focuses on burnup credit, where credit is taken in criticality 
safety analysis for the reduced reactivity of fuel irradiated in and discharged from a reactor. Validation 
methods for burnup credit have attempted to separate the uncertainty associated with isotopic prediction 
methods from that of criticality eigenvalue calculations. Biases and uncertainties obtained in each step are 
combined additively. This approach, while conservative, can be excessive because of a physical 
assumptions employed. This report describes a statistical approach based on Monte Carlo sampling to 
directly estimate the total uncertainty in eigenvalue calculations resulting from uncertainties in isotopic 
predictions. The results can also be used to demonstrate the relative conservatism and statistical confidence 
associated with the method of additively combining uncertainties. This report does not make definitive 
conclusions on the magnitude of biases and uncertainties associated with isotopic predictions in a burnup 
credit analysis. These terms will vary depending on system design and the set of isotopic measurements 
used as a basis for estimating isotopic variances. Instead, the report describes a method that can be applied 
with a given design and set of isotopic data for estimating design-specific biases and uncertainties. 
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Title: KENO V.a Primer: A Primer for Criticality Calculations with SCALE/KENO V.a Using CSPAN for 
Input 

Date: 12/1/2005 

Report: ORNL/TM-2002/155 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The SCALE (Standardized Computer Analyses for Licensing Evaluation) computer 
software system developed at Oak Ridge National Laboratory (ORNL) is widely used and accepted around 
the world for criticality safety analyses. The well-known KENO V.a three-dimensional Monte Carlo 
criticality computer code is the primary criticality safety analysis tool in SCALE. The KENO V.a primer is 
designed to help a new user understand and use the SCALE/KENO V.a Monte Carlo code for nuclear 
criticality safety analyses. It assumes that the user has a college education in a technical field. There is no 
assumption of familiarity with Monte Carlo codes in general or with SCALE/KENO V.a in particular. The 
primer is designed to teach by example, with each example illustrating two or three features of 
SCALE/KENO V.a that are useful in criticality analyses. The primer is based on SCALE 4.4a, which 
includes the Criticality Safety Processor for Analysis (CSPAN) input processor for Windows personal 
computers (PCs). A second edition of the primer, which uses the new KENO Visual Editor, is currently 
under development at ORNL and is planned for publication in late 2003. Each example in this first edition 
of the primer uses CSPAN to provide the framework for data input. Starting with a Quickstart section, the 
primer gives an overview of the basic requirements for SCALE/KENO V.a input and allows the user to 
quickly run a simple criticality problem with SCALE/KENO V.a. The sections that follow Quickstart 
include a list of basic objectives at the beginning that identifies the goal of the section and the individual 
SCALE/KENO V.a. Features which are covered in detail in the example problems in that section. Upon 
completion of the primer, a new user should be comfortable using CSPAN to set up criticality problems in 
SCALE/KENO V.a. 
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Author: Hu, M. Z. 

Title: Uranium and Aluminosilicate Surface Precipitation Tests 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 2H evaporator at the Savannah River Site has been used to treat an aluminum-
rich waste stream from canyon operations and a silicon-rich waste stream from the Defense Waste 
Processing Facility. The formation of aluminosilicate scale in the evaporator has caused significant 
operational problems. Because uranium has been found to accumulate in the aluminosilicate solids, the 
scale deposition has introduced criticality concerns as well. The objective of the tests described in this report 
is to determine possible causes of the uranium incorporation in the evaporator scale materials. The scope 
of this task is to perform laboratory experiments with simulant solutions to determine if (1) uranium can be 
deposited on the surfaces of various sodium aluminosilicate (NAS) forms and (2) aluminosilicates can form 
on the surfaces of uranium-containing solids. Batch experiments with simulant solutions of three types were 
conducted: (1) contact of uranium solutions/sols with NAS coatings on stainless steel surfaces, (2) contact 
of uranium solutions with NAS particles, and (3) contact of precipitated uranium-containing particles with 
solutions containing aluminum and silicon. The results show that uranium can be incorporated in NAS 
solids through encapsulation in bulk agglomerated NAS particles of different phases (amorphous, zeolite 
A, sodalite, and cancrinite) as well as through heterogeneous deposition on the surfaces of NAS coatings 
(amorphous and cancrinite) grown on stainless steel. The results also indicate that NAS particles can grow 
on the surfaces of precipitated uranium solids. Particularly notable for evaporator operations is the finding 
that uranium solids can form on existing NAS scale, including cancrinite solids. If NAS scale is present, 
and uranium is in sufficient concentration in solution to precipitate, a portion of the uranium can be expected 
to become associated with the scale. The data obtained to date on uranium-NAS affinity are qualitative. A 
necessary next step is to quantitatively determine the amounts of uranium that may be incorporated into 
NAS scale solids under differing conditions e.g., varying silicon/aluminum ratio, uranium concentration, 
temperature, and deposition time. 
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Title: Methods for Verification of the Hydrogen and Boron Content of the RCSB for Storage of HEU at 
the HEUMF 

Date: 11/21/2002 

Report: ORNL/TM-2002/253 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: BoroBond{trademark}, which is a ceramic material containing natural boron carbide 
(B{sub 4}C, a neutron absorber) and water (a neutron attenuator), is the filler material of the Rackable Can 
Storage Boxes (RCSBs) that will store highly enriched uranium in cans at the Highly Enriched Uranium 
Materials Facility (HEUMF). Both attenuation and absorption are essential for criticality safety of the fissile 
material stored in RCSBs. This BoroBond{trademark} material has not yet been used for storage of highly 
enriched uranium (HEU). To characterize the neutron attenuation and neutron absorption properties of this 
material, ORNL has performed an extensive series of measurements (over 900) which included: fast neutron 
and gamma time-of-flight transmission utilizing the Nuclear Materials Identification System (NMIS), 
thermal and epithermal neutron counting with 3He proportional counters, and activation analysis with 
gamma ray spectrometry using a high purity germanium (HPGe) detector. These measurements were 
performed for a series of 12 x 12-inch square blocks of thickness varying from 2 to 12 inches, with natural 
B{sub 4}C contents of approximately 0, 2.3, 4.6, and 9 wt%, and varying water contents achieved by baking 
the blocks to remove approximately 5/6 of the water. These measurements were also performed with a 
special mockup of the RCSB of BoroBond material with {approx} 4.6% natural B{sub 4}C. All three 
methods used Cf-252 sources. This report does not describe these measurements in any detail, but presents 
a method of verifying and quantifying the B{sub 4}C and hydrogen content of the RCSBs at the factory, 
upon receipt at Y-12, and at any time later while in use at the HEUMF. The data from these measurements 
can be used to assess the uniformity of the BoroBond in the RCSB and be stored for future comparisons. 
The details of these measurements are given in ORNL/TM-2002/254. 
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Date: 12/1/2003 
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Abstract/Keyterms: A review of the degree of applicability of benchmarks containing gadolinium using 
the computer code KENO V.a and the gadolinium cross sections from the 238-group SCALE cross-section 
library has been performed for a system that contains 239Pu, H2O, and Gd2O3. The system (practical 
problem) is a water-reflected spherical mixture that represents a dry-out condition on the bottom of a sludge 
receipt and adjustment tank around steam coils. Due to variability of the mixture volume and the H/ 239Pu 
ratio, approximations to the practical problem, referred to as applications, have been made to envelop 
possible ranges of mixture volumes and H/ 239Pu ratios. A newly developed methodology has been applied 
to determine the degree of applicability of benchmarks as well as the penalty that should be added to the 
safety margin due to insufficient benchmarks. 
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Abstract/Keyterms: Physics of Elementary Particles and Fields; Nuclear Physics and Radiation Physics; 
a Codes; Computer Codes; Cross Sections; Documentation; Neutrons; R Matrix 
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Conference/Journal:  
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Abstract/Keyterms: Nuclear criticality safety considerations are presented to address use of the DOT 9975 
shipping container for 237NpO2. The DOT 9975 container will be used by multiple DOE sites and 
contractors. Various of site- and activity-specific NCS and facility safety documents are yet to be 
developed. For these reasons, an overall assessment of criticality safety of 237NpO2-loaded DOT 9975 
containers is considered useful to personnel involved in generating, reviewing, or approving these various 
documents. It is concluded that inherent container features, the loading per container (maximum of 6 kg 
237Np), and the nuclear physics properties of 237NpO2 combine to preclude the potential for a nuclear 
criticality accident. This conclusion applies to storage, handling, and transport operations involving closed 
DOT 9975 packages, including credible off-normal conditions that may result in damage to packages during 
those operations. 
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Abstract/Keyterms: The purpose of this report is to provide an evaluation of the criticality safety aspects 
of using up to 8-in.-inner-diameter (ID) piping as part of a system to monitor the 235U enrichment in 
uranium hexafluoride (UF6) gas both before and after an enrichment down-blending operation. The 
evaluated operation does not include the blending stage but includes only the monitors and the piping 
directly associated with the monitors, which are in a separate room from the blending operation. There are 
active controls in place to limit the enrichment of the blended UF6 to a maximum of 5 weight percent (wt%) 
235U. Under normal operating conditions of temperature and pressure, the UF6 will stay in the gas phase 
and criticality will not be credible. The two accidents of concern are solidification of the UF6 along with 
some hydrofluoric acid (HF) and water or moisture ingress, which would cause the UF6 gas to react and 
form a hydrated uranyl fluoride (UO2F2) solid or solution. of these two types of accidents, the addition of 
water and formation of UO2F2 is the most reactive scenario and thus limits related to UO2F2will bound 
the limits related to UF6. Two types of systems are included in the monitoring process. The first measures 
the enrichment of the approximately 90 wt% enriched UF6 before it is blended. This system uses a 
maximum 4-in.-(10.16-cm-) ID pipe, which is smaller than the 13.7-cm-cylinder-diameter subcritical limit 
for UO2F2solution of any enrichment as given in Table 1 of American National Standard ANSI/ANS-8.1.1 
Therefore, this system poses no criticality concerns for either accident scenario. The second type of system 
includes two enrichment monitors for lower-enriched UF6. One monitors the approximately 1.5 wt% 
enriched UF6 entering the blending process, and the second monitors the approximately 5 wt% enriched 
UF6 coming out of the blending process. Both use a maximum 8-in.-(20.32-cm-) ID piping, where the 
length of the larger ID piping is approximately 9.5 m. This diameter of piping is below the 26.6-cm-
cylinder-diameter subcritical limit for 5 wt% enriched UO2F2solutions as given in Table 6 of ANSI/ANS-
8.1. Therefore, for up to 5 wt% enriched UF6, this piping does not present a criticality concern for either 
accident scenario. Calculations were performed to determine the enrichment level at which criticality could 
become a concern in these 8-in.-ID piping sections. Both unreflected and fully water-reflected conditions 
were considered. 
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Abstract/Keyterms: Average values of the neutron total cross sections of 233U, 235U, 238U, and 239Pu 
have been obtained in the unresolved resonance energy range from high-resolution transmission 
measurements performed at ORELA in the past two decades. The cross sections were generated by 
correcting the effective total cross sections for the self-shielding effects due to the resonance structure of 
the data. The self-shielding factors were found by calculating the effective and true cross sections with the 
computer code SAMMY for the same Doppler and resolution conditions as for the transmission 
measurements, using an appropriate set of resonance parameters. Our results are compared to results of 
previous measurements and to the current ENDF/B-VI data. 
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Abstract/Keyterms: Point-wise libraries provided with the MCNP code contain neutron data for a limited 
number of temperatures. However, it is important to have the option of using data from a wide range of 
temperatures for transport calculations. For this purpose, a multi-temperature, ACE-format neutron library 
was generated for 134 nuclides, as requested by Yucca Mountain Project (YMP) staff. The library is referred 
to as YUMMY (YUcca Mountain MCNP-librarY). The neutron cross section data are based on ENDF/B-
V or ENDF/B-VI evaluations that were requested by YMP staff. This document provides the details of the 
new library and its use in criticality safety benchmark problems, a Pressurized Water Reactor design and 
waste package models in MCNP4C. 
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Abstract/Keyterms: This report briefly describes the neutrons and gamma rays emitted in fission, briefly 
discusses measurement methods, briefly discusses sources and detectors relevant to detection of shielded 
HEU in sealand containers, and lists the measurement possibilities for the various sources. The brief 
descriptions are supplemented by reference. 
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Title: Radiation Detection for Active Interrogation of HEU 

Date: 12/9/2004 

Report: ORNL/TM-2004/302 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation Related to Nuclear Science and Technology; Containers; Detection; 
Fission; Neutrons; Radiation Detection; Radiations; Resonance Fluorescence 
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Report: ORNL/TM-2004/48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Boron has commonly been used in nuclear fuel casks to ensure a sufficient margin of 
subcriticality. The amount of boron used in most casks far exceeds the amount of boron present in any of 
the available benchmark experiments. Such heavy loadings of boron in the casks may result in considerable 
spectral differences as compared to the benchmarks, resulting in boron sensitivities that are very different 
from those of the benchmarks. Before the calculations to determine the nuclear safety margin for various 
fuel loadings are deemed acceptable, as part of the safety basis, the computer code and cross sections must 
be validated against experimental benchmarks that cover the area of applicability of the proposed cask 
design. Therefore, this study was performed to determine if these available benchmarks can be used to 
validate a criticality code and neutron cross sections for the fuel casks. The sensitivity/uncertainty 
methodology has been applied to several application cask systems with different boron areal densities. 
Although, the sensitivities of the nuclear fuel cask applications are not completely covered by the set of 
benchmarks that were used in this study with regard to the 10B capture cross section, the effect of this lack 
of coverage on the keff is minimal. Thus, the experimental biases are determined to be appropriate for the 
cask systems, and no additional bias (penalty) due to high boron loading need be imposed. 
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Conference/Journal:  
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Abstract/Keyterms: Past efforts by the Department of Energy (DOE), the Electric Power Research 
Institute (EPRI), the Nuclear Regulatory Commission (NRC), and others have provided sufficient technical 
information to enable the NRC to issue regulatory guidance for implementation of pressurized-water reactor 
(PWR) burnup credit; however, consideration of only the reactivity change due to the major actinides is 
recommended in the guidance. Moreover, DOE, NRC, and EPRI have noted the need for additional 
scientific and technical data to justify expanding PWR burnup credit to include fission product (FP) nuclides 
and enable burnup credit implementation for boiling-water reactor (BWR) spent nuclear fuel (SNF). The 
criticality safety assessment needed for burnup credit applications will utilize computational analyses of 
packages containing SNF with FP nuclides. Over the years, significant efforts have been devoted to the 
nuclear data evaluation of major isotopes pertinent to reactor applications (i.e., uranium, plutonium, etc.); 
however, efforts to evaluate FP cross-section data in the resonance region have been less thorough relative 
to actinide data. In particular, resonance region cross-section measurements with corresponding R-matrix 
resonance analyses have not been performed for FP nuclides. Therefore, the objective of this work is to 
assess the status and performance of existing FP cross-section and cross-section uncertainty data in the 
resonance region for use in burnup credit analyses. Recommendations for new cross-section measurements 
and/or evaluations are made based on the data assessment. The assessment focuses on seven primary FP 
isotopes (103Rh, 133Cs, 143Nd, 149Sm, 151Sm, 152Sm, and 155Gd) that impact reactivity analyses of 
transportation packages and two FP isotopes (153Eu and 155Eu) that impact prediction of 155Gd 
concentrations. Much of the assessment work was completed in 2005, and the assessment focused on the 
latest FP cross-section evaluations available in the international nuclear data community as of March 2005. 
The accuracy of the cross-section data was investigated by comparing existing cross-section evaluations 
against available measured cross-section data. When possible, benchmark calculations were also used to 
assess the performance of the latest FP cross-section data. Since March 2005, the U.S. and European data 
projects have released newer versions of their respective data files. Although there have been updates to 
the international data files and to some degree FP data, much of the updates have included nuclear cross-
section modeling improvements at energies above the resonance region. The one exception is improved 
ENDF/B-VII cross-section uncertainty data or covariance data for gadolinium isotopes. In particular, 
ENDF/B-VII includes improved 155Gd resonance parameter covariance data, but they are based on 
previously measured resonance data. Although the new covariance data are available for 155Gd, the 
conclusions of the FP cross-section data assessment of this report still hold in lieu of the newer international 
cross-section data files. Based on the FP data assessment, there is judged to be a need for new total and 
capture cross-section measurements and corresponding cross-section evaluations, in a prioritized manner, 
for the nine FPs to provide the improved information and technical rigor needed for criticality safety 
analyses. 



 

C-14861 

14821…..…..…………………..…….……..……ID Number…………………..…..…………….14821 

Author: Dunn, M. E. 

Title: Proceedings of the Oak Ridge Electron Linear Accelerator (ORELA) Workshop 
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Conference/Journal: Oak Ridge National Laboratory (ORNL)  workshop at ORNL July 14-15, 2005 

Conference Session:  

Abstract/Keyterms: The Oak Ridge National Laboratory (ORNL) organized a workshop at ORNL July 
14-15, 2005, to highlight the unique measurement capabilities of the Oak Ridge Electron Linear Accelerator 
(ORELA) facility and to emphasize the important role of ORELA for performing differential cross-section 
measurements in the low-energy resonance region that is important for nuclear applications such as nuclear 
criticality safety, nuclear reactor and fuel cycle analysis, stockpile stewardship, weapons research, medical 
diagnosis, and nuclear astrophysics. The ORELA workshop (hereafter referred to as the Workshop) 
provided the opportunity to exchange ideas and information pertaining to nuclear cross-section 
measurements and their importance for nuclear applications from a variety of perspectives throughout the 
U.S. Department of Energy (DOE). Approximately 50 people, representing DOE, universities, and seven 
U.S. national laboratories, attended the Workshop. The objective of the Workshop was to emphasize the 
technical community endorsement for ORELA in meeting nuclear data challenges in the years to come. 
The Workshop further emphasized the need for a better understanding of the gaps in basic differential 
nuclear measurements and identified the efforts needed to return ORELA to a reliable functional 
measurement facility. To accomplish the Workshop objective, nuclear data experts from national 
laboratories and universities were invited to provide talks emphasizing the unique and vital role of the 
ORELA facility for addressing nuclear data needs. ORELA is operated on a full cost-recovery basis with 
no single sponsor providing complete base funding for the facility. Consequently, different programmatic 
sponsors benefit by receiving accurate cross-section data measurements at a reduced cost to their respective 
programs; however, leveraging support for a complex facility such as ORELA has a distinct disadvantage 
in that the programmatic funds are only used to support program-specific measurements. As a result, 
ORELA has not received base funding to support major upgrades and significant maintenance operations 
that are essential to keep the facility in a state of readiness over the long term. As a result, ORELA has 
operated on a “sub-bare-minimum” budget for the past 10 to 15 years, and the facility has not been 
maintained at a level for continued reliable operation for the long term. During the Workshop, Jerry 
McKamy (NNSA/NA-117) used a hospital patient metaphor that accurately depicts the facility status. 
ORELA is currently in the intensive care unit (ICU) on life support, and refurbishment efforts are needed 
to get the “patient” off life support and out to an ordinary hospital room. McKamy further noted that the 
DOE NCSP is planning to fund immediate refurbishment tasks ($1.5 M over three years) to help reestablish 
reliable ORELA operation (i.e., move ORELA from ICU to an ordinary hospital room). Furthermore, the 
NCSP will work to identify and carry out the actions needed to discharge ORELA from the “hospital” over 
the next five to seven years. In accordance with the Workshop objectives, the technical community publicly 
endorsed the need for a reliable ORELA facility that can meet current and future nuclear data needs. These 
Workshop proceedings provide the formal documentation of the technical community endorsement for 
ORELA. Furthermore, the proceedings highlight the past and current contributions that ORELA has made 
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to the nuclear industry. The Workshop further emphasized the operational and funding problems that 
currently plague the facility, thereby limiting ORELA's operational reliability. Despite the recent 
operational problems, ORELA is a uniquely capable measurement facility that must be part of the overall 
U.S. nuclear data measurement portfolio in order to support current and emerging nuclear applications. The 
Workshop proceedings further emphasize that ORNL, the technical community, and programmatic 
sponsors are eager to see ORELA reestablish reliable measurement operation and be readily available to 
address nuclear data challenges in the United States. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: U.S. Nuclear Regulatory Commission Interim Staff Guidance 8 (ISG-8) for burnup 
credit covers actinides only, a position based primarily on the lack of definitive critical experiments and 
adequate radiochemical assay data that can be used to quantify the uncertainty associated with fission 
product credit. The accuracy of fission product neutron cross sections is paramount to the accuracy of 
criticality analyses that credit fission products in two respects: (1) the microscopic cross sections determine 
the reactivity worth of the fission products in spent fuel and (2) the cross sections determine the reaction 
rates during irradiation and thus influence the accuracy of predicted final concentrations of the fission 
products in the spent fuel. This report evaluates and quantifies the importance of the fission product cross 
sections in predicting concentrations of fission products proposed for use in burnup credit. The study 
includes an assessment of the major fission products in burnup credit and their production precursors. 
Finally, the cross-section importances, or sensitivities, are combined with the importance of each major 
fission product to the system eigenvalue k(eff) to determine the net importance of cross sections to k(eff). 
The importances established the following fission products, listed in descending order of priority, that are 
most likely to benefit burnup credit when their cross-section uncertainties are reduced: {sup 151}Sm, {sup 
103}Rh, {sup 155}Eu, {sup 150}Sm, {sup 152}Sm, {sup 153}Eu, {sup 154}Eu, and {sup 143}Nd. 
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Title: Evaluation of the French Haut Taux de Combustion (HTC) Critical Experiment Data 
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Report: ORNL/TM-2007/083 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the 1980s, a series of critical experiments referred to as the Haut Taux de 
Combustion (HTC) experiments was conducted by the Institut de Radioprotection et de Surete Nucleaire 
(IRSN) at the experimental criticality facility in Valduc, France. The plutonium-to- uranium ratio and the 
isotopic compositions of both the uranium and plutonium used in the simulated fuel rods were designed to 
be similar to what would be found in a typical pressurized-water reactor fuel assembly that initially had an 
enrichment of 4.5 wt.% 235U and was burned to 37,500 MWd/MTU. The fuel material also includes 
241Am, which is present due to the decay of 241Pu. The HTC experiments include configurations designed 
to simulate fuel handling activities, pool storage, and transport in casks constructed of thick lead or steel. 
Rights of use for the HTC experiment data were purchased under an agreement that limits release of the 
information. Consequently, a detailed and complete description of the experiments is not presented in this 
report. This report discusses evaluation of the four HTC data reports, modeling of the experiments, 
sensitivity and uncertainty analysis, and upper subcritical limit (USL) calculation. The report also presents 
some conclusions and recommendations concerning use of the HTC experiment data for burnup credit 
applications. The similarity of the HTC experiments with PWR spent nuclear fuel has been quantified using 
sensitivity/uncertainty analysis, confirming that the HTC experiments are significantly more applicable to 
the validation of burnup credit calculations than other available mixed-oxide (MOX) experiments. The HTC 
experiments were designed and executed with a high level of rigor, resulting in experimental uncertainties 
that are lower than many of the earlier MOX experiments. The HTC data reports, together with information 
provided in this report, provide sufficient data to allow for either detailed or simplified computational 
models to be developed. The HTC experiments substantially strengthen the technical basis for validation 
by adding to the previously small number of applicable experiments against which to compare burnup credit 
applications. Existing MOX experiments found to be applicable are also identified in this report. 
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Abstract/Keyterms: Measurements were performed with a single annular, stainless-steel-canned casting 
of uranium (93.17 wt.% 235U) metal ( ~18 kg) to provide data to verify calculational methods for criticality 
safety. The measurements used a small portable DT generator with an embedded alpha detector to time and 
directionally tag the neutrons from the generator. The center of the time and directional tagged neutron 
beam was perpendicular to the axis of the casting. The radiation detectors were 1x1x6 in plastic scintillators 
encased in 0.635-cm-thick lead shields that were sensitive to neutrons above 1 MeV in energy. The detector 
lead shields were adjacent to the casting and the target spot of the generator was about 3.8 cm from the 
casting at the vertical center. The time distribution of the fission induced radiation was measured with 
respect to the source event by a fast (1GHz) processor. The measurements described in this paper also 
include time correlation measurements with a time tagged spontaneously fissioning 252Cf neutron source, 
both on the axis and on the surface of the casting. Measurements with both types of sources are compared. 
Measurements with the DT generator closely coupled with the HEU provide no more additional information 
than those with the Cf source closely coupled with the HEU and are complicated by the time and 
directionally tagged neutrons from the generator scattering between the walls and floor of the measurements 
room and the casting while still above detection thresholds. 
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Abstract/Keyterms: The purpose of this calculation report, Range of Applicability and Bias Determination 
for Postclosure Criticality of Commercial Spent Nuclear Fuel, is to validate the computational method used 
to perform postclosure criticality calculations. The validation process applies the criticality analysis 
methodology approach documented in Section 3.5 of the Disposal Criticality Analysis Methodology 
Topical Report. The application systems for this validation consist of waste packages containing transport, 
aging, and disposal canisters (TAD) loaded with commercial spent nuclear fuel (CSNF) of varying 
assembly types, initial enrichments, and burnup values that are expected from the waste stream and of 
varying degree of internal component degradation that may occur over the 10,000-year regulatory time 
period. The criticality computational tool being evaluated is the general-purpose Monte Carlo N-Particle 
(MCNP) transport code. The nuclear cross-section data distributed with MCNP 5.1.40 and used to model 
the various physical processes are based primarily on the Evaluated Nuclear Data File/B Version VI 
(ENDF/B-VI) library. Criticality calculation bias and bias uncertainty and lower bound tolerance limit 
(LBTL) functions for CSNF waste packages are determined based on the guidance in ANSI/ANS 8.1-1998 
(Ref. 4) and ANSI/ANS 8.17-2004 (Ref. 5), as described in Section 3.5.3 of Ref. 1. The development of 
this report is consistent with Test Plan for: Range of Applicability and Bias Determination for Postclosure 
Criticality. This calculation report has been developed in support of licensing activities for the proposed 
repository at Yucca Mountain, Nevada, and the results of the calculation may be used in the criticality 
evaluation for CSNF waste packages based on a conceptual TAD canister. 
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Abstract/Keyterms: These carefully performed and documented measurements with unreflected and 
unmoderated highly enriched uranium (HEU) castings can be used to benchmark calculational methods for 
the time decay of the fission chain multiplication process as measured with small (1 x 1 x 6 in. thick plastic 
scintillators with 1/4-in.-thick lead on all detector surfaces) detectors adjacent to the tightly fitting stainless 
steel cans that contained the HEU ({approx}93 wt%) metal. Prompt time decay measurements were 
performed stimulating the fission chain multiplication process with a timed, tagged Cf spontaneous fission 
source that emitted fission-spectrum neutrons and a time and directionally tagged 14.1-MeV neutrons from 
the DT reaction in a steady state generator with an embedded alpha detector. Time decay measurements 
were performed with HEU masses varying from 18 to 90 kg for a wide variety of source-detector-casting 
configurations. The use of a DT generator provided no addition information about the fission chain behavior 
beyond that provided by a time-tagged Cf spontaneous fission source. The main quantities obtained in the 
measurements were (1) the time distribution of the counts in a detector after a neutron fission in the Cf 
source or after the alpha detection coincident with the emission of a neutron from the DT generator (the 
equivalent of a pulsed neutron measurement with a randomly pulsed source) and (2) the time distribution 
of counts in one detector after a count in another detector (the equivalent of a two-detector Rossi-alpha 
measurement). Monte Carlo calculations using the MCNP-PoliMi coupled gamma-neutron transport code 
generally agreed with the measurement results except for some differences early in the fission chain decay 
process. The measurements that were performed with the HEU about 1 m above the floor were considerably 
affected by room return neutrons at times as early as 100 ns, and at times after 300 ns, a major portion of 
the time response was associated with the interaction of the HEU assemblies with the floor. This room-
return effect increased with the size of the assembly because the larger assemblies subtend a larger solid 
angle to a neutron returning from the floor. 



 

C-14868 

14827…..…..…………………..…….……..……ID Number…………………..…..…………….14827 

Author: Bowman, Stephen M 

Title: KENO-VI Primer: A Primer for Criticality Calculations with SCALE/KENO-VI Using GeeWiz 

Date: 9/1/2008 

Report: ORNL/TM-2008/069 

Conference/Journal:  
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Abstract/Keyterms: The SCALE (Standardized Computer Analyses for Licensing Evaluation) computer 
software system developed at Oak Ridge National Laboratory is widely used and accepted around the world 
for criticality safety analyses. The well-known KENO-VI three-dimensional Monte Carlo criticality 
computer code is one of the primary criticality safety analysis tools in SCALE. The KENO-VI primer is 
designed to help a new user understand and use the SCALE/KENO-VI Monte Carlo code for nuclear 
criticality safety analyses. It assumes that the user has a college education in a technical field. There is no 
assumption of familiarity with Monte Carlo codes in general or with SCALE/KENO-VI in particular. The 
primer is designed to teach by example, with each example illustrating two or three features of 
SCALE/KENO-VI that are useful in criticality analyses. The primer is based on SCALE 6, which includes 
the Graphically Enhanced Editing Wizard (GeeWiz) Windows user interface. Each example uses GeeWiz 
to provide the framework for preparing input data and viewing output results. Starting with a Quickstart 
section, the primer gives an overview of the basic requirements for SCALE/KENO-VI input and allows the 
user to quickly run a simple criticality problem with SCALE/KENO-VI. The sections that follow Quickstart 
include a list of basic objectives at the beginning that identifies the goal of the section and the individual 
SCALE/KENO-VI features that are covered in detail in the sample problems in that section. Upon 
completion of the primer, a new user should be comfortable using GeeWiz to set up criticality problems in 
SCALE/KENO-VI. The primer provides a starting point for the criticality safety analyst who uses 
SCALE/KENO-VI. Complete descriptions are provided in the SCALE/KENO-VI manual. Although the 
primer is self-contained, it is intended as a companion volume to the SCALE/KENO-VI documentation. 
(The SCALE manual is provided on the SCALE installation DVD.) The primer provides specific examples 
of using SCALE/KENO-VI for criticality analyses; the SCALE/KENO-VI manual provides information on 
the use of SCALE/KENO-VI and all its modules. The primer also contains an appendix with sample input 
files. 
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Abstract/Keyterms: The Radiochemical Development Facility at Oak Ridge National Laboratory has been 
storing solid materials containing 233U for decades. Preparations are under way to process these materials 
into a form that is inherently safe from a nuclear criticality safety perspective. This will be accomplished 
by down-blending the 233U materials with depleted or natural uranium. At the request of the U.S. 
Department of Energy, a study has been performed using the SCALE sensitivity and uncertainty analysis 
tools to demonstrate how these tools could be used to validate nuclear criticality safety calculations of 
selected process and storage configurations. ISOTEK nuclear criticality safety staff provided four models 
that are representative of the criticality safety calculations for which validation will be needed. The SCALE 
TSUNAMI-1D and TSUNAMI-3D sequences were used to generate energy-dependent k(eff) sensitivity 
profiles for each nuclide and reaction present in the four safety analysis models, also referred to as the 
applications, and in a large set of critical experiments. The SCALE TSUNAMI-IP module was used 
together with the sensitivity profiles and the cross-section uncertainty data contained in the SCALE 
covariance data files to propagate the cross-section uncertainties ({Delta}{sigma}/{sigma}) to k(eff) 
uncertainties ({Delta}k/k) for each application model. The SCALE TSUNAMI-IP module was also used to 
evaluate the similarity of each of the 672 critical experiments with each application. Results of the 
uncertainty analysis and similarity assessment are presented in this report. A total of 142 experiments were 
judged to be similar to application 1, and 68 experiments were judged to be similar to application 2. None 
of the 672 experiments were judged to be adequately similar to applications 3 and 4. Discussion of the 
uncertainty analysis and similarity assessment is provided for each of the four applications. Example upper 
subcritical limits (USLs) were generated for application 1 based on trending of the energy of average 
lethargy of neutrons causing fission, trending of the TSUNAMI similarity parameters, and use of data 
adjustment techniques. 
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Abstract/Keyterms: This primer presents examples in the application of the SCALE/TSUNAMI tools to 
generate k(eff) sensitivity data for one- and three-dimensional models using TSUNAMI-1D and -3D and 
to examine uncertainties in the computed k(eff) values due to uncertainties in the cross-section data used in 
their calculation. The proper use of unit cell data and need for confirming the appropriate selection of input 
parameters through direct perturbations are described. The uses of sensitivity and uncertainty data to 
identify and rank potential sources of computational bias in an application system and TSUNAMI tools for 
assessment of system similarity using sensitivity and uncertainty criteria are demonstrated. Uses of these 
criteria in trending analyses to assess computational biases, bias uncertainties, and gap analyses are also 
described. Additionally, an application of the data adjustment tool TSURFER is provided, including 
identification of specific details of sources of computational bias. 
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Abstract/Keyterms: The use of the SCALE (Standardized Computer Analysis for Licensing Evaluation) 
tool VIBE (Validation, Interpretation and Bias Estimation) as a plug-in module to DICE (Database for the 
International Criticality Safety Benchmark Evaluation Project) to access and interpret sensitivity data is 
described. In this initial release of VIBE within DICE, VIBE can identify sensitivity data and group collapse 
the data into a table, where the values can be sorted and filtered to identify experiments that are the most 
similar to a targeted application system in terms of sensitivity data. VIBE can then retrieve information 
about the selected experiments from the DICE database to provide the physical characteristics of the 
benchmarks. 
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Abstract/Keyterms: The issue of nuclear criticality safety (NCS) in Department of Energy Environmental 
Management (DOE/EM) fissionable material operations presents challenges because of the large quantities 
of material present in the facilities and equipment that are committed to storage and/or material conditioning 
and dispositioning processes. Given the uncertainty associated with the material and conditions for many 
DOE/EM fissionable material operations, ensuring safety while maintaining operational efficiency requires 
the application of the most-effective criticality safety practices. In turn, more-efficient implementation of 
these practices can be achieved if the best NCS technologies are utilized. In 2002, DOE/EM-1 
commissioned a survey of criticality safety technical needs at the major EM sites. These needs were 
documented in the report Analysis of Nuclear Criticality Safety Technology Supporting the Environmental 
Management Program, issued May 2002. Subsequent to this study, EM safety management personnel made 
a commitment to applying the best and latest criticality safety technology, as described by the DOE Nuclear 
Criticality Safety Program (NCSP). Over the past 7 years, this commitment has enabled the transfer of 
several new technologies to EM operations. In 2008, it was decided to broaden the basis of the EM NCS 
needs assessment to include not only current needs for technologies but also NCS operational areas with 
potential for improvements in controls, analysis, and regulations. A series of NCS workshops has been 
conducted over the past years, and needs have been identified and addressed by EM staff and contractor 
personnel. These workshops were organized and conducted by the EM Criticality Safety Program Manager 
with administrative and technical support by staff at Oak Ridge National Laboratory (ORNL). This report 
records the progress made in identifying the needs, determining the approaches for addressing these needs, 
and assimilating new NCS technologies into EM fissionable material operations. In addition, the report 
includes projections of future EM needs and associated recommendations 
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Abstract/Keyterms: Uranium-233 (233U) is a synthetic isotope of uranium formed under reactor 
conditions during neutron capture by natural thorium (232Th). At high purities, this synthetic isotope serves 
as a crucial reference material for accurately quantifying and characterizing uranium-bearing materials 
assays and isotopic distributions for domestic and international nuclear safeguards. Separated, high purity 
233U is stored in vaults at Oak Ridge National Laboratory (ORNL). These materials represent a broad 
spectrum of 233U from the standpoint of isotopic purity - the purest being crucial for precise analyses in 
safeguarding uranium. All 233U at ORNL is currently scheduled to be disposed of by down-blending with 
depleted uranium beginning in 2015. This will reduce safety concerns and security costs associated with 
storage. Down-blending this material will permanently destroy its potential value as a certified reference 
material for use in uranium analyses. Furthermore, no credible options exist for replacing 233U due to the 
lack of operating production capability and the high cost of restarting currently shut down capabilities. A 
study was commissioned to determine the need for preserving high-purity 233U. This study looked at the 
current supply and the historical and continuing domestic need for this crucial isotope. It examined the gap 
in supplies and uses to meet domestic needs and extrapolated them in the context of international safeguards 
and security activities - superimposed on the recognition that existing supplies are being depleted while 
candidate replacement material is being prepared for disposal. This study found that the total worldwide 
need by this projection is at least 850 g of certified 233U reference material over the next 50 years. This 
amount also includes a strategic reserve. To meet this need, 18 individual items totaling 959 g of 233U 
were identified as candidates for establishing a lasting supply of certified reference materials (CRM), all 
having an isotopic purity of at least 99.4% 233U and including materials up to 99.996% purity. Current 
plans include rescuing the purest 233U materials during a 3-year project beginning in FY 2012 in three 
phases involving preparations, handling preserved materials, and cleanup. The first year will involve 
preparations for handling the rescued material for sampling, analysis, distribution, and storage. Such 
preparations involve modifying or developing work control documents and physical preparations in the 
laboratory, which include preparing space for new material-handling equipment and procuring and (in some 
cases) refurbishing equipment needed for handling 233U or qualifying candidate CRM. Once preparations 
are complete, an evaluation of readiness will be conducted by independent reviewers to verify that the 
equipment, work controls, and personnel are ready for operations involving handling radioactive materials 
with nuclear criticality safety as well as radiological control requirements. The material-handling phase will 
begin in FY 20and be completed early in FY 2014, as currently scheduled. Material handling involves 
retrieving candidate CRM items from the ORNL storage facility and shipping them to another laboratory 
at ORNL; receiving and handling rescued items at the laboratory (including any needed initial processing, 
acquisition and analysis of samples from each item, and preparation for shipment); and shipping bulk 
material to destination labs or to a yet-to-be-designated storage location. There are seven groups of 233U 
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identified for handling based on isotopic purity that require the utmost care to prevent cross-contamination. 
The last phase, cleanup, also will be completed in 2014. It involves cleaning and removing the equipment 
and material-handling boxes and characterizing, documenting, and disposing of waste. As part of initial 
planning, the cost of rescuing candidate 233U items was estimated roughly. The annualized costs were 
found to be $1,228K in FY 2012, $1,375K in FY 2013, and $1,030K in FY 2014. These costs correlate 
with the activities mentioned in the three previous paragraphs. This report outlines a recent effort to assess 
the annual consumption of 233U in the United States, the gap between current supplies and future needs, 
and the initial planning for a program to rescue the purest of 233U materials from destruction by down-
blending so they may be preserved for use as a crucial reference for safeguarding nuclear material. 
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14833…..…..…………………..…….……..……ID Number…………………..…..…………….14833 

Author: Marshall, William J. / Rearden, Bradley T 

Title: Criticality Safety Validation of Scale 6.1 

Date: 11/1/2011 

Report: ORNL/TM-2011/450 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The computational bias of criticality safety computer codes must be established 
through the validation of the codes to critical experiments. A large collection of suitable experiments has 
been vetted by the International Criticality Safety Benchmark Experiment Program (ICSBEP) and made 
available in the International Handbook of Evaluated Criticality Safety Benchmark Experiments 
(IHECSBE). A total of more than 350 cases from this reference have been prepared and reviewed within 
the Verified, Archived Library of Inputs and Data (VALID) maintained by the Reactor and Nuclear Systems 
Division at Oak Ridge National Laboratory. The performance of the KENO V.a and KENO-VI Monte Carlo 
codes within the Scale 6.1 code system with ENDF/B-VII.0 cross-section data in 238-group and continuous 
energy is assessed using the VALID models of benchmark experiments. The TSUNAMI tools for sensitivity 
and uncertainty analysis are utilized to examine some systems further in an attempt to identify potential 
causes of unexpected results. The critical experiments available for validation of the KENO V.a code cover 
eight different broad categories of systems. These systems use a range of fissile materials including a range 
of uranium enrichments, various plutonium isotopic vectors, and mixed uranium-plutonium oxides. The 
physical form of the fissile material also varies and is represented as metal, solutions, or arrays of rods or 
plates in a water moderator. The neutron energy spectra of the systems also vary and cover both fast and 
thermal spectra. Over 300 of the total cases used utilize the KENO V.a code. The critical experiments 
available for the validation of the KENO-VI code cover three broad categories of systems. The fissile 
materials in the systems vary and include high and intermediate-enrichment uranium and mixed 
uranium/plutonium oxides. The physical form of the fissile material is either metal or rod arrays in water. 
As with KENO V.a, both fast and thermal neutron energy spectra are represented in the systems considered. 
The results indicate generally good performance of both the KENO V.a and KENO-VI codes across the 
range of systems analyzed. The bias of calculated k(eff) from expected values is less than 0.9% {Delta}k 
in all cases. All eight categories of experiments show biases of less than 0.5% {Delta}k in KENO V.a with 
the exception of intermediate enrichment metal systems using the 238-group library. The continuous energy 
library generally manifests lower biases than the multi-group data. The KENO-VI results show slightly 
larger biases, though this may primarily be the result of modeling systems with more geometric complexity, 
which are more difficult to describe accurately, even with a generalized geometry code like KENO-VI. 
Several additional conclusions can be drawn from the results of this validation effort. These conclusions 
include that the TSUNAMI tools can be used successfully to explain the cause of aberrant results, that some 
evaluations in the IHECSBE should be updated to provide more rigorous expected k(eff) values and 
uncertainties, and that potential cross-section errors can be identified by detailed review of the results of 
this validation. It also appears that the overall cross-section uncertainty as quantified through the Scale 
covariance library is overestimated. Overall, the KENO V.a and KENO-VI codes are shown to provide 
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consistent, low bias results for a wide range of physical systems of potential interest in criticality safety 
applications. 
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14834…..…..…………………..…….……..……ID Number…………………..…..…………….14834 

Author: Walker, Mark E. / Mihalczo, John T. 

Title: Simulated NMIS Imaging Data for an Unknown Object 

Date: 4/1/2012 

Report: ORNL/TM-2012/131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents simulated Nuclear Materials Identification System (NMIS) 
imaging data for an unclassified object, whose characteristics are initially unknown to the reader. This data 
will be used to test various analysis capabilities and was created with a simple deterministic ray-tracing 
algorithm. NMIS is a time-dependent coincidence counting system that is used to characterize both fissile 
and non-fissile materials undergoing nondestructive assay. NMIS characterizes materials by interrogating 
them with neutrons, either from an associated-particle deuterium-tritium (DT) neutron generator, which 
produces a time and directionally tagged monoenergetic beam of 14.1 MeV neutrons, or a time-tagged 
spontaneous fission source in an ionization chamber. 
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14835…..…..…………………..…….……..……ID Number…………………..…..…………….14835 

Author: Mihalczo, John T. / Mullens, James Allen 

Title: NMIS with Imaging and Gamma Ray Spectrometry for Pu, HEU, HE and Other Materials 

Date: 3/1/2012 

Report: ORNL/TM-2012/22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Nuclear Material Identification System (NMIS) has been under development at 
ORNL and the National Nuclear Security Administration (NNSA) Y-12 National Security Complex since 
1984. In the mid-1990s, what is now the US Department of Energy (DOE) Office of Nuclear Verification 
(ONV) realized that it was a useful technology for future arms control treaty applications and supported 
further development of the system. In 2004, fast-neutron imaging was incorporated into the system. In 2007, 
the ONV decided to develop a fieldable version of the system, designated as FNMIS, for potential use in 
future treaties. The FNMIS is being developed to be compatible with the eventual incorporation of gamma-
ray spectrometry and an information barrier. This report addresses how and what attributes could be 
determined by the FNMIS system with gamma-ray spectrometry. The NMIS is a time-dependent 
coincidence system that incorporates tomographic imaging (including mapping of the fission sites) and 
gamma-ray spectrometry. It utilizes a small, lightweight (30 lb), portable deuterium-tritium (DT) neutron 
(14.1 MeV) generator (4 x 10{sup 7} neutrons/second) for active interrogation and can also perform passive 
interrogation. A high-purity germanium (HPGe) gamma-ray detector with multichannel analysis can be 
utilized in conjunction with the source for active interrogation or passively. The system uses proton recoil 
scintillators: 32 small 2.5 x 2.5 x 10.2-cm-thick plastic scintillators for imaging and at least two 2 x 2 arrays 
of 27 x 27 x 10-cm-thick plastic scintillators that detect induced fission radiation. The DT generator contains 
an alpha detector that time and directionally tags a fan beam of some of the neutrons emitted and subdivides 
it into pixels. A fast (1 GHz) time correlation processor measures the time-dependent coincidence among 
all detectors in the system. A computer-controlled scanner moves the small detectors and the source 
appropriately for scanning a target object for imaging. The system is based on detection of transmitted 14.1 
MeV neutrons, fission neutrons, and gamma rays from spontaneous, inherent source fission of the target, 
fission neutrons and gamma rays induced by the external DT source, gamma rays from natural emissions 
of uranium and plutonium, and induced gamma-ray emission by the interaction of the 14.1 MeV neutrons 
from the DT source. The NMIS can and has been used with a time-tagged californium spontaneous fission 
source. It has also been used with pulsed interrogation sources such as LINACs, DT, and deuterium-
deuterium (DD) sources. This system is uniquely suited for detection of shielded highly enriched uranium 
(HEU), plutonium, and other special nuclear materials and detection of high explosives (HE) and chemical 
agents. The NMIS will be adapted to utilize a trusted processor that incorporates information barrier and 
authentication techniques using open software and then be useful in some international applications for 
materials whose characteristics may be classified. The proposed information barrier version of the NMIS 
system would consist of detectors and cables, the red (classified side) computer system, which processes 
the data, and the black (unclassified side) computer, which handles the computer interface. The system 
could use the 'IB wrapper' concept proposed by Los Alamos National Laboratory and the software integrity 
(digital signatures) system proposed by Sandia. Since it is based entirely on commercially available 
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components, the entire system, including NMIS data acquisition boards, can be built with commercial off-
the-shelf components. This system is being developed into a fieldable system (FNMIS) for potential arms 
control treaties by the ONV. The system will be modularly constructed with the RF shielded modules 
connected to the processor by appropriate control and signal cable in metal conduit. The FNMIS is presently 
being designed for eventual incorporation of gamma-ray spectrometry and an information barrier to protect 
classified information. The system hardware and software can be configured to obtain the following: 
plutonium presence, plutonium mass, Pu-240/239 ratio, plutonium geometry, plutonium metal vs non-
metallic (absence of metal), time (age) since processing for plutonium (or last purification), uranium 
presence, uranium mass, uranium enrichment, uranium geometry, uranium metal vs non-metallic 
compound (absence of metal), beryllium presence and mass, tritium and deuterium gas bottle presence, HE, 
and chemical weapons. A matrix of the quantities determined, the method of determination, whether active 
(external neutron source) or passive, and the measurement equipment involved is given in the Tables 1-4. 
Some of these attributes can be obtained by multiple data analysis methods. The gamma-ray spectrometry 
methods for HEU, plutonium, and HE have been developed by other laboratories, are well known, and will 
be incorporated. 
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Experiments at ORCEF 
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Conference/Journal:  
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Abstract/Keyterms:  
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Author: Marshall, William / Wagner, John C 

Title: Consequences of Fuel Failure on Criticality Safety of Used Nuclear Fuel 

Date: 4/1/2013 

Report: ORNL/TM-2012/325 

Conference/Journal: International High-Level Radioactive Waste Management, Albuquerque, NM, 
USA, 20130428, 20130502 

Conference Session:  

Abstract/Keyterms:  
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14838…..…..…………………..…….……..……ID Number…………………..…..…………….14838 

Author: Marshall, W. J. / Rearden, B. T. 

Title: Criticality Safety Validation of SCALE 6.1 (Revised) 

Date: 2/1/2013 

Report: ORNL/TM-2012/578 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The computational bias of criticality safety computer codes must be established 
through the validation of the codes to critical experiments. A large collection of suitable experiments has 
been vetted by the International Criticality Safety Benchmark Experiment Program (ICSBEP) and made 
available in the International Handbook of Evaluated Criticality Safety Benchmark Experiments 
(IHECSBE). A total of more than 350 cases from this reference have been prepared and reviewed within 
the Verified, Archived Library of Inputs and Data (VALID) maintained by the Reactor and Nuclear Systems 
Division at Oak Ridge National Laboratory. The performance of the KENO V.a and KENO-VI Monte Carlo 
codes within the Scale 6.1 code system with ENDF/B-VII.0 cross-section data in 238-group and continuous 
energy is assessed using the VALID models of benchmark experiments. The TSUNAMI tools for sensitivity 
and uncertainty analysis are utilized to examine some systems further in an attempt to identify potential 
causes of unexpected results. The critical experiments available for validation of the KENO V.a code cover 
eight different broad categories of systems. These systems use a range of fissile materials including a range 
of uranium enrichments, various plutonium isotopic vectors, and mixed uranium-plutonium oxides. The 
physical form of the fissile material also varies and is represented as metal, solutions, or arrays of rods or 
plates in a water moderator. The neutron energy spectra of the systems also vary and cover both fast and 
thermal spectra. Over 300 of the total cases used utilize the KENO V.a code. The critical experiments 
available for the validation of the KENO-VI code cover three broad categories of systems. The fissile 
materials in the systems vary and include high and intermediate-enrichment uranium and mixed 
uranium/plutonium oxides. The physical form of the fissile material is either metal or rod arrays in water. 
As with KENO V.a, both fast and thermal neutron energy spectra are represented in the systems considered. 
The results indicate generally good performance of both the KENO V.a and KENO-VI codes across the 
range of systems analyzed. The bias of calculated k(eff) from expected values is less than 0.9% {Delta}k 
in all cases. All eight categories of experiments show biases of less than 0.5% {Delta}k in KENO V.a with 
the exception of intermediate enrichment metal systems using the 238-group library. The continuous energy 
library generally manifests lower biases than the multi-group data. The KENO-VI results show slightly 
larger biases, though this may primarily be the result of modeling systems with more geometric complexity, 
which are more difficult to describe accurately, even with a generalized geometry code like KENO-VI. 
Several additional conclusions can be drawn from the results of this validation effort. These conclusions 
include that the TSUNAMI tools can be used successfully to explain the cause of aberrant results, that some 
evaluations in the IHECSBE should be updated to provide more rigorous expected k(eff) values and 
uncertainties, and that potential cross-section errors can be identified by detailed review of the results of 
this validation. It also appears that the overall cross-section uncertainty as quantified through the Scale 
covariance library is overestimated. Overall, the KENO V.a and KENO-VI codes are shown to provide 



 

C-14883 

consistent, low bias results for a wide range of physical systems of potential interest in criticality safety 
applications. 
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14839…..…..…………………..…….……..……ID Number…………………..…..…………….14839 

Author: Walker, Mark E. / Mihalczo, John T. 

Title: Active Neutron Interrogation of Non-Radiological Materials with NMIS 

Date: 2/1/2012 

Report: ORNL/TM-2012/77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Nuclear Materials Identification System (NMIS) at Oak Ridge National 
Laboratory (ORNL), although primarily designed for analyzing special nuclear material, is capable of 
identifying nonradiological materials with a wide range of measurement techniques. This report 
demonstrates four different measurement methods, complementary to fast-neutron imaging, which can be 
used for material identification: DT transmission, DT scattering, californium transmission, and active time-
tagged gamma spectroscopy. Each of the four techniques was used to evaluate how these methods can be 
used to identify four materials: aluminum, polyethylene, graphite, and G-10 epoxy. While such 
measurements have been performed individually in the past, in this project, all four measurements were 
performed on the same set of materials. The results of these measurements agree well with predicted results. 
In particular, the results of the active gamma spectroscopy measurements demonstrate the technique's 
applicability in a future version of NMIS which will incorporate passive and active gamma-ray 
spectroscopy. This system, designated as a fieldable NMIS (FNMIS), is under development by the US 
Department of Energy Office of Nuclear Verification. 
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Author: Miller, Thomas Martin / Celik, Cihangir / McMahan, Kimberly L. / Lee, Yi-kang / Gagnier, 
Emmanuel / Authier, Nicolas / Piot, Jerome / Jacquet, Xavier / Rousseau, Guillaume / Reynolds, Kevin 
H. 

Title: Neutron Activation and Thermoluminescent Detector Responses to a Bare Pulse of the CEA Valduc 
SILENE Critical Assembly 

Date: 9/1/2016 

Report: ORNL/TM-2015/462 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This benchmark experiment was conducted as a joint venture between the US 
Department of Energy (DOE) and the French Commissariat à l'Energie Atomique (CEA). Staff at the Oak 
Ridge National Laboratory (ORNL) in the US and the Centre de Valduc in France planned this experiment. 
The experiment was conducted on October 11, 2010 in the SILENE critical assembly facility at Valduc. 
Several other organizations contributed to this experiment and the subsequent evaluation, including CEA 
Saclay, Lawrence Livermore National Laboratory (LLNL), the Y-12 National Security Complex (NSC), 
Babcock International Group in the United Kingdom, and Los Alamos National Laboratory (LANL). The 
goal of this experiment was to measure neutron activation and thermoluminescent dosimeter (TLD) doses 
from a source similar to a fissile solution critical excursion. The resulting benchmark can be used for 
validation of computer codes and nuclear data libraries as required when performing analysis of criticality 
accident alarm systems (CAASs). A secondary goal of this experiment was to qualitatively test performance 
of two CAAS detectors similar to those currently and formerly in use in some US DOE facilities. The 
detectors tested were the CIDAS MkX and the Rocky Flats NCD-91. These detectors were being evaluated 
to determine whether they would alarm, so they were not expected to generate benchmark quality data. 
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14841…..…..…………………..…….……..……ID Number…………………..…..…………….14841 

Author: Vondy, D. R. 

Title: Nuclear Fuel, Mass Balances, Conversion Ratio, Doubling Time, and Uncertainty 

Date: 11/1/1976 

Report: ORNL/TM-5050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information on the performance aspects of nuclear power plants is presented 
concerning conversion ratio, criticality, primitive economic analysis, stable breeder-converter industry, 
doubling time, breeder industry economic benefit, defining nuclear fuel, recommendations, and uncertainty. 



 

C-14887 

14842…..…..…………………..…….……..……ID Number…………………..…..…………….14842 

Author: Santoro, R. T. / Alsmiller, R. G. Jr. / Barnes, J. M. 

Title: Nuclear Accident Dosimetry: Calculations and Comparison with Experimental Data 

Date: 7/1/1978 

Report: ORNL/TM-6401 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculated results, carried out by the method of discrete ordinates, of the absorbed 
dose received by personnel at various locations relative to the source in a simulated reactor criticality 
accident are presented and compared with experimental data. The geometry of the room in which the 
“accident” took place is included approximately in the calculations. The calculated and experimental data 
are in good agreement in all cases. 
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Author: Lucius, J. L. / Oblow, E. M. / Cunningham, G. W. III 

Title: User's Guide for the JULIET Module of the FORSS Sensitivity and Uncertainty Analysis Code 
System 

Date: 2/1/1979 

Report: ORNL/TM-6594 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: JULIET is the FORSS module that calculates generalized sources, responses (e.g., 
criticality, reaction rate ratios, reactivity worths), normalization parameters and sensitivity coefficients. 
JULIET is organized into execution paths which are in effect submodules. This design permits a problem 
to be segmented for solution at the user's discretion (i.e., multiple entry points). JULIET normally operates 
with fluxes generated by the FORSS version of ANISM; however, the execution path concept permits 
interaction with other neutronics codes such as DOT and VENTURE. The proposed CCCC file MATXS is 
the cross-section data base for JULIET permitting the calculation of sensitivity coefficients with respect to 
partial cross sections. The sensitivity coefficients calculated by JULIET are placed in the proposed CCCC 
file SENPRO where they may be accessed by other modules in the FORSS system or transmitted to other 
installations. 
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Author: Burns, T. J. / White, J. R. 

Title: Preliminary Neutronic Analysis of a Fast Mixed-Spectrum Reactor (FMSR) 

Date: 8/1/1979 

Report: ORNL/TM-6854 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Fast Mixed-Spectrum Reactor (FMSR) concept has been proposed as a means of 
alleviating certain non-proliferation concerns relating to civilian nuclear power. In particular, the concept 
is envisioned as operating on a natural uranium feed (after initial startup), thus eliminating the need for fuel 
reprocessing. The primary basis for the concept involves the production, in situ, of the fissile material 
required for criticality from the fertile feed material. The results of a preliminary study directed at assessing 
the neutronic feasibility of the concept are reported. 
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Author: Maerker, R. E. / Maudlin, P. J. 

Title: Supplementary Neutron Flux Calculations for the ORNL Pool Critical Assembly Pressure Vessel 
Facility 

Date: 2/1/1981 

Report: ORNL/TM-7602 

Conference/Journal: ASTM-EURATOM symposium on reactor dosimetry, Gaithersburg, MD, USA, 22 
Mar 1982 

Conference Session:  

Abstract/Keyterms: A three-dimensional Monte Carlo calculation was performed to estimate the neutron 
flux in the 8/7 configuration of the ORNL Pool Critical Assembly Pressure Vessel Facility. The 
calculational tool was the multigroup transport code MORSE operated in the adjoint mode. The MORSE 
flux results compared well with those using a previously adopted procedure for constructing a three-
dimensional flux from one- and two-dimensional discrete ordinates calculations using the DOT-IV code. 
This study concluded that use of these discrete ordinates constructions in previous calculations is 
sufficiently accurate and does not account for the existing discrepancies between calculation and 
experiment. 
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Author: Kerr, G. D. / Emery, J. F. / Pace, J. V. III 

Title: Sulfur Activation at the Little Boy-Comet Critical Assembly: A Replica of the Hiroshima Bomb 

Date: 4/1/1985 

Report: ORNL/TM-9439 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies have been completed on the activation of sulfur by fast neutrons from the 
Little Boy-Comet Critical Assembly which replicates the general features of the Hiroshima bomb. The 
complex effects of the bomb`s design and construction on leakage of sulfur-activation neutrons were 
investigated both experimentally and theoretically. Our sulfur activation studies were performed as part of 
a larger program to provide benchmark data for testing of methods used in recent source-term calculations 
for the Hiroshima bomb. Source neutrons capable of activating sulfur play an important role in determining 
neutron doses in Hiroshima at a kilometer or more from the point of explosion. 
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Title: DABL69: A Broad-Group Neutron/Photon Cross-Section Library for Defense Nuclear Applications 

Date: 1/1/1989 
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Author: Gauld, I. C. 

Title: Technical Development on Burn-up Credit for Spent LWR Fuel 

Date: 12/1/2001 

Report: ORNL/TR-2001/01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Technical development on burn-up credit for spent LWR fuels had been performed 
at JAERI since 1990 under the contract with Science and Technology Agency of Japan entitled “Technical 
Development on Criticality Safety Management for Spent LWR Fuels.” Main purposes of this work are to 
obtain the experimental data on criticality properties and isotopic compositions of spent LWR fuels and to 
verify burnup and criticality calculation codes. In this work three major experiments of exponential 
experiments for spent fuel assemblies to obtain criticality data, non-destructive gamma-ray measurement 
of spent fuel rods for evaluating axial burn-up profiles, and destructive analyses of spent fuel samples for 
determining precise burn-up and isotopic compositions were carried out. The measured data obtained were 
used for validating calculation codes as well as an examination of criticality safety analyses. Details of the 
work are described in this report. 
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Author: Leverett, M. C. 

Title: The Poor Man's Pile First Approximation 

Date: 4/1/1948 

Report: ORNL-0026 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Economics; Graphite; Neutron Flux; Operation; Planning; 
Power; Reflectors; Reprocessing; Research Reactors; Uranium 235; Uses; Vessels; Water Coolant 
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Abstract/Keyterms: Physics; Configuration; Criticality; Cylinders; Equations; Plates; Reactors; 
Slowdown; Spheres; Variations 
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Moderator and a Beryllium Reflector 

Date: 8/17/1948 

Report: ORNL-0079 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experimental facilities and operating procedures which have been used in the 
conduct of critical experiments to study the characteristics of small enriched reactors have been described 
in MONP-357. The purpose of the present report is to describe briefly certain improvements that have been 
made in the experimental facilities and to present the results of further measurements on critical mass and 
critical neutron flux distribution in beryllium-reflected reactors having square and thin slab geometries. The 
critical mass of a reactor having the usual uranium-aluminum-water core and no reflector was measured 
and preliminary experiments to determine the fast neutron flux in these reactors were carried out. 
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Title: A Chemical Reprocessing Plant for a Nuclear Power Economy 

Date: 2/5/1954 

Report: ORNL-01638 (Del.) 

Conference/Journal:  
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Abstract/Keyterms: The results of the Hope Project, a completely rationalized reprocessing plant, are 
summarized. An MTR type fuel element was adopted, with U233 replacing the U235 and a fuel processing 
rate of 5.5 kg equivalent of U233 per day. The chemical process chosen was solvent extraction, using TBP 
in Amsco. The Hope plant features continuous dissolving; relaxed, yet safe, criticality criteria; sampling 
only for process control; a realistic approach to waste storage; and a new operating-maintenance 
philosophy. It was felt that with the process outlined enriched fuel elements could be reprocessed for about 
one dollar per gram. 
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14856…..…..…………………..…….……..……ID Number…………………..…..…………….14856 

Author: Martin, A. B. / Mann, M. M. 

Title: Critical Experiments for the High Flux Reactor 

Date: 10/22/1948 

Report: ORNL-0167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Beryllium; Configuration; Control Elements; Criticality; 
Epithermal Neutrons; Gamma Radiation; Heat Generation; Materials Testing; Measured Values; Mockup; 
Reactivity; Reactors; Reflectors; Research Reactors; Rods; Thermal Neutrons; Thorium; Uranium; Water 
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14857…..…..…………………..…….……..……ID Number…………………..…..…………….14857 

Author: de Saussure, G. / Silver, E. G. 

Title: Determination of the Neutron Diffusion Parameters in Room-Temperature Beryllium 

Date: 2/1/1959 

Report: ORNL-02641 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The pulsed neutron method was used to determine the diffusion parameters of thermal 
neutrons in beryllium at room temperature. The following values were obtained: inverse lifetime nu epsilon 
/sub a/ = 288 plus or minus 60 sec/sup -1/, diffusion constant D = (1.25 i 0.06) x lO/sup 5/s cm/sup 2/sec, 
diffusion cooling constant C = 1.1 plus or minus 0.9 cm/sup 2/. The experiment and the method of analyzing 
the data are described, and the results are compared with those obtained by other groups. 
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14858…..…..…………………..…….……..……ID Number…………………..…..…………….14858 

Author: Smith, Nicholas M. 

Title: The Bare Intermediate Reactor: The Approach to Critical 

Date: 4/18/1950 

Report: ORNL-0665; AECD-2945 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics 
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14859…..…..…………………..…….……..……ID Number…………………..…..…………….14859 

Author: n. a. 

Title: A Report on the Safety Aspects of the Homogeneous Reactor Experiment 

Date: 8/29/1950 

Report: ORNL-0731 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Chemical Reactions; Coolant Loops; Decomposition; 
Environment; Excursions; Explosions; Failures; Gases; Homogeneous Reactors; HRE-1; Hydrogen; 
Oxygen; Planning; Power Plants; Radiation Chemistry; Radiolysis; Reactivity; Reactor Core; Reactor 
Safety 
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14860…..…..…………………..…….……..……ID Number…………………..…..…………….14860 

Author: Campbell, Edward C. / Wyly, L. D. / Howell, E. I. 

Title: Measurements of the Orsort Uranium-Graphite Exponential Pile: Oak Ridge School of Reactor 
Technology 

Date: 10/30/1950 

Report: ORNL-0860; AECD-3169 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Exponential Piles 



 

C-14906 

14861…..…..…………………..…….……..……ID Number…………………..…..…………….14861 

Author: Thompson, W. E. 

Title: Homogeneous Reactor Experiment Quarterly Progress Report for Period Ending February 28, 1951 

Date: 5/1/1951 

Report: ORNL-0990 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Hydrogen; Neutralization; Oxygen; Regeneration 
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14862…..…..…………………..…….……..……ID Number…………………..…..…………….14862 

Author: Breaseale, William N. 

Title: The New Bulk Shielding Facility at Oak Ridge National Laboratory 

Date: 5/8/1951 

Report: ORNL-0991 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; BSR-1; Buildings; Control Systems; Corrosion; Criticality; Equations; Fuel 
Elements; Instruments; Oak Ridge National Laboratory; Planning; Reactor Core; Research Reactors; Water 
Coolant; Water Moderator 
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14863…..…..…………………..…….……..……ID Number…………………..…..…………….14863 

Author: Bernstein, S. 

Title: Physics Division Quarterly Progress Report for Period Ending March 20, 1951 

Date: 7/2/1951 

Report: ORNL-1006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alpha Particles; Angular Distribution; Beta Decay; Beta Particles; Boron 
11; Cadmium 109; Carbon 12; Cascade Showers; Cerium Hydrides; Critical Assemblies; Cross Sections; 
Deuterium; Deuterons; Diffraction; Dysprosium 160; Electrons; Energy; Entropy; Europium 152; 
Excitation; Fast Neutrons; Fermi Plot; Films; Gamma Radiation; Gold; Half-Life; Helium 3; Helium 4; 
Hyperfine Structure; Instruments; Internal Conversion; Ions; Irradiation; Lead; Lithium; Losses; Low 
Temperature; Luminescence; Magnetic Materials; Magnetic Moments; Magnetism; Manganese 
Compounds; Manganese Fluorides; Monocrystals; Neutron Beams; Neutrons; Nickel Fluorides 
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14864…..…..…………………..…….……..……ID Number…………………..…..…………….14864 

Author: Meem, J. L. / Hungerford, H. E. 

Title: The Unit Shield Experiments at the Bulk Shielding Facility 

Date: 4/30/1952 

Report: ORNL-1147 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14865…..…..…………………..…….……..……ID Number…………………..…..…………….14865 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending December 10, 1951 

Date: 3/1/1952 

Report: ORNL-1170(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical progress on the ORNL ANP Project ia summarized. Topics covered 
include Circulating Fuel Aircraft Reactor, Liquid Metal Cooled Aircraft Reactor Experiment, reactor 
physics, critical experiments, nuclear measurements, experimental reactor engineering, chemistry of high 
temperature liquids, corrosion research, heat transfer research and physical properties, metallurgy and 
ceramics, raniation damage, supercritical water reactor, and analytical chemistry. (For preceding period see 
ORNL-1154.) 
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14866…..…..…………………..…….……..……ID Number…………………..…..…………….14866 

Author: Shapiro, Mathew / Preiser, Stanley 

Title: Criticality Calculations for Hydrogen Moderated Reactors from Microscopic Data 

Date: 11/29/1951 

Report: ORNL-1176 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The probability for a fission neutron to escape fast leakage from bare, hydrogen 
moderated reactors is calculated by a method utilizing only the microscopic cross section of the materials. 
These results can be employed to determine the effectiveness of other substances in preventing fast neutron 
leakage. These calculations are carried out for aluminum and iron. 
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14867…..…..…………………..…….……..……ID Number…………………..…..…………….14867 

Author: n.a. 

Title: The Supercritical Water Reactor. A Report to Oak Ridge National Laboratory 

Date: 2/1/1952 

Report: ORNL-1177(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study on the Supercritical Water Reactor and shield is presented. The reactor 
consists of a structure of stainless steel plates immersed in a vessel of water which is above the critical 
pressure. The plates contain the fuel and provide a heat transfer surface. The water serves as coolant, 
moderator, reflector, shield, and some reactivity control. The heat output 400 Mw appears attainable with 
a reactor having a modest size core (2.5 ft/sup 2/ cylinder) and a reasonable fuel inventory (20 kg). 
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14868…..…..…………………..…….……..……ID Number…………………..…..…………….14868 

Author: Goertzel, G. / Shapiro, M. M. / Soodak, H. 

Title: Dynamics of the Supercritical Water Reactor 

Date: 2/1/1953 

Report: ORNL-1178 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The background work on the dynamics and control of the Supercritical Water Reactor 
is summarized with emphasis on the determination of the self or inherent stability of the machine. Variations 
in water density are found to provide a substantial amount of self regulation, and the reactor appears quite 
amenable to control under steady conditions. The use of a fluid which undergoes a six-fold expansion in 
passing through the reactor for both moderating and cooling makes necessary a more elaborate treatment 
of the hydrodynamic behavior of this fluid than is usual. The equations of motion of the system are derived 
and simplified by linearization, thus limiting the validity of the results to the case of small departures from 
equilibrium. The resulting partial differential equations are then transformed by a variational procedure into 
a system of first order, ordinary differential equations. The time responses to some disturbances of interest 
are then determined. Eight major reactor periods, all stable, have been found. 
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14869…..…..…………………..…….……..……ID Number…………………..…..…………….14869 

Author: Thompson, W. E. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending November 15, 1951 

Date: 4/1/1952 

Report: ORNL-1221 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buildings; Control Systems; Corrosion; Criticality; Fuel Solutions; 
Homogeneous Reactors; HRE-1; Liquid Flow; Mechanical Structures; Operation; Reactors; Reprocessing; 
Stainless Steels; Sulfates; Titanium; Uranyl Compounds 
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14870…..…..…………………..…….……..……ID Number…………………..…..…………….14870 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending March 10, 1952 

Date: 5/1/1952 

Report: ORNL-1227 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analysis of the circulating fuel aircraft reactor was extended to systems incorporating 
intermediate heat exchangers, various secondary coolants, liquid moderators, core is discussed. Progress is 
reported in the design of the reactor, fluid circuits, the reactor building, and associated equipment. 
Development of plumbing for high-temperature fluoride mixtures is reported. Techniques of preparation, 
purification, and handling fluoride mixtures were investigated. Techniques of pumping, sealing, and 
controlling fluoride coolants were developed along with lubrication methods. Critically studies for the ARE, 
the ANP, and the simulated General Electric direct-cycle reactor are reported. Angular and energy-
dependent radiation measurements on the mockup of the divided shield are discussed. Research on ducts 
included detailed measurement of the effect of duct geometry on neutron transmission, and confirmation of 
a neutron transmission theory for ducts. Design details of the Tower Shielding Facility are presented. 
Additional cross-section measurements were obtained on the 5-Mev Van de Graaff and the time-of-flight 
neutron spectrometer for use in reactor cross-section determinations. Measurements of the total cross 
section of Fe were made at 0.7 to 3.6 Mev. Research on high-temperature liquids for use as a fuel- coolant 
for the circulating-fuel reactor is discussed. Several fluoride systems are being investigated. Tests of 
fluoride, hydroxide, and liquid metal corrosion are reported. The effect of various additives on fluoride and 
hydroxide corrosion is being evaluated. Investigation of metallurgical processes involved in the 
construction and assembly of a high-temperature reactor core is reported. Information on fabrication of 
control rods, welding and brazing of core structure, and creep and stress-rupture of metals is presented 
along with data on viscosity, thermal conductivity, heat capacity, and vapor pressure ot fluoride mixtures. 
Results of a theoretical analysis of heat transfer in circulating-fuel reactors were used to establish the design 
parameters for the core fuel circuit. Mathematical expressions for natural convection associated with liquid 
fuels were developed for the case of turbulent flow. Data on the heat transfer of boiling Hg is included. 
Radiation damage studies included those on fuel capsules, inpile liquid loops, and creep and thermal 
conductivity in metals. A summary of findings from a survey of the supercriticalwater reactor is included. 
Procedures for the analysis of fluoride mixtures for corrosion products and changes in composition are 
reported. 
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14871…..…..…………………..…….……..……ID Number…………………..…..…………….14871 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending June 10, 1952 

Date: 8/1/1952 

Report: ORNL-1294(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical progress of the research on the circulating fuel reactor and all other 
ANP research of the Lab is recorded. Topics covered include circulating fuel aircraft reactors, Circulating 
Fuel Aircraft Reactor Experiment, experimental reactor engineering, reactor physics, critical experiments, 
chemistry of high-temperature liquids, corrosion research, metallurgy and ceramics, heat transfer and 
physical properties research, radiation damage, and analytical chemistry. (For preceding period see 
ORNL1227.) 
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14872…..…..…………………..…….……..……ID Number…………………..…..…………….14872 

Author: Thompson, W. E. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending July 1, 1952 

Date: 9/19/1952 

Report: ORNL-1318 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Acids- Chromium Alloys- Chromium Compounds- Cobalt Alloys- 
Corrosion- Fluorides- Homogeneous Reactors- HRE-1- Nickel- Nickel Alloys- Nitric Acid- Reactors- 
Solutions- Stainless Steels- Stellite- Sulfates- Sulfuric Acid- Tantalum- Titanium- Tungsten Alloys- Uranyl 
Compounds; Adsorption- Barium Sulfates- Chemical Reactions- Electrodes- Gamma Radiation- High 
Temperature- Homogeneous Reactors- HRE-1- Phase Diagrams- Phosphoric Acid- Plutonium- Pressure- 
Radiation Effects- Reactors- Silver Sulfates- Solubility- Solutions- Stainless Steels- Sulfates- Temperature- 
Thermal Conductivity- Uranium Trioxide 
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14873…..…..…………………..…….……..……ID Number…………………..…..…………….14873 

Author: Tamor, S. / Ergen, W. K. 

Title: The Effect of Gaps on Pile Reactivity 

Date: 7/14/1952 

Report: ORNL-1320 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The variation of the reactivity of a pile as a function of width of a transverse gap is 
calculated. The method used involves finding the boundary condition satisfied by the flux nt the gap face. 
This, in principle, provides enough information for a complete solution of the pile equations. A methcd for 
calculating the reactivity change is preserted. The calculated reactivity is compared with experimert, and 
the validity of the approximations is discussed. 
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14874…..…..…………………..…….……..……ID Number…………………..…..…………….14874 

Author: Callihan, D. / Ross, D. 

Title: A Review of a Polonium Contamination Problem 

Date: 8/12/1952 

Report: ORNL-1381 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Biology and Medicine; Accidents; Beryllium; Contamination; Decontamination; 
Man; Neutron Sources; Personnel; Polonium; Toxicity 
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14875…..…..…………………..…….……..……ID Number…………………..…..…………….14875 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending December 10, 1952 

Date: 10/31/1960 

Report: ORNL-1439(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The most significant ARE modification was the completion of the off- gas system 
design. Progress is repeated on valves, pumps, instrumentation, and other components of the fluoride-fuel 
and reflector-coolant circuits. A rotameter-type flowmeter and the modified Moore Nullmatic pressure 
transmitter were tested. The heat transfer coefficient of a sodium-to-air radiator was increased by 20%. 
General design studies include a performance study on a Sapphire turbojet engine. Reactor physics studies 
include those of oscillations in a circulating fuel reactor, a technique for reactor calculations, and the 
temperature-dependence of a cross section exhibiting a resonance. Measurements in several criticality tests 
are reported. The research on fused-fluoride systems led to selection of the fuel and charging technique for 
ARE. Continued study of the corrosion characteristics of ZrF4 bearing mixtures, hydroxides, and liquid 
metals is reported. Metallurgy and ceramics research includes work on development of spherical solid fuel 
elements, creep rupture tests of structural metal; welding and brazing techniques; and cermets and ceramic 
coatings. Heat transfer and physical properties of several fluoride mixtures were studied. Radiation damage 
studies include irradiation of fluoride fuel samples, in-pile sodium-loop measurements, and in-pile creep 
measurements. Chemical, spectrographic, and petrographic identification of various impurities, corrosion 
products, and reduction products are reported. (For preceding period see ORNL-1375.) 
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14876…..…..…………………..…….……..……ID Number…………………..…..…………….14876 

Author: Thompson, W. E. comp. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending January 1, 1953 

Date: 3/1/1953 

Report: ORNL-1478(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Adsorption; Analog Systems; Boiling; Chemical Reactions; Coolant Loops; 
Corrosion; Corrosion Protection; Criticality; Diagrams; Efficiency; Fluid Flow; Fluorides; Fuel Slurries; 
Fuel Solutions; Gamma Radiation; Gas Flow; Gases; Heat Exchangers; Heat Transfer; Homogeneous 
Reactors; Impurities; Irradiation; Mass; Materials Testing; Mechanical Properties; Mockup; Neutrons; 
Oxides; Oxygen; Pipes; Planning; Power; Power Plants; Pumps; Radiation Effects; Radiation Protection; 
Reactivity; Reactor Core; Shielding; Slurries; Stability; Stainless Steels; Steam; Sulfates; Temperature; 
Testing; Titanium; Transients; Uranium Compounds; Uranium Dioxide; 
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14877…..…..…………………..…….……..……ID Number…………………..…..…………….14877 

Author: Mills, C. B. 

Title: The General Methods of Reactor Analysis Used by the ANP Physics Group 

Date: 9/22/1953 

Report: ORNL-1493 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14878…..…..…………………..…….……..……ID Number…………………..…..…………….14878 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending March 10, 1953 

Date: 4/16/1953 

Report: ORNL-1515 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Aircraft Reactor Experiment No. 1 is described and discussed. Tests of valves, 
seals, pumps, etc., are described. Preliminary results with an ARE fuel circuit mockup are reported. The 
following studies on the Aircraft Reactor Experiment No. 2 (reflector-moderated, circulating-fuel reactor) 
are reported: static physics of the reactor, including the effect on core size and the use of various materials 
in the core and reflector; the results of critica1 experiments; mechanical design envisioned and 
developmental work initiated to provide a basis for the detailed design of a full-scale reactor; and the 
shielding work to date. Fast neutron removal cross sections were determined for Al, Be, Cu, Fe, LiF, and 
W. Air scattering experiments in the Bulk Shielding Reactor are described. The time decays of neutrons 
and gamma rays from the Bulk Shielding Reactor for 0 to 6 hours after shutdown are shown. The status of 
the Tower Shielding Facility is discussed. Research on fused-fluoride systems concerned with purifying 
and preparing ARE fuel and fuel carrier is reported. Corrosion characteristics of various fluoride mixtures 
are discussed. Metallurgy and ceramics research includes: the fabrication of various reactor components for 
use at high temperatures; creep rupture tests of structural metals; development of special alloys, cermets, 
and ceramic coatings; and tests of welding and brazing alloys. Control and safety rod inserts for the GE 
reactor and Tower Shielding Facility are described. Physical property measurements of various fluoride 
mixtures and heat transfer studies of experimental systems as well as aircraft components are described. 
Chemical, petrographic, and x-ray diffraction studies of impurities, corrosion products, and constituents of 
reactor fuels are reported. 
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14879…..…..…………………..…….……..……ID Number…………………..…..…………….14879 

Author: Thompson, W. E. comp. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending March 31, 1953 

Date: 7/10/1953 

Report: ORNL-1554 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Acidity- Cooling- Crystals- Fluid Flow- Fluorides- In Pile Loops- Indium 
Alloys- Metallurgy- Phase Diagrams- Precipitation- Pumps- Reaction Kinetics- Separation Processes- 
Solubility- Stability- Stresses- Temperature- Testing- Thorium Oxides- Titanium- Uranyl Compounds- 
Uranyl Fluorides- Velocity- Zirconium Alloys; Aluminum Oxides- Boiling- Bubbles- Catalysis- Copper- 
Criticality- Enrichment- Fission Products- Heat Transfer- Heavy Water Moderator- HRE-1- Ions- Ishr- 
Mockup- Nucleate Boiling- Planning- Platinum- Plutonium- Production- Reactors- Slurries- Sulfates- 
Uranium Oxides- Uranyl Compounds- 
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14880…..…..…………………..…….……..……ID Number…………………..…..…………….14880 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending June 10, 1953 

Date: 7/24/1953 

Report: ORNL-1556(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical progress of the research on the circulating fuel reactor aad other ANP 
research at ORNL is recorded. The nucleus of the effort on circulating fuel reactors is centered upon the 
Aircraft Reactor Experiment, a 3- Mw high-temperature prototype of a circulating fuel reactor for the 
propulsion of aircraft. The experiment is being assembled, and its status is summarized. Other research 
areas reported on include experimental reactor engineering, reactor physics, reflector-moderated reactor 
critical experiments, chemistry of high-temperature liquids, corrosion research, metallurgy and ceramics, 
heat transfer and physical properties, radiation damage, analytical studies of reactor materials, fluoride fuel 
reprocessing, Lid Tank Facility, and Tower Shielding Facility. (For preceding period see ORNL-1515.) 
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14881…..…..…………………..…….……..……ID Number…………………..…..…………….14881 

Author: Halperin, J. / Stoughton, R. W. 

Title: Heavy Isotope Build-Up in Core of U233 Breeder 

Date: 10/6/1953 

Report: ORNL-1567 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Breeding; Capture; Conversion; Criticality; Efficiency; Equations; Fuels; 
Isotopes; Mass; Multiplication Factors; Neutron Flux; Production; Reactivity; Reactor Core; Reactor 
Fueling; Reactors; Stability; Startup; Uranium; Uranium 233 
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14882…..…..…………………..…….……..……ID Number…………………..…..…………….14882 

Author: Collier, D. M. / Meeks, L. A. / Palmer, J. P. 

Title: The HRE Simulator. An Analog Computer for Solving the Kinetic Equations of a Homogeneous 
Reactor 

Date: 9/24/1954 

Report: ORNL-1572 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Amplifiers; Analog Systems; Computers; Criticality; Differential Equations; 
Disturbances; Electronic Equipment; Errors; Excursions; Homogeneous Reactors; HRE-1; Nonlinear 
Problems; Operation; Personnel; Planning; Power; Reactivity; Reactors; Stability; Temperature; Uses; 
Variations 
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14883…..…..…………………..…….……..……ID Number…………………..…..…………….14883 

Author: Cottrell, W. B. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending September 10, 1953 

Date: 11/1/1953 

Report: ORNL-1609(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A higher value was obtained for the critical mass for the Aircraft Reactor Experiment. 
The enact value of the critical mass was not determined, but it is expected that the reactor will be able to 
"go critical." Structural poisons were removed from the core. The increase in the critical mass reduced the 
heat removal capacity by one-half. Coincident with these changes, both the fuel and sodium systems were 
revised to operate with only one pump. Vertical-shaft, sump- type, gas-sealed centrifugal pumps are to be 
employed in both systems. Pump seals with packings of graphite, graphite and metal wood, and beryllium 
fluoride and various vitreous and frozen seals were tested for use in continuous remote operation. No seals 
for such an operation were found suitable; however, several seals operated in excess of 1000 hr with leakage 
rates of less than 10 cm/sup 3/ per day. Suitable instrumentation to indicate leaks in the sodium and the 
fluoride systems was developed. Reliable fluid-flow measurements were made by using two Moore 
pressure transmitters across a venturi. Several series of reactor and shield designs were made to determine 
the effects of reactor power, reactor core diameter, and division of the shield on aircraft performance. The 
activation of various secondary coolants, including Na and K, was measured. Sodium was found superior 
to K on the basis of total weight of the system, although the activity of the K was about 2 to 5% that of the 
Na. An analysis of a power plant system external to a reactor was made for a 200,000-lb aircraft with a 100- 
or a 200-Mw reflector-moderated reactor and two or four Wright turbo- jet engines. The analysis revealed 
that the off-design, as well as the normal performance and control of these subsonic planes, is satisfactory 
when four engines are employed with chemical augmentation. The critical experiment facility was used to 
determine the relation between minimum critical mass and uniform thermal-neutron flux. The assembly 
investigated consisted of concentric cylindrical aluminum shells filled with varying concentrations of 
aqueous uranyl fluoride solution. Critical height and mass were measured, based on theoretically 
determined fuel loadings, and found to be within 2.5% of the corresponding calculated parameters. Phase 
equilibria studies of UF4, UF3, ThF4, and UCl/sub 4/ compounds were conducted. problems in the 
preparation and purification of fluoride mixtures were investigated. The corrosion of Inconel by NaF--ZrF4-
-UF4 (50--46--4 mole%) was studied as a function of time and temperature. The initial corrosion rate 
(approximately 1 mil/day) was higher at higher temperatures but decreased after several days by a factor of 
10. Creep-rupture data were obtained for both coarse- and fine-grained Inconel in fluorides at 815 deg C 
over the stress range 2500 to 7500 psi. The beneficial effect of adding ZrH2 was demonstrated in additions 
as small as 0.1 wt. %. The corrosion of Inconel by fluorides at high fluid velocities was no greater than in 
static tests. of several stainless steel convection loops tested with circulating lead, only the loop constructed 
of type 410 stainless steel did not plug. High-conductivity radiator fins were fabricated (copper clad type 
310 or 346 stainless steel) and assembled into high- temperature high-performance radiator segments. The 
high-temperature physical properties of several molten fluorides, chlorides, and hydroxides were measured. 
The viscosity and density of the system the corrosion of BeO by Na both under the influence of radiation 
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and without radiation was studied. Spectrometric analysis revealed no gross segregation of the U in 
irradiated fluoride fuels. The determination of Zr in fluorides by a spectrophotometric technique utilizing 
the zirconium-alizarin red-S complex is described. (For preceding period see ORNL- 1556.) 
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14884…..…..…………………..…….……..……ID Number…………………..…..…………….14884 

Author: Boch, A. L. / Gall, W. R. / Leichsenring, G. F. / Livingston, R. S. 

Title: A Conceptual Design of a Pressurized-Water Package Power Reactor 

Date: 6/6/1955 

Report: ORNL-1613 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This conceptual design study describes a reactor and associated power plant that has 
been designed to produce 1000 kw of net electric power and 3535 kw of steam for heating purposes. The 
total thermal output of the reactor is 10, 000 kw. The fuel plates consist of highly enriched UO2 imbedded 
in a matrix of stainless steel and clad on all sides with stainless steel. The core is cooled and moderated 
with circulating light water, pressurized to 1200 psia. Saturated steam, produced in the heat exchanger at 
200 psia, is used to drive a turbogenerator. Steam from the heat exchanger is also used, at a reduced 
pressure, for space heating. The reactor is loaded with approximately 18 kg of U235 and will supply 15 
Mw-yr of energy before refueling is required. This corresponds to 2.5 years of operation at an average load 
factor of 60%. Burnout poison in the form of B4C is incorporated to reduce the reactivity excursion and 
thus facilitate control. The major objective has been to design a reactor which will require a minimum of 
development effort and yet be reliable and inexpensive. The estimated capital investment, exclusive of 
uranium, is 703, 000. The estimated cost per kilowatt-hour for net electric and steam power at the bus, 
based on a 60% average load demand is 5.33 cents and 1.23 cents, respectively. 
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14885…..…..…………………..…….……..……ID Number…………………..…..…………….14885 

Author: Callihan, A. D. / Scott, D. 

Title: Preliminary Critical Assembly for the Molten Fluoride Reactor Experiment 

Date: 11/18/1953 

Report: ORNL-1634 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A zero power mock-up of the molten fluoride reactor experiment was constructed in 
the Oak Ridge National Laboratory critical facility. The assembly was beryllium oxide moderated and 
reflected and used a powder mixture of zirconium, sodium, and enriched uranium, simulating the reactor 
fuel, packed in stainless steel tubes as fuel elements. The clean critical mass, without the regulating and 
safety rods, was 5.8 kg of uranium-235 to be compared to the predicted value of 5.5 kg. 



 

C-14932 

14886…..…..…………………..…….……..……ID Number…………………..…..…………….14886 

Author: Charpie, R. A. / Halperin, J. / Klotzbach, R. J. / Mcwherter, J. R. / Nelson, F. / Nicholson, E. L. / 
Odom, C. H. / Stoughton, R. W. / Wigner, E. P. / Zeitlin, H. R. 

Title: Project Hope: A Chemical Reprocessing Plant for a Nuclear Power Economy. 

Date: 2/1/1954 

Report: ORNL-1638(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of the Hope Project, a completely rationalized reprocessing plant, are 
summarized. An MTR type fuel element was adopted, with U233 replacing the U235 and a fuel processing 
rate of 5.5 kg equivalent of U233 per day. The chemical process chosen was solvent extraction, using TBP 
in Amsco. The Hope plant features continuous dissolving; relaxed, yet safe, criticality criteria; sampling 
only for process control; a realistic approach to waste storage; and a new operating-maintenance 
philosophy. It was felt that with the process outlined enriched fuel elements could be reprocessed for about 
one dollar per gram. 
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14887…..…..…………………..…….……..……ID Number…………………..…..…………….14887 

Author: Hurst, G.S. / Harter, J.A. / Hensley, P.N. / Mills, W.A. 

Title: Neutron Flux and Tissue Dose Studies with Fission Threshold Detectors 

Date: 3/30/1954 

Report: ORNL-1671 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Methods and apparatus are described which were developed for the purpose of 
making neutron measurements in an effort to define tissue dose in terms of energy dissipated per gram of 
average wet tissue. The apparatus was used for measurements of radiation from an atomic explosion. The 
energy response of Pu/ sup 239/ Np237, U/sup 238/, Au, and S permitted the neutron energy spectrum to 
be resolved into five energy groups. A NaI scintillation counter was used to detect low energy gamma rays 
from the Pu fission products. Calibration of the system of threshold detectors is described, and typical field 
results are presented. 
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14888…..…..…………………..…….……..……ID Number…………………..…..…………….14888 

Author: Thompson, W. E. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending January 31, 1954 

Date: 4/15/1954 

Report: ORNL-1678 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum Alloys- Calcium Fluorides- Chromium Alloys- Cobalt Alloys- 
Inconel Alloys- Materials Testing- Nickel Alloys- Niobium Alloys- Organic Compounds- Preparation- 
Production- Rare Earths- Separation Processes- Stellite- Thorium Hydroxides- Titanium Alloys- Tungsten 
Alloys- Zircaloy; Blankets- Control Systems- Criticality- Decontamination- Electronic Equipment- Gamma 
Radiation- Heavy Water Moderator- HRE-1- HRT- In Pile Loops- Instruments- Mechanical Properties- 
Mixing- Radiation Effects- Slurries- Sulfates- Tantalum- Titanium- Uranyl Compounds- Variations- 
Welding- Zirconium- Zirconium Alloys; Boiling 
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14889…..…..…………………..…….……..……ID Number…………………..…..…………….14889 

Author: Callihan, Dixon 

Title: A Test of Neutron Multiplication by Slightly Enriched Uranium - Part II 

Date: 3/31/1954 

Report: ORNL-1698 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of multiplication for large cylinders of unmoderated UF6 at 2% 
enrichment. Similar to K-740 experiments except HF was added to give H:U-235 = 3.7. The material was 
in liquid state. 
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14890…..…..…………………..…….……..……ID Number…………………..…..…………….14890 

Author: Staff 

Title: Physics Division Semiannual Progress Report for Period Ending March 10, 1954 

Date: 7/14/1954 

Report: ORNL-1715 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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14891…..…..…………………..…….……..……ID Number…………………..…..…………….14891 

Author: Thomas, J. T. / Fox, J. K. 

Title: Measurement of Eta for Uranium-233 

Date: 7/14/1954 

Report: ORNL-1715, 11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14892…..…..…………………..…….……..……ID Number…………………..…..…………….14892 

Author: Fox, J. K. / Thomas, J. T. / Rohrer, E. R. 

Title: Critical Mass Studies of Aqueous Solution of Uranium-233 

Date: 7/14/1954 

Report: ORNL-1715, 11-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14893…..…..…………………..…….……..……ID Number…………………..…..…………….14893 

Author: Gilley, L. W. / Cronin, D. F. / Harness, V. G. 

Title: Boron Poisoning in Critical Slabs 

Date: 7/14/1954 

Report: ORNL-1715, 12-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments has been initiated to determine the effect of partitioning with 
boron slabs on the criticality of a slab of solution. The multiplying media being studied are bare, as well as 
partially water-reflected, aqueous solutions of uranyl fluoride in which the uranium has been enriched 
93.3% with uranium-235 
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14894…..…..…………………..…….……..……ID Number…………………..…..…………….14894 

Author: Fox, J. K. / Marable, J. H. 

Title: Criticality Data for Uranium-Aluminum Slug Lattices in Water 

Date: 7/14/1954 

Report: ORNL-1715, 13-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Regular lattices of uranium-aluminum alloy slugs were flooded with an effectively 
infinite water reflector in order to determine the number of slugs required for criticality as a function of the 
lattice spacing. These slugs are 1.015 inch in diameter and 12.00 inch in length and consist of an alloy of 
aluminum and 93.3% enriched uranium-235. The mass of uranium-235 in each slug is 22.3 grams, which 
is 5% of the total slug mass. These experiments are similar to those of a more extensive program reported 
previously. 
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14895…..…..…………………..…….……..……ID Number…………………..…..…………….14895 

Author: Williams, D. V. P. / Harness, V. G. / Lynn, J. J. 

Title: High Temperature Reactor Studies 

Date: 7/14/1954 

Report: ORNL-1715, 14-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14896…..…..…………………..…….……..……ID Number…………………..…..…………….14896 

Author: Scott, D. / Greenstreet, B. L. 

Title: Reflector-Moderated Reactor 

Date: 7/14/1954 

Report: ORNL-1715, 18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14897…..…..…………………..…….……..……ID Number…………………..…..…………….14897 

Author: Zimmerman, E. L. / Marable, J. H. 

Title: Supercritical Water Reactor 

Date: 7/14/1954 

Report: ORNL-1715, 18 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14898…..…..…………………..…….……..……ID Number…………………..…..…………….14898 

Author: Cronin, D. F. / Callihan, A. D. 

Title: Critical Mass Studies, Part 7 Aqueous Uranium Slurries 

Date: 6/17/1954 

Report: ORNL-1726 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments has been performed with aqueous slurries of uranium 
trioxide, enriched to 93% in uranium-235, and a preliminary study of the nuclear stability of critical and 
near critical suspensions. The slurries were contained in a 12 inch diameter cylinder and were mixed by a 
centrally located variable speed stirrer in a manner giving small surface disturbances. Critical masses were 
measured at concentrations ranging from 40 to 300 grams uranium per liter at several stirrer speeds. 
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14899…..…..…………………..…….……..……ID Number…………………..…..…………….14899 

Author: Thomas, J. T. 

Title: A Direct Comparison of Some Nuclear Properties of Uranium-233 and Uranium-235 

Date: 12/16/1954 

Report: ORNL-1731 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear properties of uranium-233 and uranium-235 are compared using data 
obtained in a series of critical experiments. Aqueous solutions of uranyl oxyfluoride containing uranium 
enriched to about 90% in each of the two isotopes have been made critical in water-reflected spherical 
reactors having diameters of 26.4 and 32.0 cm. Assuming the reported nuclear constants for uranium-235 
are reliably known and assuming equality of the neutron leakage spectra of uranium-233 and uranium-235 
for the same water-reflected critical sphere, the value of eta (uranium-233) at 0.026 eV was determined to 
be 2.31 ± 0.03. The critical masses for the two isotopes in these systems have been measured over the 
temperature range from 20 degrees C to 100 degrees C; corresponding values of the reactivity temperature 
coefficient are reported. Delayed neutron yields for the two isotopes were compared by noting the periods 
resulting from the withdrawal of a boron poison from the critical spheres. It is shown that the yield from 
uranium-233 is about one-third that from uranium-235, in agreement with other determinations. 
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14900…..…..…………………..…….……..……ID Number…………………..…..…………….14900 

Author: McDuffie, H. F. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending April 30, 1954 

Date: 9/17/1954 

Report: ORNL-1753 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Homogeneous Reactor Experiment. Final data were obtained on the effectiveness of 
Cu/sup ++/ as an internal recombiner catalyst for radiolytic gas. Homogeneous Reactor Test. Criticality 
calculations have been completed for three blanket configurations using D2O. ThO2 slurry, and unenriched 
UO2SO4 solutions. Investigations on the temperature coefficient of reactivity and kinetic studies with 
respect to core pressure rise were also undertaken. Startup and shutdown procedures will involve the 
addition and removal of fuel concentrate. Revised flow sheet and design data sheets are presented, including 
the reactor vessel assembly, fuel pressurizer, recombiner- condenser, outer dump tank condenser, and fuel 
solution evaporator. The physical properties of HRT fuel and blanket solution at 2000 psia are given. 
Present evidence indicates that the Xe poison level can be maintained below 1% by continuous stripping 
with only 2% of the decomposition gases which would be produced if no Cu/sup ++/ catalyst were present 
for recombination. Revised inlet and outlet valve designs for the HRT pulsafeeder system have resulted in 
improved performance. General Homogeneous Reactor Studies. Principal activities in engineering 
development consist of the design of several representative heat exchanger layouts and recombiner loops. 
An extensive body of data on the corrosion of stainless steel by UO2SO4 solutions has been accumulated. 
The corrosive effects of boiling HNO3 on stainless steel, and the UO2 SO4 corrosion of Zircaloy were also 
investigated. Stress relief annealing at 1000 deg F improved the dynamic corrosion resistance of austenitic 
stainless steel welds corroded by UO2SO4. The dynamic corrosion of Zircaloy-2 and Ti by UO2SO4 
showed no marked effect on the impact behavior of these materials. The yield of N2 from irradiated 
Th(NO3)/sub 4/ is considerably less than previous values reported for UO2(NO3)2 solutions. A revised 
phase diagram of the UO2F2-H2O system is presented. The preparation and corrosive properties of ThO2 
slurries were investigated, together with the abrasion characteristics on stainless steel and Ti. 
Considerations associated with chemical processing of fuel and blanket solutions, such as the solubility of 
rare-earth sulfates, are discussed. 
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14901…..…..…………………..…….……..……ID Number…………………..…..…………….14901 

Author: Spencer, R. M. 

Title: Preliminary Critical Assemblies of the Reflector Moderator Reactor 

Date: 11/22/1954 

Report: ORNL-1770 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Five preliminary critical assemblies, planned in conjunction with a full scale 
circulating fuel reactor, were constructed at the Oak Ridge critical experiment facility. The first assembly 
was constructed with a beryllium island and reflector, and had enriched uranium disks placed between 
sodium filled stainless steel cans arranged in a fuel annulus. The assembly was critical with 15.1 kg of 
uranium-235. The second assembly was also constructed with a beryllium island and reflector; however, a 
powdered mixture of sodium, zirconium and uranium fluorides packed in aluminum tubes was used as a 
fuel, and fuel end ducts were provided. The assembly was critical with 7.7 kg of uranium-235. The addition 
of structural poisons (fifth assembly) to this assembly increased the critical mass to 18.2 kg of uranium-
235. In the third assembly the beryllium island and reflector were replaced by graphite. With 17.3 kg of 
uranium-235 in the fuel region, this assembly was not critical. In order to make the assembly critical 
approximately 80% of the graphite in the island and inner six inches of the reflector were replaced by 
beryllium. The fourth assembly was constructed as a two region assembly with a 1 to 1 volume ratio of 
graphite and powdered fuel in the core and a beryllium reflector. This assembly was critical with 15.2 kg 
of uranium-235. 
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14902…..…..…………………..…….……..……ID Number…………………..…..…………….14902 

Author: Savolainen, A. W. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending September 10, 1954 

Date: 10/29/1954 

Report: ORNL-1771(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on the Circulating-fuel Aircraft Reactor Experiment, Reflector-
moderated Reactor, experimental reactor engineering, critical experiments, chemistry of molten materials, 
corrosion research, metallurgy, heat transfer and physical properties, radiation damage, and analytical 
studies of reactor materials. 
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14903…..…..…………………..…….……..……ID Number…………………..…..…………….14903 

Author: Edlund, M. C. / Wood, P. M. 

Title: Physics of the Homogeneous Reactor Test—Statics 

Date: 8/27/1954 

Report: ORNL-1780 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Adsorption; Blankets; Breeding; Buckling; Configuration; Criticality; 
Diagrams; Distribution; Enrichment; Equations; Fast Neutrons; Fuel Solutions; Gamma Radiation; Group 
Theory; Heating; Heavy Water; Heavy Water Moderator; Homogeneous Reactors; HRT; Mass; 
Multiplication Factors; Neutron Flux; Numericals; Power Plants; Production; Protactinium 233; Reactivity; 
Reactor Core; Reflectors; Sulfates; Temperature; Thermal Neutrons; Thorium; Thorium Oxides; 
Transients; Transport Theory; Uranium; Uranium 233; Uranyl Compounds; Variations; Zones; 
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14904…..…..…………………..…….……..……ID Number…………………..…..…………….14904 

Author: McDuffie, H. F. / Kelly, D. C. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending October 31, 1954 

Date: 11/10/1954 

Report: ORNL-1813 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents- Blankets- Condensers- Coolant Loops- Fabrication- Failures- 
Fluid Flow- Heat Exchangers- Heat Transfer- Homogeneous Reactors- HRT- Hydraulics- Measured 
Values- Mockup- Neutron Flux- Planning- Power Plants- Pressure- Radiation Protection- Reactivity- 
Reactor Core- Reactor Safety- Transients- Variations; Alumel- Aluminum Alloys- Chromel- Chromium- 
Chromium Alloys- Cobalt Alloys- Constantan- Copper Alloys- Corrosion- Filters- Fuel Solutions- 
Impurities- Iron- Manganese Alloys- Materials Testing- Measured Values- Nickel Alloys- Numericals- 
Oxygen- Radiation Effects- Silicides- Stainless Stee 
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14905…..…..…………………..…….……..……ID Number…………………..…..…………….14905 

Author: Staff 

Title: Physics Division Semiannual Progress Report for Period Ending September 10, 1954 

Date: 1/6/1955 

Report: ORNL-1820 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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14906…..…..…………………..…….……..……ID Number…………………..…..…………….14906 

Author: Cottrell, W. B. / Hungerford, H. E. / Leslie, J. K. / Meem, J. L. 

Title: Operation of the Aircraft Reactor Experiment 

Date: 9/1/1955 

Report: ORNL-1845(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Aircraft Reactor Experiment (ARE) was operated successfully and without 
untoward difficulty in November 1954. The reactor became critical with a mass of 32.8 lb of U235, which 
gave a concentration of 23.9 lb of U235 per cubic foot of fluoride fuel. For operation at power, the U235 
content of the fuel mixture was increased to 26.0 lb/ft/sup 3/, and thus the final composition of the fuel 
mixture was 53.09 mole% NaF, 40.73 mole% ZrF4, and 6.18 mole% UF4. The maximum power level for 
sustained operation was 2.5 Mw, with a temperature gradient of 355 deg F; the maximum fuel temperature 
at this level was 1580 deg F. Temperatures as high as 1620 deg F were recorded during transients. From 
the time the reactor first went critical until the final shutdown, 221 hr had elapsed, and for the final 74 hr 
the power was in the megawatt range (0.1 to 2.5 Mw). The total integrated power was about 96 Mw-hr. 
While at power the reactor exhibited excellent stability and it was easily controlled because of its high 
negative temperature coefficient of reactivity, which made the reactor a slave to the load placed upon it. 
The fuel temperature coefficient was -9.8 x 10/sup -5/ ( DELTA k/k)/ deg F, and the over-all coefficient 
for the reactor was -6.1 x 10/sup -5/. Practically all the gaseous fission products and probably some of the 
other volatile fission products were removed from the circulating fuel. In a 25-hr run at 2.12 Mw the upper 
limit of the reactor poisoning due to xenon was 0.01% DELTA k/k. No more than 5% of the xenon stayed 
in the molten fluoride fuel. The total time of operation at high temperature (l000 to 1600 deg F) for the 
sodium circuit was 635 hr, and, for the fluoride fuel system, 462 hr. During most of the operating period 
the sodium was circulated at 150 gpm nnd the fuel at 46 gpm. The fabricability and compatibility of the 
materials system, i.e., fluoride fuel, stadium coolant, and lnconel structure, were demonstrated, at least for 
the operating times, temperatures, and flux levels present. All components and, with few exceptions, all 
instrumentation performed according to design specifications. The performance of the pumps was 
particularly gratifying, and the low incidence of instrumentation failure was remarkable in view of the 
quantity and complexity of the instruments used. 



 

C-14953 

14907…..…..…………………..…….……..……ID Number…………………..…..…………….14907 

Author: Visner, S. / Wood, P. M. 

Title: Low-Power Criticality Experiments on the Homogeneous Reactor Experiment (HRE-1) 

Date: 4/3/1957 

Report: ORNL-1858 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The low power criticality behavior of the HRE has been experimentally investigated 
and in general, the theoretical predictions were confirmed. The HRE, which is fueled with an aqueous 
solution of highly enriched uranyl sulfate in an 18-inch diameter spherical core and reflected by heavy 
water, was the first prototype of a circulating aqueous homogeneous power reactor and was intended to 
demonstrate stable operation at high power densities. Criticality was here achieved for the first time in a 
reactor through which a fluid circulated with the attendant loss of delayed neutrons in the external circuit. 
It was demonstrated that except for the loss and recovery of reactivity on starting and stopping the 
circulating pump, the low power behavior of the HRE was qualitatively no different than in a static 
homogeneous system. 
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14908…..…..…………………..…….……..……ID Number…………………..…..…………….14908 

Author: Johnson, E. B. / Maienschein, F. C. / Henry, K. M. / Cochran, R. G. / Flynn, J. D. 

Title: Reactivity Measurements with the Bulk Shielding Reactor: Control Rod Calibrations/Beam Hole 
Coefficients/Partial Reflector Coefficients 

Date: 9/16/1955 

Report: ORNL-1871 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Air; Aluminum Alloys; Beryllium Oxides; Boral; Boron; Boron Carbides; 
BSR-1; Calibration; Control Elements; Cylinders; Efficiency; Fuel Elements; Graphite; Measured Values; 
Reactivity; Reactor Core; Reflectors; Research Reactors; Tubes; Variations; Water 
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14909…..…..…………………..…….……..……ID Number…………………..…..…………….14909 

Author: Maienschein, F. C. / Estabrook, G. M. / Flynn, J. D. / Johnson, E. B. / Henry, K. M. 

Title: Attenuation by Water of Radiations from a Swimming Pool Type Reactor 

Date: 9/7/1955 

Report: ORNL-1891 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; BSR-1; Deuterium; Gamma Radiation; Measured Values; 
Neutron Flux; Operation; Photoneutrons; Power; Radiation Doses; Radiations; Reactor Core; Research 
Reactors; Thermal Neutrons; Water; Water Moderator 
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14910…..…..…………………..…….……..……ID Number…………………..…..…………….14910 

Author: McDuffie, H. F. / Kelly, D. C. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending April 30, 1955 

Date: 7/14/1955 

Report: ORNL-1895 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Acids- Aluminum Alloys- Chromium Alloys- Cobalt Alloys- Corrosion- 
Decomposition- Deposits- High Temperature- In Pile Loops- Nickel Alloys- Niobium Alloys- Platinum- 
Recombiner- Slurries- Stainless Steels- Stellite- Sulfates- Testing- Thorium Oxides- Titanium Alloys- 
Tungsten Alloys- Uranyl Compounds- Water Coolant- Zircaloy- Zirconium Alloys; Adsorption- Chemical 
Reactions- Fuel Solutions- Impurities- Instruments- Iodine- Metals- Neodymium Sulfates- Neodymium 
147- Plutonium- Plutonium Oxides- Protactinium- Reprocessing- Silver- Solubility- Sulfates- Thorium 
Fluorides- Uranium- Uranium Oxides- Uranyl 
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14911…..…..…………………..…….……..……ID Number…………………..…..…………….14911 

Author: Savolainen, A. W. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending June 10, 1955 

Date: 7/28/1955 

Report: ORNL-1896(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress- is reported on the reflector-moderated reactor, experimental reactor 
engineering, critical experiments, chemistry of reactor materials, corrosion research, metallurgy and 
ceramics, heat transfer and physical properties, radiation damage, analytical chemistry of reactor materials, 
and recovery and reprocessing of reactor fuel. 
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14912…..…..…………………..…….……..……ID Number…………………..…..…………….14912 

Author: Blizard, E. P. ed. 

Title: Physics Division Semiannual Progress Report for Period Ending March 10, 1955 

Date: 8/23/1955 

Report: ORNL-1926 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 



 

C-14959 

14913…..…..…………………..…….……..……ID Number…………………..…..…………….14913 

Author: Thomas, J. T. 

Title: Critical Parameters of Uranium-235 Enriched Solutions in Spherical Geometry 

Date: 9/7/1955 

Report: ORNL-1926, 06-07 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Different sized spherical vessels made of type 2S aluminum are being used to 
investigate several nuclear parameters of 93.2% uranium-235-enriched uranyl fluoride aqueous solutions 
over a wide range of concentrations. The experiments are performed with and without a water reflector. 
Parameters being investigated include the variation of the critical mass and critical volume with 
concentration, along with a determination of their minimal values. The neutron flux and the fission rate 
distribution as a function of the concentration are also being measured. Some of the critical spheres are only 
partly filled. 
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14914…..…..…………………..…….……..……ID Number…………………..…..…………….14914 

Author: Cronin, D. F. / Thomas, J. T. 

Title: Critical Parameters of Slightly Enriched Uranium Solutions in Spherical Geometry 

Date: 9/7/1955 

Report: ORNL-1926, 07-08 

Conference/Journal: Physics Division Semiannual Progress Report 

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-002; The critical parameters of aqueous uranium-235 enriched 
solutions in cylindrical geometry were determined in several experiments. In one experiment aluminum 
and stainless steel cylinders of various sizes containing various concentrations of the solution were 
investigated for the unreflected, half-water-reflected, and totally water-reflected assemblies. In another 
experiment to investigate the safety of pipe joints, a 90-degree cross was made from aluminum tubing and 
tested with and without a water reflector. A third experiment was designed to determine the effect of adding 
a latticed solid poison (steel) to a solution contained in a stainless steel cylinder; the assembly was water-
reflected. The critical parameters of aqueous uranium-235, enriched solutions contained in the annular 
space between two cylinders of various sizes were also studied. The experimental variations included 
changing the contents of the annuli and testing the assemblies with and without water reflectors. The 
variation with concentration of the critical parameters of aqueous uranium-235-enriched solutions 
contained in spheres is being investigated. The spheres, which vary in size, are either filled or partly filled 
with the solution, and the experiments are performed with and without a water reflector. The variation with 
concentration of the critical parameters of slightly enriched uranium solution contained in spheres was also 
investigated. The assemblies were tested with and without a water reflector. The critical height of an 
enriched uranyl-fluoride solution contained in a 9-inch diameter cylinder was studied as a function of its 
distance from a concrete neutron reflector. Increasing the separation between the concrete and the cylinder 
resulted in an increase in the critical height, which approaches the unreflected value as a limit at a 2-feet 
separation. 
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14915…..…..…………………..…….……..……ID Number…………………..…..…………….14915 

Author: Gilley, L. W. 

Title: Effect of Concrete as a Neutron Reflector 

Date: 9/7/1955 

Report: ORNL-1926, 08-09 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A measurement has been made of the effect of concrete as a neutron reflector. A 9-
inch-diameter aluminum cylinder was so arranged that it could be made critical when containing enriched 
uranyl fluoride solution with no reflector, with an effectively infinite water reflector, or when located at 
various distances from a concrete slab. This slab was 4x4x0.5 feet thick and consisted of blocks of shielding 
concrete having a density of 2.14 g/cc. The solution had a concentration corresponding to an 
hydrogen/uranium-235 ratio of 74, and its critical height was parameter sensitive to the several experimental 
arrangements. 
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14916…..…..…………………..…….……..……ID Number…………………..…..…………….14916 

Author: Staff 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending September 10, 1955 

Date: 10/26/1955 

Report: ORNL-1947 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical process of the research on circulating fuel reactors and other ANP 
research at ORNL is summarized. The design construction, and operation of the 60Mw Aircraft Reactor 
Test (ART) are the specific objectives of the project. Operation of the system will be for the purpose of 
determining the feasibility, and the problems associated with the design, construction, and operation, of a 
high-power, circulating-fuel, reflector-moderated airmoderated reactor, experimental reactor engineering, 
critical experiments, chemistry of reactor materials, corrosion research, metallurgy and ceramics, heat 
transfer and physical properties, radiation damage, analytic chemistry of reactor materials, and recovery 
and reprocessing of reactor fuels. (For preceding period see ORNL1896.) 
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14917…..…..…………………..…….……..……ID Number…………………..…..…………….14917 

Author: Thomas, J. T. / Fox, J. K. / Callihan, A. D. 

Title: A Direct Comparison of Some Nuclear Properties of Uranium-233 and Uranium-235 

Date: 1/1/1955 

Report: ORNL-1992 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A comparison of nuclear characteristics was made between the circular cell (BR-2 
type core unit cell), and the rectangular cell (ETR type core unit cell) in the Material Engineering Test 
Reactor. The uranium weight ratio of U -- Al alloy for the meat of fuel plates was taken as a parameter. 
Design parameters such as critical mass, average flux of the loop per unit power, allowable maximum flux 
of the loop, mass coefficient, and void coefficient were examined as criterions for the comparisons. In view 
of the co-existence of beryllium and light water in the circular cell, the advantage of beryllium was studied. 
In the calculation, the thermal utilization of the circular cell was estimated as exactly as possible, solving 
the space dependent thermalization formula. It was concluded that the fuels can be loaded in the rectangular 
cell more tightly than in the circular cell. The uranium weight ratio may be adjusted in accordance with the 
requirement when high allowable flux of the loop or high flux of the loop per unit power is desired. If the 
gap of the tightly loaded circular cells is filled with beryllium, which has smaller absorption cross section 
than light water, and if the uranium weight ratio can be adjusted easily according to the requirement, it 
might be said that the circular cell has some advantage because of the improved thermal utilization. The 
negative void coefficient in the circular cell can be obtained more easily than the rectangular one. 
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14918…..…..…………………..…….……..……ID Number…………………..…..…………….14918 

Author: Prohammer, F. G. 

Title: A Comparison of One-Dimensional Critical Mass Computations with Experiments for Completely 
Reflected Reactors 

Date: 3/16/1956 

Report: ORNL-2007 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ORNL Folder contains a memo re classification of the report, a memo from Shigekazu 
Yoshijima of the Tokyo-Shibaru Electric Co., and "spreadsheet" copies for early multigroup calculations. 
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14919…..…..…………………..…….……..……ID Number…………………..…..…………….14919 

Author: Williams, D. V. P. 

Title: Preliminary Results of APPR Critical Experiments. Part I 

Date: 11/25/1955 

Report: ORNL-2021 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This memorandum is the first in a series reporting progress in the program of critical 
experiments in the ORNL Army Package Power Reactor project. The critical assembly, designated as CA-
25, is analogous to the design core and consists of 45 fuel boxes, in a 7 x 7 array with the corners removed, 
contained in a large water tank. Two sides of each box are slotted for the insertion and positioning of any 
desired loading of eighteen plates of fuel, structural material, and poison. The array is submerged in water 
to provide a moderator and reflector. 
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14920…..…..…………………..…….……..……ID Number…………………..…..…………….14920 

Author: Maienschein, F. C. / Johnson, E. B. 

Title: A Bibliography of ORNL-BSF Reports Pertinent to Swimming Pool Type Reactor Design 

Date: 4/12/1956 

Report: ORNL-2036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; BSF; Planning; Research Reactors; Water Coolant; Water 
Moderator 
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14921…..…..…………………..…….……..……ID Number…………………..…..…………….14921 

Author: McDuffie, H. F. / Hill, V. K. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending January 31, 1956 

Date: 4/17/1956 

Report: ORNL-2057 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Adsorption; Barium Sulfates; Barytes; Breeding; Carbon Dioxide; Catalysis; 
Cesium; Chemical Reactions; Cleaning; Control Systems- Coolant Loops; Corrosion; Criticality; Crystals; 
Cyclone Separators; Decomposition; Economics; evaporation; Failures; Films; Fission Products; Fluid 
Flow; Fuel Solutions; Fuels; Gases; Grain Size; Heat Exchangers; Heat Transfer; Heating; Heavy Water; 
Heavy Water Moderator; Homogeneous Reactors; HRT; Hydraulics; Hydrogen; In Pile Loops; Irradiation; 
Joints; Liquid Flow; Lithium Carbonates; Lithium Oxides; Lithium Sulfates; Magnets; Materials Testing; 
Metallography; Mixing; Mockup; Oxides; Oxygen; Performance; 
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14922…..…..…………………..…….……..……ID Number…………………..…..…………….14922 

Author: Snyder, Stuart 

Title: Absolute Determination of Power Produced in a Nominally Zero Power Reactor 

Date: 6/4/1956 

Report: ORNL-2068 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Decay; Distribution; Fission Products; Foils; Fuel Elements; Gamma 
Radiation; Power; Quantity Ratio; Reactors; Sampling; Standards 



 

C-14969 

14923…..…..…………………..…….……..……ID Number…………………..…..…………….14923 

Author: Kasten, Paul R. 

Title: Dynamics of the Homogeneous Reactor Test 

Date: 6/7/1956 

Report: ORNL-2072 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Enrichment; Failures; Fuel Slurries; Fuel Solutions; Fuels; Heavy 
Water; Homogeneous Reactors; HRT; Lifetime; Natural Uranium Fuel; Neutron Flux; Neutron Sources; 
Neutrons; Operation; Performance; Pressure; Pressure Vessels; Prompt Neutrons; Reactivity; Reactor Core; 
Reactor Fueling; Reactors; Safety; Stability; Temperature; Temperature Coefficient; Testing; Thorium 
Oxides; Uranium Compounds; Variations; Water 
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14924…..…..…………………..…….……..……ID Number…………………..…..…………….14924 

Author: Staff 

Title: Physics Division Semiannual Progress Report for Period Ending March 10, 1956 

Date: 6/14/1956 

Report: ORNL-2076 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains no critical experiment summaries; contains pulsed-neutron technique and 
measurement summaries. 
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14925…..…..…………………..…….……..……ID Number…………………..…..…………….14925 

Author: n. a. 

Title: Applied Nuclear Physics Division Annual Report for Period Ending September 10, 1956 

Date: 11/20/1956 

Report: ORNL-2081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Criticality; Fission; Nuclear Reactions; Operation; 
Planning; Radiation Detectors; Reactors; Shielding; Thermonuclear Reactions; Water Moderator 
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14926…..…..…………………..…….……..……ID Number…………………..…..…………….14926 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Experiments with Aqueous Solutions of Uranium-235 

Date: 11/5/1956 

Report: ORNL-2081, 61-67 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A number of experiments have been performed to determine the critical conditions 
for vessels containing highly enriched uranium in water solutions of uranyl fluoride. They include 
experiments with single cylindrical containers of stainless steel and aluminum and experiments with 
interacting arrays of aluminum cylinders. In addition, the effect of some neutron reflector materials on the 
critical parameters of cylindrical reactors has been studied. 
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14927…..…..…………………..…….……..……ID Number…………………..…..…………….14927 

Author: Thomas, J. T. 

Title: Limiting Critical Concentration of Aqueous Solutions of Fissile Isotopes 

Date: 11/5/1956 

Report: ORNL-2081, 78-80 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14928…..…..…………………..…….……..……ID Number…………………..…..…………….14928 

Author: Thomas, J. T. 

Title: Parameters of Two-Group Analysis of Critical Experiments with Water-Reflected Spheres of UO2F2 
Aqueous Solutions 

Date: 11/5/1956 

Report: ORNL-2081, 81-85 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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14929…..…..…………………..…….……..……ID Number…………………..…..…………….14929 

Author: Prohammer, F. G. 

Title: Comparison of One-Dimensional Critical Mass Computations with Experiments for Completely 
Reflected Reactors 

Date: 11/5/1956 

Report: ORNL-2081, 86-87 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Computers; Configuration; Critical Assemblies; Criticality; 
Cylinders; Equations; Errors; Mass; Mathematics; Measured Values; Numericals; Programming; 
Reactivity; Reflectors; Spheres 
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14930…..…..…………………..…….……..……ID Number…………………..…..…………….14930 

Author: Callihan, A. D. 

Title: Critical Experiments and Nuclear Safety at Oak Ridge National Laboratory 

Date: 8/2/1956 

Report: ORNL-2087 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper considers two somewhat separate aspects of potential hazards in the 
nuclear reactor program. The first section describes the safety features of the critical-experiments program 
at Oak Ridge National Laboratory and reviews its operational experience. In these experiments, reactor 
prototypes are studied and the problems of fuel processing are examined. The second section of the paper 
presents some design bases for fuel processing equipment and discusses the administration of nuclear safety 
at the laboratory. 
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14931…..…..…………………..…….……..……ID Number…………………..…..…………….14931 

Author: McDuffie, H. F. / Reel, W. D. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending April 30, 1956 

Date: 5/10/1956 

Report: ORNL-2096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Adsorption- Antimony- Calcium Oxides- Iodine- Niobium- Plutonium- 
Quantity Ratio- Reprocessing- Rhenium- Selenium- Slurries- Solubility- Sulfates- Technetium- Thorium 
Oxides- Titanium- Uranium Oxides- Uranyl Compounds- Variations- Viscosity; Aluminum Oxides- 
Bearings- Breeding- Configuration- Coolant Loops- Cylinders- Decomposition- Deposits- Economics- 
Fuels- Heavy Water Moderator- Impurities- Pumps- Reactor Core- Sampling- Slurries- Thorium- Thorium 
Oxides- Water Moderator- Zones; Calcium Nitrates- Capture- Cross Sections- Fuel Elements- Heat 
Transfer- Homogeneous Reactors- HRT- Irradiation- L 
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14932…..…..…………………..…….……..……ID Number…………………..…..…………….14932 

Author: Savolainen, A. W. ed. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending June 10, 1956 

Date: 9/1/1956 

Report: ORNL-2106(Pts.1-5)(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on the Aircraft Reactor Test (ART) design; ART physics; ART 
instruments and controls; component development and testing; ART, ETU, and in-pile loop operations; 
phase equilibrium studies; chemical reactions in molten salts; physical properties of molten materials; 
production of fuels; compatibility of materials at high temperatures; analytical chemistry; dynamic 
corrosion studies; general-corrosion studies; fabrication research; welding and brazing investigations; 
mechanical properties studies; ceramic research; nondestructive testing studies; heat transfer and physical 
properties; radiation damage; fuel recovery and processing; and critical experiments. 
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14933…..…..…………………..…….……..……ID Number…………………..…..…………….14933 

Author: Williams, D. V. P. / Magnuson, D. W. / Batch, M. L. / Johnson, W. R. / Leslie, J. K. / Callihan, 
A. D. 

Title: Army Package Power Reactor Critical Experiment 

Date: 8/21/1956 

Report: ORNL-2128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A zero power mockup of the Army Package Power Reactor was constructed in the 
Oak Ridge National Laboratory critical experiment facility. The assembly consisted of 45 fuel elements, in 
a 7 x 7 array with the corners removed, and was contained in a large water tank. The overall core dimensions 
were 21 x 21 x 22 inch. Enriched uranium metal foils, 2.5 x 0.002 x 22.0 inch, each containing 31.1 g of 
uranium-235 were encased in stainless steel sheets to form the fuel plates. Additional plates of stainless 
steel and of boron encased in stainless steel were used to simulate materials of the APPR-1 core. Each type 
of plate contained essentially the same amount of steel. When the 18 slots of each element were loaded with 
plates, the metal volume fraction was 0.197 and was kept constant throughout the experimental program. 
The number of fuel plates per element varied from 7.5 for the clean reactor to 14.5 for a boron-poisoned 
assembly. The critical mass of the clean reactor was 10.35 kg of uranium-235. The addition of 255 g of 
natural boron to the core, distributed among three plates in each element, increased the critical mass to 20.1 
kg of uranium-235. Reactivity coefficients of fuel plates, measured in the clean reactor as a function of 
position, gave an average fuel value of $0.526/g. The specific mass reactivity coefficient was determined 
over a wide range of reactor loadings. The effects of the heterogeneous distributions of the uranium and 
boron on the critical masses of the reactor were studied by exchanging special fuel elements with assembly 
elements in several locations and noting the resulting changes in reactivity. These data and the assumption 
that the specific mass reactivity coefficient is constant for small changes in fuel loading were used to 
calculate a value of 9.1 kg of uranium-235 for the critical mass of an unpoisoned array of APPR-type 
elements. 
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14934…..…..…………………..…….……..……ID Number…………………..…..…………….14934 

Author: Fox, J. K. / Gilley, L. W. / Rohrer, E. R. 

Title: Critical Mass Studies, Part-8 Aqueous Solutions of Uranium-233 

Date: 9/23/1959 

Report: ORNL-2143 

Conference/Journal: Neutron Physics Division, Oak Ridge National Laboratory 

Conference Session:  

Abstract/Keyterms: U233-SOL-THERM-004, U233-SOL-THERM-002, U233-SOL-THERM-003, 
U233-SOL-THERM-005; A series of experiments have been performed to establish the critical parameters 
of aqueous solutions of uranyl nitrate and uranyl fluoride in which the uranium contained 98.7% uranium-
233. Solutions were made critical in both spherical and cylindrical geometries with paraffin or water as a 
neutron reflector and, in two instances, with no reflector. The uranium-233 concentration varied from 30 to 
600 grams/liter. The minimum critical mass observed was 590 grams of uranium-233 in the solution having 
an hydrogen/uranium-233 atomic ratio of 419 occupying a 10.4-inch-diameter sphere. The minimum 
measured volume was 3.66 liters in a 6.7-inch equilateral cylinder containing a solution with an 
hydrogen/uranium-233 atomic ratio of 39.4. Extrapolated source neutron multiplication data indicate that a 
5-inch-diameter cylinder can be made critical if reflected, but a 4-inch-diameter cylinder would be 
subcritical at all moderations. It was also found that 2.02 kg of uranium-233 in an unreflected 10-inch 
equilateral cylinder is critical with a solution having an hydrogen/uranium-233 atomic ratio of 154. An 
unreflected sphere 12.6 inch in diameter is critical with 1.14 kg of uranium-233 in a solution with an 
hydrogen/uranium-233 ratio of 381. Extension of the data to geometries other than those used 
experimentally was made by an empirical calculation. 
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14935…..…..…………………..…….……..……ID Number…………………..…..…………….14935 

Author: Hildebrandt, Theodore W. 

Title: I. Iterative Methods for the Approximate Solution of Linear Algebraic Systems. II Self-Adjointness 
in One-Group Multi-Region Diffusion Problems 

Date: 9/10/1956 

Report: ORNL-2146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Diffusion; Equations; Vectors 
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14936…..…..…………………..…….……..……ID Number…………………..…..…………….14936 

Author: Masket, A. V. H. / Macklin, R. L. / Schmitt, H. W. 

Title: Tables of Solid Angles and Activations 

Date: 11/1/1956 

Report: ORNL-2170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The solid angles subtended by discs and cylinders have been calculated for a large 
range of disc and cylinder dimensions and spacings and are presented in tabular form. The interaction of 
radiation from a point source on right cylindrical bodies is calculated for a large range of cylinder 
dimensions and spacing. 
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14937…..…..…………………..…….……..……ID Number…………………..…..…………….14937 

Author: Johnson, E. B. / Henry, K. M. / Flynn, J. D. 

Title: The Reactivity Effect of an Air Tank Against One Face of the Bulk Shielding Reactor 

Date: 3/27/1957 

Report: ORNL-2179 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Accidents; Air; Aluminum Alloys; Analog Systems; Boral; 
Boron; Boron Carbides; BSR-1; Cadmium; Configuration; Failures; Fast Neutrons; Iron; Irradiation; 
Materials Testing; Measured Values; Neutron Flux; Numericals; Plates; Reactivity; Reactor Core; Reactor 
Safety; Reactors; Reflectors; Scattering; Shielding; Surfaces; Thermal Neutrons; Vessels; Water; Water 
Coolant; Water Moderator; Zones 
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14938…..…..…………………..…….……..……ID Number…………………..…..…………….14938 

Author: Zimmerman, E. L. 

Title: Two Beryllium-Moderated Critical Assemblies 

Date: 10/20/1958 

Report: ORNL-2201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-025; Two unreflected critical assemblies using beryllium as the 
moderator and 93.4% enriched uranium metal as the fuel were built to provide a basis for the evaluation of 
certain reactor calculational procedures. Control and safety rods of the core-element-removal type were 
used in order that the final assemblies would not be complicated by strong absorber rods. In the first 
assembly (CA-1), which had outside dimensions of 21.0 x 21.0 x 23.3 inch, the 0.01-inch-thick uranium 
disks were separated by 1-inch-thick blocks of beryllium, which gave a beryllium/uranium-235 atomic ratio 
of 390 and a fuel loading of 18.08 kg of uranium-235. The extrapolated value of k(eff) for the system was 
1.0054. In the second assembly (CA-18), which had outside dimensions of 24.0 x 28.4 x 24.1 inch, the fuel 
disks were separated by 4-inch-thick blocks of beryllium, which gave a beryllium/uranium-235 ratio of 
1560 and a fuel loading of 7.65 kg of uranium-235. For this assembly the extrapolated k(eff) value was 
1.0020. The observed uranium cadmium fractions in the two assemblies were 0.46 and 0.86, respectively. 
A number of multigroup calculations were made to evaluate the effects of various corrections and 
assumptions. It was concluded that the calculated neutron multiplication is very sensitive to the competition 
between leakage and slowing down at high energies, a range where fundamental data are uncertain without 
resolving the detailed neutron behaviors in this range. A reasonable selection of data within experimental 
uncertainties will give satisfactory values for such quantities as critical size. 
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14939…..…..…………………..…….……..……ID Number…………………..…..…………….14939 

Author: Staff 

Title: Physics Division Semiannual Progress Report for Period Ending September 10, 1956 

Date: 1/29/1957 

Report: ORNL-2204 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains no critical experiment summaries; mostly physics and nuclear data. 
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14940…..…..…………………..…….……..……ID Number…………………..…..…………….14940 

Author: Cole J. P. / Gill, T. E. 

Title: The Oak Ridge National Laboratory Research Reactor (ORR): A General Description 

Date: 2/8/1957 

Report: ORNL-2240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Concretes; Configuration; Coolant Loops; Fuel Elements; Ion 
Exchange; Mechanical Structures; Neutron Beams; Neutron Flux; ORNL; Orr; Planning; Power; Reactor 
Core; Reflectors; Research Reactors; Shielding; Thermal Neutrons; Tubes; Vessels; Water Coolant; Water 
Moderator 



 

C-14987 

14941…..…..…………………..…….……..……ID Number…………………..…..…………….14941 

Author: Kasten, P. R. / Lundin, M. I. / Segaser, C. L. / Aven, R. E. / Gilfillan, D. R. / et al. 

Title: Aqueous Homogeneous Research Reactor—Feasibility Study 

Date: 5/9/1957 

Report: ORNL-2256 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Fast Neutrons; Fuel Solutions; Homogeneous Reactors; HRR; Neutron 
Beams; Planning; Research Reactors; Thermal Neutrons; Water 
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14942…..…..…………………..…….……..……ID Number…………………..…..…………….14942 

Author: Staff 

Title: Physics Division Semiannual Progress Report for Period Ending March 10, 1957 

Date: 6/3/1957 

Report: ORNL-2302 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains no critical experiment summaries; mostly physics and nuclear data. 
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14943…..…..…………………..…….……..……ID Number…………………..…..…………….14943 

Author: Rosenthal, M. W. / Tobias, M. / Fowler, T. B. 

Title: Fuel Costs in Spherical Slurry Reactors 

Date: 9/27/1957 

Report: ORNL-2313 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Breeding; Criticality; Economics; Enrichment; Equations; Fuel 
Slurries; Fuel Solutions; Group Theory; Heavy Water Moderator; Homogeneous Reactors; Operation; 
Planning; Poisoning; Power Plants; Reactor Core; Reactors; Spheres; Thickness; Thorium Oxides; Uranium 
233; Uranium Oxides; Variations 
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14944…..…..…………………..…….……..……ID Number…………………..…..…………….14944 

Author: Pare', V. K. / Visner, Sidney 

Title: Experiments on the Kinetics of the HRE. Date of Experiments: October 1953 

Date: 10/8/1957 

Report: ORNL-2329 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Coolant Loops; Criticality; Delayed Neutrons; Density; 
Equations; Errors; Excursions; Fuel Solutions; Heat Exchangers; High Temperature; Homogeneous 
Reactors; HRE-1; Levels; Low Temperature; Measured Values; Neutron Flux; Numericals; Power Plants; 
Prompt Neutrons; Reactivity; Reactor Core; Reactor Safety; Reflectors; Rods; Stability; Temperature; 
Transfer Functions; Transients; Variations 
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14945…..…..…………………..…….……..……ID Number…………………..…..…………….14945 

Author: Yarbro, O. O. 

Title: A Criticality Study at the Thorex Pilot Plant 

Date: 8/28/1957 

Report: ORNL-2332 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Configuration; Criticality; Irradiation; Mass; Operation; Reprocessing; 
Safety; Thorex Process; Thorium; Uranium; Uranium 233 
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14946…..…..…………………..…….……..……ID Number…………………..…..…………….14946 

Author: Fox, J. K. / Gilley, L. W. / Callihan, A. D. 

Title: Critical Mass Studies, Part-9 Aqueous Uranium-235 Solutions (Continued) 

Date: 3/4/1958 

Report: ORNL-2367 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments have been performed to determine the conditions under which aqueous 
solutions of uranium enriched to 93.2% in the uranium-235 isotope can be made critical. The solutions, 
which had hydrogen/uranium-235 atomic ratios varying between 27.1 to 74.6, were contained both in water-
reflected and unreflected aluminum or stainless steel cylinders with and without cadmium wrappings. The 
experiments varied from the use of a single vessel to interacting arrays of seven vessels. In one group of 
experiments, arrays of aluminum cylinders having parallel axes and containing a solution with an 
hydrogen/uranium-235 atomic ratio of 44.3 were tested. In these it was found that a hexagonal array of 
seven (one in the center) water-reflected, cadmium-wrapped 6-inch-dia cylinders would be subcritical at 
any solution height with an edge-to-edge spacing of the cylinders greater than 2 inch a similar array of 
unreflected 8-inch-dia cylinders required a spacing of about 18 inch three unreflected 8-inch-dia cylinders 
arranged in the geometry of an equilateral triangle required an edge-to-edge spacing of about 9 inch a water-
reflected cadmium-wrapped 8-inch-dia cylinder became critical at a height of approximately 24.5 inch 
water-reflected 6-inch-dia cylinders arranged in straight-line arrays were effectively isolated at edge-to-
edge spacings greater than 12 inch. Two unreflected 8-inch-dia cylinders required a spacing of 3 inch to 
remain subcritical at any height. When three water-reflected 8-inch-dia cylinders were arranged in an 
isosceles-triangle geometry, it was found that the common critical height was essentially constant for vertex 
angles greater than 90 deg. As would be expected, it was found that the angular dependence was much 
greater in an unreflected system. In a second group of experiments the critical parameters of solutions 
contained in single aluminum and stainless steel cylinders were investigated. Extrapolation of data for 
experiments with solutions in water-reflected aluminum cylinders confirms earlier experiments which 
indicated that cylinders with diameters less than 5.5. inch would not become critical. A 6-inch-diameter 
water-reflected stainless steel cylinder containing a solution with a ratio of 44.3 became critical at a height 
of 118.4 cm. The results of experiments with unreflected cylinders indicated that 8.76 inch is very near the 
critical diameter of an infinitely high unreflected aluminum cylinder containing a solution with an H/U-235 
atomic ratio of 44.3; the corresponding diameter of stainless steel container is between 8.5 and 8.76 inch. 
The critical parameters of water-reflected vessels of annular cylindrical geometry were also studied. Single 
vessels were tested with the regions inside the annuli filled with water or air, with and without a cadmium 
lining. The critical parameters of solutions in "Y" and "cross" geometries were also investigated. In a final 
group of experiments, the neutron reflector properties of furfural, concrete, carbon and firebrick were 
compared with those of water. 
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14947…..…..…………………..…….……..……ID Number…………………..…..…………….14947 

Author: Staff 

Title: Applied Nuclear Physics Division Annual Report for Period Ending September 1, 1957 

Date: 10/18/1957 

Report: ORNL-2389 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on light-water-moderated heterogeneous reactor research, UO2-
-stainless steel Bulk Shielding Reactor design, design of a spherical Tower Shielding Reactor, critical 
experiments, resonance reactor development, fission physics, reactor physics and theory, shielding 
research, radiation detector development, and ion sputtering studies. (For preceding period see ORNL-
2081.) 
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14948…..…..…………………..…….……..……ID Number…………………..…..…………….14948 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Parameters of Aqueous Solutions of Uranium-235 

Date: 1/1/1958 

Report: ORNL-2389, 71-83 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The series of experiments to determine the critical parameters of aqueous solutions 
of uranyl-fluoride highly enriched in uranium-235 has continued. In one set of the experiments reported 
below, the critical parameters of unreflected and water-reflected solutions in single vessels of varying size 
were determined. Both cylindrical and slab-type vessels were used. In another group of experiments, similar 
vessels were used under special reflector conditions. In a third set the critical parameters of arrays of 
interacting vessels were determined. For all the experiments the uranium-235 enrichment of the solutions 
was 93.2% 



 

C-14995 

14949…..…..…………………..…….……..……ID Number…………………..…..…………….14949 

Author: n. a. 

Title: Homogenous Reactor Project Quarterly Progress Report for Period Ending October 31, 1957 

Date: 1/21/1958 

Report: ORNL-2432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operational experience gained from HRT startup runs is discussed. Reactor 
component testing was continued; results are given. Additional performance information was gained in test 
operations of the fuel processing plant. Criticality studies of various core geometries and fuel and blanket 
compositions were made in connection with HRE-3 design. The development of homogeneous reactor fuel, 
blanket, and instrumentation systems was continued with studies of materials corrosion and radiation effects 
and solution and slurry stability. Basic metallurgical studies of metals and alloys for possible use in 
homogeneous reactors were continued. Chemical and chemical engineering studies directed toward 
improved fuel and blanket processing are reviewed. (For preceding period see ORNL-2379.) 
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14950…..…..…………………..…….……..……ID Number…………………..…..…………….14950 

Author: n.a. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending October 31, 1957 

Date: 1/21/1958 

Report: ORNL-2432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operational experience gained from HRT startup runs is discussed. Reactor 
component testing was continued; results are given. Additional performance information was gained in test 
operations of the fuel processing plant. Criticality studies of various core geometries and fuel and blanket 
compositions were made in connection with HRE-3 design. The development of homogeneous reactor fuel, 
blanket, and instrumentation systems was continued with studies of materials corrosion and radiation effects 
and solution and slurry stability. Basic metallurgical studies of metals and alloys for possible use in 
homogeneous reactors were continued. Chemical and chemical engineering studies directed toward 
improved fuel and blanket processing are reviewed. (For preceding period see ORNL-2379.) 
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14951…..…..…………………..…….……..……ID Number…………………..…..…………….14951 

Author: Johnson, E. B. 

Title: Standard Operating Procedure for the Pool Critical Assembly 

Date: 8/29/1960 

Report: ORNL-2449 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Standard operating procedure for the Pool Critical Assembly, a standard pool type 
reactor fueled with nine enriched plates, is outlined. 
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14952…..…..…………………..…….……..……ID Number…………………..…..…………….14952 

Author: Thomas, J. T. / Callihan, A. D. 

Title: Radiation Excursions at the ORNL Critical Experiments Laboratory. I. May 26, 1954. II. February 
1, 1956 

Date: 5/5/1958 

Report: ORNL-2452 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two prompt critical power excursions have occurred in enriched UO2F2 solutions 
used in critical experiments at Oak Ridge National Laboratory. The first resulted from a mechanical failure 
in the equipment, and the second was due to a redistribution of the solution caused by the insertion of a 
safety device into a near critical volume. Although the safety mechanism operated normally in both 
instances, the order of 10/sup 17/ fissions occurred, corresponding to an energy release of about 1 kwh. No 
significant property damage occurred and personnel exposures were limited to a few hundred mr. 
Experiments were resumed in a few days. On the basis a partial reconstruction of the first event, a semi 
quantitative analysis was made; a similar treatment of the second was not attempted. 
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14953…..…..…………………..…….……..……ID Number…………………..…..…………….14953 

Author: n. a. 

Title: Molten-Salt Reactor Program Quarterly Progress Report for Period Ending January 31, 1958 

Date: 5/14/1958 

Report: ORNL-2474 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Design Studies. Preliminary layouts were prepared of the reactor system 
based on the use of five fuel pumps and two blanket-salt pumps. Total power is assumed to be 638 Mw. 
Parameter studies of tworegion molten salt reactors were continued through nuclear calculations on the 
UNIVAC, Oracle, and IBM704. Comparisons of Li--Be and Na--Be salts showed that the Na--Be salt 
requires 1.2 to 2 times the U235 inventory required by Li --Be. A preliminary fill-anddrain system design 
was completed which satisfies design criteria. The system vessel consists of 48 20-ft lengths of 12-in.-diam 
pipe arranged in 6 vertical banks. A hydrostatic bearing was designed for use in fuel pumps which differs 
from conventional bearings in that the pockets rotate on the impeller. Pump design studies established the 
characteristics of the five fuel pumps for use in the BeF2--LiF--UF4 fueled reactor. Studies of pump 
arrangement and salt-lubricated pump bearings were continued. Further developments in remote 
maintenance techniques and testing of spectal flanges are reported. Heat exchanger tests are being 
conducted to determine the heat transfer characteristics of various salts in contact with a number of 
structural materials. Additional dynamic corrosion studies of INOR-8 and Inconel in fuel salts were 
conducted. Three proposed entrance-exit systems are being evaluated through the use of glass models; one 
straight-through system and two concentric- flow systems. Studies of the properties of salt systems having 
various compositions were continued. Preliminary studies were made of natural convection molten-salt 
reactors. Comparison with forced-circulation reactors of 60-Mw indicated a 42% greater fuel inventory is 
required in the convection reactor. Materials Studies. Studies are under way for determining the effect of 
carburization on the properties of reactor structural materials. Precious-metal brazing alloys being 
considered for use in fused salt heat exchangers were corrosion tested in fuel mixtures. Elasticity, thermal 
conductivity, and tensile property measurements were made on air-melted heats of INOR8. The sorptive 
properties of charcoal for Xe were significantly improved by heat treatment. Phase equilibrium studies were 
made of ThF4 and UF4 in mixtures of LiF--BeF2. The solubility of PuF3 in Be containing fluoride salts 
was investigated. A survey was made of the properties of fused chlorides of interest as secondary heat 
transfer fluids. LiCl --RbCl appears most attractive. Solubility studies were made of noble gases in NaF-
KF --LiF, HF in NaF--ZrF4, and fission product fluorides in NaF--BeF2 and LiF -BeF2. Precipitation of 
fission product oxides from fluoride melts was also investigated. (For preceding period see ORNL-2431.) 
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14954…..…..…………………..…….……..……ID Number…………………..…..…………….14954 

Author: Zimmerman, E. L. 

Title: Boundary Values for the Inner Radius of a Cylindrical Annular Reactor 

Date: 6/25/1958 

Report: ORNL-2484 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A boundary condition applicable to the inner radius of cylindrical annular reactors of 
finite length is derived. The resulting boundary condition is given as the ratio of the flux to the radial 
derivative of the flux at the inside radius and is expressed as a function of the geometry and the neutron 
mean free path in the multiplying material. The method assumes the validity of diffusion theory and that 
the flux is separable into radial and axial parts. While the result is applicable to the more general multigroup 
calculation, a two- group treatment is presented by way of illustration. The latter is of practical value for 
such cases in which adequate two-group constants are available either from fundamental cross-section data 
or from a comparison to critical experiments using similar materials. 
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14955…..…..…………………..…….……..……ID Number…………………..…..…………….14955 

Author: n. a. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending January 31, 1958 

Date: 8/7/1958 

Report: ORNL-2493 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Homogeneous Reactor Test. Following; the HRT tests with light water and depleted 
U, the piping was leak tested by pressurizing to 500 psig with nitrogen containing 40 curies of Kr/sup 85/. 
The adsorption capacity of two charcoal beds was tested and found satisfactory, completing the experiments 
on the off-gas system. Fuel injection began on December 24; in the afternoon of December 27, the reactor 
began chain-reacting at 29 d C with a mass of 2060 g. Seven criticality experiments were conducted with 
the fuel thimble removed and with the source in the blanket thimble. The carbon steel transition strips 
between the galvanized iron roof seal pans and the containment cell walls were replaced by type 347 
stainless steel transition strips. The design of facilities for the removal and replacement of the core and 
blanket corrosion sample holders and the pressure balancing system rupture disk assembly was completed. 
Test results are given on two pumps that circulated 0.04m UO2SO4 for 1585 and 5040 hr. Various surface 
treatments have had no significant effect on the endurance limit of type 347 stainless steel exposed to 
UO2SO4 as compared with the performance of sheet given a standard ASTM No. 9 finish. The HRT 
mockup completed a 2210-hr run at 1700 psi and 280 d C. The generalized corrosion rate was 1.3 mpy. A 
second silver-plated wire-mesh bed, having a density of 29 lb./ft./sup 3/, was tested for iodine removal 
efficiency, which was found to be 99.8% at 120 d C. Electric-signal differential pressure transmitters were 
tested and were installed in the leak- detection system. Spurious radiation signals were eliminated from two 
fission chamber channels by running the coaxial signal cables in a plastic tube and by grounding the 
amplifier rack directly to the thimbles. Leak rates from the piping system of the processing 
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14956…..…..…………………..…….……..……ID Number…………………..…..…………….14956 

Author: Silver, Ernest G. 

Title: Comparison of Pool-Type Reactor Critical Experiments with Two-Group and Thirty-Group 
Calculations 

Date: 6/9/1958 

Report: ORNL-2499 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two-group and multigroup calculations of the critical mass of two clean- geometry 
configurations of the BSR. It also contains a description of critical experiments that were done to determine 
the validity of the calculations. Comparison of the results indicates that the calculations described are 
capable of predicting the critical mass within about 2% of the measured critical mass under the favorable 
geometric conditions maintained in the present experiments. 
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14957…..…..…………………..…….……..……ID Number…………………..…..…………….14957 

Author: Scott, D. / Alwang, G. W. / Demski, E. F. / Fader, W. J. / Sandin, E. V. / Malenfant, R. E. 

Title: A Zero Power Reflector-Moderated Reactor Experiment at Elevated Temperature 

Date: 8/14/1958 

Report: ORNL-2536 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Full-scale mockup of the core and reflector of Pratt and Whitney Aircraft Reactor No. 
1. Fuel was a liquid mixture of fluoride salts of Na, Zr and enriched U at 1200 to 1350 oF; reflector was Be 
metal. 
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14958…..…..…………………..…….……..……ID Number…………………..…..…………….14958 

Author: Terasawa, S. 

Title: The Effect of Epithermal Fission on Aqueous Homogeneous Reactors 

Date: 8/20/1958 

Report: ORNL-2553 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In light-water-moderated reactors epithermal fissions become important as the 
concentration of fissionable material increases. The magnitude of the effect tor U235 and U/sup 233/ light-
water-moderated reactors was estimated using a very simple model and values of numerical integrations of 
BNL-325 cross sections 
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14959…..…..…………………..…….……..……ID Number…………………..…..…………….14959 

Author: Cagle, C. D. / Costner, R. A. Jr. 

Title: Initial Post Neutron Measurements in the ORR 

Date: 6/10/1959 

Report: ORNL-2559 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research Reactor) was completed at 6:06 PM, March 21, 1958. Following the initial 
instruments and controls performance checks using a small cores full-size cores were assembled for the 
post neutron measurements. The measurements included core and rod reactivity calibrations, the 
temperature coefficient, the reactivity effects of voids, the reactivity effects of experiments, the reactivity 
effects of fuel additions, and the spatial distribution of the thermal neutron flux. The results of the 
measurements are given together with discussions of the methods. 
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14960…..…..…………………..…….……..……ID Number…………………..…..…………….14960 

Author: n. a. 

Title: Homogeneous Reactor Project Quarterly Progress Report for Periods Ending April 30, and July 31, 
1958 

Date: 2/4/1959 

Report: ORNL-2561 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Configuration- Control Systems- Coolant Loops- Corrosion- Equations- 
Failures- Fluid Flow- Heat Transfer- Homogeneous Reactors- HRT- Instruments- Materials Testing- 
Measured Values- Mockup- Neutron Flux- Numericals- Operation- Planning- Power Plants- Pressure 
Vessels- Pumps- Radioactivity- Reactivity- Reactor Core- Remote Control- Reprocessing- Testing- 
Thermal Stresses- Zones; Blankets- Breeding- Chemicals- Configuration- Coolant Loops- Corrosion 
Protection- Criticality- Efficiency- Enrichment- Equations- Errors- Fast Neutrons- Fission- Fuel Slurries- 
Group Theory- Homogeneous Reactors- HRE-1- Liquid Flow- Mass- Materials Testing- Measured Values- 
Mockup- Neutron Flux- Numericals- Oracle-Code- Planning- Power Plants- Programming- Reactor Core- 
Safety- Spheres- Storage- Thickness- Thorium- Thorium Oxides- Uranium 235- Vessels- Viscosity- Zones; 
Acids- Air- Aluminum Alloys- Aluminum Oxides- Beryllium 
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14961…..…..…………………..…….……..……ID Number…………………..…..…………….14961 

Author: Cox, J. A. / Casto, W. R. 

Title: Operation of the ORNL Graphite Reactor and of the Low-Intensity Test Reactor and Pre-Operational 
Work on the ORR. Annual Report for 1957 

Date: 12/1/1958 

Report: ORNL-2562 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ORR Building and associated facilities were turned over to the Laboratory July 
15, 1957. The first six months of the year were spent in designing major additions and equipment, in 
fabricating and procuring equipment, and in preparing for testing and operation. A mockup of the reactor 
mechanical controls was assembled and then tested under conditions simulating operation conditions as 
closely as possible. Further activities included training of personnel, performing hydraulic tests on the 
reactor, and preparing for the neutron tests. 
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14962…..…..…………………..…….……..……ID Number…………………..…..…………….14962 

Author: Tobias, M. 

Title: Review of Experimental and Theoretical Studies Concerning the Age of Fission Neutrons on Heavy 
Water 

Date: 10/17/1958 

Report: ORNL-2575 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Anisotropy; Fermi Age; Fission; Heavy Water; Indium; 
Mathematics; Monte Carlo Method; Neutrons; Resonance Neutrons; Scattering 
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14963…..…..…………………..…….……..……ID Number…………………..…..…………….14963 

Author: Staff 

Title: Neutron Physics Division Annual Report for Period Ending September 1, 1958 

Date: 10/18/1957 

Report: ORNL-2609 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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14964…..…..…………………..…….……..……ID Number…………………..…..…………….14964 

Author: n. a. 

Title: Neutron Physics Division Annual Progress Report for Period Ending Sept. 1, 1958 

Date: 2/15/1958 

Report: ORNL-2609 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Configuration- Critical Assemblies- Criticality- Measured 
Values- Operation- Reactivity- Reflectors- Research Reactors; Absorption- Energy- Gamma Radiation- 
Gamma Sources- Numericals- Reactors- Spectra- Uranium Dioxide; Control Elements- Planning- Reactors- 
Water Coolant; Capture- Criticality- Cross Sections- Fission- Gamma Radiation- Neutrons- Plutonium 239- 
Uranium 233- Uranium 235; Aluminum- Criticality- Cylinders- Enrichment- Fluorides- Measured Values- 
Solutions- Uranium 235- Uranyl Compounds- Water; Criticality- Fuel Elements- Maintenance- Measured 
Values- Reactor Safety; Enrichment- Measured Values- Metals- Plates- Reflectors- Uranium- Uranium 
235- Water Moderator; Criticality- Enrichment- Fluorides- Measured Values- Plexiglas- Polymers- 
Reflectors- Solutions- Uranium 235- Uranyl Compounds- Water; Enrichment- Measured Values- Paraffin- 
Uranium Tetrafluoride- Uranium 235; Programming- Resonance- Water; Air- Capture- Gamma Radiation- 
Monte Carlo Method- Neutrons- Numericals- Radiation Doses; Capture- Fast Neutrons- Gamma Radiation- 
Measured Values- Nitrogen- Reactors- Scattering- Thermal Neutrons; Gamma Radiation- Lead- Measured 
Values- Neutron Flux- Oils- Reactors- Thermal Neutrons- Thickness; Absorption- Buildup- Gamma 
Radiation- Heating- Lead- Monte Carlo Method- Numericals- Radiation Doses- Radiations- Shielding- 
Water; Air- Anisotropy- Neutron Flux- Scattering; Air- Bremsstrahlung- Electrons- Losses- Numericals- 
Sodium Iodides- Spectra 



 

C-15011 

14965…..…..…………………..…….……..……ID Number…………………..…..…………….14965 

Author: Magnuson, D. W. / Gwin, R. 

Title: Neutron Physics Div. Annual Progress Report for Period Ending Sept. 1, 1958 

Date: 10/16/1958 

Report: ORNL-2609 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Buildup- Gamma Radiation- Heating- Lead- 
Monte Carlo Method- Numericals- Radiation Doses- Radiations- Shielding- Water; Absorption- Energy- 
Gamma Radiation- Gamma Sources- Numericals- Reactors- Spectra- Uranium Dioxide; Absorption- 
Neutrons- Nuclear Reactions- Nuclear Theory- Resonance; Accelerators- Energy Range- Planning- 
Reactors; Air- Anisotropy- Neutron Flux- Scattering; Air- Bremsstrahlung- Electrons- Losses- Numericals- 
Sodium Iodides- Spectra; Air- Capture- Gamma Radiation- Monte Carlo Method- Neutrons- Numericals- 
Radiation Doses; Aluminum- Criticality- Cylinders- Enrichment 
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14966…..…..…………………..…….……..……ID Number…………………..…..…………….14966 

Author: Magnuson, D. W. / Gwin, R. 

Title: Determination of nu of U233 and Pu239 by Comparison of Reactivity Effects in a Flux Trap Critical 
Assembly 

Date: 10/16/1958 

Report: ORNL-2609, 27-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics and Mathematics; Absorption- Buildup- Gamma Radiation- Heating- Lead- 
Monte Carlo Method- Numericals- Radiation Doses- Radiations- Shielding- Water; Absorption- Energy- 
Gamma Radiation- Gamma Sources- Numericals- Reactors- Spectra- Uranium Dioxide; Absorption- 
Neutrons- Nuclear Reactions- Nuclear Theory- Resonance; Accelerators- Energy Range- Planning- 
Reactors; Air- Anisotropy- Neutron Flux- Scattering; Air- Bremsstrahlung- Electrons- Losses- Numericals- 
Sodium Iodides- Spectra; Air- Capture- Gamma Radiation- Monte Carlo Method- Neutrons- Numericals- 
Radiation Doses; Aluminum- Criticality- Cylinders- Enrichment 



 

C-15013 

14967…..…..…………………..…….……..……ID Number…………………..…..…………….14967 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Parameters for Poisoned Annular Cylinders Containing Aqueous Solutions of U235 

Date: 2/15/1958 

Report: ORNL-2609, 31-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed to determine the critical parameters of aqueous 
solutions of 93.2% U235-enriched uranyl fluoride contained in cylindrical annuli formed by various 
combinations of aluminum cylinders varying in diameter from 2 to 30 in. In all of the experiments the inside 
cylinder was lined with a 20-mil-thick cadmium sheet and filled with water to a height of 48 in., and in 
some experiments a water reflector was used on the sides and bottom of the outside cylinder. The data 
indicate that for the solution having an H:U235 atomic ratio of 50.4 the critical infinitely high reflected 
annulus would have a minimum thickness between 2.5 and 3 in., while the unreflected annulus would have 
a thickness between 3.75 and 4.5 in. The corresponding thicknesses for the solution having an H:U235 
atomic ratio of 309 would be between 3.5 and 4 in. for the reflected annulus and between 4.5 and 5.5 in. 
for the unreflected annulus. 
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14968…..…..…………………..…….……..……ID Number…………………..…..…………….14968 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Experiments with Arrays of ORR and BSR Fuel Elements 

Date: 2/15/1958 

Report: ORNL-2609, 34-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were performed with ORR and BSR fuel elements to determine 
safe arrays in which the elements could be handled and stored. The data indicate that the optimum spacing 
for criticality of 168-g ORR elements in water is 0.2 in. between locating bosses and that an infinite array 
of vertically placed elements one element high would probably be subcritical with a 1 1/2-in. spacing 
between locating bosses. For uniform arrays of adjacent elements in water, variation in the fuel loading per 
element between 140 and 200 g made very little difference in the critical mass. When 132 elements with an 
average loading of 160 g per element were closely packed in water in an 11 by 12 element array in which 
the rows were separated with 20-mil-thick cadmium sheets, no appreciable source neutron multiplication 
was observed; nor was there any appreciable multiplication when both the cadmium sheets and the water 
moderator were removed and the array was surrounded with a 12-in.-thick paraffin reflector. A two-row 
slab-shaped array with 24 200-g center elements and 14 168-g elements on each end, all spaced 0.2 in. 
between locating bosses, was subcritical, and it appears that two infinitely long rows of 168-g elements 
would be subcritical. 
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14969…..…..…………………..…….……..……ID Number…………………..…..…………….14969 

Author: Fox, J. K. / Gilley, L. W. 

Title: Some Studies of Water, Styrofoam, and Plexiglas Reflectors 

Date: 2/15/1958 

Report: ORNL-2609, 38-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reflecting properties of water, Styrofoam, and Plexiglas were studied in critical 
experiments with 6-in.-thick slabs of aqueous solutions of UO2F2 enriched to 93% in U235 It was found 
that Styrofoam is significantly less effective than water as a neutron reflector, since the height of a slab with 
an effectively infinite Styrofoam reflector (except on top) was reduced by only about 20% from that of the 
unreflected slab, while the height of a slab with an effectively infinite water reflector was reduced by more 
than a fuctor of 3. The effects of placing water, Styrofoam, and Plexiglas between two-slab assemblies, 
both unreflected and water reflected, were also investigated. 
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14970…..…..…………………..…….……..……ID Number…………………..…..…………….14970 

Author: Fox, J. K. / Gilley, L. W. / Gwin, R. / Thomas, J. T. 

Title: Critical Parameters of Uranium Solutions in Simple Geometry 

Date: 2/15/1958 

Report: ORNL-2609, 42-44 

Conference/Journal: Nuclear Physics Division Annual Progress Report for Period Ending September 
1958 

Conference Session:  

Abstract/Keyterms: U233-SOL-THERM-001, U233-SOL-THERM-008, U233-SOL-THERM-009; What 
are believed to be the best data describing some recent measurements with spheres of both uranium-233 
and uranium-235 solutions are given. The limit of accuracy of the volume is ± 0.5% and of the concentration 
and mass is ± 1% these data have not been corrected for the effect of the type 1100 aluminum containers. 
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14971…..…..…………………..…….……..……ID Number…………………..…..…………….14971 

Author: n.a. 

Title: Molten-Salt Reactor Program Quarterly Progress Report for Period Ending October 31, 1958 

Date: 10/31/1959 

Report: ORNL-2626 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: interim Design Reactor have resulted in an improved fill and-drain system and 
alternate ways of transferring heat from reactor fuel to steam. A simplified fuel-to steam heat transfer is 
being considered that eliminates intermediate heat transfer fluids. Nuclear calculations relative to a 30-Mw 
experimental reactor are presented. Calculations of the initial states of U233-fueled reactors were 
completed. Calculations were also made of the fissions in the blanket of the Interim Design Reactor. 
Gamma-ray energy absorption coefficients were computed as a function of energy for 24 elements. 
Development tests of salt-lubricated pump bearings were continued. A conventional Al bearing and an 
Inconel journal bearing that had been lubricated with Dowtherm "A" during 3200 hr of operation at 1200 
deg F were examined. Materials required for a motor suitable for long term operation at 1250 deg F in a 
radiation field are being investigated. A small, submerged, centrifugal pump with a frozen-lead seal is being 
operated in evaluation tests. Freeze-flange and indented-seal-flange joints that had sealed successfully in 
high-temperature molten-salt lines were tested with Na. Heater sod insulation units designed for use on a 
4-inch line were tested along with the large freeze flange. Three commercially available expansion joints 
were tested and found to be satisfactory for use in molten salt or Na lines. The enthalpies, heat capacities, 
and heats of fusion were determined for the mixtures NaF--BeF2- UF4, LiF--BeF2--UF4, NaClCaCl2, and 
LiCl-KCl. Graphite- moderated molten-salt reactors fueled with low-enrichment material were studied, and 
the results of preliminary calculations indicated that initial enrichments as low as 1.25% U235 might be 
used in a circulating-fuel system. A simplified natural-convection molten salt reactor for operation at 576 
Mw (thermal) was studied to determine the approximate size of components and the fuel volume. Materials 
Studies. Two Inconel and four INOR-8 thermal-convection loops, which circulated various fused-fluoride-
salt mixtures, were examined. Test results were also obtained for three Inconel forced-circulation loops 
operated with fluoride mixtures. INOR-8 samples removed from forced-circulation loop were found to have 
no evidence of surface attack. A sedium-graphite system was used to prepare Inconel and INOR-8 tensile 
specimens for a study of the effect of carburization on the mechanical properties. Corrosion tests of pure 
Ag and Ag- base brazing alloys in static fuel 130 showed Ag and its alloys to have very limited corrosion 
resistance. Phase equilibrium studies of fluoride-salt systems containing UF4 and or ThF4 were continued. 
Extensive gradient quenching experiments were completed on the LiF-fission-predictions on the solubility 
of PuF3 in LiF-BeF2 mixtures were studied. Solubility studies were made on several systems, including 
argon in LiF-BeF2, HF in LiF--BeF2, CeF3 in NaF--LiF--BeF2, and CeF3, LaF3, and SmF3 in LiF--BeF2 
-UF4. Two methods of separating U from undesirable fission products in fluoride-salt fuel solvents are 
being studied. Tentative values were obtained for the activities and activity coefficients of Ni metal in Ni-
-Mo alloys. Apparatus was set up for measuring the surface tensions of BeF2 mixtures. Further 
measurements of the activity coefficients of CrF2 dissolved in the molten mixture NaF-ZrF4 were 
determined and equilibrium quotients were calculated. Studies of Cr diffusion in Cr-containing 
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14972…..…..…………………..…….……..……ID Number…………………..…..…………….14972 

Author: Goldstein, H. / Sullivan, J.C. Jr. / Coveyou, R.R. / Kinney, W.E. / Bate, R.R. 

Title: Calculations of Neutron Age in H2O and Other Materials 

Date: 7/12/1961 

Report: ORNL-2639 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Chronos Code and the Corn Pone Code, were used to calculate neutron slowing-
down and flux ages, respectively, of fission and monoenergetic sources in H2O, D20, 0, H, Be, BeO, C, 
oil, and diphenyl. The calculations for H20 and D20 were the most extensive and included investigations 
of the effects of isotropic versus anisotropic scattering in oxygen and deuterium, and the variation of age 
with terminal or source energy. For H2O the assumption of anisotropic scattering in oxygen led to a 
slowing-down age for fission neutrons of 25.53 plus or minus 0.3 cm/sup 2/, compared to 24.57 plus or 
minus 0.3 cm/sup 2/ For isotropic scattering in oxygen. The anisotropy assumption did not affect the 
slowing-down ages for monoenergetic sources in H2O below 3 Mev, but at 5 Mev and above the increase 
in age when anisotropy was included became 10% or greater, although a constancy observed between 10 
and 18 Mev remains unexplained. For D2O anisotropic scattering in oxygen was assumed throughout and 
the effect of isotropic versus anisotropic scattering in deuterium was investigated. It appeared to have no 
effect on the slowing-down age for fission neutrons, the value being 111.5 cm/sup 2/ in either case. This 
explained by the average energy of the fission spectrum, 2.0 Mev, being close to a crossover energy of 2.5 
Mev, below which the anisotropy effect decreased the age for monoenergetic sources and above which it 
increased the age. A small admixture of H2O lowered the age of D2O at the rate of about 4.5% for each 
1% of H2O in the solution. The slowing-down ages for fission neutrons in Be and BeO were calculated to 
be 67.74 plus or minus 0.7 cm/sup 2/ and 75.50 plus or minus 1.34 cm/sup 2/, respectively, assuming 
isotropic scattering in beryllium in the center-of-mass system. 
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Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending October 31, 1958 

Date: 2/24/1959 

Report: ORNL-2654 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Adsorption- Blankets- Burnup- Computers- Control Systems- Coolant 
Loops- Corrosion- Criticality- Cross Sections- Distribution- Equations- Excursions- Fast Neutrons- Fermi 
Age- Fission- Fluid Flow- Fuel Slurries- Fuel Solutions- Group Theory- Heavy Water Moderator- High 
Temperature- Homogeneous Reactors- HRE-1- HRT- Impurities- Instruments- Losses- Maintenance- 
Mass- Neutron Flux- Numericals- Planning- Power Plants- Precipitation- Pressure- Pressure Vessels- 
Programming- Reactivity- Reactor Core- Reactor Oscillators- Reactors- Reflectors- Remote Handling- 
Reprocessing- Research Reactors- Safety- Sampling- Slowdown- Solids- Spheres- Standards- Storage- 
Temperature- Thermal Neutrons- Thermal Stresses- Thorium- Thorium Oxides- Transport Theory- Tubes- 
Uranium- Variations- Vessels- Volume- Water Moderator- Zones; Adsorption- Air- Austenite- Blankets- 
Boiling- Carbon- Cast Iron- Chlorides- Chromium- Zirconium Alloys- Zirconium Oxides 
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Title: Homogeneous Reactor Project Quarterly Progress Report for Period Ending January 31, 1959 

Date: 4/16/1959 

Report: ORNL-2696 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Subjects expanded upon in the abstract include Homogeneous Reactor Test; Reactor 
Analysis and Research; Engineering Development; Reactor Materials Research; Supporting Chemical 
Research; and Analytical Chemistry. 
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Title: Army Package Power Reactor Project Progress Report for 1958 

Date: 4/6/1959 
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Conference/Journal:  
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Abstract/Keyterms: Investigations were conducted on replacing type 347 stainless steel for 304B and 
304L as matrix and cladding material in APPR-core 1. The Haynes-25 combs used as flux suppressors in 
the control rods of core 1 also contributed to the high cobalt activity of the system, and therefore dispersions 
of Eu2O3 in stainless steel were developed for use as flux suppressors. ln an effort to provide for operation 
of core II with a bank of five control rods rather than seven as in core I, means were studies for increasing 
the boron concentration in the fuel plates. Irradiation tests of fuel plates in the MTR failed to indicate any 
radiation damage to the specimens even for U235 burnup as high as 57%. Methods were developed for 
fabricating absorber sections for the control rods that consisted of a type 304 stainless steel clad dispersion 
of 2.86 wt.% B10 in electrolytic iron. The absorber section developed for core II consists of a roll-clad 
stainless steel composite plate containing a dispersion of 38 wt.% Eu/ sub 2/O3 in stainless steel. 
Experiments were performed in which irradiated fuel plates were melted under controlled conditions 
simulating the loss-of-coolant accident. A review was made of the critical experiments performed in 
connection with the APPR-l. Under the Gas Cooled Reactor Program a gas cooled loop was designed for 
in-pile testing of advanced fuel specimens in two adjacent lattice positions in the ORR. 
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Abstract/Keyterms: A new integral equation governing the slowing down of neutrons in a lump, assuming 
a spatially uniform neutron flux inside it, is derived. In the first approximation the equation is solved using 
the asymptotic energy dependence of the neutron flux and a new resonance integral formula is proposed. 
In the limit of both the narrow resonance and the wide resonance, the formula tends to be equal lo that 
derived in the conventional narrow and wide resonance approximations. In the second approximation the 
effects of the deviation of the Placzek function from its asymptotic form is calculated by a method similar 
to that used by Weinberg and Wigner for homogeneous systems. It is shown that the resonance integrals of 
the usual narrow and wide resonance approximations become equal for a certain value of Tsub n//T, 
irrespective of the of resonance width. Some numerical results are given 
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Title: Dump Tank Criticality and Poisons for Slurry Reactors 

Date: 6/26/1959 

Report: ORNL-2708 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality conditions in slurry dump tanks and poisoned reactors were investigated 
in a computational study. The maximum “eversafe” diameters were about 9 in and 8 in. for infinite H2O-
reflected cylinders containing ThO2 -H2O slurries having U235-to-thorium mass ratios of 0.10 and 0.15, 
respectively. The corresponding maximum thicknesses of infinite slabs with infinite H2O reflectors were 
very nearly one-half the cylinder diameters. The amount of natural boron required to decrease the critical 
temperature from operating conditions to 20 deg C was calculated for three slurry reactors. l6559 The 
unfavorable corrosion behavior of a group of Geneva Conference Reactor fuel elements during criticality 
tests in the Bulk Shielding Facility prompted a laboratory and field investigation to determine the cause or 
causes for the observed behavior. The laboratory tests were conducted in distilled water with source 
materials of 1100 aluminum used in the fabrication of Geneva and other types of fuel elements. The field 
tests were run in demineralized cooling water at the Bulk Shielding Facility with dimensionally rejected 
Geneva elements. Relatively brief exposure periods in the laboratory tests resulted in an average corrosion 
rate of 0.6 mpy for 1100 aluminum; the rate decreased with time. In one case, severe pitting attack was 
traced to iron contamination on the surface of the aluminum. An extended pickling time with sulfuric-
chromic acid solution to remove the contamination was effective in eliminating the attack. There was an 
indication that the nitric-hydrofluoric acid pickling solution used during the fabrication of Geneva elements 
instigated pitting attack on aluminum. The silicon-aluminum alloy used to braze the fuel plates to the 
aluminum side plates was found to be highly susceptible to pitting attack in distilled water. In the field tests, 
during exposure periods of several months in demineralized cooling water, numerous pits penetrating 50% 
of the 17.5-milthick aluminum cladding on Geneva elements were observed; in one case, a 62% penetration 
occurred in 45 days. Some evidence was obtained that the effect of water flow was to minimize pitting 
attack and staining on an irradiated fuel element exposed in demineralized water. 
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Title: Project Aquarium: Laboratory and Field Corrosion Tests for the Geneva Conference Reactor 

Date: 7/1/1959 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors; Acids- Aluminum- Chromium Compounds- Contamination- Corrosion- 
Defects- Hydrofluoric Acid- Iron- Materials Testing- Nitric Acid- Reactors- Solutions- Sulfuric Acid- 
Surfaces- Testing; Aluminum Alloys- Barriers- Brazing- Canning- Corrosion- Defects- Demineralization- 
Distillation- Fuel Elements- Irradiation- Liquid Flow- Materials Testing- Plates- Reactors- Silicides- 
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Fabrication- Fuel Elements- Materials Testing- Reactors- Testing- Water- Water Coolant; Corrosion- 
Criticality- Fuel Elements- Materials T 
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Date: 9/2/1959 
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Conference/Journal: Neutron Thermalization Conference, April 28- 30, 1958, Gatlingburg, Tennessee 

Conference Session:  

Abstract/Keyterms: Most papers deal with computational methods or experimental measurements of 
neutron slowing-down in reactors or particular materials. 
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Report: ORNL-2739(Paper IV-C) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is developed for the prediction of neutron spectra in reactors by exciting a 
sub-critical assembly with a pulsed source, and performing a neutron time-of-flight experiment on a beam 
extracted from this assembly. Results obtained by this method are presented and compared with results 
obtained by more conventional means. 
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Title: Low Energy Spectra Measurements. Proceedings of the Neutron Thermalization Conference, April 
28-30, 1958, Gatlinburg, Tennessee 

Date: 10/31/1959 

Report: ORNL-2739(Paper IV-D) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thermal neutron spectra were measured using the slow chopper time-of- flight 
technique. Spectra were obtained over an energy range from 10/sup -2/ to 10 ev for pure water and for a 
nearly homogeneous subcritical assembly wherc the ratio of the thermal absorption to the high energy 
scattering cross section was approxiniately 0.3. For each medium, spectra were measured at 298 deg K and 
586 deg K. The technique of measuring spectra in a subcritical assembly at elevated temperatures with a 
slow chopper is presented. The advantages and limitations of this method are discussed. The various 
corrections that have been applied to the data are discussed. The experimental results are presented and 
compared with results of calculations using the SOFOCATE code. The agreement between theory and 
experiment is excellent for the multiplying media. On the basis of this agreement, one concludes that 
chemical binding effects in light water play a negligible role in determining the equilibrium neutron 
spectrum in water assemblies. 
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Conference/Journal:  
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Abstract/Keyterms: A system of dosimetry for persons involved in accidental criticality excursions is 
presented as part A of a two part report. The information is arranged to be useful as a reference for those 
responsible for implementing the system. Part A also contains a review and re-evaluation of the dosimetry 
of previous accidents and a synopsis of part B. Pants A and B together form a complete analysis of 
dosimetric and medical information pertinent to acute exposures of humans to mixed radiations. 
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Title: Radiation Accidents: Medical Aspects of Neutron and Gamma-Ray Exposures 
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Abstract/Keyterms: During the 20-year development of nuclear technology there have been 7 major 
accidents involving significant overexposures of 32 people to ionizing radiation. A chronological list of 
these accidents is presented, and data are tabulated on exposure dose of each individual. All presently 
available data concerning human exposure to neutrons and gamma radiation in criticality accidents are 
reviewed in developing procedures for the future clinical management of radiation exposure cases. Present 
information provides the basis for establishment of five categories of injury in increasing order of severity. 
A hypothetical case history of a typical patient in each of the five groups is described. The clinical 
laboratory findings associated with each clinical group are analyzed, and the predictive value of certain 
early laboratory tests as an indicator of the extent of clinical injury are discussed. Recommendations for 
diagnostic procedures in radiation injury, as well as its therapeutic management, are made on the basis of 
past experience. The relationship between clinical and laboratory evidences of injury and the exposure dose 
which produced them are analyzed. Recommendations for the clinical management of patients in each 
group are made on the basis of results from past experiences. On the basis of available data, it is concluded 
that about 15% of people exposed to a dose of 100 rads may be expected to show the signs and symptoms 
of the radiation syndrome, and the frequency will increase sharply up to the level of approximately 200 
rads. Death did not occur in any of the treated patients with known doses of less than 500 rads. A fatal 
outcome appears likely at a dose level above 8OO rads. These generalizations will be influenced by the 
mixture of various radiations which comprise the exposure dose. The LD/sub 50/ For man is impossible to 
estimate accurately on the basis of the small amount of data available. 
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Abstract/Keyterms: A system of dosimetry for persons involved in accidental criticality excursions is 
presented as part A of a two part report. The information is arranged to be useful as a reference for those 
responsible for implementing the system. Part A also contains a review and re-evaluation of the dosimetry 
of previous accidents and a synopsis of part B. Pants A and B together form a complete analysis of 
dosimetric and medical information pertinent to acute exposures of humans to mixed radiations. 



 

C-15032 

14986…..…..…………………..…….……..……ID Number…………………..…..…………….14986 

Author: Alexander, L. G. / Carrison, D. A. / MacPherson, H. G. / Roberts, J. T. 

Title: Nuclear Characteristics of Spherical, Homogeneous, Two-Region, Molten- Fluoride-Salt Reactors 

Date: 9/30/1959 

Report: ORNL-2751 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The use of a molten-salt fuel makes possible the production of high- pressure, 
superheated steam with a nuclear reactor operating at low pressure. The corrosion resistance of the INOR-
8 series of nickel molybdenum alloys appears to be sufficient to guarantee reactor component life-times of 
10 to 20 years. Proposed continuous fuel-processing methods show promise of reducing fuel- processing 
costs to negligible levels. With U233 as the fuel and Th232 as the fertile material in both core and blanket, 
initial regeneration ratios up to 1.08 can be obtained at critical masses less than 600 kg. The corresponding 
inventory for a 600-Mw(th) central station power reactor is initially about 1300 kg. With U235 as the fuel, 
U233 is produced, and initial regeneration ratios in excess of 0.6 can be obtained with cnitical masses of 
less than 300 kg. The corresponding critical inventories for 600- Mw(th) central station power reactors are 
600 kg or less, depending on the thorium loading. It is concluded that homogeneous, molten-salt-fueled 
reactors are competitive in regard to nuclear performance with present solid-fuel reactors, and they may be 
oconomically superior because of lower fuel and fuel- processing costs. 
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Title: An IBM-704 Code for a Harmonics Method Applied to Two-Region Spherical Reactors 
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Report: ORNL-2809 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An IBM-704 computer code for the harmonics method of criticality calculation for 
two-region spherical reactors is described. In the harmonics method, the criticality condition corresponds 
to the vanishing of a certain infinite order determinant; in practice, this condition is replaced by equating a 
finite-order approximating determinant to zero. By hand, the calculations can be performed conveniently 
only for second-order approximating determinants. The approximating determinant with the described code 
is customarily of the seventh order. Losses of significant figures prevented the use of larger determinants. 
The machine running time per case is generally about 30 sec. 
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Conference/Journal:  
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Abstract/Keyterms: The measurement of the critical parameters of solutions of the fissionable uranium 
isotopes in simple geometry has been a continuing program for a number of years. The data presented are 
an extension of previously reported experiments. For the uranium-235 experiments performed in aluminum 
containers, an aqueous uranyl oxyfluoride solution enriched to 93.2% in uranium-235 was used. The 
uranium-235 solution in the stainless steel cylinders was an aqueous uranyl nitrate solution enriched to 
92.8% in uranium-235. The nitrogen-to-uranium atomic ratio was about 3.8. An aqueous uranyl nitrate 
solution was also used for the uranium-233 experiments. The uranium contained 97.4% uranium-233 and 
the solution had a nitrogen-to-uranium atomic ratio of 2.4. The value of the critical height reported herein 
for a 10-inch-dia water-reflected aluminum cylinder at an hydrogen previously reported value. Since the 
present value is consistent with other data for the 10-inch-dia cylinder, whereas the earlier value is not, it 
is felt that there was an unaccounted-for error in the earlier experiment. 
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Title: Neutron Physics Division Annual Progress Report for Period Ending September 1, 1959 

Date: 9/16/1959 
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Conference Session:  

Abstract/Keyterms: Physics; Beryllium- Diffusion Length- Mean Free Path- Neutrons- Pulses- 
Temperature- Thermal Neutrons; Beryllium- Neutron Beams- Neutrons- Nuclear Reactions- Reactivity; 
BSR-2- Criticality- Fabrication- Mass- Pca- Pool Type Reactor- Reactor Core- Reactors- Shielding- 
Stainless Steels- Uranium Dioxide- Uranium 235- Water Coolant- Water Moderator; BSR-2- Delayed 
Neutrons- Measured Values- Neutrons- Prompt Neutrons- Pulses- Reactor Core; Buckling- Enrichment- 
Measured Values- Multiplication Factors- Paraffin- Stability- Uranium Tetrafluoride- Uranium 235; 
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Conference/Journal:  
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Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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Abstract/Keyterms: A series of neutron multiplication measurements with arrays of 1 by 8 by 10 in. slabs 
of 93.4% U235 -enriched uranium metal was made to provide data from which safety criteria for the storage 
of these fissile units can be established. Each slab contained 22.9 kg of U235. A maximum of 125 units was 
assembled. The arrays studied were cubic lattices of the units and were usually parallelepipedal in shape. 
Arrays were both unmoderated and Plexiglas-moderated and were surrounded in most cases by a 1-in.-thick 
Plexiglas reflector. The lattice densities (ratio of fissile unit volume to lattice cell volume) were between 
0.023 and 0.06. Unmoderated lattices with a density of 0.06 would require 145 plus or minus 5 units for 
criticality, while those with a density of 0.023 would require 350 plus or minus 30 units. In lattices in which 
the fissile units are separated by 1 in. of Plexiglas, approximately 27 units would be required for a critical 
array with a lattice density of 0.06 and about 75 units for a density of 0.023. Distributing Foamglas 
(containing 2% boron) throughout a moderated array increased the critical number of fissile units by a factor 
of 5, while Styrofoam had a small effect. 
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Abstract/Keyterms: n.a. 



 

C-15041 

14995…..…..…………………..…….……..……ID Number…………………..…..…………….14995 

Author: Fox, J. K. / Gilley, L. W. 
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Title: Chemical Feasibility of Homogeneous Neutron Poisons for Criticality Controls in Consolidated 
Edison fuel Processing Solutions 
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Conference/Journal:  
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Abstract/Keyterms: Laboratory experiments demonstrated the apparent chemical feasibility of 
incorporating boron, cadmium, or rare earth salts as nuclear poisons for criticality control during the 
processing of Consolidated Edison reactor fuel. At room temperature up to 18 g of boric acid dissolved per 
liter of clad or core dissolver solution, i.e., 0.3 M in decladding solution (6 M H/sub 2/SO/sub 4/) and 0.3 
M in Thorex dissolvent (13 M HNO3---0.04 M F---0.1 M Al(NO3)/ sub 3/. Boric acid had no apparent 
effect on the dissolution of the stainless steel jacket or ThO2-UO2 core. At room temperature cadmium 
solubility in 6 M H/sub 2/SO/sub 4/ was 0.3 M and in Thorex dissolvent was>1 M. Gadolinum-samarium 
mixtures dissolved at concentrations up to 5 g/liter without difficulty. None of these neutron poisons were 
volatilized to a significant extent (i.e., <6%) during evaporation for feed adjustment. Single solvent 
extraction cycles were made in which the concentrations of boron, rare earths, and cadmium in the uranium 
were reduced to 2.5, <4, and <17 ppm, respectively. 
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Abstract/Keyterms: A preliminary chemical flowsheet was developed on a laboratory scale for the 
preparation of feed and two solvent extraction cycles for the processing of Si-containing Al--U alloy, 20% 
enriched fuel elements. Major process steps include dissolution of the fuel assembly in Hg-catalyzed nitric 
acid, removal of silica by coagulation during feed clarification, and recovery of U and Pu by extraction with 
a tributyl phosphate solvent and selective stripping. Criticality control in existing process equipment is 
maintained by the use of internal neutron poisons and concentration control throughout the process. 
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Title: Photoneutrons and the Control of a Pool-Type Reactor 
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Abstract/Keyterms: The components of the total thermal neutron flux at the detector location were 
analytically studied for different distances between the reactor and the detector and for different subcritical 
states of a pool-type reactor. It is shown that, although a direct photoneutron coupling between the reactor 
and the detector does not exist, an indirect coupling due to the fission product gamma rays takes place. This 
coupling is found to be proportional to the multiplication of the subcritical reactor. An experiment, in which 
the total thermal neutron flux is measured with two different concentrations of deuterium in the water 
surrounding the detectors, confirmed the validity of the analytical results. 
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Abstract/Keyterms: Homogeneous Reactor Test (HRT). The program of reactor maintenance and major 
repairs to the core tank was continued. A sample of the core wall at the edge of the upper hole was cut and 
removed from the reactor for metallographic examination, and the circular opening left by the core sample 
was reamed to receive a conical patch. Tools were developed and used successfully to remove cutup screen 
strips from the tee-section of the core access piping. Maintenance on other reactor parts included the 
replacement of the fuel system primary and secondary recombiners and the replacement of the fuel-
condensate block valves. Instrument maintenance was also performed. Macro- and micro-examinations of 
the specimen from the core wall showed conclusively that the hole was formed by melting through the core 
wall with an external heat source. The HRT core-vessel thickness was measured, using a remote 
manipulator and ultrasonic measuring equipment. The improved multiclone was fabricated and tested in 
preparation for installation. CD4MCu stainless steel was investigated in a simulated fuel solution. Corrosion 
tests with Coors Al2O3 in water at 100 and 300 deg C and in a simulated fuel solution at 100 deg C are 
reported. The radiation corrosion of Zircaloy-2 specimens in fuel solutions was investigated. Corrosion 
rates for two chemically polished crystal-bar zirconium core-annulus coupons were observed to be greater 
than for Zircaloy-2. Three chemically polished Zr--Cr core-channel coupons corroded at about the same 
rates as Zircaloy-2. Specimens of Zr-15Nb, Sr-15Nb-2Mo, and Zr-Nb-1 Cu in beta -quenched condition 
showed better corrosion resistance than Zircaloy2, Slurry Fuels. The effect of pH level on the lamimar flow 
properties of flocculated ThO2 suspensions was determined. Sedimentation particle-size analyses of two 
sets of ThO2 powders fired at 650, 800, 900, and 1500 deg C and irradiated to 7 and 6 x 10/sup 20/ nvt 
showed decreases in the 



 

C-15048 

15002…..…..…………………..…….……..……ID Number…………………..…..…………….15002 

Author: Cheverton, R. D. 

Title: HFIR Preliminary Physics Report 

Date: 10/19/1960 

Report: ORNL-3006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: High Flux Isotope Reactor physics studies were conducted to establish a core design 
that would permit the attainment of about 5 x 10/sup 15/ neutrons/cm/ sup 2/-sec unperturbed thermal flux 
at a power level of 100 Mw. The proposed reactor is a cylindrical flux-trap reactor, having a light water 
island surrounded by a fuel annulus containing fully enriched uranium, water, and aluminum. A vertical-
plate control system separates the fuel region from the watercooled beryllium side reflector. The island 
diameter is 14 cm; the fuel-annulus outer diameter is 38 cm; and the active core length is 45.7 cm. It is 
estimated that this core with enough fuel for 10 days of operation at 100 Mw will produce a maximum 
unperturbed thermal flux of 6.6 x 10/sup 15/ neutrons/cm/sup 2/-sec and an average thermal flux of 3.7 x 
10/sup 15/ in a 200-g sample of Pu/sup 242/. The corresponding maximum heat flux was estimated to be 
1.6 x 10/sup 6/ Btu/hr-ft/ sup 2/ For a fuel element containing 0.050-in.-thick plates and 0.050-in.thick 
coolant channels. 



 

C-15049 

15003…..…..…………………..…….……..……ID Number…………………..…..…………….15003 

Author: Staff 

Title: Neutron Physics Division Annual Report for Period Ending September 1, 1960 

Date: 11/30/1960 

Report: ORNL-3016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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15004…..…..…………………..…….……..……ID Number…………………..…..…………….15004 

Author: n.a. 

Title: Neutron Division Annual Progress Report for Period Ending September 1, 1960 

Date: 12/13/1960 

Report: ORNL-3016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research efforts in neutron physics are reported in the areas of light- water-moderated 
reactors, new reactors for BSF and TSF, critical experiments, experimental nuclear physics, experimental 
reactor physics, reactor theory, shielding research, radiation detector studies, plasma physics theory, and 
theoretical nuclear physics. Separate abstracts were prepared for the seventy sections of the report. 
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15005…..…..…………………..…….……..……ID Number…………………..…..…………….15005 

Author: Mihalczo, J. T. / Lynn, J. J. 

Title: Homogeneous Critical Assemblies of 2% Uranium-235-Enriched Uranium Tetrafluoride in Paraffin 

Date: 9/1/1960 

Report: ORNL-3016, 071 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program of critical experiments with homogeneous hydrogen-moderated 
assemblies of 2% uranium-235 enriched uranium tetrafluoride and paraffin reported previously has been 
extended to a mixture with an (hydrogen)/(uranium-235) atomic ratio of 501. This mixture contains 82 wt% 
uranium tetrafluoride and has a uranium density of 1.97 grams/cc. The minimum critical masses and 
minimum critical volumes have been established for bare and reflected cylinders and parallelepipeds are 
shown along with those for previous uranium tetrafluoride paraffin mixtures. The reflector material was an 
effectively infinite thickness of paraffin or of Plexiglas. 



 

C-15052 

15006…..…..…………………..…….……..……ID Number…………………..…..…………….15006 

Author: Fox, J. K. / Gilley, L. W. / Magnuson, D. W. 

Title: Solution Experiments in a Flux-Trap Critical Assembly: Preliminary Study for High Flux Isotope 
Reactor 

Date: 9/1/1960 

Report: ORNL-3016, 3.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15007…..…..…………………..…….……..……ID Number…………………..…..…………….15007 

Author: Mihalczo, John T. / Lynn, J. J. 

Title: Critical Parameters of Bare and Reflected 93.4 wt% U235-Enriched Uranium Metal Slabs 

Date: 9/1/1960 

Report: ORNL-3016, 73-76 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research efforts in neutron physics are reported in the areas of light- water-moderated 
reactors, new reactors for BSF and TSF, critical experiments, experimental nuclear physics, experimental 
reactor physics, reactor theory, shielding research, radiation detector studies, plasma physics theory, and 
theoretical nuclear physics. Separate abstracts were prepared for the seventy sections of the report. 
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15008…..…..…………………..…….……..……ID Number…………………..…..…………….15008 

Author: n.a. 

Title: Homogeneous Reactor Program Progress Report for Period from August 1 to November 30, 1960 

Date: 3/1/1961 

Report: ORNL-3061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: reactor maintenance and major repairs to the core tank was completed. Both core-
vessel holes were patched and leak tested. Tools were developed to measure core-vessel thickness in the 
core section and to ex 
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15009…..…..…………………..…….……..……ID Number…………………..…..…………….15009 

Author: n.a. 

Title: Gas-Cooled Reactor Project Quarterly Progress Report for Period Ending March 31, 1961 

Date: 5/26/1961 

Report: ORNL-3102 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Physics. Criticality calculations were made for the EGCR without 
experimental loops and for various enrichments, and the results were used to derive the base value for the 
EGCR fuel enrichment. Reactor Design Studies. Studies of the performance of EGCR fuel and control rods 
were made. The moderator temperature distribution and the required coolant flow were determined. 
Investigations of structural integrity were made for the EGCR pressure vessel, through-tubes, and graphite 
column. The results of a preliminary study of the EGCR containment system and of the possibility of a 
runaway graphite fire are discussed. Decontamination studies of EGCR components are reported. Heat 
Transfer and Fluid Flow. Studies of fluid flow asymmetries, surface-temperature profiles, and heat transfer 
coefficients are reported. The application of mass transfer measurements to predictions of heat transfer in 
seven-tube clusters is concluded to be valid. Velocity contours were mapped for EGCR channels. Pressure-
drop and gas-mixing measurements in EGCR fuel assemblies are reported. Materials Development. 
Fabrication of dense UO2 grains and discs is described. Measurements of Xe/sup 1//sup 3//sup 3/ release 
rates from UO2 pellets and powders at 400 to 1600 deg C are reported. Fabrication studies were carried out 
on fueled BeO. The phases present in BeO-- ThO2-- UO2 bodies were identified to be pure BeO, a ThO2-
- UO2 solid solution, and a small amount of pure UO2. Evaluation of UO2 spheres coated with pyrolytic 
carbon by thermal cycling and leaching tests is reported, Evidence of a reaction between UC and Be was 
found after a 66-hr test at 1100 deg C. Inspection results are presented for coatings on EGCR graphite 
support sleeves. Measurements of the mechanical properties of AGOT graphite are reported. Axial 
elongation of EGCR fuel elements in thermal cycling experiments was studied. Oxidation and carburization 
of 304 stainless steel by CO --CO2 mixtures were studied. The thermal stability of Sb2O4 was studied at 
400 to 1000 deg C. Oxidation of Be by dry CO2 and H2O vapor was studied. Studies on joining Be and 
fabrication of Be-clad fuel elements were made. Inpile Testing. Irradiations of a large number of fuel 
specimens and structural materials were carried out and the results of post irradiation examinations and 
property measurements presented. Out-of-pile Testing. Static and convection loop tests in hot helium were 
carried out with graphite and metal specimens, and carburization reactions in these systems were studied. 
The degassing behavior of graphite was studied, and porosity determinations are reported. The results of 
investigations of the removal of fission gases from He and other gases are discussed. Abnormal emf drifts 
of thermocouples in He are discussed. Development of Test Loops and Components. Testing and 
development of the following components are discussed: EGCR through-tube nozzles, microswitch, globe 
valves, GCR-ORR loop No. 2, and loop compressors. 
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15010…..…..…………………..…….……..……ID Number…………………..…..…………….15010 

Author: Auxier, J. A. / Cheka, J. S. 

Title: Dosimetry Applications 

Date: 12:00:00 AM 

Report: ORNL-3189, 172-179 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15011…..…..…………………..…….……..……ID Number…………………..…..…………….15011 

Author: Tobias, M. 

Title: Reactor-Controls-System Development and Design 

Date: 12:00:00 AM 

Report: ORNL-3191, 78-85 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Mihalczo, John T. / et al. 

Title: Critical Experiments - Homogeneous Critical Assemblies of 3% U-235-enriched UF4 in Paraffin 

Date: 9/1/1961 

Report: ORNL-3193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HFIR Fuel , Split Tablemat 
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Author: Staff 

Title: Neutron Physics Division Annual Report for Period Ending September 1, 1961 

Date: 10/31/1961 

Report: ORNL-3193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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15014…..…..…………………..…….……..……ID Number…………………..…..…………….15014 

Author: Fox, J. K. 

Title: Critical Parameters of Solutions of Uranium-235 Enriched Uranyl Nitrate in Cylindrical Containers 

Date: 9/1/1961 

Report: ORNL-3193, 131-132 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments which extend the existing data on fissionable solutions have been 
performed with solutions of uranyl-nitrate at two uranium-235 enrichments. The first material consisted of 
a solution of uranyl-nitrate enriched to 93.15 wt% in uranium-235, in a deuterium-oxide water mixture 
containing 70.1 wt% deuterium-oxide. The uranium-235 concentration in this solution was 105.9 g per liter, 
the specific gravity 1.226, the hydrogen/uranium-235 atomic ratio 70.9, and the deuterium/uranium-235 
atomic ratio 166.3. 
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15015…..…..…………………..…….……..……ID Number…………………..…..…………….15015 

Author: Gilley, L. W. / Cronin, D. F. / Fox, J. K. / Thomas, J. T. 

Title: Critical Arrays of Neutron Interacting Units 

Date: 9/1/1961 

Report: ORNL-3193, 159-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Using the MC2 code (multigroup constants code), multigroup cross sections are 
calculated with each a series of critical experiments using as many as 100 subcritical vessels of uranium-
235-enriched uranyl nitrate solution has been performed with the units assembled in unreflected and 
unmoderated arrays. The problem of neutron interaction between units in storage arrays is a complex one 
for which an adequate theory does not exist. It is intended that the data presented here will support analyses 
of such interaction problems in general and will provide bases for safe storage and transportation of these 
particular vessels which are widely used in industry. 
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15016…..…..…………………..…….……..……ID Number…………………..…..…………….15016 

Author: Fox, J. K. 

Title: Nuclear Safety Tests of the High Flux Isotope Reactor Fuel Element 

Date: 9/1/1961 

Report: ORNL-3193, 3.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Lundin, M. I. 

Title: Health Physics Research Reactor Hazards Summary 

Date: 8/24/1962 

Report: ORNL-3248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Health Physics Research Reactor is an essentially unmoderated, unreflected, 
uranium-molybdenum alloy assembly that is capable of producing self-limiting prompt critical bursts with 
yields of the order of 10/sup 17/ fissions. The design and performance characteristics, although similar to 
Godiva assemblies, are improved by the use of the alloyed fuel material for the core assembly. The reactor 
will be utilized in the Dosimetry Applications Research Facility (DOSAR) constructed at the Oak Ridge 
National Laboratory for the furtherance of the health physics and biomedical research programs. The design 
of the reactor and its controls and the siting of the facility are such that normal operation of the reactor will 
not involve radiation levels that are hazardous to either operating personnel or to the general public. The 
facility will safely handle the postulated maximum credible accident of 10/sup 19/ fissions. 
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15018…..…..…………………..…….……..……ID Number…………………..…..…………….15018 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Mass Studies: Part 11, Critical Parameters of Uranium-Aluminum Alloy Slugs 

Date: 5/14/1962 

Report: ORNL-3272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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15019…..…..…………………..…….……..……ID Number…………………..…..…………….15019 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Mass Studies Part XI, Critical Parameters of Uranium-Aluminum Alloy Slugs 

Date: 5/28/1962 

Report: ORNL-3272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical and near-critical experiments were performed with cylindrical pieces of two 
alloys of 93%-uranium-235-enriched uranium and aluminum to establish safe practices in fabrication and 
in other procedures. In one set of experiments the uranium content of the alloy was 5.4 wt% and the diameter 
of the pieces was 1.015 inch. The minimum critical number of 12-inch-long slugs in a single water-reflected 
and-moderated tier was 134; the minimum number in a double tier was about 165. Experiments with 8-ft-
long, optimally spaced rods gave the diameter of an infinitely high, unreflected cylindrical array as between 
15 and 17.5 inch and as approximately 12 inch for a totally water-reflected cylindrical array. The second 
alloy, which was studied in detail earlier, contained 7.6 wt% uranium and was made into cylinders 1.35 
inch in diameter. The minimum number of 8-inch-long slugs which could be made critical in a square lattice 
was 101, arranged in two tiers, and this agreed with the earlier results. The minimum critical number in a 
similar hexagonal lattice was 100. A double tier of 1000 closely packed 8-inch-long slugs was subcritical 
when submerged in water. The diameter of an infinitely long, unreflected critical cylindrical array of 
optimally spaced rods was between 15 and 17.5 inch; the diameter of a water-reflected cylindrical array 
was about 12 inch. It was shown that randomly spaced slugs produce less source neutron multiplication 
than do lattices of the same overall density. 
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15020…..…..…………………..…….……..……ID Number…………………..…..…………….15020 

Author: Nicholes, J. P. 

Title: Soluble Neutron Poisons as a Primary Criticality Control in Shielded and Contained Radio-Chemical 
Facilities 

Date: 7/12/1962 

Report: ORNL-3309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Studies indicated that the use of soluble poisons as a primary criticality control offers 
economic and other advantages in that it permits the factors of vessel size and shape and solution 
concentrations to be dictated by considerations other than those of criticality. It is believed that soluble 
poison criticality control can be made as reliable as other methods of aditional control if the application is 
preceded by adequate development work and is monitored by multiple. independent safeguards. The studies 
included multigroup machine calculations of the required content of poisons in solutions of fissile and fertile 
material, a compilation of data on the detection, stability, decontamination, and costs of soluble poisons, 
and an assessment of the possible effects of a nuclear excursion. 
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15021…..…..…………………..…….……..……ID Number…………………..…..…………….15021 

Author: Nichols, J. P. 

Title: Soluble Neutron Poisons as a Primary Criticality Control in Shielded and Contained Radiochemical 
Facilities 

Date: 7/26/1962 

Report: ORNL-3309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Control; Criticality; Decontamination; Detection; Fission Products; 
Neutrons; Poisoning; Quantitative Analysis; Radiochemistry; Shielding; Solubility; Solutions; Stability; 
Vessels 



 

C-15068 

15022…..…..…………………..…….……..……ID Number…………………..…..…………….15022 

Author: Staff 

Title: Neutron Physics Division Annual Progress Report for Period Ending September 1, 1962 

Date: 8/8/1962 

Report: ORNL-3319 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A total of 74 subsections are included in the report. The information in 4 subsections 
was previously abstracted in NSA. Separate abstracts were prepared for 38 of the subsections. Those 
sections for which no abstracts were prepared contain information on prompt neutron lifetime, Rover 
critical experiments, Pu239 fission, neutron decay, the O5R code, alpha scattering, 8 and P wavelengths, 
proton scattering, deuteron scattering, local optical potentials, N. S. Savanah radiation leakage, reactor 
shielding, cross section data analysis, gamma transport, gamma energy deposition, gaussian integration, 
data interpolation, neutron scattering, neutron energy deposition, space vehicles, computer analyses, 
shielding, positron sources, and secondary particles. 
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15023…..…..…………………..…….……..……ID Number…………………..…..…………….15023 

Author: Fox, J. K. / Gilley, L. W. / Magnuson, D. W. 

Title: Preliminary Solution Critical Experiments for the High-Flux Isotope Reactor 

Date: 6/12/1963 

Report: ORNL-3359 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design of the High-Flux Isotope Reactor (HFIR) was supported by a series of 
preliminary experiments performed at the Oak Ridge Critical Experiments Facility in 1960. The 
experiments yielded results describing directly some of the expected performance characteristics of the 
reactor and strengthened the calculational methods used in its design. The critical assembly, like the reactor, 
was of a flux-trap type in which a central 6-in.-dia column of H2O was surrounded by an annulus of fissile 
material and, in turn, by an annular neutron reflector. The fuel region contained a solution of enriched 
uranyl nitrate in a mixture of H2O and D2O and the reflector was a composite of two annuli, the inner one 
of D2O surrounded by one of H2O. In most experiments the ends of the assembly were reflected by H2O. 
Important results evaluate the absolute thermal-neutron flux to be expected in the design reactor and 
describe the flux distributions within this type of assembly. It was also observed that the cadmium ratio 
along the axis of the assembly was about 100, showing that a highly thermal-neutron flux was truly 
developed in the trap. It was shown that reduction of the hydrogen density in the central water column to 
about 80% of its normal value increased the reactivity about 6% and that further hydrogen density reduction 
decreased the reactivity as the effect of the loss of neutron moderation dominated the effect of the increased 
coupling across the central column. These considerations are of importance to the safety of the reactor. 
Additional experiments gave values of the usual critical dimensions and explored the effects on both the 
dimensions and the flux distributions of changing the concentration of the uranyl nitrate solution, of 
changing the composition of the solvent, and of adding neutron-absorbing materials to the D2O reflector. 
These changes were made to alter the neutron properties of the fuel solution over a range including those 
expected in the reactor itself. 
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Author: Fox, J. K. / Thomas, J. T. / et al. 

Title: Neutron Physics Div, Annual Progress Report for Period Ending Sept. 1, 1962 

Date: 9/1/1962 

Report: ORNL-3360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranyl Nitrate and Raschig rings, HPRR and HFIR experiments 
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15025…..…..…………………..…….……..……ID Number…………………..…..…………….15025 

Author: Staff 

Title: Neutron Physics Division Annual Report for Period Ending September 1, 1962 

Date: 10/8/1962 

Report: ORNL-3360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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15026…..…..…………………..…….……..……ID Number…………………..…..…………….15026 

Author: n.a. 

Title: Neutron Physics Division Annual Progress Report. Period Ending September 1, 1962 

Date: 1/11/1963 

Report: ORNL-3360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A total of 74 subsections are included in the report. The information in 4 subsections 
was previously abstracted in NSA. Separate abstracts were prepared for 38 of the subsections. Those 
sections for which no abstracts were prepared contain information on prompt neutron lifetime, Rover 
critical experiments, Pu239 fission, neutron decay, the O5R code, alpha scattering, 8 and P wavelengths, 
proton scattering, deuteron scattering, local optical potentials, N. S. Savanah radiation leakage, reactor 
shielding, cross section data analysis, gamma transport, gamma energy deposition, Gaussian integration, 
data interpolation, neutron scattering, neutron energy deposition, space vehicles, computer analyses, 
shielding, positron sources, and secondary particles. 
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Author: Fox, J. K. / Thomas, J. T. 

Title: Critical Experiments with Mixtures of Aqueous Uranium-235-Enriched Uranyl Nitrate Solutions and 
Borosilicate Glass Rings 

Date: 9/1/1962 

Report: ORNL-3360, 35-36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several critical experiments were performed with large-capacity cylindrical tanks 
containing fissile material, as aqueous uranyl nitrate solutions, and borosilicate glass raschig rings. The 
experiments are part of a series designed to furnish information on the critical parameters of such systems 
for nuclear safety applications. 
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Author: Thomas, J. T. / Fox, J. K. 

Title: Critical Cubic Arrays of Neutron-Interacting Units of Aqueous Uranyl Nitrate Solution 

Date: 1/11/1963 

Report: ORNL-3360, 37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A total of 74 subsections are included in the report. The information in 4 subsections 
was previously abstracted in NSA. Separate abstracts were prepared for 38 of the subsections. Those 
sections for which no abstracts were prepared contain information on prompt neutron lifetime, Rover 
critical experiments, Pu239 fission, neutron decay, the O5R code, alpha scattering, 8 and P wavelengths, 
proton scattering, deuteron scattering, local optical potentials, N. S. Savannah radiation leakage, reactor 
shielding, cross section data analysis, gamma transport, gamma energy deposition, gaussian integration, 
data interpolation, neutron scattering, neutron energy deposition, space vehicles, computer analyses, 
shielding, positron sources, and secondary particles. 
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Author: Mihalczo, J. T. 

Title: Prompt Neutron Lifetime in Hydrogen-Moderated Uranium(3) Critical Assemblies 

Date: 9/1/1962 

Report: ORNL-3360, 37-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Prompt-neutron decay constants in unreflected and reflected delayed-critical 
parallelepipeds of a homogeneous mixture of uranium tetrafluoride and paraffin were determined by the 
pulsed-neutron technique. The fuel mixture had a density of 4.5 gram/cc and contained 92 wt.% uranium 
tetrafluoride in which the uranium-235 enrichment of the uranium was 3%. The hydrogen/uranium-235 
atomic ratio was 133. The reflector was a 15-cm thickness of paraffin carbon(25)-hydrogen(52) with a 
density of 0.93 gram/cc. Neutron bursts for these experiments were produced by a 150-kV Cockcroft-
Walton accelerator in which deuterons were electrostatically deflected on and off a tritium target. The 
detectors used were boron trifluoride counters, proton recoil type scintillators, and sodium-iodide 
scintillators. The decay constant alpha was determined from 256-channel time analyzer data by a nonlinear 
least-squares fitting of the equations a nonlinear least-squares fitting of the equation 
y=b(sub1)+b(sub2)exp(-alphatime). The results were obtained by counting either neutrons or prompt 
gamma rays. 



 

C-15076 

15030…..…..…………………..…….……..……ID Number…………………..…..…………….15030 

Author: Mihalczo, J. T. 

Title: Prompt-Neutron Decay Constants for Unmoderated Uranium Metal Critical Assemblies with Large 
Gaps 

Date: 9/1/1962 

Report: ORNL-3360, 39-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments with enriched-uranium metal assemblies having large 
gaps at their midplanes has been initiated to provide data on simple critical systems of two interacting 
components for use in evaluating various methods of calculation. The metal has a density of 18.72 grams/cc, 
and a uranium-235 content of 93.2 wt%. The presence of large gaps in these fast unmoderated and 
unreflected assemblies results in a decrease in the prompt-neutron decay constant and an increase in the 
amount of uranium metal required for criticality. For a delayed-critical assembly, the prompt-neutron decay 
constant is inversely proportional to the mean neutron lifetime of the prompt neutrons. The lifetime depends 
on the gap width since, for these systems, the time required for a neutron to cross the gap is a significant 
part of its lifetime. It also depends on the probability that a neutron will leak from one-half the assembly 
and enter the other half. In these experiments critical thicknesses of the slabs as a function of their spacing 
have been measured, and corresponding prompt-neutron decay constants have been determined. 
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Author: Thomas, J. T. / Fox, J. K. / Johnson, E. B. 

Title: Neutron Physics Annual Progress Report 2.2 Effects of Borosilicate Glass Raschig Rings on the 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Reactivity Effects of Various Reflectors Near the Health Physics Research Reactor 

Date: 12:00:00 AM 
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Author: Staff 

Title: Neutron Physics Division Annual Progress Report for Period Ending August 1, 1963 

Date: 10/30/1963 

Report: ORNL-3499 Vol II 

Conference/Journal:  

Conference Session:  
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Author: Mihalczo, J. T. 

Title: Prompt-Neutron Decay Constant Versus Buckling for Hydrogen-Moderated 3% Uranium-235-
Enriched Uranium 

Date: 8/1/1963 

Report: ORNL-3499, 49-50 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Prompt-neutron decay constants for unreflected parallelepipeds of a homogeneous 
mixture of uranium-tetrafluoride and paraffin were determined as a function of buckling by the pulsed-
neutron technique. The fuel mixture had a density of 4.5 gram/cc and contained 92 wt.% uranium-
tetrafluoride in which the uranium-235 enrichment of the uranium was 3.00% the hydrogen/uranium-235 
ratio was 133. 
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Author: Magnuson, D. W. 

Title: Measurement and Calculation of the Prompt-Neutron Decay Constant and Effective Buckling as a 
Function of Size for Homogeneous Uranium Solutions 

Date: 8/1/1963 

Report: ORNL-3499, 57-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It has been suggested that pulsed-neutron measurements of the prompt-neutron decay 
constant, alpha could be useful in characterizing subcritical assemblies of fissile materials. Within the limits 
of diffusion theory, the buckling, B2, is a quantity that is defined by the dimensions and the extrapolation 
distance. Therefore, it was desired to measure alpha as a function of B2 for a wide range of uranium 
concentrations in aqueous solutions and to compare the results with calculated values. The measurements 
made thus far have been for a uranyl nitrate solution having a concentration of approximately 65 grams of 
uranium per liter and a uranium-235 enrichment of 93.2%. They have included measurements of flux 
distributions and prompt-neutron decay constants for both critical and subcritical conditions in both 
spherical and cylindrical geometries. 
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Author: Thomas, J. T. 

Title: Critical Arrays of Uranium(93.2) Metal Cylinders 

Date: 8/1/1963 

Report: ORNL-3499, 58-62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to further establish bases for regulations governing the transport and storage 
of individually subcritical units of fissile materials, a series of critical experiments has been performed with 
three-dimensional arrays of uranium(93.2) metal cylinders. The elementary pieces used to form the units 
consist of 11.519-cm-diameter metal cylinders containing approximately 5.2 kg and approximately 10.5 kg 
of uranium(93.2). The density of the uranium is 18.76 grams/cc in one series of arrays two of the larger 
cylinders were combined to form cylindrical units containing approximately 21 kg of uranium(93.2) and in 
another series one of the smaller cylinders was added to form units containing approximately 26 kg of 
uranium(93.2) 
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Title: Critical Experiments and Calculations with Annular Cylinders of Uranium(93.2) Metal 

Date: 8/1/1963 

Report: ORNL-3499, 62-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments with annular cylinders of uranium metal was 
performed to verify the adequacy of the SN method of solving the transport equation for this geometry. The 
uranium has a density of 18.76 grams/cc and is enriched to 93.2% in the uranium-235 isotope. Unreflected 
annuli with outside diameters as large as 15 inches and inside diameters as small as 7 inches were assembled 
to delayed critical, and the prompt neutron decay constant was measured by the Rossi-alpha technique. In 
the Rossi-alpha measurements two detectors were used with a technical measurement corporation 256-
channel analyzer having a time-of-flight logic unit. A signal from a plastic scintillator sensitive to neutrons 
and gamma rays triggered the time analyzer, and the time distribution of neutrons detected by a small 
uranium-235 spiral fission counter was measured. The resulting values of the decay constant, together with 
the measured reactivities of the various assemblies, are shown. 
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Title: Prompt-Neutron Decay Properties and Critical Dimensions of Unmoderated Cylindrical 
Uranium(93.2) Metal Assemblies with Large Gaps 

Date: 8/1/1963 

Report: ORNL-3499, 64-67 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The series of critical experiments which began with parallelepipedal uranium(93.2) 
metal assemblies having large gaps at their midplanes has been extended to include cylindrical assemblies 
in which the flat surfaces of 7-, 11-, and 15 inch diameter disks are separated by as much as 9 inches. The 
critical separation distances of two disks vs. the thickness of one disk (one-half the total metal thickness of 
the assembly) is shown for assemblies of all three diameters. Corresponding prompt-neutron decay 
constants were obtained by the Rossi alpha technique, in which the time distribution of prompt neutrons 
associated with a common ancestor is measured. A typical set of data collected in a Rossi alpha 
measurement using a technical measurement corporation 256-channel analyzer with a neutron time-of-
flight logic unit is shown. For this measurement a proton-recoil detector was used to trigger the time 
analyzer, and the signal, after a delay of 6.1 microseconds, was from two spiral fission counters. The data 
prior to the peak represent the buildup of the neutron population before the decay. The decay constants 
measured by this technique for the three sets of disks are given. Values of the effective delayed-neutron 
fraction, beta(eff), which are required to obtain the prompt-neutron lifetimes from the measured decay 
constants have been computed for the 11-inch diameter assemblies from transport-theory calculations using 
the SN method of solution of the transport equation and the cross sections referred to in Sec. 2.6. The 
adequacy of the SN method in the S-8 approximation and of the six-group cross-section sets used for the 
calculations of these assemblies was demonstrated, since the calculated multiplication factors for 11 
different experimental configurations are between 0.99 and 1.002. 
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Title: DSN Transport Calculations of Critical Spheres of Uranium Solutions 
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Report: ORNL-3499, 68 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations have been made of the multiplication factors of several water-reflected 
and unreflected critical spheres of uranyl nitrate or uranyl fluoride aqueous solutions. Carlson's SN transport 
code, DSN, was used in the S4 approximation with the 16-group cross-section values of Hansen and Roach. 
The critical conditions and the calculated multiplication constants are given. It is concluded that this code 
and cross-section set can be used with confidence for these solutions over the complete range of 
concentrations. It is believed that the difference between the calculated and experimental multiplication 
factors is due primarily to errors in the experimental determination of atomic densities and to errors in the 
cross sections. 
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Report: ORNL-3499, 69 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three small critical assemblies of uranium-235 enriched uranium-dioxide, reflected 
in two cases by graphite and in the third by beryllium, have provided data to verify calculational methods 
for these types of assemblies. 
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Title: Application of Monte Carlo Calculational Techniques to the Study of Fast Critical Assemblies 

Date: 8/1/1963 

Report: ORNL-3499, 77-81 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Monte Carlo calculations have been performed for several simple unmoderated, 
unreflected uranium metal assemblies which had been made critical experimentally. The computer code 
used for the calculations was the O5R code, a general-purpose Monte Carlo neutron transport code. Only 
highly uranium-235 enriched uranium systems were considered, and they were assumed to contain 
uranium-235 and uranium-238 only. Cross-section values from BNL-325 were used where possible, with 
Howerton's compilation serving as a basis for separating the scattering and inelastic cross sections. The 
angular distributions from BNL-400 were used to obtain the Legendre expansion coefficients F(1) through 
F(8). The angular distributions for uranium-238 and uranium-235 were taken to be identical. Inelastic 
scattering was treated with evaporation theory, and the variation of eta with energy was taken to be 
eta(E)=2.43 + 0.115E (MeV). The systems considered were a 17.42-cm-diameter sphere corresponding to 
the Godiva I reactor, a 12.7 bye 12.7 by 23.15 cm parallelepiped, and 17.77-, 27.93-, and 38.08-cm outside 
diameter cylinders whose heights were approximately 12.6, 8.7, and 7.6 cm, respectively. In each case the 
isotopic composition of the system was assumed to be 4.508E22 uranium-235 nuclei per cc and 2.942E21 
uranium-238 nuclei per cc. 
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Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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Conference/Journal:  
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Abstract/Keyterms: ORNL Folder includes a document titled "HPRR Operating Procedures for Operation 
BREN," no report number or cover, dated 01/25/1962 
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Abstract/Keyterms: Summary of ORNL activities during 1963, including critical experiments, Oak Ridge 
School of Reactor Technology. 
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Conference/Journal:  
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Abstract/Keyterms: Contains summaries of critical experiments in-progress (E. B. Johnson's "1-D 
Reactor" series). 
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Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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Detectors; Reactors; Salts; Separation Processes; Shielding; Water 
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Title: Critical Dimensions of Aqueous Uranium Dioxide Fluoride Solutions Containing 4.9% Uranium-
235 Enriched Uranium 

Date: 12/1/1964 

Report: ORNL-3714, 31-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-SOL-THERM-002; The critical dimensions of aqueous solutions of 4.9% 
enriched uranyl fluoride have been measured. Experiments were done with solutions having a hydrogen-
to-uranium-235 atomic ratio as low as 500, approximately that for minimum critical mass and near that for 
minimum critical volume at this enrichment. The solution was contained in spherical or cylindrical 
aluminum or stainless steel vessels. 
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Conference/Journal:  
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Abstract/Keyterms: The capability of the O5R code for handling complicated geometries exactly has been 
tested in a series of calculations of unmoderated and unreflected critical assemblies of 93.2 wt% uranium-
235-enriched uranium metal. 
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Report: ORNL-3714, 36 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work with annular cylinders of uranium metal enriched to 93.2% has been extended 
to include studies of the effect of graphite and polyethylene reflectors. In some cases the central cavity was 
filled with reflector material. 
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Abstract/Keyterms: An extensive program of critical experiments with an aqueous solution of uranyl 
fluoride in which the uranium is enriched to 4.98% in uranium-235 has been under way for some time. 
Earlier measurements described the critical spacing of a number of cylinders of the solution contained in 
aluminum and polyethylene vessels to provide guidance in storage and transport of low-enriched uranium. 
More recent measures have attempted to define the critical quantity of the solution, essentially unreflected, 
in single units of simple geometry. 
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Abstract/Keyterms: A series of experiments has been completed to determine the critical parameters of 
lattices of heat transfer reactor experiment (HTRE) fuel elements, primarily in geometries and environments 
of interest for transport, storage, and chemical dissolution. Arrays of these elements were made critical with 
water and with dilute aqueous uranium(92.6) nitrate of two concentrations (to simulate dissolver 
environments) as moderator and reflector; one solution concentration was 3.97 g of uranium-235 per liter 
and the other was 8.02 g per liter. In some of the slab lattices in water, sheets of cadmium were placed 
between rows to serve as a neutron absorber as they might in a shipping container. 
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uranium-235 atomic ratio of 614 and a mixture of 3% uranium-235-enriched uranium-tetrafluoride and 
paraffin with a hydrogen to uranium-235 atomic ratio of 277. 
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Author: Webster, J. W. / Johnson, E. B. 

Title: Criticality of Aqueous Solutions of 5% Enriched Uranium 

Date: 8/1/1967 

Report: ORNL-4134, 32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the continuing criticality-safety program at the critical experiments facility, 
a comparison has been made of the analytical and experimental results describing the criticality of an 
aqueous 4.98% enriched uranyl-fluoride solution. A single sphere, a single cylinder, and arrays of cylinders 
were studied; structural materials were minimized. 
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Author: Magnuson, D. W. 

Title: Enriched Uranium Metal and Polyethylene Critical Experiments for Hydrogen/Uranium-235 Ratios 
from 0 to 5 

Date: 8/1/1967 

Report: ORNL-4134, 32-34 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In a continuing program for providing critical parameters for nuclear criticality safety, 
critical experiments in rectangular geometry have been performed for hydrogen to uranium-235 atomic 
ratios ranging from 0 to 5 using layers of enriched uranium metal and polyethylene. 
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Title: Terrestrial Low-Power Reactor Program. Quarterly Progress Report for Period Ending March 31, 
1967 

Date: 1/1/1967 

Report: ORNL--4136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Marine & Portable Power Reactors-Operation; Boiling; Containment; Control; 
Criticality; Design; Economics; Generators; Power Plants; Rankine Cycle; Reactors; Sea; Steam; Testing; 
Thermodynamics; Turbines; Water 
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Title: Neutron Physics Div. Annual Progress Report for Period Ending May 31, 1967 

Date: 5/31/1967 

Report: ORNL-4143 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MCNP, 2% U, 5% U Metal Rods, Ag 5% U, U235 Ratios, 93% U, Ag U233, APR, 
HPRR 
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Title: 2. Critical Experiments 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15089…..…..…………………..…….……..……ID Number…………………..…..…………….15089 

Author: Johnson, E. B. 

Title: Critical Lattices of Uranium(4.89) Metal Rods in Water 

Date: 8/1/1967 

Report: ORNL-4143, 31-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical dimensions of lattices of uranium(4.89) metal rods are reported. All the 
available rods are 30 cm long and have diameters of 1.31, 2.07, and 2.49 cm. Lattices of 30-and 60-cm 
height have been assembled in both square and triangular patterns. 
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Title: Safety Studies of Fuel Transport 

Date: 10/31/1967 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Design; Fabrication; Fuel 
Elements; Fuels; Heat Transfer; Performance; Safety; Shielding; Testing; Transport; Vessels 
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Author: Rimshaw, S. J. / Ketchen, E. E. 

Title: 90Sr Data Sheets 

Date: 1/1/1967 

Report: ORNL-4188 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Metals & Alloys; Bibliography; Biology; 
Chemical Analysis; Criticality; Mechanical Properties; Metals; Radioactivity; Shielding; Strontium 90; 
Strontium Fluorides; Tensile Properties; Titanium Oxides Strontium 
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Author: Mihalczo, J. T. / Lynn, J. J. 

Title: Homogeneous Critical Assemblies of 3% Uranium-235 Enriched Uranium Tetrafluoride in Paraffin 

Date: 10/1/1961 

Report: ORNL-4193, 131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The program of critical experiments with homogeneous hydrogen-moderated 
assemblies of 2 wt% uranium-235 enriched uranium-tetrafluoride in paraffin reported previously has been 
extended to include a mixture of hydrogen/uranium-235 ratio of 133. This mixture contains 92 wt% 
uranium-tetrafluoride and has a uranium density of 4.5 g/cc. The critical height of a rectangular 
parallelepiped with a square base, as a function of base dimensions, is determined. From these data, the 
minimum critical volumes for bare and reflected spheres are 200 and 121 liters, respectively. 
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Author: Gilley, L. W. / Cronin, D. F. / Fox, J. K. / Thomas, J. T. 

Title: Critical Arrays of Neutron Interacting Units 

Date: 10/1/1961 

Report: ORNL-4193, 159-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments using as many as 100 subcritical vessels of uranium-235-
enriched uranyl nitrate aqueous solution has been performed. In one group of experiments neither reflector 
about the arrays nor moderator between the units was present. (the terms "moderator" and "reflector" when 
used in this text refer to the addition of hydrogenous material between the units or about the array.) In 
another set the thickness of the moderator and partial reflector was varied to exhibit its maximum effect. 
Additional experiments simulated various conditions of interest to nuclear safety. A brief description of the 
materials used is presented, and the results appear in both tabular and graphical form. 
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Author: Rohrer, E. R. / Tunnell, W. C. / Magnuson, D. W. 

Title: New Critical Experiment Machines 

Date: 10/1/1961 

Report: ORNL-4193, 168-173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two new critical-experiment machines were recently installed and operated in the 
Oak Ridge critical experiment facility. Both devices utilize the split-table technique for combining 
subcritical amounts of solid fissionable material into critical assemblies by controls operated in a shielded 
area. One of the machines, identified as the Criticality Testing Unit (CTU), was designed for critical 
experiments on unmoderated metal systems with minimal reflection from the support structure and the 
room. Existing equipment was not suited to this type of program because of the large mass of the supporting 
members and the slow speed of separation, especially since the separation of components is the only safety 
mechanism proposed for the systems to be studied. 
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Title: Zero-Power Physics Experiments on the Molten-Salt Reactor Experiment 

Date: 1/1/1968 

Report: ORNL-4233 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Molten Salt Breeder Experiment / Fuel Reactivity Temperature Coefficient, 
Calculation of; Molten Salt Reactor Experiment / Physics Experiments on, Description of Zero-Power; 
Uranium Isotopes U-235 / Critical Loading of, Calculation of MSRE 



 

C-15142 

15096…..…..…………………..…….……..……ID Number…………………..…..…………….15096 

Author: Kryter, R. C. / Fry, D. N. / Roux, D. P. 

Title: Evaluation of the Two-Detector Cross-Correlation Technique for Shutdown Margin Measurements 
of Power Reactors 

Date: 9/1/1968 

Report: ORNL-4255 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Systems; Accidents; Configuration; Control 
Systems; Ionization Chambers; Performance; Power Plants; Radiation Protection; Reactivity; Reactor 
Safety; Reactors; Shutdown Reactivity / Monitoring System for Power Reactor, Evaluation of Two-
Detector Cross-Correlation 2dct; Reactors, Power / Shutdown Reactivity Meter for, Evaluation of Two-
Detector Cross-Correlation 2dct; Reactor Control Systems / Evaluation of Power Reactor Two-Detector 
Cross-Correlation 2dct Shutdown Reactivity Meter; Reactors, Power / Control System for, Evaluation of 
Two- Detector Cross-Correlation 2DCT Shutdown Reactivity Meter for 
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Author: Kistner, G. / Mihalczo, J. T. 

Title: Critical Experiments for the Repetitively Pulsed Reactor SORA 

Date: 6/1/1968 

Report: ORNL-4263 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of static critical experiments has been performed on an accurate mockup of 
the SORA reactor. SORA is a sodium-potassium, i.e., NAK-cooled, repetitively pulsed fast reactor which 
will be used as a high intensity neutron source for time-of-flight experiments. The reactivity of this reactor 
is varied by a movable reflector. Those parameters which are related to the kinetics of the reactor have been 
investigated thoroughly in the critical experiments. They have been measured for beryllium and for iron 
reflectors of several sizes and for various core and fixed reflector configurations. The total reactivity of the 
movable reflectors varied from 3.7 dollars for an 11-cm-wide iron reflector to 12 dollars for a 26.2-cm-
wide beryllium reflector. The reactivity of the movable reflector as a function of its position has been shown 
to have a parabolic dependence on position characterized by the parameter alpha(x) which varied from 4 to 
9.9 cents/cm2. The prompt neutron time decay is described by a fast decay constant which varied between 
0.30 and 0.55 per microsecond and a slow decay constant which varied between 0.05 and 0.10 per 
microsecond. The critical masses for the various experiments was between 50.3 to 57.3 kg of uranium 
enriched to 93.2 wt% uranium-235. Using space independent neutron kinetics with one delayed neutron 
group, it has been shown that with a 24-cm-high, 7-cm-thick, 21-cm-wide beryllium reflector the assembly 
will produce pulses approximately 50 microseconds wide at half maximum power with a peak-to-minimum 
power ratio of approximately 4000. 
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May 31, 1968 

Date: 1/1/1968 
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Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: SORA, APR, U metal cylinders, MCNP, H ratios, Spent Fuel, Steel-Water Reflectors, 
5% U rods, 4% U Metal, UF4 in Paraffin 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 
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Abstract/Keyterms:  



 

C-15147 

15101…..…..…………………..…….……..……ID Number…………………..…..…………….15101 

Author: n. a. 

Title: Critical Experiments: Introduction 

Date: 1/1/1968 

Report: ORNL-4280, 36-37 

Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms:  



 

C-15148 

15102…..…..…………………..…….……..……ID Number…………………..…..…………….15102 

Author: Mihalczo, J. T. 

Title: Preliminary Static Experiments with the Repetitively Pulsed Critical Assembly 

Date: 1/1/1968 

Report: ORNL-4280, 37 

Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: In preparation for a series of measurements in which pulses of neutrons will be 
produced by periodically varying the reactivity of a critical assembly to above prompt criticality, the SORA 
mockup has been modified by incorporation of a mechanism for rotating a beryllium reflector across the 
unreflected face of the assembly. This modification has changed some of the nuclear characteristics of the 
assembly, particularly those associated with the beryllium reflector. The assembly now differs from the 
SORA mockup in that the plane of rotation of the reflector is tangent to the core surface rather than 
perpendicular to it. The beryllium itself is 20.3 cm high 12.7 cm wide, and 3.16 cm thick rather than 24, 
11, and 7 cm, respectively, as in the SORA reference assembly. The beryllium is mounted in a titanium 
alloy rotor which passes the core surface 60 times per second at a speed of about 2.7E4 cm/sec. The 
thickness of the fixed iron reflector has been reduced from 29 cm to 17 cm. 
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Conference Session:  

Abstract/Keyterms: Instrumentation-Miscellaneous Instruments & Components; Configuration; Design; 
Fast Neutrons; Gages; Reactor Core; Reactors; Surfaces Displacement Gages / Design for Measuring Radial 
Displacement of Fast Pulsed Reactor Core Surface; Reactors, Fast / Core Grid Plate Displacement in Pulsed, 
Design of Displacement Gages for 
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Title: Design and Mechanical Behavior of the Movable Reflector for the ORNL Repetitively Pulsed 
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Date: 1/1/1968 
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Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Report: ORNL-4280, 41-43 

Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: The neutron multiplication factor for a variety of uranium-metal annuli and cylinders 
surrounded with thick carbon reflectors has been measured and calculated by the KENO Monte Carlo 
method. The material within the annuli was carbon or air. The thicknesses of the side, top, and bottom 
reflectors were equal in any one assembly. The density of the individual pieces of Type HLM graphite 
varied between 1.688 and 1.783 gram/cc. The uranium metal was enriched to 93.2% in uranium-235 and 
has previously been described. 
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Title: Critical Parameters of Enriched Uranium Metal Partly Reflected by Polyethylene 

Date: 1/1/1968 

Report: ORNL-4280, 43 

Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: Uranium metal cylinders with diameters ranging from 17.71 to 38.09 cm have been 
assembled to delayed criticality with a polyethylene reflector on one flat surface. The uranium was enriched 
to 93.15 wt% in uranium-235 and had an average density in these assemblies of 18.70 gram/cc. The 
dimensions of the reflector were 112 x 112 x 15.2 cm and the density was 0.916 gram/cc. It was of effective 
infinite thickness and, as shown below, also effectively infinite in area. A plot of the critical mass as a 
function of diameter is given. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Critical Assemblies; Criticality; Enrichment; Measurement; Metals; Moderators; Organic 
Fluorine Compounds; Plastics; Plexiglas; Polyethylenes; Polymers; Reflectors; Teflon; Uranium 
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Abstract/Keyterms:  
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Report: ORNL-4280, 47-48 

Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Critical 
Assemblies; Criticality; Cylinders; Enrichment; Measurement; Neutron Flux; Reflectors; Stainless Steel-
304; Stainless Steels; Uranium Fluorides; Water 
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Date: 1/1/1968 
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Conference Session:  

Abstract/Keyterms:  
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Title: Homogeneous Assemblies of Uranium(2)-Tetrafluoride in Paraffin at an Hydrogen/Uranium-235 
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Report: ORNL-4280, 50-51 

Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: A continuing program of critical experiments with homogeneous hydrogen-
moderated assemblies of low-enrichment uranium-tetrafluoride in paraffin has been extended to include a 
mixture containing 70.2 wt% uranium(2)-tetrafluoride with a resulting hydrogen/uranium-235 atomic ratio 
of 972. The density of this mixture within a single unit was 2.302 g/cc, but the average D+ 0+ TY in the 
experimental assemblies was 2.286 gram/cc due to irregularities in assembly. The dimensions of several 
critical rectangular parallelepipeds of this material (corrected for neutron reflection from support structures) 
were determined by the usual procedures. The buckling, B2 for each assembly was calculated from these 
measured dimensions and the extrapolation distance, 2.59 ± 0.11 cm, obtained from flux measurements in 
a critical assembly. The average material buckling thus obtained was (3.616 ± 0.030) (10(-3)) (cm(-2)). 
Minimum critical masses in unreflected rectangular, cylindrical, and spherical geometries were calculated 
from these data by standard buckling conversion techniques, and the results are shown, along with the 
results of previous experiments. A value of 3.45 ± 0.08 cm was found for the reflector savings in assemblies 
completely reflected by an effectively infinite thickness o polyethylene on the sides and top and of a 
methacrylate plastic on the bottom. This reflector savings was use to calculate the minimum critical masses 
for reflected geometries. 
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Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: The infinite-medium neutron multiplication factor, k(inf) and the neutron age to 
thermal energy for uranium-tetrafluoride paraffin mixtures have been inferred from critical experiments 
with 2 and 3% uranium-235 enriched uranium. The volume fraction of paraffin was varied so that the 
hydrogen/uranium-235 atomic ratio was between 195 and 972 for the 2% enrichment and was 133 and 277 
for the 3% enrichment. 



 

C-15161 

15115…..…..…………………..…….……..……ID Number…………………..…..…………….15115 

Author: Webster, J. Wallace 
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Conference/Journal: Oak Ridge National Laboratory Neutron Physics Division Annual Progress Report 
for Period Ending May 31, 1968 

Conference Session:  

Abstract/Keyterms: Evidence has been growing that the computed multiplication factors, k(eff), of low-
enriched uranium thermal systems are low compared to experiment. The work reported here was initiated 
to see if this discrepancy occurs when the Monte Carlo method is used together with point-set 
representations of the cross sections. Considerable analysis was devoted to the representation of the 
uranium-238 cross sections with point sets of data and the results are presented by Calcomp plots of cross 
section vs. neutron energy and tables of the resonance integrals. The critical experiments chosen for 
comparisons with computations were all unreflected, homogeneous, and representative of a broad range of 
resonance capture in uranium-238. A definite pattern emerged from these comparisons; namely, the greater 
the neutron capture in uranium-238, the lower the computed k(eff). The evidence of errors in the cross 
sections of uranium-238 or their representation, previously noted by others, is thus strengthened by this 
report. 
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Conference Session:  

Abstract/Keyterms: The criticality of uranium-233 under conditions of interest to nuclear criticality safety 
as well as in basic geometries suitable for theoretical analysis has been studied in a series of experiments. 
In one series aqueous uranyl nitrate solutions of uranium-233 were examined in a large capacity vessel 
containing borosilicate glass in order to define systems having k(inf) of unity or less. In a second series as 
many as 27 nearly identical subcritical cylindrical volumes of the solution were assembled in air-spaced 
arrays both unreflected and reflected by polyethylene to establish parameters useful in storage and transport 
specifications. A final series of experiments determined the criticality of water-reflected and unreflected 
spherical and cylindrical volumes. The uranium-233 isotopic content of the uranium of the uranyl nitrate 
solution was 97.59%. There were no impurities present in significant quantities. 
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Abstract/Keyterms: Chemistry-Inorganic, Organic, & Physical Chemistry-Chemical Properties; Biology; 
Cermets- Curium 242; Chemical Reactions; Compatibility; Critical Mass; Criticality; Curium 242; Curium 
244; Curium Compounds- Oxysulfides- Sulfides; Curium Oxides; Immunity; Mass; Mechanical Properties; 
Shielding; Stability; Tolerance Curium Fluorides 
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Title: 90Sr Data Sheets 

Date: 1/1/1969 
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Abstract/Keyterms: Chemistry-Inorganic, Organic, & Physical Chemistry-Physical Chemistry; Chemical 
Reactions; Compatibility; Containment; Containment Shells; Critical Mass; Criticality; Fuels; Labelled 
Compounds- Strontium- Strontium 90; Mass; Mechanical Properties; Radiation Doses; Shells; Shielding; 
Stability; Strontium Fluorides; Strontium Oxides; Thermodynamics; Tolerance Dose Strontium 
Compounds- Titanium Oxides 
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Date: 10/31/1969 

Report: ORNL-4396 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Control Elements / Calibration of Uranium-233 Fueled Molten Salt Reactor 
Experiment; Molten Salt Reactor Experiment / Fuel Salt of, Analysis of Gas Buildup in Uranium-233; 
Molten Salt Reactor Experiment / Noise in Uranium-233 Fueled, Analysis of Neutron and Pressure; Molten 
Salt Reactor Experiment / Loading Equipment for Uranium-233 Fueled, Operation Procedures for; Reactor 
Loading Machines / Operation Procedures for Uranium-233 Fueled Molten Salt Reactor Experiment; 
Molten Salt Reactor Experiment / Fuel Samples-Enriches in, Operation of; Molten Salt Reactor Experiment 
/ Components in, Thermal Cycle History of; Molten Salt Reactor Experiment / Freeze Flange for, Thermal 
Cycle Tests on Prototype; Molten Salt Reactor Experiment / Control Systems Performance During 
September 1968 to February 1969; Molten Salt Reactor Experiment / Instrumentation Systems Performance 
During September 1968 to February 1969; Molten Salt Reactor Experiment / Criticality of, Zero Power 
Tests for Uranium-233; Flanges / Thermal Cycle Testing of Molten Salt Reactor Experiment Prototype 
Freeze; Criticality / Power Tests for Uranium-233 Fueled Molten Salt Reactor Experiment, Analysis of 
Zero; Molten Salt Reactor Experiment / Operations Experience During September 1968 to February 1969; 
Molten Salt Reactor Experiment / Control Rods of Uranium-233 Fueled, Calibration of 



 

C-15168 

15122…..…..…………………..…….……..……ID Number…………………..…..…………….15122 

Author: n. a. 

Title: Chemical Technology Division Annual Progress Report for Period Ending May 31, 1969. 

Date: 1/1/1969 

Report: ORNL-4422 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Separation Processes; -Chemistry-Radiation & Nuclear Chemistry; -
Chemistry-Inorganic, Organic, & Physical Chemistry; -Engineering-Nuclear Explosions-Industrial Uses; 
Commercial Power Reactors; Agriculture; Chemical Reactions; Industry; Leading Abstract; Power Plants; 
Reactors 



 

C-15169 

15123…..…..…………………..…….……..……ID Number…………………..…..…………….15123 

Author: n.a. 

Title: Development of Aqueous Processes for Fast Reactor Fuels 

Date: 10/31/1970 

Report: ORNL--4422 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; Reactor 
Components, Fuels & Accessories; Abundance; Air; Amines; Butyl Phosphates; Computers; Criticality; 
Economics; Fast Neutrons; Fuel Cans; Fuels; Iodine; Krypton; LMFBR; Nuclei; Plutonium; Plutonium 
Oxides; Programming; Reactors; Reprocessing; Safety; Separation Processes; Shielding; Solubility; 
Solvent Extraction; Stainless Steels; TBP; Transport; Tritium; Uranium; Uranium Dioxide; Xenon 



 

C-15170 

15124…..…..…………………..…….……..……ID Number…………………..…..…………….15124 

Author: Straker, E. A. / Stevens, P. N. / Irving, D. C. / Cain, V. R. 

Title: MORSE Code: A Multigroup Neutron and Gamma-Ray Monte Carlo Transport Code. 

Date: 1/1/1970 

Report: ORNL--4585 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics-Shielding; Anisotropy; Criticality; Gamma Radiation; Monte Carlo Method; 
Morse- Code; Neutrons; Programming; Scattering; Shielding; Transport Theory 



 

C-15171 

15125…..…..…………………..…….……..……ID Number…………………..…..…………….15125 

Author: Cardwell, R. G. / Foster, B. E. / Gower, J. C. 

Title: An Integrated System of Nuclear Materials Control at Oak Ridge National Laboratory 

Date: 4/1/1971 

Report: ORNL-4607 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Control Systems / Performance of ORNL Integrated, for Processing Breeder Reactor 
Fuels; Nuclear Materials Management / Control System for, During Processing of Breeder Reactor Fuels 
at ORNL, Performance of Integrated; Reactor Fuels / Processing of Breeder, at ORNL, Performance of 
Integrated Control System 



 

C-15172 

15126…..…..…………………..…….……..……ID Number…………………..…..…………….15126 

Author: Cheverton, R. D. / Sims, T. M. 

Title: HFIR Core Nuclear Design 

Date: 7/11/1971 

Report: ORNL-4621 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains discussions (and certain details) about the critical experiments and decisions 
based on experiment results. 



 

C-15173 

15127…..…..…………………..…….……..……ID Number…………………..…..…………….15127 

Author: n.a. 

Title: Process Demonstration and 233U Distribution 

Date: 10/31/1971 

Report: ORNL--4629 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; -Engineering-Isotope Technology; 
Distribution; Fuels; Multiplication Factors; Operation; Preparation; Production; Reactors; Spheres; 
Storage; Thorium; Thorium Oxides; Uranium 235; Uranium Dioxide; Vessels 



 

C-15174 

15128…..…..…………………..…….……..……ID Number…………………..…..…………….15128 

Author: Staff 

Title: Neutron Physics Division Annual Report for Period Ending May 31, 1971 

Date: 10/1/1971 

Report: ORNL-4705 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains summaries of critical experiments in-progress. 



 

C-15175 

15129…..…..…………………..…….……..……ID Number…………………..…..…………….15129 

Author: Cobb, D. D. 

Title: Calculated Criticality Data for LMFBR (U+Pu)O2-Water Systems 

Date: 1/1/1972 

Report: ORNL-4711 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuel Systems & Components; Nuclear Materials & 
Waste Management-Handling Equipment & Procedures; Criticality; FBR Type Reactors; Liquid Metal 
Cooled Reactors; Plutonium Oxides; Safety; Spent Fuel Storage; Uranium Dioxide; Water Moderator 



 

C-15176 

15130…..…..…………………..…….……..……ID Number…………………..…..…………….15130 

Author: Kibbey, A. H. / Godbee, H. W. 

Title: Critical Review of Solid Radioactive Waste Practices at Nuclear Power Plants 

Date: 3/1/1974 

Report: ORNL-4924 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Disposal & Storage; BWR Type Reactors- 
Waste Management; PWR Type Reactors- Waste Management; Radioactive Wastes- Solid Wastes 



 

C-15177 

15131…..…..…………………..…….……..……ID Number…………………..…..…………….15131 

Author: Petrie, L. M. / Cross, N. F. 

Title: KENO IV—An Improved Monte Carlo Criticality Program 

Date: 11/1/1975 

Report: ORNL-4938 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO IV is a multigroup Monte Carlo criticality program written for the IBM 360 
computers. It executes rapidly and is flexibly dimensioned so the allowed size of a problem (i.e., the number 
of energy groups, number of geometry cards, etc., are arbitrary) is limited only by the total data storage 
required. The input data, with the exception of cross sections, fission spectra and albedos, may be entered 
in free form. The geometry input is quite simple to prepare and complicated three-dimensional systems can 
often be described with a minimum of effort. The results calculated by KENO IV include k-effective, 
lifetime and generation time, energy-dependent leakages and absorptions, energy- and region-dependent 
fluxes and region-dependent fission densities. Criticality searches can be made on unit dimensions or on 
the number of units in an array. A summary of the theory utilized by KENO IV, a section describing the 
logical program flow, a compilation of the error messages printed by the code and a comprehensive data 
guide for preparing input to the code are presented. 



 

C-15178 

15132…..…..…………………..…….……..……ID Number…………………..…..…………….15132 

Author: Emmett, M. B. 

Title: The MORSE Monte Carlo Radiation Transport Code System 

Date: 2/1/1975 

Report: ORNL-4972 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The report contains sections containing descriptions of the MORSE and PICTURE 
codes, input descriptions, sample problems, deviations of the physical equations and explanations of the 
various error messages. The MORSE code is a multipurpose neutron and gamma-ray transport Monte Carlo 
code. Time dependence for both shielding and criticality problems is provided. General three-dimensional 
geometry may be used with an albedo option available at any material surface. The PICTURE code provide 
aid in preparing correct input data for the combinatorial geometry package CG. It provides a printed view 
of arbitrary two-dimensional slices through the geometry. By inspecting these pictures one may determine 
if the geometry specified by the input cards is indeed the desired geometry. 



 

C-15179 

15133…..…..…………………..…….……..……ID Number…………………..…..…………….15133 

Author: Ottinger, C. L. 

Title: ORNL Isotopic Power Fuels Quarterly Report for Period Ending March 31, 1974 

Date: 6/1/1974 

Report: ORNL--4978 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Isotope & Radiation Source Technology--Isotopic Power Sources; Curium 244-- 
Radioisotope Heat Sources; Curium Oxides-- Physical Properties; Radioisotope Heat Sources-- Research 
Programs; Aluminium Oxides; Beryllium; Capsules; Carbon; Chemical Reactions; Criticality; Helium; 
Performance Testing; Thorium Oxides; Zirconium Oxides 



 

C-15180 

15134…..…..…………………..…….……..……ID Number…………………..…..…………….15134 

Author: Selby, D. L. / Flanagan, G. F. 

Title: Subcriticality Calculations in Support of the Reactivity Surveillance Procedures Experiments for the 
FTR Engineering Mockup Facility 

Date: 10/1/1976 

Report: ORNL-5061 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of discrete ordinate calculations are summarized. These were made at 
ORNL in support of the analysis of the subcritical experiments performed on the Fast Flux Test Reactor 
Engineering Mockup Critical located at Idaho Falls. Results indicate good agreement can be obtained 
between the simple modified source multiplication method and other more complex reactivity 
determination methods such as diverse kinetic rod drop or noise analysis provided accurate detection 
efficiencies can be calculated. The pointwise (zone wise) convergence of the fluxes is given particular 
attention as a major problem in obtaining "accurate" detection efficiencies. 



 

C-15181 

15135…..…..…………………..…….……..……ID Number…………………..…..…………….15135 

Author: Vondy, D. R. / Fowler, T. B. / Cunningham, G. W. 

Title: VENTURE: A Code Block for Solving Multigroup Neutronics Problems Applying the Finite-
Difference Diffusion-Theory Approximation to Neutron Transport 

Date: 10/1/1975 

Report: ORNL-5062 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The computer code block VENTURE, designed to solve multigroup neutronics 
problems with application of the finite-difference diffusion-theory approximation to neutron transport (or 
alternatively simple P1) in up to three-dimensional geometry is described. A variety of types of problems 
may be solved: the usual eigenvalue problem, a direct criticality search on the buckling, on a reciprocal 
velocity absorber (prompt mode), or on nuclide concentrations, or an indirect criticality search on nuclide 
concentrations, or on dimensions. First-order perturbation analysis capability is available at the 
macroscopic cross section level. 



 

C-15182 

15136…..…..…………………..…….……..……ID Number…………………..…..…………….15136 

Author: Box, W. D. / Klima, B. B. / Seagren, R. D. / Shappert, L. B. / Aramayo, G. A. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory. TRU Curium 
Shipping Container 

Date: 6/1/1980 

Report: ORNL-5147/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory Transuranium (TRU) 
Curium Shipping Container was made to demonstrate its compliance with the regulations governing offsite 
shipment of packages containing radioactive material. The evaluation encompassed five primary categories 
structural integrity, thermal resistance, radiation shielding, nuclear criticality safety, and quality assurance. 
The results of the evaluation show that the container complies with the applicable regulations. 



 

C-15183 

15137…..…..…………………..…….……..……ID Number…………………..…..…………….15137 

Author: Vondy, D. R. / Fowler, T. B. / Cunningham, G. W. 

Title: Input Data Requirements for Special Processors in the Computation System Containing the 
VENTURE Neutronics Code. [DVENTR (VENTURE Input), DCRSPR (Cross Section Processor Input), 
DUTLIN (Module Control Input), DCMACR (CITATION Macroscopic Data), and DENMAN 

Date: 11/1/1976 

Report: ORNL-5229 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: User input data requirements are presented for certain special processors in a nuclear 
reactor computation system. These processors generally read data in formatted form and generate binary 
interface data files. Some data processing is done to convert from the user oriented form to the interface 
file forms. The VENTURE diffusion theory neutronics code and other computation modules in this system 
use the interface data files which are generated. 



 

C-15184 

15138…..…..…………………..…….……..……ID Number…………………..…..…………….15138 

Author: Dickson, H. W. 

Title: Health Physics Research Reactor 

Date: 7/1/1978 

Report: ORNL-5308 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The use of the HPRR as an international testing and standardizing facility grows each 
year. Intercomparison studies of nuclear accident dosimeters and personnel monitoring devices are 
conducted annually to establish the accuracy and reliability of dosimetry systems in mixed neutron-gamma 
radiation fields. Additionally, programs have been established for testing criticality alarms systems and 
accident preparedness. Two new shields have been fabricated for the intercomparison-one of concrete and 
the other of steel and concrete. A discrete ordinates transport code has been applied to calculate the neutron 
spectra transported through the new shields. Also, the initial reference dosimetry has been performed with 
the shields in place around the HPRR core. As a result, two new spectra will be available for the fourteenth 
Nuclear Accident Dosimetry Intercomparison Study in July 1977. To improve the predictability of pulse 
size in the pulse mode of operation for the HPRR, the safety block has been modified. An antirotation 
device and a safety block centering device have been fabricated. Currently, the new devices are being tested 
to determine their effectiveness. 



 

C-15185 

15139…..…..…………………..…….……..……ID Number…………………..…..…………….15139 

Author: Klima, B. B. / Shappert, L. B. / Seagren, R. D. / Box, W. D. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory Shipping Cask 
D-38 

Date: 4/1/1977 

Report: ORNL-5406 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory Shipping Cask D-38 
(solids shipments) was made to demonstrate its compliance with the regulations governing off-site 
radioactive material shipping packages. The evaluation encompassed five primary categories: structural 
integrity, thermal resistance, radiation shielding, nuclear criticality safety, and quality assurance. The results 
of the evaluation show that the cask complies with the applicable regulations. 



 

C-15186 

15140…..…..…………………..…….……..……ID Number…………………..…..…………….15140 

Author: Box, W. D. / Shappert, L. B. / Seagren, R. D. / Watson, C. D. / Hammond, C. R. / Klima, B. B. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory Shipping Cask 
D-38. Revision 1 

Date: 9/1/1979 

Report: ORNL-5406/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory Shipping Cask D-38 
(solids shipments) was made to demonstrate its compliance with the regulations governing off-site 
radioactive material shipping packages. The evaluation encompassed five primary categories thermal 
resistance, radiation shielding, nuclear criticality safety, and quality assurance. The results of the evaluation 
show that the cask complies with the applicable regulations. 



 

C-15187 

15141…..…..…………………..…….……..……ID Number…………………..…..…………….15141 

Author: Klima, B. B. / Shappert, L. B. / Seagren, R. D. / Box, W. D. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory Foamglas 
Shipping Container 

Date: 5/1/1978 

Report: ORNL-5407 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory (ORNL) Foamglas 
Shipping Container was made to demonstrate its compliance with the regulations governing offsite 
radioactive material shipping packages. The evaluation encompassed five primary categories thermal 
resistance, radiation shielding, nuclear criticality safety, and quality assurance. The results of the evaluation 
show that the container complies with the applicable regulations. 



 

C-15188 

15142…..…..…………………..…….……..……ID Number…………………..…..…………….15142 

Author: Klima, B. B. / Shappert, L. B. / Seagren, R. D. / Box, W. D. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory Foamglas 
Shipping Container 

Date: 1/1/1979 

Report: ORNL-5407/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the ORNL Foamglas Shipping Container was made to 
demonstrate its compliance with the regulations governing offsite radioactive material shipping packages. 
The evaluation encompassed five primary categories shielding, nuclear criticality safety, and quality 
assurance. The results of the evaluation show that the container complies with the applicable regulations. 



 

C-15189 

15143…..…..…………………..…….……..……ID Number…………………..…..…………….15143 

Author: Klima, B. B. / Shappert, L. B. / Seagren, R. D. / Box, W. D. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory Garden Carrier 
No. 2 

Date: 4/1/1978 

Report: ORNL-5408 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory Garden Carrier No. 2 
was made to demonstrate its compliance with the regulations governing off-site radioactive material 
shipping packages. The evaluation encompassed five primary categories resistance, radiation shielding, 
nuclear criticality safety, and quality assurance. The results of the evaluation show that the cask complies 
with the applicable regulations. The package is designed to ship large quantities of fissile and radioactive 
materials as solids. 



 

C-15190 

15144…..…..…………………..…….……..……ID Number…………………..…..…………….15144 

Author: Box, W. D. / Klima, B. B. / Seagren, R. D. / Shappert, L. B. / Watson, C. D. / Aramayo, G. A. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory Garden Carrier 
No. 2. Revision 1 

Date: 8/1/1979 

Report: ORNL-5408/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory Garden Carrier No. 2 
was made to demonstrate its compliance with the regulations governing off-site radioactive material 
shipping packages. The evaluation encompassed five primary categories resistance, radiation shielding, 
nuclear criticality safety, and quality assurance. The results of the evaluation show that the cask complies 
with the applicable regulations. 



 

C-15191 

15145…..…..…………………..…….……..……ID Number…………………..…..…………….15145 

Author: Klima, B. B. / Shappert, L. B. / Jurgensen, M. C. / Seagren, R. D. / Box, W. D. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory TRU 
Californium Shipping Container 

Date: 4/1/1978 

Report: ORNL-5409 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory TRU Californium 
Shipping Container was made in order to demonstrate its compliance with the regulations governing off-
site shipment of packages that contain radioactive material. The evaluation encompassed five primary 
categories nuclear criticality safety, and quality assurance. The results of the evaluation demonstrate that 
the container complies with the applicable regulations. 



 

C-15192 

15146…..…..…………………..…….……..……ID Number…………………..…..…………….15146 

Author: Box, W. D. / Shappert, L. B. / Seagren, R. D. / Klima, B. B. / Jurgensen, M. C. / Hammond, C. 
R. / Watson, C. D. 

Title: Safety Analysis Report for Packaging (SARP) of the Oak Ridge National Laboratory TRU 
Californium Shipping Container 

Date: 1/1/1980 

Report: ORNL-5409/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analytical evaluation of the Oak Ridge National Laboratory TRU Californium 
Shipping Container was made in order to demonstrate its compliance with the regulations governing off-
site shipment of packages that contain radioactive material. The evaluation encompassed five primary 
categories nuclear criticality safety, and quality assurance. The results of this evaluation demonstrate that 
the container complies with the applicable regulations. 



 

C-15193 

15147…..…..…………………..…….……..……ID Number…………………..…..…………….15147 

Author: Vondy, D. R. / Fowler, T. B. 

Title: Neutronics Code Vale for Two-Dimensional Triagonal (Hexagonal) and Three-Dimensional 
Geometries 

Date: 8/1/1981 

Report: ORNL-5792 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the computer code VALE designed to solve multigroup 
neutronics problems with the diffusion theory approximation to neutron transport for a triagonal 
arrangement of mesh points on planes in two-and three-dimensional geometry. This code parallels the 
VENTURE neutronics code in the local computation system, making exposure and fuel management 
capabilities available. It uses and generates interface data files adopted in the cooperative effort sponsored 
by Reactor Physics RRT Division of the US DOE. The programming in FORTRAN is straightforward, 
although data is transferred in blocks between auxiliary storage devices and main core, and direct access 
schemes are used. The size of problems which can be handled is essentially limited only by cost of 
calculation since the arrays are variably dimensioned. The memory requirement is held down while data 
transfer during iteration is increased only as necessary with problem size. There is provision for the more 
common boundary conditions including the repeating boundary, 180 deg rotational symmetry, and the 
rotational symmetry conditions for the 30 deg, 60 deg, and 120 deg triangular grids on planes. A variety of 
types of problems may be solved the usual neutron flux eigenvalue problem, or a direct criticality search 
on the buckling, on a reciprocal velocity absorber (prompt mode), or on 



 

C-15194 

15148…..…..…………………..…….……..……ID Number…………………..…..…………….15148 

Author: Rhoades, W. A. / Childs, R. L. 

Title: An Updated Version of the DOT 4 One- and Two-Dimensional Neutron/Photon Transport Code 

Date: 7/1/1982 

Report: ORNL-5851 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: DOT 4 is designed to allow very large transport problems to be solved on a wide 
range of computers and memory arrangements. Unusual flexibility in both space-mesh and directional-
quadrature specification is allowed. For example, the radial mesh in an R-Z problem can vary with axial 
position. The directional quadrature can vary with both space and energy group. Several features improve 
performance on both deep penetration and criticality problems. The program has been checked and used 
extensively. 



 

C-15195 

15149…..…..…………………..…….……..……ID Number…………………..…..…………….15149 

Author: Chester, C. V. 

Title: Improved Robotic Equipment for Radiological Emergencies 

Date: 9/1/1984 

Report: ORNL-6081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study has been made of the requirements for an improved mobile manipulator for 
use by the US Department of Energy (DOE) in radiological emergencies. Emergency personnel with 
experience in past or present (Three Mile Island) radiological emergencies were interviewed to determine 
the shortcomings of present equipment and features most desired in future equipment. The present 
technology of mobile manipulators was reviewed. The existing DOE remotely controlled mobile 
manipulators are single-arm, nonforce-reflecting and have inherent limitations to their mobility and ease of 
operation. A survey of past radiological emergencies and routine operations at DOE facilities and two 
commercial power reactors, including TMI, indicates that great improvements in mobility and manipulator 
dexterity will be required if mobile manipulators are to be more useful in reducing radiation exposure to 
operating and emergency personnel. In particular, the ability to climb stairs and climb over airlock 
thresholds is required. Bilateral, force-feedback manipulators would greatly increase the speed, reliability, 
and safety of manipulator operations. In recent years dramatic advances have been made in manipulator 
technology with the development of digital control and force feedback. The development of a six-legged, 
computer-controlled walker by the Odetic Corporation is a quantum improvement in mobility. 
Unfortunately the Odex walker will likely require another $1 million in development funds before it will 
be ready for commercial production. The cost of the first-advanced capability, walker-mounted mobile 
manipulator will likely be between $1 and $2 million dollars but holds the promise of removing the need 
for men in a variety of hazardous environments. In 1984 NTG Nukleartechnik of West Germany offered a 
bilateral, force-reflecting master/slave-controlled manipulator mounted on a variable-geometry crawler for 
only $250,000. 



 

C-15196 

15150…..…..…………………..…….……..……ID Number…………………..…..…………….15150 

Author: Mihalczo, J. T. / Lynn, J. J. 

Title: Neutron Multiplication Experiments with Enriched Uranium Metal iACn Slab Geometry 

Date: 4/10/1961 

Report: ORNL-61-4-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical thicknesses of uranium metal slabs enriched to 93.15% in the U/ sup 2//sup 
3//sup 5/ isotope were obtained by a technique involving source- neutron multiplication counting. 
Subcritical assemblies of metal slabs were constructed to within, in most cases, 95% of critical mass, and 
the resulting reciprocal multiplication curves extrapolated to critical thicknesses. Slab dimensions ranged 
from 5 x 5 in. to 25 x 25 in., and thicknesses of infinite slabs were extrapolated from the data. Plexiglas, ln 
thicknesses from 0 to 6 in., beryllium, and AGOT graphite served as neutron reflectors. Previous work with 
uranium-Plexiglas lattices was extended to lattice densities of 0.33 and 0.50, the latter being the limiting 
density under the conditions of the experiment. 



 

C-15197 

15151…..…..…………………..…….……..……ID Number…………………..…..…………….15151 

Author: Chou, T. L. / Ragan, G. E. / Sims, C. S. 

Title: Empirical Correlation of Residual Gamma Radiation Resulting from Operation of the Health Physics 
Research Reactor 

Date: 4/1/1985 

Report: ORNL-6144 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An empirical equation has been developed which gives gamma dose equivalent rate 
as a function of time, distance, and fission yield after a pulsed operation of Oak Ridge National Laboratory`s 
(ORNL) unshielded Health Physics Research Reactor (HPRR). A related expression which is applicable to 
steady-state reactor operation has been mathematically derived from the aforementioned empirical 
equation. The two relations can be used to predict the gamma dose equivalent rate to within 25% for times 
between 1 minute and 90 minutes after reactor shutdown. Similar agreement is expected for up to several 
days. In most cases the relations are expected to overestimate the gamma dose equivalent rate. 



 

C-15198 

15152…..…..…………………..…….……..……ID Number…………………..…..…………….15152 

Author: Sims, C. S. 

Title: Collection and Analysis of Health Physics Research Reactor Operational and Use Data 

Date: 4/1/1985 

Report: ORNL-6145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Health Physics Research Reactor (HPRR) is the primary research tool at the 
Dosimetry Applications Research (DOSAR) Facility. In addition to use by the DOSAR staff, the HPRR is 
used by a wide segment of the scientific community for a variety of experimental purposes. This report is 
a compilation and analysis of data concerning HPRR uses, users, and operations through the end of FY 
1984. 



 

C-15199 

15153…..…..…………………..…….……..……ID Number…………………..…..…………….15153 

Author: Primm, R. T., III. / Lloyd, R. C. / Clayton, E. D. 

Title: Critical Experiments with Mixed Plutonium-Uranium Nitrate Solutions Having Pu:(Pu + U) Ratios 
Greater than 0.5 

Date: 4/1/1986 

Report: ORNL-6161 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments was conducted with mixed plutonium- uranium nitrate 
solutions having Pu:(Pu+U) ratios >0.5. Three geometries and four conditions of reflection were examined. 
The plutonium concentrations ranged from 170 to 350 g/L. The value of k-effective for each experiment 
was calculated using the KENO-IV code and 27-group cross sections derived from the Evaluated Nuclear 
Data File B--version IV (ENDF/B-IV). The mean value for the set of 26 experiments was 1.003, with a 
minimum value of 0.987 and a maximum of 1.022. The spread in the distribution of calculated k-effectives 
is believed to be the result of uncertainties in analytical chemistry measurements. No correlation between 
condition of reflection and calculated k-effective was found. An allowable multiplication factor to be used 
in the evaluation of reprocessing equipment at conditions that have been investigated was calculated to be 
0.945. 
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Author: Swaja, R. E. / Greene, R. T. / Sims, C. S. 

Title: 1983 International Intercomparison of Nuclear Accident Dosimetry Systems at Oak Ridge National 
Laboratory 

Date: 4/1/1985 

Report: ORNL-6164 

Conference/Journal: 1983 International Intercomparison of Nuclear Accident Dosimetry Systems at Oak 
Ridge National Laboratory 

Conference Session:  

Abstract/Keyterms: An international intercomparison of nuclear accident dosimetry systems was 
conducted during September 12-16, 1983, at Oak Ridge National Laboratory (ORNL) using the Health 
Physics Research Reactor operated in the pulse mode to simulate criticality accidents. This study marked 
the twentieth in a series of annual accident dosimetry intercomparisons conducted at ORNL. Participants 
from ten organizations attended this intercomparison and measured neutron and gamma doses at area 
monitoring stations and on phantoms for three different shield conditions. Results of this study indicate that 
foil activation techniques are the most popular and accurate method of determining accident-level neutron 
doses at area monitoring stations. For personnel monitoring, foil activation, blood sodium activation, and 
thermoluminescent (TL) methods are all capable of providing accurate dose estimates in a variety of 
radiation fields. All participants in this study used TLD's to determine gamma doses with very good results 
on the average. Chemical dosimeters were also shown to be capable of yielding accurate estimates of total 
neutron plus gamma doses in a variety of radiation fields. While 83% of all neutron measurements satisfied 
regulatory standards relative to reference values, only 39% of all gamma results satisfied corresponding 
guidelines 
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Author: Swaja, R. E. / Ragan, G. E. / Sims, C. S. 

Title: Twenty-First Nuclear Accident Dosimetry Intercomparison Study, August 6-10, 1984 

Date: 5/1/1985 

Report: ORNL-6173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The twenty-first in a series of Nuclear Accident Dosimetry (NAD) intercomparison 
(NAD) studies was conducted at the Oak Ridge National Laboratory's Dosimetry Applications Research 
Facility during August 6-10, 1984. The Health Physics Research Reactor operated in the pulse mode was 
used to simulate three criticality accidents with different radiation fields. Participants from five 
organizations measured neutron doses between 0.53 and 4.36 Gy and gamma doses between 0.19 and 1.01 
Gy at area monitoring stations and on phantoms. About 75% of all neutron dose estimates based on foil 
activation, hair activation, simulated blood sodium activation, and thermoluminescent methods were within 
±25% of reference values. Approximately 86% of all gamma results measured using thermoluminescent 
(TLD-700 or CaS4) systems were within ±20% of reference doses which represents a significant 
improvement over previous studies. Improvements observed in the ability of intercomparison participants 
to estimate neutron and gamma doses under criticality accident conditions can be partly attributed to 
experience in previous NAD studies which have provided practical tests of dosimetry systems, enabled 
participants to improve evaluation methods, and standardized dose reporting conventions. 
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Author: Rhoades, W. A. 

Title: The TORT Three-Dimensional Discrete Ordinates Neutron/Photon Transport Code 

Date: 11/1/1987 

Report: ORNL-6268 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: TORT is designed to solve very large two- or three-dimensional neutron and/or 
photon transport problems on a Cray or comparable computer using the method of discrete orginates. 
Extensive adaptability to new systems has been provided. Several flux solution procedures and acceleration 
methods are provided. The code can be used in stand-alone mode or under control of a driver. Problem 
specification requirements are similar to those of the DOT code, but are simpler and more convenient. The 
new zone specification format can be converted to a combinatorial geometry form for use in Monte Carlo 
codes. Several applications papers and a benchmark experiment relating to TORT have been produced 
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Author: Swaja, R. E. / Oyan, R. / Sims, C. S. 

Title: Twenty-Second ORNL Intercomparison of Criticality Accident Dosimetry Systems, August 12-16, 
1985 

Date: 5/1/1986 

Report: ORNL-6276 

Conference/Journal: Nuclear accident dosimetry intercomparison study, Oak Ridge, TN, USA, 9 Aug 
1985 

Conference Session:  

Abstract/Keyterms: The twenty-second in a series of criticality accident dosimetry intercomparison 
studies was conducted at the Oak Ridge National Laboratory's Dosimetry Applications Research Facility 
during August 12-16, 1985. The Health Physics Research Reactor operated in the pulse mode over Storage 
Pit No. 1 was used to simulate three criticality accidents with different radiation fields. Participants from 
nine organizations measured neutron doses between 0.36 and 3.78 Gy and gamma doses between 0.22 and 
0.80 Gy at area monitoring stations and on phantoms. Approximately 68% of all neutron dose estimates 
based on foil activation, thermoluminescent, hair activation, and blood sodium activation methods were 
within +-25% of reference values. About 44% of all gamma results measured using thermoluminescent 
dosimeters (TLD-700 or CaSO4 phosphors) were within 20% of reference doses. The generally poor 
measurement accuracy exhibited in this study indicates a need for continuing ORNL accident dosimetry 
intercomparison and training programs. 
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Author: Winters, C. E. ed. 

Title: Homogeneous Reactor Experiment Report for the Quarter Ending February 28, 1950 

Date: 4/21/1950 

Report: ORNL-630 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems- Control Systems- Cooling- Delayed Neutrons- Excursions- 
Oscillations- Performance; Bubbles- Corrosion- Decomposition- Energy- evaporation- Homogeneous 
Reactors- Measured Values- Neutron Flux- ORNL- Precipitation- Pressure- Pressure Vessels- Reactors- 
Solutions- Stability- Temperature- Uranium Oxides- Uranium Sulfates- Zirconium; Chemical Reactions- 
Chromium Oxides- Control Elements- Critical Assemblies- Criticality- Equations- Hydrogen Peroxides- 
Materials Testing- Nitric Acid- Operation- Planning- Reaction Kinetics- Reactivity- Rods- Stainless Steels- 
Sulfates- Sulfuric Acid- Titanium 
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Author: Johnson, E. B. / Petrie, L. M. 

Title: The Criticality of Large Uranium Metal Units of Low Enrichment in 235U 

Date: 1/1/1987 

Report: ORNL-6310 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Smolen, G. R. 

Title: Validation Studies Performed with Water- and Organic-Moderated and Reflected Mixed Oxide Fuel 
Pin Critical Experiments 

Date: 6/1/1988 

Report: ORNL-6443 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mixed Oxide 
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Author: Smolen, G. R. 

Title: Validation Studies Performed with Low-Concentration Mixed Pu + U Aqueous Critical Experiments 

Date: 8/1/1988 

Report: ORNL-6449 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a calculational study that was performed to validate the SCALE-2 
computer code system using data from critical experiments performed with low concentrations of mixed 
Pu + U aqueous solutions are discussed. Also, fission rates were calculated and compared with measured 
data that were obtained with solid-state track recorders (SSTRs). These experimental activities (subtask 
110) are part of a joint exchange program between the US Dept. of Energy and the Power Reactor and 
Nuclear Fuel Development Corporation of Japan in the area of criticality data development. The 
experiments were conducted at the Battelle Pacific Northwest Laboratories Critical Mass Laboratory. The 
purpose of the experiments was to provide benchmark data for dilute Pu + U aqueous solutions where the 
criticality control parameter limiting critical concentration is appropriate. The limiting critical concentration 
for 239Pu in nitric acid is approx. 7.3 g/l. In fuel recycle facilities, plutonium is mixed with acid and often 
with uranium. In the presence of uranium, the limiting critical concentration can be expected to be higher, 
which would allow more economical subcritical limits to be used. 
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Author: n. a. 

Title: Oak Ridge National Laboratory Health and Safety Long-Range Plan: Fiscal Years 1988-94. Oak 
Ridge National Lab 

Date: 1/1/1988 

Report: ORNL-6455 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Oak Ridge National Laboratory Health and Safety Long-Range Plan provides a 
summary or the overall health and safety management strategy developed to date. This health and safety 
long-range plan is the first of a series of planning documents to be issued annually. As the first document 
in the series, it must rely upon the current level of knowledge regarding technical and regulatory 
requirements. Subsequent reports will benefit from refinements in our current level of understanding of 
health and safety issues and more detailed information on proposed regulatory changes. This Long-Range 
Plan is organized into the following programmatic areas: health physics, industrial hygiene, occupational 
medicine, industrial safety, nuclear criticality safety, nuclear facility safety, transportation safety, fire 
protection, and emergency preparedness. A report on the mission and objectives of each program, an 
enumeration of operation requirements, a summary of program needs and a detailed scheduling and funding 
information are provided for each area of the Laboratory’s health and safety programs. 
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Author: Smolen, G. R. 

Title: Validation Studies Based on Data from Plutonium-Uranium Nitrate Critical Experiments Conducted 
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Date: 12/1/1989 

Report: ORNL-6510 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: n. a. 

Title: Oak Ridge National Laboratory Health and Safety Long-Range Plan: Fiscal Years 1989—1995 

Date: 6/1/1989 

Report: ORNL-6525 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The health and safety of its personnel is the first concern of ORNL and its 
management. The ORNL Health and Safety Program has the responsibility for ensuring the health and 
safety of all individuals assigned to ORNL activities. This document outlines the principal aspects of the 
ORNL Health and Safety Long-Range Plan and provides a framework for management use in the future 
development of the health and safety program. Each section of this document is dedicated to one of the 
health and safety functions (i.e., health physics, industrial hygiene, occupational medicine, industrial safety, 
nuclear criticality safety, nuclear facility safety, transportation safety, fire protection, and emergency 
preparedness). Each section includes functional mission and objectives, program requirements and status, 
a summary of program needs, and program data and funding summary. Highlights of FY 1988 are included. 
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Author: Mcbee, M. R. / Chance, C. M. / Selby, D. L. / Harrington, R. M. / Peretz, F. J. 

Title: Advanced Neutron Source (ANS) Project Progress Report 

Date: 4/1/1990 

Report: ORNL-6574 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report discusses the following topics on the advanced neutron source: quality 
assurance (QA) program; reactor core development; fuel element specification; corrosion loop tests and 
analyses; thermal-hydraulic loop tests; reactor control concepts; critical and subcritical experiments; 
material data, structural tests, and analysis; cold source development; beam tube, guide, and instrument 
development; hot source development; neutron transport and shielding; I C research and development; 
facility concepts; design; and safety. 
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Author: Ford, W. E. III. / Arwood, J. W. / Greene, N. M. / Moses, D. L. / Petrie, L. M. / Primm, R. T. III. 
/ Slater, C. O. / Westfall, R. M. / Wright, R. Q. 

Title: Advanced Neutron Source Cross Section Libraries (ANSL-V): ENDF/B-V based multigroup cross-
section libraries for advanced neutron source (ANS) reactor studies 

Date: 9/1/1990 

Report: ORNL-6618 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pseudo-problem-independent, multigroup cross-section libraries were generated to 
support Advanced Neutron Source (ANS) Reactor design studies. The ANS is a proposed reactor which 
would be fueled with highly enriched uranium and cooled with heavy water. The libraries, designated 
ANSL-V (Advanced Neutron Source Cross Section Libraries based on ENDF/B-V), are data bases in 
AMPX master format for subsequent generation of problem-dependent cross-sections for use with codes 
such as KENO, ANISN, XSDRNPM, VENTURE, DOT, DORT, TORT, and MORSE. Included in ANSL-
V are 99-group and 39-group neutron, 39-neutron-group 44-gamma-ray-group secondary gamma-ray 
production (SGRP), 44-group gamma-ray interaction (GRI), and coupled, 39-neutron group 44-gamma-ray 
group (CNG) cross-section libraries. The neutron and SGRP libraries were generated primarily from 
ENDF/B-V data; the GRI library was generated from DLC-99/HUGO data, which is recognized as the 
ENDF/B-V photon interaction data. Modules from the AMPX and NJOY systems were used to process the 
multigroup data. Validity of selected data from the fine- and broad-group neutron libraries was satisfactorily 
tested in performance parameter calculations. 
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Author: Johnson, C. A. / Ellis, J. R. / Gibson, K. N. / Norman, V. S. / Rader, K. J. / Rhew, D. D. 

Title: Biomedical and Environmental Sciences Program Publications 1989 

Date: 7/1/1990 

Report: ORNL-6619 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This bibliography contains approximately 600 references to journal articles, books, 
book chapters, proceedings, reports, and abstracts published during 1989 under Oak Ridge National 
Laboratory Biomedical and Environmental Sciences programs. Publications authored by members of the 
Biology Division, Environmental Sciences Division, and Health and Safety Research Division are listed in 
addition to those authored by members of division that receive funding through the Associate Laboratory 
Director for Biomedical and Environmental Sciences. Some references from 1988 that were not entered 
into the Laboratory Records data base in time for the previous publication are also included in this 
document. The bibliography is organized by technical category, then by division, and, within each division, 
alphabetically by the senior author. An index of authors is also provided. Publications listed in this 
bibliography include 284 journal articles and abstracts, 224 of which appeared in refereed sources; 196 
reports; 54 proceedings; and numerous books, book chapters, and miscellaneous publications. Publications 
not referenced in this document include theses, dissertations, book reviews, most documents or reports 
prepared for internal distribution, letters to editors, and abstracts published in nonreferenced sources. 
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Author: Klobe, L. E. 

Title: Instrumentation and Controls Division. Progress Report, July 1, 1988—June 30, 1990 

Date: 12/1/1990 

Report: ORNL-6635/V1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Instrumentation and Controls (I C) Division of Oak Ridge National Laboratory 
has numerous technical accomplishments to report for the past 2-year period. The diversity of these 
accomplishments illustrates the breadth of programs and technologies encompassed by the I C Division. 
This report presents a few activities representative of this diversity. 
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Author: n. a. 

Title: Oak Ridge National Laboratory Corrective Action Plan in Response to Tiger Team Assessment. 
Volume 1, Revision 5. Oak Ridge National Lab., TN 

Date: 8/23/1991 

Report: ORNL-6657/V1/R5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents a complete response to the Tiger Team assessment that was 
conducted at Oak Ridge National Laboratory (ORNL) and at the US Department of Energy (DOE) Oak 
Ridge Operations Office (ORO) from October 22, 1990, through November 30, 1990. The action plans 
have undergone both a discipline review and a cross-cutting review with respect to root cause. In addition, 
the action plans have been integrated with initiatives being pursued across Martin Marietta Energy Systems, 
Inc., in response to Tiger Team findings at other DOE facilities operated by Energy Systems. The root cause 
section is complete and describes how ORNL intends to address the root causes of the findings identified 
during the assessment. The action plan has benefited from a complete review by various offices at DOE 
Headquarters as well as review by the Tiger Team that conducted the assessment to ensure that the described 
actions are responsive to the observed problems. 
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Author: Ingersoll, D. T. / White, J. E. / Wright, R. Q. / Hunter, H. T. / Slater, C. O. / Greene, N. M. / R. 
E. MacFarlane / Roussin, R. W. 

Title: Production and Testing of the VITAMIN-B6 Fine-Group and the BUGLE-93 Broad-Group 
Neutron/Photon Cross-Section Libraries Derived from ENDF/B-VI Nuclear Data 

Date: 1/1/1995 

Report: ORNL-6795, NUREG/CR-6214 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A new multigroup cross-section library based on ENDF/B-VI data has been produced 
and tested for light water reactor shielding and reactor pressure vessel dosimetry applications. The broad-
group library is designated BUGLE-93. The processing methodology is consistent with ANSI/ANS 6.1.2, 
since the ENDF data were first processed into a fine-group, ``pseudo problem-independent`` format and 
then collapsed into the final broad-group format. The fine-group library is designated VITAMIN-B6. An 
extensive integral data testing effort was also performed. In general, results using the new data show 
significant improvements relative to earlier ENDF data. 
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Author: DeHart, M. D. / Parks, C. V. / Brady, M. C. 

Title: OECD/NEA Burnup Credit Calculational Criticality Benchmark Phase I-B Results 

Date: 6/1/1996 

Report: ORNL-6901, NEA/NSC/DOC-(96)-06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In most countries, criticality analysis of LWR fuel stored in racks and casks has 
assumed that the fuel is fresh with the maximum allowable initial enrichment. This assumption has led to 
the design of widely spaced and/or highly poisoned storage and transport arrays. If credit is assumed for 
fuel burnup, initial enrichment limitations can be raised in existing systems, and more compact and 
economical arrays can be designed. Such reliance on the reduced reactivity of spent fuel for criticality 
control is referred to as burnup credit. The Burnup Credit Working Group, formed under the auspices of 
the Nuclear Energy Agency of the Organization for Economic Cooperation and Development, has 
established a set of well-defined calculational benchmarks designed to study significant aspects of burnup 
credit computational methods. These benchmarks are intended to provide a means for the intercomparison 
of computer codes, methods, and data applied in spent fuel analysis. The benchmarks have been divided 
into multiple phases, each phase focusing on a particular feature of burnup credit analysis. This report 
summarizes the results and findings of the Phase I-B benchmark, which was proposed to provide a 
comparison of the ability of different code systems and data libraries to perform depletion analysis for the 
prediction of spent fuel isotopic concentrations. Results included here represent 21 different sets of 
calculations submitted by 16 different organizations worldwide and are based on a limited set of nuclides 
determined to have the most important effect on the neutron multiplication factor of light-water-reactor 
spent fuel. A comparison of all sets of results demonstrates that most methods agree to within 10% in the 
ability to estimate the spent fuel concentrations of most actinides. All methods agree within 11% about the 
average for all fission products studied. Most deviations are less than 10%, and many are less than 5%. The 
exceptions are Sm 149, Sm 151, and Gd 155. 
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Author: Ellis, C. B. / Cottrell, W. B. 

Title: Aircraft Nuclear Propulsion Project Quarterly Progress Report for Period Ending December 10, 1950 

Date: 2/27/1951 

Report: ORNL-919(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Design of the Aircraft Reactor Experiment (ARE) is continuing, with particular 
emphasis on shielding, control, and fuel material. The most promising fuel mixture for the ARE is a solution 
of UF4 in NaF, with possible admixtures of other fluorides to lower the melting point to a convenient range. 
Extensive computations of criticality and thermal xenon coefficients were made for both bare reactors and 
reflected reactors. Graphs of the spectra of several solid fuel reactors are included. A preliminary analysis 
of the fuel kinetics of the NaF--UF4 reactor shows the existence of oscillation in the reactor power following 
a change in reactivity, which arises from the coupling between fuel displacement and neutron flux. A 
resonance at approximately 49 ev was found from the preliminary neutron cross-section measurements on 
Mo. Theoretical analyses of heat transfer were completed on three situations which approximate the 
entrance conditions involved in current ARE core designs. Equipment was designed for the measurement 
of thermal conductivity, specific heat, and other high-temperature properties of various liquid metals and 
molten salts. The specific heat of Li between 550 and 900 deg C was measured as 1.0 plus or minus 10%. 
Both 316 and 347 stainless steel convection harps containing liquid Na have operated almost 800 hr at 1500 
deg F without failure. Substances so far found to have good resistance to Na at 1800 deg F include types 
316 and 347 stainless steel and Ni. Fair resistance under these conditions is shown by Mo, Ta, alloy N- 155, 
Inconel, and Inconel X. The equilibrium diagram of the molten salt system LiF-- UF4 has been established, 
and study of such systems as NaF--UF4 is underway. Preliminary corrosion studies of numerous metals in 
NaF--UF4 at 1300 deg F for 160 hr show Hastelloy C, Inconel, and Mo to be the least attacked. 
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Author: Thomas, J. T. 

Title: Criticality of Large Systems of Subcritical U(93) Components 

Date: 1/1/1967 

Report: ORNL-CDC-01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Criticality; 
Determination; Exponential Piles; Paraffin; Reflectors 
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Author: Webster, J. W. 

Title: Calculated Neutron Multiplication Factors of Uniform Aqueous Solutions of Uranium-233 and 
Uranium-235 

Date: 10/1/1967 

Report: ORNL-CDC-02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Computations of the effective neutron multiplication factor of single units of aqueous 
solutions of uranium-233 oxyfluoride and uranium-235 oxyfluoride are reported for guidance in the 
specification of limits applicable to processes, such as storage and transport, for these fissile isotopes. 
Graphs are presented of k(eff) as a function of such parameters as the mass of fissile material, the chemical 
concentration, the dimensions of spheres and infinitely long cylinders, and the thickness and areal density 
of infinite slabs. Transport theory (DTF) codes in the S-N approximation with Hansen-Roach cross sections 
were utilized and the results agree with relevant experiments to within 0.01 in k(eff). 
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Author: Roach, W. H. / Smith, D. R. 

Title: Estimates of Maximum Subcritical Dimensions of Single Fissile Metal Units 
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Report: ORNL-CDC-03 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Thomas, J. T. 

Title: The Effect of Unit Shape on the Criticality of Arrays 

Date: 10/1/1967 

Report: ORNL-CDC-04 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Effects of Unit Shape in Unreflected Enriched Uranium Metal; 
Uranium Isotopes U-235 / Criticality of Unreflected Arrays of, Effects of Unit Shape on, 
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Title: Minimum Critical Uranium-235 Enrichment of Homogeneous Hydrogenous Uranyl Nitrate 

Date: 6/1/1968 

Report: ORNL-CDC-05 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments with 2.14 and 2.26 wt% uranium-235 enriched uranyl nitrate 
was performed in the Physical Constants Test Reactor (PCTR) at the Pacific Northwest Laboratory to 
determine the minimum critical uranium-235 enrichment for homogeneous hydrogenous uranyl nitrate and 
to observe the reactivity effect of neutron moderation on these low enriched uranium materials. The 
minimum critical enrichment was determined to be 2.104 ± 0.010 wt% uranium-235 at an optimum 
hydrogen/uranium atomic ratio of 7.6. Optimum neutron moderation occurred, with k(inf) values of 1.013 
and 1.04, at hydrogen/uranium atomic ratios of 8.0 ± 1.0 and 9.3 ± 0.5, respectively, for the 2.14 and 2.26 
wt% enriched uranyl nitrate. Values of k(inf) greater than unity were observed for hydrogen/uranium ratios 
between 6 and 10.5 for the 2.14 wt% enrichment and between 4 and 15 for the 2.26 wt% enrichment. 
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Title: Neutron Multiplication in a Mass of Uranium Metal Problem Assignment 307-X10P "SNELL" 
Experiment 

Date: 4/1/1944 

Report: ORNL-CF-1627 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Effort to determine the enrichment of unmoderated U metal required for criticality. 
Used 34 tons of natural U metal stacked on top of the ORNL Graphite Reactor in exponential measurements. 
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Title: Critical Calculations for Homogeneous Low Enrichment UO2SO4-D2O Systems 
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Report: ORNL-CF-50-11-41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Enrichment; Equations; Heavy Water Moderator; Homogeneous 
Reactors; Multiplication Factors; Numericals; Reactors; Sulfates; Uranyl Compounds 
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Title: Interim Report of Neutron and Gamma Experiments on the MTR Mock-Up 
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Report: ORNL-CF-50-5-140 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A full-scale model of the materials testing reactor (MTR), called the mock-up, was 
constructed at Oak Ridge National Laboratory for the purpose of investigating many mechanical and 
hydraulic features in the MTR design. At the conclusion of the hydraulic experiments, it became apparent 
that even though initial critical experiments had been done previously the operation of the mock-up as a 
low power reactor was desirable in order to investigate certain nuclear aspects of the MTR design. More 
specifically, the objectives of the program were outlined as follows: (1) determination of critical mass for 
normal slab loading. (2) measurement of neutron and/or gamma fluxes at approximately 100 watts power 
level in (a) the lattice, (b) the water above the lattice, (c) the experimental holes, (d) throughout the graphite. 
(3) testing of control and safety circuits and calibration of control rods. (4) measurement of temperature 
coefficient of reactivity. (5) determination of effect of water flow and air bubbles on reactivity. (6) 
determination of response time of regulating rod servo mechanism to rapid changes in reactivity. 
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15181…..…..…………………..…….……..……ID Number…………………..…..…………….15181 

Author: Swartout, J. A. 

Title: Criticality of HRE with Light Water Reflector 

Date: 8/21/1951 

Report: ORNL-CF-51-8-51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15182…..…..…………………..…….……..……ID Number…………………..…..…………….15182 

Author: Kasten, P. R. 

Title: Prediction of Criticality Behavior of a Slurry Upon Settling 

Date: 1/26/1953 

Report: ORNL-CF-53-1-294 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Focuses on whether the initial delayed critical becomes less reactive or prompt critical 
upon stopping of a stirrer motor. May be a preliminary look at the physics of a critical experiment with 
UO3-H2O slurries. 
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15183…..…..…………………..…….……..……ID Number…………………..…..…………….15183 

Author: Dresner, L. 

Title: Preliminary Calculations on Storage of MTR Fuel Elements 

Date: 8/21/1953 

Report: ORNL-CF-53-8-122 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15230 

15184…..…..…………………..…….……..……ID Number…………………..…..…………….15184 

Author: Haydon, M. P. / Johnson, E. B. / Meem, J. L. 

Title: Measurement of the Fast-Neutron Spectrum of the Bulk Shielding Reactor Using Nuclear Plates 

Date: 8/31/1953 

Report: ORNL-CF-53-8-146 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear plate camera was developed at the Bulk Shielding Facility to measure the 
fast-neutron spectrum of the reactor. A proton-recoil type fast- neutron spectrometer was used to measure 
the reactor spectra as attenuated by the BeO reflector and various amounts of H2O. Since data can be 
obtained much more quickly with the spectrometer, no extensive use of nuclear plates is contemplated. 
However, the nuclear plate method is of established reliability, and it was considered desirable to check the 
spectrometer at at lease one point. It was found that the total integrated flux as measured by the two method 
differs by approximately 11.3%, which is within the statistical accuracy of the two instruments. 



 

C-15231 

15185…..…..…………………..…….……..……ID Number…………………..…..…………….15185 

Author: Visner, S. / Noderer, L. C. 

Title: Criticality of U-235-H2O-D2O Systems in Cylindrical Geometry 

Date: 5/20/1954 

Report: ORNL-CF-54-05-170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cadmium; Criticality; Cylinders; Enrichment; Fuel Solutions; Heavy Water 
Moderator; HRT; Isotopes; Maintenance; Mixing; Poisoning; Safety; Solvents; Storage; Thermal Neutrons; 
Tubes; Uranium 235; Water Moderator 
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15186…..…..…………………..…….……..……ID Number…………………..…..…………….15186 

Author: Keen, Richard C. 

Title: A Report on Critical Dimensions of Cylinders 

Date: 8/31/1954 

Report: ORNL-CF-54-08-221 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Cylinders; Enrichment; Fluorides; Hydrogen; Poisoning; Rods; 
Solutions; Stainless Steels; Thickness; Uranium 235; Uranyl Compounds; Uranyl Fluorides; Volume; 
Water 
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15187…..…..…………………..…….……..……ID Number…………………..…..…………….15187 

Author: Gilley, L. W. / Callihan, Dixon 

Title: Nuclear Safety Tests on a Proposed Ball Mill 

Date: 9/14/1954 

Report: ORNL-CF-54-09-89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15188…..…..…………………..…….……..……ID Number…………………..…..…………….15188 

Author: Greenstreet, B. L. 

Title: Reflector Moderated Critical Assembly Experimental Program - Part II 

Date: 10/19/1954 

Report: ORNL-CF-54-10-119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15189…..…..…………………..…….……..……ID Number…………………..…..…………….15189 

Author: Spencer, R. M. 

Title: Three-Region Reflector Moderated Critical Assembly 

Date: 12/28/1954 

Report: ORNL-CF-54-12-189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15190…..…..…………………..…….……..……ID Number…………………..…..…………….15190 

Author: Noaks, J. W. / Crudele, J. S. 

Title: Preliminary Critical Assembly for Super Critical Water Reactor, Part-2 

Date: 12/1/1954 

Report: ORNL-CF-54-12-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report records the progress made in the critical experiments for the super-critical 
water reactor up to mid 1954 when the program was severely curtailed by the shift in emphasis to the 
reflector moderated reactor. In this sense it is an interim report on largely unfinished work and cannot 
present firm conclusions and comparisons with theory or calculations. The measurements which have been 
made were probably influenced by the non-uniform loading of the assembly, an expedient to achieve 
criticality at near design conditions, and are not, therefore, entirely amenable to interpretation. The value 
of the critical mass in a uniformly loaded core is 10.8 kg uranium-235. The longitudinal neutron flux, 
measured with indium foils, is typical. The radial thermal flux, i.e. neutrons of energy below the cadmium 
cut-off, decreases somewhat with increasing radius but not as severely as in a homogeneously loaded core, 
the decrease, from center to edge, being only about 50% a somewhat greater change was noted in the 
importance of a quantity of fuel over the same traverse. 



 

C-15237 

15191…..…..…………………..…….……..……ID Number…………………..…..…………….15191 

Author: Scott, D. / Greenstreet, B. L. 

Title: Reflector Moderated Critical Assembly Experimental Program 

Date: 4/8/1954 

Report: ORNL-CF-54-4-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15238 

15192…..…..…………………..…….……..……ID Number…………………..…..…………….15192 

Author: n.a. 

Title: Agreement for Cooperation on the Civil Uses of Atomic Energy Between the Government of the 
United States of America and the Government of Belgium 

Date: 10/26/1955 

Report: ORNL-CF-55-10-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Similar content as ORNL-CF-55-10-86. 



 

C-15239 

15193…..…..…………………..…….……..……ID Number…………………..…..…………….15193 

Author: n.a. 

Title: Agreement for Cooperation on the Civil Uses of Atomic Energy Between the Government of the 
United States of America and the Government of Canada 

Date: 10/28/1955 

Report: ORNL-CF-55-10-121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15240 

15194…..…..…………………..…….……..……ID Number…………………..…..…………….15194 

Author: Synder, S. / Lynn, J. J. / Sandin, E. V. / Scott, D. 

Title: Three-Region Reflector Moderated Critical Assembly with End Ducts 

Date: 10/28/1955 

Report: ORNL-CF-55-10-142 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15241 

15195…..…..…………………..…….……..……ID Number…………………..…..…………….15195 

Author: Staff 

Title: Agreement for Cooperation on the Civil Uses of Atomic Energy Between the Government of the 
United States of America and the Government of the United Kingdom of Great Britain and Northern Ireland 

Date: 10/24/1955 

Report: ORNL-CF-55-10-86 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Similar content as ORNL-CF-55-10-86. 



 

C-15242 

15196…..…..…………………..…….……..……ID Number…………………..…..…………….15196 

Author: Callihan, A. D. / Cronin, D. F. 

Title: Critical Experiments with Uranium of Intermediate Uranium-235 Content 

Date: 10/21/1955 

Report: ORNL-CF-55-10-97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Investigation of the critical conditions of uranium, enriched to high concentration in 
the uranium-235 isotope and in a form simulating uranium hexafluoride at near maximum density, was 
begun at the ORNL critical experiments laboratory in July 1955. The experiments performed to date have 
determined the critical masses of approximately cubical arrays enclosed in an hydrogenous reflector with 
little or no intermixed hydrogen. Some estimates have been made of the critical masses without reflector. 
These results extend the measurements made previously. 



 

C-15243 

15197…..…..…………………..…….……..……ID Number…………………..…..…………….15197 

Author: Thomas, J. T. 

Title: Limiting Concentrations for Fissile Isotopes 

Date: 11/17/1955 

Report: ORNL-CF-55-11-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Chemical Reactions; Quantity Ratio; Radioisotopes; Safety; Solutions; 
Water 
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15198…..…..…………………..…….……..……ID Number…………………..…..…………….15198 

Author: Spencer, R. M. 

Title: Three-Region Reflector Moderated Critical Assembly with 1/16 in. Inconel Shells 

Date: 1/21/1955 

Report: ORNL-CF-55-1-123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15245 

15199…..…..…………………..…….……..……ID Number…………………..…..…………….15199 

Author: Henry, K. M. / Johnson, E. B. / Maienschein, F. C. 

Title: Preliminary Critical Tests Using Aquarium Fuel Elements in the BSR Grid 

Date: 5/31/1955 

Report: ORNL-CF-55-5-189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The preliminary critical tests for the Aquarium reactor were performed in the grid of 
the Bulk Shielding Reactor (BSR) May 14, 1955. Twenty of the full (170-g) Aquarium fuel elements were 
used, together with BSR equipment, instrumentation, rod elements and partial elements. The first Aquarium 
loading was the result of an attempt to find the minimum critical mass. It will be noted that this loading was 
essentially a 5 x 5 fuel element array with the two back corners missing. The total uranium-235 content was 
3615 g and the excess reactivity was about 0.4%, as indicated by the regulating rod position. 



 

C-15246 

15200…..…..…………………..…….……..……ID Number…………………..…..…………….15200 

Author: Tunnell, W. C. 

Title: Seals and Packing Materials for Molten Fluoride Salts 

Date: 8/29/1956 

Report: ORNL-CF-55-6-196 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An investigation was made of packing materials, to be used in a conventional type of 
stuffing box with a rotating shaft, for sealing at elevated temperatures, a fused-salt liquid fuel being 
circulated by a centrifugal pump. The results of 26 tests are reported in which the fluoride NaFZrF4-UF4 
(50-46-4 mole%) was sealed, with acceptable Leakage rates, for periods up to 3500 hr. However, the 
investigation has not progressed to the point where these materials have been applied successfully to a full-
size pump. Various graphites (or graphitic mixtures) were used in the majority of the tests because of their 
apparent resistance to wetting by the liquid fuel. of the types of graphite tested, the ones containing large 
amounts of amorphous C appeared to be the most promising even though they exhibited greater frictional 
properties. In some tests additives were mixed with the graphite powders as lubricants and/or binders. 
Although the powdered materials indicate promise as a packing, the main difficuity encountered during the 
investigation was the retention of the packing itself within the stuffing box 



 

C-15247 

15201…..…..…………………..…….……..……ID Number…………………..…..…………….15201 

Author: Scott, D. / Lynn, J. J. / Sandin, E. V. / Synder, S. 

Title: Three-Region Reflector Moderated Critical Assembly with End Ducts -- Experimental Results with 
CA-23, Enlarged Island Modification 

Date: 1/30/1956 

Report: ORNL-CF-56-1-97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15248 

15202…..…..…………………..…….……..……ID Number…………………..…..…………….15202 

Author: Callihan, D. 

Title: Radiation Incident of Feb. 1, 1956 - A Preliminary Report 

Date: 1/1/1956 

Report: ORNL-CF-56-2-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Critical Assemblies; Criticality; Fluorides; Fuel Solutions; 
Homogeneous Reactors; Irradiation; Reactivity; Uranium Compounds; Uranyl Compounds; Uranyl 
Fluorides; Variations; Water Moderator 
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15203…..…..…………………..…….……..……ID Number…………………..…..…………….15203 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Parameters of a Proton-Moderated and Proton-Reflected Slab of Uranium-235 

Date: 2/7/1956 

Report: ORNL-CF-56-2-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The thickness of a critical slab-shaped volume of fissionable material is of practical 
interest in setting limiting vessel dimensions and is of importance in elementary reactor analyses if the area-
to-thickness ratio is sufficiently large to make the system essentially unidimensional. To measure the 
thickness of a critical slab of a solution when all the other parameters are optimized is of even more practical 
interest. Evaluations of this so-called "minimum thickness of an infinite slab" have been made previously 
by extrapolation of the critical dimensions of water-reflected cylinders of finite area. Other estimates of the 
thickness of water-reflected slabs have been obtained from the extrapolation of measurements on partly 
reflected vessels. An attempt has now been made to measure directly the critical thickness of a hydrogen-
reflected slab of aqueous solution of uranyl-fluoride (enriched to 93 the minimum critical volume. For this 
purpose a reactor vessel was constructed from.75 inch thick lucite sheet reinforced by stiffening members, 
also of lucite, attached to the outside. The nominal inside dimensions were 58 x 71 x 2.25 inch. The slab 
was mounted with the 71-inch dimension vertical in such a manner that it could be filled with uranyl-
fluoride solution and surrounded, except for the top surface, by an effectively infinite water reflector. The 
size of the slab was altered by inserting plastic sheets of various thicknesses adjacent to one inside surface. 
Blocks of plastic about one inch square and of appropriate length were placed within the slab on 12-inch 
centers in two directions in an attempt to maintain constant thickness as the hydrostatic pressures varied 
with the inner and outer liquid heights. 



 

C-15250 

15204…..…..…………………..…….……..……ID Number…………………..…..…………….15204 

Author: Bengston, J. 

Title: Neutron Self-Shielding of a Plane Absorbing Foil 

Date: 3/1/1956 

Report: ORNL-CF-56-3-170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Not critical; multiplication was ~ 10 to 12. 
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15205…..…..…………………..…….……..……ID Number…………………..…..…………….15205 

Author: Bengston, J. 

Title: Neutron Self-Shielding of a Purely Absorbing Cylindrical Rod 

Date: 3/6/1956 

Report: ORNL-CF-56-3-180 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Cylinders; Equations; Neutrons; Rods; Shielding 
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15206…..…..…………………..…….……..……ID Number…………………..…..…………….15206 

Author: Magnuson, D. W. 

Title: An Evaluation of Geometrical Effects in Control Rods 

Date: 3/2/1956 

Report: ORNL-CF-56-3-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15253 

15207…..…..…………………..…….……..……ID Number…………………..…..…………….15207 

Author: Scott, D. / Lynn, J. J. / Sandin, E. V. / Synder, S. 

Title: Three-Region Reflector Moderated Critical Assembly with End Ducts. Experiment Results with CA-
21-2. Reduced Concentration. 

Date: 4/12/1956 

Report: ORNL-CF-56-4-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15254 

15208…..…..…………………..…….……..……ID Number…………………..…..…………….15208 

Author: Fox, J. K. / Gilley, L. W. 

Title: Preliminary Report of Critical Experiments in Slab Geometry 

Date: 7/30/1956 

Report: ORNL-CF-56-7-148 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical parameters of aqueous uranium dioxide difluoride solutions enriched to 
about 90% in uranium-235 in various arrays of interacting slab geometries have been determined for a 
single concentration. Since three nominally 3-inch-thick aluminum slab vessels and one nominally 6-inch-
thick aluminum slab vessel were available, a number of configurations could be arranged for study. In one 
group of experiments the critical solution height was determined as a function of side-to-side separation of 
various configurations of slabs, both bare and water-reflected, except for the top, to a height equal to the 
critical solution height. The critical solution height in a nominally 6-inch-thick aluminum slab was 
measured as a function of the separation of the slab and a 48 x 48 x 0.5-inch-thick steel plate. The results 
of this experiment gave an indication of the effects on the critical height being measured of the walls of the 
9.5-foot-dia. steel tank in which some of the experiments were performed. In one group of experiments, 
Plexiglas was used to replace the first inch of water reflector on the two outer sides of two 3-inch-thick 
slabs separated 4 inch edge-to-edge. Plexiglas was also used to replace the first inch of water between two 
3-inch thick slabs at separations of 2 and 4 inches. The critical heights of a nominally 6-inch-thick aluminum 
slab were used as the sensitive parameters in measuring the relative effectiveness of two common insulating 
materials as a neutron reflector. The critical height was determined as a function of thickness of insulation 
on the two faces of the slab. 



 

C-15255 

15209…..…..…………………..…….……..……ID Number…………………..…..…………….15209 

Author: Thomas, J. T. 

Title: Parameters for Two Group Analysis of Critical Experiments with Water Reflected Spheres of UO2F2 
Aqueous Solutions 

Date: 8/30/1956 

Report: ORNL-CF-56-8-201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Fluorides; Group Theory; Reflectors; Solutions; Uranyl 
Compounds; Uranyl Fluorides; Water 
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15210…..…..…………………..…….……..……ID Number…………………..…..…………….15210 

Author: Watson, F. N. / Clifford, C. E. / Welch, M. J. / Hull, J. L. / Cain, V. R. 

Title: Manual of Routine and Emergency Operating Procedures for the Tower Shielding Facility 

Date: 11/25/1957 

Report: ORNL-CF-57-11-39 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15257 

15211…..…..…………………..…….……..……ID Number…………………..…..…………….15211 

Author: Otis, D. R. 

Title: Neutron and Gamma-Ray Attenuation for a Fission Source in Water -- Comparison of Theory with 
LTSF Measurements 

Date: 3/12/1957 

Report: ORNL-CF-57-3-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes papers and presentations by A. M. Weinberg and A. D. Callahan. Discusses 
design and operation of several ORNL-developed test reactors and supporting critical experiments, e.g., 
HRT, APPR and ARE. Several photographs and flow diagrams included. 
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15212…..…..…………………..…….……..……ID Number…………………..…..…………….15212 

Author: Staff 

Title: Molten Fluoride Reactors 

Date: 6/27/1957 

Report: ORNL-CF-57-6-69 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15259 

15213…..…..…………………..…….……..……ID Number…………………..…..…………….15213 

Author: Dresner, L. 

Title: Some Theoretical Considerations Concerning the Measurement of Effective Resonance Integrals in 
the Bulk Shielding Reactor 

Date: 10/3/1958 

Report: ORNL-CF-58-10-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15260 

15214…..…..…………………..…….……..……ID Number…………………..…..…………….15214 

Author: Moore, J. G. / Rainey, R. H. 

Title: Chemical Feasibility of Homogeneous Neutron Poisons for Criticality Control in Fuel Reprocessing 

Date: 12/1/1958 

Report: ORNL-CF-58-12-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary examination has demonstrated the apparent chemical feasibility of the 
nuclear poisons boron, cadmium, and rare earth elements in the proposed flowsheet for reprocessing 
Consolidated Edison thorium reactor fuel. These elements remained in solution and were not volatilized to 
a significant extent during the feed adjustment step. In simulated dissolver solutions containing the poisons, 
3% of the boron and less than 1% of the cadmium or rare earths were lost during boildowns. The solvent 
extraction of uranium with 2.5% TBP in Amsco from acid feed solutions containing sufficient nuclear 
poison to maintain a subcritical system, gave decontamination factors of 4,000,> 500, and >3000 for boron, 
cadmium, and rare earths, respectively. Using acid deficient feed solutions, the corresponding factors were 
9000,> 1000, and>15,000. Single extraction cycles were made in which the concentrations of boron, rare 
earths, and cadmium in the uranium product were reduced to within the probable acceptable limits, I.e., 2.5 
ppm, <4 ppm, and <17 ppm, respectively. 



 

C-15261 

15215…..…..…………………..…….……..……ID Number…………………..…..…………….15215 

Author: Kasten, P. R. 

Title: Direct Measurement of the Alpha Value for U233 

Date: 3/10/1958 

Report: ORNL-CF-58-3-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15262 

15216…..…..…………………..…….……..……ID Number…………………..…..…………….15216 

Author: Watson, F. N. 

Title: Gamma-Ray and Fast-Neutron Dose Rates in Air as a Function of Distance from the TSF Reactor 

Date: 4/15/1958 

Report: ORNL-CF-58-4-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of the gamma-ray and fast-neutron dose rates in air were made at the 
Tower Shielding Facility for distanccs out to 4000 ft from the reactor. The reactor was shielded with 6 in. 
of water and was suspended at an altitude of 190 ft. Plots of the results are presented along with analytical 
expressions fitted to the curves. 
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15217…..…..…………………..…….……..……ID Number…………………..…..…………….15217 

Author: Lane, J. A. 

Title: High Flux Research Reactor Seminar, March 7, 1958 (Seminar No. 4) 

Date: 6/13/1958 

Report: ORNL-CF-58-6-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15264 

15218…..…..…………………..…….……..……ID Number…………………..…..…………….15218 

Author: Fox, J. K. / Mihalczo, J. T. / Gilley, L. W. 

Title: Critical Experiments with 2.09% Uranium-235 Enriched Uranium Metal Plates in Water 

Date: 8/3/1958 

Report: ORNL-CF-58-8-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed with 2.09% uranium-235-enriched uranium metal plates 
in a light-water-moderated and-reflected assembly. Each plate was 30-inch-long, 3.125-inch-wide, and.25-
inch-thick and contained 7.09 kg of uranium. In the first assemblies the plates were arranged in rows with 
edges adjacent, and the spacing between rows was varied from.625 to 1.125 inch. The optimum spacing 
was about.875 inch. With the spacing between rows maintained at.875 inch, the spacing between the edges 
of the plates was varied from 0 to.625 inch. The optimum spacing between edges was.3125 inch. The 
minimum critical mass in these assemblies was 6.74 kg of uranium-235. 



 

C-15265 

15219…..…..…………………..…….……..……ID Number…………………..…..…………….15219 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Parameters for Poisoned Annular Cylinders Containing Aqueous Solutions of U235 

Date: 8/1/1958 

Report: ORNL-CF-58-8-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed to determine the critical parameters of aqueous 
solutions of 93.2% U235-enriched uranyl fluoride contained in cylindrical annuli formed by various 
combinations of aluminum cylinders varying in diameter from 2 to 30 in. In all of the experiments the inside 
cylinder was lined with a 20-mil-thick cadmium sheet and filled with water to a height of 48 in., and in 
some experiments a water reflector was used on the sides and bottom of the outside cylinder. The data 
indicate that for the solution having an H:U235 atomic ratio of 50.4 the critical infinitely high reflected 
annulus would have a minimum thickness between 2.5 and 3 in., while the unreflected annulus would have 
a thickness between 3.75 and 4.5 in. The corresponding thicknesses for the solution having an H:U235 
atomic ratio of 309 would be between 3.5 and 4 in. for the reflected annulus and between 4.5 and 5.5 in. 
for the unreflected annulus. 



 

C-15266 

15220…..…..…………………..…….……..……ID Number…………………..…..…………….15220 

Author: Fox, J. K. / Gilley, L. W. 

Title: Some Studies of Water, Styrofoam and Plexiglas Reflectors 

Date: 10/3/1958 

Report: ORNL-CF-58-9-39 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reflecting properties of water, styrofoam, and Plexiglas were studied in critical 
experiments with 6-inch-thick slabs of aqueous solutions of uranyl-fluoride enriched to 93% in uranium-
235. It was found that styrofoam is significantly less effective than water as a neutron reflector, since the 
height of a slab with an effectively infinite styrofoam reflector (except on top) was reduced by only about 
20% from that of the unreflected slab, while the height of a slab with an effectively infinite water reflector 
was reduced by more than a factor of 3. The effects of placing water, styrofoam, and Plexiglas between 
two-slab assemblies, both unreflected and water-reflected, were also investigated. 
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15221…..…..…………………..…….……..……ID Number…………………..…..…………….15221 

Author: Fox, J. K. / Gilley, L. W. 

Title: Critical Experiments with Arrays of ORR and BSR Fuel Elements 

Date: 10/2/1958 

Report: ORNL-CF-58-9-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were performed with ORR and BSR fuel elements to determine 
safe arrays in which the elements could be handled and stored. The data indicate that the optimum spacing 
for criticality of 168-g ORR elements in water is 0.2 inch between locating bosses and that an infinite array 
of vertically placed elements one element high would probably be subcritical with a 1.5 inch spacing 
between locating bosses. For uniform arrays of adjacent elements in water, variation in the fuel loading per 
element between 140 and 200 g made very little difference in the critical mass. When 132 elements with an 
average loading of 160 g per element were closely packed in water in an 11 by 12 element array in which 
the rows were separated with 20-mil-thick cadmium sheets, no appreciable source neutron multiplication 
was observed; nor was there any appreciable multiplication when both the cadmium sheets and the water 
moderator were removed and the array was surrounded with a 12-inch-thick paraffin reflector. A two-row 
slab-shaped array with 24 200-g center elements and 14 168-g elements on each end, all spaced 0.2 inch 
between locating bosses, was subcritical, and it appears that two infinitely long rows of 168-g elements 
would be subcritical. 
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15222…..…..…………………..…….……..……ID Number…………………..…..…………….15222 

Author: Irvine, A. R. / Holmes, J. M. / Nichols, J. P. / Schafer, Jr., A. C. 

Title: Request for Preliminary Criticality Review of Reactor Fuel Reprocessing Schemes 

Date: 9/24/1958 

Report: ORNL-CF-58-9-77 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reprocessing schemes for Consolidated Edison Thorium Reactor, Special Stainless 
Steel, and Foreign Research Reactor Fuels are described for purpose of examination by Criticality Review 
Board. 
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15223…..…..…………………..…….……..……ID Number…………………..…..…………….15223 

Author: Prince, B. E. 

Title: Poison Rod Requirements for a Solid-Fuel Leacher Tank 

Date: 3/2/1959 

Report: ORNL-CF-59-3-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Estimates were made of the amount of neutron poisoning, in the form of boron rods, 
required to maintain subcriticality in a tank used for dissolution of solid fuel elements. The tank under 
consideration was a cylinder 19.5 inches in diameter and 6 ft. in height. Maximum concentrations of fuel 
and fertile material resulting from dissolution of various type fuel elements are tabulated. Below the 
maximum concentrations listed, it was found that the limiting poisoning requirements are associated with 
dissolution of the NS Savannah elements. About five 1-inch diameter rods appear necessary: a centrally 
located rod and four rods in a square array each about 5 inches from the central rod. 
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15224…..…..…………………..…….……..……ID Number…………………..…..…………….15224 

Author: Nestor, C. W. Jr. 

Title: A Comparison of Elementary Criticality Calculations with Experimental Results 

Date: 6/11/1959 

Report: ORNL-CF-59-6-45 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations done with an early computer code version at LANL; same experiments 
are considered as for ORNL-CF-59-6-45. 
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15225…..…..…………………..…….……..……ID Number…………………..…..…………….15225 

Author: Nestor Jr., C. W. 

Title: Multigroup Diffusion Theory Calculations for Recent Critical Experiments 

Date: 7/21/1959 

Report: ORNL-CF-59-7-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In connection with the program of the measurement of eta for U233, several critical 
experiments were performed with light water solutions of uranyl nitrate in an essentially bare sphere 27 
inches in diameter. Results of two multigroup-diffusion-theory calculations for the above experiments are 
presented. Assumed cross sections, material concentrations, detailed neutron balances, and a comparison 
with elementary theory are included. The agreement between the calculated and experimental multiplication 
constants is excellent for the multigroup calculation but only fair for the elementary calculation. The latter 
method overestimates the fast leakage so that the computed multiplication constant is less than that found 
experimentally. 
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15226…..…..…………………..…….……..……ID Number…………………..…..…………….15226 

Author: Mihalczo, J. T. / Lynn, J. J. 

Title: Multiplication Measurements with Highly Enriched Uranium Metal Slabs 

Date: 7/27/1959 

Report: ORNL-CF-59-7-87 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of neutron multiplication measurements with arrays of 1 by 8 by 10 inch 
slabs of 93.4% uranium-235-enriched uranium metal have been made to provide data from which safety 
criteria for the storage of these fissile units can be established. Each slab contained 22.9 kg of uranium-235. 
A maximum of 125 units was assembled. The arrays studied were cubic lattices of the units and were usually 
parallelepipedal in shape. Arrays were both unmoderated and Plexiglas-moderated and were surrounded in 
most cases by a 1-inch-thick Plexiglas reflector. The lattice densities (ratio of fissile unit volume to lattice 
cell volume) were between 0.023 and 0.06. Unmoderated lattices with a density of 0.06 would require 145 
± 5 units for criticality, while those with a density of 0.023 would require 350 ± 30 units. In lattices in 
which the fissile units are separated by 1 inch of Plexiglas, approximately 27 units would be required for a 
critical array with a lattice density of 0.023. Distributing Foamglas (containing 2% boron) throughout a 
moderated array increased the critical number of fissile units by a factor of 5, while Styrofoam had a small 
effect. 
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15227…..…..…………………..…….……..……ID Number…………………..…..…………….15227 

Author: Clayton, E. D. 

Title: Eurochemic Assistance: Answer to Questions on Criticality 

Date: 9/11/1959 

Report: ORNL-CF-59-9-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Answers to questions on the criticality of Pu and Pu solutions are presented 
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15228…..…..…………………..…….……..……ID Number…………………..…..…………….15228 

Author: Mihalczo, J. T. 

Title: Comparison of k(inf) Measurements in a Critical Assembly with k(inf) Measurements in the Physical 
Constants Testing Reactor 

Date: 5/3/1960 

Report: ORNL-CF-60-04-24 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-033; The infinite medium multiplication factor, k(inf), for a 
homogeneous mixture of 2% uranium-235-enriched uranium tetra-fluoride in paraffin, was determined 
from a series of critical experiments in which known changes in the buckling were made and the resulting 
stable periods measured. The value determined, using a two-group model for the nonleakage probability, is 
1.197 ± 0.09. Within the quoted errors this value is in agreement with an earlier value of k(inf) = 1.216 ± 
0.013 for the same material experimentally determined in the physical constants testing reactor at the 
Hanford Laboratories operation of the General Electric Company. 
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15229…..…..…………………..…….……..……ID Number…………………..…..…………….15229 

Author: Macklin, R. L. / deSaussure, G. / Kington, J. D. / Lyon, W. S. 

Title: Manganese Bath Measurements of η of U233 and U235 

Date: 3/15/1960 

Report: ORNL-CF-60-2-84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Addresses reprocessing of spent fuel by salt dissolution coupled with conversion of 
the uranium to hexafluoride form followed by cold-trapping. Contains numerous flow diagrams, drawings, 
and equipment photographs. 
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15230…..…..…………………..…….……..……ID Number…………………..…..…………….15230 

Author: Nichols, J. P. 

Title: The Applicability of Packed Glass Raschig Rings for Nuclear Safety in Large Vessels 

Date: 3/24/1960 

Report: ORNL-CF-60-3-103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering and Equipment; Boron Compounds; Configuration; Fissionable 
Materials; Fluidization; Glass; Numericals; Poisoning; Quantity Ratio; Raschig Rings; Safety; Solutions; 
Storage; Testing; Torus; Vessels 
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15231…..…..…………………..…….……..……ID Number…………………..…..…………….15231 

Author: Love, T. A. / Murray, R. B. 

Title: Use of Silicon Surface-Barrier Counters in Fast-Neutron Detection and Spectroscopy 

Date: 5/31/1960 

Report: ORNL-CF-60-5-121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A neutron-sensitive semiconductor counter was constructed by depositing a thin layer 
of Li6/F between two silicon surface-barrier counters. Neutrons are detected by observing the alpha + T 
pair resulting from the Li6/(n, alpha)T reaction; pulses from the two counters are added, and the sum pulse 
is amplified and recorded on a multichannel analyzer. Since the sandwich geometry permits simultaneous 
detection of both reaction products, the magnitude of the resulting sum pulse is proportional to the energy 
of the incoming neutron. Pulse-height spectra from slow neutrons and monoenergetic fast neutrons. in the 
energy region 0.6 to 3.5 Mev, were recorded from two counters of this type; in both counters the sensitive 
area was about 0.7 cm/sup 2/, with a Li6/F layer of order 150 mu g/cm thick. In all cases. a well defined 
neutron peak was observed in the pulse-height spectrum. In a typical case the full width at half maximum 
of the fast-neutron peak was about 300 kev. Counters of this type are relatively insensitive to background 
effects, notably gamma rays, and thus may prove to be useful in the detection and spectroscopy of fast 
neutrons. 
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15232…..…..…………………..…….……..……ID Number…………………..…..…………….15232 

Author: Kaufman, J. L. 

Title: Hazards Summary and Safety Procedures for Reactor Controls Plutonium-Beryllium Neutron Source 

Date: 6/8/1960 

Report: ORNL-CF-60-6-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15233…..…..…………………..…….……..……ID Number…………………..…..…………….15233 

Author: Purohit, S. N. 

Title: Neutron Thermalization and Diffusion in Pulsed Media 

Date: 7/11/1960 

Report: ORNL-CF-60-7-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Diffusion; Energy; Gases; Leaks; Mathematics; Moderators; 
Neutrons; Pulses; Scattering; Slowdown 
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15234…..…..…………………..…….……..……ID Number…………………..…..…………….15234 

Author: Brooksbank, R. E. / Nichols, J. P. 

Title: Use of Glass Raschig Ring Packing in Nuclear Safety Control - Report of Trip to Rocky Flats Plant 

Date: 8/19/1960 

Report: ORNL-CF-60-8-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15235…..…..…………………..…….……..……ID Number…………………..…..…………….15235 

Author: Mihalczo, J. T. / Lynn, J. J. 

Title: Neutron Multiplication Experiments with Enriched Uranium Metal in Slab Geometry 

Date: 4/10/1961 

Report: ORNL-CF-61-04-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical thickness of uranium metal slabs enriched to 93.15% in the uranium-235 
isotope have been obtained. Subcritical assemblies of metal slabs were constructed to within, in most cases, 
95% of critical mass, and the resulting reciprocal multiplication curves extrapolated to critical thicknesses. 
Slab dimensions ranged from 5 x 5 inch to 25 x 25 inch, and thicknesses of infinite slabs have been 
extrapolated from the data. Plexiglas, in thicknesses from 0 to 6 inch, beryllium and graphite served as 
neutron reflectors. Previous work with uranium-Plexiglas lattices has been extended to lattice densities of 
0.33 and 0.50, the latter being the limiting density under the conditions of the experiment. 
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15236…..…..…………………..…….……..……ID Number…………………..…..…………….15236 

Author: Kinney, W. E. / Mihalczo, J. T. 

Title: Oak Ridge National Laboratory Fast Burst Reactor Critical Experiments and Calculations 

Date: 8/24/1961 

Report: ORNL-CF-61-08-71 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical masses and void coefficients of reactivity of three unmoderated, unreflected 
assemblies, and the critical masses of ten unmoderated, reflected assemblies have been determined at the 
Oak Ridge National Laboratory critical experiment facility to support the design of an unmoderated and 
unreflected research reactor capable of producing an intense burst of fast neutrons. Multigroup and one-
group transport theory calculations, as well as perturbation theory calculations, have been performed to 
predict the results of the experiments with the unreflected assemblies. The fast burst reactor is first briefly 
described, followed by a discussion of the experiments. The calculational methods are considered next and 
finally the results of both experiment and calculation are presented and compared. 
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15237…..…..…………………..…….……..……ID Number…………………..…..…………….15237 

Author: Kertesz, F. 

Title: The Laboratory Director's Review Committees at ORNL 

Date: 5/10/1961 

Report: ORNL-CF-61-5-90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The basic reasons for establishing the Laboratory Director's Review Committees are 
discussed together with a short description of the field of activity of each committee. 
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15238…..…..…………………..…….……..……ID Number…………………..…..…………….15238 

Author: Nichols, J. P. 

Title: Limiting Critical Concentrations of Nitrate Solutions of Enriched Uranium and U235-Th232 

Date: 10/12/1962 

Report: ORNL-CF-62-10-55 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Evaluates samples of the aluminum alloy being used at the time for HFIR fuel 
elements. Gallium at 4 times the specification limits was found, but the level presented only a small 
contribution to the macroscopic absorption cross section. 
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15239…..…..…………………..…….……..……ID Number…………………..…..…………….15239 

Author: Beaver, R. J. 

Title: Analytical Results and Macroscopic Thermal Neutron Absorption Cross-Section Values for 
Impurities in Type 6061 Al 

Date: 2/4/1963 

Report: ORNL-CF-63-2-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15240…..…..…………………..…….……..……ID Number…………………..…..…………….15240 

Author: Trubey, D. K. 

Title: Concrete Shield Calculations 

Date: 9/20/1963 

Report: ORNL-CF-63-9-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15241…..…..…………………..…….……..……ID Number…………………..…..…………….15241 

Author: Kington, J. D. / Maienschein, F. C. / Webster, C. C. 

Title: Operating Safety Limits for the Oak Ridge National Laboratory Bulk Shielding Facility Reactors 
(BSR-I, BSR-II, and PCA) 

Date: 10/2/1964 

Report: ORNL-CF-64-10-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15242…..…..…………………..…….……..……ID Number…………………..…..…………….15242 

Author: Kertesz, F. 

Title: Report on a Recent Conference on Scientific Information Problems, Number 2 

Date: 9/11/1964 

Report: ORNL-CF-64-9-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15243…..…..…………………..…….……..……ID Number…………………..…..…………….15243 

Author: Fraas, A. P. 

Title: Summary of Reports and Technical Papers That Have Been Issued or Are Being Prepared in 
Connection with the MPRE Program 

Date: 10/11/1965 

Report: ORNL-CF-65-10-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15244…..…..…………………..…….……..……ID Number…………………..…..…………….15244 

Author: Hull, J. L. / Holland, L. B. / Manning, J. J. 

Title: Tower Shielding Reactor II Operating Report May 1, 1965 Through October 31, 1965 

Date: 11/23/1965 

Report: ORNL-CF-65-11-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Duplicate report copy/folder (listed above) 
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15245…..…..…………………..…….……..……ID Number…………………..…..…………….15245 

Author: Gilley, L. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1, 1965 Through October 31, 1965 

Date: 11/23/1965 

Report: ORNL-CF-65-11-75 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Report on I.A.E.A. Symposium on Criticality Control of Fissile Materials and Visits 
with French and English Groups Concerned with Criticality. Many details of current experimental activities. 
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15246…..…..…………………..…….……..……ID Number…………………..…..…………….15246 

Author: Thomas, J. T. 

Title: Report of Foreign Travel 

Date: 12/13/1965 

Report: ORNL-CF-65-12-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15247…..…..…………………..…….……..……ID Number…………………..…..…………….15247 

Author: Staff 

Title: 1964 RORC Review of the Tower Shielding Facility 

Date: 2/10/1965 

Report: ORNL-CF-65-2-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15248…..…..…………………..…….……..……ID Number…………………..…..…………….15248 

Author: Holland, L. B. 

Title: Tower Shielding Reactor II Operating Report November 1, 1963 Through October 31, 1964 

Date: 4/1/1965 

Report: ORNL-CF-65-4-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15249…..…..…………………..…….……..……ID Number…………………..…..…………….15249 

Author: Gilley, L. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1964 Through April 30, 1965 

Date: 6/25/1965 

Report: ORNL-CF-65-6-70 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15250…..…..…………………..…….……..……ID Number…………………..…..…………….15250 

Author: Johnson, E. B. 

Title: Criticality Safety Tests for a Proposed Irradiation Facility 

Date: 6/30/1965 

Report: ORNL-CF-65-6-72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MPRE - Medium-Power Reactor Experiment 
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15251…..…..…………………..…….……..……ID Number…………………..…..…………….15251 

Author: Gilley, L. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1966 Through April 30, 1967 

Date: 8/22/1967 

Report: ORNL-CF-67-8-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15252…..…..…………………..…….……..……ID Number…………………..…..…………….15252 

Author: Staff 

Title: Criticality Committee Review of the Oak Ridge Rotating Reflector Reactor (SORA) 

Date: 4/3/1968 

Report: ORNL-CF-68-4-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SORA Critical Experiments (Euratom) 
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15253…..…..…………………..…….……..……ID Number…………………..…..…………….15253 

Author: Mihalczo, J. T. 

Title: Preliminary Proposal for Experiments with a Repetitively Pulsed Assembly 

Date: 4/22/1968 

Report: ORNL-CF-68-4-70 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15254…..…..…………………..…….……..……ID Number…………………..…..…………….15254 

Author: Ward, D. R. / Haywood, F. F. / Gilley, L. W. / L. B. Holland 

Title: Health Physics Research Reactor Operating Report November 1, 1968 Through April 30, 1969 

Date: 6/17/1968 

Report: ORNL-CF-69-7-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15255…..…..…………………..…….……..……ID Number…………………..…..…………….15255 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1970 Through April 30, 1970 

Date: 1/30/1970 

Report: ORNL-CF-70-6-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15256…..…..…………………..…….……..……ID Number…………………..…..…………….15256 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1, 1971 Through October 31, 1971 

Date: 12/15/1971 

Report: ORNL-CF-71-12-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15257…..…..…………………..…….……..……ID Number…………………..…..…………….15257 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1970 Through April 30, 1971 

Date: 8/6/1971 

Report: ORNL-CF-71-8-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15258…..…..…………………..…….……..……ID Number…………………..…..…………….15258 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1971 Through April 30, 1972 

Date: 7/28/1972 

Report: ORNL-CF-72-7-33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15259…..…..…………………..…….……..……ID Number…………………..…..…………….15259 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1, 1972 Through October 31, 1972 

Date: 1/22/1973 

Report: ORNL-CF-73-1-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15260…..…..…………………..…….……..……ID Number…………………..…..…………….15260 

Author: Ward, D. R. / Haywood, F. F. / Dickson, H. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1, 1974 Through October 31, 1974 

Date: 12/19/1974 

Report: ORNL-CF-74-12-21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15261…..…..…………………..…….……..……ID Number…………………..…..…………….15261 

Author: Ward, D. R. / Haywood, F. F. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1, 1973 Through October 31, 1973 

Date: 4/22/1974 

Report: ORNL-CF-74-4-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15262…..…..…………………..…….……..……ID Number…………………..…..…………….15262 

Author: Ward, D. R. / Haywood, F. F. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1973 Through April 30, 1974 

Date: 6/28/1974 

Report: ORNL-CF-74-6-59 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15263…..…..…………………..…….……..……ID Number…………………..…..…………….15263 

Author: Ward, D. R. / Haywood, F. F. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1974 Through April 30, 1975 

Date: 5/30/1975 

Report: ORNL-CF-75-5-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15264…..…..…………………..…….……..……ID Number…………………..…..…………….15264 

Author: Johnson, E. B. 

Title: The Reactivities of High-Flux Isotope Reactor Fuel Elements 148 Through 162, Memo No. 16 

Date: 9/22/1975 

Report: ORNL-CF-75-9-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15265…..…..…………………..…….……..……ID Number…………………..…..…………….15265 

Author: Zimmerman, E. L. 

Title: A Critical Size Nomogram 

Date: 10/23/1953 

Report: ORNL-CFN-53-10- 157 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15266…..…..…………………..…….……..……ID Number…………………..…..…………….15266 

Author: Spencer, R. M. 

Title: The First Assembly of the Three-Region Reflector Moderated Reactor 

Date: 11/5/1954 

Report: ORNL-CFN-54-11- 33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15267…..…..…………………..…….……..……ID Number…………………..…..…………….15267 

Author: Spencer, R. M. / Greenstreet, B. L. 

Title: The Second Assembly of the Three-Region Reflector Moderated Reactor 

Date: 11/24/1954 

Report: ORNL-CFN-54-11-150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15268…..…..…………………..…….……..……ID Number…………………..…..…………….15268 

Author: Williams, D. V. P. / Lynn, J. J. / Callihan, A. D. 

Title: Critical Experiments on Type AC-1 Aircraft Propulsion Reactor 

Date: 12/15/1954 

Report: ORNL-CFN-54-12- 114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Report consists of two memos, to/from D. D. Eisenhower and L. Strauss (AEC 
Chairman), and an agreement signed by Strauss and UK officials on 15/06/1955. Also a transmittal letter 
of these documents to A. M. Weinberg (ORNL Director). 
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15269…..…..…………………..…….……..……ID Number…………………..…..…………….15269 

Author: Nurmi, E. O. / Eister, W. K. 

Title: Slug Processing in Continuous Dissolver 

Date: 6/17/1954 

Report: ORNL-CFN-54-6- 131 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15270…..…..…………………..…….……..……ID Number…………………..…..…………….15270 

Author: Visner, S. 

Title: Dump Tanks for HRT Blanket 

Date: 6/3/1954 

Report: ORNL-CFN-54-6-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Cadmium; Coating; Configuration; Criticality; Fuel Solutions; 
Homogeneous Reactors; HRT; Reactor Core; Reactors; Tubes; Vessels 
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15271…..…..…………………..…….……..……ID Number…………………..…..…………….15271 

Author: Scott, D. 

Title: The First Assembly of the Small Two- Region Reflector Moderated Reactor 

Date: 7/26/1954 

Report: ORNL-CFN-54-7- 159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15272…..…..…………………..…….……..……ID Number…………………..…..…………….15272 

Author: Burtnette, C. S. / LaVerne, M. E. / Mills, C. B. 

Title: Reflector-Moderated- Reactor Design Parameter Study Part I: Effect of Reactor Proportions Listed 
Distribution 

Date: 11/8/1954 

Report: ORNL-CFN-54-7-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Geometrical effects on the criticality of the RM-CF (Fireball) reactor are calculated 
by a multiregion, multigroup method developed for solution by UNIVAC. Physical quantities such as U 
concentration in the fuel mixture, critical mass, etc., were calculated as a function of core radius, fuel 
thickness, and reflector thickness. 
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15273…..…..…………………..…….……..……ID Number…………………..…..…………….15273 

Author: Zimmerman, E. L. 

Title: Boundary Values for the Inner Radius of a Cylindrical Annular Reactor 

Date: 7/10/1954 

Report: ORNL-CFN-54-7-64 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Criticality; Cross Sections; Cylinders; Differential 
Equations; Distribution; Group Theory; Mathematics; Neutron Flux; Neutrons; Reactor Core; Reactors; 
Zones 
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15274…..…..…………………..…….……..……ID Number…………………..…..…………….15274 

Author: Scott, D. 

Title: The Second Assembly of the Small Two-Region Reflector Moderated Reactor 

Date: 8/26/1954 

Report: ORNL-CFN-54-8-180 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Provides flux distribution measurements and other data for the assembly described in 
ORNL-CF-54-8-180. 



 

C-15321 

15275…..…..…………………..…….……..……ID Number…………………..…..…………….15275 

Author: Scott, D. / Spencer, R. M. 

Title: The Second Assembly of the Small Two-Region Region Reflector Moderated Reactor (Part II) 

Date: 9/27/1954 

Report: ORNL-CFN-54-9-185 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15322 

15276…..…..…………………..…….……..……ID Number…………………..…..…………….15276 

Author: Scott, D. / Lynn, J. J. / Sandin, E. V. / Synder, S. 

Title: Three-Region Reflector Moderated Critical Assembly with End Ducts-- Experimental Results with 
Ca-22, Enlarged End Duct Modification 

Date: 1/30/1956 

Report: ORNL-CFN-56-1-96 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15323 

15277…..…..…………………..…….……..……ID Number…………………..…..…………….15277 

Author: Bengston, J. 

Title: A Self-Shielding Factor for Uranium in a Teflon Lattice 

Date: 3/19/1956 

Report: ORNL-CFN-56-3- 183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15324 

15278…..…..…………………..…….……..……ID Number…………………..…..…………….15278 

Author: Dresner, L. 

Title: Design Criteria for a Pile Oscillator 

Date: 5/25/1959 

Report: ORNL-CFN-59-5-79 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An elementary discussion is given of the reactor parameters which determine the 
signal-to-noise ratio obtainable with a pile oscillator 



 

C-15325 

15279…..…..…………………..…….……..……ID Number…………………..…..…………….15279 

Author: Milford, R. P. / Carr Jr., W. H. / Cathers, G. I. / Horton, R. W. / Mann, S. / et al. 

Title: Volatility Pilot Plant-- Hazards Review Report 

Date: 7/26/1960 

Report: ORNL-CFN-60-3-74 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ORNL Fluoride Volatility process for the dissolution of Zr-U fuel elements is 
described, and possible hazards and their control are discussed. The maximum credible accident is thought 
to be the destruction of cell off-gas filters by unreacted HF from the process or from the conversion of 
traces of unreacted F2 to HF. A system for removing traces of HF or F2 from the cell off-gas will be 
installed. The fast release of HF or F2 at the outdoor supply stations is also considered credible. The use of 
recommended procedures for handling HF and F2 as learned from the literature-and experience should 
minimize the possibility of such releases. 



 

C-15326 

15280…..…..…………………..…….……..……ID Number…………………..…..…………….15280 

Author: Gwin, R. / Magnuson, D. W. 

Title: Determination of nu by Comparison of nu sigma for absorption for U233 and Pu 239 with nu sigma 
for absorption for U235 in a Flux Trap Critical Assembly 

Date: 4/6/1960 

Report: ORNL-CFN-60-4-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15327 

15281…..…..…………………..…….……..……ID Number…………………..…..…………….15281 

Author: Gilley, L. W. / et al. 

Title: HPRR Operating Report 11/1/62- 4/30/65 

Date: 6/25/1965 

Report: ORNL-CFN-65-6-70 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15328 

15282…..…..…………………..…….……..……ID Number…………………..…..…………….15282 

Author: Gilley, L. W. / Holland, L. B. 

Title: HPRR Operating Report 11/1/65- 4/30/66 

Date: 6/7/1966 

Report: ORNL-CFN-66-6-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15329 

15283…..…..…………………..…….……..……ID Number…………………..…..…………….15283 

Author: Gilley, L. W. / Holland, L. B. 

Title: HPRR Operating Report 5/1/66- 10/31/66 

Date: 1/9/1967 

Report: ORNL-CFN-67-1-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15330 

15284…..…..…………………..…….……..……ID Number…………………..…..…………….15284 

Author: Gilley, L. W. / et al. 

Title: HPRR Operating Report 11/1/66- 4/30/67 

Date: 8/22/1967 

Report: ORNL-CFN-67-8-42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15331 

15285…..…..…………………..…….……..……ID Number…………………..…..…………….15285 

Author: Ward, D. R. / et al. 

Title: Health Physics Research Reactor Operating Report May 1, 1967 Through October 31, 1967 

Date: 2/19/1968 

Report: ORNL-CFN-68-2-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15332 

15286…..…..…………………..…….……..……ID Number…………………..…..…………….15286 

Author: Ward, D. R. / Gilley, L. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1967 Through April 30, 1968 

Date: 6/17/1968 

Report: ORNL-CFN-68-6-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15333 

15287…..…..…………………..…….……..……ID Number…………………..…..…………….15287 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report May 1, 1970 Through October 31, 1970 

Date: 11/11/1970 

Report: ORNL-CFN-70-11- 25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15334 

15288…..…..…………………..…….……..……ID Number…………………..…..…………….15288 

Author: Ward, D. R. / Haywood, F. F. / Poston, J. W. / Holland, L. B. 

Title: HPRR Operating Report 5/1/69-- 10/31/69 

Date: 1/30/1970 

Report: ORNL-CFN-70-1-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15335 

15289…..…..…………………..…….……..……ID Number…………………..…..…………….15289 

Author: Ward, D. R. / et al. 

Title: HPRR Operating Report 11/1/70- 4/30/70 

Date: 7/2/1969 

Report: ORNL-CFN-70-6-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15336 

15290…..…..…………………..…….……..……ID Number…………………..…..…………….15290 

Author: Ward, D. R. / Haywood, F. F. / Holland, L. B. 

Title: Health Physics Research Reactor Operating Report November 1, 1972 Through April 30, 1973 

Date: 10/3/1973 

Report: ORNL-CFN-73-10- 11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15337 

15291…..…..…………………..…….……..……ID Number…………………..…..…………….15291 

Author: Ward, D. R. / et al. 

Title: HPRR Operating Report 5/1/74- 10/31/74 

Date: 12/9/1974 

Report: ORNL-CFN-74-12- 21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15338 

15292…..…..…………………..…….……..……ID Number…………………..…..…………….15292 

Author: Parks, C. V. / Hopper, C. M. / Lichtenwalter, J. J. / Easton, E. P. / Brochman, P. G. 

Title: Assessment of the US Regulations for Fissile Exemptions and Fissile Material General Licenses 

Date: 5/15/1998 

Report: ORNL-CP-96994; CONF-980507 

Conference/Journal: PATRAM `98: 12. international conference on packaging and transportation of 
radioactive material, Paris (France), 10-15 May 1998; Other Information: PBD: May 1997 

Conference Session:  

Abstract/Keyterms: The paragraphs for general licenses for fissile material and exemptions (often termed 
exceptions in the international community) for fissile material have long been a part of the US Code of 
Federal Regulations (CFR) 10 CFR Part 71, Packaging and Transportation of Radioactive Material. More 
recently, the Nuclear Regulatory Commission (NRC) issued a final rule on Part 71 via emergency rule-
making procedures in order to address an identified deficiency related to one of the fissile exemptions. To 
address the specified deficiency in a general fashion, the emergency rule adopted the approach of the 1996 
Edition of the IAEA: Regulations for the Safe Transport of Radioactive Material (IAEA 1996), which 
places restrictions on certain moderating materials and limits the quantity of fissile material in a 
consignment. The public comments received by the NRC indicated general agreement with the need for 
restrictions on certain moderators (beryllium, deuterium, and graphite). The comments indicated concern 
relative to both the degree of restriction imposed (not more than 0.1% of fissile material mass) and the need 
to limit the fissile material mass of the consignment, particularly in light of the subsequent NRC staff 
position that the true intent was to provide control for limiting the fissile mass of the conveyance. The 
purpose of the review is to identify potential deficiencies that might be adverse to maintaining adequate 
subcriticality under normal conditions of transport and hypothetical accident conditions. In addition, ORNL 
has been asked to identify changes that would address any identified safety issues, enable inherently safe 
packages to continue to be unencumbered in transport, and seek to minimize the impact on current safe 
practices. 



 

C-15339 

15293…..…..…………………..…….……..……ID Number…………………..…..…………….15293 

Author: Shappert, L. B. / Burns, R. S. 

Title: Indexed Bibliography on Transportation and Handling of Radioactive Materials 

Date: 1/1/1967 

Report: ORNL-NSIC--33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Accidents; Bibliography; Criticality; 
Packaging; Radiation Protection; Safety; Transport 



 

C-15340 

15294…..…..…………………..…….……..……ID Number…………………..…..…………….15294 

Author: Shappert, L. B. 

Title: Cask Designers Guide: A Guide for the Design, Fabrication, and Operation of Shipping Casks for 
Nuclear Applications 

Date: 1/1/1970 

Report: ORNL-NSIC-68 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Atomic Energy, Legal Aspects/Regulations for Performance of Irradiated Fuel 
Shipping Containers; Shielded Containers/Design, Fabrication, and Operation of, for Shipping Spent Fuel 
Elements, Guide for; Reactor Fuel Elements/Shipping Containers for Spent, Guide for Design, Fabrication, 
and Operation of; Shipping/Containers for Spent Fuel Element, Guide for Design, Fabrication, and 
Operation of 



 

C-15341 

15295…..…..…………………..…….……..……ID Number…………………..…..…………….15295 

Author: n. a. 

Title: Indexed Bibliography of Current Nuclear Safety Literature. Part 1 

Date: 1/1/1965 

Report: ORNL-NSIC-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15342 

15296…..…..…………………..…….……..……ID Number…………………..…..…………….15296 

Author: Ergen, W. K. 

Title: Computational Problems of Reactor Safety 

Date: 1/1/1964 

Report: ORNL-P-1235; CONF-650501-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Argonne National Laboratory; Computers; 
Conference; Doppler Effect; Fission Products; Heat Transfer; Hydraulics; Illinois; Mechanical Properties; 
Meteorology; Numericals; Performance; Programming; Reactivity; Reactor Core; Reactor Safety; 
Reactors; Recoils; Spectral Shift; Temperature; Thermodynamics; Transport Theory; USA; Uses; 
Variations 



 

C-15343 

15297…..…..…………………..…….……..……ID Number…………………..…..…………….15297 

Author: Parker, G. W. / Lorenz, R. A. / Wilhelm, J. G. 

Title: Release of Fission Products from Reactor Fuels During Transient Accidents Simulated in Treat 

Date: 1/1/1964 

Report: ORNL-P-1287, CONF-650407-8, CONF-650407-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Air; Argon; Ceramics; Chemical 
Reactions; Fission Products; Fuel Cans; Fuel Elements; Leaks; Melting; Mixing; Reactor Safety; Research 
Reactors; Simulation; Stainless Steels; Steam; Transients; TREAT; Uranium Dioxide; Zircaloy 



 

C-15344 

15298…..…..…………………..…….……..……ID Number…………………..…..…………….15298 

Author: Mihalczo, J. T. 

Title: Effect of Floor-Reflected Neutrons on Rossi-Alpha Measurements with the Health Physics Research 
Reactor 

Date: 7/1/1964 

Report: ORNL-P-140 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buildings; Concretes; Configuration; 
Decay; Density; Errors; HPRR; Measured Values; Mechanical Structures; Neutron Flux; Numericals; 
Plates; Prompt Neutrons; Reactivity; Reactor Core; Reactors; Reflection; Reflectors; Research Reactors; 
Rossi Alpha Method; Sensitivity; Shielding; Surfaces; Variations 



 

C-15345 

15299…..…..…………………..…….……..……ID Number…………………..…..…………….15299 

Author: Kerlin, T. W. / Lucius, J. L. 

Title: Frequency Response Sensitivities in Reactor Dynamics Studies 

Date: 1/1/1964 

Report: ORNL-P-1482 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Frequency; Numericals; Planning; 
Reactivity; Reactors; Sensitivity 



 

C-15346 

15300…..…..…………………..…….……..……ID Number…………………..…..…………….15300 

Author: Engel, J. R. / Haubenreich, P. N. / Prince, B. E. 

Title: Predicted and Observed Nuclear Characteristics of the Molten Salt Reactor Experiment 

Date: 10/31/1965 

Report: ORNL-P-1503; CONF-651101-16 

Conference/Journal: 13th Conference on Remote Systems Technology, Washington, D.C. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Criticality; MSRE; Power 
Plants; Reactors; USA; Washington; Washington DC 



 

C-15347 

15301…..…..…………………..…….……..……ID Number…………………..…..…………….15301 

Author: Carlsmith, R. S. / Delene, J. G. 

Title: Response of a Helium-Cooled Fast Reactor to Changes in Coolant Flow and Reactivity 

Date: 1/1/1964 

Report: ORNL-P-1698; CONF-651009-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Accidents; Argonne 
National Laboratory; Criticality; Fission Products; Fuels; Gas Coolant; Gas Flow; Heating; Helium; 
Illinois; Losses; Melting; Numericals; Power; Pressure; Reactivity; Reactors; Shutdown; Transients; USA; 
Variations 



 

C-15348 

15302…..…..…………………..…….……..……ID Number…………………..…..…………….15302 

Author: Fry, D. N. / Roux, D. P. / Ricker, C. W. / Stephenson, S. E. / Hanauer, S. H. / Trinko, J. R. 

Title: Neutron Fluctuation Measurements at Oak Ridge National Laboratory 

Date: 10/31/1966 

Report: ORNL-P-1967; CONF-660206-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Delayed Neutrons; Fuel Solutions; 
Fuels; HFIR; Losses; Measured Values; MSRE; Neutron Flux; Orr; Production; Reactivity; Reactor Core; 
Reactors; Reflectors; Research Reactors; Spectra; Water Coolant; Water Moderator 



 

C-15349 

15303…..…..…………………..…….……..……ID Number…………………..…..…………….15303 

Author: Mihalczo, J. T. 

Title: Multiplication Factor of Uranium Metal by One-Velocity Monte Carlo Calculations. 

Date: 10/31/1968 

Report: ORNL-P-2033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Configuration; Enrichment; Equations; 
Mathematics; Measurement; Metals; Monte Carlo Method; Multiplication Factors; Neutrons; Reactivity; 
Uranium 



 

C-15350 

15304…..…..…………………..…….……..……ID Number…………………..…..…………….15304 

Author: Mihalczo, J. T. 

Title: Prompt-Neutron Time Behavior in Delayed-Critical Coupled Uranium--Metal Cylinders 

Date: 10/31/1967 

Report: ORNL-P--2643; CONF-661019--6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality; Cylinders; 
Interactions; Measurement; Multiplication Factors; Prompt Neutrons; Spectra; Time; Uranium; Uranium 
235 



 

C-15351 

15305…..…..…………………..…….……..……ID Number…………………..…..…………….15305 

Author: Johnson, E. B. 

Title: The National Criticality Data Center 

Date: 10/31/1967 

Report: ORNL-P-2741 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Configuration; Criticality; Fission; 
Radioactivity; Safety; Standards 



 

C-15352 

15306…..…..…………………..…….……..……ID Number…………………..…..…………….15306 

Author: Mihalczo, J. T. 

Title: Rossi-Alpha and Pulsed Neutron Measurements in Subcritical Coupled Uranium-Metal Cylinders 

Date: 10/31/1967 

Report: ORNL-P-2854; CONF-670107-4 

Conference/Journal: American Nuclear Society, Coupled Reactor Kinetics Conference, College Station, 
Tex. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Cylinders; 
Distribution; Enrichment; Exponential Piles; Measurement; Neutrons; Prompt Neutrons; Pulses; 
Reactivity; Rossi Alpha Method; Transport; Uranium; Uranium 235 



 

C-15353 

15307…..…..…………………..…….……..……ID Number…………………..…..…………….15307 

Author: Roux, D. P. 

Title: Subcriticality Measurements by Neutron Noise Analysis 

Date: 10/31/1967 

Report: ORNL-P--2979; CONF-670314--1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Criticality; Liquid Metal Fuel; Measurement; 
Neutrons; Noise; Reactors 



 

C-15354 

15308…..…..…………………..…….……..……ID Number…………………..…..…………….15308 

Author: Mihalczo, J. T. 

Title: One-Velocity Monte Carlo Calculations of Uranium Metal Critical Geometries 

Date: 11/13/1964 

Report: ORNL-P-748 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Configuration; Critical 
Assemblies; Criticality; Cross Sections; Diagrams; Enrichment; Monte Carlo Method; Multiplication 
Factors; Neutron Flux; Numericals; Tables; Uranium; Uranium 235 



 

C-15355 

15309…..…..…………………..…….……..……ID Number…………………..…..…………….15309 

Author: Shappert, L. B. 

Title: Results of a Testing Program for Unirradiated Fissile Material Containers 

Date: 1/1/1963 

Report: ORNL-P-869; CONF-650103-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; General; Criticality; Fabrication; Fissionable Materials; Impact Shock; 
Interactions; Moderators; Planning; Reflection; Safety; Testing; Transport; Vessels 



 

C-15356 

15310…..…..…………………..…….……..……ID Number…………………..…..…………….15310 

Author: Vondy, D. R. 

Title: Experience with Unusual Techniques Used in ORNL Depletion Codes 

Date: 10/31/1965 

Report: ORNL-P-874; CONF-650501-2 

Conference/Journal: The Application of Computing Methods to Reactor Problems, Argonne, Ill. Orig. 
Receipt Date: 31-DEC-65 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Fuel Elements; 
Numericals; Programming 



 

C-15357 

15311…..…..…………………..…….……..……ID Number…………………..…..…………….15311 

Author: Profio, A. E. 

Title: Shielding Benchmark Problems 

Date: 8/1/1970 

Report: ORNL-RSIC-25; ANS-SD--9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Shielding; Air; Fast Neutrons; Fission Products; Gamma Radiation; Gamma Sources; 
MeV Range; Neutrons; Radiation Doses; Shielding; Soils; Spectra; Surfaces; Transport Theory 



 

C-15358 

15312…..…..…………………..…….……..……ID Number…………………..…..…………….15312 

Author: Trubey, D. K. / Emmett, M. B. 

Title: A Comparison of First-And Last-Flight Expectation Values Used in an 05R Monte Carlo Calculation 
of Neutron Distributions in Water 

Date: 5/1/1965 

Report: ORNL-RSIC-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Neutron Physics; O5R-Code; Computers; Distribution; Energy; Energy 
Range; Fast Neutrons; Fission; MeV Range; Monte Carlo Method; Neutron Sources; Numericals; 
Programming; Radiation Doses; Statistics; Transport Theory; Water 



 

C-15359 

15313…..…..…………………..…….……..……ID Number…………………..…..…………….15313 

Author: Trubey, D. K. / Comolander H. E. 

Title: Review of Calculations of Radiation Transport in Air: Theory, Techniques, and Computer Codes. 
Proceedings of A Seminar, November 15-17, 1971 

Date: 5/1/1972 

Report: ORNL-RSIC-33; CONF-711125 

Conference/Journal: Seminar/Workshop, Radiation Transport in Air, Oak Ridge, Tennessee, November 
15-17, 1971 

Conference Session:  

Abstract/Keyterms: Physics (Radiation & Shielding)-Radiation Physics; Physics (Nuclear)-Neutron 
Interactions with Matter; Air; Computer Codes; Gamma Radiation; Neutrons; Proceedings; Transport 
Theory 



 

C-15360 

15314…..…..…………………..…….……..……ID Number…………………..…..…………….15314 

Author: McGrath, E. J. / Irving, D. C. 

Title: Techniques for Efficient Monte Carlo Simulation. Volume III. Variance Reduction 

Date: 4/1/1975 

Report: ORNL-RSIC-38(Vol.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mathematics & Computers; Monte Carlo Method; Efficiency; Mathematical Models; 
Simulation 



 

C-15361 

15315…..…..…………………..…….……..……ID Number…………………..…..…………….15315 

Author: Callihan, D. 

Title: Criticality Excursion of November 10, 1961 

Date: 1/1/1962 

Report: ORNL-TM-0139 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality excursion occurred at the Oak Ridge Critical Experiments Laboratory on 
November l0, l961 as enriched uranium metal, neutron reflected and moderated by hydrogen, was being 
assembled. It is estimated that the energy yield was between 10/sup 15/ and 10/sup 16/ fissions. There was 
no personnel exposure or property damage. Fission product contamination, both airborne and contained in 
the metal, decayed sufficiently overnight to allow unhindered continuation of the experiment. The excursion 
was caused by a too rapid approach of the two sections of uranium constituting the experiment. 



 

C-15362 

15316…..…..…………………..…….……..……ID Number…………………..…..…………….15316 

Author: Mihalczo, J. T. 

Title: Reactivity Calibrations and Fission-Rate Distributions in an Unmoderated, Unreflected Uranium-
Molybdenum Alloy Research Reactor 

Date: 5/10/1962 

Report: ORNL-TM-0189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Zero-power critical experiments with an unmoderated, unreflected research reactor 
constructed of 90 wt% uranium (93.2 wt% uranium-235 enriched), 10 wt% molybdenum alloy and designed 
to produce bursts of fast neutrons have been completed. The assembly is essentially of 20.32-cm-dia by 23-
cm-high cylinder of the alloy and contains 96.6 kg of uranium-235. The reactivity of the assembly and its 
movable parts have been calibrated. The temperature coefficient of reactivity is 0.31 cents/degree C. 
Measured fission-rate distributions are compared to those calculated using an SN transport theory code, 
TDC, in the S(4) approximation. 



 

C-15363 

15317…..…..…………………..…….……..……ID Number…………………..…..…………….15317 

Author: Lundin, M. I. 

Title: ORNL Fast Burst Reactor and Facility 

Date: 12:00:00 AM 

Report: ORNL-TM-0204; CF-60-8-116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15364 

15318…..…..…………………..…….……..……ID Number…………………..…..…………….15318 

Author: Mihalczo, J. T. 

Title: Super-Prompt-Critical Behavior of an Undermoderated Unreflected Uranium-Molybdenum Alloy 
Assembly 

Date: 5/10/1962 

Report: ORNL-TM-0230 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The time-dependent behavior was investigated of the neutron population in an 
unreflected unmoderated cylindrical assembly of 90 wt.% U (93.2 wt.% U235), 10 wt.% Mo alloy following 
rapid establishment of a super-prompt critical c ondition with negligible initial neutron population. 
Reactivity increases up to 11 cents above prompt critical resulted in bursts yielding as many as 1.8 x 10/sup 
17/ fissions with reactor periods as short as 16 mu sec and temperature increases as large as 400 deg C. 
Pressure waves generated in a portion of the core held in position by an electromagnet for bursts greater 
than ~6 x 10/sup 16/ fissions initiated the removal of this section about 225 mu sec after the peak burst. 



 

C-15365 

15319…..…..…………………..…….……..……ID Number…………………..…..…………….15319 

Author: Haubenreich, P. N. / Engel, J. R. 

Title: Safety Calculations for MSRE 

Date: 5/15/1962 

Report: ORNL-TM-0251 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A number of conceivable reactivity accidents were analyzed, using conservatively 
pessimistic assumptions and approximations, to permit evaluation of reactor safety. Most of the 
calculations, which are described in detail, were performed by a digital kinetics program, MURGATROYD. 
Some analog analyses were also made. None of the accidents which were analyzed lead to catastrophic 
failure of the reactor, which is the primary consideration. Some internal damage to the reactor from 
undesirably high temperatures could result from extreme cold-slug accidents, premature criticality during 
filling, or uncontrolled rod withdrawal. Each of these accidents could happen only by compounded failure 
of protective devices, and in each case there exists means of effective corrective action independent of the 
primary protection, so that damage is unlikely. The calculated response to arbitrary ramp and step additions 
of reactivity show that damaging pressures could occur only if the addition is the equivalent of a step of 
about 1% delta k/k or greater. 



 

C-15366 

15320…..…..…………………..…….……..……ID Number…………………..…..…………….15320 

Author: Johnson, E. B. / Fox, J. K. 

Title: Critical Mass Studies. Part 12, Rover Reactor Fuel Elements 

Date: 9/18/1962 

Report: ORNL-TM-0264 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were performed with fuel elements for the project ROVER 
KIWI-B-2A reactor to determine nuclearly safe conditions for their production, storage, and transportation. 
Each element is a 0.746-inch-diam and 50.5-inch-long uranium carbide-graphite cylinder containing seven 
uniformly spaced longitudinal holes. The uranium concentration is 400 milligrams/cc, of which 93.15% is 
uranium-235, yielding a carbon/uranium-235 atomic ratio of about 90. Throughout the experiments each 
element was encased in a sealed aluminum tube. In order to establish both the minimum critical number of 
water-moderated and-reflected elements and the relationship between moderation and critical number, 
several critical arrays covering a wide range of moderation were assembled. It was found that the minimum 
critical number of 66 elements, containing about 5 kg of uranium-235, occurred at an hydrogen/uranium-
235 atomic ratio of 380. The critical number of unmoderated elements in a reflected array was greater than 
2500. Experiments were also performed with uranium oxide-graphite elements from an early stage of 
production. The minimum critical number of full-length elements in a moderated and reflected array was 
40, containing about 4.6 kg of uranium-235. The hydrogen/uranium-235 atomic ratio was 270. 
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15321…..…..…………………..…….……..……ID Number…………………..…..…………….15321 

Author: Arnold, E. D. 

Title: Hazards Analysis of Fuel Handling Facilities 

Date: 8/24/1962 

Report: ORNL-TM-0346 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accidental releases of radioactive material at the Oak Ridge National Laboratory 
resulted in the establishment of building and ventilation design criteria and the requirement for a hazards 
evaluation for those facilities which contain or handle radioactive materials of physiological hazard greater 
than that equivalent to one gram of Pu-239. A quantitative method for estimating the hazards associated 
with the maximum credible accident in a radiochemical facility were developed. The maximum credible 
accidents are chemical or nuclear explosions which disperse radioactive aerosol and gases into ventilation 
streams which exhaust to the atmosphere. Approximate physical properties of these aerosols and gases were 
combined with the efficiency of ventilation cleanup devices and meteorological correlations to evaluate the 
hazard to the environment. 
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15322…..…..…………………..…….……..……ID Number…………………..…..…………….15322 

Author: n. a. 

Title: A Safety Analysis of the Oak Ridge Critical Experiments Facility 

Date: 2/21/1967 

Report: ORNL-TM-0349, REV. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This memorandum describes the critical experiments facility, located in the Y-12 area 
of Oak Ridge, with particular reference to the safety features of both the laboratory itself and the procedures 
established for the experiments constituting the specialized use for which the laboratory was constructed. 
A pertinent factor in evaluating the safety features is the absence of a significant inventory of fission 
products in experimental materials. 
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15323…..…..…………………..…….……..……ID Number…………………..…..…………….15323 

Author: Mihalczo, J. T. 

Title: A Small Graphite-Reflected Uranium-Dioxide Assembly 

Date: 12/28/1962 

Report: ORNL-TM-0450 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An unmoderated, graphite reflected, critical assembly of uranium dioxide, enriched 
to 93.2 wt% in uranium-235 is described. The uranium dioxide pellets, density 9.71 g/cc, were contained 
in 253 1.27-cm-diameter stainless steel tubes which, in turn, are close packed in an aluminum container 
22.87 cm in diameter and 31.11 cm long. Two combinations of top and side reflectors were found to make 
the assembly critical. In one the thicknesses of the top and the side reflectors were 12.70 and 19.25 cm, 
respectively; in the other these dimensions were 5.08 and 24.34 cm. Fission distribution measurements 
axially through the assembly and radially through the reflector showed, in one case, a peak in the reflector 
3.5 greater than at the center of the core. The uranium-235 cadmium ratio measured in the side reflector 
ranged from 1.77 to 2.43. 
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15324…..…..…………………..…….……..……ID Number…………………..…..…………….15324 

Author: Mihalczo, J. T. 

Title: Prompt Neutron Decay in a Two-Component Enriched Uranium Metal Critical Assembly 

Date: 1/11/1963 

Report: ORNL-TM-0470 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-051, HEU-MET-FAST-071; Critical experiments in which the 8 
x 10 inch surfaces of two uranium (93.2 wt.% uranium-235) metal slabs were separated from 0 to 5 inch 
have shown that the neutron flight time across the gap between the two slabs significantly affects the prompt 
neutron decay constant in the critical assembly. The prompt neutron decay constant, measured by the Rossi-
alpha technique, varied from 1.07E6 per second to about 8.8E5 per second over this separation range. 
Expressions for the prompt neutron lifetime in critical assemblies with large gaps are developed and a 
proposed calculational method is indicated. The dependence of critical slab thickness on separation of the 
two slabs is given. 
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Author: Thomas, J. T. / Fox, J. K. / Johnson, E. B. 

Title: Critical Mass Studies-Part 13, Borosilicate Glass Raschig Rings in Aqueous Uranyl Nitrate Solutions 

Date: 2/6/1963 

Report: ORNL-TM-0499 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effect of commercially available Borosilicate glass raschig rings on the criticality 
of aqueous uranyl nitrate solutions enriched in uranium-235 has been experimentally investigated. The 
natural-boron content of the glass varied from 0.5 to 5.7 wt%, and the volume of the vessel occupied by the 
glass ranged from 20.9 to 30%. Results from exponential experiments, using a critical layer of solution 
above the column of solution-ring mixture as a neutron source, have provided estimates of the material 
buckling of the mixture as a function of solution concentration, boron content of the glass, and the glass 
volume present. It has been shown, for example, that the buckling is negative (i.e., k-infinity. Lt. 1) if glass 
containing 4 wt% boron occupies more than 22% of the mixture volume, whereas the same concentration 
of glass containing only 0.5 wt% of boron results in positive values of the buckling except for solutions 
more dilute than about 72 g of U per liter (H to uranium-235 ratio equals 380). 
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15326…..…..…………………..…….……..……ID Number…………………..…..…………….15326 

Author: Parsley, L. F. Jr. 

Title: Nuclear Safety Pilot Plant Hazards Summary Report 

Date: 10/1/1963 

Report: ORNL-TM-0683 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Nuclear Safety Pilot Plant is described. irradiated UO2 containing up to 1000 
curies of mixed beta-gamma activity will be melted in a special furnace, and the volatile fission products 
will be introduced into a 1350- ft/sup 3/ model containment vessel for study of transport phenomena. At 
the end of an experiment the remaining volatile fission products will be purged through a filter system, and 
samples will be recovered by remote-handling techniques. Hazards associated with normal operation of the 
plant and with operatlng emergencies are discussed. The most serious hazard is spread of contamination in 
the cell and in the building as a result of the large number of contaminated samples and components which 
must be handled. Equipment and procedures are provided to minimize the possibility of spreading 
contamination. The maximum credible accident is release of all of the volatile fission products 
instantaneously through the stack system. The resulting ground-level concentrations do not produce 
radiation exposure exceeding accidental tolerance. 
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15327…..…..…………………..…….……..……ID Number…………………..…..…………….15327 

Author: Thomas, J. T. 

Title: Critical Three Dimensional Arrays of Neutron-Interacting Units 

Date: 10/1/1963 

Report: ORNL-TM-0719 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As many as 125 five-liter units of concentrated aqueous uranyl nitrate solution were 
assembled in critical arrays. The solution, at a concentration of 415 gram of uranium per liter, and having 
a specific gravity of 1.555, was contained in right circular cylinders of methacrylate plastic having a 0.64-
cm-thick wall. The uranium-235 content of the uranium was 92.6 wt%. The dependence of the number of 
units required for criticality as a function of the spacing has been determined. 
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Author: Robertson, R. C. 

Title: MSRE Design and Operations Report, Part I: Description of Reactor Design 

Date: 1/1/1965 

Report: ORNL-TM-0728 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15329…..…..…………………..…….……..……ID Number…………………..…..…………….15329 

Author: Haubenreich, P. N. / Engel, J. R. / Prince, B. E. / Claiborne, H. C. 

Title: MSRE Design and Operations Report. Part III. Nuclear Analysis 

Date: 2/3/1964 

Report: ORNL-TM-0730 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preliminary considerations of the effects of core size and fuel-to-moderator ratio on 
critical mass and fuel concentration led to the specification of a core about 4.5 ft. in diameter by 5.5 ft. high. 
The average fuel fraction was set at 0.225. The nuclear characteristics of the reactor were examined for 
three combinations of fissile and fertile material (UF4 and ThF4) in a carrier salt composed of Li, Be, and 
ZrF4. The radial distribution of the thermal neutron flux is strongly influenced by the presence of three 
control rod thimbles near the axis of the core, with the result that the radial thermal flux maximum occurs 
about 8 in. from the axis. The axial distribution is essentially sinusoidal. The magnitude of the thermal flux 
depends on the choice of the fuel. Both the fuel and the moderator temperature coefficients of reactivity are 
substantially negative, leading to prompt and delayed negative power coefficients. Reactivity coefficients 
were also calculated for changes in uranium concentration... This meets all the safety requirements of a 
source, but an external source will increase the flux for convenient monitoring of the subcritical reactivity. 
The total worth of the three control rods ranges from 5.6 to 7.6% delta k/k, depending on the fuel salt 
composition. Shutdown margins at 1200 deg F are 3.5% delta k/k or more in all cases. Calculations were 
made for conceivable reactivity accidents involving uncontrolled rod withdrawal, cold slugs,” abnormal 
fuel additions, loss of graphite, abnormal filling of the reactor and primary flow stoppage. No intolerable 
conditions are produced if the reactor safety system (rod drop at 150% of sign power) functions for two of 
the three rods. The biological shield, with the possible addition of stacked concrete blocks in some areas, 
reduces the calculated radiation dose rates to permissible levels in all accessible areas. 
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15330…..…..…………………..…….……..……ID Number…………………..…..…………….15330 

Author: Engel, J. R. / Prince, B. E. 

Title: Criticality Factors in MSRE Fuel Storage and Drain Tanks 

Date: 9/14/1964 

Report: ORNL-TM-0759 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Cooling; Criticality; Distribution; Fuels; Fused Salts; MSRE; 
Numericals; Reactors; Storage; Temperature; Uranium; Vessels; Waste Disposal; Water 
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Author: Thomas, J. T. 

Title: Critical Three-Dimensional Arrays of Neutron-Interacting Units, Part-2-Uranium Metal Enriched to 
93.2% in the Uranium-235 Isotope 

Date: 7/1/1964 

Report: ORNL-TM-0868 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-023, HEU-MET-FAST-026; Criticality studies were made of three 
dimensional arrays of uranium metal cylinders enriched to 93.2 wt.% uranium-235. Four weight groups of 
units, ranging from 10.5 to 26.2 kg of uranium in five sizes, were employed to determine the critical surface 
separation between units as a function of the number in an array. The critical uranium density (the ratio of 
the mass of a unit to the volume of the lattice cell it occupies in a critical array) was observed to depend 
upon a number of factors. Changes in k(eff) of the individual units, caused by altering their shape, produced 
inverse changes in the density, provided the array shape was unchanged. The density of the array varied 
with its shape in a manner similar to that resulting from corresponding changes in a single critical unit. 
Addition of an hydrogenous reflector reduced the density of the array by factors much greater than those 
observed for similar reflection of a single critical unit. The density was found to be minimal when the units 
were separated by an hydrogenous moderator 4.9-cm thick. The separate effects of moderation and 
reflection of arrays are not additive. In several experiments it was observed that an array comprised of one 
half of each of two different critical arrays was subcritical. 
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Author: Mihalczo, J. T. / Blakeman, E. D. / Ragan, G. E. / Johnson, E. B. 

Title: Dynamic subcriticality measurements using the sup 252 Cf-source-driven noise analysis method 

Date: 8/1/1988 

Report: ORNL-TM-10122 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper reports on dynamic measurements of the subcritical neutron multiplication 
factor k(eff) using the 252Cf-source-driven neutron noise analysis method performed for an unreflected 
25.1-cm-i.d. cylindrical tank containing aqueous uranyl nitrate as the solution height changed at rates of 1 
to 23 cm/min, with corresponding changes in k(eff) from 4 {times} 10 {sub {minus} 4} to 0.01/s. These 
experiments, which were the first test of the method to measure k(eff) while it is changing, showed the 
following: this method has the capability to measure subcriticality for a multiplying system to a k(eff) as 
low as 0.30; experimental k(eff) values can be obtained from the ratio of spectral densities with as little as 
6 s of data accumulation and a small fraction of a second analysis time while the solution tank is drained 
from a height of 29.5 to 6.5 cm in {approx} 60 s, with corresponding changes in k(eff) from 0.95 to 0.30; 
the measured k(eff) values obtained do not depend on the speed at which the solution height is changed or 
whether it is filling or draining; the results of the dynamic measurements agreed with the static 
measurements; where static measurements were practical (limited to k(eff) down to {approx} 0.5 by 
detection efficiency) with 3He proportional counters sensitive to leakage neutrons only, the results agreed 
with those from measurements with scintillation detectors sensitive to gamma rays and neutrons escaping 
from the system; as in previous experiments the ratios of spectral densities at low frequency were used 
successfully to obtain k(eff) values using a modified point kinetics interpretation of the data; the neutron 
multiplication factors from independent measurements using the break frequency noise analysis method 
agree with the value of k(eff) from the measured ratios of spectral densities of k(eff) values of 0.65. 
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Author: Mihalczo, J. T. / Blakeman, E. D. / King, W. T. / Kryter, R. C. 

Title: Performance Evaluation of a Measurement System for the 252CF-Source-Driven Neutron Noise 
Analysis Determination of Subcriticality 

Date: 2/1/1988 

Report: ORNL-TM-10145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Webster, J. W. 

Title: Boundary Conditions for the Cylindricalized Cell of Reactor Lattice Calculations 

Date: 12/30/1964 

Report: ORNL-TM-1022 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Angular Distribution; Boundary Conditions; 
Configuration; Cross Sections; Cylinders; Equations; Mathematics; Neutron Flux; Reactivity; Reactor 
Core; Reactors; Reflection; Surfaces; Thermal Neutrons 
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Author: de Saussure, G. / Weston, L. W. / Gwin, R. 

Title: Measurement of the U235 Neutron Capture- To-Fission Ratio, alpha, for Incident Neutron Energies 
from 3.25 eV to 1.8 keV 

Date: 1/26/1965 

Report: ORNL-TM-1041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15336…..…..…………………..…….……..……ID Number…………………..…..…………….15336 

Author: Ricker, C. W. / Hanauer, S. H. / Mann, E. R. 

Title: Measurement of Reactor Fluctuation Spectra and Subcritical Reactivity 

Date: 4/1/1965 

Report: ORNL-TM-1066 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Background; BSR-1; Configuration; 
Control Elements; Control Systems; Critical Assemblies; Criticality; Currents; Diagrams; Differential 
Equations; Equations; Errors; Integrals; Ionization Chambers; Mathematics; Measured Values; Neutron 
Detection; Neutrons; Numericals; Performance; Power; Pulses; Reactivity; Reactor Core; Reactors; 
Research Reactors; Rods; Sensitivity; Shielding; Spectra; Statistics; Variations; Water Coolant; Water 
Moderator 
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Author: Preskett, C. A. / et al. 

Title: Interpretation of Pulsed Source Experiments 

Date: 4/27/1965 

Report: ORNL-TM-1066 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Preskitt, C. A. / Nephew, E. A. 

Title: Interpretation of Pulsed Source Experiments 

Date: 4/27/1965 

Report: ORNL-TM-1113; CONF-650504-10 

Conference/Journal: IAEA Symposium on Pulsed Neutron Methods, Karlsruhe, Ger. Orig. Receipt 
Date: 31-DEC-65 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; Bibliography; Criticality; 
Diagrams; Differential Equations; EGCR; Energy; Energy Range; Equations; Gas Coolant; Graphite 
Moderator; Group Theory; Helium; MeV Range; Good information regarding subcritical measurement 
theory - not clear what measured data was employed. 
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Author: Mihalczo, J. T. 

Title: Increased Yields from Fast Burst Reactors. Part I. Effects of Increased Mass on Uranium and 
Uranium- Molybdenum Critical Cylinders 

Date: 4/30/1965 

Report: ORNL-TM-1125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Buchanan, J. R. / Cottrell, W. B. 

Title: Operating Experience of the Nuclear Safety Information Center March 1963 - March 1965 

Date: 5/7/1965 

Report: ORNL-TM-1136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mostly describes activities similar to those of a technical library. 
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Author: Castleberry, K. N. 

Title: Single-Failure-Proof Considerations of the K-25 Site Radiation Alarm System 

Date: 12/1/1990 

Report: ORNL-TM-11714 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Oak Ridge K-25 Site Radiation Alarm System currently provides monitoring 
coverage for all areas of the plant where nuclear materials are stored or handled. This system monitors these 
areas with 50 instrument clusters, each comprising 3 independent radiation detection instruments. Cluster 
placement and radius of coverage provide double cluster coverage for most designated areas of the plant 
even though the clusters are redundant in themselves; the entire radiation alarm system would be single-
failure-proof with inclusion of the modified cluster logic module, printed circuit board in each cluster unit 
assembly even without redundant coverage. It is estimated that 10 additional clusters, which are not 
available, will be required to provide full double coverage for all designated plant areas and to provide 
adequate operating spares for system maintenance activities. The removal of those clusters now providing 
redundant coverage would easily provide an adequate number of spares and eliminate the need for 
additional procurement. 
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Author: Webster, J. W. 

Title: The Determination of Neutron Flux in Nuclear Reactor by the Uncollided-Flux Estimator Applied to 
Monte Carlo Collisions 

Date: 8/23/1965 

Report: ORNL-TM-1175 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boltzmann Equation; CDC 1604; 
Collisions; Computers; Critical Assemblies; Cylinders; Diagrams; Differential Equations; Digital Systems; 
Equations; FORTRAN; Godiva-1; Integrals; Interactions; Measured Values; Monte Carlo Method; Neutron 
Flux; Numericals; Programming; Reactors; Space 
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Author: Miller, L. F. / Feng, Y. / Casson, W. / Thein, M. / Mei, G. 

Title: Determination of Neutron Dose from Criticality Accidents with Bioassays for Na-24 and P-32 

Date: 10/1/1991 

Report: ORNL-TM-11882, 163-169 

Conference/Journal: Conference on radiation protection and dosimetry, Orlando, FL (United States), 21-
24 Oct 1991 

Conference Session:  

Abstract/Keyterms: A comprehensive review of accident neutron dosimetry using blood and hair analysis 
was performed and is summarized in this report. Experiments and calculations were conducted at Oak Ridge 
National Laboratory (ORNL) and the University of Tennessee (UT) to develop measurement techniques 
for the activity of 24Na in blood and 32P in hair for nuclear accident dosimetry. An operating procedure 
was established for the measurement of 24Na in blood using an HPGe detector system. The sensitivity of 
the measurement for a 20-mL sample is 0.01-0.02 Gy of total neutron dose for hard spectra and below 0.005 
Gy for soft spectra based on a 30- to 60-min counting time. The operating procedures for direct counting 
of hair samples are established using a liquid scintillation detector. Approximately 0.06-0.1 Gy of total 
neutron dose can be measured from a 1-g hair sample using this procedure. Detailed procedures for 
chemical dissolution and ashing of hair samples are also developed. A method is proposed to use blood and 
hair analysis for assessing neutron dose based on a collection of 98 neutron spectra. Ninety-eight blood 
activity-to-dose conversion factors were calculated. The calculated results for an uncollided fission 
spectrum compare favorably with previously published data for fission neutrons. This nuclear accident 
dosimetry system makes it possible to estimate an individual`s neutron dose within a few hours after an 
accident if the accident spectrum can be approximated from one of 98 tabulated neutron spectrum 
descriptions. If the information on accident and spectrum description is not available, the activity ratio of 
32P in hair and 24Na in blood can provide information related to the neutron spectrum for dose assessment. 
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Author: Mihalczo, J. T. / Morrison, G. W. / Irving, D. 

Title: SOURCE, a Neutron Distribution Routine for the O5R Monte Carlo Code 

Date: 7/8/1965 

Report: ORNL-TM-1192 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Broadhead, B. L. 

Title: Criticality Safety Review of 2 1/2 -, 10-, and 14-Ton UF Sub 6 Cylinders 

Date: 10/1/1991 

Report: ORNL-TM-11947 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Currently, UF6 cylinders designed to contain 2{1/2} tons of UF6 are classified as 
Fissile Class 2 packages with a transport index (TI) of 5 for the purpose of transportation. The 10-ton UF6 
cylinders are classified as Fissile Class 1 with no TI assigned for transportation. The 14-ton cylinders, 
although not certified for transport with enrichments greater than 1 wt% because they have no approved 
overpack, can be used in on-site operations for enrichments greater than 1 wt %. The maximum 235U 
enrichments for these cylinders are 5.0 wt% for the 2{1/2}-ton cylinder and 4.5 wt% for the 10- and 14-ton 
cylinders. This work reviews the suitability for reclassification of the 2{1/2}-ton UF6 packages as Fissile 
Class 1 with a maximum 235U enrichment of 5 wt %. Additionally, the 10- and 14-ton cylinders are 
reviewed to address a change in maximum 235U enrichment from 4.5 to 5 wt %. Based on this evaluation, 
the 2{1/2}-ton UF6 cylinders meet the 10 CFR.71 criteria for Fissile Class 1 packages, and no TI is needed 
for criticality safety purposes; however, a TI may be required based on radiation from the packages. 
Similarly, the 10- and 14-ton UF6 packages appear acceptable for a maximum enrichment rating change to 
5 wt% 235U. 
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Author: Webster, J. W. / Johnson, E. B. 

Title: Criticality of a Single Unit of Aqueous Uranyl Fluoride Solution Enriched to 5% in 235U 

Date: 7/23/1965 

Report: ORNL-TM-1195 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As a part of the continuing criticality program with uranium enriched to 5% in 
uranium-235, a comparison between theory and experiment was made with regard to the criticality of a 
volume of aqueous uranyl oxyfluoride solution (hydrogen/uranium-235 = 496) contained in a thin-walled 
stainless steel cylinder. The solution had a height-to-diameter ratio of about 2.5, thus making the end 
leakage reasonably small compared to the radial leakage. Computations indicated that the end leakage from 
the finite system corresponded to only 1.5% reactivity. One-dimensional calculations, with an approximate 
correction for end leakage, are therefore valid. The Carlson SN (DTF) code with the Hansen-Roach 16-
group cross sections was used for the calculation. The computed multiplication factor of 1.002 for the 
critical system lends further confidence to the method and to the cross section set. 
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Author: n. a. 

Title: Safety Analysis Report for Packaging: The Unirradiated Fuel Shipping Container USA/9853/AF 

Date: 10/18/1991 

Report: ORNL-TM-11994 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The HFBR Unirradiated Fuel Shipping Container was designed and fabricated at the 
Oak Ridge National Laboratory in 1978 for the transport of fuel for the High Flux Beam Reactor (HFBR) 
for Brookhaven National Laboratory. The package has been evaluated analytically, as well as the 
comparison to tests on similar packages, to demonstrate compliance with the applicable regulations 
governing packages in which radioactive and fissile materials are transported. The contents of this Safety 
Analysis Report for Packaging (SARP) are based on Regulatory Guide 7.9 (proposed Revision 2 - May 
1986), 10 CFR Part 71, DOE Order 1540.2, DOE Order 5480.3, and 49 CFR Part 173. 



 

C-15394 

15348…..…..…………………..…….……..……ID Number…………………..…..…………….15348 

Author: Feng, Y. / Miller, L. F. / Brown, K. S. / Casson, W. H. / Mei, G. T. / Thein, M. 

Title: Determination of Neutron Dose from Criticality Accidents with Bioassays for Sodium-24 in Blood 
and Phosphorus-32 in Hair 

Date: 6/1/1993 

Report: ORNL-TM-12028 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A comprehensive safety analysis was performed on the Lawrence Livermore National 
Laboratory’s Heavy Element Facility, Building 251. The purpose of the analysis was to evaluate the 
building and its operations in order to inform LLNL and the Department of Energy of the risks they assume 
at Building 251. This was done by examining all of the energy sources and matching them with the physical 
and administrative barriers that control, prevent, or mitigate their hazards. Risk was evaluated for each 
source under both normal and catastrophic circumstances such as fire, flood, high wind, lighting, 
earthquake, and criticality. No significant safety deficiencies were found; it is concluded that the operation 
of the facility presents no unacceptable risk. 
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Author: Johnson, E. B. / Reedy, R. K., Jr. 

Title: Critical Experiments with SPERT-D Fuel Elements 

Date: 7/14/1965 

Report: ORNL-TM-1207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-006; The critical dimensions of lattices of SPERT-D fuel 
elements in several non-reactor environments were determined to establish specifications for use in storage, 
transportation, and chemical processing operations. Each fuel element contained about 300 g of uranium-
235 in 22 aluminum-clad flat plates. In addition to lattices with water moderator and reflector, a dilute 
aqueous solution of uranyl nitrate was used in some experiments to simulate a dissolver. In still other 
experiments, varying amounts of boron were added to the uranyl nitrate solution to determine its effect as 
a soluble neutron absorber in chemical process equipment. It was shown, for example, that a minimum of 
about 3.5 kg of uranium-235 is required in a critical lattice moderated and reflected by water. This mass is 
reduced to 2.8 kg (contained in the elements) when U(92.6) solution having a uranium-235 concentration 
of 3.99 g/liter was substituted for water. It was increased to 13.6 kg when 1.118 g of natural boron was 
added to each liter of the uranyl nitrate solution. 
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Author: Magnuson, D. W. 

Title: Static and Dynamic Transport Calculations for Pulsed-Neutron Experiments with Spheres of Uranyl 
Nitrate Solution 

Date: 4/26/1966 

Report: ORNL-TM-1213 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Author: Primm, R. T., III. / Hopper, C. M. / Smolen, G. R. 

Title: Criticality Safety Studies for the Storage of Waste from Nuclear Fuel Service in Intercell Storage 
Wells 2 and 3 of Building 3019 

Date: 11/1/1992 

Report: ORNL-TM-12152 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides computational evaluation results demonstrating that mixed oxide 
waste can be safely stored in Intercell Storage Wells 2 and 3 of Building 3019 at the Oak Ridge National 
Laboratory. Existing, verified computational techniques are validated with applicable critical experiments 
and tolerance limits for safety analyses are derived. Multiplication factors for normal and credible abnormal 
configurations are calculated and found to be far subcritical when compared to derived safety limits. 
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Author: Preskitt, C. A. 

Title: A Survey of Doppler Coefficients for UO2 Fuel 

Date: 4/27/1965 

Report: ORNL-TM-1219 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Diagrams; Differential 
Equations; Doppler Effect; Fuels; Measured Values; Neutron Flux; Nuclear Reactions; Spectral Shift; 
Uranium Dioxide 
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Author: Mihalczo, J. T. 

Title: Multiplication Factor of Uranium Metal by One-Velocity Monte Carlo Calculations 

Date: 8/19/1965 

Report: ORNL-TM-1220 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is described for predicting the neutron multiplication factors of 
geometrically complicated configurations of unreflected, unmoderated enriched-uranium metal from the 
results of two delayed-critical experiments in simple geometry, one with a nearly minimum surface-to-
volume ratio and the other with a large surface-to-volume ratio and the other with a large surface-to-volume 
ratio. The method requires two constants characteristic of the metal. These are the total collision cross 
section (sigma(t)) and the number of neutrons produced per collision (nusigma(f)/sigma(t)), which are 
obtained from the two experiments by using s(12) transport theory calculations with isotropic scattering. 
These factors, together with the assumption of isotropic scattering, are then used in O5R Monte Carlo 
neutron transport calculations to predict the multiplication factors. The method has been tested by predicting 
the multiplication factors of 21 different delayed-critical configurations to within a standard deviation of 
1.5%. 
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Author: Griffith, W. L. / Compere, A. L. / Huxtable, W. P. / Googin, J. M. 

Title: Reducing Emissions from Uranium Dissolving 

Date: 10/1/1992 

Report: ORNL-TM-12211 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This study was designed to assess the feasibility of decreasing NO[sub x] emissions 
from the current uranium alloy scrap tray dissolving facility. In the current process, uranium scrap is 
dissolved in boiling nitric acid in shallow stainless-steel trays. As scrap dissolves, more metal and more 
nitric acid are added to the tray by operating personnel. Safe geometry is assured by keeping liquid level at 
or below 5 cm, the depth of a safe infinite slab. The accountability batch control system provides additional 
protection against criticality. Both uranium and uranium alloys are dissolved. Nitric acid is recovered from 
the vapors for reuse. Metal nitrates are sent to uranium recovery. Brown NO[sub x] fumes evolved during 
dissolving have occasionally resulted in a visible plume from the trays. The fuming is most noticeable 
during startup and after addition of fresh acid to a tray. Present environmental regulations are expected to 
require control of brown NO[sub x] emissions. A detailed review of the literature, indicated the feasibility 
of slightly altering process chemistry to favor the production of NO2 which can be scrubbed and recycled 
as nitric acid. Methods for controlling the process to manage offgas product distribution and to minimize 
chemical reaction hazards were also considered. 
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Author: Broadhead, B. L. / Childs, R. L. / Westfall, R. M. / Parks, C. V. 

Title: Evaluation of Criticality Alarm Response at the WEMCO Fernald Site 

Date: 11/1/1992 

Report: ORNL-TM-12232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This work quantifies the expected dose rates at a series of criticality alarm locations 
due to several postulated criticality accidents at the Westinghouse Environmental MANAGEMENT 
COMPANY OF OHIO (WEMCO) Fernald site. One- and two-dimensional discrete- ordinates calculations 
were performed for seven different shielding configurations using leakage spectra corresponding to two 
specific postulated critical events. In addition, an estimate of the gaseous fission products released during 
the hypothetical accident was made using ORIGEN-S point-depletion code. 
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Author: Jordan, W. C. / Turner, J. C. 

Title: Estimated Critical Conditions for UO2F2-H2O Systems in Fully Water-Reflected Spherical 
Geometry 

Date: 12/1/1992 

Report: ORNL-TM-12292 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this report is to document reference calculations performed using the 
SCALE-4.0 code system to determine the critical parameters of UO2F2-H2O spheres. The calculations are 
an extension of those documented in ORNL/CSD/TM-284. Specifically, the data for low-enriched UO2F2-
H2O spheres have been extended to highly enriched uranium. These calculations, together with those 
reported in ORNL/CSD/TM-284, provide a consistent set of critical parameters (k(inf), volume, mass, mass 
of water) for UO2F2 and water over the full range of enrichment and moderation ratio. 
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Author: DeHart, M. D. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations: Volume 1-Summary 

Date: 3/1/1995 

Report: ORNL-TM-12294/V.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit is to be 
taken for the reduced reactivity of burned or spent fuel relative to its original fresh composition, it is 
necessary to benchmark computational methods used in determining such reactivity worth against spent 
fuel reactivity measurements. This report summarizes a portion of the ongoing effort to benchmark away-
from-reactor criticality analysis methods using critical configurations from commercial pressurized water 
reactors (PWR). The analysis methodology utilized for all calculations in this report is based on the modules 
and data associated with the SCALE-4 code system. Each of the five volumes comprising this report 
provides an overview of the methodology applied. Subsequent volumes also describe in detail the approach 
taken in performing criticality calculations for these PWR configurations: Volume 2 describes criticality 
calculations for the Tennessee Valley Authority’s Sequoyah Unit 2 reactor for Cycle 3; Volume 3 
documents the analysis of Virginia Power’s Surry Unit 1 reactor for the Cycle 2 core; Volume 4 documents 
the calculations performed based on GPU Nuclear Corporation’s Three Mile Island Unit 1 Cycle 5 core; 
and, lastly, Volume 5 describes the analysis of Virginia Power’s North Anna Unit 1 Cycle 5 core. Each of 
the reactor-specific volumes provides the details of calculations performed to determine the effective 
multiplication factor for each reactor core for one or more critical configurations using the SCALE-4 
system; these results are summarized in this volume. Differences between the core designs and their 
possible impact on the criticality calculations are also discussed. Finally, results are presented for additional 
analyses performed to verify that solutions were sufficiently converged. 
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Author: Bowman, S. M. / Hermann, O. W. / Brady, M. C. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations. Volume 2: Sequoyah Unit 
2 Cycle 3 

Date: 3/1/1995 

Report: ORNL-TM-12294/V.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit for the 
negative reactivity of the depleted (or spent) fuel isotopics is desired, it is necessary to benchmark 
computational methods against spent fuel critical configurations. This report summarizes a portion of the 
ongoing effort to benchmark away-from-reactor criticality analysis methods using critical configurations 
from commercial pressurized-water reactors. The analysis methodology selected for all the calculations 
reported herein is based on the codes and data provided in the SCALE-4 code system. This volume of the 
report documents the SCALE system analysis of three reactor critical configurations for the Sequoyah Unit 
2 Cycle 3. This unit and cycle were chosen because of the relevance in spent fuel benchmark applications: 
(1) the unit had a significantly long downtime of 2.7 years during the middle of cycle (MOC) 3, and (2) the 
core consisted entirely of burned fuel at the MOC restart. The first benchmark critical calculation was the 
MOC restart at hot, full-power (HFP) critical conditions. The other two benchmark critical calculations 
were the beginning-of-cycle (BOC) startup at both hot, zero-power (HZP) and HFP critical conditions. 
These latter calculations were used to check for consistency in the calculated results for different burnups 
and downtimes. The k(eff) results were in the range of 1.00014 to 1.00259 with a standard deviation of less 
than 0.001. 
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Author: Bowman, S. M. / Hermann, O. W. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations. Volume 3: Surry Unit 1 
Cycle 2 

Date: 3/1/1995 

Report: ORNL-TM-12294/V.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS 8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit for the 
negative reactivity of the depleted (or spent) fuel isotopics is desired, it is necessary to benchmark 
computational methods against spent fuel critical configurations. This report summarizes a portion of the 
ongoing effort to benchmark away-from-reactor criticality analysis methods using selected critical 
configurations from commercial pressurized-water reactors. The analysis methodology selected for all the 
calculations in this report is based on the codes and data provided in the SCALE-4 code system. This 
volume of the report documents the SCALE system analysis of two reactor critical configurations for Surry 
Unit 1 Cycle 2. This unit and cycle were chosen for a previous analysis using a different methodology 
because detailed isotopics from multidimensional reactor calculations were available from the Virginia 
Power Company. These data permitted a direct comparison of criticality calculations using the utility-
calculated isotopics, with those using, the isotopics generated by the SCALE-4 SAS2H sequence. These 
reactor critical benchmarks have been reanalyzed using the methodology described above. The two 
benchmark critical calculations were the beginning-of-cycle (BOC) startup at hot, zero-power (HZP) and 
an end-of-cycle (EOC) critical at hot, full-power (HFP) critical conditions. These calculations were used to 
check for consistency in the calculated results for different burnup, downtime, temperature, xenon, and 
boron conditions. The k(eff) results were 1.0014 and 1.0113, respectively, with a standard deviation of 
0.0005. 
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Author: DeHart, M. D. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations. Volume 4: Three Mile 
Island Unit 1 Cycle 5 

Date: 3/1/1995 

Report: ORNL-TM-12294/V.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The requirements of ANSI/ANS-8.1 specify that calculational methods for away-
from-reactor criticality safety analyses be validated against experimental measurements. If credit is to be 
taken for the reduced reactivity of burned or spent fuel relative to its original fresh composition, it is 
necessary to benchmark computational methods used in determining such reactivity worth against spent 
fuel reactivity measurements. This report summarizes a portion of the ongoing effort to benchmark away-
from-reactor criticality analysis methods using relevant and well-documented critical configurations from 
commercial pressurized water reactors. The analysis methodology utilized for all calculations in this report 
is based on the modules and data associated with the SCALE-4 code system. This volume of the report 
documents a reactor critical calculation for GPU Nuclear Corporation’s Three Mile Island Unit 1 (TNU-1) 
during hot, zero-power startup testing for the beginning of cycle 5. This unit and cycle were selected 
because of their relevance in spent fuel benchmark applications: (1) cycle 5 startup occurred after an 
especially long downtime of 6.6 years; and (2) the core consisted primarily (75%) of burned fuel, with all 
fresh fuel loaded on the core outer periphery. A k(eff) value of 0.9978{+-} 0.0004 was obtained using two 
million neutron histories in the KENO V.a model. This result is close to the known critical k(eff) of 1.0 for 
the actual core and is consistent with other mixed-oxide criticality benchmarks. Thus this method is shown 
to be valid for spent fuel applications in burnup credit analyses. 
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Author: Bowman, S. M. / Suto, T. 

Title: SCALE-4 Analysis of Pressurized Water Reactor Critical Configurations: Volume 5, North Anna 
Unit 1 Cycle 5 

Date: 10/1/1996 

Report: ORNL-TM-12294/V.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ANSI/ANS 8.1 requires that calculational methods for away-from- reactor (AFR) 
criticality safety analyses be validated against experiment. This report summarizes part of the ongoing effort 
to benchmark AFR criticality analysis methods using selected critical configurations from commercial 
PWRs. Codes and data in the SCALE-4 code system were used. This volume documents the SCALE system 
analysis of one reactor critical configuration for North Anna Unit 1 Cycle 5. The KENO V.a criticality 
calculations for the North Anna 1 Cycle 5 beginning-of-cycle model yielded a value for k(eff) of 1. 0040{+-
}0.0005. 
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Author: Rhoades, W. A. 

Title: The TORSED Method for Construction of TORT Boundary Sources from External DORT Flux Files 

Date: 8/1/1993 

Report: ORNL-TM-12359 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The TORSED method provides a means of coupling cylindrical two-dimensional 
DORT fluxes or fluences to a three-dimensional TORT calculation in Cartesian geometry through 
construction of external boundary sources for TORT. This can be important for several reasons. The two-
dimensional environment may be too large for TORT simulation. The two-dimensional environment may 
be truly cylindrical in nature, and thus, better treated in that geometry. It may be desired to use a single 
environment calculation to study numerous local perturbations. In Section I the TORSED code is described 
in detail and the diverse demonstration problems that accompany the code distribution are discussed. In 
Section II, an updated discussion of the VISA code is given. VISA is required to preprocess the DORT files 
for use in TORSED. In Section III, the references are listed. 
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Author: Primm, R. T. 

Title: Criticality Safety of Building 3019 Cell 4 and in-Line Storage Wells 

Date: 1/1/1993 

Report: ORNL-TM-12374 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: New fissile material load limits for storage facilities located in Building 3019 are 
derived in a manner consistent with currently applicable Martin Marietta Energy Systems requirements. 
The limits for 233U loading are 2.00, 1.80, 1.45, and 0.19 kg/ft. for hydrogen-to-233U atoms ratios of 3, 5, 
10, and unrestricted, respectively. Limits were also found for 235U and 239Pu systems. The KENO-Va 
Monte Carlo Program and Hansen-Roach cross sections were used to derive these limits. 
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Author: Primm, R. T., III 

Title: Criticality Safety Studies of Building 3019 Cell 4 and in-Line Storage Wells 

Date: 11/1/1993 

Report: ORNL-TM-12374 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: New fissile material load limits for storage facilities located in Building 3019 are 
derived in a manner consistent with currently applicable Martin Marietta Energy Systems requirements. 
The limits for 233U loading are 2.00, 1.80, 1.45, and 0.19 kg/ft. for hydrogen-to-233U atoms ratios of 3, 5, 
10, and unrestricted, respectively. Limits were also found for 235U and 239Pu systems. The KENO-Va 
Monte Carlo Program and Hansen-Roach cross sections were used to derive these limits. 
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Author: Taleyarkhan, R. P. / Kim, S. H. / Slater, C. O. / Moses, D. L. / Simpson, D. B. / Georgevich, V. 

Title: Modeling and Analysis of Core Debris Recriticality During Hypothetical Severe Accidents in the 
Advanced Neutron Source Reactor 

Date: 5/1/1993 

Report: ORNL-TM-12382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper discusses salient aspects of severe-accident-related recriticality modeling 
and analysis in the Advanced Neutron Source (ANS) reactor. The development of an analytical capability 
using the KENO V.A-SCALE system is described including evaluation of suitable nuclear cross-section 
sets to account for the effects of system geometry, mixture temperature, material dispersion and other 
thermal-hydraulic conditions. Benchmarking and validation efforts conducted with KENO V.A-SCALE 
and other neutronic codes against critical experiment data are described. Potential deviations and biases 
resulting from use of the 16-group Hansen-Roach library are shown. A comprehensive test matrix of 
calculations to evaluate the threat of a recriticality event in the ANS is described. Strong dependencies on 
geometry, material constituents, and thermal-hydraulic conditions are described. The introduction of 
designed mitigative features is described. 
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Author: Morrison, G. W. / Mihalczo, J. T. / rving, D. C. I 

Title: SPCTRM - An O5R Monte Carlo Analysis Routine for Calculating the Neutron Energy Spectrum 

Date: 8/26/1965 

Report: ORNL-TM-1245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Neutron Physics; Collisions; Computers; Errors; FORTRAN; Losses; Monte 
Carlo Method; Neutrons; Numericals; Programming; Spectra; Transport 
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Author: Irving, D. C. / Morrison, G. W. / Mihalczo, J. T. 

Title: 35R Monte Carlo Analysis Routines for Calculating Various Mean Times in Reactor Problems 

Date: 2/15/1966 

Report: ORNL-TM-1246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; O5R-Code; Computers; Fission; 
FORTRAN; Lifetime; Monte Carlo Method; Neutron Flux; Production; Programming; Reactors; Transport 
Theory 
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Title: MCNP Analysis of the FOEHN Critical Experiment 

Date: 10/1/1993 

Report: ORNL-TM-12466 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A very high fidelity MCNP model of the Franco-German FOEHN critical experiment 
has been developed. The results obtained show a high degree of agreement with each of the three 
configurations of the experiment. In particular, it is shown that the model reproduces the power density 
production distribution for all but a few of the experimental points internal to the core. Agreement for points 
of the axial ends at the core is less comprehensive. In the configurations that include boron axial core end 
covers, the agreement is similar within the core, but a few additional disagreement points arise at the axial 
ends of the core. The results remain consistent, however, with the statistical interpretation of MCNP tallies. 
The quantities computed also include the thermal flux in the reflector and the core multiplication factor for 
various critical configurations. It is found that the fluxes agree with the experiment within the experimental 
error bounds and two computational standard deviations. Most of the core multiplication results agree 
within three MCNP standard deviations. The overall conclusion of this study is that MCNP is an appropriate 
and valid computational tool for the static neutronic design of plate-fueled, heavy-water-moderated 
reactors, such as FOEHN or the Advanced Neutron Source. 
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Author: Jordan, W. C. / Dyer, H. R. 

Title: Nuclear Criticality Safety Assessment of the Proposed CFC Replacement Coolants 

Date: 12/1/1993 

Report: ORNL-TM-12475 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutron multiplication characteristics of refrigerant-114 (R-114) and proposed 
replacement coolants perfluorobutane (CF10) and cycloperfluorobutane (C4F8) have been compared by 
evaluating the infinite media multiplication factors of UF6/H/coolant systems and by replacement 
calculations considering a 10-MW freezer/sublimer. The results of these comparisons demonstrate that R-
114 is a neutron absorber, due to its chlorine content, and that the alternative fluorocarbon coolants are 
neutron moderators. Estimates of critical spherical geometries considering mixtures of UF6/HF/CF10 
indicate that the flourocarbon-moderated systems are large compared with water-moderated systems. The 
freezer/sublimer calculations indicate that the alternative coolants are more reactive than R-114, but that 
the reactivity remains significantly below the condition of water in the tubes, which was a limiting 
condition. Based on these results, the alternative coolants appear to be acceptable; however, several follow-
up tasks have been recommended, and additional evaluation will be required on an individual equipment 
basis. 
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Author: Hollenbach, D. F. / Hopper, C. M. 

Title: Criticality Safety Study of the MSRE Fuel Drain Tank Cell in Building 7503 

Date: 1/1/1994 

Report: ORNL-TM-12642 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides a criticality safety study of the molten salt reactor fuel currently 
being stored in the Fuel Drain Tank (FDT) Cell of the Molten Salt Reactor Experiment (MSRE) facility 
(Building 7503) located in the Melton Valley area of the Oak Ridge National Laboratory. The FDTs contain 
approximately 36 kg of uranium consisting primarily of 233U, some plutonium, and fission products in a 
solidified fluoride salt mixture. The nominal composition of the fluoride salt mixture in the FDTs is 42.16 
wt% LiF, 35.79 wt% BeF[sub 2], 21.01 wt% ZrF4, 1.02 wt% UF4, and 0.02 wt% PuF[sub 3]. The historic 
criticality safety study does not meet current standards. This work is in support of a new nuclear criticality 
safety analysis and approval update. Questions concerning the degree of subcriticality associated with the 
material in its current state and in its most reactive credible upset condition are addressed. The safety study 
consists of two parts. In the first part, the FDT Cell was modeled using KENO V.a and analyzed using a 
variety of cross-section sets. The base FDT Cell model was then modified to represent the most reactive 
credible upset conditions and analyzed. The second part consists of establishing a benchmark for the FDT 
Cell. Because of the lack of any other relevant benchmark experiments, the original MSRE was also 
modeled in KENO V.a and analyzed. The results of the reactor model were then compared with documented 
MSRE reactor conditions. The analysis shows that even under the most reactive credible upset conditions, 
the MSRE FDT Cell is significantly subcritical. 
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Title: Validation of SCALE System for PWR Spent Fuel Isotopic Composition Analyses 

Date: 3/1/1995 

Report: ORNL-TM-12667 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The validity of the computation of pressurized-water-reactor (PWR) spent fuel 
isotopic composition by the SCALE system depletion analysis was assessed using data presented in the 
report. Radiochemical measurements and SCALE/SAS2H computations of depleted fuel isotopics were 
compared with 19 benchmark-problem samples from Calvert Cliffs Unit 1, H. B. Robinson Unit 2, and 
Obrigheim PWRs. Even though not exhaustive in scope, the validation included comparison of predicted 
and measured concentrations for 14 actinides and 37 fission and activation products. The basic method by 
which the SAS2H control module applies the neutron transport treatment and point-depletion methods of 
SCALE functional modules (XSDRNPM-S, NITAWL-II, BONAMI, and ORIGEN-S) is described in the 
report. Also, the reactor fuel design data, the operating histories, and the isotopic measurements for all cases 
are included in detail. The underlying radiochemical assays were conducted by the Materials 
Characterization. Center at Pacific Northwest Laboratory as part of the Approved Testing Material program 
and by four different laboratories in Europe on samples processed at the Karlsruhe Reprocessing Plant. 



 

C-15418 

15372…..…..…………………..…….……..……ID Number…………………..…..…………….15372 

Author: Ullman, J. W. 

Title: ORNL Facilities Capable of Contributing to Plutonium Fuel Cycle Development 
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Report: ORNL-TM-1268 
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Abstract/Keyterms: Contains several photos and drawings of equipment, facilities, and fuel forms. 
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Title: Cadmium Verification Measurements of HFIR Shroud Assembly 22 

Date: 4/1/1994 

Report: ORNL-TM-12718 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report discusses radiation-based nondestructive examination methods which 
have been used to successfully verify the presence of cadmium in High Flux Isotope Reactor (HFIR) spent-
fuel shroud assembly number 22 (SA22). These measurements show, in part, that SA22 is certified to meet 
the criticality safety specifications for a proposed reconfiguration of the HFIR spent-fuel storage array. 
Measurement of the unique 558.6-keV gamma-ray from neutron radiative capture on cadmium provided 
conclusive evidence for the presence of cadmium in the outer shroud of the assembly. Cadmium verification 
in the center post and outer shroud was performed by measuring the degree of neutron transmission in SA22 
relative to two calibration shroud assemblies. Each measurement was performed at a single location on the 
center post and outer shroud. These measurements do not provide information on the spatial distribution or 
uniformity of cadmium within an assembly. Separate measurements using analog and digital radiography 
were performed to (a) globally map the continuity of cadmium internal mass, and (b) locally determine the 
thickness of cadmium. Radiography results will be reported elsewhere. The measurements reported here 
should not be used to infer the thickness of cadmium in either the center post or outer shroud of an assembly. 
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Title: Investigation of Nuclide Importance to Functional Requirements Related to Transport and Long-
Term Storage of LWR Spent Fuel 

Date: 6/1/1995 

Report: ORNL-TM-12742 

Conference/Journal:  
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Abstract/Keyterms: This study investigates the relative importances of the various actinide, fission-
product, and light-element isotopes associated with LWR spent fuel with respect to five analysis areas: 
criticality safety (absorption fractions), shielding (dose rate fractions), curies (fractional curies levels), 
decay heat (fraction of total watts), and radiological toxicity (fraction of potential committed effective dose 
equivalent). These rankings are presented for up to six different burnup/enrichment scenarios and at decay 
times from 2 to 100,000 years. Ranking plots for each of these analysis areas are given in an Appendix for 
completeness, as well as summary tables in the main body of the report. Summary rankings are presented 
in terms of high (greater than 10% contribution to the total), medium (between 1% and 10% contribution), 
and low (less than 1% contribution) for both short- and long-term cooling. When compared with the 
expected measurement accuracies, these rankings show that most of the important isotopes can be 
characterized sufficiently for the purpose of radionuclide generation/depletion code validation in each of 
the analysis areas. Because the main focus of this work is on the relative importances of isotopes associated 
with L@ spent fuel, some conclusions may not be applicable to similar areas such as high-level waste 
(HLW) and nonfuel-bearing components (NFBC). 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A dose assessment for two separate normalized source terms was conducted for the 
Oak Ridge Y-12 Plant. The first source term consisted of the noble gas and iodine fission products 
emanating from a postulated criticality with a magnitude of 10{sup 19} fissions. The second postulated 
source term was 1 kg of respirable highly enriched uranium. The MELCOR Accident Consequence Code 
System 2 (MACCS2) (beta test) computer code was used for this assessment. Both fixed weather (e.g., 
constant weather assumed throughout the accident) and sampled weather cases were performed using 
MACCS2. The results of the analysis are summarized in terms of the effective dose equivalent as a function 
of distance along the downwind centerline of the plume. In addition, population doses for the workers and 
the public are presented. A brief code comparison between the MACCS2 and MESORAD computer codes 
is also presented. Modeling differences for the cloudshine and groundshine dose pathways are discussed. 
Finally, the dose results are summarized, and recommendations are provided that enable the reader to make 
quick estimates of downwind doses for different source terms that are scalable. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The handling and burial of specified quantities of special nuclear material (SNM) at 
low-level-waste (LLW) facilities require a license from the Nuclear Regulatory Commission (NRC). With 
assistance from Oak Ridge National Laboratory (ORNL) staff, the NRC Office of Nuclear Material Safety 
and Safeguards, Low-Level-Waste and Decommissioning Projects Branch, has developed technical 
specifications for the nuclear criticality safety of 235U and 239Pu in LLW facilities. The objective of the 
development of these technical specifications was to establish a set of review criteria that are rigorously 
defensible that can be applied uniformly to all license applications, and that conservatively ensures that 
buried SNM will not pose a criticality safety concern. 
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Abstract/Keyterms: The ANS/ANS-8.1 standard requires that calculational methods used in determining 
criticality safety limits for applications outside reactors be validated by comparison with appropriate critical 
experiments. This report provides a detailed description of 34 fresh fuel critical experiments and their 
analyses using the SCALE-4.2 code system and the 27-group ENDF/B-IV cross-section library. The 34 
critical experiments were selected based on geometry, material, and neutron interaction characteristics that 
are applicable to a transportation cask loaded with pressurized-water-reactor spent fuel. These 34 
experiments are a representative subset of a much larger data base of low-enriched uranium and mixed-
oxide critical experiments. A statistical approach is described and used to obtain an estimate of the bias and 
uncertainty in the calculational methods and to predict a confidence limit for a calculated neutron 
multiplication factor. The SCALE-4.2 results for a superset of approximately 100 criticals are included in 
uncertainty analyses, but descriptions of the individual criticals are not included. 
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Abstract/Keyterms: Calculations of several important neutronic parameters have been performed for ten 
different three-element configurations considered for the Advanced Neutron Source (ANS) Reactor. Six of 
these configurations (labeled ST, SB, MT, MB, LT, and LB) are there result of the permutations of the 
same three elements. Two configurations (ST- MOD and SB-MOD) have the same element configuration 
as their base core design (ST and SB) but have slightly different element dimensions, and two 
configurations (ST-OL1 and ST-OL2) have two overlapping elements to increase the neutron fluxes in the 
reflector. For each configuration, in addition to the conceptual two-element design, fuel-cycle calculations 
were performed with calculations required to obtain unperturbed fluxes. The element power densities, peak 
thermal neutron flux as a function of position throughout the cycle, fast flux, fast-to-thermal flux ratios, 
irradiation and production region fluxes, and control rod worth curves were determined. The effective 
multiplication factor for each fuel element criticality. A comparison shows that the ST core configurations 
have the best overall performance, and the fully overlapping core configuration ST-OL2 has the best 
performance by a large margin. Therefore, on the basis of the neutronics results, the fully overlapping 
configuration is recommended for further consideration in using a three-element ANS reactor core. Other 
considerations such as thermal-hydraulics, safety, and engineering that are not directly related to the core 
neutronic performance must be weighed before a final design is chosen. 
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Abstract/Keyterms: Spent fuel transportation and storage cask designs based on a burnup credit approach 
must consider issues that are not relevant in casks designed under a fresh-fuel loading assumption. For 
example, the spent fuel composition must be adequately characterized and the criticality analysis model 
can be complicated by the need to consider axial burnup variations. Parametric analyses are needed to 
characterize the importance of fuel assembly and fuel cycle parameters on spent fuel composition and 
reactivity. Numerical models must be evaluated to determine the sensitivity of criticality safety calculations 
to modeling assumptions. The purpose of this report is to describe analyses and evaluations performed in 
order to demonstrate the effect physical parameters and modeling assumptions have on the criticality 
analysis of spent fuel. The analyses in this report include determination and ranking of the most important 
actinides and fission products; study of the effect of various depletion scenarios on subsequent criticality 
calculations; establishment of trends in neutron multiplication as a function of fuel enrichment, burnup, 
cooling time- and a parametric and modeling evaluation of three-dimensional effects (e.g., axially varying 
burnup and temperature/density effects) in a conceptual cask design. The sensitivity and parametric 
evaluations were performed with the consideration of two different burnup credit approaches: (1) only 
actinides in the fuel are considered in the criticality analysis, and (2) both actinides and fission products are 
considered. Calculations described in this report were performed using the criticality and depletion 
sequences available in the SCALE code system and the SCALE 27-group burnup library. Although the 
results described herein do not constitute a validation of SCALE for use in spent fuel analysis, independent 
validation efforts have been completed and are described in other reports. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Diffusion; Digital Systems; 
Equations; FORTRAN; Fuels; IBM 7090; Neutrons; Nuclei; Programming; Reactors 
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Abstract/Keyterms: This report briefly presents the advantages and disadvantages of two timed sources 
of neutrons that can be used with the source-driven noise analysis method: (1) 252Cf in an ionization 
chamber and (2) an associated-particle sealed tube neutron generator (APSTNG). These sources can be 
used with frequency and time analysis methods for nuclear weapons identification, quality assurance in 
production, special nuclear materials assay, criticality safety, and provision of measured data for 
verification of neutron and gamma ray transport calculational methods. The advantages of 252Cf for a 
nuclear materials identification system are that it is simple, reliable, and small and that all source events are 
detected. The disadvantages are that it cannot be turned off, leads to small radiation doses in handling, and 
produces more than one neutron per fission event. The advantages of APSTNG are that it is directional, can 
be turned off, and has one particle per deuterium-tritium reaction. The disadvantages are that it is large and 
complicated compared to 252Cf. 
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Abstract/Keyterms: As part of the decommissioning process for the Molten Salt Reactor Experiment 
(MSRE) at Oak Ridge National Laboratory, several thermal-sciences issues were addressed. Apparently a 
mixture of UF6 and F{sub 2} had diffused into the upper portion of one charcoal column in the MSRE 
auxiliary charcoal bed (ACB), leading to radiative decay heating and possible chemical reaction sources. A 
proposed interim corrective action was planned to remove the water from the ACB cell to reduce criticality 
and reactivity concerns and then fill the ACB cell with an inert material. This report describes design of a 
thermocouple probe to obtain temperature measurements for mapping the uranium deposit, as well as 
development of steady-state and transient numerical models for the heat transfer inside the charcoal column. 
Additional numerical modeling was done to support filling of the ACB cell. Results from this work were 
used to develop procedures for meeting the goals of the MSRE Remediation Project without exceeding 
appropriate thermal limits. 
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Abstract/Keyterms: A Depleted Uranium Silicate COntainer Backfill System (DUSCOBS) is proposed 
that would use small, isotopically-depleted uranium silicate glass beads as a backfill material inside storage, 
transport, and repository waste packages containing spent nuclear fuel (SNF). The uranium silicate glass 
beads would fill all void space inside the package including the coolant channels inside SNF assemblies. 
Based on preliminary analysis, the following benefits have been identified. DUSCOBS improves repository 
waste package performance by three mechanisms. First, it reduces the radionuclide releases from SNF when 
water enters the waste package by creating a local uranium silicate saturated groundwater environment that 
suppresses (1) the dissolution and/or transformation of uranium dioxide fuel pellets and, hence, (2) the 
release of radionuclides incorporated into the SNF pellets. Second, the potential for long-term nuclear 
criticality is reduced by isotopic exchange of enriched uranium in SNF with the depleted uranium (DU) in 
the glass. Third, the backfill reduces radiation interactions between SNF and the local environment 
(package and local geology) and thus reduces generation of hydrogen, acids, and other chemicals that 
degrade the waste package system. In addition, the DUSCOBS improves the integrity of the package by 
acting as a packing material and ensures criticality control for the package during SNF storage and transport. 
Finally, DUSCOBS provides a potential method to dispose of significant quantities of excess DU from 
uranium enrichment plants at potential economic savings. DUSCOBS is a new concept. Consequently, the 
concept has not been optimized or demonstrated in laboratory experiments. 
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Abstract/Keyterms: The Molten Salt Reactor Experiment (MSRE) at Oak Ridge National Laboratory has 
been shut down since 1969, when the fuel salt was drained from the core into two Hastelloy N drain tanks 
at the reactor site. Over time, fluorine (F2) and uranium hexafluoride (UF6) moved from the salt through 
the gas piping to a charcoal bed, where they reacted with the activated charcoal. Some of the immediate 
concerns related to the migration of F2 and UF6 to the charcoal bed were the possibility of explosive 
reactions between the charcoal and F2, the existence of conditions that could induce a criticality accident, 
and the removal and recovery of the fissile uranium from the charcoal. This report addresses the reactions 
and reactivity of species produced by the reaction of fluorine and activated charcoal and between charcoal 
and F2-UF6 gas mixtures in order to support remediation of the MSRE auxiliary charcoal bed (ACB) and 
the recovery of the fissile uranium. The chemical identity, stoichiometry, thermochemistry, and potential 
for explosive decomposition of the primary reaction product, fluorinated charcoal, was determined. 
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Abstract/Keyterms: The: SAMDIST computer code has been developed to calculate distribution of 
resonance parameters of the Reich-Moore R-matrix type. The program assumes the parameters are in the 
format compatible with that of the multilevel R-matrix code SAMMY. SAMDIST calculates the energy-
level spacing distribution, the resonance width distribution, and the long-range correlation of the energy 
levels. Results of these calculations are presented in both graphic and tabular forms. 
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Abstract/Keyterms: From September 1989 through January of 1990, there was a major effort to sample 
and analyze the Active Liquid-Low Level Waste (LLLW) tanks at ORNL which include the Melton Valley 
Storage Tanks (MVST) and the Bethel Valley Evaporator Service Tanks (BVEST). The purpose of this 
report is to summarize additional analytical data collected from some of the active waste tanks from 
November 1993 through February 1996. The analytical data for this report was collected for several 
unrelated projects which had different data requirements. The overall analyte list was similar for these 
projects and the level of quality assurance was the same for all work reported. the new data includes isotopic 
ratios for uranium and plutonium and an evaluation of the denature ratios to address criticality concerns. 
Also, radionuclides not previously measured in these waste tanks, including 99Tc and 237Np, are provided 
in this report. 
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Abstract/Keyterms: In this report we investigate the adequacy of the available233U cross-section data for 
calculation of experimental critical systems. The233U evaluations provided in two evaluated nuclear data 
libraries, the U.S. Data Bank [ENDF/B (Evaluated Nuclear Data Files)] and the Japanese Data Bank 
[JENDL (Japanese Evaluated Nuclear Data Library)] are examined. Calculations were performed for six 
thermal and ten fast experimental critical systems using the S{sub n} transport XSDRNPM code. To verify 
the performance of the233U cross-section data for nuclear criticality safety application in which the neutron 
energy spectrum is predominantly in the epithermal energy range, calculations of four numerical benchmark 
systems with energy spectra in the intermediate energy range were done. These calculations serve only as 
an indication of the difference in calculated results that may be expected when the two233U cross-section 
evaluations are used for problems with neutron spectra in the intermediate energy range. Additionally, 
comparisons of experimental and calculated central fission rate ratios were also made. The study has 
suggested that an ad hoc233U evaluation based on the JENDL library provides better overall results for 
both fast and thermal experimental critical systems. 
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Abstract/Keyterms: Isotopic characterization of spent fuel via depletion and decay calculations is 
necessary for determination of source terms. Unlike fresh fuel assumptions typically used in criticality 
safety analysis of spent fuel configurations, burnup credit applications also rely on depletion and decay 
calculations to predict spent fuel composition; these isotopics are used in subsequent criticality calculations 
to assess the reduced worth of spent fuel. To validate the depletion codes and data, experiment is compared 
with predictions; such comparisons have been done in earlier ORNL work. This report describes additional 
independent measurements and corresponding calculations as a supplement. The current work includes 
measured isotopic data from 19 spent fuel samples from the Italian Trino Vercelles PWR and the US Turkey 
Point-3 PWR. In addition, an approach to determine biases and uncertainties between calculated and 
measured isotopic concentrations is discussed, together with a method to statistically combine these terms 
to obtain a conservative estimate of spent fuel isotopic concentrations. Results on combination of measured-
to-calculated ratios are presented. The results described herein represent an extension to a new reactor 
design and spent fuel samples with enrichment as high as 3.9 wt% 235U. Consistency with the earlier work 
for each of two different cross-section libraries suggests that the estimated biases for each of the isotopes 
in the earlier work are reasonably good estimates. 
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Abstract/Keyterms: Nuclear Facilities. The slide rule permits the estimation of neutron and gamma dose 
rates and integrated doses based upon estimated fission yields, distance from the fission source, and time-
after criticality accidents for five different critical systems. Another sliding graph permits the estimation of 
critical solution fission yields based upon fissile material concentration, critical vessel geometry, and 
solution addition rate. Another graph provides neutron and gamma dose-reduction factors for water, steel, 
and concrete. Graphs from historic documents are provided as references for estimating critical parameters 
of various fissile material systems. Conversion factors for various English and metric units are provided for 
quick reference. 
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Abstract/Keyterms: The Monte Carlo code MCNP-DSP was developed from the Los Alamos MCNP4a 
code to calculate the time and frequency response statistics obtained from subcritical measurements. The 
code can be used to simulate a variety of subcritical measurements including source-driven noise analysis, 
Rossi-{alpha}, pulsed source, passive frequency analysis, multiplicity, and Feynman variance 
measurements. This code can be used to validate Monte Carlo methods and cross section data sets with 
subcritical measurements and replaces the use of point kinetics models for interpreting subcritical 
measurements. 
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Abstract/Keyterms: The central reactivity void worth was measured in the Oak Ridge unmoderated and 
unreflected uranium (93.20 wt% 235U) metal sphere by replacement measurements in a small (0.460-cm-
diam) central spherical region in an 8.7427-cm-radius sphere. The central void worth was 9.165{+-} 0.023 
cents using the delayed neutron relative abundances and decay constants of Keepin, Wimett, and Zeigler to 
obtain the reactivity in cents from the stable reactor period measurements using the Inhour equation. This 
value is slightly larger than measurements with Godiva 1 with larger cylindrical samples of uranium (93.70 
wt% 235U) in the center: 135.50{+-} 0.12 cents/mole for Godiva 1 and 138.05{+-} 0.34 cents/mole for the 
Oak Ridge sphere measurements, and the difference could be due to sample size effect. The central worth 
in{Delta}k units was calculated by neutron transport theory methods to be 6.02{+-} 0.01 x 
10{sup{minus}4}{Delta}k. The measured and calculated values are related by the effective delayed 
neutron fraction. The value of the effective delayed neutron fraction obtained in this way from the Oak 
Ridge sphere is 0.00657{+-} 0.00002, which is in excellent agreement with that obtained from Godiva 1 
measurements, where the effective delayed neutron fraction was determined as the increment between 
delayed and prompt criticality and was 0.0066. From these Oak Ridge measurements, using the delayed 
neutron parameters of ENDF-B/VI to obtain the reactivity from the stable reactor period measurements, the 
central void worth is 7.984{+-} 0.021 cents, and the inferred effective delayed neutron fraction is 0.00754. 
This central void worth and effective delayed neutron fractions are 14.2% higher than those obtained from 
use of the Keepin et al. delayed neutron data and produce a value of delayed neutron fraction in 
disagreement with Godiva 1 measurements, thus questioning the usefulness of the relative abundances and 
decay constants of the six-group delayed neutron parameters of ENDF-B/VI for uranium for obtaining the 
reactivity from the measured reactor period using the Inhour equation. 
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Abstract/Keyterms: The rate of plutonium disposition will be a key parameter in determining the degree 
of success of the Fissile Materials Disposition Program. Estimates of the disposition rate are dependent on 
neutronics calculations. To ensure that these calculations are accurate, the codes and data should be 
validated against applicable experimental measurements. Further, before mixed-oxide (MOX) fuel can be 
fabricated and loaded into a reactor, the fuel vendors, fabricators, fuel transporters, reactor owners and 
operators, regulatory authorities, and the Department of Energy (DOE) must accept the validity of design 
calculations. This report presents sources of neutronics measurements that have potential application for 
validating reactor physics (predicting the power distribution in the reactor core), predicting the spent fuel 
isotopic content, predicting the decay heat generation rate, certifying criticality safety of fuel cycle facilities, 
and ensuring adequate radiation protection at the fuel cycle facilities and the reactor. The U.S. in-reactor 
experience with MOX fuel is first presented, followed by information related to other aspects of the MOX 
fuel performance information that is valuable to this program, but the data base remains largely proprietary. 
Thus, this information is not reported here. It is expected that the selected consortium will make the 
necessary arrangements to procure or have access to the requisite information. 
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15400…..…..…………………..…….……..……ID Number…………………..…..…………….15400 

Author: Primm, R. T., III. / Ryman, J. C. / Ludwig, S. B. 

Title: Storage of Assemblies Containing Mixed-Oxide Fuel 

Date: 4/1/1997 

Report: ORNL-TM-13424 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Both fresh and spent mixed-oxide (MOX) assemblies exhibit physical characteristics 
that will necessitate additional measurements and analyses beyond those that are done for low-enriched 
uranium (LEU) assemblies. While none of these analyses or measurements requires technological 
development, estimates for disposition costs and schedules must account for these factors. This report 
identifies those nuclear engineering analyses that will be required to demonstrate acceptability of MOX 
fuel assembly storage. 
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15401…..…..…………………..…….……..……ID Number…………………..…..…………….15401 

Author: Derrien, H. / Larson, N. M. / Leal, L. C. 

Title: Covariance Matrices for Use in Criticality Safety Predictability Studies 

Date: 9/1/1997 

Report: ORNL-TM-13492 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality predictability applications require as input the best available information 
on fissile and other nuclides. In recent years’ important work has been performed in the analysis of neutron 
transmission and cross-section data for fissile nuclei in the resonance region by using the computer code 
SAMMY. The code uses Bayes method (a form of generalized least squares) for sequential analyses of 
several sets of experimental data. Values for Reich-Moore resonance parameters, their covariances, and the 
derivatives with respect to the adjusted parameters (data sensitivities) are obtained. In general, the 
parameter file contains several thousand values and the dimension of the covariance matrices is 
correspondingly large. These matrices are not reported in the current evaluated data files due to their large 
dimensions and to the inadequacy of the file formats. The present work has two goals: the first is to calculate 
the covariances of group-averaged cross sections from the covariance files generated by SAMMY, because 
these can be more readily utilized in criticality predictability calculations. The second goal is to propose a 
more practical interface between SAMMY and the evaluated files. Examples are given for 235U in the 
popular 199- and 238-group structures, using the latest ORNL evaluation of the 235U resonance 
parameters. 
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15402…..…..…………………..…….……..……ID Number…………………..…..…………….15402 

Author: Larson, N. M. / Leal, L. C. / Derrien, H. 

Title: Integral Data Analysis for Resonance Parameters Determination 

Date: 9/1/1997 

Report: ORNL-TM-13495 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron time-of-flight experiments have long been used to determine resonance 
parameters. Those resonance parameters have then been used in calculations of integral quantities such as 
Maxwellian averages or resonance integrals, and results of those calculations in turn have been used as a 
criterion for acceptability of the resonance analysis. However, the calculations were inadequate because 
covariances on the parameter values were not included in the calculations. An effort to correct for that 
deficiency is documented: The R-matrix analysis code SAMMY has been modified to include integral 
quantities of importance, directly within the resonance parameter analysis, to determine the best fit to both 
differential (microscopic) and integral (macroscopic) data simultaneously. This modification was 
implemented because it is expected to have an impact on the intermediate energy range that is important 
for criticality safety applications. 
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15403…..…..…………………..…….……..……ID Number…………………..…..…………….15403 

Author: Leal, L. C. / Derrien, H. / Larson, N. M. / Wright, R. Q. 

Title: R-Matrix Analysis of 235U Neutron Transmission and Cross Sections in the Energy Range 0 to 2.25 
keV 

Date: 11/1/1997 

Report: ORNL-TM-13516 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes a new R-matrix analysis of 235U cross section data in the 
energy range from 0 to 2, 250 eV. The analysis was performed with the computer code SAMMY that has 
recently been updated to permit, for the first time, inclusion of both differential and integral data within the 
analysis process. Fourteen differential data sets and six integral quantities were used in this evaluation: two 
measurements of fission plus capture, one of fission plus absorption, six of fission alone, two of 
transmission, and one of eta, plus standard values of thermal cross sections for fission, capture, and 
scattering, and of K1 and the Westcott g-factors for both fission and absorption. An excellent representation 
was obtained for the high-resolution transmission, fission, and capture cross-section data as well as for the 
integral quantities. The result is a single set of resonance parameters spanning the entire range up to 2, 250 
eV, a decided improvement over the present ENDF/VI evaluation, in which eleven discrete resonance 
parameter sets are required to cover that same energy range. This new evaluation is expected to greatly 
improve predictability of the criticality safety margins for nuclear systems in which 252Cf is present. 
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15404…..…..…………………..…….……..……ID Number…………………..…..…………….15404 

Author: Elam, K. R. / Forsberg, C. W. / Hopper, C. M. / Wright, R. Q. 

Title: Isotopic Dilution Requirements for 233U Criticality Safety in Processing and Disposal Facilities 

Date: 11/1/1991 

Report: ORNL-TM-13524 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The disposal of excess 233U as waste is being considered. Because 233U is a fissile 
material, one of the key requirements for processing 233U to a final waste form and disposing of it is to 
avoid nuclear criticality. For many processing and disposal options, isotopic dilution is the most feasible 
and preferred option to avoid nuclear criticality. Isotopic dilution is dilution of fissile 233U with 
nonfissile238U. The use of isotopic dilution removes any need to control nuclear criticality in process or 
disposal facilities through geometry or chemical composition. Isotopic dilution allows the use of existing 
waste management facilities that are not designed for significant quantities of fissile materials, to be used 
for processing and disposing of 233U. The amount of isotopic dilution required to reduce criticality 
concerns to reasonable levels was determined in this study to be{approximately} 0.66 wt% 233U. The 
numerical calculations used to define this limit consisted of a homogeneous system of silicon dioxide 
(SiO2), water (H2O), 233U, and depleted uranium (DU) in which the ratio of each component was varied 
to determine the conditions of maximum nuclear reactivity. About 188 parts of DU (0.2 wt% 235U) are 
required to dilute 1 part of 233U to this limit in a water-moderated system with no SiO2 present. Thus, for 
the US inventory of 233U, several hundred metric tons of DU would be required for isotopic dilution. 
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15405…..…..…………………..…….……..……ID Number…………………..…..…………….15405 

Author: Bereolos, P. J. / Lewis, L. C. / Forsberg, C. W. / Storch, S. N. / Krichinsky, A. M. 

Title: Strategy for the Future Use and Disposition of Uranium-233: History, Inventories, Storage Facilities, 
and Potential Future Uses 

Date: 6/1/1998 

Report: ORNL-TM-13551 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides background information on the man-made radioisotope 
233U. It is one of a series of four reports that map out potential national strategies for the future use and 
disposition of 233U pending action under the National Environmental Policy Act (NEPA). The scope of 
this report is separated 233U, where separated refers to nonwaste 233U or 233U that has been separated 
from fission products. Information on other 233U, such as that in spent nuclear fuel (SNF), is included only 
to recognize that it may be separated at a later date and then fall under the scope of this report. The 
background information in this document includes the historical production and current inventory of 233U, 
the uses of 233U, and a discussion of the available facilities for storing 233U. The considerations for what 
fraction of the current inventory should be preserved for future use depend on several issues. First, 233U 
always contains a small amount of the contaminant... in a variety of packages. For some applications, the 
material will have to undergo processing which may be complicated (or facilitated) by the variety of 
packaging forms. 
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15406…..…..…………………..…….……..……ID Number…………………..…..…………….15406 

Author: Bereolos, P. J. / Forsberg, C. W. / Kocher, D. C. / Krichinsky, A. M. 

Title: Strategy for the Future Use and Disposition of Uranium-233: Technical Information 

Date: 4/1/1998 

Report: ORNL-TM-13552; MDGA502 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides a summary of technical information on the synthetic 
radioisotope 233U. It is one of a series of four reports that map out a national strategy for the future use and 
disposition of 233U. The technical information on 233U in this document falls into two main areas. First, 
material characteristics are presented along with the contrasts of 233U to the more well-known strategic 
fissile materials, 235U and plutonium (Pu). Second, information derived from the scientific information, 
such as safeguards, waste classifications, material form, and packaging, is presented. Throughout, the 
effects of isotopically diluting 233U with nonfissile, depleted uranium (DU) are examined. 
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15407…..…..…………………..…….……..……ID Number…………………..…..…………….15407 

Author: Forsberg, C. W. / Storch, S. N. / Lewis, L. C. 

Title: Uranium-233 Waste Definition: Disposal Options, Safeguards, Criticality Control, and Arms Control 

Date: 7/7/1998 

Report: ORNL-TM-13591 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The US investigated the use of 233U for weapons, reactors, and other purposes from 
the 1950s into the 1970s. Based on the results of these investigations, it was decided not to use 233U on a 
large scale. Most of the 233U-containing materials were placed in long-term storage. At the end of the cold 
war, the US initiated, as part of its arms control policies, a disposition program for excess fissile materials. 
Other programs were accelerated for disposal of radioactive wastes placed in storage during the cold war. 
Last, potential safety issues were identified related to the storage of some 233U-containing materials. 
Because of these changes, significant activities associated with 233U-containing materials are expected. 
This report is one of a series of reports to provide the technical bases for future decisions on how to manage 
this material. A basis for defining when 233U-containing materials can be managed as waste and when they 
must be managed as concentrated fissile materials has been developed. The requirements for storage, 
transport, and disposal of radioactive wastes are significantly different than those for fissile materials. 
Because of these differences, it is important to classify material in its appropriate category. The 
establishment of a definition of what is waste and what is fissile material will provide the guidance for 
appropriate management of these materials. Wastes are defined in this report as materials containing 
sufficiently small masses or low concentrations of fissile materials such that they can be managed as typical 
radioactive waste. Concentrated fissile materials are defined herein as materials containing sufficient fissile 
content such as to warrant special handling to address nuclear criticality, safeguards, and arms control 
concerns. 
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15408…..…..…………………..…….……..……ID Number…………………..…..…………….15408 

Author: Lombardi, D. A. / Brock, W. R. 

Title: Use of HGSYSTEM/UF6 and MACCS2 for the Building 9204-2E Safety Analysis Report 
Consequence Analysis: General Overview and Comparison of Models 

Date: 1/1/1998 

Report: ORNL-TM-13598 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Building 9204-2E / Assembly, Disassembly, and Storage of Weapons Components 
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15409…..…..…………………..…….……..……ID Number…………………..…..…………….15409 

Author: Primm III, R, T. 

Title: Neutronics Benchmarks for the Utilization of Mixed-Oxide Fuel: Joint U.S./Russian Progress Report 
for Fiscal Year 1997 Volume 2-Calculations Performed in the United States 

Date: 5/29/2002 

Report: ORNL-TM-13603/V2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This volume of the progress report provides documentation of reactor physics and 
criticality safety studies conducted in the US during fiscal year 1997 and sponsored by the Fissile Materials 
Disposition Program of the US Department of Energy. Descriptions of computational and experimental 
benchmarks for the verification and validation of computer programs for neutron physics analyses are 
included. All benchmarks include either plutonium, uranium, or mixed uranium and plutonium fuels. 
Calculated physics parameters are reported for all of the computational benchmarks and for those 
experimental benchmarks that the US and Russia mutually agreed in November 1996 were applicable to 
mixed-oxide fuel cycles for light-water reactors. 
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15410…..…..…………………..…….……..……ID Number…………………..…..…………….15410 

Author: Parks, C. V. / Hopper, C. M. / Lichtenwalter, J. L. 

Title: Assessment and Recommendations for Fissile-Material Packaging Exemptions and General Licenses 
within 10 CFR Part 71 

Date: 7/1/1998 

Report: ORNL-TM-13607 ; NUREG/CR-5342/ 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides a technical and regulatory assessment of the fissile material 
general licenses and fissile material exemptions within Title 10 of the Code of Federal Regulations Part 71. 
The assessment included literature studies and calculational analyses to evaluate the technical criteria; 
review of current industry practice and concerns; and a detailed evaluation of the regulatory text for clarity, 
consistency and relevance. Recommendations for potential consideration by the Nuclear Regulatory 
Commission staff are provided. The recommendations call for a simplification and consolidation of the 
general licenses and a change in the technical criteria for the first fissile material exemptions. 
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15411…..…..…………………..…….……..……ID Number…………………..…..…………….15411 

Author: Gallmeier, F. X. / Tang, J. S. / Primm, R. T., III 

Title: MCNP-Model for the OAEP Thai Research Reactor 

Date: 6/1/1998 

Report: ORNL-TM-13656 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An MCNP input was prepared for the Thai Research Reactor, making extensive use 
of the MCNP geometry`s lattice feature that allows a flexible and easy rearrangement of the core 
components and the adjustment of the control elements. The geometry was checked for overdefined or 
undefined zones by two-dimensional plots of cuts through the core configuration with the MCNP geometry 
plotting capabilities, and by a three-dimensional view of the core configuration with the SABRINA code. 
Cross sections were defined for a hypothetical core of 67 standard fuel elements and 38 low-enriched 
uranium fuel elements--all filled with fresh fuel. Three test calculations were performed with the MCNP4B-
code to obtain the multiplication factor for the cases with control elements fully inserted, fully withdrawn, 
and at a working position. 
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15412…..…..…………………..…….……..……ID Number…………………..…..…………….15412 

Author: Wright, R. Q. / MacFarlane, R. E. 

Title: Review of ENDF/B-VI Fission-Product Cross Sections [Evaluated Nuclear Data File] 

Date: 4/1/2000 

Report: ORNL-TM-13723 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities Safety Board (DNFSB) Recommendation 93-2, the US Department 
of Energy (DOE) developed a comprehensive program to help assure that the DOE maintain and enhance 
its capability to predict the criticality of systems throughout the complex. Tasks developed to implement 
the response to DNFSB recommendation 93-2 included Critical Experiments, Criticality Benchmarks, 
Training, analytical Methods, and Nuclear Data. The Nuclear Data Task consists of a program of 
differential measurements at the Oak Ridge Electron Linear Accelerator (ORELA), precise fitting of the 
differential data with the generalized least-squares fitting code SAMMY to represent the data with 
resonance parameters using the Reich-Moore formalism along with covariance (uncertainty) information, 
and the development of complete evaluations for selected nuclides for inclusion in the Evaluated Nuclear 
Data File (ENDFB). 
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15413…..…..…………………..…….……..……ID Number…………………..…..…………….15413 

Author: Dunn, M. E. / Fox, P. B. 

Title: Criticality Safety Scoping Study for the Transport of Weapons-Grade Mixed-Oxide Fuel Using the 
MO-1 Shipping Package 

Date: 5/1/1999 

Report: ORNL-TM-13741 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides the criticality safety information needed for obtaining 
certification of the shipment of mixed-oxide (MOX) fuel using the MO-1[USA/9069/B()F] shipping 
package. Specifically, this report addresses the shipment of non-weapons-grade MOX fuel as certified 
under Certificate of Compliance 9069, Revision 10. The report further addresses the shipment of weapons-
grade MOX fuel using a possible Westinghouse fuel design. Criticality safety analysis information is 
provided to demonstrate that the requirements of 10 CFR S 71.55 and 71.59 are satisfied for the MO-1 
package. Using NUREG/CR-5661 as a guide, a transport index (TI) for criticality control is determined for 
the shipment of non-weapons-grade MOX fuel as specified in Certificate of Compliance 9069, Revision 
10. A TI for criticality control is also determined for the shipment of weapons-grade MOX fuel. Since the 
possible weapons-grade fuel design is preliminary in nature, this report is considered to be a scoping 
evaluation and is not intended as a substitute for the final criticality safety analysis of the MO-1 shipping 
package. However, the criticality safety evaluation information that is presented in this report does 
demonstrate the feasibility of obtaining certification for the transport of weapons-grade MOX lead test fuel 
using the MO-1 shipping package. 
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15414…..…..…………………..…….……..……ID Number…………………..…..…………….15414 

Author: Elam, K. R. / Hopper, C. M. / Parks, C. V. / Harris, T. E. 

Title: Emplacement Considerations for Criticality Safety in Low-Level-Waste Disposal 

Date: 6/23/2001 

Report: ORNL-TM-13765 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The disposal of low-level radioactive waste (LLW) containing special nuclear 
material (SNM) presents some unusual challenges for LLW disposal site operators and regulators. 
Radiological concerns associated with the radioactive decay of the SNM are combined with concerns 
associated with the avoidance of a nuclear criticality both during handling and after disposal of the waste. 
Currently, there are three operating LLW disposal facilities: Envirocare, Barnwell, and Richland. All these 
facilities are located in U.S. Nuclear Regulatory Commission (NRC) Agreement States and are regulated 
by their respective state: Utah, South Carolina, and Washington. As such, the amount of SNM that can be 
possessed by each of these facilities is limited to the 10 CFR Part 150 limits (i.e., 350 g of uranium-235, 
200 g of uranium-233, and 200 g of Pu, with the sum-of-fractions rule applying), unless an exemption is 
issued. NRC has applied these SNM possession limits to above-ground possession. The purpose of this 
report is to provide higher areal densities of SNM but do not use vaults or segmentation in the disposal 
emplacement. The third graded-approach method relies on limiting the average concentration by weight of 
SNM in the waste, and on the presence of segmenting barriers, such as vaults, which will mitigate 
interaction between units of SNM. This method may apply to facilities that use concrete vaults in their 
disposal areas, and allows even higher areal density of SNM in the disposal site. 
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15415…..…..…………………..…….……..……ID Number…………………..…..…………….15415 

Author: Webster, J. W. 

Title: Point-Set Representation of 238U Cross Sections; Values and a Fortran Program for Computation 

Date: 6/13/1966 

Report: ORNL-TM-1448 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Properties and Reactions 
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15416…..…..…………………..…….……..……ID Number…………………..…..…………….15416 

Author: Raffetry, S. J. / Thomas, J. T. 

Title: Experimental Determination of Safe Handling Procedures for High Flux Isotope Reactor Fuel 
Elements Outside the Reactor 

Date: 7/1/1966 

Report: ORNL-TM-1488 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Boron; Cadmium; Concretes; 
Configuration; Criticality; Errors; Fuel Elements; HFIR; Lead; Measured Values; Reactivity; Reflectors; 
Remote Handling; Research Reactors; Sheets; Shutdown; Stainless Steels; Storage; Testing; Transport; 
Vessels; Water 
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15417…..…..…………………..…….……..……ID Number…………………..…..…………….15417 

Author: Johnson, E. B. / Reedy, R. K. 

Title: Criticality of Lattices of Heat Transfer Reactor Experiment Fuel Elements 

Date: 7/20/1966 

Report: ORNL-TM-1566 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments has been completed to determine the critical parameters of 
lattices of heat transfer reactor experiment (HTRE) fuel elements, primarily in geometries and environments 
of interest for transport, storage, and chemical dissolution. Arrays of these elements were made critical with 
water and with dilute aqueous uranium(92.6) nitrate of two concentrations (to simulate dissolver 
environments) as moderator and reflector; one solution concentration was 3.97 g of uranium-235 per liter 
and the other was 8.02 g per liter. In some of the slab lattices in water, sheets of cadmium were placed 
between rows to serve as a neutron absorber as they might in a shipping container. 
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Author: Smith, O. L. / Robinson, J. C. 

Title: Theoretical Investigation of the Dynamic Behavior of the Medium Power Reactor Experiment 

Date: 1/1/1967 

Report: ORNL-TM--1611 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors-Kinetics & Dynamics; Analysis; Computers; Criticality; 
Equations; Fluid Flow; Heat Transfer; Mathematics; MPRE; Reactivity; Reactors; Thermodynamics; 
Transients 
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Author: Smith, O. L. / Perry, A. M. 

Title: Some Calculations Performed on a Series of Conceptual Fast-Neutron Reactors Fueled with Highly 
Enriched UO2 or PuO2 and Reflected with Carbon, Beryllium Metal, or Beryllium Oxide 

Date: 1/1/1967 

Report: ORNL-TM--1620 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors-Kinetics & Dynamics; Beryllium Oxides; Carbon; 
Configuration; Criticality; Fuels; Liquid Metal Coolant; MPRE; Potassium; Reactivity; Reactor Core; 
Reactors; Reflectors; Uranium Dioxide 



 

C-15466 

15420…..…..…………………..…….……..……ID Number…………………..…..…………….15420 

Author: Morrison, G. W. / Mihalczo, J. T. / Irving, D. C. 

Title: ACTIVT: An 05R Monte Carlo Analysis Routine for Calculation of Activation. 

Date: 10/3/1966 

Report: ORNL-TM-1674 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear); Neutron Interactions with Matter; Activation; Computers; Cross 
Sections; Equations; Errors; Monte Carlo Method; Numericals; Programming; Reactors; Transport Theory 
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Author: Bobb, J. M. 

Title: Key Word Index Science and Technology Bibliographies January 1965 - June 1966 

Date: 1/1/1967 

Report: ORNL-TM-1690 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Describes early efforts for computer translation from one language to another. 
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Author: Crume, E. C. / Johnson, E. B. 

Title: Criticality Safety Tests for Rover Reactor Fuel Elements 

Date: 12/1/1966 

Report: ORNL-TM-1704 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were performed with Westinghouse type NRXA-3 and NRXA-
4 fuel elements to provide data for use in criticality safety analyses of project ROVER fuel element 
production, storage, and transportation. These experiments supplement similar experiments performed in 
1962 with KIWI-B-2A fuel elements, which are similar in composition to the NRXA-type elements but 
differ in several design features. Each NRXA-type element used in the present experiments is a nominally 
52-inch-long hexagonal graphite cylinder 0.870 inch across points (with 0.435 inch sides), containing 19 
uniformly spaced longitudinal holes. Pyrolytic-graphite-coated uranium dicarbide beads are distributed 
uniformly in the graphite to give average uranium concentrations of 0.418 g/cc in the NRXA-3 elements 
and 0.449 g/cc in the NRXA-4 elements. The uranium is 93.15% by weight uranium-235, giving average 
carbon ratios of 90 in the NRXA-3 elements and 87 in the NRXA-4 elements. Experiments were performed 
both with the elements directly submerged and with them encased in sealed aluminum tubes, 0.94 inch in 
inside diameter, which prevented water from coming in contact with the element. In order to establish both 
the minimum critical number of water-moderation were assembled. 
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Author: Kertesz, F. 

Title: BABEL - or Translation by Man and Machine 

Date: 1/1/1967 

Report: ORNL-TM-1723 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Tobias, M. 

Title: Exact Solution to the Finite-Difference Approximation to the Multigroup Diffusion Equations for a 
One-Region Slab Reactor 

Date: 1/1/1966 

Report: ORNL-TM--1729 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Criticality; Diffusion; Equations; 
Neutrons; Reactors 
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Author: Mihalczo, J. T. 

Title: Prompt Neutron Decay and Reactivity Measurements in Subcritical Uranium Metal Cylinders 

Date: 2/1/1968 

Report: ORNL-TM-1736 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: From 4 to 11 each inner & outer assemblies in linear, square & triangular pitched 
arrays. 
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Author: Johnson, E. B. 

Title: Critical Lattices of High Flux Isotope Reactor Fuel Elements 

Date: 3/20/1967 

Report: ORNL-TM-1808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Lattices of High Flux Isotope Reactor (HFIR) fuel elements were assembled in order 
to determine the critical spacing between elements when moderated and reflected by water. It was found 
that seven elements spaced 6.37 inch in a triangular pattern were critical when submerged. Seven outer 
annuli in the same pattern were critical when separated 1.50 inch, and seven inner annuli were subcritical 
even when in contact. 
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Author: Preskitt, C. A. 

Title: The Subcritical Reactor with Sources 

Date: 3/13/1962 

Report: ORNL-TM-182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The mathematical formulation of the subcritical reactor with extraneous sources is 
presented in detail. The solutions are presented for a two-group approximation including epithermal fission 
and the relationship to the usual critical reactor problem is discussed. Application of the equations to an 
arbitrarily complicated geometry is outlined, and an IBM-7090 program for the solution in a bare cylindrical 
reactor is described. 
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Author: Wagner, J. C. 

Title: Investigation of Burnup Credit Modeling Issues Associated with BWR Fuel 

Date: 10/12/2000 

Report: ORNL-TM-1999/193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Although significant effort has been dedicated to the study of burnup-credit issues 
over the past decade, U.S. studies to-date have primarily focused on spent pressurized-water-reactor (PWR) 
fuel. The current licensing approach taken by the U.S. Department of Energy for burnup credit in 
transportation seeks approval for PWR fuel only. Burnup credit for boiling-water-reactor (BWR) fuel has 
not yet been formally sought. Burnup credit for PWR fuel was pursued first because: (1) nearly two-thirds 
(by mass) of the total discharged commercial spent fuel in the United States is PWR fuel, (2) it can 
substantially increase the fuel assembly capacity with respect to current designs for PWR storage and 
transportation casks, and (3) fuel depletion in PWRs is generally less complicated than fuel depletion in 
BWRs. However, due to international needs, the increased enrichment of modern BWR fuels, and criticality 
safety issues related to permanent disposal within the United States, more attention has recently focused on 
spent BWR fuel. Specifically, credit for fuel burnup in the criticality safety analysis for long-term disposal 
of spent nuclear fuel enables improved design efficiency, which, due to the large mass of fissile material 
that will be stored in the repository, can have substantial financial benefits. For criticality safety purposes, 
current PWR storage and transportation canister designs employ flux traps between assemblies. Credit for 
fuel burnup will eliminate the need for these flux traps, and thus, significantly increase the PWR assembly 
capacity (for a fixed canister volume). Increases in assembly capacity of approximately one-third are 
expected. In contrast, current BWR canister designs do not require flux traps for criticality safety, and thus, 
are already at their maximum capacity in terms of physical storage. Therefore, benefits associated with 
burnup credit for BWR storage and transportation casks may be limited to increasing the enrichment 
capacity and/or decreasing the neutron absorber concentration. However, regulations associated with 
permanent disposal require consideration of scenarios and/or package conditions that are not relevant or 
credible for storage or transportation, and as a result, necessitate credit for burnup in BWR fuel to maintain 
capacity objectives. Burnup credit relies on depletion calculations to provide a conservative estimate of 
spent fuel contents and subsequent criticality calculations to assess the value of k(eff) for a spent fuel cask 
or a fuel configuration under a variety of postulated conditions. Therefore, validation is necessary to 
quantify biases and uncertainties between analytic predictions and measured isotopics. However, the design 
and operational aspects of BWRs result in a more heterogeneous and time-varying reactor configuration 
than those of PWRs. Thus, BWR spent fuel analyses and validation efforts are significantly more 
complicated than those of their PWR counterparts. BWR spent fuel assemblies are manufactured with 
variable enrichments, both radially and axially, are exposed to time- and spatially-varying void 
distributions, contain integral burnable absorber rods, and are subject to partial control-blade insertion 
during operation. The latter is especially true in older fuel assemblies. Away-from-reactor depletion tools 
used for characterization of spent fuel have typically been developed and validated for more homogeneous 
PWR fuel assemblies without integral burnable absorber rods, and thus must be reassessed for BWR 
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configurations to determine a conservative methodology for estimating the isotopic content of spent BWR 
fuel. This report examines the use of SAS2H8 for calculating spent BWR fuel isotopics for burnup-credit 
criticality safety analyses and assesses the adequacy of SAS2H for this task. The effects of SAS2H 
modeling assumptions on calculated spent BWR fuel isotopics and the effects of depletion assumptions on 
calculated k{sub inf} values are investigated. Detailed two-dimensional (2-D) HELIOS9 assembly 
calculations are compared to one-dimensional (1-D) cylindrical approximations performed using the 
SAS2H sequence of SCALE.10 SAS2H uses a 1-D transport solution (XSDRNPM) to generate three-group 
fuel-averaged fluxes, which are used in the point depletion ORIGEN-S code. Studies focused on the effect 
of geometric modeling with approximate 1-D models and the effect of variations in relevant depletion 
parameters are presented. 
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15429…..…..…………………..…….……..……ID Number…………………..…..…………….15429 

Author: Wagner, J. C. / Dehart, M. D. 

Title: Review of Axial Burnup Distribution Considerations for Burnup Credit Calculations 

Date: 3/1/2000 

Report: ORNL-TM-1999/246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report attempts to summarize and consolidate the existing knowledge on axial 
burnup distribution issues that are important to burnup credit criticality safety calculations. Recently 
released Nuclear Regulatory Commission (NRC) staff guidance permits limited burnup credit, and thus, 
has prompted resolution of the axial burnup distribution issue. The reactivity difference between the neutron 
multiplication factor (keff) calculated with explicit representation of the axial burnup distribution and keff 
calculated assuming a uniform axial burnup is referred to as the “end effect.” This end effect is shown to 
be dependent on many factors, including the axial-burnup profile, total accumulated burnup, cooling time, 
initial enrichment, assembly design, and the isotopics considered (i.e., actinide-only or actinides plus fission 
products). Axial modeling studies, efforts related to the development of axial-profile databases, and the 
determination of bounding axial profiles are also discussed. Finally, areas that could benefit from further 
efforts are identified. 
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15430…..…..…………………..…….……..……ID Number…………………..…..…………….15430 

Author: Greenspan, E. / Karni, Y. / Petrie, L. M. / Regev, D. 

Title: SWANS – A Prototypic Scale Criticality Sequence for Automated Optimization Using the SWAN 
Methodology 

Date: 12/1/2000 

Report: ORNL-TM-1999/274 (UCBNE-4226) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SWANS is a new prototypic analysis sequence that provides an intelligent, semi-
automatic search for the maximum k(eff) of a given amount of specified fissile material, or of the minimum 
critical mass. It combines the optimization strategy of the SWAN code with the composition-dependent 
resonance self-shielded cross sections of the SCALE package. For a given system composition arrived at 
during the iterative optimization process, the value of k(eff) is as accurate and reliable as obtained using 
the CSAS1X Sequence of SCALE-4.4. This report describes how SWAN is integrated within the SCALE 
system to form the new prototypic optimization sequence, describes the optimization procedure, provides 
a user guide for SWANS, and illustrates its application to five different types of problems. In addition, the 
report illustrates that resonance self-shielding might have a significant effect on the maximum k(eff) value 
a given fissile material mass can have. 
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15431…..…..…………………..…….……..……ID Number…………………..…..…………….15431 

Author: Mihalczo, J. T. 

Title: Brief Summary of Unreflected and Unmoderated Cylindrical Critical Experiments with Oralloy at 
Oak Ridge 

Date: 12/8/1999 

Report: ORNL-TM-1999/302 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report lists and briefly describes {approximately}50 critical and 
{approximately}20 subcritical experiments with unreflected and unmoderated uranium (93.2 wt% 235U) 
metal that could easily be incorporated into the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments. Photographs of several assemblies are included. 
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15432…..…..…………………..…….……..……ID Number…………………..…..…………….15432 

Author: Bowman, S. M. 

Title: Experience with the SCALE Criticality Safety Cross Section Libraries 

Date: 8/21/2000 

Report: ORNL-TM-1999/322 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides detailed information on the SCALE criticality safety cross-
section libraries. Areas covered include the origins of the libraries, the data on which they are based, how 
they were generated, past experience and validations, and performance comparisons with measured critical 
experiments and numerical benchmarks. The performance of the SCALE criticality safety cross-section 
libraries on various types of fissile systems are examined in detail. Most of the performance areas are 
demonstrated by examining the performance of the libraries vs critical experiments to show general trends 
and weaknesses. In areas where directly applicable critical experiments do not exist, performance is 
examined based on the general knowledge of the strengths and weaknesses of the cross sections. In this 
case, the experience in the use of the cross sections and comparisons with the results of other libraries on 
the same systems are relied on for establishing acceptability of application of a particular SCALE library 
to a particular fissile system. This report should aid in establishing when a SCALE cross-section library 
would be expected to perform acceptably and where there are known or suspected deficiencies that would 
cause the calculations to be less reliable. To determine the acceptability of a library for a particular 
application, the calculational bias of the library should be established by directly applicable critical 
experiments. 
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15433…..…..…………………..…….……..……ID Number…………………..…..…………….15433 

Author: DeHart, M. D. 

Title: Parametric Analysis of PWR Spent Fuel Depletion Parameters for Long-Term-Disposal Criticality 
Safety 

Date: 8/1/1999 

Report: ORNL-TM-1999/99 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Utilization of burnup credit in criticality safety analysis for long-term disposal of 
spent nuclear fuel allows improved design efficiency and reduced cost due to the large mass of fissile 
material that will be present in the repository. Burnup-credit calculations are based on depletion calculations 
that provide a conservative estimate of spent fuel contents (in terms of criticality potential), followed by 
criticality calculations to assess the value of the effective neutron multiplication factor k(eff) for the a spent 
fuel cask or a fuel configuration under a variety of probabilistically derived events. In order to ensure that 
the depletion calculation is conservative, it is necessary to both qualify and quantify assumptions that can 
be made in depletion models. 
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15434…..…..…………………..…….……..……ID Number…………………..…..…………….15434 

Author: Shimizu, Y. 

Title: Computation Results from a Parametric Study to Determine Bounding Critical Systems of 
Homogeneously Water-Moderated Mixed Plutonium—Uranium Oxides 

Date: 1/11/2001 

Report: ORNL-TM-2000/151 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides computational results of an extensive study to examine the 
following: (1) infinite media neutron-multiplication factors; (2) material bucklings; (3) bounding infinite 
media critical concentrations; (4) bounding finite critical dimensions of water-reflected and homogeneously 
water-moderated one-dimensional systems (i.e., spheres, cylinders of infinite length, and slabs that are 
infinite in two dimensions) that were comprised of various proportions and densities of plutonium oxides 
and uranium oxides, each having various isotopic compositions; and (5) sensitivity coefficients of delta k-
eff with respect to critical geometry delta dimensions were determined for each of the three geometries that 
were studied. The study was undertaken to support the development of a standard that is sponsored by the 
International Standards Organization (ISO) under Technical Committee 85, Nuclear Energy (TC 85)--
Subcommittee 5, Nuclear Fuel Technology (SC 5)--Working Group 8, Standardization of Calculations, 
Procedures and Practices Related to Criticality Safety (WG 8). The designation and title of the ISO TC 
85/SC 5/WG 8 standard working draft is WD 14941,”Nuclear energy--Fissile materials--Nuclear criticality 
control and safety of plutonium-uranium oxide fuel mixtures outside of reactors.” Various ISO member 
participants performed similar computational studies using their indigenous computational codes to provide 
comparative results for analysis in the development of the standard. 
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15435…..…..…………………..…….……..……ID Number…………………..…..…………….15435 

Author: Roussin, R. W. 

Title: Covariance Workshop April 22-23, 1999 Brookhaven National Laboratory 

Date: 4/1/1999 

Report: ORNL-TM-2000/19 

Conference/Journal: Nuclear Data Covariance Workshop, Upton, NY (US), 04/22/1999—04/23/1999 

Conference Session:  

Abstract/Keyterms: The NCSP is a comprehensive program established to help assure continued safe, 
efficient operations with fissile materials in the US. The major Tasks included in the NCSP are Critical 
Experiments, Benchmark Evaluations, analytical Methods, Applicable Ranges of Bounding Curves and 
Data (AROBCAD), Information Preservation and Dissemination, Training and Qualification, and Nuclear 
Data. The Nuclear Data Task provides newly measured differential data and newly evaluated nuclear data 
for use in analyses of fissile material systems. One feature of the effort to improve the nuclear data for 
criticality applications is the inclusion of covariance data and sensitivity parameters that then allows the 
analyst to assess the uncertainty in calculated performance parameters due to uncertainties in the nuclear 
data. A characteristic of currently available nuclear data libraries is a lack of such covariance information. 
It was felt that gathering noted experts in the field would help assess the current status and offer guide … 
of interest in this important area of work and representatives of the various international cross-section 
libraries were supportive of the efforts being made in the NCSP to provide evaluated data files with 
comprehensive covariance information. It is recommended that Workshops of this kind be planned for the 
future and the additional activities related to nuclear data covariances be included in the program of the 
NEA/NCS WPEC. The meeting provided a rekindling of interest in this important area of work and 
representatives of the various international cross-section libraries were supportive of the efforts being made 
in the NCSP to provide evaluated data files with comprehensive covariance information. It is recommended 
that Workshops of this kind be planned for the future and the additional activities related to nuclear data 
covariances be included in the program of the NEA/NCS WPEC. 
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15436…..…..…………………..…….……..……ID Number…………………..…..…………….15436 

Author: Thomas, J. T. / Hopper, C. M. 

Title: Critical Experiments with Aqueous Solutions of 233UO2(NO3)2 

Date: 5/17/2001 

Report: ORNL-TM-2000/245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides the critical experimenter's interpretations and descriptions of 
informal critical experiment logbook notes and associated information (e.g., experimental equipment 
designs/sketches, chemical and isotopic analyses, etc.) for the purpose of formally documenting the results 
of critical experiments performed in the late 1960s at the Oak Ridge Critical Experiments Facility. The 
experiments were conducted with aqueous solutions of 97.6 wt% 233U uranyl nitrate having uranium 
densities varying between about 346 g U/l and 45 g U/l. Criticality was achieved with single simple units 
(e.g., cylinders and spheres) and with spaced subcritical simple cylindrical units arranged in unreflected, 
water-reflected, and polyethylene reflected critical arrays. 
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15437…..…..…………………..…….……..……ID Number…………………..…..…………….15437 

Author: Wagner, J. C. 

Title: Parametric Study of the Effect of Burnable Poison Rods for PWR Burnup Credit 

Date: 9/28/2001 

Report: ORNL-TM-2000/373 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Interim Staff Guidance on burnup credit (ISG-8) issued by the United States 
(U.S.) Nuclear Regulatory Commission's (NRC) Spent Fuel Project Office recommends restricting the use 
of burnup credit to assemblies that have not used burnable absorbers. This recommended restriction 
eliminates a large portion of the currently discharged spent fuel assemblies from cask loading, and thus 
severely limits the practical usefulness of burnup credit. In the absence of readily available information on 
burnable poison rod (BPR) design specifications and usage in U.S. pressurized water reactors (PWRs), and 
the subsequent reactivity effect of BPR exposure on discharged spent nuclear fuel (SNF), NRC staff has 
indicated a need for additional information in these areas. In response, this report presents a parametric 
study of the effect of BPR exposure on the reactivity of SNF for various BPR designs, fuel enrichments, 
and exposure conditions, and documents BPR design specifications. Trends in the reactivity effects is 
generally well behaved and that independent codes and cross-section libraries predict similar results. The 
report concludes with a discussion of the issues for consideration and recommendations for inclusion of 
SNF assemblies exposed to BPRs in criticality safety analyses using burnup credit for dry cask storage and 
transport. 
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15438…..…..…………………..…….……..……ID Number…………………..…..…………….15438 

Author: Bowman, S. M. 

Title: Recommendations on Fuel Parameters for Standard Technical Specifications for Spent Fuel Storage 
Casks 

Date: 3/8/2001 

Report: ORNL-TM-2000/385 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The U.S. Nuclear Regulatory Commission (NRC) is currently reviewing the technical 
specifications for spent fuel storage casks in an effort to develop standard technical specifications (STS) 
that define the allowable spent nuclear fuel (SNF) contents. One of the objectives of the review is to 
minimize the level of detail in the STS that define the acceptable fuel types. To support this initiative, this 
study has been performed to identify potential fuel specification parameters needed for criticality safety 
and radiation shielding analysis and rank their importance relative to a potential compromise of the margin 
of safety. 
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15439…..…..…………………..…….……..……ID Number…………………..…..…………….15439 

Author: Parks, C. V. / Rearden, B. T. / Dehart, M. D. / Broadhead, B. L. / Hopper, C. M. / Petrie, L. M. 

Title: EMSP Project Summary (Project ID: 60077): Development of Nuclear Analysis Capabilities for 
DOE Waste Management Activities 

Date: 2/15/2000 

Report: ORNL-TM-2000/65 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of this project is to develop and demonstrate prototypical analysis 
capabilities that can be used by nuclear safety analysis practitioners to: (1) demonstrate a more thorough 
understanding of the underlying physics phenomena that can lead to improved reliability and defensibility 
of safety evaluations; and (2) optimize operations related to the handling, storage, transportation, and 
disposal of fissile material and DOE spent fuel. To address these problems, this project has been 
investigating the implementation of sensitivity and uncertainty methods within existing Monte Carlo codes 
used for criticality safety analyses. It is also investigating the use of a new deterministic code that allows 
for specification of arbitrary grids to accurately model geometric details required in a criticality safety 
analysis. This capability can facilitate improved estimations of the required subcritical margin and 
potentially enable the use of a broader range of experiments in the validation process. The new arbitrary-
grid radiation transport code will also enable detailed geometric modeling valuable for improved accuracy 
in application to a myriad of other problems related to waste characterization. Application to these problems 
will also be explored. 
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15440…..…..…………………..…….……..……ID Number…………………..…..…………….15440 

Author: Rearden, B. T. / Elam, K. R. 

Title: Investigations and Recommendations on the Use of Existing Experiments in Criticality Safety 
Analysis of Nuclear Fuel Cycle Facilities for Weapons-Grade Plutonium 

Date: 5/29/2002 

Report: ORNL-TM-2001/262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sensitivity and Uncertainty (S/U) methods, recently developed at Oak Ridge National 
Laboratory (ORNL) have been demonstrated to determine the applicability of critical benchmark 
experiments to the criticality code validation of design systems. These methods, although still under 
development, have been recently published in several sources. Development of the techniques used in this 
report was conducted through joint support from the United States Department of Energy (U.S. DOE) and 
the Nuclear Regulatory Commission (NRC) to provide a physics-based approach for the establishment of 
the area of applicability of critical experiments per the requirements of ANSI/ANS-8.1. Use of these 
methods may allow users to interpolate and extrapolate the traditional area of applicability (AOA) of a 
given set of critical experiments to include new application areas that may not have been anticipated during 
the experiment design. The new S/U analytical tools include the SEN1 and SEN3 sensitivity analysis 
sequences, which will be available with the next release of the Standardized Computer Analyses for 
Licensing Evaluation (SCALE) code system. These analysis sequences compute the relative change in the 
system neutron multiplication factor, k(eff), which would be observed for perturbations in the group-wise 
neutron cross-section data for each reaction of each nuclide in the system. The CANDE code uses sensitivity 
data determined separately for the design system applications and the individual experiments, along with 
the cross-section-covariance data, to calculate integral parameters which give a measure of the similarity 
between a particular design system and an experimental benchmark. A high-valued integral parameter for 
an experiment application pair indicates that the experiment demonstrates similar properties to the 
application. Thus, the experiment is applicable for the criticality code validation of the design system. A 
theoretical basis for the S/U techniques applied in this report is given in Sect. 2. This report pertains to two 
of the five AOAs identified by the licensee[Duke, COGEMA, Stone and Webster (DCS)] for the validation 
of criticality codes in the design of the Mixed-Oxide Fuel Fabrication Facility (MFFF). The five AOAs are 
as follows: (1) Pu-nitrate aqueous solutions (homogeneous systems), (2) Mixed-oxide (MOX) pellets, fuel 
rods and fuel assemblies (heterogeneous systems), (3) PuO2 powders, (4) MOX powders, and (5) Aqueous 
solutions of Pu compounds (Pu-oxalate solutions). This report addresses a S/U analysis pertaining to AOA 
3, PuO2 powders, and AOA 4, MOX powders. AOA 3 and AOA 4 are the subject of this report since the 
other AOAs (solutions and heterogeneous systems) appear to be well represented in the documented 
benchmark experiments used in the criticality safety community. Prior to this work, DCS used traditional 
criticality validation techniques to identify numerous experimental benchmarks that are applicable to AOAs 
3 and 4. Traditional techniques for selection of applicable benchmark experiments essentially consist of 
evaluating the area of applicability for important design parameters (e.g., Pu content or average neutron 
energy) and ensuring experiments have similar characteristics that bound or nearly bound the range of 
conditions requiring design analysis. DCS provided ORNL with compositions and dimensions for critical 
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systems used to establish preliminary mass limits for facility powder and fuel pellet handling areas 
corresponding to AOAs 3 and 4. ORNL has reviewed existing critical experiments to identify those, which, 
in addition to those provided by DCS, may be applicable to the criticality code validation for AOAs 3 and 
4. A S/U analysis was then performed to calculate the integral parameters used to determine the similarity 
of each critical experiment to each design system provided by DCS. This report contains a review of the 
S/U theory, a description of the design systems, a brief description of the critical experiments evaluated for 
applicability, and the results of the S/U analysis determining the applicability of each experiment to each 
application. 
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15441…..…..…………………..…….……..……ID Number…………………..…..…………….15441 

Author: Goluoglu, S. / Hopper, C. M. 

Title: DOE NCSP Review of TRUPACT-II/HalfPACT Fissile Limits 

Date: 3/28/2002 

Report: ORNL-TM-2002/58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The U.S. Department of Energy (DOE) Environmental Management (EM) Office of 
Nuclear Material & Spent Fuel, EM-21, tasked the CSSG to perform a scoping study to determine the 
feasibility of increasing the fissile mass loading limits for specified TRUPACT-II and HalfPACT packages 
and containers. The results of the scoping study may provide insights and technical guidance for 
establishing fissile mass loading limits at waste generator sites and at the waste repository. The goal is to 
reduce costs of transporting fissile material to the WIPP from EM's various closure sites. This report 
documents the results of the scoping study and demonstrates that it is feasible to significantly increase the 
fissile mass loading limits in the TRUPACT-II and HalfPACT packages and containers. Depending upon 
the particular payload containers used, the number of shipments to WIPP could be reduced by at least a 
factor of 2 and as much as a factor of 16 and the number of total payload containers required “down-hole” 
at WIPP could be reduced by at least a factor of 2 and as much as about 6. These cost savings result simply 
from applying a more realistic criticality analysis model rather than the very conservative, hypothetical, 
bounding analysis used to support the existing fissile mass loading limits. However, the applications of 
existing and developmental computational tools, nuclear data, and experiments from the DOE Nuclear 
Criticality Safety Program have the potential to further reduce transportation and disposal container costs 
on the order of 7% to 17%. It is suggested that EM proceed with an effort to do the required formal analyses 
and pursue SARP supplements to take advantage of these savings. The success of these analyses are 
dependent upon the availability of the majority of the infrastructure supported by the DOE Nuclear 
Criticality Safety Program as defined in the Five-Year Plan for the program. Finally, it should be noted that 
these potential cost savings are based only on a criticality safety feasibility study and do not take into 
account other technical factors from other disciplines that may or may not impact the final approved 
loadings. The CSSG concurs that the results of this scoping study addresses the tasking statement provided 
by EM-21. 
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15442…..…..…………………..…….……..……ID Number…………………..…..…………….15442 

Author: Sayer, R. O. 

Title: R-Matrix Evaluation of Cl Neutron Cross Sections up to 1.2 MeV 

Date: 3/27/2003 

Report: ORNL-TM-2003/50 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: We have performed an evaluation of{sup 35}Cl,{sup 37}Cl, and{sup nat}Cl neutron 
cross sections in the resolved resonance region with the multilevel Reich-Moore R-matrix formalism. 
Resonance analyses were carried out with the computer code SAMMY, which utilizes Bayes' method, a 
generalized least squares technique. A recent modification of SAMMY enabled us to calculate charged 
particle penetrabilities for the proton exit channel. Our resonance parameter representation describes the 
data much better than does ENDF/B-VI, and it should lead to improved criticality safety calculations for 
systems where Cl is present. 
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15443…..…..…………………..…….……..……ID Number…………………..…..…………….15443 

Author: Bucholz, J. / Hopper, C. / Westfall, M. 

Title: Sensitivity and Uncertainty Evaluations of the JIMO LMR and Generic Physics Criticality 
Experiments Design Suggestions for Simulating LMR Sensitivities 

Date: 1/1/2004 

Report: ORNL-TM-2004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15444…..…..…………………..…….……..……ID Number…………………..…..…………….15444 

Author: Mihalczo, John T. 

Title: Critical Experiments with Uranium (93.14) Metal Annuli and Cylinders with Thick Polyethylene 
Reflectors and/or Internal Polyethylene Moderator 

Date: 1/1/2006 

Report: ORNL-TM-2005/173 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-076 
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15445…..…..…………………..…….……..……ID Number…………………..…..…………….15445 

Author: Krass, A. W. / Goluoglu, K. L. 

Title: Experimental Criticality Benchmarks for SNAP 10A/2 Reactor Cores 

Date: 12/19/2005 

Report: ORNL-TM-2005/54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes computational benchmark models for nuclear criticality derived 
from descriptions of the Systems for Nuclear Auxiliary Power (SNAP) Critical Assembly (SCA)-4B 
experimental criticality program conducted by Atomics International during the early 1960's. The selected 
experimental configurations consist of fueled SNAP 10A/2-type reactor cores subject to varied conditions 
of water immersion and reflection under experimental control to measure neutron multiplication. SNAP 
10A/2-type reactor cores are compact volumes fueled and moderated with the hydride of highly enriched 
uranium-zirconium alloy. Specifications for the materials and geometry needed to describe a given 
experimental configuration for a model using MCNP5 are provided. The material and geometry 
specifications are adequate to permit user development of input for alternative nuclear safety codes, such 
as KENO. A total of 73 distinct experimental configurations are described. 
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15446…..…..…………………..…….……..……ID Number…………………..…..…………….15446 

Author: Goluoglu, K. L. 

Title: Calculation of Critical Experiments involving U(37)O2F2 Solution 

Date: 3/3/2006 

Report: ORNL-TM-2006/21 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments were conducted at the Oak Ridge Critical Experiment Facility 
(ORCEF) to determine the critical concentration for an unreflected 69.2-cm-diameter sphere of UO2F2, at 
an enrichment of {approx}37 percent U235, by weight. These experiments were a continuation of previous 
efforts to determine critical dimensions for fissile materials in simple geometry. Some of the earlier 
experiments in this vessel have been published as part of the OECD handbook. The reports concerning 
these experiments have only recently become available. Until August 2005, Refs. 2 and 3 were still 
classified. These documents, along with experimental logbooks and unclassified papers available on the 
experimental campaign and facility are being used to generate a computer model for this critical experiment. 
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15447…..…..…………………..…….……..……ID Number…………………..…..…………….15447 

Author: Costner, R. A. Jr. / Cramer, E. N. / Scott, R. L. Jr. 

Title: Reactor Operator Study Handbook (Programmed Instruction Version). Volume III. Reactor Physics. 

Date: 1/1/1968 

Report: ORNL-TM--2034(Vol.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Criticality; Operation; Personnel; 
Reactivity; Reactors; Training 
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15448…..…..…………………..…….……..……ID Number…………………..…..…………….15448 

Author: Magnuson, D. W. 

Title: Critical Experiments with Enriched Uranium Metal-Polyethylene, -Plexiglas, and -Teflon Mixtures 

Date: 2/1/1968 

Report: ORNL-TM-2082 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-007; Reflected and unreflected critical experiments were 
performed at hydrogen/uranium-235 atomic ratios from 0 to 5 in rectangular geometry with layers of 
enriched uranium and polyethylene. Base dimensions of the assemblies were 5 x 10 and 10 x 10 inch in 
some unreflected experiments, the metal was interleaved with Plexiglas and with Teflon at only the latter 
base dimensions. Heterogeneity effects were found to be small from experiments assembled from the same 
or approximately the same materials but with different layer thicknesses. Values of k(eff), calculated with 
the KENO Monte Carlo code, are in excellent agreement with the experimental values. By equating 
geometrical bucklings for rectangular and spherical geometry, these data were converted to critical masses 
for spheres. Comparisons of the experimental values were made to the critical masses calculated by the 
ANISN transport code for homogeneous spheres. 
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15449…..…..…………………..…….……..……ID Number…………………..…..…………….15449 

Author: Youngblood, E. L. / Miles, F. W. 

Title: Hazards Evaluation for the Fluidized-Bed Volatility Pilot Plant 

Date: 1/1/1968 

Report: ORNL-TM-2092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Fuel Elements / Reprocessing of Uranium Dioxide, Hazards Evaluation of 
Fluidized-Bed Fluoride-Volatility Pilot Plant for; Uranium / Separation from Irradiated Fuels, Hazards 
Evaluation of Fluidized-Bed Volatility Pilot Plant for; Plutonium / Separation from Irradiated Fuels, 
Hazards Evaluation of Fluidized-Bed Volatility Pilot Plant for; Fluoride Volatility Processes / Hazards 
Evaluation of Pilot Plant for Fluidized-Bed 
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15450…..…..…………………..…….……..……ID Number…………………..…..…………….15450 

Author: Webster, J. W. 

Title: O5R Monte Carlo Calculations of Low-Enriched Uranium Thermal Critical Assemblies, and 
Evidence of Errors in Uranium-238 Cross Sections 

Date: 11/1/1968 

Report: ORNL-TM-2187 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Evidence has been growing that the computed multiplication factors, k(eff), of low-
enriched uranium thermal systems are low compared to experiment. The work reported here was initiated 
to see if this discrepancy occurs when the Monte Carlo method is used together with point-set 
representations of the cross sections. Considerable analysis was devoted to the representation of the 
uranium-238 cross sections with point sets of data and the results are presented by Calcomp plots of cross 
section vs. neutron energy and tables of the resonance integrals. The critical experiments chosen for 
comparisons with computations were all unreflected, homogeneous, and representative of a broad range of 
resonance capture in uranium-238. A definite pattern emerged from these comparisons; namely, the greater 
the neutron capture in uranium-238, the lower the computed k(eff). The evidence of errors in the cross 
sections of uranium-238 or their representation, previously noted by others, is thus strengthened by this 
report. 



 

C-15499 

15451…..…..…………………..…….……..……ID Number…………………..…..…………….15451 

Author: Fraas, A. P. 

Title: Estimating the Reliability of Systems 

Date: 5/1/1968 

Report: ORNL-TM-2200 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Electronic Equipment; Materials Testing; 
Mechanical Structures; Performance Quality Control / Component Reliability in, Method for Estimation 
of; Equipment and Procedures / Component Reliability of, Method for Estimation of 



 

C-15500 

15452…..…..…………………..…….……..……ID Number…………………..…..…………….15452 

Author: Callihan, D. 

Title: Excursion at the Oak Ridge Critical Experiments Facility, January 30, 1968. Oak Ridge National 
Laboratory, Oak Ridge, TN 

Date: 1/1/1968 

Report: ORNL-TM-2207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Accident Analysis of Aqueous Uranyl Nitrate Excursion in Oak 
Ridge Critical Experiments Facility on January 30, 1968, Description of; Uranyl Nitrates / Criticality 
Excursion in Oak Ridge Critical Experiments Facility on January 30, 1968 of Aqueous Solution of, Analysis 
of 



 

C-15501 

15453…..…..…………………..…….……..……ID Number…………………..…..…………….15453 

Author: Costner, R. A. Jr. 

Title: Operating Safety Limits for the Pool Critical Assembly PCA 

Date: 1/1/1968 

Report: ORNL-TM-2232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Safety & Siting; Critical 
Assemblies; Operation; PCA; Reactor Safety; Standards 
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15454…..…..…………………..…….……..……ID Number…………………..…..…………….15454 

Author: Perry, A. M. / Bauman, H. F. / McDonald, W. B. / Mihalczo, J. T. 

Title: Preliminary Study of a Molten-Salt Burst Reactor 

Date: 1/1/1968 

Report: ORNL-TM-2282 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Control Systems; Design; Fast Neutrons; Fused Salt Fuel; Measurement; Neutron Flux; 
Reactivity; Reactor Core; Reactors 



 

C-15503 

15455…..…..…………………..…….……..……ID Number…………………..…..…………….15455 

Author: Engel, J. R. 

Title: MSRE Design and Operations Report. Part XI-a. Test Program for 233U Operation 

Date: 1/1/1968 

Report: ORNL-TM-2304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Molten Salt Reactor Experiment / Operation Performance of Uranium-233-Core in, 
Description of; Uranium Isotopes U-233 / Use in MSRE Fuel Salt; Molten Salt Reactor Experiment / 
Loading Sequence for, Description of Uranium-233-Core 



 

C-15504 

15456…..…..…………………..…….……..……ID Number…………………..…..…………….15456 

Author: Mihalczo, J. T. 

Title: Static and Dynamic Measurements with the Army Pulse Radiation Facility Reactor 

Date: 6/1/1968 

Report: ORNL-TM-2330 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Very interesting report addressing actual or slang names given to technical terms, 
processing sites, critical experiment machines, etc. 
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15457…..…..…………………..…….……..……ID Number…………………..…..…………….15457 

Author: Costner, R. A. Jr. / Tabor, W. H. 

Title: Operating Manual for the Pool Critical Assembly (PCA) 

Date: 1/1/1968 

Report: ORNL-TM-2340 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Operation; Configuration; Critical 
Assemblies; Instruments; Lectures; Manual; Operation; Pool Critical Assembly; Reactor Safety 



 

C-15506 

15458…..…..…………………..…….……..……ID Number…………………..…..…………….15458 

Author: Kertesz, F. 

Title: The Language of Nuclear Science 

Date: 9/17/1968 

Report: ORNL-TM-2367 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Outlines sections of a SARP (safety analysis report for packaging) and provided 
guidance for the analysis and design of fissile and radioactive materials transport packages. 



 

C-15507 

15459…..…..…………………..…….……..……ID Number…………………..…..…………….15459 

Author: Vondy, D. R. 

Title: Direct Criticality Search in Solution of Finite-Difference Eigenvalue Problems 

Date: 1/1/1969 

Report: ORNL-TM--2381 

Conference/Journal: Other Information: Thesis. Submitted to Univ. of Tennessee, Knoxville 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; Eigenvalues; Equations; Group 
Theory; Iterative Methods; Neutron Flux; Numericals; Reactor Core; Reactors; Scattering 



 

C-15508 

15460…..…..…………………..…….……..……ID Number…………………..…..…………….15460 

Author: Shappert, L. B. 

Title: Irradiated Fuel Shipping Cask Design Guide 

Date: 1/1/1969 

Report: ORNL-TM-2410 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality/Analysis for Spent Fuel Shipping Containers; Reactor Fuel 
Elements/Shipping Containers for Spent, Design Guide for; Heat Transfer/Analysis of Spent Fuel Shipping 
Containers, Design Guide for; Shielded Containers/Design and Fabrication of Spent Fuel, Design Guide 
for; Shipping/Container for Spent Reactor Fuel Element, Design Guide For; Welding/Equipment and 
Methods for Spent Fuel Shipping Containers; Shielding Materials/Evaluation for Spent Fuel Shipping 
Containers, Design Guide for; Safety Hazards/Analysis for Spent Fuel Shipping Containers 



 

C-15509 

15461…..…..…………………..…….……..……ID Number…………………..…..…………….15461 

Author: Fowler, T. B. / Vondy, D. R. / Cunningham, G. W. 

Title: Nuclear Reactor Core Analysis Code: CITATION 

Date: 7/1/1969 

Report: ORNL-TM-2496, Rev. 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15462…..…..…………………..…….……..……ID Number…………………..…..…………….15462 

Author: Greene, N. M. / Craven Jr., C. W. 

Title: XSDRN: A Discrete Ordinates Spectral Averaging Code 

Date: 7/1/1969 

Report: ORNL-TM-2500 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15511 

15463…..…..…………………..…….……..……ID Number…………………..…..…………….15463 

Author: Irvine, A. R. 

Title: Engineering Evaluation of LMFBR Fuel Shipment 

Date: 1/1/1971 

Report: ORNL-TM--2723 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Containers; Cooling; Criticality; Fuel 
Elements; LMFBR; Performance; Safety; Shielding; Testing; Transport 



 

C-15512 

15464…..…..…………………..…….……..……ID Number…………………..…..…………….15464 

Author: n.a. 

Title: LMFBR Fuel Cycle Studies Progress Report for October, No. 8 

Date: 1/1/1969 

Report: ORNL-TM--2764 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; Metals, 
Ceramics, & Other Materials-Ceramics & Cermets-Preparation & Fabrication; Criticality- Decladding- 
Fission Products- Iodine- Nitric Acid- Rare Gases- Reprocessing- Solubility- Spent Fuels- Transport- 
Uranium Nitrides- Volatility; FBR Type Reactors; Liquid Metal Cooled Reactors; Nuclear Fuels Chemical 
Preparation- Fabrication- Fuel Pellets- Performance- Plutonium Oxides- Sol-Gel Process- Uranium Dioxide 



 

C-15513 

15465…..…..…………………..…….……..……ID Number…………………..…..…………….15465 

Author: n.a. 

Title: LMFBR Fuel Cycle Studies Progress Report for December 1969, No. 10 

Date: 1/1/1970 

Report: ORNL-TM--2819 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; Metals, 
Ceramics, & Other Materials-Ceramics & Cermets-Preparation & Fabrication; Criticality- Decladding- 
Iodine- Purex Process- Reprocessing- Solvents- Spent Fuels- Stability- Transport; FBR Type Reactors; 
Liquid Metal Cooled Reactors; Nuclear Fuels Chemical Preparation- Fabrication- Fuel Pellets- Materials 
Testing- Plutonium Oxides- Sol-Gel Process- Uranium Dioxide 



 

C-15514 

15466…..…..…………………..…….……..……ID Number…………………..…..…………….15466 

Author: Valentine, T. E. 

Title: Review of Source-Driven Subcritical Noise Analysis Measurements 

Date: 11/24/1999 

Report: ORNL-TM-288/1999 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Subcritical source-driven noise measurements are simultaneous Rossi-{alpha} and 
randomly pulsed neutron measurements that provide measured quantities that can be related to the 
subcritical neutron multiplication factor. In fact, subcritical source-driven noise measurements should be 
performed in lieu of Rossi-{alpha} measurements because of the additional information that is obtained 
from noise measurements such as the spectral ratio and the coherence functions. The basic understanding 
of source-driven noise analysis measurements can be developed from a point reactor kinetics model to 
demonstrate how the measured quantities relate to the subcritical neutron multiplication factor. More 
elaborate models can also be developed using a generalized stochastic model. These measurements can be 
simulated using Monte Carlo codes to determine the subcritical neutron multiplication factor or to 
determine the sensitivity of calculations to nuclear cross section data. The interpretation of the measurement 
using a Monte Carlo method is based on a perturbation model for the relationship between the spectral ratio 
and the subcritical neutron multiplication factor. The subcritical source-driven noise measurement has 
advantages over other subcritical measurement methods in that reference measurements at delayed critical 
are not required for interpreting the measurements. Therefore, benchmark or in-situ subcritical 
measurements can be performed outside a critical experiment facility. Furthermore, a certain ratio of 
frequency spectra has been shown to be independent of detection efficiency thereby making the 
measurement more robust and unaffected by drifts or changes in instrumentation during the measurement. 
Criteria have been defined for application of this measurement method for benchmarks and in-situ 
subcritical measurements. An extension of the source-driven subcritical noise measurement has also been 
discussed that eliminates the few technical challenges for in-situ applications. 
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15467…..…..…………………..…….……..……ID Number…………………..…..…………….15467 

Author: Irving, D. C. / Morrison, G. W. 

Title: PICTURE: An Aid in Debugging GEOM Input Data 

Date: 5/14/1970 

Report: ORNL-TM-2892 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Computer Programs / Picture, for Preparing Input Data for General Geometry Routine 
GEOM 
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15468…..…..…………………..…….……..……ID Number…………………..…..…………….15468 

Author: Irving, D. C. / Morrison, G. W. 

Title: PICTURE: An Aid in Debugging GEOM Input Data 

Date: 5/14/1970 

Report: ORNL-TM-2892 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Computer Programs / Picture, for Preparing Input Data for General Geometry Routine 
GEOM 
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15469…..…..…………………..…….……..……ID Number…………………..…..…………….15469 

Author: n.a. 

Title: LMFBR Fuel Cycle Studies Progress Report for February 1970, No. 12 

Date: 1/1/1970 

Report: ORNL-TM--2918 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; Metals, 
Ceramics, & Other Materials-Ceramics & Cermets-Preparation & Fabrication; Metals, Ceramics, & Other 
Materials-Ceramics & Cermets-Radiation Effects; Chemistry-Radiochemistry & Nuclear Chemistry-
Properties of Radioactive Materials; Chemical Preparation; Chemical Reactions; Criticality; Fabrication; 
FBR Type Reactors; Fission Products; Fuel Cans; Iodine; Liquid Metal Cooled Reactors; Methyl Iodide; 
Nuclear Fuels; Performance; Plutonium; Plutonium Oxides; Powders; Purex Process; Purification; 
Reprocessing; Sol-Gel Process; Sols; Spent Fuels; Stability; Stainless Steels; TBP; Transport; Uranium 
Dioxide 
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15470…..…..…………………..…….……..……ID Number…………………..…..…………….15470 

Author: Claiborne, H. C. 

Title: An Estimate of the Effect of Neutron-Energy Spectrum on Radiation Damage of Steel 

Date: 7/27/1962 

Report: ORNL-TM-299 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The postulate that the average number of lattice displacements is directly proportional 
to the available energy is carried one step further; it is assumed that damage to steel (particularly in regard 
to brittle fracture) is proportional to the number of lattice vacancies that occur. The model, although crude, 
permits estimation of the relative damage resulting from differences in neutron spectra. The results can be 
used as a rough method of correcting damage data for the effect of the neutron-energy spectrum. Radiation 
damage calculations for steel, relative to those for a fission spectrum, were made for neutron spectra that 
result from fission neutrons penetrating water or graphite. The results were plotted as a function of effective 
distance from the fission source. From this plot it is possible to make a conservative estimate of the 
correction factor to apply to damage data obtained with different neutron spectra. 



 

C-15519 

15471…..…..…………………..…….……..……ID Number…………………..…..…………….15471 

Author: Stanford, L. E. 

Title: Description and Safety of the Pool Critical Assembly 

Date: 1/1/1970 

Report: ORNL-TM-3035 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Safety & Siting; Accidents; Control 
Systems; Critical Assemblies; Failures; Instruments; Operation; Pool Critical Assembly; Reactor Safety; 
Research Reactors; Safety; Safety Analysis Report 



 

C-15520 

15472…..…..…………………..…….……..……ID Number…………………..…..…………….15472 

Author: Lucius, J. L. / Jenkins, J. D. / Wright, R. Q. 

Title: The INDEX Data System: An Index of Nuclear Data Libraries Available at ORNL 

Date: 3/29/1971 

Report: ORNL-TM-3334 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Crume's PhD thesis regarding fusion processes. 



 

C-15521 

15473…..…..…………………..…….……..……ID Number…………………..…..…………….15473 

Author: Parrott, J. R. / Nicol, R. G. / Nichols, J. P. 

Title: Receipt and Analysis of the Consolidated Edison Uranium Product Solution, and Subsequent Storage 
Utilizing Soluble Neutron Absorbers 

Date: 1/1/1971 

Report: ORNL-TM--3348 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Cadmium; Control; Criticality; 
Gadolinium; Solutions; Storage; Uranium 235; Uranyl Nitrates; Water 



 

C-15522 

15474…..…..…………………..…….……..……ID Number…………………..…..…………….15474 

Author: Horton, R. W. / Magnuson, D. W. / McDuffee, W. T. 

Title: Criticality Analysis: LWBR Assistance Program in Building 3019 

Date: 3/1/1972 

Report: ORNL-TM-3469 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Laboratories / Uranium-233 Criticality Control in ORNL; Uranium Isotopes U-233 / 
Criticality Control in ORNL Lwbr Program, Equipment and Methods for; Criticality / Control of Uranium-
233, in ORNL Lwbr Assistance Program, Equipment and Methods for 



 

C-15523 

15475…..…..…………………..…….……..……ID Number…………………..…..…………….15475 

Author: Haywood, F. F. 

Title: 1970 Intercomparison of Nuclear Accident Dosimetry Systems at the Oak Ridge National Laboratory 

Date: 1/1/1972 

Report: ORNL-TM--3551 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- Radiation Dosimeters; Accidents; 
Accuracy; Criticality; Dosemeters; Gamma Detection; Neutron Detection; Performance; Radiation 
Monitors; Reliability 
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15476…..…..…………………..…….……..……ID Number…………………..…..…………….15476 

Author: Horton, R. W. 

Title: Safety analysis: LWBR support program in Building 3019 Pilot Plant (LWBR Development 
Program) 

Date: 3/1/1972 

Report: ORNL-TM-3567 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The hazards associated with the preparation of kilogram quantities of 233UO2 
powder in the ORNL Building 3019 Pilot Plant in support of the Light Water Breeder Reactor program are 
recognized as those related to handling large quantities of fissile material (criticality), those stemming from 
handling alpha-active material (contamination-radiation), the danger of fire and explosion stemming from 
handling hydrogen and solvents and, lastly, the toxicity of the materials. The criticality hazard is evaluated 
in a separate report; the remaining hazards are evaluated and the measures that have been taken to eliminate 
and/or minimize each are described. (NSA 26: 26143) 
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15477…..…..…………………..…….……..……ID Number…………………..…..…………….15477 

Author: Kryter, R. C. / Ackermann, N. J. Jr. / Buhl, A. R. 

Title: Subcriticality Measurements in FTR-3: The Homogeneous Mockup of the Fast Test Reactor 

Date: 1/1/1972 

Report: ORNL-TM--3715 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Physics & Core Engineering; Criticality; FFTF Reactor; 
Measuring Instruments; Mockup; Performance; Reactor Kinetics; ZPR-9 Reactor 
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15478…..…..…………………..…….……..……ID Number…………………..…..…………….15478 

Author: Buhl, A. R. / Ackermann, N. J. Jr. / Kryter, R. C. / Robinson, J. C. 

Title: Subcriticality Monitoring System Evaluation in SEFOR. 

Date: 1/1/1973 

Report: ORNL-TM--3716 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Control Elements, Systems & Instrumentation; 
Criticality; FBR Type Reactors; Fission Chambers; Neutron Monitors; On-Line Measurement Systems; 
Performance Testing; Reactor Control Systems; Reactor Instrumentation; Reactor Kinetics; Reactor Noise; 
SEFOR Reactor; Sodium Cooled Reactors 
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15479…..…..…………………..…….……..……ID Number…………………..…..…………….15479 

Author: Haywood, F. F. / Poston, J. W. 

Title: 2nd IAEA Nuclear Accident Dosimetry Coordination Meeting and Intercomparison Experiment, 
MAY 3-15, 1971 

Date: 5/1/1971 

Report: ORNL-TM-3770 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15480…..…..…………………..…….……..……ID Number…………………..…..…………….15480 

Author: Engel, J. R. / Prince, B. E. 

Title: Zero-Power Experiments with 233U in the MSRE 

Date: 1/1/1972 

Report: ORNL-TM-3963 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Molten Salt Reactor Experiment / Physics Measurements for Uranium-233 Fueled, 
Analysis of Zero Power Tests 



 

C-15529 

15481…..…..…………………..…….……..……ID Number…………………..…..…………….15481 

Author: De Saussure, G. / Silver, E. G. / Perez, R. B. / Ingle, R. / Weaver, H. 

Title: Measurement of the 238U Capture Cross Section for Incident Neutron Energy up to 100 keV 

Date: 1/1/1973 

Report: ORNL-TM-4059 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Nuclear Properties & Reactions, A >= 220-Nuclear Reactions & 
Scattering; Capture; Cross Sections; eV Range 01-10; eV Range 10-100; eV Range 100-1000; Gamma 
Radiation; KeV Range 01-10; KeV Range 10-100; Measuring Methods; Neutron Beams; Neutron 
Reactions; Resonance; Uranium 238; Uranium 239 Neutrons / Capture By Uranium-238 at 5 eV to 100 
KeV, Measurement of Cross Sections and Resonance Parameters for, Neutron Cross Sections / 
Measurement of Capture, for Uranium-238 at 5 eV to 100 KeV, Uranium Isotopes U-238 / Neutron Capture 
at 5 eV to 100 KeV, Measurement of Cross Sections and Resonance Parameters for, 



 

C-15530 

15482…..…..…………………..…….……..……ID Number…………………..…..…………….15482 

Author: Rhoades, W. A. / Mynatt, F. R. 

Title: DOT III Two-Dimensional Discrete Ordinates Transport Code 

Date: 9/1/1973 

Report: ORNL-TM-4280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The DOT III program uses the method of discrete ordinates to solve radiation 
transport problems in two spatial dimensions.While suitable for neutral particle transport analysis in fission 
reactor, CTR, and weapons studies, DOT has been especially developed for large shielding problems 
involving the transport of neutrons and/or photons. The document gives a full description of input and 
output data, as well as code implementation information and a description of a few demonstration problems. 
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15483…..…..…………………..…….……..……ID Number…………………..…..…………….15483 

Author: Johnson, E. B. / Reedy Jr., R. K. 

Title: Neutron Multiplication by Experimental Gas Cooled Reactor Fuel Assemblies 

Date: 11/27/1962 

Report: ORNL-TM-433 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Due to the limited availability of fuel assemblies, the maximum multiplication 
achieved was ~ 5. The experiments did determine the most reactive spacing for water-immersed lattices of 
assemblies (touching). 
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15484…..…..…………………..…….……..……ID Number…………………..…..…………….15484 

Author: Dickson, H. W. / Haywood, F. F. 

Title: Results of Measurements During the Third IAEA Intercomparison Study 

Date: 1/1/1974 

Report: ORNL-TM-4418, CONF-730562-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ORNL results from the Third IAEA Nuclear Accident Dosimetry Coordination 
Meeting and Intercomparison Experiment held at the Boris Kidric Institute in Yugoslavia are tabulated. 
Results are given for moderated multifoil threshold detectors for neutron area monitoring, metaphosphate 
glass dosimeters for gamma area monitoring, and beryllium oxide TSEE dosimeters for both neutron and 
gamma personnel monitoring. Measurements were made both in air and on BOMAB style human 
phantoms. 
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15485…..…..…………………..…….……..……ID Number…………………..…..…………….15485 

Author: Dickson, H. W. / Haywood, F. F. / Becker, K. 

Title: Tenth Dosimetry Intercomparison Study, August 27—September 7, 1973 

Date: 3/1/1975 

Report: ORNL-TM-4566 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality; Performance; Personnel Dosimetry; Radiation Accidents; Exoelectron 
Dosemeters- Gamma Dosimetry- Photographic Film Dosemeters- RPL Dosemeters- Thermoluminescent 
Dosemeters; Activation Detectors- Exoelectron Dosemeters- Neutron Dosimetry- Semiconductor Diodes- 
Threshold Detectors 
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15486…..…..…………………..…….……..……ID Number…………………..…..…………….15486 

Author: Shahrokhi, F. / Robinson, J. C. / Mihalczo, J. T. / Ackermann, N. J. Jr. 

Title: State-Of-The Art in Non-Destructive Assay Systems and their Applications to An LMFBR Aqueous 
Fuel Reprocessing Plant 

Date: 8/1/1974 

Report: ORNL-TM-4586 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Analytical & Separations Chemistry-Activation & Nuclear Reaction 
Procedures; -Chemistry-Analytical & Separations Chemistry-Radiometric & Radiochemical Procedures; -
Chemistry-Radiochemistry & Nuclear Chemistry-Reactor Fuel Processing; -Reactors-Reactor Fuels; -
Nuclear Materials & Waste Management-Accountability & Safeguards-Technical; Fuel Reprocessing 
Plants- Nuclear Materials Management; Liquid Metal Fuels- Nuclear Reaction Analysis; Safeguards- 
Nuclear Reaction Analysis; Accounting; Fertile Materials; Fissile Materials; LMFBR Type Reactors; 
Nondestructive Analysis; Safety 
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15487…..…..…………………..…….……..……ID Number…………………..…..…………….15487 

Author: Staff 

Title: Technical Specifications Health Physics Research Reactor 

Date: 2/1/1979 

Report: ORNL-TM-4637 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical specifications define the key limitations that must be observed for safe 
operation of the Health Physics Research Reactor (HPRR) and an envelope of operation within which there 
is assurance that these limits will not be exceeded. The specifications were written to satisfy the 
requirements of the Department of Energy (DOE) Manual Chapter 0540, September 1, 1972. 
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15488…..…..…………………..…….……..……ID Number…………………..…..…………….15488 

Author: Staff 

Title: Technical Specifications Health Physics Research Reactor 

Date: 11/1/1985 

Report: ORNL-TM-4637/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: These technical specifications define the key limitations that must be observed for 
safe operation of the Health Physics Research Reactor (HPRR) and an envelope of operation within which 
there is assurance that these limits will not be exceeded. 
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15489…..…..…………………..…….……..……ID Number…………………..…..…………….15489 

Author: Staff 

Title: Technical Specifications Health Physics Research Reactor 

Date: 3/1/1986 

Report: ORNL-TM-4637/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical specifications define the key limitations that must be observed for safe 
operation of the Health Physics Research Reactor (HPRR) and an envelope of operation within which there 
is assurance that these limits will not be exceeded. The specifications were written to satisfy the 
requirements of the Department of Energy (DOE) Manual Chapter 0540, September 1, 1972. 
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15490…..…..…………………..…….……..……ID Number…………………..…..…………….15490 

Author: Staff 

Title: Technical Specifications Tower Shielding Reactor II 

Date: 2/1/1979 

Report: ORNL-TM-4641 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical specifications define the key limitations that must be observed for safe 
operation of the Tower Shielding Reactor II (TSR-II) and an envelope of operation within which there is 
reasonable assurance that these limits cannot be exceeded. The specifications were written to satisfy the 
requirements of the Department of Energy (DOE) Manual Chapter 0540, September 1, 1972. 
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15491…..…..…………………..…….……..……ID Number…………………..…..…………….15491 

Author: Staff 

Title: Technical Specifications Tower Shielding Reactor II 

Date: 4/1/1982 

Report: ORNL-TM-4641/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical specifications define the key limitations that must be observed for safe 
operation of the Tower Shielding Reactor II (TSR-II) and an envelope of operation within which there is 
reasonable assurance that these limits cannot be exceeded. The specifications were written to satisfy the 
requirements of the Department of Energy (DOE) Manual Chapter 0540, September 1, 1972. 



 

C-15540 

15492…..…..…………………..…….……..……ID Number…………………..…..…………….15492 

Author: Knight, J. R. / Petrie, L. M. 

Title: 16 and 123 Group Weighting Functions for KENO 

Date: 11/1/1975 

Report: ORNL-TM-4660 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Weighting functions for use in the KENO Monte Carlo criticality program have been 
prepared. Discrete ordinate neutron transport calculations provided adjoint fluxes in reflector materials 
commonly encountered in KENO calculations.16 and 123 group weights for water, paraffin, concrete, and 
graphite were computed by the adjoint biasing method. The results of these calculations are presented in 
the form of tables and graphs. The use of these weights in various applications has significantly reduced 
the number of neutron histories required to obtain a given variance in the k(eff) computed by KENO. 



 

C-15541 

15493…..…..…………………..…….……..……ID Number…………………..…..…………….15493 

Author: Shappert, L. B. / Ulrich, W. C. 

Title: Conceptual Design of Packages for Shipping Solutions Containing 239Pu and 233U 

Date: 2/1/1975 

Report: ORNL-TM-4720 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation-Containers; Casks- Design; 
Plutonium 239- Transport; Uranium 233- Transport; Criticality; Heat Transfer; Plutonium Nitrates; 
Radiolysis; Shielding; Uranyl Nitrates 



 

C-15542 

15494…..…..…………………..…….……..……ID Number…………………..…..…………….15494 

Author: Magnuson, D. W. 

Title: Criticality Calculations for Plutonium-Dioxide/Uranium-Dioxide/Water Mixtures Using ENDF/B 
Version III Cross Section Data and 123 Group XSDRN Transport Code 

Date: 12/1/1974 

Report: ORNL-TM-4767 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recently, the ENDF/B Version III cross section data were converted to the format 
necessary for use in the XSDRN transport code which has the option of calculating the absorption for each 
resonance using the Nordheim integral method separate from the more slowly varying cross sections. 
Calculations of k(eff) of a number of critical experiments were performed to provide an estimate of the bias 
of the calculational method. 



 

C-15543 

15495…..…..…………………..…….……..……ID Number…………………..…..…………….15495 

Author: Peelle, R. W. / Lewis, T. A. / Mihalczo, J. T. / Mook, H. A. / Moon, R. M. 

Title: Use of ORELA to Produce Neutrons for Scattering Studies on Condensed Matter 

Date: 9/1/1975 

Report: ORNL-TM--4987 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Particle Accelerators--Experimental Facilities; Particle Accelerators--Auxiliaries & 
Components-- Experimental Facilities & Equipment; ORELA-- Accelerator Facilities; Electron Beams; 
Experiment Planning; Modifications; Neutron Sources; Particle Boosters; Pulses; Research Programs; 
Targets 



 

C-15544 

15496…..…..…………………..…….……..……ID Number…………………..…..…………….15496 

Author: Thomas, J. T. / Fox, J. K. / Johnson, E. B. 

Title: Critical Mass Studies Part XIII--Borosilicate Glass Raschig Rings in Aqueous Uranyl Nitrate 
Solutions 

Date: 2/6/1963 

Report: ORNL-TM-499 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effect of commercially available Borosilicate glass raschig rings on the criticality 
of aqueous uranyl nitrate solutions enriched in uranium-235 has been experimentally investigated. The 
natural-boron content of the glass varied from 0.5 to 5.7 wt%, and the volume of the vessel occupied by the 
glass ranged from 20.9 to 30%. Results from exponential experiments, using a critical layer of solution 
above the column of solution-ring mixture as a neutron source, have provided estimates of the material 
buckling of the mixture as a function of solution concentration, boron content of the glass, and the glass 
volume present. It has been shown, for example, that the buckling is negative (i.e., k-infinity. Lt. 1) if glass 
containing 4 wt% boron occupies more than 22% of the mixture volume, whereas the same concentration 
of glass containing only 0.5 wt% of boron results in positive values of the buckling except for solutions 
more dilute than about 72 g of U per liter (H to uranium-235 ratio equals 380). 



 

C-15545 

15497…..…..…………………..…….……..……ID Number…………………..…..…………….15497 

Author: Ching, J. / Oblow, E. M. 

Title: One-Dimensional Fast-Neutron Transport Benchmark Calculations 

Date: 9/1/1975 

Report: ORNL-TM-5020 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of state-of-the-art fast-neutron transport calculations were made for several 
simple shield materials of interest to the Defense Nuclear Agency. The calculations should serve as 
benchmarks for testing newly evaluated neutron cross-section data and multigroup libraries. Results are 
presented for one-dimensional spherical systems of iron, air, and concrete (SiO2). The results include 
detailed flux spectra, broad-group fluxes versus distance, and convergence tests for representations of the 
P/sub l/ scattering kernel and for space, angle, and energy grids. The methods employed in converging the 
solutions differ from previous benchmark calculations in that sensitivity and point-energy techniques were 
used to determine the energy grid for the final results. 



 

C-15546 

15498…..…..…………………..…….……..……ID Number…………………..…..…………….15498 

Author: Bruce, F. R. 

Title: Radiation Safety and Control at the Oak Ridge National Laboratory: 1960-1962 

Date: 4/5/1963 

Report: ORNL-TM-507 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Describes various administrative actions/policies and facility upgrades motivated by 
the SL-1 accident and ORNL radiological events. 



 

C-15547 

15499…..…..…………………..…….……..……ID Number…………………..…..…………….15499 

Author: Magnuson, D. W. 

Title: Calculated Limiting Critical Concentrations of Plutonium in Natural Uranium and Water 

Date: 5/1/1976 

Report: ORNL-TM-5443 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations have been performed to determine the limiting concentration of 
plutonium required for criticality when added to normal uranium. The bias of the method has been evaluated 
by comparing the calculated and experimental limiting uranium-235 enrichments for criticality of oxide-
water mixtures and of nitrate-water mixtures. 



 

C-15548 

15500…..…..…………………..…….……..……ID Number…………………..…..…………….15500 

Author: Mihalczo, J. T. / Pare, V. K. / Ragan, G. L. / Mathis, M. V. / Tillet, G. C. 

Title: Reactivity from Power Spectral Density Measurements with 252Cf 

Date: 8/1/1977 

Report: ORNL-TM-5475 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The theory of a method of determination of the reactivity from power spectral density 
measurements with 252Cf and the results of experiments with a critical assembly mock-up of a liquid-metal 
fast breeder reactor and with uranium (93.2 wt% 235U) metal cylinders and a sphere are presented. This 
method of reactivity determination has an advantage over existing methods in that it determines the 
reactivity only from properties of the reactor at the subcritical state of interest and thus does not require a 
calibration near delayed criticality. In these experiments the reactivity was varied by changing the fissile 
loading or the amount of neutron absorber inserted; for the LMFBR mock-up, the reactivity varied to 
approximately 75 dollars subcritical, and for the uranium metal assemblies, to approximately 30 dollars 
subcritical. 



 

C-15549 

15501…..…..…………………..…….……..……ID Number…………………..…..…………….15501 

Author: Silver, E. G. 

Title: Source Strength and Long Counter Response Calibrations at the BSF 300-keV Accelerator 

Date: 4/8/1963 

Report: ORNL-TM-550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: By means of an Am-Be neutron source calibrated by the National Bureau of Standards 
the absolute neutron production of the 300-kev Cockcroft-Walton accelerator and of another Am-Be source 
was measured. The response of a modified Hanson-McKibben long counter as a function of distance from 
the source and angular orientation was also measured. 



 

C-15550 

15502…..…..…………………..…….……..……ID Number…………………..…..…………….15502 

Author: Drago, J. P. / Haas, P. A. 

Title: Drying of Uranium-Loaded Cation Exchange Resin with Microwave Heating 

Date: 12/1/1976 

Report: ORNL-TM-5508 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reference fuel kernel for recycle of 233U to HTGRs (High-Temperature Gas-
Cooled Reactors) is prepared by loading carboxylic acid cation exchange resin with uranium and 
carbonizing it at controlled conditions. The wet, uranium-loaded resin must be dried to a water content of 
10 to 16 wt percent prior to carbonization to minimize handling problems. Microwave heating was 
demonstrated to give controlled and reproducible dried resin in a vessel whose dimensions were safe for 
nuclear criticality (12.4 cm ID). A standard drying procedure was developed. The duration of microwave 
heating is controlled either by using an experimentally derived drying factor or by monitoring the amount 
of water removed from the resin. No significant difficulties were encountered in the operation of the dryer. 
Heat balance, microwave coupling efficiency, and minimum fluidization velocity were calculated and 
compared with experimental results or with the literature. Mixing of the resin during drying was required 
to ensure a uniformly dried product. 



 

C-15551 

15503…..…..…………………..…….……..……ID Number…………………..…..…………….15503 

Author: Drago, J. P. / Haas, P. A. 

Title: Design and Test of a Thermosiphon Evaporator for Acid-Deficient Uranyl Nitrate 

Date: 11/1/1976 

Report: ORNL-TM-5518 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reference process to recycle 233U to HTGRs begins with the receipt of the 
233UO2(NO3)2 product solution from a reprocessing plant, which is fed to a resin loading system. The 
nitrate is removed by extraction with a liquid organic amine. By adding an evaporator to remove water, a 
continuous, high-efficiency process for loading uranium on ion exchange resin is possible. A vertical 
thermosiphon evaporator was designed, fabricated, and tested with natural uranium to meet the 
requirements of the HTGR fuel recycle Hot Engineering Test Facility. The thermosiphon evaporator, which 
was designed to produce 60 liters of condensate per hour containing less than 1 ppM of uranium, performed 
satisfactorily and was simple to control. The uranyl nitrate solution was circulated continuously through 
the evaporator during operation of the resin loading system, with the liquid level being determined by a 
fixed overflow jackleg. The evaporation rate was controlled by regulating the steam supply pressure. The 
condensate contained less than 0.5 ppM of uranium, and the uranium decontamination factors (DFs) were 
5 x 105 to 1 x 106 at boilup rates of 17 to 79 liters/hr. This evaporator design is adequate for remote 
operation, control of criticality, and other requirements for the proposed 



 

C-15552 

15504…..…..…………………..…….……..……ID Number…………………..…..…………….15504 

Author: Mihalczo, J. T. 

Title: A Small Graphite-Reflected UO2 Critical Assembly, Part II 

Date: 4/6/1963 

Report: ORNL-TM-561 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15505…..…..…………………..…….……..……ID Number…………………..…..…………….15505 

Author: Preskitt, C. A. 

Title: The Reactor Transients Accompanying Pulsed Source Operation and Step Changes of Reactivity 

Date: 4/18/1963 

Report: ORNL-TM-570 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Delayed Neutrons; Fast Fission Factor; Group Theory; Neutron 
Sources; Operation; Pulses; Reactivity; Reactor Core; Reactors; Reflectors; Transients; Zones 



 

C-15554 

15506…..…..…………………..…….……..……ID Number…………………..…..…………….15506 

Author: Nicholson 

Title: PuO2 Dissolution Problem for LWR Plutonium Recycle and LMFBR Fuels Fabrication and 
Reprocessing Problems and their Resolution 

Date: 7/1/1977 

Report: ORNL-TM-5903 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A survey was made of the information reported to date for laboratory-scale 
dissolution experiments on PuO2-UO2 fuels, of reprocessing plant problems that might be encountered 
with these fuels, and of the fabrication methods for producing these fuels. The possibility of producing fuels 
that will be highly soluble in pure nitric acid without resorting to the use of corrosive fluorides for complete 
dissolution is examined. The report concludes that production of highly soluble fuel is possible, that it is 
probably economically justifiable, and that fluorides are not necessary for dissolution. Highly soluble fuel 
would likely have minimal impact on reprocessing criticality and waste disposal problems. Reactor 
specifications for PuO2-UO2 fuels seemingly permit a greater degree of nonhomogeneity than is desirable 
for achieving high solubility. A fuel solubility criteria is therefore proposed that would limit the amount of 
insoluble PuO2 in irradiated fuels to less than or equal to 0.01 percent of the total amount of plutonium 
present. 



 

C-15555 

15507…..…..…………………..…….……..……ID Number…………………..…..…………….15507 

Author: Unger, W. E. 

Title: Advanced Fuel Recycle Program Progress Report, July 1-September 30, 1977 

Date: 11/1/1977 

Report: ORNL-TM-6092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This quarterly progress report on the Fuel Recycle Program covers the ongoing 
development program aimed at providing the technology for production-scale advanced fuels recycle. The 
continuing basic laboratory and hot-cell studies, engineering research, and component equipment 
development activities are in support of a cold integrated equipment test scheduled for 1981 and a current 
conceptual design of a hot experimental facility scheduled for operation in 1988. 



 

C-15556 

15508…..…..…………………..…….……..……ID Number…………………..…..…………….15508 

Author: Kertesz, F. 

Title: The Auditing of Reactor Safety at the Oak Ridge National Laboratory 

Date: 7/8/1963 

Report: ORNL-TM-612 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A number of special committees and supervisory groups are involved in the approval-
granting process of reactors and reactor experiments. The relationship of these groups, their scope, and 
method of operation are described. 



 

C-15557 

15509…..…..…………………..…….……..……ID Number…………………..…..…………….15509 

Author: McNeany, S. R. / Jenkins, J. D. 

Title: Criticality Considerations for 233U Fuels in an HTGR Fuel Refabrication Facility 

Date: 1/1/1978 

Report: ORNL-TM-6136 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Eleven 233U solution critical assemblies spanning an H/233U ratio range of 40 to 
2000 and a bare metal 233U assembly have been calculated with the ENDF/B-IV and Hansen-Roach cross 
sections. The results from these calculations are compared with the experimental results and with each 
other. An increasing disagreement between calculations with ENDF/B and Hansen-Roach data with 
decreasing H/233U ratio was observed, indicative of large differences in their intermediate energy cross 
sections. The Hansen-Roach cross sections appeared to give reasonably good agreement with experiments 
over the whole range; whereas the ENDF/B calculations yielded high values for keff on assemblies of low 
moderation. It is concluded that serious problems exist in the ENDF/B-IV representation of the 233U cross 
sections in the intermediate energy range and that further evaluation of this nuclide is warranted. In addition, 
it is recommended that an experimental program be undertaken to obtain 233U criticality data at low 
H/233U ratios for verification of generalized criticality safety guidelines. Part II of this report presents the 
results of criticality calculations on specific pieces of equipment required for HTGR fuel refabrication. In 
particular, fuel particle storage hoppers and resin carbonization furnaces are criticality safe up to 22.9 cm 
(9.0 in.) in diameter providing water or other hydrogenous moderators are excluded. In addition, no 
criticality problems arise due to accumulation of particles in the off-gas scrubber reservoirs provided 
reasonable administrative controls are exercised. 



 

C-15558 

15510…..…..…………………..…….……..……ID Number…………………..…..…………….15510 

Author: Henry, K. M. / Kington, J. D. / Maienschein, F. C. 

Title: Operating Procedures for the Bulk Shielding Reactor Fifth Edition 

Date: 7/15/1963 

Report: ORNL-TM-616 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15511…..…..…………………..…….……..……ID Number…………………..…..…………….15511 

Author: Oak Ridge National Laboratory 

Title: Technical Specifications for the Pool Critical Assembly 

Date: 7/1/1978 

Report: ORNL-TM-6344 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Technical specifications for the ORNL-PCA Reactor are presented concerning safety 
limits and limiting safety system settings, limiting conditions for operation, surveillance requirements, 
design features, and administrative controls. 



 

C-15560 

15512…..…..…………………..…….……..……ID Number…………………..…..…………….15512 

Author: Santoro, R. 

Title: Nuclear Accident Dosimetry Calculations and Comparison with Experimental Data 

Date: 7/1/1978 

Report: ORNL-TM-6401/R1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculated results, carried out by the method of discrete ordinates, of the absorbed 
dose received by personnel at various locations relative to the source in a simulated reactor criticality 
accident are presented and compared with experimental data. The geometry of the room in which the 
"accident" took place is included approximately in the calculations. The calculated and experimental data 
are in good agreement in all cases. 



 

C-15561 

15513…..…..…………………..…….……..……ID Number…………………..…..…………….15513 

Author: Strain, J. E. 

Title: In-Line Neutron Poison Monitor 

Date: 9/1/1978 

Report: ORNL-TM-6432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To preclude the possibility of an accidental criticality in the aqueous reprocessing of 
spent nuclear reactor fuel, soluble neutron absorbers are added to the dissolver acid. An in-line monitor has 
been designed to provide a continuous assay of the added neutron poison. The device consists of a flow-
through sample cell, a neutron detector and a 241Am-Be neutron source. This report describes the 
calibration of the monitor with boron, cadmium, and gadolinium in terms of "molar-barns" so that a single 
calibration curve can be used for any neutron poison. The effects of temperature and radiation are also 
discussed. 



 

C-15562 

15514…..…..…………………..…….……..……ID Number…………………..…..…………….15514 

Author: Allen, E. J. 

Title: Criticality Analysis of Aggregations of Actinides from Commercial Nuclear Waste in Geological 
Storage 

Date: 8/1/1978 

Report: ORNL-TM-6458; W-7405-ENG-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An underground nuclear-waste terminal-storage facility for either spent fuel elements 
or high level waste from a reprocessing plant will contain large amounts of fissionable actinides. Such a 
facility must be designed to preclude the concentration of these isotopes into a critical mass. Information 
on the critical masses of the various isotopes present in spent fuel or high level waste is required as part of 
such a design effort. This study provides this information. The results of this study will be used, in 
conjunction with geologic transport rates of the actinide compounds, to estimate mass formation 
probabilities in waste repositories. A computational model was developed as part of the study to perform 
criticality calculations rapidly and efficiently and to produce tables and plots of actinide concentration in 
geologic material versus critical mass. The criticality model uses a discrete ordinates approximation to 
neutron transport theory and treats six energy groups and spherical geometry. Neutron cross sections were 
obtained from ENDF/B-IV or ENDF/B-V cross section libraries. Critical masses calculated with the 
computational model were checked against experimental values and against more detailed calculational 
values and were found to be from 30 percent less to 10 percent greater. Critical mass calculations were 
made for five waste 



 

C-15563 

15515…..…..…………………..…….……..……ID Number…………………..…..…………….15515 

Author: Botts, J. L. / Raridon, R. J. / Costanzo, D. A. 

Title: Density, Acidity, and Conductivity Measurements of Uranyl Nitrate/Nitric Acid Solutions 

Date: 1/1/1978 

Report: ORNL-TM-6491 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-006 



 

C-15564 

15516…..…..…………………..…….……..……ID Number…………………..…..…………….15516 

Author: Rhoades, W. A. / Simpson, D. B. / Childs, R. L. / Engle, W. W., Jr. 

Title: DOT-IV Two-Dimensional Discrete Ordinates Transport Code with Space-Dependent Mesh and 
Quadrature 

Date: 1/1/1979 

Report: ORNL-TM-6529 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: DOT IV is designed to allow very large problems to be solved on a wide range of 
computers and memory arrangements. New flexibility in both space-mesh and directional-quadrature 
specification is allowed. For example, the radial mesh in an R-Z problem can vary with axial position. The 
directional quadrature can vary with both space and energy group. Several features improve performance 
on both deep penetration and criticality problems. The program has been checked and used extensively on 
several types of computers. All of the features have been insured operable except the following two, which 
must not be used P/sub L/ variable by group or material. Diffusion theory problems must not use internal 
or external boundary sources, variable mesh, or variable quadrature. A diffusion iteration cannot produce 
internal boundary source output or "angular flux tape." The P1 module is very limited. The special 
geometries, INGEOM greater than or equal to 10, have not been completely checked and are not guaranteed. 
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15517…..…..…………………..…….……..……ID Number…………………..…..…………….15517 

Author: Mihalczo, J. T. 

Title: A Small Beryllium- Reflected UO2 Assembly 

Date: 7/23/1963 

Report: ORNL-TM-655 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A small, compact, unmoderated critical assembly of enriched UO2 reflected by 
beryllium, constructed in the ORNL Critical Experiments Facility in 1963, provides data in support of 
calculations. This assembly was a mock-up of a small potassium-cooled space power reactor. The critical 
configuration with each of two fuel tube arrangements, the Uranium 235 fission rate distribution, cadmium 
ratios, and the reactivity of the fuel rods and a variety of materials such as B{sub 4}C, carbon, tungsten, 
aluminium, and type 347 stainless steel in the core were measured. The experimental results are reported 
in this paper. 



 

C-15566 

15518…..…..…………………..…….……..……ID Number…………………..…..…………….15518 

Author: Sims, C. S. 

Title: Fifteenth Nuclear Accident Dosimetry Intercomparison Study August 14-22, 1978 

Date: 5/1/1979 

Report: ORNL-TM-6554 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fifteenth in the continuing series of Nuclear Accident Dosimetry Intercomparison 
Studies was held August 14--22, 1978 at the Oak Ridge National Laboratory. The Health Physics Research 
Reactor, operated in the pulse mode, served as the radiation source. Using different shielding 
configurations, nuclear accidents with three different neutron and gamma spectra were simulated. 
Participants from 19 organizations, the most in the history of the studies, exposed dosimeters set up as area 
monitors as well as dosimeters mounted on phantoms for personnel monitoring. Although many participants 
performed accurate measurements, the composite dose results, in the majority of cases, failed to meet 
established nuclear criticality accident dosimetry guidelines which suggest accuracies of ± 25% for neutron 
dose and ± 20% for gamma dose. This indicates that many participants need to improve their dosimetry 
systems, their analytical techniques, or both. 



 

C-15567 

15519…..…..…………………..…….……..……ID Number…………………..…..…………….15519 

Author: McNeany, S. R. / Knoll, R. W. / Jenkins, J. D. 

Title: Design and Evaluation of a Nondestructive Fissile Assay Device for HTGR Fuel Samples 

Date: 2/1/1979 

Report: ORNL-TM-6610 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nondestructive assay of fissile material plays an important role in nuclear fuel 
processing facilities. Information for product quality control, plant criticality safety, and nuclear materials 
accountability can be obtained from assay devices. All of this necessary for a safe, efficient, and orderly 
operation of a production plant. Presented here is a design description and an operational evaluation of a 
device developed to nondestructively assay small samples of High-Temperature Gas-Cooled Reactor 
(HTGR) fuel. The measurement technique employed consists in thermal-neutron irradiation of a sample 
followed by pneumatic transfer to a high-efficiency neutron detector where delayed neutrons are counted. 
In general, samples undergo several irradiation and count cycles during a measurement. The total number 
of delayed-neutron counts accumulated is translated into grams of fissile mass through comparison with the 
counts accumulated in an identical irradiation and count sequence of calibration standards. Successful 
operation of the device through many experiments over a one-year period indicates high operational 
reliability. Tests of assay precision show this to be better than 0.25% for measurements of 10 min. Assay 
biases may be encountered if calibration standards are not representative of unknown samples, but 
reasonable care in construction and... 



 

C-15568 

15520…..…..…………………..…….……..……ID Number…………………..…..…………….15520 

Author: Sims, C. S. 

Title: Fourteenth Nuclear Accident Dosimetry Intercomparison Study July 13-22, 1977 

Date: 6/1/1979 

Report: ORNL-TM-6773 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The fourteenth in the continuing series of Nuclear Accident Dosimetry 
Intercomparison Studies was held July 13--22, 1977, at the Oak Ridge National Laboratory. The Health 
Physics Research Reactor, operated in the pulse mode, served as the radiation source. Four different 
shielding configurations (unshielded, 12-cm Lucite, 20-cm concrete, and 5-cm steel/15-cm concrete) helped 
simulate various nuclear criticality accident situations. Participants from eleven different organizations, 
seven domestic and four foreign, performed nuclear accident dose measurements during the study. 
Dosimeters used as area monitors as well as dosimeters on phantoms were intercompared under identical 
experimental conditions. Reported values of neutron dose were within ± 38% of the mean for all pulses 
while gamma ray doses were within ± 25% of the mean at one standard deviation. 



 

C-15569 

15521…..…..…………………..…….……..……ID Number…………………..…..…………….15521 

Author: Miller, J. W. 

Title: An Evaluation of a Deuterium-Moderated Gas-Cooled Breeder Reactor 

Date: 12/1/1961 

Report: ORNL-TM-68 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Expanded calculations are presented for the Deuterium Moderated Gas- Cooled 
Breeder Reactor. Calculations were performed using the 34-group reactor core GNU in conjunction with 
the Equilibrium Reactor Program ERC-5. Fuel yields ranging from 3.4 to 4.4% were obtained with fuel 
cycle costs of l.3 to 1.5 mills per kwhr. 



 

C-15570 

15522…..…..…………………..…….……..……ID Number…………………..…..…………….15522 

Author: Shappert, L. B. 

Title: A Guide to the Design of Shipping Casks for the Transportation of Radioactive Material 

Date: 4/1/1965 

Report: ORNL-TM-681 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains discussions regarding early 1960s regulations for transport and shipping 
containers of the era, ~ 20 pages focused on criticality control. 



 

C-15571 

15523…..…..…………………..…….……..……ID Number…………………..…..…………….15523 

Author: Nichols, J. P. 

Title: Limiting Critical Concentrations of Aqueous Nitrate Solutions of Fissile and Fertile Isotopes 

Date: 9/27/1963 

Report: ORNL-TM-686 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of IBM-7090 MODRIC calculations of the limiting critical concentrations 
of aqueous nitrate solutions of U235-U238, U235-Th232, U233=Th232, Pu239-U238, and Pu239 Th232are 
presented 
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15524…..…..…………………..…….……..……ID Number…………………..…..…………….15524 

Author: Nichols, J. P. 

Title: Limiting Critical Concentrations of Aqueous Nitrate Solutions of Fissile and Fertile Isotopes 

Date: 6/25/1963 

Report: ORNL-TM-686; ORNL-CF-63-6-56 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of IBM-7090 MODRIC calculations of the limiting critical concentrations 
of aqueous nitrate solutions of U235-U238, U235-Th232, U233-Th232, Pu239-U238, and Pu239-Th232 
are presented. 
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15525…..…..…………………..…….……..……ID Number…………………..…..…………….15525 

Author: Ricker, C. W. / Colomb, A. L. / Mann, E. R. 

Title: Feasibility Study of Measurement of Negative Reactivity by Analysis of Neutron Fluctuation 
Spectral Density 

Date: 9/27/1963 

Report: ORNL-TM-690 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary experiment was performed by use of the Bulk Shielding Reactor (BSR) 
to determine the feasibility of measuring the negative reactivity by analyzing the neutron density 
fluctuations of a reactor, and the possibility of making these measurements in a relatively short time by 
making simultaneous measurements of the spectral densities in several fixed-frequency intervals within a 
specific frequency range. Measurements were made using direct filtering, squaring, and time-averaging of 
the amplified signal from an ionization chamber. From these data, reactivities were calculated and 
compared with reference reactivities for five conditions of subcriticality. Approximately 80% of the 
experimental data points were within plus or minus 30% of reference reactivities. At three of the five 
subcritical conditions, the experimental reactivities agreed well with reference reactivities. Small negative 
reactivities were measured within a factor of 2 of the reference reactivities within minutes by use of simple 
and inexpensive equipment. 
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15526…..…..…………………..…….……..……ID Number…………………..…..…………….15526 

Author: Gilley, L. W. 

Title: Effects of Various Reflectors on the Reactivity of the Health Physics Research Reactor 

Date: 2/1/1964 

Report: ORNL-TM-710 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Buildings; Measured Values; Plates; Plexiglas; Polymers; 
Reactivity; Reactor Safety; Reflectors; Research Reactors; Storage 
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15527…..…..…………………..…….……..……ID Number…………………..…..…………….15527 

Author: Allen G. Croff 

Title: A User's Manual for the ORIGEN2 Computer Code 

Date: 1/1/1980 

Report: ORNL-TM-7175 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes how to use a revised version of the ORIGEN computer code, 
designated ORIGEN2. Included are a description of the input data, input deck organization, and sample 
input and output. ORIGEN2 can be obtained from the Radiation Shielding Information Center at ORNL. 
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15528…..…..…………………..…….……..……ID Number…………………..…..…………….15528 

Author: Thomas, J. T. 

Title: Critical Three-Dimensional Arrays of Neutron-Interacting Units 

Date: 10/1/1963 

Report: ORNL-TM-719 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As many as 125 five-liter units of concentrated aqueous uranyl nitrate solution were 
assembled in critical arrays. The solution, at a concentration of 415 gram of uranium per liter, and having 
a specific gravity of 1.555, was contained in right circular cylinders of methacrylate plastic having a 0.64-
cm-thick wall. The uranium-235 content of the uranium was 92.6 wt%. The dependence of the number of 
units required for criticality as a function of the spacing has been determined. 
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15529…..…..…………………..…….……..……ID Number…………………..…..…………….15529 

Author: Epler, E. P. 

Title: Operating Experience with Coincident Vs. Noncoincident Reactor Safety Systems 

Date: 12/12/1963 

Report: ORNL-TM-738 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study of reactor operation shows that systems employing coincidence have 
experienced more scrams resulting from instrument malfunction than those systems not employing 
coincidence. Although it is demonstrated that coincidence is not the dominant factor in safety system 
serviceability, it is planned to employ coincidence at ORNL in order to permit on-line testing of new, more 
complex safety systems. 
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15530…..…..…………………..…….……..……ID Number…………………..…..…………….15530 

Author: Rabin, S. A. 

Title: Procurement and Evaluation of Hardware for the Brookhaven National Laboratory Fuel Rods 

Date: 2/1/1964 

Report: ORNL-TM-739 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed evaluation of the hardware (nonfuel materials) procured for the 
Brookhaven National Laboratory fuel rods is presented. These fuel rods, which are being produced in the 
ORNL Kilorod Facility by the bulk oxide-vibratory compaction route, are to be used in criticality zero 
power experiments at BNL. The hardware includes: (1) Zircaloy-2 tubing for the cladding, (2) Zircaloy-2 
bar for the end fittings, (3) aluminum oxide discs and Inconel X compression springs for fuel spacing, and 
(4) type 304 stainless steel bar for hanger fittings. Specifications for each of the components and 
supplementary specifications for the requisite nondestructive tests are appended. 
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15531…..…..…………………..…….……..……ID Number…………………..…..…………….15531 

Author: Tang, J. S. 

Title: Nuclear Criticality Safety Studies Applicable to Spent Fuel Shipping Cask Designs and Spent Fuel 
Storage 

Date: 11/1/1980 

Report: ORNL-TM-7403 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality analyses of water-moderated and reflected arrays of LWR fresh and spent 
fuel assemblies were carried out in this study. The calculated results indicate that using the assumption of 
fresh fuel loading in spent fuel shipping cask design leads to assembly spacings which are about twice the 
spacings of spent fuel loadings. Some shipping cask walls of composite lead and water are more effective 
neutron reflectors than water of 30.48 cm (12 in). 
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15532…..…..…………………..…….……..……ID Number…………………..…..…………….15532 

Author: Sims, C. S. 

Title: Sixteenth Nuclear Accident Dosimetry Intercomparison Study August 13-17, 1979 

Date: 12/1/1980 

Report: ORNL-TM-7596 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Sixteenth Nuclear Accident Dosimetry Intercomparison Study was conducted 
August 13-17, 1979, at the Oak Ridge National Laboratory (ORNL). Nuclear criticality accidents with three 
different neutron and gamma energy spectra were simulated using the Health Physics Research Reactor 
(HPRR) operated in the pulse mode with different shielding configurations. Participants from 13 
organizations exposed dosimeters set up as area monitors and mounted on phantoms for personnel 
monitoring. The composite of all reported dose results failed to meet nuclear criticality accident dosimetry 
guidelines which suggest accuracies of ±25% for neutron dose and ±20% for gamma dose. This indicates 
that continued development and evaluation of criticality accident dosimetry systems and analysis 
techniques are necessary to improve measurement accuracy so that existing standards can be met. 
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15533…..…..…………………..…….……..……ID Number…………………..…..…………….15533 

Author: Swaja, R. E. 

Title: Seventeenth Nuclear Accident Dosimetry Intercomparison Study August 11-15, 1980 

Date: 4/1/1981 

Report: ORNL-TM-7696 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Seventeenth Nuclear Accident Dosimetry Intercomparison Study was conducted 
August 11-15, 1980, at the Oak Ridge National Laboratory. Nuclear criticality accidents with three different 
neutron and gamma ray energy spectra were simulated by operating the Health Physics Research Reactor 
in the pulse mode. Participants from 13 organizations exposed dosimeters set up as area monitors and 
mounted on phantoms for personnel monitoring. Analysis of experimental results reported by participants 
showed that less than 60% of the neutron dose measurements using foil activation, thermoluminescent, or 
sodium activation methods and less than 20% of the gamma dose measurements using thermoluminescent 
dosimeters met nuclear criticality accident dosimetry guidelines which suggest accuracies of ±25% for 
neutron dose and ±20% for gamma dose. This indicates that continued development and evaluation of 
criticality accident dosimetry systems for area and personnel monitoring are required to improve 
measurement accuracy so that existing standards can be met. 
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15534…..…..…………………..…….……..……ID Number…………………..…..…………….15534 

Author: Sims, C. S. / Killough, G. G. 

Title: Reference Dosimetry for Various Health Physics Research Reactor Spectra 

Date: 7/1/1981 

Report: ORNL-TM-7748 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reference neutron dosimetry is developed in a consistent and reproducible manner 
for five different Health Physics Research Reactor (HPRR) spectra: the unshielded HPRR, the HPRR 
shielded by 20-cm concrete, by 12-cm Lucite, by 13-m steel, and by a 5-cm steel/15-cm concrete shield. 
The reference dosimetry is presented in two forms so as to be of maximum usefulness both to dosimetrists 
and to reactor operations personnel. The forms are: (1) dosimetric data (i.e., wet tissue kerma, element 57 
dose, and element 57 dose equivalent) per unit fluence at 3 m from the centerline of the HPRR, and (2) 
dosimetric data at 3 m from the centerline of the HPRR per fission in the reactor. A large amount of HPRR 
dosimetry-related information are included and form a comprehensive compilation of available data. These 
data include calculated HPRR neutron energy spectra for each of the five above mentioned shielding 
situations, dosimetric data per unit fluence as a function of neutron energy, dosimetric contributions to the 
total reference values by neutron energy group, quality factors, shield attenuation factors and a summary of 
nuclear engineering data for each shield, kerma variation with distance from the HPRR, and a summary of 
previously published reference dosimetry-related HPRR data. 
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15535…..…..…………………..…….……..……ID Number…………………..…..…………….15535 

Author: Nicol, R. G. / Parrott, J. R. / Krichinsky, A. M. / Box, W. D. / Martin, C. W. / Whitson, W. R. 

Title: Fabrication of Zero Power Reactor Fuel Elements Containing 233U3O8 Powder 

Date: 5/1/1982 

Report: ORNL-TM-8140 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Oak Ridge National Laboratory, under contract with Argonne National Laboratory, 
completed the fabrication of 1743 fuel elements for use in their Zero Power Reactor. The contract also 
included recovery of 20 kg of 233U from rejected elements. This report describes the steps associated with 
conversion of purified uranyl nitrate (as solution) to U3O8 powder (suitable for fuel) and subsequent 
charging, sealing, decontamination, and testing of the fuel elements (packets) preparatory to shipment. The 
nuclear safety, radiation exposures, and quality assurance aspects of the program are discussed. 
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15536…..…..…………………..…….……..……ID Number…………………..…..…………….15536 

Author: Nichols, J. P. 

Title: The Effect of Various External Neutron Absorbers and Reflectors on the Reactivity of Solutions of 
239Pu-240Pu in Slugs 

Date: 3/31/1964 

Report: ORNL-TM-821 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multi-group transport theory calculations were made to estimate the effect of various 
external neutron absorbers and reflectors on the reactivity of slabs containing solutions of 239Pu-240Pu. 
The results indicate that 1/8 to 1/4-in. boral is a more effective absorber than 0.02-in. cadmium and that 
water and paraffin are significantly better than concrete for isolation of subcritical units. 
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15537…..…..…………………..…….……..……ID Number…………………..…..…………….15537 

Author: Swaja, R. E. / Sims, C. S. / Greene, R. T. 

Title: Eighteenth Nuclear Accident Dosimetry Intercomparison Study: August 10-14, 1981 

Date: 11/1/1982 

Report: ORNL-TM-8281 

Conference/Journal: Eighteenth Nuclear Accident Dosimetry Intercomparison Study: August 10-14, 
1981 

Conference Session:  

Abstract/Keyterms: The Eighteenth Nuclear Accident Dosimetry Intercomparison Study was conducted 
August 10-14, 1981, at the Oak Ridge National Laboratory. Nuclear criticality accidents with three different 
neutron and gamma ray energy spectra were simulated by operating the Health Physics Research Reactor 
in the pulse mode. Participants from 13 organizations exposed dosimeters set up as area monitors and 
mounted on phantoms for personnel monitoring. Analysis of experimental results showed that about 56% 
of the reported neutron doses measured using foil activation, thermoluminescent, or sodium activation 
methods and about 53% of the gamma doses measured using thermoluminescent methods met nuclear 
accident dosimetry guidelines which suggest accuracies of +- 25% for neutron dose and +- 20% for gamma 
dose. The greatest difficulties in measuring accident doses occurred in radiation fields with large fractions 
of low energy neutrons and a high gamma component (> 40%). Results of this study indicate that continued 
accident dosimetry intercomparisons are necessary to test dosimetry systems and training programs are 
needed to improve the technical competence of evaluating personnel. 
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15538…..…..…………………..…….……..……ID Number…………………..…..…………….15538 

Author: Ryan, M. T. / Butler, H. M. / Gupton, E. D. / Sims, C. S. 

Title: Calibration of the Indium Foil Used for Criticality Accident Dosimetry in the UCC-ND Employee 
Identification Badge 

Date: 5/1/1982 

Report: ORNL-TM-8294 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The UCC-ND Employee Identification Badge contains an indium foil disc that is 
intended for use as a dosimetry screening device in the event of a criticality accident. While it is recognized 
that indium is not a precise mixed neutron-gamma dosimeter, its activation by neutrons provides adequate 
means for separating potentially exposed persons into three groups. These groups are (2) personnel exposed 
above annual dose limits but below 25 rem, and (3) personnel exposed above 25 rem. This screening 
procedure is designed to facilitate dosimeter processing in order to meet regulatory reporting requirements. 
A quick method of interpreting induced activity measurements is presented and discussed. 
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15539…..…..…………………..…….……..……ID Number…………………..…..…………….15539 

Author: Schaich, R. W. 

Title: Safety Analysis Report for Packaging: the ORNL DOT Specification 20WC-5 - Special Form 
Packaging 

Date: 10/1/1982 

Report: ORNL-TM-8347 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ORNL DOT Specification 20WC-5 - Special Form Package was fabricated for 
the transport of large quantities of solid nonfissile radioactive materials in special form. The package was 
evaluated on the basis of tests performed at Sandia National Laboratories, Albuquerque, New Mexico on 
an identical fire and impact shield and special form tests performed on a variety of stainless steel capsules 
at ORNL by Operations Division personnel. The results of these evaluations demonstrate that the package 
is in compliance with the applicable regulations for the transport of large quantities of nonfissile radioactive 
materials in special form. 



 

C-15588 

15540…..…..…………………..…….……..……ID Number…………………..…..…………….15540 

Author: Rhoades, W. 

Title: DOS the Discrete-Ordinates System 

Date: 9/1/1982 

Report: ORNL-TM-8362 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Discrete Ordinates System determines the flux of neutrons or photons due either 
to fixed sources specified by the user or to sources generated by particle interaction with the problem 
materials. It also determines numerous secondary results which depend upon flux. Criticality searches can 
be performed. Numerous input, output, and file manipulation facilities are provided. The DOS driver 
program reads the problem specification from an input file and calls various program modules into 
execution as specified by the input file. 
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15541…..…..…………………..…….……..……ID Number…………………..…..…………….15541 

Author: Greene, R. T. / Sims, C. C. / Swaja, R. E. 

Title: Nineteenth Nuclear Accident Dosimetry Intercomparison Study, August 9-13, 1982 

Date: 11/1/1983 

Report: ORNL-TM-8698 

Conference/Journal: Nineteenth Nuclear Accident Dosimetry Intercomparison Study, August 9-13, 
1982 

Conference Session:  

Abstract/Keyterms: The Nineteenth Nuclear Accident Dosimetry Intercomparison Study was held August 
9 to 13, 1982, at the Oak Ridge National Laboratory using the Health Physics Research Reactor operated 
in the pulse mode to simulate nuclear criticality accidents. Participants from eight organizations measured 
neutron and gamma doses at air stations and on phantoms for three different shielding conditions. Measured 
results were compared to nuclear industry guidelines for criticality accident dosimeters which suggest 
accuracies of +-25% for neutron dose and +-20% for gamma dose. Seventy-two percent of the neutron dose 
measurements using foil activation, sodium activation, hair sulfur activation, and thermoluminescent 
methods met the guidelines while less than 40% of the gamma dose measurements were within +-20% of 
reference values. The softest neutron energy spectrum (also lowest neutron/gamma dose ratio) provided the 
most difficulty in measuring neutron and gamma doses. Results of this study indicate the need for continued 
intercomparison and testing of nuclear accident dosimetry systems and for training of evaluating personnel. 
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15542…..…..…………………..…….……..……ID Number…………………..…..…………….15542 

Author: Thomas, J. T. 

Title: Nuclear Criticality Safety Assessment of the Consolidated Edison Uranium-Solidification Program 
Facility 

Date: 1/1/1984 

Report: ORNL-TM-8984 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear criticality assessment of the Consolidated Edison Uranium-Solidification 
Program facility confirms that all operations involved in the process may be conducted with an acceptable 
margin of subcriticality. Normal operation presents no concern since subcriticality is maintained by design. 
Several recommendations are presented to prevent, or mitigate the consequences of, any abnormal events 
that might occur in the various portions of the process. These measures would also serve to reduce to a 
minimum the administrative controls required to prevent criticality. 
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15543…..…..…………………..…….……..……ID Number…………………..…..…………….15543 

Author: Muckenthaler, F. J. 

Title: Integral Measurements of Neutron and Gamma-Ray Leakage Fluxes from the Little Boy Replica 

Date: 3/1/1984 

Report: ORNL-TM-9005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents integral measurements of neutron and gamma-ray leakage fluxes 
from a critical mockup of the Hiroshima bomb Little Boy at Los Alamos National Laboratory with detector 
systems developed by Oak Ridge National Laboratory. Bonner ball detectors were used to map the neutron 
fluxes in the horizontal midplane at various distances from the mockup and for selected polar angles, 
keeping the source-detector separation constant. Gamma-ray energy deposition measurements were made 
with thermoluminescent detectors at several locations on the iron shell of the source mockup. The 
measurements were performed as part of a larger program to provide benchmark data for testing the 
methods used to calculate the radiation released from the Little Boy bomb over Hiroshima. 
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15544…..…..…………………..…….……..……ID Number…………………..…..…………….15544 

Author: Bucholz, J. A. / Mincey, J. F. / Primm III, R. T. / Weber, F. E. 

Title: Criticality Safety Studies of a Continuous, Rotary Dissolver 

Date: 5/1/1984 

Report: ORNL-TM-9020 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15545…..…..…………………..…….……..……ID Number…………………..…..…………….15545 

Author: Guymon, R. H. / Haubenreich, P. N. / Engel, J. R. 

Title: MSRE Design and Operations Report. Part XI. Test Program 

Date: 1/1/1966 

Report: ORNL-TM--911 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Chemical Reactions; Control 
Systems; Criticality; Design; Fused Salt Fuel; Fused Salts; Graphite; Graphite Moderator; Instruments; 
MSRE; Operation; Performance; Poisoning; Power; Power Plants; Reaction Kinetics; Reactors; Shielding; 
Standards; Startup; Testing; Xenon 
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15546…..…..…………………..…….……..……ID Number…………………..…..…………….15546 

Author: Larson, N. M. 

Title: Updated Users’ Guide for SAMMY 

Date: 1/1/2003 

Report: ORNL-TM-9179/R6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Physics and Radiation Physics; General and Miscellaneous / Mathematics, 
Computing, and Information Science; Neutrons; R Matrix; Manuals; Nuclear Data Collections; Equations; 
Codes 
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15547…..…..…………………..…….……..……ID Number…………………..…..…………….15547 

Author: Klepper, O. H. 

Title: Cost and Availability of Gadolinium for Nuclear Fuel Reprocessing Plants 

Date: 6/1/1985 

Report: ORNL-TM-9345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Gadolinium is currently planned for use as a soluble neutron poison in nuclear fuel 
reprocessing plants to prevent criticality of solutions of spent fuel. Gadolinium is relatively rare and 
expensive. The present study was undertaken therefore to estimate whether this material is likely to be 
available in quantities sufficient for fuel reprocessing and at reasonable prices. It was found that gadolinium, 
one of 16 rare earth elements, appears in the marketplace as a by-product and that its present supply is a 
function of the production rate of other more prevalent rare earths. The potential demand for gadolinium in 
a fuel reprocessing facility serving a future fast reactor industry amounts to only a small fraction of the 
supply. At the present rate of consumption, domestic supplies of rare earths containing gadolinium are 
adequate to meet national needs (including fuel reprocessing) for over 100 years. With access to foreign 
sources, US demands can be met well beyond the 21st century. It is concluded therefore that the supply of 
gadolinium will quite likely be more than adequate for reprocessing spent fuel for the early generation of 
fast reactors. The current price of 99.99% pure gadolinium oxide lies in the range $50/lb to $65/lb (1984 
dollars). By the year 2020, in time for reprocessing spent fuel from an early generation of large fast reactors, 
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15548…..…..…………………..…….……..……ID Number…………………..…..…………….15548 

Author: Easter, M. E. / Primm, R. T., III 

Title: Validation of the SCALE Code System and Two Cross-Section Libraries for Plutonium Benchmark 
Experiments 

Date: 1/1/1985 

Report: ORNL-TM-9402 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The calculation and analysis of 31 critical plutonium experiments are presented. Two 
control modules, used with two cross-section libraries available in the standardized computer analyses for 
licensing evaluation (SCALE) system, are employed in the analysis. The results obtained are discussed in 
detail and are analyzed for trends and biases. The comparison results with experimental validates the cross-
section libraries and reduces the degree of conservatism that would otherwise have to be applied to the 
results of future using the two cross-section libraries and two control modules in the SCALE system. It 
appears that 27-group cross sections derived from the evaluated nuclear data file--version IV provide better 
agreement between calculation and experiment than the 16 group library originally developed by Hansen 
and Roach. 
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15549…..…..…………………..…….……..……ID Number…………………..…..…………….15549 

Author: Stinnett, R. M. 

Title: Technical Specifications for the Oak Ridge Critical Experiments Facility 

Date: 1/1/1986 

Report: ORNL-TM-9525 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: These Technical Specifications for the Oak Ridge Critical Experiments Facility 
(CEF) delineate limiting conditions of operation for the facility. The CEF is used primarily for testing the 
High Flux Isotope Reactor (HFIR) fuel assemblies. Specifically, the Criticality Testing Unit, Liquid 
(CTUL), located in the CEF, is used for the HFIR fuel assembly test. The test is performed to satisfy the 
surveillance requirements of the HFIR Technical Specifications. The test is used to determine the water-
submerged shutdown margin for each fuel assembly. 
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15550…..…..…………………..…….……..……ID Number…………………..…..…………….15550 

Author: Bucholz, J. A. 

Title: Initial Criticality Safety Analysis of the Main Process Cell of the BRET Preconceptual Design - 
Executive Summary 

Date: 8/1/1986 

Report: ORNL-TM-9580/Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15551…..…..…………………..…….……..……ID Number…………………..…..…………….15551 

Author: Bucholz, J. A. 

Title: Initial Criticality Safety Analysis of the Main Process Cell of the BRET Preconceptual Design 

Date: 8/1/1986 

Report: ORNL-TM-9580/Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15552…..…..…………………..…….……..……ID Number…………………..…..…………….15552 

Author: Cramer, S. N. 

Title: Applications Guide to the RSIC-Distributed Version of the KENO-V Code 

Date: 9/1/1985 

Report: ORNL-TM-9642 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review of the KENO-V multigroup Monte Carlo criticality code available from the 
Radiation Shielding Information Center (RSIC) at Oak Ridge National Laboratory (ORNL) is presented. 
All aspects of the code are discussed, including the stand-alone and SCALE system modules and the 
applicable computer hardware systems. The cross-section requirements are outlined, and the available code 
package libraries and other necessary data are defined. The supergroup feature for use of the code on small 
computer systems is explained. The capabilities and limitations of the KENO array geometry description 
are illustrated. Various aspects of the random-walk and estimation procedures are itemized. Examples of 
the various calculated values of k(eff) and its statistical uncertainty are shown in standard output listings. 
Finally, a summary of sample problems and future work is given. 
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15553…..…..…………………..…….……..……ID Number…………………..…..…………….15553 

Author: Primm, R. T. 

Title: Justification and Planning for a Proposed Series of Damp Mixed-Oxide Critical Experiments 

Date: 8/1/1985 

Report: ORNL-TM-9675 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: n.a. 
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15554…..…..…………………..…….……..……ID Number…………………..…..…………….15554 

Author: n. a. 

Title: Summary of the Technical Review of the Safety Analysis Reports for Packaging (SARP) for the 
Transnuclear Transport/Storage Casks: TN-BRP and TN-REG 

Date: 7/1/1986 

Report: ORNL-TM-9889 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Safety Analysis Reports for Packaging for two spent fuel shipping casks were 
technically reviewed by the Oak Ridge National Laboratory. The casks were designed by Transnuclear, 
Inc., for shipment of 85 Big Rock Point boiling water reactor fuel elements and 40 R.E. Ginna pressurized 
water reactor fuel elements from West Valley, New York, to Idaho Falls, Idaho. The intent of the review 
was to ensure compliance of the casks with the requirements the applicable Federal Regulations contained 
in 10 CFR Pt. 71 and allow issuance of Department of Energy Certificates of Compliance for transport by 
the Department of Energy Idaho Operations Office. The review was performed by a team of Oak Ridge 
National Laboratory staff assembled for their expertise in criticality analysis, shielding, metallurgy, 
nondestructive testing, thermal analysis, structural analysis, and containment. This report describes the 
review processes, the findings in each technical area, and the overall conclusion that a Certificate of 
Compliance could be issued for the proposed single shipment under the specified conditions and constraints. 
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15555…..…..…………………..…….……..……ID Number…………………..…..…………….15555 

Author: Thompson, J. L. / Emmett, M. B. / Dodds, Jr., H. L. 

Title: Development and Evaluation of DOTTOR, A Computer Code to Couple Two-Dimensional to Three-
Dimensional Discrete Ordinates Calculations 

Date: 4/1/1986 

Report: ORNL-TM-9919 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method has been developed to couple two-dimensional (d-D) to three-dimensional 
(3-D) discrete ordinates transport calculations. This method is useful for problems in which a 3-D Cartesian 
(X-Y-Z geometry) region of interest is very far from a point source. A 3-D solution from the source 
including the region of interest is prohibited due to the large computing cost of such calculations. The 
problem is solved by first performing a 2-D discrete ordinates calculation from the source past the region 
of interest. The results of the 2-D calculations are transformed into a boundary condition on the surface of 
the 3-D region of interest. This transformation or coupling method is developed and implemented in the 
DOTTOR computer code. The boundary condition is then used for a subsequent 3-D discrete ordinates 
calculation in the region of interest. Simple test problems were used to evaluate the accuracy and speed 
(i.e., computing cost) of the DOTTOR code. The evaluation indicates that the DOTTOR code produces 
accurate results with acceptable computing costs. The algorithm chosen showed a significant speed 
advantage over others tested when applied to large problems. 
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15556…..…..…………………..…….……..……ID Number…………………..…..…………….15556 

Author: Preskitt, C. A. / Nephew, E. A. 

Title: Transients Induced by Pulsed Neutron Sources in Multiregion Reactors 

Date: 1/1/1965 

Report: ORNL-TM-993 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Configuration; Cylinders; 
Delayed Neutrons; Differential Equations; Diffusion; Digital Systems; Distribution; Eigenvalues; 
Eigenvectors; IBM 7090; Mathematics; Matrices; Neutron Flux; Neutron Sources; Operation; 
Programming; Pulses; Reactivity; Reactors; Spheres; Transients; Vectors; Zones 
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Title: Information Centers at the Oak Ridge National Laboratory (A Study in Diversity) 

Date: 11/13/1964 

Report: ORNL-TM-996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Discusses planned creation of several technical "centers" at ORNL, including the 
Criticality Data Center. 
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Title: Criticality Experiments Performed with a Homogeneous Plutonium Solution Results of Experiments 
with Annular and Cylindrical Geometries the Effect of 240Pu. A Study on Nuclei and Reflective Rings 
Application of the Technique of a Pulsed Neutron Source 

Date: 12:00:00 AM 

Report: ORNL-TR-4727 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of criticality experiments conducted with annular receptacles measuring 
500 mm x 200 mm, 500 mm x 300 mm, 500 mm x 350 mm and a cylindrical receptacle 300 mm in dia are 
consolidated. The different contents of 240Pu in the active solutions which were used [in the experiments] 
made it possible to evaluate the effect of this isotope on the critical masses of the 500 mm x 200 mm annular 
cylinder. Variations have also been determined for the critical masses of the 500 mm x 300 mm annular 
cylinder reflected externally by water as a function of the dimensions of the reflective cylinders or rings 
placed into the central cavity. Finally the pulsed neutron source technique was applied to the 500 mm x 300 
mm annular cylinder, and the decay constant of the prompt neutrons was thus obtained for various levels 
of the active solution and various concentrations of the fissile element. 
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Author: Inoue, T. / Shirakata, K. / Kinjo, K. / Ikegami, T. / Yamamoto, M. 

Title: Status of JUPITER Program 

Date: 3/10/1981 

Report: ORNL-TR-4782 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To obtain the data necessary for evaluating the nuclear design method of a large-scale 
fast breeder reactor, criticality tests with a large- scale homogeneous reactor were conducted as part of a 
joint research program by Japan and the U.S. Analyses of the tests are underway in both countries. The 
purpose of this paper is to describe the status of this project. 
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Title: Introduction of SCALE, A Code System Developed in the USA, A Progress Report 

Date: 5/1/1981 

Report: ORNL-TR-5034 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present report is a summary of the introduction and preparation of SCALE-O, a 
criticality and radiation-shielding calculation system code, which was developed in the United States for 
the purpose of licensing. 
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Title: Preliminary Proposal for Fast Burst Reactor Facility, Buildings 7709, 7710 and 7711, ORNL Area, 
Oak Ridge, Tennessee 

Date: 1/1/1960 

Report: ORO-522 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The extent and proportions, type of construction, and approximate cost of the 
buildings and equipment required to operate the ORNL Fast Burst Reactor facility and its associated 
experiments are outlined. The major engineering and construction work concerns the reactor containment 
building, the reactor control building, special equipment, and the site. 
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Title: Experimental Gas Cooled Reactor. Final Hazards Summary Report. Volume II. Plant Operation 

Date: 8/1/1963 

Report: ORO-606 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information provided in Volume II describes programs, requirements, and procedures 
established by the operator to minimize the probability of equipment failure, actions taken during any 
emergency to minimize radiation exposure dose to the general public and to plant personnel, and actions 
taken following a hazardous condition to prevent its recurrence. The hazards report describes the safeguards 
program which deals with all phases of operation of the reactor, including those operations or tests prior to 
criticality and all subsequent operations including emergencies. 
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Title: Uranium Hexafluoride: Handling Procedures and Container Descriptions 

Date: 10/1/1991 

Report: ORO-651 (Rev 6) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The US Department of Energy (DOE) guidelines for packaging, measuring, and 
transferring uranium hexafluoride (UF6) have been undergoing continual review and revision for several 
years to keep them in phase with developing agreements for the supply of enriched uranium. Initially, K-
1323 “A Brief Guide to UF6 Handling,” was issued in 1957. This was superseded by ORO-651, first issued 
in 1966, and reissued in 1967 to make editorial changes and to provide minor revisions in procedural 
information. In 1968 and 1972, Revisions 2 and 3, respectively, were issued as part of the continuing effort 
to present updated information. Revision 4 issued in 1977 included revisions to UF6 cylinders, valves, and 
methods to use. Revision 5 adds information dealing with pigtails, overfilled cylinders, definitions and 
handling precautions, and cylinder heel reduction procedures. Weighing standards previously presented in 
ORO-671, Vol. 1 (Procedures for Handling and Analysis of UF6) have also been included. This revision, 
therefore, supersedes ORO-671-1 as well as all prior issues of this report. These guidelines will normally 
apply in all transactions involving receipt or shipment of UF6 by DOE, unless stipulated otherwise by 
contracts or agreements with DOE or by notices published in the Federal Register. Any questions or 
requests for additional information on the subject matter covered herein should be directed to the United 
States Department of Energy, P.O. Box E, Oak Ridge, Tennessee 37831, Attention: Director, Uranium 
Enrichment Operations Division. 
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Title: Uranium Hexafluoride Handling Procedures & Container Criteria 

Date: 4/1/1977 

Report: ORO-651 Revision 4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The U.S. Energy Research and Development Administration's (ERDA) procedures 
for packaging, measuring, and transferring uranium hexafluoride (UF6) have been undergoing continual 
review and revision for several years to keep them in phase with developing agreements for the supply of 
enriched uranium. This report, first issued in 1966, was reissued in 1967 to make editorial changes and to 
provide for minor revisions in procedural information. In 1968 and 1972, Revisions 2 and 3, respectively, 
were issued as part of the continuing effort to present updated information. This document, Revision 4, 
includes primarily revisions to UF6 cylinders, valves, and methods of use. This revision supersedes all 
previous issues of this report. The procedures will normally apply in all transactions involving receipt or 
shipment of UF6 by ERDA, unless stipulated otherwise by contracts or agreements with ERDA or by 
notices published in the Federal Register. 
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Title: Uranium Hexafluoride: Handling Procedures and Container Descriptions 

Date: 9/1/1987 

Report: ORO-651-Rev.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The US Department of Energy (DOE) guidelines for packaging, measuring, and 
transferring uranium hexafluoride (UF6) have been undergoing continual review and revision for several 
years to keep them in phase with developing agreements for the supply of enriched uranium. Initially, K-
1323 “A Brief Guide to UF6 Handling,” was issued in 1957. This was superseded by ORO-651, first issued 
in 1966, and reissued in 1967 to make editorial changes and to provide minor revisions in procedural 
information. In 1968 and 1972, Revisions 2 and 3, respectively, were issued as part of the continuing effort 
to present updated information. Revision 4 issued in 1977 included revisions to UF6 cylinders, valves, and 
methods to use. Revision 5 adds information dealing with pigtails, overfilled cylinders, definitions and 
handling precautions, and cylinder heel reduction procedures. Weighing standards previously presented in 
ORO-671, Vol. 1 (Procedures for Handling and Analysis of UF6) have also been included. This revision, 
therefore, supersedes ORO-671-1 as well as all prior issues of this report. These guidelines will normally 
apply in all transactions involving receipt or shipment of UF6 by DOE, unless stipulated otherwise by 
contracts or agreements with DOE or by notices published in the Federal Register. Any questions or 
requests for additional information on the subject matter covered herein should be directed to the United 
States Department of Energy, P.O. Box E, Oak Ridge, Tennessee 37831, Attention: Director, Uranium 
Enrichment Operations Division. 
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Title: A Tool for Criticality Accident Emergency Planning, Training and Response 

Date: 1/1/2001 

Report: P00-107616 

Conference/Journal: OECD, International Workshop on the Safety of the Nuclear Fuel Cycle 

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Nuclear Fuels; OECD; Planning; 
Radiation Accidents; Safety; Training 
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Title: The Value of and Need for International Nuclear Criticality Safety Standards — A Report on ISO 
TC 85/SC 5/WG 8 Activities 

Date: 12/31/1996 

Report: P00-107618 

Conference/Journal: OECD, International Workshop on the Safety of the Nuclear Fuel Cycle 

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Nuclear Fuels; OECD; Safety; 
Safety Standards 
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Author: Bowman, S. M. / Horwedel, J. E. 

Title: KENO3D Visualization Tool for KENO V.A and KENO-VI 

Date: 10/23/2000 

Report: P00-108245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality safety analyses often require detailed modeling of complex geometries. 
Effective visualization tools can enhance checking the accuracy of these models. This report describes the 
KENO3D visualization tool developed at the Oak Ridge National Laboratory (ORNL) to provide interactive 
visualization of KENO V.a and KENO-VI criticality safety models. The development of KENO3D is part 
of the current efforts to enhance the SCALE (Standardized Computer Analyses for Licensing Evaluations) 
computer software system. 
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Title: Benchmarking Monte Carlo Codes for Criticality Safety Using Subcritical Measurements 

Date: 10/23/2000 

Report: P00-108268 

Conference/Journal: International Conference on Advanced Monte Carlo for Radiation Physics, Lisbon 
(PT), 10/23/00—10/26/2000 

Conference Session:  

Abstract/Keyterms: General and Miscellaneous / Mathematics, Computing, and Information Science; 
Criticality; Physics; Radiations; Safety 
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Title: Coupling MCNP-DSP and LAHET Monte Carlo Codes for Designing Subcriticality Monitors for 
Accelerator-Driven Systems 

Date: 10/23/2000 

Report: P00-108270 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design of reactivity monitoring systems for accelerator-driven systems must be 
investigated to ensure that such systems remain subcritical during operation. The Monte Carlo codes 
LAHET and MCNP-DSP were combined together to facilitate the design of reactivity monitoring systems. 
The coupling of LAHET and MCNP-DSP provides a tool that can be used to simulate a variety of subcritical 
measurements such as the pulsed neutron, Rossi-{alpha}, or noise analysis measurements. 
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Author: Rearden, B. T. 

Title: Sensitivity and Uncertainty Analysis for Nuclear Criticality Safety Using KENO in the SCALE Code 
System 

Date: 10/1/2000 

Report: P00-108458 

Conference/Journal: Monte Carlo 2000, Lisbon (PT), 10/23/00—10/26/2000 

Conference Session:  

Abstract/Keyterms: Sensitivity and uncertainty methods have been developed to aid in the establishment 
of areas of applicability and validation of computer codes and nuclear data for nuclear criticality safety 
studies. A key component in this work is the generation of sensitivity and uncertainty parameters for 
typically several hundred benchmarks experiments used in validation exercises. Previously, only one-
dimensional sensitivity tools were available for this task, which necessitated the remodeling of 
multidimensional inputs in order for such an analysis to be performed. This paper describes the 
development of the SEN3 Monte Carlo based sensitivity analysis sequence for SCALE. Two options in the 
SEN3 package for the reconstruction of angular-dependent forward and adjoint fluxes are described and 
contrasted. These options are the direct calculation of flux moments versus the calculation of angular fluxes, 
with subsequent conversion to flux moments prior to sensitivity coefficient generation. The latter technique 
is found to be significantly more efficient. 
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Title: Research Supporting Implementation of Burnup Credit in the Criticality Safety Assessment of 
Transport and Storage Casks 

Date: 1/1/2001 

Report: P00-109095 

Conference/Journal: U.S. NRC 28th Water Reactor Safety Information Meeting 

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; Burnup; Casks; Criticality; Implementation; 
Reactor Safety; Safety; Storage; Transport; Water 
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Author: Parks, C. V. 

Title: Validation Issues for Depletion and Criticality Analysis in Burnup Credit 

Date: 1/9/1997 

Report: P00-109218 

Conference/Journal: IAEA Technical Committee Meeting on the Evaluation and Review of the 
Implementation of Burnup Credit in Spent Fuel Management Systems 

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Burnup; Criticality; Evaluation; IAEA; 
Implementation; Management; Spent Fuels; Validation 
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Author: Forsberg, C. W. 

Title: Repository Criticality Control with Depleted-Uranium-Dioxide Cermet Waste Packages 

Date: 7/12/2001 

Report: P01-111254 

Conference/Journal: Embedded Topical Meeting on Practical Implementation of Nuclear Criticality 
Safety, Reno, NV (US), 11/11/2001--11/15/2001 

Conference Session:  

Abstract/Keyterms: It is proposed that the structural components and internal basket structures of waste 
packages (WPs) be constructed of depleted uranium dioxide (DUO2})-steel cermets. The cermet contains 
2 DUO2} imbedded in a steel matrix. The WPs are filled with spent nuclear fuel (SNF) and placed 2 in a 
geological repository. The WP provides a handling container for placement of SNF in the repository and is 
an engineered barrier to delay SNF degradation and subsequent release of radionuclides. SNF and other 
fissile wastes contain enriched uranium and transuranic fissile isotopes; thus, the potential for nuclear 
criticality exists. Most of the transuranic fissile isotopes, such as 239Pu, will have decayed to 233U or 235U 
before significant fissile-isotope migration from the degraded SNF or other fissile waste forms has occurred. 
Consequently, post-closure repository criticality issues are primarily from the fissile isotopes of uranium. 
As the WP degrades, the 238U in the DUO2-steel cermet would mix with the degrading SNF and 
isotopically dilute 233U and 235U to levels that would ensure that post-closure criticality would not occur. 
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Author: Gauld, I. C. 

Title: Development and Applications of a Prototypic SCALE Control Module for Automated Burnup 
Credit Analysis 

Date: 7/19/1997 

Report: P01-111304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Burnup; Criticality; Safety Analysis; Spent 
Fuels Data Analysis 
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Author: Sanders, C. E. 

Title: Parametric Study of Control Rod Exposure for PWR Burnup Credit Criticality Safety Analyses 

Date: 11/15/2001 

Report: P01-111328 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Specific Nuclear Reactors and Associated 
Plants; Burnup; Control Elements; Criticality; PWR Type Reactors; Safety Analysis; Spent Fuel Casks; 
Spent Fuels; Three-Dimensional Calculations; Two-Dimensional Calculations; Parametric Analysis; 
Reactivity 
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Author: Dunn, Michael / Rearden, Brad 

Title: Application of Sensitivity and Uncertainty Analysis Methods to a Validation Study for Weapons-
Grade Mixed-Oxide Fuel 

Date: 11/15/2001 

Report: P01-111333 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Validation - I 

Abstract/Keyterms: At the Oak Ridge National Laboratory (ORNL), sensitivity and uncertainty (S/U) 
analysis methods and a Generalized Linear Least-Squares Methodology (GLLSM) have been developed to 
quantitatively determine the similarity or lack thereof between critical benchmark experiments and an 
application of interest. The S/U and GLLSM methods provide a mathematical approach, which is less 
judgment based relative to traditional validation procedures, to assess system similarity and estimate the 
calculational bias and uncertainty for an application of interest. The objective of this paper is to gain 
experience with the S/U and GLLSM methods by revisiting a criticality safety evaluation and associated 
traditional validation for the shipment of weapons-grade (WG) MOX fuel in the MO-1 transportation 
package. In the original validation, critical experiments were selected based on a qualitative assessment of 
the MO-1 and MOX contents relative to the available experiments. Subsequently, traditional trending 
analyses were used to estimate the{Delta}k bias and associated uncertainty. In this paper, the S/U and 
GLLSM procedures are used to re-evaluate the suite of critical experiments associated with the original 
MO-1 evaluation. Using the S/U procedures developed at ORNL, critical experiments that are similar to 
the undamaged and damaged MO-1 package are identified based on sensitivity and uncertainty analyses of 
the criticals and the MO-1 package configurations. Based on the trending analyses developed for the S/U 
and GLLSM procedures, the{Delta}k bias and uncertainty for the most reactive MO-1 package 
configurations are estimated and used to calculate an upper subcritical limit (USL) for the MO-1 evaluation. 
The calculated bias and uncertainty from the S/U and GLLSM analyses lead to a calculational USL that 
supports the original validation study for the MO-1. 
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Author: Sanders, Charlotta / Dehart, Mark 

Title: Comparison of Computational Estimations of Reactivity Margin from Fission Products and Minor 
Actinides in PWR Burnup Credit 

Date: 11/15/2001 

Report: P01-111352 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Burnup Credit - III 

Abstract/Keyterms: This paper has presented the results of a computational benchmark and independent 
calculations to verify the benchmark calculations for the estimation of the additional reactivity margin 
available from fission products and minor actinides in a PWR burnup credit storage/transport environment. 
The calculations were based on a generic 32 PWR-assembly cask. The differences between the independent 
calculations and the benchmark lie within 1% for the uniform axial burnup distribution, which is acceptable. 
The{Delta}k for KENO - MCNP results are generally lower than the other{Delta}k values, due to the fact 
that HELIOS performed the depletion part of the calculation for both the KENO and MCNP results. The 
differences between the independent calculations and the benchmark for the non-uniform axial burnup 
distribution were within 1.1%. 
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Title: Addressing the Axial Burnup Distribution in PWR Burnup Credit Criticality Safety Analyses 

Date: 11/15/2001 

Report: P01-111370 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Burnup Credit - III 

Abstract/Keyterms: This paper summarizes efforts related to developing a technically justifiable approach 
for addressing the axial burnup distribution in PWR burnup-credit criticality safety analyses. The paper 
reviews available data on the axial variation in burnup and the effect of axial burnup profiles on reactivity 
in a SNF cask. A publicly available database of profiles is examined to identify profiles that maximize the 
neutron multiplication factor, k(eff), assess its adequacy for general PWR burnup credit analyses, and 
investigate the existence of trends with fuel type and/or reactor operations. For this assessment, a statistical 
evaluation of the k(eff) values associated with the profiles in the axial burnup profile database was 
performed that identifies the most reactive profiles as statistical outliers that are not representative of typical 
discharged SNF assemblies. The impact of these bounding profiles on the neutron multiplication factor for 
a high-density burnup credit cask is quantified. Finally, analyses are presented to quantify the potential 
reactivity consequence of assemblies with axial profiles that are not bounded by the existing database. The 
paper concludes with findings for addressing the axial burnup distribution in burnup credit analyses. 
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Title: Neutron Cross Section Measurements at the Spallation Neutron Source 

Date: 10/12/2001 

Report: P01-111581 

Conference/Journal: International Conference on Nuclear Data for Science and Technology, Tsukuba 
(JP), 10/07/2001—10/12/2001 

Conference Session:  

Abstract/Keyterms: With the prospect of construction of the Spallation Neutron Source (SNS) at ORNL, 
and the fantastic high neutron flux, new, up to now impossible, experiments seem to be feasible in the fields 
of applied nuclear physics and astrophysics. These experiments will supply crucial neutron-induced cross 
section data for radionuclides, which are badly needed by many applied physics programs. The SNS will 
be uniquely suited for measuring the cross sections of interest to nuclear criticality safety, accelerator 
transmutation of nuclear waste (ATW), and heavy element nucleosynthesis for astrophysics. Because the 
sample sizes required at current facilities are usually too large for practical measurements, scarce 
information of these cross sections is available. Using the high neutron flux at the SNS will allow these 
measurements to be made with samples about 40 times smaller than at the next best facility. The large 
reduction in sample size at the SNS will result in orders of magnitude reduction in background from the 
radioactive samples and make them much easier to produce; hence, a much wider range of samples will be 
accessible for measurement at the SNS than at any other facility. 
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Title: Neutron Cross Sections Measurements for Light Elements at ORELA and their Application in 
Nuclear Criticality 
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Report: P01-111583 

Conference/Journal: International Conference on Nuclear Data for Science and Technology, Tsukuba 
(JP), 10/07/2001--10/12/2001; 24 Aug 2001 

Conference Session:  

Abstract/Keyterms: The Oak Ridge Electron Linear Accelerator (ORELA) was used to measure neutron 
total and capture cross sections of aluminium, natural chlorine and silicon in the energy range from 100 eV 
to {approx}600 keV. ORELA is the only high power white neutron source with excellent time resolution 
and ideally suited for these experiments still operating in the USA. These measurements were carried out 
to support the Nuclear Criticality Predictability Program. Concerns about the use of existing cross section 
data in the nuclear criticality calculations using Monte Carlo codes and benchmarks have been a prime 
motivator for the new cross section measurements. More accurate nuclear data are not only needed for these 
calculations but also serve as input parameters for s-process stellar models. 
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Title: U.S. Regulatory Research Program for Implementation of Burnup Credit in Transport Casks 

Date: 9/10/2001 

Report: P01-111795 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In 1999 the U.S. Nuclear Regulatory Commission (U.S. NRC) initiated a research 
program to support the development of technical bases and guidance that would facilitate the 
implementation of burnup credit into licensing activities for transport and dry cask storage. This paper 
reviews the following major areas of investigation: (1) specification of axial burnup profiles, (2) assumption 
on cooling time, (3) allowance for assemblies with fixed and removable neutron absorbers, (4) the need for 
a burnup margin for fuel with initial enrichments over 4 wt. %, and (5) evaluation of assay data and critical 
experiments. The capabilities of a new computational tool that facilitates the performance and coupling of 
the depletion and criticality analyses needed for burnup credit are also discussed. 
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Title: A Discussion of the Correlation of Critical Conditions for Bare Homogeneous Reactors 
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Report: P-1713(RAND) 
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Conference Session:  

Abstract/Keyterms: An investigation was conducted to determine whether simple parameters could be 
found which could correlate the critical conditions for bare homogeneous reactors. In connection with this, 
a study was made of the results of an 18- group analysis which covered a group of reactors using Be, BeO, 
C, D2O, Li/ sup 7/H, and H2O as moderators, over a wide range of moderator-to-uranium (U-235) mole 
ratios. The correlation was applied to the results of several criticality experiments. 
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Report: P-996(RAND); AD-605127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Properties and Reactions; Criticality; Differential Equations; 
Distribution; Fast Neutrons; Fission; Neutron Flux; Nuclear Reactions; Thermal Neutrons 
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Title: Reactor Cross Sections. A Literature Search 
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Report: PAEC(A)IN--661 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Nuclear Properties & Reactions, A >= 90-Nuclear Reactions & 
Scattering; Bibliography; Biology; Ceramics; Computers; Critical Assemblies; Criticality; Cross Sections; 
Instruments; Mathematics; Medicine; Metals; Radiations; Reactors; Shielding 



 

C-15637 

15589…..…..…………………..…….……..……ID Number…………………..…..…………….15589 

Author: Dabek, W. / Domoslawski, Z. / Janikowski, A. / Szczechla, B. 

Title: Control and Safety System for Critical Experiment on the Water-Graphite Critical Assembly of the 
2nd Polish Reactor 

Date: 3/1/1963 

Report: PAN-104/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The general principle of the system, block diagrams of the electronlc measurement 
channels, and descriptions of interlocks and control circuits of the safety rods and moveable fuel elements 
are given. The block diagram of the radiation protection system and the detector localization are described. 
Some remarks are made about the fitting of the system and checking its work before the starting of the 
critical experiment. 
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15590…..…..…………………..…….……..……ID Number…………………..…..…………….15590 

Author: Kowalska, K. 

Title: Critical Calculations of the Spectral Shift Reactor Systems 

Date: 3/1/1963 

Report: PAN-106/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The concept of the spectral shift control is applied to the preliminary study of the 
H2O--D2O moderated slightly enriched reactor systems. Some problems arising in the simple calculations, 
using the same scheme for a wide variety of light-and-heavy-water lattices with different degrees of 
moderation, are pointed out. The results obtained are compared with some existing experimental 
measurements of the critical size. 
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15591…..…..…………………..…….……..……ID Number…………………..…..…………….15591 

Author: Kulikowska, T. 

Title: DIFIGREC--The Multi-Group Two-Dimensional Criticality Code 

Date: 3/1/1963 

Report: PAN-107/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A few-group two-dimensional critical code for the URAL-2 digital computer is 
described. The code makes possible the solution of the critical eigenvalue problems for few-group equations 
written in the P/sub 1/ consistent approximation in two geometries: x-y and r-z. The number of mesh points 
is 400, the number of different material zones changing from 1 to 5, and the number of energy groups from 
1 to 5. 
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15592…..…..…………………..…….……..……ID Number…………………..…..…………….15592 

Author: Filipzak, B. / Mlitski, K. / Zarnowiecki, K. 

Title: Common Radiation Protection System for the Reactor EWA and the Critical Assembly Maryla 

Date: 3/1/1963 

Report: PAN-108/Doz. 

Conference/Journal: Conference on Physics and Reactor Technology, Prague, April 1963 

Conference Session:  

Abstract/Keyterms: A stationary dosimetric system is described for the critical assembly Maryla. The 
system satisfies the basic requirements of radiological protection connected with the assembly and utilizes 
the actual dosimetric system of the reactor Eva. 
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15593…..…..…………………..…….……..……ID Number…………………..…..…………….15593 

Author: Kurkevich, A. / Dlugolentski, E. 

Title: Control and Safety Rod Drives for the Critical Assembly MARYLA 

Date: 3/1/1963 

Report: PAN-109/XI 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Design principle and prototype solutions of the tube drives of the control and safety 
rods for the critical assembly MARYLA are discussed. In the construction presented the driving cables and 
leading blocks can be avoided and the control and safety rod channels can be moved easily in the reactor 
core together with their drives. Thus a high flexibility of the core configuration is achieved. 
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15594…..…..…………………..…….……..……ID Number…………………..…..…………….15594 

Author: Kuszell, A. 

Title: The Critical Problems for Multilayer Slab Systems 

Date: 2/1/1961 

Report: PAN-212/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The solution of the critical problems for slab multilayer systems are given by the 
procedure developed by K. M. Case for one-velocity Boltzmann equation with isotropic scattering of 
neutrons. In all considered cases the solution of Boltzmann equation is reduced to the solution of one 
dimensional Fredholm type integral equation with an additional critical condition. 
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15595…..…..…………………..…….……..……ID Number…………………..…..…………….15595 

Author: Zelazny, R. / Kuszell, A. 

Title: Two-Group Approach in Neutron Transport Theory in Plane Geometry 

Date: 5/1/1961 

Report: PAN-226/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A generalization is given of Case's method of solution of the one- velocity Boltzmann 
equation in neutron transport theory with isotropic scattering of neutrons to the two group approach in the 
field. The continuous and discrete eigenfunctions (distributions) were derived and the completeness 
theorem was demonstrated, which allows the recording of the general solution of the two-group Boltzmann 
equations. For illustration of the application of the presented theory two examples are discussed: the albedo 
problem for a half space, and the critical problem for a slab. 
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15596…..…..…………………..…….……..……ID Number…………………..…..…………….15596 

Author: Mika, J. R. 

Title: Asymptotic Reactor Theory in Plane Geometry 

Date: 3/1/1962 

Report: PAN-305/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical conditions for slab reactor systems satisfying the assumptions of the 
asymptotic reactor theory are derived. The formulas are based upon the solutions of the two basic problems 
in neutron transport theory: halfspace and two adjacent half-spaces. 
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15597…..…..…………………..…….……..……ID Number…………………..…..…………….15597 

Author: Majchrzak, K. / Korpak, W. 

Title: Photoreduction of the Uranyl Ion on the Strongly Basic Anion Exchanger 

Date: 9/1/1962 

Report: PAN-360/IV 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reduction of the uranyl ion on the strongly basic anion exchanger Dowex 1 was 
investigated. The reduction was found to be promoted by sunlight and ultraviolet light. The process does 
not depress the exchange capacity of the resin, which means that its active groups do not become oxidized 
in it. 
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15598…..…..…………………..…….……..……ID Number…………………..…..…………….15598 

Author: Dabek, W. / Janikowski, A. / Szczechla, B. 

Title: Radiation Protection System for the Critical Assembly of the 2nd Polish Reactor 

Date: 3/1/1963 

Report: PAN-412/IX 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The characteristics of the radiation protection system, detector position in the critical 
assembly building, and the mean dose rate exceeding system are given. The gamma radiation level 
measuring line, consisting of the KPDG-1/10 type ionization chamber, logarithmic amplifier, radiation level 
overpass, and failure signalizer, is described. 
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15599…..…..…………………..…….……..……ID Number…………………..…..…………….15599 

Author: Podgorski, J. 

Title: D.C. Measurement Channel for the Control and Safety System of the Critical Assembly Maryla 

Date: 3/1/1963 

Report: PAN-419/XI 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Control Systems; Critical Assemblies; Ionization Chambers; 
Planning; Reactor Safety; Reactors; Standards; Startup 
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15600…..…..…………………..…….……..……ID Number…………………..…..…………….15600 

Author: Bednarz, R. / Mika, J. 

Title: Thermal Utilization Factor in the ANNA Reactor Cell 

Date: 6/1/1964 

Report: PAN-533/IX-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; ANNA; Critical Assemblies; Distribution; 
Fuel Cans; Fuels; Matrices; Nuclear Theory; Numericals; Reactors; Thermal Neutrons; Thermal 
Utilization; Uses; Velocity 



 

C-15649 

15601…..…..…………………..…….……..……ID Number…………………..…..…………….15601 

Author: Arkuszewski, J. / Kulikowska, T. 

Title: Space-Energy Thermal Neutron Distribution in the Reactor Cell 

Date: 7/1/1964 

Report: PAN-534/IX-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Cylinders; Differential Equations; 
Distribution; Integrals; Neutron Flux; Reactors; Thermal Neutrons 
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15602…..…..…………………..…….……..……ID Number…………………..…..…………….15602 

Author: Bouzyk, J. / Latek, S. / Suwalski, W. 

Title: Neutron Importance Measurements in the Anna Critical Assembly 

Date: 11/1/1964 

Report: PAN-560/IX-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Angular Distribution; ANNA; Critical 
Assemblies; Fuels; Graphite Moderator; Measured Values; Neutron Flux; Reactors; Uranium 235; Water 
Moderator 
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15603…..…..…………………..…….……..……ID Number…………………..…..…………….15603 

Author: Morman, James A. / McKamy, Jerry 

Title: A Standard for Training and Qualification of Criticality Safety Engineers, ANSI/ANS-8.26 

Date: 11/15/2001 

Report: Paper_ANS_TOP_2001 

Conference/Journal: ANS Embedded Topical Meeting on Practical Implementation of Nuclear 
Criticality Safety, Reno, NV (US), 11/11/2001-11/15/2001 

Conference Session: Training and Qualification 

Abstract/Keyterms: Development of an ANSI/ANS Standard for the training and qualification of 
criticality safety engineers has been underway for nearly one year. The working group for this Standard is 
comprised of criticality safety experts from regulatory, licensee and contractor organizations. Its goal is to 
develop a standard that can be uniformly adopted, that covers all criticality safety engineer qualification 
levels, and that includes all required competencies such that most of the qualifications can be easily 
transferred between sites. This status report is presented to let the general criticality safety community know 
of progress on the Standard, and to solicit feedback to the working group as it continues work on 
ANSI/ANS-8.26. 
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15604…..…..…………………..…….……..……ID Number…………………..…..…………….15604 

Author: Weakley, E. A. 

Title: Method for Processing Scrap Fissile Material into a Form Suitable for Shipping 

Date: 12/18/1973 

Report: Patent 3779938 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Chemistry-Radiochemistry & Nuclear Chemistry-Radioactive Waste Treatment; Radioactive Waste 
Processing; Fissile Materials- Transport; Cements; Criticality; Fuel Fabrication Plants; Leaching; 
Oxidation; Packaging; Storage 
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15605…..…..…………………..…….……..……ID Number…………………..…..…………….15605 

Author: Bucholz, J. A. 

Title: Separator Assembly for Use in Spent-Nuclear-Fuel Shipping Cask 

Date: 4/24/1981 

Report: Patent Application 257030 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A separator assembly for use in a spent-nuclear-fuel shipping cask has a honeycomb-
type wall structure defining parallel cavities for holding nuclear fuel assemblies. Tubes formed of an 
effective neutron-absorbing material are embedded in the wall structure around each of the cavities and 
provide neutron flux traps when filled with water. 



 

C-15654 

15606…..…..…………………..…….……..……ID Number…………………..…..…………….15606 

Author: Duerksen, W. K. / Googin, J. M. / Napier, B. Jr. 

Title: Cutting Fluid for Machining Fissionable Materials: Patent 

Date: 1/28/1982 

Report: PATENTS-US-A343608 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present invention is directed to a cutting fluid for machining fissionable material. 
The cutting fluid is formed of glycol, water and a boron compound in an adequate concentration for 
effective neutron attenuation so as to inhibit criticality incidents during machining. 
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15607…..…..…………………..…….……..……ID Number…………………..…..…………….15607 

Author: Duerksen, W. K. / Googin, J. M. / Napier, B., Jr. 

Title: Aqueous Cutting Fluid for Machining Fissionable Materials 

Date: 5/1/1984 

Report: PATENTS-US-A343608 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The present invention is directed to a cutting fluid for machining fissionable material. 
The cutting fluid is formed of glycol, water and boron compound in an adequate concentration for effective 
neutron attenuation so as to inhibit criticality incidents during machining. 
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15608…..…..…………………..…….……..……ID Number…………………..…..…………….15608 

Author: Chiles, M. M. / Mihalczo, J. T. / Blakeman, E. D. 

Title: High-Efficiency Scintillation Detector for Combined Detection of Thermal and Fast Neutrons and 
Gamma Radiation 

Date: 2/27/1987 

Report: PATENTS-US-A6019738 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A scintillation based radiation detector for the combined detection of thermal 
neutrons, high-energy neutrons and gamma rays in a single detecting unit. The detector consists of a pair 
of scintillators sandwiched together and optically coupled to the light sensitive face of a photomultiplier 
tube. A light tight radiation pervious housing is disposed about the scintillators and a portion of the 
photomultiplier tube to hold the arrangement in assembly and provides a radiation window adjacent the 
outer scintillator through which the radiation to be detected enters the detector. The outer scintillator is 
formed of a material in which scintillations are produced by thermal-neutrons and the inner scintillator is 
formed of a material in which scintillations are produced by high-energy neutrons and gamma rays. The 
light pulses produced by events detected in both scintillators are coupled to the photomultiplier tube which 
produces a current pulse in response to each detected event. These current pulses may be processed in a 
conventional manner to produce a count rate output indicative of the total detected radiation event count 
rate. Pulse discrimination techniques may be used to distinguish the different radiations and their energy 
distribution. 
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15609…..…..…………………..…….……..……ID Number…………………..…..…………….15609 

Author: Mihalczo, J. T. / King, W. T. 

Title: Identification of Nuclear Weapons 

Date: 4/10/1987 

Report: PATENTS-US-A6036744 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method and apparatus for non-invasively identifying different types of nuclear 
weapons is disclosed. A neutron generator is placed against the weapon to generate a stream of neutrons 
causing fissioning within the weapon. A first detects the generation of the neutrons and produces a signal 
indicative thereof. A second particle detector located on the opposite side of the weapon detects the fission 
particles and produces signals indicative thereof. The signals are converted into a detected pattern and a 
computer compares the detected pattern with known patterns of weapons and indicates which known 
weapon has a substantially similar pattern. Either a time distribution pattern or noise analysis pattern, or 
both, is used. Gamma-neutron discrimination and a third particle detector for fission particles adjacent the 
second particle detector are preferably used. The neutrons are generated by either a decay neutron source 
or a pulled neutron particle accelerator. 
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15610…..…..…………………..…….……..……ID Number…………………..…..…………….15610 

Author: Iverson, D. C. 

Title: Porcelain Enamel Neutron Absorbing Material 

Date: 11/20/1987 

Report: PATENTS-US-A7123462 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A porcelain enamel composition as a neutron absorbing material can be prepared of 
a major proportion by weight of a cadmium compound and a minor proportion of compound of boron, 
lithium and silicon. These compounds in the form of a porcelain enamel coating or layer on several alloys 
has been found to be particularly effective in enhancing the nuclear safety of equipment for use in the 
processing and storage of fissile material. The composition of the porcelain enamel coating can be tailored 
to match the coefficient of thermal expansion of the equipment to be coated and excellent coating adhesion 
can be achieved. 
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15611…..…..…………………..…….……..……ID Number…………………..…..…………….15611 

Author: Mizia, Ronald A. / McConnell, Paul E. / Robino, Charles Victor 

Title: Nickel-Based Gadolinium Alloy for Neutron Adsorption Application in Ram Packages. 

Date: 9/1/2004 

Report: PATRAM 2004; SAND2004-4462C 

Conference/Journal: PATRAM 2004 Conference held September 20-24, 2004, Berlin, Germany. 

Conference Session:  

Abstract/Keyterms: The National Spent Nuclear Fuel Program, located at the Idaho National Laboratory 
(INL), coordinates and integrates national efforts in management and disposal of US Department of Energy 
(DOE)-owned spent nuclear fuel. These management functions include development of standardized 
systems for long-term disposal in the proposed Yucca Mountain repository. Nuclear criticality control 
measures are needed in these systems to avoid restrictive fissile loading limits because of the enrichment 
and total quantity of fissile material in some types of the DOE spent nuclear fuel. This need is being 
addressed by development of corrosion-resistant, neutron-absorbing structural alloys for nuclear criticality 
control. This paper outlines results of a metallurgical development program that is investigating the alloying 
of gadolinium into a nickel-chromium-molybdenum alloy matrix. Gadolinium has been chosen as the 
neutron absorption alloying element due to its high thermal neutron absorption cross section and low 
solubility in the expected repository environment. The nickel-chromium-molybdenum alloy family was 
chosen for its known corrosion performance, mechanical properties, and weldability. The workflow of this 
program includes chemical composition definition, primary and secondary melting studies, ingot 
conversion processes, properties testing, and national consensus codes and standards work. The 
microstructural investigation of these alloys shows that the gadolinium addition is present in the alloy as a 
gadolinium-rich second phase. The mechanical strength values are similar to those expected for commercial 
Ni-Cr-Mo alloys. The alloys have been corrosion tested with acceptable results. The initial results of 
weldability tests have also been acceptable. Neutronic testing in a moderated critical array has generated 
favorable results. An American Society for Testing and Materials material specification has been issued for 
the alloy and a Code Case has been submitted to the American Society of Mechanical Engineers for code 
qualification. 
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15612…..…..…………………..…….……..……ID Number…………………..…..…………….15612 

Author: Parks, Cecil V. / Wagner, John C. / Mueller, Don / Gauld, Ian C. 

Title: Development of Technical Basis for Burnup Credit Regulatory Guidance in the United States 

Date: 10/8/2010 

Report: PATRAM 2010 

Conference/Journal: PATRAM 2010, London, United Kingdom, 20101003, 20101008 

Conference Session:  

Abstract/Keyterms: In the United States (U.S.) there has been and continues to be considerable interest in 
the increased use of burnup credit as part of the safety basis for SNF systems and this interest has motivated 
numerous technical studies related to the application of burnup credit for maintaining subcriticality. 
Responding to industry requests and needs, the U.S. Nuclear Regulatory Commission initiated a burnup 
credit research program, with support from the Oak Ridge National Laboratory, to develop regulatory 
guidance and the supporting technical basis for allowing and expanding the use of burnup credit in 
pressurized-water reactor SNF storage and transport applications. The objective of this paper is to 
summarize the work and significant accomplishments, with references to the technical reports and 
publications for complete details. 
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15613…..…..…………………..…….……..……ID Number…………………..…..…………….15613 

Author: Kawakami, K. / et al. 

Title: The Use of Gadolinia Credit for Criticality Evaluation of a Spent-Fuel Cask 

Date: 1/1/1995 

Report: PATRAM’95, Session VII-3.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15614…..…..…………………..…….……..……ID Number…………………..…..…………….15614 

Author: Liu, Y. / Bellamy, S. / Shuler, J. / Decision and Information Sciences / SRL. / DOE 

Title: Life Cycle Management of Radioactive Materials Packaging. 

Date: 10/26/2007 

Report: PATRAM-2007, 18; ANL/DIS/CP-60408 

Conference/Journal: 15th International Symposium on Packaging and Transportation of Radioactive 
Materials (PATRAM 2007); Oct. 21, 2007 - Oct. 26, 2007; Miami, FL 

Conference Session:  

Abstract/Keyterms: The objective of life cycle management of radioactive materials packaging is to 
ensure the safety functions (i.e. containment of radioactivity, protection against radiation, and criticality 
safety for fissile contents) during the entire life cycle of the packaging in storage, transportation and 
disposal. A framework has been developed for life cycle management regarding type B radioactive and 
fissile materials packaging, drawing upon current US Department of Energy (DOE) storage standards and 
examples from interim storage of Pu bearing materials in model 9975 transportation packagings. Key issues 
highlighted during long term storage of Pu bearing materials included gas generation and stability of 
PuO2+x}; other operation safety issues highlighted for interim storage of model 9975 transportation 
packagings included the need to consider a facility design basis fire event and the long term behaviour of 
packaging components such as Celotex and elastomeric O-ring seals. The principles of aging management 
are described, and the key attributes and examples of effective aging management programmes are provided 
based on the guidance documents for license renewal of nuclear power plants. The Packaging Certification 
Program of DOE Environmental Management, Office of Safety Management and Operations, plans to 
expand its mission into packaging certification for storage and aging management, as well as application 
of advanced technology, such as radiofrequency identification, for life cycle management of radioactive 
materials packagings. 
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15615…..…..…………………..…….……..……ID Number…………………..…..…………….15615 

Author: n. a. 

Title: Environmental Statement: Plutonium Recovery Facility, Rocky Flats Plant Colorado 

Date: 1/1/1972 

Report: PB-198763-F; WASH-1507 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15616…..…..…………………..…….……..……ID Number…………………..…..…………….15616 

Author: Smith, R. I. / Konzek, G. J. 

Title: Clean Critical Experiment Benchmarks for Plutonium Recycle in LWR's. Volume I. Final Report 

Date: 4/1/1976 

Report: PB-255728 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experimental measurements program reported provides benchmark neutronics 
data for use in assessing the accuracy of neutronics analysis methods for slightly enriched uranium lattices 
and for mixed oxide (UO2 - PUO2). A series of twelve lattice experiments has been performed to determine 
neutronics parameters, such as the number of fuel rods needed to achieve criticality unborated or the boron 
concentration needed in the moderator to achieve criticality when borated, and to measure the power 
distributions throughout the cores. The twelve experiments consisted of six lattices containing UO2 -2.35% 
235U fuel and six lattices containing UO2 -2 wt% PUO2 (8% 240Pu). The lattice pitches were selected to 
provide configurations which were undermoderated, near optimum moderation, or overmoderated and 
which had approximately the same water-to-fuel volume ratio for both fuel types in each degree of 
moderation. 
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15617…..…..…………………..…….……..……ID Number…………………..…..…………….15617 

Author: Thompson, J. K. / Lewallen, M. A. / Trapp, T. J. 

Title: SNAKE: A Solid Angle Calculational System. Technical Report 

Date: 2/1/1978 

Report: PB-277830 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer code, SNAKE (Solid Angle Calculational System For Neutron 
Interaction and Array K-effective Estimation), has been developed for the calculation of solid angles 
subtended by geometric forms composed of spherical, cylindrical, and planar surfaces, either singularly or 
in specified arrays, from exact analytic integral forms. This basic capability is used to provide information 
necessary for the solid angle method for evaluation of neutron interaction in arrays. This document outlines 
the methodology and use of the code. 
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15618…..…..…………………..…….……..……ID Number…………………..…..…………….15618 

Author: Bierman, S. R. / Durst, B. M. / Clayton, E. D. 

Title: Critical Separation Between Subcritical Clusters Of 4. 29 Wt % /Sup 235/U Enriched UO/Sub 2/ 
Rods in Water with Fixed Neutron Poisons. Technical Topical Report 

Date: 5/1/1978 

Report: PB-281345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurement data are presented for a series of criticality experiments on systems 
simulating fuel element shipping containers and fuel storage basins. The conditions investigated involve 
clusters of 4.29 wt.% 235U enriched UO2 fuel rods immersed in water. The number of rods required for 
criticality in a square lattice spacing (25.4 mm) near optimum neutron moderation and the critical separation 
between three subcritical clusters aligned in a row was determined. The effect on this critical separation 
between clusters was determined for the following neutron absorbers: 304L Steel with 0, 1.1, and 1.6 wt.% 
boron; boral; copper with 0 and 1 wt.% cadmium; cadmium; aluminum; and Zircaloy-4. Fuel rods are 
12.649 mm in diameter, clad in 0.660 mm thick, 12.827 mm ID aluminum tubing and varied in length from 
914 mm to 927 mm. The neutron absorbers are in the form of plates and are positioned between the fuel 
clusters such that no line of sight existed between the clusters. Measurements were made with each absorber 
plate located approximately midway between the fuel clusters and with the plates near the respective cell 
boundary of the center fuel cluster. 
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15619…..…..…………………..…….……..……ID Number…………………..…..…………….15619 

Author: Staff 

Title: Assessment of Radioactive Material Released from a Fuel Fabrication Plant Under Accidental 
Conditions. Final Report 

Date: 12:00:00 AM 

Report: PB-82-201963 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A mixed oxide fuel fabrication plant is basically a conventional industrial facility in 
which dangerous materials are processed. The potential hazards are of a conventional nature, and must be 
taken into account at the equipment and building design stage. The building must be considered as a sealed 
enclosure with controlled permeability. The electric power supplies, ventilation and filtration systems must 
be considered as a single overall system. It is suggested, generally speaking, that as the probability of 
accident occurrence becomes increasingly remote, the consequences of the accident become increasingly 
serious. A thorough overall reliability study will be required so that, based on the component materials 
selection, it will be possible to evaluate the occurrence probability of an incontrollable accident and to 
evaluate the extent of the hazard more accurately. 



 

C-15668 

15620…..…..…………………..…….……..……ID Number…………………..…..…………….15620 

Author: n.a. 

Title: Scarcity, Recycling and Substitution of Potentially Critical Materials Used for Vehicular Emissions 
Control. Final Report 

Date: 2/1/1982 

Report: PB-83-252247; CRA-501 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report discusses the scarcity, recycling, and substitution of imported platinum-
group metals; palladium, rhodium, chromium, manganese, nickel and titanium that will be used for 
vehicular emissions control in the United States. Issues discussed include; EPA policymaking, projections 
of materials consumption for motor vehicle emission control, background information on the platinum-
group metals, recycling of such metals from catalytic converters and substitutes for them. 
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15621…..…..…………………..…….……..……ID Number…………………..…..…………….15621 

Author: Simola, K. / Laakso, K. 

Title: Analysis of Failure and Maintenance Experiences of Motor Operated Valves in a Finnish Nuclear 
Power Plant. Research Note 

Date: 1/1/1992 

Report: PB-93-165314/XAB; VTT/RN-1322 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Motor Operated Closing Valves (Mov) / Tvo I and II Nuclear Power / Criticality 
Analysis 
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15622…..…..…………………..…….……..……ID Number…………………..…..…………….15622 

Author: National Research Council 

Title: Technical Bases for Yucca Mountain Standards 

Date: 12/31/1995 

Report: PB--96-197801/XAB 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The United States currently has no place to dispose of the high-level radioactive waste 
resulting from the production of the nuclear weapons and the operation of nuclear electronic power plants. 
The only option under formal consideration at this time is to place the waste in an underground geologic 
repository at Yucca Mountain in Nevada. This book shows the extent to which the authors` scientific 
knowledge can guide the federal government in developing a standard to protect the health of the public 
from wastes in such a repository at Yucca Mountain. 
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15623…..…..…………………..…….……..……ID Number…………………..…..…………….15623 

Author: Bentoumi, G. / Li, G. / Li, L. / Sur, B. 

Title: Thermal Neutron Scattering Cross Section Measurements of Normal and Supercritical Water 

Date: 8/24/2014 

Report: PBNC2014 

Conference/Journal: 19th Pacific Basin Nuclear Conference, Vancouver, BC, Canada, August 12-28, 
2014 

Conference Session: Developing New Technology and Applications 

Abstract/Keyterms: Accurate knowledge of neutron scattering dynamics for materials composing nuclear 
reactor, especially for moderators and coolants, is a necessary input for neutronic calculation and reactor 
simulation. For the planned GEN-IV supercritical water reactor (SCWR) only very few and sparse 
experimental nuclear cross sections data are available for both light and heavy water in the supercritical 
state (SCS). The unavailability of thermal cross-section sets specifically prepared for SCW leaves no 
alternatives other than carrying out transport simulations using the inadequate free gas scattering models, 
affecting by the way the credibility of the results. New experimental data are imperatives to validate the 
existing model or to propose a new one. As the first step towards the cross section measurements on light 
(H2O) and heavy (D2O) water in SCS, we have established an experimental setup at the NRU reactor using 
a triple-axis spectrometer. The theoretical concept has been verified by measuring the total cross-section, 
as well as single and double differential cross sections of H2O and D2O under the ambient conditions. The 
initial neutron energies from 15 meV to 50 meV and scattering angles from 10° to 110° are covered. The 
experimental techniques and the data analysis method to obtain the absolute cross sections will be discussed 
and the resulting absolute cross sections will be compared with the tabulated Evaluated Nuclear Data File 
(ENDF). Particular emphasis will be put on data corrections and multiple scattering contributions in the 
measured neutron scattering cross sections. 
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Title: The Official Website of the U.S. Department of Energy's Nuclear Criticality Safety Program 

Date: 8/24/2014 

Report: PBNC2014-065 

Conference/Journal: 19th Pacific Basin Nuclear Conference, Vancouver, BC, Canada, August 12-28, 
2014 

Conference Session: Characterization of Environmental Stressors 

Abstract/Keyterms: The U.S. Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP) 
mission is to provide sustainable expert leadership, direction, and the technical infrastructure necessary to 
develop, maintain, and disseminate the essential technical tools, training, and data to support safe, efficient 
fissionable material operations within the DOE. The NCSP Website site makes a variety of information 
available to the criticality safety practitioner, including reference materials, training modules and links to 
related sites. It assists criticality safety personnel to keep abreast of NCSP activities or current developments 
in criticality safety via a “What’s New” section within the Website. Convenient access to the many useful 
features of the Website is available via drop-down menus. The Website is also available to non-DOE and 
international professionals tasked with ensuring safe operations involving fissionable nuclear materials. 
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Title: PCP Methodology for Determining Dose Rates for Small Gram Quantities in Shipping Packagings 

Date: 8/23/2011 

Report: PCP-2011-0001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Small Gram Quantity (SGQ) concept is based on the understanding that small 
amounts of hazardous materials, in this case radioactive materials, are significantly less hazardous than 
large amounts of the same materials. This study describes a methodology designed to estimate an SGQ for 
several neutron and gamma emitting isotopes that can be shipped in a package compliant with 10 CFR Part 
71 external radiation level limits regulations. These regulations require packaging for the shipment of 
radioactive materials perform, under both normal and accident conditions, the essential functions of 
material containment, subcriticality, and maintain external radiation levels within regulatory limits. 10 CFR 
71.33(b)(1)(2)&(3) state radioactive and fissile materials must be identified and their maximum quantity, 
chemical and physical forms be included in an application. Furthermore, the U.S. Federal Regulations 
require application contain an evaluation demonstrating the package (i.e., the packaging and its contents) 
satisfies the external radiation standards for all packages (10 CFR 71.31(2), 71.35(a), & 71.47). By placing 
the contents in a He leak-tight containment vessel, and limiting the mass to ensure subcriticality, the first 
two essential functions are readily met. Some isotopes emit sufficiently strong photon radiation that small 
amounts of material can yield a large external dose rate. Quantifying of the dose rate for a proposed content 
is a challenging issue for the SGQ approach. It is essential to quantify external radiation levels from several 
common gamma and neutron sources that can be safely placed in a specific packaging, to ensure compliance 
with federal regulations. The Packaging Certification Program (PCP) Methodology for Determining Dose 
Rate for Small Gram Quantities in Shipping Packagings described in this report provides bounding mass 
limits for a set of proposed SGQ isotopes. Methodology calculations were performed to estimate external 
radiation levels for the 9977 shipping package using the MCNP radiation transport code to develop a set of 
response multipliers (Green's functions) for 'dose per particle' for each neutron and photon spectral group. 
The source spectrum for each isotope generated using the ORIGEN-S and RASTA computer codes was 
folded with the response multipliers to generate the dose rate per gram of each isotope in the 9977 shipping 
package and its associated shielded containers. The maximum amount of a single isotope that could be 
shipped within the regulatory limits contained in 10 CFR 71.47 for dose rate at the surface of the package 
is determined. If a package contains a mixture of isotopes, the acceptability for shipment can be determined 
by a sum of fractions approach. Furthermore, the results of this analysis can be easily extended to additional 
radioisotopes by simply evaluating the neutron and/or photon spectra of those isotopes and folding the 
spectral data with the Green's functions provided. 
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Title: Safety Report on the Pelinduna Critical Experiments 
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Report: PEL-170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the Pelinduna-O critical facility which is under construction in 
the C-wing of the reactor engineering building of the Atomic Energy Boards Laboratories at Pelinduna. 
The first reactor system to be investigated in this facility is also described and an assessment of the hazards 
associated with the planned experiments is given. The core of the first system will consist of 4 elements of 
the Pelinduna design, loaded to a maximum height of 2.1 metres with 1 cm diameter uranium metal spheres 
enriched to 2% in uranium-235. These elements will be arranged in a square or triangular pattern at various 
lattice pitches in heavy water inside a 1.6 meter diameter tank. Four control rods will be provided. A 20 cm 
diameter dump valve serves as an addition safety device. Although the Pelinduna system is a heavy water 
moderated, sodium-cooled reactor, no sodium will be allowed in the critical facility. This ensures a negative 
temperature coefficient, due mainly to the Doppler effect in the fuel. The design, construction and safety 
instrumentation for the critical assembly conform to general practice in the operation of critical assemblies. 
The reactor is completely self-limiting for a 1 pound sterling excess reactivity step with no hazard to the 
general public. This will probably also apply for a 2 pound sterling step, while the public hazard remains 
extremely small. 
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Title: Cobra-A Computer Code for the Calculation of Fuel Depletion in Heterogeneous Nuclear Reactors 
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Report: PEL-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Diffusion; Digital 
Systems; Fission Products; FORTRAN; Fuels; IBM 704; Multiplication Factors; Neutrons; Programming; 
Reactors; Thermal Utilization 
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Title: Environmental Radioactivity at the National Nuclear Research Centre, Pelindaba. Report Until End 
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Report: PEL--89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Environmental & Earth Sciences-Radioactivity Monitoring & Transport-
Atmosphere-Fallout Transport & Deposition; Air; Alpha Particles; Beta Particles; Cesium 137; Criticality; 
Environment; Fallout; Fish; Gamma Radiation; Milk; Monitoring; Potassium 40; Radioactivity; Reactors; 
Soils; South Africa; Strontium 90; Vegetables; Water 
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Abstract/Keyterms:  
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Title: Canadian Research Reactors. in Progress in Nuclear Energy, Series II, Reactors, vol. I 
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Report: Pergamon Press, London, 1-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15684 

15636…..…..…………………..…….……..……ID Number…………………..…..…………….15636 

Author: Williams, M. M. R. 
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Report: Pergamon Press, Oxford 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Power Reactors- Stochastic Processes; 
Reactor Noise- Reviews; Fluctuations; Mathematical Models; Probability; Randomness 
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Conference Session:  

Abstract/Keyterms: As subcritical multiplier systems, the neutron amplifiers can be used for various 
purposes, and accordingly the amplification factor can be defined ih various practical ways. The most 
characteristic is the amplification factor which is defined as the ratio of the number of thermal neutrons 
absorbed in the unit of time, or the number of fast neutrons released in the unit of time on one hand and of 
neutron source intensity on the other hand. The expression for the amplification factor depends, to a small 
extent, on applied calculation method. If the amplifier is, however, in a near-critical condition, deviations 
can be neglected. Basically, only such systems can be compared which are equally far from the critical 
condition. The critical condition however, is difficult to be characterized by a single value. In these 
considerations, a simple and well characterizing value is the degree of criticality (s/sup 3/), the quotient of 
actual fissionable material quantity and of the critical fissionable material quantity. In the case of a given 
material composition this equal to the quotient of the actual and of the critical volume of the active zone. A 
value which is characterizing only to a lesser extent is the negative reactivity, which depends, beyond the 
degree of criticality, on material composition too. In the case of a given degree of criticality (or of negative 
reaotivity) an amplification factor can be produced by diffenent systems. of all the possible solutions, the 
one that cost the least is regarded as optimum. Costs are determined by the fuel and, in case of heavy water, 
by the moderator. On designing for a given number of neutrons, costs of the source should also be taken 
into account. It is shown that in a near critical system flux distributions obtained by different approximate 
calculation methods only vary to a small extent. 
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Abstract/Keyterms: An empirical method is devised for estimating the critical mass of uranium-235 in a 
spherical lattice of enriched uranium rods in light water surrounded by an infinite water reflector. 
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Abstract/Keyterms: Physics; Configuration; Critical Assemblies; Criticality; Cylinders; Enrichment; 
Equations; Errors; Group Theory; Homogeneous Reactors; Hydrogen; Mathematics; Measured Values; 
Plates; Reflectors; Spheres; Uranium 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A small sample of the metal or compound is reacted, in vacuo, in a degassed bath of 
molten Pt contained by a small graphite crucible heated to 1900 deg C by radio frequency heating. 
Hydrogen, carbon monoxide, and nitrogen evolved during the reaction are pumped away and measured and 
analyzed by a low- pressure gas analytical system. After deducting an apparatus blank, the H, O, and N 
contents of the sample are calculated. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sodium-24, formed by neutron irradiation of sodium-23 present naturally in human 
blood, is estimated by a gamma -spectrometric method. The identity of the activity may be confirmed by 
observing its rate of decay and comparing this with the known half life of sodium-24, which is 15.0 hr. 
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Disc Neutron Dosimeter 
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Report: PG-Report-387 
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Conference Session:  

Abstract/Keyterms: The beta -activity of the S disc component of a radiation dosimeter locket is measured 
directly using standard Geiger-Muller thin end-window counting equipment. The disc is then ignited and 
the beta -activity of the residue is similarly determined. Subsequent measurements are made in order to 
serve as a guide to the radiochemical purity of this activity. 
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Abstract/Keyterms: A general procedure is given for the determination of B, down to 0.2 ppm, in Zr and 
Zr alloys. Separation of the B is not necessary, the B-curcumin complex being formed directly in an aliquot 
of the metal sulfate solution. An interference effect has been noted when analyzing Zr alloys containing Sn. 
The interference is caused by an insoluble compound of curcumin which separates and has similar 
properties to the B-curcumin complex. This source of interference is, however, readily eliminated during 
the procedure for the determination of B. The procedure has been applied to the determination of B in pure 
Zr, Zr--0.5% Cu-- 0.5% MO, and Zr--1.5% Sn--0.1% Fe--0.1% Cr--0.05% Ni alloys. Results are 
comparable with those obtained by methods requiring the separation of the B as methyl borate. 
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Abstract/Keyterms: Dibutyl phosphoric acid (dibutyl hydrogen phosphate) is extracted into dilute sodium 
hydroxide solution. The free acid is liberated by acidifying the aqueous extract and extracted into carbon 
tetrachloride. The absorption at 1036 cm/sup -1/, ascribed to the P-O-C linkage, is measured. 
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Abstract/Keyterms: Samples of vegetation, seaweed, and fish flesh are ashed and those of shore sand, silt, 
and seabed mud are dried. The activity of the sample is measured by a thin end-window Geiger-Muller tube 
which has been calibrated against a natural potassium chloride standard. The activity of the sample is 
expressed as equivalent mu mu c (K/sup 40/) per gram. 
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Abstract/Keyterms: The Philippine Open-Pool Reactor PRR-1 is a MTR type reactor. It is fueled with 
20% enriched U metal, is lightwater-moderated, and is graphite- and water-reflected. The core and fuel 
element dimensions and physical parameters are outlined, and the neutronic data (thermal-neutron group 
constants, fast- neutron group constants, thermal utilization factor, resonance escape probability, diffusion 
constants, infinite multiplication factor, criticality conditions, etc.) are presented. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Mathematics; Matrices; 
Programming; Reactor Core; Reactors; Spectra; Temperature; Thermal Neutrons; Uranium 238; Uranium 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Anthracene; Beta Detection; 
Coincidence Methods; Equations; Errors; Foils; Gold; Measured Values; Neutron Flux; Quantitative 
Analysis; Reactors; Sodium Iodides; Thermal Neutrons 
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Report: Philips Technical Review (Netherlands), Vol: 21 
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Conference Session:  

Abstract/Keyterms: The KEMA subcritical suspension reactor contains three safety rods of boron carbide, 
which are suspended from electromagnets, the energizing current for which flows through a number of 
relay contacts in series. If one of the relays cuts out, the rods drop and the reactor is stopped. Each of the 
relays receives its energizing current via a thyratron, which can ignite only when its input voltage Vi is 
between --0.20 and --1.6 v, corresponding, respectively, to the lower and upper limits of the quantities to 
which the safety system is required to respond (neutron flux, reactor period, temperature, suspension flow 
rate, etc.). The voltage Vt is taken from the channels used for monitoring these quantities. Measures are 
taken to make the system "fail safe." 
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Abstract/Keyterms: The KEMA subcritical suspension reactor contains three safety rods of boron carbide, 
which are suspended from electromagnets, the energizing current for which flows through a number of 
relay contacts in series. If one of the relays cuts out, the rods drop and the reactor is stopped. Each of the 
relays receives its energizing current via a thyratron, which can ignite only when its input voltage Vi is 
between --0.20 and --1.6 v, corresponding, respectively, to the lower and upper limits of the quantities to 
which the safety system is required to respond (neutron flux, reactor period, temperature, suspension flow 
rate, etc.). The voltage Vt is taken from the channels used for monitoring these quantities. Measures are 
taken to make the system "fail safe." 
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Abstract/Keyterms: In experiments on the subcritical suspension reactor at Arnhem, the temperature can 
be kept constant within 0.1 deg C at any desired value between room temperature and 100 deg C. Since the 
circulation pump supplies about 5 kw to the fluid, the operating temperature is determined by the rate of 
cooling. Regulation is effected by slightly overcooling and correcting the excess with a heater whose output 
is variable between 0 and 5 kw and which is controlled by a resistance thermometer. This contained in the 
pipeline from the heater to the reactor vessel. The mean concentration in the reactor vessel is found from 
the difference in hydrostatic pressure; in the case of a spherical-type vessel this not done directly but by 
means of a "simulator." The flow rate is measured with a special venturi tube. The principal operating 
parameters are recorded. A simplified flow-sheet showing the general arrangement and operation of the 
reactor is given. 
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Abstract/Keyterms: A description of the monitoring system used in the KEMA subcritical suspension 
reactor for measuring the neutron flux in the range 2 x 10/sup 3/ to 2 x 10/sup 6/ neutrons/cm/sup 2//sec is 
given. For this purpose, an ionization chamber and a vibrating-capacitor electrometer are used. The 
sensitivity of the electrometer is stabilized by strong negative feedback (loop gain 50); the meter has six 
measuring ranges and a linear scale. The minimum and maximum currents that produce full deflection are 
5 x 10/sup -10/ and 1.6 x 10/sup -7/ am p, respectively. A calibrating device is incorporated for checking 
the operation of the instruments at any time. The monitoring system consists of two identical channels; each 
channel is powered from its own battery. 
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Conference Session:  

Abstract/Keyterms: A description of the pulse-counting channels used for monitoring the neutron flux in 
the KEMA subcritical suspension reactor is given. The components developed in the KEMA laboratory 
include a "millivolt discriminator" for pulses from as low as 12 mv at up to several million pulses per second 
and an improved fast-response flop-flop circuit capable of handling 15 x 10/sup 6/ pulses per second. The 
linear integrator is based on a "pump circuit," and the logarithmic integrator comprises eight such circuits 
in parallel. In the latter there exists a Iogarithmic relation between the meter deflection and the counting 
rate n, extending from n = 1 to n = 3 x 10/sup 6/ pulses per sec (6 1/2 decades). 
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Abstract/Keyterms: In the KEMA laboratories at Arnhem a one-zone homogeneous suspension- type 
reactor is in development. The choice fe1l on a one-zone homogeneous reactor with circulating fuel in the 
form of a suspension of ThO2-UO2 particles in heavy water. The fissile material, U233, is bred in the 
reactor itself from Th232. The first step in the development program was to build an experimental 
subcritical reactor of this type, but operated on a suspension of UO2 particles (natural uranium with 20% 
U235) in ordinary water. Numerous measurements have been carried out on this reactor, among them the 
determination of the critical concentration of fissile material. 
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Title: Plutonium Criticality Experiments 

Date: 9/1/1965 

Report: PHTOA, 18, 46-48: 50-52 

Conference/Journal: Physics Today 

Conference Session:  

Abstract/Keyterms: Plutonium, the man-made element of atomic number 94, has established itself mainly 
as the fissile component of nuclear weapons. It is always made in the operation of a uranium-fueled reactor 
and has been manufactured in large quantities since its introduction in World War II. It has long been 
considered inevitable that plutonium will become an important reactor fuel. It offers hazards and puzzles 
to reactor physicists, and for two reasons in particular they must know the conditions under which 
assemblies containing it become critical. First, they must design processing systems that will not have 
accidental and dangerous chain reactions. Second, they need data for reactor design. To determine these 
data (and extend some that were determined more than a decade ago), calculations to determine criticality 
parameters and experiments are being carried out in the critical mass laboratory at the Battelle Institute's 
Pacific Northwest Laboratory at Hanford, Wash. 
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Title: On the Characteristic Energy of a Pulsed Subcritical Assembly 

Date: 6/1/1965 

Report: Phys. Letters: Vol: 16 

Conference/Journal: Phys. Letters 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Criticality; Distribution; Energy; 
Exponential Piles; Leakage; Monte Carlo Method; Neutron Flux; Neutrons; Numericals; Pulses; Spheres; 
Variations 
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Author: Courant, E. D. / Wallace, P. R. 

Title: Fluctuations of the Number of Neutrons in a Pile 

Date: 1/1/1947 

Report: Phys. Rev. 72, 1038 

Conference/Journal: Physics Review 

Conference Session:  

Abstract/Keyterms:  
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Author: Hughes, D. J. / Dabbs, J. / Cahn, A. / Hall, D. 

Title: Delayed Neutrons from Fission of U-235 

Date: 1/1/1948 

Report: Phys. Rev., 73, 111 

Conference/Journal: Physics Review 

Conference Session:  

Abstract/Keyterms:  
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Date: 1/1/1948 

Report: Phys. Rev., 74, (10) 1330-1337 

Conference/Journal: Physics Review 

Conference Session:  

Abstract/Keyterms:  
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Title: Random Loose Packings of Uniform Spheres and the Dilatancy Onset 

Date: 1/1/1990 

Report: Physical Review Letters, 64 (22) 2727 

Conference/Journal: Physical Review Letters 

Conference Session:  

Abstract/Keyterms:  
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Author: Diven, B. C. / Martin, H. C. / Terrerll, J. 

Title: Multiplicities of Fission Neutrons 

Date: 1/1/1958 

Report: Physical Review, 101, 1012-1015 

Conference/Journal: Physical Review 

Conference Session:  

Abstract/Keyterms: Physics; Californium 252; Curium 244; Efficiency; Energy Range; Fast Neutrons; 
Fission; Liquids; Measured Values; Neutron Detection; Plutonium 239; Plutonium 240; Scattering; 
Scintillation Counters; Standards; Thermal Neutrons; Uranium 233; Uranium 235 
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Title: Energy of the Delayed Neutrons from the Fission of U235 

Date: 3/1/1956 

Report: Physical Review, 101, 5, 1514-1515 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Cloud Chambers; Delayed Neutrons; Energy; Energy Range; Fission; 
Fission Products; Neutron Detection; Neutron Spectrometers; Spectra; Thermal Neutrons; Uranium 235 
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Author: Keepin, G. R. / Wimett, T. F. / Ziegler, R. K. 

Title: Delayed Neutrons from Fissionable Isotopes of Uranium, Plutonium, and Thorium 

Date: 1/1/1957 

Report: Physical Review, 107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Delayed Neutrons; Fast Neutrons; Fission; Frequency; Measured Values; 
Metals; Neutron Sources; Plutonium 239; Plutonium 240; Quantity Ratio; Reactivity; Thermal Neutrons; 
Thorium 232; Uranium 233; Uranium 235; Uranium 238 
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Author: Ames, O. / Owen, G. E. 

Title: Angular Distributions of the B11(D,N)C12* First Excited State Neutrons 

Date: 3/1/1958 

Report: Physical Review, 109; 

Conference/Journal: Physical Review (U.S.) 

Conference Session:  

Abstract/Keyterms: The angular distributions of the first excited state neutrons from the reaction B/sup 
11/(d,n)C/sup 12/ have been measured at deuteron bombarding energies of 0.6 and 1.0 Mev, using a single 
stilbene crystal counter. The distributions are asymmetric about the 90 deg direction, showing an excess in 
the forward direction. The data are consistent with an analysis based on nuclear stripping theory. Total cross 
sections were obtained at 0.6, 0.8, and 1.0 Mev. 
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Title: Strong Shrinkage of the Effective Core at High Energy 

Date: 5/11/1964 

Report: Physical Review, 134 

Conference/Journal: Physical Review (U.S.) Superseded in part by Phys. Rev. A, Phys. Rev. B: Solid 
State, Phys. Rev. C, and Phys. Rev. D 

Conference Session:  

Abstract/Keyterms: Physics; Analytic Functions; Angular Distribution; Beams; Configuration; Critical 
Assemblies; Criticality; Cylinders; Density; Energy; Field Theory; Fluorides; Fuel Solutions; Group 
Theory; Mass; Mathematics; Matrices; Measured Values; Moderator-Fuel Ratio; Multiplication Factors; 
Neutrons; Paraffin; Particles; Quantum Mechanics; Reflectors; Scattering; Scattering Amplitude; Solvents; 
Spheres; Unitarity; Uranium 233; Uranyl Compounds; Uranyl Nitrates; Volume; Water; Water Moderator 
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Title: Neutron Penetration and slowing Down at Intermediate distances through Medium and Heavy Nuclei 

Date: 10/1/1950 

Report: Physical Review, 80, 011-019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Age; Boltzmann Equation; Density; Differential Equations; 
Diffusion Length; Distance; Errors; Fermi Age; Laplace Transform; Losses; Mass; Mathematics; Neutrons; 
Nuclei; Numericals; Placzec Function; Scattering; Slowdown; Transients; Velocity 
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Title: Sodium Activation by Fast Neutrons in Man Phantoms 

Date: 12/1/1962 

Report: Physics in Medicine and Biology (England); Vol: 7 

Conference/Journal: Physics in Medicine and Biology (England) 

Conference Session:  

Abstract/Keyterms: Measurements were made of the activation, by fast neutron irradiations, of a dilute 
aqueous solution of sodium nitrate contained in man phantoms. Phantom shapes included a cylinder 30 cm 
in diameter, a slab 30 cm thick and an approximately man-shaped phantom. Monoenergetic neutrons were 
used, at energies of 0.2, 0.5, 2.5, and 6.2 Mev. From the measurements the neutron capture probability in a 
man may be determined for use in dose assessment after a criticality accident. A representative value of 
about 0.4 was obtained. The results for neutron capture, derived from sodium activation for both cylinder 
and slab, were compared with other values. 
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Author: Etienne, P. / Noc, B. / Touyeras, J. 

Title: Physical Tests on the CHINON Reactors 

Date: 10/31/1967 

Report: Physics Measurements in Operating Power Reactors. Paris, European Nuclear Energy Agency, 
1967, pp 511-49 

Conference/Journal: Physics Measurements in Operating Power Reactors. Paris, European Nuclear 
Energy Agency, 1967 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Criticality; Distribution; EDF-1; EDF-2; EDF-3; 
Measurement; Power; Power Plants; Reactivity; Reactors; Testing 
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Author: Garin, V. P. / Glushkov, A. E. / Glushkov, E. S. / Gomin, E. A. / Gurevich, M. I. / Zimin, A. A. / 
Kompaniets, G. V. / Kukharkin, N. E. / Lobyntsev, V. A. / Nosov, V. I. / Polyakov, D. N. / Ponomarev-
Stepnoi, N. N. / Smirnov, O. N. / Tel'kovskaya, O. V. / 

Title: Evaluated Benchmark Experiments at Critical Assemblies Simulating Features of an HTHR at the 
ASTRA Facility 

Date: 12/15/2010 

Report: Physics of Atomic Nuclei, 73; Journal Issue: 14 

Conference/Journal: hysics of Atomic Nuclei; Journal Volume: 73; Journal Issue: 14 

Conference Session:  

Abstract/Keyterms: The design of the ASTRA facility and critical assemblies that simulate physics 
features of modular high-temperature reactors (HTHR-Ms) with a graphite moderator and reflectors loaded 
with fuel particles having multilayer ceramic coatings is described in detail. Geometrical dimensions of the 
main elements and regions of the critical assemblies, composition of the materials used, and experimental 
results for various configurations of the critical assemblies are presented. A detailed computational 
benchmark model allowing for the structural and compositional features of the critical assembly 
configurations in question is developed on the basis of all the above data. The results are to be used for 
verification of the neutronics codes used for calculations of high-temperature helium-cooled reactors. 
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Author: Bobrov, A. A. / Glushkov, E. S. / Zimin, A. A. / Kapitonova, A. V. / Kompaniets, G. V. / Nosov, 
V. I., E-mail: rpp@adis. vver. kiae. ru / Petrushenko, R. P. / Smirnov, O. N. 

Title: Determination of the Relative Power Density Distribution in a Heterogeneous Reactor from the 
Results of Measurements of the Reactivity Effects and the Neutron Importance Function 

Date: 12/15/2012 

Report: Physics of Atomic Nuclei; Volume: 75 

Conference/Journal: Physics of Atomic Nuclei 

Conference Session:  

Abstract/Keyterms: A method for experimental determination of the relative power density distribution 
in a heterogeneous reactor based on measurements of fuel reactivity effects and importance of neutrons 
from a californium source is proposed. The method was perfected on two critical assembly configurations 
at the NARCISS facility of the Kurchatov Institute, which simulated a small-size heterogeneous nuclear 
reactor. The neutron importance measurements were performed on subcritical and critical assemblies. It is 
shown that, along with traditionally used activation methods, the developed method can be applied to 
experimental studies of special features of the power density distribution in critical assemblies and reactors. 
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Title: Iterative Methods for Solving Nonlinear Problems of Nuclear Reactor Criticality 
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Report: Physics of Atomic Nuclei; Volume: 75 

Conference/Journal: Physics of Atomic Nuclei 

Conference Session:  

Abstract/Keyterms: The paper presents iterative methods for calculating the neutron flux distribution in 
nonlinear problems of nuclear reactor criticality. Algorithms for solving equations for variations in the 
neutron flux are considered. Convergence of the iterative processes is studied for two nonlinear problems 
in which macroscopic interaction cross sections are functionals of the spatial neutron distribution. In the 
first problem, the neutron flux distribution depends on the water coolant density, and in the second one, it 
depends on the fuel temperature. Simple relationships connecting the vapor content and the temperature 
with the neutron flux are used. 
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Title: The Number of Prompt Neutrons from U-235 Fission over the Range 0.04 to 3MeV 

Date: 1/1/1962 

Report: Physics of fast and intermediate reactors, 1, 139 

Conference/Journal: Seminar on the Physics of Fast and Intermediate Reactors, International Atomic 
Energy Agency, Vienna, Austria, 3-11, August, 1961 

Conference Session:  

Abstract/Keyterms:  
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Date: 1/1/1962 

Report: Physics of fast and intermediate reactors, 1, 149 

Conference/Journal: Seminar on the Physics of Fast and Intermediate Reactors, International Atomic 
Energy Agency, Vienna, Austria, 3-11, August, 1961 

Conference Session:  

Abstract/Keyterms:  
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Title: A Theoretical Study of Destructive Nuclear Bursts in Fast Power Reactors 

Date: 2/1/1962 

Report: Physics of fast and intermediate reactors, 3, 209 

Conference/Journal: Seminar on the Physics of Fast and Intermediate Reactors, International Atomic 
Energy Agency, Vienna, Austria, 3-11, August, 1961 

Conference Session:  

Abstract/Keyterms: The calculation of destructive nuclear bursts in fast reactors by an improved Bethe-
Tait method, which, for purposes of calculation, neglects propagation of the pressure wave is described. 
Then exact numerical calculations for hydrodynamic and neutronic conditions during the power burst are 
performed in order to assess the importance of this neglect. 
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Title: Fast Integral Experiments: with Thermal Driver Zone in MINERVE Exponential Experiments with 
Harmonie Pulsed Experiments in Collaboration with the Germans 

Date: 1/1/1969 

Report: Physics of Fast Reactor Operation and Design, 101-112 

Conference/Journal: International Conference on the Physics of Fast Reactor Operation and Design, 
London, England 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Reactor 
Theory-Experimental Applications; Buckling; Critical Assemblies; Danger Coefficients; Decay; Doppler 
Reactivity; Exponential Piles; Fast Neutrons; Fast Reactors; Harmonie; Measurement; Minerve; Pulsed 
Neutron Techniques; Reactor Lattices; Spectra; Thermal Neutrons 
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Title: The LADA Physics Test Stand 

Date: 1/1/1968 

Report: Physics Of Nuclear Reactors-Collection of Works, 1, Moscow, Atomizdat, 1968, 32-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The stand was built at Moscow Engineering Physics Institute. The equipping and 
adjusting was completed in 1967. The stand is intended for work with subcritical and critical systems the 
power level of which does not exceed 10 watts. Critical assemblies to be tested in the device are placed in 
a shaft of dimensions 300 x 300 x 400 cm. The place for the critical assembly is separated from the place 
for the control panel by biological shielding of concrete 110 cm thick. The device is equipped with an 
automatic emergency shielding system which works if the power of the critical assembly exceeds a given 
level or rises too rapidly. The critical level can be achieved either by increasing the fuel load or by raising 
the level of the moderator in the core and reflector. The M1 uranium-water assembly with a core of EK-10 
elements was used to carry out start-up operations on the device. Current recording instruments ensured 
reliable control of the power level and the rate of going up, beginning with 0.001 watts. Working experience 
on the M1 critical assembly showed that the "LADA" physical test stand is convenient and safe to use. 
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Title: Chalk River Studies of D2O Moderated Natural Uranium and 235U-- Thorium Lattices 

Date: 10/31/1968 

Report: Physics Problems in Thermal Reactor Design, 095-102 

Conference/Journal: Physics Problems in Thermal Reactor Design. London, British Nuclear Energy 
Society, 1967 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Critical Assemblies; Criticality; Heavy Water Moderator; Measurement; Reactivity Natural 
Uranium Fuel; Thorium Oxides- Uranium Dioxide 
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Title: Evaluation of Lattice Parameters for a Heavy Water Moderated, Natural Uranium Fuelled Power 
Reactor 

Date: 10/31/1968 

Report: Physics Problems in Thermal Reactor Design, 172-177 

Conference/Journal: Physics Problems in Thermal Reactor Design. London, British Nuclear Energy 
Society, 1967, International Conference on Physics Problems of Thermal Reactor Design, London. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Configuration; 
Criticality; Heavy Water Moderator; Natural Uranium Fuel; Power Plants; Reactivity; Reactor Core; 
Reactors 
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Title: Douglas Point Physics Measurements 
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Report: Physics Problems in Thermal Reactor Design, 201-203 

Conference/Journal: Physics Problems in Thermal Reactor Design. London, British Nuclear Energy 
Society, 1967 ; CONF-670607 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Candu; Computers; 
Criticality; Measurement; Power Plants; Programming; Reactivity; Reactors; Startup 
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Title: The Physics of Non-Uniform BWR Lattices 

Date: 10/31/1968 

Report: Physics Problems in Thermal Reactor Design, 208-217 

Conference/Journal: International Conference on Physics Problems of Thermal Reactor Design, 
London. CONF-670607 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Boiling; Criticality; 
Measurement; Neutrons; Reactivity; Reactor Core; Reactors; Spectra 
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Conference/Journal: Physics Problems in Thermal Reactor Design. London, British Nuclear Energy 
Society, 1967; International Conference on Physics Problems of Thermal Reactor Design, London. 
CONF-670607. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Configuration; 
Criticality; Reactivity; Reactor Core; Reactors; Uranium Dioxide; Water Moderator 
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Title: The Study of the Lattice Parameters and Energy Release Control in the Beloyarsk Atomic Power 
Plant Reactor 

Date: 10/31/1968 

Report: Physics Problems in Thermal Reactor Design, pp 226-8 

Conference/Journal: Physics Problems in Thermal Reactor Design. London, British Nuclear Energy 
Society, 1967.; International Conference on Physics Problems of Thermal Reactor Design, London. ONF-
670607 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Beloyarsk; Burnup; 
Configuration; Control Elements; Criticality; Measurement; Power Plants; Reactivity; Reactor Core; 
Reactors 
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Date: 10/31/1968 

Report: Physics Problems in Thermal Reactor Design,183-192 

Conference/Journal: pp 183-92 of The Physics Problems in Thermal Reactor Design. London, British 
Nuclear Energy Society, 1967 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; AGR; 
Analysis; Computers; Critical Assemblies; Criticality; Hero; Measurement; Power Plants; Programming; 
Reactivity; Reactors; Research Reactors 
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Title: Fine Structure in Unirradiated AGR Lattices 
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Report: Physics Problems in Thermal Reactor Design. London, British Nuclear Energy Society, 1967, 
152-155 

Conference/Journal: International Conference on Physics Problems of Thermal Reactor Design, London 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Analysis; Configuration; Criticality; Fuel 
Elements; Gas Coolant; Plutonium Oxides- Uranium Dioxide; Reactivity; Reactor Core; Reactors Uranium 
Dioxide 
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Conference Session:  
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Report: Physik in Unserer Zeit, 8, 4, 97-101 

Conference/Journal: Physik in Unserer Zeit (West Germany) 

Conference Session:  

Abstract/Keyterms: To begin with, the author explains the principle of fast breeders, thermal and fast 
reactors. He then gives a short survey of the history of the fast breeder reactor in the USA, Germany and 
other countries. The article is supplemented by a graphic representation of the history of breeder reactors 
(test plants, prototype and industrial plants) and by a table which gives the dates of first criticality, the 
thermal and electric power, names and sites of fast reactors. 
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Conference/Journal: Physik. Verhandl., Verband Deut. Physik. Ges. 

Conference Session:  

Abstract/Keyterms: The production of Pu239 from U238 in reactors is discussed along with the 
production of U233 from Th232. The rates of production of these fissionable isotopes are also discussed as 
a basis for the breeder reactor concept. The possibility of the operation of a fast breeder reactor in a closed 
U238 Pu239 cycle is reviewed. The resonance structure of the neutron absorption cross section for almost 
all elements is described. Criticality, dynamic stability, resonance processes, Doppler coefficient, and 
effective cross sections are discussed. 
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Conference/Journal: Topical Meeting. on Advanced in Reactor Physics and Mathematics and 
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Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-073, HEU-MET-INTER-006 
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Developments, Chicago, IL, USA, 20040425, 20040429 

Conference/Journal: PHYSOR 2004 - The Physics of Fuel Cycles and Advanced Nuclear Systems: 
Global Developments, Chicago, IL, USA 

Conference Session:  

Abstract/Keyterms: Many older neutron cross-section evaluations from libraries such as ENDF/B-VI or 
JENDL-3.2 exhibit deficiencies or do not cover energy ranges that are important for criticality safety 
applications. These deficiencies may occur in the resolved and unresolved-resonance regions. 
Consequently, these evaluated data may not be adequate for nuclear criticality calculations where effects 
such as self-shielding, multiple scattering, or Doppler broadening are important. To support the Nuclear 
Criticality Predictability Program, neutron cross-section measurements have been initiated at the Oak Ridge 
Electron Linear Accelerator (ORELA). ORELA is the only high-power white neutron source with excellent 
time resolution still operating in the United States. It is ideally suited to measure fission, neutron total, and 
capture cross sections in the energy range from 1 eV to {approx}600 keV, which is important for many 
nuclear criticality safety applications. 
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Conference/Journal: PHYSOR'08: International Conference on the Physics of Reactors ; September 14, 
2008 ; Interlaken, Switzerland 

Conference Session:  

Abstract/Keyterms: Many older neutron cross-section evaluations from libraries such as ENDF/B-VI or 
JENDL-3.2 exhibit deficiencies or do not cover energy ranges that are important for criticality safety 
applications. These deficiencies may occur in the resonance region and high energy region. Consequently, 
these evaluated data may not be adequate for nuclear criticality calculations where effects such as self-
shielding, multiple scattering, or Doppler broadening are important. To support the Nuclear Criticality 
Predictability Program, a series of new measurements has been undertaken in response to deficiencies 
identified in nuclear data libraries. New data and evaluations including covariances are required for several 
materials found in mixtures with uranium. For this purpose neutron capture and total cross section 
measurements have been performed for 58,60Ni, natural chromium, and 53Cr. 
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Abstract/Keyterms: Interest in high-quality integral benchmark data is increasing as efforts to quantify 
and reduce calculational uncertainties accelerate to meet the demands of next generation reactor and 
advanced fuel cycle concepts. The International Reactor Physics Experiment Evaluation Project (IRPhEP) 
and the International Criticality Safety Benchmark Evaluation Project (ICSBEP) continue to expand their 
efforts and broaden their scope to identify, evaluate, and provide integral benchmark data for method and 
data validation. Benchmark model specifications provided by these two projects are used heavily by the 
international reactor physics, nuclear data, and criticality safety communities. Thus far, 14 countries have 
contributed to the IRPhEP, and 20 have contributed to the ICSBEP. The status of the IRPhEP and ICSBEP 
is discussed in this paper, and the future of the two projects is outlined and discussed. Selected benchmarks 
that have been added to the IRPhEP and ICSBEP handbooks since PHYSOR’06 are highlighted, and the 
future of the two projects is discussed 
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Abstract/Keyterms: The SCALE computational architecture has remained basically the same since its 
inception 30 years ago, although constituent modules and capabilities have changed significantly. This 
SCALE concept was intended to provide a framework whereby independent codes can be linked to provide 
a more comprehensive capability than possible with the individual programs - allowing flexibility to address 
a wide variety of applications. However, the current system was designed originally for mainframe 
computers with a single CPU and with significantly less memory than today's personal computers. It has 
been recognized that the present SCALE computation system could be restructured to take advantage of 
modern hardware and software capabilities, while retaining many of the modular features of the present 
system. Preliminary work is being done to define specifications and capabilities for a more advanced 
computational architecture. This paper describes the state of current SCALE development activities and 
plans for future development. With the release of SCALE 6.1 in 2010, a new phase of evolutionary 
development will be available to SCALE users within the TRITON and NEWT modules. The SCALE 
(Standardized Computer Analyses for Licensing Evaluation) code system developed by Oak Ridge National 
Laboratory (ORNL) provides a comprehensive and integrated package of codes and nuclear data for a wide 
range of applications in criticality safety, reactor physics, shielding, isotopic depletion and decay, and 
sensitivity/uncertainty (S/U) analysis. Over the last three years, since the release of version 5.1 in 2006, 
several important new codes have been introduced within SCALE, and significant advances applied to 
existing codes. Many of these new features became available with the release of SCALE 6.0 in early 2009. 
However, beginning with SCALE 6.1, a first generation of parallel computing is being introduced. In 
addition to near-term improvements, a plan for longer term SCALE enhancement activities has been 
developed to provide an integrated framework for future methods development. Some of the major 
components of the SCALE parallel computing development plan are parallelization and multithreading of 
computationally intensive modules and redesign of the fundamental SCALE computational architecture. 
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Abstract/Keyterms: This work addresses the neutronic performance and criticality safety issues of 
transport casks for fuel pertaining to low conversion ratio sodium cooled fast reactors, conventionally 
known as Advanced Burner Reactors. The criticality of a one, three, seven and 19-assembly cask capacity 
is presented. Both dry “helium” and flooded “water” filled casks are considered. No credit for fuel burnup 
or fission products was assumed. As many as possible of the conservatisms used in licensing light water 
reactor universal transport casks were incorporated into this SFR cask criticality design and analysis. It was 
found that at 7-assemblies or more, adding moderator to the SFR cask increases criticality margin. Also, 
removal of MAs from the fuel increases criticality margin of dry casks and takes a slight amount of margin 
away for wet casks. Assuming credit for borated fuel tube liners, this design analysis suggests that as many 
as 19 assemblies can be loaded in a cask if limited purely by criticality safety. If no credit for boron is 
assumed, the cask could possibly hold seven assemblies if low conversion ratio fast reactor grade fuel and 
not breeder reactor grade fuel is assumed. The analysis showed that there is a need for new cask designs 
for fast reactors spent fuel transportation. There is a potential of modifying existing transportation cask 
design as the starting point for fast reactor spent fuel transportation. 
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Abstract/Keyterms: The advanced nuclear system will significantly advance the science and technology 
of nuclear energy systems and to enhance the spent fuel proliferation resistance. Minor actinides (MA) are 
viewed more as a resource to be recycled, and transmuted to less hazardous and possibly more useful forms, 
rather than simply disposed of as a waste stream in an expensive repository facility. MAs can play a much 
larger part in the design of advanced systems and fuel cycles, not only as additional sources of useful energy, 
but also as direct contributors to the reactivity control of the systems into which they are incorporated. In 
this work, an Advanced CANDU Reactor fuel unit lattice cell model with 43 UO2 fuel rods will be used to 
investigate the effectiveness of a Minor Actinide Reduction Approach (MARA) for enhancing proliferation 
resistance and improving the fuel cycle performance. The main MARA objective is to increase the 238Pu 
/ Pu isotope ratio by using the transuranic nuclides (237Np and 241Am) in the high burnup fuel and thereby 
increase the proliferation resistance even for a very low fuel burnup. As a result, MARA is a very effective 
approach to enhance the proliferation resistance for the on power refueling ACR system nuclear fuel. The 
MA transmutation characteristics at different MA loadings were compared and their impact on neutronics 
criticality assessed. The concept of MARA, significantly increases the 238Pu/Pu ratio for proliferation 
resistance, as well as serves as a burnable absorber to hold-down the initial excess reactivity. It is believed 
that MARA can play an important role in atoms for peace and the intermediate term of nuclear energy 
reconnaissance. 
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Abstract/Keyterms: Results of critical experiments performed at five ASTRA facility configurations 
modeling the high-temperature helium-cooled graphite-moderated reactors are presented. Results of 
experiments on definition of space distribution of 235U fission reaction rate performed at four from these 
five configurations are presented more detail. Analysis of available information showed that all experiments 
on criticality at these five configurations are acceptable for use them as critical benchmark experiments. 
All experiments on definition of space distribution of 235U fission reaction rate are acceptable for use them 
as physical benchmark experiments. 
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Abstract/Keyterms: Several experimental devices are operated by the Criticality and Neutron Science 
Research Dept. of the CEA Valduc Laboratory. One of these is the Caliban metallic core reactor. The 
purpose of this study is to develop and perform experiments allowing to determinate some of fundamental 
kinetic parameters of the reactor. The prompt neutron decay constant and particularly its value at criticality 
can be measured with reactor noise techniques such as Rossi-{alpha} and Feynman variance-to-mean 
methods. Subcritical, critical, and even supercritical experiments were performed. Fission chambers 
detectors were put nearby the core and measurements were analyzed with the Rossi-{alpha} technique. A 
new value of the prompt neutron decay constant at criticality was determined, which allows, using the 
Nelson number method, new evaluations of the effective delayed neutron fraction and the in core neutron 
lifetime. As an introduction of this paper, some motivations of this work are given in part 1. In part 2, 
principles of the noise measurements experiments performed at the CEA Valduc Laboratory are reminded. 
The Caliban reactor is described in part 3. Stochastic neutron measurements analysis techniques used in 
this study are then presented in part 4. Results of fission chamber experiments are summarized in part 5. 
Part 6 is devoted to the current work, improvement of the experimental device using He 3 neutron detectors 
and first results obtained with it. Finally, conclusions and perspectives are given in part 7. 
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Abstract/Keyterms: To minimize the risk of nuclear proliferation, there is worldwide interest in reducing 
fuel enrichment of research and test reactors. To achieve this objective while still guaranteeing criticality 
and cycle length requirements, there is need of developing high density uranium metallic fuels. Alloying 
elements such as Zr, Nb and Mo are added to uranium to improve fuel performance in reactors. In this 
context, the Centro de Desen volvimento da Tecnologia Nuclear (CDTN) is developing the U-2.5Zr-7.5Nb 
and U-3Zr-9Nb (weight %) alloys by the innovative process of sintering that utilizes raw materials in the 
form of powders. The powders were pressed at 400 MPa and then sintered under a vacuum of about 
1x10{sup -4} Torr at temperatures ranging from 1050 deg. to 1500 deg.C. The densities of the alloys were 
measured geometrically and by hydrostatic method and the phases identified by X ray diffraction (XRD). 
The microstructures of the pellets were observed by scanning electron microscopy (SEM) and the alloying 
elements were analyzed by energy dispersive X-ray spectroscopy (EDS). The results obtained showed the 
fuel density to slightly increase with the sintering temperature. The highest density achieved was 
approximately 80% of theoretical density. It was observed in the pellets a superficial oxide layer formed 
during the sintering process. 
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Abstract/Keyterms: The determination of the subcriticality level is an important issue in accelerator-
driven system technology. The area method, originally introduced by N. G. Sjöstrand, is a classical 
technique to interpret flux measurement for pulsed experiments in order to reconstruct the reactivity value. 
In recent times other methods have also been developed, to account for spatial and spectral effects, which 
were not included in the area method, since it is based on the point kinetic model. The artificial neural 
network approach can be an efficient technique to infer reactivities from pulsed experiments. In the present 
work, some comparisons between the two methods are carried out and discussed. 
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Abstract/Keyterms: This paper presents new calculation methods, recently implemented in the Serpent 
Monte Carlo code, and related to the production of homogenized few-group constants for deterministic 3D 
core analysis. The new methods fall under three topics: 1) Improved treatment of neutron-multiplying 
scattering reactions, 2) Group constant generation in reflectors and other non-fissile regions and 3) 
Homogenization in leakage-corrected criticality spectrum. The methodology is demonstrated by a 
numerical example, comparing a deterministic nodal diffusion calculation using Serpent-generated cross 
sections to a reference full-core Monte Carlo simulation. It is concluded that the new methodology improves 
the results of the deterministic calculation, and paves the way for Monte Carlo based group constant 
generation. 
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Abstract/Keyterms: Monte Carlo is often stated as being embarrassingly parallel. However, running a 
Monte Carlo calculation, especially a reactor criticality calculation, in parallel using tens of processors 
shows a serious limitation in speedup and the execution time may even increase beyond a certain number 
of processors. In this paper the main causes of the loss of efficiency when using many processors are 
analyzed using a simple Monte Carlo program for criticality. The basic mechanism for parallel execution 
is MPI. One of the bottlenecks turn out to be the rendezvous points in the parallel calculation used for 
synchronization and exchange of data between processors. This happens at least at the end of each cycle 
for fission source generation in order to collect the full fission source distribution for the next cycle and to 
estimate the effective multiplication factor, which is not only part of the requested results, but also input to 
the next cycle for population control. Basic improvements to overcome this limitation are suggested and 
tested. Also other time losses in the parallel calculation are identified. Moreover, the threading mechanism, 
which allows the parallel execution of tasks based on shared memory using OpenMP, is analyzed in detail. 
Recommendations are given to get the maximum efficiency out of a parallel Monte Carlo calculation. 
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Abstract/Keyterms: A new automatic approach that uses approximate deterministic solutions for 
providing the starting fission source for Monte Carlo eigenvalue calculations was evaluated in this analysis. 
By accelerating the Monte Carlo source convergence and decreasing the number of cycles that has to be 
skipped before the tallies estimation, this approach was found to increase the efficiency of the overall 
simulation, even with the inclusion of the extra computational time required by the deterministic 
calculation. This approach was also found to increase the reliability of the Monte Carlo criticality 
calculations of loosely coupled systems because the use of the better starting source reduces the likelihood 
of producing an undersampled k(eff) due to the inadequate source convergence. The efficiency 
improvement was demonstrated using two of the standard test problems devised by the OECD/NEA Expert 
Group on Source Convergence in Criticality-Safety Analysis to measure the source convergence in Monte 
Carlo criticality calculations. For a fixed uncertainty objective, this approach increased the efficiency of the 
overall simulation by factors between 1.2 and 3 depending on the difficulty of the source convergence in 
these problems. The reliability improvement was demonstrated in a modified version of the 'k(eff) of the 
world' problem that was specifically designed to demonstrate the limitations of the current Monte Carlo 
power iteration techniques. For this problem, the probability of obtaining a clearly undersampled k(eff) 
decreased from 5% with a uniform starting source to zero with a deterministic starting source when batch 
sizes with more than 15,000 neutron/cycle were used. 
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Abstract/Keyterms: Using experimental data published in the International Handbook of Evaluated 
Reactor Physics Benchmark Experiments for the fresh cold core of the High Temperature Engineering Test 
Reactor, a comprehensive validation study has been carried out to assess the performance of the SCALE 
code system for analysis of High Temperature Gas-Cooled Reactor (HTGR) configurations. This paper 
describes part of the results of this effort. The studies performed included criticality evaluations for the full 
core and for the annular cores realized during the fuel loading, as well as calculations and comparisons for 
excess reactivity, shutdown margin, control rod worths, temperature coefficient of reactivity, and reaction 
rate distributions. Comparisons of the SCALE results with both the experimental values and MCNP-
calculated values are presented. The comparisons show that the SCALE calculated results, obtained with 
both multigroup and continuous energy cross sections, are in reasonable agreement with the experimental 
data. The agreement with the MCNP predictions is, in general, very good. 
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Abstract/Keyterms: The sensitivities of the k(eff) eigenvalue to neutron cross sections have become 
commonly used in similarity studies and as part of the validation algorithm for criticality safety 
assessments. To test calculations of the sensitivity coefficients, a benchmark study (Phase III) has been 
established by the OECD-NEA/WPNCS/EG UACSA (Expert Group on Uncertainty Analysis for 
Criticality Safety Assessment). This paper presents some sensitivity results generated by the benchmark 
participants using various computational tools based upon different computational methods: 
SCALE/TSUNAMI-3D and -1D, MONK, APOLLO2-MORET 5, DRAGON-SUSD3D and MMKKENO. 
The study demonstrates the performance of the tools. It also illustrates how model simplifications impact 
the sensitivity results and demonstrates the importance of 'implicit' (self-shielding) sensitivities. This work 
has been a useful step towards verification of the existing and developed sensitivity analysis methods. 
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Abstract/Keyterms: The sensitivities of the keff eigenvalue to neutron cross sections have become 
commonly used in similarity studies and as part of the validation algorithm for criticality safety 
assessments. To test calculations of the sensitivity coefficients, a benchmark study (Phase III) has been 
established by the OECD-NEA/WPNCS/EG UACSA (Expert Group on Uncertainty Analysis for 
Criticality Safety Assessment). This paper presents some sensitivity results generated by the benchmark 
participants using various computational tools based upon different computational methods: 
SCALE/TSUNAMI-3D and -1D, MONK, APOLLO2-MORET 5, DRAGON-SUSD3D and MMKKENO. 
The study demonstrates the performance of the tools. It also illustrates how model simplifications impact 
the sensitivity results and demonstrates the importance of 'implicit' (self-shielding) sensitivities. This work 
has been a useful step towards verification of the existing and developed sensitivity analysis methods. 
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Abstract/Keyterms: Monte Carlo (MC) criticality calculations are based on an iterative method. It requires 
a converged fission source distribution before beginning tallying the effective multiplication factor (k(eff)) 
or other quantities of interest. However, it is pretty difficult to locate on the run, the end of the source 
convergence and scores may be biased by an initial transient. This paper deals with a method that locates 
and suppresses the transient due to the initialization in an output series, applied here to k(eff) and Shannon 
entropy. It relies on modeling stationary series by an order 1 auto regressive process and applying statistical 
tests based on a Student Bridge statistics. It should be noticed that the initial transient suppression only aims 
at obtaining stationary output series and cannot guarantee any kind of convergence. The truncation method 
is applied on both k(eff) and Shannon entropy on three test cases. 
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Abstract/Keyterms: Different approaches to perform automatic whole core criticality and depletion 
calculations in a research reactor using MCNPX 2.7.0 are presented. An approximate method is to use the 
existing symmetries of the burned fuel material distribution in the core, i.e., the axial, radial and azimuth 
symmetries around the core center, in order to significantly reduce the computation time. In this case it is 
not necessary to give a unique material number to each burn up cell. Cells having similar burn up and 
power, achieved during similar irradiation history at same initial fuel composition, will experience similar 
composition evolution and can therefore be given the same material number. To study the impact of the 
number of unique burn up materials on the computation time and utilized RAM memory, several MCNPX 
models have been developed. The paper discusses the accuracy of the model on comparison with 
measurements of BR2 operation cycles in function of the number of unique burn up materials and the impact 
of the used Q-value (MeV/fission) of the recoverable fission energy. 
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Abstract/Keyterms: The first-of-a-kind reactor has been licensed by a safety examination of the plant 
design based on the measured data in precedent mock-up experiments. The validity of the safety design can 
be confirmed without a mock-up experiment, if the reactor feed-back characteristics can be measured before 
operation, with the constructed reactor itself. The 'Synthesis Method', a systematic and sophisticated method 
of sub-criticality measurement, is proposed in this work to ensure the safety margin before operation. The 
'Synthesis Method' is based on the modified source multiplication method (MSM) combined with the noise 
analysis method to measure the reference sub-criticality level for MSM. A numerical simulation for the 
control-rod reactivity worth and the isothermal feed-back reactivity was conducted for typical fast reactors 
of 100 MWe-size, 300 MWe-size, 750 MWe-size, and 1500 MWe-size to investigate the applicability of 
Synthesis Method. The number of neutron detectors and their positions necessary for the measurement were 
investigated for both methods of MSM and the noise analysis by a series of parametric survey calculations. 
As a result, it was suggested that a neutron detector located above the core center and three or more neutron 
detectors located above the radial blanket region enable the measurement of sub-criticality within 10% 
uncertainty from -$0.5 to -$2 and within 15% uncertainty for the deeper sub-criticality. 
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Abstract/Keyterms: A distributed accelerator is a charged-particle accelerator that uses a new acceleration 
method based on repeated electrostatic acceleration. This method offers outstanding benefits not possible 
with the conventional radio-frequency acceleration method, including: (1) high acceleration efficiency, (2) 
large acceleration current, and (3) lower failure rate made possible by a fully solid-state acceleration field 
generation circuit. A 'Mitrailleuse Accelerator' is a product we have conceived to optimize this distributed 
accelerator technology for use with a high-strength neutron source. We have completed the conceptual 
design of a Mitrailleuse Accelerator and of a thorium-fueled subcritical reactor driven by a Mitrailleuse 
Accelerator. This paper presents the conceptual design details and approach to implementing the subcritical 
reactor core. We will spend the next year or so on detailed design work, and then will start work on 
developing a prototype for demonstration. If there are no obstacles in setting up a development organization, 
we expect to finish verifying the prototype's performance by the third quarter of 2015. 
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Abstract/Keyterms: Pressurized Water Reactor (PWR) burnup credit validation is demonstrated using the 
benchmarks for quantifying fuel reactivity decrements, published as 'Benchmarks for Quantifying Fuel 
Reactivity Depletion Uncertainty,' EPRI Report 1022909 (August 2011). This demonstration uses the 
depletion module TRITON available in the SCALE 6.1 code system followed by criticality calculations 
using KENO-Va. The difference between the predicted depletion reactivity and the benchmark's depletion 
reactivity is a bias for the criticality calculations. The uncertainty in the benchmarks is the depletion 
reactivity uncertainty. This depletion bias and uncertainty is used with the bias and uncertainty from fresh 
UO2} critical experiments to determine the criticality safety limits on the neutron multiplication factor, 
k(eff). The analysis shows that SCALE 6.1 with the ENDF/B-VII 238-group cross section library supports 
the use of a depletion bias of only 0.0015 in delta k if cooling is ignored and 0.0025 if cooling is credited. 
The uncertainty in the depletion bias is 0.0064. Reliance on the ENDF/B V cross section library produces 
much larger disagreement with the benchmarks. The analysis covers numerous combinations of depletion 
and criticality options. In all cases, the historical uncertainty of 5% of the delta k of depletion ('Kopp memo') 
was shown to be conservative for fuel with more than 30 GWD/MTU burnup. Since this historically 
assumed burnup uncertainty is not a function of burnup, the Kopp memo's recommended bias and 
uncertainty may be exceeded at low burnups, but its absolute magnitude is small. 
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Abstract/Keyterms: The phase II benchmark problem of expert group UACSA includes a configuration 
of a PWR fuel storage rack and focuses on the uncertainty of criticality from manufacturing tolerance of 
design parameters such as fuel enrichment, density, diameter, thickness of neutron absorber and structural 
material, and so on. It provides probability density functions for each design parameter. In this paper, upper 
limits of k(eff) of 95%/95% tolerance with two methods are calculated by sampling design parameters using 
given probability distributions and compared with the result from traditional approach. 
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Abstract/Keyterms: A prototype Generation IV fast neutron reactor is under design and development in 
France. The MOX fuel will be introduced into this self-generating core in order to demonstrate low net 
plutonium production. To support the TRIPOLI-4 Monte Carlo transport code in criticality calculations of 
fast reactors, the effective delayed neutron fraction {beta}eff estimation and the Probability Tables (PT) 
option to treat the unresolved resonance region of cross-sections are two essentials. In this study, TRIPOLI-
4 calculations have been made using current nuclear data libraries JEFF-3.1.1 and ENDF/B-VII.0 to 
benchmark the reactor physics parameters of the MOX fueled SNEAK 7A and 7B fast critical assemblies. 
TRIPOLI-4 calculated k(eff) and {beta}eff of the homogeneous R-Z models and the 3D multi-cell models 
have been validated against the measured ones. The impact of the PT option on k(eff) is 340 {+-} 10 pcm 
for SNEAK 7A core and 410 {+-} 12 pcm for 7B. Four-group spectra and energy spectral indices, f8/f5, 
f9/f5, and c8/f5 in the two SNEAK cores have also been calculated with the TRIPOLI-4 mesh tally. 
Calculated spectrum-hardening index f8/f5 is 0.0418 for SNEAK 7A and 0.0315 for 7B. From this study 
the SNEAK 3D models have been verified for the next revision of IRPhE (International Handbook of 
Evaluated Reactor Physics Benchmark Experiments). 
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Abstract/Keyterms: Full core calculations are very useful and important in reactor physics analysis, 
especially in computing the full core power distributions, optimizing the refueling strategies and analyzing 
the depletion of fuels. To reduce the computing time and accelerate the convergence, a method named 
Response Matrix Monte Carlo (RMMC) method based on analog Monte Carlo simulation was used to 
calculate the fixed source neutron transport problems in repeated structures. To make more accurate 
calculations, we put forward the RMMC method based on non-analog Monte Carlo simulation and 
investigate the way to use RMMC method in criticality calculations. Then a new hybrid RMMC and MC 
(RMMC+MC) method is put forward to solve the criticality problems with combined repeated and flexible 
geometries. This new RMMC+MC method, having the advantages of both MC method and RMMC 
method, can not only increase the efficiency of calculations, also simulate more complex geometries rather 
than repeated structures. Several 1-D numerical problems are constructed to test the new RMMC and 
RMMC+MC method. The results show that RMMC method and RMMC+MC method can efficiently 
reduce the computing time and variations in the calculations. Finally, the future research directions are 
mentioned and discussed at the end of this paper to make RMMC method and RMMC+MC method more 
powerful. 
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Abstract/Keyterms: In this paper we consider a new generalized algorithm for the efficient calculation of 
component object volumes given their equivalent constructive solid geometry (CSG) definition. The new 
method relies on domain decomposition to recursively subdivide the original component into smaller pieces 
with volumes that can be computed analytically or stochastically, if needed. Unlike simpler brute-force 
approaches, the proposed decomposition scheme is guaranteed to be robust and accurate to within a user-
defined tolerance. The new algorithm is also fully general and can handle any valid CSG component 
definition, without the need for additional input from the user. The new technique has been specifically 
optimized to calculate volumes of component definitions commonly found in models used for Monte Carlo 
particle transport simulations for criticality safety and reactor analysis applications. However, the algorithm 
can be easily extended to any application which uses CSG representations for component objects. The paper 
provides a complete description of the novel volume calculation algorithm, along with a discussion of the 
conjectured error bounds on volumes calculated within the method. In addition, numerical results 
comparing the new algorithm with a standard stochastic volume calculation algorithm are presented for a 
series of problems spanning a range of representative component sizes and complexities. 
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Abstract/Keyterms: The 4S is a sodium-cooled small fast reactor which is reflector-controlled for 
operation through core lifetime about 30 years. The nuclear design method has been selected to treat neutron 
leakage with high accuracy. It consists of a continuous-energy Monte Carlo code, discrete ordinate transport 
codes and JENDL-3.3. These two types of neutronic analysis codes are used for the design in a 
complementary manner. The accuracy of the codes has been evaluated by analysis of benchmark critical 
experiments and the experimental reactor data. The measured data used for the evaluation is critical 
experimental data of the FCA XXIII as a physics mockup assembly of the 4S core, FCA XVI, FCA XIX, 
ZPR, and data of experimental reactor JOYO MK-1. Evaluated characteristics are criticality, reflector 
reactivity worth, power distribution, absorber reactivity worth, and sodium void worth. A multi-component 
bias method was applied, especially to improve the accuracy of sodium void reactivity worth. As the result, 
it has been confirmed that the 4S core nuclear design method provides good accuracy, and typical bias 
factors and their uncertainties are determined. 
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Abstract/Keyterms: Babcock and Wilcox Technical Services Group (B and W) has identified aqueous 
homogeneous reactors (AHRs) as a technology well suited to produce the medical isotope molybdenum 99 
(Mo-99). AHRs have never been specifically designed or built for this specialized purpose. However, AHRs 
have a proven history of being safe research reactors. In fact, in 1958, AHRs had 'a longer history of 
operation than any other type of research reactor using enriched fuel' and had 'experimentally demonstrated 
to be among the safest of all various type of research reactor now in use [1].' While AHRs have been 
modeled effectively using simplified 'Level 1' tools, the complex interactions between fluids, neutronics, 
and solid structures are important (but not necessarily safety significant). These interactions require a 'Level 
2' modeling tool. Imperial College London (ICL) has developed such a tool: Finite Element Transient 
Criticality (FETCH). FETCH couples the radiation transport code EVENT with the computational fluid 
dynamics code (Fluidity), the result is a code capable of modeling sub-critical, critical, and super-critical 
solutions in both two-and three-dimensions. Using FETCH, ICL researchers and B and W engineers have 
studied many fissioning solution systems include the Tokaimura criticality accident, the Y12 accident, 
SILENE, TRACY, and SUPO. These modeling efforts will ultimately be incorporated into FETCH'S 
extensive automated verification and validation (V and V) test suite expanding FETCH'S area of 
applicability to include all relevant physics associated with AHRs. These efforts parallel B and W's 
engineering effort to design and optimize an AHR to produce Mo99. 
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Abstract/Keyterms: The standard discrete thermal neutron S({alpha}, {beta}) scattering treatment in 
MCNP5 is compared with a continuous S({alpha}, {beta}) scattering treatment using a criticality suite of 
119 benchmark cases and ENDF/B-VII.0 nuclear data. In the analysis, six bound isotopes are considered: 
beryllium metal, graphite, hydrogen in water, hydrogen in polyethylene, beryllium in beryllium oxide and 
oxygen in beryllium oxide. Overall, there are only small changes in the eigenvalue (k(eff)) between discrete 
and continuous treatments. In the comparison of 64 cases that utilize S({alpha}, {beta}) scattering, 62 
agreed at the 95% confidence level, and the 2 cases with differences larger than 3 {sigma} agreed within 1 
{sigma} when more neutrons were run in the calculations. The results indicate that the changes in 
eigenvalue between continuous and discrete treatments are random, small, and well within the uncertainty 
of measured data for reactor criticality experiments. 
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Abstract/Keyterms: Perturbation theory based sensitivity analysis a vital part of todays' nuclear reactor 
design. This paper presents an extension of standard techniques to examine coupled criticality problems 
with mutual feedback between neutronics and an augmenting system (for example thermal-hydraulics). The 
proposed procedure uses a neutronic and an augmenting adjoint function to efficiently calculate the first 
order change in responses of interest due to variations of the parameters describing the coupled problem. 
The effect of the perturbations is considered in two different ways in our study: either a change is allowed 
in the power level while maintaining criticality (power perturbation) or a change is allowed in the 
eigenvalue while the power is constrained (eigenvalue perturbation). The calculated response can be the 
change in the power level, the reactivity worth of the perturbation, or the change in any functional of the 
flux, the augmenting dependent variables and the input parameters. To obtain power- and criticality-
constrained sensitivities power- and k-reset procedures can be applied yielding identical results. Both the 
theoretical background and an application to a one dimensional slab problem are presented, along with an 
iterative procedure to compute the necessary adjoint functions using the neutronics and the augmenting 
codes separately, thus eliminating the need of developing new programs to solve the coupled adjoint 
problem. 
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Abstract/Keyterms: The experimental study on the thorium-loaded accelerator-driven system (ADS) is 
conducted in the Kyoto Univ. Critical Assembly (KUCA). The experiments are carried out in both the 
critical and subcritical states for attaining the reaction rates of the thorium capture and fission reactions. In 
the critical system, the thorium plate irradiation experiment is carried out for the thorium capture and fission 
reactions. From the results of the measurements, the thorium fission reactions are obtained apparently in 
the critical system, and the C/E values of reaction rates show the accuracy of relative difference of about 
30%. In the ADS experiments with 14 MeV neutrons and 100 MeV protons, the subcritical experiments are 
carried out in the thorium-loaded cores to obtain the capture reaction rates through the measurements of 
{sup 115}In(n, {gamma}){sup 116m}In reactions. The results of the experiments reveal the difference 
between the reaction rate distributions for the change in not only the neutron spectrum but also the external 
neutron source. The comparison between the measured and calculated reaction rate distributions 
demonstrates a discrepancy of the accuracy of reaction rate analyses of thorium capture reactions through 
the thorium-loaded ADS experiments with 14 MeV neutrons. Hereafter, kinetic experiments are planned to 
be carried out to deduce the delayed neutron decay constants and subcriticality using the pulsed neutron 
method. 
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Abstract/Keyterms: The SCALE code system developed at Oak Ridge National Laboratory provides a 
comprehensive, verified and validated, user-friendly tool set for criticality safety, reactor physics, radiation 
shielding, and sensitivity and uncertainty analysis. For more than 30 years, regulators, licensees, and 
research institutions around the world have used SCALE for nuclear safety analysis and design. SCALE 
provides a 'plug-and-play' framework with 89 computational modules, including three deterministic and 
three Monte Carlo radiation transport solvers that are selected based on the desired solution. SCALE's 
graphical user interfaces assist with accurate system modeling, visualization, and convenient access to 
desired results. SCALE 6.1 builds on the existing capabilities and ease-of-use of SCALE and provides 
several new features such as enhanced lattice physics capabilities and multigroup Monte Carlo depletion, 
improved options and capabilities for sensitivity and uncertainty analysis calculations, improved flexibility 
in shielding and criticality accident alarm system calculations with automated variance reduction, and new 
options for the definition of group structures for depletion calculations. The SCALE 6.1 development team 
has focused on improved robustness via substantial additional regression testing and verification for new 
and existing features, providing improved performance relative to SCALE 6.0, especially in reactor physics 
calculations and in the nuclear data used for source term characterization and shielding calculations. 
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Abstract/Keyterms: Reactivity perturbation experiments using various materials are being performed on 
the HEU fast core CALIBAN, an experimental device operated by the CEA VALDUC Criticality and 
Neutron Transport Research Laboratory. These experiments provide valuable information to contribute to 
the validation of nuclear data for the materials used in such measurements. This paper presents the results 
obtained in a first series of measurements performed with Au-197 samples. Experiments which have been 
conducted in order to improve the characterization of the core are also described and discussed. The 
experimental results have been compared to numerical calculation using both deterministic and Monte 
Carlo neutron transport codes with a simplified model of the reactor. This early work led to a methodology 
which will be applied to the future experiments which will concern other materials of interest. 
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Abstract/Keyterms: In this paper, Monte Carlo optimization and nuclear data evaluation are combined to 
produce optimal adjusted nuclear data files. The methodology is based on the so-called 'Total Monte Carlo' 
and the TALYS system. Not only a single nuclear data file is produced for a given isotope, but virtually an 
infinite number, defining probability distributions for each nuclear quantity. Then each of these random 
nuclear data libraries is used in a series of benchmark calculations. With a goodness-of-fit estimator, best 
239Pu, {sup 56}Fe, {sup 28}Si and {sup 95}Mo evaluations for that benchmark set can be selected. A few 
thousands of random files are used and each of them is tested with a large number of fast, thermal and 
intermediate energy criticality benchmarks. From this, the best performing random file is chosen and 
proposed as the optimum choice among the studied random set. 
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Abstract/Keyterms: An alternate method for the estimation of the global uncertainty on criticality, using 
the total cross section and its covariances, is proposed. Application of the method with currently available 
covariance data leads to an unrealistically large prediction of the global uncertainty on criticality. New 
covariances for total cross section and individual reactions are proposed. Analysis with the proposed 
covariance matrices is found to result in a global uncertainty for criticality consistent with the traditional 
method. Recommendations are made to evaluators for providing total cross section covariances. 
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Abstract/Keyterms: A new preliminary evaluation of Cu-63 was done in the energy region from 0 to 300 
keV extending the resolved resonance region of the previous, ENDF/B-VII.0, evaluation three-fold. The 
new evaluation was based on three experimental transmission data sets; two measured at the Oak Ridge 
Electron Linear Accelerator (ORELA) and one from the Massachusetts Inst. of Technology Nuclear 
Reactor (MITR). A total of 275 new resonances were identified and a corresponding set of external 
resonances was approximated to mock up the external levels. The negative external levels (bound level) 
were modified to match the thermal cross section values. A preliminary benchmarking calculation was 
made using 11 ICSBEP benchmarks. This work is in support of the DOE Nuclear Criticality Safety 
Program. 
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Abstract/Keyterms: Epithermal neutron elastic scattering can be significantly affected by the thermal 
motion of target nuclides. Since the 1950's continuous-energy Monte Carlo codes have generally accounted 
for the target motion using a free gas scattering model, with the assumption that the scattering cross-section 
is constant in energy. Recent work has shown the importance of resonance scattering, and several methods 
for an improved free-gas treatment have been developed. We have implemented a rejection-based sampling 
scheme in the MCNP free-gas treatment to account for cross-section variation. The modified MCNP code 
was used to investigate a number of practical concerns: results for an LWR Doppler defect benchmark; 
computational costs; and energy limits for the free-gas treatment. Additionally, the impact on a suite of 
ICSBEP criticality benchmark problems (at room temperature) was determined to be negligible, an 
important result since such problems are used extensively in testing and evaluating revisions to ENDF/B-
VII nuclear data. 
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Abstract/Keyterms: This paper deals with sensitivity analysis using JENDL-4.0 nuclear data applied to 
the Monju reactor. In 2010 the Japan Atomic Energy Agency - JAEA - released a new set of nuclear data: 
JENDL-4.0. This new evaluation is expected to contain improved data on actinides and covariance matrices. 
Covariance matrices are a key point in quantification of uncertainties due to basic nuclear data. For 
sensitivity analysis, the well-established ERANOS code was chosen because of its integrated modules that 
allow users to perform a sensitivity analysis of complex reactor geometries. A JENDL-4.0 cross-section 
library is not available for ERANOS. Therefore a cross-section library had to be made from the original 
nuclear data set, available as ENDF formatted files. This achieved by using the following codes: NJOY, 
CALENDF, MERGE and GECCO in order to create a library for the ECCO cell code (part of ERANOS). 
In order to make sure of the accuracy of the new ECCO library, two benchmark experiments have been 
analyzed: the MZA and MZB cores of the MOZART program measured at the ZEBRA facility in the UK. 
These were chosen due to their similarity to the Monju core. Using the JENDL-4.0 ECCO library we have 
analyzed the criticality of Monju during the restart in 2010. We have obtained good agreement with the 
measured criticality. Perturbation calculations have been performed between JENDL-3.3 and JENDL-4.0 
based models. The isotopes 239Pu, 238U, 241Am and 241Pu account for a major part of observed 
differences. 
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Abstract/Keyterms: Although critical core calculations are the most common in design and safety 
analysis, fixed source calculations are needed for specific applications, e.g. to compute ex-core detector 
response functions, to develop new methodologies for dilution and reload error accidents and more in 
general for all situations involving sub-critical shut-down states. It is well known that the source problem 
becomes difficult to be solved with core configuration close to criticality, i.e. with the multiplication factor 
approaching unity, for the occurrence of numerical ill-conditioning and very high number of iterations, 
possibly leading to failure in the flux convergence. In this work, the Wielandt Eigen-shift technique used 
in iterative methods of critical problems is developed for source problems too, in order to stabilize the 
solution. The mathematical basis and the proof of the convergence are discussed. Compared to the existing 
methods, this technique allows also more control to avoid singular behavior at inner iterations. Numerical 
tests with a 1D analytical benchmark are reported to prove the robustness of the technique. 
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Conference Session:  

Abstract/Keyterms: The Modified Neutron Source Method (MNSM) is applied to the Monju reactor. This 
static method to estimate sub-criticality has already given good results on commercial Pressurized Water 
Reactors. The MNSM consists both in the extraction of the fundamental mode seen by a detector to avoid 
the effect of higher modes near sources, and the correction of flux distortion effects due to control rod 
movement. Among Monju's particularities that have a big influence on MNSM factors are: the presence of 
two californium sources and the position of the detector which is located far from the core outside of the 
reactor vessel. The importance of spontaneous fission and ({alpha}, n) reactions which have increased 
during the shutdown period of 15 years will also be discussed. The relative position of detectors and sources 
deeply affect the correction factors in some regions. In order to evaluate the detector count rate, an analytical 
propagation has been conducted from the reactor vessel. For two subcritical states, an estimation of the 
reactivity has been made and compared to experimental data obtained in the restart experiments at Monju 
(2010). 



 

C-15781 

15733…..…..…………………..…….……..……ID Number…………………..…..…………….15733 

Author: Uyttenhove, W. / Van Den Eynde, G. / Baeten, P. / Kochetkov, A. / Vittiglio, G. / Wagemans, J. 
/ Lathouwers, D. / Kloosterman, J. L. / Van Der Hagen, T. J. H. H. / Wols, F. / Billebaud, A. / Chabod, S. 
/ Thybault, H. E. / Lecouey, J. L. / Ban, G. / Lecoll 

Title: Detector Positioning for the Initial Subcriticality Level Determination in Accelerator-Driven Systems 

Date: 4/20/2012 

Report: PHYSOR 2012 

Conference/Journal: PHYSOR 2012: Conference on Advances in Reactor Physics - Linking Research, 
Industry, and Education, Knoxville, TN (United States), 15-20 Apr 2012 

Conference Session:  

Abstract/Keyterms: Within the GUINEVERE project (Generation of Uninterrupted Intense Neutrons at 
the lead Venus Reactor) carried out at SCK-CEN in Mol, the continuous deuteron accelerator GENEPI-3C 
was coupled to the VENUS-F fast simulated lead-cooled reactor. Today the FREYA project (Fast Reactor 
Experiments for hYbrid Applications) is ongoing to study the neutronic behavior of this Accelerator Driven 
System (ADS) during different phases of operation. In particular the set-up of a monitoring system for the 
subcriticality of an ADS is envisaged to guarantee safe operation of the installation. The methodology for 
subcriticality monitoring in ADS takes into account the determination of the initial subcriticality level, the 
monitoring of reactivity variations, and interim cross-checking. At start-up, the Pulsed Neutron Source 
(PNS) technique is envisaged to determine the initial subcriticality level. Thanks to its reference critical 
state, the PNS technique can be validated on the VENUS-F core. A detector positioning methodology for 
the PNS technique is set up in this paper for the subcritical VENUS-F core, based on the reduction of higher 
harmonics in a static evaluation of the Sjoestrand area method. A first case study is provided on the 
VENUS-F core. This method can be generalised in order to create general rules for detector positions and 
types for full-scale ADS. 
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Abstract/Keyterms: The fuel element of the High Temperature Engineering Test Reactor (HTTR) presents 
a doubly heterogeneous geometry, where tiny TRISO fuel particles dispersed in a graphite matrix form the 
fuel region of a cylindrical fuel rod, and a number of fuel rods together with moderator or reflector then 
constitute the lattice design of the core. In this study, a series of full-core HTTR criticality calculations were 
performed with the SCALE6 code system using various geometric and unit-cell options in order to 
systematically investigate their effects on neutronic analysis. Two geometric descriptions (ARRAY or 
HOLE) in SCALE6 can be used to construct a complicated and repeated model. The result shows that 
eliminating the use of HOLE in the HTTR geometric model can save the computation time by a factor of 
4. Four unit-cell treatments for resonance self-shielding corrections in SCALE6 were tested to create 
problem-specific multigroup cross sections for the HTTR core model. Based on the same ENDF/B-VII 
cross-section library, their results were evaluated by comparing with continuous-energy calculations. The 
comparison indicates that the INFHOMMEDIUM result overestimates the system multiplication factor 
(k(eff)) by 55 mk, whereas the LATTICECELL and MULTIREGION treatments predict the k(eff) values 
with similar biases of approximately 10 mk overestimation. The DOUBLEHET result shows a more 
satisfactory agreement, about 4.2 mk underestimation in the k(eff) value. In addition, using cell-weighted 
cross sections instead of an explicit modeling of TRISO particles in fuel region can further reduce the 
computation time by a factor of 5 without sacrificing accuracy. 
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Abstract/Keyterms: A new statistical sampling sequence called Sampler has been developed for the 
SCALE code system. Random values for the input multigroup cross sections are determined by using the 
XSUSA program to sample uncertainty data provided in the SCALE covariance library. Using these 
samples, Sampler computes perturbed self-shielded cross sections and propagates the perturbed nuclear 
data through any specified SCALE analysis sequence, including those for criticality safety, lattice physics 
with depletion, and shielding calculations. Statistical analysis of the output distributions provides 
uncertainties and correlations in the desired responses. 
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Abstract/Keyterms: In the domain of criticality safety, the efficient propagation of uncertainty in nuclear 
data to uncertainty in k(eff) is an important area of current research. In this paper, a method based on 
stochastic sampling is presented for uncertainty propagation in MCNPX calculations. To that aim, the 
nuclear data (i.e. cross sections) are assumed to have a multivariate normal distribution and simple random 
sampling is performed following this presumed probability distribution. A verification of the developed 
stochastic sampling procedure with MCNPX is then conducted using the 239Pu Jezebel experiment as well 
as the PB-2 BWR and TMI-1 PWR pin cell models from the Uncertainty Analysis in Modeling (UAM) 
exercises. For the Jezebel case, it is found that the developed stochastic sampling approach predicts similar 
k(eff) uncertainties compared to conventional sensitivity and uncertainty methods. For the UAM models, 
slightly lower uncertainties are obtained when comparing to existing preliminary results. Further details of 
these verification studies are discussed and directions for future work are outlined. 
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Abstract/Keyterms: It is attempted in this paper to define an optimal range of subcriticality of ADS 
systems from the operational and safety points of view. To devise a representative measure of the 
subcriticality level, the mathematical and physical implications of the effective multiplication factor and 
the source multiplication factor have been reviewed. A set of criteria that bound the feasible subcriticality 
level is proposed in terms of the effective multiplication factor; the minimum required subcriticality is 
determined by the largest value of potential reactivity increase including the temperature defect and the 
calculation and measurement uncertainties, and the maximum allowable subcriticality level is bounded by 
the system economy and the technical feasibility of the system. Within this feasible domain of subcriticality, 
a preliminary estimation of the optimal range of subcriticality was performed for a lead-bismuth-eutectic 
(LBE) cooled ADS design based on the safety and transmutation performances. The effects on the system 
safety of the subcriticality level were analyzed for several important transients using an integral safety 
analysis method, and the transmutation performance was evaluated in terms of the fuel and long-lived 
fission product discharge burnups. 
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Abstract/Keyterms: This paper discusses the radiation physics and shielding codes and analyses applied 
in the design of CANDU and ACR reactors. The focus is on the types of analyses undertaken rather than 
the inputs supplied to the engineering disciplines. Nevertheless, the discussion does show how these 
analyses contribute to the engineering design. Analyses in radiation physics and shielding can be 
categorized as either design-assist or safety and licensing (accident) analyses. Many of the analyses 
undertaken are designated 'design-assist' where the analyses are used to generate recommendations that 
directly influence plant design. These recommendations are directed at mitigating or reducing the radiation 
hazard of the nuclear power plant with engineered systems and components. Thus the analyses serve a 
primary safety function by ensuring the plant can be operated with acceptable radiation hazards to the 
workers and public. In addition to this role of design assist, radiation physics and shielding codes are also 
deployed in safety and licensing assessments of the consequences of radioactive releases of gaseous and 
liquid effluents during normal operation and gaseous effluents following accidents. In the latter category, 
the final consequences of accident sequences, expressed in terms of radiation dose to members of the public, 
and inputs to accident analysis, e.g., decay heat in fuel following a loss-of-coolant accident, are also 
calculated. Another role of the analyses is to demonstrate that the design of the plant satisfies the principle 
of ALARA (as low as reasonably achievable) radiation doses. This principle is applied throughout the 
design process to minimize worker and public doses. The principle of ALARA is an inherent part of all 
design-assist recommendations and safety and licensing assessments. The main focus of an ALARA 
exercise at the design stage is to minimize the radiation hazards at the source. This exploits material 
selection and impurity specifications and relies heavily on experience and engineering judgement, 
consistent with the ALARA philosophy. Special care is taken to ensure that the best estimate dose rates are 
used to the extent possible when applying ALARA. Provisions for safeguards equipment are made 
throughout the fuel-handling route in CANDU and ACR reactors. For example, the fuel bundle counters 
rely on the decay gammas from the fission products in spent-fuel bundles to record the number of fuel 
movements. The International Atomic Energy Agency (IAEA) Safeguards system for CANDU and ACR 
reactors is based on item (fuel bundle) accounting. It involves a combination of IAEA inspection with 
containment and surveillance, and continuous unattended monitoring. The spent fuel bundle counter 
monitors spent fuel bundles as they are transferred from the fuelling machine to the spent fuel bay. The 
shielding and dose-rate analysis need to be carried out so that the bundle counter functions properly. This 
paper includes two codes used in criticality safety analyses. Criticality safety is a unique phenomenon and 
codes that address criticality issues will demand specific validations. However, it is recognised that some 
of the codes used in radiation physics will also be used in criticality safety assessments. 



 

C-15808 

15760…..…..…………………..…….……..……ID Number…………………..…..…………….15760 

Author: Bilovsky, V. / Dept. of Mechanical and Nuclear Engineering, Pennsylvania State Univ. / 
Redmond, E. / Walker, C. / Ivanov, K. 

Title: Criticality Evaluation of Control Component Credited Mixed Zone Spent and Fresh Fuel Storage in 
High Density PWR Racks 

Date: 9/14/2006 

Report: PHYSOR-2006 

Conference/Journal: PHYSOR-2006: American Nuclear Society's Topical Meeting on Reactor Physics - 
Advances in Nuclear Analysis and Simulation, Vancouver, BC (Canada), 10-14 Sep 2006 

Conference Session:  

Abstract/Keyterms: To expand the set of assemblies that qualify for storage in high-density racks, a mixed 
zone analysis may be performed where repeating pattern configurations within the rack are prescribed. In 
a mixed zone analysis, assemblies that are more reactive (low burnup) are stored adjacent to less reactive 
(highly burned) assemblies, thereby meeting the same overall criticality requirements as with the uniform 
burnup/enrichment analysis. The Arkansas Nuclear One (ANO) Plant has faced several challenges with 
respect to their spent fuel storage that reach beyond simply the number of spent fuel assemblies and 
available storage cells. These issues have resulted in the need for ANO to use an advanced storage strategy. 
In addition to using the mixed zone burnup approach in the high-density racks, ANO also proposed a new 
solution involving credit for control components in the spent fuel pool. ANO submitted an amendment of 
their spent fuel pool technical specifications to the Nuclear Regulatory Commission (NRC) based on the 
evaluation performed by Holtec International that was subsequently approved. This paper presents a 
description of the overall methodology used for supporting the submittal, and provides further discussion 
regarding the reactivity effect of control rods in a PWR spent fuel pool. 
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Abstract/Keyterms: Monte Carlo calculations of k-eigenvalue problems are based on a power iteration 
procedure. To obtain correct results free of contamination from the initial guess for the fission distribution, 
it is imperative to determine when the iteration procedure has converged, so that a sufficient number of the 
initial batches are discarded prior to beginning the Monte Carlo tallies. In this paper, we examine the 
convergence behavior using both theory and numerical testing, demonstrating that k(eff) may converge 
before the fission distribution for problems with a high dominance ratio. Thus, it is necessary to assess 
convergence of both k(eff) and the fission distribution to obtain correct results. To this end, the Shannon 
entropy of the fission distribution has been found to be a highly effective means of characterizing 
convergence of the fission distribution. The latest version of MCNP5 includes new capabilities for 
computing and plotting the Shannon entropy of the fission distribution as an important new tool for 
assessing problem convergence. Examples of the application of this new tool are presented for a variety of 
practical criticality problems. 
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Abstract/Keyterms: A zero-variance scheme is derived and proven theoretically for criticality cases, and 
a simplified transport model is used for numerical demonstration. It is shown in practice that by appropriate 
biasing of the transition and collision kernels, a significant reduction in variance can be achieved. This done 
using the adjoint forms of the emission and collision densities, obtained from a deterministic calculation, 
according to the zero-variance scheme. By using an appropriate algorithm, the figure of merit of the 
simulation increases by up to a factor of 50, with the possibility of an even larger improvement. In addition, 
it is shown that the biasing speeds up the convergence of the initial source distribution. 
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Abstract/Keyterms: In an accompanying paper it is shown that theoretically a zero-variance Monte Carlo 
scheme can be devised for criticality calculations if the space, energy and direction dependent adjoint 
function is exactly known. This requires biasing of the transition and collision kernels with the appropriate 
adjoint function. In this paper it is discussed how an existing general purpose Monte Carlo code like 
TRIPOLI can be modified to approach the zero-variance scheme. This requires modifications for reading 
in the adjoint function obtained from a separate deterministic calculation for a number of space intervals, 
energy groups and discrete directions. Furthermore, a function has to be added to supply the direction 
dependent and the averaged adjoint function at a specific position in the system by interpolation. The initial 
particle weights of a certain batch must be set inversely proportional to the averaged adjoint function and 
proper normalization of the initial weights must be secured. The sampling of the biased transition kernel 
requires cumulative integrals of the biased kernel along the flight path until a certain value, depending on 
a selected random number is reached to determine a new collision site. The weight of the particle must be 
adapted accordingly. The sampling of the biased collision kernel (in a multigroup treatment) is much more 
like the normal sampling procedure. A numerical example is given for a 3-group calculation with a 
simplified transport model (two-direction model), demonstrating that the zero-variance scheme can be 
approximated quite well for this simplified case. 
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Abstract/Keyterms: The original double differential scattering kernel developed by Rothenstein and 
Dagan for heavy isotopes differs from the current MCNP treatment by the inclusion of the strong scattering 
resonances for the secondary energy distribution. In particular the scattering kernel of U-238 is strongly 
dependent on the cross section profile in the vicinity of resonances, which leads to noticeable changes in 
its absorption rate. Consequently the Plutonium production as well as its consumption during the fuel cycle 
is expected to be changed. In return the burn-up dependent criticality level will be changed too. In addition, 
the inventory at the end of the cycle of other isotopes, and in particular of the minor actinides is expected 
to be different. The new mathematical formalism by Rothenstein enabled the implementation of the 
modified kernel within the THERMR module of NJOY. After additional modifications a set of energy 
probability (S({alpha}, {beta})) tables was prepared for U-238 in the same manner as it is done for light 
isotopes. The replacement of the approximated existing scattering kernel treatment in MCNP by the new 
tables allows practically to improve the assessment of the fuel cycle behaviour and the burned up dependent 
fuel inventory. Such a quantified evaluation in criticality and in material compositions, using the new 
probability tables for U-238, is demonstrated by means of two selected PWR fuel pin benchmarks. 
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Abstract/Keyterms: For over 35 years, the UFTR highly-enriched core has been safely operated. As part 
of the Reduced Enrichment for Research and Test Reactors Program, the core is currently being converted 
to low-enriched uranium fuel. The analyses presented in this paper were performed to verify that, from a 
neutronic perspective, a proposed low-enriched core can be operated as safely and as effectively as the 
highly-enriched core. Detailed Monte Carlo criticality calculations are performed to determine: i) Excess 
reactivity for different core configurations, ii) Individual integral blade worth and shutdown margin, iii) 
Reactivity coefficients and kinetic parameters, and iv) Flux profiles and core six-factor formula parameters. 
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Abstract/Keyterms: The measurement of the stationarity of Monte Carlo fission source distributions in 
k(eff) calculations plays a central role in the ability to discriminate between fake and 'true' convergence (in 
the case of a high dominant ratio or in case of loosely coupled systems). Recent theoretical developments 
have been made in the study of source convergence diagnostics, using Shannon entropy. We will first recall 
those results, and we will then generalize them using the expression of Boltzmann entropy, highlighting the 
gain in terms of the various physical problems that we can treat. Finally we will present the results of several 
OECD/NEA benchmarks using the Tripoli-4 Monte Carlo code, enhanced with this new criterion. 
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Abstract/Keyterms: This paper describes the Physics and Thermal Hydraulics areas of a design study for 
a small water-cooled reactor. The aim was to design a Pressurised Water Reactor (PWR) of maximum 
power 80 MWt, using a dispersed layout, capable of maximising primary natural circulation flow. The 
reactor fuel consists of plutonium contained in granular form within a Rock-like Oxide (ROX) pellet 
structure. 
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Abstract/Keyterms: A series of new measurements has been undertaken in response to deficiencies 
identified in nuclear data libraries of crucial importance to the Nuclear Criticality Safety Program as well 
as for burnup credit studies involving the transportation of spent nuclear fuel. New data and evaluations 
including covariances are required for several stable fission products as well as for materials found in 
mixtures with uranium. 
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Abstract/Keyterms: Benchmark data have been created on reactor physics experiments performed in two 
reactors: the experimental fast reactor JOYO MK-I and Deuterium Critical Assembly (DCA). The data 
were prepared for the International Reactor Physics Experiment Evaluation Project (IRPhEP). In JOYO 
data, five kinds of reactivity data were evaluated: (a) criticality, (b) control rod worth, (c) sodium void 
reactivity, (d) fuel replacement reactivity, and (e) isothermal temperature coefficient. In particular, the 
control rod worth, a key quantity in all the reactivity evaluations, was carefully evaluated, considering 
interaction effects. In DCA data, three kinds of parameters measured with 1.2% UO2} fuel were evaluated: 
(a) critical moderator level, (b) epithermal capture ratio of 238U, (c) dysprosium thermal reaction rate 
distribution in a fuel assembly. Data are systematically arranged in eight kinds of core configurations, 
varying the assembly pitch and void fraction. Each of evaluated data has a unique feature and will be useful 
to validate reactor physics calculation schemes. 
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Abstract/Keyterms: This paper provides a link between the MUSE (Multiplication avec Source Externe) 
program performed at CEA-Cadarache in France, and the TRADE (TRIGA Accelerator Driven 
Experiment) program performed at ENEA-Casaccia in Italy. In both programs, extensive measurements 
were made to determine the best methods for sub-criticality measurements in an accelerator-driven system. 
A very serious attempt was made to quantify the uncertainties associated with such measurements. While 
both MUSE and TRADE studied the methods of sub-criticality determination, in fact the two systems are 
very different. MUSE was a fast system with MOX fuel (generation time around 0.5 {mu}s), and TRADE 
was performed in a TRIGA reactor (generation time around 50 {mu}s). This paper will summarize the 
important results of these two experiments, with the main purpose being to tie them together to attempt to 
draw generic conclusions that can be applied in the future to a real ADS. In addition, this paper will briefly 
discuss the next series of experiments that will continue this work in the U.S. (RACE, Reactor Accelerator 
Coupled Experiments), Belarus (YALINA), Belgium (GUINEVERE), and Russia (SAD, Sub-critical 
Assembly Dubna). MUSE and TRADE have contributed greatly to our understanding of the uncertainties 
associated with sub-critical measurements, but there are still some gaps that must be covered. This paper 
will describe the gaps that exist, and demonstrate how the above future programs will fill in the missing 
information needed for the design of an actual ADS system in the future. 
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Abstract/Keyterms: Multi-component nuclear system is a system in which several types of nuclear 
reactors and related fuel cycle facilities are operated with mutual material exchange. A mainstay of the 
system is a centralized nuclear park that consists of large-scale FBRs and nuclear fuel facilities for 
fabrication, reprocessing and cooling/storage of nuclear fuels. The role of the FBRs is simultaneously to 
produce electricity and support small satellite-reactors by providing nuclear fuel. The satellite-reactors can 
supply energy to remote small areas. In the present study, natural uranium and thorium are charged into the 
FBRs in distinct fuel pin types. Under the equilibrium state, the fuels are continually discharged and 
separated with a certain discharge constant. Actinides, excluding 233U-only or uranium-element, are 
returned to the FBRs while discharged-uranium is used for fresh fuels of small HTGR thorium cycle 
satellite-reactors. Fissile support capability of the FBR to the satellite-reactors is investigated as function 
of both the FBR uranium-thorium fraction and uranium discharge constant parameters. The system shows 
that larger number of uranium pins is better for the FBR criticality while larger number of thorium pins and 
larger uranium discharge constant give better support capability. 
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Abstract/Keyterms: MONJU is the prototype fast breeder reactor in Japan. Criticality and control rod 
worth measurements, performed as part of the MONJU fast reactor system start-up tests (1994), has been 
analyzed with the JAEA and ERANOS code systems. In spite of differences in the nuclear data and methods 
used in either system, the calculation results have been found to agree with each other, and with the 
measured values within the analysis accuracy. The library effect has also been checked (JENDL-3.2 and 
JEF-2.2 libraries both used with the JAEA code system). It has been found that the JENDL-3.2 library 
overestimates the criticality and the control rod reactivity worth compared with the JEF-2.2 library. With 
regard to this difference, the contribution for all the nuclides has been checked by carrying out a sensitivity 
analysis. In criticality, Pu-239 v, Pu-239 fission, and Fe capture mainly showed a large contribution. It was 
clarified that the contribution of Fe was due to the difference between JENDL-3.2 and JEF-2.2. 
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Abstract/Keyterms: This study addresses the assessment of standard continuous-energy neutron data 
libraries using the Monte Carlo radiation transport code MCNPX for light water reactor criticality safety 
applications based on a suite of low-enriched, thermal, compound uranium benchmarks and represents a 
continuation of previously performed analysis using the JEF-2.2 and JENDL-3.3 nuclear data libraries. The 
new work enhancing the previous study includes the application of the ENDF/B-6.8 neutron data library 
and employs the most recent official release of the code (MCNPX-2.5.0) with an improved S({alpha}, 
{beta}) thermal neutron scattering treatment. Particular attention is paid to the analysis of the spectrum-
related characteristics of the modeled critical experimental configurations to define the range of 
applicability of the reported estimates of lower tolerance bounds for k(eff). Inspection of trends in k(eff) 
versus the spectrum-related characteristics or design parameters has also been performed. 
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Abstract/Keyterms: From 1963 to 1976, 730 critical experiments dealing with annular cylinders 
containing plutonium nitrate solutions were conducted on Valduc critical facility, called 'Apparatus B'. 
They aimed at validating critical configurations encountered in the fuel cycle, especially in storage and at 
validating the {sup 240}Pu cross-sections in thermal neutron spectrum. It is to be noticed that these 
experiments validate criticality codes either in configurations with reactor-grade plutonium coming from 
the reprocessing cycle or with weapon-grade plutonium coming from the decommissioning of nuclear 
weapons. 
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Abstract/Keyterms: The Univ. of Tennessee Dept. of Nuclear Engineering (UTNE) offers both graduate 
and undergraduate internet-based courses that support a Master of Science (MS) degree and several 
certificate programs. In particular a MS degree can be conveniently obtained through distance classes. In 
addition certificates in Nuclear Criticality Safety and in Maintenance and Reliability can be obtained by 
completing a subset of courses offered for the MS degree. Students enrolled in these courses are 
predominately located in East Tennessee, but many live throughout the United States and in several foreign 
countries. An innovation of significant benefit to the UTNE undergraduate program is the implementation 
of reactor and laboratory experiments that are conducted over the Internet on the PULSTAR reactor at 
North Carolina State Univ. (NCSU). These experiments are conducted live with video, audio, and data 
transmission, and to date experiments involving approach to critical, rod calibration using incremental and 
inverse kinetics methods, thermal calibration of neutron detectors, and reactivity coefficients have been 
conducted. Neutron scattering experiments are planned for remote control by students. The use of internet-
based education has enhanced the undergraduate program at the UTNE, and it has created opportunities for 
students with Internet access to obtain a quality education in Nuclear Engineering. 
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Abstract/Keyterms: The control rod withdrawal accident at hot zero power (HZP) is characterized by a 
single rod withdrawal from a core position with high reactivity worth, starting at criticality with a very low 
power level. The evolution consists basically of a continuous reactivity insertion. The main factor limiting 
the consequences of the accident is a mixed void-Doppler feedback in BWR. The peak power occurs while 
important power distribution changes take place in the core and the rod extraction continues. To check the 
performance of the coupled codes TRAC-BF1/VALKIN and TRACE/PARCS against complex 3D 
neutronic transients, a rod withdrawal accident in COFRENTES NPP is simulated. This transient is a 
dynamically complex event, where neutron kinetics is coupled with thermal hydraulics in the reactor 
primary system, and reactor variables change very rapidly. TRAC-BF1/VALKIN code uses the best 
estimate TRAC-BF1 code to give account of the heat transfer and thermal hydraulic processes, and a 3D 
neutronic module. This module has two options, MODKIN that makes use of a modal method based on the 
assumption that the neutronic flux can be approximately expanded in terms of the dominant lambda modes 
associated with a static configuration of the core, and the NOKIN option that uses a one-step backward 
discretization of the neutron diffusion equation. TRACE is a code to study also transients in LWR reactors. 
This code used as a neutronic module the PARCS code. 
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Abstract/Keyterms: This paper provides results of evaluation of fuel assembly substitution experiments 
carried out at RB reactor in 1968 and 1980. Regular RB reactor cores use TVR-S fuel elements filled by 
heavy water. Fuel assemblies were substituted, step-by-step in circular rings in radial direction, with TVR-
S fuel elements without coolant. It was shown that these reactor cores are well documented to be evaluated 
as benchmark experiments. Additionally new data regarding fuel assembly composition are obtained 
recently and evaluated. Results of criticality calculations, obtained by the MCNP code, show that all three 
series of the substitution experiments, carried out for cores with two different lattice pitch and in two distant 
time periods, can be used as a new low enriched uranium benchmark experiments with thermal cores of the 
RB reactor. 
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Abstract/Keyterms: As a fuel candidate, thorium cycle shows some advantages such as good breeding 
capability, higher performance of burn-up and from proliferation point of view, thorium is more 
proliferation resistant. The shipping-port reactor and molten salt breeder reactor showed that breeding is 
possible with thorium in a thermal spectrum. Breeding is made possible by the high value of neutron 
regeneration ratio {eta} for 233U in thermal energy region. In the present study, feasibility of water cooled 
thorium breeder reactor is investigated. A calculation method by coupling the equilibrium fuel cycle burn-
up calculation and cell calculation of PIJ module of SRAC2002 code have been performed. The reactor is 
fueled by 233U-Th Oxide and it has used the light water coolant and zircaloy-4 as moderator and cladding, 
respectively. The key properties such as flux, enrichment, criticality and breeding performances are 
evaluated for different moderator to fuel ratios (MFR) and burn-ups. The different pin cell types have been 
investigated in order to analyze the effect of different fuel pin diameter. The results show the feasibility of 
breeding for different fuel pin cell types. The required 233U enrichment is about 2% - 9% as initial fissile 
loading. The lower MFR and the higher enrichment of 233U are preferable to improve the average burn-
up; however the design feasible window is shrunk. The thicker pin cell shows wider feasible areas and 
requires lower enrichment than thinner pin cell. It means that thicker fuel pin diameter obtains better 
performances for breeding and reducing the fissile material utilization. 
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Abstract/Keyterms: The Kyoto Univ. Research Reactor Inst. (KURRI) has a plan to operate the 
Accelerator Driven Subcritical Reactor (ADSR) by using the Fixed Field Alternating Gradient (Fag) 
accelerator, which is a synchrotron-type accelerator developed in the High Energy Accelerator Research 
Organization (KEK) of Japan. In this ADSR, high-energy neutrons generated by interaction of 150 MeV 
proton beam with heavy metal will be injected into a solid-moderated and -reflected thermal core (A-core) 
of the Kyoto Univ. Critical Assembly (KUCA) in the KURRI. At the A-core, a series of preliminary 
experiments had been carried out for examination of neutronic characteristics in the ADSR by using 14 
MeV pulsed neutron generator combined with the A-core. The static and dynamic parameters were 
evaluated in the subcritical systems: neutron multiplication, neutron decay constant, reaction rate 
distribution, neutron spectrum and subcriticality. The numerical analyses for the experiments had been 
executed by using Monte Carlo calculation code MCNP-4C3 coupling with nuclear data libraries: ENDF/B-
VI.2 and JENDL-3.3. From the comparison between the experiments and the calculations, it was obtained 
with the results very important and valuable for a new ADSR with the FFAG accelerator. After the injection 
by the FFAG accelerator, both new experiments and numerical simulations could be conducted for the high-
energy neutrons generated by 150 MeV proton beam. 



 

C-15828 

15780…..…..…………………..…….……..……ID Number…………………..…..…………….15780 

Author: Saglime, F. / Geuther, J. / Trumbull, T. / Winters, G. / Stephens, J. 

Title: Critical Benchmarks at the Rensselaer Zero-Power Reactor Facility 

Date: 9/14/2006 

Report: PHYSOR-2006 

Conference/Journal: PHYSOR-2006: American Nuclear Society's Topical Meeting on Reactor Physics - 
Advances in Nuclear Analysis and Simulation, Vancouver, BC (Canada), 10-14 Sep 2006 

Conference Session:  

Abstract/Keyterms: A benchmarking project was performed at the Walthousen Critical Reactor 
Laboratory at Rensselaer Polytechnic Inst. in Schenectady, NY, with the goal of submitting a benchmark 
to the International Criticality Safety Benchmark Evaluation Project [2]. A detailed model of the reactor 
was created using MCNP4C2 using precise data for the reactor component compositions and dimensions. 
The model was then tested by using it to calculate k(eff) at the experimentally-determined critical rod bank 
height and critical water height. The model was found to accurately predict k(eff) for these conditions. 
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Abstract/Keyterms: Nuclear Facilities throughout the Dept. of Energy complex. In this experiment, 
criticality was observed as a function time due to the curing and drying processes that occurred in the 
concrete. 
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Abstract/Keyterms: Resonance parameter representations of nuclear data are used by processor codes to 
compute quantities needed for criticality safety and other nuclear applications. Usually these calculations 
also require the associated parameter covariance matrices (PCMs) that contain both the variances of 
resonance parameters and the correlations between parameters. The SAMMY code is widely used to fit 
neutron cross section data to obtain both resonance parameter representations and the corresponding PCMs, 
which are output to binary files. We have written a code, RADCOP, that facilitates the manipulation and 
visualization of information from SAMMY PCMs. RADCOP produces both one- and two-dimensional 
correlation plots that permit one to quickly trace the important off-diagonal correlations. ENDF File 2 and 
File 32 files for the Reich-Moore representation may be output. 
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Abstract/Keyterms: This paper deals with the validation of a cross-section interface for the PARCS code. 
Such an interface, of which the development is reported in [1], allows providing realistic sets of material 
constants to PARCS, so that the full dependence of these data on history variables, instantaneous variables, 
and exposure can be accounted for. In order to check the proper implementation of this interface, the 
PARCS code was benchmarked against actual plant data (relative power distribution throughout the core 
and criticality condition). For that purpose, the Swedish Ringhals-3 Pressurized Water Reactor was 
considered. Different fuel cycles and within each cycle different core exposures were investigated. The 
cross-section data for each fuel/reflector assembly constituting the considered cores were created 
accordingly. The spatial distributions of the instantaneous conditions, of the history effects, as well as of 
the burnup, were taken from the results of SIMULATE-3 calculations. It was found that PARCS was able 
to reproduce the relative distribution of the power within the core. Both the measured axial and radial power 
profiles were correctly calculated by PARCS. On the average, the deviation between the calculated and 
measured power distributions is within acceptable limits. Concerning the determination of the core 
criticality, the deviation of the effective multiplication factor from unity is typically within {+-}200 pcm. 
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Abstract/Keyterms: General Studies of Nuclear Reactors; Mathematical Methods and Computing; a 
Codes; Accuracy; Burnup; Comparative Evaluations; Criticality; Cross Sections; Fuel Management; Monte 
Carlo Method; Multigroup Theory; Multiplication Factors; Nodal Expansion Method; Nuclear Data 
Collections; Power Distribution; PWR Type Reactors; Reactor Cores; Reactor Lattice Parameters Three-
Dimensional Calculations; Two-Dimensional Calculations; Verification 



 

C-15833 

15785…..…..…………………..…….……..……ID Number…………………..…..…………….15785 

Author: Tsvetkov, P. V. / Hart, R. R. 

Title: Direct Fission Fragment Energy Converter - Magnetic Collimator Option 

Date: 9/14/2006 

Report: PHYSOR-2006 

Conference/Journal: American Nuclear Society's Topical Meeting on Reactor Physics - Advances in 
Nuclear Analysis and Simulation, Vancouver, BC (Canada), 10-14 Sep 2006 

Conference Session:  

Abstract/Keyterms: The present study was focused on developing a technologically feasible power system 
that is based on direct fission fragment energy conversion utilizing magnetic collimation. The new concept 
is an attempt to combine several advantageous design solutions, which have been proposed for application 
in both fission and fusion reactors, into one innovative system that can offer exceptional energy conversion 
efficiency. The analysis takes into consideration a wide range of operational aspects including fission 
fragment escape from the fuel, collimation, collection, criticality, long-term performance, energy 
conversion efficiency, heat removal, and safety characteristics. Specific characteristics of the individual 
system components and the entire system are evaluated. Analysis and evaluation of the technological 
feasibility of the concept were achieved using state-of-the-art computer codes that allowed realistic and 
consistent modeling. In addition to the extensive computational effort, the scaled prototype experimental 
proof-of-principle program was conducted to validate basic physics of the concept. The program was 
focused on electromagnetic components and experimental demonstration of performance. This paper 
summarizes the final results of the 6-years research program including both computational and experimental 
efforts. Potential future research and development and anticipated applications are discussed. 
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Abstract/Keyterms: This paper provides the results of criticality analysis of uranium fueled, polyethylene-
moderated/reflected thermal spectrum cores performed at the solid moderated cores of Kyoto Univ. Critical 
Assembly. A wide variety of neutron spectra as well as different effective uranium enrichment have been 
realized in the experiments. The analyses have been performed by continuous energy Monte Carlo code 
MVP using cross section data based on JENDL-3.3, ENDF/B-VI.8 and JEFF3.1 libraries. All libraries gave 
the C/E values within {+-}0.5% to unity for most cases. Enrichment dependence and spectrum index 
dependence of the C/E values have been observed. 
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Abstract/Keyterms: This paper provides benchmark comparisons of the MCNPX Monte Carlo code to a 
series of integral critical experiments performed at the Toshiba Nuclear Critical Assembly (NCA) facility 
from 1994 to 2001 [1; 2]. The beta-1 release version of ENDF/B-VII is used for all nuclides process with 
NJOY99 (update 96) executed with the beta test version of MCNPX 2.6.A [3]. A total of fifty-two (52) low 
enriched, UO2 pin-lattice in water experiments were analyzed with experimental W/F ratios from 0.791 to 
1.756. The lattices were designed to simulate that of 8 x 8 and 9 x 9 Boiling Water Reactor (BWR) lattices 
with hollow aluminum tubes inserted between the fuel rods to simulate voiding conditions in approximately 
half of the experiments. In addition to measured critical lattice configurations, a series of individual pin-
power fission density estimates were made via gross gamma scans of individual fuel pins after irradiation. 
This data is also used to benchmark the Monte Carlo fission density calculations to confirm the code and 
cross-section applicability for use as a benchmarking tool for the LANCER02 lattice physics code. 
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Abstract/Keyterms: A benchmark evaluation has been performed for a set of twenty-one critical 
experiments involving high enriched uranyl nitrate solution with and without cadmium nitrate as a soluble 
neutron absorber. The critical experiments analyzed include two types of cylindrical vessels with 24.18 and 
29.16 cm in diameters. The vessels were reflected with water and in some cases with water containing 
dissolved cadmium nitrate. The uranium concentration ranged from 482 to 529 g/l, and cadmium 
concentration in the uranyl nitrate solution ranged from 0.0 to 11.31 g/l. The cadmium concentration in the 
reflector solution ranged from 0.0 to 15.16 g/l. Using MCNP and KENO-V.a, complete three-dimensional 
models were created for the two vessels filled with the uranyl nitrate solution and reflector solution. A 
series of criticality calculations were performed with KENO-V.a, MCNP4b, and MCNP5. In general, good 
agreement between KENO-V.a and MCNP4b was observed. However, MCNP5 results show consistently 
lower values compared with MCNP4b results with the maximum difference of 1.2 %. This ICSBEP 
supported evaluation provides valuable data for the effect of soluble neutron absorber (cadmium nitrate) on 
the criticality safety of high-enriched uranyl nitrate solution. These data can also be used in determining 
critical controls and for validation of the calculation methods. 
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Abstract/Keyterms: The HTR-10 is a small (10 MWt) pebble-bed research reactor intended to develop 
pebble-bed reactor (PBR) technology in China. It will be used to test and develop fuel, verify PBR safety 
features, demonstrate combined electricity production and co-generation of heat, and provide experience in 
PBR design, operation, and construction. As the only currently operating PBR in the world, the HTR-10 
can provide data of great interest to everyone involved in PBR technology. In particular, if it yields data of 
sufficient quality, it can be used as a benchmark for assessing the accuracy of computer codes proposed for 
use in PBR analysis. This paper summarizes the evaluation for the International Reactor Physics 
Experiment Evaluation Project (IRPhEP) of data obtained in measurements of the HTR-10’s initial 
criticality experiment for use as benchmarks for reactor physics codes. 
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Abstract/Keyterms: Findings from a four year study by an international benchmarking group in the 
comparison of computational methods for evaluating burnup credit in criticality safety analyses are 
presented in this paper. Approximately 20 participants from 11 countries have provided results for most 
problems. Four detailed benchmark problems for Pressurized Water Reactor (PWR) fuel have been 
completed and are summarized in this paper. Preliminary results from current work addressing burnup 
credit for Boiling Water Reactor (BWR) fuel will also be discussed as well as planned activities for 
additional benchmarks including Mixed-Oxide (MOX) fuels, subcritical benchmarks, international 
databases, and other activities. 
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Abstract/Keyterms: It is well known that the maximum reactivity is realized for the flat fuel distribution 
with the fuel importance function being constant. The Lagrange method of an undetermined multiplier was 
used to incorporate the constraint that the mean uranium concentration or the total uranium mass shall be 
conserved. The OPT-SN computer program is developed, which includes an SN code ANISN-JR to solve 
the multigroup neutron transport equations. This program has given more reliable results than the previous 
scheme using the diffusion approximation, especially for bare and partially reflected fuel systems. OPT-SN 
was applied to criticality calculations for mixtures of 5 wt.% 235U-enriched uranium dioxide and water 
(slurries) covered with a water reflector in all directions, in half directions, and uncovered. The calculations 
made for the UO2-H2O slurries in a sphere, an infinitely long cylinder, and an infinite slab with a water 
reflector in all directions revealed that a degree of nonuniformity effect tends to increase as the mean 
uranium concentration increases. It amounts to ~6% k/k for these systems at the mean uranium 
concentration of 4000 gU/l. The degree of nonuniformity effect is found more than 6% k/k even for as low 
a mean uranium concentration as 700 gU/l of the slab fuel system with a reflector only on one side. This 
fact confirmed from the viewpoint of nuclear criticality safety the importance of evaluating the optimum 
distribution of fuel in slurry contained in a tank placed on the concrete floor. Precipitation is regarded as a 
realistic example. 
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Abstract/Keyterms: Experiments with fresh PWR fuel assemblies were performed to assess the 252Cf-
source-driven frequency analysis method for measuring the subcriticality of spent fuel. The measurements 
at the Babcox and Wilcox Critical Experiments Facility mocked up between 17x17 fuel pins (single 
assembly) and a full array of 4961 fuel pins (about 17 fuel assemblies) in borated water with a fixed B 
concentration. For the full array, the B content of the water was varied from 1511 at delayed criticality to 
4303 ppM. Measurements were done for various source-detector-fuel pin configurations; they showed high 
sensitivity of frequency analysis parameters to B content and fissile mass. Parameters such as auto and 
cross power spectral densities can be calculated directly by a more general model of the Monte Carlo code 
(MCNP-DSP). Calculation-measurement comparisons are presented. This model permits the validation of 
neutron and gamma ray transport calculational methods with subcritical measurements using the 252Cf-
source-driven frequency analysis method. 
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Abstract/Keyterms: In 1995, at a conference on criticality safety, a special session was devoted to the 
Monte Carlo “Eigenvalue of the World” problem. Argonne presented a paper, at that session, in which the 
anomalies originally observed in that problem were reproduced in a much simplified model-problem 
configuration, and removed by a version of stratified source-sampling. In this paper, stratified source-
sampling techniques are generalized and applied to three different Eigenvalue of the World configurations 
which take into account real-world statistical noise sources not included in the model problem, but which 
differ in the amount of neutronic coupling among the constituents of each configuration. It is concluded 
that, in Monte Carlo eigenvalue analysis of loosely-coupled arrays, the use of stratified source-sampling 
reduces the probability of encountering an anomalous result over that if conventional source-sampling 
methods are used. However, this gain in reliability is substantially less than that observed in the model-
problem results. 
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Abstract/Keyterms: The current state of knowledge of fast breeder reactors is reviewed. The primary focus 
is on the analysis of postulated accident sequences and on the implications to fast reactor design. The 
accidents considered include loss of coolant flow and transient overpower, both with a postulated failure to 
scram. The associated accident phenomena is considered largely related to the potential for energetic 
disassembly and includes fuel, clad, and coolant motions during the accident sequence, fuel-coolant thermal 
interactions, and potential recriticality phenomena. 
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Abstract/Keyterms: The data and techniques which were used to evaluate the criticality problems in 
typical Pu processing plants are presented. Recommendations concerning the reliability of the data, and 
techniques of control are also discussed. 
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Abstract/Keyterms: A cell calculation method taking into account the neutron leakage from a cell and a 
transport calculation method treating the neutron streaming have been developed, and their applicability 
has been investigated. In the cell calculation method, the neutron leakage in the perpendicular direction to 
plates was treated by introducing an albedo collision probability which is a first-flight collision probability 
incorporating albedos at cell boundaries, and that in the parallel direction was treated by the pseudo 
absorption method. The use of the albedo collision probability made it possible to calculate the flux tilt in 
a cell exactly. This cell calculation method was applied to two slab models where fuel drawers were stacked 
in perpendicular and parallel directions to plates. Cell averaged cross sections calculated by the proposed 
method agreed well with those obtained from exact transport calculations treating the plate-wise 
heterogeneity, while the infinite cell calculation and the conventional pseudo absorption method produced 
about 2% errors in the cell-averaged cross sections. The cell-averaging procedure for control-rod channels 
was also proposed, and this method was applied to the calculation of control-rod worths and control-rod 
position worths. A transport calculation method based on the response matrix method has been proposed 
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Abstract/Keyterms: The control rod experiment has been done in the Deuterium Critical Assembly (DCA) 
by using annular absorbers which simulate control rods of the FUGEN reactor, a prototype heavy-water 
moderated, boiling-light-water cooled, and pressure tube type reactor. The DCA cores for this experiment 
use 1.2% enriched UO2 fuel, and consist of 28-pin fuel clusters arranged in a square array of 22.5 cm lattice 
pitch. The experiment has been carried out with various control rod geometries, and with varying coolant 
void fraction. Experimental results have been analyzed by the “Absorption Area Method,” which was 
employed in the calculation of the FUGEN control rod design. The calculated reactivity worth agreed with 
the experiment within ± 10%. The calculation tended to somewhat over-estimate the reactivity worth for 
the non-voided core, and under-estimate for the voided core. This tendency was greatly improved by 
considering the anisotropy effect of migration area M2 of the cluster lattice. 
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Date: 6/1/1975 
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Abstract/Keyterms: When recycle plutonium fuel is loaded partially in a light water-moderated power 
reactor, the increase of power peaking factor due to the difference in nuclear characteristics between 
plutonium and uranium is important in reactor design and operation. The JPDR mock-up cores to study on 
this subject were built in JAERI, and the power distributions were measured to obtain the power peaking 
factors. The core consists of 3.0 wt% plutonium oxide-uranium oxide, 2.6 wt% uranium oxide, a control 
rod, a follower and poison curtains. Four plutonium assemblies loaded in the core center are surrounded by 
uranium oxide assemblies. The results will be useful for the design of the plutonium enrichment distribution 
in plutonium oxide-uranium oxide fuel assemblies. 
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Abstract/Keyterms: Comparison was made among the various calculation methods of critical mass 
prediction. The geometrical system under consideration is composed of a sphere of mixed oxide-H2O and 
a H2O reflector of 40 cm thickness. Two cross section libraries, GGC-4 (99 groups for fast neutrons and 
101 groups for thermal neutrons) and Hansen-Roach (16 groups) were used for the comparison. 
CITATION, ANISN, and KENO-2 codes were used for diffusion theory, for transport theory, and for Monte 
Carlo method for the calculation, respectively. The difference in the criticality prediction made by the 
combination of those libraries and codes was investigated with varying oxide concentration. As for the 
transport code, the effects of the order of Legendre polynomial expansion and the order of angular division 
were investigated. Comparisons with AHSB handbook data and with experimental data were also made. 
As a result of those investigations, the standard calculation procedure was established. It uses GGC-4 as 
the cross section library and CITATION for the range of low oxide concentration and ANISN for the high 
oxide concentration range. 
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Abstract/Keyterms: The operation by wet-process has been started for the recovery and refinement of 
plutonium from the scraps containing high degree of impurities. This paper presents a part of the results of 
the operation. The wet-recovery process consists of the combination of anion exchange and precipitation 
processes. For the sake of criticality safety, the "dimension control system" is adopted in the process. The 
flow sheet of the whole process is presented. To increase the decontamination factor, the plutonium nitrate 
solution is precipitated with oxalic acids to produce plutonium oxalate which is finally converted into 
plutonium dioxide by means of drying and calcination. The result of operation indicates that the U/Pu ratio 
of the refined PuO2 powder is less than 1%. Other results of impurity analysis are shown in a table, 
indicating that the powder is pure enough to satisfy the specification of JOYO fuel pellets. The material 
balance is also presented in a table. The characteristics of the recovered powder were also investigated. 
Especially, the relations between the specific surface area and the calcination temperature and time were 
investigated. Two figures are provided to show these relations. 
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Abstract/Keyterms: Fabrication of the fuel pellets for the Japan Experimental FBR’JOYO' had been 
completed at Plutonium Fuel Division, Tokai Works, in 1974. The amount of scrap pellets and powder was 
controlled so small that the operation of wet recovery was not required during the fabrication. The 
dimension control system, in which the dimensions of tanks and instruments were restricted in view of the 
safety control against criticality, was adopted in the process. The wet-recovery method consisted of the 
combined anion exchange and precipitation process. Mixed oxide pellets were dissolved with nitric acids. 
The valence of plutonium in the solution was adjusted and refined from uranium by anion exchange method, 
and resultant plutonium nitrate was precipitated with oxalic acid to produce plutonium oxide. The amount 
of about 45 kg of fuel scraps was recovered in this process, and about 6.3 kg of refined PuO2 powder was 
obtained. The powder was pure enough to satisfy the specification for the next new fabrication of “JOYO” 
fuel pellets. A part of this PuO2 powder was supplied as raw material to fabricate the fuel pellets for 
irradiation test. These operation results would be reflected in the scale-up design for the wet-recovery 
facility in future. 
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Abstract/Keyterms: Test fabrication was carried out before fabrication of 30% PuO2-UO2 pellets as 
irradiation test fuel in order to find out optimum fabricating condition. The dry granulation process using 
slugging was adopted in this test. This preferable as compared with wet granulation because of the easiness 
of mechanization and the large amount of criticality limit. Pretreatment of UO2 powder before blending 
was also tested to improve the sintering stability and homogeneity of PuO2-UO2 sintered pellets. 
Experiments were also performed on the characterization of source UO2, on the relation between green 
density and rate of diameter shrinkage, on the microstructure of sintered pellets, on X-ray diffraction pattern 
and chemical composition. The following results were obtained from this test fabrication. De-activation of 
UO2 seems to be useful to fabricate stable pellets. There was few PuO2 spot in the pellets. Oxidation-
reduction of UO2 seems to improve homogeneity of PuO2 and UO2. Dry granulation method showed no 
disadvantage as compared with wet one. Low density pellets can be obtained with fine powder and by 
binder addition method. 
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Abstract/Keyterms: There are some criticality handbooks for plutonium solution on the critical radii of 
spheres, those of infinite cylinders, and critical thicknesses of infinite slabs. It is easy to convert them to 
finite cylinders and finite slabs by the buckling conversion using corresponding reflector saving. However, 
the critical thickness of an annulus cannot be determined unless the inner or outer radius is specified. 
Therefore, it is a complicated work to establish a handbook of the critical thickness of an annular nuclear 
fuel. Annular tanks recently became key instrument, being adopted widely by the requirement for increased 
lot size of uniform plutonium composition. The effects of design parameters on the criticality of annular 
tanks were investigated. The critical thickness of annular fuel is calculated by the one-dimensional transport 
code, ANISN, and the 16 group Hansen-Roach neutron cross section set. The main design parameter is the 
inner radius of an annular fuel region, and the subparameters are plutonium concentration and the thickness 
tank wall material, neutron absorber, inside filling material and outside reflector. The fuel composition, the 
one-dimensional generalized model for annular tanks, the ranges of sub-parameters investigated, the list of 
calculation cases and the calculation flow are presented. 
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Title: Validation of KENO-II ANISN and Hansen-Roach Cross Section Sets on Plutonium Solution 
Systems 
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Abstract/Keyterms: The several facilities for plutonium recycling have been designed under license, and 
constructed at Tokai works, Power Reactor and Nuclear Fuel Development Corporation. Criticality 
calculation codes were required for the determination of criticality safety standards and for the final 
criticality analysis. In processing plutonium fuels, the chemical and physical forms and the degree of 
neutron moderation were markedly changed. The validation was limited only to plutonium nitrate solution 
despite the fact that the geometries of the fuel region are sphere, cylinder, annulus, and two annuli having 
neutron interaction. The experimental data used for the validation were those of CEA and Battelle. The 
calculational system validated was composed of KENO-2 Monte Carlo code or ANISN transport code, and 
16-group Hansen-Roach cross-section set. The ANISN code was used for the case of simple geometry only. 
Calculated effective multiplication factor indicates the validity of these codes and cross-section library in 
the practical usage, but there was apparent difference between the calculated effective multiplication factor 
in the CEA experiment and Battelle experiment. Twelve experiments adopted for the validation are 
summarized in the table, as the benchmark experiment on cylinder, annulus, sphere and rectangular prism, 
changing the plutonium concentration, the inside filling materials and the outer reflectors. The 
characteristics of plutonium solutions are presented. Concerning the calculational results, effective 
multiplication factor is shown for the variable conditions in the above twelve experiments. Sensitivity 
analysis results on CEA benchmarks, the calculated reactivity effects of absorbers and interactions and the 
comparison of effective multiplication factor in the works by CEA and Battelle are explained. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the previous report, the authors discussed the validity of KENO, ANISN and 
Hansen Roach 16 group cross section set on the critical plutonium nitrate solution systems with various 
geometries, absorbers and neutron interactions. The purpose of the present report is to examine the validity 
of the same calculation systems on the homogeneous plutonium oxide and plutonium uranium mixed oxide 
fuels with various density values. Eleven experiments adopted for validation are summarized. First six 
experiments were performed at Pacific Northwest Laboratory of Battelle Memorial Institute, and the 
remaining five at Los Alamos Scientific Laboratory. The characteristics of core fuel are given, and the 
isotopic composition of plutonium, the relation between H/(Pu + U) atomic ratio and fuel density as 
compared with the atomic ratios of PuO2 and mixed oxides in powder storage and pellet fabrication 
processes, and critical core dimensions and reflector conditions are shown. The effective multiplication 
factors were calculated with the KENO code. In case of the metal fuels with simple sphere geometry, 
additional calculations with the ANISN code were performed. The criticality calculation system composed 
of KENO, ANISN and Hansen Roach cross section set was found to be valid for calculating the criticality 
on plutonium oxide, plutonium uranium mixed oxide, plutonium metal and uranium metal fuel systems as 
well as on plutonium solution systems with various geometries, absorbers and neutron interactions. There 
seems to remain some problems in the method for evaluating experimental correction. Some discussions 
follow. 
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Title: Criticality Calculation Method for Mixer-Settlers 
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Abstract/Keyterms: A new criticality calculation code MACPEX has been developed to evaluate and 
manage the criticality of the process in the extractor of mixer-settler type. MACPEX can perform the 
combined calculation with the PUREX process calculation code MIXSET, to get the neutron flux and the 
effective multiplication constant in the mixer-settlers. MACPEX solves one-dimensional diffusion equation 
by the explicit difference method and the standard source-iteration technique. The characteristics of 
MACPEX are as follows 239Pu-H2O solution, water, polyethylene, and SUS 28 are provided. (2) The 
group constants of the 239Pu-H2O solution are given by the functional formulae of the plutonium 
concentration, which is less than 50 g/l. (3) Two boundary conditions of the vacuum condition and the 
reflective condition are available in this code. (4) The geometrical bucklings can be calculated for a certain 
energy group and/or region by using the three-dimensional neutron flux profiles obtained by CITATION. 
(5) The buckling correction search can be carried out in order to get a desired k(eff). 
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Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Some of the basic factors and considerations are outlined for planning to meet 
emergency conditions resuiting from an accidental criticality excursion with fissionable material which is 
expected to remain subcritical during its normal operation; no attention is paid to problems of reactor 
runaway or to other types of failure wherein criticality is attained or expected. In these cases, it is assumed 
that specific plans, including shielding were made for personnel radiation protection during the period of 
criticality. Normal operations in experimental criticality facilities wherein personnel are similarly protected 
during the period of criticality are also excluded. It also includes some practical suggestions for emergency 
action as well as quantitative analyses of potential problems. The technical criteria upon which practical 
nuclear safety is based are not discussed, nor are the administrative steps which may be taken to prevent a 
criticaltiy accident. 
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Abstract/Keyterms: A compilation is presented of results obtained to date from a number of reactor 
physics calculations for the molten salt reactor experiment (MSRE). Included are one-dimensional 
multigroup and two-dimensional two group calculations of critical mass, flux, and power density 
distributions; gamma heating in the core can, reactor vessel, and core support grid; drain tank criticality; 
and an estimate of the beta, gamma, and delayed neutron dose rates due to fission products in the fuel 
contained in the pump bowl. For a cylindrical core 54 in. in diameter and 66 in. high, graphite-moderated 
with 8 vol% fuel salt, the calculated critical loading is 0.76 mole% uranium (93.3% U235), which is 
equivalent to a critical mass of 16 kg. At a reactor power of 10 mw, the peak power density in the core 
assuming a homogeneous mixture of fuel salt and graphite is 10 watts/cm/sup 3/, the average power density 
is 4 watts/cm/sup 3/. The computed peak thermal flux is 7.3 x 10/sup 13/ neutrons/cm/sup 2/ sec and the 
average is 2.5 x l0/sup 13/ neutrons/cm/sup 2/ sec. Gamma heating produces a power density of 0.2 
watts/cm/sup 3/ in the core wall at the midplane and 0.4 watts/cm/sup 3/ in the support grid at the bottom 
of the core at the reactor center line. 
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Abstract/Keyterms: criticality of plutonium metal-water mixtures was made. The gap in data between 
effective plutonium densities of 0.1 g/cm/sup 3/ and 19.6 g/cm/sup 3/ was filled in on the basis of reasonable 
assumptions as to the shape of the curves. This derived basic data for spherical masses and volumes was 
extended by a combination of empirical methods and one-group buckling equations to the estimation of 
cylindrical and slab critical dimensions. Some suggestions for an experimental program to help fill in the 
uncertain parts of the curves are made. 
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Abstract/Keyterms: Existing methods for assessing the degree of criticality of an array of interacting 
fissile units are reviewed from a practical viewpoint. Emphasis placed upon those methods which rely 
mainly upon direct experimental evidence and special reference is made to the interaction parameter 
method. 
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Abstract/Keyterms: Some simple models for criticality problems are reviewed. The emphasis on fast 
systems with moderating reflectors. Albedo and multigroup albedo models for fast cores with moderating 
reflectors are described. Comparisons with experiment are made for U235 and PU235 cores with reflectors 
of water and graphite. A model for calculations on the interaction of mixed assemblies of fast and thermal 
cores is described and results are compared with experiment. An outline is then given of some unusual 
models under development. Preliminary results are encouraging. A generalization of diffusion theory takes 
into account the size of the system. Two novel models for reactor calculations are described-- the shell and 
the neutron traffic model. A composite model based on generalized diffusion theory and the neutron traffic 
model is then described. 
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Abstract/Keyterms: In Canada, during the autumn of 1942, a group of physicists, chemists and engineers 
were assembled to work on what was to become the Canadian atomic energy project. The base for this work 
was Montreal. This paper concentrates on the contributions of a sub-group of those scientists, namely those 
working on the development of nuclear reactor theory. The members of that group comprised an 
international mix of Canadians, Britons and Americans. A few already had international reputations as 
theoretical physicists, but the majority were young men and women, generally under the age of 30, who 
were very talented but not yet famous. They worked under conditions of the utmost secrecy, initially with 
little help from the United States, and developed virtually from first principles most of the important aspects 
of modern reactor theory. The results of their work were issued as Canadian National Research Council 
reports with the prefix MT (Montreal Theory), and between 1943 and 1946 about 80 such reports were 
written. The theory described therein was fundamental to the later design and construction of the Canadian 
NRX reactor, which was a very successful research tool. 
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Author: Hardy, J., Jr. / Ullo, J. J. / Steen, N. M. 

Title: Integral Testing of Thorium and 233U Data for Thermal Reactors 

Date: 1/1/1979 

Report: PNENDE, 04, 119-160 

Conference/Journal: Progress in Nuclear Energy (England) Formed by the Merger of Prog. Nucl. 
Energy, Ser. 1-Ser. 12, 1956-76 

Conference Session:  

Abstract/Keyterms: A survey is made of integral experiments useful for testing thorium and 233U nuclear 
data in thermal reactor applications. Emphasis on homogeneous 233U-H20 criticals and simple, water-
moderated 233U-thorium and 235U-thorium lattice experiments. Thorium-233U-graphite experiments are 
also discussed briefly. Although the available experiments provide a fairly consistent test of important 
nuclear data, their accuracy and scope leave much to be desired. In detailed Monte Carlo analyses, ENDF/B-
IV data are found to perform reasonably well. Adequate (though partly fortuitous) agreement is found with 
integral measurements of thorium resonance capture in lattices. A new, harder fission spectrum for 233U 
can correct the principal discrepancy observed with EDNF/B-IV, a bias trend in k(eff) attributed to an 
underprediction of leakage. 
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Author: Woodcock, E. R. / Pacton, H. C. 

Title: The Criticality Aspects of Transportation of Fissile Materials 

Date: 1/1/1961 

Report: PNENDE, 04, 401-434 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: In the transport of fissile materials it is necessary to take precautions to guard against 
the possibility of a criticality excursion which could have serious consequences. Thus, the problems 
involved in removing the possibility of such an occurrence are reviewed, with particular reference to 
practices in U. S. and U. K. and to the regulations prepared by the IAEA. Methods of ensuring safety are 
described. The bibliography contains 21 references. 
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Author: Harmon, K. M. / Jansen, G. 

Title: The Salt Cycle Process 

Date: 1/1/1970 

Report: PNENDE, 04, 429-460 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Plutonium / Chemistry in Molten Chlorides; Plutonium / Separation from Irradiated 
Fuels, Use of Molten Chlorides in; Uranium / Chemistry in Molten Chlorides; Chlorides / Properties of 
Molten, in Reprocessing of Irradiated Fuels By Salt Cycle; Reactor Fuels / Reprocessing of, Salt Cycle for; 
Uranium / Separation from Irradiated Fuels, Use of Molten Chlorides in 
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Author: Parker, J. B. / Woodcock, E. R. 

Title: Monte Carlo Criticality Calculations 

Date: 1/1/1961 

Report: PNENDE, 04, 435-457 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: The Monte Carlo methods used in criticality studies have the important property that 
they are stochastically correct (i.e., the properties of the aggregate of neutron probes considered converge 
in probability to the appropriate true physical quantities provided that the input nuclear constants are 
correct) and are not dependent on methods of group approximation. The methods are also practical and 
detailed machine codes for solving problems by this method are discussed. Illustrations are given of the 
calculation of critical dimensions, respectively, of a reflected infinite slab, an unreflected infinite cylinder, 
a reflected infinite cylinder, and a water-reflected fissile metal core. 
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Author: Leuze, R. E. / Lloyd, M. H. 

Title: Processing Methods for the Recovery of Transplutonium Elements 

Date: 1/1/1970 

Report: PNENDE, 04, 549-630 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Chemistry-Separation Processes; Actinides; Chemical Reactions; Irradiation; 
Laboratory Equipment; Plutonium; Reactors; Recovery; Separation Processes; Transplutonium Elements 
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Author: Lynn, J. E. / Patrick, B. H. / Sowerby, M. G. / Bowey, E. M. 

Title: Evaluation of Differential Nuclear Data for Americium Isotopes. Part 1: 241Am 

Date: 1/1/1980 

Report: PNENDE, 05, 255 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms:  
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Author: Roach, W. H. 

Title: Parametric Survey of Critical Sizes 

Date: 1/1/1963 

Report: PNENDE, 05, 505-533 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: A survey of critical sizes of simple geometric shapes is presented from experiment 
and calculation. An extension to computational surveys is given from the DSN computing scheme with a 
standard set of multigroup input parameters. 
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Author: Paxton, H. C. 

Title: Fast Critical Experiments 

Date: 1/1/1981 

Report: PNENDE, 07, 151-174 

Conference/Journal: Progress in Nuclear Energy (England) Formed by the Merger of Prog. Nucl. 
Energy, Ser. 1-Ser. 12, 1956-76 

Conference Session:  

Abstract/Keyterms: A review of fast-neutron critical experiments is presented. The history of the 
assemblies falls into three overlapping phases. The first, beginning in 1948, relates to simple, compact metal 
assemblies with extremely high-energy neutron spectra. Examples given of this type of assembly, with 
critical specifications, spectral indexes, and reactivity calibration are LADY Godiva, Flattop, Jezebel and 
U(16). Details are also given for early experiments with TOPSY. The second phase, starting 6 years later, 
covers larger, more diffuse assemblies that are still simply describable because of uniform core and reflector 
regions. Descriptions, spectral indices and reactivity coefficients are given for Big Ten, ZPR-3, ZPR-6, 
VERA, FRO, ZEBRA and SNEAK assemblies. These two categories encompass the so-called benchmark 
assemblies. The final phase, not discussed, started in 1955 and applies to engineering mock-ups of fast 
reactors. 
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Author: Wood, J. / Williams, M. M. R. / McCormick, N. J. 

Title: Recent Progress in the Application of the Finite Element Method to the Neutron Transport Equation 

Date: 1/1/1984 

Report: PNENDE, 14, 021-040 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Finite Element Technique / even-Parity form / Neutron Transport Equation / FELICIT 
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Author: leSage, L. G. / Lineberry, M. J. / McFarlane., H. F. 

Title: Current Status of Fast Reactor Physics Reactivity Coefficients 

Date: 1/1/1985 

Report: PNENDE, 16, 3, 231-250 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: General 
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Author: De Oliveira, C. R. E. 

Title: An Arbitrary Geometry Finite Element Method for Multi-Group Neutron Transport Equation 

Date: 1/1/1986 

Report: PNENDE, 18, 227-238 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms:  



 

C-15907 

15859…..…..…………………..…….……..……ID Number…………………..…..…………….15859 

Author: Genshun, Chen 

Title: A Nonlinear Study in a Reactor with Delayed Temperature Feedback 

Date: 1/1/1990 

Report: PNENDe, 23 (1), 81-91 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Nonlinear Time-Dependent Point Power Reactor Problem / Delayed Temperature 
Feedback 
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Author: Sahni, D. C. / Sjöstrand, N. G. 

Title: Criticality and Time Eigenvalues in One-Speed Neutron Transport 

Date: 1/1/1990 

Report: PNENDE, 23, 241-289 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Criticality / Time Eigenvalues / One-Speed Neutrons 
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Author: Garis, N. S. / Pazsit, I. / Sahnis, D. C. 

Title: Generalization of the Eigenvalue Problem of the One-Speed Neutron Transport Equation in Two-
Region Systems 

Date: 1/1/1992 

Report: PNENDE, 27, 305-334 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Eigenvalue Spectrum / One-Speed Transport Equation / Two-Region Slabs and 
Spheres 
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Author: Sahni, D. C. 

Title: Some New Results Pertaining to Criticality and Time Eigenvalues of One-Speed Neutron Transport 
Equation 

Date: 1/1/1996 

Report: PNENDE, 30, 305-320 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: Criticality and Time Eigenvalues / One-Speed Transport Equation 
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Author: Nakazawa, M. / Iguchi, T. / Takahashi, H. / Takada, E. 

Title: Standard Neutron Fields and Researches on Advanced Nuclear Measurement Technique 

Date: 1/1/1998 

Report: PNENDE, 32, 025-041 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms:  
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Author: Pain, C. C. / De Oliveira, C. R. E. / Goddard, A. J. H. 

Title: Non-Linear Space-Dependent Kinetics for Criticality Assessment of Fissile Solutions 

Date: 1/1/2001 

Report: PNENDE, 39, 053-114 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms:  
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Author: De Oliveira, C. R. E. / et al. 

Title: Finite Element Spherical Harmonics Solutions of the 3D Kobayashi Benchmarks with Ray-Tracing 
Void Treatment 

Date: 1/1/2001 

Report: PNENDE, 39, 243 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms:  
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Author: Buchan, A.G. / Pain, C.C. / Tollit, B.S. / Gomes, J.L.M.A. / Eaton, M.D. / Gorman, G.J. / 
Cooling, C.M. / Goddard, A.J.H. / Nygaard, E.T. / Angelo, P.L. / Smith, P.N. 

Title: Simulated spatially dependent transient kinetics analysis of the Oak Ridge Y12 plant criticality 
excursion 

Date: 3/1/2013 

Report: PNENDE, 63, 012-021 

Conference/Journal: Progress in Nuclear Energy (UK) 

Conference Session:  

Abstract/Keyterms: In June 1958 an accidental nuclear excursion occurred in the C-1 Wing of building 
9212 in a process facility designed to recover enriched Uranium U(93) from various solid wastes. The 
accident was caused by the inadvertent flow of enriched uranyl nitrate into a 55 gallon drum which 
established a prompt critical nuclear excursion. Following the initial fission spike the nuclear system 
oscillated in power. The reaction was eventually terminated by the additional water which was flowing into 
the drum. The criticality excursion was estimated to have lasted approximately 20 min based upon nearby 
radiation measurement equipment with an estimated total fission yield of 1.3×1018 fissions of which the 
first fission spike contributed 6×1016 fissions. The traces from the radiation measurement devices indicated 
that most of the fissions occurred in the first 2.8 min, in which case the average power required for the 
observed fission yield was approximately 220 kW. After the first 2.8 min the system was postulated to have 
boiled causing a sharp decrease in density and reactivity of the system. This boiling probably reduced the 
power output from the system to a low level for the final 18 min of the excursion. This paper will aim to 
investigate the subsequent evolution of the Y12 excursion using the fundamentally based spatially 
dependent neutron/multiphase CFD kinetics simulation tool - FETCH. The reconstruction of the Y12 
excursion using FETCH will follow the evolution of the excursion up until the uranyl nitrate starts to boil. 
The results of the FETCH simulation are presented and compared against the known measurements of the 
excursion from the radiation detection instruments located near the drum. 
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Author: Bierman, S. R. / Talbert, R. J. 

Title: Benchmark Data for Validating Irradiated Fuel Compositions Used in Criticality Calculations 

Date: 10/1/1994 

Report: PNL--10045 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To establish criticality safety margins utilizing burnup credit in the storage and 
transport of spent reactor fuels requires knowledge of the uncertainty in the calculated fuel composition 
used in making the reactivity assessment. To provide data for validating such calculated burnup fuel 
compositions, radiochemical assays have been obtained as part of the United States Department of Energy 
From-Reactor Cask Development Program. Assay results and associated operating histories on the initial 
three samples analyzed in this effort are presented. The three samples were taken from different axial 
regions of a Pressurized Water Reactor fuel rod and represent radiation exposures of about 37, 27, and 44 
GWd/MTU. The data are presented in a benchmark type format to facilitate identification/referencing and 
computer code input. 
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Author: Haggard, D. L. / Brackenbush, L. W. 

Title: Determination of the Radioactive Material and Plutonium Holdup in Ducts and Piping in the 327 
Building 

Date: 9/1/1995 

Report: PNL-10787 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 327 Building Post Irradiation Testing Laboratory is used for temporary storage 
and for destructive and nondestructive examination of irradiated reactor fuels and structural materials. The 
facility contains 12 shielded hot cells, two water-filled basins, and dry storage. This report describes the 
measurements performed to determine the radionuclide content and mass of Pu in ducts, filters, and piping 
in the basement of the 327 Building at the Hanford Site in Washington State. This information is needed to 
characterize facility radiation levels, to verify compliance with criticality safety specifications, and to allow 
more accurate nuclear material control using nondestructive assay (NDA) methods. Gamma assay 
techniques typically employed for NDA analysis were used to determine the gamma-emitting isotopes in 
the ducts, filters, and piping. Passive neutron counting was selected to estimate the Pu content because high 
gamma levels from fission and activation products effectively mask any gamma emissions from Pu. A high-
purity gamma-ray detector was used to measure the mixed fission and activation radionuclides. A slab 
neutron detector containing five3He proportional counters was used to determine the neutron emission rates 
and estimate the mass of Pu present. Estimated Pu mass in the basement ductwork and filters is 7.2 grams. 
The radioactive liquid waste system line has 4.2 grams and Special Environmental Radiometallurgy Facility 
cell recirculating system contains 8.7 grams in the lower filter housing and associated piping. Total Pu mass 
holdup estimates range from 20.1 grams, assuming that the Pu is weapons-grade Pu, to a best estimate of 
11.0 grams Pu, assuming 11%240Pu. 
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Author: Whyatt, G. A. / Sterne, R. J. / Mattigod, S. V. 

Title: Potential for Criticality and Hanford Tanks Resulting from Retrieval of Tank Waste 

Date: 9/1/1996 

Report: PNL-11304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report assesses the potential during retrieval operations for segregation and 
concentration of fissile material to result in a criticality. The sluicing retrieval of C-106 sludge to AY-102 
and the operation of mixer pumps in SY-102 are examined in some detail. These two tanks (C-106, SY-
102) were selected because of the near term plans for retrieval of these tanks and their high plutonium 
inventories relative to other tanks. Although all underground storage tanks are subcritical by a wide margin 
if assumed to be uniform in composition, the possibility retrieval operations could preferentially segregate 
the plutonium and locally concentrate it sufficiently to result in criticality was a concern. This report 
examines the potential for this segregation to occur. 
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Author: Hill, O. F. 

Title: AFCT/TFCT/ISFS Program. Technical Progress Report for the Period April 1, 1978--June 30, 1978 

Date: 8/1/1978 

Report: PNL--2080-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the tenth in a series of quarterly progress reports on studies performed for the 
Alternate Fuel Cycle Technologies/Thorium Fuel Cycle Technologies/International Spent Fuel Receipt and 
Storage (AFCT/TFCT/ISFS) Program. This program provides information needed by industry to close the 
back end of the power reactor fuel cycle. During the past quarter, studies were conducted in the following 
tasks: thorium resource price analyses; spent fuel receipt and storage; investigation of air cleaning processes 
for removing TBP from off-gas streams; study of iodine chemistry in process solutions, high-level waste 
treatment; electropolishing to decontaminate metallic waste from alternate and thorium converter fuel 
cycles; U.S. scale transport, dispersion and removal model comparison; safety criticality experiments; and 
criticality research in support of thorium fuel cycle. 
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Author: Libby, R. A. 

Title: Criticality Research in Support of Chemical Reprocessing in the Thorium Fuel Cycle Technology 
Program: Basic Process Description 

Date: 5/1/1978 

Report: PNL-2080-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The basis processes for reprocessing thorium based light water reactor type fuels are 
defined for use in identifying criticality data needs. The Reference Thorium Fuel Cycle is used as the 
primary fuel cycle. Material forms and compositions are described for each major processing step. These 
forms consist of nitrates and oxides of Th--U--Pu combinations. Fuel fabrication and fuel pool storage 
facilities are also defined to the extent they interact with fuel reprocessing. 
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Author: Gore, B. F. 

Title: Compilation of Criticality Data Involving Thorium or 233U and Light Water Moderation 

Date: 7/1/1978 

Report: PNL-2080-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The literature has been searched for criticality data for light water moderated systems 
which contain thorium or 233U, and data found are compiled herein. They are from critical experiments, 
extrapolations, and exponential experiments performed with homogeneous solutions and metal spheres of 
233U; with lattices of fuel rods containing highly enriched 235UO2 -ThO2 and 233UO2 -ThO2; and with 
arrays of cylinders of 233U solutions. The extent of existing criticality data has been compared with that 
necessary to implement a thorium-based fuel cycle. No experiments have been performed with any 
solutions containing thorium. Neither do data exist for homogeneous 233U systems with H/U < 34, except 
for solid metal systems. Arrays of solution cylinders up to 3x3x3 have been studied. Data for solutions 
containing fixed or soluble poisons are very limited. All critical lattices using 233UO2 -ThO2 fuels (LWBR 
program) were zoned radially, and in most cases axially also. Only lattice experiments using 235UO2 -
ThO2 fuels have been performed using a single fuel rod type. Critical lattices of 235UO2 -ThO2 rods 
poisoned with boron have been measured, but only exponential experiments have been performed using 
boron-poisoned lattices of 233UO2 -ThO2 rods. No criticality data exist for denatured fuels (containing 
significant amounts of 238U) in either solution or lattice configurations. 
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Author: Gore, B. F. 

Title: Proposed Plan for Critical Experiments Supporting Thorium Fuel Cycle Development 

Date: 9/9/1978 

Report: PNL-2080-15 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary plan is proposed for critical experiments to provide data needed for the 
recycle of thorium based nuclear fuels. The sequence of experimentation starts with well moderated 
solutions followed by highly concentrated low moderated solutions. It then progresses through lattices 
moderated by water, by water plus soluble poisons, and by fissile solutions, to solutions poisoned by raschig 
rings and soluble poisons. Final experiments would treat lattices moderated by poisoned fissile solution, 
and arrays of stored fissile units. 
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Author: Converse, W. E. / Bierman, S. R. 

Title: Calculated Critical Parameters in Simple Geometries for Oxide and Nitrate Water Mixtures of U-
233, U-235 and Pu-239 with Thorium. Final Report 

Date: 11/1/1979 

Report: PNL-2080-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations have been performed on water mixtures of oxides and nitrates of 233U, 
235U, and 239Pu with chemically similar thorium compounds to determine critical dimensions for simple 
geometries (sphere, cylinder, and slab). Uranium enrichments calculated were 100%, 20%, 10%, and 5%; 
plutonium calculations assumed 100% 239Pu. Thorium to uranium or plutonium weight ratios (Th and 8. 
Both bare and full water reflection conditions were calculated. The results of the calculations are plotted 
showing a critical dimension versus the uranium or plutonium concentration. Plots of K-infinity and 
material buckling for each material type are also shown. 



 

C-15923 

15875…..…..…………………..…….……..……ID Number…………………..…..…………….15875 

Author: Hill, O. F. 

Title: AFCT/TFCT/ISFS Program. Technical Progress Report, July 1, 1978-September 30, 1978 

Date: 9/1/1978 

Report: PNL--2080-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This the last in a series of quarterly progress reports on research and development 
studies performed for the Alternate Fuel Cycle Technologies/Thorium Fuel Cycle 
Technologies/International Spent Fuel Receipt and Storage (AFCT/TFCT/ISFS) Program. This program 
provided information needed by industry to close the back end of the power reactor fuel cycle. During the 
last quarter. studies were conducted on the following task: Thorium Resource Price Analyses; Investigation 
of Air Cleaning Processes for Removing Tributyl Phosphate from Off-Gas Streams; Study of Iodine 
Chemistry in Process Solutions; High-Level Waste Treatment; Electropolishing to Decontaminate Metallic 
Waste from Alternate and Thorium Converter Fuel Cycles; US Scale Transport, Dispersion and Removal 
Model Comparison; Safety Criticality Experiments; and Criticality Research in Support of Thorium Fuel 
Cycle Technology Program. 
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Title: Conceptual Design of a Shipping Container for Transporting High-Level Waste by Railroad 

Date: 12/1/1978 

Report: PNL-2244 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A shipping cask uniquely designed to transport solidified high-level wastes (SHLW) 
from a reprocessing plant to a federal repository has not yet been developed. The amount of material that 
would be transported and the anticipated characteristics of the SHLW suggest that rail casks will be favored 
for this transportation because of cost and logistic considerations. The document presents the results of a 
study to develop a conceptual design for a rail cask for transporting SHLW and to construct scale models 
of the conceptual cask with accompanying graphics for use at technical meetings and in public information 
displays. Two 1/10 scale models of the conceptual cask and two H0 gauge (1/87 scale) models of the 
cask/railcar system have been constructed. A description of the models and accompanying graphics is 
presented in Appendix A. 
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Author: Glenn, R. D. / Bramson, P. E. 

Title: Hanford Critical Radiation Dosimeter 

Date: 11/1/1977 

Report: PNL-2276 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The modified Hanford critical radiation dosimeter provides a rapid, accurate, and 
relatively inexpensive means of determining neutron and gamma radiation exposure dose from a radiation 
release of accident proportions. An accident is defined as a radiation release of such magnitude that 
personnel in the vicinity of the release may receive a total absorbed radiation dose in excess of the 
permissible limits. The neutron exposure estimation is arrived at rapidly by counting either the gold or TLD 
chips from the center of the paraffin moderator and performing the calculation. If the neutron spectrum has 
not been greatly degraded toward thermal energies, the dose value thus obtained will be accurate to within 
±15%. Degradation depends on the amount and type of shielding material through which the neutrons pass 
before reaching the dosimeter. Shielding materials with a high hydrogen content, such as concrete, paraffin, 
and water, are usually used when neutron shielding is desired. Nonhydrogen-bearing shielding materials 
commonly used for beta and gamma radiation shielding, such as lead or iron, are relatively poor neutron 
shields. 



 

C-15926 

15878…..…..…………………..…….……..……ID Number…………………..…..…………….15878 

Author: Bierman, S. R. / Clayton, E. D. / Durst, B. M. 

Title: Critical Separation between Subcritical Clusters of 2.35 wt% Uranium-235 Enriched Uranium 
Dioxide Rods in Water with Fixed Neutron Poisons 

Date: 10/1/1977 

Report: PNL-2438 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-017, LEU-COMP-
THERM-010, LEU-COMP-THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-042; A 
research program, funded by the U.S. Nuclear Regulatory Commission, to provide experimental criticality 
data on systems simulating conditions associated with fuel element shipping packages and fuel storage 
pools was begun in 1976 at the Battelle operated critical mass laboratory. The objective of the program is 
to provide experimental data for validating calculational techniques and nuclear data used in criticality 
assessments of LWR type fuel element shipping packages and similar type systems. Consequently the 
experiments are designed to permit easy and accurate definition on Monte Carlo computer codes currently 
used in these criticality assessments. Basically the experiments are concerned with the critical separation 
between water flooded subcritical clusters of fuel rods in the presence of various fixed neutron poisons. 
The experiments are carried out in a 1.8m x 3m x 2 1m deep tank provided with features specifically 
designed and built for these experiments. The initial series of experiments in this program are covered in 
this report and involve aluminum clad 2.35 wt.% uranium-235 enriched uranium dioxide rods about 12mm 
in diameter by 914mm in length. The critical separation between three subcritical clusters of these rods 
aligned in a row was determined with and without the following neutron absorber materials (neutron 
poisons) located between the clusters: 304L steel with 0, 1.1, and 1.6 wt.% boron; boral; copper with 0 and 
1 wt.% cadmium; cadmium; aluminum; Zircaloy-4. The neutron poisons were in the form of plates slightly 
larger than the length and width of the opposing faces of the fuel clusters. 
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Author: Harvey, J. R. 

Title: Recent Developments in the United Kingdom 

Date: 1/1/1977 
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Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Bair, W. J. 

Title: Operational and Environmental Safety 

Date: 2/1/1978 

Report: PNL-2500(Pt.5) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; an assessment of criticality accidents by fault tree analysis; and 
the preparation of environmental, safety, and health standards applicable to geothermal energy development 
are discussed. 
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15881…..…..…………………..…….……..……ID Number…………………..…..…………….15881 

Author: Hays, D. D. / Lanning, D. D. / Anthis, R. M. / Nelson, R. G. 

Title: Safety Analysis Report 306-W Building 

Date: 1/1/1979 

Report: PNL-2549 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The west portion of the 306 building (306-W), which is operated by PNL, contains a 
diversified metalworking facility, the BNW specialty shop that machines U, Th, and other weakly 
radioactive materials, a ceramics laboratory, SNM storage area, and support laboratories, This report 
presents a safety analysis of the work performed and of the equipment in 306-W. the analyses cover 
criticality and radiological accidents as well as industrial accidents that could contribute to a criticality or 
radiological accident. 
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15882…..…..…………………..…….……..……ID Number…………………..…..…………….15882 

Author: Richey, C. R. 

Title: Supplement to Safety Analysis Report. 306-W Building Operations Safety Requirement 

Date: 8/1/1979 

Report: PNL-2549(Supp.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The operations safety requirements (OSRs) presented in this report define the 
conditions, safe boundaries, and management control needed for safely conducting operations with 
radioactive materials in the Pacific Northwest Laboratory (PNL) 306-W building. The safety requirements 
are organized in five sections. Safety limits are safety-related process variables that are observable and 
measurable. Limiting conditions cover: equipment and technical conditions and characteristics of the 
facility and operations necessary for continued safe operation. Surveillance requirements prescribe the 
requirements for checking systems and components that are essential to safety. Equipment design controls 
require that changes to process equipment and systems be independently checked and approved to assure 
that the changes will have no adverse effect on safety. Administrative controls describe and discuss the 
organization and administrative systems and procedures to be used for safe operation of the facility. Details 
of the implementation of the operations safety requirements are prescribed by internal PNL documents such 
as criticality safety specifications and radiation work procedures. 
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15883…..…..…………………..…….……..……ID Number…………………..…..…………….15883 

Author: Heaberlin, S. W. / Selby, G. P. 

Title: Effect of Fissile Isotope Burnup on Criticality Safety for Stored Disintegrated Fuel Rods 

Date: 9/1/1978 

Report: PNL-2589 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: If the fuel rods were to disintegrate and water added, a criticality could occur in a 13-
in. PWR canister with fresh fuel enriched to 3.5 wt.% 235U. The question is,”If credit could be taken for 
burnup, could this indicate a subcritical condition." In attempting to answer this question, a series of 
calculations were performed. A set of isotopic concentrations were generated for 5,000, 10,000, 15,000, 
and 20,000 MWD/MTU burnup levels. Four reflector materials, water, concrete and two types of soil, were 
considered. Results indicate that allowing credit for fissile isotope burnup does not completely remove the 
concern for criticality safety in the event of rod disintegration. Reactivities which are "subcritical" (k(eff) 
= 0.95) would not occur for three of the four reflector materials at even the 20,000 MWD/MTU burnup 
level in the 13-in. canister. The water reflected canister would achieve the k(eff) = 0.95 level near 18,000 
MWD/MTU. A smaller canister could be postulated. If a quarter inch gap is allowed, a Westinghouse 17 x 
17 PWR assembly requires a 12$sup 1$/4 inch diameter canister. For such a canister with water reflection 
the "subcritical" (k(eff) = 0.95) level would be reached near 15,000 MWD/MTU. The soil reflected canisters 
would reach this level between 18,000 and 19,000 MWD/MTU. Considering the difficulties in taking 
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15884…..…..…………………..…….……..……ID Number…………………..…..…………….15884 

Author: Heaberlin, S. W. / Selby, G. P. 

Title: Effect of Fissile Isotope Burnup on Criticality Safety for Stored Disintegrated Fuel Rods 

Date: 9/1/1978 

Report: PNL-2589 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: If the fuel rods were to disintegrate and water added, a criticality could occur in a 13-
in. PWR canister with fresh fuel enriched to 3.5 wt.% 235U. The question is,”If credit could be taken for 
burnup, could this indicate a subcritical condition.” In attempting to answer this question, a series of 
calculations were performed. A set of isotopic concentrations were generated for 5,000, 10,000, 15,000, 
and 20,000 MWD/MTU burnup levels. Four reflector materials, water, concrete and two types of soil, were 
considered. Results indicate that allowing credit for fissile isotope burnup does not completely remove the 
concern for criticality safety in the event of rod disintegration. Reactivities which are “subcritical” (k(eff) 
= 0.95) would not occur for three of the four reflector materials at even the 20,000 MWD/MTU burnup 
level in the 13-in. canister. The water reflected canister would achieve the k(eff) = 0.95 level near 18,000 
MWD/MTU. A smaller canister could be postulated. If a quarter inch gap is allowed, a Westinghouse 17 x 
17 PWR assembly requires a 12/sup 1///sub 4/ inch diameter canister. For such a canister with water 
reflection the “subcritical” (k(eff) = 0.95) level would be reached near 15,000 MWD/MTU. The soil 
reflected canisters would reach this level between 18,000 and 19,000 MWD/MTU. Considering the 
difficulties in taking credit for burnup, such modest gains in apparent safety are not encouraging. This 
situation might be improved, however, if credit were also taken for neutron absorption by fission product 
poisons produced during burnup. It is strongly recommended that other approaches to a solution of the 
criticality safety problem be considered. 
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15885…..…..…………………..…….……..……ID Number…………………..…..…………….15885 

Author: Heaberlin, S. W. / Selby, G. P. 

Title: Criticality Safety Comparisons of Spent Fuel Facility Concepts 

Date: 9/1/1978 

Report: PNL-2590 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Seven storage concepts were analyzed from the viewpoint of nuclear criticality safety. 
All concepts, with the exception of the water basin, were assumed to use the same canister type. This 13-
in. ID cylinder contains one PWR assembly (Westinghouse 17 x 17) which is composed of fresh UO2 fuel 
enriched at 3.5 wt% 235U. Canister failure and water intrusion were allowed. Consideration was also given 
to fuel rod disintegration due to UO2 oxidation. For the case of intact fuel rods, the single canister concepts 
are preferred from the viewpoint of criticality safety. The SSCC-1 (Sealed Storage Cask Concepts-1) would 
be the best choice followed by the SSCC-RSSF, and next the Drywell. For the multiple canister concepts 
the order of preference is DWSC-2 (Drywell with Supplemental Cooling), SSCC-2, and ACVC (Air Cooled 
Vault Concept). For intact fuel rods all concepts are potentially licensable; however, the SSCC-2 and ACVC 
may be questionable. The disintegration of fuel rods poses a safety problem for all concepts. While one 
concept could be more reactive than another, the difference is small. As described none of the concepts 
would be acceptable unless disintegration is shown to be incredible, or water intrusion is shown to be 
incredible. Canister redesign and/or less restrictive assumptions (allowing credit for burnup) 
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15886…..…..…………………..…….……..……ID Number…………………..…..…………….15886 

Author: Rieck, H. G. 

Title: Safety Analysis Report for the Neutron Multiplier Facility, 329 Building 

Date: 9/1/1978 

Report: PNL-2749 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication is a process wherein the flux of a neutron source such as 252Cf 
is enhanced by fission reactions that occur in a subcritical assemblage of fissile material. The multiplication 
factor of the device depends upon the consequences of neutron reactions with matter and is independent of 
the initial number of neutrons present. Safe utilization of such a device demands that the fissile material 
assemblage be maintained in a subcritical state throughout all normal and credibly abnormal conditions. 
Examples of things that can alter the multiplication factor (and degree of subcriticality) are temperature 
fluctuations, changes in moderator material such as voiding or composition, addition of fissile materials, 
and change in assembly configuration. The Neutron Multiplier Facility (NMF) utilizes a multiplier- 252Cf 
assembly to produce neutrons for activation analysis of organic and inorganic environmental samples and 
for on-line mass spectrometry analysis of fission products which diffuse from a stationary fissile target (less 
than or equal to 4 g fissile material) located in the Neutron Multiplier. The NMF annex to the 329 Building 
provides close proximity to related counting equipment, and delay between sample irradiation and counting 
is minimized. 
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15887…..…..…………………..…….……..……ID Number…………………..…..…………….15887 

Author: Bair, W. J. 

Title: Operational and Environmental Compliance 

Date: 2/1/1979 

Report: PNL-2850(Pt.5) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study has been completed on 100 violations of criticality safety specifications that 
were reported over a ten-year period in the operations of a fuels reprocessing plant. Based on the limited 
data available, and the underlying assumptions made which affect accident probability, accidents might be 
expected to occur at a maximum rate of one during each 244 years of plant operation ranging down to a 
minimum rate of one in every 3000 years. Some general suggestions for improvement were formulated 
based on the cases studied. Although details may differ, the general method of analysis and the fault-tree 
logic should prove applicable to other plants as well. In other studies phase two of a three-phase project, 
planned to assist the nuclear industry in ensuring that radiation doses to personnel shall be maintained as 
low as practicable (ALAP), technically and economically, focused on the publication of a summary of 
ALAP efforts at DOE facilities. Based on the results of this report, a first draft of an ALAP manual was 
completed. A revised working paper of A Guide for Effluent Monitoring at DOE Installations was 
assembled for sponsor review. The new draft incorporates revisions necessitated by recent legislation, as 
well as basic discrimination levels for measurement of pollutants in airborne and liquid effluents. 
Environmental, safety and health (ES and H) 
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15888…..…..…………………..…….……..……ID Number…………………..…..…………….15888 

Author: Davenport, L. C. 

Title: Sources of Neutronics Data Involving Thorium of 233U and Light Water Moderation 

Date: 11/1/1978 

Report: PNL-2917 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A literature search has been conducted to locate sources of neutronics data for light 
water moderated systems which contain thorium and/or uranium-233. It is concluded that insufficient data 
is currently available to validate neutronics design methods for licensing the 233UO2-ThO2 fuel cycle in 
light water reactors. A summary of the neutronics data sources found is reported in this document. These 
sources include critical and exponential experiments with lattices of fuel rods containing 233U + Th or 
235U + Th. A few experiments using homogeneous aqueous solutions of 233UO2(NO3)2 or 233UO2F2 
are also included. The only critical lattice data using both 233U and Th came from the LWBR program. All 
these experiments were zoned radially and in most cases axially also. Geometrically clean lattice critical 
data were measured for the CETR and TUPE programs. Both series used 235UO2-ThO2 pellets. A series 
of 21 exponential experiments using 3% 233UO2-97% ThO2 fuel vibratory compacted to 92% of 
theoretical density in Zircaloy-2 tubing was performed at BNL using both unpoisoned and boric acid 
poisoned H2O moderator. For completeness, homogeneous systems are listed in which basic neutronics 
data have been measured. However, it is expected that most data concerning homogeneous systems will be 
applied to criticality safety problems rather than neutronics methods validation. 
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15889…..…..…………………..…….……..……ID Number…………………..…..…………….15889 

Author: Chikalla, T. D. / Powell, J. A. 

Title: Nuclear-Waste-Management. Quarterly Progress Report, July-September 1981 

Date: 12/1/1981 

Report: PNL-3000-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress reports and summaries are presented for the following: high-level waste 
process development, alternate waste forms; TMI zeolite vitrification demonstration program; nuclear 
waste materials characterization center; TRU waste immobilization; TRU waste decontamination; krypton 
implantation; thermal outgassing; iodine-129 fixation; NWVP off-gas analysis; monitoring and physical 
characterization of unsaturated zone transport; well-logging instrumentation development; verification 
instrument development; mobility of organic complexes of radionuclides in soils; handbook of methods to 
decrease the generation of low-level waste; waste management system studies; waste management safety 
studies; assessment of effectiveness of geologic isolation systems; waste/rock interactions technology 
program; high-level waste form preparation; development of backfill materials; development of structural 
engineered barriers; disposal charge analysis; analysis of spent fuel policy implementation; spent fuel and 
fuel pool component integrity program; analysis of postulated criticality events in a storage array of spent 
LWR fuel; asphalt emulsion sealing of uranium mill tailings; liner evaluation for uranium mill tailings; 
multilayer barriers for sealing uranium tailings; application of long-term chemical biobarriers for uranium 
tailings; and revegetation of inactive uranium tailings sites. 
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15890…..…..…………………..…….……..……ID Number…………………..…..…………….15890 

Author: Chikalla, T. D. 

Title: Nuclear Waste Management. Quarterly Progress Report, July-September 1980 

Date: 11/1/1980 

Report: PNL-3000-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research is reported on waste forms, TRU waste immobilization and 
decontamination, krypton solidification, thermal outgassing, 129I fixation, unsaturated zone transport, 
well-logging instrumentation, waste management system and safety studies, effectiveness of geologic 
isolation systems, waste/rock interactions, engineered barriers, backfill material, spent fuel storage 
(criticality), barrier sealing and liners for U mill tailings, and revegetation of inactive U tailings sites. 
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15891…..…..…………………..…….……..……ID Number…………………..…..…………….15891 

Author: Chikalla, T. D. / Powell, J. A. 

Title: Nuclear Waste Management. Quarterly Progress Report, October Through December 1980 

Date: 3/1/1981 

Report: PNL-3000-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress reports and summaries are presented under the following headings high-
level waste process development; alternative waste forms; nuclear waste materials characterization center; 
TRU waste immobilization; TRU waste decontamination; krypton solidification; thermal outgassing; 
iodine-129 fixation; monitoring and physical characterization of unsaturated zone transport; well-logging 
instrumentation development; mobility of organic complexes of radionuclides in soils; waste management 
system studies; waste management safety studies; assessment of effectiveness of geologic isolation 
systems; waste/rock interactions technology; high level waste form preparation; development of backfill 
material; development of structural engineered barriers; ONWI disposal charge analysis; spent fuel and fuel 
component integrity program; analysis of spent fuel policy implementation; analysis of postulated criticality 
events in a storage array of spent LWR fuel; asphalt emulsion sealing of uranium tailings; liner evaluation 
for uranium mill tailings; multilayer barriers for sealing of uranium tailings; application of long-term 
chemical biobarriers for uranium tailings; revegetation of inactive uranium tailing sites; verification 
instrument development. 



 

C-15940 

15892…..…..…………………..…….……..……ID Number…………………..…..…………….15892 

Author: Chikalla, T. D. / Powell, J. A. 

Title: Nuclear Waste Management. Quarterly Progress Report, January-March, 1981 

Date: 6/1/1981 

Report: PNL-3000-9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reports and summaries are provided for the following programs: high-level waste 
process development; alternative waste forms; nuclear waste materials characterization center; TRU waste 
immobilization; TRU waste decontamination; krypton solidification; thermal outgassing; iodine-129 
fixation; NWVP off-gas analysis; monitoring and physical characterization of unsaturated zone transport; 
well-logging instrumentation development; verification instrument development; mobility of organic 
complexes of radionuclide in soils; low-level waste generation reduction handbook; waste management 
system studies; assessment of effectiveness of geologic isolation systems; waste/rock interactions 
technology program; high-level waste form preparation; development of backfill materials; development 
of structural engineered barriers; disposal charge analysis; analysis of spent fuel policy implementation; 
spent fuel and pool component integrity program; analysis of postulated criticality events in a storage array 
of spent LWR fuel; asphalt emulsion sealing of uranium mill tailings; liner evaluation for uranium mill 
tailings; multilayer barriers for sealing of uranium tailings; application of long-term chemical biobarriers 
for uranium tailings; and revegetation of inactive uranium tailings sites. 
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15893…..…..…………………..…….……..……ID Number…………………..…..…………….15893 

Author: Gore, B. F. / Ncneese, J. P. / Zimmerman, M. G. / Konzek, G. J. 

Title: Neutronic Experiment Planning for the Fuels Refabrication and Development Program 

Date: 12/1/1979 

Report: PNL-3238 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program of experiments using 233UO2-ThO2 fuel was proposed to provide new 
and improved neutronic and criticality data for thorium based nuclear fuels, in order to support the licensing 
of 233UO2-ThO2 fuels in LWR cores. This would support the goal to develop technology for proliferation 
resistant fuel cycles to a point where fuel cycle choice is not limited by refabrication technology. The 
proposed experimental program is described in this document, along with initial planning and fuel 
acquisition activities undertaken during FY 1979. The program was terminated following notification that 
the DOE-sponsored denatured LWR Fuel Program which the experiments supported was to be 
discontinued. 
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15894…..…..…………………..…….……..……ID Number…………………..…..…………….15894 

Author: Gore, B. F. / McNair, G. W. / Heaberlin, S. W. 

Title: Criticality Safety Considerations in the Geologic Disposal of Spent Nuclear Fuel Assemblies 

Date: 5/1/1980 

Report: PNL-3268 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Features of geologic disposal which hamper the demonstration that criticality cannot 
occur therein include possible changes of shape and form, intrusion of water as a neutron moderator, and 
selective leaching of spent fuel constituents. If the criticality safety of spent fuel disposal depends on 
burnup, independent measurements verifying the burnup should be performed prior to disposal. The status 
of nondestructive analysis method which might provide such verification is discussed. Calculations were 
performed to assess the potential for increasing the allowed size of a spent fuel disposal canister if potential 
water intrusion were limited by close-packing the enclosed rods. Several factors were identified which 
severely limited the potential of this application. The theoretical limit of hexagonal close-packing cannot 
be achieved due to fuel rod bowing. It is concluded that disposal canisters should be sized on the basis of 
assumed optimum moderation. Several topics for additional research were identified during this limited 
study. 
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15895…..…..…………………..…….……..……ID Number…………………..…..…………….15895 

Author: Baalman, R. W. / Dotson, C. W. 

Title: Analysis of Criticality Safety 

Date: 2/1/1980 

Report: PNL-3300(Pt.5) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of a previous study on 100 violations of criticality safety specifications 
covering a ten-year period in the operations of a fuels reprocessing plant were summarized (Lloyd, 
Heaberlin and Clayton 1979). The previous data collection was broadly expanded during the year to include 
over 400 violations covering various other operations within Department of Energy facilities. With this 
broader, more complete data base, a more definitive result of the status of overall criticality safety will be 
possible. The additional data collected during the year are being used in a fault-tree analysis in which causes 
are assigned frequency values. On completion of the analysis, the most frequent causes of violations can be 
identified and suggestions made to effect further improvements in criticality safety control. 
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15896…..…..…………………..…….……..……ID Number…………………..…..…………….15896 

Author: Durst, B. M. / Bierman, S. R. / Clayton, E. D. / Mincey, J. F. / Primm, R. T., III 

Title: Summary of Experimental Data for Critical Arrays of Water Moderated Fast Test Reactor Fuel 

Date: 5/1/1981 

Report: PNL-3313 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A research program, funded by the Consolidated Fuel Reprocessing Program (CFRP) 
of Oak Ridge National Laboratory (ORNL), was initiated at Battelle Pacific Northwest Laboratory (PNL) 
to acquire experimental data on heterogeneous water moderated arrays of Fast Test Reactor (FTR) fuel 
pins. The objective of this program is to provide critical experiment data for validating calculational 
techniques used in criticality assessments of reprocessing equipment containing FTR-type fuels. 
Consequently, the experiments were designed to permit accurate definition in Monte Carlo computer codes 
currently used in these assessments. Square and triangular pitched lattices of fuel have been constructed 
under a variety of conditions covering the range from undermoderated to overmoderated arrays. 
Experiments were conducted composed of arrays which were water reflected, partially concrete reflected, 
and arrays with interspersed solid neutron absorbers. The absorbers utilized were Boral, and cadmium plates 
and gadolinium cylindrical rods. Data from non-CFRP sponsored subcritical experiments (previously 
performed at Hanford) also are included. 
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15897…..…..…………………..…….……..……ID Number…………………..…..…………….15897 

Author: n. a. 

Title: Critical Experiments with Subcritical Clusters of 2.35 wt% and 4.31 wt% U-235 Enriched UO2 Rods 
in Water at a Water-to-Fuel Volume Ratio of 1.6 

Date: 7/1/1980 

Report: PNL-3314 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-THERM-003, 
LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-COMP-THERM-010, LEU-COMP-
THERM-014, LEU-COMP-THERM-017, LEU-COMP-THERM-042 
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15898…..…..…………………..…….……..……ID Number…………………..…..…………….15898 

Author: Wallace, R. W. / Landstrom, D. K. / Blair, S. C. / Howes, B. W. / Robkin, M. A. / Benson, G. L. 
/ Reisenauer, A. E. / Walters, W. H. / Zimmerman, M. G. 

Title: Topical Report on Release Scenario Analysis of Long-Term Management of High-Level Defense 
Waste at the Hanford Site 

Date: 11/1/1980 

Report: PNL-3363 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Potential release scenarios for the defense high-level waste (HLW) on the Hanford 
Site are presented. Presented in this report are the three components necessary for evaluating the various 
alternatives under consideration for long-term management of Hanford defense HLW identification of 
scenarios and events which might directly or indirectly disrupt radionuclide containment barriers; 
geotransport calculations of waste migration through the site media; and consequence (dose) analyses based 
on groundwater and air pathways calculations. The scenarios described in this report provide the necessary 
parameters for radionuclide transport and consequence analysis. Scenarios are categorized as either 
bounding or nonbounding. Bounding scenarios consider worst case or what if situations where an actual 
and significant release of waste material to the environment would happen if the scenario were to occur. 
Bounding scenarios include both near-term and long-term scenarios. Near-term scenarios are events which 
occur at 100 years from 1990. Long term scenarios are potential events considered to occur at 1000 and 
10,000 years from 1990. Nonbounding scenarios consider events which result in insignificant releases or 
no release at all to the environment. Three release mechanisms are described in this report 
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15899…..…..…………………..…….……..……ID Number…………………..…..…………….15899 

Author: Durst, B. M. / Bierman, S. R. / Clayton, E. D. 

Title: Pulse Neutron Subcritical K(eff) Measurements on Water Flooded Arrays of Fuel Rods 

Date: 7/1/1980 

Report: PNL-3467 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The pulsed neutron source technique has been utilized at the Pacific Northwest 
Laboratory for some twenty years for measurement of subcritical reactivities of a variety of fuel systems. 
One area of application has included measurements of subcritical reactivities of water flooded arrays of 
fuel rods. This report summarizes these measurements. The theory behind the measurement process is 
reviewed and the instrumentation of the measurement system discussed. Also, four experiment programs 
are described in detail, illustrating system use and flexibility. Some changes are suggested for system 
improvements to speed up data collection and data reduction, and some possible areas of future application 
of the method are described. 
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15900…..…..…………………..…….……..……ID Number…………………..…..…………….15900 

Author: Baalman, R. W. / Hays, I. D. 

Title: Analysis of Criticality Safety 

Date: 2/1/1981 

Report: PNL-3700(Pt.5) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities covering a period of some six years. The development and 
application of a systematic method to analyze the criticality safety program in DOE facilities was begun 
for fault tree analysis purposes. 
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15901…..…..…………………..…….……..……ID Number…………………..…..…………….15901 

Author: Baalman, R. W. / Hays, I. D. 

Title: Pacific Northwest Laboratory Annual Report for 1980 to the DOE Assistant Secretary for 
Environment. Part 5. Environmental Assessment, Control, Health and Safety 

Date: 2/1/1981 

Report: PNL-3700(Pt.5) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pacific Northwest Laboratory’s (PNL) 1980 annual report to the DOE Assistant 
Secretary for Environment describes research in environment, health, and safety conducted during fiscal 
year 1980. Part 5 includes technology assessments for natural gas, enhanced oil recovery, oil shale, uranium 
mining, magnetic fusion energy, solar energy, uranium enrichment and industrial energy utilization; 
regional analysis studies of environmental transport and community impacts; environmental and safety 
engineering for LNG, oil spills, LPG, shale oil waste waters, geothermal liquid waste disposal, compressed 
air energy storage, and nuclear/fusion fuel cycles; operational and environmental safety studies of 
decommissioning, environmental monitoring, personnel dosimetry, and analysis of criticality safety; health 
physics studies; and epidemiological studies. Also included are an author index, organization of PNL charts 
and distribution lists of the annual report, along with lists of presentations and publications. 
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15902…..…..…………………..…….……..……ID Number…………………..…..…………….15902 

Author: Gore, B. F. / Davenport, L. C. 

Title: Safety Analysis Report for the Hanford Critical Mass Laboratory: Supplement No. 2. Experiments 
with Heterogeneous Assemblies 

Date: 4/1/1981 

Report: PNL-3749 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Factors affecting the safety of criticality experiments using heterogeneous assemblies 
are described and assessed. It is concluded that there is no substantial change in safety from experiments 
already being routinely performed at the Critical Mass Laboratory (CML), and that laboratory and personnel 
safety are adequately provided by the combination of engineered and administrative safety limits enforced 
at the CML. This conclusion is based on the analysis of operational controls, potential hazards, and the 
consequences of accidents. Contingencies considered that could affect nuclear criticality include manual 
changes in fuel loadings, water flooding, fire, explosion, loss of services, earthquake, windstorm, and flood. 
Other potential hazards considered include radiation exposure to personnel, and potential releases within 
the Assembly Room and outside to the environment. It is concluded that the Maximum Credible Nuclear 
Burst of 3 x 10$sup 18$ fissions (which served as the design basis for the CML) is valid for heterogeneous 
assemblies as well as homogeneous assemblies. This based upon examination of the results of reactor 
destructive tests and the results of the SL-1 reactor destructive accident. The production of blast effects 
which might jeopardize the CML critical assembly room (of thick reinforced concrete) is not considered 
credible due to the extreme circumstances required to produce blast effects in reactor destructive tests. 
Consequently, it is concluded that, for experiments with heterogeneous assemblies, the consequences of the 
Maximum Credible Burst are unchanged from those previously estimated for experiments with 
homogeneous systems. 
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15903…..…..…………………..…….……..……ID Number…………………..…..…………….15903 

Author: Lloyd, R. C. / Clayton, E. D. / Converse, W. E. / Kottwitz, D. A. 

Title: Assessment of Criticality Safety in DOE Facilities 

Date: 5/1/1981 

Report: PNL-3790 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was made to assess nuclear criticality safety in DOE Facilities and to assess 
the effects of various types of possible improvements. The accident statistics in DOE operations show that 
the fatalities caused by Nuclear Criticality accidents are small compared to other accident categories. The 
data show the safety performance after 1965, compared to prior years, was considerably improved 
indicating that overall safety programs have been effective. Data on criticality safety violations were 
collected from eight major facilities. These data were categorized by severity indexes and causes were 
assigned. A total of 421 violations were used in the data base for analysis in a fault tree model. Calculations 
were made using the fault tree methodology to show expected improvement in safety (reduction in 
probability of a criticality accident) for a fixed reduction in the number of criticality violations. Based on 
this analysis, about equal emphasis should be placed on reducing mechanical failures and operator errors 
as efforts in these two areas will likely produce the most significant improvements in safety. A criticality 
safety infraction form was prepared to facilitate uniformity in recording data on infractions for subsequent 
analysis. Discussions with Nuclear Safety Specialists working in the field instilled confidence that 
criticality safety is being handled. 
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15904…..…..…………………..…….……..……ID Number…………………..…..…………….15904 

Author: Gore, B. F. / Jenquin, U. P. / Serne, R. J. 

Title: Factors Affecting Criticality for Spent-Fuel Materials in a Geologic Setting 

Date: 4/1/1981 

Report: PNL-3791 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Following closure of a geologic repository for spent fuel, geologic process may 
change geometries and spacings, and water may enter the repository. In this study the conditions required 
for the criticality of spent fuel constituents are determined. Many factors affect criticality, and the effects 
of various possible post-closure changes are investigated. Factors having the greatest effect on criticality 
are identified to provide guidance for research programs and for design and evaluation studies. Section II 
describes the calculational methods and computer codes used to determine critical conditions. Section III 
of this document addresses effects of the fissile content of spent fuel on criticality. Calculations have been 
performed to determine the minimum critical mass of spent fuel actinides as a function of the duration of 
in-reactor fuel exposure for a variety of possible conditions. Section IV addresses the conditions required 
for criticality under a scenario believed to be highly unlikely but having a unique possibility. Pu quantities 
and concentrations required for criticality without water were determined for various conditions of Pu 
separation, rock moderation and reflection, rock impurities and isotopic content of the Pu. Section V 
addresses the possibility of geochemical processes separating Pu from other spent fuel 
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15905…..…..…………………..…….……..……ID Number…………………..…..…………….15905 

Author: Bierman, S. R. / Durst, B. M. / Clayton, E. D. 

Title: Criticality Experiments with Subcritical Clusters of 2.35 wt% and 4.31 wt% U235 Enriched UO2 
Rods in Water with Uranium or Lead Reflecting Walls--Undermoderated Water-to-Fuel Volume Ratio of 
1.6 

Date: 12/1/1981 

Report: PNL-3926; NUREG/CR-0796, Vol 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-017, LEU-COMP-THERM-009, LEU-COMP-THERM-014, 
LEU-COMP-THERM-001, LEU-COMP-THERM-003, LEU-COMP-THERM-004, LEU-COMP-
THERM-002, LEU-COMP-THERM-010; A series of criticality experiments with 2.35 wt.% and 4.29 wt.% 
235U enriched UO2 rods in water have provided well defined benchmark type data showing that both 
depleted uranium and lead reflecting walls submerged in the water reflector, are better neutron reflectors 
than water alone. For each fuel enrichment the critical separation between three subcritical, near optimally 
moderated fuel clusters was observed to increase as either 77 mm thick depleted uranium or 102 mm thick 
lead reflecting walls were moved toward the fuel. The maximum reactivity effect was observed for the 
depleted uranium with about 20 mm of water between the reflecting walls and the fuel region; whereas, for 
the lead a maximum effect was obtained with essentially no water between the reflecting walls and the fuel 
region. This maximum reactivity effect was observed to occur at the same spatial separation between the 
fuel and reflecting walls for both fuel enrichments. However, the measurements indicated that the 
magnitude of this phenomenon is dependent on the 235U enrichment of the fuel. The lead reflecting walls 
increased the critical separation between fuel clusters a maximum of 67% for the 2.35 wt.% 235U enriched 
fuel and at least 152% for the 4.29 wt.% enriched fuel. Similar results were observed with the depleted 
uranium reflecting walls. 



 

C-15954 

15906…..…..…………………..…….……..……ID Number…………………..…..…………….15906 

Author: Bierman, S. R. 

Title: Existing Experimental Criticality Data Applicable to Nuclear-Fuel-Transportation Systems 

Date: 2/1/1983 

Report: PNL-4118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analytical techniques are generally relied upon in making criticality evaluations 
involving nuclear material outside reactors. For these evaluations to be accepted the calculations must be 
validated by comparison with experimental data for a known set of conditions having physical and neutronic 
characteristics similar to those conditions being evaluated analytically. The purpose of this report is to 
identify those existing experimental data that are suitable for use in verifying criticality calculations on 
nuclear fuel transportation systems. In addition, near term needs for additional data in this area are 
identified. of the considerable amount of criticality data currently existing, that are applicable to non-reactor 
systems, those particularly suitable for use in support of nuclear material transportation systems have been 
identified and catalogued into the following groups: (1) critical assemblies of fuel rods in water; (2) critical 
assemblies of fuel rods in water containing soluble neutron absorbers; (3) critical assemblies containing 
solid neutron absorber; (4) critical assemblies of fuel rods in water with heavy metal reflectors; and (5) 
critical assemblies of fuel rods in water with irregular features. A listing of the current near term needs for 
additional data in each of the groups has been developed for future use in planning criticality research in 
support of nuclear fuel transportation systems. The criticality experiments needed to provide these data are 
briefly described and identified according to priority and relative cost of performing the experiments. 
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15907…..…..…………………..…….……..……ID Number…………………..…..…………….15907 

Author: Gillings, J. C. / Murphy, B. L. / Corbit, C. D. / MacLellan, J. A. / Essig, T. H. / Higby, D. P. / 
Hooker, C. D. / Laughlin, G. J. / Stoetzel, G. A. / Swinth, K. L. 

Title: Characterization of Emergency Preparedness at DOE Contractor Facilities 

Date: 7/1/1984 

Report: PNL-4198 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study of emergency preparedness capabilities at DOE facilities was initiated 
following the incident at the Three Mile Island (TMI) Nuclear Power Station. It was designed to parallel 
but expand on a study on emergency preparedness instrumentation that was conducted in 1970 by Pacific 
Northwest Laboratory. The 1970 survey findings led to the publication of four reports on performance 
criteria for radiological emergency instrumentation. Three of these reports-BNWL-1635 (Selby et al. 1972), 
BNWL-1742 (Anderson et al. 1974) and BNWL-1857 (Andersen et al. 1976)-addressed the criteria for 
emergency instrumentation at reactors, mixed oxide fuel fabrication plants, and fuel reprocessing plants, 
respectively. The fourth report, BNWL-1991 (Bramson et al. 1976), addressed evaluation testing and 
calibration methodology for these instruments. This report is presented in three parts. Part One is a review 
of the BNWL documents to determine whether they are applicable to state-of-the-art instrument 
capabilities. The Appendix to Part One provides a comparison between the instrument performance criteria 
established in BNWL-1991 to applicable American National Standards Institute (ANSI) standards for 
portable survey and contamination meters, installed radiation and area monitors, effluent monitors, 
calibration 
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15908…..…..…………………..…….……..……ID Number…………………..…..…………….15908 

Author: Bair, W. J. 

Title: Pacific Northwest Laboratory Annual Report for 1982 to the DOE office of the Assistant Secretary 
for Environmental Protection, Safety and Emergency Preparedness. Part 5. Environmental and 
Occupational Protection, Assessment, and Engineering 

Date: 2/1/1983 

Report: PNL-4600-Pt.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Part 5 of the 1982 Annual Report to the Department of Energy's Office of 
Environmental Protection, Safety and Emergency Preparedness presents Pacific Northwest Laboratory's 
progress on work performed for the Office of Environmental Programs, Office of Operational Safety, and 
the Office of Nuclear Safety. The report is in three sections, introduced by blue divider pages, corresponding 
to the program elements Environmental and Safety Engineering, Operational and Environmental Safety. In 
each section, articles describe progress made during FY 1982 on individual projects, as identified by the 
Field Task Proposal/Agreement. Authors of these articles represent a broad spectrum of capabilities derived 
from various segments of the Laboratory, reflecting the interdisciplinary nature of the work. 
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15909…..…..…………………..…….……..……ID Number…………………..…..…………….15909 

Author: Clayton, E. D. 

Title: Assessment of Criticality Safety 

Date: 2/1/1983 

Report: PNL-4600-Pt.5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was undertaken to determine concerns and possible trends in nuclear 
criticality safety in DOE facilities. The information gathered from specialists in the field did not indicate 
that serious concerns or extends exist. The program was terminated before completion. 



 

C-15958 

15910…..…..…………………..…….……..……ID Number…………………..…..…………….15910 

Author: Bierman, S. R. / Murphy, E. S. / Clayton, E. D. / Keay, R. T. 

Title: Criticality Experiments with Low Enriched UO2 Fuel Rods in Water Containing Dissolved 
Gadolinium 

Date: 2/1/1984 

Report: PNL-4976 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results obtained in a criticality experiments program performed for British 
Nuclear Fuels, Ltd. (BNFL) under contract with the United States Department of Energy (USDOE) are 
presented in this report along with a complete description of the experiments. The experiments involved 
low enriched UO2 and PuO2-UO2 fuel rods in water containing dissolved gadolinium, and are in direct 
support of BNFL plans to use soluble compounds of the neutron poison gadolinium as a primary criticality 
safeguard in the reprocessing of low enriched nuclear fuels. The experiments were designed primarily to 
provide data for validating a calculation method being developed for BNFL design and safety assessments, 
and to obtain data for the use of gadolinium as a neutron poison in nuclear chemical plant operations - 
particularly fuel dissolution. The experiments program covers a wide range of neutron moderation (near 
optimum to very under-moderated) and a wide range of gadolinium concentration (zero to about 2.5 g Gd/l). 
The measurements provide critical and subcritical k(eff) data (1 greater than or equal to k(eff) greater than 
or equal to 0.87) on fuel-water assemblies of UO2 rods at two enrichments (2.35 wt% and 4.31 wt% 235U) 
and on mixed fuel-water assemblies of UO2 and PuO2-UO2 rods containing 4.31 wt% 235U and 2 wt% 
PuO2 in natural UO2 respectively. Critical size of the lattices was determined with water containing no 
gadolinium and with water containing dissolved gadolinium nitrate. Pulsed neutron source measurements 
were performed to determine subcritical k(eff) values as additional amounts of gadolinium were 
successively dissolved in the water of each critical assembly. Fission rate measurements in 235U using 
solid state track recorders were made in each of the three unpoisoned critical assemblies, and in the near-
optimum moderated and the close-packed poisoned assemblies of this fuel. 
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15911…..…..…………………..…….……..……ID Number…………………..…..…………….15911 

Author: Gore, B. F. / Strenge, D. L. / Mishima, J. 

Title: Consequence Analysis of a Hypothetical Contained Criticality Accident in the Hanford Critical Mass 
Laboratory 

Date: 12/1/1984 

Report: PNL-5331 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The original hazards summary report (i.e., SAR) for the CML addressed the 
consequences of a hypothetical accidental critical excursion occurring with the experimental assembly 
room open. That report indicated that the public would receive insignificant radiation exposure regardless 
of the type of atmospheric condition, while plant personnel could possibly receive exposures greater than 
the annual exposure limits for radiation workers, when a strong inversion existed. This analysis investigates 
the consequences of a hypothetical accident criticality occurring with the experimental assembly room 
sealed. Due to the containment capabilities designed and built into the critical assembly room, the 
consequences are greatly reduced below those presented in HW-66266. Despite the incorporation of many 
extremely conservative assumptions to simplify the analysis, the radiation doses predicted for personnel 
100 meters or more distant from the CML are found to be smaller than the annual radiation dose limit for 
members of the public in uncontrolled areas during routine, nonaccident operations. Therefore, the results 
of this analysis demonstrate that the occurrence of a hypothetical critical excursion within the sealed 
experimental assembly room at the Hanford Critical Mass Laboratory presents only a small, acceptable risk 
to personnel and facilities in the area and no additional safety systems or controls are needed for the 
continued safe operation of the CML. 11 references, 4 tables. 
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15912…..…..…………………..…….……..……ID Number…………………..…..…………….15912 

Author: Durst, B. M. / Clayton, E. D. / Smith, J. H. 

Title: Criticality Experiments with Planar Arrays of Three-Liter Bottles Containing Plutonium Nitrate 
Solutions 

Date: 1/1/1985 

Report: PNL-5387 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of these experiments was to provide benchmark data to validate 
calculational codes used in critically safety assessments of plant configurations. Arrays containing up to as 
many as sixteen three-liter bottles filled with plutonium nitrate were used in the experiments. A split-table 
device was used in the final assembly of the arrays. Ths planar arrays were reflected with close fitting 
Plexiglas on each side and on the bottom but not the top surface. The experiments addressed a number of 
factors effecting criticality: the critical air gap between bottles in an array of fixed number of bottles, the 
number of bottles required for criticality if the bottles were touching, and the effect on critical array spacing 
and critical bottle number due to the insertion of an hydrogenous substance into the air gap between bottles. 
Each bottle contained about 2.4l of Pu(NO3)4 solution at a Pu concentration of 105g Pu/l, with the 240Pu 
content being 2.9 wt% at a free acid molarity H{sup +} of 5.1. After the initial series of experiments were 
performed with bottles separated by air gaps, Plexiglas shells of varying thicknesses were placed around 
each bottle to investigate how moderation between bottles affects both the number of bottles required for 
criticality and the critical spacing between each bottle. The minimum of bottles required for criticality was 
found to be 10.9 bottles, occurring for a square array with bottles in contact. As the bottles were spaced 
apart, the critical number increased. For sixteen bottles in a square array, the critical separation between 
surfaces in both x and y direction was 0.96 cm. The addition of Plexiglas around each bottle decreased the 
critical bottle number, compared to those separated in air, but the critical bottle number, even with 
interstitial plastic in place was always greater than 10.9 bottles. The most reactive configuration was a 
tightly packed array of bottles with no intervening material. 
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15913…..…..…………………..…….……..……ID Number…………………..…..…………….15913 

Author: Lloyd, R. C. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Plutonium Fraction 
of 0.5 in Slab and Cylindrical Geometry 

Date: 12/1/1986 

Report: PNL-5768 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-025; A series of critical experiments was completed with mixed 
plutonium-uranium solutions having Pu/(Pu + U) ratios of approximately 0.5. These experiments were a 
part of the Criticality Data Development Program between the United States Department of Energy 
(USDOE), and the Power Reactor and Nuclear Fuel Development Corporation (PNC) of Japan. A complete 
description of, and data from, the experiments are included in this report. The experiments were performed 
with mixed plutonium-uranium solutions in cylindrical and slab geometries and included measurements 
with a water reflector, a concrete reflector, and without an added reflector. The concentration was varied 
from 112 to 332 g (Pu + U)/liter. The ratio of plutonium to total heavy metal (plutonium plus uranium) was 
52% for all experiments. 
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15914…..…..…………………..…….……..……ID Number…………………..…..…………….15914 

Author: Bierman, S. R. 

Title: Consolidated Fuel Reprocessing Program: Criticality Experiments with Fast Test Reactor Fuel Pins 
in an Organic Moderator 

Date: 12/1/1986 

Report: PNL-5803 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results obtained in a series of criticality experiments performed as part of a joint 
program on criticality data development between the United States Department of Energy and the Power 
Reactor and Nuclear Fuel Development Corporation of Japan are presented in this report along with a 
complete description of the experiments. The experiments involved lattices of Fast Test Reactor (FTR) fuel 
pins in an organic moderator mixture similar to that used in the solvent extraction stage of fuel reprocessing. 
The experiments are designed to provide data for direct comparison with previously performed 
experimental measurements with water moderated lattices of FTR fuel pins. The same lattice arrangements 
and FTR fuel pin types are used in these organic moderated experimental assemblies as were used in the 
water moderated experiments. The organic moderator is a mixture of 38 wt% tributylphosphate in a normal 
paraffin hydrocarbon mixture of C11H24 to C15H32 molecules. Critical sizes of 1054.8, 599.2, 301.8, 
199.5 and 165.3 fuel pins were obtained respectively for organic moderated lattices having 0.761 cm, 0.968 
cm, 1.242 cm, 1.537 cm and 1.935 cm square lattice pitches as compared to 1046.9, 571.9, 293.9, 199.7 
and 165.1 fuel pins for the same lattices water moderated. 
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15915…..…..…………………..…….……..……ID Number…………………..…..…………….15915 

Author: Lloyd, R. C. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Pu Fraction of 0.5 
in Annular Cylindrical Geometry 

Date: 4/1/1988 

Report: PNL-6119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-SOL-THERM-001, MIX-SOL-THERM-002 
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15916…..…..…………………..…….……..……ID Number…………………..…..…………….15916 

Author: Bierman, S. R. 

Title: Criticality Experiments to Provide Benchmark Data on Neutron Flux Traps 

Date: 6/1/1988 

Report: PNL-6205 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experimental measurements covered by this report were designed to provide 
benchmark type data on water moderated LWR type fuel arrays containing neutron flux traps. The 
experiments were performed at the US Department of Energy Hanford Critical Mass Laboratory, operated 
by Pacific Northwest Laboratory. The experimental assemblies consisted of 2 /times/ 2 arrays of 4.31 wt% 
235U enriched UO2 fuel rods, uniformly arranged in water on a 1.891 cm square center-to-center spacing. 
Neutron flux traps were created between the fuel units using metal plates containing varying amounts of 
boron. Measurements were made to determine the effect that boron loading and distance between the fuel 
and flux trap had on the amount of fuel required for criticality. Also, measurements were made, using the 
pulse neutron source technique, to determine the effect of boron loading on the effective neutron 
multiplications constant. On two assemblies, reaction rate measurements were made using solid state track 
recorders to determine absolute fission rates in 235U and 238U. LEU-COMP-THERM-001, LEU-COMP-
THERM-002, LEU-COMP-THERM-003, LEU-COMP-THERM-004, LEU-COMP-THERM-009, LEU-
COMP-THERM-010, LEU-COMP-THERM-012, LEU-COMP-THERM-013, LEU-COMP-THERM-014, 
LEU-COMP-THERM-017, LEU-COMP-THERM-042; 
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15917…..…..…………………..…….……..……ID Number…………………..…..…………….15917 

Author: Lloyd, R. C. / Bierman, S. R. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Pu Fraction of 0.2 
and 0.5 in Annular Cylindrical Geometry 

Date: 4/1/1988 

Report: PNL-6326 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-SOL-THERM-002 
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15918…..…..…………………..…….……..……ID Number…………………..…..…………….15918 

Author: Lloyd, R. C. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Plutonium Fraction 
of 0.4 in Slab and Cylindrical Geometry 

Date: 4/1/1988 

Report: PNL-6327 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-SOL-THERM-004, MIX-SOL-THERM-005, PU-SOL-THERM-018, PU-
SOL-THERM-024, PU-SOL-THERM-026, PU-SOL-THERM-025 
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Author: Lloyd, R. C. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Pu Fraction of 0.5 
in Slab and Cylindrical Geometry 

Date: 4/1/1988 

Report: PNL-6447 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Lloyd, R. C. 

Title: Criticality Experiments with Mixed Plutonium and Uranium Nitrate Solution at a Pu Fraction of 0.2 
and 1.0 in Annular Cylindrical Geometry 

Date: 4/1/1988 

Report: PNL-6451 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-SOL-THERM-001 
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15921…..…..…………………..…….……..……ID Number…………………..…..…………….15921 

Author: Lloyd, R. C. / Smolen, G. R. 

Title: Criticality Experiments with Mixed Oxide Fuel Pin Arrays in Plutonium-Uranium Nitrate Solution 

Date: 8/1/1988 

Report: PNL-6559 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-MISC-THERM-001; A series of critical experiments was completed with mixed 
plutonium-uranium solutions having a Pu/(Pu + U) ratio of approximately 0.22 in a boiler tube-type lattice 
assembly. These experiments were conducted as part of the Criticality Data Development Program between 
the United States Department of Energy (USDOE) and the Power Reactor and Nuclear Fuel Development 
Corporation (PNC) of Japan. A complete description of the experiments and data are included in this report. 
The experiments were performed with an array of mixed oxide fuel pins in aqueous plutonium-uranium 
solutions. The fuel pins were contained in a boiler tube-type tank and arranged in a 1.4 cm square pitch 
array which resembled cylindrical geometry. One experiment was performed with the fuel pins removed 
from the vessel. The experiments were performed with a water reflector. The concentration of the solutions 
in the boiler tube-type tank was varied from 4 to 468 g (Pu + U)/liter. The ratio of plutonium to total heavy 
metal (plutonium plus uranium) was approximately 0.22 for all experiments. 
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Author: Bierman, S. R. 

Title: Pulse Neutron Source Measurements Data--Mixed Plutonium and Uranium Nitrate Solution in 
Annular and Slab Geometry 

Date: 8/1/1988 

Report: PNL-6629 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-15971 

15923…..…..…………………..…….……..……ID Number…………………..…..…………….15923 

Author: Bierman, S. R. 

Title: Reactivity Measurements on an Experimental Assembly of 4.31 wt% 235U Enriched UO2 Fuel Rods 
Arranged in a Shipping Cask Geometry 

Date: 1/1/1989 

Report: PNL-6838 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A research program was initiated for the US Department of Energy (DOE) Sandia 
National Laboratory Transportation Systems Development Department in 1982 to provide benchmark type 
experimental criticality data in support of the design and safe operations of nuclear fuel transportation 
systems. The overall objective of the program is to identify and provide the experimental data needed to 
form a consistent, firm, and complete data base for verifying calculational models used in the criticality 
analyses of nuclear transport and related systems. A report, PNL-6205, issued in June 1988 (Bierman 1988) 
covered measurement results obtained from a series of experimental assemblies (TIC-1, 2, 3 and 4) 
involving neutron flux traps. The results obtained on a fifth experimental assembly (TIC-5), modeled after 
a calculational problem of the Organization for Economic Cooperation and Development (OECD) Nuclear 
Energy Agency (NEA) Committee on the Safety of Nuclear Installations (CSNI) Working Group, are 
covered in this report. 
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15924…..…..…………………..…….……..……ID Number…………………..…..…………….15924 

Author: Bierman, S. R. 

Title: Criticality Experiments with Neutron Flux Traps Containing Voids 

Date: 4/1/1990 

Report: PNL-7167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-009, LEU-COMP-THERM-010, LEU-COMP-THERM-014, 
LEU-COMP-THERM-042, LEU-COMP-THERM-001, LEU-COMP-THERM-002, LEU-COMP-
THERM-003, LEU-COMP-THERM-004, LEU-COMP-THERM-012, LEU-COMP-THERM-013, LEU-
COMP-THERM-016, LEU-COMP-THERM-017; A research program was initiated for the US Department 
of Energy (DOE) by the Sandia National Laboratory Transportation Systems Development Department in 
1982 to provide benchmark type experimental criticality data in support of the design and safe operations 
of nuclear fuel transportation systems. The overall objective of the program is to identify and provide the 
experimental data needed to form a consistent, firm, and complete data base for verifying calculational 
models used in the criticality analyses of nuclear transport and related systems 
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15925…..…..…………………..…….……..……ID Number…………………..…..…………….15925 

Author: Hilliard, D. K. / Kindle, C. H. 

Title: ISV Safety, Processing, and Starter Path Issues 

Date: 4/1/1991 

Report: PNL-7684 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Numerous experiments and studies related to safety concerns in the in situ 
vitrification (ISV) process have been conducted at Pacific Northwest Laboratory. Topics of interest include 
(1) combustible inclusions, (2) sealed containers, (3) radiant heat surge, (4) electrical shock, (5) general 
risk analysis, and (6) Pu criticality. The data and analyses are those used for the initial ISV development 
and subsequent improvement; the majority was performed in 1987 or earlier. The purpose of this report is 
to document these analyses for reference purposes; knowledge gained more recently is, or will be, 
incorporated in other documents. 
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Author: Merrill, B. J. / Demyer, J. J 

Title: Assessment of Critical Mass Laboratory Safeguards and Security Upgrades 

Date: 5/31/1985 

Report: PNL-D-405 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pacific Northwest Laboratory (PNL) conducted an evaluation of the safeguards and 
security systems at the Critical Mass Laboratory (CML) in February 1985, to identify appropriate upgrading 
actions necessary to ensure that effective and efficient systems consistent with DOE-RL policies, 
procedures, and site priorities are in place. Since that evaluation, there have been changes in Patrol 
contingency philosophy, response tactics, and distribution of manpower. Because of these changes, and at 
the request of DOE- RL, PNL has re-evaluated the safeguards and security systems in place at CML 
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15927…..…..…………………..…….……..……ID Number…………………..…..…………….15927 

Author: n. a. 

Title: Locations of Criticality Alarms and Nuclear Accident Dosimeters at Hanford 

Date: 8/1/1992 

Report: PNL-MA-583-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Hanford facilities that contain fissionable materials capable of achieving critical mass 
are monitored with nuclear accident dosimeters (NADS) in compliance with the requirements of DOE 
Order 5480.11, Chapter XI, Section 4.c. (DOE 1988). The US Department of Energy (DOE) Richland Field 
Office (RL) has assigned the responsibility for maintaining and evaluating the Hanford NAD system to the 
Instrumentation and External Dosimetry (I ED) Section of Pacific Northwest Laboratory’s (PNL’s) Health 
Physics Department. This manual provides a description of the Hanford NAD, criteria and instructions for 
proper NAD placement, and the locations of these dosimeters onsite. 
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Author: Libby, R. A. / Clayton, E. D. 

Title: Nuclear Criticality of Heterogeneous Mixed-Oxide Systems 

Date: 1/1/1981 

Report: PNL-SA-10126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An existing American National Standard, ANSI/ANS-.12-1978 provides guidance 
for nuclear criticality control and safety of homogeneous plutonium-uranium fuel mixtures outside reactors. 
Critical dimensions for heterogeneous systems, however, will differ significantly from those of 
homogeneous systems, and the effect of higher isotopes of Pu also will differ due to self-shielding effects 
in the lattice (heterogeneous) systems. Therefore, data are required for criticality control of heterogeneous 
systems of mixed oxide fuels and Work Group ANS 8.12.1 of Subcommittee 8 of the American Nuclear 
Society Standards Committee was formed to provide this data. In connection with these activities, some 
data were previously reported on critical dimensions for arrays of (U, PUO2 rods in water. Since that 
information was presented, calculations have been extended to include the effects of higher isotopes of Pu, 
i.e., 240Pu and 241Pu, on the criticality of heterogeneous mixed oxide systems and a number of additional 
lattice benchmarks have been calculated as validation of the methods used. The results of these calculations 
are presented and discussed and compliment the data already available on homogeneous systems. 
Calculations were made with three different compositions of mixed oxides, 3 wt% Pu, 15 wt% Pu and 
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Title: Criticality-Experiment Program in Support of Nuclear Materials Transportation Systems 

Date: 5/1/1983 

Report: PNL-SA-10812 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To assure that criticality considerations are properly accounted for in the design and 
operations of such systems, the Transportation Technology Center (TTC) at the Sandia National Laboratory 
has begun funding a research task to establish a consistent, firm, and complete experimental data for 
verifying and standardizing calculational models used in criticality safety analyses of transportation and 
storage systems. As an initial step in establishing a firm data base, the existing experimental criticality data 
considered applicable to nuclear fuel transportation and storage systems were identified and a list of near 
term needs for additional data was established. Although a considerable amount of criticality data was found 
to exist in support of various aspects of the fuel cycle, very little was found suitable for validating 
calculations on transportation or storage systems. 
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Conference/Journal:  
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Abstract/Keyterms: Nuclear Facilities containing fissionable material generally require a comprehensive 
safety analysis. The risk as a function of the probability and consequence must be determined for accident 
scenarios. This paper discusses methodology for conducting such risk assessments and establishing criteria 
for evaluating the acceptability of these risks. Accidental criticality is used as an example. 
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Title: Use of Radiological Accident Experience in Establishing Appropriate Perspectives in Emergency 
Planning 

Date: 6/1/1986 

Report: PNL-SA-13871; CONF-8609147-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities including Windscale, SL-1, the Recuplex criticality, the Wood 
River Junction criticality, the Browns Ferry fire, Three Mile Island, and Chernobyl. These accidents are 
described, and their consequences are evaluated. The information obtained from these evaluations may be 
useful for inclusion in nuclear plant operating and testing procedures.. 
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Title: Comparison of Burnup Measurement Techniques 

Date: 7/1/1991 

Report: PNL-SA-19698 

Conference/Journal: Institute of Nuclear Materials Management (INMM) annual meeting, New Orleans, 
LA (United States), 28-31 Jul 1991 

Conference Session:  

Abstract/Keyterms: The use of burnup in the criticality analyses of spent reactor fuel transport systems is 
being pursued as part of the United States Department of Energy`s from-reactor cask development program. 
Part of this effort is concerned with defining the need and identifying techniques for verifying that the 
classification of current and future spent reactor fuel elements scheduled for shipment to an away-from-
reactor site is consistent with the original discharge data for that fuel. Measurement techniques that could 
be used for verifying such consistency are briefly described in this paper along with some proof-of-principle 
measurement result. The need for such measurements is also addressed and guideline recommendations 
made for demonstration measurements. 
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Conference Session:  

Abstract/Keyterms: This report discusses treatment of mixed wastes which is thought to be more 
complicated than treatment of either hazardous or radioactive wastes. In fact, the treatment itself is no more 
complicated: however, the regulations that define acceptability of the final waste disposal system are 
significantly more entangled, and sometimes in apparent conflict. This session explores the factors that 
influence the choice of waste treatment technologies, and expands on some of the limitations to their 
application. The objective of the presentation is to describe the technical factors that influence potential 
treatment processes and the ramifications associated with particular selections (for example, the generation 
of secondary waste streams). These collectively provide a framework for making informed treatment 
process selections 
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Report: PNL-SA-23793, CONF-940225-107 
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Conference Session:  

Abstract/Keyterms: Nuclear Facilities Safety Board (DNFSB finding 93-05) and related direction from 
the US Department of Energy (DOE), Westinghouse Hanford Company, assisted by Pacific Northwest 
Laboratory, designed a measurements-based screening program to screen all single-shell tanks for all of 
these issues. This program, designated the Tank Safety Screening Module (TSSM), consists of a regime of 
core, supernatant, and auger samples and associated analytical measurements intended to make first-order 
discriminations of the safety status on a tank-by-tank basis. The TSSM combines limited tank sampling and 
analysis with monitoring and tank history to provide an enhanced measurement-based categorization of the 
tanks relative to the safety issues. This program will be implemented beginning in fiscal year (FY) 1994 
and supplemented by more detailed characterization studies designed to support safety issue resolution. 
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Conference/Journal: Health Physics Society annual meeting, San Francisco, CA (United States), 27-30 
Jun 1994 

Conference Session:  

Abstract/Keyterms: Radiation doses to workers at the Manhattan Engineer District (MED) and US Atomic 
Energy Commission (AEC) sites due to external irradiation during 1940--1960 are reviewed. Categorized 
radiation dose data were available from AEC annual reports for some years. Annual individual radiation 
dose data for ten MED/AEC sites for all years were available from the US Department of Energy's (DOE) 
Comprehensive Epidemiologic Data Resource (CEDR). These data are combined to produce an estimate 
of external collective dose equivalent to 172,000 person-rems (1720 person-Sv) for 1940--1960. During 
this period there were 41 overexposures, 19 criticality incidents, and 3 deaths due to acute radiation 
syndrome among several hundred thousand workers. 



 

C-15984 

15936…..…..…………………..…….……..……ID Number…………………..…..…………….15936 

Author: Clayton, E. D. 

Title: Anomalies of Nuclear Criticality 

Date: 6/1/1979 

Report: PNL-SA-4868-Rev.5; CONF-791103-114-Rev.5 
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Abstract/Keyterms: During the development of nuclear energy, a number of apparent anomalies have 
become evident in nuclear criticality. Some of these have appeared in the open literature and some have 
not. Yet, a naive extrapolation or application of existing data, without knowledge of the anomalies, could 
lead to potentially serious consequences. This report discusses several of these anomalies. 
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Date: 5/1/1979 
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Abstract/Keyterms: The critical experiments reported provide data for the effect of a soluble neutron 
absorber (cadmium nitrate) on the criticality of high-enriched uranium nitrate solution. These data can be 
used in criticality control and for validation of calculational methods. The experiments were performed 
with cylindrical vessels of two different diameters, 241.8 and 291.6 mm. Cadmium concentrations used in 
the high-enriched uranium solution ranged up to -- 11 gCd/iota. The vessels were reflected with water, and 
in some cases with water containing dissolved cadmium nitrate. The cadmium was found to be an effective 
neutron absorber when dissolved in the solution. 
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Abstract/Keyterms: Two factors important to the criticality potential of spent fuel in geologic repositories 
are the extent to which geochemical processes might somehow separate and accumulate plutonium from 
other spent fuel materials. This paper presents the results of two calculational surveys defining conditions 
required for criticality. In the first, homogeneous spherical mixtures of spent fuel actinide oxides and water 
with water reflection are analyzed. Graphs of minimum critical mass vs duration of in-reactor exposure are 
presented. Parametric variations from a base case are explored, including the effects of initial enrichment, 
post exposure radioactive decay and addition of rock materials to the mixture. In the second study, 
homogeneous spherical mixtures devoid of water, containing plutonium and a neutronically optimized rock 
material, with a thick rock neutron reflector are analyzed. Graphs of Pu critical mass are presented as a 
function of concentration over the range from 2 to 100 g Pu/l. Parametric variations from a base case are 
explored, including effects of rock composition, 240Pu content and uranium contamination of the 
plutonium. 
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Title: Plans and Equipment for Criticality Measurements on Plutonium-Uranium Nitrate Solutions 

Date: 1/1/1982 
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Abstract/Keyterms: Data from critical experiments are required on the criticality of plutonium-uranium 
nitrate solutions to accurately establish criticality control limits for use in processing and handling of 
breeder type fuels. Since the fuel must be processed both safely and economically, it is necessary that 
criticality considerations be based on accurate experimental data. Previous experiments have been reported 
on plutonium-uranium solutions with Pu weight ratios extending up to some 38 wt %. No data have been 
presented, however, for plutonium-uranium nitrate solutions beyond this Pu weight ratio. The current 
research emphasis on the procurement of criticality data for plutonium-uranium mixtures up to 60 wt% Pu 
that will serve as the basis for handling criticality problems subsequently encountered in the development 
of technology for the breeder community. Such data also will provide necessary benchmarks for data testing 
and analysis on integral criticality experiments for verification of the analytical techniques used in support 
of criticality control. Experiments are currently being performed with plutonium-uranium nitrate solutions 
in stainless steel cylindrical vessels and an expandable slab tank system. A schematic of the experimental 
systems is presented. 
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Abstract/Keyterms: Methods of calculating quality factors for monoenergetic neutrons, doses and dose 
equivalents produced in a tissue phantom by monoenergetic neutrons, and neutron activation of sodium in 
phantoms and the human body are presented. A manual of dosimetry for criticality accidents is also 
described. 
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Title: Determination of the Radioactive Material and Plutonium Holdup in Ducts and Piping in the 324 
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Abstract/Keyterms: This report describes the measurements Performed to determine the radionuclide 
content and mass of plutonium in exposed ducts, filters, and piping in the 324 Building at the US 
Department of Energy Hanford Site in Washington State. This information is needed to characterize facility 
radiation levels, to verify compliance with criticality safety specifications, and to allow more accurate 
nuclear material control using nondestructive assay (NDA) methods. Gamma assay techniques typically 
employed for NDA analysis were used to determine the gamma-emitting isotopes in the ducts, filters, and 
piping. Passive neutron counting was selected to estimate -the plutonium content because high gamma 
levels from fission and activation products effectively mask any gamma emissions from plutonium. A high-
purity gamma-ray detector Was used to measure the mixed fission and activation radionuclides. A neutron 
slab detector containing five3He proportional counters was used to determine the neutron emission rates 
and estimate the mass of plutonium present. Both measurement systems followed the methods and 
procedures routinely used for nuclear waste assay and safeguards measurements. 
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Abstract/Keyterms: This document contains the results of calculations to estimate the decay heat, neutron 
source term, photon source term, and radioactive inventory of light-water-reactor spent nuclear fuel in the 
324 Building at Pacific Northwest National Laboratory. 
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Abstract/Keyterms: This report describes the measurements performed to determine the radionuclide 
content and mass of Pu in exposed ducts, filters, and piping in the 325 Building at the Hanford Site. This 
information is needed to characterize facility radiation levels, to verify compliance with criticality safety 
specifications, and to allow more accurate nuclear material control using nondestructive assay. Gamma 
assay was used to determine the gamma-emitting isotopes in ducts, filters, and piping. Passive neutron 
counting was used to estimate the Pu content. A high-purity Ge detector and a neutron slab detector 
containing 5 3He proportional counters were used. Almost all the gamma activity is from 137Cs and 60Co. 
Estimated Pu mass gram equivalents in the basement ductwork and filters are 31 g; the radioactive liquid 
waste system (RLWS) line has 12 g; the laboratory vacuum system has 2 g equiv. Pu; the retention process 
sewer has 3 g. Total Pu mass holdup for basement areas range from 48 to 27 g. Estimated Pu mass gram 
equivalents for all laboratories range from 385 to 581 g. Individual laboratory estimates are tabulated. Total 
estimated Pu gram equivalent holdup and material in process for the facility is 410 g. In summary, results 
indicate that no significant Pu levels, from a criticality safety perspective, reside in the ductwork, laboratory 
vacuum system lines, RLWS pipes, or any one laboratory in the 325 Building. 
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Abstract/Keyterms: Tank 241-AZ-101 (AZ-101) is one of 28 double-shell tanks located in the AZ farm 
in the Hanford Site’s 200 East Area. The tank contains a significant quantity of fissile materials, including 
an estimated 9.782 kg of plutonium. Before beginning jet pump mixing for mitigative purposes, the 
operations must be evaluated to demonstrate that they will be subcritical under both normal and credible 
abnormal conditions. The main objective of this study was to address a concern about whether two 300-hp 
pumps with four rotating 18.3-m/s (60-ft/s) jets can concentrate plutonium in their pump housings during 
mixer pump operation and cause a criticality. The three-dimensional simulation was performed with the 
time-varying TEMPEST code to determine how much the pump jet mixing of Tank AZ-101 will 
concentrate plutonium in the pump housing. The AZ-101 model predicted that the total amount of 
plutonium within the pump housing peaks at 75 g at 10 simulation seconds and decreases to less than 10 g 
at four minutes. The plutonium concentration in the entire pump housing peaks at 0.60 g/L at 10 simulation 
seconds and is reduced to below 0.1 g/L after four minutes. Since the minimum critical concentration of 
plutonium is 2.6 g/L, and the minimum critical plutonium mass under idealized plutonium-water conditions 
is 520 g, these predicted maximums in the pump housing are much lower than the minimum plutonium 
conditions needed to reach a criticality level. The initial plutonium maximum of 1.88 g/L still results in 
safety factor of 4.3 in the pump housing during the pump jet mixing operation. 



 

C-15994 

15946…..…..…………………..…….……..……ID Number…………………..…..…………….15946 

Author: Doherty, A. L. / Doctor, P. G. / Felmy, A. R. / Prichard, A. W. / Serne, R. J. 

Title: Characterization Strategy Report for the Criticality Safety Issue 

Date: 6/1/1997 

Report: PNNL-11532 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: High-level radioactive waste from nuclear fuels processing is stored in underground 
waste storage tanks located in the tank farms on the Hanford Site. Waste in tank storage contains low 
concentrations of fissile isotopes, primarily U-235 and Pu-239. The composition and the distribution of the 
waste components within the storage environment is highly complex and not subject to easy investigation. 
An important safety concern is the preclusion of a self-sustaining neutron chain reaction, also known as a 
nuclear criticality. A thorough technical evaluation of processes, phenomena, and conditions is required to 
make sure that subcriticality will be ensured for both current and future tank operations. Subcriticality limits 
must be based on considerations of tank processes and take into account all chemical and geometrical 
phenomena that are occurring in the tanks. The important chemical and physical phenomena are those 
capable of influencing the mixing of fissile material and neutron absorbers such that the degree of 
subcriticality could be adversely impacted. This report describes a logical approach to resolving the 
criticality safety issues in the Hanford waste tanks. The approach uses a structured logic diagram (SLD) to 
identify the characterization needed to quantify risk. The scope of this section of the report is limited to 
those branches of logic needed to quantify the risk associated with a criticality event occurring. The process 
is linked to a conceptual model that depicts key modes of failure which are linked to the SLD. Data that are 
needed include adequate knowledge of the chemical and geometric form of the materials of interest. This 
information is used to determine how much energy the waste would release in the various domains of the 
tank, the toxicity of the region associated with a criticality event, and the probability of the initiating 
criticality event. 
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Abstract/Keyterms: Fourteen non-reactor nuclear criticality accidents that occurred in Russia between 
1953 and 1997 are described. These accidents are significant because of the loss of control of special nuclear 
material and the resultant radiation doses to personnel, potential damage to equipment, and release of 
radioactive material to the workplace and the environment. A qualitative analysis of the causes and 
contributing factors to these accidents is presented along with a description of the radiation health effects 
to workers. The primary cause of most of these accidents was inadequate design that allowed the use of 
process equipment that did not preclude nuclear criticality on the basis of geometry. Personnel errors and 
violations of procedures were major contributing factors to these accidents. 
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Abstract/Keyterms: The polycubes stored at the Hanford Plutonium Finishing Plant (PFP) have been 
identified in a Vulnerability Assessment as material that requires a stabilization process in support of the 
Defense Nuclear Facility Safety Board Recommendation 94-1. The baseline plan involves a pyrolysis 
process to separate out the plutonium and uranium oxides before the remaining material is packaged for 
interim storage, in accordance with the Record of Decision (ROD), issued June 25, 1996, for the Plutonium 
Finishing Plant Stabilization Final Environmental Impact Statement, DOE/EIS-0244-F. The polycubes 
were manufactured at Hanford in the 1960s for use in criticality studies to determine the hydrogen-to-fissile 
atom ratios for neutron moderation. A mixture of plutonium and/or uranium oxides and a polystyrene (vinyl 
benzene) matrix, cast into the shape of cubes, the polycubes simulated solutions containing high 
concentrations of fissile materials. The polycubes varied in size, typically 1/2x2x2 in. up to 2x2x2 in., and 
were sealed with a coating of aluminum paint and/or tape (PVC or Shurtape). The estimated 1, 600 
polycubes (calculated 179, 165 grams net weight) stored at PFP were packed in vented food cans with five 
to eight cubes per can to accommodate gas generation by radiolysis. Some polycube containers are 
suspected to contain loose material as well, left over from the forming process. With a fairly high240Pu 
content, polycubes present a challenge for handling, as a result of the 7 to 8 R contact dose rate. Significant 
hazards linked to unstabilized polycubes are associated with the polystyrene matrix, which generates 
hydrogen gas due to radiolysis. In addition, some cans of polycubes may contain fines. Because of 
insufficient data, hazards associated with the fines have not been assessed. 
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Abstract/Keyterms: The radiation-damaged polystyrene material (“polycube”) used in this study was 
synthesized by mixing a high-density polystyrene (“Dylene Fines No. 100”) with plutonium and uranium 
oxides. The polycubes were used on the Hanford Site in the 1960s for criticality studies to determine the 
hydrogen-to-fissile atom ratios for neutron moderation during processing of spent nuclear fuel. Upon 
completion of the studies, two methods were developed to reclaim the transuranic (TRU) oxides from the 
polymer matrix: (1) burning the polycubes in air at 873 K; and (2) heating the polycubes in the absence of 
oxygen and scrubbing the released monomer and other volatile organics using carbon tetrachloride. Neither 
of these methods was satisfactory in separating the TRU oxides from the polystyrene. Consequently, the 
remaining polycubes were sent to the Hanford Plutonium Finishing Plant (PFP) for storage. Over time, the 
high dose of alpha and gamma radiation has resulted in a polystyrene matrix that is highly cross-linked 
and... 
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Abstract/Keyterms: Authentication is how we establish trust in monitoring systems and measurements to 
verify compliance with, for example, the storage of nuclear weapons material. Authentication helps assure 
the monitoring party that accurate and reliable information is provided by any measurement system and 
that any irregularities are detected. The U.S. is developing its point of view on the procedures for 
authentication of monitoring systems now planned or contemplated for arms reduction and control 
applications. The authentication of a system utilizes a set of approaches, including: functional testing using 
trusted calibration sources, evaluation of documentation, evaluation of software, evaluation of hardware, 
random selection of hardware and software, tamper-indicating devices, and operational procedures. 
Authentication of measurement systems should occur throughout their lifecycles, starting with the elements 
of design, and moving to off-site authentication, on-siste authentication, and continuing with authentication 
following repair. The most important of these is the initial design of systems. Hardware and software design 
criteria and procurement decisions can make future authentication relatively straightforward or conversely 
very difficult. Facility decisions can likewise ease the procedures for authentication since reliable and 
effective monitoring systems and tampering indicating devices can help provide the assurance needed in 
the integrity of such items as measurement systems, spare equipment, and reference sources. This paper 
will summarize the results of the U.S. Authentication Task Force discussion on the role of procedures in 
authentication. 
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Date: 3/12/2007 

Report: PNNL-15750 Rev. 0.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Hanford External Dosimetry Technical Basis Manual PNL-MA-842 documents 
the design and implementation of the external dosimetry system used at Hanford. The manual describes the 
dosimeter design, processing protocols, dose calculation methodology, radiation fields encountered, 
dosimeter response characteristics, limitations of dosimeter design under field conditions, and makes 
recommendations for effective use of the dosimeters in the field. The manual describes the technical basis 
for the dosimetry system in a manner intended to help ensure defensibility of the dose of record at Hanford 
and to demonstrate compliance with 10 CFR 835, DOELAP, DOE-RL, ORP, PNSO, and Hanford 
contractor requirements. The dosimetry system is operated by PNNL’s Hanford External Dosimetry 
Program (HEDP) which provides dosimetry services to all Hanford contractors. The primary users of this 
manual are DOE and DOE contractors at Hanford using the dosimetry services of PNNL. Development and 
maintenance of this manual is funded directly by DOE and DOE contractors. Its contents have been 
reviewed and approved by DOE and DOE contractors at Hanford through the Hanford Personnel Dosimetry 
Advisory Committee (HPDAC) which is chartered and chaired by DOE-RL and serves as means of 
coordinating dosimetry practices across contractors at Hanford. This manual was established in 1996. Since 
inception, it has been revised many times and maintained by PNNL as a controlled document with 
controlled distribution. Rev. 0 marks the first revision to be released through PNNL’s Electronic Records 
& Information Capture Architecture (ERICA) database. Revision numbers that are whole numbers reflect 
major revisions typically involving changes to all chapters in the document. Revision numbers that include 
a decimal fraction reflect minor revisions, usually restricted to selected chapters or selected pages in the 
document. Revision Log: Rev. 0 (2/25/2005) Major revision and expansion. Rev. 0.1 (3/12/2007) Minor 
revision. Updated Chapters 5, 6 and 9 to reflect change in default ring calibration factor used in HEDP dose 
calculation software. Factor changed from 1.5 to 2.0 beginning January 1, 2007. Pages on which changes 
were made are as follows: 5.23, 5.69, 5.78, 5.80, 5.82, 6.3, 6.5, 6.29, 9.2. 
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Abstract/Keyterms: Introduction Meaningful simulations of radiation transport applications require 
realistic definitions of material composition and densities. When seeking that information for applications 
in fields such as homeland security, radiation shielding and protection, and criticality safety, researchers 
usually encounter a variety of materials for which elemental compositions are not readily available or 
densities are not defined. Publication of the Compendium of Material Composition Data for Radiation 
Transport Modeling, Revision 0, in 2006 was the first step toward mitigating this problem. Revision 0 of 
this document listed 121 materials, selected mostly from the combined personal libraries of staff at the 
Pacific Northwest National Laboratory (PNNL), and thus had a scope that was recognized at the time to be 
limited. Nevertheless, its creation did provide a well-referenced source of some unique or hard-to-define 
material data in a format that could be used directly in radiation transport calculations being performed at 
PNNL. Moreover, having a single common set of material definitions also helped to standardize at least 
one aspect of the various modeling efforts across the laboratory by providing separate researchers the ability 
to compare different model results using a common basis of materials. The authors of the 2006 compendium 
understood that, depending on its use and feedback, the compendium would need to be revised to correct 
errors or inconsistencies in the data for the original 121 materials, as well as to increase (per users 
suggestions) the number of materials listed. This 2010 revision of the compendium has accomplished both 
of those objectives. The most obvious change is the increased number of materials from 121 to 372. The 
not-so-obvious change is the mechanism used to produce the data listed here. The data listed in the 2006 
document were compiled, evaluated, entered, and error-checked by a group of individuals essentially by 
hand, providing no library file or mechanism for revising the data in a consistent and traceable manner. The 
authors of this revision have addressed that problem by first compiling all of the information (i.e., numbers 
and references) for all the materials into a single database, maintained at PNNL, that was then used as the 
basis for this document. 



 

C-16001 

15953…..…..…………………..…….……..……ID Number…………………..…..…………….15953 

Author: Greenfield, Bryce A. 

Title: Master’s Thesis- Criticality Alarm System Design Guide with Accompanying Alarm System 
Development for the Radioisotope Production Laboratory in Richland, Washington 

Date: 12/20/2009 

Report: PNNL-18348 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A detailed instructional manual was created to guide criticality safety engineers 
through the process of designing a criticality alarm system (CAS) for Department of Energy (DOE) hazard 
class 1 and 2 facilities. Regulatory and technical requirements were both addressed. A list of design tasks 
and technical subtasks are thoroughly analyzed to provide concise direction for how to complete the 
analysis. An example of the application of the design methodology, the Criticality Alarm System developed 
for the Radioisotope Production Laboratory (RPL) of Richland, Washington is also included. The analysis 
for RPL utilizes the Monte Carlo code MCNP5 for establishing detector coverage in the facility. Significant 
improvements to the existing CAS were made that increase the reliability, transparency, and coverage of 
the system 
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15954…..…..…………………..…….……..……ID Number…………………..…..…………….15954 

Author: Clayton, E. D. / Prichard, Andrew W. / Durst, Bonita E. / Erickson, David / Puigh, Raymond J. 

Title: Anomalies of Nuclear Criticality, Revision 6 

Date: 2/19/2010 

Report: PNNL-19176 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is revision 6 of the Anomalies of Nuclear Criticality. This report is 
required reading for the training of criticality professionals in many organizations both nationally and 
internationally. This report describes many different classes of nuclear criticality anomalies that are 
different than expected. 
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15955…..…..…………………..…….……..……ID Number…………………..…..…………….15955 

Author: Hill, Robin L. / Conrady, Matthew M. 

Title: PNNL Results from 2009 Silene Criticality Accident Dosimeter Intercomparison Exercise 

Date: 6/30/2010 

Report: PNNL-19503 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document reports the results of testing of the Hanford Personnel Nuclear 
Accident Dosimeter (PNAD) during a criticality accident dosimeter intercomparison exercise at the CEA 
Valduc Center on October 13, 14, and 15, 2009. 
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15956…..…..…………………..…….……..……ID Number…………………..…..…………….15956 

Author: Delegard, Calvin H. 

Title: Ostwald Ripening and its Effect on PuO2 Particle Size in Hanford Tank Waste 

Date: 9/28/2007 

Report: PNNL-20747 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Between 1944 and 1989, the Hanford Site produced 60 percent (54.5 metric tons) of 
the United States weapons plutonium and produced an additional 12.9 metric tons of fuels-grade plutonium. 
High activity wastes, including plutonium lost from the separations processes used to isolate the plutonium, 
were discharged to underground storage tanks during these operations. Plutonium in the Hanford tank farms 
is estimated to be {approx}700 kg but may be up to {approx}1000 kg. Despite these apparent large 
quantities, the average plutonium concentration in the {approx}200 million liter tank waste volume is only 
about 0.003 grams per liter ({approx}0.0002 wt%). The plutonium is largely associated with low solubility 
metal hydroxide/oxide sludges where its low concentration and intimate mixture with neutron-absorbing 
elements (e.g., iron) are credited in nuclear criticality safety. However, concerns have been expressed that 
plutonium, in the form of plutonium hydrous oxide, PuO2 {center_dot} xH2O, could undergo sufficient 
crystal growth through Ostwald ripening in the alkaline tank waste to potentially be separable from neutron 
absorbing constituents by settling or sedimentation. It was found that plutonium that entered the alkaline 
tank waste by precipitation through neutralization from acid solution is initially present as 2- to 3-nm 
(0.002- to 0.003-{mu}m) scale PuO2 {center_dot} xH2O crystallite particles and grows from that point at 
exceedingly slow rates, posing no risk to physical segregation. These conclusions are reached by both 
general considerations of Ostwald ripening and specific observations of the behaviors of PuO2 and PuO2 
{center_dot} xH2O upon aging in alkaline solution. 
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15957…..…..…………………..…….……..……ID Number…………………..…..…………….15957 

Author: Hill, Robin L. / Conrady, Matthew M. 

Title: PNNL Results from 2010 CALIBAN Criticality Accident Dosimeter Intercomparison Exercise 

Date: 10/28/2011 

Report: PNNL-20880 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document reports the results of the Hanford personnel nuclear accident 
dosimeter (PNAD) and fixed nuclear accident dosimeter (FNAD) during a criticality accident dosimeter 
intercomparison exercise at the CEA Valduc Center on September 20-23, 2010. Pacific Northwest National 
Laboratory (PNNL) participated in a criticality accident dosimeter intercomparison exercise at the 
Commissariat a Energie Atomique (CEA) Valduc Center near Dijon, France on September 20-23, 2010. 
The intercomparison exercise was funded by the U.S. Department of Energy, Nuclear Criticality Safety 
Program, with Lawrence Livermore National Laboratory as the lead Laboratory. PNNL was one of six 
invited DOE Laboratory participants. The other participating Laboratories were: Lawrence Livermore 
National Laboratory (LLNL), Los Alamos National Laboratory (LANL), Savannah River Site (SRS), the 
Y-12 National Security Complex at Oak Ridge, and Sandia National Laboratory (SNL). The goals of 
PNNL's participation in the intercomparison exercise were to test and validate the procedures and algorithm 
currently used for the Hanford personnel nuclear accident dosimeters (PNADs) on the metallic reactor, 
CALIBAN, to test exposures to PNADs from the side and from behind a phantom, and to test PNADs that 
were taken from a historical batch of Hanford PNADs that had varying degrees of degradation of the bare 
indium foil. Similar testing of the PNADs was done on the Valduc SILENE test reactor in 2009 (Hill and 
Conrady, 2010). The CALIBAN results are reported here. 
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15958…..…..…………………..…….……..……ID Number…………………..…..…………….15958 

Author: Gesh, Christopher J. / Schwarz, Randolph A. 

Title: Fission Source Visualization for Criticality Problems Using Collision Density Plots 

Date: 4/1/2002 

Report: PNNL-SA-36073 

Conference/Journal: 12th Biennial Radiation Protection and Shielding Division Topical Meeting, April 
14-18, 2002, Santa Fe, New Mexico 

Conference Session:  

Abstract/Keyterms: When performing a Monte Carlo criticality calculation, it is essential to ensure that 
the fission source is adequately sampled. This particularly important when only a few, user selected source 
points are used to initiate a calculation. For many problems, however, this approach can result in extremely 
slow source convergence rates that may not be easily observed by the user. For example, problems with 
fissionable material regions that are extremely long and narrow, or problems with multiple fissionable 
material regions separated by large distances can present serious source convergence challenges. In general, 
results from calculations with poorly converged fission sources will be incorrect, so it is important to 
recognize when this occurs. One way to better understand how the source points are created from generation 
to generation is to use the KCODE particle plotting technique available in the MCNP Visual Editor. By 
plotting the source generation points for different cycles, the propagation of particles can be observed to 
help verify that the fissionable material regions are being adequately sampled. In this paper we discuss the 
generation of particle density plots in the MCNP Visual Editor and present several examples of their 
usefulness. 
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15959…..…..…………………..…….……..……ID Number…………………..…..…………….15959 

Author: Bryan, Samuel A. / Levitskaia, Tatiana G. 

Title: Monitoring and Control of Urex Radiochemical Processes 

Date: 9/1/2007 

Report: PNNL-SA-56050 

Conference/Journal: Global 2007: Advanced Nuclear FUel Cycles and Systems, September 9-13, 2007, 
Boise, ID, 176-179 

Conference Session:  

Abstract/Keyterms: There is urgent need for methods to provide on-line monitoring and control of the 
radiochemical processes that are currently being developed and demonstrated under the Global Nuclear 
Energy Partnership (GNEP) initiative. The methods used to monitor these processes must be robust (require 
little or no maintenance) and must be able to withstand harsh environments (e.g., high radiation fields and 
aggressive chemical matrices). The ability for continuous online monitoring allows the following benefits: 
• Accountability of the fissile materials; • Control of the process flowsheet; • Information on flow 
parameters, solution composition, and chemical speciation; • Enhanced performance by eliminating the 
need for traditional analytical “grab samples”; • Improvement of operational and criticality safety; • 
Elimination of human error. The objective of our project is to use a system of flow, chemical composition, 
and physical property measurement techniques for developing on-line real-time monitoring systems for the 
UREX process streams. We will use our past experience in adapting and deploying Raman spectrometer 
combined with Coriolis meters and conductivity probes in developing a deployable prototype monitor for 
the UREX radiochemical streams. This system will be augmented with UV-vis-NIR spectrophotomter. 
Flow, temperature, density, and chemical composition and concentration measurements will be combined 
for real-time data analysis during processing. Currently emphasis of our research is placed on evaluation of 
the commercial instrumentation for the UREX flowsheet. 
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15960…..…..…………………..…….……..……ID Number…………………..…..…………….15960 

Author: Berg, Randal K. / Brackenbush, L. W. / Haggard, Daniel L. / Hilliard, James R. / Mapili, Gabriel 
M. / Mozhayev, Andrey V. / Tanner, Jennifer E. / Tomeraasen, Paul L. 

Title: Plutonium Hold-up Measurements at Pacific Northwest National Laboratory 

Date: 6/17/2008 

Report: PNNL-SA-60909 

Conference/Journal: 49th Annual Meeting of the Institute of Nuclear Materials Management, July 13-
17, 2008, Nashville, Tennessee 

Conference Session:  

Abstract/Keyterms: Estimation of plutonium quantities contained in various process equipment is 
necessary to comply with criticality, safeguards and safety basis requirements during operation and 
decommissioning of nuclear facilities. Pacific Northwest National Laboratory (PNNL) gained extensive 
experience performing plutonium holdup measurements at various nuclear facilities over the past two 
decades. Both neutron and gamma techniques are used for the determination of plutonium quantities in the 
presence of other radioactive materials such as fission and activation products. An additional challenge is 
to perform such measurements at locations surrounded by materials in process and sealed sources when a 
facility is in operations mode. The neutron slab counter is calibrated for measurements of various sized 
objects at different distances. The measurement technique that is utilized accounts for the interferences 
from these background sources. Using a high purity germanium detector provides the capability to 
distinguish plutonium gamma activities from other radioactive materials and obtain additional information 
useful for analysis. The infinite energy extrapolation technique is applied (when necessary) to correct for 
attenuation not otherwise accounted for. Since both neutron counting and high resolution gamma 
spectrometry require relatively long count times for a single measurement, the preliminary planning and 
simple dose rate survey data are extremely helpful to optimize the number of quantitative measurements. 
The paper describes the specific measurement approaches for both neutron and gamma assay techniques 
and presents a few application examples based on measurements taken at several facilities. 
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15961…..…..…………………..…….……..……ID Number…………………..…..…………….15961 

Author: Barre, J. Y. / Ravier, J. 

Title: Use of Integral Experiments to Improve the Cadarache Cross Section Set-Set Version No. 2-
Application to PHENIX 

Date: 3/1/1969 

Report: PNR/SETR 69.031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The authors used a set of integral parameters measured in fast critical assemblies to 
improve the accuracy of the calculated forecasts for fast neutron reactors. The first method, described by 
Baker, simply provides an empirical function of the core atomic densities for correcting the calculated 
critical mass. Directly applied to the first multigroup cross section Cadarache set, the method notably 
improves the critical masses calculated by this set. On the other hand, the second method (Barraca) provides 
a set of corrections to the cross sections considered to be of major importance. These corrections are 
obtained by adjustments between the experimental values and those calculated from the Cadarache set for 
several parameters measured in a large number of assemblies. This method allows to improve the basic 
neutron data and its conclusions serve as a starting point for the development of the Version No. 2 of the 
Cadarache set. The results of this new set are very encouraging particularly for critical mass estimates. The 
authors give the application of this Version No 2 set to PHENIX. 



 

C-16010 

15962…..…..…………………..…….……..……ID Number…………………..…..…………….15962 

Author: Petrache, C. A. / Okuno, H. / Komuro, Y. 

Title: Validation of JACS Computer Code System Using Criticality Data from Experiments Performed 
with Neutron Flux Traps Containing Voids 

Date: 1/1/1991 

Report: PNUJAB, 8, 21-25 

Conference/Journal: Philippines Nuclear Journal (Philippines) 

Conference Session:  

Abstract/Keyterms: Benchmark Test / JACS Computer Code System (MGCL-B-1V, MGCL-J3, 
MAIL3.0 and MULTI-KENO) 
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15963…..…..…………………..…….……..……ID Number…………………..…..…………….15963 

Author: n. a. 

Title: Long-Range Health and Safety Management Plan, Fiscal Years 1989—1995. Martin Marietta Energy 
Systems, Inc., Piketon, OH 

Date: 6/1/1989 

Report: POEF-2007 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Health and Safety Long Range Plan (LRP) analyzes health and safety programs 
at the Portsmouth Gaseous Diffusion Plant (PORTS) and details areas of strength and plans for overcoming 
noted deficiencies (existing and anticipated). Major areas of focus are health physics, industrial hygiene, 
nuclear criticality safety, nuclear facility safety, transportation safety, fire protection, industrial safety, 
emergency preparedness, and occupational medicine. 
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15964…..…..…………………..…….……..……ID Number…………………..…..…………….15964 

Author: Staff 

Title: Aspects of Chemistry and Plant Parameters, Section 1--Cascade 

Date: 4/1/1991 

Report: POEF-2060 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15965…..…..…………………..…….……..……ID Number…………………..…..…………….15965 

Author: Staff 

Title: Aspects of Chemistry and Plant Parameters, Cascade, Unclassified Topics 

Date: 4/1/1991 

Report: POEF-2060, Section 1, Part A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16014 

15966…..…..…………………..…….……..……ID Number…………………..…..…………….15966 

Author: Barber, E. J. / Butler, T. R. / DeVan, J. H. / Googin, J. M. / Taylor, M. S. / Dyer, R, H. / Russell, 
J. R. 

Title: Investigation of Breached Depleted UF6 Cylinders 

Date: 9/1/1991 

Report: POEF-2086; ORNL-TM-11988 

Conference/Journal: Second International Conference on Uranium Hexafluoride Handling, Oak Ridge 

Conference Session:  

Abstract/Keyterms: In June 1990, during a three-site inspection of cylinders being used for long-term 
storage of solid depleted UF6, two 14-ton cylinders at Portsmouth, Ohio, were discovered with holes in the 
barrel section of the cylinders. An investigation team was immediately formed to determine the cause of 
the failures and their impact on future storage procedures and to recommend corrective actions. Subsequent 
investigation showed that the failures most probably resulted from mechanical damage that occurred at the 
time that the cylinders had been placed in the storage yard. In both cylinders evidence pointed to the impact 
of a lifting lug of an adjacent cylinder near the front stiffening ring, where deflection of the cylinder could 
occur only by tearing the cylinder. The impacts appear to have punctured the cylinders and thereby set up 
corrosion processes that greatly extended the openings in the wall and obliterated the original crack. 
Fortunately, the reaction products formed by this process were relatively protective and prevented any 
large-scale loss of uranium. The main factors that precipitated the failures were inadequate spacing between 
cylinders and deviations in the orientations of lifting lugs from their intended horizontal position. After 
reviewing the causes and effects of the failures, the team`s principal recommendation for remedial action 
concerned improved cylinder handling and inspection procedures. Design modifications and supplementary 
mechanical tests were also recommended to improve the cylinder containment integrity during the stacking 
operation. 
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15967…..…..…………………..…….……..……ID Number…………………..…..…………….15967 

Author: Skapik, C. W. / Lee, B. L. Jr. 

Title: A Comparison of Two Criticality Accident Alarm System Detector Locations for the X-700 Building 
at the Portsmouth Gaseous Diffusion Plant. Final Report 

Date: 2/1/1996 

Report: POEF-LMUS-02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A previous analysis of the X-700 Building Criticality Accident Alarm System 
(CAAS) showed that some of the building may not adequately be covered by the one building CAAS 
detector in its current location. This report compares the results of that analysis with a new analysis where 
the detector is in a different location. The new detector location (outside of the storage area in the center of 
the building--near column B-7) showed coverage for all points previously analyzed. The new centralized 
detector location reduces the distance and shielding between the source points and the detector. This 
explains the difference in the level of response when compared to the original (actual) detector location in 
the new annex west of the building. 



 

C-16016 

15968…..…..…………………..…….……..……ID Number…………………..…..…………….15968 

Author: Brown, A. S. 

Title: Configuration Control Plan for the Ports NCS IBM RS/6000 

Date: 7/1/1996 

Report: POEF-LMUS-14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes the actions and responsibilities for maintaining the quality 
and integrity of the NS software resident on the IBM RS/6000 workstation managed by the Nuclear 
Criticality Safety group at the Portsmouth Gaseous Diffusion Plant. This document does not address the 
validation of NS software packages for the RS/6000. 
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15969…..…..…………………..…….……..……ID Number…………………..…..…………….15969 

Author: Plaster, M. J. 

Title: Estimated Critical Conditions for UF4-Oil Systems in Fully Oil-Reflected Spherical Geometry 

Date: 5/1/1997 

Report: POEF-LMUS-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Paraffinic oil has been exposed to UF6 gas in seal exhaust pumps and cascade 
equipment at the Portsmouth Gaseous Diffusion Plant. The resulting mixture is more nuclearly reactive 
than mixtures of UO2F2 and H2O and is not bounded by the subcritical mass limits presented in several 
nuclear criticality safety guides. The purpose of this analysis to determine several critical parameters; 
specifically, (1) k(inf) and the critical mass for several enrichments and moderation levels and (2) the mass 
limits for these mixtures. The estimated critical masses for the UF4-oil systems are smaller than for the 
UO2F2-H2O systems. The suggested mass limits for the UF4-oil systems are 0.240, 0.280, 0.350, 0.430, 
and 0.670, and 1.170 kg 235U for enrichments of 100, 50, 20, 10, 5, and 3 wt.% 235U respectively. 
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15970…..…..…………………..…….……..……ID Number…………………..…..…………….15970 

Author: Tayloe, R. W. Jr. / Brown, A. S. / Dobelbower, M. C. / Woollard, J. E. 

Title: Determination of the Response Function for the Portsmouth Gaseous Diffusion Plant Criticality 
Accident Alarm System Neutron Detectors 

Date: 3/1/1997 

Report: POEF-LMUS-85 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron-Sensitive Radiation Detectors / Portsmouth Gaseous Diffusion Plant's 
(Ports) Criticality Accident Alarm System (Caas) 
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15971…..…..…………………..…….……..……ID Number…………………..…..…………….15971 

Author: Negron, S. B. / Tayloe, R. W. Jr. 

Title: Analysis of the Proposed Relocation of the Neutron Criticality Clusters in the Process Buildings for 
the Portsmouth Gaseous Diffusion Plant 

Date: 1/1/1994 

Report: POEF-SH-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radiation levels in Buildings X-326, X-330 and X-333 have been determined for the 
ANSI minimum accident of concern at both the current and the proposed locations of the criticality alum 
system neutron detectors. This was performed in order to evaluate whether or not the detectors could be 
lowered from their current positions and still respond to the minimum accident of concern. Relocating the 
detectors could reduce the potential for worker in injury when the approximately 90-pound alarms need to 
be removed for periodic maintenance. It could also decrease the incidence of battery failure from elevated 
temperatures which can exceed 160 degrees F. At the proposed 1-meter elevation the detectors would be 
surrounded by the cells containing the cascade equipment; therefore, the detectors would be less responsive 
to a criticality event. The results of this analysis indicate that the detectors could be lowered from their 
current height of 5 meters to a height of 1 meter and still respond to the minimum accident of concern. This 
analysis was performed using the MCNP monte Carlo code with a source corresponding to a critical system 
of uranyl fluoride solutions of 1.2, 3.0, and 4.95 weight percent U-235 enrichment. The neutron dose rates 
were evaluated at positions of 69 meters and 100 meters radially outward from the source at 5 meter and 1 
meter heights. All neutron detectors located in the three process buildings are located within 100 meters 
from any potential criticality. This report details the methodology used for this study, background on the 
data employed, and a comparison to a similar analysis performed in 1983. 
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15972…..…..…………………..…….……..……ID Number…………………..…..…………….15972 

Author: Haught, C. F. 

Title: Analysis of Hypothetical Nuclear Criticality Excursions in a 10-MW and 20-MW Freezer/Sublimer 

Date: 5/1/1993 

Report: POEF-SH-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15973…..…..…………………..…….……..……ID Number…………………..…..…………….15973 

Author: Negron, S. B. / Tayloe, R. W. Jr. / Dobelbower, M. C. 

Title: Analysis of Criticality Alarm System Response to an Accidental Criticality Outside the Cascade 
Process Buildings at the Portsmouth Gaseous Diffusion Plant 

Date: 7/1/1994 

Report: POEF-SH-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron dose rates at detector positions within the X-326, X-330, and X-333 
buildings were evaluated for an accidental criticality outside of each building. As fissile material bearing 
equipment and containers are moved to and from each building, the possibility exists for a criticality 
accident to occur. This analysis demonstrates that a criticality accident which occurs at any position on the 
access roads alongside a process building can be detected. The detectable area includes all points within 
the access road boundary along each face of each building. This analysis also demonstrates that the 
criticality alarm systems of the process buildings will respond to criticality events occurring within the tie 
lines connecting the process buildings. This analysis was performed using the MCNP Monte Carlo neutron-
proton transport code. The radiation source is the neutron leakage spectrum of a critical solution of 4.95 
percent enriched UO2F2-H2O at a power level corresponding to the ANSI ANS 8.3.^Standard minimum 
accident of concern. The evaluated neutron fluxes were converted to neutron dose rates by use of the 
Henderson free-in-air response functions. Critical source positions correspond to the farthest source to 
detector distances on the access roads along each face of the three buildings, and the centerpoint of the 
building tie lines. This report contains the methodology used for this study, a background on the data used, 
and a section about the assumptions and limits to all conclusions. 
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15974…..…..…………………..…….……..……ID Number…………………..…..…………….15974 

Author: Tayloe, Jr., R. W. / Davis, T. C. 

Title: Minimum Critical Masses for Uranium at the Portsmouth Gaseous Diffusion Plant 

Date: 6/1/1994 

Report: POEF-SH-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Nuclear Fuel Cycle and Fuel Materials 
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15975…..…..…………………..…….……..……ID Number…………………..…..…………….15975 

Author: Davis, T. C. / Hesse, D. J. / Tayloe, Jr., R. W. 

Title: Nuclear Criticality Safety Calculational Analysis for Fissile Mass Limits and Spacing Requirements 
for 55 Gallon Waste Drums 

Date: 5/1/1994 

Report: POEF-SH-22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear criticality safety analysis was performed to determine the fissile mass limits 
and spacing requirements for the storage of 55-gallon waste drums at the Portsmouth Gaseous Diffusion 
Plant (PORTS) 



 

C-16024 

15976…..…..…………………..…….……..……ID Number…………………..…..…………….15976 

Author: Lee, Jr., B. L. / RW. Tayloe, Jr. 

Title: Validation of the CSAS25 Calculational Sequence in SCALE-4.2 and the 27 Energy Group ENDF/B-
IV Cross Sections on the Battelle Process Safety and Risk Management IBM RS/6000 Workstation 

Date: 12/1/1994 

Report: POEF-SH-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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15977…..…..…………………..…….……..……ID Number…………………..…..…………….15977 

Author: Lee, B. L. Jr. / Dobelbower, M. C. / Woollard, J. E. / Sutherland, P. J. / Tayloe, R. W. Jr. 

Title: Evaluation of Coverage of Enriched UF6 Cylinder Storage Lots by Existing Criticality Accident 
Alarms 

Date: 3/1/1995 

Report: POEF-SH-29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Portsmouth Gaseous Diffusion Plant (PORTS) is leased from the US Department 
of Energy (DOE) by the United States Enrichment Corporation (USEC), a government corporation formed 
in 1993. PORTS is in transition from regulation by DOE to regulation by the Nuclear Regulatory 
Commission (NRC). One regulation is 10 CFR Part 76.89, which requires that criticality alarm systems be 
provided for the site. PORTS originally installed criticality accident alarm systems in all building for which 
nuclear criticality accidents were credible. Currently, however, alarm systems are not installed in the 
enriched uranium hexafluoride (UF6) cylinder storage lots. This report analyzes and documents the extent 
to which enriched UF6 cylinder storage lots at PORTS are covered by criticality detectors and alarms 
currently installed in adjacent buildings. Monte Carlo calculations are performed on simplified models of 
the cylinder storage lots and adjacent buildings. The storage lots modelled are X-745B, X-745C, X745D, 
X-745E, and X-745F. The criticality detectors modelled are located in building X-343, the building X-
344A/X-342A complex, and portions of building X-330. These criticality detectors are those located closest 
to the cylinder storage lots. Results of this analysis indicate that the existing criticality detectors currently 
installed at PORTS are largely ineffective in detecting neutron radiation from criticality accidents in most 
of the cylinder storage lots at PORTS, except sometimes along portions of their peripheries. 
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15978…..…..…………………..…….……..……ID Number…………………..…..…………….15978 

Author: Letellier, M. S. / Smallwood, D. J. / Henkel, J. A. 

Title: Nuclear Criticality Safety Calculational Analysis for Small-Diameter Containers 

Date: 11/1/1995 

Report: POEF-SH-30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Each container type is evaluated using five basic reflection and interaction models 
that include single cone (“CO-4”). Each container type is evaluated using five basic reflection and 
interaction models that include single containers and multiple containers in normal and in credible abnormal 
conditions. The uranium materials evaluated are UO2F2+H2O and UF4+oil materials at 100% and 10% 
enrichments and U3O8, and H2O at 100% enrichment. The design basis safe criticality limit for the 
Portsmouth facility is k(eff) + 2{sigma}< 0.95. The KENO study results may be used as the basis for 
evaluating general use of these containers in the plant. 
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Title: Calculated In-Air Leakage Spectra and Power Levels for the ANSI Standard Minimum Accident of 
Concern. Final Report 
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Report: POEF-SH-31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document represents Phase I of a two-phase project. The entire project consists 
of determining a series of minimum accidents of concern and their associated neutron and photon leakage 
spectra that may be used to determine Criticality Accident Alarm compliance with ANSI/ANS-8.3. The 
inadvertent assembly of a critical mass of material presents a multitude of unknown quantities. Depending 
on the particular process, one can make an educated guess as to fissile material. In a gaseous diffusion 
cascade, this material is assumed to be uranyl fluoride. However, educated assumptions cannot be readily 
made for the other variables. Phase I of this project is determining a bounding minimum accident of concern 
and its associated neutron and photon leakage spectra. To determine the composition of the bounding 
minimum accident of concern, work was done to determine the effects of geometry, moderation level, and 
enrichment on the leakage spectra of a critical assembly. The minimum accident of concern is defined as 
the accident that may be assumed to deliver the equivalent of an absorbed dose in free air of 20 rad at a 
distance of 2 meters from the reacting material within 60 seconds. To determine this dose, an analyst makes 
an assumption and choose an appropriate flux to dose response function. The power level required of a 
critical assembly to constitute a minimum accident of concern depends heavily on the response function 
chosen. The first step in determining the leakage spectra was to attempt to isolate the effects of geometry, 
after which all calculations were conducted on critical spheres. The moderation level and enrichment of the 
spheres were varied and their leakage spectra calculated. These spectra were then multiplied by three 
different response functions: the Henderson Flux to Dose conversion factors, the ICRU 44 Kerma in Air, 
and the MCNP Heating Detector. The power level required to produce a minimum accident of concern was 
then calculated for each combination. 
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Date: 1/1/1996 

Report: POEF-SH-33 

Conference/Journal:  
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Abstract/Keyterms: This document has been prepared to allow use of the Radiation Shielding and 
Information Center (RSIC) release of MCNP4a, which has been installed on the Battelle Process Safety 
and Risk Management (PSRM) IBM RS/6000 workstation, for production calculations for the Portsmouth 
Gaseous Diffusion Plant (PORTS). This hardware/software configuration is under the configuration control 
plan listed in Reference 1. The first portion of this document outlines basic information with regard to 
validation of MCNP4a using the supplied cross sections and the additional MCNPDAT cross sections. A 
basic discussion of MCNP is provided, along with discussions of the validation database in general. A 
description of the statistical analysis then follows. The results of this validation indicate that the software 
and data libraries examined may be used with confidence for criticality calculations at the Portsmouth 
Gaseous Diffusion Plant (PORTS). When the validation results are treated as a single group, there is a 95% 
confidence that 99.9% of future calculations of similar critical systems will have a calculated k(eff) > 0.95. 
Based on this result, the Battelle PSRM Nuclear Safety Group has adopted the calculational acceptance 
criteria that a calculated k(eff) + 2{sigma}, {le} 0.95 is safely subcritical. The conclusion of this document 
is that MCNP4a and all associated cross section libraries installed on the PSRM IBM RS/6000 are 
acceptable for use in performing production criticality safety calculations for the Portsmouth Gaseous 
Diffusion Plant. 



 

C-16029 

15981…..…..…………………..…….……..……ID Number…………………..…..…………….15981 

Author: Dobelbower, M. C. / Woollard, J. / Lee, B. L. Jr. / Tayloe, R. W. Jr. 
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Abstract/Keyterms: Criticality Accident Alarm System (CAAS) detectors on the cell floor of the X-326 
process building at the Portsmouth Gaseous Diffusion Plant (PORTS) are located at a height of 5 m above 
the cell floor. It has been suggested that this height be lowered to 1 m to alleviate accelerated system failures 
caused by the elevated temperatures at 5 m and to reduce the frequency of injury to maintenance personnel 
lifting the approximately 90-lb units into position. Work has been performed which analyzed the effect of 
relocating the CAAS detectors on the process floors of the X-333 and X-330 buildings from their current 
height to a height of 1 m{sup 1}. This earlier work was based on criticality accidents occurring in low 
enriched material (5% 235U) and was limited to the X-333 and X-330 buildings and the low enriched areas 
of X-326. It did not consider the residual higher enriched material in the X-326 building. This report 
analyzes the effect on criticality alarm coverage of lowering the CAAS detectors. This analysis based on 
criticality accidents resulting from higher enriched material which may be present as ``hold-up`` in the 
process equipment within the X-326 building. The criticality accident alarm detectors at the PORTS facility 
are set to alarm at a neutron absorbed dose rate of 5 mrad/hr. The calculated absorbed dose rates presented 
in this report show that the detectors examined that produce an alarm for the given criticality event at their 
current height will also produce an alarm if located at a height of 1 meter. Therefore, lowering the detectors 
will not result in a loss of coverage within the building. 
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Title: Analysis of Criticality Accident Alarm System Coverage of the X-744G, X-744H, X-342/344A and 
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Abstract/Keyterms: Additional services for the uranium enrichment cascade process, such as UF6 feed, 
sampling, and material storage are provided by several ancillary Uranium Material Handling (UMH) 
facilities at the PORTS site. These facilities include the X-343 Feed Vaporization and Sampling Facility, 
the X-744G Bulk Non-Uranium Enrichment Service Activity (UESA) Storage Building, the X-744H Waste 
Separation and Storage Facility, the X-344A Toll Enrichment Services Facility and the X-342A Feed 
Vaporization and Fluorine Generation Facility. As uranium operations are performed within these facilities, 
the potential for a criticality accident exists. In the event of a criticality accident within a process facility at 
PORTS, a Criticality Accident Alarm System (CAAS) is in place to detect the criticality accident and sound 
an alarm. In this report, an analysis was performed to provide verification that the existing CAAS at PORTS 
provides complete criticality accident coverage in the X-343, X-744G. X-744h X-344A and X-342A 
facilities. The analysis has determined that all of the above-mentioned facilities have complete CAAS 
coverage. 
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Abstract/Keyterms: This paper determines the nuclear safety of gaseous UF6 in the current Gaseous 
Diffusion Cascade and auxiliary systems. The actual plant safety system settings for pressure trip points are 
used to determine the maximum amount of HF moderation in the process gas, as well as the corresponding 
atomic number densities. These inputs are used in KENO V.a criticality safety models which are sized to 
the actual plant equipment. The KENO V.a calculation results confirm nuclear safety of gaseous UF6 in 
plant operations.. 
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Date: 3/1/1997 

Report: POEF-SH-38-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The diffusion cascade processing equipment at the Portsmouth Gaseous Diffusion 
Plant (PORTS) is located in Buildings X-333, X-330, and X-326. These buildings were referred to as the 
cascade buildings. Because enriched uranium operations are performed within the cascade buildings, the 
potential for a criticality accident in these buildings exists. A Criticality Accident Alarm System (CAAS) 
is in place to alarm in the event of a criticality accident. The CAAS is required to be designed to immediately 
detect the minimum accident-of-concern. A minimum accident-of-concern in an area with nominal 
shielding delivers the equivalent of an absorbed dose rate in free air of 20 rads per minute at a distance of 
2 meters from the reacting material [Am86]. This report summarizes the analysis that was performed to 
evaluate the CAAS response to selected minimum accidents-of-concern on the operating floor of the 
cascade buildings. Selection of potential accident locations was based, in part, on the maximum distance to 
the closest CAAS detector. The other factor in selecting potential accident locations for analysis was the 
amount of intervening shielding between the accident location and CAAS detector. If the CAAS was 
predicted to alarm under conditions of significant shielding, then the system presumably would alarm in 
response to all accidents greater than the minimum accident-of-concern, at closer distances, and with less 
shielding. 
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Abstract/Keyterms: Additional services for the uranium enrichment cascade process, such as maintenance 
and decontamination operations, are provided by several ancillary facilities at the PORTS site. These 
facilities include the X-700 Maintenance Facility, the X-705 Decontamination Facility, and the X-720 
Maintenance and Stores Facility. As uranium operations are performed within these facilities, the potential 
for a criticality accident exists. In the event of a criticality accident within one of these facilities at PORTS, 
a Criticality Accident Alarm System (CAAS) is in place to detect the criticality accident and sound an 
alarm. In this report, an analysis was performed to provide verification that the existing CAAS at PORTS 
provides complete criticality accident coverage in the X-700, X-705, and X-720 facilities. The analysis has 
determined that the X-705 and X-720 facilities have complete CAAS coverage; the X-700 facility has not 
been shown to have complete CAAS coverage at this time. 
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Title: An examination of Criticality Accident Alarm Coverage of the X-710, X-760 Buildings and the North 
Half of the X-7745-R Storage PAD at the Portsmouth Gaseous Diffusion Plant 
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Report: POEF-SH-40 
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Abstract/Keyterms: This report summarizes the results of an evaluation of Criticality Accident Alarm 
System (CAAS) coverage of the X-710 and X-760 buildings and the north half of the X-7745-R storage lot 
located east of the X-7725 building at the Portsmouth Gaseous Diffusion Plant. In order to evaluate 
coverage, the facilities were modeled using the Monte Carlo N-Particle Transport Computer Code (MCNP). 
MCNP was then used to simulate criticality accidents at various locations in the X-710 and X-760 buildings 
and the north half of the X-7745-R storage lot. The associated neutron flux at current detector locations was 
calculated. The neutron flux was then converted to an absorbed dose rate (in tissue) and compared with the 
Portsmouth criticality accident alarm set-point of 5mrad/hr. The parameters defining the simulated 
criticality accidents have been calculated as “the minimum accident of concern” as defined in ANSI 
Standard ANS 8.3-1986. These calculations are documented in Portsmouth report POEF-SH-31. The results 
of this evaluation indicate that the X-710 and X-760 buildings and surrounding roads are adequately 
covered by the CAAS systems that are currently in place in those buildings. The X-7745-R storage PAD is 
also adequately covered by the CAAS in the X-7725 building. 
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Abstract/Keyterms: This report documents additional criticality safety analysis calculations for small 
diameter containers, which were originally documented in Reference 1. The results in Reference 1 indicated 
that some of the small diameter containers did not meet the criteria established for criticality safety at the 
Portsmouth facility (k(eff) +2{sigma}<.95) when modeled under various contingency assumptions of 
reflection and moderation. The calculations performed in this report reexamine those cases which did not 
meet the criticality safety criteria. In some cases, unnecessary conservatism is removed, and in other cases 
mass or assay limits are established for use with the respective containers. 
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Title: Criticality Safety Concerns of Uranium Deposits in Cascade Equipment 

Date: 1/18/1996 

Report: POEF-SH-44 
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Abstract/Keyterms: The Paducah and Portsmouth Gaseous Diffusion Plants enrich uranium in the 235U 
isotope by diffusing gaseous uranium hexafluoride (UF6) through a porous barrier. The UF6 gaseous 
diffusion cascade utilized several thousand "stages" of barrier to produce highly enriched uranium (HEU). 
Historically, Portsmouth has enriched the Paducah Gaseous Diffusion Plant`s product (typically 1.8 wt% 
235U) as well as natural enrichment feed stock up to 97 wt%. Due to the chemical reactivity of UF6, 
particularly with water, the formation of solid uranium deposits occur at a gaseous diffusion plant. Much 
of the equipment operates below atmospheric pressure, and deposits are formed when atmospheric air enters 
the cascade. Deposits may also be formed from UF6 reactions with oil, UF6 reactions with the metallic 
surfaces of equipment, and desublimation of UF6. The major deposits form as a result of moist air in leakage 
due to failure of compressor casing flanges, blow-off plates, seals, expansion joint convolutions, and 
instrument lines. This report describes criticality concerns and deposit disposition. 
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Title: Instrumentation Technical Program Management Team: Annual Report, FY-1986 
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Abstract/Keyterms: Portsmouth and Oak Ridge Gaseous Diffusion Plants / Line Recorders / Monitor Gas 
Constituents / Cascade Process Gas / Criticality Radiation Alarm 
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Title: Nuclear Criticality Safety Study of Loss of Moderation Control in 10-Ton and 2 1/2-Ton UF6 
Cylinders by KENO V.a Computer Code Analyses 
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Abstract/Keyterms: The purpose of this study was to estimate the required amounts of water entering 
these large UF6 cylinders to react with, and to moderate the uranium compounds sufficiently to cause 
criticality. Hypothetical accident situations were modeled as a uranyl fluoride (UO2F2) slab above a UF6 
hemicylinder, or a UO2F2sphere centered within a UF6 hemicylinder, and were investigated by 
computational analyses utilizing the KENO V.a Monte Carlo Computer Code. Assumptions, descriptions, 
and results of the KENO computer code calculations are presented and discussed. The 2 1/2-ton cylinder 
was evaluated at 5.0% U-235, and the 10-ton cylinder was evaluated at both 4.5% and 5.0% U-235 
enrichments. The minimum estimated amounts of water required for criticality were five gallons of water 
for a spherical geometry, and 129 gallons of water for a slab geometry in a 10-ton cylinder containing UF6 
at 5.0% enrichment. For the 2 1/2-ton cylinder at 5.0% U-235 enrichment, the minimum estimated amounts 
were six gallons of water for a spherical geometry, and 57.5 gallons of water for a slab geometry. 
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Title: Measurement of the Portsmouth Gaseous Diffusion Plant Criticality Accident Alarm 
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Abstract/Keyterms: Measurements of the Portsmouth Gaseous Diffusion Plant`s nuclear criticality 
accident radiation alarm signal response time, sound wave frequency, and sound volume levels were made 
to demonstrate compliance with ANSI/ANS-8.3-1986. A steady-state alarm signal is produced within one-
half second of obtaining a two-out-of-three detector trip. The fundamental alarm sound wave frequency is 
440 hertz. The sound volume levels are greater than 10 decibels above background and ranged from 100 to 
125 A-weighted decibels. The requirements of the standard were met; however the recommended maximum 
sound volume level of 115 dBA was exceeded. Emergency procedures require immediate evacuation upon 
initiation of a facility`s radiation alarm. Comparison with standards for allowable time of exposure at 
different noise levels indicate that the elevated noise level at this location does not represent an occupational 
injury hazard. 
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Abstract/Keyterms: This report describes the experimental work performed to demonstrate the viability 
of performing a “quick check” survey with available gamma radiation instruments. The surveys are 
performed as a supplement to visual inspection of wastes prior to, and during, batching of wastes from 
favorable geometry 5-inch cans into unfavorable geometry 55-gallon drums to preclude a nuclear criticality 
accident. As little as 10 grams of U235 in a 5-inch can and 150 grams of U235 in a 55-gallon drum filled 
with low density wastes (cloth or paper) are easily detectable. 
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Abstract/Keyterms: This report presents the results of an analysis of the potential for a criticality accident 
in the autoclaves at the Portsmouth Gaseous Diffusion Plant. The effective multiplication factors of UO2F2 
and water mixtures in a wide range of geometries and moderation ratios are included. The KENO Va 
computer code was the primary tool used in the analysis of k(eff) of the UO2F2/water mixtures. The primary 
conclusion of this study is that the likelihood of a release of UF6 from a cylinder leading to a critical 
configuration of a UO2F2/water mixture is very low. At some stages of an accidental release, the UO2F2 
and water could be present in quantities sufficient to form a critical configuration. However, the UO2F2 
and water are likely to be widely dispersed throughout the autoclave. Because moderated uranium mixtures 
are not likely to accumulate in a localized region, critical configurations are highly unlikely. Additionally, 
sensitivity studies indicate that even if uranium materials were to accumulate in a localized region, the 
uranium and water would have to be combined in near optimal proportions for a criticality to occur. A 
second conclusion of this study is that the potential for a criticality accident is sensitive to the amount of 
water in the autoclave. 
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Abstract/Keyterms: This report presents a set of standardized methods for calculating the densities of 
selected mixtures of uranium compounds and moderating materials. The mixtures specifically analyzed are: 
U0[sub 2] and water, U[sub 3]0[sub 8] and water, UF6 and HF, and U0[sub 2]F[sub 2] and water. The 
densities of the various isotopes (especially hydrogen and U-235) in such mixtures are important input 
parameters in nuclear criticality safety analyses. The use of a standardized set of methods for calculating 
the densities will promote consistency and comparability in criticality safety calculations. The equations 
used to determine the densities for the various mixtures of interest have been incorporated into a computer 
program to facilitate calculations. The computer program, NUMDEN, is written in FORTRAN and can 
calculate mixture densities, densities of each element, atomic number densities of each element and uranium 
isotope, the weight fractions of each element, and determine which of the resonance corrected cross sections 
for U-235 and U-238 from the 16-group Hansen Roach set should be used. Standard FORTRAN is used to 
allow the code to be compiled on a wide variety of platforms. The program can write output files that are 
compatible with KENO Va, KENO IV, or KENO PC. 



 

C-16044 

15996…..…..…………………..…….……..……ID Number…………………..…..…………….15996 

Author: Cutlip, L. B. / Spaeth, R. / Upham, B. E. 

Title: Optimization of the Microfiltration Effluent Treatment System 

Date: 4/3/1991 

Report: POEF-T-3558 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The X-705 effluent treatment system of the Portsmouth Gaseous Diffusion Plant was 
installed as a result of the impending closure of the RCRA-regulated X-701B holding pond. This pond was 
shutdown in order to comply with the Hazardous and Solid Waste Amendments of 1984 which mandated 
that discharges to the pond be terminated prior to November 8, 1988. Startup and optimization of the 
effluent treatment system have been completed. A description of these activities is included in this report. 
Proposed NPDES discharge limits have also been developed. 
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Abstract/Keyterms: This report presents the results of an analysis of postulated critical configurations in 
the calciner discharge chute in the Portsmouth Gaseous Diffusion Plant X-705 B-Area. The effective 
multiplication factorsk(eff) of U3O8 and water mixtures in a range of enrichments and moderation ratios 
were analyzed. Assay limits favorable for criticality safety were established assuming on optimally 
moderated, fully reflected, homogeneous mixture of U3O8 and water. The KENO IV computer code was 
the primary tool used in the analysis of k(eff) of the U3O8/water mixtures. A subcritical assay limit for the 
existing B-Area calciner discharge box and discharge chute is about 3.5 percent. At 20 percent enrichment, 
an unfavorable configuration results if an optimally moderated, fully reflected U3O8/water mixture builds 
up to height of approximately 9 inches above the existing level probe (about 3 inches below the junction of 
the discharge box and discharge chute). At 20 percent enrichment, a geometrically favorable thickness for 
the discharge box is about 3.5 inches. A geometrically favorable thickness for the discharge box is less than 
2 inches for 98 percent enriched material. The predicted k(eff) values are sensitive to the H/U ratio and the 
presence of reflectors. A critical configuration is not predicted for H/U ratios less than two. 
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Abstract/Keyterms: Moderation control for maintaining nuclear criticality safety in 2-1/2-ton, 10-ton, and 
14-ton cylinders containing enriched uranium hexafluoride (UF6) has been used safely within the nuclear 
industry for over thirty years, and is dependent on cylinder integrity and containment. This assessment 
evaluates the loss of moderation control by the breaching of containment and entry of water into the 
cylinders. The first objective of this study was to estimate the required amounts of water entering these 
large UF6 cylinders to react with, and to moderate the uranium compounds sufficiently to cause criticality. 
Hypothetical accident situations were modeled as a uranyl fluoride (UO2F2) slab above a UF6 hemi 
cylinder, and a UO2 sphere centered within a UF6 hemi cylinder. These situations were investigated by 
computational analyses utilizing the KENO V.a Monte Carlo Computer Code. The results were used to 
estimate both the masses of water required for criticality, and the limiting masses of water that could be 
considered safe. The second objective of the assessment was to calculate the time available for emergency 
control actions before a criticality would occur, i.e., a “safetime,” for various sources of water and different 
size openings in a breached cylinder. In the situations considered, except the case for a fire hose, the 
safetime appears adequate for emergency control actions. The assessment shows that current practices for 
handling moderation controlled cylinders of low enriched UF6, along with the continuation of established 
personnel training programs, ensure nuclear criticality safety for routine and emergency operations 
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Abstract/Keyterms: Moderation control for maintaining nuclear criticality safety in 2-1/2-ton, 10-ton, and 
14-ton cylinders containing enriched uranium hexafluoride (UF6) has been used safely within the nuclear 
industry for over thirty years, and is dependent on cylinder integrity and containment. This assessment 
evaluates the loss of moderation control by the breaching of containment and entry of water into the 
cylinders. The first objective of this study was to estimate the required amounts of water entering these 
large UF6 cylinders to react with, and to moderate the uranium compounds sufficiently to cause criticality. 
Hypothetical accident situations were modeled as a uranyl fluoride (UO2F2) slab above a UF6 hemi 
cylinder, and a UO2 sphere centered within a UF6 hemi cylinder. These situations were investigated by 
computational analyses utilizing the KENO V.a Monte Carlo Computer Code. The results were used to 
estimate both the masses of water required for criticality, and the limiting masses of water that could be 
considered safe. The second objective of the assessment was to calculate the time available for emergency 
control actions before a criticality would occur, i.e., a “safetime,” for various sources of water and different 
size openings in a breached cylinder. In the situations considered, except the case for a fire hose, the 
safetime appears adequate for emergency control actions. The assessment shows that current practices for 
handling moderation controlled cylinders of low enriched UF6, along with the continuation of established 
personnel training programs, ensure nuclear criticality safety for routine and emergency operations. 
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16001…..…..…………………..…….……..……ID Number…………………..…..…………….16001 

Author: D’Aquila, D. M. / Tayloe, R. W. Jr. 

Title: Autoclave Nuclear Criticality Safety Analysis 

Date: 10/16/1991 

Report: POEF-T-3580, CONF-9110117-8 

Conference/Journal: International conference on uranium hexafluoride handling/ 29-31 Oct 1991/ Oak 
Ridge, TN (United States) 

Conference Session:  

Abstract/Keyterms: Steam-heated autoclaves are used in gaseous diffusion uranium enrichment plants to 
heat large cylinders of UF6. Nuclear criticality safety for these autoclaves is evaluated. To enhance 
criticality safety, systems are incorporated into the design of autoclaves to limit the amount of water present. 
These safety systems also increase the likelihood that any UF6 inadvertently released from a cylinder into 
an autoclave is not released to the environment. Up to 140 pounds of water can be held up in large 
autoclaves. This mass of water is sufficient to support a nuclear criticality when optimally combined with 
125 pounds of UF6 enriched to 5 percent U235. However, water in autoclaves is widely dispersed as 
condensed droplets and vapor, and is extremely unlikely to form a critical configuration with released UF6. 
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16002…..…..…………………..…….……..……ID Number…………………..…..…………….16002 

Author: Tayloe, R. W. Jr. / Davis, T. C. / Lindenschmidt, D. J. / Fentiman, A. W. 

Title: Nuclear Criticality Safety Study for Increased Enrichment Limit in 2[1/2]-Ton (30B) UF6 Cylinders 

Date: 10/1/1992 

Report: POEF-T-3597 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The current U235 enrichment limit for 30B 2[1/2]-ton UF6 cylinders is 5.0 percent. 
This feasibility study examined the nuclear criticality safety issues associated with increasing the U235 
enrichment limit in 2[1/2]-ton cylinders to 10.0 percent. Operations affected include cylinder cleaning, 
filling, storage, sampling, and transfer. 
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16003…..…..…………………..…….……..……ID Number…………………..…..…………….16003 

Author: Lee, B. L. Jr. / D’Aquila, D. M. 

Title: Validation of Nuclear Criticality Safety Software and 27 Energy Group ENDF/B-IV Cross Sections. 
Revision 1 

Date: 1/1/1996 

Report: POEF-T-3636-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The original validation report, POEF-T-3636, was documented in August 1994. The 
document was based on calculations that were executed during June through August 1992. The statistical 
analyses in Appendix C and Appendix D were completed in October 1993. This revision is written to clarify 
the margin of safety being used at Portsmouth for nuclear criticality safety calculations. This validation 
gives Portsmouth NCS personnel a basis for performing computerized KENO V.a calculations using the 
Lockheed Martin Nuclear Criticality Safety Software. The first portion of the document outlines basic 
information in regard to validation of NCSS using ENDF/B-IV 27-group cross sections on the IBM3090 at 
ORNL. A basic discussion of the NCSS system is provided, some discussion on the validation database and 
validation in general. Then follows a detailed description of the statistical analysis which was applied. The 
results of this validation indicate that the NCSS software may be used with confidence for criticality 
calculations at the Portsmouth Gaseous Diffusion Plant. For calculations of Portsmouth systems using the 
specified codes and systems covered by this validation, a maximum k(eff) including 2{sigma} of 0.9605 or 
lower shall be considered as subcritical to ensure a calculational margin of safety of 0.02. The validation of 
NCSS on the IBM 3090 at ORNL was extended to include NCSS on the IBM 3090 at K-25. 
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16004…..…..…………………..…….……..……ID Number…………………..…..…………….16004 

Author: Marek, I. 

Title: Matrix with Positive Elements and the Criticality of a Nuclear Reactor 

Date: 1/1/1966 

Report: Pokroky Mat. Fys. Astron., 11: 121-34(1966) 

Conference/Journal: Pokroky Mat. Fys. Astron. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Criticality; Equations; Fuel Elements; Matrices; Reactivity; Reactor Core; Reactors 
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16005…..…..…………………..…….……..……ID Number…………………..…..…………….16005 

Author: Kowalska, K. 

Title: Physics of Breeders 

Date: 1/1/1961 

Report: Postepy Tech. Jadrowej; Vol: No. 4; PAEC-RR-4 

Conference/Journal: Postepy Tech. Jadrowej; Vol: No. 4 

Conference Session:  

Abstract/Keyterms: The term breeder reactor is restricted to the type wherein the produced fissionable 
material is chemically and isotopically identical to the reactor fuel. Where the two are not identical, the 
reactor is called a converter reactor. In this article, the second of a series on breeder reactors, the 
introductory remarks include a discussion of the probable future power requirements of the world and the 
power available from deuterium, Li6/, uranium, and thorium. The treatment of breeder reactors that follows 
deals only with fission reactors. They are broken down into three types; fast breeders, slow brecders, and 
combination fast-slow breeders. The critical mass of the fissionable materials is given as a function of 
percentage fissionable material intermixed with the breeder material, as a function of impurities as 
contained in structural material and coolant, and as a function of geometry of the fuel-moderator-coolant 
combination. The initial coefficient of breeding, the reactivity as a function of duration of burning cycle, 
the temperature coefficient of reactivity, and the doubling time are also given as functions of many 
parameters such as fuel-rod geometry, the surrounding structural materials, coolant, moderator and fuel 
density. The bulk of the article is devoted to these and other associated factors that determine neutron 
economy in fission breeders. 
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16006…..…..…………………..…….……..……ID Number…………………..…..…………….16006 

Author: Fogarty, D. J. / Ortega, O. J. 

Title: San Onofre Startup 

Date: 4/1/1968 

Report: Power Eng., 72: No. 4, 38-40 

Conference/Journal: Power Eng. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Operation & Economics; Analysis; Criticality; 
Operation; Power Plants; Reactor Safety; Reactors; Startup; Testing 
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16007…..…..…………………..…….……..……ID Number…………………..…..…………….16007 

Author: Kier, P. H. 

Title: Neutronic Aspects of Plutonium Recycle in Thermal Reactors 

Date: 4/1/1967 

Report: Power Reactor Technol. Reactor Fuel Process., 10: 093-101 

Conference/Journal: Power Reactor Technol. Reactor Fuel Process 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Fuels; Criticality; Cross Sections; Determination; 
Economics; Fuels; Lattices; Measurement; Neutrons; Numericals; Plutonium; Radiation Effects; Reactors; 
Thermal Neutrons; Uses; Variations 
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16008…..…..…………………..…….……..……ID Number…………………..…..…………….16008 

Author: Fischer, G. J. / Travelli, A. / Meneley, D. A. 

Title: Zone-Loaded Critical Experiments for Fast Breeders 

Date: 10/1/1966 

Report: Power Reactor Technol., 9: 162-8 

Conference/Journal: Power Reactor Technol. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Breeding; Critical Assemblies; Criticality; Doppler Effect; Fast Neutrons; Loading; Neutrons; Parameters; 
Reaction Kinetics; Reactor Safety; Sodium; Space; Spectra; Spectral Shift; Standards; Velocity; Zones 
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16009…..…..…………………..…….……..……ID Number…………………..…..…………….16009 

Author: Valerino, M. F. 

Title: Conference on Noise Analysis in Nuclear Systems 

Date: 1/1/1964 

Report: Power Reactor Technol; Journal Volume: Vol: 7: No. 3 

Conference/Journal: Power Reactor Technol; Journal Volume: Vol: 7: No. 3 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Background; Bibliography; Boiling; Critical 
Assemblies; Diagrams; Halden BHWR; Heavy Water Coolant; Heavy Water Moderator; Numericals; 
Power Plants; Pressure; Propulsion; Reactivity; Reactor Noise; Reactors; Research Reactors; Savannah; 
Saxton; Sea; Variations; VBWR; Water Coolant 
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16010…..…..…………………..…….……..……ID Number…………………..…..…………….16010 

Author: n.a. 

Title: Physics 

Date: 1/1/1964 

Report: Power Reactor Technol; Vol: 7: No. 3 

Conference/Journal: Power Reactor Technol 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Bibliography; Boiling; Boron; 
Burnup; Cadmium; Control Elements; Critical Assemblies; Criticality; Cross Sections; Decay; Diagrams; 
Dysprosium; Energy Range; Erbium; Europium; Exponential Piles; Fast Neutrons; Gadolinium; Gamma 
Radiation; Gas Coolant; Graphite Moderator; Hafnium; Heavy Water Moderator; Holmium; Indium; 
Irradiation; Lattices; Lithium; Lutetium; Measured Values; MeV Range; Mixing; Ml-1; Moderators; 
Neutron Beams; Neutrons; Nitrogen 16; Numericals; Oxygen 16; Planning; Poisoning; Power Plants; 
Protons; Radioactivity; Reactivity; Reactors; Resonance Escape Probability; Resonance Integrals; 
Samarium; Shielding; Silver; 
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16011…..…..…………………..…….……..……ID Number…………………..…..…………….16011 

Author: Stanford, G. S. 

Title: Thermal and Epithermal Spectrum Measurements 

Date: 1/1/1966 

Report: Power Reactor Technology (U.S.) Vol: 9 

Conference/Journal: Power Reactor Technology (U.S.) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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16012…..…..…………………..…….……..……ID Number…………………..…..…………….16012 

Author: Pennington, E. M. 

Title: Evaluating Heavy-Atom Cross Sections for Plutonium-Recycle Calculations 

Date: 1/1/1965 

Report: Power Reactor Technology, Vol: 8 

Conference/Journal: Power Reactor Technology (U.S.) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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16013…..…..…………………..…….……..……ID Number…………………..…..…………….16013 

Author: Plumlee, K. E. 

Title: Critical and Exponential Experiments with Plutonium 

Date: 1/1/1965 

Report: Power Reactor Technology, Vol: 8 

Conference/Journal: Power Reactor Technology (U.S.) Merged with React. Fuel Process. to form React. 
Fuel-Process. Technol.; Journal Volume: Vol: 8 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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16014…..…..…………………..…….……..……ID Number…………………..…..…………….16014 

Author: Popper, G. F. 

Title: Measuring Neutron-Flux Distribution in Operating Reactors 

Date: 1/1/1965 

Report: Power Reactor Technology, Vol: 9 

Conference/Journal: Power Reactor Technology (U.S.) Merged with React. Fuel Process. to form React. 
Fuel-Process. Technol. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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16015…..…..…………………..…….……..……ID Number…………………..…..…………….16015 

Author: Okrent, D. 

Title: Neutron Physics Considerations in Large Fast Reactors 

Date: 1/1/1964 

Report: Power Reactor Technology; Vol: 7: No. 2 

Conference/Journal: Power Reactor Technology (U.S.) Merged with React. Fuel Process. to form React. 
Fuel-Process. Technol. 

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Breeding; Coating; Configuration; Criticality; Cross Sections; 
Energy; Fast Neutrons; Fuel Elements; Isotopes; Mass; Neutrons; Performance; Planning; Power Plants; 
Reactivity; Reactors; Review; Spectra; Variations 
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16016…..…..…………………..…….……..……ID Number…………………..…..…………….16016 

Author: n.a. 

Title: Physics 

Date: 1/1/1965 

Report: Power Reactor Technology; Vol: No. 2 

Conference/Journal: Power Reactor Technology 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Critical Assemblies; Cross 
Sections; Diffusion; Diffusion Length; Exponential Piles; Fermi Age; Isotopes; Measured Values; 
Neutrons; Numericals; Scattering; Slowdown 
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16017…..…..…………………..…….……..……ID Number…………………..…..…………….16017 

Author: Hunzinger, W. 

Title: Criticality Alarm Systems Used at the Eurochemic Reprocessing Plant 

Date: 1/1/1970 

Report: pp 331-9 of Radiation Safety in Hot Facilities. Vienna, International Atomic Energy Agency 
(1970) 

Conference/Journal: Symposium on Radiation Safety Problems in the Design and Operation of Hot 
Facilities, Saclay, France. See STI/PUB—238/ CONF-691008 

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Life Sciences-Health Physics & Safety-
Radiation Protection; Instrumentation-Miscellaneous Instruments & Components; Alarm Systems; 
Criticality; Design; Detection; Instruments; Monitoring; Operation; Personnel; Radiation Detectors; 
Radiation Protection; Safety 
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16018…..…..…………………..…….……..……ID Number…………………..…..…………….16018 

Author: Bitelli, G. / Grifoni, S. Martinelli, R. / Orestano, F. V. / Santandrea E. 

Title: Comparison of Critical Experiments with Calculations for Organic Lattices 

Date: 1/1/1966 

Report: pp 485-492 of Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966., From 
Conference on Physics of Reactors, Milan. See CONF-469 

Conference/Journal: Fisica del Reattore. Rome, Consiglio Nazionale delle Ricerche, 1966./ From 
Conference on Physics of Reactors, Milan. See CONF-469 

Conference Session:  

Abstract/Keyterms: Reactivity / Worths in Organic Moderated Lattices, Comparison of Measured and 
Calculated; Reactors, Organic-Moderated / Neutron Multiplication Factors for, Comparison of Measured 
and Calculated Values for; Reactors, Organic-Moderated / Reactivity Worths for, Comparison of Measured 
and Calculated 
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16019…..…..…………………..…….……..……ID Number…………………..…..…………….16019 

Author: Detilleux, E. / Hunzinger, W. / Cao, S. 

Title: Safety and Radiological Protection in Reprocessing Plants 

Date: 1/1/1970 

Report: pp 489-96 of Radiation Safety in Hot Facilities. Vienna, International Atomic Energy Agency 
(1970) 

Conference/Journal: Symposium on Radiation Safety Problems in the Design and Operation of Hot 
Facilities, Saclay, France. See STI/PUB—238/ CONF-691008 

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Life Sciences-Health Physics & Safety-
Radiation Protection; Chemistry-Radiochemistry & Nuclear Chemistry-Radioactive Waste Treatment; 
Accidents; Belgium; Criticality; Design; Europe; Fuels; Personnel; Radiation Protection; Radioactivity; 
Radiochemistry; Reprocessing; Safety 
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16020…..…..…………………..…….……..……ID Number…………………..…..…………….16020 

Author: Price, W. G. Jr. 

Title: Cost of Tritium Bred in a Critical Fission Reactor 

Date: 4/1/1977 

Report: PPPL-1344 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Elementary equations related to the “six-factor” formula for criticality are used to 
derive an expression for the cost of tritium, bred in a fission reactor, in terms of the cost of fissile material. 
Reasonable parameters give a value about two-thirds of that usually quoted (80 times the price of fissile) 
for fusion-fission reactor self-bred tritium. However, the handling costs and hazards associated with large-
scale LWR tritium production are not assessed. 
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16021…..…..…………………..…….……..……ID Number…………………..…..…………….16021 

Author: Goodfellow, H. / McCormick, W. B. / McTaggart, M. H. / Stupart, V. G. / Warnke, E. G. / 
Weale, J. W. 

Title: Design Basis for the Aldermaston Pulsed Reactor 

Date: 2/1/1964 

Report: PR/OP/1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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16022…..…..…………………..…….……..……ID Number…………………..…..…………….16022 

Author: Andrews, G. A. / Haywood, F. F. 

Title: Clinical and Biological Consequences of Nuclear Explosions 

Date: 1/1/1971 

Report: Practioner 207: No. 1239, 331-42(Sep 1971) 

Conference/Journal: Practioner 207: No. 1239, 331-42(Sep 1971) 

Conference Session:  

Abstract/Keyterms: Life Sciences-Radiation Effects on Animals-Man; Life Sciences-Health Physics & 
Safety-Dosimetry & Monitoring; Life Sciences-Medicine-Blast & Thermal Effects; Beta Particles; Blood 
formation; Blood Vessels; Brain; Contamination; Delayed Radiation Effects; Distance; Embryos; 
Excursions; Flash Burns; Gamma Radiation; Gastrointestinal Tract; Genetics; Ground Level; Ingestion; 
Lungs; Neutrons; Nuclear Explosions; Pressure; Radiation Injuries; Radioactivity; Shock Waves; Therapy; 
Whole-Body Irradiation 
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16023…..…..…………………..…….……..……ID Number…………………..…..…………….16023 

Author: n. a. 

Title: Monthly Technical Report for November 

Date: 1/1/1958 

Report: PRDC-TR-17 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A summary of the first phase of the program directed toward determining the effects 
of rapid temperature changes on irradiated Zr clad Mo--U fuel pins is presented. It was found that cladding 
and core rupture occur when the Fermi Reactor fuel pins are heated to 1850 deg F for short periods. Fuel 
Engineering. Enriched U scrap is being reprocessed for the CP-5 irradiation program. Materials. 
Calculations of burnup and irradiation temperatures of cermet samples irradiated in the MTR are tabulated. 
Samples of irradiated specimens were heated to 1295 deg F for 100 hours. For any given time at exposure 
temperatures, fuel density decreases are directly proportional to the square of the burnup. An investigation 
of the properties of cast boron steel was completed. Although the steel is not ductile and is difficult to weld, 
it is suitable for shielding. Nuclear Engineering. Phase I of the critical experiment was completed, and an 
effective delayed neutron fraction was calculated. The maximum and average concentrations of U that build 
up with irradiation were calculated for core, axial blankets, and radial blankets. The (n,2n) reaction accounts 
for the majority of the U237 formed. Shielding design for the spent fuel decay facility was completed. 
Electrical and Instrumentation. The system designed to ensure the proper sequence in fuel handling was 
manufactured. Liquid Metal and Steam Systems. The pressure, temperature, and thermal stress analyses for 
steam and water head were completed and set-up for computer analysis. Test Operations. Installation of the 
leak detector pan, tabular heaters, heater shielding, graphite blocks, insulation, and lagging was completed 
on the lower and upper reactor vessels. Steam generator tests were conducted, and results are being 
evaluated. An environmental radioactivity report for the Fermi Reactor site is included, as well as reports 
for 16 other locations around the reactor. (For preceding period see PRDC-TR-16.) 
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16024…..…..…………………..…….……..……ID Number…………………..…..…………….16024 

Author: n.a. 

Title: Monthly Technical Report for January 1959 

Date: 10/31/1959 

Report: PRDC-TR-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The core isothermal Na temperature coefficient at 675 F was calculated using a Na 
worth value of -4.66 x 10/sup -6/ Oy melts below /k/ C which was determined from the homogeneous 
critical experiment. This value is to be compared with the current value of -7.1 x 10/sup -6/ Oy melts below 
k/k/ C which was obtained from past multigroup calculations. The lower value of sodium coefficient is 
compensated by a new value of the fuel temperature based on axial expansion of the fuel. Axial expansion 
coefficient data are included. The transfer rotor assembly was shop tested and met all specifications. 
Preliminary tests were completed on a transparent plastic model vapor trap. Observations were recorded 
with high-speed motion pictures. Exploratory runs were made on the test flow loop to check pump 
performances and instrumentation core pins were found to impede flow because pump packing materials 
were adhering to them. Changes were made in the bird cage by moving the pins to the top. A chart showing 
progress on major components is included as well as environs monitoring radioactivity tables. (For 
preceding period see PRDC-18.) 
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16025…..…..…………………..…….……..……ID Number…………………..…..…………….16025 

Author: n.a. 

Title: Monthly Technical Report on Fermi Reactor, October 1961 

Date: 10/31/1962 

Report: PRDC-TR-52 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Sub-assemblies for use in Fermi reactor Core A low power operation are described. 
The Core B irradiation program is outlined and calculations on temperature coefficients in a Core B scram 
are presented. Graphite testing was conducted to determine the efficiency of water removal in vacuo by 
heating. Other graphite samples were irradiated at high temperature. Assembly procedure refinements are 
being made for Core B. Nuclear engineering activities include safety studies, Core A physics studies, and 
shielding requirements studies. Plans for preoperational tests of the neutron detectors are outlined. 
Developments in instrumentation and in the liquid metal and steam systems are reviewed along with tests 
results for various components and systems. 
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16026…..…..…………………..…….……..……ID Number…………………..…..…………….16026 

Author: Tuck, G. 

Title: Radiation Measurements around the P102 Core During the Critical Experiment (Midplane Gamma 
and Fast Neutron) 

Date: 5/29/1958 

Report: PREDC-3079 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements of gamma radiation and fast neutron dose rates made in the water tank 
on top of the P102 dolly during a critical experiment are reported. Data are presented graphically. 
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16027…..…..…………………..…….……..……ID Number…………………..…..…………….16027 

Author: Voronin, A. A. / Ostashenko, V. V. 

Title: Automation of Reactivity Measurements 

Date: 1/1/1968 

Report: Preprint IAE-1689, Moscow, 1968 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IEU-SOL-THERM-001 
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16028…..…..…………………..…….……..……ID Number…………………..…..…………….16028 

Author: Abagyan, L. P. / Glushkov, A. E. / Gomin, E. A. / et al. 

Title: MCU-3 Monte Carlo Code for Nuclear Reactor Calculations. Vol 3. Generic Description. Part 1. 
Physical Module 

Date: 12:00:00 AM 

Report: Preprint IAE-5736/5, M. IAEKI 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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16029…..…..…………………..…….……..……ID Number…………………..…..…………….16029 

Author: Belogorlov, E. A. / et al. 

Title: Spectral Investigations of Neutron Radiation in Three-Sectional Labyrinth from Californium-252 

Date: 1/1/1984 

Report: Preprint IHEP 85-4, Serpoukhov, 1984 (in Russian). See also Kernenergie 27 (1984) 9 p. 386-
389 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ALARM-CF-AIR-LAB-001 
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16030…..…..…………………..…….……..……ID Number…………………..…..…………….16030 

Author: Trykov, L. A. / Kolevatov, J. I. / Volkov, I. S. 

Title: Methods of Calibration of Spectrometers with the Help of Radionuclide Sources of Neutrons 

Date: 1/1/1985 

Report: Preprint IPPE-1730, Obninsk, 1985 (in Russian) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ALARM-CF-FE-SHIELD-001, ALARM-CF-PB-SHIELD-001 
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16031…..…..…………………..…….……..……ID Number…………………..…..…………….16031 

Author: Ryazanov, B. G. / Kuzmin, S. K. / Sviridov, V. I. / Shapsha, V. F. / Tsiboula, A. M. / Nikolaev, 
M. N. / Barshevtsev, V. A. / Rozhichin, E. V. 

Title: Critical Experiments with Mixed Solutions of Uranyl and Gadolinium Nitrates 

Date: 1/1/1995 

Report: Preprint IPPE-2464, Obninsk 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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16032…..…..…………………..…….……..……ID Number…………………..…..…………….16032 

Author: Belov, S. P. / Doulin, V. A. / Kochetkov, A. L. / et al. 

Title: Results of the Experiments on the Critical Assemblies BFS-57 and BFS-59 

Date: 1/1/1998 

Report: Preprint IPPE-2681, Obninsk, 1998, in Russian) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-MIXED-001 
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16033…..…..…………………..…….……..……ID Number…………………..…..…………….16033 

Author: Bednjakov, S. M. 

Title: Databank PROTVA on Experiments on Zero-Power Critical Assemblies BFS-1, BFS-2, and KOBR, 
Version 3.2 (Description and User Manual).” – 

Date: 1/1/1998 

Report: Preprint IPPE-2685, Obninsk, 1998, in Russian) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-MIXED-001 
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16034…..…..…………………..…….……..……ID Number…………………..…..…………….16034 

Author: Trykov, L. A. / Kolevatov, J. I. / Nikolaev, A. N. / Buryan, I. / Marek, M. / et al. 

Title: Experimental Research of Outflow Spectra of Neutron and Gamma Radiations for Spheres from Iron 

Date: 1/1/1979 

Report: Preprint IPPE-943. Obninsk, 1979 (in Russian) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ALARM-CF-FE-SHIELD-001 
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16035…..…..…………………..…….……..……ID Number…………………..…..…………….16035 

Author: Polevoy, V. B. / Leontyev, V. V. / Ovchinnikov, A. V. / et al. 

Title: The Basic Package of F-2 Codes to Solve the Tasks of Neutron Transfer in Reactor Physics by the 
Monte Carlo Method 

Date: 1/1/1996 

Report: Preprint OFAP Ya. R., No 00371, 1996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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16036…..…..…………………..…….……..……ID Number…………………..…..…………….16036 

Author: Andrianov, G. Ya. / Klochkov, A. D. / Krainov, Yu. A. / et al. 

Title: Critical Facility "P” for Investigations of VVER Physics (Description, Critical Experiments and 3-D 
Models) 

Date: 1/1/1997 

Report: Preprint RRC KI, IAE-6033/4, Moscow, 1997 (In Russian) 

Conference/Journal:  

Conference Session:  
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Conference/Journal: Priroda 

Conference Session:  

Abstract/Keyterms: It is noted that a series of five reactors (BR-1, BR-2, BR-3, BR-4, and BR-5) were 
successively constructed to develop the theory and practice of fast neutron reactors. The last reactor of this 
series (BR-5) put on stream in the summer of l958 with a power of 5000 kilowatts can be considered as the 
prototype of future, fast neutron, power reactors. Brief mention is made of three research reactors (VVR-2, 
VVR-S, and IRT) which use distilled water as a moderator and heat transfer medium. A schematic drawing 
of the IRT research reactor is presented. Twelve research reactors were built in the USSR and various 
satellite countries. The names of people associated with the development of these reactors are given 
prominence as Lenin prize winners. 
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms: The Alpha-Gamma Facility at the PNC O-area Engineering Center has been operating 
successfully since October 1971 without experiencing major difficulties. The function of this facility is the 
physical, metallurgical, and chemical examination of irradiated plutonium-bearing fuels. Two lines of main 
concrete cells are provided: one has a shielding capacity of 10,000 Ci for irradiated fuels and the other a 
shielding capacity of 2000 Ci. The main types of examination are nondestructive tests, metallography, 
physical measurements, and chemical analysis. 
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms:  
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Abstract/Keyterms:  
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23, 1995, p. 223-226 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-061 
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Abstract/Keyterms:  



 

C-16116 

16068…..…..…………………..…….……..……ID Number…………………..…..…………….16068 

Author: Lee, Y. K. / Néron, G. / Both, J. P. / Diop, C. 

Title: Validation of Monte Carlo code TRIPOLI-4 with PWR critical lattices by using JEF2.2 and ENDF/B-
VI evaluations 

Date: 10/1/1997 

Report: Proceedings International Conference on Mathematical Methods and Supercomputing for 
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Conference Session:  

Abstract/Keyterms: The SCALE-4 system was developed for the Nuclear Regulatory Commission to 
satisfy a need for a standardized method of analysis for the evaluation of nuclear fuel facility and package 
designs. The system has the capability to perform criticality, shielding and heat transfer analyses using well 
established functional modules. Spent fuel characteristics for these analyses can be obtained from a module 
(SAS2H) that performs both a depletion calculation (to generate source terms) and a one-dimensional radial 
shielding analysis of a cask-type geometry. SAS6 is based on the SAS2H module, without performing a 
shielding analysis. Geometry restrictions due to the use of the one-dimensional discrete ordinates (S{sub 
n}) transport module XSDRNPM-S are solved by replacing this module by the lattice code with two-
dimensional capability, WIMS-D/4. The depletion calculation of ORIGEN-S is retained. A single pin or 
slab lattice, subassemblies with a control rod or a rod including burnable poison, and clustered fuel 
geometry can be used. Optional treatment of pseudo capturer and pseudo fissioner (pseudo actinide) is 
available. Condensing to few energy groups is available as an option. 
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Conference/Journal: International conference on mathematics and computations, reactor physics, and 
environmental analyses, Portland, OR (United States), 30 Apr - 4 May 1995 

Conference Session:  

Abstract/Keyterms: VIM is a continuous energy neutron and photon transport code. VIM solves the 
steady-state neutron or photon transport problem in any detailed three-dimensional geometry using either 
continuous energy-dependent ENDF nuclear data or multigroup cross sections. Neutron transport is carried 
out in a criticality mode, or in a fixed source mode (optionally incorporating subcritical multiplication). 
Photon transport is simulated in the fixed source mode. The geometry options are infinite medium, 
combinatorial geometry, and hexagonal or rectangular lattices of combinatorial geometry unit cells, and 
rectangular lattices of cells of assembled plates. Boundary conditions include vacuum, specular and white 
reflection, and periodic boundaries for reactor cell calculations. VIM was developed primarily as a reactor 
criticality code. Its tally and edit features are very easy to use, and automatically provide fission, fission 
production, absorption, capture, elastic scattering, inelastic scattering, and (n,2n) reaction rates for each edit 
region, edit energy group, and isotope, as well as the corresponding macroscopic information, including 
group scalar fluxes. Microscopic and macroscopic cross sections, including microscopic P{sub N} group-
to-group cross sections are also easily produced. 
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Abstract/Keyterms: LEU-COMP-THERM-041 
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Conference Session:  

Abstract/Keyterms: FUND-NIST-CF-MULT-FISS-001 
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Conference Session:  

Abstract/Keyterms: Sb/sup 124/ of an Sb--Be neutron source is usually activated in the reactor, and this 
neutron source is used when the reactor is started up. In the JRR-2 some curies of Sb/sup 124/ were 
produced by the requests for critical tests. As the fuels of the JRR-2 were changed from 26% enriched to 
90%, the critical test was made again in April 1962, using an Sb-- Be neutron source design and produced 
by the JRR-2. The following items are described: (1) estimation of quantity of Sb/sup 124/ (produced), 
using Co monitor wire; (2) measurement method of the gamma dose rate from large gamma sources, such 
as Sb/sup 124/ used in neutron sources, etc.; and (3) measurement results of neutron intensity from an Sb-
-Be neutron source. 
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Abstract/Keyterms: Physics; Critical Mass; Criticality; Distribution; Fission; Mass; Multiplication 
Factors; Neutrons 
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Conference Session:  

Abstract/Keyterms: mass of a reactor is reduced to determining the spectral radius of a linear integral 
operator T. The operator T is obtained by a transformation from the steady-state transport equation to an 
integral equation for the neutron flux. At one point in this transformation, T is represented as an integral of 
a one- parameter family of compact sell-adjoint operators whose spectral resolution is known. This used to 
obtain upper-bound estimates on the spectral radius of T, i.e., lower-bound estimates for the critical mass. 
This done for spheres and slabs under the assumption of monoenergetic neutrons and isotropy of the 
collision-fission process. A numerical example is given for a bare slab as evidence of the accuracy of the 
bounds. 
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neutron transport and the diffusion equations in the reactor media with multigroup technique. Several 
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measured parameters in some of the assemblies. The cross-sections, strictly speaking, depend on the reactor 
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has been prepared. 
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the experimental resuIts obtained from the LASL Lady Godiva prompt burst program. In particular, the 
code can predict the reactivity where the burst yield deviates from a linear dependence on reactivity and 
commences to rise much more rapidly. The burst width and maximum rates can be predicted with 
reasonable accuracy. The calculation is applied to other simple systems, with the result that there appear to 
be general rules that one can use to relate the bursts of thcse systems. The calculation can predict what 
fraction of the energy of the system is converted into kinetic energy. It appears that step-function increases 
of reactivity of about 1O cents or less in homogeneous metal systems develop only a trivial explosive 
energy. The method was extended to hypothetical accidents in very idealized reactors. Two general models 
of reactor cores were considered. These are (1) a core of low density in which the characteristic o a threshold 
is important, and (2) a model in which the spherical shells are alternately normal density and void. The 
numbers quoted should be regarded only as establishing upper and lower limits. 
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problems are discussed. 
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reactor is designed as small and simply as possible, and consistently with safety and good operating practice. 
Access to the present model is via pneumatic irradiation tubes only, which limits the use of the facility to 
activation analysis, tracer production and training. 



 

C-16172 

16124…..…..…………………..…….……..……ID Number…………………..…..…………….16124 

Author: Dwivedi, S. R. / Singh, R. S. 

Title: Criticality Studies of Single and Multiple Spherical Systems 

Date: 11/24/1970 

Report: Proceedings of the National Symposium on Radiation Physics, Bombay, 169-177 

Conference/Journal: National Symposium on Radiation Physics, Bombay, India, 24 Nov 1970 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Critical Mass; Critical Size; Criticality; Fissile Materials; Nuclear Fuels; Numerical Solution; Plutonium 
Nitrates; Reprocessing; Spheres; Storage Criticality / Calculations for Single and Multiple Spherical 
Systems, Improved Method for; Plutonium Nitrates / Criticality of Solutions of, Improved Method for 
Calculation of 



 

C-16173 
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Author: Srinivasan, M. 

Title: Feasibility Study on Assembling Independently Critical Sub-Cores in a Large Zero Energy 
Experimental Heavy Water Reactor 

Date: 11/24/1970 

Report: Proceedings of the National Symposium on Radiation Physics. Bombay Bhabha Atomic 
Research Centre, pp 179-90 

Conference/Journal: National Symposium on Radiation Physics. Bombay Bhabha Atomic Research 
Centre, (24 Nov 1970) 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors; Computer Calculations; Coupled Reactor Cores; 
Criticality; Heavy Water Moderated Reactors Natural Uranium Reactors; Zero Power Reactors 
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Author: Struss, Roland G. 

Title: Sandia Pulsed Reactor Facility Building Design and Construction Details 

Date: 11/1/1961 

Report: Proceedings of the Ninth Conference on Hot Laboratories and Equipment, 321-323 

Conference/Journal: Ninth Conference on Hot Laboratories and Equipment, 321-323 

Conference Session:  

Abstract/Keyterms: Physics; Buildings; Planning; Pulses; Reactors 
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Title: Experimental Studies on the Physics of WER-Type Uranium-Water Lattices 

Date: 1/1/1984 

Report: Proceedings of the Temporary International Team, Academial Kiado, Budapest, Vol. 1 

Conference/Journal: Temporary International Team, Academial Kiado, Budapest, Vol. 1 

Conference Session:  

Abstract/Keyterms:  
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Author: Alexeyev, N. I. / Andrianov, G. Ya. / Baribkin, V. I. / et al. 

Title: Experimental Investigations of the VVER Physics in RRC Kurchatov Institute 

Date: 9/22/2000 

Report: Proceedings of the tenth Symposium of AER, vol. 2, pp. 669-690 

Conference/Journal: Tenth Symposium of AER, Moscow, Russia, 18-22 September 2000 

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-061 
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Author: LeSage, L. G. 

Title: Status of Fast Reactor Physics 

Date: 9/17/1980 

Report: Proceedings of the Topical Meeting in Advanced Reactor Physics and Shielding, 51-69 

Conference/Journal: Topical Meeting in Advanced Reactor Physics and Shielding, Sun Valley, Idaho, 
Sept. 14-17, 1980 

Conference Session:  

Abstract/Keyterms: General 
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Author: Khariton, Yu. B. / Voinov, A. M. / Kolesov, V. F. / et al. 

Title: Overview of VNIIEF Pulsed Reactors 

Date: 11/1/1994 

Report: Proceedings of the Topical Meeting on Physics, Safety, and Applications of Pulse Reactors, 22-
24 

Conference/Journal: Topical Meeting on Physics, Safety, and Applications of Pulse Reactors, 
Washington, D.C., November 13-17, 1994, ANS 

Conference Session:  

Abstract/Keyterms:  
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Author: Grundl, J. A. / Hansen, G. E. 

Title: Measurement of Average Cross Section Ratios in Fundamental Fast-Neutron Spectra 

Date: 1/1/1967 

Report: Proceedings Paris Conference Nuclear Data for Reactors, Vol. I, pp 321- 336. 

Conference/Journal: Paris Conference Nuclear Data for Reactors (IAEA, Vienna, 1967) Vol. I, pp 321- 
336. 

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-006 
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Author: Tait, J. H. 

Title: Two-Group Perturbation Theory in Neutron Transport Theory 

Date: 7/1/1954 

Report: Proceedings Phys. Soc. (London); Vol: A67 

Conference/Journal: Proceedings Phys. Soc. (London) 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Group Theory; Multiplication 
Factors; Neutron Flux; Neutron Sources; Neutrons; Perturbation Theory; Quantum Mechanics; Transport 
Theory; Velocity; Wigner Scattering; Wigner Theory 
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Title: Research Reactor RA at the Vinča Institute of Nuclear Sciences, Ageing, Refurbishment and 
Irradiated Fuel Storage 

Date: 1/1/1996 

Report: Proceedings Research Facilities for the Future of Nuclear Energy, World Scientific, p. 69 

Conference/Journal: Research Facilities for the Future of Nuclear Energy, World Scientific 

Conference Session:  

Abstract/Keyterms:  
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Author: James, C. G. / Till, C. E. 

Title: The Determination of the Effectiveness of Nuclear Reactor Control Rods by Means of Exponential 
Experiments 

Date: 8/21/1962 

Report: Proceedings Roy. Soc. (London), A; Vol: 269 

Conference/Journal: Proceedings Roy. Soc. (London), A 

Conference Session:  

Abstract/Keyterms: be used to determine control rod effectiveness are considered. It is concluded that a 
necessary condition for measurements to be analyzed by simple theory is that the neutron energy-spectrum 
perturbation produced by the rod should not extend over the whole volume of the assembly; the unperturbed 
asymptotic spectrum should be regained within the pile. Neutron balance equations in two energy groups 
for a square subcritical assembly with a cylindrical absorber along the axis are outlined. Measurements 
made in a graphite-natural uranium exponential pile are presented for boron steel, cadmium, and mild steel 
control elements, all in the form of circular tubes ranging from 0.625 to 3.375 in. outer diameter. The results 
are discussed in terms of thermal neutron extrapolation lengths. They indicate that absorption of thermal 
neutrons accounts for some 80% of the total effects in the case of boron steel, a larger proportion for 
cadmium, and almost the whole effect for mild steel. The effect of placing moderating materials in the 
center of the rods is investigated. For boron steel and cadmium increases in effectiveness up to 20% are 
observed with moderating inserts of a hydrogenous material, while graphite is found to produce no 
significant change. Hydrogenous inserts increase the effectiveness up to 40% with mild steel rods, but the 
effect appears to be attributable mainly to absorption of thermal neutrons by the inserts, rather than to 
moderation of fast neutrons. The results show internal consistency, supporting the validity of the technique. 
The sensitivity of the method appears comparable with that of measurements on a critical system with a 
similar lattice. 
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Author: Andrianov, G. A. / Jitarev, V. E. / Kachanov, V. M. / et al. 

Title: Experimental Investigation of RBMK Critical Facility with Boron Solutions for Determining of 
Influence on Neutron-Physical Parameters of Reactor Load Elements 

Date: 9/1/1995 

Report: Proceedings Seminar on Problem of Nuclear Reactor Safety, Volga’95, 2, 34 

Conference/Journal: Seminar on Problem of Nuclear Reactor Safety, Volga’95, Moscow, Russia, Sept. 
4-8, 1995, 2, 34 

Conference Session:  

Abstract/Keyterms: Experimental Investigation of RBMK 
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Title: Natural Fission Reactors 

Date: 12/19/1977 

Report: Proceedings Technical Committee on Natural Fission Reactors, Paris, France, December 19-21, 
1977 

Conference/Journal: Technical Committee on Natural Fission Reactors, Paris, France, December 19-21, 
1977 

Conference Session:  

Abstract/Keyterms:  
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Title: Determination of the Multiplication Factor and Its Bias by the 252Cf-Source Technique: A Method 
for Code Benchmarking at Subcritical Configurations 

Date: 10/10/1997 

Report: Proceedings Topical Meeting of the Am. Nucl. Soc., Saratoga, N. Y 

Conference/Journal: Joint international conference on mathematical methods and supercomputing in 
nuclear applications, Saratoga Springs, NY (United States), 6-10 Oct 1997 

Conference Session:  

Abstract/Keyterms: A brief discussion of the Cf-252 source driven method for subcritical measurements 
serves as an introduction to the concept and use of the spectral ratio, {Gamma}. It has also been shown that 
the Monte Carlo calculation of spectral densities and effective multiplication factors have as a common 
denominator the transport propagator. This commonality follows from the fact that the Neumann series 
expansion of the propagator lends itself to the Monte Carlo method. On this basis a linear relationship 
between the spectral ratio and the effective multiplication factor has been shown. This relationship 
demonstrates the ability of subcritical measurements of the ratio of spectral densities to validate transport 
theory methods and cross sections. 
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Author: McLaughlin, Thomas P. 

Title: Applications of PRA in Nuclear Criticality Safety 

Date: 6/1/1992 

Report: Proceedings Topical Meeting on Risk Management – Expanding Horizons, June 7-10, 1992 

Conference/Journal: Topical Meeting on Risk Management – Expanding Horizons, June 7-10, 1992 

Conference Session:  

Abstract/Keyterms: Traditionally, criticality accident prevention at Los Alamos has been based on a 
thorough review and understanding of proposed operations of changes to operations, involving both process 
supervision and criticality safety staff. The outcome of this communication was usually an agreement, based 
on professional judgement, that certain accident sequences were credible and had to be reduced in 
likelihood either by administrative controls or by equipment design and others were not credible, and thus 
did not warrant expenditures to further reduce their likelihood. The extent of analysis and documentation 
was generally in proportion to the complexity of the operation but did not include quantified risk 
assessments. During the last three years nuclear criticality safety related Probabilistic Risk Assessments 
(PRAs) have been preformed on operations in two Los Alamos facilities. Both of these were conducted in 
order to better understand the cost/benefit aspects of PRA’s as they apply to largely hands-on” operations 
with fissile material for which human errors or equipment failures significant to criticality safety are both 
rare and unique. Based on these two applications and an appreciation of the historical criticality accident 
record (frequency and consequences) it is apparent that quantified risk assessments should be performed 
very selectively. 
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Author: Ahn, J. / Greenspan, E. Chambre, P. L. P. L. 

Title: Analysis of Underground Autocatalytic Criticality by Vitrified HLW in Water-Saturated Geologic 
Repositories 

Date: 3/1/1997 

Report: Proceedings Waste Management 97 Conference, Tucson, Arizona 

Conference/Journal: Waste Management '97, Tucson, AZ (United States), 2-7 Mar 1997 

Conference Session:  

Abstract/Keyterms:  
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Title: The VEGA Assembly Spectrum Code 

Date: 1/1/1996 

Report: Proceedings Yugoslav Nuct. Society Conference YUNSC'96, Belgrade 

Conference/Journal: Yugoslav Nuct. Society Conference YUNSC'96, Belgrade 

Conference Session:  

Abstract/Keyterms:  
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Title: Proceedings-1995 USDOE Defense Programs Packaging Workshop 

Date: 6/15/1995 

Report: Proceedings-1995 USDOE Defense Programs Packaging Workshop 

Conference/Journal: Proceedings-1995 USDOE Defense Programs Packaging Workshop June 12-15, 
1995, San Francisco, California 

Conference Session:  

Abstract/Keyterms:  
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Title: Evaluation of the Uncertainty in Eigenvalue Monte Carlo Calculations, Using Time Series 
Methodologies 

Date: 10/1/2000 

Report: ProceedingsMc2000 Conference, Lisbon, 23-26 Oct. 2000, 703 

Conference/Journal: MC 2000 Conference, Lisbon, 23-26 Oct. 2000, 703 

Conference Session:  

Abstract/Keyterms:  
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Title: Mesures de densité et des teneurs en eau et en SiO2 sur deux échantillons de mortier références 
90074-1 et 90074-2 

Date: 12:00:00 AM 

Report: Procès verbal d’essais 91.01.02 CEA/DCC/DSD 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-037 
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Title: Recent Work in Neutron Thermalization 

Date: 10/1/1958 

Report: Prog. Nuc. Energy 

Conference/Journal: Progress in Nuclear Energy Series 1 V2 

Conference Session:  

Abstract/Keyterms: Experimental results include data on inelastic scattering of slow neutrons by 
moderating materials, measurements of neutron spectra for close- packed water lattices, and temperature-
coefficient measurements on a zirconium hydride-moderated critical assembly. Theoretical work includes 
the theory of slow neutron inelastic scattering by zirconium hydride with application to reactor spectrum 
and temperature coefficient calculations, a theory of slow-neutron inelastic scattering by water, and 
calculations of chemical binding effects on the diffusion cooling” phenomenon. Neutron-spectrum 
calculations are discussed for a monatomic gaseous moderator of intermediate mass, for a heavy gaseous 
moderator with a temperature discontinuity, and for a moderator in which the effective molecular mass is 
varied. 
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Title: The Measurement and Theory of Reactor Spectra 

Date: 1/1/1959 

Report: Prog. Nuc. Energy 

Conference/Journal: Progress in Nuclear Energy Series 1 V2 

Conference Session:  

Abstract/Keyterms:  
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Title: Extraction Processing of Irradiated Fuels Using Tributyl Phosphate in Carbon Tetrachloride 

Date: 1/1/1970 

Report: Progr. Nucl. Energy, Ser. III 4: 215-231 

Conference/Journal: Progr. Nucl. Energy 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Abundance; Butyl Phosphates; Carbon Tetrachloride; Corrosion; Criticality; Enriched Materials; Fission 
Products; Flow Sheet; Fuels; Neptunium; Nitric Acid; Plutonium; Radiolysis; Reprocessing; Separation 
Processes; Solvent Extraction; TBP; Uranium 
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Title: Analytical Chemistry in Glove Boxes 

Date: 1/1/1970 

Report: Progr. Nucl. Energy, Ser. IX 10: 359-91 

Conference/Journal: Progr. Nucl. Energy, Ser. IX 10: 359-91 

Conference Session:  

Abstract/Keyterms: Chemistry-Analytical Chemistry; Alpha Particles; Chemical Analysis; Corrosion; 
Criticality; Design; Determination; Emission; Fire; Gloveboxes; Laboratory Equipment; Monitoring; 
Operation; Radiation Protection; Radioactivity; Remote Handling; Separation Processes; Toxicity; 
Ventilation 
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Title: Delayed Neutrons 

Date: 1/1/1956 

Report: Progr. Nucl. Energy, SeriesI, Bol. I, p.191 

Conference/Journal: Pergamon Press 

Conference Session:  

Abstract/Keyterms:  
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Title: Technology, Engineering and Safety. Volume 4 

Date: 1/1/1961 

Report: Progress in Nuclear Energy; Journal Volume: Vol: Series IV 

Conference/Journal: Progress in Nuclear Energy; Vol: Series IV 

Conference Session:  

Abstract/Keyterms: Sixteen papers are presented which review research and development in the fields of 
nuclear engineering, reactor technology, materials and processes, and nuclear safety. Contributions are 
given on the use of helium and graphite in high temperature reactors, plutonium ceramic technology, 
American developments of gas-solid and liquid-liquid chemical engineering operations involved in 
uranium processing and in the reprocessing of uranium fuels, the complex criticality considerations 
involved in the transportation of fissile materials, and the design of safe nuclear installations. Other reviews 
are also given which are of current interest in the field of nuclear engineering. Separate abstracts have been 
prepared for 15 papers; one was previously abstracted in NSA. 
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Author: Marshall, William BJ. J. / Wagner, John C 

Title: Impact of Fuel Failure on Criticality Safety of Used Nuclear Fuel 

Date: 1/1/2012 

Report: PSAM11, Helsinki, Finland 

Conference/Journal: PSAM11, Helsinki, Finland 

Conference Session:  

Abstract/Keyterms: Commercial used nuclear fuel (UNF) in the United States is expected to remain in 
storage for considerably longer periods than originally intended (e.g., <40 years). Extended storage (ES) 
time and irradiation of nuclear fuel to high-burnup values (>45 GWd/t) may increase the potential for fuel 
failure during normal and accident conditions involving storage and transportation. Fuel failure, depending 
on the severity, can result in changes to the geometric configuration of the fuel, which has safety and 
regulatory implications. The likelihood and extent of fuel reconfiguration and its impact on the safety of 
the UNF is not well understood. The objective of this work is to assess and quantify the impact of fuel 
reconfiguration due to fuel failure on criticality safety of UNF in storage and transportation casks. This 
effort is primarily motivated by concerns related to the potential for fuel degradation during ES periods and 
transportation following ES. The criticality analyses consider representative UNF designs and cask systems 
and a range of fuel enrichments, burnups, and cooling times. The various failed-fuel configurations 
considered are designed to bound the anticipated effects of individual rod and general cladding failure, fuel 
rod deformation, loss of neutron absorber materials, degradation of canister internals, and gross assembly 
failure. The results quantify the potential impact on criticality safety associated with fuel reconfiguration 
and may be used to guide future research, design, and regulatory activities. Although it can be concluded 
that the criticality safety impacts of fuel reconfiguration during transportation subsequent to ES are 
manageable, the results indicate that certain configurations can result in a large increase in the effective 
neutron multiplication factor, k(eff). Future work to inform decision making relative to which 
configurations are credible, and therefore need to be considered in a safety evaluation, is recommended. 
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Author: Hicks, D. 

Title: Nuclear Safety Research on Thermal Reactors 

Date: 5/1/1993 

Report: PSEPEM, 71 (B2), 75-88 

Conference/Journal: Process Safety and Environmental Protection (United Kingdom) 

Conference Session:  

Abstract/Keyterms: Development of Safety Research / Nuclear Reactors / Light Water Reactors / 
Reviewed 
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Title: Evaluation of the SMOLENSK-3 NPP Shutdown System; Phase 1: Code Implementation and Testing 

Date: 10/1/1994 

Report: PSI Bericht Nr. 94-17, Paul Scherrer Institute 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Paratte, J. M. / Grimm, P. / Hollard, J. M. 

Title: ELCOS, the PSI Code System for LWR Core Analysis. Part II: User’s Manual for the Fuel Assembly 
Code BOXER 

Date: 1/1/1996 

Report: PSI Bericht Nr. 96-08, Paul Scherrer Institute 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Kroeger, Wolfgang 

Title: Kernenergie/Stand von Technik, Notwendigkeit und Akzeptanz, Moegliche Entwicklungslinien 

Date: 9/1/1992 

Report: PSI-127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Program MARACAS Hétérogène –Coeur à Modules – Résultats des Expériences 10 Et 10 Bis 

Date: 12:00:00 AM 

Report: PSN/SRSC/93.06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-049 
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Title: RSIC Peripheral Shielding Routine Collection –SPEC4 Calculated Recoil Proton Energy 
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Date: 1/1/1976 

Report: PSR-99 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Berg, H. P. / Fischer, H. / Piefke, F. 

Title: Revision of the Requirements on Radioactive Wastes to be Disposed of in the Planned Konrad 
Repository by Means of the Program ANKONA 

Date: 1/1/1988 

Report: PTB-SE-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radioactive Waste / Konrad Repository / ANKONA 
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Author: Schweer, H. H. 

Title: Criticality Safety for Nuclear Fuel Transport 

Date: 8/1/1982 

Report: PTB-SE-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Possibilities for a convenient proof of safety are studied. As a rule the multiplication 
factor must be determined by way of calculation. Starting from the Boltzmann's transport equation for 
neutron, 3 different ways of solution are examined with respect to their qualification approach, Sn-method 
and Monte-Carlo-method. Several existing basic data records are applied to systems with simple geometry 
(critical non-reflected and reflected pellets of uranium and plutonium), where the neutron transport problem 
is strictly solvable and the results, k(eff) =1.0, is experimentally known. After this test, the best suited of 
the available basic data records for criticality calculations for existing transport containers are determined. 
Owing to the maximum flexibility with regard to the geometry description, the Monte Carlo method proves 
to be best fit. For this method a technique has been developed by means of which a reflected arrangement 
of similar transport containers can be simulated in a simple way. For different transport containers with 
different nuclear fuels criticality calculations are carried out with two different data records, which are 
mainly supported by experimental data. Hereby the multiple demands on the criticality calculations are 
shown, and statements on the field of application of the... 
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Title: Design Principle to Ensure Safety in Shipping and Storing Fissile Material 

Date: 11/24/1958 

Report: PTR-359 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Went, J. J. 

Title: Instrumentation for a Subcritical Homogeneous Suspension Reactor. I. Reasons behind the Choice 
of a Homogeneous Suspension Reactor 

Date: 3/1/1960 

Report: PTREA, 21, 109-156 

Conference/Journal: Philips Technical Review (Netherlands); Journal Volume: Vol: 21; Other 
Information: Orig. Receipt Date: 31-DEC-61 

Conference Session:  

Abstract/Keyterms: In the KEMA laboratories at Arnhem a one-zone homogeneous suspension- type 
reactor is in development. The choice fe1l on a one-zone homogeneous reactor with circulating fuel in the 
form of a suspension of ThO2-UO2 particles in heavy water. The fissile material, U233, is bred in the 
reactor itself from Th232. The first step in the development program was to build an experimental 
subcritical reactor of this type, but operated on a suspension of UO2 particles (natural uranium with 20% 
U235) in ordinary water. Numerous measurements have been carried out on this reactor, among them the 
determination of the critical concentration of fissile material. 
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Author: Justice, John 

Title: Unreflected Slabs of Polystyrene-Moderated Plutonium Oxide 

Date: 9/30/1999 

Report: PU-COMP-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical experiments involving unreflected and Plexiglas reflected arrays 
of plutoniumoxide - polystyrene cubes (compacts) are reported in References 1 - 4. The five unreflected 
experiments from these references are evaluated in this report. The reported critical dimensions are based 
on experiments performed at the Hanford Plutonium Critical Mass Laboratory between May of 1963 and 
September of 1970. Experimental arrays were constructed from PuO2-polystyrene cubes with H/Pu ratios 
of 0.04, 5, 15, and 49.6. The 240Pu concentration in these cubes ranged from 2.2 - 18.35 wt %. Although 
the exact cube configurations which led to critical are not available, the experimenters have provided 
simplified models for each of the experiments. All five of the experiments, which span the neutron energy 
spectrum from fast to intermediate to thermal, are deemed acceptable for use as criticality safety benchmark 
experiments. The twenty-nine reflected cases are reported in PU-COMP-MIXED-002. Although most of 
the benchmark models that were developed from this series of experiments can be either classified as 
“MIXED” or “THERMAL”, most of the fissions occur in the fast-energy range for Case 1. Therefore, this 
case is appropriately identified as PU-COMP-FAST-001. However, complete documentation and 
evaluation of that configuration is included in the evaluation of the other experiments in the series, PU-
COMP-MIXED-001. 
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Title: Plexiglas Reflected Slabs of Polystyrene-Moderated Plutonium Oxide 

Date: 9/30/1999 

Report: PU-COMP-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical experiments involving unreflected and Plexiglas reflected arrays 
of plutonium-oxide-polystyrene cubes (compacts) are reported in References 1 - 4. The twenty-nine 
Plexiglas reflected experiments from these references are evaluated in this report. The reported critical 
dimensions are based on experiments performed at the Hanford Plutonium Critical Mass Laboratory 
between May of 1963 and September of 1970. Experimental slabs were constructed from PuO2- 
polystyrene cubes with H/Pu ratios of 0.04, 5, 15, and 49.6. The 240Pu concentration in these cubes ranged 
from 2.2 - 18.35 wt %. Although the exact cube configurations which led to critical are not available, the 
experimenters have provided simplified models for each of the experiments. All twenty-nine of the reflected 
experiments, which span the neutron energy spectrum from fast to intermediate to thermal, are deemed 
acceptable for use as criticality safety benchmark experiments. The five unreflected cases are evaluated in 
PU-COMP-MIXED-001. Although most of the benchmark models that were developed from this series of 
experiments can be either classified as “FAST” or “THERMAL”, most of the fissions occur in the 
fastenergy range for Cases 1 – 5. Therefore, these five cases are appropriately identified as PU-COMP-
FAST-002. However, complete documentation and evaluation of those configurations are included in the 
evaluation of the other experiments in the series, PU-COMP-MIXED-002. 



 

C-16211 

16163…..…..…………………..…….……..……ID Number…………………..…..…………….16163 

Author: Hanlon, David 

Title: k-Infinity Experiments in Intermediate Neutron Spectra for 239Pu 

Date: 9/30/1999 

Report: PU-COMP-INTER-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental programme comprised a series of small-sample k7 experiments in 
intermediate neutron spectra. The experiments were performed at the HECTOR (Hot Enriched Carbon-
moderated Thermal Oscillator Reactor) zero-power reactor at Winfrith, United Kingdom, during the late 
1960s. Very little experimental information is available for these experiments. As a result the interpretation 
of the experiments has been taken entirely from Reference 1. The experimental programme was designed 
to provide a sensitive test of the 235U and 239Pu cross sections over the energy range 10 eV to 10keV and 
was therefore known as the HECTOR Intermediate Spectrum Study (HISS). The experimental programme 
considered two fuel mixtures, homogeneous graphite: uranium oxide (92% enriched 235U) and graphite: 
plutonium oxide (5% 240Pu). The uranium oxide experiments are described in HEU-COMP-INTER-004. 
This single configuration is considered to be an acceptable criticality safety benchmark experiment. It 
should be noted that these experiments are somewhat different from other ICSBEP evaluations. Usually 
considered are critical experiments in which the benchmark model comprises as close a representation of 
the real system as possible. However, in this instance the experiments consisted of sample reactivity worth 
measurements. The measured reactivity worths for a number of fuel samples with varied boron content 
were interpolated to produce a boron/ 239Pu ratio which would yield a k7 of unity. In order to make a 
comparison with the reported k7 values, the benchmark model of the experiment will therefore represent a 
homogeneous infinite medium with a material composition appropriate to the interpolated boron/ 239Pu 
ratio. 
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Author: Justice, John 

Title: Unreflected Slabs of Polystyrene-Moderated Plutonium Oxide 

Date: 9/30/1999 

Report: PU-COMP-MIXED-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical experiments involving unreflected and Plexiglas-reflected arrays 
of plutonium oxide - polystyrene cubes (compacts) are reported in References 1 - 4. The five unreflected 
experiments from these references are evaluated in this report. The reported critical dimensions are based 
on experiments performed at the Hanford Plutonium Critical Mass Laboratory between May of 1963 and 
September of 1970. Experimental arrays were constructed from PuO2-polystyrene cubes with H/Pu ratios 
of 0.04, 5, 15, and 49.6. The 240Pu concentration in these cubes ranged from 2.2 - 18.35 wt. %. Although 
the exact cube configurations which led to critical are not available, the experimenters have provided 
simplified models for each of the experiments. All five of the experiments, which span the neutron energy 
spectrum from fast to intermediate to thermal, are deemed acceptable for use as criticality-safety benchmark 
experiments. The twenty-nine reflected cases are reported in PU-COMP-MIXED-002. Although 
categorized as “MIXED,” the majority of the fissions occur in the fast-energy range for Case 1 and in the 
thermal-energy range for Case 5. 
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Author: Justice, John 

Title: Plexiglas Reflected Slabs of Polystyrene-Moderated Plutonium Oxide 

Date: 9/30/1999 

Report: PU-COMP-MIXED-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical experiments involving unreflected and Plexiglas-reflected arrays 
of plutonium oxide- polystyrene cubes (compacts) are reported in References 1 - 4. The twenty-nine 
Plexiglas-reflected experiments from these references are evaluated in this report. The reported critical 
dimensions are based on experiments performed at the Hanford Plutonium Critical Mass Laboratory 
between May of 1963 and September of 1970. Experimental slabs were constructed from PuO2- 
polystyrene cubes with H/Pu ratios of 0.04, 5, 15, and 49.6. The 240Pu concentration in these cubes ranged 
from 2.2 - 18.35 wt. %. Although the exact cube configurations which led to critical are not available, the 
experimenters have provided simplified models for each of the experiments. All twenty-nine of the reflected 
experiments, which span the neutron energy spectrum from fast to intermediate to thermal, are deemed 
acceptable for use as criticality safety benchmark experiments. The five unreflected cases are evaluated in 
PU-COMP-MIXED-001. Although categorized as “MIXED,” the majority of the fissions occur in the fast-
energy range for Cases 1 – 5 and in the thermal-energy range for Cases 10 – 29. 
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Author: Justice, John 

Title: Unreflected Slabs of Polystyrene-Moderated Plutonium Oxide 

Date: 9/30/1999 

Report: PU-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical experiments involving unreflected and Plexiglas reflected arrays 
of plutonium oxide - polystyrene cubes (compacts) are reported in References 1 - 4. The five unreflected 
experiments from these references are evaluated in this report. The reported critical dimensions are based 
on experiments performed at the Hanford Plutonium Critical Mass Laboratory between May of 1963 and 
September of 1970. Experimental arrays were constructed from PuO2-polystyrene cubes with H/Pu ratios 
of 0.04, 5, 15, and 49.6. The 240Pu concentration in these cubes ranged from 2.2 - 18.35 wt %. Although 
the exact cube configurations which led to critical are not available, the experimenters have provided 
simplified models for each of the experiments. All five of the experiments, which span the neutron energy 
spectrum from fast to intermediate to thermal, are deemed acceptable for use as criticality safety benchmark 
experiments. The twenty-nine reflected cases are reported in PU-COMP-MIXED-002. Although most of 
the benchmark models that were developed from this series of experiments can be either classified as 
“FAST” or “MIXED”, most of the fissions occur in the thermal-energy range for Case 5. Therefore, that 
case is appropriately identified as PU-COMP-THERM-001. However, complete documentation and 
evaluation of that configuration is included in the evaluation of the other experiments in the series, PU-
COMP-MIXED-001. 
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Title: Plexiglas Reflected Slabs of Polystyrene-Moderated Plutonium Oxide 

Date: 9/30/1999 

Report: PU-COMP-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-four critical experiments involving unreflected and Plexiglas reflected arrays 
of plutonium-oxide-polystyrene cubes (compacts) are reported in References 1 - 4. The twenty-nine 
Plexiglas reflected experiments from these references are evaluated in this report. The reported critical 
dimensions are based on experiments performed at the Hanford Plutonium Critical Mass Laboratory 
between May of 1963 and September of 1970. Experimental slabs were constructed from PuO2- 
polystyrene cubes with H/Pu ratios of 0.04, 5, 15, and 49.6. The 240Pu concentration in these cubes ranged 
from 2.2 - 18.35 wt %. Although the exact cube configurations which led to critical are not available, the 
experimenters have provided simplified models for each of the experiments. All twenty-nine of the reflected 
experiments, which span the neutron energy spectrum from fast to intermediate to thermal, are deemed 
acceptable for use as criticality safety benchmark experiments. The five unreflected cases are evaluated in 
PU-COMP-MIXED-001. Although several of the benchmark models that were developed from this series 
of experiments can be either classified as “FAST” or “MIXED”, most of the fissions occur in the thermal-
energy range for Cases 10 - 29. Therefore, these twenty cases are appropriately identified as PU-COMP-
THERM-002. However, complete documentation and evaluation of those configurations are included in 
the evaluation of the other experiments in the series, PU-COMP-MIXED-002. 
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Author: O'Dell, R. Douglas / Brewer, Roger W. / Atkinson, Carol A. 

Title: Bare Sphere of Plutonium-239 Metal (239Pu Jezebel) 

Date: 9/30/2002 

Report: PU-MET-FAST-001; PU-MET-FAST-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the early 1950's, the 239Pu Jezebel critical assembly was fabricated and operated 
at the Los Alamos Scientific Laboratory. There were actually three Jezebel assemblies built, one using Pu 
(4.5 at. % 240Pu) and referred to as the 239Pu Jezebel, one using Pu (20 at. % 240Pu) and referred to as 
the 240Pu Jezebel, and one using 233U and referred to as the 233U Jezebel. Only the 239Pu Jezebel is 
described in this report. The 239Pu Jezebel was an unreflected, or bare, delta-phase 239Pu critical assembly, 
nearly spherical in shape. It is considered to be acceptable for use as a benchmark critical experiment. 
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Author: Trumble, Fitz / Rathbun, Roy W. / Lutz, Harry F. 

Title: Unmoderated Plutonium Metal Button Array 

Date: 12/31/1996 

Report: PU-MET-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Between 1965 and 1969 at the Lawrence Livermore Laboratory, plutonium metal 
“parts” weighing 3 kg and 6 kg were used to form reflected and unreflected arrays, of various sizes, on an 
aluminum table. An array was formed with half of the units on each side of a split table. A center-to-center 
spacing in both the vertical and lateral dimensions was chosen, and then the table was remotely pushed 
together. The inverse multiplication was plotted for that configuration as a function of separation, and the 
critical separation distance was obtained by extrapolation. The tables were pulled apart, the unit spacing 
was modified in a stepwise manner to nearer the extrapolated value, and the tables were pushed back 
together, thus generating another inverse multiplication curve. This was continued until the tables could not 
be pushed fully together without achieving criticality. 
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Author: Justice, John / Trumble, Fitz / Rathbun, Roy W. / Lutz, Harry F. 

Title: Unmoderated Plutonium Metal Cylinder Array - Phase II 

Date: 9/30/1996 

Report: PU-MET-FAST-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the late 1960's, a detailed set of plutonium metal experiments was conducted at the 
Lawrence Livermore Laboratory. Critical arrays of plutonium metal cylinders were built utilizing 130 3-kg 
plutonium metal cylinders supported above a split table apparatus. Subcritical neutron flux levels were 
measured by moderated BF3 proportional counters and miniature solid state detectors with hydrogenous 
plastic converter foils 
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Author: Brewer, Roger W. / Schlesser, John A. / Atkinson, Carol A. 

Title: Benchmark Critical Experiment of a Plutonium Sphere Reflected by Tungsten 

Date: 3/31/1995 

Report: PU-MET-FAST-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1958, an experiment was performed at Los Alamos Scientific Laboratory using a 
slightly subcritical spherical mass of delta-phase plutonium reflected by tungsten. The experiment is 
considered to be acceptable as a benchmark critical experiment. This experiment was performed as part of 
a series of experiments. This series is covered by PU-MET-FAST-010, PU-MET-FAST-018, U233-MET-
FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, U233-MET-FAST-005, and MIX-MET-
FAST-001. 
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Author: Brewer, R. W. / McLaughlin, T. P. / Dean, Virginia 

Title: Plutonium Sphere Reflected by Normal Uranium Using FLATTOP 

Date: 9/30/1999 

Report: PU-MET-FAST-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the mid-1960’s a critical experiment was performed at Los Alamos Scientific 
Laboratory using a spherical delta-phase plutonium core reflected by normal uranium. Delayed critical 
(DC) was achieved. The results of this experiment are considered to be acceptable as a benchmark critical 
experiment. The Flattop assembly machine was used for several other experiments. These experiments are 
covered by MIX-MET-FAST-002, U233-MET-FAST-006, and HEU-MET-FAST-028. 
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Author: Brewer, R. W. 

Title: Four Plutonium Spheres with Various Reflector Materials (PLEASE NOTE: This evaluation contains 
data that were judged to be unacceptable as criticality safety benchmark data. However, it may contain data 
that are useful for other criticality safety applica 

Date: 9/30/1997 

Report: PU-MET-FAST-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the mid to late 1940's or early 1950's several critical/subcritical experiments were 
performed using spherical masses of plutonium with various reflectors at Los Alamos Scientific Laboratory. 
Four experiments are evaluated. Each is identified by the reflective material: copper, water, NU/WC 
(normal uranium and tungsten-carbide), and NU/Al (normal uranium and aluminum). The experiments are 
considered to be unacceptable as benchmark critical experiments. Limited experimental data could be found 
other than basic critical specifications. 
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Author: Brewer, R. W. / McLaughlin, T. P. / Atkinson, Carol A. 

Title: Benchmark Critical Experiment of a Thorium Reflected Plutonium Sphere 

Date: 9/30/1999 

Report: PU-MET-FAST-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From December 1960 through November 1961, a critical assembly was operated at 
Los Alamos Scientific Laboratory using a spherical mass of delta-phase plutonium closely reflected by 
thorium. The experiment was designed to study the neutronic properties of thorium in support of a potential 
fast, 233U breeder reactor. Uncertainty in the critical mass of this original experiment prompted the 
assembly to be set up again and reactivity measurements taken. The average of the results for two critical 
experimental configurations was used to determine the final critical mass. The result of this experiment is 
considered to be acceptable as a benchmark critical experiment. 
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Author: Brewer, Roger W. 

Title: Benchmark Critical Experiment of a Plutonium Sphere Reflected by Aluminum 

Date: 8/31/1996 

Report: PU-MET-FAST-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1960 a critical experiment was performed at Los Alamos Scientific Laboratory 
using a spherical mass of delta-phase plutonium reflected by type 2014 aluminum. Measurements were 
taken with a single spherical mass of plutonium and three different reflector thicknesses. Measurements 
with the first two reflector thicknesses resulted in subcritical configurations, and measurements with the 
final reflector thickness yielded a slightly supercritical configuration. A curve was fitted to the three data 
points to derive the critical mass. This experiment is considered to be acceptable as a benchmark critical 
experiment. 
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Author: Brewer, Roger W. 

Title: Benchmark Critical Experiment of a Delta-Phase Plutonium Sphere Reflected by Normal Uranium 

Date: 3/31/1995 

Report: PU-MET-FAST-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1958, an experiment was performed at Los Alamos Scientific Laboratory using a 
slightly subcritical spherical mass of delta-phase plutonium reflected by normal uranium. The experiment 
is considered to be acceptable as a benchmark critical experiment. This series is covered by PU-MET-
FAST-005, PU-MET-FAST-018, U233- MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-
004, U233-MET-FAST-005, and MIXMET- FAST-001. 
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Author: Brewer, Roger W. 

Title: Benchmark Critical Experiment of a Water Reflected Alpha-Phase Plutonium Sphere 

Date: 9/30/1996 

Report: PU-MET-FAST-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1968, an experiment was performed at Los Alamos Scientific Laboratory using 
two subcritical spherical masses of alpha-phase plutonium reflected by water. From the two subcritical 
inverse multiplication measurements, an accurate prediction was made of the critical mass of an alpha-
phase plutonium sphere reflected by water. The result of this experiment is considered to be acceptable as 
a benchmark critical experiment. 
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Author: Tsiboulia, Anatoli / Zvonarev, Anatoli 

Title: Uranium-Reflected Array of Plutonium Fuel Rods 

Date: 8/31/1996 

Report: PU-MET-FAST-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experiments on the critical assembly BR-1-1 were performed in 1956 at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russia. The experiment was designed for estimation 
of the maximum breeding gain available in a plutonium-fueled fast reactor The core was a cylindrical 
arrangement of short, close-packed, stainless-steel-clad rods of plutonium metal, 97.6 at. % 239Pu, reflected 
on all sides by thick depleted uranium. Other similar experiments were performed with the same plutonium 
rods reflected by copper (PU-MET-FAST-013), nickel (PU-MET-FAST-014), and iron (PU-MET-FAST-
015). The single uranium-reflected, cylindrical critical configuration presented here provides an acceptable 
benchmark for validation calculations. 
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Author: Tsiboulia, Anatoli / Zvonarev, Anatoli 

Title: Copper-Reflected Array of Plutonium Fuel Rods 

Date: 8/31/1996 

Report: PU-MET-FAST-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experiments on the critical assembly BR-1-2 were performed in 1960 at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russia. The experiment was designed for 
determination of the number of neutrons emitted from the plutonium core The core was a cylindrical 
arrangement of short, close-packed, stainless-steel-clad rods of plutonium metal, 97.6 at. % 239Pu, reflected 
on all sides by a thick copper reflector. Other similar experiments were performed with the same plutonium 
rods reflected by depleted uranium (PU-MET-FAST-012), nickel (PU-MET-FAST-014), and iron (PU-
MET-FAST-015). The single copper-reflected, cylindrical critical configuration presented here provides an 
acceptable benchmark for validation calculations. 
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Author: Tsiboulia, Anatoli / Zvonarev, Anatoli 

Title: Nickel-Reflected Array of Plutonium Fuel Rods 

Date: 9/30/1999 

Report: PU-MET-FAST-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experiments on the critical assembly BR-1-4 were performed in 1962 at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russia. This experiment was designed for the study of 
neutron diffusion in nickel, with attention to the influence of the resonance structure of its neutron cross 
sections, in support of potentially using nickel as reflector material for experimental fast reactors The core 
was a cylindrical arrangement of short, close-packed, stainless-steel-clad rods of plutonium metal, 97.6 at. 
% 239Pu, reflected on all sides by a thick nickel reflector. Other similar experiments were performed with 
the same plutonium rods reflected by depleted uranium (PU-MET-FAST-012), copper (PU-MET-FAST-
013), and iron (PU-MET-FAST-015). The single nickel-reflected, cylindrical critical configuration 
presented here provides an acceptable benchmark for validation calculations. 
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Title: Iron-Reflected Array of Plutonium Fuel Rods 
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Report: PU-MET-FAST-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Experiments on the critical assembly BR-1-3 were performed in 1961 at the Institute 
of Physics and Power Engineering (IPPE), Obninsk, Russia. This experiment was designed for investigation 
of neutron propagation through iron, a medium with strongly expressed cross section resonance structure. 
The core was a cylindrical arrangement of short, close-packed, stainless-steel-clad rods of plutonium metal, 
97.6 at. % 239Pu, reflected on all sides by a thick iron reflector. Other similar experiments were performed 
with the same plutonium rods reflected by depleted uranium (PU-MET-FAST-012), copper (PU-MET-
FAST-013), and nickel (PU-MET-FAST-014). The single iron-reflected, cylindrical critical configuration 
presented here provides an acceptable benchmark for validation calculations. 
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Title: Flooded 3x3x3 Arrays of 3-kg Plutonium Metal Cylinders - Phase I 

Date: 9/30/1999 

Report: PU-MET-FAST-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1982, a set of critical experiments was conducted at the Rocky Flats Critical Mass 
Laboratory (CML). Plutonium metal cylinders were assembled into a 3x3x3 array and flooded with water. 
For each of the thirteen experiments, horizontal and vertical spacings were chosen and water was added 
until the array was critical. Three of the measurements remained subcritical on full reflection and are not 
considered valid as benchmark experiments. Ten of the configurations were critical; however, four of these 
were repeated measurements. Therefore, six experiments are considered valid as benchmark experiments. 
Another set of flooded plutonium metal experiments with the same plutonium parts but a different support 
structure was performed at Rocky Flats between 1973 and 1976. These experiments are considered in 
another evaluation (PU-MET-FAST-037). 
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Title: Moderated Plutonium Metal Cylinders Array - Phase II 

Date: 9/30/1999 

Report: PU-MET-FAST-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In the late 1960's, a detailed set of plutonium metal experiments was conducted at the 
Lawrence Livermore Laboratory. Critical arrays of plutonium metal cylinders were built utilizing 130 3-kg 
plutonium metal cylinders supported above a split table apparatus. Subcritical neutron flux levels were 
measured by moderated BF3 proportional counters and miniature solid state detectors with hydrogenous 
plastic converter foils. of the six moderated experiments evaluated, five moderated experiments were 
reported in sufficient detail to permit the development of benchmark specifications. Additional experiments 
were unmoderated (PU-MET-FAST-004) and used the same experimental table as the experiments 
documented herein. Experiments conducted earlier on a smaller split table are documented in PU-MET-
FAST-003. 
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Title: Benchmark Critical Experiment of a Delta-Phase Plutonium Sphere Reflected by Beryllium 

Date: 8/31/1996 

Report: PU-MET-FAST-018 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1958 an experiment was performed at Los Alamos Scientific Laboratory using a 
slightly subcritical spherical mass of delta-phase plutonium reflected by beryllium. The experiment is 
considered to be acceptable as a benchmark critical experiment. This experiment was performed as part of 
a series of experiments. All of the experiments were performed with the same assembly machine at the 
same period of time with similar sized cores and interchangeable reflector pieces. This series is covered by 
PU-MET-FAST-005, PU-MET-FAST-010, U233-MET-FAST-002, U233-MET-FAST- 003, U233-MET-
FAST-004, U233-MET-FAST-005, and MIX-MET-FAST-001. 
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Title: Sphere of Plutonium Reflected by Beryllium 

Date: 9/30/1997 

Report: PU-MET-FAST-019 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1983 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of plutonium 
reflected by beryllium. This experiment was used to validate neutron data of beryllium. Measurements were 
made with sufficient precision, and the configuration of the system is simple enough and defined well 
enough, for the experiment to be considered as a criticality safety benchmark. 
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Conference Session:  

Abstract/Keyterms: The experiment described in this evaluation is a critical configuration that was 
assembled in 1980 using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of plutonium 
reflected by depleted uranium. This experiment was used to validate neutron data of uranium isotopes. 
Measurements were made with sufficient precision, and the configuration of the system is simple enough 
and defined well enough, for the experiment to be considered as a criticality safety benchmark. 
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Report: PU-MET-FAST-021 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments presented in this report were performed in 1987. The critical 
assemblies are plutonium cylinders reflected by beryllium or beryllium oxide on their ends. Two such 
critical assemblies have been built and are taken for the detailed description. These experiments compared 
the effects of the two reflective materials and were used for neutron data validation, because the only 
difference between the two assemblies was in the end reflector material: Be or BeO. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of bare d-phase metal 239Pu(98%) are basic in the 
experiments with plutonium metal cores. These measurements were mainly performed in 1956-1965 at the 
VNIIEF criticality test facility (CTF). In 1992-1994 their latest re-evaluation was done. These efforts 
resulted in two benchmark models, one detailed and one simplified, of a single experiment. Reference 1 
provides a description of the experimental facility. The other experimental data that is presented was 
extracted from experimenter log books and experiment catalogues. 
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Title: Graphite-Reflected Spherical Assembly of 239Pu(α,98%) 

Date: 9/30/2000 

Report: PU-MET-FAST-023 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of graphite-reflected, δ-phase metal 239Pu(98%) were 
carried out in 1962 at the VNIIEF criticality test facility (CTF). In 1992-1994 their latest re-evaluation was 
done. These efforts resulted in two benchmark models, one detailed and one simplified, of a single 
experiment. Reference 1 provides a description of the experimental facility. The other experimental data 
that is presented was extracted from experimenter log books and experiment catalogues. 
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Title: Polyethylene-Reflected Spherical Assembly of 239Pu(δ, 98%) 

Date: 9/30/2000 

Report: PU-MET-FAST-024 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of polyethylene-reflected, δ-phase metal 239Pu(98%) were 
carried out in 1964 at the VNIIEF criticality test facility (CTF). In 1992-1994 their latest reevaluation was 
done. These efforts resulted in two benchmark models, one detailed and one simplified, of a single 
experiment. The other experimental data that is presented was extracted from experimenter log books and 
experiment catalogues. 
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Title: Spherical Assembly of 239Pu(δ, 98%) with 1.55-cm Steel Reflector 

Date: 12/31/1996 

Report: PU-MET-FAST-025 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a steel-reflected, d-phase metal 239Pu(98%) assembly 
were performed in 1964 at the VNIIEF criticality test facility (CTF). Between 1992 and 1994 the latest re-
evaluation of these measurements was done. Two benchmark models, one detailed and one simplified, of a 
single experiment resulted from this work. Reference 1 provides a description of the experimental facility. 
The other experimental data that is presented was extracted from experimenter log books and experiment 
catalogues. 
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Title: Spherical Assembly of 239Pu(δ, 98%) with 11.9-cm Steel Reflector 

Date: 9/30/2000 

Report: PU-MET-FAST-026 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of steel-reflected, δ-phase metal 239Pu(98%) were 
conducted by VNIIEF in 1962 at its criticality test facility (CTF). These experiments were re-evaluated 
between 1992 and 1994. Two benchmark models, one detailed and one simplified, of a single experiment 
resulted from this work. Reference 1 provides a description of the experimental facility. The other 
experimental data that is presented was extracted from experimenter log books and experiment catalogues. 
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Title: Polyethylene-Reflected Spherical Assembly of 239Pu(δ, 89%) 

Date: 12/31/1996 

Report: PU-MET-FAST-027 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a polyethylene-reflected, delta-phase metal 239Pu(89%) 
assembly were carried out in January 1965 at the VNIIEF criticality test facility (CTF). The core pieces 
were manufactured in September 1964. In 1992-1994 the latest re-evaluation of the measurements was 
done. These efforts resulted in two benchmark models, one detailed and one simplified, of a single 
experiment. Reference 1 provides a description of the experimental facility. The other experimental data 
that is presented was extracted from experimenter log books and experiment catalogues. 
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Title: Steel-Reflected Spherical Assembly of 239Pu(δ, 89%) 

Date: 12/31/1996 

Report: PU-MET-FAST-028 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of steel-reflected, d-phase metal 239Pu(89%) were 
performed in January 1965 at the VNIIEF criticality test facility (CTF). The core pieces were manufactured 
in September 1964. In 1992-1994 their latest re-evaluation was done. These efforts resulted in two 
benchmark models, one detailed and one simplified, of a single experiment. Reference 1 provides a 
description of the experimental facility. The other experimental data that is presented was extracted from 
experimenter log books and experiment catalogues. 



 

C-16243 

16195…..…..…………………..…….……..……ID Number…………………..…..…………….16195 
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Title: Bare Spherical Assembly of 239Pu(α, 88%) 

Date: 12/31/1996 

Report: PU-MET-FAST-029 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of bare a-phase metal 239Pu(88%) were performed in April 
1965 at the VNIIEF criticality test facility (CTF). The core pieces were fabricated in January 1965. In 1992-
1994 the latest re-evaluation of these measurements was done. Two benchmark models of a single 
experiment, one detailed and one simplified, resulted from this work. Reference 1 provides a description of 
the experimental facility. The other experimental data that is presented was extracted from experimenter 
log books and experiment catalogues. 
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Title: Graphite-Reflected Spherical Assembly of 239Pu(α,88%) 

Date: 12/31/1996 

Report: PU-MET-FAST-030 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of graphite-reflected, a-phase metal 239Pu(88%) were 
performed in April of 1965 at the VNIIEF criticality test facility (CTF). The core pieces were manufactured 
in January 1965. In 1994 their latest re-evaluation was done. These efforts resulted in two benchmark 
models, one detailed and one simplified, of a single experiment Reference 1 provides a description of the 
experimental facility. The other experimental data that is presented was extracted from experimenter log 
books and experiment catalogues. 
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Title: Polyethylene-Reflected Spherical Assembly of 239Pu(α, 88%) 

Date: 12/31/1996 

Report: PU-MET-FAST-031 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of polyethylene-reflected, alpha-phase metal 239Pu(88%) 
were performed in April of 1965 at the VNIIEF criticality test facility (CTF). The core pieces were 
manufactured in January 1965. In 1992-1994 their latest re-evaluation was done. These efforts resulted in 
two benchmark models, one detailed and one simplified, of a single experiment. Reference 1 provides a 
description of the experimental facility. The other experimental data that is presented was extracted from 
experimenter log books and experiment catalogues. 
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Title: Steel-Reflected Spherical Assembly of 239Pu(α, 88%) 

Date: 12/31/1996 

Report: PU-MET-FAST-032 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of steel-reflected, a-phase metal 239Pu(88%) were 
performed in April of 1965 at the VNIIEF criticality test facility (CTF). The core pieces were manufactured 
in January 1965. In 1994 their latest re-evaluation was done. These efforts resulted in two benchmark 
models, one detailed and one simplified, of a single experiment. Reference 1 provides a description of the 
experimental facility. The other experimental data that is presented was extracted from experimenter log 
books and experiment catalogues. 
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Author: Lell, Richard M. / Schaefer, Robert W. / McKnight, Richard D. / Mohamed, Amr 

Title: ZPPR-21 Phase A: A Cylindrical Assembly of Pu Metal Reflected by Graphite 

Date: 9/30/2001 

Report: PU-MET-FAST-033 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-21A Benchmark Assembly was part of a series of six 
criticality benchmark cores built in Assembly 21 of the ZPPR facility to provide data for validating 
criticality calculations for systems likely to arise in the Integral Fast Reactor (IFR) fuel processing 
operations. The assemblies were graphite reflected and had core fuel compositions containing different 
mixtures of plutonium and uranium in mock-up Pu/U/zirconium fuel. The first of these configurations, 
ZPPR-21A, was built with only plutonium fuel (~94.4 kg 239Pu) to take advantage of the inherent neutron 
source of 240Pu. Then enriched uranium was progressively substituted for plutonium in Phases 21B through 
21E (see MIX-MET-FAST-011). The final configuration, ZPPR-21F (HEU-MET-FAST-061), had an all-
uranium fuel loading and required an external neutron source to assist in the approach to critical. 
Experiments in Assembly 21 Phases 21A through 21F were performed between June and September 1990. 
The ZPPR Assembly 21A was designed to have a very clean and simple benchmark configuration. In fact, 
the entire core of this assembly was built with essentially a single unit-cell. The core unit cell contained Pu 
in two metallic forms: a Pu/Al alloy and a Pu/U/Mo alloy. The U content of the Pu/U/Mo fuel was depleted 
U, which was used to maintain the 238U content approximately constant over the six phases of Assembly 
21. The 238U accounts for ~6% of the fissions and ~35% of the captures in the core. Therefore this 
benchmark assembly has also been assigned a second identifier (MIX-MET-FAST-012) for inclusion with 
the mixed Pu/U assemblies. Two nuclides, 239Pu and 238U dominated the neutronic behavior in the core 
region. The core isotopic composition was such that the bulk of the neutron spectrum is in the 100-keV to 
4-MeV energy range and the peak is at about 700 keV. Thus, the spectrum is in the fast range, although not 
as hard as the spectrum in classic Los Alamos assemblies, such as Godiva (see HEU-MET-FAST-001). As 
would be expected, the neutron balance for this assembly is dominated by 239Pu and 238U (see Appendix 
C). As noted above, this assembly is closely related to the ICSBEP benchmark evaluations for the other 
phases of ZPPR-21 (see MIX-MET-FAST-011 for Phases 21B through 21E and HEU-MET-FAST-061 for 
Phase 21F). A very accurate transformation to a simplified model is needed to make any of the ZPPR 
assemblies a practical criticality-safety benchmark. There is simply too much geometric detail in an exact 
model of a ZPPR assembly − even a clean benchmark such as ZPPR Loading 21A. The transformation 
must reduce the detail to a practical level without masking any of the important features of the criticality 
experiment and it must do this without increasing the total uncertainty far beyond that of the original 
experiment. Such a transformation is described in Section 3. It was made using a pair of continuous-energy 
Monte Carlo calculations. First, Assembly 21A was modeled in full detail − every plate, drawer, matrix 
tube, and air gap was modeled explicitly. Then the regionwise compositions and volumes from this model 
were converted to a homogeneous, two-dimensional (RZ) model. This simple model is the criticality-safety 
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benchmark model. The difference in keff values from the two models was used to adjust the measured 
excess reactivity of Assembly 21A, yielding a result for the benchmark model. Uncertainties associated 
with this simplification, which go beyond Monte Carlo statistical uncertainties, were taken into account. 
ZPPR Assembly 21A has been determined to be an acceptable criticality-safety benchmark experiment. 
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Title: Asymmetric Spherical Plutonium Reflected by Steel and Oil (PLEASE NOTE: This evaluation 
contains data that were judged to be unacceptable as criticality safety benchmark data. However, it may 
contain data that are useful for other criticality safety appli 

Date: 9/30/2000 

Report: PU-MET-FAST-034 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the period June 1967 through September 1969 a series of critical experiments 
was performed at the Rocky Flats Critical Mass Laboratory with spherical and hemispherical plutonium 
assemblies as nested hemishells. These assemblies were both bare and fully or partially oil reflected. Many 
of these experiments were subcritical with an extrapolation to critical configurations or critical at a 
particular oil height. Existing records reveal that 167 experiments were performed over the course of 28 
months. Unfortunately, much of the data was not recorded. This report examines only the eight fully oil-
reflected asymmetric spherical assemblies – two facing coaxial plutonium hemispheres of different radii 
with a common center. Six of these assemblies also had close-fitting steel hemishell reflectors. The 
uncertainty in the evaluated keff values for these experiments is large (~2%), due to the reported uncertainty 
in critical mass and uncertainty of the contents of the gaps between hemishells. Because they are a unique 
combination of materials (plutonium reflected by oil), models of the experiments are provided in an 
appendix for possible use in specific applications where the high uncertainty can be tolerated. However, 
these experiments are considered unacceptable as benchmark experiments to include in validations of 
calculational methods for plutonium. 
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Title: Spherical Assembly of 239Pu(δ,98%) with 3.15-cm Lead Reflector 

Date: 9/30/1998 

Report: PU-MET-FAST-035 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of lead-reflected d-phase 239Pu(98%) metal were 
conducted by VNIIEF in 1965 at its criticality test facility (CTF). Participating in the acquirement of 
primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. Sciborskij, and V. 
A. Davidenko. These experiments were computationally and theoretically reevaluated in 1997. During the 
latter effort, more precise measurement conditions were defined, and more advanced experimental data 
processing techniques were applied. These efforts resulted in an acceptable benchmark spherical critical-
assembly model. Reference 1 provides a description of the experimental facility. The other experimental 
data presented were extracted from experimenter logbooks and experiment catalogues. 
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Title: Spherical Assembly of 239Pu(δ,98%) with Compound Reflector of 0.05-cm Cadmium and 2.3-cm 
Polyethylene 

Date: 9/30/1998 

Report: PU-MET-FAST-036 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a spherical assembly of d-phase 239Pu(98%) metal with 
a compound reflector of 0.05-cm-thick cadmium and 2.3-cm-thick polyethylene were conducted by 
VNIIEF in 1965 at its criticality test facility (CTF). Participating in the acquirement of primary 
experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. Sciborskij, and V. A. 
Davidenko. These experiments were computationally and theoretically reevaluated in 1997. During the 
latter effort, more specific measurement conditions were defined, and more advanced experimental data 
processing techniques were applied. These efforts resulted in an acceptable benchmark spherical critical-
assembly model. Reference 1 provides a description of the experimental facility. The other experimental 
data presented were extracted from experimenter logbooks and experiment catalogues. 
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Title: Flooded 2X2XN Arrays of 3-KG Plutonium Metal Cylinders - Phase 2 

Date: 9/30/2008 

Report: PU-MET-FAST-037 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Between late 1973 and early 1976, a set of critical experiments was conducted at the 
Rocky Flats Critical Mass Laboratory (CML). Plutonium metal cylinders were assembled into 2x2xN 
arrays, where the height N=2, 3, 4, or 5 cylinders, and flooded with water. The horizontal and vertical 
spacings varied between the experiments. The arrays were assembled and water was added until the critical 
water height could be determined. Results of 68 experiments were reported for this set. Forty-five 
measurements which remained subcritical on full reflection and six measurements which had very large 
uncertainties in the extrapolation to critical water height are not considered valid as benchmark experiments. 
An additional experiment was questionable since the results lay between two subcritical configurations and 
is not considered valid for benchmarking. The remaining sixteen experiments are considered valid for 
benchmark experiments. Fifteen other critical configurations were reported with this set of experiments. 
However, since the vertical spacings for these configurations were derived and were not measured data, 
they are not included in this evaluation. Another set of flooded plutonium metal experiments with the same 
plutonium parts but a different support structure was performed at Rocky Flats in 1982. These experiments 
are considered in a separate evaluation (PU-MET-FAST-016). 



 

C-16253 

16204…..…..…………………..…….……..……ID Number…………………..…..…………….16204 

Author: Hutchinson, Jesson / Loaiza, David 

Title: Plutonium Sphere Reflected by Beryllium 

Date: 9/30/2008 

Report: PU-MET-FAST-038 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The BERP (BEryllium Reflected Plutonium) Ball experiments were conducted with 
an α-phase plutonium sphere reflected by beryllium at the Planet critical assembly at the Los Alamos 
Critical Experiments Facility (LACEF) in 1986. The beryllium reflector consisted of a pair of inner and 
outer hemispheres which surrounded the plutonium sphere. The α-phase plutonium sphere was cast and 
clad in stainless steel in October 1980 by CMB-11, a group at Los Alamos National Laboratory (LANL). 
The plutonium sphere was cast and turned to a mean diameter of 7.5876 cm. The density of the plutonium 
sphere was calculated as 19.6039 g/cm³ based on a weight of 4483.884 grams and a volume of 228.72 cm³. 
The plutonium sphere was partially immersed in Freon to contract it so that the stainless steel cladding 
could fit tightly around it. The stainless steel hemispheres were then electron-beam welded together. The 
total mass of the plutonium sphere including the cladding is 4537.173 g. Four beryllium hemispheres 
provide neutron reflection to the system. The inner and outer beryllium reflectors each consist of a pair of 
hemispheres. The two inner hemispheres (labeled inner lower and inner upper) both have an ID and OD of 
3.050 inches and 3.990 inches. The two outer hemispheres (labeled outer lower and outer upper) both have 
an ID and OD of 4.000 inches and 9.748 inches. This gives a total beryllium reflector thickness of 3.349 
inches (outer OR – inner IR). The masses of the four hemispheres were measured separately. The masses 
of the hemispheres are 281.6 g, 281.0 g, 6984.3 g, and 6963.3 g for the inner lower, inner upper, outer 
lower, and outer upper hemispheres, respectively. The acceptable critical configuration presented in this 
evaluation has a total beryllium thickness of 3.349 inches with a separation distance (distance between the 
outer beryllium hemispheres) of 0.0403 inches. Previous benchmark evaluations with the same plutonium 
sphere include MIX-MET-FAST-013 and SUB-PU-MET-FAST-001. 



 

C-16254 

16205…..…..…………………..…….……..……ID Number…………………..…..…………….16205 
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Title: Spherical Assembly of 239Pu(δ,98%) with a 4.25-cm Duralumin Reflector 

Date: 9/30/1998 

Report: PU-MET-FAST-039 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a Duralumin-reflected d-phase 239Pu(98%) metal 
assembly were conducted by VNIIEF in 1964 at its criticality test facility (CTF). Participating in the 
acquisition of primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. 
Sciborskij, and V. A. Davidenko. These experiments were computationally and theoretically re-evaluated 
in 1997. During the latter effort, more specific measurement conditions were defined, and more advanced 
experimental data processing techniques were applied. These efforts resulted in an acceptable spherical 
benchmark model of the critical assembly. Reference 1 provides a description of the experimental facility. 
The other experimental data presented were extracted from experimenter logbooks and experiment 
catalogues. 
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Title: Spherical Assembly of 239Pu(δ,98%) with a 1.6-cm Copper Reflector 

Date: 9/30/1998 

Report: PU-MET-FAST-040 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a copper-reflected d-phase 239Pu(98%) metal assembly 
were conducted by VNIIEF in 1964 at its criticality test facility (CTF). Participating in the acquisition of 
primary experimental data were M. I. Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. Sciborskij, and V. 
A. Davidenko. These experiments were computationally and theoretically re-evaluated in 1997. During the 
latter effort, more specific measurement conditions were defined, and more advanced experimental data 
processing techniques were applied. These efforts resulted in an acceptable spherical benchmark model of 
the critical assembly. Reference 1 provides a description of the experimental facility. The other 
experimental data presented were extracted from experimenter logbooks and experiment catalogues. 
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Title: Spherical Assembly of 239Pu(α,88%) with a 20.98-cm Depleted-Uranium Reflector 

Date: 9/30/1998 

Report: PU-MET-FAST-041 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Criticality measurements of a depleted-uranium-reflected, a-phase 239Pu(88%) metal 
assembly were conducted by VNIIEF in April 1965 at its criticality test facility (CTF). The core pieces 
were fabricated in January 1965. Participating in the acquisition of primary experimental data were M. I. 
Kuvshinov, A. A. Malinkin, V. P. Yegorov, B. D. Sciborskij, and V. A. Davidenko. These experiments 
were computationally and theoretically re-evaluated in 1997. During the latter effort, more specific 
measurement conditions were defined, and more advanced experimental data processing techniques were 
applied. These efforts resulted in an acceptable spherical benchmark model of the critical assembly. 
Reference 1 provides a description of the experimental facility. The other experimental data presented were 
extracted from experimenter logbooks and experiment catalogues. 
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Title: Plutonium Hemispheres Reflected by Steel and Oil 

Date: 9/30/2008 

Report: PU-MET-FAST-042 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the period between May 31, 1967, and September 12, 1969, D. C. Hunt lead 
a series of critical experiments that were performed at the Rocky Flats Critical Mass Laboratory with 
spherical and hemispherical plutonium assemblies as nested hemishells. The study was similar to the 
enriched uranium nesting hemispherical shells program led by G. Tuck except the fissile metal shells were 
only half as thick. Other than that, most aspects of the two programs were identical. The purpose of this 
study was two-fold. First, the plant no longer dealt with large amounts of enriched uranium metal; 
plutonium had become its principal focus. Secondly, comparisons between two very similar programs 
which differed only in the nature of the fissile fuel could provide useful guidance for criticality safety 
engineers as they might hope to apply data from one fuel type to the other. The series was performed as 
part of a Nuclear Safety Facility Experimental Program to evaluate operational safety margins for the Rocky 
Flats Plant. These assemblies were both bare and fully or partially oil reflected. Many of these experiments 
were subcritical with an extrapolation to critical configurations or critical at a particular oil height. Existing 
records reveal that 167 experiments were performed over the course of 28 months. Unfortunately, much of 
the data was not recorded. This report examines only fifteen, partially oil-reflected hemispherical 
assemblies, representing a series of unique, steel-oil reflected experiments. Fourteen of these assemblies 
had close-fitting steel hemishell reflectors, used to determine the effective critical reflector height of oil 
with varying steel-reflector thickness. Case 1 represents a bare oil-reflected plutonium hemisphere. With 
each subsequent case, a thin steel hemishell of approximately one-third of a centimeter is added to the 
assembly of the previous case. Case 15 thus represents the original plutonium assembly in Case 1 with a 
series of steel hemishells with total thickness of approximately 4.67 cm. These experiments were performed 
in sequence, probably one per day over the course of a few weeks up to a month. It was typically too much 
extra work to switch back and forth between experiments of different types. The uncertainty in the evaluated 
keff values for these experiments is between 0.73 and 0.80%, due to the uncertainty in the plutonium 
mass/density and in the contents of the gaps between the plutonium hemishells. The experiments represent 
a unique combination of materials (plutonium reflected by oil) and are considered acceptable as benchmark 
experiments to include in validations of calculational methods for plutonium. Some experts have recently 
expressed the opinion that any plutonium data – even with modest uncertainty – would be of considerable 
value to the nuclear criticality safety industry. Furthermore, the unstable nature of plutonium metal also 
usually required the metal be encapsulated in some fashion after the 1970s; so these early experiments with 
unfettered plutonium metal are quite rare. A similar series of experiments involving asymmetric spheres 
was previously evaluated in PU-MET-FAST-034. This series, however, was found to be unacceptable for 
use as criticality safety benchmarks because of the large uncertainties in the extrapolated critical mass of 
the plutonium. 
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16209…..…..…………………..…….……..……ID Number…………………..…..…………….16209 

Author: Williamson, Kevin / Clark, Jeffrey 

Title: Plutonium (5.1 wt.% 240Pu) Metal Sphere with Beryllium, Graphite, Aluminum, Iron, and 
Molybdenum Tampers and Polyethylene Reflectors 

Date: 9/30/2008 

Report: PU-MET-FAST-044 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Between January 1973 and September 1975, experiments involving a plutonium-
alloy core with metal/graphite tampers and a polyethylene reflector were conducted at Los Alamos 
Scientific Laboratory (LASL) (USA) (now known as Los Alamos National Laboratory [LANL]). These 
experiments were performed by and under the direction of principal experimenter E. A. Plassmann. The 
experiments used a 9.76 kg plutonium (5.1 wt.% 240Pu)-alloy core, which is often referred to as the “Thor 
core”. This nearlyspherical core consisted of three nickel-coated sections. In each experimental assembly, 
the plutonium-alloy core was surrounded by a close-fitting inner tamper shell and an outer polyethylene 
reflector shell. The purpose of these experiments was to determine the critical polyethylene reflector 
thicknesses required with various tampers [beryllium (Be), graphite (C), aluminum (Al), iron (Fe), and 
molybdenum (Mo)] surrounding the plutonium-alloy core. The initial experiments involved only subcritical 
assemblies (e.g., approach-to-critical experiments); by the end of 1975, the assemblies were designed to be 
critical configurations (i.e., configurations with a positive period). The project ended before all five tamper 
configurations were made critical due to higher priority work.a A critical configuration was attained for 
three of the tamper materials (C, Fe and Al). The critical polyethylene reflector masses for configurations 
involving the other two tamper materials (Mo, Be) were determined by extrapolation of the approach-
tocritical experiments. The five experiments described in this evaluation are acceptable as critical 
experiment benchmarks. 



 

C-16259 

16210…..…..…………………..…….……..……ID Number…………………..…..…………….16210 

Author: Brewer, Roger 

Title: Critical Experiments Performed for Lampre, The Los Alamos Molten Plutonium Reactor 

Date: 9/30/2002 

Report: PU-MET-FAST-045 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This series of critical experiments was performed in 1957 to support construction and 
operation of the Los Alamos Molten Plutonium Reactor (LAMPRE), operated at the Los Alamos Scientific 
Laboratory between May 1960 and December 1965. This set of critical experiments was known as LCX-I. 
The experiments were performed to 1) establish the critical mass for LAMPRE, 2) establish the 
effectiveness of various control schemes, and 3) determine power and flux distributions. A brief description 
of LAMPRE is provided in Appendix B. Additional critical experiments were performed for LAMPRE, 
and they became known as LCX-II. LCX-II did not involve critical mass measurements. A brief description 
of LCX-II is given in Appendix C. Critical mass measurements using LCX-I were performed using three 
different core compositions and three different metal reflectors resulting in seven critical configurations. 
All seven configurations are judged to be acceptable as benchmark critical experiments. 
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16211…..…..…………………..…….……..……ID Number…………………..…..…………….16211 

Author: Kazachkovsky, Оleg / Semenov, Мikhail / Tsiboulia, Аnatoli 

Title: Fast Reactor with Plutonium Metal Fuel and Mercury Coolant 

Date: 9/30/2008 

Report: PU-MET-FAST-046 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical parameters of the BR-2 reactor were determined in 1956 at the Institute of 
Physics and Power Engineering (IPPE) in Obninsk, Russia (Reference 1). BR-2 was a fast reactor with a 
compact core composed of stainless-steel-canned plutonium-metal fuel rods. The core was cooled by 
mercury. Depleted-uranium metal was used in the lateral reflector. Three critical configurations are 
provided in this evaluation and found to be acceptable criticality safety benchmark experiments. The same 
plutonium fuel rods, but without coolant, were used in the core of the critical assembly of the BR-1 reactor, 
in which critical systems with different reflectors were investigated (PU-MET-FAST-012 with a depleted-
uranium reflector, PU-MET-FAST-013 with a copper reflector, PU-MET-FAST-014 with a nickel 
reflector, and PU-MET-FAST-015 with an iron reflector). 
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16212…..…..…………………..…….……..……ID Number…………………..…..…………….16212 

Author: Lell, Richard M. / Smith, Micheal A. / Schaefer, Robert W. / McKnight, Richard D. 

Title: ZPR-6 Assembly 10: A Cylindrical Plutonium/Carbon/Stainless Steel Assembly with Stainless Steel 
and Iron Reflectors 

Date: 9/30/2002 

Report: PU-MET-INTER-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Pu/C/SST Benchmark Assembly was part of the Diagnostic Cores Program 
planned for the Argonne National Laboratory (ANL) ZPR-6 and ZPR-9 critical facilities. The objective of 
the Diagnostic Cores Program was to resolve longstanding discrepancies between calculated and measured 
values for small-sample central worths, βeff, and the 238U capture-to- 239Pu fission reaction rate ratio 
(c28/f49). The Diagnostic Cores Program consisted of two phases. Phase I was a definitive investigation of 
one cause of the central worth discrepancy, namely, the effects of heterogeneities in the vicinity of the 
samples which are not treated by the calculations. Phase II was planned to find the dependence on 
composition and spectrum of these three discrepancies. The Pu/C/SST Benchmark Assembly was the third 
and last assembly in the Phase II Diagnostic Cores Program. Because the Phase II Program encompassed a 
wide range of spectra and emphasized strongly the reactor materials of greatest importance to the discrepant 
parameters, these assemblies provide excellent systems for criticality-safety validation. The first assembly 
of the Phase II Diagnostic Cores Program was the U/Fe Benchmark Assembly (ZPR-9/34), which has been 
included in this Handbook as benchmark HEU-MET-INTER-001. The second assembly of the Phase II 
Diagnostic Cores Program was the U9 Benchmark Assembly (ZPR-9/36, ZPR-6/9), which has been 
included in this Handbook as benchmark IEU-MET-FAST-010. The third assembly of the Phase II 
Diagnostic Cores Program was the Pu/C/SST Benchmark Assembly (ZPR-6/10). This assembly had a 
heterogeneous cylindrical core constructed of plutonium metal fuel (critical mass 178.5 kg 239Pu + 241Pu) 
with carbon/stainless steel diluents; an axial reflector of stainless steel; an inner radial reflector of stainless 
steel; and an outer radial reflector of iron. This core was the only assembly built on either ZPR-6 or ZPR-9 
to be fueled entirely with Pu/Al metal fuel (1.1 w/o Al), which is enriched to 95.3 a/o 239Pu/Pu. 
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16213…..…..…………………..…….……..……ID Number…………………..…..…………….16213 

Author: Tsiboulia, Anatoli / Matveenko, Igor / Nikolaev, Mark / Semenov, Mikhail 

Title: Critical Experiments with Heterogeneous Compositions of Plutonium, Silicon Dioxide, and 
Polyethylene 

Date: 9/30/2000 

Report: PU-MET-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of six critical heterogeneous configurations of plutonium, silicon dioxide, 
and polyethylene was performed at the Institute of Physics and Power Engineering (IPPE), Obninsk, Russia 
at the Big Physical Stand (BFS) facility in October 1999 – February 2000. The U. S. National Spent Nuclear 
Fuel Program (NSNFP) at the Idaho National Engineering and Environmental Laboratory (INEEL) 
sponsored these experiments. The experiments were directed to obtaining data that are applicable to a wide 
range of criticality safety operations involving fissile contaminated waste streams. In particular, the data 
were intended for NSNFP validations of criticality safety calculations performed in support of storage of 
highly enriched spent nuclear fuels in the United States geologic repository at Yucca Mountain, Nevada. 
The experiments were performed at the BFS-1 facility and the critical configurations were designated as 
BFS-81/1, -81/1A, -81/2, -81/3, -81/4, and -81/5, according to the rules of the BFS facility. In August – 
October 1999 an analogous series of five experiments with highly enriched uranium fuel was performed 
(BFS-79 experiments). The uranium-fueled experiments are evaluated in HEU-MET-MIXED-005. The 
critical assemblies were composed of sets of aluminum tubes (5.0 cm in outer diameter, 0.1 cm wall 
thickness, and about 2 m long) filled with pellets of plutonium metal in stainless steel cans, silicon dioxide, 
and polyethylene. Also, quartz (silicon dioxide) sand was used to fill tubes in the reflector at the core 
periphery. Thin polyethylene dowels were inserted into the space between the tubes in some cases, to 
provide well-defined moderation similar to water. The pitch of the hexagonal lattice of the tubes was 5.1 
cm. All six plutonium-fueled experiments are considered to be acceptable as criticality safety benchmark 
experiments. While the experiments of this series cover a wide range of spectra of neutrons causing fission 
(two thermal, one mixed, and three intermediate cases), two of the six configurations are categorized as 
“THERM”. However, the evaluation of the entire series of plutonium / silicon experiments is categorized 
as having “MIXED” spectra. Complete documentation and evaluation of all six configurations is included 
in PU-MET-MIXED-001. 
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16214…..…..…………………..…….……..……ID Number…………………..…..…………….16214 

Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Water Reflected 11.5" Diameter Spheres of Plutonium Nitrate Solutions 

Date: 9/30/2004 

Report: PU-SOL-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are experiments performed at the Battelle Pacific Northwest 
Laboratories (PNL) Critical Mass Laboratory (CML), in an 11.5-inch diameter water-reflected sphere. 
Some of these experiments were first formally reported in 1966. Somewhat different data for the 11.5-inch 
sphere experiments were also reported in a compilation and theoretical analysis of experiments in various 
spheres. There were 11 different experiments in the two reports. From all sources, including formal reports, 
monthly and quarterly reports, and laboratory data, at least 92 experiments were identified as having been 
done in the 11.5-inch sphere. of these, 72 were water-reflected and 20 were concrete reflected. A summary 
of the data collected from all sources is shown in Appendix B for the 72 water-reflected experiments. To 
simplify the evaluation, it was decided that this evaluation would include only those experiments that were 
water-reflected and of “full” spherical volume. On this basis, 66 of the 72 experiments were excluded from 
this evaluation, 62 for having “measured” critical volumes greater or smaller than the sphere (as part of the 
process of determining the full sphere) or having insufficient solution characterization (or both). Also 
rejected were two experiments that had plutonium polymer in the solution and two experiments with the 
measured critical volumes not given, but only implied. This left only 6 acceptable experiments (which were, 
not coincidentally, identical to the 6 experiments in Reference 2). Experiments with truncated critical 
spheres and one concrete-reflected sphere are fully evaluated in PU-SOL-THERM-007 and PU-SOL-
THERM-008, respectively. The experimental equipment consisted of a stainless steel spherical shell, 11.5 
inches in diameter, surrounded by an effectively infinite water reflector. The solution was plutonium nitrate 
with the plutonium having a 240Pu weight percent of 4.57. A number of experiments with various 
plutonium concentrations were performed. The sphere had several penetrations including offset control and 
safety channels on the top, a tube for exposing foils in the solution and a bottom pipe for adding and 
removing the solution. The temperature was stated to be “maintained at 25 °C” 
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16215…..…..…………………..…….……..……ID Number…………………..…..…………….16215 

Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Water Reflected 12" Diameter Spheres of Plutonium Nitrate Solutions 

Date: 9/30/1996 

Report: PU-SOL-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Seven experiments that were performed in the P-11 area of the Hanford Reservation 
in the early 1950's are evaluated in this report. These experiments are commonly referred to as the P-11 
experiments. The experiments were directed toward determining the effect of geometry, concentration, 
foreign atoms, plutonium isotopic content, neutron reflection, and temperature on the critical mass of light 
water moderated and reflected homogeneous plutonium solutions. The series of experiments used a number 
of spherical containers and cylindrical containers. (Drawings and references were found for hemispherical 
containers, but experiments with these shapes apparently were never made - probably because of an 
accidental excursion followed by a fire during cleanup, which permanently shut down the facility.) The 
reported plutonium compositions included only two plutonium isotopes, 239Pu at 96.88 wt.% and 240Pu 
at 3.12 wt. %. Only the seven plutonium nitrate solution experiments, in the 12-inch sphere with a water 
reflector are evaluated in this report. The plutonium nitrate solution was contained in a nominally 12-inch 
diameter sphere, which was, in turn, inside a large cylindrical tank that provided at least 12 inches of water 
reflection around the sphere. All seven experiments are acceptable benchmark experiments. 
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16216…..…..…………………..…….……..……ID Number…………………..…..…………….16216 

Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Water Reflected 13" Diameter Spheres of Plutonium Nitrate Solutions 

Date: 9/30/1996 

Report: PU-SOL-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Nine experiments that were performed in the P-11 area of the Hanford Reservation 
in the early 1950's are evaluated in this report. These experiments are commonly referred to as the P-11 
experiments. The experiments were directed toward determining the effect of geometry, concentration, 
foreign atoms, plutonium isotopic content, neutron reflection, and temperature on the critical mass of light-
water moderated and reflected homogeneous plutonium solutions. The series of experiments used a number 
of spherical containers and cylindrical containers. (Drawings and references were found for hemispherical 
containers, but experiments with these shapes apparently were never made, probably because of an 
accidental excursion followed by a fire during cleanup, which permanently shut down the facility.) Only 
the nine plutonium nitrate solution experiments, in the 13-inch sphere with a water reflector, of which eight 
were considered acceptable, are evaluated in this report. The plutonium nitrate solution was contained in a 
nominally 13-inch diameter sphere, which was, in turn, inside a large cylindrical tank that provided 
effectively full water reflection around the sphere. The reported plutonium compositions included only 239-
Pu and 240-Pu. For the 13-inch steel sphere experiments, 2 4 0 Pu was either 1.76 or 3.12 wt. %. 
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16217…..…..…………………..…….……..……ID Number…………………..…..…………….16217 

Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Water Reflected 14 Inch Diameter Spheres of Plutonium Nitrate Solutions. 0.54% to 3.43% 240Pu 

Date: 9/30/2005 

Report: PU-SOL-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirteen experiments that were performed in the P-11 area of the Hanford Reservation 
in the early 1950's are evaluated in this report. These experiments are commonly referred to as the P- 11 
experiments. The experiments were directed toward determining the effect of geometry, concentration, 
foreign atoms, plutonium isotopic content, neutron reflection, and temperature on the critical mass of light 
water moderated and reflected homogeneous plutonium solutions. The series of experiments used a number 
of spherical containers and cylindrical containers. (Drawings and references were found for hemispherical 
containers, but experiments with these shapes apparently were never made, probably because of an 
accidental excursion followed by a fire during cleanup, which permanently shut down the facility.) Only 
the 13 plutonium nitrate solution experiments in the 14-inch sphere, with a water reflector and with 240Pu 
weight percent in plutonium from 0.54 to 3.43 are evaluated in this report. The rest of the experiments in 
the 14-inch sphere with 240Pu weight percent at 4.05 and 4.40 are evaluated in PU-SOL-THERM-005. The 
plutonium nitrate solution was contained in a nominally 14-inch-diameter sphere, which was, in turn, inside 
a large cylindrical tank that provided effectively full water reflection around the sphere. The reported 
plutonium compositions included only 239Pu and 240Pu. For the 14-inch sphere experiments evaluated 
herein, 240Pu was 0.54, 1.76, 3.12, or 3.43 wt. %. All 13 experiments are acceptable benchmark critical 
experiments. 



 

C-16267 

16218…..…..…………………..…….……..……ID Number…………………..…..…………….16218 

Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Water Reflected 14" Diameter Spheres of Plutonium Nitrate Solutions, 4.05% and 4.40% 

Date: 9/30/1996 

Report: PU-SOL-THERM-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Eleven experiments that were done in the P-11 area of the Hanford Reservation in the 
early 1950's are evaluated in this report. These experiments are commonly referred to as the P-11 
experiments. of the 11 experiments, nine are considered acceptable. The experiments were directed toward 
determining the effect of geometry, concentration, foreign atoms, plutonium isotopic content, neutron 
reflection, and temperature on the critical mass of light-water-moderated and reflected homogeneous 
plutonium solutions. The series of experiments used a number of spherical containers and cylindrical 
containers. (Drawings and references were found for hemispherical containers, but experiments with these 
shapes apparently were never made, probably because of an accidental excursion followed by a fire during 
cleanup which permanently shut down the facility.) Only the 11 plutonium nitrate solution experiments in 
the 14-inch sphere, with a water reflector and with 240-Pu weight percent in plutonium of 4.05 and 4.40, 
are evaluated in this report. The reported plutonium compositions included only 239-Pu and 240-Pu. The 
rest of the experiments in the 14-inch sphere with 240-Pu weight percent from 0.54 to 3.43 are evaluated 
in PU-SOL-THERM-004. The plutonium nitrate solution was contained in a nominally 14-inch-diameter 
sphere, which was, in turn, inside a large cylindrical tank that provided effectively full water reflection 
around the sphere. 
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16219…..…..…………………..…….……..……ID Number…………………..…..…………….16219 

Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Water Reflected 15" Diameter Spheres of Plutonium Nitrate Solutions 

Date: 9/30/1996 

Report: PU-SOL-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Three experiments that were performed in the P-11 area of the Hanford Reservation 
in the early 1950's are evaluated in this report. These experiments are commonly referred to as the P-11 
experiments. The experiments were directed toward determining the effect of geometry, concentration, 
foreign atoms, plutonium isotopic content, neutron reflection, and temperature on the critical mass of light 
water moderated and reflected homogeneous plutonium solutions. The series of experiments used a number 
of spherical containers and cylindrical containers. (Drawings and references were found for hemispherical 
containers, but experiments with these shapes apparently were never made - probably because of an 
accidental excursion followed by a fire during cleanup, which permanently shut down the facility.) Only 
the plutonium nitrate solution experiments in the 15-inch sphere with 3.12 weight percent 240Pu are 
evaluated in this report. The reported plutonium compositions included only 239P u and 240Pu. The 
plutonium nitrate solution was contained in a nominally 15-inch diameter sphere which was inside a large 
cylindrical tank that provided effectively full water reflection around the sphere. 
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16220…..…..…………………..…….……..……ID Number…………………..…..…………….16220 

Author: Carter, Roger D. / Wilcox, Archie D. 

Title: Water Reflected 11.5" Diameter Spheres Partly Filled with Plutonium Nitrate Solutions 

Date: 9/30/2004 

Report: PU-SOL-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are experiments performed at the Battelle Pacific Northwest 
Laboratories (PNL) Critical Mass Laboratory (CML), in an 11.5-inch-diameter water-reflected sphere with 
the sphere only partly filled with plutonium nitrate solution. Some experiments with “full” spheres were 
first formally reported in 1966. Somewhat different data for the full 11.5-inch sphere experiments were also 
reported in a compilation and theoretical analysis of experiments in various spheres. From all sources, 
including formal reports, monthly and quarterly reports, and laboratory data, at least 92 experiments were 
identified as having been done in the 11.5-inch sphere. of these, 72 were water reflected and 20 were 
reflected by concrete shells. A summary of the data collected from all sources is shown in Appendix B of 
PU-SOL-THERM-001 for the 72 water-reflected experiments. Sphere experiments that were full, or nearly 
full with only slightly truncated solution volumes, were evaluated in PU-SOL-THERM-001. of the 
remaining water-reflected experiments many predicted a critical sphere volume greater than the true sphere 
volume and cannot be evaluated for use in validations. There are twenty-nine 11.5-inch sphere experiments 
with a simple water reflector and truncated solution volumes that were evaluated for use in validating 
computational methods which allow describing truncated geometry. None of these experiments have been 
reported except in quarterly internal reports. One experiment with a truncated solution included a simulation 
of the support tube neck to determine the effect of the actual neck replacing reflector water. This experiment 
is not evaluated herein. Since the truncated sphere data is evaluated primarily to allow validation of 
geometry packages which can describe the truncated geometry, it was decided that only the 11 most 
truncated solutions, with volumes ranging from 94.9% to 97.4% of the full sphere volume, would be 
evaluated to meet the need for benchmark data. Eight experiments were considered accepted as 
benchmarks. The experimental equipment consisted of a stainless steel spherical shell, 11.5 inches in 
diameter, surrounded by an effectively infinite water reflector. The solution was plutonium nitrate with the 
plutonium having a 240Pu weight percent of 4.57. A number of experiments with various plutonium 
concentrations were performed. The sphere had several perforations including offset control and safety 
channels on the top, a tube for exposing foils in the solution, and a bottom pipe for adding and removing 
the solution. The temperature was stated to be “maintained at 25 °C” 
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16221…..…..…………………..…….……..……ID Number…………………..…..…………….16221 

Author: Carter, Roger D. / Wilcox, Archie D. 

Title: Concrete-Reflected 14-Inch Diameter Spheres of Plutonium Nitrate Solutions 

Date: 9/30/2004 

Report: PU-SOL-THERM-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are plutonium solution experiments performed in 1961-1962 
at the Battelle Pacific Northwest Laboratories (PNL) Critical Mass Laboratory (CML), in 14-inchdiameter 
spherical steel shells with spherical or hemispherical concrete reflectors of various thicknesses. The 
solutions were plutonium nitrate having various plutonium concentrations and with the plutonium having 
a 240Pu weight percent reported as 4.57. Fifteen critical configurations derived from these experiments 
were first formally reported in 1966. Four of the critical configurations reported in Reference 1 were also 
reported in greater detail as benchmark experiments in PNL-2700. The 15 different reported full critical 
spheres had concrete reflectors of three thicknesses, some having an air gap between the solution tank wall 
and the concrete reflector, and some with half (hemispherical) reflectors. Two had additional shells of 
stainless steel outside the tank shells, and three had a layer of cadmium added to the outer surface of the 
steel. Since the critical volumes determined by experiments were often not quite that of a full sphere, various 
adjustments of the data were made to obtain critical equivalent solution compositions in a full sphere. From 
all sources, including formal reports, monthly and quarterly reports, and laboratory data, 58 experiments 
with several types of concrete reflection were identified as having been done in the 14-inch sphere. This 
evaluation includes both 15 critical configurations that were reported as having completely filled spheres, 
and 15 actual experiments with nearly full spherical critical volumes and with solutions corresponding 
closely to those of the critical configurations. This evaluation includes 14 acceptable full-sphere critical 
configurations and 15 acceptable critical experiments. One critical configuration was found to be 
unacceptable. One other experiment was found to be insufficiently described to use. Detailed models are 
provided. Simple-sphere models are provided for some critical configurations. 
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16222…..…..…………………..…….……..……ID Number…………………..…..…………….16222 

Author: Carter, Roger D. / Wilcox, Archie D. 

Title: Unreflected 48" Diameter Sphere of Plutonium Nitrate Solution 

Date: 9/30/2004 

Report: PU-SOL-THERM-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are three experiments performed at the Battelle Pacific 
Northwest Laboratories (PNL) Critical Mass Laboratory (CML), in a 48-inch-diameter bare sphere. The 
experiments were first reported in 1978, but with preliminary solution compositions. A formal report was 
issued in 1982, using better estimates of the plutonium concentration of the experimental solutions.” The 
experimental sphere had been used previously in uranium solution experiments at the Oak Ridge National 
Laboratory (ORNL). The critical plutonium concentration in the full sphere was determined to be 9.457 
g/R. The experiments with this sphere were not limited to the determination of the criticality of the 
plutonium nitrate solution in the full sphere; criticality was also determined with two partly filled spheres. 
The three critical sphere determinations are acceptable as benchmarks. Minimum critical plutonium 
concentrations (k4 equal to 1.0000) were determined graphically to be 7.59 g/R (H/Pu equal to 3495) for 
239Pu-water mixtures and 7.62 g/R (H/Pu equal to 3472) for 239Pu-nitrate solutions, by using the data 
from the 48-inch sphere experiments and from eight experiments in smaller spheres. Also, the Maxwellian-
averaged thermal value of the constant eta was determined from the 48-inch sphere data. 
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16223…..…..…………………..…….……..……ID Number…………………..…..…………….16223 

Author: Carter, Roger D. / Wilcox, Archie D. 

Title: Water Reflected 9", 10", 11", and 12" Diameter Cylinders of Plutonium Nitrate Solutions 

Date: 9/30/2004 

Report: PU-SOL-THERM-010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirty-five critical experiments with cylindrical reactors that were performed in the 
P-11 area of the Hanford Reservation in the early 1950's are evaluated in this report. These experiments are 
commonly referred to as the P-11 experiments. The P-11 series of experiments were directed toward 
determining the effect of geometry, concentration, foreign atoms, plutonium isotopic content, neutron 
reflection, and temperature on the critical mass of light water moderated and reflected homogeneous 
plutonium solutions. The series of experiments used a number of spherical and cylindrical containers. 
(Drawings and references were found for hemispherical containers, but experiments with these shapes 
apparently were never made - probably because of an accidental excursion, followed by a fire during 
cleanup which permanently shut down the facility.) Only the 35 plutonium nitrate solution experiments in 
cylinders with water reflectors are evaluated in this report. The plutonium nitrate solutions were contained 
in a series of cylinders with inside diameters of 8, 9, 10, 11, and 12 inches. The cylindrical reactors were 
inside a large cylindrical water-filled tank that provided at least 12 inches of water reflection around the 
cylinders in all directions. Each cylinder was fitted with a movable water-filled piston 'tamper' (top 
reflector) which was 12 inches thick. The only experiment with an 8-inch cylinder was described as 
subcritical by an unknown amount and is not acceptable for a benchmark analysis. All of the descriptions 
of the 10-inch cylinder experiments reported acid molarities and nitrate contents that were estimated from 
log book entries rather than measured and are not considered acceptable for benchmarks. This left 14 of the 
35 experiments for benchmark evaluation. All 14 were concluded to be acceptable for benchmarks. 
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Author: Carter, Roger D. / Blyckert, Warner A. / Wilcox, Archie D. 

Title: Bare 16" and 18" Diameter Spheres of Plutonium Nitrate Solutions 

Date: 8/31/1996 

Report: PU-SOL-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Thirteen of the reported critical solution experiments with 16-inch and 18-inch bare 
spherical reactors that were performed in the P-11 area of the Hanford Reservation in the early 1950's are 
evaluated in this report. These experiments are commonly referred to as the P-11 experiments. The P-11 
series of experiments were directed toward determining the effect of geometry, concentration, foreign 
atoms, plutonium isotopic content, neutron reflection, and temperature on the critical mass of light-water 
moderated and reflected homogeneous plutonium solutions. The series of experiments used a number of 
spherical and cylindrical containers. (Drawings and references were found for hemispherical containers, 
but experiments with these shapes apparently were never made - probably because of an accidental 
excursion, followed by a fire during cleanup that permanently shut down the facility.) The 5 reported critical 
plutonium nitrate solution experiments in a bare (unreflected) 16-inch diameter sphere, and the 8 reported 
critical solutions in an 18-inch-diameter sphere that was covered by a thin layer of cadmium but was 
otherwise bare, are investigated in this report. The 18-inch sphere is considered to be bare and unreflected 
because the thin layer of cadmium adds essentially no reflection and there is no close-fitting hydrogenous 
reflector. Seven of the eight 18-inch sphere experiments are considered acceptable as benchmarks. The five 
16-inch sphere experiments are considered acceptable as benchmarks. 
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Author: Poullot, Gilles 

Title: Criticality of Plutonium Nitrate Solution in a Large Water Reflected Cubic Tank (130 x 130 x 100 
cm) (19% 240Pu) 

Date: 9/30/2000 

Report: PU-SOL-THERM-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered plutonium nitrate solution in a large right 
parallelepiped tank, 130 x 130 x 100 cm. The tank was either fully reflected by water on six sides, water 
reflected on five sides, or not water reflected. A plutonium concentration range of 13.2 to 105 g/l was 
examined. The plutonium contained 18.88% 240Pu. These experiments, performed at the VALDUC facility 
(CEA-FRANCE) in 1974, were subcritical approaches extrapolated to critical. The multiplication factor 
reached was very close to 1.000 (within 0.1%). of the 47 experiments carried out, some of them being 
similar, 23 are evaluated here. Five fully water-reflected experiments and eight experiments water-reflected 
on five sides are evaluated. Ten other experiments, not water-reflected, are also given. All 23 experiments 
are considered acceptable for use as benchmark experiments. 



 

C-16275 
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Author: Okafor, Kenneth C. / Poullot, Gilles 

Title: Interacting Cylinders of 256-mm Diameter with Plutonium Nitrate Solution (115.1 G/L) in Air 

Date: 9/30/1998 

Report: PU-SOL-THERM-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments in this report are a subset of criticality measurements involving 
interacting arrays which were conducted in 1968 at the Valduc facility near the city of Dijon, France by the 
Protection and Radiological Safety Service section of the French Commissariat a l'Energie Atomique as 
documented in References 1 and 2. These experiments involved about 100 configurations of between two 
and nine interacting cylindrical tanks of uranium and plutonium nitrate solutions of varying concentrations, 
suspended in air in a large concrete building. The plutonium contained 4.23% of 240Pu. This evaluation 
documents experiments dealing with plutonium nitrate solution of 115.1gPu/l in cylindrical tanks of 256-
mm outer diameter in the following configurations: i) two cylinders. ii) three cylinders, whose centers lie 
at the corners of an equilateral triangle. iii) three cylinders, whose centers lie at the corners of a right-angled 
isosceles triangle. iv) four cylinders, whose centers lie at the corners of a square. v) six cylinders on two 
lines. vi) seven cylinders; six forming a hexagon with the seventh occupying the center. vii) nine cylinders 
on three lines, the centers forming a square array. Out of the 22 experimental cases evaluated in this report, 
21 cases were judged to be acceptable benchmarks. 
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Author: Okafor, Kenneth C. / Poullot, Gilles 

Title: Interacting Cylinders of 300-mm Diameter with Plutonium Nitrate Solution (115.1gPu/l) in Air 

Date: 9/30/1997 

Report: PU-SOL-THERM-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this report are a subset of criticality measurements 
involving interacting arrays which were conducted in 1968 at the Valduc facility near the city of Dijon, 
France by the Protection and Radiological Safety Service, section of the French Commissariat a l'Energie 
Atomique, as documented in References 1 and 2. The complete set of experiments involved about 100 
experimental cases of various configurations of between two and nine interacting cylindrical tanks of 
uranium or plutonium nitrate solutions of varying concentrations, suspended in air in a large concrete 
building. The plutonium contained 4.23% of 240Pu. This evaluation documents experiments dealing with 
plutonium nitrate solution of 115.1gPu/l in cylindrical tanks of 300 mm outer diameter in the following 
configurations: i) two cylinders. ii) three cylinders in a line. iii) three cylinders, whose centers lie at the 
corners of an equilateral triangle. iv) three cylinders, whose centers lie at the corners of a right-angled 
isosceles triangle. v) four cylinders, whose centers lie at the corners of a square. vi) four cylinders, whose 
centers lie at the corners of a rectangle of fixed width (15 cm). All 35 experimental cases evaluated in this 
report were judged to be acceptable benchmarks. 
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Author: Okafor, Kenneth C. / Poullot, Gilles 

Title: Interacting Cylinders of 300-mm Diameter with Plutonium Nitrate Solution (152.5gPu/l) in Air 

Date: 9/30/1997 

Report: PU-SOL-THERM-015 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this report are a subset of criticality measurements 
involving interacting arrays which were conducted in 1968 at the Valduc facility near the city of Dijon, 
France by the Protection and Radiological Safety Service, section of the French Commissariat a l'Energie 
Atomique, as documented in References 1 and 2. The complete set of experiments involved about 100 
experimental cases of various configurations of between two and nine interacting cylindrical tanks of 
uranium or plutonium nitrate solutions of varying concentrations, suspended in air in a large concrete 
building. The plutonium contained 4.23% of 240Pu. This evaluation documents experiments dealing with 
plutonium nitrate solution of 152.5gPu/l in cylindrical tanks of 300 mm outer diameter in the following 
configurations: i) two cylinders. ii) three cylinders, whose centers lie at the corners of an equilateral triangle. 
iii) three cylinders, whose centers lie at the corners of a right-angled isosceles triangle. iv) four cylinders, 
whose centers lie at the corners of a square. All 17 experimental cases evaluated in this report were judged 
to be acceptable benchmarks. 
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Title: Interacting Cylinders of 300-mm and 256-mm Diameters with Plutonium Nitrate Solution (152.5 and 
115.1gPu/l) and Nitric Acid (2N) in Air 

Date: 9/30/1997 

Report: PU-SOL-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this report are a subset of criticality measurements 
involving interacting arrays which were conducted in 1968 at the Valduc facility near the city of Dijon, 
France by the Protection and Radiological Safety Service section of the French Commissariat a l'Energie 
Atomique, as documented in References 1 and 2. The complete set of experiments involved about 100 
configurations of between two and nine interacting cylindrical tanks of uranium or plutonium nitrate 
solutions of varying concentrations, suspended in air in a large concrete building. The plutonium contained 
4.23% of 240Pu. This evaluation documents experiments dealing with plutonium nitrate solution at two 
concentrations (115.1gPu/l and 152.5gPu/l) in two cylindrical tanks (300 mm and 256 mm outer diameter) 
in the following configurations: i) two tanks (300 mm and 256 mm) containing 152.5gPu/l of plutonium 
nitrate solution with the solution at the same height in both cylinders. ii) two tanks (300 mm and 256 mm) 
containing 115.1gPu/l of plutonium nitrate solution with the solution at the same height in both cylinders. 
iii) a 300 mm tank containing 115.1gPu/l of plutonium nitrate solution and a 256 mm tank containing a 2N 
nitric acid solution. The height of the nitric acid solution in the 256 mm tank was maintained at 41 cm. The 
critical height of the plutonium nitrate solution was determined for various surface-to-surface distances 
between the cylinders. All 11 experimental cases evaluated in this report were judged to be acceptable 
benchmarks. 
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Author: Okafor, Kenneth C. / Poullot, Gilles 

Title: Interacting Cylinders of 256-mm and 300-mm Diameters with Plutonium Nitrate Solution 
(115.1gPu/l) in Air 

Date: 9/30/1997 

Report: PU-SOL-THERM-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experiments described in this report are a subset of criticality measurements 
involving interacting arrays which were conducted in 1968 at the Valduc facility near the city of Dijon, 
France by the Protection and Radiological Safety Service, section of the French Commissariat a l'Energie 
Atomique as documented in References 1 and 2. The complete set of experiments involved about 100 
configurations of between two and nine interacting cylindrical tanks of uranium or plutonium nitrate 
solutions of varying concentrations, suspended in air in a large concrete building. The plutonium contained 
4.23% of 240Pu. This evaluation documents experiments dealing with plutonium nitrate solution at a 
concentration of 115.1gPu/l in two cylindrical tanks in the following configurations: i) two tanks, one of 
256 mm outer diameter and the other of 300 mm outer diameter, containing 115.1gPu/l of plutonium nitrate 
solution with the solution at certain predetermined heights in the 256 mm cylinder for each given surface-
to-surface distance. ii) two tanks of 300 mm outer diameter containing 115.1gPu/l of plutonium nitrate 
solution with the solution at certain predetermined heights in one of the tanks for each given surface-
tosurface distance. In all configurations, criticality was determined by varying the solution height in the 
second tank. All 18 experimental cases evaluated in this report were judged to be acceptable benchmarks. 
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Author: Biswas, Debdas / Warner, Doug 

Title: Water-Reflected 24-inch Diameter Cylinder of Plutonium (42.9% 240Pu) Nitrate Solution 

Date: 9/30/2006 

Report: PU-SOL-THERM-018 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1971, experiments involving water-reflected cylinders (24-inch diameter) of 
plutonium nitrate (Pu(NO3)4) solutions from high burn-up fuel (~ 42.9 wt.% 240Pu) were performed at the 
Critical Mass Laboratory (CML) of Battelle-Pacific Northwest Laboratory (PNL) in Washington, USA. 
The purpose of the experiments was to “establish the combined effects of the various isotopes of plutonium 
on criticality.” There were nine reported configurations corresponding to plutonium concentration in the 
solution varying from ∼40 to ∼140 g Pu/liter. Critical heights (and volumes) were determined for each 
plutonium concentration. The Handbook of Critical Experiments Benchmarks, PNL-2700, designates the 
experiment with plutonium concentration of 40.6 g/liter as “Pu Benchmark 13”. The Cross Section 
Evaluation Working Group Benchmark Specifications (BNL 19302 (ENDF-202), Reference 3) designates 
that experiment as “Benchmark No. 29 (PNL-11)”. The nine “fully reflected” configurations reported in 
Reference 1 are acceptable as critical benchmarks. All experiments involved extrapolation from a 
subcritical configuration to a critical condition. The three experiments with the highest plutonium 
concentrations involved large extrapolations (~ 50%, 30%, and 15%) to critical. The estimated experimental 
uncertainties in keff derived in this evaluation range from 0.30 to 0.34%. Numerous critical experiments 
with plutonium nitrate solutions were performed at facilities at the Hanford reservation in Washington, 
USA. A series performed in the P-11 area in the early 1950’s are evaluated in PU-SOL-THERM-002, -003, 
-004, -005, -006, -010, and -011. Critical experiments with spherical and slab geometries performed at the 
CML in the 1960’s are evaluated in PU-SOL-THERM-001, -007, -008, -020, -021, -024, -025, and -026. 
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Author: Kuehn, N. H. / Williamson, T. G. 

Title: Plutonium Sulfate Solutions Reflected by Beryllium Oxide and Graphite Proserpine Reactor - Saclay 

Date: 9/30/1999 

Report: PU-SOL-THERM-019 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the late 1960’s a large number of critical experiments were performed on 
plutonium nitrate solutions in slab geometry at Battelle-Pacific Northwest Laboratory. Mixed plutonium 
and uranium solution experiments were later performed in the same slab tank at the same facility (MIX-
SOL-THERM-005). For the critical experiments in the late 1960’s, the plutonium concentrations in the 
solutions ranged from about 58 to 412 g/l. Three different plutonium isotopic compositions were used in 
these experiments – 4.6, 18.4 and 23.2 wt.% 240Pu. Experiments were performed unreflected, Plexiglas 
reflected (PU-SOL-THERM-024) and water reflected (PU-SOL-THERM-025). This evaluation is for the 
thirty-five (35) bare or unreflected experiments listed in Appendix B. These thirty-five experiments were 
conducted using five different plutonium solutions. Twenty-one (21) cases, which are listed in Table 1, 
were derived from this total of thirty-five experiments. Fifteen (15) cases are individual experiments. Six 
(6) cases are composites formed by combining experiments with the same reported solution parameters and 
critical solution thickness. An average critical solution height was used to characterize each composite case. 
The 21 cases derived from the thirty-five experiments are acceptable as criticality benchmarks. 
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Author: Carter, Roger D. / Wilcox, Archie D. 

Title: Water-reflected and Water-cadmium-reflected 14" Diameter Spheres of Plutonium Nitrate Solution 

Date: 9/30/1997 

Report: PU-SOL-THERM-020 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are plutonium solution experiments performed at the Battelle 
Pacific Northwest Laboratories (PNL) Critical Mass Laboratory (CML), in a 14-inch-diameter spherical 
steel shell reflected by either water or water plus a cadmium interface. The solution was plutonium nitrate 
with the plutonium having a 240Pu weight percent reported as 4.57. Some of these experiments were first 
formally reported in 1966. Somewhat different data for the 14-inch sphere experiments were also reported 
in a compilation and theoretical analysis of experiments in various spheres. There were 7 different reported 
full critical spheres in the two references with the described reflection. None of the seven reported critical 
spheres were identical to experiments. Since the critical volumes determined by experiments were often not 
quite that of a full sphere, various adjustments of the data were made to obtain critical solution compositions 
in a full sphere. Therefore, the seven critical spheres are simplifications, developed by the experimenters, 
of the actual experiments. From all sources, including formal reports, monthly and quarterly reports, and 
laboratory data, 43 experiments were identified as having been done in the 14-inch sphere with water 
reflection. There were also unreflected, concrete-shell-reflected, and paraffin-shell-reflected experiments. 
The concrete-reflected and paraffin-reflected experiments are reported separately (see PU-SOL-THERM-
008). The bare experiments were all critical at volumes projected to be greater than the actual sphere 
volume. A summary of the data collected from a number of sources is shown in Appendix B for the 43 
water-reflected experiments. Besides the seven critical spheres, detailed models of some actual critical 
experiments are also included. To simplify the evaluation, it was decided that this evaluation would include 
only those experiments that were water reflected and of full, or nearly full, spherical critical (22.95 liters or 
greater) volume. Experiments with no critical volumes reported and those with reported critical volumes 
greater than the sphere volume could not be evaluated. On this basis, 34 of the 43 experiments were 
excluded from this evaluation. This left only 9 detailed critical experiments considered in this evaluation, 
and the 7 reported critical configurations. Five in each group differed only slightly between groups. Two 
experiments had 30-mil cadmium interfaces on the outside of the sphere, and some had added thicknesses 
of steel on the shell. This evaluation includes 7 acceptable full-sphere configurations. Eight detailed 
acceptable models are also provided. The detailed models are models of experiments whose parameters are 
closest to that of full spheres. In one case (Case 10) detailed models of two experiments whose parameters 
bracket the idealized 14-inch sphere critical configuration are given. One unique experiment model with an 
additional 0.036 inch of stainless steel is also an acceptable benchmark experiment. One experiment was 
rejected because it calculated significantly higher than the others (non-conservative for a benchmark for 
criticality safety), possibly due to incorrectly recorded data. 
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Author: Carter, Roger D. / Wilcox, Archie D. 

Title: Water-Reflected and Bare 15.2" Diameter Spheres of Plutonium Nitrate Solutions 

Date: 9/30/1999 

Report: PU-SOL-THERM-021 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are plutonium solution experiments performed in 1964 at the 
Battelle Pacific Northwest Laboratories (PNL) Critical Mass Laboratory (CML), in a 15.2-inch-diameter 
spherical steel shell either reflected by water or with no water reflection. The solutions were plutonium 
nitrate of varying plutonium concentration with the plutonium having a 240Pu weight percent reported as 
4.57. Eight of these experiments or idealized configurations provided by the experimenters were first 
formally reported in 1966. From all sources, including formal reports, monthly and quarterly reports, and 
laboratory data. 101 experiments with several types of reflection were identified as having been done in the 
15.2-inch sphere. In addition to the bare and water-reflected experiments evaluated here (some with 
additional stainless steel outside the spherical tank shell), there were also concrete-shell-reflected 
experiments, which are evaluated separately (see PU-SOL-THERM-008). There were also experiments 
with various configurations of Lucite reflectors, with cadmium layers on the outside of the sphere, and one 
with a stainless steel plate near the sphere, but these experiments had insufficient data to allow complete 
evaluation. A summary of all the collected data on the 15.2-inch sphere experiments from a number of 
sources is shown in Appendix B. This evaluation does not include concrete or Lucite-reflected experiments 
and includes only those experiments that were of full, or nearly full, spherical critical volume. Experiments 
with no critical volumes reported, or those with insufficient solution characterizations, and those with 
reported critical volumes greater than the sphere volume were judged to be unacceptable for use as 
criticality-safety benchmark experiments. of the 101 experiments, only 6 bare and water-reflected critical 
experiments were judged to be acceptable, including three spheres with no water reflection and three with 
water reflection. One bare sphere and one reflected sphere each had an additional thickness of steel added 
to the shell thickness. In addition to the 6 experiments, there are 4 reported idealized critical configurations 
also accepted as benchmarks. These had either volume adjustments or modified solution characteristics to 
provide simple spheres with no support tubes or steel shells. 
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Author: Leclaire, Nicolas / Poullot, Gilles 

Title: Plutonium (19% 240Pu) Nitrate Solution in a Water-Reflected Annular Cylinder Tank (50/20 cm 
Diameter) 

Date: 9/30/2005 

Report: PU-SOL-THERM-022 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered plutonium nitrate solution in an annular 
cylinder tank. The outer and inner diameters of the tank were 50 cm and 20 cm. The tank was reflected by 
water on the side and at the bottom. A plutonium concentration range of 28.5 to 165 g/l was examined. The 
plutonium contained 18.88% 240Pu. These experiments, performed at the Valduc facility (CEA-FRANCE) 
in 1973, were subcritical approaches extrapolated to critical. The multiplication factor reached was very 
close to 1.000 (within 0.1%). Evaluated here are 9 experiments with air in the central region and 8 with an 
insert of paraffin plus cadmium sheet. All 17 are acceptable benchmark experiments. The experimental 
program is described in the basic report written by the experimentalists and in a new report written in the 
framework of this evaluation. This report gathers additional data found in archives. This plutonium nitrate 
was also used to perform experiments in a large cubic tank (PU-SOL-THERM-012). Similar experiments 
performed in the Valduc facility with 50/30 and 50/20 annular cylinders (with diameters 50 and 30, 20 cm) 
and different 240Pu contents are presented in PU-SOL-THERM-028, 029, 030, 031 and 032. All programs 
are briefly presented in a special volume of Nuclear Science and Engineering and in the catalogue and 
history of criticality experiments performed in Saclay and Valduc, where an exhaustive set of references 
and photographs found in archives are provided, but not published in the experimental reports. 
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Title: Plutonium (33.89% and 4.23% 240Pu) Nitrate Solutions in Two Water-Reflected Cylindric 
Concentric Tanks 

Date: 9/30/2000 

Report: PU-SOL-THERM-023 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered two concentric cylinder tanks containing two 
different plutonium nitrate solutions. The large outer tank, or driver, always contained the same solution 
(116.9 g/l of plutonium, 240Pu/PuTotal = 4.23%). For the first series of experiments, the small inner tank 
(2.2 or 4.2 liters capacity) contained a nitrate solution of high 240Pu content (33.89%), the plutonium 
concentration range being 0.0 to 139.6 g/l; the maximum plutonium mass used was 336 g. For the second 
series of experiments the inner tank contained a nitrate solution of low 240Pu content (4.23%), the 
plutonium concentration range being 6.67 to 124.6 g/l. These experiments, performed in a large tank of 
water at the VALDUC facility (CEA-France) in 1969-1970 in apparatus “D,” were subcritical approaches 
extrapolated to critical. The multiplication factor reached was very close to 1 (within 0.1%). Evaluated here 
are 16 experiments with high 240Pu content and 18 experiments with low 240Pu content in the inner tank. 
All these water-reflected experiments are considered acceptable for use as benchmark experiments. 
Furthermore, 33 unreflected experiments, which used the same device and were performed with the same 
solutions, are also described here. Because of uncontrolled reflection they are not selected as benchmarks. 
The aim of these experiments was to test plutonium nitrate solution with high 240Pu content. In fact only 
the most concentrated experiments of the first series are useful. (The maximum negative reactivity effect 
of 240Pu was 7.5%, due mostly to the absorption peak at 1 eV.) Experiments of the second series are 
interesting to validate the experimental device and the method. 
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Title: Slabs of Plutonium Nitrate Solutions Reflected by 1-Inch Thick Plexiglas 

Date: 9/30/1999 

Report: PU-SOL-THERM-024 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the late 1960’s a number of critical experiments were performed on plutonium 
nitrate solutions in slab geometry at Battelle-Pacific Northwest Laboratory. Mixed plutonium and uranium 
solution experiments were later performed in the same slab tank at the same facility (MIX-SOL-THERM-
005). Experiments were done with water-reflected (PU-SOL-THERM-025), Plexiglas-reflected and bare 
slabs (PU-SOL-THERM-026). This report focuses on the thirty-three (33) Plexiglas-reflected experiments 
listed in Appendix B. From this number, twenty-three (23) experiments, which are listed in Table 1, were 
selected to be analyzed. The selection process is summarized in Section 2. These twenty-three experiments 
include five different solutions and span the range of experimental critical slab thicknesses. These 23 
experiments are acceptable as criticality benchmarks. 
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Author: Kuehn, N. H. / Williamson, T. G. 

Title: Water Reflected Slabs of Plutonium Nitrate Solutions 

Date: 9/30/1999 

Report: PU-SOL-THERM-025 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the late 1960’s a large number of critical experiments were performed on 
plutonium nitrate solutions in slab geometry at Battelle-Pacific Northwest Laboratory. Mixed plutonium 
and uranium solution experiments were later performed in the same slab tank at the same facility (MIX-
SOL-THERM-005). For the critical experiments in the late 1960’s, the plutonium concentrations in the 
solutions ranged from 58 to 412 g/l. Three different plutonium isotopic compositions were used in these 
experiments: 4.6, 18.4 and 23.2 wt.% 240Pu. Experiments were performed with water-reflected, Plexiglas-
reflected (PU-SOL-THERM-024), and bare slabs (PU-SOL-THERM-026). This evaluation is for the 
seventy-two (72) water-reflected experiments listed in Appendix B. From this total of seventy-two 
experiments, fifty-five (55) experiments were selected to be analyzed. Thirty-nine individual experiments 
were selected. Five composite cases – experiments with the same solution composition and solution 
thickness and an average height for multiple experiments – were also selected. These forty-four (44) cases 
are listed in Table 1. These cases encompass all of the plutonium solutions used and the full range of 
solution heights and thicknesses. These forty-four cases are acceptable as criticality benchmarks. 
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Author: Kuehn, N. H. / Williamson, T. G. 

Title: Unreflected Slabs of Plutonium Nitrate Solutions 

Date: 9/30/1999 

Report: PU-SOL-THERM-026 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the late 1960’s a large number of critical experiments were performed on 
plutonium nitrate solutions in slab geometry at Battelle-Pacific Northwest Laboratory. Mixed plutonium 
and uranium solution experiments were later performed in the same slab tank at the same facility (MIX-
SOL-THERM-005). For the critical experiments in the late 1960’s, the plutonium concentrations in the 
solutions ranged from about 58 to 412 g/l. Three different plutonium isotopic compositions were used in 
these experiments – 4.6, 18.4 and 23.2 wt.% 240Pu. Experiments were performed unreflected, Plexiglas 
reflected (PU-SOL-THERM-024) and water reflected (PU-SOL-THERM-025). This evaluation is for the 
thirty-five (35) bare or unreflected experiments listed in Appendix B. These thirty-five experiments were 
conducted using five different plutonium solutions. Twenty-one (21) cases, which are listed in Table 1, 
were derived from this total of thirty-five experiments. Fifteen (15) cases are individual experiments. Six 
(6) cases are composites formed by combining experiments with the same reported solution parameters and 
critical solution thickness. An average critical solution height was used to characterize each composite case. 
The 21 cases derived from the thirty-five experiments are acceptable as criticality benchmarks. 
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Author: Bordy, Jean-Marc 

Title: Mixed-Oxide RAPSODIE Fuel-Pin Arrays Moderated by Concentrated Plutonium Nitrate Solution 
(19.7 to 194 g Pu/l) and Reflected by Water 

Date: 9/30/2003 

Report: PU-SOL-THERM-027 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This paper is devoted to 29 water-reflected critical experiments: 25 were RAPSODIE 
mixed-oxide pin arrays in plutonium nitrate solution and 5 were plutonium nitrate solution with no pin 
array. They were carried out in 1971 in testing equipment called Apparatus B in the experimental criticality 
facility at “Section Expérimentale d’Etude en Criticité” today called “Service de Recherches en 
Neutronique et en Criticité” in Valduc (C. E. A. France). For the 24 experiments that included a hexahedral 
assembly, the triangular pitch was 1.5 or 1.9 cm. The number of pins in the arrays varied from 37 to 169, 
and the plutonium solution concentration varied from 19.7 to194 g Pu/l. For the 5 experiments without a 
pin array, the plutonium solution concentration varied from 49.5 to 194 g Pu/l. Therefore, to account for 
these experiments, the evaluation has two identification numbers. All the experiments, with or without 
mixed-oxide pin arrays, were subcritical approaches extrapolated to critical, with the multiplication factor 
reached being very close to 1.000 (within 0.1%). Two hundred UO2-PuO2 fuel pins were available. The 
metal plutonium content was equal to 25.8 wt.% of the total (uranium + plutonium) metal. The ratio 
240Pu/Putotal was slightly less than 10 wt. %. The 235U enrichment of the uranium was 60 wt. %. In all, 
229 experiments were carried out in the four series of experiments with RAPSODIE pins: (i) pin arrays in 
water in Apparatus B (reported in MIX-COMP-THERM-011), (ii) pin arrays in nitric acid solutions carried 
out in Apparatus D, (iii) pin arrays in plutonium solutions of low concentration (less than 20 g/l) carried 
out in Apparatus D (reported in MIX-MISC-THERM-002); and (iv) pin arrays in plutonium solutions of 
high concentration (range 19.7 g/l to 194 g/l) carried out in Apparatus B. of the 159 experiments in the last 
series, 29 cases representative of the category have been selected to be reported in this paper. A detailed 
description of the 159 cases is given in Appendix F. The experimental program is described in the 
preliminary and final reports Some data useful to have as cross-reference information were taken from the 
Valduc laboratory logbooks and from Reference 5. In addition, for this evaluation, archives located in 
Cadarache were consulted: those from the COGEMA ATPu plant, where pins were manufactured, and the 
archives of the RAPSODIE reactor. Moreover, very useful information was given by RAPSODIE retired 
personnel: A. Bel, R. Gambin, Y. Masselot, and Madam S. Bataller. A synthesis of all gathered information 
is given in an additional report especially written within the framework of the Rapsodie-experiment 
ICSBEP evaluations (MIX-MISC-THERM-002, MIX-MISC-THERM- 003, and MIX-COMP-THERM-
011). All 29 evaluated experiments are acceptable benchmark experiments. As noted above, 5 experiments 
(Cases 1, 9, 14, 19, and 23) involve only plutonium nitrate solution and are appropriately categorized as 
PU-SOL-THERM. The remaining 24 cases are more appropriately categorized as MIX-MISC-THERM. 
Complete documentation for all 29 experiments is given in MIX-MISC-THERM-003. 
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Title: Water-Reflected Annular Cylinders (50/30 Cm Diam.) Containing Plutonium (3% 240Pu) Nitrate 
Solutions 

Date: 9/30/2004 

Report: PU-SOL-THERM-028 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From experimental reports, a homogeneous subset of 18 representative experiments 
is presented, of which 11 have the same Pu concentration (80.6 gPu/liter) and are taken from a primary set 
of 30 various experiments, and 7 have other Pu concentrations and are taken from the original reports. The 
diversity of the primary set was intended to be a representative sample of about 730 experiments performed 
on annular cylinders in the Valduc critical facility during the very long time between 1963 and 1976. The 
primary set, selected from various series of experiments, provides the possibility to observe the effect of 
many parameters (geometry, Pu concentration, 240Pu amount, acidity, various materials in the central 
region) on the reactivity of plutonium nitrate solutions in annular cylinders. The experimental study on 
annular cylinders was part of a larger program with various shapes of vessels containing plutonium nitrate 
solutions. This programme was gradually performed in order to study - on the one hand, efficient storage 
tanks devoted to plutonium solutions in industrial plants, - on the other hand, vessels, which, although not 
simple, could be modelled by various calculation methods in order to check their validity. The part of this 
experimental programme considered here concerns plutonium nitrate solution in a single annular cylinder 
of only one size (50 cm outer diameter, 30 cm inner diameter), with only one Pu assay (240Pu = 3.22%), 
and with various Pu concentrations (34.9 to 80.6 gPu/liter). The cylinders were reflected by water on the 
side and at the bottom. A subset of 20 experiments on two interacting annular cylinders (same geometry 
and nearly the same Pu assay) is presented in PU-SOL-THERM-029. Other subsets have different Pu assays 
or geometry: PU-SOL-THERM-028 - 50/20 cm diam., 1.5% 240Pu : PU-SOL-THERM-030, - 50/20 cm 
diam., 3% 240Pu : PU-SOL-THERM-031, - 50/20 cm diam., 9.95% 240Pu : PU-SOL-THERM-032. In the 
specific case of plutonium containing 18.88% 240Pu, some experiments with Pu nitrate solutions in annular 
cylinders (50/20 cm diam.) are described in PU-SOL-THERM-022 (reevaluated in 2004). All of these 
experiments were classical subcritical approaches extrapolated to critical. The multiplication factor reached 
was close to 1.000 (within 0.1%). The plutonium nitrate solution level, which was the same as the reflecting 
water level, was the approach parameter. The 18 selected single-annular-tank experiments described and 
evaluated here have combinations of various materials (air, water, cadmium, borated concrete) in the central 
region. After this evaluation, the conclusion is that 15 are considered acceptable benchmark experiments, 
while 3 experiments, performed with borated concrete in the center, cannot be considered as benchmarks. 
Aside from considering that these 3 experiments exhibit unpredictably large keff values (although coherent 
among each other), the chemical analysis on only one sample, without having checked the homogeneity of 
the borated concrete, is suspect. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From experimental reports, an homogeneous subset of 20 representative experiments 
having the same plutonium solution (40.6 gPu/liter) in two annular cylindrical tanks is presented. Four (4) 
are taken from a primary set of 30 various experiments and 16 are taken from the original reports. The 
diversity of the primary set is intended to be a representative sample of about 730 experiments performed 
with annular cylinders in the Valduc critical facility during the very long time between 1963 and 1976. The 
primary set, selected from various series of experiments, provides the possibility to observe the effect of 
many parameters (geometry, Pu concentration, 240Pu amount, acidity, various materials in the central 
region) on the reactivity of plutonium nitrate solutions in annular cylinders. The experimental study on 
annular cylinders was part of a large program with various shapes of vessels containing plutonium nitrate 
solutions. This program was gradually performed in order to study - on the one hand, efficient storage tanks 
devoted to plutonium solutions in industrial plants, - on the other hand, vessels, which, although not simple, 
could be modelled by various calculation methods in order to check their validity. The part of this 
experimental program considered here concerns plutonium nitrate solution in two nominally identical 
interacting annular cylinders (50 cm outer diameter, 30 cm inner diameter), with only one Pu nitrate 
solution. Characteristics of the solution are C Pu = 40.6 g/l, H+ = 2.230 N, 239Pu = 97.02 %, and 240Pu = 
2.98 %. The two cylinders are in interaction, at various separations, reflected by water or unreflected. A 
subset of 18 experiments with a single annular cylinder of the same geometry and nearly the same Pu assay, 
but various Pu concentrations and various central materials, is presented in PU-SOL-THERM-028. 
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Abstract/Keyterms: The experimental program considered plutonium nitrate solution in an annular 
cylinder. The outer and inner diameters of the annular cylinder were 50 cm and 20 cm. This 50/20 annular 
cylinder was reflected by water on the side and at the bottom. The central volume contained either water, 
air or cadmium + air. A plutonium concentration range of 21.87 to 51.21 g/l was examined. The plutonium 
contained 1.5% 240Pu. They were sub-critical approaches extrapolated to critical. The multiplication factor 
reached was very close to 1.000 (within 0.1%). Evaluated here are 7 experiments with air in the central 
region, 6 with water, and 4 with cadmium sheet + air. 16 experiments are judged acceptable. One 
experiment has been removed due to incoherent information on critical height provided by the six BF3 
counters. The experiments are selected from 730 critical experiments performed in the Valduc critical 
facility between 1963 and 1976. The experimental programa is described in two basic reports written by 
the experimentalists. Similar experiments performed in the Valduc facility with 50/30 and 50/20 annular 
cylinders (with diameters 50, 30, and 20 cm) and different 240Pu contents are presented in PU-SOL-
THERM-028, PU-SOL-THERM-029, PU-SOL-THERM-032, and PU-SOL-THERM-022. 
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Abstract/Keyterms: The experimental program considered plutonium nitrate solution in an annular 
cylinder. The outer and inner diameters of the annular cylinder were 50 cm and 20 cm. This 50/20 annular 
cylinder was reflected by water on the side and at the bottom. The central volume contained either water or 
air. A plutonium concentration range of 23.95 to 62.1 g/l was examined. The plutonium contained 9.95% 
240Pu. The experiments are selected from 730 critical experiments performed in the Valduc critical facility 
between 1963 and 1976. They were subcritical approaches extrapolated to critical. The multiplication factor 
reached was very close to 1.000 (within 0.1%). Evaluated here are 12 experiments with air in the central 
region and 5 with water. All 17 are acceptable benchmark experiments. The experimental program is 
described in the basic report written by the experimentalists and in a new report written in the framework 
of this evaluation. This report gathers additional data found in archives. Similar experiments performed in 
the Valduc facility with 50/30 and 50/20 annular cylinders (with diameters 50, 30, and 20 cm) and different 
240Pu contents are presented in PU-SOL-THERM-028, 029, 030, 031, and 022. 
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Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: This paper is devoted to experiments with plutonium nitrate solution, most of which 
are poisoned with borated Pyrex tubes or Raschig rings. They were carried out in the testing equipment 
called Apparatus D in the experimental criticality facility at the “Section Expérimentale d’Etudes de 
Criticité,” today called “Service de Recherche en Neutronique et Criticité,” in Valduc (C. E. A. France) in 
1966-1968. They were subcritical approaches extrapolated to critical, with the multiplication factor reached 
being very close to 1.000 (within 0.1%). Experiments were performed in a 36-cm-diameter cylindrical tank, 
water reflected or not. In all, 122 experiments were conducted and are reported in three experimental 
reports: 68 poisoned by tubes, 7 poisoned by Raschig rings (occupying approximately 1/6.2 of the volume), 
and 47 not poisoned (used as basic experiments). Some were experiments rerun several times in order to 
observe the reproducibility. Parameters studied were: � the plutonium concentration (99 to 356 g/l), � the 
tube geometry (30 or 40 mm diameter, 2 mm or 2.5 mm thickness, 15 to 60 cm length), � the tube array 
characteristics (pitch and number of tubes), � the 240Pu percentage (3.13 or 4.23%), � the reflection (water 
reflected or not). The aim of the experimental program was to provide data on criticality (masses and 
volumes) with plutonium nitrate solution poisoned with borated tubes or Raschig rings. This data was 
needed because at that time Raschig rings were often used in large-tank storage in order to increase the 
storage capacity for fissile solution. Another aim was to test calculation methods of code systems. Because 
of these aims, the most interesting cases were those with many Pyrex tubes and those with Raschig rings. 
It should be remarked that the program was very progressive from the point of view of calculation 
difficulties: first, arrays of a few tubes, then arrays with many tubes, and then Raschig rings in bulk. By this 
way it might be possible by studying tube arrays to find a method for the calculation of Raschig ring 
configurations. 
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Date: 9/30/2008 

Report: PU-SOL-THERM-034 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Between September 1970 and March 1971, experiments involving water-reflected 
cylinders (24-inch diameter) of plutonium nitrate (Pu(NO3)4) solutions poisoned with gadolinium nitrate 
were performed at the Critical Mass Laboratory (CML) of Battelle-Pacific Northwest Laboratory (PNL) in 
Washington, USA. The purpose of the experiments was to “establish the effect of a soluble neutron absorber 
on the criticality of plutonium nitrate solutions.” There are fifteen reported configurations at a plutonium 
concentration of either 116 or 363 g Pu/liter. The plutonium contained 8.3 wt.% 240Pu. Critical heights and 
volumes were determined at gadolinium concentrations varying from 0 to 20.25 g Gd/liter for the fifteen 
configurations. The Handbook of Critical Experiments Benchmarks, PNL-2700, designates the 
configuration without gadolinium as “Pu Benchmark 9.” The Cross Section Evaluation Working Group 
Benchmark Specifications (BNL 19302 (ENDF-202), Reference 3) designates that configuration as 
“Benchmark No. 28 (PNL-10).” The fifteen configurations reported in Reference 1 are acceptable as critical 
benchmarks. All experiments involved extrapolation from a subcritical configuration to a critical 
configuration. Uncertainties (1s) are in the range of 0.4% to 0.6%. Numerous critical experiments with 
plutonium nitrate solutions were performed at facilities at the Hanford reservation in Washington, USA. 
Experiments performed in the P-11 area in the early 1950’s are evaluated in PU-SOL-THERM-002, -003, 
-004, -005, -006, -010, and -011. Critical experiments with spherical and slab geometries performed at the 
CML in the 1960’s are evaluated in PU-SOL-THERM-001, -007, -008, -020, -021, -024, -025, and -026. 
Experiments involving high-burnup plutonium nitrate in cylindrical geometry performed at the CML in the 
1960’s are evaluated in PU-SOL-THERM-018. 
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Abstract/Keyterms: Experiments involving plutonium nitrate solutions in unreflected cylinders were 
performed at Dounreay (UK) in the 60’s. These experiments involved plutonium nitrate solutions with 4.88 
wt.% 240Pu and 13.74 wt.% 240Pu in 13.4-inch and 17.9-inch diameter unreflected cylinders. Critical 
solution heights were determined for various plutonium concentrations in each cylinder. This evaluation 
examines the configuration designated as PNL-9 in BNL-19302,”ENDF-202 Cross Section Evaluation 
Working Group Benchmark Specifications” (Reference 1). That configuration is designated as Critical 
Experiments-Pu Benchmark 7 in PNL-2700 (Reference 2). The PNL-9 configuration involved plutonium 
(13.8 wt.% 240Pu) nitrate solution at 28.5 g Pu/ℓ in the 17.9-inch diameter cylinder. This experiment is 
determined to be unacceptable as a critical benchmark at this time due to a number of unresolved issues, 
including incomplete data about the solution plutonium isotopic distribution, no data about plutonium 
solution impurities, and inconsistencies in the solution characterization data. 
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Conference Session:  

Abstract/Keyterms: The construction of a critical assembly is proposed for determining the characteristics 
of the PWAC Na-cooled, heterogeneous aircraft reactor design. The experimental facility would be located 
at the CANEL site. The site meteorology, hydrology, geology, and topography are considered; the facility 
and critical assembly design is shown, and the extent of hazards from accidents and sabotage is evaluated. 



 

C-16298 

16249…..…..…………………..…….……..……ID Number…………………..…..…………….16249 

Author: Fader, W. J. 

Title: TDP--A Two-Dimensional Perturbation Calculation Code Based on TDC, for IBM- 7090, Deck B 
516 

Date: 11/20/1964 

Report: PWAC-446 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Angular Distribution; Computers; 
Configuration; Cross Sections; Delayed Neutrons; Equations; IBM 7090; Lifetime; Neutron Flux; 
Numericals; Operation; Perturbation Theory; Programming; Prompt Neutrons; Reactivity; Reactors; 
Variations 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Aluminum; Capture; 
Configuration; Critical Assemblies; Criticality; Distribution; Enrichment; Fission; Fission Chambers; 
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Abstract/Keyterms: Contains several penciled notes. Maximum observed muliplication was ~ 3. 
Examined effect of personnel reflection on air-spaced HEU metal arrays. 



 

C-16301 

16252…..…..…………………..…….……..……ID Number…………………..…..…………….16252 

Author: Gauld, I. C. 

Title: SCALE-4 Analysis of LaSalle Unit 1 BWR Commercial Reactor Critical Configuration 

Date: 3/16/2000 

Report: R00-106719; ORNL/TM-1999/247 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Five commercial reactor criticals (CRCs) for the LaSalle Unit 1 boiling-water reactor 
have been analyzed using KENO V.a, the Monte Carlo criticality code of the SCALE 4 code system. The 
irradiated fuel assembly isotopics for the criticality analyses were provided by the Waste Package Design 
team at the Yucca Mountain Project in the United States, who performed the depletion calculations using 
the SAS2H sequence of SCALE 4. The reactor critical measurements involved two beginning-of-cycle and 
three middle-of-cycle configurations. The CRCs involved relatively low-cycle burnups, and therefore 
contained a relatively high gadolinium poison content in the reactor assemblies. This report summarizes 
the data and methods used in analyzing the critical configurations and assesses the sensitivity of the results 
to some of the modeling approximations used to represent the gadolinium poison distribution within the 
assemblies. The KENO V.a calculations, performed using the SCALE 44GROUPNDF5 ENDF/B-V cross-
section library, yield predicted k(eff) values within about 1% {Delta}k/k relative to reactor measurements 
for the five CRCs using general 8-pin and 9-pin heterogeneous gadolinium poison pin assembly models. 
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Abstract/Keyterms: A number of critical experiments involving 233U were performed in the Oak Ridge 
National Laboratory Building 9213 Critical Experiments Facility during the years 1952 and 1953. These 
experiments, reported in Reference 1, were directed toward determining bounding values for the minimum 
critical mass, minimum critical volume, and maximum safe pipe size of water-moderated solutions of 233U. 
Additional information on the critical experiments was found in the experimental logbooks. Two 
experiments utilizing uranyl nitrate (UO2(NO3)2) solutions in simple geometry are evaluated in this report. 
Experiment 37 is in a 10.4-inch diameter sphere, and Experiment 39 is in a 10-inchdiameter cylinder. The 
233U concentration ranges from 49 to 62 g 233U/l. Both experiments were reflected by at least 6 inches of 
water in all directions. Paraffin-reflected uranyl nitrate experiments, also reported in Reference 1, are 
evaluated elsewhere. Experiments with smaller paraffin-reflected 5-, 6-, and 7.5-inch diameter cylinders 
are evaluated in U233-SOL-THERM-004. Experiments with paraffin reflected 8-, 8.5-, 9-, 10-, and 12-
inch-diameter cylinders are evaluated in U233-SOL-THERM-002. Later experiments with highly-enriched 
235U uranyl fluoride solution in the same 10.4-inch-diameter sphere are reported in HEU-SOL-THERM-
010. Both experiments were judged acceptable for use as criticality-safety benchmark experiments. 
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Abstract/Keyterms: A reactor-statics theory is presented for a group of thermal systems having spherical 
symmetry. Members of the group are characterized by two basic regions: a nonmoderating interior region 
with fuel is surrounded by a moderating exterior. Two classes of reactor interior regions are considered. 
One class, which comprises the interiors of cavity reactors,” has low density cores that cannot scatter 
thermal neutrons (the U235F/sub 6/ core approximates this class of interiors). Interiors of the second class 
have high scattering probabilities for thermal neutrons (e.g., the cores of externally moderated liquid metal 
fueled reactors). Graphs are included to facilitate the analysis of general systems with external moderation. 
The theory is applied to criticality surveys of cavity reactors, to special features of LMFH systems, to 
studies of flux profiles, and to preliminary considerations of some possible applications of the externally 
moderated concept. 
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Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Accidents; 
Chromosomes; Criticality; Frequency; Gamma Radiation; Leucocytes; Malformations; Man; 
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Abstract/Keyterms: This paper reports that as part of project to d develop a package of reactor physics 
codes for Personal Computers (PCs), the Idaho National Engineering Laboratory (INEL) is developing 
microcomputer versions of two reactor shielding codes that previously were available for mainframe 
computers only: QAD-CG and ANISN. QAD-CG is a point kernel code for gamma ray shielding 
calculations that is similar to MICROSHIELD. ANISN is a well-known one-dimensional discrete ordinates 
transport theory code for reactor design, criticality, and shielding. of the two, QAD-CG is most frequently 
used for gamma shielding calculations, while ANISN is better suited for calculations involving neutrons 
and/or gammas when scattering needs to be treated more accurately. 
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Abstract/Keyterms: A simple chemical dosimeter is described which is based on the degradation of 
polyacrylamide of x and gamma radiation. The sensitivity range is between 50 and 7500 r and is essentially 
unaffected by fast and thermal neutron fields. The dosimeter is dose-rate- and energy-independent, is stable 
over long periods of time before and after irradiation, and is simple to make and read. Additionally, it is 
suited for inclusion in a multipurpose foil dosimeter to be employed for personnel monitoring in criticality 
incidents. 
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Conference Session:  

Abstract/Keyterms: The distribution of critically dangerous fissioning materials is systematized using a 
vertical cross-sectional model of the “Sarcophagus.” The most probable variations are analyzed. The 
Sarcophagus is shown to be a critically dangerous object for which fundamental standard requirements of 
criticality safety have not been met. 
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Report: Radiology (U.S.); Vol: 71 

Conference/Journal: Radiology (U.S.) 

Conference Session:  

Abstract/Keyterms: In addition to its primary value for clinical use, the 5-watt medical research reactor.t 
the U. S. Naval Hospital provides a potentially valuable tool for biological research. Calculations were 
made on the available flux of the various radiations at different energy levels in the thermal column. Data 
are presented graphically. The problem of maintaining sufficient reactivity for criticality was also 
investigated. Problems of operation are discussed. 
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Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- Radiation Dosimeters; 
Engineering-Nuclear Explosions; Aluminium Oxides; Bricks; Dosimetry; Gamma Detection; Nuclear 
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Abstract/Keyterms: A method is developed for treating perturbations in a finite lattice arising from the 
removal or insertion of fuel rods. The lattice is divided into two regions, an inner heterogeneous one and 
an outer one, in which fuel and moderator are homogenized. In the heterogeneous region the diffusion 
equation is solved by Feinberg's method both for the unperturbed and the perturbed lattice. A critical eta is 
found in both cases by matching the solutions in the two regions along a common boundary. 
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Conference Session:  

Abstract/Keyterms: Calculations were performed for the physical and thermodynamical data for a heavy 
water moderated, natural uranium metal fueled, and diphenyl cooled power prototype reactor. The 
moderator temperature will be kept lower than 80 deg C, the cooling fluid circulates on both sides of the 
tubular uranium rods with a mean temperature of 300 deg C. The cladding material for the fuel ls a 
magnesium alloy, the cooling liquid however flows within a pressure tube made of sintered aluminum 
powder, which guarantees the necessary tensile strength at elevated temperatures. Two group calculations 
gave the bucklings for various dimensions of the lattice, such as uranium tube width, diameters of inner and 
outer cooling paths, thermal insulation, and fuel rod spacing. Xenon and samarium saturation poisoning 
effects as well as operating temperatures are included ln the given results. Xenon overrlde and uranium 
burnup were introduced as an additional amount of 2% sigma k. Thermodynamlc calculat1ons optimize the 
geometry of the cell for best heat transfer under assumed limiting values for maximum fuel temperature, 
coolant flow velocities and mean cooling temperature difference between inlet and outlet. This optimum 
lattice is then used to determine the dimensions of a cylindrical reactor with radial reflector. For a low cost 
power prototype reactor a minimum heavy water volume will be in favor. 
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Abstract/Keyterms: An alternative fundament of reactor kinetics which is immediately connected to the 
mechanism of the fission chain reaction derived. Green functions are defined for stationary reactors as the 
response to an instantaneous injection of neutrons. For nonstationary reaetors the fission rate is obtained by 
convolution of the product of reactivity and fission rate with a suitable Green function. By the use of 
Laplace transformation the solution of most reactor kinetic problems is easily obtained from this integral 
equation. 
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Abstract/Keyterms: In order to avoid criticality risks, a large number of facilities using spent fuels have 
been designed considering the fuel as fresh. This choice has obviously led to considerable safety margins. 
In the early 80's, a method was accepted by the French Safety Authorities allowing to consider the changes 
in the fuel composition during the depletion with some very pessimistic hypothesis: only actinides were 
considered and the amount of burnup used in the studies was equal to the mean burnup in the 50-least-
irradiated centimeters. As many facilities still want to optimize their processes (e.g. transportation, storage, 
fuel reprocessing), the main companies involved in the French nuclear industry, researchers and IRSN set 
up a Working Group in order to study the way burnup could be taken into account in the criticality 
calculations, considering some fission products and a more realistic axial profile of burnup. The first part 
of this article introduces the current French method used to take burnup into account in the criticality 
studies. The second part is devoted to the studies achieved by the Working Group to improve this method, 
especially concerning the consideration of the neutron absorption of some fission products and of an axial 
profile of burnup: for that purpose, some results are presented related to the steps of the process like the 
depletion calculations, the definition of an axial profile and the criticality calculation. In the third part, some 
results (keff) obtained with fission products and an axial profile are compared to those obtained with the 
current one. The conclusions presented are related to the present state of knowledge and may differ from 
the final conclusions of the Working Group. 
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Abstract/Keyterms: In November 1967, it was decided to convert the existing, heavily shielded, light 
water critical experiment KRITO at the Petten site of RCN, into a coupled fast-thermal system, in the fast 
zone of which by oscillator methods integral cross-sections of actual fission product-mixtures,-elements 
and-nuclides are to be measured. After completion of the construction in early May 1969, the new facility 
STEK (fast-thermal experiment in KRITO) and its instrumentation have been thoroughly tested until a 
license was obtained for the loading of fuel in the thermal zone of the core. The possibility to build up the 
thermal Argonaut type cores in STEK was included in the design and it was decided to start the experimental 
program with the build-up of these cores to obtain experience with the installation and to have a starting 
point in the approach of the first coupled fast-thermal core. Thus the inner zone of the core was completely 
filled with graphite elements and then fuel plates were loaded in steps as symmetrically as possible in the 
4 x 10 elements in the 4 slabs I, II, III and IV. On May 22nd, first criticality was obtained with a loading of 
740 fuel plates, i.e., 15.34 kg uranium-235 (min. critical loading 725 fuel plates, 15.05 kg). 
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Abstract/Keyterms: The purpose of this report is to establish radiological acceptance criteria for uranium. 
Other factors for acceptance not considered include criticality safety concerns, contaminants to the process 
stream, and impacts to the Safety Basis for the affected facilities. Three types of criteria were developed in 
this report. They include limits on external penetrating and non-penetrating radiation and on the internal 
hazard associated with inhalation of the material. These criteria are intended to alleviate the need for any 
special controls beyond what are normally utilized for worker protection from uranium hazards. Any 
proposed exceptions would require case-by-case evaluations to determine cost impacts and feasibility. 
Since Y-12 has set rigorous ALARA goals for worker doses, the external limits are based on assumptions 
of work time involved in the movement of accepted material plus the desire that external doses normally 
received are not exceeded, and set so that no special personnel monitoring would be required. Internal 
hazard controls were established so that dose contributions from non-uranium nuclides would not exceed 
10% of that expected from the uranium component. This was performed using a Hazard Index (HI) 
previously established for work in areas contaminated with non-uranium nuclides. The radiological 
acceptance criteria for uranium are summarized in Table 1. Note that these limits are based on the 
assumption that radioactive daughter products have reached equilibrium. 
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Abstract/Keyterms: The external dosimetry program participated in a criticality dosimetry 
intercomparison conducted at the Caliban facility in Valduc, France in 2010. Representatives from the 
dosimetry and instrumentation groups were present during testing which included irradiations of whole-
body beta/gamma (HBGT) and neutron thermoluminescent dosimeters (TLDs), a fixed nuclear accident 
dosimeter (FNAD), electronic alarming dosimeters, and a humanoid phantom filled with reference man 
concentrations of sodium. This report reviews the testing procedures, preparations, irradiations, and 
presents results of the tests 
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Report: RD/B/N--2444 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Detection Instruments- Radiation Dosimeters; Albedo; 
Beta Dosimetry; Computers; Criticality; Data Acquisition; Fast Neutrons; Gamma Dosimetry; Intermediate 
Neutrons; Lithium Fluorides; Neutron Dosimetry; Personnel Dosimetry; Photographic Film Dosemeters; 
Programming; Radiation Doses; Readout Systems; Slow Neutrons; Thermoluminescent Dosemeters X-Ray 
Dosimetry 
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Title: A Survey of Lattice Calculations for Graphite Moderated Gas Cooled Thermal Reactors 

Date: 9/1/1955 

Report: RDB(R )/TN-55; NPCC/RPWP/P-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The edited results of a wide range of lattice calculations are given which can be used 
in solving several kinds of reactor problems. In particular the critical size of a natural uranium reactor may 
be found or alternatively the critical enrichment for any given reactor size. The important lattice constants 
for an infinite reactor without poisoning sre summarized. 
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Date: 7/5/1955 

Report: RDB(R )-8140; WHC(C )/P-37 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Criticality; Cylinders; Diffusion Length; Laplacian; Mass; 
Numericals; Reactors; Reflectors 
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Title: A Rayleigh-Ritz Procedure, for Estimating the Critical Laplacian of One Group Diffusion Theory 

Date: 9/22/1955 

Report: RDB(R )-8150; WHC(C )/P-38 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Critical Assemblies; Diffusion; Distribution; Equations; Errors; 
Group Theory; Neutron Flux; Reflectors 
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Title: A General Formula for Upper Bounds for the Critical Size of a Reflected Monoenergetic System 

Date: 12/6/1954 

Report: RDB(R)-8134; WHC(C )/P-35 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Energy; Mathematics; 
Reactors; Reflection; Variational Method; Variational Principle; Volume 



 

C-16361 

16312…..…..…………………..…….……..……ID Number…………………..…..…………….16312 

Author: Ackroyd, R. T. / Ball, Jean M. 

Title: On the Conjecture That Steiner Symmetrization Reduces Critical Mass 

Date: 4/26/1955 

Report: RDB(R)-8135; WHC(C)/(P-36) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Differential Equations; Diffusion; Fission; Mass; Mathematics; 
Reactors; Reflection 
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Author: Moroney, K. / Moroney, J. III. / Turney, J. / Johnson, Nels 

Title: Processing Plutonium-Contaminated Soil on Johnston Atoll 

Date: 7/1/1994 

Report: RDMGEK, 01, 069-073; 091-092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This article describes a cleanup project to process plutonium- and americium-
contaminated soil on Johnston Atoll for volume reduction. Thermo Analytical’s (TMA’s) segmented gate 
system (SGS) for this remedial operation has been in successful on-site operation since 1992. Topics 
covered include the basis for development, a description of the Johnston Atoll; the significance of results; 
the benefits of the technology; applicability to other radiologically contaminated sites. 
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Author: Walton, L. 

Title: Building Dismantlement and Site Remediation at the Apollo Fuel Plant: When is Technology the 
Answer? 

Date: 1/1/1995 

Report: RDMGEK, 2 (1), 20-25 

Conference/Journal: Radwaste Magazine 

Conference Session:  

Abstract/Keyterms: The Apollo fuel plant was located in Pennsylvania on a site known to have been used 
continuously for steel production from before the Civil War until after World War II. Then the site became 
a nuclear fuel chemical processing plants. Finally it was used to convert uranium hexafluoride to various 
oxide fuel forms. After the fuel manufacturing operations were terminated, the processing equipment was 
partially decontaminated, removed, packaged and shipped to a licensed low-level radioactive waste burial 
site. The work was completed in 1984. In 1990 a detailed site characterization was initiated to establish the 
extent of contamination and to plan the building dismantlement and soil remediation efforts. This article 
discusses the site characterization and remedial action at the site in the following subsections: 
characterization; criticality control; mobile containment; soil washing; in-process measurements; and the 
final outcome of the project. 
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Title: A Review of the Experimental and Analytical Results of the High-Conversion Critical Experiments 

Date: 3/1/1968 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Oxides UO2 / Criticality of Fuel Assemblies of Type 304 Stainless Steel- 
and Aluminum-Clad; Critical Assemblies / Criticality of Water-Moderated Uranium Oxide UO2-Fueled 
Multiple-Geometry BORAX-5 and Hi-C, Calculation of 
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Title: Review of the Results of the DIMPLE Critical Experiment 

Date: 3/1/1968 

Report: Reactor & Fuel-Processing Tech., 11, 3, 121-122 

Conference/Journal: Reactor & Fuel-Processing Tech. 

Conference Session:  

Abstract/Keyterms: Reactors, Research / Physics Measurements for Water-Moderated Type 304 Stainless 
Steel- and Aluminum-Clad Hi-C Pellet-Type Uranium Oxide (UO2)-Fueled Dimple, Effects of 
Configuration on; Reactivity / Measurement of Water-Moderated Type 304 Stainless Steel- and Aluminum-
Clad Hi-C Pellet-Type Uranium Oxide (UO2)-Fueled Dimple Assemblies, Effects of Configuration on; 
Uranium Oxides UO2 / Physics Measurements for Multiple Fuel Assemblies of Type 304 Stainless Steel- 
and Aluminum-Clad 
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Title: Neutron Leakage Benchmarks for Water Moderator 

Date: 1/1/1994 

Report: Reactor Dosimetry, ASTM STP 1228, p. 368 

Conference/Journal: Reactor Dosimetry 

Conference Session:  

Abstract/Keyterms: FUND-NIST-CF-MULT-FISS-001 
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Title: Safety in Chemical Processing 

Date: 1/1/1965 

Report: Reactor fuel Process; Vol: 8 

Conference/Journal: Reactor fuel Process 

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Anions; Combustion; Criticality; Enrichment; Ion 
Exchange; Neptunium; Purex Process; Recovery; Safety; Uranium; Waste Processing 
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Title: Review of Results of the Dimple Critical Experiment 

Date: 7/1/1968 

Report: Reactor Fuel-Process. Technol., 11: 121-2 

Conference/Journal: Reactor Fuel-Process. Technol., 11: 121-2 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Aluminum; 
Analysis; Configuration; Critical Assemblies; Criticality; Dimple; Fuel Cans; Fuel Elements; 
Measurement; Reactivity; Reactors; Stainless Steel-304; Stainless Steels; Uranium Dioxide; Water 
Moderator 
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Title: Compact Power Concept Features a Fast Reactor, Heat Pipes, and Direct Converters 

Date: 9/1/1968 

Report: Reactor Fuel-Process. Technol., 11: 187-200 

Conference/Journal: Reactor Fuel-Process. Technol. 

Conference Session:  

Abstract/Keyterms: Rocket & Space Reactors; Beryllium Oxides; Configuration; Criticality; Design; Fast 
Neutrons; Fast Reactors; Fuel Elements; Fuels; Heat Exchangers; Heat Pipes; Heat Transfer; Phosphides; 
Pipes; Plutonium; Power Plants; Radiators; Reactivity; Reactors; Reflectors; Space Vehicles; Thermionics; 
Thermoelectricity 



 

C-16370 

16321…..…..…………………..…….……..……ID Number…………………..…..…………….16321 

Author: n. a. 

Title: Criticality 
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Report: Reactor Handbook, 541-550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Migration Areas and Effective Delayed Neutron Fractions by Critical Experiments 

Date: 9/1/1959 

Report: Reactor Sci.; Vol: 10 

Conference/Journal: Reactor Sci. 

Conference Session:  

Abstract/Keyterms: Migration areas and effective delayed neutron fractions were measured in critical 
assemblies of slightly enriched uranium rods in light water. The fuel consists of uranium 387 in ratios of 
2:1, 3:1, and 4:1 were investigated. Migration areas were measured by observing the effect of fuel rod 
changes and boron poison in the water, separately and combined, on the excess reactivity. The analysis 
yields a value of M/sup 2/ which depends on the delayed neutron parameters, and one which is independent 
of them. Values of M/sup 2/ obtained by these methods are compared with those obtained carrier by sub-
critical methods. A value of the effective delayed neutron fraction, gamma beta, in these assemblies is 
derived from the effect of uniform boron poison on the reactor periods. An average value of 0.0069 plus or 
minus 0.0001 is obtained for the three assemblies. 
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Title: An Empirical Correlation of the Experimental Data on Homogeneous, Highly Enriched, Uranium 
and Uranium-Hydrogen Critical Assemblies. II. Changes in Physical Properties 

Date: 8/1/1959 

Report: Reactor Technol.; Vol: 1 

Conference/Journal: Reactor Technol. 

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Critical Assemblies; Criticality; Equations; Homogeneous 
Reactors; Hydrogen; Mass; Multiplication Factors; Reactivity; Uranium; Uranium 235; Volume 
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Title: Discrete-Ordinates Methods for the Numerical Solution of the Transport Equation 

Date: 6/1/1972 

Report: Reactor Technology, 15, 2, 107-135 

Conference/Journal: Reactor Technology 

Conference Session:  

Abstract/Keyterms: Physics (Radiation & Shielding)-Radiation Physics; Boltzmann Equation; Discrete 
Ordinates; Numerical Solution; One- Dimensional Calculations; Reviews; Spherical Configuration; 
Transport Theory Transport Theory / Discrete-Ordinates Methods for Numerical Solution of, Review of 
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Author: Nuclear Regulatory Commission 

Title: Guide for the Preparation of Applications for Special Nuclear Material Licenses of Less Than Critical 
Mass Quantities 

Date: 7/1/1976 

Report: REG/G-10.3 (7-76) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This guide describes the type of information needed to evaluate an application for a 
specific license for receipt, possession, use, and transfer of special nuclear material. It is intended for 
applicants requesting authorization to possess and use up to 2, 000 grams of plutonium, total, in the form 
of sealed plutonium--beryllium neutron sources, and any special nuclear material in quantities and forms 
not sufficient to form a critical mass. The latter quantities are considered to be 350 grams of contained 
uranium-235, 200 grams of uranium-233, 200 grams of plutonium (in any form other than plutonium--
beryllium neutron sources) or any combination of them. 
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Title: Use of Borosilicate-Glass Raschig Rings as a Neutron Absorber in Solutions of Fissile Material. 

Date: 1/1/1973 

Report: REG/G--3.1(1-73) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Absorption; Boron Silicates; Column Packing; Criticality; Fissile Materials; Fluids; Glass; Neutrons; 
Regulatory Guides; Uses 
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Title: Use of Borosilicate-Glass Raschig Rings as a Neutron Absorber in Solutions of Fissile Material: 
Proposed Revision 2 to Regulatory Guide 3.1. Nuclear Regulatory Commission 

Date: 3/1/1987 

Report: REG/G-3.1-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Section 70.22, “Contents of Applications,” of 10 CFR Part 70, “Domestic Licensing 
of Special Nuclear Material,” requires that applications for a specific license to own, acquire, deliver, 
receive, possess, use, or transfer special nuclear material contain proposed procedures to avoid accidental 
conditions of criticality. Procedures for this purpose include incorporating neutron-absorbing material such 
as boron in process equipment. This regulatory guide provides guidance for complying with this portion of 
the Commission's regulations by describing procedures acceptable to the NRC staff for the prevention of 
criticality accidents by use of borosilicate-glass raschig rings as a neutron absorber in solutions of fissile 
material. 
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Author: n. a. 

Title: Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors. Proposed 
Revision 2 to Regulatory Guide 3.4 

Date: 4/1/1985 

Report: REG/G-3.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This guide describes procedures acceptable to the NRC staff for preventing accidental 
criticality in operations with fissionable materials outside reactors and validating calculational methods 
used in assessing nuclear criticality safety. 
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Title: Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors. 

Date: 1/1/1973 

Report: REG/G--3.4(1-73) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality; Fissionable Materials; Materials Handling; Regulatory Guides; Safety; Storage; Transport 
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Author: n. a. 

Title: Validation of Calculational Methods for Nuclear Criticality Safety - June 1976 

Date: 1/1/1977 

Report: REG/G-3.41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Procedures accepted to NRC for validating calculational methods for nuclear 
criticality safety are presented. 
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Author: Nuclear Regulatory Commission 

Title: Validation of Calculational Methods for Nuclear Criticality Safety 

Date: 6/1/1976 

Report: REG/G-3.41 (6-76) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Procedures accepted to NRC for validating calculational methods for nuclear 
criticality safety are presented. 
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Author: n.a. 

Title: Nuclear Criticality Control and Safety of Homogeneous Plutonium-Uranium Fuel Mixtures Outside 
Reactors 

Date: 1/1/1981 

Report: REG/G-3.47 

Conference/Journal: Book 

Conference Session:  

Abstract/Keyterms: This regulatory guide provides guidance for complying with Section 70.22 Contents 
of Applications, of 10 CFR Part 70 Domestic Licensing of Special Nuclear Material, the Commission's 
regulations by describing procedures acceptable to the NRC staff for the prevention of criticality accidents 
in operations involving homogeneous plutonium-uranium fuel mixtures outside reactors. This regulatory 
guide endorses ANSI/ANS-8.12-1978, Nuclear Criticality Control and Safety of Homogeneous Plutonium-
Uranium Fuel Mixtures Outside Reactors. 
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Title: Standard Format and Content for the Health and Safety Sections of License Renewal Applications 
for Uranium Processing and Fuel Fabrication. Draft Regulatory Guide and Value/Impact Statement. 
Revision 1. Nuclear Regulatory Commission 

Date: 7/1/1985 

Report: REG/G-3-52-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This regulatory guide, “Standard Format and Content for the Health and Safety 
Sections of License Renewal Applications for Uranium Processing and Fuel Fabrication” (herein referred 
to as the Standard Format), has been prepared to provide more specific guidance for the preparation of the 
health and safety sections of license renewal applications. The Environmental Report is submitted as a 
separate document. The renewal application for the health and safety sections of the license consists of two 
major parts. The first part contains the proposed license conditions stating the performance requirements to 
which the applicant proposes to commit. The second part contains detailed safety information and 
descriptive information demonstrating the applicant’s adherence to the conditions of the first part. This 
Standard Format is designed to separate the requirements in Part I (license conditions) from the descriptive 
information in Part II (demonstration and performance record). 
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Title: Standard Format and Content of Part 71 Applications for Approval of Packaging of Type B, Large 
Quantity, and Fissile Radioactive Material 

Date: 1/1/1979 

Report: REG/G-7.9 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Purpose of this regulatory guide is to assist the applicant in preparing an application 
that demonstrates the adequacy of the package in meeting the regulations. It covers containment, shielding 
evaluation, criticality evaluation, operating procedures, and acceptance tests and maintenance program. 
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Author: n.a. 

Title: Criticality accident alarm systems, Revision 1, January 1981 

Date: 1/1/1981 

Report: REG/G-8.12 

Conference/Journal: Book 

Conference Session:  

Abstract/Keyterms: This guide describes a system acceptable to the NRC staff for meeting the 
Commission's requirements for a criticality accident alarm system. The guidance on criticality accident 
alarm systems contained in ANSI/ANS-8.3-1979 Criticality Accident Alarm System, is generally 
acceptable to the NRC staff. 
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Author: n. a. 

Title: Proposed Revision 2 to Regulatory Guide 8.12: Criticality Accident Alarm Systems: Draft 
Regulatory Guide. Nuclear Regulatory Commission 

Date: 5/1/1988 

Report: REG/G-8.12-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Section 70.24, “Criticality Accident Requirements,” of 10 CFR Part 70,”Domestic 
Licensing of Special Nuclear Material," requires licensees who are authorized to possess special nuclear 
material in excess of certain amounts to maintain a criticality accident alarm system. This guide describes 
a system acceptable to the NRC staff for meeting the Commission`s requirements for a criticality accident 
alarm system. 
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Author: n. a. 

Title: Immediate Evacuation Signal 

Date: 2/16/1973 

Report: REG/G-8-5(2-73) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Safety Engineering; Nuclear Materials & Waste Management-Handling 
Equipment & Procedures; Alarm Systems- Regulatory Guides; Criticality- Alarm Systems; Radiation 
Accidents- Alarm Systems; Fissionable Materials; Regulations 
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Title: Standard Format and Content for Emergency Plans for Fuel Cycle and Materials Facilities 

Date: 9/1/1990 

Report: REG/G-91001955 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This regulatory guide is being developed to provide guidance acceptable to the NRC 
staff on the information to be included in emergency plans and to establish a format for presenting the 
information. Use of a standard format will help ensure uniformity and completeness in the preparation of 
emergency plans. An acceptable emergency plan should describe the licensed activities conducted at the 
facility and the types of accidents that might occur. It should provide information on classifying postulated 
accidents and the licensee's procedures for notifying and coordinating with offsite authorities. The plan 
should provide information on emergency response measures that might be necessary, the equipment and 
facilities available to respond to an emergency, and how the licensee will maintain emergency preparedness 
capability. It should describe the records and reports that will be maintained. There should also be a section 
on recovery after an accident and plans for restoring the facility to a safe condition. 
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Title: Correlation Methods in Nuclear Reactor Measurement Techniques 
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Conference/Journal: Regelungstechnik (West Germany) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Evaluating the Potential Radiological Consequences of Accidental Nuclear Criticality in Uranium 
Fuel Fabrication Plants 

Date: 7/1/1979 

Report: Regulatory Guide 3.34, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Regulatory Assessment Criteria for the Design of New Controlled Facilities and Modification to 
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Date: 1/1/2001 

Report: Regulatory Guideline RG-5, RB-STD-43-00, ARPANSA 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Regulatory Assessment Principles for Criticality Safety 

Date: 1/1/2003 

Report: Regulatory Guideline RG-7, RB-STD-07- 03, Draft 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Oestmaan, Mary Jane 

Title: Survey of Irradiation Facilities 

Date: 2/28/1961 

Report: REIC-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A survey is presented of irradiation facilities generally available to the Air Force and 
its contractors. Reactors operated at steady-state and pulsed conditions, and gamma facilities were included 
in the survey. This report supersedes REIC Reports 7, 7 (First Addendum) and 11. 
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Title: Basic Calculations in the Design of a Nuclear Reactor 

Date: 1/1/1950 

Report: Rend. seminar mat. e fis. Milano/21:1-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Criticality; Equations; Measured Values; Multiplication Factors; 
Planning; Reactors 
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Title: Validation of the ENDRAFL Processing Code and the RAFL/4 Monte Carlo Code Using ENDF/B 
IV Nuclear Data 

Date: 6/1/1978 

Report: RE-P-78-050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The validity of the RAFL/4 Monte Carlo code to accurately predict criticality and 
reaction-rate distributions for a wide range of neutron spectra has been demonstrated. The RAFL/4 code 
uses an ENDF/B-IV fast-neutron library automatically generated by the ENDRAFL code and a thermal 
library generated by the FLANGE-II and INCITE codes. The validation studies consisted of an analysis of 
several benchmark critical experiments selected to cover a wide range of representative neutron spectra and 
intercomparisons with other neutron transport codes. The specific version of the RAFL/4 code used for 
these studies is referred to as RAFT/401 (May 23, 1978). 
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Title: ARIANE International Programme, Final Report 
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Report: Report AR 2000/15, BN Ref. 0000253/221 (confidential), Belgonuclèaire 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Conference/Journal: II Russian International Conference «Nuclear Material Accounting, Control and 
Physical Protection», May 22-26, 2000, Obninsk, Russia 

Conference Session:  

Abstract/Keyterms:  
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Title: Safety Control System 
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Report: Report at the II Russian International Conference «Nuclear Material Accounting, Control and 
Physical Protection», May 22-26, 2000, Obninsk, Russia 

Conference/Journal: II Russian International Conference «Nuclear Material Accounting, Control and 
Physical Protection», May 22-26, 2000, Obninsk, Russia 

Conference Session:  

Abstract/Keyterms:  
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eksperimentalnoj fiziki AN SSR 

Date: 1/1/1962 

Report: Report No. 121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-015 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Conference Session:  

Abstract/Keyterms: Multiregion reactor kinetics is studied on the assumption that the critical flux can be 
decomposed into a set of fluxes each of which corresponds to one region of the reactor (region fluxes). The 
principal objective is to find the region fluxes that result in the best kinetics equations for the multiregion 
reactor perturbed over a specified region. One of the advantages of this method is that even for the 
perturbation which excites several higher-mode fluxes this method gives a good approximation without 
increasing the dimension of the kinetics equations. Another advantage is the elimination of the eigenvalue 
problems for the higher mode fluxes of the unperturbed reactor. Numerical calculations on fictitious two-
region reactors show that this method of analysis encouraging. 
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Conference/Journal: International Meeting on Reduced Enrichment for Research and Test Reactors, 
Prague (Czech Republic), 23-27 Sep 2007 

Conference Session:  

Abstract/Keyterms: Neutronic feasibility studies for converting the Ghana MNSR facility from HEU to 
LEU core have been performed using stochastic Monte Carlo particle transport methods. Several MCNP 
transport calculations using LEU UO2 fuel of varying enrichments but same fuel element dimensions and 
core configuration as the reference HEU core have been made in this feasibility studies. A critical core with 
344 LEU UO2 fuel pins enriched to 12.6% has been reported for the Ghana MNSR. It has recently been 
reported that it is possible to achieve criticality with LEU UO2 of reduced fuel element dimensions in a 
similar MNSR-based. Following this report and in support of on-going IAEA Coordinated Research Project 
activities on conversion of MNSR facilities to LEU cores, further neutronic analysis and feasibility studies 
have been made on MNSR cores using LEU UO2 with reduced fuel element dimensions. In this paper, the 
results of the scoping studies for achieving nuclear criticality on the Ghana MNSR core with fuel element 
dimensions enriched to 12.1% is reported. The paper also presents results of other neutronic analysis of the 
two candidate LEU cores (12.1% and 12.6% enriched) from which a comparative assessment of the 
performance indicators are made. 
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Abstract/Keyterms: A critical experiment is a standard part of training of students at the Training Reactor 
VR-1 operated within the Faculty of Nuclear Sciences and Physical Engineering at the Czech Technical 
University in Prague. In autumn 2005 the HEU fuel IRT-3M with enrichment 36 % 235U was replaced by 
the LEU fuel IRT-4M with enrichment 19.7 % 235U. The fuel replacement at the VR-1 Reactor is a part of 
an international program RERTR. This Paper presents basic information about preparation for the fuel 
replacement and approaching of the first critical state with the new zone configuration C1 which replaced 
B1 core with the old IRT-3M fuel. The whole process was carried out according to the Czech law and the 
relevant international recommendations. The experience with the VR-1 operation confirms the assumption 
that the C1 core configuration will be suitable from the point of view of the reactivity balance for the long 
term safe operation of the Training Reactor VR-1. 



 

C-16404 

16355…..…..…………………..…….……..……ID Number…………………..…..…………….16355 

Author: Aybers, M. N. / Hefferon, G. J. 

Title: The Checkerboard Pool Core 

Date: 1/1/1963 

Report: Res. Reactor J.; Vol: 3: No. 3 

Conference/Journal: Res. Reactor J. 

Conference Session:  

Abstract/Keyterms: The Checkerboard Pool Core, an alternating array of standard MTR-type fuel 
elements and graphite moderator pieces, was developed to minimize accidental droppings of fuel elements 
into the core. The core also has some desirable …, a larger (9 x 6) array required for 1-Mw operation, 
experiments, rod worth measurements, and flux measurements made with this type of core are reported. 
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Abstract/Keyterms: The boiling heavy water reactor that went critical recently at Halden, Norway, is 
described. This reactor will be jointly operated by scientists of 14 nations for the first three years and will 
later serve to produce steam for a paper mill. The output will be 15 tons of steam per hour. The reactor 
vessel has room for 320 fuel elements. Using fuel elements of natural uranium at first, a temperature of 302 
deg F is anticipated. For the second charge, enriched uranium will be used for some of the elements, 
increasing the temperature to 446 deg F. Final temperature with further enrichment will be 482 deg F. About 
16 tons of heavy water is used in the reactor core. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Criticality; Measurement; Multiplication Factors; RB-1; Reactivity; Reactor Core; Research 
Reactors 
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Conference Session:  

Abstract/Keyterms: The nuclear characteristics, specifications, and experimental facilities of the 
University of Washington Training Reactor are discussed. The UWTR, which went critical on April l0, 
l961, will be used primarily for graduate teaching and associated research. The reactor will normally be 
operated at a power level of l0 kilowatts. The immediate research uses for the reactor in addition to the 
regular teaching requirements include: pile oscillation studies using a BF3 pile oscillator, studies of fast 
neutron attenuation in shielding materials, activation analysis, biological studies, reactor dynamics, and 
preparation of short-lived radioisotopes. The safety aspects of the reactor are also briefly discussed. 
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Conference Session:  

Abstract/Keyterms: An engineering critical experiment of the Pressure Tube Reactor (PTR) core using 
the facilities of the Industrial Reactor Laboratories pool-type research reactor is described and some of the 
results are presented. The experiment was planned and performed so that both engineering and physics 
objectives would be realized simultaneously and costs minimized. Successful data are obtained on the 
following engineering and physics objectives: control rod performance; performance of fuel handling tools; 
compatibility with pool reactor instrumentation; general suitability of component design to a pool type 
installation; mass coefficients; cadmium ratios; critical mass; control rod worths; reactivity effects of void, 
boron, aluminum, and stainless steel; and detailed flux distributions. 



 

C-16409 

16360…..…..…………………..…….……..……ID Number…………………..…..…………….16360 

Author: Verle, G. / Varkonyi, L. / Toth, I. 

Title: Operating Experience Obtained with the Hungarian VVR-S Reactor 

Date: 1/1/1961 

Report: Rev. Phys., Acad. Rep. Populaire Roumaine 

Conference/Journal: Rev. Phys., Acad. Rep. Populaire Roumaine: Vol: 6: Suppl. 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Air; Anions; Beta Detection; Cations; Contamination; Control 
Elements; Coolant Loops; Corrosion; Criticality; Decontamination; Dosemeters; Fission Chambers; 
Gamma Detection; Inspection; Ion Exchange; Irradiation; Maintenance; Measured Values; Mechanics; 
Monitoring; Neutron Flux; Operation; Phosphors; Photographic Film Detectors; Planning; Power; Pumps; 
Radioactivity; Radioisotopes; Reactor Safety; Remote Control; Remote Handling; Research Reactors; 
Resins; Rods; Scintillation Counters; Startup; Testing; Valves; Water Coolant; Water Moderator 
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Abstract/Keyterms: Reactor Technology; Buckling; Cadmium; Canning; Configuration; Criticality; 
Diffusion Length; Exponential Piles; Foils; Fuel Cans; Fuel Elements; Fuels; Graphite; Graphite 
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Abstract/Keyterms: Reactor Technology; Absorption; Activation Analysis; Aluminum; Boron Carbides; 
Cadmium; Configuration; Critical Assemblies; Criticality; Cross Sections; Distribution; Efficiency; 
Epithermal Neutrons; Foils; Fuel Elements; Gold; Instruments; Mass; Measured Values; Mockup; Neutron 
Flux; Neutron Sources; Operation; Poisoning; Power; Quantitative Analysis; Reactivity; Reactor Core; 
Reactor Fueling; Reflectors; Remote Handling; Research Reactors; Rods; Shutdown; Spacers; Standards; 
Startup; Steels; Uranium 235; Vessels; Water; Water Coolant; Water Moderator 
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Abstract/Keyterms: Reactor Technology; Configuration; Criticality; Diffusion; Group Theory; Lifetime; 
Neutron Flux; Neutrons; Numericals; Reactivity; Reflectors; Research Reactors; Transfer Functions; 
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Abstract/Keyterms: By definition, fast secondary reactors are the fast reactors with an initial breeding 
ratio smaller than unity. These reactors are mainly destined to power production. They can be built up after 
sufficient fissile material is obtained in the fast breeder reactors, as the second stage of the nuclear energetics 
development. The secondary fast reactor of the largest possible power at the expense of the smallest possible 
critical mass for a given fertile material mass is analyzed. It is shown that this a typical two matrix-game 
problem. 
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Abstract/Keyterms: This article underlines the need to include experimental safety-criticality programmes 
in the French nuclear effort. The means and methods used at the Section of Experimental Nuclear Safety 
and Criticality Research, attached to the CEA Valduc Centre, are described. Three experimental 
programmes are presented cycle, neutron poisoning of plutonium solutions by gadolinium and safety-
criticality of slightly enriched and slightly moderated uranium oxide. Criticality accidents studies in 
solution are then described. 
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Abstract/Keyterms: This report includes a series of neutron multiplication measurements on partially 
tamped arrays of oralloy units. An empirical analysis was made to predict the critical spacing for a plane 
array constructed on a concrete floor. Tests were also made to determine the effect of body tamping on two 
lattices containing oralloy units. 
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Title: Industrial Criticality Measurements on Oralloy and Plutonium 

Date: 1/24/1956 

Report: RFP-0058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Includes situation where two planar arrays are separated by a concrete wall. 
Maximum observed multiplication was ~ 3 to 4. 



 

C-16441 

16392…..…..…………………..…….……..……ID Number…………………..…..…………….16392 

Author: Schuske, C. L. 

Title: Neutron Multiplication Measurements in Parallel Arrays of Oralloy Units 

Date: 2/6/1956 

Report: RFP-0059 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Maximum observed multiplication was ~ 10. 
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Author: Schuske, C. L. 

Title: Neutron Multiplication Measurements of Parallel Arrays of Oralloy Units 

Date: 11/14/1960 

Report: RFP-0059 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Several sub-critical configurations of oralloy units (approximately 32-kg oralloy 
equivalent per unit) in a close-fitting concrete vault, are presented. 
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Author: Schuske, C. L. / Arthur, M. G. / Smith, D. F. 

Title: Criticality Measurements on Plutonium Metal Preliminary to the Design of a Melting Crucible 

Date: 6/1/1956 

Report: RFP-0063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of neutron multiplication measurements were made on assemblies of Pu 
metal (density 15.8 g/cm/sup 3/) in order that a safe melting crucible could be designed for charges of 10 
kg or more. Suitable ingot shapes and masses that could be rolled into sheets were determined. Final charge 
limits must be determined by making in situ measurements with the actual production furnace when the 
furnace and crucible are completed. 
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Title: Neutron Multiplication Measurements on Oralloy Slabs Immersed in Solutions. Part-1 

Date: 8/6/1956 

Report: RFP-0066 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of neutron multiplication measurements were made on slab assemblies of 
oralloy metal immersed in water and aqueous solutions of uranyl nitrate, uranyl nitrate + cadmium nitrate, 
and cadmium nitrate. The uranium metal and uranyl nitrate solutions were enriched to approximately 90% 
uranium-235. 
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Author: Schuske, C. L. / Arthur, M. G. / Smith, D. F. 

Title: Neutron Multiplication Measurements on Oralloy Slabs Immersed in Solution. Part-2 

Date: 10/25/1956 

Report: RFP-0069 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report reviews a series of sub-critical experiments on uranium metal immersed 
in water and aqueous solutions of uranyl nitrate (uranium enrichment approx. 90 percent). This work covers 
a higher uranium-235 solution concentration range than that reported in RFP-66. The range for these 
experiments was 47.2 and 156.6 grams uranium-235/liter of solution. 
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Title: Criticality Measurements on Plutonium Metal Preliminary to the Design of a Melting Crucible - Part 
II 

Date: 11/14/1956 

Report: RFP-0070 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of neutron multiplication measurements were made on assemblies of Pu 
metal (density 15.8 g/cm/sup 3/) in order that a safe melting crucible could be designed for charges of 10 
kg or more. Suitable ingot shapes and masses that could be rolled into sheets were determined. Final charge 
limits must be determined by making in situ measurements with the actual production furnace when the 
furnace and crucible are completed. 
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Title: In Situ Neutron Multiplication Measurements as an Aid in Making Criticality Recommendations 

Date: 9/18/1957 

Report: RFP-0082 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The techniques used for in situ criticality studies are generalized. Some of the 
advantages and disadvantages are listed. 
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Author: Schuske, C. L. / Arthur, M. G. / Goodwin, A. / Nickel, A. N. / Smith, D. F. 

Title: Subcritical Measurements on Parallelepipeds Containing Uranium-235 and Salt Eutectic 

Date: 11/27/1957 

Report: RFP-0089 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on square cylindrical assemblies 
containing salt eutectic (30% lithium carbonate + 5% sodium carbonate + 65% potassium carbonate) as the 
moderator and tamper and uranium sheet (approximately 90% uranium-235) as the fuel. 
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Author: Arthur, M. G. / Schuske, C. L. / Smith, D. F. 

Title: In Situ Neutron Multiplication Measurements on a Calcining Furnace 

Date: 12/8/1957 

Report: RFP-0091 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The cross multiplication of several three-dimensional arrays of uranium peroxide 
with excess water located in a commercial calcining furnace was investigated. Thirty kg of U, as the 
peroxide, was loaded into the furnace and the data obtained indicated that roughly 40 to 50 kg of U would 
be required to make the system critical. 
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Author: Goodwin Jr., A. / Nickel, A. N. 

Title: Criticality Control in Enriched Uranium Recovery Operations 

Date: 4/18/1958 

Report: RFP-0104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accountability records of material transfers to the U recovery area allow a calculation 
of the probabilities of accidentally attaining a potential critical mass in the recovery operation. These 
probabilities are calculated and some suggestions are made for the lowering of these probabilities. 
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Author: Schuske, C. L. 

Title: Method for Calculating U-235 Metal Storage Arrays 

Date: 5/7/1958 

Report: RFP-0108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method is presented which can be used to calculate the critical masses of U235 
metal storage configurations. The method employs several graphs and empirical equations. ln addition three 
constants need to be known for any given representative mass unlt in the array: self multiplication M/sub 
s/, lattice density, and the equivalent mass. The figures contained in the report were derived using a limited 
amount of data. 
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Author: Goodwin, A. / Schuske, C. L. 

Title: Plutonium Graphite Assemblies 

Date: 9/29/1958 

Report: RFP-0123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on cylindrical disc assemblies 
constructed of alternate layers of graphite 0.5 inch thick and plutonium metal sheet. The number of 
individual sheets of metal per layer of graphite was varied from one to six. Solid cylindrical slabs of metal, 
graphite end reflected, were also constructed from multiple layers of the metal sheet. The end reflector 
thicknesses ranged from 0.5 inch to 2 inches. Multigroup age theory (40 to 50 groups) and the LASL S-4 
transport code using 16 energy groups were employed to check the experimental mass extrapolations of 
several arrays. 
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Author: Schuske, C. L. 

Title: An Empirical Interpretation of Annuli Critical Data 

Date: 1/1/1959 

Report: RFP-0149 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Simple empirical equations were found which relate the inside and outside diameters 
of annular vessels to the critical heights. From these equations, annuli of infinite length can be obtained. 
The interaction of 6-in and 8-in diameter cylinders in annular or circular arrays is discussed. 
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Author: Goodwin, A. / Schuske, C. L. 

Title: Plutonium Graphite Assemblies-Part-2 

Date: 8/10/1959 

Report: RFP-0158 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on a number of cylindrical 
assemblies of plutonium and graphite discs. S-N calculations were made on homogeneous mixtures of 
plutonium and graphite with varying carbon/plutonium ratios and varying reflector thickness. 
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Author: Schuske, C. L. / Nickel, A. N. 

Title: Isolation Thicknesses of Water for UO2F2 Solution Systems 

Date: 12/21/1959 

Report: RFP-0169 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Previously published data were used for an empirical study of critical arrays of slab 
and cylindrically shaped vessels interacting through water. These vessels contained an aqueous solution of 
UO2F2 and the U235 isotopic enrichment was greater than 90%. Approximate isolation thicknesses of 
water for each of the above two cases are given. 
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Author: Schuske, C. L. / Goodwin, A. / Bidinger, G. H. / Smith, D. F. 

Title: Interaction of Two Metal Slabs of Plutonium in Plexiglas 

Date: 12/28/1959 

Report: RFP-0174 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were performed on two identical finite metal 
slab assemblies separated and reflected by Plexiglas. The purpose of these measurements was to determine 
the isolation separation for two metal slabs in a hydrogenous medium, and upon two identical interacting 
slabs separated by a hydrogenous medium. 
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Author: Schuske, C. L. / Bidinger, G. H. / Goodwin, A. / Smith, D. F. 

Title: Plutonium Plexiglas Assemblies 

Date: 1/20/1960 

Report: RFP-0178 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on tamped and untamped 
cylindrical assemblies. The assemblies consisted of plutonium metal sheet moderated with Plexiglas. 
Experiments were performed to evaluate the effects of inhomogeneity. 
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Author: Goodwin, A. / Schuske, C. L. / Bidinger, G. H. 

Title: Criticality Studies of Enriched Uranium Metal in Uranyl Nitrate Solutions 

Date: 1/26/1960 

Report: RFP-0182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on 6.5 inch diam cylindrical 
assemblies of enriched uranium discs immersed in aqueous solutions of enriched uranyl nitrate. Diffusion 
calculations were made on homogeneous mixtures of the enriched uranium with varying hydrogen/uranium 
ratios. 
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Author: Bidinger, G. H. / Schuske, C. L. / Smith, D. F. 

Title: Plutonium Plexiglas Assemblies Part-2 

Date: 7/27/1960 

Report: RFP-0190 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on tamped and untamped 
cylindrical assemblies. The assemblies consisted of plutonium metal sheet moderated with Plexiglas. 
Experiments were performed to evaluate the effects of inhomogeneity. This work is a continuation of RFP-
178 (ID-170). Introduction-neutron multiplication measurements were made on cylindrical disc assemblies 
of alternate layers of Plexiglas and plutonium sheet. Both bare and tamped assemblies were investigated. 
Hydrogen to plutonium atomic ratios were varied from approximately 19.6 to 90 for the tamped arrays and 
19.4 to 94 for the untamped arrays. The thickness of the plutonium sheet was varied in order to study the 
effects of inhomogeneity at various hydrogen to plutonium atomic ratios. An attempt was also made to 
convert the experimental data on cylindrical assemblies to homogeneous spherical assemblies. 
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Author: Bidinger, G. H. / Schuske, C. L. / Smith, D. F. 

Title: Nuclear Safety Experiments on Plutonium and Enriched Uranium Hydrogen Moderated Assemblies 
Containing Boron 

Date: 7/7/1960 

Report: RFP-0201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on cylindrical assemblies 
containing layers of plutonium metal discs, Plexiglas discs, and boron carbide impregnated Epolene-n discs. 
In addition to the above nuclear safety measurements, curves were drawn for a 42-inch diameter stainless 
steel tank containing an aqueous solution of uranyl-nitrate and poisoned with Pyrex raschig rings. Attempts 
were made to calculate sphere, infinite cylinder and slab shapes from the experimental finite cylindrical 
assemblies. 
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Author: Goodwin, A., Jr. / Schuske, C. L. 

Title: Plexiglas- and Graphite-Moderated Plutonium Assemblies 

Date: 7/7/1960 

Report: RFP-0202 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical masses of plutonium-Plexiglas and plutonium graphite mixtures were 
determined. The experimental data were derived from sub-critical neutron multiplication measurements on 
cylindrical assemblies containing these mixtures. The atomic ratios of moderator-to-fuel ranged from H: 
Pu= 0 to ~100 and C: Pu= 0 to ~10. Theoretical values of critical masses were derived for water- and 
graphite moderated systems of plutonium using 16-group transport and diffusion calculations. The atomic 
ratios of moderator to-fuel ranged from H: Pu = 0 to ~1000 and Cu: P = 0to ~35,000. 
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Author: Schuske, C. L. / Smith, D. F. / Bell, C. L. 

Title: Plexiglas-Reflected Assemblies of Plutonium 

Date: 1/10/1961 

Report: RFP-0213 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report contains a compilation of critical extrapolations of subcritical neutron 
multiplication measurements made on assemblies of plutonium metal tamped with Plexiglas. In addition to 
this compilation the report also presents recent data on a 20-inch x 20-inch slab of metal, Plexiglas tamped. 
A simple empirical equation of the form (sqrtf(a)-sqrtf(a(sub-zero)))(h-h(sub-zero)) = c was found which 
fits the data and predicts the infinite slab and cylinder dimensions. A series of subcritical measurements 
made on plutonium metal assemblies Plexiglas tamped are reported. This report also contains a recent 
measurement on a 20-inch x 20-inch slab of metal Plexiglas tamped. A total of seven experimental values 
were found to fit (within the experimental error) an empirical equation of the form (sqrtf(a)-1.75)(h-0.25) 
= 4.30. The constants in the equation are, sqrtf(a(sub-zero)) = 1.75, the length of a side of an infinite cylinder 
of square cross section, h(sub-zero) = 0.25, the infinite slab thickness and c = 4.30 an empirical constant. 
This type of equation was previously found to fit data for a variety of cases ranging from aqueous solution 
systems of uranyl fluoride to uranium metal tamped with water. 
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Author: Schuske, C. L. 

Title: Criticality Measurements Performed in Situ 

Date: 1/1/1961 

Report: RFP-0245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Low level neutron multiplication measurements made in situ are being used as an aid 
in arriving at safe, practical criticality limits for design and operation of process equipment handling U235, 
Pu239/, and U233. 
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Author: Schuske, C. L. / Bidinger, G. H. 

Title: Nuclear Safety Measurements on Systems Containing Boron and Enriched Uranium 

Date: 8/1/1961 

Report: RFP-0246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron multiplication measurements were made on two types of enriched uranium 
systems containing boron as a nuclear poison. They are vertical boron-stainless steel plates. (2) tamped and 
untamped assemblies of uranyl-nitrate salts at low hydrogen moderation containing Pyrex raschig rings. 
Attempts were made to calculate sphere masses and infinite cylinder and slab shapes from the experimental 
data. This work represents an extension of work reported in RFP-201. 
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Author: Schuske, C. L. / Bidinger, G. H. 

Title: Nuclear Safety Measurements on Systems Containing Boron and Enriched Uranium 

Date: 10/24/1961 

Report: RFP-0246 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multiplication experiments. Folder contains four handwritten pages of calculations 
and graphs, several of which have Schuske's initials and dates in late 1961. 
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Author: Schuske, C. L. / Bell, C. L. / Bidinger, G. H. / Smith, D. F. 

Title: Industrial Criticality Measurements on Enriched Uranium and Plutonium, Part 2 

Date: 1/10/1962 

Report: RFP-0248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report contains a series of neutron multiplication measurements made on sub-
critical systems containing enriched uranium and plutonium. These measurements involve both aqueous 
and metal systems. 
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Author: Schuske, C. L. / Bell, C. L. 

Title: Empirical Analysis of Critical Mass Data Involving Enriched Uranium Metal in Water 

Date: 3/21/1962 

Report: RFP-0258 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An empirical equation was derived which relates the surface to volume ratio of a 
fissile unit (enriched uranium metal ~90% U235) in lattices immersed in water with the array minimum 
critical mass. The critical mass data used in this study were developed at the Los Alamos Scientific 
Laboratory. 
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Author: Schuske, C. L. 

Title: The Use of Nuclear Poisons for Criticality Control in Chemical Processing 

Date: 3/14/1962 

Report: RFP-0265 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear poisons for process plant application may be subdivided into soluble and 
fixed poisons. The poison does not need to have an absorption cross section of several thousand barns to 
be effective. The use of carbon tetrachloride or trichloroethylene with a chlorine cross section of 34 barns 
is a typical example. Some fixed poisons are borosilicate glasses containing 4 to 6% boron as B/sub 2/O3. 
The glasses can be obtained as Raschig rings of various sizes, tubing, and solid rods. Boron loaded stainless 
steels are also effective for nuclear poisoning. A series of multiplication measurements made at Rocky Flats 
on uranium systems containing boron as a nuclear poison is discussed. 
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Author: Kelchner, B. L. / et al. 

Title: Some Effects of Criticality Control on Chemical Engineering Design 

Date: 7/1/1962 

Report: RFP-0267 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Four examples are given of the results of work toward satisfying both the chemical 
process requirements and the criticality considerations for chemical processing equipment. The use of fixed 
nuciear poisons when processing appreciable quantities of enriched uranium or plutonium in aqueous 
solution is described. Safe-dimension continuous processing equipment was developed to dissolve or leach 
solid process residues and to filter resulting aqueous slurries. Use of this equipment effectively avoids the 
hazards of batch processing. In evaporators the heat exchangers are limited to the maximum cylinder 
dimension. An annular cross section is used for the vapor-liquid separator. A fixed nuclear poison is used 
in the de-entrainment section. Criticalfty control in enclosures was improved by providing a criticality drain 
in the bottom of the enclosure. 
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Author: Schuske, C. L. / King, H. W. 

Title: Durability Tests on Pyrex Rashig Rings 

Date: 1/1/1962 

Report: RFP-0285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A drop test for individual pyrex Raschig rings was used to determine the durability 
of these rings. The test rings contained various controlled surface defects and were subjected to various 
heat treatment cycles. The results show that tempering increases resistance to surface scratches, chemical 
etching, and fragileness. 
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Author: Butler, F. E. 

Title: Corrosion Studies on 304 Stainless Steel Containing One Percent Boron-10 

Date: 1/1/1963 

Report: RFP-0307 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A l% boron-10 alloy of 304L stainless steel appeared to be a satisfactory material for 
use in 7N HNO3--0.1N HF solutions when the free fluoride was complexed with 2.5: 1 atomic ratio 
aluminum ion. Selective dissolution of boron is a factor which should be considered when sizing critica1ity 
control grids. The alloy was found to be resistant to 0.35 and 7N nitric acid, but substantial corrosion rates 
were observed when the coupons were exposed to 7N nitric acid, 0.1N in fluoride. The corrosion rate was 
increased one and one-half times for each 10 deg C increase in temperature. 
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Title: Empirical Analysis of Critical Bare Arrays of Cylinders of Enriched Uranium Nitrate 

Date: 5/29/1963 

Report: RFP-0315 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Simple empirical equations have been found that relate the critical heights of 
cylinders in arrays with the array base dimensions for various surface-to-surface separations of the 
individual cylinders in the array. The methods have been applied to critical arrays of cylindrical vessels 
containing aqueous solutions of uranyl-nitrate. These critical data were generated by the critical mass 
facility of the Oak Ridge National Laboratory. 
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Title: Two Experimental Subcritical Arrays of Plutonium Nitrate Solution 

Date: 8/26/1963 

Report: RFP-0325 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Subcritical measurements on an array of 5 inch diameter tanks and a single 30 inch 
diameter raschig ring tank filled with plutonium nitrate are described. 
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Title: Manual for the Use of Borosilicate Raschig Rings as a Fixed Nuclear Poison 

Date: 10/3/1963 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This manual presents specificatlons for borosilicate glass Raschig rings for use in 
processing operations, procedures for filling vessels with rings, and procedures for inspecting rings in 
enriched uranium operations and plutonium operations. 
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Abstract/Keyterms: Health and Safety; Buildings; Criticality; Plutonium; Plutonium Compounds; 
Radiochemistry; Reprocessing; Safety; Separation Processes; Solutions 
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Quantitative Analysis; Solutions; Stability; Transport 
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Abstract/Keyterms: Health and Safety; Criticality; Economics; Nitrates; Planning; Plutonium; Radiation 
Doses; Safety; Standards; Transport; Vessels 
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Abstract/Keyterms: Metals, Ceramics, and Other Materials; Corrosion; Air; Combustion; Configuration; 
Corrosion; Density; Grain Size; Heating; Humidity; Lattices; Measured Values; Metallography; Oxidation; 
Plutonium; Plutonium Oxides; Reaction Kinetics; Temperature; Water 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16484 

16435…..…..…………………..…….……..……ID Number…………………..…..…………….16435 

Author: Adcock, R. E. / et al. 

Title: Plutonium Oxide Shipping Packages 

Date: 4/28/1965 

Report: RFP-0501 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Economics; Fabrication; Packaging; Planning; Plutonium 
Nitrates; Plutonium Oxides; Radiation Doses; Safety; Shielding; Testing; Transport; Vessels; Weight 



 

C-16485 

16436…..…..…………………..…….……..……ID Number…………………..…..…………….16436 

Author: Ernst, B. B. / Risley, G. G. / Tuck, G. 

Title: Metal Parts Test. Published in Nuclear Safety Research and Development Quarterly Progress Report 
for July, August, and September 1965, Edited by Schuske, C. L 

Date: 2/4/1966 

Report: RFP-0684, 005-006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multiplication measurements were made on a series of enriched uranium spheres. The 
spheres were made up of matching concentric shells. The metal spheres were infinitely reflected by oil 
(Texaco-522). 



 

C-16486 

16437…..…..…………………..…….……..……ID Number…………………..…..…………….16437 

Author: Schuske, C. L. 

Title: Research and Development Quarterly Report for Oct-Dec. 1965 

Date: 1/1/1965 

Report: RFP-0704 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16487 

16438…..…..…………………..…….……..……ID Number…………………..…..…………….16438 

Author: Schuske, C. L. 

Title: Research and Development Quarterly Progress Report, January-April 1966 

Date: 5/1/1966 

Report: RFP-0759 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16488 

16439…..…..…………………..…….……..……ID Number…………………..…..…………….16439 

Author: Irwin, D. S. 

Title: Neutron Poisoned Ion Exchange Equipment 

Date: 11/15/1966 

Report: RFP-0782 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Absorption; Boron 10; Boron Carbides; Economics; Impurities; Ion Exchange; Ion Exchange Materials; 
Neutrons; Plutonium; Plutonium Nitrates; Separation Processes; Solutions; Stainless Steels; Tubes 



 

C-16489 

16440…..…..…………………..…….……..……ID Number…………………..…..…………….16440 

Author: Crume, E. C. / Tuck, G. 

Title: Criticality Measurements and Calculations of an Enriched Uranium Sphere Reflected by Oil 

Date: 1/1/1966 

Report: RFP-0786 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16490 

16441…..…..…………………..…….……..……ID Number…………………..…..…………….16441 

Author: Hunt, D. C. 

Title: The Restricted Release of Plutonium 

Date: 10/17/1966 

Report: RFP-0799 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety- Radioactive Contamination & 
Decontamination; Accidents; Air; Confinement; Losses; Metals; Mockup; Oxidation; Plutonium; 
Plutonium 239; Production; Radiochemistry; Safety; Thermal Conductivity; Transport 



 

C-16491 

16442…..…..…………………..…….……..……ID Number…………………..…..…………….16442 

Author: Rothe, R. E. 

Title: The Solid Angle at a Point Subtended by a Circle 

Date: 6/1/1969 

Report: RFP-0846; Journal of the Franklin Institute, Vol 287, No 6 

Conference/Journal: Journal of the Franklin Institute 

Conference Session:  

Abstract/Keyterms:  



 

C-16492 

16443…..…..…………………..…….……..……ID Number…………………..…..…………….16443 

Author: Schuske, C. L. 

Title: Research and Development Quarterly Progress Report, August, September, and October 1966 

Date: 11/1/1966 

Report: RFP-0851 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16493 

16444…..…..…………………..…….……..……ID Number…………………..…..…………….16444 

Author: Schuske, C. L. 

Title: Research and Development Quarterly Progress Report, Nov., Dec. 1966, and Jan. 1967 

Date: 2/23/1967 

Report: RFP-0898-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16494 

16445…..…..…………………..…….……..……ID Number…………………..…..…………….16445 

Author: Tuck, G. 

Title: Enriched Uranium-Metal Measurements, No. 1 

Date: 7/26/1967 

Report: RFP-0907 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-048, SPEC-MET-FAST-008, SPEC-MET-FAST-011, SPEC-
MET-FAST-014; The critical masses of oil-reflected and moderated enriched uranium (93.12) spherical 
and hemispherical shell assemblies have been measured at inside radii of 0, 4, 6.67, 8, and 12 cm. The 
measurements are described and compared to calculated values for spherical assemblies. 



 

C-16495 

16446…..…..…………………..…….……..……ID Number…………………..…..…………….16446 

Author: Sheets, W. R. 

Title: Reciprocal Multiplication Meter 

Date: 1/1/1969 

Report: RFP-0925 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Control Systems / Neutron Count Rate Meter for, Circuits for Automatic 
Readout of Low-Level Reciprocal; Neutrons / Multiplication in Reactors, Automatic Readout Circuits for 
Reciprocal 



 

C-16496 

16447…..…..…………………..…….……..……ID Number…………………..…..…………….16447 

Author: Ferguson, Donald R. / Coonfield, Donald C. 

Title: Calculated Critical Radii of Spheres of Plutonium-239 and Uranium-233 with Various Spherical 
Reflectors 

Date: 6/9/1967 

Report: RFP-0936 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculated critical radii of spheres of 100% plutonium-239 and 100% uranium-233 
are listed as a function of reflector thickness of several types of reflectors. Corresponding critical masses 
are calculated using the listed critical radii. 



 

C-16497 

16448…..…..…………………..…….……..……ID Number…………………..…..…………….16448 

Author: Ernst, B. B. / Schuske, C. L. / King, H. W. 

Title: Empirical Analysis of Spherical and Hemispherical Assemblies of Enriched-Uranium Metal 

Date: 6/9/1967 

Report: RFP-0939 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data for HEU metal annular spheres for various reflector/internal material conditions. 



 

C-16498 

16449…..…..…………………..…….……..……ID Number…………………..…..…………….16449 

Author: Schuske, C. L. 

Title: Research and Development Quarterly Progress Report, February, March, and April. 1967 

Date: 4/1/1967 

Report: RFP-0956 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Mathematical routine for empirical fits, FORTRAN Programming. 



 

C-16499 

16450…..…..…………………..…….……..……ID Number…………………..…..…………….16450 

Author: Hunt, D. C. / Tuck, G. 

Title: Plutonium Handling Safety Analysis of the Rocky Flats Nuclear Safety Facility 

Date: 1/1/1967 

Report: RFP-0977 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Criticality; Plutonium; Safety; Uranium 



 

C-16500 

16451…..…..…………………..…….……..……ID Number…………………..…..…………….16451 

Author: Ernst, B. B. 

Title: Critical Masses of Oil Reflected Enriched Uranium Metal Assemblies with Polyurethane Centers 

Date: 9/6/1967 

Report: RFP-1017 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The critical masses of oil reflected, enriched uranium spherical assemblies of uranium 
inside radii, 0.0-, 4.017-, 8.010-, and 12.011 cm with a low-density foam in the central cavity were measured 
to be 24.3-, 31.65-, 52.1-, and 81.3-kg. Critical masses were determined by reciprocal multiplication 
measurements on fully reflected assemblies and are compared with calculations. 



 

C-16501 

16452…..…..…………………..…….……..……ID Number…………………..…..…………….16452 

Author: Rothe, R. E. 

Title: Critical Masses for Partially Steel Reflected Enriched Uranium Metal Assemblies 

Date: 9/18/1967 

Report: RFP-1021 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-039; Sixty-one critical masses were measured for spherical or 
hemispherical enriched uranium assemblies. The assemblies differed in the amount of mild-steel reflector 
outside the uranium. They also differed in the size of a central cavity in the uranium. The cavity was formed 
by the omission of small-radius uranium components from the assembly. This central cavity contained 
either air or mild steel. The critical masses were determined by the extrapolation of reciprocal multiplication 
data for subcritical assemblies. 



 

C-16502 

16453…..…..…………………..…….……..……ID Number…………………..…..…………….16453 

Author: Ernst, B. B. / Tuck, G. 

Title: Critical Masses of Spherical and Hemispherical Steel-Moderated, Oil-Reflected Enriched Uranium 
Assemblies 

Date: 11/6/1967 

Report: RFP-1025 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-048; The critical mass was determined, of steel-moderated, oil-
reflected, enriched uranium spherical and hemispherical assemblies as a function of the inner uranium 
radius. Measurements were made on spherical assemblies having an inner uranium radii of 0, 4.016, 8.010, 
12.011 cm; and on hemispherical assemblies with inner uranium radii of 0, 4.106, 6.012, 8.007, and 11.011 
cm. The experimental data were found to fit an empirical equation of the form m(sub c) = c/[(V/s)-b] + a 
as previously reported in RFP-939 for similar geometrical configurations. Refer also to appendix B, page 
7. In the equation, m(sub c) is the critical mass; a, b, and c are empirical constants; and v/s relates to the 
volume to surface ratio. 



 

C-16503 

16454…..…..…………………..…….……..……ID Number…………………..…..…………….16454 

Author: Rothe, R. / Pruvost, N. L. 

Title: Enriched Uranium Metal Criticality Measurements and Calculations 

Date: 1/1/1967 

Report: RFP-1027 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16504 

16455…..…..…………………..…….……..……ID Number…………………..…..…………….16455 

Author: Coonfield, D. C. / Tuck, G. / Clark, H. E. / Ernst, B. B. 

Title: Critical Masses of Steel-Moderated, Enriched Uranium Metal Assemblies with Composite Steel-Oil 
Reflectors 

Date: 11/7/1967 

Report: RFP-1033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical masses have been determined, experimentally and calculated, for enriched 
uranium metal spherical assemblies, moderated internally with a sphere of mild steel of radius 8.01 cm. 
The assemblies were reflected with various thicknesses of mild steel followed by an effectively infinite 
amount of oil. An irregularity was noted in the graph of the experimental and calculated critical masses as 
a function of reflector steel thickness. 



 

C-16505 

16456…..…..…………………..…….……..……ID Number…………………..…..…………….16456 

Author: Adcock, Frank E. / Wackler, William F. 

Title: RFD Container - Model 1518 for Fissile Class II and Class III Shipments 

Date: 4/8/1968 

Report: RFP-1042 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Design; Fissionable Materials; Materials 
Testing; Radioactivity; Safety; Shielding; Steels; Thermal Insulation; Transport; Vessels Shipping / 
Container for Radioactive Material, Design and Testing of; Thermal Insulation / Design and Testing of 
Celotex Disc, for Radioactive Material Shipping Container; Radioactive Materials / Shipping Container 
for, Design and Testing of 



 

C-16506 

16457…..…..…………………..…….……..……ID Number…………………..…..…………….16457 

Author: Coonfield, D. C. / Hunt, D. C. 

Title: The Effects of Spatial Resolution on Critical Mass Calculations 

Date: 5/31/1968 

Report: RFP-1133 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Critical Assemblies; Criticality; 
Mass; Moderators; Neutron Flux; Numericals; Oils; Reflectors; Resolution; Spheres; Thickness; Transport 
Theory; Uranium Critical Assemblies / Critical Mass Calculations for Oil- Reflected and -Moderated 
Enriched Uranium Metal, Effects of Spatial Resolution on, 



 

C-16507 

16458…..…..…………………..…….……..……ID Number…………………..…..…………….16458 

Author: Hunt, D. C. 

Title: Collision Probability Criticality Calculations 

Date: 1/1/1969 

Report: RFP-1134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Collisions; Configuration; Criticality; Diagrams; Group 
Theory; Metals; Multiplication Factors; Neutrons; Numericals; Plutonium; Probability; Scattering; 
Statistics; Tables; Transport Theory; Uranium 



 

C-16508 

16459…..…..…………………..…….……..……ID Number…………………..…..…………….16459 

Author: Hunt, D. C. 

Title: Collision Probability Calculations of Multiplication Factors for Lattices 

Date: 6/1/1971 

Report: RFP-1186; J. Franklin Inst., 291, No 6 

Conference/Journal: Journal of the Franklin Institute 

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Collisions; Multiplication Factors; Probability; Reactivity; 
Reactor Lattices; Transport Theory Critical Assemblies / Multiplication Factors for Unmoderated and 
Unreflected, Collision Probability Method Calculations of, 



 

C-16509 

16460…..…..…………………..…….……..……ID Number…………………..…..…………….16460 

Author: Ernst, B. B. / Schuske, C. L. 

Title: Empirical Method for Calculating Pipe Intersections Containing Fissile Solutions 

Date: 9/9/1968 

Report: RFP-1197 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radiochemical Processing Plants / Criticality Parameters for Intersecting Pipes 
Containing Enriched Uranyl Nitrate Solutions, Empirical Method for Calculation of Pipes / Configurations 
of Enriched Uranyl Nitrates in Multiple Intersecting, Criticality Parameters for, Uranyl Nitrates / Critical 
Configurations of Multiple Intersecting Pipes Containing Enriched, Parameters for 



 

C-16510 

16461…..…..…………………..…….……..……ID Number…………………..…..…………….16461 

Author: Ferguson, D. R. / Schuske, C. L. 

Title: Criticality Parameters Affecting Equipment Design for Fluoride Volatility Process 

Date: 8/29/1968 

Report: RFP-1206 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Maximum Multiplication ~ 20; Plutonium Fluorides Puf4 / Criticality in Processing 
Equipment, Analysis of Configuration Parameters for; Radiochemical Processing Plants / Equipment 
Configurations for, Analysis of Plutonium Oxide (PUO2), Plutonium Fluorides (Puf4), and Plutonium 
Fluoride (Puf6 Criticality Parameters in; Plutonium Fluorides Puf6 / Criticality in Processing Equipment, 
Analysis of Configuration Parameters for; Plutonium Oxides PUO2 / Criticality in Processing Equipment, 
Analysis of Configuration Parameters for 



 

C-16511 

16462…..…..…………………..…….……..……ID Number…………………..…..…………….16462 

Author: Hunt, Douglas C. 

Title: Plutonium Metal Critical Mass Measurements 

Date: 11/15/1968 

Report: RFP-1216 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-034 



 

C-16512 

16463…..…..…………………..…….……..……ID Number…………………..…..…………….16463 

Author: Ferguson, Donald R. 

Title: Neutron Multiplication Measurements of Plutonium Ingots in Arrays 

Date: 12/15/1968 

Report: RFP-1242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Analysis; Configuration; Criticality; 
Multiplication Factors; Neutrons; Plutonium; Safety; Storage 



 

C-16513 

16464…..…..…………………..…….……..……ID Number…………………..…..…………….16464 

Author: Tuck, G. / Clark, H. E. 

Title: Critical Parameters of a Uranium Solution Slab—Cylinder System 

Date: 12/16/1970 

Report: RFP-1314 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical parameters are reported for uranium-solution systems consisting of equally 
spaced vertical cylinders arranged in a square array resting on the bottom of a 20.3-cm high square slab 
tank. Some of these systems were reflected externally. Both the cylinders and the slab contained uranyl-
nitrate solution having 490 g of uranium (93.2 wt% uranium-235)/liter. Critical parameters are reported for 
a 490-gram per liter uranyl nitrate (93.2 wt% uranium-235) system which consisted of an array of vertical 
cylinders resting on and interacting with a 120-centimeter square horizontal slab. The parameters varied 
were the array solution height, the number of cylinders, the cylinder diameter, and the slab thickness. The 
slab-array system, having nine and sixteen 13.6-centimeter diameter cylinders, was also reflected with a 
10.2-centimeter thick reflector. All other measurements were essentially reflected. The critical thickness of 
the slab alone was measured also. In addition, two cases of special interest to the criticality engineer were 
investigated. These included the effect of two 2-liter bottles of solution near the center of a 16-cylinder 
array and the effect of vertical separation between the array of cylinders and the solution slab. 



 

C-16514 

16465…..…..…………………..…….……..……ID Number…………………..…..…………….16465 

Author: Rothe, R. 

Title: A Physical Inventory of the Enriched Uranium in a Solution System 

Date: 3/12/1969 

Report: RFP-1324 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials Management / Uranium Content in Solution System for, Enriched; 
Uranium / Determination in Solutions for Inventory; Uranium / Content of Enriched, in Solution System 



 

C-16515 

16466…..…..…………………..…….……..……ID Number…………………..…..…………….16466 

Author: Hunt, D. / Coonfield, D. C. 

Title: The Effects of Energy Self-Shielding in Reflected and Moderated Uranium Metal Critical Mass 
Calculations 

Date: 12/29/1969 

Report: RFP-1327 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Experimental Applications; Absorption; Criticality; Cross Sections; 
Energy; Moderators; Neutron Flux; Reflectors; Safety; Uranium 



 

C-16516 

16467…..…..…………………..…….……..……ID Number…………………..…..…………….16467 

Author: Stakebake, J. L. 

Title: A Thermal Desorption Study of the Surface Interactions between Water and Plutonium Dioxide 

Date: 1/1/1973 

Report: RFP-1366; The Journal of Physical Chemistry, Vol 77, No 5, 581-586 

Conference/Journal: The Journal of Physical Chemistry 

Conference Session:  

Abstract/Keyterms: Plutonium Oxides PUO2 / Reactions with Water, Thermal Desorption Study of 
Surface; Water / Reactions with Plutonium Dioxide, Thermal Desorption Study of Surface 



 

C-16517 

16468…..…..…………………..…….……..……ID Number…………………..…..…………….16468 

Author: Coonfield, D. C. / Hunt, D. C. 

Title: Effects of Spatial and Angular Resolution in Discrete Ordinate Critical- Mass Calculations 

Date: 1/1/1972 

Report: RFP-1368 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Accountability & Safeguards-Technical; 
Angular Correlation; Critical Mass; Criticality Discrete Ordinates; Fissionable Materials; Fluorides; 
Geometry; Numerical Solution; Plutonium; Resolution; Uranium; Uranyl Compounds 



 

C-16518 

16469…..…..…………………..…….……..……ID Number…………………..…..…………….16469 

Author: Coonfield, D. C. / Hunt, D. 

Title: The Effects of Spatial and Angular Resolution in Discrete Ordinate Critical-Mass Calculations 

Date: 9/5/1972 

Report: RFP-1368 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium / Criticality of Shells and Slabs of, as Function of Angular and Spatial 
Variation, Computer Program for Calculation of; Uranyl Fluorides / Criticality of Uranium-235-Enriched, 
Computer Program for Calculation of; Plutonium / Criticality of Water-Reflected Spheres of, Computer 
Program for Calculation of; Criticality / Calculation of, Space-Angle Mesh Criteria for Computer 



 

C-16519 

16470…..…..…………………..…….……..……ID Number…………………..…..…………….16470 

Author: Boss, M. R. / Mann, J. R. 

Title: Criticality Dosimetry for Plant Personnel 

Date: 1/1/1969 

Report: RFP-1369 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons / Dosimetry of, Calculations for Activation Detector for; Radiation 
Detectors, Activation / Design for Criticality Personnel Dosimetry; Radiation Dosimeters / Design of 
Activation Detector, for Criticality Personnel Dosimetry 



 

C-16520 

16471…..…..…………………..…….……..……ID Number…………………..…..…………….16471 

Author: Murri, R. L. / Vasilik, D. G. 

Title: Method to Determine Fast and Thermal Neutron Fluxes by Foil Activation Analysis 

Date: 3/12/1971 

Report: RFP-1466 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons, Thermal / Flux Measurements of, Theory of Foil Activation Detectors for; 
Radiation Detectors, Activation / Theory for Neutron Flux Measurements; Neutrons, Fast / Flux 
Measurements of, Theory of Foil Activation Detectors for 



 

C-16521 

16472…..…..…………………..…….……..……ID Number…………………..…..…………….16472 

Author: Schuske, C. Lee / Coonfield, Donald C. 

Title: Mixtures of Plutonium and Enriched Uranium in Slab Geometry 

Date: 8/10/1971 

Report: RFP-1489 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Calculations for Unreflected Alternating-Slab Plutonium-
Enriched Uranium; Critical Assemblies / Multiplication Factors for Unreflected Alternating Plutonium and 
Enriched Uranium 



 

C-16522 

16473…..…..…………………..…….……..……ID Number…………………..…..…………….16473 

Author: Dickinson, Deanne 

Title: Calculations for Pipe Intersections Containing Fissile Solutions 

Date: 6/24/1970 

Report: RFP-1499 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Computers; Criticality; Fissionable 
Materials; Joints; Monte Carlo Method; Multiplication Factors; Numericals; Pipes; Programming; 
Solutions 



 

C-16523 

16474…..…..…………………..…….……..……ID Number…………………..…..…………….16474 

Author: Hunt, Douglas C. 

Title: The Possibility of Hazardous Environmental Plutonium Releases 

Date: 4/14/1971 

Report: RFP-1543 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Oxides / Transport in Environment Following Release During Accidents 
or Fires, Calculations of Effects of Particle Size on Dynamics of; Atmosphere / Plutonium Oxide Transport 
in, Following Release During Accidents or Fires, Calculations of Effects of Particle Size on Dynamics of 



 

C-16524 

16475…..…..…………………..…….……..……ID Number…………………..…..…………….16475 

Author: Dickinson, Deanne / Schuske, C. L. 

Title: Generalized Area of Intersection Model for Uranyl Nitrate Filled Pipe Intersections 

Date: 9/4/1970 

Report: RFP-1553 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pipes / Arrays of Intersecting Uranyl Nitrate-Filled, Empirical Model for Calculating 
Criticality Safety of; Uranyl Nitrates / Criticality Safety of, in Complex Pipe Intersections, Empirical Model 
for Calculating 



 

C-16525 

16476…..…..…………………..…….……..……ID Number…………………..…..…………….16476 

Author: Altschuler, Sidney J. / Schuske, C. Lee 

Title: Models for the Safe Storage of Fissile Metal 

Date: 9/24/1971 

Report: RFP-1585 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Configuration; Criticality; Metals; 
Mockup; Numerical Solution; Safety; Storage; Descriptor Groups (Splits); Enrichment- Uranium; 
Plutonium 239- Plutonium 240 



 

C-16526 

16477…..…..…………………..…….……..……ID Number…………………..…..…………….16477 

Author: Clark, H. E. / Tuck, G. 

Title: An Empirical Formula that Predicts the Critical Parameters of a Uranium Solution Slab-Cylinder 
System 

Date: 3/1/1972 

Report: RFP-1591; NUTYBB, 13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16527 

16478…..…..…………………..…….……..……ID Number…………………..…..…………….16478 

Author: Tyree, William H. 

Title: A Neutron Criticality Alarm System 

Date: 3/21/1972 

Report: RFP-1621 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons / Detection of High-Level, Alarm System for; Alarm Systems / Design of 
Neutron Criticality; Radiation Detectors, Semiconductor (Silicon) / Design of Surface-Barrier, with 
Lithium-6 Radiator Foil for High-Level Neutron Detection 



 

C-16528 

16479…..…..…………………..…….……..……ID Number…………………..…..…………….16479 

Author: n. a. 

Title: Level Detector Using Sampling Methods 

Date: 12:00:00 AM 

Report: RFP-1653 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-16529 

16480…..…..…………………..…….……..……ID Number…………………..…..…………….16480 

Author: Dickinson, Deanne 

Title: Calculational Study of Arrays of Cylinders of Fissile Solution 

Date: 3/24/1972 

Report: RFP-1821 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium / Criticality of Enriched Solutions of, in Arrays of Cylinders, Computer 
Programs for Calculation of; Uranium / Criticality of Enriched Solutions of, in Arrays of Cylinders, 
Computer Programs for Calculation of; Computer Programs / Dtf-II , KENO, and KENO II , for Estimating 
Neutron Multiplication Factor for Enriched Plutonium and Uranium Solutions in Arrays of Cylinders; 
Criticality / Calculation for Arrays of Concrete- and Plexiglas-Reflected Cylinders of Fissile Solutions, 
Computer Programs for 



 

C-16530 

16481…..…..…………………..…….……..……ID Number…………………..…..…………….16481 

Author: Vasilik, D. G. / Murri, R. L. / Fisher, G. P. 

Title: Theoretical and Experimental Evaluation of the Distribution of Thermalized 15-Mev Neutrons in a 
Finite Water Moderator 

Date: 1/1/1972 

Report: RFP-1836 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; MeV Range 10-100; Multigroup 
Theory; Neutron Diffusion Equation; Neutron Flux; Neutrons; Thermalization; Water 



 

C-16531 

16482…..…..…………………..…….……..……ID Number…………………..…..…………….16482 

Author: Hunt, Douglas C. 

Title: DISPER - An Aerosol Particle Transport Code 

Date: 9/26/1972 

Report: RFP-1855 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: AEROSOLS/transport outside leaking enclosures, DISPER computer code for 
calculation of; COMPUTER PROGRAMS/DISPER, for calculating aerosol particle transport, FORTRAN 
for CDC 3800 
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Title: Technical Documentation for Model 2030-1 Shipping Container (DOT Special Permit 5332) 

Date: 1/1/1972 

Report: RFP--1867 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation-Containers; Casks; 
Containment; Criticality; Design; Fissile Materials; Packaging; Performance; Performance Testing; Safety; 
Shielding; Transport 
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Title: Rocky Flats Model 2030-1 Container (AEC-Al USA/5332/BLF) Safety Analysis Report for 
Packaging (SARP) 

Date: 2/27/1974 

Report: RFP-1867, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Division, Dow Chemical U.S.A., for shipping unirradiated fissile material in solid 
form. Components consist of a 30-gal steel drum, Celotex insulation, and stainless steel containment 
vessel(s) of 10-in. dia. A simple venting system prevents rtupture of the outer drum in the event of accidental 
fire. Approved material limits include 5 kg of plutonium or 11 kg of enriched uranium. Thermal decay 
energy is normally limited to 20 W. Results of extensive tests show the container will function effectively 
when exposed to all environment and accident conditions as required. The containment vessel temperature 
rise will not exceed 140 deg F during the thermal test. Internal heating of 20 W will cause an additional 
temperature rise of 80 deg F 
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Author: Tyree, William H. 

Title: Test Procedures for the Neutron Criticality Alarm System at Rocky Flats Plant 

Date: 8/2/1973 

Report: RFP-2027 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials &Amp; Waste Management--Handling Equipment; Procedures; 
Instrumentation--Radiation Detection Instruments--General Detectors; Monitors; Alarm Systems-- 
Performance Testing; Criticality-- Alarm Systems; Neutron Detectors-- Alarm Systems; Rocky Flats Plant-
- Alarm Systems; Reliability Rocky Flats Plant 
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Title: Criticality Calculations for Plutonium Nitrate Solutions 

Date: 5/9/1973 

Report: RFP-2034 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality- Plutonium Nitrates; Plutonium Nitrates- Criticality; Density; 
Mathematics; Solutions; Water 
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Title: Criticality Drain Performance Study 

Date: 8/29/1974 

Report: RFP-2222 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Engineering--Heat Transfer & Fluid Flow; Gloveboxes-- Liquid Flow; Accidents; Configuration; Flow 
Rate; Leaks; Levels; Liquids; Mathematical Models; Pipes; Safety 
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Author: Schuske, C. L. / McCarthy, J. D. 

Title: Application of Borosilicate Raschig Rings for Primary Criticality Control 

Date: 1/1/1974 

Report: RFP-2257 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality; Fissile Materials- Criticality; Rocky Flats Plant- Criticality; Boron Silicates; Column Packing; 
Control; Nuclear Poisons 
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Title: Neutron Dose Calculations for Arrays of Fissile Material 

Date: 1/1/1974 

Report: RFP-2268 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Radiation & Shielding)-Radiation Physics; Nuclear Materials & Waste 
Management-Handling Equipment & Procedures; Californium 252- Neutron Dosimetry; Fissile Materials- 
Neutron Dosimetry; Neutron Dosimetry- Dose Rates; Plutonium 240- Neutron Dosimetry; Plutonium- 
Neutron Dosimetry; Cylindrical Configuration 
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Title: Storage Capacity for Fissile Material as a Function of Facility Shape (Room Length-To-Width Ratio) 

Date: 5/27/1975 

Report: RFP-2374 

Conference/Journal:  
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Abstract/Keyterms: Nuclear Materials & Waste Management-Disposal & Storage; Fissile Materials- 
Storage; Computer Codes; Dimensions; Numerical Solution; Safety; Shape 
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Title: Probabilities of Aircraft Crashes at Rocky Flats and Subsequent Radioactive Release 

Date: 4/12/1977 

Report: RFP-2462 
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Conference Session:  

Abstract/Keyterms:  
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Title: Computer Program for Mathematical Evaluation of the Rocky Flats Nuclear Accident Dosimetry 
System 

Date: 12/20/1977 

Report: RFP-2580 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer program has been developed to facilitate the evaluation of the Rocky 
Flats Emergency Dosimetry System. This program evaluates data to determine the neutron fluence 
associated with a criticality accident. It is necessary to obtain information about the critical system for 
personnel dose estimates. Information pertaining to the geometry and position of the critical material and 
orientation of personnel, with respect to the material, is essential to supplement the calculations contained 
in this program. 
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Author: n. a. 

Title: Tank Study Committee Report 

Date: 2/25/1977 

Report: RFP-2639 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Six major problem areas have surfaced in the past twenty-five years concerning the 
use of plutonium tankage. The most significant of these involves the use of borosilicate glass as a neutron 
absorber. Approximately thirty recommendations and criteria resulted from a study of these problem areas. 
Not all of the criteria and recommendations are unanimously supported by all members of the committee. 
The committee agrees that problem areas that can be handled on a short-term basis are being pursued 
expeditiously. Most of the criteria presented will apply to new tankage to be installed. The committee also 
noted fourteen accomplishments in the last 1/sup 1//2 years directed to the application of the criteria. 
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Title: A Calculational Study of Benchmark Critical Experiments on High-Enriched Uranyl Nitrate Solution 
Systems 

Date: 12/1/1978 

Report: RFP-2711; NUTYBB, 41 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Cycle Criticality Studies 
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Author: Pecora, D. 

Title: Quality Plan for Criticality Safety Calculations at Rocky Flats 

Date: 1/1/1978 

Report: RFP-2742 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The text of the plan is given, and some of the guidelines followed in writing it are 
discussed to aid others who may be faced with the same task. The plan is divided into four sections. The 
Introduction describes the general functions and purpose of the calculational program. The second section, 
Activities and Responsibilities, lists specific tasks and their purposes and assigns responsibility for 
performance. The third section references relevant documentation (e.g., ANSI standards), and the final 
section describes quality plans for specific functions. 
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Title: Method of Inspecting Raschig Rings by Neutron Absorption Counting 

Date: 7/27/1979 

Report: RFP-2787 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A neutron counting method for inspecting borosilicate glass Raschig rings and an 
apparatus designed specifically for this method are discussed. The neutron count ratios for rings of a given 
thickness show a linear correlation to the boron oxide content of the rings. The count ratio also has a linear 
relationship to the thickness of rings of a given boron oxide content. Consequently, the experimentally-
determined count ratio and physically-measured thickness of Raschig rings can be used to statistically 
predict their boron oxide content and determine whether or not they meet quality control acceptance criteria. 
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Title: Reference Critical Experiments, Progress Report April-1-June 30, 1978 

Date: 9/1/1978 

Report: RFP-2829; NUREG/CR-0297 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Cycle Criticality Studies 
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Author: Goebel, G. R. / Oh, I. / Pecora, D. / Rothe, R. E. 

Title: Reference Critical Experiments, Progress Report October 1, 1978-December 31, 1978 

Date: 4/1/1979 

Report: RFP-2888; NUREG/CR-0642 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Cycle Criticality Studies 
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Author: Hodges, Angelo E. / Reynolds, Joe J. / Haschke, John M. 

Title: Corrosion of Delta Plutonium in Rocky Flats Tap Water 

Date: 9/10/1979 

Report: RFP-2891 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Corrosion rates were established by measuring the weight loss of a sample completely 
immersed in tap water for specified periods of time. Tests were conducted for periods ranging from 21 to 
1824 hours at ambient temperature in sealed 125-ml containers. The weight changes observed revealed that 
the corrosion of delta plutonium by tap water in a closed system occurs through two separate processes. 
Each results in a different average corrosion rate. Initially a typical diffusion-controlled surface reaction 
was observed which resulted in an average corrosion rate of 0.264 mg(cm/sup 2/.h). The second corrosion 
process begins when cracking and flaking of the corrosion product layer occurs. This results in an increase 
in the corrosion rate to 0.52 mg/(cm/sup 2/.h). 
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Author: Hodges, A. E. / Haschke, J. M. 

Title: Corrosion of Delta Plutonium by Synthetic Sea Water 

Date: 10/24/1979 

Report: RFP-2919 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Tests have been performed to determine the corrosive nature of sea water on delta 
plutonium at 25/sup 0/C. Corrosion rates were determined by measuring the time dependence of mass loss 
at constant pressure and the time dependence of hydrogen evolution in a sealed vessel. Test coupons were 
completely immersed in a standard solution of synthetic sea water for periods ranging from 1 hour to 144 
hours. Weight loss measurements show that delta plutonium corrodes at an average rate of 5.01 mg/(cm/sup 
2/ hr) while hydrogen is formed at an average rate of 1.6 x 10/sup -5/ mol/(cm/sup 2/ hr). The corrosion 
process is a hydrolysis reaction that produces hydrated plutonium(IV) oxide and hydrogen. The reaction 
apparently occurs along the grain boundaries of the metal. 
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Author: Goebel, G. R. / Oh, I. / Rothe, R. E. 

Title: Reference Critical Experiments, Progress Report for Period January1-March 31, 1979 

Date: 8/1/1979 

Report: RFP-2932; NUREG/CR-0827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Cycle Criticality Studies 
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Author: Goebel, G. R. / Oh, I. / Rothe, R. E. 

Title: Reference Critical Experiments, Progress Report for April 1-June 30, 1979 

Date: 10/1/1979 

Report: RFP-2990; NUREG/CR-1008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel Cycle Criticality Studies 
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Title: Quantitative Study of Mixing in Annular and Raschig Ring Filled Tanks 

Date: 7/14/1980 

Report: RFP-2998 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A quantitative study of mixing, which utilized the exit age distribution theory, has 
been completed for bench-scale annular and raschig ring filled tanks, in addition to a pilot-scale annular 
tank. A study of mixing and fluid flow in a full-scale, single-entry, raschig ring filled tank also was initiated. 
Results showed the bench-scale raschig ring filled tank approached plug-flow (no mixing) behavior. In a 
bench-scale annular tank, regardless of whether fluid entered tangentially or nontangentially, the vessel 
approached continuously stirred tank reactor behavior (perfect mixing). The pilot-scale annular tank 
approached continuously stirred tank reactor behavior only when tangential entry was used. Mixing in the 
full-scale raschig ring filled tank he tank did not approach either the perfect or the no mixing situations. 
Instead, the tank had a flow pattern in which solution channeled through a small volume of the tank, leaving 
the regions outside the channel effectively inactive. 
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Author: Tyree, W. H. / Urano, H. 

Title: Criticality Alarm System for Plutonium Process Operations 

Date: 5/25/1981 

Report: RFP-3056 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality alarm system using neutron detection is described. The system includes 
a neutron detection unit with an internal operational testing mode. The unit uses a Li6F foil for the 
production of alpha particles from a thermal neutron flux, a thorium-230 alpha particle source for the 
continuous monitoring of the radiation detection circuits, and an internal clock which produces an alarmed 
condition if the detector amplifier circuit fails. This neutron detector unit is designed to replace the existing 
neutron detector in the criticality alarm systems at Rocky Flats. Coincidence circuits, interface system and 
audio signal generators used in the output of the alarm system are described. The system meets the criteria 
for the American National Standards and the USDOE Manual Chapter for detection, alarm, and signal 
output requirements. 
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Author: Goebel, G. R. 

Title: Criticality of Moderated and Undermoderated Low-Enriched Uranium Oxide Systems 

Date: 6/1/1980 

Report: RFP-3117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium oxide was enriched to 4.46 wt% 235U compacted to a density of 4.68 g/cm3. 
The uranium oxide was packed into cubical aluminum cans and water added to the oxide until an H/U 
atomic ratio of 0.77 was achieved. A 5 x 5 x 5 array of uranium oxide cans for the experiments were used 
when no plastic moderator material was placed between cans. High enriched uranium drivers were used to 
achieve criticality. Criticality was achieved for smaller arrays without a driver when 24.5 mm plastic 
moderator material was placed between the cans. Twelve critical experiments are reported, six in each 
reflector. 
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Author: Rothe, R. E. 

Title: Criticality Safety of an Annular Tank for Fissile Solution 

Date: 1/1/1981 

Report: RFP-3233 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments performed to determine the criticality safety of annular tanks for storing 
fissile solutions are described. Six annular tanks were built in four nesting sizes to obtain experimental 
criticality data which could be used to validate computer codes employed in the design of such a safe storage 
system for an industrial plant. Each tank had an annular solution region thickness of 38 mm. The height of 
this region was 2.13 m, held 0.3 m off the floor by a stainless steel skirting. Walls were 6.4 mm-thick type 
304L stainless steel. The uranyl nitrate solution contained 357 g U/l and had a density of 1.5 kg/m3. The 
uranium was enriched to 93.2% 235U with other isotopes 236U. The solution contained 0.5 molar nitric 
acid and a total impurity content of less than 1500 ppm. Important neutron absorbers, boron and cadmium, 
averaged 10 ppm and 30 ppm, respectively. Boron-loaded concrete and boron-loaded plaster were selected 
for the neutron moderator/absorber interior to the annular tank. Three configurations of tanks and reflector 
were taken to criticality and are reported. The critical uranium solution height in all tanks containing 
solution as a function of boron content in earthen interior material, tank array configuration, and other 
variables. 
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Title: Safeguards Bulk and in-Process Measurements at the Rocky Flats Plant 

Date: 1/1/1981 

Report: RFP-3253 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The continuing escalation in emphasis on safeguarding special nuclear materials 
(SNM) has significantly influenced the manner in which the whole nuclear industry now conducts business. 
This influence is particularly felt in a production facility such as Rocky Flats where components are 
manufactured from plutonium. This paper describes a series of safeguards and bulk measurement devices 
to allow a production facility to both continue economical manufacturing and satisfy increasing safeguards 
criteria. They are also used for nuclear material accounting, nuclear criticality safety, and process control. 
Some aspects of safeguarding SNM are knowing SNM holdup in processing networks; (4) accounting for 
SNM-bearing scrap and waste; and (5) knowing where SNM should not be. At Rocky Flats, satisfaction of 
these safeguard objectives plus continued efficient production operations are requirements for all 
safeguards systems. 
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Title: Critical Experiments on Low-Enriched Uranium Oxide Systems with H/U = 2.03 

Date: 2/1/1982 

Report: RFP-3277; NUREG/CR-2500 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Seven critical experiments were performed on a horizontal split table machine using 
4.48% enriched 235U uranium oxide (U/sub 3/O/sub 8/). The oxide was compacted to a density of 4.68 
g/cm/sup 3/ and placed in 152-mm cubical aluminum cans. Water was added to achieve an H/U atomic 
ratio of 2.03. Various arrays of oxide cans were distributed on each half of the split table and the separation 
between halves reduced until criticality occurred. The critical table separation varied from 4.3 mm to 29.3 
mm. These experiments were performed in both plastic and concrete reflectors. The first five experiments 
required the addition of a high-enriched (approx. 93% 235U) metal driver to achieve criticality. Critical 
uranium driver masses ranged from 2.765 kg to 13.730 kg for 5 x 5 x 5 arrays of uranium oxide cans. In all 
five cases, the center can of the array was deleted to accommodate the driver. The uranium oxide mass was 
1859.6 kg. Two additional experiments in the plastic reflector contained either 9.3-mm- or 24.3-mm-thick 
plastic moderator material between the oxide cans. These latter experiments did not require a driver to 
achieve criticality; and the uranium oxide mass was 723.9 kg for the configuration having the thinner 
interstitial moderator and 452.4 kg for the other. 
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Title: Safety Analysis Report for Packaging - Corrugated Steel Container (Sand Box) for DOT 
Specification 7A Packaging 

Date: 5/16/1983 

Report: RFP-3345 (Rev. 1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Department of Transportation (DOT) Specification 7A, Type A corrugated steel 
containers for shipment and storage of Transuranic (TRU) solid waste have been developed. The containers 
are made entirely of 14 gauge (0.0747-in.) low carbon steel. All seams including the closure are welded to 
produce a leak-tight container. Four sizes of the SAND Box container have successfully met all 
Specification 7A, Type A requirements. 
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Author: n. a. 

Title: Rockwell International’s Critical Mass Laboratory Program at the Rocky Flats Plant 

Date: 1/1/1984 

Report: RFP-3597 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brief description is given of the RFP Critical Mass Laboratory, its primary mission, 
operation, and measurements underway. The criticality safety of the RFP operations is dependent on the 
ability of the Critical Mass Laboratory to continue its vigorous programs. 
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Author: n.a. 

Title: Program at the Rocky Flats Critical Mass Laboratory 

Date: 1/1/1984 

Report: RFP-3670 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Purpose of the Critical Mass Laboratory is to provide direct plant support through 
experimental and calculational means to minimize the possibility of a nuclear criticality accident in the 
handling, processing, storage, and transportation of fissile material at RFP. Topics discussed in this talk 
are: organization of the CML; experimental capabilities of the CML; and programs of the CML. 
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Title: Health, Safety and Environment Laboratories Project Progress Report, June-December 1983 

Date: 7/10/1984 

Report: RFP-3687 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Brief summaries of progress achieved during the period from June through December 
1983, are presented in each subject area. Subject titles are: Determination of uranium in urine by Laser 
Fluorimetry; Atomic Emission Scanning of Sample Matrices; Alpha Spectroscopy System Explosion; 
Alpha Spectroscopy Vacuum System Upgrade; Remote Monitoring of HS and E Data Acquisition Systems; 
Data Communications Link; Emergency Alpha System; Total Alpha-Beta Counting System; Automated 
Personnel Dosimetry System; Combination Hand and Foot Counter; Silicon Detector Alpha Particle 
Monitoring Detection System; Three Channel Smear Counter; Remote Controlled Radiation Re-entry 
System; Miniature Neutron Dosemeter; Die Cost Air Proportional Detector; and Self-Testing Neutron 
Criticality Alarm Detector. 
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Title: Rocky Flats Criticality Alarm Systems 
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Report: RFP-3819 

Conference/Journal:  
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Abstract/Keyterms: The Rocky Flats Criticality Alarm Systems consist of neutron-sensitive detectors 
coupled to individual building central logic and display systems. A new detector design is described. This 
detector includes a 6LiF neutron alpha particle converter, as in previous units, but uses ion-implanted silicon 
devices for the alpha particle sensor. A thick-film hybrid, low-input impedance, bipolar amplifier with 
CMOS (Complementary Metal Oxide Semiconductor) electronics is built into an enclosure designed to 
minimize radio frequency (RF) interference, mechanical shock, and seismic response. The unit has been 
tested to reject fields of 50 volts per meter and seismic input of 6.0 on the Richter scale (2-axis acceleration). 
The complete unit costs $600, including a 280-mm2 ion-implanted sensor and 6LiF foil. An analysis of 
failures occurring over the past ten years is included. The failures tend to be tied predominantly to the 
annunciation systems in the individual buildings. 
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Abstract/Keyterms: This study provides information on the spread of particulate contamination from 
glovebox leaks in plutonium manufacturing facilities, with emphasis on the effect of ventilating-air change 
rate on contaminated spread. A new, very sensitive aerosol tracer technique was developed to simulate 
plutonium aerosol leaks and its dispersion in a room. The tracer, a submicron aerosol of phloroglucinol, 
does not interfere with work activity and is detected by its ability to form ice crystals in a supercooled 
cloud. This technique was applied in Buildings 371 and 707 plutonium production areas. The tracer spread 
throughout the rooms in a few minutes and reached its equilibrium concentration in 10 to 25 min. Also, to 
clear the room of all tracer took about the same time. In one room, tracer concentration decreased 
proportionally to the air change rate, while in the second one, air change rate had no effect. This points out 
the need for air velocity data. Also, future work must include simultaneous particle concentration 
measurements at several points. 
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Date: 11/15/1987 

Report: RFP-4161 

Conference/Journal:  
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Abstract/Keyterms: The object of this project is to obtain experimental data on the release of airborne 
particles during seismic events involving plutonium handling facilities. In particular, cans containing 
plutonium oxide powder may be involved and some of the powder may become airborne. No release 
fraction data for such scenarios are available and risk assessment calculations for such events lacked 
specificity describing the physical processes involved. This study has provided initial data based on wind 
tunnel tests simulating the impact of the debris on simulated cans of plutonium oxide powder. The release 
fractions are orders of magnitude smaller than previously available estimates 
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Conference/Journal:  
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Abstract/Keyterms: A new measurement technique has been developed to quantify plutonium in process 
glove box exhausts. The applicability of the technique is presented in a comparison of field measurement 
data to analysis results on material removed from the ducts. 
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Abstract/Keyterms: The Rocky Flats Plant near Golden, Colorado is the primary facility for the production 
of plutonium components used in the US arsenal of nuclear weapons. It is operated by EG G under contract 
to the US Department of Energy (DOE). There are ten production buildings on plant site with neutron based 
criticality alarm systems. These systems have been in operation for the past seventeen years. Changes in 
the interpretation of A.N.S.I. standards and DOE orders have precipitated an evaluation of detector 
sensitivity and placement criteria. As a result of this evaluation, improvements in detector design and 
calibration have improved detector sensitivity by a factor of six. Testing performed on the design defined 
a minimum sensitivity as required by A.N.S.I. 8.3 and provided information for saturation and survivability 
for a fission event of up to 1 {times} 10{sup 17} fissions in 80 microseconds. A rigorous testing and 
calibration program has been developed and is in place. Neutron sensitivity is certified at a nearby reactor 
which is traceable to N.I.S.T. 
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Author: Glick, J. B. / Haas, F. X. / Garrett, A. G. / Sheppard, G. A. / Russo, P. A. / Miller, M. C. / 
Piquette, E. C. / Wenz, T. R. 

Title: A New Approach to Performing Holdup Measurements on Glove Box Exhausts 

Date: 7/1/1991 

Report: RFP-4464 

Conference/Journal: Institute of Nuclear Materials Management (INMM) annual meeting, New Orleans, 
LA (United States), 28-31 Jul 1991 

Conference Session:  

Abstract/Keyterms: A new measurement technique has been developed for quantifying plutonium holdup 
in process glove box exhausts. This technique has been implemented at Rocky Flats with a shielded, 
collimated bismuth germanate (BGO) gamma-ray detector. Measurements along the duct are made in pairs. 
The detector is positioned for an upward view of the deposit from two inches below the duct, and for a 
downward view from two inches above it. The plutonium is assumed to be uniformly deposited in the 
bottom of the duct and to fill the detector’s field of view when it is in the lower position. A model has been 
developed that relates the deposit width to the ratio of the count rates measured at two positions, above and 
below the duct. Once a deposit width has been deduced, it is multiplied by the area-source assay result from 
the bottom measurement to yield a mass-per-unit-length at that duct location. Total plutonium (PU) mass 
is them determined by multiplying the duct length by the average of the mass-per-unit-length assays 
performed along the duct. The technique’s applicability is presented in a comparison of field measurement 
data to analysis results on material removed from the ducts. 
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16519…..…..…………………..…….……..……ID Number…………………..…..…………….16519 

Author: Miles, R. E. 

Title: Development of Location Criteria for Criticality Alarm Detector Placements 

Date: 7/1/1992 

Report: RFP-4504 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes the development of methodology used at the Rocky Flats 
Plant (RFP) for locating thermal neutron sensitive criticality alarm detectors. It also presents the resulting 
locations criteria. This work was designed to demonstrate compliance with applicable American National 
Standards (ANSI) and Department of Energy (DOE) order requirements for immediate detection of the 
minimum accident of concern. The development of the location criteria makes use of three generic models 
of the minimum accident of concern as defined in ANSI/American Nuclear Society (ANS) 8.3-1986. 
Calculations are used to compute flux values as a function of distance from these three generic models. 
Acceptable detector location positions are defined as those in which the calculated thermal flux equals or 
exceeds the measured thermal flux sensitivity of the detector. Using this methodology, conservative 
location criteria were developed for use in placing criticality alarm detectors in the various buildings at 
RFP. Proper use of these location criteria will ensure immediate detection of any credible criticality in 
accord with the requirements of DOE Order 5480.5 and ANSI/ANS 8.3-1986. 
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Author: Hallbert, B. P. / Harbour, G. L. / Caccamise, D. J. / Francis, L. C. 

Title: Human Factors Engineers as Change Agents 

Date: 10/1/1992 

Report: RFP-4554, CONF-921048-2 

Conference/Journal: Human Factors Society (HFS) annual meeting, Atlanta, GA (United States), 12-16 
Oct 1992 

Conference Session:  

Abstract/Keyterms: This presentation describes a case study and the lessons learned when a Human 
Factors Engineering (HFE) Department was enlisted as technical experts but gradually assumed a much 
larger role as change agents in transforming outdated job practices into streamlined processes that promoted 
a safety culture. At Rocky Flats Nuclear Weapons processing plant in Colorado, a workforce of over 7000 
people support or directly operate a myriad of processes that range from laboratory analysis to typical 
foundry activities, greatly complicated by the presence of fissile, radioactive materials. Safe handling of 
these materials was governed by detailed discussions contained in Nuclear Material Safety limits (NMSLs). 
In spite of this rather extensive documentation, operators were committing an unacceptable number of 
safety infractions. Analysis revealed NMSLs were difficult to comprehend and not practical for use in 
operational settings. New job performance aids, called Criticality Safety Operating Limits (CSOLs) were 
developed to solve these problems. However, the solution involved more than applying good human factors 
principles to this job-aid. Following the classic Lewin Force Field Model of Change, safety infractions 
made change imperative; the forces operating against it were tradition, and perceived irrelevance of new 
expertise. Historically, Criticality Engineering dictated safety limits to Operations. In the course of Human 
Factoring” the CSOLs, the HFE, through an iterative process, became the team integrator of this 
development process. Using Quality concepts such as buy-in, empowerment, and ownership, HFE was able 
to instantiate and receive enthusiastic acceptance of their products. 
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Author: Ziegler, D. L. / Harder, R. V. 

Title: Preliminary Assessment of Real-Time Radiography and Visual Characterization for Selected Waste 
Categories 

Date: 10/22/1993 

Report: RFP-4604 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first transuranic (TRU) waste shipped to the Waste Isolation Pilot Plant (WIPP) 
will be for the WIPP Experimental Program. The purpose of the Experimental Program is to determine the 
gas generation rates and potential for gas generation by the waste after it has been permanently stored at 
the WIPP. The first phase of these tests will be performed at WIPP with test bins that have been filled and 
sealed in accordance with the test plan for bin scale tests. A second phase of the testing, the Alcove Test, 
will involve drummed waste placed in sealed rooms within WIPP. A preliminary test was conducted at the 
Rocky Flats Plant (RFP) to evaluate potential methods for use in the characterization of waste. The waste 
material types to be identified were as defined in the bin-scale test plan -- Cellulosics, Plastic, Rubber, 
Corroding Metal/Steel, Corroding Metal/Aluminum, Non-corroding Metal, Solid Inorganic, Inorganic 
Sludges, other organics and Cements. A total of 19 drums representing eleven different waste types (Rocky 
Flats Plant -- Identification Description Codes (IDC)) and seven different TRUCON Code materials were 
evaluated. They included Dry Combustibles, Wet Combustibles, Plastic, light Metal, Glass (Non-Raschig 
Ring). Raschig Rings, M{sub g}O crucibles, HEPA Filters, Insulation, Leaded Dry Box Gloves, and 
Graphite. These Identification Description Codes were chosen because of their abundance on plant, as well 
as the variability in drum loading techniques. The goal of this test was to evaluate the effectiveness of RTR 
inspection and visual inspection as characterization methods for waste. In addition, gas analysis of the head 
space was conducted to provide an indication of the types of gas generated. 



 

C-16571 

16522…..…..…………………..…….……..……ID Number…………………..…..…………….16522 

Author: Beckman, T. D. / Davis, M. M. / Karas, T. M. 

Title: Duct Remediation Program: Remediation Operations and Implementation 

Date: 10/1/1992 

Report: RFP-4643, CONF-9210194-5 

Conference/Journal: International symposium on environmental contamination/ 12-16 Oct 1992/ 
Budapest (Hungary) 

Conference Session:  

Abstract/Keyterms: Plutonium holdup material has accumulated in the process ventilation duct systems 
at Rocky Flats. Non-Destructive Assay (NDA) measurements identified ducts containing this material. The 
Defense Nuclear Facility Safety Board and the Department of Energy established the criteria for 
remediation of these ducts. A remediation team was assembled and a program plan created. This program 
plan included activities such as fissile material accumulation identification, criticality safety assessments, 
radiation dose determinations, facility safety evaluations, prevention of future accumulation, and removal 
of holdup material. Several operational considerations had to be evaluated in determining completion of 
remediation. 
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16523…..…..…………………..…….……..……ID Number…………………..…..…………….16523 

Author: Beckman, T. D. / Davis, M. M. / Karas, T. M. 

Title: Duct Remediation Program: Material Characterization and Removal/Handling 

Date: 11/1/1992 

Report: RFP-4644; CONF-9210194-4 

Conference/Journal: International symposium on environmental contamination/ 12-16 Oct 1992/ 
Budapest (Hungary) 

Conference Session:  

Abstract/Keyterms: Remediation efforts were successfully performed at Rocky Flats to locate, 
characterize, and remove plutonium holdup from process exhaust ducts. Non-Destructive Assay (NDA) 
techniques were used to determine holdup locations and quantities. Visual characterization using video 
probes helped determine the physical properties of the material, which were used for remediation planning. 
Assorted equipment types, such as vacuum systems, scoops, brushes, and a rotating removal system, were 
developed to remove specific material types. Personnel safety and material handling requirements were 
addressed throughout the project. 
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Author: n. a. 

Title: Reference Handbook: Nuclear Criticality 

Date: 12/6/1991 

Report: RFP-4657 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose for this handbook is to provide Rocky Flats personnel with the 
information necessary to understand the basic principles underlying a nuclear criticality. 



 

C-16574 

16525…..…..…………………..…….……..……ID Number…………………..…..…………….16525 

Author: Lerum, H. F. II. / Patlovany, R. W. 

Title: PRA approach for determining criticality safety operational limits 

Date: 6/18/1993 

Report: RFP-4704, CONF-9306143-9 

Conference/Journal: Energy Facility Contractors Group safety analysis meeting/ 16-18 Jun 1993/ 
Denver, CO (United States) 

Conference Session:  

Abstract/Keyterms: Engineering- Handling Equipment & Procedures; Criticality- Probabilistic 
Estimation; Limiting Values; Nuclear Engineering; Safety; Safety Analysis 
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Author: Badwan, F. M. / Herring, K. S. 

Title: Systematic Evaluation Program (SEP) at Rocky Flats Plant: An Overview of Practical Management 
Issues for Evaluation of Natural Phenomena Hazards 

Date: 10/1/1993 

Report: RFP-4725 

Conference/Journal: Energy natural phenomena hazards mitigation conference, Atlanta, GA (United 
States), 19-22 Oct 1993 

Conference Session:  

Abstract/Keyterms: Many of the buildings at the Rocky Flats Plant were designed and built before modern 
standards were developed, including standards for protection against extreme natural phenomenon such as 
tornados, earthquakes, and floods. The purpose of the SEP is to establish an integrated approach to assessing 
the design adequacy of specific high and moderate hazard Rocky Flats facilities from a safety perspective 
and to establish a basis for defining any needed facility improvements. The SEP is to be carried out in three 
Phases. In Phase 1, topics to be evaluated and an evaluation plan for each topic were developed. Any 
differences between Current Design Requirements (CDR) or acceptance criteria and the design of existing 
facilities, will be identified during Phase 2 and assessed using an integrated systematic approach during 
Phase 3. The integrated assessment performed during Phase 3 provides a process for evaluating the 
differences between existing facility design and CDRs so that decisions on corrective actions can be made 
on the basis of relative risk reduction and cost effectiveness. These efforts will ensure that a balanced and 
integrated level of safety is achieved for long-term operation of these buildings. Through appropriate 
selection of topics and identification of the structures, systems, and components to be evaluated, the SEP 
will address outstanding design issues related to the prevention and mitigation of design basis accidents, 
including those arising from natural phenomena. The objective of the SEP is not to bring these buildings 
into strict compliance with current requirements, but rather to ensure that an adequate level of safety is 
achieved in an economical fashion. 
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16527…..…..…………………..…….……..……ID Number…………………..…..…………….16527 

Author: Cathey, N. G. / Foppe, T. L. 

Title: Qualitative Safety Analysis of Proposed Material Relocation Options 

Date: 3/1/1994 

Report: RFP-4747 

Conference/Journal: Probabilistic safety assessment and management conference (PSAM), San Diego, 
CA (United States), 20-24 Mar 1994 

Conference Session:  

Abstract/Keyterms: This paper presents the methodology used to perform a qualitative safety analysis of 
various options proposed for the relocation of Special Nuclear Material from its present locations to other 
areas of the Rocky Flats Plant. This analysis determined the relative risk ranking of various proposed 
relocation options considering the probability and consequences of accidents associated with the material 
handling, transportation, and storage locations. of of the five options, two grouping of results were 
concluded to be significantly different, allowing the decision makers to balance risk issues with their other 
requirements (e.g., security, schedule, etc.). 
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16528…..…..…………………..…….……..……ID Number…………………..…..…………….16528 

Author: Cathey, N. G. / Foppe, T. L. 

Title: Qualitative Safety Analysis of Proposed Material Relocation Options 

Date: 10/1/1993 

Report: RFP--4747; CONF-940312--26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper presents the methodology used to perform a qualitative safety analysis of 
various options proposed for the relocation of Special Nuclear Material from its present locations to other 
areas of the Rocky Flats Plant. This analysis determined the relative risk ranking of various proposed 
relocation options considering the probability and consequences of accidents associated with the material 
handling, transportation, and storage locations. of of the five options, two grouping of results were 
concluded to be significantly different, allowing the decision makers to balance risk issues with their other 
requirements (e.g., security, schedule, etc.). 
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16529…..…..…………………..…….……..……ID Number…………………..…..…………….16529 

Author: Croucher, D. W. 

Title: Criticality Safety Aspects of Decontamination and Decommissioning at Defense Nuclear Facilities 

Date: 6/1/1994 

Report: RFP--4799; CONF-940602--3; CONF-940630--2 

Conference/Journal: Annual meeting of the American Nuclear Society/ topical meeting on the 
technology of fusion energy, New Orleans, LA (United States)/ New Orleans, LA (United States), 11-16 
Jun 1994/ 19-24 Jun 1994 

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities Has Led to the Need for a Strong Criticality Safety 
Program at the Facilities. 
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16530…..…..…………………..…….……..……ID Number…………………..…..…………….16530 

Author: Fleissner, J. G. / Lamb, F. W. / Maul, M. R. 

Title: Nondestructive Assay (NDA) of Fissile Material Solutions in Tanks at Rocky Flats Environmental 
Technology Site 

Date: 7/1/1995 

Report: RFP-4973, CONF-950787-6 

Conference/Journal: Annual meeting of the Institute for Nuclear Materials Management, Palm Desert, 
CA (United States), 9-12 Jul 1995 

Conference Session:  

Abstract/Keyterms: Nondestructive assay of holdup in solution tanks at Rocky Flats has been performed 
to address criticality safety concerns since 1974. Destructive analysis techniques were used for 
quantification of the fissile material content of the tanks. With termination of operations in 1989, including 
sparging and sampling of tanks, a need arose for nondestructive assay of solutions in tanks to confirm 
previous inventory values. Gamma ray measurement methodologies were investigated and several 
techniques, including Poor Man’s Densitometry were implemented. These techniques have been applied to 
several different types of tanks including: annular, raschig ring filled, and pencil tanks. For the annular 
tanks “Poor Man’s Densitometry” is used, with the densities of the measured solutions normalized to the 
value of one “accepted” concentration tank. Measurement uncertainties for this technique has been better 
than was anticipated. Measurements are also performed at several levels to attempt to detect variations in 
density. For the current tank draining program, solution in tanks is assayed by the NDA gamma-ray 
technique before draining. Measurement results were obtained for plutonium, uranium, and mixtures of 
U/Pu solutions for concentrations ranging from less than 0.5 g/l to 150 g/l. Tanks with expected 
concentrations were used to establish a relationship between concentration and count rate. “Bootstrapping” 
calibration techniques were used in some cases to obtain quantitative results. 
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16531…..…..…………………..…….……..……ID Number…………………..…..…………….16531 

Author: Geinitz, R. / Gregory, P. 

Title: TRUPACT-II Residue Pipe Payload Container 

Date: 6/1/1995 

Report: RFP-4999 

Conference/Journal: Annual Department of Energy defense programs packaging workshop, San 
Francisco, CA (United States), 12-15 Jun 1995 

Conference Session:  

Abstract/Keyterms: This paper summarizes the project to develop, test and certify a new payload container 
for the TRUPACT-II, a Type B packaging for the shipment of transuranic waste. The new payload container 
will provide segregation of plutonium waste materials within the TRUPACT-II. This segregation of fissile 
contents will support a new criticality safety analysis that may allow an increase in the TRUPACT-II Pu-
239 Fissile Gram Equivalent (FGE) limit from 325 grams to 2800 grams. The need for this project was 
brought about by the end of the Cold War and the resulting shift in value of plutonium residues from 
providing recoverable Defense Program material to being considered disposable waste. This paper will not 
cover many of the details of the project but will instead aim to provide a general picture of all the project 
activities. 



 

C-16581 

16532…..…..…………………..…….……..……ID Number…………………..…..…………….16532 

Author: Dunn, R. P. / Wagner, R. A. 

Title: Conversion of Historic Waste Treatment Process for Production of an LDR and WIPP/WAC 
Compliant TRU Waste Form 

Date: 3/1/1997 

Report: RFP-5075, CONF-970335-11 

Conference/Journal: Waste Management`97, Tucson, AZ (United States), 2-7 Mar 1997 

Conference Session:  

Abstract/Keyterms: In support of the historic weapons production mission at the, Rocky Flats 
Environmental Technology Site (RFETS), several liquid waste treatment processes were designed, built 
and operated for treatment of plutonium-contaminated aqueous waste. Most of these processes ultimately 
resulted in the production of a cemented waste form. One of these treatment processes was the 
Miscellaneous Aqueous Waste Handling and Solidification Process, commonly referred to as the Bottlebox 
process. Due to a lack of processing demand, Bottlebox operations were curtailed in late 1989. Starting in 
1992, a treatment capability for stabilization of miscellaneous, Resource Conservation and Recovery Act 
(RCRA) hazardous, plutonium-nitrate solutions was identified. This treatment was required to address 
potentially unsafe storage conditions for these liquids. The treatment would produce a TRU waste form. It 
thus became necessary to restart the Bottlebox process, but under vastly different conditions and constraints 
than existed prior to its curtailment. This paper provides a description of the historical Bottlebox process 
and process controls; and then describes, in detail, all of the process and process control changes that were 
implemented to convert the treatment system such that a Waste Isolation Pilot Plant (WIPP) and a Land 
Disposal Requirements (LDR) compliant waste form would be produced. The rationale for imposition of 
LDRs on a TRU waste form is discussed. In addition, this paper discusses the program changes 
implemented to meet modem criticality safety, Conduct of Operations, and Department of Energy Nuclear 
Facility restart requirements. 
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Author: Koponen, B. L. 

Title: An Examination of Parameters Affecting Optimum Array Moderation 

Date: 5/5/1997 

Report: RFP-5138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Thorp, D. T. / Geinitz, R. R. / Rivera, M. A. 

Title: Status and Use of the Rocky Flats Environmental Technology Site Pipe Overpack Container for TRU 
Waste Storage and Shipments 

Date: 3/3/1998 

Report: RFP-5153, CONF-980307 

Conference/Journal: Waste management`98, Tucson, AZ (United States), 1-5 Mar 1998 

Conference Session:  

Abstract/Keyterms: Nuclear Facilities Safety Board for interim storage. Packaging these reactive or 
potentially pyrophoric residues in the container without stabilizing the materials is under consideration at 
RFETS. The design, testing, and evaluations used in the approvals, and the current status of the container 
usage, will be discussed. 
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Author: Clark, H. E. / Coonfield, D. C. / Jackson, L. E. 

Title: Polynomial Curve Fit by Least Squares 

Date: 7/11/1967 

Report: RFP-968 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General (Out-Of-Scope Reports); Computers; Digital Systems; Least Squares; 
Mathematics; Programming 
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Author: Schuske, C. L. / Dickinson, D. / Hunt, D. C. / Rothe, R. E. / Tuck, G. 

Title: Reference Critical Experiments (Progress Report for Period July 1, 1975 through December 31, 
1975) 

Date: 1/1/1976 

Report: RFP-NUREG-2481 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The incentive for obtaining experimental criticality data is to provide reference data 
for the validation of calculational methods, which include computer codes and nuclear cross section data. 
The validated methods then can be used with confidence to provide safe and economic limits for handling 
fissile materials in processing and fabrication plants and for the storage and shipment of fissile product. A 
recent literature search revealed that more than 90% of all criticality safety data to date involved highly 
enriched uranium and plutonium systems, principally for the manufacture and handling of weapons 
materials. Today's experimental data priorities include those that support various reactor fuel cycles with 
considerable interest in enrichments of less than 5% uranium-235. In July, 1975, we set about to review the 
fuel cycle areas and compile a list of needed criticality measurements. Specialists in industry and 
government were contacted and a tentative list of problem areas was compiled. A meeting of criticality 
specialists was held at Rocky Flats on August 8, 1975, to firm up this list and establish priorities for those 
areas of interest. This information is covered under Task 1 of this report. 
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Author: Schuske, C. L. / Dickinson, D. / Hunt, D. C. / Rothe, R. E. / Sheets, W. R. 

Title: Reference Critical Experiments. Progress Report, January 1, 1976—March 31, 1976 

Date: 5/1/1976 

Report: RFP-NUREG-2517 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculational studies under Task 3 continue. These parametric studies are used as 
guidance in the planning and design of experiments. The parametric studies for Tasks 4 and 5 are 80% 
complete. The first critical measurement under Task 4 was accomplished. This measurement involved a 
minimally reflected single cylinder with an enriched uranyl nitrate solution. Exploratory calculations for 
Tasks 6 and 7 continue. Approximately 75% of the materials and equipment needed for Task 4 and 5 
experiments are on hand, and the remaining materials and equipment for these two tasks are on order. 
Although Task 1,”problems and priorities," was essentially completed and reported in RFP-NUREG-2481, 
we were responsible for updating Table I semiannually. This table has been appropriately re-entitled "list 
of areas where benchmark measurements are needed." The first update has been accomplished. 
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Author: Schuske, C. L. / Dickinson, D. / Rothe, R. E. 

Title: Reference Critical Experiments. Progress Report, April 1, 1976—June 30, 1976 

Date: 8/1/1976 

Report: RFP-NUREG-2555 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The greater part of our effort this quarter was the set-up and performance of twenty-
four Task 4 critical experiments on minimally reflected tanks containing uranyl nitrate solution at an 
enrichment of approximately 93% and a range of concentrations. A detailed geometry description of the 
apparatus has been written and used to generate data for comparison with the experimental results. 
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Author: Schuske, C. L. / Rothe, R. E. 

Title: Reference Critical Experiments. Progress Report, July 1, 1976—September 30, 1976 

Date: 10/1/1976 

Report: RFP-NUREG-2582 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thirty-two critical experiments were performed through September 30, 1976. 
Twenty-nine of these involved single cylinders located within a concrete enclosure having 10-inch-thick 
(25.4-cm) walls, top, and floor. The three remaining experiments were a 4 x 4 square pitch array (16 
cylinders) of 8.3-inch-diam (21.2-cm) cylinders in this same concrete enclosure. A measurement control 
program for our aqueous uranyl nitrate solution is nearly complete to measure the laboratory's bias in 
concentration measurements. This bias measures the difference between an analytical chemistry 
determination of the concentration (done in the nuclear safety laboratory) and carefully prepared standards 
samples in the appropriate concentration ranges. These samples were prepared by the Rocky Flats chemistry 
standards laboratory. During this period, the concrete reflector enclosure was assembled, including special 
instrumentation needed to measure solution heights within the experimental cylindrical vessels. Thirty-two 
critical experiments were performed through September 30, 1976. Twenty-nine of these involved single 
cylinders located within a concrete enclosure having 10-inch-thick walls, top, and floor. The three 
remaining experiments were a 4 x 4 square pitch array (16 cylinders) of 8.3-inch-diameter (21.2-cm) 
cylinders in this same concrete enclosure. 
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Author: Schuske, C. L. / Dickinson, D. / Rothe, R. E. / Oh, I. / Gaylord, N. D. 

Title: Reference Critical Experiments. Progress Report, October 1, 1976—December 31, 1976 

Date: 2/1/1977 

Report: RFP-NUREG-2622 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Updated information for areas where benchmark measurements are needed was 
solicited from various organizations. This information is compiled into a new listing. Significant changes 
include de-emphasis in areas dealing with HTGR-type fuel cycles; priority changes are also included. Single 
vessel and multiple cylinder arrays surrounded by a 25.4-cm-thick concrete reflector have been completed. 
About 76 experiments were performed in the concrete enclosure. Monte Carlo calculations are presented 
for single cylinders in the concrete enclosure. These calculations, using Hansen-Roach 16-group cross 
section sets, were within acceptable limits of errors for dilute solution, but were 2 to 2.5% low in k(eff) for 
the approximately 350 g uranium/liter solutions. This trend is consistent with that found for minimally 
reflected vessels. A 20.3-cm-thick Plexiglas enclosure was constructed so that the criticality of single and 
multiple vessel arrays can be compared with the concrete-reflected arrays. Work continues in setting up the 
4.5% uranium-235 fuels. 
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Author: Schuske, C. L. / Dickinson, D. / Gaylord, N. D. / Oh, I. / Rothe, R. E. / Tuck, G. 

Title: Reference Critical Experiments (Progress Report for Period January 1, 1977, through March 31, 
1977) 

Date: 5/1/1977 

Report: RFP-NUREG-2660 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thirty-eight benchmark critical measurements for a single tank reflected by Plexiglas 
have been completed during the quarter. These measurements involved critical solution height 
determinations for three different vessels (two aluminum and one steel), with three uranyl nitrate solution 
concentrations, and two locations within a 20.3-cm-thick Plexiglas enclosure. Measurements on arrays of 
cylinders within the Plexiglas enclosure have begun and will be completed during the next quarter. KENO-
IV (used with Hansen-Roach cross sections) calculations on the minimally-reflected single tank 
measurements and concrete-reflected 16-cylinder array measurements are discussed. Work progresses on 
the fabrication of fixtures for the 4.5%-enriched uranium oxide experiments to be performed later this year. 
Problems associated with the pressing of fuel pieces are near solution. The measurement control program 
on solution concentration determination continues. Results for the series of benchmarks which are under 
way should be completed by the end of the next quarter. 
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Author: Dickinson, D. / Gaylord, N. D. / Rothe, R. E. / Tuck, G. 

Title: Reference Critical Experiments (Progress Report for Period April 1, 1977, through June 30, 1977) 

Date: 9/1/1977 

Report: RFP-NUREG-2690 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality measurements on plastic-reflected arrays of uranyl nitrate solution 
cylinders and similar measurements in a single minimally-reflected 50-cm-diameter tank were performed, 
completing the experimental phase of Task 4. All of the Task 4 data are summarized, and the best corrected 
values for solution properties, cylinder dimensions, and critical height are given. Additional calculations to 
determine driver sizes for low-enriched oxide critical arrays with hydrogen/uranium = 1.5 have been 
performed, as well as calculations to determine hydrogen/uranium values required for undriven critical 
arrays. The method to be used for measuring hydrogen/uranium during the course of the experimental 
program is described, and preliminary results on achieving homogeneous oxide-water mixtures are 
discussed. The fabrication of equipment for the experiments is nearly complete, and preliminary testing is 
underway. About 40% of the oxide has been pressed into briquettes. 
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Title: Reference Critical Experiments. Progress Report, July 1, 1977-September 30, 1977 

Date: 12/1/1977 

Report: RFP-NUREG-2715 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-045, LEU-COMP-THERM-066, LEU-COMP-THERM-068, 
LEU-COMP-THERM-069; Benchmark criticality experiments are being performed in both high-and low-
enriched uranium experiments within a variety of configurations. The material composition of the concrete 
reflector, used in the high-enriched uranium solution experiments (Task 4), has been analyzed and is 
reported. Two methods were used and good agreement found between the two. The uranium oxide 
compaction, needed for the low-enriched array experiments (Task 5) to attain sufficient density, has been 
completed. A systematic study has begun to determine the best method of distributing moisture throughout 
the compacted oxide. 
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Title: Reference Critical Experiments. Progress Report, October 1, 1977-December 31, 1977 

Date: 3/1/1978 

Report: RFP-NUREG-2746 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The is the ninth in the series of quarterly reports describing criticality experiments 
being performed at Rocky Flats for the NRC. In addition to the experimental program, there is an annual 
revision of the list of critical experiments needed to provide data for the design and licensing of new 
facilities. Experimental programs currently underway at Babcock and Wilcox, Battelle Pacific Northwest 
Laboratory, and Rocky Flats are described. Articles and reports giving more details of the experiments are 
listed in the references. The table of needed experiments has been revised, taking into account the work 
already done and comments received over the past year. In the Rocky Flats experiments, approximately 
1900 kg of 4.5% enriched U3O8 at a density of approximately 4.8 g/cm3 and an H/U of approximately 0.75 
will be assembled. Computer calculations indicate that such an assembly will be subcritical, and a driver 
region of high-enriched uranium metal or solution will be used to achieve criticality. A description of the 
packing and wetting of the oxide fuel to be used in these critical experiments is presented. 
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Conference Session:  

Abstract/Keyterms: Plutonium Alloys and Systems / Al-Pu, Reprocessing of Highly Irradiated Fuels of; 
Zirconium Alloys and Systems / U-Zr, Reprocessing of Highly Irradiated Fuels of; Plutonium Oxides PUO2 
/ PUO2-UO2, Reprocessing of Highly Irradiated Fuels of; Uranium Oxides / Reprocessing of Highly 
Irradiated, in France; Uranium Alloys and Systems / U-Zr, Reprocessing of Highly Irradiated Fuels of; 
Reactor Fuels / Reprocessing of Highly Irradiated, in France; Uranium Alloys and Systems / Al-U, 
Reprocessing of Highly Irradiated Fuels of; Uranium Oxides UO2 / PUO2-UO2, Reprocessing of Highly 
Irradiated Fuels of; Aluminum Alloys and Systems / Al-U, Reprocessing of Highly Irradiated Fuels of; 
Aluminum Alloys and Systems / Al-Pu, Reprocessing of Highly Irradiated Fuels of 
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Title: Criticality Experiments Performed with a Homogeneous Plutonium Solution, Experimental Results, 
Theoretical Interpretations 

Date: 9/1/1992 

Report: RFP-TRANS-529 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plates / Cylinders / Annular Cylinders / Aqueous Fissile Media 



 

C-16597 

16548…..…..…………………..…….……..……ID Number…………………..…..…………….16548 

Author: Carlvik, I. 

Title: A Simplified Treatment of the Spectrum Hardening in a Fuel Rod, Caused by Selective Absorption 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Canning; Cross Sections; 
Differential Equations; Energy; Fuels; Numericals; Reactors; Rods; Spectra; Thermal Neutrons; Thermal 
Utilization 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Distribution; 
Integrals; Mathematics; Neutron Flux; Numericals; Plates; Reactors; Stability; Tables; Xenon; Zones 
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Eigenfunctions; Integrals; Mathematics; Neutron Flux; Numericals; Reactors; Tables; Zones 
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Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Research and Test Reactors; Activation Analysis; Air; 
Buckling; Configuration; Coolants; Copper; Diffusion; Equations; Foils; Fuel Elements; Heavy Water 
Coolant; Measured Values; Neutrons; Pins; Reactor Core; Research Reactors; Rods; Tables; Uranium 
Dioxide; Voids; Wires 
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Mathematics; Measured Values; Reactivity; Reactors; Rods; Variations 



 

C-16606 

16557…..…..…………………..…….……..……ID Number…………………..…..…………….16557 

Author: Hagemann, Robert. 

Title: Nuclear Knowledge Drawn from the Study of the Oklo Phenomenon. Estimation of the Age and Life 
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Report: RGNUDJ, 2, 133-140 

Conference/Journal: Revue Generale Nucleaire (France) 

Conference Session:  

Abstract/Keyterms: The natural fossil reactors of Oklo (Gabon), preserved almost intact for two billion 
years, represent a field of investigation which is extremely useful and, up to now, unique. The operation of 
these reactors has deeply transformed the chemical and isotopic composition of the minerals existing in the 
reaction zones. The chemical and isotopic analysis of the fission products is possible for the first time after 
the complete decay of the radioactive isotopes. The methods applied or specially developed to estimate the 
age and life of the nuclear reactions are described. The study of uranium and fission product distribution in 
the reaction zones enables the migration of fission products stored in sedimentary soils for 1800 million 
years to be determined. 
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Title: Transportation of Fissile Materials and the Danger of Criticality 
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Report: RGNUDJ, 3, 251-256 

Conference/Journal: Revue Generale Nucleaire (France) 

Conference Session:  

Abstract/Keyterms: The authors examine the risk of criticality that can arise during the transportation of 
fissile matter. They then outline the regulations and studies made in the field of criticality-safety and the 
computation methods used. They discuss the applications that are reflected in the concept and design of 
fissile material packagings. 
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Conference Session:  

Abstract/Keyterms: Fuel Pins / Accidents 
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Author: Rockwell International Corp. 

Title: Commercial Waste and Spent Fuel Packaging Program. Package Design Criteria 

Date: 8/1/1979 

Report: RHO-CD-772 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary set of package design guidelines is presented which should represent 
a useful starting point for establishing a system mutually acceptable to all people in the waste management 
system. Among the design parameters covered are package weight, dimensions, overpack, design life, 
internal pressure, design basis accident, leach rate, criticality, heat flux, surface dose rate, decontamination, 
licensability, and labeling. 
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Author: Carter, Roger D. 

Title: Problems in Validating Criticality Safety Calculations 

Date: 6/1/1985 

Report: RHO-HS-SA-70P 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-011; Actinides; Elements; Fissionable Materials; Materials; 
Metals; Safety; Testing; Transuranium Elements 
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Author: Scaief, C. C., III 

Title: Coincidence Logic Modules for Criticality Alarming 

Date: 1/1/1980 

Report: RHO-LD-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A coincidence logic module and a companion contact closure relay module utilizing 
the NIM Standard have been developed for criticality alarming. The units provide an ALARM whenever 
two or more out of N detectors become activated or when certain electronic component failures occur. The 
number of detector inputs can be expanded in groups of six by adding modules. Serial and parallel 
redundancy were used to reduce the probability of system failure. A functional description of the modules 
and circuit descriptions are given. Setup and operation, testing, and maintenance of the modules are 
described. 
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Title: Spent Unreprocessed Fuel Facility Monthly Progress Report, September 1977 

Date: 10/24/1977 

Report: RHO-LD-77-4SEP 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activities are reported in a program to develop methods for the safe, economical 
management of spent unreprocessed fuel in above-ground storage or near surface facilities. The developed 
methods should allow disposal to a Federal geologic repository without additional difficult stabilization 
processes and the methods should allow reprocessing without difficult processes to reconstitute the fuel for 
recovery. The program work breakdown consists of four tasks that provide engineering, system, technical 
research and development, and support studies, along with demonstration tests to supply information and 
data to the project management task for integration into the facility design. The report follows the work 
breakdown tasks with the report elements identified to the subtask level. 
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Title: Rockwell Hanford Operations Chemical Processing Monthly Report for July 1984 

Date: 7/1/1984 

Report: RHO-PB-SR-10-B-CP-July-84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PUREX Plant charged 145 tonnes (MTU) of N-Reactor fuel to the head end 
dissolvers, and produced 123 MTU of uranium product (UNH); 46 MTU of uranium oxide product were 
shipped to National Lead of Ohio; and the reinforced vehicle gate, Project B-342, PUREX Vehicle and 
Personnel Delay Barriers, is now fully operational. In the Plutonium Finishing Plant, the PuO2 product 
shipments exceeded the July commitment; FY 1984 Nuclear Materials Management Plan was completed; 
stored Plutonium product was shipped; construction on the Plutonium Finishing Plant Criticality Alarm 
System tie-in was complete; RMC reactivation activities continued on schedule and under budget; and the 
Plutonium Reclamation Facility Ventilation Upgrade engineering study is ahead of schedule. 
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Author: n. a. 

Title: Rockwell Hanford Operations: Chemical Processing Programs: Monthly Status Report 

Date: 10/1/1986 

Report: RHO-PB-SR-10-B-CP-Oct.86 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On October 8, by direction of the Department of Energy, Richland Operations Office 
(DOE-RL), all plutonium processing operations were suspended due to findings of a criticality prevention 
specification violation at the Plutonium Finishing Plant (PFP). Remedial actions are in work: internal and 
external review committees formed; start-up criteria developed; verification of restart actions completeness 
by a Rockwell International Readiness Review team; Interim work controls for plutonium processing 
operations and maintenance activities in place. The PUREX Plant continued to perform repairs and 
upgrades on nonplutonium processing systems and equipment. Such items included the east and west crane 
repair, preventive maintenance, calibration of instruments, as well as a number of electrical, pump, and 
steam valve repairs. The UO3 Plant remained in a planned maintenance mode. 128 MTU’s of UO3 are 
currently ready for shipment from FY86 processing. Flatcars are expected to arrive at Hanford November 
15th. No plutonium metal shipments were made due to plant shutdown. Interim work controls are being 
established to request approval by DOE-RL for special shipment of material produced during October. 
Limited activities have been performed during shutdown to include personnel retraining, room 263 
decontamination, support to investigation committees, restart plan development for selected activities and 
re-roofing of 2136-Z. 
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Title: Solubilities of Sodium Nitrate, Sodium Nitrite, and Sodium Aluminate in Simulated Nuclear Waste 
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Report: RHO-RE-ST-14P 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Solubilities were determined for sodium nitrate, sodium nitrite, and sodium aluminate 
in synthetic nuclear waste liquor. Solubilities were determined as a function of temperature and solution 
composition (concentrations of sodium hydroxide, sodium nitrate, sodium nitrite, and sodium aluminate). 
Temperature had the greatest effect on the solubilities of sodium nitrate and sodium nitrite and a somewhat 
lesser effect on sodium aluminate solubility. Hydroxide had a great effect on the solubilities of all three 
salts. Other solution components had minor effects 
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Title: Concrete and Criticality 

Date: 6/1/1978 

Report: RHO-SA-030 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Concrete is a widely used structural material which occurs frequently in systems 
requiring criticality analyses. Ordinarily, we give little thought to what its actual composition is (as 
compared to reference compositions), yet in criticality safety, differences in composition can cause large 
changes in k-effective and it may not be easy to predict in which direction the change will occur. Concrete 
composition is quite variable with differences in the aggregate used in the concrete in various parts of the 
country providing relative large differences in k-effective. The water content of concrete can also strongly 
affect the reactivity of a system in which it acts as a reflector or is interspersed between fissile units. Because 
concrete is so common and is often (but not always) a better reflector than water, one must know the 
concrete compositions or be prepared to use a "worst case" composition. It may be a problem, however, to 
determine just what is the worst case. At the Hanford Plant, the aggregate normally used is basalt, which 
gives a composition very low in carbon as opposed to those areas (e.g., Oak Ridge) where the use of 
limestone aggregate will result in concrete with a high carbon content. The data presented show some of 
the effects found in situations using Hanford concrete, but similar effects might be found with other 
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Title: Subcritical Limits of Boron-Poisoned 235U-H2O Solutions 

Date: 10/26/1978 

Report: RHO-SA-063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the 1950's, a series of critical bare sphere experiments was performed using uranyl 
nitrate solutions poisoned with boron as boric acid. Both the 235U and 233U isotopes were used. These 
experiments and others without poison have been used as the basis for performing a series of correlations 
with various code and cross section combinations used at Rockwell Hanford Operations (Rockwell). A 
selected combination was then used to calculate a set of curves which provide limiting parameters for boron-
poisoned 235U--H2O mixtures. These curves may be used to provide limits for equipment design of simple 
geometries or to provide a basis for comparison when designing a more complex system. 
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Conference Session:  

Abstract/Keyterms: The following alternative storage concepts are discussed cask, dry well, and air-
cooled vault. Technical evaluations of alternative storage concepts are given. 
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Conference/Journal: Topical Meeting of the ANS Nuclear Criticality Safety Division, Richland, WA, 
United States, Sep 13 - Sep 17, 2009 

Conference Session: Realism 

Abstract/Keyterms: The evaluation, application, and risk acceptance for realistic minimum accident 
source terms can represent a complex and arduous undertaking. This effort poses a very high impact to 
design, construction cost, operations and maintenance, and integrated safety over the expected facility 
lifetime. At the 2005 Nuclear Criticality Safety Division (NCSD) Meeting in Knoxville Tenn., two papers 
were presented that summarized the Y-12 effort that reduced the number of criticality accident alarm system 
(CAAS) detectors originally designed for the new Highly Enriched Uranium Materials Facility (HEUMF) 
from 258 to an eventual as-built number of 60. Part of that effort relied on determining a realistic minimum 
accident source term specific to the facility. Since that time, the rationale for an alternate minimum accident 
has been strengthened by an evaluation process that incorporates realism. A recent update to the HEUMF 
CAAS technical basis highlights the concepts presented here. 
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United States, Sep 13 - Sep 17, 2009 
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Abstract/Keyterms: In the criticality safety design of fissionable systems using computer codes, 
uncertainties in the non-isotopic parameters other than the isotopic data should be also considered to assure 
there is an adequate minimum margin of subcriticality (MMS). Uncertainties in the non-isotopic parameters 
and isotopic data can produce an uncertainty in the neutron distribution, and thus in the calculated value of 
neutron multiplication factor (keff). However, most studies have been limited to effects of uncertainties in 
isotopic data (e.g. cross sections) on calculated keff values whereas the keff uncertainty due to uncertainties 
in non-isotopic parameters (e.g. spatial distribution of isotopes in the system) remains largely unstudied. 
Here we discuss the Monte Carlo based methods for the analysis of keff uncertainty due to uncertainties in 
non-isotopic parameters. An uncertainty analysis on 30B UF6 cylinder storage array is performed to 
illustrate the independent forward Monte Carlo method. In the independent forward Monte Carlo method, 
the non-isotopic parameters (such as material densities and compositions, enrichment, geometries and etc.) 
are sampled from given probability density functions of parameters. The resulting uncertainty in keff is 
determined by the explicit uncertainty propagation through the forward Monte Carlo neuron transport 
calculation. Unlike other Monte Carlo keff uncertainty analysis methods, the independent forward Monte 
Carlo method is not limited to the degree of changes in non-isotopic parameters and can be used for both 
small perturbations and large variations. The illustration example shows that keff uncertainties due to 
uncertainties in non-isotopic parameters can be comparable to those due to uncertainties in cross sections. 
Therefore, an appropriate MMS should take into account keff uncertainties due to uncertainties in non-
isotopic parameters to the best available knowledge when more realistic modeling of fissionable systems 
or processes is needed. 
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Abstract/Keyterms: The goal of this work is to obtain sensitivities from direct uncertainty analysis 
calculation and correlate those calculated values with the sensitivities produced from TSUNAMI-3D (Tools 
for Sensitivity and Uncertainty Analysis Methodology Implementation in Three Dimensions). A full 
sensitivity analysis performed on a critical experiment to determine the overall uncertainty of the 
experiment. Small perturbation calculations are performed for all known uncertainties to obtain the total 
uncertainty of the experiment. The results from a critical experiment are only known as well as the 
geometric and material properties. The goal of this relationship is to simplify the uncertainty quantification 
process in assessing a critical experiment, while still considering all of the important parameters. 
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Abstract/Keyterms: This experiment is part of the Seven Percent Critical Experiment which will provide 
new critical and reactor physics benchmarks for fuel enrichments greater than five weight percent. The 
inverse multiplication method was used to determine the state of the system during the course of the 
experiment. Using the inverse multiplication method, it was determined that the critical experiment went 
slightly supercritical with 1148 fuel elements in the fuel array. The experiment is described and the results 
of the experiment are presented. 
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United States, Sep 13 - Sep 17, 2009 
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Abstract/Keyterms: Transportation packages for fissile material are required by 10 CFR Part 71 (Ref. 1) 
to be evaluated for criticality safety assuming fresh water in-leakage. Criticality safety analyses for spent 
nuclear fuel transportation packages have typically been performed with the conservative assumption that 
the fuel is unburned. This assumption, in general, results in a large margin of subcriticality, and reduces the 
number or initial enrichment of spent fuel assemblies which may be transported in a package. In an effort 
to make spent fuel transportation packages more efficient, applicants for certificates of compliance under 
10 CFR Part 71 have increasingly sought credit for the reduction in reactivity that occurs with spent fuel 
burnup, or burnup credit, in their criticality safety analyses. NRC’s Division of Spent Fuel Storage and 
Transportation published Interim Staff Guidance 8 (ISG-8), “Burnup Credit in the Criticality Safety 
Analyses of PWR Spent Fuel in Transport and Storage Casks,” in May of 1999 (Ref. 2), with subsequent 
revisions in July of 1999 (Ref. 3) and September of 2002 (Ref. 4). This document provides guidance 
regarding acceptable approaches to burnup credit criticality analyses for intact spent PWR assemblies in 
transportation packages. This paper will detail the technical basis supporting the current recommendations 
in ISG-8, including that for: 1) the licensing basis limits and model assumptions, 2) acceptable validation 
techniques for isotopic depletion and criticality codes, 3) the determination of burnup credit loading curves, 
and 4) the assigned burnup loading value. Additionally, this paper will discuss staff considerations for a 
potential revision to ISG-8, which may incorporate new data and computational techniques available for 
isotopic depletion and criticality code 
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Abstract/Keyterms: To support the ANSI/ANS-8.24 validation standard mandate, a few widely used 
similar statistical methods are compared, namely, the USLSTATS method development by the Oak Ridge 
National Laboratory, the WSMS method, and the GE USLSA method. All of these methods use the 
‘trending analysis’ technique, namely, the derivation of bias for an application is correlated to biases for 
benchmarks. All three methods provide a statistically-based linear regression analysis. Although the 
specific details of the statistical analysis vary between the three methods, the methods yield similar results 
for the biased keff function or value. 
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Abstract/Keyterms: Fuel manufacture operations have been conducted at the Springfields Fuels Limited 
Site in the United Kingdom (UK) for over 50 years. One of the main fuel manufacturing operations involves 
the production of uranium dioxide from uranium hexafluoride (UF6). A number of obsolete cylinders which 
were used to transport /store the UF6 material pending processing and the uranic residues post processing, 
remain in the UK. A process has been developed at Springfields as part of a commitment to the UK’s 
regulatory body (the Nuclear Installations Inspectorate), to recover any remaining uranics and dismantle / 
decommission the cylinders. Due to the age of the cylinders and the locations in which they had been held 
in the UK, one of the main challenges in producing the Criticality Safety Case has been the confirmation 
of the fissile inventories. A thorough review of historical operations related to the cylinders in the UK over 
the past 50 years was undertaken, which has required liaison with other UK sites to support the design and 
Safety Case production processes. The production of the Criticality Safety Case has been supported by the 
use of the 3D Monte Carlo neutronics code MONK to aid the determination of safe operating limits. 
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Abstract/Keyterms: SCALE 6 comes with some new java user interfaces. One of these is VIBE 
(Validation, Interpretation and Bias Estimation). VIBE assists users in locating sensitivity data files (SDF) 
in a file system, organizing the SDF into benchmark sets and exporting the benchmark sets for use in 
TSUNAMI-IP. VIBE will also collapse the sensitivity data to a user-defined group structure and present 
the collapsed data in a table. The data in the table can be sorted and filtered in sophisticated ways, (e.g., by 
specific nuclides, by specific reactions, by specific experiments, or by groups of experiments). The filtered 
data can be saved and then exported as a delimited txt file for further analysis in auxiliary software, such 
as Excel. Using VIBE, any number of filtered data sets can be created. For example, one can be created for 
each of the experiment types specified in the International Benchmarks (e.g., HEU, IEU, etc.), or one could 
be created for each experiment within a given benchmark set (e.g., lct009-01, lct009-02, lct009-03, 
…lct009-12, lct009-13). 
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Abstract/Keyterms: The “Criticality HazOp” technique, as developed at Hanford’s Plutonium Finishing 
Plant (PFP), has allowed for efficiencies enabling shortening of the time necessary to complete new or 
revised criticality safety evaluation reports (CSERs). For example, in the last half of 2007 at PFP, CSER 
revisions undergoing the “Criticality HazOp” process were completed at a higher rate than previously 
achievable. The efficiencies gained through use of the “Criticality HazOp” process come from the 
preliminary narrowing of potential scenarios for the Criticality analyst to fully evaluate in preparation of 
the new or revised CSER, and from the use of a systematized “Criticality HazOp” group assessment of the 
relevant conditions to show which few parameter/condition/deviation combinations actually require 
analytical effort. The “Criticality HazOp” has not only provided efficiencies of time, but has brought to 
criticality safety evaluation revisions the benefits of a structured hazard evaluation method and the 
enhanced insight that may be gained from direct involvement of a team in the process. In addition, involved 
personnel have gained a higher degree of confidence and understanding of the resulting CSER product. 
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Abstract/Keyterms: The TRIGA (Training, Research, Isotope production, General Atomics), reactor is 
the most widely used non-power nuclear reactor in the world. Sixty six TRIGA® reactors are running or 
under construction in 24 countries. These reactors are used in many diverse applications, including 
production of radioisotopes for medicine and industry, treatment of tumors, non destructive testing, basic 
research on the properties of matter, and for education and training. TRIGA® International, a joint venture 
company between General Atomics and CERCA, a wholly-owned subsidiary of AREVA NP, manufactures 
and sells TRIGA® fuel to research reactor. The CERCA Factory is currently the only Company in the world 
to manufacture this type of fuel. Criticality safety evaluations implement requirements to justify sufficient 
sub critical margins for fuel fabrication plants. Basic criticality data (i.e., criticality standards) are used to 
determine the sub critical margins for all processes involving enriched uranium. Safety analysis help to 
identify and update those standards to bound normal, abnormal and accidental conditions. The French 
criticality code package CRISTAL V1 was used to perform the calculations. After a brief description of the 
fuel design and the calculation scheme, this paper presents the results for the different types and media of 
TRIGA® fuel (powder, elements). Experimental benchmarks data were used for validation as well as 
comparative calculations with Monte-Carlo codes MORET 4 and MCNP. The criticality section of the 
safety analysis report supporting the actual TRIGA® workshops was reviewed to ensure the update of the 
criticality standards does not harm the safety of the installations 
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Abstract/Keyterms: This paper, which is limited to essentially dry solid systems where the majority of 
fissionable material has already been removed, discusses the bases for and features of a graded approach 
criticality safety program in which criticality can be documented not to be credible under all normal and all 
credible abnormal conditions. 
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Abstract/Keyterms: A criticality safety evaluation of an off-the-shelf vacuum container provided by 
Nilfisk, the GM-80CR®, has demonstrated the vacuum to be a favorable geometry for low enriched 
uranium (< 5 wt.%) fuel fabrication at the Global Nuclear Fuel – Americas facility in Wilmington, NC. A 
comparison of results from conservative and realistic three-dimensional Monte Carlo models created with 
the GEMER and MCNP5 computer codes are provided herein. These models considered a wide range of 
uranium form, mass, particle size and degree of water moderation. The forms of uranium included UO2 
and U3O8 powders, UO2 pellet grinder dust, and uniform UO2 spherical particles of various sizes. The 
evaluation included a nondestructive disassembly of the unit revealing carbon steel components in the 
integral fan and motor, and numerous inner cavities in which vacuumed particulate could collect. The 
carbon steel components were credited in the evaluation, as their presence was needed to reduce reactivity 
when the remaining cavities were filled with optimally moderated UO2. The efficiency of the main filter 
was also relied upon to minimize the volumes containing heterogeneous material. This information, along 
with the model results, allowed declaration of robust critically safety controls that could be reasonably 
implemented, yet remain unlikely to fail. 
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Abstract/Keyterms: AREVA NP as a worldwide PWR fuel provider has to have a fleet of fresh UO2 
shipping casks being agreed within a lot of countries including USA, France, Germany, Belgium, Sweden, 
China, and South Africa… and to accommodate foreseen EPR Nuclear Power Plants fuel buildings. To 
reach this target the AREVA NP Fuel Sector decided to develop an up to date shipping cask gathering 
experience feedback of the today fleet and an improved safety allowing the design to comply with 
international regulations (NRC and IAEA) and local Safety Authorities. Based on pre design features a 
safety case was set up to highlight safety margins. Criticality hypothetical accidental assumptions were 
defined: • Preferential flooding • Fuel rod lattice pitch expansion for full length of fuel assemblies • Neutron 
absorber penalty • … Well known computer codes, American SCALE package and French CRISTAL 
package, were used to check configurations reactivity and to ensure that both codes lead to coherent results. 
Basic spectral calculations are based on similar algorithms with specific microscopic cross sections 
ENDF/BV for SCALE and JEF2.2 for CRISTAL. The main differences between the two packages is on 
one hand SCALE’s three dimensional fuel assembly geometry is described by a pin by pin model while an 
homogenized fuel assembly description is used by CRISTAL and on the other hand SCALE is working 
with either 44 or 238 neutron energy groups while CRISTAL is with a 172 neutron energy groups. Those 
two computer packages rely on a wide validation process helping defining uncertainties as required by 
regulations in force. The shipping cask with two fuel assemblies is designed to maximize fuel isolation 
inside a cask and with neighboring ones even for large array configuration cases. Proven industrial products 
are used: • Boral™ as neutron absorber • High density polyethylene (HDPE) or Nylon as neutron moderator 
• Foam as thermal and mechanical protection The cask is designed to handle the complete AREVA fuel 
assembly types from the 14x14 to the 18x18 design with a 235U enrichment up to 5.0% enriched natural 
uranium (ENU) and enriched reprocessed uranium (ERU). After a brief presentation of the computer codes 
and the description of the shipping cask, calculation results and comparisons between SCALE and 
CRISTAL will be discussed. 
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Abstract/Keyterms: In the framework of its missions on the assessment of the criticality event, IRSN has 
decided to perform a new critical experimental program dealing with various structural materials to address 
the need of criticality calculation codes and nuclear data validation. Phase-1 of the MIRTE Program, which 
is on-going in the Valduc facility, will consist of 42 sub-critical approaches extrapolated to critical 
conditions using the neutron amplification method, including reproducibility and “reference”, also called 
replacement, experiments. The 42 experiments, which will be completed in the middle of the year 2010, 
will be used to evaluate the eventual bias due to test structural materials. 
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Abstract/Keyterms: This present article reviews the available formulae of estimating the total number of 
fissions for a fissile solution and suggests a new one. All these formulae are compared with experimental 
data and past criticality accidents. Assumptions and applicability of each formula are discussed. The heat 
loss phenomenon in the total number of fissions estimate is also discussed and a modification, applied to 
the new formula, is proposed to take into account this phenomenon. 
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Abstract/Keyterms: Chalk River Laboratories (CRL) is an Atomic Energy of Canada Limited (AECL) 
site located about 200 km northwest of Ottawa, Ontario, Canada on the Ottawa River. The site features two 
operating research reactors, several hot cells, fuel fabrication and processing facilities, various labs, 
extensive waste management areas, and various storage facilities for fissionable materials. For several 
decades, various activities involving fissionable materials have been carried out in support of research and 
development, various commercial activities, and to produce medical radioisotopes. The special nature of 
these materials required special controls to ensure that accidental nuclear criticality was prevented, and as 
such AECL had established controls to ensure that these activities were carried out safely. Recently, new 
conditions were included in the CRL operating licence, issued by the Canadian nuclear regulator, the 
Canadian Nuclear Safety Commission (CNSC) that were specific to nuclear criticality safety. These new 
conditions include the requirement to develop and implement a nuclear criticality safety program that meets 
various requirements, including the ANSI/ANS-8 standards. The development of this new program is 
underway and is expected to take several years to fully implement. 
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Abstract/Keyterms: In order to improve fuel cycle economics with securing critical safety, the 
development project on Erbia bearing Super High Burnup (Er-SHB) fuel with >5wt% uranium enrichment 
is in progress. In this project, a series of critical experiments of erbia loaded core have been performed at 
Kyoto University Critical Assembly (KUCA). In order to accumulate experimental data under various 
conditions, four erbia loaded critical cores have been constructed by changing averaged enrichment, erbia 
content, and H/U-235 ratio. Several experimental data such as criticality and erbia sample worth have been 
measured. In this paper, we will show the numerical analyses by using probabilistic and deterministic 
methods. As a result, the C/E values are evaluated by the Monte Carlo method can be predicted within 
0.998-1.004, thus the prediction accuracy of criticality for erbia loaded core is validated. For the erbia 
sample worth evaluated by the deterministic code, it could be generally concluded that significant 
discrepancy between calculation and measurement could not be observed. However, further study such as 
the treatment of heterogeneous effects in the fuel elements will be necessary to finalize the C/E values. 
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Abstract/Keyterms: The MCNP5 perturbation capability can be used to estimate keff sensitivities to 
isotopic reaction cross sections. Only the first-order Taylor term is needed, and the computed sensitivities 
are independent of the size of the perturbation. Accuracy of the perturbation estimate can always be tested 
for the total cross section. Two test problems are presented, a one-group fast reflected sphere and a 
continuous-energy homogeneous thermal sphere. Comparisons are made with direct estimates obtained by 
directly perturbing the one-group data and with TSUNAMI-3D results, respectively. The PERT card RXN 
keyword reaction numbers corresponding to TSUNAMI-3D reactions are given. The MCNP5 method 
becomes inaccurate when the fission source distribution is perturbed and is inaccurate for keff sensitivities 
to some scattering cross sections. 
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Abstract/Keyterms: Solutions of uranium nitrate, plutonium nitrate and actinides (Np, Am and Cm) are 
modeled as fully water reflected spheres. The nominal uranium and plutonium nitrate solution contains a 
total of 283 g (U + Pu)/L of which about 75% is uranium. The HNO3 molarity is chosen to 0.5. The Np, 
Am and Cm concentrations are 3, 10 and 3 g/L, respectively. These solutions are evaluated by MCNP5 
(ENDF/B VI, Release 6 cross sections) with a few KENOVA comparisons. 
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Abstract/Keyterms: Between 2004 and 2007, four campaigns of PWR MOX reprocessing were conducted 
in the UP2-800 facilities. The La Hague reprocessing Plant was initially designed for UOX fuels 
reprocessing. Thus, to adapt dissolution operating conditions for MOX fuel assemblies, studies had to be 
performed. Using the current production criticality codes, calculations have been realized for a given MOX 
composition to analyze the possibilities to reprocess these MOX fuel assemblies and to define the conditions 
to reprocess these fuels. To identify the best way to optimize this process, various parameters (burn up, 
cooling time, acidity of fissile solution, gadolinium concentration) have been studied in order to evaluate 
their impact on the reactivity for process equipment used after dissolution. These studies focus on process 
equipment of large capacities (infinite fissile medium) used after dissolution and then for a nitrate aqueous 
solution – UO2(NO3)2 + Pu(NO3)3. This paper demonstrates that the criticality calculations and analysis 
have been a major contributor to allow industrial reprocessing of MOX fuels in La Hague plant. Thus, using 
this method, dissolution operating conditions have been defined for MOX fuels. 
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Abstract/Keyterms: An instructional manual was created to guide criticality safety engineers through the 
technical aspects of designing a criticality alarm system (CAS) for Department of Energy (DOE) hazard 
class 1 and 2 facilities. The manual was structured such that it can be used by engineers designing 
completely new systems and by those who are working with existing facilities. Major design tasks are 
thoroughly analyzed to provide concise direction for how to complete the analysis. Regulatory and technical 
performance requirements were both addressed. 
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Abstract/Keyterms: A method of utilizing the Monte Carlo neutron transport code MCNP along with the 
coupled neutronic-thermoelastic criticality accident analysis code MRKJ has been examined for the 
purposes of determining flux and doses received in areas around a criticality excursion 
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Abstract/Keyterms: Due to the 2nd generation fuel (with higher enrichment and Gd absorber) recently has 
been planned to be introduced in the VVER-440 NPPs, the subcriticality of the given spent fuel storage 
might be proven by the implementation of the methods used in burnup credit. The accurate prediction of 
the nuclide inventory of irradiated fuel after unloading from the reactor is of importance for the 
determination of its neutron multiplication factor. The depletion of the pins in a core has a truly three-
dimensional nature and it is desirable to use and validate an appropriate algorithm for its simulation. The 
KARATE-440 code system which is used routinely by Paks NPP in Hungary comprises all the solvers 
needed for the fine mesh, global and nuclide composition calculations in hexagonal geometry. The cross 
sections used are based on the ENDF/B-VI (version 6.) library. For testing the capability of the KARATE-
440 code system developed by MTA KFKI AEKI, calculations of recently collected isotopic measurements 
for fission products and actinides from different cycles of the Russian Novovoronezh reactor were 
performed. Neutronic calculations were made for each fuel rod and each fuel assembly of all core loads 
used in the benchmarks. The measured and the calculated nuclide compositions were compared. The 
preliminary calculations are encouraging in connection with the capability of the code system and allow 
indicating the necessity of some more comprehensive measured PIE data. 
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Abstract/Keyterms: Fire-fighting advice in criticality-controlled areas has traditionally presented unique 
challenges to the nuclear industry, primarily because of the introduction of moderators / reflectors from 
water and foam and the potential rearrangement of materials. In an actual emergency, the decision to use 
water-based fire extinguishing methods is best influenced by a consensus between the criticality and fire 
specialists as part of the emergency planning process. A recent review of the fire-fighting arrangements at 
the site operated by Springfields Fuels Limited (SFL) in Preston in the United Kingdom has identified that 
more detailed guidance may be valuable relating to the specific areas and materials at risk, particularly to 
highlight the degree of risk and provide guidance on the risk of criticality if water-based fire extinguishing 
methods were deemed necessary. This has prompted consideration of a criticality ‘Fire Tag’ system, 
consisting of colour coded markers in the area (an immediate visual indicator of both the degree of risk and 
the appropriate fire-fighting response) and single sheet cards (specific guidance for the areas and materials 
at risk), with the process supported by appropriate training. The approach is currently being trialed on a 
small scale, and initial feedback from personnel has been positive. 
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Abstract/Keyterms: Subcritical measurements were performed with a reflected plutonium sphere. 
Polyethylene, acrylic, nickel, and tungsten reflectors, each with several thicknesses, were analyzed. The 
acquired data were analyzed using two subcritical techniques: the Feynman variance-to-mean method and 
the 252Cf Source-Driven Noise Analysis method. Overall, the system multiplication ranged from around 4 
for the bare plutonium sphere to around 10-20 for 3 inch reflectors. The results from both methods compared 
relatively well to Monte Carlo Calculations. 
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Abstract/Keyterms: The Beryllium Reflected Plutonium (BERP) ball is an alpha-phase plutonium sphere 
that has been used by LANL for critical and subcritical experiments. This work presents information 
regarding previous critical and subcritical measurements and includes calculations with many reflector 
materials of various thicknesses. These calculations are intended to provide guidance in the design of future 
experiments. 
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Abstract/Keyterms: The behavior and performance of absorber materials for use between single spheres 
of nuclear material and infinite water was studied. Initial calculations were performed to determine the 
optimal thickness of several absorber materials. The effectiveness of each absorber materials was then 
assessed, including situations in which the coupling affect between the nuclear material and water was 
reduced by displacing portions of the water reflector with polyurethane foam. 
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Abstract/Keyterms: Criticality safety analyses traditionally assume the reactivity reduction in spent fuel 
due to production of actinide neutron absorbers but not Fission Products (FP). This paper presents an 
approach to differentiate bias due to FPs, based on least-squares covariance matrix adjustment. The results 
of validation study presented in this article demonstrate performance the approach and potential of French 
FP experimental program. The bias and uncertainty due to six key FPs available in the experiments are 
projected to application system, which represents simplified model of spent fuel from innovative nuclear 
reactor with high burnup. 
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Abstract/Keyterms: Burnup Credit allows considering the reactivity decrease due to fuel irradiation in 
criticality studies for the nuclear fuel cycle. Its implementation requires to carefully analyze the validity of 
the assumptions made to define the axial profile of the burnup and void fraction (for BWR), to determine 
the composition of the irradiated fuel and to compute the criticality simulation. In the framework of Burnup 
Credit implementation for BWR fuel, this paper proposes to investigate part of these items. The studies 
presented in this paper concern: the influence of the burnup and of the void fraction on BWR spent fuel 
content and on the effective multiplication factor of an infinite array of BWR assemblies. A code-to-code 
comparison for BWR fuel depletion calculations relevant to Burnup Credit is also performed. 
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Abstract/Keyterms: The development of the Pebble Bed Modular Reactor (PBMR) entails the design of 
numerous systems for various purposes. One such system of significant importance is the Sphere Storage 
System (SSS) where fuel spheres that are unloaded from the core will be stored until the power plant has 
been decommissioned. Over and above the conventional safety analyses that one expects to be performed 
for any new system being designed, the SSS also requires a detailed Criticality Safety Analysis. The 
universally accepted effective neutron multiplication factor (keff) was used to indicate the margins of 
subcriticality for all the conditions modeled and a value of less than 0.95 was accepted as critical safe. This 
paper covers a variety of tasks, from the modeling of a single fuel sphere to modeling of the entire SSS for 
normal and various off-normal conditions, to the determination of keff values for the system under these 
conditions. Additional models were also created to investigate the phenomenon of clustering of low burnup 
fuel spheres. The entire study was conducted using the SCALE 5.1 computer code package. 
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Abstract/Keyterms: Traditionally, Monte Carlo radiation transport codes have been unable to tally adjoint-
weighted quantities in a robust and consistent way. A new framework based on the iterated fission 
probability interpretation of the adjoint flux is developed that solves this problem at minimal increase in 
CPU time. A derivation of adjoint-weighted tallies is presented along with a methodology for computing 
adjoint-weighted reactor kinetics parameters and first-order reactivity perturbations. Details are given for 
the implementation in the production MCNP code. The calculations are benchmarked to both experimental 
measurements and calculations with the discrete ordinates code, Partisn. 
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Abstract/Keyterms: In a classical criticality safety analysis of a system containing fissile material, one has 
to perform code validation exercises to determine the bias of the calculation tool(s) with regard to the 
application system. In comparison to this approach, the criticality analysis of a final geological repository 
for spent nuclear fuel faces two additional problems: 1) Insufficient knowledge of the future long term 
behavior of a repository in the post-closure phase, and 2) the validation of nuclear data for the material 
mixtures specific for the repository site. To face these drawbacks, different actions can be taken. For 
example by probabilistic, risk informed approaches, the risk of criticality can be quantified, or even 
excluded. This may be treated by analyzing scenarios e.g. by means of Monte Carlo Sampling, or 
comparable tools. For the creation of such time dependent geochemical models, numerical tools capable to 
regard for the relevant evolution of the chemical milieu are to be applied. The paper at hand presents some 
proposals to implement such advanced approaches into the “classical” criticality safety analysis for a final 
repository at a generic site. Additionally, it presents some approaches recently followed in Germany, where 
also guidance for probabilistic means is under discussion in the industrial standard (DIN) currently under 
development. 
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Abstract/Keyterms: In a recent criticality safety evaluation a recent criticality safety evaluation (CSE) of 
a commercial wet storage pool applying MCNPX-2.5.0 in combination with the ENDF/B-VII.0 and JEFF-
3.1 continuous energy cross section libraries, the maximum permissible initial fuel-enrichment limit for 
water reflected configurations was found to be dependent upon the applied neutron cross section library. 
More detailed investigations indicated that the difference is mainly caused by different sublibraries for 
thermal neutron scattering based on parameterizations of the S(α,β) scattering matrix. Hence an analysis of 
trends was done with respect to the low energy neutron flux in order to assess the S(α,β) data sets. First, 
when performing the trend analysis based on the full set of 149 benchmarks that were employed for the 
validation, significant trends could not be found. But by analyzing a selected subset of benchmarks clear 
trends with respect to the low energy neutron flux could be detected. The results presented in this paper 
demonstrate the sensitivity of specific configurations to the parameterizations of the S(α,β) scattering matrix 
and thus may help to improve CSE of wet storage pools. Finally, in addition to the low energy neutron flux, 
we also refined the trend analyses with respect to other key (spectrum-related) parameters by performing 
them with various selected subsets of the full suite of 149 benchmarks. The corresponding outcome using 
MCNPX 2.5.0 in combination with the ENDF/B-VII.0, ENDF/B-VI.8, JEFF-3.1, JEF-2.2, and JENDL-3.3 
neutron cross section libraries are presented and discussed. Evaluation (CSE) of a commercial wet storage 
pool applying MCNPX-2.5.0 in combination with the ENDF/B-VII.0 and JEFF-3.1 continuous energy cross 
section libraries, the maximum permissible initial fuel-enrichment limit for water reflected configurations 
was found to be dependent upon the applied neutron cross section library. More detailed investigations 
indicated that the difference is mainly caused by different sub libraries for thermal neutron scattering based 
on parameterizations of the S(α,β) scattering matrix. Hence an analysis of trends was done with respect to 
the low energy neutron flux in order to assess the S(α,β) data sets. First, when performing the trend analysis 
based on the full set of 149 benchmarks that were employed for the validation, significant trends could not 
be found. But by analyzing a selected subset of benchmarks clear trends with respect to the low energy 
neutron flux could be detected. The results presented in this paper demonstrate the sensitivity of specific 
configurations to the parameterizations of the S(α,β) scattering matrix and thus may help to improve CSE 
of wet storage pools. Finally, in addition to the low energy neutron flux, we also refined the trend analyses 
with respect to other key (spectrum-related) parameters by performing them with various selected subsets 
of the full suite of 149 benchmarks. The corresponding outcome using MCNPX 2.5.0 in combination with 
the ENDF/B-VII.0, ENDF/B-VI.8, JEFF-3.1, JEF-2.2, and JENDL-3.3 neutron cross section libraries are 
presented and discussed. 
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Abstract/Keyterms: TN International has applied for a license for the TN 24 E transport and storage cask 
with the German competent authority using a new Burn-up Credit (BUC) approach for PWR uranium oxide 
fuel assemblies based on actinides and six selected fission products. In order to enable the use of BUC for 
fission products, various experimental data have to be provided for the two important aspects of the 
criticality calculation. Firstly, post-irradiation examination (PIE) experiments for the verification of the 
calculated fission product concentrations have to be provided for each selected fission product. These data 
are then used to validate the depletion calculations. Secondly, experimental data for the criticality 
calculations in the form of critical benchmark experiments have to be provided. The submitted data will be 
investigated for their applicability to the TN 24 E transport and storage cask. Since the application is limited 
to six fission products only, the conservatism of the BUC approach can be further justified, as the reduction 
in reactivity from the remaining fission products (about 190) is not taken credit for. 
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Abstract/Keyterms: The longstanding criticality safety evaluation (CSE) for casting operations at Y-12 
National Security Complex (NSC) contains an analysis of briquettes in crucibles in which it is difficult to 
ascertain whether the analysis conservative. To investigate, a more realistic analysis approach was 
undertaken that incorporates critical experiments, briquette measurements, new computations, and credits 
a recently installed passive design feature. 
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Abstract/Keyterms: The Criticality Safety Evaluation Report (CSER) for the Hanford Tank Waste 
Treatment and Immobilization Plant (WTP) has been developed as a single, integrated evaluation with a 
scope that covers all of the planned WTP operations. This integrated approach is atypical, as the scopes of 
criticality evaluations are usually more narrowly defined. Several adjustments were made in developing the 
WTP CSER, but the primary changes were to provide introductory overview for the criticality safety control 
strategy and to provide in-depth analysis of the underlying physical and chemical mechanisms that 
contribute to ensuring safety. The integrated approach for the CSER allowed a more consistent evaluation 
of safety and avoided redundancies that occur when evaluation is distributed over multiple documents. 
While the approach used with the WTP CSER necessitated more coordination and teamwork, it has yielded 
a report is that more integrated and concise than is typical. The integrated approach with the CSER produced 
a simple criticality control scheme that uses relatively few controls. 
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Abstract/Keyterms: Following the accident at Tokai Mura, CEA is committed to each facility at risk of 
criticality in fissile aqueous media to "establish as a part of the readiness emergency plan (PUI)., a card 
dose that could arise out of the facility over the length of the accident, both inside and outside the site, 
allowing the swift access management ….". In this context, the development of the software CIRCEE was 
started for the calculation of Iso-doses in case of risk of criticality in the changing environment. More 
generally, the CIRCEE software meets 2 of 3 ALARA principles by a prior assessment of dose equivalent 
or dose in air, in order to prepare the Safety Report, the optimization of evacuation routes, the validation of 
the implementation of the consolidation point or the location of detection devices criticality accident 
(CAAS detectors), and in the context of crisis management to limit the consequences by preliminary 
estimation of effective dose 
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Abstract/Keyterms: Commercial nuclear power plant operation and regulation have made remarkable 
progress since the Three Mile Island Accident. This attributed largely to a heavy dose of introspection and 
self regulation by the industry and to a significant infusion of risk-informed and performance-based 
regulation by the Nuclear Regulatory Commission. This truly represents reality in action both by the plant 
operators and the regulators. On the other hand, the implementation of nuclear criticality safety in ex-reactor 
operations involving significant quantities of fissile material has not progressed, but, tragically, it has 
regressed. Not only is the practice of the discipline in excess of a factor of ten more expensive than decades 
ago; the trend continues. This unfortunate reality is attributed to a lack of coordination within the industry 
(as contrasted to what occurred in the reactor operations sector), and to a lack of implementation of risk-
informed and performance-based regulation by the NRC. While the criticality safety discipline is orders of 
magnitude smaller than the reactor safety discipline, both operators and regulators must learn from the 
progress made in reactor safety and apply it to the former to reduce the waste, inefficiency and potentially 
increased accident risks associated with current practices. Only when these changes are made will there be 
progress made toward putting realism back into nuclear criticality safety. 
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Abstract/Keyterms: The Hanford Tank Waste Treatment and Immobilization Plant (WTP) is under 
construction by Bechtel National, Inc. for the Department of Energy (DOE) Office of River Protection 
(ORP) and is designed to treat about 50 million gallons of mixed radioactive waste and immobilize it by 
vitrification into a glass matrix. Criticality safety during the processing of this waste is dependent upon the 
presence of absorbers to maintain subcriticality in both the liquid and solid phases of the waste. During 
processing, the waste will be subjected to a number of chemical processes that can cause a phase change of 
both the Pu and the absorbers relied upon to control the reactivity. The chemistry aspect of waste processing 
with respect to criticality safety is the subject of this paper. An important conclusion of this work is that the 
chemistry effects limit the potential for criticality safety adverse solid-to-liquid and liquid-to-solid phase 
transitions of the Pu and under situations where such transitions do occur, the absorbers will follow the Pu 
in sufficient amounts to ensure subcriticality. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission (NRC) is committed to the use of 
criticality alarms in areas where a criticality accident is credible based on the presence of fissile material. 
NRC regulated fuel cycle facilities include uranium enrichment facilities, LEU and HEU fuel fabricators, 
and smaller facilities performing various other operations. Because these facilities contain more than 
specified quantities of fissile material, they must comply with regulations at 10CFR70.24 which require 
criticality detection and warning systems in areas where fissile material is handled, stored, or processed. 
This paper discusses the basis for the NRC requirement versus other bases and discusses regulatory 
requirements for compliant alarm systems. Exemptions for reactor installations are summarized to give a 
sense of what NRC might look for when considering exemption requests. 
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Abstract/Keyterms: U.S. fuel cycle facilities licensed by the U.S. Nuclear Regulatory Commission (NRC) 
include fuel fabrication facilities and uranium enrichment facilities which implement criticality safety 
controls based on analysis of credible accident sequences. These facilities all rely on implementation 
procedures to place controls in service and management measures to ensure the continued availability and 
reliability of the implemented criticality safety controls. This paper will discuss the implementation process 
and various problems encountered by facilities during the implementation process. 
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Abstract/Keyterms: In criticality safety analysis uncertainty evaluations frequentist statistical 
methodologies are usually applied. However, as discussed in the paper on hand, hierarchical Bayesian 
procedures are superior to frequentist methods in taking account of all uncertainties in the parameters 
describing the nuclear fuel system to be analyzed, the parameters characterizing the benchmarks selected 
to estimate the bias of the applied criticality calculation code, and the nuclear data involved in the nuclear 
fuel system to be analyzed and in the selected benchmarks. 
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Abstract/Keyterms: Deterministic codes are usually used for critical parameters or one-dimension 
geometry calculations. Advantages of the use of deterministic codes are speed of the calculation and the 
absence of standard deviation on the keff results. Nevertheless, the deterministic results are affected by 
several intrinsic uncertainties as energetic condensation or self shielding. So the way to proceed at CEA 
expert criticality group (CEA/SERMA/CP2C) is to always check the main results (minimum critical or 
maximal permissible values and unmoderated values) with a punctual Monte Carlo calculation. These last 
years, in particular cases (pure actinide fissile media, exotic reflectors), large discrepancies have been 
observed between the keff calculated by the CRISTAL V1 route reference (continuous energy Monte Carlo 
code TRIPOLI-4) and the keff target (by the standard route APOLLO2-Sn). The problematic for these cases 
was how to transpose the keff discrepancies observed between standard and reference routes to the 
dimensions (mass, thickness…) or how to reduce the keff discrepancies using optimized options of the 
deterministic code. One solution to transpose discrepancies is to iterate on dimensions using a punctual 
Monte Carlo code to achieve the desired keff eigenvalue. But, the amount of time for obtaining a good 
standard deviation and the desired keff eigenvalue inside the Monte Carlo calculation uncertainty can 
quickly increase. The principle of the method presented in this paper is that the discrepancy between 
deterministic code and Monte-Carlo code, calculated at the same dimension, is low variable with the 
dimension. Therefore, correcting the keff eigenvalue on which the deterministic code converge with the 
discrepancy observed, leads to a dimension nearer to the true dimension (i.e. the dimension where Monte-
Carlo code keff calculation is close to the keff eigenvalue). If the keff eigenvalue is outside the Monte Carlo 
uncertainty, the discrepancy is recalculated and integrated inside a new deterministic calculation. A 
methodology was previously developed by CEA/SERMA/CP2C. This method is more efficient than the 
previous and has been tested using the Monte Carlo code TRIPOLI 4 (CRISTAL V1 reference calculation 
route) accelerated by the deterministic code APOLLO2-SN (CRISTAL V1 deterministic calculation route). 



 

C-16664 

16615…..…..…………………..…….……..……ID Number…………………..…..…………….16615 

Author: Page, Carolyn 

Title: Criticality Challenges in the Characterisation of Historic Waste Items 

Date: 9/17/2009 

Report: Richland_09 

Conference/Journal: Topical Meeting of the ANS Nuclear Criticality Safety Division, Richland, WA, 
United States, Sep 13 - Sep 17, 2009 

Conference Session: Renaissance 

Abstract/Keyterms: Various historic containers holding plutonium contaminated materials (PCM) are 
stored at the Sellafield Site. As part of a project to allow some of these to be moved to new facilities for 
long-term storage, they were assayed to provide an estimate of their fissile content. The assay results for 
one item, originally assigned a fissile mass of ‘>370g Pu’ in the 1980s, yielded a nuclear safety mass 
significantly in excess of this which meant it fell outside the requirements for long-term storage in the new 
facilities. This presented a significant challenge to complete the project of removal of these legacy items. 
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Abstract/Keyterms: STARBUCS is the SCALE sequence dedicated to criticality safety analyses 
employing burnup credit. STARBUCS enables simulation of important burnup credit phenomena, and its 
input options allow analysts or reviewers to investigate the impact on criticality safety of various 
assumptions related to the burnup credit calculation methodology for spent nuclear fuel in transport or 
storage casks. Options are provided to model the axial and radial burnup variations within a spent fuel 
assembly, to select the actinide and fission product nuclides to be included in spent fuel compositions, and 
to adjust the predicted inventories to account for isotopic composition bias and bias uncertainty. Sequence 
enhancements available with the SCALE 6 release include the capability to perform a burnup loading curve 
search and the ability to use continuous-energy Monte Carlo criticality calculations. This paper presents a 
review of the STARBUCS features available in SCALE 6, STARBUCS applications that illustrate the 
impact of various modeling assumptions on burnup loading curves, and a comparison between STARBUCS 
calculations using SCALE multi-group and continuous energy cross-section libraries in terms of computer 
time and keff results for various spent fuel configurations. 
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Abstract/Keyterms: Among the safety reports submitted to the nuclear safety authorities, a number of 
them raise the question of the criticality alarm accident system (CAAS) behavior in case of fire and 
particularly the risk of a false criticality alarm in this accidental situation. This present article reviews the 
experiments carried out by the French Institute for Radiological Protection and Nuclear Safety (IRSN) to 
assess the behavior of CAAS probes in case of fire. It sets out the main questions raised by these 
experiments results and gives some prospects for answers. 
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Abstract/Keyterms: Fifty-five gallon drums are routinely used within the U.S. for the storage and eventual 
disposal of fissionable materials as Transuranic or low-level waste. To support these operations, criticality 
safety evaluations are required. A questionnaire was developed and sent to selected Endusers at Hanford, 
Idaho National Laboratory, Lawrence Livermore National Laboratory, Oak Ridge and the Savannah River 
Site to solicit current practices. This questionnaire was used to gather information on the kinds of fissionable 
materials packaged into drums, the models used in performing criticality safety evaluations in support of 
operations involving these drums, and the limits and controls established for the handling and storage of 
these drums. The completed questionnaires were reviewed and clarifications solicited through individual 
communications with each Enduser to obtain more complete and consistent responses. All five sites have 
similar drum operations involving thousands to tens of thousands of fissionable material waste drums. The 
primary sources for these drums are legacy (prior operations) and decontamination and decommissioning 
wastes at all sites except Lawrence Livermore National Laboratory. The results from this survey and our 
review are discussed in this paper. 
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Abstract/Keyterms: New TSUNAMI tools of SCALE 6, TSURFER and TSAR, are demonstrated to 
examine the bias effects of small-worth test materials, relative to reference experiments. TSURFER is a 
data adjustment bias and bias uncertainty assessment tool, and TSAR computes the sensitivity of the change 
in reactivity between two systems to the cross-section data common to their calculation. With TSURFER, 
it is possible to examine biases and bias uncertainties in fine detail. For replacement experiments, the 
application of TSAR to TSUNAMI-3D sensitivity data for pairs of experiments allows the isolation of 
sources of bias that could otherwise be obscured by materials with more worth in an individual experiment. 
The application of TSUNAMI techniques in the design of nine reference experiments for the MIRTE 
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Abstract/Keyterms: VIBE is a new graphical user interface to identify and interpret sensitivity data from 
SCALE/TSUNAMI that was distributed with SCALE 6.0. VIBE enables users to group-collapse sensitivity 
data and then sort and filter the collapsed data to identify important processes in applications or 
experiments, providing an improved means of preselecting experiments for use in criticality code 
validation. VIBE also enables users to query DICE, the database of ICSBEP, to gain more information 
about experiments present in the handbook. Data from VIBE can be exported for criticality code validation 
studies with other TSUNAMI sensitivity and uncertainty analysis tools. VIBE also supports other 
sensitivity data distributed by ICSBEP and will be integrated with DICE for the 2009 release of the 
IHECSBE. 
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Abstract/Keyterms: This paper presents a method for determining partial biases and bias uncertainties for 
application in burnup credit safety analysis. Partial biases, i.e. bias contributions of a single fission product, 
are determined via the generalized linear least squares method (GLLSM). Sensitivity and uncertainty 
analysis then used to adjust partial biases to yield biases appropriate for the system of interest. A penalty is 
developed to account for non-similarity between the application and experiment system keff -sensitivities 
to the fission product cross-section. A method to sum several partial biases for a single fission product is 
also provided, which minimizes the expected penalty due to non-similarity. Finally, these methods are used 
to determine partial biases for 149Sm and 103 Rh from two experiments and apply these biases to a 
representative used fuel system. The value of the method is assessed by comparing the estimated partial 
biases to the bounding biases determined from cross-section covariance data. 
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Abstract/Keyterms: Implementation of the Double Contingency Principle (DCP) for defense-in-depth 
depends upon measures taken to prevent single failure cause of a criticality accident. In previously 
published work, the Markov method was shown to be useful for analyzing concurrency, and the 
independence of changes in process conditions was shown to be expressible quantitatively in terms of a 
correlation coefficient. Also in previously published work, interpretation of the correlation coefficient was 
broadened to include the augmentations of negative-definite values and of non-commutativity. In addition, 
previously published work examined the precepts of reliability analysis and the precepts of correlation 
analysis to show that the well-trodden path of the former can lead to more perceptive implementation of 
the latter, while the broadening of the latter can introduce new pathways to the former. In this paper, 
interactive effects of quantitative assessments of the likelihood, independence, and concurrency aspects of 
the DCP are examined. When such interactive effects are considered, the quantitative approach becomes 
more complex, and the use of related approaches, such as reliability analysis, becomes more limited. An 
illustrative example of the augmentations introduced in previous work is shown with consideration of 
interactive effects. 
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Abstract/Keyterms: Over the years, substantial progress has been made in developing nuclear data and 
computer codes to evaluate criticality safety for nuclear fuel handling. This state-of-the-art knowledge also 
has an economic impact. Increased understanding of uncertainties in safety margins allow rational and more 
economical designs for manipulation, storage and transportation of fissile materials. In the mid-nineties, 
several activities related to criticality-safety were grouped together into the Working Party on Nuclear 
Criticality Safety. Six expert groups co-ordinate various activities that run the gamut from experimental 
evaluations to code and data inter-comparisons, for the study of static and transient criticality behaviors. 
The various reports produced by the expert groups attempt to establish practical rules and identify 
applicable tools when appropriate. 
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Abstract/Keyterms: The core of the High Flux Isotope Reactor (HFIR) is composed of two concentric 
annular elements, inner and outer, each containing highly enriched uranium fuel as a mixture of triuranium 
octoxide (U3O8) and aluminum encapsulated within aluminum alloy plates. The fuel plates are of involute 
shape and the fuel within the plates has a distribution across the plate width. Previous KENO code validation 
efforts have used a relatively simple single region homogeneous fuel model for each of the two annular 
regions by assuming that the materials in each were homogenized within the total volume of the fueled 
region. The computed results have tended to be about 2 to 3% greater than experimentally measured results. 
To improve computed results, a multi-zone fuel model was developed and used to validate the KENO code. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission (NRC) issued its Interim Staff Guidance 
(ISG) Fuel Cycle Safety and Safeguards (FCSS)-ISG-10,”Justification for Minimum Margin of 
Subcriticality for Safety,” in 2006. The NRC developed this ISG in response to several licensee amendment 
requests for reduced margins of subcriticality for operational efficiency. FCSS-ISG-10 considers the 
minimum subcritical margin as arising from uncertainty about the ability to accurately calculate keff, and 
discusses five criteria that a reviewer should consider in making a risk-informed judgment of the adequacy 
of the margin: (1) conservatism in the calculational method; (2) confidence in adequacy and applicability 
of the criticality code validation; (3) sensitivity of the system to possible nuclear data errors; (4) other 
independent knowledge of subcriticality (e.g., knowledge of system neutronics); and (5) risk of attaining 
the modeled configuration. Even after the promulgation of this guidance, there seems to be the widespread 
impression that NRC is imposing an arbitrary margin of 5% on the nuclear industry. This paper discusses 
how the principles in FCSS-ISG-10 have been applied in recent licensing reviews, including new facility 
licensing. It also discusses how these principles could be broadened to make risk-informed decisions about 
the adequacy of the subcritical margin under repository conditions. 
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Abstract/Keyterms: Nuclear fuel cycle facilities, like much of the nuclear industry, are increasingly 
relying on digital instrumentation and control (DI&C) systems such as programmable logic controllers 
(PLCs) to maintain system variables for both production and safety purposes. Fuel cycle manufacturing 
processes are increasingly automated and relying on active engineered controls. Compliance with the 
double contingency principle requires that DI&C trains credited for criticality safety are independent. The 
additional requirements imposed as part of performing an Integrated Safety Analysis (ISA) in accordance 
with Title 10 of the Code of Federal Regulations (10 CFR) Part 70, Subpart H, mean that such DI&C 
systems must meet more stringent requirements than would otherwise be required to meet industry 
standards. This paper discusses the current status of the U.S. Nuclear Regulatory Commission’s (NRC’s) 
Digital I&C Working Group, and the requirements that would be imposed on such systems are a result of 
having to comply with the double contingency principle and the performance requirements of 10 CFR 
70.61. Existing applicable NRC Interim Staff Guidance is summarized, and several case studies from ISA 
technical reviews are presented. 
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Abstract/Keyterms: This paper presents the methodology used by the CEA for assessment of the errors 
and uncertainties due to the nuclear data. With this methodology, the information from the criticality-safety 
experiments is taken into account in the assessment of these parameters. It is based on the experiment 
representativity with respect to the studied application and on the statistical adjustment theory of the nuclear 
data. The second part describes the main features of the R.I.B. tool, a java software developed by the CEA, 
to determine computational bias and its associated uncertainty. The last part of this paper presents the results 
of the WPNCS/UACSA phase 1 benchmark exercise performed with the R.I.B. tool. 
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Abstract/Keyterms: Dual Purpose Canister-specific burnup credit criticality calculations were performed, 
omitting the criticality worth of relatively short-lived aluminum-based neutron absorber materials, in order 
to conservatively assess the feasibility of direct disposal of DPCs without repackaging into disposal 
canisters. Calculations using the actual isotopic content and loading position of each of the 32 spent fuel 
assemblies stored in each of two Holtec MPC-32 DPCs were performed, but without the neutron absorber 
materials. For already loaded DPCs, the results show that criticality safety cannot always be unequivocally 
demonstrated through using burnup credit alone. Criticality control, however, may be enhanced by the 
inclusion of moderator displacement by burnable poison rod assemblies (BPRAs) stored in the assemblies. 
For as-yet to be loaded DPCs, reactivity management during loading through emplacement of the least 
reactive spent assemblies in the center of the canister is also possible. Other options include placement of 
surrogate control rods, containing fresh, durable neutron absorber material, into center locations of the DPC; 
such an approach would permit any DPC to satisfy criticality safety for direct disposal. Repository 
calculations with partially flooded canisters showed much lower reactivities and the effect of cool time was 
also evaluated. 
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Abstract/Keyterms: Critical masses of bare metal spheres for 33 actinide isotopes, using the 
SCALE/XSDRNPM one-dimensional, discrete-ordinates system, as well as results from the new, 
continuous-energy version of the KENO Monte Carlo criticality codes, are presented. ENDF/B-VI, 
ENDF/B-VII, and JENDL-3.3 cross sections were used in the calculations. Results are given for isotopes 
of U, Np, Pu, Am, Cm, and Cf and for one isotope of Es. Calculated k-infinity values for 41 actinides are 
also given. For the no threshold or low-threshold fission nuclides, a good approximation for the nuclide k-
infinity is the value of nubar at 1 MeV. A correlation between the calculated critical mass (kg) and the 
fission spectrum averaged value of υσF is given for the elements U, Np, Pu, Cm, and Cf as CM (kg) = exp 
(A + B × ln(υσF)). (1) The values of A and B are element dependent and vary slightly for each of the five 
elements. The method described here is mainly applicable for no threshold fission nuclides (15 of the 33 
nuclides considered in this paper). We conclude that equation (1) is useful for predicting the critical mass 
for no threshold fission nuclides if we have accurate values of the fission spectrum averaged υσF. 
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Abstract/Keyterms: Twenty-nine years ago J. W. Behrens published a paper on the systematics of fission 
cross sections (3−5 MeV average). His study included 57 isotopes of elements ranging from radium through 
einsteinium (Z = 88 to 99). A systematic trend was seen for the element range from protactinium through 
curium. For a given element, the fission cross section decreased as the A-number increased. Fission cross 
sections are considerably more accurate now than those available in 1980. The current study represents an 
update of the Behrens study. Data for 11 elements and 53 nuclides were used. Trends for both the (Z,A) 
variation and the (2Z–N) correlation are demonstrated. The current study clearly shows that the trends are 
quite well represented by straight lines. The trend for the fission cross sections of a given element to 
decrease with increasing A-number is observed for values of A < 248. For A > 248 there is a trend for the 
fission cross section to increase with increasing A-number. 
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Abstract/Keyterms: Orders and Standards in achieving a robust program. The conference organizers 
requested my views on the qualities of robustness in a criticality safety program and the possible 
contribution of regulatory tools such as Orders and Standards to this objective. 
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Abstract/Keyterms: A series of burnup calculations was conducted for typical post irradiation 
experimental data prepared in SFCOMPO using JNES’s MVP-ORBURN code, which is a coupling codes 
of MVP-II and ORIGEN2. The analyzed cases cover a wide range of data including four pressurized water 
reactors (PWRs) and three boiling water reactors (BWRs). As long as the post-irradiation composition of 
major actinides applied in the Level 1 burnup credit are concerned, the calculation results of end of cycle 
(EOC) compositions obtained using the JENDL-3.3 nuclear data library showed a good agreement within 
a range of 10% discrepancy between the calculations and the experiments. Consequently, the code system 
is found to be sufficiently applicable to burnup credit evaluations. 
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Abstract/Keyterms: In 1974, a small innocuous document was submitted to the American Nuclear 
Society's Criticality Safety Division for publication that would have lasting impacts on this nuclear field 
The author was Duane Clayton, manager of the Battelle Pacific Northwest National Laboratory's Critical 
Mass Lab, the world's preeminent reactor critical experimenter with plutonium solutions. The document 
was entitled, 'Anomalies of Criticality'. 'Anomalies...' was a compilation of more than thirty separate and 
distinct examples of departures from what might be commonly expected in the field of nuclear criticality. 
Mr. Clayton's publication was the derivative of more than ten thousand experiments and countless analytical 
studies conducted world-wide on every conceivable reactor system imaginable: from fissile bearing 
solutions to solids, blocks to arrays of fuel rods, low-enriched uranium oxide systems to pure plutonium 
and highly enriched uranium systems. After publication, the document was commonly used within the 
nuclear fuel cycle and reactor community to train potential criticality/reactor analysts, experimenters and 
fuel handlers on important things for consideration when designing systems with critically 'safe' parameters 
in mind The purpose of this paper is to re-introduce 'Anomalies of Criticality' to the current Criticality 
Safety community and to add new 'anomalies' to the existing compendium. By so doing, it is the authors' 
hope that a new generation of nuclear workers and criticality engineers will benefit from its content and 
might continue to build upon this work in support of the nuclear renaissance that is about to occur. 
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Abstract/Keyterms: A novel approach is being explored that involves extraction of integral cross-sections 
for actinides, based on measured concentrations. The effort is primarily focused on Hanford and Savannah 
River information. In the early days of reactor operation, reliance on product quality was measured with 
state-of-the-art chemical and radiological methods. Examples from Hanford reactor data showing a method 
to extract integral cross-sections and how relationships between actinides, as a function of exposure, can be 
used to validate present day burn-up and transmutation codes. The effort will yield cross-sections and other 
parameters of particular value to criticality safety engineers designing new facilities, equipment, and 
processes for the next generation fuel cycles and formulation of new American National Standard 
Institute/American Nuclear Society Standards. 
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Abstract/Keyterms: The salt evaporator plant receives and concentrates active liquor waste streams, 
mainly from solvent washing processes in reprocessing plants. These streams normally carry trace 
quantities of fissile material. The plant had a very conservative criticality safety case. This safety case has 
been reviewed and revised, resulting in considerable simplification. When implemented this simplification 
will benefit the plant, in terms of reduced compliance complexity and in removing the reliance on 
obsolescent equipment 
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Abstract/Keyterms: Two series of experiments were performed at the Rocky Flats Critical Mass 
Laboratory during the 1980s using highly enriched (93%) uranyl nitrate solution in annular tanks. Tanks 
were of typical sizes found in nuclear production plants. Experiments looked at tanks of varying radii in a 
co-located set of nested tanks, a 1 by 2 array, and a 1 by 3 array. The co-located set of tanks had been 
analyzed previously as a benchmark for inclusion within the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments. The current study represents the benchmark analysis of the 1 
by 3 array of a series of nested annular tanks. of the seventeen configurations performed in this set of 
experiments, twelve were evaluated and nine were judged as acceptable benchmarks. 
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Abstract/Keyterms: Subcritical experiments using californium source-driven noise analysis (CSDNA) 
and Feynman variance-to-mean methods were performed with an alpha-phase plutonium sphere reflected 
by nickel shells, up to a maximum thickness of 7.62 cm. Both methods provide means of determining the 
subcritical multiplication of a system containing nuclear material. A benchmark analysis of the experiments 
was performed for inclusion in the 2010 edition of the International Handbook of Evaluated Criticality 
Safety Benchmark Experiments. Benchmark models have been developed that represent these subcritical 
experiments. An analysis of the computed eigenvalues and the uncertainty in the experiment and methods 
was performed. The eigenvalues computed using the CSDNA method were very close to those calculated 
using MCNP5; however, computed eigenvalues are used in the analysis of the CSDNA method. 
Independent calculations using KENO-VI provided similar eigenvalues to those determined using the 
CSDNA method and MCNP5. A slight trend with increasing nickel-reflector thickness was seen when 
comparing MCNP5 and KENO-VI results. For the 1.27-cm-thick configuration the MCNP eigenvalue was 
approximately 300 pcm greater. The calculated KENO eigenvalue was about 300 pcm greater for the 7.62-
cm-thick configuration. The calculated results were approximately the same for a 5-cm-thick shell. The 
eigenvalues determined using the Feynman method are up to approximately 2.5% lower than those 
determined using either the CSDNA method or the Monte Carlo codes. The uncertainty in the results from 
either method was not large enough to account for the bias between the two experimental methods. An 
ongoing investigation is being performed to assess what potential uncertainties and/or biases exist that have 
yet to be properly accounted for. The dominant uncertainty in the CSDNA analysis was the uncertainty in 
selecting a neutron cross-section library for performing the analysis of the data. The uncertainty in the 
Feynman method was equally shared between the uncertainties in fitting the data to the Feynman equations 
and the neutron multiplicity of 239Pu. Material and geometry uncertainties in the benchmark experiment 
were generally much smaller than uncertainties in the analysis methods. 



 

C-16687 

16638…..…..…………………..…….……..……ID Number…………………..…..…………….16638 

Author: Briggs, J. Blair / Scott, Lori / Rugama, Yolanda / Sartori, Enrico 

Title: Recent Additions of Criticality Safety Related Integral Benchmark Data to the ICSBEP and IRPHEP 
Handbooks 

Date: 9/17/2009 

Report: Richland_09; INL/CON-09-15827 

Conference/Journal: Topical Meeting of the ANS Nuclear Criticality Safety Division, Richland, WA, 
United States, Sep 13 - Sep 17, 2009 

Conference Session: Renaissance 

Abstract/Keyterms: High-quality integral benchmark experiments have always been a priority for 
criticality safety. However, interest in integral benchmark data is increasing as efforts to quantify and reduce 
calculational uncertainties accelerate to meet the demands of future criticality safety needs to support next 
generation reactor and advanced fuel cycle concepts. The importance of drawing upon existing benchmark 
data is becoming more apparent because of dwindling availability of critical facilities worldwide and the 
high cost of performing new experiments. Integral benchmark data from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments and the International Handbook of Reactor Physics 
Benchmark Experiments are widely used. Benchmark data have been added to these two handbooks since 
the last Nuclear Criticality Safety Division Topical Meeting in Knoxville, Tennessee (September 2005). 
This paper highlights these additions. 
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Abstract/Keyterms: The Advanced Test Reactor Fresh Fuel Shipping Container (ATR FFSC) is currently 
licensed per 10 CFR 71 to transport a fresh fuel element for either the Advanced Test Reactor, the 
University of Missouri Research Reactor (MURR), or the Massachusetts Institute of Technology Research 
Reactor (MITR-II). During the licensing process, the Nuclear Regulatory Commission (NRC) raised a 
number of issues relating to the criticality analysis, namely (1) lack of a tolerance study on the fuel and 
packaging, (2) moderation conditions during normal conditions of transport (NCT), (3) treatment of minor 
hydrogenous packaging materials, and (4) treatment of potential fuel damage under hypothetical accident 
conditions (HAC). These concerns were adequately addressed by modifying the criticality analysis. A 
tolerance study was added for both the packaging and fuel elements, full-moderation was included in the 
NCT models, minor hydrogenous packaging materials were included, and fuel element damage was 
considered for the MURR and MITR-II fuel types. 
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Abstract/Keyterms: Monte Carlo methods have been used to compute keff and the fundamental mode 
eigenfunction of critical systems since the 1950s. While such calculations have become routine using 
standard codes such as MCNP and SCALE/KENO, there still remain 3 concerns that must be addressed to 
perform calculations correctly: convergence of keff and the fission distribution, bias in keff and tally results, 
and bias in statistics on tally results. This paper provides a review of the fundamental problems inherent in 
Monte Carlo criticality calculations. To provide guidance to practitioners, suggested best practices for 
avoiding these 
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Abstract/Keyterms: Neutron detectors and control panels transferred from the Rocky Flats Plant (RFP) 
were recalibrated and retested for redeployment to the CEF. Testing and calibration were successful with 
no failure to any equipment. Detector sensitivity was tested at a TRIGA reactor, and the response to thermal 
neutron flux was satisfactory. MCNP calculated minimum fission yield ({approx} 2 x 10{sup 15} fissions) 
was applied to determine the thermal flux at selected detector positions at the CEF. Thermal flux levels 
were greater than 6.39 x 10{sup 6} (n/cm{sup 2}-sec), which was about four orders of magnitude greater 
than the minimum alarm flux. Calculations of detector survivable distances indicate that, to be out of lethal 
area, a detector needs to be placed greater than 15 ft. away from a maximum credible source. MCNP 
calculated flux/dose results were independently verified by COG. CAAS calibration and the testing 
confirmed that the RFP CAAS system is performing its functions as expected. New criteria for the CAAS 
detector placement and 12-rad zone boundaries at the CEF are established. All of the CAAS related 
documents and hardware have been transferred from LLNL to NSTec for installation at the CEF high bay 
areas. 
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Abstract/Keyterms: The U.S. Department of Energy supports a nuclear criticality safety bibliographic 
internet database that contains approximately 15, 000 records. We are working to ensure that a substantial 
portion of the corresponding hardcopy documents are preserved, digitized, and made available to criticality 
safety practitioners via the Nuclear Criticality Safety Program web site. 
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Title: Design and Criticality Considerations for 9977 and 9978 Shipping Packages 

Date: 9/17/2009 

Report: Richland_09; LLNL-TR-409695 

Conference/Journal: Topical Meeting of the ANS Nuclear Criticality Safety Division, Richland, WA, 
United States, Sep 13 - Sep 17, 2009 

Conference Session: Renaissance 

Abstract/Keyterms: Savannah River National Laboratory (SRNL) has developed two new, Type B, state-
of-the-art, general purpose, fissile material Shipping Packages, designated as 9977 and 9978, as 
replacements for the U.S. Department of Transportation (DOT) specification 6M container. The packages 
accommodate plutonium, uranium, and other special nuclear materials in bulk quantities and in many forms 
with capabilities exceeding those of the 6M. A nuclear criticality safety evaluation demonstrates the safe 
configurations of the new shipping container for plutonium and uranium metal/oxide loading under various 
conditions for the Safety Analysis Report for Packaging (SARP). The evaluation is in compliance with the 
performance requirements of 10CFR 71, specifically 10CFR71.55 and 71.59. The criticality safety index 
(CSI) is 1.0 for most of the contents (Max. Pu Loading -4.4 kg). 
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Title: DANTSYS3.0, 1-D, 2-D MultiGroup Discrete Ordinate Method Transport 

Date: 1/1/1997 

Report: RISCC Computer Code Collection CCC-547 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Heterogeneous Reactor Theory: 2 Group, 3 Dimensional Theory for Reflected Lattices 

Date: 1/1/1967 

Report: RISO-M--645 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Algol; Analysis; Computers; 
Configuration; Criticality; Digital Systems; GIER; Group Theory; HETPOL 3-Code; IBM 7090; 
Programming; Reactor Core; Reactors; Reflectors; SOUSI 3DR-Code; SOUSI-Code 
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Title: N-SOUSI: A 2-Dimensional Heterogeneous Multigroup-Programme 

Date: 1/1/1969 

Report: RISO-M--926 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Computers; Criticality; Digital Systems; N-Sousi Code; 
Neutron Flux; Programming; Reactors 
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Author: Gillet, J. 

Title: Specific Risks with Uranium 

Date: 1/1/1992 

Report: RITMB, 1, 31-40 

Conference/Journal: Rayonnements Ionisants. Techniques de Mesures et de Protection (France) 

Conference Session:  

Abstract/Keyterms: Risks of Uranium 
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Title: Transuranium Elements and High Toxicity Alpha Emitters = Curium 244 

Date: 1/1/1991 

Report: RITMB, 3, 41-56 

Conference/Journal: Rayonnements Ionisants. Techniques de Mesures et de Protection (France) 

Conference Session:  

Abstract/Keyterms: 244 Curium / Transuranium Element / Alpha Emitter 
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Author: Simonetta, R. / Bedini, R. 

Title: Criticality Analysis for Isolated Unit Containing Solutions of 235U 

Date: 1/1/1967 

Report: Riv. Ing. Nucl., 5: 1329-1340 

Conference/Journal: Riv. Ing. Nucl., 5: 1329-40(Mar.-June 1967) 

Conference Session:  

Abstract/Keyterms: Uranium Isotopes U-235 / Criticality Analysis of Moderated Unit Containing 
Solutions of; Reactor Fuel Elements / Reprocessing of Enriched, Criticality Analysis of Moderated Unit 
Containing Solutions of Uranium- 235 
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Title: Program for Startup of an Organic Moderated Reactor 

Date: 5/1/1964 

Report: Rivista di Ingegneria Nucleare (Italy) Vol: 2 

Conference/Journal: Rivista di Ingegneria Nucleare (Italy) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control; Criticality; 
Efficiency; Fuel Elements; Numericals; Power; Power Plants; Pressure; Production; Reactivity; Reactor 
Fueling; Reactors; Standards; Startup; Temperature; Xenon 
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Title: Approach to Criticality of the Enrico Fermi Electronuclear Power Plant 

Date: 6/1/1965 

Report: Rivoluzione Industriale (Italy); Vol: 138 

Conference/Journal: Rivoluzione Industriale (Italy) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Criticality; Operation; 
Power Plants; Pressure; Reactors; SELNI; Water Moderator 
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Title: Safe—Secure Transportation, Who is Responsible 

Date: 9/22/1974 

Report: RLO-SA--74-1; CONF-740901--1 

Conference/Journal: International symposium on packaging and transportation of radioactive materials/ 
22 Sep 1974/ Miami Beach, Florida, USA 

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Radioactive Materials- 
Transport; Criticality; Legal Aspects; Packaging; Quality Control; Radiation Hazards; Reliability; Safety 
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Author: Skidmore, S. M. / Bowers, C. E. 

Title: Criticality Predictions in the Hanford Reactors 

Date: 3/31/1965 

Report: RL-REA-2032 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this study was to examine the general area of criticality prediction 
errors at the smaller (“pre-K”) reactors. Such errors evolve from a number of uncertainties which are 
difficult if not impossible to eliminate with present measuring and accounting techniques; the magnitude 
of these uncertainties in aggregate was indicated in an earlier study about 1.5 milli-k, which, at the time of 
the study, represented an “inherent” prediction error that constituted a practical limit on accuracy. Present 
day computer usage has improved considerably upon this. Predictions at the various Hanford reactors are 
made on the basis of a fundamental pile variable known as cold clean reactivity. This variable may be 
qualitatively defined as the ultimate reactivity of the room temperature reactor with all poisons and 
poisonous short-term fission products removed. The quantity CCR may be determined during operation by 
properly evaluating the temperature-reactivity coefficients C{sub m} and C{sub g}, or it may alternatively 
be determined at startup, when these effects are zero and the equation reduces to CE = R + {rho}{tau} + L 
+ P4. The latter equation serves as the basis for the uniform calculational approach used herein. 
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Author: Hamrick, J. P. 

Title: Spatial Kinetics in Large Reactors 

Date: 1/1/1965 

Report: RL-SA-45A and Suppl.; CONF-651101-62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Distribution; Errors; Neutron 
Flux; Power; Reactivity; Reactors; Variations 
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Author: Warren, J. H. 

Title: Criticality Safety of Fissile Material in the Chemical Processing Department 

Date: 7/28/1965 

Report: RL-SEP-389 (rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Chemical Reactions; Criticality; Fissionable Materials; Safety; 
Tables; Transport 
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Title: Supplemental Critical Mass and Chemical Hazards Control Specifications Handling and Storage of 
Shippingport Reactor Blanket Fuel at T. Plant 

Date: 4/26/1965 

Report: RL-SEP-466 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Blankets; Buildings; Burnup; Canning; Configuration; Criticality; 
Fuel Elements; Fuels; Irradiation; Power Plants; Pressure; Reactors; Remote Handling; Reprocessing; 
Safety; Shippingport; Standards; Storage; Uranium Dioxide; Water Coolant; Zircaloy; Zirconium Alloys 
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Author: Clayton, E. D. / Geier, R. G. / Leverett, M. C. 

Title: Thorium Processing Nuclear Safety Review 

Date: 12/1/1965 

Report: RL-SEP-866 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A review of the nuclear safety aspects of a proposal to process about 150 to 250 tons 
of thorium containing about one kilogram U-233 per ton has been made. The review was made at the request 
of the Chemical Processing Department in whose Purex plant the thorium processing will be carried out. 
The review group finds that the proposed operation can be conducted with no more risk of criticality than 
attends the standard plutonium processing in Purex, provided the safeguards planned by the Department 
are carried out. The review group also has developed some suggestions by which the Chemical Processing 
Department could enhance its nuclear safety position in all its processing of fissionable materials. These 
suggestions take the form of hazards analysis procedure additions and formalization and interpretation of 
criteria. These suggestions are not meant to imply that present operations in CPD are unsafe, but rather that 
a continuation of the past trend of upgrading safety is desirable in order to cope with more complex, 
dynamic and potentially more hazardous future operations. 
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Author: Safonov, G. 

Title: The Criticality and Some Potentialities of "Cavity Reactors" 

Date: 7/17/1955 

Report: RM-1520 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Does not contain data; describes input types and format for a data bank primarily 
intended for deployed weapons components. 
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Author: Safonov, George 

Title: The Criticality and Some Potentialities of Cavity Reactors (Abridged) 

Date: 7/17/1955 

Report: RM-1835(RAND); AD-112410 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Beryllium; Blankets; Configuration; Criticality; Density; Economics; 
Equations; Fissionable Materials; Graphite; Heavy Water; Moderators; Plutonium 239; Reactivity; Reactor 
Core; Reactors; Reflectors; Uranium 233; Uranium 235; Volume; Zones 
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Author: Pinkel, B. / Young, G. B. W. 

Title: A Correlation of the Critical Conditions for Homogeneous Bare Reactors 

Date: 10/29/1958 

Report: RM-2280(RAND) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method for correlating, over a wide range of moderator-to-uranium ratios, the 
critical conditions for homogeneous bare reactors having various types of moderators is given. The method 
is applied to the results of an eighteen-group analysts of homogeneous bare reactors and to some 
experimental results, and good correlation is obtained. This correlation shows the effect of the nuclear 
properties of the reactor materials on the criticality conditions and permits these conditions to be estimated 
for other bare reactors. 
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Author: Harris, T. E. 

Title: On One-Dimensional Neutron Multiplication 

Date: 1/18/1960 

Report: RM-2317(RAND) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An idealized neutron-multiplication problem is treated in which neutrons move left 
or right in a one-dimensional body and undergo fission with doubling. The probability distribution of the 
total number of neutrons produced by aa initial trigger neutron is examined. Special attention is given to 
the case where the length of the body is exactly critical. 
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Author: Millikin, T. W. 

Title: Neutron Branching Processes 

Date: 1/1/1961 

Report: RM-2693(RAND) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron population in a nuclear reactor is studied as a branching process. New results 
on the extinction probability of a supercritical reactor near the critical dimension are presented as an 
extension of T. E. Harris' results. Parts of the theory of branching processes also are presented. The results 
apply to spheres, infinite slabs, and rods with the assumptions of constant neutron energy and isotropic 
collision-fission processes. The assumption of homogeneity is made, although similar results can be 
obtained in nonhomogeneous cases of restricted types. A new computational method is developed for 
estimating the critical dimension and the steady-state flux for supercritical reactors; this method replaces 
the eigenvalue problem of transport theory by a nonlinear functional equation solvable by iteration. 
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Author: Mullikin, T. W. 

Title: Limiting Distributions for Critical Multitype Branching Processes with Discrete Time 

Date: 12/1/1961 

Report: RM-2869-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: For a fairly general class of critical branching processes (i.e., processes in which the 
maximum eigenvalue of the expectation operator for one generation = l), the population size of the n/sup 
th/ generation is investigated, assuming the n/sup this/ generation is not empty. Properties of Branch spaces 
are used to show that certain conditional probability distributions defined for the n/ sup th/ generation have 
exponential lilting distributions as n tends to infinity. The results are used to examine an idealized spherical 
reactor containing monoenergetic neutrons. 
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Author: Mullikin, T. W. 

Title: Estimates of Critical Dimensions of Spherical and Slab Reactors 

Date: 1/1/1962 

Report: RM-2917-PR; AD-270639 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Under the assumptions of constant energy of neutrons and isotropy of the collision-
fission process, the determination of the critical mass of spherical and slab reactors is equivalent to the 
determination of two of the eigenvalues of a linear integral operator T. In the theory of radiative transfer in 
homogeneous plane parallel atmospheres with isotropic scattering, this same operator is an important one 
known as the truncated Hopf operator. The theory also applies to stratified slab and spherical reactors in 
which the physical properties can change from stratum to stratum. This observation is developed and then 
applied to reactors with a homogeneous core surrounded by a homogeneous reflector. Numerical results 
are given for the bare homogeneous reactors. 
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Author: Pinkel, B. / Leonard, A. / Young, G. B. W. 

Title: A Simple Method of Determining the Effect of Reactor Temperature on Criticality Conditions 

Date: 6/1/1963 

Report: RM-3089-PR 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis made of the effect of reactor temperature on criticality conditions, and 
simple relations are obtained for calculating these effects. The buckling (and hence reactor size for 
criticality) may be expressed as a function of the fission, capture, and scatter cross sections of the reactor 
materials averaged over the flux spectrum. If these parameter averages are known for one reactor 
temperature, then the simple relations derived allow computation for other reactor temperatures. A 
substantial simplification of the analysis results from the assumption that the major part of the influence of 
reactor temperature comes from the changes in the cross sections and in the values of the flux distribution 
in the vicinity of thermal energy. Good agreement is obtained between the values computed from the 
equations and the values obtained from an 18- group machine calculation performed for a series of reactors 
covering a temperature range from 25 to 1450 deg C, 



 

C-16715 

16666…..…..…………………..…….……..……ID Number…………………..…..…………….16666 

Author: Leonard, A. / Mullikin, T. W. 

Title: Solutions to the Criticality Problem for Spheres and Slabs 

Date: 7/1/1962 

Report: RM-3256-PR; AD-278477 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study is presented of the problem of determining the relation between the critical 
size of homogeneous slab and spherical reactors and neutron production, with the assumption that the 
energy of neutrons is constant. Equations were derived for the slab with anisotropic scattering. The solution 
of these equations was studied for isotropic scattering. 
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Author: Safonov, G. 

Title: A Brief Description of Some RAND Reactor Studies 

Date: 5/21/1952 

Report: RM-847 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Safonov, G. 

Title: A Study of Bare Homogeneous Water Moderated Reactors Employing U-233, U-235, and Pu-239 
for Fuel 

Date: 1/1/1952 

Report: RM-892 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n.a. 

Title: Semiannual Progress Summary, July--December 1970 

Date: 1/1/1971 

Report: RMI--16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials-Metals & Alloys-Preparation & Fabrication; 
Reactor Components, Fuels & Accessories; Anisotropy; Cold Working; Configuration; Control; Criticality; 
Design; Efficiency; Extrusion; Fuel Elements; Metals; Nitric Acid; Pickling; Pressure; Pyrometers; 
Surfaces; Temperature; Uranium; Variations 
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Author: Clements, D. F. / Williams, W. B. / McCullough, R. F. / Wrege, E. E. 

Title: Uranium Production Process Designs for Leached Zone Plants. Volume XIII. Wet Mining, Sulfuric 
Acid Digestion, Uranium Recovery Processes 

Date: 9/1/1953 

Report: RMO-2025; IMCC-2077 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Aluminum; Boiling; Canning; Coating; Convection; Cooling; Criticality; 
Cylinders; Fuel Elements; Heat Transfer; Multiplication Factors; Power; Reactors; Research Reactors; 
Stainless Steels; Temperature; Uranium 235; Uranium Dioxide; Water Coolant; Water Moderator 
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Author: n.a. 

Title: Gaseous Core Reactor Analysis. A Proposal to Lewis Research Laboratory 

Date: 4/10/1964 

Report: RN--64005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nerva Reactor; Neutron Diffusion Equation; Neutron Transport Theory 
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Author: n. a. 

Title: Gaseous Core Reactor Analysis. A Proposal to Lewis Research Laboratory 

Date: 5/25/1964 

Report: RN-64005A(Fol.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor; Neutron Diffusion Equation; Neutron Transport 
Theory 
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Author: n.a. 

Title: Gaseous Core Reactor Analysis. A Proposal to Lewis Research Laboratory 

Date: 5/25/1964 

Report: RN--64005A(Fol.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nerva Reactor; Neutron Diffusion Equation; Neutron Transport Theory 
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Author: Haertjens, B. L. 

Title: NTO Health and Safety Criticality Control Manual 

Date: 5/1/1964 

Report: RN-NTO-HB-0002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Test Facilities; Criticality; Manuals; Reactor 
Safety 
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Title: The Atomic Rocket Motor. Part III 

Date: 12/1/1949 

Report: Rocketscience; Vol: 3-4 qtly 

Conference/Journal: Rocketscience 

Conference Session:  

Abstract/Keyterms: Physics; Criticality- Cross Sections- Energy- Losses- Motors- Planning- Reactors- 
Rockets; Earth- Gravitation- Motors- Planning- Reactors- Rockets; Fast Neutrons- Fission- Motors- 
Planning- Reactors- Rockets- Thermal Neutrons; Fluids- Motors- Nozzles- Planning- Reactors- Rockets- 
Temperature- Velocity 
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Author: Ing, H. / Cross, W. G. 

Title: Use of Compiled Spectra for Determining Neutron Doses in Criticality Accidents 

Date: 1/1/1981 

Report: RPDOD, 01, 1, 11-17 

Conference/Journal: Radiation Protection Dosimetry (England) 

Conference Session:  

Abstract/Keyterms: Monte Carlo calculations have been made of leakage spectra from fission and 
moderated-fission sources shielded by various common materials from hydrogenous shields to U metal. 
For these spectra, average cross sections have also been computed for several criticality dosemeters of the 
activation and damage track type, along with kerma, maximum recoil dose, neutron-generated gamma dose 
and dose equivalent per unit fluence. These calculated data were used to interpret readings of criticality 
dosemeters and the accuracy of the estimated dose was examined when the dosemeters are assumed to be 
exposed to neutrons escaping from various existing critical assemblies. For most of the assemblies studied, 
a dosemeter containing In and S detectors is capable of providing dose estimates to within the ± 25% 
accuracy recommended by an IAEA panel. In all the cases, the addition of either a Np or Rh detector to the 
dosimetry yields dose estimates to the required accuracy. 
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Author: Holt, P. D. 

Title: Passive Detectors for Neutron Fluence Measurement 

Date: 1/1/1985 

Report: RPDOD, 10 ,1-4, 251-264 

Conference/Journal: Radiation Protection Dosimetry (England) 

Conference Session:  

Abstract/Keyterms: Neutron Activation Detectors / Fission Track Detectors 
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Title: Nuclear Accident Dosimetry 

Date: 1/1/1985 

Report: RPDOD, 10, 1-4, 237-249 

Conference/Journal: Radiation Protection Dosimetry (England) 

Conference Session:  

Abstract/Keyterms: Nuclear accident dosimetry is concerned with rapid identification and subsequent 
dose assessment for personnel following a criticality accident. For such an acute exposure the neutron and 
gamma ray components of the maximum surface absorbed dose to the body are determined. The initial 
segregation methods, and the techniques used to measure the thermal, intermediate energy, and fast neutron 
components of the dose are described. Activation and fission track detectors are the most widely used 
techniques. Details are given of dosimetry systems employing both personnel and area dosemeters, and the 
various methods of interpretation used to derive a dose assessment are described. The overall precision and 
accuracy of dosemeter measurements is discussed with reference to the results of intercomparisons with 
different neutron leakage spectra. It is suggested that further work is required to improve the accuracy of 
measurement in moderated neutron fields. 
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Author: Sims, C. S. / Dickson, H. W. 

Title: Neutron Dosimetry Intercomparison Studies 

Date: 1/1/1985 

Report: RPDOD, 10, 1-4, 331-340 

Conference/Journal: Radiation Protection Dosimetry (England) 

Conference Session:  

Abstract/Keyterms: Twenty nuclear accident dosimetry intercomparison studies and nine personnel 
neutron dosimetry intercomparison studies have been conducted at the Oak Ridge National Laboratory. 
More than 100 organisations have participated in these annual studies. The studies are described, the 
participation is analysed, the dosemeters tested are discussed, detailed references are cited, and study results 
and conclusions are presented. The results and conclusions are a summary of the status of neutron 
dosimetry. 
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Title: Calculation of the Average Solid Angle Subtended by a Detector to Source in a Parallel Plane by a 
Monte Carlo Method 

Date: 1/1/2002 

Report: RPDOD, 102, 365-369 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Nuclear Accident Dosimetry - An Overview 

Date: 10/1/1987 

Report: RPDOD, 23, 1-4, 143-149 

Conference/Journal: Symposium on neutron dosimetry, Neuherberg, F.R. Germany, 12 Oct 1987 

Conference Session:  

Abstract/Keyterms: Identification / Exposed Personnel / Criticality Accident / Neutron / Gamma Ray 
Components of Dose/ Nuclear Accident Dosimetry 
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Title: 114In m as a Long Half-Life Exposure Indicator for Criticality Accident Dosimetry 

Date: 1/1/1995 

Report: RPDOD, 58 (1), 5-9 

Conference/Journal: Radiation Protection Dosimetry (United Kingdom) 

Conference Session:  

Abstract/Keyterms: Indium / International Intercomparison Experiment / Silene 
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Title: Performance Characteristics of a High-Level Solid-State Personnel Dosimetry System in Pulsed 
Radiation Environments 

Date: 1/1/1986 

Report: RPDODE, 15 (2), 109-115 

Conference/Journal: Radiation Protection Dosimetry (England) 

Conference Session:  

Abstract/Keyterms: Health Physics Research Reactor / Oak Ridge National Laboratory / A High-Level / 
Solid-State / Personnel Dosimetry 
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Title: Criticality Accident Dosimetry: An International Intercomparison at the SILENE Reactor 

Date: 11/1/1995 

Report: RPDODE, 70 (1-4): 445-454 

Conference/Journal: Symposium on neutron dosimetry: advances in nuclear particle dosimetry for 
radiation protection and medicine, Paris (France), 13-17 Nov 1995 

Conference Session:  

Abstract/Keyterms: Criticality Accident Dosimetry / Measure Separately / Gamma Ray / Neutron 
Components / Dose / Silene Reactor, Valduc, France 
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Title: Biological Dosimetry after a Criticality Accident 

Date: 11/1/1995 

Report: RPDODE, 70 (1-4): 455-459 

Conference/Journal: Symposium on neutron dosimetry: advances in nuclear particle dosimetry for 
radiation protection and medicine, Paris (France), 13-17 Nov 1995 

Conference Session:  

Abstract/Keyterms: Criticality Accident / Two Radiation Components / Neutron / Gamma / Dose 
Distribution / Neutron Component Dose 
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Title: Chromosome Aberrations Scoring for Biological Dosimetry in a Criticality Accident 

Date: 11/1/1995 

Report: RPDODE, 70 (1-4): 467-470 

Conference/Journal: Symposium on neutron dosimetry: advances in nuclear particle dosimetry for 
radiation protection and medicine, Paris (France), 13-17 Nov 1995 

Conference Session:  

Abstract/Keyterms: International Intercomparison / Dosimetry Systems / Silene Reactor / Valduc, France 
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Title: Glass-Clad Uranium Glass Fibers for Power Reactors. Part II. Reactor Physics Aspects 

Date: 10/31/1966 

Report: RPI-321-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Coating; Criticality; Fuel 
Elements; Glass; Mass; Moderators; Performance; Phenols; Reactors; Reflectors; Uranium; Water 
Moderator 



 

C-16737 

16688…..…..…………………..…….……..……ID Number…………………..…..…………….16688 

Author: n.a. 

Title: Reactor Physics: Theoretical 

Date: 10/31/1968 

Report: RPI--328-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Criticality; Cross Sections; 
Doppler Effect; Fast Neutrons; Iron; Neutron Flux; Neutrons; Reactors; Resonance; Spectra; Spectral Shift; 
Temperature; Variations 



 

C-16738 

16689…..…..…………………..…….……..……ID Number…………………..…..…………….16689 

Author: Dudley, T. E. 

Title: MONOP3--A FORTRAN II Program for the PHILCO-2000 Computer to Solve the Two- 
Dimensional Equivalent Cell Problem in the P3 Approximation 

Date: 10/31/1965 

Report: RPI-328-19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Configuration; Critical 
Assemblies; Diffusion; Fuel Elements; Lattices; Mathematics; Neutrons; Philco 2000; Programming; Rods 
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Title: Fast Neutron Spectrum Program 

Date: 1/1/1967 

Report: RPI-328-87, 22-59 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Critical Assemblies; Fast 
Neutrons; Iron; Lead; Neutron Sources; Reactors; Spectra; Target 
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Title: Local Flux Shape Dependence on Reactor Period 

Date: 7/1/1964 

Report: RPI-328-9; CONF-654-20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Cross Sections; Decay; Neutron Flux; 
Numericals; Pulses; Reactors; Transport Theory; Variations 
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Author: Swaja, R. E. / Sims, C. S. 

Title: Dosimetry Testing and Training Opportunities at Oak Ridge National Laboratory 

Date: 4/1/1985 

Report: RPMAE, 2 (3), 73-77 

Conference/Journal: Radiation Protection Dosimetry (United Kingdom) 

Conference Session:  

Abstract/Keyterms: Since 1965, the Dosimetry Applications Research Facility at Oak Ridge National 
Laboratory has conducted periodic intercomparison and testing programs in neutron and gamma personnel 
dosimetry and criticality accident dosimetry. Recently, courses in these areas and criticality alarm testing 
also have been offered to provide additional training and testing opportunities for concerned personnel. The 
advent of a national dosimetry accreditation program in the United States, the revision of regulatory 
guidelines for dosimetry, and concerns about neutron quality factors have increased interest and 
participation in all DOSAR programs. The information presented in this paper is aimed at making applied 
and research dosimetrists aware of the unique testing and training opportunities in personnel and criticality 
accident dosimetry that are offered at ORNL. 
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Title: Status Report. Reactor Shield Codes for Personal Computers 

Date: 1/1/1987 

Report: RPMAE, 4 (1), 61-72 

Conference/Journal: Radiation Protection Management (United States) 

Conference Session:  

Abstract/Keyterms: Reactor Physics Codes / Personal Computers (Pcs) 
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Author: Carson, D. M. 

Title: Technical Basis for the Nuclear Criticality Representative Accident and Associated Represented 
Hazardous Conditions 

Date: 3/20/2003 

Report: RPP-12371, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This technical basis document was developed to support the Tank Farms Documented 
Safety Analysis (DSA), and describes the risk binning process and the technical basis for assigning risk 
bins for the nuclear criticality representative accident and associated hazardous conditions. The purpose of 
the risk binning process is to determine the need for safety-significant structures, systems, and components 
(SSC) and technical safety requirement (TSR)-level controls for a given representative accident or 
represented hazardous condition based on an evaluation of the frequency and consequence. Note that the 
risk binning process is not applied to facility workers, because all facility worker hazardous conditions are 
considered for safety-significant SSCs and/or TSR-level controls. Determination of the need for safety-
class SSCs was performed in accordance with DOE-STD-3009-94,”Preparation Guide for US Department 
of Energy Nonreactor Nuclear Facility Documented Safety Analyses”, as described in this report. 
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Author: Goetz, T. G. 

Title: Technical Basis for the Nuclear Criticality Representative Accident & Associated Represented 
Hazardous Conditions 

Date: 6/17/2003 

Report: RPP-12371, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document was developed to support the documented safety analysis (DSA) and 
describes the process and basis for assigning risk bins for the nuclear criticality representative accident and 
associated hazardous conditions. Revision 1 incorporates ORP IRT comments to enhance the technical 
presentation and makes editorial changes. This technical basis document was developed to support the 
documented safety analysis (DSA), and describes the risk binning process and the technical basis for 
assigning risk bins for the nuclear criticality representative accident and associated hazardous conditions. 
The purpose of the risk binning process is to determine the need for safety-significant structures, systems, 
and components (SSC) and technical safety requirement (TSR)-level controls for a given representative 
accident or represented hazardous condition based on an evaluation of the frequency and consequence. 
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Author: Grigsby, J. M. 

Title: Technical Basis for the Nuclear Criticality Representative Accident & Associated Represented 
Hazardous Conditions 

Date: 3/3/2005 

Report: RPP-12371, Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Technical Basis Document for the Nuclear Criticality Representative Accident and 
Associate Represented Hazardous Conditions. Revision 2 of RPP-12371 provides accident consequence 
estimates for a hypothetical criticality event in an above grade facility (e.g. DBVS, CH-TRUM, and S-109 
PWRS). This technical basis document was developed to support RPP-13033,”Tank Farms Documented 
Safety Analysis (DSA)”, and describes the risk binning process and the technical basis for assigning risk 
bins for the nuclear criticality representative accident and associated hazardous conditions. The purpose of 
the risk binning process is to determine the need for safety-significant structures, systems, and components 
(SSC) and technical safety requirement (TSR)-level controls for a given representative accident or 
represented hazardous condition based on an evaluation of the frequency and consequence. Note that the 
risk binning process is not applied to facility workers, because all facility worker hazardous conditions are 
considered for safety-significant SSCs and/or TSR-level controls. 
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Author: Watrous, R. A. 

Title: Activity of Fuel Batches Processed Through Hanford Separation Plants, 1944 through 1989 

Date: 11/1/2002 

Report: RPP-13489, p3, p6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001 
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Author: Fort, L. A. 

Title: Tank Farms Criticality Safety Manual 

Date: 3/27/2003 

Report: RPP-14330, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document defines the Tank Farms Contractor (TFC) criticality safety program, 
as required by Title 10 Code of Federal Regulations (CFR), Subpart 830.204(b)(6),”Documented Safety 
Analysis” (10 CFR 830.204 (b)(6)), and US Department of Energy (DOE) 0 420.1A, Facility Safety, 
Section 4.3,”Criticality Safety.” In addition, this document contains certain best management practices, 
adopted by TFC management based on successful Hanford Site facility practices. Requirements in this 
manual are based on the contractor requirements document (CRD) found in Attachment 2 of DOE 0 420.1A, 
Section 4.3,”Nuclear Criticality Safety,” and the cited revisions of applicable standards published jointly 
by the American National Standards Institute (ANSI) and the American Nuclear Society (ANS) as listed in 
Appendix A. As an informational device, requirements directly imposed by the CRD or ANSI/ANS 
Standards are shown in boldface. Requirements developed as best management practices through 
experience and maintained consistent with Hanford Site practice are shown in italics. Recommendations 
and explanatory material are provided in plain type. 
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Author: Defigh-Price, C. 

Title: Tank Farms Criticality Safety Manual 

Date: 10/14/2003 

Report: RPP-14330, Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides requirements for the nuclear criticality safety program for 
the Hanford Tank Farms, 242-A Evaporator, and 222-S Laboratory. 
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Author: Troyer, G. L. / Winters, W. I. 

Title: Expected Impact of Hanford Processing Organics of Plutonium During Tank Waste Sludge Retrieval 

Date: 3/18/2004 

Report: RPP-20041, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document evaluates the potential for extracting plutonium from Hanford waste 
tanks into residual organic solvents and how this process may have an impact on criticality specifications 
during the retrieval of wastes. The two controlling factors for concentrating plutonium are the solubility of 
the plutonium in the wastes and the extraction efficiency of the potential organic extractants that may be 
found in these wastes. Residual Hanford tank sludges contain plutonium in solid forms that are expected to 
be primarily insoluble Pu(IV) hydroxides. Evaluation of thermodynamic Pourbaix diagrams, 
documentation on solubility studies of various components in waste tank matrices, and actual analysis of 
plutonium in tank supernates all indicate that the solubility of Pu in the alkaline waste is on the order of 
10{sup -6} M. Based on an upper limit plutonium solubility of 10{sup -5} M in high pH and a conservative 
distribution coefficient for organic extractants of <0.01 (the E{sub a}{sup 0} for plutonium in 30% TBP at 
0.07 M HNO3), the estimated concentration for plutonium in the organic phase would be <1 x 10{sup -7} 
M. This well below the process control criteria. A significant increase in plutonium solubility or the E{sub 
a}{sup o} would have to occur to raise this concentration to the 0.01 M concern level for organics. 
Measured tank chemical component values, expected operating conditions, and the characteristics of the 
expected chemistry and extraction mechanisms indicate that concentration of plutonium from Hanford tank 
residual sludges to associated process organic extractants is significantly below levels of concern. 
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Author: Rogers, C. A. 

Title: Criticality Safety Evaluation of Hanford Site High Level Waste Storage Tanks 

Date: 2/17/2000 

Report: RPP-5296, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality safety evaluation covers operations for waste in underground storage 
tanks at the high-level waste tank farms on the Hanford site. This evaluation provides the bases for criticality 
safety limits and controls to govern receipt, transfer, and long-term storage of tank waste. Justification is 
provided that a nuclear criticality accident cannot occur for tank farms operations, based on current fissile 
material and operating conditions. 



 

C-16751 

16702…..…..…………………..…….……..……ID Number…………………..…..…………….16702 

Author: Weiss, E. V. 

Title: Nuclear Criticality Safety Requirements Implementation Matrix for Tank Farms 

Date: 5/17/2000 

Report: RPP-6384, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides a detailed matrix of specific Tank Farms nuclear criticality 
safety program elements indexed to primary requirements documents. These requirements are collected at 
a higher level in HNF-SO-MP-SRID-001,”Tank Waste Remediation System Standards/Requirements 
Identification Document.” The intended use of this document is to provide a roadmap for implementing 
procedures and assessments. 
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Author: Defigh-Price, C. 

Title: Review of Nuclear Criticality Safety Requirements Implementation for Hanford Tank Farms Facility 

Date: 8/9/2000 

Report: RPP-6798, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In November 1999, the Deputy Secretary of the Department of Energy directed a 
series of actions to strengthen the Department's ongoing nuclear criticality safety programs. A Review Plan 
describing lines of inquiry for assessing contractor programs was included. The Office of River Protection 
completed their assessment of the Tank Farm Contractor program in May 2000. This document supports 
that assessment by providing a compliance statement for each line of inquiry. 
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16704…..…..…………………..…….……..……ID Number…………………..…..…………….16704 

Author: Weiss, E. V. 

Title: Criticality Safety Evaluation of Hanford Tank Farms Facility 

Date: 12/15/2000 

Report: RPP-7475, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data and calculations from previous criticality safety evaluations and analyses were 
used to evaluate criticality safety for the entire Tank Farms facility to support the continued waste storage 
mission. This criticality safety evaluation concludes that a criticality accident at the Tank Farms facility is 
an incredible event due to the existing form (chemistry) and distribution (neutron absorbers) of tank waste. 
Limits and controls for receipt of waste from other facilities and maintenance of tank waste condition are 
set forth to maintain the margin subcriticality in tank waste. 
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Author: Rief, H. / Wider, H. 

Title: Safety Aspects in Accelerator-Driven Systems 

Date: 3/1/1998 

Report: RPREFM, 21 (1), 28-33 

Conference/Journal: Radiation Protection and Environment 

Conference Session:  

Abstract/Keyterms: LWRs / Spallation Neutrons / Substitute / Delayed Neutrons / Fast Subcritical 
Systems / Controllable 
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Author: Davydova, G. B. / Kachanov, V. M. 

Title: The Experiments in the RBMK Critical Facility. Initial Data for Calculation Simulation 

Date: 1/1/1995 

Report: RRC KI, IAE-5891/4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-060 
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Author: Sharma, M. L. / Singh, R. S. / Gopalakrishnan, V. 

Title: Analysis of Selected Fast Critical Assemblies 

Date: 11/1/1978 

Report: RRC-23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Integral parameters for a series of fast reactor bench-mark assemblies covering a wide 
range of energy spectra have been calculated with the reference Cadarache Cross Section Library. 
Multigroup cross sections relative to each assembly were generated using the self-shielding factor approach 
and were used in a diffusion-cum-perturbation theory code to obtain the parameters. The parameters 
considered in this study include k-eff, spectral indices (reaction rate ratios), b-effs and central reactivity 
worths. Results of these calculations indicate that some of the important neutron cross section data need re-
evaluation. 
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Author: White, J. E. / et al. 

Title: BUGLE-96: A Revised Multigroup Cross Section Library for LWR Applications Based on ENDF/B-
VI Release 3 

Date: 1/1/1996 

Report: RSIC, ORNL 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: NJOY97.0: Code System for Producing Pointwise and Multigroup Neutron and Photon Cross 
Sections from ENDF/B Data, ORNL 

Date: 12:00:00 AM 

Report: RSICC PSR-368 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Capron, J. M. 

Title: Remaining Sites Verification Package for the 600-111, P-11 Critical Mass Laboratory Crib, and 
UPR-600-16, Fire and Contamination Spread Waste Sites, Waste Site Reclassification Form 2004-065 

Date: 10/28/2008 

Report: RSVP-2004-065 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 600-111, P-11 Critical Mass Laboratory Crib waste site, also referred to as the 
P-11 Facility, included the 120 Experimental Building, the 123 Control Building, and the P-11 Crib. The 
facility was constructed in 1949 and was used as a laboratory for plutonium criticality studies. In accordance 
with this evaluation, the confirmatory and verification sampling results support a reclassification of this site 
to Interim Closed Out. The results of confirmatory and verification sampling show that residual contaminant 
concentrations do not preclude any future uses and allow for unrestricted use of shallow zone soils. The 
results also demonstrate that residual contaminant concentrations are protective of groundwater and the 
Columbia River 
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Author: Capron, J. M. 

Title: Remaining Sites Verification Package for the 600-111, P-11 Critical Mass Laboratory Crib, and 
UPR-600-16, Fire and Contamination Spread Waste Sites, Waste Site Reclassification Form 2008-045 

Date: 10/28/2008 

Report: RSVP-2008-045 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The UPR-600-16, Fire and Contamination Spread waste site is an unplanned release 
that occurred on December 4, 1951, when plutonium contamination was spread by a fire that ignited inside 
the 120 Experimental Building. The 120 Experimental Building was a laboratory building that was 
constructed in 1949 and used for plutonium criticality studies as part of the P-11 Project. In November 
1951, a criticality occurred in the 120 Experimental Building that resulted in extensive plutonium 
contamination inside the building. The confirmatory evaluation supports a reclassification of this site to 
Interim Closed Out. The current site conditions achieve the remedial action objectives and the 
corresponding remedial action goals established in the Remaining Sites ROD. The results of the extensive 
radiological survey of the surface soil and the confirmatory and verification sampling show that residual 
contaminant concentrations do not preclude any future uses and allow for unrestricted use of shallow zone 
soils. The results also demonstrate that residual contaminant concentrations are protective of groundwater 
and the Columbia River. 



 

C-16761 

16712…..…..…………………..…….……..……ID Number…………………..…..…………….16712 

Author: Cogliati, G. / De Leone, R. / Ferrari, S. / Gabaglio, M. / Liscia, A. 

Title: Refabrication of Thoria-Urania Fuel Elements. I. Production of Thorium- Uranium(IV) Oxalate 

Date: 12/1/1962 

Report: RT/CHI(62)19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method for producing thorium-uranium mixed oxide suitable for high density 
ceramic fuel elements is described. This method employs the continuous catalytic reduction of uranium 
(VI) nitrate to uranium (IV), the coprecipitation of uranium (IV) and thorium oxalate, the flaring of the 
oxalate, and the sintering of the mixed oxide. Laboratory equipment, operated in order to collect the 
engineering data for the reduction of uranium(IV) nitrate with formic acid, is described and the collected 
data are reported. 
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Author: Marseguerra, M. / Menapace, E. 

Title: Fission-Product Poisoning in Fast Reactors 

Date: 10/1/1964 

Report: RT/FI(64)-19; CONF-193-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Cross Sections; Diagrams; 
Differential Equations; Fast Neutrons; Fission Products; Integrals; Mathematics; Numericals; Poisoning; 
Reactivity; Reactors 
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Author: Loizzo, P. / Tondinelli, L. 

Title: Current Position on Methods for Calculating Plutonium Lattices; Situazione Attuale dei Metodi di 
Calcolo dei Reticoli Contenenti Plutonio 

Date: 7/1/1965 

Report: RT/FI(65)14 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Criticality; Plutonium 
Oxides; Quantitative Analysis 
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Author: Forti, G. 

Title: TERET-A Numerical Program for Calculating Heterogeneous and Homogeneous Thermalization for 
IBM-7094; Teret-un Programma Numerico di Termalizzazione Eterogenea ed Omogenea per IBM-7094 

Date: 9/1/1965 

Report: RT/FI(65)24 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Cross Sections; Cylinders; 
Digital Systems; Equations; FORTRAN; Fuels; Homogeneous Reactors; IBM 7094; Moderators; 
Programming; Reactor Core; Scattering; Spectra; Thermal Neutrons; Thermal Utilization; Velocity; Water 
Moderator 
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Author: Tondinelli, L. 

Title: Comparative Examination of Methods for Disadvantage Factor Calculations; ESAME 
COMPARATIVO DEI METODI DI CALCOLO DEI FATTORI DI SVANTAGGIO 

Date: 11/1/1965 

Report: RT/FI(65)42 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Critical Assemblies; 
Diagrams; Diffusion; Disadvantage Factor; Efficiency; Hydrogen; Interactions; Lattices; Moderators; 
Monte Carlo Method; Neutrons; Numericals; Reactors; Statistics; Tables; Transport Theory; Uses 
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Author: Galati, A. / Loizzo, P. / Pepino, A. 

Title: HARBOR-One-Dimension Two-Group Code for Boiling Water Reactor Calculations; Harbor, un 
Codice ad Una Dimensione e Due Gruppi Per Il Calcolo di un Reattore ad Acqua Bollente 

Date: 11/1/1965 

Report: RT/FI-(65)51 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boiling; Computers; Digital Systems; IBM 
7094; Neutron Flux; Programming; Quantitative Analysis; Reactivity; Reactors; Water 
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Title: Esperienze di Cinetica sul R.O.S.P.O. CON IL Metodo Della Sorgente Pulsante Endogena. (Kinetic 
Experiments on the ROSPO Employing the Endogenous Pulsed Source Method). 

Date: 1/1/1966 

Report: RT/FI--(66)20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Criticality; Eigenvalues; Mathematics; Measurement; Neutron Sources; Prompt Neutrons; Pulses; 
Reactivity; Reactors; ROSPO; Time 
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Author: Gandini, A. / Leo, M. / Salvatores, M. 

Title: Life Effects on the Performance of Ceramic Fast Breeders 

Date: 1/1/1967 

Report: RT/FI--(67)23 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Analysis; Breeding; Burnup; 
Ceramics; Criticality; Doppler Effect; Fast Neutrons; Fuels; Lifetime; Measurement; Reactivity; Reactor 
Core; Reactors; Sodium; Spectral Shift; Velocity; Void Coefficient 
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Title: Analisi a Moltigruppi per la Determinazione Del Miglior Indice Spettrale in Misure di k(infinity) Col 
Metodo Della Reattivita Nulla. (Multigroup Analysis for the Determination of the Best Spectral Index in 
the Measurement of k(infinity) by the Method of N 

Date: 1/1/1967 

Report: RT/FI--(67)30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Criticality; Efficiency; Measurement; Neutrons; Radiation Detectors; RB-1; Reactivity; Research Reactors; 
Spectra; Testing 
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Author: Pedretti, E. 

Title: First Criticality and Calibration Experiments of the RC-4 RITMO Reactor 

Date: 1/1/1967 

Report: RT/FI-(67)7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experiments performed with the RITMO reactor from its first criticality, achieved 
on July 9, 1965, to the determination of reference reactor properties, completed at the end of November 
1966, are described. Results obtained by the application of the source-drop technique for the calibration of 
control rods are presented. 
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Author: Lopez, S. / Michelini, M. 

Title: Physical Follow-Up of EBWR Operation by Nuclear Codes Developed by CNEN. 1st Part. Analysis 
of the Initial Critical Experiments 

Date: 1/1/1968 

Report: RT/FI--(68)22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Burnup; Criticality; 
Distribution; EBWR; Errors; Fuels; Measurement; Plutonium; Power; Programming; Reactivity; Reactor 
Core; Reactors 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutrons / Flux Distribution in Plane Heterogeneous Critical Assemblies, Exact 
Solution of Transport Equation for, Critical Assemblies / Neutron Flux Distribution in Plane 
Heterogeneous, Exact Solution of Transport Equation for, Transport Theory / Solution for Neutron Flux 
Distribution in Plane Heterogeneous Critical Assemblies 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Burnup; Criticality; 
Distribution; EBWR; Fuels; Multiplication Factors; Performance; Plutonium; Power; Programming; 
Reactor Kinetics; Reactors 
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Report: RT/FI--(71)25 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Physics & Core Engineering; Computer Codes; 
Criticality Fast Reactors; Mathematics; Multigroup Theory; Poisoning 
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Title: CYRCO-Program for the Calculation of a Totally Reflected Cylindrical Reactor Design; Cyrco 
Programma Per Il Calcolo Di Criticita Di Reattori Cilindrici Totalmente Riflessi 

Date: 6/1/1965 

Report: RT/FIMA(65)-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: RAM-AN IBM-7094 Monte Carlo Code for Criticality Calculations 

Date: 11/1/1965 

Report: RT/FIMA(65)5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Absorption; Computers; Configuration; 
Critical Assemblies; Criticality; Digital Systems; Distribution; Elastic Scattering; Energy; Fap- Code; Fast 
Neutrons; Fission; FORTRAN; IBM 7094; Inelastic Scattering; Monte Carlo Method; Multiplication 
Factors; Nuclear Reactions; Programming; Quantitative Analysis; Reactors; Scattering; Space 
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Title: Dynamics and Control Studies for a Steam-Generating Pressure-Tube Reactor 

Date: 9/1/1965 

Report: RT/ING(65)13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Analog Systems; Control; Heavy Water 
Moderator; Operation; Reactivity; Reactor Core; Reactors; Stability; Voids; Water Coolant 
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Title: Reactor for Organic Moderated Critical Experiments-R.O.S.P.O. (Reattore Organico Sperimentale 
Potenza O); IL Reattore per Esperimenti Critici con Moderatori Organici- R.O.S.P.O. (Reattore Organico 
Sperimentale Potenza O) 

Date: 4/1/1965 

Report: RT/ING(65)4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Organic Moderator; 
Planning; Reactor Core; Reactors; ROSPO 
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Title: Critical Experiment Reactor for ''Enrico Fermi'' Nuclear Ship 

Date: 1/1/1970 

Report: RT/ING--(70)4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies; Configuration; Propulsion 
Reactors; Reactor Core; ROSPO; Ships; Testing 
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Title: Short-Time Irradiation Experiment in the Studsvik R-2 Reactor. Project Criteria: Partial Calculations 

Date: 1/1/1970 

Report: RT/ING-(70)6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Test Facilities; Fuel Cans; Fuels; 
Irradiation; Pellets; Plutonium Oxides; Powders; Research Reactors; R2; Testing; Uranium Dioxide; 
Zircaloy Related Subject Swedish Reactors (R-2) / Fuel Irradiation Experiments in, Description of Oxide 
and Mixed Oxide; Reactor Fuel Elements / Radiation Testing of Zircaloy Clad Oxide and Mixed Oxide, in 
R-2 Reactor 
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Title: Determination of Reactor Kinetic Parameters by Statistical Analysis of Prompt Neutron Distribution; 
DETERMINAZIONE DEI PARAMETRI CINETICI DI UN REATTORE DA UN'ANALISI 
STATISTICA DELLA DISTRIBUZIONE DEI NEUTRONI PRONTI 

Date: 12/1/1965 

Report: RT-FI-(65)49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Distribution; Neutron Flux; Prompt 
Neutrons; Reactors; Statistics 
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dei Neutroni Intermedi 
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Report: RT-FI-(65)57 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Measured Values; Neutron 
Detection; Neutron Flux; Reactors; Slowdown; Spectra 
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Title: Power Level Fluctuations of a Steady State Operating Reactor Comitato Nazionale per l'Energia 
Nucleare, Rome (Italy); Le Fluttuazioni del Livello di Potenza di un Reattore in Condizioni Stazionarie 

Date: 1/1/1966 

Report: RT-FI-(66)1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 
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Title: Critical Experiments with Beryllium- and Molybdenum Reflected Cylinders of Highly Enriched 
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Date: 1/1/1995 

Report: Russian Preprint of IPPE N2496 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-005 
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Title: Atomic Era Started Two Million Years Ago 
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Report: RVPTB, 9, 1013, 1015, 1017 

Conference/Journal: Rev. Polytech 

Conference Session:  

Abstract/Keyterms: Oklo 
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Title: Power Bursts in Nuclear Reactors 

Date: 9/4/1958 

Report: RWC-22-127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It is shown that some of the properties of a power burst in a reactor are independent 
of either the feedback mechanism or the pile kinetics, and may be described quantitatively with no 
assumption other than that the pile kinetic equations are nonlinear. The theory refers primarily to the shape 
of the burst and is applicable chiefly to the faster transients observed in SPERT, KEWB, and B0RAX. The 
data which may be described theoretically in this manner include plots of maximum reactor power times 
period against the energy to peak of power burst (SPERT, KEWB), of total energy of burst against the 
period times the maximum power (BORAX), and of the burst width against period (SPERT). Use of the 
pile kinetic equations allows one to obtain a simple algebraic expression for the reactivity compensated at 
the time of peak power as a function of reciprocal period alpha. This expression is in excellent agreement 
with experiment for the faster SPERT transients and exhibits the correct form of dependence on alpha for 
the slower transients. It is therefore pointed out that data which may be so simply described without 
reference to the feedback mechanism do not furnish information about the nature of this mechanism. 
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Title: Pelindaba Critical Experiment 

Date: 10/1/1970 

Report: S. Afr. Mech. Eng., 20, 27-41 

Conference/Journal: S. Afr. Mech. Eng. 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors; Design; Fuel Elements; Hazards; Operation; Pelinduna 
Reactor; Reactor Control Systems; Reactor Cores; Safety; Safety Engineering; South Africa 
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Title: Evaluating the Solubility and Homogeneity of Plutonium in an Alkali Borosilicate Glass 

Date: 11/1/2010 

Report: S02-06; SRNL-STI-2010-00093-S 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Environmental Sciences; Borosilicate Glass; Criticality; 
Crystallization; Glass; Matrices; Plutonium; Processing; Radioactive Wastes; Rare Earths; Safety; 
Scanning Electron Microscopy; Solubility; Spectroscopy; Testing; Vitrification; Waste forms; Waste 
Processing; Wastes; X-Ray Diffraction 
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Title: OKLO: Fossil Nuclear Reactors. Physical Study 

Date: 4/1/1991 

Report: Saclay (FR): Commissariat a l'Energie Atomique 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Oklo reactors 
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Title: Guide to the Requirements Relating to Fissile Materials 

Date: 1/1/1966 

Report: Safe Transport of Radioactive Materials. Gibson, R. (ed.). New York, Pergamon Press, Inc., 
1966, 67-86 

Conference/Journal: Safe Transport of Radioactive Materials. Gibson, R. (ed.). New York, Pergamon 
Press, Inc., 1966 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Control; Criticality; Design; IAEA; 
Packaging; Plutonium 239; Plutonium 241; Radiation Protection; Radiations; Reactivity; Safety; Storage; 
Transport; Uranium 233; Uranium 235 
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Title: Stabilization of Single Shell Waste Storage Tanks by Salt Well Jet Pumps 

Date: 1/1/1981 

Report: Safety Analysis Report 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Yagi, E. 

Title: Safety Design and Safety Evaluation of Reprocessing Plant 

Date: 1/1/1977 

Report: Safety Design and Safety Evaluation of Reprocessing Plant 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The securing of safety in the reprocessing plant for spent fuel is carried out by the 
establishment of safety criteria, the strengthening of safety design, the confirmation by safety evaluation, 
the quality assurance during manufacture and plant construction, the confirmation of performance in use, 
and the proof by safety research. The estimated accidents in reprocessing plants and the countermeasures, 
the siting conditions of reprocessing plants, natural disaster conditions, for example, typhoon, flood, tidal 
wave, landslide earthquake, snowfall, thunder, etc., the aseismatic design criteria for reprocessing plants, 
the system for confinement, especially the classification of buildings and the ventilation condition, the 
shielding in reprocessing plants, the design of critical safety, the chemical safety in reprocessing plants, the 
present status about the safety criteria for the reprocessing plants in Japan and USA, the safety evaluation 
for the irradiation dose in normal operation and accident condition, the release rate of irradiation material 
in hypothetical accidents and the safety evaluation in Japan, etc. are presented in this paper. 
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Title: Safety Standards Series N° Ts-G-1.1 (St-2) Advisory Material for the Aiea Regulations for the Safe 
Transport of Radioactive Material 

Date: 1/1/2002 

Report: Safety Guide IAEA, Vienna 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Safety Report of the MARIA Research Reactor 

Date: 1/1/1999 

Report: Safety Report of the MARIA Reasearch Reactor: Chapter 5: Reactor Construction and 
Characteristics (in Polish), 1999 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-026 
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Title: Criticality Assessment Using the Limiting Surface Density (NBN2) Method and Examples of Its 
Application 

Date: 3/1/1981 

Report: SAG/80/P29 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Evans, M. C. / Ingram, C. H. 

Title: A Comparison Between the Monte-Carlo Codes KENO IV, MONK 5 and the Limiting Surface 
Method 

Date: 3/1/1982 

Report: SAG/82/P5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Neutron Streaming Calculations with MORSE/BREESE for the ORNL_TSF Two-Legged Duct and 
CRBR Prototypic Coolant Pipe Chaseway Experiments 

Date: 12/21/1978 

Report: SAI 1-138-02-034-00 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Howell, R. S. / Cain, V. R. 

Title: Criticality Safety Analysis of a Modine Cold Trap 

Date: 8/10/1981 

Report: SAI/OR-113-387-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Albert, T. E. 

Title: Criticality Safety Computations for 16-Inch Diameter Vessels 

Date: 10/22/1984 

Report: SAIC-84/1790&CW 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: SAIC 

Title: Criticality Review of the Uranium Demonstration at Lawrence Livermore National Laboratory 

Date: 4/12/1990 

Report: SAIC-90/1210 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Johnson, H. A. / Schrock, V. E. / Selph, F. B. / Lienhard, J. H. / Rosztodzy, Z. R. 

Title: Temperature Variation, Heat Transfer, and Void Volume Development in the Transient Atmospheric 
Boiling Water 

Date: 1/1/1961 

Report: SAN-1001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experimental determinations of surface temperature, and the volume of vapor 
produced are given for the atmospheric pool boiling of water on metallic ribbons in which energy is 
uniformly generated at an exponentially increasing rate in time. The subcooling of the pool was varied 
between 2 and 112 deg F and the period of the transient pulse ranges between 5 and 80 milliseconds. These 
conditions are typical of those in a nuclear reactor experiencing a prompt- critical excursion. The effects of 
thermal capacity of the ribbon and orientation of the heating surface were also studied. These results 
exhibited decided trends although, since the system was extremely sensitive to minor random variations, 
they were reproducible only within limits that were necessarily broad. No general correlations were formed, 
but a method for predicting the rate of vapor volume development was devised and applied with some 
success in the case of saturated transient boiling. The effects of pressure and velocity are presently being 
studied. 
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Author: Johnson, H. A. / Schrock, V. E. / Selph, F. B. / Fabic, S. 

Title: Reactor Heat Transient Research. Annual Summary Report, October 1, 1960- September 30, 1961 

Date: 11/1/1961 

Report: SAN-1002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The mechanism of transient boiling heat transfer and steam void formation with 
transient heat input characteristic of nuclear reactors in the prompt critical range was studied. Progress is 
reported on the development of a high pressure system and visual test chamber, instrumentation additions 
and modifications, visual test chamber results, the design of an x-ray densitometer, bubble growth study, 
and radiation capsule tests. 
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Author: n.a. 

Title: High Acceleration Field Heat Transfer for Auxiliary Space Nuclear Power Systems. Annual 
Technical Report, September 1, 1963-August 31, 1964 

Date: 10/31/1965 

Report: SAN-409-12; GLR-27 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Heat Transfer and Fluid Flow; Acceleration; Aerosols; Alkali Metals; 
Benzene; Bibliography; Boilers; Boiling; Cesium; Condensers; Convection; Criticality; Diagrams; 
Differential Equations; Droplets; Equations; Fluid Flow; forced Convection; Freons; Gas Flow; Heat 
Transfer; High Temperature; Integrals; Lifetime; Liquid Flow; Liquid Metals; Lithium; Measured Values; 
Mercury; Methane; Mockup; Organic Chlorine Compounds; Organic Fluorine Compounds; Planning; 
Potassium; Pressure; Pressure Drop; Reaction Kinetics; Reactivity; Reactors; Rubidium; SNAP Systems; 
Sodium; Space Vehicles; Stability; Superheating; Suspensions; Tables; Temperature; Thermal 
Conductivity; Thermodynamics; 
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Author: Rechard, R. P. 

Title: Improbability of Nuclear Criticality When Disposing of Transuranic Waste at the Waste Isolation 
Pilot Plant 

Date: 11/30/2000 

Report: SAND2000-1610J 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Criticality; Wastes; Wipp; Risk Assessment 
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Author: Mitchell, Gerry W. / Romero, Daniel J. 

Title: Hot Cell Facility Criticality Safety Assessment for Storage of Medical Isotope Targets and Process 
Waste 

Date: 4/30/1997 

Report: SAND2001-1280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Radiology and Nuclear Medicine; Criticality; Hot Cells; Safety 
Analysis; Storage Facilities; Targets; Radioactive Waste Storage; Medical Supplies; Radiopharmaceuticals; 
Precursor 
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Author: Mitchell, Gerry W. / Romero, Daniel J. 

Title: Hot Cell Facility Criticality Safety Assessment for Storage of Medical Isotope Targets and Process 
Waste 

Date: 5/1/2001 

Report: SAND2001-1280 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Radiology and Nuclear Medicine; Criticality; Hot Cells; Safety 
Analysis; Storage Facilities; Targets; Radioactive Waste Storage; Medical Supplies; Radiopharmaceuticals; 
Precursor 
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Author: Powell, Jennifer L. 

Title: Criticality Safety at the Manzano Nuclear Waste Storage Facilities 

Date: 7/1/2001 

Report: SAND2001-1861 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Nuclear Fuel Cycle and Fuel Materials; Criticality; Radioactive 
Waste Storage; Safety Analysis; Storage Facilities; New Mexico 
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Author: Parma Jr., Edward J. / Pickard, Paul S. / Suo-Anttila, Ahti Jorma. 

Title: Very High Efficiency Reactor (VHER) Concepts for Electrical Power Generation and Hydrogen 
Production 

Date: 6/1/2003 

Report: SAND2003-1755 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The goal of the Very High Efficiency Reactor study was to develop and analyze 
concepts for the next generation of nuclear power reactors. The next generation power reactor should be 
cost effective compared to current power generation plant, passively safe, and proliferation-resistant. High-
temperature reactor systems allow higher electrical generating efficiencies and high-temperature process 
heat applications, such as thermo-chemical hydrogen production. The study focused on three concepts; one 
using molten salt coolant with a prismatic fuel-element geometry, the other two using high-pressure helium 
coolant with a prismatic fuel-element geometry and a fuel-pebble element design. Peak operating 
temperatures, passive-safety, decay heat removal, criticality, burnup, reactivity coefficients, and material 
issues were analyzed to determine the technical feasibility of each concept. 
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Author: Tierney, Martin S. / Rechard, Robert Paul 

Title: Consideration of the Potential for Igneous Intrusion to Promote Criticality of Spent Nuclear Fuel 
Disposed in Unsaturated Tuff. 

Date: 9/1/2003 

Report: SAND2003-3056J 

Conference/Journal: Risk Analysis 

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Criticality; Nuclear Fuels; Tuff; Spent Fuels 
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Author: Harms, G. A. / Helmick, P. H. / Ford, J. T. / Walker, S. A. / Berry, D. T. / Pickard, P. S. 

Title: Experimental Investigation of Burnup Credit for Safe Transport, Storage, and Disposal of Spent 
Nuclear Fuel – Final Report – Nuclear Energy Research Initiative Project 99-0200 

Date: 4/1/2004 

Report: SAND2004-0912 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-079; This report describes criticality benchmark experiments 
containing rhodium that were conducted as part of a Department of Energy Nuclear Energy Research 
Initiative project. Rhodium is an important fission product absorber. A capability to perform critical 
experiments with low-enriched uranium fuel was established as part of the project. Ten critical experiments, 
some containing rhodium and others without, were conducted. The experiments were performed in such a 
way that the effects of the rhodium could be accurately isolated. The use of the experimental results to test 
neutronics codes is demonstrated by example for two Monte Carlo codes. These comparisons indicate that 
the codes predict the behavior of the rhodium in the critical systems within the experimental uncertainties. 
The results from this project, coupled with the results of follow-on experiments that investigate other fission 
products, can be used to quantify and reduce the conservatism of spent nuclear fuel safety analyses while 
still providing the necessary level of safety. 
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Author: Mizia, Ronald E. / Michael, Joseph Richard / Williams, David Brian / Dupont, John Neuman / 
Robino, Charles Victor 

Title: Physical and Welding Metallurgy of Gd-Enriched Austenitic Alloys for Spent Nuclear Fuel 
Applications. Part II, Nickel Base Alloys. 

Date: 7/1/2004 

Report: SAND2004-2619J 

Conference/Journal: Welding Journal 

Conference Session:  

Abstract/Keyterms: The physical and welding a metallurgy of gadolinium- (Gd-) enriched Ni-based alloys 
has been examined using a combination of differential thermal analysis, hot ductility testing. Varestraint 
testing, and various microstructural characterization techniques. Three different matrix compositions were 
chosen that were similar to commercial Ni-Cr-Mo base alloys (UNS N06455, N06022, and N06059). A 
ternary Ni-Cr-Gd alloy was also examined. The Gd level of each alloy was {approx}2 wt-%. All the alloys 
initiated solidification by formation of primary austenite and terminated solidification by a Liquid {gamma} 
+ Ni{sub 5}Gd eutectic-type reaction at {approx}1270 C. The solidification temperature ranges of the 
alloys varied from {approx}100 to 130 C (depending on alloy composition). This a substantial reduction 
compared to the solidification temperature range to Gd-enriched stainless steels (360 to 400 C) that 
terminate solidification by a peritectic reaction at {approx}1060 C. The higher-temperature eutectic 
reaction that occurs in the Ni-based alloys is accompanied by significant improvements in hot ductility and 
solidification cracking resistance. The results of this research demonstrate that Gd-enriched Ni-based alloys 
are excellent candidate materials for nuclear criticality control in spent nuclear fuel storage applications 
that require production and fabrication of large amounts of material through conventional ingot metallurgy 
and fusion welding techniques. 
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Author: Weston, Louise Marie 

Title: Experimental Methods to Validate Measures of Emotional State and Readiness for Duty in Critical 
Operations. 

Date: 9/1/2007 

Report: SAND2007-5906 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities indicates that human error played a major role in a significant 
number of incidents with serious consequences and that some of these human errors may be related to the 
emotional state of the individual. A pre-shift test to detect a deleterious emotional state could reduce the 
occurrence of such errors in critical operations. The effectiveness of pre-shift testing is a challenge because 
of the need to gather predictive data in a relatively short test period and the potential occurrence of learning 
effects due to a requirement for frequent testing. This report reviews the different types of reliability and 
validity methods and testing and statistical analysis procedures to validate measures of emotional state. The 
ultimate value of a validation study depends upon the percentage of human errors in critical operations that 
are due to the emotional state of the individual. A review of the literature to identify the most promising 
predictors of emotional state for this application is highly recommended. 
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Author: Mattingly, John K. 

Title: Polyethylene-Reflected Plutonium Metal Sphere: Subcritical Neutron and Gamma Measurements. 

Date: 10/31/2005 

Report: SAND2009-5804 rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Numerous benchmark measurements have been performed to enable developers of 
neutron transport models and codes to evaluate the accuracy of their calculations. In particular, for criticality 
safety applications, the International Criticality Safety Benchmark Experiment Program (ICSBEP) annually 
publishes a handbook of critical and subcritical benchmarks. Relatively fewer benchmark measurements 
have been performed to validate photon transport models and codes, and unlike the ICSBEP, there is no 
program dedicated to the evaluation and publication of photon benchmarks. Even fewer coupled neutron-
photon benchmarks have been performed. This report documents a coupled neutron-photon benchmark for 
plutonium metal reflected by polyethylene. A 4.5-kg sphere of ?-phase, weapons-grade plutonium metal 
was measured in six reflected configurations: (1) Bare; (2) Reflected by 0.5 inch of high density 
polyethylene (HDPE); (3) Reflected by 1.0 inch of HDPE; (4) Reflected by 1.5 inches of HDPE; (5) 
Reflected by 3.0 inches of HDPE; and (6) Reflected by 6.0 inches of HDPE. Neutron and photon emissions 
from the plutonium sphere were measured using three instruments: (1) A gross neutron counter; (2) A 
neutron multiplicity counter; and (3) A high-resolution gamma spectrometer. This report documents the 
experimental conditions and results in detail sufficient to permit developers of radiation transport models 
and codes to construct models of the experiments and to compare their calculations to the measurements. 
All of the data acquired during this series of experiments are available upon request. 
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Title: Methods for Modeling Impact-Induced Reactivity Changes in Small Reactors. 

Date: 10/1/2010 

Report: SAND2010-6412 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper describes techniques for determining impact deformation and the 
subsequent reactivity change for a space reactor impacting the ground following a potential launch accident 
or for large fuel bundles in a shipping container following an accident. This technique could be used to 
determine the margin of subcriticality for such potential accidents. Specifically, the approach couples a 
finite element continuum mechanics model (Pronto3D or Presto) with a neutronics code (MCNP). 
DAGMC, developed at the University of Wisconsin-Madison, is used to enable MCNP geometric queries 
to be performed using Pronto3D output. This paper summarizes what has been done historically for reactor 
launch analysis, describes the impact criticality analysis methodology, and presents preliminary results 
using representative reactor designs. 
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Report: SAND2010-6791C 

Conference/Journal: PATRAM 2010 Conference held October 3-8, 2010 in London, UK. 

Conference Session:  

Abstract/Keyterms: Transportation for each step of a closed fuel cycle is analyzed in consideration of the 
availability of appropriate transportation infrastructure. The United States has both experience and certified 
casks for transportation that may be required by this cycle, except for the transport of fresh and used MOX 
fuel and fresh and used Advanced Burner Reactor (ABR) fuel. Packaging that had been used for other fuel 
with somewhat similar characteristics may be appropriate for these fuels, but would be inefficient. 
Therefore, the required neutron and gamma shielding, heat dissipation, and criticality were calculated for 
MOX and ABR fresh and spent fuel. Criticality would not be an issue, but the packaging design would need 
to balance neutron shielding and regulatory heat dissipation requirements. 
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Date: 11/1/2010 

Report: SAND2010-7649C 

Conference/Journal: Technical Meeting on Low-Power Critical Facilities and Small Reactors held 
November 1-3, 2010 in Ottawa, ON, Canada. 

Conference Session:  

Abstract/Keyterms: Sandia National Laboratories (SNL) has conducted radiation effects testing for the 
Department of Energy (DOE) and other contractors supporting the DOE since the 1960's. Over this period, 
the research reactor facilities at Sandia have had a primary mission to provide appropriate nuclear radiation 
environments for radiation testing and qualification of electronic components and other devices. The current 
generation of reactors includes the Annular Core Research Reactor (ACRR), a water-moderated pool-type 
reactor, fueled by elements constructed from UO2-BeO ceramic fuel pellets, and the Sandia Pulse Reactor 
III (SPR-III), a bare metal fast burst reactor utilizing a uranium-molybdenum alloy fuel. The SPR-III is 
currently defueled. The SPR Facility (SPRF) has hosted a series of critical experiments. A purpose-built 
critical experiment was first operated at the SPRF in the late 1980's. This experiment, called the Space 
Nuclear Thermal Propulsion Critical Experiment (CX), was designed to explore the reactor physics of a 
nuclear thermal rocket motor. This experiment was fueled with highly-enriched uranium carbide fuel in 
annular water-moderated fuel elements. The experiment program was completed and the fuel for the 
experiment was moved off-site. A second critical experiment, the Burnup Credit Critical Experiment 
(BUCCX) was operated at Sandia in 2002. The critical assembly for this experiment was based on the 
assembly used in the CX modified to accommodate low-enriched pin-type fuel in water moderator. This 
experiment was designed as a platform in which the reactivity effects of specific fission product poisons 
could be measured. Experiments were carried out on rhodium, an important fission product poison. The 
fuel and assembly hardware for the BUCCX remains at Sandia and is available for future experimentation. 
The critical experiment currently in operation at the SPRF is the Seven Percent Critical Experiment 
(7uPCX). This experiment is designed to provide benchmark reactor physics data to support validation of 
the reactor physics codes used to design commercial reactor fuel elements in an enrichment range above 
the current 5% enrichment cap. A first set of critical experiments in the 7uPCX has been completed. More 
experiments are planned in the 7uPCX series. The critical experiments at Sandia National Laboratories are 
currently funded by the US Department of Energy Nuclear Criticality Safety Program (NCSP). The NCSP 
has committed to maintain the critical experiment capability at Sandia and to support the development of a 
critical experiments training course at the facility. The training course is intended to provide hands-on 
experiment experience for the training of new and re-training of practicing Nuclear Criticality Safety 
Engineers. The current plans are for the development of the course to continue through the first part of 
fiscal year 2011 with the development culminating is the delivery of a prototype of the course in the latter 
part of the fiscal year. The course will be available in fiscal year 2012. 
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Date: 2/10/2011 

Report: SAND2010-7696C 

Conference/Journal: Nuclear and Emerging Technologies for Space 2011 held February 7-10, 2011 in 
Albuquerque, NM. 

Conference Session:  

Abstract/Keyterms: There is a long literature studying the criticality of space reactors immersed in 
water/sand after a launch accident; however most of these studies evaluate nominal or uniformly compacted 
system configurations. There is less research on the reactivity consequences of impact, which can cause 
large structural deformation of reactor components that can result in changes in the reactivity of the system. 
Predicting these changes is an important component of launch safety analysis. This paper describes new 
features added to the DAG-MCNP5 neutronics code that allow the criticality analysis of deformed 
geometries. A CAD-based solid model of the reactor geometry is used to generate an initial mesh for a 
structural mechanics impact calculation using the PRONTO3D/PRESTO continuum mechanics codes. 
Boundary conditions and material specifications for the reactivity analyses are attached to the solid model 
that is then associated with the initial mesh representation. This geometry is then updated with the deformed 
finite element mesh to perturb node coordinates. DAG-MCNP5 was extended to accommodate two 
consequences of the large structural deformations: dead elements representing fracture, and small overlaps 
between adjacent volumes. The dead elements are removed during geometry initialization and adjustments 
are made to conseve mass. More challenging, small overlaps where adjacent mesh elements contact cause 
the geometric queries to become unreliable. A new point membership test was developed that is tolerant of 
self-intersecting volumes, and the particle tracking algorithm was adjusted to enable transport through small 
overlaps. These new features enable DAG-MCNP5 to perform particle transport and criticality eigenvalue 
calculations on both deformed mesh geometry and CAD geometry with small geometric defects. Detailed 
impact simulations were performed on an 85-pin space reactor model. In the most realistic model that 
included NaK coolant and water in the impact simulation, the eigenvalue was determined to increase 2.7% 
due to impact. 
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Abstract/Keyterms: General and Miscellaneous / Mathematics, Computing, and Information Science; 
Criticality; Economics; Industrial Plants; Security; Risk Assessment 
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Abstract/Keyterms: This document describes the personal nuclear accident dosimeter (PNAD) used by 
Sandia National Laboratories (SNL) and presents PNAD dosimetry results obtained during the Nuclear 
Accident Dosimeter Intercomparison Study held 20-23 September, 2010, at CEA Valduc, France. SNL 
PNADs were exposed in two separate irradiations from the CALIBAN reactor. Biases for reported neutron 
doses ranged from -15% to +0.4% with an average bias of -7.7%. PNADs were also exposed on the back 
side of phantoms to assess orientation effects. 
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Conference Session:  

Abstract/Keyterms:  
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Abstract/Keyterms:  
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Report: SAND-75-5986, CONF-760104-2 

Conference/Journal: Annual meeting of the transportation research board, Washington, District of 
Columbia, USA, 19 Jan 1976 

Conference Session:  

Abstract/Keyterms: A comprehensive program of integral experiments, largely based on the measurement 
of reaction rate distributions, was carried out recently in the PROTEUS zero-power research reactor at the 
Paul Scherrer Institute in Switzerland, employing a fuel lattice resembling that of a supercritical light water 
reactor. The present paper reports on the analysis of a complementary set of measurements, in which the 
reactivity effects of removing individual pins from the unperturbed, heterogeneously moderated reference 
lattice were investigated. It has been found that the detailed Monte Carlo modeling of the whole reactor 
using MCNPX is able - as in the case of the reaction rate distributions - to reproduce the experimental 
results for the pin removal worths within the achievable statistical accuracy. A comparison of reduced-
geometry calculations between MCNPX and the deterministic light water reactor assembly code CASMO-
4E has revealed certain discrepancies. On the basis of a reactivity decomposition analysis of the differences 
between the codes, it has been suggested that these could be due at least partly to CASMO-4E deficiencies 
in calculating the effect, upon pin removal, of the extra moderation in the neighboring fuel pins. 
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Report: SAND-76-0139 
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Abstract/Keyterms: Recent measurements at Sandia Laboratories have demonstrated that a laser gas 
excited solely by fission products can be made to lase. This paper explores the concept of a subcritical 
nuclear driven laser (NDL) system excited by a fast pulse reactor of the Godiva type. A neutronics analysis, 
presented for a NDL system used with the SPR II/SPR III pulse reactors, indicates that megajoules of energy 
can be deposited in the laser gas in a time interval on the order of 150 to 200 microseconds. The data 
included here would also be useful in the design of NDL experiments using the SPR reactors or serve as a 
parametric study for reactor excited NDL's. 
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Title: Subcriticality Guidelines for LMFBR Spent-Fuel Shipping Casks 

Date: 3/1/1977 

Report: SAND-76-0603 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three-dimensional Monte Carlo criticality calculations have been performed with 
KENO IV on two types of LMFBR subassemblies placed in configurations considered appropriate for 
shipping-cask applications. The report presents the effects of geometry, coolant, and loading changes--
along with shield/structure material selection--on the self-multiplication of such systems. An example is 
shown which permits the determination of the maximum payload of CRBR fuel allowed under specified 
limits for k(eff). Fuel enrichment, number of subassemblies, and type of coolant used are generally the most 
sensitive variables affecting self-multiplication. of lesser importance are the type of gamma shield used and 
the pitch between subassemblies; the choice of neutron-shield material and outer case structure are of least 
importance. The correlations presented are expected to be useful in making decisions related to shipping-
cask designs. 
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Report: SAND-76-9008 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The SNR-300 will be equipped with a tank-external core retention device and a design 
has been proposed which decreases the possibility of recriticality phenomena. In spite of this, the licensing 
agencies requested to analyze severe recriticality phenomena in the tank-external core retention device of 
the SNR-300 in order to get a better understanding of the phenomena involved and of the safety margin of 
this system. Under these boundary conditions a two partner model has been considered depleted uranium 
and another cylindrical mass, with the same axis, is falling from a height of 250 cm on top of the resting 
mass. The two masses are surrounded by sodium, but free-fall is assumed, because it could not be excluded 
that the bottom hole of the reactor is only partly filled with sodium at that time. Under these conditions it 
became clear that one had to expect the most energetic excursions for cases where the masses would reach 
prompt criticality shortly before they touch each other. Three cases were analyzed in some detail. In Case 
A two heavy fuel masses of 280 kg and 369 kg are considered. In Case B a small mass of 81 kg is falling 
on top of a much larger mass of 525 kg. In both cases the fuel temperature is assumed to be below the 
melting point and the corresponding density is 9.7 
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Abstract/Keyterms: Criticality calculations have been performed for hot (2727 deg C) mixtures of UO2, 
PuO2, and steel assuming various shapes, various surrounding materials, variable steel content, and variable 
porosity. These investigations were done to get a better understanding of criticality phenomena during post-
accident heat removal situations; especially it was intended to derive some geometrical boundary conditions 
for the SNR-300 tank external core retention device, to understand how much fuel would be required for 
secondary criticalities and last but not least to find out the size and fuel content for critical spheres of 
fluidized fuel-steel masses. Some of the results are presented in this summary. 
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Report: SAND-78-0570C, CONF-78056, 013-078 

Conference/Journal: Fifth International Packaging and Transportation of Radioactive Materials, May 7-
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Abstract/Keyterms: PAT-1 is a shock-and fire-resistant assembly for safe air transport of new (nonspent) 
powdered PuO2 reactor fuel. This paper defines the radiation source terms and presents the methods and 
results of shielding calculations as well as the nuclear criticality calculations for stacked arrays of PAT-1 
packages. Due to the 25-W radioactive decay power limitation, the maximum amount of new PuO2 allowed 
in the package for a storage period of 13.5 years is 1.84 kg, so that the criticality calculations based on 3.15 
kg are extremely conservative; an infinite number of damaged or undamaged packages immersed in and 
reflected by water are far from critical. Total radiation dose rate at surface of undamaged package is less 
than the maximum 200 mrem/h, and at 3 ft. is less than 10 mrem/h (undamaged) or 1 rem/h (damaged). 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A question has been raised as to whether or not a criticality accident could occur, due 
to the compression of plutonium materials, during a high speed impact accident of a Plutonium Air 
Transportable Package (PAT). At the request of the Nuclear Regulatory Commission, this potential accident 
has been investigated. The approach was general and not limited to any particular shipping package design 
or arrangement, fuel composition or quantity of fissionable material. The reactivity change due to 
compression of bare (unreflected) spheres was investigated. It is shown that a bare system will experience 
the largest reactivity change during compression. The investigation utilized the one-dimensional transport 
theory code, DTF for the bare sphere calculations. A simple formula was also derived, using the Wigner 
Rational Approximation. A recommended maximum permissible initial multiplication factor for a 
plutonium package can be computed from this formula and a knowledge of the maximum density change 
during a high speed impact accident. Calculations were also performed using the KENO Monte Carlo 
computer code, in which a typical air transportable package was explicitly modeled. The results of these 
explicit calculations support the assertion that the formula used to obtain the maximum permissible initial 
multiplication factor yields conservative results. 
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Abstract/Keyterms: Engineering; Nuclear Fuel Cycle and Fuel Materials; Plutonium; Air Transport; 
Packaging; Accidents; Containers; Criticality; Impact Tests; Optimization; Performance Testing; 
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Abstract/Keyterms: The PARC (plutonium accident resistant container) project resulted in the design, 
development, and certification testing of a crashworthy air-transportable plutonium package (shipping 
container) for certification by the USNRC (Nuclear Regulatory Commission). This PAT-1 (plutonium air 
transportable) package survives a very severe sequential test program of impact, crush, puncture, slash, 
burn, and water immersion. There is also an individual hydrostatic pressure test. The package has a payload 
mass capacity of 2 kg of PuO2 and a thermal capacity of 25 watts. The design rationale for very high energy 
absorption (impact, crush, puncture, and slash protection) with residual high-level fire protection resulted 
in a reasonably small air-transportable package, advancing the packaging state-of-art. Optimization design 
iterations were utilized in the areas of impact energy absorption and stress and thermal analysis. Package 
test results are presented in relation to radioactive materials containment acceptance criteria, shielding and 
criticality standards. 
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Abstract/Keyterms: A new package for the air transport of plutonium has been developed in response to 
a United States Public Law which restricts the U.S. air transport of plutonium except for small medical 
devices. This new package, called PAT-1 for plutonium air transportable package model 1, is the result of 
the NRC-sponsored (NRC = U.S. Nuclear Regulatory Commission.) PARC (plutonium accident resistant 
container) project at Sandia Laboratories, Albuquerque. The PAT-1 package is designed to meet or exceed 
new criteria specified in NUREG-0360. These included a severe test sequence of impact (>250 knots) on 
an unyielding target, crush, puncture, slash, a large JP-4 fire for 1 hour, followed by water immersion, with 
stringent acceptance standards on plutonium release, nuclear shielding, and nuclear criticality. The PAT-1 
package design features a high energy absorption capability with high-level fire protection. It weighs 
approximately 227 kg (500 lb) when loaded with 2 kg PuO2, and can accommodate up to 25 watts thermal 
energy from the plutonium load. 
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Abstract/Keyterms: This report describes the conceptual design and criticality evaluation of a storage 
vault for components of the fast pulse reactor at White Sands Missile Range. Criticality calculations were 
performed with the KENO-IV Monte Carlo code for various storage configurations in order to investigate 
the coupling between the portable reactor and storage arrays of spare reactor rings or other fissile 
components of similar mass. Abnormal conditions corresponding to pseudo--random arrays of the fuel 
components, as well as a number of flooded configurations, were also evaluated to assess criticality 
potential for highly unlikely situations. In a normal, dry configuration, the neutron self-multiplication 
factor, k(eff), of the fully loaded 3 x 8 planar array plus the reactor is less than 0.87. A completely flooded 
vault was found to produce self-multiplication factors in excess of 1.2. 
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Abstract/Keyterms: The Nuclear Weapons Effects Branch at White Sands Missile Range has proposed a 
storage vault for components of their fast pulse reactor. The reactor consists of eight stacked annular rings, 
a central safety block, and three rods of fully enriched uranium alloyed with ten weight percent 
molybdenum (rho = 17 gm/cc). The nominal mass per ring is 12.9 kg with inner and outer diameters of 
10.16 and 20.32 cm. Rod and bolt holes penetrate through the eight ring stack. The design basis vault 
configuration consists of a 3 wide by 8 high planar array of reactor ring elements plus an assembled 8 ring 
stack on the reactor stand 45.7 cm in front of the array. The cubical unit cell dimension for the storage array 
is 30.48 cm. Vault materials are Portland concrete for the walls, ceiling and floor and Benelex 70 (Masonite) 
for the door. 
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Abstract/Keyterms: This report discusses hypothetical sequences of events that could conceivably release 
radionuclides from radioactive waste buried in the proposed WIPP repository. All the scenarios are 
described in terms specific to the WIPP site; they include only events whose occurrence is physically 
possible there. The report estimates the relative probabilities of the scenarios at times ranging from 1000 to 
1 million years after the repository is sealed. Although none of the scenarios is judged likely, the report 
recommends several for detailed computer modeling and consequence analysis. 
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Abstract/Keyterms: Twenty-nine papers are included. Six were previously abstracted; separate abstracts 
were prepared for the remaining 23 papers. The conference covers historical perspectives, analysis, national 
programs, storage and transport training, and standards. 
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Abstract/Keyterms: Comments by Roy Reider on chemical criticality control, the fundamentals of safety, 
policy and responsibility, on written procedures, profiting from accidents, safety training, early history of 
criticality safety, requirements for the possible, the value of enlightened challenge, public acceptance of a 
new risk, and on prophets of doom are presented. 
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Abstract/Keyterms: This paper presents a historical summary of criticality safety developments 
internationally, from the viewpoint from outside the USA. 
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Abstract/Keyterms: The members of the Nuclear Criticality Safety Division have played a significant role 
in development of a safe nuclear power program. of the accidental criticality incidents which have occurred, 
none has been shown to be the result of inadequate or erroneous criticality safety analysis. The spent fuel 
storage problem remains an important one, and solutions now being considered include the disassembly of 
spent fuel bundles with dense storage of individual rods in containers. The criticality specialists will be 
called upon to establish appropriate safety criteria for the accomplishment of this. 
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Author: Voelz, G. L. 

Title: Perceptions of Safety in the Workplace 

Date: 4/1/1980 

Report: SAND-80-1675, 051-058 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The concept of safety in the workplace is changing. Safety First was a slogan 
generated at a time when life and limb were at significant risk in many industries. Now much more subtle 
effects, such as late health effects due to industrial exposure and trauma, including mental stress, have 
become a concern to the safety specialists. Despite the changes in the concepts of safety today, the principles 
of safety in the workplace remain the same. They are management leadership, procedures, safe work 
conditions, safety training for supervisors and employees, medical surveillance, and careful accident 
reporting, investigation and record keeping. 
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Author: Solberg, D. E. / Odegaarden, R. H. 

Title: NRC Interests and Involvement in Criticality Data Acquisition 

Date: 4/1/1980 

Report: SAND-80-1675, 061-074 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The organization of NRC's Office of Nuclear Regulatory Research included research 
on safeguards, fuel cycle, and environment. One NRC tool for determining criticality safety is the SCALE 
(Standardized Computer Analyses for Licensing Evaluation) program. Criticality experiments sponsored 
by NRC at various sites are described. 



 

C-16841 
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Author: Whitesides, E. 

Title: Four Critical Facilities: Their Capabilities and Programs 

Date: 4/1/1980 

Report: SAND-80-1675, 075-084 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: Information is presented on the critical experiments facilities at Babcock and Wilcox, 
Lynchburg, Virginia; at Battelle Pacific Northwest Laboratory in Hanford, Washington; at Rockwell-
International in Rocky Flats, Colorado; and at Los Alamos Scientific Laboratory in New Mexico. It is noted 
that the critical mass facilities which still exist in this country represent a bare minimum for maintaining a 
measurement program sufficient for meeting data requirements. 
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Author: Thomas, J. T. 

Title: The Nuclear Safety Guide TID-7016 Revision 2 

Date: 4/1/1980 

Report: SAND-80-1675, 085-092 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The present revision of TID-7016 Nuclear Safety Guide is discussed. This Guide 
differs significantly from its predecessor in that the latter was intentionally conservative in its 
recommendations. Firmly based on experimental evidence of criticality, the original Guide and the first 
revision were considered to be of most value to organizations whose activities with fissionable materials 
were not extensive and, secondarily, that it would serve as a point of departure for members of established 
nuclear safety teams, experienced in the field. The reader will find a significant change in the character of 
information presented in this version. Nuclear Criticality Safety has matured in the past twelve years. The 
advance of calculational capability has permitted validated calculations to extend and substitute for 
experimental data. The broadened data base has enabled better interpolation, extension, and understanding 
of available, information, especially in areas previously addressed by undefined but adequate factors of 
safety. The content has been thereby enriched in qualitative guidance. The information inherently contains, 
and the user can recapture, the quantitative guidance characteristic of the former Guides by employing 
appropriate safety factors. In fact, it becomes incumbent on the Criticality Safety Specialist to necessarily 
impose safety factors consistent with the possible normal and abnormal credible contingencies of an 
operation as revealed by his evaluation. In its present form the Guide easily becomes a suitable module in 
any compendium or handbook tailored for internal use by organizations. It is hoped the Guide will continue 
to serve immediate needs and will encourage continuing and more comprehensive efforts toward organizing 
nuclear criticality safety information 
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Title: Comparison of Discrete Ordinates and Monte Carlo Capabilities and Weaknesses 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The two methods which are most often used to deal with the neutron transport 
equation are the SN and the Monte Carlo methods. This paper describes these two methods, and discusses 
the performance of each in criticality safety calculations. 
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Author: Clark, H. K. 

Title: Snake Bites from Code Misuse and Overuse 

Date: 4/1/1980 

Report: SAND-80-1675, 107-116 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: Errors that can be made in using or misusing computer codes, and, specifically, in 
using computer codes for making nuclear criticality safety calculations are discussed. 
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Author: Shultz, K. R. 

Title: Nuclear Criticality Safety in Canada 

Date: 4/1/1980 

Report: SAND-80-1675, 119-131 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The approach taken to nuclear criticality safety in Canada has been influenced by the 
historical development of participants. The roles played by governmental agencies and private industry 
since the Atomic Energy Control Act was passed into Canadian Law in 1946 are outlined to set the scene 
for the current situation and directions that may be taken in the future. Nuclear criticality safety puts 
emphasis on the control of materials called special fissionable material in Canada. A brief account is given 
of the historical development and philosophy underlying the existing regulations governing special 
fissionable material. Subsequent events have led to a change in emphasis in the regulatory process that has 
not yet been fully integrated into Canadian legislation and regulations. Current efforts towards further 
development of regulations governing the practice of nuclear criticality safety are described. 
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Author: Lecorche, P. / Poullot, G. 

Title: Nuclear Criticality Safety in France 

Date: 4/1/1980 

Report: SAND-80-1675, 133-140 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The first critical assembly, called ALECTO, was located in the homogeneous reactor 
PROSERPINE. The MORET-APOLLO code was tested on numerous critical experiments. Main concerns 
are with criticality safety problems in LWR fuel element manufacturing plants and in FBR fuel reprocessing 
plants. 
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Author: Krug, H. / Thomas, W. 

Title: Criticality Safety in the Federal Republic of Germany 

Date: 4/1/1980 

Report: SAND-80-1675, 141-166 

Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: Criticality safety is of concern in processing, handling and storage of nuclear fuel 
outside reactors. Considerable experience has been gained in this area in the last twenty years. No criticality 
safety problems can be performed by applying a great variety of simple or sophisticated computation 
techniques. Calculated criticality data have been collected and issued in a handbook. A review is given of 
criticality safety philosophy, common practice in safety design, application of limitations and standards and 
accident analysis. As recent developments efforts have been made to investigate concrete reflection, the 
possible use of gadolinium as homogeneous poison, the suitability of hafnium as neutron absorber and 
nondestructive in-line measurement of fissile content concentrations. Recently a critical safe design has 
been established for a cast-iron cask for dry storage of spent fuel elements taking account of accidental 
moderation of the fuel. 
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Author: Chatburn, G. / Evans, M. C. / Clemson, P. 

Title: Activities and Practices Relevant to Criticality Safety: The United Kingdom 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The government control and regulations of criticality safety in the United Kingdom 
is discussed. The practices of British Nuclear Fuels Limited are outlined as an example of United Kingdom 
regulatory practices in nuclear criticality safety, and a resume is given of the activities in this aspect of 
safety. 
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Title: Recent Research and Development Activities on Nuclear Criticality Safety in Japan 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: Research and development activities on nuclear fuel cycle processes have recently 
been remarkably advanced in Japan. A pilot plant of uranium enrichment using centrifuge process has been 
built and started at Ningyotoge. The PNC reprocessing plant at Tokai, with completion of the works for 
replacement of the acid recovering evaporator, is ready for resumed operation soon. A plutonium 
conversion facility using a proliferation-resistant process to be connected to the main reprocessing plant 
has been designed. Frequency of transportation of spent fuels has also increased, and a number of 
transportation containers have been designed, safety reviewed, built and used. A research facility, called 
CPF (Chemical Process Facility), to be used for researchers on reprocessing technology of FBR fuels, as 
well as on solidification processes of high-level liquid wastes from the PNC reprocessing plant, has been 
built. Plutonium fuels for JOYO and MONJU, as well as for FUGEN, are being fabricated. Four private 
plants, with total capacity of about 1000 tons, U/y of LWR fuels, are in operation. A new private company, 
called Japan Nuclear Fuel Service Co., has been established. 
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Title: Spent Fuel Storage a Status Report 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: An account is given of Duke Power Co.'s spent fuel storage situation. The fuel pools 
at Oconee, McGuire, and Catawba were modified. Pending legislation and the national spent fuel storage 
status are discussed. 
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Conference Session:  

Abstract/Keyterms: Under a complete nuclear fuel cycle the criticality safety of spent fuel would be a 
very simple problem. Under this situation the small number of spent fuel assemblies existing at any given 
time could be easily handled by providing sufficient storage that interaction between assemblies would be 
negligible. The large number of fuel assemblies which now have to be stored has given rise to some difficult 
questions. The assemblies are stored in sufficiently close packed arrays that interaction between assemblies 
becomes of major importance. The neutron absorption by structural materials and by specially added 
neutron poisons is included in the evaluation of the system neutron multiplication. Two sets of critical 
experiments are available for the benchmarking of criticality calculations. All of the data and techniques 
are available to allow such high density storage to be safely carried out. However, continued storage of 
spent fuel is only a temporary expedient while we await the decisions which will lead to permanent 
solutions. 
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Conference Session:  

Abstract/Keyterms: Twenty-nine papers are included. Six were previously abstracted; separate abstracts 
were prepared for the remaining 23 papers. The conference covers historical perspectives, analysis, national 
programs, storage and transport training, and standards. 
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Conference Session:  

Abstract/Keyterms:  
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Title: Criticality Safety Analyses for the Spent-Fuel Handling and Packaging Program Demonstration 
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Conference Session:  

Abstract/Keyterms: The major process steps performed to place the spent-fuel assemblies into storage 
were described to provide a perspective of the overall operation conducted at E-MAD. Using both 
numerical calculations and published data, it is concluded that no single accident can result in the 
achievement of criticality. Based on the evaluation of postulated double accident conditions, it is concluded 
that no double accident having any reasonable probability of occurrence can result in criticality at the E-
MAD site. Therefore, all proposed fuel handling and storage activities in the Spent-Fuel Handling and 
Packaging Program Demonstration meet basic nuclear criticality safety standards. 
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Title: The Influence of Safeguards and Fire Protection on Criticality Safety 
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Conference Session:  

Abstract/Keyterms:  



 

C-16856 

16807…..…..…………………..…….……..……ID Number…………………..…..…………….16807 

Author: Pryor, W. A. 

Title: Accident Consequences and Emergency Planning 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: In the US, the National Safety Council has a standardized course to minimize auto 
accidents called defensive driving. Its premise is to avoid accidents, but if an accident is unavoidable, the 
losses should be minimized. In the discipline of nuclear criticality safety, we also design and operate to 
avoid accidents, but we also minimize our losses by having a workable emergency plan when and if needed. 
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Title: Administrative Practices for Criticality Safety 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: Safety programs of three DOE contractors are reviewed with primary emphasis on 
nuclear criticality control. While differences in organization and approach appear to be large, the important 
fundamental objectives are being met by each contractor. 
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Title: Education in Nuclear Criticality Safety 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: The activities of University of New Mexico in nuclear criticality safety, include on-
campus and continuing education programs. 
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Conference Session:  

Abstract/Keyterms: The criticality safety training program is a continuous program that requires updating 
as programs and equipment changes occur. Some of the major components for an operational criticality 
safety program are reviewed for criticality safety, material control, operating procedures, emergency 
procedures, continuing training programs Staff assistance, and random surveys. In addition to these training 
efforts, it is important to recognize that complacency can occur and timely motivation is desirable as a 
preventative measure. 
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Title: Criticality Safety Considerations at TMI-II 
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Conference Session:  

Abstract/Keyterms: The TMI-II core is not only obviously subcritical but is subcritical with a more than 
adequate safety margin. Evaluations completed by both B and W and GPUSC and reported above 
demonstrate that subcriticality of the damaged core can be maintained through control over the amount of 
boron dissolved in the primary coolant system water. An independent study of the nuclear criticality safety 
concerns of TMI-II was made by the Nuclear Division of the Union Carbide Corporation at Oak Ridge. It 
is believed the results of the Union Carbide study are consistent with both B and W and GPUSC evaluations. 
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Title: Current Criticality Safety Standards: A Request for an Evaluation 
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Conference Session:  

Abstract/Keyterms: The establishment of the American National Standards Institute (ANSI) and of its 
Reactor Safety board is reviewed. The question is raised, has all the effort put into the nuclear standards 
been worth it. 
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Title: Current Nuclear Criticality Safety Standards and Future Needs 
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Conference Session:  

Abstract/Keyterms: Criticality safety depends on technical specifications of flawless quality and good, 
reliable practices. The basis of the criticality safety standards is ANS-8.1. Classification of the standards is 
given. 
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Conference Session:  

Abstract/Keyterms: It is pointed out that the main function of standards is to institute the practical 
experience of the past, and not to introduce new ideas. The nuclear standards are constantly being upgraded, 
and some examples of such upgrading are given. 
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Conference Session:  

Abstract/Keyterms: An American National Standard implies a consensus of those substantially concerned 
with its scope and provisions. The technical basis, or foundation, on which the consensus rests, must in 
turn, be firmly established and documented for public review. The technical bases are discussed and 
reviewed of several standards in different stages of completion and acceptance Control and Safety of 
Homogeneous Plutonium-Uranium Mixtures Outside Reactors (Approved July 17, 1978); ANS-815, 
Nuclear Criticality Control of Special Actinide Elements (Draft No. 5 of newly proposed standard); ANS-
8.14, Use of Solutions of Neutron Absorbers for Criticality Control (Draft No. 4 of newly proposed 
standard); ANS-8.5 (Revision of N16.4, 1971), Use of Borosilicate-Glass Raschig Rings as a Neutron 
Absorber in Solutions of Fissile Material (Draft No. 5 as a result of prescribed five-year review and update 
of old standard). In each of the preceding, the newly proposed (or revised) limits are based on the extension 
of experimental data via well-established calculations, or by means of independent calculations with 
adequate margins for uncertainties. The four cases serve to illustrate the insight of the work group members 
in the establishment of the technical bases for the limits and the level of… 
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Author: Seale, Robert L. 

Title: Summary 

Date: 4/1/1980 
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Conference/Journal: American Nuclear Society Topical Meeting, El Paso, Texas, April 1980 

Conference Session:  

Abstract/Keyterms: Comments by Roy Reider on chemical criticality control, the fundamentals of safety, 
policy and responsibility, on written procedures, profiting from accidents, safety training, early history of 
criticality safety, requirements for the possible, the value of enlightened challenge, public acceptance of a 
new risk, and on prophets of doom are presented. 
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Title: Criticality Safety Analysis of the Fissile Material Storage Arrays in the East End of Building 6592 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety analysis of nine concrete storage holes that have been formed in 
the floor of the Materials Balance Area (MBA) in Building 6592 is reported. Unit cell dimensions and unit 
mass limits are defined for the most likely plutonium and uranium fuel types that will be stored there. Two 
tables of mass limits are derived. The first table is to be used for short units that can be stacked with fixed 
separation in the same hole. The second table will permit units greater than one foot in length providing 
that the appropriate linear mass density limit (in kg/ft) is not exceeded. 



 

C-16867 

16818…..…..…………………..…….……..……ID Number…………………..…..…………….16818 
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Title: PAT-2 (Plutonium Air-Transportable Model 2) Safety Analysis Report 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Plutonium; Air Transport; 
Packaging; Accidents; Criticality; IAEA; Maintenance; Quality Assurance; Safety; Shielding; Standards; 
Thermal Stresses; Actinides; Elements; International Organizations; Metals; Stresses; Transport; 
Transuranium Elements 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PAT-2 package is designed for the safe transport of plutonium and/or uranium 
in small quantities. The PAT-2 package is resistant to severe accidents, including that of a high-speed jet 
aircraft crash, and is designed to withstand such environments as extreme impact, crushing, puncturing and 
slashing loads, severe hydrocarbon-fueled fires, and deep underwater immersion, with no escape of 
contents. The package meets the requirements of 10 CFR 71 for Fissile Class I packages with a cargo of 15 
grams of Pu-239, or other isotopic forms described herein, not to exceed 2 watts of thermal activity. This 
SAR presents design and operational information including evaluations and analyses, test results, operating 
procedures, maintenance, and quality assurance information. 
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Title: Pu/U Safeguards Samples Licensed for the PAT-2 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A development program for a Lightweight Air-transportable Accident Resistant 
Container (LAARC), to be used for the timely transport of plutonium or uranium safeguards samples to 
International Atomic Energy Agency (IAEA) laboratories, in support of the Non Proliferation Treaty 
(NPT), has resulted in the availability of the Plutonium Air Transportable Model 2 Package (PAT-2 
Package). The PAT-2 can survive a severe aircraft crash and resulting fire, providing a virtually unassailable 
sealed pressure vessel that meets all statutory requirements for plutonium containment, shielding, and 
criticality. The package, 381 mm in diameter and 356 mm high, weighs 33 kg, and is not licensed for the 
shipment of certain defined safeguard samples. A US Nuclear Regulatory Commission Certificate of 
Compliance and a US Department of Transportation IAEA Certificate of Competent Authority have been 
issued. These certificates (licenses) permit the transport of various isotopic compositions of plutonium, 
uranium, or mixtures, in the solid forms of oxide powder, pellets, or metal, in a form not to exceed 15 grams 
fissile fraction, not to exceed 120 grams total mass, and not to exceed 2 watts decay heat. Also, 3 grams of 
the salts plutonium sulfate tetrahydrate or plutonium nitrate dihydrate may be shipped. The licenses cite 
additional… 
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Conference/Journal: Critical Assembly Area tester symposium; 22 Feb 1984; Amarillo, TX, USA; 

Conference Session:  

Abstract/Keyterms: The Critical Assembly Area (CAA) Tester Symposium was held at the Mason and 
Hanger-Silas Mason Company, Inc. Pantex Plant in Amarillo, Texas on February 22 to 23, 1984. The 
purpose of the symposium was to improve cooperation between Department of Energy organizations 
involved in the CAA Tester Program, and to discuss ways to enhance the design, fabrication, and control 
of the testers. The meeting was a success and recommendations were made for a periodic conference of this 
type. 
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Analysis of Spent Fuel Shipping Casks 

Date: 8/1/1987 

Report: SAND-87-0151;TTC-0713 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analyses have been completed that indicate the consideration of spent fuel histories 
(``burnup credit``) in the design of spent fuel shipping casks is a justifiable concept that would result in cost 
savings and public risk benefits in the transport of spent nuclear fuel. Since cask capacities could be 
increased over those of casks without burnup credit, the number of shipments necessary to transport a given 
amount of fuel could be reduced. Reducing the number of shipments would increase safety benefits by 
reducing public and occupational exposure to both radiological and nonradiological risks associated with 
the transport of spent fuel. Economic benefits would include lower in-transit shipping, reduced 
transportation fleet capital costs, and reduced numbers of cask handling operations at both shipping and 
receiving facilities. 
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16826…..…..…………………..…….……..……ID Number…………………..…..…………….16826 

Author: Sanders, T. L. / Westfall, R. M. / Jones, R. H. 

Title: Incentives for the Allowance of "Burnup Credit" in the Design of Spent Nuclear Fuel Shipping Casks 

Date: 3/1/1987 

Report: SAND-87-0232C, CONF-870306-14 

Conference/Journal: Waste management `87/ 1 Mar 1987/ Tucson, AZ, USA 

Conference Session:  

Abstract/Keyterms: An analysis has been completed which indicates that the consideration of spent fuel 
histories (‘burnup credit’) in the criticality design of spent fuel shipping casks could result in significant 
public risk benefits and cost savings in the transport of spent nuclear fuel. Capacities of casks could be 
increased considerably in some cases. These capacity increases result in lower public and occupational 
exposures to ionizing radiation due to the reduced number of shipments necessary to transport a given 
amount of fuel. Additional safety benefits result from reduced non-radiological risks to both public and 
occupational sectors. In addition, economic benefits result from lower in-transit shipping costs, reduced 
transportation fleet capital costs, and fewer cask handling requirements at both shipping and receiving 
facilities. 
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Author: Sanders, T. L. / Lake, W. H. 

Title: Alternatives for Implementing Burnup Credit in the Design and Operation of Spent Fuel Transport 
Casks 

Date: 6/1/1989 

Report: SAND-88-2341C, CONF-890631-17 

Conference/Journal: International symposium on packaging and transporting of radioactive materials, 
Washington, DC, USA, 11-16 Jun 1989 

Conference Session:  

Abstract/Keyterms: It is possible to develop an optimal strategy for implementing burnup credit in spent 
fuel transport casks. For transport, the relative risk is rapidly reduced if additional pre-transport controls 
such as a cavity dryness verification are conducted prior to transport. Some other operational and design 
features that could be incorporated into a burnup credit cask strategy are listed. These examples represent 
many of the system features and alternatives already available for use in developing a broadly-based 
criticality safety strategy for implementing burnup credit in the design and operation of spent fuel transport 
casks. 
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Author: Allen, G. C. 

Title: Overview of Effects of Burnup Credit on Cask Design 

Date: 2/1/1988 

Report: SAND-88-2760C; CONF-881169-2; TTC-0851 

Conference/Journal: U.S. Department of Energy Workshop on the Use of Burnup Credit in Spent Fuel 
Transport Casks, Washington, DC (USA), 21-22 Feb 1988 

Conference Session:  

Abstract/Keyterms: A number of opportunities exist to increase the productivity of the next generation of 
spent fuel shipping casks. One of the opportunities being evaluated by Sandia National Laboratories (SNL) 
under the sponsorship of the Department of Energy's (DOE's) Cask System Development Program at Idaho 
is the implementation of burnup credit in the design of spent fuel casks. Burnup credit is defined as 
accounting for the effects of fuel burnup in the criticality safety analysis of a cask. Burnup is fissile nuclide 
reduction and fission and activation product buildup, that result in reduced reactivity of fuel after it has 
been used for producing power in a nuclear reactor. An important step in implementing burnup credit is to 
establish an understanding as to how burnup credit affects cask design. The purpose of this paper is to 
provide an overview of the effects of burnup credit on spent fuel cask design. This will be accomplished by 
addressing the following questions: What functions does a cask perform. How does burnup credit 
potentially affect a cask. How does burnup credit affect basket design. What design or functional 
requirements are likely to be affected by burnup credit. 1 fig., 4 tabs. 
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Author: Sanders, T. L. 

Title: A Relative Risk Comparison of Criticality Control Strategies Based on Fresh Fuel and Burnup Credit 
Design Bases 

Date: 10/30/1988 

Report: SAND-88-2761C, CONF-8810263-1 

Conference/Journal: American Nuclear Society (ANS) tutorial session: burnup credit issues in spent 
fuel transportation/ 30 Oct 1988/ Washington, DC, USA 

Conference Session:  

Abstract/Keyterms: The proposed use of burnup credit in spent fuel cask design and operation represents 
a departure from current regulatory practice, and creates technical issues that ultimately must be resolved 
for the concept to be implemented. Issues related to specific technical considerations can generally be 
resolved conclusively. However, an underlying perception may still exist that the use of burnup credit 
compromises criticality safety. In practice, individual casks are designed to satisfy regulatory requirements 
in a generally conservative manner. The designer’s application of the regulatory requirements involves 
some engineering judgement, as does the regulator’s implementation of them. This does not have an adverse 
effect on safety, but does make it difficult to objectively compare new or alternative designs and/or 
operating approaches. 
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Author: Sanders, T. L. 

Title: Proceedings of a Workshop on the Use of Burnup Credit in Spent Fuel Transportation Casks 

Date: 10/1/1989 

Report: SAND-89-0018 

Conference/Journal: U.S. Department of Energy Workshop on the Use of Burnup Credit in Spent Fuel 
Transport Casks, Washington, DC (USA), 21-22 Feb 1988 

Conference Session:  

Abstract/Keyterms: The Department of Energy sponsored a workshop on the use of burnup credit in the 
criticality design of spent fuel shipping casks on February 21 and 22, 1988. Twenty-five different 
presentations on many related topics were conducted, including the effects of burnup credit on the design 
and operation of spent fuel storage pools, casks and modules, and shipping casks; analysis and physics 
issues related to burnup credit; regulatory issues and criticality safety; economic incentives and risks 
associated with burnup credit; and methods for verifying spent fuel characteristics. An abbreviated version 
of the DOE workshop was repeated as a special session at the November 1988 American Nuclear Society 
Meeting in Washington, DC. Each of the invited speakers prepared detailed papers on his or her respective 
topic. The individual papers have been cataloged separately. 
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Author: Bernard, J. A. / Kwok, K. S. / Washio, T. / Wyant, F. J. / Thome, F. V. 

Title: Experimental Demonstration of the MIT-SNL [Massachusetts Institute of Technology-Sandia 
National Laboratories] Period-Generated Minimum Time Control Laws for Rapid Increases of Reactor 
Power from Subcritical Conditions 

Date: 1/1/1989 

Report: SAND-89-1064C; CONF-890103-13 

Conference/Journal: Symposium on space nuclear power systems, Albuquerque, NM (USA), 9-12 Jan 
1989 

Conference Session:  

Abstract/Keyterms: MIT-SNL Period-Generated Minimum Time Control Laws / Annular Core Research 
Reactor / Sandia National Laboratories 
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Author: Ystesund, K. / Perlinski, A. / Young, K. / Garcia, M. L. / Yellin, E. / Janov, J. / Rundquist, D. E. 
/ Gaillour, M. 

Title: Authentication System for Use at the Fast Critical Assembly (FCA) 

Date: 7/18/1990 

Report: SAND-90-0772C; CONF-9007106-28 

Conference/Journal: Institute of nuclear materials management conference; 15-18 Jul 1990; Los 
Angeles, CA (USA); 

Conference Session:  

Abstract/Keyterms: Sandia National Laboratories, the International Atomic Energy Agency, and the 
Japan Atomic Energy Research Institute have designed an authentication system which will allow the IAEA 
to conduct independent verification of records produced by the Portal Monitor (P/M) and Penetration 
Monitor (PN/M) systems in the Fast Critical Assembly (FCA) facility in Japan. Authentication Controllers 
installed at the P/M and at the PN/M will provide passive monitoring capabilities and randomly simulate 
activation of critical sensors. The Controllers will record data tagged with time and date, and store this 
information for retrieval by an IAEA inspector using a personal computer. The Authentication Controller 
clocks are synchronized with the C/S system clock to facilitate comparison of the data produced by the 
authentication equipment and by the P/M and PN/M. 
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Title: Pre-Tiger Team Self-Assessment Report. Sandia National Labs 

Date: 1/1/1991 

Report: SAND-90-2827 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Sandia National Laboratories Pre-Tiger Team Self-Assessment Report contains 
an introduction that describes the three sites in Albuquerque, New Mexico, Kauai, Hawaii, and Tonopah, 
Nevada, and the activities associated therewith. The self-assessment was performed October 1990 through 
December 1990. The paper discusses key findings and root causes associated with problem areas; 
environmental protection assessment with respect to the Clean Air Act, Clean Water Act, Comprehensive 
Environmental Response, Compensation, and Liability Act and the Superfund amendments, Resource 
Conservation and Recovery Act; and other regulatory documents; safety and health assessment with respect 
to organization administration, quality assurance, maintenance, training, emergency preparedness, nuclear 
criticality safety, security/safety interface, transportation, radiation protection, occupational safety, and 
associated regulations; and management practices assessment. 
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Author: n. a. 

Title: PTTSA Action Plan Report. Sandia National Labs 

Date: 2/1/1991 

Report: SAND-90-3192 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Pre-Tiger Team Self-Assessment (PTTSA) Report identified findings with 
respect to the way Sandia National Laboratories (SNL), Albuquerque, (including Tonopah Test Range 
(TTR) and Kauai Test Facility (KTF)) conducts its environment, safety, and health (ES H) activities. It 
presented Action Plan Requirements (APR) addressing these findings. The purpose of this PTTSA Action 
Plan Report is to assist in managing these action plan requirements by collecting, prioritizing, and 
estimating required resources. The specific objectives addressed by this report include: collection of 
requirements for the resolution of the findings presented in the PTTSA Report; consolidation of proposed 
Action Plan Requirements into logical Action Plan groupings for efficiency of resolution; categorization of 
Action Plans according to severity of the hazards represented by the findings; provision of a basis for long-
range planning and issues management; documentation of the status of the proposed corrective actions; 
establishment of traceability of the corrective action to the original problem or issue; and integration of 
these plans into the existing ES H structure. The Action Plans in this report are an intermediate step between 
the identification of a problem or a finding in the PTTSA Report and the execution of the solution. They 
consist of requirements for solution, proposed actions, and an estimate of the time and (where applicable) 
resources required to develop the solution. This report is an input to the process of planning, resource 
commitment, development, testing, implementation, and maintenance of problem resolution. 
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Author: Sanders, T. L. / Ewing, R. I. / Lake, W. H. 

Title: Use of Burnup Credit for Transportation and Storage 

Date: 1/1/1991 

Report: SAND-90-3228C, CONF-910166-2 

Conference/Journal: Institute of Nuclear Materials Management (INMM) seminar on spent fuel 
management/ 16-18 Jan 1991/ Washington, DC (USA) 

Conference Session:  

Abstract/Keyterms: Burnup credit is the application of the effects of fuel burnup to nuclear criticality 
design. When burnup credit is considered in the design of storage facilities and transportation casks for 
spent fuel, the objectives are to reduce the requirements for storage space and to increase the payload of 
casks with acceptable nuclear criticality safety margins. The spent-fuel carrying capacities of previous-
generation transport casks have been limited primarily by requirements to remove heat and/or to provide 
shielding. Shielding and heat transfer requirements for casks designed to transport older spent fuel with 
longer decay times are reduced significantly. Thus a considerable weight margin is available to the designer 
for increasing the payload capacity. One method to achieve an increase in capacity is to reduce fuel 
assembly spacing. The amount of reduction in assembly spacing is limited by criticality and fuel support 
structural concerns. The optimum fuel assembly spacing provides the maximum cask loading within a 
basket that has adequate criticality control and sufficient structural integrity for regulatory accident 
scenarios. The incorporation of burnup credit in cask designs could result in considerable benefits in the 
transport of spent fuel. The acceptance of burnup credit for the design of transport casks depends on the 
resolution of system safety issues and the uncertainties that affect the determination of criticality safety 
margins. The remainder of this report will examine these issues and the integrated approach under way to 
resolve them. 



 

C-16885 

16836…..…..…………………..…….……..……ID Number…………………..…..…………….16836 

Author: Sanders, T. L. / Ewing, R. I. / Lake, W. H. 

Title: Use of Burnup Credit for Transportation and Storage 

Date: 1/1/1991 

Report: SAND-90-3228C; CONF-910166--2 

Conference/Journal: Institute of Nuclear Materials Management (INMM) seminar on spent fuel 
management/ 16-18 Jan 1991/ Washington, DC (USA) 

Conference Session:  

Abstract/Keyterms: Engineering; Nuclear Fuel Cycle and Fuel Materials; Spent Fuel Storage; Safety; 
Spent Fuels; Packaging Rules; Waste Transportation; Burnup; Criticality; Radioactive Waste Management; 
Risk Assessment; Specifications; Spent Fuel Casks; Storage Facilities; Casks; Containers; Energy Sources; 
Fuels; Management; Materials; Nuclear Fuels; Reactor Materials; Regulations; Storage; Transport; Waste 
Management 
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Title: Role of Measurement Systems in Burnup Credit Operations 

Date: 7/1/1991 

Report: SAND-91-1604C, CONF-910774-74 

Conference/Journal: Institute of Nuclear Materials Management (INMM) annual meeting/ 28-31 Jul 
1991/ New Orleans, LA (United States) 

Conference Session:  

Abstract/Keyterms: Spent fuel transport casks designed using burnup credit have increased payloads that 
may greatly reduce the number of shipments required to transport spent fuel from reactor sites to 
repositories. Burnup credit is obtained by applying the reduced reactivity of spent fuel to considerations of 
nuclear criticality in the design of transport casks. Although is does not appear to be possible to directly 
measure the criticality of spent fuel assemblies, measurements can be employed to ensure that the only 
assemblies loaded into a cask have the characteristics appropriate to that cask design. An effective on-site 
measurement system must be matched to the characteristics of the spent fuel casks design and to the 
inventory of spent fuel. For operational reasons the system should be simple, accurate, efficient, and easily 
calibrated. This preliminary report is part of a study to examine the effects of the spent fuel inventory in the 
US on the selection of measurement systems useful in burnup credit operations. 
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Author: Sanders, T. L. / Seager, K. D. / Ewing, R. I. 

Title: Overview of a Burnup Credit Issue 

Date: 1/1/1992 

Report: SAND-91-2841C, CONF-920164-6 

Conference/Journal: Institute of Nuclear Material Management (INMM) winter meeting/ 15-17 Jan 
1992/ Washington, DC (United States) 

Conference Session:  

Abstract/Keyterms: A traditional assumption used in evaluating the criticality safety of a spent fuel 
storage or transport cask is that the spent fuel is as reactive as fresh fuel. This known as the fresh fuel 
assumption. The assumption avoids a number of calculational and verification problems, but takes a heavy 
toll in decreased efficiency. An alternative to the fresh fuel assumption is called burnup credit.” That is, the 
reduced reactivity of spent fuel that occurs from the net depletion of fissile nuclides and the net increase in 
fission and activation product neutron absorbers (poisons) is considered. Burnup credit has been 
successfully applied to spent fuel storage pools in the US, resulting in increased capacity and permitting 
the storage of spent fuel with higher initial enrichments. Both of the commercial transport cask designers 
supporting the Cask Systems Development Program (CSDP) of the US Department of Energy’s Office of 
Civilian Radioactive Waste Management (OCRWM) have cask designs incorporating burnup credit. This 
document provides a discussion of burnup credit as applied to spent fuels. 



 

C-16888 

16839…..…..…………………..…….……..……ID Number…………………..…..…………….16839 

Author: Ewing, R. I. 

Title: Radiation Measurements for Verifying the Loading of Burnup Credit Casks 

Date: 4/1/1992 

Report: SAND-91-2843C, CONF-920430-41 

Conference/Journal: International high level radioactive waste management (IHLRWM) conference, 
Las Vegas, NV (United States), 12-16 Apr 1992 

Conference Session:  

Abstract/Keyterms: Radiation measurement have been used for many years to aid in the characterization, 
handling, and processing of spent nuclear fuel. Applications have included radiation protection, 
international safeguards, fissile content estimation for reprocessing, and verification of records and 
calculations. The application of radiation measurements to support the identification of spent fuel 
assemblies for loading into burnup credit” transport casks is of interest in the cask development program. 
A possible alternative to measurements is to use the administrative controls and operational procedures that 
have been used at reactor sites that make use of burnup credit for spent fuel storage. Experience at such 
sites needs to be carefully analyzed for its applicability to the misloading and misidentification probabilities. 
Since there are over 40,000 spent fuel assemblies stored at more than one hundred locations in the US, it is 
important to determine carefully the necessity for and applicability of any measurement requirement. It is 
imperative that any measurement system selected be as simple, inexpensive, quick, and non-intrusive as 
possible. In this report we will consider the information available from measurements of spent fuel that has 
cooled for more than ten years, and examine the possible application of existing instrumentation to verifying 
the loading of burnup credit casks. 
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Title: The Role of ORIGEN-S in the Design of Burnup Credit Spent Fuel Casks 

Date: 4/1/1992 

Report: SAND-91-7100C, CONF-920430-24 

Conference/Journal: International high level radioactive waste management (IHLRWM) conference, 
Las Vegas, NV (United States), 12-16 Apr 1992 

Conference Session:  

Abstract/Keyterms: Current licensing practices for spent fuel pools, storage facilities, and transportation 
casks require a conservative fresh fuel assumption” be used in the criticality analysis. Burnup credit refers 
to a new approach in criticality analyses for spent fuel handling systems in which reactivity credit is allowed 
for the depleted state of the fuel. Studies have shown that the increased cask capacities that can be achieved 
with burnup credit offer both economic and risk incentives. The US Department of Energy is currently 
sponsoring a program to develop analysis methodologies and establish a new generation of spent fuel casks 
using the principle of burnup credit. The key difference in this new approach is the necessity to accurately 
predict the isotopic composition of the spent fuel. ORIGEN-S was selected to satisfy this requirement 
because of the flexibility and user-friendly input offered via its usage in the Standardized Computer 
Analyses for Licensing and Evaluation (SCALE) code system. Specifically, through the Shielding Analysis 
Sequence 2H (SAS2H), ORIGEN-S is linked with cross-section processing codes and one-dimensional 
transport analyses to produce problem-specific cross-section data for the point-depletion calculation. The 
utility code COUPLE facilitates updating basic cross-section and fission-yield data for the calculations. 
This paper describes the fundamental role fulfilled by ORIGEN-S in the development of the analysis 
methodology, validation of the methods, definition of criticality safety margins and other licensing 
considerations in the design of a new generation of spent fuel casks. Particular emphasis given to the 
performance of ORIGEN-S in comparisons with measurements of irradiated fuel compositions and in 
predicting isotopics for use in the calculation of reactor restart critical configurations that are performed as 
a part of the validation process. 
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Conference/Journal: Institute of Nuclear Materials Management (INMM) annual meeting/ 19-22 Jul 
1992/ Orlando, FL (United States) 

Conference Session:  

Abstract/Keyterms: Transport casks that make use of burnup credit are designed to accommodate spent 
fuel assemblies with a specified combination of initial enrichment, minimum burnup, and minimum cooling 
time (age), to ensure acceptable nuclear criticality safety. Radiation measurements can be used to help 
prevent misloading of a cask by verifying that each assembly has the appropriate characteristics. 
Measurements of neutron and gamma-ray yield from spent fuel assemblies have been used successfully for 
many years by the International Atomic Energy Agency (IAEA) to confirm reactor records in the United 
States and abroad. This technique has proved to be adequate to eliminate the need for more complex active 
or high-resolution measurement techniques. The IAEA system (called FORK, designed at Los Alamos 
National Laboratory) is being evaluated for applicability to burnup credit operations. Under a joint program 
involving Sandia National Laboratories, Los Alamos National Laboratory, and the Electric Power Research 
Institute, test measurements on spent fuel assemblies wig be performed at US utility storage sites using a 
FORK system. The objectives of the tests are (1) to demonstrate that simple measurements can be used to 
confirm reactor records for spent fuel assembly characteristics, (2) to obtain calibrations of the instrument 
over the burnup range of interest, (3) to examine the axial distribution of burnup in some assemblies, and 
(4) to develop operational procedures with utility input. 
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Title: A Radiation Detector to Qualify Spent Fuel for Transport 

Date: 8/23/1992 

Report: SAND-92-0361C, CONF-920851-14 

Conference/Journal: Spectrum 92: nuclear and hazardous waste management international topical 
meeting/ 23-27 Aug 1992/ Boise, ID (United States) 

Conference Session:  

Abstract/Keyterms: To ensure nuclear criticality safety, casks to transport spent reactor fuel from utility 
sites to federal storage facilities are being designed to accept only assemblies that meet certain nuclear 
reactivity restrictions. Screening measurements of the nuclear radiation from the spent fuel can be used to 
prevent misloading of over-reactive fuel assemblies by confirming reactor records and by detecting operator 
error in assembly selection. The FORK measurement system, designed at Los Alamos National Laboratory 
for the International Atomic Energy Agency safeguards program, has been selected as the initial prototype 
of a system to qualify spent fuel for transport. Tests to be performed at fuel storage sites using the FORK 
system will be used to examine operational procedures and to optimize the design. 
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Title: A Radiation Detector to Qualify Spent Fuel for Transport 

Date: 6/1/1992 

Report: SAND--92-0361C; CONF-920851--14 

Conference/Journal: Spectrum `92: nuclear and hazardous waste management international topical 
meeting,Boise, ID (United States),23-27 Aug 1992 

Conference Session:  

Abstract/Keyterms: To ensure nuclear criticality safety, casks to transport spent reactor fuel from utility 
sites to federal storage facilities are being designed to accept only assemblies that meet certain nuclear 
reactivity restrictions. Screening measurements of the nuclear radiation from the spent fuel can be used to 
prevent misloading of over-reactive fuel assemblies by confirming reactor records and by detecting operator 
error in assembly selection. The FORK measurement system, designed at Los Alamos National Laboratory 
for the International Atomic Energy Agency safeguards program, has been selected as the initial prototype 
of a system to qualify spent fuel for transport. Tests to be performed at fuel storage sites using the FORK 
system will be used to examine operational procedures and to optimize the design. 
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Title: Final Consolidated Action Plan to Tiger Team. Volume 2. Sandia National Labs 

Date: 10/1/1992 

Report: SAND-92-2035- 2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document contains the planned actions to correct the deficiences identified in 
the Tiger Team Assessments of Sandia California (August 1990) and Sandia New Mexico (May 1991). 
Information is also included on the management structures, estimated costs, root causes, prioritization and 
schedules for the Action Plan. This Plan is an integration of the two individual Action Plans to provide a 
cost effective, integrated program for implemenation by Sandia and monitoring by DOE. This volume (2) 
contains information and corrective action plans pertaining to safety and health and management practices. 
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Title: TOPAZ II Preliminary Safety Assessment 

Date: 1/14/1993 

Report: SAND-92-2242C, CONF-930103-16 

Conference/Journal: AIP Conference Proceedings (American Institute of Physics) / Vol/Issue: 271:1/ 
10. symposium on space nuclear power and propulsion/ 10-14 Jan 1993/ Albuquerque, NM (United 
States) 

Conference Session:  

Abstract/Keyterms: The Strategic Defense Initiative Organization (SDIO) decided to investigate the 
possibility of launching a Russian Topaz II space nuclear power system. A preliminary safety assessment 
was conducted to determine whether or not a space mission could be conducted safely and within budget 
constraints. As part of this assessment, a safety policy and safety functional requirements were developed 
to guide both the safety assessment and future Topaz II activities. A review of the Russian flight safety 
program was conducted and documented. Our preliminary safety assessment included a top level event tree, 
neutronic analysis of normal and accident configurations, an evaluation of temperature coefficients of 
reactivity, a reentry and disposal analysis, and analysis of postulated launch abort impact accidents, and an 
analysis of postulated propellant fire and explosion accidents. Based on the assessment, it appears that it 
will be possible to safely launch the Topaz II system in the U.S. with some possible system modifications. 
The principal system modifications will probably include design changes to preclude water flooded 
criticality and to assure intact reentry. 
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materials: PATRAM '92, Yokohama (Japan), 13-18 Sep 1992 

Conference Session:  

Abstract/Keyterms: The US Department of Energy is presently scheduled to begin transport of spent fuel 
from utility reactor sites to a federal storage facility in 1998, using casks certified by the US Nuclear 
Regulatory Commission. Maximizing the capacity of transport casks now being designed is essential to 
reduce costs and to maintain public and occupational risks as low as reasonably achievable”. The spent fuel 
to be transported in the immediate future has been cooled for a decade or more, and its radiation output is 
greatly reduced due to natural radioactive decay. The reduced requirements for heat dissipation and 
radiation shielding allow more spent fuel to be loaded into a cask of a fixed gross weight. Conceptually, 
cask capacity can be increased to the point where, under certain conditions, nuclear criticality safety must 
be considered in the design of transport casks. The reduced reactivity of the burned up” fuel permits about 
twice as many spent assemblies to be safely transported in each cask as could be accommodated if the 
assemblies were fresh, unburned fuel. The criticality of the loaded, flooded cask can be calculated from 
three parameters which are cataloged at the reactor for each assembly. The three factors are: initial 
enrichment, usually expressed as weight percent U235; burnup and the cooling time. Casks designed taking 
advantage of the reduced reactivity of the burned fuel to calculate criticality are called burnup credit” casks. 
This report discusses the burnup verification measurements for spent fuels. 
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Conference Session:  

Abstract/Keyterms: The concept of allowing reactivity credit for the depleted (or burned) state of 
pressurized water reactor fuel in the licensing of spent fuel facilities introduces a new challenge to members 
of the nuclear criticality community. The primary difference in this analysis approach is the technical ability 
to calculate spent fuel compositions (or inventories) and to predict their effect on the system multiplication 
factor. Isotopic prediction codes are used routinely for in-core physics calculations and the prediction of 
radiation source terms for both thermal and shielding analyses, but represent an innovation for criticality 
specialists. This paper discusses two methodologies currently being developed to specifically evaluate 
isotopic composition and reactivity for the burnup credit concept. A comprehensive approach to 
benchmarking and validating the methods is also presented. This approach involves the analysis of 
commercial reactor critical data, fuel storage critical experiments, chemical assay isotopic data, and 
numerical benchmark calculations. 
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Conference/Journal: Institute of Nuclear Material Management (INMM) winter meeting, Washington, 
DC (United States), 15-17 Jan 1992 

Conference Session:  

Abstract/Keyterms: Burnup credit is the application of the effects of fuel exposure or burnup to nuclear 
criticality considerations in the design of spent fuel transport and storage facilities. One unique issue in this 
design approach is the proper treatment of the axial variation in burnup experienced by pressurized-water-
reactor fuel assemblies. This paper describes calculations and results quantifying this effect in the criticality 
analysis of spent fuel array geometries. Recommendations are made to provide guidance in evaluating these 
effects via three different approaches. Final selection of the analysis methodology would be dependent on 
the specific application and the degree of accuracy required. 
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Conference/Journal: Specialists conference and short course on thermionic energy conversion, Goteborg 
(Sweden), 3-7 May 1993 

Conference Session:  

Abstract/Keyterms: The United States (US) Strategic Defense Initiative Organization (SDIO) decided to 
investigate the possibility of launching a Russian Topaz II space nuclear power system. A preliminary 
nuclear safety assessment was conducted to determine whether or not a space mission could be conducted 
safely and within budget constraints. As part of this assessment, a safety policy and safety functional 
requirements were developed to guide both the safety assessment and future Topaz II activities. A review 
of the Russian flight safety program was conducted and documented. Our preliminary nuclear safety 
assessment included a number of deterministic analyses, such as; neutronic analysis of normal and accident 
configurations, an evaluation of temperature coefficients of reactivity, a reentry and disposal analysis, an 
analysis of postulated launch abort impact accidents, and an analysis of postulated propellant fire and 
explosion accidents. Based on the assessment to date, it appears that it will be possible to safely launch the 
Topaz II system in the US with a modification to preclude water flooded criticality. A full scale safety 
program is now underway. 
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Abstract/Keyterms: General Studies of Nuclear Reactors; Specific Nuclear Reactors and Associated 
Plants; Topaz Reactor; Safety Analysis; Space Power Reactors; Design; Reactor Accidents; Core Flooding 
Systems; Reactor Cores; Monte Carlo Method; Criticality; Shields 
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23 Jul 1993 
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Abstract/Keyterms: The SPR III bare cavity spectrum and integral parameters have been determined with 
24 measured spectrum sensor responses and an independent, detailed, MCNP transport calculation. This 
environment qualifies as a benchmark field for electronic parts testing. 
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Conference Session:  

Abstract/Keyterms: Verification measurements may be used to help ensure nuclear criticality safety when 
burnup credit is applied to spent fuel transport and storage systems. The FORK system measures the passive 
neutron and gamma-ray emission from spent fuel assemblies while in the storage pool. It was designed at 
Los Alamos National Laboratory for the International Atomic Energy Agency safeguards program and is 
well suited to verify burnup and cooling time records at commercial Pressurized Water Reactor (PWR) 
sites. This report deals with the application of the FORK system to burnup credit operations. 
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Abstract/Keyterms: This report documents the reentry safety analyses conducted for the TOPAZ II 
Nuclear Electric Propulsion Space Test Program (NEPSTP). Scoping calculations were performed on the 
reentry aerothermal breakup and ground footprint of reactor core debris. The calculations were used to 
assess the risks associated with radiologically cold reentry accidents and to determine if constraints should 
be placed on the core configuration for such accidents. Three risk factors were considered: inadvertent 
criticality upon reentry impact, atmospheric dispersal of U-235 fuel, and the Special Nuclear Material 
Safeguards risks. Results indicate that the risks associated with cold reentry are very low regardless of the 
core configuration. Core configuration constraints were therefore not established for radiologically cold 
reentry accidents. 
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Conference/Journal:  
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Abstract/Keyterms: This assessment studied the performance of high-level radioactive waste and spent 
nuclear fuel in a hypothetical repository in unsaturated tuff. The results of this 10-month study are intended 
to help guide the Office of Environment Management of the US Department of Energy (DOE) on how to 
prepare its wastes for eventual permanent disposal. The waste forms comprised spent fuel and high-level 
waste currently stored at the Idaho National Engineering Laboratory (INEL) and the Hanford reservation. 
About 700 metric tons heavy metal (MTHM) of the waste under study is stored at INEL, including graphite 
spent nuclear fuel, highly enriched uranium spent fuel, low enriched uranium spent fuel, and calcined high-
level waste. About 2, 100 MTHM of weapons production fuel, currently stored on the Hanford reservation, 
was also included. The behavior of the waste was analyzed by waste form and as a group of waste forms in 
the hypothetical tuff repository. When the waste forms were studied together, the repository was assumed 
also to contain about 9, 200 MTHM high-level waste in borosilicate glass from three DOE sites. The 
addition of the borosilicate glass, which has already been proposed as a final waste form, brought the total 
to about 12, 000 MTHM. A source term model was developed to study the wide variety of waste forms, 
which included radionuclides residing in 10 different matrices and up to 8 nested layers of material that 
might react with water. The possibility and consequences of critical conditions occurring in or near 
containers of highly enriched uranium spent nuclear fuel were also studied. 
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Conference Session:  

Abstract/Keyterms: The Department of Energy is conducting an ongoing investigation of the 
consequences of taking fuel burnup into account in the design of spent fuel transportation packages. A 
series of experiments, collectively called the Spent Fuel Safety Experiment (SFSX), has been devised to 
provide integral benchmarks for testing computer-generated predictions of spent fuel behavior. A set of 
experiments is planned in which sections of unirradiated fuel rods are interchanged with similar sections of 
spent PWR fuel rods in a critical assembly. By determining the critical size of the arrays, one can obtain 
benchmark data for comparison with criticality safety calculations. The SFSX provides a direct 
measurement of the reactivity effects of spent PWR fuel using a well-characterized, spent fuel sample. The 
SFSX also provides an experimental measurement of the end-effect, i.e., the reactivity effect of the variation 
of the burnup profile at the ends of PWR fuel rods. The design of the SFSX is optimized to yield accurate 
benchmark measurements of the effects of interest, well above experimental uncertainties. 
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Abstract/Keyterms: A measurement system to verify reactor records for burnup of spent fuel at 
pressurized water reactors (PWR) has been developed by Sandia National Laboratories and tested at US 
nuclear utility sites. The system makes use of the Fork detector designed at Los Alamos National Laboratory 
for the safeguards program of the International Atomic Energy Agency. A single-point measurement of the 
neutrons and gamma- rays emitted from a PWR assembly is made at the center plane of the assembly while 
it is partially raised from its rack in the spent fuel pool. The objective of the measurements is to determine 
the variation in burnup assignments among a group of assemblies, and to identify anomalous assemblies 
that might adversely affect nuclear criticality safety. The measurements also provide an internal consistency 
check for reactor records of cooling time and initial enrichment. The burnup verification system has been 
proposed for qualifying spent fuel assemblies for loading into containers designed using burnup credit 
techniques. The system is incorporated in the US Department of Energy’s.”Topical Report on Actinide-
Only Burnup Credit for PWR Spent Nuclear Fuel Packages” [DOE/RW 19951]. 
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Abstract/Keyterms: Approximately 13% by volume of the US Department of Energy (DOE) current 
backlog of radioactive waste is characterized as high-level waste. Transportation of these wastes requires 
that the waste package have adequate shielding against gamma radiation. This project investigates the 
radiation shielding performance of titanium and depleted uranium, which have been proposed for use as 
gamma shielding materials in DOE transportation packages, by experimentally determining their buildup 
factors. Buildup factors are important in shield heating and radiation damage calculations. A point-
isotropic-source type of buildup factor is the most useful for application in the point-kernal approach 
utilized in many simple shielding codes. The point-kernal method provides reasonable results for cases in 
which the shield is made of one solid material and the source can be approximated as one homogeneous 
material. The point-kernal method has been incorporated into a large number of shielding codes treating 
three-dimensional geometry using buildup factor data in some form. Buildup factors vary with a number of 
parameters such as the distance of penetration through the attenuating medium; the geometric configuration 
of the attenuating medium, source and detector position; the composition of the medium; the detector 
response function; and the energy and direction of emission of the source photons, ideally taken to be 
monoenergetic and isotropic. 
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(United States), 25-26 Sep 1995 

Conference Session:  

Abstract/Keyterms: The reactor facilities at Sandia National Laboratories have hosted a number of 
reactors and critical experiments. A critical experiment is currently being done to support an ongoing 
investigation by the US Department of Energy of the consequences of taking fuel burnup into account in 
the design of spent fuel transportation packages. A series of experiments, collectively called the Spent Fuel 
Safety Experiment (SFSX), has been devised to provide integral benchmarks for testing computer-
generated predictions of spent fuel behavior. A set of experiments is planned in which sections of 
unirradiated fuel rods are interchanged with similar sections of spent pressurized water reactor (PWR) fuel 
rods in a critical assembly. By determining the critical size of the arrays, one can obtain benchmark data 
for comparison with criticality safety calculations. The SFSX provides a direct measurement of the 
reactivity effects of spent PWR fuel using a well-characterized, spent fuel sample. The SFSX also provides 
an experimental measurement of the end-effect, i.e., the reactivity effect of the variation of the burnup 
profile at the ends of PWR fuel rods. The design of the SFSX is optimized to yield accurate benchmark 
measurements of the effects of interest, well above experimental uncertainties. 
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Abstract/Keyterms: It is likely that the ongoing process to produce the 1996 version of the IAEA 
Regulation for the Safe Transport of Radioactive Materials, IAEA Safety Series 6(SS 6) will result in a 
more stringent package qualification standard for air transport of large quantities of radioactive materials 
(RAM) than is included in the 1990 version. During the process to define the scope of the new requirements 
there was extensive discussion of their impact on, and application to, fissile material package qualification 
criteria. Since fissile materials are shipped in a variety of packagings ranging from exempt to Type B, each 
packaging of each type must be evaluated for its ability to maintain subcriticality both alone and in arrays 
and in both damaged and undamaged condition. In the 1990 version of SS 6 “damaged” means the condition 
of a package after it had undergone the “tests for demonstrating the ability to withstand accident conditions 
in transport,” i.e., Type B qualification tests. These tests conditions are typical of severe accidents in surface 
modes, but are less severe than air mode qualification test environments to be applied to Type C packages. 
As a result, questions arose about the need for a corresponding change in the 1996 SS 6 to define “damaged” 
to include the Type C test regime for criticality evaluations of fissile packages in air transport. 
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Abstract/Keyterms: DOE installations possessing sufficient quantities of fissile material to potentially 
constitute a critical mass, such that the excessive exposure of personnel to radiation from a nuclear accident 
is possible, are required to provide nuclear accident dosimetry services. This document describes the 
personal nuclear accident dosimeter (PNAD) used by SNL and prescribes methodologies to initially screen, 
and to process PNAD results. In addition, this report describes PNAD dosimetry results obtained during 
the Nuclear Accident Dosimeter Intercomparison Study (NAd 23), held during 12-16 June 1995, at Los 
Alamos National Laboratories. Biases for reported neutron doses ranged from -6% to+36% with an average 
bias of+12%. 
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Abstract/Keyterms: Thermal hydrology calculations were performed to predict the geologic thermal and 
saturation response of a far-field nuclear criticality. The thermal hydrology (THX) calculations used an 
experimental version of a transient multi-phase fluid and energy simulator, BRAGFLO{_}T. A total of 45 
THX calculations were completed using various combinations of initial saturation S{sub 0}, input heat 
generation zone (HGZ) radii r{sub 0}, input energies E{sub 0}, and input space power density functions 
(SPDFs). The thermal hydrology calculations were performed as a part the nuclear dynamics consequence 
analysis (NDCA) study for potential criticality consequences associated with disposal of high-level waste 
(HLW) and spent nuclear fuel (SNF) in an underground geologic repository. In the NDCA study it was 
identified that total fission energy E{sub 0}, integrated from the power-time history, has an expected range 
of 10{sup 17}--10{sup 20} total fissions per excursion. This range of values is comparable to those reported 
for aqueous criticality accidents that had occurred in processing plants. The THX results show (using the 
conservative temperature recycle times) that a criticality frequency between 3 and 30 criticalities/yr is 
possible. Probability frequencies (generated by probabilistic risk analysis and the THX model) for these 
consequences indicate that any additional fissions are minor contributions to the biological hazards caused 
by the disposed fissile materials. 
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Abstract/Keyterms: This paper describes criticality analyses for spent nuclear fuels in a geologic 
repository. The analyses investigated criticality potential, criticality excursion consequences, and the 
probability frequency for nuclear criticality. Key findings include: expected number of fissions per 
excursion range from 10{sup 17} to 10{sup 20}, repeated rate of criticalities range from 3 to 30 per year, 
and the probability frequency for criticality initiators (based on rough-order-of-magnitude calculations) is 
7{times}10{sup{minus}7}. Overall results indicate that criticality consequences are a minor contribution 
to the biological hazards caused by the disposal of spent nuclear material. 
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Abstract/Keyterms: This paper presents preliminary analysis of a volcanic tuff repository containing a 
combination of low enrichment commercial spent nuclear fuels (SNF) and DOE-owned SNF packages. 
These SNFs were analyzed with respect to their criticality risks. Disposal of SNF packages containing 
significant fissile mass within a geologic repository must comply with current regulations relative to 
criticality safety during transportation and handling within operational facilities. However, once the 
repository is closed, the double contingency credits for criticality safety are subject to unremediable 
degradation, (e.g., water intrusion, continued presence of neutron absorbers in proximity to fissile material, 
and fissile material reconfiguration). The work presented in this paper focused on two attributes of 
criticality in a volcanic tuff repository for near-field and far-field scenarios: (1) scenario conditions 
necessary to have a criticality, and (2) consequences of a nuclear excursion that are components of risk. All 
criticality consequences are dependent upon eventual water intrusion into the repository and subsequent 
breach of the disposal package. Key criticality parameters necessary for a critical assembly are: (1) adequate 
thermal fissile mass, (2) adequate concentration of fissile material, (3) separation of neutron poison from 
fissile materials, and (4) sufficient neutron moderation (expressed in units of moderator to fissile atom 
ratios). Key results from this study indicated that the total energies released during a single excursion are 
minimal (comparable to those released in previous solution accidents), and the maximum frequency of 
occurrence is bounded by the saturation and temperature recycle times, thus resulting in small criticality 
risks. 
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Abstract/Keyterms: This criticality safety analysis performed to determine the effective multiplication 
factor (k(eff) for a storage cabinet filled with unirradiated Cintichem-type targets. These targets will be 
used to produce99Mo at Sandia National Laboratories and will be stored on-site prior to irradiation in the 
Annular Core Research Reactor. The analysis consisted of using the Monte Carlo code MCNP (Version 
4A) to model and predict the k(eff) for the proposed dry storage configuration under credible loss of 
geometry and moderator control. Effects of target pitch, non-uniform loading, and target internal/external 
flooding are evaluated. Further studies were done with deterministic methods to verify the results obtained 
from MCNP and to obtain a clearer understanding of the parameters affecting system criticality. The 
diffusion accelerated neutral particle transport code ONEDANT was used to model the target in a one-
dimensional, infinite half-slab geometry and determine the critical slab thickness. Hand calculations were 
also completed to determine the critical slab thickness with modified one-group, and one-group, two region 
approximations. Results obtained from ONEDANT and the hand calculations were compared to applicable 
cases in a commonly used criticality safety analysis handbook. Overall, the critical slab thicknesses 
obtained in the deterministic analysis were much larger than the dimensions of the cabinet and further 
support the predictions by MCNP that a critical system cannot be attained for the base case or in conditions 
where loss of geometry and moderation control occur. 
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Abstract/Keyterms: Based on general arguments presented in this report, nuclear criticality was eliminated 
from performance assessment calculations for the Waste Isolation Pilot Plant (WIPP), a repository for waste 
contaminated with transuranic (TRU) radioisotopes, located in southeastern New Mexico. At the WIPP, the 
probability of criticality within the repository is low because mechanisms to concentrate the fissile 
radioisotopes dispersed throughout the waste are absent. In addition, following an inadvertent human 
intrusion into the repository (an event that must be considered because of safety regulations), the probability 
of nuclear criticality away from the repository is low because (1) the amount of fissile mass transported 
over 10,000 yr is predicted to be small, (2) often there are insufficient spaces in the advective pore space 
(e.g., macroscopic fractures) to provide sufficient thickness for precipitation of fissile material, and (3) there 
is no credible mechanism to counteract the natural tendency of the material to disperse during transport and 
instead concentrate fissile material in a small enough volume for it to form a critical concentration. 
Furthermore, before a criticality would have the potential to affect human health after closure of the 
repository--assuming that a criticality could occur--it would have to either (1) degrade the ability of the 
disposal system to contain nuclear waste or (2) produce significantly more radioisotopes than originally 
present. Neither of these situations can occur at the WIPP; thus, the consequences of a criticality are also 
low. 
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Abstract/Keyterms: The large-scale construction of atomic power stations results in a need for trainers to 
instruct power-station personnel. The present work considers one problem of developing training computer 
software, associated with the development of a high-speed algorithm for calculating the neutron field after 
control-rod (CR) shift by the operator. The case considered here is that in which training units are developed 
on the basis of small computers of SM-2 type, which fall significantly short of the BESM-6 and EC-type 
computers used for the design calculations, in terms of speed and memory capacity. Depending on the 
apparatus for solving the criticality problem, in a two-dimensional single-group approximation, the 
physical-calculation programs require approx. 1 min of machine time on a BESM-6 computer, which 
translates to approx. 10 min on an SM-2 machine. In practice, this time is even longer, since ultimately it 
is necessary to determine not the effective multiplication factor K/sub ef/, but rather the local perturbations 
of the emergency-control (EC) system (to reach criticality) and change in the neutron field on shifting the 
CR and the EC rods. This long time means that it is very problematic to use physical-calculation programs 
to work in dialog mode with a computer. The algorithm presented below allows the neutron field following 
shift of the CR and EC rods to be calculated in a few seconds on a BESM-6 computer (tens of second on 
an SM-2 machine. This high speed may be achieved as a result of the preliminary calculation of the 
influence function (IF) for each CR. The IF may be calculated at high speed on a computer. Then it is stored 
in the external memory (EM) and, where necessary, used as the initial information. 
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underground might reach criticality that is autocatalytic or self-enhancing. This criticality could come about 
upon dispersion into the surrounding medium by either natural or unnatural processes, or by the fissile 
material being carried to other sites where it can collect into different autocatalytic critical configurations. 
Underground, where the material is confined and there is an abundance of moderating medium around it, 
the results of such supercritical excursions could range from modest energy releases to the several hundred 
gigajoules range from a single event. Without water, 50-100 kg of fissile material is required to reach 
autocatalytic criticality. Amounts as small as 2 kg can reach autocatalytic criticality with water present. In 
varying degrees, all categories of waste containing fissile actinide appear to be susceptible to these 
criticality excursions, including vitrified weapons plutonium, research reactor and DOE spent fuel, 
commercial, and MOX spent fuel. 
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repository. In the option for burning WPu as MOX in reactors of existing type, fuel bundles containing 
some 3 percent spent WPu would eventually be entombed in heavy steel disposition casks after a decade or 
more of storage above ground. Since only about 2 tons of WPu would be loaded into reactors each year, in 
comparison with some 100 tons of U-235 into US reactors annually, it is likely that only a single fuel 
bundle, of 5 in a typical steel disposition cask, would be spent mixed-oxide (MOX) fuel. The MOX bundle 
would contain some 9-18 kg of Pu, typically about 60 percent fissile isotopes. 
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plutonium-239 stored in underground repositories could lead to a nuclear explosion of up to a few hundred 
gigajoules. The study suggests that plutonium originally contained in glass logs could escape its 
containment and disperse into the surrounding native rock of the repository. This dispersion would then 
lead to an autocatalytic process that ultimately would lead to a catastrophic nuclear explosion. A computer 
model that simulates this autocatalytic process has been developed at the Los Alamos Critical Experiments 
Facility. The model has been used to determine the fission yield of such an event and the effects of that 
yield on the repository. The goal of this work is to quantify the consequences of the autocatalytic process, 
not to determine the probability of such an event occurring. 
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grade plutonium (RGPu) and several rare earths. The use of these diluents could affect both the useability 
of the material for weapons and long-term environmental safety. Blending RGPu with WGPu would 
increase the compressed critical mass of the WGPu mixture only slightly; but the blending would increase 
pre-detonation probabilities. Blends with the rare earths (notably Eu) would be highly effective in 
increasing the compressed critical mass. In addition to their effectiveness in increasing critical mass, the 
rare earths were investigated as criticality controllers due to their neutron absorption capabilities and 
insolubility in aqueous environments. Thorium (assumed as a Pu surrogate) and the rare earths Eu, Gd, and 
Sm were added to two standard frits (ARM-1 and SRL-165) and melted into glass. Aqueous leach tests 
were performed to measure rare earth leaching and determine the added elements’ effects on glass 
durability. Europium was much more leach resistant than boron in the glasses tested. The added elements 
had no negative effect on the environmental durability of the glasses tested at 90{degrees}C. No fission 
product releases were detected in the ARM-1 compositions (which contained numerous simulated fission 
products). 
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Date: 11/1/1978 

Report: Science Reporter, 15, 11, 720-723 

Conference/Journal: Science Reporter (New Delhi) (India) 

Conference Session:  

Abstract/Keyterms: Power generation by nuclear fission as a result of chain reaction caused by neutrons 
interacting with fissile material such as 235U, 233U and 239Pu is explained. Electric power production by 
reactor is schematically illustrated. Materials used in thermal reactor and breeder reactor are compared. 
Fuel reprocessing and disposal of radioactive waste coming from reprocessing plant is briefly described. 
Nuclear activities in India are reviewed. Four heavy water plants and two power reactors are under 
construction and will be operative in the near future. Two power reactors are already in operation. Nuclear 
Fuel Complex at Hyderabad supplies fuel element to the reactors. Fuel reprocessing and waste management 
facility has been set up at Tarapur. Bhabha Atomic Research Centre at Bombay and Reactor Research 
Centre at Kalpakkam near Madras are engaged in applied and basic research in nuclear science and 
engineering. 
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Report: Sciences et Avenir, 27, 32-34, 36-37 

Conference/Journal: Sciences et Avenir (France) 

Conference Session:  

Abstract/Keyterms: Nuclear Facilities in the world. Dates, places, descriptions and consequences are 
given. Events of varied importance but no catastrophe. 
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Report: Sciences et Avenir, 347, 22-27 

Conference/Journal: Sciences et Avenir (France) 

Conference Session:  

Abstract/Keyterms: Problems associated with nuclear fuel reprocessing (in particular light water reactor 
fuels) are represented radioactive elements, waste storage, criticality risk, personnel irradiation, costs. 



 

C-16971 

16922…..…..…………………..…….……..……ID Number…………………..…..…………….16922 

Author: Cowan, G. A. 

Title: Natural Fission Reactor 

Date: 7/1/1976 

Report: Scientific American, 235, 038-047 

Conference/Journal: Scientific American (U.S.) 

Conference Session:  

Abstract/Keyterms: The evidence supporting the establishment of the zones of a natural fission reactor 
that occurred about 2 billion years ago is presented. The reactor evidence was found in an open-pit uranium 
nine in the southeastern part of the Gabon Republic, near the Equator on the coast of West Africa. The 
history of the probable sequence of events leading to the reaction is recounted. Reasons for the ceasing of 
the fission reaction are set forth. The spectrum of fission products in the area is thought to be so distinctive 
that it serves as an unmistakable sign that a chain reaction has taken place. Geological features of the area 
are related to conditions before and after the fission took place. 
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Conference/Journal: Scientific American 
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Abstract/Keyterms: Nuclear Fuels; Geosciences; Environmental Sciences; Yucca Mountain; Radioactive 
Waste Storage; Geology; Radioactive Waste Disposal; Safety; Radioactive Waste Management; Waste 
Pellets; High-Level Radioactive Wastes; Geologic Faults; Stability 
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Title: The Sandia Pulsed Reactor Facility (SPRF) 

Date: 8/1/1960 

Report: SCR-229 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Sandia Pulsed Reactor Facility is specifically designed for radiation effects 
experiments that require an intense pulsed source of fast neutrons and gamma radiation. Designed around 
the Sandia Pulsed Reactor (SPR), the facility includes four buildings and an outdoor burst site. The SPR is 
a bare, cylindrical, enriched-uranium assembly based on the Godiva II design. 
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Neutron Beams; Neutron Flux; Numericals; Planning; Reactors; SPRF-2; Tables 
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Abstract/Keyterms:  
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Determination; Measurement; Neutron Flux; Neutrons; Numericals; Reactivity; Reactor Core; Research 
Reactors; SPRF; Temperature 
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Date: 1/1/1967 

Report: SC-RR-66-2706 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: EDNA: Electron Driven Nuclear Assembly. This report examines the potential use 
of an extremely-short-duration electron pulse to generate source neutrons within a just subcritical, fast-
spectrum fissile assembly. 
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Conference Session:  
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Aluminium; Control Elements; Neutron Reflectors; Performance Testing; Reactor Operation; Spr-2 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pulsed Reactors; SPR-3 Reactor- Reactor Lattice Parameters; Configuration; 
Criticality; Fast Reactors; Monte Carlo Method; Neutron Spectra; Prompt Neutrons; Reactivity; Reactor 
Kinetics 
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Title: Uncanistered Spent Nuclear Fuel Disposal Container System Description Document 

Date: 7/13/2001 

Report: SDD-UDC-SE-000001, Rev. 01 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Uncanistered Spent Nuclear Fuel (SNF) Disposal Container System supports the 
confinement and isolation of waste within the Engineered Barrier System of the Monitored Geologic 
Repository (MGR). Disposal containers are loaded with intact uncanistered assemblies and/or individually 
canistered SNF assemblies and sealed in the surface waste handling facilities, transferred to the 
underground through the access drifts, and emplaced in emplacement drifts. The Uncanistered SNF 
Disposal Container provides long-term confinement of the commercial SNF placed inside, and withstands 
the loading, transfer, emplacement, and retrieval loads and environments. The Uncanistered SNF Disposal 
Container System provides containment of waste for a designated period of time, and limits radionuclide 
release. The disposal container maintains the waste in a designated configuration, withstands maximum 
handling and rockfall loads, limits the individual SNF assembly temperatures after emplacement, limits the 
introduction of moderator into the disposal container during the criticality control period, resists corrosion 
in the expected handling and repository environments, and provides containment of waste in the event of 
an accident. 
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Conference/Journal: Search (Australia) Supersedes Aust. J. Sci. 

Conference Session:  

Abstract/Keyterms: About two thousand million years ago, in what is now Gabon, a group of natural 
fission reactors started up spontaneously in small uranium-rich ore bodies, and operated in a controlled 
manner for perhaps two million years before shutting down as the atomic fuel was depleted. The fossil 
remains of the reactors have been preserved intact throughout the ages, until exposed by recent open cut 
mining. It is anticipated that systematic searching of other pre-Cambrian uranium-rich ores will eventually 
reveal other natural reactors, and examination of two of Australia's largest uranium deposits, Jabiluka and 
Nabarlek, reveals possible similarities to conditions existing at the Oklo site. 
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Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-033 
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Abstract/Keyterms: HEU-MET-THERM-011 
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Conference/Journal: Seoul National University Engineering Report (South Korea) 

Conference Session:  

Abstract/Keyterms: The method of generating the spatially weighted 19 group constants by the AMPX 
system from the 218 neutron group library is studied. The benchmark tests for the group constants are made 
with the square lattice criticality experiment data and the thermal reactor data. The tests results in some 
underestimation on the multiplication factor of the criticality experiments and some overestimation on the 
epithermal capture of U-238 of thermal reactors. The criticality safety analysis of the spent fuel storage of 
Korea Nuclear Unit (KNU) 2 is made with the 19 group constants. The results show the storage to be safe 
in the normal condition. The high-density storage is possible by reducing the storage cell pitches to about 
11.5 inches, which will accommodate about 250 fuel assemblies more. 
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Conference Session:  

Abstract/Keyterms: Mineralogy, Metallurgy, and Ceramics; Atoms; Complexes; Compounds; Control; 
Criticality; Dispersions; Grain Size; Particles; Sampling; Sensitivity; Solid Solutions; Testing; Uranium; 
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Report: Separation Science and Technology, 15, 4, 945-957 

Conference/Journal: Separation Science and Technology (U.S.) Formerly Sep. Sci 

Conference Session:  

Abstract/Keyterms: The capacity of critically safe cylindrical pulse columns limits the size of nuclear fuel 
solvent extraction plants because of the limited cross-sectional area of plutonium, U-235, or U-233 
processing columns. Thus, there is a need to increase the cross-sectional area of these columns. This can be 
accomplished through the use of a column having an annular cross section. The preliminary testing of a 
pilot-plant-scale annular column has been completed and is reported herein. The column is made from 
152.4-mm (6-in.) glass pipe sections with an 89-mm (3.5-in.) O.D... internal tube, giving an annular width 
of 32-mm (1.25-in.). Louver plates are used to swirl the column contents to prevent channeling of the 
phases. The data from this testing indicate that this approach can successfully provide larger-cross-section 
critically safe pulse columns. While the capacity is only 70% of that of a cylindrical column of similar cross 
section, the efficiency is almost identical to that of a cylindrical column. No evidence was seen of any non-
uniform pulsing action from one side of the column to the other. 
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Abstract/Keyterms: Based on neutron physics and fabrication issues, recommends a 10-mil HEU metal 
foil thickness for the early critical experiments for the NEPA project. 
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Abstract/Keyterms: Paper submitted to IAEA Symposium on Exponential and Critical Experiments, 
Amsterdam. Two glossy B&W photos of the split table assembly. 
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Abstract/Keyterms: In this report the influence of variations in the boron concentration, boron plate 
thickness and water gap thickness on the k infinity value of the high density spent fuel rack is discussed. 
At the same time the influence of the choice of number of fast neutron groups is investigated in the 
calculation of the k(inf) value. With the help of the results conclusions can be drawn about the significance 
of the considered design and fabrication parameters. 
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Abstract/Keyterms: The experimental work performed at the ASTRA Reactor is reported. These include 
critical experiments, calibration of absorber rods, relative flux measurements, absolute flux measurements, 
determination of the weight factors of fuel elements, and determination of reactivity values of the fuel 
elements. The experimental methods used and the results obtained are described. The changes made in the 
circuitry and electrical hookups are indicated. 
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Abstract/Keyterms: The work done on the ASTRA Reactor from January to March 1961, is reported. The 
effect of the thermal column on the excess reactivity of the 4 x 5 core arrangement was determined. The 
value obtained, 0.6% DELTA k k, agrees well with theoretical values. Activity measurements on steel tubes 
C, D, E, and F showed that their effect on reactivity in flooded and unflooded states could be measured 
with a modification of the existing 4 x 5 core. The quadratic weight factor in core II was determined with 
standard elements poisoned with stainless steel strips. The void coefficients were also determined. The 
effect of the construction of the fuel elements on flux distribution and critical mass was studied. The 
magnitude of the flux increase in the water gap between bare fuel elements was determined, and from these 
measurements the effect on the thermal utilization factor was estimated. A criterion was obtained on 
whether the variation between the measured and calculated critical mass could be ascribed to the 
modification of the fuel elements. From the thermal flux measurements the linear and quadratic weight 
factors were determined. The ventilation system of the reactor building is briefly considered. The alterations 
made in the cooling system, primarily the heat exchanger and the secondary system, are reported. 
Measurements taken against corrosion in the steel tubes and to strengthen the reactor stack are reviewed. 
Calculations are shown in appendices. 
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Date: 10/31/1962 

Report: SGAE-61/5 B 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress on the ASTRA reactor is reported. Critical experiments, reactivity 
measurements, construction of the graphite reflector, and void measurements for Core III are described. 
Investigations of the tightness of the reactor structure are discussed. Calculation of the zero energy transfer 
function of the ASTRA reactor is described. Results of calculations of activity release in a reactor accident 
are included. 
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Conference/Journal: Science International 
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Abstract/Keyterms: Reactor Behavior / Accidental Conditions / Computer Code Paret 
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Conference/Journal: Sov. J. Nucl. Phys. (Engl. Transl.) 

Conference Session:  

Abstract/Keyterms: A semi-phenomenological theory of induced fission of heavy nuclei at low and 
intermediate excitation energies is presented. The theory is based on the use of the concepts of dynamical 
chaos, which arises as a result of the exponential dispersal of the trajectories in the region of negative 
curvature of the n-dimensional potential energy surface (PES). The nuclear fission is treated as diffusion of 
the representative point across a neighborhood of the saddle point of the PES. The diffusion coefficient is 
computed in various metrics of the PES as an explicit function of the two-dimensional curvatures at the 
saddle point of the PES. The fission time is estimated within the framework of this theory and found to be 
tau/sub f/ approx.10/sup -14/ sec. The coefficients of nuclear friction and viscosity are also computed in 
their general forms, and their numerical estimates, which agree with experiment, are presented 
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Conference Session:  

Abstract/Keyterms: Activities in a study program concerned with heavy water moderated reactor plants 
are summarized. The study is centered around a computer program for economic optimization of D2O 
power reactors, and prototype scoping. Data are included on costs for direct and indirect cycle turbine 
plants, and design criteria are listed for prototype plant systems. 
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Conference Session:  

Abstract/Keyterms: Design concepts formulated to provide a basis for the design of a secure vehicle for 
surface transport of special nuclear materials are described. The design features are to provide for vehicle 
immobilization and penetration resistance consistent with AEC requirements for increased protection 
against theft or diversion. The study objectives and parameters and a preliminary estimate of cost are 
included 
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Abstract/Keyterms: A criticality analysis of fissile material storage in the SPR vault is presented. Storage 
cell dimensions and unit mass limits are defined and safe storage practices are recommended. Mixed storage 
of different fissile materials in a single array is also considered. 
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Report: SLA-73-876 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Neutron transport calculations performed in support of the SPR III design are 
described. Calculations were made using the TWOTRAN two-dimensional, multigroup, discrete ordinates 
code. Several core models were used in describing the SPR III annular configuration. Critical dimensions, 
performance characteristics, and component reactivity worths were determined. 
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Report: SLA-74-0271 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The storage rack for standard fuel elements used in the Sandia Annular Core Pulse 
Reactor has been subjected to a series of measurements to demonstrate its criticality safety aspects. This 
report describes the measurements and presents the results of an analytical evaluation of criticality factors 
for the storage rack. 



 

C-17019 

16970…..…..…………………..…….……..……ID Number…………………..…..…………….16970 

Author: Weale, J. W. / McTaggart, M. H. / Goodfellow, H. / Paterson, W. 

Title: Operating Experience with the Zero-Energy Reactor VERA 

Date: 9/1/1953 

Report: SM 42/19 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SORA Critical Experiments (Euratom) 



 

C-17020 

16971…..…..…………………..…….……..……ID Number…………………..…..…………….16971 

Author: Mee, W. / Crume, E. C. / McLendon, J. 

Title: Nuclear Safety Consideration in Fabrication of Massive Partially Enriched Uranium-Molybdenum 
Reactor Parts 

Date: 1/1/1965 

Report: SM-70/44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-17021 

16972…..…..…………………..…….……..……ID Number…………………..…..…………….16972 

Author: Sveriges Standardiseringskommission, Stockholm 

Title: Nuclear Energy, Fissile Materials Principles of Criticality Safety in Handling and Processing 
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Report: SMS-ISO-1709 
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Abstract/Keyterms: This Swedish Standard consists of the English version of the International Standard 
ISO 1709-1975-Nuclear energy. Fissile materials. Principles of criticality safety in handling and processing. 
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Report: SNA/NM/A/13/61 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical mass measurements have been made with square prisms constructed from 1 
inch cubes of a mixture of uranium oxide (30.2% enrichment) and paraffin wax. The cubes were pressed to 
95% of the theoretical density for the cubes at hydrogen to uranium-235= 8.3 and to better than 98% for 
the later batches. The lower density batches at hydrogen to uranium-235 = 8.3 and 16.5 were obtained by 
pressing the cubes with 5 holes 0.2-inch diameter through the cubes in one direction. No effects of streaming 
on the critical mass could be detected in the reflected systems. Measurements were made of the critical 
height of an 8-inch square prism of the compacts at hydrogen to uranium-235 = 40, reflected on sides and 
bottom by 8-inch polythene, and on the top by thinner layers of polythene and by 8 inch reflectors of other 
materials. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements have been made of the critical thickness of slabs of uranium metal, 
formed from hexagonal pieces so as to form pseudo cylinders, both unreflected and reflected by natural 
uranium, aluminum, steel, graphite, and borated graphite. 
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Title: Evaluation of Cask Drop Criticality Issues at K Basin 

Date: 1/24/2000 

Report: SNF-5557, Rev.0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An analysis of ability of Multi-canister Overpack (MCO) to withstand drops at K 
Basin without exceeding the criticality design requirements. Report concludes the MCO will function 
acceptably. The spent fuel currently residing in the 105 KE and 105 KW storage basins will be placed in 
fuel storage baskets which will be loaded into the MCO cask assembly. During the basket loading 
operations the MCO cask assembly will be positioned near the bottom of the south load out pit (SLOP). 
The loaded MCO cask will be lifted from the SLOP transferred to the transport trailer and delivered to the 
Cold Vacuum Drying Facility (CVDF). In the wet condition there is a potential for criticality problems if 
significant changes in the designed fuel configurations occur. The purpose of this report is to address 
structural issues associated with criticality design features for MCO cask drop accidents in the 105 KE and 
105 KW facilities. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis references a previous analysis (Larson, 1999) for a qualitative 
acceptability argument, and an appropriate ANS standard (ANS, 1998), and a reference (Clark 1966) for 
safe cylinder diameters as a function of 235U enrichment in UO2 fuel rods (pins) in water, for a quantitative 
acceptability argument. The previous analysis established the criticality safety of PWR assemblies without 
broken pins, pin segments or powdered fuel. This addendum extends the previous range of applicability in 
accordance with the controlling procedure (FH 2001b). The operation, when conducted according to the 
established limits stated in this document, complies with the incredibility principle. The evaluations 
demonstrated criticality safety for PWR assemblies with broken pins and pin segments of UO2 fuel. 
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Abstract/Keyterms: Document presents analysis performed to demonstrate criticality safety of packaging 
spent PWR fuel assemblies currently located at the 324 Building into a NAC-1 cask. Interim storage of the 
cask is also documented. 
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Conference Session:  

Abstract/Keyterms: An associated particle neutron generator (APNG) capable of 109 neutrons per second 
has been operated with an alpha particle detector made of a ZnO:Ga phosphor with decay time of 
approximately 1 ns. Fast 14.1 MeV neutrons and 3.5 MeV alpha particles are produced through deuterium-
tritium (DT) fusion reactions and travel in opposite directions to conserve momentum. The neutron 
generator provides high rate capability, excellent sub nanosecond time resolution (< 0.7 ns), and a large 
solid angle with acceptance of 8%. The alpha detector was found to have a detection efficiency of 88% 
using a Burle 8850 bialkali photocathode. The DT beam spot diameter was measured down to 2.1 mm with 
the possibility of achieving 1 mm if desired. An opaque aperture was placed on the alpha detector and the 
neutron beam was obstructed using various amounts of lead shielding in an effort to study the generator s 
imaging contrast capability for neutron radiography. The alpha detector can be pixilated using a multianode 
photomultiplier tube to deliver imaging capability and to enhance the signal to noise ratio. Due to its ability 
to suppress background, the developed APNG is to be used to search cargo containers for illicit special 
nuclear materials, using as a trigger prompt fission gamma rays in coincidence with an alpha particle within 
a 10 ns gate. 
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Abstract/Keyterms: The physical characteristics of heterogeneous metallic oxide cores were 
experimentally studied by physical tests of the critical assemblies BFS-46 and BFS-46AZ, which simulate 
a reactor of the BN-1600 type, into the core of which a fuel assembly with metallic uranium is inserted. A 
calculational model for the critical assemblies being investigated, showing the zones and their dimensions, 
is presented. The critical assembly BFS-46AZ is a modification of the basic critical assembly BFS-46 which 
adds plutonium to the IBZ to simulate its accumulation during reactor operation. The BFS-46 and BFS-
46AZ assemblies have identical dimensions for the IBZ and LEZ, and have different HEZ dimensions, 
necessary to ensure the criticality of each assembly. Plutonium with a 240Pu content equal to 3.8% is used 
in the LEZ. The critically parameters are calculated using one-dimensional and two-dimensional models in 
a 26-group diffusion approximation based on the BNAP-78 system of group constants. 
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Abstract/Keyterms: The authors attempt to increase the accuracy in determining the actual and critical 
values for the limiting parameters for each core state in order to improve the reliability. One of the basic 
parameters determining the reliability of the fuel-pin assemblies in the RBMK is the safety factor (k /SUB 
s/) with respect to the limiting permissible power conditional on the heat-transfer crisis. To determine the 
distribution of k /SUB s/ over the reactor, one needs to know the critical power for each channel. 
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Conference Session:  

Abstract/Keyterms: At the present time the most widely used methods of studying the total volumetric 
heat-release rate in critical assemblies are the calorimetric method and a method using thermoluminiscent 
dosimeters. Here a method is proposed based on the measurement of the dynamics of temperature 
distributions in various parts of the critical assembly as a function of the reactor power. The heat-release 
rate at the center of the volume under study is measured with a temperature sensing device which makes 
reliable thermal contact with the structural elements. 
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Abstract/Keyterms: ReactorsReactor Theory & Calculation; Criticality- Geometry; Uranyl Fluorides- 
Critical Size; Uranyl Nitrates- Critical Size; Cylindrical Configuration; Data; Enriched Uranium; 
Extrapolation Length; Material Buckling; Migration Length; Multigroup Theory; Multiplication Factors; 
Reactor Kinetics; Rectangular Configuration; Spherical Configuration 
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Abstract/Keyterms: The authors of the present article produced a homogeneous critical assembly with a 
profiled fuel charge for the purpose of equalizing the energy release in the core. The critical assembly 
constituted a six-zone cylindrical zero-power reactor. The reactor core was divided into five coaxial zones; 
the sixth (external) zone, acted as a physically infinite reflector. The fissionable material (90%-enriched 
uranium) was used in the form of an aqueous solution of uranyl nitrate acidified with nitric acid. Solutions 
with different fuel concentrations entered the corresponding reactor zones through polyethylene pipes. 
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Conference/Journal: Soviet J. Atomic Energy (English Translation) 
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Abstract/Keyterms: In the first part of the book a systematic presentation of the theory of thermal reactors 
is given. The contents include diffusion and slowing-down of neutrons; critical reactor dimensions from 
one-group theory; multiplication, slowing-down, and diffusion of neutrons in a uniform medium; the 
heterogeneous reactor; critical reactor dimensions; perturbation theory; time behavior of the isotopic 
composition of nuclear fuel; and kinetics with delayed neutrons, temperature coefficient, and control. As 
the book is intended to serve as a handbook for neutron calculations in reactors, other parts of reactor theory, 
such as heat exchange and shielding, are not considered. 
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Abstract/Keyterms: Physics; Configuration; Control Elements; Criticality; Density; Distribution; Energy; 
Equations; Fluid Flow; Gas Flow; Group Theory; Homogeneous Reactors; Liquid Flow; Mass; 
Mathematics; Mechanics; Moderators; Neutrons; Numericals; Reaction Kinetics; Reactivity; Reactors; 
Reflectors; Resonance Escape Probability; Resonance Neutrons; Thermal Neutrons; Thermal Utilization; 
Volume 
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Conference/Journal: Soviet Physics-Uspekhi (English Translation) (U.S.) Translation of Usp. Fiz. Nauk 

Conference Session:  

Abstract/Keyterms: The discovery and implications of the natural nuclear reactor found at Oklo, Ghana 
are reviewed. The properties of the Oklo phenomenon are discussed in some detail, and the basis theory of 
chain reactions is presented. 
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Conference Session:  

Abstract/Keyterms: The replacement measurements described herein are fundamentally different from 
the criticality benchmarks contained in this handbook. The measurement does not consist of a single critical 
or near-critical configuration, even though the measurements were taken using an assembly that was at 
delayed critical. The measurement is reported as the difference in the reactivities of two configurations, 
consisting of the Jezebel assembly with a central cavity containing alternatively a canned 244Cm sample, 
a 239Pu sample, an HEU sample, or an empty can. The three differences in the reactivities of these 
configurations are the replacement measurements considered. These reactivity differences are small (about 
0.0002 k) -- too small to be accurately predicted by the difference in eigenvalues calculated for the 
configurations. Such differences can be calculated with perturbation methods. Finally it should be noted 
that the reactivity worth of a sample is not directly measurable. Typically it is inferred from the 
measurement of a related quantity, such as the change in the position of a calibrated control rod, as done 
for these replacement measurements, or the reactor period. These related measurements calculate the 
reactivity from the inhour equation. The uncertainty in eff used in the translation from reactor period to 
reactivity, while insignificant in the determination of excess reactivity for a near critical system, may 
contribute to errors in the sample worths, which are derived as the small reactivity difference between two 
near-critical systems. Uncertainties in the reactivity conversion can sometimes be removed by considering 
ratios of the measured uncertainties. 
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Abstract/Keyterms: The replacement measurements described herein are fundamentally different from 
the criticality benchmarks contained in this handbook. The measurement does not consist of a single critical 
or near-critical configuration, even though the measurements were taken using an assembly that was at 
delayed critical. The measurement is reported as the difference in the reactivities of two configurations, 
consisting of the Jezebel assembly with a central cavity containing alternatively a canned 238Pu sample, a 
canned 239Pu sample, or an empty can. The three differences in the reactivities of these configurations are 
the replacement measurements considered. These reactivity differences are small (about 0.001 - 0.002 Dk) 
— too small to be accurately predicted by the difference in eigenvalues calculated for the two 
configurations. Such differences can be calculated with perturbation methods. Finally it should be noted 
that the reactivity worth of a sample is not directly measurable. Typically it is inferred from the 
measurement of a related quantity, such as the change in the position of a calibrated control rod, as done 
for these replacement measurements, or the reactor period. These related measurements calculate the 
reactivity from the inhour equation. The uncertainty in beff used in the translation from reactor period to 
reactivity, while insignificant in the determination of excess reactivity for a near critical system, may 
contribute to errors in the sample worths, which are derived as the small reactivity difference between two 
near-critical systems. Uncertainties in the reactivity conversion can sometimes be removed by considering 
ratios of the measured reactivities. 
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Abstract/Keyterms: The replacement measurements described herein are fundamentally different from 
the criticality benchmarks contained in this handbook. The measurement does not consist of a single critical 
or near-critical configuration, even though the measurements were taken using an assembly that was at 
delayed critical. The measurement is reported as the difference in the reactivities of two configurations, 
consisting of the Flattop assembly with a central cavity containing alternatively a canned 237Np sample, 
an HEU sample, or an empty Al can. The three differences in the reactivities of these configurations [(Np-
Al), (HEU-Al) and (HEU-Np)] are the replacement measurements considered. These reactivity differences 
are small (about 0.001 - 0.002 k) — too small to be accurately predicted by the difference in eigenvalues 
calculated for the two configurations. Such differences can be calculated with perturbation methods. Finally 
it should be noted that the reactivity worth of a sample is not directly measurable. Typically it is inferred 
from the measurement of a related quantity, such as the reactor period, as done for these replacement 
measurements, or the change in the position of a calibrated control rod. These related measurements 
calculate the reactivity from the inhour equation. The uncertainty in eff used in the translation from reactor 
period to reactivity, while insignificant in the determination of excess reactivity for a near critical system, 
may contribute to errors in the sample worths, which are derived as the small reactivity difference between 
two near critical systems. Uncertainties in the reactivity conversion can sometimes be removed by 
considering ratios of the measured reactivities. 



 

C-17044 

16995…..…..…………………..…….……..……ID Number…………………..…..…………….16995 

Author: Brewer, Roger W. 

Title: Critical Experiments Performed using Plates of Plutonium-242, HEU, and Plutonium-239 

Date: 9/30/1998 

Report: SPEC-MET-FAST-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In June/July 1979 seven experiments were performed at Los Alamos Scientific 
Laboratory using circular plates of plutonium with high 242Pu content. The purposes of these experiments 
were to verify 242Pu data by testing the ability to predict criticality for systems composed largely of 242Pu 
and to derive the critical mass of 242Pu. Because not enough 242Pu was available, the systems were driven 
with 239Pu or highly enriched uranium (HEU). Therefore, the configurations also included plates of highly 
enriched uranium (HEU) or of 239Pu. Some stacks of plates were unreflected. Others were reflected by 
steel, beryllium, or depleted uranium (DU). These experiments were slightly subcritical with extrapolations 
to critical configurations. The experimenters were limited to a multiplication safety limit of 200. Large 
amounts of 242Pu (0.3 to 0.8 mg/g UO2) are present in spent nuclear-reactor fuel with more being produced 
on a daily basis. For stabilization and reprocessing of spent fuel, criticality safety data are needed to ensure 
that 242Pu is handled safely. The seven experiments are considered to be acceptable as benchmark critical 
experiments. 
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Author: Loaiza, David 

Title: Neptunium-237 Sphere Surrounded by Hemispherical Shells of Highly Enriched Uranium 

Date: 9/30/2004 

Report: SPEC-MET-FAST-008 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The “neptunium sphere reflected by highly enriched uranium hemispherical shells “ 
experiment was performed using the Planet universal critical assembly at the Los Alamos Critical 
Experiment Facility (LACEF) at Los Alamos National Laboratory. The experiment consisted of 
surrounding a Np sphere by matching pairs of highly enriched uranium hemispherical shells. This 
experiment was performed in an effort to decrease the uncertainty in the critical mass of 237Np for 
criticality safety and nonproliferation issues. The Np-HEU experiment was performed during the 2002 
calendar year. The final experimental configuration consisted of a 6.0704-kg sphere of neptunium and 
62.555 kg of oralloy (highly enriched uranium) in shells separated by a 0.08128-cm-thick stainless steel 
membrane and a 0.3175-cm aluminum spacer below the membrane. Neptunium is formed in considerable 
quantities in nuclear power reactors during the irradiation of nuclear fuel. About 0.3 to 0.5 mg Np/g U are 
found in spent nuclear reactor fuel. of the higher mass actinides produced, only the alpha-particle-emitting 
237Np isotope has a long half-life (2.14 x 106 years). Neptunium-237 is formed by nuclear chains initiated 
by (n, γ) in 235U under thermal neutron flux and by (n, 2n) reactions in 238U under fast neutron flux. 
Additionally, 237Np is formed as the daughter, by alpha decay, of 241Am. Previous experiments with 
237Np consist of replacement measurements performed using the Flattop critical assembly (SPEC-MET-
FAST-003). However, this sample replacement measurement only provided limited data on 237Np. The 
HEU hemispherical shells were also used in HEU-MET-FAST-039 and HEU-MET-FAST-048. This 
experiment is judged to be acceptable as a benchmark critical experiment. 
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Author: Loaiza, David 

Title: Neptunium-237 Sphere Surrounded by Highly Enriched Uranium and Reflected by Polyethylene 

Date: 9/30/2005 

Report: SPEC-MET-FAST-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: An experiment with a neptunium sphere inside highly enriched uranium 
hemispherical shells and reflected by polyethylene was performed using the Planet universal critical 
assembly at the Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National Laboratory. 
The experiment consisted of surrounding a Np sphere by matching pairs of highly enriched uranium 
hemispherical shells and reflecting them by two large hemispherical polyethylene top and bottom reflectors. 
This experiment was performed in an effort to decrease the amount of HEU surrounding the neptunium 
sphere, and therefore increase the number of fissions occurring in the neptunium, as compared to the 
previously published experiments, SPEC-MET-FAST-008 and SPEC-MET-FAST-014. This experiment 
also has a softer spectrum as compared to previous Np/HEU experiments. This polyethylene-reflected Np-
HEU experiment was performed during the 2004 calendar year. The final experimental configuration 
consisted of a 6.0704-kg neptunium sphere surrounded by 26,946.50 g of Oralloy (highly enriched 
uranium)with 6.99-cm-thick upper and 5.32-cm-thick lower polyethylene reflectors. The upper and lower 
hemispherical reflectors were separated by a 0.635- cm-thick polyethylene spacer. Neptunium is formed in 
considerable quantities in nuclear power reactors during the irradiation of nuclear fuel. About 0.3 to 0.5 mg 
Np/g U are found in spent nuclear-reactor fuel. of the higher mass actinides produced, only the alpha-
particle-emitting 237Np isotope has a long half-life (2.14 x 106 years). Neptunium-237 is formed by nuclear 
chains initiated by (n, γ) in 235U under thermal neutron flux and by (n, 2n) reactions in 238U under fast 
neutron flux. Additionally, 237Np is formed as the daughter, by alpha decay, of 241Am. In the previous 
experiment, the 6.0704-kg neptunium sphere was surrounded by 62.555 kg of highly enriched uranium 
(SPEC-MET-FAST-008) and 34.323 kg of HEU in SPEC-MET-FAST-014. Other experiments with 237Np 
consisted of replacement measurements performed using the Flattop critical assembly (SPEC-MET-FAST-
003). However, this sample replacement measurement only provided limited data on 237Np. The HEU 
hemisphere shells were also used in HEU-MET-FAST-039 and HEU-MET-FAST-048. This experiment is 
judged to be acceptable as benchmark critical experiment. 
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Author: Loaiza, David 

Title: Neptunium-237 Sphere Surrounded by Highly Enriched Uranium and Reflected by Low-carbon Steel 

Date: 9/30/2004 

Report: SPEC-MET-FAST-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: An experiment with a neptunium sphere inside highly enriched uranium 
hemispherical shells and reflected by iron was performed using the Planet universal critical assembly at the 
Los Alamos Critical Experiment Facility (LACEF) at Los Alamos National Laboratory. The experiment 
consisted of surrounding a Np sphere by matching pairs of highly enriched uranium hemispherical shells 
and reflecting them by two large hemispherical low-carbon-steel top and bottom reflectors. This experiment 
was performed in an effort to decrease the amount of HEU surrounding the neptunium sphere, and therefore 
increase the number of fissions occurring in the neptunium, as compared to the previously published 
experiment, SPEC-MET-FAST-008. This iron-reflected Np- HEU experiment was performed during the 
2003-2004 calendar years. The final experimental configuration consisted of a 6.0704-kg neptunium sphere 
surrounded by 34.323 kg of Oralloy (highly enriched uranium) followed by 13.24-cm-thick upper and 
11.72-cm-thick lower lowcarbon- steel reflectors. The upper and lower hemispherical reflectors were 
separated by a 2.54-cmthick aluminum spacer. Neptunium is formed in considerable quantities in nuclear 
power reactors during the irradiation of nuclear fuel. About 0.3 to 0.5 mg Np/g U are found in spent nuclear 
reactor fuel. of the higher mass actinides produced, only the alpha-particle-emitting 237Np isotope has a 
long half-life (2.14 x 106 years). Neptunium-237 is formed by nuclear chains initiated by (n, γ) in 235U 
under thermal neutron flux and by (n, 2n) reactions in 238U under fast neutron flux. Additionally, 237Np 
is formed as the daughter, by alpha decay, of 241Am. In the previous experiment, the 6.0704-kg neptunium 
sphere was surrounded by 62.555 kg of highly enriched uranium (SPEC-MET-FAST-008). Other 
experiments with 237Np consisted of replacement measurements performed using the Flattop critical 
assembly (SPEC-MET-FAST-003). However, this sample replacement measurement only provided limited 
data on 237Np. The HEU hemisphere shells were also used in HEU-MET-FAST-039 and HEU-MET-
FAST-048. This experiment is judged to be acceptable as benchmark critical experiment. 
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Title: Burnup Credit in the Criticality Safety Analyses of PWR Spent Fuel in Transport and Storage Casks, 
U.S. Nuclear Regulatory Commission (Sept. 27, 2002) 

Date: 12:00:00 AM 

Report: Spent Fuel Project Office Interim Staff Guidance—8, Rev. 2— 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Gunther, Norman G. 

Title: Characteristics of the Soviet Topaz II Space Power System 

Date: 1/1/1991 

Report: SPI-52-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Canfield, Eugene 

Title: Transport Corrections to the Transport Equation 

Date: 11/3/1965 

Report: SPN-013 (Space Power Note, LLNL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Canfield, Eugene 

Title: Multigroup Diffusion Theory Escapes the Transport Cross Section Approximation 

Date: 5/11/1966 

Report: SPN-087 (Space Power Note, LLNL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Koponen, B. L. 

Title: One-Group Cross Sections for Fast Reactors 

Date: 4/21/1967 

Report: SPN-130, Addendum 1 (Space Power Note, LLNL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Analysis; Design; Fission Products; Nuclear Reactions; 
Power Plants; Reactors; Thorium 232; Uranium 238 
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Author: McCauley, E. W. 

Title: On the Carlson Sn Discrete Ordinate Angular Quadrature 

Date: 10/4/1967 

Report: SPN-248 (Space Power Note, LLNL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Wilcox, T. P. 

Title: The Use of Discrete Ordinates Transport Codes in Shielding Analysis 

Date: 6/21/1968 

Report: SPN-320 (Space Power Note, LLNL) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Brookins D. G. 

Title: Geochemical Aspects of Radioactive Waste Disposal 

Date: 1/1/1984 

Report: Springer-Verlag, New York 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Zizin, M. N. / Yaroslavtseva, L. N. 

Title: Calculation of the Effective Fraction of Delayed-Neutrons and of the Lifetime of Instantaneous-
Neutrons for Fast Critical Assemblies 

Date: 1/1/1969 

Report: SRARI-P-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Assemblies / Neutron Fraction in Fast, Calculation Method for Effective 
Delayed; Neutrons, Prompt / Lifetime in Fast Critical Assemblies, Calculation Method for Mean; Neutrons, 
Delayed / Fraction in Fast Critical Assemblies, Calculation Method for Effective; Critical Assemblies / 
Neutron Lifetime in Fast, Calculation Method for Prompt 
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Author: n. a. 

Title: AECL Requirements for Independent Review of Nuclear Criticality Safety 

Date: 1/1/1993 

Report: SRC-R-5, Revision 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Dellafield, H. J. / Clifton, J. J. 

Title: Design Criteria and Principles for Criticality Detection and Alarm Systems 

Date: 10/1/1984 

Report: SRD R 309 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Swinhoe, M. T. 

Title: Use of Neutron Coincidence Counters for Moist Plutonium Oxide Samples and Plutonium Nitrate 
Solutions 

Date: 1/1/1987 

Report: SRDP-R138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Mather, D. J. / Shaw, P. M. / Hague, P. 

Title: Criticality Safety Hazards Arising from the Transport of Fissile Materials 

Date: 10/1/1985 

Report: SRD-R-242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Hypothetical Accidents / Transport / Accidents / Sudden Displacement / Movement 
of Fragmented Fuel from Damaged Pins 
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Author: Hague, P. / Mather, D. J. / Shaw, P. M. 

Title: The Initial Power and Temperature Distributions in a Criticality Accident to a Transport Flask 

Date: 10/1/1985 

Report: SRD-R-274 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Mather, D. J. / Shaw, P. M. 

Title: Calculations of Criticality Excursion in Fissile Liquid Solutions 

Date: 7/1/1984 

Report: SRD-R-308 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Sherriffs 

Title: MONK A General Purpose Monte Carlo Neutronics Program 

Date: 1/1/1978 

Report: SRD-R-86 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MONK is a Monte Carlo neutronics code written principally for criticality 
calculations relevant to the transport, storage and processing of fissile material. The code exploits the ability 
of the Monte Carlo method to represent complex shapes with very great accuracy. The nuclear data used is 
derived from the UK Nuclear Data File processed to the required format by a subsidiary program POND. 
This report gives a general description of the MONK code together with the subsidiary program SCAN 
which produces diagrams of the system specified. Details of the data input required by MONK and SCAN 
are also given. 
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Author: Salaymeh, S. / Ashley, W. / Jeffcoat, R. 

Title: Ruminations on NDA Measurement Uncertainty Compared to DA Uncertainty 

Date: 6/16/2006 

Report: SRNL-L2200-2010-00081 

Conference/Journal: 51st INMM Annual Meeting 

Conference Session:  

Abstract/Keyterms: It is difficult to overestimate the importance that physical measurements performed 
with nondestructive assay instruments play throughout the nuclear fuel cycle. They underpin decision 
making in many areas and support: criticality safety, radiation protection, process control, safeguards, 
facility compliance, and waste measurements. No physical measurement is complete or indeed meaningful, 
without a defensible and appropriate accompanying statement of uncertainties and how they combine to 
define the confidence in the results. The uncertainty budget should also be broken down in sufficient detail 
suitable for subsequent uses to which the nondestructive assay (NDA) results will be applied. Creating an 
uncertainty budget and estimating the total measurement uncertainty can often be an involved process, 
especially for non-routine situations. This because data interpretation often involves complex algorithms 
and logic combined in a highly intertwined way. The methods often call on a multitude of input data subject 
to human oversight. These characteristics can be confusing and pose a barrier to developing and 
understanding between experts and data consumers. ASTM subcommittee C26-10 recognized this problem 
in the context of how to summarize and express precision and bias performance across the range of 
standards and guides it maintains. In order to create a unified approach consistent with modern practice and 
embracing the continuous improvement philosophy a consensus arose to prepare a procedure covering the 
estimation and reporting of uncertainties in nondestructive assay of nuclear materials. This paper outlines 
the needs analysis, objectives and on-going development efforts. In addition to emphasizing some of the 
unique challenges and opportunities facing the NDA community we hope this article will encourage dialog 
and sharing of best practice and furthermore motivate developers to revisit the treatment of measurement 
uncertainty. 
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Author: Rudisill, T. / Fernando Fondeur, F. 

Title: Removal of Solids from Highly Enriched Uranium Solutions Using the H-Canyon Centrifuge 

Date: 1/15/2009 

Report: SRNL-STI-20009-00002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Prior to the dissolution of Pu-containing materials in HB-Line, highly enriched 
uranium (HEU) solutions stored in Tanks 11.1 and 12.2 of H-Canyon must be transferred to provide storage 
space. The proposed plan is to centrifuge the solutions to remove solids which may present downstream 
criticality concerns or cause operational problems with the 1st Cycle solvent extraction due to the formation 
of stable emulsions. An evaluation of the efficiency of the H-Canyon centrifuge concluded that a sufficient 
amount (> 90%) of the solids in the Tank 11.1 and 12.2 solutions will be removed to prevent any problems. 
We based this conclusion on the particle size distribution of the solids isolated from samples of the solutions 
and the calculation of particle settling times in the centrifuge. The particle size distributions were calculated 
from images generated by scanning electron microscopy (SEM). The mean particle diameters for the 
distributions were 1-3 {micro}m. A significant fraction (30-50%) of the particles had diameters which were 
< 1 {micro}m; however, the mass of these solids is insignificant (< 1% of the total solids mass) when 
compared to particles with larger diameters. It is also probable that the number of submicron particles was 
overestimated by the software used to generate the particle distribution due to the morphology of the filter 
paper used to isolate the solids. The settling times calculated for the H-Canyon centrifuge showed that 
particles with diameters less than 1 to 0.5 {micro}m will not have sufficient time to settle. For this reason, 
we recommend the use of a gelatin strike to coagulate the submicron particles and facilitate their removal 
from the solution; although we have no experimental basis to estimate the level of improvement. Incomplete 
removal of particles with diameters < 1 {micro}m should not cause problems during purification of the 
HEU in the 1st Cycle solvent extraction. Particles with diameters > 1 {micro}m account for > 99% of the 
solid mass and will be efficiently removed by the centrifuge; therefore, the formation of emulsions during 
solvent extraction operations is not an issue. Under the current processing plan, the solutions from Tanks 
11.1 and 12.2 will be transferred to the enriched uranium storage (EUS) tank following centrifugation. The 
solution from Tanks 11.1 and 12.2 may remain in the EUS tank for an extended time prior to purification. 
The effects of extended storage on the solution were not evaluated as part of this study. 
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Author: Smith, Allen / Abramczyk, Glenn / Nathan, Steven / Bellamy, Steve 

Title: Shipment of Small Quantities of Unspecified Radioactive Material in Chalfant Packagings 

Date: 7/12/2009 
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Conference/Journal: INMM, Tucson, AZ, 07/12/2009 

Conference Session:  

Abstract/Keyterms: n.a. 
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Author: Daugherty, W. / Stefek, T. 

Title: Destructive Examination of Shipping Package 9975-02028 

Date: 12/30/2009 

Report: SRNL-STI-2009-00763 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Destructive and non-destructive examinations have been performed on specified 
components of shipping package 9975-02028. For those attributes that were also measured during the field 
surveillance, no significant changes were observed. Four conditions were identified that do not meet 
inspection criteria. These conditions are subject to additional investigation and disposition by the 
Surveillance Program Authority. The conditions include: (1) The lead shield was covered with a white 
corrosion layer; (2) The lead shield height exceeds drawing requirements; (3) Mold was observed on the 
lower fiberboard subassembly; and (4) Fiberboard thermal conductivity in the axial direction exceeded the 
specified range. The Surveillance Program Authority was notified of these conditions and will document 
the disposition by surveillance report. All other observations and test results met identified criteria, or were 
collected for information and trending purposes. The Savannah River Site (SRS) stores packages containing 
plutonium (Pu) materials in the K-Area Complex (KAC). The Pu materials are packaged per the DOE 
30Standard and stored within Model 9975 shipping packages in KAC. The KAC facility DSA (Document 
Safety Analysis) credits the Model 9975 package to perform several safety functions, including criticality 
prevention, impact resistance, containment, and fire resistance to ensure the plutonium materials remain in 
a safe configuration during normal and accident conditions. The Model 9975 package is expected to 
perform its safety function for at least 12 years from initial packaging. The DSA recognizes the degradation 
potential for the materials of package construction over time in the KAC storage environment and requires 
an assessment of materials performance to validate the assumptions of the analysis and ultimately predict 
service life. As part of the comprehensive Model 9975 package surveillance program, destructive 
examination of package 9975-02028 was performed following field surveillance in accordance with 
Reference. Field surveillance of the Model 9975 package in KAC included nondestructive examination of 
the drum, fiberboard, lead shield and containment vessels. Results of the field surveillance are provided in 
Attachment 1. 
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Author: Kyser, E. 

Title: Dissolution of Irradiated MURR Fuel Assemblies Effect of Increased Purge Rate and Catalyst 
Concentration on the Batch Size 

Date: 7/22/2010 

Report: SRNL-STI-2010-00205 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Flowsheets for the dissolution of aluminum-clad spent nuclear fuel have been 
proposed using 0.002 M mercuric nitrate catalyst in 5 to 6 M nitric acid. Previous calculations for flammable 
gas control during the dissolution of spent nuclear fuel have been extended to cover a range of dissolver 
purge rates from 40 to 55 scfm. A range of dissolver solution volumes from 12000 to 15000 liters were 
considered for the large H-Canyon dissolver (6.4D). Depending on the purge rate, anywhere from four to 
six bundles of MURR fuel can be initially charged to the dissolver (6.4D). For successive charges where 
the dissolver solution already contains 0.002 M mercury catalyst and the dissolved aluminum from five 
bundles of MURR fuel, five to nine bundles of additional fuel can be charged depending on the purge rate 
and the dissolver solution volume. Similar calculations have been performed for the small H-Canyon 
dissolver (6.1D) for solution volumes that ranged from 6000 to 7500 liters and purge rates from 40 to 55 
scfm. The limitations on the initial charge are four to six bundles depending on the purge rate. The 
aluminum from four bundles of fuel in an initial charge will allow nine to ten bundles in the second charge 
to 6.1D depending on the purge rate and dissolver solution volume. Solubility or criticality limitations will 
restrict the second charge on the small dissolver. The concentration of aluminum from previous charges 
will slow the dissolution rate to extend the cycle time of repeated charges of fuel. Calculations have been 
performed to allow a second catalyst addition (up to 0.004 M total catalyst) to reduce the cycle time (as 
necessary) based on the aluminum concentration and the purge rate. 
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Title: Review of Actinide and Strontium Loading Data for MST and MMST 

Date: 10/20/2010 

Report: SRNL-STI-2010-00534 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SRNL reviewed the relevant data from MST and mMST fissile loading studies to 
determine if further studies were required. With respect to MST, SRNL found that the published results 
adequately bound the expected conditions that Small Column Ion Exchange (SCIX) process will operate 
under. The lack of strontium data does not represent an issue as strontium is not relevant to criticality. There 
is no threat to criticality safety from the lack of strontium loading data. However, SRNL proposes a single 
test with MST to ensure that future SCIX operations are conservatively bounded and strontium maximum 
loading is understood. With respect to attempts to maximally load mMST, SRNL's knowledge on actinide 
and strontium loading is limited to uranium behavior. mMST has a very weak affinity for uranium, and 
even extended contact time at high uranium concentration shows minimal loading onto mMST. This leaves 
questions about the ability to load plutonium, neptunium and strontium. SRNL proposes to perform two 
tests with mMST to ensure that questions on plutonium, neptunium, and strontium sorption are answered, 
as well as ensuring that future mMST operations are conservatively bounded. 
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Title: Shipment of Non-Traditional Contents in the 9977 Type B Package 

Date: 6/6/2011 

Report: SRNL-STI-2011-00335 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 9977 is a certified Type B Packaging authorized to ship uranium and plutonium 
in metal and oxide forms. These materials are typically confined within metallic containers designed for 
ease of handling and to prevent the spread of contamination. The Pacific Northwest National Laboratory 
(PNNL) uses Pu and U sources for the training of domestic and international customs agents in the 
identification and detection of radioactive materials (RAM). These materials are packed in polycarbonate 
containers which permit the trainees to view the RAM. The safety basis was made to authorize the use of 
these unusual containers. The inclusion of the PNNL Training Source Contents into the 9977 Packaging 
imposed unique conditions previously unanalyzed. The use of polycarbonate as a content container 
material, while different from any configuration previously considered, does not raise any safety issues 
with the package which continues to operate with a large safety margin for temperatures, pressures, 
containment, dose rates, and subcriticality. 
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Title: Demonstration of the Glycolic-Formic Flowsheet in the SRNL Shielded Cells Using Actual Waste 

Date: 11/7/2011 

Report: SRNL-STI-2011-00622 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Glycolic acid was effective at dissolving many metals, including iron, during 
processing with simulants. Criticality constraints take credit for the insolubility of iron during processing 
to prevent criticality of fissile materials. Testing with actual waste was needed to determine the extent of 
iron and fissile isotope dissolution during Chemical Process Cell (CPC) processing. The Alternate 
Reductant Project was initiated by the Savannah River Remediation (SRR) Company to explore options for 
the replacement of the nitric-formic flowsheet used for the CPC at the Defense Waste Processing Facility 
(DWPF). The goals of the Alternate Reductant Project are to reduce CPC cycle time, increase mass 
throughput of the facility, and reduce operational hazards. In order to achieve these goals, several different 
reductants were considered during initial evaluations conducted by Savannah River National Laboratory 
(SRNL). After review of the reductants by SRR, SRNL, and Energy Solutions (ES) Vitreous State 
Laboratory (VSL), two flowsheets were further developed in parallel. The two flowsheet options included 
a nitric-formic-glycolic flowsheet, and a nitric-formic-sugar flowsheet. As of July 2011, SRNL and ES/VSL 
have completed the initial flowsheet development work for the nitric-formic-glycolic flowsheet and nitric-
formic-sugar flowsheet, respectively. On July 12th and July 13th, SRR conducted a Systems Engineering 
Evaluation (SEE) to down select the alternate reductant flowsheet. The SEE team selected the Formic-
Glycolic Flowsheet for further development. Two risks were identified in SEE for expedited research. The 
first risk is related to iron and plutonium solubility during the CPC process with respect to criticality. 
Currently, DWPF credits iron as a poison for the fissile components of the sludge. Due to the high iron 
solubility observed during the flowsheet demonstrations with simulants, it was necessary to determine if 
the plutonium in the radioactive sludge slurry demonstrated the same behavior. The second risk is related 
to potential downstream impacts of glycolate on Tank Farm processes. The downstream impacts will be 
evaluated by a separate research team. Waste Solidification Engineering (WSE) has requested a radioactive 
demonstration of the Glycolic-Formic Flowsheet with radioactive sludge slurry be completed in the 
Shielded Cells Facility of the SRNL. The Shielded Cells demonstration only included a Sludge Receipt and 
Adjustment Tank (SRAT) cycle, and not a Slurry Mix Evaporator (SME) cycle or the co-processing of salt 
products. Sludge Batch 5 (SB5) slurry was used for the demonstration since it was readily available, had 
been previously characterized, and was generally representative of sludges being processing in DWPF. This 
sample was never used in the planned Shielded Cells Run 7 (SC-7). 
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Author: Cozzi, A. / Best, D. / Reigel, M. 

Title: Analytical Results of MOX Colemanite Concrete Sample Poured May 4, 2012 

Date: 6/14/2012 

Report: SRNL-STI-20120-00344 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Mixed Oxide Fuel Fabrication Facility (MFFF) will use Colemanite bearing 
concrete neutron absorber panels credited with attenuating neutron flux in the criticality design analyses. 
The Savannah River National Laboratory is tasked with measuring the total density, partial hydrogen 
density, and partial boron density of the colemanite concrete. Sample 04 May 12/Test/S1-1, S1-2, and S1-
3 was received on 5/9/2012 and analyzed. The total density measure by the ASTM method C 642 was 2.00 
g/cm{sup 3}, within the lower bound of 1.88 g/cm{sup 3}. The partial hydrogen density of 6.35E-02 
g/cm{sup 3} as measured using method ASTM E 1311 met the lower bound of 6.04E-02 g/cm{sup 3}. The 
measured partial boron density of 1.88E-01 g/cm{sup 3} exceeded the lower bound of 1.65E-01 g/cm{sup 
3} when the sodium peroxide fusion dissolution method was used in place of the prescribed ASTM C 1301 
method. 
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Author: Pierce, R. 

Title: Gadolinium Oxalate Solubility Measurements in Nitric Acid Solutions 

Date: 2/22/2012 

Report: SRNL-STI-2012-00098 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HB-Line will begin processing Pu solutions during FY2012 that will involve the 
recovery of Pu using oxalate precipitation and filtration. After the precipitation and filtration processes, the 
filtrate solution will be transferred from HB-Line to H-Canyon. The presence of excess oxalate and 
unfiltered Pu oxalate solids in these solutions create a criticality safety issue if they are sent to H-Canyon 
without controls in H-Canyon. One approach involves H-Canyon receiving the filtrate solution into a tank 
that is poisoned with soluble gadolinium (Gd). Decomposition of the oxalate will occur within a subsequent 
H-Canyon vessel. The receipt of excess oxalate into the H-Canyon receipt tanks has the potential to 
precipitate a portion of the Gd poison in the receipt tanks. Because the amount of Gd in solution determines 
the maximum amount of Pu solids that H-Canyon can receive, H-Canyon Engineering requested that SRNL 
determine the solubility of Gd in aqueous solutions of 4-10 M nitric acid (HNO3), 4-12 g/L Gd, and 0.15-
0.25 M oxalic acid (H2C2O4) at 25 C. The target soluble Gd concentration is 6 g/L. The data indicate that 
the target can be achieved above 6 M HNO3 and below 0.25 M H2C2O4}. For 6 M HNO3, 10.5 g/L and 7 
g/L Gd are soluble in 0.15 M and 0.25 M H{sub 2}C{sub 2}O{sub 4}, respectively. In 4 M HNO3, the Gd 
solubility drops significantly to 2 g/L and 0.25 g/L in 0.15 M and 0.25 H2C2O4, respectively. The solubility 
of Gd at 8-10 M HNO3 exceeds the solubility at 6 M HNO3. The data for 4 M HNO3 showed good 
agreement with data in the literature. To achieve a target of 6 g/L soluble Gd in solution in the presence of 
0.15-0.25 M oxalate, the HNO3 concentration must be maintained at or above 6 M HNO3. 
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Author: Adu-Wusu, K. 

Title: Literature Review on Impact of Glycolate on the 2H Evaporator and the Effluent Treatment Facility 

Date: 5/10/2012 

Report: SRNL-STI-2012-00132 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Glycolic acid (GA) is being studied as an alternate reductant in the Defense Waste 
Processing Facility (DWPF) feed preparation process. It will either be a total or partial replacement for the 
formic acid that is currently used. A literature review has been conducted on the impact of glycolate on two 
post-DWPF downstream systems - the 2H Evaporator system and the Effluent Treatment Facility (ETF). 
The DWPF recycle stream serves as a portion of the feed to the 2H Evaporator. Glycolate enters the 
evaporator system from the glycolate in the recycle stream. The overhead (i.e., condensed phase) from the 
2H Evaporator serves as a portion of the feed to the ETF. The literature search revealed that virtually no 
impact is anticipated for the 2H Evaporator. Glycolate may help reduce scale formation in the evaporator 
due to its high complexing ability. The drawback of the solubilizing ability is the potential impact on the 
criticality analysis of the 2H Evaporator system. It is recommended that at least a theoretical evaluation to 
confirm the finding that no self-propagating violent reactions with nitrate/nitrites will occur should be 
performed. Similarly, identification of sources of ignition relevant to glycolate and/or update of the 
composite flammability analysis to reflect the effects from the glycolate additions for the 2H Evaporator 
system are in order. An evaluation of the 2H Evaporator criticality analysis also needed. A determination 
of the amount or fraction of the glycolate in the evaporator overhead is critical to more accurately assess its 
impact on the ETF. Hence, use of predictive models like OLI Environmental Simulation Package Software 
(OLI/ESP) and/or testing are recommended for the determination of the glycolate concentration in the 
overhead. The impact on the ETF depends on the concentration of glycolate in the ETF feed. The impact is 
classified as minor for feed glycolate concentrations {le} 33 mg/L or 0.44 mM. The ETF unit operations 
that will have minor/major impacts are chlorination, pH adjustment, 1st mercury removal, organics 
removal, 2nd mercury removal, and ion exchange. For minor impacts, the general approach is to use 
historical process operations data/modeling software like OLI/ESP and/or monitoring/compiled process 
operations data to resolve any uncertainties with testing as a last resort. For major impacts (i.e., glycolate 
concentrations > 33 mg/L or 0.44 mM), testing is recommended. No impact is envisaged for the following 
ETF unit operations regardless of the glycolate concentration - filtration, reverse osmosis, ion exchange 
resin regeneration, and evaporation. 



 

C-17075 

17026…..…..…………………..…….……..……ID Number…………………..…..…………….17026 

Author: Daugherty, W. 

Title: Destructive Examination of Shipping Package 9975-03431 

Date: 5/30/2012 

Report: SRNL-STI-2012-00257 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Destructive and non-destructive examinations have been performed on specified 
components of shipping package 9975-03431. For those attributes that were also measured during the field 
surveillance, no significant changes were observed. All observations and test results met identified criteria, 
or were collected for information and trending purposes. Except for modest corrosion of the lead shield 
(which is typical of these packages following several years’ service), no evidence of a degraded condition 
was found in this package. The Savannah River Site (SRS) stores packages containing plutonium (Pu) 
materials in the KArea Complex (KAC). The Pu materials are packaged per the DOE 30Standard and stored 
within Model 9975 shipping packages in KAC. The KAC facility DSA (Document Safety Analysis) credits 
the Model 9975 package to perform several safety functions, including criticality prevention, impact 
resistance, containment, and fire resistance to ensure the plutonium materials remain in a safe configuration 
during normal and accident conditions. The Model 9975 package is expected to perform its safety function 
for at least 12 years from initial packaging. The DSA recognizes the degradation potential for the materials 
of package construction over time in the KAC storage environment and requires an assessment of materials 
performance to validate the assumptions of the analysis and ultimately predict service life. As part of the 
comprehensive Model 9975 package surveillance program, destructive examination of package 9975-
03431 was performed following field surveillance in accordance with Reference. Field surveillance of the 
Model 9975 package in KAC included nondestructive examination of the drum, fiberboard, lead shield and 
containment vessels. Results of the field surveillance are provided in Attachment 1. 
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Title: Benchmarking ORTEC Isotopic Measurements and Calculations 

Date: 9/29/2008 

Report: SRNS-STI-2008-00053 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report represents a description of compiled benchmark tests conducted to probe 
and to demonstrate the extensive utility of the Ortec ISOTOPIC {gamma}-ray analysis computer program. 
The ISOTOPIC program performs analyses of {gamma}-ray spectra applied to specific acquisition 
configurations in order to apply finite-geometry correction factors and sample-matrix-container photon 
absorption correction factors. The analysis program provides an extensive set of preset acquisition 
configurations to which the user can add relevant parameters in order to build the geometry and absorption 
correction factors that the program determines from calculus and from nuclear g-ray absorption and scatter 
data. The Analytical Development Section field nuclear measurement group of the Savannah River National 
Laboratory uses the Ortec ISOTOPIC analysis program extensively for analyses of solid waste and process 
holdup applied to passive {gamma}-ray acquisitions. Frequently the results of these {gamma}-ray 
acquisitions and analyses are to determine compliance with facility criticality safety guidelines. Another 
use of results is to designate 55-gallon drum solid waste as qualified TRU waste3 or as low-level waste. 
Other examples of the application of the ISOTOPIC analysis technique to passive {gamma}-ray 
acquisitions include analyses of standard waste box items and unique solid waste configurations. In many 
passive {gamma}-ray acquisition circumstances the container and sample have sufficient density that the 
calculated energy-dependent transmission correction factors have intrinsic uncertainties in the range 15%-
100%. This frequently the case when assaying 55-gallon drums of solid waste with masses of up to 400 kg 
and when assaying solid waste in extensive unique containers. Often an accurate assay of the transuranic 
content of these containers is not required, but rather a good defensible designation as >100 nCi/g (TRU 
waste) or <100 nCi/g (low level solid waste) is required. In these cases the ISOTOPIC analysis program is 
especially valuable because it allows a rapid, defensible, reproducible analysis of radioactive content 
without tedious and repetitive experimental measurement of {gamma}-ray transmission through the sample 
and container at multiple photon energies. The ISOTOPIC analysis technique is also especially valuable in 
facility holdup measurements where the acquisition configuration does not fit the accepted generalized 
geometries where detector efficiencies have been solved exactly with good calculus. Generally in facility 
passive {gamma}-ray holdup measurements the acquisition geometry is only approximately reproducible, 
and the sample (object) is an extensive glovebox or HEPA filter component. In these cases accuracy of 
analyses is rarely possible, however demonstrating fissile Pu and U content within criticality safety 
guidelines yields valuable operating information. Demonstrating such content can be performed with broad 
assumptions and within broad factors (e.g. 2-8) of conservatism. The ISOTOPIC analysis program yields 
rapid defensible analyses of content within acceptable uncertainty and within acceptable conservatism 
without extensive repetitive experimental measurements. In addition to transmission correction 
determinations based on the mass and composition of objects, the ISOTOPIC program performs finite 
geometry corrections based on object shape and dimensions. These geometry corrections are based upon 
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finite element summation to approximate exact closed form calculus. In this report we provide several 
benchmark comparisons to the same technique provided by the Canberra In Situ Object Counting System 
(ISOCS) and to the finite thickness calculations described by Russo in reference 10. This report describes 
the benchmark comparisons we have performed to demonstrate and to document that the ISOTOPIC 
analysis program yields the results we claim to our customers. 
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Title: Criticality Safety Controls and the Safety Basis at PFP 

Date: 4/21/2009 

Report: SRNS-STI-2009-00281 

Conference/Journal: 2009 EFCOG/SAWG Workshop 

Conference Session:  

Abstract/Keyterms: Nuclear Facilities', a new requirement was imposed that all criticality safety controls 
be evaluated for inclusion in the facility Documented Safety Analysis (DSA) and that the evaluation process 
be documented in the site Criticality Safety Program Description Document (CSPDD). At the Hanford site 
in Washington State the CSPDD, HNF-31695, 'General Description of the FH Criticality Safety Program', 
requires each facility develop a linking document called a Criticality Control Review (CCR) to document 
performance of these evaluations. Chapter 5, Appendix 5B of HNF-7098, Criticality Safety Program, 
provided an example of a format for a CCR that could be used in lieu of each facility developing its own 
CCR. Since the Plutonium Finishing Plant (PFP) is presently undergoing Deactivation and 
Decommissioning (D&D), new procedures are being developed for cleanout of equipment and systems that 
have not been operated in years. Existing Criticality Safety Evaluations (CSE) are revised, or new ones 
written, to develop the controls required to support D&D activities. Other Hanford facilities, including PFP, 
had difficulty using the basic CCR out of HNF-7098 when first implemented. Interpretation of the new 
guidelines indicated that many of the controls needed to be elevated to TSR level controls. Criterion 2 of 
the standard, requiring that the consequence of a criticality be examined for establishing the classification 
of a control, was not addressed. Upon in-depth review by PFP Criticality Safety staff, it was not clear that 
the programmatic interpretation of criterion 8C could be applied at PFP. Therefore, the PFP Criticality 
Safety staff decided to write their own CCR. The PFP CCR provides additional guidance for the evaluation 
team to use by clarifying the evaluation criteria in DOE-STD-3007-2007. In reviewing documents used in 
classifying controls for Nuclear Safety, it was noted that DOE-HDBK-1188, 'Glossary of Environment, 
Health, and Safety Terms', defines an Administrative Control (AC) in terms that are different than typically 
used in Criticality Safety. As part of this CCR, a new term, Criticality Administrative Control (CAC) was 
defined to clarify the difference between an AC used for criticality safety and an AC used for nuclear safety. 
In Nuclear Safety terms, an AC is a provision relating to organization and management, procedures, 
recordkeeping, assessment, and reporting necessary to ensure safe operation of a facility. A CAC was 
defined as an administrative control derived in a criticality safety analysis that is implemented to ensure 
double contingency. According to criterion 2 of Section IV, 'Linkage to the Documented Safety Analysis', 
of DOESTD-3007-2007, the consequence of a criticality should be examined for the purposes of classifying 
the significance of a control or component. HNF-PRO-700, 'Safety Basis Development', provides control 
selection criteria based on consequence and risk that may be used in the development of a Criticality Safety 
Evaluation (CSE) to establish the classification of a component as a design feature, as safety class or safety 
significant, i.e., an Engineered Safety Feature (ESF), or as equipment important to safety; or merely 
provides defense-in-depth. Similar logic is applied to the CACs. Criterion 8C of DOE-STD-3007-2007, as 
written, added to the confusion of using the basic CCR from HNF-7098. The PFP CCR attempts to clarify 
this criterion by revising it to say 'Programmatic commitments or general references to control philosophy 
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(e.g., mass control or spacing control or concentration control as an overall control strategy for the process 
without specific quantification of individual limits) is included in the PFP DSA'. Table 1 shows the PFP 
methodology for evaluating CACs. This evaluation process has been in use since February of 2008 and has 
proven to be simple and effective. Each control identified in the applicable new/revised CSE is evaluated 
via the table. The results of this evaluation are documented in tables attached to the CCR as an appendix, 
for each CSE, to the base document. 
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Title: Regulatory Issues Associated with Shipment of Small Quantities of Radioactive Material 

Date: 2/18/2009 

Report: SRNS-STI-2010-00090 

Conference/Journal: ASME 2010 Pressure Vessels and Piping Conference 

Conference Session:  

Abstract/Keyterms: n.a. 
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Title: Packaging Certification Program Methodology for Determining Dose Rates for Small Gram 
Quantities in Shipping Packagings 

Date: 5/9/2012 

Report: SRNS-STI-2012-00285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Small Gram Quantity (SGQ) concept is based on the understanding that small 
amounts of hazardous materials, in this case radioactive materials (RAM), are significantly less hazardous 
than large amounts of the same materials. This paper describes a methodology designed to estimate an SGQ 
for several neutron and gamma emitting isotopes that can be shipped in a package compliant with 10 CFR 
Part 71 external radiation level limits regulations. These regulations require packaging for the shipment of 
radioactive materials, under both normal and accident conditions, to perform the essential functions of 
material containment, subcriticality, and maintain external radiation levels within the specified limits. By 
placing the contents in a helium leak-tight containment vessel, and limiting the mass to ensure subcriticality, 
the first two essential functions are readily met. Some isotopes emit sufficiently strong photon radiation 
that small amounts of material can yield a large dose rate outside the package. Quantifying the dose rate for 
a proposed content is a challenging issue for the SGQ approach. It is essential to quantify external radiation 
levels from several common gamma and neutron sources that can be safely placed in a specific packaging, 
to ensure compliance with federal regulations. The Packaging Certification Program (PCP) Methodology 
for Determining Dose Rate for Small Gram Quantities in Shipping Packagings provides bounding shielding 
calculations that define mass limits compliant with 10 CFR 71.47 for a set of proposed SGQ isotopes. The 
approach is based on energy superposition with dose response calculated for a set of spectral groups for a 
baseline physical packaging configuration. The methodology includes using the MCNP radiation transport 
code to evaluate a family of neutron and photon spectral groups using the 9977 shipping package and its 
associated shielded containers as the base case. This results in a set of multipliers for 'dose per particle' for 
each spectral group. For a given isotope, the source spectrum is folded with the response for each group. 
The summed contribution from all isotopes determines the total dose from the RAM in the container. 
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Author: Kessler, S. 

Title: The Effect of Increasing Temperature on k-eff for Fissile Material Outside Reactors 

Date: 6/9/2009 

Report: SRNS-TR-2009-00219 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Criticality Safety Evaluations typically employ room temperature cross 
sections, material densities, and dimensions. Processes that have been and are in development for 
conversion of legacy wastes in tanks, e.g., Waste Treatment Project (WTP) at the Hanford Remediation 
Site and Defense Waste Processing Facility (DWPF) at the Savannah River Site, utilize melters that operate 
at elevated temperatures, 1500 to 1900 C. The applicability of room temperature data to processes such as 
these has been questioned. Also questioned was the applicability of room temperature data for the analyses 
across the Savannah River Site (SRS) where the temperature may be elevated, such as in a postulated fire. 
This analysis was performed to examine the effect of temperature over the relatively small range 
encountered in normal and abnormal operations at SRS that does not include DWPF melters. This analysis 
documented herein is limited to fast systems of fissile metal and oxide cylinders on concrete at temperatures 
no greater than 640 C, the melting point of plutonium. Because thermal expansion data for various types of 
structural materials was not readily available, structural materials were not included in the analysis. 
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Report: SRO-1051-2; NAC-C-7916 

Conference/Journal:  
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Abstract/Keyterms: One of the parameters that controls storage density in water basin spent fuel storage 
is the spacing between fuel assemblies to control the neutron multiplication rate. One of the easiest methods 
to reduce neutron multiplication, allowing closer spacing and greater storage density, is to eliminate water 
from the open volume within the fuel assembly. This can be accomplished by filling this space with a non-
hydrogenous material. The only practical material is a particulate solid, e.g., metallic shot. The storage 
concept of containerization of fuel assemblies utilizing backfilling with metallic shot is the subject of 
Section A of this report. Evaluation of nuclear, thermal and structural aspects of the equipment and 
container design indicates that the storage density will be 0.78 MTU/ft./sup 2/ For PWR fuel and 0.68 
MTU/ft./sup 2/ For BWR fuel. Total cost for the development, installation, and use of this system is between 
$17,800 and $28,300 per MTU of fuel stored using stainless steel shot. Section B of this report discusses 
the concept of fuel assembly compaction. compacting the fuel assemblies to reduce the spacing between 
fuel rods to the thickness of the spacer material increases the storage density to 0.94 MTU/ft./sup 2/. The 
upper and lower end fittings have to be cut off prior to compacting the fuel assembly to remove the massive 
castings that would interfere with compaction. The fuel assembly is inside a malleable canister during the 
compaction process and is placed inside a stainless steel canister for storage. Total cost for the development, 
installation, and use of this system for 5-year-old fuel is between $1900 and $9530 per MTU of fuel stored. 
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Report: SRO-1051-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The densest tolerable form for storing spent nuclear fuel is storage of only the fuel 
rods. This eliminates the space between the fuel rods and frees the hardware to be treated as non-fuel waste. 
The storage density can be as much as 1.07 MTU/ft2 when racks are used that just satisfy the criticality and 
thermal limitations. One of the major advantages of pin storage is that it is compatible with existing racks; 
however, this reduces the storage density to 0.69 MTU/ft2. Even this a substantial increase over the 0.39 
MTU/ft2 that is achievable with current high capacity stainless steel racks which have been selected as the 
bases for comparison. Disassembly requires extensive operation on the fuel assembly to remove the upper 
end fitting and to extract the fuel rods from the assembly skeleton. These operations will be performed with 
the aid of an elevator to raise the assembly where each fuel rod is grappled. Lowering the elevator will free 
the fuel rod for transfer to the storage canister. A storage savings of $1510 per MTU can be realized if the 
pin storage concept is incorporated at a new away-from-reactor facility. The storage cost ranges from $3340 
to $7820 per MTU of fuel stored with the lower cost applying to storage at an existing away-from-reactor 
storage facility and the higher cost applying to at-reactor storage. 
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Author: Viebrock, J 

Title: Alternatives for Water Basin Spent Fuel Storage Generic Issues 

Date: 9/1/1979 

Report: SRO-1051-5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The need for fuel storage was examined and categorized storage concepts that provide 
increased density were categorized. During the categorization process it became apparent that several issues 
were common to all concepts, and they were separated from the rest for generic study criticality, licensing 
considerations, materials and water chemistry. Section A documents the criticality analyses that were 
performed for both PWR and BWR fuel assemblies including the following parameters enrichment, burnup, 
stainless steel thickness, Boral plate thickness, spacing between stainless steel canister and fuel assembly, 
and boron concentration in water. Results were used in the concept studies to identify acceptable storage 
rack design ranges and to provide a framework for the design optimization of spent fuel storage 
racks/canisters, in general. Section B deals with the licensing environment for spent fuel storage and goes 
into the past, present and future regulatory postures on both the state and federal levels. One of the limiting 
factors for storage density is the current set of criticality license criteria. It is recommended to have a unified 
set of criteria for away-from-reactor spent fuel storage which takes advantage of the inherent characteristics 
of both the fuel and the facility. 



 

C-17086 

17035…..…..…………………..…….……..……ID Number…………………..…..…………….17035 

Author: Viebrock, J. M. / Blackwood, M. J. / Genser, J. R. / Panter, H. R. / Ridihalgh, J. L. / Ward, J. R. 
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Abstract/Keyterms: The need for fuel storage was examined and categorized storage concepts that provide 
increased density were categorized. During the categorization process it became apparent that several issues 
were common to all concepts, and they were separated from the rest for generic study: criticality, licensing 
considerations, materials and water chemistry. Section A documents the criticality analyses that were 
performed for both PWR and BWR fuel assemblies including the following parameters: enrichment, 
burnup, stainless steel thickness, Boral plate thickness, spacing between stainless steel canister and fuel 
assembly, and boron concentration in water. Results were used in the concept studies to identify acceptable 
storage rack design ranges and to provide a framework for the design optimization of spent fuel storage 
racks/canisters, in general. Section B deals with the licensing environment for spent fuel storage and goes 
into the past, present and future regulatory postures on both the state and federal levels. One of the limiting 
factors for storage density is the current set of criticality license criteria. It is recommended to have a unified 
set of criteria for away-from-reactor spent fuel storage which takes advantage of the inherent characteristics 
of both the fuel and the facility. Materials issues for long-term storage in a water basin system are evaluated 
in Section C for state-of-the-art and advanced concept storage methods. Section D deals with the water 
compatibility issues associated with spent nuclear fuel. 
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Author: n.a. 

Title: Heavy Water Power Reactor Program Monthly Progress Report for November 1960 

Date: 10/31/1961 

Report: SRO-39 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A summation of development activities on various heavy water power reactors under 
AEC contract is presented. Components development for various critical and subcritical facilities is 
discussed. The design, coat, and construction-time estimates, and results of tests on components of the 
Savannah River Components Test Reactor are presented. The status of programs on beryllium development, 
and cladding and fuel-element fabrication is presented. 
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Author: n.a. 

Title: Heavy Water Power Reactor Program Monthly Progress Report, July 1961 

Date: 10/31/1961 

Report: SRO-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design and construction of an on-power refueling machine for CANDU Reactor 
are described. Experiments being performed in heat transfer loops and on mockup fuel assemblies are 
outlined. Prevention of hydriding and gas evolution in UO2 is considered. The performance and fabrication 
of prototype outer thin-wall fuel tubes are described. The construction progress of the Heavy Water 
Components Test Reactor is outlined. Research and development of CVTR are described in detail, 
including pressure tube and fuel development, hazards, components development, and critical experiments. 
The status of research on the ECNG/FWCNG reactor concept is outlined. 
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Author: n.a. 

Title: Heavy Water Power Reactor Program Monthly Progress Report, November 1961 

Date: 10/31/1962 

Report: SRO-61 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Topics covered include the AEC/AECL cooperative program, physics, engineering, 
metallurgy, materials testing reactor evaluation, cost optimization studies, Heavy Water Components Test 
Reactor, Florida Power Reactor, and Parr Shoals Power Reactor. 
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17039…..…..…………………..…….……..……ID Number…………………..…..…………….17039 

Author: n.a. 

Title: Heavy Water Power Reactor Program. Monthly Progress Report, December 1963 

Date: 10/31/1964 

Report: SRO-97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress made in the development and operation of heavy water reactors is reported. 
information is included on the fabrication and testing of the on- power refueling machine for the CANDU 
reactor, creep-rupture testing of SAP, nondestructive testing of fuel cladding, operation of HWCTR, 
development and operation of CVTR, development of DDCR, heat transfer and fluid dynamics of reactor 
fuel elements and rod bundles, development of fog cooled reactors, zirconium technology, fuel irradiation 
programs, and reactor physics. 
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Author: Nuclear Safety Bureau Of Science And Technology Agency, Japan 

Title: Report No. 3 in the 5th Meeting in 2000 of the Nuclear Safety Commission: Scope of Radiation Dose 
to Persons by the Critical Accident in JCO Co., Ltd. Tokai Site and Its Follow-up 

Date: 1/1/2000 

Report: SRSC 21120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Barbry, F. / Rozain, J. P. 

Title: Objectives and Summary of Experiments on the Formation of Radiolysis Gas Carried Out Using the 
SILENE Reactor 

Date: 1/1/1989 

Report: SRSC 89.08 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Bonnet, J. / Doutriaux, D. / Grivot, P. / Poullot, G. 

Title: Laboratoire de criticité de Valduc – Programme 1975-1994 – Crayons U(4.738)O2 gainés AGS –
Compléments d’informations.” [Translation: Valduc Criticality Facility - 1975 to 1994 Experimental 
Program –AGS Cladded U(4.738)O2 LWR Fuel Rods – Additional Informa 

Date: 12:00:00 AM 

Report: SRSC 98.03/SEC 98.424 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-034, LEU-COMP-THERM-040, LEU-COMP-THERM-039, 
LEU-COMP-THERM-007, LEU-COMP-THERM-037, PU-SOL-THERM-019, LEU-COMP-THERM-
038 
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Author: Buckner, M. R. 

Title: Scientific Computations Section Monthly Report September 1993 

Date: 11/1/1993 

Report: SRT-ATS--930104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This progress report is computational work that is being performed in the areas of 
thermal analysis, applied statistics, applied physics, and thermal hydraulics. 
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17044…..…..…………………..…….……..……ID Number…………………..…..…………….17044 

Author: Buckner, M. R. 

Title: Scientific Computations Section Monthly Report, October 1993 

Date: 10/1/1993 

Report: SRT-ATS-930114 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report contains abstracts for each of the projects being worked on by the 
Scientific Computations Section. Subjects covered are as follows: structural analysis of closure cap barriers; 
DWPF Curie Balances based on hypothetical K-reactor operation; in-situ NDE system for CRDM 
penetration tube cracking and acceptance criteria methodology; structural integrity evaluation of transuranic 
drums; deflagration analysis of DWPF tanks; dynamic batch model of the DWPF; high level waste 
simulation package; radionuclide concentrations in F and H area background wells at the Savannah River 
Site; list of constituents of concern for metallurgical laboratory seepage basin; statistical design study of 
copper analytical procedures; computer code certification; criticality methods and analysis; plutonium 
disposition study; FRR spent fuel dry storage development; cross-flow filter test task; pilot-scale 
demonstration of HEME dissolution process; Plasma Technology Users Facility; electrically heated 
mockup of nuclear fuel; support to low level mixed waste vitrification program; 9965 family of Pu transport 
packagings -- structural tests; LP-50 certificate renewal; DOE Order compliance; and SARP thermal 
evaluation of 9965/9968 RAM packages. 
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17045…..…..…………………..…….……..……ID Number…………………..…..…………….17045 

Author: Buckner, M. R. 

Title: Scientific Computations Section Monthly Report, November 1993 

Date: 12/30/1993 

Report: SRT-ATS-930121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This progress report from the Savannah River Technology Center contains abstracts 
from papers from the computational modeling, applied statistics, applied physics, experimental thermal 
hydraulics, and packaging and transportation groups. Specific topics covered include: engineering 
modeling and process simulation, criticality methods and analysis, plutonium disposition. 
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17046…..…..…………………..…….……..……ID Number…………………..…..…………….17046 

Author: Buckner, M. R. 

Title: Applied Technology Section. Monthly Report, March 1994 

Date: 4/20/1994 

Report: SRT-ATS--940032 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This a monthly report giving the details on research currently being conducted at the 
Savannah River Technology Center. The following are areas of the research, engineering modeling and 
simulation, applied statistics, applied physics, experimental thermal hydraulics, and packaging and 
transportation. 
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17047…..…..…………………..…….……..……ID Number…………………..…..…………….17047 

Author: Williamson, T. G. 

Title: Nuclear Criticality Safety Evaluation DWPF Melter — Batch 1 

Date: 12/1/1993 

Report: SRT-CMA-930039 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Savannah River Site (SRS) High Level Nuclear Waste will be vitrified in the 
Defense Waste Processing Facility (DWPF) for long term storage and disposal. This a preliminary safety 
evaluation for the Melt Cell of the DWPF vitrification process for Batch 1 waste. This evaluation 
demonstrates that the material in the Melt cell remains subcritical for the contents of Batch 1 which contains 
uranium with less than 1% by weight U-235. 



 

C-17099 

17048…..…..…………………..…….……..……ID Number…………………..…..…………….17048 

Author: Lee, S. Y. 

Title: Revalidation Studies of Mark 16 Experiments: J70 

Date: 10/25/1993 

Report: SRT-CMA-93-0058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The MGBS-TGAL combination of the J70 criticality modules was validated for Mark 
16 lattices by h K. Clark as reported in DPST-83-1025. Unfortunately, the records of the calculations 
reported can not be retrieved and the descriptions of the modeling used are not fully provided in DPST-83-
1025. The report does not describe in detail how to model the experiments and how to set up the input. The 
computer output for the cases reported in the memorandum cannot be located in files. The MGBS-TGAL 
calculations reported in DPST-83-1025 have been independently reperformed to provide retrievable record 
copies of the calculations, to provide a detailed description and discussion of the methodology used, and to 
serve as a training exercise for a novice criticality safety engineer. The current results reproduce Clark’s 
reported results to within about 0.01% or better. A procedure to perform these and similar calculations is 
given in this report, with explanation of the methodology choices provided. Copies of the computer output 
have been made via microfiche and will be maintained in APG files. 
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17049…..…..…………………..…….……..……ID Number…………………..…..…………….17049 

Author: Rathbun, R. 

Title: SRTC Criticality Technical Review: Nuclear Criticality Safety Evaluation 93-18 Uranium 
Solidification Facility’s Waste Handling Facility 

Date: 10/1/1993 

Report: SRT-CMA-930063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Separate review of NMP-NCS-930058, Nuclear Criticality Safety Evaluation 93-18 
Uranium Solidification Facility`s Waste Handling Facility (U), August 17, 1993, was requested of SRTC 
Applied Physics Group. The NCSE is a criticality assessment to determine waste container uranium limits 
in the Uranium Solidification Facility`s Waste Handling Facility. The NCSE under review concludes that 
the NDA room remains in a critically safe configuration for all normal and single credible abnormal 
conditions. The ability to make this conclusion is highly dependent on array limitation and inclusion of 
physical barriers between 2{times}2{times}1 arrays of boxes containing materials contaminated with 
uranium. After a thorough review of the NCSE and independent calculations, this reviewer agrees with that 
conclusion. 
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17050…..…..…………………..…….……..……ID Number…………………..…..…………….17050 

Author: Reed, R. L. 

Title: Technical Review of RRD-RED-930373 Criticality Safety Evaluation for L Area Disassembly Basin 
Cleanup 

Date: 10/1/1993 

Report: SRT-CMA-930065 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The study documented in RRD-RED-930373 performed an evaluation of the 
criticality potential associated with sludge removal from the Disassembly Basin to the Monitor Basin of L 
Area Disassembly. The concern was that sufficient fissionable material has been released into the basin 
(and is now intermixed in the sludge) that the process of removing the sludge can cause the fissionable 
material to be formed into a critical configuration. The evaluation employed results of analytical 
measurements of the sludge composition to estimate the total amount of fissile material in the basin and 
provided comparisons of those fissile masses with accepted standard safe subcritical mass limits for each 
fissile component to demonstrate that the fissionable material isotopic composition of the sludge can not 
be formed into a critical configuration. The analysis demonstrated that the fissile material content of the L 
Disassembly Basin is insufficient to form a critical mass, even with optimum geometry and concentration. 
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17051…..…..…………………..…….……..……ID Number…………………..…..…………….17051 

Author: Rathbun, R. 

Title: SRTC Criticality Safety Technical Review: Nuclear Criticality Safety Evaluation 93-04 Enriched 
Uranium Receipt 

Date: 10/13/1993 

Report: SRT-CMA-930068 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Review of NMP-NCS-930087,”Nuclear Criticality Safety Evaluation 93-04 Enriched 
Uranium Receipt (U), July 30, 1993," was requested of SRTC (Savannah River Technology Center) 
Applied Physics Group. The NCSE is a criticality assessment to determine the mass limit for Engineered 
Low Level Trench (ELLT) waste uranium burial. The intent is to bury uranium in pits that would be 
separated by a specified amount of undisturbed soil. The scope of the technical review, documented in this 
report, consisted of (1) an independent check of the methods and models employed, (2) independent 
HRXN/KENO-V.a calculations of alternate configurations, (3) application of ANSI/ANS 8.1, and (4) 
verification of WSRC Nuclear Criticality Safety Manual procedures. The NCSE under review concludes 
that a 500 gram limit per burial position is acceptable to ensure the burial site remains in a critically safe 
configuration for all normal and single credible abnormal conditions. This reviewer agrees with that 
conclusion. 
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Author: Rathbun, R. 

Title: SRTC Criticality Safety Technical Review of SRT-CMA-930039 

Date: 12/3/1993 

Report: SRT-CMA-930069 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Review of SRT-CMA-930039, Nuclear Criticality Safety Evaluation (NCSE): DWPF 
Melter-Batch 1, December 1, 1993, has been performed by the Savannah River Technical Center (SRTC) 
Applied Physics Group. The NCSE is a criticality assessment of the Melt Cell in the DWPF. Additionally, 
this pertains only to Batch 1 operation, which differs from batches to follow. Plans for subsequent batch 
operations call for fissile material in the Salt Cell feed-stream, which necessitates a separate criticality 
evaluation in the future. The NCSE under review concludes that the process is safe from criticality events, 
even in the event that all lithium and boron neutron poisons are lost, provided uranium enrichments are less 
than 40%. Furthermore, if all the lithium and as much as 98% of the boron would be lost, uranium 
enrichments of 100% would be allowable. After a thorough review of the NCSE, this reviewer agrees with 
that conclusion. This technical review consisted of: an independent check of the methods and models 
employed, independent calculations application of ANSI/ANS 8.1, verification of WSRC Nuclear 
Criticality Safety Manual([sup 2]) procedures. 
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Author: Reed, R. L. 

Title: Technical Review of SRT-CMA-930058 Revalidation Studies of Mark 16 Experiments: J70 

Date: 10/25/1993 

Report: SRT-CMA-93-0073 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This study is a reperformance of a set of MGBS-TGAL criticality safety code 
validation calculations previously reported by Clark. The reperformance was needed because the records 
of the previous calculations could not be located in current APG files and records. As noted by the author, 
preliminary attempts to reproduce the Clark results by direct modeling in MGBS and TGAL were 
unsuccessful. Consultation with Clark indicated that the MGBS-TGAL (EXPT) option within the KOKO 
system should be used to set up the MGBS and TGAL input data records. The results of the study indicate 
that the technique used by Clark has been established and that the technique is now documented for future 
use. File records of the calculations have also been established in APG files. The review was performed per 
QAP 11--14 of 1Q34. Since the reviewer was involved in developing the procedural technique used for this 
study, this review cannot be considered a fully independent review, but should be considered a verification 
that the document contains adequate information to allow a new user to perform similar calculations, a 
verification of the procedure by performing several calculations independently with identical results to the 
reported results, and a verification of the readability of the report. 
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Author: Rathbun, R. 

Title: SRTC Criticality Safety Technical Review: Phase 1 Criticality Analysis for the 9972-9975 Family 
of Shipping Casks: (SRT-CMA-940003) 

Date: 3/2/1994 

Report: SRT-CMA-940005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Review of SRT-CMA-940003, Phase I Criticality Analysis For The 9972-9975 
Family of Shipping Casks (U). (SRT-CMA-940003).” January 22, 1994, has been performed by the SRTC 
Applied Physics Group. The NCSE is a criticality assessment of the 9972-9975 family of shipping casks. 
This work is a follow-on of a previous criticality safety evaluation, with the differences between this and 
the previous evaluation are that now wall tolerances are modeled and more sophisticated analytical methods 
are applied. The NCSE under review concludes that, with one exception, the previously specified plutonium 
and uranium mass limits for 9972-9975 family of shipping casks do ensure that WSRC Nuclear Criticality 
Safety Manual requirements (ref. 1) are satisfied. The one exception is that the plutonium mass limit for 
the 9974 cask had to be reduced from 4.4 to 4.3 kg. In contrast, the 7.5 kg uranium mass limit for the 9974 
cask was raised to 14.5 kg, making the uranium mass identical for all casks in this family. This technical 
review consisted of an independent check of the methods and models employed, application of ANSI/ANS 
8.1 and 8.15, and verification of WSRC Nuclear Criticality Safety Manual procedures. 
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Author: Reed, R. L. 

Title: Technical Review of WSRC-TR-93-614 Criticality Safety Evaluation for Disassembly Basin Sand 
Filter 

Date: 4/27/1994 

Report: SRT-CMA-940016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The study documented in WSRC-TR-93-614 performed an evaluation of the 
criticality potential associated with the Disassembly Basin Sand Filter for K and L Areas. The document 
reviewed incorporated results of calculations documented in the engineering calculation N-CLC-K-00151. 
Analyses of the contents of disassembly basin sludge has indicated that the sludge contains fissile material 
in excess of subcritical mass limits as specified in ANSI/ANS standards. Previous studies had determined 
that the fissile material can not collect into a critical configuration in the basin. Since the sand filter is 
intended to remove suspended particles from the basin water and could serve as a mechanism to collect the 
fissile material into a critical configuration, the study examined conditions under which criticality could 
occur in the sand filter. The study shows that criticality is not considered possible in the sand filter. This 
review emphasized the technical accuracy and presentation of the evaluation. The evaluation was also 
examined for the elements required for NCSEs. The review was performed in accordance with the NRTSC 
technical review requirements and procedures and the E7 Manual technical review requirements. The 
technical review (per the E7 manual) of the engineering calculation (N-CLC-K-0 1 5 1) was previously 
performed by this reviewer. 
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Author: Reed, R. L. 

Title: Technical Review of WSRC-TR-93-614 Criticality Safety Evaluation for Disassembly Basin Sand 
Filter 

Date: 4/27/1994 

Report: SRT-CMA--940016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The study documented in WSRC-TR-93-614 performed an evaluation of the 
criticality potential associated with the Disassembly Basin Sand Filter for K and L Areas. The document 
reviewed incorporated results of calculations documented in the engineering calculation N-CLC-K-00151. 
Analyses of the contents of disassembly basin sludge has indicated that the sludge contains fissile material 
in excess of subcritical mass limits as specified in ANSI/ANS standards. Previous studies had determined 
that the fissile material can not collect into a critical configuration in the basin. Since the sand filter is 
intended to remove suspended particles from the basin water and could serve as a mechanism to collect the 
fissile material into a critical configuration, the study examined conditions under which criticality could 
occur in the sand filter. The study shows that criticality is not considered possible in the sand filter. This 
review emphasized the technical accuracy and presentation of the evaluation. The evaluation was also 
examined for the elements required for NCSEs. The review was performed in accordance with the NRTSC 
technical review requirements and procedures and the E7 Manual technical review requirements. The 
technical review (per the E7 manual) of the engineering calculation (N-CLC-K-0 1 5 1) was previously 
performed by this reviewer. 
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Author: Rathbun, R. 

Title: SRTC Criticality Safety Technical Review: Nuclear Criticality Safety Evaluation 94-02, Uranium 
Solidification Facility Pencil Tank Module Spacing 

Date: 4/26/1994 

Report: SRT-CMA-940017 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Review of NMP-NCS-94-0087, Nuclear Criticality Safety Evaluation 94-02: 
Uranium Solidification Facility Pencil Tank Module Spacing (U), April 18, 1994,” was requested of the 
SRTC Applied Physics Group. The NCSE is a criticality assessment to show that the USF process module 
spacing, as given in Non-Conformance Report SHM-0045, remains safe for operation. The NCSE under 
review concludes that the module spacing as given in Non-Conformance Report SHM-0045 remains in a 
critically safe configuration for all normal and single credible abnormal conditions. After a thorough review 
of the NCSE, this reviewer agrees with that conclusion. 
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Author: Abramczyk, G. / Paul Blanton, P. / Kurt Eberl, K. 

Title: Model 9977 B(M)F-96 Safety Analysis Report for Packaging 

Date: 5/18/2006 

Report: S-SARP-G-00001 REV 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Safety Analysis Report for Packaging (SARP) documents the analysis and 
testing performed on and for the 9977 Shipping Package, referred to as the General Purpose Fissile Package 
(GPFP). The performance evaluation presented in this SARP documents the compliance of the 9977 
package with the regulatory safety requirements for Type B packages. Per 10 CFR 71.59, for the 9977 
packages evaluated in this SARP, the value of “N” is 50, and the Transport Index based on nuclear criticality 
control is 1.0. The 9977 package is designed with a high degree of single containment. The 9977 complies 
with 10 CFR 71 (2002), Department of Energy (DOE) Order 460.1B, DOE Order 460.2, and 10 CFR 20 
(2003) for As Low As Reasonably Achievable (ALARA) principles. The 9977 also satisfies the 
requirements of the Regulations for the Safe Transport of Radioactive Material--1996 Edition (Revised)--
Requirements. IAEA Safety Standards, Safety Series No. TS-R-1 (ST-1, Rev.), International Atomic 
Energy Agency, Vienna, Austria (2000). The 9977 package is designed, analyzed and fabricated in 
accordance with Section III of the American Society of Mechanical Engineers (ASME) Boiler and Pressure 
Vessel (B&amp; PV) Code, 1992 edition. 
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Author: Fensin, Michael L. / Poston, David I. 

Title: Optimum Reflector Configurations for Minimizing Fission Power Peaking in a Lithium-Cooled, 
Liquid-Metal Reactor with Sliding Reflectors 

Date: 2/17/2005 

Report: STAIF 2005 

Conference/Journal: Conference on commercial/civil next generation space transportation; 
Albuquerque, NM (United States), 13-17 Feb 2005 

Conference Session:  

Abstract/Keyterms: Many design constraints limit the development of a space fission power system 
optimized for fuel performance, system reliability, and mission cost. These design constraints include fuel 
mass provisions to meet cycle-length requirements, fuel centerline and clad temperatures, and clad creep 
from fission gas generation. Decreasing the fission power peaking of the reactor system enhances all of the 
mentioned parameters. This design study identifies the cause, determines the reflector configurations for 
reactor criticality, and generates worth curves for minimized fission-power-peaking configuration in a 
lithium-cooled liquid-metal reactor that uses sliding reflectors. Because of the characteristics of the core 
axial power distribution and axial power distortions inherent to the sliding reflector design, minimizing the 
power peaking of the reactor involves placing the reflectors in a position that least distorts the axial power 
distribution. The views expressed in this document are those of the author and do not necessarily reflect 
agreement by the Government. 
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17060…..…..…………………..…….……..……ID Number…………………..…..…………….17060 

Author: King, Jeffrey C. / El-Genk, Mohamed S. 

Title: Effects of Gadolinium and Europium on the Design and Submersion Criticality of a Fast Spectrum 
Space Reactor 

Date: 2/17/2005 

Report: STAIF 2005 

Conference/Journal: Conference on commercial/civil next generation space transportation; 
Albuquerque, NM (United States), 13-17 Feb 2005 

Conference Session:  

Abstract/Keyterms: Gadolinium-155 and europium-151 are examined as alternative spectral shift 
absorbers to rhenium in the Scalable AMTEC Integrated Reactor space power System (SAIRS) heat-pipe 
reactor. Spectral shift absorbers counteract the reactivity increase when a compact, highly-enriched space 
nuclear reactor is submerged in seawater or wet sand and flooded following a launch abort accident. After 
all excess rhenium is removed from the reactor core, gadolinium-155 or europium-151 is added to the core 
in the form of a 0.1 mm oxide coating on the inside of the reactor vessel and/or as a nitride additive to the 
UN fuel. To compensate for increased parasitic neutron absorption, the UN fuel enrichment in the SAIRS 
reactor is increased to from 83.5% to a maximum of 94%. With 12 atom% 155GdN added to the reactor 
fuel, the outer diameter of the axial reflector decreased by 2 cm, and with a 155Gd2O3 coating on the inside 
of the reactor vessel, the reactor has $2.47 of excess reactivity at Beginning of Mission (compared to $2.08 
for the rhenium base-case) and a worst case submersion and flooding accident reactivity of -$1.12 
(compared to -$0.93 for the base-case). The resulting reactor and shield weigh 951.20 kg, for a savings of 
100.94 kg over the base-case. When 9 atom% 151EuN is used in the fuel, the outer diameter of the axial 
reflector is reduced by 4 cm, and the reactor has $2.53 excess reactivity and -$1.13 of reactivity in the 
worst-case submersion and flooding accident scenario. The europium-case represents a mass savings of 
143.16 kg over the base-case for a total reactor and shield mass of 908.98 kg. 
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Author: Hatton, Steven A. / El-Genk, Mohamed S. 

Title: Low Mass SCoRe-S Designs for Affordable Planetary Exploration 

Date: 2/15/2007 

Report: STAIF 2007: 11 

Conference/Journal: Symposium on new frontiers and future concepts, Albuquerque, NM (United 
States), 11-15 Feb 2007 

Conference Session:  

Abstract/Keyterms: Fast neutron spectrum space reactors are an appropriate choice for high thermal 
powers, but for low powers, they need to be large enough to satisfy the excess reactivity requirement while 
remaining sub-critical when immersed in wet sand and flooded with seawater following a launch abort 
accident. All Sectored, Compact space Reactors (SCoRe) are fast spectrum reactors. They have a 0.1 mm 
thick 157 Gd2O3 coating on the outer surface of the reactor vessel to reduce the effect of wet sand as a 
reflector, and 157 GdN fuel additive to reduce the effect of thermal neutron fission on the criticality of the 
flooded reactor following a launch abort event. This paper identifies the SCoRe-S cores with the smallest 
BeO radial reflector thicknesses which satisfy the reactivity design requirements. These are a cold-clean 
and hot-clean excess reactivity &gt; $4.00 and $2.00, respectively, at least $1.00 subcritical at shutdown, 
and when submerged in wet sand and flooded with seawater following a launch abort event. Reducing the 
radial reflector thickness increases the 157GdN fuel additive but decreases the diameter, and hence the 
shutdown margin, of the B4C/BeO control drums. The smallest reactor to satisfy the reactivity design 
requirements is SCoRe-S7, which has a thick BeO radial reflector (15.3 cm), and its mass (425.3 kg) is 21 
kg heavier than the next larger SCoRe-S8 core with a thinner BeO reflector of 13.3 cm. The SCoRe-S7 is 
also 1.5 kg heavier than the SCoRe-S11, with the largest core, but the thinnest radial reflector thickness of 
10.7 cm. 
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Author: Smith, D. R. 

Title: Nuclear Criticality Accidents 

Date: 10/1/1991 

Report: State Art Reviews in Occupational Medicine; 6:4 

Conference/Journal: State Art Reviews in Occupational Medicine; (United States) 

Conference Session:  

Abstract/Keyterms: Criticality occurs when a sufficient quantity of fissionable material is accumulated, 
and it results in the liberation of nuclear energy. All process accidents have involved plutonium or highly 
enriched uranium, as have most of the critical experiment accidents. Slightly enriched uranium systems 
require much larger quantities of material to achieve criticality. An appreciation of criticality accidents 
should be based on an understanding of factors that influence criticality, which are discussed in this article. 
11 references. 
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Author: Long, R. L. 

Title: Report of Reactor Excursion During Test of Modified Core FBRF Operations Report No. 2 

Date: 7/1/1965 

Report: STEWS-TE-E 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Memo from E. Grueling to Bengt Carlson and Carson Mark. No formal report cover, 
report number handwritten on first page of memo. 
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Author: Barabanova, A. V. / et al. 

Title: Criticality Accident in Sarov 

Date: 3/1/2001 

Report: STI/PUB/1106 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On 17 June 1997 a criticality accident occurred at the Russian Federal Nuclear Centre 
(formerly known as Arzamas 16) in the town of Sarov, near Nizhnij Novgorod, about 400 km east of 
Moscow. The accident happened in a routine manipulation of the components of a critical assembly. The 
overexposed man, a skilled technician, died 66 h later from the effects of his exposure, despite prompt and 
intensive medical management. This was thus a very rare type of fatality. 
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Author: n. a. 

Title: Directory of Nuclear Reactors. Volume III Research Test and Experimental Reactors 

Date: 1/1/1960 

Report: STI/PUB/22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n.a. 

Title: Personnel Dosimetry for Radiation Accidents. Proceedings Series 

Date: 3/1/1965 

Report: STI/PUB/99; CONF-650302 

Conference/Journal: Other Information: Proceedings of a Symposium Held in Vienna, 8-12 March 
1965. Orig. Receipt Date: 31-DEC-65 

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Austria; Criticality; Health Physics; Man; Personnel; 
Quantitative Analysis; Radiation Doses; Radiation Protection 
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Author: n. a. 

Title: Safe Handling and Storage of Plutonium. International Atomic Energy Agency, Vienna 

Date: 1/1/1998 

Report: STI/PUB-1061 

Conference/Journal: Vienna (Austria): IAEA, 1998/ 136 pp. Safety reports series 

Conference Session:  

Abstract/Keyterms: Burnup / Weapon Grade / Civil Plutonium / Storage and Handling 
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Author: Kuroi, H. / Tomioka, H. Y. / Mitani, H. / Hirota, J. 

Title: Heterogeneity Study for an Intermediate-Energy Core Programme 

Date: 10/31/1968 

Report: STI/PUB--165(Vol.2), 223-236; CONF-671043, 

Conference/Journal: Symposium on Fast Reactor Physics and Related Safety Problems, Karlsruhe, 
Germany 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Analysis; 
Configuration; Critical Assemblies; Criticality; Distribution; Fast Neutrons; Intermediate Neutrons; Japan; 
Reactor Core; Resonance Neutrons; Zones 
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Author: n.a. 

Title: Power and Research Reactors in Member States 

Date: 1/1/1969 

Report: STI/PUB--194 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors; Research & Test Reactors & Critical Assemblies; Asia; 
Criticality; Europe; North America; Power; Power Reactors; Research Reactors; South America 
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Author: n.a. 

Title: Power and Research Reactors in Member States. May 1970 Edition 

Date: 1/1/1970 

Report: STI/PUB--194/3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors; Research & Test Reactors & Critical Assemblies; 
Configuration; Criticality; Design; Operation; Power; Power Reactors; Research Reactors; Tables 
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Author: n.a. 

Title: Nuclear Accident Dosimetry Systems. Panel Proceedings Series. Proceedings of a Panel Held in 
Vienna, 17--21 February 1969 

Date: 1/1/1970 

Report: STI/PUB--241; CONF-690223 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Dosimetry & Monitoring; Life Sciences-
Health Physics & Safety-Safety Procedures; Instrumentation-Radiation Dosimeters; N26100 -
Instrumentation-Radiation Detection Instruments; Physics (Nuclear)-Neutron Interactions with Matter; 
Leading Abstract 
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Author: n. a. 

Title: Safe Handling of Plutonium: A Panel Report. Safety Series No. 39 

Date: 1/1/1974 

Report: STI/PUB-358 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: One aspect of the peaceful application of atomic energy in the near future is the 
expected increase in the use of plutonium, particularly for energy production and in research work. The 
safety aspects of handling this material require careful attention, and this report is directed to workers in 
research laboratories handling it in gram amounts. The report discusses the various features of the handling 
facilities, describing the glove boxes and giving the requirements for the ventilation systems; it also deals 
with the question of health surveillance. The report does not deal with criticality considerations, since it is 
intended for workers in plutonium facilities in which the total amount of the fissile material present at any 
moment is low enough not to require criticality considerations. 
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17073…..…..…………………..…….……..……ID Number…………………..…..…………….17073 

Author: International Atomic Energy Agency 

Title: Design of and Equipment for Hot Laboratories. Proceedings Series. Proceedings of a Symposium 

Date: 1/1/1976 

Report: STI/PUB-436 

Conference/Journal: Symposium in Otaniemi Finland 

Conference Session:  

Abstract/Keyterms: The rapid expansion of the nuclear power industry and the widespread application of 
radioisotopes in scientific and technological research have increased the need for specialized laboratories, 
called hot laboratories, for handling radioactive substances of high activity as well as plutonium and 
transplutonium elements. The symposium was organized in Otaniemi at the invitation of the Government 
of Finland. The purpose of the symposium was to review the present state of knowledge and collect 
information on the recent developments on various aspects of safety in hot laboratories. The symposium 
was attended by 140 participants from 32 countries and three international organizations. There were 45 
papers presented during eight technical sessions. The topics covered were planning and design of hot 
laboratories, air cleaning, transfer and transport systems, criticality control, fire protection, waste 
management, radiological protection, administrative arrangements and operational experience. The major 
emphasis in the symposium was placed on the safety features of planning and design. The papers presented 
at the symposium are presented plus the discussions in full and a concluding summary. 
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17074…..…..…………………..…….……..……ID Number…………………..…..…………….17074 

Author: International Atomic Energy Agency 

Title: Transport Packaging for Radioactive Materials. Proceedings Series. Proceedings of a Seminar, 
Vienna, 23-27, August 1976 

Date: 8/1/1976 

Report: STI/PUB-437/CONF-760813- 

Conference/Journal: Symposium on the design, construction and testing of packaging for the safe 
transport of radioactive materials/ 23 Aug 1976/ Vienna, Austria 

Conference Session:  

Abstract/Keyterms: A total of 45 papers, with associated discussions, are included, divided into sections 
dealing with risk assessment, package design and construction, transport experience, and package testing. 
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17075…..…..…………………..…….……..……ID Number…………………..…..…………….17075 

Author: Molloy, C. T. / Neal, L. G. / Pate, N. C. / Wentz, L. B. / Wright, R. W. 

Title: Kinetic Studies of Heterogeneous Water Reactors. Annual Summary Report, 1964 

Date: 12/30/1964 

Report: STL-372-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Air; Boiling; Bubbles; Capsules; 
Cooling; Critical Temperature; Criticality; Defects; Distribution; Energy; Excursions; Failures; Fluid Flow; 
Fuel Elements; Heat Transfer; Heating; High Temperature; KEWB; Materials Testing; Neutron Beams; 
Plates; Power; Power Plants; Pressure; Reactor Safety; Reactors; SPERT-1d; Stability; Steam; Subcooling; 
Surfaces; Temperature; Thermodynamics; Transfer Functions; Transients; Uranium; Voids; Volume; 
Water Coolant; Water Moderator 
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Author: Neal, L. G. / Wentz, L. B. / Wright, R. W. 

Title: Kinetic Studies of Heterogeneous Water Reactors. Quarterly Progress Report for Period Ending June 
30, 1965 

Date: 7/30/1965 

Report: STL-372-22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Aluminum; Analog Systems; 
Boiling; Diagrams; Efficiency; Errors; Excursions; Heat Transfer; Heating; Hydraulics; Interactions; Jets; 
Liquid Metals; Measured Values; Metals; Numericals; Performance; Pressure; Production; Pulses; 
Reactivity; Reactor Core; Reactors; Shock Waves; SPERT-1d; Stability; Surfaces; Tables; Temperature; 
Transients; Water; Water Coolant 
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Author: Pavelescu, M. / Ilie, P. / Purica, I. 

Title: Matrix Calculation Method for the Critical Mass of the Fast Reactor 

Date: 1/1/1972 

Report: Stud. Cercet. Fiz. 24: No. 8, 921-928(1972) 

Conference/Journal: Stud. Cercet. Fiz. 

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Computer Calculations; 
Configuration; Critical Mass; Fast Reactors; Matrices; Numerical Solution; Reactor Cores 
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17078…..…..…………………..…….……..……ID Number…………………..…..…………….17078 

Author: Stefanescu, A. / Stancu, M. 

Title: Automatic Optimization of the Multiplication Factor Kinfinity in a Natural Uranium-Graphite Type 
Reactor 

Date: 1/1/1965 

Report: Studii si Cercetari de Fizica (Romania), Vol: 17 

Conference/Journal: Studii si Cercetari de Fizica (Romania), Vol: 17 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Aluminum; Canning; Efficiency; Fuel 
Elements; Graphite Moderator; Heat Transfer; Multiplication Factors; Natural Uranium Fuel; Neutrons; 
Rods; Thickness 
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Author: Rosescu, Th. 

Title: The Integral Nucleus Method in Nuclear Reactor Physics 

Date: 1/1/1965 

Report: Studii si Cercetari de Fizica (Romania); Vol: 17 

Conference/Journal: Studii si Cercetari de Fizica (Romania) 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boundary Conditions; Differential 
Equations; Diffusion; Integrals; Neutron Flux; Neutrons; Reactors; Slowdown; Transport Theory 
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Author: Nilsson, Lars 

Title: SARA Project. Reflooding Calculations for Oskarshamn 3 BWR with SCDAP/RELAP5 

Date: 9/1/1998 

Report: STUDSVIK-ES-98-23; INV-SARA(98)-D-010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Postulated Severe Accident Scenarios / Late Reflooding / Overheated Core / Swedish 
Oskarshamn 3 BWR / SCDAP / RELAP5 / Recriticality Calculations / Simulate-3k Code, 
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Author: Haeggblom, H. 

Title: Neutronics Calculations with Equicycle Version 3 on Two Heterogeneous LMFBR Concepts 

Date: 1/1/1979 

Report: STUDSVIK-K2-79/90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The single-annulus LMFBR design introduced by the UKAEA Reactor Group, 
Risley, and the multicore concept "Bulls-eye" for which data were obtained from ORNL, have been studied 
using the diffusion program EQUICYCLE, developed in Studsvik. Two cross section libraries were used, 
namely, an adjusted set of data processed from ENDF/B-III and a set with the most important nuclides 
processed from ENDF/B-IV and the other data from ENDF/B-III. For the single annulus design, an 
equilibrium burn-up composition was given. For the "Bulls-eye" concept, both a fresh core and an 
equilibrium cycle were studied. The k(eff) values obtained seem to agree approximately with other 
calculations using ENDF/B-IV. The adjusted cross section set gives lower breeding ratios than other data. 
The void coefficients were not very sensitive to the data sets used. 
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17082…..…..…………………..…….……..……ID Number…………………..…..…………….17082 

Author: Edenius, M. / Hellstrand, E. / Johansson, E. 

Title: CASMO-Benchmark Report 

Date: 3/1/1978 

Report: STUDSVIK-RF-78/6293 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Studsvik cell and assembly code CASMO has been benchmarked against results 
from experiments in critical facilities and from irradiations in power reactors. It is shown that CASMO 
predicts reactivities, fission rate distributions, heavy element isotopic concentrations and gadolinium 
burnup with good accuracy for all cases studied. 
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17083…..…..…………………..…….……..……ID Number…………………..…..…………….17083 

Author: Schaefer, Robert W. / Grimm, Karl N. / Lell, Richard M. / McKnight, Richard D. 

Title: ZPPR-20 Phase E: A Cylindrical Assembly of U Metal Reflected by Beryllium Oxide and Sand 

Date: 9/30/2005 

Report: SUB-HEU-MET-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-20E Benchmark Assembly was part of a series of cores 
built in Assembly 20 of the ZPPR facility to provide data for developing a nuclear power source for space 
applications (SP-100). The assemblies were beryllium oxide reflected and had core fuel compositions 
containing enriched uranium fuel, niobium and rhenium. ZPPR-20 Phase C (HEU-MET-FAST-075) was 
built as the reference flight configuration. Two other configurations, Phases D and E, simulated accident 
scenarios. Phase D (SUB-HEU-MET-MIXED-001) modeled the water immersion scenario during a launch 
accident, and Phase E modeled the earth burial scenario during a launch accident. Experiments in Assembly 
20 Phases 20A through 20F were performed in 1988. The reference configuration for the ZPPR-20E 
assembly was obtained as reactor loading 160 on November 3, 1988 with a fissile mass of 168.575 kg and 
a reported reactivity of -11.40 ± 0.61$ (~7%Δk subcritical). The SP-100 core was to be constructed of 
highly enriched uranium nitride, niobium, rhenium, and depleted lithium. The core design called for two 
enrichment zones with niobium-1% zirconium alloy fuel cladding and core structure. Rhenium was to be 
used as a fuel pin liner to provide shut down in the event of water immersion and flooding. The core coolant 
was to be depleted lithium metal (7Li). The core was to be surrounded radially with a niobium reactor vessel 
and bypass which would carry the lithium coolant to the forward inlet plenum. Immediately inside the 
reactor vessel was a rhenium baffle which would act as a neutron curtain in the event of water immersion. 
A fission gas plenum and coolant inlet plenum were located axially forward of the core. Some material 
substitutions had to be made in mocking up the SP-100 design. The ZPPR-20 critical assemblies were 
fueled by 93% enriched uranium metal because uranium nitride, which was the SP- 100 fuel type, was not 
available. ZPPR Assembly 20E was designed to simulate a ground crash accident. The earth was simulated 
by sand which has a similar composition. At the time of these experiments, not enough sand plates (boxes) 
were available. Therefore, at the periphery of the configuration, sodium carbonate plates were used in place 
of sand. A very accurate transformation to a simplified model is needed to make any of the ZPPR assemblies 
a practical criticality-safety benchmark. There is simply too much geometric detail in an exact model of a 
ZPPR assembly, particularly as complicated an assembly as ZPPR-20E. The transformation must reduce 
the detail to a practical level without masking any of the important features of the critical experiment and 
it must do this without increasing the total uncertainty far beyond that of the original experiment. Such a 
transformation will be described in a later section. First, Assembly 20E was modeled in full detail—every 
plate, drawer, matrix tube, and air gap was modeled explicitly. Then the regionwise compositions and 
volumes from this model were converted to an RZ model. ZPPR Assembly 20E has been determined to be 
an acceptable criticality-safety benchmark experiment. 
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Author: Lell, Richard M. / Grimm, Karl N. / McKnight, Richard D. / Schaefer, Robert W. 

Title: ZPPR-20 Phase D: A Cylindrical Assembly of Polyethylene-Moderated U Metal Reflected by 
Beryllium Oxide and Polyethylene 

Date: 9/30/2005 

Report: SUB-HEU-MET-MIXED-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Zero Power Physics Reactor (ZPPR) fast critical facility was built at the Argonne 
National Laboratory-West (ANL-W) site in Idaho in 1969 to obtain neutron physics information necessary 
for the design of fast breeder reactors. The ZPPR-20D Benchmark Assembly was part of a series of cores 
built in Assembly 20 of the ZPPR facility to provide data for developing a nuclear power source for space 
applications (SP-100). The assemblies were beryllium oxide reflected and had core fuel compositions 
containing enriched uranium fuel, niobium and rhenium. ZPPR-20 Phase C (HEU-MET-FAST-075) was 
built as the reference flight configuration. Two other configurations, Phases D and E, simulated accident 
scenarios. Phase D modeled the water immersion scenario during a launch accident, and Phase E (SUB-
HEU-MET-FAST-001) modeled the earth burial scenario during a launch accident. Experiments in 
Assembly 20 Phases 20A through 20F were performed in 1988. The reference water immersion 
configuration for the ZPPR-20D assembly was obtained as reactor loading 136 on October 19, 1988 with a 
fissile mass of 168.575 kg and a reactivity of -7.52 ± 0.28$ (~5%Δk subcritical). The SP-100 core was to 
be constructed of highly enriched uranium nitride, niobium, rhenium, and depleted lithium. The core design 
called for two enrichment zones with niobium-1% zirconium alloy fuel cladding and core structure. 
Rhenium was to be used as a fuel pin liner to provide shut down in the event of water immersion and 
flooding. The core coolant was to be depleted lithium metal (7Li). The core was to be surrounded radially 
with a niobium reactor vessel and bypass which would carry the lithium coolant to the forward inlet plenum. 
Immediately inside the reactor vessel was a rhenium baffle which would act as a neutron curtain in the 
event of water immersion. A fission gas plenum and coolant inlet plenum were located axially forward of 
the core. Some material substitutions had to be made in mocking up the SP-100 design. The ZPPR-20 
critical assemblies were fueled by 93% enriched uranium metal because uranium nitride, which was the 
SP- 100 fuel type, was not available. ZPPR Assembly 20D was designed to simulate a water immersion 
accident. The water was simulated by polyethylene (CH2), which contains a similar amount of hydrogen 
and has a similar density. A very accurate transformation to a simplified model is needed to make any of 
the ZPPR assemblies a practical criticality-safety benchmark. There is simply too much geometric detail in 
an exact model of a ZPPR assembly, particularly as complicated an assembly as ZPPR-20D. The 
transformation must reduce the detail to a practical level without masking any of the important features of 
the critical experiment and it must do this without increasing the total uncertainty far beyond that of the 
original experiment. Such a transformation will be described in a later section. First, Assembly 20D was 
modeled in full detail—every plate, drawer, matrix tube, and air gap was modeled explicitly. Then the 
regionwise compositions and volumes from this model were converted to an RZ model. ZPPR Assembly 
20D has been determined to be an acceptable criticality-safety benchmark experiment. 
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Author: Valentine, Timothy E. 

Title: Unreflected High-Enriched Uranyl Nitrate Subcritical Noise Measurements 

Date: 9/30/2000 

Report: SUB-HEU-SOL-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1984, subcritical measurements were performed with an unreflected cylindrical 
tank containing uranyl nitrate using the 252Cf-source-driven noise analysis method These experiments 
were performed as part of a collaboration between Oak Ridge National Laboratory (ORNL) and the Power 
Reactor and Nuclear Fuel Development Corporation (PNC) of Japan. The measurements consisted of filling 
a right circular acrylic cylinder with varying amounts of a highly enriched uranyl nitrate solution. A 252Cf 
source in a parallel plate ionization chamber was located at various positions along the central axis of the 
acrylic cylinder. Detectors were placed external to the cylindrical tank to measure neutrons and gamma rays 
emitted from the system. Measurements were performed with the source at the center of the solution for 
various solution heights and with varying axial source positions for fixed solution heights. Dynamic 
measurements were also performed with the solution draining from the tank at various rates. This analysis 
does not investigate these dynamic measurements, but addresses measurements performed at fixed solution 
heights with a central source (source at the center of the solution). Additional fixed-solution-height 
measurements with the source located on the bottom of the tank were also performed but are not included 
in this evaluation because of changes in detector configuration and source location. of the six measurements 
evaluated, five are considered suitable for benchmark models. 
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Author: Franklin, Bernard M. / Hanlon, David 

Title: Fuel-Transport-Flask Subcritical Experiments with Low-Enriched Uranium (3 Wt.% 235u) Dioxide 
Fuel 

Date: 9/30/2000 

Report: SUB-LEU-COMP-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The experimental program considered a series of measurements simulating transport-
flask fuel consolidation configurations. Two series of experiments were performed involving critical and 
subcritical experiments with low-enriched uranium dioxide fuel rods containing 3.0 wt.% 235U with light-
water moderation and reflection. Two of the three critical experiments also used low-enriched uranium 
dioxide fuel rods containing 7.0-wt.% 235U replacing some 3.0-wt.% 235U rods to simulate severe loading 
errors. The three critical experiments are described in the LEU-COMP-THERM-047 evaluation. The 
remaining experiments in the series consisted of subcritical configurations, simulating both transport and 
pond storage situations, and are described herein. Both series of experiments were performed in an actual 
boron-steel transport-flask inner container, within the DIMPLE low-power reactor at AEA Technology’s 
Winfrith site, between 1984 and 1986. The experiments were partly funded by the Commission of the 
European Communities via the Directorate General for Energy. The experimental configurations can be 
summarised as a 4Å~5 array of fuel compartments, all of which contain 3-wt. %-enriched UO2 rods. The 
number of pins contained in each compartment and the loading pattern of these pins were varied to establish 
different subcritical levels. Fifteen subcritical experiments were evaluated and are considered acceptable 
for use as benchmark experiments. The Modified Source Multiplication (MSM) technique was used for 
determining the reactivities of the subcritical configurations. 
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Author: Schwinkendorf, Kevin / Toffer, Hans 

Title: Subcritical Measurements of Low-enriched Tubular Uranium Metal Fuel Elements before and after 
Irradiation 

Date: 9/30/2006 

Report: SUB-LEU-MET-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: (PLEASE NOTE: This evaluation contains data that were judged to be unacceptable 
as criticality safety benchmark data. However, it may contain data that are useful for other criticality safety 
applications.) With the shutdown of the Hanford PUREX (Plutonium-Uranium Extraction Plant) 
reprocessing plant in the 1970s, adequate storage capacity for spent Hanford N Reactor fuel elements in the 
K and N Reactor pools became a concern. To maximize space utilization in the pools, accounting for fuel 
burnup was considered. Fuel that had experienced a neutron environment in a reactor is known as spent, 
exposed, or irradiated fuel. In contrast fuel that has not yet been placed in a reactor is known as green, 
unexposed, or unirradiated fuel. Calculations indicated that at typical fuel exposures for N Reactor, the 
spent-fuel critical mass would be twice the critical mass for green fuel. A decision was reached to test the 
calculational result with a definitive experiment. If the results proved positive, storage capacity could be 
increased, and N Reactor operation could be prolonged. An experiment to be conducted in the N Reactor 
spent-fuel storage pool was designed and assembled and the services of the Battelle Northwest Laboratories 
(BNWL) {now Pacific Northwest National Laboratory [PNNL]} critical mass laboratory were procured for 
the measurements. The experiments were performed in April 1975 in the Hanford N Reactor fuel storage 
pool. The fuel elements were MKIA fuel assemblies, comprised of two concentric tubes of low-enriched 
metallic uranium. Two separate sets of measurements were performed: one with unirradiated fuel and one 
with irradiated fuel. Both the unirradiated and irradiated fuel, were measured in the same geometry. The 
spent-fuel MKIA assemblies had an average burnup of 2865 MWd (megawatt days)/t. A constraint was 
imposed restricting the measurements to a subcritical limit of keff = 0.97. Subcritical count rate data was 
obtained with pulsed-neutron and approach-to-critical measurements. Ten (10) configurations with green 
fuel and nine (9) configurations with spent fuel are described and evaluated. of these, three (3) green fuel 
and four (4) spent fuel loading configurations were considered to serve as benchmark models. However, 
shortcomings in experimental data, such as the uncertainty in exposed-fuel composition and the uncertainty 
introduced by the pulse neutron measurement techniques and data evaluation methodology, failed to meet 
the high standards for a benchmark problem. Nevertheless, the data provided by these subcritical 
measurements supply useful information to analysts evaluating spent fuel subcriticality. The original 
purpose of the subcritical measurements was to validate computer model predictions that spent N Reactor 
fuel of a particular, typical exposure (2740 MWd/t) had a critical mass equal to twice that of unexposed 
fuel of the same type. The motivation for performing this work was driven by the need increase spent fuel 
storage limits. These subcritical measurements confirmed the computer model predictions. 
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Author: Valentine, Timothy E. 

Title: Polyethylene-Reflected Plutonium Metal Sphere Subcritical Noise Measurements 

Date: 9/30/2003 

Report: SUB-PU-MET-FAST-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 2002, subcritical source-driven noise-analysis measurements were performed with 
a polyethylene-reflected sphere of alpha-phase plutonium using the 252Cf-source-driven noise analysis 
method. These experiments were performed at the Los Alamos Critical Experiments Facility (LACEF) as 
a collaborative effort between Oak Ridge National Laboratory (ORNL) and Los Alamos National 
Laboratory (LANL) to provide benchmark data for a plutonium sphere reflected by polyethylene. The 
measurements were performed with a stainless-steel-encased plutonium sphere centered between a pair of 
polyethylene-moderated 3He detector banks. The polyethylene reflector thickness was varied from zero to 
7.62 cm while maintaining the same detector placement. The 252Cf source, contained in a hemispherical 
ionization chamber, was located at the top pole of the sphere. The subcritical measurements evaluated in 
SUB-HEU-SOL-THERM-001 were also performed with the source-driven noise-analysis method. All five 
measurements are considered suitable for benchmarks. 
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Author: Morita, K. / Iwamiya, T. 

Title: Manufacturing of Nuclear Fuel Assemblies for the Deuterium Critical Assembly 

Date: 1/1/1971 

Report: Sumitomo Elec. Rev., 103, 087-098 

Conference/Journal: Sumitomo Elec. Rev. 

Conference Session:  

Abstract/Keyterms: Ceramics & Cermets--Preparation & Fabrication; Research & Test Reactors & 
Critical Assemblies; Aluminum; Critical Assemblies; Fabrication; Fuel Element Clusters; Fuel Rods; 
Heavy Water Moderated Reactors; Pellets; Uranium Dioxide 



 

C-17141 

17090…..…..…………………..…….……..……ID Number…………………..…..…………….17090 

Author: Tommila, E. 

Title: Dedication of the First Atomic Reactor in Finland 

Date: 1/1/1962 

Report: Suomen Kemistilehti;Vol: 35A 

Conference/Journal: Suomen Kemistilehti 

Conference Session:  

Abstract/Keyterms: A TRIGA Mark II reactor, designated as FiR 1” and designed by the General Atomics 
Corp. was dedicated on March 31, 1962, at Otaniemi-(Finland). The reactor went critical for the first time 
on March 27, 1952, at 4:10 p.m. The effective power of the reactor is 100 kw(t); it uses 2.28 kg of 20% 
enriched U235 as fuel and has an average core flux level of about 1.6. 10/sup 12/ n/ cm/sup 2/ sec. The 
Institute of Technology of Helsinki operates the reactor on behalf of the Finnish Government. Five other 
TRIGA reactors are at present in operation or under construction in Europe, - at Rome, Vienna, Geneva, 
Mainz, and Otaniemi. The small subcritical assembly at Otaniemi will continue to be used for teaching and 
training purposes. 
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Author: McTaggart, M. H. / Goodfellow, H. / Long, R. L. / Weale, J. W. 

Title: Measurements of the Physics Characteristics of the Fast Pulsed Reactor, VIPER 

Date: 10/31/1968 

Report: Symposium on Fast Reactor Physics and Related Safety Problems, Vol. II, 551-563 

Conference/Journal: Symposium on Fast Reactor Physics and Related Safety Problems, 1968, 
Karlsruhe, Germany 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Criticality; 
Fast Neutrons; Measurement; Pulses; Reactivity; Research Reactors; VIPER 
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Author: Tardiff, A. F. 

Title: Some Aspects of the WTR and SL-1 Accidents 

Date: 4/1/1962 

Report: Symposium on Reactor Safety and Haz. Eval. Tech., Vol. 1, 043-088 

Conference/Journal: Symposium on Reactor Safety and Hazards Evaluation Techniques, (1962) (IAEA) 

Conference Session:  

Abstract/Keyterms: For presentation at International Atomic Energy Agency Symposium on Reactor 
Safety, Vienna, Austria, May 14The Westinghouse Testing Reactor (WTR), a privately owned 60 megawatt 
tank type reactor, underwent a fuel element failure on April 3, 1960. A meltdown of one fuel element 
occurred causing the spread of fission products through the reactor cooling system. There were no casualties 
or overexposures. The cause of the accident could not be established beyond a reasonable doubt, but the 
possible cause appeared to be a cladding failure at a bonding defect. The Stationary Low Power Reactor 
No. 1 (SL-1), a 3 megawatt prototype reactor, underwent a nuclear excursion at the U. S. Atomic Energy 
Commission's National Reactor Testing Station (NRTS), Idaho, on January 3, 1961. The three military 
operators on duty at the time received fatal injuries and the core experienced severe damage. Large amounts 
of radioactivity were released inside the reactor building; however, release of radioactivity from the 
building to the atmosphere was slight. This was the first fatal reactor accident in the history of reactor 
operation in the United States. Prior to the accident, the reactor had operated for 931 megawatt days, 
approximately 40% of its core life. Primary efforts subsequent to the SL-1 accident consisted of removal 
of the victims from the reactor building, determination of the nuclear status of the reactor, and analysis of 
the cause of the accident, including dismantling of the facility. Since the cause of the SL-1 accident was 
not known, work on the dismantling and decontamination of the reactor building had to proceed slowly lest 
some important evidence might be overlooked. The high radiation levels inside the reactor building also 
played an important part in slowing up the recovery operations. By the end of November 1961, the pressure 
vessel with the SL-1 core had been removed from the reactor building and transported 40 miles to a large 
hot cell on the testing station previously used to disassemble large experimental reactors. In the hot cell 
more detailed examination of the disarranged core proceeded. 
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Author: Farmer, J. / Haslam, J. / Day, D. / Lian, T. / Saw, C. / Hailey, P. / Choi, J. S. / Rebak, R. / Yang, 
N. / Bayles, R. / Aprigliano, L. / Payer, J. / Perepezko, J. / Hildal, K. / Lavernia, E. / Ajdelsztajn, L. / 
Branagan, D. / Beardsley, B. 

Title: A High-Performance Corrosion-Resistant Iron-Based Amorphous Metal - The Effects of 
Composition, Structure and Environment on Corrosion Resistance 

Date: 12/1/2006 

Report: Symposium on Scientific Basis for Nuclear Waste Management 

Conference/Journal: Symposium on Scientific Basis for Nuclear Waste Management, Boston - 
Massachusetts (United States), 27 Nov - 1 Dec 2006 

Conference Session:  

Abstract/Keyterms: The passive film stability of several Fe-based amorphous metal formulations have 
been found to be comparable to that of high-performance Ni-based alloys, and superior to that of stainless 
steels, based on electrochemical measurements of the passive film breakdown potential and general 
corrosion rates. Chromium (Cr), molybdenum (Mo) and tungsten (W) provide corrosion resistance; boron 
(B) enables glass formation; and rare earths such as yttrium (Y) lower critical cooling rate (CCR). The high 
boron content of this particular amorphous metal also makes it an effective neutron absorber, and suitable 
for criticality control applications, as discussed in companion publications. Corrosion data for SAM2X5 
(Fe{sub 49.7}Cr{sub 17.7}Mn{sub 1.9}Mo{sub 7.4}W{sub 1.6}B{sub 15.2}C{sub 3.8}Si{sub 2.4}) is 
discussed here. 
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Author: Forsberg, Charles W. / Dole, Leslie R. 

Title: Cermet Spent Nuclear Fuel Casks and Waste Packages 

Date: 12/1/2006 

Report: Symposium on Scientific Basis for Nuclear Waste Management 

Conference/Journal: Symposium on Scientific Basis for Nuclear Waste Management, Boston - 
Massachusetts (United States), 27 Nov - 1 Dec 2006 

Conference Session:  

Abstract/Keyterms: Multipurpose transport, aging, and disposal casks are needed for the management of 
spent nuclear fuel (SNF). Self-shielded cermet casks can out-perform current SNF casks because of the 
superior properties of cermets, which consist of encapsulated hard ceramic particulates dispersed in a 
continuous ductile metal matrix to produce a strong high-integrity, high-thermal conductivity cask. A multi-
year, multinational development and testing program has been developing cermet SNF casks made of steel, 
depleted uranium dioxide, and other materials. Because cermets are the traditional material of construction 
for armor, cermet casks can provide superior protection against assault. For disposal, cermet waste packages 
(WPs) with appropriate metals and ceramics can buffer the local geochemical environment to (1) slow 
degradation of SNF, (2) reduce water flow though the degraded WP, (3) sorb neptunium and other 
radionuclides that determine the ultimate radiation dose to the public from the repository, and (4) contribute 
to long-term nuclear criticality control. Finally, new cermet cask fabrication methods have been partly 
developed to manufacture the casks with the appropriate properties. The results of this work are summarized 
with references to the detailed reports. 
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Author: Malarbet, J. L. / Le Go, R. / Prudhomme, J. / Genest, L. 

Title: Comparison of hematological effects of cobalt gamma rays and gamma-neutron criticality flashes 

Date: 10/22/1973 

Report: Symposium on the effects of neutron irradiation upon cell function, Neuherberg, Germany, 22 
Oct 1973 

Conference/Journal: Symposium on the effects of neutron irradiation upon cell function, Neuherberg, 
Germany, 22 Oct 1973 

Conference Session:  

Abstract/Keyterms: From symposium on the effects of neutron irradiation upon cell function; Neuherberg, 
Germany (22 Oct 1973). The criticality reaction was produced in a cylindric vessel by introduction of a 
solution of enriched uranium nitrate. During the 7 criticality experiments the energy spectra remained the 
same. The doses to the animals varied between 168 rads gamma + 165 rads neutrons and 656 rads gamma 
+ 471 rads neutrons. The animals used for the experiment were male rats of the Carworth strain aged 3 
month and weighing 350 g. The animals were irradiated individually. The /sup 60/Co gamma dose was 
determined by the iron sulfate method. For the determination of the gamma neutron dose, a more complex 
technique was necessary which is described in detail. Blood samples were withdrawn from the caudal vein 
4.6 or 8 hrs post-irradiation. The number of erythrocytes and leukocytes was counted automatically by the 
Coulter Counter. The development after irradiation shows the same picture for both types of radiation and 
reflects the medullary aplasia. The polynucleated neutrophils undergo a rapid increase while the 
lymphocytes show a considerable decrease during the first hours after irradiation. The erythrocyte count 
increased during the first 2 d after irradiation, while the reticulocytes disappeared from the blood after 2 d. 
The results show clearly the considerable disturbances of the hematopoiesis caused by the irradiation. The 
analysis of the different factors is a useful way to observe the course and to determine the RBE. The 
investigation of the recovery seems to be a new way to study the medullary dynamics. 
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Author: Kissel, P. -. / Chapuis, A. 

Title: Action to be Taken in the Event of a Serious Nuclear Accident in an Industrial Establishment 

Date: 1/1/1969 

Report: Symposium on the Handling of Radiation Accidents, Vienna, Austria; CONF-690509, pp 43-75 

Conference/Journal: Symposium on the Handling of Radiation Accidents, Vienna, Austria 

Conference Session:  

Abstract/Keyterms: Life Sciences-Health Physics & Safety-Safety Procedures; Life Sciences-Health 
Physics & Safety-Dosimetry & Monitoring; Life Sciences-Radiation Effects on Animals-Man; 
Engineering-Facilities & Equipment; Instrumentation-Radiation Detection Instruments-General Detectors 
& Monitors; Instrumentation-Radiation Dosimeters; Life Sciences-Health Physics & Safety-Legal Aspects; 
Accidents; Alarm Systems; Buildings; Criticality; Industry; Monitoring; Personnel; Radiation Doses 
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Author: Kylstra, C. D. / Cooper, J. L. Jr. / Miller, B. E. 

Title: UF6 Plasma Engine 

Date: 11/1/1971 

Report: Symposium on Uranium Plasmas: Research and Applications, 15 Nov 1971, Atlanta, Georgia, 
USA, 2nd Symposium on Uranium Plasmas: Research and Applications, See CONF-711124 

Conference/Journal: Symposium on uranium plasmas: research and applications, Atlanta, Georgia, 
USA, 15 Nov 1971 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Non-Breeding, Otherwise Moderated or Unmoderated; 
Gas Fueled Reactors- Specifications; Compressibility; Criticality; Reactor Cores; Uranium Hexafluoride 
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Author: Miller, B. E. / Thom, K. / Lalos, G. T. 

Title: Ballistic Piston Fissioning Plasma Experiment 

Date: 11/1/1971 

Report: Symposium on Uranium Plasmas: Research and Applications, 15 Nov 1971, Atlanta, Georgia, 
USA, 2nd Symposium on Uranium Plasmas: Research and Applications, See CONF-711124 

Conference/Journal: Symposium on uranium plasmas: research and applications, Atlanta, Georgia, 
USA, 15 Nov 1971 

Conference Session:  

Abstract/Keyterms: Reactors-Power Reactors, Non-Breeding, Otherwise Moderated or Unmoderated; 
Gas Fueled Reactors- Testing; Compressibility; Criticality; Performance; Uranium Hexafluoride 
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Author: Albrecht, L. 

Title: Classification of the New Nuclear Fuel Elements for Water-Moderated Reactors with Regard to the 
Regulations for the Transport of Radioactive Materials 

Date: 10/31/1971 

Report: SZS--14/70 (pp 11-21) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Reactor Components, Fuels & 
Accessories; Criticality; Fuel Elements; Legal Aspects; Review; Safety; Transport; Water Moderated 
Reactors 
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Author: Richter, D. / Birkigt, W. / Albrecht, L. 

Title: Illustration of the Specifications for the Transport of Radioactive Materials of High Activity and 
Fissionable Materials. Principles of Criticality Safety in the Transport of Fissionable Materials 

Date: 1/1/1970 

Report: SZS--19/70 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Atomic Energy, Legal Aspects/Regulations for Safe Transport of Highly Radioactive 
and Fissile Materials, Description of East German; Fissionable Material/Shipping of, East German 
Regulations for Safe; People's Democratic Republic of Germany/Regulations for Safe Transport of Highly 
Radioactive and Fissile Materials in; Radioactive Materials/Shipping of High- Activity, East German 
Regulations for Safe 
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Author: Bennett, R. A. / Smith, R. I. / Oakes, T. J. / Heineman, R. E. 

Title: Graphite Lattice Temperature Coefficients of k(inf) 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 043 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Experimental Physics 

Abstract/Keyterms:  
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Author: Harker, W. H. 

Title: Thermalization Studies on a Heterogeneous Lattice Containing Plutonium 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 047-048 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Corngold, Noel 

Title: Neutron Thermalization in Infinite Homogeneous Systems 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 048-049 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Harriman, J. M. / Harker, W. H. 

Title: Five Group, Collateral Slowing Down Model Used to Study Plutonium Recycle in Water Lattices 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 049-050 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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17105…..…..…………………..…….……..……ID Number…………………..…..…………….17105 

Author: Meneghetti, D. / Hummel, H. H. 

Title: Effect of (n, 2n) and (n, a) Reactions on Age Calculations for Beryllium 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 050-051 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Byrne, B. J. 

Title: Semi-Empirical Methods for Calculations Multiplication Constant for Low Enrichment Uranium-
Water Lattices 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 051-053 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Ruane, T. F. / Storm, M. L. 

Title: Epithermal Parameters for the Calculation of Control Rod Worth in Thermal reactors 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 053 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Miller, C. L. / Selengut, D. S. 

Title: Calculation of Two-Dimensional Flux Distributions Between Absorbing Cylinders 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 054 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Richardson, I. W. 

Title: Multigroup Evaluation of H2O-U Lattices 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 054-056 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Haefner, R. R. 

Title: Solution of Simultaneous Differential Equations for Kinetics of Nuclear Systems 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 057 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Toppel, B. J. 

Title: Sources of Error in Reactivity Determination by Means of Asymptotic Period Measurements 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 057-058 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Theory II 

Abstract/Keyterms:  
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Author: Komoto, T. T. / Kloverstrom, F. 

Title: Diffusion Cooling in Beryllium and Graphite 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 094-095 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms:  
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Author: Carothers, J. / Komoto, T. T. 

Title: Establishment of Fundamental-Mode Neutron Distribution in Beryllium 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 095-096 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms:  
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Author: Kolar, O. C. / Ralston, H. R. 

Title: Critical Mass Measurements on Beryllium-Reflected, Enriched-Uranium, Spherical Systems 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 096 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms: HEU-MET-FAST-058, HEU-MET-FAST-066 
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17115…..…..…………………..…….……..……ID Number…………………..…..…………….17115 

Author: Smith, G. G. / Volpe, J. J. Klein, D. 

Title: Two-Region Studies and Experiments in Slightly-Enriched Water-Moderated Uranium and 
Uranium-Dioxide Lattices 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 097 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms:  
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17116…..…..…………………..…….……..……ID Number…………………..…..…………….17116 

Author: Clark, H. K. 

Title: Interaction of Subcritical Components 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 097-098 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms: A simple, generally conservative, and reasonably accurate method is developed for 
computing safe spacings of vessels containing fissile material, such as those encountered in separations 
process equipment. Simplifying assumptions are made to permit the fraction of the neutrons escaping from 
one component that enters another to be obtained by a purely geometric calculation, independent of the 
details of the flux distribution. For each component the albedo and the effective reflector saving provided 
by the other components are expressed in terms of these fractions. Interactions between slabs (both parallel 
and perpendicular) between cylinders, with reflectors, and self-interactions in the case of annuli are 
considered. Comparisons with experiments are made. 
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17117…..…..…………………..…….……..……ID Number…………………..…..…………….17117 

Author: Armstrong, J. W. / Beidelman, J. A. / Kaufmann, S. G. / Plumlee, K. E. 

Title: Experiments with Thoria-Urania-Deuterium Oxide Water Criticals 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 098-099 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms: Initial results obtained in an experimental investigation of the nuclear properties of a 
thoria-urania heavy water system were presented at the second winter meeting of the ANS. Recent 
experiments have explored the effect of deviations from an ideal 3/4 inch triangular lattice spacing of the 
fuel pins on the buckling and migration area. Measurements of the disadvantage factor, reflector savings 
and photoneutron intensity are also reported. The first system studied was a 3/4 inch triangular lattice of 
one-quarter inch diameter fuel having a 25 to 1 atom ratio of thorium to thorium to uranium-235, loaded 
into element holders which fitted among a pattern of control rod guide channels duplicating the EBWR 
structure. Subsequently the fuel rods in each element were clustered at its center with a 3/4 inch spacing, 
and finally the entire core structure was replaced by three layers of perforated sheet which allowed the 
assembly of a 3/4 inch lattice free of interruptions due to the control rod guide channels and the structure 
of the fuel rod holders. The bucklings for these three geometries were 1.89, 1.78 and 1.99 E-3 cm(-2), 
respectively. The modified migration area, tau+(l2+(lb)2), was determined by the differential water worth 
method to be 188 cm2. 
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17118…..…..…………………..…….……..……ID Number…………………..…..…………….17118 

Author: Noaks, J. W. 

Title: Stainless Steel Reflector Experiments with the Army Package Power Reactor-I Core 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 098-099 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms:  
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Author: Mattson, R.. A. / Helfrich, J. L. 

Title: Resonance Integral and Escape Probability for a Thoria-Urania-D2O System 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 099-100 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms:  
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Author: Redman, W. C. / Maxon, B. S. / Daavetilla, D. A. 

Title: Determination of Neutron Age and Resonance Escape Probability by Fuel Substitution Experiments 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 100 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Assembly Experiments 

Abstract/Keyterms:  
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Author: Stuart, G. W. / Harker, W. H. 

Title: Non-Linear Reactor Stability 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 111-112 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Garabedian, H. L. / Leffert, C. B. 

Title: Kinetics of a Multiregion Reactor Under Non-Separability Conditions 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 112 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Henry, A. F. / Curlee, N. J. 

Title: Comparison of Exact and Approximate Solution for a Kinetics Problem in Which Space and Time 
Are Not Separable 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 112-113 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: DeSaussure, G. / Silver, E. G. 

Title: Measurements of the Diffusion Constants of Beryllium and Graphite by the Pulsed-Neutron Method 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 113-114 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Krieger, T. J. / Zweifel, P. F. 

Title: Theory of Pulsed Neutrons in Multiplying Assemblies 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 114-115 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Passell, L. / Bengston, J. / Bogdanoff, S. Zizzo, I. 

Title: The Application of Pulsed Neutron Sources to the Study of Fast-Spectrum Systems 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 114-115 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Freund, G. A. / Okrents, D. / Iskenderian, H. P. / Geier, J. D. / MacFarlane, D. R. / Elias, P. 

Title: TREAT-A Pulsed, Graphite Moderated Reactor for Studies in Fast Reactor Safety 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 115-116 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Simmons, B. E. / Bohl, L. S. / Wehner, D. R. 

Title: Prompt Generation Times in Highly-Enriched Hydrogenous Reactors 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 116-117 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Kinetics I 

Abstract/Keyterms:  
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Author: Ruane, T. F. / Anthony, D. J. / Buck, P. / Gavin, D. A. / Stewart, H. B. 

Title: A Measurement of the Effective Delayed Neutron Fraction by the Substitution Method 

Date: 6/1/1958 

Report: TANSAO, 001, 1, 142 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Control Evaluation 

Abstract/Keyterms:  
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Author: Gilbert, W. S. 
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density of 8.4 gm/cm/sup 3/, and a Th to U235 atom ratio of 25. The first phase of the clustering experiments 
related the cluster spacing, rods per cluster, and buckling, to the bucklings for uniform systems. The critical 
water heights were observed for thirty configurations achieved by uniform stepwise removal of fuel pins 
from the periphery of the clusters. The effect of clustering was also investigated in a core arrangement 
suitable for the proposed D2O operation of EBWR. 
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Abstract/Keyterms: Due to the interest in determining the dose received by persons near a criticality 
accident, a method for calculating the neutron spectra and neutron dose for highly enriched uranium 
solutions at various hydrogen to U235 atomic ratios is developed. This method uses the output from a code 
for criticality calculations, and determines the average leakage neutron energy, the neutron leakage 
spectrum, the first collision neutron dose, and the total neutron dose. The results of these calculations show 
that the average energy of the leakage neutrons and the dose per incident leakage neutron per cm/sup 2/ 
decrease somewhat with increased hydrogen to U235 atomic ratio, but it appears that this effect is 
sufficiently small so that an exact knowledge of the uranium concentration would not be necessary to obtain 
reasonable dose estimates. The effect of neutron scattering on the neutron spectra and doses is not evaluated. 
No attempt is made to describe actual dose determination methods, since these are adequately described 
elsewhere. 
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Abstract/Keyterms: Clean critical experiments have been conducted on a number of light water-
moderated and reflected slab configurations of SPERT III fuel elements. The objective of these experiments 
has been to obtain criticality data on relatively simple lattices which are either rod-free or single-rodded. 
These data may be used to verify separately the reactor constants and the control rod analysis used in a 
previous four-group multi-region calculation for the operational SPERT III core. 
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Abstract/Keyterms: Recently several critical experiments have been done at ORNL with light water 
solutions of uranyl nitrate in an essentially bare sphere 27 inches in diameter. Criticality calculations were 
performed for the two experiments described with four procedures to obtain information concerning their 
reliability in calculations for simple reactors. 
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Abstract/Keyterms: A series of neutron multiplication measurements with arrays of 1 by 8 by 10 inch 
slabs of 93.4% uranium-235 enriched uranium metal have been made to provide data from which safety 
criteria for the storage of these fissile units can be established. Each slab contained 22.9 kg of uranium-235. 
A maximum of 125 units was assembled. The arrays studied were cubic lattices of the units and were usually 
parallelepipedal in shape. Arrays were both unmoderated and Plexiglas-moderated and were surrounded in 
most cases by a 1-inch thick Plexiglas reflector. 
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Abstract/Keyterms: Because of uncertainties in the knowledge of the nuclear properties of thorium fuel 
and lattices containing this fuel, an experimental study was made of a thorium based fuel that is to be loaded 
into the Sodium Reactor Experiment (SRE) in the near future. An exponential experiment was performed 
with a square-celled lattice of 7-rod elements (.75 inch diameter rods) spaced 9.5 inch apart in graphite. 
The fuel is a thorium-uranium-235 alloy containing 7.6% uranium by weight which is 93.13 atomic % 
uranium-235. The fuel elements were 5 feet long. The subcritical lattice was placed on the thermal column 
of a water boiler reactor which served as the source of neutrons for the assembly. 
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Conference Session: Critical and Exponential Experiments 

Abstract/Keyterms: Exponential measurements at Hanford on graphite-uranium lattices now include a 
wide range of physical parameters. Studies have been made for lattice spacings from 4.1875 inch to 15-
inch solid rod sizes from 0.926-inch diameter to 2.5-inch diameter, and fuel configurations of solid rod, 
tubular, tube-and-tube, and cluster elements. For some of the fuel geometries, different water-to-uranium 
and-aluminum ratios have been measured, and several studies of enrichments other than natural uranium 
have been made. Results obtained since the last previous reports include bucklings for 2.5 inch and 1.92 
inch solid elements, 2.5-inch tube-and-tube elements, and 2-cluster elements, all natural uranium. 
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Conference Session: Critical and Exponential Experiments 

Abstract/Keyterms: Initial operating experience has been obtained on an organic-moderated reactor 
critical assembly using slightly enriched uranium fuel at elevated temperatures. The special techniques 
required for operation and experimentation at high temperatures have been explored, and a start has been 
made toward evaluation of two proposed core and poison-rod designs. The system is basically similar to 
many existing liquid systems. The core vessel accommodates cores up to 5 feet in diameter by 5 feet tall 
and a wide variety of grid structures. A moderator dump system and separate storage is employed. Heating 
and insulation allow operation up to a temperature of 600 F. Poison rods are cable actuated and can be used 
in any lattice position. 
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Abstract/Keyterms: The liquid metal fuel reactor experiment (LMFRE) research and development 
program includes a series of critical experiments on uranium-235-bismuth-graphite cores, highly reflected 
by graphite. These experiments have a two-fold purpose: (1) to provide experimental data on highly 
reflected cylindrical cores of relatively simple geometry that require two-dimensional analysis, and (2) to 
supply nuclear and engineering parameters from a specific engineering mock-up of the LMFRE which may 
include such features as fuel plenums, fuel in the end and side reflectors, test holes, etc. Data from the first 
phase of this program are presented in this paper. 
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Abstract/Keyterms: Exponential buckling measurements on lattices of natural uranium tubes in 
deuterium-oxide were made in the Pressurized Subcritical Experiment (PSE) at the Savannah River 
Laboratory. The metal fuel tubes were 1.957 inch OD, 1.387-inch ID and were clad with 0.030 inch of 
X8001 aluminum alloy. 
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Conference Session: Critical Experiments I 

Abstract/Keyterms: When making heterogeneous critical mass measurements, several perturbations of 
unknown magnitude are usually present, such as the effect of an irregular outer boundary. Critical approach 
type measurements were made with circular, elliptic, and rectangular cylinders to try to evaluate some of 
the effects. The objectives were specifically: A) to determine the effect of the irregular outer boundary on 
the measured critical mass, B) to obtain information on the effect of geometry on the extrapolation distance, 
C) to examine the feasibility of more accurately determining the effective radius of the extrapolated critical 
cylinder by introducing a shape deformation which is then successively decreased and put to zero, and 
formulations with experiments. The uranium rods used in these experiments were 23.5 inches long, 0.175 
inch in diameter, and enriched to 3.063% in uranium-235. They were encased in 0.025-inch wall lucite 
tubes and were arranged in a 0.5-inch triangular lattice; the resulting water/uranium (total) volume ratio 
was 8.0. The assemblies were both fully reflected and moderated with water. The critical masses were 
calculated using the relation between the buckling and the semi-axis of ellipses given as tables by Gast and 
Bournia, and values of material buckling and reflector savings given by Lloyd, et al.. The results are 
summarized. The bucklings shown in the table were evaluated from the assumed reflector saving, the 
calculated values of the semi-axis of the critical assemblies, and the tables of reference 1. From the list of 
critical masses it can be concluded that appreciable deformations in shape do not introduce large errors into 
the critical mass determination. Because of an uncertainty in lambda, of the order of 0.2 cm, one concludes 
that unless the shape deformations are more pronounced that those introduced (i.e., long thin slabs, etc.). 
The value of lambda is not a strong function of shape for these relatively small assemblies. The method 
used to calculate the critical mass of the ellipses appears not to be adequate for the larger eccentricities. 
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Conference Session: Critical Experiments I 
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performance of experiments at temperatures ranging from room temperature to 1200 degrees F. The present 
paper will discuss a series of critical experiments involving a graphite moderator with uranium-235 as fuel, 
at various temperatures up to 1190 degrees F. 
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inches O.D.. with an active fuel length of 66.5 inches. The fuel pins were fabricated by swaging the UO2 
powders to 87% theoretical density, in stainless steel tubing. The final wall thickness was 0.0282 inches. 
The pitch spacings which were used and the volume fractions of materials present in the core are listed. 
The minimum critical radius obtained for the fully reflected cores is shown as a function of the ratio of 
water to equivalent uranium metal. Measurements of the differential reactivity as a function of water height 
for each lattice yielded the common straight lines of (differential reactivity)/sup -1/2/ as a function of water 
height. Numerical integration of the differential reactivity curve yields the excess reactivity as a function 
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Abstract/Keyterms: LEU-COMP-THERM-033; The neutron age and nonleakage probability for a mixture 
of 2% uranium-235 enriched uranium tetrafluoride and paraffin with a hydrogen/uranium-235 atomic ratio 
of 404 have been determined from critical experiments at the Oak Ridge National Laboratory critical 
facility. These experiments are a continuation of a program reported previously. The material is a 
homogeneous mixture which contains 85 wt.% uranium tetrafluoride and 15 wt.% paraffin and has a density 
of 3.45 g/cc. The resulting value for the prompt-neutron age to thermal was determined to be 28.2 ± 1.0 
cm2 and that for the nonleakage probability, p(b), to be 0.8362 ± 0.0048. The reciprocal of p(b), from 
equation (1), is k(inf) and is equal to 1.196. The result of the critical experiments are given. 
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calculational methods. The measurements were made in 99.75 mole% deuterium-oxide with clusters of 
natural uranium. 
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Abstract/Keyterms: A critical assembly has been built to obtain basic nuclear parameters necessary for 
the design of compact reactors for the SNAP program. The assembly consists of two hemispheres, separated 
on a horizontal plane. A machine was constructed that provided rigid support to the upper hemisphere and 
lifted the lower hemisphere at rates that would result in an approximately constant reactivity insertion rate. 
A portion of the reflector on the lower hemisphere was movable to provide fine adjustments in the reactivity. 
The fuel moderator material was prepared by blending 8 wt% uranium dioxide (93.2% uranium-235 in 
uranium) in zirconium hydride powder and compressing to form small blocks. Identical sets of blocks with 
and without uranium dioxide were prepared. Initially, the assembly was loaded with blocks of zirconium 
hydride only and was fueled by substituting uranium dioxide-zirconium hydride blocks maintaining a 
spherical loading. The core is reflected by a beryllium and a graphite layer around the core. 
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Abstract/Keyterms: The Allis-Chalmers critical facility is presently being used to establish the first core 
design parameters of the pathfinder nuclear power plant being built for the northern states power co. 
Pathfinder is a boiling water reactor with a centrally located integral nuclear superheater, designed to deliver 
steam at 540 psig and 825 degrees F and rated at 66 Mwe. The first series of experiments were performed 
on boiler lattices only, utilizing slab geometries that were built up on the core periphery. These slab 
experiments have led into the full scale mockups and extensive critical experiments required by the integral 
superheater and axial variation of fuel loading in pathfinder. The boiler fuel rods used in the slab 
experiments are uranium-dioxide, 0.388 inch OD and 17 inch long completely jacketed in a 0.040 inch 
cladding of x8001 aluminum (nominal composition 1% nickel, 0.5% iron, remainder aluminum). The 
average fuel enrichment for a full core loading can be varied from 1.3% to 1.9% uranium-235, but only two 
enrichments, 1.8% and 1.59% were investigated during initial slab experiments. 
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absorption integral for molybdenum as a function of the thickness of molybdenum sheets. The results have 
been compared to theoretical predictions to appraise the contribution from unresolved resonances. The latter 
is significant when one is involved with structural components in a reactor that are quite thick such that 
lower energy resonances are strongly self-shielded whereas the resonances in the keV range and beyond 
are not. The resonance integrals were determined by placing molybdenum sheets in a critical assembly and 
finding the critical dimensions. A multi-group diffusion code was then employed to determine the cross 
sections which gave the correct critical dimensions. The SPADE facility of LRL-Livermore was employed. 
The core of the critical assembly was beryllium oxide moderated (rho = 2.86 g/cc), and the fuel was enriched 
(i.e., 93.2%) uranium-235. The molar ratio was beryllium eight mils per inch. The cross section was 24 
inch x 24 inch for both the core and reflectors. The reflectors were of graphite (rho = 1.70 g/cc), twelve 
inches thick, and were in lower portion of the assembly rested on a movable low mass pedestal while the 
upper rested on a steel diaphragm. Suitable corrections were made for the presence of the diaphragm in 
determining the critical height of the core. The sheets of molybdenum of high purity, 24 inch x 24 inch in 
extent, were placed either at the mid-plane of the core or at the core-reflector interfaces. The results are 
given. Also included is the finding from an experiment involving a gold sheet, which was done for reasons 
of calibration. Inasmuch as the assemblies were one-dimensional in nature, the IBM 709 multigroup 
diffusion code, ZOOM, was employed to determine the effective resonance absorption integrals for 
molybdenum. Conventional self-shielding factors were used. The spacing of resolved resonances are such 
that it appears justified to assume that flux depression in the moderator does not influence resonance 
absorption. The resultant resonance integrals are given. 
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reported earlier, and these measurements indicated that a positive buckling is possible for a square array of 
1 inch diam natural uranium fuel rods spaced to give a moderator to fuel ratio of approximately 3.5 validity 
of these data due to the presence of considerable epithermal leakage into the exponential assembly. To 
eliminate this uncertainty, measurements have now been repeated for one lattice spacing of natural uranium 
fuel elements. Thermal utilizations were determined for several additional square lattice spacings with fuel 
enrichments of 0.496 (depleted), 0.721 (natural), and 0.912 (enriched) a% uranium-235. 
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the PSE. The R-3/ADAM fuel was in the form of sintered pellets of natural uranium oxide 1.70 cm in 
diameter with a density of 10.32 g/cc averaged over the active length of the rod. The pellets were contained 
in Zircaloy-2 tubes 1.72 cm ID, 1.86 cm OD, and 75 cm long. Each cluster consisted of 19 such rods in a 
hexagonal array with a center-to-center spacing of 2.11 cm, except that the six rods on the flats of the outer 
hexagonal ring were displaced radially outward an additional 0.29 cm. 
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fission power distributions, where flexibility was more important than geometric detail, were conducted in 
the Honeycomb machine. Results of these surveys permitted design of a propulsion test reactor save for 
tailoring of fuel-element loadings and controls. The ZEPO machine, with fixed geometry and more realistic 
controls, was used to finalize these characteristics. A few zero-power measurements on the actual KIWI-A 
reactor confirmed the data from ZEPO. 
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Author: Morewitz, H. A. / Carpenter, S. G. / Eggen, D. T. / Myhre, C. 

Title: Special Features of the Advanced Epithermal Thorium Reactor Critical Assembly 

Date: 6/1/1961 

Report: TANSAO, 004, 055-056 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: A split-table, honeycomb-type, critical assembly machine of modern, low-friction 
design has been built for use with uranium-233 assemblies in the intermediate and fast neutron spectra 
regions. Stability and reproducibility have been emphasized in the design so that accurate measurements 
may be obtained on small samples in the nuclear environments of interest. Special features include a 
multiregion, pseudospherical assembly; personnel shielding; safety fuses; and a high-precision oscillator 
system. 
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Title: The Japan Atomic Energy Research Institute Semi homogeneous Critical Assembly 

Date: 6/1/1961 

Report: TANSAO, 004, 056-057 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: The Japan Atomic Energy Research Institute has constructed a critical facility, the 
Semihomogeneous Critical Experiment (SHE), for studies on graphite moderated enriched uranium oxide 
thermal reactors which have as much as 20% to 30% of their fissions occurring in the resonance region. 
The SHE facility is operated at or about room temperature and will be used to obtain nuclear parameters 
necessary in the design of a high temperature graphite moderated power reactor as well as for generalized 
reactor physics studies. 
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Title: Analytical Techniques for Interpreting Epithermal Critical Experiments 

Date: 6/1/1961 

Report: TANSAO, 004, 099-100 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Physics; Criticality; Measured Values; Thermal Neutrons 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms:  
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms:  
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Title: Natural Uranium-Heavy-Water Bucklings Over an Extended Range of Pitch and Fuel Assembly Size 

Date: 6/1/1961 

Report: TANSAO, 004, 103-104 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Buckling measurements on heavy water moderated natural uranium lattices have, in 
the past, generally been limited to high buckling regions and, consequently, to small lattice pitches. The 
few bucklings that have been available at the larger lattice pitches, as well as most of those at smaller lattice 
pitches, have been obtained using exponential or substitution techniques rather than critical lattice studies. 
A series of critical measurements on full-scale lattices has been made over an extended range of lattice 
pitch and fuel assembly size in the 16-ft diam Process Development Pile (PDP) at the Savannah River 
Laboratory. The lattices measured were triangular with a pitch that ranged from 7.00 to 21.00 inch. The 
fuel assemblies were natural uranium metal rods, 1 inch in diameter and clad with 0.032 inch of aluminum, 
which were used singly or in clusters of 3, 7, and 19 rods. 
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Title: Heterogeneous Uranium Metal-Graphite Critical Experiments 

Date: 6/1/1961 

Report: TANSAO, 004, 104 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: A series of clean heterogeneous critical experiments was carried out to provide 
information for normalizing and improving sodium graphite reactor calculations. The critical assembly 
consisted of a large cylindrical pile of reactor grade graphite 8 ft high and 12 ft in diameter. Fuel elements 
were placed vertically in a triangular array. The elements consisted of thin-walled aluminum tubes 
containing 1.97% enriched uranium metal hollow slugs, each 1.75 OD and 1 inch ID. The assembly was 
axially unreflected and had effectively an infinite reflector thickness in the radial direction. Eight "Y" 
shaped cadmium-silver alloy control rods were used for controlling the assembly. 
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Title: Critical Experiments on Enriched Uranium Stainless Steel Water Moderated Lattices 

Date: 6/1/1961 

Report: TANSAO, 004, 104-106 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: A series of 12 cold, clean critical cores has been studied under the army nuclear power 
program in conjunction with the pressurized water reactor code development task. The purpose of the 
experimental program is to supply data on highly enriched uranium, water moderated systems using 
stainless steel as cladding material. The results can be used for checking the validity of the physical models 
and codes developed for this type of reactor. In some cases the data are of value in determining the physical 
model used in analytical calculations. 
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Title: Critical Experiments for the Preliminary Design of the Argonne High Flux Reactor, Part A 

Date: 6/1/1961 

Report: TANSAO, 004, 109-110 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments III 

Abstract/Keyterms: The maximum available neutron flux, the flux to power ratios, and various reactivity 
effects for the preliminary design of the Argonne High Flux Reactor (AHFR) were determined for two core 
mockups in order to supplement the theoretical data. The critical assembly consisted of a 100-liter, 50.8-
cm high, annular fuel region enclosing an 8.2-liter, 12.7 x 12.7-cm light water Internal Thermal Column 
(I.T.C.). The external radial reflector consisted of beryllium blocks stacked on Plexiglas spacers to yield 
approximately 90% beryllium, 10% water, and Plexiglas. The axial reflectors were effectively infinite light 
water. The critical masses for the two cores were 3.64 and 7.25 kg 93.5% enriched uranium-235, 
respectively, contained in 40 fuel clusters. 
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Title: Critical Experiments for the Preliminary Design of the Argonne High Flux Reactor, Part B 

Date: 6/1/1961 

Report: TANSAO, 004, 110-111 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments III 

Abstract/Keyterms: Theoretical neutron flux-distribution of a homogenized idealization of the Argonne 
High Flux Critical (AHFCR) core C-1 was made and compared with the experimental measurements. 
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Title: PM-1 Zero Power Test Experimental Studies 

Date: 6/1/1961 

Report: TANSAO, 004, 111 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments III 

Abstract/Keyterms: The PM-1 Zero Power Test Program (PMZ-1) was conducted to provide experimental 
data to confirm and aid in the analytical design of the Army Nuclear Power Program PM-1 reactor core. 
The PMZ-1 mockup of the PM-1 is a cylindrical, heterogeneous, light-water-moderated, unpressurized core 
containing approximately 29 kg of uranium-235 as highly enriched uranium. The 0.5-inch OD tubular fuel 
element is a stainless steel clad, uranium-235-stainless steel cermet with 30 inch of active length and a 
0.042-inch thick wall. In addition to the fuel tubes, the core includes 0.5-inch diam borated stainless steel 
rods for lumped burnable poison and six stainless steel clad europium oxide, Y-shaped control rods. Critical 
experiment and scram rods are cylindrical stainless steel clad boron carbide rods which travel inside fuel 
tubes. 
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Title: Initial Criticality and Experiments on N. S. Savannah Core I 

Date: 6/1/1961 

Report: TANSAO, 004, 112-113 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments III 

Abstract/Keyterms: Core I, designed and manufactured by B&W for the N. S. Savannah passenger cargo 
ship, was installed and checked as a complete nuclear unit at the company critical experiment laboratory in 
February 1960. The fuel consists of uranium dioxide pellets in stainless steel tubes. The outer 16 cans are 
filled with 4.6% uranium-235 and the inner 16 cans are filled with 4.2% uranium-235. The active length of 
the core is 66 inch. The fuel pin cladding is 35-mil thick 304 SS with an OD of 0.500 inch. There are 164 
pins per element, 32 elements in the entire core, and a total loading of 8050 kg of uranium dioxide, 312 kg 
of which is uranium-235. The can wall structure is also 304 SS; the inner zone (16 cans) is 94 mils thick, 
and the outer zone (16 cans) is 109 mils thick. 
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Title: Critical Experimentation on Projected Loop Irradiations in the Westinghouse Testing Reactor 

Date: 6/1/1961 

Report: TANSAO, 004, 113-115 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments III 

Abstract/Keyterms: Reactor Technology; Criticality; In Pile Loops; Irradiation; Measured Values; 
Reactivity; Research Reactors; WTR 
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Title: Plutonium Recycle Reactor Critical Tests 

Date: 6/1/1961 

Report: TANSAO, 004, 115-116 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments III 

Abstract/Keyterms: The PRTR achieved criticality on November 21, 1960. Since that date a considerable 
amount of zero-power testing has been performed. The following results are among those of particular 
interest in the heavy water reactor field; a complete description of all tests is also available. 



 

C-17403 

17352…..…..…………………..…….……..……ID Number…………………..…..…………….17352 
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Title: The Use of Mock-Up Critical Experimental Results in the Nuclear Design of Power Reactors 

Date: 11/1/1961 

Report: TANSAO, 004, 200; WAPD-T-1404 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Application of Critical Experiment Information to Design 

Abstract/Keyterms: The nuclear mock-up and its uses in the design of power reactors are discussed. The 
different types of mock-ups are described. The kinds of information obtainable from a mock-up include 
critical reactor configuration, spatial activation distribution, parameter measurements, and quantities not 
readily amenable to calculation. The ways in which mock-up information is used are discussed. 
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Title: Sandia Pulsed Reactor Facility Building Design and Construction Details 
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Report: TANSAO, 004, 238 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Purpose Hot Laboratories and Facilities 

Abstract/Keyterms: Physics; Buildings; Planning; Pulses; Reactors 
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Title: Criticality and Flux by Iteration Using Conditional Monte Carlo 
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Report: TANSAO, 004, 288-289 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Physics; Criticality; Mathematics; Monte Carlo Method; Neutron Flux 
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Title: Measured Nuclear Parameters for Natural Uranium Rod Lattices in Heavy Water 

Date: 11/1/1961 

Report: TANSAO, 004, 295-296 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: Full sets of nuclear lattice constants were measured for various systems of natural 
uranium rods in heavy water over a wide range of rod cluster sizes and spacings. The fuel rods were 1 inch 
in diam and clad with 0.032 inch of aluminum. Cluster sizes included 1, 3, 7, and 19 rod bundles. Lattice 
spacings ranged from 7.00 to 21.00 inch. Buckling values have been previously reported for these lattices. 
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Title: Comparison of Exponential and Critical Bucklings for Natural Uranium Rods in Heavy Water 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: A previous study indicated the possibility of differences between bucklings measured 
for heavy-water/uranium lattices in critical assemblies and those measured in exponentials. The critical 
bucklings obtained from ZEEP, at Chalk River, were approximately 30 micro b (1 micro b = 1.0E-06 per 
cm2) lower than the exponential bucklings obtained with the same lattice at North American Aviation 
(NAA). Sufficient data have not been available to ascertain if similar differences can be generally expected 
between exponential and critical buckling measurements. As part of an extensive exponential-critical 
intercomparison, buckling measurements in 42 lattices of 1 inch natural uranium metal rods in heavy-water 
have been made in an exponential facility, the subcritical experiment (SE), at two moderator purities. A 
systematic comparison was made between these exponential bucklings and highly precise bucklings that 
were measured in a large critical facility, the process development pile (PDP). Fuel used in these was a 
portion of what had been used in the PDP. A systematic trend in the differences between the SE and PDP 
bucklings is shown. 
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Title: Critical Experiments with Low Enriched Double Annular Superheater Fuel Elements in Light Water 
and their Analysis 

Date: 11/1/1961 

Report: TANSAO, 004, 298-299 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: Criticality and power distribution measurements were made with clean uniform 
hexagonal arrays of these elements with the interior coolant annuli both voided and flooded for the purpose 
of checking analysis methods. Double annular fuel elements are of interest in the design of integral nuclear 
superheat reactors. The double annular geometry of the elements required extension of present methods for 
calculating resonance escape probability and required application of existing method for calculating thermal 
disadvantage factor to more complex geometries. Lattice pitches of 1.875 and 2.092 inches were 
investigated, which correspond with the annuli voided, to water to oxide volume ratios of 1.085 and 1.718, 
respectively. The cores were hexagonal cylinders, moderated and reflected with light water. Criticality was 
obtained by adjusting water height. Power distributions were measured by activating the fuel elements and 
counting the fission product activity. 
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Title: Description and Analysis of Some "Over-Moderated" Critical Experiments from 68-550 Degrees 
Fahrenheit 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: Recent over-moderated light water-Zircaloy-uranium-235 critical experiments 
performed in the pressurized test reactor at KAPL afforded an unusual check of analytical techniques, since 
in some cases two clean critical (rod-free) temperatures were obtained for a single core. Experimental 
reactivity results are summarized as are the core specifications. All of the cores were rectangular 
parallelepipeds, divided into four equal quadrants by two mutually perpendicular "cross water gaps (rod 
channels) and were characterized by extreme heterogeneity, fuel plate spacing being about 1 inch. 
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Title: Description and Analysis of Some Semi-Distributed Boron Cores 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: Recent critical experiments in the pressurized test reactor at KAPL are uniquely 
characterized by "semi-distributed" poison (boron-steel plates adjacent to every second or third fuel plate). 
The very complex power distribution perturbations thus produced have been analyzed with good accuracy 
by means of two different techniques that are modifications of conventional analytic methods. Reactivity 
and temperature coefficient results based on these techniques also show fair agreement with experiment, 
but some discrepancies are noted. Assemblies were rectangular and measured 24 x 24 x 30 inch. All were 
light water moderated and reflected, with enriched uranium-Zircaloy construction and a metal to water ratio 
of 0.5. Fuel plates were uniformly distributed with about 0.33 inch spacing and with a total loading of 15.48 
kg uranium-235 and 40.6 boron-10. Core 225 was close-packed, but Core 225B was divided into four equal 
quadrants by the introduction of 1 inch mutually perpendicular water gaps. 
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Title: Analysis of Highly Enriched Water Moderated Critical Assemblies-Part II: Analysis of Slab 
Experiments with Absorbing Septa and Varying Temperatures 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms:  
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Title: Experiments and Calculations on Unmoderated Uranium-Molybdenum Alloy Critical Assemblies 

Date: 11/1/1961 

Report: TANSAO, 004, 302-303 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Critical dimensions, fission rate distributions, and void coefficients of reactivity of 
three unmoderated, unreflected assemblies of a 10 w% molybdenum-90 w% uranium (93.2 w% uranium-
235) alloy have been measured to support the design of an unmoderated and unreflected research reactor 
capable of producing 50 microsec bursts of about 1.0E17 fissions. The critical dimensions of nine 
assemblies with Plexiglas and 0.025-cm thick cadmium sheet as reflectors were determined. Multigroup 
transport theory calculations were made to predict critical dimensions of the unreflected assemblies; void 
coefficients of reactivity were computed by one-group and multigroup transport theory and by perturbation 
theory. 
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Title: Analysis of a Beryllium Moderated Critical Experiment 

Date: 11/1/1961 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Using the recently available data on beryllium cross-sections, a study was made of 
the beryllium moderated critical experiment of the Oak Ridge National Laboratory. Previous nuclear data 
were inadequate for accurate calculation of criticality. In view of the recent improvement in cross-section 
data for both beryllium and uranium-235, the estimated value of effective multiplication factor is 1.015 
which exceeds the measured value of 1.002 by about 1%. Taken into account in the estimation of this value 
were the effect of anisotropic scattering, the fast effect in beryllium, the self-shielding effect, and the effect 
of reflection due to the assembly structure. 
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Title: Pressure Tube Reactor Critical Experiment 

Date: 11/1/1961 

Report: TANSAO, 004, 304-305 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: As part of a development program for a very high power pool reactor, known as the 
Pressure Tube Reactor, a critical experiment was performed by installing a temporary core structure in the 
Pool Reactor Facility of Industrial Reactor Laboratories, Inc., Plainsboro, New Jersey, of which AMF is a 
part-owner. The PTR is light water moderated and fueled with an aluminum clad uranium-aluminum alloy. 
The volume composition of the core is similar to that of a typical pool reactor as shown. 
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Title: Critical Experiments on 4% Enriched Uranium Dioxide Lattices Moderated by Heavy-Water-Water 
Mixtures 

Date: 11/1/1961 

Report: TANSAO, 004, 305 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: A series of thermal and epithermal critical experiments was performed to demonstrate 
the reactivity hold-down of heavy water in conventional light water lattices and study the nuclear properties 
of lattices moderated by heavy water-water mixtures. The fuel rods consisted of 4%-enriched uranium 
dioxide swaged in stainless steel, 0.444 inch ID, 0.475 inch OD and 66.7 inch active length. Each rod 
contained 56.61 g uranium-235. The rod to moderator volume ratio in the lattice was 1.0 in all cases. The 
experiments were performed in a 60-inch diam aluminum tank so that a finite radial reflector existed. 
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Title: Nuclear Analysis of 4% Enriched Uranium Dioxide Lattices Moderated by Heavy-Water-Water 
Mixtures 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Nuclear parameters of 4%-enriched uranium dioxide lattices moderated by heavy 
water-water mixtures were calculated and these results were compared with experimental measurements. 
The critical assemblies used were clean, uniform lattices of approximate cylindrical geometry. Physical 
properties common to all assemblies are given. The assemblies differ in heavy water concentration, boron 
concentration, core radius, and reflector thickness. 
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Title: Initial Operation and Experimentation with the Consolidated Edison Thorium Reactor 

Date: 11/1/1961 

Report: TANSAO, 004, 307 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Prior to the final installation of the reactor core in the consolidated Edison thorium 
reactor at Indian Point, New York, the completed nuclear portion was checked at the Babcock & Wilcox 
critical experiment laboratory. Initial criticality was reached on June 29, 1961. The fuel, a mixture of 
thorium oxide and highly (93%) enriched uranium oxide, is in pellet form with a density of 9.25 g/cc. The 
core contains a total of 17,207 kg of thoria mixed with the uranium dioxide in six different ratios. 
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Title: Coolant Void Coefficients in the Carolinas-Virginia Tube Reactor Critical Experiments 
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Report: TANSAO, 004, 308 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: Physics; Bubbles; Coolants; Criticality; CVTR; Interactions; Measured Values; 
Nucleons; Pions; Quantum Mechanics; Reactivity; Reactors; Scattering; Spin; Testing; Tubes; Void 
Coefficient; Zones 
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Title: Some Recent Zero-Power Physics Measurements on the Organic Moderated Reactor Experiment 
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Report: TANSAO, 004, 310 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments II 

Abstract/Keyterms: The third core loading of the Organic Moderated Reactor Experiment (OMRE) has 
been recently completed. The third core loading is an elliptical array of 31 fuel elements, four of which are 
developmental fuel element experiments. The remaining 27 elements are the standard 16-plate, stainless 
steel clad, cermet driver elements used in the previous core loadings. A fairly comprehensive group of zero-
and low-power physics measurements have been performed in conjunction with the loading of this present 
core. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Design of Shippingport PWR Core 2 

Abstract/Keyterms: The ZlP synthesis depletion technique is being employed as a design tool to determine 
the nuclear behavior of PWR Core 2. A study of the applicability of the technique to seed blanket cores of 
the PWR type was undertaken by applying it to a fictitious, two-dimensional, seed-blanket, slab reactor 
specifically designed to provide a stringent test of the mathematical assumptions involved. A two-
dimensional depletion calculation for the slab reactor was assumed to represent reality for the purposes of 
the study and provided a basis for evaluating synthesis results. In general the synthesis technique was fairly 
successful in predicting the nuclear behavior of this fictitious core and lt was concluded that the use of the 
synthesis approximation as a PWR Core 2 design tool appears to be justified. 
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Title: Sandia Pulsed Reactor Control System Design and Operation 
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Conference Session: Instrumentation and Control 

Abstract/Keyterms: Physics; Accelerators; Control Systems; Elements; Energy; Half-Life; Irradiation; 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: A critical experiment was performed at room temperature with 12 Borax-V 
superheater fuel elements surrounded by a peripheral region containing 1228-1525 uranium dioxide fuel 
pins. Measurements were needed to supplement the available computational information since the neutron 
energy spectrum, effective neutron cross sections, flux intensity and power production are poorly defined 
by theory near interfaces such as that between the superheater and the peripheral region, and in the presence 
of voids such as exist in the superheater region (26% void). The experiment was performed in the ZPR-7 
experimental facility at Argonne. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: A series of critical experiments with annular cylinders of uranium metal has been 
performed at the ORNL critical experiments facility to determine the adequacy of the S-N method of solving 
the transport equation for this geometry. The uranium has a density of 18.76 g/cc and is enriched to 93.2% 
in the uranium-235 isotope. Unreflected annuli with outside diameters as large as 15 inches and inside 
diameters as small as 7 inches have been assembled to delayed critical, and the prompt-neutron decay 
constant has been measured by the Rossi-alpha technique. The resulting values of the decay constant, 
together with the measured multiplication constant of the various assemblies, are shown. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: A series of critical and subcritical measurements was conducted in General Electric's 
critical experiment facility at its Vallecitos Atomic Laboratory with superheat fuel in a lattice simulating 
the Esada-Vallecitos Experimental Superheat Reactor (EVESR). The EVESR, a separate superheat reactor, 
is being built by General Electric under the joint sponsorship of General Electric and Empire States Atomic 
Development Associates. The fuel utilized for the critical experiments was fabricated for a prior AEC-
sponsored critical experiment program. Although the EVESR fuel has slightly different dimensions, 
enrichments, and cladding materials, the basic fuel geometry is identical to the AEC fuel. The 
measurements performed can be grouped in three categories: 1. Reactivity measurements with no control 
rods. 2. Full core reactivity measurements with control rods present. 3. Power-distribution measurements 
in the full core with control rods present. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: Critical and subcritical measurements were conducted as described in the preceding 
paper (ID 1476). The resulting measurements have been compared to the predictions of a physics design 
model which has demonstrated good accuracy in treating uniform arrays of the same fuel. 
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Report: TANSAO, 006, 221 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: A series of experiments on the reactivity worth of gaps has been performed in the 
Solid Homogeneous Assembly (SHA). The objective of the program is to provide data against which 
calculational models can be checked. An immediate goal is to develop a method by which large void regions 
can be adequately treated within the framework of diffusion theory. This would enable the nuclear engineer 
to perform standard design calculations on systems containing such voids. The experimental procedure 
consists simply of adding fuel blocks axially to an unreflected SHA core and of determining the halves 
separation at which the assembly goes critical. The maximum core length attainable is limited by nuclear-
safety considerations since ultimately the assembly will be inadequately shut down even with the halves 
apart. 
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Report: TANSAO, 006, 223-225 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments I 

Abstract/Keyterms: The Cornell Zero Power Reactor cores are generically related to normal water lattices 
studied earlier at Bettis and Brookhaven. The Cornell cores have an hexagonal pattern and nominal water-
to-fuel ratios of: 1:1, 1.5:1, 2:1, 3:1, and 4:1. The fuel is uranium dioxide, density of 10.38 g/cc, enriched 
to 2.094 a%. The active column in each fuel rod is 48 inches high and 0.600 inches in diameter. The fuel 
columns are inside aluminum tubes of 0.666-inch-OD and 0.028-inch wall. Each control rod is constructed 
as a cluster of 3 fuel-poison control elements. The top half of each control element is boron carbide packed 
into a 0.666-inch-OD aluminum tube; the bottom half of the control element is a standard fuel-column 
loading. These control elements may be substituted for fuel rods at any desired locations in the lattice; when 
they are fully withdrawn, the lattice is completely uniform. The experimental program included finding the 
critical buckling from foil traverses, the gold/cadmium ratios in the fuel and the moderator, the 
manganese/cadmium ratio in the moderator, the peripheral fuel-rod worth, the worth of a water gap left in 
the reactor by removing the central fuel rod, and the worths of a single control element and of a cluster of 
three control elements in the center of the reactor. 
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Abstract/Keyterms: A series of experiments with unreflected and unmoderated cylinders of enriched-
uranium metal (93.15% uranium-235) has been performed at the ORNL critical experiments facility to 
determine the dependence of the prompt-neutron lifetime on the cylinder dimensions. Five cylinders 
ranging in diameter from 17.77 to 38.09 cm and in height-to-diameter from about 0.2 to 0.7 were assembled 
and their prompt-neutron decay constants measured at delayed critical by the Rossi-alpha technique. 
Prompt-neutron lifetimes were obtained from the measured decay constants and effective delayed-neutron 
fractions calculated by transport theory. The average uranium density for each assembly was greater than 
18.7 g/cc. The experimental procedure consisted in constructing cylinders that were as nearly regular as 
possible and as nearly critical as possible. However, the cylinders had irregular top surfaces because of the 
method of assembly, and in some cases the reactivity was as much as 8.5 cents below delayed critical. To 
estimate the dimensions of corresponding regular critical cylinders, corrections to the data were applied to 
compensate for the reflecting effect of the support structure and for the irregularity of the top surface. The 
former corrections were determined experimentally. The latter were determined by first-order perturbation 
theory using the adjoint and forward angular fluxes obtained from transport calculations with the TDC code 
in the S8 approximation and the cross sections described by Hansen and Roach. The resulting dimensions 
and masses of the regular assemblies are given. 
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C-17716 

17665…..…..…………………..…….……..……ID Number…………………..…..…………….17665 

Author: Bliss, H. E. / Price, G. A. 

Title: A Measurement of the Fast Disadvantage Factor in a Light-Water-Moderated, Slightly Enriched 
Uranium Lattice 

Date: 6/1/1965 

Report: TANSAO, 008, 250 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Enrichment; Equations; Fuels; 
Measured Values; Neutron Flux; Tables; Uranium; Water Moderator; Zones 



 

C-17717 

17666…..…..…………………..…….……..……ID Number…………………..…..…………….17666 

Author: Russel, J. L. Jr. / Profio, A. E. / Crosbie, K. L. 

Title: Fast-Neutron Spectra in a Lead-Graphite Assembly 

Date: 6/1/1965 

Report: TANSAO, 008, 250-251 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Angular Distribution; Computers; Errors; 
Fast Neutrons; Graphite; Layers; Lead; Programming; Spectra; Spheres 



 

C-17718 

17667…..…..…………………..…….……..……ID Number…………………..…..…………….17667 

Author: Stooksberry, R. W. / Carroll, E. E., Jr. 

Title: Spatial Distributions in Water of Neutrons from a 2.85 MeV (rho,n)He3 Source 

Date: 6/1/1965 

Report: TANSAO, 008, 251-252 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms:  



 

C-17719 

17668…..…..…………………..…….……..……ID Number…………………..…..…………….17668 

Author: Cohen, M. O. / Goldstein, H. / Lidofsky, L. J. 

Title: Measurements and Calculations of Fast Neutron Attenuation and Thermalization in Water 

Date: 6/1/1965 

Report: TANSAO, 008, 252 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms:  



 

C-17720 

17669…..…..…………………..…….……..……ID Number…………………..…..…………….17669 

Author: Shook, D. / Alexander, R. L. 

Title: Age of Plutonium-Beryllium Neutrons in Tungsten-Water 

Date: 6/1/1965 

Report: TANSAO, 008, 252-253 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms:  



 

C-17721 

17670…..…..…………………..…….……..……ID Number…………………..…..…………….17670 

Author: Green, R. E. / Serdula, K. J. / Bigham, C. B. 

Title: Experimental Lattice Parameters for 28-Rod Clusters of Natural Uranium Dioxide in Heavy Water 

Date: 6/1/1965 

Report: TANSAO, 008, 253-254 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor-physics parameters have been measured for heavy water moderated, natural 
uranium dioxide lattices similar to those planned for the 500-megawatt(electrical) CANDU-type reactors. 
The fuel assemblies were composed of 28-pin fuel bundles mounted in two concentric tubes simulating the 
pressure and Calandria tubes of the power reactor. Each fuel pin consisted of a 47.7-cm length of sintered 
uranium dioxide pellets (1.42-cm diameter) of density 10.45 grams/cc sheathed in Zircaloy-2 (1.52-cm 
outside diameter x 0.45-mm wall). Symmetric rings of 4, 8 and 16 pins on diameters of 2.33, 5.30 and 8.41 
cm respectively formed the 28-pin bundle. Aluminum mounting plates and Zircaloy end caps increased in 
over-all bundle length to 49.7 cm. Five bundles mounted in a 65s-al "pressure tube" (12.78-cm outside x 
2.96-mm wall) and a 50S-AL "Calandria tube (12.74-cm outside diameter x 1.39-mm wall) formed a fuel 
assembly. 



 

C-17722 

17671…..…..…………………..…….……..……ID Number…………………..…..…………….17671 

Author: Gibson, I. H. 

Title: Calculations of ZED-2 Lattices of 28-Element UO2 Fuel 

Date: 6/1/1965 

Report: TANSAO, 008, 254-255 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Computers; Errors; Fission; 
Fission Ratio; Numericals; Programming; Research Reactors; Resonance Neutrons; Tables; Thermal 
Neutrons; Uranium Oxides; ZED-2 



 

C-17723 

17672…..…..…………………..…….……..……ID Number…………………..…..…………….17672 

Author: Wajima, J. T. / Yamamoti, K. / Matsuoka, K. 

Title: Temperature Coefficient of Water Lattices 

Date: 6/1/1965 

Report: TANSAO, 008, 255-256 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Diffusion; Enrichment; 
Measured Values; Programming; Reactivity; Resonance Escape Probability; Temperature; Thermal 
Utilization; Thermocouples; Uranium Oxides; Water Moderator 



 

C-17724 

17673…..…..…………………..…….……..……ID Number…………………..…..…………….17673 

Author: Foell, W. K. / Scoville, J. J. 

Title: Interpretations of Reactivity Measurements on Cadmium-Shielded Samples 

Date: 6/1/1965 

Report: TANSAO, 008, 257-258 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactivity Techniques in Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Cadmium; Energy; Measured Values; 
Reactivity; Spectra; Variations 



 

C-17725 

17674…..…..…………………..…….……..……ID Number…………………..…..…………….17674 

Author: Burdick, E. E. / Aber, E. F. / Knight, D. W. 

Title: Control-Rod Calibrations and Sample-Worth Interactions in the ARMF 

Date: 6/1/1965 

Report: TANSAO, 008, 258-260 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactivity Techniques in Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control Elements; Interactions; Measured 
Values; Reactivity; Rods; Standards 



 

C-17726 

17675…..…..…………………..…….……..……ID Number…………………..…..…………….17675 

Author: Rogers, J. W. / Fast, E. / Millsap, D. A. 

Title: Neutron-Scattering Effects in Static Reactivity Measurements in the ARMF 

Date: 6/1/1965 

Report: TANSAO, 008, 258-260 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactivity Techniques in Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-17727 

17676…..…..…………………..…….……..……ID Number…………………..…..…………….17676 

Author: Cloud, L. G. 

Title: Theoretical Development of Statistical Precision Limitations for Differential Reactivity 
Measurements Made with a Servo-Controlled Regulation Rod 

Date: 6/1/1965 

Report: TANSAO, 008, 259-260 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactivity Techniques in Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Background; Control Elements; Errors; 
Measured Values; Reactivity; Rods; Servomechanisms 



 

C-17728 

17677…..…..…………………..…….……..……ID Number…………………..…..…………….17677 

Author: Gunst, S. B. / Connor, J. C. / McGarry, E. D. / Conway, D. E. 

Title: The Reliability and Physical Interpretation of Measurements in a Reactivity Measurement Facility 

Date: 6/1/1965 

Report: TANSAO, 008, 262-263 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactivity Techniques in Measurement of Reactor Parameters 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Efficiency; Measured 
Values; Reactivity; Research Reactors; RMF 



 

C-17729 

17678…..…..…………………..…….……..……ID Number…………………..…..…………….17678 

Author: Serdula, K. J. / Green, R. E. 

Title: Determination of Radial Buckling in Reflected Reactors 

Date: 6/1/1965 

Report: TANSAO, 008, 264-265 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical and Subcritical Reactor Experiments 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Equations; Neutrons; 
Quantitative Analysis; Reactors; Reflectors 



 

C-17730 

17679…..…..…………………..…….……..……ID Number…………………..…..…………….17679 

Author: Windsor, H. H. 

Title: The Effect of Transverse Buckling on The Determination of Material Bucklings in Reflected Systems 

Date: 6/1/1965 

Report: TANSAO, 008, 265-266 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical and Subcritical Reactor Experiments 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Buckling; Measured Values; Neutrons; 
Reflectors; Uranium Dioxide; Water; Water Moderator 



 

C-17731 

17680…..…..…………………..…….……..……ID Number…………………..…..…………….17680 

Author: Thornbury, T. B. / Hill, N. A. 

Title: Determination of K(Infinity) for a PuO2-UO2- Graphite Lattice 

Date: 5/1/1965 

Report: TANSAO, 008, 268 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical and Subcritical Reactor Experiments 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Graphite; Measured Values; Multiplication 
Factors; Neutrons; Plutonium Oxides; Uranium Dioxide 



 

C-17732 

17681…..…..…………………..…….……..……ID Number…………………..…..…………….17681 

Author: Stanford, G. S. / Plumlee, K. E. 

Title: Linear Relationship Between Cadmium Ratio and Reactor Core Composition 

Date: 6/1/1965 

Report: TANSAO, 008, 270-271 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical and Subcritical Reactor Experiments 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Cadmium; Cadmium Ratio; 
Energy; Foils; Measured Values; Neutron Flux; Neutrons; Reactor Core; Reactors; Spectra 



 

C-17733 

17682…..…..…………………..…….……..……ID Number…………………..…..…………….17682 

Author: Booth, R. S. / Hartley, R. H. / Perez, R. B. 

Title: Applications of Moore's Method to the Analysis of Thermal-Neutron Pulse-Propagation Experiments 

Date: 6/1/1965 

Report: TANSAO, 008, 272 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms:  



 

C-17734 

17683…..…..…………………..…….……..……ID Number…………………..…..…………….17683 

Author: Wolberg, J. R. / Gozani, T. 

Title: An Analysis of the Errors Associated with the Determination of Spatial Harmonics 

Date: 6/1/1965 

Report: TANSAO, 008, 273-274 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms:  



 

C-17735 

17684…..…..…………………..…….……..……ID Number…………………..…..…………….17684 

Author: Rasminas, R. B. / Dalton, G. R. / Ohanian, M. J. 

Title: The Application of Two Variational Techniques to the Analysis of the Pulsed-Neutron Experiments 

Date: 6/1/1965 

Report: TANSAO, 008, 274 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms:  



 

C-17736 

17685…..…..…………………..…….……..……ID Number…………………..…..…………….17685 

Author: Gon, E. / Lidofsky, L. / Goldstein, H. 

Title: Pulsed-Source Measurements of Neutron-Diffusion Parameters in Water 

Date: 6/1/1965 

Report: TANSAO, 008, 274-275 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms:  



 

C-17737 

17686…..…..…………………..…….……..……ID Number…………………..…..…………….17686 

Author: Cerbone, R. J. / Gaerttner, E. R. / Slovacek, R. E. 

Title: Asymptotic and Steady-State Spectrum Measurements in a Multiplying Medium 

Date: 6/1/1965 

Report: TANSAO, 008, 275-276 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Diffusion; Measured Values; Neutron Flux; 
Neutrons; Paraffin; Spectra; Uranium Dioxide; Zirconium Oxides 



 

C-17738 

17687…..…..…………………..…….……..……ID Number…………………..…..…………….17687 

Author: Kryter, R. C. / Calame, G. P. / Fullwood, R. R. / Gaerttner, E. R. 

Title: Measurement and Analysis of Time-Dependent Neutron Spectra in D2O 

Date: 6/1/1965 

Report: TANSAO, 008, 276 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms:  



 

C-17739 

17688…..…..…………………..…….……..……ID Number…………………..…..…………….17688 

Author: Garlid, K. L. / Bierman, S. R. 

Title: Pulsed-Neutron Measurements in Infinite Media 

Date: 6/1/1965 

Report: TANSAO, 008, 277-278 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms:  



 

C-17740 

17689…..…..…………………..…….……..……ID Number…………………..…..…………….17689 

Author: Scott, S. A. / Wolberg, J. R. 

Title: Measurement of Reactivity Near Delayed Critical by The Pulsed-Source Method 

Date: 6/1/1965 

Report: TANSAO, 008, 278 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Techniques 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Delayed Neutrons; Measured Values; 
Multiplication Factors; Neutron Sources; Prompt Neutrons; Pulses; Reactivity 



 

C-17741 

17690…..…..…………………..…….……..……ID Number…………………..…..…………….17690 

Author: Leonard, B. E. / Liner, R. T. Jr. 

Title: Reactor Laboratory Experiments Demonstrating Delayed-Neutron Effects on an Operating Reactor 

Date: 6/1/1965 

Report: TANSAO, 008, 280-281 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Education 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Delayed Neutrons; Measured Values; 
Reactivity; Reactors 



 

C-17742 

17691…..…..…………………..…….……..……ID Number…………………..…..…………….17691 

Author: Malaviya, B. K. / Kaplan, I. / Lanning, D. D. / Thompson, T. J. 

Title: Studies of the Reactivity Worth of Control Rods in Far Subcritical Assemblies 

Date: 6/1/1965 

Report: TANSAO, 008, 282-283 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Education 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Control Elements; Exponential Piles; 
Measured Values; Reactivity; Rods 



 

C-17743 

17692…..…..…………………..…….……..……ID Number…………………..…..…………….17692 

Author: Sehgal, B. R. 

Title: Effect of Clad on Dancoff Factor 

Date: 6/1/1965 

Report: TANSAO, 008, 289-290 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Resonance Absorption 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Coating; Fuel Elements; Neutrons; 
Reactivity 



 

C-17744 

17693…..…..…………………..…….……..……ID Number…………………..…..…………….17693 

Author: Callen, J. D. / Mingle, J. O. 

Title: Even-Order Approximations in Critical Size Determinations 

Date: 6/1/1965 

Report: TANSAO, 008, 291 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transport Theory 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Criticality; Errors; Fissionable Materials; 
Fuels; Quantitative Analysis; Reactors 



 

C-17745 

17694…..…..…………………..…….……..……ID Number…………………..…..…………….17694 

Author: Fader, W. J. / Loffreda, J. A. / Paradis, E. L. 

Title: Two-Dimensional S-N Perturbation Theory Analysis 

Date: 6/1/1965 

Report: TANSAO, 008, 295-296 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transport Theory 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Delayed Neutrons; Equations; Lifetime; 
Multiplication Factors; Numericals; Perturbation Theory; Prompt Neutrons; Reactivity 



 

C-17746 

17695…..…..…………………..…….……..……ID Number…………………..…..…………….17695 

Author: Beyster, J. R. / Neill, J. M. / Young, J. C. 

Title: Scattering of Low-Energy Neutrons from Water 

Date: 6/1/1965 

Report: TANSAO, 008, 298 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms:  



 

C-17747 

17696…..…..…………………..…….……..……ID Number…………………..…..…………….17696 

Author: Fullwood, R. R. / Gaerttner, E. R. / Slovacek, R. E. 

Title: The Effects of Coherent Scattering on the Thermalization of Neutron in Beryllium 

Date: 6/1/1965 

Report: TANSAO, 008, 298-299 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms:  



 

C-17748 

17697…..…..…………………..…….……..……ID Number…………………..…..…………….17697 

Author: Neill, J. M. / Young, J. C. 

Title: Neutron-Spectrum Measurements Across a Polyethylene Cell 

Date: 6/1/1965 

Report: TANSAO, 008, 299-300 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms:  



 

C-17749 

17698…..…..…………………..…….……..……ID Number…………………..…..…………….17698 

Author: Salah, S. / Parkinson, T. F. 

Title: Space-dependent spectrum measurements in heavy-water-moderated lattices 

Date: 6/1/1965 

Report: TANSAO, 008, 300 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Diffusion; Heavy Water; Heavy Water 
Moderator; Neutrons; Reactor Core; Spectra; Transport Theory; Uranium 



 

C-17750 

17699…..…..…………………..…….……..……ID Number…………………..…..…………….17699 

Author: Carver, J. G. 

Title: Resonance Activations Rates in Different Neutron Spectra 

Date: 6/1/1965 

Report: TANSAO, 008, 300-301 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms:  



 

C-17751 

17700…..…..…………………..…….……..……ID Number…………………..…..…………….17700 

Author: Volpe, J. J. 

Title: Thermal-Activation Ratios in Lattices of Water and Slightly Enriched Uranium 

Date: 6/1/1965 

Report: TANSAO, 008, 301-302 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Activation; Dysprosium 164; Enrichment; 
Lutetium 176; Measured Values; Plutonium 239; Plutonium 241; Reactor Core; Spectra; Thermal Neutrons; 
Uranium; Uranium 235; Water; Water Moderator 



 

C-17752 

17701…..…..…………………..…….……..……ID Number…………………..…..…………….17701 

Author: Bullock, J. B. / Daniels, E. A. 

Title: A Reactor-Core Modification to Enhance Beams for Thermal-Neutron Spectrometers 

Date: 6/1/1965 

Report: TANSAO, 008, 302-303 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms:  



 

C-17753 

17702…..…..…………………..…….……..……ID Number…………………..…..…………….17702 

Author: Ravets, J. M. / Kopp, L. I. 

Title: Procedures for Obtaining Few-Group Constants for Systems Having Rapid Spectral Variation with 
Position 

Date: 6/1/1965 

Report: TANSAO, 008, 303-304 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Thermal Neutrons 

Abstract/Keyterms:  



 

C-17754 

17703…..…..…………………..…….……..……ID Number…………………..…..…………….17703 

Author: Liimatainen, R. C. / Ivins, R. O. / Testa, F. J. 

Title: Reaction of Uranium with Water in TREAT Meltdown Excursion 

Date: 6/1/1965 

Report: TANSAO, 008, 306 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transient Reactor Heating 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Chemical Reactions; Critical Assemblies; 
Excursions; Fuel Elements; Measured Values; Melting; Reactor Safety; Research Reactors; TREAT; 
Uranium; Water 



 

C-17755 

17704…..…..…………………..…….……..……ID Number…………………..…..…………….17704 

Author: Margolis, S. G. / Redfield, J. A. 

Title: Analytical Model for Blowdown Experiments 

Date: 6/1/1965 

Report: TANSAO, 008, 308-309 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transient Reactor Heating 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Coolants; Losses; Reactors; 
Slowdown; Water Coolant 



 

C-17756 

17705…..…..…………………..…….……..……ID Number…………………..…..…………….17705 

Author: Redfield, J. A. / Margolis, S. G. 

Title: Reactor-Plant Dynamics During Loss of Coolant 

Date: 6/1/1965 

Report: TANSAO, 008, 308-309 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transient Reactor Heating 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Failures; Losses; Numericals; 
Reactivity; Reactors; Water Coolant 



 

C-17757 

17706…..…..…………………..…….……..……ID Number…………………..…..…………….17706 

Author: Wright, R. W. 

Title: Pressure Amplification and the Energy Requirements of the SPERT-ID Destructive Pressure Pulse 

Date: 6/1/1965 

Report: TANSAO, 008, 310 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transient Reactor Heating 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Energy; Excursions; Pressure; Pulses; 
Reactor Safety; SPERT-1D 



 

C-17758 

17707…..…..…………………..…….……..……ID Number…………………..…..…………….17707 

Author: Meyer, R. A. / Wolfe, B. / Friedman, N. 

Title: Fast-Reactor Meltdown Accidents with Doppler Effects 

Date: 6/1/1965 

Report: TANSAO, 008, 310-311 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Transient Reactor Heating 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Accidents; Excursions; Fast Neutrons; Fuel 
Elements; Melting; Numericals; Reactivity; Reactors; Spectral Shift 



 

C-17759 

17708…..…..…………………..…….……..……ID Number…………………..…..…………….17708 

Author: Joanou, G. D. / Parks, D. E. / Wikner, N. .F. 

Title: Neutron Thermalization in Graphite Part I: The Scattering Law for Graphite 

Date: 6/1/1965 

Report: TANSAO, 008, 332-333 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Netron Thermalization 

Abstract/Keyterms:  



 

C-17760 

17709…..…..…………………..…….……..……ID Number…………………..…..…………….17709 

Author: Joanou, G. D. / Parks, D. E. / Wikner, N. .F. 

Title: Neutron Thermalization in Graphite Part II: The Effect of the Gausian Approximation and Various 
Scattering Laws on Thermal Neutron Spectra in Homogeneous poisoned Graphite 

Date: 6/1/1965 

Report: TANSAO, 008, 333 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Netron Thermalization 

Abstract/Keyterms:  



 

C-17761 

17710…..…..…………………..…….……..……ID Number…………………..…..…………….17710 

Author: Joanou, G. D. / Parks, D. E. / Wikner, N. .F. 

Title: Neutron Thermalization in Graphite Part III - Neutron Spectra in Heterogeneous Media 

Date: 11/1/1962 

Report: TANSAO, 008, 333-334 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Neutron Thermalization 

Abstract/Keyterms:  



 

C-17762 

17711…..…..…………………..…….……..……ID Number…………………..…..…………….17711 

Author: Brown, H. D. 

Title: Calculations of Thermal Spectra in Organic-Cooled D2O-Moderated Reactors 

Date: 6/1/1965 

Report: TANSAO, 008, 334-335 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Netron Thermalization 

Abstract/Keyterms:  



 

C-17763 

17712…..…..…………………..…….……..……ID Number…………………..…..…………….17712 

Author: Garelis, E. 

Title: Time-Dependent Neutron Thermalization for a Bare Multiplying Medium 

Date: 6/1/1965 

Report: TANSAO, 008, 335-336 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Netron Thermalization 

Abstract/Keyterms: Neutron Thermalization 



 

C-17764 

17713…..…..…………………..…….……..……ID Number…………………..…..…………….17713 

Author: Young, J. C. / Trimble, D. D. / Brown, J. R. / Houston, D. H. / Naliboff, Y. D. / Beyster, J. R. 

Title: Neutron Spectra in Multiplying and Non-Multiplying Media 

Date: 6/1/1965 

Report: TANSAO, 008, 336-337 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Netron Thermalization 

Abstract/Keyterms:  



 

C-17765 

17714…..…..…………………..…….……..……ID Number…………………..…..…………….17714 

Author: Koppel, J. U. / Naliboff, Y. D. 

Title: Sensitivity of Transient Neutron Spectra to Different Scattering Kernels 

Date: 6/1/1965 

Report: TANSAO, 008, 337-338 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Netron Thermalization 

Abstract/Keyterms:  



 

C-17766 

17715…..…..…………………..…….……..……ID Number…………………..…..…………….17715 

Author: Guon, J. 

Title: Nuclear Reactivity Measurements of Irradiated Uranium Dioxide 

Date: 11/1/1965 

Report: TANSAO, 008, 384-385 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Fuel Technology II 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Boron; Burnup; Capsules; Capture; Cross 
Sections; Equations; Fission Products; Fuels; Irradiation; Least Squares; Mathematics; Measured Values; 
Neutrons; Poisoning; Reactivity; Reactors; Uranium Oxides; USA; Washington; Washington DC 



 

C-17767 

17716…..…..…………………..…….……..……ID Number…………………..…..…………….17716 

Author: Beghian, L. E. / Hofmann, F. / Wilensky, S. 

Title: Experimental Investigation of Fast-Neutron Decay Times in Lead Assemblies 

Date: 11/1/1965 

Report: TANSAO, 008, 431 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17768 

17717…..…..…………………..…….……..……ID Number…………………..…..…………….17717 

Author: Jones, H. G. / Robeson, A. / Salaita, G. N. 

Title: Diffusion Parameters of Mixtures of Light and Heavy Water at Several Temperatures 

Date: 11/1/1965 

Report: TANSAO, 008, 431-432 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17769 

17718…..…..…………………..…….……..……ID Number…………………..…..…………….17718 

Author: Cady, K. B. / Masters, C. F. / Zolotar, B. A. 

Title: Asymptotic Reactor-Theory Analysis of the Garelis-Russell Experiment 

Date: 11/1/1965 

Report: TANSAO, 008, 432-433 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Criticality; Eigenfunctions; 
Equations; Homogeneous Reactors; Measured Values; Numericals; Operators; Reactivity; Reactors; USA; 
Washington; Washington DC; Water Moderator 



 

C-17770 

17719…..…..…………………..…….……..……ID Number…………………..…..…………….17719 

Author: Freed, D. / Whan, G. A. 

Title: Effect of Sample Geometry on Decay Constant Measurements in Water Using the Pulsed-Neutron 
Technique 

Date: 11/1/1965 

Report: TANSAO, 008, 433-434 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17771 

17720…..…..…………………..…….……..……ID Number…………………..…..…………….17720 

Author: Reier, M. 

Title: Pulsed-Neutron Measurements in Diphenyl at 85 deg C and 105 deg C 

Date: 11/1/1965 

Report: TANSAO, 008, 434 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17772 

17721…..…..…………………..…….……..……ID Number…………………..…..…………….17721 

Author: Gozani, T. / Demarmels, P. / Huerlimann, T. 

Title: Measurements of Generation-Time Variations 

Date: 11/1/1965 

Report: TANSAO, 008, 434-435 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Equations; Errors; Measured Values; 
Neutron Sources; Pulse Analyzers; Pulses; Reactivity; Saphir; USA; Variations; Washington; Washington 
DC 



 

C-17773 

17722…..…..…………………..…….……..……ID Number…………………..…..…………….17722 

Author: Garelis, E. 

Title: Consideration of Finite Correlation Times in Pseudo-Random-Impulse Response Methods 

Date: 11/1/1965 

Report: TANSAO, 008, 435-436 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Differential Equations; Errors; Exponential 
Piles; Green Function; Integrals; Measured Values; Neutron Sources; Pulse Analyzers; Pulses; Reactivity; 
USA; Washington; Washington DC 



 

C-17774 

17723…..…..…………………..…….……..……ID Number…………………..…..…………….17723 

Author: Parks, P. B. / Baumann, N. P. 

Title: Pulsed Measurements of Neutron-Diffusion Parameters in D2O 

Date: 11/1/1965 

Report: TANSAO, 008, 436 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17775 

17724…..…..…………………..…….……..……ID Number…………………..…..…………….17724 

Author: Miley, G. H. / Doshi, P. K. 

Title: Pulse-Propagation Experiments Using a Fast-Burst Reactor 

Date: 11/1/1965 

Report: TANSAO, 008, 437 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17776 

17725…..…..…………………..…….……..……ID Number…………………..…..…………….17725 

Author: Russell, J. L. / Crosbie, K. L., Jr. 

Title: Accelerator-Pulsed Fast-Assembly Operating Experience 

Date: 11/1/1965 

Report: TANSAO, 008, 437-438 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Pulsed Neutron Measurements 

Abstract/Keyterms:  



 

C-17777 

17726…..…..…………………..…….……..……ID Number…………………..…..…………….17726 

Author: Hamilton, G. N. / Nath, R. J. / Leamer, R. D. / Corbett, J. A. 

Title: Calorimetric and Spectrometric Techniques to Relate Zonewise Power Distributions in Pu-U 
Multizoned Cores 

Date: 11/1/1965 

Report: TANSAO, 008, 439-440 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments 

Abstract/Keyterms: Reactor Technology; Criticality Studies; Calorimeters; Critical Assemblies; 
Distribution; Fuel Elements; Gamma Spectrometers; Measured Values; Plutonium; Power; Reactor Core; 
Reactors; Rods; Uranium; Uranium Oxides; USA; Washington; Washington DC; Zones 



 

C-17778 

17727…..…..…………………..…….……..……ID Number…………………..…..…………….17727 

Author: Orr, W. L. / Sternberg, H. I. / Deromix, P. 

Title: A Comparison of Analysis with Experiment for the Saxton Plutonium Critical Experiments 

Date: 11/1/1965 

Report: TANSAO, 008, 439-440 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments 

Abstract/Keyterms: The purpose of the Saxton plutonium programs is to develop information concerning 
the use of plutonium-enriched fuel in pressurized-water reactor systems through the design, fabrication and 
operation of a partial core of plutonium-dioxide-uranium-dioxide fuel in the Saxton reactor. As a part of 
this program, a series of design-oriented critical experiments was carried out at the Westinghouse reactor 
evaluation center using uranium-dioxide fuels enriched to 5.74 wt% uranium-235 and plutonium-dioxide-
uranium-dioxide fuels containing 6.6 wt% plutonium-dioxide in natural uranium-dioxide. 
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machine was used to determine the change in critical thickness of a reference slab of enriched (93.2 wt% 
uranium-235) uranium with and without an additional enriched-uranium slab beyond an isolator 8-inch 
thick. This change in critical thickness is a measure of the neutron interaction between the uranium units. 
The lesser the effective neutron interaction, the better the isolator. 
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primary concern to the safe and efficient design of shipping containers and the storage regulations for 
fissionable isotopes. In a series of critical experiments conducted at the Battelle-Northwest critical mass 
laboratory, the effective isolation thickness was determined for several materials. Those materials tested 
were inserted at the interface of two multiplying media that comprised the fuel core of a critical assembly. 
The critical length of the fuel core was then determined as a function of test-material thickness, i.e. the 
effective isolation thickness being defined as that thickness for which the critical core length approaches an 
asymptotic value. Figure 1 shows the resulting curves for polyethylene, borated polyethylene (10 wt% 
boron), and compressed wood rho=1.341 grams/cc. 
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g/cc) enriched to 93.2% in uranium-235 has been extended to include the effects of reflecting materials. 
Annuli with outside diameters as large as 15 inches and inside diameters as small as 7 inches were 
assembled to delayed critical with the central cavity filled with HLM type graphite (rho = 1.73 g/cc), 
beryllium (rho = 1.83 g/cc), or Plexiglas rho = 1.18 g/cc). In some cases the outer surfaces of the annuli 
were reflected with up to 18 inches of graphite or at least 5.75 inches of polyethylene (rho = 0.92 g/cc), 
both with and without a reflecting material in the center of the annuli. Some of the results for the graphite-
and polyethylene-reflected experiments are shown. Multiplication constants of some of the unreflected and 
graphite-reflected experiments were calculated by multigroup transport-theory methods using the S-N 
method in the S-8 approximation and the 16-group cross sections of Hansen and Roach for the uranium-
235 and uranium-238 isotopes. Fission of uranium-234 and uranium-236 was included and the absorption 
and scattering of these isotopes were assumed to be the same as those of uranium-238. Hansen and Roach 
cross sections were used for the cross sections of the reflecting materials. The TDC and DDK codes plus a 
modification of the DDK code were used in the calculations. The agreement between calculations and 
experiments is good and verifies that the S-N transport-theory methods, together with the Hansen and Roach 
16-group cross sections, are adequate for the calculation of carbon-reflected uranium metal annuli. 
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Abstract/Keyterms: Exponential and critical-approach experiments were performed on several slightly 
enriched uranium metal tubes and tube-in-tube combinations in light water. Exponential measurements 
were performed on 1) 1.002 wt% uranium-235 enriched uranium tubes; 2) 1.002 wt% uranium-235 enriched 
tubes containing an inner tube of 1.002 wt% uranium-235; 3) 1.25 wt% uranium-235-enriched tubes, and 
4) 1.25 wt% uranium-235-enriched tubes containing an inner tube of 0.95 wt% uranium-235. Critical-
approach measurements were performed on 1.95 wt% enriched-uranium tubes. The dimensions of the tubes 
and the results of the experiments are presented. 
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Abstract/Keyterms: A series of criticality experiments has been performed at the Hanford Critical Mass 
Laboratory with plutonium (4.6 wt% plutonium-240 nitrate) solutions in thin stainless-steel spheres of 11.5-
, 14-and 15.2-inch diameter. Various types of neutron reflectors used in the experiments were water, 
concrete, paraffin and stainless steel. Criticality data were also obtained with the 15.2-inch sphere 
unreflected. The effect of partial reflection by concrete and the effect of an air gap between the core and its 
reflector were also examined. Critical plutonium concentrations were measured in the range from 24 to 435 
g plutonium/liter, depending on the nitric acid molarity (0.2 to 7.7 molar) and the condition of neutron 
reflection. Results of the measurements with the 11.5-and 15.2-inch-diam spheres are given. Critical 
experiments with the 14-inch-diam sphere were previously reported. Minimum critical volumes for the 
plutonium nitrate solution containing 4.6 wt% plutonium-240, when bare and water reflected, were 
determined from interpolation of the data to be about 22 and 11 liters, respectively, for a plutonium 
concentration of 175 ± 25 g plutonium/liter. A concrete reflector was found to be somewhat more effective 
than water on the 14-inch sphere, but slightly less effective on the 11.5-inch sphere where the concentration 
of plutonium was greater. Neutron-flux measurements made in the 11.5-inch and the 15.2-inch sphere were 
used to determine extrapolation lengths and hence, critical bucklings for the solutions. A typical flux plot 
is shown. The effect of a stainless-steel shell on criticality was also evaluated in several experiments by the 
addition of extra shells that permitted a subsequent extrapolation to zero shell thickness. Multigroup 
diffusion theory was used to compute criticality for some of the plutonium nitrate solutions in the 
experiments. The results are shown where the computed values of k(eff) should be unity to be in agreement 
with the experiment. The GAMTEC-II computer code was used to calculate the eighteen-group constants 
utilized in the multigroup calculation. The criticality calculations are in good agreement with experimental 
data. 
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Abstract/Keyterms: A series of experiments with hydrogen-moderated plutonium systems has been 
performed in the Physical Constants Testing Reactor. The boron concentration required to reduce the 
infinite multiplication factor, to unity was measured for various plutonium-240 concentrations, fuel plate 
thicknesses, and moderator-to-fuel ratios. The measured values of the boron concentration were compared 
to theoretical predictions to check the accuracy of calculational methods and parameters. The principal 
components for these experiments were plutonium-aluminum (20 wt% plutonium), pure polyethylene, and 
borated polyethylene (0.90 wt% natural boron). All three materials were in the form of disks, 1.960-inches 
in diameter and 0.020-inch thick. 
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replaced reference fuel at the center of a large core of the latter. The difference in buckling between test 
and reference regions was derived from the observed changes in critical moderator level. We have used 19-
rod uranium dioxide Candu-type bundles for our reference fuel. Measurements were made at room 
temperature in square lattices at several pitches in the range 20 to 32 cm, with the uranium carbide clusters 
having four different coolants: heavy water; air; HB-40 (Green and Bigham); and Dowtherm A. The 
reference fuel always had heavy water coolant. 
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rods are immersed. The narrow resonance and infinite mass approximations are applied; and from this 
application, expressions are developed for treating resonance capture by an absorbing lump embedded in a 
moderator admixed with the absorber. The computed change in the critical buckling of a heterogeneous 
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Abstract/Keyterms: Plutonium with large fractions of plutonium-240, plutonium-241, and plutonium-242 
was prepared as an intermediate step in a Savannah River program to produce 3 kg of curium-244. This 
material afforded an opportunity to investigate the reactor physics of the higher plutonium isotopes by 
comparing plutonium with a wide range of isotope compositions in heavy water-moderated criticals in the 
Process Development Pile (PDP). Two plutonium compositions were used which also shows the designs of 
the coextruded aluminum fuel assemblies. The experimental lattices consisted of 19 of these fuel assemblies 
in hexagonal arrays at 12.12-or 14.00-inch pitches. To provide an easily calculated radial boundary, the 
fuel lattices were extended for two additional rings with nonfissioning iron-lithium assemblies having very 
nearly the same absorption cross section as the fuel. The experiments consisted primarily of critical 
moderator height measurements and flux traverses to determine the lattice bucklings, B(m)2 at various 
uniform temperatures between 20 and 50 degrees C. The lattices had a bottom reflector composed of heavy 
water and the aluminum extensions of the fuel tubes. This reflector could be ignored in determining the 
axial buckling from the flux traverses by choosing data sufficiently far from the boundary. This procedure 
was checked by calculations of reflector savings using the FLOG four-group code with cell parameters 
calculated with the HAMMER code. The determination of the isothermal temperature coefficients required 
the estimation of temperature effects on radial buckling, and on bottom extrapolation distance. The effect 
on B(R)2 was calculated with the SRL-HERESY code. The change in the bottom extrapolation distance 
was calculated with the FLOG code. 
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Abstract/Keyterms: Experiments have been performed at the ORNL critical experiments facility to 
determine the critical parameters of lattices of cylindrical annuli of uranium enriched to 1.95% in uranium-
235. In the first series of experiments, the dimensions of the units were 7.2-inch OD, 2.6-inch ID, and 40-
inches long, with an average mass of 442 kg, of which 8.6 kg was uranium-235. A total of 25 units was 
available. For the next series, the OD was reduced to 6.2 inch, which decreased the mass of a unit to 308 
kg (6.0 kg of uranium-235); the other dimensions were unchanged. The units were latticed in water both 
square and triangular patterns to determine the critical number as a function of spacing. With the units that 
were 7.2-inch OD, it was found that the minimum for each pattern occurred at a water-to-uranium volume 
ratio of 0.65, and that the critical number of units arranged in a triangular pattern was half that required for 
a square pattern. For the 6.2-inch-OD Units, the minimum was found at a water-to-uranium volume ratio 
of 0.8, and the difference between the critical number of units arranged in square and triangular patterns 
was appreciably reduced. In several critical lattices, water was excluded from the 2.6-inch-diameter central 
region of each annulus by inserting coaxial styrofoam cylinders (density = 0.024 g/cc) of three different 
diameters. In all cases, exclusion of water from the central region decreased the reactivity. For example, 
the presence of a 1.55-inch-diameter styrofoam cylinder in each annulus of a lattice increased the critical 
number of units from 10 to 12.5, and shifted the position of the minimum volume ratio from 0.65 to 0.60 
at a surface separation of 1 inch in triangular pattern. 
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of a large power reactor and to enhance the Doppler effect. Metal fuel plates are used in the core. Sodium 
carbonate, along with some aluminum, is used to represent the sodium coolant and the oxygen in the SEFOR 
oxide fuel. There is a region of sodium and stainless steel between the core and the radial reflector. The 
reflector is made of nickel and is used for control of the SEFOR reactor. Because of the SEFOR design 
requirement to minimize the effects of axial thermal expansion, measurements were made in three different 
core mockups. The basic measurements were made in a one-segment, or reference core, and several of these 
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element core. 
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to the Godiva reactor. The reactor was subcritical with a prompt multiplication of 18, giving a prompt-
neutron dieaway time constant of about 112 nsec. The reactor is controlled by separation into three 
segments; for this experiment, a 0.5-inch gap was introduced between the upper third and the remainder of 
the core. Neutrons were produced near the center of the sphere by (gamma, n) reactions resulting from 30-
MeV electrons striking the uranium at the bottom of a 1-inch-diam by 3-inch-deep re-entrant hole. The 
electron beam, from the general atomic linear accelerator, was pulsed at 20 ns and 360 pulses/sec. The 
detectors used were a 2x 2-inch liquid scintillator for energies above 1 MeV, and a carbon tetraboride-
paraffin capture slab and gamma-ray sensor. A 1-inch-diam collimated beam from the surface was allowed 
to drift down a 50-m evacuated flight path. The flight distance and dieaway time results in a 15% energy 
resolution at 10 MeV, and somewhat better resolution at lower energies. The spectrum was obtained from 
30 keV to 10 MeV with an estimated error of ± 10%. 
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bucklings were estimated to be 58.85 m(-2) and 60.14 M(-2) for the alternating tube and ring arrangements, 
respectively, compared to 29.3 M(-2) for 0.95 wt% tubes alone, and 96.64 M(-2) for 2.1 wt% tubes alone. 
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aluminate oxide targets were made in four lattices. The lithium aluminate contained 10.5 wt% lithium. The 
addition of the target rod to the 2.1 wt% tubes increased the critical mass by a factor of about 20. The 
poisoned lattices consisted of a 6:1 ratio of 2.1 wt% enriched uranium 2.33-inch-OD tubes and 2.4-inch-
OD cans containing ground Pyrex glass. Each can was surrounded by a ring of six uranium tubes. Only the 
2.8-inch lattice pitch was measured and seven rings filled the lattice. The exponential measurement 
indicates a buckling of 34.01 M(-2) and 140 furl tubes for criticality (compared to 28.3 rubes for criticality 
in the 2.8-inch lattice without poison). 
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program to check calculational methods and basic neutronic data used in the GCFR design; and were also 
part of the PNL program to determine critical sizes of plutonium mixtures over the entire range of densities 
possible in separation plants. The experiments consisted of the measurement of the critical size and mass 
of these fuel compacts stacked as rectangular prisms of near-cubic geometry. Flux distributions in the fuel 
blocks were measured with manganese-copper wires, and plutonium-239 and uranium-235 fission ratios 
were obtained. The reactivity effects of the resonance absorber elements dysprosium, hafnium, and 
gadolinium, which are being considered as poisons to control the consequences of steam or water entry into 
the GCFR core, were also measured by stacking thin layers of these materials in the critical assemblies. 
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Conference Session: Nuclear Criticality Safety Especially for Mixed Oxides 

Abstract/Keyterms: Uranium-233 nitrate solution at a concentration of 333 g uranium/liter (325 g 
uranium-233/liter) was utilized in a brief study to determine the critical parameters of arrays of subcritical 
components each containing 4.30 liters of solution. The containers were cylindrical, fabricated of 0.25-mm-
thick stainless steel, and had outside diameters and heights of 18.28 and 17.67 cm, respectively. The 
capacity of a container was 4.63 liters. The solution had a specific gravity of 1.468, and an hydrogen atomic 
ratio of 73. All assembled arrays were three-dimensional, having an equal number of units along the three 
directions of the array. Each cylinder was supported in an array, with its axis vertical, by a 1.6-mm-thick 
aluminum plate positioned in space on four stainless-steel rods of 5-mm diameter the reflector material 
surrounding an array of cylinders was polyethylene (rho = 0.93 g/cc), used in a 15.2-cm thickness only and 
located from the peripheral cylinders of the array of distance equal to one-half the surface separation 
between cylinders. The center-to-center spacing of the units in 8-and 27-unit arrays for both the reflected 
and the unreflected conditions are presented. 
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Abstract/Keyterms: The critical parameters of slightly enriched uranium systems are strongly dependent 
on both the enrichment and degree of moderation. Previous experiments performed in the Physical 
Constants Test Reactor (PCTR) of Battelle-Northwest have shown the minimum critical uranium-235 
enrichment of homogeneous mixtures of uranium trioxide in water to be 1.034 ± 0.010 wt%. Additional 
experiments with 3.04 wt% enriched uranium trioxide and uranyl nitrate hydrogenous mixtures established 
that the presence of the nitrate radical had a pronounced effect on criticality. The 3.04 wt% enriched 
uranium trioxide had a maximum k(inf) of 1.35, as compared to 1.15 for the 3.04 wt% enriched uranyl 
nitrate. Subsequent calculations have indicated the minimum critical enrichment for uranyl nitrate to be 
about 2 wt%. A series of measurements was made in the PCTRE to determine the enrichment at which 
k(inf) is just unity at optimum moderation. The results of these experiments are presented graphically. The 
normal PCTR null reactivity technique was employed to obtain these results, except that a negative neutron 
poison approach had to be taken in those systems having a k(inf) less than unity. The minimum critical 
enrichment is 2.104 ± 0.010 wt% and occurs at a hydrogen/uranium ratio of about eight. This enrichment 
is within 1% of that calculated by Ridgway. 
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Abstract/Keyterms: The measurement of reactor physics parameters of uniform lattices of 3% uranium-
233 dioxide-97% thorium dioxide fuel rods moderated with deuterium oxide are reported in this note. The 
fuel is vibratorily compacted to a density of 8.96 g/cc in Zircaloy-2 tubes of 1.27-cm-OD and 0.8-mm wall 
thickness as described in detail in a previous report. The deuterium oxide moderated experiments were 
carried out in a 75.405-cm-OD tank surrounded with 0.635-cm boral sheet. A 15.24-cm paraffin reflector 
was installed outside the boral sheet for the 11.481-, 6.510-, 3.759-, and 2.170-cm-pitch lattices. This 
reflector was not present for the rest of the lattices; consequently, it was necessary to account for room-
return effect in the buckling analyses of these lattices. Measurements were made of the dysprosium 
disadvantage factor, the ratio of epi-to subcadmium capture ratio in thorium-232, and the ratio of fission in 
thorium-232 to fission in uranium-233. The technique of measuring the fast fission ratio makes use of the 
sensitivity of some plastics to radiation damage from energetic charged particles as described by Fleischer 
et al. The plastic foils are used to record the fissions that occur in adjacent thin films of uranium-233 and 
thorium-232 that are simultaneously exposed between fuel pellets in flux symmetric positions in the lattice. 
The thin films were electro deposited on 0.025-mm x 1.08-cm steel or platinum with thorium-232 film 
thickness of 200 microgram/cc, and uranium-233 film thicknesses of 0.5 microgram/cc, and the plastic used 
was 0.152-mm x 1.08-cm "Lexan." Each fission that occurred in the thin film caused a damaged area in the 
plastic that resulted in a short track when etched in sodium hydroxide. The plastic was then photographed 
resulting in a 170x blowup from which the tracks were counted visually. This count yielded the relative 
fission rate in the two thin films that had been calibrated previously by absolute alpha counting. 
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Conference Session: Physics of Uranium-233 Reactors 

Abstract/Keyterms: A series of exponential lattice experiments with 3% uranium-233 enriched thorium-
232 oxide fuel in light and heavy water have been completed recently at Brookhaven. The details of the 
experiments and the parameter data have been reported. In addition, results of the preliminary calculations 
for the light-water lattices were reported. These experiments constitute a comprehensive set of integral data 
to check the calculational methods and the cross-section libraries for uranium-233 and thorium-232. A good 
range of reactor spectra has been provided by varying the pitch such that the fraction of fissions of uranium-
233 above 0.625 eV varies from 0.04 to 0.6. The core leakage has been varied from 4 to 36% of the neutrons 
by boron poisoning the light-water moderator. The main tool of analyses of these lattices is the HAMMER 
multigroup code. The inadequacies of the resonance treatment in the HAMMER code are corrected by 
inserting the Monte Carlo calculations of resonance capture with the repetitious code in the energy band of 
17.6 to 1234 eV. 
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Abstract/Keyterms: This paper describes part of a series of experiments performed in the heavy water 
critical facility ZED-2 located at chalk river nuclear laboratories of A.E.C.L.. The purpose of these 
experiments was to measure some lattice parameters of a 1 to 1’superlattice', that is, one in which fuel 
elements of one kind alternate in a regular pattern with those of another kind. 
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Abstract/Keyterms: PU-MET-FAST-011; Several measurements of critical or near-critical reflected 
plutonium assemblies have been reported for a variety of reflector materials. Although these provide a 
reasonable estimate of the critical mass to be expected for a water-reflected metal sphere, a direct 
measurement was considered worthwhile. A sphere of high purity plutonium was fabricated and machined 
to a mass of 5546 g with an average density of 19.74 g/cc at 20 degrees c. A close-fitting Plexiglas shell 
about 5/16 inch thick provided an hermetic seal for the sphere. A 0.0005 inch coating of copper inside the 
shell prevented the plutonium alpha particles from decomposing the plastic. The multiplication of the fully 
reflected sphere corresponded to a value of k(eff) of about 0.99. 
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Abstract/Keyterms: PU-MET-FAST-011; The experimental objectives of the Lawrence Radiation 
Laboratory's plutonium array program are 1) to provide clean critical data to use in the normalization of 
computational techniques, and 2) to develop data expected to be useful for interpolation and extrapolation 
for application to actual systems of interest. The most common application is a consideration of the 
criticality safety of a storage or transportation array of fissile material. This the first experimental program 
of critical plutonium metal arrays. Phase I of the program consisted of small arrays of up to 27 3-kg parts 
of alpha-phase plutonium metal of density 19.5 g/cc, 93.6 wt.% plutonium-239. Each part has the form of 
a right circular cylinder 6.53 cm in diameter and 4.63-cm tall. Each part is packaged inside a close-fitting, 
deep-drawn, seamless aluminum can with a steel lid. The average part weight is 3.026 kg. This somewhat 
less than half the critical mass of a reflected cylinder of the same diameter. Thus, two parts may be safely 
stacked together to produce a 6-kg unit which can also be arranged in arrays. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety-I: Plutonium 

Abstract/Keyterms: Large critical arrays using as many as 128 3-kg plutonium parts have been constructed 
recently as part of Phase II of the Lawrence Radiation Laboratory plutonium array program. Arrays 4 x 4 x 
4 of 3-and 6-kg plutonium parts with and without moderator jackets were assembled on a new split-table 
machine, built when a smaller assembly machine proved inadequate for arrays larger than 3x3x3. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: One of the research programs at the plutonium critical mass laboratory of Battelle-
Northwest is concerned with determining the criticality parameters of undermoderated plutonium as a 
function of moderation and plutonium-240 isotopic concentration. This program is oriented toward 
providing experimental data that can be used in establishing criticality safety guides and in checking 
calculational models over the intermediate neutron energy spectrum. There is a particular need for data 
against which theoretical analyses of plutonium-240 effects can be compared. The initial series of 
measurements in this program was made on 15 hydrogen having plutonium-240 isotopic concentrations of 
2.2 and 8 wt.% the results from these initial experiments have already been reported as has a description of 
the experimental facility. This paper is concerned with the results and analysis of the latest series of 
analogous experiments in which the plutonium-240 isotopic concentration has been increased to 11.5 wt.% 
and the atomic hydrogen plutonium decreased to 5. 
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Abstract/Keyterms: Critical thicknesses of infinite slabs of plutonium nitrate solution have been derived 
from data on spheres and cylinders, but no data appear in the open literature on the direct measurement of 
critical thicknesses for thin slabs of plutonium nitrate solution. Experiments have been conducted at the 
critical mass laboratory of the Pacific Northwest Laboratory using a variable-thickness slab-type vessel to 
determine critical thicknesses of bare and reflected infinite slabs of plutonium nitrate solution. The 
experiments provide data for nuclear criticality safety applications in handling and processing plutonium 
and for checking computational methods. 



 

C-18058 

18007…..…..…………………..…….……..……ID Number…………………..…..…………….18007 

Author: Magnuson, D. W. 

Title: Critical Experiments at Hydrogen Uranium-235 Ratios from 0 to 5 

Date: 6/1/1968 

Report: TANSAO, 011, 383 

Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: A series of critical experiments was performed at Oak Ridge National Laboratory to 
investigate the dependence of the critical parameters for small values of hydrogen motivation for this effort 
was nuclear criticality safety so that measurements of critical mass would be completed for all ranges of 
moderation. However, the experiments were done in simple rectangular geometry without other materials 
or large voids and are ideally suited for comparison to calculations to check various reactor codes. The 
unreflected critical experiments were performed for hydrogen uranium-235 ratios from 0 to 5 using layers 
of uranium metal enriched to 93.15 wt% uranium-235 and polyethylene or Plexiglas moderators. 
Polyethylene-moderated and-reflected experiments have been completed for the same range of moderation. 
In addition, some unreflected Teflon-moderated experiments were performed. 
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Report: TANSAO, 011, 383-384 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety-II 

Abstract/Keyterms: The effect of composite reflectors of steel and water on the reactivity of single 
cylinders of aqueous solution of low-enriched uranium has been studied. The results are applicable in the 
evaluation of the nuclear criticality safety of shipping containers and provide bases for the verification of 
calculational models. The solution was contained in each of two stainless-steel cylinders having 0.079-cm-
thick walls; the solution diameters were 33.02 and 39.09 cm. The thickness of lateral steel reflectors 
adjacent to the solution ranged up to 5.08 cm and was surrounded by an infinitely thick water reflector. 
There was no top or bottom reflector. 
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Elements; Numericals; Reactors; Space; Spent Fuel Elements; Storage; Water Reactor Fuel Elements / 
Storage in Water of Spent, Criticality Calculations for 



 

C-18061 

18010…..…..…………………..…….……..……ID Number…………………..…..…………….18010 

Author: Mihalczo, J. T. 

Title: Monte Carlo Calculations of Thick-Graphite-Reflected Uranium-Metal Critical Assemblies 

Date: 6/1/1968 

Report: TANSAO, 011, 385-386 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety-II 

Abstract/Keyterms: The neutron multiplication factor for a variety of uranium-metal annuli and cylinders 
surrounded with thick carbon reflectors has been measured and calculated by a Monte Carlo method. The 
material within the annuli was carbon or air. The thickness on the side, top, and bottom reflector was equal 
in any one assembly. The density of the individual pieces of type-HLM graphite varied between 1.688 and 
1.783 g/cc. The uranium metal was enriched to 93.2% in uranium-235 and has been described previously. 
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Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Criticality; Exponential Piles; Metals; Monte Carlo Method; Numericals; Spheres; Uranium 
233; Uses 



 

C-18063 

18012…..…..…………………..…….……..……ID Number…………………..…..…………….18012 

Author: Pruvost, N. L. / Pefley, G. V. 

Title: Monte Carlo Calculations for Arrays of Plutonium Units 

Date: 6/1/1968 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety-II 

Abstract/Keyterms: The ability of the Monte Carlo technique to calculate critical configurations of arrays 
of air-spaced units is of fundamental importance for many problems that arise in criticality safety. However, 
the reliability of the technique has not been demonstrated for arrays whose units are themselves quite 
complicated in geometry and materials. The purpose of this paper is to show that for some arrays with units 
moderated and partially decoupled by interstitial material, a detailed Monte Carlo calculation is capable of 
predicting critical configurations. 
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Report: TANSAO, 011, 387-389 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety-II 

Abstract/Keyterms: The HAMMER system, a computer code developed by J. E. Suich and H. C. Honeck, 
has been employed with some success on arrays of slightly enriched uranium tubes in light water. The 
agreement between calculations and benchmark experiments has been good enough to justify using the 
calculations as the basis for some criticality safety limits at Douglas United Nuclear. At this stage of 
development it is probably premature to extend the calculations to fuel designs that differ greatly from 
experimental check points. However, the criticality parameters generated from HAMMER calculations 
have been conservative in all systems examined to date. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: This series of measurements was stimulated by criticality questions associated with 
the processing and handling of graphite-uranium fuel for Rover reactors. It is directed specifically toward 
mixtures of this fuel with water or other hydrogenous material, in the hope of reducing large uncertainties 
attached to computed critical masses that had been used for safety guidance. To simulate near-homogeneous 
mixtures of rover fuel and water, unreflected critical parallelepipeds of uranium(93.16) moderated with 
Plexiglas or Plexiglas-graphite combinations were set up within the aluminum matrix of a split-table 
assembly machine. 
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Assemblies Using, Comparison of Calculated and Measured; Gamma Radiation / Absorption in Critical 
Assemblies, Comparison of Calculated and Measured Heating from; Critical Assemblies / Gamma Heating 
Rate Measurements in, Comparison of Calculated and Measured Calorimetric 
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Reactor Core; Research Reactors; Rods; Uranium Dioxide 
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Configuration; Critical Assemblies; Criticality; Fuel Elements; Fuel Pins; Measurement; Numericals; 
Reactivity; Rods; Uranium Dioxide; Water Moderator 
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Abstract/Keyterms: The spatial infrastructure of the fluxes in a unit cell of the plate-type heterogeneous 
criticals is used to average the broad-group cross sections over space to account for heterogeneity effects. 
The adequacy of this procedure was tested by measuring the fission rates in uranium-235 and uranium-238 
as a function of position in a unit cell at the center of Assembly-6 of ZPR-6. 
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Abstract/Keyterms: This report deals with three topics: 1) are the conclusions in calculating uranium-235-
fueled fast critical assemblies confirmed by further experiments; 2) what are the results obtained for 
plutonium-fueled criticals if one includes the recent higher plutonium-alpha values?; and 3) what are the 
consequences for large power reactors? 
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Abstract/Keyterms: HEU-MET-FAST-051, HEU-MET-FAST-071, HEU-MET-FAST-076; To 
determine the adequacy of the assumption of loose coupling, i.e., the use of properties measured in isolated 
cores to describe the behavior of coupled assemblies, the results of Monte Carlo calculations of two-core 
delayed critical assemblies of enriched uranium (93.2 wt.% uranium-235) are compared with experiment. 
In a loosely coupled two-core assembly the multiplication factor of a core equals that of a single isolated 
core and thus implies an equality between the subcritical reactivity of an isolated core and the coupling 
reactivity in the two-core assembly. This equality is a measure of the adequacy of the assumption of loose 
coupling. Calculations were performed for 3 delayed critical assemblies of 2 slabs in which the large, 
adjacent, flat 20.32 by 25.40-cm faces were separated and parallel and the thin sides were coplanar, and 14 
delayed critical assemblies of 2 coaxial cylinders of 17.77-, 27.93-, or 38.09-cm diam with their flat faces 
separated. In one assembly the separation was zero. The neutron multiplication factor and some other 
calculated properties are given in table I for some assemblies. A core was divided into ten equal-thickness 
horizontal layers and the neutron production density was calculated in each layer for the assemblies of 
27.93-cm-diam cylinders. 
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Abstract/Keyterms: A series of calculations was performed in an attempt to predict the multiplication of 
oralloy critical assemblies rho = 18.8 g/cc; 93.5% enriched in uranium-235 surrounded by light reflectors. 
The clean critical experiments, performed several years ago at Los Alamos Scientific Laboratory, featured 
oralloy cores surrounded by four inches of beryllium, beryllium oxide, graphite, and water. In every case, 
the results revealed a significant over prediction of the multiplication factor. 
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Abstract/Keyterms: Six measurements have been performed at the Lawrence Radiation Laboratory to 
investigate systematic geometry changes in a critical, regularly spaced 4 x 4 x 4 array of plutonium parts. 
Contrary to expectation, these measurements show that the smallest unit cell volume occurs for a nearly 
cubical array. 
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Abstract/Keyterms: Earlier measurements of critical water-moderated and-reflected lattices of 4.89% 
uranium-235 enriched uranium rods 1.31, 2.07, and 2.49 cm in diameter, which provided reference for 
calculation of the criticality of heterogeneous assemblies of uranium of this enrichment, have been extended 
to rods 0.76 cm in diameter. The influence of the lattice pitch on the critical dimensions was determined by 
constructing several lattices in both square and triangular patterns. The data were then transformed, by 
equating bucklings using an extrapolation distance of 6 cm, to equivalent spheres for comparison with 
Clark's calculations. 
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scintillation counter was used to detect the 20-keV conversion x ray in rhodium-103 (57 min), 335-keV 
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magnitude of the various types of heterogeneity effects. The cross-section sets were used with 1-D and 2-
D diffusion codes and with 1-D transport code. 
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All other measurements were essentially unreflected. The critical thickness of the slab alone was also 
measured. 
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produced by the Kaman Nuclear A-800 generator in 3-to 5-microsecond bursts at 2 per second, or 4 per 
second. 
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is a two-zone system which reproduces many of the essentials of current demonstration reactor concepts, 
and has a much larger critical mass and critical volume than any other plutonium-fueled critical facility yet 
built. 
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molybdenum-reflected critical assembly, using spherical proton-recoil detectors. The critical assembly was 
built to investigated geometrical variables and reactivity effects of materials for a small, fast-spectrum 
conceptual reactor (lithium-cooled, uranium-235 nitride-fueled). Measurements were made at Atomics 
International where the critical assembly was designed, built, and operated. Calculations were made at the 
NASA Lewis Research Center. 
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Abstract/Keyterms: Assembly 7 of ZPR-6 is the first and least complex of the series of three assemblies 
to be constructed on ZPR-6 and ZPPR as part of the demonstration reactor benchmark program. It is a large, 
dilute plutonium-oxide-fueled single-zone core with the one-drawer unit-cell composition that matches 
both the inner-core composition of ZPPR assembly and the pin-Calandria composition of the variable 
temperature rodded zone. The blanket of Assembly 7 is depleted uranium, and the core's fertile-to-fissile 
ratio is about 6.5. 
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core physics parameters of the configurational heterogeneity differences between the normal plate-form 
ZPR fast critical assemblies and rodded assemblies typical of a plutonium-plutonium-dioxide-fueled 
LMFBR. These measurements are the first set of a series of heterogeneity measurements planned for the 
ANL LMFBR demonstration plant critical experiments program currently underway on ZPR-6 (Assembly 
7) and ZPPR (Assemblies 2 and 3). 
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Abstract/Keyterms: FTR-3 was the third of a series of relatively simple critical assemblies built by 
Argonne National Laboratory for the purpose of obtaining data for testing the analytical methods being 
developed to design the Fast Test Reactor (FTR). FTR-3 was slightly more complex than the first two 
assemblies of the series, FTR-1 and FTR-2. It had a cylindrical, two-zone plutonium-oxide/uranium-oxide 
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of nickel, stainless steel, and sodium. Whenever possible, quarter core symmetry was maintained 
throughout the FTR-3 experiments to simplify the analysis. 
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effectively reduced and criticality controls, improved through the proper use of neutron-absorbing and -
moderating materials near the fuel boundary. A series of critical approach experiments was conducted at 
the Battelle-Northwest Critical Mass Laboratory utilizing a split-table machine in order to measure effective 
isolation thickness values for several materials. Analytical methods were developed for investigating the 
effect of fuel geometry and material compositions upon the experimental results. As a result of the data 
analysis, a simplified experimental technique was developed for determining isolation thickness values 
from the reflector savings data. Also, it was determined that many of the currently acceptable isolation 
thickness values are low by at least a factor of two. It was found that the minimum isolation thickness values 
vary significantly with the cross-sectional area of the fuel system. Diffusion theory calculations indicated 
that the thickness of material necessary for isolating two critical fuel slabs of essentially infinite cross-
sectional dimensions was approximately a factor of four greater than that required for the experimental 
system. Also, it was found that the minimum isolation thickness value of concrete varies significantly with 
the hydrogen concentration. 
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Abstract/Keyterms: Fort St. Vrain (FSV) Nuclear Generating Station is this country's first commercial 
electrical plant to use the High Temperature-Gas Cooled Reactor (HTGR) concept. Currently, the plant is 
being prepared for commercial operation by the performance of a series of startup tests. Three types of 
neutron detector systems are installed to indicate reactor power and infer the reactivity status of the core. 
All three are based on the measurement of neutron flux leaking out of the core assembly. In addition to 
indication, the outputs of these instruments perform safety and control functions. The system for which 
nonlinear inverse multiplication was observed were the two startup channel boron-10 proportional counters, 
ranging from shutdown to a core power level of approximately 10/sup -3/%. The subcritical nonlinearity is 
peculiar to the particular fuel/source/detector configuration and could not be improved. 
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for self-shielding within each group. In order to achieve this objective, the PTM was extended to 
deterministic methods. The ALICE Monte Carlo Neutron Transport Code uses the PTM for all 175 energy 
groups which span the energy range from thermal to 20 MeV. The TART, ALICE, and MCN codes were 
used to determine the critical radius of a sphere of UH3, where the U235 enrichment varied from 20 to 
100%. The PTM was used to calculate the transmission through a 30 cm iron plate. The source was normal 
to the slab and distributed as 1.0/E from 20.0 MeV to 1 keV. For the problems investigated the ALICE code 
can calculate both shielding and criticality problems as accurately as the pointwise code MCN. 
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lattices of uranium metal or uranium oxide rods. A set of uranium solution experiments over a wide range 
of hydrogen to uranium-235 ratios was also evaluated. 
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arrays may be adequate for transportation packages; (2) criticality assessments made for one fissile material 
can be extended to other materials which have defined equivalent masses for array criticality of air-spaced 
units; and (3) a uniform minimum margin of subcriticality can be established for transportation of packaged 
fissile materials. 
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235-aluminum alloy fuel forms. A previous paper describes pulsed reactivity measurements and 
calculations for regularly spaced, rectangular, subcritical arrays of large alloy (1.94 kg uranium-235 per 
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235 per foot, the pulsed experiments are more accurately analyzed, and the measurements for both 7-
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correlating the experiments with theory and for code and cross-section validation. This paper summarizes 
the results of these benchmark calculations. 
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Abstract/Keyterms: Some of the design calculations for a collimator for TFTR application are presented 
and discussed. Discrete ordinates transport calculations have been completed for several right circular 
cylindrical stainless steel collimators using a 14-MeV neutron, isotropic, 30-cm radius disc source to 
approximate a plasma volume source. The collimators considered in these survey calculations consisted of 
3-cm diameter columns centrally located in 60-cm diameter stainless steel cylinders that varied in length 
from 30 to 180 cm. The source-collimator-detector configurations consisted of the uniform disc source 
located 60 cm from the entrance of each collimator and a 6-cm diameter 6-cm long right circular cylinder 
detector located at various distances from the exit of each collimator. The configurations were analyzed 
with the first collision source code GRTUNCL and the two-dimensional discrete ordinates code DOT III 
using an S/sub 4/ angular quadrature. (MHR) 
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Abstract/Keyterms: The paper sets forth a general method to demonstrate the quantitative consistency (or 
inconsistency) of results of thermal reactor lattice experiments. The method is of particular importance in 
selecting standard “benchmark” experiments for comparison testing of lattice analysis codes and neutron 
cross sections. “Benchmark” thermal lattice experiments are currently selected by consensus, which usually 
means the experiment is geometrically simple, well-documented, reasonably complete, and qualitatively 
consistent. A literature search has not revealed any general quantitative test that has been applied to 
experimental results to demonstrate consistency, although some experiments must have been subjected to 
some form or other of quantitative test. The consistency method is based on a two-group neutron balance 
condition that is capable of revealing the quantitative consistency (or inconsistency) of reported thermal 
benchmark lattice integral parameters. This equation is used in conjunction with a second equation in the 
following discussion to assess the consistency (or inconsistency) of: (1) several Cross Section Evaluation 
Working Group (CSEWG) defined thermal benchmark lattices, (2) SRL experiments on the Mark 5R and 
Mark 15 lattices, and (3) several D2O lattices encountered as proposed thermal benchmark lattices. 
Nineteen thermal benchmark lattice experiments were subjected to a quantitative test of consistency 
between the reported experimental integral parameters. Results of this testing showed only two lattice 
experiments to be generally useful as “benchmarks,” three lattice experiments to be of limited usefulness, 
three lattice experiments to be potentially useful, and 11 lattice experiments to be not useful. These results 
are tabulated with the lattices identified. 
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Radioisotopes 220100* - Nuclear Reactor Technology- Theory & Calculation 
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Abstract/Keyterms: A correlation technique was developed to make the accuracy of complex and long-
running resonance treatments available in fast, routine calculations. The technique is based on the subgroup 
method and is used to generate group-averaged resonance reaction rates. By fitting the correlation to several 
detailed auxiliary resonance calculations, a set of weights (the Lebesgue measure) is obtained. The weights 
may then be applied to a wider range of new cases. Use of the correlation technique results in one-tenth the 
computational burden of the detailed resonance treatment; yet, the results duplicate the detailed calculations 
to within 1/100 percent in k(eff) 
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Abstract/Keyterms: The care taken at the Savannah River Laboratory and Plant to ensure the validity of 
calculated subcritical limits is described. Close attention is given to ANSI N16.1-1975,”Validation of 
Calculational Methods for Nuclear Criticality Safety." The computer codes used for criticality safety 
computations, which are listed and are briefly described, have been placed in the SRL JOSHUA system to 
facilitate calculation and to reduce input errors. A driver module, KOKO, simplifies and standardizes input 
and links the codes together in various ways. For any criticality safety evaluation, correlations of the 
calculational methods are made with experiment to establish bias. Occasionally subcritical experiments are 
performed expressly to provide benchmarks. Calculated subcritical limits contain an adequate but not 
excessive margin to allow for uncertainty in the bias. The final step in any criticality safety evaluation is 
the writing of a report describing the calculations and justifying the margin. 
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Abstract/Keyterms: The text of the plan is given, and some of the guidelines followed in writing it are 
discussed to aid others who may be faced with the same task. The plan is divided into four sections. The 
Introduction describes the general functions and purpose of the calculational program. The second section, 
Activities and Responsibilities, lists specific tasks and their purposes and assigns responsibility for 
performance. The third section references relevant documentation (e.g., ANSI standards), and the final 
section describes quality plans for specific functions. 
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Abstract/Keyterms: Well-established computer codes are rendered useless if the user does not understand 
the underlying principles governing the code. A sampling of Monte Carlo Neutron Photon (MCNP) and 
KENO V.a computer code users has revealed a common misuse of the cross-section tables because of lack 
of foreknowledge. Cross-section tables are available to MCNP that account for molecular binding of less 
massive nuclei. However, the default tables are based upon collision physics of a free atom. The cross 
sections available to KENO V.a are based upon infinitely dilute systems. This can result in undesirable 
effects in criticality calculations of heterogeneous systems. This paper will describe the underlying physics 
and effects on criticality calculations of the various cross-section tables. 
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Abstract/Keyterms: It is concluded that nearly all assumptions related to a moderated-array calculational 
study must be tested. For instance, a calculation of full-density, highly enriched uranium loadings is not in 
itself proof of the safety for all lower densities, lower enrichments, or material diluents that may occur. The 
only assumptions which may not need testing are that (1) the reduction in mass of fissile material loadings, 
or (2) a reduction in the number of packages within an array will produce lower k(eff) values. 
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Abstract/Keyterms: Concrete is a widely used structural material which occurs frequently in systems 
requiring criticality analyses. Ordinarily, we give little thought to what its actual composition is (as 
compared to reference compositions), yet in criticality safety, differences in composition can cause large 
changes in k-effective and it may not be easy to predict in which direction the change will occur. Concrete 
composition is quite variable with differences in the aggregate used in the concrete in various parts of the 
country providing relative large differences in k-effective. The water content of concrete can also strongly 
affect the reactivity of a system in which it acts as a reflector or is interspersed between fissile units. Because 
concrete is so common and is often (but not always) a better reflector than water, one must know the 
concrete compositions or be prepared to use a “worst case” composition. It may be a problem, however, to 
determine just what is the worst case. At the Hanford Plant, the aggregate normally used is basalt, which 
gives a composition very low in carbon as opposed to those areas (e.g., Oak Ridge) where the use of 
limestone aggregate will result in concrete with a high carbon content. The data presented show some of 
the effects found in situations using “Hanford” concrete, but similar effects might be found with other 
compositions. In some cases, the use of concrete may be incidental to the effects shown. While the numbers 
shown are those for actual systems, the primary intent is to alert the reader that these effects can occur. In 
applying this information, the analyst should use material specific to the systems being analyzed. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Risk Analysis and Human Factors Engineering 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: General Studies of Nuclear Reactors; Criticality; Data Compilation; Bibliographies; 
Nuclear Data Collections; Data; Document Types; Information; Numerical Data 
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Title: Interlaboratory Computational Comparisons of Critical Fast Test Reactor Pin Lattices 

Date: 6/1/1979 

Report: TANSAO, 032, 323-325 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: An objective of the Consolidated Fuel Reprocessing Program's (CFRP) nuclear 
engineering group at Oak Ridge National Laboratory (ORNL) is to ensure that chemical equipment 
components designed for the reprocessing of spent LMFBR fuel (among other fuel types) are safe from a 
criticality standpoint. As existing data are inadequate for the general validation of computational models 
describing mixed plutonium-uranium oxide systems with isotopic compositions typical of LMFBR fuel, a 
program of critical experiments has been initiated at the Battelle Pacific Northwest Laboratories (PNL). 
The first series of benchmark experiments consisted of five square-pitched lattices of unirradiated Fast Test 
Reactor (FTR) fuel moderated and reflected by light water. Calculations of these five experiments have 
been conducted by both ORNL/CFRP and PNL personnel with the purpose of exploring how accurately 
various computational models will predict k(eff) values for such neutronic systems and if differences 
between k(eff) values obtained with these different models are significant. 
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Title: SSTR Dosimetry in Critical Mass Measurements 

Date: 6/1/1979 

Report: TANSAO, 032, 325-326 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: As part of the Advanced Fuel Recycle Program, critical mass measurements have 
been made of several lattices consisting of mixed oxide (PuO2-UO2) fuel pin in water. In addition to 
providing a reliable technological basis for nuclear criticality control, these measurements are designed to 
provide benchmark data for validation of cross sections and calculational techniques used for mixed 
plutonium and uranium systems. In order to characterize some of the lattices more thoroughly, spatial 
fission rate distributions were measured using solid state track recorders (SSTR). These fission rate 
traverses cannot only be compared with calculated shapes, but since SSTR observations provide absolute 
fission rates, the data were also used as input to the multiple-foil unfolding code, SAND-II, to derive 
adjusted neutron spectra. The extremely high sensitivity of the SSTR method affords in-situ dosimetry for 
critical mass measurements with negligible spatial and spectral perturbations. 
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Author: Durst, B. M. / Bierman, S. R. / Clayton, E. D. 

Title: Critical Experiments with Solid Neutron Absorbers and Water-Moderated FTR Fuel Pins 

Date: 6/1/1979 

Report: TANSAO, 032, 326-328 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Fuel Pins; Criticality; 
Plutonium Dioxide; Uranium Dioxide; Boron; Cadmium; Configuration; Fast Reactors; Gadolinium; 
Materials Handling; Neutrons; Poisoning; Actinide Compounds; Baryons; Chalcogenides; Elementary 
Particles; Elements; Epithermal Reactors; Fermions; Fuel Elements; Hadrons; Metals; Nucleons; Oxides; 
Oxygen Compounds; Plutonium Compounds; Plutonium Oxides; Rare Earths; Reactor Components; 
Reactors; Semimetals; Transuranium Compounds; Uranium Compounds; Uranium Oxides 
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Title: Critical Experiments Using High-Enriched Uranyl Nitrate with Cadmium Absorber 

Date: 6/1/1979 

Report: TANSAO, 032, 328-330 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: The critical experiments reported provide data for the effect of a soluble neutron 
absorber (cadmium nitrate) on the criticality of high-enriched uranium nitrate solution. These data can be 
used in criticality control and for validation of calculational methods. The experiments were performed 
with cylindrical vessels of two different diameters, 241.8 and 291.6 mm. Cadmium concentrations used in 
the high-enriched uranium solution ranged up to -- 11 gCd/iota. The vessels were reflected with water, and 
in some cases with water containing dissolved cadmium nitrate. The cadmium was found to be an effective 
neutron absorber when dissolved in the solution. 
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Title: Reactivity Effects Due to Spherical Fuel Particles in Uranium-Water Systems 

Date: 6/1/1979 

Report: TANSAO, 032, 330-331 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms:  
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Title: Dancoff Factor for Cubic Arrays of Spherical Fuel Particles 

Date: 6/1/1979 

Report: TANSAO, 032, 331-332 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Fuel Spheres; Dancoff 
Correction; Criticality; Uranium; Water; Actinides; Elements; Fuel Elements; Hydrogen Compounds; 
Metals; Oxygen Compounds; Reactor Components 
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Title: Some Results of Solid-Angle Study Using the SNAKE Code 

Date: 6/1/1979 

Report: TANSAO, 032, 332-333 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Engineering; Nuclear Fuel Cycle and Fuel Materials; Criticality; Computer 
Calculations; Fissile Materials Uranium; Water; Actinides; Computer Codes; Elements; Fissionable 
Materials; Hydrogen Compounds; Metals; Oxygen Compounds 
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Title: Critically Safe Concentrator 

Date: 6/1/1979 

Report: TANSAO, 032, 334-335 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms: Radiation Chemistry, Radiochemistry, and Nuclear Chemistry; Engineering; Nuclear 
Fuel Cycle and Fuel Materials; Concentrators; Criticality; Plutonium Nitrates; Aqueous Solutions; Design; 
Actinide Compounds; Dispersions; Mixtures; Nitrates; Nitrogen Compounds; Oxygen Compounds; 
Plutonium Compounds; Solutions; Transuranium Compounds 
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Title: Compact Handling and Storage of Bulk Solutions of Uranium-233, Uranium-235, and Plutonium-
239 

Date: 6/1/1979 

Report: TANSAO, 032, 335-336 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Plutonium 239; Materials 
Handling; Storage; Uranium 233; Uranium 235; Cadmium; Configuration; Criticality; Design; Hydrogen; 
Reactivity; Tanks; Actinide Isotopes; Actinide Nuclei; Alpha Decay Radioisotopes; Containers; Cryogenic 
Fluids; Elements; even-Odd Nuclei; Fluids; Heavy Nuclei; Isomeric Transition Isotopes; Isotopes; Metals; 
Minutes Living Radioisotopes; Nonmetals; Nuclei; Plutonium Isotopes; Radioisotopes; Uranium Isotopes; 
Years Living Radioisotopes 
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Title: CPVC Piping as a Secondary Criticality Control 
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Report: TANSAO, 032, 336-337 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms: Engineering; Nuclear Fuel Cycle and Fuel Materials; Materials Science; Pvc; 
Corrosion Resistance; Performance Testing; Uranyl Nitrates; Storage; Chlorinated Aliphatic 
Hydrocarbons; Criticality; Pipes; Poisoning; Polyvinyls; Tanks; Actinide Compounds; Containers; 
Halogenated Aliphatic Hydrocarbons; Nitrates; Nitrogen Compounds; Organic Chlorine Compounds; 
Organic Compounds; Organic Halogen Compounds; Organic Polymers; Oxygen Compounds; Polymers; 
Testing; Uranium Compounds; Uranyl Compounds 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms:  
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Title: Criticality Safety: Its Impact on HTGR Fuel Fabrication Processes 

Date: 6/1/1979 

Report: TANSAO, 032, 339 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuels- Fuels Production & Properties - Engineering- Handling Equipment & 
Procedures; Fuel Elements- Fabrication; Uranium Carbides- Fabrication; Uranium Dioxide- Fabrication; 
Criticality; Enriched Uranium; Fuel Spheres; HTGR Type Reactors; Surface Coating 



 

C-18756 

18705…..…..…………………..…….……..……ID Number…………………..…..…………….18705 

Author: Williams, G. E. / Alvares, N. J. 

Title: Enhanced Safety in the Storage of Fissile Materials 
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Report: TANSAO, 032, 339-340 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms:  
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Title: Design Considerations for a Uranium Dissolution Vessel 

Date: 6/1/1979 

Report: TANSAO, 032, 340-341 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Special Process Equipment for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Dissolvers; Design; Highly 
Enriched Uranium; Leaching; Criticality; Hydrofluoric Acid; Nitric Acid; Actinides; Dissolution; 
Elements; Enriched Uranium; Hydrogen Compounds; Inorganic Acids; Isotope Enriched Materials; Metals; 
Separation Processes; Uranium 
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Title: Incident Reporting at DOE Nuclear Facilities 
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Report: TANSAO, 032, 710 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Usefulness of Operating Reliability Data 

Abstract/Keyterms:  



 

C-18759 

18708…..…..…………………..…….……..……ID Number…………………..…..…………….18708 

Author: Lucius, J. L. / Marable, J. H. 

Title: Influence of Fission Spectra Uncertainties on Calculated Fast Reactor Parameters 

Date: 6/1/1979 

Report: TANSAO, 032, 731-732 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Prompt Fission Neutron Spectra 

Abstract/Keyterms: Nuclear Physics and Radiation Physics; Fission Neutrons; Energy Spectra; Neutron 
Reactions; Fission; Plutonium 239 Target; ZPR-6 Reactor; Criticality; Accuracy; Data Covariances; Fast 
Reactors; Isolated Values; Sensitivity Analysis; Theoretical Data; Baryon Reactions; Baryons; Data; Data 
forms; Elementary Particles; Epithermal Reactors; Experimental Reactors; Fermions; Hadron Reactions; 
Hadrons; Information; Neutrons; Nuclear Reactions; Nucleon Reactions; Nucleons; Numerical Data; 
Reactors; Research and Test Reactors; Spectra; Targets; Zero Power Reactors 
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Title: Nuclear Pumped Laser Reactors 

Date: 6/1/1979 

Report: TANSAO, 032, 742 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Data - I 

Abstract/Keyterms: General Studies of Nuclear Reactors; Gas Fueled Reactors; Reactor Kinetics; 
Configuration; Criticality; Lasers; Uranium Hexafluoride; Actinide Compounds; Fluid Fueled Reactors; 
Fluorides; Fluorine Compounds; Halides; Halogen Compounds; Homogeneous Reactors; Kinetics; 
Reactors; Uranium Compounds; Uranium Fluorides 
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Author: Bhattacharyya, S. K. 

Title: Measurement of the Doppler Reactivity Worth of UO2 and ThO2 in an LMFBR Spectrum 

Date: 6/1/1979 

Report: TANSAO, 032, 784-785 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement and Calculation of Reactor Parameters 

Abstract/Keyterms: ZPR9-32 
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Author: Mihalczo, J. T. / Selby, D. L. / Knee, H. E. 

Title: Theoretical Evaluation of Ex-Vessel Monitoring for Initial Fuel Loading of a Liquid Metal Fast 
Breeder Reactor 

Date: 6/1/1979 

Report: TANSAO, 032, 787-789; CONF-790602-52 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement and Calculation of Reactor Parameters 

Abstract/Keyterms: Transport theory calculations were used to determine the feasibility of monitoring the 
fuel loading to initial criticality of the Clinch River Breeder Reactor (CRBR) with a detector in a cavity 
outside the reactor vessel. Such monitoring of the CRBR with an ex-vessel detector will be different from 
monitoring of previous LMFBRs, where in-vessel detectors were used. The feasibility of ex-vessel 
monitoring will depend mainly on two criteria: (1) sensitivity - will there be enough counts to obtain 
adequate counting statistics; and (2) interpretability - will the count rate obtained during the initial fuel 
loading sequence be sufficient to determine the neutron multiplication or reactivity. Satisfying these criteria 
will assure that the reactor can be loaded safely to initial criticality. The sensitivity criterion can be satisfied 
by inserting an additional neutron source (one much more intense than the inherent neutron source of the 
fuel subassemblies) into the core center and using ex-vessel detectors with high sensitivity, such as multiple 
BF3 counters mounted in a graphite moderator block. These calculations were used to determine the 
intensity of the additional source required to produce adequate counting rates at the ex-vessel detectors. 
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Author: Knief, R. A. 

Title: Nuclear Fuel Cycle Education Module on Nuclear Criticality Safety 

Date: 11/1/1979 

Report: TANSAO, 033, 119 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Fuel Cycle Education Modules 

Abstract/Keyterms: Nuclear Facilities; Recommendations; Safety 
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Title: Regulatory History and Status of Nuclear Criticality Safety Research 

Date: 11/1/1979 

Report: TANSAO, 033, 357-358 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: Nuclear Facilities; US Organizations 
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Title: Pacific Northwest Laboratory Experimental Criticality Program on LWR Fuel Element Systems 

Date: 11/1/1979 

Report: TANSAO, 033, 358-360 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Fuel Elements; Criticality; 
BWR Type Reactors; PWR Type Reactors; Storage; Transport; Uranium Dioxide; Actinide Compounds; 
Chalcogenides; Oxides; Oxygen Compounds; Reactor Components; Reactors; Uranium Compounds; 
Uranium Oxides; Water Cooled Reactors; Water Moderated Reactors 
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Author: McCarthy, J. D. 

Title: Experimental Programs at Rockwell International's RFP Critical Mass Laboratory 

Date: 11/1/1979 

Report: TANSAO, 033, 360-361 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: Engineering; Enriched Uranium; Criticality; Plutonium; Uranium Trioxide; Uranyl 
Nitrates; Laboratories; Tanks; Actinide Compounds; Actinides; Chalcogenides; Containers; Elements; 
Isotope Enriched Materials; Metals; Nitrates; Nitrogen Compounds; Oxides; Oxygen Compounds; 
Transuranium Elements; Uranium; Uranium Compounds; Uranium Oxides; Uranyl Compounds 
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Author: Westfall, R. M. 

Title: Methods Development for Criticality Safety Analysis 

Date: 11/1/1979 

Report: TANSAO, 033, 361-362 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: A status review on the work at Oak Ridge to develop improved methods for 
performing multigroup, discrete-ordinates, and Monte Carlo criticality safety analyses is presented. In the 
area of multigroup cross section preparation this work entails the testing of ENDF/B-IV based and other 
cross-section libraries in the SCALE system, the development of improved cross-section processing 
methods for the AMPX system, and the generation of an ENDF/B-V based library. In the area of systems 
analysis this work entails improvements to the one-dimensional discrete-ordinates code XSDRNPM-S, the 
testing of the combinatorial geometry version of KENO, KENO-IV/CG, and development of an advanced 
version of KENO, KENO-V. Also presented is a brief review of the existing criticality safety analytical 
sequences in the SCALE system, CSAS1 and CSAS2, and the development of the advanced analytical 
sequences CSAS3 and CSAS4. 
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Title: Dissolution and Storage Experimental Program with U[4.75]O2 Rods 

Date: 11/1/1979 

Report: TANSAO, 033, 362-364 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: The Nuclear Safety Department of the French Commissariat a l'Energie Atomique 
has achieved an important experimental program relating to the criticality of 4.75-wt%-235/U-enriched 
UO2 rods in water with various configurations. Two series of recent results are presented first series, 
completing the parametric study, deals with square-pitch lattices immersed in a sodium nitrate solution 
(H2O+NaNO3), and the second series deals with four assemblies of 1818 rods, between which various 
hydrogen compounds have been interposed. 
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Author: Hoovler, G. S. / Baldwin, M. N. / Eng, R. L. 

Title: Utilization of B&W Critical Facility in Support of Spent-Fuel Storage 

Date: 11/1/1979 

Report: TANSAO, 033, 364-366 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: Nuclear Fuels- Health & Safety; Nuclear Fuels- Transport, Handling, & Storage; 
Engineering- Handling Equipment & Procedures; Fuel Pools- Critical Size; Spent Fuel Storage; Criticality 
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Title: Experimental Programs at the Hanford N Reactor in Support of Spent-Fuel Storage 

Date: 11/1/1979 

Report: TANSAO, 033, 366-367 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status of Experimental Programs and Research Projects 

Abstract/Keyterms: Specific Nuclear Reactors and Associated Plants; N-Reactor; Criticality; Spent Fuel 
Storage; Spent Fuel Elements; Enriched Uranium Reactors; Fuel Elements; Graphite Moderated Reactors; 
LWGR Type Reactors; Plutonium Production Reactors; Power Reactors; Production Reactors; Reactor 
Components; Reactors; Water Cooled Reactors 



 

C-18771 

18720…..…..…………………..…….……..……ID Number…………………..…..…………….18720 

Author: Westfall, R. M. / Knight, J. R. 

Title: SCALE System Cross-Section Validation with Shipping-Cask Critical Experiments 

Date: 11/1/1979 

Report: TANSAO, 033, 368 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Actinide Compounds; Actinides; Chalcogenides; Computer Codes; Containers; 
Elements; Isotope Enriched Materials; Metals; Oxides; Oxygen Compounds; Uranium; Uranium 
Compounds; Uranium Oxides 
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Author: Bucholz, J. A. / Westfall, R. M. 

Title: Reactivity Effect of Cross-Section Processing for Moist Bulk-Oxide Criticals 

Date: 11/1/1979 

Report: TANSAO, 033, 368-372 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Good multigroup cross-section data is necessary if accurate analyses of critical or 
slightly sub-critical systems are performed. How the flux spectrum as calculated by the Nordheim method 
and by a more exact method can ultimately affect the calculated multiplication and/or critical mass of 
slightly moderated bulk-oxide systems is shown. Self-shielded multigroup cross sections were generated 
using the Nordheim method as implemented in the NITAWL code and by a more exact method as 
implemented in the ROLAIDS code. To eliminate geometric effects, both codes were used to generate cross 
sections for an infinite homogeneous media of U3O8 and water (U = 4.65% Uranium-235). 
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Title: Improved Criticality Search Techniques for Low-and High-Enriched Systems 

Date: 11/1/1979 

Report: TANSAO, 033, 372-374 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: A new automated search technique has been developed to improve the computational 
efficiency of performing criticality searches on low and high enriched systems with codes such as ANISN 
and KENO-IV. The technique employs a least-squares fit to a cubic polynomial on parameter values that 
have been previously generated either by the Extended Mean Value Theorem (EMVT) or by previous curve 
fits. The solution of the cubic for its roots at the desired value of K-effective completes one pass for the 
fixed value search while the solution of its derivative provides information about maximum values. This 
new search technique has been implemented in a FORTRAN routine called OPTMIZ which will eventually 
be part of a module in the SCALE system. 
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Title: Critical Experiments Supporting Close-Packed Water Storage of Power Reactor Fuel 

Date: 11/1/1979 

Report: TANSAO, 033, 374-376 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Fuel Pools; Critical Size; Spent 
Fuel Storage; Benchmarks; Boron Carbides; BWR Type Reactors; Configuration; PWR Type Reactors; 
Boron Compounds; Carbides; Carbon Compounds; Reactors; Size; Water Cooled Reactors; Water 
Moderated Reactors Nuclear Fuels- Health & Safety; Nuclear Fuels- Transport, Handling, & Storage; 
Engineering- Handling Equipment & Procedures 
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Title: Criticality of Intermediate Uranium Enrichments 

Date: 11/1/1979 

Report: TANSAO, 033, 377-378 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Actinide Isotopes; Actinide Nuclei; Actinides; Alpha Decay Radioisotopes; 
Elements; Enriched Uranium; even-Odd Nuclei; Heavy Nuclei; Isomeric Transition Isotopes; Isotope 
Enriched Materials; Isotopes; Metals; Minutes Living Radioisotopes; Nuclei; Radioisotopes; Uranium; 
Uranium Isotopes; Years Living Radioisotopes 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear Fuels- Health & Safety - Engineering- Handling Equipment & Procedures - 
Nuclear Fuels- Transport, Handling, & Storage; Fuel Pools- Criticality; BWR Type Reactors; Fuel Racks; 
PWR Type Reactors; Spent Fuel Storage 
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lattice modeling capabilities of MORSE-SGC/S and KENO-IV are explained. After discussing the 
calculational difficulties and the analytical tools, the development of the disrupted core models is presented 
along with the procedure utilized in generating macroscopic cross sections. 
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production of alpha particles from a thermal neutron flux, a thorium-230 alpha particle source for the 
continuous monitoring of the radiation detection circuits, and an internal clock which produces an alarmed 
condition if the detector amplifier circuit fails. This neutron detector unit is designed to replace the existing 
neutron detector in the criticality alarm systems at Rocky Flats. Coincidence circuits, interface system and 
audio signal generators used in the output of the alarm system are described. The system meets the criteria 
for the American National Standards and the USDOE Manual Chapter for detection, alarm, and signal 
output requirements. 
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Criticality; Flow Models; Fuel Motion Detection; Heterogeneous Reactor Cores; Phase Transformations; 
Treat Reactor 
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Conference Session: Nuclear Data 

Abstract/Keyterms: Selected critical experiments-TRX 1 and 2 (U metal; BNL 1, 2, 3, (ThO2/U-233); 
and B and W TUPE 15B (ThO2/U-235)-were analyzed using ENDF/B-V data, and the results were 
compared to the measured parameters and to values obtained using ENDF/B-IV. Calculations were 
performed with DIT, an integral transport assembly design code developed at C-E. A heterogeneous cell 
calculation in 85 energy groups was performed for each configuration. Leakage was accounted for through 
B-1 calculation using the measured bucklings. Overall, ENDF/B-V data have been found to improve the 
agreement with experimental results with the exception of the TUPE 15B core. However, the changes in 
the capture cross sections of U-238 (epithermal) and Th-232 do not fully resolve the long-standing 
differences with the measurements. 
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Abstract/Keyterms: The purpose of the thermal reactor data testing effort is to determine the adequacy of 
basic cross section data in thermal reactor applications, and particularly for beginning of life criticality 
calculations. This data testing effort has (ENDF/B) sets, and thus has stimulated new differential data 
measurements and improved evaluations; provided standard calculated results against which approximate 
or newly developed accurate methods can be tested; identified inadequacies in Integral Experiments; and 
identified problems in specific calculational methods. 
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Cores; Reactor Experimental Facilities 



 

C-18903 

18852…..…..…………………..…….……..……ID Number…………………..…..…………….18852 

Author: Levine, S. H. / Ocampo, H. 

Title: Determination of the Keff of a Subcritical Assembly Using the Asymmetric Source Method 

Date: 11/1/1981 

Report: TANSAO, 039, 936-937 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement and Calculation of Reactor Parameters-II 

Abstract/Keyterms:  



 

C-18904 

18853…..…..…………………..…….……..……ID Number…………………..…..…………….18853 

Author: Baumgartner, J. A. / Choong, T. P. / Crowther, R. L. / Galloway, G. L. / Martin, C. L. / 
Nevinski, D. / Wolters, R. A. 

Title: Monticello Cold Local Critical Measurements 

Date: 11/1/1981 

Report: TANSAO, 039, 942-943; CONF-811103- 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Measurement and Calculation of Reactor Parameters - II 

Abstract/Keyterms: Specific Nuclear Reactors and Associated Plants; Monticello Reactor; Criticality; 
Neutron Flux; Burnup; Calculation Methods; Control Elements; Evaluated Data; Flux Density; Measuring 
Methods; Nuclear Data Collections; BWR Type Reactors; Data; Enriched Uranium Reactors; Information; 
Numerical Data; Power Reactors; Radiation Flux; Reactor Components; Reactors; Water Cooled Reactors; 
Water Moderated Reactors 



 

C-18905 

18854…..…..…………………..…….……..……ID Number…………………..…..…………….18854 

Author: Detilleux, E. / Geens, L. / Hild, W. 

Title: Reprocessing of Plutonium Enriched LWR Fuels 

Date: 6/1/1982 

Report: TANSAO, 040, 108 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reprocessing Policy 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Plutonium Dioxide; Reprocessing; Spent 
Fuels; Uranium Dioxide; Burnup; BWR Type Reactors; Criticality; Extraction; FBR Type Reactors; 
Government Policies; Liquid Wastes; Mixed Oxide Fuels; Plutonium; PWR Type Reactors; Actinide 
Compounds; Actinides; Breeder Reactors; Chalcogenides; Elements; Energy Sources; Epithermal 
Reactors; Fast Reactors; Fuels; Materials; Metals; Nuclear Fuels; Oxides; Oxygen Compounds; Plutonium 
Compounds; Plutonium Oxides; Reactor Materials; Reactors; Separation Processes; Solid Fuels; 
Transuranium Compounds; Transuranium Elements; Uranium Compounds; Uranium Oxides; Wastes; 
Water Cooled Reactors; Water Moderated Reactors 
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Processing; Wastes 
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Abstract/Keyterms: Nuclear safety for most fuels dissolved at SRP is ensured by some form of insert with 
a favorable geometry in a pot dissolver. A ten-well insert was designed which would permit an adequate 
charge of highly enriched U-Al alloy fuels of the MTR type. It can handle cylindrical fuel bundles up to 5 
in. dia. Dependence on administrative control is reduced. 
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Conference Session: Nuclear Criticality Safety of Dissolver Vessels 

Abstract/Keyterms: Nuclear criticality safety practices used at the Feed Materials Production Center at 
Fernald, Ohio in conjunction with its metal dissolving and nonmetal, e.g., ash and ore concentrates, 
digesting operations are reviewed. Operating procedures with several different types of dissolver or digester 
systems, i.e., metal dissolver, continuous, drum and safe geometry, are discussed. Calculations performed 
to verify the criticality safety of the operations are described. 
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Abstract/Keyterms: Data from critical experiments are required on the criticality of plutonium-uranium 
nitrate solutions to accurately establish criticality control limits for use in processing and handling of 
breeder type fuels. Since the fuel must be processed both safely and economically, it is necessary that 
criticality considerations be based on accurate experimental data. Previous experiments have been reported 
on plutonium-uranium solutions with Pu weight ratios extending up to some 38 wt %. No data have been 
presented, however, for plutonium-uranium nitrate solutions beyond this Pu weight ratio. The current 
research emphasis on the procurement of criticality data for plutonium-uranium mixtures up to 60 wt% Pu 
that will serve as the basis for handling criticality problems subsequently encountered in the development 
of technology for the breeder community. Such data also will provide necessary benchmarks for data testing 
and analysis on integral criticality experiments for verification of the analytical techniques used in support 
of criticality control. Experiments are currently being performed with plutonium-uranium nitrate solutions 
in stainless steel cylindrical vessels and an expandable slab tank system. A schematic of the experimental 
systems is presented. 
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Abstract/Keyterms: An existing American National Standard, ANSI/ANS-.12-1978 provides guidance 
for nuclear criticality control and safety of homogeneous plutonium-uranium fuel mixtures outside reactors. 
Critical dimensions for heterogeneous systems, however, will differ significantly from those of 
homogeneous systems, and the effect of higher isotopes of Pu also will differ due to self-shielding effects 
in the lattice (heterogeneous) systems. Therefore, data are required for criticality control of heterogeneous 
systems of mixed oxide fuels and Work Group ANS 8.12.1 of Subcommittee 8 of the American Nuclear 
Society Standards Committee was formed to provide this data. In connection with these activities, some 
data were previously reported on critical dimensions for arrays of (U,PUO2 rods in water. Since that 
information was presented, calculations have been extended to include the effects of higher isotopes of Pu, 
i.e., 240Pu and 241Pu, on the criticality of heterogeneous mixed oxide systems and a number of additional 
lattice benchmarks have been calculated as validation of the methods used. The results of these calculations 
are presented and discussed and compliment the data already available on homogeneous systems. 
Calculations were made with three different compositions of mixed oxides, 3 wt% Pu, 15 wt% Pu and 30 
wt% Pu in (U,PUO2 for three different isotopic compositions of Pu in the mixed oxide: 100 wt% 239Pu; 
79 wt% 239Pu, 15 wt% 240Pu, 6 wt% 241Pu; and 60 wt% 239Pu, 25 wt% 240Pu, 15 wt% 241Pu. 
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Abstract/Keyterms: The analysis shows good agreement between calculated and experimental values of 
the neutron doses at 6 meters, while the gamma-ray doses vary by 25%. For distances greater than 6 meters, 
there are larger differences between the calculated and experimental doses, which may be due to 
experimental uncertainties. The Henderson and ANSI-STD neutron and gamma-ray doses for the BARE-
SHEBA, LS-HPRR and BARE-HPRR configurations are also displayed. At distances of 6 meters and 
greater, the neutron doses of the LS-HPRR are similar to those of BARE-SHEBA. For the BARE-HPRR, 
the neutron doses are up to a factor of 8 greater. The gamma-ray doses of the LS-HPRR are smaller by as 
much as 75% of the BARE-SHEBA values. The gamma-ray doses of the BARE-HPRR and LS-HPRR 
show less variation. 
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suspending operations for an extended interval can also have very large fiscal impact, in addition to the 
obvious concern with operator safety. Clearly, the need is for appropriate control of risk without undue 
penalty to process efficiencies. A few examples demonstrate that good criticality safety practices can 
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waste heat rejection requirements) and to achieve the high power densities needed within a flowing gas 
aerosol core, thus avoiding the high-temperature materials problems of the conventional solid-fueled driver 
reactor concepts. The component experimental studies done over a decade ago with the gas core concept 
have been applied to the fission driven laser concept. Though these flowing gas simulation studies were 
then designed to examine the feasibility of the large high-power steady-state gas-core reactor concept 
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these experiments were on 18-in.-diam systems, and therefore of the order of magnitude of the unit cell of 
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Abstract/Keyterms: The US Dept. of Energy (DOE) plans for the management of spent power reactor fuel 
are based on the assumption that individual fuel rods may be removed from the fuel assemblies and 
consolidated in close-packed arrays, thus reducing the number of waste containers to be disposed of. The 
reasoning is that it may cost less to develop, build, and operate the facilities and equipment required for 
consolidation than it would to buy, load, and emplace the extra containers required for the disposal of intact 
fuel assemblies. In its role supporting the DOE’s Nevada Nuclear Waste Storage Investigations (NNWSI) 
project, Sandia National Laboratories has assessed the cost effectiveness of consolidation at a repository 
being considered for location in the tuff deposits at Yucca Mountain in Nye County, Nevada. For this study, 
it was assumed that all spent fuel is shipped to the repository as intact fuel assemblies. Costs were compared 
for two basic disposal options, one based on at-repository consolidation, the other based on disposal of 
intact fuel assemblies. For both options, mining, drilling, and emplacement costs were estimated for two 
emplacement configurations - single containers in vertical boreholes, and multiple containers in long, 
horizontal boreholes. 
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Abstract/Keyterms: The primary emphasis in the application of generalized perturbation theory (GPT) 
methods to date has been in the computation of cross-section sensitivities. These data sensitivity coefficients 
have been used extensively to evaluate the uncertainty of fast reactor performance parameters and to 
quantify the need for further nuclear data measurements. However, some recent work associated with the 
development of a GPT-based fuel management optimization algorithm has shown that perturbation methods 
can also play an important role in the engineering design of light water reactor (LWR) reload cores. These 
GPT methods, however, must be adapted to reflect current LWR design practices. In particular, the reactor 
must be kept critical and the effects of thermal-hydraulic feedback must be considered. Although criticality 
reset techniques (or k-reset) have been addressed previously, there does not appear to be any comprehensive 
GPT development that accounts for the indirect coupling (through feedback mechanisms) of the 
macroscopic cross sections to the neutron flux or reactor power distribution. The purpose of this paper is to 
present such a development - a static GPT formulation that includes feedback effects and k-reset. The 
approach taken here is to define a variational principle that includes these phenomena as constraint 
equations appended to the response functional using Lagrange multipliers. 
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operations or transport situations require consideration of moderation other than water. Such moderators 
could be oils, plastics, wood, concrete, carbon, or even wet sand. All of these materials contain either 
hydrogen, carbon, or mixtures of the two elements as the principal moderators. Other elements as part of 
the compounds or mixtures contribute less to the neutron slowing down process and can possibly be 
significant parasitic neutron absorbers. Results of a series of calculations are presented illustrating the 
impact of various moderators on critical masses or critical parameters as a function of lattice pitch for 
different uranium metal fuel elements at low 235U enrichments. Several nuclear criticality safety analyses 
performed at the Hanford N Reactor, operated by UNC Nuclear Industries for the US Department of Energy, 
have considered alternative moderators to assure that water moderation represented the most limiting case. 
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Abstract/Keyterms: The fissile material storage tanks in the Hanford Plutonium Critical Mass Laboratory 
(CML) in Richland, Washington, are presently being upgraded. During the design and planning phase of 
this modification, criticality analysis was necessary to compare potential moderator/absorber materials used 
as isolators between tanks. A parameter study was performed to assist in determining the appropriate 
moderator material to be used in the plutonium nitrate storage tank system in the mix room at the CML. 
Four moderator/absorber materials were identified as providing adequate isolation between the tanks. 
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Abstract/Keyterms: The ATMX-600 rail car is used by Rockwell International, Rocky Flats Plant, for 
shipping transuranic radioactive waste under provisions of US Department of Transportation (DOT) 
exemption E-5948. Recently, the safety analysis report for this container was revised to reflect minor 
operational changes and to propose new fissile material limits for the inner containers so as to increase the 
efficiency of these shipments. The Criticality Engineering Department of Rocky Flats undertook the task 
of evaluating these shipments using the fissile class I considerations set forth in 10CFR71.57. The criticality 
evaluation is based on results obtained using the KENO-IV Monte Carlo code with the Hansen-Roach 16-
group cross sections. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Rod consolidation activities were performed by Nuclear Assurance Corporation in 
late 1985 at the West Valley, New York, reprocessing facility, which is currently being decommissioned. 
This involved removing fuel rods from Westinghouse 14 x 14 pressurized water reactor assemblies initially 
enriched up to 2.8 wt% 235U and placing rods from several assemblies in storage containers with the same 
dimensions as the fuel assembly, thus providing more compact storage of the fuel. Criticality control during 
the process of removing and handling the fuel rods and the storage canisters is required to meet the fuel 
pool technical specifications that limit k(eff) to 0.95 or less and to avoid a criticality incident. No neutron 
poison materials are employed and sufficient fissile materials are present to form a critical system, so 
control of fuel geometry is the primary means of criticality control. The burnup of each assembly is different 
so that the burnup of rods stored in a consolidated canister is difficult to quantify, thus no credit can be 
taken for burnup in criticality analyses. The fuel must be controlled during movement to and from the 
consolidation equipment, during the consolidation process, and during storage of the consolidated fuel in 
the pool rack. Analyses were performed with the AMPX/KENO-IV computer codes to calculate k(eff) for 
conceivable fuel configurations. Modifications to the pool technical specifications were made accordingly. 
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Abstract/Keyterms: The new fluorinel dissolution process (FDP) at the Idaho Chemical Processing Plant 
(ICPP) is operated by Westinghouse Idaho Nuclear Company, Inc. (WINCO) for the US Department of 
Energy (DOE). The process dissolves irradiated, zirconium-based reactor fuels and adjusts the resultant 
solution for solvent extraction of uranium in another ICPP facility. The new facility has been described 
previously. The process requires a high 235U mass limit and the use of large-diameter vessels. The 
characteristics of the fuel, and hence the methods of ensuring criticality safety, change drastically during 
dissolution. As a result, it is necessary to use soluble neutron poisons in the process reagents. Criticality 
safety requires control of both the /sub 235/U mass in the system and the poison concentration. A safety 
system was developed to control the two independent variables. 
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Abstract/Keyterms: In October 1985, GPU Nuclear began the fuel removal phase of the recovery from 
the March 28, 1979, accident at the Three Mile Island Unit 2 (TMI-2) nuclear power station. Almost 3 yr. 
before the start of defueling, however, the planning activities for dealing with the criticality aspects of the 
core material had begun. As a result of the accident, the physical configuration of the core was unknown. 
Additionally, the various fuel geometries that could exist during defueling activities and hypothetical 
postulated accidents were unknown. These circumstances, coupled with the recovery approach selected, 
presented unique and first of a kind criticality safety obstacles. To address these issues and to demonstrate 
that fuel removal could be accomplished, while at the same time maintaining criticality safety, numerous 
evaluations were performed by an array of organizations. This paper provides an overview of the criticality 
evaluations performed. Additionally, this paper describes how these evaluations logically combine to form 
a comprehensive demonstration of criticality safety. The defueling technique implemented by GPU Nuclear 
is also briefly described. 
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Abstract/Keyterms: The nuclear criticality safety of the accident-damaged Three Mile Island Unit 2 (TMI-
2) reactor has depended primarily on the use of soluble neutron poison. Detailed calculations have been 
performed to establish the boric acid concentrations needed for subcriticality of postulated core 
configurations related to recovery and defueling activities. Based on the minimum acceptable boron 
concentration, operating requirements were developed, safety reviews conducted, strategies and procedures 
implemented, and training conducted. 
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Abstract/Keyterms: A major uncertainty facing Three Mile Island Unit 2 (TMI-2) defueling efforts 
involved understanding the response of the source range monitor (SRM) to core conditions prior to 
defueling, to changing core conditions experienced during various defueling operations, and to hypothetical 
changes in core reactivity. Since the accident, the SRMs were observed to be reading more than two orders 
of magnitude higher than could be accounted for by estimates of the neutron source strengths in the core 
and the k(eff) of the core. If these instruments were to be used as indicators of core status during the 
defueling, it was essential to understand this anomaly. This paper reports a series of analyses that showed 
the SRMs are in fact operating correctly and that the anomaly could be explained in terms of redistribution 
of fuel into the lower head of the pressure vessel. In addition, the authors analyzed a series of planned 
defueling operations and hypothetical reactivity changes. These analyses showed that the SRMs were 
insensitive as expected to minor changes in fuel distribution but would respond to changes in k(eff) provided 
these changes resulted in values of k(eff) close to 1. 
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Abstract/Keyterms: In December 1982, the Three Mile Island Unit 2 Division was considering the 
potential safety implications of a hypothetical accident that could possibly result in the loss of water from 
the reactor vessel. The criticality safety concern associated with this type of accident is that an unborated 
water environment could exist within the fuel region during this transient. Detailed evaluations of both the 
thermal-hydraulics and criticality safety aspects of this hypothetical accident have determined that an 
unborated steam/water environment within the damaged fuel is less reactive than a borated water 
environment. The most reactive dry core configuration is a semi-infinite cylinder with a radial boundary of 
the reactor vessel but no axial boundaries. The multiplication factor, k(eff), for this configuration is < 0.7. 
Thus, the dry core is not a criticality concern for the scenario outlined in the analysis. In addition, the core 
will not be further damaged by the thermal transients present during this postulated event. Therefore, the 
transition to and from a dry core would not become a criticality concern. 
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Abstract/Keyterms: One of the concerns associated with the damaged Three Mile Island Unit 2 (TMI-2) 
core has been the possibility of a loss of boron in the cooling water leading to a supercritical core condition. 
While the likelihood of this scenario seems very remote, the authors have analyzed a postulated model and 
find that even if an excursion were to occur, it should be slow, of modest peak power, and easily detected 
and corrected before any appreciable fission product inventory is generated. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Three Mile Island Unit 2 Core Removal: Nuclear Criticality Safety Considerations-
II 

Abstract/Keyterms: For the application of the Monte Carlo code KENO to the calculations of k(eff) for 
Three Mile Island Unit 2 (TMI-2) fuel in various arrangements, values of code bias were required. The 
presumed core configuration lay outside the region for which the code has been validated. There is an 
abundance of critical experiment data relevant to power reactor fuel assemblies and highly enriched 
systems. However, there are few experiments involving high boron content and close packing of fuel as 
expected in the damaged core configuration. Such fuel would exhibit a harder neutron spectrum than that 
of most thermal power reactors. There also are few experiments involving small containers of low-
enrichment UO2 with solid internal poisons, and thus exhibiting the relatively large neutron losses due to 
leakage and absorption by B4C that characterize the canisters to be used for storage of fuel removed from 
the reactor. The procedures for the benchmarking effort and resulting values of biases to be added to the 
k(eff) calculated by KENO are discussed. 
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Conference Session: Three Mile Island Unit 2 Core Removal: Nuclear Criticality Safety Considerations-
II 

Abstract/Keyterms: Recent work at Oak Ridge National Laboratory has focused on criticality assessments 
of configurations pertinent to the Three Mile Island Unit 2 (TMI-2) defueling. The TMI-2 Criticality Task 
force has adopted a bounding approach in defining a concentration of soluble boron that would maintain 
the core in a shutdown condition for all fuel removal operations. The analytical models and procedures 
employed in the design-basis study for establishing this limiting boron concentration were recently 
reported. This summary reports extensions to the design-basis study in two areas: (a) consideration of fuel 
particle sizes larger than the original UO2 pellet and (b) introduction of various foreign materials into the 
fuel rubble during defueling operations. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Three Mile Island Unit 2 Core Removal: Nuclear Criticality Safety Considerations-
II 

Abstract/Keyterms: The accident at Three Mile Island Unit 2 (TMI-2) resulted in most of the reactor 
core’s being reduced to debris ranging in size from very small fines to partial fuel assemblies. Babcock and 
Wilcox has designed three types of defueling canisters to receive this range of debris. Supporting these 
designs, detailed Monte Carlo reactivity calculations have been performed to ensure the criticality safety of 
each canister during the various loading, transfer, and storage conditions at the TMI-2 site. 



 

C-19094 

19043…..…..…………………..…….……..……ID Number…………………..…..…………….19043 

Author: Swan, Sam W. 

Title: Criticality Analyses for the TMI-2 Core Material Shipping Cask 

Date: 6/1/1986 
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II 

Abstract/Keyterms: The Nupac 125-B rail cask has been designed and manufactured by Nuclear 
Packaging, Inc., for the purpose of transporting core material from the Three Mile Island Unit 2 (TMI-2) 
reactor. The cask includes design provisions to maintain the contents in a subcritical condition under normal 
shipping conditions, and assuming the worst case accident in compliance with 10CFR71. 
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II 

Abstract/Keyterms: Canisters containing Three Mile Island Unit 2 (TMI-2) core debris will be researched, 
stored, and prepared for final disposition at the Idaho National Engineering Laboratory (INEL). The 
canisters will be placed into storage modules and assembled into a storage rack, which will be located in 
the Test Area North (TAN) storage pool. Criticality safety calculations were made (a) to ensure that the 
storage rack is safe for both normal and accident conditions and (b) to determine the effects of degradation 
of construction materials (Boraflex and polyethylene) on criticality safety. 
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Abstract/Keyterms: Detailed Monte Carlo calculations have been made of the reflector-controlled liquid-
metal reactor critical experiments performed in ZPRR-14. The principal result of the Monte Carlo study 
was calculation of the worth of various experimental reflector configurations. These values were compared 
with measured reflector worths and with results calculated with three-dimensional nodal diffusion theory 
and transport theory methods. 
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Abstract/Keyterms: For accurate analyses of fast critical assemblies, it is desirable to estimate transport 
effects using three-dimensional transport calculations. The three-dimensional transport calculations, 
however, are prohibitively expensive. Therefore, the transport effects are usually estimated using two-
dimensional models. The purpose of this report is to investigate the differences between the transport 
corrections predicted from two- and three-dimensional models and to assess the accuracy of two-
dimensional models. For the calculation of the three-dimensional transport corrections, they utilized the 
TRITAC code, which solves the three-dimensional eigenvalue problems based on a diffusion synthetic 
acceleration technique. 
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Abstract/Keyterms: The subcriticality of two interacting solution tanks was determined using 252Cf-
source-driven neutron noise analysis methods. This work was supported by a program of collaboration 
between the US Dept. of Energy and the Power Reactor and Nuclear Fuel Development Corporation of 
Japan to study aspects of nuclear criticality safety related to the development of fast breeder technology. 
These experiments were the first test of this method for an interacting system with materials (in this case, 
uranyl nitrate 140 g U/l, 93.15 wt% 235U) typical of nuclear materials in processing plants. 
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Abstract/Keyterms:  
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Abstract/Keyterms: Most utilities are pursuing extended fuel burnup for reasons attributable to the front 
end of the fuel cycle, however, increased burnup has several influences on the back end of the fuel cycle as 
well. For example extended burnup is one of the easiest and most economical ways to reduce storage 
requirements. As shown in the paper maximum at reactor (AR) storage requirements can be reduced by as 
much as 50% by the year 2000 by increasing fuel exposure approx. 3% per year from 1985 through 2000 
(e.g., to approx.45,000 MWd/ton heavy metal (HM) for pressurized water reactors and 38,000 MWd/ton 
HM for boiling water reactors), which in turn extends the useful life of existing storage capacity. A design 
objective of cask manufacturers is to simplify and minimize the maintenance and monitoring requirements 
for long-term storage. Taking credit for the known irradiation history in discharged fuel and the fact that 
this fuel has low residual reactivity is one way to achieve this objective. 
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Abstract/Keyterms: The utility industry's trend toward higher burnup fuel cycles (50, 000 MWd/ton heavy 
metal (HM)) will change the design parameters used in the development of fuel storage systems. The overall 
significance of these changes (in terms of technology and economics) is not completely understood. The 
intent of this paper is to investigate the effects of increased initial enrichment and burnup on typical high 
density pool storage, consolidated fuel storage, and dry storage. System capacity, shielding requirements, 
thermal hydraulics, criticality control, and cost are addressed, as applicable. Specific systems were selected 
for evaluation. The pool selected holds 1500 pressurized water reactor (PWR) storage sleeves in high-
density racks. 
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Abstract/Keyterms: The utility industry’s trend toward higher burnup fuel cycles (50, 000 MWd/ton heavy 
metal (HM)) will change the design parameters used in the development of fuel storage systems. The overall 
significance of these changes (in terms of technology and economics) is not completely understood. The 
intent of this paper is to investigate the effects of increased initial enrichment and burnup on typical high 
density pool storage, consolidated fuel storage, and dry storage. System capacity, shielding requirements, 
thermal hydraulics, criticality control, and cost are addressed, as applicable. Specific systems were selected 
for evaluation. The pool selected holds 1500 pressurized water reactor (PWR) storage sleeves in high-
density racks. 
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Abstract/Keyterms: Utility fuel managers have become very interested in higher burnup fuels as a means 
to reduce the impact of refueling outages. High-burnup fuels have significant effects on spent-fuel storage 
or transportation casks because additional heat rejection and shielding capabilities are required. Some 
existing transportation casks have useful margins that allow shipment of high-burnup fuel, especially the 
NLI-1/2 truck cask, which has been relicensed to carry pressurized water reactor (PWR) fuel with 56,000 
MWd/ton U burnup at 450 days of cooling time. New cask designs should consider the effects of high 
burnup for future use, even though it is not commercially desirable to include currently unneeded capability. 
In conclusion, the increased heat and gamma radiation of high-burnup fuels can be accommodated by 
additional cooling time, but the increased neutron radiation source cannot be accommodated unless the 
balance of neutron and gamma contributions to the overall dose rate is properly chosen in the initial cask 
design. Criticality control of high-burnup fuels is possible with heavily poisoned baskets, but burnup credit 
in licensing is a much more direct means of demonstrating criticality safety. 
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Abstract/Keyterms: Fuel consolidation equipment being designed and built for use at repositories or 
reactor sites have the common design objectives of maximizing packing and throughput while minimizing 
contamination and personnel exposure. In establishing design parameters for these systems, it is necessary 
to consider limiting cases. The effects of burnup could impact adversely on the operation and throughput 
of consolidation equipment. If proper consideration is given during the design process to high-burnup fuel, 
however, these impacts can be minimized. For the limiting cases of 60 GWd/ton U for pressurized water 
reactor (PWR) fuel and 50 GWd/ton U for boiling water reactor fuel, the impact of burnup on equipment 
design is assessed and equipment design applications are suggested. 
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Abstract/Keyterms: Spent nuclear fuel research and development (R and D) demonstrations and 
associated transportation activities are being performed as a part of the storage cask performance testing 
programs at the Idaho National Engineering Laboratory (INEL). These spent-fuel programs support the 
Nuclear Waste Policy Act (NWPA) and US Department of Energy (DOE) objectives for cooperative 
demonstrations with the utilities, testing at federal sites, and alternatives for viable transportation systems. 
A cooperative demonstration program with the private sector to develop dry storage technologies that the 
US Nuclear Regulatory Commission (NRC) can generically approve is in place as well as cost-shared dry 
storage R and D program at a federal facility to collect the necessary licensing data. In addition to the 
accomplishments in the cask performance and testing demonstrations, the long-distance transportation of a 
large number of spent-fuel assemblies is considered a success story. The evaluation and implementation of 
applicable requirements, industry perspective, and extensive planning all contributed to this achievement. 
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Abstract/Keyterms: This paper discusses the technology and experience gained in a series of reactor and 
fuels development facility decommissioning programs carried out by Babcock and Wilcox (B and W) at its 
US Nuclear Regulatory Commission (NRC)-licensed sites in Lynchburg, Virginia. Areas of generic 
application to future projects are particularly emphasized. The projects included one test and one research 
reactor, four low-power critical experiment facilities, and two buildings that housed plutonium/uranium 
fuels development laboratories. These projects were comprehensive; they included developing the 
decommissioning and quality assurance plans, interfacing with the NRC, performing the actual 
decontamination/dismantling work, performing predecontamination and final radiological surveys, and 
volume reducing, packaging, certifying, classifying and shipping the radioactive waste for disposal. 
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Abstract/Keyterms: The purpose of this paper is to describe the plans and design of a medium- to long-
term storage facility for source materials, special, and other nuclear materials. This project was identified 
by the Los Alamos National Laboratory (LANL) Long Range Planning Group as the key project in 
establishing a future growth policy for LANL’s Special Nuclear Materials (SNM) Park. Several unique 
features of this facility are discussed in detail. The nuclear material storage facility will be a much needed 
addition to the nuclear materials complex at LANL. Construction has begun and an anticipated completion 
data of August 1987 is very possible. Full operation of the facility should begin by early 1988. 
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Abstract/Keyterms: A new facility is being designed and built at the Idaho Chemical Processing Plant 
(ICPP) at the Idaho National Engineering Laboratory (INEL) near Idaho Falls, Idaho. The new facility, the 
Fuel Processing Facility (FPF), will replace existing ICPP facilities that have been in operation for almost 
35 yr. The new facility will include three cycles of uranium extraction, product denitration and product 
storage, along with the necessary support equipment, systems, and facilities to provide a fully acceptable 
uranium extraction facility. The FPF design is presently approx.40% complete. Site preparation and 
excavation are also complete. Selected long-lead procurement is in progress. Construction is scheduled to 
be completed in December 1992 with hot operation in December 1994. 
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Abstract/Keyterms: Holdup refers to the various forms of special nuclear material (SNM) deposited in 
process equipment, duct work, surfaces in work areas of plants, etc., in a form such that it is effectively 
removed from the intended nuclear material flow pattern of normal manufacturing procedures. Often this 
material is in a form in which it is not easily removable, otherwise it would have been recovered as part of 
normal periodic cleanout operations. The objectives of holdup measurement are ascertaining the amount, 
distribution, and how firmly fixed the SNM is. The purposes are varied and include some or all of the 
following: reconciling a material balance, to decide security requirements in a decommissioned facility, to 
decide whether recovery efforts are economical, or health and safety, or nuclear criticality control. To meet 
the needs of holdup assay a number of instruments and measurement techniques have evolved. Experience 
in measuring holdup indicates that the amount can be minimized and the ease of measurement can be 
increased by proper plant design. The assay of holdup should be recognized as an integral and normal part 
of the manufacturing process. Therefore, holdup measurement procedures should be established in advance 
as part of the engineering development of the process line or manufacturing campaign, and not be allowed 
to wait until an emergency is declared as is often the case. 
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Abstract/Keyterms:  
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Conference Session: Performance-Based Training for Nuclear Criticality Safety 

Abstract/Keyterms: Nuclear criticality safety training at U.S. Nuclear Regulatory Commission (NRC)-
licensed fuel fabrication facilities is based on performance. The training is intended to create an atmosphere 
where informed and educated employees are confident they can perform their job duties and at the same 
time prevent an accidental nuclear criticality. The purpose of this paper is to report the results of a recently 
conducted survey among NRC licensees concerning criticality safety training. The survey was conducted 
among nine major NRC-licensed fuel fabrication facilities representing seven different companies. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: During the 1980s the nuclear industry has made a major commitment to performance 
based training, investing in excess of one thousand person-years in the process. This commitment is 
evidenced in a variety of initiatives including: 1) the Institute of Nuclear Power Operation’s (INPO’s) 
training accreditation program; 2) the US Nuclear Regulatory Commission’s (NRC’s) “Commission Policy 
Statement on Training and Qualifications of Nuclear Power Plant Personnel, which,”; 3) the US Department 
of Energy’s (DOE’s) Order endorsement of ANSI/ANS 3.1 for Category A reactors and the initiation of 
Technical Safety Appraisals; 4) INPO’s conduct of job and task analyses for nuclear power plant personnel 
and development of an on-line computer system to make the information available to all utilities; and 5) 
NRC’s use of the INPO data base to develop performance-based licensing examinations for reactor 
operators. Each of the efforts is described briefly and some of the lessons learned through these efforts that 
can be applied to criticality safety training are discussed. Finally, it is shown how performance-based 
training is particularly related to the use of computers and simulators in training because the structured 
approach that is inherent in performance-based training provides the organization and sequencing of the 
training program and measurable standards of performance that are necessary to develop computer-based 
training. 
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Abstract/Keyterms: The task of keeping fissile material handlers current in their criticality safety 
certification, while necessary and important, can be extremely time consuming for the individuals involved 
and disruptive to the affected processes. At the Los Alamos Plutonium Facility, this problem has been 
partially solved by implementing a computer-assisted (CAI) recertification program. A brief description of 
the system, advantages and disadvantages of the system over the past safety meeting methods, changes in 
the system since its beginning, and plans for future improvements are presented in the paper. 
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Abstract/Keyterms: British Nuclear Fuel Limited (BNFL) operates the United Kingdom’s spent-fuel 
receipt, storage, and reprocessing complex at Sellafield. Spent fuel from graphite-moderated CO2-cooled 
Magnox reactors has been reprocessed at Sellafield for 22 yr. Spent fuel from light water and advanced gas 
reactors is stored pending reprocessing in the Thermal Oxide Reprocessing Plant currently being 
constructed. The range of knowledge and skills needed for plant operation, construction, and 
commissioning represents a formidable training requirement. In addition, employees need to be acquainted 
with company practices and procedures. Computer-based training (CBT) is expected to play a significant 
role in this process. In this paper, current applications of CBT to the filed of nuclear criticality safety are 
described and plans for the immediate future are outlined. 
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Abstract/Keyterms: The authors have developed an interactive computer-based simulator to teach 
concepts of criticality safety realistically and safely in training classes. Several demonstrations have been 
completed using interchangeable software and equipment modules. The system is very flexible, allowing a 
large selection of demonstrations to be developed. This paper describes the apparatus and its operation, and 
lists several advantages of its use. 
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Abstract/Keyterms: To support the operation of nuclear fuel dissolution systems using soluble boron as a 
neutron poison and to establish the system safety margin, a series of critical experiments performed at the 
Los Alamos Critical Assemblies Facility was analyzed. The experimental solutions were analyzed by 
analytical laboratories at Los Alamos National Laboratory and Westinghouse Idaho National Company for 
excess acid, uranium, and boron. The system was modeled with the MONK6.2 code along with its 
associated cross-section library and the system k(eff) calculated from the experimental critical heights to 
validate calculations for the fluorinel dissolution process at the Idaho Chemical Processing Plant. The 
results of the chemical analysis are shown. Boron enriched to 50.55 (wt%) in /sup 10/B was used to achieve 
a wide range of neutron-absorbing conditions without encountering solubility problems with the boric acid 
in the uranyl nitrate core solution. The k(eff) values obtained for the experiments show a general positive 
bias. The positive bias result supports the conservatism of the fluorinel dissolution process calculations with 
no bias adjustments necessary. Work is in process to try to determine whether the observed bias can be 
attributed to the cross-section libraries or calculational methods. 
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Abstract/Keyterms: Proposed storage arrays for highly enriched uranyl-nitrate solutions produced by 
Westinghouse Idaho Nuclear Corporation (WINCO) consist of thin rectangular slab tanks separated from 
adjacent tanks by neutron moderator/isolator materials to maintain a safe subcriticality margin. To validate 
the criticality codes used by Westinghouse in design of this proposed storage array, Los Alamos National 
Laboratory, under the auspices of the Office of Nuclear Materials Production of the US Department of 
Energy (DOE), has designed and performed a series of benchmark experiments at the Los Alamos Critical 
Experiments Facility (LACEF) intended to simulate the important neutronic characteristics of the array. 
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Abstract/Keyterms: In spite of precautions to prevent criticality accidents from occurring in fuel cycle 
installations, there is nevertheless some very low probability of risk that remains. In this eventuality, and 
because the Commissariat a l’Energie Atomique (CEA) is involved in the vast French electronuclear 
program which includes reprocessing, a sustained effort by safety authorities has been devoted to accident 
study problems and particularly to criticality accidents, to be able to give optimum warning time to 
operators, order evacuation of personnel, and to set up an intervention strategy in the shortest time possible. 
The CRAC and SILENE experimental facilities in the 1970s defined a new generation of criticality accident 
detection systems known as EDAC, manufactured and sold by the French Intertechnique Company. Now, 
in light of the two main conclusions resulting from these test programs, namely, the difficulty of defining 
a standard accident and the fact that it is impossible to establish a dose/fission number ratio, the detection 
system in service at present corresponds to the following essential physical criteria: 1. It is capable of 
covering all accident kinetics. 2. The sensors used give a total dose response in neutrons and gammas. 
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Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities from the VIewpoint of Safety Features that Can 
Contribute to Accident Prevention and Hazard Control. It Evaluates the Various Systems of An Operating 
Nuclear Facility to Determine How Well the Facility Uses or Supports the Safety Features that are Needed 
to Preclude An Accident of Control a Hazard. 
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Abstract/Keyterms: In recent years, utilities have needed to increase their spent-fuel storage capacity. 
Both Maine Yankee pressurized water reactor (PWR) and Vermont Yankee boiling water reactor (BWR) 
have increased their spent-fuel rack capacity by decreasing the canister center-to-center spacing while 
adding fixed poison. Licensing criticality analysis of such changes in spent-fuel rack design have been 
performed at Yankee Atomic Electric Co. (YAEC) using NITAWL-KENO-IV and the 123-group XSDRN 
library. However, KENO/Monte Carlo analysis has inherent drawbacks when applied to spent-fuel rack 
design and modification. These include statistical uncertainty and long computer time. In contrast, the 
transport theory code, CASMO-2, provides deterministic and fast criticality analysis. Also, since collapsed 
and transport-corrected cross sections are generated, PDQ can be used to analyze large array problems 
which are prohibitively expensive using KENO. In this work, the authors apply the CASMO-PDQ 
methodology to the Maine Yankee and Vermont Yankee high-density spent-fuel rack designs, and compare 
the final results against KENO. 
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Abstract/Keyterms: Personal computers (PCs) have widespread availability and use in many technical 
environments. The machines may have initially been justified for use as word processors or for data base 
management, but many technical applications are being performed and often the computer codes used in 
these technical analyses have been moved from large mainframe machines. The general feeling in the user 
community is that the free computer time on these machines justifies moving as many applications as 
possible from the large computer systems. Many of these PC applications cannot be justified if the total 
cost of using microcomputers is considered. A Hanford-wide local area network (LAN) is being established 
which allows individual PCs to be used as terminals to connect to mainframe computers at high data transfer 
rates (9600 baud). This system allows fast, easy connection to a variety of different computers with a few 
keystrokes. The LAN eliminates the problem of low-speed communication with mainframe computers and 
makes operation on the mainframes as simple as operation on the host PC, itself. 
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Abstract/Keyterms: Chemistry is rapidly becoming recognized as a key contributor to the high availability 
operation of nuclear power plants. Boric acid concentration measurement is a chemical parameter vital to 
criticality control of pressurized water nuclear power plants. The job of reliable, frequent boron analyses 
has recently been implemented by on-line boron analyzers. Brown Boveri Reaktor GmbH chose as their 
on-line analyzer for the Muelheim-Kaerlich (M-K), West Germany plant, the Random-Walk Boronimeter 
from Babcock Wilcox Company. The random-walk design is based on the statistical theorem that a walker 
taking steps in a random direction most probably returns to the starting position. This principle, when 
applied to the Boronimeter, means the neutron source and neutron detector are mounted together to take 
full advantage of the random-walk principle. The Boronimeter has been operating since June 1985 
providing, directly to the control room, boron values updated every 30 s. This period includes plant startup 
from hot functional testing through power escalation testing. During this period, the Boronimeter reflected 
changes in boron concentration in the reactor coolant system in < 5 min with an accuracy of {plus minus} 
1% or less for normal boron levels. 
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Abstract/Keyterms: An experiment was performed to determine the frequency domain noise equivalent 
source from the spontaneous fission of /sup 252/C. The measurements had maximum frequencies (<50 
kHz) much lower than those corresponding to the frequencies associated with emission and detection times 
of particles from spontaneous fission of 252Cf. This experiment was performed with a 252Cf source on one 
plate of a parallel-plate ionization chamber and two large plastic scintillators (2 x 1 x 0.33 ft) at distances 
of 75 to 150 cm from the source. This noise equivalent source is important when using the 252Cf source-
driven neutron noise analysis method to determine subcriticality at low values of k(eff) (<<0.8) because at 
low k(eff) values, fluctuations of the neutron population in the system caused by the varying numbers of 
neutrons from spontaneous fission of 252Cf become important. The noise equivalent source for these 
measurements has been formulated based on the Schottky formalism according to the method of Cohn. 
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Abstract/Keyterms: The United Kingdom Atomic Energy Research Establishment at Harwell has an 
extensive range of active handling facilities that are available for use in support of the various facilities that 
are available for use in support of the various nuclear programs. Currently the facilities consist of: 1. High-
activity handling cells which are heavily shielded concrete cells, capable of handling activities up to 10/sup 
6/-MeV Ci. 2. Medium- and low-activity cells, which are either concrete or lead shielded and equipped for 
mechanical, physical, and chemical examination of radioactive specimens. 3. Micro-handling cells which 
are equipped for micro-manipulation and detailed optical microscopy, scanning electron microscopy, and 
electron-probe microanalysis. Recent additions to improve the facilities include the introduction of a 
double-lidded transfer system to improve containment during posting operations, the introduction of a 
standard range of transfer flask and transport containers, and the use of circular filters for ease of 
replacement, disposal, and improved sealing arrangements. 
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Abstract/Keyterms: As part of a design project in the Dept. of Nuclear Engineering at Texas A and M 
Univ., a study was undertaken to develop a fully passive, highly reliable, space reactor system (FPSR) 
capable of delivering 100 kW(electric) over a 10-yr lifetime. This report summarizes the conceptual design 
phase and outlines anticipated work on the FPSR project. The purpose of the FPSR is not to compete with, 
but rather to complement, the SP-100 baseline reactor. The motivation for the new design is to provide a 
long-lived, high-level power source well suited for remote, unmanned, deep-space missions. In contrast to 
power systems that would be deployed for cislunar missions in which the power source could be replaced 
in case of malfunction, the type of missions envisioned for the FPSR system would preclude power package 
substitution or repair. As a result, the principal design concept for the FPSR is high reliability. This concept 
is based on the exploitation of fundamental physical laws to eliminate dependency on moving mechanical 
parts for reactor control, heat removal, and transport and power conversion. 
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Abstract/Keyterms: A criticality simulator has been used as part of the Nuclear Criticality Safety Training 
Program at Rockwell International’s Rocky Flats plant for over a year. This simulator consists basically of 
an IBM-PC with I/O devices and color graphics display. The threefold objective of the simulator is to 
impress upon plant personnel that: (1) the behavior of fissile material is inherently unpredictable by the 
nonspecialist, (2) a nuclear materials safety procedural infraction should never be corrected by the operator, 
and (3) prompt evacuation in the event of a criticality accident limits radiation exposure. 
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Abstract/Keyterms: Nuclear power plants are required by their technical specifications to estimate the 
conditions at which the reactor will achieve criticality. This calculation requires the combination of 
calculated physics data and measured plant parameters, each of which have inherent inaccuracies. After a 
study to improve the accuracy of estimated critical position calculations, Virginia Power developed an IBM-
PC based estimated critical position calculation (ECP), which performs the required calculations and prints 
a completed procedure ready for signature. The ECP procedure is fast and very accurate. It was the first 
computer-based station procedure adopted by Virginia Power and required the resolution of several 
technical and administrative challenges. 
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Abstract/Keyterms: Pacific Gas and Electric Company is developing several improvements to the axial 
flux difference (AFD) ex-core/in-core calibration procedure for its two Westinghouse pressurized water 
reactors (PWRs) at the Diablo Canyon Power Plant. Ex-core AFD (EAFD) indication is continuously 
provided by the four channels of power range nuclear instrumentation. The EAFD, a global indicator of 
core power distribution, is (a) administratively controlled to maintain power peaking within assumed initial 
conditions for accidents and (b) input to the reactor trip system to reduce the over temperature delta T trip 
setpoint for protection against a low departure from nucleate boiling ratio. Ex-core axial offset (EAO) is 
calibrated to in-core axial offset (IAO) during power ascension physics testing at the beginning of cycle 
(BOC) and periodically provided by the movable in-core detector system (MIDS) core flux maps. The 
calibration test was originally performed by reducing power to approx. 85% rated thermal power (RTP) 
and inducing a controlled xenon oscillation. The test duration is approx. 30 h, and the required frequency 
is at least once every 92 effective full-power days (EFPD) or whenever (EAFD deviates from in-core AFD 
(IAFD) by more than 3% AFD during the monthly flux map surveillance. A new procedure, which has 
already been implemented, permits the correlation of EAO to IAO at full power instead of 85% RTP, while 
still remaining within the narrow constant axial offset control (CAOC) limits. 
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Abstract/Keyterms: An engineering effort is currently under way at Three Mile Island Unit 2 (TMI-2) to 
provide equipment to defuel the region of the reactor vessel below the core. This area is a stainless steel 
structure called the lower core support assembly (LCSA). As one of several options, the plasma-arc cutting 
process has been selected to section the LCSA to provide large openings for debris removal from this region. 
Plasma arc is the only technique considered to be capable of cutting the LCSA in a reasonable time. Remote, 
underwater plasma cutting has been used previously for decommissioning and for modifications at 
operating reactors, such as St. Lucie. Cutting tests at a depth of 10.7 m (35 ft) on 5-cm (2-in.)-thick stainless 
steel established the feasibility of the TMI-2 application. 
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Abstract/Keyterms: As a consequence of the Three Mile Island Unit 2 (TMI-2) accident, the fuel was 
severely damaged, and fuel fines and fuel rubble were transported throughout the reactor coolant system 
(RCS) and to other systems connected to the RCS. Estimates of the quantity of fuel in equipment and piping 
outside the reactor vessel boundary have been developed based on component specific methods, such as 
sampling, monitoring by camera, and gamma spectroscopy. To ensure a safe, stable plant configuration 
during the postdefueling monitored storage (PDMS) phase, fuel must be removed from any area if the 
potential for criticality exists. The fuel quantity estimate is therefore used as a simple guideline to indicate 
potential need to removal fuel from ex-vessel locations. The juxtaposition of multiple fuel containing 
components is also considered. Components that have been considered as candidates for possible fuel 
removal are shown, and their estimated fuel quantities are listed. Three systems have been designed to 
defuel three specific ex-vessel areas: the pressurizer defueling system, the pressurizer spray line defueling 
system, and the plenum defueling system. 
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Abstract/Keyterms: Choice of a hydraulic fluid for use in the Three Mile Island Unit 2 (TMI-2) reactor 
vessel defueling equipment required consideration of the following constraints for the hydraulic fluid given 
an accidental spill into the reactor coolant system (RCS). The TMI-2 RCS hydraulic fluid utilized in the 
hydraulic operations utilized a solution composition of 95 wt% water and 5 wt% of the above base fluid. 
The TMI-2 hydraulic system utilizes pressures up to 3500 psi. The selected hydraulic fluid has been in use 
since December 1986 with minimal operational difficulties. 
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Abstract/Keyterms: A joint US-Japan Criticality Data Development Program was established in 1983 
under a Memorandum of Agreement (MOA) between the US Dept. of Energy (USDOE) and the Power 
Reactor and Nuclear Fuel Development Corp. of Japan (PNC). As part of this joint data development 
program, a criticality experimental program to provide a technological data base on nonreactor systems of 
plutonium-uranium mixtures was started in the USDOE Critical Mass Lab. at Hanford, Washington. The 
results of a series of experiments in this program, designed to provide data for comparing organic with 
aqueous moderated plutonium-uranium systems, are presented in this paper. 
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Abstract/Keyterms: Critical experiments have been conducted with organically moderated mixed-oxide 
(MOX) fuel pin assemblies at the Pacific Northwest Lab. Critical Mass Lab. These experiments are part of 
a joint exchange program between the US Dept. of Energy and the Power Reactor and Nuclear Fuel 
Development Corp. of Japan in the area of criticality data development. The purpose of these experiments 
is to benchmark computer codes and cross-section libraries and to assess the reactivity difference between 
systems moderated by water and those moderated by an organic solution. Past studies have indicated that 
some organic mixtures may be better moderators than water. This topic is of particular importance to the 
criticality safety of fuel processing plants where fissile material is dissolved in organic solutions during the 
solvent extraction process. In the past, it has been assumed that the codes and libraries benchmarked with 
water-moderated experiments were adequate when performing design and licensing studies of organically 
moderated systems. Calculations presented in this paper indicated that the Scale code system and the 27-
energy-group cross-section library accurately compute k(eff) for organically moderated MOX fuel pin 
assemblies. Furthermore, the reactivity of an organic solution with a 32 vol % TBP/68 vol% NPH mixture 
in a heterogeneous configuration is the same, for practical purposes, as water. 
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Abstract/Keyterms: Critical experiments are being conducted in the Battelle Pacific Northwest Lab.’s 
Critical Mass Lab. for the Consolidated Fuel Reprocessing Program using a variety of fast test reactor 
(FTR) fuel pin configurations and fissile solution concentrations. These experiments are being performed 
as part of a joint agreement between the US Dept. of Energy and the Power Reactor and Nuclear Fuel 
Development Corp. of Japan on criticality data development. On selected experimental assemblies in this 
program, absolute neutron reaction rates are being measured to provide basic neutron physics data for use 
in evaluating nuclear cross sections and calculational methods. The results obtained from the initial set of 
measurements in this program are presented in this paper. The initial series of reaction rate measurements 
were made in an experimental critical assembly of FTR fuel pins immersed in a tributylphosphate-normal 
paraffin hydrocarbon mixture. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: As part of a joint criticality data development program between the Power Reactor 
and Nuclear Fuel Development Corp. of Japan and the US Dept. of Energy, critical experiments have been 
conducted with organically moderated fast test reactor (FTR) mixed-oxide fuel pin arrays. The neutronic 
characteristics of an organic moderator can be examined by comparing the results of these experiments with 
the results of the same type of experiments performed with light-water-moderated systems. In recent 
experiments performed at the Battelle Pacific Northwest Laboratory`s Critical Mass Laboratory, five 
distances of the lattice pitches were utilized that span from soft to hard neutron energy spectra. These lattice 
pitches range from a volume ratio of 1.62 to 18.13. The organic solution consisted of approx. 32 vol % 
tributyl phosphate (TBP) and 68 vol % normal paraffin hydrocarbon (NPH). Results obtained by benchmark 
analyses of these experiments are discussed in this paper. 
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Abstract/Keyterms: The TRUEX solvent extraction process was developed to extract, separate, and 
recover transuranic (TRU) elements from nitrate media containing a wide range of acid, fission product, 
and salt concentrations. The process uses an actinide extractant chemical called CMPO, which selectively 
bonds to TRU elements and separates and purifies plutonium from aqueous solutions. Americium and 
plutonium are removed from the TRU waste stream to < 10 nCi/g. The resulting effluent is a low-level 
waste with a volume of approx. 1% of the original bulk, greatly reducing disposal costs. It is concluded that 
CMPO is approx. 2% less reactive than water as a moderator in the heterogeneous plutonium fuel-rod lattice 
system. The direct comparison to an actual criticality experiment supports that conclusion. A question 
remains as to whether or not the heterogeneous system measured is sufficiently representative of the 
homogeneous system in TRUEX. 
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Abstract/Keyterms: In the process of storing fuel from reactors capable of breeding fissile material, it is 
possible that the beginning-of-life fissile loadings are not the most reactive for the fuel. In this context, it is 
necessary to consider the bred fissile isotopes to ensure conservative safety margins on storage of these 
fuels. of particular interest for the Idaho Chemical Processing Plant were fuels consisting primarily of 235U 
as the fissile isotope, such as those for the Experimental Breeder Reactor (EBR-I and -II) and some light 
water breeder reactor (LWBR) test elements. This study examines the relative worth of additions of the 
isotopes 239Pu, 233U, and 235U to a 235U-fueled critical system. The equivalence relationship between 
fissile isotopes depends in a complex fashion on the neutron spectrum and the relative abundance of the 
isotopic species. 
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Abstract/Keyterms: Commercial fixed-neutron poison materials typically consist of a mixture of a neutron 
absorber such as boron in an aluminum or steel matrix. The neutron absorber is not evenly distributed 
(homogenized) within the matrix if the boron is in the form of boron carbide particles as is the case for 
Boral, which can allow neutrons to pass through the Boral between the boron carbide granules without 
being attenuated. This integranular channeling effect increases the transmission of neutrons through a Boral 
sheet and reduces the effectiveness for criticality control or neutron shielding. The channeling of neutrons 
between neutron absorber particles in fixed neutron poison materials can reduce the criticality control 
effectiveness of the material. This effect must be included in shipping cask licensing calculations and 
typically could result in a change in k(eff) of 1 or 2%. The intergranular channeling effect is caused by a 
particulate form of the neutron absorber and would be less significant for poison materials consisting of 
alloys of steel or aluminum with a boron or gadolinium neutron absorber. Such alloys could be used in 
future cask designs because of their contribution to the structural strength of a fuel basket and their relative 
insensitivity to intergranular channeling effects. 
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Abstract/Keyterms: Rockwell International's Rocky Flats plant has been involved in the investigation of 
cost-effective, reliable, and safe methods for the storage of high-concentration plutonium nitrate solutions 
during the past several years. The latest concept is the shielded annular tank (SAT). This tank design offers 
the advantages of high volume, relatively high floor space utilization, reduced neutron doses to operators, 
low maintenance costs, and easy shielding verification in a proven technology design. This paper reports 
results of an initial calculational study to investigate design parameters for a fissile solution storage tank 
based on the SAT concept. The KENO-IV code with the 16-group Hansen-Roach cross-section set was 
used for all the calculations. 
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Abstract/Keyterms: This paper describes dynamic measurements of the subcritical neutron multiplication 
factor using the 252Cf-source-driven neutron noise analysis method for a tank containing uranyl nitrate 
solution. These experiments are part of a program of collaboration between the US Dept. of Energy and the 
Power Reactor and Nuclear Fuel Development Corporation of Japan to study criticality safety related to the 
development of fast breeder technology. 



 

C-19141 

19090…..…..…………………..…….……..……ID Number…………………..…..…………….19090 

Author: Mihalczo, J. T. / Blakeman, E. D. / Ragan, G. E. 

Title: 252Cf-Source-Driven Neutron Noise Measurements for Three Interacting Tanks of Uranyl-Nitrate 
Solution 

Date: 6/1/1987 

Report: TANSAO, 054, 208-209 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms:  



 

C-19142 

19091…..…..…………………..…….……..……ID Number…………………..…..…………….19091 

Author: Fehlau, P. E. 

Title: Smoothing the Interface Between SNM Monitors and Facility Operations 

Date: 11/1/1987 

Report: TANSAO, 055, 018-019; CONF-871110-- 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Poster 

Abstract/Keyterms: Special nuclear materials (SNM) monitors are an important part of facility safeguards 
that have progressed from moderately sensitive pedestrian monitors for searching pedestrians, packages, 
and motor vehicles. The highly sensitive monitors are also more vulnerable to interference from facility 
operations with SNM. Good practice locates SNM monitors well away from operations involving SNM but 
sometimes a monitor must be operated in a much less than optimum environment, for example, adjacent to 
process streams, an SNM conveyor, or an SNM storage vault. During the past 4 yr, the advanced nuclear 
technology group at Los Alamos National Laboratory has assisted in resolving these problems by devising 
aftermarket remedies and by developing new monitoring methods and equipment. The SNM process areas 
have radiation fields that include direct and scattered gamma rays and neutrons. A multiple-strip (grating) 
collimator was developed that fits inside a standard U-shaped lead detector shield to narrow the detector's 
field of view. Prompt fission radiation from critical assembly operation also interferes with SNM monitor 
operation. Hand-held monitors can cope with high and variable background in some cases. Finally, 
prototype plutonium monitors have been developed that detect neutrons alone. 
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Abstract/Keyterms: Uranium enrichment by gas centrifuge is a commercially proven, viable technology. 
Gas centrifuge enrichment plant operations pose hazards that are also found in other industries as well as 
unique hazards as a result of processing and handling uranium hexafluoride and the handling of enriched 
uranium. Hazards also found in other industries included those posed by the use of high-speed rotating 
equipment and equipment handling by use of heavy-duty cranes. Hazards from high-speed rotating 
equipment are associated with the operation of the gas centrifuges themselves and with the operation of the 
uranium hexafluoride compressors in the tail withdrawal system. These and related hazards are discussed. 
It is included that commercial gas centrifuge enrichment plants have been designed to operate safely. 
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Abstract/Keyterms: Nuclear fuel cycles require conversion processes in which the product from 
preparation of purified uranium materials is converted into the feed for the fabrication of the reactor fuel. 
The preferred processes for conversion of uranyl nitrate solutions into UO2 for fabrication of nuclear fuel 
pellets all involve thermal decomposition of a solid into UO3 without melting. The criteria for comparisons 
of eight conversion processes apply to the preparation of UO2 suitable for pressing into fuel pellets starting 
with pure uranyl nitrate solutions of moderate concentrations. The conversion processes that appear most 
promising have striking similarities. A solid uranium compound is formed and then is thermally 
decomposed to UO3 without melting. Important characteristics of the UO3 and the subsequently formed 
UO2 are derived from those of the solid that is decomposed. This relationship is not possible for a simple 
thermal denitration in which molten uranyl nitrate decomposes to UO3. The reduction of the UO3 to UO2 
and stabilization of the UO2 are similar for all processes. The common characteristics of these conversion 
processes simplify the comparisons. The major differences will be in the solids preparation steps before the 
final thermal decomposition and in the waste treatments required. Process characteristics are listed and the 
similarities are indicated by a generalized flow sheet. 
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Abstract/Keyterms: The Reactor Critical Facility (RCF) at Rensselaer Polytechnic Institute (RPI) 
operated for almost a quarter century with highly enriched uranium (HEU) fuel in stainless steel clad. 
Although the RCF was used originally by the American Locomotive Company for critical experiments in 
support of the Army Package Power Reactor Program, RPI has operated the facility primarily for teaching 
purposes because the HEU fuel was not of current interest for industry critical experiments. The RCF has 
now been converted to 4.81 wt% enriched high-density UO2 fuel clad in approx. 1-cm-diam stainless steel 
tubes. This low-enriched uranium (LEU) fuel is relevant for light water reactors (LWRs) in view of the 
current trend toward high-exposure fuel with enrichment near 5 wt%. Critical experiment information is 
deficient in this area. The use of stainless steel cladding in the RCF rather than the Zircaloy cladding 
normally used in the LWR industry is a reasonably well understood perturbation. Thus, critical experiments 
are being carried out at the RCF in addition to the normal training functions. The RCF is the only facility 
in the US now available for conducting critical experiments in support of the LWR power industry, although 
several such facilities are in operation overseas. 
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Abstract/Keyterms: The nuclear safety justification of a mixed array of dissimilar fissile units of metal 
units and dilute solution units, according to Clayton, has been a persistent and nagging problem. Dissimilar 
uranium metal or dissimilar uranium solution units in a mixed array can also create a modeling nightmare 
for the nuclear criticality safety engineer. Now, a calculational method known as the Law of Substitution 
has been developed to ensure that the k(eff) of an array of uranium metal and uranium solution units will 
satisfy any k(eff) limit set by the nuclear safety engineer. The nuclear criticality safety engineer can utilize 
the Law of Substitution to safely mix or substitute different uranium metal units, different uranium solution 
units, and more importantly, uranium metal and dilute UO2 solution units in an array. The Law of 
Substitution is as follows: (1) calculate the k(eff) of each unit type in its own infinite planar array. (2) 
Determine the edge-to-edge spacing of the infinite planar array of each type of unit to satisfy a desired 
k(eff). (3) Select the largest edge-to-edge spacing from among the similar units in their infinite planar arrays 
and use that spacing for the finite or infinite planar array of mixed units. 
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Abstract/Keyterms: At the Los Alamos National Laboratory (LANL) plutonium facility, nitrate anion 
exchange is routinely used to purify impure plutonium scrap; however, the anion exchange process 
generates large volumes of low-activity aqueous waste. Unfortunately, the evaporation/cementation process 
has several disadvantages. First, valuable materials, like plutonium, cannot be recovered and have to be 
placed in burial sites. Since the cost of producing plutonium is increasing and environmental restrictions 
are tighter, it is desirable to minimize the amount of transuranic (TRU) materials sent to burial. Also, the 
waste treatment capacity is undersized to handle the anion exchange capacity currently available. However, 
with the development of octyl(phenyl)-N,N-diisobutylcarbamoyl-methylphosphine oxide (CMPO) and a 
new centrifugal mixer-settler, it is possible to use solvent extraction as a means of recovering /sup +/III, 
/sup +/IV, and /sup +/VI actinides from anion exchange waste streams. Extracting the actinides from the 
column waste streams reduces the activity of the solution to the level that allows it to be discharged directly 
to the waste handling facility, reducing the load on the evaporation/cementation processes and decreasing 
the volume of TRU waste generated. The objective of this study was to evaluate CMPO and the centrifugal 
mixer-settlers and then design a flow sheet and a set of centrifugal contacting equipment that would remove 
actinides from a concentrated nitric acid waste stream. 
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Abstract/Keyterms: The objective of these experiments is to obtain data on the minimum fissil 
concentration for criticality from measurements on a large (low neutron leakage) cylindrical vessel. The 
limiting concentration is fundamental data unique to the particular fuel mixture studied and is important for 
criticality control. Prior to these measurements, no data existed concerning the effect of dissolved uranium 
on the minimum critical concentration of plutonium. These data can be applied whenever mixtures of 
plutonium and uranium exist, in the head end of a fuel reprocessing plant through the first solvent extraction 
cycle, in storage vessels, and during product conversion when a coprocessing scheme is used. A series of 
critical experiments was completed in large cylindrical geometry with mixed plutonium-uranium solutions 
with a water reflector. The concentrations were 22 and 53 g (Pu + U)/l with a plutonium-to-total-heavy-
metal (HM) ratio (plutonium plus uranium) of 0.52 or 0.23, respectively. These experiments were a part of 
the Criticality Data Development Program between the US Department of Energy and the Power Reactor 
and Nuclear Fuel Development Corporation of Japan. 
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Abstract/Keyterms: As part of the Criticality Data Development Program between the US Dept. of Energy 
(DOE) and the Power Reactor and Nuclear Fuel Development Corporation of Japan, neutron reaction rate 
measurements are being made on selected critical assemblies at the DOE Hanford Critical Mass Laboratory. 
Fission rate measurements made on the surface of a large water-reflected cylinder of plutonium-uranium 
nitrate solution are presented. 
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Abstract/Keyterms: The results of a calculational study that was performed to validate the SCALE-2 
computer code system using data from critical experiments performed with low concentrations of mixed 
Pu + U aqueous solutions are discussed. Also, fission rates were calculated and compared with measured 
data that were obtained with solid-state track recorders (SSTRs). These experimental activities (subtask 
110) are part of a joint exchange program between the US Dept. of Energy and the Power Reactor and 
Nuclear Fuel Development Corporation of Japan in the area of criticality data development. The 
experiments were conducted at the Battelle Pacific Northwest Laboratories Critical Mass Laboratory. The 
purpose of the experiments was to provide benchmark data for dilute Pu + U aqueous solutions where the 
criticality control parameter limiting critical concentration is appropriate. The limiting critical concentration 
for 239Pu in nitric acid is approx. 7.3 g/l. In fuel recycle facilities, plutonium is mixed with acid and often 
with uranium. In the presence of uranium, the limiting critical concentration can be expected to be higher, 
which would allow more economical subcritical limits to be used. 
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Abstract/Keyterms: Seventeen critical experiments employing an aqueous uranyl nitrate solution, 303 g 
U(93.0%)/l, in an annular tank were performed, with internal annular absorbers of polyethylene and/or 
stainless steel and/or an external annual reflector of carbon steel. Critical solution heights were determined 
by extrapolation of neutron multiplications as the height was increased. The O.D... of the solution annulus 
was 75 cm, and it was 8.92 cm thick. Modeling of the experiments with the Monte Carlo codes KENO-IV 
and MONK 6.2, and with the one-dimensional XSDRNPM transport code is reported here. 
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Abstract/Keyterms: The results of computations performed on a set of critical experiments designed to 
simulate high-density storage of reactor fuel pins are described. The purpose of these computations is to 
validate the Monte Carlo criticality code KENO V.a with the four cross-section libraries provided with the 
SCALE modular code system. A series of 21 critical experiments, performed by the Babcock and Wilcox 
Company to simulate close-packed fuel pin storage, was modeled. The CSAS4 control module within 
SCALE was used to calculate the effective neutron multiplication factor (k(eff)) via the KENO V.a 
criticality code. The experiments consisted of 5 x 5 arrays of fuel pin modules each approx. 19-cm square. 
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Abstract/Keyterms: In this report the Nuclear Criticality Safety Analytical Methods Resource Center 
describes a new interactive version of CESAR, a critical experiments storage and retrieval program 
available on the Nuclear Criticality Information System (NCIS) database at Lawrence Livermore National 
Laboratory. The original version of CESAR did not include interactive search capabilities. The CESAR 
database was developed to provide a convenient, readily accessible means of storing and retrieving code 
input data for the SCALE Criticality Safety Analytical Sequences and the codes comprising those 
sequences. The database includes data for both cross section preparation and criticality safety calculations. 
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Abstract/Keyterms: Although nuclear criticality safety analyses are commonly done now by a Monte 
Carlo computer code such as KENO, one-dimensional determinate methods still have an important role. 
The usefulness of these methods is greatly enhanced where separability of the neutron flux into axial and 
radial components is a good approximation. Although the flux in a reflected reactor is not separable, the 
infinite medium solution which is approached within a finite core far from boundaries is separable. For a 
finite, reflected cylindrical reactor, a reasonable approach is to calculate the flux in the axial direction by 
assuming a radial flux shape J/sub 0/ (B/sub r/r) everywhere and in the radial direction by assuming an axial 
shape cos (B/sub z/z) everywhere. The transverse bucklings B/sub r//sup 2/ and B/sub z//sup 2/ are 
determined in the axial and radial calculations to correspond to a specified value of k(eff), usually unity 
initially. The geometric bucklings in the axial and radial directions are then obtained by subtracting each 
transverse buckling from the infinite medium buckling calculated from cross sections at this value of k(eff). 
From the cross sections and the sum of the geometric bucklings, k(eff) is calculated. If the value obtained 
differs from that originally specified, iteration is required but convergence is rapid. To test the procedure, 
calculations were done for a range of small water-reflected cylinders of 233UO2F2 solution containing 400 
g 233U/L calculated by TWOTRAN to be critical. The procedure worked well for this system. 
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Abstract/Keyterms: Measurements of the subcritical neutron multiplication factor, k(eff), using the 252Cf 
source-driven neutron noise analysis method were performed for an unreflected annular tank containing 
plutonium-uranium nitrate solution but having the central region of the annulus void of significant 
materials. This experiment is part of a program of collaboration between the US Dept. of Energy and the 
Power Reactor and Nuclear Fuel Development Corporation of Japan to study criticality safety related to the 
development of fast breeder technology. 
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Abstract/Keyterms: The nuclear safety justification of a mixed array of dissimilar fissile units of metal 
units and dilute solution units, according to Clayton, has been a persistent and nagging problem. Dissimilar 
uranium metal or dissimilar uranium solution units in a mixed array can also create a modeling nightmare 
for the nuclear criticality safety engineer. Now, a calculational method known as the Law of Substitution 
has been developed to ensure that the k(eff) of an array of uranium metal and uranium solution units will 
satisfy any k(eff) limit set by the nuclear safety engineer. The nuclear criticality safety engineer can utilize 
the Law of Substitution to safely mix or substitute different uranium metal units, different uranium solution 
units, and more importantly, uranium metal and dilute UO2 solution units in an array. The Law of 
Substitution is as follows: (1) calculate the k(eff) of each unit type in its own infinite planar array. (2) 
Determine the edge-to-edge spacing of the infinite planar array of each type of unit to satisfy a desired 
k(eff). (3) Select the largest edge-to-edge spacing from among the similar units in their infinite planar arrays 
and use that spacing for the finite or infinite planar array of mixed units 
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Date: 11/1/1987 

Report: TANSAO, 055, 391-392 

Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: The spent fuel carrying capacities of previous generation shipping casks have been 
primarily thermal and/or shielding limited. Shielding and heat transfer requirements for casks designed to 
transport older spent fuel with longer decay times are reduced significantly. Thus, a considerable weight 
margin is available to the designer for increasing the payload capacity. One method of achieving an increase 
in capacity is by reducing fuel assembly spacing. The amount of reduction in assembly spacing available is 
limited by criticality and fuel support structural concerns. The optimum fuel assembly spacing achievable 
is then limited by requirements to both control neutron multiplication and ensure the structural integrity of 
fuel support components. An investigation of the feasibility of accounting for fuel burnup in the design of 
spent fuel shipping casks was recently completed for the US Department of Energy's Office of Civilian 
Radioactive Waste Management (OCRWM). The purpose of this presentation is to describe the results of 
the criticality analyses and briefly summarize potential impacts in terms of increased cask capacities with 
associated costs and safety benefits. The scope of the analysis limited to typical burnups of full-cycle, 
discharged pressurized water reactor (PWR) fuel and generic shipping cask designs. The burnup and 
criticality analyses were performed with various SCALE system modules: ORIGEN-S, NITAWL-S, 
XSDRNPM, KENO V.a, and the SCALE 22 group ENDF/B-IV cross section library enhanced with 
ENDF/B-V fission produced data. 
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Abstract/Keyterms: Many utilities are actively seeking to increase the feed enrichments of their fresh fuel 
assemblies to improve fuel economics. Many utilities are also faced with a shortage of on-site spent-fuel 
storage locations and are pursuing increased storage capacity through high-density storage racks. It is 
difficult to accommodate both an increase in storage capacity and maximum enrichment in a spent-fuel rack 
criticality analysis if the traditional analysis, where the entire storage area is assumed to be filled with the 
highest enriched fresh fuel, is performed. A method has been developed at Westinghouse that uses the 
concept of reactivity equivalencing to analyze a spent-fuel rack and to determine the minimum 
burnup/enrichment requirements that result in acceptable criticality criteria (k(eff) < 0.95). This method is 
used to demonstrate that the shape of the reactivity equivalence curve is independent of the fuel type, fuel 
rack, spacing, and fuel rack type. 
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Abstract/Keyterms: In the last few years, credit for fuel burnup has been allowed in the design and 
criticality safety analysis of high-density spent-fuel storage racks. Design and operating philosophies, 
however, differ significantly between pressurized water reactor (PWR)- and boiling water reactor (BWR)-
type plants because: (1) PWR storage pools generally use soluble boron, which provides backup criticality 
control under accident conditions; and (2) BWR fuel generally contains gadolinium burnable poison, which 
results in a characteristically peaked burnup-dependent reactivity variation. In PWR systems, the reactivity 
decreases monotonically with burnup in a nearly linear fashion (excluding xenon effects), and a two-region 
concept is feasible. In BWR systems, the reactivity is initially low, increases as fuel burnup progresses, and 
reaches a maximum at a burnup where the gadolinium is nearly depleted. In any spent-fuel storage rack 
design, uncertainties due to manufacturing tolerances and in calculational methods must be included to 
assure that the highest reactivity (k(eff)) is less than the 0.95 US Nuclear Regulatory Commission limit. In 
the absence of definitive critical experiment data with spent fuel, the uncertainty due to depletion 
calculations must be assumed on the basis of judgment. High-density spent-fuel storage racks may be 
designed for both PWR and BWR plants with credit for burnup. However, the design must be tailored to 
each plant with appropriate consideration of the preferences/specifications of the utility operating staff. 
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Abstract/Keyterms: To achieve improved fuel economics and reduce the amount of fuel discharged 
annually, utilities are engaging in fuel management strategies that will achieve higher discharge burnups 
for their fuel assemblies. Although burnup credit methodologies have been developed and spent-fuel racks 
have been licensed, burnup credit fuel storage racks are not the answer for all utilities. Off-site and out-of-
pool spent-fuel storage may be more appropriate. This leading to the development of dry spent-fuel storage 
and shipping casks. Cask designs with spent-fuel storage capability between 20 and 32 assemblies are being 
developed by several vendors. The US Dept. of Energy is also funding work by VEPCO. Westinghouse is 
currently licensing its dry storage cask, developing a shipping cask for the domestic market, and is involved 
in a joint venture to develop a cask for the international market. Although methods of taking credit for fuel 
burnup in spent-fuel storage racks have been developed and licensed, use of these methods on dry spent-
fuel storage and shipping casks can lead to new issues. These issues arise because the excess reactivity 
margin that is inherent in a burnup credit spent-fuel storage rack criticality analysis will not be available in 
a dry cask analysis. 
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Abstract/Keyterms: The storage capacity of spent reactor fuel pools can be greatly increased by 
consolidation. In this process, the fuel rods are removed from reactor fuel assemblies and are stored in 
close-packed arrays in a canister or skeleton. An earlier study examined criticality consideration for 
consolidation of Westinghouse fuel, assumed to be fresh, in canisters at the Millstone-2 spent-fuel pool and 
in the General Electric IF-300 shipping cask. The conclusions were that the fuel rods in the canister are so 
deficient in water that they are adequately subcritical, both in normal and in off-normal conditions. One 
potential accident, the water spill event, remained unresolved in the earlier study. A methodology is 
developed here for spent-fuel criticality and is applied to the water spill event. The methodology utilizes 
LEOPARD to compute few-group cross sections for the diffusion code PDQ7, which then is used to 
compute reactivity. These codes give results for fresh fuel that are in good agreement with KENO IV-
NITAWL Monte Carlo results, which themselves are in good agreement with continuous energy Monte 
Carlo calculations. These methodologies are in reasonable agreement with critical measurements for 
undepleted fuel. 
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Abstract/Keyterms: Recent trends in nuclear power plant operation have tended toward longer cycles with 
reload fuel of high (> 3.5 wt% 235U) enrichments. At the same time, the need for greater spent-fuel pool 
capacity has reduced storage canister spacing to the point where maximum allowable fresh enrichments are 
lower than those necessary for longer cycles. As a result, burnup credit analysis has been applied to spent-
fuel storage rack criticality analysis. This allows the placement, after exposure, of higher fuel enrichments 
in the spent-fuel racks than would normally be allowed under the assumption of a fresh condition. The 
CASMO lattice physics code is used to analyze burnup credit on the Maine Yankee spent-fuel storage racks. 
Unit cell sensitivity analysis of rack criticality to in-core depletion effects and to out-of-core decay is 
considered. Also, large array criticality analysis performed to study options for the placement of fresh and 
burned assemblies. 
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Abstract/Keyterms: The motivation for taking credit for fuel assembly burnup in spent-fuel storage rack 
design is obvious. Several pressurized water reactor facilities, beginning with the standardized nuclear unit 
power plant system plants (Callaway and Wolf Creek) have been licensed to install racks that take credit 
for burnup. Designing racks to take credit for burnup introduces several calculational complexities with 
respect to criticality that are not present in designing for fresh fuel storage. The criticality analyses are 
required to be performed with calculational methods and procedures that have been verified by comparison 
with experiments. Several experiments have been performed with unirradiated fuel that included the major 
features of fuel racks. However, none has been performed with irradiated fuel. A final aspect of the two-
region pool designs is assurance that only assemblies having the required burnup are stored in region 2. 



 

C-19166 

19115…..…..…………………..…….……..……ID Number…………………..…..…………….19115 

Author: Libby, R. A. / Bierman, S. R. 

Title: Instrumentation for Measuring the Burnup of Spent Nuclear Fuel 

Date: 11/1/1987 

Report: TANSAO, 055, 401 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit for Storage and Transportation of LWR Fuel-II 

Abstract/Keyterms: Many different methods or procedures have been developed to measure reactivity of 
fissile materials. Few of these, however, have been designed specifically for light water reactor fuel or have 
actually been used to measure the reactivity of spent fuel. The methods that have been used to make 
measurements of related systems are the 252Cf source-driven noise analysis method, a noise analysis 
method using natural neutron sources, subcritical assembly measurements, and pulsed neutron techniques. 
Several different approaches to directly measuring burnup have been developed by various organizations. 
The experimental work on actual spent nuclear fuel utilizing reactivity measurement techniques is 
insufficient to provide conclusive evidence of the applicability of these techniques for verifying fuel burnup. 
The work with burnup meters indicates, however, that good correlations can be obtained with any of the 
systems. A burnup meter’s primary function would be a secondary assurance that the administrative records 
are not grossly in error. Reactivity measurements provide information relating to the reactivity of the fuel 
only under the conditions measured. Criticality prevention design requirements will necessitate that casks 
accommodate a minimum burnup level for a given initial enrichment (i.e., a maximum reactivity). Direct 
measurement of the burnup will enable an easy determination of whether a particular fuel assembly can be 
shipped in a specific cask with a minimum number of additional correlations. 
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Abstract/Keyterms: The 252Cf-source-driven neutron noise analysis method was evaluated to determine 
if it could be used to measure the subcriticality of storage casks of burnt light water reactor (LWR) fuel 
submerged in fuel storage pools, fully loaded and as they are being loaded. Measurements of k(eff) would 
provide the parameter most directly related to the criticality safety of storage cask configurations of LWR 
fuel and could allow proper credit for fuel burnup without reliance on calculations. This, in turn, could lead 
to more cost-effective cask designs. Evaluation of the method for this application was based on experiments 
already completed at a critical experiments facility using arrays of pressurized water reactor (PWR) fuel 
pins typical of the size of storage cask configurations, the existence of neutron detectors that can function 
in shipping cask environments, and the ability to construct ionization chambers containing 252Cf of 
adequate intensity for these measurements. 



 

C-19169 

19118…..…..…………………..…….……..……ID Number…………………..…..…………….19118 

Author: Brown, O. C. / Wimpy, P. D. 

Title: Burnup credit in the storage of LWR fuel - conceptual considerations 

Date: 11/1/1987 

Report: TANSAO, 055, 403-405, ; CONF-8711195- 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit for Storage and Transportation of LWR Fuel - II 

Abstract/Keyterms: As a natural outgrowth of improved nodal calculation methods and the accessibility 
of detailed fuel assembly operating data from core monitoring systems, taking credit for burnup in the 
storage of light water reactor fuel represents a logical alternative to reracking for storing higher enriched 
fuel. The paper summarizes a number of array reactivity calculations that indicate: (1) taking credit for 
burnup leads to significantly lower array k/sub eff's/; (2) axial exposure distribution effects on array 
reactivity increase with exposure and are more significant in BWR than PWR fuel; (3) BWR fuel void 
history effects on array reactivity can be significant; and (4) an array of all fresh 3.83 wt% enriched PWR 
fuel is equivalent in array reactivity to a checkerboard array of 20 GWd/tonne U and fresh fuel enriched to 
5.1 wt%. One approach to minimizing operator error in the handling of assemblies would be to first select 
and store exposed fuel in a checkerboard arrangement throughout the array. These cells could then be 
capped with a lockout device to preclude removal with the grappling machine. Once these assemblies were 
in place, all other assemblies could be safely stored in any other available cell. 
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Abstract/Keyterms: Fissile solutions are used extensively in the nuclear processing industry, and this use 
may expand in the future. While safety measures ensure that accidents do not occur, it has been thought 
prudent to develop understanding of the physical mechanisms occurring in transient criticality in fissile 
solutions. Experiments have provided data that are still being extended as well as some understanding of 
the mechanisms operating in the transients. However, in addition, it is necessary to develop calculational 
tools that will, in simulating the experiments, provide confidence that every aspect can be modeled 
adequately. For this reason, a computer code CRITEX is being developed by the UK Atomic Energy 
Authority. 
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Abstract/Keyterms: Researchers have recently calculated nuclear excursions in homogeneous solution 
reactors and in hypothetical criticality accidents with fissile solutions in chemical processing plants. Two 
new features have been incorporated: the use of a complete equation of state for liquid containing gas 
bubbles and an improved computation of the reactivity feedback. The new approach represents the first 
computations of fissile solution excursions from basic principles with a complete equation of state. An 
important conclusion is that gas bubbles tend to appear just before peak power (less than one period), but 
that the gas production is very important in limiting the power. Another important conclusion is that the 
compressibility of the solution increases dramatically when gas appears. This has the effect of greatly 
limiting the pressure pulses. 
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Abstract/Keyterms: Engineering; Criticality; Accidents; Fissile Materials; Aqueous Solutions; Alarm 
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Abstract/Keyterms: In the Federal Republic of Germany, potential radiological consequences of 
accidental nuclear criticality have to be evaluated in the licensing procedure for fuel cycle facilities. A 
prerequisite to this evaluation is to establish conceivable accident scenarios. First, possibilities for a 
criticality exceeding the generally applied double contingency principle of safety are identified by screening 
the equipment and operation of the facility. Identification of undetected accumulations of fissile material 
or incorrect transfer of fissile solution to unfavorable geometry normally are most important. Second, 
relevant and credible scenarios causing the most severe consequences are derived from these possibilities. 
For the identified relevant scenarios, time-dependent fission rates and reasonable numbers for peak power 
and total fissions must be determined. Experience from real accidents and experiments (KEWB, SPERT, 
CRAC, SILENE) has been evaluated using empirical formulas. To model the time-dependent behavior of 
criticality excursions in fissile solutions, a computer program FELIX has been developed. 
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Abstract/Keyterms: The use of transport flasks containing irradiated fuel is a common event, and their 
movements are strictly regulated by the national competent authority in order that an acceptable level of 
control of radiation hazards be maintained. Nonetheless it has been considered prudent to quantify the 
consequences of a particular hypothetical accident involving a transport package. The particular accident 
examined assumed that recriticality occurs during the refilling of a flask, and for the Commissariat a 
l’Energie Atomique (CEA) scenario, for which flasks are transported dry, the hypothetical accident occurs 
as the flask is slowly lowered into a storage pond. An alternative UK scenario assumes that the flask is 
being refilled, following breach, by a high-pressure hose. Thus, the consequences of such an accident were 
estimated by developing computer codes, Chateau by the CEA and Sartemp by the UK Atomic Energy 
Authority (UKAEA). This and other results show that the hypothetical accident in which a transport flask 
is brought to critical by the reentry of water gives at most a relatively mild event. In view of the considerably 
unlikely circumstances and conservative aspects introduced, this result shows that such an accident can be 
safely contained. 
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Abstract/Keyterms: In nuclear installations with a potential risk of criticality, safety authorities sometimes 
find it necessary to study a hypothetical criticality accident, based on a scenario that is as realistic as 
possible. The objective of this work is to estimate the phenomenology of an accident and its radiological 
consequences (irradiation, contamination) to make arrangements to protect personnel and the environment, 
and to provide for a strategy of intervention. When considering the succinct data used as parameters that 
originated the accident, simple models capable of quickly providing orders of magnitude are very useful 
and, in our opinion, sufficient on this level of safety analysis of criticality accidents. 
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Abstract/Keyterms: The use of uranium dioxide powders and granules is common in the nuclear industry, 
and it is manufactured and stored in containers subject to stringent criticality reviews. However, inadvertent 
events such as the ingress of water might hypothetically cause criticality. Therefore, it is advisable that 
some understanding of the results of such a criticality be understood. To this end the UK Atomic Energy 
Authority (UKAEA) has begun to develop a computer program POWDER that incorporates some of the 
physical mechanism thought to act in such circumstances. Results have been obtained from the use of the 
POWDER code for a representative scenario in which UO2 granules are contained in an 800-mm-diam 
aluminum vessel. These results provide a first analysis of transients in wetted UO2 powders, and it is 
proposed to develop the POWDER code further in order that other aspects may be investigated, e.g., the 
effect of the reactivity feedback terms noted above. 
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Abstract/Keyterms: Increasing amounts of fissile material in the form of uranium oxide powder are 
involved in the development of the electronuclear program. In spite of multiple precautions, the risk of a 
criticality accident exists, particularly in fuel manufacturing plants where important masses from hundreds 
of kilograms to several tons may be manipulated in one lot at the time of operations linked with processing, 
transport, and storage. The criticality safety of these installations is essentially based on moderation control, 
but one cannot exclude the accidental introduction water, for instance, in flasks or apparatus containing 
UO2 powder. The aim of the criticality accident study performed by Commissariat a l’Energie Atomique 
is to acquire basic phenomenological knowledge of criticality excursions in such a medium so as to estimate 
the risk and the possible consequences. Taking into account the rough knowledge in this area, it does not 
seem realistic to intend at the present time the realization of such an accident in the laboratory without 
investing considerable means. The present approach involves acquiring by successive stages the data 
necessary for the elaboration of a calculation code that will be able to describe an accidental criticality 
excursion based on a credible hypothetical scenario. 
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Abstract/Keyterms: Virginia Power has developed a methodology for use in reload designs that predicts 
the count rate at the source-range detector from spontaneous fission neutrons generated by burned fuel 
assemblies. This has enabled Virginia Power to eliminate the use of secondary sources and significantly 
improve core reload designs. Secondary source elimination allows burnable poisons (BPs) in locations 
otherwise needed for secondary sources and reduces the number of fuel assembly shuffles during a 
refueling. An essential part of this methodology is the COUNT computer program, which was developed 
by Virginia Power to predict source-range detector count rates with or without secondary sources present. 
To date, COUNT has consistently provided adequate predictions of the source-range detector count rate for 
six sourceless fuel offloads and seven sourceless fuel onloads. In stark contrast to the Monte Carlo or 
discrete ordinates methods usually employed to model neutron flux outside the reactor vessel, COUNT 
predicts the source-range detector count rate for a typical refueling in 1 or 2 CPUs on a mainframe 
computer. 
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Abstract/Keyterms: Boron carbide has been utilized as a neutron absorber in boiling water reactors 
(BWRs) and other types of reactors. It has a number of advantages, yet is not well suited for very high 
neutron exposure. An alternative long-lived control blade has therefore been sought. It is well known that 
hafnium may be best suited for this purpose, yet it has the disadvantage of heavy weight and low reactivity 
worth. This has been overcome by introducing a flux-trap-type all-hafnium control blade for BWRs. The 
blades are now involved in licensing procedures in some Japanese BWR plants. 
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Abstract/Keyterms: The Fuel Processing Facility is being designed and built at the US Dept. of Energy’s 
(DOE’s) Idaho Chemical Processing Plant, located on the Idaho National Engineering Laboratory, to 
reclaim reusable uranium from solutions of dissolved spent nuclear fuel. The facility is intended to replace 
existing DOE processing facilities that have been operating since the early 1950s. The facility is designed 
with three levels below grade and one level above grade. Major physical plant items will be located on a 
mezzanine level above the first level. All major processing areas are below grade, located in cells than span 
the first, second, and third basement levels. The primary remote handling areas include the processing cells, 
the pump and valve corridor, the sample cells, the decon/predecon/hands-on-maintenance area, the crane 
and manipulator maintenance areas, and the waste loadout area. The facility will be designed to provide 
criticality safety during all operations. Further, the facility will be designed in accordance with the current 
as-low-as-reasonably-achievable principles. Remote equipment and processes must be proven (existing 
technology), in that this intended to be a production facility rather than a research and development facility. 
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Abstract/Keyterms: Through its Prototypical Consolidation Demonstration Program (PCDP), the 
Department of Energy (DOE) is developing production-scale fuel consolidation equipment to reduce the 
storage volume required in national storage facilities, i.e., the geologic repository or a monitored retrievable 
storage (MRS) facility. During 1989 and 1990, the equipment will be “cold” tested at the equipment 
contractor's facility. Later, a “hot”' demonstration could be performed at the Idaho National Engineering 
Laboratory (INEL) using actual spent fuel assemblies obtained from utilities. The resulting consolidated 
fuel canisters would subsequently be stored at the INEL. This paper briefly discusses the national canister 
development efforts and canisters that have been used for US consolidation efforts to date. The paper then 
focuses on the consolidated fuel canisters currently under development for the PCDP 
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Abstract/Keyterms: Inverse problems represent a third major class of transport problems (after criticality-
type problems and shielding-type problems). For the purpose of discussion here, an inverse problem is 
defined to be one in which a medium of interest emits some particular type of radiation, either spontaneously 
or when exposed to some other type of radiation. From a knowledge of the emitted radiation characteristics, 
one wishes to infer something about the medium that emits the detected radiation. An important example 
of a practical inverse problem is the geophysical logging of geological formations to determine the presence 
of minerals or hydrocarbons in the vicinity of a borehole. Proposals have also been made to detect hidden 
explosives by these methods. For a complete understanding of the apparatus used to solve inverse problems, 
it is important to know the characteristic interrogation distance of the method. Phrased more precisely, 
What is the relative contribution to the detector signal due to radiation particles emitted by different 
elements of volume in the medium being interrogated As shown in the paper, it is possible to address this 
question with a computational procedure that utilizes adjoint transport solutions. 
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Abstract/Keyterms: The MONK6 code has clearly demonstrated the advantages of hole tracking, which 
was devised by Woodcock et al. for use in criticality codes from earlier work by Von Neumann. Hole 
tracking eliminates ray tracing by introducing, for all materials present in the problem, a pseudo scattering 
reaction that forward scatters without energy loss. The cross section for this reaction is chosen so that the 
total cross sections for all the materials are equal at a given energy. By this means, tracking takes place with 
a constant total cross section everywhere, so there is now no need to ray trace. The present work extends 
hole tracking to shielding codes, where it functions in tandem with Russian roulette and splitting. An 
algorithm has been evolved and its performance is compared with the ray-tracking code McBEND. A 
disadvantage with hole tracking occurs when there is a wide variation in total cross section for materials 
present. As the tracking uses the total cross section of the material that has the maximum cross section, 
there can be a large number of pseudo collisions in the materials with low total cross sections. In extreme 
cases, the advantages of hole tracking can be lost by the by the extra time taken in servicing these pseudo 
collisions; however, techniques for eliminating this problem are under consideration. 
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Abstract/Keyterms: The collaboration with the Italian Safety Authority (DISP), started in July 1986, has 
the aim of studying, from a neutronic point of view, the possible initiator event and the accident dynamics 
in unit four of the Chernobyl nuclear power plant. This report was produced within the framework of that 
collaboration. A main condition of the present work was making use of standard calculational methods 
employed in nuclear criticality safety analysis. This means that the neutron multiplication factor calculation 
should be made with the modules and the cross-section libraries of the SCALE system or in any case with 
some KENO IV version and the burnup calculation with the ORIGEN code. 
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Abstract/Keyterms: A series of criticality experiments to provide benchmark-type data on neutron flux 
traps has been completed at the US Department of Energy Hanford Critical Mass Laboratory, operated by 
the Pacific Northwest Laboratories of Battelle Memorial Institute. The experiments were funded by the 
Sandia National Laboratory, and are designed to simulate transport environments and high-density fuel 
storage facilities. The experimental assemblies consisted of 2 x 2 arrays of 4.31 wt% {sup 235}235U-
enriched UO2} fuel rods arranged in water on a 1.891-cm{sup 2} center-to-center spacing. This lattice 
spacing results in a moderator-to-fuel volume ratio of 1.6, which approximates that found typically in 
boiling water reactors and in pressurized water reactors. Each assembly consisted of four, near equally sized 
units of fuel rods separated by a neutron flux trap and varying amounts of moderator. 
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Abstract/Keyterms: The objective of these criticality experiments is to provide criticality data for Pu + U 
solutions for optimizing the physical size of equipment during fissile product conversion and storage and 
for the design of reprocessing plants. Prior to these measurements, little or no criticality data were available 
for mixed plutonium-uranium solutions in annular geometry. The experiments were performed under a joint 
Criticality Data Development Program between the US Department of Energy and the Power Reactor and 
Nuclear Fuel Development Corporation of Japan. The critical experiments were performed in the critical 
mass facility of Pacific Northwest Laboratory. Criticality measurements were made with (Pu + U) nitrate 
solutions in a water-reflected annular vessel. The concentration of (Pu + U) in the nitrate solution was varied 
and ranged between 61 and 489 g (Pu + U)/l. The ratio of Pu to (Pu + U) in the solution also was varied, 
with measurements being made at {approx}0.52, {approx}0.23, {approx}0.97. The measurements provide 
data essential for validating criticality codes that may be used on configurations similar to those of the 
experiments. 
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Abstract/Keyterms: This paper discusses the results of a calculational study that was performed to validate 
the SCALE computer code system using data from critical experiments performed with mixed Pu + U 
agueous solutions. The critical experiments were conducted in an annular vessel where the fissile solution 
was placed in the annulus, and various inserts and bottles containing fissile solution were located in the 
inner portion of the vessel. These experimental activities are part of a joint exchange program between the 
US Department of Energy and the Power Reactor and Nuclear Fuel Development Corporation of Japan in 
the area of criticality data development. The experiments were conducted at the Battelle Pacific Northwest 
Laboratory’s Critical Mass Laboratory (CML). In summary, calculated multiplication factors have been 
examined for 18 critical experiments conducted in annular geometry with mixed Pu + U solutions. The 
results indicate that the SCALE computer code system with CSRL cross sections is capable of accurately 
modeling mixed fissile systems in annular geometry. 
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Abstract/Keyterms: The Commercial Nuclear Fuel Division of Westinghouse used KENO calculations as 
the basis for criticality safety analysis to cover the transportation and storage of nuclear fuel. The 
calculational code sequence was requalified in 1986. The basic cross-section set was changed from the 
ENDF/B-IV data set to the CSRL-V data. This paper discusses the benchmark effort, the results, and the 
application of the results to criticality analyses. 
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Abstract/Keyterms: Fixed poison panels are used in spent fuel rack designs to increase enrichment limits 
and reduce cell spacing; therefore, assurances that the maximum rack reactivity will meet the design limit 
(0.95) throughout the lifetime of the racks depend on the continued effectiveness of the poison with time. 
Industry data have shown that poison panels will shrink under irradiated conditions. From recent data, 
however, poison panels have been found to have gaps spanning their width after relatively short operating 
periods. This paper presents results of studies showing the fuel rack reactivity changes associated with 
poison panel shrinkage and formation of gaps. The discovery of gaps in the fuel rack poison panels at an 
operating plant raises concerns regarding the effectiveness of the poison over the lifetime of the fuel racks. 
Studies performed to evaluate the effect of the poison panel shrinkage on reactivity show that reactivity 
changes from zero to several percent are possible depending on the initial panel size. Results of recent 
studies show that some gaps can be accommodated in the fuel rack poison panels at the fuel midplane 
without causing the fuel rack k(eff) limit to be exceeded. With worst-case assumptions concerning gap size 
and the number of panels affected, other actions will likely be required to show that the rack k(eff) design 
limit will not be exceeded. 
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Abstract/Keyterms: The SCALE code system has become a major tool for criticality safety analyses. 
Sequences within SCALE are automated to provide resonance self-shielding (via BONAMI and/or 
NITAWL) prior to calculation of k(eff) by KENO V.a or XSDRNPM. This paper presents a modification 
to the Dancoff correction factor formalism used by NITAWL. The modified Dancoff factor treatment 
eliminates a breakdown observed in the past, which had been previously attributed to the limitations of the 
Nordheim treatment utilized by NITAWL. 
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Abstract/Keyterms: The application of burnup credit to storage and transportation cask licensing results 
in a significant improvement in cask capacity and an associated reduction of the cost per kilogram of 
uranium in the cask contents. The issues for licensing with burnup credit deal primarily with the treatment 
of fission product poisons and methods of verification of burnup during cask operations. Other issues 
include benchmarking of cross-section sets and codes and the effect of spatial variation of burnup within 
an assembly. The licensing of burnup credit for casks will be complex, although the criticality calculations 
are not themselves difficult. Attention should be directed to the use of fission product poisons and the 
uncertainties that they introduce. Verification of burnup by measurements will remove some of the concerns 
for criticality safety. Calculations for burnup credit casks should consider rod-to-rod and axial variations of 
burnup, as well as variability of burnable poisons it they are used in the assembly. In spite of the complexity 
of cask burnup credit licensing issues, these issues appear to be resolvable within the current state of the art 
of criticality safety. 
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Abstract/Keyterms: The effect of low-density intraspersed moderator on k(eff) for a large array of low-
enriched commercial reactor fuel assemblies has been calculated and reported on several occasions. One 
source of low-density intraspersed moderator is water from a fire sprinkler system. The mist density of 
water spray from a fire sprinkler system, designed to National Fire Protection Association standards, can 
be calculated. A typical design volume fraction is 0.0075 vol%. Even allowing for uncertainties such as 
water drop size, water drop velocity, and overlapping of sprays from multiple sprinkler heads, the density 
from a sprinkler system is usually <0.1 vol%. The calculated increased in k(eff) for the dry storage and 
intraspersed moderator at 0.1 vol% is relatively insignificant. One effect that has been alluded to is the 
effect of water films on array k(eff). This effect has been considered for a water film on a plastic dust 
wrapper surrounding the fuel assembly. For this paper, the film effect has been calculated for each fuel pin, 
rather than for the fuel assembly. The film thickness for vertical rods was calculated using the Nusselt 
method. 
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Abstract/Keyterms: In 1985, nuclear safety analyses showed that under upset conditions, strict 
administrative controls were necessary to limit access to a new processing vessel for enriched uranium 
service at the Savannah River Plant (SRP). In order to increase the level of nuclear safety associated with 
that vessel, the traditional methods of incorporating neutron absorbers (borated stainless steel, boral, 
cadmium foil, etc.) were reviewed, however, process conditions did not permit their use. A neutron-
absorbing porcelain enamel containing large amounts of cadmium and boron was developed as a safe, cost-
effective alternative to traditional neutron-absorbing methods. Several pieces of coated process equipment 
have been installed or are planned for installation at SRP. 



 

C-19197 

19146…..…..…………………..…….……..……ID Number…………………..…..…………….19146 

Author: Spriggs, G. D. / Martin, E. R. 

Title: A Computerized Control System for Critical Facilities at Los Alamos National Laboratory 

Date: 6/1/1988 

Report: TANSAO, 056, 331-332 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety-II 

Abstract/Keyterms: For many years, the control systems at the Los Alamos Critical Experiments Facility 
(LACEF) have been hard-wired analog mechanical and electromechanical switches and relays, which do 
not lend themselves to easy reconfiguration nor to direct interfacing with modern computerized equipment. 
Accordingly, with the advent of computerized data acquisition systems, it was decided to replace the control 
systems in one of the remote operations areas with computer-controlled equipment that could be rapidly 
reconfigured for new experiments. Initial concerns over unresolved safety questions have now largely been 
answered by several hundred hours of computerized operation under actual critical conditions with no 
safety problems and with greatly enhanced operator control. The new digital system is electrically quieter, 
more easily reconfigured, infinitely more versatile than its atavistic ancestors, and gives great promise for 
easy expansion to new systems in the future. 
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Abstract/Keyterms: For critical experiments, it is necessary to monitor remotely approaches to criticality 
via ionization chambers in order to ensure compliance with experimental requirements and that reactor 
power restrictions are not exceeded. In addition, the remotely monitored ionization chamber current serves 
as a convenient means to provide operator feedback for control of an orderly approach to critical. These 
measurements must span several decades, however, and still provide linear power indication for vernier 
control. Traditionally, strip chart recorders have been used with linear amplifiers whose ranges could be 
changed as needed for providing this information and for providing archival storage of the approach to 
critical for future verification. The paper describes a new instrument for taking and displaying ionization 
chamber data remotely, which eliminates the need for bulky and clumsy chart recorders, provides 
autoranging of linear display information, and utilizes floppy magnetic disks for archival storage of run 
data. It also provides easy interfacing with computerized control systems. 
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Abstract/Keyterms: Many different forms of enriched uranium-aluminum alloy components and waste 
are generated in the fuel fabrication facility at SRP. Accordingly, a variety of different instruments are used 
to help prevent accidental criticality with these materials. This paper describes some these instruments and 
some novel uses to which they are put. 
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Abstract/Keyterms: The 252Cf-source-driven neutron noise analysis method for obtaining the subcritical 
neutron multiplication factor k(eff) of a configuration of fissile material from cross-power spectral densities 
(CPSDs) was developed to avoid difficulties inherent in other subcriticality measurement methods. These 
difficulties include a need for a calibration at a known reactivity condition near delayed critical and a 
dependence on detection efficiency that may be more dependent on the configuration of fissile material 
than k(eff). This method has promise for in-plant applications as has been demonstrated in {approx}20 
experiments with a wide variety of fissile material configurations. These experiments conducted between 
1975 and 1987 included static measurements between k(eff) values of 0.3 and 0.999 and dynamic 
measurements between k(eff) values of 0.3 and 0.96. This noise analysis method has applications for (a) 
verification of criticality safety, (b) process control, (c) optimization of plant storage of fissile material, (d) 
long-term storage of spent light water reactor (LWR) fuel, (e) quality assurance testing of fuel elements 
after production, and (f) verification of k(eff) of shipments as received at storage or process facilities. This 
paper discusses the implications of experiments for these applications and equipment required for in-plant 
applications. 
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Abstract/Keyterms: The criticality safety of uranium reprocessing at the Idaho Chemical Processing Plant 
depends on the control of the uranium concentration in large vessels. Many of these controls are high-
quality barriers meeting the standards of a plant protective system (PPS). The first-cycle extraction PPS has 
been in use since 1979; the second-cycle extraction system will be equipped with a PPS shortly and the 
fluorinel dissolution process has had an extensive PPS since startup in 1984. The criteria for these PPSs are 
based on reactor development technology standard C16-IT and standard 603 of the Institute of Electrical 
and Electronics Engineers. These reactor plant standards were adapted and formalized for the conditions of 
fuel processing. The application to the first-cycle extraction operation is described in this paper. The PPS 
has worked reliably and effectively since its installation. Component malfunction causes inadvertent system 
trips less than annually. The system provides assurance of a controlled operation with little effect on 
productivity. As such it relieves the burden on operational supervision. In the only know PPS challenge, 
the CX nitric acid concentration monitor detected the results of a nitric acid leak into the makeup tank after 
sampling and prevented an increase in uranium concentration in the downstream mixer settler vessel. 
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Abstract/Keyterms: A requalification program was established for the Three Mile Island Unit 2 (TMI-2) 
reactor operators after the March 1979 accident made the TMI-2 reactor inoperable. A series of 
subcritical/critical experiments were designed using the Penn State Breazeale Research Reactor (PSBR) to 
establish this program. In general, several different subcritical experiments were performed to simulate 
attaining critical mass configurations that could have the potential to occur during the removal of the core 
of the damaged TMI-2 reactor. The requalification program was conducted every year beginning in 1981 
and terminating in 1987. The experiments can be dichotomized into two separate sets of experiments. The 
first set of experiments consisted of the following five: (1) fuel collapse simulation, (2) defueling 
simulation, (3) deborating TMI-2 simulation, (4) simulation of fuel loading into submerged canisters, and 
(5) draining of reactor vessel simulation. Two experiments were performed in the second set of 
experiments: (1) Simulate displacing fuel with unborated and simulated borated water, and (2) Simulate 
replacing a spherical region of borated water with nonborated water. 
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Abstract/Keyterms: The objective of these experiments is to provide criticality data for (Pu + U) solutions 
for use in optimizing the physical size of equipment used in nuclear reprocessing plants. Prior to these 
measurements, little criticality data were available for mixed plutonium-uranium solutions in slab and 
cylindrical geometry. The experiments were performed under a joint Criticality Data Development Program 
between the US Department of Energy, and the Power Reactor and Nuclear Fuel Development Corporation 
of Japan. The critical experiments were performed in the Critical Mass Laboratory of the Pacific Northwest 
Laboratory. Criticality measurements were made with (Pu + U) nitrate solutions in slab and cylindrical 
geometry. The concentration of (Pu + U) in the nitrate solution was varied and ranged between 105 and 468 
g (Pu + U)/l. The ratio of plutonium to (Pu + U) in the solution also was varied with measurements being 
made at 0.5, 0.4, and 0.2. 
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Abstract/Keyterms: This paper outlines the results of a calculational study that was performed to validate 
two versions of the SCALE computer code system using data from critical experiments performed with 
mixed Pu + U aqueous solutions. The critical experiments were conducted in a 35-cm-diam cylinder and 
variable thickness slab tank. These experimental activities are part of a joint exchange program between 
the US Department of Energy (DOE) and the Power Reactor and Nuclear Fuel Development Corporation 
(PNC) of Japan in the area of criticality data development. The Consolidated Fuel Reprocessing Program 
(CFRP) at Oak Ridge National Laboratory (ORNL) manages the program for DOE. The experiments were 
conducted at the Battelle-Pacific Northwest Laboratories-Critical Mall Laboratory. Calculated 
multiplication factors have been examined for 36 critical experiments conducted in cylindrical and slab 
geometries with mixed Pu + U solutions. The results indicate that both the SCALE-2 and SCALE-4.0 
computer code systems are capable of accurately modeling mixed fissile systems in simple geometry. 
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Abstract/Keyterms: A compact neutron tube capable of producing 10- mu sec pulses of neutrons at a rate 
of 5 x 10/sup 13//second (5 x 10/sup 8// pulse) has been developed. The tube, which uses the D-T reaction, 
consists of a P.I.G. ion source from which deuterons are accelerated onto a tritium-loaded titanium target. 
The design features which lead to these high output rates are discussed. The incorporation of the tube into 
a reactor probe operating at levels up to 10/sup 8/ /pulse is described. Pulse-to-pulse variations are small 
and a high degree of reliability has been achieved with the complete system. 
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Abstract/Keyterms: For unreflected systems where neutron leakage is large, the calculated k(eff) is 
smaller than the experimental k(eff). For example, an analysis of the criticality experiment for the uranyl-
nitrate solution slab-cylinder system was given at the International Seminar on Criticality Safety (ISCS) in 
Tokyo. At that seminar, both the results obtained by MCNP and KENO indicated smaller k(eff) than the 
experimental one in the case of the system without any external reflectors. In this paper, the authors analyze 
the criticality problem for the same unreflected system considered at the ISCS in more detail. Comparing 
the 1.2% effect to d{sub eff} due to the environment with the 2.2% increase of k(eff) due to the 
measurement uncertainty, it is presumed that the contradiction between the calculations and the experiment 
of the present unreflected system is mainly caused by the large experimental uncertainties rather than by 
the environment effect. 
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Abstract/Keyterms: The subcritical neutron multiplication factor has been measured by the 252Cf-source-
driven noise analysis method for a configuration of six interacting safe polyethylene bottles (4.5-in.-diam, 
12-l capacity) of aqueous uranyl nitrate. These experiments are the first application of this method of 
measuring subcriticality for an interacting system of six storage bottles and thus further assess the capability 
of this method for interacting arrays. This work is the initial part of a program for the measurement of large 
storage arrays 
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Abstract/Keyterms: In recent years, a considerable amount of research has been devoted to the analyses 
of criticality excursions occurring in spent-fuel casks. Several analyses have been performed to determine 
the consequences associated with criticality excursions initiated as a result of fuel assembly movement 
during transport of spent fuel and water reflood of casks containing irradiated fuel pins. Recently, efforts 
to increase the capacity of casks by taking credit for fuel burnup in the design of new casks have been 
undertaken. Misloading a cask with fuel of higher reactivity than the cask is designed for (e.g., loading 
fresh fuel into a cask designed for burned fuel) can result in a criticality accident and a subsequent transient 
excursion. During the transient, the cask and fuel are cooled via natural convection by the water in the 
spent-fuel storage pool. This paper presents a simple analysis of the neutronic and thermal-hydraulic 
consequences associated with such a PWR accident scenario. 
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Objectives 

Abstract/Keyterms: A number of opportunities exist to increase the efficiency of the next generation of 
spent fuel shipping casks. Improving cask efficiency will not only reduce life cycle transportation costs, but 
also is consistent with maintaining public and occupational radiological risks and, more importantly, total 
risks (radiological and nonradiological) within the guidelines of the “as low as reasonably achievable” 
(ALARA) philosophy. Increases in cask capacities will reduce both the total number of shipments required 
to transport a given amount of fuel and the number of handling operations at both shipping and receiving 
facilities. Additional capacity increases can be achieved by implementing various design strategies based 
on new concepts and/or the actual characteristics of the majority of the spent fuel to be shipped in the future. 
For example, it has been determined that additional capacity increases can be achieved by taking credit for 
burnup, the reduced reactivity that results when fuel has been used to produce power in a nuclear reactor. 
That is, as the fuel is used the atoms of fissile material decrease, and neutron absorbers (or “poisons”) that 
tend to retard the fission process are produced. 
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Abstract/Keyterms:  
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: The Beneficial Results of Technical Assessments of Nuclear Criticality Safety 
Programs 

Abstract/Keyterms: Following the hydraulic rupture of a UF cylinder at the Sequoyah Fuels Facility on 
January 4, 1986, the US Nuclear Regulatory Commission’s (NRC’s) executive director for operations 
(EDO) established an augmented inspection team to investigate the accident. The investigation is reported 
in NUREG-1179. The EDO then formed a lessons-learned group to report on the action NRC might 
reasonably take to prevent similar accidents. The group’s recommendations are reported in NUREG-1198. 
In addition, the EDO formed an independent materials safety regulation review study group (MSRRSG) to 
review the licensing and inspection program for NRC-licensed fuel cycle and materials facilities. During 
the same period of time that the MSRRSG report was being prepared and evaluated, the staff undertook an 
independent action to assess operational safety at each of the 12 major fuel facilities licensed by the NRC. 
The facilities included the 2 facilities producing uranium hexafluoride, the 7 facilities producing 
commercial nuclear reactor fuel, and the 3 facilities producing naval reactor fuel. The most important safety 
issues identified as needing attention by licensees were in the areas of fire protection, chemical hazards 
identification and mitigation, management controls or quality assurance, safety-related instrumentation and 
maintenance, and emergency preparedness. 
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Abstract/Keyterms: Operational safety assessments were conducted at 12 nuclear fuel cycle facilities by 
multidisciplinary teams formed by the US Nuclear Regulatory Commission (NRC) in 1986 and 1987. The 
results of these team assessments, which were broader in scope than routine NRC inspections of these 
facilities, were summarized for the commission in a staff briefing on August 5, 1987. In response to the 
commission’s request for a plan of action to implement improvements in the NRC’s regulatory program for 
fuel cycle facilities, based on the results of the team safety assessments, the staff has initiated actions to 
strengthen its licensing and inspection programs in the following areas: (a) management controls, including 
quality assurance and training programs; (b) fire safety; (c) chemical safety; (d) limiting conditions of 
operation for equipment and instrumentation important to safety, including related surveillance calibration 
and preventive maintenance provision; and (e) emergency preparedness. The implementation plan calls for 
the development and publication of staff technical positions in these identified areas to serve as initial 
guidance for licensees and NRC staff. 
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Abstract/Keyterms: The Magnox Separation Plant at Sellafield in the United Kingdom has operated since 
1964 under strict and successful criticality control. In order to meet changing operational requirements and 
incorporate new plant performance and safety data, the criticality assessments for the plant have been 
reviewed and revised nine times up to the present. The average number of separate assessments involved 
at each revision is 20 individual assessments covering a section of the process. The latest set of criticality 
assessments form part of a fully developed safety case (FDSC), in which assessments for other radiological 
hazards are also included. The FDSC was delivered to the Nuclear Installations Inspectorate in December 
1987 as one aspect of a wide-ranging company response to an external audit. During the latest reassessment 
exercise, no new contingencies were identified, although some additional maloperations leading to these 
contingencies were found. Opportunity was taken to update the assessment methods used for hazard 
identification and analysis. In general, the safety of plant operations has withstood the scrutiny of the latest 
reassessment, and it has proved possible to simplify the criticality control regime. 
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Abstract/Keyterms: The relationship between the measured values of dose, as registered by a dosimeter 
at a particular location on a soldier's body, to free-field kerma is of particular importance to the military 
when parameters such as performance decrement or mortality must be ascertained. Calculations have been 
made to derive this relationship for specific nuclear weapons environments; however, experimental 
verification of these results in these exact environments is impossible. In order to lend credance to these 
computer calculations, a series of experiments was conducted at the North Atlantic Treaty Organization's 
standard reference point-400 m from the critical assembly at Aberdeen Proving Ground (APG) in Maryland. 
The phantom chosen for these measurements was the Humanoid RT-200. The theoretical calculations were 
performed using the computer code VCS. A forward DOT calculation gave the free-field energy spectra 
and kerma. The adjoint MORSE method within VCS then allowed calculation of the appropriate energy 
spectra at the dosimeter locations on a computer-simulated anthropomorphic phantom (RT-200). The 
dosimeter responses were then predicted by folding these spectra into the measured detector kerma/energy 
response curves. Comparisons were performed between measured and calculated data to provide a 
benchmark for verifying and validating the applicable calculational methods and for better understanding 
the measured data. 
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Abstract/Keyterms: The advanced nodal code ARROTTA can perform multidimensional core analysis 
for a wide variety of both slow and rapid light water reactor (LWR) transients, as well as criticality searches 
and eigenvalue calculations. It recently has played the central role in the analysis of a pressurized water 
reactor (PWR) natural circulation transient without scram occurring at beginning of life (BOL). The severity 
of that transient was shown to be quite sensitive to the behavior of the moderator temperature coefficient 
(MTC) of reactivity; therefore, it is of considerable importance that the MTC be calculated very accurately. 
The present study extends that benchmarking to several additional PWRs and includes comparisons with 
reference results for isothermal temperature coefficients (ITCs) of reactivity. These reference results are 
provided either by fine-mesh, quarter-core PDQ7-E calculations or by measurements at operating plants. 
The ARROTTA code has been shown to predict eigenvalues, nodal power distributions, critical soluble 
boron concentrations, and ITCs that are in extremely good agreement with measured data and reference 
results for a variety of core designs at BOL. Furthermore, the accuracy with which ARROTTA calculates 
these parameters represents a significant improvement relative to one-group and one-and-a-half group nodal 
codes, which currently are widely used throughout the nuclear industry. 
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Abstract/Keyterms: The dose reduction objectives for the Three Mile Island Unit 2 (TMI-2) reactor 
building were to lower the dose rates in working areas so that the total collective dose to workers would be 
as low as reasonably achievable (ALARA). As part of these objectives, a large-scale effort was devoted to 
the decontamination of reactor building surfaces. The presence of very high removable surface 
contamination levels, sometimes in excess of 1.7 x 10/sup 3/ Bq/cm/sup 2/ (4.5 to 2 /mu/Ci/cm/sup 2/), 
contributed to high airborne radioactivity conditions. The airborne conditions necessitated the extensive 
use of respiratory protection. It became an objective of the decontamination program, therefore, to reduce 
the removable contamination levels to such an extent that the use of respirators could be reduced or even 
eliminated. The progress of the decontamination program became hampered when it was discovered that 
large areas of the reactor building were becoming recontaminated. After a series of tests, it was determined 
that the air handling systems in the building were distributing radioactivity from highly contaminated 
surfaces. This paper describes the tests used to identify the causes of the recontamination, the methods used 
to reduce the airborne radioactivity in the reactor building, and the results of the preventative measures. 
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Abstract/Keyterms: As a result of the March 1979 accident, severe damage to the Three Mile Island Unit 
2 reactor core resulted in a quantity of the reactor being dispersed outside the reactor core region. Some of 
the reactor fuel was dispersed to the nuclear auxiliary systems in the auxiliary/fuel handling building 
(AFHB). To enter post defueling monitored storage (PDMS), it is necessary to determine the location and 
quantity of reactor fuel in these systems. To determine potential reactor fuel location, it was necessary to 
first examine those systems that were used during the accident and recovery phases of the plant. By 
examining these systems, potential fuel concentrations were identified, such as tanks, filters, 
demineralizers, and piping dead legs. Second, general area radiation surveys were used to provide a rough 
indication of reactor fuel location. However, it was recognized that caution must be used since high 
radiation levels do not necessarily indicate the presence of reactor fuel due to the different escape rate 
coefficients of the various fission products and the possibility of fission product concentration on resins and 
boron. This indicates that gamma-ray spectroscopy must be used. The systems that had the greatest potential 
to contain reactor fuel were the makeup and purification (MUP) system, waste disposal liquid (WDL) 
system, and decay heat system. The method of detection was the use of {sup 144}Ce as an analog for reactor 
fuel. Completion of the measurements and calculations have provided the results discussed in the paper. 
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Abstract/Keyterms: The Three Mile Island Unit 2 Safety Advisor Board (SAB) was established on March 
16, 1981, to provide GPU Nuclear Corporation management with a high-level, independent appraisal of the 
cleanup program as related to public and worker health safety. In its 7 1/2 yr of existence, the SAB has 
reviewed many aspects of cleanup activities, including regulations, safety, risk assessment, project 
organization, project financing, project procedures, technical planning, and public communications. The 
primary objective of the SAB has been to ensure the continued safety of the surrounding community and 
of the on-site work force. It was of paramount importance that the reactor plant be placed in a stable, 
controllable condition as soon as possible. The work of the SAB can be described under three major 
headings: scientific, engineering, and administrative. Included under the scientific heading is recriticality, 
environmental effects, and accident scenario. The engineering heading includes removal of fuel debris, 
methods of decontamination, control of personnel exposures, and personnel contamination control. The 
administrative heading includes over control of cleanup operations, cost and schedule control, organization, 
project planning, and communications with the public. 
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Abstract/Keyterms: As a consequence of the 1979 Three Mile Island Unit 2 (TMI-2) accident, the fuel 
was severely damaged, and fuel fines and debris were transported throughout the reactor coolant system 
(RCS). Estimates of the fuel quantities in equipment and piping outside the reactor vessel boundary have 
been developed based on component-specific methods, such as sampling, remote visual inspections, and 
gamma spectroscopy. To ensure a safe, stable plant configuration (called postdefueling monitored storage) 
following the defueling effort, fuel must be removed from any area if the potential for criticality exists. The 
fuel quantity estimates are, therefore, used as a simple guideline to indicate the potential need to remove 
fuel from ex-vessel locations. The juxtaposition of multiple fuel containing components is also considered. 
Systems have been designed to defuel seven specific ex-vessel areas. These are pressurizer, pressurizer 
spray line, once-through steam generator (OTSG) upper tubesheets, RCS hot legs, decay heat line, RCS 
cold legs and reactor coolant pumps, and OTSG lower heads and J-legs. Systems and equipment have been 
developed and used to successfully defuel certain ex-vessel areas of TMI-2. This ex-vessel defueling, along 
with the completion of in-vessel defueling, will allow TMI-2 to be placed into postdefueling monitored 
storage. 
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Abstract/Keyterms: Beginning in 1984, the Three Mile Island Unit 2 (TMI-2) defueling design team 
requested Oak Ridge National Laboratory to supply criticality safety licensing and support analyses for all 
fuel removal operations. This paper discusses (a) the computational methods and basic analytic models 
employed in the work, (b) the areas where computational analyses were requested, and (c) pertinent results 
and indicates their impact on the defueling effort. 
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Abstract/Keyterms: In October 1985 GPU Nuclear Corporation began the fuel removal phase of the 
recovery from the March 28, 1979, accident at the Three Mile Island Unit 2 (TMI-2) nuclear power station. 
Almost 3 yr. before the start of defueling, however, the planning activities for dealing with the criticality 
safety aspects of the core material had begun. Nuclear criticality safety has been one of the key safety issues 
during the recovery. As a result of the accident, the physical configuration of the core was unknown. The 
various fuel geometries that could exist during defueling activities and postulated hypothetical accidents 
needed to be considered. These circumstances, coupled with the recovery approach selected, presented 
unique and first of a kind criticality safety obstacles. To address these issues and to demonstrate that fuel 
removal could be accomplished, while at the same time maintaining criticality safety, numerous evaluations 
were performed by an array of organizations. This paper provides an overview of the criticality evaluations 
performed to support TMI-2 defueling. Furthermore, once defueling operations started, operational and tool 
design evolutions presented additional criticality safety concerns. An example of this the work performed 
to establish limits on foreign materials (e.g., underborated liquids and solid material). Another example is 
the work recently completed for the plasma torch system, which will used to dismantle the lower core 
support assembly. 
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Abstract/Keyterms: Following the accident at Three Mile Island Unit 2 (TMI-2), the likelihood of a 
criticality outside of the reactor coolant system (RCS) during the plant cleanup was very small. Given the 
consequence of any possible critical event in the TMI-2 systems, However, it was always necessary to 
ensure that all steps were taken to prevent criticality. Therefore, engineered controls were developed to 
ensure that decontamination of plant systems containing fuel material could be conducted in a manner that 
precluded criticality. 
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Abstract/Keyterms: The educational and research activities at the Ohio State University Nuclear Reactor 
Laboratory (OSUNRL) are discussed in this paper. A brief description of an OSUNRL facility improvement 
program and its expected impact on research is presented. The overall long-term goal of the OSUNRL is to 
support the comprehensive education, research, and service mission of OSU 
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Abstract/Keyterms: There are many space missions that require electric power in the 10-kW(electric) to 
1-MW(electric) range. The SP-100 program will provide technology that demonstrates that a nuclear 
reactor heat source and passive thermoelectric conversion can reliably provide electrical power over this 
full range for 10 yr. Based on the generic flight system (GFS) design at 100 kW(electric), tests will be 
conducted to demonstrate that technologies required for the GFS have been validated. In addition, system-
level tests will show that the GFS design and predictive capability to design at other power levels are well 
understood and meet an enveloping set of requirements. Technology and component testing has begun at 
General Electric (GE), its subcontractors, and several national laboratories. This paper reviews the 
significant progress made to date and major planned future tests with respect to the reference flight system, 
technology and component achievements, and nuclear assembly and integrated assembly tests. 
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Abstract/Keyterms: In nuclear power plants, expert systems have the potential to provide the best advice 
in the industry for everyday challenges, such as improving thermal efficiency, and less frequent but critical 
tasks, such as deciding which annunciators are most important for a particular plant configuration. These 
systems can make operating and maintaining the plant safer and more efficient. Expert systems are capable 
of absolutely overwhelming and disorienting users. The specific system used for discussion of the design 
of a useful expert system interface is the thermal performance advisor (TPA). The objective of this paper 
is to describe major principles for use in designing and reviewing expert systems. 
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Abstract/Keyterms: The fuel-ringed external cavity, version II (FREC-II), is a recent upgrade to the 
annular core research reactor (ACRR) at Sandia National Laboratories (SNL). The FREC-II is neutronically 
coupled to the ACRR, a 2-MW steady-state/300-MJ pulse reactor used for a variety of simulation 
experiments in areas such as reactor safety and weapons effects. The FREC-II was designed to provide a 
large-volume irradiation cavity for fissile and electronic weapon components while retaining the 
performance characteristics of its smaller predecessor FREC-I. 
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Abstract/Keyterms: This work considers a study of a new vectorizable rebalancing algorithm for 
neutronics codes on an IBM 3090VF computer. For the present study, the authors consider the S{sub N} 
transport theory method, which is an accurate and widely used approximation to the Boltzmann equation. 
Since computer codes utilizing this method typically require large amounts of memory and long execution 
times, attempts have been made to speed up problem solution. Mesh rebalancing and diffusion acceleration 
are two of the originally developed convergence acceleration techniques in use. Recent computer 
developments have allowed for the modification of the scalar S{sub N}-theory algorithms to incorporate 
vector and/or parallel processing. Vectorization of two of the existing S{sub N} transport theory codes, 
DOT and TWOTRAN-II, has shown that significant improvements in execution time can be achieved. The 
objective of the present work is to extend the vectorization of TWOTRAN-II by modifying its rebalancing 
algorithm. 



 

C-19231 

19180…..…..…………………..…….……..……ID Number…………………..…..…………….19180 

Author: Lloyd, R. C. / Smolen, G. R. / Matsumoto, T. 

Title: Criticality Experiments with a Mixed-Oxide Fuel Pin Array in Plutonium-Uranium Nitrate Solutions 

Date: 6/1/1989 

Report: TANSAO, 059, 171-172 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: A series of critical experiments was completed with an array of mixed-oxide (MOX) 
fuel pins surrounded by plutonium-uranium nitrate solutions. The experiments were performed under a joint 
Criticality Data Development Program between the US Department of Energy and the Power Reactor and 
Nuclear Fuel development Corporation of Japan. The critical experiments were performed in the Critical 
Mass Laboratory (CML) of the Pacific Northwest Laboratory (PNL). The objectives of these experiments 
are to provide criticality data for a heterogeneous system of fuel pins moderated with plutonium-uranium 
and to determine the effectiveness of soluble gadolinium as a neutron absorber for criticality control in 
optimizing the physical size of equipment. Experiments have been performed in a similar configuration; 
however, these new experiments provide criticality data for a tighter fuel lump spacing, where soluble 
neutron poisons are not as effective. 
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Abstract/Keyterms: This paper outlines the results of a calculational study that was performed to validate 
the SCALE computer code system using data from critical experiments performed with fuel pin arrays 
moderated by mixed Pu + U aqueous solutions. A companion paper describes the experiments and discusses 
the criticality data that were obtained. These experimental activities are part of a joint exchange program 
between the US Department of Energy (DOE) and the Power Reactor and Nuclear Fuel Development 
Corporation of Japan in the area of criticality data development. The Consolidated fuel Reprocessing 
Program (CFRP) at Oak Ridge National Laboratory (ORNL) manages the program for the DOE. The 
experiments were conducted at the Battelle Pacific Northwest Laboratories-Critical Mass Laboratory (PNL-
CML). 
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Abstract/Keyterms: A research program was initiated for the US Department of Energy (DOE) by the 
Sandia National Laboratory Transportation Systems Development Department in 1982 to provide 
benchmark type experimental criticality data in support of the design and safe operations of nuclear fuel 
transportation systems. The overall objective of the program is to identify and provide the experimental 
data needed to form a consistent, firm, and complete data base for verifying calculational models used in 
the criticality analyses of nuclear transport and related systems 
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Abstract/Keyterms: The accidental drop of a 100-t light water reactor spent-fuel shipping or storage cask 
in a spent-fuel pool can lead to severe distortion of the spent-fuel racks and stored assemblies. This a serious 
challenge to the criticality safety margins designed into the storage racks. Under such conditions, credit is 
allowed for the presence of soluble boron, but analysis of the geometric distortion must be included. The 
objective of this paper is to demonstrate the criticality safety of a typical pressurized water reactor (PWR) 
spent-fuel rack for the cask drop accident. In this typical rack, the storage cell is a steel canister surrounded 
by boral sheets held in place by an outer steel wrapper. Criticality control is by flux trap between cells. The 
nominal center-to-center spacing, lattice pin pitch and flux trap gap are 10.25, 0.58, and 0.694 in., 
respectively. Since the cask drop accident involves unpredictable distortions in geometry, conservative 
assumptions about the final geometry are made in order to bound the reactivity effects. These assumptions 
include collapsed flux trap and variation of lattice pin pitch. Criticality analysis of the ask drop accident 
was performed with CASMO-3 and KENO-Va. If credit is taken for the presence of soluble boron in spent-
fuel pool water, the k(eff) of the spent fuel racks will be below 0.95 for the cask drop accident. However, 
this conclusion is rack type, fuel type, and soluble boron level dependent. If no soluble boron is present, a 
criticality hazard might exist. 
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Abstract/Keyterms: The Waste Isolation Pilot Plant (WIPP) is a facility built to demonstrate the safe 
storage of defense-generated transuranic (TRU) waste in an underground salt mine. The waste will consist 
mainly of surface-contaminated clothing, wipes, wrappings, tools, as well as sludges and other waste forms. 
The radioactive material in the waste is predominately 239Pu; however, other fissile materials may be 
contained in absorbent mixtures. The waste is grouped into two categories. Contact-handled (CH) waste 
will be stored in 55-gal steel drums or in steel boxes. The drums and boxes, which can be intermixed, will 
be stored in large underground rooms. Remotely handled (RH) waste will be stored in specially designed 
10-ft-long cylindrical steel canisters. The RH canisters will be examined in a hot-cell area before being 
transported into the nine and placed into holed drilled into the walls of the underground storage rooms. 
Criticality of the CH waste storage drums and boxes and the RH canisters is prevented by the maximum 
fissile loading requirements per container and the sizes of the handling/storage arrays. Analysis has shown 
that the k(eff) limit of 0.95 is met with the storage of large loadings of fissile material at the WIPP facility 
while credible or realistic assumptions still provide a large degree of conservatism. 



 

C-19236 

19185…..…..…………………..…….……..……ID Number…………………..…..…………….19185 

Author: Pearson, J. S. / Hill, E. E. 

Title: Emergency Response Preparation Based on an Internal Exercise Program 

Date: 6/1/1989 

Report: TANSAO, 059, 180-181 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Emergency Preparedness and Computational Developments 

Abstract/Keyterms: The Criticality Safety Group (CSG) at the Lawrence Livermore National Laboratory 
(LLNL) has developed an organized program of organized program of emergency response preparation and 
training to facilitate prompt and effective response to a criticality emergency. The program is based on 
preparation of documented guidance and resources, as well as group training through exercises. The paper 
discusses this program while emphasizing one key aspect, the internally prepared and conducted training 
exercises. 
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Abstract/Keyterms: During a criticality excursion occurring in fissile solution, most of the energy released 
is transformed into thermal heating and the formation of gas by radiolytic decomposition of water. In 
addition, for fast kinetics excursions, a pressure increase in the internal solution is observed. This pressure 
increases and hydrogen generation can pose a safety concern. To understand and to model these phenomena, 
the Commissariat a l'Energie Atomique (CEA) Institute for Nuclear Protection and Safety has carried out 
specific experiments at the SILENE facility to: measure the pressure increase accompanying the power 
peak and determine the volume of radiolysis gas formed as a function of the energy and medium. These 
results are interrelated, and it should be possible to make use of pressure, energy, and radiolysis gas data to 
set up an equation of state of fissile solution and, consequently, to improve currently existing calculation 
models. 



 

C-19238 

19187…..…..…………………..…….……..……ID Number…………………..…..…………….19187 

Author: Williams, Robert A. / Montgomery, Richard D. 

Title: Process-Regulated Moderation Control of an Advanced LWR Fuel Manufacturing Line 

Date: 6/1/1989 

Report: TANSAO, 059, 182-183 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Emergency Preparedness and Computational Developments 

Abstract/Keyterms: High-technology nuclear fuel fabrication, such as that conducted in the state-of-the-
art Westinghouse manufacturing automation process (MAP) line, depends on innovative techniques to 
demonstrate and realize nuclear criticality safety. For the UF6 {yields} UO2 conversion portion of this 
MAP line, the application of creativity involved (a) use of fault-tree analysis to evaluate the salient elements 
for maintaining moderation control over accidental chain reaction, and (b) extension of the double 
contingency principle to include process regulation for assuring criticality safety. This approach was 
ultimately extended to demonstrate and realize nuclear criticality safety in all portions of the MAP line 
where traditional geometric controls were not feasible. 
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Abstract/Keyterms: Fuel stored underwater in the Idaho Chemical Processing Plant basins has been 
subjected to the usual criticality safety evaluations to assure safe storage configurations. Certain accident 
or emergency conditions, caused by corrosion or a seismic event, could change the fuel configuration and 
environment to invalidate previous calculations. Consideration is given here to such contingencies for fuel 
stored in three storage basins. One basin has fuel stored in racks, on a generally flat floor. In the other two 
basins, the fuel is stored on yokes and in baskets suspended from a monorail system. The floor is ribbed 
with 30.48-cm-thick and 80-cm-high concrete barriers across the basin width and spaced 30.48 cm apart. 
The suspended fuel is typically down to 15 cm above the floor of the channel between the concrete barriers. 
These basins each have 29 channels of 18 positions maximum per channel for a total of 522 possible 
positions, which are presently 77 and 49% occupied. The three basins are hydraulically interconnected. 
Several scenarios indicate possible changes in the fuel configuration. An earthquake could rupture a basin 
wall or floor, allowing the water to drain from all basins. All levels of water would fall to the completely 
drained condition. Suspended fuel could drop and fall over within the channel. Corrosion might weaken the 
support systems or cause leaks in sealed fuel canisters. Calculations were made with the KENO-IV 
criticality program and the library of mostly Hansen-Roach 16-energy-group neutron cross sections. 
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Abstract/Keyterms: Transport codes use multigroup cross sections where neutrons are divided into broad 
energy groups, and the monoenergetic equation is solved for each group with a group-averaged cross 
section. Monte Carlo codes differ in that they allow the use of the most basic pointwise cross-section data 
directly in a calculation. Most of the first Monte Carlo codes were not able to utilize this feature, however, 
because of the memory limitations of early computers and the lack of pointwise cross-section data. 
Consequently, codes written in 1970s, such as KENO-IV and MORSE-C, were adapted to use multigroup 
cross-section sets similar to those used in the S{sub n} transport codes. With advances in computer memory 
capacities and the availability of pointwise cross-section sets, new Monte Carlo codes employing pointwise 
cross-section libraries, such as the Los Alamos National Laboratory code MCNP and the Lawrence 
Livermore National Laboratory (LLNL) code COG were developed for criticality, as well as radiation 
transport calculations. To compare pointwise and multigroup Monte Carlo methods for criticality 
benchmark calculations, this paper presents and evaluated the results from the KENO-IV, MORSE-C, 
MCNP, and COG codes. The critical experiments selected for benchmarking include LLNL fast metal 
systems and low-enriched uranium moderated and reflected systems. 
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Abstract/Keyterms: Linear and Doppler feedback components of the power reactivity decrement (PRD) 
for a 900-MW(thermal) homogeneous UPu10Zr-fueled sodium-cooled reactor have been calculated. (The 
PRD is the negative of the reactivity required to bring the reactor from a zero-power hot-critical condition 
to a given power level.) The components are further separated into power-dependent and power-to-flow-
dependent parts. These delineations enhance understanding of the contributions of the components to the 
feedback process. The delineation also enables the PRDs for other values of coolant flows to be estimated. 
The linear and Doppler components of the PRD are obtained using the EBRPOCO code, which calculates 
detailed axially delineated contributions of the components for every subassembly of a loading 
configuration. Separation of the components into power and power-to-flow parts is made by calculations 
of the components, assuming infinite thermal conductivities to obtain the power-to-flow values. 
Subtractions of these from the corresponding PRD quantities give the power-dependent parts. The values 
of the various feedback components are compared with corresponding quantities reported for an analogous 
U10Zr-fueled case. 
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Abstract/Keyterms: For the past 20 yr, some of the original activities at the Penn State Breazeale Reactor 
(PSBR) have remained active, whereas other programs have been replaced by new ones. Overall there have 
been significant changes in research, training, and educational activities, but this was necessary to maintain 
a strong, viable program at the PSBR. The PSBR has always made an important contribution to the nuclear 
engineering department's laboratory courses. Activation analysis a major activity that has continued 
robustly for the past 20 yr. Activation analysis has spawned a new low-level radiation monitoring laboratory 
that provides services for the university, local community, and the state. It supports research and broadens 
the activity in radiation research. The study of monitoring radiation is a focus of the research of a few 
faculty because of the presence of the PSBR. Recently, two new activities were introduced at the at the 
PSBR; they are neutron radiography and perturbed angular correlation (PAC). The nuclear engineering 
faculty that use a research reactor in their curriculum and research will be much stronger than without it. 
However, a nuclear research reactor facility will only be successful if the nuclear engineering faculty use it 
as a major tool. 
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Abstract/Keyterms: The Rensselaer Polytechnic Institute (RPI) Reactor Critical Facility (RCF) has 
provided hands-on education and training for RPI and other students for almost a quarter of a century. The 
RCF was built in the 1950s by the American Locomotive Company (ALCO) as a critical facility in which 
to carry out experiments in support of the Army Package power Reactor (APPR) program. A number of 
APPRs were built and operated. In the middle 1960s, ALCO went out of business and provided the facility 
to RPI. Since that time, RPI has operated the RCF primarily in a teaching mode in the nuclear engineering 
department, although limited amounts of reactor research, activation analysis, and reactivity assays have 
been carried out as well. Recently, a U.S. Department of Energy (DOE) upgrade program supported 
refueling the RCF with 4.81 wt% enriched UO2 high-density pellets clad in stainless steel rods. The use of 
these SPERT (F1) fuel rods in the RCF provided a cost-effective approach to conversion from high-
enrichment bomb grade fuel to low-enrichment fuel. More important, however, is the fact that the new fuel 
is of current interest for light water power reactors with extended lifetime fuel. Thus, not only are critical 
reactor experiments being carried out on the fuel but, more importantly, the quality of the education and 
training has been enhanced. 
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Abstract/Keyterms: In its undergraduate and graduate programs in nuclear engineering and health physics, 
Texas A M University utilizes two reactors for the training and education of students. The 5-W AGN-201 
nuclear training reactor has been in use since the late 1950s, while the 1-MW TRIGA Nuclear Science 
Center Reactor (NSCR) was first utilized in late 1961. Both facilities have been upgraded since initial 
criticality, the AGN power level being increased from the original 200-mW limit to its 5-W current level 
and the NSCR undergoing conversion from a 100-kW materials test reactor fueled deign to a 1-MW 
TRIGA-fueled facility. The AGN reactor is operated by the Department of Nuclear Engineering of the 
College of Engineering and is almost solely utilized in training and education programs. The NSCR facility 
is administered by the Texas Engineering Experiment Station and support research efforts of faculty and 
students of departments within and outside the university in addition to contributing to the education and 
training programs of the nuclear engineering department. 
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Abstract/Keyterms:  
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Abstract/Keyterms: As with previous experiments with loosely coupled systems, point kinetics 
interpretation can be used to obtain neutron multiplication factors if the californium source and detectors 
are located on the same tank. Although the californium source is located asymmetrically in the system the 
detectors were sufficiently far apart that the correlated information was from long fission chains which are 
more nearly fundamental-mode distributed. Examination of the experimental data before interpretation 
allows an assessment of the applicability of point kinetics. The subcritical neutron multiplication factor for 
the two tanks has been measured out to separations in air of 57.9 cm, and calculations agree with the 
experimental results. These experiments confirmed the criteria from previous experiments for location of 
source and detector to allow point kinetics interpretation of the data. For source detector locations for which 
point kinetics is not applicable, the theory of Difillippo can be used to obtain the neutron multiplication 
factor from the ratio of spectral densities 
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Abstract/Keyterms: The concept of spent-fuel casks that could be used for both storage and for transport 
has been around for some years, but was only seriously evaluated when utilities started becoming concerned 
about adequate fuel storage. In the early 1980s, the U.S. Department of Energy proposed to solve the 
problem with their away-from-reactor storage facility concept. This was superseded by passage of the 
Nuclear Waste Policy Act of 1982, which directed the development of one or more waste repositories, the 
first of which was to be in operation by 1998. Delays in this program now indicate an opening data of 2003 
or later. This, together with the lack of significant progress on a monitored retrievable storage facility, 
leaves the utility companies to solve their storage problems individually. One alternative is to use dual-
purpose casks. The use of such a cask should eliminate the need to move the cask and fuel back into the 
spent-fuel pool for transfer to a transport cask. However, a dual-purpose cask must be licensed for use under 
both 10CFR71 and 10CFR72 of the U.S. Code of Federal Regulations. The purpose of this paper is to 
examine the differences between the requirements of 10CFR71 and 10CFR72, to note the changes over the 
past several years in the NRC’s interpretation of 10CFR71 requirements, and to review the design 
modifications that the Nuclear Assurance Corporation (NAC) believes are required to make a licensed 
storage cask acceptable for transport under 10CFR71 
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Abstract/Keyterms: The European Safeguards Research and Development Association target values for 
uncertainty components in fissile element and isotope assay have provided an excellent starting point in 
improving the quality of measurement technologies in nuclear fuel facilities. To date, these target values 
have represented the best estimates of a number of evaluating committees of the achievable accuracies of 
modern measurement methods. The efforts by participating laboratories to meet these target values have 
demonstrated that these estimates were, in fact, achievable. In reviewing these target values, it now seems 
prudent to question not what is required to meet the changing needs of the nuclear industry. Such a review 
requires that in addition to safeguard needs, one should also critically review requirements for criticality 
control, fiscal management, contractual constraints, environmental safety, international treaties, and the 
possible impact of emerging technologies. Properly conducted, such a review should provide useful insight 
into potential deficiencies in measurement capabilities as estimated by present target values. The insights 
gained should identify areas where new research initiatives are needed to improve measurement technology. 
A proposed framework for such an evaluation has been developed and is discussed herein. 



 

C-19249 

19198…..…..…………………..…….……..……ID Number…………………..…..…………….19198 

Author: Ackroyd, R. T. / Issa, J. G. 

Title: Commercial Exploitation of Finite Element Codes for Neutron Transport 

Date: 11/1/1989 

Report: TANSAO, 060, 335-336 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: A Review of Nuclear Computational Methods and Their Applications 

Abstract/Keyterms: The finite element method for neutron transport is in commercial use in the United 
Kingdom for shielding and criticality problems. It is also applied to time-dependent problems arising in the 
field of oil-well logging. The present capability of the method is described, and the developments in hand 
to accelerate calculations are outlined. The codes that have been developed in the United Kingdom are 
FELTRAN, TRIPAC, and MARC. Complex shapes can be modeled with finite elements as realistically as 
in Monte Carlo calculations. Thus the finite element and Monte Carlo methods provide an independent 
means of cross checking a safety assessment for finalized design. The finite element method is particularly 
useful for scoping design studies, because it gives the angular fluxes everywhere in the system. These fluxes 
provide guidance on the efficacy of the design features. 
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Abstract/Keyterms: The Monte Carlo method has long been established as an extremely valuable 
technique for the solution of particle transport problems. The detail with which it is possible to represent 
both the collision mechanics and geometry make the method the preferred one in most situations; however, 
the use of the method is normally restricted because of the large amount of computation required. 
Traditionally, this computation has been performed using vector supercomputers; hence, the cost of 
performing such calculations has been high. Now, the introduction of relatively low-cost parallel processing 
technology offers the performance of a supercomputer at a fraction of the cost and provides the possibility 
of the Monte Carlo method becoming a more widespread method of calculation. 
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Abstract/Keyterms: The concern over steam explosions in nuclear reactors can be traced to prompt critical 
nuclear excursions in aluminum-clad/fueled test reactors, as well as to explosive events in aluminum, pulp, 
and paper industries. The Reactor Safety Study prompted an extensive analytical and experimental effort 
for over a decade. This has led to significant improvements in their understanding of the steam explosion 
issue for commercial light water reactors. However, little progress has been made toward applying the 
lessons learned from this effort to the understanding and modeling of steam explosion phenomena in 
aluminum-clad/fueled research and test reactors. The purposes of this paper are to (a) provide a preliminary 
analysis of the destructive events in test reactors, based on current understandings of steam explosions; (b) 
provide a proposed approach for determining the likelihood of a steam explosion event under scenarios in 
which molten U-Al fuel drops into a water-filled cavity; and (c) present a benchmarking study conducted 
to estimate peak pressure pulse magnitudes. 
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Abstract/Keyterms: The American National Standards Institute (ANSI) is the organization responsible for 
promulgating voluntary consensus standards in a large number of fields. Although nongovernmental, it 
serves a quasi-official function in representing the United States in international standards activities. ANSI 
carries out its mandate through liaison with a variety of expert committees, sponsored by professional 
organizations that recommend consensus standards for adoption as American National Standards in 
accordance with processes specified by ANSI. Adherence to these processes is important to avoid legal 
difficulties. Committee N13, sponsored by the Health Physics Society is authorized to recommend 
consensus standards in the field to ANSI for their approval as American National Standards for Radiation 
Protection. The committee also reviews existing standards on a 5-yr cycle to ensure they are up to date. The 
goal of Committee N13 is the development of a coherent set of National Radiation Protection Standards. 
Recent progress and activities are discussed. 
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Abstract/Keyterms: The ENDF/B-VI (Evaluated Nuclear Data File) data evaluations reflect several major 
changes relative to version V data that will be of interest in thermal reactor analysis. Some of the important 
changes in the 235U, 239Pu, and 238U data are summarized. It can be seen that significant modifications 
have been made in the 235U and 239Pu thermal data. Also, completely new resonance evaluations based 
on the Reich-Moore formalism have been performed for 235U, 239Pu, and 238U, and the number of 
resolved resonances included in the evaluations has increased dramatically. To assess the merit of these 
modifications, it is first necessary to review the performance of ENDF/B-V in thermal reactor analysis and 
then to project the estimated impact of ENDF/B-VI on the version V results. 
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Conference Session: Robotics in Analytical Operations 

Abstract/Keyterms: ROBOCAL, which is presently being developed and tested at Los Alamos National 
Laboratory, is a full-scale, prototype robotic system for remote calorimetric and gamma-ray analysis of 
special nuclear materials. It integrates a fully automated, multidrawer, vertical stacker-retriever system for 
staging unmeasured nuclear materials, and a fully automated gantry robot for computer-based selection and 
transfer of nuclear materials to calorimetric and gamma-ray measurement stations. Since ROBOCAL is 
designed for minimal operator intervention, a completely programmed user interface is provided to interact 
with the automated mechanical and assay systems. The assay system is designed to completely integrate 
calorimetric and gamma-ray data acquisition and to perform state-of-the-art analyses on both homogeneous 
and heterogeneous distributions of nuclear materials in a wide variety of matrices. 
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Report: TANSAO, 061, 179 
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Conference Session: Administrative and Engineering Controls Applications for Unfavorable Geometry 

Abstract/Keyterms: Highly enriched uranium recovery operations at the Oak Ridge Y-12 plant require 
dissolution of various uranium-bearing materials in nitric acid and water to prepare uranyl nitrate solution 
for subsequent uranium purification process steps. All enriched uranium solution processing is conducted 
in equipment of favorable geometry. Large quantities of nitric acid and water are used in dissolution steps, 
and much of the nitric acid is removed in subsequent evaporation steps. 
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Abstract/Keyterms: The purpose of this project is to provide criticality limits and guidance for the initial 
planning phase of a new facility for the production of a new metal alloy fuel material for the Hanford N 
Reactor. The proposed fuel material composition is a uranium- zirconium alloy consisting of approximately 
90.7 weight percent zirconium and 9.3 weight percent uranium. While the anticipated enrichments range 
from 55 to 70 weight percent 235U, this analysis considers only 100 weight percent 235U for simplicity 
and conservatism. The fuel material would be produced in the form of a solid, as-cast double billet using 
an arc melter process. Two finished billets result from one as-cast double billet. The production process 
poses several criticality safety concerns that require evaluation. The concerns include non-homogeneous 
alloy formation in the arc melter, as-cast billet storage, and finished billet storage. All analyses were 
performed using the KENO V.a module of the SCALE computer code system with the 27 group, ENDF-
IV based cross section library. 
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Abstract/Keyterms: Shipments of fissile and radioactive materials are made in packaging that is designed, 
fabricated, assembled, tested, procured, used, and maintained in accordance with the provisions cited below 
to protect the environment and the health and safety of the public and workers. This paper summarizes the 
criticality safety analysis of the packaging that was prepared in accordance with DOE Order 5610.1 for the 
Oak Ridge Y-12 Plant, Model DT-21 packaging for uranium metal. The DT-21 packaging with uranium 
metal meets the requirements of 10 CFR 71 and 49 CFR 100-178. The packaging consists of a stainless 
steel 133-1 (30-gal) drum, lignocellulosic fiberboard insulation, a stainless steel inner container, fasteners, 
ethylene propylene elastomeric O-rings, and packing material. The contents may consist of up to 30 kg of 
uranium with a maximum of 18 kg U. 
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Abstract/Keyterms: The purpose of this work was fivefold: to develop an expanded neutron cross-section 
library containing approximately 1200 cross-section sets with the Hansen-Roach (H-R) sixteen neutron-
energy-group structure; to provide an enhanced computational tool on a personal computer for criticality 
calculations; to provide consistent values of the effective scattering cross sections (sigma-s) for each set of 
the expanded H-R library, for selecting the resonance self-shielded cross sections (sigma-p); to develop a 
consistent technique for calculating sigma-p to select and apply specific self-shielded cross-section sets; 
and to apply the cross sections and the selection technique to a wide variety of criticality calculational 
benchmarks. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Reactor Safety-General 

Abstract/Keyterms: The 252Cf-source-driven noise analysis method has been used to measure subcritical 
neutron multiplication factors for a variety of configurations and types of fissile materials, with k varying 
between 0.35 and 0.999. In one experiment with uranyl nitrate solution, k was measured every 6 s while 
the solution was drained from a tank at a rate corresponding to a variation in k of 0.01/s. To obtain the k 
values from the 252Cf measurement requires a variety of parameters of the subcritical configuration, all of 
which can be measured or obtained from other measurements. However, the measured ratio of spectral 
densities from which the k value is obtained does not depend on the detection efficiency or source intensity, 
but it does depend on other subcritical parameters that vary in most cases almost linearly with reactivity. 
The 252Cf-source-driven measurement method is thus a safer way to monitor initial loading and reactor 
start-up because it does not depend on source intensity or detection efficiency. This has been confirmed in 
a variety of measurements. Examples from experiments with fissile materials and one with a mock-up of 
the SP-100 reactor are presented to illustrate the advantage of this method over the inverse count rate 
method for initial loading applications. 
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Abstract/Keyterms: This analysis investigated the difference between axial power distribution and 
detector response for the cores operated at the Savannah River site (SRS). This study supported the axial 
power shape uncertainty analysis for reactor power limit calculations. The MCNP code was used for this 
analysis to properly account for the three-dimensional effects of the axial power profile variation in the 
radial direction. In addition, modeling the power distribution and the detector response required a coupled 
neutron-photon transport calculation. 
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Abstract/Keyterms: A recent experiment was performed at the Los Alamos Critical Experiments Facility 
(LACEF) in which several subcritical measurement techniques were compared using the Westinghouse 
Idaho Nuclear Company (WINCO) slab tank experiment as a test bed. It was noted that a significant 
discrepancy occurred between the results obtained by the source-jerk technique and a standard noise-
analysis technique (the Rossi-alpha technique). These results are shown along with a synopsis of the 
experimental setup. Using a Monte Carlo code (MCNP), it was further noted that the source-jerk results 
agreed very well with the MCNP calculations. Thus, it was concluded that the discrepancy was due to a 
breakdown in the Rossi-alpha model. 
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Methods 

Abstract/Keyterms: In the criticality safety analyses for the development and certification of spent fuel 
casks, the current approach requires the assumption of fresh fuel” isotopics. It has been shown that the 
removal of the fresh fuel” assumption and the use of spent fuel isotopics ( burnup credit”) greatly increases 
the payload of spent fuel casks by reducing the reactivity of the fuel. Regulatory approval of burnup credit 
and the requirements of ANSI/ANS 8.1 specify that calculational methods for away-from-reactor criticality 
safety analyses be validated against experimental measurements. Criticality analyses for low-enriched 
lattices of fuel pins using the fresh fuel isotopics” assumption have been widely benchmarked against 
applicable critical experiments. However, the same computational methods have not been benchmarked 
against criticals containing spent fuel because of the non-existence of spent fuel critical experiments. 
Commercial reactors offer an excellent and inexhaustible source of critical configurations against which 
criticality analyses can be benchmarked for spent fuel configurations. This document provides brief 
descriptions of the benchmarks and the computational methods for the criticality analyses. 
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Abstract/Keyterms: To establish criticality safety margins utilizing burnup credit in the storage and 
transport of spent reactor fuels requires a knowledge of the uncertainty in the calculated fuel composition 
used in making the reactivity assessment. To provide data for validating such calculated burnup fuel 
compositions, radiochemical assays have been obtained as part of the United States Department of Energy 
From-Reactor Cask Development Program. Assay results and associated operating histories on the initial 
three samples analyzed in this effort are presented. The three samples were taken from different axial 
regions of a Pressurized Water Reactor fuel rod and represent radiation exposures of about 37, 27, and 44 
GWd/MTU. The data are presented in a benchmark type format to facilitate identification/referencing and 
computer code input. 
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Abstract/Keyterms: A study to evaluate the effect of axially dependent burnup on k(eff) has been 
performed as part of an effort to qualify procedures to be used in establishing burnup credit in shipping 
cask design and certification. This study was performed using a generic 31-element modular cast-iron cask 
(wall thickness 33.1 cm) with a 1-cm-thick borated stainless-steel basket for reactivity control. Fuel 
isotopics used here are those of the 17 {times} 17 Westinghouse assemblies from the North Anna Unit 1 
reactor. Virginia Power (VP) provided detailed spatial isotopics for the fuel assemblies in-core at beginning-
of-cycle 5 (BOC-5) as generated from their PDQ analyses. Twenty-two axial planes were defined in the 
original VP data. The isotopics used in this study were for a 3.41 initial wt% 235U and an average burnup 
of 31.5 GWd/MTU. 



 

C-19281 

19230…..…..…………………..…….……..……ID Number…………………..…..…………….19230 

Author: Boshoven, Jack K. / Su, Shiaw-Der 

Title: Burnup Credit Application of GA-4 Transportation Casks 

Date: 11/1/1990 

Report: TANSAO, 062, 318-319 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Cask 
Applications 

Abstract/Keyterms:  



 

C-19282 

19231…..…..…………………..…….……..……ID Number…………………..…..…………….19231 

Author: Broadhead, B. L. 

Title: Burnup Credit Feasibility for BWR Spent-Fuel Shipments 

Date: 11/1/1990 

Report: TANSAO, 062, 319-321 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Cask 
Applications 

Abstract/Keyterms:  



 

C-19283 

19232…..…..…………………..…….……..……ID Number…………………..…..…………….19232 

Author: Mihalczo, J. T. / Broadhead, B. L. 

Title: Feasibility of Spent LWR Fuel Subcritical Measurements by the Californium Noise Method 

Date: 11/1/1990 

Report: TANSAO, 062, 322-324 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Pool, 
Measurements, and Applications 

Abstract/Keyterms:  



 

C-19284 

19233…..…..…………………..…….……..……ID Number…………………..…..…………….19233 

Author: Spriggs, Gregory D. 

Title: Subcritical Measurements of Spent-Fuel Shipping Casks 

Date: 11/1/1990 

Report: TANSAO, 062, 324-325 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Pool, 
Measurements, and Applications 

Abstract/Keyterms:  



 

C-19285 

19234…..…..…………………..…….……..……ID Number…………………..…..…………….19234 

Author: Wells, Alan H. 

Title: A Benchmarked Multipurpose Burnup Meter 

Date: 11/1/1990 

Report: TANSAO, 062, 325-326 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Pool, 
Measurements, and Applications 

Abstract/Keyterms:  



 

C-19286 

19235…..…..…………………..…….……..……ID Number…………………..…..…………….19235 

Author: Borlard, Robert J. 

Title: Increased Enrichment Through Spent-Fuel Pool Checkerboarding at the Davis-Besse Nuclear Power 
Station 

Date: 11/1/1990 

Report: TANSAO, 062, 326-327 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Pool, 
Measurements, and Applications 

Abstract/Keyterms:  



 

C-19287 

19236…..…..…………………..…….……..……ID Number…………………..…..…………….19236 

Author: Forsström, Hans / Agrenius, Lennart / Helmersson, Sture 

Title: Burnup Credit in the Central Storage Facility for Spent Fuel in Sweden 

Date: 11/1/1990 

Report: TANSAO, 062, 327-328 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Pool, 
Measurements, and Applications 

Abstract/Keyterms:  



 

C-19288 

19237…..…..…………………..…….……..……ID Number…………………..…..…………….19237 

Author: Boyd, William A. / Fecteau, Mark W. 

Title: Effect of Axial Burnup on Fuel Storage Rack Burnup Credit Reactivity 

Date: 11/1/1990 

Report: TANSAO, 062, 328-329 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Burnup Credit Allowance in the Storage and Transport of LWR Fuel-Pool, 
Measurements, and Applications 

Abstract/Keyterms:  



 

C-19289 

19238…..…..…………………..…….……..……ID Number…………………..…..…………….19238 

Author: Lloyd, R. C. 

Title: Criticality Experiments with Plutonium-Uranium Fuel Mixtures 

Date: 11/1/1990 

Report: TANSAO, 062, 330-332 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Safety Support of LMR Technology 

Abstract/Keyterms:  



 

C-19290 

19239…..…..…………………..…….……..……ID Number…………………..…..…………….19239 

Author: Bierman, S. R. 

Title: Criticality Experiments with Fast Flux Test Facility Fuel Pins 

Date: 11/1/1990 

Report: TANSAO, 062, 332-335 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Safety Support of LMR Technology 

Abstract/Keyterms: A United States Department of Energy program was initiated during the early 
seventies at the Hanford Critical Mass Laboratory to obtain experimental criticality data in support of the 
Liquid Metal Fast Breeder Reactor Program. The criticality experiments program was to provide basic 
physics data for clean well defined conditions expected to be encountered in the handling of plutonium-
uranium fuel mixtures outside reactors. One task of this criticality experiments program was concerned 
with obtaining data on PuO2-UO2 fuel rods containing 20--30 wt% plutonium. To obtain this data a series 
of experiments were performed over a period of about twelve years. The experimental data obtained during 
this time are summarized and the associated experimental assemblies are described. 
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Abstract/Keyterms: The American National Standard on Nuclear Criticality Control and Safety of 
Plutonium-Uranium Fuel Mixtures Outside Reactors (ANSI/ANS-8.12-187) was approved for use on 
September 11, 1987. This standard represented a substantial revision of the previous standard (ANSI/ANS-
8.12-1978{sup 2}), including the addition of heterogeneous systems to the homogeneous systems covered 
by the earlier standard. This paper will discuss the standard, including the scope, history, limit derivations, 
use of the limits and warnings regarding their use, and the future prospects for the standard. 
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Abstract/Keyterms:  
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Abstract/Keyterms:  
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Safety-General 

Abstract/Keyterms: B and W Nuclear Service Company (BWNS) is evaluated a design of an advanced 
light water reactor (ALWR) for the next generation of light water reactors. The ALWR design is an 1800-
MW(thermal) [600-MW(electric)] plant that includes 145 fuel assemblies in a 17 x 17 array; two loops, 
each with a steam generator and two canned rotor reactor coolant pumps (RCPs); a pressurizer with a 
volume of 70.79 m[sup 3]; and passive safety-injection systems. The response of the ALWR under transient 
conditions was evaluated using the RELAP5/MOD2 computer code. BWNS has studied the ALWR 
response to transients initiated as a result of reduced primary pressure and temperature to determine the 
feasibility of using nuclear heat to establish nominal operating pressure and temperature. Currently, plants 
are licensed for heatup on RCP heat. Use of nuclear heat to establish pressure and temperature at nominal 
power operation conditions would take less time and allow the plant to reach full-power production more 
rapidly following shutdown for maintenance or refueling. As part of the feasibility study for use of nuclear 
heat, several accidents were analyzed to determine the consequences if initiated from a low-pressure and 
temperature condition. The events analyzed include a control rod withdrawal, a double-ended steam line 
break, and a total loss of feedwater (LOFW). By showing that key operating parameters such as reactor 
coolant system (RCS) pressure and core power remain within safe limits during evolution of the transients 
listed above, one barrier for using nuclear heat to establish the RCS pressure and temperature at nominal 
power operation conditions can be removed. 
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Abstract/Keyterms: Radiation doses from the storage and transportation of spent fuel in the US have been 
reasonably low in the past because of the relative infrequency of shipments and reliance on pool storage. 
The trend toward on-site dry storage and the eventual shipments to a repository will increase doses received 
by personnel during these activities. Attention to as-low-as-reasonably-achievable (ALARA) principles can 
reduce these doses, especially in the handling of casks within reactor facilities. Examples of such principles 
are provided. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Research and development in the area of fast breeder reactor (FBR) shielding in Japan 
was fully under way in April 1987 when criticality of the JOYO experimental FBR was first attained. The 
main activities performed and results obtained during more than 10 yr of FBR shielding research are 
presented. The paper describes shielding research in Joyo; Monju shielding design and related research; 
research activities for future FBRs; and evaluation of Monju shielding designs. 
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Abstract/Keyterms: Houston Lighting and Power (HL and P) has implemented the advanced nodal 
methodology in its reactor physics models by the use of the PHOENIX-P/ANC code system from the 
Westinghouse Electric Corporation. This code system replaced the CASMO-2E/PDQ-7E/SIMULATE-E 
system available from Studsvik and the Electric Power Research Institute (EPRI). The manpower 
requirements for both training and model construction using PHOENIX-P/ANC has been found to be 
significantly less than that for the previous code system. Beyond the training provided by Westinghouse, 
only a limited amount of methodology development has been done at HL and P. However, the model 
predictions compare favorably with plant measurements. The predictions of labor and computer savings by 
moving to the use of the advanced nodal methodology have been shown to be well founded. Since a PDQ 
model is not needed for pin-power calculations, considerable resources are saved. The relative ease of 
making the transition to the use of the advanced nodal methodology is a strong incentive to take advantage 
of the potential cost savings offered by this technology. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Analysis Methods 

Abstract/Keyterms: An innovative analysis approach for performing criticality calculations of various 
misload configurations for a TRIGA reactor has been employed recently at the Westinghouse Hanford 
Company. A deterministic transport theory model with sufficient geometric complexity to evaluate 
asymmetric loading patterns was used. Calculations of this complexity have been performed in the past 
using Monte Carlo simulation, such as the MCNP code. However, the Monte Carlo calculations are more 
difficult to prepare and require more computer time. On the Hanford site CRAY XMP-18 computer, the 
new methods required less than one-third of the central processing unit time per calculation as compared 
with an MCNP calculation using 100,000 neutron histories. The calculations were validated to actual core 
measurements, and very good agreement was achieved. Currently, the Hanford site NRF TRIGA reactor is 
being put into a nonoperational mode. One of the requirements accompanying this decision was to show 
computationally that the proposed downloaded core configuration should be substantially subcritical. To 
accomplish this, a series of criticality computations were undertaken using the latest version of the British 
neutron transport theory code, WIMS. 
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Abstract/Keyterms: A computer program named OCTOPUS has been developed to automatically 
determine a control rod pattern that approximates some desired target power distribution as closely as 
possible without violating any thermal safety or reactor criticality constraints. The program OCTOPUS 
performs a semi-optimization task based on the method of approximation programming (MAP) to develop 
control rod patterns. The SIMULATE-E code is used to determine the nucleonic characteristics of the 
reactor core state. 
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Abstract/Keyterms: In 1985, a working group (ANS 19.6.1) of the Standards Committee of the American 
Nuclear Society (ANS) developed and issued a standard set of start-up physics measurements that would 
confirm that the characteristics of a reload pressurized water reactor (PWR) core were the same as expected 
from design calculations. This paper describes the purpose of start-up physics testing, identifies some of 
the reasons why this standard has been widely accepted and used by the nuclear utility industry, reviews 
the bases for and describes the different tests that are part of the standard, and suggests how the criteria for 
some of the tests could be lowered in the future without jeopardizing the start-up program. Some of the 
criteria currently being used for the above tests could probably be lowered based on expected differences 
using state-of-the-art calculational methods such as CASMO-3/SIMULATE-3. The paper compares typical 
differences (1[sigma]) from CASMO-3/SIMULATE-3 versus the test criteria from the standard. 
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Abstract/Keyterms: Criticality was first achieved with the Fast Flux Test Facility (FFTF) a little more 
than 10 yr ago on February 9, 1980. Although the FFTF was designed and built primarily for testing fuels, 
materials, and components for the liquid-metal fast breeder reactor program, it has, over its first 10 yr of 
operation, provided valuable information in many other areas. This paper provides a summary of the 
contributions to the physics of liquid-metal reactors (LMRs) obtained from operation of and testing in the 
FFTF, with emphasis on some of the more significant and interesting accomplishments. 
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Abstract/Keyterms: The Idaho National Engineering Laboratory was chosen as the preferred site for the 
location of the special isotope separation (SIS) production plant. The SIS plant will use the atomic vapor 
laser isotope separation process to ionize the undesirable isotopes of plutonium (238Pu, 240Pu, and 241Pu) 
in the metal vapor and separate them electrostatically from the desirable isotope 239Pu. Feed to the plant 
will be reactor-grade plutonium oxide, and the product will be weapons-grade plutonium metal. The SIS 
plant uses both pyrochemical and aqueous processes. An analytical laboratory, the Material and Process 
Control Laboratory (MPCL), was designed for making chemical measurements for process control, material 
control and accountability, and criticality safety 
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Abstract/Keyterms: Gas core reactor (GCR) research efforts at the Innovative Nuclear Space Power 
Institute (INSPI) of the University of Florida currently focus on ultrahigh-temperature vapor core reactors 
(UTVRs) using magnetohydrodynamic energy conversion with direct nuclear-driven, nonequilibrium 
ionization of the working fluid as a power source for burst-mode multimegawatt space power. The vapor 
core reactor concept currently being investigated at INSPI employs uranium tetrafluoride (UF4) as the 
fissile fuel and metal fluoride (KF, NaF, or LiF7) as the working fluid. This summary describes the efforts 
in identification and implementation of vapor core reactor-specific variance reduction techniques in the 
generalized-geometry, continuous-energy Monte Carlo Transport code, MCNP in order to increase the 
efficiency of GCR criticality (KCODE) calculations on the CRAY Y-MP8/864 at the San Diego 
Supercomputer Center. 
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Conference Session: Accelerator Transmutation of Nuclear Waste-II 

Abstract/Keyterms: The Los Alamos National Laboratory (LANL) accelerator transmutation of waste 
(ATW) program is directed toward the dual goals of alleviating problems associated with existing high-
level radioactive defense waste and of developing systems for the generation of fission energy with minimal 
production of high-level, long-lived nuclear wastes. In the LANL ATW concept, a high-current, high-
energy proton accelerator creates an intense flux of neutrons through spallation in heavy-metal targets. The 
high neutron flux levels available in such systems allow the rapid burning even of nuclides with small cross 
sections, the design of systems with dilute inventories, and the operation of systems far from criticality. A 
crucial tool for ATW simulations is the LAHET Code System (LCS), which consists of the LANL version 
of the HETC Monte Carlo code, a special version of the MCNP code, and several tallying and 
postprocessing utilities. Using LCS, the authors predict in detail the performance of spallation targets. Here 
the authors present results for a baseline system designed to transmute technetium. 
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Abstract/Keyterms: The Los Alamos National Laboratory’s (LANL’s) accelerator transmutation concept 
is directed at the problems associated with high-level wastes stored at several US Department of Energy 
sites. A high-energy (1, 600-MeV), high-current (25- to 60-mA) proton accelerator is used as a driver. The 
protons are directed onto a flowing liquid lead-bismuth (Pb-Bi) target and through the process of spallation 
generates {approximately}50 neutrons for each incident proton. The neutrons are moderated to thermal 
energy in a surrounding blanket of heavy water (D2O) and are used to transmute fission products, capture 
and fission actinides, or directly fission fissile isotopes. Because of the intense flux of neutrons generated, 
very dilute mixtures are used, thereby reducing the potential for criticality and power excursion. In this 
proposed design, the authors have devised a system to transmute high-level defense fission product and 
actinide waste at Hanford. Specifically, the system is designed for transmutation of the long-lived fission 
products {sup 99}Tc and {sup 129}I, and the higher actinides 237Np and {sup 241, 243}Am. For the total 
inventory at Hanford of 2,000 kg of technetium and iodine and 400 kg of neptunium and americium, the 
goal transmutation rates for a 30-yr operation are 67 kg/yr for the fission products and 13 kg/yr for actinides. 
It is concluded that the LANL accelerator transmutation concept is feasible and can transmute the long-
lived defense waste at a site like Hanford. 
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Abstract/Keyterms: As utilities face near-term spent-fuel storage needs, various methods of dry storage 
are being implemented to augment their present spent-fuel pool storage capacities. The decisions on the 
type of storage are based on utility-specific criteria as well as long-term storage economics. Since the US 
Department of Energy (DOE) will be responsible for transporting the spent fuel from the reactor sites to 
either a monitored retrievable storage facility or a geologic repository, compatibility between the utility’s 
dry storage system and the DOE transportation system is also an important consideration in selecting a 
system. One storage system selected by utilities is the NUHOMS{reg sign} spent-fuel storage system. In 
the NUHOMS{reg sign} system, fuel is stored in canisters that are housed in a reinforced concrete storage 
module. The canisters hold either 24 pressurized water reactor or 52 boiling water reactor fuel assemblies. 
It is desirable to transfer these canisters in the future directly to the DOE transportation system to minimize 
the rehandling of the fuel and its associated risk. Certain technical interfaces must be addressed to 
successfully implement the direct transfer of NUHOMS{reg sign} fuel canisters to the DOE waste system. 
These interfaces include dimensional compatibility, handling requirements, criticality criteria, shielding 
needs, and thermal performance. 
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Abstract/Keyterms: This paper considers the nonlinear point reactor model in which reactivity feedback 
consists of a term directly proportional to reactor power plus a temperature feedback with a convection time 
delay. In the study, the authors establish explicit relationships among the reactor parameters so that the 
subcriticality and supercriticality can be determined of the reactor power from the standpoint of a time-
dependent system. These relationships coincide with numerical simulations. Conclusions are discussed. 
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Abstract/Keyterms: Global and local parameters that substantially affect the dynamic behavior of fission 
reactors are generally known; this includes not only the basic parameters of k(eff) {yields} 1 and {rho} 
{yields} {beta} but, more recently, also heat transfer feedback parameters, which lead to aperiodic neutron 
density variations. The authors' investigations have shown that there may also exist other thermal and 
coupling parameters, which can serve as important dimensionless coefficients to signal the potential onset 
of nonregular power variations. The underlying physical basis may be established by the following 
nonlinear analyses. The authors consider a three-node description of a fission reactor domain that 
incorporates heat generation in the fuel and its transfer by conduction to a coolant from which it is then 
transported by convection to a heat-exchanger sink. It is concluded that evidence exists that a fission reactor 
power history may tend toward temporal features of nuclear turbulence somewhat like fluid flow and 
chemical reactions, depending on specific sets of dimensionless parameters and selected critical process 
phenomena. Some envelopes in parameter space that separate these turbulent states from stable states have 
been identified and thus provide useful criteria for design and operation. 
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Abstract/Keyterms: Highly enriched uranium recovery operations at the Oak Ridge Y-12 Plant require 
storage of compounds generated by the processes. These fissile compounds are stored in process containers 
of various dimensions, depending on the compound. The process containers are stored on rocks grouped 
together to form major storage arrays. This study assesses the sensitivity of a generic array model to the 
various process container loadings and additional parameters relevant to criticality safety and demonstrates 
the adequate safety margin of the storage arrays. 
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Abstract/Keyterms: Because the N Reactor and the plutonium/uranium extraction (PUREX) chemical 
separations plant have been shut down, the N Reactor fuel needs to be stored until ultimate disposition has 
been identified. Compacted storage of fuel in a single basin is considered a cost-effective alternative. This 
paper discusses criticality safety evaluations of compacted fuel storage options and possible accident 
scenarios associated with them. The analyses were performed using the Monte Carlo neutron photon 
(MCNP) code on a SUN workstation. The calculations demonstrate the MCNP code’s ability to address a 
variety of criticality safety issues. The results of the analyses are shown. The criticality limit for the basin 
of k(eff) = 0.98 was not exceeded for any of the accidents. Two very important criticality control features 
were the material of the canister and the canister’s ability to contain fuel. 
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Abstract/Keyterms: At Babcock and Wilcox’s (B and W) Naval Nuclear Fuel Division facility in 
Lynchburg, Virginia, a question regarding the composition and, in particular, the moisture content of the 
concrete used at the facility has been raised. This paper discusses the changes in k(eff) values that can be 
expected as the moisture in the concrete decreases and the amount of water retained in the concrete over 
time. The misconception that this information points out is that concrete which is analyzed shortly after it 
is poured will not have the same water content as concrete that is several years old. Also, since the k(eff) 
values for both reflector and separator systems increase as the amount of water decreases, the uses of new 
or as-poured water content is not necessarily conservative. The most important conclusion that can be drawn 
from this work is that the concrete used in safety analyses must represent the situation that exists today as 
well as conditions that can be expected in the future. 
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Abstract/Keyterms: The study of water film thickness effects from automatic fire sprinklers is necessary 
because DOE recently mandated the use of automatic fire protection for the Fuel Fabrication Facility at the 
Savannah River Site (SRS). The primary nuclear criticality safety concern with overhead automatic fire 
sprinkler systems is the coating effect (film) as it spreads over the fissile material surface. This would affect 
nuclear criticality safety because moderating materials (water, plastic, and paper) are currently limited in 
arrays of fuel components to ensure subcriticality. Hence, before a sprinkler system can be authorized, it is 
necessary to evaluate the reactivity effects of water sprinklers on arrays of fuel components. This in turn 
requires a determination of the amount and distribution of water deposited on the fissile arrays by the 
sprinklers. There has been limited research dealing with water film formation from fire protection systems, 
thus a study has begun to characterize these water films. This paper discusses the development of methods 
and experimental procedure, preliminary results, and the future program. 
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Abstract/Keyterms: Subcritical Reactivity / Power Spectral Densities / 252Cf Source Driven Noise 
Analysis Technique 
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Abstract/Keyterms: Subcritical neutron multiplication factors have been measured by the 252Cf-source-
driven noise analysis method for unreflected, 15.0-cm-diam uranium hydride cylinders of varying heights. 
Because of the difficulty and cost of controlling the H/U ratio in damp uranium (93.2 wt% 235U) oxide 
power and fabricating sufficient material for experiments, few experiments have been performed with 
materials of low H/U ratios. These measurements may provide alternate information that can be used for 
verifying calculational methods since the H/U ratio for this material is 3.00. These measurements, which 
are the first application of this method to uranium hydride, were performed at the Los Alamos National 
Laboratory Critical Experiments Facility in 1989. These measurements were used to demonstrate the 
capability of this measurement method for this type of material and to provide a benchmark experiment for 
calculational methods with slightly moderated systems. Previous experiments by this method were for a 
wide variety of well-moderated systems or unmoderated uranium metal cylinders. 
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Abstract/Keyterms: Critical experiment facilities produced a large amount of important data during the 
past forty-five years. However, much useful data remains unpublished. The unpublished material exists in 
the form of experimenters' logbooks, notes, photographs, material descriptions, etc. This data could be 
important for computer code validation, understanding the physics of criticality, facility design, or for 
setting process limits. In the past, criticality specialists have been able to obtain unpublished details by 
direct contact with the experimenters. Obviously, this will not be possible indefinitely. Most of the US 
critical experiment facilities are now closed and the experimenters are moving to other jobs, retiring, or 
otherwise becoming unavailable for this informal assistance. Also, the records are in danger of being 
discarded or lost during facility closures, cleanup activities, or in storage. A project was begun in 1989 to 
ensure that important unpublished data from critical experiment facilities in the United States are archived 
and made available as a resource of the US Department of Energy's Nuclear Criticality Information System. 
The objective of this paper is to summarize the project accomplishments to date and bring these activities 
to the attention of those who might be aware of the location of source information needed for archiving, 
and could assist us in getting the materials included in the archive. 



 

C-19318 

19267…..…..…………………..…….……..……ID Number…………………..…..…………….19267 

Author: Barbry, Francis Y. 

Title: Review of Studies on Criticality Accidents Undertaken at CEA/Valduc 

Date: 6/1/1991 

Report: TANSAO, 063, 225-226 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments and Modeling 

Abstract/Keyterms: Since 1977, the Commissariat a l’Energie Atomique (CEA) has led a program of 
study on criticality accidents to meet the needs and requirements of a realistic safety policy that, while 
taking all necessary measures to prevent accidents, must also seek to evaluate and cope with the 
consequences of such an event. In working to achieve this objective, the IPSN bases its work mainly on the 
resources available at the Valduc criticality laboratory. In view of the diversity of possible accident 
configurations at different installations and the fact that the shutdown mechanisms of power excursion are 
directly related to the medium involved, studies have focused on four major categories of media: liquids, 
solids, powders, and heterogeneous water-moderated systems. For each one, the most plausible hypothetical 
accident situation was defined, while trying to maintain a conservative view with respect to other situations. 
A part of the work consists of acquiring, either by experiments conducted in facilities or by neutronic 
calculations, a basic set of data or relationships such as temperature coefficient or physical characteristics 
of fuel to input in a computer code. The final goal is to provide a general calculation code able to predict 
criticality excursion for safety considerations. 



 

C-19319 

19268…..…..…………………..…….……..……ID Number…………………..…..…………….19268 

Author: Seale, Robert L. / Anderson, Richard E. 

Title: Intrinsic Neutron Source Strengths in Uranium Solutions 

Date: 6/1/1991 

Report: TANSAO, 063, 226 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical Experiments and Modeling 

Abstract/Keyterms: The presence of a source of neutrons to initiate persistent fission chains has long been 
recognized as an important element in the behavior of a critical assembly or reactor. The start-up source is 
a familiar part of most reactor loading or start-up operations. The problem of assembling fissionable 
material without the presence of an adequate source was reported in 1960 by Hansen, who analyzed the 
consequences of delayed initiation of a persistent fission chain during the assembly of a critical mass of 
material with a ramp reactivity addition. The stochastic nature of the first chain initiation was shown to 
provide the possibility of large reactivity availability even where modest ramp rates were assumed. At the 
Los Alamos Critical Experiments Facility, the authors have made experimental measurements of the 
intrinsic source strength for uranyl-nitrate and uranyl-fluoride solutions using a high-efficiency well counter 
system. These results are surprisingly similar, with the uranyl fluoride showing only a factor of 2 higher 
neutron production rate, and will be compared with the results of a recently developed theoretical model. 
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Abstract/Keyterms: The purpose of this paper is to describe recent developments in computer simulation 
of hypothetical criticality accidents in aqueous fissile solutions of uranium and plutonium such as might be 
encountered in fuel fabrication and reprocessing operations. Models for reactivity shutdown mechanisms 
and equations of state have been combined to permit estimates of fission yield, inertial pressure, and kinetic 
energy for a wide range of pulse sizes and time scales. Improvements to previously published models are 
reported along with some recent applications. Information obtained from pulsed solution assemblies 
(KEWB, CRAC, SILENE, and SHEBA) and from past criticality accidents was used in the development 
of computer models. Applications include slow events lasting many hours (hypothetical undetected 
laboratory accidents) and large-yield millisecond pulses in which evolution of radiolytic gas may be 
important (severe accidents and pulsed reactors). 
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Abstract/Keyterms: The increasing quantities of uranium oxide handled each day in fuel cycle factories 
indicate a criticality safety case is required based on the control of the moderation ratio. No one can 
completely exclude the possible accidental introduction of a moderator, i.e., water. A minimum of 
information appears therefore indispensable to evaluate the possible risks in order to be better equipped to 
face a hypothetical accident. Previous knowledge on this subject is very limited, considering the potential 
risk of an actual accident. The solution has been to define a realistic scenario and to develop a calculational 
tool, such as the POWDER code, describing the phenomena involved. Calculations have been made on the 
scenario described in this paper. The POWDER code finds that the power peaks due to the Doppler effect 
(and by water expansion if the latter is present). The power is further reduced when vapor bubbles expand 
the system, yielding an energy release to that point of just over 10{sup 18} fissions. This removes more 
reactivity to bring the system further below critical. If the system is not dispersed, subsequent loss of 
bubbles may allow the reactivity to increase again so that the system reaches a power plateau with a boiling 
magma of powder, water, and vapor. 
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Abstract/Keyterms: All accidental criticality excursions are accompanied by neutron and gamma radiation 
that creates two possible types of radiation risk: (1) immediate risk for the personnel directly exposed; and 
(2) deferred risk in the case where an intervention team is required in the post accident phase. These aspects, 
or more specifically dose measurement and the possibility of calling on intervention teams, were carefully 
examined in the CRAC and SILENE criticality accident experimental study programs carried out at the 
Valduc criticality laboratory. The resulting data are undeniably valuable as part of a nuclear safety policy 
that aims to evaluate and prevent the risks of accident situations, to define the consequences of such 
situations, and to propose an intervention strategy if the need arises. Note, however, that if criticality 
accident detection systems help to limit the doses to which personnel may be exposed, they provide no 
information that could contribute to accident diagnosis nor to understanding the post accident phase, while 
such information is essential in deciding whether or not to call on an intervention team. This explains why 
the Commissariat a l’Energie Atomique decided to perfect its detection system, which is now capable of 
monitoring accident evolution, providing valuable information on dose rates. 
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Abstract/Keyterms: One of the steps in the manufacture of test reactor fuel is the production of uranium-
aluminum (UAl{sub x}) powder. This done by first melting highly enriched uranium cubes and aluminum 
in an electric arc furnace. The furnace has a graphite hearth inside a water-cooled jacket and has a water-
cooled electrode. Each of the six cavities in the furnace is charged with aluminum and highly enriched 
uranium containing 350 g of uranium (a total of 2.1 kg of uranium). An arc is struck with the electrode in 
contact with the hearth and each charge melted. The charges are then turned over and remelted (remelt 
repeated twice) to produce buttons having a uniform composition. The furnace is then cooled and the 
buttons removed, crushed, and ground into a powder. In the nuclear criticality safety analysis of the furnace 
operation, it was assumed that water could leak into the furnace and the uranium fuel charges would remain 
in their safe slab geometry array cavities. Two furnace events are described and lessons learned are noted. 
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Abstract/Keyterms: The k(eff) values have been calculated for critical experiments on a highly enriched, 
concentrated uranyl-nitrate solutions, poisoned with varying amounts of boron and partly reflected with 
borated water and/or nickel. The experiments were performed at Los Alamos National Laboratory (LANL) 
in 1985. Sensitivities of the calculational biases to the solution composition, reflector type, and vessel 
dimensions are analyzed with KENO IV, KENO V.a-PC, and especially with DOT 4.3. The uranyl-nitrate 
solution initially contained 279 g 235U /{ell} (93.05%), which was diluted slightly on addition of the boric 
acid. The boric acid apparently contained water at an {approximately}1:1 molar ratio. Critical solution 
heights and boron concentrations are presented. It is apparent that the presence and nature of the reflector, 
which is only on the sides, has only a small effect. At low boron concentrations, the sides are only a small 
part of the total surface, and at high boron concentration, neutron losses are mostly due to absorption rather 
than escape. Qualitatively, the reflector effects are consistent from one solution composition to the next. 
The calculated k(eff) values agree well among the three codes but show a systematic increase with 
increasing boron concentration, which also coincides with increasing solution height. 
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Abstract/Keyterms: Certification of radioactive materials containers is generally costly and time 
consuming. This due to the many, complex engineering challenges, which are often difficult to resolve in 
order to meet federal packaging regulations. In some cases, the containers carry fissile materials, which 
necessitates additional evaluation or testing to ensure the materials remain subcritical during both the 
normal and hypothetical accident conditions outlined in the regulations. As a part of the transportation 
safety program administered by US Department of Energy headquarters, several training programs have 
been developed and provided to DOE and DOE-contractor employees to improve the quality and 
appropriateness of safety analysis reports for packaging (SARP) submissions. Specific to nuclear criticality 
safety involvement in the development of fissile material packaging SARPs is the review and approval 
process. Employees of ANL and LLNL as well as a specialized staff at Department of Energy headquarters 
perform the detailed nuclear criticality safety information reviews and confirmatory analyses. A packaging 
review guide developed by LLNL is also used by NRC reviewers. 
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Abstract/Keyterms: The process and the review cycle for US Department of Energy (DOE) defense 
program radioactive material certification has been restructured. The review process is described. After 2 
years of using 10CFR71-based criteria for packaging and transporting nuclear components and special 
assemblies, the program is sound and in compliance with federal regulations. 
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Abstract/Keyterms: The US Department of Energy, Albuquerque Operations Office (DOE/AL), Nuclear 
Explosive Safety Division (NESD), has been assigned to review radiation and criticality safety 
documentation prior to recommending certification for a package designed to move > A{sub 1}/A{sub 2} 
quantities of fissile material within the DOE transportation safeguard system. DOE/AL certification 
authority is limited to movements of strategic quantities of special nuclear material transported in support 
of national defense and to movements specifically authorized by the Office of the Secretary of Energy. In 
addition to verifying compliance with other requirements outlined in the Code of Federal Regulations 
(10CFR71), NESD reviews radiation and criticality safety stipulations on type B shipments to assure that 
DOE transportation activities conducted in support of national defense are completed without adversely 
affecting the health and safety of the public and workers or the environment. The DOE transportation 
safeguard system moving fissile material in support of the national defense traditionally has not been subject 
to public scrutiny. To gain public confidence, it is essential for DOE to unequivocally demonstrate that the 
radiation and criticality safety programs enforced on all DOE transportation safeguard operations are 
commensurate with standards mandated by the NRC on fissile material moved in commerce. 
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Abstract/Keyterms: In this paper, the authors discuss review of the criticality evaluations of safety analysis 
reports for packaging (SARPs) reviewed by the US Department of Energy (DOE) Transportation Safety 
Review Panels (TSRPs), including aspects of the review process as well as typical problems detected in 
SARP criticality evaluations. Review of the criticality evaluation can be discussed in two parts: a review 
for compliance with the appropriate regulatory guidance and confirmatory calculations performed on a 
selected set of calculations. Reviews of SARP criticality evaluations that have included both a review for 
regulatory compliance and confirmatory calculations and that stressed justification of assumptions have 
detected problems which were subsequently corrected. Thus, the TSRP reviews fulfill an important role in 
assuring the adequacy and accuracy of the criticality evaluation in each DOE SARP. 
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Abstract/Keyterms: There are probably as many techniques to validate computer codes for criticality 
safety as there are computer codes and code validators. One method used at Martin Marietta Energy 
Systems, Inc., to validate the KENO code associated cross sections consists of determining a single-sided, 
uniform-width, closed-interval, lower tolerance band for k(eff) values of critical systems. For application, 
this lower tolerance band becomes the upper safety limit (USL) acceptance criterion for subcriticality based 
on the KENO calculations. A system is considered acceptably subcritical if a calculated k(eff) plus two 
standard deviations lies below this USL (i.e., k(eff) + 2{sigma} < USL). The single-sided, uniform-width, 
lower-tolerance-band technique is a statistically valid method for code validation. The lower tolerance band 
becomes the USL for criticality calculational purposes. There is a high degree of confidence that a 
calculated result which satisfies the acceptance criterion (k(eff) + 2{sigma} < USL) is indeed subcritical. 
Although a safety margin is not specifically determined, a safety margin can be inferred from this technique. 
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Abstract/Keyterms: The purpose of Thermal Insulation Characterization Testing is to provide physical 
data to support certain assumptions and calculational techniques used in the criticality safety calculations 
in Section 6 of the Safety Analysis Reports for Packaging (SARPs) for drum-type packaging for Department 
of Energy's (DOE) Oak Ridge Y-12 Plant, managed by Martin Marietta Energy Systems, Inc. Results of 
preliminary data evaluation regarding the fire-test condition reveal that realistic weight loss consideration 
and residual material characterization in developing calculational models for the hypothetical accident 
condition is necessary in order to prevent placement of unduly conservative restrictions on shipping 
requirements as a result of overly conservative modeling. This particularly important for fast systems. 
Determination of the geometric arrangement of residual material is of secondary importance. Both the 
methodology used to determine the minimum thermal insulation mass remaining after the fire test and the 
treatment of the thermal insulation in the criticality safety calculational models requires additional 
evaluation. Specific testing to be conducted will provide experimental data with which to validate the mass 
estimates and calculational modeling techniques for extrapolation to generic drum-type containers. 
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Abstract/Keyterms: For many years, British Nuclear Fuels (BNFL) plc has been involved in the 
transportation of irradiated nuclear fuel from customers throughout the world to its reprocessing complex 
at Sellafield in Cumbria, United Kingdom. The nuclear criticality safety of this activity requires engineered 
safeguards that are effective under both normal and accident conditions. One possible accident is that the 
cask is dropped. This possibility is considered during the cask design process by ensuring that the cask 
design will safely withstand the 9-m drop test recommended in the International Atomic Energy Agency 
transport regulations. If fuel elements were to undergo massive fracture following an impact accident, 
releasing large quantities of UO2 fragments to the cask cavity, a criticality hazard may arise if fragments 
settle in a water-filled free volume. Calculations have shown that the reactivity effects are strongly 
determined by the amount of fuel assumed to fragment and by the specific cask design that determines the 
degree of interaction between the intact fuel elements, the internal structure of the cask, and the assumed 
UO2/water slurry. The sensitivity of some BNFL cask designs to the amount of UO2 assumed to be released 
means that arbitrary assumptions for UO2 release are not acceptable. Consequently, there is a clear need to 
evaluate an estimated upper limit to the possible UO2 fragment release for criticality safety studies under 
assumed accident conditions. Hence, a program of experimental work has been undertaken by BNFL to 
quantify the amount of UO2 that may be released. 
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Abstract/Keyterms: The TRUPACT-2 shipping package was designed to transport either standard waste 
boxes or 55-gal drums containing contact-handled transuranic waste to the Waste Isolation Pilot Plant. With 
the licensed payload, the TRUPACT-2 package complies with the requirements of 10CFR71.55 and -71.57 
for a fissile Class 1 package (a package that may be transmitted in unlimited numbers and in any 
arrangement and that requires no criticality safety controls during transportation). The basis on which this 
classification is established is presented in this paper. Calculations with postaccident geometries and 
optimized reflector and moderator configurations were used to envelop both normal and accident conditions 
required by the NRC for a fissile Class 1 license. With 325 FGE of 239Pu per package, the TRUPACT-2 
complies with the requirements of 10CFR71.55 and -71.57 for a fissile Class 1 package. 
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Abstract/Keyterms: A criticality safety evaluation was performed to support the shipping of U-Mo fuel 
plates from the Health Physics Research Reactor (HPRR) in the High-Flux Isotope Reactor (HFIR) inner 
fuel package. The HFIR inner fuel container was designed specifically to accommodate inner fuel elements 
for the HFIR. The 27.622-cm-diam inner cavity of the container is large enough to contain the 20.32-cm (8 
in.)-diam fuel plates form the HPRR. The packaging primarily consists of an internal structure of wood and 
polyethylene foam surrounded by a steel container. The container is not considered leak-tight. The integrity 
of the container during normal conditions of transport and during hypothetical accident conditions has been 
demonstrated in the Safety Analysis Report for Packaging (SARP). This analysis considered only HPRR-
type fuel plates. The loading limits for the container are as follows: (1) only HPRR reactor plates can be 
shipped; (2) Multiple plates can be shipped, but they must be secured as a single unit with no material 
between plates; (3) maximum 235U enrichment is 93.2%; (4) maximum height of plates in a single 
container must be < 5.08 cm; (5) highly reflective materials such as beryllium are not permitted. 
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Abstract/Keyterms: The desirability of shipping fissile material in leak-testable containment vessels has 
prompted the US Department of Energy (DOE) to fund the Los Alamos National Laboratory to investigate 
the suitability of the SAFKEG 2863B packaging to this end. This packaging has been evaluated against the 
criteria specified in 10CFR71 and a safety analysis report for packaging (SARP) written and submitted to 
the DOE for review and approval. The methodology and arguments leading to the proposed fissile and 
associated non-fissile material loadings are presented in this paper. The SAFKEG 2863B packaging is 
shown. This double-containment vessel version has been evaluated for both enriched uranium and 
plutonium as metal and oxides in the inner containment vessel. Initial evaluations have been limited to 
loadings for which the transport index (TI) based on criticality safety is zero. Subsequent SARP 
amendments may request approval to ship other materials, approval for uranium loadings in the single-
containment vessel version of this packaging. 
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Abstract/Keyterms: Monte Carlo calculations were performed to assess the possibility of recriticality 
during the core relocation phase of a severe accident in boiling water reactors (BWRs). The MCNP Monte 
Carlo code was chosen both because of its inherent accuracy for such calculations and because many 
continuous-energy isotopic cross-section libraries based on ENDF/B-V were already available for it. These 
results suggest that a BWR core may be able to remain subcritical during reflood even when a large fraction 
of the control rod has been lost. In fact, it appears as if the core might remain subcritical even if 60 or 70% 
of the boron content of the affected control rods were lost. However, additional calculations at those 
conditions would be required to determine a realistic estimate of the amount of boron that could be lost 
without producing criticality. 
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Abstract/Keyterms: Compact reactor systems can provide high levels of power for extended periods in 
space environments. Their relatively low mass and their ability to operate independently of their proximity 
to the sun make reactor power systems high desirable for many civilian and military space missions. The 
US Department of Energy is developing reactor system technologies to provide electrical power for space 
applications. In addition, reactors are now being considered to provide thermal power to a hydrogen 
propellant for nuclear thermal rocketry. Space reactor safety issues differ from commercial reactor issues, 
in some areas, because of very different operating requirements and environments. Accidents similar to 
those postulated for commercial reactors must be considered for space reactors during their operational 
phase. Safety strategies will need to be established that account for the consequences of the loss of essential 
power. 
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Abstract/Keyterms: An increased number of plant events resulting from apparent weaknesses in reactivity 
management was reported between 1983 and 1988. These plant events included the improper operation of 
control rods, premature criticality events, the improper calibration of nuclear instrumentation, and other 
actions that resulted in unplanned reactivity changes. While the design of the plants minimized the effect 
of these events, they reduced the margin of safety and were not consistent with the standards of excellence 
established by the nuclear industry. The Institute of Nuclear Power Operations (INPO) is assisting the 
nuclear industry in improving reactivity management to preclude additional events. INPO assistance 
includes analyzing previous events to identify their causes and corrective actions and applying lessons 
learned from these events during the INPO evaluation and assistance activities. For example, results from 
these analyses are being incorporated into other INPO activities, such as the accreditation of training 
programs at nuclear power plants and the evaluation of power station performance. This paper summarizes 
these activities. 
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Abstract/Keyterms: As a result of longer fuel operating cycles, utilities have been increased the 
enrichment of reload fuel. Some of these fresh reload assemblies may be highly reactive under certain 
refueling conditions. For more core refuelings, operators move fuel directly into the final core positions. 
When the spent-fuel pool becomes too crowded to accommodate a full core inventory of fuel, however, the 
fuel may be shuffled within the core before a final configuration is achieved. During this shuffling, some 
irradiated fuel from previous cycles is discharged and exchanged for fresh fuel. Although analyses are 
performed for pressurized water reactors (PWRs) to confirm that the refueling boron concentration is 
sufficient to maintain the required shutdown margin (subcriticality) for the final core configuration, these 
analyses may not be sufficient to assure that the shutdown margin will be maintained for all intermediate 
fuel assembly positions. In addition, since a significant amount of reactivity can be added to subcritical 
configurations by the addition of a single highly reactive assembly, it is possible that an inadvertent 
criticality could occur if a number of such assemblies are grouped together. Therefore, procedures should 
be in place to ensure that nuclear fuel is never placed in an unbounded or unanalyzed configuration. 
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Abstract/Keyterms: The Monte Carlo MCBEND is the cornerstone of calculational procedures 
established in the United Kingdom for shielding design and assessment. It is used both as a reference to 
validate other design codes and data sets and as a design method in its own right. It the latter applications, 
it has frequently been used as a component of a linked sequence, where, for example, the void streaming is 
predicted using kernel methods. The established position of MCBEND is further strengthened by new 
developments to the code and by the utilization of new computer hardware. This paper summarizes the 
current status of MCBEND and reviews the development program. 
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Abstract/Keyterms: Control rod (CR) programming is an essential core management activity for boiling 
water reactors (BWRs). After establishing a core reload design for a BWR, CR programming is performed 
to develop a sequence of exposure-dependent CR patterns that assure the safe and effective depletion of the 
core through a reactor cycle. A time-variant target power distribution approach has been assumed in this 
study. The authors have developed OCTOPUS to implement a new two-step method for designing semi 
optimal CR programs for BWRs. The optimization procedure of OCTOPUS is based on the method of 
approximation programming and uses the SIMULATE-E code for nucleonics calculations. 
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Abstract/Keyterms: The purpose of this study was to benchmark the widely used Monte Carlo code 
MCNP against a set of cold critical experiments with a view to using the code as a means of independently 
verifying the performance of faster but less accurate Monte Carlo and deterministic codes. The experiments 
simulated consisted of both fast and thermal criticals as well as fuel in a variety of chemical forms. A 
standard set of benchmark cold critical experiments was modeled. These included the two fast experiments, 
Godiva and Jezebel, the TRX metallic uranium thermal experiments, the Babcock and Wilcox oxide and 
mixed oxide experiments, and the Oak Ridge National Laboratory (ORNL) and Pacific Northwest 
Laboratory (PNL) nitrate solution experiments. The principal case studied was a small critical experiment 
that was performed with boiling water reactor bundles. 
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Abstract/Keyterms: An analysis has been performed to determine the principal chemical forms for the 
structural and fission product elements during a postulated severe core damage accident in a tritium-
producing core in the Savannah River Site (SRS) reactors. These reactors are powered with UAlx fuel. Six 
core elements, cesium, iodine, tellurium, strontium, barium, and lithium, were emphasized in this analysis. 
Other elements also included were aluminum, hydrogen, oxygen, uranium, molybdenum, silicon, 
zirconium, magnesium, iron, chromium, nickel, cadmium, zinc, copper, manganese, nitrogen, and argon. 
The masses of each of the constituents used in the analysis were based on end-of-core-life masses for the 
fuel, structural, and fission product elements and on core gas volume, temperature, and pressure for steam 
nitrogen and argon. A chemical equilibrium analysis was performed using the Facility for Analysis of 
Chemical Thermodynamics (FACT) computer code at three temperatures (800, 1,100, and 1,400 K) and 
two pressures (1 and 10 atm). These temperatures and pressures are typical for postulated severe core 
accidents in the Advanced Test Reactor. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Past studies have shown that actinide waste discharged from light water reactors 
(LWRs) could be burned effectively in liquid-metal fast reactor systems. These systems were 
predominantly mixed plutonium/uranium oxide or metal breeder systems with small percentages of minor 
actinides. This study illustrates how LWR actinides and fission products could be burned in a minor actinide 
nitride-fueled advanced liquid-metal reactor (ALMR) that has special moderating assemblies to enhance 
fission product transmutation. For this study, the reactor was assumed to be only a burner, not a breeder. 
The model contained a preponderance of minor actinides with only sufficient plutonium to maintain 1-yr 
fuel cycles. No uranium was loaded because plutonium production was not desired. 
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Abstract/Keyterms: Much of the TRUPACT-II program was a first-of-a-kind effort with little guidance 
as to what lay ahead. It was often necessary to relearn what had been forgotten. The purpose of this paper 
is to share some of the lessons learned from the TRUPACT-II experience so the journey for those who 
follow will be easier. TRUPACT-II is a reusable shipping package for US Department of Energy contact-
handled transuranic (CH-TRU) waste, designed in accordance with US Nuclear Regulatory Commission 
requirements for type B packages (10CFR71) 
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Abstract/Keyterms: The US Department of Energy's (DOE's) Office of Civilian Radioactive Waste 
Management (OCRWM) is in the process of developing a new generation of high-capacity casks to 
transport spent fuel from commercial nuclear reactor facilities to federal waste facilities. The DOE's role in 
the Federal Waste Management System is defined in the Nuclear Waste Policy Act (NWPA) and its 1987 
amendment (NWPAA). The NWPAA requires DOE to use spent-fuel and high-level radioactive waste 
casks certified by the US Nuclear Regulatory Commission (NRC). Because of the high shipping rates 
anticipated and since cooling times of spent fuel that will be shipped exceed the design cooling times of 
existing casks, a decision was made to develop new casks. In evaluating the needs of the cask development 
program, a number of technical issues were identified. Some of these broad technical issues were expected 
to affect a number of cask designs; therefore, a decision was made to address these broad technical issues 
separately from the cask design effort. Sandia National Laboratories was chosen to conduct these technical 
issue resolution activities for OCRWM. Three specific examples of technical issues currently being pursued 
are addressed in this paper: (1) burnup credit; (2) containment source term evaluation; and (3) weeping. 
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Abstract/Keyterms: The Standardized Computer Analyses for Licensing Evaluation (SCALE) code 
system is used extensively to perform away-from-reactor safety analyses (particularly criticality safety, 
shielding, and heat transfer analyses) for spent light water reactor fuel. Spent-fuel characteristics, such as 
radiation sources, heat generation sources, and isotopic concentrations, can be computed within SCALE 
using the SAS2 control module. At user-defined time steps, the SAS2 sequence performs a radiation 
transport analysis (via XSDRNPM-S) to obtain appropriate cross sections and spectral parameters for an 
ORIGEN-S point-depletion analysis. Each ORIGEN-S case produces the burnup-dependent fuel 
composition to be used in the next spectral calculation. Thus, the burnup-dependent cross sections and 
spectral parameters generated for ORIGEN-S are dependent on the initial enrichment, specified power 
history, and assembly model input to SAS2. A final ORIGEN-S case is used to perform the complete 
depletion/decay analysis using the burnup-dependent cross sections developed by the iterative scheme. The 
latest version of the SAS2 control module as released with SCALE-4 is denoted SAS2h The purpose of this 
paper is to report recent SAS2H/ORIGEN-S calculations that were performed to compare pressurized water 
reactor (PWR) spent-fuel isotopic concentrations with measured data determined by radiochemical 
analyses. 
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Abstract/Keyterms: Ontario Hydro, the public-owned utility in Ontario, Canada, has adopted dry-storage 
technology for new fuel arising from the 8- {times} 540-MW(electric) unit Pickering station. Hydro is the 
largest utility in North America generating nuclear electricity. It has a total nuclear capacity of 13,200 
MW(electric) from 18 units with 2 additional units in the final stages of construction. Hydro decided to 
build a monitored retrievable storage (MRS) system for used nuclear fuel as it meets requirements of safety 
and economy. Such a system also has the added advantage of passively storing fuel and hence requires few 
operators and generates no waste products. Relative to pressurized water reactor and boiling water reactor 
fuel, natural uranium dioxide CANDU Fuel from Hydro’s reactors is small, has low burnup, and generates 
little residual heat. This allows the used fuel to be stored in compact casks with no criticality problems. A 
decade-long research and development (R and D) program has resulted in the development of a low-cost, 
dual-purpose cask constructed from carbon steel and concrete designed for both storage and transportation. 
The R and D program included fuel integrity studies, storage demonstrations, and development of the 
transportation technology to meet international licensing requirements. 
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Abstract/Keyterms: The US Department of Energy is charged with the solidification of high-level liquid 
waste remaining from nuclear fuel reprocessing activities that were conducted at West Valley, New York, 
between 1966 and 1972. The 2.27 million liters (600, 000 gal) of waste in an underground storage tank has 
separated into a sludge layer, {approximately}10% of the original volume, and a liquid layer. Prior to the 
high-level waste (HLW) vitrification, volume reduction of the waste is necessary. Since May 1988, West 
Valley has successfully processed >1.59 million liters (420, 000 gal) of HLW. Processing to date has 
involved the removal of 139Cs from the HLW effluent by ion exchange, evaporation to concentrate the 
effluent to a predetermined salt concentration, and finally cementation. This process has removed 
{approximately}80% of the 137Cs from the HLW liquid phase. Modifications are currently being made to 
begin the second phase of the HLW processing at West Valley. The second phase of HLW processing will 
include the removal of plutonium as well as cesium from the HLW sludge. This paper describes the progress 
made to date and the modifications being made to the process and to the feed stream to begin the second 
phase of HLW processing. 
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Abstract/Keyterms: In July of 1987, EcoTak, Inc., was contracted to provide technical support and project 
management for the decommissioning of the Nuclear Fuel Services, Inc., mixed-oxide fuel fabrication 
facility. In February of 1989, Pajarito Scientific Corporation was contracted to design and provide a 
comprehensive nondestructive assay (NDA) system consisting of five separation NDA stations. This five-
station NDA system provides on-line plutonium holdup and criticality safety monitoring, item plutonium 
inventory, and rapid item decontamination effectiveness measurements at the 10 nCi/g sensitivity level, 
quantitative processed waste package assay at the 1 nCi/g sensitivity level, and quantitative 
characterization/assay of high-yield wastes, scrap, and residues at the {plus minus} 10% level of accuracy. 
These comprehensive DNA functions are provided by an integrated set of two passive neutron networks, 
two pulsed active neutron (differential dieaway) units, a functionally integrated high-resolution gamma 
spectrometer (high-purity germanium (HPGe)), and neutron coincidence counting unit. All NDA hardware 
items are interfaced through a single IBM/PC/AT class micro-processor for data acquisition, analysis, and 
archiving. 
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Abstract/Keyterms: In the last few years there has been considerable interest in the problem of describing 
linear particle transport in a stochastic medium consisting of two randomly mixed immiscible fluids. The 
goal in this work has been to develop a relatively simple and accurate description for the ensemble-averaged 
solution of this stochastic transport problem. In this paper the author presents an overall view of the status 
of this area of research. 
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Abstract/Keyterms: Noise signatures, the measurement of the correlation between the fluctuating parts of 
the signals coming from neutron detectors, are commonly used to measure nuclear parameters (reactivities, 
mean lives) and to monitor nuclear systems. Several techniques are used, such as the correlation of analog 
signals in time or frequency domains or the statistical analysis of detection events. Independently of the 
experimental method, the useful component of the stochastic descriptors is related to the detection of 
neutrons that have ancestors born in the same fission event. Despite an early work, opened to the inclusion 
of the n-n angular correlations of neutrons coming from the same fission, practically all the theoretical 
applications ignore this additional complication by making the implicit or explicit hypothesis that fission 
neutrons are born uncorrelated. However, there are direct measurements that show angular and energy 
correlation for the two-fission-neutron distribution. The first attempt to include this experimental evidence 
into the theory of neutron noise was the calculation of the ratio of spectral densities related to the 252Cf 
method of measuring reactivities under the simplest condition: two neutron detectors monitoring a 252Cf 
plated fission chamber. The objective of this communication is to show how noise signatures of more 
complex systems are sensitive to the joint distribution of two neutrons coming from the same fission with 
velocities {rvec v} and {rvec v}{prime}. To avoid mathematical complications, we are going to assume 
(1) that the system is monitored by two different detectors, Labels 2 and 3, distributed according to the 
fundamental kinetic mode, and (2) that the subcritical system contains only one fissile specie. The driver 
of the neutron flux is a 252Cf fission source. 
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Abstract/Keyterms: Complete eigenvalue spectrum calculations are usually performed for benchmark 
analysis to compare the accuracy of various approximate methods. In one-speed critically studies, the most 
accurate methods either rely on analytical techniques (singular eigenfunction) or high-order spatial 
expansion (Carlvik's method). The latter technique, where the spatial dependence of the neutron flux is 
expanded in space Legendre polynomial, was recently used to derive extremely accurate eigenvalue 
spectrum (modes up to n=20) for different one-dimensional homogeneous and reflected problems. In this 
paper, two different low spatial order techniques are examined for their capability to produce accurate 
benchmark results. The first technique is similar to a finite element technique (weak formulation) applied 
to the integral neutron transport equation. The other technique considered in this study is conceptually 
similar to the well-known DIT method also introduced by Carlvik. 
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Abstract/Keyterms: The American Nuclear Society’s Standards Subcommittee 8 has worked for the past 
30 years to prepare and promote standards on nuclear criticality safety for the handling, processing, storing, 
and transport of fissionable materials outside reactors. The current membership of ANS-8, current 
standards, and their status are presented. 
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Abstract/Keyterms: The risk of criticality accidents during fissionable material processing is minimized 
through the use of proper nuclear criticality safety practices such as those described in Standard ANSI/ANS-
8.1-1988. Although these efforts may reduce the accident potential to negligible levels for identified 
scenarios, residual risk may remain because of the material inventories involved, the nature of the 
processing operations, or other factors. In two of the eight nuclear criticality accidents that are known to 
have occurred in fissionable material processing facilities, lives were saved because critically accident 
alarm systems were installed. Standard ANSI/ANS-8.1-1988 provides guidance regarding system design 
criteria, testing, maintenance, and personnel familiarization. 
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Abstract/Keyterms: Measurements of the Portsmouth Gaseous Diffusion Plant’s nuclear criticality 
accident radiation alarm signal response time, sound wave frequency, and sound volume levels were made 
to demonstrate compliance with ANSI/ANS-8.3-1986. A steady-state alarm signal is produced within one-
half second of obtaining a two-out-of-three detector trip. The fundamental alarm sound wave frequency is 
440 hertz. The sound volume levels are greater than 10 decibels above background and ranged from 100 to 
125 A-weighted decibels. The requirements of the standard were met; however the recommended maximum 
sound volume level of 115 dBA was exceeded. Emergency procedures require immediate evacuation upon 
initiation of a facility’s radiation alarm. Comparison with standards for allowable time of exposure at 
different noise levels indicate that the elevated noise level at this location does not represent an occupational 
injury hazard. 



 

C-19357 

19306…..…..…………………..…….……..……ID Number…………………..…..…………….19306 

Author: Malenfant, Richard E. 

Title: A Criticism of ANSI/ANS-8.3-1986: Criticality Accident Alarm System 

Date: 11/1/1991 

Report: TANSAO, 064, 327 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Poster Session: ANS-8 Standards and their Use 

Abstract/Keyterms: The American National Standard on criticality accident alarm systems has given rise 
to confusion in interpretation and implementation of the requirements. In addition, some of the standards 
have recently been incorporated into US Department of Energy (DOE) orders, and others have been 
paraphrased in the DOE orders. Some of the DOE orders referencing these standards are being incorporated 
into law by means of the Code of Federal Regulations. As such, the intent of the authors of the standards to 
recommend a code of good practice is now being codified into law with attendant civil and criminal 
penalties for failure to comply. It is suggested that ANSI/ANS-8.3-1986, Critically Accident Alarm System, 
be carefully reviewed to alleviate the confusion that has been experienced in practice, to clarify the 
minimum accident of concern, to further define the dose (or dose rate) criteria for activation, and to stress 
the fact that a prime consideration in any safety system is the overall reduction of risk. 
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Abstract/Keyterms: A number of American National Standards Institute (ANSI) standards have been 
prepared that provide guidance for the prevention of criticality accidents in the handling, storing, and 
processing of fissionable materials. Standard ANSI/ANS-8.5-1986 provides guidance for the use of 
borosilicate glass Raschig rings in criticality prevention in the storage and processing of fissile solutions. 
The standard is now under a new prescribed 5-yr review. The changes in the proposed revision to specific 
analysis methods for Raschig ring properties have been removed. Second, emphasis has been placed on 
requirements for use of controlled sample rings and trending of operational data to determine the frequency 
of maintenance tests of the ring properties. Both changes reflect up-to-date concepts in ensuring the 
criticality safety of vessels pack with Raschig rings. Required properties of Raschig rings are specified as 
criteria for acceptance. The techniques used to measure values of these criteria are determined by the user. 
Justification for the use of a specific measurement technique shall be documented and independently 
reviewed for applicability and technical validity. For reference, measurement techniques acceptable without 
justification, for the purposes of this standard, appear in an appendix. All of these measurement techniques 
are national consensus standards. 
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Abstract/Keyterms: Basic parameters and guidance for the nuclear criticality safety control outside 
reactors are described in American National Standards Institute Standard ANSI/ANS-8.1-1983(R88), 
Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors. Because ANS-8.1 
provides general guidance and limited single-unit parameter limits, American Nuclear Society (ANS) 
Standards Subcommittee 8 developed the current ANSI/ANS-8.7-1982, entitled Guide for Nuclear 
Criticality Safety in the Storage of Fissile Materials, which was reaffirmed in 1988. Four years have elapsed 
since the reaffirmation of the standard, and it is appropriate that the standard and its development be 
reviewed, the applications highlighted, and current efforts for further development explained. 
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Abstract/Keyterms: American National Standard ANSI/ANS-8.12-1987 was approved for use on 
September 11, 1987. This paper provides information on the limits presented in the standard. As stated in 
its foreword, the standard, provides guidance for the prevention of criticality accidents in the handling, 
storing, processing, and transporting of plutonium-uranium fuel mixtures outside reactors and is applicable 
to all operations involving mixtures of plutonium and natural uranium. It constitutes an extension of the 
American National Standard for Nuclear Criticality Safety in Operations with Fissionable Materials Outside 
Reactors, ANSI/ANS-8.1-1983. The standard includes subcritical limits for both homogeneous mixtures 
and heterogeneous lattices of plutonium and uranium. The uranium is assumed to be natural or depleted. 
Limits are provided for a variety of mixtures, including aqueous solutions, dry (H/(Pu+U)=0) mixed oxides 
at theoretical density, and damp (H/(Pu+U) {le} 0.45) mixed oxides at both theoretical and one-half 
theoretical density. The limits for homogeneous mixtures shown cover four different plutonium contents 
(3,8,15, and 30 wt% PuO2 in PuO2 + UO2) and three different isotopic compositions (240Pu > 241Pu; 
240Pu {ge} 15 wt% and 241Pu {le} 6 wt%; and 240Pu {ge} 25 wt% and 241Pu {le} 15 wt%) 
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Abstract/Keyterms: The American National Standard Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors, ANSI/ANS-8.1-1988, provides guidance for criticality control in 
operations involving fissile materials. Neutron-absorbing materials dissolved in solutions of fissile 
materials can result in less restrictive limits than those derived from ANS-8.1 without compromising 
nuclear criticality safety. A standard (ANS-8.14) is under development that prescribes subcritical limits 
applicable to operations in which soluble neutron absorbers are used for criticality control of aqueous 
homogeneous solutions. The initial version of the standard will only provide limits for solutions in which 
235U is the only fissile material present and natural boron is used as the soluble poison. The subcritical 
limits are presented as a function of the 235U concentration, at various constant boron concentrations, for 
mass, volume, cylinder diameter, and slab thickness. Also presented in the standard is the limiting 
subcritical 235U concentration in an infinite system. 
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Abstract/Keyterms: The American National Standard, Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors, ANSI/ANS-8.1-1983, provides single-parameter limits for 
operations with 233U, 235U, and 239Pu. The principal interest in criticality safety is in these isotopes of 
uranium and plutonium since they are the most abundant, but there are also other isotopes of these nuclides 
and other elements within the actinide group that are capable of supporting a chain reaction and that may 
be encountered in sufficient quantities to cause concern. The American National Standard, Nuclear 
Criticality Control of Special Actinide Elements, (ANSI/ANS 8.15-1981), presents subcritical mass limits 
for a number of these actinide nuclides, both fissile and nonfissile isotopes. A key factor for estimating the 
critical mass of a specific nuclide is whether the nuclide contains an odd or even number of neutrons. 
Subcritical limits are shown for nonfissile actinide nuclides. These limits are applicable if the effect of 
neutron return from nearby materials (fissionable and other) is no greater than the effect of the reflector 
indicated. Subcritical limits for fissile nuclides in aqueous solutions and slurries are also give. The standard 
includes several multiparameter limits in which mixtures of fissile and nonfissile nuclides allow larger 
subcritical limits for the fissile nuclide when mixed with a non-fissile nuclide than for the fissile nuclide 
alone. 
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Report: TANSAO, 064, 334 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Poster Session: ANS-8 Standards and their Use 

Abstract/Keyterms: The potential for criticality accidents during the handling, storage, and transportation 
of fuel for nuclear reactors represents a health and safety risk to personnel involved in these activities, as 
well as to the general public. Appropriate design of equipment and facilities, handling procedures, and 
personnel training can minimize this risk. Even though the focus of the American National Standard, 
’Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors, ' ANSI/ANS-8.1-
1983, is general criteria for the ensurance of criticality safety, ANS-8.17-1984, provides additional guidance 
applicable to handling, storage, and transportation of light-water- reactor (LWR) nuclear fuel units in any 
phase of the fuel cycle outside the reactor core. ANS-8.17 had its origin in the late 1970s when a work 
group consisting of representatives from private industry, personnel from government contractor facilities, 
and scientists and engineers from the national laboratories was established. The work of this group resulted 
in the issuance of ANSI/ANS-8.17 in January 1984. This document provides a discussion of this standard. 
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Abstract/Keyterms: American National Standards Institute/American Nuclear Society (ANSI/ANS) 8.20-
1991, Nuclear Criticality Safety Training, was developed as a guide to ensure safe operations. The standard 
provides criteria for nuclear criticality safety training for personnel associated with operations outside of 
reactors where a potential exists for criticality accidents. The objective of the standard is to codify the 
essential requirements and the basic characteristics of an effective nuclear criticality safety training 
program. This paper relates the contents, development, and applications of the standard. 
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Abstract/Keyterms: A study group has been formed under the auspices of ANS-8 to examine the need for 
a standard on nuclear criticality accident emergency planning and response. This standard would be ANS-
8.23. ANSI/ANS-8.19-1984, Administrative Practices for Nuclear Criticality Safety, provides some 
guidance on the subject in Section 10 titled -- Planned Response to Nuclear Criticality Accidents. However, 
the study group has formed a consensus that Section 10 is inadequate in that technical guidance in addition 
to administrative guidance is needed. The group believes that a new standard which specifically addresses 
emergency planning and response to a perceived criticality accident is needed. Plans for underway to 
request the study group be designated a writing group to create a draft of such a new standard. The proposed 
standard will divide responsibility between management and technical staff. Generally, management will 
be charged with providing the necessary elements of emergency planning such as a criticality detection and 
alarm system, training, safe evacuation routes and assembly areas, a system for timely accountability of 
personnel, and an effective emergency response organization. The technical staff, on the other hand, will 
be made responsible for establishing specific items such as safe and clearly posted evacuation routes and 
dose criteria for personnel assembly areas. The key to the question of responsibilities is that management 
must provide the resources for the technical staff to establish the elements of an emergency response effort. 
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Abstract/Keyterms: The objective of this project, conducted at the Oak Ridge Y-12 Plant, was to evaluate 
the performance of 12 computer systems using the KENO V.a Monte Carlo criticality code. The 12 systems 
evaluated were: CRAY X-MP/14, DECstation 5000 Model 200, DECstation 3100, DECsystem 5810, HP 
9000/720, HP 9000/835, IBM 3090-150E, IBM RISC System/6000-530, IBM RISC System/6000-320, 
Solbourne Series 5/501, and SUN SPARC station 2. It is important to note that the performance evaluation 
in this paper should not be used to predict the performance of any other application on the same computer 
systems. The performance of an application is dependent upon the code characteristics, the software 
environment of the system, and the hardware architecture. Some examples of code characteristics that effect 
performance on a specific system are floating point operations, input/output requests, and/or vectorization. 
The main calculational components of KENO are decision instructions in the form of IF statements; 
therefore, the code is characterized as logic bound. KENO is neither I/O bound nor floating point operation 
intensive. 
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Abstract/Keyterms: The development of the vector processor, which is used in the current generation of 
supercomputers and is beginning to be used in workstations, provides the potential for dramatic speed-up 
for codes that are able to process data as vectors. Unfortunately, the stochastic nature of Monte Carlo codes 
prevents the old scalar version of these codes from taking advantage of the vector processors. New Monte 
Carlo algorithms that process all the histories undergoing the same event as a batch are required. Recently, 
new vectorized Monte Carlo codes have been developed that show significant speed-ups when compared 
to the scalar version of themselves or equivalent codes. This paper discusses the vectorization of an already 
existing and widely used criticality safety code, KENO V.a. All the changes made to KENO V.a are 
transparent to the user making it possible to upgrade from the standard scalar version of KENO V.a to the 
vectorized version without learning a new code. 
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Abstract/Keyterms: This report discusses calculation methods and computer programs for nuclear 
criticality safety. The validation of these methods are of particular interest. 
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Abstract/Keyterms: American National Standard ANSI/ANS-8.3-1986 states that criticality alarm 
systems shall be designed to detect immediately the minimum accident of concern. The minimum accident 
of concern is defined to be one which will result in a dose of 20 rad in the first minute at a distance of 2 m 
from the reacting material, assuming only nominal shielding. To ensure that the criticality alarm system at 
the Oak Ridge Y-12 Plant satisfies this requirement, a study has been undertaken to determine the dose at 
the Y-12 detectors from the minimum accident of concern using the Y12MORSE code package. This paper 
describes the first phase of the project, that of validating Y12MORSE. 
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Abstract/Keyterms: Severe accident behavior in Al-U metal-fueled production reactors is sufficiently 
different from commercial oxide-fueled reactors that an ongoing research and development (R and D) effort 
is needed to resolve issues specific to metal-fueled systems. The severe-accident program at the Savannah 
River Site (SRS) is based on light water reactor (LWR) technology when appropriate. A direct application 
of severe-accident phenomena technology developed from oxide-fueled LWRs to metal-fueled heavy water 
reactors (HWRs) can lead to large errors or substantial uncertainties. The value of applying severe-accident 
LWR concepts to Al-U-fueled HWRs is in defining the relevant issues, defining differences, and in 
determining areas of overlap. The paper provides a summary of the major issues and phenomena affecting 
severe-accident response in a metal-fueled HWR and an LWR. SRS has an aggressive ongoing research 
and development effort that is identifying and finding solutions to a wide range of issues for beyond-design-
basis severe accidents. 
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Abstract/Keyterms: A probabilistic study of the overall safety of the special materials production reactors 
located at the US Department of Energy’s Savannah River site (SRS) has been performed. Assessments of 
the risk associated with reactor operation that is posed to the work force at SRS and to the surrounding 
population are among the results obtained. Safety assessment methodology that has evolved from 
applications in the commercials nuclear power industry over the past 20 yr, and has recently been employed 
in two other major studies was used for the analysis. The results of the study indicate that risks from severe 
reactor accidents to individuals in the neighboring populace are within levels that have been found to be 
acceptable for commercial nuclear power plants. The objectives of the SRS probabilistic safety assessment 
(PSA) were as follows: (1) to assess the margin of safety of the reactor system design; (2) to calculate risk 
measures as a means of assessment of safety in terms of levels of risk to society; (3) to identify the 
equipment, human actions, and plant design features that contribute in greatest measure to assurance of 
overall safety by exercising the analytical models that constitute the PSA 
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Abstract/Keyterms: It has been well documented that nuclear power sources will be required for the future 
exploration of space. Higher power levels (>10 kW (electric)) will be enabling, if not absolutely necessary, 
for the continued expansion of a human presence in the solar system and beyond. Space missions that will 
directly benefit continued life on Earth, including the monitoring for climate change and global warming, 
high-capacity communication satellites, and large, space-based radar systems to monitor the flow of airline 
traffic, will require progressively larger amounts of electrical power. Military applications, even with the 
ending of the Cold War, will continue to be needed for treaty verification activities. A thermionic energy 
conversion-based nuclear reactor system is one of the many different technologies proposed for the 
utilization of nuclear energy in space. How the energy conversion is accomplished and the equipment 
requiring shielding have a profound effect on the overall shielding requirements for the system. There exist 
two configurations of this technology that can be exploited and will have a significant effect on shielding 
needs. The paper discusses in-core thermionic conversion and out-of-core conversion concepts. 
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Abstract/Keyterms: Calculations for highly enriched uranium and graphite systems gained renewed 
interest recently for the new production modular high-temperature gas-cooled reactor (MHTGR). 
Experiments to validate the physics calculations for these systems are being prepared for the Transient 
Reactor Test Facility (TREAT) reactor at Argonne National Laboratory (ANL-West) and in the Compact 
Nuclear Power Source facility at Los Alamos National Laboratory. The continuous-energy Monte Carlo 
code VIM, or equivalently the MCNP code, can utilize fully detailed models of the MHTGR and serve as 
benchmarks for the approximate multigroup methods necessary in full reactor calculations. Validation of 
these codes and their associated nuclear data did not exist for highly enriched 235U/graphite systems. 
Experimental data, used in development of more approximate methods, dates back to the 1960s. The authors 
have selected two independent sets of experiments for calculation with the VIM code. The carbon-to-
uranium (C/U) ratios encompass the range of 2,000, representative of the new production MHTGR, to the 
ratio of 10,000 in the fuel of TREAT. Calculations used the ENDF/B-V data. 
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Abstract/Keyterms: Nuclear Facilities that contain fissile materials. The potential Yucca Mountain 
repository will dispose of spent nuclear fuel, vitrified high-level waste (HLW), and a small quantity of other 
radioactive waste. Spent nuclear fuel, which comes from commercial nuclear power plants, contains 
significant quantities of fissile materials; the potential for criticality must be considered. The vitrified HLW 
will be received in canisters and packaged in containers for disposal. Because vitrified HLW contains 
negligible quantities of fissile material, vitrified HLW is not a concern with respect to criticality. Other 
radioactive wastes include site-generated waste such as contaminated high-efficiency particulate air filters, 
decontamination solutions, and swipe and cleanup materials. There is no criticality potential associated with 
site-generated waste, because the amounts of fissile material in such waste are insignificant. The purpose 
of this preliminary study is to assess the criticality safety of various spent fuel configurations and container 
designs under consideration for the potential Yucca Mountain repository for normal operating and accident 
conditions. This study addresses criticality safety for the preclosure period only. 
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Abstract/Keyterms: At a nuclear reactor facility, the ultimate danger is a melt-down; at a nonreactor 
nuclear facility, the danger is criticality. Human factors engineering (HFE) helps ensure safe operations at 
these facilities. At Rocky Flats Plant (RFP), a nonreactor nuclear facility, the human factors engineers have 
taken on a number of projects in their first year of existence. Among these are ergonomic analyses, human-
machine interface (HMI) designs, safety culture, safety operating limits, procedure development, risk 
assessment and management, human error modeling, root-cause analyses, organizational development, and 
training as it applies to these projects. The progress of these efforts is discussed in the paper. 



 

C-19396 

19345…..…..…………………..…….……..……ID Number…………………..…..…………….19345 

Author: Mayo, C. W. 

Title: Education and Training Activities at North Carolina State University's PULSTAR Reactor 

Date: 6/1/1992 

Report: TANSAO, 065, 129-131; CONF-920606-- 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: The Role of Research Reactors in Education 

Abstract/Keyterms: Research reactor utilization has been an integral part of the North Carolina State 
University's (NCSU's) nuclear engineering program since its inception. The undergraduate curriculum has 
a strong teaching laboratory component. Graduate classes use the reactor for selected demonstrations, 
experiments, and projects. The reactor is also used for commercial power reactor operator training 
programs, neutron radiography, neutron activation analysis (NAA), and sample and tracer activation for 
industrial short courses and services as part of the university's land grant mission. The PULSTAR reactor 
is a 1-MW pool-type reactor that uses 4% enriched UO2 pellet fuel in Zircaloy II cladding. Standard 
irradiation facilities include wet exposure ports, a graphite thermal column, and a pneumatic transfer 
system. In the near term, general facility upgrades include the installation of signal isolation and computer 
data acquisition and display functions to improve the teaching and research interface with the reactor. In 
the longer term, the authors foresee studies of new core designs and the development of beam experiment 
design tools. These would be used to study modifications that may be desired at the end of the current core 
life and to undertake the development of new research instruments. 
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Abstract/Keyterms: Theoretical studies of thermal radiation transfer require solving the radiative transfer 
equation in which the radiation field is described by an integrodifferential equation involving six phase-
space variables and time. Advanced numerical techniques, such as the spherical harmonics method, the 
discrete ordinates method, and the Monte Carlo method, have been employed in the past to provide accurate 
solutions. However, these methods demand tremendous computer resources to the extent that their usages 
are often infeasible for routine engineering calculations. Consequently, approximate solution methods have 
been proposed, namely, the two- and six-flux methods and the diffusion of P{sub 1} approximation. These 
methods are characterized by their simplicity, but they often exhibit poor accuracy, especially when the 
medium is optically thin. The present method adopts the classic P{sub 1} approximation as a base solution. 
This solution is then improved by the so-called shape and boundary correction factors, which are derived 
via a known solution to the transfer equation. Through these correction limitations in the P{sub 1} 
approximation, most notably, the optically thin limit and discontinuities in the transport medium are greatly 
reduced, and high accuracy can therefore be achieved. In this paper, the authors summarize the application 
of the improved P{sub 1} method to a radiative transfer problem and to a slab criticality problem and then 
compare its results with those of other methods. 
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Abstract/Keyterms: In the absence of experimental data, it is necessary to rely on computer-based 
computational methods in evaluating the criticality condition of a nuclear system. The validity of the 
computer codes is established in a two-part procedure as outlined in ANSI/ANS 8.1. The first step, usually 
the responsibility of the code developer, involves verification that the algorithmic structure of the code is 
performing the intended mathematical operations correctly. The second step involves an assessment of the 
code's ability to realistically portray the governing physical processes in question. This accomplished by 
determining the code's bias, or systematic error, through a comparison of computational results to accepted 
values obtained experimentally. In this paper, the authors discuss the validation process for KENO and the 
Hansen-Roach cross sections in use at EG and G Rocky Flats. The validation process at Rocky Flats consists 
of both global and local techniques. The global validation resulted in a maximum k(eff) limit of 0.95 for 
the limiting-accident scenarios of a criticality evaluation. 
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Abstract/Keyterms: A version of KENO V.a that takes advantage of the potential speedup inherent in 
vector processors is being developed at Oak Ridge National Laboratory (ORNL). The current version of 
KENO V.a tracks an individual particle history from source generation until it either leaks from the system 
or is killed, at which time the next particle history is processed. A vectorized Monte Carlo code tracks 
multiple particle histories simultaneously. Several new vectorized Monte Carlo particle-tracking codes have 
been developed, proving that significant speedups are possible, however, these new codes are either 
proprietary or not widely used. All new vectorized Monte Carlo Codes use an event-based algorithm in 
which all the particles undergoing a particular event are processed simultaneously. The vectorized version 
of KENO V.a currently being developed employs an event-based, event-driven, all-zone, tagged-particle 
algorithm. 
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Abstract/Keyterms: At the Portsmouth Gaseous Diffusion Plant, KENO V.a is used to make criticality 
calculations for complex configurations and a wide range of 235U enrichments. It is essential that the 
calculated critical conditions either accurately reflect the true critical state or that the bias from the true 
critical conditions are well known. Accordingly, a study has been initiated to validate KENO V.a over the 
ranges of parameters expected to be used when modeling equipment and processes at Portsmouth. 
Preliminary results of that study are reported in this paper. The ultimate goal of this study is to identify a 
set of data from existing critical experiments that will exercise all KENO V.a parameters commonly used 
by Portsmouth’s criticality safety personnel. A second goal is to identify a relatively small subset of those 
experiments that may be run frequently to ensure that KENO V.a provides consistent results. 
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Abstract/Keyterms: Calcination of uranium solutions into uranium oxide is part of the normal operations 
of many plants in the uranium fuel cycle. A calciner discharges uranium oxide powder into an exit chute, 
which directs the flow of powder into a receiving container. An illustration of an existing exit chute is 
provided. One possible scenario for a criticality accident begins with a discharge pipe that is blocked with 
powder. If this scenario does occur, the powder in the chute can reach a height that would make the system 
critical. This work analyzes the effect of the accumulation of powder on the safety of the exit chute and 
calciner with a full water reflector present. The powder is also assumed to be optimally moderated to 
account for possible water ingress into the exit chute. The chemical form of the uranium oxide during this 
hypothetical accident is assumed to be U3O8. 
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Abstract/Keyterms: The Hansen-Roach 16-group cross-section library has been validated for use in pure 
uranium metal systems by modeling the Godiva critical assembly using the neutronics transport theory code 
ONEDANT to perform effective multiplication factor (k(eff)) calculations. The cross-section library used 
contains data for 118 isotopes (34 unique elements), including the revised cross sections for 235U and 
238U. The Godiva critical assembly is a 17.4-cm sphere composed of 93.7 wt% 235U, 1.0 wt% {sup 234}U, 
and 5.3 wt% 238U with an effective homogeneous density of 18.7 g/cm{sup 3}. 
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Abstract/Keyterms: This paper reports on new work in the computer simulation of nuclear excursions in 
water solutions of uranium sulphate and nitrate. The goal of this work is a new multiregion model that 
improves on previous work. Improvements include better power, pressure, and reactivity feedback traces 
of pulses. Computed power and pressure pulses are compared with data from research reactors (KEWB, 
CRAC, and SILENE). A multiregion model represents the spatial distribution of energy being dumped into 
the system more accurately than a single lumped region. Future work will include a study of the senstivity 
of the model to certain parameters, such as physical properties and rates of radiolytic gas formation. The 
model will be expanded from five regions to ten regions to observe the effect of discretization on the model. 
Also, an attempt to improve the reactivity feedback will be made. 
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Abstract/Keyterms: Most criticality experiments and excursion models deal with single units of fissile 
material. In this paper, the authors report on the development of a model to predict the results of a 
hypothetical excursion involving an array of fissile units. The array of interest in this work consists of a 
planar array of several polyethylene bottles, each containing a low-enriched solution of uranyl fluoride. The 
computer model calculates the power history, the total number of fissions, the total system reactivity, and 
the temperature of each bottle in the array. The model employs point neutronics coupled with simple lumped 
parameter feedback. The most important feedback effect considered is temperature. Temperature effects 
are treated using a single factor that describes both Doppler and thermal expansion effects. 
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Abstract/Keyterms: Powder blenders are used in nuclear fuel fabrication facilities to blend dry low-
enriched uranium (LEU) oxide powder to achieve uniform physical and chemical characteristics as required 
by product and process specifications. Blenders rely principally on moderation control for nuclear criticality 
safety and are, therefore, subject to criticality reviews since an inadvertent ingress of water could lead to a 
criticality accident. For any hypothetical accident scenario, an estimate of the total number of fissions is 
needed to determine the on-site and off-site effects of such accidents. Fission history information for 
criticality accidents involving solutions and metal assemblies has been well established from both actual 
accidents and experimentally induced excursion data. However, previous knowledge on the excursion 
characteristics of damp LEU powder systems is very limited. Recent work by the Commissariat a l’Engergie 
Atomique/U.K. Atomic Energy Authority considers a wet UO2 system, which includes both model 
development (i.e., POWDER code) and some experimental studies. In this paper, the authors report on the 
development of a computer model for predicting the excursion characteristics of a postulated, hypothetical, 
criticality accident involving a homogeneous mixture of low-enriched UO2 powder and water contained in 
a cylindrical blender. 
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Abstract/Keyterms: One of the main objectives in the safety analysis of a proposed type B radioactive 
material shipping cask is to demonstrate that the fully loaded cask will remain subcritical during any normal 
or hypothetical accident condition. Numerous computer codes can be used to determine the effective 
multiplication factor of the system; however, the crucial aspect of the criticality safety analysis lies in the 
development of a correct input data for the codes. This paper presents an accident analysis model developed 
for contract-handled transuranic (CH-TRU) waste casks, which can be adapted to any shipping cask 
configuration or capacity. The algorithm for the accident analysis model presented in this paper is a 
summary of the GEODENS-accident model GEOmetry and region atomic DENSity-computer code. 
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Abstract/Keyterms: Verification of the presence of neutron-absorbing materials in fuel storage racks and 
nuclear fuel process tanks is in many cases essential for criticality safety. Neutron counting techniques have 
been used previously for this purpose. Previous measurements with high-flux isotope reactor (HFIR) fuel 
elements using neutron noise analysis methods have demonstrated the high sensitivity of coherence 
measurements to changes in fissile loading or variations in neutron-absorbing materials. To investigate the 
usefulness of neutron noise analysis techniques for assessing the presence of neutron-absorbing material in 
fuel storage racks, a study was performed using a Monte Carlo simulation of the 252Cf-source-driven noise 
analysis measurement for an empty submerged HFIR fuel storage rack using the methods of Ficaro and 
Wehe. This simulation uses an analog version of the KENO V.a code to calculate the time sequence of 
pulses in the detectors that detect neutrons from the scattering/absorption processes in nonfissile systems 
(such as the empty fuel storage rack) or from the fission chain multiplication process in fissile systems 
initiated by neutrons from the spontaneous fission of 252Cf. The Monte Carlo calculations provide the 
autopower spectral densities and the real and imaginary parts of the cross-power spectral densities from 
which the coherences and ratios of spectral densities are obtained and can be compared to the measured 
values. 
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Abstract/Keyterms: This paper demonstrates that the Monte Carlo criticality code KENO V.a using the 
16-group Hansen-Roach cross sections can predict thermal neutron flux values with the accuracy needed 
for criticality alarm system (CAS) detector placement. This paper also introduces experimental data that 
can be used to validate other codes that may be used for neutron-sensitive CAS detector placements. The 
experiment was conducted in the assembly room of the Critical Mass Laboratory at the Rock Flats plant. 



 

C-19410 

19359…..…..…………………..…….……..……ID Number…………………..…..…………….19359 

Author: Toffer, Hans / Wittekind, Warren D. / Schwinkendorf, Kevin N. 

Title: Nuclear Criticality Safety of Low-Enriched Uranium Systems 

Date: 6/1/1992 

Report: TANSAO, 065, 257-259 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis-II 

Abstract/Keyterms: Large quantities of low-enriched uranium (LEU) 0.71 to 1.25 wt.% 235U were 
processed into metallic fuel elements and irradiated in production reactors at the Hanford and the Savannah 
River sites. Safe processing was ensured by strict adherence to nuclear criticality controls. A criticality 
control approach emerged for N Reactor fuels that established a k(eff) = 0.98 as the safety limit rather than 
a k(eff) = 0.95 used by the commercial power industry for their fuels. This paper demonstrates that the use 
of k(eff) = 0.98 provides equivalent or larger safety margins for N Reactor fuels than k(eff) = 0.95 provides 
for commercial reactor fuels. Recent accident analyses pertaining to N Reactor spent-fuel storage are used 
to illustrate compliance with the k(eff) = 0.98 limit. 
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Abstract/Keyterms: A dry vacuum system is used at the Oak Ridge Y-12 Plant to collect dust that may 
include highly enriched (93.5% weight percent 235U) uranium oxides. Because it contains unfavorable 
geometry filtering components, criticality safety for the system depends upon controls on mass and 
moderation. This evaluation assumed that both of these controls were lost. The components which were 
studied were two bag filter separators and associated filter housings, and two sizes of cyclone separators. 
KENO-IV generalized geometry and sixteen group Hansen-Roach cross sections were used to model the 
system. 
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Abstract/Keyterms: It has recently been noted that plutonium-water solutions may have positive 
temperature coefficients of reactivity at low fuel concentrations. The author has made some speculative 
computations of nuclear excursions in dilute solutions of plutonium nitrate, using a methodology developed 
for water solutions of uranium nitrate and sulfate. The model was discovered to exhibit some intriguing 
features, most notably a dynamic competition between a positive neutron temperature coefficient of 
reactivity and the nonlinear negative feedback represented by an equation of state that includes inertial 
pressure and delayed thermal expansion. As expected, a large positive neutron temperature coefficient can 
lead to an explosive disassembly. The author did not expect the extreme sensitivity to parameter values that 
were observed in certain cases. 
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Abstract/Keyterms: More than 50 neutron benchmark calculations have recently been completed as part 
of an ongoing program to validate the MCNP Monte Carlo radiation transport code. The benchmark 
calculations reported here are part of an ongoing multiyear, multiperson effort to benchmark version 4 of 
the MCNP code. The MCNP is a Monte Carlo three-dimensional general-purpose, continuous-energy 
neutron, photon, and electron transport code. It is used around the world for many applications including 
aerospace, oil-well logging, physics experiments, criticality safety, reactor analysis, medical imaging, 
defense applications, accelerator design, radiation hardening, radiation shielding, health physics, fusion 
research, and education. The first phase of the benchmark project consisted of analytic and photon 
problems. The second phase consists of the ENDF/B-V neutron problems reported in this paper and in more 
detail in the comprehensive report. A cooperative program being carried out a General Electric, San Jose, 
consists of light water reactor benchmark problems. A subsequent phase focusing on electron problems is 
planned. 
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Abstract/Keyterms: Advanced reactors proposed for electric power generation in the next century are 
“evolutionary,” meaning that they are improvements on the present generation of light water reactors 
(LWRs) or “revolutionary” indicating the use of principles for which there is little experience and regulatory 
precedence. Outstanding in the revolutionary category in the PIUS (Process Inherent Ultimate Safety) 
conceived by K. Hannerz. PIUS-600 is a 600 MWe pressurized water reactor with no control rods, no active 
ECCS, a prestressed concrete reactor vessel (PCRV) and designed to operate in a pressure suppression 
containment with the primary circulation by “wet” variable-speed pumps. Brookhaven National 
Laboratory, assisting the USNRC in identifying safety-significant aspects of the design, has assembled a 
multi-discipline team consisting of experts in thermal-hydraulics, PRA, seismic, structural, material and 
ALARA for this examination. The systems analysis being done two-fold: failure modes effects and 
criticality analyses (FMECA) and hazards and operability study (HAZOP). It is believed that the former 
“bottom-up” and the latter “top-down” methods complement each other to enhance completeness. This 
paper describes the FMECA methods that have been applied. 
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Abstract/Keyterms: With the US Department of Energy (DOE) focus on environmental restoration and 
waste management at DOE nuclear waste sites, a significant increase is forecast in the quantity of 
transuranic (TRU) mixed waste samples that require detailed environmental analysis. Under the direction 
of the Laboratory Management Branch (EM-532), Westinghouse Hanford Company (Westinghouse 
Hanford) was commissioned to lead the preparation of an engineering study for site selection of the 
proposed $300-million DOE waste Analysis Laboratory (WAL). This assessment provides the DOE with 
important comparative risk information and data in site selection process. The six DOE sites under 
consideration are Hanford Site (HANF), Idaho National Engineering Laboratory (INEL), Los Alamos 
National Laboratory (LANL), Savannah River Site (SRS), Rocky Flats Plant (RFP), and Oak Ridge 
National Laboratory (ORNL). Detailed calculations and relevant information are documented in the report, 
WHC-SD-WM-ES-190. This comparative risk assessment provides an objective engineering study that the 
Hanford Site is the most desirable location for the proposed WAL. The favorable safety data for the Hanford 
Site can be translated to less risk for identical construction, or less cost for achieving the same level of 
safety. 
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Abstract/Keyterms: The design of spent-fuel casks for storage and transport requires modeling the cask 
for criticality, shielding, thermal, and structural analyses. While some parts of the cask are homogeneous, 
other regions are heterogeneous with different materials intermixed. For simplicity, some of the 
heterogeneous regions may be modeled as homogeneous. This paper evaluates the effect of homogenizing 
some regions of a cask on calculating radiation dose rates outside the cask. The dose rate calculations were 
performed with the one-dimensional discrete ordinates shielding XSDRNPM code coupled with the 
XSDOSE code and with the three-dimensional QAD-CGGP code. Dose rates were calculated radially at 
the midplane of the cask at two locations, cask surface and 2.3 m from the radial surface. The last location 
corresponds to a point 2 m from the lateral sides of a transport railroad car. 



 

C-19417 

19366…..…..…………………..…….……..……ID Number…………………..…..…………….19366 

Author: Klann, R. T. 

Title: Radiation Monitoring Program for ANL-W’s Fuel Cycle Facility 

Date: 6/1/1992 

Report: TANSAO, 065, 371-372 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Radiation Protection and Shielding-General 

Abstract/Keyterms: Within the past few years, personnel safety and radiation protection concerns have 
increased for the US Department of Energy (DOE) and the nuclear community. There are now a number of 
DOE Orders and American National Standards that provide criteria, standards, requirements, and guidance 
for the placement and selection of radiation-monitoring systems. This summary provides information 
pertinent to the selection and location of radiation-monitoring systems in the Fuel Cycle Facility (FCF) 
located on the Argonne National Laboratory-West site (ANL-W) of the Idaho National Engineering 
Laboratory (INEL) 
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Abstract/Keyterms: Activation products from sodium in blood ({sup 24}Na) and from sulfur in hair ({sup 
32}P) are good nature dosimeters for determining neutron dose from criticality accidents. Both can be 
detected after moderate exposures to neutron fields, and their response characteristics to fast and thermal 
neutrons provide some information on the energy distribution of the irradiating spectrum. The activation 
cross section for sodium is significant for all neutron energies, whereas sulfur has a high energy threshold. 
A comprehensive study of accident neutron dosimetry using blood and hair was conducted at the University 
of Tennessee at Knoxville (UTK) and Oak Ridge National Laboratory (ORNL). The primary objectives of 
this project were to establish the blood-{sup 24}Na and hair-{sup 32}P activity measurement procedures 
for the accident dosimetry at ORNL and to develop an accident neutron dosimetry system to quickly access 
neutron doses with or without detailed knowledge of the accident neutron spectrum. 
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Abstract/Keyterms: In 1987, the Detroit Edison Company embarked on an ambitious program to raise the 
performance of the radiation protection (RP) program at its Fermi-2 nuclear plant. The target chosen was a 
systematic assessment of licensee’s performance (SALP)-1 rating by the US Nuclear Regulatory 
Commission (NRC). This goal was achieved in the spring of 1990. This paper summarizes key parts of the 
improvement program undertaken by Detroit Edison, lessons learned from this experience, and 
recommendations about applying the lessons learned at other sites. This information may be particularly 
helpful to commercial and federal government sites wishing to upgrade the performance of their RP 
programs. Excellence does not necessarily require great expenditures on new equipment or additional staff. 
It requires a willingness and ability to examine all functions of the RP department and an honest assessment 
of the most efficient means to accomplish those functions. 
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Abstract/Keyterms: A personal computer (PC) and workstation based one-dimensional computer program 
named ONED90 has been developed and used to simulate the core transient induced by a series of load-
follow tests for Kori unit 4. The ONED90 code is evolved from the APCBOX code, which was jointly 
developed by Korea Atomic Energy Research Institute (KAERI) and Siemens-KWU. This paper highlights 
KAERI's verification effort of the ONED90 code. Results of comparisons with the actual measurement data 
obtained from Kori unit 4 are provided. These comparisons demonstrate that the code and methodology 
accurately model the anticipated core transient. The ONED90 code features modern methods that include 
the analytic nodal method with a nonlinear iteration scheme based on an equivalent discontinuity factor for 
a nuclear model, simplified thermal hydraulics, and an effective depletion model with cross-section 
derivatives with respect to the feedback mechanism for the accurate simulation of several days of reactor 
operation. 
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Abstract/Keyterms: ABB-Combustion Engineering Nuclear Power (ABB-CE) has developed a new 
burnable absorber, erbia (Er2O3), for uniform application within pressurized water reactor fuel pellets in 
18- and 24-month cycle designs. Neutronics properties and performance are being assessed in a 
development program including critical experiments by ABB-CE and Southern California Edison Company 
(16 {times} 16 fuel) and between ABB-CE and Baltimore Gas and Electric Company (14 {times} 14 fuel). 
The subject of this paper is the critical experiments in the reactor critical facility (RCF) of RPI. Primary 
measured quantities were (a) state points of reactivity for various erbia-urania rod configurations, 
temperatures, and soluble boron concentrations and (b) local pin power distributions. Also measured were 
reactor safety parameters to verify safety analyses previously submitted to the US Nuclear Regulatory 
Commission. 
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Abstract/Keyterms: The Fast Flux Test Facility (FFTF) was designed to test fast-reactor fuels and other 
nonfuel materials. In its 37 reactor cycles of operations, the FFTF reactor has performed very well and 
successfully completed all the irradiation testings with an operating efficiency factor as high as 98%. Since 
FFTF is an experimental reactor, its core loading changed from cycle to cycle. Depending on the number 
of test assemblies in the core and their location, the core loading can change significantly from an essentially 
homogeneous core loading to a relatively nonhomogeneous or even highly localized heterogeneous loading. 
Consequently, the core reload design and initial criticality analyses were required for each operating cycle. 
The zero power initial critical control rod bank height was predicted before each reactor startup. The initial 
critical prediction depends on the reactivity conditions at the end of the previous cycle, the temperature 
feedback reactivities, the individual and total control rod bank worths for the current cycle, the differential 
rod worth profile, and the refueling reactivity for the current cycle core loading. The predicted and the 
measured initial critical control rod bank heights for the recent cycles are summarized. 
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Abstract/Keyterms: The DIDO class High-Flux Australia Reactor (HIFAR) at the Australian Nuclear 
Science and Technology Organization (ANSTO) achieved initial criticality in 1958. For the first 10 yr of 
operation, fuel management and safety arguments were based on parameters measured during the 
commissioning period of the reactor augmented by additional measurements where these were thought 
necessary, chiefly as a consequence of changes in the type of reactor fuel element or disposition of 
irradiation rigs. In the early 1970s, development of the modular neutronics code AUS began, and in the 
intervening years, a transition from experimental to calculated data has occurred. This has been partly the 
result of the difficulty of gaining reactor time for experimental purposes but, perhaps more importantly, 
partly the result of the realization of the difficulty of obtaining adequate accuracy in measurements of space 
and energy-dependent data. Experience in using the code and extensive benchmark testing has led to great 
confidence in the correctness of calculations to the point where the reactor can be almost entirely operated 
and managed with the use of calculated data. This paper briefly describes the present status of the AUS 
code modules and specific problems that have been addressed with them. 
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Abstract/Keyterms: The negative aspects of having a nuclear criticality accident at a fuel fabrication 
facility have substantially increased in recent years. Although ensuring that the facility is designed and 
operating in a critically safe manner is a high management priority, practices of managing the risk of a 
criticality accident have not significantly changed. The method of evaluating risk based on quantitative 
analysis can enable management to adapt to the increased consequences of a nuclear criticality accident. 
Additional controls may be placed on high-risk areas within a facility to ensure safe operation of the plant. 
Areas where controls are in place that impede the productivity of the facility and have negligible impact on 
criticality safety may be removed or replaced. Management can also streamline the safety analysis efforts 
applied to facility upgrades by demonstrating that proposed design changes do not compromise criticality 
safety. Future expansion of quantitative analysis techniques will also allow risk-based management 
decisions on industrial, radiological, and environmental safety. 



 

C-19428 

19377…..…..…………………..…….……..……ID Number…………………..…..…………….19377 

Author: McLaughlin, Thomas P. 

Title: Applications of PRA in Nuclear Criticality Safety 

Date: 6/1/1992 

Report: TANSAO, 065, 546 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Quantitative Approaches to Managing Diverse Risks 

Abstract/Keyterms: Traditionally, criticality accident prevention at Los Alamos has been based on a 
thorough review and understanding of proposed operations of changes to operations, involving both process 
supervision and criticality safety staff. The outcome of this communication was usually an agreement, based 
on professional judgement, that certain accident sequences were credible and had to be reduced in 
likelihood either by administrative controls or by equipment design and others were not credible, and thus 
did not warrant expenditures to further reduce their likelihood. The extent of analysis and documentation 
was generally in proportion to the complexity of the operation but did not include quantified risk 
assessments. During the last three years nuclear criticality safety related Probabilistic Risk Assessments 
(PRAs) have been preformed on operations in two Los Alamos facilities. Both of these were conducted in 
order to better understand the cost/benefit aspects of PRA’s as they apply to largely hands-on” operations 
with fissile material for which human errors or equipment failures significant to criticality safety are both 
rare and unique. Based on these two applications and an appreciation of the historical criticality accident 
record (frequency and consequences) it is apparent that quantified risk assessments should be performed 
very selectively. 
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Abstract/Keyterms: Many documents have been prepared that try to define the scope of the criticality 
analysis and that suggest adding probabilistic risk analysis (PRA) to the deterministic safety analysis. The 
report of the US Department of Energy (DOE) AL 5481.1B suggested that an accident is credible if the 
occurrence probability is >1 {times} 10{sup {minus}6}/yr. The draft DOE 5480 safety analysis report 
suggested that safety analyses should include the application of methods such as deterministic safety 
analysis, risk assessment, reliability engineering, common-cause failure analysis, human reliability 
analysis, and human factor safety analysis techniques. The US Nuclear Regulatory Commission (NRC) 
report NRC SG830.110 suggested that major safety analysis methods should include but not be limited to 
risk assessment, reliability engineering, and human factor safety analysis. All of these suggestions have 
recommended including PRA in the traditional criticality analysis. 
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Abstract/Keyterms: The intent of this paper is to provide an example of how the concept of risk 
management may be utilized in the space business. With reference to the risk management process, generic 
methods are described to identify, assess, and control risks regarding a probe connected to a spacecraft. 
Further, the question of retaining or transferring the remaining financial risks is addressed. The spacecraft 
in question is to be sent on a scientific mission to one of the satellites orbiting one of the larger planets in 
the outer solar system. The probe will remain attached to the spacecraft until it is sent down to land on the 
satellite. Emphasis will be on showing the different steps and their respective analyses, constituting a 
complete risk management process from the position of the prime contractor of the probe in the design 
phase. The timer will be used as an example through-out the process. 
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Abstract/Keyterms: The research program, experiments facilities, safety design considerations and status 
of facility construction and planning on the subject of criticality safety research of NUCEF project, which 
is one of the major research activities at JAERI, are summarized and the outline is shown. Two critical 
assemblies with fuel solution, STACY and TRACY, are under construction in the NUCEF project for the 
purpose of contributing to the criticality safety assessment and the improvements in the establishing of fuel 
reprocessing technologies. These assemblies together with their fuel treatment facility are scheduled to be 
completed in 1992. 
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Abstract/Keyterms: Nuclear Facilities such as nuclear fuel fabrication plants, a constant vigil is required 
to ensure that the concentrations of uranium in process or waste streams do not exceed required 
specifications. The specifications may be dictated by the process owner, a regulatory agency such as the 
US Nuclear Regulatory Agency or Environmental Protection Agency, or by criticality safety engineering 
criteria. Traditionally, uranium monitoring in effluent streams has been accomplished by taking periodic 
samples of the liquid stream and determining the concentration by chemical analysis. Despite its accuracy, 
chemical sampling is not timely enough for practical use in continuously flowing systems because of the 
possibility that a significant quantity of uranium may be discharged between sampling intervals. To 
completely satisfy regulatory standards, the liquid waste stream must be monitored for uranium on a 100% 
basis. To this end, an automated, radioisotopic liquid-waste monitoring system was developed by GE 
Nuclear Energy as an integral part of the uranium conversion and waste recovery operations. The system 
utilizes passive gamma-ray spectroscopy and is thus a robust, on-line, and nondestructive assay for uranium. 
The system provides uranium concentration data for process monitoring and assures regulatory compliance 
for criticality safety. A summary of the principles of system operation, calibration, and verification is 
presented in this paper. 
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Abstract/Keyterms: This paper discusses the recovery from the February 9, 1991, small scale explosion 
in a custom processing dissolver at the Idaho Chemical Processing Plant (ICPP) a Department of Energy 
facility at the Idaho National Engineering Laboratory. The custom processing facility is a limited production 
area designed to recover unirradiated uranium fuel. A small amount of the nuclear material received and 
stored at the ICPP is unique and incompatible with the major head end dissolution processes. Custom 
processing is a small scale dissolution facility for processing these materials in an economical fashion in 
the CPP-627 hot chemistry laboratory. Two glass dissolvers were contained in a large walk in hood area. 
Utilities for dissolution and connections to the major ICPP uranium separation facility were provided. The 
fuel processing operations during this campaign involved dissolving uranium metal, uranium oxides, and 
uranium/fissium alloy in nitric acid. 
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Abstract/Keyterms: The 72 MW Shippingport Atomic Power Station (SAPS) first achieved criticality in 
December 1957 and was operated thereafter for almost 25 years. During the period October 1984 to 
December 1989, the U.S. Department of Energy (DOE) carried out the Shippingport Decommissioning 
Project, marking the world’s first commercial sized nuclear power plant decommissioning. The experience 
gained from this project established the foundation for engineering, planning, and cost estimating for future 
decommissioning projects. 
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Abstract/Keyterms: The FORK measurement system, designed at Los Alamos National Laboratory 
(LANL) for the International Atomic Energy Agency safeguards program, is being considered to screen 
spent U.S. reactor fuel for safe and efficient transport and storage. This activity is a cooperative program 
involving Sandia National Laboratories, LANL, and the Electric Power Research Institute. In the screening 
application being considered here, the measurement system is calibrated by measuring assemblies 
(standards) whose burnup, age, and initial enrichment are known to be well documented. Measurements of 
other spent-fuel assemblies of the same design are analyzed by comparison to the calibration standards. 
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Abstract/Keyterms: To store spent fuels effectively in a pond, high-density storage systems using neutron-
absorbing materials are considered for light water reactor sites. Few criticality experiments are reported on 
neutron absorption of Boral plates, borated stainless steel plates, and cadmium plates. The reactivity 
properties of fixed neutron absorbers depend on the neutron spectrum of the volumetric ratio of water to 
fuel in the spent-fuel assembly and the width of the water gap between assemblies. Systematic critical 
experiments are carried out to study the reactivity effect of borated stainless steel neutron absorbers in low-
enriched UO2 fuel rod clusters. 
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Abstract/Keyterms: In order to estimate the hazards from accidental criticalities in aqueous fissile 
solutions, models have been developed to better understand the dynamics involved. Accurate representation 
of reactivity feedback mechanisms are a crucial part of such models. The primary reactivity feedbacks in 
most fissile systems are temperature-related. Such feedbacks have two independent mechanisms - thermal 
expansion and neutron spectrum shifting, the second of which is discussed in this paper. During a transient, 
as the temperature increases, so does the average energy of the thermal neutrons. All systems in this study 
are aqueous fissile solutions, so the neutrons are readily moderated to thermal energies. 
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Abstract/Keyterms: Fueling of the advanced neutron source (ANS) reactor is unique in that the core is 
composed of two different diameter annular fuel elements (not concentric but one above the other), each of 
which is supercritical when moderated and infinitely reflected by heavy water. The neutron multiplication 
factors for the upper and lower fresh fuel annuli in infinite heavy water are 1.2 and 1.1, respectively. These 
neutron multiplication factors require careful design and detailed criticality safety analysis of each step of 
the fueling process to ensure that criticality is not a major safety issue. Suitable materials to maintain the 
fuel elements subcritical in heavy water must move with each of them until each element is inserted into 
the reactor core positions where the control and safety rods can maintain subcriticality. This paper presents 
a preliminary analysis of some materials to isolate the fuel annuli from the heavy water reflector and internal 
moderator to maintain subcriticality during fuel loading. The scope of the task reported here was limited to 
neutronic calculations only. Other considerations, such as decay heat, will subsequently be evaluated. This 
criticality safety evaluation contributes to more complete feasibility studies of this concept by the ANS 
project. 



 

C-19454 

19403…..…..…………………..…….……..……ID Number…………………..…..…………….19403 

Author: Williamson, T. G. / Mincey, J. F. 

Title: Criticality Safety Margins for Mixtures of Fissionable Materials 

Date: 11/1/1992 

Report: TANSAO, 066, 291-292 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis 

Abstract/Keyterms: In the determination of criticality safety margins, approximations for combinations 
of fissile and fissionable isotopes are sometimes used that go by names such as the rule of fractions or 
equivalency relations. Use of the rule of fractions to ensure criticality safety margins was discussed in an 
earlier paper. The purpose of this paper is to correct errors and to clarify some of the implications. 
Deviations of safety margins from those calculated by the rule of fractions are still noted; however, the 
deviations are less severe. Caution in applying such rules is still urged. In general, these approximations 
are based on American National Standard ANSI/ANS-8.15, Sec. 5.2. This section allows that ratios of 
material masses to their limits may be summed for fissile nuclides in aqueous solutions. It also allows the 
addition of nonfissile nuclides if an aqueous moderator is present and addresses the effects of infinite water 
or equivalent reflector. Water-reflected binary combinations of aqueous solutions of fissile materials, as 
well as binary combinations of fissile and fissionable metals, were considered. Some combinations were 
shown to significantly decrease the margin of subcriticality compared to the single-unit margins. In this 
study, it is confirmed that some combinations of metal units in an optimum geometry may significantly 
decrease the margin of subcriticality. For some combinations of aqueous solutions of fissile materials, the 
margin of subcriticality may also be reduced by very small amounts. The conclusion of Ref. 1 that analysts 
should be careful in applying equivalency relations for combining materials remains valid and sound advice. 
The ANSI/ANS standard, which allows the use of ratios of masses to their limits, applies to aqueous, fully 
water-reflected, single-unit solutions. Extensions to other situations should be considered with extreme 
care. 
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Abstract/Keyterms: An analysis was performed to determine the dose consequence to a worker directly 
above a hypothetical nuclear criticality on the floor of a fuel storage pool. This accident was assumed to 
have been caused by a critical accumulation of low-enriched uranium metallic fuel in a hemispherical pile 
on the pool floor. The basin contained [approx]16 ft of water. The fuel pile was [approx]2 ft in radius. 
Similar analyses could be performed for oxide fuel in a commercial fuel storage pool. The analysis assumed 
a certain number of fuel assemblies were to be spilled onto an already critical hemispherical pile of fuel 
assemblies. The k(eff) of the slightly larger pile (from the added fuel) was input to the point-kinetics 
solutions for the resulting power burst. The calculation provided the fuel temperature rise required for 
Doppler feedback to terminate the power burst. The direct dose to a worker standing above the water’s 
surface from both prompt and delayed gamma radiation originating within the fuel pile is significantly 
attenuated by this depth of water. Neutron dose is also essentially nonexistent because of the large 
attenuation provided by this depth of water. However, there is an activation reaction that produces a 
radioactive gas, 16N. The mechanism is as follows: 16O + [sup 1]n [yields] 16N + [sup 1]p. Once formed, 
the 16N is free to be transported to the water’s surface. The nitrogen is entrained in the rising thermal 
column of water, which results from fission heat transfer from the fuel to the surrounding cooler water. The 
half-life of the 16N is on the order of 7 s. Depending on the transport time for this activation product to 
reach the water’s surface, this dose source may be significant and potentially much greater than the direct 
dose from gamma radiation originating from within the criticality source itself. 



 

C-19456 

19405…..…..…………………..…….……..……ID Number…………………..…..…………….19405 

Author: Montierth, L. M. / Briggs, J. B. 

Title: Experiences with Installing and Benchmarking SCALE 4.0 on Workstations 

Date: 11/1/1992 

Report: TANSAO, 066, 294 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis 

Abstract/Keyterms: The advent of economical, high-speed workstations has placed on the criticality 
engineer’s desktop the means to perform computational analysis that was previously possible only on 
mainframe computers. With this capability comes the need to modify and maintain criticality codes for use 
on a variety of different workstations. Due to the use of nonstandard coding, compiler differences [in lieu 
of American National Standards Institute (ANSI) standards], and other machine idiosyncrasies, there is a 
definite need to systematically test and benchmark all codes ported to workstations. Once benchmarked, a 
user environment must be maintained to ensure that user code does not become corrupted. The goal in 
creating a workstation version of the criticality safety analysis sequence (CSAS) codes in SCALE 4.0 was 
to start with the Cray versions and change as little source code as possible yet produce as generic a code as 
possible. To date, this code has been ported to the IBM RISC 6000, Data General AViiON 400, Silicon 
Graphics 4D-35 (all using the same source code), and to the Hewlett Packard Series 700 workstations. The 
code is maintained under a configuration control procedure. In this paper, the authors address considerations 
that pertain to the installation and benchmarking of CSAS. 
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Abstract/Keyterms: The SNEDAX data bank was established to preserve the information gained from fast 
critical experiments in the SNEAK facility and to make it available in the future in an easily accessible and 
understandable form. Meanwhile, the system has been extended to include experiments performed in the 
Commissariat a l'Energie Atomique's (CEA's) MASURCA facility, France, and the Atomic Energy 
Authority's ZEBRA facility, England. Inclusion of data from the Russian BFS and KBR facilities is 
envisaged. The system is programmed in DBASE3+ using a CLIPPER compiler and can be installed on 
any IBM PC/AT or equivalent computer having 1 megabyte RAM, a VGA color monitor, and at least 10 
megabytes of free hard disk space. 
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Abstract/Keyterms: This paper investigates hypothetical criticality accidents in shipping/storage cylinders 
containing enriched uranium hexafluoride (UF6). Two different cylinders were studied: models 30B and 
48X. The model 30B cylinder is 0.76 m (30 in.) in diameter and 2.06 m (81 in.) long and contains 2, 277 
kg (5, 020 lb) of UF6. The model 48X cylinder is 1.22 m (48 in.) in diameter and 3.07 m (121 in.) long and 
contains 9, 539 kg (21, 030 lb) of UF6. The model 30B cylinder has 5% enriched UF6. The model 48X 
cylinder has enrichments of 4.5 and 5%. Under moderation-controlled conditions (no water inside), these 
cylinders with these enrichments are subcritical and safe. If water enters the cylinders, however, a criticality 
accident may occur. This paper discusses the calculation of the minimum amount of water that could 
produce a criticality accident. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis 

Abstract/Keyterms: Nuclear criticality safety (NCS) has developed from a discipline requiring the 
services of personnel with only a background in reactor physics to that involving reactor physics, process 
engineering, and design as well as administration of the program to ensure all its requirements are 
implemented. When Oak Ridge National Laboratory (ORNL) was designed and constructed, the physicists 
at Los Alamos National Laboratory (LANL) were performing the criticality analyses. A physicist who had 
no chemical process or engineering experience was brought in from LANL to determine whether the facility 
would be safe. It was only because of his understanding of the reactor physics principles, scientific intuition, 
and some luck that the design and construction of the facility led to a safe plant. It took a number of years 
of experience with facility operations and the dedication of personnel for NCS to reach its present status as 
a recognized discipline. 
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Abstract/Keyterms: The two annular fuel elements that make up the reactor core of the advanced neutron 
source (ANS) are unique in that each fresh fuel element, when moderated and reflected with effectively 
infinite heavy water, has neutron multiplication factors (k) larger than unity (k = 1.2 for upper annulus; k = 
1.1 for lower annulus). Subcriticality during fueling can be assured by isolating the fuel elements from the 
heavy water by using stainless steel on the inner radial surface and aluminum on the outer radial surface of 
the fuel element or other materials. This paper presents an analysis of the feasibility of monitoring the 
subcriticality of each of these fuel elements as it is moved into the reactor; however, only the results for the 
upper element are presented. The scope of the task reported here was limited to neutronic calculations only 
and did not address mechanical or electrical design. This evaluation is a scoping feasibility study that will 
contribute to more complete studies of this monitoring method by the ANS project. 
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Abstract/Keyterms:  
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waste 
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Abstract/Keyterms: High neutron fluxes produced by beams of accelerated particles multiplied by fission 
in actinides are being evaluated as a method of transmuting large quantities of both actinide and fission 
product wastes. Fissions induced in the actinides multiply the accelerator source, but the system remains 
subcritical. These systems consist of several fissile multiplying modules with the continuous proton beam 
split so as to impinge simultaneously on tungsten targets in each module. Current studies focus on 
processing fission products in the presence of high-level wastes from light water reactors (LWRs) at neutron 
multiplication values up to k = 0.95. These studies have shown that more material can be processed when 
the system is operating at the higher k value. For sustained operation of systems where k is adjusted such 
that it is maintained at k = 0.95, a method of monitoring k would enhance safety and lead to more efficient 
operation. This paper evaluates a variation of the 252Cf-source-driven noise analysis method of 
subcriticality monitoring that may prove useful during operation of these systems. 



 

C-19463 

19412…..…..…………………..…….……..……ID Number…………………..…..…………….19412 

Author: Oosterkamp, W. J. / Termaat, K. P. / Verhagen, F. C. M. 

Title: The k-[epsilon] modeling of deboration transients in a PWR 

Date: 11/1/1992 

Report: TANSAO, 066, 570-571; CONF-921102-- 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Thermal Hydraulics - General 

Abstract/Keyterms: The potential for reactivity accidents is receiving more attention after the Chernobyl 
disaster. Boron dilution transients are one class of reactivity accidents possible in pressurized water reactors 
(PWRs). Severe boron dilution reactivity accidents can only occur when three conditions are met: (1) a 
source of nonborated water is attached to the primary system; (2) conditions are such that this nonborated 
water accumulates undetected outside the core; and (3) the nonborated water is rapidly moved into the core. 
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Conference Session: Nuclear Power Instalations 

Abstract/Keyterms: The primary purpose of a criticality incident detection (CID) and alarm system is to 
minimize, by means of building evacuation, the radiation doses received by plant personnel. The adequacy 
of a CID systems installed in a nuclear plant within the UK was investigated. Results are described. 
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Abstract/Keyterms: This report describes a metal cask design, developed by Westinghouse, for the dry 
storage of spent fuel. Criticality and thermal evaluation results are discussed. 
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Abstract/Keyterms: To develop safe nuclear energy production acceptable to the society it is proposed to 
use in the future strongly subcritical reactors (k=0.96-0.97) driven by proton or deuteron accelerators. The 
accelerator with the current of 40mA and particle energy {approximately}0.8 GeV/nucleon will provide 2 
GW (th.) reactor power in fast reactor with metallic U-Pu fuel. The design, control and parameters of such 
a system are discussed. 



 

C-19467 

19416…..…..…………………..…….……..……ID Number…………………..…..…………….19416 

Author: Nigg, D. W. 

Title: Completion and Benchmarking of a PC-Based Neutronics and Shielding Code System 

Date: 6/1/1993 

Report: TANSAO, 068, 024-025 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Innovations in Nuclear Education and Training 

Abstract/Keyterms: Over the past few years, the Idaho National Engineering Laboratory (INEL) has been 
engaged in the development and adaptation of an integrated system of general-purpose neutronics and 
radiation transport software modules that is suitable for use in an IBM personal computer (PC) environment. 
Some modules have been written by INEL and by selected university collaborators especially for use with 
this code system, while others are adaptations of previously existing codes originally developed (primarily 
by Oak Ridge National Laboratory) for mainframe usage. All modules within the originally planned system 
are now complete and have been released for public use. This paper summarizes the capabilities of each 
module and discusses some key benchmarking activities. The PC neutronics system, as currently 
configured, is intended for a variety of purposes, including criticality safety analysis, research reactor 
neutronics analysis, general radiation transport and shielding analysis, and medical dosimetry. It is 
expressly not intended for detailed modeling and fuel management of commercial power reactors, although 
approximate models of such systems can be constructed, primarily for educational and demonstration 
purposes. Anticipated users of the system include universities, consultants, and to some extent, national 
laboratories and other government agencies. 
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Abstract/Keyterms: This paper provides an overview of improved criticality safety limits developed for 
nuclear operations at the Rocky Flats plant. A concern that some limits were ambiguous and too complex 
has been resolved by involving the process operators (addressing human factors) in the limit development 
process. In the summer of 1989, there was a public concern that a criticality accident may have occurred 
and gone undetected at the Rocky Flats plant near Golden, Colorado. To resolve this concern, the US 
Department of Energy (DOE) asked Scientech, Inc., to assemble an independent review team and assess 
the concern. The Scientech team concluded that there was no indication that a criticality accident had ever 
occurred at the Rocky Flats plant. However, the team did identify inadequate safety conditions and practices 
and recommended corrective actions. 
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Abstract/Keyterms: Part of the job of the human factors engineering (HFE) group at the Rocky Flats plant 
(RFP) has been to make improvements to the nuclear material safety limits (NMSLs). These are the 
restrictions on mass, volume, and geometry of fissile material that are used to prevent an inadvertent 
criticality. To this end, the group has applied ergonomic principles to the design and presentation of the 
limits. User input has played a major role in the development of the final product, and human reliability 
analysis (HRA) has been used to assess the adequacy of the limits in terms of human performance. 
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Abstract/Keyterms: A new approach for fault-tree analysis in critical safety systems employing fuzzy sets 
for information representation is presented in this paper. The methodology is based on the utilization of the 
extension principle for mapping crisp measurements to various degrees of membership in the fuzzy set of 
linguistic Truth. Criticality alarm systems are used in miscellaneous nuclear fuel processing, handling, and 
storage facilities to reduce the risk associated with fissile material operations. Fault-tree methodologies are 
graphic illustrations of tile failure logic associated with the development of a particular system failure (top 
event) from basic subcomponent failures (primary events). The term event denotes a dynamic change of 
state that occurs to system elements, which may include hardware, software, human, or environmental 
factors. A fault-tree represents a detailed, deductive, analysis that requires extensive system information. 
The knowledge incorporated in a fault tree can be articulated in logical rules of the form “IF A is true THEN 
B is true.” However, it is well known that this type of syllogism fails to give an answer when the satisfaction 
of the antecedent clause is only partial. Zadeh suggested a new type of fuzzy conditional inference. This 
type of syllogism (generalized modus ponens) reads as follows: Premise: A is partially true Implication: IF 
A is true THEN B is true Conclusion: B is partially-true. In generalized modus ponens, the antecedent is 
true only to some degree; hence, it is desired to compute the grade to which the consequent is satisfied. 
Fuzzy sets provide a natural environment for this type of computation because fuzzy variables (e.g., B) can 
take fuzzy values (e.g., partially-true) 
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Abstract/Keyterms: The Standardized Computer Analyses for Licensing Evaluation (SCALE) code 
system. Was originally conceived and developed in the late 1970s for the US Nuclear Regulatory 
Commission. The goal was to provide easy-to-use, yet accurate, analysis capabilities for use in evaluating 
the criticality safety, shielding, and heat transfer aspects of transportation packages for radioactive material. 
The Criticality Safety Analysis Sequences (CSAS) for SCALE were developed to “automate” problem-
dependent cross-section and material processing prior to execution of the well-established XSDRNPM or 
KENO codes for calculation of k(eff). The criticality analysis sequences provided in SCALE-4 are 
summarized. The SCALE system continues to be maintained and enhanced by staff of the Computing 
Applications Division at Oak Ridge National Laboratory (ORNL). The purpose of this paper is to discuss 
recent work to improve system portability and user interfaces and to provide information on ongoing work 
to enhance the analysis capabilities. 
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Abstract/Keyterms: Standard ANS 8.1, Nuclear Criticality Safety in Operations with Fissionable 
Materials Outside Reactors, indicates that computer calculations should be checked with problems in the 
range of applicability. Two situations frequently arise in this process: The first is where there do not seem 
to be any applicable experiments, and the second is where there appear to be many experiments that might 
be considered applicable. The criticality community is currently struggling with appropriate responses to 
the first scenario, but not much attention has been paid to the second. In this work, we are focusing on two 
types of categorization schemes and assessing their utility in selecting experiments that are truly applicable 
for benchmarking. 
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Abstract/Keyterms: The American National Standard for Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors (ANSI/ANS-8.1-1983, reaffirmed 1988) recognizes that 
computational methods for ensuring subcriticality may be extended beyond the range of benchmark 
conditions but provides little guidance for performing such a task. This paper provides a presentation of our 
procedure used to ensure that the area of applicability for a computational method spanned the range of 
conditions expected to exist in a mixed-oxide (MOX) waste facility. 
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Abstract/Keyterms: Spent fuel contains many actinides and fission products that are not present in fresh 
fuel. From a criticality safety perspective, the most significant nuclides are the plutonium isotopes. In a 
previous study, the SCALE-4 modular code system 3 was validated for fresh light-water-reactor (LWR) 
fuel in various storage configurations. In addition, LWR core critical configurations have been modeled 
with SCALE-4 as part of the validation effort for the Burnup Credit Program sponsored by the US 
Department of Energy. However, criticality analyses performed to date with critical experiments containing 
low-enriched plutonium and uranium typical of LWR spent fuel have been limited to the single mixed-
oxide case. Therefore, as part of the Burnup Credit Program, two sets of mixed-oxide critical experiments 
have been analyzed using KENO V.a and the 27-group burnup library in order to validate the SCALE-4 
methodology for fuel containing PUO2 and UO2. 
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Abstract/Keyterms: British Nuclear Fuels (BNFL) is involved in all aspects of the nuclear fuel cycle, 
including the transport, storage, and reprocessing of irradiated oxide fuel. Irradiated fuel is transported from 
reactor sites to BNFL Sellafield in Cumbria, where it is stored in ponds. In the Thermal Oxide Reprocessing 
Plant (THORP), the design of the plant and the associated processes must ensure safe operation, and often 
pessimistic assumptions are made about the materials involved. Currently, BNFL assumes that fuel is 
unirradiated for the purposes of criticality assessment and takes no account of the reduction in reactivity 
known to occur with fuel irradiation. It is recognized that the unirradiated fuel assumption can impose 
substantial economic liability because the introduction of burnup arguments have the potential to lead to 
increased fuel transport payloads, increased capacity in fuel stores, increased plant throughputs, and a 
reduction in costly neutron poisoning. It is of prime importance that a methodology be established covering 
fuel identification, burnup quantification, inventory prediction, and reactivity calculation to enable BNFL 
to convince the regulatory bodies that there is an adequate margin to criticality safety in assessments. It is 
our goal to establish a route that will show that having taken all error margins into account, the operations 
are adequately safe, allowing for the irradiation of the fuel. 
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Abstract/Keyterms: The ANSI/ANS 8.1 criticality safety standard recommends validation and 
benchmarking of the calculational methods used in evaluating criticality safety limits for away-from-reactor 
applications. The lack of critical experiments with burned light-water-reactor (LWR) fuel in racks or in 
casks necessitates the validation of burnup credit methods by comparison to LWR core criticals. These are 
relevant benchmarks because they test a methodology’s ability to predict spent fuel isotopics and to evaluate 
the reactivity effects of heterogeneities and strong absorbers. Data are available to perform analyses at 
precise state points. The US Department of Energy Burnup Credit Program has sponsored analysis of 
selected reactor core critical configurations from commercial pressurized-water-reactors (PWRs) in order 
to validate an appropriate analysis methodology. The initial methodology used the SCALE-4 code system 
to analyze a set of reactor critical configurations from Virginia Power’s Surry and North Anna reactors. 
The methodology has since been revised to simplify both the data requirements and the calculational 
procedure for the criticality analyst. This revised methodology is validated here by comparison to three 
reactor critical configurations from Tennessee Valley Authority’s Sequoyah Unit 2 Cycle 3 and two from 
Virginia Power’s Surry Unit 1 Cycle 2. 
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Abstract/Keyterms: This paper reports on new work in the computer simulation of nuclear excursions in 
water solutions of uranium sulfate and nitrate. The goal of this work is a new multiregion model that 
improves on previous work. Improvements include better power, pressure, and reactivity feedback traces 
of pulses. Computed power and pressure pulses are compared with data from research reactors (KEWB, 
CRAC, and SILENE). A multiregion model represents the spatial distribution of energy being dumped into 
the system more accurately than a single lumped region. It also makes it possible to model variations in 
axial and radial velocities from region to region. Each region has its own equation of state and its own 
energy, continuity, and momentum equations, which are coupled with the reactor kinetics equations through 
reactivity feedback. The equation of state for a liquid containing bubbles of radiolytic gas is given in Ref. 
1. 
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Abstract/Keyterms: Criticality analysis at the Lawrence Livermore National Laboratory (LLNL) has 
incurred significant computer costs using the mainframe Livermore Computer Center (LCC), and, as a cost-
saving measure, the Criticality and Safety Analysis Group (CSAG) at LLNL has decided to include 
workstations in its computing capabilities. Currently, we have an HP-9000/Model 730 in operation for 
groupwide use and several individual HP-9000/Model 705’s with a near-term plan to upgrade individual 
workstation capability. This paper describes our experiences to date in the transition between mainframe 
computers and workstations in criticality safety analysis. 
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Abstract/Keyterms: The Savannah River calculational environment is beginning migration away from 
IBM 3090/3081 and CRAY mainframe computing. Preliminary code migrations to workstations and 
personal computers have been made but such use has been limited to unofficial scoping calculations. 
Lessons learned suggest migration, while a boon to the end-user, presents a variety of quality assurance 
issues. These are more pronounced than in mainframe environments and suggest a need to rethink the code 
custodian’s role. 
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Abstract/Keyterms: Westinghouse Hanford Company, Hanford Site Operations contractor, Richland, 
Washington, currently runs criticality codes on the Cray X-MP EA/232 computer but has recommended 
that US Department of Energy DOE-Richland replace the Cray with more economical workstations. 
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Abstract/Keyterms: The nuclear criticality safety department (NCSD), Oak Ridge Y-12 Plant, has 
undergone the transition of executing the Martin Marietta Energy Systems Nuclear Criticality Safety 
Software (NCSS) on IBM mainframes to a Hewlett Packard (HP) 9000/730 workstation (NCSSHP). 
NCSSHP contains the following configuration-controlled modules and cross-section libraries: BONAMI, 
CSAS, GEOMCHK, ICE, KENO IV, KENO V.a, MODIFY, NITAWL, SCALE, SUBLIB, XSDRN, 
UNIXLIB, albedos library, weights library, 16-group HANSEN-ROACH master library, 27-group 
ENDF/B-IV master library, and standard composition library. This paper discusses the method used to 
choose the workstation, the hardware setup of the chosen workstation, an overview of Y-12 software quality 
assurance and configuration control methodology, code validation, difficulties encountered in migrating 
the codes, and advantages to migrating to a workstation environment. 
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Conference Session: Use of PCs and Workstations in Nuclear Criticality Safety 

Abstract/Keyterms: During 1991, ABB Combustion Engineering (ABB C-E) made the transition from a 
CDC Cyber 990 mainframe for nuclear criticality safety analyses to Hewlett Packard (HP)/Apollo 
workstations. The primary motivation for this change was improved economics of the workstation and 
maintaining state-of-the-art technology. The Cyber 990 utilized the NOS operating system with a 60-bit 
word size. The CPU memory size was limited to 131 100 words of directly addressable memory with an 
extended 250,000 words available. The Apollo workstation environment at ABB consists of HP/Apollo-
9000/400 series desktop units used by most application engineers, networked with HP/Apollo DN10000 
platforms that use 32-bit word size and function as the computer servers and network administrative CPUS, 
providing a virtual memory system. 
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Conference Session: Use of PCs and Workstations in Nuclear Criticality Safety 

Abstract/Keyterms: Personal computer (PC)-based codes were used to conduct evaluations for 
subcriticality of fissile material in staging areas at the Pantex plant. The calculations, whose results were 
used in safety analysis reports (SARS) and a radiological hazards analysis (RHA), were performed by an 
individual practitioner located off-site. The Pantex evaluations addressed plutonium-metal components, 
modeling them as identical generic units. The model is conservative for criticality safety purposes in 
assuming a spherical shell with increased mass and reduced radius, while the plutonium content is treated 
as if it is all 239Pu. The computer codes KEN05APC (with 16-group Hansen-Roach cross sections) and 
MCNP4 (in a package with grouped cross sections) were obtained from the Radiation Shielding Information 
Center (RSIC). Calculations were performed for arrays of units in various numbers and arrangements with 
a variety of moderations and reflection conditions and with and without containers. 
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Report: TANSAO, 068, 256-257 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Use of PCs and Workstations in Nuclear Criticality Safety 

Abstract/Keyterms: Making effective use of the best available computer technology has long been a 
feature of U.K. criticality safety analyses. In recent years, the industry’s drive for improvements in design 
safety assessment practice has been supplemented by increasing commercial awareness, bringing further 
emphasis to the consideration of cost-effectiveness in criticality computation. Consequently, there has been 
an evolution of computing facilities seen by U.K. criticality assessors from the mainframe terminals of the 
1970s through minicomputers in the 1980s to graphical workstations and, most recently, personal 
computers (PCs) in the 1990s. These moves have been initiated by the availability of hardware capable of 
providing adequate performance and facilitated by cooperation and subsequently formal collaboration 
between British Nuclear Fuels Limited (BNFL) and the Atomic Energy Authority (AEA) in the field of 
software development. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Use of PCs and Workstations in Nuclear Criticality Safety 

Abstract/Keyterms: With the advancement and proliferation of computers, it became possible to develop 
or execute complicated scientific calculation programs with smaller computers. Now, we can execute 
criticality analysis codes on personal computers (PCs) and workstations instead of mainframes. Experience 
with safety criticality analysis using PC and workstations at a Japanese nuclear fuel manufacturing facility 
is presented in this paper. 
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Conference Session: Severe Accidents 

Abstract/Keyterms: Recent experiments have shown that the boron-carbide (B4C) rodlets inside control 
blades in boiling water reactors (BWRs) can form a eutectic with the stainless steel that surrounds them. 
Because the melting point of the eutectic is lower than that of the Zircaloy cladding of the fuel pins, it is 
possible that during a severe accident, the control blades might slump toward the bottom of the core while 
the fuel pins retain their integrity and their original positions within the fuel bundles. It is conceivable, 
therefore, that local criticality might occur in the resulting unrodded or partially rodded regions of the core 
during the reflood phase of the accident. However, our previous study indicated that the core is likely to 
remain subcritical under such conditions even when much of the control-rod material has been lost. The 
present study quantifies the fraction of control-rod material that needs to be retained to prevent criticality 
and examines the sensitivity of those results to the spatial redistribution of the absorbing material. 
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Abstract/Keyterms: In December 1991, the Strategic Defense Initiative Organization (SDIO) decided to 
investigate the possibility of a US launch of a Russian Topaz-II space nuclear power system. The primary 
mission goal would be to demonstrate and evaluate nuclear electric propulsion technology to establish a 
capability for future civilian and military missions. A preliminary nuclear safety analysis was initiated to 
determine whether or not a space mission could be conducted safely and within budget constraints. This 
paper describes preliminary safety analysis results and the nuclear safety program now being established 
for the NEP space test (NEPST). 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Space Nuclear-Propulsion Systems 

Abstract/Keyterms: The particle-bed reactor (PBR) system is being developed for use in the Space 
Nuclear Thermal Propulsion (SNTP) Program. This reactor system is characterized by a highly 
heterogeneous, compact configuration with many streaming pathways. The neutronics analyses performed 
for this system must be able to accurately predict reactor criticality, kinetics parameters, material worths at 
various temperatures, feedback coefficients, and detailed fission power and heating distributions. The latter 
includes coupled axial, radial, and azimuthal profiles. These responses constitute critical inputs and 
interfaces with the thermal-hydraulics design and safety analyses of the system. 
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Conference Session: Reactor Operations-General: Programs 

Abstract/Keyterms: The results of a survey distributed to graduates of the nuclear engineering program at 
the University of Cincinnati are presented in this paper. Individuals who had graduated from 1981 to 1983 
were asked a variety of questions regarding current business trends, their experiences in the industry, and 
prospects for the future of nuclear power. 
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Conference Session: Reactor Physics - General 

Abstract/Keyterms: The coupling of the external detector, used for monitoring and controlling the 
operation of the advanced neutron source (ANS) reactor, to the reactor core is of interest for design of the 
control and protection system. A preliminary investigation of this coupling was completed using the Monte 
Carlo methods of Ficaro and Wehe. For this evaluation, the cross-power spectral densities (CPSDs) between 
external detectors and detectors in the core fuel region were calculated. The phase between various detectors 
is a measure of the average time delay between the external detector and the core power production. This 
paper presents a preliminary analysis of this coupling for external detectors at various positions in the water 
reflector tank and the core. The actual reactor detectors are in light water outside the heavy-water reflector 
external to the reflector tank. These calculations also illustrate how noise analysis techniques can be used 
to verify these time delays in the critical experiments program. This preliminary study illustrates these 
concepts and contributes to future studies of this for the ANS project. 
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Abstract/Keyterms: A nearly spherical unreflected uranium (93.7 wt% 235U) metal assembly (Godiva) 
(Ref. 1) has been reported previously. An exactly spherical (i.e., all major parts machined to the same radius 
with the same center) enriched-uranium (93.2 wt% [sup 211]U) metal assembly was configured to delayed 
criticality in 1971 at the Oak Ridge Critical Experiments Facility at the Y-12 plant for a variety of reactor 
physics studies. This paper compares the remeasured central worth of a small uranium metal sphere with 
previous measurements for a cylindrical sample of uranium metal and recent transport theory calculations. 
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Conference Session: Reactor Analysis Methods 

Abstract/Keyterms: In the nuclear vapor thermal rocket (NVTR) engine, a gaseous nuclear fuel of uranium 
tetrafluoride (UF4) is contained in bottled channels. In addition to the outer radial edge of the core, 
reflectors are placed on the top and bottom of the core to prevent axial neutron streaming loss through the 
fuel channels. Transport code analysis required for nuclear criticality assessment of the NVTR because the 
mean free path in the fuel zone is comparable to the channel length. A one-dimensional S[sub N] code, 
ANISN, running on personal computers enables survey nuclear criticality computations to be performed in 
a reasonably short time at almost no computing cost. 
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Conference Session: Thermal Hydraulics - General -II 

Abstract/Keyterms: The plate-type Venezuelan research reactor RV-1, which reached criticality in 1960 
(Ref. 1), has a limited capacity for sample irradiations and for beam experiments despite its 3-M 
intermediate power. This mainly due to its current fuel design, which contains low concentrations of 20% 
enriched uranium, as originally designed, generating relatively low neutron fluxes in a non-compact-core 
size. 
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Conference Session: Innovations in Nuclear Engineering Education 

Abstract/Keyterms: This paper presents an overview of the nuclear criticality safety (NCS) educational 
program at the University of Tennessee-Knoxville. The program is an academic specialization for nuclear 
engineering graduate students pursuing either the MS or PhD degree and includes special NCS courses and 
NCS research projects. Both the courses and the research projects serve as partial fulfillment of the 
requirements for the degree being pursued. 
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Abstract/Keyterms: The Oak Ridge Gaseous Diffusion Plant went into operation as the first plant to 
separate uranium by the gaseous diffusion process. It was built during World War II as part of the U.S. 
Army Corps of Engineers' Manhattan Project. Its war-time code name was K-25, which was also the name 
of the first uranium separation building constructed at the installation. The K-25 building was considered 
an engineering miracle at the time of its construction. Built in a U shape [approximately]1 mile long and 
400 ft wide, it housed complex and unique separation equipment. Despite its size and complexity, it was 
made fully operational within <2 yr after construction began. The facility operated successfully for more 
than 20 yr until it was placed in a standby mode in 1964. It is now clear the K-25 gaseous diffusion plant 
will never again be used to enrich uranium. The U.S. Department of Energy, therefore, has initiated a 
decontamination and decommission program. This paper discusses various procedures and techniques for 
addressing critical mass, uranium deposits, and safeguards issues. 
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Title: Special Instruments for Safety and Plant Control on Thorp 
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Report: TANSAO, 069, 104 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Processing in the LWR fuel Cycle 

Abstract/Keyterms: The thermal oxide reprocessing plant (THORP) at Sella-field in England is designed 
to reprocess irradiated uranium oxide fuel enriched up to 4 wt% 235U. This achieved by dissolving the fuel 
in nitric acid, separating the uranium and plutonium streams from the fission products, and then purifying 
and finishing the uranium and plutonium products. To ensure criticality safety throughout the plant, various 
methods of criticality control are applied. Wherever possible, the plant design incorporates geometrically 
favorable vessels. However, when this not possible, alternative methods of control must be adopted. Such 
controls include the use of neutron poisons or limiting the process parameters to restrict the mass of fissile 
material or quantity of moderator present. In those cases where limits are placed on process parameters, it 
is often necessary to place reliance on specially developed instrumentation to maintain the plant within the 
safe-operating envelope. An array of such special instruments has been conceived and developed by the 
Physical Science and Engineering Development (PS ED) group and are now installed in the plant. 
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Conference Session: Verification and Validation of Nondeterministic Software 

Abstract/Keyterms: The process of ensuring the quality of computer codes can be very time consuming 
and expensive. The Oak Ridge National Laboratory (ORNL) Monte Carlo codes all predate the existence 
of quality assurance (QA) standards and configuration control. The number of person-years and the amount 
of money spent on code development make it impossible to adhere strictly to all the current requirements. 
At ORNL, the Nuclear Engineering Applications Section of the Computing Applications Division is 
responsible for the development, maintenance, and application of the Monte Carlo codes MORSE and 
KENO. The KENO code is used for doing criticality analyses; the MORSE code, which has two official 
versions, CGA and SGC, is used for radiation transport analyses. Because KENO and MORSE were very 
thoroughly checked out over the many years of extensive use both in the United States and in the 
international community, the existing codes were “baselined.” This means that the versions existing at the 
time the original configuration plan is written are considered to be validated and verified code systems 
based on the established experience with them. 
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Abstract/Keyterms: Considerations of nuclear safety generally conclude with the evaluation of k(eff). 
When k is < 1, the system is considered safe, and when k is <1, it is considered catastrophic. Kinetics 
evaluations are most often conducted without consideration of the mechanics and rate for the introduction 
of the additional reactivity. In reality, the energy release from a system in which reactivity is added slowly 
may be protracted over such a long period of time as to be inconsequential. In fact, if the rate of reactivity 
addition is sufficiently low, it is possible that k will never reach 1. Nevertheless, accident analyses that fail 
to include all aspects of kinetics are alarming and can lead to the requirement of additional analyses and 
costly, unnecessary mitigation features. 
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Abstract/Keyterms: The 252Cf-source-driven noise analysis method has been used in measurements for 
subcritical configurations of fissile systems for a variety of applications. Measurements of 25 fissile systems 
have been performed with a wide variety of materials and configurations. This method has been applied to 
measurements for (1) initial fuel loading of reactors, (2) quality assurance of reactor fuel elements, (3) fuel 
preparation facilities, (4) fuel processing facilities, (5) fuel storage facilities, (6) zero-power testing of 
reactors, and (7) verification of calculational methods for assemblies with the neutron k < l. These previous 
measurements, performed with a wide variety of multiplying systems, demonstrated the usefulness of the 
method. The high sensitivity of noise-measured parameters to small changes in fissile systems has been 
observed in several measurements. This high sensitivity has been evaluated using Monte Carlo neutron 
transport methods for an array of light-water reactor spent fuel and aqueous solutions of fissile material. 
Monte Carlo calculations of these noise-measured parameters for a highly enriched uranium (HEU) storage 
vault were performed to evaluate whether a subcriticality measurement with existing 252Cf source and 
commercially available detectors was feasible and to determine if the measurement could characterize the 
ability of the concrete to isolate the fissile material. 
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Abstract/Keyterms: The 252Cf-source-driven noise analysis method has been used in measurements for 
subcritical configurations of fissile systems for a variety of applications. Measurements of 25 fissile systems 
have been performed with a wide variety of materials and configurations. This method has been applied to 
measurements for (1) initial fuel loading of reactors, (2) quality assurance of reactor fuel elements, (3) fuel 
preparation facilities, (4) fuel processing facilities, (5) fuel storage facilities, (6) zero-power testing of 
reactors, and (7) verification of calculational methods for assemblies with the neutron k < l. These previous 
measurements, performed with a wide variety of multiplying systems, demonstrated the usefulness of the 
method. The high sensitivity of noise-measured parameters to small changes in fissile systems has been 
observed in several measurements. This high sensitivity has been evaluated using Monte Carlo neutron 
transport methods for an array of light-water reactor spent fuel and aqueous solutions of fissile material. 
Monte Carlo calculations of these noise-measured parameters for a highly enriched uranium (HEU) storage 
vault were performed to evaluate whether a subcriticality measurement with existing 252Cf source and 
commercially available detectors was feasible and to determine if the measurement could characterize the 
ability of the concrete to isolate the fissile material. 
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Abstract/Keyterms: A new method is being developed for estimating single-pulse yields in process 
criticality accidents with fissile solutions. The method is based on recent developments in accident 
simulation that are well correlated with pulse data and that may be extrapolated to a large class of similar 
systems. The simulation results are then used to generate simple semi-empirical formulas based on the 
Nordheim-Fuchs (NF) model. The goal is to supplement previous work and to provide support for a trend 
away from excessive conservatism in safety analysis. The simulations reported are based on an energy 
balance, an equation of state, and hydrodynamic models that have been derived in both one-region and 
many-region versions. Parameters in the equation of state (especially the isothermal compressibility) are 
sensitive to the void fraction, calculated from the amount of radiolytic gas in the form of bubbles. Inertial 
pressure and kinetic energy are also computed. 
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Abstract/Keyterms: In the late 1980s, many new requirements for nuclear criticality safety (NCS) training 
were drafted in U.S. Department of Energy (DOE) orders and American National Standards Institute 
(ANSI) standards. During the same period, Martin Marietta Energy Systems (MMES) recognized that our 
current NCS training program had become obsolete. Based on this conclusion, a family of generic training 
courses was developed to address the “basics” of NCS. These courses were designed and developed to be 
utilized at all five installations managed by MMES and to be in compliance with all the new requirements. 
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Abstract/Keyterms: Two programs designed to prepare engineers for certification as criticality safety 
engineers are offered at Westinghouse Savannah River Company (WSRC). One program, Student on Loan 
Criticality Engineer Training (SOLCET), is an intensive 2-yr course involving lectures, rigorous problem 
assignments, and mentoring. The other program, In-Field Criticality Engineer Training (IN-FIELD), is a 
less intensive series of lectures and problem assignments. Both courses are conducted by members of the 
Applied Physics Group (APG) of the Savannah River Technical Center, the organization at WSRC 
responsible for the operation and maintenance of criticality codes and for training of code users. 
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Date: 11/1/1993 

Report: TANSAO, 069, 253-254 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Training Programs 

Abstract/Keyterms: The University of New Mexico (UNM) started offering a short course in nuclear 
criticality safety (NCS) in 1973. Since that time, there have been 14 such courses with offerings on an 
annual basis since 1989. The general objective of the course is to present an overview of important topics 
on NCS. The audience is generally composed of engineers new to the criticality safety area; in fact, a survey 
in 1990 indicated that 66% of the students had <2 yr experience in NCS. Faculty for the workshop is drawn 
from government regulators, licenses, and national labs. There are usually [approximately]15 faculty 
members with each one making a presentation of an hour or so on his/her specialty. Topics covered range 
from basic neutron theory to administrative practices to computer analyses. As each presentation is limited 
in time, the intent is to provide an overview of the subject to the students rather than educating them in 
detail. This technique seems to work quite well, and the students rate the course quite highly. 
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Title: Criticality Safety Assessor Training at British Nuclear Fuels, Sellafield 

Date: 11/1/1993 

Report: TANSAO, 069, 254-255 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Training Programs 

Abstract/Keyterms: In accordance with company policy agreed to in April 1986, graduate new entrants to 
British Nuclear Fuels (BNFL) Sellafield join a management trainee/appraisal scheme. The purpose of this 
scheme is that while doing a real job, the trainee should undergo structured training and be given the 
opportunity to develop both personally and professionally. As part of this scheme, each trainee has a 
structured training program that is devised to fulfill the requirements of the individual, the department, the 
site and the professional body to which the trainee aspires. This paper outlines the management trainee 
training/appraisal system and the structured training program that is used to train criticality safety assessors 
at BNFL Sellafield. 
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Title: Instructional Games and Activities for Criticality Safety Training 

Date: 11/1/1993 

Report: TANSAO, 069, 255 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Training Programs 

Abstract/Keyterms: During the past several years, the Training and Management Systems Division 
(TMSD) staff of Oak Ridge Institute for Science and Education (ORISE) has designed and developed 
nuclear criticality safety (NCS) training programs that focus on high trainee involvement through the use 
of instructional games and activities. This paper discusses the instructional game, initial considerations for 
developing games, advantages and limitations of games, and how games may be used in developing and 
implementing NCS training. It also provides examples of the various instructional games and activities used 
in separate courses designed for Martin Marietta Energy Systems (MMES’s) supervisors and U.S. Nuclear 
Regulatory Commission (NRC) fuel facility inspectors. 
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Date: 11/1/1993 

Report: TANSAO, 069, 255-256 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Training Programs 

Abstract/Keyterms: Since the beginning of the Nuclear Criticality Safety Division of the American 
Nuclear Society (ANS) in 1967, the nuclear criticality safety (NCS) community has sought to provide an 
exchange of information at a national level to facilitate the education and development of NCS specialists. 
In addition, individual criticality safety organizations within government contractor and licensed 
commercial nonreactor facilities have developed training and qualification programs for their NCS 
specialists. However, there has been substantial variability in the content and quality of these program 
requirements and personnel qualifications, at least as measured within the government contractor 
community. The purpose of this paper is to provide a brief, general history of staff training and to describe 
the current direction and focus of US DOE guidance for the content of training and qualification programs 
designed to develop NCS specialists. 
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Abstract/Keyterms: The Solution High-Energy Burst Assembly (SHEBA) at Los Alamos is a low-
enriched (4.95 wt. %) aqueous uranyl fluoride solution critical assembly. There are two SHEBA 
configurations, both consisting of right circular cylinders with a central control rod. The first configuration, 
hereafter called the old SHEBA, had a fuel solution diameter of 54.6 cm and a measured critical solution 
height of 36.5 cm. An improved modification, hereafter called the new SHEBA, has a fuel solution diameter 
of 48.9 cm but since it is not yet operational, the critical solution height has not yet been measured. In this 
presentation the application of the discrete-ordinates (S[sub N]) code TWODANT using Hansen-Roach 
cross sections and the MCNP Monte Carlo code using continuous-energy cross sections for calculating the 
critical solution heights for both the old and new SHEBA assemblies is described. The code’s predictions 
are compared and it is shown that a single calculation with a standard computer code may yield misleading 
results, especially when using a Monte Carlo code. 
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Abstract/Keyterms:  
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Industry 

Date: 11/1/1993 

Report: TANSAO, 069, 259-260 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Experimental Needs in Nuclear Criticality Safety 

Abstract/Keyterms: British Nuclear Fuels plc (BNFL) has commercial involvements throughout the 
whole of the nuclear fuel cycle, from fuel fabrication through to irradiated fuel transport and pond storage, 
chemical reprocessing, waste treatment, handling and storage, and the isolation and storage of purified UO3 
and PuO2 products. The wide range of materials and compositions handled and the variety of environments 
encountered results in a requirement to address a large number of criticality safety problems. With some 
problems requiring novel approaches to their solution, there are inevitably some areas where further 
validation data would be desirable. The principal calculational tool used in Britain for criticality safety 
assessment work is the Monte Carlo computer code MONK6B. This has already been validated against a 
wide range of critical experiments, and work is under way to increase the validation data base even further. 
As previously indicated, however, there are areas where improvements could be made, and these are 
outlined in the following paragraphs. The power of the MONK6B geometry package is such that virtually 
any conceivable geometric configuration can be accurately modeled in detail. It remains, therefore, that in 
most instances, the limiting factor on the accuracy and reliability of the final answer rests with the quality 
of the nuclear data and this, of course, requires to be validated. 
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Date: 11/1/1993 

Report: TANSAO, 069, 260-261 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Experimental Needs in Nuclear Criticality Safety 

Abstract/Keyterms: The Rensselaer Polytechnic Institute's Reactor Critical Facility (RCF) has been 
carrying out critical experiments on lattices of 4.81 wt% 235U enriched, high-density UO2 fuel pins in light 
water. These SPERT(F1) fuel pins have fuel pellet diameter and clad thickness similar to light water power 
reactor fuel, and the active UO2 stack height of 36 in. is near optimum for the purpose. This because critical 
cores of light water reactor fuel are small, yet one requires a substantial asymptotic volume to measure 
buckling accurately. Axial bucklings particularly must be measured accurately because these heavy cores 
require substantial and complicated axial reflectors that are difficult to model; radial reflectors, on the other 
hand, are essentially infinite water. The four RCF control rods are in the reflector and are fully withdrawn 
during definitive measurements. Thus, these RCF cores are well suited for critical experiments in support 
of the power reactor industry, and in fact the RCF is the only facility carrying out such experiments in the 
Western hemisphere. 
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Report: TANSAO, 069, 290; CONF-931160-- 

Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: A level-1 probabilistic risk assessment (PRA) was completed in July 1990 and revised 
and updated in January 1993 for the U.S. Department of Energy production reactors at the Savannah River 
site in Aiken, South Carolina. The PRA has since been used several times to guide risk management 
decisions, as well as to quantify absolute risk and to help in understanding system interactions. This paper 
describes one of the risk management applications in which PRA analysis determined that a reactor 
subcriticality issue being considered for inclusion in the safety analysis report (SAR) is low enough in 
expected frequency that it can be excluded. 
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Abstract/Keyterms: The Monte Carlo Neutron Photon (MCNP) computer code is a transport code that 
includes a powerful three-dimensional geometry and source modeling capability. MCNP has applications 
in shielding, reactor physics, criticality, and many other areas. In creating an input file, entering laborious 
descriptions of geometry, sources, tallies, and optimization parameters with a line editor is very tedious and 
error prone. Input files for MCNP typically contain from hundreds to thousands of lines of data. This makes 
it difficult during the line-edit sessions to remember exactly what portion of the input file still remains to 
be completed. Once an input file is created, additional time is required to plot the geometry and correct any 
errors in the geometry description. To aid in the creation of MCNP input files, a graphical interface has 
been developed that enables the use to interactively build the geometry with the aid of two or more dynamic 
cross-sectional views of the model. 
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Abstract/Keyterms: French pressurized water reactor (PWR) fuel management has been carried out until 
now with the objective of cycle cost reduction. This paper presents the feasibility study of an 18 month 
cycle for 1300-MW PWRs, three-batch fuel management with 4.00% enrichment, performed by EdF in 
1992; the qualifications of core calculation methodology with gadolinia integrated burnable neutron 
absorbers through the Gedeon critical experiment carried out in the Melusine reactor in Grenoble; and the 
progress in core calculational methods, which were carried out to determine core safety with the increase 
in cycle length to 18 months. 
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Abstract/Keyterms: This report provides recommendations for the training and educational background 
for criticality specialists. Classification levels and qualification options are presented. 
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Report: TANSAO, 070, 033-034 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Education and Training 

Abstract/Keyterms: The American National Standard, Nuclear Criticality Safety in Operations with 
Fissionable Material Outside Reactor, was originally issue in 1969 as American National Standard N16.1-
1969. The purpose of this standard is to provide guidance for the prevention of criticality accidents in the 
handling, storing, processing, and transporting of fissionable material. Three major sections provide 
guidance: Nuclear Criticality Safety Practices, Single Parameter Limits for Fissile Nuclides, and 
Multiparameter Control. The Nuclear Criticality Safety Practices Section is subdivided into two main parts: 
One is on administrative practices and the other covers technical practices. 



 

C-19526 

19475…..…..…………………..…….……..……ID Number…………………..…..…………….19475 

Author: Busch, Robert D. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Education and Training 

Abstract/Keyterms: During their undergraduate experience at the University of New Mexico (UNM), the 
students gain a fundamental understanding of neutronics behavior and of the basic operation of 
computational methods. By reducing the emphasis on nuclear power reactors and increasing the number of 
tools available to each student, UNM is providing undergraduates with a stronger background in the basics 
of nuclear criticality safety (NCS). Through this approach, one educational institution is responding to the 
challenge of the 1990s to produce nuclear engineers who can fill the gaps left by retiring personnel. To 
provide continuity in the criticality safety community, the UNM is educating nuclear engineers to be 
capable of responding to the needs of the NCS industry. 
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Report: TANSAO, 070, 034-035 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Education and Training 

Abstract/Keyterms: Nuclear criticality safety courses taught at the University of Tennessee are described 
with regard to content, prerequisites, and instructors. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Education and Training 

Abstract/Keyterms: Gaps in the training of criticality specialists are described. Emphasis placed on the 
need for students to be well trained and fully understand the concept of an unlikely occurrence versus a 
likely occurrence. Intended operations need to be fully understood. 
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Conference Session: Nuclear Criticality Safety Education and Training 

Abstract/Keyterms: Historically, new entrants to the practice of nuclear criticality safety have learned 
their job primarily by on-the-job training (OJT) often by association with an experienced nuclear criticality 
safety engineer who probably also learned their job by OJT. Typically, the new entrant learned what he/she 
needed to know to solve a particular problem and accumulated experience as more problems were solved. 
It is likely that more formalism will be required in the future. Current US Department of Energy 
requirements for those positions which have to demonstrate qualification indicate that it should be achieved 
by using a systematic approach such as performance based training (PBT). Assuming that PBT would be 
an acceptable mechanism for nuclear criticality safety engineer training in a more formal environment, a 
site-specific analysis of the nuclear criticality safety engineer job was performed. Based on this analysis, 
classes are being developed and delivered to a target audience of newer nuclear criticality safety engineers. 
Because current interest is in developing training for selected aspects of the nuclear criticality safety 
engineer job, the analysis i`s incompletely developed in some areas. Details of this analysis are provided in 
this report. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Methods in Particle Transport 

Abstract/Keyterms: Diffusion and transport variational nodal methods are being used increasingly for two 
and three-dimensional fast reactor calculations in both Cartesian and hexagonal geometries. This report is 
concerned with matrix rank in variational nodal approximations. 
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Report: TANSAO, 070, 181-182 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Student Research in Nuclear Criticality Safety 

Abstract/Keyterms: A multigroup Monte Carlo code KENO V.a is maintained at the ORNL as part of the 
standardized computer analysis for licensing evaluation (SCALE) system. Included in the SCALE system 
are the 238-and 44-energy group ENDF/B-V cross section libraries. The purpose of this work was to 
validate the ENDF/B-V and KENO V.a for uranium 233 systems. 
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Abstract/Keyterms: In criticality calculations, MCNP has three types of individual l{sub eff}. The three-
combined k(eff) estimator has been derived and verified, both theoretically and empirically (for the cases 
studied), to be the best available estimator in MCNP. It has been shown to be superior to other estimators, 
such as the simple average and the individual estimator, with the smallest variance. The three-combined 
k(eff) estimator should be presented as a confidence interval, which has been shown to have the correct 
coverage rates for several realistic problems. 
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Abstract/Keyterms: The purpose of this work was to evaluate the effect of the introduction of a void into 
a supercritical solution system. Calculations have indicated that the primary shutdown mechanism in the 
excursion of a solution is radiolytic gas formation. The density of a radiolytic gas varies directly with the 
local power density. As such, the complete evaluation of the quench mechanism requires detailed 
knowledge of the reactivity effect of voids as a function of position. 
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Abstract/Keyterms: A control system using an Allen-Brady Programmable Logic Controller (PLC) has 
been designed for a proposed criticality experiment involving cylindrical uranyl nitrate packages for waste 
characterization studies. This system represents an expansion of the current SHEBA control system to 
include a new critical experiment in a separate location at the Los Alamos Critical Experiments facility. 
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Abstract/Keyterms: An analytical model was developed and applied to a hypothetical criticality excursion 
in a freezer/sublimer of UF6. Gaseous diffusion plants store UF6. Neutronic calculations have shown that 
a critical configuration can occur if water accidentally enters the system, although the possibility of this 
occurrence is highly unlikely. 
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Abstract/Keyterms: This work examines the physical processes that would cause an accidental criticality 
involving highly enriched uranium(HEU) powder to shut down naturally. The study analyses an excursion 
resulting from the continuous poring of slightly damp HEU powder (either UO3 or UF4 containing 1.5% 
water) onto a concrete floor. 
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Abstract/Keyterms: A hypothetical nuclear criticality accident in a waste supercompactor is evaluated. 
The waste consists of a homogeneous mixture of plutonium 49, beryllium, and air contained in a 35 gallon 
carbon steel drum. Possible consequences are investigated. 
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Abstract/Keyterms: A method for the determination of radiation doses resulting from a hypothetical 
criticality accident is presented. The method is an improvement over the slide-rule method currently used. 
The improved method calculates doses for low enriched uranium as well as highly enriched solutions. 
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Abstract/Keyterms: The spatial distribution and count rate was measured in highly enriched uranium 
(HEU) concrete storage vault. These measurements provide data for verification of calculation methods 
because the measured data can calculated directly by Monte Carlo methods such as KENO, which is used 
extensively for criticality safety calculations. 
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Abstract/Keyterms: A criticality safety evaluation was performed to support the temporary storage of the 
20% enriched uranium converter plates for future use in the Brookhaven Medical Research Reactor. Twelve 
plates would be stored in drums. In this paper, the neutron multiplication factor in drums is calculated using 
the MCNP code. Case studies that use the general-purpose Monte Carlo transport code MCNP for plate 
storage based on different combinations of materials used, plate arrangements, and 235U loadings reveal 
the following: (1) Under normal conditions when air is the only medium both surrounding the plates in pipe 
and in the area between the pipe and drum walls, the storage package remains subcritical. The k(eff) is 0.15 
for a 12-plate array in one drum, and 0.08 for a 6-plate array in each of the two adjacent drums. (2) During 
a light water flooding, a maximum k(eff) of 1.17 is obtained from the single package that is filled with 
water mixed with uniformly distributed uranium. When the uranium is evenly divided between two drums 
and mixed with water, the maximum k(eff) is 0.90. (3) When the amount of 235U from more than ten 20%-
enriched plates (or eight 25%-enriched plates) is uniformly distributed in water within the entire drum, 
k(eff) {approx} 1.0. (4) When water fills the drum or fills the pipe only, neither the concrete nor the water 
outside the drum will affect the value of k(eff) by more than 4%. These findings indicate that although the 
use of one drum to hold 12 plates is physically possible, it is uncertain that the package will remain 
subcritical during a light water flooding. Since the 6M drum is not designed to be leak tight under all 
hypothetical accident conditions, the option of using two drums for plate storage is recommended. 
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Abstract/Keyterms: Recent industry concerns related to irradiation-induced shrinkage of the Boraflex 
neutron absorber panels resulted in the need to perform extensive testing on spent fuel racks at Oconee and 
McGuire power stations. Based on industry experience with Boraflex shrinkage, overall length reduction is 
not expected to exceed 3 or 4%. The level of pull-back observed at Oconee falls within the expected range 
and confirms that poison shrinkage can induce significant end pull-back in situations where Boraflex panels 
are unrestrained. The rack specific criticality calculations performed to evaluate uncovered active fuel end 
effects on Oconee-3 storage array reactivity confirm that positive reactivity effects are not observed until 
4.5 to 6.5 in. of active fuel is uncovered. Further evaluations are being performed to confirm these results. 
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Date: 6/1/1994 

Report: TANSAO, 070, 198-199 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: The criticality safety Benchmark Working group was formed to carefully review, 
evaluate, and compile critical experiment data into a standard easy to use format to be used by criticality 
safety analysts for validation of calculational techniques. Tasks and the format are described. 
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Date: 6/1/1994 

Report: TANSAO, 070, 200-201 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: The end of the Cold War and the subsequent weapons reductions have led to an 
increased need for the safe storage of large amounts of highly enriched plutonium. In support of code 
validation required to address this need, a set of critical experiments involving arrays of weapons-grade 
plutonium metal that were performed at the Lawrence Livermore National Laboratory (LLNL) in the late 
1960s has been revisited. Although these experiments are well documented, discrepancies and omissions 
have been found in the earlier reports. Many of these have been resolved in the current work, and these data 
have been compiled into benchmark descriptions. In addition, a computational verification has been 
performed on the benchmarks using multiple computer codes. These benchmark descriptions are also being 
made available to the US Department of Energy (DOE)-sponsored Nuclear Criticality Safety Benchmark 
Evaluation Working Group for dissemination in the DOE Handbook on Evaluated Criticality Safety 
Benchmark Experiments. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: The manufacture of fuel rings for the Sandia pulse reactor IIIM is described. The fuel 
rings are 90 wt% highly enriched uranium and 10 wt% Molybdenum. The manufacturing process and 
criticality safety features are described. 
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Abstract/Keyterms: The purpose of the study was to determine the thickness and coverage of water film 
formations on various materials during fire sprinkler deluge. The primary criticality safety concern with 
automatic fire suppression systems is the increased amount of water that a film adds to the interstitial 
volume of an array per unit time. An exhaustive literature search revealed that no applicable research data 
exist that govern water film formations from fire protection systems. Therefore, a controlled, infield, 
mockup was created to predict the thickness and coverage of water film on fissile material forms. This 
paper discusses the background, experimental procedure, and the characterization of these water films. 
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Abstract/Keyterms: This paper describes the staus of the Fernald Environmental Management Project 
(FEMP) criticality alarm system. A new radiation detection alarm system was installed in 1990. The 
anunciation system, calibration and maintenance, and detector placement is described. 
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Abstract/Keyterms: This paper describes work performed to evaluate the radiation dose and criticality 
alarm response from a hypothetical criticality accident at the Fernald Site. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Accident Alarm Systems 

Abstract/Keyterms: The Paducah gaseous diffusion plant (PGDP) has two systems of radiation detection 
units that monitor radiation associated with a nuclear criticality accident (NCA). The primary system, the 
criticality accident alarm system (CAAS), is composed of several detection units that alarm when gamma-
radiation levels exceed 10 mR/h. The CAAS provides the means to initiate emergency-evacuation 
procedures in the event of an NCA. This system is augmented with a second system of radiation detectors, 
which is referred to as the argon gamma graph (AGG) system. The AGG system is utilized specifically for 
the remote monitoring of radiation during an NCA and is a primary tool used by emergency response 
personnel. The remote radiation readings supplied by the AGG system provide the means to quickly locate 
and characterize an NCA. The centralized remote monitoring of radiation during an NCA permits important 
data to be collected efficiently without subjecting personnel to unknown and unquantified radiation fields. 
Calculations of the expected radiation readings on the AGG system were performed for a postulated NCA 
at four different locations at PGDP. 
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Abstract/Keyterms: An evaluation was performed to determine if criticality alarm system detectors at the 
Paducah plant could be relocated to a height of 1 m above the floor, from a height of 5 m above the floor. 
At 5 m, the temperature of the detector locations reaches 160 degrees F. Results are described. 
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Report: TANSAO, 070, 210-211 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Accident Alarm Systems 

Abstract/Keyterms: The Oak Ridge Y-12 Plant operates its Criticality Accident Alarm System (CAAS) 
according to the guidance of Standard ANSI/ANS-8.3-1986. This standard requires that the detector shall 
not fail to initiate an alarm when subjected to a radiation field of at least 0.1 Gy/s (10 rad/s). It also requires 
that the system shall be designed to immediately detect the minimum accident of concern and shall produce 
an alarm within one half second of activation. Sixty-three new detectors that use plastic scintillators have 
been obtained to upgrade the current Y-12 Plant CAAS. To ensure that these detectors can support the 
above criteria, testing was done using the SPR III reactor at the Sandia Pulsed Reactor Facility. 
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Abstract/Keyterms: In the chemical reprocessing of Hanford site production reactor fuel, chemical 
dissolution of the fuel elements created cladding waste containing fissionable material. Because cladding 
waste was a separate waste stream, the question has arisen of whether the cladding waste could have 
different nuclear criticality characteristics than waste streams associated with processing the fuel cores. 
This paper considers fuel burnup in reactors and the criticality aspects of nonuniform radial depletion. It 
provides an answer to whether cladding waste is inherently more reactive than waste from the average fuel 
dissolution and whether cladding waste could cause special criticality problems in Hanford site waste tanks. 
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Abstract/Keyterms: The fuel drain tank (FDT) cell, which stores spent fuel from the molten salt reactor 
experiment, was analyzed under normal and credible upset conditions and was found to have an acceptable 
margin of subcriticality under all assumed conditions. The cross-section library and materials were chosen 
to ensure a conservative result. The 27GROUPNDF4 cross-section library was chosen for further analysis 
because it produced the highest k(eff) for the FDT model. Further conservative biases in the FDT cell 
calculations were introduced by using Magnuson concrete; not modeling the thermocouple thimble, level 
probes, and salt lines; and ignoring fission and corrosion products. The MSRE reactor was also analyzed 
as a benchmark for the FDT cell results. The material properties of the fuel salt in the reactor are almost 
identical to those of the fuel salt in the FDTs. 
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Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities Undergoing the Transition to Decontamination 
and Decommissioning. Practices to Reduce the Risk to Workers, the Public, and the Environment are 
Recommended. 
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Abstract/Keyterms: The Fernald Environmental Management Project (FEMP), formerly known as the 
Feed Materials Production Center (FMPC), is located on a 1050 acre site approximately twenty miles 
northwest of Cincinnati, Ohio. The production area of the site covers approximately 136 acres in the central 
portion of the site. Surrounding the core production area is a buffer consisting of leased grazing land, 
reforested land, and unused areas. The uranium processing facility was designed and constructed in the 
early 1950s. During the period from 1952 to 1989 the site produced uranium feed material and uranium 
products used in the United States weapons complex. Production at the site ended in 1989, when the site 
was shut down for what was expected to be a short period of time. However, the FUTC was permanently 
shut down in 1991, and the site's mission was changed from production to environmental restoration. The 
objective of this paper is to give an update on activities at the Fernald Site and to describe the Nuclear 
Criticality Safety issues that are currently being addressed. 
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Abstract/Keyterms: Criticality prevention at Three Mile Island unit 2 (TMI-2) following the accident can 
be broken down into three objectives: (1) prevention of criticality in the damaged core; (2) prevention of 
criticality of the residual fuel in the reactor vessel following completion of the defueling effort; (3) 
prevention of criticality in the balance of plant. The first two criticality prevention objectives were concerns 
unique to the particular situation at TMI-2. References 1 and 2 provide information on the way that these 
concerns were addressed. The third objective is more generally applicable to decommissioning efforts, 
especially for facilities that handle fuel material, and is the subject of this paper. 
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Abstract/Keyterms: Prerequisites that were developed for the monitored storage of the Three Mile Island 
Unit 2 reactor are discussed. Most prerequisites are concerned with the reduction of any radioactive 
contamination and demonstrating that there is no possibility of criticality. 
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Abstract/Keyterms: The 30MWt HTTR is a high-temperature gas-cooled reactor (HTGR), with a 
maximum helium coolant temperature of 950{degrees}C at the reactor outlet. The construction of the 
HTTR started in March 1991, with first criticality to be followed in 1998 after commissioning testing. At 
present the HTTR reactor building and its containment vessel have been almost completed and its main 
components, such as a reactor pressure vessel (RPV), an intermediate heat exchanger, hot gas pipings and 
graphite core structures, are now manufacturing at their factories aiming at their installation starting in the 
middle of 1994. The project is intended to establish and upgrade the technology basis necessary for HTGR 
developments. Japan Atomic Energy Research Institute (JAERI) also plans to conduct material and fuel 
irradiation tests as an innovative basic research after attaining rated power and coolant temperature. This 
paper describes major features of HTTR, present status of its construction and research and test program 
using HTTR. 
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Abstract/Keyterms: The safety analysis for the advanced neutron source reactor uses a theoretical 
formulation based on point-kinetic equations to evaluate the various accident scenarios for the reactor. 
These analyses provide information on the consequences to the public and provide the basis for the design 
of the control and safety systems. 
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Abstract/Keyterms: Transmutation of radioactive wastes in actinide burner reactors was modeled. It was 
determined that the most suitable reactor for burning high level waste was a homogeneous reactor. 
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Abstract/Keyterms: A re-analysis of an experiment performed to determine the critical mass of a sphere 
of highly enriched uranium when reflected by water was undertaken. An eigenvalue was produced that was 
in good agreement with the experimental measurement. 
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Abstract/Keyterms: Past papers have described a critical experiment (CX) built at Sandia National 
Laboratories to investigate the neutronic behavior of the particle-bed reactor (PBK). Among the 
experiments previously reported were tests to measure the reactivity effect of uniform temperature 
variations between 20 and 80{degree}C. This paper describes additional experiments designed to examine 
the effects of cryogenic moderator temperatures on core reactivity and neutron spectrum. The general 
importance of temperature effects to the design of the PBR have been previously discussed. A unique 
feature of the PBR is that the moderator may be at cryogenic temperatures during reactor startup. Because 
temperature effects in small, heterogeneous thermal reactors can be significant and because we found no 
integral measurements with cryogenic moderators in such systems, an experiment with a cryogenic 
moderator was designed and performed in the CX as an extension to the isothermal measurements 
previously reported. 
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Abstract/Keyterms: Prompt fission neutron and gamma rays have been used to measure the transmission 
of concrete samples that were cast from the concrete mixes for the modular highly enriched uranium (HEU) 
storage vault at the Oak Ridge Y-12 plant. These data and the samples will be retained for future 
measurements to track the drying process that may reduce the unbound water content of the concrete. The 
hydrogen atomic density from bound water is{approximately}5.9 x 10{sup -3} and that for unbound water 
is{approximately}7.3 x 10{sup -3} atom per barn centimetre. If the unbound water diffuses out of the 
concrete, the reduced hydrogen content will result in increased interaction of fissile material and in higher 
neutron multiplication factors for the fissile arrays stored in such a vault because the main effect of the 
hydrogen is to reduce the transmission of neutrons through the concrete by slowing down so that the 
neutrons can be absorbed in the concrete. Time-of-flight (TOF) transmission measurement with a 252Cf 
source was used to measure the time distribution of neutrons and gamma rays after 252Cf fission. These 
measurements can be used to verify the calculated transmission from neutron and gamma-ray Monte Carlo 
transport methods. 
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Abstract/Keyterms: Due to delays in the U.S. Department of Energy high-level waste storage program, 
the spent-fuel pool at the Rancho Seco nuclear power plant was reracked in 1985 so that nearly twice as 
many fuel assemblies could be stored. Since the fuel assemblies would be much closer together, the racks 
were impregnated with Boraflex, a compound containing boron to absorb neutrons and reduce the effective 
multiplication constant, k(eff). In 1993, the U.S. Nuclear Regulatory Commission issued a letter to all 
licensees using Boraflex to advise them that under certain conditions, the Boraflex absorber may deteriorate 
and may not provide the necessary negative reactivity. Since the Rancho Seco spent-fuel pool contained 
only burned fuel assemblies and there were no plans to store any fresh fuel assemblies, it was possible that 
the pool would remain subcritical if the increase in multiplication caused by the loss of Boraflex were offset 
by the decrease in multiplication caused by the burnup in the fuel. Consequently, in early 1994, a detailed 
criticality analysis was performed to accurately account for the actual burnup in the fuel to see if the spent-
fuel pool would remain subcritical in the unlikely event that all of the Boraflex absorber were lost. 
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Abstract/Keyterms: The Central Laboratory at the Savannah River site provides chemical analysis support 
for various operations at the site, primarily the separations (reprocessing of nuclear materials) areas. As a 
result of performing chemical analyses, recyclable liquid is generated that contains various levels of fissile 
plutonium and uranium. This recyclable liquid is disposed of in a high-level transfer (HLT) system that 
initially collects in two tanks before being transferred for further processing. The authorization basis for the 
facility was based in part on the assumption of no accumulation of fissile containing solids in the tanks. As 
part of a continuing program to ensure criticality safety, a significant accumulation of fissile-containing 
solids was detected in both tanks. As a result, all operations involving the HLT tanks were suspended. The 
tanks have been in use since the commencement of operations in the 1950s. Since that time fissile material 
has precipitated or settled out of the liquid and remained in a sand-like layer at the bottom of the tanks. 
Prior to the recent discovery of the accumulation of fissile material, the tanks had not been sampled because 
no accumulation was expected to occur. A fault tree was prepared to evaluate the potential to exceed the 
criticality safety limit and determine what controls were necessary to ensure the limit was met. 
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Abstract/Keyterms: Work has begun at the Savannah River site (SRS) to validate the new Oak Ridge 
LAW (Library to Analyze Waste) 44-energy group cross-section library for criticality calculations. During 
the planning stages of a criticality analysis to support shipping cask safety analysis report-packages 
(SARPs), a need for validation of composite plutonium/highly enriched uranium (HEU) metal (fast) 
systems was identified. This task involved identifying the best experiments, modeling the experiments as 
closely as possible, reevaluating the critical states, simplifying to one-dimensional benchmark models that 
can be easily modeled in discrete ordinates codes such as ONEDANT (ONEDANT calculations are used 
in the SARP criticality analysis), and then calculating the ONEDANT biases. All of these steps, and the 
rationale used in each, are discussed in this paper. 
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Abstract/Keyterms: Criticality safety analyses for nuclear devices and their components during design, 
manufacture, operation, dismantlement, and disposal in normal and accident environments usually rely on 
Monte Carlo methods. Criticality benchmark experiments are used to validate nuclear data for these 
accident analysis calculations. Within the RFNC Institute, such experiments are carried out at the Critical 
Experimental Facility (ROMB). ROMB works primarily with enriched uranium and plutonium in spherical 
and cylindrical geometries. These assemblies incorporate inert shells of CH2, beryllium, BeO, aluminum, 
titanium, iron, molybdenum, nickel, niobium, lead,238U, and other materials. ROMB was designed 
primarily to carry out measurements using solid materials. However, some experiments have been 
performed that combined 235U and 239Pu in solution and metallic form. Solutions were encased in 
stainless steel and covered a range of fissile concentrations. About 100 measurements have been carried 
out using spherical geometry and more than 250 using cylindrical geometry. Cylindrical systems were 
unreflected and reflected with thick 238U, CH2, and lead. A description of the ROMB facility along with 
experimental results was presented at the Juelich conference in May 1991. 
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Abstract/Keyterms: A new code is being developed at the Y-12 Plant for solving the time-dependent, 
three-dimensional Boltzmann transport model with feedback. The new code, PADK, uses the quasi-static 
method in its adiabatic form and is to be utilized to analyze hypothetical criticality accidents. A description 
of the code along with preliminary results without feedback are presented in this paper. The code is applied 
to 2 standard benchmark problems and the results are compared to another method. Also, the code is used 
to model the Godiva reactor. Further work needed to be completed is described. 
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Abstract/Keyterms: Multiple contingencies provide in-depth defense against criticality accidents, and the 
double-contingency principle occupies an important position in standards and regulations that apply to 
criticality safety practice. The present-day emphasis on probabilistic safety assessments suggests that 
criticality safety practitioners should develop probabilistic methods for evaluating multiple contingency 
defenses against accidents. Such methods can supplement the traditional qualitative and quantitative, but 
deterministic, approaches and help the user satisfy safety analysis and regulatory requirements. These 
observations motivate the work summarized in this paper. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Accident Analysis 

Abstract/Keyterms: This document represents Phase I of a two-phase project. The entire project consists 
of determining a series of minimum accidents of concern and their associated neutron and photon leakage 
spectra that may be used to determine Criticality Accident Alarm compliance with ANSI/ANS-8.3. The 
inadvertent assembly of a critical mass of material presents a multitude of unknown quantities. Depending 
on the particular process, one can make an educated guess as to fissile material. In a gaseous diffusion 
cascade, this material is assumed to be uranyl fluoride. However, educated assumptions cannot be readily 
made for the other variables. Phase I of this project is determining a bounding minimum accident of concern 
and its associated neutron and photon leakage spectra. To determine the composition of the bounding 
minimum accident of concern, work was done to determine the effects of geometry, moderation level, and 
enrichment on the leakage spectra of a critical assembly. The minimum accident of concern is defined as 
the accident that may be assumed to deliver the equivalent of an absorbed dose in free air of 20 rad at a 
distance of 2 meters from the reacting material within 60 seconds. To determine this dose, an analyst makes 
an assumption and choose an appropriate flux to dose response function. The power level required of a 
critical assembly to constitute a minimum accident of concern depends heavily on the response function 
chosen. The first step in determining the leakage spectra was to attempt to isolate the effects of geometry, 
after which all calculations were conducted on critical spheres. The moderation level and enrichment of the 
spheres were varied and their leakage spectra calculated. These spectra were then multiplied by three 
different response functions: the Henderson Flux to Dose conversion factors, the ICRU 44 Kerma in Air, 
and the MCNP Heating Detector. The power level required to produce a minimum accident of concern was 
then calculated for each combination. 
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Date: 11/1/1994 

Report: TANSAO, 071, 319-320 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Safety-General 

Abstract/Keyterms: In nuclear reactor safety research, the question of the possible consequences of 
delayed core reflood during severe accidents or anticipated transient without scram transients in boiling 
water reactors (BWRs) has been raised. One can envisage a very low probability accident scenario leading 
to core uncover and core heat-up, followed by control blade melting and sub sequential delayed reflooding 
of the core with unborated water before its degradation. Reflooding of the hot core causes significant 
increases in the peak heating, melting, and hydrogen production rates, thus increasing the probability of 
core degradation. However, as has been established, debris beds formed from shattered fuel rods and 
quenched fuel melt will be undermoderated. The reflood process of a voided, intact core was examined 
using the TRAC/BFI CODE. 
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Conference Session: Reactor Physics and Methodology for Hexagonal Cores - III 

Abstract/Keyterms: Burnable absorbers such as gadolinium are used in different, advanced reactor types. 
The use of burnable absorbers in VVERs (Russian-designed pressurized water reactor, characterized by 
hexagonal lattice with low H/U ratios) had not been studied earlier, so the International Atomic Energy 
Agency (IAEA) started a coordinated research program in this field. An important task in this research 
program was to validate different computer codes that calculate VVER problems for lattices with 
gadolinium. This validation could be best performed on the basis of experimental results. Therefore, 
experiments have been carried out with absorbers of different gadolinium content in a critical assembly. 
The activities described here were carried out under a research contract with the IAEA. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics and Methodology for Hexagonal Cores - III 

Abstract/Keyterms: LEU-COMP-THERM-015; A large number of VVER-type fuel lattices have been 
investigated in the ZR-6 critical assembly built at the Central Research Institute for Physics (KFKI) of the 
Hungarian Academy of Sciences. The fuel was supplied by the former Soviet Union. The measurements 
were carried out between 1973 and 1990 by an international team of experimenters, the Temporary 
International Collective (TIC) coming to KFKI from ten countries interested in the VVER reactor type. The 
goal of the research program was to supply experimental data for validating reactor physics codes used for 
the analysis of VVER-type reactors. Critical assembly ZR-6 was a water-level-regulated system. The 
experimental program covered both regular and perturbed fuel lattices. The total number of core 
configurations studied exceeds 300, the main parameters of the core varied in the following ranges: (1) fuel 
enrichment: 1.6, 3,6, and 4.4%; (2) lattice: hexagonal; pitch: 11.0, 12.7, 15.0, and 19.05 mm; (3) 
concentration of boric acid: from 0 to 7.2 g/l; and (4) temperature: from 20 to 130{degrees}C 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Analysis Methods 

Abstract/Keyterms: Most critical experiments with highly enriched uranium (HEU) have been performed 
either with a solid unit of uranium (sphere, cylinder, parallelepiped, etc.) or with solutions. Even critical 
experiments with lattices tend to consist of configurations where one characteristic dimension (usually 
length) is much greater than the other(s). However, configurations can arise in which small lumps of HEU 
are dispersed in water. This paper reports on a series of experiments on MCNP calculations of lattices of 
HEU cubes immersed in water. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Core Studies of Nuclear Facility D&D 

Abstract/Keyterms: The ANS Winter Meeting of 1988 contained an embedded topical on the cleanup of 
Three Mile Island Unit 2 (TMI-2). At the time of the meeting the cleanup program was still in progress. It 
was not until December 1993 that the cleanup program was completed, and U.S. Nuclear Regulatory 
Commission (NRC) approval to enter post defueling monitored storage (PDMS) was granted. The 
prerequisites for the TMI-2 cleanup process were established by GPU Nuclear. The completion of these 
prerequisites is briefly described. 
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Abstract/Keyterms: Methods are described for determining the fully coupled neutronic/hydrodynamic 
response of fast burst reactors (FBR) under disruptive accident conditions. Two code systems, PAD (1 -D 
Lagrangian) and NIKE-PAGOSA (3-D Eulerian) were used to accomplish this. This in contrast to the 
typical methodology that computes these responses by either single point kinetics or in a decoupled manner. 
This methodology is enabled by the use of modem supercomputers (CM-200). Two examples of this 
capability are presented: an unreflected metal fast burst assembly, and a reflected fast burst assembly typical 
of the Skua or SPR-III class of fast burst reactor. 
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Abstract/Keyterms: Nuclear Fuels; Plutonium; Vitrification; High-Level Radioactive Wastes; 
Underground Disposal; Criticality; Borosilicate Glass 
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Conference Session: Technologies and Technical Issues Concerning Plutonium Management 

Abstract/Keyterms: Control and disposition of excess weapons plutonium is a growing issue as both the 
US and Russia retire a large number of nuclear weapons. A variety of options are under consideration to 
ultimately dispose of this material. Permanent disposition includes tow broad categories: direct Pu disposal 
where the material is considered waste and disposed of, and Pu utilization, where the potential energy 
content of the material is exploited via fissioning. The primary alternative to a high-level radioactive waste 
repository for the ultimate disposal of plutonium is development of a custom geologic facility. A variety of 
geologic facility types have been considered, but the concept currently being assessed is the deep borehole. 
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Conference Session: Waste Storage Safety Issues -I 

Abstract/Keyterms: High-level waste (HLM) currently in storage tanks at U.S. Department of Energy 
(DOE) weapons complex sites is planned to be recovered and immobilized in stable waste forms for 
disposal at a geologic site. Information about these wastes is needed to plan recovery operations, 
reprocessing steps, and formulations for immobilization. To obtain this information, samples from these 
wastes as they are currently stored may be required. The Savannah River site (SRS) has completed 
construction of its Defense Waste Processing Facility (DWPF) and now is in startup testing. Both sludge 
and radioactive constituents of the salt at SRS will be fed to the DWPF for immobilization in borosilicate 
glass. Samples taken in the early 1980s were used for developing DWPF formulations. But personnel 
familiar with the 1981 sampling technique had retired and equipment designs were not available in 1993. 
In 1993, four samples were retrieved front a HLW storage tank at the DOE SRS using a simple tool 
developed specifically for this task. The tool was inexpensive, manually operated, required short open times 
for the tank, and limited radiation doses to personnel. Additional samples are now required to ensure that 
enriched uranium in the waste does not present an accidental criticality risk during processing and for other 
data needs. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Waste Storage Safety Issues -II 

Abstract/Keyterms: Between 1944 and 1987, nine plutonium production reactors operated on the Hanford 
site in south central Washington State, converting the 238U in uranium metal fuel into plutonium. 
Following the chemical process of separating the plutonium (and subsequently uranium) from the fuel, 
fissionable-material-containing waste was discharged to underground storage tanks at the Hanford site. In 
1979, the initial criticality safety analysis report (CSAR) for this waste material was issued. The CSAR was 
later criticized for its lack of a comprehensive analysis of ways in which plutonium might become more 
concentrated within the waste matrix. Also, the calculated minimum critical plutonium concentration in this 
waste could not be defended because it was based on a limited number of samples and could not be tied to 
experimental results. The subcritical state of the waste has never been questioned; however, given the 
current climate of increased safety awareness, there is pressure to quantify the margin of safety. Such 
quantification is a seemingly impossible task because empirical data covering the waste composition and 
distribution in the 177 waste tanks do not exist. This waste has been stored safely for 50 yr. Nevertheless, 
50 yr of accumulation, combined with future plans for retrieval and in-tank pretreatment, require renewed 
attention to the potential for an accidental criticality. 
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Abstract/Keyterms: Based on the preliminary testing, it appears that the alternate measurement techniques 
provide a promising means of determining vertical distribution of neutron production from transuranics. So 
far, the ability to distinguish plutonium concentrations relative to the presence of other transuranics has not 
been demonstrated. 
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Abstract/Keyterms: A large amount of high-level waste is being stored in the form of salt cake at the 
Savannah River site (SRS) in large (1.3 x 106 gal) underground tanks awaiting startup of the Defense Waste 
Processing Facility (DWPF). This salt cake will be dissolved with water, and the solution will be fed to 
DWPF for immobilization in borosilicate glass. Some of the waste that was transferred to the tanks 
contained enriched uranium and plutonium from chemical reprocessing streams. As water is added to these 
tanks to dissolve the salt cake, the insoluble portion of this fissile material will be left behind in the tank as 
the salt solution is pumped out. Because the salt acts as a diluent to the fissile material, the process of 
repeated water addition, salt dissolution, and salt solution removal will act as a concentrating mechanism 
for the undissolved fissile material that will remain in the tank. It is estimated that tank 41 H at SRS contains 
20 to 120 kg of enriched uranium, varying from 10 to 70% 235U, distributed nonuniformly throughout the 
tank. This paper discusses the criticality concerns associated with the dissolution of salt cake in this tank. 
These concerns are also applicable to other salt cake waste tanks that contain significant quantities of 
enriched uranium and/or plutonium. 
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Conference Session: Computations for Nuclear Criticality Safety 

Abstract/Keyterms: Even though the validation of calculations against experimental data is essential, it is 
not a sufficient basis for relying on Monte Carlo calculations for criticality safety analysis. The other major 
ingredient is the understanding of the capabilities and limitations of the method. 
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Report: TANSAO, 072, 144-145 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Computations for Nuclear Criticality Safety 

Abstract/Keyterms: As part of its safety mission, the U.S. Nuclear Regulatory Commission (NRC) 
approves the use of computational methods as part of the demonstration of nuclear criticality safety. While 
each NRC office has different criteria for accepting computational methods for nuclear criticality safety 
results, the Office of Nuclear Materials Safety and Safeguards (NMSS) approves the use of specific 
computational methods and methodologies for nuclear criticality safety analyses by specific companies 
(licensees or consultants). By contrast, the Office of Nuclear Reactor Regulation approves codes for general 
use. Historically, computational methods progressed from empirical methods to one-dimensional diffusion 
and discrete ordinates transport calculations and then to three-dimensional Monte Carlo transport 
calculations. With the advent of faster computational ability, three-dimensional diffusion and discrete 
ordinates transport calculations are gaining favor. With the proper user controls, NMSS has accepted any 
and all of these methods for demonstrations of nuclear criticality safety. 



 

C-19594 

19543…..…..…………………..…….……..……ID Number…………………..…..…………….19543 

Author: Payne, Steven S. 

Title: Review of Nuclear Criticality Evaluations by U.S. Department of Energy Regulators 

Date: 6/1/1995 

Report: TANSAO, 072, 145 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Computations for Nuclear Criticality Safety 

Abstract/Keyterms: The change in mission of the U.S. Department of Energy (DOE) from nuclear 
weapons production to dismantlement and the ultimate disposal of excess nuclear materials has lead to a 
renewed perspective on nuclear criticality safety. Nuclear criticality safety experts are required to perform 
criticality evaluations with more rigor and formality to meet the new DOE orders and standards. This paper 
concentrates on the technical aspects of nuclear criticality evaluations from the point of view of a DOE 
regulator. 
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Abstract/Keyterms: This paper describes a modified version of the MCNP code, the MCNP-DSP. 
Variance reduction features were disabled to have strictly analog particle tracking in order to follow 
fluctuating processes more accurately. Some of the neutron and photon physics routines were modified to 
better represent the production of particles. Other modifications are discussed. 
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Abstract/Keyterms: This paper describes calculations performed to validate the modified version of the 
MCNP code, the MCNP-DSP, used for: the neutron and photon spectra of the spontaneous fission of 
californium 252; the representation of the detection processes for scattering detectors; the timing of the 
detection process; and the calculation of the frequency analysis parameters for the MCNP-DSP code. 
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Conference Session: Integration of NCS into the Safety Analysis Process 

Abstract/Keyterms: Babcock& Wilcox’s Naval Nuclear Fuel Division (NNFD) is licensed by the U.S. 
Nuclear Regulatory Commission (NRC) and therefore is subject to proposed rulemaking concerning 
integrated safety analysis (ISA) through changes in 10 CFR Part 70. We have been actively engaged in 
defining the ISA process at our facility for several years, initially as a concept and within the last few 
months as a practice. The basic goal of ISA is to evaluate potential hazards and their risk and identify 
appropriate protective measures to protect people, facilities, or the environment from unacceptable 
consequences of these hazards. This paper summarizes our efforts to define an effective nuclear criticality 
safety (NCS) approach to ISA. 
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Abstract/Keyterms: In the past there have been efforts by the U.S. Department of Energy (DOE) to provide 
guidance on those elements that should be included in a facility’s safety analysis report (SAR). In particular, 
there are two DOE Orders (5480.23,”Nuclear Safety Analysis Reports,” and 5480.24,”Nuclear Criticality 
Safety,“, an interpretive guidance document (NE-70, Interpretive Guidance for DOE Order 
5480.24,”Nuclear Criticality Safety,” and DOE Standard DOE-STD-3009-94 “Preparation Guide for U.S. 
Department of Energy Nonreactor Nuclear Facility Safety Analysis Reports.” of these, the most practical 
and useful (pertaining to the application of criticality safety) is DOE-STD-3009-94. This paper is a review 
of Chapters 3, 4, and 6 of this standard and how they provide very clear, helpful, and reasoned criticality 
safety guidance. 
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Abstract/Keyterms: The Idaho Chemical Processing Plant (ICPP) criticality safety program is distributed 
across several safety, engineering, and operation organizations. Criticality safety personnel perform a role 
that is technical and advisory in that they do not develop actual controls or control schemes. This report 
describes ICPP criticality safety. 
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Abstract/Keyterms: The test reactor hot cell facility (TRAHC) is located at the Idaho National 
Engineering laboratory (INEL) within the test reactor area. The mission of the facility is post-irradiation 
examinations and to process irradiated materials. Included are fuel elements from the ATR and other forms 
of fissile materials. The new safety analysis has been prepared and establishes and evaluates the adequacy 
of the safety basis of the TRAHC. 



 

C-19604 

19553…..…..…………………..…….……..……ID Number…………………..…..…………….19553 

Author: Hopper, Calvin M. 

Title: Criticality Safety Considerations for Low-Level-Waste Facilities 

Date: 6/1/1995 

Report: TANSAO, 072, 184-185 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Handling and Storage of Fissile Material and Fissile-Bearing Waste 

Abstract/Keyterms: The nuclear criticality safety for handling and burial of certain special nuclear 
materials (SNM) at low-level-waste (LLW) facilities is licensed by the US Nuclear Regulatory Commission 
(NRC). Recently, Oak Ridge National Laboratory (ORNL) staff assisted the NRC Office of Nuclear 
Material Safety and Safeguards, Low-Level-Waste and Decommissioning Projects Branch, in developing 
technical specifications for the nuclear criticality safety of 235U and 239Pu in LLW facilities. This 
assistance resulted in a set of nuclear criticality safety criteria that can be uniformly applied to the review 
of LLW package burial facility license applications. These criteria were developed through the coupling of 
the historic surface-density criterion with current computational technique to establish safety criteria 
considering SNM material form and reflector influences. This paper presents a summary of the approach 
used to establish and to apply the criteria to the licensing review process. 
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Abstract/Keyterms: The K-25 Building of the Oak Ridge Gaseous Diffusion Plant (now the K-25 site) 
went into operation during World War II as the first large-scale production plant to separate 235U from 
uranium by the gaseous diffusion process. It operated successfully until 1964, when it was placed in a 
standby mode. The U.S. Department of Energy (DOE) has initiated a decontamination and 
decommissioning program. The primary objective of the Deposit Removal Project is to improve the nuclear 
criticality safety of the K-25 building by removing enriched uranium deposits from unfavorable-geometry 
process equipment to below minimum critical mass. Although the likelihood of a nuclear criticality accident 
is considered remote, the existence of large enriched-uranium deposits in unfavorable-geometry process 
equipment is inherently unsafe. Thus, deposit removal activities are being conducted in the K-25 building 
to enhance safety. The DOE orders require that the calculated probability of a nuclear criticality event be 
less than one in a million (10{sup -6}) per year. 
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Abstract/Keyterms: In support of the policy to return spent foreign reactor fuel to the United States for 
storage, the Westinghouse Savannah River Company Criticality Technology Group addressed criticality 
safety concerns for the dry vault storage of this fuel. The bulk of this study focused on the storage of 
multiple assemblies in concrete vaults. Calculations were performed for the “canned” storage concept, 
where a 40.6-cm-diam canister is axially loaded with five cans (3 8. 1-cm diameter and 91.4-cm. height 
each) containing four fuel assemblies. A cross-sectional view of this canister arrangement. Parameters 
varied in this study were water control, vault spacing, and assembly geometry degradation. 
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Abstract/Keyterms: A scoping analysis for the storage of vitrified 239PuO2 in vault arrays similar to those 
evaluated for plutonium disposition studies was initiated to determine the viability of plutonium-glass vault 
storage. Plutonium-glass storage may significantly reduce facility capital and operating costs. This due to 
a fissile material reclassification (metal: category I-B, or oxide: II-C reduced to perhaps glass: IV-D) (Refs. 
3 and 4) because of reduction of its attractiveness for theft and diversion. The 239PuO2 is vitrified into a 
commercially available borosilicate glass containing several lanthanide oxides. Due to chemical 
compatibility, actinide oxides can replace the lanthanide oxides (lanthanum or neodymium) to achieve a 
relatively high fissile content. A PuO2 concentration of 9.6 wt% has been achieved in a test melt, and a 
maximum physically achievable concentration of 18% may be expected. It is possible to substitute other 
lanthanide oxides (gadolinium, europium, and samarium) to act as neutron poisons. The study parameters 
indicate arrays with the following characteristics: 2286.0-cm linear array of metal/oxide (M/O) containers, 
a 15.24- x 15.24- x 60.96-cm fissile storage cell in an array 5 containers high with 750 containers per array 
and two arrays per vault separated by a 182.88-cm-wide aisle. The M/O container has inner and outer 
vessels constructed from 4-in. schedule-10S and 5-in. schedule-40 pipe sections (Type 304L stainless steel). 
The inner vessel is filled with plutonium glass with no hydrocarbons present. 
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Abstract/Keyterms: Westinghouse Commercial Nuclear Fuels Division (CNFD) has more than 25 yr 
experience criticality safety of fuel storage for square lattice assemblies. Recently, a criticality safety 
analysis was performed for the storage of Westinghouse VVANTAGF-6 hexagonal fuel assemblies in the 
fresh fuel storage containers at Temelin units 1 and 2. The analysis was unique due to the application of the 
MCNP code to this lattice, the benchmarking of MCNP on a UNIX platform, the ideal geometry, and the 
design of the fresh fuel container. The criticality analysis shows that the 95/95 probability/confidence level 
k(eff) is<0.95 for accidental full water density flooding of the container and<0.98 for accidental low water 
density (optimum moderation) flooding of the container. The maximum acceptable enrichment found was 
4.65 wt%U. Credit for integral fuel burnable absorbers (IFBAs) was used to allow fuel enrichments up to 
5.0 wt%U. 
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Abstract/Keyterms: This report describes Project Sapphire, a mission to repackage and transport 
approximately 600kg of highly enriched uranium from the republic of Kazakhstan, to a storage location in 
the United States. Criticality safety affected several of the steps involved in the project. 
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Abstract/Keyterms: This paper describes the criticality safety study of a three component system 
consisting of uranium-beryllium-water mixtures. This study provided the basic criticality safety data for 
Project Sapphire, which was the code name for the transfer of the above mixture from the Republic of 
Kazakhstan to the Y-12 plant in Oak Ridge. 
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Abstract/Keyterms: The implementation of Project SAPPHIRE, the top secret mission to the Republic of 
Kazakhstan to recover weapons grade nuclear materials, consisted of four major elements: (1) the re-
packing of fissile material from Kazakh containers into suitable US containers; (2) nondestructive analyses 
(NDA) to quantify the U-235 content of each container for Nuclear Criticality Safety and compliance 
purposes; (3) the packaging of the fissile material containers into 6M/2R drums, which are internationally 
approved for shipping fissile material; and (4) the shipping or transport of the recovered fissile material to 
the United States. This paper discusses the development and application of a passive neutron counting 
technique used in the NDA phase of SAPPHIRE operations to analyze uranium/beryllium (U/Be) alloys 
and compounds for U-235 content 
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Abstract/Keyterms: The implementation of Project Sapphire, the top-secret mission to the Republic of 
Kazakhstan to recover weapons-grade nuclear materials, consisted of four major elements: (1) repacking 
of fissile material from Kazakh containers into suitable U.S. containers; (2) nondestructive analyses (NDA) 
to quantify the 235U content of each container for nuclear criticality safety and compliance purposes; (3) 
packaging of the fissile material containers into 6M/2R drums, which are internationally approved for 
shipping fissile material; and (4) shipping or transport of the recovered fissile material to the United States. 
This paper discusses the development and application of a passive neutron counting technique used in the 
NDA phase of the Sapphire operations to analyze uranium/beryllium (U/Be) alloys and compounds for 
235U content. 
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Abstract/Keyterms: The Los Alamos National Laboratory report LA-12683 is based on the consensus of 
the Experiment Needs Identification Workgroup. This forecast is generated by the chair of the workgroup, 
with input from U.S. Department of Energy (DOE) contractors, DOE program offices, special groups 
working in the area of criticality safety, DOE critical mass laboratories, and the U.S. Nuclear Regulatory 
Commission. 
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Abstract/Keyterms: A small, compact, unmoderated critical assembly of enriched UO2 reflected by 
beryllium, constructed in the ORNL Critical Experiments Facility in 1963, provides data in support of 
calculations. This assembly was a mock-up of a small potassium-cooled space power reactor. The critical 
configuration with each of two fuel tube arrangements, the Uranium 235 fission rate distribution, cadmium 
ratios, and the reactivity of the fuel rods and a variety of materials such as B{sub 4}C, carbon, tungsten, 
aluminium, and type 347 stainless steel in the core were measured. The experimental results are reported 
in this paper. 
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Abstract/Keyterms: Accurate and reliable computational methods are essential for nuclear criticality 
safety analyses. The SCALE (Standardized Computer Analyses for Licensing Evaluation) computer code 
system was originally developed at Oak Ridge National Laboratory (ORNL) to enable users to easily set 
up and perform criticality safety analyses, as well as shielding, depletion, and heat transfer analyses. Over 
the fifteen-year life of SCALE, the mainstay of the system has been the criticality safety analysis sequences 
that have featured the KENO-IV and KENO-V.A Monte Carlo codes and the XSDRNPM one-dimensional 
discrete-ordinates code. The criticality safety analysis sequences provide automated material and problem-
dependent resonance processing for each criticality calculation. This report details configuration 
management which is essential because SCALE consists of more than 25 computer codes (referred to as 
modules) that share libraries of commonly used subroutines. Changes to a single subroutine in some cases 
affect almost every module in SCALE! Controlled access to program source and executables and accurate 
documentation of modifications are essential to maintaining SCALE as a reliable code system. The modules 
and subroutine libraries in SCALE are programmed by a staff of approximately ten Code Managers. The 
SCALE Software Coordinator maintains the SCALE system and is the only person who modifies the 
production source, executables, and data libraries. All modifications must be authorized by the SCALE 
Project Leader prior to implementation. 
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Abstract/Keyterms: This paper summarizes results obtained using the ENDF/B-V library and the 
ENDF/B-VI with the MCNP code, for a series of 26 benchmark experiments. These calculations represent 
the first extensive benchmarking of ENDF/B-VI cross sections libraries against measured data from 
benchmark critical experiments. 
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Abstract/Keyterms: In an effort to determine the effectiveness of the S{sub n}-based DANT code 
package, a series of 20 benchmark critical experiments was studied using cross-section libraries prepared 
by the TRANSX code{sup 2} from ENDF/B-V-based, 69-group MATXS libraries. The benchmarks were 
selected to cover both fast and thermal systems utilizing either uranium or plutonium as the primary fissile 
isotope. An effort was made to be comprehensive, although only one case uses238U in a fast spectrum, and 
there are no heterogeneous thermal plutonium cases. 
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Abstract/Keyterms: Improvements in the simulation of criticality accidents in fissile solutions and of 
excursions in solution pulse reactors have recently been reported. The coefficient of shutdown reactivity is 
an important parameter in the prediction of peak fission rates and energy yields. In many situations the 
volume change, caused by thermal expansion and the evolution of radiolytic gas, is the primary factor in 
shutdown. A configuration that is often used in the modeling is an open-top cylindrical container. The 
magnitude of the axial expansion reactivity coefficient, which depends on the fuel concentration and the 
enrichment, is also very sensitive to the shape of the assembly. The purpose of this paper is to survey the 
effects of assembly shape on the axial expansion reactivity coefficient for several typical fissile solutions 
using TWODANT transport calculations and to propose a simple one-speed diffusion calculation for 
estimating these coefficients. 
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Abstract/Keyterms: It is generally accepted that nuclear excursions initiated by large reactivity ramps are 
more severe if the initial power is smaller. The purpose of this paper is to present a theoretical exception to 
this rule. 
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Abstract/Keyterms: Standard ANSI/ANS-8.1 states the double contingency principle as: Process designs 
should, in general, incorporate sufficient factors of safety to require at least two unlikely, independent, and 
concurrent changes in process conditions before a criticality accident is possible. This paper presents a 
perspective on the double contingency principle. 
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Abstract/Keyterms: Historically, the double-contingency principle has been used for criticality 
assessment within British Nuclear Fuels plc (BNFL). This paper outlines what is understood by the double-
contingency principle to illustrate how it is applied in criticality safety assessments and to highlight various 
problem areas that are encountered and, where possible, how they might be solved. 
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Abstract/Keyterms: The double-contingency principle as defined in ANSI/ANS-8.1 specifies that 
"Process designs should, in general, incorporate sufficient factors of safety to require at least two unlikely, 
independent, and concurrent changes in process conditions before a criticality accident is possible. "The 
following practical example has been used to familiarize plant operators and managers and train criticality 
safety engineers in double contingency. 
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Abstract/Keyterms: At the Oak Ridge Y-12 Plant, there are numerous situations in which nuclear 
criticality safety must be assured and subcriticality demonstrated by some method other than the 
straightforward use of the double contingency principle. Some cases are cited, and the criticality safety 
evaluation of contaminated combustible waste collectors is considered in detail. The criticality safety 
evaluation for combustible collectors is based on applying one very good control to the one controllable 
parameter. Safety can only be defended when the contingency of excess density is limited to a credible 
value based on process knowledge. No reasonable single failure is found that will result in a criticality 
accident. The historically accepted viewpoint is that this meets double contingency, even though there are 
not two independent controls on the single parameter of interest. 
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Abstract/Keyterms: At the Oak Ridge Y-12 Plant, there are numerous situations in which nuclear 
criticality safety must be assured and subcriticality demonstrated by some method other than the 
straightforward use of the double contingency principle. Some cases are cited, and the criticality safety 
evaluation of contaminated combustible waste collectors is considered in detail. The criticality safety 
evaluation for combustible collectors is based on applying one very good control to the one controllable 
parameter. Safety can only be defended when the contingency of excess density is limited to a credible 
value based on process knowledge. No reasonable single failure is found that will result in a criticality 
accident. The historically accepted viewpoint is that this meets double contingency, even though there are 
not two independent controls on the single parameter of interest. 
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Abstract/Keyterms: The Westinghouse Commercial Fuel Fabrication Facility in Columbia, South 
Carolina, manufactures fuel assemblies and core components for the commercial nuclear power industry. 
The ammonium diurinate conversion process converts low-enriched (<5.0 wt% 235U) uranium 
hexafluoride (UF6) or uranyl nitrate into ceramic-grade uranium dioxide (UO2) powder. The UO2 powder 
is then tumble blended in 1700-kg containers to ensure powder homogeneity and obtain necessary 
enrichments. The double-contingency principle is applied to all systems, processes, and components in 
which special nuclear material is processed, handled, or stored to ensure that an acceptable nuclear 
criticality margin of safety is maintained. The Nuclear Criticality Safety (NCS) Program at the Columbia 
plant is divided into three primary functions: analysis and evaluation, implementation, and compliance. The 
primary task in analysis and evaluation is to develop comprehensive criticality safety evaluations for all 
proposed new installations and system modifications. These evaluations involve identifying which of the 
nine physical process parameters directly affect neutron multiplication and establishing bounding 
assumptions and criticality safety limits (CSLs). The implementation function primarily consists of 
translating the “NCS-speak” (parameters, k(eff), contingencies, barriers, controls, etc.) into operator 
language (procedural requirements, valve positions, flow rates, pressures, temperatures, etc.) and 
communicating this information clearly to the manufacturing function through procedures and training. The 
compliance function deals primarily with conducting criticality safety inspections, audits, and process upset 
investigations. This paper presents two examples of the challenges associated with the practical 
implementation of the double-contingency principle to the chemical manufacturing process at the Columbia 
plant. 
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Abstract/Keyterms: At General Electric’s Nuclear Energy Production Facility, the double-contingency 
principle is implemented for most operations by dual-parameter control; i.e., controls must be established 
on two different and independent parameters so that if one parameter control is lost, the other parameter 
prevents a criticality from occurring. This implementation method, as discussed later, has many advantages. 
Note that some small-scale lab operations as well as a waste treatment operation have single-parameter 
control to which dual independent controls must be provided to achieve double-contingency protection. 
These activities with single-parameter control have been specifically licensed by the U.S. Nuclear 
Regulatory Commission (NRC). 
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Abstract/Keyterms: There is much disagreement and confusion over the understanding of the double-
contingency principle. A review of the history and written remarks on the principle is presented. 
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Abstract/Keyterms: In 1992 the American Nuclear Society ANS-8 standards subcommittee and the 
standards steering committee established a working group to write a standard to address emergency 
planning and response to a criticality accident. Other standards do not thoroughly address the technical 
aspects of this subject for the handling of fissile material outside and away from reactors. Subcommittee 
ANS-8 has designated the proposed standard as ANS-8.23. Its title is "Nuclear Criticality Accident 
Emergency Planning and Response. “The approved scope and applicability of the proposed standard are as 
follows: 1. Scope: This standard provides guidance for minimizing risks to personnel during emergency 
response to a perceived criticality accident outside reactors. 2. Applicability: The standard is intended to be 
applicable to organizations that plan for emergency response to a nuclear criticality accident outside of 
nuclear reactors. 
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Abstract/Keyterms: As part of the development of the ANSI/ANS 8.23 standard ’Nuclear Criticality 
Accident Emergency Planning and Response,’ a section in the appendix to the standard discusses the tools 
needed by a criticality specialist to respond to an emergency. In cases where the criticality specialist is a 
significant distance from work, the expert may want to have pertinent information on hand in a specially 
equipped attached’ case for quick reference. This report describes a list of 10 items which should be 
included with the information in the case. 
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Abstract/Keyterms: Upon indication of a nuclear criticality accident, areas within which the health of 
employees could be adversely affected should be evacuated. In general, reentry should take place under 
controlled circumstances to minimize the risk to personnel. The rescue of personnel may justify additional 
risks in reentering the area. 
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Abstract/Keyterms: There is a need for computerized simulation of hypothetical criticality excursions 
involving significant quantities of fissile materials. The need arises due to the requirements for emergency 
planning in facilities which handle fissile materials. For facility emergency planning and response, the 
fission yield characteristics in a criticality accident would be essential for the establishment of the 
emergency response boundary and response procedures as well as the determination for the reentry and 
rescue requirements. 
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Abstract/Keyterms: Some 20 yr ago a hand-held slide rule was developed at the Oak Ridge Y-12 Plant to 
aid in the response to several postulated nuclear criticality accidents. These assumed accidents involved 
highly enriched uranium in either a bare metal or a uranyl nitrate system. The slide rule consisted of a 
sliding scale based on the total fission yield and four corresponding dose indicators: (1) a prompt radiation 
dose relationship as a function of distance; (2) a delayed fission product gamma dose rate relationship as a 
function of time and distance; (3) the total dose relationship with time and distance; and (4) the I-min 
integrated dose relationship with time and distance. The original slide rule was generated assuming very 
simplistic numerical procedures such as the inverse-square relationship of dose with distance and the Way-
Wigner relationship to express the time dependence of the dose. The simple prescriptions were tied to actual 
dose measurements from similar systems to yield a meaningful, yet simple approach to emergency planning 
and response needs. This paper describes the application of an advanced procedure to the updating of the 
original slide rule for five critical systems. These five systems include (a) an unreflected sphere of 93.2 
wt% enriched uranium metal, (b) an unreflected sphere of 93.2 wt% enriched uranyl nitrate solution with a 
H/ 235U ratio of 500, (c) an unreflected sphere of damp 93.2 wt% enriched uranium oxide with a H/ 235U 
ratio of 10, (d) an unreflected sphere of 4.95 wt% enriched uranyl fluoride solution having a H/ 235U ratio 
of 410, and (e) an unreflected sphere of damp 5 wt% enriched uranium dioxide having a H/ 235U ratio of 
200. 
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Abstract/Keyterms: As part of an emergency preparedness program for criticality safety, facilities or sites 
include a program of drills and exercises, some of which have been described previously. This paper 
provides observations concerning the criticality safety emergency drill/exercise programs and resulting 
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important to their success. Also presented is a list of lessons learned, which were identified from several 
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Abstract/Keyterms: This analysis investigated the exposure response behavior of gamma-ray ionization 
chambers used in the criticality accident alarm systems at the Savannah River Site (SRS). The project 
consisted of performing exposure response measurements with a calibrated 137Cs source for benchmarking 
of the MCNP Monte Carlo code. The MCNP code was then used to extrapolate the ion chamber’s response 
to gamma rays with energies outside the current domain of measured data for criticality fission sources. 
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Abstract/Keyterms: A fully automated computer program has been developed for designing optimal 
control rod (CR) patterns for boiling water reactors (BWRs). The new program, called OCTOPUS-3, is 
based on the OCTOPUS code and employs SIMULATE-3 (Ref. 2) for the analysis. There are three aspects 
of OCTOPUS-3 that make it successful for use at PECO Energy. It incorporates a new feasibility algorithm 
that makes the CR design meet all constraints, it has been coupled to a Bourne Shell program 3 to allow the 
user to run the code interactively without the need for a manual, and it develops a low axial peak to extend 
the cycle. For PECO Energy Co.`s limericks it increased the energy output by 1 to 2% over the traditional 
PECO Energy design. The objective of the optimization in OCTOPUS-3 is to approximate a very low axial 
peaked target power distribution while maintaining criticality, keeping the nodal and assembly peaks below 
the allowed maximum, and meeting the other constraints. The user-specified input for each exposure point 
includes: CR groups allowed-to-move, target k(eff), and amount of core flow. The OCTOPUS-3 code uses 
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Abstract/Keyterms: The Experimental Breeder Reactor II (EBR-II) shut down on September 30, 1994, 
and defueling is under way. Long-standing safety rules for changing subassemblies in the EBR-II reactor 
grid include requirements on neutron count rates. A different safety strategy is needed for the defueling 
operations because the count rates will become too low as the Sb-Be neutron source decays and fuel removal 
reduces neutron multiplication. A key component of the new strategy is to establish a deeply subcritical 
configuration and then confirm the deep sub- criticality. The calculations and experimental approaches used 
to verify that the reactor has been made deeply subcritical are described in this paper. All the approaches 
make use of a reference loading. Just before the final shutdown, the core was reloaded to have a small 
({approximately} 25 cents) excess reactivity and essentially the most compact geometry possible. 
Criticality and other measurements were made to characterize the loading in the last startup, run 170B. 
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Abstract/Keyterms: Since 1945 waste streams containing radioactive isotopes have been discharged to 
underground storage tanks on the Hanford Site in Washington State. At least 49 different waste streams 
containing low concentrations of 235U and 239Pu have been transferred to tank farm facilities. Optimizing 
tank space, combined with the variability of operations, results in a complex waste matrix that is difficult 
to characterize. Characterizing tank waste is difficult because of its relative inaccessibility inside the storage 
tanks and because of the large degree of uncertainty in the composition and distribution of components. 
Nuclear criticality safety controls are based on precise configurations that are conservative when used to 
represent the waste environment. However, the safety philosophy governing waste storage requires that the 
waste be controlled and monitored, and the margin of safety be quantified. 
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Abstract/Keyterms: This paper discusses the impact of the Price anderson Amendments Act (PAAA) of 
1988 and the new U.S. Department of Energy (DOE) nuclear safety requirements on operations at the Waste 
Examination and Assay Facility (WEAF). The WEAF is located at Oak Ridge National Laboratory 
(ORNL). The primary function of the WEAF is to perform nondestructive examination and assay of the 
contents of waste containers containing contact-handled transuranic (CH-TRU) wastes, CH-TRU mixed 
wastes, and low-level waste (LLW). 
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Abstract/Keyterms: In a previous paper, a parallel version of the Monte Carlo criticality safety code 
KENO Va was presented based on only one parallel algorithm. Results for a light water reactor problem 
using this algorithm on the Kendall Square Research supercomputer 3 (KSRI) at Oak Ridge National 
Laboratory (ORNL) gave speedup factors of up to 34. In this paper, we present results for another real-life 
problem, namely, the fuel drain tanks (FDTs) associated with the molten salt reactor experiment. The FDT 
results have been obtained using seven different algorithms the one algorithm discussed in Ref. 1 plus six 
additional algorithms. In addition, the results of a parametric study in which the number of generations is 
varied are also presented in this paper. 
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Abstract/Keyterms: The continuous-energy neutron data library ENDF60, for use with the Monte Carlo 
N-Particle radiation transport code MCNP4A, was released in the fall of 1994. The ENDF60 library is 
comprised of 124 nuclide data files based on the ENDF/B-VI (B-VI) evaluations through Release 2. Fifty-
two percent of these B-VI evaluations are translations from ENDF/B-V (B-V). The remaining forty-eight 
percent are new evaluations which have sometimes changed significantly. Among these changes are greatly 
increased use of isotopic evaluations, more extensive resonance-parameter evaluations, and energy-angle 
correlated distributions for secondary particles. In particular, the upper energy limit for the resolved 
resonance region of 235U, 238U and 239Pu has been extended from 0.082, 4.0, and 0.301 keV to 2..25, 
10.0, and 2.5 keV respectively. As regulatory oversight has advanced and performing critical experiments 
has become more difficult, there has been an increased reliance on computational methods. For the 
criticality safety community, the performance of the combined transport code and data library is of interest. 
The purpose of this abstract is to provide benchmarking results to aid the user in determining the best data 
library for their application. 
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Abstract/Keyterms: A table of k(inf) values for three homogenized metal/ 235U systems calculated using 
both MCNP and the SCALE code system was presented in Ref. 3. The homogenized metal/235U ratios 
were selected such that the MCNP analyses for each mixture provided k(inf) {approx_equal} 1.0. The 
metals considered were Al, Zr, and Fe. These simplified systems were created in an effort to ease an 
investigation of discrepant results obtained using MCNP and SCALE to analyze large, dry systems of 
metal-clad, highly enriched fuel assemblies. Reference 3 has received considerable attention at ORNL and 
elsewhere because the reported k(inf) values varied by as much as 38% between the MCNP results and 
those of SCALE. The ORNL approach was to analyze the systems using a broad range of codes and data 
and to seek an understanding of the discrepancies by studying differences in the basic data and processing 
methods. The continuous-energy codes and data applied in the ORNL study were (1) MCNP, using 
ENDF/B-V, ENDF/B-VI, and LANL data evaluations, (2) VIM, using ENDF/B-V data, and (3) MONK, 
using a 8,200-point library based on UKNDL evaluations and a preliminary JEF library. The VIM code 
provides treatment of unresolved resonances; MCNP does not. The MONK analyses provided a result using 
both an independent code and independent data evaluations. Although accessing continuous-energy data 
typically requires the use of Monte Carlo codes, 1-D deterministic codes can be used to accurately calculate 
k{inf) values using a variety of multigroup data libraries and processing methods. The multigroup codes 
used in the study were MC and the CSAS1X sequence of the SCALE system. Both systems provide 
problem-dependent resonance processing of cross-section data and available fine-group libraries were used 
for the analyses. Broad-group libraries were not studied in any depth because there were non-readily 
available for intermediate-energy systems. 
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Abstract/Keyterms: A series of measurements was performed in 1969 with polyethylene-moderated 
enriched uranium metal plates at the Oak Ridge Critical Experiments Facility (ORCEF) of Oak Ridge 
National Laboratory. The purpose of these experiments was to provide subcritical configurations for prompt 
neutron decay constant measurements; they were not significantly reported as critical experiments. These 
assemblies at delayed criticality provide systems with varying amounts of fissions induced by intermediate-
energy neutrons and can be used to validate calculational methods for nuclear criticality safety. Most of the 
experiments described in this paper are restricted mainly to delayed critical configurations with cylindrical 
symmetry to also permit validation of S{sub n} transport theory methods. The purpose of the paper is to 
make the criticality safety specialists aware of these measurements and to incorporate as much detail in this 
summary as practical. Further experimental details can be obtained from the author who has the logbook 
for the experiment. 
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Abstract/Keyterms: A suite of heretofore unreported experiments were performed in 1969 at the Oak 
Ridge Critical Experiments Facility (ORCEF). These experiments are useful for validating criticality safety 
calculations for poorly moderated enriched uranium systems in that the average energy of the neutrons 
causing fission spans the range from 2 eV to 1 MeV - a range not typically validated, the ORCEF E-24 
experimental log book describes unreflected 3 8. 1-cm (15-in.)-diam cylindrical critical experiments that 
were performed with fixed thickness, highly enriched uranium metal disks that were separated by variable 
thicknesses of polyethylene. The hydrogen-to- 235U atom ratios resulting from homogenizing the 
experimental assemblies are 0, 0.88, 1.76, 3.53, 7.06, 14.12, 21.18, and 28.24. 
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Abstract/Keyterms: Criticality safety evaluations for the ABB CE nuclear fuel manufacturing facility rely 
on essentially three techniques: (a) safe individual units, (b) surface density spacing of subcritical units, and 
(c) process specific analyses using the KENO code. KENO analyses are employed in essentially all uranium 
process streams, bulk storage systems, shipping containers, etc. Thus, the validation of the SCALE-4 code 
system for use in these analyses must address a variety of the physical and chemical forms of uranium 
oxide. The strategy employed in the validation process is to develop a database of critical experiments 
covering key variables in the various systems that can be rerun, as needed, to revalidate new versions of 
SCALE or associated libraries. 
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Abstract/Keyterms: The purpose of this paper is to examine applicability of the reactor code WIMS for 
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Abstract/Keyterms: During the 1950s several criticality experiments were performed at the Oak Ridge 
National Laboratory (ORNL) in 17-l water-reflected spheres. Two configurations taken from these 
experiments are analyzed in an effort to provide a defensible benchmark description for use by nuclear 
criticality specialists in validating computational tools. The method used here is the Monte Carlo code 
MCNP with ENDF/B-V continuous energy cross-section data. This tool has previously been validated for 
use in light water reactor criticality calculations. 
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Abstract/Keyterms: Previous calculations of the sensitivity of measured 252Cf-source-driven frequency 
analysis parameters to the subcriticality of the storage array and the moisture content of the concrete for a 
highly enriched uranium (HEU) storage vault have shown the usefulness of a subcritical measurements. 
This measurement with vault 16, a large array of steel tubes in concrete capable of safely storing tonnes of 
HEU at the Oak Ridge Y-12 plant and now under verification by the International Atomic Energy Agency 
(IAEA), provides data that can be used to obtain the neutron multiplication factor and the calculational bias 
and its uncertainty for this application. With the development of MCNP-DSP, and ORNL variation of 
MCNP, the measured frequency analysis parameters for this type of subcritical measurement can be 
calculated directly. 



 

C-19651 

19600…..…..…………………..…….……..……ID Number…………………..…..…………….19600 

Author: Mattingly, J. K. / Valentine, T. E. / Mihalczo, J. T. 

Title: Sensitivity of Noise Analysis Measurements to Fission Product Content of SNL Spent-Fuel 
Experiment Assembly 

Date: 11/1/1995 

Report: TANSAO, 073, 228-230 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety-II 

Abstract/Keyterms: The 212Cf-source-driven noise analysis measurement can be used to characterize 
spent fuel and to provide data for validation of calculational methods and cross sections. The sensitivity of 
calculated noise parameters to cross sections for spent fuel has been previously demonstrated. To 
investigate the sensitivity of the noise parameters to the amount of fission products in spent fuel from the 
Calvert Cliffs pressurized water reactor, Monte Carlo calculations using KENO-NR have been performed 
for an experimental assembly being designed at Sandia National Laboratories. 
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Abstract/Keyterms: The mission of Project Sapphire was to repack{approximately}600 kg of highly 
enriched uranium at the Ulba Metallurgical Plant in Ust-Kamenogorsk, Republic of Kazakhstan, and safely 
transport this material to a safeguarded nuclear storage facility in the United States. This project was 
performed at the request of the government of the Republic of Kazakhstan, with the cooperation of the 
government of Russia, and under the direction of the U.S. Departments of State, Defense, and Energy. 
Planning, coordination, and training for deployment were performed by the National Security Programs 
Office at the Oak Ridge Y-12 Plant during the summer and fall of 1994. Activities and concerns involved 
in this project are discussed. 
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Abstract/Keyterms: Defining the elements of an ideal nuclear criticality safety (NCS) program is a matter 
of continuing interest. The American National Standards Institute/American Nuclear Society (ANSI/ANS) 
Standards 8.1 and 8.19, respectively, provide guidance on NCS in general and specific administrative 
practices. Recently, a draft U.S. Department of Energy standard and two articles have sought to define 
important elements of an NCS program. This paper identifies 13 characteristics of an “ideal” NCS program. 
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Abstract/Keyterms: Reactor engineering functions differ greatly from unit to unit; however, direct support 
of the reactor operators during reactor startups and operational transients is common to all units. This paper 
summarizes the support the reactor engineers provide the reactor operators during reactor startups and 
power changes through the use of automated computer programs at the Davis-Besse nuclear power station. 
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Abstract/Keyterms: The Nuclear Engineering Applications Section and its sister department, Engineering 
Applications, at Oak Ridge National Laboratory have had a long-term relationship with the U.S. Nuclear 
Regulatory Commission (NRC) to provide support in the development and use of the SCALE system 
analytical tools and cross-section libraries for the criticality, shielding, and thermal review of spent fuel 
packaging designs and storage pools. Over the years, the use of the SCALE system has grown far beyond 
the confines of the NRC. The system is used widely in the United States and abroad by government 
contractors, private industry, and universities to perform (1) problem-dependent multigroup cross-section 
processing, (2) criticality safety analyses, (3) shielding analyses, (4) heat transfer analyses, and (5) spent 
fuel and high-level waste characterization. 
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Abstract/Keyterms: The high-flux advanced neutron application reactor (HANARO) is a 30-
MW(thermal) research reactor of an open-tank-in-pool type. Its core consists of 23 hexagonal and 8 circular 
flow tubes. Thirty-six-element fuel bundles are loaded inside the hexagonal flow tubes, and 18-element fuel 
bundles are inside the circular ones. The additional four 18-element fuel bundle sites in the reflector 
adjacent to the core are reserved. For regulation and safe shutdown, respectively, there are four control 
absorber rods (CARs) and four shutoff rods (SORs) made of natural hafnium shrouds. Each of them 
encloses the circular flow tube. The fuel is 20 wt% enriched U3Si-Al and 700 mm long. The HANARO is 
now undergoing a nuclear commissioning test. 
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Abstract/Keyterms: We have processed ENDF/B-VI through Mod.3 using NJOY 91 through update 105 
augmented by an extended version of RABBLE capable of reading the PENDF files. In this version, 
RABBLE works as a module of NJOY. A master multigroup-averaged data library with 190 energy groups 
and 216 nuclides has been created and tested extensively. Condensed libraries in 89 energy groups are 
available for use in the DIT, HELIOS, and PHOENI. This paper describes some of the results of data testing 
for critical experiments and a companion paper describes the results of data testing on pressurized water 
reactors (PWRs). 
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Abstract/Keyterms: The Joint Evaluated File (JEF) is a collaborative project between the countries 
participating in the Nuclear Energy Agency data bank, e.g., Austria, Belgium, Denmark, Finland, France, 
Germany, Italy, Japan, Mexico, Netherlands, Norway, Portugal, South Korea, Spain, Sweden, Switzerland, 
Turkey, and United Kingdom. The JEF project is managed by a Scientific Coordination Group (SCG) and 
comprises the following working groups: (1) data evaluation, (2) benchmark testing, (3) radioactive decay 
and fission yield data, and (4) data processing (NJOY User Group). The aim of the JEF project is to provide 
well-validated, up-to-date nuclear data libraries for fission reactor technology applications. 
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Abstract/Keyterms:  
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Report: TANSAO, 073, 443-444 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Status and Performance of ENDF/B-VI, JENDL-3, and JEF-2 Neutron Data Files - 
II 

Abstract/Keyterms: As accurate representation of the energy dependence of the neutron cross sections in 
the resolved resonance range is a fundamental issue in reactor physics and criticality safety applications. 
The prediction of the neutron population in a nuclear system such as a nuclear reactor, or the treatment of 
fissile material outside reactors, depends on how well the resonance absorption effect, determined by the 
resonance integral, is taken into account. In general, the resonance integral is calculated as 
where{sigma}(E) is the neutron cross section and{var_theta}(E) represents the energy dependence of the 
neutron spectrum. The evaluation of the resonance integral is usually performed by assuming that the 
resonance cross sections are isolated and represented by the single-level Breit-Wigner (SLBW) formalism. 
It is well known that the SLBW representation has limitations, as in the case of fission cross-section 
representations for fissile nuclides. Nevertheless, a feature that makes the SLBW formalism attractive for 
evaluating resonance integrals is that the temperature effect (Doppler effect) on the cross section can be 
described by a linear combination of the Voigt profiles, that is, the{phi} and x functions. 
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Abstract/Keyterms: The MCNP Monte Carlo code and its ENDF/B-V continuous-energy cross- section 
library previously has been benchmarked against a variety of critical experiments, and that benchmarking 
recently has been extended to include its ENDF/B-VI continuous-energy cross-section library and 
additional critical experiments. This study further extends the benchmarking of MCNP and its two 
continuous-energy libraries to 17 large-scale mockup experiments that closely resemble the core of a 
pressurized water reactor (PWR). The experiments were performed at Babcock & Wilcox`s Lynchburg 
Research Center in 1970 and 1971. The series was designated as Core XI, and the individual experiments 
were characterized as different “loadings.” The experiments were performed inside a large aluminum tank 
that contained borated water. The water height for each loading was exactly 145 cm, and the soluble boron 
concentration in the water was adjusted until the configuration was slightly supercritical, with a value of 
1.0007 for k(eff). Pin-by-pin power distributions were measured for several of the loadings. 
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Abstract/Keyterms:  
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Title: Total Cross-Section Neutron Time-Of-Flight Measurements with a 252Cf Source as a Nuclear 
Engineering Laboratory Experiment 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Laboratory experiments that use neutron time-of-flight (TOF) methods offer students 
the opportunity to learn a wide range of experimental concepts. Some of these include details associated 
with the interaction of the radiation with detectors, pulse shape and timing of outputs from the dynode and 
the anode of scintillators, pulse processing for generation of timing signals, time calibration of a 
multichannel analyzer (MCA), neutron and gamma-ray shielding, neutron cross-section measurements, and 
uncertainty analyses. The experiment described in this paper is designed for senior-level laboratory 
exercises to demonstrate fundamentals of radiation detection and of techniques for fast timing 
measurements, including measurements of the total neutron cross section as a function of neutron energy. 
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Abstract/Keyterms: A course in radiation metrology was introduced into the graduate curriculum of the 
nuclear engineering department at the University of Tennessee in January 1995. This course emphasizes 
the use of radiation detection for the measurement of quantities of interest to the educational and industrial 
communities. It is a one-semester course that meets 3 h/week (on a single day) and takes advantage of the 
varied expertise in radiation applications in the East Tennessee area. This was a team teaching effort that 
utilizes scientific expertise from local industry, Oak Ridge Institute for Science and Education, the 
University of Tennessee, and Oak Ridge National Laboratory. The topics covered include: radiation 
detectors for neutrons, gamma rays, and alpha and beta particles; research and industrial applications, 
including health physics, environmental measurements, activation analysis, medical imaging, DNA 
measurements, and nuclear safeguards and subcriticality measurements. 
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Abstract/Keyterms: The problem of developing a productive criticality safety specialist at a nuclear fuel 
facility has long been with us. The normal practice is to hire a recent undergraduate or graduate degree 
recipient and invest at least a decade in on-the-job training. In the early 1980s, the U.S. Department of 
Energy (DOE) developed a model intern program in an attempt to speed up the process. The program 
involved working at assigned projects for extended periods at a working critical mass laboratory, a methods 
development group, and a fuel cycle facility. This never gained support as it involved extended time away 
from the job. At the Rocky Flats Environmental Technology Site, the training method is currently the 
traditional one involving extensive experience. The flaw is that the criticality safety staff turnover has been 
such that few individuals continue for the decade some consider necessary for maturity in the discipline. 
To maintain quality evaluations and controls as well as interpretation decisions, extensive group review is 
used. This has proved costly to the site and professionally unsatisfying to the current staff. The site 
contractor has proposed a training program to remedy the basic problem. 
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Abstract/Keyterms: The nuclear criticality safety (NCS) program at the University of Tennessee-
Knoxville (UTK) emphasizes the “real world” in the NCS courses that are offered and the NCS research 
that is conducted. Two NCS courses are offered at UTK. The first course is an introduction to the NCS 
field, which uses the text by Knief and includes an overview of criticality accidents that have actually 
happened, standards that are currently in use and being developed, and state-of-the-art computer methods 
and codes. The students learn the same codes, including both theory and application that are used by most 
professionals in the NCS field. Thus, if a student accepts a job offer in the NCS area after graduation, he or 
she is capable of doing productive NCS work the first day on the job. Subcritical limits, hand-calculation 
methods, current regulations [both U.S. Department of Energy (DOE) and U.S. Nuclear Regulatory 
Commission (NRC)] and current practices are also discussed in the introductory course. The second course 
emphasizes real world experience and is taught by five instructors with over 100 years of combined 
experience. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Faculty and students from Louisiana State University (LSU) have been participating 
in nuclear safety analyses and radiation protection projects at Argonne National Laboratory`s site (ANL-
W) at the Idaho National Engineering Laboratory since 1973. Over the years, a mutually beneficial 
relationship has evolved that has resulted in the generation of safety-related studies that have been 
acceptable to ANL-W and U.S. Department of Energy (DOE), U.S. Nuclear Regulatory Commission, and 
state regulatory groups. Most of the safety projects have involved the Hot Fuel Examination Facility or the 
Fuel Conditioning Facility; both are hot cells that receive spent fuel from the Experimental Breeder Reactor 
II (EBR-II). Table I shows some of the major projects at ANL-W that involved LSU students and faculty; 
many other short-term studies were also completed. Activities have resulted in master`s degree theses, 
journal publications, and papers delivered at meetings of professional societies. 
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Abstract/Keyterms: Traditional nuclear engineering education in the universities has focused on nuclear 
power and reactor physics. Since 1980, the United States has had little need for reactor designers and few 
job opportunities available in the nuclear power industry. Although slow to get the message, most university 
nuclear engineering programs have shifted focus in the 1990s from neutron physics and power generation 
to environmental and regulatory issues. In the University of New Mexico (UNM) chemical and nuclear 
engineering department, we have done this in two ways: through a shift of emphasis in our basic theory 
classes and by introducing new courses. One example of the shift of emphasis illustrated by the way we 
now teach our senior computational methods class. Rather than focusing on ways to analyze the neutronics 
of reactor cores, we now look at using computational tools - particularly, diffusion, transport, and Monte 
Carlo codes - to evaluate the criticality safety aspects of processes involving fissile material. 
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Abstract/Keyterms: Radioactive wastes planned for disposal in a geologic repository contain various 
quantities of fissile material ( 235U and 239Pu). Underground criticality is possible for these fissile 
materials, as affected by water, rock, neutron absorbers, and radioactive decay in a geologic environment. 
Possible mechanisms of reaching criticality include (a) groundwater leaking into and preferential leaching 
of neutron absorbers from a failed waste container and (b) preferential deposition of fissile material in 
surrounding rock. 
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Abstract/Keyterms: To track isotopic mass flows in the Fuel Conditioning Facility (FCF), both partition 
of nuclides in space and radioactive decay in time need to be considered. A simulation code package called 
FCFPYRO has been developed for such a task. It is capable of selecting specific Experimental Breeder 
Reactor II (EBR-II) subassemblies from the Physics Analysis Data Base, then going through the chopper 
model and the process flow sheet according to user-specified process parameters, and finally producing 
results for the pyroprocess products and waste streams. All of the anticipated processes in the first-year 
FCF hot operation plan can be simulated using one or a combination of several process modules in this 
code package. After several iterations of selecting appropriate process modules and fine-tuning related 
process parameters, we have successfully completed a simulation study for the first-year FCF hot operation 
plan. 
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Abstract/Keyterms: In the absence of realistic dynamic fission yield prediction models at the Savannah 
River site, evaluation processes were employed to recommend spike yield values involving relatively low 
fissile quantities. The dynamic models available in the U.S. Department of Energy complex were not 
employed because they either do not model necessary void effects or could not be installed and validated 
in time to support specific needs. 



 

C-19675 

19624…..…..…………………..…….……..……ID Number…………………..…..…………….19624 

Author: Vujic, Jasmina / Greenspan, Ehud / Burch, Jennifer / Postma, Todd 

Title: Critical Uranium-Rock-Water Systems with Positive Temperature Reactivity Feedback 

Date: 6/1/1996 

Report: TANSAO, 074, 187-191 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis for Nuclear Criticality Safety-I 

Abstract/Keyterms: Assuming that the release, transport, and deposition of fissile material stored in a 
repository will establish a critical configuration, the energy yield may be of concern if it has a positive 
temperature reactivity coefficient. This work shows that a heterogeneous distributions of highly enriched 
uranium in rock plus water can have a significant positive temperature coefficient of reactivity due to 
spectrum hardening. 
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Abstract/Keyterms: The 1990s find the art of criticality code validation in a state of transition. The advent 
of stricter regulatory requirements on code validation is making it extremely difficult to continue to use 
arguments based primarily on engineering judgment. The criticality community finds itself trying to define 
what validation is and how they will go about implementing it in the field. This the position in which 
Westinghouse Savannah River Company (WSRC) finds itself. After years of validation efforts by H. Clark, 
changing requirements have forced the site to reengineer some of its validation practices and evolve them 
from relying on engineering judgment to a more justifiable and demonstrable basis. This paper discusses 
the validation practices used by WSRC, which are intended to meet all of the current requirements and still 
maintain the use of engineering judgment where it is most appropriate. 
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Abstract/Keyterms: The ability of the 252Cf-source-driven noise analysis method to measure the 
subcritical neutron multiplication factor has been demonstrated for a variety of experimental configurations 
of fissile materials. In 1983 a measurement was performed at the critical experiments facility of the Babcox 
and Wilcox Company, Lynchburg, Virginia, with an array of 2.46 wt% 235U enriched pressurized water 
reactor (PWR) fuel pins as a first step in a demonstration that this method could measure the subcriticality 
of PWR spent-fuel arrays. This measurement contained the equivalent of 18 PWR fuel elements (17 x 17 
fuel pins each). With the ability to measure the subcriticality of spent fuel, burnup credit could be taken for 
storage, shipping, and other applications with spent fuel. Analysis of previous measured data has been 
limited by interpretations dependent on the validity of point kinetics. The development of the Monte Carlo 
code MCNP-DSP has allowed the use of a very general Monte Carlo model for the interpretation of the 
measured data to obtain the subcritical neutron multiplication factor and the bias in calculational methods. 
This paper presents an analysis for a small portion of these measurements, i.e., the 4961-fuel-pin 
configuration with boron concentrations of 2300 and 4303 ppm and a 17 x 17 fuel pin array simulating a 
single PWR fuel element with 15010 ppm boron in the water. 
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Abstract/Keyterms: With the closure of many experimental facilities, the nuclear criticality safety analyst 
is increasingly required to rely on computer calculations to identify safe limits for the handling and storage 
of fissile materials. However, in many cases, the analyst has little experience with the specific codes 
available at his or her facility. Typically, two types of codes are available: deterministic codes such as 
ANISN or DANTSYS that solve an approximate model exactly and Monte Carlo Codes such as KENO or 
MCNP that solve an exact model approximately. Often, the analyst feels that the deterministic codes are 
too simple and will not provide the necessary information, so most modeling uses Monte Carlo methods. 
This sometimes means that hours of effort are expended to produce results available in minutes from 
deterministic codes. A substantial amount of reliable information on nuclear systems can be obtained using 
deterministic methods if the user understands their limitations. To guide criticality specialists in this area, 
the Nuclear Criticality Safety Group at the University of New Mexico in cooperation with the Radiation 
Transport Group at Los Alamos National Laboratory has designed a primer to help the analyst understand 
and use the DANTSYS deterministic transport code for nuclear criticality safety analyses. (DANTSYS is 
the name of a suite of codes that users more commonly known as ONEDANT, TWODANT, TWOHEX, 
and THREEDANT.) It assumes a college education in a technical field, but there is no assumption of 
familiarity with neutronics codes in general or with DANTSYS in particular. The primer is designed to 
teach by example, with each example illustrating two or three DANTSYS features useful in criticality 
analyses. 
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Abstract/Keyterms: A delayed critical experiment was performed with two 38.10-cm-
diam,{approximately}7.62-cm-thick unmoderated and unreflected uranium metal cylinders to study the 
interaction of two loosely coupled large flat cylinders. Previously tightly coupled, two component uranium 
metal assemblies of 27.93-cm-diam cylinders had been assembled to delayed criticality and the results 
reported. For this experiment, the uranium metal density was 18.75 g U/cm{sup 3}, and the enrichment was 
93.15 wt% 235U. The two right circular cylinders were coaxial and separated 1.3 m; thus the fractional 
solid angle subtended by one cylinder as seen from the other is{approximately}5 X 10{sup -3}. This 
delayed critical configuration is a useful experiment for assessing the convergence of Monte Carlo 
calculations of the neutron multiplication factor because it is a very loosely coupled system, a problem that 
has been designated as "k(eff) of the world.” The neutron multiplication factor of one of the interacting 
cylinders is 0.994, and the solid angle seen by the other cylinder is such that very few neutrons starting in 
one cylinder reach the other cylinder. This assembly was configured on a vertical assembly machine in the 
east cell of the Oak Ridge Critical Experiments Facility in 1965 and was unreported until this paper. The 
east cell of this facility is a 10.6- x 10.6- x 9.1-m room with thick concrete walls. The lower cylinder of this 
assembly was located 3.5 m from the 1.5-m-thick west wall, 3.9 m from the 0.61-m-thick north wall, and 
2.8 m above the concrete floor. The calculation of two such loosely coupled cylinders by Monte Carlo 
methods can be a problem because the interaction between cylinders is so small. 
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Abstract/Keyterms: Babcock& Wilcox recovers uranium from Sapphire material through chemical 
processing. Sapphire material consists of highly enriched uranium that contains various amounts of 
beryllium. Prior to the processing of Sapphire material, criticality safety analyses conservatively used 
uranium and water mixtures to model the solutions in the chemical processing operations. In the processing 
of Sapphire material, the presence of beryllium could change the safety limits. To determine the impact of 
the beryllium in the solution, critical parameters (mass or radius) for mixtures of uranium, beryllium, and 
water were calculated. 
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Abstract/Keyterms: The "Nuclear Criticality Safety Guide" includes graphs of critical and subcritical 
configurations of mixtures of fissile material and water for three different geometric shapes. The curves 
shown in these graphs were generated with MCNP using continuous-energy cross sections. Because the 
current version of MCNP does not have "search" capabilities, a search technique had to be developed to 
accomplish this task. 
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Abstract/Keyterms: The purpose of this paper is to describe the results of data testing of the new 235U 
evaluation at the Oak Ridge National Laboratory (ORNL). A comparison is made between the new 
evaluation and ENDF/B-VI release for thermal cross sections, resonance integrals, g factors, and the K1 
parameter. In addition, results for benchmark calculations are presented and compared with results using 
ENDF/B-V, ENDF/B-VI release 2, and ENDF/B-VI release 3 235U evaluations. 
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Abstract/Keyterms: Electronic publication of a comprehensive compilation of neutron cross sections - an 
"electronic barn book"- can be of immense value to the practicing nuclear engineer, as well as in nuclear 
education and training. This paper describes such a publication. The files are published on compact disk-
read-only memory (CD-ROM), with automatic updating over the Internet. The current version stores the 
curves graphically, but a future version will take better advantage of the interactive capabilities of electronic 
publishing by drawing the curves from ACE files “on the fly.” 
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Abstract/Keyterms: The Oak Ridge Gaseous Diffusion Plant was built during World War II and operated 
successfully until 1964 when shutdown was begun. The plant took natural (0.711% 235U) uranium as feed 
and processed it into both low-enriched uranium (LEU) and high-enriched uranium (HEU) with 
concentrations of{approximately}93% 235U. During operation, in-leakage of humid air into process piping 
and equipment caused reactions with gaseous uranium hexafluoride (UF6) that produced nonvolatile uranyl 
fluoride (UO2F2) deposits. After shutdown, the volatile UF6 was evacuated, but the UO2F2 deposits 
remained. The U.S. Department of Energy has initiated a program to improve nuclear criticality safety by 
removing the larger deposits of enriched uranium. 
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Abstract/Keyterms: This note proposes a straightforward and simple method for the criticality safety 
analysis of fissionable materials configured into large arrays of standard containers. While criticality-safe 
storage limits have been well-established for standard containers--even under flooded conditions, it is also 
necessary to rule out the potential for criticality arising from neutronic interactions among multiple 
containers that might build up over long distances in a large array. Traditionally, the array problem has 
been approached by individual Monte Carlo analyses of explicit arrangements of single units and their 
surroundings. Here, the authors show how multiple Monte Carlo analyses can be usefully combined for 
wide-ranging general application. The technique takes advantage of low average density of fissionable 
material in typical storage arrays to separate neutron interactions that take place in the neutron’s “birth unit” 
from subsequent interactions in a highly dilute array. Effects of array size, in particular, are conservatively 
calculated by straightforward analyses which simply smear array contents uniformly across the extent of 
the array. For given unit loadings in standard containers, practical expressions for neutron multiplication 
depend only on overall array shape, size and reflective boundary. 
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Abstract/Keyterms: The DUPIC fuel cycle option has been studied jointly by Korea Atomic Energy 
Research Institute, Atomic Energy of Canada Limited, and the U.S. Department of Energy to show its 
feasibility in engineering, economics, and safeguards. The DUPIC concept is to recycle spent pressurized 
water reactor (PWR) fuel into a CANDU reactor by dry processes without separating actinides and fission 
products. The fuel manufacturing facility for DUPIC is no different from a conventional PWR fuel facility 
except in the following treatments. A whole process should be operated under remote control within a hot 
cell. This radiation problem can be a bottleneck for commercialization because of mass handling limitations 
as well as plant size economics. The second issue with DUPIC is the OREOX process, which is the cyclic 
process of oxidation and reduction of spent PWR pellets. In this process, fine powder should be produced 
for the compact sintering. Prior to this process, spent fuel assemblies are cooled, disassembled, cut into 
pieces, and decladded. 
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Abstract/Keyterms: A modular conceptual design is being developed for the vitrification of plutonium in 
the multipurpose processing facility (MPPF) hot cell of F-Canyon (Purex reprocessing facility) at the 
Savannah River site. The U.S. Department of Energy has approved plans and released funding for a modular 
design to vitrify an actinide solution (mostly Am/Cm) in an F-Canyon tank. Because there are plans for a 
future plutonium vitrification demonstration project after completion of the Am/Cm vitrification campaign, 
the melter module will be designed for plutonium vitrification. 
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Abstract/Keyterms: The former Oak Ridge Gaseous Diffusion Plant (now referred to as the K-25 site) 
operated between 1945 and 1985 to supply the U.S. Department of Defense with enriched uranium. 
Throughout its operation, the gaseous diffusion process resulted in the accumulation of residual deposits of 
uranium along the inner surface areas of the process piping and equipment. The deposits are primarily 
uranyl fluoride (UO2F2), which formed when uranium hexafluoride (UF6) reacted with moisture from in-
leakage of air. Because many of these deposits have greater than minimum critical mass and are in an 
unfavorable geometry, they pose a potential nuclear criticality accident hazard. As part of the U.S. 
Department of Energy mission to decontaminate and decommission surplus facilities at the K-25 site, the 
Deposit Removal Project has been tasked with removing these deposits. 
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Abstract/Keyterms: The purpose of the work described in this paper was to evaluate the adequacy of 
criticality accident alarm system (CAAS) coverage of several buildings at the Portsmouth Gaseous 
Diffusion Plant (PORTS) located in Piketon, Ohio. An analysis was performed in which the General Monte 
Carlo N-Particle Transport Code (MCNP) was used to model several of the buildings at PORTS, simulate 
criticality accidents, and then tally the neutron fluence at the location of the detectors. 
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Abstract/Keyterms: The U.S. transportation regulations (49 CFR 173.7d) authorize the U.S. Department 
of Energy (DOE) to certify its own packages for the transportation of radioactive materials using standards 
equivalent to those prescribed by the U.S. Nuclear Regulatory Commission (NRC) in 10 CFR 71 for 
commercial shipments. The Office of Assistant Secretary for Environment, Safely and Health, Office of 
Facility Safety Analysis, implements DOE Order 460.1,”Transportation and Packaging Safety,” which 
prescribes those standards and provides administrative requirements for DOE and its contractors. 
Specifically excluded from this order are Office of Defense Programs packaging for nuclear weapons and 
components, Office of Naval Reactors packaging for nuclear propulsion activities, and the Office of 
Civilian Radioactive Waste Management’s packages, which by law can be certified only by the NRC. This 
report briefly describes the certification process, summarizes the nuclear criticality safety requirements that 
the packages must satisfy, and discusses several issues that have been noted during DOE package review. 
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Abstract/Keyterms: Well, it has finally happened. The long-anticipated changes to the Code of Federal 
Regulations, 10 CFR 71, which will bring the U.S. domestic transportation regulations and requirements 
for the safe transportation of radioactive, and especially fissile, materials much closer to those regulations 
being used around the world under the auspices of the International Atomic Energy Agency, have been 
issued final with an effective implementation date of April 1, 1996. of the multitude of changes incorporated 
into this new edition, there are two primary changes that affect the nuclear criticality safety evaluation for 
a package. However, only the elimination of fissile classes is discussed here. The other primary change 
related to criticality safety, the addition of a requirement for performing a "crush” test for container designs 
that meet certain criteria, may be the subject of another presentation as there is not enough space to 
adequately address the details of the crush test requirements as a part of this paper. 
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Abstract/Keyterms: The Energy Policy Act of 1992 created the United States Enrichment Corporation 
(USEC) on July 1, 1993. The USEC is a government-owned business that leases those Gaseous Diffusion 
Plant (GDP) facilities at the Portsmouth, Ohio, and Paducah, Kentucky, sites from the U.S. Department of 
Energy (DOE) that are required for enriching uranium. Lockheed Martin Utility Services is the operating 
contractor for the USEC-leased facilities. The DOE has retained use of, and regulation over, some facilities 
and areas at the Portsmouth and Paducah sites for managing legacy wastes and environmental restoration 
activities. The USEC is regulated by the DOE, but is currently changing to regulation under the U.S. 
Nuclear Regulatory Commission (NRC). The USEC is also preparing for privatization of the uranium 
enrichment enterprise. These changes have significantly affected the nuclear criticality safety (NCS) 
programs at the sites. 
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Abstract/Keyterms: As part of the privatization process of the U.S. uranium enrichment plants, the 
Paducah Gaseous Diffusion Plant (PGDP) and the Portsmouth Gaseous Diffusion Plant (PORTS) have been 
in transition from U.S. Department of Energy (DOE) regulatory oversight to U.S. Nuclear Regulatory 
Commission (NRC) oversight since July 1993. One of the focus areas of this transition has been training 
and qualification of plant personnel who perform tasks important to nuclear safety, such as nuclear 
criticality safety (NCS) engineers. 
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Abstract/Keyterms: The Paducah Gaseous Diffusion Plant (PGDP), under the management of the United 
States Enrichment Corporation is undergoing transition in regulatory authority from the U.S. Department 
of Energy (DOE) to the U.S. Nuclear Regulatory Commission (NRC). One aspect of this transfer is a request 
by the NRC for justification of the continued use of a 0.02 margin of subcriticality (defined in terms of 
k(eff)) in calculating k(eff) when the criticality safety of a system is based on k(eff) calculations. This 
explanation is requested because of the NRC desired margin of subcriticality of 0.05, which is documented 
in several ANS/ANSI standards for other types of facilities, namely, light water reactor fuel storage 
facilities. Currently, there is no official documentation that specifies the magnitude of the margin of 
subcriticality at current or former DOE facilities, other than that stating that one should exist. However, the 
DOE has accepted a maximum subcritical value of 0.95 for storage of fissile material. The PGDP currently 
uses an upper safety limit of 0.9596, which results in a margin of subcriticality of {approximately}0.02, 
based on the current validation report. This analysis documents the change in various criticality safety 
parameters (e.g., maximum mass of uranium, maximum allowable slab height, etc.) for the critical value 
(as determined by the validation) and for both a 0.02 and 0.05 margin of subcriticality. 
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Abstract/Keyterms: The privatization and downsizing effort that is ongoing within the U.S. Department 
of Energy (DOE) is requiring a change in the management of criticality safety engineering resources at the 
Savannah River Site (SRS). Downsizing affects the number of criticality engineers employed by the prime 
contractor, Westinghouse Savannah River Company (WSRC), and privatization affects the manner in 
which business is conducted. In the past, criticality engineers at the SRS have been part of the engineering 
organizations that support each facility handling fissile material. This practice led to different criticality 
safety engineering organizations dedicated to fuel fabrication activities, reactor loading and unloading 
activities, separation and waste management operations, and research and development. 
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Abstract/Keyterms: The Paducah and Portsmouth Gaseous Diffusion Plants enrich uranium in the 235U 
isotope by diffusing gaseous uranium hexafluoride (UF6) through a porous barrier. The UF6 gaseous 
diffusion cascade utilized several thousand “stages” of barrier to produce highly enriched uranium (HEU). 
Historically, Portsmouth has enriched the Paducah Gaseous Diffusion Plant’s product (typically 1.8 wt% 
235U) as well as natural enrichment feed stock up to 97 wt%. Due to the chemical reactivity of UF6, 
particularly with water, the formation of solid uranium deposits occur at a gaseous diffusion plant. Much 
of the equipment operates below atmospheric pressure, and deposits are formed when atmospheric air enters 
the cascade. Deposits may also be formed from UF6 reactions with oil, UF6 reactions with the metallic 
surfaces of equipment, and desublimation of UF6. The major deposits form as a result of moist air in leakage 
due to failure of compressor casing flanges, blow-off plates, seals, expansion joint convolutions, and 
instrument lines. This report describes criticality concerns and deposit disposition. 
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Abstract/Keyterms: The Babcock& Wilcox Company (B&W) operates a nuclear fuel production plant in 
Virginia. It is a privately owned facility licensed by the U.S. Nuclear Regulatory Commission (NRC). The 
NRC maintains a resident inspector on-site. The plant produces highly enriched fuel for both certain defense 
programs and the various U.S. research and test reactors. The plant also produces nuclear fuel at an 
intermediate enrichment (20 wt%) for research and test reactors in the United States and overseas. B&W 
operates a highly enriched uranium recovery operation for its scrap and as a service to various U.S. 
Department of Energy sites. B&W’s downblending operations are designed to produce low-enriched fuel 
(5 wt%); the company is currently under contract to clean up and downblend Sapphire material. Operations 
within the facility include ceramic (oxides, silicide, and carbides), foundry (metal), chemical (nitrates, 
ADUN, etc.), and mechanical assembly with extensive laboratory and quality assurance operations. Also 
located on-site is a hot cell facility for the examination of irradiated fuel. This report discusses B&W’s 
license renewal considerations. 
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Abstract/Keyterms: GE Nuclear Energy Production operates a commercial boiling water reactor fuel 
fabrication facility in Wilmington, North Carolina. GE-Wilmington has been in continuous operation since 
shipping the first fuel bundles in 1969. The Fuel Manufacturing Operation (FMO) houses process 
equipment for converting uranium hexafluoride (UF6) to uranium dioxide (UO2) powder using the 
ammonium diuranate process. GE-Wilmington is licensed to possess uranium to a maximum nominal 
enrichment of 6 wt%. Demonstration of nuclear criticality safety (NCS) limits the process operations to a 
maximum, nominal enrichment of 5 wt%. Material is handled in the chemical form of UF6, UO2, U3O8, 
other solid and liquid process intermediates, and products characteristic of low-enriched uranium fuel 
fabrication and development activities. This report discusses license renewal considerations. 
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Abstract/Keyterms: This paper traces recent evolutionary changes in the nuclear criticality safety (NCS) 
program at the Westinghouse facility. Previous papers have addressed topics relating to the NCS program. 
In the past few years, several events have significantly affected the Westinghouse NCS program. They 
include migration of KENO computing capability to on-site health physics workstations, Integrated Safety 
Assessment (ISA) Program, formalization of a standardized fault-tree logic process, and establishment of 
site-specific U.S. Nuclear Regulatory Commission (NRC) notification criteria following the issuance of 
NRC Bulletin 91-01. The changes brought about by these events, described briefly in this paper, are 
contained in the Westinghouse Special Nuclear Materials License. 
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Abstract/Keyterms: Overly conservative safety analyses are needed to ensure the safe storage and 
handling of nuclear fissile materials. Current analysis methods are, at times, inefficient, wasting both time 
and money. A new method has been proposed by Philbin and Harms that eliminates much of the work and 
time involved. This method, called criticality indexing, assigns a number to a specific type of container 
based on previously performed calculations. These calculations take into account the container’s size, 
shape, material, and contents to produce a criticality index value that will remain constant for the cylinder 
as long as the cylinder is unmodified. When containers are being stored, the sum of the criticality index 
values must be less than or equal to the criticality index limit value. Once the sum reaches the criticality 
index limit value, a new storage array must be started. 
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Abstract/Keyterms: Gaseous diffusion plants use cascade coolers in the production of highly enriched 
uranium (HEU) to remove heat from the enriched stream of UF6. The cascade coolers operate like shell 
and tube heat exchangers with the UF6 on the shell side and Freon on the tube side. Recirculating cooling 
water (RCW) in condensers is used to cool the Freon. A criticality safety analysis was previously performed 
for cascade coolers during normal operation. The purpose of this paper is to evaluate several different 
hypothetical accidents regarding RCW ingress into the cooler to determine whether criticality safety 
concerns exist. 
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Abstract/Keyterms: The criticality safety benchmark evaluation project (CSBEP) was created to research 
criticality experiments and provide benchmark descriptions of these experiments for use by nuclear 
criticality specialists in validating computational tools. Four experiments performed in a 174-l sphere are 
analyzed as part of this effort. These experiments were completed during the 1950s at the Oak Ridge 
National Laboratory (ORNL). The analysis codes used here are ONEDANT with 27-group ENDF/B-IV 
cross sections and MCNP with continuous energy ENDF/B-V cross-section data. 
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Abstract/Keyterms: Open containers are frequently used for housekeeping purposes in fissile material 
process areas containing a variety of aqueous solutions. Solutions are a significant criticality safety concern 
since a simple review of history shows that the majority of the criticality accidents to date have occurred 
with materials of this nature. During an in-class discussion, the question arose in regard to how and what 
safety analyses have been performed for mop buckets used for housekeeping purposes at uranium 
processing plants. After a review of the open literature revealed no published criticality safety studies that 
address mop buckets, the first author of this paper decided to perform a mop bucket study as his class 
project in the criticality safety course being taught by the second author. 
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Abstract/Keyterms: The use of computer codes based on Monte Carlo methods to perform criticality 
calculations has become common-place. Although results frequently published in the literature report 
calculated k(eff) values to four decimal places, people who use the codes in their everyday work say that 
they only believe the first two decimal places of any result. The lack of confidence in the computed k(eff) 
values may be due to the tendency of the reported standard deviation to underestimate errors associated 
with the Monte Carlo process. The standard deviation as reported by the codes is the standard deviation of 
the mean of the k(eff) values for individual generations in the computer simulation, not the standard 
deviation of the computed k(eff) value compared with the physical system. A more subtle problem with the 
standard deviation of the mean as reported by the codes is that all the k(eff) values from the separate 
generations are not statistically independent since the k(eff) of a given generation is a function of k(eff) of 
the previous generation, which is ultimately based on the starting source. To produce a standard deviation 
that is more representative of the physical system, statistically independent values of k(eff) are needed. 
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Abstract/Keyterms: The KENO V.a code is a multigroup Monte Carlo code that solves the Boltzmann 
transport equation and is used extensively in the nuclear criticality safety community to calculate the 
effective multiplication factor k(eff) of systems containing fissile material. Due to the smaller amount of 
disk storage and CPU time required for multigroup calculations, multigroup approaches have been preferred 
over continuous-energy (point) approaches in the past to solve the transport equation. With the advent of 
high-performance computers, storage and CPU limitations are less restrictive, thereby making continuous-
energy methods viable for transport calculations. Moreover, continuous-energy methods avoid many of the 
assumptions and approximations inherent in multigroup methods. Point cross sections provide sufficient 
detail of the cross-section energy dependence for most problems, and a single continuous-energy library 
can be used for a wide variety of problems. Currently, a continuous-energy version of KENO V.a does not 
exist, and the objective of this paper is to develop a new version of KENO V.a that utilizes continuous-
energy cross sections. 
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Abstract/Keyterms: In the spring of 1994, an ad hoc committee on reactor physics benchmarks was 
formed under the leadership of two American Nuclear Society (ANS) organizations. The ANS-19 Standards 
Subcommittee of the Reactor Physics Division and the Computational Benchmark Problem Committee of 
the Mathematics and Computation Division had both seen a need for additional benchmarks to help validate 
computer codes used for light water reactor (LWR) neutronics calculations. Although individual 
organizations had employed various means to validate the reactor physics methods that they used for fuel 
management, operations, and safety, additional work in code development and refinement is under way, 
and to increase accuracy, there is a need for a corresponding increase in validation. Both organizations 
thought that there was a need to promulgate benchmarks based on measured data to supplement the LWR 
computational benchmarks that have been published in the past. By having an organized benchmark 
activity, the participants also gain by being able to discuss their problems and achievements with others 
traveling the same route. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission (NRC) has issued several generic 
communications to the nuclear industry identifying two issues with respect to using Boraflex in spent-fuel 
storage racks. The first issue related to gamma-radiation-induced shrinkage of Boraflex and the potential to 
develop tears or gaps in the material. This phenomenon is typically accounted for in criticality analyses of 
spent-fuel storage racks. The second issue concerned long-term Boraflex performance throughout the 
intended service life of the racks as a result of both gamma irradiation and exposure to the wet pool 
environment. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Boraflex Panel Degradation in Spent-Fuel Pools 

Abstract/Keyterms: Blackness (neutron absorption) testing was conducted in August 1994 on selected 
South Texas Project (STP) electric generating station spent-fuel pool (SFP) storage racks as required by the 
surveillance monitoring program. The tests were performed to determine if gaps had developed in the 
Boraflex neutron poison material and to determine size and location of any gaps identified. The testing was 
performed by HOLTEC International using a specially designed logging tool containing a 252Cf neutron 
source and four boron trifluoride (BF3) thermal neutron detectors. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Boraflex Panel Degradation in Spent-Fuel Pools 

Abstract/Keyterms: Boraflex degradation events have been reported at Palisades, Fort Calhoun, and South 
Texas. Analysis of these events and research by the Electric Power Research Institute (EPRI) indicates that 
degradation is related to radiation dose and water ingress. Utilities with Boraflex are now trying to 
determine strategies to deal with the issue. From a safety standpoint, the issue is less significant for 
pressurized water reactors because large amounts of soluble boron are present in the pool. While little can 
be done to change water ingress, utilities can manage the radiation dose to the Boraflex through Boraflex 
“rack management. “ In practice, this amounts to optimizing Boraflex cell usage to extend the useful life of 
the spent-fuel pool rack. Effective Boraflex cell optimization typically involves analysis of spent-fuel pool 
design, historical usage data, and radiation dose assessment. Analysis of the Diablo Canyon power plant 
(DCPP) spent-fuel pool rack is discussed in this paper. 
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Abstract/Keyterms: Siemens Power Corporation (SPC), in cooperation with the Electric Power Research 
Institute (EPRI), has developed the RackSaver neutron absorbing insert. The RackSaver insert can be 
installed onto spent nuclear fuel assemblies to replace deteriorating Boraflex neutron absorbing material 
installed in some spent-fuel storage racks. This paper describes results of a development and in-pool 
demonstration program performed to support potential utilization of the RackSaver neutron absorbing insert 
by affected utilities. The program objective was to advance the RackSaver concept into a field-demonstrated 
product. This objective was accomplished through three phases: design, licensing and criticality 
evaluations, and demonstration testing. 
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Abstract/Keyterms: A Westinghouse owners group (WOG) program to take analytical credit for the 
soluble boron contained in the spent-fuel pool (SFP) water in the SFP rack criticality analyses was recently 
submitted to the U.S. Nuclear Regulatory Commission for review and approval. Current SFP rack criticality 
analyses do not take credit for the soluble boron based on the requirements in Sec. III.2.a of Standard 
Review Plan 9.1.2, which states that criticality analyses must show that the fuel rack array is maintained in 
a subcritical condition when fully loaded and flooded with nonborated water. Nuclear plant owners are 
facing increasing fuel assembly enrichments, spent-fuel assembly burnup limitations, SFP storage cell 
restrictions (checkerboards), and problems with SFP fixed neutron absorber (Boraflex) degradation, all of 
which are challenging their traditional criticality analyses. The credit for soluble boron in the spent-fuel 
pool criticality analysis offers a solution to these concerns. 
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Abstract/Keyterms: Parametric representation of the neutron cross section is the approach that best 
provides a way to characterize the resonance effects and the very detailed structure of the cross sections in 
the resolved energy region. To obtain a single set of resonance parameters that represents the various cross-
section components of a given element, the evaluator is required to analyze several experimental data sets, 
which are entered in the evaluation in a consistent manner. This process is commonly referred to as the 
differential evaluation of the data. The resonance parameters obtained in the differential analyses are used 
to provide cross-section data for various neutronic applications, including reactor analysis and design, as 
well as criticality safety calculations. Calculations performed in the study of these nuclear systems are, in 
general, based on the average of the cross-section data that are taken as integral over the energy spectrum 
characteristic of the system under consideration. In addition to the differential evaluation of the data, 
integral tests are needed to assess whether the differential data are suitable for integral calculations. 
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Abstract/Keyterms: As a first step in the application of the 252Cf-source-driven frequency analysis 
method for the monitoring of spent fuel, an experiment was performed with a mock-up of up to 17 fresh 
pressurized water reactor (PWR) fuel assemblies in borated water. This measurement in 
an{approximately}5-ft-diam tank with borated water was to assess the capability of the method to measure 
the subcritical neutron multiplication factor. Based on the early success of these measurements, an 
evaluation was done to investigate the use of this method to justify burnup credit. The recent development 
of an interpretation of the measured data based on a general Monte Carlo transport model. MCNP-DSP, 
which directly calculates all the measured parameters in this measurement method, allowed the 
interpretation of all configurations even as small as a single fuel element. MCNP-DSP was used to evaluate 
the possibility of measuring the fissile mass of a single PWR fuel element as a function of length. Some of 
the frequency analysis parameters such as the cross power spectral density (CPSD) only correlates neutrons 
from induced fission by 252Cf with the source fission and thus does not depend on the background from 
inherent sources in the spent fuel. This analysis showed that a CPSD measurement between an array of 
moderated fission chambers on one side of a spent-fuel element and a 252Cf source on the other was 
sensitive to the fissile mass of the fuel. Thus, the method could be used to scan a fuel element to obtain the 
fissile mass directly in 1-ft increments rather than measure the burnup. With these satisfactory results for 
wet spent fuel usually submerged in water, an evaluation was undertaken to evaluate the method for dry 
storage of interest to the International Atomic Energy Agency. The dry cask chosen was a 125-t cask 
capable of storing 21 PWR spent fuel assemblies. This paper presents the initial results of a feasibility study 
based on calculations. 
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Abstract/Keyterms: The 252Cf source-driven noise analysis method can provide a wide variety of 
measured quantities that can be used to obtain the subcritical neutron multiplication factor (k) and be used 
to verify Monte Carlo and other transport methods and cross-section data. These measured time and 
frequency analysis quantities all related to powers of{Delta}k/k up to order 4 and are, therefore, much more 
sensitive to cross-section changes than the value of k. Calculations with a variety of subcritical systems 
with k= 0.9 show that some of the frequency analysis quantities are as much as a factor of 50 more sensitive 
to cross-section data than the value of k. In addition to providing the subcritical neutron multiplication 
factor for inplant fissile systems, these measurements can provide the bias in calculational methods and 
data sets, a quantity essential to nuclear criticality safety specialists for criticality safety assessments. In the 
past, two things have hindered the extensive use of this method: inadequate models for interpretation of 
measured data and cumbersome hardware. The Monte Carlo models for direct calculation of the measured 
data, KENO-NR (neutrons only, group cross sections) and MCNP-DSP (neutrons and gamma rays, 
continuous energy cross sections), have removed the modeling inadequacies. The processor described here 
has removed the hardware limitations. 
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Abstract/Keyterms: This report augments a US Department of Energy Topical Report on Actinide-Only 
Burnup Credit for PWR Spent Nuclear Fuel Packages submitted to the Nuclear Regulatory Commission 
(NRC). The purpose of the topical report was to obtain NRC approval on a generic burnup credit 
methodology. A major part of the methodology is the validation of the neutronics model used for designing 
the criticality control system. The validation methodology presented in the topical report established 
isotopic correction factors based on 19 isotopic samples. This report presents additional data points for 
isotopic validation. Measured and calculated isotopic quantities for nine samples from three spent fuel 
assemblies discharged from the Japanese Mihama-3 reactor are tabulated. 
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Abstract/Keyterms: The Receiving Basin for Offsite Fuel (RBOF) at the Savannah River Site is a facility 
for receipt and storage of many varieties of spent nuclear fuels from off-site reactors. The purpose of this 
paper is to validate MCNP4A with the ENDF/B-V pointwise cross-section set with two sets of critical 
experiments using UO2-ThO2 fuel rods in water and thereby develop a bias for use in the nuclear criticality 
safety studies involving Elk River Reactor (ERR) and Dresden fuels (also containing UO2-ThO2) stored in 
RBOF. Five Thorium Uranium Physics Experiments (TUPE), as documented in the Babcock& Wilcox 
(BAW-1191) report, and five Consolidated Edison Thorium Reactor (CETR) Criticals, as documented in 
the Babcock& Wilcox (BAW-1191) report, are identified as having the constituents desired for this 
validation as well as sufficient experimental details to allow accurate construction of MCNP4A calculation 
models. The validation has been performed on IBM RISC 6000 machines with the configuration-controlled 
version of the MCNP4A code. of particular interest is an evaluation of the state of ENDF/B-V 232Th cross-
section data for criticality safety studies. 
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Abstract/Keyterms: Currently, criticality evacuation alarms are dispersed in nuclear processing facilities 
to alarm when a criticality accident has occurred. They are spaced to provide adequate coverage of a nuclear 
process area with a minimum number of detectors. Several alarms can trip simultaneously from the same 
criticality excursion. For example, prompt critical excursion experiments with the Health Physics Research 
Reactor in the Critical Experiments Facility (CEF) of the Oak Ridge Y-12 plant in 1961 tripped several 
criticality evacuation alarms in the main part of the Y-12 plant, which was separated from the CEF by a 
considerable distance and an{approximately}200-ft hill. Current alarm systems provide little information 
on the specific location of a criticality accident within a building. As a result, not knowing the exact location 
of a criticality excursion can lead to evacuation paths that do not minimize radiation exposure. The system 
proposed here employs a scintillation-based detector array or, alternately, a pin silicon diode array coupled 
with analysis electronics designed to not only produce an evacuation alarm but to determine the exact site 
of the criticality event so that optimum (lowest dose) evacuation paths can be determined instantaneously 
and automatically and can be quickly displayed for personnel evacuation. This system would also store the 
dose and time data comparison during and after the accident so that the information can be used for post 
accident analysis. The system described here utilizes a large number of inexpensive detectors dispersed on 
a regular grid throughout a processing facility. 
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Abstract/Keyterms: Conversion of liquid fissile and nonfissile radioactive solutions to a more stable 
chemical and/or physical form is a high priority for the U.S. Department of Energy (DOE) at the Savannah 
River Site (SRS). The fissile solutions are currently stored in holding tanks located in the two chemical 
separation facilities (canyons) at SRS. Stabilization of these solutions is to be accomplished by completion 
of chemical processing in the canyons, resulting in the production of various actinide metals and/or oxides, 
which will then be packaged for safe storage. As a cost-saving measure, DOE has asked Westinghouse 
Savannah River Company (WSRC) to evaluate the feasibility of transporting plutonium and neptunium 
solutions in H canyon to F canyon. Processing of these solutions would be completed in F canyon, allowing 
for an early shutdown of all or part of H canyon. A search for an existing shipping package capable of 
handling large volumes of plutonium solutions identified only the French-built LR-56 as a viable candidate. 
The LR-56 has been certified for use in France per International Atomic Energy Agency Safety Series 6 
requirements. It is used to transport fissile solutions between France’s light water reactor fuel reprocessing 
facilities. This cask has been identified as the only practical means for transferring plutonium and 
neptunium solutions from the SRS H canyon to the site’s F canyon. Federal regulations prohibit shipment 
of plutonium solutions in excess of 500 g plutonium. Demonstration of “equivalent safety” is challenging 
because 10 CFR 71 prohibits shipments of plutonium in liquid form in excess of 20 Ci. 
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Abstract/Keyterms: In the last decade, Brazil started to operate facilities for processing and storing 
uranium in different forms. The necessity of criticality safety analysis appeared in the design phase of the 
uranium pilot process plants and in the licensing of transportation and storage of fissile materials. The 2-
MW research reactor and the Angra I power plant also required criticality safety assessments because their 
spent-fuel storage was approaching full-capacity utilization. The criticality safety analysis in Brazil has 
been based on KENO IV code calculations, which present some difficulties for correct geometry 
representation. The MCNP-3A code is not reported to be used frequently for criticality safety analysis in 
Brazil, but its good geometry representation makes it a possible tool for treating problems of complex 
geometry. A set of benchmark tests was performed to verify its applicability for criticality safety analysis 
in Brazil. This paper presents several benchmark tests aimed at selecting a set of options available in the 
MCNP-3A code that would be adequate for criticality safety analysis. The MCNP-3A code is also compared 
with the KENO-IV code regarding its performance for criticality safety analysis. 
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Abstract/Keyterms: The American Nuclear Society (ANS) Standards Committee develops standards in 
accordance with the accredited organization method for developing evidence of consensus for their 
approval as American National Standards. Rules for accreditation of the ANS Standards Committee were 
approved by the American National Standards Institute (ANSI) on March 14, 1985. More than 800 
volunteers participate in the development of ANS-sponsored nuclear standards, of which there are about 
125 in various phases of development. As of mid-1996, there were 103 approved American National 
Standards offered for sale. 
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Abstract/Keyterms: The American National Standard for Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors provides guidance for the prevention of criticality accidents in the 
handling, storing, processing, and transporting of fissionable material. Traditionally, American National 
Standards Institute/American Nuclear Society (ANSI/ANS)-8.1 has been considered the generic standard 
for criticality safety. It provides general guidance for nuclear criticality safety in administrative and 
technical areas and more specific guidance in the form of single-parameter limits and multiparameter 
controls. The intent of the standard is to provide guidance for good operating practices for the handling of 
fissionable materials. From past experiences, it is known that with the proper precautions in place, extensive 
operations involving these materials can be performed safely and economically. 
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Abstract/Keyterms: Criticality Accident Alarm System, American National Standards Institute/American 
Nuclear Society (ANSI/ANS)-8.3-1986, is the key U.S. standard for instrument systems designed to detect 
and notify at risk personnel in the event of a nuclear criticality accident. The standard exists because 
accidents can occur in spite of best efforts to prevent them and because an adequate detection and alarm 
system can be helpful in reducing personnel exposures in the event of an accident. ANSI/ANS-8.3-1986 
must be reaffirmed, revised, or withdrawn by the end of the 1996 calendar year. With consent of the ANS-
8 subcommittee and N-16 consensus committee chairs, working group ANS-8.3 drafted a revision 
incorporating changes based on evolving definitions of safety and credible accidents, an occasional need 
for supplementary equipment, technological advances in equipment and computational codes, published 
clarifications, and consistency with a related international standard, International Organization for 
Standardization (ISO) 7753,"Nuclear Energy - Performance and Testing Requirements for Criticality 
Detection and Alarm Systems." The ANS-8.3 working group will provide a copy of the draft revision for 
review during the 1996 poster session for nuclear criticality safety standards. 
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Abstract/Keyterms: American National Standards Institute/American Nuclear Society (ANSI/ANS)-8.5 
is one of several standards prepared by the ANS Standards Committee to provide guidance to enhance 
criticality safety in the handling, storage, and processing of fissionable materials. American National 
Standard ANSI/ANS-8.5-1996 provides this guidance for one type of boron-loaded glass in one type of 
geometry (cylindrical rings) for use with fissile solutions. Recorded use of such fixed neutron absorbers for 
criticality control of fissile solutions dates back to 1958, but some less-well-documented applications were 
recorded as early as the mid-1940’s. The first solid efforts to collect recommendations derived from 
experience and technology were begun in 1965. Over the next 6 yr additional experiments were performed, 
and supporting data for the proposed standard were gathered. The first standard on this safety matter was 
issued in 1971. It was reaffirmed in 1979 with only minor changes and a slight expansion of the coverage. 
The standard was last revised in 1986. 
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Date: 11/1/1996 

Report: TANSAO, 075, 195-197 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: Safe and economical operations with fissile materials require knowledge of the 
subcriticality of configurations that arise in material processing, storage, and transportation. Data from 
critical experiments have been a principal source of information with which to establish safety margins. 
However, the lower cost and the expediency of performing confirmatory subcritical measurements on the 
process floor or in the storage vault resulted in much of the early criticality safety guidance being based on 
subcritical in situ experiments. 
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Title: ANSI/ANS-8.7-1975(R87): Guide for Nuclear Criticality Safety in the Storage of Fissile Materials 

Date: 11/1/1996 

Report: TANSAO, 075, 197-198 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: Basic parameters and guidance for the nuclear criticality safety control outside 
reactors are described in American National Standards Institute/American Nuclear Society (ANSI/ANS)-
8.1-1983(R88),"Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors." 
Because ANS-8.1 provides general guidance and limited single-unit parameter limits, ANS standards 
subcommittees developed the current ANSI/ANS-8.7-1975, “Guide for Nuclear Criticality Safety in the 
Storage of Fissile Materials," which was reaffirmed in 1987. The standard is being revised, and the new 
revision is to be completed by December 1997. It is therefore appropriate that the standard and its technical 
bases be summarized, the applications highlighted, and the plans for further development explained. 
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Date: 11/1/1996 

Report: TANSAO, 075, 198 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: Guidance for the prevention of criticality accidents in the handling, storing, 
processing, and transporting of fissionable materials is presented in the American National Standard for 
Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors, American National 
Standards Institute/American Nuclear Society (ANSI/ANS)-8.1. (This guidance is amplified and 
complemented in specific ANS-8 standards.) ANSI/ANS-8.1 recognizes that if adequate shielding against 
radiation and confinement of radioactive materials is provided, the hazards normally attendant with 
criticality in a facility lacking shielding and confinement are minimized. It is stated in Sec. 4.1.1 of 
ANSI/ANS-8.1 that “Distinction may be made between shielded and unshielded facilities, and the criteria 
may be less stringent when adequate shielding and confinement assure the protection of personnel. This 
consistent with the recognition by all safety professionals and stated in ANSI/ANS-8.1 that “Good safety 
practices must recognize economic considerations.” ANSI/ANS-8.10 applies to facilities constructed and 
operated so that operations personnel and the public would be protected from the effects of an accidental 
criticality if it occurred. When specified protection and confinement criteria are met, reduced conservatism 
in equipment design and process operation is allowed compared with operations where protection and 
confinement are not provided. Anyone with an interest in this standard should contact the authors, as a 
working group will be assembled in the near future to consider possible revisions. 
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Report: TANSAO, 075, 198-200 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: American National Standards Institute/American Nuclear Society (ANSI/ANS)-8.12-
1987(R93) was approved for use on September 11, 1987. The first version of this standard, which only 
included subcritical limits on homogeneous plutonium-uranium fuel mixtures, was approved July 17, 1978. 
The current version was revised to include limits on heterogeneous systems as well. This paper provides 
additional information on the limits presented in the standard. As stated in its forward, the standard "... 
provides guidance for the prevention of criticality accidents in the handling, storing, processing, and 
transporting of plutonium-uranium fuel mixtures outside reactors and is applicable to all operations 
involving mixtures of plutonium and natural uranium."It constitutes an extension of the American National 
Standard for Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors, 
ANSI/ANS-8.1-1983. The standard includes subcritical limits for both homogeneous mixtures and 
heterogeneous lattices of plutonium and uranium. The uranium is assumed to be natural or depleted. 
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Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: The American National Standard,”Nuclear Criticality Safety in Operations with 
Fissionable Materials Outside Reactors" American National Standards Institute/American Nuclear Society 
(ANSI/ANS)-8.1-1983(R88) provides guidance for the nuclides 233U, 235U, and 239Pu. These three 
nuclides are of primary interest in out-of-reactor criticality safety since they are the most commonly 
encountered in the vast majority of operations. However, some operations can involve nuclides other than 
233U, 235U, and 239Pu in sufficient quantities that their effect on criticality safety could be of concern. 
ANSI/ANS-8.15-1981(R87) "Nuclear Criticality Control of Special Actinide Elements," provides guidance 
for 15 such nuclides. The standard was approved for use on November 9, 1981. When it received its first 
5-yr review, no changes were made, and it was reaffirmed effective October 30, 1987. The standard was 
again reviewed and reaffirmed without changes in December 1995. The next 5-yr review of the standard is 
due in December 2000. The affected nuclides are 237Np,238Pu, 240Pu, 242Pu, 241Am, 243Am, 244Cm, 
239Pu, 241Pu, 242mAm, 243Cm, 245Cm, 247Cm, 249Cf, and 251Cf. 
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Date: 11/1/1996 

Report: TANSAO, 075, 201 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: The potential for criticality accidents during the handling, storage, and transportation 
of fuel for nuclear reactors represents a health and safety risk to personnel involved in these activities, as 
well as to the general public. Appropriate design of equipment and facilities, handling procedures, and 
personnel training can minimize this risk. Even though the focus of the American National Standard, 
`Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors, ` ANSI/ANS-8.1-
1983, is general criteria for the ensurance of criticality safety, ANS-8.17-1984, provides additional guidance 
applicable to handling, storage, and transportation of light-water- reactor (LWR) nuclear fuel units in any 
phase of the fuel cycle outside the reactor core. ANS-8.17 had its origin in the late 1970s when a work 
group consisting of representatives from private industry, personnel from government contractor facilities, 
and scientists and engineers from the national laboratories was established. The work of this group resulted 
in the issuance of ANSI/ANS-8.17 in January 1984. This document provides a discussion of this standard. 
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Date: 11/1/1996 

Report: TANSAO, 075, 201-202 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: American National Standard,”Administrative Practices for Nuclear Criticality 
Safety," American National Standards Institute/American Nuclear Society (ANSI/ANS)-8.19-1996, 
addresses the responsibilities of management, supervision, and the criticality safety staff in the 
administration of an effective criticality safety program. Characteristics of operating procedures, process 
evaluations, material control procedures, and emergency plans are discussed. 
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Report: TANSAO, 075, 202-203 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: Cooperative efforts between business and government in the voluntary standards 
process is essential for the United States in developing and marketing technologically advanced products 
and services. Standards play a crucial role in facilitating effective partnerships between business entities 
and government agencies for enhancing the U.S. global competitiveness. ANSI/ANS-8.20-1991,’Nuclear 
Criticality Safety Training,’ was developed as a guide to ensure safe operations. The standard provides 
criteria for nuclear criticality safety training for personnel associated within operations outside of reactors 
where a potential exists for criticality accidents. The objective of the standard is to document the essential 
requirements and the basic characteristics of an effective nuclear criticality safety training program. During 
1996, the standard has been reviewed for relevance and significance to the nuclear industry. This paper 
discusses the content, application, and reaffirmation of the standard. 
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Abstract/Keyterms:  
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Abstract/Keyterms: This proposed standard features guidance for dealing with the combination of fissile 
material and moderators in moderator control areas. The main points include nuclear criticality safety 
practices, encompassing administrative practices and process evaluations, and engineering practices, 
encompassing moderator control area barriers, equipment and containers, penetrations, fire prevention and 
suppression, and active engineered controls. Four appendixes follow the standard; the subject of these 
appendixes are typical moderating materials, potential sources of moderators, moderator control 
measurements, and engineered barriers to control moderators. 
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Title: Proposed American National Standard ANS-8.23: Nuclear Criticality Accident Emergency Planning 
and Response 

Date: 11/1/1996 

Report: TANSAO, 075, 205 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: A working group was appointed by the American Nuclear Society standards 
subcommittee ANS-8 in 1992 to write a standard that provides more guidance in planning and response to 
a criticality accident than that given in American National Standard, “Administrative Practices for Nuclear 
Criticality Safety," American National Standards Institute/American Nuclear Society (ANSI/ANS)-8.19-
1984(R89). The scope of the standard is that it provides guidance for minimizing risks to personnel during 
emergency response to a nuclear criticality accident outside reactors. This standard applies to those facilities 
for which a criticality accident alarm system, as specified in ANSI/ANS-8.3-1986, “Criticality Accident 
Alarm System," is required. The standard does not apply to nuclear power plant sites or to those licensed 
research reactor facilities that are addressed by the provisions of the ANSI/ANS-3.8 series and ANSI/ANS-
l5.16, respectively. It does not apply to off-site transportation accidents or off-site emergency planning and 
response. 
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Date: 11/1/1996 

Report: TANSAO, 075, 206 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Standards for Nuclear Criticality Safety Practice-Poster Session 

Abstract/Keyterms: There appears to be a worldwide increase in interest in international standards. 
Indications are that international standards will tend to replace or overshadow national standards. An 
illustration of this tendency was seen recently. During the recent (February 1996) meeting of the 
International Organization for Standardization Technical Committee 85 (ISO TC 85, Nuclear Energy) in 
Albuquerque, representatives from the American Society for Testing and Materials (ASTM) requested ISO 
TC 85 to accept responsibility for conversion of 19 ASTM high-level dosimetry standards to ISO standards 
using the fasttrack procedure. This unprecedented request was stimulated by a need to have these 
procedures in an ISO document to make them more useful to the international community. Recognizing the 
increased status that international standards enjoy today, TC 85 unanimously agreed to accept this 
responsibility. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Interpretation and Use of National and International Standards in Nuclear Criticality 
Safety 

Abstract/Keyterms: This report presents information from the ANS Criticality Alarm System Workshop 
relating to the consensus standard requirements and guidance. Topics presented include: definition; 
nomenclature; requirements and recommendations; purpose of criticality alarms; design criteria; signal 
characteristics; reliability, dependability and durability; tests; and emergency preparedness and planning. 
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Date: 11/1/1996 

Report: TANSAO, 075, 207-208 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Interpretation and Use of National and International Standards in Nuclear Criticality 
Safety 

Abstract/Keyterms: Within the United Kingdom, the Health and Safety Executive (HSE) regulates nuclear 
activities by issuing a nuclear site license to nuclear plant operators. The requirements laid out in the license 
are not prescriptive but rather stipulate objectives that the site operator must meet in order to satisfy the 
regulator. It is the responsibility of each licensee to develop and implement detailed arrangements to 
demonstrate compliance with its site license. As a consequence of this approach, the mechanics of 
compliance with the site license varies throughout the U.K. nuclear industry. It is therefore essential to have 
a means of discussing, defining, and disseminating “good practice” throughout the industry. The principal 
way that such discussion is achieved is through the Working Party on Criticality (WPC), the terms of 
reference of which include a body for producing industrywide standards and guidance and a focal point for 
determining the U.K. input into international undertakings, e.g., standards of the American Nuclear Society 
and the International Organization for Standardization. The latter is achieved by appointing individuals to 
various bodies, and the WPC is the means to distribute draft documents, discuss comments, and press for 
desirable changes. This enables both the regulator and industry to keep abreast of international 
developments. 
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Date: 11/1/1996 

Report: TANSAO, 075, 208-209 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Interpretation and Use of National and International Standards in Nuclear Criticality 
Safety 

Abstract/Keyterms: The U.S. Department of Energy’s (DOE’s) Necessary and Sufficient Standards 
Closure Process has been used to develop a new criticality, safety program manual for the Rocky Flats 
Environmental Technology Site (RFETS). Standards define and communicate the expectations for 
performance of work. The purpose of the necessary and sufficient standards closure process is to apply 
standards determined to be necessary and sufficient for protecting the workers, the public, and the 
environment. This ensures that the applied standards add value to the performance of the activity; work 
effectiveness is increased. The purpose of this paper is to briefly describe the process and the results for the 
selection of national criticality safety standards for use at the Rocky Flats facilities. 
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Safety 

Date: 11/1/1996 

Report: TANSAO, 075, 209-210 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Interpretation and Use of National and International Standards in Nuclear Criticality 
Safety 

Abstract/Keyterms: The U.S. Department of Energy’s (DOE’s) new criticality safety order, DOE Order 
420.1 (“Facility Safety” October 13, 1995), Sec. 4.3 (“Nuclear Criticality Safety”), invokes, as an integral 
part, 12 appropriate American National Standards Institute/American Nuclear Society (ANSI/ANS) Series-
8 standards for nuclear criticality safety, but with modifications. (The order that 420.1/4.3 replaced also 
invoked some ANSI/ANS Series-8 standards.) These modifications include DOE operation-specific 
exceptions to the standards and elaborations on some of the wording in the standards. 
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Report: TANSAO, 075, 210-211 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Interpretation and Use of National and International Standards in Nuclear Criticality 
Safety 

Abstract/Keyterms: The two U.S. regulatory authorities having oversight responsibility for significant 
quantities of fissile materials are the U.S. Department of Energy (DOE) and the U.S. Nuclear Regulatory 
Commission (NRC). Both are on record as being committed to the adoption and use of national consensus 
standards. While there may exist bases for regulatory departures from specific aspects of individual 
consensus standards, these are infrequent. Both governmental bodies have, to a high degree, participated in 
the promulgation and use of the criticality safety standards developed and issued under the auspices of 
American National Standards Institute/American Nuclear Society (ANSI/ANS) Subcommittee 8, 
Operations with Fissionable Materials Outside Reactors. This paper focuses on those few areas where 
consensus standards have still not been applied to regulatory issues but for which they seem appropriate. 
(The intent of this paper is to promote technical discussions on these issues, not to fault current regulations.) 
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Abstract/Keyterms: Biology and Medicine, Applied Studies; Engineering not Included in Other 
Categories; Nuclear Fuels; Fissile Materials; Storage; Safety Standards; Spatial Distribution; Criticality; 
Moderators; Safety 
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Abstract/Keyterms: Several recent papers have postulated that if excess weapons-grade Plutonium is 
vitrified into silicate logs and buried underground, a self-sustaining neutron chain reaction may develop, 
given sufficient time and interaction with the burial medium. Moreover, the referenced papers state that 
nuclear explosions could occur with kiloton yields or yields equivalent to hundreds of tons of TNT. The 
objectives of this study are to identify those configurations that may be unstable or “autocatalytic” and to 
determine the neutronic temperature coefficient for these systems. 
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Abstract/Keyterms: Formation of critical and possibly autocatalytic mixtures of weapons-grade 
plutonium, Nevada tuff, and water in an underground repository has been postulated by Bowman and 
Vernneri. The objective of this work is to examine the possibility that a nuclear explosion in the “range of 
kilotons “or “hundreds of tons TNT equivalent “ could occur from the formation of a “worst-case “ 
autocatalytic mixture of plutonium, Nevada tuff, and water. Once this done, other realistic criticality safety 
issues dealing with the design of the repository can be the main focus of the work for criticality experts. 
This work does not examine the probability of formation of the critical mixtures of plutonium, Nevada tuff, 
and water in a repository setting. The authors accept, for the purpose of this work, the assumptions of 
formation given by Bowman and Venneri. They examine the dynamic behavior of these systems using what 
they consider to be very conservative assumptions with respect to the physical properties and dynamic 
characteristics of the plutonium, Nevada tuff, and water mixtures. 
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Abstract/Keyterms: While the answer to the question posed in the title to this paper may never be 
complete, there is evidence that suggests that the technical answer is “no. “Certainly there will likely be 
vigorous public policy discussions as to the acceptability of criticality events at indeterminate times in the 
future even if the technical arguments for acceptably low risk are compelling. This paper attempts to further 
the technical discussions of criticality events associated with geologic disposal of fissile material being 
considered acceptably low risks to future inhabitants. Current U.S. regulations governing the deep geologic 
disposal of materials that may be capable of achieving the critical state are found in 10 CFR 60 of the Code 
of Federal Regulations. The pertinent paragraph, 60.131(b)(7), states: “Criticality control. All systems for 
processing, transporting, handling, storage, retrieval, emplacement, and isolation of radioactive waste shall 
be designed to ensure that a nuclear criticality accident is not possible unless at least two unlikely, 
independent, and concurrent or sequential changes have occurred in the conditions essential to nuclear 
criticality safety. Each system shall be designed for criticality safety under normal and accident conditions. 
The calculated effective multiplication factor k(eff) must be sufficiently below unity to show at least a 5% 
margin, after allowance for the bias in the method of calculation and the uncertainty in the experiments 
used to validate the method of calculation. “ 
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Abstract/Keyterms: Many of the wastes from processing fissile materials contain metals which may serve 
as nuclear criticality poisons. It would be advantageous to the criticality evaluation of these wastes to 
demonstrate that the poisons remain with the fissile materials and to demonstrate an always safe poison-to-
fissile ratio. The first task, demonstrating that the materials stay together, is the job of the chemist, the 
second, calculating an always safe ratio, is an object of this paper. 
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Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The European Perspective 

Abstract/Keyterms: Nuclear Facilities including reactors. Based on the Atomic Energy Act, the ordinance 
for radiation protection was passed in October 1976. This ordinance contains requirements concerning the 
handling and transport of radioactive materials and basic principles for radiation protection. 
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Abstract/Keyterms: Nuclear Facilities in Spain of interest from the stand-point of criticality are a fuel 
fabrication facility, handling only fresh fuel; seven pressurized water reactor (PWR) plants with different 
nuclear steam supply system designs; two boiling water reactor (BWR) plants; and an ongoing program of 
dual-purpose casks (storage and transport) for spent fuel. Given the spent-fuel storage space problems with 
the original rack designs, a plan was developed and started in 1990 to incorporate high-density racks 
(borated steel or Boral) in the spent-fuel storage of all plants, giving credit for fuel burnup. Following this 
plan, five PWR units have licensed burnup-credited criticality safety analyses using a two-zone approach 
(fresh and spent fuel) for the spent-fuel pool. The two BWR plants have also licensed a criticality safety 
analysis with credit for the reactivity reduction provided by the gadolinia rods. The only spent-fuel cask yet 
licensed has followed the expected fresh fuel assumption for the criticality safety evaluation. However, it 
can be expected that the industry will submit burnup-credit safety analyses for the future casks designs. 
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Abstract/Keyterms: British Nuclear Fuels plc (BNFL) is involved in all aspects of the nuclear criticality 
safety of the fuel cycle, including transport, storage, and reprocessing of spent fuel and manufacture of 
fresh fuel. Many diverse waste streams have been assessed that contain fissile isotopes and are destined for 
interim or long-term storage. BNFL has several teams of experienced nuclear criticality safety assessors 
employed in the robust demonstration of the safety of its plant design and operations. There is a safety-first 
culture within BNFL where adequate safety margins are fully justified. Within this framework, processes 
are optimized and designed to be convenient and to maximize economic benefits. Throughout all stages of 
the regulatory process, BNFL has an open and constructive working relationship with regulators, who are 
effectively seen as one of their customers in the company’s efforts to produce fit-for-purpose safety cases. 
BNFL’s proven track record of designing and operating plants safely enables regulators, in the company’s 
view, to trust them to do their best to produce optimum design and operating strategies while allowing the 
regulators to concentrate on key aspects of a project. Any discussions resulting from their considerations 
are held in a constructive and open manner to achieve a reasonable consensus. 
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Abstract/Keyterms: In the United Kingdom, the Health and Safety at Work etc. Act is the main legal 
instrument under which risks to people from work activities are controlled. Certain sections of the Nuclear 
Installations Act (as amended), which deal with the licensing of the nuclear sites and the regulatory control 
of risks arising from them, including the risk from accidental criticality, are relevant statutory provisions of 
the Health and Safety at Work Act. One of the basic principles embodied in U.K. legislation is that the 
responsibility for safety rests with the operator. To satisfy this requirement, among many other things, the 
operator has to make and implement arrangements to prevent accidental criticality, and the adequacy of 
these arrangements must be demonstrated in a safety case to the regulatory authorities. The U.K. regulatory 
framework is intentionally nonprescriptive in order not to inhibit the pursuit of beneficial developments in 
safety and to treat each plant on its own merits and to develop the safety case accordingly. U.K. experience 
has shown that cases fall into three distinct categories. In two of these categories, a clear and undisputed 
case can be made for either inclusion or omission. In a third category, the justification is less clear and often 
more problematic. In these cases, the key issue has been the extent of faults that are “reasonably 
foreseeable” and that could result in criticality. The U.K. experience has been that resolution of this issue 
is still a matter for expert judgment. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The U.S. Perspective 

Abstract/Keyterms: Directives for nuclear criticality safety at the U.S. Department of Energy (DOE) 
consist of a hierarchy of documents: a top-level, mandatory policy statement that is specific to nuclear 
safety; a mandatory order that is specific to criticality safety; and two DOE standards, one of which 
addresses criticality safety evaluations and the other, good practices for criticality safety. A mandatory rule, 
enforceable under the Price-Anderson Act, is being developed that will replace the order and will invoke a 
new document, called a manual. 
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Abstract/Keyterms: Directives for nuclear criticality safety at the U.S. Department of Energy (DOE) 
consist of a hierarchy of documents: a top-level, mandatory policy statement that is specific to nuclear 
safety; a mandatory order that is specific to criticality safety; and two DOE standards, one of which 
addresses criticality safety evaluations and the other, good practices for criticality safety. A mandatory rule, 
enforceable under the Price-Anderson Act, is being developed that will replace the order and will invoke a 
new document, called a manual. 
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Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The U.S. Perspective 

Abstract/Keyterms: The U.S. Department of Energy (DOE) issued DOE order 420.1 (Facility Safety, 
October 13, 1995), Sec. 4.3 (Nuclear Criticality Safety), called hereinafter 0420.1/4.3, to update its 
predecessor, DOE order 5480.24 (Nuclear Criticality Safety). Order 0420.1/4.3 invokes, as an integral part, 
12 appropriate American National Standards Institute/American Nuclear Society (ANSI/ANS) series 8 
standards for nuclear criticality safety, but with modifications. These modifications include DOE operation-
specific exceptions to the standards, and elaborations on some of the wording in the standards. The new 
DOE order also recommends, as a guideline, a DOE standard for preparing criticality safety evaluations 
(CSEs). 
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Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The U.S. Perspective 

Abstract/Keyterms: This paper describes the methodology that is currently utilized by the U.S. Nuclear 
Regulatory Commission (NRC) to review nuclear criticality safety (NCS) for special nuclear material 
licensees. Included in this paper is a discussion of the various supporting documents that NRC staff use to 
perform overall NCS license reviews. The basis for regulating NCS at the NRC is founded in the Code of 
Federal Regulations, Title 10, Part 70 (10 CFR 71), which addresses the regulation of special nuclear 
material. To provide guidance to the staff and licensees on implementing the pertinent elements of an 
acceptable NCS program, the NRC utilizes both regulatory guides and a draft standard review plan (SRP). 
Specific elements of both the regulation and methodology by which the staff reviews NCS are discussed in 
this paper. 
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Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The U.S. Perspective 

Abstract/Keyterms: This paper addresses recent changes to the independent oversight and enforcement 
programs within the U.S. Department of Energy (DOE) and applications to criticality safety. DOE’s Office 
of Oversight (Oversight hereafter), in the Office of Environment, Safety, and Health (EH), independently 
evaluates whether management systems ensure adequate protection of the worker, public, and environment. 
Oversight has adopted a new approach to performing evaluations based on the guiding principles for safety 
management identified by the Secretary of Energy. The principles Oversight evaluates are line management 
responsibility for safety and health, comprehensive requirements, and competence commensurate with 
responsibilities. Recently, the DOE codified the implementation of integrated safety management, further 
expounding on these basic guiding principles and Oversight’s role. The Office of Enforcement and 
Investigations in EH (Enforcement hereafter) is responsible for enforcement, and relevant documents 
describe its role. This paper briefly discusses criticality safety aspects of the twin initiatives of Oversight 
and Enforcement. 
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Abstract/Keyterms: Application of the U.S. Nuclear Regulatory Commission`s (NRC) inspection and 
enforcement programs related to nuclear criticality safety (NCS) are explored. The flowdown of regulatory 
requirements are traced from Title 10, Code of Federal Regulations, Part 70 (10 CFR 70),”Domestic 
Licensing of Special Nuclear Material,"through individual license requirements that include specific safety 
limits, management controls, and safety programs. The roles of documentation and auditability to 
demonstrate compliance with those license requirements are examined. NRC general expectations are 
briefly summarized. 
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Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The U.S. Perspective 

Abstract/Keyterms: In the past year there has been a significant effort by the U.S. Department of Energy 
(DOE) on the "Directives Improvement Process.” The first component of this effort was directed at 
improvement and consolidation of the existing DOE orders. The intent was to make the new orders more 
performance based and less prescriptive and to eliminate conflicting and redundant requirements. The 
portion of this effort of most interest to the criticality safety community was the cancellation of DOE 
5480.24, Criticality Safety, and the subsequent issuance of the new combined order DOE 420.1, Facility 
Safety. Section 4.3 of this new order contains the revised criticality safety requirements. The second 
component of the DOE effort was the drafting of the phase I rules, which are summarized in this paper. 
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Abstract/Keyterms: This paper describes recent developments in the regulation of criticality safety within 
the Division of Fuel Cycle Safety and Safeguards of the U.S. Nuclear Regulatory Commission (NRC). The 
term “recent,” in this context, is a relative one. There are different categories of regulatory activity at the 
NRC, including rulemaking, development of guidance, licensing, inspection, and enforcement. The time 
scale for each of these is different. Some necessarily require several years to complete. For this reason, 
some of the “recent” developments discussed here have occurred, or have continued over an extended time 
frame, commencing about 1991. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Regulatory Aspects of Nuclear Criticality Safety: The U.S. Perspective 

Abstract/Keyterms: The Westinghouse Commercial Fuel Fabrication Facility in Columbia, South 
Carolina, falls under the jurisdiction of U.S. Nuclear Regulatory Commission (NRC) Region II. Nuclear 
criticality safety (NCS) inspections at the facility are conducted by both Region II (operations review) and 
Headquarters Operations Branch[criticality safety evaluation (CSE) and data analysis review]. Last year, 
the NRC Headquarters Licensing Branch approved Westinghouse’s license renewal application. 
Westinghouse’s assessment of the current regulatory climate is that from a criticality safety technical 
standpoint, both the inspection and licensing areas may be lacking because of the difficulty the NRC seems 
to be having attracting and retaining experienced NCS personnel. In the past few years, several experienced 
personnel either have gained other employment or retired. During the recently completed license 
application renewal process, the NRC review was performed with the assistance of outside contractors. 
Also, during a recent NCS inspection conducted jointly by Region II and Headquarters Inspection Section, 
an outside contractor accompanied the NRC inspection team to provide technical NCS expertise. These two 
areas of regulation (licensing and inspections) are discussed further in this paper. 



 

C-19778 

19727…..…..…………………..…….……..……ID Number…………………..…..…………….19727 

Author: Sapir, J. / Mosteller, R. D. 

Title: Benchmark Calculations of Unreflected Spheres of 233U Solutions 

Date: 11/1/1996 

Report: TANSAO, 075, 343-345; CONF-961103 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Analysis Methods 

Abstract/Keyterms: Currently there is a relatively large volume of 233U-bearing material at U.S. 
Department of Energy (DOE) installations awaiting reprocessing and final disposition. To ensure criticality 
safety, it is important that facilities processing these materials validate their neutronic codes against 
appropriate evaluated benchmark models of critical experiments. In this paper, the authors present an 
evaluation of five spherical 233U solution experiments performed at the Oak Ridge National Laboratory in 
the 1950s. They also present corresponding benchmark-model specifications and calculated predictions of 
k(eff) using the MCNP Monte Carlo code with both ENDF/B-V and /B-VI cross sections. The experiments 
employed a 691.9 mm diam sphere constructed by welding two 3.2 mm thick hemispherical shells of type 
1100 aluminum. The solutions contained 97.7 wt% 233U in the form of uranyl nitrate [UO2(NO3)2]. The 
solutions differed primarily in the amount of boron poison present in the nitrate solution and the 
corresponding critical concentration of uranium. The hydrogen/233U ratios in the solutions ranged from 
1324 to 1533. 
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Abstract/Keyterms: An accurate knowledge of the neutron and gamma-radiation fields in a research 
reactor is necessary for designing and optimizing experiments as well as industrial applications; i.e., it is a 
prerequisite for an effective use of the reactor. The Penn State Breazeale Reactor (PSBR) is a pool-type 
reactor, which allows great flexibility including different core configurations. The reactor has been in 
operation since 1955, upgraded in 1965, and during this period the core configuration was changed many 
times to accommodate various experimental/application requirements, and depleted fuel rods were replaced 
with fresh ones. Such operational characteristics have resulted in an increased need for accurate modeling 
of the reactor. This paper describes MCNP models and criticality calculations as well as the ORIGEN2 
depletion calculations that were performed to simulate and analyze the 40 yr of PSBR operations. 
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Abstract/Keyterms: A delayed critical very loosely coupled configuration of coaxial right circular 38.1-
cm-diam,{approximately}7.62-cm-thick uranium (93.15 wt% 235U) metal cylinders was assembled in 
1965 at the Oak Ridge Critical Experiments Facility to study interaction effects for unmoderated and 
unreflected uranium metal and described in 1996. Each of the two interacting cylinders was carefully 
adjusted by inverse kinetics rod drop (IKRD) measurements to have the same subcritical reactivity 
({approximately} 85{cents}). For these reactivity determinations, each cylinder was alternately and 
separately assembled to delayed criticality with a small piece of polyethylene reflector present on the top 
surface. The system was raised to the appropriate power level by the use of a small additional reflector 
worth{approximately}10{cents} until delayed neutron precursors reached equilibrium. All reflectors were 
rapidly removed, and the subcriticality was obtained by IKRD interpretational algorithms. Several 
adjustments of the mass and configuration of each cylinder were required until the configuration of each 
cylinder had a subcritical reactivity of 85{cents}. These adjustments were made by small variations in the 
mass of each of the cylinders so that the mass of the upper cylinder was 163.1 kg and that of the lower 
cylinder was 162.8 kg. Once each individual cylinder reactivity was adjusted to 85{cents} subcritical, the 
distance between the flat surfaces of each of the two cylinders was adjusted to achieve delayed criticality. 
The delayed critical spacing between cylinders was 1.3 m. At this spacing for delayed criticality, the 
coupling reactivity exactly compensates for the subcriticality of the individual cylinders. Thus, the coupling 
reactivity is 85{cents}, and using a delayed neutron fraction of 0.0066, the coupling reactivity in k units is 
0.0056. This paper describes the prompt neutron decay constant measurements for this assembly. 
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Abstract/Keyterms: Between 1967 and 1969,{approximately}3100 m{sup 3} of transuranic (TRU) waste 
from the Rocky Flats Plant was buried with other hazardous and low-level radioactive wastes in a 40- x 
116-m disposal pit located at the Idaho National Engineering Laboratory’s Radioactive Waste Management 
Complex. This pit, designated as pit 9, is estimated to contain{approximately}40 Ci of238Pu, 1.7 kCi of 
239Pu, 0.4 kCi of240Pu, 3.0 kCi of240Pu, and 3.1 kCi of241Am. During the nearly 30 yr that have elapsed 
since burial, normal surface-water movement coupled with the disintegration of the original containers have 
contributed to limited migration of radionuclides past the boundaries of the original disposal containers. 
Sensitivity to issues germane to buried TRU waste has led to the decision to retrieve this material. Because 
the remediation operations involve fissile materials, a credible nuclear criticality safety (NCS) analysis 
must be performed as part of the safety evaluation process to demonstrate the improbability of any 
contingencies contributing to an inadvertent criticality. Environmental NCS analyses are problematic 
because no experimental benchmarks with comparable ranges of scale and fissile material concentration 
exit that can be applied to environmental situations. 
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Abstract/Keyterms: Since 1983 British Nuclear Fuels plc (BNFL) at Sellafield has been actively involved 
in the decommissioning of its old plant, with 7 projects being fully completed, 6 projects in the practical 
phase, and 12 currently in the planning design and strategy studies phase. These projects vary from the 
dismantling of a single large alpha-contaminated glove box to the decommissioning of an entire 11-story 
building housing redundant reprocessing facilities. This paper provides an overview of the facilities 
involved and highlights the criticality issues that have been addressed for safety to support the 
decommissioning activities. 
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Abstract/Keyterms: Decommissioning operations at the Los Alamos National Laboratory require the 
interaction of several disciplines so that the effort to D&D radiological facilities can proceed 
unencumbered, on schedule, and within budget. Although playing a minor role, the Laboratory`s Nuclear 
Criticality Safety Group has provided criticality safety guidance to one such D&D team efficiently and 
cost-effectively. During the first major D&D effort at Los Alamos, a total of about 6 kilograms of uranium 
[U(93)] was recovered from a facility thought to contain only tens of grams. 
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Abstract/Keyterms: The primary purpose of this paper is to present the new methodology for establishing 
bias and uncertainty associated with isotopic prediction in spent fuel assemblies for burnup credit analysis. 
The analysis applies to the design of criticality control systems for spent fuel casks. A total of 54 spent fuel 
samples were modeled and analyzed using the Shielding Analyses Sequence (SAS2H). Multiple regression 
analysis and a trending test were performed to develop isotopic correction factors for 10 actinide burnup 
credit isotopes. 
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Abstract/Keyterms: A set of 23 additional critical experiments were analyzed to provide additional input 
to the criticality validation portion of spent fuel cask analysis. The results of this analyses were combined 
with the previously analyzed criticals to determine the upper safety limit on k(eff). The combined set of 
criticals can be used for criticality validation for burnup credit, and are better suited for the range of 
isotopics in spent nuclear fuels. A trend observed in the analysis was that the calculated k(eff) deviates from 
the criticals in the positive direction, implying that increased burnup results in increased safety margin. 
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Abstract/Keyterms: A conservative end effect k(eff) bias curve for actinide-only burnup credit for spent 
fuel casks is presented in this paper. The k(eff) bias values can be added to the uniform axial burnup analysis 
to conservatively bound the actinide-only end effect. A normalized axial burnup distribution for the 
standard Westinghouse 17 x 17 assembly design is used for calculating k(eff). The end effect calculated is 
a strong function of burnup, and increases as cask size size decreases. The presence of poison plates 
increases the end effect. The bias curve presented is based on the most limiting cask configuration of a 
single PWR assembly with completely black poison plates. Therefore, axially uniform criticality 
calculations with application of the proposed k(eff) could eliminate the need for axially burnup dependent 
analyses. 
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Abstract/Keyterms: Operations involving significant quantities of fissile material have been conducted at 
Los Alamos National Laboratory continuously since 1943. Until the advent of the Laboratory's Nuclear 
Criticality Safety Committee (NCSC) in 1957, line management had sole responsibility for controlling 
criticality risks. From 1957 until 1961, the NCSC was the Laboratory body which promulgated policy 
guidance as well as some technical guidance for specific operations. In 1961 the Laboratory created the 
position of Nuclear Criticality Safety Office (in addition to the NCSC). In 1980, Laboratory management 
moved the Criticality Safety Officer (and one other LACEF staff member who, by that time, was also 
working nearly full-time on criticality safety issues) into the Health Division office. Later that same year 
the Criticality Safety Group, H-6 (at that time) was created within H-Division, and staffed by these two 
individuals. The training and education of these individuals in the art of criticality safety was almost entirely 
self-regulated, depending heavily on technical interactions between each other, as well as NCSC, LACEF, 
operations, other facility, and broader criticality safety community personnel. Although the Los Alamos 
criticality safety group has grown both in size and formality of operations since 1980, the basic philosophy 
that a criticality specialist must be developed through mentoring and self-motivation remains the same. 
Formally, this philosophy has been captured in an internal policy, document “Conduct of Business in the 
Nuclear Criticality Safety Group.” There are no short cuts or substitutes in the development of a criticality 
safety specialist. A person must have a self-motivated personality, excellent communications skills, a 
thorough understanding of the principals of neutron physics, a safety-conscious and helpful attitude, a good 
perspective of real risk, as well as a detailed understanding of process operations and credible upsets. 
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Abstract/Keyterms: It is not universally understood that k(eff) and fractional critical mass are related in a 
nonlinear fashion. For example, a neutronic system with a k(eff) = 0. 95 is NOT at 95% of its critical mass. 
What is striking is just how non-linear the relationship between k(eff) and critical mass really is. This 
relationship is investigated and documented below for both unfavorable (i.e., very reactive) and favorable 
(less reactive) geometries. The implications of this non-linearity for criticality safety regulation will also be 
discussed. 
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Abstract/Keyterms: The minimum critical masses of Plutonium 239 in a polyethylene moderator were 
calculated as a function of plutonium density for several polyethylene densities (various void fractions). 
This study has applications for solid transuranic (TRU) waste and for plutonium scrap dissolving operations 
where polyethylene bags may be present within the cans to be dissolved. Polyethylene is usually present in 
TRU waste as a result of glovebox bagout operations and as liners in 55 gallon drums. The methodology 
utilized the SCALE driver CSAS1X. MCNP4A with ENDF/B-V was also used as an independent check 
due to the lack of critical experiments for polyethylene moderator. For TRU solid waste, tests with 55 gallon 
drums indicate that polyethylene bagging cannot be tightly stuffed to a volume fraction greater than 15.5%. 
To allow for settling, calculations were conducted for 20% and 50% polyethylene volume fractions as well 
as for full density for comparison. The effects of 10% concrete or steel mixed with 20% polyethylene were 
also evaluated. Since water egress into underground solid waste containers would be possible, additional 
calculations evaluated critical masses of water in polyethylene moderator. Calculated critical masses for 
the various moderators were determined for a range of plutonium concentrations. For full density 
polyethylene, the minimum critical plutonium mass is about 345 grams (at 30 grams per liter) versus 510 
for water. Added concrete substantially decreases the critical mass, and added steel substantially increases 
the critical mass. This study indicates that in some situations the minimum critical plutonium mass in 
polyethylene can be less than that of metal in water (about 510 grams). TRU waste fissile limits are usually 
based on safe masses determined from plutonium in water so that this result has obvious implications on 
criticality safety. 
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Abstract/Keyterms: The 252Cf-source-driven noise analysis method is a versatile measurements tool that 
has been applied to measurements for initial loading of reactors, quality assurance of reactor fuel elements, 
fuel processing facilities, fuel reprocessing facilities, fuel storage facilities, zero-power testing of reactors, 
verification of calculational methods, process monitoring, characterization of storage vaults, and nuclear 
weapons identification. This method's broad range of application is due to the wide variety of time- and 
frequency domain signatures, each with unique properties, obtained from the measurement. The following 
parameters are obtained from this measurement: average detector count rates, detector multiplicities, 
detector autocorrelations, cross-correlation between detectors, detector autopower spectral densities, cross-
power spectral densities between detectors, coherences, and ratios of spectral densities. All of these 
measured parameters can also be calculated using the MCNP-DSP Monte Carlo code. This paper presents 
a review of the time-domain signatures obtained from this measurement. 
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Abstract/Keyterms: Operational critical assemblies are subject to the same standards of materials control 
and accountability (MC and A) as other fissile materials. Typically these assemblies are not easily 
dismantled and the fuel components cannot be inventoried by traditional methods of destructive or non-
destructive materials assay. Because of the large mass or unusual geometry of the fuel components these 
parts are often categorized as difficult-to-measure (DTM) items. The use of criticality to infer fissile 
inventory, in conjunction with physical security and two-person control procedures, provides accurate and 
cost-effective Mc and A for these large critical assembly components. This method is being implemented 
at the Los Alamos Critical Experiments Facility (LACEF) and at several national nuclear research centers 
in Russia. 
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Abstract/Keyterms: MCNP4B was released in early 1997. In this new version, several major changes 
were made to the underlying theory used to estimate the non-adjoint-weighted removal, fission, capture, 
and escape prompt-neutron lifetimes. These four lifetimes are now being calculated in accordance to the 
neutron-balance theory described by Spriggs et al. in which the non-adjoint-weighted lifetime for a 
particular type of reaction (i.e., fission, capture, escape, removal, etc.) is defined as the total neutron 
population in the system divided by that reaction rate. 
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Abstract/Keyterms: Accidental exposure of fuel to water is often an important concern in criticality safety. 
This the result of the effectiveness of water as a reflecting material and especially as a neutron moderating 
material. Even a low effective water density, such as that produced by fire protection sprinklers, is 
sometimes sufficient to produce a large reactivity increase relative to dry fuel. Also, the peak reactivity can 
occur when the water exposure is far below the maximum possible. For these reasons, it is necessary to 
consider all plausible water exposure possibilities when assessing the criticality safety of fuel. This paper 
explores approaches for modeling the partial flooding of stored fuel. 
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Abstract/Keyterms: The Los Alamos Plutonium Facility for the past 18 yr has stored nuclear samples for 
archiving and in support of nuclear materials research and processing programs. In the past several years, 
a small number of storage containers have been found in a deteriorated condition. A failed plutonium 
container can cause personnel contamination exposure and expensive physical area decontamination. 
Containers are stored in a physically secure radiation area vault, making close inspection costly in the form 
of personnel radiation exposure and work time. A moderate number of these containers are used in support 
of plutonium processing and must withstand daily handling abuse. A 2-yr evaluation of failed containers 
and those that have shown no deterioration has been conducted. Based on that study, a program was 
established to formalize our packing methods and materials and standardize the size and shape of containers 
that are used for short-term use. A standardized set of containers was designed, evaluated, tested, and 
procured for use in the facility. This paper reviews our vault storage problems, shows some failed 
containers, and presents our planned solutions to provide safe and secure containment of nuclear materials. 
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Abstract/Keyterms: Alpha (time-absorption eigenvalue) calculations are not an explicit calculational 
option in MCNP. However, alpha-like calculations can easily be performed with MCNP using the KCODE 
option with neutron energy or time cutoffs. These alphalike calculations are described and tested here. 
Approximate alpha flux distributions may easily be calculated by this method. 
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Abstract/Keyterms: The 16-group cross-section set did not perform well on the compound systems. (Metal 
systems are composed of uranium metal, solution systems are uranium dissolved in liquid, and compound 
systems are uranium compounds that fit neither of the other two categories). The 27-group library tended 
to overpredict the metal experiments while having a fairly large spread on the compound system. The 16-
group library is also known as the Hansen-Roach library, and 27-group libraries are based on ENDF/B-IV 
data. Many of the nuclides lack resonance data. These reasons make these two cross-section libraries less 
appropriate for use. The 44-group library has a large spread of k(eff) values for critical configurations. This 
library was primarily designed for low-enriched fuel assemblies (lattices in water). The 238-group library 
has a smaller spread in predicted k(eff) ’s. It does have resonance data for most of the isotopes. It is based 
primarily on ENDF/B-V data. The 238 group is the recommended library for the analysis of AVLIS 
systems. 
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Abstract/Keyterms: This paper serves two purposes: (1) to introduce some new calculations of the 
temperature coefficients for uranium solutions, and (2) to examine some simplified calculations based on 
earlier work. Uranium solutions, while never having positive temperature coefficients, show trends in the 
feedback coefficient as a function of solution concentration that are similar to those seen for plutonium 
solutions. For both the plutonium and uranium solutions, the feedback coefficient experiences a local 
minimum near the over/under moderation transition point. The earlier work on the simplified calculations 
is expanded to include better treatment of cross sections and to include strict numerical integration 
techniques. 
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Abstract/Keyterms: Experimental data are extremely important for checking the performance of today’s 
advanced reactor analysis codes by which the behavior of the weapons-grade plutonium (WGPu) mixed 
with uranium in light water reactor (LWR) systems can realistically be simulated. Because no critical 
experimental data are available for the WGPu mixed-oxide (MOX) fuel, our investigations have been 
focused on the previous experiments performed in the 1960s and 1970s in support of the liquid-metal fast 
breeder reactor (LM-FBR) program. Although those experiments may not provide exact representation of 
WGPu in LWRs, the 239Pu content of plutonium was{approximately}90%, which is very close to the 
WGPu. Therefore, it is vital to analyze the data and compare the results of reactor analysis code. 
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Abstract/Keyterms: Scores of critical assemblies were constructed, over a period of about three decades, 
at the Argonne National Laboratory ZPR-3, ZPR-6, ZPR-9, and ZPPR fast critical assembly facilities. Most 
of the assemblies were mockups of various liquid-metal fast breeder reactor designs. These tended to be 
complex, containing, for example, mockups of control rods and control rod positions. Some assemblies, 
however, were physics benchmarks. These relatively clean assemblies had uniform compositions and 
simple geometry and were designed to test fast reactor physics data and methods. Assemblies in this last 
category are well suited to form the basis for new criticality safety benchmarks. The purpose of this paper 
is to present an overview of some of these benchmark candidates and to describe the strategy being used to 
create the benchmarks. 
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Abstract/Keyterms: Pacific Northwest Laboratory (PNL) Split-Table Critical experiments containing 
mixed-oxide (MOX) fuels for various core configurations are studied using MCNP4A with the ENDF/B-
VI continuous-energy library. These experiments were performed to provide necessary technical 
information and experimental criticality data that would serve as benchmark data in support of the liquid-
metal fast breeder reactor program. Because of the current interest in the utilization of weapons-grade 
plutonium in the form of MOX fuel in light water reactors, such experimental data are extremely important 
for checking the performance of the modem computational tools. the 239Pu content in plutonium of the 
PNL MOX fuels is{approximately}91 wt.%, which is very close to that of the weapons-grade 239Pu. The 
MOX fuels used in these critical experiments consist of 30.0, 14.62, and 7.89 wt.% Pu and N{sub 
H}/(N{sub Pu}+ Nu) moderation ratios (MRs) of 47.4, 30.6, and 51.8, respectively. 
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Abstract/Keyterms: In the modeling of plutonium nitrate systems for criticality calculations, the chemical 
formula is usually assumed to be Pu(NO3)4, (where plutonium is in the+4 valence state). However, 
plutonium has four oxidation states (III), (IV), (V), and (VI) that can exist in finite concentrations 
simultaneously in aqueous solutions in equilibrium with each other. This research evaluates the effects of 
changing plutonium valence states on the neutronic behavior of plutonium nitrate solutions. Three codes 
(DANTSYS, MCNP, and MONK) are used for this evaluation. Changes in the plutonium valence state 
affect many criticality control parameters such as mass, concentration, moderation, and composition. The 
major problem is that most process plutonium nitrate solutions are not locally well characterized. So with 
unknown plutonium solution characteristics, the k(eff) of the system cannot be determined by an evaluator. 
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Abstract/Keyterms: The possibility of autocatalytic nuclear excursions in plutonium processing vessels 
and high-level waste storage has recently received some attention. One source of such possible behavior is 
the positive neutron spectral temperature coefficient that is predicted for solution concentrations below 20 
g plutonium/l. The purpose of this paper is to report some new dynamic simulations for realistic plutonium 
solution assemblies and to offer some physical insight into the phenomena involved. Previous computations 
for hypothetical plutonium-water assemblies used an earlier version of our simulation models. The models 
were originally developed for uranium-water solutions and benchmarked against solution reactor 
experiments and laboratory simulations of criticality accidents. Neutron temperature coefficients used in 
the new plutonium-water simulations were computed by Kornreich, and the critical configuration data and 
volume expansion reactivity coefficients were computed by Lee and Lee and Hetrick. Some recent dynamic 
results are included in the thesis by Newkirk. Computations were performed using the personal computer 
simulation language DESIRE. 
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Abstract/Keyterms: An accident analysis has been performed for the nuclear criticality safety class 
(NCSC) foil experiment. The Los Alamos Critical Experiments Facility (LACEF) performs this experiment 
regularly during its 2-, 3-, and 5-day nuclear criticality safety classes. This accident analysis part of an effort 
to modify the NCSC foil experiment plan so that the experiment may be operated at delayed critical. 
Currently, the NCSC foil experiment may only be operated up to a neutron multiplication of 100. The 
purpose of the accident analysis to ensure that any accidental nuclear excursion does not exceed the 
boundary of the safety envelope described in the LACEF safety analysis report (SAR). The experiment 
consists of very thin, highly enriched (93% 235U) uranium metal foils (23 X 23 X 0.008 cm) interleaved 
between Lucite plates (36 X 36 X 1.27 cm). The fuel foils and Lucite plates are stacked vertically to form 
a critical assembly. Extra Lucite plates placed at the top and bottom of the assembly act as vertical reflectors. 
The assembly is operated remotely with the use of a general-purpose vertical-lift platform machine. The 
accident scenario consists of one additional fuel foil being added to an existing critical or nearly critical 
stack. The reactivity insertion rate is 0.05$/s, based on the speed of the vertical-lift platform. It is assumed 
that none of the safety systems will function properly during the accident and that the operating crew is 
unable to mitigate the accident. 
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Abstract/Keyterms: Since August of 1994, the Los Alamos National Laboratory has been using the LANL 
Categorization Criteria Matrix for determining the need for and level of reporting criticality safety limit 
violations. The LANL Categorization Criteria Matrix is DOE approved, and is cited in a DOE approved 
SAR for the LANL Plutonium Facility as the method used to determine whether a criticality limit violation 
is reportable to DOE via 5000.3B “Occurrence Categorization, notification and Reporting Requirements” 
(replaced by DOE O 232.1). The use of the LANL Categorization Criteria Matrix provides a framework 
that allows criticality limit violations to be objectively reviewed in terms of what were the consequences of 
the criticality safety limit violation. Using the LANL Categorization Criteria Matrix helps the criticality 
safety engineer and line supervision explain to others, in a quantifiable manner, the significance of the 
criticality limit violation, the levels of margin of safety built into operations, and demonstrate the difference 
between evaluated conditions and working conditions. 
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Abstract/Keyterms: The placement of criticality alarms at the Paducah plant has been studied. Four 
detectors placed in the halls of the first floor will provide double coverage of the first floor and single 
coverage of the basement, attic, and counting laboratory. Results from MCNP calculations also show that 
a detector placed in the hall adjacent to room 27 will cover the NDA laboratory. 
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Abstract/Keyterms: The assumptions used for reflection conditions of single containers are fairly well 
established and consistently applied throughout the industry in nuclear criticality safety evaluations. 
Containers are usually considered to be either fully water-reflected (i.e. surrounded by 6 to 12 in. of water) 
for safety calculations or reflected by 1 in. of water for nominal (structural material and air) conditions. 
Tables and figures are usually available for performing comparative evaluations of containers under various 
loading conditions. Reflection considerations used for evaluating the safety of storage arrays of fissile 
material are not as well established. 
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Abstract/Keyterms: A graphical user interface for Monte Carlo N-Particle (MCNP) has been available at 
Hanford for the last few years. It has been a valuable tool for creating input files for complex geometries. 
This editor has capabilities that allow the user to visually create geometries utilizing most of the powerful 
features of MCNP, including universes and transformations. It has now been upgraded to enable the visual 
creation of geometries involving hexagonal and rectangular lattices. This upgrade should be particularly 
valuable for hexagonal lattices, which can present challenging problems involving various combinations 
and orientations of such lattices. This paper describes the upgrade and gives pertinent examples for 
hexagonal lattices. 
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Abstract/Keyterms: The purpose of this modeling effort was to verify the applicability of using ORIGEN-
S and MCNP to the analysis of spent fuel of various enrichments and burnups. By comparing the results of 
criticality studies using MCNP and ORIGEN-S with the measured k(eff) of 1.0, the suitability of the 
coupled ORIGEN-S/ MCNP package was determined. This study presents the results of the benchmark 
modeling of five pressurized water reactor (PWR) critical configurations. For these analyses, a combination 
of ORIGEN-S and MCNP was used to analyze the fuel depletion and criticality of five power reactor core 
configuration. 
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Abstract/Keyterms: Whether for a reactor, a spent-fuel shipping cask, a storage facility for nuclear 
material, a nuclear weapon, or any radioactive system, a complete analysis will include calculations to study 
the transport of nuclear particles in the system. These calculations require parameters that describe how the 
nuclear particles interact with the materials in the system and what happens as a result of an interaction. 
These parameters are called cross sections. This paper will limit itself to discussing neutron interactions 
since this of primary importance for a great number of real situations. 
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Abstract/Keyterms: The purpose of this paper is to describe, in an informal, historical perspective manner, 
the major phases of the utilization of neutron cross-section data in the performance of criticality safety 
applications. Several constraints or boundary conditions have affected this process. 
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Abstract/Keyterms: A suite of 41 criticality benchmarks has been modeled using MCNP. Most of the 
assembly specifications were obtained from the Cross-Section Evaluation Working Group (CSEWG) and 
the International Criticality Safety Benchmark Evaluation Project compendiums of experimental 
benchmarks. A few assembly specifications were obtained from experimental papers. The suite contains 
thermal and fast assemblies and bare and reflected assemblies, and it emphasizes 233U, 235U,238U and 
239Pu. 
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Abstract/Keyterms: This paper describes the results of benchmark calculations using ENDF/B-VI release 
3. The calculations were done with SCALE using the VITAMIN-B6 multigroup cross-section library. 
Specifications for the benchmarks are given in the Cross-Section Evaluation Working Group benchmark 
specifications report and the International Criticality Safety Benchmark Evaluation Project specifications. 
Several papers concerning benchmark testing of ENDF/B-VI were presented at the American Nuclear 
Society 1997 annual meeting in Orlando, Florida. The four papers taken together provide a very good 
summary of the recent experience with ENDF/B-VI. In this paper, the number of benchmarks considered 
is increased from the 92 cases considered in Ref. 8 to a total of 112. 
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Abstract/Keyterms: A large number of operations under the authority of the U.S. Department of Energy 
are concerned with the handling of fissile material in some form. These include domestic and foreign 
research reactor fuels; both operational and shutdown uranium enrichment facilities; production reactors 
(Hanford and Savannah River); various remediation activities, which include shutdown reactors, waste 
tanks, and various burial sites; and, ultimately, the final disposition of both government and civilian spent 
fuels. These applications contain various types of fissile material including 233U, 235U, 239Pu, and other 
fissionable and nonfissionable actinides and many types of moderating/reflecting materials including light 
water, heavy water, sand, graphite, beryllium, and various structural materials. While validation of the 
criticality safety calculations involving these materials, the number of available critical experiments 
covering these situations is limited. 
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Abstract/Keyterms: In recent years important work has been performed in the analysis of neutron 
transmission and cross-section data for fissile nuclei in the resonance region by using the computer code 
SAMMY. SAMMY uses Bayes’ method in a sequential analysis of several sets of experimental data aimed 
at obtaining the resonance parameters and their covariance. In this work, the Reich-Moore approximation 
of the R-matrix formalism is used to generate theoretical cross sections. In general, there are several 
thousand parameters, and the dimension of the covariance matrices is correspondingly large. These matrices 
are not reported in the current evaluated nuclear data files (ENDF, JEF, JENDL) because of their dimension 
and the inadequacy of the file formats. The aim of this work is to present a technique in which covariance 
data can be used in the generation of multi-group cross sections. This illustrated by calculating 235U group-
averaged cross sections from the covariance files generated by SAMMY since these can be more readily 
utilized in criticality predictability calculations. The calculations are performed in the energy range from 
thermal to 50 eV. 
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Abstract/Keyterms: Measurements of the total and capture cross sections of aluminum 
from{approximately}100 eV to several hundred kilo-electron-volts of neutron energy have been initiated 
at the Oak Ridge Electron Linear Accelerator (ORELA) in support of the nuclear criticality safety program 
of the U.S. Department of Energy. The goal is to derive accurate cross-section representations for the 
materials involved in criticality calculations of fuel storage, transportation, and so forth, configurations. 
Additional high-resolution measurements of the fission and total cross sections of 233U below a few kilo-
electron-volts of neutron energy are also being planned for fiscal year 1997. 
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Abstract/Keyterms: In the past several years, several proposals have been made for the long-term 
stabilization and storage of surplus fissile materials. Many of these proposed scenarios involve systems that 
have an intermediate neutron energy spectrum. Such intermediate-energy systems are dominated by 
scattering and fission events induced by neutrons ranging in energy from 1 eV to 100keV. To ensure 
adequate safety margins and cost effectiveness, it is necessary to have benchmark data for these 
intermediate-energy spectrum systems; however, a review of the nuclear criticality benchmarks indicates 
that no formal benchmarks are available. Nuclear data uncertainties have been reported for some types of 
intermediate-energy spectrum systems. Using a variety of Monte Carlo computer codes and cross-section 
sets, reported significant variations in the calculated k(inf) of intermediate-energy spectrum metal 235U 
systems. We discuss the characteristics of intermediate neutron spectrum systems and some of the 
computational differences that can occur in calculating the k(eff) of these systems. 
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Abstract/Keyterms: During 1965 or 1966, the last years of General Electric Company’s presence at 
Hanford, the criticality safety staff of the 200 area decided that there was a need to develop a compilation 
of data for use in criticality safety analysis. The official reason was that there was a need for a reference for 
the design engineers so that they would not have to contact us so much during preliminary design 
preparation. The real reason, or at least 75% of it, was so the staff could have a single point of reference 
rather than having to look among a rather large number of documents and other references, any one of 
which could disappear without notice. This was not the only criticality handbook available; Jack Chalmers 
in England had prepared the AHSB(S) Handbook 1, and there were others that slightly preceded our data 
compilation. However, these data compilations were too limited for our purposes. The tried and true 
documents TID-7016 and TID-7028 were also available but did not meet all our needs. Our handbook was 
finally issued in its original form in 1968 after the Atlantic Richfield Hanford Company had become the 
general contractor at Hanford, hence the document number, ARH-600. 
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Abstract/Keyterms: Current subcritical limits for a number of uranium and plutonium materials (metals 
and compounds) as given in the ANSI/ANS standards for criticality safety are based on evaluations 
performed in the late 1970s and early 1980s. This paper presents the results of an analytical study of the 
minimum critical mass values for a set of materials using current codes and standard cross section sets. This 
work is meant to produce a consistent set of minimum critical mass values that can form the basis for adding 
new materials to the single-parameter tables in ANSI/ANS-8.1. Minimum critical mass results are presented 
for bare and water reflected full-density spheres and for full density moist (1.5 wt-% water) as calculated 
with KENO-Va, MCNP4A and ONEDANT. Calculations were also performed for both dry and moist 
materials at one-half density. Some KENO calculations were repeated using several cross section sets to 
examine potential bias differences. The results of the calculations were compared to the currently accepted 
subcritical limits. The calculated minimum critical mass values are reasonably consistent for the three 
codes, and differences most likely reflect differences in the cross section sets. The results are also consistent 
with values given in ANSI/ANS-8.1. 
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Abstract/Keyterms: The criticality of 237Np is governed by several factors. For instance, it is well known 
that nuclides with an even number of neutrons, such as 237Np, exhibit a sharp threshold in their fission 
cross section. For 237Np, the threshold occurs at {approximately}500 keV. Above this neutron energy, the 
fission cross section is comparable to that of 235U. On the other hand, below this energy threshold, the 
fission cross section is quite low. Thus, the criticality of 237Np can only occur in a fast neutron spectrum. 
Another factor that affects the critical mass of this element is the inelastic scattering cross section of 237Np. 
A low inelastic scattering cross section in a fast spectrum will enhance criticality since fewer neutrons will 
scatter below the fission threshold where they will be unable to cause more fissions. The purpose of the 
experiments described herein is to estimate the critical mass of 237Np based on 237Np worth measurements 
performed in the Flattop assembly. 
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Abstract/Keyterms: As part of the research into nuclear measurement techniques, a series of 
measurements was performed that have applications to criticality safety and nuclear material handling. The 
critical mass of a set of bare, enriched-uranium metal hemispherical shells, known as the Rocky Flats shells, 
was measured for an assembly having an inside radius of 2.347 cm. The critical mass value was extrapolated 
from a series of subcritical measurements using three different kinds of sources (AmBe, AmF, and 252Cf) 
placed at the center of the shells. Two kinds of neutron detection configurations (a 1% efficiency and a 25% 
efficiency configuration) were used to make the measurements. 



 

C-19883 

19832…..…..…………………..…….……..……ID Number…………………..…..…………….19832 

Author: Mihalczo, J. T. / Bentzinger, D. L. 

Title: Two Delayed Critical Uranium (93.2) Metal Cylindrical Annuli with Central Beryllium Moderation 

Date: 11/20/1997 

Report: TANSAO, 077, 246-247 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Evolution of Nuclear Criticality Safety Data, Critical Mass Estimates 

Abstract/Keyterms: Two cylindrical annuli of uranium metal were assembled to delayed criticality in 
1963 with beryllium metal in the center to study the effects of beryllium to provide data for verification of 
neutron transport theory methods including cross section data for criticality safety calculations. These 
systems were assembled on a vertical assembly machine in the East cell of the Oak Ridge Critical 
Experiments Facility. The annulus was divided into two halves with the upper fixed half supported by a 
0.010-in-thick, 30-in-diam stainless steel (type 304) diaphragm. The lower half which was hydraulically 
movable was supported on a very low mass tower consisting of mainly three 0.125-in-thick vertical pieces 
120{degree} apart. These systems, when assembled to delayed criticality, were located in 35 x 35 x 30 ft. 
high experimental room, 11.7 ft from the 5-ft-thick West wall, 12.7 ft. from the 2-ft-thick North wall and 
9.2 ft. above the concrete floor. When assembled the positive reactor period measured was+403 sec for the 
nominal 15-in-OD assembly and+31 sec for nominal 13-in-OD assembly. The reactivity effects of nearby 
materials such as the support ring (+) for the diaphragm, the diaphragm ({minus}) and the lower support 
stand (+) were evaluated. The total reactivity worths of the nearby support materials were 8.9 and 5.4 cents 
for the 15-in-OD and 13-in-OD assemblies, respectively. The reactivity effect of each of the components 
was measured for the nominal 13-in-OD assembly and they were{minus}11.2 cents for the diaphragm,+4.4 
cents for the support ring, and+12.2 cents for the support stand. 
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Abstract/Keyterms: An approach to delayed critical experiment was performed in 1981 at Pacific 
Northwest Laboratory with a cylindrical tank of plutonium-uranium nitrate solution. During this 
experiment, various methods to determine the critical height were used, including (1) extrapolation of the 
usual plot of inverse count rate vs. height, which estimates the delayed critical height (DCH); (2) the inverse 
count rate vs. height divided by count rate, which corrects somewhat for the change in inherent source size 
as the height changes; (3) ratio of spectral densities vs. height, which extrapolates to DCH; (4) 
extrapolations of prompt neutron decay constant vs. height, which extrapolates to the prompt critical height 
(PCH); and (5) inverse kinetics rod drop (IKRD) methods, which measure {Delta}k/k{Beta} very 
accurately for a particular solution height. The problem with some of the extrapolation methods is that the 
measured data are not linear with height, but, for lack of anything better, linear extrapolations are made. In 
addition to the measurements to determine the delayed critical height subcriticality measurements by the 
252Cf source driven frequency analysis method were performed for a variety of subcriticality heights. This 
paper describes how all these methods were applied to obtain the critical height of a cylindrical tank of 
plutonium nitrate solution and how the subcritical neutron multiplication factor was obtained. 
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Abstract/Keyterms: The Babcock and Wilcox Company (B&W) operates a nuclear fuel facility in 
Lynchburg, Virginia, processing uranium over the full range of possible enrichments (depleted to 97.65 
wt% 235U). Nuclear fuel is produced for defense programs and for various research and test reactors 
worldwide. The facility has a uranium recovery operation that handles scrap produced at B&W as well as 
scrap from other U.S. Department of Energy sites. B&W also has a down-blending operation that is 
currently completing the down-blending of the fully enriched Project Sapphire Uranium to commercial-
grade fuel (4 wt% 235U). The facility generates approximately two hundred 55-gal drums of radioactive 
waste each month. Just a few years ago the number of waste drums on-site stood at{approximately}5000; 
however, through an aggressive waste reduction program, this number has been reduced 
to{approximately}2000. B&W strives to avoid storing uranium scrap in 55-gal drums; however, there are 
approximately sixty-four 55-gal drums of scrap on-site. Scrap is that material from which the uranium is 
recovered because of financial, contractual, or regulatory considerations; waste is that material destined for 
disposal. Whether waste or scrap, nuclear criticality safety is of paramount concern in the handling, 
processing, and storing of uranium-bearing drums at B&W. Any shipment complies with applicable U.S. 
Nuclear Regulatory Commission and U.S. Department of Transportation regulations. 
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Abstract/Keyterms: The Rover fuel processing facility is located at the Idaho Chemical Processing Plant. 
The rover process used a combination of combustion and chemical extraction processes to recover uranium 
from graphite fuels. When the process was shut down in 1984, the chemical extraction equipment was 
flushed of excess uranium. The dry-side combustion vessels and cells were left in place with minimal 
cleanout. At that time it was estimated that 80 to 160 kg of highly enriched uranium remained in the dry 
cells and equipment, mixed with alumina bed and other materials. The Rover deactivation project was 
initiated to remove the uranium-bearing material (UBM) from the Rover dry cells. This paper describes the 
transport index for Rover 6M drums. 
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Abstract/Keyterms: The changing mission from production to decommissioning that is taking place at 
many U.S. Department of Energy sites is producing an ever-increasing inventory of waste drums. These 
drums typically contain low-level radioactive waste and, in some cases, significant amounts of fissile 
materials. Such drums must be handled with all of the care necessary for radioactive materials and, where 
fissile materials are present, criticality safety controls. As the number of drums increases, the question 
inevitably arises as to where to store them. Old process buildings present one solution to that question. 
These buildings are typically large, designed to handle radioactive and fissile materials, and largely unused 
under the current mission and, as such, would seem ideal candidates for at least short-term storage of waste 
drums. When undergoing such a major change in mission, however, the building’s nuclear safety systems 
need to be reevaluated to ensure that they are appropriate for the new activity. One such system that must 
be evaluated is the building’s criticality accident alarm system (AAS). This system is designed to detect 
criticality accidents and is generally required anywhere that a criticality accident is credible. If drums are 
to be stored in a facility where a CAAS is required (either because of other activities in the building or 
because of the contents of the drums themselves), then those drums must be shown not to prevent the CAAS 
from functioning as designed. 
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Abstract/Keyterms: Experience has shown that both the likelihood and consequences of process criticality 
accidents are much less than for fires in a general sense. When one focuses only on facilities and operations 
that involve significant quantities of fissile material such that there are nonzero criticality likelihoods, 
however, then the observed frequencies and consequences are perhaps too few to enable strong conclusions 
to be drawn. This paper discusses criticality and fire safety and responsibilities of staff. 
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Abstract/Keyterms: Fire protection and nuclear criticality safety (NCS) personnel share similar goals: 
protection of life, environment, and property and minimization of the interruption to business. With the 
same goals it seems appropriate to ask the question, why the discord between the two groups? The 
differences can be described in the approach and methodology to meeting the goals. These differences can 
be resolved with planning, communication, and training. 
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Abstract/Keyterms: In the development of the draft American National Standards Institute/American 
Nuclear Society (ANSI/ANS) Standard 8.23,”Nuclear Criticality Emergency Planning and Response,” the 
writing group found it useful to develop a timeline of the sequence of the major activities. This paper 
describes that timeline. 
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Abstract/Keyterms: A three-dimensional Monte Carlo model has been developed for accurate boiling 
water reactor (BWR) neutron and gamma fluence calculations using continuous-energy MCNP. Unlike 
earlier light water reactor models being run in the fixed-source mode with simplified geometries, this model 
is run in the criticality mode with actual geometry and material composition. The MCNP fast flux shapes 
in the downcomer region are qualified against measurements and are compared with results from two-
dimensional deterministic DORT calculations. 
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Abstract/Keyterms: The use of previously measured mixed-oxide (MOX) fuel systems as benchmarks can 
be valuable tool in computational analysis and quality assurance efforts. The Fissile Materials Disposition 
Program (FMDP) has identified these experiments as potential benchmarks, or standards, for VVER’s 
employing MOX fuel. Standards for the analysis of these benchmark experiments were based on those used 
in the recent compilation International Handbook of Evaluated Criticality Safety Benchmark Experiments 
begun in 1992 by the U.S. Department of Energy. The Los Alamos National Laboratory’s archives were 
explored for log-book records of these experiments without success. These experiments were the first to 
use MOX fuel in light water. Three approach-to-critical experiments were performed using fuel rods at 
various pitches and different plutonium-oxide concentrations. A parallel program verified the prediction of 
critical condition as similar materials and geometries were actually brought to critical. The computational 
analyses presented in this paper support the measurement results and their designation as benchmark-quality 
work. 
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Abstract/Keyterms: As a participant in the VIPEX-pressurized water reactor (PWR) international program 
organized by Belgonucleaire and CEN-SCK (Belgium), Korea Atomic Energy Research Institute had the 
opportunity to verify the neutron and gamma transport code HELIOS against a PWR critical experiment 
loaded with high-plutonium-content mixed-oxide (MOX) fuels. Two mock-ups, ALL-MOX and GD-MOX, 
were investigated at the VENUS critical facility, which consisted of typical 17 X 17 PWR fuel assemblies, 
driver, and water reflector regions. In the ALL-MOX mock-up core, a standard MOX assembly was loaded 
at the center of the core, which was surrounded by four UO2 fuel assemblies. In the GD-MOX mock-up 
core, the central MOX assembly was replaced with a GD-MOX fuel assembly. Therefore, the only 
difference between the ALL-MOX and the GD-MOX mock-up was the existence of 20 UO2 fuel rods 
bearing GD2O3 in the central assembly, which made the critical water level higher. For the simulation of 
a hot-full-power (HFP) moderator condition at room temperature, aluminum microtubes and -rods were 
inserted into MOX and UO2 fuel assemblies, respectively. In each mock-up, the critical water level, 
reactivity effect of water level, axial bucklings, horizontal rodwise fission rate distribution, and detector 
responses were measured. The horizontal rodwise fission rate distribution was inferred from gamma 
scanning data. 
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Abstract/Keyterms: Large-scale mixed-oxide (MOX) use in nuclear power plants is being considered or 
implemented in various countries. Consequently, there is a need to develop or to improve the in-core 
management codes and to benchmark and validate them against experimental data. Based on 25 yr. of 
experience, SCK-CEN and Belgonucleaire execute international programs dedicated to light water reactor 
(LWR) users concerned with plutonium recycle strategies. These programs (VIP, VIPO, VIPEX) have been 
and are executed in the VENUS, a critical facility for benchmark experiments. 
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Abstract/Keyterms: If excess weapons plutonium is to be used as fuel in light water reactors (LWRs), it 
will be necessary to verify that the reactor physics characteristics of such fuel can be predicted reliably. As 
one part of a comprehensive weapons plutonium LWR fuel benchmarking effort, Texas A&M University 
has modeled the criticality experiments of the Saxton Plutonium Program (SPP) using WIMS-D4M (with 
its ENDF/B-V library) and DIF3D. 
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Abstract/Keyterms: An element of benchmark calculations is the assessment of reliability and suitability 
of codes and cross-section libraries. In this paper, we present benchmark calculations of the single-region 
experiments that were part of the ESADA Plutonium Program using MCNP-4A with ENDF/B-VI cross-
section libraries. These critical experiments were performed at the Westinghouse Reactor Evaluation Center 
in 1967 for several mixed-oxide (MOX) and UO2-fueled core configurations. 
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Abstract/Keyterms: Interest in critical experiments with lattices of mixed-oxide (MOX) fuel pins has been 
revived by the possibility that light water reactors will be used for the disposition of weapons-grade 
plutonium. A series of six experiments with MOX lattices, designated PNL-30 through PNL-35, was 
performed at Pacific Northwest Laboratories in 1975 and 1976, and a set of benchmark specifications for 
these experiments subsequently was adopted by the Cross Section Evaluation Working Group (CSEWG). 
Although there appear to be some problems with these experiments, they remain the only CSEWG 
benchmarks for MOX lattices. 



 

C-19898 

19847…..…..…………………..…….……..……ID Number…………………..…..…………….19847 

Author: Kosaka, Shin-Ya / Saji, Etsuro 

Title: Critical Experiment Analyses to Study the Neutron Spectral Mismatch Effect between BWR Fuel 
Assemblies 

Date: 11/20/1997 

Report: TANSAO, 077, 374-375 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Analysis of Lattice Critical Experiments-II 

Abstract/Keyterms: Newly built or planned Japanese boiling water reactors (BWRs) normally adopt a 
multi-enrichment initial core design to simulate an equilibrium reload core with some control cells for the 
purpose of improving fuel cycle cost. In this type of core, there is a large difference in 235U enrichment 
between adjacent fresh fuel assemblies that causes a strong thermal neutron current between assemblies; 
this known as the neutron spectral mismatch effect. Because conventional BWR core simulators that use 
the finite difference method with a 1.5 energy group may have some difficulties with this type of core, 
improved core calculation codes that use the advanced nodal method with a few-energy group have become 
efficient tools for obtaining accurate solutions. 
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Abstract/Keyterms: Benchmarking of the CASMO-4 lattice physics code has typically been broken into 
three parts: (a) comparisons against Monte Carlo assembly and supercell calculations, (b) comparisons 
against critical experiments, and comparisons against measured isotopics. Each part is used to verify a 
different portion of the data library and methodology. This paper presents results from the critical 
experiment portion of the verification process for the CASMO-4 standard library and the new JEF-2.2 
library. 
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Abstract/Keyterms: New experiments have been carried out at critical facility “P “ of the Russian 
Research Center of the Kurchatov Institute to analyze the advanced projects of Russian VVER reactors. 
Critical cores were modeled using Russian Monte Carlo and diffusion codes. 
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Abstract/Keyterms: LEU-COMP-THERM-060; A large complex of neutronics experiments on RBMK 
design validation and improvements was performed at the Russian Research Center of the Kurchatov 
Institute in the RBMK critical facility. A comprehensive certification of the core components may be done 
on the RBMK facility. The facility is equipped with an automatic measuring system to investigate steady-
state and transient neutron fields. The experiments performed in the RBMK facility have high accuracy and 
in many cases are on the benchmarks. 
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Abstract/Keyterms: The MCNP code was used to predict critical reactivities for two classes of natural 
uranium fuel-ZEEP rods and seven element uranium dioxide bundles based on experimental configurations 
in the ZED-2 reactor and a geometrical model of the reactor. 
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Conference Session: Reactor Physics-General 

Abstract/Keyterms: Neutron time-of-flight experiments have long been used to determine resonance 
parameters. Those resonance parameters can then be used in calculations of integral quantities, and those 
calculations in turn used as a criterion for the acceptability of the resonance analysis. Although resonance 
parameter uncertainties were sometimes used to determine the uncertainty on the calculated integral 
quantities, it was rare that covariance information was included; results therefore could not be considered 
reliable. In this work, an effort to correct that deficiency is documented: the R-matrix analysis code 
SAMMY has been modified to include integral quantities of importance, directly within the resonance 
parameter analysis, so as to determine “best fits “ to both differential (microscopic) and integral 
(macroscopic) data simultaneously. This modification was implemented because it is expected to have an 
impact on the intermediate energy range that is important for criticality safety applications. 
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Abstract/Keyterms: The need to study the behavior and the consequences of a criticality accident led the 
Nuclear Protection and Safety Institute in 1974 to design and build an experimental facility called Silene at 
the site of Valduc, France. The reactor is in the form of a small annular vessel in which a fissile solution of 
uranyl nitrate is designed to “diverge “ by withdrawing a control rod. This intense source of neutron and 
gamma radiation soon proved to be an exceptional research tool, whose scope largely exceeded that of 
criticality. The reasons for this success and SILENE’s extended polyvalence result from its main assets, 
which are presented here. 
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Abstract/Keyterms: A collaborative experimental research program has been established between industry 
and university partners to evaluate the subcritical behavior of fresh and spent highly enriched fuel 
assemblies at the University of Missouri Research Reactor (MURR). This proposed program will involve 
a series of subcritical measurements using the Oak Ridge National Laboratory (ORNL) developed 252Cf 
source-driven noise technique. Measurements evaluating the subcritical behavior of simple arrays of fresh 
MURR assemblies will be performed for evaluating the spectral effects of materials typically found in 
shipping casks such as lead, steel, aluminum, and boron. Also, measurements will be performed on spent 
assemblies to characterize physics parameters which may be useful in determining the subcritical behavior 
of fuels for reactivity credit of actinide burnup and fission product poisoning. 
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Abstract/Keyterms: The remains of the nuclear fuel that was severely damaged in the 1986 Chernobyl 
unit 4 accident lie in large masses in the premises under the reactor. The fuel debris exists in the form of 
dusts, chunks, and lavas, and the quantities are substantial--some rooms contain several tons of fuel. Since 
there is a possibility of water entering these rooms, there is an obvious concern over criticality safety. 
Incidents of increased neutron count rates have been noted in the vicinity of nuclear fuel debris. Pacific 
Northwest National Laboratory (PNNL), under a program funded by the US Department of Energy, 
responded to this safety concern by assembling a new monitoring system to characterize the radiation 
environment in the vicinity of major fuel deposits. The new monitoring system will measure the gamma 
and neutron radiation fields in several locations. The measurement data can be tracked over time to 
determine the characteristics of the radiation fields and better understand the nuclear safety conditions in 
the vicinity of the fuel. The monitoring system was designed to provide information that will allow a better 
interpretation of any future events. 



 

C-19907 

19856…..…..…………………..…….……..……ID Number…………………..…..…………….19856 

Author: Damon, D. R. / Morey, D. C. 

Title: Criticality Safety Limits at 5 to 20% Enrichment 

Date: 6/1/1998 

Report: TANSAO, 078, 138-139 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Breaking the 5 wt% Barrier: Nuclear Criticality Safety in the Production of 
Extended-Burnup Fuel 

Abstract/Keyterms:  



 

C-19908 

19857…..…..…………………..…….……..……ID Number…………………..…..…………….19857 

Author: Paulson, Lon E. / Peters, William 

Title: GE Validation to Support Fuel Fabrication up to 10% Enrichment 

Date: 6/1/1998 

Report: TANSAO, 078, 139-140 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Breaking the 5 wt% Barrier: Nuclear Criticality Safety in the Production of 
Extended-Burnup Fuel 

Abstract/Keyterms:  



 

C-19909 

19858…..…..…………………..…….……..……ID Number…………………..…..…………….19858 

Author: Beard, Kevin 

Title: A Heterogeneous Bias for Low- to Intermediate-Enriched 235U Models 

Date: 6/1/1998 

Report: TANSAO, 078, 140-142 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Breaking the 5 wt% Barrier: Nuclear Criticality Safety in the Production of 
Extended-Burnup Fuel 

Abstract/Keyterms:  



 

C-19910 

19859…..…..…………………..…….……..……ID Number…………………..…..…………….19859 

Author: Bolling, Jason E. / D’Aquila, Donna M. / Tayloe, Robert W., Jr. 

Title: Nuclear Criticality Safety Study for Increased Enrichment Limit in 2.5-t (30B) UF6 Cylinders 

Date: 6/1/1998 

Report: TANSAO, 078, 142-143 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Breaking the 5 wt% Barrier: Nuclear Criticality Safety in the Production of 
Extended-Burnup Fuel 

Abstract/Keyterms: The current U235 enrichment limit for 30B 2[1/2]-ton UF6] cylinders is 5.0 percent. 
This feasibility study examined the nuclear criticality safety issues associated with increasing the U235 
enrichment limit in 2[1/2]-ton cylinders to 10.0 percent. Operations affected include cylinder cleaning, 
filling, storage, sampling, and transfer. 
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Abstract/Keyterms: TDKENO is a hybrid stochastic/deterministic code that solves the time-dependent 
neutron transport equation with explicit representation of delayed neutrons. The code employs the improved 
quasi-static (IQS) methodology, which factors the flux into shape and amplitude functions. The space-, 
energy-, and angle-dependent shape is assumed to vary slowly over time while the purely time-dependent 
amplitude usually changes rapidly. TDKENO uses three different time steps in its solution algorithm. The 
first and largest of these is the shape time step. The three-dimensional Monte Carlo code KENO V.a is used 
to solve for the shape at these steps. The reactivity, generation time, and effective delayed neutron fractions 
are computed at a smaller time step by using an interpolated shape. Finally, the amplitude is determined at 
the smallest time step by using quadratically interpolated point kinetics parameters. This work focuses on 
the addition of thermal feedback to the TDKENO code and the calculation of several criticality excursion 
experiments. 
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Abstract/Keyterms: The Molten Salt Reactor Experiment Facility (MSRE) operated from 1965 to 1969. 
The fuel was a molten salt that flowed through the reactor core which consisted of uranium tetrafluoride 
with molten lithium and beryllium salt used as the coolant. In 1968 the fuel was switched from 235U 
to233U. The Molten Salt Reactor Experiment was canceled in 1969 at which time approximately 4800 kg 
of salt was transferred to the fuel drain tanks. There was about 36.3 kg of uranium, 675 grams of plutonium 
and various fission products present in the fuel salt. The salt was allowed to solidify in the fuel drain tanks. 
The salt was heated on a yearly basis to recombine the fluorine gas with the uranium salt mixture. In March 
1994, a gas sample was taken from the off gas system that indicated233U had migrated from the fuel drain 
tank system to the off gas system. It was found that approximately 2.6 kg of uranium had migrated to the 
Auxiliary Charcoal Bed (ACB). The ACB is located in the concrete-lined charcoal bed cell which is below 
ground level located outside the MSRE building. Therefore, there was a concern for the potential of a 
nuclear criticality accident, although water would have to leak into the chamber for a criticality accident to 
occur. Unstable carbon/fluorine compounds were also formed when the fluorine reacted with the charcoal 
in the charcoal bed. The purpose of the proposed measurement system was to perform an accountability 
measurement to determine the fissile mass of 233U in the primary vessel. The contents of the primary 
containment assembly will then be transferred to three smaller containers for long term storage. 
Calculations were performed using MCNP-DSP to determine the configuration of the measurement system. 
The information obtained from the time signatures can then be compared to the measurement data to 
determine the amount of 233U present in the primary containment assembly. 
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Abstract/Keyterms: Sandia National Laboratories has been chosen by the US Department of Energy as 
the primary domestic source for the production of molybdenum-99, utilizing the Annular Core Research 
Reactor. The method to be used to produce 99Mo through the fission of 235U in 93% enriched UO2 is 
based on the process formerly used by Cintichem, Inc. of Tuxedo, New York. The UO2 is electroplated in 
a thin coating to the inside of stainless steel Cintichem targets which will be irradiated in the central region 
of the reactor core. The proposed on-site storage plan for the unirradiated targets is to store them in a dry, 
secure compartment similar to a file cabinet. Each cabinet drawer will be initially filled with targets and 
emptied as targets are removed for irradiation. The main objective of this analysis was to postulate and 
model a set of incredible accident scenarios beyond the proposed storage plan which would possibly induce 
criticality with the targets in the safe, and determine the k-effective and its associated standard deviation 
for these conditions. A parametric analysis was performed using Los Alamos National Laboratory's MCNP 
(Monte Carlo Neutral Particle) code, Version 4A. 
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Abstract/Keyterms: This paper discusses why criticality accident alarm systems (CAASs) were installed 
in certain waste management buildings at the Y-12 Plant, why the plant now wants to remove them, and 
what steps were taken to allow the US Department of Energy (DOE) to authorize the removal of the 
systems. To begin with, the systems in question were installed in the mid- to late-1980s. Some of the 
facilities were new, and there was no operating experience with the processes. A CAAS, although 
expensive, is an absolute necessity where criticality accidents are credible. But, they are a superfluous and 
unnecessary expense in those facilities where it has been determined that a criticality accident is incredible 
(defined as having a probability of<1{times} 10{sup{minus}6}/yr). The PRAs have been performed to 
evaluate six Y-12 Plant waste management facilities, five storage facilities, and a nondestructive analysis 
facility, with an additional study now being performed on the West End Treatment Facility. The results to 
date have shown that the probability of various criticality accident scenarios at these facilities is<1{times} 
10{sup{minus}6}/yr and that the CAASs are not needed in these facilities. 
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Abstract/Keyterms: For laboratory operations, there has been a trend recently toward the control of 
nuclear materials for criticality purposes to track the mass of the radionuclides in approved sites. In the 
past, a blend of geometric, volumetric, and mass controls was used for operations involving moving and 
transferring nuclear materials from site to site. Migration from using a blend of criticality controls to that 
of a system that tracks the mass of the radionuclides at each site has resulted in the need for a logbook 
system. Each site needs a logbook; also, a master logbook is used to track the sum of the nuclear material 
for all the sites. Updating the master logbook in real time was difficult and time consuming. The logistics 
of operating with the hardcopy logbook system consumed major resources. The on-line electronic system 
described in this paper demonstrates how the on-line system can be used to replace the hard-copy logbook 
system. The program records and calculates the amount of material present at 37 individual sites as well as 
the total material present in all (the sum) of the sites (sites are defined as work areas, hoods, instruments, 
safe bottles, rooms, etc.). The program monitors two criticality requirements: (1) The quantity of 235U 
material at an individual site shall not exceed a conservative pre-established maximum. (2) The total 
material or sum of all sites shall not exceed a conservative pre-established maximum. As implemented in 
the program, a warning message is issued if either condition exceeds 90%. Also, the system issues a critical 
warning if the maximum limit is exceeded. Therefore, 235U limits cannot be exceeded. 
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Abstract/Keyterms: Various changes in criticality alarm system (CAS) requirements of American Nuclear 
Society (ANS) standards, US Department of Energy (DOE) orders, US Nuclear Regulatory Commission 
(NRC) regulations and guidance, and Occupational Safety and Health Administration (OSHA) standards 
or regulations were approved or proposed in the last 5 yr. Many changes interpreted or clarified existing 
requirements or accommodated technological or organizational developments. However, some changes 
could substantively affect CAS programs, including several changes originally thought to be editorial. 
These changes are discussed here. 
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Abstract/Keyterms: The US Department of Energy (DOE) Order 420.1 and its predecessor 5480.24 
require that a documented technical basis be established for the placement of criticality accident alarm 
detectors (CAADs) in federal fissile material processing facilities, unless mitigating circumstances, such as 
those that exist at the Pantex Plant in Amarillo, Texas, justify an exclusion. At the Oak Ridge Y-12 Plant, 
a simple approach using synthesis of line-of-sight calculations and comparisons with experimental results 
was used to address CAAD placement issues that were raised during the plant restart activities. Using the 
experimental data from prior field testing of the CAADs, supplemented and extended by one-dimensional 
calculations, the adequacy of a 122-m (400-ft) radius of coverage for photon-sensing CAADs with a 30 
mR/h alarm setpoint was investigated. Two series of experiments were used in the effort, one series at the 
Oak Ridge DOSAR reactor in 1979 and the other series at the Sandia Pulsed Reactor (SPUR III) Facility 
in 1994. Results are discussed in this paper. 
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Abstract/Keyterms: This paper compares the NITAWL and CENTRM resonance processors in the 
SCALE code system. The cases examined consist of the International Organization for Economic 
Development/Nuclear Energy Agency (OECD/NEA) criticality Working Group Benchmark 20 problem. 
These cases represent fuel pellets partially dissolved in a borated solution. The assumptions inherent to the 
Nordheim Integral Treatment, used in NITAWL, are not valid for these problems. CENTRM resolves this 
limitation by explicitly calculating a problem-dependent point flux from point cross sections, which is then 
used to create group cross sections. 
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Abstract/Keyterms: The 252Cf-source-driven noise analysis method has been used to determine the 
subcriticality of various configurations of fissile materials. In the past, the application of this method was 
limited because point-kinetics models had to be used to interpret the data; however, with the development 
of the Monte Carlo code MCNP-DSP, the measurements can be analyzed using the more general Monte 
Carlo models. The results of the Monte carlo calculations will be dependent on the ability to model the 
experiment accurately and on the nuclear data used to perform the calculations. This paper presents a 
comparison of the measured and calculated ratio of spectral densities for a subset of measurements 
performed with a uranyl nitrate solution tank filled to various heights. The results presented are for 
calculations that were performed with both ENDF/B-IV and ENDF/B-V cross-section data sets. 
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Abstract/Keyterms: Verification and validation (V and V) are essential elements of software quality 
assurance (QA) for computer codes that are used for performing scientific calculations. V and V provides 
a means to ensure the reliability and accuracy of such software. As part of the SCALE QA and V and V 
plans, a general V and V package for the SCALE criticality safety codes has been assembled, tested and 
documented. The SCALE criticality safety V and V package is being made available to SCALE users 
through the Radiation Safety Information Computational Center (RSICC) to assist them in performing 
adequate V and V for their SCALE applications. 
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Abstract/Keyterms: Documentation of the work performed by the International Criticality Safety 
Benchmark Evaluation Project (ICSBEP) is in the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments. At the present time, the handbook spans seven volumes: (1) Plutonium Systems; 
(2) Highly Enriched Uranium Systems; (3) Intermediate and Mixed Enrichment Uranium systems; (4) Low 
Enriched Uranium Systems; (5) Uranium-233 Systems; (6) Mixed Plutonium-Uranium Systems; and (7) 
Special Isotope Systems. The handbook was first published in March of 1995. At that time, it contained 46 
evaluations with benchmark specifications for 376 critical or near-critical configurations. In addition, 101 
other experimental configurations were reviewed but were found unacceptable for use as criticality safety 
benchmark experiments. Unacceptable experiments are discussed in the evaluations; however, benchmark 
specifications are not derived for such experiments. Additions and revisions to the handbook were published 
in August of 1996 and September of 1997. The 1995 and 1996 editions of the handbook were published in 
both hard copy and on CD-ROM; however, because of the increasing cost of the hard-copy publication, the 
1997 edition was published only on CD-ROM. 
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Abstract/Keyterms: Over the past two decades, criticality safety analysts have come to rely to a large 
extent on Monte Carlo methods for criticality calculations. Monte Carlo has become popular because of its 
capability to model complex, nonorthogonal configurations or fissile materials, typical of real-world 
problems. In the last few years, however, interest in determinist transport methods has been revived, due to 
shortcomings in the stochastic nature of Monte Carlo approaches for certain types of analyses. Specifically, 
deterministic methods are superior to stochastic methods for calculations requiring accurate neutron density 
distributions or differential fluxes. Although Monte Carlo methods are well suited for eigenvalue 
calculations, they lack the localized detail necessary to assess uncertainties and sensitivities important in 
determining a range of applicability. Monte Carlo methods are also inefficient as a transport solution for 
multiple-pin depletion methods. Discrete ordinates methods have long been recognized as one of the most 
rigorous and accurate approximations used to solve the transport equation. However, until recently, 
geometric constrains in finite differencing schemes have made discrete ordinates methods impractical for 
nonorthogonal configurations such as reactor fuel assemblies. The development of an extended step 
characteristic (ESC) technique removes the grid structure limitation of traditional discrete ordinates 
methods. The NEWT computer code, a discrete ordinates code built on the ESC formalism, is being 
developed as part of the SCALE code system. This paper demonstrates the power, versatility, and 
applicability of NEWT as a state-of-the-art solution for current computational needs. 
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Abstract/Keyterms: This experiment demonstrated how the neutron multiplication of a system increases 
as moderated material is placed between highly enriched uranium foils. In addition, this experiment served 
to demonstrate the hand-stacking technique and approach to criticality be remote operation. This 
experiment was designed by McLaughlin in the mid-seventies as part of the criticality safety course that is 
taught at the Los Alamos Critical Experiments Facility. The H/ 235U ratio for this experiment was 215, 
which is the ratio at which the minimum critical mass for this configuration occurs. 
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Abstract/Keyterms: Radioactive wastes containing fissionable materials must be managed differently than 
wastes that do not contain fissionable materials because fissionable materials have two unique 
characteristics: (a) the potential for nuclear criticality and (b) the potential for use in building of nuclear 
weapons. A study was completed to determine which wastes containing 233U could be treated as typical 
radioactive wastes and which wastes would require special handling because of the fissile content. The 
methodology of the study provides a basis for defining waste thresholds for other wastes containing fissile 
material. 



 

C-19939 

19888…..…..…………………..…….……..……ID Number…………………..…..…………….19888 

Author: Leal, L. C. / Sayer, R. O. / Larson, N. M. / Spencer, R. R. 

Title: R-Matrix Evaluation of 16O Neutron Cross Sections up to 6.3 MeV 

Date: 11/1/1998 

Report: TANSAO, 079, 175-177 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data & Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: The authors describe an evaluation of O16 neutron cross sections in the resolved 
resonance region with the multilevel Reich-Moore R-matrix formalism. Resonance analyses were 
performed with the SAMMY computer code, which utilizes Bayes` method, a generalized least-squares 
technique. Over the years the nuclear community has developed a collection of nuclear data for applications 
in thermal, fast reactor, and fusion systems. However, typical neutron spectra in criticality safety 
applications are different from the spectra relevant to thermal, fast reactor, and fusion systems. In fact, the 
neutron spectra important for these nonreactor systems appear to peak in the epithermal energy range. 
Nuclear data play a major role in the calculation of the criticality safety margins for these systems. A 
thorough examination of how the present collection of nuclear data behaves in criticality safety calculations 
is needed. Many older evaluations will probably need to be revised, and new evaluations will be needed. 
Oxygen is an important element in many criticality safety applications. The existing evaluation is expressed 
in terms of pointwise cross sections derived from the analysis of Hale et al. Unfortunately, such an 
evaluation is not directly useful for resonance analysis of data from samples in which oxygen is combined 
with other elements; for that purpose, Reich-Moore resonance parameters are needed. The authors address 
the task of providing those parameters. 
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Abstract/Keyterms: The authors have begun a program of measuring the degree of subcriticality of highly 
enriched uranium (HEU) systems. They have used the Feynman variance technique and point kinetics to 
extract a value for k(eff). The measurements were done with the Rocky Flats shells. For the bare uranium 
systems, the HEU was driven with an internal source of 252Cf, AmF, and AmBe. The two ({alpha},n) 
sources were chosen so that one (AmF) would be close to the neutron energy spectrum for fission and the 
other would have a much higher average energy. To reach higher multiplications, they reflected the HEU 
with metallic shells. For the reflected systems, the HEU was driven either by an internal (AmF) source or 
an external deuterium-tritium (D-T) neutron generator. 
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Abstract/Keyterms: A series of measurements and improvements to computational techniques was 
described in Ref. 1 that were aimed at better understanding the determination of the reactivity of subcritical 
systems from measurements of the multiplying characteristics of the system. This methodology has been 
applied to a number of the bare highly enriched uranium (HEU) measurements (simulating 0.5- to 21.5-kg 
balls with nesting shells) of Ref. 2, demonstrating that the experimental multiplication results can be 
reproduced computationally with good accuracy. This capability promises to improve special nuclear 
material (SNM) assays of unknown systems such as those encountered in SNM safeguards, arms-control 
verification, imports of foreign-generated SNM, smuggling of SNM, etc. Improved techniques and 
understanding are needed since traditionally measured or calculated multiplications are not always an 
invariant characteristic of a subcritical system, especially if one has an SNM system with no significant 
intrinsic internal neutron source that is illuminated nonuniformly with an external source (i.e., a nonnormal 
mode system). The measurement techniques used in Refs. 1 and 2 to determine multiplication are based on 
the Feynman variance-to-mean method, which has been previously documented in Refs. 3 and 4 and applied 
successfully to normal mode systems such as plutonium and uranium spheres. These techniques have been 
applied to nonnormal mode problems with less success, and both Refs. 1 and 2 as well as the current paper 
are attempts to better understand the subcritical multiplication of such systems. 
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Abstract/Keyterms: Criticality dimensions for highly enriched 235U(93.5) and 239Pu(95.5) systems 
mixed with D2O were studied. The objective of this work is to investigate the minimum critical mass and 
concentration of uranium and plutonium systems in a reflector-moderated arrangement. The present work 
demonstrates the critical instability of these systems that are moderated and reflected by D2O and expands 
in previous unpublished work. These calculations were performed in a spherical geometry with the DANTS 
codes using the Hansen-Roach cross section library. Densities examined ranged from normal to very small, 
and are assumed to be uniform throughout the core. These spherical systems are reflected by 100 cm of 
D2O. 



 

C-19945 

19894…..…..…………………..…….……..……ID Number…………………..…..…………….19894 

Author: Taylor, R. G. / Tollefson, D. A. 

Title: Nuclear Criticality Safety Aspects of Project Olympus 

Date: 11/1/1998 

Report: TANSAO, 079, 185 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data & Analysis for Nuclear Criticality Safety 

Abstract/Keyterms: During April 1998, a project to move{approximately}4.3 kg 235U as fresh nuclear 
reactor fuel and 0.8 kg 235U irradiated nuclear reactor fuel from the Institute of Physics of the Georgian 
Academy of Sciences in Tbilisi, Georgia, to the United Kingdom Atomic Energy Authority’s Dounreay 
facility in Scotland was executed. The project involved coordination among the US Department of State, 
US Department of Defense (DOD), and US Department of Energy (DOE) as well as the governments of 
Georgia and the United Kingdom. The project was known by several names: Project Olympus by Lockheed 
Martin Energy Systems (LMES), Project Partnership by the DOE, and Project Auburn Endeavor by the 
DOD. The fresh fuel was packaged and prepared for shipment by a team of DOE, LMES, and Lockheed 
Martin Energy Research personnel, and the irradiated fuel assemblies were handled by a team of NAC 
International Corporation personnel. Nuclear criticality safety considerations for fresh fuel packaging 
operations conducted by a 12-member team with the skills detailed in Table 1 are described herein. 
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Abstract/Keyterms: HEU-MET-THERM-001, HEU-MET-THERM-008; Fissile material in waste is 
frequently encountered in decontamination and decommissioning activities. Thousands of drums 
containing radioactive waste are stored in storage facilities throughout the US Department of Energy (DOE) 
complex. The amount of fissile material in each drum is generally small because of the criticality safety 
limits that have been calculated using neutron transport computer codes such as MCNP, KENO, or 
ONEDANT. No experimental critical data are available to ensure the correctness of the calculations for 
those systems containing fissile material (235U, 233U, and 239Pu) in contact with matrix material (Al2O3, 
CaO, MgO, and SiO2) in the drums. The purpose of the 235U foil-SiO2-polyethylene experiment is to 
provide experimental data to validate the computer transport codes and the cross-section data. 
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Abstract/Keyterms: The US Department of Energy (DOE) submitted a topical report to the US Nuclear 
Regulatory Commission (NRC) in May 1995 in order to gain approval of a method for criticality analysis 
of transport packages that takes account for the change in actinide isotopes with burnup [pressurized water 
reactors (PWRs) only]. Historically, the NRC has conservatively assumed that the fuel was in its initial 
conditions (without any burnable absorbers). In order to permit credit for the changes in actinide content, 
the NRC has required validation of the depletion and criticality codes for spent nuclear fuel, justification of 
conservative depletion modeling, and finally confirmation measurements before loading. The NRC 
requested additional information on March 22, 1996. The DOE responded by a revision of the topical report 
in May 1997. The NRC again responded with another set of requests of additional information in April 
1998. In that set of questions, the NRC challenged the use of {236U in burnup credit. Uranium-236 is not 
found in any significant amount in any available critical experiments. The authors explore the value of 
{236U to actinide-only burnup credit. 
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Abstract/Keyterms: A series of reactivity worth measurements, involving small samples of 233U metal, 
were performed using the Los Alamos National Laboratory Critical Experiments Facility’s Solution High-
Energy Burst Assembly (SHEBA) research reactor. The first objective of the experiments was to investigate 
the behavior of 233U in the intermediate neutron energy spectrum. The second objective was to demonstrate 
that SHEBA could be used to perform worth experiments in support of the spent nuclear fuel (SNF) burnup 
credit effort. The burnup credit effort, which is pursuing the approval to transport commercial SNF in 
significantly higher capacity casks, has expressed interest in using SHEBA to perform worth experiments. 
The proposed worth experiments would be used to validate data on the behavior of fission products 
commonly found in SNF, such as{sup 149}Sm,{sup 153}Eu, and{sup 143}Nd. Samples of these materials 
and other fission products would be placed in SHEBA, and their reactivity worths would be measured. 
These experiments must be able to cover the range of neutron energy spectra expected in SNF casks. 
SHEBA, which has an energy spectrum similar to a pressurized water reactor, can be modified to alter the 
local energy spectrum around a sample. The SHEBA/233U experiments were also performed to 
demonstrate this capability. 



 

C-19960 

19909…..…..…………………..…….……..……ID Number…………………..…..…………….19909 

Author: Anderson, Michael J. / Henderson, David P. 

Title: BWR Benchmarking for Yucca Mountain Disposal Methodology 

Date: 11/1/1998 

Report: TANSAO, 079, 281-282 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: The Reactor Physics of Burnup Credit 

Abstract/Keyterms:  



 

C-19961 

19910…..…..…………………..…….……..……ID Number…………………..…..…………….19910 

Author: Olson, Christopher E. / Bronowski, D. R. / McMurtry, Wayne / Ewing, Ronald / Jordan, Robert / 
Rivard, David 

Title: The Fork+ Burnup Measurement System: Design and First Measurement Campaign 

Date: 11/1/1998 

Report: TANSAO, 079, 282-283 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: The Reactor Physics of Burnup Credit 

Abstract/Keyterms:  



 

C-19962 

19911…..…..…………………..…….……..……ID Number…………………..…..…………….19911 

Author: Akkurt, Hatice / Abdurrahman, Naeem M. 

Title: Criticality Benchmark Calculations for Multiregion (MOX and UO2) Slab Core Configurations 

Date: 11/1/1998 

Report: TANSAO, 079, 284-285 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Weapons-Usable Plutonium Disposition—I 

Abstract/Keyterms:  



 

C-19963 

19912…..…..…………………..…….……..……ID Number…………………..…..…………….19912 

Author: Cuevas Vivas, Gabriel F. / Parish, Theodore A. 

Title: Criticality Analysis of Some of the Saxton Experiments Using WIMS7A 

Date: 11/1/1998 

Report: TANSAO, 079, 285-287 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Weapons-Usable Plutonium Disposition—I 

Abstract/Keyterms:  



 

C-19964 

19913…..…..…………………..…….……..……ID Number…………………..…..…………….19913 

Author: Yudkevich, M. S. / Manturov, G. N. / Primm, R. T., III 

Title: Validation of MCU and KENO V Monte Carlo Codes for Application to VVER/PWR Reactors with 
MOX Fuel Loading 

Date: 11/1/1998 

Report: TANSAO, 079, 287-289 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Physics of Weapons-Usable Plutonium Disposition—I 

Abstract/Keyterms: This work was performed in the frame of a joint US/Russian project to update, verify, 
and validate reactor design/safety computer codes associated with mixed-oxide (MOX) fuel usage in 
VVERs and pressurized water reactors. Validation is a process of demonstrating that the as-built software 
meets the requirements of the licensing authorities. For this purpose the US and Russian specialists agreed 
upon a set of benchmark experiments with plutonium and MOX fuel that were to be the basis for the initial 
validation of neutronics codes used for in-core and out-of-core calculations. The chosen experimental 
benchmarks are applicable for the verification and validation of the computer codes and nuclear data for 
application to criticality safety for plutonium processing and fuel fabrication operations, etc. 
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Abstract/Keyterms: Many sources have been used to obtain233U benchmark descriptions. Unfortunately, 
some of these are not reliable since a thorough and complete benchmark evaluation often has not been done. 
For 24 yr. a principal source for233U benchmarks has been the Cross Section Evaluation Working Group 
(CSEWG) Benchmark Specifications. The CSEWG specifications included only two fast benchmarks and 
three thermal benchmarks. The thermal benchmarks were H2O-moderated thorium-oxide exponential 
lattices. Since the thorium-oxide lattices were exponential experiments, they have not been widely used. 
CSEWG has also used the233U Oak Ridge National Laboratory (ORNL) spheres for many years. One 
advantage of the CSEWG fast benchmarks, Jezebel-23 and Flattop-23, is that experiments were done for 
central-reaction-rate ratios. These reaction-rate ratios provide very valuable information to data testers and 
evaluators that would not otherwise be available. In recent years the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments has, in general, been a very useful and reliable source. The 
Handbook does not include central-reaction-rate ratio experiments, however. A new set of 233U benchmark 
experiments has been added to the most recent release of the Handbook, U233-SOL-THERM-004. These 
are paraffin-reflected cylinders of 233U uranyl-nitrate solutions. Unfortunately, the estimated benchmark 
uncertainties are on the order of 0.9 to 1.0% in k(eff). Benchmark testing has been done for some of these 
U233-SOL-THERM-004 experiments. The authors have also discovered that the benchmark specifications 
for the Thomas uranyl-nitrate experiments given in Ref. 5 are incorrect. One problem with the Ref. 5 
specifications is that the excess acid was not included. As part of this work, the authors developed revised 
specifications that include an excess acid correlation based on information from the experimental logbook. 
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Abstract/Keyterms: The accurate prediction of k(eff) for nuclear criticality safety purposes using 
calculational methods requires the following aspects: (1) detailed representation of neutron cross-section 
data; (2) knowledge of the applicable neutron physics; (3) realistic geometric and material representation 
of a physical model; and (4) representative experiments to benchmark and validate the results against any 
bias. The authors address these points with respect to the determination of criticality of uranium-aluminum 
metal mixtures (U/Al) at the Oak Ridge Y-12 plant (Y-12). There is interest in systems with significant 
amounts of fissile material mixed with aluminum, as the accuracy of aluminum cross sections casts doubt 
on the applicability of code and cross-section usage and validations where k(eff) may be driven by uranium 
and aluminum. The accuracy of large cross-section sets in some uranium-metal mixtures has been a source 
of ongoing investigation for the past 6 yr. The initial interest to anomalous calculations caused by uranium-
metal mixture cross-section inaccuracies can be traced to Ref. 1. Oak Ridge National Laboratory has 
performed studies of the cross sections and identified deficiencies in methods used for resonance processing 
in SCALE, with may affect criticality of intermediate spectrum systems. These deficiencies in the 
aluminum resonance structure (10< eV< 500 keV), and in the capture cross section caused an 
underprediction in the Palmer k(inf) by 14%. Thus, there is concern that the inadequate ENDF capture 
representation in this energy range could translate to inaccuracies in calculating k(eff) for practical 
configurations. 
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Abstract/Keyterms: Solutions of fissile materials are presently encountered in material processing streams 
and as waste materials generated from reprocessing of reactor fuel. For the most part, these solutions are 
being stored in tanks, for example, tank farms and underground tanks such as the ones located on the 
Hanford Site. Critical experiments have been performed on plutonium solutions at the Hanford Site and in 
France. These experiments explore the criticality characteristics of plutonium solutions, such as the effect 
of various reflectors around solutions of plutonium. Recently, several papers have been published on the 
long-term disposition of weapons-grade plutonium. Some of the configuration analyzed in the referenced 
papers are highly diluted plutonium systems, which exhibit positive temperature coefficients. Stratton and 
Kornerich performed similar calculations in the early 1980s and early 1990s and found that plutonium 
solutions having high H/Pu ratios indeed exhibit positive temperature coefficients. The purpose is to 
investigate if subcritical diluted plutonium systems continue to exhibit positive reactivity temperature 
coefficients. 
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Abstract/Keyterms: Modern techniques for the establishment of criticality safety for fissile systems 
invariably require the use of neutronic transport codes with applicable cross-section data. Accurate cross-
section data are essential for solving the Boltzmann Transport Equation for fissile systems. In the absence 
of applicable critical experimental data, the use of independent calculational methods is crucial for the 
establishment of subcritical limits. Moreover, there are various independent modern transport codes 
available to the criticality safety analyst (e.g., KENO V.a., MCNP, and MONK). In contrast, there is 
currently only one complete software package that processes data from the Version 6 format of the 
Evaluated Nuclear Data File (ENDF) to a format useable by criticality safety codes. To facilitate 
independent cross-section processing, Oak Ridge National Laboratory (ORNL) is upgrading the AMPX 
code system to enable independent processing of Version 6 formats using state-of-the-art procedures. The 
AMPX code system has been in continuous use at ORNL since the early 1970s and is the premier processor 
for providing multigroup cross sections for criticality safety analysis codes. Within the AMPX system, the 
module POLIDENT is used to access the resonance parameters in File 2 of an ENDF/B library, generate 
point cross-section data, and combine the cross sections with File 3 point data. At the heart of any point 
cross-section processing code is the generation of a suitable energy mesh for representing the data. The 
purpose of this work is to facilitate the AMPX upgrade through the development of a new and innovative 
energy meshing technique for processing point cross-section data. 
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Abstract/Keyterms: Accidental exposure of fuel to water is often an important concern in criticality safety. 
This the result of the effectiveness of water as a reflecting material and especially as a neutron moderating 
material. Even a low effective water density, such as that produced by fire protection sprinklers, is 
sometimes sufficient to produce a large reactivity increase relative to dry fuel. Also, the peak reactivity can 
occur when the water exposure is far below the maximum possible. For these reasons, it is necessary to 
consider all plausible water exposure possibilities when assessing the criticality safety of fuel. This paper 
explores approaches for modeling the partial flooding of stored fuel. 
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Abstract/Keyterms: Monte Carlo methods are extremely powerful and heavily utilized for many 
applications in nuclear criticality safety. Accurate criticality calculations are possible because of the global 
nature of neutron multiplication. The stochastic approach has limitations, however, and is not appropriate 
for specialized applications that require differential fluxes or accurate neutron density distributions. The 
NEW Transport Algorithm (NEWT) computer code, developed at Oak Ridge National Laboratory (ORNL), 
has the ability to closely model nonorthogonal two-dimensional geometries that are traditionally left to 
Monte Carlo analyses. Because it is based on the discrete ordinates formalism, it can provide an accurate 
prediction of neutron distributions in space and energy. However, unlike most discrete ordinates methods, 
NEWT solves fluxes on a grid of arbitrary polygons, which can be used to closely approximate complex 
configurations. Results of multidimensional depletion and sensitivity/uncertainty analyses will be reported 
in the future after significant testing has been completed. Herein the authors focus on a recent study 
performed at ORNL to understand discrepancies noted for the Wigner-Seitz cell approximation often 
applied in lattice calculations. 
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Abstract/Keyterms: Critical masses of bare homogeneous spherical UO2-water mixtures at various 
intermediate fissile enrichments determined by multigroup, transport theory is presented. This work was 
performed to provide support for particular issues encountered by the nuclear industry when operating in 
the intermediate enrichment regime, namely, the validation of codes used to set criticality safety limits. 
Validation is normally performed with a comparison of computational results and applicable experiments. 
However, this may be difficult in some cases because of the lack of sufficient applicable experiments in the 
intermediate enrichment range. If a large extension of the area of applicability from an experiment to the 
desired application exists, then an alternative means for validation must be employed. Ideal interpretations 
of standard ANSI/ANS 8.1 Section 4.3 (1983) implies that perhaps an independent code and data system 
may be employed for validation purposes. 
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Abstract/Keyterms: The Irradiated Fuel Storage Facility (IFSF) is a government-owned, contractor-
operated facility located at the Idaho National Engineering and Environmental Laboratory within the Idaho 
Nuclear Technology and Engineering Center. The mission of the facility is to provide safe dry storage for 
various types of irradiated fuels. Included are fuel elements such as irradiated ATR, EBR, MTR, Fort St. 
Vrain, TRIGA, and ROVER Parka fuels. Fuels requiring dry storage are received at the IFSF in fuel-
shipping casks. At the facility receiving dock, the casks are removed from the transport vehicle, positioned 
in a cask transport car, and moved into the fuel-handling cave. Several functions are performed in the fuel-
handling cave, including transferring fuel from shipping casks to storage canisters, preparing fuel elements 
for storage and processing. The minimum postulated criticality dose calculations were performed for the 
cask-receiving and fuel-handling areas to place criticality alarm system (CAS) detectors. The number of 
fissions for the minimum accident of concern is based on a dose of 20-rad air at 2 m in 1 min. The eigenvalue 
calculations were first performed to determine the size of the critical source. Then, two sets of fixed-source 
calculations were followed to calculate contributions from neutron and capture gamma rays and from 
prompt gamma rays. Two sets of MCNP calculations involved point and spherical critical sources. Validity 
of the Monte Carlo results was tested against ANISN deterministic calculations. The flux-to-dose 
conversion factors are based on ANSI/ANS-6.1.1-1977. All of the MCNP runs used continuous-energy 
ENDF/B-V cross sections. The BUGLE-80 cross-section library was used for the ANISN calculations. 
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Abstract/Keyterms: The standardized computer analyses for licensing evaluations (SCALE) computer 
software system developed at Oak Ridge National Laboratory (ORNL) is widely used and accepted around 
the world for criticality safety analyses. SCALE includes the well-known KENO V.a three-dimensional 
Monte Carlo criticality computer code. Criticality safety analysis often require detailed modeling of 
complex geometries. Checking the accuracy of these models can be enhanced by effective visualization 
tools. To address this need, ORNL has recently developed a powerful state-of-the-art visualization tool 
called KENO3D that enables KENO V.a users to interactively display their three-dimensional geometry 
models. The interactive options include the following: (1) having shaded or wireframe images; (2) showing 
standard views, such as top view, side view, front view, and isometric three-dimensional view; (3) rotating 
the model; (4) zooming in on selected locations; (5) selecting parts of the model to display; (6) editing 
colors and displaying legends; (7) displaying properties of any unit in the model; (8) creating cutaway 
views; (9) removing units from the model; and (10) printing image or saving image to common graphics 
formats. 
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Abstract/Keyterms: A visual editor has been created to help generate complex Monte Carlo N-Particle 
(MCNP) geometries. The visual editor has two primary functions: first, to provide a graphical interface for 
viewing MCNP geometries. Geometry-viewing features include keeping track of multiple plots, keeping 
track of previous plots, and having the capability to zoom in or change the origin using the mouse. The 
editor also allows the user to determine surface and cell definitions directly from the plot window by using 
the mouse to select the desired surface or cell. The second primary function of the visual editor is to aid in 
the creation of MCNP geometries. All the MCNP geometry capability is available including lattices, 
universes, fills, transformations, and not cards. The visual editor currently supports the dynamic creation 
of importances, materials, and transformations. The visual editor includes powerful tools that can aid in the 
display and creation of lattices for criticality problems. Aids are provided to help view lattices by limiting 
the amount of detail displayed in a lattice geometry. Special labels are available to help display the 
characteristics of the universes filling the lattice, and a lattice generation tool aids in the creation of a lattice 
and setting of the fill matrix. The source code and executable are currently available at the Radiation Safety 
Information Computational Center. The program has been successfully compiled under the UNIX operating 
system on the HP, SG1, SUHN, and IBM and under the LINUX operating system on Pentium platforms. 
The code package is PSR-358. A Windows version of the visual editor that includes only the viewing 
capabilities and printing is also available. 
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Abstract/Keyterms: The Monte Carlo N-Particle (MCNP) transport code is a general-purpose code that 
can be used for neutron, photon, electron, or coupled neutron/photon/electron transport, including the 
capability to calculate eigenvalues for neutron-multiplying systems. The code treats an arbitrary three-
dimensional configuration of materials in geometric cells bounded by first- and second-degree surfaces and 
fourth-degree elliptical tori. Justine is the graphical user interface and problem setup tool for the Los 
Alamos Radiation Modeling Interactive Environment (LARAMIE). Its purpose is to serve as a convenient 
and very general interface for setting up physics calculations and linking together the disparate radiation 
transport codes under a single front-end. Currently, the LARAMIE system includes MCNP and the 
deterministic transport code suit DANTSYS (ONEDANT, TWODANT, and THREEDANT, for one-, two-
, and three-dimensional geometries, respectively). Justine is currently available through the Radiation 
Safety Information Computational Center to members of the criticality safety community for evaluation 
and use. The authors will demonstrate the capabilities of both codes for visualization of geometries and 
results from a variety of criticality problems. 
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Abstract/Keyterms: The use of depleted uranium dioxide (DUO2) particles has been investigated as fill 
material inside repository waste packages containing light water reactor (LWR) spent nuclear fuel (SNF). 
The use of DUO2 fill may eliminate repository criticality concerns, reduce radionuclide release rates from 
the repository, and dispose of excess depleted uranium. 
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Abstract/Keyterms: The AMPX code system has been limited to processing Version 5 formats of the 
Evaluated Nuclear Data File (ENDF). Work is in progress to upgrade the AMPX code system to process 
ENDF/B-VI data. A substantial amount of code development is complete, and the latest version of AMPX 
has the capability to (a) process cross sections in the resolved resonance region (RRR) using the multipole 
formalism and (b) produce continuous-energy cross sections from ENDF/B-VI data. Comprehensive testing 
of the new modules is underway, and the purpose of this work is to establish the capabilities of the new 
AMPX code system for criticality safety applications. 
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Abstract/Keyterms: Using computer codes to perform criticality safety calculations has become common 
practice in the industry. The vast majority of these codes use simple text-based input decks to represent the 
geometry, materials, and other parameters that describe the problem. However, the data specified in input 
files are usually processed results themselves. For example, input decks tend to require the geometry 
specification in linear dimensions and materials in atom or weight fractions, while the parameter of interest 
might be mass or concentration. The calculations needed to convert from the item of interest to the required 
parameter in the input deck are usually performed separately and then incorporated into the input deck. This 
process of calculating, editing, and renaming files to perform a simple parameter study is tedious at best. 
In addition, most computer codes require dimensions to be specified in centimeters, while drawings or other 
materials used to create the input decks might be in other units. This also requires additional calculation or 
conversion prior to composition of the input deck. These additional calculations, while extremely simple, 
introduce a source for error in both the calculations and transcriptions. To overcome these difficulties, 
WORM (Write One, Run Many) was created. It is an easy-to-use programming language to describe input 
decks and can be used with any computer code that uses standard text files for input. WORM is available, 
via the Internet, at worm.lanl.gov. A user's guide, tutorials, example models, and other WORM-related 
materials are also available at this Web site. Questions regarding WORM should be directed to 
worm{at}lanl.gov. 
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Abstract/Keyterms: Personal radiation detection instruments (PRDIs) are often used to augment the 
protection provided by the installed criticality accident alarm system (CAAS). ANSI/ANS-8.3-1997 
provides examples of situations when PRDIs could be used, including{hor{underscore}ellipsis}alarm 
system maintenance or testing, evacuation drills, activities in areas not normally occupied by personnel, or 
other special operations. These instruments were designed for use in radiological control applications. 
Consequently, documented performance capabilities under conditions typical of the initial pulse from a 
criticality accident are not readily available. This paper describes testing performed to demonstrate the 
capability of the PRDIs to respond to radiation pulses similar to that which would be expected to occur in 
the event of a criticality accident. Detector responses for low-power, oscillating, or slow excursions were 
either available from manufacturing data or bounded by the initial pulse. 
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Abstract/Keyterms: Control and disposition of excess weapons plutonium is a growing issue as both the 
US and Russia retire a large number of nuclear weapons> A variety of options are under consideration to 
ultimately dispose of this material. Permanent disposition includes tow broad categories: direct Pu disposal 
where the material is considered waste and disposed of, and Pu utilization, where the potential energy 
content of the material is exploited via fissioning. The primary alternative to a high-level radioactive waste 
repository for the ultimate disposal of plutonium is development of a custom geologic facility. A variety of 
geologic facility types have been considered, but the concept currently being assessed is the deep borehole. 
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Abstract/Keyterms: HEU-MET-FAST-073, HEU-MET-INTER-006; The ZEUS experiment is intended 
to provide nuclear criticality benchmark data for a wide variety of fissile and nonfissile materials in both 
fast and intermediate neutron energy spectra systems. The authors present a brief description of the ZEUS 
assembly. They then present experimental results, from three configurations, produced during the initial 
core loading and approach to critical. 
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Abstract/Keyterms: The ZEUS experiment was designed to test the adequacy of 235U cross sections in 
the intermediate-energy range. For its initial configuration, the core contains thin, circular platters of highly 
enriched uranium (HEU) separated by similar platters of graphite. The cylindrical core is reflected by 
copper pieces shaped to produce a parallelepiped. ZEUS achieved initial criticality on April 26, with ten 
HEU platters and an axial loading that is almost symmetrical. The critical configuration had 4 cm of graphite 
above the top HEU platter, 4 cm of graphite below the bottom HEU platter, and 8 cm of graphite between 
all but two adjacent HEU platters. The fourth and fifth platters, counting from the bottom, were separated 
by 6.5 cm of graphite and 60 mils (0.1524 cm) of aluminum. The aluminum shim was required because 
ZEUS currently has an operating limit of 10{cents} of excess reactivity. A schematic of this configuration 
is shown. This configuration actually was very slightly supercritical, changes correspond quite well with 
the estimated subcritical margins. However, there is a bias of{approximately}0.01{Delta}k in the 
calculated values for k(eff). 
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Abstract/Keyterms: The SWAN optimization code was recently developed to identify the maximum value 
of k(eff) for a given mass of fissile material when in combination with other specified materials. The 
optimization process is iterative; in each iteration SWAN varies the zone-dependent concentration of the 
system constituents. This change is guided by the equal volume replacement effectiveness functions 
(EVREF) that SWAN generates using first-order perturbation theory. Previously, SWAN did not have 
provisions to account for the effect of the composition changes on neutron cross-section resonance self-
shielding; it used the cross sections corresponding to the initial system composition. In support of the US 
Department of Energy Nuclear Criticality Safety Program, the authors recently removed the limitation on 
resonance self-shielding by coupling SWAN with the SCALE code package. The purpose of this paper is 
to briefly describe the resulting SWAN-SCALE code and to illustrate the effect that neutron cross-section 
self-shielding could have on the maximum k(eff) and on the corresponding system composition. 
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Abstract/Keyterms: The authors present a method for examining congruence between the processes that 
make up an AVLIS enrichment plant and the benchmark critical experiments that are used to establish the 
bias and validate the codes used for nuclear criticality safety (NCS) calculations of those processes. A 
measure of the validity of the process of selecting critical experiments that are similar in nature to processes 
found in the plant is presented. The probability of fission depends primarily on neutron energy and the 
interaction cross sections of the materials in the process. The physics of fission has led one to consider the 
energy of neutrons causing fission to be the fundamental parameter for examining the area of applicability. 
Benchmark experiments are chosen to cover the material compositions, geometric arrangements, neutron 
energy spectra, and other parameters such as material heterogeneity, neutron leakage or reflection, 
interaction, and absorption in special materials. These parameters influence the process by affecting the 
number of neutrons available to cause fission at any given energy. The neutron energy distribution is 
established primarily as a result of the energy-dependent cross sections for the materials that are present. 
Thus, the energy of neutrons causing fission is the fundamental parameter needed for examining the effects 
of other parameters within the area of applicability. 
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Abstract/Keyterms: Sensitivity and uncertainty (S/U) analysis and the subsequent application of 
generalized-linear-least-squares methods (GLLSMs) were developed in the 1970s for application to 
primarily fast reactor studies. Recently, interest in the United States has increased in the use of the S/U and 
GLLSM techniques to validate data used in a criticality safety analysis. As a result, both the US Nuclear 
Regulatory Commission (NRC) and the US Department of Energy (DOE) have initiated programs to apply 
these techniques to their respective criticality safety application areas. This paper reviews the current status 
of this work. 
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Abstract/Keyterms: A recent transportation criticality assessment involved the shipping of unirradiated, 
low-enriched-uranium (LEU) metal, where the metal is in the form of cylinders of various diameters and 
lengths. The criticality assessment was performed for the safety analysis report for packaging for steel-
banded wooden shipping containers. The hypothetical accident conditions (HAC) analysis ignored the 
shipping containers, so after applying HAC the uranium cylinders could be in any arrangement with water 
between them. The results discussed here are for uranium cylinders that are 15.24 cm in radius and 12.7 cm 
high, where the uranium is enriched to 1.25 wt% {sup 235}235U. The HAC parameters involved to 
determine the maximum k for a fixed mass of LEU cylinders in water include the radial pitch of the 
hexagonal lattice, the axial pitch of the lattice, and the water density. There are additional iterations to 
determine the optimum arrangement of lattice elements. 
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Abstract/Keyterms: When evaluating systems in criticality safety, it is important to approximate the 
answer before any analysis performed. There is currently interest in establishing the minimum critical 
parameters for fissile actinides. The purpose is to describe the OB-1 method for estimating the minimum 
critical mass for thermal systems based on one-group calculations and 235U spheres fully reflected by 
water. The observation is made that for water-moderated, well-thermalized systems, the transport and 
leakage from the system are dominated by water. Under these conditions two fissile mixtures will have 
nearly the same critical volume provided the infinite media multiplication factor (k(inf)) for the two systems 
is the same. This observation allows for very simple estimates of critical concentration and mass as a 
function of the hydrogen-to-fissile (H/X) moderation ratio by comparison to the known 235U system. 
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Abstract/Keyterms: Nuclear Facilities Safety Board (DNFSB) Recommendation 97-2 was that the US 
Department of Energy (DOE){hor{underscore}ellipsis} Develop and institute 
a{hor{underscore}ellipsis}course in criticality and criticality safety{hor{underscore}ellipsis} to serve as 
the foundation for a program of formal qualification of criticality engineers. In response, a draft DOE 
standard establishing requirements for a formal qualification program for nuclear criticality safety (NCS) 
engineers has been prepared and is currently in review. The Oak Ridge Y-12 plant implemented a formal 
training and qualification program for NCS engineers in 1995. The program complies with existing DOE 
requirements. The program was developed using a performance-based systematic approach to training and 
is accomplished through structured mentoring where experienced personnel interact with candidates 
through various learning exercises. Self-study, exercises, and work under instruction are all utilized. The 
candidate’s inception. The most recent update was in progress when the draft DOE standard was issued for 
review, and it was decided to incorporate elements from the draft into the program where practical. The 
most recent update was in progress when the draft DOE standard was issued for review, and it was decided 
to incorporate elements from the draft into the program where practical. The impact of the draft on the 
existing program is detailed in the following sections. 
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Abstract/Keyterms: The objectives of this work were to evaluate the consequences of a postulated 
accident to on-site security personnel stationed near the facility during operations of the Godiva IV critical 
assembly and to identify controls needed to protest these personnel in case of an extreme criticality 
excursion equivalent to a design-basis accident (DBA). Godiva IV, one of several critical assemblies 
operated by Los Alamos National Laboratory (LANL), is located within the Kiva III facility at the Technical 
Area 18 (TA-18) complex. The TA-18 area is located in a canyon surrounded by complex terrain features 
such as a steep adjacent hillside and tall stands of fir trees. This analysis was motivated by the need to 
evaluate the air concentrations and radiological exposure consequences to on-site personnel (guards) 
located within 40 to 100 m of the facility. Godiva IV is a highly enriched 235U metal-fuel, fast-burst 
assembly. The DBA was defined to be a$1.40 critical pulse, which leads to an approximate burst yield of 
1.3 x 10{sup 18} fissions (or{approximately}41.6 MJ). The DBA is postulated to lead to partial melt of the 
reactor assembly ({approximately}10% of the fuel), with subsequent release of fission products to the 
environment. The authors present the methodology and results of the source-term calculations, building 
ventilation rates, air concentrations, and consequence calculations that were performed using a 
multidisciplinary approach with several phenomenology models. Identification of controls needed to 
mitigate the consequences to near-field receptors is discussed. 
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Abstract/Keyterms: The main purpose of a criticality alarm system (CAS) is to protect personnel by 
detecting a criticality event (neutron radiation) and actuating an alarm system to initiate emergency 
response. Inadvertent criticality alarms from noncritical events, such as spurious voltage spikes or intense 
gamma radiation fields, can produce work cessation and time-consuming and costly event assessments and 
may result in harm to personnel during an evacuation. It therefore becomes a major concern to ensure that 
inadvertent or false criticality alarms do not occur or at least are minimized. Minimization of inadvertent 
criticality alarms due to intense gamma radiation emitted from spent-nuclear-fuel (SNF) elements as 
opposed to neutron radiation from an actual criticality event is the primary focus of this calculational and 
experimental study. 
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Abstract/Keyterms: The accelerator-driven transmutation of waste (ATW) system has been proposed for 
transmuting the long-lived radioactive nuclei of high-level waste to stable or short-lived species. In recent 
ATW design concepts, lead-bismuth eutectic (LBE), consisting of 44.5% lead and 55.5% bismuth by 
weight, is used as the spallation target, system coolant, and reflector. Because of the excellent neutron 
reflection properties of LBE, the subcriticality level of ATW is quite sensitive to the cross sections of lead 
and bismuth. The purpose of this paper is to investigate the effects of these cross sections on subcriticality 
and other core characteristics of ATW and to compare the results obtained using cross sections in different 
evaluated nuclear data files. 
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Abstract/Keyterms: Measurements using 252Cf as a timed source of neutrons and gammas have in recent 
years undergone significant maturation. These methods use 252Cf as an observable source of spontaneous 
fission neutrons and gammas in conjunction with one or more neutron-sensitive and/or gamma-sensitive 
detectors to measure the time distribution of correlated detector counts following (a) an observed 252Cf-
fission event and/or (b) a counting event in another detector. Detection of 252Cf spontaneous fission is 
frequently achieved via use of a small ionization chamber in which the 252Cf is contained; in this case, the 
timing of source emission events is random. However, one application subsequently described uses a 
neutron-absorbent shutter to modulate 252Cf emissions to produce a neutron source with deterministic 
timing. Other applications, frequently termed noise-analysis measurements, transform the time distributions 
to the frequency domain. Collectively, these correlation methods use 252Cf to excite the fissile ray of 
detectors and analyzed using standard time-correlation and/or frequency-analysis techniques. In recent 
years, numerous advances have been made in the application of these methods to in situ or field 
measurements directed at characterizing various configurations of fissile material in operational facilities. 
Applications include reactor physics measurements, nuclear criticality safety, nondestructive analysis and 
nonintrusive monitoring of enrichment (or de-enrichment) processes, and inventory tracking for nuclear 
materials control and accountability. 
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Abstract/Keyterms: The Nuclear Criticality Safety Group (ESH-6) at Los Alamos National Laboratory 
(LANL) is in the process of collecting and archiving historical and technical information related to nuclear 
criticality safety from LANL and other facilities. In an ongoing effort, this information is being made 
available via the Criticality Safety Information Resource Center (CSIRC) web site, which is hosted and 
maintained by ESH-6 staff. Recently, the CSIRC Web site was recreated as a Web portal that provides the 
criticality safety community with much more than just archived data. 
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Abstract/Keyterms: The Write One, Run Many (WORM) site (worm.csirc.net) is the on-line home of the 
WORM language and is hosted by the Criticality Safety Information Resource Center (CSIRC) 
(www.csirc.net). The purpose of this web site is to create an on-line community for WORM users to gather, 
share, and archive WORM-related information. WORM is an embedded, functional, programming 
language designed to facilitate the creation of input decks for computer codes that take standard ASCII text 
files as input. A functional programming language is one that emphasizes the evaluation of expressions, 
rather than execution of commands. The simplest and perhaps most common example of a functional 
language is a spreadsheet such as Microsoft Excel. The spreadsheet user specifies expressions to be 
evaluated, while the spreadsheet itself determines the commands to execute, as well as the order of 
execution/evaluation. WORM functions in a similar fashion and, as a result, is very simple to use and easy 
to learn. WORM improves the efficiency of today's criticality safety analyst by allowing: (1) input decks 
for parameter studies to be created quickly and easily; (2) calculations and variables to be embedded into 
any input deck, thus allowing for meaningful parameter specifications; (3) problems to be specified using 
any combination of units; and (4) complex mathematically defined models to be created. WORM is 
completely written in Perl. Running on all variants of UNIX, Windows, MS-DOS, MacOS, and many other 
operating systems, Perl is one of the most portable programming languages available. As such, WORM 
works on practically any computer platform. 



 

C-20039 

19988…..…..…………………..…….……..……ID Number…………………..…..…………….19988 

Author: Briggs, J. Blair / Brennan, Shannon A. / Scott, Lori 

Title: The International Criticality Safety Benchmark Evaluation Project 

Date: 6/1/2000 

Report: TANSAO, 082, 154-155 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: The Tangled World Wide Web of Criticality Safety-Poster 

Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was 
initiated in October 1992 by the US Department of Energy's (DOE's) defense programs and is documented 
in the Transactions of numerous American Nuclear Society and International Criticality Safety 
Conferences. The work of the ICSBEP is documented as an Organization for Economic Cooperation and 
Development (OECD) handbook, International Handbook of Evaluated Criticality Safety Benchmark 
Experiments. The ICSBEP Internet site was established in 1996 and its address is 
http://icsbep.inel.gov/icsbep. A copy of the ICSBEP home page is shown in Fig. 1. The ICSBEP Internet 
site contains the five primary links. Internal sublinks to other relevant sites are also provided within the 
ICSBEP Internet site. A brief description of each of the five primary ICSBEP Internet site links is given. 
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Abstract/Keyterms: The Standardized Computer Analyses for Licensing Evaluations (SCALE) computer 
software system developed at Oak Ridge National Laboratory (ORNL) is widely used and accepted around 
the world for criticality safety analyses. SCALE includes the well-known KENO V.a and KENO VI three-
dimensional Monte Carlo criticality computer codes. For several years, the SCALE staff at ORNL has 
maintained a Web site to provide information and support to sponsors and users in the worldwide criticality 
safety community. The SCALE WEB site is located at www.cped.ornl.gov/scale and provides information 
in the following areas: 1. important notices to users; 2. SCALE Users Electronic Notebook; 3. current and 
past issues of the SCALE Newsletter; 4. verification and validation (V and V) and benchmark reports; 5. 
download updates, utilities, and V and V input files; 6. SCALE training course information; 7. SCALE 
Manual on-line; 8. overview of SCALE system; 9. how to install and run SCALE; 10. SCALE quality 
assurance documents; and 11. nuclear resources on the Internet. 
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Abstract/Keyterms: A topical, knowledge-screened, comprehensive database of the nuclear criticality 
safety literature was assembled in the late 1980s and expanded on through 1995. The activity was sponsored 
by the US Department of Energy Nuclear Criticality Technical Safety Project (NCTSP). The database 
covers 50 yr of criticality safety documentation and contains more than 3100 references. In 1998, the 
database was moved to the Nuclear Criticality Safety Program Lawrence Livermore National Laboratory 
(LLNL) Web site and can be accessed by criticality safety practitioners at http://ncsc.llnl.gov. 
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Abstract/Keyterms: Development of the DOE Nuclear Criticality Safety Program (NCSP) web site is the 
result of the efforts of marry members of the Nuclear Criticality Safety (NCS) community and is maintained 
by Lawrence Livermore National Laboratory under the direction of the NCSP Management Team. This 
World Wide Web (WWW) resource was developed as part of the DOE response to the DNFSB 
Recommendation 97-2, which reflected the need to make criticality safety information available to a wide 
audience. The NCSP web site provides information of interest to NCS professionals and includes links to 
other sites actively involved in the collection and dissemination of criticality safety information. To the 
extent possible, the hyperlinks on this web site direct the user to the original source of the referenced 
material in order to ensure access to the latest, most accurate version. 
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Abstract/Keyterms: At the Savannah River site (SRS), criticality alarm systems, as discussed in ANS 8.3 
and US Department of Energy Order 420.1 are known as nuclear incident monitors (NIMs). The NIM 
system is provided to cover occupied areas in a facility in which the expected dose exceeds 12 rad in free 
air, and it includes criticality accident detection devices and personnel evacuation alarms. At SRS, the area 
within the 12-rad zone is defined as the area to be evacuated. Past evaluations of evacuation zones ranged 
from simple point kernel to extensive MCNP4A models. This paper outlines an improved, yet simple and 
conservative methodology (based on semiempirical equations and factors) to estimate the 12-rad zone 
boundary. It discusses the different factors considered for this methodology. 
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Abstract/Keyterms: The authors have applied the method using delayed neutrons developed for the 
investigation of highly enriched uranium (HEU) systems to investigate 237Np. This method uses an 
external radiation probe of 10-MeV bremsstrahlung photons to induce fission of the 237Np sample. The 
photon source, a 10-MeV electron linear accelerator (linac), is operated in a pulsed mode with a pulse width 
of{approximately}6{micro}s at a frequency of{approximately}50 Hz. For all the measurements, 45,000 
pulses from the linac were used. The linac output was{approximately}150 R/min at 1 m from the 
bremsstrahlung source. Neutrons are detected by a medium-efficiency,3He-based, neutron detector system 
between pulses of the interrogating probe. The data acquisition system is gated off during the linac beam 
burst and for an additional 2000{micro}s. The neutron detection times are recorded and subsequently 
analyzed with the Feynman reduced-variance method. This analysis provides a measure of the number of 
single (N1/s) and double (N2/s) neutron events detected from fission events. These fission events are 
predominantly produced by the delayed neutrons from fission products resulting from interactions with the 
10-MeV bremsstrahlung photons during the interrogating probe burst. 
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Abstract/Keyterms: This analysis evaluates neutronic interaction within a three-high infinite array of 
hexagonal-pitch, carbon steel, 55-gal drums containing plutonium-contaminated soil. The plutonium is 
homogeneously distributed within the soil. 
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Abstract/Keyterms: More than 200 actinide isotopes are known; most of them have very short half-lives 
(only 45 with T{sub 1/2}&gt; 40 days). Only 41 have been predicted capable of a self-sustaining nuclear 
chain reaction, some of them with fast neutrons and others with either thermal or fast neutrons. of these 41 
there are 13 nuclides for which the average production is&gt; 1 g/tonne for pressurized water reactors or 
boiling water reactors (35 GWd/tonne--power 35 W/g; cooling time, 90 days). Six 
actinides,233U,235U,238U, 239Pu,240Pu, and241Pu, have cross sections that are relatively well known. 
Cross sections for the other actinides are not as well known. In the United States, criticality safety guidelines 
for nuclides other than233U,235U, and 239Pu is provided by the American National Standard for Nuclear 
Criticality Control of Special Actinide Elements, ANSI/ANS-8.15. The standard appeared in 1981 and was 
reaffirmed in 1987 and 1995. The minimum critical masses of metal spheres using the SCALE/XSDRN 
program have been calculated and are given in Sec. II of this paper. Results for reflected spheres are also 
available. Results for 28 actinides are included in Table 1; only 1 nuclide,{sup 232}Pa (T{sub 1/2}= 1.31 
day), has a half-life&lt; 40 days. 
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Abstract/Keyterms: Radioactive waste containing fissile material is frequently encountered in 
decontamination and decommissioning activities. Most of this waste is placed in containers or drums and 
stored in storage facilities. The amount of fissile material in each drum is generally small because criticality 
safety limits have been calculated with computer transport codes utilizing cross-section sections with large 
uncertainties. To the best of their knowledge, no experimental critical mass data are available to ensure the 
correctness of these calculations or any calculations for systems containing fissile material (235U, 239Pu, 
or233U) in contact with matrix material such as Al{sub 2}O{sub 3}, CaO, SiO2, Al, MgO, etc. The 
experiments discussed in this paper establish the critical masses of highly enriched uranium foils diluted in 
various X/ 235U ratios with polyethylene and SiO2, polyethylene and aluminum, and polyethylene and 
MgO. In addition, these critical mass experimental data will be used to validate computer transport codes 
and cross-section data. 
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Abstract/Keyterms: During August 1963, a heretofore unreported critical experiment with a nominal 7-
in.-diam highly enriched uranium (HEU) metal cylinder reflected on one face by beryllium was performed 
in the east experimental cell of the Oak Ridge Critical Experiments Facility. Sufficient details are available 
that the experiment readily qualifies as a benchmark for nuclear criticality safety computer code validation 
purposes. The HEU metal pieces were part of a larger inventory used for a number of experiments 
previously reported. Mass, dimensional, and isotopic details of the four pieces used in the experiment are 
shown in Table 1. 
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Abstract/Keyterms: The need for an improved ENDF/B-VI aluminum evaluation was first identified 
{approximately}5 yr ago. Calculations described in a cited reference suggested that the 
calculated{kappa}{sub{infinity}} for the Palmer{sup 27}Al/U infinite medium problem could change by 
as much as 10 to 12% relative to the ENDF/B-VI calculated value. As a part of the US Department of 
Energy Nuclear Criticality Safety Program, a measurement and evaluation program for aluminum was 
undertaken at Oak Ridge National Laboratory (ORNL). A new aluminum Reich-Moore resolved-resonance 
evaluation using the SAMMY code for the energy range from 0.00001 eV to 845 keV was recently 
completed. Details of the evaluation will be published elsewhere. This paper gives a short description of 
the new evaluation and compares calculated values of{kappa}{sub eff} for a set of seven aluminum/U 
spheres using the new evaluation with those obtained with previous ENDF/B versions. 
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Abstract/Keyterms: The SAS2H sequence of the SCALE system has historically been used to characterize 
isotopics, radiation sources, and decay heat for spent nuclear fuel. However, there has been little work 
performed to investigate the viability of the SAS2H modeling limitations in application to the geometric 
complexities of boiling water reactor (BWR) fuel. Thus, Oak Ridge National Laboratory (ORNL) has 
initiated a study to investigate the use of SAS2H for calculating spent BWR fuel isotopics for criticality 
analyses and to assess the adequacy of SAS2H for this task. This paper discusses comparisons between 
one-dimensional (1-D) SAS2H and detailed two-dimensional (2-D) HELIOS assembly calculations. The 
work described in this paper is a small part of this larger project to assess BWR modeling for spent-fuel 
characterization. 
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Abstract/Keyterms: An equivalent fundamental-mode source is an imaginary source that is distributed 
identically in space, energy, and angle to the fundamental-mode fission source. Therefore, it produces the 
same neutron multiplication as the fundamental-mode fission source. Even if two source distributions 
produce the same number of spontaneous fission neutrons, they will not necessarily contribute equally 
toward the multiplication of a given system. A method of comparing the relative importance of source 
distributions is needed. A factor, denoted as g and defined as the ratio of the fixed-source multiplication to 
the fundamental-mode multiplication, is used to convert a given source strength to its equivalent 
fundamental-mode source strength. This factor is of interest to criticality safety as it relates to the 1/M 
method of approach to critical. Ideally, a plot of 1/M versus{kappa}{sub eff} is linear. However, since 
1/M= (1{minus}{kappa}{sub eff})/g, the plot will be linear only if g is constant with{kappa}{sub eff}. 
When g increases with{kappa}{sub eff}, the 1/M plot is said to be conservative because the critical mass 
is underestimated. However, it is possible for g to decrease with{kappa}{sub eff} yielding a 
nonconservative 1/M plot. A better understanding of g would help predict whether a given approach to 
critical will be conservative or nonconservative. The equivalent fundamental-mode source strength gS can 
be predicted by experiment. The experimental method was tested on the XIX-1 core on the Fast Critical 
Assembly at the Japan Atomic Energy Research Institute. The results showed a 30% difference between 
measured and calculated values. However, the XIX-1 reactor had significant intermediate-energy neutrons. 
The presence of intermediate-energy neutrons may have made the cross-section set used for predicted 
values less than ideal for the system. 
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Abstract/Keyterms: This work concerns the development of an equivalent point source to represent the 
radiation release from a highly enriched uranyl nitrate criticality accident. This source will be used in a 
subsequent deep penetration criticality alarm placement analysis. It is more efficient to separate the source 
characterization analysis from the alarm placement analysis because (a) the industry standard tools for 
doing the two analyses are different (criticality safety code versus deep penetration shielding code), (b) the 
industry standard libraries commonly used for the two analyses are different (neutron library versus coupled 
neutron/photon library), and (c) the calculational approaches for the two analyses are different (neutronic 
critical{kappa}{sub eff} eigenvalue search versus deep penetration dose determination). 
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Abstract/Keyterms: Spent nuclear fuel (SNF) from Hanford's N Reactor is stored in two concrete pools 
called the K basins. There are two basic fuel assembly types, designated Mark IV and Mark IA; both are 
uranium metal Zircaloy clad, tube-within-a-tube design. The Mark IV fuel has a pre-irradiation enrichment 
of 0.95 wt% 235U in both the inner and outer elements, and the Mark IA inner element is enriched to 0.95 
wt% 235U, while the outer element is enriched to 1.25 wt% 235U. All of the fuel assemblies are stored in 
canisters on the floor of the basins. The SNF must be processed by removing loose corrosion products, 
repackaged in special baskets, loaded into multicanister over packs (MCOs), and dried prior to being placed 
in the interim storage facility at Hanford. The objective of the design of the baskets and MCOs is to maintain 
criticality safety of the SNF during transport, drying, and storage, including all credible accident scenarios. 
Since the enrichment is&lt; 5 wt% 235U, dried SNF cannot be made to go cup 235U, dried SNF cannot be 
made to go critical. All calculations were done using MCNP version 4B. Thickening the baseplates for the 
Mark IA and Mark IV baskets improves criticality safety of the MCO. 
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Abstract/Keyterms: Transport and temporary storage of more than 200 g of fissile material in 55-gal 
drums at the Rocky Flats Environmental Technology Site (RFETS) have received significant attention 
during the cleanup mission. This paper discusses successful applications and results of extensive computer 
studies. Interim storage and movement of fissile material in excess of standard drum limits (200 g) in a safe 
configuration have been accomplished using special drum inserts. Such inserts have constrained the 
contents of a drum to two 4-{ell} bottles. The content of the bottles was limited to 600 g Pu or U in solution 
or a total of 1200 g for the entire drum. The inserts were a simple design constructed of stainless steel, 
forming a vertical cylindrical pipe into which two bottles, one on top of the other, could be centered in the 
drum. The remaining drum volume was configured to preclude any additional bottle placement external to 
the vertical cylinder. 
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Abstract/Keyterms: The Rocky Flats Environmental Technology Site (RFETS) has fissile materials in 
salt, which could be processed for disposal more efficiently if the nuclear poison effect of the chlorine were 
validated. The authors conclude that chlorine can be credited as poison when present in thermal systems. 
The 27-, 44-, and 238-group libraries in SCALE and the ENDFB-B libraries with MCNP underpredict the 
poisonous effect of chlorine in thermal systems. 
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Abstract/Keyterms: The correlation between the total gamma-ray energy from fission and the number of 
prompt neutrons emitted from fission is used to estimate the average number of prompt gamma rays from 
fission in lieu of performing a measurement. Competition in the emission of prompt gamma rays and 
neutrons from the de-excitation of fission fragments has been observed experimentally. Mathematical 
models were used to estimate the properties of prompt gamma rays from the spontaneous fission of various 
nuclides that are encountered in nuclear safeguard applications. The estimated prompt gamma-ray 
parameters for spontaneous fission of 238U, 238Pu, 240Pu, 242Pu, {sup 242}Cm, and {244Cm are 
presented. The total prompt gamma-ray energy was estimated using the average number of neutrons from 
fission for each nuclide. The average energy of prompt gamma rays from fission was estimated, and the 
average number of prompt gamma rays from fission was estimated. The data presented can be used to 
characterize spontaneous fission isotopes commonly encountered in nuclear safeguard applications. This 
information may prove useful for development of advanced nondestructive assay methods. Furthermore, 
the models presented in this summary provide a mechanism to estimate gamma-ray properties for any 
fission process. The use of models to estimate gamma-ray properties from fission highlights the fact that 
little experimental data exist for many spontaneous fission nuclides. Measurements of the gamma-ray 
properties not only would be useful for developing nondestructive assay methods but also would provide 
additional information about the fission process. 
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process spent sodium bonded metallic fuel for disposition. The process involves nearly forty widely varying 
material forms and types, over fifty specific use container types, and over thirty distinct zones where work 
activities occur. During 1999, over five thousand transfers from one zone to another were conducted. Limits 
are placed on mass, material form and type, and container types for each zone. Ml material and containers 
are tracked using the Mass Tracking System (MTG). The MTG uses an Oracle database and numerous 
applications to manage the database. The database stores information specific to the process, including 
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operators involved in each transfer. The process is controlled using written procedures which specify the 
zone, containers, and material involved in a task. Transferring a container from one zone to another is called 
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completion. 
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Abstract/Keyterms: The Lawrence Livermore National Laboratory has prepared a Nuclear Criticality 
Safety Bibliographic Database that is now available via the Internet. This database is a component of the 
U.S. DOE Nuclear Criticality Safety Program (NCSP) Web site. This WWW resource was developed as 
part of the DOE response to the DNFSB Recommendation 97-2, which reflected the need to make criticality 
safety information available to a wide audience. To the extent possible, the hyperlinks on the Web pages 
direct the user to original source of the reference material in order to ensure accuracy and access to the 
latest versions. A master index is in place for simple navigation through the site. A search capability is 
available to assist in locating the on-line reference materials. Among the features included are: A user-
friendly site map for ease of use; A personnel registry; Links to all major laboratories and organizations 
involved in the many aspects of criticality safety; General help for new criticality safety practitioners, 
including basic technical references and training modules; A discussion of computational methods; An 
interactive question and answer forum for the criticality safety community; and Collections of bibliographic 
references validation experiments. This paper will focus on the bibliographic database. This database 
evolved from earlier work done by the DOE's Nuclear Criticality Information System (NCIS) maintained 
at LLNL during the 1980s. The bibliographic database at the time of the termination of NCIS were 
composed principally of three parts: (1) A critical experiment bibliography of 1067 citations (reported in 
UCRL-52769); (2) A compilation of criticality safety papers from Volumes 1 through 41 of the 
Transactions of the American Nuclear Society (reported in UCRL-53369); and (3) A general criticality 
bibliography of several thousand citations (unpublished). When the NCIS project was terminated the 
database was nearly lost but, fortunately, several years later most of the data were restored from backup 
tapes that had been archived by LLNL's ICNC conferences and American Nuclear Society publications, 
Nuclear Science and Engineering and Nuclear Technology. Since the Rocky Flats facility is heading for 
closure maintenance of the database was again threatened. This has now been avoided since LLNL was 
selected in 1999 to fulfill part of the “Information Preservation and Dissemination” task of the DOE's 
Nuclear Criticality Safety Program Five-Year Plan. This effort will “collect, preserve and make readily 
available criticality safety information” and make the information available via the Internet. 
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Abstract/Keyterms: SMART is a small advanced integral pressurized water reactor (PWR) of 330 
MW(thermal) designed for both electricity generation and seawater desalinization. The CASMO-
3/MASTER nuclear analysis system, a design-basis of Korean PWR plants, has been employed for the 
SMART core nuclear design and analysis because the fuel assembly (FA) characteristics and reactor 
operating conditions in temperature and pressure are similar to those of PWR plants. However, the SMART 
FAs are highly poisoned with more than 20 Al{sub 2}O{sub 3}-B{sub 4}C plus additional Gd{sub 
2}O{sub 3}/UO2} BPRs each FA. The reactor is operated with control rods inserted. Therefore, the flux 
and power distribution may become more distorted than those of commercial PWR plants. In addition, 
SMART should produce power from room temperature to hot-power operating condition because it 
employs nuclear heating from room temperature. This demands reliable predictions of core criticality, 
shutdown margin, control rod worth, power distributions, and reactivity coefficients at both room 
temperature and hot operating condition, yet no such data are available to verify the CASMO-3/MASTER 
(hereafter MASTER) code system. In the absence of experimental verification data for the SMART 
neutronics design, the Monte Carlo depletion analysis program MCNAP is adopted as near-term 
alternatives for qualifying MASTER neutronics design calculations. The MCNAP is a personal computer-
based continuous energy Monte Carlo neutronics analysis program written in C++ language. We established 
its qualification by presenting its prediction accuracy on measurements of Venus critical facilities and core 
neutronics analysis of a PWR plant in operation, and depletion characteristics of integral burnable absorber 
FAs of the current PWR. Here, we present a comparison of MASTER and MCNAP neutronics design 
calculations for SMART and establish the qualification of the MASTER system. 
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Abstract/Keyterms: The Melt-Dilute treatment technology is being developed by the Savannah River 
Technology Center (SRTC) for treatment of aluminum-base spent nuclear fuel. The MD technology has 
applicability for treatment of 233U oxide stored in either aluminum or stainless steel cans at Oak Ridge. 
This technology not only reduces the risk for criticality but also reduces proliferation concerns by diluting 
the fissile material to less the 12 percent 233U and less than 20 percent 235U. The resulting alloy is then 
dry stored temporarily in road-ready canisters until ultimate disposal in a geologic repository. 
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Abstract/Keyterms: All three exercises of the OECD/NRC Pressurized Water Reactor (PWR) Main Steam 
Line Break (MSLB) Benchmark were calculated. The SMABRE thermal-hydraulics code was used for the 
first exercise, the plant simulation with point-kinetics neutronics. The second exercise was calculated with 
the TRAB-3D three-dimensional reactor dynamics code. The third exercise was calculated with the 
combination TRAB-3D/SMABRE. The results of all the exercises agree reasonably well with those of the 
other participants; therefore, instead of reporting results, this paper concentrates on describing the 
computational aspects of the calculation with the above-mentioned codes and on some observations of the 
sensitivity of the results. The variations calculated with SMABRE with modifications in the upper head, 
steam generators, and steam lines affect mainly the time of recriticality. During the fourth workshop of the 
benchmark, a decision was made to extrapolate the cross sections if the fuel temperature or moderator 
density was out of the range of the given cross section tables. In the TRAB-3D calculation, this 
extrapolation made a significant difference for the first scenario; there is a low power maximum after the 
scram, which is not seen in the calculation without the extrapolation. 
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Abstract/Keyterms: Two approaches exist for particle transport simulation in reactor physics, 
deterministic and statistical Monte Carlo. The Monte Carlo and deterministic approaches are compared, 
and their advantages and disadvantages are discussed. Then different issues related to Monte Carlo 
simulations for solving different types of problems are described, along with methods to resolve some of 
the issues; these include variance-reduction techniques, automated variance techniques, and parallel 
computing. Then a few sample examples for real-life problems are presented. In the author's opinion, there 
are effective variance-reduction techniques and automation tools for the fixed-source simulations. This, 
however, is not true for the Monte Carlo eigenvalue calculations. The needs in this area are development 
of methods for determination of a “good”' starting source and variance-reduction methods for effective 
sampling of source energies and regions. This especially important because of emerging new applications 
including Monte Carlo depletion in general; Generation VI reactor design, which may involve irregular 
geometries and novel concepts; design and analyses for plutonium disposition; spent-fuel storage; 
radioactive waste disposal; and criticality safety evaluation of nuclear material handling facilities. The 
authors believe that to make the Monte Carlo methods more effective and reliable, the use of deterministic 
methods is a must. 



 

C-20135 

20084…..…..…………………..…….……..……ID Number…………………..…..…………….20084 

Author: Miyoshi, Y. / Yamamoto, T. / Nakajima, K. / Yamane, Y. 

Title: Study on the Static and Kinetic Behavior During the JCO Criticality Accident 

Date: 6/21/2001 

Report: TANSAO, 084, 046-047 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Present Status of Reactor Physics in the United States and Japan 

Abstract/Keyterms: The first criticality accident in Japan occurred at the JCO site in Tokaimura on 
September 30, 1999. Loading of an 18.8 wt% uranyl nitrate solution into an unsafe geometry precipitation 
tank in a fuel conversion test building over the critical mass limit of uranium led to a supercriticality state 
and the following power burst. This paper describes the calculation results of the reactivity change due to 
pouring the solution fuel into the precipitation tank beyond critical mass and the power profile in the initial 
burst period within 25 min after the accident. 
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Abstract/Keyterms: A methodology to use the solution of a deterministic multigroup S{sub n} transport 
code as the source distribution for a Monte Carlo criticality calculation is discussed. This methodology is 
referred to as the S{sub n} Source Initialization method. The effectiveness of this methodology is measured 
by simulating a loosely coupled benchmark, where standard Monte Carlo codes have shown a bias. The 
Monte Carlo N-Particle transport code MCNP and PENTRAN (three-dimensional parallel, multigroup, 
S{sub n}) transport code system were used. The PENTRAN code solution is used as a starting source 
distribution in the MCNP code, thereby decreasing the necessary active cycle length. The methodology was 
verified on the basis of a sample benchmark problem of a lattice of 5x5x1 highly enriched uranium metal 
spheres surrounded by air. 
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Abstract/Keyterms: This paper examines a set of lattice problems to evaluate the differences between the 
NITAWL resonance processor andthe CENTRM0PMC resonance processor. NITAWLuses the 
Nordheimintegral treatment to process resolved resonances, whileCENTRM0PMC produces pointwise 
fluxes, which are then usedto collapse point cross sections.1, 2 The purpose of this paper is todetermine the 
effect of resonance overlap on mixed-oxide systems.NITAWL processes resonances individually, not 
taking intoaccount the change in the background cross section. CENTRM0PMC does not contain this 
potential problem since it calculates apoint flux using all resonances from all materials simultaneously. 
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Abstract/Keyterms: The ZEUS experiments have been designed to test the adequacy of 235U cross 
sections in the intermediate energy range. The first ZEUS experiment achieved initial criticality on April 
26, 1999 with 10 HEU platters and 79 platters of graphite. The second experiment reached a critical 
condition on October 24, 2000, with 9 HEU platters and 54 platters of graphite. The first experiment, which 
has been described and analyzed previously, had a C/ 235U ratio of approximately 52:1. The corresponding 
ratio for the second experiment was approximately 40:1. This summary describes the analysis of the second 
ZEUS critical experiment. 
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initiation probability is estimated with a source density as a function of time. It is found that the point model 
approach is useful for gaining a good understanding of what can be the stochastic neutronic contribution 
for the interpretation of criticality accidents. The results may be useful for the interpretation of the time 
delay between the critical state time and the neutron burst. The thought process described can be used with 
multigroup or continuous-energy simulations. 
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spent nuclear fuel (SNF) is establishing a set of depletion parameters that produce an adequately 
conservative representation of the fuel's isotopic inventory. Depletion parameters (such as local power, fuel 
temperature, moderator temperature, burnable poison rod history, and soluble boron concentration) affect 
the isotopic inventory of fuel that is depleted in a pressurized water reactor (PWR). However, obtaining the 
detailed operating histories needed to model all PWR fuel assemblies to which BUC would be applied is 
an onerous and costly task. Simplifications therefore have been suggested that could lead to using 
“bounding” depletion parameters that could be broadly applied to different fuel assemblies. This paper 
presents a method for determining a set of bounding depletion parameters for use in criticality analyses for 
SNF. 
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accident assumed to occur in the Babcock & Wilcox Three Mile Island Unit 1 (TMI-1) has been carried out 
at the Dipartimento di Ingegneria Meccanica, Nucleare e della Produzione of the University of Pisa, Italy, 
in cooperation with the University of Zagreb, Croatia. The overall activity has been completed within the 
framework of the participation in the Organization for Economic Cooperation and Development-
Committee on the Safety of Nuclear Installations-Nuclear Science Committee pressurized water reactor 
MSLB benchmark. Thermal-hydraulic system codes (various versions of Relap5), three-dimensional (3-D) 
neutronics codes (Parcs, Quabbox, and Nestle), and one subchannel code (Cobra) have been adopted for 
the analysis. Results from the following codes (or code versions) are assumed as reference: 1. 
Relap5/mod3.2.2, beta version, coupled with the 3-D neutron kinetics Parcs code parallel virtual machine 
(PVM) coupling. 2. Relap5/mod3.2.2, gamma version, coupled with the 3-D neutron kinetics Quabbox 
code (direct coupling). 3. Relap5/3D code coupled with the 3-D neutron kinetics Nestle code. The influence 
of PVM and of direct coupling is also discussed. Boundary and initial conditions of the system, including 
those relevant to the fuel status, have been supplied by Pennsylvania State University in cooperation with 
GPU Nuclear Corporation (the utility, owner of TMI) and the U.S. Nuclear Regulatory Commission. The 
comparison among the results obtained by adopting the same thermal-hydraulic nodalization and the 
coupled code version is discussed in this paper. The capability of the control rods to recover the accident 
has been demonstrated in all the cases as well as the capability of all the codes to predict the time evolution 
of the assigned transient. However, one stuck control rod caused some "recriticality" or "return to power" 
whose magnitude is largely affected by boundary and initial conditions. 
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at Los Alamos Critical Experiment Facility (LACEF) in Los Alamos National Laboratory. This experiment 
consisted of placing HEU foils interspersed with aluminum plates in a column stack. These uranium foils 
were moderated and reflected by polyethylene square plates. This experiment was performed to measure 
the prompt neutron decay constants in uranium systems diluted by matrix materials. This experimental set-
up yielded a Al/ 235U ratio of 60:1.1 The experimental keff was 1.001 and the modeled MCNP keff was 
1.0016{+-}0.0004. This report summarizes the benchmark calculations performed to validate the 
experiment. The experimental arrangement is depicted in Figure 1. As Figure 1 illustrates the stack is 
divided into two parts. The bottom half of the stack rest on an aluminum support plate which is 1 inch thick. 
The top half of the experiment rest on 0.75 inch thick polyethylene plate. Criticality is achieved by 
decreasing the gap between the top and bottom portions of the stack. To disassemble the configuration the 
bottom stack is dropped to its initial position. There are no other control or safety rods inside the assembly. 
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Neutron Absorber. the Purpose of the Experiments is to Provide Additional Criticality Data that Can Be 
Used to Verify and Validate Criticality Safety Evaluations in Support of the National Spent Fuel Program. 
in Addition, the Experiments Were Also Designed to Provide Criticality Data for Heterogeneous Systems 
as Noted in Reference 1. 
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Abstract/Keyterms: Recently, sensitivity and uncertainty (S/U) techniques have been used to determine 
the area of applicability (AOA) of critical experiments used for code and data validation. These techniques 
require the computation of energy-dependent sensitivity coefficients for multiple reaction types for every 
nuclide in each system included in the validation. The sensitivity coefficients, as used for this application, 
predict the relative change in the system multiplication factor due to a relative change in a given cross-
section data component or material number density. Thus, a sensitivity coefficient, S, for some macroscopic 
cross section, {Sigma}, is expressed as S = {Sigma}/k {partial_derivative}k/{partial_derivative}{Sigma}, 
where k is the effective neutron multiplication factor for the system. The sensitivity coefficient for the 
density of a material is equivalent to that of the total macroscopic cross section. Two distinct techniques 
have been employed in Monte Carlo radiation transport codes for the computation of sensitivity 
coefficients. The first, and most commonly employed, is the differential sampling technique. The second is 
the adjoint-based perturbation theory approach. This paper briefly describes each technique and presents 
the results of a simple test case, pointing out discrepancies in the computed results and proposing a remedy 
to these discrepancies. 
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Abstract/Keyterms: Development of an ANSI/ANS Standard for the training and qualification of 
criticality safety engineers has been underway for nearly one year. The working group for this Standard is 
comprised of criticality safety experts from regulatory, licensee and contractor organizations. Its goal is to 
develop a standard that can be uniformly adopted, that covers all criticality safety engineer qualification 
levels, and that includes all required competencies such that most of the qualifications can be easily 
transferred between sites. This status report is presented to let the general criticality safety community know 
of progress on the Standard, and to solicit feedback to the working group as it continues work on 
ANSI/ANS-8.26. 
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HEU-MET-THERM-010; Critical experiments fueled with highly enriched uranium, moderated with 
polyethylene and mixed with magnesium oxide and gadolinium were performed at the Los Alamos Critical 
Experiments Facility. The objective of these experiments was to provide additional criticality data to 
support the National Spent Fuel Program. This paper examines the uncertainties associated with the critical 
experiments. A more detailed description has been prepared to be included in the International Handbook 
of Evaluated Criticality Safety Benchmark Experiments. These benchmarks are continuations of the HEU-
Al and HEU-SiO2 experiments. This paper looks at the exact content of the assembly, the masses and 
compositions of the constituents, and the geometry uncertainties tolerances. It provides realistic 
uncertainties and a confidence level useful to users working in code qualification. The benefit of the 
benchmarks is to provide data or information to help qualify codes and cross sections used in criticality 
assessments. In addition, when the benchmark calculations and models used in the validation of the analysis 
have realistic uncertainties, the biases and associated uncertainties will best reflect the true accuracy of the 
criticality calculations. Knowledge of the uncertainties provides a solid foundation for setting appropriate 
safety margins. 
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Abstract/Keyterms: A set of KRITZ-2 criticality experiments with light water moderated lattices with 
uranium rods KRITZ-2:1 and KRITZ-2:13 cores and mixed-oxide rods KRITZ-2:19 core, at room 
temperature 19.7, 21.1, and 22.18C and elevated temperature 235.9, 243, and 248.58C, were performed in 
the early 1970's at Studsvick, Sweden with the aim of validating both the nuclear data and the calculation 
methods for different temperatures. Based on the results of these experiments, an international benchmark 
was developed and launched by the OECD0NEA in cooperation with ORNL. The requested results for the 
benchmark were the determination of the keff values for the different KRITZ-2 cores and the calculation 
of the pin power distribution of measured pin positions. From cell calculations, k and absorption fission 
reaction rates per isotope in one group were to be reported at room and elevated temperatures for each of 
the fuel cells ~MOX and UO2.This paper summarizes the main results obtained from MCNP-
4Ccalculations using the JEF-2.2 evaluation. 
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Working Group was established in 1990, with Norman L. Pruvost as chairman. The Working Group had 
up to twenty-three members representing a broad range of the nuclear industry, and has included members 
from Canada, Japan and the United Kingdom. The initial edition of ANSI/ANS-8.23 was approved by the 
American National Standards Institute on December 30, 1997. It provides guidance for the following topics: 
(1) Management and technical staff responsibilities; (2) Evaluation of a potential criticality accident; (3) 
Emergency plan provisions; (4) Evacuation; (5) Re-entry, rescue and stabilization; and (6) Classroom 
training, exercises and evacuation drills. This guidance is not for generic emergency planning issues, but is 
specific to nuclear criticality accidents. For example, it assumes that an Emergency Plan is already 
established at facilities that implement the standard. During the development of the initial edition of 
ANSI/ANS-8.23, each Working Group member evaluated potential use of the standard at a facility with 
which the member was familiar. This revealed areas where a facility could have difficulty complying with 
the standard. These reviews helped identify and eliminate many potential problems and ambiguities with 
the guidance. The Working Group has received very limited feedback from the user community since the 
first edition of the standard was published. Suggestions for improvements to increase the usefulness of this 
standard are being solicited. The Working Group currently has ten members and is drafting a revision of 
ANSI/ANS-8.23. The focus of this effort is to include additional technical guidance on the following topics: 
(1) Recommendations for radiation monitoring instruments that may be used during an emergency response 
to a criticality accident; (2) Recommended resources for a criticality safety specialist during an emergency 
response to a criticality accident; (3) An example showing how to construct an emergency exercise for a 
fissile material processing facility. This includes: (a) Estimating the fission source term based on a credible 
accident scenario; (b) Estimating doses to nearby personnel; (c) Estimating doses to rescuers; (d) A 
discussion of evacuation and rescue considerations; (e) A review of dosimetry and medical response issues; 
and (f) Recommendations for the conduct of drills and exercises. This additional guidance will be contained 
in appendices to the revised standard. In addition, the revised standard will include a reference to an 
extensive bibliography of resources for emergency planning. The first revision of ANSI/ANS-8.23 should 
be provided to ANS-8 for ballot by the fall of 2004. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Standards–Poster 

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities Was Needed. Fixed Neutron Absorbers are 
Materials that are An Integral Part of a Facility and Equipment, Have Neutron Absorption Properties, and 
are Incorporated into Designs to Ensure Safety Margins for Subcriticality as Required for Normal and 
Abnormal Operating Conditions. Ansi / Ans-8.21-1995 Provides Such Guidance that Applies to the Design, 
Construction, and Operation of Facilities Used for Handling, Processing, and Storing of Fissionable 
Material, Including Equipment Associated with the Transportation of Fissionable Material. Fixed Neutron 
Absorbers are Controlled Differently from Soluble Neutron Absorbers and from Raschig Rings. Soluble 
Neutron Absorbers are Covered By the Proposed Standard Ansi / Ans-8.14, `Subcritical Limits of Fissile 
Materials in Solution of Neutron Absorbers.` Raschig Rings are Discussed in Ansi / Ans-8.5, `Use of 
Borosilicate-Glass Raschig Rings as a Neutron Absorber in Solutions of Fissile Material.` 
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Abstract/Keyterms: A computer code system has been developed for automating the criticality 
qualification of existing, loaded dry fuel storage casks for transportation in accordance with 10CFR71. This 
newly-developed code system includes a code for preparing and standardizing input files for SAS2H, the 
one-dimensional buildup and depletion code provided with the SCALE4.4 package. The system also 
includes a code for processing the results of a SAS2H run and producing input in a format that can be used 
directly as input to the MCNP5 code. In carrying out the software validation of this computer code system, 
the developers had several goals. First, it was desirable to avoid the need to revalidate the SCALE and 
MCNP packages themselves, since these packages had already been reviewed and validated in accordance 
with the BNFL Fuel Solutions Quality Assurance Program. Second, it was considered important to 
acknowledge the fact that the new codes have an additional requirement—namely that they function 
properly when used with these pre-existing codes. 
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Abstract/Keyterms: During the years 1954-1963 a large number of criticality measurements were done at 
LLNL. Most of these were done in two shielded cells on site; these were kept at a low negative pressure, 
with shielding by 5-feet of concrete. Operators in the control room could observe the experimental systems 
through a 6-foot thick water window. Several of the critical mass experiments done in those cells will be 
described. 



 

C-20373 

20322…..…..…………………..…….……..……ID Number…………………..…..…………….20322 

Author: Durst, Mike 

Title: An Experimenter’s Perspective on the History of the Hanford Battelle Critical Mass Laboratory 

Date: 6/1/2005 

Report: TANSAO, 092, 466-467 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: History of Nuclear Criticality Safety 

Abstract/Keyterms: The Hanford (Battelle) Critical Mass Laboratory (CML) provided experimental 
criticality data to the world from 1961 to 1990—collecting much of the world’s existing data on a variety 
of uranium and plutonium fuels. Experiments ranged from solids, of a wide range of enrichments and 
mixtures in homogeneous and heterogeneous forms, to solutions in a variety of shapes and sizes. I was 
fortunate to be the facility’s last certified senior experimenter, and I participated in the performance of many 
of these experiments. The purpose of this paper is to give my take on the historical perspective, legacy, and 
significance of our work. 
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Abstract/Keyterms: The history of critical experiments at Los Alamos is documented in many reports and 
captured in video sessions involving some of the pioneers. The experiments were largely short-lived and 
focused on obtaining specific data for criticality safety applications. A smaller portion of the critical 
experiments were for generating either basic physics data or represented the initial stages of larger reactor 
programs. Use of critical experiments for training diverse populations in criticality safety became very 
important in the later years. Experiments began with the construction of the first Water Boiler Reactor with 
initial critical operation in May, 1944 at Omega Site, Technical Area 2, and continue up to the current day 
at Pajarito Site, Technical Area 18. This site began hands-on subcritical experiments in April of 1946 and 
transformed to critical experiment operations with one remote assembly bay in 1947. The second and third 
assembly buildings were constructed in the 1950s. [It is currently planned to relocate Los Alamos’s critical 
experiments capabilities to the Nevada Test Site. 
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Abstract/Keyterms: This a summary of an overview presentation on the critical experiments program 
conducted at the three Oak Ridge sites (X-10, K-25, and Y-12) during the Heritage Period between 1943 
and 1973. Much of the subject matter was included in discussions by six of the experimentalists and other 
participants in the three-day (May 21–23, 2001) Heritage recording sessions. The broad scope of the 
program is addressed in this overview through a brief description of the four areas supported by the 
program: (1) nuclear material production, (2) basic physics, (3) reactor design, and, (4) fissionable material 
transportation and storage. Additional topics addressed include the development of experimental equipment 
and procedures, analytical tools, safety guidance documentation, and criticality safety standards. 
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Abstract/Keyterms: The Rocky Flats Critical Mass Laboratory (CML) is the youngest of the five major 
laboratories – Los Alamos, Oak Ridge, Livermore, Hanford, and Rocky Flats. The Rocky Flats facility 
fulfilled the dream of Clarence Lee Schuske who, sadly, was killed in an automobile accident in the mid-
1970s. The building was constructed in 1964 and commissioned to perform nuclear criticality experiments 
on January 28th the following year. The CML at the Rocky Flats Plant (RFP) was housed at the south end 
of Building 86 (later renumbered 886). It was a single-level facility consisting of the Assembly Room 
(Room 101 wherein all critical experiments were performed), two material storage rooms (Room 102 for 
solid fissile material and Room 103 housing the uranyl nitrate solution), a Control Room, a small machine 
shop associated with experiments, and a number of offices. These offices housed CML staff as well as 
technical personnel charged with the responsibility of ensuring nuclear criticality safety throughout the 
entire plant. 
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Abstract/Keyterms: A criticality safety evaluation was performed for the International Criticality Safety 
Benchmarking Evaluation Committee in order to verify all applicable experimental data, perform 
calculations of the experiment with standard criticality safety codes, and compile this data into a single 
source of verified benchmark critical data. This evaluation analyzed the first enriched uranium reactor, and 
third reactor in United States history. The experiment was performed at Los Alamos Scientific Laboratory 
with the initial criticality achieved in 1944 in order to determine the critical mass of 235U in a homogeneous 
solution at various concentrations and moderating media. An additional purpose of the assembly was to 
gain experience in the operation and control of a nuclear chain reaction and to prepare personnel and 
equipment for critical experiments as soon as kilograms of active material were available. The lack of large 
amounts of material necessitated the use of a slow neutron reaction and the use of the best possible reflector. 
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Abstract/Keyterms: A critical experiment has been performed using rhenium foils, polyethylene plates to 
simulate water, and uranium foils. The purpose of the experiment was to provide integral cross section data 
for rhenium in the thermal energy region. To the best of our knowledge, no experiments containing rhenium 
have been documented in the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments. Rhenium is one of the materials that is being considered as a neutron absorber in one of the 
reactor designs for the NASA JIMO (Jupiter Icy Moons Orbiter) project. 
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Abstract/Keyterms: A critical experiment consisting of nominally 99 wt.% niobium and 1 wt.% Zr alloy 
(Nb-1Zr) moderated by thin sheets of polyethylene and fueled with highly enriched uranium (HEU) was 
performed at the Los Alamos National Laboratory using the Planet vertical lift critical assembly at the Los 
Alamos Critical Experiment Facility (LACEF). The purpose of these series of experiments is to perform 
criticality experiments using niobium sheets in the energy range closely resembling or bracketing that of 
the proposed space reactor. 
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Abstract/Keyterms: A total of 73 distinct computational benchmark models for nuclear criticality have 
been derived1 from descriptions of the SCA-4B experimental criticality program. This program was 
conducted by Atomics International during the early 1960’s to support the development of the Systems for 
Nuclear Auxiliary Power (SNAP) systems. The selected experimental configurations consist of fueled 
SNAP 10A/2 – type reactor cores subjected to varied conditions of flooding and reflection. Fifty-six of the 
models represent experimental configurations that are quantifiably normalized to the delayed critical 
condition. The remaining 17 models represent experimental configurations that are only known to be sub-
critical by unspecified margins, but these cases remain useful for qualitative purposes. 
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Abstract/Keyterms: A SCALE- and MCNP-based system has been developed for automating the 
criticality analyses required to license a large number of existing loaded storage-only dry spent fuel casks 
for transportation in accordance with 10CFR71. This system includes a code for preparing and 
standardizing input files for SAS2H, the one-dimensional buildup and depletion control module1 provided 
with the SCALE4.4 package. The newly-developed code system also includes a second code for processing 
the results of a SAS2H run and preparing input in a format that can be used directly as input to the MCNP5 
code. The method is of particular use in establishing credit for the burnup associated with each assembly in 
a given cask. Unlike other approaches which make use of bounding design basis assumptions, this approach 
allows for the systematic determination of reactivity based on the actual parameters characterizing each 
existing fuel assembly. An accurate, assembly-specific approach will be necessary to qualify unpoisoned, 
storage-only PWR cask systems for transportation. 
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Abstract/Keyterms: The purpose of the Criticality Special Support System (CSSS) is to assist Lawrence 
Livermore National Laboratory Plutonium Facility personnel in their implementation of criticality controls 
used for the safe handling of fissile materials. Fissile material movements are evaluated to determine if the 
Standard Criticality Control Condition (SCCC) limits of the proposed destination will be exceeded. 
Additionally, the CSSS is used to produce criticality information labels used to identify materials and 
packaging. The label provides a serial number barcode, and describes the contents in terms of criticality 
safety information including fissionable mass, contaminants, form, shape, reflectors, moderating materials, 
description, identity of the handlers responsible for the label, and the label creation date. This information 
is also preserved in a database for subsequent criticality assessment. 
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Abstract/Keyterms: Use of gadolinium as a neutron poison has been proposed for disposing of several 
metric tons of excess plutonium at the Savannah River Site (SRS). The plutonium will first be dissolved in 
nitric acid in small batches. Gadolinium nitrate will then be added to the plutonium nitrate solution. The 
Gd-poisoned plutonium solution will be neutralized and transferred to large under-ground tanks. The pH of 
small batches of neutralized plutonium solution will be adjusted prior to addition of the glass frit for 
eventual production as glass logs. The use of gadolinium as the neutron poison would minimize the number 
of glass logs generated from this disposition. The primary criticality safety concerns regarding the disposal 
process are: 1) maintaining neutron moderation under all processing conditions since gadolinium has a very 
large absorption cross section for thermal neutrons, 2) characteristics of plutonium and gadolinium 
precipitation during the neutralization process, 3) mixing characteristics of the precipitate to ensure that 
plutonium would remain homogeneously mixed with gadolinium, and 4) potential separation of plutonium 
and gadolinium during nitric and formic acids addition. A number of experiments were conducted at the 
Savannah River National Laboratory to study the behavior of plutonium and gadolinium at various stages 
of the disposition process. 
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Abstract/Keyterms: The Fast Flux Test Facility (FFTF) is in the process of being shut down. Before final 
shutdown, it will be necessary to remove the Driver Fuel Assemblies (DFAs) and pin containers from the 
Fuel Storage Facility and the Interim Decay Storage where they are stored in sodium. These Mixed Oxide 
(MOX) assemblies will then have to be cleaned and moved to a different location for storage. Cleaning 
sodium from 300 assemblies will be done at the Sodium Removal Station (SRS) in the Interim Examination 
and Maintenance (IEM) Cell. The assemblies will be placed into Core Component Containers (CCCs) after 
they are cleaned. For the 20 years of operation the cleaning system has been free from contamination until 
the recent leaking fuel incident. Consequently, nuclear criticality safety1 has become a concern for the 
washing process. 
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Abstract/Keyterms: Nuclear Facilities Outside Reactors”2 was developed. The standard provides generic 
guidance for the use of fixed neutron absorbers. ANSI/ANS 8.21 was incorporated as a part of Department 
of Energy (DOE) Order 420.1 Section 4.3 and is part of U. S. Nuclear Regulatory Commission (NRC) 
Regulatory guide 3.71. The standard was approved in 1995 and reaffirmed without changes in 2001. A 
specific example in the Hanford K Reactor fuel storage pool cleanup is being considered in this summary. 
Past publications discussed previous applications. 
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Abstract/Keyterms: As a part of the feasibility study on commercialization of fast breeder reactor cycle 
systems in Japan, criticality safety design work of future nuclear cycle systems is in progress. In the 
feasibility study, we must investigate various kinds of plant concepts for fuel reprocessing: e.g., solvent 
extraction method, nonaqueous electrochemical separation method. In addition, these are still in the stage 
of examining design concepts, where promising future technologies are expected to be developed, so that 
there is much uncertainty in the designed systems. On this account, the present study aims at constructing 
a new unified framework that is applicable to criticality safety design in various different types of 
reprocessing systems. 



 

C-20387 

20336…..…..…………………..…….……..……ID Number…………………..…..…………….20336 

Author: Frost, Robert L. / Skiles, Samuel K. 

Title: Classification of Administrative Controls that Support IROFS Under 10 CFR § 70 Subpart H 

Date: 6/1/2005 

Report: TANSAO, 092, 600-601 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis and Operations for Nuclear Criticality Safety-II 

Abstract/Keyterms: Numerous issues arose during the implementation of the requirements in Subpart H 
of 10 CFR § 70. Among these was a question of how certain types of administrative controls should be 
classified (i.e., IROFS or Management Measures). That issue is the subject of this paper. 
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Abstract/Keyterms: The new development of a formula for ideal gas scattering kernel with strongly 
energy dependent scattering cross sections suitable to NJOY enabled the preparation of S(alpha, beta) tables 
for U238 in the Resolved resonance region, which can replace the approximated solution technique in the 
MCNP code. In this study the importance of using appropriate S(alpha, beta) tables for U238 are examined 
for different fuel pin types and different U235 concentrations. For common PWR fuel pins the use of 
modified scattering kernel causes up to 0.5% reduction in the criticality and by higher fuel enrichment the 
deviation from the original MCNP results grows when the new S(alpha, beta) tables are introduced. 
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Abstract/Keyterms: Release 8, the final version of ENDF/B-VI (ENDF/B-VI.8), was released in October 
2001. During post-release testing, it was discovered that calculated eigenvalues for a set of heavy-water 
solution benchmarks had decreased substantially relative to earlier interim versions of ENDF/B-VI, and 
this behavior was confirmed in independent calculations with another code at another organization.1 A 
study was undertaken to identify the cause of the change and to determine whether it is justified. 
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Abstract/Keyterms: Significant development efforts continue to be made in the SCALE (Standardized 
Computer Analyses for Licensing Evaluation) software system since the release of Version 5 in June 2004 
from Oak Ridge National Laboratory (ORNL). This paper highlights some of the advances that have been 
and are being made in SCALE. 
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Abstract/Keyterms: KENO V.a and KENO-VI are multigroup Monte Carlo eigenvalue computer codes 
in the SCALE (Standardized Computer Analyses for Licensing Evaluation) Code package that are used 
throughout the world to facilitate the safe handling and use of fissile material. At Oak Ridge National 
Laboratory (ORNL), continuous-energy versions of KENO V.a and KENO-VI have been developed, which 
remove the limitations inherent in the multigroup versions of these codes. Previous publications have 
focused on the development and testing of a stand-alone pointwise version of KENO V.a. The focus of this 
work is the development and testing of new versions of the CSAS and CSAS6 control modules in SCALE 
that read the user input and create the appropriate KENO input file and link the required libraries. A stand-
alone KENO problem requires a mixing table that contains the nuclides and their atom densities for each 
mixture. New control modules, based on the SCALE 5 CSAS and CSAS6 control modules, have been 
developed for use with continuous-energy KENO V.a and continuous-energy KENO-VI that use the same 
input as the SCALE 5 version of the control modules. 
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Abstract/Keyterms: All versions of SCALE (Standardized Computer Analyses for Licensing Evaluation) 
prior to release 5 have used the same two computation modules for resonance self-shielding. BONAMI, 
based on Bondarenko’s shielding-factor method, performs self-shielding corrections for the unresolved 
range, and NITAWL applies the Nordheim treatment for the resolved-resonance range. These two codes 
have changed relatively little over the last 20 years. Although this historical approach was also retained in 
SCALE 5, a significant extension to the resolved-resonance shielding capability has been provided by the 
introduction of two new codes, CENTRM and PMC. 
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Abstract/Keyterms: In the past 20 years, considerable progress has been made in developing new methods 
for solving the multidimensional transport problem. However, much less progress has been made in 
enhancing resonance-shielding techniques for generating problem-dependent multigroup (MG) cross 
sections for multidimensional transport calculations. The state of the art in current light-water-reactor 
(LWR) resonance treatments (e.g., the subgroup method in codes such as CASMO, APOLLO2, and 
HELIOS) has worked well for “mildly heterogeneous” applications. However, the fuel lattice has become 
increasingly heterogeneous for advanced LWR and GenIV fuel designs, as well as through initiatives such 
as the Advanced Fuel Cycle Initiative (AFCI), in which lattice designs contain mixtures of higher actinides 
(e.g., U/Pu/Np/Am/Cm fuels) that will introduce more resonance-interference effects. The error introduced 
by self-shielding methods in these cases may exceed that due to uncertainties in the basic nuclear data and 
may become the limiting factor in the accuracy of the final results. 
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Abstract/Keyterms: As part of a continuing effort to develop and maintain state-of-the-art radiation 
transport capabilities, research and development at Oak Ridge National Laboratory (ORNL) is leading to 
improvements in radiation transport and nuclear data generation capabilities. With the release of SCALE 
5.0 in June 2004, vastly improved modeling tools are available to the nuclear analyst for performing a wide 
variety of radiation transport analyses. Additionally, a new version of the AMPX cross-section processing 
system has been developed at ORNL to generate continuous-energy and multigroup cross-section libraries 
from Evaluated Nuclear Data Files (ENDF/B). Work has been performed at ORNL to develop multigroup 
and continuous-energy ENDF/B-VI libraries for use with SCALE, and the objective of this paper is to 
document the ENDF/B-VI library generation and testing effort for the SCALE code system. 



 

C-20395 

20344…..…..…………………..…….……..……ID Number…………………..…..…………….20344 

Author: Rearden, Bradley T. / Williams, Mark L. / Horwedel, James E. 

Title: Advances in the TSUNAMI Sensitivity and Uncertainty Analysis Codes Beyond SCALE 5 

Date: 6/1/2005 

Report: TANSAO, 092, 760-762 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: SCALE State-of-the-Art Analysis Tools 

Abstract/Keyterms: The Tools for Sensitivity and UNcertainty Analysis Methodology Implementation 
(TSUNAMI) codes were first released with SCALE 5 in June of 2004. Since that time, ongoing research at 
Oak Ridge National Laboratory (ORNL) has led to a number of enhancements in previously released codes 
and the development of additional software tools that further enhance the capabilities of SCALE and 
TSUNAMI. The capabilities described in this paper are expected to be released with SCALE 5.1. 
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Abstract/Keyterms: In response to concerns about the ability to accurately model the burnup of a light-
water-reactor (LWR) core containing weapons-grade mixed-oxide (MOX) fuel assemblies, the U.S. 
Nuclear Regulatory Commission (NRC) has supported the enhancement of the generalized-geometry 
discrete-ordinates transport code NEWT to provide lattice physics parameters for the PARCS code for the 
analysis of MOX-fueled LWR cores. Also supported under this work was the enhancement and formal 
release of TRITON within the SCALE System, a code that enables depletion calculations to be performed 
by coordinating iterative calls between cross-section processing codes, NEWT, and the ORIGEN-S point 
depletion code. NEWT is used to calculate weighted burnup-dependent cross sections that are used to 
update ORIGEN-S libraries and to provide localized fluxes used for each depletion region. TRITON uses 
a predictor-corrector approach to perform fuel assembly burnup and branch calculations and generates a 
database of cross sections and other burnup-dependent physics data that can be used by PARCS for full-
core analysis. PARCS is a three-dimensional reactor core simulator that solves the steady-state and time-
dependent, multigroup neutron diffusion and Simplified P3 (SP3) transport equations in orthogonal and 
non-orthogonal geometries. 
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Abstract/Keyterms: The KENO V.a and KENO-VI three-dimensional (3-D) Monte Carlo criticality 
computer codes in the SCALE (Standardized Computer Analyses for Licensing Evaluation) computer 
software system developed at Oak Ridge National Laboratory (ORNL) are widely used and accepted around 
the world for criticality safety analyses. The SCALE Graphically Enhanced Editing Wizard (GeeWiz) was 
initially developed as a user interface to assist SCALE users in creating input files to run KENO V.a and 
KENO-VI. Development has continued to expand the capabilities of GeeWiz and link it with other SCALE 
visualization tools to create an integrated user interface. GeeWiz now provides SCALE users with a visual 
control center where they can create input, execute, plot, and view results from most SCALE control 
modules in a friendly, colorful, and interactive computing environment without ever using a text editor or 
a command prompt. 
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Abstract/Keyterms: Nuclear criticality accident descriptions typically include, but do not focus on, 
information useful to first responders. We studied these accidents, noting characteristics to help (1) first 
responders prepare for such an event and (2) emergency drill planners develop appropriate simulations for 
training. We also provide recommendations to help people prepare for such events in the future. 
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Abstract/Keyterms: The Department of Energy (DOE) is currently preparing an application to submit to 
the U.S. Nuclear Regulatory Commission for a construction authorization for a monitored geologic 
repository. The repository will contain spent nuclear fuel (SNF) and defense high-level waste (DHLW) in 
waste packages placed in underground tunnels, or drifts. The primary objective of this paper is to perform 
a criticality analysis for waste packages containing DOE SNF affected by a disruptive igneous intrusion 
event in the emplacement drifts. The waste packages feature one DOE SNF canister placed in the center 
and surrounded by five High-Level Waste (HLW) glass canisters. The effective neutron multiplication 
factor (k(eff)) is determined for potential configurations of the waste package during and after an intrusive 
igneous event. Due to the complexity of the potential scenarios following an igneous intrusion, finding 
conservative and bounding configurations with respect to criticality requires some additional 
considerations. In particular, the geometry of a slumped and damaged waste package must be examined, 
drift conditions must be modeled over a range of parameters, and the chemical degradation of DOE SNF 
and waste package materials must be considered for the expected high temperatures. The secondary intent 
of this calculation is to present a method for selecting conservative and bounding configurations for a wide 
range of end conditions. 
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Abstract/Keyterms: The first four ZEUS experiments were designed to test the adequacy of 235U cross 
sections in the intermediate-energy range. The un-moderated ZEUS experiment discussed herein has the 
same general configuration as its predecessors but produces a fast spectrum because it contains no 
moderator. It therefore constitutes an upper-energy endpoint for the first set of ZEUS experiments. The 
MCNP5 Monte Carlo code was used to construct a detailed model of the experiment and to assess the 
reactivity impact of experimental uncertainties. Results from calculations for that model with four different 
nuclear data libraries are presented. All of the calculated results differ from the experimental value of k(eff) 
by at least three standard deviations. However, two of them, JENDL-3.3 and ENDF/B-VII {beta}-2, 
produce excellent agreement with the experimental value when their cross sections for copper are replaced 
with ENDF/B-V data. Therefore, it is strongly recommended that the fast cross sections for copper be 
reviewed prior to the first formal release of ENDF/B-VII. A simplified benchmark model of the experiment 
also was developed, and the specifications for it are included as an Appendix. It is shown that this 
benchmark model retains the reactivity, spectrum, and other important characteristics of the detailed model. 
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Abstract/Keyterms: Corrosion-resistant, iron-based structural amorphous metals (SAM) have been 
developed by the High-performance Corrosion-Resistant Materials (HPCRM) Program and tested to have 
outstanding corrosion resistance. These materials can be applied as coatings with advanced thermal spray 
technology. 
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Abstract/Keyterms: A series of neutron transport experiments was performed in 1989 and 1990 at NIST 
(National Institute of Standards and Technology) using a spherical stainless steel container and fission 
chambers. These experiments were performed to help understand errors observed in criticality calculations 
for arrays of individually subcritical components, particularly solution arrays. They were supported by the 
U.S. Department of Energy, Environment and Health, Nuclear Criticality Technology and Safety Project. 
The intent was to evaluate the possibility that the criticality prediction errors stem from errors in the 
calculation of neutron leakage from individual components of the array. Thus, the explicit product of the 
experiments was the measurement of the leakage flux, as characterized by various Cd-shielded and 
unshielded fission rates. Because the various fission rates have different neutron-energy sensitivities, 
collectively they give an indication of the energy dependence of the leakage flux. Leakage and moderation 
were varied systematically through the use of different diameter spheres, with and without water. Some of 
these experiments with bare fission chambers have been evaluated by the International Criticality Safety 
Benchmark Evaluation Project (ICSBEP). 
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Abstract/Keyterms: Vacuum systems interface with a number of highly enriched uranium (HEU) 
processes at the Y-12 National Security Complex. Two such vacuum systems reside in a dry HEU metal 
and oxide processing area. The one system is utilized by multiple processes to vacuum dry residual HEU 
metal and oxide. The other system, supplies vacuum to evacuate furnaces used to cast HEU metal. Note: 
this casting process generates limited amounts of dry HEU oxide. Both vacuum systems consist of two 
subsystems with the subsystems sharing a common header. The dry vacuum subsystems are essentially 
identical. The furnace vacuum subsystems differ only by filters and associated filter housings (i.e., Stokes 
brand versus Dollinger brand). Both vacuum systems have downstream components that are of unfavorable 
geometry for moderated HEU metal and oxide, where moderation might result from liquids entering the 
systems via accidental vacuuming, system breach, or inadvertent oil backflow. 
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Abstract/Keyterms: Table 2.2 of TID-7016, Rev. 2 provides single-parameter subcritical limits for units 
of fissile metal with full water reflection. The guide states that “The mass limits and the 235U enrichment 
limit for uranium apply to a unit without reentrant space that can be occupied by water or other moderator. 
They may be extended to a group of small pieces having the same total mass provided there can be no 
moderator between the pieces.” 
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Abstract/Keyterms: The SSLPB method, which is best suited to a set of benchmark experiments when a 
high goodness-of-fit and physically explainable trend exist, evaluates bias uncertainty using a maximal 
prediction band over the range of an independent system parameter. In accordance with the ANSI/ANS-
8.1, as well as the forthcoming ANSI/ANS-8.24 and FCSS-ISG-10, a generic validation tool, USLSA, has 
been developed to perform the quantification of the physical accuracy and predictive capability of neutron 
transport codes for anticipated criticality safety applications. USLSA, based on rigorously statistical 
methodologies, can provide a high degree of confidence in computational accuracy by systematically 
measuring and demonstrating the predictive capability of criticality analysis codes. In USLSA, the accuracy 
(computational bias) and precision (bias uncertainty) of a code are assessed by experimental-computational 
comparisons through one of three statistical methods: (1) Single-Sided Lower Prediction Band (SSLPB), 
(2) Single-Sided Lower Tolerance Band (SSLTB), and (3) Single-Sided Lower Tolerance Limit (SSLTL). 
The determined computational bias and bias uncertainty, combined with the Minimum Margin of 
Subcriticality (MMS), establish the upper subcritical limit (USL) for the application represented by the 
chosen criticality benchmark experiments. For quality assurance, USLSA provides multiple statistical tests 
on the validity of validation process. The rigorousness and effectiveness of USLSA have been demonstrated 
by the validation of GEMER, a NRC approved criticality analysis code. 
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Abstract/Keyterms: An experimental series to investigate nuclear criticality in graphite moderated arrays 
of U(93.2)† metal cylinders was conducted from November 1968 to June 1969 at the Oak Ridge Critical 
Experiments Facility. Only a portion of the data was published in open literature at the time, which has 
since limited related information in subsequent citation. A review of both formal and informal 
documentation by the original experimentalists for the complete results of the series reveals that some of 
the data published in open literature is in error of a potentially non-conservative nature for safety 
applications. This summary presents the corrected and previously unpublished data to more accurately and 
completely disseminate knowledge of this work. 
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Abstract/Keyterms: Often in criticality safety problems, the analyst is concerned about two conditions: 
Loss of Mass Control and Loss of Moderation Control. Determining and modeling the maximum amount 
of fuel that can fit in a given container is usually trivial. Determining and modeling the maximum amount 
of water (or other potential moderator) is usually more difficult. 
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Abstract/Keyterms: This summary presents an analysis justifying the criticality safety and reactivity 
characterization of specific fuel assembly shuffles in a PWR reactor core during refueling operations. These 
specific shuffles allow for a configuration of multiple reactive fuel assemblies to be loaded against the 
baffle plate under isolated conditions. This analysis utilizes the Westinghouse Fuel Engineering Criticality 
Safety Analysis Methodology that has been utilized for analyzing nuclear fuel in numerous instances. In 
this summary, we demonstrate the applicability of the methodology to fuel configurations in a reactor core 
under neutronically-decoupled conditions to provide flexibility during refueling operations. 
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Abstract/Keyterms: Transuranic solid waste generated as a result of the production of nuclear material for 
the United States defense program at the Savannah River Site (SRS) has been stored in more than 30,000 
containers, mostly 55- gallon drums and some carbon steel boxes, since 1953. Among the containers 
assayed thus far, the results indicate several drums with fissile inventories significantly higher (600 – 1000 
fissile grams equivalent 239Pu) than their original assigned values. While part of this discrepancy can be 
attributed to the past limited assay capabilities, human errors are believed to be the primary contributor. 
This paper summarizes an assessment of the probability of occurrence of a criticality accident during 
handling of waste containers at SRS. 
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Abstract/Keyterms: Transuranic (TRU) solid waste generated as a result of the production of nuclear 
material for the United States defense program at the Savannah River Site (SRS) has been stored in more 
than 30,000 containers mostly 55-gallon drums and some carbon steel boxes since 1953. Nearly two thirds 
of those containers have been processed and shipped to the Waste Isolation Pilot Plant (WIPP). Among the 
containers assayed thus far, the results indicate several drums with fissile inventories significantly higher 
(600 – 1000 fissile grams equivalent (FGE) 239Pu) than their original assigned values. While part of this 
discrepancy can be attributed to the past limited assay capabilities, human errors are believed to be the 
primary contributor. This paper summarizes the bases for the nonspherical fissile material configuration 
assumption in modeling of fissile material in waste drums, which resulted in higher limits for storage array 
of shipment to WIPP without compromising safety. 
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Abstract/Keyterms: A novel method for establishing areas of acceptable Criticality Accident Alarm 
System (CAAS) coverage for a new storage facility was developed and demonstrated utilizing the 
multigroup adjoint feature of Los Alamos’ Monte Carlo N-Particle 5 (MCNP5) code package. The zones 
of CAAS coverage were determined from detector sensitivity maps generated by MCNP5 for several 
conceptual geometries. These involved a slightly moderated uranium criticality accident, based on a 
process-specific source term evaluation for a new storage facility and shielded by homogenized concrete 
and BoroBond®. This method stands in contrast with the current practice of drawing constant radii circles 
of coverage from fixed detector stations, which are indifferent to problem composition or geometry. This 
methodology may be applicable to new CAAS deployments which show areas sensitive to where a 
minimum accident of concern may be detected for fixed detector locations. Furthermore, for loop systems 
that must operate on a 2/3 voting logic, the superposition of plots from several detector locations can be 
utilized to verify areas of acceptable multiple detector coverage. 
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Abstract/Keyterms: This paper summarizes efforts to develop and implement an Immediate Evacuation 
Zone (IEZ) for fissile material areas at the Y-12 National Security Complex, consistent with the 
requirements of ANSI/ANS 23, Criticality Accident Emergency Planning and Response. The approach 
represents significant coordination among multiple technical, facility safety, emergency response, and 
operations organizations. The IEZ method advanced removes reliance on a 12-rad-in-air criterion 
previously established for criticality accident alarm system (CAAS) annunciation placement. Stakeholder 
and regulator participation was mandatory to provide acceptance of the approach. 
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Abstract/Keyterms: Since the implementation of the new 10 CFR 70, Subpart H requirements, many 
challenges have been encountered regarding the interpretation and implementation of these requirements at 
the various sites. Some of these challenges are the result of slight ambiguities in the requirements. This 
paper discusses a few of these challenges, and how they might be dealt with. 
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Abstract/Keyterms: According to ANS-8.1, operations with fissile materials can be performed safely by 
complying with any of the listed single-parameter subcritical limits. For metallic units, when interspersed 
moderators are present, the mass limits apply to a single piece having no concave surfaces. On a practical 
level, when has any operation with fissile metal involved a single piece and absolutely no moderating 
material, e.g., water, oil, plastic, etc.? This would be rare. This paper explores the application of the single 
parameter plutonium metal mass limit for realistic operational environments. 
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Abstract/Keyterms: A new method to ensure criticality safety under accident conditions in fast-spectrum 
(no moderator) molten salt reactors (FS-MSRs) is proposed. MSRs are liquid-fuel reactors that can be used 
for producing electricity or hydrogen as well as burning actinides and producing fissile fuels (breeding). 
Fissile, fertile, and fission products are dissolved in a high-temperature atmospheric pressure molten 
fluoride salt. The fuel salt flows through a reactor core, where fission occurs within the flowing salt; through 
an intermediate heat exchanger; and back to the reactor core. An intermediate heat-transfer loop transports 
the heat to a turbine hall or to a hydrogen production facility. 
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Abstract/Keyterms: ENDF/B-VII.0, the initial release of the ENDF/B-VII nuclear data library was 
formally released in December 2006. A few months before that, a nuclear data library for the MCNP Monte 
Carlo code derived from the JEFF-3.1 nuclear data library3 became available, joining those previously 
available based on JENDL-3.3 and ENDF/B-VI. The study discussed herein compares MCNP5 results 
obtained for the MCNP Criticality Validation Suite using those four libraries. A previously published 
comparison employed a pre-release version of ENDF/B-VII and did not include JEFF-3.1 
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Abstract/Keyterms: The use of small uranium fuel particles in a graphite matrix, which comprises a fuel 
element in a pebble bed reactor, results in a double heterogeneity of the fuel that must be taken into account 
when processing the nuclear cross sections. Version 5.1 of SCALE supports modeling of double-
heterogeneity through the use of CENTRM’s pointwise resonance processing, which creates 238-group, 
self-shielded cross sections for use in the Monte Carlo codes KENO V.a and KENO-VI as well as in the 
two-dimensional lattice physics code NEWT. Participants in a Gen-IV Physics Colloquium at Idaho 
National Laboratory on October 5–7, 2003, drafted a suite of benchmarks “for evaluating basic cross section 
generation methods and for assessing critical issues in the construction of few-group cross sections for 
VHTR fuel. 
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Abstract/Keyterms: The Tools for Sensitivity and UNcertainty Analysis Methodology Implementation 
(TSUNAMI) within the SCALE code system provide a number of robust analysis tools for eigenvalue 
sensitivity and uncertainty analysis in a production-level, publicly available, configuration controlled 
package. This paper provides a brief summary of the TSUNAMI capabilities currently available in SCALE 
5.1, as well as emerging capabilities for reactor physics and shielding analysis. 
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Abstract/Keyterms: For operating accelerator driven subcritical system (ADS) safely, monitoring of the 
subcriticality is imperative. The reactor power of ADS is depend on both subcriticality and neutron source 
strength, so real-time monitoring of the subcritical level is required. In this study, we investigated whether 
it is feasible to measure subcriticality in real time by Rossi-alpha method by using time series data of 
neutron detection accumulated with Detection-time Acquisition System. From the viewpoint of real-time 
measurement, we paid attention to the following items; data-processing time, accuracy of measurement and 
reply characteristics to reactivity change. The time for processing time-series data of neutron detection is 
desirable to be less than 100ms for real-time measurement, and the required accuracy is below than several 
percent. We investigated these items by using numerical simulation where the time-series data of neutron 
detection were generated by Monte Carlo simulation on the condition of point reactor model and thermal 
reactor. 
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Abstract/Keyterms: The Thermal Oxide Reprocessing Plant (THORP) at Sellafield reprocesses irradiated 
uranium dioxide fuel from light water and advanced gas cooled reactors. Following fuel monitoring, the 
fuel is sheared into the dissolvers where the fuel is dissolved in hot nitric acid poisoned with gadolinium. 
This dissolver product liquor is then fed forward through various vessels in the Feed Clarification Cell 
before being buffer stored pending solvent extraction to separate the plutonium, uranium and fission 
products. This Head End Plant contains two separate process lines, feeding liquor to three buffer storage 
tanks. 



 

C-20486 

20435…..…..…………………..…….……..……ID Number…………………..…..…………….20435 

Author: Wetzel, Larry L. 

Title: Criticality Safety Calculational Issues of Loosely Coupled Systems 

Date: 11/1/2007 

Report: TANSAO, 097, 145-146 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: The primary calculational tool at BWXT NOD-L for criticality calculations is KENO-
V.a in SCALE 5.0. The code works quite well, but a recent application to an atypical system yielded some 
interesting results. Traditionally, KENO was used on systems that consisted of only a few fissile units that 
were in close proximity. The new application involved modeling an entire processing facility. In order to 
have confidence in this application of KENO, two items are needed: 1) an understanding of how keff is 
determined by KENO and 2) an understanding of what constitutes an acceptable result. 
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Abstract/Keyterms: There is a lack of consistent guidance on water mist ranges (from sprinklers) for use 
in NCS analyses. Ideally subcriticality is documented for the full moderation range (0 g/cc to 1.0 g/cc); 
however, NCS cannot document subcriticality for all historically approved fissile systems over all sprinkler 
densities. Based on lack of guidance a variety of ranges and methodology have been developed by NCS 
analysts. These values are not reviewed by fire protection engineers (FPE) to verify that NCS maximum 
values are calculated correctly or that they bound existing nuclear facility sprinklers. Also, old systems 
documentation is not always accurate, some information is not available and it is too costly to review each 
sprinkler system and head in every nuclear facility to develop the actual ranges for use. Therefore, as NCS 
could not document subcriticality for all fissile systems an approach was developed in conjunction with fire 
protection engineering experts to bound existing sprinkler systems and provide a reasonably conservative 
basis for NCS to use in its analyses. 
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Abstract/Keyterms: A practical necessity of dealing with damp mixed oxide (MOX) powders occurs in 
different stages of the regular MOX fuel fabrication process. Interruptions of the fabrication and 
transportation processes may occur when initially dry MOX fuel moistens as a result of an emergency. The 
calculational codes and neutron data using in criticality calculations of such systems should be examined 
for this reason. The main result of the examination is an appropriate value of calculational uncertainty. This 
uncertainty is rather large (~2%) and should be reduced. This can be accomplished by adding information 
about integral (critical) experiments which simulate damp MOX powders. An example is that the initial 
calculational uncertainty of the application (damp MOX powders) can be essentially decreased by using 
the Generalized Linear Least Squares Method (GLLSM) which is the key part of the sensitivity and 
uncertainty analysis. 
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Abstract/Keyterms: Previous studies on the applicability of commercial reactor criticals (CRCs) to 
validation of burnup credit criticality calculations have focused on general characteristics comparisons 
between the CRCs and spent nuclear fuel (SNF) storage/transport/disposal systems. Recent work at Oak 
Ridge National Laboratory has thoroughly evaluated the similarities between the two types of systems using 
the Tools for Sensitivity and Uncertainty Analysis Methodology Implementation (TSUNAMI) in the 
SCALE code system. This paper summarizes the results of the sensitivity and uncertainty (S/U) analysis. 
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Abstract/Keyterms: The objective of processing fissile materials is to do it safely and efficiently. 
Criticality safety is formulated and implemented to prevent an accidental criticality. Implementation has 
been executed through a phased approach over time. These phases can be identified. Experimental Phase: 
Experiments carried out in a number of critical mass laboratories provided supportive experiments to 
operations. Simple calculations extended the range of data Calculational Phase: With the shut down of 
critical mass laboratories attention was turned to more sophisticated calculations. Cross sections and models 
were honed and improved replication of past experiments was achieved. 
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Abstract/Keyterms: An experiment has been performed to determine the thermal neutron absorption cross 
section in Lucite using Fermi-Age theory. The measurement is based on previous measurements that Enrico 
Fermi did in the 1930s and 1940s to investigate the neutron absorption properties of various materials and 
whose results are documented in Refs. 1 and 2. This method classifies the slowing down of fast neutrons in 
a moderating material as a two step process. In the first step, the fast neutrons collide with the nuclei of the 
moderating material, losing energy until they reach thermal energy (0.025 eV). The second diffusion 
process is defined as when the thermal neutrons continue to diffuse through the moderating material without 
further loss of energy until they are finally absorbed. Note that this method does not take into account the 
chemical bonds of the lucite molecule. 
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Abstract/Keyterms: This summary presents the results of criticality safety analyses dealing with two 
different activities in PWR spent fuel pools. The first analysis evaluates the nuclear criticality safety of 
17x17 fuel assemblies undergoing ultrasonic fuel cleaning (UFC) in a spent fuel pool for a bounding 
configuration in and around the cleaning chambers. The second analysis assesses the margin to criticality 
for the physical situation of a 16x16 fuel assembly that has been dropped while residing in the new fuel 
elevator (NFE) of a spent fuel pool. These analyses were performed with the Westinghouse Fuel 
Engineering Criticality Analysis Methodology, which has previously been approved by the NRC and 
successfully been used for PWR in numerous instances. Through extensive and bounding analyses, it has 
been shown that the effective multiplication factor will remain less than the regulatory limit of 0.95 for 
these two activities in the spent fuel pool. 
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Abstract/Keyterms: Since its inception there has been widespread misinformation and misunderstanding 
as to the meaning the Double Contingency Principle (DCP) and its relationship to the Process Analysis 
(PA) requirement, Sections 4.2.2 and 4.1.2 of ANSI/ANS-8.1, respectively. This paper seeks to clarify the 
situation by pointing to the relationship as presented in the standard and giving the logical self-consistent 
definitions as supported by the original standard authors. 
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Abstract/Keyterms: Criticality safety specialists search in time and space for critical experiments to 
support benchmarks. This presentation covers critical experiments at the FR0 fast reactor in Studsvik, 
Sweden. They were performed in 1964-1971 but were not properly recognized until recently. The 
association with fast reactors reduced the attraction to criticality safety specialists. AB Atomenergi was the 
owner, designer and operator of FR0. Fortunately, it appears as if sufficient information is still available to 
support development of benchmarks. An evaluation to support the ICSBEP Handbook has come a long way 
towards completion. 
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Abstract/Keyterms: A Criticality Safety Index (CSI) methodology is used for ensuring the safety of fissile 
material storage arrays at Sandia National Laboratory. The basis for this CSI methodology derives from 
federal regulation in 10CFR71.59 that provides direction for ensuring the safety of fissile material packages 
during vehicle transport. The 10CFR71.59 transport regulation defines the method by which CSI values are 
determined for specific package types. These CSIs are based on the number of identical packages that may 
be safely within a moderated array while considering that the packages may be either undamaged or 
damaged. In addition to the federal regulation that defines the CSI methodology, a Department of Energy 
(DOE) standard recognizes the CSI method as useful for setting limits in arrays of commingled fissile 
material packages. The CSI method is similar to other concepts for establishing the safety of fissile material 
storage arrays from the ANSI/ANS-8.7-1998 standard and other NCS guidance. 



 

C-20496 

20445…..…..…………………..…….……..……ID Number…………………..…..…………….20445 

Author: Bowen, Douglas G. / Monahan, Shean P. 

Title: Criticality Safety Program Improvement Plan at Los Alamos National Laboratory 

Date: 11/1/2007 

Report: TANSAO, 097, 171-172 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—II 

Abstract/Keyterms: In October 2005, the National Nuclear Security Administration (NNSA) conducted a 
technical evaluation of the nuclear criticality safety (NCS) program at Los Alamos National Laboratory 
(LANL). The report issued by the NNSA documented three safety recommendations, fourteen findings, 
sixteen recommendations, thirteen opportunities for improvement, and two noteworthy practices. To 
address these issues, a resource-loaded Program Improvement Plan (PIP) was developed. As a result of a 
contractor change at LANL (University of California to Los Alamos National Security, LLC) and to better 
organize the improvement plan, a revision was generated that grouped the PIP actions into cohesive 
integrated systems. The revised PIP separates the actions into two logical phases, Phase I and Phase II. 
Phase I, now complete, addressed the three safety recommendations and restructuring the NCS program. 
Phase II is focusing on correcting the remaining deficiencies and on achieving compliance with NCS 
program policies, DOE Order 420.1B, and all ANSI/ANS-8-series standards. 
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Abstract/Keyterms: Criticality safety evaluations implement requirements to proof of sufficient sub 
critical margins outside of the reactor environment for example in fuel fabrication plants. Basic criticality 
data (i.e., criticality standards) are used in the determination of sub critical margins for all processes 
involving plutonium or enriched uranium. There are several criticality international handbooks, e.g., ARH-
600, which is one the US nuclear industry relies on. The French Nuclear Safety Authority (DGSNR and its 
advising body IRSN) has requested AREVA NP to review the criticality standards used for the evaluation 
of its Low Enriched Uranium fuel fabrication plants with CRISTAL V0, the recently updated French 
criticality evaluation package. 
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Abstract/Keyterms: The most widely recognized attribute of criticality accidents is the flash of light or 
blue glow observed by witnesses. This paper looks at 23 criticality accidents involving witnesses, and 
evaluates the reported sensations described during the event. Flashes of light were reported in at least 19 of 
these 23 accidents; in eight cases observers also reported heat or shock waves. In seven of those cases the 
assembly was in an open tank of liquid, and Cerenkov radiation can provide a reasonable explanation; 
however, none of these cases involved heat or shock waves. This study evaluates the remaining 12 cases 
and concludes that the observations represent physical phenomenon associated with the critical excursion. 
The observations were made under widely varying environmental and radiological conditions, yet there are 
significant consistent elements to the accounts. When viewed directly, the glow has always been 
specifically associated with the focused image of the critical system. When viewed indirectly, the glow has 
always been perceived as a focused reflection from distinct surfaces. There is a similarly consistent pattern 
to the heat or shock waves. This study considers the possibility that these observations were due to 
fluorescence of atoms in the air surrounding the critical system, the same phenomenon observed in auroras 
generated in earth’s atmosphere near magnetic poles. Fluorescence is observed when energy is imparted to 
a bound electron, causing it to jump to a higher energy state. The electron then releases a photon when it 
falls back to a lower energy state. The photon’s energy is characteristic of the atom and the energy imparted, 
so resulting spectral lines are unique for each element. 
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Abstract/Keyterms: TRIPOLI-4 is the fourth generation of the TRIPOLI family of Monte Carlo codes 
developed from the 60’s by CEA. This fully 3D pointwise code is dedicated to radiation protection and 
shielding, criticality and reactor physics projects. It is used as a reference tool by CEA as well as its 
industrial or institutional partners, and in the NURESIM European project. It is available from the NEA 
and RSICC web sites. As far as the nuclear data management is concerned in TRIPOLI-4, it has been chosen 
to directly use the NJOY PENDF output, which is the cross section representation closest to the physics. 
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Abstract/Keyterms: TRIPOLI-4 is the fourth generation of the TRIPOLI Monte Carlo codes developed 
from the 60’s by CEA. This 3D full pointwise code is dedicated to shielding, criticality and core physics 
studies. It is used as a reference tool by CEA as well as its industrial or institutional partners, and in the 
NURESIM European project. It may be available from the NEA and RSICC web sites. In this paper, we 
focus on the variance reduction techniques used in TRIPOLI-4 to investigate efficiently shielding studies 
concerned with deep penetration of the flux. Attention was paid to a minimal user intervention in the 
initialization part of the variance reduction scheme. 
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Abstract/Keyterms: TRIPOLI-4 is the fourth generation of the TRIPOLI Monte Carlo codes family 
developed from the 60’s by CEA. This fully 3D pointwise code is dedicated to radiation protection and 
shielding, criticality and reactor core projects. It is used as a reference tool by CEA as well as its industrial 
or institutional partners, and in the NURESIM European project. It is available from the NEA and RSICC 
web sites. In this presentation is described the Green functions option of TRIPOLI-4. This function is very 
useful for parametric studies in shielding, for example to calculate neutron flux (flux above 1 MeV, …) and 
neutron dosimeter responses (Ni58(n,p)Co58, Fe54(n,p)Mn54, …), at different locations (in-core and ex-
core detector positions, …) in a PWR versus different fuel assembly loading configurations. 
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Abstract/Keyterms: TRIPOLI-4 is the fourth generation of the TRIPOLI Monte Carlo codes family 
developed from the 60’s by CEA. This fully 3D pointwise code is dedicated to radiation protection and 
shielding, criticality and reactor physics projects. It is used as a reference tool by CEA as well as its 
industrial or institutional partners, and in the NURESIM European project. It is available from the NEA 
and RSICC web sites. In this presentation is described the robust, easy-to- use parallelism capability 
available from the beginning of TRIPOLI-4 development. 
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Abstract/Keyterms: Continuous-energy TRIPOLI-4 Monte Carlo transport code has been widely used on 
diverse fields of nuclear engineering to support French nuclear energy research and industrial applications. 
It covers radiation protection and shielding, in-core and ex-core dosimetry, fuel cycle criticality safety, core 
physics of research reactors, LWR fuel depletion, MTR gamma-heating, neutron source calibration, 
radiation dosimetry and nuclear instrumentation fields. Successive versions of the code are systematically 
verified and validated through several hundreds benchmarks named “Validation Machine of TRIPOLI-4”. 
The running of the Validation Machine and the verification of more than 6000 tally results are routinely 
carried out to ensure a good program integration including updated object modules and renewed data 
libraries. 
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Abstract/Keyterms: The Standardized Computer Analyses for Licensing Evaluation (SCALE) computer 
software system developed at Oak Ridge National Laboratory (ORNL) is widely used and accepted around 
the world for nuclear applications such as problem-dependent resonance self shielding of cross-section data, 
criticality safety, radiation source terms and shielding, sensitivity and uncertainty, and reactor physics 
analyses. Version 5.1 of SCALE was released in November 2006, and Version 6.0 is scheduled for release 
in October 2008. SCALE 5.1 has been implemented and tested on Linux, Unix, and Windows computing 
platforms. Executables for Linux and Windows are included in Version 5.1. This paper presents an 
overview of the capabilities in Versions 5.1 
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Abstract/Keyterms: Nuclear Facilities and packages using current computing techniques. The Monte 
Carlo codes KENO V.a and KENO-VI in SCALE are widely used to calculate the multiplication factor of 
fissile systems, as well as the flux distributions throughout the system. KENO V.a and KENO-VI differ in 
their treatment of the geometric modeling of the problem. KENO-VI is not an updated version of KENO 
V.a., but rather provides more general geometric modeling capabilities. As such, both codes are maintained 
and improved continuously. KENO V.a contains simpler geometric modeling capabilities and therefore 
runs much faster, while still allowing complex geometries to be modeled using simple geometric shapes. 
KENO-VI allows more complex geometric modeling and runs longer than KENO V.a. Current versions of 
both codes in SCALE 5.1 employ a multigroup scheme to treat the energy dependence of the transport 
equation; however, much effort has recently been devoted to add a continuous-energy scheme to treat the 
energy dependence of the transport equation in these codes for SCALE 6.0. 
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Abstract/Keyterms: More often than in the past, Monte Carlo methods are being used to compute fluxes 
or doses over large areas using mesh tallies (a set of region tallies defined on a mesh that overlays the 
geometry). For problems that demand that the uncertainty in each mesh cell be less than some set maximum, 
computation time is controlled by the cell with the largest uncertainty. This issue becomes quite 
troublesome in deep-penetration problems, and advanced variance reduction techniques are required to 
obtain reasonable uncertainties over large areas. The CADIS (Consistent Adjoint Driven Importance 
Sampling) methodology has been shown to very efficiently optimize the calculation of a response (flux or 
dose) for a single point or a small region using weight windows and a biased source based on the adjoint of 
that response. This has been incorporated into codes such as ADVANTG (based on MCNP) and the new 
sequence MAVRIC, which will be available in the next release of SCALE. 
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Abstract/Keyterms: Increasing complexity in reactor designs suggests a need to reexamine methods 
applied in spent-fuel characterization. The ability to accurately predict the nuclide composition of depleted 
reactor fuel is important in a wide variety of applications. These applications include, but are not limited 
to, the design, licensing, and operation of commercial/research reactors and spent-fuel transport/storage 
systems. New complex design projects such as space reactors and Generation IV power reactors also require 
calculational methods that provide accurate prediction of the isotopic inventory. New high-fidelity physics 
methods will be required to better understand the physics associated with both evolutionary and 
revolutionary reactor concepts, as they depart from traditional and well-understood light-water-reactor 
(LWR) designs. The TRITON sequence of the Standardized Computer Analyses for Licensing Evaluation 
(SCALE) code system provides a powerful, robust, and rigorous approach to reactor physics analysis. This 
summary provides an overview of TRITON in terms of its key components used in reactor calculations. In 
response to concerns about the ability to accurately model the burnup of an LWR core containing weapons-
grade mixed-oxide (MOX) fuel assemblies, the Nuclear Regulatory Commission has supported the 
enhancement of the generalized geometry discrete-ordinates transport code NEWT. 



 

C-20508 

20457…..…..…………………..…….……..……ID Number…………………..…..…………….20457 

Author: Ilas, Germina / Murphy, Brian D. / Gauld Ian C. 

Title: Overview of ORIGEN-ARP and its Application to VVER and RBMK 

Date: 11/1/2007 

Report: TANSAO, 097, 601-603 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: The SCALE Code System 

Abstract/Keyterms: An accurate treatment of neutron transport and depletion in modern fuel assemblies, 
which are characterized by heterogeneous, complex designs, and higher fuel enrichments and burnups, 
requires the use of advanced and complex computational tools capable of simulating multidimensional 
geometries. Most of the modern computational systems developed for this purpose are built through 
coupling of multidimensional neutron transport and point depletion codes. For many routine applications, 
the use of these types of tools may not be efficient, as they may require large computational time, significant 
computer resources, additional specialized knowledge on the methods used by the code or more extensive 
training of the code user. In these cases, depending on the specific type of application and the level of 
accuracy required, the user may benefit from the availability of faster and easier to use alternative tools. 
The ORIGEN-ARP code in SCALE could serve as such an alternative tool for depletion, decay, and source 
term analyses. 
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Abstract/Keyterms: The Tools for Sensitivity and UNcertainty Analysis Methodology Implementation 
(TSUNAMI) within the Standardized Computer Analyses for Licensing Evaluation (SCALE) code system 
provide a number of robust analysis tools for eigenvalue sensitivity and uncertainty analysis in a production-
level, publicly available, configuration-controlled package. This paper provides a brief summary of the 
TSUNAMI capabilities currently available in SCALE 5.1, which includes the most thorough set of tools 
available for eigenvalue sensitivity analysis, uncertainty quantification, and experiment-to-application 
similarity assessment for code validation. 
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Abstract/Keyterms: The SCALE (Standardized Computer Analyses for Licensing Evaluation) code 
system provides a comprehensive and integrated package of codes and nuclear data for a wide range of 
applications in criticality safety, reactor physics, shielding, isotopic transmutation, and 
sensitivity/uncertainty (S/U) analysis. Since the release of version SCALE 5.1 in 2006, several important 
new codes have been developed, and various improvements made to existing ones. Many of these new 
features will be available in SCALE 6.0, which has a projected release date of Fall 2008. In addition to near 
term improvements, a master plan for longer term SCALE enhancement activities recently has been 
developed to provide an integrated framework for future methods development. Some of the major 
components of the SCALE advanced methods development plan are (1) improvements in nuclear data 
libraries, (2) significant software enhancements for functional modules (executables), and (3) redesign of 
the fundamental SCALE computational architecture. This paper will discuss future directions for SCALE 
development after release of SCALE 6.0. 
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Abstract/Keyterms: DESCARTES is an advanced code system for neutronic calculations, developed with 
the support of EDF and AREVA-NP. The main objectives which have leaded the design of the platform are 
the following: Flexible: from best-estimate calculations to industrial design; Open: easy coupling with other 
disciplines (thermo mechanics, thermal hydraulics, shielding); Enlarged scope: criticality, all types of 
reactors; Safe: qualified and uncertainties assessment; User friendly: user interfaces, databases; 
DESCARTES is based on the object oriented method using UML design and programmed in C++ and the 
Python interpreted script language. The first phase of the project which is a part of the NURESIM Core 
Physics platform, has been dedicated to the development of advanced methods for core calculations. 
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Abstract/Keyterms: TRIPOLI-4 is the fourth generation of the TRIPOLI family of Monte Carlo codes 
developed from the 60’s by CEA1. TRIPOLI-4 is a three dimensional polykinetic particle transport Monte 
Carlo code, developed at CEA in France. It simulates essentially neutrons, photons as well as the coupled 
neutron-photon propagation by Monte Carlo method. TRIPOLI-4 code is used essentially for four major 
classes of applications in nuclear fields (fission reactors, fusion devices, …) : shielding studies, criticality 
studies, core physics studies and nuclear instrumentation studies. It computes particle fluxes, currents and 
several related physical quantities such as reaction rates, dose rates, heating, effective multiplicative factor, 
perturbation effects due to density or concentration (by correlated sampling method). 
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Abstract/Keyterms: Experiments were performed in the ZED-2 critical facility at AECL’s Chalk River 
Laboratories to provide validation data for reactor physics codes and associated nuclear-data libraries used 
for the design, safety analysis and licensing of the Advanced CANDU Reactor (ACR- 1000). An essential 
feature of the ACR-1000 design is the use of lightly enriched uranium and light-water coolant. Previous 
experiments in ZED-2 focused on heavy-water cooled and moderated CANDU Fuel lattices with fresh 
natural uranium oxide fuel. An extensive inter-code comparison with numerous neutronic computer codes 
was carried out to benchmark the standard AECL reactor physics toolset used for the ACR-1000 core 
design. This paper demonstrates the accuracy of one set of alternate codes by modeling ZED-2 experiments 
involving 43-element CANFLEX fuel assemblies with 0.95 wt% 235U slightly enriched uranium (SEU) 
and 0.96 wt% 235U recovered uranium (RU). The RU and SEU fuels are similar reactivity wise, because 
of an increased 234U content and the presence of some 236U in the RU fuel. The ZED-2 core was modeled 
using the PANTHER diffusion-theory code, and the WIMS9A transport code to generate the group 
parameters. The results were also compared with MCNP5 Monte Carlo code predictions. The analysis 
focused on the ability of these codes to reproduce coolant void reactivity (CVR) effects and flux shapes 
measured via copper-foil activation. 



 

C-20514 

20463…..…..…………………..…….……..……ID Number…………………..…..…………….20463 

Author: Mosteller, Russell D. / MacFarlane, Robert E. / Mughabghab, Said / Kim Soon, Sam 

Title: Development and Testing of a Revised ENDF/B-VII Capture Cross Section for 113Cd 

Date: 11/1/2007 

Report: TANSAO, 097, 727-729 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics Design, Validation, and Operating Experience—II 

Abstract/Keyterms: A recent paper observed that, relative to ENDF/B-V, ENDF/B-VI3 produces a 
marked deterioration in the agreement between calculated and measured values of keff for a series of 
benchmarks4 with cadmium in a highly enriched uranium (HEU) nitrate solution. Since the thermal 
ENDF/B-VII.05 cross sections for cadmium are very similar to their ENDF/B-VI counterparts, this result 
suggested that ENDF/B-VII.0 would not produce good results for those benchmarks either. The critical 
experiments upon which those benchmarks are based consisted of a cylindrical stainless-steel vessel 
surrounded by an effectively infinite reflector of water around and beneath it. The vessel contained an HEU 
nitrate solution, with or without cadmium nitrate in the solution. The reflector also contained cadmium for 
some cases but not all. The height of the reflector was substantially greater than that of the solution in the 
vessel for all cases. The solution height in the vessel was adjusted to produce critical configurations. The 
experiments were performed using vessels of two different sizes. The vessel in experiments 1 through 8 
had an inner diameter of 24.18 cm, while the vessel in experiments 9 through 21 had an inner diameter of 
29.16 cm. Two of the experiments with the larger vessel were essentially identical and therefore were 
combined into a single benchmark. 
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Abstract/Keyterms: The Decontamination and Decommissioning of the shut-down K-25 and K-27 
Gaseous Diffusion Uranium Enrichment Plant facilities near Oak Ridge, TN includes equipment removal, 
which focuses on all primary and auxiliary items/components/systems that were exposed to process gases. 
These waste materials will be removed from their installed locations and transported for burial to the 
Environmental Management Waste Management Facility (EMWMF) located near Oak Ridge, Tennessee. 
The EMWMF is a multi-celled, above-grade, disposal facility authorized to accept low-level radioactive 
waste from multiple sources, provided those sources meet the applicable Waste Acceptance Criteria. 



 

C-20516 

20465…..…..…………………..…….……..……ID Number…………………..…..…………….20465 

Author: Henkel, J. J. / Mihalczo, J. T. 

Title: MCNP-PoliMi Calculations of Active Neutron Interrogation Measurements for a HEU Annular 
Casting 

Date: 6/1/2008 

Report: TANSAO, 098, 191-192 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: This paper presents a comparison of MCNP-PoliMi calculations with measurements 
of the prompt neutron time behavior after interrogating a highly enriched uranium (HEU) (~93 wt% 235U) 
annular metal casting with neutrons from a time-tagged 252Cf spontaneous fission source or time and 
directionally tagged neutrons from a steady state DT neutron generator with an embedded alpha detector. 
These measurements used a fast time correlation processor from the nuclear material identification system 
(NMIS) that measures the time distribution of detection events on a nanosecond timescale (equivalent to a 
randomly pulsed neutron measurement) and the time distribution of events in one detector after an event in 
another detector (equivalent to a two-detector Rossi-alpha measurement). The NMIS measurement system 
is ideally suited for non-destructive analysis of fissile mass configurations such as verification of fissile 
mass within a shipping container. These calculations of the prompt-neutron time behavior were performed 
to verify the ability of the MCNP-PoLiMi calculation method and cross sections to predict the measured 
prompt neutron time behavior for subcritical experiments with HEU metal. 
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Abstract/Keyterms: The prompt neutron decay has been measured for highly enriched uranium (HEU) 
metal castings by randomly pulsed neutron experiments with a time-tagged 252Cf spontaneous source of 
fission neutrons and time and directionally tagged neutrons from a 14.1 MeV neutron generator and by time 
coincidence measurements between detectors. This paper evaluates the effect of neutrons (>1 MeV) 
promptly returning from the walls and floor of the room, in particular, how it affects the prompt neutron 
time decay. 
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Abstract/Keyterms: High level radioactive liquid waste (36 million gallons) generated as a result of the 
production of nuclear material for the United States defense program at the Savannah River Site has been 
stored in underground tanks. About ten percent of the waste volume is sludge, primarily composed of 
insoluble metal hydroxides of Mn, Fe, Al, Hg, and most radionuclides (fission products and actinides). The 
remaining ninety percent of the waste volume is saltcake, primarily composed of sodium compounds 
(nitrites, nitrates, and aluminates) and hydroxides. Saltcake accounts for 30% of the radioactivity while the 
sludge accounts for 70% of the radioactivity. As the sludge settled in the storage tanks, a layer composed 
of water and dissolved salts, commonly called “supernate”, collected above the sludge layer. To reduce the 
volume and the chances of escaping to the environment in the event of a tank leak, the supernate in the 
storage tanks was decanted and concentrated in evaporators. The concentrated supernate crystallized to 
form the saltcake when returned to the storage tanks. Saltcake is composed of salt crystals, interstitial liquid, 
gas, and insoluble solids. Saltcake contains significant amounts of actinides and other long-lived radioactive 
nuclides such as strontium and cesium that must be extracted prior to saltcake disposal as low level waste. 
The extracted radioactive nuclides will be mixed with sludge from storage tanks and vitrified in another 
facility. Because of the presence of highly enriched uranium and plutonium in the saltcake, there is a 
criticality concern associated with processing of salt solution. 
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Abstract/Keyterms: A series of sub-critical neutron measurements were performed using different 
configurations of the Los Alamos Neptunium sphere and the Rocky Flats (RF) uranium metal critical 
assembly parts as part of the initial approach to critical prediction measurements in support of the Los 
Alamos neptunium critical experiments. A method for predicting prompt critical for this system is also 
presented. 
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Abstract/Keyterms: The widespread availability of high speed digital computers has significantly changed 
the practice of criticality assessment over the last 50 years. In the past much use was made of graphs 
showing the critical parameters for various idealised systems. Values can be read off and through a series 
of transformations be converted into an estimate of critical masses, volumes, concentrations etc. Although 
the use of these graphs, which were published as handbooks, has diminished, there remains a place for them 
both in scoping calculations before other codes are used to provide a more accurate representation of 
specific systems, and as cross checks. Currently the principal handbooks in use, in particular ARH-600, are 
around 40 years old, and have a number of limitations: the graphs were generated for a limited number of 
critical systems (k-effective=1.0); and there are potential errors in reading or transcribing the values. This 
paper describes a new automated system for generating and displaying graphs describing a number of 
different systems. This work extends traditional handbooks by including a wider range of critical systems, 
as well as non-critical systems. Since the data are in electronic form the likelihood of transcription errors is 
reduced, and the values can be accurately read. 
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Abstract/Keyterms: The Low Level Waste Repository (LLWR), is located about 5 miles from Sellafield 
site. During the 2nd World War it was used for manufacture and storage of munitions. In the decades 
following the war, some of the redundant buildings (known as the Magazines) were at one time used to 
store miscellaneous plutonium (and uranium) contaminated materials (PCM) from the UK’s nuclear 
programme. The form of the material was either drummed waste or crated items. The site became the UK’s 
Low Level Waste repository and there was a regulatory requirement placed upon BNFL to remove historic 
PCM items from the site. This raised difficult criticality safety challenges as there was very little 
information available on the fissile inventory of items stored. Though much of the project progressed 
smoothly, in 2006, the last of the magazines to be opened provided some significant surprises and criticality 
safety challenges to overcome. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission (NRC) regulates a number of fuel cycle 
facilities which store and process large quantities of fissile material and must, therefore, implement and 
maintain nuclear criticality safety (NCS) controls. NRC initiates enforcement actions for violations of 
criticality safety controls during operations. The NRC Enforcement Policy, under which such violations are 
addressed, is currently undergoing extensive revision. This paper discusses how double contingency is a 
factor in the characterization of criticality safety-related violations during enforcement proceedings 
involving at fuel cycle licensees. 



 

C-20523 

20472…..…..…………………..…….……..……ID Number…………………..…..…………….20472 

Author: Gil, Choong-Sup / Leal, Luiz C. 

Title: Comparison of the Uncertainties of keff Using Recently Developed Covariance Data 

Date: 6/1/2008 

Report: TANSAO, 098, 207-208 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—II 

Abstract/Keyterms: The uncertainties of calculated integral nuclear parameters such as keff values, 
reaction rates, reactivity worths, spent fuel isotopic concentrations, etc., are most likely caused by the 
inevitable approximations in crosssection data, description of the geometry, and material compositions. The 
uncertainties in the integral parameters due to cross sections can be assessed using cross-section covariance 
data produced directly from the uncertainties of measurements. The uncertainty assessments with the 
covariance data have been continually used in reactor physics relating to the safety margin predictions 
and/or optimized integral benchmark facility designs for the next nuclear systems. 
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Abstract/Keyterms: At the GNF-A BWR fuel manufacturing plant, uranium operations are performed at 
a maximum process enrichment limit of 5 wt% 235U. The fuel manufacturing process equipments are 
housed in the Fuel Manufacturing Operation (FMO) facilities. As uranium operations are performed within 
these facilities, the potential for a criticality accident exists. In the event of a criticality accident, a criticality 
accident alarm system (CAAS) must be in place to detect the criticality accident and sound an alarm. 
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Abstract/Keyterms: An Immediate Evacuation Zone (IEZ) is that area where evacuation without 
hesitation must occur to minimize the dose received by personnel in the event of a criticality accident. In 
many cases, the IEZ is based on a dose of 12 Rad in air. This dose was prescribed in the now superseded 
version of Department of Energy (DOE) Order 420.1A, and its predecessors. The value of 12 Rad has been 
a debated issue that resulted in clarifications to national standard ANSI/ANS-8.3- 1997. 
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Abstract/Keyterms: The K-25 Building at the East Tennessee Technology Park is relying on the use of 
Non-Destructive Assay (NDA) methods for characterizing hold-up materials in process equipment. The 
characterization data is used for many purposes including mass estimates for nuclear criticality safety 
(NCS) and waste disposition. This paper addresses the sensitivity of certain parameters in the NDA process 
to overall mass measurement results. 
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Abstract/Keyterms: During the period from June 1967 through September 1969 a series of critical 
experiments was performed at the Rocky Flats Critical Mass Laboratory with spherical and hemispherical 
plutonium assemblies as nested hemishells as part of a Nuclear Safety Facility Experimental Program to 
evaluate operational safety margins for the Rocky Flats Plant. These assemblies were both bare and fully 
or partially oil-reflected. Many of these experiments were subcritical with an extrapolation to critical 
configurations or critical at a particular oil height. Existing records reveal that 167 experiments were 
performed over the course of 28 months. Unfortunately, much of the data was not recorded. A reevaluation 
of the experiments had been summarized in a report for future experimental and computational analyses.1 
This report examines only fifteen partially oil reflected hemispherical assemblies. Fourteen of these 
assemblies also had close-fitting stainless-steel hemishell reflectors, used to determine the effective critical 
reflector height of oil with varying steel-reflector thickness. The experiments and their uncertainty in keff 
values were evaluated to determine their potential as valid criticality benchmark experiments of plutonium. 
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Abstract/Keyterms: This paper summarizes an evaluation of a series of critical experiments that are useful 
for validation of calculations involving spent nuclear fuel. In the 1980s, a series of critical experiments 
referred to as the Haut Taux de Combustion (HTC) experiments was conducted by the Institut de 
Radioprotection et de Sûreté Nucléaire (IRSN) at the experimental criticality facility in Valduc, France. 
These experiments were designed to provide a basis for validation of actinide-only burnup credit 
calculations. The simulated Zr-clad fuel rods used in these experiments contained a mixture of uranium and 
plutonium oxides. The plutonium-to-uranium ratio and the uranium and plutonium isotopic compositions 
were designed to be similar to what would be found in typical pressurized water reactor fuel that initially 
had an enrichment of 4.5 wt% 235U and was burned to 37,500 MWd/MTU. 
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Abstract/Keyterms: ExSITE is a new input file editor and graphical user interface (GUI) for SCALE. It is 
written in Java and is built on the Netbeans Rich Client Platform, which provides basic functionalities such 
as a customizable file editor with syntax highlighting and customizable window layouts. This basic 
framework has been adapted to meet the needs of SCALE users by adding capabilities to create and edit 
input files, execute SCALE, view text and HTML output, and plot results with Javapeño. ExSITE will be 
released with SCALE 6. 
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Abstract/Keyterms: This summary presents various reactivity suppression approaches to expand the 
number of fuel assemblies that meet the storage requirements of high-density racks. Lack of reprocessing 
and permanent disposal sites forces the utilities to look for new ways to increase their storage capability as 
they run close to full capacity in the spent fuel pools. Crediting fuel assembly depletion, actinide decay, 
soluble boron, and absorber hardware including Boraflex and Boral, are the conventional means to 
maximize the use of the fixed pool storage capacity currently in place. Higher initial enrichments in close 
packed storage configurations and material degradation problems associated with Boral and Boraflex 
necessitate new means of suppressing the excess reactivity in the pool for expanded storage and safe 
operation. Here, alternative approaches are discussed to preclude high reactivity in close-packed storage 
configurations, including fuel assembly offset loading in which fuel assemblies are loaded in the racks 
separated axially from each other, alternate upside-down loading in which some of the assemblies are 
flipped and loaded upside down in a checkerboard pattern, and water displacing rod/tube insertions in the 
guide tubes. Note that these alternative approaches do not rely on fixed absorbers, which have had and 
continue to have material degradation problems; rather provide flexible, reliable and as effective means for 
reactivity control. 
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Abstract/Keyterms: The Double Contingency Principle (DCP) is stated as follows: Process designs should 
incorporate sufficient factors of safety to require at least two unlikely, independent, and concurrent 
[emphasis added] changes in process conditions before a criticality accident is possible. Interpretation of 
the DCP depends, at a minimum, upon interpretation of the phrase “unlikely, independent, and concurrent.” 
Implementation of the DCP depends upon its interpretation and upon consequent measures taken that 
prevent single failure cause of a criticality accident. This paper advocates use of quantification, when 
practicable, as a supplement to qualitative, intuitive assessments when applying the DCP. This new 
approach would take advantage of whatever relevant data are available in order to prevent single failure 
occurrences. 
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Abstract/Keyterms: Nuclear Facilities. Applied nuclear criticality safety (NCS) occasionally relies on in-
situ NDA measurements to confirm compliance with NCS limits and to provide information for performing 
safety analyses. That reliance begins with NCS engineers' knowledge of the normal and abnormal 
operational conditions, the equipment/environment of fissile materials, and their understanding of NDA 
measurement results that are used to control or confirm compliance with determined NCS limits. NCS 
limits are derived from all pertinent information having some degree of acceptable confidence regarding 
uncertainties in measured or calculated values for subcriticality. Confidence in those uncertainties for 
subcriticality ranges from sound engineering judgment to sophisticated nuclear engineering and statistical 
evaluations. Various evaluation scenarios rely on the form, composition, and mass of fissile material to 
ensure subcriticality. As an example, for circumstances relying on mass to ensure subcriticality, the NCS 
engineer is required to develop mass limits that envelop the uncertainties in fissile subcritical mass, mass 
controls, mass determinations, and errors in operations that could exceed the subcritical mass. In those 
instances where NDA must be relied upon confidently to confirm compliance with subcritical limits, the 
NDA-measured mass value and its uncertainty need to be incorporated in the establishment of the NCS 
limits. This tutorial provides insights for the NCS engineer about NDA methods used for structured (e.g., 
relatively well characterized systems like HEPA filters) and unstructured (e.g., in-field findings) 
environments. 
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Conference Session: ANSI / ANS Standard for Criticality Safety Engineer Training and Qualification 

Abstract/Keyterms: The American Nuclear Society has recently issued a standard that defines the content 
elements of a training and qualification program for nuclear criticality safety engineers. This standard, 
ANSI0 ANS-8.26, Criticality Safety Engineer Training and Qualification Program, provides guidance for 
the content of training programs for those responsible for developing the analyses, controls, and safety 
documentation for the safe handling of fissile materials. This session will begin with several presentations 
that explain the target audience for this standard, the qualification levels defined in the standard, the content 
elements of the training and qualification program, and its expected relation to current U.S. Department of 
Energy and Nuclear Regulatory Commission qualification requirements. The presentations will be followed 
by an open discussion during which members of the 8.26 working group and the audience will exchange 
ideas on the implementation of the standard and how it relates to other criticality safety training 
requirements defined by regulatory bodies. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Advances in Fixed Neutron Absorber Applications 

Abstract/Keyterms: Nuclear Facilities Outside Reactors. An assessment has been performed to 
demonstrate that the system meets the intent of the standard for design and fabrication of components and 
complies with requirements that apply to the future design, construction, and use of neutron absorbers as a 
NCS control at HFIR. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Advances in Fixed Neutron Absorber Applications 

Abstract/Keyterms: Nuclear Facilities Outside Reactors”. The Standard was written to expand on the 
guidance provided in ANS-8.1. Fixed neutron absorbers have been in use in process applications since the 
1950’s. At that time, no detailed standardized guidance existed. Yet the steps taken in the design and 
implementation in many instances mirror the requirements of the present day ANS-8.21. Standard. 
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Abstract/Keyterms: Boron is present as an impurity in steel or is deliberately added to enhance the 
materials physical properties. The quantity of boron in a steel can be quantitatively determined by 
measuring the prompt gamma-rays emitted when B-10 captures a neutron. In this study, Prompt gamma-
ray analysis using polychromatic thermal neutrons at the HANARO reactor in the Korea Atomic Energy 
Research Institute was applied for the determination of the boron in a steel. 
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Conference Session: Advances in Fixed Neutron Absorber Applications 

Abstract/Keyterms: Fixed neutron absorber credit is a common method to increase productivity in 
operations with fissionable materials while retaining adequate criticality safety. A burnable neutron 
absorber is added to a fuel pellet, a fuel rod or a fuel assembly to reduce initial reactivity, as well as for 
other purposes, in a nuclear reactor. A fixed burnable absorber can be treated as any other fixed absorber - 
unless the fuel could have been irradiated in a reactor. Absorber depletion must then be considered. 
Depletion will add reactivity to the system. However, this balanced to some extent by reactor transmutation 
and radioactive decay of the nuclides in the fresh fuel. Fixed burnable absorbers are discussed here as 
criticality safety controls. Their presence during reactor operation may also change the characteristics of 
the irradiated fuel. Burnable absorbers may influence burnup credit, if requested as a criticality safety 
control. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Safety and Nuclear Packaging 

Abstract/Keyterms: The Traveller is a Type AF package approved by the U.S. NRC for the transport of 
PWR fuel assemblies. Multilateral approval is effected by validation of the U.S. Department of 
Transportation competent authority certificate USA/9297/AF-96 in France, Germany, UK, Spain, Sweden, 
Canada, and South Africa, and issuance of an approval certificate in Belgium. Although the international 
regulations are recognized by these competent authorities, transport conditions and assumptions that are 
specific to the country issuing an endorsement were considered in the criticality assessment. The criticality 
assessment was performed using standard calculation methods available in SCALE modules. Generalized 
geometry capability of KENO-VI was used to represent the packaging components with the detail required 
to perform the assessments. 
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Conference Session: Criticality Safety and Nuclear Packaging 

Abstract/Keyterms: The Oak Ridge Y-12 National Security Complex (Y-12) Model ES-3100 is 
specifically designed and certified as a Type-B fissile material package for surface mode transportation. 
The ES-3100 was not subjected to Type-C test physical tests required of fissile material packages approved 
for air transport. A criticality safety evaluation was performed for demonstrating compliance with 10 CFR 
71.55(f). 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Criticality Safety and Nuclear Packaging 

Abstract/Keyterms: The Savannah River Site (SRS) is storing surplus plutonium (Pu) materials in the K-
Area Materials Storage (KAMS) facility. The Pu materials are packaged per the DOE 3013 Standard. The 
nested, welded 300 series stainless steel 3013 containers are transported to KAMS in Type B shipping 
packages and subsequently stored in the same packages. These type B shipping packages consist of double 
containment vessels sealed with dual Orings. A durable O-ring seal is required radioactive leak prevention; 
criticality is controlled by lead shielding external to the containment vessel. The O-ring compound is Parker 
Seals V0835-75, based on Viton® GLT fluoroelastomer. This work evaluates the performance of the 
V0835-75 O-rings at accelerated-aging conditions. The results will be used to develop a lifetime prediction 
model for O-rings used in Type B shipping Package. 
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Conference Session: ENDF/B-VII.0 and JEFF-3.1: Introduction and Validation 

Abstract/Keyterms: Initial results indicated that the agreement between simulation and experiment 
improved significantly when nuclear data libraries derived from ENDF/B-VII.0 (Evaluated Nuclear Data 
File) were used in MCNP5 (Monte Carlo n-Particle) simulations of ZED-2 (Zero Energy Deuterium) critical 
experiments pertaining to CVR (coolant void reactivity) effects. This was especially so when the coolant 
was H2O instead of D2O. Part of this improvement was attributed to the inclusion of TSL (thermal 
scattering law libraries for oxygen and uranium in UO2 in ENDF/B-VII.0. However, it was recently 
discovered that the corresponding ENDF/B-VII.0 ACE (A Compact ENDF) format files, which were 
distributed by RSICC (Radiation Safety Information Computational Center) for initial testing and 
evaluation, were incomplete and did not include the elastic neutron scattering component. Correcting this 
oversight for the UO2 TSL data (as well as for Al and Fe) gives results that, in marked contrast, show 
relatively little sensitivity to the TSL data. This paper builds upon earlier work, examines the separate 
reactivity contributions of the oxygen and uranium TSL data in this context and tests the sensitivity of the 
results to the numerical tolerance used in NJOY when processing the ENDF data files into the ACE format 
files used by MCNP5. 



 

C-20542 

20491…..…..…………………..…….……..……ID Number…………………..…..…………….20491 

Author: Toishigawa, Akiko / Ikehara, Tadashi / Yamamoto, Munenari / Maruyama, Hiromi 

Title: Reactivity Impact of Cross Section Library Update from ENDF/B-VI.8 to ENDF/B-VII.0 on BWR 
Fuel Burnup Calculations 

Date: 6/1/2008 
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Conference Session: ENDF/B-VII.0 and JEFF-3.1: Introduction and Validation 

Abstract/Keyterms: ENDF/B-VII.0 was released December 2006. Many benchmark tests have been done 
with the new library against critical experiments to examine its predictability of criticality. In the results for 
LEU benchmarks of the ICSBEP, for example, the average difference in C/E of criticality factor between 
ENDF/B-VI.8 and VII.0 library was reported to be 469pcm. Note that this was obtained from a series of 
cold, clean critical experiments. It is expected, therefore, that the situations are different in an actual 
heterogeneous, hot, operating condition. Then, we investigated the reactivity impact of cross-section library 
update from ENDF/B-VI.8 to ENDF/B-VII.0 on BWR fuel lattice burnup characteristics. Investigation has 
been done using three different codes, i.e. Monteburns, MVP-BURN and LANCER01. We have enhanced 
Monteburns2 to remove the limitation on the number of burnup materials and of burnup steps. 
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Author: Mosteller, Russell D. 

Title: Analysis of Godiva-IV Delayed-Critical Experiments 
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Abstract/Keyterms: Super-prompt-critical burst experiments were conducted on the Godiva-IV assembly 
at the Los Alamos Critical Experiments Facility at Los Alamos National Laboratory from the 1960s through 
2005. Conduct of delayed-critical experiments prior to the prompt burst was an essential part of the process. 
The four delayed-critical experiments discussed herein were performed on April 11, 2003. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: ENDF/B-VII.0 and JEFF-3.1: Introduction and Validation 

Abstract/Keyterms: The aim of this summary is to present recent CEA integral validation results relative 
to JEFF-3.1 and ENDF/B-VII.0 libraries for Light Water Reactors applications 
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Conference Session: High Energy Accelerator/Cyclotron Production of Isotopes 

Abstract/Keyterms: Radiation Chemistry, Radiochemistry, and Nuclear Chemistry; Radioisotopes; 
Isotope Production; Nuclear Medicine; Fuel Assemblies; Criticality 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Student Design Competition 

Abstract/Keyterms: The recent renaissance of nuclear power in the United States is bringing with it the 
need for safe storage of spent nuclear fuel. There is major concern with the long-term storage of the spent 
nuclear fuel because there is no current system in place to monitor the possible changes in the fuel 
temperature or the cask’s internal gas composition. The challenge in acquiring this critical information has 
never been accomplished before mainly because the cask’s pressure boundary, which encapsulates the fuel 
assembly basket, cannot be penetrated. A feasible, working design was developed to acquire the critical 
information that will enable safe, secure storage of today’s spent nuclear fuel. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: The absorption of water into uranium powder has been experimentally measured. The 
data has implications to the field of nuclear criticality safety (NCS) and, specifically, to the determination 
of credible abnormal moderating conditions. 
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Abstract/Keyterms: Recently, the French have observed a positive overall reactivity feedback coefficient 
for low-concentration plutonium solutions. This paper serves to provide some new calculations of 
temperature feedback coefficients for dilute plutonium solutions that were originally presented in 1992. At 
that time, the calculational focus was on developing the methodology for performing temperaturebased 
reactivity feedback calculations as well as verifying the possibility of positive temperature coefficients for 
dilute plutonium solutions. The focus was on rich solutions (large relative fractions of Pu-239), with all 
calculations being performed for 95/5% Pu-239/Pu-240 solutions. The recent information regarding French 
experiments indicated that the solution contained plutonium with 80% Pu-239 and had a positive 
temperature coefficient in the range of 13 to 15 g Pu/L; therefore, new calculations to examine the behavior 
of this solution type were warranted. Essentially, this analysis extends the previous one by examining the 
effect of varying amounts of Pu-240 on the spectral-temperature reactivity feedback coefficient for dilute 
plutonium solutions. Given that Los Alamos National Laboratory is heavily involved with programmatic 
activities that involve the processing of plutonium solutions, such information regarding the behavior of 
these solutions in a criticality accident is also of interest to safety-support organizations. 
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Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: Recently, some work investigating the minimum critical masses of plutonium and 
uranium solutions led to investigation of the properties of k(inf). Previously, Pruvost and Rombough 
(unpublished) constructed k(inf) curves for water-metal mixtures containing the three primary “fissile” 
isotopes: U-233, U-235, and Pu-239. The U-233 and Pu-239 mixtures were of the pure isotope and water; 
the U-235 mixture was assumed to be at an enrichment of 93.2% U- 235. The k(inf) curves spanned the 
material density in the region from 5 g/L through full metal density. The calculations compared the infinite 
multiplications as calculated with DANT and MCNP. Based on the Pruvost/Rombaugh results, the cross-
section sets are assumed to be continuous-energy ENDF/BVI for MCNP and the 16-group Hansen-Roach 
cross sections for the DANT calculations. In this summary, we provide three additions to the above-
mentioned set of calculations. First, we include calculations with DANT using the new ENDF/B-VII.0 
cross sections. Second, we include a representative high-grade plutonium system, namely one that consists 
of 95% Pu-239 and 5% Pu-240. Third, we provide for an updated set of calculations that are now easy to 
reference. 
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Abstract/Keyterms: The practice and regulation of nuclear criticality safety (NCS) has experienced a 
gradual, but now essentially complete, transformation from being largely an expert based endeavor to one 
that is now heavily regulation- and compliance-based. This evolution has been accompanied by a many-
fold increase in staff, both in the practitioner ranks as well as in the regulatory ranks, and in monetary 
expenditures. The majority of this transformation has occurred in the last thirty years. Is there evidence that 
this has been a beneficial or detrimental change? The answer seems to be unequivocal that this has neither 
been cost effective nor resulted in criticality accident risk reduction. Consider the evidence. 
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Abstract/Keyterms: Subcritical measurements were conducted using an alpha-phase plutonium sphere. 
To date polyethylene and acrylic reflector materials have been investigated and preliminary calculations 
for experiments using nickel reflectors have been completed. The nickel-reflected experiments and analysis 
will take place in fall 2008. Five different spherical reflector thicknesses were measured for each reflector 
type. Each of these configurations was analyzed using the 252Cf Source-Driven Noise Analysis (CSDNA) 
method. The CSDNA method utilizes a 252Cf source inside an ionization chamber which produces a pulse 
for each spontaneous fission event. The distribution between source and detector events as well as between 
individual detector events can then be measured. The CSDNA method provides measurable quantities that 
can be related to reactivity and is an accurate way to approximate the multiplication of subcritical systems. 
In addition, the CSDNA method is independent of detector efficiency and does not require measurements 
near delayed critical. 
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Abstract/Keyterms: The enhanced MRKJ code uses a coupled neutronic-thermoelastic model that can be 
used to simulate the dynamic behavior of critical assemblies, pulse research reactors, and other nuclear 
systems. Both the thermal and mechanical behavior of fuel-bearing materials is simulated during 
excursions. The code can be utilized to provide initial estimates for criticality accident consequence analysis 
or prototype nuclear dynamic performance. 
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Abstract/Keyterms: An agreement which includes the development and maintenance of TRACE has been 
signed between Taiwan and USA on CAMP. INER (Institute of Nuclear Energy Research Atomic Energy 
Council) is the responsible organization for Taiwan to apply TRACE for thermal hydraulic safety analysis 
in order to provide user experiences and development suggestions. To fulfill this responsibility, this project 
will establish a TRACE model of TPC (Taiwan Power Company) Maanshan PWR nuclear power plant 
(NPP). Maanshan power plant is the first PWR in Taiwan. Its reactor is made by Westinghouse company 
and has the rated power of 2775MWt. The reactor coolant system has three loops and each loop has a 
reactor coolant motor and a steam generator. Besides, the pressurizer is connected with the hot-leg piping 
in loop 2. Simulating the pressurizer, steam generator, control system and steam dump control system and 
referring the TRACE user manual and other related information to establish the model for Maanshan. 
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Abstract/Keyterms: The TWPC is capable of having in inventory up to tens of kilogram quantities of 
fissionable materials spread throughout the waste. This amount of material exceeds the Department of 
Energy (DOE) Standard DOE-STD- 1027 inventory threshold for a Category 2 Nuclear Facility, and the 
material cannot be shown to be subcritical by nature of process. Therefore, a nuclear criticality safety (NCS) 
program meeting the requirements of Department of Energy (DOE) Order 420.1B is required. The TWPC 
is one of the first facilities to implement an NCS program under the new order. The unique objective of 
TWPC was to establish a program using a graded approach that minimizes administrative burdens while 
ensuring subcriticality in operations. In essence, TWPC set a goal to implement a limited scope NCS 
program based on the realistic risks that existed at the facility. 
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Abstract/Keyterms: In support of the Department of Energy’s (DOE) National Nuclear Security 
Administration (NNSA) Complex Transformation Initiative, Lawrence Livermore National Laboratory 
(LLNL) is packaging Special Nuclear Material (SNM) to be sent to Savannah River Site (SRS). SRS’s K-
Area Material Storage (KAMS) facility is selected as the storage location until the excess materials are 
dispositioned. The KAMS facility is not equipped with a criticality alarm system. As such, compliance with 
SRS criticality safety requirements necessitates a demonstration that the frequencies of criticality events at 
KAMS are below the Criticality Accident Alarm System (CAAS) exclusion frequency of 1e-6/yr. 
Demonstration of a BEU (beyond extremely unlikely) criticality frequency for the KAMS facility requires 
a detailed evaluation of the associated material storage processes. Compliance with the container fissile 
material limit is one component in ensuring criticality safety. 
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Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Demolition of the shut-down K-25 Gaseous Diffusion Uranium Enrichment Plant 
near Oak Ridge, TN includes technical challenges for nuclear criticality safety. Due to industrial safety 
issues the traditional decontamination and decommissioning (D&D) approach (i.e., removal, size reduction 
and containerization of process equipment prior to demolition) is too hazardous for workers. This paper 
describes use of a new approach, in-situ demonstration that process and auxiliary equipment complies with 
NCS criteria for demolition and disposal. This approach is being used to assure that criticality is not credible 
during demolition and disposal. 
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Abstract/Keyterms: Experiments with the standard annular highly enriched uranium (HEU) metal castings 
at the NNSA Y-12 National Security Complex were performed in which up to five castings (total HEU 
mass of 90 kg and calculated neutron multiplication factor of 0.74) were assembled in a tightly packed 
array. The fission chain multiplication process was initiated by a time-tagged 252Cf spontaneously 
fissioning neutron source or by time and directionally tagged neutrons from a small portable DT neutron 
generator and the results compared. The prompt neutron time behavior was measured with plastic 
scintillation detectors sensitive to the fast neutron (>1 MeV) and gamma ray without distinction. These 
experiments were performed to provide data to benchmark methods for the calculation of the prompt 
neutron time behavior. 
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Abstract/Keyterms: Ideally, computational method validation is performed by modeling critical 
experiments that are very similar, neutronically, to the model used in the safety analysis. Similar, in this 
context, means that the neutron multiplication factors (keff of the safety analysis model and critical 
experiment model are affected in the same way to the same degree by variations (or errors)in the same 
nuclear data. Where similarity is demonstrated, the computational bias calculated using the critical 
experiment model results is “applicable ” to the safety analysis model. Unfortunately, criticality safety 
analysts occasionally find that the safety analysis models include some feature or material for which 
adequately similar well-defined critical experiments do not exist to support validation. 
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Abstract/Keyterms: Burnup credit is the process of accounting for the negative reactivity due to fuel 
burnup and generation of parasitic absorbers over fuel assembly lifetime. For years, the fresh fuel 
assumption was used as a simple bound in criticality work for used fuel storage and transportation. More 
recently, major actinides have been included. However, even this yields a highly conservative estimate in 
criticality calculations. Because of the numerous economical benefits including all available negative 
reactivity (i.e., full burnup credit) could provide, it is advantageous to work toward full burnup credit. 
Unfortunately, comparatively little work has been done to include non-major actinides and other fission 
products (FP)in burnup credit analyses due in part to insufficient experimental data for validation of codes 
and nuclear data. 
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Abstract/Keyterms: At the GNF-A BWR fuel manufacturing plant in Wilmington, NC, Monte Carlo 
neutron transport methods are commonly used to perform criticality analyses of low- enriched (5% 235U) 
uranium (LEU) systems under a variety of conditions. To establish the applicability of a criticality safety 
analysis code to a given scenario, its accuracy (bias) and predictive ability (uncertainty of the bias) must be 
well understood and quantified. The bias and the uncertainty of the bias are established by a validation 
process using national standards and regulatory guidance. In this paper, the validation process is performed 
on the Monte Carlo code MCNP5 using ENDF/B-VII.0 data. The goal of the validation is to establish an 
Upper Subcritical Limit for five areas of applicability that are commonly encountered in the fuel 
manufacturing and shipping environment. 
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Abstract/Keyterms: Babcock and Wilcox (B&W) has been using Raschig rings as a criticality safety 
poison control for solutions contained in large, unfavorable geometry vessels for approximately 40 years at 
our Lynchburg nuclear processing facility. These rings have been used as both primary and secondary 
criticality control, depending on the type of application. Issues related to cost (ring cost and maintenance, 
such as testing, cleaning, inspection, etc.), compliance, safety, and regulatory pressure have combined in 
such a way that the burden of using Raschig rings for criticality safety has become problematic. (Note: 
some of these issues are discussed in Reference 1.) A management directive was established to develop and 
implement suitable replacements for all Raschig ring filled vessels at the plant site by the end of December, 
2010. This paper identifies the types of vessels that exist at the plant and proposed replacement strategies. 
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Abstract/Keyterms: There has been an increase in interest in hand calculation methods with the 
publication of LA-14244-M and a greater implementation of buckling conversion for the purposes of 
evaluating critical experiments. When evaluating a small critical system, the extrapolation distance can be 
as much as twenty percent of the actual dimension. This significant evaluation is important to understand 
with respect to variations in enrichment and concentration. This work evaluates the variations in 
extrapolation distance with changes in enrichment and concentration. The main focus of the work 
performed here was to evaluate the calculation of critical dimension of a 93.5 wt% spherical uranium 
system, with a variation of the uranium concentration. The range of the uranium concentration evaluated 
was 0.015 g/cc to 0.3 g/cc. 
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Abstract/Keyterms: The Double Contingency Principle (DCP) is stated as follows: Process designs should 
incorporate sufficient factors of safety to require at least two unlikely, independent [emphasis added], and 
concurrent changes in process conditions before a criticality accident is possible. In a recent American 
Nuclear Society (ANS) Transactions summary, a quantitative approach for implementing the DCP was 
introduced in a general discussion. There, as well as in this discussion, a change in process conditions (i.e., 
occurrence of a contingency) is interpreted as a failure of a protection. The DCP is invoked as defense-in-
depth to prevent single failure cause of a criticality accident. In the referenced ANS summary, the 
independence of changes in process conditions was shown to be expressible quantitatively in terms of a 
correlation coefficient. The present summary examines the relevance of correlation to the independence 
aspect of the DCP in a broadened manner. 
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Abstract/Keyterms: Oak Ridge National Laboratory (ORNL) has incorporated continuous energy 
capability in the KENO V.a and KENO VI codes that are maintained as part of the Standardized Computer 
Analyses for Licensing Evaluation (SCALE) code system.[1] Both codes can perform neutron transport 
calculations in either multigroup or continuous energy mode. The energy treatment mode is automatically 
selected based on the cross-section library name if the problem is initiated by one of the corresponding 
control modules. For KENO V.a the control module is CSAS5; for KENO-VI the control module is CSAS6. 
Discussion in this paper is limited to calculation in the continuous energy mode. ORNL has developed a 
continuous energy cross-section format and the continuous energy cross-section processing software 
needed to prepare data libraries for KENO. 
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Abstract/Keyterms: An important piece of performing calculations for new or revised Nuclear Criticality 
Safety Evaluations often includes parametric studies on one or more parameters of importance, e.g. mass 
or moderation level. Multiple input files may be generated quickly for use in SCALE and potentially MCNP 
utilizing the Visual Basic for Applications (VBA) that is embedded within the Microsoft Office – Excel 
program. 
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Abstract/Keyterms: Since the 1960’s, B&W has used Raschig Rings for as a means of criticality control 
in areas where high concentration uranium nitrate solutions are processed. The safety basis for the use of 
these rings was ANSI/ANS-8.5. Recently, several events have occurred involving ring-filled vessels that 
have brought into questions the validity of the existing safety basis and the business benefit of continued 
use of rings. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission regulates a number of fuel cycle facilities 
which handle, process, and store fissile material in support of various manufacturing operations. These 
facilities must comply with the regulations of 10CFR70.24 which require criticality detection and warning 
systems in areas where fissile material in excess of specified quantities is handled, stored, or processed. 
The NRC is committed to the use of criticality alarms in areas where a criticality accident is credible based 
on the presence of fissile material as described in the regulation. The NRC grants exceptions to these 
regulatory requirements for criticality alarms in very limited circumstances based on a technical judgment 
that the safety of the facility will not be compromised. Criticality safety violations have occurred at fuel 
cycle facilities in the past where a contributing factor was the criticality alarm exemption. 
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Abstract/Keyterms: The U.S. Nuclear Regulatory Commission regulates a number of fuel cycle facilities 
which handle, process, and store fissile material in support of various manufacturing operations. These 
facilities all commit in their licenses to perform operations in accordance with approved written procedures. 
Fuel cycle licensees also commit to have an independent criticality safety organization which reviews, 
analyzes and concurs in operations involving fissile material and fissile operations. NRC staff has become 
aware of several events where a contributing factor was conducting fissile operations under procedures 
which were not reviewed by criticality safety staff. The licensees failed to identify these events during the 
course of internal inspections and audits of their facility. At the time of this paper submission, NRC is 
drafting generic communication regarding this issue. 
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Abstract/Keyterms: The nuclear criticality safety (NCS) program at Los Alamos National Laboratory 
(LANL) is currently transitioning from an expert-based to a compliance-based program. The expert-based 
program was successfully operated for years at LANL because of the stability of operations and labor force, 
and the excellent communications and relationship between operations personnel and the criticality safety 
staff. During this transitional period, significant events have occurred that provide excellent lessons-
learned. 
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Abstract/Keyterms: Nuclear Fuel Services, Inc. (NFS) is a uranium processing facility located in Erwin, 
Tennessee. NFS provides a variety of services and materials to the nuclear industry, the most notable being 
uranium fuel materials for the U.S. Navy. NFS also blends highly enriched uranium (HEU) from surplus 
weapons-grade material with natural uranium to produce low enriched uranium (LEU), which is 
subsequently used to fuel commercial nuclear power plants. These blending operations occur in the NFS 
Blended Low Enriched Uranium (BLEU) Preparation Facility. On March 6, 2006, a spill event occurred at 
the NFS BLEU Preparation Facility. The event was subsequently classified as a Level 2 on the International 
Nuclear Event Scale (INES). This paper summarizes the circumstances surrounding the spill and discusses 
the many lessons learned as a result of the event investigation and review. 
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Abstract/Keyterms: In a state of diversity such as existed thirty-five years ago among the many Nuclear 
Criticality Safety programs for outside-of-reactor operations, the need for a codification of certain safety 
principles into one document became apparent. At the request of the Atomic Energy Commission, David 
R. Smith of Los Alamos National Laboratory visited each United States facility where significant quantities 
of fissile material were handled to review how nuclear criticality safety programs were being implemented. 
The resulting report was the basis for the first edition of the American National Standard, Administrative 
Practices for Nuclear Criticality Safety (ANSI/ANS-8.19), which was published in 1984. On April 17, 1996 
the Standards Board approved the revision of ANSI/ANS-8.19, after a minimal amount of revision. The 
lack of modification underscored the success the standard had enjoyed. Fundamental to that success was 
the inherent flexibility that allowed the various facilities to use different methods – but consistent principles 
– to meet their safety goals. 
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Abstract/Keyterms: American National Standard ANSI/ANS-8.23 provides guidance for minimizing risks 
to personnel during emergency response to a nuclear criticality accident outside reactors. This standard was 
developed to expand upon the basic emergency response guidance given in American National 
Standard,”Administrative Practices for Nuclear Criticality Safety ” ANSI/ANS-8.19- 1996 (Ref.1).The 
initial edition of ANSI/ANS-8.23 was approved by the American National Standards Institute on December 
30,1997.This standard is intended to apply to those facilities for which a criticality accident alarm system,as 
specified in American National Standard,“Criticality Accident Alarm System ” ,ANSI/ANS-8.3-1997 
(Ref.2)is in use. 
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Abstract/Keyterms: Nuclear Facilities Safety Board Recommendation 97-2, the Department of Energy 
(DOE) created the Nuclear Criticality Safety Program, whose staff produced DOE-STD-1135-99, Guidance 
for Nuclear Criticality Safety Engineer Training and Qualification. Following an effort by a large working 
group (including many of the authors of DOE-STD-1135-99) over a span of nearly seven years, American 
National Standard ANSI/ANS-8.26, Criticality Safety Engineer Training and Qualification Program, was 
approved in June 2007. This presentation at the ANS-8 poster session presents a brief history of the 
development of the standard, a summary of the qualification levels and content areas of the standard, and 
an opportunity for the user community to provide comments to the working group. 
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Abstract/Keyterms: ANS 8.5 Working Group Chair This summary briefly discusses the history of Raschig 
rings and the standard, performance criteria in the standard, and solicits user input to the standard. 
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Abstract/Keyterms: This standard provides requirements and recommendations for validation, including 
establishing applicability, of neutron transport calculational methods used in determining critical or 
subcritical conditions for nuclear criticality safety analyses. This standard goes beyond ANSI/ANS-8.1, 
Nuclear Criticality Safety in Operations with Fissionable Materials Outside Reactors, to provide additional 
detail about processes and techniques for the validation of computer-based neutron transport calculational 
methods used in nuclear criticality safety analyses 
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Abstract/Keyterms: The ANSI/ANS-8.1 standard is applicable to operations with fissionable materials 
outside of nuclear reactors, except for the deliberate assembly of these materials such as in operations with 
critical experiments. The standard provides basic criteria and subcritical limits for single unit assemblies of 
233U, 235U, and 239Pu.The guidance and subcritical limits provided in this standard are used by criticality 
safety analysts in recommending appropriate limits for the preclusion of criticality accidents during the 
handling, storing, processing and transportation of fissile/fissionable materials. The working group is 
currently working on two tasks in parallel: completing editorial revisions and including new subcritical 
limits requested by the criticality safety community. To support the subcritical limit development, the 
working group was organized into calculation, review, and validation teams. There has been some delay in 
starting this revision due the work required to reaffirm the standard prior to the 2008 deadline. 
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Abstract/Keyterms: The working group was intentionally comprised of international members from four 
different countries in order to gain access to the latest experimental data and analytical methods on a global 
basis.Two day working group meetings have been held at Lake Chelan, Washington, Oak Ridge National 
Laboratory, La Hague, France, Los Alamos, New Mexico, Kyoto, Japan, and Albuquerque, New Mexico 
where the most recent meeting was held. 
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Abstract/Keyterms: The ANSI/ANS 8.12 standard was first approved in July 1978.At that time, this 
edition was applicable to operations with plutonium-uranium oxide (MOX)fuel mixtures outside reactors 
and was limited to subcritical limits for homogeneous systems. The next major revision, ANSI/ANS-8.12- 
1987, included the addition of subcritical limits for heterogeneous systems. The standard was subsequently 
reaffirmed in February 1993. During late 1990s, substantial work was done by the ANS 8.12 Standard 
Working Group to re-examine the technical data presented in the standard using the latest codes and cross 
section sets. Calculations performed showed good agreement with the values published in the standard. 
This effort resulted in the reaffirmation of the standard in March 2002. 
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Abstract/Keyterms: This paper provides justification for Classification of the Criticality Accident Alarm 
System (CAAS) as ‘Defense In Depth’ rather than the current ‘Safety Significant’ classification for 
facilities where a criticality accident is considered credible only as a single pulse type event. For metal 
storage facilities, or dry metal process operations, where a credible criticality accident is judged only to 
involve a very short term excursion, or instantaneous disassembly of the critical configuration, the CAAS 
would provide very little dose mitigation. The criticality accident, and dose received by personnel in close 
proximity to the event, would be concluded prior to any response actions initiated due to the operation of 
the CAAS. For these facilities, the likelihood of secondary pulses is exceedingly low, and the credible dose 
mitigation feature of the CAAS does not warrant classification as Safety Significant. Therefore, the CAAS 
should not be included as a TSR operability control for these types of facilities. 
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Abstract/Keyterms: This standard was in the draft stage for more than two decades with several different 
chairmen and several different working groups. The continuing effort over many years illustrates the desire 
for a standard for moderation control. Diversity in the individuals in the Working Group and diversity in 
the organizations that the individuals represent have made this standard a tool that can be used throughout 
the criticality safety community. The interest in this standard was clearly demonstrated by the large 
attendance at the Working Group meetings and by the large membership of the ANSI/ANS-8.22 Working 
Group at the time of publication. Many ideas have been explored by the Working Group ranging from 
publication of definitive limits to a standard for general guidance specific to limiting and controlling 
moderators. As a result of this effort, the American National Standard Based on Limiting and Controlling 
Moderators (ANSI/ANS-8.22) was approved by the Consensus Committee N16, Nuclear Criticality Safety, 
in 1997. Since initial approval, the standard has not been revised. However, it was reaffirmed in 2006. 
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Abstract/Keyterms: This poster presentation provides an overview of the American National Standards 
Institute/American Nuclear Society (ANSI/ANS)-8.7-1998; R2007 standard entitled "Guide for Nuclear 
Criticality Safety in the Storage of Fissile Materials". Basic parameters and guidance for the nuclear 
criticality safety control outside reactors are described in ANSI/ANS-8.l-1998,"Nuclear Criticality Safety 
in Operations with Fissionable Materials Outside Reactors." Because ANS-8.1 provides general guidance 
and limited single-unit parameter values,ANS-8.7 was developed to provide general storage criteria based 
on validated calculations, and includes some engineering and administrative practices appropriate to the 
storage of fissile material.ANS-8.7 presents general storage criteria based upon validated calculations of 
experiments with arrays of fissile materials, thereby demonstrating the safety of mass limits and storage 
area spacings that are less restrictive than those previously in use. The standard also provides some 
engineering and administrative practices appropriate to the storage of fissile material. 
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Abstract/Keyterms: The Y-12 National Security Complex performs work involving enriched uranium and 
the potential for a criticality accident exists. Following a criticality accident, emergency response teams 
would assemble and begin a quick-sort triage to identify persons significantly exposed during the accident 
and arrange for medical treatment. A common method used for identifying personnel exposed to neutrons 
is the determination of activated sodium in the body. Historically, Geiger-Mueller (G-M) detectors were 
used for this purpose with the understanding that these instruments could not distinguish between activated 
sodium in the blood and surface contamination. A portable gamma spectrometer would provide this 
functionality. 
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Abstract/Keyterms: The design of the 4S (Super-Safe, Small and Simple) reactor has been carried out. 
The core aims at no-refueling during the core life time of 30 years with metal fuel and a reflector control 
system. The fuel commotions are around 17% and 19% enriched uranium in form of U-10%Zr binary alloys. 
As physics mockups to the 4S core, a series of critical experiments were conducted at the fast critical 
facility, FCA, at JAEA-Tokai in FCA XXIII cores. The experiments have been analyzed to evaluate the 4S 
nuclear design methodology (combination of data and methods). This paper provides the additional data 
base, for support to the design, to the characteristics which were not directly measured in the FCA XXIII 
assembly, such as criticality for full EU core and sample Doppler worth. 
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Abstract/Keyterms: Super-prompt-critical burst experiments were conducted on the Godiva-IV assembly 
at the Los Alamos Critical Experiments Facility at Los Alamos National Laboratory from the 1960s through 
2005. Because the only source of neutrons was spontaneous fission, the assembly typically remained at 
room temperature in a static super-prompt-critical condition for several seconds before a self-sustaining 
chain reaction began. Detailed, benchmark, and two dimensional cylindrical models have been developed 
for the static super-prompt-critical condition preceding the prompt burst that was performed on April 11, 
2003. The core of the Godiva-IV assembly contained six stacked fuel rings, an inner subassembly plate 
with two components, two control rods, a burst rod, a safety block, a base for the safety block, a hollow 
central spindle, an alignment pin, and a shim ring, Two thermocouples to measure the temperature rise 
during the burst also were present. The burst was terminated by thermal expansion of the core, and 
subsequent expulsion of the safety block ensured that the core remained subcritical thereafter. 
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Abstract/Keyterms: This paper will briefly review the regulatory requirements for justifying (and 
documenting) a criticality accident in process operations involving significant quantities of fissile material. 
Then, the bases upon which to make credibility determinations will be explored for fissile materials in 
different media, different physical arrangements, and different scales of operations. Finally, the case will 
be argued that the available data from both historical accidents and experimental criticality accident 
simulations are sufficient to enable the practitioner to accurately evaluate the bounding power history to be 
expected from a hypothetical accident. 
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Abstract/Keyterms: Consensus Standard ANSI/ANS 8.3 Criticality Accident Alarm System (1997) 
(CAAS) defines the term excessive dose as “any dose to personnel corresponding to an absorbed dose from 
neutrons and gamma rays equal or greater than 0.12 Gray (12 rad) total dose in free air”. This value, the 
basis for CAAS exclusion, can be traced historically to NCRP 39. That report noted a 25 rem whole body 
equivalent dose threshold where temporary changes to whole blood cells were detectable using the 
techniques of 1971. 



 

C-20587 

20536…..…..…………………..…….……..……ID Number…………………..…..…………….20536 

Author: Pain, Christopher C. / Jefferson, L. M. / Gomes, A. / Eaton, Matthew D. / Goddard, Tony / 
Tollit, Brendan / Hadi, Justin 

Title: Modelling of Granular Materials in the FETCH Coupled Criticality Code 

Date: 6/14/2009 

Report: TANSAO, 100, 331-334 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Advances in Nuclear Criticality Accident Excursion Analysis 

Abstract/Keyterms: The FETCH (Finite Element Transient Criticality) code was created at Imperial 
College in the 1990s through support from the Safety Executive. It was intended to model complex systems 
not fully amenable to experiment, through the detailed treatment of physical, spatial and temporal processes. 
FETCH uses 3D finite elements for the spatial representation, adaptive time stepping and radiation transport 
modeling coupled with a continuum multi-fluids model � which also includes a first order solids model. 
The purpose of this paper is primarily to describe the multi-fluids modeling and how it has been developed 
further to address demanding criticality physics issues involving granular materials. 
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Abstract/Keyterms: A determination of the potential exposure to personnel and the need for a criticality 
alarm system resulting from a critical excursion in hot cells located at the Idaho National Laboratories were 
performed. The MCNP code was used as the primary tool in the evaluation. The methodology was checked 
and found to agree reasonably well with the ORNL-developed SCALE/MAVRIC Monte Carlo sequence. 
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Abstract/Keyterms: In an effort to progress from 1-D modeling to 2-D modeling for simulating a nuclear 
excursion as part of criticality accident consequence analysis, a method for deriving the two-dimensional 
thermoelastic equations of motion for a finite cylinder will be presented. Cylindrical geometry was chosen 
so as to apply this modeling effort to enable simulations of excursion for cylindrical critical assembly 
reactors such as Godiva IV. 
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Abstract/Keyterms: In the early 1990s a bilateral agreement between the US and the former USSR was 
signed, which committed each country to reducing their stockpile of strategic arms. In March 1999, the US 
Department of Energy (DOE) initiated the US program to convert the weapons grade plutonium into Mixed 
Oxide (MOX) fuel for irradiation in existing commercial reactors. A contract with a consortium comprised 
of Duke Energy, COGEMA, and Stone & Webster (DCS) was signed to design and operate a Mixed Oxide 
Fuel Fabrication Facility (MFFF). After ten years, the project has matured and changed – DCS is now Shaw 
AREVA MOX Services (MOX Services), MOX test assemblies have been cycled through a US reactor, 
the Nuclear Regulatory Commission (NRC) is nearing completion of their review of the MFFF license 
submittal, and the facility has gone from artist’s conception to an emerging concrete building with first 
floor walls and ceilings and the arrival of major components. 
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Abstract/Keyterms: The 233U Material Downblending and Disposition Project is managed by Isotek 
Systems, LLC at the Oak Ridge National Laboratory (ORNL) for the U.S. Department of Energy (DOE). 
Isotek is responsible for: Planning, designing, procuring, and installing the 233U Project downblending 
equipment; Processing, downblending and packaging the inventory of 233U stored in the Building 3019 
Complex to eliminate the need for safeguards, security and nuclear criticality controls and render the 
material suitable for disposal; Removing the 233U inventory from the Building 3019 Complex; and Placing 
the Building 3019 Complex in safe and stable shutdown for future decommissioning. 
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Abstract/Keyterms: This work estimates the mass of water required to cause a criticality in 30-inch and 
48-inch uranium hexafluoride (UF6) cylinders enriched to 10% using the GEH proprietary GEMER Monte 
Carlo criticality code. The planned GE Hitachi Global Laser Enrichment LLC (GLE) commercial facility 
will require outside PAD storage of feed, enriched product, and tails cylinders involving both cylinder 
designs. A credible (albeit unlikely) accident sequence involves a breach cylinder event, followed by 
external water ingress, leading to loss of moderation control inside an enriched product cylinder. 
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Abstract/Keyterms: The Chemistry and Metallurgy Research Replacement (CMRR) facility at Los 
Alamos National Laboratory (LANL) is being designed to continue the mission to maintain and certify the 
nuclear weapons stockpile in the United States. This facility is intended to provide analytical chemistry, 
materials characterization, and metallurgy research and development to relocate the Chemistry and 
Metallurgy Research (CMR) facility mission to more modern laboratory facilities, as the CMR facility has 
exceeded its useful lifespan. The CMRR nuclear facility (NF) will have ample laboratory space in addition 
to short and long-term vaults. The NF will be a Hazard Category II facility. Because the CMRR will involve 
significant quantities of fissile materials at hundreds of fissile material operations, the Nuclear Criticality 
Safety (NCS) program at LANL is working alongside with the facility designers and LANL CMRR staff 
to maximize the use of engineered control features for NCS to minimize the use of administrative limits in 
the future. The purpose of this paper is to describe the process in place at LANL to achieve this goal. 
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Abstract/Keyterms: Sandia National Laboratories (SNL) has restarted the Sandia Pulsed Reactor Facility 
Critical Experiments (SPRF/CX). The SPRF/CX has been operational in the past as programmatic needs 
have required. With the removal from the facility of the fuel for the metal-fueled pulsed reactors that have 
occupied the facility, the facility is now available for full-time critical experiment operations. The start-up 
process for the SPRF/CX has been completed and critical experiments have begun in the facility. 
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Abstract/Keyterms: Two series of experiments were performed at the Rocky Flats Critical Mass 
Laboratory during the 1980s using highly enriched (93%) uranyl nitrate solution in annular tanks. Tanks 
were of typical sizes found in nuclear production plants. Experiments looked at tanks of varying radii in a 
co-located set of nested tanks, a 1 by 2 array, and a 1 by 3 array. The co-located set of tanks had been 
analyzed previously as a benchmark for inclusion within the International Handbook of Evaluated 
Criticality Safety Benchmark Experiments. The current study represents the benchmark analysis of the 1 
by 3 array of a series of nested annular tanks. of the seventeen configurations performed in this set of 
experiments, twelve were evaluated and nine were judged as acceptable benchmarks. 



 

C-20596 

20545…..…..…………………..…….……..……ID Number…………………..…..…………….20545 

Author: Ao, Qi 

Title: PARANAL: An Efficient Tool for Parametric Analysis of Criticality Safety 

Date: 6/14/2009 

Report: TANSAO, 100, 359-361 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: The effective multiplication factor (keff) of a fissionable material system depends not 
only on nuclear properties of fissionable isotopes, but also on a wide variety of physical parameters, such 
as mass, density, enrichment, moderation, geometry, reflection, and etc. Changes of these parameters can 
significantly impact the design and optimization of criticality safety controls on the system. A criticality 
safety analyst must understand the interdependency of changes in a parameter upon the other parameters, 
and the effect these changes will have upon the limits of these parameters 



 

C-20597 

20546…..…..…………………..…….……..……ID Number…………………..…..…………….20546 

Author: Myers, William L. / Arnone, Gaetano J. / Melton, Sheila G. 

Title: Use of List-Mode Data Acquisition Systems for Performing Benchmark Subcritical Neutron 
Measurements 

Date: 6/14/2009 

Report: TANSAO, 100, 365 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—II 

Abstract/Keyterms: With the combined advances in computer processor miniaturization, data recording 
speeds, data processing speeds, and data storage capacity, new designs for data acquisition systems are 
being developed for the next generation measurement systems. Data acquisition systems made up of racks 
of older NIM and CAMAC electronics can be replaced by data acquisition systems with smaller form 
factors and increased information recording capabilities. One of the most versatile designs for a data 
acquisition system is a list-mode data acquisition system. For list-mode data acquisition, detection events 
can be time marked, channel marked, module marked, etc. and recorded as one large list of data. For an 
active measurement, the time marking of the pulse from an active source can be incorporated as part of the 
data list. This list of data can then be processed and analyzed using the appropriate analysis technique. 
Multiple analysis techniques can be used to process the same data list to infer different parameters of interest 
from the measurement. 
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Abstract/Keyterms: An a-phase plutonium sphere called the BEryllium Reflected Plutonium (BERP) ball 
is an item that has been used in critical and subcritical experiments. It was originally cast and clad in 1980 
at LANL for use in beryllium-reflected critical experiments. Since then it has been used for numerous 
applications. This work will compile previous measurements and calculations with the BERP ball both bare 
and reflected by various materials. The critical experiment in which the plutonium sphere was reflected by 
beryllium will be discussed in detail. Other key measurements include a critical experiment in which HEU 
shells were placed around the BERP ball as well as several recent subcritical measurements. New 
computational models will be performed to assess the multiplication due to different reflector materials. In 
addition, future experiments to be performed with this plutonium sphere will also be described. 
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Abstract/Keyterms: In recent American Nuclear Society (ANS) Transactions summaries, a quantitative 
approach for implementing the Double Contingency Principle (DCP) for criticality safety defense-in-depth 
was introduced. The DCP is stated as follows: Process designs should incorporate sufficient factors of safety 
to require at least two unlikely, independent [emphasis added], and concurrent changes in process 
conditions before a criticality accident is possible. where the phrase “at least two” implies defense-in-depth. 
The independence of changes in process conditions was shown to be expressible quantitatively in terms of 
a correlation coefficient. Interpretation of the correlation coefficient was broadened to include the 
augmentations of non-commutativity and anticorrelation to implement the DCP for achieving criticality 
safety defense-in-depth. The present paper examines the precepts of reliability analysis and those of 
correlation analysis to show that the well-trodden path of the former can lead to more perceptive 
implementation of the latter, while the broadening of the latter can introduce new pathways to the former. 
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Abstract/Keyterms: As the nuclear industry moves towards a closed fuel cycle increased attention has 
been paid to the accuracy of the current evaluated nuclear data for the minor actinides. The purpose of this 
work was to create a simple method for identifying and predicting potential corrections to the high energy 
fission cross-sections of Np-237, Pu-238, Pu- 242, Am-241, Am-243, and Cm-244. Corrections were 
obtained by regressing ENDF-derived spectrum-weighted multigroup cross sections onto the experimental 
results from central fission rate ratio experiments performed by the Japan Atomic Energy Agency in 8 test 
cores of varying spectra hardness. The correction factors took the form of multiplicative constants applied 
to the multigroup cross sections. 
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Abstract/Keyterms: Analysis was performed to assess the performance of absorber materials in water-
reflected systems for criticality safety/accident applications. Different neutron absorbers were placed in 
between nuclear material and water and the keff was calculated for each configuration. To date cadmium, 
boroflex, boral, gadolinium, europium, samarium, and hafnium absorber materials have been investigated. 
The thickness and boron concentration of the absorber materials were varied. This analysis consisted of 
MCNP5 models. The goal of this work is to determine the system keff for single or multiple water-reflected 
units with different absorber materials. After final analysis, subcritical measurements will be performed 
with several configurations of nuclear material and neutron absorbers to verify the performance of 
commercially available neutron absorber materials. 
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Abstract/Keyterms: There has been an increase in discussions lately in the Nuclear Criticality Safety 
(NCS) Community regarding single parameter control. The discussions have intensified due to the recent 
revision of DOESTD- 3007 and preparation for reaffirmation/revision of ANSI/ANS-8.1-1998. of 
particular interest is Section E of DOESTD- 3007 which states that “Therefore, in the case where a 
criticality accident is credible and only one parameter is controlled, the process does not meet the Double-
Contingency Principle.” The Department of Energy Standard goes on to say “It is not always possible to 
control two independent parameters for every process, thus ANSI/ANS-8.1-1998 does not make the 
Double-Contingency Principle a requirement.” By claiming that single parameter control does not meet the 
Double Contingency Principle (DCP), the DOE Standard infers that the risk (predominately probability) of 
a criticality accident has increased and safety has been diminished with single parameter control. So does 
single parameter control negatively impact safety? 
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Abstract/Keyterms: In the mid-1990s the Rocky Flats Environmental Technology Site was undergoing 
rapid change in mission, management, and increased expectations for operational formality. The site was 
preparing for decontamination and decommissioning with a many tons of plutonium (metal, liquids, and 
oxides), plutonium residues, and enriched uranium. In the early years of the plant the nuclear criticality 
safety (NCS) program had enjoyed good interaction with operations staff, innovative solutions to control 
risks, and a stable staff. By the mid-90s, however, the NCS staff was faced with heightened expectations 
for transparency, formalism in documentation, and suspicion from an operation staff that saw little reason 
for the changes. The operations staff noted an increasing high turnover of the NCS staff coupled with 
changes in NCS controls and requirements for new and old nuclear operations. The NCS staff noted a lack 
of cooperation in getting necessary information to evaluate fissile material operations and unhelpful, 
frequently hostile, communication styles. 
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Abstract/Keyterms: U.S. fuel cycle facilities licensed by the U.S. Nuclear Regulatory Commission (NRC) 
include fuel fabrication facilities, uranium enrichment facilities, and a uranium conversion facility with all 
but the conversion facility being required to have an independent criticality safety function (criticality safety 
staff). ANSI/ANS 8.19 Section 4.4 states that facility management should provide criticality safety function 
that is administratively independent of operations. The NRC endorses this standard without exception in 
Regulatory Guide 3.71 and this standard is incorporated into licenses through a Standard Review Plan such 
as NUREG 1520 Section 5.4.3.2 (2) for fuel cycle facilities. This paper will discuss observations of 
inspectors regarding the independence of criticality safety staff from production at licensed fuel cycle 
facilities and how this independence translate into operational relationships. Additionally, the paper will 
discuss how observations regarding operational relationships can affect NRC inspection activities. 
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Abstract/Keyterms: Since the beginning of fissile material operations at the K-25/K-27 Decontamination 
& Demolition (D&D) Project, a Criticality Safety Officer (CSO) Program has been implemented. The CSO 
program was considered necessary to help bridge the gap between quickly evolving building conditions, 
the changing scope of work activities, and the usual methodical Nuclear Criticality Safety (NCS) Program. 
This summary will describe the CSO program, and discuss some of the benefits and lessons learned at K-
25, which would be beneficial to either a D&D environment or a continually operating facility. 
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Abstract/Keyterms: Having evolved from a successful Criticality Safety Officer (CSO) program at the 
Rocky Flats Closure Project, the CSO function at the East Tennessee Technology Park (ETTP) has proven 
to be a valuable asset to the K-25/K-27 Decontamination and Decommissioning (D&D) Project. Much of 
this success can be attributed to the extensive training and qualification program the CSOs completed before 
commencing their official duties. The concept of CSOs was introduced in October 2004 at the ETTP as a 
result of the Nuclear Criticality Safety (NCS) Manager’s experience at Rocky Flats where the NCS 
Engineer function was augmented by CSO support. The first classroom training for CSOs at ETTP was 
completed in January 2005 and the first CSO qualification was completed in April 2005. In practice at 
ETTP, CSOs are the liaison between the Nuclear Criticality Safety (NCS) staff and the Operations 
personnel. 
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Abstract/Keyterms: A major mission of the K-Area Complex (KAC) of the Savannah River Site (SRS) is 
the long-term storage of plutonium oxide using stainless steel containers which meet DOE STD 3013-2004 
requirements. The K-Area Interim Surveillance (KIS) facility is used at SRS to perform Destructive 
Examination (DE) and Non-Destructive Examination (NDE) surveillances of selected 3013 containers, as 
required in DOE STD 3013- 2004. A Criticality Safety Evaluation was performed for operations in the KIS 
Facility and this evaluation defined controls that are consistent with the requirements for a facility with no 
Criticality Alarm Accident System. The SRS Criticality Safety Manual requires that the implementation of 
such controls reduce the probability of a criticality accident to a level judged incredible. This paper 
summarizes the development of the criticality controls for the KIS facility and reviews implementation of 
the controls. 
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Title: Nuclear Criticality Safety and Operations Interface at LLNL 

Date: 6/14/2009 

Report: TANSAO, 100, 393-394 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Staff and Operations Interface 

Abstract/Keyterms: The Lawrence Livermore National Laboratory (LLNL) Criticality Safety Program 
combines three key elements for an effective interface between criticality safety and programmatic staff. 
This enhances criticality safety of programmatic operations “on the floor.” 
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Author: Bowen, Douglas G. 

Title: The LANL Criticality Safety Officer Program 

Date: 6/14/2009 

Report: TANSAO, 100, 395-396 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Nuclear Criticality Safety Staff and Operations Interface 

Abstract/Keyterms: Nuclear Facilities. In the past, CSO duties at LANL have been very informal and 
administrative in nature, e.g., requesting evaluations, coordinating process walk downs, and maintaining 
implementing documentation. The CSO program is currently evolving along with the rest of the LANL 
NCS program and will be a much more formal program in the future. 
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Author: Stankovskiy, Evgeny Y. / Jammes, Christian C. / Beller, Denis E. 

Title: Calculation of the Effective Delayed Neutron Fraction with MCNP 

Date: 6/14/2009 

Report: TANSAO, 100, 634-635 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Analysis Methods—I 

Abstract/Keyterms: For many research reactors the only suitable method of solution for the neutron 
transport equation is the Monte Carlo method which is used in the MCNP code. MCNP does not have 
standard option to calculate the effective delayed neutron fraction (beff). One of recently introduced 
methods for beff calculation that use a Monte- Carlo method to solve the neutron transport equation is 
described in. In this paper, the authors use the theoretical approach which considers the adjoint function as 
the iterated fission probability. Since the authors of implemented their method in MCNP (which in 
criticality mode terminates the history flow in case of a fission), instead of using an iterated fission 
probability, the next fission probability is actually used. The modification of the source code is required to 
count fissions caused by delayed neutrons, and the ratio of the average number of fissions generated by 
delayed neutrons to the average number 
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Author: Mueller, Don / Rearden, Bradley T. 

Title: SCALE TSUNAMI Analysis of Critical Experiments for Validation of 233U Systems 

Date: 11/15/2009 

Report: TANSAO, 101, 0455-0459 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: Oak Ridge National Laboratory (ORNL) staff used the SCALE TSUNAMI tools to 
provide a demonstration evaluation of critical experiments considered for use in validation of current and 
anticipated operations involving 233U at the Radiochemical Development Facility (RDF). This work was 
reported in ORNL/TM-2008/196 issued in January 2009. This paper presents the analysis of two 
representative safety analysis models provided by RDF staff. 



 

C-20613 
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Author: Favorite, Jeffrey A. 

Title: On the Accuracy of the Differential Operator Monte Carlo Perturbation Method for Eigenvalue 
Problems 

Date: 11/15/2009 

Report: TANSAO, 101, 0460-0462 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: The differential operator Monte Carlo perturbation method can be used to estimate 
keff eigenvalue perturbations and sensitivities in MCNP5. However, the method was originally developed 
for fixed-source problems in which the perturbation does not affect the source, and its application to 
eigenvalue problems must be made cautiously. Recently, it was observed that the differential operator 
method in MCNP5 had some trouble with scattering cross section perturbations compared with other cross 
section perturbations. This paper attempts to explain the differences using an approach that was previously 
presented 



 

C-20614 

20563…..…..…………………..…….……..……ID Number…………………..…..…………….20563 

Author: Sloma, Tanya / Vescovi, Peter 

Title: Gad Rod Worth Evaluation for Criticality Safety Analysis of the RAJ-II BWR Bundle Shipping 
Package 

Date: 11/15/2009 

Report: TANSAO, 101, 0463-0464 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: The RAJ-II shipping package is a fissile material package (Type B(U)F), currently 
approved for transport of AREVA and Global Nuclear Fuels (GNF) Boiling Water Reactor (BWR) fuel 
bundles. Westinghouse Electric Company entered into an agreement with GNF that permits use of the RAJ-
II to transport Westinghouse BWR fuel bundle designs. GNF and Westinghouse collaborated to perform an 
assessment that simplifies the contents specification for the RAJ-II. A sensitivity analysis methodology 
code distributed as TSUNAMI-3D, a module in SCALE 6, is employed to evaluate burnable absorber 
contents for the package criticality safety assessment. 
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20564…..…..…………………..…….……..……ID Number…………………..…..…………….20564 

Author: Mennerdahl, Dennis 

Title: Statistical Noise for Nuclear Criticality Safety Specialists 

Date: 11/15/2009 

Report: TANSAO, 101, 0465-466 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: A criticality safety analysis involves statistics. Evaluation of potential incidents 
requires knowledge about event probabilities, usually based on statistics in the form of experience. Statistics 
are important both in the experiment evaluation and in the validation of calculation methods. Statistics are 
built into a Monte Carlo method itself but also require input and output considerations. Correlation and 
independence are not statistical concepts and conclusions should be based on appropriate understanding of 
the parameters and variables involved. A discussion on independence of reactivities, as opposed to 
independence of parameters, was presented in Ref. 1. Even if all parameter changes are independent, all 
resulting reactivities associated with the same system (space and time) are dependent on each other. The 
neutron flux is the link. This presentation covers three different topics that have caused confusion among 
criticality safety specialists. 
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Author: Joseph, Mark A. 

Title: Authorization Basis Requirements and Safety Classification for Criticality Accident Alarm Systems 

Date: 11/15/2009 

Report: TANSAO, 101, 0467-0468 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: This paper provides justification for Classification of the Criticality Accident Alarm 
System (CAAS) as ‘Defense In Depth’ rather than the current ‘Safety Significant’ classification for 
facilities where a criticality accident is considered credible only as a single pulse type event. For metal 
storage facilities, or dry metal process operations, where a credible criticality accident is judged only to 
involve a very short term excursion, or instantaneous disassembly of the critical configuration, the CAAS 
would provide very little dose mitigation. The criticality accident, and dose received by personnel in close 
proximity to the event, would be concluded prior to any response actions initiated due to the operation of 
the CAAS. For these facilities, the likelihood of secondary pulses is exceedingly low, and the credible dose 
mitigation feature of the CAAS does not warrant classification as Safety Significant. Therefore, the CAAS 
should not be included as a TSR operability control for these types of facilities. 
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Author: Marshall, Margaret A. / Bess, John D. 

Title: Criticality Benchmark Analysis of Water-Reflected Uranium Oxyfluoride Slabs 

Date: 11/15/2009 

Report: TANSAO, 101, 0469-0470 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: A series of ten experiments were conducted in the mid 1950’s at the Oak Ridge 
National Laboratory Critical Experiments Facility to determine the critical conditions of a semi-infinite 
water-reflected slab of aqueous uranium oxyfluoride (UO2F2). A different slab thickness was used for each 
experiment. Results from the ten experiment recorded in the laboratory notebook were published in 
Reference 1. Five of the ten experiments were determined to be acceptable benchmark experiments for the 
inclusion in the International Handbook of Evaluated Criticality Safety Benchmark Experiments. This 
evaluation will not only be available to handbook users for the validation of computer codes and integral 
cross-section data, but also for the reevaluation of experimental data used in the ANSI/ANS-8.1 standard. 
This evaluation is important as part of the technical basis of the subcritical slab limits in ANSI/ANS-8.1. 
The original publication of the experimental results was used for the determination of bias and bias 
uncertainties for subcritical slab limits, as documented by Hugh Clark’s paper “Subcritical Limits for 
Uranium-235 Systems”. 
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Author: Bazley, James J. / Shea, Michael J. / Foster Robert G. 

Title: Criticality Safety Control Strategy at the MOX Fuel Fabrication Facility 

Date: 11/15/2009 

Report: TANSAO, 101, 0475-0476 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—II 

Abstract/Keyterms: In the early 1990s a bilateral agreement between the US and the former USSR was 
signed, which committed each country to reducing their stockpile of strategic arms. In March 1999, the US 
Department of Energy (DOE) initiated the US program to convert the 34 metric tons of weapons grade 
plutonium into Mixed Oxide (MOX) fuel assemblies over a twenty year period. The MOX fuel assemblies 
will be irradiated in existing commercial nuclear power plants, providing $21 billion worth of carbon-free 
energy by offsetting imported oil costs at $48/barrel. A contract was signed with the predecessors to Shaw 
AREVA MOX Services (MOX Services) to design and operate a Mixed Oxide Fuel Fabrication Facility 
(MFFF). The design is based on the Americanization of proven AREVA NC technology currently employed 
in France. After ten years, the project has completed the Americanization process, obtained final design 
status, and is in the labors of construction. MOX test assemblies have been cycled through a US reactor, 
the Nuclear Regulatory Commission (NRC) is nearing completion of their review of the MFFF license 
submittal in accordance with 10CFR70, and concrete is being poured on second story floors and major 
components are being installed. 
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Author: Christopher Geiser / Ao, Qi 

Title: MCNP5 Criticality Benchmark Validation for Uranium and Plutonium Metal Systems Using 
ENDF/B-VII.0 

Date: 11/15/2009 

Report: TANSAO, 101, 0477-0479 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—II 

Abstract/Keyterms: The validation of MCNP5 using ENDF/B-VII.0 data was performed to determine its 
applicability for the safe critical capacity for uranium and plutonium metal systems. Past analyses have 
shown a difference in the keffective values when different data libraries are used for the validation of 
criticality analysis codes such as Monte Carlo N-Particle Transport code (MCNP5). To ensure proper 
applicability and predictability of the code, the accuracy (bias) and the predictive nature (bias uncertainty) 
was quantified using benchmark experiments. The process for the validation follows the American National 
Standard and regulatory guidelines to establish the bias and associated bias uncertainty. The validation of 
the code was used to determine the Upper Subcritical Limit (USL) for the areas of applicability (AOAs) 
pertaining to uranium and plutonium metal systems. The validation covers portions of analysis 



 

C-20620 

20569…..…..…………………..…….……..……ID Number…………………..…..…………….20569 

Author: Baranko, Benjamin 

Title: Neutronic Isolating Media for Degraded Spent Fuel Storage in Casks 

Date: 11/15/2009 

Report: TANSAO, 101, 0480-0481 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—II 

Abstract/Keyterms: An investigation was performed on the safety of storing irradiated degraded and 
moderated nuclear fuel in casks as part of the CH2M-WG Idaho Company management of spent fuel at the 
DOE Idaho Nuclear Technical and Engineering Center. Significantly degraded spent fuel is desired to be 
stored in casks with up to 1400 grams of U-235 in 13.2 cm (5-inch) diameter stainless steel overpack cans 
with a 124.0 cm (48.8 inch) height. The overpack cans were loaded under water, are currently stored under 
water, and do not drain. For this reason the fuel is modeled as optimal concentration, homogeneous uranyl-
nitrate solution. The cask interior however will be drained, resulting in a problem of fuel units that remain 
moderated but without intervening isolating material to reduce interaction as is the case with underwater 
storage. It is desired to maximize the number of fuel cans that can be stored in a cask. Various materials 
were analyzed for neutronic isolation properties between storage positions. The results show that a 
commercially available proprietary castable mix could provide sufficient neutronic isolation for the 
required conditions without crediting neutron poisons, due to the absorption provided by the relatively high 
hydrogen content. The mix was shown to function under all expected and accidental conditions for at least 
30 years. A new cask insert containing the castable mix between the storage positions will be constructed 
of stainless steel to maintain a safe configuration of the stored overpack fuel cans. 
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20570…..…..…………………..…….……..……ID Number…………………..…..…………….20570 

Author: Gauld, Ian C. / Rugama, Yolanda 

Title: Experiment Isotopic Data Compiled by the OECD/NEA Expert Group on Assay Data for Spent 
Nuclear Fuel 

Date: 11/15/2009 

Report: TANSAO, 101, 0685-0687 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Fuel Isotopics Benchmarks and Applications to Code Validation 

Abstract/Keyterms: An essential component of computational modeling and simulation is the availability 
of well-qualified experimental benchmark data against which calculation systems can be validated and the 
bias and uncertainty associated with the codes and data can be evaluated. The validation process is 
extremely important for safety and licensing to demonstrate that adequate margins for uncertainty have 
been included in the calculations. For safety evaluations involving spent nuclear fuel, the isotopic 
compositions and resulting activities calculated using depletion and decay codes must be validated against 
experimental determinations of the spent fuel content. In this process the isotopic concentrations predicted 
by the codes should be compared with corresponding measurements of spent fuel made by destructive 
analysis as a fundamental part of any code performance evaluation. In recent years there has been growing 
international interest in acquiring high-quality assay data that can be used to validate code calculations, 
particularly for modern fuel designs and high burnup fuels and for a wider range of nuclides important to 
nuclear criticality safety, radiological safety assessments, and decay heat. Assay data are required to 
validate a broad range of reactor and fuel-cycle applications, including reactor core simulation, postulated 
severe accident analysis, spent fuel handling, spent fuel transportation and interim storage, reprocessing, 
nuclear safeguards, and final fuel repository evaluations. In some cases researchers working on depletion 
code development have noted a general lack of available assay measurements that can be used to benchmark 
and validate their code calculations for spent fuel compositions. This perception is due in part to the fact 
that data have been reported in diverse publications over many years, many experimental reports are 
difficult to access, and there has not been a concerted and funded effort to compile and consolidate available 
measurements that can be easily accessed by code developers and analysts for validation. In response to the 
increased interest in fuel isotopic measurements and needs for consolidation and documentation of available 
data, an Expert Group on Assay Data for Spent Nuclear Fuel (EGADSNF) was formed in 2007 as a working 
group of the Organisation for Economic Cooperation and Development (OECD)/Nuclear Energy Agency 
(NEA) Working Party on Nuclear Criticality Safety (WPNCS). Although the group was formed by the 
Expert Group on Burnup Credit to coordinate isotopic assay data activities and facilitate collaboration 
between countries developing or implementing burnup credit in their nuclear criticality safety 
methodologies, the group recognized the need and value of assay data for a broad range of spent fuel 
applications, and the EGADSNF includes members representing not only the WPNCS, but also members 
from the standing technical Committee on the Safety of Nuclear Installations and the Integration Group for 
the Safety Case of the Radioactive Waste Management Committee. Member countries currently active in 
the EGADSNF include Belgium, the Czech Republic, France, Germany, Japan, Slovakia, Spain, Sweden, 
the United Kingdom, and the United States. The experimental database of spent fuel measurements 
maintained by the OECD/NEA is web-accessible. SFCOMPO (database of Spent Fuel Compositions) 
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contains measured isotopic data, mostly for light water reactor (LWR) fuels, for about 250 fuel samples. 
This paper summarizes the status of SFCOMPO and current activities to expand and improve the database. 
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Author: Radulescu, Georgeta / Gauld, Ian C. / Ilas, Germina 

Title: Evaluation of PWR Isotopic Composition Data 

Date: 11/15/2009 

Report: TANSAO, 101, 0688-0689 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Fuel Isotopics Benchmarks and Applications to Code Validation 

Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; General Studies of Nuclear Reactors; 
Evaluation; PWR Type Reactors; Nuclear Fuels; Isotope Ratio 
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Author: Mosteller, Russell D. 

Title: An Improved Benchmark Model for BIG TEN 

Date: 11/15/2009 

Report: TANSAO, 101, 0733-0736 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics: General-I 

Abstract/Keyterms: The BIG TEN critical assembly1 was constructed and operated at the Los Alamos 
Critical Experiments Facility at Los Alamos National Laboratory in the 1970s. It was designed to allow 
measurements of nuclear data in a spectrum reasonably representative of a liquid-metal fast breeder reactor. 
Its name reflects the fact that it was both massive (10 metric tons) and had a core with an average enrichment 
of approximately 10 wt.%. The BIG TEN assembly was significant both for the spectrum it produced and 
the fact that its core contained intermediate enriched uranium. The assembly was formed by a stack of 
concentric uranium metal plates arranged in the form of a cylinder. The individual plates were made from 
highly enriched uranium (HEU), 10 wt.% enriched uranium, 



 

C-20625 

20573…..…..…………………..…….……..……ID Number…………………..…..…………….20573 

Author: Okochi, Hidemasa / Yamamoto, Akio / Yamane, Yoshihiro / Kitada, Takanori / Unesaki, 
Hironobu 

Title: Measurements of Reactivity Worth of Rare-Earth Elements at Kyoto University Critical Assembly 

Date: 11/15/2009 

Report: TANSAO, 101, 0737-0738 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics: General-I 

Abstract/Keyterms: Utilization of high burnup fuels, which contain higher-enrichment uranium, is an 
attractive solution to reduce fuel cycle cost and number of discharged fuel assemblies. Since high burnup 
fuels have large excess reactivity at beginning of life, burnable poison is used to reduce the excess reactivity 
at initial burnup. Characteristics of rare-earth elements are suitable for burnable poison thus its application 
as burnable poison has been widely investigated. For example, gadolinia is commonly used in LWRs. 
Furthermore, in a context of development for >5wt% enrichment fuel, the Er-SHB (Erbia-bearing Super 
High Burnup) fuel and the low gadolinia content fuel are being studied as new concepts of high burnup 
fuels in Japan. Rare-earth elements consist of seventeen elements, scandium (Sc), yttrium (Y) and fifteen 
lanthanoids, from lanthanum (La) to lutetium (Lu). Particularly, gadolinium (Gd), which is one of the rare-
earth elements, has already used as burnable poison. Erbium (Er) has been used as a conventional burnable 
poison and is recently spotlighted as advanced burnable poison as described above. When utilization of Gd 
and Er is considered, we can guess that other rare-earth elements would meet following requirements as 
burnable poison: 1) Moderate capture cross section 2) Affinity with nuclear fuel materials 3) Favorable 
impact on core characteristics 4) Less residual reactivity Though the rare-earth elements would be useful 
as burnable poison, only a few critical experiments have been carried out so far to validate the accuracy of 
their nuclear data and impacts on core characteristics. This situation might be one of the reasons why various 
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Author: Fynan, Douglas A. 

Title: Criticality Evaluation of the JOYO MK-I Benchmark Cores 

Date: 11/15/2009 

Report: TANSAO, 101, 0803-0804 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics Design, Validation, and Operating Experience 

Abstract/Keyterms: JOYO is Japan’s first experimental fast reactor operated by the Japan Atomic Energy 
Agency operated by the Japan Atomic Energy Agency (JAEA), formerly the Japan Nuclear Cycle 
Development Institute (JNC). The first criticality was achieved on April 24, 1977, with the MK-I core. The 
MK-I core is a fast breeder reactor core with a homogeneous plutonium uranium mixed oxide (MOX) fuel 
region surrounded by a radial and axial depleted uranium oxide blanket. Prior to power operation at the 
rated power of 50 MW, the criticality, control rod worth, sodium void worth, fuel replacement reactivity 
worth, and isothermal temperature coefficient were measured to verify the design analysis. These 
measurements were analyzed by JAEA and registered with OECD/NEA International Reactor Physics 
Experiment Evaluation (IRPhE) project. The present study evaluates the two JOYO benchmark critical 
experiment cores presented in the IRPhE handbook with the European Reactor Analysis Optimized System 
(ERANOS), version 2.1. ERANOS is used to solve for the effective multiplication factor keff with different 
calculation methods and cross section libraries. 
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Title: Criticality Benchmark Analysis of the HTTR Annular Startup Core Configurations 

Date: 11/15/2009 

Report: TANSAO, 101, 0805-0807 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics Design, Validation, and Operating Experience 

Abstract/Keyterms: One of the high priority benchmarking activities for corroborating the Next 
Generation Nuclear Plant (NGNP) Project and Very High Temperature Reactor (VHTR) Program is 
evaluation of Japan’s existing High Temperature Engineering Test Reactor (HTTR). The HTTR is a 30 
MWt engineering test reactor utilizing graphite moderation, helium coolant, and prismatic TRISO fuel. A 
large amount of critical reactor physics data is available for validation efforts of High Temperature Gas-
cooled Reactors (HTGRs). Previous international reactor physics benchmarking activities provided a 
collation of mixed results that inaccurately predicted actual experimental performance.1 Reevaluations 
were performed by the Japanese to reduce the discrepancy between actual and computationally determined 
critical configurations.2-3 Current efforts at the Idaho National Laboratory (INL) involve development of 
reactor physics benchmark models in conjunction with the International Reactor Physics Experiment 
Evaluation Project (IRPhEP) for use with verification and validation methods in the VHTR Program. 
Annular cores demonstrate inherent safety characteristics that are of interest in developing future HTGRs 
and have recently been assessed evaluated as benchmarks. 
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Title: What the NCS World Offers to Young Professionals 

Date: 11/15/2009 

Report: TANSAO, 101, 1115-1116 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Next Generation of Nuclear Criticality Safety Professionals 

Abstract/Keyterms: Just recently, I had a person at an ANS meeting tell me that being a Nuclear Criticality 
Safety (NCS) engineer tell me that being a Nuclear Criticality Safety (NCS) engineer would be “boring as 
hell.” That is what many people outside NCS think about the profession. While it is not all glitz and 
glamour, it has been a good profession for me. NCS is not just the calculation of keff or the review of 
operating procedures. Being a NCS engineer requires an understand multiple engineering field including, 
chemical, mechanical, structural, instrumentation and control systems along with more liberal arts areas 
like human factors, human reliability and psychology. 
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Report: TANSAO, 101, 1117-1120 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Next Generation of Nuclear Criticality Safety Professionals 

Abstract/Keyterms: One of the challenges that today’s new workforce of nuclear criticality safety 
engineers face is the opportunity to provide assessment of nuclear systems and establish safety guidelines 
without having received significant experience or hands-on training prior to graduation. Participation in the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) and/or the International Reactor 
Physics Experiment Evaluation Project (IRPhEP) provides students and young professionals the 
opportunity to gain experience and enhance critical engineering skills. 
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Report: TANSAO, 101, 1121-1122 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Next Generation of Nuclear Criticality Safety Professionals 

Abstract/Keyterms: Nuclear Criticality Safety (NCS) is the practice of maintaining the effective 
multiplication factor (keff) less than unity (typically no more than 0.95), thereby preventing neutron chain 
reactions. NCS is a multidisciplinary field which utilizes techniques from other safety disciplines as well 
as reactor physics to prevent unintentional criticalities. NCS plays a significant role in safe fuel fabrication, 
transportation, and storage; nuclear research and development; and spent fuel processing, transportation, 
and storage. There have been 60 documented unintentional criticalities in the nuclear industry worldwide 
(22 in process facilities and 38 in research reactors and critical experiments), resulting in 21 fatalities and 
many additional overexposures. Gamma and neutron radiation doses in excess of 450 rem is the primary 
mode of lethality. (This value is known as the LD50/30 or the dose of radiation that has been statistically 
shown to be lethal to 50% of the population without medical treatment within 30 days.) Most criticality 
accidents produce a burst of 1015 to 1017 fissions (but some as high as 1020 fissions) that have produced 
radiation doses as high as 12,000 rem. Criticality accidents negatively taint the general public’s perception 
of risk in the nuclear industry. Although NCS is relied upon to prevent unintentional criticalities, the subject 
is underrepresented in nuclear engineering curricula and textbooks. A review of 31 US universities offering 
undergraduate or graduate programs in nuclear engineering and physics revealed only four programs 
offering courses in NCS. No universities make their NCS course a core requirement. Consequently, a mere 
13% of graduating nuclear engineers in the United States have even had the chance to be exposed to the 
techniques and practices of NCS prior to entering the workforce. 
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Report: TANSAO, 101, 1123-1124 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Next Generation of Nuclear Criticality Safety Professionals 

Abstract/Keyterms: Training of Nuclear Criticality Safety (NCS) Engineers at the Y-12 National Security 
Complex (NSC) involves formal qualification in the NCS Training and Qualification Program (T&QP), 
classroom sessions that cover material included in the NCS T&QP, field simulators, and informal brown 
bag seminars. All elements of the training play an important role in preparing the next generation of NCS 
engineers. 
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Abstract/Keyterms: If properly applied, variance reduction techniques (VRTs) can shorten times to obtain 
statistical convergence in MCNP. MCNP provides several built-in tools to more efficiently use computer 
time to achieve the desired result. However, improper choice of VRTs can worsen statistics, as different 
types of problems respond best to different VRTs. Although no definitive rules exist for when and how to 
apply these techniques, guidance and experience can provide a starting point to solving a problem. In this 
work, different VRTs are reviewed against some common types of problems, and rules of thumb are 
developed regarding their selection and implementation. 
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Title: Criticality Safety Design Challenges at the MOX Fuel Fabrication Facility 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, And Operations in Nuclear Criticality Safety—I 

Abstract/Keyterms: The United States and the former USSR signed a bilateral agreement in the early 
1990s which committed each country to reducing their stockpile of strategic arms. In March 1999, the US 
Department of Energy (DOE) initiated the US program to convert the 34 metric tons of weapons grade 
plutonium into Mixed Oxide (MOX) fuel assemblies over a twenty year period. 
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Report: TANSAO, 102, 273-274 
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Abstract/Keyterms: An extensive series of delayed critical experiments were performed at the Oak Ridge 
Critical Experiments Facility using enriched uranium metal during the 1960s and 1970s in support of 
criticality safety operations at the Y-12 Plant. These experiments were designed to evaluate the storage, 
casting, and handling limits of the Y-12 Plant and to provide data for the verification of cross sections and 
calculation methods utilized in nuclear criticality safety applications. Many of these experiments have 
already been evaluated and included in the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments (ICSBEP Handbook): unreflected (HEU-MET-FAST-051), graphite-reflected 
(HEU-MET-FAST-071), and polyethylene-reflected (HEU-MET-FAST-076). Three of the experiments 
consisted of highly-enriched uranium (HEU, ~93.2% 235 U) metal parts reflected by beryllium metal discs. 
The first evaluated experiment was constructed from a stack of 7-in.-diameter, 4-1/8-in.-high HEU discs 
top-reflected by a 7-in.- diameter, 5-9/16-in.-high stack of beryllium discs. The other two experiments were 
formed from stacks of concentric HEU metal annular rings surrounding a 7-in. diameter beryllium core. 
The nominal outer diameters were 13 and 15 in. with a nominal stack height of 5 and 4 in., respectively. 
These experiments have been evaluated for inclusion in the ICSBEP Handbook. 



 

C-20635 

20583…..…..…………………..…….……..……ID Number…………………..…..…………….20583 

Author: Pruvost, Norman L. / Shirk, Donald G. / Rombough, Charles T. 
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Abstract/Keyterms: The most familiar curves in criticality safety are the critical mass versus nuclide 
density of light water moderated 233U, 235U, and 239Pu. Recognition of their basic relevance extends 
back to 1943 by investigators R. F. Christy and J. A. Wheeler at the University of Chicago. Geometrical 
simplicity is achieved by using spherical systems and material simplicity by assuming metal-water mixtures 
homogeneous to the molecular scale in order to simulate a chemical solution. Curves of this type are 
presented in LA-12808 for 233U, 235U, and 239Pu, where ample experimental data exist to validate 
calculated results. In contrast, no such analogous experimental data exists for 242mAm. In addition, curves 
for spherical cores with other than light water moderation and with tightly fitting reflectors of various 
materials can be easily visualized as useful. The revision of American National Standard ANS-8.15, 
Nuclear Criticality Control of Selected Actinide Nuclides, provided the stimulation for the work reported 
in this summary. The purpose of ANS 8.15 is to provide subcritical mass limits for actinides other than 233 
U, 235U, and 239Pu. One of the nuclides for which subcritical limits are to be provided is 242mAm, which 
is estimated to have a minimum critical mass substantially smaller than 233U, 235U, or 239 Pu. The purpose 
of this paper is to illustrate how a Monte Carlo code can be used to calculate the minimum critical mass of 
a highly fissile nuclide under moderated conditions with very good precision. 
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Abstract/Keyterms: A traditional approach for simulating a pellet spill for criticality safety at nuclear fuel 
manufacturing facilities is to model the pellets as rods or equivalent spheres in deterministic geometry. This 
simplification reduces difficulties in the construction of stochastic geometry for the spill potentially at the 
expense of representativeness of the model. Typically, rods and spheres are arranged as a triangular-pitched 
array in a specified spill geometry, such as hemisphere or cone. To determine the safe mass of spilled pellets 
for criticality safety assessment, the pitch of the array is varied to achieve the desired moderation content 
(water-to-fuel ratio, W/F). For the approximation of pellets as rods, moderation cannot be included between 
pellets in the axial direction. This paper investigates the effect of including inter-pellet spacing and 
moderation in the axial direction for a generic pellet spill where individual pellets are modeled explicitly. 
To a limited degree, stochastic geometry is introduced in the neutron tracking process to characterize the 
randomness of pellet arrangement in the spill. 
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Abstract/Keyterms: TSUNAMI-3D (Tools for Sensitivity and Uncertainty Analysis Methodology 
Implementation in Three Dimensions) is a SCALE control module that controls a sequence of calculations 
which are performed by other codes. The calculations performed are for the purpose of sensitivity and 
uncertainty analysis for criticality safety. TSUNAMI-3D provides for automated processing of material 
input, processing of cross-section data, calculation of cell-weighted cross-section data, calculation of 
forward and adjoint neutron transport solutions, calculation of sensitivity coefficients, and the calculation 
of the uncertainty in keff due to cross-section- covariance data. The KENO Va module is used for the 
transport solver, and uses Monte Carlo methods to calculate keff and the neutron fluxes. The SAMS module 
is used to determine the sensitivity of the calculated value of keff to the nuclear data used in the calculation. 
The sensitivities are a function of nuclide, reaction type, and energy. 
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Abstract/Keyterms: The American National Standards for Nuclear Criticality Safety in Operations with 
Fissionable Material Outside Reactors, ANSI/ANS-8.1-1998, and the American National Standard for 
Validation of Neutron Transport Methods for Nuclear Criticality Safety Calculations, ANSI/ANS-8.24-
2007, require validation of a computer code and the associated data through the calculation of benchmark 
evaluations that are based on physical experiments. The performance of the code and data are validated 
through comparison of the calculated and benchmark results. In this process, it is important to model an 
experiment with the computer code the way it is evaluated into a benchmark so that the performance of the 
code and the associated cross section libraries may be determined accurately within the uncertainties of the 
benchmark evaluation and the uncertainties of the computational results. As such, a new SCALE 
(Standardized Computer Analyses for Licensing Evaluation) procedure has been established for verification 
and configuration management of benchmark models and derived data. This procedure provides a 
framework for preparing, peer-reviewing, and controlling models and data sets derived from benchmark 
definitions so that one can use the models and data with confidence in his/her analyses. The procedure 
ensures that the models and data were correctly generated using appropriate references with documented 
checks and reviews. Configuration management is implemented to prevent inadvertent modification of the 
models and data or inclusion of models that have not gone through the rigorous review process. 
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Abstract/Keyterms: Historically, criticality safety assessments of plants at Sellafield applied the Double 
Contingency Principle in order to identify suitable protective measures. Modern safety assessments do not 
consider the Double Contingency Principle explicitly; the hazard analysis technique of Design Basis 
Accident Analysis (DBAA) is applied instead. DBAA is primarily intended to provide a robust 
demonstration of the 'defense-in-depth' available in plant design, including both plant equipment and 
procedures. This Paper provides an overview of the principles of DBAA and presents examples of its 
application at Sellafield. Assessors do not consider DBAA in isolation. Probabilistic Risk Assessment 
(PRA) is performed to assess compliance against appropriate risk criteria. These techniques, in combination 
with fault identification and optioneering studies, help to ensure that the resultant risk is as low as 
reasonably practicable (ALARP), which is a legal requirement that was introduced by the Health and Safety 
at Work Act, 1974. The requirements of DBAA, PRA and ALARP are all considered in conjunction as the 
assessment develops and they all take account of the ‘safety hierarchy’. PRA and ALARP are discussed 
briefly in this Paper in order to put into context the application of DBAA. 
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Abstract/Keyterms: The OB-1 method for the calculation of the minimum critical mass (mcm) of fissile 
actinides in metal/water systems was described in a 2008 Nuclear Science and Engineering (NS&E) article. 
The purpose of the present work is to update and expand the application of this method with current nuclear 
data including data uncertainties. The mcm and the hypothetical fissile metal density (F) in grams of 
metal/liter are obtained by a fit to values predicted with transport calculations. The input parameters 
required are thermal values for fission and absorption cross sections and nubar. A factor of is used to convert 
to Maxwellian averaged values. The uncertainties for the fission and capture cross sections and the 
estimated nubar uncertainties are used to determine the uncertainties in the mcm, either in percent or grams. 
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Abstract/Keyterms: ANS-8.23 Section 6 – Evacuation, names three specific physical areas for nuclear 
criticality accident emergency response. These areas are the immediate evacuation zone (IEZ), occupied 
areas adjacent to the IEZ – or Adjacent Area (AA), and assembly (muster) areas. ANS-8.23 Section 5.1 
requires a planning evaluation for the IEZ. The AA can also be evaluated at this stage. The following is 
advanced in this summary: The IEZ+AA are prompt protection areas defined by unambiguous, 
unmistakable physical boundaries that can be readily identified under emergency response conditions. A 
criticality accident could result in the eventual complete evacuation of a site, group of facilities, facility or 
section of a facility. At the time of CAAS activation, those within the IEZ are required to evacuate without 
delay. ANS-8.23 requires the AA and assembly areas be evacuated when the monitored dose rate exceeds 
that value specified in Section 6.4. 
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Abstract/Keyterms: A new capability in SCALE allows users to quickly and easily model both the 
criticality and deep-penetration shielding portions of criticality accident alarm system (CAAS) problems in 
fully 3-D Monte Carlo. The SCALE CAAS capability uses both KENO-VI for simulating the criticality 
accident (to determine the fission distribution) and MAVRIC for radiation transport through thick shields 
using automated variance reduction. This paper demonstrates the CAAS capability with examples of 
calculating single detector responses and for calculating dose rates over large areas. A wide variety of 
methods are currently in use to calculate the response of CAAS, with many drawbacks. Fast, approximate 
techniques typically model the criticality source as a point source and make use of one-dimensional, point-
kernel, or build-up factor approximations for estimating transport over long distances and through thick 
shielding. Multidimensional discrete ordinates methods have been widely used but require separate 
calculation of the critical system and the shielding systems as well as geometric 
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Abstract/Keyterms: Ongoing advances in criticality codes, for example the removal or reduction of intra-
stage correlation biases through superhistories (Wielandt acceleration), mean that for a specified model any 
errors in the calculated results will in general be very small. The introduction of parameterization and high 
performance computing has also enabled the ability to quickly perform detailed investigations. However, 
the values of k-effective are only as good as the model specifications provided. This paper outlines some 
of the tools being developed to assist criticality assessors in reducing: 1. Modeling pessimisms; 2. The time 
taken to produce and process models; 3. Potential modeling errors. 
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Abstract/Keyterms: The “K-effective of the World ” problem was introduced nearly 30 years ago by G.E. 
Whitesides. The general theme was to caution Monte Carlo code users that, despite the sophistication of 
the codes for representing realistic geometry and physics interactions, correct results can be obtained only 
if users pay attention to source convergence in the Monte Carlo iterations and to running a sufficient number 
of neutron histories to adequately sample all significant regions of the problem. The extreme example, 
which defines a situation in which this difficulty can exist, is the “k-effective of the World” problem. That 
is, if one attempts to calculate the keff of the world using a Monte Carlo calculation, what keff would be 
computed assuming that there are several critical assemblies located around the world? The answer would 
likely be the keff of the world with no critical assemblies present. The cause of the erroneous result is the 
fact that the volume of fissile material in the world would be so large relative to the volume of fissile 
material in the critical assemblies that most commonly used forms of sampling would almost never “see” 
the critical assemblies. Hence, this would not reflect their existence in the computed keff. The erroneous 
results for these types of problems are the result of the failure of the calculation to converge the source to 
the fundamental source mode. For a number of years, the OECD/NEA Working Party on Nuclear Criticality 
Safety has sponsored the Expert Group on Source Convergence in Criticality Safety Analysis. This Expert 
Group thoroughly investigated the issues in source convergence for Monte Carlo calculations and suggested 
improvements to Monte Carlo codes and guidance for code users. In this summary, the recommended best 
practices from are applied to the “K-effective of the World ” problem. Numerical results are discussed, and 
causes of previously observed discrepancies identified. The general conclusion of this work is that the 
model problem used in is not a difficult calculation today, and correct results will be obtained if currently 
recommended Monte Carlo criticality practices are followed. 
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Abstract/Keyterms: COG is a modern, general-purpose, high fidelity, multi-particle transport code 
developed at the Lawrence Livermore National Laboratory specifically for use in deep penetration 
(shielding) and criticality safety calculations. This paper describes some features in COG of special interest 
to criticality safety practitioners. 
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Abstract/Keyterms: A new capability for SCALE 6 allows the prediction of computational biases and bias 
uncertainties with the Tool for Sensitivity and Uncertainty Analysis of Response Functions Using 
Experimental Results (TSURFER), which is based on a generalized linear least squares approach. The 
TSURFER approach to bias and bias uncertainty assessment is quite different from those traditionally used 
criticality safety evaluations. The analysis conducted with a suite of benchmark experiments for which the 
benchmark keff values and their uncertainties, as well as correlations in uncertainties between benchmarks, 
are quantified. 
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Abstract/Keyterms: Accurate modeling of subcritical multiplication is needed for accelerator-driven 
subcritical reactors, reactor startups, critical experiment approaches to criticality, and detection of nuclear 
materials. Such calculations are multiplied fixed-source calculations, not eigenvalue calculations. 
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Abstract/Keyterms: Cross section evaluations in the resolved resonance region are based on formalisms 
derived from the R-matrix theory. As a result, the evaluations provide a set of resonance parameters that 
can be used to reproduce the experimental data reasonably well. The evaluated nuclear data are used in 
neutron transport calculations for the analysis and design of nuclear reactor systems, nuclear criticality 
safety analyses, etc. To achieve the desired accuracy on the nuclear system calculations, the questions 
frequently asked are how well the nuclear data are known and how the uncertainty in the nuclear data can 
be propagated into the final nuclear system results. There have been ongoing efforts at several research 
centers for generating data uncertainties in the resonance and high-energy regions. The biggest issue in 
relation to the covariance data is how good the calculated uncertainties are or whether the calculated 
uncertainties are in agreement with realistic uncertainties derived from an experimental nuclear system or 
nuclear benchmark. In this work an attempt is made to use two distinct and independently developed 
computer codes, CONRAD and SAMMY, to evaluate and generate covariance data in the resonance region. 
The verification study has been performed in support of the U.S. Nuclear Criticality Safety program (NCSP) 
as the NCSP is working to provide improved nuclear data files to support criticality safety analyses. The 
objective is to check the procedures and the methodologies used in the resonance region for covariance 
generation. The studies have been carried out using the 48Ti resolved resonance parameters. 
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Abstract/Keyterms: A series of experiments were conducted at the Oak Ridge Critical Experiments 
Facility using arrays of enriched uranium metal cylinders during the 1960s and 1970s. These experiments 
were designed to evaluate certain storage materials and their effects on critical arrays. The experiments also 
provide data for the verification of cross sections and calculation methods utilized in nuclear criticality 
safety applications. Several of the experiments in the series have previously been evaluated and included 
in the International Handbook of Evaluated Criticality Safety Benchmark Experiments (ICSBEP 
Handbook), including HEU-MET-FAST 053. The work in this evaluation consisted of two distinct 
experiments: an array of HEU cylinders reflected by concrete, and an array of HEU cylinders separated by 
vermiculite and reflected by polyethylene. For each experiment, multiple cases were repeated in order to 
collect accurate data. These experiments have been evaluated for inclusion in the ICSBEP Handbook. 



 

C-20650 

20598…..…..…………………..…….……..……ID Number…………………..…..…………….20598 

Author: McDonald, Lauren 

Title: New ALARP Residues Recovery System – Design Concept to Operation 

Date: 11/7/2010 

Report: TANSAO, 103, 391 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: Fuel manufacture operations using low enriched uranium have been conducted at the 
Springfields Fuels Limited Site in the United Kingdom for over 50 years. In conjunction with the fuel 
manufacture process, there is a requirement for the resultant residues to be recovered to enable the uranium 
to be returned to the fuel cycle. These operations are carried out within the Enriched Uranium Residues 
Recovery Plant (EURRP), whose predicted lifetime has recently been extended. As part of this lifetime 
extension key functionalities within the plant have been refurbished. This paper looks at how the new 
dissolver system has been designed to maximize the robustness of process safety in line with the revised 
UK Health and Safety Executive (HSE) Safety Assessment Principles (SAPs)and the changes brought about 
from the initial design due to the findings of the commissioning and operational phases. 
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Abstract/Keyterms: The H-Canyon facility at the Savannah River Site is the nation ’s only remaining full-
scale chemical separations plant. The upcoming spent nuclear fuel campaign will safely and efficiently 
disposition the large inventory of spent nuclear fuel from foreign and domestic research reactors and excess 
HEU across the DOE complex. Criticality safety challenges were more efficiently met by introducing a 
level of realism into the analysis. 
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Abstract/Keyterms: Recently, the sensitivity of the eigenvalue (λ= 1/keff) to the location of a material 
interface was derived from the standard adjoint-based sensitivity formula. The equation applies only to 
uniform expansions or contractions of a surface, not to surface translations or rotations. However, for a flat 
surface (a plane),a translation in the direction of the normal (or in the opposite direction)is equivalent to an 
expansion or contraction, so the equation could apply to the translation of a body in the direction of its 
bounding surfaces, if they are flat. A related perturbation expression for the change in. (not the derivative) 
was recently found to be ill-suited to describe the translation of a sphere. In this paper, the sensitivity 
equation is used to estimate the effect of a uniform expansion of a solid fissile cylinder and of the location 
of the bottom half of a cylindrical critical assembly. 
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Abstract/Keyterms: At the recent international nuclear data conference ND2010, held last April in Jeju 
Island, Korea, a question is raised with regard to the effect of the fission spectrum data uncertainty on 
criticality calculations. This paper is designed to examine the problem using the fission spectrum covariance 
data available in evaluated nuclear data libraries and a Monte Carlo (MC) uncertainty analysis method 
implemented in McCARD code. 
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Abstract/Keyterms: Re-establishment of criticality experiment operations at the Nevada Test Site (NTS) 
is an important capability for the United States because of all the technical linkages to most programs and 
topics described as being associated with things considered “nuclear”. In 2005, the actual process of 
rebuilding, refurbishing, and planning for relocation to the Nevada Test Site (NTS) of four criticality 
experiment machines located at Technical Area 18 (Pajarito Site, TA-18) at Los Alamos National 
Laboratory was ramped up to full speed. The four criticality experiment machines to be relocated were 
PLANET, COMET, Flattop, and Godiva IV. Other activities and capabilities being planned for the facility 
at NTS to support the criticality experiment operations include the ability to perform sub-critical 
measurements using a wide variety of chemical forms and mixtures of special nuclear materials and other 
actinides, establishment of a “count room” to support many different kinds of nuclear measurements, and 
the ability to use active sources to support activities such as radiography measurements in conjunction with 
sub-critical and critical experiment campaigns. 
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Abstract/Keyterms: The former USSR and the United States signed a bilateral agreement in the early 
1990s which committed each country to Nuclear Non-Proliferation by reducing their stockpile of strategic 
arms. In March 1999, the US Department of Energy (DOE) initiated the US program to convert nearly half 
of the US weapons grade plutonium into Mixed Oxide (MOX) fuel assemblies over a twenty year period. 
The MOX fuel assemblies will be irradiated in existing commercial nuclear power plants, providing $21 
billion worth of carbon-free energy by offsetting imported oil costs and the cost of securing much of the 
US Nuclear Arsenal. Shaw AREVA MOX Services (MOX Services) was selected to design and operate 
the Mixed Oxide Fuel Fabrication Facility (MFFF). The design is based on the Americanization of proven 
AREVA NC MOX fuel processing technology currently employed in France. The project has completed 
the Americanization process by applying United States Nuclear Regulatory Commission (NRC) guidelines, 
obtained final design status, and is in the final labors of construction. MOX test assemblies have been cycled 
through a US reactor, the NRC has completed their review of the MFFF license submittal in accordance 
with 10CFR70, and concrete is being poured on third story floors and major components, HVAC and piping 
are being installed. 
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Abstract/Keyterms: Recently, the Nuclear Criticality Safety Group at Los Alamos National Laboratory 
received official review comments from an external agency regarding one of our criticality safety 
evaluations. The comment was an inquiry as to why the evaluation did not address the reflecting 
characteristics of super-moderators. While our response effectively addressed the concern, it was disturbing 
to experience the use of this term that is quite clearly a misnomer from an official source. Furthermore, the 
authors have repeatedly witnessed the use of this terminology during past exchanges concerning the 
requirements of national standards and the application of single parameter subcritical limits. Most 
disturbingly, the use of the term appears to be growing trend throughout the criticality safety community. 
This unfortunate, as the terminology is used erroneously and indicates a complete lack of understanding of 
the actual physical effect that the word is intended to convey. In short the term itself is frivolous at best and 
completely misleading as there is no correct application in the sense that it is used, i.e., superior to hydrogen. 
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Abstract/Keyterms: Retrieval of integral actinide cross sections from past reactor irradiation test data has 
been investigated. These experimentally derived integral cross sections for U-Pu transformation tree will 
be compared to established one-group cross sections used in current codes such as ORIGEN2. The data 
should aid criticality engineers in determining burn-up credit, supporting reprocessing and advancing future 
reactor design and construction. 
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Abstract/Keyterms: Using Monte Carlo methods to compute sensitivity coefficients for k -eigenvalue with 
respect to nuclear cross sections is important for applications in criticality safety such as burnup credit. 
Modifications to MCNP (to be included in MCNP6) allow two flavors of perturbation theory using 
continuous-energy physics: the differential operator technique and adjoint-weighted perturbation theory. 
Previously, the only available method for computing sensitivity coefficients in MCNP was the differential 
operator technique. Misleading results may be produced with this approach. The adjoint-weighted 
perturbation method appears, from empirical evidence, to typically (albeit not always) produce more 
reliable answers. A method for computing sensitivity coefficients from the adjoint-weighted perturbation 
capability in MCNP6 is presented. Results of calculations are given and compared with equivalent 
calculations of simple analytic problems, a fine-mesh discrete ordinates calculation in PARTISN ,and a 
fine-group calculation from TSUNAMI-3D.The latter illustrates the need for further improvements in the 
continuous-energy methods. 
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Abstract/Keyterms: The Standardized Computer Analysis for Licensing Evaluation (SCALE) code 
system developed at Oak Ridge National Laboratory provides a comprehensive, verified and validated, 
user-friendly tool set for criticality safety, reactor physics, radiation shielding, and sensitivity and 
uncertainty analysis. For more than 30 years, regulators, licensees, and research institutions around the 
world have used SCALE for safety analysis and design. SCALE provides a “plug-and-play” framework 
with nearly 80 computational modules, including three deterministic and three Monte Carlo radiation 
transport solvers that are selected based on the desired solution. SCALE’s graphical user interfaces assist 
with accurate system modeling and convenient access to desired results. SCALE 6.1, scheduled for release 
in the fall of 2010, provides improved reliability and introduces a number of enhanced features, some of 
which are briefly described here. 
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Abstract/Keyterms: The purpose of this work is to describe the Savannah River Nuclear Solutions LLC 
(SRNS) Nuclear Criticality Safety Engineer Training and Qualification Program (CSE) (T&Q) that satisfies 
the requirements and recommendations of ANSI/ANS-8.19-2005, Administrative Practices for Nuclear 
Criticality Safety, and ANSI/ANS-8.26-2007, Criticality Safety Engineer Training and Qualification 
Program. 
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Abstract/Keyterms: In 2007 a Process Improvement (PI) effort was initiated for the Lawrence Livermore 
National Laboratory (LLNL) Criticality Safety (CS) Program. This PI initiative was one of many such 
initiatives commenced to consider a wide range of processes important to the Nuclear Materials Technology 
Program (NMTP) at LLNL. This paper discusses this process improvement initiative, including the process 
used, the recommendations made, and the results obtained 
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Abstract/Keyterms: Since 1998, Lawrence Livermore National Laboratory (LLNL) has utilized a system 
of Standard Criticality Control Conditions (SCCCs) in the Plutonium Facility operations. This paper 
discusses the history, features, advantages and disadvantages of this system. 
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Abstract/Keyterms: This paper deals with the history of the implementation of the Criticality Safety 
Advisory Committee (CSAC) as an important element of the Criticality Safety Program at the Lawrence 
Livermore National Laboratory (LLNL). The LLNL was established in 1952 at the height of the Cold War 
to meet urgent national security needs. As such, LLNL has a long history of carrying out research and 
development involving the use of the fissionable materials. Criticality safety (CS) was recognized very 
early as a key safety aspect in transporting, handling, and storage of fissionable materials. It should be 
noted, however, criticality safety was not a well-defined technical discipline in those early years. Thus, the 
development of criticality safety in general, and the evolution of the Criticality Safety Advisory Committee 
at LLNL, should be of historical and practical interests to the nuclear criticality safety community. 
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Abstract/Keyterms: The purpose of this paper for the Special Session on LLNL Plutonium Facility is to 
provide a retrospective of work that was done to resolve a vexing problem involving the use of small 
plutonium parts where moderating materials were present. Limits were in place for solid parts and for 
homogeneously-mixed materials. The standard limit for moderated plutonium is 220 g in order to satisfy 
double-contingency requirements. Limits for non-moderated plutonium are much larger, normally at 2600 
g. However, there was still a “gray” area involving small plutonium samples encased in moderating 
materials. 



 

C-20665 

20613…..…..…………………..…….……..……ID Number…………………..…..…………….20613 

Author: Kim, Soon / Orham, Edward 

Title: LLNL Plutonium Facility Criticality Alarm System 

Date: 11/7/2010 

Report: TANSAO, 103, 427-428 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: A Special Session on “LLNL Plutonium Facility” 

Abstract/Keyterms: The criticality alarm system (CAS) in the Lawrence Livermore National Laboratory 
(LLNL) plutonium facility is a gamma detector based system, and is in compliance with ANSI/ANS 8.3 
requirements. The current LLNL CAS system went into service in 1995 after a rigorous factory acceptance 
test and a three-month burn-in test after installation. 
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Abstract/Keyterms: The Lawrence Livermore National Laboratory (LLNL), under the auspices of the 
Department of Energy’s Nuclear Criticality Safety Program (NCSP), began hosting a 4-Day Hands-on 
Nuclear Criticality Safety (NCS) Training Course in 2006. This class was designed to give NCS engineers 
the opportunity to experimentally measure the effects of different parameters on the reactivity of a fissile 
material assembly. Since the inception of the class, LLNL has conducted 35 classes and has drawn over 
350 students from around the DOE complex, the Nuclear Regulatory Commission, Naval Reactors, the 
Department of Defense, the Department of Justice, the Federal Bureau of Investigation, and Aldermasten 
Weapons Establishment in the United Kingdom. 



 

C-20667 

20615…..…..…………………..…….……..……ID Number…………………..…..…………….20615 

Author: Riley, David / Dodson, Karen / Debdas Biswas 

Title: Lawrence Livermore National Laboratory Security Category I II SNM De-Inventory Status 

Date: 11/7/2010 

Report: TANSAO, 103, 431-432 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: A Special Session on “LLNL Plutonium Facility” 

Abstract/Keyterms: Lawrence Livermore National Laboratory (LLNL) is in the process of reducing the 
amount of Special Nuclear Materials (SNM) to below the Security Category I/II levels at the Plutonium 
Facility. This action has been taken as part of the National Nuclear Security Administration (NNSA) 
"Complex Transformation" effort. The NNSA Administrator. Thomas D'Agostino has defined "Complex 
Transformation" as NNSA's vision for a smaller, safer, more secure, and less expensive nuclear weapons 
complex that leverages the scientific and technical capabilities of the workforce and meets national security 
requirements. Part of Complex Transformation entails reducing or eliminating SNM storage at certain sites 
and consolidating materials and Security Category 1/II operations at a minimal number of sites. LLNL has 
developed a plan to de-inventory to a Security Category III level by October 1, 2012. Security Level III 
means that there will be less than 400 grams of plutonium metal. 
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Abstract/Keyterms: The Pu Facility (PF) at LLNL involves research and development of nuclear material 
technologies and their applications. The wastes produced may be contaminated with transuranic (TRU) 
isotopes. This paper describes TRU drum criticality safety controls in the LLNL PF and their disposal at 
the WIPP (Waste Isolation Pilot Plant). 
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Abstract/Keyterms: Modeling and simulation using Monte Carlo methods is widely used in nuclear 
reactor criticality benchmarking applications. However, obtaining good statistics not only takes a large 
amount of computational time, but it has been shown that localized tally uncertainties may be under-
predicted by a factor of five or more in select cases. The primary components of this under-prediction 
include poor sampling due to improper source convergence and cycle-to-cycle correlations in the fission 
source. Additional components relate to the flux shape and the size of the tally cells. These issues must be 
understood and dealt with in order to support the practical use of modern Monte Carlo software packages. 



 

C-20670 

20618…..…..…………………..…….……..……ID Number…………………..…..…………….20618 

Author: Rearden, Bradley T. / Mueller, Don 

Title: Uncertainty Quantification Techniques of SCALE/TSUNAMI 

Date: 6/26/2011 

Report: TANSAO, 104, 371-373; 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Sensitivity, Uncertainty, And Parameter Estimation Methodologies in Nuclear 
System Modeling—I 

Abstract/Keyterms: The Standardized Computer Analysis for Licensing Evaluation (SCALE) code 
system developed at Oak Ridge National Laboratory (ORNL) includes Tools for Sensitivity and 
Uncertainty Analysis Methodology Implementation (TSUNAMI). The TSUNAMI code suite can quantify 
the predicted change in system responses, such as k(eff), reactivity differences, or ratios of fluxes or reaction 
rates, due to changes in the energy-dependent, nuclide-reaction-specific cross-section data. Where 
uncertainties in the neutron cross-section data are available, the sensitivity of the system to the cross-section 
data can be applied to propagate the uncertainties in the cross-section data to an uncertainty in the system 
response. Uncertainty quantification is useful for identifying potential sources of computational biases and 
highlighting parameters important to code validation. Traditional validation techniques often examine one 
or more average physical parameters to characterize a system and identify applicable benchmark 
experiments. However, with TSUNAMI correlation coefficients are developed by propagating the 
uncertainties in neutron cross-section data to uncertainties in the computed responses for experiments and 
safety applications through sensitivity coefficients. The bias in the experiments, as a function of their 
correlation coefficient with the intended application, is extrapolated to predict the bias and bias uncertainty 
in the application through trending analysis or generalized linear least squares techniques, often referred to 
as 'data adjustment.' Even with advanced tools to identify benchmark experiments, analysts occasionally 
find that the application models include some feature or material for which adequately similar benchmark 
experiments do not exist to support validation. For example, a criticality safety analyst may want to take 
credit for the presence of fission products in spent nuclear fuel. In such cases, analysts sometimes rely on 
'expert judgment' to select an additional administrative margin to account for gap in the validation data or 
to conclude that the impact on the calculated bias and bias uncertainty is negligible. As a result of advances 
in computer programs and the evolution of cross-section covariance data, analysts can use the sensitivity 
and uncertainty analysis tools in the TSUNAMI codes to estimate the potential impact on the application-
specific bias and bias uncertainty resulting from nuclides not represented in available benchmark 
experiments. This paper presents the application of methods described in a companion paper. 
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Abstract/Keyterms: The advancement of computational technology has resulted in the wide-spread 
availability of powerful radiation transport Monte Carlo codes. Prevailing practices today rely heavily on 
Monte Carlo codes to provide the basis for assessing the reactivity of various fissile systems for nuclear 
criticality safety (NCS). In 1958, Weinberg and Wigner expressed their concerns on a “deplorable trend in 
reactor design - the tendency to substitute a code for a theory.” Unfortunately, their concerns have largely 
become a reality in many modern NCS practices. Lacking the time or information to understand the 
underlying neutron physics of the fissile system under consideration is indeed a deplorable trend. The 
purpose of this paper is to demonstrate that many features of criticality hand calculation methods are indeed 
based upon the fundamentals of the density law and that many correlations of important physics parameters 
can be more easily understood from such a perspective. Historically, the density law was recognized by 
many pioneers in this field, including during the Manhattan Project. However, it was by and large an “oral 
tradition” in that bits and pieces of great physical insights of the pioneers were scattered in many earlier 
publications. This paper attempts to bring together some of the “jewels” of the pioneers which might have 
been lost or forgotten. 
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Abstract/Keyterms: GEMER is a patented multigroup Monte Carlo code used at GE Hitachi’s Global 
Nuclear Fuel - Americas (GNF-A) fuel fabrication facility to calculate the keff of a 3-dimensional uranium 
system. The GEMER code itself and some of its modeling capability for complex geometries have been 
previously reported. At GNFA the mass of UO2 that can be demonstrated safe is highly dependent on its 
physical form (i.e., homogeneous or heterogeneous). For heterogeneous material the safe mass is dependent 
on the particle size/shape and the amount of moderation present. Using GEMER, this paper determines the 
optimum UO2 particle size in a heterogeneous mixture of UO2 and water for uranium enriched to less than 
5 wt% 235U. The effect of water-to-fuel (W/F) ratio and 235U. 
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Abstract/Keyterms: The k-Effective of the World in 1971 demonstrates bias and undersampling in Monte 
Carlo eigenvalue calculations. The problem is a 9 x 9 x 9 loosely-coupled array of bare plutonium spheres 
with the central sphere being exactly critical by itself and the others being subcritical. Using the 
recommended best practices of the day, it was impossible to get the correct result for k. Recent work shows, 
however, that this problem was only difficult because of computational limitations at the time, and that, 
obtaining a correct solution for k is easy if the current best practices are followed. The current best practices 
were developed to address the issues of source convergence and statistical bias from stochastic 
renormalization. Implicit in these and the theory behind them is the assumption that the entire problem is 
appropriately sampled or covered. Failure to ensure this true leads to an additional concern distinct from 
source convergence and statistical bias. A revised version of the k-Effective of the World problem is created 
such that the current best practices can fail to accurately predict k with high likelihood because of failing 
to adequately cover the problem if the practitioner is not careful. The specification for the revised problem 
is given along with reasons why statistical coverage is an important concern. Based upon this, 
recommendations of additional considerations to the current best practices toward finding the correct k are 
detailed. 
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Abstract/Keyterms: The Nuclear Criticality Safety Group at the Los Alamos National Laboratory has 
developed a data model and online database system to track, control, analyze and retrieve information about 
all aspects of their work with fissionable material operations. This information includes: • operations and 
their attributes • documentation (metadata and files) • criticality safety analyses and supporting 
documentation • administrative memorandum • technical reports • off-normal events • work and requests 
for work • comments and responses • field support logs • miscellaneous notes and files The earliest 
incarnation (circa 2003) of this system was a simple online database that enhanced and replaced 
spreadsheets that were in use for document recording. In October of 2005 the NNSA performed an 
assessment of the NCS program. As a result of that assessment LANL was required to perform a review of 
all 600+1 fissionable material operations within 90 days, or shutdown the operations. After briefly 
considering a paper-based approach for conducting and documenting these reviews, it was decided to adapt 
the existing database system and use an online electronic screening form instead. Conservative estimates 
by management have concluded that this decision not only made it possible to complete the review in the 
allotted 90 days (thus preventing the operations from being shutdown) but saved over 11, 000 man-hours 
of effort. 



 

C-20675 

20623…..…..…………………..…….……..……ID Number…………………..…..…………….20623 

Author: Brown, F. B. / Kiedrowski, B. C. / Bull, J. S. / Gonzales, M. A. / Gibson, N. A. 

Title: MCNP5-1.60 Release Verification 

Date: 6/26/2011 

Report: TANSAO, 104, 427-428 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations for Nuclear Criticality Safety—I 

Abstract/Keyterms: The latest release of the MCNP5 Monte Carlo code is designated MCNP5-1.60. It 
includes enhancements to several MCNP capabilities: maximum number of cells, surfaces, materials, and 
tallies; isotopic reaction rates for mesh tallies; and adjoint-weighting for computing effective lifetimes and 
delayed neutron parameters. In addition, there are many minor code modifications to fix reported bugs, 
output formats, error checking, and other difficulties present with previous versions of MCNP. In nearly all 
cases, the bug fixes addressed problems with infrequently-used combinations of code options. In some 
cases, the problems that are fixed date back to the 1990s, but were only recently reported and fixed. All 
previously existing code capabilities are preserved, including physics options, geometry, tallying, plotting, 
cross-section handling, etc. No errors were found that would affect the code results for basic criticality 
calculations. Extensive verification and validation testing was performed, involving roughly 5,000 hrs of 
computing time. Tally results from MCNP5-1.60 are expected to match the tally results of problems that 
can be run with the previous MCNP5-1.51, except where bugs were discovered and fixed. 
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Abstract/Keyterms: Identification of excess holdup in various components at the Y-12 National Security 
Complex led to numerous corrective actions, including the creation of the Inadvertent Accumulation 
Prevention Program (IAPP). The IAPP included a comprehensive review of areas where holdup could 
accumulate to 1) consider the need for additional engineered features to reduce accumulation and 2) review 
holdup monitoring points surveyed under the Uranium Holdup Survey Program (UHSP). The UHSP and 
IAPP programs will be summarized along with the recommendations. 
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Abstract/Keyterms: The Seven Percent Critical Experiment (7uPCX) was designed to provide benchmark 
criticality and reactor physics data for water-moderated pin-fueled nuclear reactor cores. The enrichment 
of the fuel was chosen to explore the enrichment range above the current 5% ceiling for US commercial 
PWRs. The experiment is part of the Nuclear Energy Research Initiative (NERI) Project 01-124 titled 
“Reactor Physics and Criticality Benchmark Evaluations for Advanced Nuclear Fuel.” The NERI project 
is a collaboration between AREVA Federal Services, LLC; the University of Florida; Oak Ridge National 
Laboratory; and Sandia National Laboratories (SNL). The experiments are currently supported by the 
National Nuclear Security Administration Nuclear Criticality Safety Program. 
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Abstract/Keyterms: An ENDF-6 format thermal library for SiO2 has been submitted to the Brookhaven 
National Laboratory National Nuclear Data Center database for review and testing. A definite effect on 
reactivity has been demonstrated by the use of this thermal library for SiO2.The effect may be more 
significant in an environment where better neutron thermalization occurs (such as where moisture is 
present). Criticality testing may be extended to a standardized benchmark model of buried nuclear waste to 
assess the impact on criticality of thermal treatment of neutron scattering in the SiO2 contained in 
surrounding rock and earth. 
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Abstract/Keyterms: Direct Accelerated Geometry Monte Carlo (DAGMC) is a software library that 
provides efficient ray-tracing capability directly on a CAD-generated geometry for Monte Carlo radiation 
transport. This library is based on the CGM geometry library and MOAB mesh library to provide general 
capability for any Monte Carlo transport code. Testing of DAGMC is being performed by integrating it 
with MCNP5 version 1.51, referred to as DAG-MCNP5. Prior to making DAGMC widely available, 
substantial verification of the code’s functionality must be done through benchmark comparisons. Although 
this development effort has focused primarily on shielding applications so far, criticality calculations are 
an important capability. Criticality is an issue of particular importance for CAD-based MC codes because 
of the possibility of a mismatch in volume calculation. This mismatch in volume can cause the eigenvalue 
results of criticality cases to be inaccurate, more so than results in other applications of DAGMCNP5. In 
this work the criticality states of several test problems were computed and compared with benchmark and 
MCNP5 values to verify the correctness of DAGMCNP5. Within this comparison, the effects of volume 
conservation were investigated. 
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Abstract/Keyterms: Experience and theory demonstrate that uncontrolled supercritical fissile systems 
follow a natural progression. Increasing power leads to increasing material temperatures. As how material 
properties change with temperature, the system either self-disassembles or transitions to a new delayed-
critical power and temperature. Only human intervention or circumstances unique to the situation can 
interfere with that progression. The keys to the behavior of a fissile system are its thermal characteristics. 
During supercritical transients, interaction between the system’s thermal and neutronic properties, 
combined with environmental cooling, determines its instantaneous power and temperature. When such 
systems are modeled, thermal-neutronic coupling is treated as a reactivity feedback term, but effects such 
as cooling and thermo-mechanical stress are optional. Failure to include these indirect effects often leads 
to incorrect conclusions. For example, ignoring cooling (i.e., assuming adiabatic conditions) leads to the 
conclusion that at the end of a supercritical transient a system is subcritical. Including cooling leads to the 
conclusion that at the end of the transient the system is exactly at delayed critical and stable. 
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Date: 6/26/2011 

Report: TANSAO, 104, 447-448 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Proper Applications of Benchmarking in Criticality Safety 

Abstract/Keyterms: Detailed information on the International Criticality Safety Benchmark Evaluation 
Project (ICSBEP) is readily available in American Nuclear Society publications1 and conference 
proceedings. The main product of the ICSBEP is the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments (ICSBEP Handbook). This handbook contains criticality safety benchmark 
specifications that have been derived from experiments performed at various nuclear critical facilities 
around the world. The benchmark specifications are intended for use by criticality safety engineers to 
validate calculational techniques used to establish minimum subcritical margins for operations with fissile 
material and to determine criticality alarm requirement and placement. Many of the specifications are also 
useful for nuclear data testing. 
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Date: 6/26/2011 

Report: TANSAO, 104, 449-450 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Proper Applications of Benchmarking in Criticality Safety 

Abstract/Keyterms: The goal of the CEdT is to provide a systematic and efficient means to identify, 
design, and approve all new integral experiments performed. The CEdT Process provides any Requestor 
the ability to submit an experiment request directly to the NCSP in order to obtain his/her data needs. The 
NCSP then utilizes its resources to ensure that any Requestor’s validation needs are well understood and 
met by integrating all capabilities of the NCSP to design the experiment, execute the experiment, and 
document the experimental requests. 
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Date: 6/26/2011 

Report: TANSAO, 104, 451-452 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Proper Applications of Benchmarking in Criticality Safety 

Abstract/Keyterms: The ICSBEP has provided an opportunity for people getting started with computer 
modeling for nuclear purposes to cut their teeth on real, applicable problems that are useful both as a training 
tool and as a reference for use in criticality safety applications. During the process of researching an 
historical experiment and developing a benchmark model thereof--a number of important lessons learned 
have emerged. Some of these lessons are applicable to the experimenters that design and run these types of 
experiments, and some are for the modelers. Propagation of these lessons to the community should be 
beneficial to anyone interested or engaged in the development of models or experiments for use in any 
criticality safety program. 
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Report: TANSAO, 104, 453-455 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Proper Applications of Benchmarking in Criticality Safety 

Abstract/Keyterms: The Expanded Validation Suite provides a significant advance in the quality 
assurance and verification/ validation of MCNP for criticality problems. The careful selection of Handbook 
benchmark problems that span the expected application space provides the required broad coverage of code 
applicability. For validation purposes, it is expected that the suite will be used with different cross section 
libraries, e.g., ENDF/B-VII.1, to broadly assess the impact of library improvements. For practitioners, the 
suite may also serve as a starting point for validating MCNP and its data libraries for their specific 
applications 
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Date: 6/26/2011 

Report: TANSAO, 104, 456-457 

Conference/Journal: Transactions of the American Nuclear Society 
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Abstract/Keyterms: Polyvinyl chloride (PVC) is a common material used in the construction of piping. It 
is a cost effective material for chemical processing of uranyl nitrate solution. For NCS purposes, it is 
desirable to take credit for the poisoning effects of the chlorine. The traditional approach would be to select 
benchmarks which contain chlorine that are similar to the system being evaluated. The problem is there are 
not enough benchmarks to perform an adequate validation. Another approach is to use TSUNAMI to 
understand the impact of the uncertainty in the cross section data and the sensitivity of the system to this 
uncertainty. 
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Report: TANSAO, 104, 891-893; INL/CON-10-20646 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics Design, Validation, and Operations Experience - I 

Abstract/Keyterms: The International Reactor Physics Experiment Evaluation Project (IRPhEP) was 
established to preserve integral reactor physics experimental data, including separate or special effects data 
for nuclear energy and technology applications. Numerous experiments that have been performed 
worldwide, represent a large investment of infrastructure, expertise, and cost, and are valuable resources of 
data for present and future research. These valuable assets provide the basis for recording, development, 
and validation of methods. If the data are compromised, it is unlikely that any of these measurements would 
be repeated in the future. The purpose of the IRPhEP is to provide an extensively peer-reviewed set of 
reactor physics-related integral data that can be used by reactor designers and safety analysts to validate the 
analytical tools used to design next-generation reactors and establish the safety basis for operation of these 
reactors. Contributors from around the world collaborate in the evaluation and review of selected 
benchmark experiments for inclusion in the International Handbook of Evaluated Reactor Physics 
Benchmark Experiments (IRPhEP Handbook). Several new evaluations have been prepared for inclusion 
in the March 2011 edition of the IRPhEP Handbook. 
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Abstract/Keyterms: Lawrence Livermore National Laboratory led a team of United States (US) 
participants in Nuclear Accident Dosimetry exercises in 2009 using the SILENE reactor and in 2010 using 
the CALIBAN reactor at CEA- Valduc. The other US participants included: Los Alamos National 
Laboratory, Pacific Northwest National Laboratory, Sandia National Laboratory, Savannah River Site, and 
Y-12 National Security Complex. The exercises were held at CEA-Valduc because at the time the US had 
no operating reactors that could simulate the pulse of a criticality accident. Both the SILENE solution 
reactor (71 g/L uranyl nitrate solution with 93% enriched uranium) and CALIBAN metal reactor (10 fuel 
discs and 4 rods of 93.5% enriched uranium alloyed with 10% molybdenum totaling 113 kg) were operated 
in pulse mode to simulate a neutron spectrum similar to that of a criticality accident. The SILENE reactor 
provided a softer neutron spectrum similar to that seen in a solution criticality accident while the CALIBAN 
reactor provided a harder spectrum like what would be seen in a metal criticality accident. The goal of the 
experiments was to test the US dosimetry systems currently in place across the Department of Energy 
complex. 
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Report: TANSAO, 105, 533-534 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data and Analysis in Nuclear Criticality Safety—I 

Abstract/Keyterms: A digital criticality safety document collection is under development at the Lawrence 
Livermore National Laboratory (LLNL). The information is available as part of the Information 
Preservation and Dissemination task, prescribed in the DOE’s Nuclear Criticality Safety Program (NCSP) 
Five Year Plan. This collection contains documents that have been collected over many decades by the 
LLNL Nuclear Criticality Safety Division. We are continuing to create high-resolution “pdf” files for 
inclusion in the bibliographic portion of the NCSP website. 
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Abstract/Keyterms: When the core cooling system does not work normally, the core fuel may melt 
through the reactor vessel and guard vessel, and eventually pile up on the floor of the reactor room. In some 
innovative all fast reactor designs, highly enriched uranium fuel is employed to the core as well as 
gadolinium absorbers for burnable poison. Though the shape and the thickness of the fuel debris depends 
on the succession of the accident, disk may be the most probable shape where the molten fuel piles up to a 
certain thickness as a mixture with some materials including coolant or absorbers. In the scenario of the 
accident evolution, precise analysis of multiplication factors are important to take into account where 
material compositions or fuel particle sizes may determine if re-criticality is occurred or not. In this paper, 
mixture effects on multiplication factors of fuel debris beds are studied using a continuous-energy model 
Monte Carlo code exactly simulate the mixture shape and the neutron spectrum of the debris. 
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Abstract/Keyterms: In previous studies, transient analyses of supercritical condition have been performed 
for single solution tank systems. In criticality accidents, the released energy can be higher if several fuel 
solution tanks exist around the critical tank, because of the neutron coupling between the tanks. The purpose 
of this study was to investigate whether any difference in the transient phenomena would exist if neutron 
coupling between the fuel solution tanks in several-tank systems were taken into consideration. 
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Abstract/Keyterms: In Monte Carlo (MC) criticality calculations, the parameters of interest (e.g., 
fundamental mode eigenvalue and flux) can only be tallied after the fission source distribution is sufficiently 
converged. To avoid contamination of the results by an inadequately converged fission source distribution, 
which can lead to undersampled tally estimates, MC practitioners specify a number of inactive cycles. 
Conventionally, the initial source distribution is specified by the user or by default in the MC code. The 
default in the SCALE/KENO MC codes is to start neutrons uniformly throughout all regions containing 
fissile material. The closer the initial starting source is to the actual converged source distribution, the fewer 
the number of skipped cycles required to reach source convergence, thereby improving the efficiency of 
the MC criticality calculation. Also, an accurate initial starting source can reduce the likelihood of 
undersampling problems due to inadequate source convergence. The goal of this work was to evaluate an 
automated approach to defining deterministic-based starting sources for improving the reliability and 
efficiency of MC criticality calculations. Two approaches were considered: 1) a starting source based on 
the fission distribution from an eigenvalue deterministic calculation and 2) a starting source based on flux 
from a fixed-source adjoint deterministic calculation. Starting sources based on adjoint eigenvalue 
calculations, which are not currently available in Denovo, will be analyzed in the future. Two widely-used 
test problems developed by the OECD/NEA Expert Group on Source Convergence in Criticality Safety 
Analysis were used for this evaluation. 
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Abstract/Keyterms: A critical experiment used in the teaching of the Nuclear Criticality Safety Class 
(NCSC) has been repeated at Critical Experiments Facility (CEF) in Nevada. The results from this 
experiment were compared to those obtained previously at TA-18. The purpose of the experiment is to 
demonstrate the hand-stacking techniques used during the hand-stacking process as well as the approach-
to-critical by remote operation, and super critical operations. The experiment was designed to be at the 
minimum of the critical mass vs uranium density curve at which point a balance is reached between the 
moderating and absorptive properties of the Lucite. 
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Abstract/Keyterms: The RAJ-II shipping package is a fissile material package (Type B(U)F), approved 
for transport of Boiling Water Reactor (BWR) fuel bundles. Global Nuclear Fuels (GNF) and Westinghouse 
Electric Company collaborated to perform an assessment of contents specification for the RAJ-II that relies 
on realistic BWR transport configuration. The RAJ-II criticality safety assessment assumes the presence of 
integral burnable neutron absorber (BA) fuel rods fabricated from a mixture of urania oxide-gadolinia oxide 
(Gad). BA rods are used to achieve desired core performance objectives by varying the number, 
arrangement, and Gad content in the fuel rods. A fissile package assessment was performed assuming a 
contents specification that provides the maximum neutron multiplication (keff) consistent with the fuel 
bundle design and transport conditions. The objectives for the revision of the contents specification was to 
specify a single minimum number of Gad rods with no dependence on enrichment and minimize rules for 
the distribution of Gad rods, as required in prior approvals. 
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Abstract/Keyterms: The CritView code was developed as an electronic database for criticality safety. The 
code is intended to provide functionality similar to ARH-600 but with the added ability to transform data 
as needed and to easily add additional data as it becomes available. The code was developed under the 
auspices of the U.S. Department of Energy Nuclear Criticality Safety Program (NCSP). The work was 
conducted at the Hanford site, initially by Fluor Government Group and later by the CH2M HILL Plateau 
Remediation Company (CHPRC). CritView underwent several years of development. Subsequent to this, 
it was subjected to a verification and validation program with the results included in the general program 
documentation. Finally, it was cleared for public release in 2009. Extensive additions to the database were 
released in 2010 and 2011. The software and associated database are now available for download from the 
NCSP web site. 
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Abstract/Keyterms: The use of polyvinyl chloride (PVC) and polyvinylidene fluoride (Kynar®) columns 
is common in chemical processing of uranium. One of the NCS issues is the radial expansion if heated 
solution is introduced into the column. The purpose of this study was to analyze the radial thermal expansion 
of PVC and Kynar® columns under typical conditions and in a simulated accident condition at nuclear 
manufacturing facilities. From a NCS perspective, the expansion of a column can significantly change the 
k and safety of the system. To show this, a limiting upset condition for the 5 inch eff columns of water 
reflection has been calculated. A 5 inch diameter schedule 40 PVC column of infinite length containing 
300 g 235 U /l was modeled fully water reflected. The wall thickness was modeled using nominal value 
and then with the inner half of the wall removed. 
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Abstract/Keyterms: Despite years of discussions, training, education, and publications, the meaning and 
relationship between the ANSI/ANS-8.1 (Ref. 3) Process Analysis (PA) requirement and the Double 
Contingency Principle (DCP) recommendation continue to confound some users. As a result, it seems that 
every few years individuals, groups, or even government agencies undertake misguided efforts to alter the 
wording or to rearrange the statements within the standard. Inexperienced or improperly mentored users 
often interpret slightly different words between the statements as being accidental. Worse yet, as a result of 
their confusion and the need to have a working definition, users often either ignore one or the other of the 
statements, or assume that the wording is incorrect and apply alternate phraseology that fits better with their 
expectations. Any of these approaches are, of course, entirely inappropriate and improper. 
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Abstract/Keyterms: The United States and the former USSR signed a bilateral agreement in the early 
1990s which committed each country to Nuclear Non-Proliferation by reducing their stockpile of strategic 
arms. In March 1999, the US Department of Energy (DOE) initiated the US program to convert nearly half 
of the US weapons grade plutonium into Mixed Oxide (MOX) fuel assemblies over a twenty year period. 
Shaw AREVA MOX Services (MOX Services) was selected to design and operate the Mixed Oxide Fuel 
Fabrication Facility (MFFF). In addition to Etems Relied on For Safety (IROFS) established in Nuclear 
Criticality Safety Evaluations (NSEFs), postulated credible high consequence events (e.g., criticality) are 
made highly unlikely. The Risk Ranking process helps us to identify those IROFs most critical to the 
implementation of the MOX Criticality Safety Strategies. Emphasizing these higher risk IROFs results in 
enhanced criticality safety of the MOC systems, structures and components. 
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Abstract/Keyterms: Transmission measurements in the thermal energy region were made for two isotopes 
of copper (65 63 Cu) at the Massachusetts Institute of Technology (MIT) Reactor (MITR). The sample 
thicknesses were 0.0375 atoms/barn and 0.0215 atoms/barn, respectively. Previously, there were no 
experimental data for energies below 30 eV for copper in the Experimental Nuclear Reaction Data 
(EXFOR) database. Data were collected at more than 230 energy points between 0.01 eV and 0.1 eV. The 
Nuclear Data Advisory Group (NDAG) established by the Department of Energy (DOE) maintains and 
constantly updates lists of materials that are considered important for applications in nuclear criticality 
safety. The two copper isotopes were identified on this list because they appear as constituents in structural 
materials and are used as a reflector in some critical benchmark experiments. The purpose of this 
experiment was to determine the shape of the total cross section and the associated uncertainty in support 
of the DOE Nuclear Criticality Safety Program (NCSP) 
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Abstract/Keyterms: Extensive validation of MCNP5/6 has been performed over the last several years for 
criticality benchmarks. The MCNP development team continually improves the validation capabilities in 
this area. Far less attention, however, has been given to the MCNP shielding benchmark suite. This despite 
the fact that MCNP is often used for criticality accident assessment and alarm design, an application of 
direct importance to the U.S. Department of Energy Nuclear Criticality Safety Program. Recent work 
improved these shielding benchmarks and new validation calculations were performed. Like with the 
criticality suite, automation of running and data processing is implemented. Plans for new benchmarks, 
including those in Volume VIII of the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments (ICSBEP) for inclusion into the MCNP6 Shielding Validation Suite are discussed. 
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Abstract/Keyterms: The Idaho Operations Office of the Department of Energy (DOE-ID) with Battelle 
Energy Alliance (BEA) has implemented a new student training program to train high level technical 
experts in the areas of Nuclear and Criticality Safety with understanding of nuclear regulation and the 
effective implementation of regulations. The program also focuses on developing cooperation and parallel 
expertise between Battelle Energy Alliance, contractor at INL, and the DOE-ID operations office, which is 
responsible for the oversight of INL. Two students have been selected to work for DOEID while completing 
this program and a third student has been selected to work for BEA. This program is an effort to develop 
and support three students in such a way as to develop technical expertise as well a foster professional 
problem solving skills that cross between the contractor and the regulator. 
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Abstract/Keyterms: The Y-12 National Security Complex located in Oak Ridge, Tennessee and is part of 
the Department of Energy (DOE) National Nuclear Safety Administration (NNSA) Nuclear Weapons 
Complex. In this role, Y-12 provides critical elements of NNSA's missions that ensure the safety, reliability 
and performance of the U.S. nuclear weapons deterrent, Y-12 also uses its unique capabilities to support 
the Research Reactors Programs for U.S. and international customers, other Federal agencies such as the 
Department of Defense and Department of Homeland Security, state and local governments, and private-
sector companies. In support of these missions the Y-12 Nuclear Criticality Safety (NCS) Group has 
established a Strategic Vision to align with the Plant's primary missions. The purpose of this paper is to 
provide a high-level overview of the role of the NCS Strategic Vision in support of Y-12 enriched uranium 
missions. 
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Abstract/Keyterms: Standard DOE-STD-3009-94 requires the inclusion of analysis in the Documented 
Safety Analysis (DSA) to address prevention of criticality accidents. In turn, standard DOESTD-3007-2007 
requires linkage of criticality safety evaluations (CSEs) to the DSA. This paper presents recent changes to 
methods employed at the Y-12 National Security Complex which control this interface between criticality 
safety and facility safety (FS) in an efficient manner which is consistent with DOE expectations. 
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Abstract/Keyterms: Several types of neutron generators and other radiation generating devices for active 
interrogation measurements have been used in various Y-12 National Security Complex (NSC) facilities 
over the past 20 years or more to produce images of fissile materials inside containers. In addition, passive 
measurements of intrinsic radiation from fissile materials have been conducted over the past 40 years. These 
measurements have consisted of a radioactive source (in active interrogation measurements) and a set of 
radiation detectors in close proximity (on the order of a few inches away for the closest detector) to a fissile 
material target which was bare or reflected by only its container and associated packing materials. The 
subject of this paper is the nuclear criticality safety evaluation conducted to support the passive and active 
interrogation measurements of fissile material items with a variety of close-fitting infinite-thickness 
reflector materials in the Nuclear Detection and Sensor Testing Center (NDSTC) at the Y-12 National 
Security Complex. 
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Abstract/Keyterms: Traditional criticality safety analysis methods are based on receiving a design, 
evaluating it, providing comments and then designers incorporating resultant comments. This method can 
be cost prohibitive and extremely inefficient for major projects. Given the scope of the Uranium Processing 
Facility (UPF), it was imperative that a process was developed to ensure integration of criticality safety 
during design. This paper documents the method used to integrate criticality safety into the UPF project 
and some lessons learned along the way. 
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Abstract/Keyterms: Both independence and reliability are essential elements that should be considered in 
the design of active nuclear criticality safety controls. When the active controls are instrumented systems 
then the instrumentation designer, working with the nuclear criticality safety analyst, needs to consider 
what design alternatives will ensure that the safety instrumented system will perform its safety function 
with the independence and reliability indicated by the nuclear criticality safety analyses. 
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Report: TANSAO, 105, 577-579 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Recent Advances in Criticality Safety Activities at the Y-12 National Security 
Complex—I 

Abstract/Keyterms: A new Uranium Processing Facility (UPF) is being designed at Y-12 in Oak Ridge 
to replace many of the existing facilities. A part of this design is the development of a system that will 
replace the centrifuges used to remove excess liquid from a mixture composed of a uranium precipitate and 
liquid. The size of the system has not been finalized so analyzing a specific volume and determining the 
optimum subcritical H/D ratio is insufficient. The size of the system is also constrained to the dimensions 
of a glovebox. What is needed is a simple method the designers can use to determine the acceptable range 
of H/D ratio for a given volume. This paper presents the technique used at UPF to set the parameters for 
designing the new centrifuge system. 
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Abstract/Keyterms: American National Standards Institute/American Nuclear Society (ANSI/ANS) 
Standard 8.19, Administrative Practices for Nuclear Criticality Safety, Section 4.8 states,”Management may 
use consultants and nuclear criticality safety committees in order to achieve the objectives of the nuclear 
criticality safety program.” Y-12 has employed a nuclear criticality safety committee (NCSC) to oversee 
and assess the safety of operations at the facility for over 50 years. The purpose of this paper is to discuss 
the recent evaluation and transformation of this committee to improve its value to management. 
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Abstract/Keyterms: The inventory of certified Type-B fissile material packages consists of ten 
performance-based packages for offsite transportation purposes, serving transportation programs at the Y-
12 National Security Complex. The containment vessels range from 5 to 19 in. in diameter and from 17 to 
58 in. in height. The drum assembly external to the containment vessel ranges from 18 to 34 in. in diameter 
and from 26 to 71 in. in height. The weight of the packaging (drum assembly and containment vessel) 
ranges from 239 to 1550 lb. 
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Abstract/Keyterms: Significant quantities of fissile material such as highly-enriched uranium (HEU) can 
accumulate in ColdWar processing facilities, presenting a significant criticality safety issue. HEU 
accumulations can be found in waste materials, ventilation filters, process equipment, and support systems. 
For example, nondestructive assay (NDA) estimates of the HEU absorbed in concrete floors of chemical 
processing areas at Y-12 are tens of kg of HEU. However, these estimates vary greatly depending on the 
assumed depth of the HEU in the concrete. In addition to the use of differential attenuation, it was 
discovered that the discontinuity in the spectrum at a gamma-ray peak from small-angle Compton scattering 
can be used to estimate this depth. The use of this phenomenon is being developed at Y-12. 
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Abstract/Keyterms: Standard DOE-STD-3009-94 requires the inclusion of analysis in the Documented 
Safety Analysis (DSA) to address prevention of criticality accidents. In turn, standard DOESTD-3007-2007 
requires linkage of criticality safety evaluations (CSEs) to the DSA. This paper presents recent changes to 
methods employed at the Y-12 National Security Complex which control this interface between criticality 
safety and facility safety (FS) in an efficient manner which is consistent with DOE expectations. 
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Abstract/Keyterms: This summary highlights innovations in criticality accident alarm systems (CAAS), 
and emergency planning and response at Y-12 National Security Complex (Y-12). The latter mainly 
concerns determining prompt protective areas such as immediate evacuation zones (IEZs). Innovation 
generally refers to the creation or improvement of products, processes, technologies and ideas. Innovation 
is distinguished from renovation in that the former refers to a substantial difference versus a more 
incremental change. The CAAS and IEZ innovation efforts center on development of practical approaches 
to meet requirements, address recommendations, and provide a basis to justify departing from permitted 
practices. The Y-12 efforts meet the requirements and follows the provision of Standards ANSI/ANS-8.3 
and ANSI/ANS-8.23. Much of the innovation is born from compliance considerations that relies on 
consensus both inside and outside the site. 
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Abstract/Keyterms: The Oak Ridge National Laboratory (ORNL) was tasked by the US Department of 
Energy (DOE) Nuclear Criticality Safety Program (NCSP) to coordinate the development of a new and 
extended two-week US DOE Nuclear Criticality Safety Engineer (NCSE) Hands-on Training and 
Education course. This paper provides the description of the development, execution, and refinement of the 
new course that will be offered in 2012. 
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Abstract/Keyterms: The United States Department of Energy’s (USDOE) National Nuclear Security 
Administration and partner federal agencies are responsible for several key missions associated with nuclear 
weapons. Among those missions are stewardship of the U.S. nuclear weapons stockpile, nuclear counter 
terrorism, nuclear forensics, and emergency response. Execution of each of those missions is dependent on 
accurate nuclear data and particle transport simulations. Key to the development and benchmarking of such 
data and simulations are differential and integral experimental data. After a hiatus of several years, the U.S. 
has recently re-constituted a general-purpose critical assembly experimental facility, CEF (Critical 
Experiment Facility). The CEF is located at the Nevada National Security Site. The first critical operation 
at the CEF was performed in June 2011.As the CEF project neared completion, we have been planning and 
prioritizing new experiments that could be performed at CEF to meet requirements in the mission areas 
described above. This paper summarizes the status of those efforts. 
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Abstract/Keyterms: The MCNP Monte Carlo code has been used for high-fidelity analyses of criticality 
safety problems since the 1970s. This paper summarizes progress during FY 2010 and early FY 2011 in the 
development and support of the MCNP code under the US DOE Nuclear Criticality Safety Program. 
Activities and accomplishments are summarized in five major areas: • MCNP5-1.60 release, • Verification 
and validation testing, • User support & training, • Work in progress, and • Future release plans. 
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Abstract/Keyterms: As early as 1999, planning for relocating the nuclear material inventory and the 
experimental capabilities previously located at Technical Area 18 (Pajarito Site, TA-18) at Los Alamos 
National Laboratory (LANL) began. A decision was made to relocate these assets to the Device Assembly 
Facility (DAF) at the Nevada National Security Site (NNSS) formerly known as the Nevada Test Site 
(NTS). These assets are to reside in the portion of the DAF initially named the Critical Experiments Facility 
(CEF). 
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Abstract/Keyterms: In October 2010 a series of benchmark experiments was conducted at the 
Commissariat à l’Énergie Atomique et aux Énergies Alternatives (CEA) Valduc SILENE facility. These 
experiments were a joint effort between the US Department of Energy (DOE) and the French CEA. The 
purpose of these experiments was to create three benchmarks for the verification and validation of radiation 
transport codes and evaluated nuclear data used in the analysis of criticality accident alarm systems 
(CAASs). This presentation will discuss the geometric configuration of these experiments and the quantities 
that were measured and will present some preliminary comparisons between the measured data and 
calculations. 
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Abstract/Keyterms: A series of experiments were carried out in 1963 at the Oak Ridge National 
Laboratory Critical Experiments Facility (ORCEF) for use in space reactor research programs. A core 
containing 93.2% enriched UO2 fuel rods was used in these experiments. The first part of the experimental 
series consisted of 253 tightly-packed fuel rods (1.27 cm triangular pitch) with graphite reflectors [1], the 
second part used 253 graphite-reflected fuel rods organized in a 1.506 cm triangular pitch [2], and the final 
part of the experimental series consisted of 253 beryllium-reflected fuel rods with a 1.506 cm triangular 
pitch. Fission rate distribution and cadmium ratio measurements were taken for all three parts of the 
experimental series. Reactivity coefficient measurements were taken for various materials placed in the 
beryllium reflected core. The first part of this experimental series has been evaluated for inclusion in the 
International Reactor Physics Experiment Evaluation Project (IRPhEP) and the International Criticality 
Safety Benchmark Evaluation Project (ICSBEP) Handbooks, and is discussed below. These experiments 
are of interest as benchmarks because they support the validation of compact reactor designs with similar 
characteristics to the design parameters for a space nuclear fission surface power system. [6] 
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Conference Session:  

Abstract/Keyterms: Cross-section evaluations in the resonance region are performed at Oak Ridge 
National Laboratory (ORNL) with the computer code SAMMY based on formalisms derived from the R-
matrix theory. Resonance parameters (RPs) obtained in the evaluation, combined with resonance 
formalism, replicate a regression of the experimental data. The RPs are also used to generate cross-section 
data for neutron transport calculations in analyses of nuclear reactor design and nuclear criticality safety. 
In addition to generating RPs, the evaluation also generates the resonance parameter covariance (RPC) data. 
Several ORNL resonance evaluations, including RPs and RPCs, were incorporated in the recently released 
US-evaluated nuclear data library, ENDF/B-VII.1. A brief summary of the RPs and RPCs evaluated at 
ORNL is given 
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Abstract/Keyterms: The purpose of this paper is to examine effects of newly published ENDF/B-VII.1 
cross section data uncertainties on continuous energy Monte Carlo (MC) criticality calculations, in 
comparison with those from the extended version of JENDL-3.3 nuclear data file. The Seoul National 
University MC code McCARD is used to quantify uncertainties of the criticality estimates arising from the 
nuclear data uncertainties by cross section type and by nuclide type. The difference between the covariance 
data of ENDF/B-VII.1 and JENDL-3.3 is discussed by identifying the cross section types contributing 
significantly to the uncertainties of criticality estimates of Godiva and VENUS and by presenting the 
contribution of cross section data uncertainties to the uncertainties of the McCARD estimates on effective 
multiplication factors, k’s of 10 benchmark problems, by each library. 
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Abstract/Keyterms: A critical experiment was performed to provide nuclear data in a non-thermal neutron 
spectrum and to re- establish experimental capability relevant to Stockpile Stewardship and Technical 
Nuclear Forensic programs. Irradiation foils were placed at specific locations in the ZEUS all oralloy 
critical experiment to obtain fission ratios. These ratios were compared with others from other critical 
assemblies to assess the degree of softness in the neutron spectrum. This critical experiment was performed 
at the National Criticality Experiments Research Center (NCERC) in Nevada. 
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Abstract/Keyterms: To support MOX operations in the United States, the ANSI/ANS 8.12 Working 
Group decided to follow the specification of the MOX International Standard ISO/CD 11311.The work 
performed at the U.S. MOX Facility documented in DCS01 MOX DS ANS H 35070, Rev.1 provides 
complete derivations of all the nuclear data required to reproduce the Critical Values presented in ISO/CD 
11311. Additionally, sub-critical (keff +2V < 0.98, 0.95 and 0.93) values for use by the Working Group 
were generated. The values were reproduced utilizing SCALE 5.0 with KENO VI utilizing a 238 group 
library with CENTRM. The derivations successfully reproduced the European values from fundamental 
data and stoichiometric relationships. This paper presents a sampling of the derivations and the results 
presented in MOX document DCS01 
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Abstract/Keyterms: ANSI/ANS-8.1-1998; 2007, Nuclear Criticality Safety in Operations with Fissionable 
Material Outside Reactors, and ANSI/ANS-8.24-2007, Validation of Neutron Transport Methods for 
Nuclear Criticality Safety Calculations, require validation of a computer code and the associated data 
through benchmark evaluations based on physical experiments. The performance of the code and data are 
validated by comparing the calculated and the benchmark results. A SCALE procedure has been established 
to generate a Verified, Archived Library of Inputs and Data (VALID). This procedure provides a framework 
for preparing, peer reviewing, and controlling models and data sets derived from benchmark definitions so 
that the models and data can be used with confidence. The procedure ensures that the models and data were 
correctly generated using appropriate references with documented checks and reviews. Configuration 
management is implemented to prevent inadvertent modification of the models and data or inclusion of 
models that have not been subjected to the rigorous review process. VALID entries for criticality safety are 
based on critical experiments documented in the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments (IHECSBE). The findings of a criticality safety validation of SCALE 6.1 utilizing 
the benchmark models vetted in the VALID library at Oak Ridge National Laboratory are summarized here. 
As with all generic benchmarking studies, the results presented in this paper cannot be used directly to for 
many portions of the validation of SCALE for nuclear safety calculations. 
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Abstract/Keyterms: In the course of criticality code validation, outlier cases are frequently encountered. 
Historically, the causes of these unexpected results could be diagnosed only through comparison with other 
similar cases or through the known presence of a unique component of the critical experiment. The 
sensitivity and uncertainty (S/U) analysis tools available in the SCALE 6.1 code system provide a much 
broader range of options to examine underlying causes of outlier cases. This paper presents some case 
studies performed as a part of the recent validation of the KENO codes in SCALE 6.1 using S/U tools to 
examine potential causes of biases 
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Abstract/Keyterms: This paper summarizes an investigation of the potential for inadvertent CAAS 
actuation (e.g., false alarm) at the Y-12 National Security Complex (Y-12) Nuclear Detection and Sensor 
Testing Center (NDSTC). Consensus standard ANSI/ANS-8.31997 R2003 Criticality Accident Alarm 
System (CAAS) recognizes hazards may arise from false alarms and the subsequent sudden interruption of 
operations and relocation of personnel. For this reason, consideration shall be given for a dependable system 
to preclude these situations. However, situations may arise where the potential for an inadvertent actuation 
may arise in an otherwise dependable CAAS due to the nature of operations. 
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Abstract/Keyterms: Nuclear transport codes use reaction cross-section data to determine all manner of 
particle interactions. These data typically take the form of probabilities at specific particle energies. For 
practicality and efficiency reasons, nuclear codes use various multigroup approximations where cross 
section data are combined into discrete values for a set of energy groups using flux weighting. When 
modifications are made to the cross-section data or the collapsing approach, the results of calculations using 
these data can change. Evaluating changes of this sort requires running test cases and evaluating the results 
for changes and trends. This work aims to address the need for more extensive testing of changes and 
improvements to multigroup neutron cross sections for criticality problems. A large number of test 
problems are needed to span the range of energies and materials of interest – but automation is the only 
feasible method of managing these tests and reevaluations. Tools were developed to run the Monte Carlo 
code MCNP6 and the deterministic code Partisn, as well as to create Partisn inputs from MCNP6 input 
files. These tools then parse the results from each code and present trends and changes between different 
data sets. The primary metric used is k, and the codes are compared with each other and with the 
experimental benchmark measurements of keff 
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Abstract/Keyterms: A compilation of the procedures for the low-power physics experiments to be 
performed with the SRE second fuel loading is presented. Reactor power will remain below 120 kw. Critical 
mass, shim rod worths, statistical weights, isothermal temperature coefficient, and reactor transfer function 
will be measured. 
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Abstract/Keyterms: Nuclear Facilities outside reactors addresses requirements and considerations for the 
design, evaluation, and verification of neutron absorbers for criticality safety control. One of the 
requirements of ANSI/ANS-8.21 is 5.1.1.2.2 that states: This standard originated after many of the INTEC 
storage casks were loaded and put into use, and many of the casks were originally for demonstration of 
spent nuclear fuel storage in dry casks. Compliance with the radiation effects requirements of ANSI/ANS-
8.21, other than depletion, has never been well addressed for INTEC casks. In addition, due to a lack of an 
ultimate repository for spent nuclear fuel the casks may need to be utilized for fuel storage beyond the 
originally intended storage duration or cask design life. This work addresses the question of potential 
radiation damage effects to the safety-significant neutron absorber materials in the casks, in light of the 
need for extended use of the casks for SNF storage. 
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Abstract/Keyterms: Correlated neutron data analyzed using the Feynman Variance-to-Mean method are 
can be used to assess the multiplication and mass of special nuclear material (SNM) systems. After list-
mode data are acquired, the multiplication and mass can be determined using detector parameters. This 
work compares data sets that were measured to simulated data using recent MCNP list-mode modifications. 
In addition, both sets of data are analyzed using both measured and simulated parameters to infer the system 
multiplication 
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Abstract/Keyterms: Neutron multiplicity counting experiments with subcritical assemblies of 
polyethylene-reflected plutonium metal were conducted at the Nevada National Security Site in 2009. 
These experiments were applied to evaluate the accuracy of Monte Carlo simulations of neutron multiplicity 
measurements of highly multiplicative assemblies of plutonium. Simulations were performed using two 
different, independently developed Monte Carlo codes. Both codes exhibited near identical errors in the 
calculated neutron multiplicity distribution. A sensitivity study was conducted to identify the source(s) of 
the observed errors. This evaluation examined all the plausible sources of error, including the Monte Carlo 
simulation logic, the material and geometry models, detector dead-time, plutonium density, and the induced 
fission neutron multiplicity (nubar) of 239Pu. The results of this evaluation seem to indicate that small 
errors in ENDF/B-VII evaluation of 239 nubar may be the primary cause of the observed error in the 
calculated neutron multiplicity distribution. 
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Abstract/Keyterms: Determining the optimum placement to minimize the number of detectors for a 
criticality accident alarm system (CAAS) in a large manufacturing facility is a complex problem. There is 
typically a target for the number of detectors that can be used over a given zone of the facility. A study to 
optimize detector placement typically begins with some initial guess at the placement of the detectors and 
is followed by either predictive calculations of accidents at specific locations or adjoint calculations based 
on preferred detector locations. 
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Abstract/Keyterms: For many years MCNP has had the ability to handle S(α, β) thermal scattering. MCNP 
uses ENDF data processed through NJOY to produce S(α, β) data tables. Traditionally, these data tables 
have used a discrete representation of the secondary neutron spectrum and angular distribution following a 
scattering reaction at thermal (i.e., < 4 eV) energies. From this discrete representation, the secondary 
neutron was limited to a discrete energy and discrete angle while the scattering physics theory provides no 
such limitation. The use of the discrete representation does not produce noticeable effects in integral 
calculations such as eigenvalue (i.e., k-effective) calculations, but can produce noticeable deficiencies for 
differential calculations. 
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Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Advancing Criticality Safety Capabilities in a Growing Nuclear World 

Abstract/Keyterms: There has been an ongoing discussion for many years within the U.S. criticality safety 
community regarding the translation of double contingency into specific criticality safety controls. 
Discussion has been particularly vigorous when it has ventured into the area of regulatory policy affecting 
practitioner's approaches to implementing the double contingency principle (DCP). The purpose of this 
paper is to clarify the NRC position on the use and role of the DCP. 
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Abstract/Keyterms: Within the last decade, diagnostics for Monte Carlo criticality calculations such as 
the Shannon entropy have been implemented into production-level software packages. Typical 
implementations of the diagnostic involve an overlaid uniform, Cartesian mesh. The software uses this 
mesh as a means to tally fission source locations for computing the Shannon entropy. While this mesh 
representation works very well for the Shannon entropy, extending it to other types of diagnostics, such as 
those for measuring whether or not the fission source has been sufficiently sampled, has complications. The 
issue, for this purpose, is that the mesh is entirely independent of the location of fissile material, and it 
becomes ambiguous as to how many, if any, fission source neutrons should lie within a particular mesh 
region. 
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Abstract/Keyterms: Typically, criticality is determined by the computation of a system’s k-eigenvalue 
that is the ratio of the production of fission neutrons to the losses from capture and leakage. Alternative 
eigenvalues exist, but are usually computed only for specialized applications. The second most commonly 
computed eigenvalue is the α-eigenvalue that measures how much of a 1/v (v is the neutron speed) absorber 
must be inserted to achieve criticality; this eigenvalue is often used quasi-static analysis of transients 
because it arises from the separation of time from the other dimensions of phase space. 
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Report: TANSAO, 106, 786-788 
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Abstract/Keyterms: A revised neutron cross section evaluated file, ENDF/B-VII.1, was released to the 
technical community in December, 2011. A description of the evaluation work underlying this revision to 
ENDF/B-VII.0 is given in Ref. 1, and preliminary data validation work using the then latest available 
ENDF/B-VII.1 “beta” files was given in Ref. 2. With the official ENDF/B-VII.1 files, which are 
substantially equivalent to those “beta” files, now available we report on the latest eigenvalue calculations 
for a selection of ICSBEP criticality safety benchmark evaluations, Ref. 3. 
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Abstract/Keyterms: The new version of MCNP, MCNP6, has been tested extensively, in combination 
with the latest releases of three major nuclear data libraries: ENDF/B-VII.1 (beta4 release), JENDL-4.0 and 
JEFF-3.1.1. The version of MCNP6 was a beta release, version 6.2.17, dated September 23, 2011. The code 
and nuclear data were used to calculate results for benchmarks of various types. First of all, 1968 cases 
were taken from the International Handbook of Evaluated Criticality Safety Benchmark Experiments. 
Subsequently, many shielding benchmarks were used, mainly fusion related cases from the IAEA web site. 
Finally, a collection of tests for the effective delayed neutron fraction was run, as a test of the new 
functionality in MCNP6 
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Abstract/Keyterms: The ENDF/B-VII.1 Nuclear Data Library has been released from the National 
Nuclear Data Center for use in criticality safety and reactor physics calculations. Extensive changes were 
made in the new release. In order to assess the impact of these changes, validation testing was performed 
at KAPL using a suite of 135 models from the International Criticality Safety Benchmark Evaluation Project 
(ICSBEP). This work supported a larger validation effort. Analysis of the results from the benchmark suite 
included comparisons of calculated-to-experimental (C/E) eigenvalue ratios obtained using ENDF/B-VII.0 
and the new ENDF/B-VII.1 libraries, including ensemble average values and goodness-of-fit parameters. 
Eigenvalue C/E values for the HEU and LEU thermal spectrum solution critical benchmarks were also 
plotted as a function of two spectral indices: above thermal leakage fraction (ATLF) and above thermal 
fission fraction (ATFF). A linear regression on these data was performed to reveal any trends in C/E as a 
function of neutron energy spectrum. 
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Abstract/Keyterms: Monte Carlo software packages have been used for computing sensitivity coefficients 
to k(eff) for uncertainty analysis for several years. To date most implementations, such as those found in 
TSUNAMI-3D, have used multigroup cross section data. This presents several difficulties involving group 
collapse, self-shielding, and the calculation of so-called implicit sensitivity coefficients. Because of these 
complications, and the desire for higher fidelity with a simpler work flow, there has been a push within the 
US DOE/NNSA Nuclear Criticality Safety Program to develop continuous-energy sensitivity coefficient 
capabilities. 
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Abstract/Keyterms: The MCNP Monte Carlo code has been used for high-fidelity analyses of criticality 
safety problems since the 1970s. Periodically, with support of the US Department of Energy Nuclear 
Criticality Safety Program (NCSP), the MCNP development team runs criticality calculations using the 
latest versions of MCNP with various compilers, parallel options, and on different platforms to ensure that 
the code is still capable of producing accurate keff results. 
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Abstract/Keyterms: Several codes have been developed in an attempt to correctly simulate subcritical 
systems. In this work, MCNP5 with a locally developed list-mode multiplication patch, MCNPX/MCNP6, 
MCNP-DSP and MCNPXPoliMi were compared. of particular interest is the ability to generate list-mode 
data (time and location of neutron absorption within the detectors), which can then be used in a variety of 
subcritical calculational methods to determine various system parameters. 
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Abstract/Keyterms: Nuclear data libraries in ENDF format provide fundamental information that is 
processed for use by modeling and simulation codes such as MCNP and SCALE. Uncertainties in the 
outputs of these codes are inherently functions of uncertainties in and covariances among ENDF library 
data. ENDF-6 formats and procedures are currently established for representing covariance matrices for 
neutron multiplicity, resonance parameters, neutron cross sections, angle distributions, energy distributions 
and radionuclide production. These matrices are generated experimentally, by empirical models, or by a 
combination of both. However, thermal neutron scattering libraries incorporating crystal structure are often 
produced theoretically by physics models. A general ENDF-6 format also exists for model-generated data 
covariances. Unfortunately, it may not be clear how to define or quantify a covariance matrix for sensitive 
parameters of a physics model. Furthermore, calculating sensitivity matrices with respect to each of these 
parameters for all cross section and energy/angle distribution data may be impractical and only locally 
valid. Consequently, a different approach is prudent in constructing covariance matrices for thermal 
libraries generated from physics models. 
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Abstract/Keyterms: Past published works have investigated systems with fissile nuclide concentration 
gradients in aqueous solutions and fissile nuclide settlings in slurries. More recent work has focused on the 
random distribution of fissile nuclides in matrix materials. In all cases, the k(eff) values were reported to 
be higher for these type systems than their comparable, idealized homogeneous system. Interest in these 
effects has led to the current investigation of historical uranium slurry critical experiments using newly 
developed stochastic geometry capabilities in MCNP5 and other modeling techniques 
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Abstract/Keyterms: The Monte Carlo N-Particle (MCNP) transport code is a standard in the field of 
computational Monte Carlo radiation transport. One reason MCNP has become such a standard is the 
extensive benchmark testing and validation it has undergone. This work examines extensions to MCNP that 
allow descriptions of correlated fission sources and list-mode tally output for comparisons with sub-critical 
multiplication measurements. Our simulated list-mode results are intended to be compared with recent 
validation sub-critical multiplication measurements performed at the Nevada Test Site’s Device Assembly 
Facility. Spontaneous fission and (alpha, n) neutron sources were used in both bare and reflected/moderated 
configurations. 
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Abstract/Keyterms: The Working Party on International Nuclear Data Evaluation Co-operation (WPEC) 
Subgroup 33 was established to study the use of integral experiments and covariance data for nuclear data 
adjustment and to recommend a set of best practices for improving evaluated nuclear data files. In the Phase 
II Benchmark, participants are asked to calculate integral responses for several fast critical benchmark 
experiments and nuclear data sensitivity coefficients for these quantities. These sensitivity coefficients are 
used to guide the adjustment of nuclear data to minimize the difference between the calculated and 
experimental responses. This work summarizes the results of the Oak Ridge National Laboratory’s (ORNL) 
participation in this data adjustment exercise using the sensitivity and uncertainty analysis capabilities of 
the SCALE code system. 
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Abstract/Keyterms: The ACE data format has been around for several decades. The ACE format is a 
compact version of the Evaluated Nuclear Data File (ENDF) format. ACE files contain the nuclear data 
used in MCNP Monte Carlo simulations. The ACE files are generated by the Nuclear Data Team at Los 
Alamos National Laboratory using NJOY and are distributed with the MCNP5, MCNPX, and MCNP6 
codes through RSICC. MCNP currently ships with many tables of data processed from several original 
sources including ENDF/B-V, ENDF/BVI, and ENDF/B-VII. Because of the many data tables available 
and a two-digit limit on the suffix, the available suffixes for new data tables are being depleted. In this 
summary, we are announcing a change to the ACE data format for continuous energy neutron files. The 
motivating factors for making this change are three-fold: 1) expansion of the number of tables available for 
future data; 2) improvement of ZAIDs for excited state evaluations; and 3) backwards compatibility with 
existing codes (e.g., MCNP5, MCNPX). 



 

C-20746 

20694…..…..…………………..…….……..……ID Number…………………..…..…………….20694 

Author: Daskalakis, A. M. / Bahran, R. M. / Blain, E. J. / McDermott, B. J. / et al. 

Title: Quasi-Differential Neutron Scattering Measurements of 238 U 

Date: 11/11/2012 

Report: TANSAO, 107, 0634-0637 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data Analysis in Nuclear Criticality Safety—II 

Abstract/Keyterms: Uranium-238 is used extensively in nuclear reactor cores. Its nuclear properties have 
a significant effect on many aspects of the entire fuel cycle process from enrichment facilities and power 
production to nuclear waste storage facilities. In order to safely design such systems, an accurate evaluation 
of neutron interactions with 238 U is required. This paper describes a process of quantifying differences 
between evaluations through the energy-angle distribution of neutrons from scattering and fission of 238 U 
using the Rensselaer Polytechnic Institute (RPI) neutron scattering system. Differential neutron scattering 
data are available in evaluated nuclear data libraries such as ENDF/B-VI.8 and VII.0, JEFF-3.1, and 
JENDL-4.0 which often contain discrepancies. In order to compare the different evaluations, a 
benchmarking process was performed comparing experimental data to models. With this experiment, there 
are several factors that differentiate it from a typical double differential neutron scattering experiment. The 
main factor was the use of a white neutron source that was incident onto the sample. In addition, multiple 
scattered elastic and inelastic interactions along with fission neutrons are produced by the 238 U sample 
and recorded by the detectors. This increased the signal-to-background ratio, which reduced the statistical 
errors and accentuated library differences due to multiple interactions. This led to the terminology 
describing the experiment as quasi-differential neutron scattering. 
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Abstract/Keyterms: This report compiles neutron data on Beryllium Reflected Plutonium (BeRP) ball 
measurements that have taken place at the Device Assembly Facility (DAF) from July 2007 through May 
2012. The measurement setups, detectors used and results are discussed. The main purpose of this report is 
to compare measured results on configurations that were measured using the same (or similar) setups during 
different measurement campaigns. This information can be used to estimate reproducibility of subcritical 
experiments. More information about the BeRP ball and the specific measurement campaigns can be found 
in other publications. This work contains data from 22 measurement campaigns at the DAF with the BeRP 
ball. This includes nearly all BeRP ball measurements campaigns that have been conducted with the neutron 
detectors of interest since the DAF was authorized to conduct such measurements in 2007. 



 

C-20748 

20696…..…..…………………..…….……..……ID Number…………………..…..…………….20696 

Author: Zipperer, T. J. / Lang, A. / Lichtenwalter, J. J. 

Title: An Updated Analysis of Uranium Metal in Birdcage Storage 

Date: 11/11/2012 

Report: TANSAO, 107, 0641-0643 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data Analysis in Nuclear Criticality Safety—II 

Abstract/Keyterms: The Y-12 National Security Complex (Y-12 NSC) uses 20-inch bucket-type 
birdcages as one means of storing highly-enriched uranium metal. A metal piece limit is imposed on each 
birdcage based on hand calculations performed in the 1970s that utilized RFP-258. Although the historical 
analysis has served its purpose, a more sophisticated analysis using modern, validated computational 
techniques has been undertaken in order to improve the birdcage technical safety basis. 
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Abstract/Keyterms: Babcock & Wilcox and NOG Eberline RMS -II criticality accident alarm system 
(CAAS) installed in their Lynchburg facility. This system has reached the end of its useful life. B&W has 
contracted with Pajarito Scientific Corporation (PSC) for a CIDAS CAAS. While PSC is providing the 
equipment and design drawings, B&W has the responsibility for determining detector placement. Prior to 
the use of computers, detector placement calculations typically involved point kernel calculations. More 
recently calculations have been done using MCNP. B&W chose to use MAVRIC which is part of the 
SCALE code package. Some of the approaches for CAAS analysis were presented previously. 
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Abstract/Keyterms: Experimental results of subcriticality measurement by neutron source multiplication 
method (NSM) with the use of an alternative definition of a neutron multiplication factor, i.e. detected-
neutron multiplication factor k(det), are reported. In addition, an appropriate detector position is surveyed 
by the aid of the factor k(det). NSM is one of the practical subcriticality measurement techniques, since 
NSM does not require any special equipment other than a stationary external neutron source and an ordinary 
neutron detector system. In this study, the correction factors were considered to play important roles in 
NSM to accurately estimate subcriticality from measured neutron count rates. The aim of the experiments 
was clarification of an appropriate detector position to reduce the impact of correction factors. 
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Abstract/Keyterms: This paper provides a summary of work to simulate criticality accident transients in 
uranyl nitrate (UN) solution using COMSOL Multiphysics software. This work was funded in part with the 
ANS Nuclear Criticality Safety Division scholarship. Consensus standard ANSI/ANS-8.23-2007 Nuclear 
Criticality Accident Emergency Planning and Response predicted accident characteristics shall be 
evaluated and documented in sufficient detail to assist emergency planning Typical radiation source term 
development is designed to bound power histories as expected from previous criticality accidents and 
experiments, not necessarily capturing all physical effects. However, not all potential criticality accident 
transients fall under past experience and therefore models that treat advanced physics features may allow 
for a more complete understanding of criticality accident behavior and thus more comprehensive emergency 
planning and safety analyses. 
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Abstract/Keyterms: There have been 60 highly publicized criticality accidents over the last 60 years and 
the nature of the hazard is unique. Recent studies discuss the benefits of knowing what to expect during and 
immediately following these events. Emergency planning and response standards provide an effective tool 
for establishing an adequate level of readiness to a criticality accident. While these planning requirements 
cover a broad spectrum of activities to establish readiness, a concise and routinely reviewed criticality 
accident scenario may be the most valuable tool in developing a cohesive understanding and response to 
these challenging events. Emergency planning and response standards During a periodic update of the 
criticality accident scenario for the Radiochemical Processing Laboratory at the Pacific Northwest National 
Laboratory, a research facility that works with fissionable material, a written accident scenario was 
developed with an imbedded timeline that covers the activities through the first week. This timeline 
identified parallel activities, concurrent resource demands, and predecessor relationships useful in 
reviewing emergency response plans. 
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Abstract/Keyterms: The purpose of this paper is to provide a description of the new US Department of 
Energy (DOE) Nuclear Criticality Safety Program (NCSP) Hands-On Subcritical and Critical Experiments 
Training and Education Course for Nuclear Criticality Safety Engineers (NCSEs) in the DOE complex. The 
no-cost-to-student course is sponsored by the DOE National Nuclear Security Administration (NNSA) 
NCSP and is coordinated by Oak Ridge National Laboratory (ORNL). The course replaces historic NCSE 
training programs held at Los Alamos National Laboratory (LANL) and then Lawrence Livermore National 
Laboratory (LLNL). The course is designed to provide the elements of training and education to NCSEs 
that are not typically available to or provided by the employers of NCSEs. It runs for two contiguous weeks 
at various DOE facilities. The need for the course was identified by the NNSA to develop consistency in 
the understanding and application of nuclear data and experiments; national consensus standards; and DOE 
regulations, orders, standards, and guides as they apply to NCSPs in NNSA facilities and to the performance 
of nuclear criticality safety evaluations. Successful completion of the course by complete attendance, 
participation, and passing of examinations is a part of the qualification of NNSA personnel with nuclear 
criticality safety oversight responsibilities and provides a common basis of training for contractor NCSEs. 
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Abstract/Keyterms: The Lawrence Livermore National Laboratory (LLNL), under the auspices of the 
Department of Energy’s Nuclear Criticality Safety Program (NCSP), began hosting a 4-Day Hands-on 
Nuclear Criticality Safety (NCS) Training Course in 2006. This class was designed to give NCS engineers 
the opportunity to experimentally measure the effects of different parameters on the reactivity of a fissile 
material assembly. Since the inception of the class, LLNL has conducted 45 classes and has drawn over 
400 students from around the DOE complex and other nuclear and government agencies. In 2011, LLNL’s 
course was incorporated into the new NCSP Nuclear Criticality Safety Hands-on Training Course 
conducted at the National Critical Experimental Research Center (NCERC) at the Nevada National Security 
Site (NNSS). 
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Abstract/Keyterms: The US Department of Energy Nuclear Criticality Safety Program (NCSP) has 
supported hands-on criticality safety training at Los Alamos National Laboratory in the past and more 
recently at Lawrence Livermore National Laboratory. These courses have provided a practical 
understanding of the processes involved in nuclear criticality through laboratory exercises for a large 
number of students over many years. The NCSP sponsored the development of an expanded training course 
for Nuclear Criticality Safety Engineers that includes a one-week session of classroom training to be offered 
at LANL and two equivalent one-week hands-on training sessions at the critical experiment facility at the 
Nevada National Security Site and at the critical experiment facility at Sandia National Laboratories (SNL) 
The class is now being offered as part of the training for Nuclear Criticality Safety Engineers. This paper 
describes the critical experiment training course offered at SNL. 
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Abstract/Keyterms: A critical experiment used in the teaching of the Nuclear Criticality Safety Class 
(NCSC) has been repeated at National Criticality Experiments Research Facility (NCERC) in Nevada. The 
results from this experiment were compared to those obtained previously at TA-18. The purpose of the 
experiment is to demonstrate the hand-stacking techniques used during the hand-stacking process as well 
as the approach-to-critical by remote operation, and super critical operations. The experiment was designed 
to be at the minimum of the critical mass vs uranium density curve at which point a balance is reached 
between the moderating and absorptive properties of the Lucite. 
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Abstract/Keyterms: The US DOE Nuclear Criticality Safety Program (NCSP) now has integral 
measurement capabilities at the National Critical Experiments Research Center (NCERC) in Nevada and 
Sandia National Laboratory in New Mexico. The NCSP has also implemented a Critical Decision (CD) 
process for the management of these experimental activities. This process is labeled the Critical/Subcritical 
Experiment Design Team (CEdT) process. This process is initiated upon receipt of an Integral Experiment 
Request (IER) and includes five major Critical/Subcritical Experiment Decision (CED) steps. This entire 
process is fully described and maintained on the NCSP website (http://ncsp.llnl.gov/). Because 
implementation of this process is new and still evolving, the present manuscript has been prepared to 
identify the important items in the preliminary and final design of the critical experiments; that is, in the 
CED-1 and CED-2 steps. These thoughts are presented as a starting point for a continued dialog and a fuller 
understanding of the design process for integral experiments to be performed by the NCSP. 
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Abstract/Keyterms: The Cross Section Evaluation Working Group (CSEWG) released the ENDF/B-VII.1 
library on December 22, 2011. The ENDF/B-VII.1 library is CSEWG's latest recommended evaluated 
nuclear data file for use in nuclear science and technology applications, and incorporates advances made in 
the five years since the release of ENDF/B-VII.0, including: many new evaluations in the neutron sublibrary 
(423 in all and over 190 of these contain covariances), new fission product yields and a greatly improved 
decay data sublibrary. 
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Abstract/Keyterms: We review the results of the DOE’s Nuclear Criticality Safety Program sponsored 
data evaluation and data testing work performed at LANL in support of ENDF/B-VII.1 
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Abstract/Keyterms: To support the Nuclear Criticality Safety Program, neutron cross-section 
measurements have been initiated using GELINA at the European Commission Joint Research Center 
IRMM. Concerns about data deficiencies in some existing cross-section evaluations from libraries such as 
ENDF/B, JEFF, or JENDL for nuclear criticality calculations have been the prime motivator for new cross 
section measurements. Over the past years, many problems with existing nuclear data have been emerging. 
An example is the use of the evaluated neutron cross-section data for tungsten in nuclear criticality safety 
calculations, which exhibit discrepancies in benchmark calculations and show the need for reliable 
covariance data. We recently measured the neutron total and capture cross sections of 182,183,184,186 W, 
63,65 Cu, and natural calcium in the neutron energy range from 100 eV to several hundred keV. This will 
help to improve the representation of the cross sections since most of the available evaluated data rely only 
on old measurements. Besides, most of the evaluations in the nuclear data libraries are missing high-fidelity 
covariance data. New covariance data for the libraries can only be created by a reevaluation of the cross-
section data; however, sometimes this impossible because the data used in the analysis and evaluations are 
no longer available. In such cases, this shortfall can be overcome only by new experimental data included 
in a new evaluation. 
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Abstract/Keyterms: The Rensselaer Polytechnic Institute (RPI) nuclear data program utilizes a 60 MeV 
pulsed electron Linear Accelerator (LINAC) to produce short pulses of neutrons for nuclear data 
measurements. Neutron cross sections are measured using the time-of-flight (TOF) technique, and the 
facility is equipped with several neutron and gamma detection systems located at flight distances ranging 
from 15m to 250m. In order to achieve high energy resolution short LINAC pulses (~6ns) are used together 
with optimized neutron production targets and detection systems. The measurement modalities include 
neutron transmission, capture, and scattering that cover incident neutron energies from 0.001 eV to 20 MeV. 
A lead slowing down spectrometer that provides a high neutron flux is used for measurements of (n,a), 
(n,p), and fission cross sections, and for measurements of fission fragment mass and energy distributions 
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Abstract/Keyterms: MCNP is a mature, robust, continuous-energy Monte Carlo code. It has been used to 
perform high-fidelity benchmark calculations for cross-sections, calculations for critical experiment design, 
analyses for criticality safety problems, and very many other applications since the 1970s. For the past 10 
years, the production release of the code has been MCNP5, with over 10,000 copies distributed throughout 
the world. The next major version of the code, MCNP6, is in beta testing and nearing completion. This 
paper summarizes progress during FY 2012 in the development and support of MCNP for the US DOE 
Nuclear Criticality Safety Program. Activities and accomplishments are summarized in five major areas: 
MCNP5 and MCNP6 status, Verification and validation testing, User support & training, Work in progress, 
and Future release plans. 
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Abstract/Keyterms: Measured and simulated list-mode data from the NPOD detector system were 
compared for subcritical systems. Five BeRP ball configurations reflected by polyethylene are investigated 
in this work. The simulated data were calculated using the MCNP list-mode patch developed at LANL. In 
addition to comparing the moments of the counting distributions, a full analysis was conducted to infer the 
multiplication of each system using both the Hansen-Dowdy and Hage-Cifarelli formulisms of the Feynman 
Variance-to-Mean Method. Several of the parameters that are input into these methods were also varied to 
determine their effect on the system multiplication. The main parameters investigated included the system 
source strength and reflector transmission. It is shown that when comparing the measured and simulated 
data while using the same method and parameters the multiplication values agree within 5.5%. The 
measured and simulated multiplication values differ more as the reflector thickness increases. The moments 
for the simulated data were higher than the measured data for all of the configurations and disagreed more 
as the reflector thickness increased. 
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Abstract/Keyterms: Nuclear Facilities in the United States. Consistent with this effort, the NGSI program 
has sponsored the preparation of facility-specific SBD guidance documents. These NGSI guidance 
documents have been referred to as “model” in order to differentiate them from similar documents that may 
eventually be prepared or sanctioned by the IAEA. 
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Abstract/Keyterms: The MICROX-2 is a transport theory code that solves the neutron slowing-down and 
thermalization equations of a two-region lattice model. The code is capable of handling the second level of 
fuel heterogeneity, which is a unique feature of the High Temperature Reactor (HTR) fuels. Recently a new 
fine-group cross section library of MICROX-2 has been generated under the reactor physics design tool 
upgrade program of General Atomics. As a continuation of the program, a series of pin cell benchmark 
calculations have been performed against Monte Carlo calculations and experimental measurements. In 
particular, the benchmark calculations include both the homogeneous and heterogeneous lattices so that the 
performance of MICROX-2 code and its new library is evaluated for the resonance and spatial shielding 
effects. 
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Abstract/Keyterms: The Advanced Test Reactor Core Physics Upgrade project group was tasked with 
developing protocols and implementing high fidelity reactor physics codes for Advanced Test Reactor 
(ATR) operations. This project includes the implementation of a new suite of tools for core following and 
experiment modeling. The suite of tools includes Attila SCALE 6.1, NEWT, HELIOS, Serpent and MCNP. 
In order to be able to implement these tools for ATR operations with confidence, a verification and 
validation (V&V) protocol was developed and is currently being applied. The V&V protocol includes 
several experiments performed at the ATR critical facility (ATRC). The data collected from these 
experiments will be used in conjunction with data generated with reactor physics codes for detailed neutron 
flux distribution and spectrum validation. measurements. 
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Abstract/Keyterms: The accelerator-driven system (ADS) was considered to be an innovative system for 
the nuclear transmutation of minor actinides and long-lived fission products with the use of spallation 
neutrons obtained from the injection of the high-energy protons. At the Kyoto University Critical Assembly 
(KUCA), a series of the ADS experiments was carried out by coupling with the fixed field alternating 
gradient (FFAG) accelerator, and the spallation neutrons generated by 100-MeV protons from the FFAG 
accelerator were successfully injected into uranium-and thorium-loaded cores. In the ADS experiments at 
KUCA, the drawback was that the neutron multiplication in the core by the spallation neutrons was 
considered insufficient, because of the location of the target outside the core. 
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Abstract/Keyterms: The International Reactor Physics Experiment Evaluation Project (IRPhEP) was 
established to preserve integral reactor physics experimental data, including separate or special effects data 
for nuclear energy and technology applications. Numerous experiments that have been performed 
worldwide, represent a large investment of infrastructure, expertise, and cost, and are valuable resources of 
data for present and future research. These valuable assets provide the basis for recording, development, 
and validation of methods. If the experimental data are lost, the high cost to repeat many of these 
measurements may be prohibitive. The purpose of the IRPhEP is to provide an extensively peer-reviewed 
set of reactor physics-related integral data that can be used by reactor designers and safety analysts to 
validate the analytical tools used to design next-generation reactors and establish the safety basis for 
operation of those reactors. Contributors from around the world collaborate in the evaluation and review of 
selected benchmark experiments for inclusion in the International Handbook of Evaluated Reactor Physics 
Benchmark Experiments (IRPhEP Handbook). Several new evaluations have been prepared for inclusion 
in the March 2012 edition of the IRPhEP Handbook. 
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Abstract/Keyterms: Since the Fukushima accident, the re-criticality of the fuel debris in the containment 
vessel is focused in nuclear fields. Just after the accident, Ishikawa presented a paper to a publication of 
engineering that described the fuel pin behavior of the Fukushima plant during the under cooling conditions, 
when much hydrogen gas had generated in the core. It says the steam in the core reacts with the outer 
surface of zirconium). The melting point (m.p.) of ZrO2 is about 2700 degree C, thus it says that the 
claddings was able to hold the pellets at the beginning of the accident. It also says that some water still 
covered the lower part of the core, and during the burn-up before the accident, ZrO2 layer had been created 
at the inner surface of the claddings due to the fuel cladding interaction. 
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Abstract/Keyterms: Historically, the field of reactor physics addresses various aspects of the nuclear 
properties of installations that utilize the neutron-induced fission reaction in actinides. Neutrons are neutral 
particles and penetrate deeply into materials. Furthermore, the energy dependence of the probabilities for 
various types of reactions (e.g. cross sections) is very complex. In addition to reaction data, nuclear structure 
and decay data is also indispensable in a broader picture in this context. Since the discovery of neutron-
induced fission much research has been devoted to study and understand the nature of the neutron 
interactions and the transport of neutrons through matter. Most of the interactions are accompanied by the 
emission of gamma photons, which are also neutral, and in this respect, their transport properties are similar 
to those of neutrons. Therefore, many of the methods developed for neutrons were applied to the transport 
of photons as well, particularly in the field of radiation shielding. The knowledge accumulated from the 
research of fission reactors has broader applications, since neutrons are also produced in nuclear fusion and 
in a variety of accelerator- or research reactor-based applications, including non-destructive testing of 
materials in industry, radioisotope production, radiation treatment and diagnostics in medicine, etc. In all 
these applications the nuclear data are part of the essential infrastructure, which is often (even much too 
often) taken for granted. 
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Abstract/Keyterms: The main problem in the current nuclear power industry is the management of the 
produced radioactive waste. In last decade many papers were published concerning transmutation and 
incineration of these radioactive isotopes in accelerator driven systems (ADS). Such systems can produce 
energy and simultaneously destroy long lived radioactive isotopes. These systems could play an important 
role in reducing the longterm radiotoxicity and volume of spent nuclear fuel. In the last decade many 
analytical studies were published in which the system parameters were defined to produce energy and 
simultaneously incinerate long-lived radioactive waste. However these systems were not tested because 
accelerators with the required parameters do not exist. Thus experimental investigations at subcritical zero 
power facilities driven by external neutron sources are of great importance. 
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Abstract/Keyterms: The International Atomic Energy Agency (IAEA) devotes a broad effort to improve 
research reactor (RR) design, performance and safety issues. The purpose of this work is to present how 
these efforts are managed by means of dedicated Coordinated Research Projects (CRPs). These projects are 
intended to exchange information and expertise among the participants of the programme to develop a final 
product fruitful for the whole RR community. 
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Abstract/Keyterms: Uncertainty and sensitivity studies are essential elements of the reactor simulation 
code verification and validation process. Although several international uncertainty quantification activities 
have been launched in recent years in the LWR, BWR and VVER domains (e.g. the OECD/NEA BEMUSE 
program, from which the current OECD/NEA LWR Uncertainty Analysis in Modelling (UAM) benchmark 
effort was derived), the systematic propagation of uncertainties in cross-section, manufacturing and model 
parameters for High Temperature Reactor (HTGR) designs has not been attempted yet. This paper 
summarises the scope, objectives and exercise definitions of the IAEA Coordinated Research Project (CRP) 
on HTGR UAM. Note that no results will be included here, as the HTGR UAM benchmark was only 
launched formally in April 2012, and the specification is currently still under development. 
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Abstract/Keyterms: A series of experiments was carried out in 1962-65 at the Oak Ridge National 
Laboratory Critical Experiments Facility (ORCEF) for use in space reactor research programs. A core 
containing 93.2 wt% enriched UO2 fuel rods was used in these experiments. The first part of the 
experimental series consisted of 252 tightly-packed fuel rods (1.27-cm triangular pitch) with graphite 
reflectors, the second part used 252 graphite-reflected fuel rods organized in a 1.506-cm triangular-pitch 
array, and the final part of the experimental series consisted of 253 beryllium-reflected fuel rods in a 1.506-
cm-triangularpitch configuration and in a configuration comprised of fuel-tube clusters. Fission rate 
distribution and cadmium ratio measurements were taken for all three parts of the experimental series. 
Reactivity coefficient measurements were taken for various materials placed in the beryllium reflected core. 
All three experiments in the series have been evaluated for inclusion in the International Reactor Physics 
Experiment Evaluation Project (IRPhEP) and the International Criticality Safety Benchmark Evaluation 
Project (ICSBEP) Handbooks. The evaluation of the first experiment in the series was discussed at the 2011 
ANS Winter meeting. The evaluations of the second and third experiments are discussed below. These 
experiments are of interest as benchmarks because they support the validation of current compact reactor 
designs with similar characteristics to the design parameters for a space nuclear fission surface power 
system. 
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Abstract/Keyterms: As part of a joint effort between the US DOE Nuclear Criticality Safety Program 
(NCSP) and France, a series of neutron pulse experiments was performed in October 2010 at the 
Commissariat et aux Énergies Alternatives (CEA) Valduc SILENE reactor in France, to provide 
measurement data for simulating criticality accidents, and to provide data for radiation transport code 
validation. During these experiments, about one hundred neutron activation foils and sixty 
thermoluminescent dosimeters (TLDs) were utilized to obtain data for the first criticality accident alarm 
system (CAAS)/shielding benchmark for future publication in the International Criticality Safety 
Benchmark Evaluation Project (ICSBEP) handbook. The purpose of this paper is to present preliminary 
COG simulation results and comparisons to the foil and TLD measurement data of the first neutron pulse 
experiment. 
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Abstract/Keyterms: The Decontamination and Decommissioning (D&D) of the K-25 and K-27 Gaseous 
Diffusion Uranium Enrichment Facilities near Oak Ridge, TN includes equipment removal, which focuses 
on primary and auxiliary items-components systems that were exposed to process gas. The vast majority of 
these materials are to be buried in nuclear waste burial grounds, mainly the facility on the Oak Ridge 
Reservation. One auxiliary equipment category is the sodium fluoride (NaF) traps that processed exhaust 
gases. 
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Abstract/Keyterms: The discipline of criticality safety (CS) has been developed in order to maintain safety 
in operations where significant amounts of fissionable material are to be manipulated. The operation is 
assessed by an individual or team of CS practitioners and an operational safety envelope is developed. The 
envelope can consist of limits on materials (i.e. fissionable mass, reflectors, moderators etc.), geometry (i.e. 
spacing, volume, etc.), and/or prescribed operating procedures which uphold a level of safety for personnel 
and equipment involved. The following paper is an overview of the similarities and differences in guidance 
on training programs for CS personnel at United States (US) and United Kingdom (UK) laboratories. This 
work was performed under the auspices of Joint Working Group 30 of the Mutual Defense Agreement 
between the United States and United Kingdom. 
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Abstract/Keyterms: The use of gadolinium as a neutron poison is proposed as a primary nuclear criticality 
safety control for the UO2/Gd2O3 mixture at the GE Global Nuclear Fuel fabrication facility. Gadolinium 
is an excellent burnable poison that is used for controlling long-term reactivity in thermal reactors. This 
neutron poison is incorporated into the fuel through dry mechanical blending of Gd2O3 powder with UO2 
powder. Between 2-10 wt% of Gd2O3 powder is homogeneously mixed with the UO2 powder for making 
fuel rods containing gadolinium. Because of its very strong thermal neutron absorption cross section, 
gadolinium will prevent an accidental criticality by absorbing thermal neutrons if the UO2/Gd2O3 mixture 
becomes moderated. This paper demonstrates that less than 1 wt% Gd2O3 powder is sufficient to prevent 
a criticality accident for uranium enrichment of up 5 wt% 235U. 
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Abstract/Keyterms: In December 2011, the National Nuclear Data Center (NNDC) released ENDF/B-
VII.1, the “latest recommended evaluated nuclear data file for use in nuclear science and technology 
applications”. The data was released in the standard Evaluated Nuclear Data Format (ENDF-6). This release 
represents the advances made in nuclear data during the five years since the release of ENDF/B-VII.0. The 
Nuclear Data Team at Los Alamos National Laboratory (LANL) has processed the entire ENDF/B-VII.1 
neutron evaluation files and has made available a library of ACE (A Compact ENDF) data tables at several 
temperatures for each of the ENDF/B files. The data was processed with the NJOY code, version 99.393, 
except for 35Cl, which was processed with NJOY version 2012.0b. The ACE data library is called 
ENDF71x and has been distributed through RSICC along with MCNP6. 
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Abstract/Keyterms: For many years, the nuclear criticality safety (NCS) community has recognized the 
urgent need to develop a criticality safety workforce to meet the country’s nuclear operations support 
requirements. While there are many causes for the current workforce shortage problem, the retirement of 
many experienced personnel from NCS has exacerbated the situation. The Department of Energy (DOE) 
Nuclear Criticality Safety Program (NCSP) has established a website (http://ncsp.llnl.gov) to assist 
newcomers to this field. Among other things, the DOE NCSP website offers a series of nuclear criticality 
safety engineer training (NCSET) modules to assist various DOE sites in training nuclear criticality safety 
engineers. For years, this section of the website has attracted many users worldwide, and records more than 
eight thousand downloads of the modules per year. 
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Abstract/Keyterms: As everyone knows, a lessons-learned database of nuclear criticality safety (NCS) 
would be filled with stories of non-destructive assay (NDA) data misleading NCS and operations personnel. 
The historical and contemporary NDA measurements at K-25 certainly have a few cases of that as well. 
However, this paper focuses on the excellent communication between NCS and NDA personnel at K-25 
for identifying unique situations that required teamwork to support Project goals. These success stories 
along with the hundreds of thousands of NDA measurements (both historical and contemporary) made at 
K-25 have produced solid, dependable data for NCS personnel to use in creating evaluations for the safe 
removal, movement, and mining of equipment, and for making the subsequent criticality incredible 
determinations for demolition of K-25 units a reality. 
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Abstract/Keyterms: Recent papers from the K-25/K-27 D&D Project have discussed the criticality safety 
of the demolition of the West Wing of K-25, and of its burial at the Environmental Management Waste 
Management Facility (EMWMF). This paper completes the discussion by comparing the results and 
potential upsets of the preparation activities for demolition of the West Wing and most of the East Wing 
and North Ends of K-25 to the analyzed potential upset configurations of burial at EMWMF. 



 

C-20783 

20731…..…..…………………..…….……..……ID Number…………………..…..…………….20731 

Author: Evans, Richard T. / Li, Jun / Mattingly, John 

Title: Adjoint Sensitivity Analysis in a Large-Scale Subcritical Plutonium Benchmark 

Date: 6/1/2013 
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Abstract/Keyterms: An evaluation of Monte Carlo simulations of neutron multiplicity (ν) in subcritical 
Pu metal measurements was presented in Ref. [1]. The evaluation led to the observation that a 1.1% scalar 
reduction in the ENDF/B-VII 239Pu ν significantly reduced discrepancies between the measured and 
computed multiplicity distribution. Preliminary steps towards complementing these results were made 
using a modified version of ORNL’s SN code Denovo, which was extended in this work to allow 
calculations to be performed in subcritical systems with spontaneous fission sources generated in 
SOURCES-4C. A parallelized, first-order adjoint sensitivity analysis procedure for subcritical systems was 
also implemented into Denovo for this work. These modifications allow the computation of energy resolved 
sensitivities of responses to model parameters in large-scale, 3D, subcritical systems. 
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Abstract/Keyterms: The shielded neutron assay probe (SNAP) is a simple and reliable portable 3He total 
neutron counting detector. It has been mainly applied in verification of UF6 cylinder contents, verification 
of plutonium metal and holdup measurements for strong neutron source materials such as plutonium or 
enriched uranium. The SNAP has also been used for nuclear material monitoring. The SNAP-3 from Los 
Alamos National Lab (LANL) was used as a gross neutron counter in coupled neutron-photon benchmark 
experiments with plutonium metal. The response function of the SNAP-3 detector for this benchmark 
experiment is estimated in this work by using the general-purpose Monte Carlo N-Particle (MCNP) code. 
As shown in Fig. 1, the experimental setting included the SNAP-3 detector, a LANL nPod-3 neutron 
multiplicity counter, the neutron source, and a steel cart. The response function can be used to calculate the 
neutron count rate in the SNAP-3 detector directly by folding the response function with the neutron current 
leaking from the neutron source in the system. The following discussion will define the response function 
and show how it was estimated. The accuracy of the response function was also evaluated against a series 
of experiments using 252Cf and plutonium reflected by polyethylene. 
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Abstract/Keyterms: The Working Party on International Nuclear Data Evaluation Co-operation (WPEC) 
subgroup 29 (SG 29) was established to investigate an issue with the 235U capture cross-section in the 
energy range 0.1 to 2.25 keV. The WPEC criticality calculation results indicated an overestimation of the 
235U capture crosssection of 10% or more. To understand and solve the problem, a recommendation was 
made to perform new capture cross-section measurements followed by a resonance evaluation. Hence, time-
of-flight capture cross-section measurements were done at the Rensselaer Polytechnic Institute (RPI) and 
at the Los Alamos National Laboratory (LANL). These new measurements were used together with the 
computer code SAMMY to reevaluate the 235U resonance parameters in the energy range from thermal to 
2.25 keV. The impact of the new evaluation in benchmark calculations was done for the critical benchmark 
sensitive to the 0.1 to 2.25 keV energy range. The purpose of this work is to describe the 235U SAMMY 
evaluation and present the critical benchmark results. 
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Abstract/Keyterms: SCALE includes a three-dimensional criticality safety calculation sequence, CSAS6, 
which is based on the KENO-VI Monte Carlo code, as well as a threedimensional shielding sequence, 
MAVRIC, which is based on the Monaco Monte Carlo code. Guidance is provided with SCALE to use the 
two sequences together for the analysis of criticality accident alarm systems (CAAS). Through a two-step 
process, a spatially varying fission source is generated with CSAS6 using a mesh tally, and then detector 
responses are calculated with MAVRIC based on the mesh source provided. As discussed in reference 4, 
having Monaco add fission photons to the neutron mesh source created by KENO can accelerate the 
shielding portion of the CAAS analysis. The shielding portion of the CAAS analysis accelerated because 
the sampling of source fission photons is biased, consistent with the input weight windows, to optimize the 
convergence of the photon tallies. The addition of the fission photons to the neutron mesh source results in 
accurately modeling the neutron and photon fission source at each initial source location in the Monaco 
simulation. To avoid producing too many fission neutrons and photons, subsequent fission events must be 
treated as absorption producing no fission neutrons or photons because all fission events are accounted for 
in the KENO-generated mesh source. 
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Abstract/Keyterms: In typical applications in criticality, the most important contributor to the uncertainty 
of the effective multiplication factor k is from the uncertainties in the nuclear data or cross sections. Over 
the last few decades, there has been increasing efforts by the nuclear data evaluators to provide covariance 
data for libraries such as ENDF. Data processing codes such as NJOY have been able to process various 
ENDF covariance formats for almost as long. Sensitivity coefficient capabilities, which are necessary for 
uncertainty propagation, have also been developed in various Monte Carlo code packages such as SCALE 
or MCNP. While MCNP6 can currently compute sensitivity profiles, it has no capability for handling the 
covariance data. Correspondingly, no format currently exists in the “A Compact ENDF” (ACE) format that 
MCNP requires. Therefore, a new compact format using principal eigenvectors is proposed. The format is 
discussed. Memory requirements needed to achieve sufficient precision on the uncertainty of k are shown 
for Pu-239 on a bare, fast metal and a thermal solution system, and U-235/238 on a reflected fast, metal 
and a thermal lattice system. Early work is shown to develop a methodology to decide a priori how many 
principal eigenvectors are needed for a covariance matrix reconstruction of sufficient fidelity. 
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Abstract/Keyterms: A series of MCNP simulations were performed to estimate the excess reactivity of a 
heat pipe inserted in the glory hole of the Flattop assembly. The purpose of the experiment was to 
demonstrate that a heat pipe coupled to a Stirling engine could generate electricity from a nuclear generated 
heat source. This experiment demonstrated a new concept for a reliable nuclear reactor for space missions. 
The heat source used to generate this electricity originated in the Flattop assembly. During certain 
operations of the Flattop assembly, temperature increases are generated in the core, which creates a 
temperature gradient between the center of the core and the ambient temperature of the room. Typically 
this excess energy will be removed from the assembly through air convection or heat conduction to the 
supporting table. However, it is possible to use other means to remove this energy from the assembly, such 
as through a heat pipe. A heat pipe is a device that is used to transfer energy from one solid surface to 
another solid surface, typically with the assistance of a working fluid or coolant. For the heat pipe used in 
this experiment the working fluid was water. The heat pipe was connected to a Stirling engine and the 
energy transferred to the Stirling engine was converted to electricity. To generate the energy needed to 
provide the temperature increases in the core, the Flattop assembly was operated in a supercritical regime. 
The simulations presented in this summary provided the basis to load the Flattop assembly with enough 
excess reactivity that would produce the energy needed for the experiment but also not exceed the operating 
reactivity limit of $0.80. 
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Abstract/Keyterms: In the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments there are two evaluations for heavy water solutions of highly enriched uranium. The 
evaluations are identified as HEU-SOLTHERM-004 and HEU-SOL-THERM-020. Neutron multiplication 
computation results generated by the MCNP Monte Carlo code with ENDF/B-V and ENDF/BVI cross 
sections are shown in the evaluations. For HEUSOL-THERM-004, but not for HEU-SOL-THERM-020, 
computational results using MCNP with ENDF/B-VII cross sections are shown in reference. In this work, 
ENDF/B-VII cross sections are used to compute neutron multiplications for HEU-SOL-THERM-020 
benchmarks and comparisons are made with previous results. 
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Abstract/Keyterms: The International Reactor Physics Experiment Evaluation Project (IRPhEP) was 
established to preserve integral reactor physics experimental data, including separate or special effects data 
for nuclear energy and technology applications. Numerous experiments that have been performed 
worldwide, represent a large investment of infrastructure, expertise, and cost, and are valuable resources of 
data for present and future research. These valuable assets provide the basis for recording, development, 
and validation of methods. If the experimental data are lost, the high cost to repeat many of these 
measurements may be prohibitive. The purpose of the IRPhEP is to provide an extensively peer-reviewed 
set of reactor physics-related integral data that can be used by reactor designers and safety analysts to 
validate the analytical tools used to design next-generation reactors and establish the safety basis for 
operation of those reactors. Contributors from around the world collaborate in the evaluation and review of 
selected benchmark experiments for inclusion in the International Handbook of Evaluated Reactor Physics 
Benchmark Experiments (IRPhEP Handbook). Several new evaluations have been prepared for inclusion 
in the March 2013 edition of the IRPhEP Handbook. 



 

C-20791 

20739…..…..…………………..…….……..……ID Number…………………..…..…………….20739 

Author: Bess, John D. / Montierth, Leland M. 

Title: Benchmark Evaluation of HTR-PROTEUS Pebble Bed Experimental Program Critical Core 
Loadings 

Date: 6/1/2013 

Report: TANSAO, 108, 693-696 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics Design, Validation, and Operating Experience—I 

Abstract/Keyterms: PROTEUS was a zero-power research reactor made up of a graphite annulus with 
central cylindrical cavity at the Paul Scherrer Institute (PSI) in Switzerland. The graphite annulus remained 
basically the same for all experimental programs while the contents of the central cavity were adjusted 
according to the type of reactor being investigated. From 1992 to 1996, PROTEUS was configured as a 
pebble-bed reactor (PBR) critical facility and designated as HTR-PROTEUS. Seventeen critical 
configurations were assembled and various reactor physics experiments were performed, including 
criticality, differential and integral control rod and safety rod worths, kinetics, reaction rates, water ingress 
effects, and small sample reactivity effects. of the seventeen critical configurations, eleven core loadings 
were selected and evaluated for inclusion in the International Handbook of Evaluated Reactor Physics 
Benchmark Experiments (IRPhEP Handbook). Available experimental data [1, 3-5] were utilized to 
develop and evaluate the critical core configurations for cores, separated into four separate reports based 
on pebble packing and pebble loading: 
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Abstract/Keyterms: Space fission power has long been recognized as a technology that could enable truly 
ambitious space science and exploration; however, the US has not successfully developed, or even tested a 
space reactor concept for over 40 years. In general, past space fission power programs have failed because 
they have tried to do too much, too soon; thus they required lengthy and costly development. If a fission 
system is to be utilized in the near term, a reasonable, measured first step must be taken. Los Alamos 
National Laboratory (LANL) has recently proposed a small, simple reactor that could provide ~1 kW of 
electricity for outer-solar system space exploration.1 The proposed concept uses heat pipes to transfer 
power from a small uranium core to a Stirlingengine power conversion system.. The small reactor design 
uses existing technology and lends itself to quick and affordable development. 
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Abstract/Keyterms: Until the beginning of the 1970’s the STEK (Fast Thermal Experiment in KRITO) 
facility was operational at ECN (Energy Centrum of the Netherlands), Petten. In this experiment, 
measurements of the reactivity worth for the most important fission products in fast neutron spectra were 
performed. The main goal was to validate nuclear data evaluations. These fission products are of great 
importance in fast reactor development and constitute one of the sources of uncertainties in the prediction 
of their behavior. These integral data provide an important platform for the study of the influence of the 
inaccuracy of cross sections of fission products on fast reactor parameters. STEK is also a unique facility 
to benchmark existing nuclear data evaluations for fission products playing a key role on the neutronic 
behavior of thermal reactors. 
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Abstract/Keyterms: The CALIBAN reactor is an unreflected highly enriched metal fast burst reactor 
located at the CEA Valduc center in France. Measurements were performed in June 2012 with neutron 
detectors consisting of He-3 tubes embedded in polyethylene near the CALIBAN assembly. In total, 17 
configurations were measured: 13 were subcritical, two were at delayed critical, and two were above 
delayed critical. Multiple configurations at different reactivity states were obtained by varying the safety 
block and control rod positions. Two different detector positions were used. The neutron data that were 
produced were used to approximate the multiplication of each measured configuration. These 
measurements are particularly useful to compare with a known benchmarked system in which one can 
assess the reactivity and multiplication using a number of methods. 
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Abstract/Keyterms: This study presents a calculation methodology for obtaining the Rossi-� distribution 
from a pulsed neutron source, driving a subcritical assembly, using MCNP6 computer simulations. The 
Rossi-� distribution represents the number of captured neutron pairs as a function of the time interval 
between two capture events. Consequently, the calculation of the Rossi-� distribution requires the 
knowledge of the exact time at which neutrons are absorbed by the neutron detector; this information is not 
given by F4 tally of MCNP6. The Rossi-� distribution has a random part that is given by neutron captures 
caused by neutrons of various fission chains and a correlated part that is given by neutron captures caused 
by neutrons from the same fission chain. Consequently, the Rossi-� distribution peaks when the interval 
of time between two capture events is small. This condition occurs for neutrons coming from the same 
fission chain. For a pulsed neutron source, the Rossi-� distribution peaks at the beginning and the end of 
the neutron pulse 
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Abstract/Keyterms: Recycling spent nuclear fuel and reusing plutonium significantly extends the resource 
base for nuclear energy. Today’s state of technology for manufacturing PWR MOX fuel and recycling 
reactor grade plutonium demonstrates the possibility and feasibility of the closed nuclear fuel cycle. During 
multiple irradiation cycles of MOX fuel, however, the concentration of Pu-240, Pu-241 and Pu-242 will 
grow with time. The goal of this research is to investigate and discuss measures for the design of a 
sustainable PWR fuel cycle where: 1) Physical properties of the MOX fuel will be similar to that of 
commercial uranium fuel and 2) Accumulation of Pu-242 and other plutonium isotopes will be balanced 
with proper feed proportions by transmutation of depleted and enriched uranium. 
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Abstract/Keyterms: MCNP6 computer simulations performed in source mode (with modeling the external 
neutron source) can provide the neutron count rate distribution of the neutron detector. More precisely, 
when MCNP6 simulations are performed in source mode, the time bin in which a neutron is captured by a 
3He(n,p) reaction in the neutron detector can be tallied using the F4 card. The slope of the MCNP6 neutron 
count rate distribution obtained in source mode can be used to define the spatial correction factor C. 
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Abstract/Keyterms: In criticality safety, firefighting can introduce different reflector materials that must 
be accounted for in analysis of the original operation. Thus, it is important to understand the differences in 
reactivity worth for different firefighting materials that may be present in a facility. This study compares 
the reactivity increase of dry chemical fire extinguishing agents with the reactivity increase of reflection by 
water. Typical firefighting materials that are commercially available include graphite, silicon dioxide 
(SiO2) or sand, magnesium oxide (MgO), MET-L-X®, FORAY® and water. These materials can be 
produced in a variety of densities which also creates extra considerations that need to be accounted for 
when evaluating these materials. This study investigates the reactivity effects produced by the various 
firefighting agents, over a range of thicknesses from 1 – 30 cm, at manufacturer specified densities. Water 
was bounding of all the firefighting agents over the range investigated with the exception of FORAY®, 
which was more reactive over the range of 1 – 4 cm. 
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Abstract/Keyterms: The ANSI/ANS-8.12 working group has undertaken a recent effort to revise the 
mixed oxide (MOX) standard to add single-parameter limits for subcritical dimensions, volume, mass, 
linear density, and surface density, for both optimally moderated and damp (3 wt% H2O) MOX powder at 
12.5 and 35 wt% Pu/(U+Pu), with varying Pu isotopics. The material characteristics used were adopted 
from the international MOX standard ISO 11311 as previously described. The overall approach was to use 
several different criticality safety codes and nuclear data libraries to compute values at keff = 1.0 (for 
comparison with), 0.98, and 0.95, and then select the most conservative resulting subcritical limit. Because 
all calculational methods in principle include some bias, the working group undertook an effort to validate 
these methods to determine subcritical limits corresponding to a specific minimum subcritical margin. It is 
anticipated the final results presented in will be given at a yet to be determined subcritical margin. Because 
the bias in general may vary as a function of material composition and neutron energy spectrum, the 
benchmarks selected for this validation were divided into four areas of applicability (AOAs), and a separate 
Upper Subcritical Limit (USL) determined for each AOA. While there were a significant number of 
applicable benchmarks for the optimally moderated cases, the number of benchmarks was relatively few 
for the damp cases. The tools used to select and analyze these benchmarks and the calculated USLs are 
presented in the remainder of this paper 
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Abstract/Keyterms: Analytical benchmarks provide an invaluable tool for verifying computer codes used 
to simulate neutron transport. Several collections of analytical benchmark problems [1, 2, 3] are used 
routinely in the verification of production Monte Carlo codes such as MCNP [4-7]. Even though the spatial 
and energy detail is necessarily limited in analytical benchmarks, typically to a few regions or energy 
groups, the exact solutions obtained can be used to verify that the basic algorithms, mathematics, and 
methods used in complex production codes perform correctly. Verification of a computer code is a 
necessary prerequisite to the more complex validation process, where an entire methodology involving a 
code, cross-section data (with uncertainties), and modeling is compared to results from a set of benchmark 
experiments. Verification is generally performed by the code developers, while validation is generally 
performed by code users for a particular application space. 
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Abstract/Keyterms: The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was 
established to: 1. Identify a comprehensive set of critical benchmark data and, to the extent possible, verify 
the data; 2. Evaluate the data and quantify overall uncertainties through various types of sensitivity analysis; 
3. Compile the data into a standardized format; 4. Perform calculations of each experiment with standard 
criticality safety codes; and 5. Formally document the work into a single source of verified benchmark 
critical data. Numerous experiments that have been performed worldwide, represent a large investment of 
infrastructure, expertise, and cost, and are valuable resources of data for present and future research. These 
valuable assets provide the basis for recording, development, and validation of methods and nuclear data. 
If the experimental data are lost, the high cost to repeat many of these measurements may be prohibitive. 
Contributors from around the world collaborate in the evaluation and review of selected benchmark 
experiments for inclusion in the International Handbook of Evaluated Criticality Safety Benchmark 
Experiments (ICSBEP Handbook). Further information regarding the ICSBEP, including highlighted 
criticality safety benchmark evaluations, can be found in the September and October 2003 editions of 
Nuclear Science and Engineering. Several new evaluations have been prepared for inclusion in the 
September 2015 edition of the ICSBEP Handbook 
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Abstract/Keyterms: The Seven Percent Critical Experiment (7uPCX) was designed to provide benchmark 
criticality and reactor physics data for water-moderated pin-fueled nuclear reactor cores. The enrichment 
of the fuel was chosen to explore the enrichment range above the current 5% ceiling for US commercial 
pressurized water reactors. The experiment was part of the US Department of Energy (DOE) Nuclear 
Energy Research Initiative (NERI) Project 01-124 titled “Reactor Physics and Criticality Benchmark 
Evaluations for Advanced Nuclear Fuel” [1]. The NERI project was a collaboration between AREVA 
Federal Services, LLC; the University of Florida; Oak Ridge National Laboratory; and Sandia National 
Laboratories (SNL). The experiments at Sandia are currently supported by the DOE National Nuclear 
Security Administration Nuclear Criticality Safety Program. Two sets of benchmark experiments have been 
completed and documented as LEU-COMP-THERM-080 and LEU-COMP-THERM-078 [2]. Those 
experiments were done with the number of fuel rods in the fully-reflected array as the approach parameter. 
The experiments reported here are similar to those in LEU-COMP-THERM-080 except that the arrays are 
partially-reflected – the arrays were larger than would be possible with full reflection and the approach-to-
critical experiments were done with the depth of the water in the critical assembly as the approach 
parameter. These experiments are reported as LEU-COMPTHERM- 096. 
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Abstract/Keyterms: An important first step when designing a new critical experiment is performing a 
simulation of the proposed configuration. This simulation gives experimenters an estimate of the quantity 
of materials required to build a critical configuration and provides a way to relate an integral measurement 
to basic nuclear data. The simulations also quantify the relative reactivity worths of various components of 
a critical assembly and give an initial overall estimate of the total excess reactivity for the assembly. These 
parameters can either be used directly or be used as a basis for developing input parameters for performing 
a dynamic analysis of the experiment. This paper discusses a reactivity worth study of the addition of a 
Rossi-- measurement system to a preexisting critical experiment, the National Criticality Experiment 
Research Center’s (NCERC) class foils experiment on the Planet critical assembly 
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Abstract/Keyterms: In 1992, the Criticality Safety Benchmark Evaluation Project (CSBEP) was founded 
under the auspices of the United States Department of Energy (DOE) Office of Defense Programs by Mr. 
Dae Chung with criticality safety experts participating from across the DOE Complex. In 1994, the CSBEP 
welcomed its first international participants from France, Hungary, Japan, the Russian Federation, and the 
United Kingdom. In 1995, to further enhance international participation, the DOE allowed the CSBEP to 
become an official activity of the Organisation for Economic Co-operation and Development (OECD) 
Nuclear Energy Agency (NEA), Working Party on Nuclear Criticality Safety (WPNCS) and the name was 
changed to the International Criticality Safety Benchmark Evaluation Project (ICSBEP). In 1997, the 
Nuclear Criticality Safety Program (NCSP) was formally established by DOE under the auspices of the 
Office of Defense Programs. Today, the NCSP continues to engage with international partners including 
the OECD/NEA and the ICSBEP remains an important element of Information Preservation and 
Dissemination as described in the NCSP Mission and Vision 
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Abstract/Keyterms: Lawrence Livermore National Laboratory (LLNL) has recently completed design 
work on two new critical experiments for the US Department of Energy (DOE) Nuclear Criticality Safety 
Program (NCSP). The first experiments are part of the Thermal Epithermal eXperiments (TEX) Project and 
will use plutonium fuel and tantalum plates in critical configurations intended to address known 
international nuclear data needs. The second experiment investigates a little-known anomaly of criticality 
safety and uses a combination of common reflector materials (polyethylene and nickel) to drive a 4.5 kg 
plutonium ball critical. 
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Abstract/Keyterms: Nuclear Criticality Safety Program (NCSP) supports research, development, 
maintenance, and verification and validation of the MCNP Monte Carlo radiation transport software 
package for nuclear criticality safety (NCS) customers within DOE/NNSA. The MCNP Monte Carlo code 
has been used for high-fidelity analyses of criticality safety problems since the 1970s. This paper 
summarizes MCNP progress during FY 2014 and early FY 2015. Activities and accomplishments are 
summarized in five major areas: • MCNP6 status, • Verification and validation testing, • User support & 
training, • MCNP 2020 and performance improvements, • Whisper methodology for validation 
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Abstract/Keyterms: Polymethyl methacrylate (PMMA/Lucite) is an organic polymer that has been used 
as a neutron moderator and reflector material in various assemblies designed to perform critical and 
subcritical experiments (e.g., see Ref. 1). Neutrons that are produced within an assembly containing Lucite 
will interact with its various atomic components (especially hydrogen) to slow down and eventually reach 
thermal energies. In this work, the thermal neutron scattering cross sections are generated in support of 
criticality safety analysis of neutronic assemblies that utilize Lucite. As a polymer, Lucite is composed of 
methyl methacrylate (C5O2H8) monomers that are attached in long molecular chains producing the 
polymer structure. The principle neutron scatterer in this material is hydrogen, which is localized in three 
configurations of surrounding structure. Fig. 1 below shows the C5O2H8 monomer and a representative 
polymer chain. 
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Abstract/Keyterms: The objective of this work is to enable the coupling of differential and integral data 
evaluation in a continuous-energy framework and, more specifically, to use the Generalized Linear Least-
Squares (GLLS) methodology employed in the TSURFER module of the SCALE code package to update 
the parameters of a resolved resonance region evaluation directly. Recognizing that the GLLS methodology 
in TSURFER is identical to the mathematical description of a simple Bayesian update carried out in 
SAMMY, the computer code SAMINT was created to help use the mathematical machinery of SAMMY 
to update resolved resonance parameters based on integral data. Minimal modifications of SAMMY are 
required when used with SAMINT to make resonance parameter updates based on integral experimental 
data. Traditionally SAMMY has used differential experimental data (i.e., σ(Ei) vs Ei) to adjust nuclear data 
parameters, such as resonance energies, resonance widths, number of prompt neutrons emitted per fission, 
etc. Integral experimental data, such as International Criticality Safety Experiments Project (ICSBEP) 
benchmarks, have remained only a tool for validation of completed nuclear data evaluations. SAMINT can 
be used to extract information from integral benchmarks to aid the nuclear data evaluation process. Near 
the end of the evaluation based on differential experimental data, integral data can be used to resolve 
remaining ambiguity between differential data sets, guide the evaluator to troublesome energy regions, 
inform the evaluator of the nuclear data parameters most important for integral benchmark calculations, 
and improve the nuclear data covariance matrix evaluation. SAMINT is not intended to bias the nuclear 
data towards fitting a certain set of integral experiments. Rather, it should be used to supplement evaluation 
of differential experimental data. Using the GLLS methodology ensures that proper weight is given to the 
differential data. 
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Abstract/Keyterms: The Department of Energy (DOE) Nuclear Criticality Safety Support Group (CSSG) 
came into being seventeen years ago as a response to the DNFSB recommendation 1997-2 “Criticality 
Safety” (Ref. 1) which dealt with the continuation of criticality safety at defense nuclear facilities in the 
Department of Energy Enterprise. The DNFSB was concerned over the lack of capability management of 
practical experience pertinent to avoiding a criticality accident in non-reactor environments. One of the 
specific recommendations of 1997-2 was to “Identify a core group of criticality experts experienced in the 
theoretical and experimental aspects of neutron chain reactions to advise on the above steps and assist in 
resolving future technical issues.” The CSSG, a group of 10 recognized experts in criticality safety, was 
chartered in late 1997 to address the recommendation. Members of the CSSG are drawn from DOE 
employees and contractor staff to provide advice and technical support to help meet the criticality safety 
needs of DOE missions, including stockpile stewardship, materials stabilization, transportation, storage, 
facilities lifecycle (design through decommissioning), and waste disposal 
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Abstract/Keyterms: The session topic will be the non-destructive assay (NDA) issues that affect the 
criticality safety of fissile material operations. The structure will be presentations by NDA specialists on 
current issues with modelling schemes to estimate the amount of fissile material from in-situ measurements 
and presentations from criticality safety specialists on how they handle the uncertainty in NDA 
measurements in determining safety limits and controls. Recent examples of NDA non-conservative 
measurements and how these complicated the evaluation process will be discussed. The presenters will then 
form a panel to discuss issues and propose solutions. 
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Abstract/Keyterms: For many, the Small Modular Reactor (SMR) continues to represent the most likely 
new reactor design type to be licensed and constructed in the near future. At time of writing (May 1st 2015), 
the United States Nuclear Regulatory Commission (USNRC) is engaged in early design certification 
procedure for four different SMR designs; the NuScale SMR, the B&W mPower SMR, the Holtec SMR-
160 and the Westinghouse SMR. All four designs, are of the Integral Pressurized Water Reactor (IPWR) 
design type. In addition to the many anticipated benefits of SMRs in general such as modularity, possibility 
of mass production, flexibility of application, passive and inherent safety and reduced capital costs to the 
investor, the IPWR design type also offers the possibility of expedited licensing procedures by leveraging 
the large body of experience in design, construction, operation and maintenance of its larger predecessor, 
the Pressurized Water Reactor (PWR); which represents 65% of the operating power reactors in the United 
States [2]. Neutronics and Thermal Hydraulics assessments have shown that many of the proposed 
technology transfers are indeed feasible. Nevertheless, certain design and operation parameters of the iPWR 
SMR warrant new research. One such area is reactivity control and the design, choice of material 
compositions and deployment location of Burnable Absorber Rods (BARs) and Integral Fuel Burnable 
Absorbers (IFBAs). 
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Abstract/Keyterms: Low-power physics measurements to characterize experiments that are to be inserted 
into the Advanced Test Reactor (ATR) are routinely performed in the ATR Critical Facility (ATRC). These 
measurements have historically included fuel element-to-element fission power distributions, excess 
reactivity changes caused by placement of experiment hardware in the various irradiation positions, and 
axial fission power profile measurements within in the ATRC driver fuel assemblies. The reactivity worth 
of typical experiments relative to water filled positions ranges from tens of cents to slightly over $1.00 of 
reactivity. These changes in core reactivity are considered small relative to the total core excess reactivity 
and control system reactivity hold-down capacity, and they therefore do not require significant core changes 
for each measurement. 
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Abstract/Keyterms: The High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory is one of 
the highest steady-state neutron flux sources available worldwide. HFIR neutrons are actively used for 
neutron scattering, materials irradiation tests, and isotope production. In an effort to enhance operational 
economics of this reactor and to demonstrate the feasibility of advanced manufacturing techniques for 
production of nuclear reactor components, novel methods for production of neutron-poison bearing 
aluminum structures have been initiated at ORNL. Preliminary research has indicated that the ultrasonic 
additive manufacturing (UAM) process appears to be well-suited to the fabrication of the HFIR control 
elements (CEs). The process under investigation involves the use of 3D printing technology to construct 
discrete compacts of aluminum mixed with neutron absorbing material. These compacts are then embedded 
into an aluminum matrix before formation into the cylindrical shape appropriate for use in HFIR. The 
resulting CE design therefore has discrete regions of absorbing material (illustrated in Figure 1), thus 
necessitating an investigation into how the HFIR core behavior differs from the case with homogeneous 
control elements with respect to neutron multiplication, flux, fission rate density, and neutron absorption 
by the control elements. Such a design also offers several degrees of freedom in constructing the array of 
absorber compacts within the CE plate and lends itself to a multi-objective optimization problem. The 
primary objective of the present research is therefore to explore the impact of design variables specific to 
the heterogeneous CE design on the behavior of the HFIR core. Lessons learned from this investigation 
may then be used to inform the design optimization process in future endeavors. 
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FAST-051), 1 and 2 inch thick graphite-reflected (HEU-MET-FAST-071), polyethylene-reflected (HEU-
MET-FAST-076), and beryllium-reflected (HEU-MET-FAST-059 and HEU-METFAST- 069), and 
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equipped with the functions of automatic modeling and visualization 
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Abstract/Keyterms: Analytical benchmarks provide an invaluable tool for verifying computer codes used 
to simulate neutron transport. Several collections of analytical benchmark problems are used routinely in 
the verification of production Monte Carlo codes such as MCNP 
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Abstract/Keyterms: Several suites of verification/validation benchmark problems were run in early 2016 
to verify that MCNP6.1, MCNP6.1.1, and MCNP6.2-pre are performing correctly for nuclear criticality 
safety (NCS) applications. MCNP6.1 is the production version of MCNP released in 2013; MCNP6.1.1 is 
the update released in 2014; MCNP6.2-pre is the pre-release development version of MCNP6.2, which is 
targeted for release in the near future. All versions of MCNP6 include all of the standard features for NCS 
calculations that have been available for the past 15 years, along with new features for sensitivity- 
uncertainty based methods for NCS validation. Results from the benchmark suites were compared with 
results from previous verification testing 
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Abstract/Keyterms: Validation of the KENO V.a Monte Carlo code has been performed in recent years 
using benchmark experiments contained in the International Criticality Safety Benchmark Evaluation 
Project (ICSBEP) Handbook. The models used in these recent validation efforts have been drawn from the 
Verified, Archived Library of Inputs and Data (VALID). Models must be generated and reviewed by 
qualified individuals to be added to the VALID library, which leads to high confidence in the models and 
reduces the probability that apparent validation issues are a result of modeling errors. The contents of the 
VALID library are somewhat limited because of the effort involved in generating and reviewing models, 
so no 233U-fueled experiments are included in VALID. A large number of models of 233U experiments 
have been modeled in the past in support of the criticality safety of 233U in storage at Oak Ridge National 
Laboratory (ORNL).In June, 2016, two midshipmen from the United States Naval Academy were assigned 
to ORNL, and they reviewed and updated these models for execution in SCALE 6.2.The validation of 233U 
is of interest because some discrepancies in SCALE results were identified by a beta tester at the Nuclear 
Energy Agency modeling these systems. These discrepancies were related to a data thinning procedure in 
the continuous-energy nuclear data process, and had been resolved prior to the release of SCALE 6.2 
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Abstract/Keyterms: The ability to perform sensitivity analyses using adjoint-based sensitivity theory has 
existed for decades. This paper provides guidance on how adjoint sensitivity methods can be used to predict 
the effect of material density and composition uncertainties in critical experiments, including when these 
uncertain parameters are correlated or constrained. Two widely used Monte Carlo codes, MCNP6 and 
SCALE, are both capable of computing isotopic sensitivities in continuous energy and angle. Additionally, 
Perkó et al. have shown how individual isotope sensitivities, easily computed using adjoint methods, can 
be combined to compute constrained sensitivities that may be used in the uncertainty analysis. This paper 
provides details on how the codes are used to compute sensitivities and how the sensitivities are used in an 
uncertainty analysis. Constrained sensitivities are computed in a simple example problem. 
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Abstract/Keyterms: The use of the sensitivity and uncertainty tool suite within SCALE, known as the 
TSUNAMI suite, has grown following its initial introduction more than a decade ago. Proper use of these 
tools provides a more complete understanding of system responses to perturbations, especially in the area 
of nuclear cross section uncertainties. Recent advances within TSUNAMI have added generalized 
perturbation theory to the keff sensitivity capability that was included in TSUNAMI originally. The 
generation of sensitivity data is encouraged in the review process for new critical experiment requests 
sponsored by the US Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP)to 
demonstrate that the proposed experiment will satisfy the identified data need.Many individuals participate 
in this process, but many analysts have not received proper training in the use of the TSUNAMI tools. The 
adjoint perturbation theory used to calculate sensitivities is not typically included in nuclear engineering 
curricula, leaving inexperienced engineers particularly at risk for incorrect use of the tools. 
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Abstract/Keyterms: The use of the sensitivity and uncertainty tool suite within SCALE, which is known 
as the TSUNAMI suite, has grown following its initial introduction more than a decade ago. Proper use of 
this tool provides a more complete understanding of system responses to perturbations, especially in the 
area of nuclear cross section uncertainties. Recent advances within TSUNAMI have added generalized 
perturbation theory to the k eff sensitivity capability that was included in TSUNAMI originally. The 
sensitivities can also be used to quantify the similarity of two systems. As an example, calculated 
sensitivities can be combined with cross section uncertainties to determine the similarity index ck. The 
generation of sensitivity data is encouraged in the review process for new critical experiment requests 
sponsored by the US Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP) to 
demonstrate that the proposed experiment will satisfy the identified data need. Many analysts participate in 
this process, but many have not received proper training in the use of the TSUNAMI tools. The adjoint 
perturbation theory used to calculate sensitivities is not typically included in nuclear engineering curricula, 
leaving inexperienced engineers particularly at risk for incorrect use of the tools 
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Abstract/Keyterms: Within the Collaborative International Evaluated Library Organisation (CIELO) 
project a coordinated effort is being made amongst the different nuclear data evaluation projects, ENDF, 
JEFF, JENDL etc. to improve the cross sections of six of the most important isotopes, Pu 239, U 235, U 
238, Fe 56, O 16 and H 1. Recently developed, the Nuclear Data and Sensitivity Tool (NDaST) is an online 
tool (http://www.oecd-nea.org/ndast/) that allows nuclear data evaluators to get rapid feedback about the 
consequences of changes to nuclear data on integral experiment benchmarks that exist within the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) and International Reactor Physics 
Evaluation (IRPhE) Project handbooks. NDaST links the thousands of nuclear data sensitivity profiles in 
the Database for ICSBEP (DICE) and the IRPhE Database and Analysis Tool (IDAT), with the nuclear data 
viewing tool JANIS. NDaST can be used to provide timely feedback to CIELO participants. 
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Abstract/Keyterms: MCNP, as a widely accepted simulation tool, depends heavily on evaluated nuclear 
data found in current ENDF libraries. Modeling CH 2 (polyethylene), as one of the prominent moderators, 
is of high importance for many applications such as spent fuel storage or shipping systems. Current thermal 
scattering S(α,β) evaluations are based on theoretical calculations of the phonon spectrum that are usually 
adjusted to match the energy dependent total scattering cross section. Double differential scattering data is 
not always available and thus rarely used in the evaluation. In this work double differential scattering 
measurements were used to obtain a phonon spectrum that can be used to generate a thermal scattering 
evaluation. This procedure resulted in better agreement with the experimental total cross section of CH 2 
and better agreement with double differential scattering experiments. 
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Abstract/Keyterms: Polyethylene is an organic polymer that has been used as a neutron moderator and 
reflector material in various assemblies designed to perform critical and subcritical experiments. Neutrons 
that are produced within an assembly containing polyethylene will interact with its various atomic 
components (especially hydrogen) to slow down and eventually reach thermal energies. In this work, the 
thermal neutron scattering cross sections are generated in support of criticality safety analysis of neutronic 
assemblies that utilize polyethylene 
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Abstract/Keyterms: In validation, statistical methods routinely incorporate information from integral 
experiments to improve estimations of code biases and uncertainties. One source of high quality integral 
experiments is the ICSBEP Handbook. While uncertainties for criticality benchmarks are well characterized 
in the Handbook, information pertaining to the shared uncertainty/covariance between the cases is sparse, 
yet required for the aforementioned methods; correlations can result from using the same fuel for example. 
To remedy the lack of available covariance data in the Handbook, recent efforts have been undertaken, 
notably, within the framework of the NEA Expert Group on Uncertainty Analysis in Criticality Safety 
Assessment (UACSA) under the Working Party on Nuclear Criticality Safety (WPNCS). The UACSA 
activities have focused primarily on comparing methods used to generate high quality covariance matrices 
for a small number of evaluations. 
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Abstract/Keyterms: The polyethylene interstitial materials for the Class Foils experiment are one of the 
teaching tools used to teach criticality safety at the National Criticality Experiments Research Center’s 
(NCERC). This set of polyethylene plates is designed to provide the optimal H/ 235 U ratio on the critical 
mass curve allowing the experiment to have the minimum amount of 235 U. This makes a great teaching 
tool to show that either additional 235 U or additional moderator would increase the critical mass. The 
optimal H/ 235 U ratio and increased hydrogen density compared to the previously used Lucite plates has 
reduced the critical mass by 34%, to 997.9 ± 0.65 g. 
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Abstract/Keyterms: Argonne National Laboratory (ANL) of the United States and Kharkov Institute of 
Physics and Technology (KIPT) of Ukraine have cooperated on the development, design, and construction 
of a neutron source facility. The facility was constructed at Kharkov, Ukraine and its commissioning 
process is underway. The facility has an electron accelerator driven subcritical assembly. The electron beam 
power is 100 kW using 100 MeV electrons. Tungsten or natural uranium is the target material for generating 
neutrons driving the subcritical assembly. The subcritical assembly is composed of WWR-M2 Russian fuel 
assemblies with U-235 enrichment of 19.7 wt%, surrounded by beryllium reflector assembles and graphite 
blocks. The water coolant operates at room temperature during normal operation, when the facility is 
operating at full power using 100-KW electron beam power. The passive safety features of the facility are 
discussed in in this study. Monte Carlo computer code MCNPX was utilized in the analyses with ENDF/B- 
VII.0 nuclear data library. 
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Abstract/Keyterms: The quasi-differential neutron induced neutron emission reaction measurement (QD-
NINE) method provides an additional benchmark which constrains cross-section evaluations and provides 
a measure of verification for existing evaluations. Experiments are preformed using an array of EJ-309 
liquid scintillators at a variety of angles measuring the neutron scattering response from a sample. An 
MCNP simulation is then compared to this experimental data and is run using various sets of evaluated 
nuclear data. Since the isotopes of interest for this measurement, 235 U and 239 Pu, are difficult to obtain, 
the WNR facility at LANL was chosen to perform the measurements utilizing the chi-nu detector array. A 
measurement of carbon has been performed and the high energy cutoff has been extended from 20 to 60 
MeV compared with previous measurements using this method. An early stage simulation was compared 
to the experimental data and the results show good agreement 
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Abstract/Keyterms: The Seven Percent Critical Experiment (7uPCX) was designed to provide benchmark 
criticality and reactor physics data for water-moderated pin-fueled nuclear reactor cores. The enrichment 
of the fuel was chosen to explore the enrichment range above the current 5% ceiling for US commercial 
pressurized water reactors. The experiment was part of the US Department of Energy (DOE) Nuclear 
Energy Research Initiative Project 01-124 titled “Reactor Physics and Criticality Benchmark Evaluations 
for Advanced Nuclear Fuel” 
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Abstract/Keyterms: In September 2012, eight subcritical configurations were measured with the clad α -
phase plutonium sphere known as the Beryllium-Reflected Plutonium (BeRP) ball at the National Criticality 
Experiments Research Center (NCERC). The configurations had varying tungsten thicknesses including: 0 
(bare), 0.5, 1.0, 1.5, 2.0, 2.5, 2.75, and 3.0 inches. Measurements were conducted to provide subcritical 
benchmark data. This work includes measured and simulated results from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments (ICSBEP) evaluation 
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Abstract/Keyterms: The DOE/NNSA Nuclear Criticality Safety Program (NCSP) supports research, 
development, maintenance, and verification and validation of the MCNP Monte Carlo radiation transport 
software package for nuclear criticality safety (NCS) customers within DOE/NNSA. The MCNP Monte 
Carlo code has been used for high- fidelity analyses of criticality safety problems since the 1970s. This 
paper summarizes MCNP progress during FY 2015 and early FY 2016. Activities and accomplishments 
are summarized in five major areas: •MCNP6 status, •Whisper status, •Verification and validation testing, 
•User support & training, •Work in progress. 
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Abstract/Keyterms: The resolved resonance region evaluation for the only two natural isotopes of copper 
(63Cu and 65Cu) was carried out at the Oak Ridge National Laboratory (ORNL) in support of the US 
Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP). The particular interest in the 
isotope of copper arose because it was linked with poor performance of the ZEUS series of integral 
benchmarks from the International Criticality Safety Benchmark Evaluation Project (ICSBEP). Good 
agreement between the calculated and experimentally measured values for the ICSBEP benchmarks is 
essential to the NCSP because the ICSBEP benchmarks are used for validation purposes of criticality safety 
calculation 
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Abstract/Keyterms: The purpose of this planned experiment is to more precisely determine the prompt 
fission neutron spectrum for 235U. This experiment will use threshold activation foils within a fast critical 
HEU system. It will be performed on the Planet critical assembly machine at the National Criticality 
Experiments Research Center (NCERC) at the e Nevada National Security Site. 
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Abstract/Keyterms: In October 2010, a series of benchmark experiments was conducted at the 
Commissariat à l’Énergie Atomique et aux Énergies Alternatives (CEA) Valduc SILENE facility. These 
experiments were a joint effort between the US Department of Energy (DOE) and the French CEA to create 
three benchmarks for verification and validation of radiation transport codes, as well as evaluated nuclear 
data, used to analyze criticality accident alarm systems (CAASs). M any preliminary details of these 
experiments and their evaluation have been discussed in previous publications. The first benchmark 
evaluation was published in 2015, and the second and third evaluations will be published at the end of 2016. 
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Abstract/Keyterms: The National Criticality Experiments Research Center (NCERC) is located at the 
Nevada National Security Site (NNSS) and has four critical assembly machines: Planet, Comet, Flattop, 
and Godiva IV. Godiva IV is a bare uranium fast burst assembly with approximately 65 kg of highly 
enriched uranium fuel alloyed with 1.5% molybdenum for strength. In 20 12, the core for the Godiva IV 
critical assembly machine was reassembled at the Device Assembly Facility (DAF) after being relocated 
from Technical Area (TA) 18 at Los Alamos National Laboratory. In 2013 the first super-prompt critical 
burst at the new location was performed 
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Abstract/Keyterms: Over the past several decades, numerous experiments have been performed 
worldwide to support criticality safety. These experiments represent a significant investment in 
infrastructure, expertise, and cost, and are valuable resources of data for present and future research. These 
valuable assets provide the basis for recording, development, and validation of methods and nuclear data. 
If the experimental data are lost, the high cost to repeat many of these measurements may be prohibitive 
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Abstract/Keyterms: In the frame of its research missions for criticality safety assessment support, IRSN 
performed various experimental programs related to criticality safety in the CEA Valduc facilities. 
Following the shutdown of these facilities and the cancellation of the MIDAS project, which aimed at 
refurbishing these facilities, IRSN has initiated a new project named PRINCESS for “ PRoject for IRSN 
Neutron physics and Criticality Experimental data Supporting Safety ”. PRINCESS is the practical 
implementation of IRSN’s international partnership strategy to build relations with organizations that are 
equipped with experimental facilities for criticality safety and reactor physics research. The aim is to 
analyze experimental data from programs already performed and to conduct joint research programs on 
topics of interest of both parties. This paper presents an overview of the status of the PRINCESS project. 
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Abstract/Keyterms: When measuring special nuclear material for a large array of national security needs, 
it is often important to accurately predict outcomes of the physical experiment using Monte Carlo radiation 
transport code s. Historically, radiation transport codes have uncorrelated fission emissions. In reality, both 
spontaneous and induced fissions release particles that are correlated in time, energy, and multiplicity. This 
work investigates the performance of various current Monte Carlo codes that take into account the 
correlated physics of fission neutrons. Only fission neutrons are of interest and the physics of gamma 
production in fission is ignored. Because of their large impact on correlated neutron results, underlying 
fission neutron multiplicity distributions utilized by the different codes are also compared. 
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Abstract/Keyterms: Establishing a protocol for measurements on research reactors is the next step in 
advanced subcritical neutron multiplication inference measurements. Such measurements can help identify 
deficiencies 1 and quantify uncertainties in nuclear data and validate predictive Monte Carlo radiation 
transport simulation capabilities related to subcritical neutron multiplication inference techniques. This 
work expands on previous benchmark-quality efforts performed at the National Criticality Experiments 
Research Center (NCERC) located in Nevada, including subcritical experiments with a 4.5 kg α-phase 
plutonium sphere surrounded by copper, tungsten and nickel. Evaluations of the nickel and tungsten 
measurements have both been accepted into the International Criticality Safety Benchmark Evaluation 
Project (ICSBEP) Handbook. The nickel benchmark was the first ICSBEP-accepted evaluation of 
measurements using the Feynman Variance-to Mean method based on the Hage-Cifarelli formulism, and 
was the culmination of many years of subcritical experiment research 
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Abstract/Keyterms: Rossi-α measurements were performed on highly enriched uranium (HEU)-lead 
copper reflected systems to determine the prompt neutron decay constants. These constants represent an 
eigenvalue characteristic of these particular critical configurations, which can be experimentally measured 
by the Rossi-α or pulse neutron source techniques and calculated by a deterministic or Monte Carlo method. 
In the measurements presented in this summary, highly enriched uranium interleaved with lead plates and 
reflected with copper were assembled to a high multiplication and the prompt neutron decay constants were 
determined by the Rossi-α technique. This research intended to benchmark the lead neutron cross sections; 
it was a collaboration between the Japanese Atomic Energy Agency (JAEA) Fast Critical Assembly Facility 
(FCA) in Tokai, Japan and the Los Alamos National Laboratory (LANL) in the U. S. 



 

C-21085 

21033…..…..…………………..…….……..……ID Number…………………..…..…………….21033 

Author: Brovchenko, M. / Duhamel, I. / Salmon, R. / Richet, Y. 

Title: Preliminary Design of the TEX-MOX Criticality Experimental Program using Optimization 
Algorithms Implemented in the IRSN PROMETHEE Tool 

Date: 11/16/2016 

Report: TANSAO, 115, 0935-0938 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Critical and Subcritical Experiments 

Abstract/Keyterms: In the frame of its missions, IRSN is widely involved in design, evaluation and 
analyses of critical experiments in order to contribute to computer codes and nuclear data validation. The 
work described in this paper was carried out in the framework of the PRINCESS IRSN research project and 
is part of the IRSN/LLNL collaboration on the TEX program in the frame of the NCSP. 
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Abstract/Keyterms: Subcritical multiplication experiments and simulations are important for a variety of 
applications including nonproliferation, safeguards, and criticality safety monitoring. Recently, subcritical 
experiments have been evaluated for inclusion in the International Criticality Safety Benchmark Evaluation 
Process (ICSBEP). In addition, new subcritical experiments have recently been designed. In these 
experiments, list-mode data (a list of each absorption in the neutron detector) is recorded and neutron noise 
analysis used to determine the leakage multiplication (ML) of each configuration.) 
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Abstract/Keyterms: The design and calculation of a nuclear system requires the generation of cross-
section libraries in the multi-group or continuous-energy form that is suitable for use in reactor physics 
computer codes. These working libraries are derived from general purpose libraries, named evaluated 
nuclear data libraries that are constructed based on data evaluations using physical models and theories. 
Presently, the most common used evaluated nuclear data libraries are the ENDF/B, JEFF, JENDL, CENDL, 
and BROND. These general purpose nuclear data libraries are the backbone of any design involving 
neutron-target interactions. The data for neutron interaction in these libraries spans from fractions of 
electron-volts (eV), that is 10-5 eV, up to millions of electron-volts (MeV), that is 20 MeV or even higher 
energies. The purpose of this paper is to provide an overview on the approach used to generate nuclear data 
for practical applications especially in the resonance energy region. 
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Abstract/Keyterms: The deployment of Fluoride (salt-cooled) High Temperature Reactors (FHRs) has 
many potential benefits such as improved safety, improved economics, and a diversification of the energy 
portfolio because of its capability to supply industrial process heat. However, significant challenges remain 
before this class of reactors can be deployed, mostly related to its technology study identified several areas 
in need of further development in order to advance the technology. These include the verification and 
validation of neutronics and thermal hydraulics modeling and simulation tools in support of design, safety 
analysis and licensing. The focus of this paper is to summarize the issues for verification and validation of 
neutronics tools 
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Abstract/Keyterms: Ongoing tests at the Annular Core Research Reactor (ACRR) at Sandia National 
Laboratories aim to measure temperature and strain in materials exposed to a transient neutron-photon 
environment. Radiation transport and finite element analysis codes are used to predict the thermal structural 
response of test articles exposed in the reactor. Strain and temperature sensors fielded on test articles 
provide validation data for finite element models, while active and passive radiation dosimetry provides 
data for MCNP models. The ACRR is able to provide pulse energies of 40 – 300 MJ per pulse with pulse 
times of 7 – 100 milliseconds. The pulse power is higher than many of the other research reactors due to its 
unique high heat capacity UO2-BeO fuel in the central reactor. Additionally, the Fuel Ringed External 
Cavity (FREC-II) contains U-ZrH fuel 
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Abstract/Keyterms: The deployment of Fluoride (salt-cooled) High Temperature Reactors (FHRs) has 
many potential benefits such as improved safety, improved economics, and a diversification of the energy 
portfolio because of its capability to supply industrial process heat. However, significant challenges remain 
before this class of reactors can be deployed, mostly related to its technology … study identified several 
areas in need of further development in order to advance the technology. These include the verification and 
validation of neutronics and thermal hydraulics modeling and simulation tools in support of design, safety 
analysis and licensing. The focus of this paper is to summarize the issues for verification and validation of 
neutronics tools. 
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Abstract/Keyterms: Accelerator-driven System (ADS), which couples a subcritical core with a spallation 
neutron source, is proposed as a nuclear transmutation technology to reduce the radioactive half-life of 
high-level waste. To maintain a safe operation in ADS, the core should be kept in subcritical state. Thus, 
the subcritical state of the core must be quantified through measurement of subcriticality, which is a 
quantitative margin from critical state. The area ratio method, or the Sjöstrand method, is one of the 
subcriticality measurement techniques applicable to the ADS. In this method, the absolute value of 
subcriticality can be obtained by analyzing the temporal variation of neutron density in the core due to the 
periodic injection of neutron pulses. 
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Abstract/Keyterms: Quantification of activation in structure materials around the nuclear reactor through 
calculation is necessary before start of decommissioning. Then a neutron shielding calculation is carried 
out to estimate activation of structural materials. Neutron shielding calculation is performed out for spatially 
large regions around a reactor through deep penetration calculation, calculation result would have 
significant uncertainty. In order to minimize total amount of structure materials treated as radioactive waste, 
quantitative estimation on uncertainty of structural activation and its reduction is important. The 
uncertainties due to calculation arises from that of input data and that of calculation method. Examples of 
uncertainty of input data is those for nuclear reaction cross section and atom density of the nuclide in the 
structure. In this study, we focus on the uncertainty of cross section, which would be one of the dominant 
uncertainties, and try to estimate uncertainty of activation due to cross section data in a neutron shielding 
calculation. The random sampling method (RS) is used as the uncertainty quantification method. With the 
RS method, uncertainty estimation can be carried out without modification 
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Abstract/Keyterms: Advances in computation have brought about significant improvements in creating 
fast-running high-fidelity simulations of nuclear cores. The BEAVRS benchmark is a highly-detailed PWR 
specification with two cycles of measured operational data used to validate high-fidelity core analysis 
methods. This PWR depletion benchmark captures the fine details of the LWR fuel assemblies, burnable 
absorbers, in-core fission detectors, core loading and shuffling patterns. Specifically, 58 of the 193 
assemblies contain in-core detectors with measurements taken over 61 axial positions every month. These 
detectors are U-235 fission chambers with slightly varying mass of U-235. The collected signals are 
normalized on a given assembly permitting full core comparisons. The fuel layout for cycle 1 and 
instrument tube locations for the reactor are given in figures 1 and 2 respectively. Through a series of data 
processing and comparisons, it was shown that axially integrated radial maps of reaction rates were in close 
agreement between provided detector data and calculated data. 
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Abstract/Keyterms: In conventional transient analysis, thermal hydraulics calculations are generally 
coupled to deterministic neutronics solvers. Due to the limited accuracy of deterministic methods and the 
rapid development of computer power, Monte Carlo neutronics calculations have received increasing 
attention nowadays. One of challenges for Monte Carlo methods coupled to thermal hydraulics calculations 
is the temperature dependent cross sections. Taking the detailed temperature distribution feedback into 
account, each nuclide may be in a large range of temperatures, pre-generated libraries at every temperature 
point are no longer applicable owing to unaffordable memory footprint. 
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Abstract/Keyterms: Thorium is a fertile nuclear fuel resource that is nearly three times as abundant as 
uranium in the earth’s crust and that can be exploited and used to extend uranium resources. The pressure 
tube heavy water reactor (PTHWR) is an excellent existing technology for utilizing thorium-based fuels, 
due to its high neutron economy achieved by using heavy water as a moderator and coolant, the ability to 
perform online refueling, and its flexibility in fuel management. Reactor physics studies are underway at 
the Canadian Nuclear Laboratories (CNL) to evaluate several types of thorium based fuels that could be 
implemented in PT-HWRs in the near-term and intermediate future, building upon past experience. For 
preliminary, conceptual studies, deterministic lattice physics and core physics codes such as WIMS-AECL 
and RFSP are used to provide quick and more approximate estimates of performance and safety 
characteristics. The objective of this study was to perform 2D lattice physics benchmark comparisons 
between WIMS-AECL and MCNP5 [7] for several types of thorium-based fuel bundle lattices for potential 
use in PT-HWRs. Benchmark comparisons will help confirm the validity of deterministic calculation 
results, and provide estimates of the potential magnitude of calculation errors and uncertainties. Areas for 
potential improvements in the WIMS-AECL calculations may also be identified. 
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Abstract/Keyterms: An open-source multi-physics solver for nuclear reactor analysis, named GeN-Foam 
(Generalized Nuclear Foam), is being developed by the Laboratory for Reactor Physics and System 
Behavior at the PSI and at the EPFL. The objective is to supplement available legacy codes with a modern, 
flexible tool making use of the most recent numerical methodologies. 
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Abstract/Keyterms: The Rossi distribution is given by the number of captured neutron pairs as a function 
of the time interval between the two capture events, as illustrated. This distribution contains a random part, 
which is given by neutron captures caused by neutrons of different fission chains, and a correlated part, 
which is given by neutron captures caused by neutrons from the same fission chain. 
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Abstract/Keyterms: In past years, sensitivity studies of ZPR and ZPPR assemblies were carried out with 
deterministic codes for several purposes, such as uncertainty estimation of calculated parameter values, 
cross section adjustment, representativity analysis. etc. However, these sensitivity studies used simplified 
R-Z models of ZPR/ZPPR assemblies where the multi-group cross section data was obtained from the 
homogenized material compositions of each reactor zone. The main reason for this simplification was the 
lack of a deterministic path able to compute sensitivity coefficients for complicated 3D geometries in 
transport theory. Also, each ZPR and ZPPR assembly consists of several different drawers each containing 
different plate types and plate arrangements and it was felt that performing sensitivity calculations with an 
equivalent R-Z reactor model would capture most of the feedback while the heterogeneity effects were 
believed to be of second order. Recently a new code, BuildZPRModel, was developed at ANL that 
automatically generates the inputs for cross section processing and core calculation of heterogeneous ZPR 
and ZPPR assemblies for 3D transport calculations. Additionally, the PERSENT code (recently developed 
at ANL as well) is able to carry out sensitivity calculations in transport theory on 3D geometries. With the 
benefit of the newly developed codes, a sensitivity study was performed for the heterogeneous model of 
ZPPR-15B assemblies 96 and 102 generated by BuildZPRModel. The results were compared with the 
sensitivities computed with the use of fully homogenized R-Z reactor models, in order to quantify the 
impact of heterogeneity effects neglected in the analysis performed in past years. 
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Abstract/Keyterms: This work is the continuation of our effort to generalize the variational nodal method 
(VNM) for application to pin resolved whole-core PWR problems. To this end, a 2D/1D VNM method 
without spatial homogenization is formulated and implemented in the PANX code. We employ diffusion 
theory in the axial direction combined with two-dimensional transport in the x-y plane. In our initial work, 
we employed the standard spherical harmonics method. To increase accuracy and reduce computational 
effort, we present two refinements: First, the even-parity integral method within the nodes reduces the 
computational effort required to form the response matrices. Second, the use of quasi-reflected interface 
conditions reduces the dimension of the resulting response matrices and therefore the CPU time required 
to solve the equations. We apply the method to the three-dimensional, unrodded C5G7 benchmark problem 
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Abstract/Keyterms: A tri-layered fuel cladding has been proposed as an enhanced accident tolerant fuel 
(EATF) design. The EATF cladding has an inner layer of zirconium alloy, a layer of molybdenum, and an 
outer layer of zirconium alloy. Due to its high melting point, high temperature creep resistance, and 
improved resistance to steam corrosion, the molybdenum layer will better tolerate a loss of active coolant 
accident than the standard single layer zircaloy cladding currently in use. The addition of the molybdenum 
layer to the cladding, however, has a deleterious effect on the fuel management due to the high thermal 
neutron capture cross section of Mo- 95. This negative reactivity effect must be counterpoised by increasing 
the fuel enrichment in order to maintain a constant cycle length. This work presents a prima facie 
quantification of the enrichment increase required to maintain cycle length for a standard PWR 3x18 month 
cycle. The quantification of the required enrichment increase is necessary in order for a more thorough 
financial analysis to be performed for the prospective new fuel design. 
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Abstract/Keyterms: SERPENT2 Monte Carlo program has the capability to model reactor cores by 
stereolithography (STL) geometry. In this geometry, volumes are defined by the union of triangulated 
surfaces. Using the STL geometry offers unique benefits, including: 1) the model can be printed on 3D 
printers; 2) the possibility to use directly geometrical models from Computer-Aided Design (CAD); 3) the 
capability to perform multi-physics simulations coupling neutronics, thermal-hydraulics, and material 
science computations. In this work the STL geometry has been created by the CUBIT software, which is 
designed for finite elements mesh generation. The materials in the STL geometry have been assigned by a 
simple C program using the colors of the volumes in the CUBIT model. The goal of this work is to minimize 
the SERPENT2 computing time using mesh adaptive search algorithms. The basic idea is to split the 
geometry of the core into two zones: one zone containing the fuel elements (including the moderator and 
the coolant) and the other containing the reflector (and the target zone of the core, if it is driven by an 
external neutron source). By performing this splitting, two separate meshes are used, which results in a 
considerable computing time saving. 
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Abstract/Keyterms: The availability of reliable values of the kinetic parameters (effective delayed neutron 
fraction β and effective mean neutron generation time Λ) is important for reactor kinetic analyses and for 
reactivity monitoring when adopting the point kinetic approach. The kinetic parameters may be obtained 
either by simulations (Monte Carlo or deterministic) of the system or by direct measurements. 
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Abstract/Keyterms: The elastic scattering cross sections of resonant nuclides can vary drastically within 
small energy intervals. In reactor physics simulations, accurate treatment of neutron resonance elastic 
scattering is vital, as the phenomenon can have a strong effect on scattering kinematics which, in turn, affect 
macroscopic values, such as the fuel temperature reactivity coefficient. To reduce memory requirements 
and facilitate coupling with heat transfer, a new representation for cross sections was recently adopted in 
OpenMC based on the multipole formalism. However, this new approach invalidates the previous 
implementations of correct resonance treatments, including the Doppler Broadening Rejection Correction 
(DBRC) method. This work thus developed a modified DBRC algorithm, called DBRC-MP, compatible 
with the new data representation. This new method is also verified against the previous DBRC method. 
While slightly more computationally costly than the traditional DBRC approach using ACE format cross 
sections, the use of the multipole representation in treating resonance scattering enables the reduction of 
memory requirements by a hundred-fold and facilitates the representation of temperature dependent cross 
sections. 
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Abstract/Keyterms: National Aeronautics and Space Administration (NASA) published “Journey to 
Mars” on October 8, 2015, stating their plan to send human to Mars for exploration, scientific research and 
colonization of Mars. Mission time on Martian surface is supposed to be ~1 year, therefore, a surface power 
generation system is required for human habitation on Mars. Even though solar power and chemical battery 
have been used for the past missions, the former cannot generate power during month-scale dust storm on 
Mars, and the latter is not reliable for long-term use under a cold environment. On the other hand, nuclear 
power provides stable power even on Mars surface and, since kilowatt class power system is required in 
the planned mission, a fission power system is better than a radioisotope battery. An 8-year operation is 
required for the Mars surface power generation system with electrical power of 10 to 100kWe and specific 
power of >5We/kg, which means the system weight needs to be below 2000 kg in the case of 10 to 100kWe 
system. In the current study, stretch goals for surface fission power system were set as follows: electric 
power of 20 kWe and total system weight below 1000 kg. In addition, nuclear security and critical safety 
are essential features for the surface fission power system considering launch accidents. A sufficient level 
of nuclear security is needed to prevent terrorists from obtaining nuclear materials even the reactor falls in 
a geographic area dominated by terrorists. From this view point, it is preferable not to use highly enriched 
uranium with a space reactor that can be diverted to nuclear weapons. Also, a nuclear reactor core should 
not reach criticality during a launch accident where the reactor core can be compressed by collision with 
sea or land. A novel concept of surface power reactor system that satisfies the above requirements is 
proposed in the current study. 
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Abstract/Keyterms: National Aeronautics and Space Administration (NASA) is considering to adopt a 
small nuclear reactor for the planned Mars surface mission. The required specifications of the reactor 
system are: 10- to 100-kW electric power with power density above 5We/kg; 8-year stable operation. In 
the proposed study, stretch goals for this surface power system were set as: electric power of 20 kWe with 
total system weight below 1000 kg. Furthermore, nuclear security and nuclear safety in the case of launch 
accidents must be considered for surface power systems; therefore, selecting low enriched uranium (LEU, 
≤ 20wt% of 235U/U) is preferable due to its lower criticality. However, the reactor core weight tends to 
increase in the case of a reactor with LEU fuel, because relatively larger-mass core is required to achieve 
the critical. The essential feature of the space reactor core neutronics design is to balance between the 
nuclear security and safety, and the mass reduction of the core. Some feasible methods to reduce the core 
mass in the case of the LEU core are: (1) optimized neutron moderation, (2) reduce neutron leakage, and 
(3) increase multiplication of neutron. A solid moderator has been proposed by Kimura et.al. : neutron 
leakage control and neutron multiplicity will be featured in the current study. 
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Abstract/Keyterms: For computational efficiency, both Monte Carlo and deterministic neutron transport 
codes often rely on pre-tabulated cross section sets and simple interpolation schemes to represent the 
Doppler broadening of the cross sections at a needed temperature. Accurate accounting of Doppler effects 
is of paramount importance for reactor analysis since it impacts the power distribution and the reactor 
response during transients. Temperature interpolation methods for Doppler broadening have traditionally 
been physically motivated engineering curve-fits, selected upon best-performance criteria on important 
nuclides. Kernel reconstruction methods have recently been introduced to perform fast and efficient 
Doppler broadening interpolation as the result of an optimization problem. Out of all the possible kernels 
analyzed, the temperature optimized free Doppler kernel reconstruction method was shown to significantly 
outperform traditional Doppler broadening interpolation methods. Detailed derivations will be part of an 
upcoming journal paper. In this article, key formulae and results for performing free Doppler kernel 
reconstruction are summarized, and a study of the optimal temperature grid (T j) selection is presented. 
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Abstract/Keyterms: Accurate Monte Carlo calculations involving thermal neutrons require that codes 
implement the thermal scattering physics correctly. The heavy-gas model, which is valid for large atomic 
mass, with constant cross sections in energy has an analytic solution for the thermal neutron spectrum that 
can be readily used to verify the implementation of the free-gas thermal scattering routines. Previous work 
has shown that MCNP6.1[correctly computes the free-gas thermal flux with constant cross sections. This 
summary extends the verification to piecewise-constant cross sections in energy that can better approximate 
physically realistic cross sections. The obtained solutions for the piecewise-constant cases agree with the 
respective thermal spectra obtained by MCNP6.1, further verifying that it is accurately simulating the free-
gas model. 
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Abstract/Keyterms: Neutronic analysis of moderated nuclear fission systems, e.g. nuclear reactors, relies 
upon an accurate prediction of the thermal neutron spectrum. Thermal neutrons have wavelengths on the 
order of the interatomic spacing between atoms in matter. Consequently, the scattering cross-sections of 
these neutrons are affected by the scattering law of the material (i.e. S(α,β), where… and … are 
dimentionless momentum and energy transfer variables), which describes the atomic structure and 
thermodynamic motion of the atomic nuclei. Uranium-dioxide (UO2) is the primary fuel source for nuclear 
power reactors moderated by light water. In such systems (e.g. nuclear power reactors, spent fuel pools, 
etc.) the nuclear fuel comprises a large fraction of the system volume, approximately 1/3 in light-water 
reactors. Therefore, the scattering law of the fuel material may impact the thermal neutron spectrum and 
criticality of these systems. In this work previously established ab initio lattice dynamics (AILD) methods 
were utilized to calculate the phonon density of states (DOS), which acts as a fundamental input to the 
scattering law. Subsequently, the S(α,β) of UO2 was generated for publication as an ENDF thermal 
scattering library (TSL), which will be available for use in standard neutronics computer applications. 
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Abstract/Keyterms: Ongoing work at Kansas State University (KSU) and the University of Wisconsin 
involves the determination of fuel compositions in TRIGA reactors. Modeling of depletion requires a 
number of approximations to be made, which often includes selection of an appropriate spatial 
discretization for tracking material evolution in time. Incorporation of temperature feedback also requires 
such spatial zoning. Any approximation made leads to computational biases, i.e., differences between 
computed and accurate values of some parameter of interest. The objective of this study is to understand 
the potential magnitude of biases introduced by the selected spatial discretization. Specifically, biases in 
the reactivity of a square-pitch unit cell representative of a typical TRIGA fuel element were studied as a 
function of burnup for different radial and axial discretizations. Temperature effects were also studied by 
introducing a fixed, radial temperature profile. The results indicate a very fine radial discretization (> 10 
radial regions) may be needed to eliminate biases (of statistical significance) from temperature feedback 
effects, while an axial discretization of about 7 regions may be sufficient to eliminate biases due to evolution 
of the fuel composition. 
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Abstract/Keyterms: Small modular reactors (SMRs) have been a hot topic in recent years due to their own 
set of advantages over conventional large light water reactors (LWRs). One of the driving forces for SMR 
development is the significant reduction in the upfront cost and enhanced inherent safety features. The 
reduced safety concerns are attributed to two main aspects, decay heat and source term. By taking the 
advantages of the two-phase flow driving head, which allows a much smaller and simpler reactor pressure 
vessel compared to the integral PWRs, a 50 MWe BWR-based SMR called the Novel Modular Reactor 
(NMR-50) is currently being developed at Purdue University. For this NMR-50, an optimized long-life core 
design was developed, which achieves a 10.2-year cycle length under current industrial practices and 
constraints. Due to the reduced operating power density, however, it was evident that there is a significant 
room to increase the fuel linear power. Therefore, core designs of partial segregation of fertile material 
within a fuel assembly (FA) were investigated to extend the fuel cycle length further. A heterogeneous 
fertile material loading (HFL) within a fuel assembly was developed based on the existing industry UO2 
once-through fuel cycle option for the purpose of near-term deployment and maximum retrofitability. 
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Abstract/Keyterms: The fluoride-salt-cooled high-temperature reactor (FHR) is an advanced reactor 
design that aims to improve on the efficiency, cost, safety and non-proliferation security of nuclear energy, 
while exploiting existing technologies to minimize the design and licensing burden. FHRs share many 
design features with the high-temperature gas-cooled reactor (HTGR), namely using the same fuel form: a 
bed of graphite spheres, each with thousands of small coated fuel particles (TRISO) dispersed throughout 
it. However, rather than using a gas as a coolant, the FHR uses a molten salt which changes the behavior of 
the system; in particular, from a neutronics perspective, the coolant is no longer effectively transparent to 
neutrons, but rather contributes both to neutron moderation and absorption. It is difficult to perform 
exploratory reactor physics experiments for new reactor concepts, as the regulation and cost surrounding a 
fuel experiment is often highly restrictive and prohibitive. As such, researchers and design engineers must 
rely heavily on simulation capability to develop a working knowledge for how the reactor physics of a pre-
prototypical reactor might behave. It is then essential to have confidence that simulation codes provide 
credible results. As there are no instances of FHRs deployed to date, nor are there any experimental data 
available on neutron behavior of pebble fuel immersed in salt, the first step is to perform a code-to-code 
verification of idealized scenarios that capture the physics involved with an FHR system. This summary 
describes the development of a code-to-code benchmark for FHR with the purpose of code verification and 
presents preliminary results. 
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Abstract/Keyterms: The Fluoride-Salt-Cooled High-Temperature Reactor (FHR) is a molten salt cooled, 
graphite moderated high temperature reactor. In this work, single batch cycle length, block power 
distributions, and temperature-related reactivity effects were assessed using the SCALE code suite. Two 
types of parametric studies were performed. The first consisted of fixed temperature (isothermal) cases in 
which to determine the relationship between operation power and cycle length as well as pin power 
distributions. This second study calculates various isothermal reactivity coefficients based on 
heterogeneous temperature distributions. Reactivity coefficients with respect to the temperature of the fuel, 
coolant, and moderator were performed separately to determine their individual contributions. 
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Abstract/Keyterms: The recent passing of UC Berkeley professor Joonhong Ahn at the age of 57 has been 
a dear loss to the community of nuclear scientists at large. His contributions to studies on advanced fuel 
cycle development and the societal and ethical aspects of nuclear technology were known around the world 
and fostered a great reputation. He produced at least fifty peer-reviewed journal papers, authored or 
contributed to ten books, and organized a considerable number of international meetings. Ahn’s studies led 
to his eminence in the area of nuclear waste management, where he focused on repository performance 
assessments a long with their impact on society. These assessments included the development of analytical 
models for nuclide transport phenomena and evaluation of the possibility of criticality events imparting a 
dose to the biosphere. This paper will summarize his achievements in criticality safety along with 
developments before his passing. 
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Abstract/Keyterms: Delayed neutron group parameters are vitally important to estimate the reactivity in 
reactor operation. By now, a large amount of out-of-pile and in-pile experimental techniques have been 
developed to measure the values of the few-group parameters. Keepin’s six-group data are widely used and 
have been proved to be one of the most appropriate datasets for many reactors, so as for the Chinese Fast 
Burst Reactor-II(CFBR-II). However, it was found that there was an overestimated reactivity of 
approximately 0.02$ using Keepin’s dataset in our validation experiments, which may be problematic for 
experiments with the requirement of higher accuracy, and a more suitable set of delayed neutron parameters 
is needed for CFBR-II. 
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Abstract/Keyterms: As one of its missions, the Savannah River Site seeks to be a leader in the safe and 
productive disposition of special nuclear materials. One of the premier programs is the disposition of used 
nuclear fuel, primarily from research reactors, through dissolution, purification, and down blend into low 
enriched uranium for commercial power reactors. Prior to use, this fuel contained highly enriched uranium 
(HEU). In an effort to advance this expertise, this study has been performed to demonstrate the feasibility 
to disposition a number of special geometry HEU fuels. These fuels come from a number of different 
domestic and foreign research reactors which had geometries considerably different from round or square 
bundles of plates or rods. As such, they cannot be dispositioned in current H-Canyon dissolver inserts so a 
new, multi-function dissolver insert may be considered. While this not a current mission, it is believed that 
this study’s scoping calculations demonstrate the feasibility of the site taking such a mission. 
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Abstract/Keyterms: On October 27, 2015, an Occurrence Reporting and Processing System (ORPS) 
Significance Category 1 nuclear criticality safety (NCS) event was discovered at the Paducah Gaseous 
Diffusion Plant (PGDP) located near Paducah, Kentucky. The NCS violation was a result of the failure to 
obtain semi-annual moisture samples on sections of large (greater than or equal to 14-inch inside diameter) 
cascade piping. The event was reported in ORPS EM 
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Abstract/Keyterms: This paper examines power history parameters and results based on historic fissile 
solution criticality “divergence” experiments (referenced here as Divergence Experiments) from the 1960s-
70s “Consequences Radiologiques d’un Accident de Criticité” (CRAC) campaign. The results from specific 
Divergence Experiments have implications for an ANSI/ANS-8.3 (1997) Criticality Accident Alarm 
System (CAAS) Minimum Accident of Concern (MAC). 
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Abstract/Keyterms: Contact Handled-Transuranic Waste Authorized Methods for Payload Control (CH-
TRAMPAC) conversion factors are typically used as fissile gram equivalent (FGE) values in systems such 
as transuranic waste at the Savannah River Site (SRS). Publicly available technical justifications for CH-
TRAMPAC conversion factors are lacking. Special considerations are needed to justify the use of the CH-
TRAMPAC conversion factor for 235U to 239Pu, over the full range of Pu and U densities for Type A 
shipping packages in the K-Area Complex (KAC) at SRS. It is important to understand the limitations and 
the area of applicability for using these conversion factors. 
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Abstract/Keyterms: During the last revision of the ANSI/ANS-8.1-2014, extensive efforts were made by 
the working group (ANS-8.1) to ensure the statements in the standard clearly reflected their intent This 
effort involved the review of each requirement and recommendation in the standard. In some cases, 
definitions were added to the standard glossary to minimize ambiguity in the standard (e.g., “process 
conditions” or “parameter”). The working group also considered adding definitions for the words “credible” 
and “unlikely” because definitions had been provided to the nuclear criticality safety (NCS) community 
from the US Department of Energy that caused confusion at some sites. A Nuclear Regulatory Commission 
document intends for licensees to provide appropriate definitions for these words in their site license. The 
purpose of this paper is to discuss why the working group ultimately decided not to include definitions for 
credible and unlikely in the 2014 revision of ANS-8.1 
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Abstract/Keyterms: NJOY has been the standard for nuclear data processing for many decades. NJOY is 
a comprehensive computer code used to produce point-wise and multigroup nuclear data application 
libraries from cross sections and related quantities obtained from evaluated nuclear data in the Evaluated 
Nuclear Data Format (ENDF). 
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Abstract/Keyterms: During 2016, nuclear criticality safety (NCS) practitioners from SNL and code 
developers from LANL collaborated in several areas of interest to the DOE/NNSA Nuclear Criticality 
Safety Program (NCSP). This collaboration involved. Testing of the preliminary release of the MCNP6- 
Whisper methodology, with feedback to the developers, Sharing of the benchmark catalogs (the collection 
of MCNP input files and benchmark results), with 1101 cases from LANL and 866 cases from SNL, 
Comparison and analysis of 357 benchmarks common to both catalogs, Investigation of the impact of the 
different benchmark catalogs on sensitivity-uncertainty based NCS validation results from MCNP6-
Whisper, Investigation of the impact of randomized selections from m the benchmark catalog on sensitivity-
uncertainty based validation results from MCNP6-Whisper. Investigation of the use of MCNP6-Whisper 
in selecting benchmarks for use in NCS validation for unique, nonstandard, legacy fuel applications. This 
paper summarizes the collaboration work and initial results. It must be noted that the results described 
herein are preliminary and need further research and detailed analysis. However, the initial results are very 
interesting, and it is important to share them with the NCSP community. 
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Abstract/Keyterms: Whisper is computational software designed to assist with validation studies with the 
Monte Carlo particle transport package MCNP Historical approaches rely on expert based judgment to 
select benchmarks while Whisper uses sensitivity/uncertainty (S/U) methods to select relevant benchmarks 
to a particular application model. Whisper will also derive a calculational margin and margin of 
subcriticality (MOS) that may be used to generate an upper subcritical limit (USL) for a particular 
application model. 
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Abstract/Keyterms: In neutronic systems such as thermal reactors, the thermal neutron plays a 
fundamental role in the system behavior. Therefore, high fidelity thermal neutron scattering cross section 
evaluations are required in the design of such systems. Because the de Broglie wavelength of thermal 
neutrons is comparable to the atomic separation distance in matter, the neutron scattering behavior in the 
energy region of atomic thermal motion is fundamentally different from high energy regions. 
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Abstract/Keyterms: Code verification is an extremely important process that involves proving or 
disproving the validity of code algorithms by comparing them against analytical results of the underlying 
physics or mathematical theory on which the code is based upon. Monte Carlo transport codes such as 
MCNP6, undergo verification and testing upon every release to ensure that the codes are properly 
simulating nature. Specifically, MCNP6 has multiple sets of problems with known analytic solutions that 
are used for code verification 
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Abstract/Keyterms: Both Total Monte Carlo (TMC) and Generalized Linear Least Squares (GLLS) 
algorithms have been used extensively to perform nuclear uncertainty propagation. Both methods have 
strengths and weaknesses, for example, the time required to perform TMC limits its attractiveness, while 
GLLS cannot generate higher order moments of output distributions and has trouble dealing with non-linear 
distributions. This work uses a new method that overcomes many of the aforementioned limitations of TMC 
and GLLS, while at the same time reasonably reproduces the TMC result. The concept is a simple 
combination of the two methods i.e., generate the random nuclear data files using the TMC approach, and 
then propagate the effect on the integral parameters like keff using sensitivity coefficients, as opposed to 
cumbersome neutron transport calculations. Agreement is demonstrated for the Jezebel sphere ICSBEP 
benchmark. Since the method is part TMC part GLLS, the term Half Monte Method (HMM) will be used. 
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Abstract/Keyterms: A new resonance evaluation is currently being carried out at Oak Ridge National 
Laboratory (ORNL) for isotopes of cerium. This new evaluation will provide a much-needed update of the 
resolved and unresolved resonance parameters for 140Ce and 142Ce based on new and existing 
experimental cross section data. The physics of the resolved resonance region will be greatly improved, and 
new resonance parameter covariance data will be generated. 
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Abstract/Keyterms: Savannah River Nuclear Solutions has tasked its H- Canyon facility to prepare for 
disposition of used Oak Ridge National Laboratory High Flux Isotope Reactor (HFIR) cores. HFIR cores 
consist of an inner and outer assembly of highly enriched uranium fuel plates. The two elements are annular, 
nest inside each other, and the fuel is a curved plate held between two collars. The H-Canyon facility has a 
dissolver insert specifically designed for HFIR cores and has performed this type of campaign before 
between 1976 and 1988. At H-Canyon, a dissolver is a large stainless steel pot loaded with a nitric acid 
solution into which uranium- alloy fuel is dissolved. The dissolver uses a device called an insert to feed the 
fuels to the acid solution in a controlled manner. The mission will be to dissolve a number of HFIR ores, 
purify the uranium, and down blend it to low enriched uranium suitable for commercial power reactors. 
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Abstract/Keyterms: Under the DOE Nuclear Energy Advanced Modeling and Simulation (NEAMS) 
program, the 3D whole core transport code PROTEUS has been developed at Argonne National Laboratory 
to perform the detailed 3D transport calculation for various reactor types including irregular or complex 
geometric reactors. PROTEUS includes two distinct transport solvers: SN and MOC. Among them, the 
MOC solver based on the extruded geometry, thus named MOCEX, can produce the faithful 3-D transport 
solutions by employing the rigorous and robust 2D/3D MOC formulation. This formulation overcomes the 
drawbacks of a full 3D MOC method requiring enormous memory and computational resources and 
resolves the instability issues of the 2D/1D method as well. The solution of MOCEX converges to that of 
a Monte Carlo code as the discretization of angle, space and energy is refined, unlike the 2D/1D method. 
As a verification and validation (V&V) effort of PROTUES-MOCEX, this paper presents verification test 
results using the well-known 3D C5G7 benchmark problems by solving and comparing eigenvalues and 
pin powers with MCNP solutions. 
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Abstract/Keyterms: Computational simulation of nuclear reactors for design and analysis requires 
accurately modeling several different interrelated physical processes including neutronics, heat production, 
fluid/thermal physics, structural mechanics, fuel behavior, chemistry, and balance-of-plant. Modern codes 
have been developed which couple together the behavior of these different physical models to accurately 
consider the feedback effects between different physical effects. The SHARP toolset, part of the Nuclear 
Energy Advanced Modeling and Simulation (NEAMS) project, is an example of an effort to combine 
models of neutronics, thermal- hydraulics, and structural mechanics in a coupled simulation to model any 
type of nuclear reactor. The multi-physics coupling in these codes required experimental validation that is 
in addition to the validation data that exists for the individual physics routines, with benchmark experiments 
specifically designed for that purpose. The purpose of this work is to develop a set of experiments at the 
Walthousen Reactor Critical Facility (RCF) at Rensselaer Polytechnic Institute (RPI) that will provide data 
for multi-physics coupling validation of the SHARP toolset, and which may be applied to other code sets 
as well. The RCF is uniquely suited to these types of experiments, due to its flexible configuration, low 
power, and detailed instrumentation. The reactor consists of UO2 fuel pins, containing a total of 35.2 grams 
of U-235 each (4.81 % enriched). The pins are arranged in a regular lattice with a pitch of 1.6256 cm. The 
number and configuration of these pins are flexible, and the reactor’s overall thermal power is limited to 
no more than 15w. Experiments involving standard core configurations and changing temperatures have 
been previously reported To expand that range of parameters that can be addressed in the neutronics and 
thermal hydraulics coupling effects in the reactor, a circulating fluid loop test section has been designed 
and installed in the center of the reactor, as seen in Figure 1. The addition of this loop to the core increases 
the moderator temperature range that can be achieved and increases the speed at which the temperature 
change can evolve 
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Abstract/Keyterms: A Nuclear Criticality Safety (NCS) Pipeline is being created to overcome the 
challenges in NCS staffing and to expedite the qualification timeline of Criticality Safety Analysts (CSAs). 
Staffing is currently a challenge due to the high demand across the Department of Energy Complex. At 
LANL, this is coupled with high work demand and an aggressive program improvement schedule. The time 
required to qualify a CSA exacerbates the staffing shortage as initial qualification takes upwards of 18 
months. For many years NCS organizations operated within an expert-based paradigm. The issue with this 
approach is that as attrition of these experts occurs (especially in rapid succession) the expertise and 
historical understanding are lost along with them. Largely to combat this issue updated regulatory orders 
and standards require NCS organizations to shift to a compliance-based paradigm of operation involving 
rigorous documentation. This compliance-based paradigm assists with turnover and a broadened 
understanding of NCS within an operation, yet increases the time required to document the safety of an 
operation. The NCS Pipeline intends to expose students to the field of NCS and begin their qualification 
training while still in school. Students participating in the NCS Pipeline will take an NCS course during 
their junior year, after which, the highest performing students will receive an internship within the Nuclear 
Criticality Safety Division (NCSD) at Los Alamos National Laboratory (LANL). Upon a successful 
internship, students will be encouraged to continue training through their senior year via part time 
employment and once complete, potentially receive a full-time staff position at LANL. Inroads have been 
made at New Mexico State University (NMSU), University of New Mexico (UNM), and Texas A&M 
University (TAMU) who have all expressed interest in participating in the development of the NCS 
Pipeline. The students at the end of the NCS Pipeline will be much further along in qualification than a 
typical new hire straight out of university and likely only lack facility specific training. Additionally, the 
students will have already self-selected into the discipline and be familiar with LANL facilities, NCS 
history, and NCSD personnel–all helping the retention of new employees within the division. 
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Abstract/Keyterms: Preventing criticality accidents and improving the economics has driven 
advancements in Monte Carlo methods, as well as, the adoption of sensitivity and uncertainty analysis in 
criticality safety assessments. Increasingly, these methods are being used in the design phase of new integral 
experiments to ensure that data generated will reduce uncertainties. The modern criticality safety case 
hinges on international data, both integral experiments and differential nuclear data underpinning the Monte 
Carlo results. But have these advances in criticality safety analysis made us safer, or by removing 
conservatisms are we more likely to encounter a black swan event? And have the methods improved the 
economics, or are the gains offset by the increased burden owing to the complexity of the new 
methodologies? The panel will compare historic and modern criticality safety cases and provide 
international perspectives of balancing risk and economics. This includes 5 parts: (1) Historical perspective 
(2) USA speaker putting together a validation case (3) International speaker discussing a validation case 
(4) Regulatory perspective (5) New cutting-edge methods. 
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Abstract/Keyterms: For more than 30 years, NASA has relied on Radioisotope Thermoelectric Generators 
(RTGs) to produce electricity that is used to power instrumentation in spacecraft or Rover vehicles deployed 
to other planets. In the 2000’s, NASA decided to explore other sources of energy to produce electricity for 
spacecraft that will be used for a deep space exploration mission. Finally, in 2012, the National Criticality 
Experiments Research Center (NCERC) conducted a successful test that demonstrated how core nuclear 
heating can be transferred with a use of a heat pipe into a Stirling engine and produce electricity. The main 
objective of the KRUSTY experiment is to evaluate the operational performance of a compact reactor that 
closely resembles the flight unit NASA will use for deep space exploration missions. In addition, the 
KRUSTY experiment will try to demonstrate how heat pipes coupled to Stirling engines could generate 
electricity from a nuclear generated heat source. 
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Abstract/Keyterms: Flat-Top is a natural-uranium-reflected, benchmarked, fixed-geometry critical 
assembly machine utilizing either plutonium or uranium cores. Originally assembled and operated at the 
Los Alamos National Laboratory Critical Experiments Facility (LACEF), Flat-Top was refurbished and 
transferred in 2008 to the National Criticality Experiments Research Center (NCERC) located on the 
Nevada National Security Site (NNSS). In this paper, the startup of Flat-Top at NCERC is discussed. 
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Abstract/Keyterms: A Subcritical Copper-Reflected α-phase Plutonium (SCRαP) integral benchmark 
experiment has been designed and measured. In this experiment, multiplication is approximated using 
correlated neutron data from a detector system consisting of 3He tubes inside high density polyethylene 
(HDPE). Measurements were performed on various subcritical experimental configurations consisting of a 
weapons-grade plutonium sphere surrounded by different Cu thicknesses. In addition to the proposed base 
experimental configurations with Cu, additional configurations were performed with the plutonium ball 
nested in various thicknesses of interleaved HDPE spherical shells mixed in with the Cu shells. The HDPE 
is intended to provide fast neutron moderation and reflection, resulting in additional measurements with 
differing multiplication, spectra, and nuclear data sensitivity. The experiments were performed at the 
National Criticality Experiments Research Center (NCERC). A 4.5-kg α-phase stainless - steel clad 
plutonium sphere, referred to as the BeRP (Beryllium - Reflected Plutonium) ball due to its historical use 
in a beryllium - reflected critical experiment, was the plutonium core for this experiment. More detail on 
the physical characteristics of the BeRP ball can be found in a previous work. In 2012, similar subcritical 
measurements were performed with the BeRP ball surrounded by nickel and tungsten. Both measurement 
set s were documented as benchmark evaluation s and accepted by the International Criticality Safety 
Benchmark Evaluation Project (ICSBEP). Similar to past measurements, the proposed work will help 
identify deficiencies and quantify uncertainties in nuclear data, and validate computational methods related 
to neutron multiplication inference for subcritical benchmark evaluations. 
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Abstract/Keyterms: Nuclear criticality simulations test the quality and the consistency of the existing 
nuclear evaluated data libraries such as ENDF/B, JEFF, or JENDL. In some cases, the cross-section 
evaluations of those libraries are found insufficient to describe accurately criticality benchmarks. The US 
Nuclear Criticality Safety Program (NCSP) collaborates with the Joint Research Center (JRC) in Geel, 
Belgium, to perform high-resolution neutron-induced cross section measurements at the Geel Linear 
Accelerator (GELINA) to resolve deficiencies in nuclear data that have been emerging in criticality 
calculations. Problems with nuclear data include insufficient neutron energy range, missing covariances, 
and problems with previous experiments. For example, the use of the ENDF/B-VII.1 neutron cross section 
data for vanadium, cerium and zirconium in nuclear criticality safety calculations shows discrepancies 
between benchmark calculations and measurements and demonstrates the need for reliable covariance data. 
For new covariances of existing data, a reevaluation of the old cross section data is needed. However, these 
data are in many cases no longer available. This deficit can be overcome only by obtaining new 
experimental data to serve as the basis of a new evaluation. Recent measurements were made of the neutron 
total and capture cross sections of natural vanadium and natural zirconium in the neutron energy range from 
100 eV to several hundred keV. These measured data will be used to improve representation of the cross 
sections since most of the available evaluated data rely on old measurements. 
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Abstract/Keyterms: With the rise in interest of GEN-IV reactor systems, newer, and more accurate 
thermal scattering nuclear data are needed. Both GEN-IV reactors and current light water reactors applying 
for license extensions require high fidelity cross sections and uncertainties to better thermal margins and 
thereby maximizing energy production and improving economics and safety. Thermal moderator data play 
a key role in both reactor physics and nuclear criticality safety analyses. Due to the lack of uncertainties 
data for thermal scattering material, there is no way to quantify the effects of thermal scattering uncertainties 
in quantities of interest (e.g., keff) in reactor or criticality safety systems. The framework outlined here aims 
to alleviate these is-sues by providing a generalized method to generate thermal scattering double 
differential cross sections (DDCSs) and their respective uncertainties from model parameters. This is 
accomplished by fitting the computer-simulated scattering data against experimental data using the Unified 
Monte Carlo(UMC) method. This method had previously only been used on fast spectrum data. The UMC 
method is tested on light water systems, as it is of significant importance to both reactor systems as well as 
criticality safety. These new cross sections are then validated against experimental benchmarks and other 
experimentally gathered cross section data. 
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Abstract/Keyterms: A reevaluation of the resonance regions of the five most abundant isotopes of 
gadolinium is underway. The task of the reevaluation is being done as a collaboration between the nuclear 
data group at Oak Ridge National Laboratory (ORNL) and at the Institut de Radioprotection et de Sûreté 
Nucléaire(IRSN) under a memorandum of understanding between the US Department of Energy (DOE) 
Nuclear Criticality Safety Program (NCSP) and IRSN.A new set resonance evaluations for gadolinium is 
warranted because of the significant role that gadolinium plays in the nuclear industry and because new 
experimental cross-section measurements made at the RPI Gaerttner LINAC Center suggest discrepancies 
of up to 9% in the thermal cross-section values with respect to the current ENDF/B-VII.1 evaluation. 
Further, simulations of integral experiments with varying sensitivities to gadolinium, such as in Ref. 3, 
suggest that the thermal cross section in the ENDF/B-VII.1 evaluation may be over-predicted. The 
resonance evaluations for gadolinium in ENDF/B-VII.1 will be propagated into ENDF/B-VIII.0.The 
completed new evaluation will be proposed for inclusion in the next release after ENDF/B-VIII.0.ORNL 
has partnered with IRSN to perform an evaluation of a wide body of available experimental data and to 
seek to resolve discrepancies between several independent experimental measurements to produce a new 
set of resonance evaluations for gadolinium. The new gadolinium evaluations will benefit the NCSP by 
significantly improving the predictive power of radiation transport calculations for systems involving 
gadolinium in the DOE Complex. The new evaluations will also seek to provide evaluated covariance data 
to support sensitivity/uncertainty analyses and aspire to evaluate correlations that are known to exist 
between the resonance evaluations of the different isotopes of gadolinium but have not hitherto been 
reported. 
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Abstract/Keyterms: The Department of Energy (DOE)Nuclear Criticality Safety Program(NCSP) website 
was established in 1988 athttp://ncsc.llnl.govto be the focal point and an efficient means for the 
dissemination of information to the criticality safety community as part of the DOE response to Defense 
Nuclear Facilities Safety Board (DNFSB)Recommendation 97-2. In 2000, NCSP commissioned an on-line 
survey inviting users to assess the website and identify their needs. The results of this survey spurred the 
first major design change which was completed in 2001. Subsequent feedback from users and stakeholders 
resulted in major design changes in 2003, 2005 and 2008 when the website was relocated to its present 
address at http://ncsp.llnl.gov. Since the beginning in 1988, the website has been continuously maintained 
and developed by Lawrence Livermore National Laboratory (LLNL) and the contents have continually 
increased over the three decades to ~72 GB with no change since 2008 to the basic website design structure 
or format. Consequently, in 2016 LLNL began work on a new website to streamline and reorganize the 
content by “focus areas” modernizing the website design, appearance and functionality in accordance with 
LLNL institutional norms. This effort is described in the remainder of this paper 
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Abstract/Keyterms: Criticality safety is an important issue in safely decommissioning the Fukushima-
Daiichi Nuclear Power Station (NPS). It is necessary not only to prevent a criticality of fuel debris in the 
core during the fuel debris reloading process, but also to estimate the released energy and expected radiation 
dose in a re-criticality accident in order to establish safety measures for workers. Especially in the case of 
a prompt supercritical condition, the transient is so fast that it is difficult to take any action at all after the 
detection of the criticality. It is essential to estimate the energy and the dose in advance and with the highest 
possible accuracy in order to establish the measures to be taken. Point-kinetic analysis may not serve this 
purpose if the fuel debris is large and/or if some fuel debris is coupled weakly from the viewpoint of neutron 
transportation. Therefore, space-dependent and time-dependent neutron transport analysis is necessary to 
estimate the radiation dose. The MIK code was developed for a space-dependent neutron transport kinetic 
analysis based on the integral kinetic model and some preliminary analyses have been carried out for some 
ideal geometries. The purpose of the present study was to show the applicability of a MIK code based on 
the integral kinetic model to an analysis of practical fuel debris geometry in which fuel debris accumulates 
at the bottom of a reactor 
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Abstract/Keyterms: A Neptunium Subcritical Observation (NeSO) integral benchmark experiment is 
being designed where multiplication of a reflected 6.07-kg neptunium sphere will be inferred using 
correlated neutron data that can be analyzed to obtain system multiplication using the Feynman variance-
to-mean method based on the Hage- Cifarelli formalism. Subcritical neutron multiplication inference 
experiments have been used in recent years to both validate and identify deficiencies in radiation transport 
codes and their associated computational methods and underlying nuclear data. The proposed NeSO 
measurement campaign (named after one of the moons of the planet Neptune) will provide a unique 
additional dataset for the growing of subcritical neutron multiplication inference benchmark experiments. 
The database includes recent benchmark experiments with a 4.5-kg α-phase plutonium sphere surrounded 
by copper (SCRaP), tungsten (BeRP/W) and nickel (BeRP/Ni). Evaluations of the nickel and tungsten 
measurements have both been accepted into the International Criticality Safety Benchmark Evaluation 
Project (ICSBEP) Handbook. The nickel benchmark was the first ICSBEP-accepted evaluation of 
measurements using the Feynman Variance- to-Mean method, and was the culmination of many years of 
subcritical experiment research 
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Abstract/Keyterms: The form and composition of enriched uranium at intermediate stages of the un-
irradiated nuclear fuel cycle strongly influence the technical basis for nuclear criticality safety of each unit 
operation. For example, the uranium enrichment of gaseous UF6 gave rise in the late 1940s to an interest 
in the nuclear properties of 235UO2F2 in aqueous solution. Similarly, the purification of fissile materials 
by solvent extraction gave rise in the early 1950s to an interest in the nuclear properties of 235UO2(NO3)2 
in aqueous solution. The evolution of these, and related, technologies on an industrial scale sustained an 
experimental criticality program in the United States well into the 1980s. Efforts are underway at the Y-12 
National Security Complex (Y-12) to modernize the recovery, purification, and consolidation of un-
irradiated, highly enriched uranium metal. Successful integration of advanced technology such as 
Electrorefining (ER) eliminates many of the intermediate chemistry systems and processes that are the 
current and historical basis of the nuclear fuel cycle at Y-12. The cost of operations, the inventory of 
hazardous chemicals, and the volume of waste are significantly reduced by ER. It also introduces unique 
material forms and compositions related to the chemistry of chloride salts for further consideration in safety 
analysis and engineering. 
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Abstract/Keyterms: The Department of Energy’s (DOE) Nuclear Criticality Safety Program (NCSP) and 
the National Aeronautics and Space Administration (NASA) are teaming up to demonstrate a prototype 
nuclear reactor design to provide power for a future mission to the planet Mars. This collaborative effort is 
called the Kilowatt Reactor Using Stirling TechnologY (KRUSTY) Demonstration. We will illustrate how 
using the design information associated with fast burst reactors that have been built in the past can be used 
to demonstrate safe assembly of the initial KRUSTY fuel core piece 
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Abstract/Keyterms: An integral experiment is planned at the NCERC to examine the effects of plutonium 
aging on criticality. Several methods have been considered for this; the conclusion is to use the Flattop 
critical assembly machine with new glory hole pieces. The purpose of this planned experiment is to examine 
the effects of plutonium aging on criticality. This experiment will be performed on the Flattop critical 
assembly machine at the National Criticality Experiments Research Center (NCERC) at the Nevada 
National Security Site. As the age of a plutonium sample increases, its isotopic composition changes due 
to radioactive decay. The result is a lower fissile content and a different decay product inventory in the 
sample. Both 3He and 241Am are known to grow into the isotopics with decay. Integral data is needed to 
evaluate the effects on criticality. 
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Abstract/Keyterms: One of the most important materials for structural integrity, radiation shielding, and 
moderation of nuclear radiation systems is concrete. Every laboratory, reactor, and storage facility utilizes 
concrete in one form or another and in large amounts. Effects of radiation in the fast neutron regime have 
been explored for concrete in many situations; radiation effects of thermal neutrons for concrete have not 
been explored thoroughly. Quartz (SiO2) and light water (H2O) have been used to approximate the 
scattering and crystalline properties of concrete for decades in the whole nuclear related studies and 
quantifications. SiO2 crystals have coherent elastic scattering as the bulk of the scattering probability. 
Though coherent elastic scattering is important in concrete, concrete also has bound hydrogen from the 
cured water and other hydrogenous materials which scatter incoherently. The effects of the addition of 
bound hydrogen in the scattering kernel are currently unknown which may lead significant error in the 
current practice of using SiO2 or H2O to substitute concrete in studies such as radiation shielding. Recent 
developments in thermal scattering law (TSL) data files at places like the National Nuclear Data Center, 
with the evaluated nuclear data files (ENDF), allow for new theories to be tested. The novel idea presented 
below is the use of bound hydrogen materials, such as ice (solid H2O) or potentially polyethylene (CH2), 
to simulate the thermal neutron scattering effects of concrete. To test this theory, experimental data was 
collected and the effects on criticality benchmarks were explored. 
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Abstract/Keyterms: The Gaseous Diffusion Plants at Portsmouth, OH and Paducah, KY are owned and 
regulated by the U. S. Department of Energy (DOE) Office of Environmental Management. The 
Portsmouth/Paducah Project Office (PPPO) manages the DOE cleanup efforts at the two gaseous diffusion 
plant sites. The mission of the PPPO is to conduct safe, secure, compliant, and cost effective environmental 
legacy cleanup of the Portsmouth and Paducah uranium enrichment sites on behalf of the local communities 
and the American taxpayer. Facilities at the Portsmouth and Paducah Gaseous Diffusion Plants are being 
deactivated and are being prepared for demolition. For facilities that contain fissile material a process is 
used to determine the amount of residual material that remains in structures, systems and components and 
then evaluate this material based on the end state of the facility. The X-326 facility at Portsmouth 
documented this plan in a Characterization and Criticality Incredible Project Plan (CCIPP). The purpose of 
this paper is to present the process by which the residual fissile material in a facility is documented to not 
present a nuclear criticality hazard (i.e., criticality incredible (CI)) thereby allowing the facility to be 
downgraded to Hazard Category 3 



 

C-21149 

21097…..…..…………………..…….……..……ID Number…………………..…..…………….21097 

Author: Schwers, Norman / Miller, John A. 

Title: Application of Nuclear Criticality Safety to Early Earth Age Uranium 

Date: 11/1/2017 

Report: TANSAO, 117, 0874-0877 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Data, Analysis, and Operations in Nuclear Criticality-II 

Abstract/Keyterms: Application of Nuclear Criticality Safety methods to early earth age uranium results 
in uncontrolled nuclear criticality events. There has only been one naturally occurring reactor region (Oklo) 
identified historically. Prior to Oklo criticality, there has to have been other factors that prevented 
uncontrolled nuclear criticality events. The concept of a naturally occurring reactor was originally 
documented in 1956 using reactor theory or the infinite multiplication constants. The Oklo reactor was 
discovered 1972 following a routine check on enrichment by a uranium worker. Many other papers, such 
as the Anomalies of Criticality, have evaluated the Oklo phenomena and addressed issues to identify what 
caused that uranium deposit to go critical. The Oklo/Gabon areas are reported to have a uranium 
concentration between 0.1% and 10% uranium and are located in a variety of soil/rock systems. This review 
considers the parent nuclides of the radioactive decay process for uranium as well as evaluation of the lead 
(Pb) daughter products. Most studies of the age of the earth use the 235U/238U ratios as well as the daughter 
products of radiogenic lead. While the half-life values, reported below, are not in question, this paper 
considers the concentration of Uranium soil- rock mixtures and the uranium isotopic ratios at various times 
going back to the early earth. Mass and enrichment are highest at the earliest times and decay to their current 
values. With increased uranium, it is anticipated that the concentration of uranium in the soil is also at its 
highest. The current age of the earth is reported to be approximately 4.55 billion years old. Mass and 
enrichment are the factors most affected by time. Other primary factors of nuclear criticality safety are 
generally independent of time. 
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Abstract/Keyterms: In an earlier study, pressurized water reactor (PWR) fuel assembly reactivity 
decrements and associated biases and uncertainties as a function of burnup were quantified using measured 
data from 44 cycles of operations of four Duke Power reactors. Experimental fuel assembly reactivities 
were derived by searching for assembly reactivities that best matched measured in-core fission rate 
distributions. The original EPRI study utilized analytical models (using CASMO-5 and SIMULATE-3) that 
employed three-dimensional, homogenized-assembly, nodal diffusion methods to determine hot full power 
(HFP) biases and uncertainties of CASMO-5 assembly lattice depletion reactivities. These biases were then 
used to construct 11 experimental lattice depletion reactivity benchmarks that can be used to quantify 
burnup credit uncertainties for the specific analytical methods that an organization selects for spent fuel 
pool (SFP) criticality analysis. Recently, additional studies were performed to evaluate and determine the 
impact of approximations inherent in the 3D nodal diffusion core analysis models and reactivity 
perturbation techniques on the fuel reactivity decrement biases and uncertainties derived in the original 
EPRI study. In this paper, results from these sensitivity analyses are presented 
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Abstract/Keyterms: The intent of this work is to highlight the role of differential and integral data 
evaluation to address issues in connection with criticality safety applications. Demonstration is made by 
using, as an example, differential data measurements and evaluation, and the benchmark integral 
experiments for titanium. Energy-differential data are measured analyzed and evaluated to produce nuclear 
data libraries for criticality safety applications. Alternatively, integral experiments are performed at critical 
facilities, small experimental reactors, and play an important part in the validation of the differential nuclear 
data. The demonstration provided here for titanium gives its importance to criticality safety. Titanium is an 
effective neutron absorber that serves as baseline material for chemical separation in high-activity waste 
solutions in US. Titanium has not been considered for use in nuclear applications such as reactor design 
and analysis. Rather, it appears as a structural material that may be present in fuel cycle facilities or canisters 
for transport and disposition of nuclear waste. Criticality safety evaluations of systems in which titanium is 
present require an understanding of the nuclear data and its uncertainty. 



 

C-21152 

21100…..…..…………………..…….……..……ID Number…………………..…..…………….21100 

Author: Brown, Forrest / Rising, Michael / Alwin, Jennifer 

Title: Verification of MCNP6.2 for Nuclear Criticality Safety Applications 

Date: 11/1/2017 

Report: TANSAO, 117, 0884-0886 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session: Reactor Physics: General—I 

Abstract/Keyterms: Several suites of verification/validation benchmark problems were run in early 2017 
to verify that the new production release of MCNP6.2 performs correctly for nuclear criticality safety 
applications (NCS). MCNP6.2 results were compared to those from MCNP6.1 and MCNP6.1.1. MCNP6.2 
includes all of the standard features for NCS calculations that have been available for the past 15 years, 
along with Whisper-1.1 for sensitivity- uncertainty based NCS validation. The standard criticality 
benchmark suites used for the comparisons are: • Verification_Keff – A suite of criticality problems for 
which exact analytical results are available. For the current testing, the suite was revised and reconfigured 
to use the continuous-energy coding portions of MCNP6, the same coding that is used in realistic NCS 
calculations. • Validation_Criticality– 31 ICSBEP problems, using ENDF/B-VII.1 [10], • 
Validation_Crit_Expanded- 119 ICSBEP problems, using ENDF/B-VII.1. • Validation_Rossi_Alpha– 13 
ICSBEP problems, using ENDF/B-VII.0 and -VII.1. Over 1.5 x 109 active neutrons were run in the course 
of those calculations. The principal conclusion from the extensive NCS testing is that MCNP6.2 performs 
correctly, in that results for nearly all problems match results from MCNP6.1 and MCNP6.1.1. In a few 
cases, results for MCNP6.2 differ by about 1 standard-deviation or less due to known bug fixes or compiler 
differences. No unusual or unexplained differences were found. In addition, MCNP6.2 was found to run 
about twice as fast as MCNP6.1. MCNP6.2 is as correct, robust, and reliable for NCS applications as 
MCNP5, MCNP6.1, and MCNP6.1.1. 
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Abstract/Keyterms: Neutron source assembly inserts are used in some light water reactors (LWRs) during 
low flux subcritical conditions to ensure the ex-core source range detectors are both operational and 
responding to core multiplication neutrons. These source range detectors are used for sensing any 
approaches to criticality, either by controlled assent or accidental reactivity insertion (i.e. boron dilution 
event or unintended control rod withdrawal). In typical Westinghouse 4-Loop pressurized water reactors 
(PWRs), two neutron source assembly insert types are used, both the primary and secondary source 
assemblies. The primary sources, composed of Cf-252 pellets, are only used for the startup of a fresh core 
due to its rapid decay below desired neutron flux levels. Secondary sources, composed of Antimony-
Beryllium pellets, are placed in the reactor during the fresh startup and are activated over the course of the 
initial cycle. After activation, the secondary sources may serve as additional neutron emitters to compliment 
the emissions of the burned fuel assemblies during subcritical conditions. Placement of the secondary 
sources within the core, or even their complete exclusion, can have a significant influence over inverse 
count rate ratio measured by the source range detectors, and as such can lead to poorer predictions of critical 
rod positions during pulls-to-critical or delay alarm actuation during reactivity insertion events. Utilities, 
for the sake of design optimization, may consider various secondary source configurations, including their 
removal from the core entirely. Due to the desire to analyze such cases, the Consortium for the Advanced 
Simulation of Light Water Reactors (CASL) neutronics code MPACT is being modified to provide the 
simulation capabilities for subcritical systems with fixed sources. The herein presented material pertains to 
the current progress of the implementation of this new capability 
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Abstract/Keyterms: Normally, thermal parameters are fixed during the physical computation. But as a 
matter of fact, these parameters are floating because they are affected by the power distribution when the 
reactor is actually running, which results in a deviation from the measured value and the calculated value. 
Thus, it’s necessary to consider the coupling between neutron-physics and thermal-hydraulics to transport 
data between the physical and thermal progress. This calculation achieves high-fidelity coupling between 
the neutron-physics and thermal-hydraulics to correct the calculation results, so is significant for reactor 
design. In recent years, the coupling between neutron-physics and thermal-hydraulics has received more 
and more attention from research institutions and laboratories. The Monte Carlo transport code RMC, 
developed by Department of Engineering Physics, Tsinghua University, has also achieved a coupling with 
sub-channel code CTF. Problems 6 and Problem 7 of VERA Core Physics Benchmark Progression raise 
the requirement of coupling between neutron-physics and thermal-hydraulics, providing a means of 
validation for code development. In order to further develop the coupling progress RMC/CTF, including 
improving the efficiency and accuracy, the whole benchmark progression from Problem 1 to Problem 10 
will be accurately simulated, and so far, the former 6 problems have been completed and the results show 
great agreement with the reference results 
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Abstract/Keyterms: Theoretical Basis. It is generally understood that a uranium fueled (U-238+U-235) 
thermal nuclear reactor cannot be a breeder Because there aren’t enough neutrons. To have 1,000 thermal 
Fissions of U-235 requires around 1,172 thermal neutrons be Absorbed in U-235 and will generate around 
2,435 fast neutrons. To have a conversion ratio of at least 1.000 requires That an additional 1,172 neutrons 
be absorbed in U-238 to produce Pu-239.This leaves only 91 neutrons left of the 2,435 generated; but the 
neutrons absorbed by xenon, samarium, and other fission products and all the rest of the reactor hardware 
are more than this. This analysis ignores the probability that some of the fast Neutrons generated will cause 
fast fission of U-238 because in existing thermal reactor designs the probability of this is low. However, as 
the smallest dimension of the fuel elements increases towards the mean free path of fast neutrons in U- 238, 
the probability of fast fission of U-238 increases. This Provides about17.2more excess neutrons per1000 
fissions for each 1% of fast fissions of U-238.This is largely due to the Decreased demand for thermal 
neutrons, since some of the 1000 fissions are fast fissions of U-238 fewer thermal fissions of U-235are 
required and a correspondingly smaller amount of Pu-239 is needed. Fast fissions of U-238 also release 
slightly More neutrons than thermal fission ofU-235.MCNP Simulations suggest that a cylindrical metallic 
uranium fuel Element with a radius of 6to12cm will provide 17 to 22% Fast fissions of U-238 and a 
maximum possible conversion Ratio of 1.10 to1.30. The MCNP simulations are done with Version 
MCNP5_RSICC1.51 and nuclear data libraries 73c for uranium and plutonium 
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Abstract/Keyterms: The International Criticality Safety Benchmark Experiments Project (ICSBEP) and 
the International Evaluated Reactor Physics Experiments Project (IRPhEP) have been initiated decades ago 
to preserve essential knowledge on criticality and reactor physics integral experiments (IEs) data. Relevant 
Handbooks provides representative arrays of experimental-based benchmarks enabling phenomenological 
Validation and Uncertainty Quantification (V&UQ) of reactor physics and criticality simulation, 
correspondent nuclear data, and analytical tools. The Handbooks include so-called evaluated data, i.e. 
measured values, benchmark values attributed with stringently established uncertainties. Assessed 
uncertainties are of different sources like measurements themselves, physical assumptions, and 
experimental conditions (materials, temperature, geometry etc.). Experimental uncertainties of measured 
keff, reactivity effects, reactivity coefficients, and reaction rates are elaborated while evaluations of such 
parameters as power distributions and kinetic parameters - delayed neutron effective fraction (βeff) and 
neutron generation lifetime (Ʌeff) – remain questionable. 
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Abstract/Keyterms: A Subcritical nuclear assembly is a nuclear facility where external neutron source is 
required for the steady operation to compensate the loss of absorbed and leaked neutrons. This is the most 
important safety feature in subcritical facilities, which makes them the most suitable teaching and research 
tool. These subcritical reactors represent some simplified low-cost nuclear installations. Such installations 
make an excellent choice for small newcomer countries in their pursuit to develop their nuclear 
infrastructure. Such facilities are needed for basic nuclear engineering education and experimental research. 
Part of the energy plan in the Hashemite Kingdom of Jordan was considering the implementation of nuclear 
technology for energy production. In 2007 a nuclear engineering degree program was initiated at Jordan 
University of Science and Technology (JUST). The department aims to prepare local engineers who can 
lead the implementation of such complex technology and utilize their laboratory skills and data handling 
techniques. Thus, in order to enhance the experimental training of the students and to offer them a hands-
on-experience in nuclear reactors engineering fundamentals, the Jordanian Subcritical Assembly (JSA) was 
instituted at the nuclear engineering department at JUST as the first nuclear facility in the country. Jordan 
Atomic Energy Commission (JAEC) contracted with China Institute of Atomic Energy (CIAE) for the 
construction of the JSA. In 2014 the JSA was fully operated and utilized. The facility is featured with lower 
construction cost and high-level safety. JSA is especially suitable for reactor research, education and 
training of specialized nuclear facility operation teams. In this work, a detailed 3D Monte Carlo N-Particle 
(MCNP) model was developed based on reactor design parameters. The code was also used for modeling 
the reflector, source, support structure, moderator and fuel. Criticality and reactor physics calculations were 
performed using MCNP5 Monte Carlo code, to understand the current configuration of the facility and 
predict the effect of any changes to the configuration 
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Abstract/Keyterms: CASL (the Consortium for Advanced Simulation of Light Water Reactors) is 
developing a reactor simulation environment known as VERA (the Virtual Environment for Reactor 
Applications) designed for higher fidelity modeling and simulation capabilities than are available in the 
current industry approach. VERA is a high fidelity multi physics tool which uses a suite of physics codes, 
state-of-the-art numerical methods, and validation against operational data to simulate fuel rod and thermal 
hydraulics performance over the lifetime of a PWR (pressurized water reactor). OpenMC is the open source 
Monte Carlo neutron transport simulation code developed by the Computational Reactor Physics Group 
(CRPG) at the Massachusetts Institute of Technology. It was developed as a framework for reactor analysis, 
and was designed to scale on super computers with100,000 cores while simulating realistic physics and 
using modern programming style and data structures. OpenMC takes cross sections in ACE format (such 
as used by MCNP and Serpent) and windowed multipole format for on-the-fly Doppler broadening 
converted to HDF5. VERA comes with a detailed set of core physics benchmarks based on the initial core 
of Watts Bar Nuclear Plant, Unit1(WBN1). In the interest of producing more high-fidelity Reactor physics 
reference solutions, a tool was written to convert models from VERA to OpenMC. As election of these 
Benchmark problems was then run in OpenMC and compared to the reference solutions provided in the 
benchmark specification 
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Abstract/Keyterms: In a large scale uranium enrichment plant, uranium inventory in cascade rooms is not 
very large in quantity, but the facilities dealing with the largest quantity of uranium in that process are the 
UF6 gas supply system and the blending system for controlling the product concentration. When UF6 spills 
out of these systems, the enriched uranium is accumulated, and the danger of criticality accident is feared. 
If a NaF trap is placed at the forestage of waste gas treatment system, plenty of UF6 and HF are adsorbed 
together in the NaF trap. Thus, here is the necessity of checking the safety against criticality. Various 
assumptions were made to perform the computation surveying the criticality of the system composed of 
UF6 and HF adsorbed on NaF traps with WIMS code (transport analysis). The minimum critical radius 
resulted in about 53 cm in case of 3.5% enriched fuel for light water reactors. The optimum volume ratio 
of fissile material in the double salt UF6/2NaF and NaF. HF is about 40 vol. %. While, criticality survey 
computation was also made for the annular NaF trap having the central cooling tube, and it was found that 
the effect of cooling tube radius did not decrease the multiplication factor up to the cooling tube radius of 
about 5 cm. 
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Abstract/Keyterms: The purpose of this technical report is to present the current designs for waste 
packages and determine which designs will be evaluated for the Site Recommendation (SR) or Licence 
Application (LA), to demonstrate how the design will be shown to comply with the applicable design 
criteria. The evaluations to support SR or LA are based on system description document criteria. The 
objective is to determine those system description document criteria for which compliance is to be 
demonstrated for SR; and, having identified the criteria, to refer to the documents that show compliance. In 
addition, those system description document criteria for which compliance will be addressed for LA are 
identified, with a distinction made between two steps of the LA process: the LA-Construction Authorization 
(LA-CA) phase on one hand, and the LA-Receive and Possess (LA-R&P) phase on the other hand. The 
scope of this work encompasses the Waste Package Project disciplines for criticality, shielding, structural, 
and thermal analysis. 
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Abstract/Keyterms: This purpose of this technical report is to provide a comprehensive summary of the 
waste package (WP) external criticality-related risk of the Plutonium Disposition ceramic waste form, 
which is being developed and evaluated by the Office of Fissile Materials Disposition of the United States 
Department of Energy (DOE). Potential accumulation of the fissile materials, 239Pu and 235U, in rock 
formations having a favorable chemical environment for such actions, requires analysis because 
autocatalytic configurations, while unlikely to form, never-the-less have consequences which are 
undesirable and require evaluation. Secondly, the WP design has evolved necessitating a re-evaluation of 
the internal WP degradation scenarios that contribute to the external source terms. The scope of this study 
includes a summary of the revised WP degradation calculations, a summary of the accumulation 
mechanisms in fractures and lithophysae in the tuff beneath the WP footprint, and a summary of the 
criticality risk calculations from any accumulated fissile material. Accumulations of fissile material external 
to the WP sufficient to pose a potential criticality risk require a deposition mechanism operating over 
sufficient time to reach required levels. The transporting solution concentrations themselves are well below 
critical levels (CRWMS 2001e). The ceramic waste form consists of Pu immobilized in ceramic disks, 
which would be embedded in High-Level Waste (HLW) glass in the standard HLW glass disposal canister. 
The ceramic disks would occupy approximately 12% of the HLW canister volume, while most of the 
remaining 88% of the volume would be occupied by HLW glass. 
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Abstract/Keyterms: The Department of Energy (DOE) Office of Civilian Radioactive Waste Management 
(OCRWM) has committed to a series of model reports documenting the methodology to be utilized in the 
Disposal Criticality Analysis Methodology Topical Report (YMP 2000). These model reports detail and 
provide validation of the methodology to be utilized for criticality analyses related to: (1) Waste form/waste 
package degradation; (2) Waste package isotopic inventory; (3) Criticality potential of degraded waste 
form/waste package configurations (effective neutron multiplication factor); (4) Probability of criticality 
(for each potential critical configuration as well as total event); and (5) Criticality consequences. This 
purpose of this summary report is to provide a status of the model reports and a schedule for their 
completion. This report also provides information relative to the model report content and validation. The 
model reports and their revisions are being generated as a result of: (1) Commitments made in the Disposal 
Criticality Analysis Methodology Topical Report (YMP 2000); (2) Open Items from the Safety Evaluation 
Report (Reamer 2000); (3) Key Technical Issue agreements made during DOE/U.S. Nuclear Regulatory 
Commission (NRC) Technical Exchange Meeting (Reamer and Williams 2000); and (4) NRC requests for 
additional information (Schlueter 2002). 
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Abstract/Keyterms: This report describes a process for performing preclosure criticality analyses for a 
repository at Yucca Mountain, Nevada. These analyses will be performed from the time of receipt of fissile 
material until permanent closure of the repository (preclosure period). The process describes how criticality 
safety analyses will be performed for various configurations of waste in or out of waste packages that could 
occur during preclosure as a result of normal operations or event sequences. The criticality safety analysis 
considers those event sequences resulting in unanticipated moderation, loss of neutron absorber, geometric 
changes, or administrative errors in waste form placement (loading) of the waste package. The report 
proposes a criticality analyses process for preclosure to allow a consistent transition from preclosure to 
postclosure, thereby possibly reducing potential cost increases and delays in licensing of Yucca Mountain. 
The proposed approach provides the advantage of using a parallel regulatory framework for evaluation of 
preclosure and postclosure performance and is consistent with the U.S. Nuclear Regulatory Commission's 
approach of supporting risk-informed, performance-based regulation for fuel cycle facilities, “Yucca 
Mountain Review Plan, Final Report,” and 10 CFR Part 63. The criticality-related criteria for ensuring 
subcriticality are also described as well as which guidance documents will be utilized. Preclosure operations 
and facilities have significant similarities to existing facilities and operations currently regulated by the 
U.S. Nuclear Regulatory Commission; therefore, the design approach for preclosure criticality safety will 
be dictated by existing regulatory requirements while using a risk-informed approach with burnup credit 
for in-package operations. 
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Abstract/Keyterms: There are more than 250 forms of US Department of Energy (DOE)-owned spent 
nuclear fuel (SNF). Due to the variety of the spent nuclear fuel, the National Spent Nuclear Fuel Program 
has designated nine representative fuel groups for disposal criticality analyses based on fuel matrix, primary 
fissile isotope, and enrichment. The Fort Saint Vrain reactor (FSVR) SNF has been designated as the 
representative fuel for the Th/U carbide fuel group. The FSVR SNF consists of small particles (spheres of 
the order of 0.5-mm diameter) of thorium carbide or thorium and high-enriched uranium carbide mixture, 
coated with multiple, thin layers of pyrolytic carbon and silicon carbide, which serve as miniature pressure 
vessels to contain fission products and the U/Th carbide matrix. The coated particles are bound in a 
carbonized matrix, which forms fuel rods or “compacts” that are loaded into large hexagonal graphite 
prisms. The graphite prisms (or blocks) are the physical forms that are handled in reactor loading and 
unloading operations, and which will be loaded into the DOE standardized SNF canisters. The results of 
the analyses performed will be used to develop waste acceptance criteria. The items that are important to 
criticality control are identified based on the analysis needs and result sensitivities. Prior to acceptance to 
fuel from the Th/U carbide fuel group for disposal, the important items for the fuel types that are being 
considered for disposal under the Th/U carbide fuel group must be demonstrated to satisfy the conditions 
determined in this report. 
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Abstract/Keyterms: The objective of this report is to describe the analytical methods and processes used 
by the Waste Package Design Section to establish the integrity of the various waste package designs, the 
emplacement pallet, and the drip shield. The scope of this report shall be the methodology used in criticality, 
risk-informed, shielding, source term, structural, and thermal analyses. The basic features and 
appropriateness of the methods are illustrated, and the processes are defined whereby input values and 
assumptions flow through the application of those methods to obtain designs that ensure defense-in-depth 
as well as satisfy requirements on system performance. Such requirements include those imposed by federal 
regulation, from both the U.S. Department of Energy (DOE) and U.S. Nuclear Regulatory Commission 
(NRC), and those imposed by the Yucca Mountain Project to meet repository performance goals. The report 
is to be used, in part, to describe the waste package design methods and techniques to be used for producing 
input to the License Application Report. 
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Conference/Journal: Joint Meeting of the American Statistical Association, the Biometric Society and 
the Institute of Mathematical Statistics, August 8—12, 1993, San Francisco, CA (US) 

Conference Session:  

Abstract/Keyterms: EPA 40 CFR 191.16 (EPA 1985) states in part that the disposal systems should be 
designed to provide reasonable expectation that for 1,000 years after disposal, undisturbed performance of 
the disposal system shall not cause radionuclide concentrations to exceed specified limits. The question is 
how can one, with the tools that one has today, establish with some degree of confidence that a requirement 
like that just given will be achieved? Over the last several years, this has been demonstrated through the 
use of simulation analysis of the system being studied. An example of such a study on nuclear reactor 
criticality is described. Then the author discusses Carol Gotway’s study on WIPP. The author believes that 
work on computer simulation models is extremely important. These are primary tools one has for 
investigating many complex problems--for example, groundwater contamination, molecular dynamics, 
climate modeling, and nuclear-reactor accidents. Many of these models are being investigated at the 
national laboratories but unfortunately often without any help from statisticians. The article by Gotway 
shows another example of how statistics can be applied to a complicated process to yield practical results. 
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Conference Session:  

Abstract/Keyterms: The nuclear power plant in Voronezh Oblast is equipped with a water- water reactor. 
The active section of the reactor consists of a steel casing 2.5 m high and 3 m in diameter with 343 
hexahedral cells. Hermetically sealed thin tubes containing uranium dioxide enriched to 1.5% are fastened 
inside the cells. Water is pressurized to 100 atm; steam generated at 32 atm is fed into three 700 Mev 
turbines. The efficiency of the plant is 27.5%. The Beloyarskaya uranium- graphite nuclear power plant is 
being built in the Urals on the shores of an artificial lake. The basic structures are completed. Certain 
improvements are claimed to be firsts in the field. One such is the method of superheating the steam directly 
in the reactor. Primary steam temperature is 340 deg C and pressure 155 atm; secondary steam temperature 
is 320 deg C and pressure l10 atm. The saturated steam is directed into channels located in the central part 
of the active section, where the temperature is raised to 510 deg C. The reactor is constructed without a 
casing; the graphite stack is placed in a thin-walled jacket filled with nitrogen to avoid oxidation of the 
graphite. The high steam pressure is obtained in the working channels. This reactor's loading capacity of 
30 tons of uranium insures continuous operation for up to 750 days, compared with 11/2 years for the 
Voronezh reactor. The efficiency of the Beloyarsk Plant is calculated at 35 to 37%. 
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Abstract/Keyterms: The statistics of detected neutrons that leaked from four subcritical reflected, 
enriched-uranium assemblies were studied to explore the feasibility of developing a criticality warning 
system based on neutron noise analysis. The calculated multiplication factors of the assemblies are 0.59, 
0.74, 0.82, and 0.92. Three possible discriminators were studied, i.e., three signatures that might be used to 
discriminate among assemblies of various multiplications. They were (1) variance-to-mean ratio of the 
counts in a time bin (V/M), (2) covariance-to-mean ratio of the counts in a common time bin from two 
different detectors (C/M), and (3) covariance-to-mean ratio of the counts from a single detector in two 
adjacent time bins of equal length, called the serial-covariance-to-mean ratio (SC/M). The noise analysis 
techniques studied performed will enough in deeply subcritical situations to deserve testing in an 
applications environment. They have a good change of detecting changes in reactivity that are potentially 
dangerous. 
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Abstract/Keyterms: The effect of gadolinia particles on the assembly criticality of a light water reactor 
was investigated using two 2-group models. The particle effect was calculated by comparing the criticalities 
of two fuel assemblies, each containing one gadolinia-poisoned rod. For purposes of comparison, both rods 
contained an equal quantity of gadolinia, but the gadolinia fraction in one rod was in particle form. It was 
assumed that one pseudo-isotope represented Gd-155 and Gd-157, while the other isotopes were not 
considered. A one-group model developed by Kenneth Hartley(KH), was expanded into a two-group model, 
using a flat distribution for the fast group neutron flux. Gadolinia density was uniformly reduced by fast 
neutrons and the gadolinia burnup-rate was increased. The transparency effect of the gadolinia core was 
also included in the two group-KH model, allowing predictions of smoother changes at the peak of {Delta}k 
(difference between k of the particle rod assembly and k of the uniform rod assembly). The Oregon State 
University Collision Probability (OSUCP) two-group model was developed for the investigation of the 
inter-particle shielding effect. A collision probability method was used to calculate thermal flux, and the 
flat fast-group flux assumption was used. The results of this study indicated that for small, 10-micron 
particles, the KH model failed to predict correct {Delta}k behavior for the two assemblies. However, for 
larger, 100-micron particles both models well in agreement for the {Delta}k profile, and for 500-micron 
particles both models were in agreement on both the behavior and magnitude of {Delta}k. 
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distributed parameter partial differential equations / three-stage solution algorithm / heat transfer in nuclear 
fuel rods with annular fuel pellets 



 

C-21197 

21145…..…..…………………..…….……..……ID Number…………………..…..…………….21145 

Author: Taggart, J. P. 

Title: Subcritical Reactivity Measurements on Fuel Storage Arrays in the DIMPLE Reactor 

Date: 4/1/1988 

Report: Thesis submitted for the award of the degree of Doctor of Philosophy of the University of 
London, 4/1/1988 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-001 



 

C-21198 

21146…..…..…………………..…….……..……ID Number…………………..…..…………….21146 

Author: Blumeyer, M. L. 

Title: The Effects of Moderating Reflectors on Under-Moderated Negative Buckling Cores 

Date: 1/1/1968 

Report: Thesis submitted in partial fulfillment of the requirements for an MS degree in Nuclear 
Engineering 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21199 

21147…..…..…………………..…….……..……ID Number…………………..…..…………….21147 

Author: Saracco, J. 

Title: Contributions à la Régression Inverse par Tranchages 

Date: 1/1/1996 

Report: Thesis, Université Paul Sabatier, Toulouse III, 1996 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21200 

21148…..…..…………………..…….……..……ID Number…………………..…..…………….21148 

Author: Plaster, Michael J. 

Title: Analysis of a Hypothetical Criticality Accident in a Waste Super-Compactor 

Date: 12/1/1993 

Report: Thesis, University of Tennessee, Knoxville 

Conference/Journal:  
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Abstract/Keyterms: This work is a study of a hypothetical nuclear criticality accident in a waste super-
compactor. The material being compressed in the compactor is a homogeneous mixture of Be and 239Pu. 
The point kinetics equations with simple thermal-hydraulic feedback is used to model the transient behavior 
of the system. a lumped parameter energy balance is performed to determine the bulk temperature of the 
system. A computer code has been developed to solve the set of equations. The computer code calculates 
the fission power history, fission yield, bulk temperature of the system, and several other thermal-hydraulic 
parameters of interest. 
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Wigner formula; Cross Sections; Distribution; Efficiency; Energy; Homogeneous Reactors; Hydrogen; 
Monte Carlo Method; Neutron Sources; Neutrons; Nitrogen; Nuclear Reactions; Oxygen; Quantity Ratio; 
Reactors; Resonance; Resonance Escape Probability; Scattering; Solutions; Spectral Shift; Thorium; 
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Abstract/Keyterms: An experimental method of measuring the parameters peculiar to a two region nuclear 
reactor was developed requiring the measurement of the cross-power spectrum between the outputs of the 
two reactor regions. The relation for the cross-power spectrum between the outputs of the two regions was 
derived and was found to contain the transfer functions of the individual regions. These transfer functions 
were derived from the reactor kinetics equations for a coupled reactor system in which each fuel region is 
subcritical when considered separately and the coupling between regions allows the system to become 
critical. The cross-power spectrum between the outputs of the two regions is a complex quantity, the phase 
component of which is found to be sensitive to the transit time of a disturbance traveling between the 
regions. Both the amplitude and the phase components were found to be dependent on the values of the 
multiplication factors of the fuel regions. Using band pass filters and an analog computer, the cross-power 
spectrum between the outputs of the two regions in the University of Florida Training Reactor was measured 
directly under two operational conditions; a stationary random external input to one region only, and no 
external input to either region. These data indicated that the propagation of a disturbance from one region 
of the reactor to the opposite region may adequately be described in terms of neutron waves and that the 
method may be used to determine the multiplication factor of each region. (Dissertation Abstr.) 
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Abstract/Keyterms: Those parts of reactor theory which pertain to the prediction of reactor criticality are 
reviewed. In addition, new results are presented which establish the range of validity of the asymptotic 
reactor model and several theorems, the proofs of which have not previously appeared in the literature, are 
proven. The derivation of the Boltzmann Equation and the scattering frequency totic reactor theory are 
presented. It is shown that, by treating thermal neutrons by the one group approximation, the criticality 
problem can be converted to one of calculating certain slowing down kernels. Most of the results are well 
known, but new derivations and the discussion of the validity of the asymptotic model appear to be original. 
The slowing down kernels are calculated. The methods employed are of general utility in reactor physics 
and may be used in more realistic reactor models. Slowing down in an infinite medium is treated and the 
resonance escape probability is calculated in several approximations, including one which has not been 
previously published. Models for calculating neutron distributions in space and energy in finite media are 
presented. Again, the major portion of the results is not new, but the proofs of a few previously unpublished 
theorems are given. Numerical methods which are often used in reactor calculations are discussed. In the 
appendices, some extensions of asymptotic reactor theory and a discussion of the limitations of the model 
are given as well as the proofs of some theorems quoted in the text. (Dissertation Abstr.) 
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Abstract/Keyterms: The effects of variation in the isotopic composition of Pu used as a fast reactor fuel 
material are considered. When the Pu fuel material is produced in a thermal reactor, the primary factor 
affecting composition is the flux time of irradiation, 10/sup 21/ cm/sup -2/. Flux times of = 1, = 5, and = 10 
were studied. It was found that for a flux time of = 10, the concentration of Pu-239 which yielded a critical 
mass was reduced to a concentration of 7.42% of the fuel from a concentration of 14.1% for the pure Pu- 
239 case. In all cases studied the spherical core consisted of 35% fuel, 15% Fe, and 50% Na by volume and 
had a radius of 31 centimeters. The core was surrounded by a blanket of 70% U, 10% Fe, and 20% Na by 
volume which extended to a radius of 75 centimeters. The critical masses of the fast reactor were calculated 
by a one- dimensional, two-region, 16-neutron-energygroup computer code written in IBM FORTRANSIT. 
This code also was used to tabulate the neutron flux in 16 energy groups at each of 75 radius points. No 
significant change in the flux spectra resulted from the changes in Pu isotopic composition. The peak flux 
was in the energy range 0.3 Mev < E < 0.5 Mev. The program is compatible with the FORTRAN coding 
system and could be used to compute the critical mass of any spherical fast reactor with one or two regions. 
The choice of fuel, coolant, and structural materials in the reactor is in no way restricted by the program 
instructions. For the particular reactor studied, a one-neutron-energy-group diffusion theory calculation 
predicted approximately the same changes in critical mass as were obtained from the computer solution. 
The Pu fuel was assumed to be produced in a thermal Pu recycle reactor with an average enrichment of 1%. 
The set of differential equations detailing the buildup of Pu-239, Pu-240, Pu-241, and Pu-242 in the thermal 
reactor was solved by use of an electronic analog computer. 
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Abstract/Keyterms: The instantaneous neutron density fluctuations in a steady-state subcritical reactor 
were investigated. A theoretical description of the fluctuations, which could be related directly to an 
experiment was developed. Experimental validation of the theoretical model is described. An external 
reactivity perturbation was determined, experimentally, to have no effect on the measured fluctuation data. 
The dependence of the fluctuations on the relative position of the neutron detector to the maximum neutron 
density in the reactor was studied experimentally. No appreciable effect was observed. 
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Abstract/Keyterms: A mixed-initial and boundary valued problem was formulated for the transport 
equation, in the case in which the material, D, through which the neutrons travel, varies with time. By 
restricting the deformation to take place along rays emanating from some fixed point, 0, of D, some of the 
results of Kato, in his work on the abstract evolution equation, can be applied to get the existence of a 
unique solution. Thus it is possible to exhibit the solution in the form of an evolution operator applied to 
the initial data. This would be of physical interest since, if overheating causes D to expand, then it is 
reasonable to assume that the expansion occurs in just this manner. Next, an energy inequality was derived 
for this problem, in the general case of arbitrary but smooth deformations of D. The equation is 
approximated by step functions in the variable, v. The integral term of the equation degenerates irto a sum, 
and an associated mixed-problem for a symmetric hyperbolic system of equations was obtained. The 
components of the solution for this system are the steps of a step function that approximates the desired 
solution. Using the energy inequality, the limit can be passed to an appropriate norm. Thus, the sense, in 
which the transport equation may be regarded as a limiting case of hyperbolic equations, shows up nlcely. 
In particular, there exists a notion of characteristics for the transport equation, being the limit of the 
characteristics of the approximating hyperbolic equations. Finally, these results would be relevant in cases 
of explosions, or of extending the critical size in such a way that catastrophic results do not occur. 
(Dissertation Abstr., 24: No. 9, March 
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Title: Safe Quantities of Active Materials 

Date: 1/6/1945 

Report: TI-77-149 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21253 

21201…..…..…………………..…….……..……ID Number…………………..…..…………….21201 

Author: n.a. 

Title: Handbook Health and Safety Data and Procedures. Volume I 

Date: 12/31/1963 

Report: TID/SNA--1322 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nerva Reactor- Safety; Criticality; Cryogenics; Health Hazards; Management; 
Manuals; Radiation Protection 



 

C-21254 

21202…..…..…………………..…….……..……ID Number…………………..…..…………….21202 

Author: Duncan, D. S. / Bryan, W. M. / Witcraft, G. M. / Syrek, D. 

Title: Reliability Allocations, Assessments, and Analysis Report. Volume I. Reliability Model, Predictions 
and Allocations. Volume II. System Failure-Mode Effects and Criticality Analysis. Volume III. Trend Data 

Date: 9/1/1971 

Report: TID/SNA-494 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Reliability; Wear- Monitoring; Fault Tree 
Analysis 



 

C-21255 

21203…..…..…………………..…….……..……ID Number…………………..…..…………….21203 

Author: n. a. 

Title: Reliability Allocations, Assessments, and Analysis Report. Volume I. Reliability Model, Predictions, 
and Allocations. Volume II. System Failure-Mode Effects and Criticality Analysis. Volume III. Trend Data 

Date: 9/1/1971 

Report: TID/SNA-691 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Reliability; Failures; Fault Tree Analysis; 
Mathematical Models; Reactor Components 



 

C-21256 

21204…..…..…………………..…….……..……ID Number…………………..…..…………….21204 

Author: n.a. 

Title: NSS Anticriticality Requirements for Space and Mission Operations 

Date: 10/31/1975 

Report: TID/SNW--107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Reactor NERVA Reactor- Criticality; Hydrogen; Neutron Reflectors; 
Nuclear Poisons; Reactor Safety 



 

C-21257 

21205…..…..…………………..…….……..……ID Number…………………..…..…………….21205 

Author: n. a. 

Title: Nuclear safety analysis for WANL building 9. Nuclear Safety Manual. Appendix II of IL-020, 
revision III 

Date: 8/1/1969 

Report: TID/SNW-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Reactor NERVA Reactor- Nuclear Fuels; Nuclear Fuels- Storage; Control; 
Criticality; Management; Safety 



 

C-21258 

21206…..…..…………………..…….……..……ID Number…………………..…..…………….21206 

Author: Salvador, L. A. 

Title: Nuclear safety analysis for WANHES 

Date: 1/1/1968 

Report: TID/SNW-129 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Nuclear Fuels- Storage; Control; Criticality; Management; Safety 



 

C-21259 

21207…..…..…………………..…….……..……ID Number…………………..…..…………….21207 

Author: n. a. 

Title: Nuclear Science and Technology Vol. 2, No. 3 

Date: 12/1/1956 

Report: TID-02023 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Three items are included in this issue. Separate abstracts have been prepared for each. 



 

C-21260 

21208…..…..…………………..…….……..……ID Number…………………..…..…………….21208 

Author: n. a. 

Title: Nuclear Science and Technology (Extracts from Journal of Metallurgy and Ceramics- Issue Nos. 1 
to 6, July 1948-January 1951 

Date: 1/1/1951 

Report: TID-02502 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21261 

21209…..…..…………………..…….……..……ID Number…………………..…..…………….21209 

Author: n. a. 

Title: Nuclear Science and Technology (Extracts from Reactor Science and Technology. Vol 1, Issues 1 to 
3, April-December 1951 

Date: 12/1/1951 

Report: TID-02502 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Technology 



 

C-21262 

21210…..…..…………………..…….……..……ID Number…………………..…..…………….21210 

Author: n. a. 

Title: Nuclear Science and Technology (Extracts from Reactor Science and Technology Vol 2, Issues 1 to 
4, April-December 1952 

Date: 12/1/1952 

Report: TID-02503 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Technology 



 

C-21263 

21211…..…..…………………..…….……..……ID Number…………………..…..…………….21211 

Author: n. a. 

Title: Nuclear Science and Technology (Extracts from Reactor Science and Technology Vol 3, Issues 1 to 
4, March- December 1953 

Date: 12/1/1953 

Report: TID-02504 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21264 

21212…..…..…………………..…….……..……ID Number…………………..…..…………….21212 

Author: n. a. 

Title: Nuclear Science and Technology (Extracts from Reactor Science and Technology Vol 4, Issues 1 to 
4, March-December 1954 

Date: 12/1/1954 

Report: TID-02505 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21265 

21213…..…..…………………..…….……..……ID Number…………………..…..…………….21213 

Author: n. a. 

Title: Nuclear Science and Technology (Extracts from Nuclear Science and Technology Vol 1, Issues 1 to 
3 February-June 1955 

Date: 10/31/1958 

Report: TID-02506 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21266 

21214…..…..…………………..…….……..……ID Number…………………..…..…………….21214 

Author: Young, G. A. comp. 

Title: Enriched Uranium Fuel Materials: A Bibliography of Unclassified Literature 

Date: 8/1/1956 

Report: TID-03064 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Chemical Reactions; Criticality; Enrichment; Fuels; Isotope Separation; 
Residues; Safety; Uranium; Uranium Alloys; Uranium Dioxide; Uranium Hexafluoride; Uranyl 
Compounds 



 

C-21267 

21215…..…..…………………..…….……..……ID Number…………………..…..…………….21215 

Author: Scott, R. L. 

Title: Criticality. A Bibliography of Unclassified Literature 

Date: 1/1/1961 

Report: TID-03306 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A total of 1145 references to unclassified reports and published literature is presented 
on calculations of critical Parameters for various reactor fuels and moderators, critical and exponential 
experiments, and nuclear safety criteria for processing, handling, and storage of fissionable materials. 
Author, subject, and report number-availability indexes are provided. 



 

C-21268 

21216…..…..…………………..…….……..……ID Number…………………..…..…………….21216 

Author: Scott, Raymond L. 

Title: Criticality Studies (A Literature Search) 

Date: 8/1/1959 

Report: TID-03533 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This literature search has been prepared to serve as a reference tool until the 
completion of a formal bibliography on this subject. The search is comprehensive, including experimental 
and theoretical studies of conditions for criticality with various materials and configurations, as well as 
references on the safe handling of fissionable materials, both during critical experiments and in plants for 
the chemical and metallurgical processing of fissionable materials. 



 

C-21269 

21217…..…..…………………..…….……..……ID Number…………………..…..…………….21217 

Author: Bost, William E. 

Title: Fast Neutron Pulse Reactors and Fast Neutron Critical Assemblies (a Literature Search) 

Date: 4/1/1962 

Report: TID-03571 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: References are given to 122 reports, journal articles, and other literature. The 
references are arranged by subject as shown in the table of contents. Within the subject groups, reports are 
listed first and are arranged alpha-numerically by report number; journal articles are next and are arranged 
alphabetically by journal name and chronologically; last, any other published literature is arranged 
alphabetically by title. Summaries of most of the references may be seen in the AEC Abstract Journal, 
Nuclear Science Abstracts, by use of the NSA reference numbers provided. 



 

C-21270 

21218…..…..…………………..…….……..……ID Number…………………..…..…………….21218 

Author: Lansing, N. F. 

Title: The Role of Engineering in Nuclear Energy Development: Third Annual Oak Ridge Summer 
Symposium August 27 to September 7, 1951 

Date: 12/1/1951 

Report: TID-05031 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering; Accidents; Chemical Reactions; Control Systems; Economics; 
Environment; Heat Transfer; Instruments; Isotopes; Materials Testing; Nuclear Reactions; Numericals; 
Personnel; Planning; Power Plants; Radiation Protection; Radioactivity; Reactors; Research Reactors; 
Separation Processes; Shielding; Stability; Standards; Waste Disposal 



 

C-21271 

21219…..…..…………………..…….……..……ID Number…………………..…..…………….21219 

Author: Chernick, J. 

Title: Initial Experiments on the Brookhaven Reactor. III Analysis of the Clinton Critical Experiment 

Date: 3/28/1949 

Report: TID-05050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Errors; Graphite Moderator; Measured Values; Numericals; 
ORNL; Reactors; Startup 



 

C-21272 

21220…..…..…………………..…….……..……ID Number…………………..…..…………….21220 

Author: Chernick, J. 

Title: Initial Experiments on the Brookhaven Reactor. IV Basic Data for the BNL Reactor 

Date: 4/21/1949 

Report: TID-05051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Errors; Graphite Moderator; Measured Values; Numericals; 
ORNL; Reactors; Startup 



 

C-21273 

21221…..…..…………………..…….……..……ID Number…………………..…..…………….21221 

Author: Cherni, J. 

Title: Serial Reports on Start- Up Experiments No. 6 the Critical Experiment 

Date: 4/2/1951 

Report: TID-05054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Brookhaven National Laboratory Buckling; Control Systems; Criticality; 
Distribution; Fuel Elements; Measured Values; Neutron Flux; Numericals; Reactivity; Reactor Fueling; 
Reflectors; Research Reactors; Startup; Volume 



 

C-21274 

21222…..…..…………………..…….……..……ID Number…………………..…..…………….21222 

Author: Schuske, C. L. 

Title: Empirical Equations of Critical Infinite Cylinders Containing Aqueous Solutions of UO2F2 

Date: 1/1/1953 

Report: TID-05139 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The stainless-steel-walled critical reactor data previously reported (using 93.4% 
U235 assay) are extrapolated graphically for H:U235 atomic ratios of from 20 to zero. The atomic ratio of 
zero represents a reactor core containing only high-density UO2F2 salt. All cores are completely H2O 
reflected. Values of the infinite slabs and infinite cylinders are then derived. These infinite-cylinder values 
along with values at the other moderations are represented by a single empirical equation. An empirical 
equation of the same form is derived for the Al-walled reactors. The critical masses for the equilateral 
cylindrical vessels for ihe high-U235 concentrations are calculated, making use of the infinite cylinder and 
slab values reported above. 



 

C-21275 

21223…..…..…………………..…….……..……ID Number…………………..…..…………….21223 

Author: n. a. 

Title: Reactor Physics Laboratory Manual 

Date: 7/1/1955 

Report: TID-05262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Atoms; Chemical Reactions; Experiments; Measured Values; Neutrons; 
Nuclear Reactions; Nuclear Theory; Reactors 



 

C-21276 

21224…..…..…………………..…….……..……ID Number…………………..…..…………….21224 

Author: n. a. 

Title: Feasibility of Increasing MTR Flux Level 

Date: 3/1/1957 

Report: TID-05304; ER-7474 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Fluid Flow; Fuel Elements; Heat Transfer; MTR; Neutron Flux; Reactivity; 
Shielding 



 

C-21277 

21225…..…..…………………..…….……..……ID Number…………………..…..…………….21225 

Author: Bornstein, I. 

Title: Multigroup Investigation of Lithium Cooled Beryllium Moderated Reactors 

Date: 1/2/1953 

Report: TID-05314 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A preliminary phase of the multigroup investigation of Li cooled, Be moderated 
reactors has been completed. The reactors investigated have “clean” cores--no Xe or other fission products 
and “clean” reflectors--no B. The Li was assumed to be pure Li7. The critical characteristics of the reactors 
investigated are mapped. These mappings show the relationships between composition, power generated, 
and v DELTA T. The power generated was fixed at 125 megawatts and families of reactors requiring v/ 
DELTA T of 2000, 4000, and 6000 deg F ft/sec are shown. 



 

C-21278 

21226…..…..…………………..…….……..……ID Number…………………..…..…………….21226 

Author: Geller, L. 

Title: Variation of Certain Critical Parameters with Assay 

Date: 11/20/1952 

Report: TID-05345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: New data from the 5% critical experiments were used to determine the variation of 
certain minimum critical parameters with the U235 assay. Curves are presented showing the minimum 
mass, volume, and cylinder diameter of U235 as functions of the assay. 



 

C-21279 

21227…..…..…………………..…….……..……ID Number…………………..…..…………….21227 

Author: Hayes, Daniel F. 

Title: A Summary of Accidents and Incidents Involving-Radioactive Material in Atomic Energy Activities, 
June 1945 through December 1955 

Date: 8/1/1956 

Report: TID-05360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Biology and Medicine; Contamination; Criticality; Explosions; Radiation Protection; 
Radioactivity; Reactor Safety 



 

C-21280 

21228…..…..…………………..…….……..……ID Number…………………..…..…………….21228 

Author: Fox, L. W. / Heck, L. C. / Plumlee, K. E. / Webb, Jr., R. A. 

Title: Building 305-M Test Pile Startup 

Date: 5/19/1954 

Report: TID-05367; DPSP-53-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buildings; Reactors; Startup; Testing 



 

C-21281 

21229…..…..…………………..…….……..……ID Number…………………..…..…………….21229 

Author: Schuske, C. L. 

Title: An Empirical Method for Calculating Subcritical Pipe Intersections 

Date: 1/1/1956 

Report: TID-05451 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Numericals; Pipes 



 

C-21282 

21230…..…..…………………..…….……..……ID Number…………………..…..…………….21230 

Author: Chastain, J. W. 

Title: U. S. Research Reactors 

Date: 8/1/1957 

Report: TID-07013 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21283 

21231…..…..…………………..…….……..……ID Number…………………..…..…………….21231 

Author: Callihan, A. D. / Ozeroff, W. J. / Paxton, H. C. / Schuske, C. L. 

Title: Nuclear Safety Guide 

Date: 1/1/1958 

Report: TID-07016 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Regulations for the prevention of neutron chain reaction in fissionable materials being 
processed, stored, or transported on an industrial scale are presented. Nuclear safely operating rules are 
formulated in detail, and an administrative system is set up to enforce them. 



 

C-21284 

21232…..…..…………………..…….……..……ID Number…………………..…..…………….21232 

Author: Callihan, A. D. / et al. 

Title: Nuclear Safety Guide, Rev. 1 

Date: 10/31/1961 

Report: TID-07016, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The guide contains recommendations for arrays of individually subcritical units that 
may be applied to processing plant layout, to storage, and to the arrangement of fissionable materials 
shipment. Particular attention was directed to ensuring the validity of the included safety factors. 



 

C-21285 

21233…..…..…………………..…….……..……ID Number…………………..…..…………….21233 

Author: n. a. 

Title: Nuclear Safety Guide, Rev. 3, Draft II 

Date: 12:00:00 AM 

Report: TID-07016, Rev. 3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21286 

21234…..…..…………………..…….……..……ID Number…………………..…..…………….21234 

Author: Paxton, H. C. / Thomas, J. T. / Callihan, A. D. / Johnson, E. B. 

Title: Critical Dimensions of Systems Containing Uranium-235, Plutonium-239, and Uranium-233 

Date: 6/1/1964 

Report: TID-07028 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report is a compilation of many critical data obtained from experiments 
performed in several laboratories since 1945. That the data are critical values must be emphasized. Since 
no safety factors are included, these values are not directly applicable to practical problems. Information 
for guidance in the safe design of equipment to handle the three common fissile materials has been 
published in the Nuclear Safety Guide and in the Handbook of Nuclear Safety. Several other authors have 
specified conditions for unique processes with a particular material. Experiments of several types which 
contribute results applicable to nuclear design and to safety problems have been described by Callihan. of 
these experiments, critical measurements with materials of interest which are made chain-reacting in 
desired configurations yield information of greatest usefulness and accuracy. In instances where it is not 
possible to construct critical assemblies because of safety requirements of the equipment or the 
environment, the configuration of the material, and inadequate inventory the nature of the material itself, 
information may be obtained from assemblies which are not critical. These yield subcritical dimensions 
that are useful directly in many practical applications, and, in some cases, the measurements can be 
extrapolated to approximate critical dimensions. 



 

C-21287 

21235…..…..…………………..…….……..……ID Number…………………..…..…………….21235 

Author: n. a. 

Title: Fast Reactor Program Information Meeting, Chicago, Illinois, November 20-21, 1957, Summaries 
of Papers 

Date: 11/20/1957 

Report: TID-07548 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Papers are presented on: the ANL, LASL, and PRDC fast reactor programs; the 
engineering design of the Experimental Breeder Reactor-II- the reactor and power cycle and the fuel process 
and fabrications cycle; the design of the Enrico Fermi atomic power plant; fast reactor safety in the EBR-I; 
meltdown and analysis; and analysis of prompt excursions in simple systems, reactor design and analysis 
of LAMPRE I, EBR-II, and the Enrico Fermi Reactor; nuclear analysis by critical experiments with ZPR-
II and static analysis; fuel element design; the EBR-II fuel cycle --fuel cycle plant and process and remote 
fuel element fabrication and processing; irradiation and thermal stability; Na technology, pumps, and piping 
system components; heat exchangers and steam generators; high purity Na systems; advanced Pu reactor 
concepts; fluid fuels; Pu-- U alloy metal systems; fuel element concepts; fuel and blanket process 
development; and a coupled fast-thermal reactor. 



 

C-21288 

21236…..…..…………………..…….……..……ID Number…………………..…..…………….21236 

Author: n. a. 

Title: Proceedings of the SRE OMRE Forum Held at Los Angeles, California, February 12 and 13, 1958 

Date: 2/1/1958 

Report: TID-07553; NAA-SR-2600 

Conference/Journal: SRE OMRE Forum Held at Los Angeles, California, February 12 and 13, 1958 

Conference Session:  

Abstract/Keyterms: Separate abstracts have been prepared on the following papers presented at the SRE-
OMRE Forum, held at Los Angeles, California Feb. 12 and 13, 1958: Operating Experience with the SRE; 
Southern California Edison Company Steam Electric Plant Operation; SGR Component Development 
Technology; Sodium Reactor Materials; Operating Experience with the OMRE; the Consumers Public 
Power District Sodium Graphite Reactor; OMRE Research and Development Program; and Fuel- Scale 
OMR Plant. 



 

C-21289 

21237…..…..…………………..…….……..……ID Number…………………..…..…………….21237 

Author: n. a. 

Title: Information Meeting on Gas-Cooled Power Reactors, Oak Ridge National Laboratory, October 21-
22, 1958 

Date: 10/31/1958 

Report: TID-07564 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This meeting is one of a series of Civilian Power Reactor Conferences and was held 
colncident with an AEC invitation to industry to bid on the construction of a gas-cooled facility. Papers are 
presented on design studles, hazards, components, costs, materials, and design concepts for specific 
reactors. 



 

C-21290 

21238…..…..…………………..…….……..……ID Number…………………..…..…………….21238 

Author: Martens, F. H. 

Title: Experiments on Zero Power Reactor (ZPR-1). Part III 

Date: 3/1/1954 

Report: TID-10020 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report constitutes the third and final part of a series of reports on the experimental 
data taken on the ZPR-1 reactor. The two other reports, Part I-ANL-4684 and Part II-ANL-4770, cover the 
period from the startup of the reactor on October 6, 1950, until the time experimental work was interrupted 
by an accidental runaway on June 2, 1952. Reference to these two reports is essential to the understanding 
of this report. At the end of the period covered by ANL-4770, the reactor was shut down for a three-month 
period following the accidental overpower transient of June 2, 1952. During this time, the reactor was 
repaired, and additional safeguards were added to further increase the safety of the reactor. Several weeks 
were used in obtaining data to further the understanding of what occurred during the transient. This material 
was included in the report covering the accident, ANL-4971. The program of research fell into three parts. 
The first was an extensive study of the different control rods and their effect. Single rods were placed in the 
reactor, and in all cases the minimum critical mass was determined. Many flux plots showing the behavior 
of the thermal flux were made. The second part consisted of building up to full size and experimenting with 
the full-size core. A detailed flux distribution study was made, and the various rods were calibrated. An 
experiment to determine the shutdown reactivity was performed. The third part consisted of experiments 
performed while the water forming the moderator and reflector was poisoned with different concentrations 
of boric acid. 



 

C-21291 

21239…..…..…………………..…….……..……ID Number…………………..…..…………….21239 

Author: n.a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period August 26, 1954 to 
October 7, 1954 

Date: 10/31/1957 

Report: TID-10027 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems- Blankets- Breeding- Computers- Configuration- Density- 
Distribution- Fluid Flow- Hydraulics- Natural Uranium Fuel- Neutron Flux- Numericals- Power- Pressure- 
PWR- Reactor Core- Reactors- Thermodynamics- Tubes- Uranium- Uranium Dioxide- Water Coolant- 
Zirconium; Bearings- Chromium Alloys- Cobalt Alloys- Graphite- Nickel Alloys- Pressure- PWR- 
Reactors- Stellite- Testing- Tungsten Alloys- Water Coolant; Blankets- Breeding- Criticality- Distribution- 
Enrichment- Fuels- Measured Values- Planning- Power- Pressure- PWR- Reactor Core- Reactors- 
Temperature- Temperature Coefficient 



 

C-21292 

21240…..…..…………………..…….……..……ID Number…………………..…..…………….21240 

Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period October 7, 1954 to 
November 18, 1954 

Date: 11/1/1954 

Report: TID-10028 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Functional requirements and system design parameters were established for a number 
of Pressurized Water Reactor components. No evidence of galvanic corrosion was found with the use of 
stainless and carbon steel in the steam generator design. Dimensions and design characteristics of a 
cylindrical annular seeded core with a natural UO2 blanket were investigated. A fabricating process for U-
Mo and UO2 rods was investigated. The crystal structure of the U-Mo system was studied. Data are 
presented on the tensile properties of U- Mo alloys in the temperature range-85 to 700 deg F. Further studies 
are reported on the corrosion of Zircaloy-clad U-Mo alloys in high temperature water, the effects of 
annealing on corrosion rate, and a measurement of the corrosion rate of U-Si alloys at 650 deg F. Corrosion 
testing of structural materials in boric acid and boric-acid ammonia systems was continued, together with 
the radiation testing of U-Mo alloys. Multigroup criticallty studies and measurements for tbe seed core are 
reported. 



 

C-21293 

21241…..…..…………………..…….……..……ID Number…………………..…..…………….21241 

Author: Balent, R. / Roderick, C. 

Title: Elementary Study of the Neutron Cycle in Homogeneous Epithermal Reactors 

Date: 11/12/1951 

Report: TID-10037; NAA-SR-150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Criticality; Diagrams; Energy; Enrichment; Epithermal 
Neutrons; Fast Neutrons; Fermi Age; Fission; Fuels; Graphite Moderator; High Temperature; 
Homogeneous Reactors; Leakage; Mass; Numericals; Reactors; Thermal Neutrons; Uranium 235; 
Variations; Volume 



 

C-21294 

21242…..…..…………………..…….……..……ID Number…………………..…..…………….21242 

Author: Jurney, E.T. / Hall, J.H. / Hall, D.B. / Gage, A.M. / Godbold, N.H. / Sayer, A.R. / Swickard, 
E.O. 

Title: The Los Alamos Fast Plutonium Reactor 

Date: 5/1/1954 

Report: TID-10048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Configuration; Fast Neutrons; Fuel Elements; Liquid Metal Coolant; 
Mercury; Neutron Flux; Plutonium; Reactor Core; Reactors; Reflectors; Research Reactors; Rods; Uranium 



 

C-21295 

21243…..…..…………………..…….……..……ID Number…………………..…..…………….21243 

Author: n. a. 

Title: Summary Report on the Reactor Hazards Associated with the Danger Coefficient Test Facility 
(DCTF) 

Date: 4/30/1951 

Report: TID-10052 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Configuration; Critical Assemblies; Environment; Homogeneous 
Reactors; Meteorology; Operation; Planning; Populations; Reactivity; Reactor Core; Reactor Safety; 
Safety; Uranyl Nitrates 



 

C-21296 

21244…..…..…………………..…….……..……ID Number…………………..…..…………….21244 

Author: Hofmann, P. L. / Hurwitz, Jr., H. / Wachspress, E. 

Title: A Procedure for Xenon Calculations 

Date: 9/30/1953 

Report: TID-10055; KAPL-993 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Epithermal Neutrons; Equations; Group Theory; Operation; Poisoning; 
Quantity Ratio; Reactivity; Resonance Neutrons; Shutdown; Variations; Xenon 



 

C-21297 

21245…..…..…………………..…….……..……ID Number…………………..…..…………….21245 

Author: Thompson, W. I. / Cohen, K. 

Title: A 37,500 Kw Power Reactor with Competitive Possibilities 

Date: 2/26/1954 

Report: TID-10058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Economics; Fuels; Planning; Power; Reactivity; Reactors; 
Uranium; Water Moderator 



 

C-21298 

21246…..…..…………………..…….……..……ID Number…………………..…..…………….21246 

Author: Frye, Jr., Glenn M. / Gammel, Juanita H. / Rosen, Louis 

Title: Energy Spectrum of Neutrons from Thermal Neutron Fission of U235 and from an Untamped 
Multiplying Assembly of U235 

Date: 5/1/1954 

Report: TID-10073; LA-01670 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies- Energy- Measured Values- Neutrons- Nuclear 
Emulsions- Protons- Recoils- Spectra- Uranium 235; Energy- Equations- Fission- Measured Values- 
Neutrons- Nuclear Emulsions- Protons- Recoils- Spectra- Thermal Neutrons- Uranium 235 



 

C-21299 

21247…..…..…………………..…….……..……ID Number…………………..…..…………….21247 

Author: Ott, H. C. 

Title: The Homogeneous Natural Uranium—D2O Pile as a Source of Power. The Effect of Heavy Isotope 
Build-Up on the Critical Volume and Breeding Possibilities 

Date: 1/14/1948 

Report: TID-10092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The volume of the critical sphere with various ratios of moderator to U were re-
calculated, using the most recent values of the constants involved. This showed a minimum 



 

C-21300 

21248…..…..…………………..…….……..……ID Number…………………..…..…………….21248 

Author: n. a. 

Title: FBR Quarterly Progress Report for January Through March 31, 1953 

Date: 11/1/1953 

Report: TID-10116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Conceptual design studies are made for approaching the problem of economical 
central-station power production by a Pu fast-breeder reactor. It is believed that development of such a 
system is warranted on the basis of the following desirable characteristics (1) operation at high specific 
power and temperature with consequent low critical mass; (2) appreciable breeding gain; and (3) simplified 
fuel fabrication and separation processes. Preliminary calculations have indicated that an external breeding-
blanket configuration will be most practical for the design requirements imposed by the above 
consideration. A method has been developed for predicting U238 fast fission in fast reactors and an 
estimation of inelastic scattering in the core. A general outline of the proposed research program includes 
discussions on materials development core and blanket separation methods, and the engineering o; reactor 
components. 



 

C-21301 

21249…..…..…………………..…….……..……ID Number…………………..…..…………….21249 

Author: n. a. 

Title: Reactor Studies- Final Report Part I 

Date: 11/1/1955 

Report: TID-10117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Aluminum; Aluminum Alloys; Ammonium Compounds; 
Boiling; Boron 10; Burnout; Canning; Configuration; Control Systems; Coolant Loops; Cooling; Copper 
Alloys; Corrosion; Criticality; Cyclone Separators; Cylinders; Economics; Education; Efficiency; Electric 
Potential; Fast Neutrons; Fuel Elements; Gamma Radiation; Graphite; Group Theory; Heat Transfer; 
Helium; Hydrochloric Acid; Iron Chlorides; Isotopes; Lifetime; Liquid Flow; LITR; Magnesium; 
Manganese Alloys; Mass; Measured Values; Moderators; Neutron Flux; Optimization; Oxalic Acid; 
Planning; Plates; Poisoning; Power; Power Plants; Pressure; Production; Reactivity; Reactor Core; 



 

C-21302 

21250…..…..…………………..…….……..……ID Number…………………..…..…………….21250 

Author: n.a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period December 30, 1954 to 
February 10, 1955 

Date: 10/31/1957 

Report: TID-10138 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Alloys- Brazing- Pressure- PWR- Reactors- Water Coolant; Annealing- 
Fabrication- Fuel Elements- Hydrogen- Oxidation- Pressure- PWR- Reactors- Rods- Steam- Uranium- 
Uranium Dioxide- Water Coolant- Zircaloy; Blankets- Configuration- Control Elements- Fuel Elements- 
Molybdenum Alloys- Natural Uranium Fuel- Planning- Plates- Pressure- PWR- Reactor Core- Reactors- 
Rods- Tubes- Uranium Alloys- Water Coolant; Blankets- Critical Assemblies- Criticality- Numericals- 
Pressure- PWR- Reactor Core- Reactors- Tubes- UNIVAC- Water Coolant; Canning- Corrosion- 
Hydrogen- Ions- Materials Testing- Molybdenum Alloy 



 

C-21303 

21251…..…..…………………..…….……..……ID Number…………………..…..…………….21251 

Author: Mallett, A. J. 

Title: Mass (Batch) Control and Its Applications 

Date: 1/1/1960 

Report: TID-11747 

Conference/Journal: Criticality Control in Chemical and Metallurgical Plant, Karlsruhe Symposium, 
Organisation For Economic Co-Operation and Development European Nuclear Energy Agency, 1961 

Conference Session:  

Abstract/Keyterms: Problems of nuclear safety control associated with various operations in which the 
quantity of uranium materials handled is specifically referred to as safe-batch or safemass are discussed. 
Factors involved in determining safe conditions for batch operation include enrichment, moderation, 
density, reflection, and neutron poisons. The safety factor by which critical mass values are reduced for 
safemass operation depends on the adequacy of the control of the processing operations. Some of the 
problems involved in sampling and analyzing batch processes are described. The problems of interaction 
or neutron exchange and spacing requirements when one or more containers are involved are discussed. 
Conditions for using nuclear poisons are outlined. It was concluded that frequent checks of every phase of 
the operation is the key to safe operation. 



 

C-21304 

21252…..…..…………………..…….……..……ID Number…………………..…..…………….21252 

Author: Vassallo, D. B. 

Title: Forced Convection Liquid Metal In-Pile Loop Hot Spot Analysis 

Date: 2/25/1959 

Report: TID-12272; TIM-578 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of hot-spot and hot-channel analyses performed on the Pratt and Whitney 
forced convection liquid metal in-pile loop (PW-19) are reported. No excessive temperatures in the water 
channel were found from the hot-spot analysis, which considered only the effects due to mechanical 
tolerances and the uncertainties associated with the measurement of critical parameters. It is concluded that 
only a small probability exists that excessive temperatures will exist in the water channel during normal 
operation of ths loop. Nuclear uncertainties were not considered in the analysis. 



 

C-21305 

21253…..…..…………………..…….……..……ID Number…………………..…..…………….21253 

Author: Papke, D. M. 

Title: A Dose Sensitive Radiation Alarm Instrument with Rate Compensation 

Date: 1/1/1960 

Report: TID-12436; NE-149 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The use of dose-sensitive instruments to detect accidental critical nuclear reactions 
offers several advantages over a rate sensitive stytem when the primary concern is personnel protection in 
continuous production plants. An instrument capable of near perfect integration during the nuclear 
excursion, but which is insensitive to normally encountered radiation, is preferred. A means of continuously 
compensating for background radiation that is applicable to many instrument configurations is discussed. 
Compensation is obtained by incorporating an element into the instrument circuitry that possesses a current- 
voltage relationship with near infinite slope over a portion of its characteristic. Such an element mav be 
selected to permit practical cancellation of dose rates less than an expected maximum without altering the 
alarm instrument sensitivity to a prompt critical reaction. Prototype instruments embodying this principle 
are described. 



 

C-21306 

21254…..…..…………………..…….……..……ID Number…………………..…..…………….21254 

Author: Balcomb, J. Douglas / Gyftopoulos, Elias P. / Demuth, Howard B. 

Title: A Cross Correlation Method for Measuring the Impulse Response of Reactor Systems 

Date: 1/1/1960 

Report: TID-12489; NSENAO, 11, 159-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21307 

21255…..…..…………………..…….……..……ID Number…………………..…..…………….21255 

Author: Stover, E. R. 

Title: Effects of Annealing on the Structure of Pyrolytic Graphite 

Date: 11/1/1960 

Report: TID-12542; 60-RL-2564M 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Pyrolytic graphite contains sheets of disordered graphite layers arranged in small 
crystals separated by tilt boundaries, so that continuous atomic planes may be wrinkled. Upon heating to a 
critical temperature, ordering between layers leads to an effective straightening of the sheets. This process 
was studied in a variety of pyrolytic deposits by annealing to successively higher temperatures. Isothermal 
transformation was followed in one case by observing dimensional changes during annealing. Three stages 
of annealing are distinguished, and deposits are classified according to the temperatures at which different 
amounts of transformation occur. 



 

C-21308 

21256…..…..…………………..…….……..……ID Number…………………..…..…………….21256 

Author: Becar, N. . J. / Kunze, J. F. / Pincock, G. D. / Van Vleck, L. D. 

Title: Critical Experiment Tank (CET) Reactor Hazards Summary 

Date: 3/31/1961 

Report: TID-12719; XDC-61-4-709; XDC-61-4-709 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Critical Experiment Tank (CET) reactor assembly, the associated systems, and 
the Low Power Test Facility in which the reactor is to be operated are described. An evaluation and 
summary of the hazards associated with the operation of the CET reactor in the LPTF at the ldaho Test 
Station are also presented. 



 

C-21309 

21257…..…..…………………..…….……..……ID Number…………………..…..…………….21257 

Author: Mills, C. B. 

Title: Reactor Temperature 

Date: 1/1/1961 

Report: TID-13139; LADC-4938 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Beryllium oxide and graphite critical experiments operated in the temperature range 
90 deg to 1200 deg F were analyzed with a simple gas model neutron scattering matrix. A comparison of 
room temperature and high temperature experiments showed no systematic trends clearly ascribable to the 
method of calculation. It was concluded that in this temperature range the gas model is sufficiently accurate 
for the analysis of this reactor type for the epithermal to intermediate flux spectra found here. 



 

C-21310 

21258…..…..…………………..…….……..……ID Number…………………..…..…………….21258 

Author: MacKinney, A. L. 

Title: Hazards Summary Report, Advanced Test Reactor Critical Experiment at Lynchburg, Virginia 

Date: 8/1/1961 

Report: TID-13696 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The proposed critical experiment for the Advanced Test Reactor is planned to aid in 
the design phase of the reactor. The critical experiment is a close nuclear mock-up of the present core 
design, with flexibility to study the effects of changes in certain areas. The design and construction features 
of the critical experiment as well as proposed operating procedures and program are described. Using 
conservative assumptions, the maximum credible accident was evaluated; for the maximum credible 
reactivity insertion rate, core melting was not expected to occur, even in the event of failure of the reactor 
safety system. The direct radiation and environmental hazards are shown to be small, and operation of the 
reactor does not offer any undue hazard to the public health and safety. 



 

C-21311 

21259…..…..…………………..…….……..……ID Number…………………..…..…………….21259 

Author: Sayeg, J. A. 

Title: The Godiva II Critical Assembly Dosimetry for Biological Research 

Date: 1/1/1961 

Report: TID-13984;LADC-4189; LADC-4189 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Los Alamos Godiva II critical assembly is a bare reactor of approximately 60 kg 
enriched U236. The assembly can be used as a burst facility delivering up to 20,000 tissue rads in a 70 mu 
sec pulse, or can be used as a normal reactor delivering the same dose over a longer time. Four methods 
have been used to evaluate the neutron and gamma tissue dose versus distance relation. These include (1) 
a method employing the threshold detectors Pu239 surrounded by 2 cm of B10, Np237, U238, and S32 For 
the measurement of fast neutron tissue dose a alpha d bare cadmium-covered Au/sup 197/ foils for the 
measurement of thermal neutron tissue dose, (2) the Hurst proportional counter for the measurement of 
neutron tissue dose, (3) tissue-equivalent and graphite-CO2 ionization chambers for the measurement of 
neutron and gamma -tissue dose, (4) and tetrachloroethylene chemical dosimeters for the measurement of 
gamma -dose only, Instruments and procedures of the methods are described and the accuracy of the 
methods is discussed. 



 

C-21312 

21260…..…..…………………..…….……..……ID Number…………………..…..…………….21260 

Author: Chang, Y. 

Title: Final Report--Section 1. An Analysis of the Critical Conditions and Burnout in Boiling Heat Transfer. 
Part I. Critical Conditions. Part II. Critical Heat Fluxes. Section 2. A Correlation of Boiling Heat Transfer 
from the Nucleation Theory--Including Effec 

Date: 8/1/1961 

Report: TID-14004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Certain basic ideas were applied to boiling heat transfer from which several critical 
conditions were derived and an equation of the maximum heat flux in nuclear boiling was obtained. The 
heat transfer was considered as being limited by the maximum rate of bubble generation from a unit area 
of the heating surface. Heat transfer in nucleate boiling with and without forced convection and subcooling 
was also studied. With an empirical modification of the nucleation theory as developed by Volmer and 
Eyring from the Maxwell-Boltzmann distribution law, an equation was obtained for heat transfer in 
vigorous boiling. Validity ef this equation was tested for 18 different systems under different pressures. 



 

C-21313 

21261…..…..…………………..…….……..……ID Number…………………..…..…………….21261 

Author: n.a. 

Title: Monthly Operating Report, October 1961. Volume IV, Issue 10 

Date: 10/31/1962 

Report: TID-14419 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The refueling program was successfully completed on October 6 with the installation 
of the reactor chamber dome, and the reactor achieved criticality with Core I, Seed 3 on October 7, 1961. 
On October 23, with all four reactor coolant loops in service, the generator was synchronized with the 
Duquesne Light Company System and Seed 3 electrical power output was begun. Several hours later it was 
found necessary to shutdown due to nuclear instrumentation troubles. Following a l2-hr shutdown, during 
which the Channel C compensated ion chamber was replaced, the station was returned to service. Seven 
incidents which occurred during the month are described. The modification, repair, and overhaul of vital 
equipment was accelerated so that it could be completed in time for power operation. The tests carried out 
and their resuits are reported. Significant radiation exposures were received only by those painting the 
newly installed platforms and container bottoms. 



 

C-21314 

21262…..…..…………………..…….……..……ID Number…………………..…..…………….21262 

Author: Bidwell, R. M. 

Title: Fission Product Behavior in Direct Contact Core Liquid Metal Fueled Reactors 

Date: 1/1/1961 

Report: TID-14495; LADC-4955 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemical behavior of fission products is predicted for a dynamic core” fast reactor, 
where the fuel is pumped through an outside loop by the coolant. For a 7.5 at.% Pu--25 at.% Co--67.5 at.% 
Ce alloy, the various fission products are classified as sodium-extractable, fuel-soluble, precipitating, and 
rare gases. Evidence predicting behavior of each class is presented. The rates of extraction of removable 
fission products are estimated for different modes of operation. Extractable fission product atoms are 
expected to remain in the fuel phase for only a few seconds. The 60% of the fission product atoms remaining 
in the fuel phase, corresponding to only 35% of the volume, are roughly equal in volume to the Pu 
consumed. The consumption of the initial inventory of Pu would require the gradual addition of 110% of 
the original amount of Pu, of which 3% is required to compensate for poisoning. The effective chemical 
composition of the fuel would be little changed during 100% burn-up.” A dynamic core fast reactor can be 
operated for several years as a continuous chemical system at an economic burn-up rate. 



 

C-21315 

21263…..…..…………………..…….……..……ID Number…………………..…..…………….21263 

Author: Bidwell, R. M. 

Title: Delayed Neutron Economy and Control in a Direct Contact Core Liquid Metal Fueled Reactor 

Date: 1/1/1961 

Report: TID-14537; LADC-5159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Losses of delayed neutron precursors are estimated for liquid-metal- fueled reactor 
models in which the coolant is in direct contact with the flowing fuel. It is shown that as much as 90% of 
the precursors may be extracted by the coolant before decaying to supply neutrons. As a result, the excess 
reactivity corresponding to prompt critical can decrease by a factor of 10, leading to a considerable 
shortening of the reactor period corresponding to a given DELTA k. These conditions will, in actual 
operation at power, be alleviated by the contribution of blanket-delayed neutrons and by the large negative 
temperature coefficient characteristic of liquid systems. The effects of mixing and reduced flow on delayed 
neutron economy and resulting reactor period are evaluated. The benefits of reducing the flow are shown 
to be by far the greater, and a slower flow is recommended if enhanced control through delayed neutrons is 
needed at start-up. 



 

C-21316 

21264…..…..…………………..…….……..……ID Number…………………..…..…………….21264 

Author: DiNunno, J. J. / Anderson, F. D. / Baker, R. E. / Waterfield, R. L. 

Title: Calculation of Distance Factors for Power and Test Reactor Sites 

Date: 3/23/1962 

Report: TID-14844 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Guidance for compliance to Code of Federal Regulations requirements. Discusses 
"maximum credible accident," reactor siting criteria, dose limits to the public, and estimation of potential 
doses to the public. 



 

C-21317 

21265…..…..…………………..…….……..……ID Number…………………..…..…………….21265 

Author: Crewe, A. / Lawreski, S. / Spinrad, B. I. 

Title: State of Nuclear Technology-January 1962 

Date: 11/1/1961 

Report: TID-14912; UAC-5792 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Events in nuclear technology in 1961 are reviewed. The SL-1 incident, operation of 
the Yankee plant, restarting of the Dresden plant, contributions to the state of water reactor technology, 
transitions to private industry, dry criticality in EBR-II, startup of Los Alamos Molten Plutonium Reactor 
Experiment (LAMPRE), successful Tory tests, performance of SNAP reactor tests, and use of radioisotope-
powered electric source in Transit IV A are discussed. 



 

C-21318 

21266…..…..…………………..…….……..……ID Number…………………..…..…………….21266 

Author: Baumann, N. P. / Graves, W. E. / Hennelly, E. J. / O'Neill, G. F. 

Title: High Temperature Exponential Measurements and Room Temperature Critical Substitution 
Measurements on Swedish R3/Adam Fuel Assemblies in Heavy Water 

Date: 7/1/1962 

Report: TID-150307 

Conference/Journal: Nukleonik (West Germany) 

Conference Session:  

Abstract/Keyterms: The Savannah River Laboratory has performed physics studies on D2O lattices of 
fuel assemblies intended for the R3/Adam reactor being built by A. B. Atomenergi. Buckling temperature 
coefficients up to 220 C were measured at square lattice pitches of 24.0, 27.0, and 30.0 cm center to-center, 
between fuel assemblies, in the Pressurized Subcritical Experiment (PSE). Central cell foil activation 
traverses were also made at room temperature and at 217 C. Two building measurements at room 
temperature were made in the Process Development Pile (PDP) at triangular pitches of 23.7 and 30.8 cm 
using a substitution technique in which R3/Adam fuel replaces similar assemblies composed of smaller 
diameter oxide rods. The experimental results compared well with calculations. 



 

C-21319 

21267…..…..…………………..…….……..……ID Number…………………..…..…………….21267 

Author: Clark, H. K. 

Title: Interaction of Fissionable Units 

Date: 1/1/1962 

Report: TID-15342 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A simple technique is described for computing the interaction in groupings of 
fissionable units. The units may be slabs, cylinders, or spheres and may be surrounded by a reflector. The 
validity of the approximations employed is discussed. The technique is illustrated by applying it to the 
specific example of calculating the interaction in a reflected cubic array of eight spheres of U (93 5% U235) 
Comparisons are made with experiment and with other methods of calculation. 



 

C-21320 

21268…..…..…………………..…….……..……ID Number…………………..…..…………….21268 

Author: Kerlin, T. W. Jr. 

Title: Nuclear Reactor Simulation Experiments (Thesis) 

Date: 8/17/1959 

Report: TID-15665 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of 9 nuclear reactor simulation experiments were developed to be performed 
on an analog computer. Analog computer and nuclear reactor fundamentals are discussed. Experimental 
procedure is outlined. The experiments include: introduction to the computer; reactor analysis, effect of 
delayed neutrons; reactor kinetics, analysis for three different fuels; regulating rod calibration; subcritical 
reactor behavior; xenon poisoning; nuclear power plant, program for constant average reactor temperature; 
nuclear power plant, program for constant steam temperature; and temperature coefficient of reactivity. 



 

C-21321 

21269…..…..…………………..…….……..……ID Number…………………..…..…………….21269 

Author: Doyle, T. A. / Hess, A. L. 

Title: Critical Studies with ZPR-III for the Enrico Fermi Fast Reactor Core B 

Date: 6/1/1962 

Report: TID-16681; UAC-6527 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments in the Zero Power Reactor with a mockup of the second core loading, 
Core B, of the Fermi Fast Reactor are described. These experiments were conducted to provide basic critical 
data for the Core B reactor. Measurements were made on the reaction rates and fission ratios, and 
information was obtained concerning reactivity effects of various radial-reflectors. 



 

C-21322 

21270…..…..…………………..…….……..……ID Number…………………..…..…………….21270 

Author: Hummel, H. H. / Bhide, M. G. 

Title: Studies of the Doppler Effect in Large Ceramic-Fueled Fast Reactors 

Date: 7/1/1962 

Report: TID-16805; UAC-6682 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations were made of the Doppler effect in Pu239O2/-U238O2 and Pu239C--
U238C--fueled fast reactors. Th e ELMOE program was employed to obtain accurate fluxes. The technique 
employed was to determine a critical buckling at lower temperature and to use this same buckling at higher 
temperature to determine k(eff). The effect was not very sensitive to the presence or absence of sodium, 
and was not sensitive to rod size over the range studied. 



 

C-21323 

21271…..…..…………………..…….……..……ID Number…………………..…..…………….21271 

Author: Woods, R. M. Jr. / Wiedenbeck, M. L. 

Title: A Computer Program Useful in the Analysis of Gamma Spectra and Angular Correlation Data 

Date: 1/1/1961 

Report: TID-16989 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computer program for least squares analysis of gamma spectra and angular 
correlation data is described. The program determines the best values and errors of the gamma ray 
intensities or of the angular correlation coefficients. The program is written in the FORTRAN language for 
the IBM 709 machine. It occupies about 24,000 locations in the memory. 



 

C-21324 

21272…..…..…………………..…….……..……ID Number…………………..…..…………….21272 

Author: Feiner, F. / Weinstein, S. / Oaks, W. C. / Cooper, K. V. 

Title: Precise Criticality Determinations in the Solid Homogeneous Assembly 

Date: 1/1/1962 

Report: TID-17240 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To accommodate large metal fractions, but still retain the advantages of homogeneity, 
the Solid Homogeneous Assembly (SHA) was designed with the metallic elements and fuel as very fine 
powders dispersed in paraffin. A series of reproducibility checks performed with the assembly 
demonstrated that rearranging or replacing major segments of the core leads to reactivity changes of less 
than 10C. In addition to critical size determinations preliminary flux distribution and reactivity coefficient 
measurements were made. The calculated criticalities using the KARE and KLAG programs were 
compared with the experimental ones. It was found that calculations run approximately 2% high fairly 
consistently. 



 

C-21325 

21273…..…..…………………..…….……..……ID Number…………………..…..…………….21273 

Author: MacKinney, A. L. / Poston, J. W. 

Title: ATR Critical Experiment Facility Description and Initial Critical Conditions 

Date: 7/1/1962 

Report: TID-17270; ATRCE-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Advanced Test Reactor Critical Experiment (ATRCE) is described and data are 
presented from chemical analyses of components. Core design, loading, and criticality conditions are given. 
Preliminary control cylinder sensitivities and the prompt neutron decay constant at the critical conditions 
were measured. The decay constant was used to determine the worth of a variety of fully inserted rods. 



 

C-21326 

21274…..…..…………………..…….……..……ID Number…………………..…..…………….21274 

Author: Bach, D. R. 

Title: The Use of Subcritical Assemblies for Studying Reactor Parameters 

Date: 10/27/1962 

Report: TID-17391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The determination of diffusion parameters in diffusing media in far- subcritical 
assemblies by the pulsed neutron technique is discussed. The theory developed for the calculation of decay 
constants in subcritical systems is outlined. The critical and subcritical assemblies used are described. Data 
obtained for a moderating slab of polyethylene are presented and analyzed. It is shown thnt measurements 
of the fundamental mode prompt neutron decay constant can be performed successfully on assemblies 
whose reactivity ranges from critical to far subcritical, provided that subcriticality is achieved by decreasing 
the size from critical size, rather than by addition of poison to the critical size assembly. 



 

C-21327 

21275…..…..…………………..…….……..……ID Number…………………..…..…………….21275 

Author: Robinson, J. C. 

Title: Programming the Generalized One Dimensional Diffusion Equation Space Simulator and Simulation 
of the Shippingport Pressurized Water Reactor (Thesis) 

Date: 8/1/1961 

Report: TID-17473 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A general program for the solution of nuclear diffusion equations was developed for 
the GODDESS computer and applied to the Shippingport Pressurized Water Reactor. The two-group 
diffusion equations, and the derivation of the difference equations for rectangular, cylindrical, and spherical 
coordinates are discussed. The analog computer is described. The criticality criteria are presented along 
with a method to assure that the voltage distribution appearing at the various meshpoints represent the flux 
distribution which would be present in the simulated reactor. The simulation of various boundary conditions 
which are normally imposed on the diffusion equations is discussed. The principles involved in attaining 
the required nuclear coefficients for simulation of the Shippingport Pressurized Water Reactor are 
presented. 



 

C-21328 

21276…..…..…………………..…….……..……ID Number…………………..…..…………….21276 

Author: Newlon, C. E. 

Title: Critical Interaction Potentials of Water Moderated UF6 Arrays 

Date: 1/1/1963 

Report: TID-17633 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It is noted that the critical spacings of individual subcritical units in large arrays may 
be computed by use of an interaction potential method based on the solid angle of neutron interaction. The 
method was written in a Fortran code for two- and three-dimensional arrays for use with the IBM-7090. 
Calculation results are included for nuclearly safe UF6 cylinder arrays. 



 

C-21329 

21277…..…..…………………..…….……..……ID Number…………………..…..…………….21277 

Author: Cohn, C. E. 

Title: Control Rod Calibrations for Juggernaut by a Digital Method 

Date: 8/24/1962 

Report: TID-17815; RED-EPM-101 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technique was developed which can obtain the complete worth curve of a control 
rod in one run. The run begins with the reactor critical and the rod to be measured fully out. Two neutron 
counters are placed at appropriate locations and connected to a special scaler chassis. This connected to a 
digital printer, which records the accumulated counts and resets the scalers. With the system operating, the 
rod is run in. The resulting printer record is analyzed to yield reactivity as a function of rod position. The 
theory, equipment, method, and results are discussed, 



 

C-21330 

21278…..…..…………………..…….……..……ID Number…………………..…..…………….21278 

Author: Helm, F. H. 

Title: Investigation of Fast Reactor Systems by a Zone Technique 

Date: 11/1/1962 

Report: TID-17817; UAC-7073 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Calculations were made about two possibilities to determine critical dimensions for 
a given composition by zone loadings in a fast critical assembly. Both types of loading approximate a zero 
flux gradient vertical to the zone boundaries. Analytical expressions for flux distributions and critical 
conditions were found by two-group diffusion calculations. The results achieved in this way were, for some 
selected cases, compared to those found by more detailed machine calculations. Special consideration was 
given to the error which would be introduced by extrapolating values measured in zone criticals to full-
sized cores. 



 

C-21331 

21279…..…..…………………..…….……..……ID Number…………………..…..…………….21279 

Author: MacKinney, A. L. 

Title: Pile Oscillator Experiments with the Advanced Test Reactor Critical Experiments 

Date: 11/1/1962 

Report: TID-18064; ATRCE-104 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A rotary, self-shielding oscillator was used to excite the ATR Critical Experiment. 
The alternating component of the ion current was then demodulated and Fourier analyzed by a digital 
computer. The resulting analysis yielded the amplitude and phase relationship of the fundamental and the 
succeeding four harmonics, which could then be related to the pile transfer function. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Estimates of neutron currents resulting from streaming from fuel channels in the 
EGCR graphite core are given. These data are required to evaluate the radiation damage to top and bottom 
hemispheres of the reactor pressure vessel, for use in shielding calculations, and to evaluate leakage 
probability in criticality calculations. 
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design requirements. Work sheets pertaining to the evaluation are included along with references to 
drawings. Reactor Technology; Criticality; Diagrams; EGCR; Equations; Gas Coolant; Mechanical 
Structures; Planning; Power Plants; Reactor Core; Reactors 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments for a special-purpose reactor simulator are presented. The components 
and circuitry found in this type of simulator are discussed. Each experiment is presented in 5 parts: 
background, theory and equations, specific procedures, general procedures, and literature citations, the 
following experiments are included: control rod calibration, measurement of reactor period, temperature 
coefficient of reactivity, verification of the inhour equation, approach to criticality, the prompt critical 
condition, effect of poisons on reactor operation, determination of neutron cross sections by the danger 
coefficient method, and automatic power level control. General purpose analog computer solutions of the 
nuclear reactor kinetics equations are given. 
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Conference/Journal:  
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Abstract/Keyterms: A description is presented of N.S. Savannah fueling operations, the initial criticality 
operation, and subsequent low-power tests and operations. Results of these operations are also described. 
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Abstract/Keyterms: On Saturday morning, April 7, 1962, at about 1059 Armed Forces time, an accidental 
nuclear excursion occurred in the plutonium waste recovery facility (Recuplex) of the 234-5 Building. This 
excursion did not result in any mechanical damage or spread of contamination. Three employees of the 
General Electric Company received overexposures to gamma and neutron radiation. None were fatally 
exposed; in each case the overexposure was recognized promptly, and following medical observation and 
testing the men were released to return to work. In compliance with AEC Manual Chapter 0703, an AEC-
HAPO committee composed of two AEC employees and five General Electric employees was appointed 
by the Manger, HOO, with the concurrence of the General Manager, HAPO, to conduct an investigation of 
the incident. The committee’s purpose was to determine the cause, nature, and extent of the incident, and 
recommend action to be taken by others to minimize or preclude future incidents of this magnitude. A study 
of operating practices and operating conditions that appeared to exist prior to, during, and subsequent to the 
accident was made by the committee. The committee believes that this report provides sufficient 
information to answer questions which may arise as a result of the criticality incident except those relating 
to its cause. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Operation of critical, exponential, and pressurized exponential heavy- water-
moderated reactors is described. The applicability of these facilities in the following fields of reactor 
experimentation is discussed: buckling measurements in uniform lattices; anisotropic and void effects; 
evaluation of control systems; temperature coefficients; mixed lattices; and subcriticality studies of fuel for 
heavy water-moderated reactors. 
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Abstract/Keyterms: A method for computing the interaction in a critical grouping of units, each of which 
would be subcritical if isolated from the others, involves calculating the buckling of the unit from the 
albedo. Calculations were made for cylinders containing an aqueous solution of uranyl nitrate. The units 
were assumed to be spheres, and the cells around each unit were approximated by cubes. Both reflected and 
unreflected arrays were considered. For the cubic arrays, the approximation gave higher values than 
experiment. For planar arrays, the results obtained were conservative. The method can be applied to any 
interaction problem and to irregular arrays. 
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Abstract/Keyterms: A study is presented of the various mathematical models that were used to calculate 
the control rod worth of a cadmium rod in the Kansas State University graphite subcritical reactor. A kinetic 
study was attempted. Several hundred rod drops were performed. The models used included one-group 
diffusion, two-group diffusion, and perturbation models. The data were considered too random for any 
clear-cut conclusions. 
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State, Phys. Rev. C, and Phys. Rev. D; Journal Volume: Vol: 134 

Conference Session:  

Abstract/Keyterms: The Khuri-Treiman dispersion representation is applied to the discussion of 
overlapping resonances among particles in production and decay final states. The kernel of the dynamical 
equation following from the Khuri-Treiman representation has branch points overlapping the integration 
contour, but recently reported work permits selection of the correct branch of the kernel. All restrictions on 
the masses of the final-state particles or strengths of the resonances are thus eliminated. An iteration 
procedure is developed for the solution of the dynamical equation when three spinless particles are present 
in the final state. There is no restriction on the angular momentum of the resonances, but for simplicity only 
s-wave resonances are considered here. Plausibility arguments are given that indicate that for narrow 
resonances the once-iterated approximation to the solution is a good approximation. A detailed study of all 
higher approximations supports this assertion. In the once-iterated approximation, one finds a branch point 
on the second sheet of the transition amplitude that may cause a characteristic variation of the amplitude 
near the low- energy boundaries of the physical region. This variation is studied quantitatively for the 
kinematically favorable reaction N + N -- N + N + pi, and is found to be of negligible importance. The 
suppression of the variation is related to the threshold behavior of two particle scattering amplitudes. 
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Abstract/Keyterms: The design and constructional methods for a graphite subcritical assembly and the 
instrumentation of a basic nuclear engineering laboratory centered about this assembly are presented. 
References, object, method, procedure are also given for experiments on counting statistics, isotope 
buildup, cadmium ratio, Fermi age, diffusion length, measurements of effective pile size critical size and 
effective multiplication factor, and electronic circuitry for nuclear detection. 
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Flux; Neutrons; Nora; Reactor Core; Reactors; Research Reactors; Uranium Dioxide; Water Moderator 
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Abstract/Keyterms: Facilities and methods for experiments on criticality control are described and some 
specific experiments are reviewed. The need for further criticality data in formulating standards for fissile 
material handling is discussed. Some applications of plutonium-238 and curium-244 are presented and the 
associated criticality control problems are mentioned. Criticality control problems in the recovery of 
plutonium from lean solutions are also examined. 



 

C-21375 

21323…..…..…………………..…….……..……ID Number…………………..…..…………….21323 

Author: O’Dell, Douglas 

Title: Criticality Computations—An Overview 

Date: 5/7/1973 

Report: TID-26286, 056-065 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21376 

21324…..…..…………………..…….……..……ID Number…………………..…..…………….21324 

Author: Thomas, J. T. 

Title: Generic Array Criticality 

Date: 5/7/1973 

Report: TID-26286, 066-083 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21377 

21325…..…..…………………..…….……..……ID Number…………………..…..…………….21325 

Author: Clark, Hugh K. 

Title: Establishing Subcritical Limits 

Date: 5/7/1973 

Report: TID-26286, 084-092 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21378 

21326…..…..…………………..…….……..……ID Number…………………..…..…………….21326 

Author: Koponen, Brian L. 

Title: Interpretation of Monte Carlo Results 

Date: 5/7/1973 

Report: TID-26286, 093-099 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21379 

21327…..…..…………………..…….……..……ID Number…………………..…..…………….21327 

Author: Brown, C. L. / Smith, David R. 

Title: Procedures and Practices 

Date: 5/7/1973 

Report: TID-26286, 100-110 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21380 

21328…..…..…………………..…….……..……ID Number…………………..…..…………….21328 

Author: Brooksbank, Robert E. / Clayton, E. Duane 

Title: Operator Training 

Date: 5/7/1973 

Report: TID-26286, 111-116 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21381 

21329…..…..…………………..…….……..……ID Number…………………..…..…………….21329 

Author: Long, Robert L. 

Title: Process Management - Panel Discussion 

Date: 5/7/1973 

Report: TID-26286, 117-128 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21382 

21330…..…..…………………..…….……..……ID Number…………………..…..…………….21330 

Author: Clayton, E. Duane / Clark, Hugh K. 

Title: Status of Mixed Oxides and Actinides 

Date: 5/7/1973 

Report: TID-26286, 129-135 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21383 

21331…..…..…………………..…….……..……ID Number…………………..…..…………….21331 

Author: Clayton, E. Duane 

Title: Shielded Facilities 

Date: 5/7/1973 

Report: TID-26286, 136-142 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21384 

21332…..…..…………………..…….……..……ID Number…………………..…..…………….21332 

Author: Keigher, Donald J. 

Title: Fire Protection 

Date: 5/7/1973 

Report: TID-26286, 143-152 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21385 

21333…..…..…………………..…….……..……ID Number…………………..…..…………….21333 

Author: Brown, C. L. / Stevenson, Robert L. 

Title: Transportation Problems 

Date: 5/7/1973 

Report: TID-26286, 153-161 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21386 

21334…..…..…………………..…….……..……ID Number…………………..…..…………….21334 

Author: Nussbaumer, Donald A. 

Title: Remarks on Licensing of Nuclear-Fuel-Cycle Facilities 

Date: 5/7/1973 

Report: TID-26286, 162-165 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21387 

21335…..…..…………………..…….……..……ID Number…………………..…..…………….21335 

Author: Callihan, Dixon 

Title: Nuclear Standards 

Date: 5/7/1973 

Report: TID-26286, 166-169 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21388 

21336…..…..…………………..…….……..……ID Number…………………..…..…………….21336 

Author: Callihan, Dixon / Johnson Elizabeth G. 

Title: Regulations and Standards 

Date: 5/7/1973 

Report: TID-26286, 170-174 

Conference/Journal: Nuclear Criticality Safety Short Course, D. H. Lawrence Ranch, Taos, New 
Mexico, 7-11 May, 1973 

Conference Session:  

Abstract/Keyterms:  



 

C-21389 

21337…..…..…………………..…….……..……ID Number…………………..…..…………….21337 

Author: Miller, L. G. 

Title: Preliminary Failure Modes, Effects and Criticality Analysis (FMECA) of the Brayton Isotope Power 
System (BIPS) Ground Demonstration System. Report 76-311965 

Date: 6/1/1976 

Report: TID-27301 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Failure Modes, Effects and Criticality Analysis (FMECA) has been made of the 
Brayton Isotope Power System Ground Demonstration System (BIPS-GDS). Details of the analysis are 
discussed. The BIPS Flight System was recently analyzed in an AIRPHX report. Since the results of the 
Flight System FMECA are directly applicable to the BIPS to be tested in the GDS mode, the contents of 
the earlier FMECA have not been repeated in this current analysis. The BIPS-FS FMECA has been 
reviewed and determined to be essentially current. 



 

C-21390 

21338…..…..…………………..…….……..……ID Number…………………..…..…………….21338 

Author: Gallagher, F. E., III. / Campbell, R. W. 

Title: Safety Analysis Report for Fueled SNAP-19/27 Radioisotope Thermoelectric Generators for Use at 
the Jet Propulsion Laboratory 

Date: 10/7/1969 

Report: TID-27875 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The facilities, uses, criticality parameters, and accident modes for an RTG heat source 
of the SNAP-19 and/or SNAP-27 designs are described. A maximum credible accident is analyzed, based 
on future proposed uses at JPL, with the stipulation that other uses require a more detailed safety analysis 
at the time they are proposed. 



 

C-21391 

21339…..…..…………………..…….……..……ID Number…………………..…..…………….21339 

Author: Westfall, R. M. / Ford, W. E. III. / Webster, C. C. 

Title: Design criteria for the 218-group criticality safety reference library 

Date: 1/1/1976 

Report: TID-28577 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The generation of a 218-group cross-section library from ENDF/B-IV data is 
described. Experience in selecting broad-group subsets and applying them in the analysis of critical 
experiments is related. Recommendations on the use of the 218-group library are made. 



 

C-21392 

21340…..…..…………………..…….……..……ID Number…………………..…..…………….21340 

Author: Jacobs, J. M. 

Title: Reprocessing of Irradiated Fission Reactor Fuel and Breeding Materials. An Annotated Bibliography 
of Selected Literature 

Date: 6/1/1964 

Report: TID-3312(Suppl.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Chemistry; Bibliography; Criticality; Darex Process; Decontamination; Economics; 
Fission Products; Fuel Elements; Fuels; Leaching; Purex Process; Reprocessing; Safety; Separation 
Processes; Solubility; Solutions; Solvent Extraction 



 

C-21393 

21341…..…..…………………..…….……..……ID Number…………………..…..…………….21341 

Author: Davis, T. F. Comp. 

Title: Shipping and Storage of Radioactive Materials. A Literature Search 

Date: 4/1/1960 

Report: TID-3552 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A list consisting of 145 references to unclassified report literature and engineering 
drawings is presented as a guide to reports on shipping of radioactive materials. References on storage and 
handling are also included along with others on criticality and shielding. 



 

C-21394 

21342…..…..…………………..…….……..……ID Number…………………..…..…………….21342 

Author: Sachs, F. L. / Corey, R. L. / Gardner, H. L. 

Title: Engineering Materials List 

Date: 1/1/1972 

Report: TID--4100(Suppl.69) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Criticality; Diagrams; Document Types; 
Measuring Instruments; Mechanical Structures; Nuclear Industry; Pressure Gages; Pulse Generators; 
Radiation Detectors; Reviews; US AEC 



 

C-21395 

21343…..…..…………………..…….……..……ID Number…………………..…..…………….21343 

Author: Mills, M. M. 

Title: Atomic Energy Commission Symposium on Reactor Hazards. Minutes of Meeting Held at New York 
Operations of FICE, New York City, April 15, 1950 

Date: 10/31/1957 

Report: TID-5202 

Conference/Journal: Atomic Energy Commission Symposium on Reactor Hazards. Minutes of Meeting 
Held at New York Operations of FICE, New York City, April 15, 1950 

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Conference; Criticality; Excursions; Explosions; Failures; Fuel 
Elements; Reactors 



 

C-21396 

21344…..…..…………………..…….……..……ID Number…………………..…..…………….21344 

Author: n.a. 

Title: A Summary of Industrial Accidents in USAEC Facilities 

Date: 10/31/1962 

Report: TID-5360(Suppl.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Criticality; Quantity Ratio; Radioactivity; Tables 



 

C-21397 

21345…..…..…………………..…….……..……ID Number…………………..…..…………….21345 

Author: Powell, J. R. ed. 

Title: Evaluation of Organic Cooled Reactors. Final Report 

Date: 12/15/1958 

Report: TID-6605 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power costs were calculated for organic-cooled reactors moderated by either organic. 
graphite. or heavy water. All designs were normalized to the same operating conditions so that the only 
variable costs were inventory, burn- up. fuel fabrication, and -reactor structure costs. Comparison of the 
optimum designs indicated the power cost of the heavy-water design to be approximately 0.4 mill/kw-hr 
cheaper than the organic, and the graphite to be approximately the same as organic. However. it was 
recommended that development work be concentrated on a large organic moderated reactor. The potential 
savings using heavy water are a small part of total power costs, and the feasibility of large organic-
moderated reactors should be proved before attempting the much more complicated heavy water organic 
reactors. Investigation of the heavy-water design should continue with further refinement of the cost 
estimates. The heavy water- organic reactors considered in this study will probably not go critical on natural 
uranium, and would not be optimum in cost. They can undoubtedly be designed to use natural uranium. but 
power density may have to be lowered. increasing power costs. If feasible oxide fuel elements capable of 
10.000 Mwd/ ton can be devised. which cost about the same as the present metallic elements. about 2 
mills/kw-hr would be saved in fuel-element fabrication charges. 



 

C-21398 

21346…..…..…………………..…….……..……ID Number…………………..…..…………….21346 

Author: Henry, H. F. 

Title: Guide to Shipment of U-235 Enriched Uranium Materials 

Date: 6/1/1959 

Report: TID-7019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Materials enriched in U234 isotope are presented The manual is presented as a guide 
rather than a source of answers to specific problems and is concerned only with nuclear safety aspects. 
General provisions are given including definitions, followed by basic nuclear safety requirements, and a 
discussion of shipping containers. Also, included are various container system drawings as well as nuclear 
safety data. 



 

C-21399 

21347…..…..…………………..…….……..……ID Number…………………..…..…………….21347 

Author: Stevens, H. E. 

Title: Half-Group Theories for Control Rods 

Date: 3/6/1957 

Report: TID-7531 

Conference/Journal: Reactor Control Meeting held in Los Angeles, March 6-8, 1957 

Conference Session:  

Abstract/Keyterms:  



 

C-21400 

21348…..…..…………………..…….……..……ID Number…………………..…..…………….21348 

Author: n. a. 

Title: Reactor Control Meeting Held in Los Angeles, March 6-8, 1957 

Date: 10/1/1957 

Report: TID-7532(Pt. 1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Papers are included on the reactor control meeting summary remarks, a review of 
methods used in control rod analysis for reactor design at Bettis, formulas for control rod worth in thermal 
reactors, half-group theories for control rods, variational calculation of control rod absorption area, thin 
regions in diffusion theory calculations, flux distribution for a finite cylindrical bare homogeneous thermal 
reactor with a partially inserted control rod, dependence of control rod worth on reactor temperature and 
fuel exposure, multiple control rod calculations, heterogeneous reactor critical conditions using the small 
source theory, control rod worth studies on seed and blanket reactors, limitations of scram transient 
calibrations, APPR-l control rod experiments and calculations, APPR control rods --theory and experiment, 
control rod worths vs. temperature in LAPRE I, effects of rod shape on control worth, lattice experiments 
on thin black control rods, theory and experiments on rods containing rare earth metals, an empirical 
determination of fast absorption constants of control rods, the control of fast reactors, the general 
application of burnable poisons, experiments with control rods and voids in a pool type reactor, 
investigation of absorbing membranes in slab reactors, chemical control experience in boiling reactors, 
central control rod calculations for SPERT reactors, some control rod studies at the Materials Testing 
Reactor, a calculation of the effect of voids in large boiling reactors, reactor control work at General Electric 
APED. 



 

C-21401 

21349…..…..…………………..…….……..……ID Number…………………..…..…………….21349 

Author: n.a. 

Title: Nuclear Superheat Meeting No. 2, April 7 and 8, 1960 at Dunedin, Florida 

Date: 6/30/1960 

Report: TID-7596; COO-261 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Aluminum; Argonne National Laboratory; Boiling; Bonus; 
BORAX-5; Configuration; Control Elements; Coolant Loops; Cooling; Crbr; Criticality; EBWR; 
Economics; Enrichment; Fast Neutrons; Fuel Cans; Fuel Elements; Illinois; In Pile Loops; Moderators; 
North America; Pathfinder; Planning; Power Plants; Pressure; Reactor Core; Reactors; Reprocessing; 
Research Reactors; Rods; Sade; Shutdown; Steam; Superheating; Surfaces; Temperature; Thermal 
Neutrons; Tubes; USA; US AEC; VBWR; Water Coolant; Zirconium; Zirconium Hydrides; Zones 



 

C-21402 

21350…..…..…………………..…….……..……ID Number…………………..…..…………….21350 

Author: Mravca, A. E. / Simpson, D. E. 

Title: Nuclear Superheat Meeting No. 5, September 13, 14, and 15, 1961, San Jose, California 

Date: 12/18/1961 

Report: TID-7630; COO-264 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Minutes of the fifth AEC-sponsored nuclear superheat meetings are presented. Topics 
covered include SADE loop experiment, out-of-pile corrosion experiments, SADE activity levels, heat 
transfer experiments, steam separator development, fuel technology, E-SADE program, NUSU critical 
experiments, BONUS critical experiments, engineering physics calculations, superheat fuel development, 
superheat critical experiments, BORAX-V superheat fuel elements, water chemistry program, in-core 
instrumentation development, UO2 vibratory compaction development, status of nuclear superheat plants 
under design and construction, and nuclear superheat design studies. 



 

C-21403 

21351…..…..…………………..…….……..……ID Number…………………..…..…………….21351 

Author: n. a. 

Title: Conference on Nuclear Propulsion, Monterey, California, August 16, 1962 

Date: 10/31/1963 

Report: TID-7653(Pt.I) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Twenty-two papers are presented in Part I of the first national conference on nuclear 
propulsion for rockets, ramjets, and space vehicles. Separate abstracts are prepared for 21 papers; the other 
paper was previously abstracted in NSA. Topics covered include: reactor criticality, radiation levels and 
analysis, propulsion control, flight safety of nuclear propulsion systems, reactor test operations and 
facilities, heat transfer and fluid flow, engine structures and component development, and engine and 
vehicle design 



 

C-21404 

21352…..…..…………………..…….……..……ID Number…………………..…..…………….21352 

Author: n.a. 

Title: Conference on Nuclear Propulsion, Monterey, California, August 16, 1962 

Date: 10/31/1963 

Report: TID-7653(Pt.I) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Twenty-two papers are presented in Part I of the first national conference on nuclear 
propulsion for rockets, ramjets, and space vehicles. Separate abstracts are prepared for 21 papers; the other 
paper was previously abstracted in NSA. Topics covered include: reactor criticality, radiation levels and 
analysis, propulsion control, flight safety of nuclear propulsion systems, reactor test operations and 
facilities, heat transfer and fluid flow, engine structures and component development, and engine and 
vehicle design. 



 

C-21405 

21353…..…..…………………..…….……..……ID Number…………………..…..…………….21353 

Author: Newlon, C. E. 

Title: Tenth Annual AEC-Contractor Nuclear Materials Management Meeting, Gatlinburg, Tennessee, 
October 19-21, 1964 

Date: 10/31/1964 

Report: TID-7700 

Conference/Journal: AEC-Contractor Nuclear Materials Management Meeting 

Conference Session:  

Abstract/Keyterms: General and Miscellaneous; Head Abstract 



 

C-21406 

21354…..…..…………………..…….……..……ID Number…………………..…..…………….21354 

Author: Rickover, H. G. 

Title: The Challenge to Industry 

Date: 10/31/1957 

Report: TID-8014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Activation; Cadmium; Canning; Configuration; Critical Assemblies; 
Criticality; Density; Economics; Efficiency; Epithermal Neutrons; Foils; Fuel Elements; Gold; Mass; 
Measured Values; Moderators; Multiplication Factors; Neutron Flux; Nickel; Poisoning; Power; Power 
Plants; Reactivity; Reactor Core; Resonance Escape Probability; Spheres; Sulfur; Thermal Neutrons; 
Thermal Utilization; Uranium 235; Uranium 238; Uranium Hydrides; Volume; Weight; Zones 



 

C-21407 

21355…..…..…………………..…….……..……ID Number…………………..…..…………….21355 

Author: United States Atomic Energy Commission 

Title: Nuclear Reactors Built, Being Built, or Planned in the United States as of June 30, 1976 

Date: 6/30/1969 

Report: TID-8200-R20 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21408 

21356…..…..…………………..…….……..……ID Number…………………..…..…………….21356 

Author: Energy Research And Development Administration 

Title: Nuclear Reactors Built, Being Built, or Planned in the United States as of December 31, 1975 

Date: 4/1/1976 

Report: TID-8200-R33 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A compilation is presented which contains unclassified information about facilities 
built, being built, or planned in the United States for domestic use or export as of Dec. 31, 1975, which are 
capable of sustaining a nuclear chain reaction. Information is presented in five parts, each of which is 
categorized by primary function or purpose. The major parts, namely, civilian, military, production, and 
export, as well as such categories as power and propulsion, are self-explanatory. 



 

C-21409 

21357…..…..…………………..…….……..……ID Number…………………..…..…………….21357 

Author: Energy Research And Development Administration 

Title: Nuclear Reactors Built, Being Built, or Planned in the United States as of June 30, 1976 

Date: 1/1/1976 

Report: TID-8200-R34 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information is tabulated on nuclear reactor and critical assembly facilities in 
operation, shut down, under construction, or planned in the U.S. The data include name, owner, location, 
type, power, and startup date. 



 

C-21410 

21358…..…..…………………..…….……..……ID Number…………………..…..…………….21358 

Author: n.a. 

Title: Report of the Sodium Heavy Water Reactor Task Force 

Date: 5/1/1959 

Report: TID-8515 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The sodium--heavy-water reactor concept was evaluated on the basis of (1) its 
technical feasibility and (2) its potential for the economical production of electric power. Problems such as 
operational criticality and integrity of fuel assemblies will have to be resolved before the concept can be 
considered technically feasible. In addition, the costs associated with the fuel cycle and the sodium-insteam 
equipment will have to undergo substantial reductions before this concept can compete with other 
naturaluranium systems. 



 

C-21411 

21359…..…..…………………..…….……..……ID Number…………………..…..…………….21359 

Author: n. a. 

Title: Civilian Power Reactor Program. Part III. Book 3. Status Report on Aqueous Homogeneous Reactors 
as of 1959 

Date: 1/1/1960 

Report: TID-8518(Bk.3) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The status of a program to develop a thermal breeder power reactor which is based 
on the Th-U233 cycle is discussed. The general characteristics of two-region power breeder reactors which 
are either solution-core slurryblanket or slurry-core slurry-blanket are described. A review of studies on 
corrosion, physical properties, and metallurgy of fuel materials, in particular aqueous ThO2 suspensions, is 
presented. Development studies on cladding alloys are discussed. The processing of fuel and blanket 
materials for removal of fission and corrosion products and recovery of fissionable material is discussed. A 
flowsheet for the preparation of ThO2 slurries is contained. Development studies on reactor components, 
systems, instrumentation, and control are reviewed. Reactor-control, safety, and criticality studies are 
discussed. 



 

C-21412 

21360…..…..…………………..…….……..……ID Number…………………..…..…………….21360 

Author: n. a. 

Title: Civilian Power Reactor Program. Part III. Book 7. Status Report on Organic-Cooled Power Reactors 
as of 1959 

Date: 1/1/1960 

Report: TID-8518(Bk.7) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Chemical Reactions; Criticality; Economics; Fluid Flow; Fuel 
Elements; Heat Transfer; Machine Parts; Multiplication Factors; OMRE; Operation; Organic Coolant; 
Planning; Power Plants; Reactor Safety; Reactors; Safety 



 

C-21413 

21361…..…..…………………..…….……..……ID Number…………………..…..…………….21361 

Author: Bost, William E. 

Title: Criticality Data on U235, A Literature Search 

Date: 2/1/1957 

Report: TID-LS-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21414 

21362…..…..…………………..…….……..……ID Number…………………..…..…………….21362 

Author: Walsh, V. 

Title: LCRE Fuel Element Criticality Measurements at ORNL 

Date: 9/1/1965 

Report: TIM-891 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of light-water moderated lattice measurements, using LCRE fuel pins, were 
performed for CANEL at ORNL by the critical facilities group under the direction of a. Dixon Callihan. 
The program consisted of determining: A) the critical mass of fuel pins as a function of lattice spacing, B) 
the reactivity effect of replacing, 1) fuel material in the core with beryllium oxide end reflector material, 2) 
beryllium oxide end reflector material with void, and 3) water moderator with ZYGLO-22;. C) the 
temperature coefficient of the most reactive lattice. 



 

C-21415 

21363…..…..…………………..…….……..……ID Number…………………..…..…………….21363 

Author: n. a. 

Title: Disposal of High-Level Radioactive Wastes in Geologic Repositories 

Date: 1/1/1997 

Report: Title 10 Code of Federal Regulations, Part 60, 1997 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21416 

21364…..…..…………………..…….……..……ID Number…………………..…..…………….21364 

Author: Sims, F. L. 

Title: Deviation to the Test Program and Procedures for the 710 Critical Experiment Reactor Control Drum 
Mockup Experiment 

Date: 3/13/1963 

Report: TM-64-9-701 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes a deviation from the "Test Program and Procedures for the 
710 Critical Experiment Reactor Loading and Rod Calibrations,” TM-63-1-702, which was made in 
accordance with ITS Standard Practice J80-81 on March 13, 1963. The deviation did not involve a 
significant change in the safety of the operation. 



 

C-21417 

21365…..…..…………………..…….……..……ID Number…………………..…..…………….21365 

Author: Sims, F. L. 

Title: Deviation to the Test Program and Procedures for the 710 Critical Experiment Reactor Control Drum 
Mockup Experiment 

Date: 9/14/1964 

Report: TM-64-9-702 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes a deviation from the "Test Program and Procedures for the 
710 Critical Experiment Reactor Control Drum Mockup Experiment,” TM-64-3-706, which was made in 
accordance with ITS Standard Practice J80-81 on September 14, 1964. The deviation did not involve a 
significant change in the safety of the operation. 



 

C-21418 

21366…..…..…………………..…….……..……ID Number…………………..…..…………….21366 

Author: Reid, R. E. 

Title: Basic Critical Experiment No. 2, Measurement Request 

Date: 2/17/1966 

Report: TM-66-2-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21419 

21367…..…..…………………..…….……..……ID Number…………………..…..…………….21367 

Author: Pattenden, S. K. / Tattersall, R. B. 

Title: Preliminary Pile Oscillator Data for Oak Ridge Pu240 

Date: 8/1/1959 

Report: TNCC (UK)-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21420 

21368…..…..…………………..…….……..……ID Number…………………..…..…………….21368 

Author: Takeda, E. / Miyawaki, Y. 

Title: Experimental Studies on 20 Percent Enriched Uranium--Light Water Assembly (TITAN). I 

Date: 3/1/1968 

Report: Tokyo Kogyo Daigaku Gakuho, No. 83, 1-5 

Conference/Journal: Tokyo Kogyo Daigaku Gakuho 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; 
Configuration; Critical Assemblies; Criticality; Errors; Loading; Measurement; Reactivity; Titan 
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Author: Babcock, R. S. / Wessel, D. E. / Wemple, C. A. / Mason, S. C. 

Title: The MOCUP Interface: A Coupled Monte Carlo Depletion System 

Date: 4/1/1994 

Report: Topical Meeting on Advances in Reactor Physics, Vol. Ill, Knoxville, TN 

Conference/Journal: Topical Meeting on Advances in Reactor Physics, Vol. Ill, Knoxville, TN, April 
11-15, 1994 

Conference Session:  

Abstract/Keyterms:  
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Title: Revision of JAERI-FAST Set based on bench mark test 

Date: 6/1/1973 

Report: Topical meeting on fast reactor physics, Tokai, Ibaraki, Japan, 11 Jun 1973 

Conference/Journal: Topical meeting on fast reactor physics, Tokai, Ibaraki, Japan, 11 Jun 1973 

Conference Session:  

Abstract/Keyterms: Physics (Nuclear, Experimental)-Nuclear Properties & Reactions, A >= 220-Nuclear 
Reactions & Scattering; Physics (Nuclear, Experimental)-Nuclear Properties & Reactions, A >= 220-
Nuclear Reactions & Scattering-Spontaneous & Induced Fission:734; Neutron Reactions- Fission; 
Plutonium 239- Neutron Reactions; Uranium 235- Neutron Reactions; Uranium 238- Neutron Reactions; 
Adjoint Flux; Capture-To-Fission Ratio; Comparative Evaluations; Corrections; Criticality; Group 
Constants; KeV Range; Least Square Fit; MeV Range 01-10; Multiplication Factors; Neutrons 
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Title: Present Status of the Fast Critical Experiment and Analysis 
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Report: topical meeting on fast reactor physics, Tokai, Ibaraki, Japan, 11 Jun 1973 

Conference/Journal: Topical meeting on fast reactor physics, Tokai, Ibaraki, Japan, 11 Jun 1973 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; FCA Reactor- Reactor Cores; Boron Carbides; Breeding Blankets; Capture; 
Control Elements; Corrections; Critical Mass; Criticality; Fission; Heterogeneous Effects; JOYO Reactor; 
Mockup; Monju Reactor; Multiplication Factors; Neutron Spectra; Plutonium 239; Plutonium 240; 
Reactivity Worths; Scattering; Total Cross Sections; Uranium 235; Uranium 238 
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Report: Topical meeting on fast reactor physics, Tokai, Ibaraki, Japan, 11 Jun 1973 

Conference/Journal: Topical meeting on fast reactor physics, Tokai, Ibaraki, Japan, 11 Jun 1973 

Conference Session:  

Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; ReactorsReactor Theory & Calculation; JOYO Reactor- Reactor Cores; Boron 
Carbides; Carlson Method; Control Rod Worths; Criticality; Cross Sections; Distribution; Eigenvalues; 
Europium Oxides; Fast Neutrons; FCA Reactor; Fission; Heterogeneous Effects; Iron; Molybdenum; 
Multiplication Factors; Neutron Diffusion Equation; Neutron Flux; Neutron Spectra; Nickel; One-
Dimensional Calculations; Reactivity; Scattering; Self-Shielding; Stainless Steels; Two-Dimensional 
Calculations 
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Conference/Journal: Topical Meeting on Physics, Safety, and Applications of Pulse Reactors, 
Washington, D.C., November 13-17, 1994, ANS 

Conference Session:  

Abstract/Keyterms:  
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Title: Two-Dimensional Cell Calculations for Critical Assembly Analysis 
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Report: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 1984 

Conference/Journal: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 
1984 

Conference Session:  

Abstract/Keyterms: A pseudo two-dimensional collision probability method for calculating plate and pin 
cell flux distributions has been developed, tested against Monte Carlo calculations, and has been found to 
yield collision probabilities which are in error less than 2%. In both the plate and pin cell cases, the pseudo 
2-D collision probability methods have been shown to be as accurate as direct collision probability methods 
for the geometries of interest in ZPPR critical assembly analysis. The computational efficiency of the 
pseudo 2-D method is approximately the same as standard 1-D methods. 
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Report: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 1984, 580-594 

Conference/Journal: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 
1984 

Conference Session:  

Abstract/Keyterms: ZPPR-9; ZPPR-10; ZPPR-13 
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Report: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 1984, 595-607 

Conference/Journal: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 
1984 

Conference Session:  

Abstract/Keyterms: ZPPR-13 
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Title: The Use of Critical Experiments Data in Developing LMFBR Control Rod Worth Biases and 
Uncertainties 
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Report: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 1984, 635-646 

Conference/Journal: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 
1984 

Conference Session:  

Abstract/Keyterms: ZPPR-11 
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Title: Measurements and Analysis of Control Rod Worths in Large Heterogeneous LMFBR Cores 

Date: 9/19/1984 

Report: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 1984, 647-578 

Conference/Journal: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 
1984 

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-21431 

21379…..…..…………………..…….……..……ID Number…………………..…..…………….21379 

Author: Yamamoto, M. / et al. 

Title: Analysis of Large Conventional LMFBR Core Critical Experiments and their Implication to Design 
Methods 
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Report: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 1984, 773-787 

Conference/Journal: Topical Meeting on Reactor Physics and Shielding, Chicago, Illinois, Sept. 17-19, 
1984 

Conference Session:  

Abstract/Keyterms: ZPPR-9, ZPPR-10 
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Title: Heavy Nucleus Resonance Absorption in Heterogeneous Lattices 

Date: 1/1/1992 

Report: Topical Meeting on Reactor Physics, Charleston 

Conference/Journal: Topical meeting on Reactor Physics, Charleston 1992 

Conference Session:  

Abstract/Keyterms:  
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Title: APOLLO2: A User-Friendly Code for Multigroup Transport Calculations 

Date: 4/1/1989 

Report: Topical Meeting. Advances in Nuclear Engineering Computation and radiation Shielding, Santa 
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Conference/Journal: Topical Meeting Advances in Nuclear Engineering Computation and radiation 
Shielding, Santa Fe, New Mexico 

Conference Session:  

Abstract/Keyterms:  
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Title: ABWR Core and Fuel 

Date: 4/1/1997 

Report: TORBAN, 52 (4), 10-13 

Conference/Journal: Toshiba Rebyu (Toshiba Review) 

Conference Session:  

Abstract/Keyterms: Core and Fuel Design / Advanced Boiling Water Reactor (ABWR) 
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Title: Critical Experiments in a BWR Lattice Using NAIG Critical Assembly 

Date: 5/1/1972 

Report: Toshiba Rev., Int. Ed., 69, 014-019 

Conference/Journal: Toshiba Rev., Int. Ed. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Physics & Core Engineering; BWR Type Reactors; 
Gadolinium Oxides; NCA Reactor; Nuclear Poisons; Power Density; Reactivity Worths; Reactor Lattices; 
Zero Power Reactors 
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Title: Control Equipment for Japan Research Reactor-III 

Date: 5/1/1963 

Report: Toshiba Rev., Intern. Ed.; Vol: 18 

Conference/Journal: Toshiba Rev., Intern. Ed. 

Conference Session:  

Abstract/Keyterms: The Japan Research Reactor, JRR-3, is a 10-Mw natural uranium heavy- water-
moderated reactor. It became critical on September 12, 1962, and is now under low-power tests. The nuclear 
instrumentation and control system of the reactor are described. 
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Title: Nuclear safety, Volume 38, Number 1, January--March 1997 

Date: 3/1/1997 

Report: TPJ-NS--38-No.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This journal contains nine articles which fall under the following categories: (1) 
general safety considerations; (2) control and instrumentation; (3) design features (4) environmental effects; 
(5) US Nuclear Regulatory Commission information and analyses; and (6) recent developments. 
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Title: EX-RCS Criticality Safety 
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Report: TPO/TMI-132, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Silver, E. G. 

Title: Nuclear Safety: Technical progress review, October--December 1988 

Date: 1/1/1988 

Report: TPR-NS-29-No.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Safety is a review journal that covers significant developments in the field 
of nuclear safety. Its scope includes the analysis and control of hazards associated with nuclear energy, 
operations involving fissionable materials, and the products of nuclear fission and their effects on the 
environment. Primary emphasis on safety in reactor design, construction, and operation; however, the safety 
aspects of the entire fuel cycle, including fuel fabrication, spent-fuel processing, nuclear waste disposal, 
handling of radioisotopes, and environmental effects of these operations, are also treated. 
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Title: Nuclear Safety: Technical Progress Review, October—December 1988 

Date: 1/1/1988 

Report: TPR-NS-29-No.4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Safety is a review journal that covers significant developments in the field 
of nuclear safety. Its scope includes the analysis and control of hazards associated with nuclear energy, 
operations involving fissionable materials, and the products of nuclear fission and their effects on the 
environment. Primary emphasis on safety in reactor design, construction, and operation; however, the safety 
aspects of the entire fuel cycle, including fuel fabrication, spent-fuel processing, nuclear waste disposal, 
handling of radioisotopes, and environmental effects of these operations, are also treated. 
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Date: 4/1/1993 

Report: TR-93-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Date: 1/1/2003 

Report: Trans. At. Energy Soc. Japan, 2, 196 

Conference/Journal: Trans. At. Energy Soc. Japan 

Conference Session:  

Abstract/Keyterms:  
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Title: Fast Reactor Core Management in Japan: Twenty Years of Evolution at JOYO 

Date: 4/3/2001 

Report: Trans. Int. Meeting of RRFM2001, Aachen, Germany, Apr. 1-3, 2001 

Conference/Journal: International Meeting of RRFM2001, Aachen, Germany, Apr. 1-3, 2001 

Conference Session:  

Abstract/Keyterms:  
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Author: Sage, A. P. / Masters, G. W. 

Title: Identification and Modeling of States and Parameters of Nuclear Reactor Systems 

Date: 2/1/1967 

Report: Trans. Nucl. Sci., NS-14: 279- 85 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Criticality; Operation; Reactivity; 
Reactors; Thermal Neutrons 
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Author: Pedersen, K. / Murphy, G. 

Title: Measurement of Shutdown Margin 

Date: 2/1/1968 

Report: Trans. Nucl. Sci., NS-15: 46- 56 

Conference/Journal: Trans. Nucl. Sci., NS-15: 46- 56(Feb. 1968).; 14th Nuclear Science Symposium, 
Los Angeles. See CONF-671026 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Kinetics & Dynamics; Criticality; 
Determination; Measurement; Reactivity; Research Reactors; Shutdown; Subcritical Assemblies; Transfer 
Functions 
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Title: Liquid/Gas Reactors for High Acceleration Propulsion 

Date: 2/1/1965 

Report: Trans. Nucl. Sci.; Journal Volume: Vol: NS-12 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space; Conference; Criticality; Fluid Flow; 
Fuels; Gases; High Temperature; Jets; Liquids; Mass; Partition; Pennsylvania; Propulsion; Reactor Core; 
Reactors; Review; Turbulence; USA; Velocity 
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Title: Second Derivative of Flux Digital Control of a Space Reactor from Source Level to Critical 

Date: 2/1/1965 

Report: Transactions Nuclear Science, NS-12 

Conference/Journal: Transactions Nuclear Science 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Propulsion and Space; Conference; Control; Criticality; 
Diagrams; Differential Equations; Digital Systems; Errors; Neutron Flux; Neutron Sources; Pennsylvania; 
Reactors; USA 
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Title: New High Density MTR Fuel the CEA-CERCA- COGEMA Development Program 

Date: 1/1/1998 

Report: Transactions of the 2nd Topical Meeting on Research Reactor Fuel Management, Bruges, 
Belgium, 1998 

Conference/Journal: 2nd Topical Meeting on Research Reactor Fuel Management, Bruges, Belgium, 
1998 

Conference Session:  

Abstract/Keyterms:  
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Title: Experimental Irradiation of UMO Fuel: PIE Results and Modeling of Fuel Behaviour 

Date: 1/1/2002 

Report: Transactions of the 6th International Topical Meeting on Research Reactor Fuel Management 

Conference/Journal: 6th International Topical Meeting on Research Reactor Fuel Management, Ghent, 
Belgium, 2002 

Conference Session:  

Abstract/Keyterms:  
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Author: Smith, R. I. 

Title: Measurement of Kinfinity(T) for a Uranium Fuel Element 

Date: 11/1/1964 

Report: Transactions of the American Nuclear Society 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Equations; Fuel Elements; Graphite 
Moderator; Matrices; Measured Values; Multiplication Factors; Neutrons; PCTR; Reactivity; Reactor Core; 
Research Reactors; Thermal Neutrons; Uranium 



 

C-21451 

21399…..…..…………………..…….……..……ID Number…………………..…..…………….21399 

Author: Parrott, J. R. / Nichols, J. P. / Nicol, R. G. 

Title: Operating Experience in a Facility Utilizing Soluble Neutron Absorbers for Storage of Fissile 
Solution 

Date: 1/1/1969 

Report: Transactions of the American Nuclear Society 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Chemistry-Radiochemistry & Nuclear 
Chemistry-Reactor Fuel Processing; Absorption; Control; Criticality; Fissionable Materials; Fuels; Liquids; 
Monitoring; Neutrons; Radioactivity; Reprocessing; Safety; Storage; Uranium 
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Author: Gurinsky, D. H. / Weeks, J. R. 

Title: The Metallurgy of a Liquid Fuel Reactor 

Date: 11/1/1958 

Report: Transactions of the New York Academy of Sciences 

Transactions of the New York Academy of Sciences, 21 

Conference/Journal: Transactions of the New York Academy of Sciences 

Transactions of the New York Academy of Sciences 

Conference Session:  

Abstract/Keyterms: A proposed liquid metal fuel reactor is described which uses a uranium-- bismuth fuel 
and a graphite moderator. The concentration of uranium in the bismuth and the dimensions of the core 
moderator are such that a fission chain reaction occurs in the core. Containment and corrosion studies are 
in progress. Problems of designs metallurgy, and moderator are discussed. 
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Title: Built-In Reflection Effect 

Date: 7/1/1981 

Report: Transp. Theory Stat. Phys.: 10:3 

Conference/Journal: Transp. Theory Stat. Phys.; (United States) 

Conference Session:  

Abstract/Keyterms: The one speed neutron criticality problem is studied in plane and spherical geometries 
for a fission and scattering kernel with an extremely backward bias. It is shown that, the critical size, in 
both geometries, decreases with increasing backward bias and vanishes at a certain backward anisotropy. 
The vanishing of the critical size may be referred to as “built-in-reflection effect” for which an explanation 
similar to the given for the vanishing of the critical thickness at some forward anisotropy is put forward. 
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Author: Sjöstrand, N. G. 

Title: One-Speed Neutron Transport in Spheres with Totally Absorbing Cores 

Date: 8/1/1988 

Report: Transp. Theory Stat. Phys.; 17:4 

Conference/Journal: Transp. Theory Stat. Phys.; (United States) 

Conference Session:  

Abstract/Keyterms: Stationary and time-dependent transport of neutrons of one speed has been studied in 
spheres with totally absorbing cores. For stationary, critical reactors the number of secondaries per collision 
has been calculated numerically for various inner and outer radii. In the time-dependent case, the decay 
constant has been calculated for spherical shells of different inner radii and thicknesses. For a fixed ratio 
between shell thickness and inner radius, the curve of the decay constant versus shell thickness crosses the 
Corngold limit in the same way as the curve for a homogeneous sphere. When the ratio goes to zero the 
curve approaches that for an infinite slab. The behaviour is discussed in view of a new result from collision 
theory, viz. that the following condition must be fulfilled for a body at the point where the decay constant 
curve crosses the Corngold limit: the average exit distance of the neutrons is equal to the mean free path 
for scattering. 
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Title: Criticality Problem for Highly Anisotropic Scattering. [Kernel, Extreme Forward Bias, Anisotropy] 

Date: 1/1/1978 

Report: Transp. Theory Stat. Phys.; 7:4 

Conference/Journal: Transp. Theory Stat. Phys. 

Conference Session:  

Abstract/Keyterms: The one-speed neutron criticality problem is investigated in general geometry for a 
fission and scattering kernel with an extreme forward bias. It is shown that a vanishing critical size does 
not exist for a body finite in all dimensions, as well as for an infinite cylinder. This in contrast to a previous 
result reported in plane geometry. In general, a vanishing critical size will not exist if the second moment 
of Dirac's chord distribution is finite. This leads to the conclusion that a body must be infinite in two 
dimensions (e.g., a slab) to exhibit a vanishing critical thickness. Numerical results for spheres indicate that 
the critical radius varies monotonically with anisotropy, whereas infinite cylinders exhibit a critical radius 
varying non-monotonically with anisotropy. 
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Title: K/Sub Infinity/ and Other Criticality Conditions for an Infinite System 

Date: 1/1/1975 

Report: Transp. Theory Stat. Phys.; Volume: 4:1 

Conference/Journal: Transp. Theory Stat. Phys.; (United States) 

Conference Session:  

Abstract/Keyterms: It is shown that a study of a certain class of matrices leads to criticality conditions 
based on the multigroup neutron transport model for a homogeneous infinite system. A consistent definition 
of k/sub infinity/ is formulated. A simple example is presented. 
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Conference Session:  

Abstract/Keyterms:  
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Conference/Journal: Transport Theory and Statistical Physics (U.S.) 

Conference Session:  

Abstract/Keyterms: It is shown that a study of a certain class of matrices leads to criticality conditions 
based on the multigroup neutron transport model for a homogeneous infinite system. A consistent definition 
of k/sub infinity/ is formulated. A simple example is presented. 



 

C-21459 

21407…..…..…………………..…….……..……ID Number…………………..…..…………….21407 

Author: Cox, R. J. / Hough, G. V. 

Title: Proposed Equipment for Neutron Flux Measurement in the Calder Works Thermal Reactors 

Date: 10/1/1954 

Report: TRDC/P-55 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The six types of equipment proposed are linear power level equipment, backed-off or 
drift power level equipment, shut-down equipment, logarithmic d-c amplifier and period meter equipment, 
logarithmic pulse counting equipment, and equipment for loading experiments. These allow neutron flux 
measurements to be made over the entire fiux range for subcritical to full-power conditions. Each type of 
equipment serves a different purpose, but at any power level more than one type of equipment is indicating 
the Power level. 
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Report: TREE-1116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Report: TREE-1116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Report: TREE-1116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21465 

21413…..…..…………………..…….……..……ID Number…………………..…..…………….21413 

Author: Lofthouse, J. H. / Fast, E. 

Title: Criticality Evaluation of LOFT Fuel Removal and Insertion Cask (FMIRC) 
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Report: TREE-1277 

Conference/Journal:  
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Abstract/Keyterms: Active and passive monitoring techniques were studied and compared for 
determining the amount of fissile material in transuranic (TRU) waste before and after the waste is 
incinerated. The passive counting techniques investigated were gamma ray, neutron, x-ray, and alpha. The 
active interrogation techniques investigated were thermal neutron, fission neutron, fast neutron, and photon. 
Results indicate that the photon interrogation method should be the best technique for criticality monitoring 
of the TRU waste flowing into and out of the slagging pyrolysis incinerator. This technique is based on 
utilization of high-energy photons (5 to 10 MeV) to cause fission of the fissile material in the waste. These 
photons are produced when high energy electrons from a linear accelerator strike a target. When fission 
occurs, prompt and delayed neutrons and gamma rays are produced. The prompt neutrons are then counted 
and related to fissile material content. 



 

C-21468 

21416…..…..…………………..…….……..……ID Number…………………..…..…………….21416 

Author: Vegors, S. H., Jr. / Nieschmidt, E. B. 

Title: Preliminary Investigation of a Criticality Monitoring Technique for a Transuranic Waste Incinerator 

Date: 10/1/1978 

Report: TREE-1285 
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Abstract/Keyterms: This report contains a detailed investigation of the feasibility of using photo induced 
fission to monitor the amount of transuranic material present in the waste streams flowing into and out of a 
proposed slagging pyrolysis incinerator which will be used to convert these wastes into a glassy-like slag. 
In addition to the feasibility study, areas of R and D necessary to confirm the viability of the proposed 
technique are identified; as well as other R and D efforts which will be needed to implement the proposed 
technique. A suggested timetable and estimated costs for such R and D are given. 
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Conference/Journal:  
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Abstract/Keyterms: During initial commissioning of DRF an extensive programme of physics 
measurements was carried out at low power, substantially confirming the design predictions. Since that 
time the reactor has been modified to improve its performance as an irradiation facility, principally by 
increasing the enrichment of the fuel and by substituting nickel for natural uranium in the blanket adjacent 
to the core. A short programme of flux and reaction rate measurements early in 1965 showed serious 
discrepancies between theoretical predictions and experimental observation. The success of earlier 
theoretical treatment suggested that the cause of the failure to deal satisfactorily with the modified reactor 
must lie in incorrect data for nickel. An extensive programme of calculations was undertaken using more 
up-to-date cross-section sets notably the FD2 thirty-three group set based on the Aldermaston/Winfrith data 
file and the Russian twenty-six group set of Abagyan et al. These showed considerably better agreement 
than had been obtained with the YOM sixteen group set; but discrepancies between theory and experiment 
still remained. At this stage it could not be clearly seen to what extent the discrepancies between theory and 
experiment were due to inadequacies of nuclear data and the use of a diffusion theory code or to the 
necessary geometrical simplifications made in adapting a two-dimensional code to the problem. It was 
therefore decided to construct on the VERA assembly machine at AWRE Aldermaston an assembly which 
would approximate to DRF in size, critical mass and spectrum but would be free of the detailed geometrical 
complexities of D. F. R. and would at the same time allow access for experimental measurement to regions 
where the corresponding positions in DRF were only accessible to relatively inaccurate activation 
techniques. 
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Abstract/Keyterms: VERA Core 18 was built to simulate DFR. The core composition was chosen to give 
a similar central spectrum, critical size and enrichment. At one side of the core a nickel reflector similar to 
that of DFR was built. Two versions, cores 18A and 18B, had 14.1 and 23.4 cm thick nickel zones 
respectively. In both versions radial and vertical reaction rate distributions were measured in the core and 
in the nickel region. Uranium-235 and uranium-238 fission detectors, manganese foils, a boron trifluoride 
counter and foils for the uranium-238 (n,gamma) reaction were used. A configuration similar to a partially 
inserted control rod in DFR was devised and selected reaction rate measurements made in its vicinity. 
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Date: 5/30/1962 

Report: TRG-301(D) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some simple assemblies containing 9.3% uranium-235 and a single diluent have been 
studied. Their experimental properties are tabulated and compared. A comparison of calculated and 
experimental detail on the basis of three commonly used fast reactor cross-section sets is given. 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Carbon; Configuration; Critical Assemblies; 
Cross Sections; Errors; Fast Neutrons; Fission; Fuel Elements; Fuels; Lattices; Mass; Measured Values; 
Neutron Beams; Neutrons; Nuclear Reactions; Numericals; Performance; Plutonium Isotopes; Power 
Plants; Reactors; Uranium 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Computers; Control Elements; 
Differential Equations; Eigenvalues; Fuels; Programming; Reactivity; Reactors; Reflectors; Rods; 
Temperature 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Computers; Digital Systems; Gas Coolant; 
Neutron Flux; Performance; Programming; Reactors; Stability; Temperature 
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Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Breeding Ratio; Criticality; 
Errors; Fission Products; LMFBR; Mathematics; Reactivity 
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Title: A Computer Program to Solve the Multigroup Diffusion Equations 
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Report: TRG-Report-229 
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Abstract/Keyterms: A program, which solves the multigroup diffusion equations in two dimensions (RZ, 
XY, R THETA) and in one dimension (slab, cylindrical or spherical geometry) on the IBM 704 or 7090 
computer, is described. Up to 1OO energy groups may be used and neutrons may scatter from any group to 
any other. The program will compute the k effective of the system, or alternatively it will search for 
criticality by varying material composition, or by varying the reactor buckling, or by moving spatial 
boundaries. It will also solve source type problems. There is a standard print of final flux values. There is 
also a powerful general output routine, which is in fact a compiler. Output instructions are given in algebraic 
form, as part of the data to the program. The user can easily direct the processing of results so that 
complicated summing and integrating of the results can be done. Cross-sections may be put in directly or 
they may be obtained from the multigroup library in the program: a group condensation program is 
provided. 
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Report: TRG-Report-754 
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Abstract/Keyterms: Lattice calculations involve solving for the neutron spectrum and associated reaction 
rates in an idealised cell of the reactor. The information thus obtained is then condensed into a form suitable 
for overall reactor calculations. This report describes a technique for obtaining approximate cell reaction 
rates. Although based to a large extent on fundamental nuclear data, it is nevertheless sufficiently simple 
and rapid to be useful in design calculations. The technique has been coded in FORTRAN II in the 
programme ARGOSY. 
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Report: TRG-Report-83 

Conference/Journal:  
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Abstract/Keyterms: By suitable modification of the nuclear parameters the effective delayed neutron 
fraction can be found directly by determining the difference in k(eff) between two multi-group calculations, 
one being the normal delayed critical calculation and the other being a calculation in which the prompt 
neutrons only are considered. The Hassitt code has been used to determine the B(eff) of two ZPR.III 
assemblies and the results are in good agreement with previous methods 
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Abstract/Keyterms: Reactors-Research, Test, Experimental, Zero-Power & Training Reactors, & 
Subcritical Assemblies; Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
ACPR Reactor- Spent Fuel Storage; Spent Fuel Storage- Criticality; Computer Calculations; Configuration; 
Data; Multiplication Factors; Neutron Flux; Neutron Spectra 
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Abstract/Keyterms: The time eigenvalue spectrum of the one-speed, isotropic scattering neutron transport 
equation has been studied for a homogeneous sphere with vacuum boundary conditions. There is a close 
relationship between the time eigenvalue problem and the criticality problem of the time independent 
equation for the same model. It is shown that this relation holds even when the time eigenvalues are 
complex. Using Carlvik's method to solve the criticality problem, it is shown that complex time eigenvalues 
do actually exist for this model problem. Thus the real eigenvalues found by van Norton do not form the 
complete spectrum. 
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Conference/Journal:  
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Abstract/Keyterms: Since the Watts Bar Nuclear Plant has not achieved criticality, there has been no 
contribution of radioactivity from the plant to the environment. The levels of radioactivity being reported 
in this document are due to natural background radiation, fallout from nuclear weapons testing, or other 
nuclear operations in the area. 
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Abstract/Keyterms: The verification of the TVA analysis methods for boiling water reactors is presented. 
The verification is presented in two main divisions, one for lattice physics and one for core simulation. For 
the lattice physics methods comparisons are made to measured values of reactivity, local power 
distributions, and isotopics. Reactivity comparisons are made to a series of twenty-five critical experiments 
including a wide range of water to fuel ratios, a range of enrichments covering those of interest in BWR 
designs, both uranium and mixed oxide fuels, poisoned (with borated water) and unpoisoned lattices. A 
comparison was also made of certain reaction rates calculated by LATTICE to those calculated by a Monte 
Carlo Code. Verification of the CORE (three-dimensional core simulator) code was made against measured 
values from four boiling water reactors, with two cycles of operation for each. 



 

C-21486 

21434…..…..…………………..…….……..……ID Number…………………..…..…………….21434 

Author: n. a. 

Title: Tehnicheskie usloviya na postavku teplovydelyayushchego elementa dispersionogo tipa dlya 
reaktora 

Date: 1/1/1970 

Report: TVR-S. No. 162.000.TU. No. L-1055s. (1969) 

Conference/Journal:  

Conference Session:  
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Title: Tank Waste Remediation System Nuclear Criticality Safety Program Management Review 

Date: 6/24/1999 

Report: TWR-3721-REV0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides the results of an internal management review of the Tank 
Waste Remediation System (TWRS) criticality safety program, performed in advance of the DOE/RL 
assessment for closure of the TWRS Nuclear Criticality Safety Issue, March 1994. Resolution of the safety 
issue was identified as Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) 
Milestone M-40-12, due September 1999. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21492 

21440…..…..…………………..…….……..……ID Number…………………..…..…………….21440 

Author: n. a. 

Title: Interim Staff Guidance – 8, Rev. 2 – Limited Burnup Credit 

Date: 8/31/1998 

Report: U.S. Nuclear Regulatory Commission, Spent Fuel Project Office 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21493 

21441…..…..…………………..…….……..……ID Number…………………..…..…………….21441 

Author: n. a. 

Title: Interim Staff Guidance – 8, Rev. 1 – Limited Burnup Credit 

Date: 7/1/1999 

Report: U.S. Nuclear Regulatory Commission, Spent Fuel Project Office 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21494 

21442…..…..…………………..…….……..……ID Number…………………..…..…………….21442 

Author: Wachter, W. J. / Robbins, T. R. 

Title: Method and Apparatus for Storing Nuclear Fuel Assemblies in Maximum Density Racks 
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Report: U.S. Patent 4,177,386 

Conference/Journal:  
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Abstract/Keyterms: A maximum density storage rack is provided for long term or semipermanent storage 
of spent nuclear fuel assemblies. The rack consists of storage cells arranged in a regular array, such as a 
checkerboard, and intended to be immersed in water. Initially, cap members are placed on alternate cells in 
such a manner that at least 50% of the cells are left open, some of the caps being removable. Spent fuel 
assemblies are then placed in the open cells until all of them are filled. The level of reactivity of each of the 
stored fuel assemblies is then determined by accurate calculation or by measurement, and the removable 
caps are removed and rearranged so that other cells are opened, permitting the storage of additional fuel 
assemblies in a pattern based on the actual reactivity such that criticality is prevented. 
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Title: Container for the Transportation of Irradiated Fuel Elements and Handling Device Adapted Therefor 

Date: 8/26/1980 
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Abstract/Keyterms: A container is described for the transportation of irradiated fuel elements whose 
criticality can be controlled by means of internally disposed neutron poison needles, wherein said container 
comprises, parallel to the compartments intended for the fuel elements, at least as many compartments as 
needles necessary for the fuel elements to be transported, these compartments being constructed such that 
not only can neutron poison needles be housed therein, but can also be easily introduced and extracted after 
removal of the lid of the container, these compartments being arranged in the body of the container or in its 
internal basket with dispositions such that the shielding characteristics are not affected. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An actinide nitride-fueled nuclear reactor and a method of operation therefor, 
including continuous in situ removal of fission products and optional addition of fuel-forming actinide 
material as the reaction proceeds. The reactor employed has a fuel system comprising a critical mass of a 
nitride of an actinide metal in contact with a non-critical solution of the actinide metal in a molten metal 
solvent of low neutron adsorption cross section such as tin, the fuel system being maintained under a 
nitrogen atmosphere in an inert, refractory vessel such as graphite which is non-conducive to the formation 
of actinide oxides. Fission products formed are continuously exchanged with the actinide metal dissolved 
in the molten metal solvent as the nuclear reaction proceeds, with equivalent amounts of actinide nitride 
being formed and precipitated into the critical mass as fission products are dissolved in the molten metal 
solution. 
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Abstract/Keyterms: A system for detecting fissile and fissionable material originating external to the 
system includes: a.sup.6Li loaded glass fiber scintillator for detecting thermal neutrons, x-rays and gamma 
rays; a fast scintillator for detecting fast neutrons, x-rays and gamma rays, the fast scintillator conjoined 
with the glass fiber scintillator such that the fast scintillator moderates fast neutrons prior to their detection 
as thermal neutrons by the glass fiber scintillator; and a coincidence detection system for processing the 
time distributions of arriving signals from the scintillators. 
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Abstract/Keyterms: Disclosed below are representative embodiments of methods, apparatus, and systems 
for detecting particles, such as radiation or charged particles. One exemplary embodiment disclosed herein 
is particle detector comprising an optical fiber with a first end and second end opposite the first end. The 
optical fiber of this embodiment further comprises a doped region at the first end and a non-doped region 
adjacent to the doped region. The doped region of the optical fiber is configured to scintillate upon 
interaction with a target particle, thereby generating one or more photons that propagate through the optical 
fiber and to the second end. Embodiments of the disclosed technology can be used in a variety of 
applications, including associated particle imaging and cold neutron scattering. 
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Abstract/Keyterms: The Light Water Breeder Reactor (LWBR) Program was chartered to develop a 
commercially viable breeder reactor using contemporary (1960s and 1970s) light-water reactor technology. 
Building on innovative concepts and experiment results, LWBR design centered on a fuel blend of 233U 
and 232Th oxides and on a variable-geometry nuclear-control concept. The program included several sets 
of critical experiments, an operational research reactor, associated 233U production, and associated fuel-
manufacturing facilities. All LWBR Program critical experiments were conducted at the High Temperature 
Test Facility of the Bettis Atomic Power Laboratory (BAPL) in West Mifflin, Pennsylvania by 
Westinghouse Atomic Power Division (WAPD). Conducted in the mid-1960s, the first set of critical 
experiments included eight water-flooded critical assemblies, designated SB cores for their seed-and-
blanket (or small blanket) configurations. These cores were designed to provide nuclear parameter 
information for LWBR blankets. Two seed fuel matrices were used, 235UO2 -ZrO2 and 233UO2 -ZrO2. 
Similarly, two blanket fuel matrices were used, 232ThO2 and 233UO2 -232ThO2. The eight assemblies 
included five rectangular (SB-1, SB-2, SB-21/2, SB-3, and SB-4) and three hexagonal (SB-5, SB-6, SB-7) 
cores. Experimenters respectively designated these cores wet and dry (or wet and dry blanket assemblies) 
due to their relative solid-to-water volume ratios in the blanket region. However, the blanket region was 
water flooded in all cases. A geometric (rectangular/hexagonal), rather than water (wet/dry), designation is 
used here to avoid confusion and possible misunderstanding. “All cores were approximately clean critical, 
with an excess reactivity of only a few tenths of one percent.” All eight experiments are acceptable for use 
as criticality safety benchmark experiments. These eight experiments were conducted at 20°C (about 68°F). 
Two additional experiments were performed at 480°F, but they are not included here because readily 
available information is insufficient to model them. 
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Abstract/Keyterms: In 1961, the 233U Jezebel critical assembly was fabricated and operated at the Los 
Alamos Scientific Laboratory. There were actually three Jezebel assemblies built, one using Pu (4.5 at. % 
240Pu) and referred to as the 239Pu Jezebel, one using Pu (20.1 at. % 240Pu) and referred to as the 240Pu 
Jezebel, and one using 233U and referred to as the 233U Jezebel. Only the 233U Jezebel is described in 
this report. The 233U Jezebel was an unreflected, or bare, 233U metal critical assembly, nearly spherical 
in shape. The uranium was 98 at. % 233U and was unalloyed. The 233U Jezebel is considered to be 
acceptable for use as a benchmark critical experiment. The 233U Jezebel was successfully operated only 
from January 11 through August 9, 1961, during which time several critical experiments were performed, 
including a number of reactivity worth measurements. After its last use in 1961, the 233U Jezebel was 
disassembled and the material used for other purposes. 
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Abstract/Keyterms: Evaluated in this report are two critical experiments. Both critical experiments were 
performed at Los Alamos Scientific Laboratory using spherical masses of uranium highly enriched in 233U 
surrounded by uranium highly enriched in 235U. The first experiment was performed using a core mass of 
10.012 kg and will be referred to as the 10 kg experiment. The second experiment was performed using a 
core mass of 7.601 kg and will be referred to as the 7.6 kg experiment. These experiments are considered 
to be acceptable as benchmark critical experiments. This experiment was performed as part of a series of 
experiments. This series is covered by PU-MET-FAST-005, PU-MET-FAST-010, PU-MET-FAST-018, 
U233-MET-FAST-003, U233-MET-FAST-004, U233-MET-FAST-005, and MIX-MET-FAST-001. 
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21450…..…..…………………..…….……..……ID Number…………………..…..…………….21450 

Author: Brewer, Roger W. 

Title: Benchmark Critical Experiments of Highly Enriched Uranium-233 Spheres Reflected by Normal 
Uranium 

Date: 3/31/1995 

Report: U233-MET-FAST-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are two critical experiments. Both critical experiments were 
performed using spherical masses of 233U reflected by normal uranium at Los Alamos Scientific 
Laboratory. The first experiment was performed using a core mass of 10.012 kg and will be referred to as 
the 10 kg experiment. The second experiment was performed using a core mass of 7.601 kg and will be 
referred to as the 7.6 kg experiment. These experiments are considered to be acceptable as benchmark 
critical experiments. This series is covered by PU-MET-FAST-005, PUMET- FAST-010, PU-MET-FAST-
018, U233-MET-FAST-002, U233-MET-FAST-004, U233-METFAST- 005, and MIX-MET-FAST-001. 
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21451…..…..…………………..…….……..……ID Number…………………..…..…………….21451 

Author: Brewer, Roger W. 

Title: Benchmark Critical Experiments of Highly Enriched Uranium-233 Spheres Reflected by Tungsten 

Date: 3/31/1995 

Report: U233-MET-FAST-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Evaluated in this report are two critical experiments. Both critical experiments were 
performed at Los Alamos Scientific Laboratory using spherical masses of uranium highly enriched in 233U 
reflected by tungsten. The first experiment was performed using a core mass of 10.012 kg and will be 
referred to as the 10 kg experiment. The second experiment was performed using a core mass of 7.601 kg 
and will be referred to as the 7.6 kg experiment. These experiments are considered to be acceptable as 
benchmark critical experiments. This series is covered by PU-METFAST- 005, PU-MET-FAST-010, PU-
MET-FAST-018, U233-MET-FAST-002, U233-MET-FAST- 003, U233-MET-FAST-005, and MIX-
MET-FAST-001. 
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21452…..…..…………………..…….……..……ID Number…………………..…..…………….21452 

Author: Brewer, Roger W. 

Title: Benchmark Critical Experiment of Highly Enriched Uranium-233 Spheres Reflected by Beryllium 

Date: 9/30/1999 

Report: U233-MET-FAST-005 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In this report two critical experiments are evaluated. Both critical experiments were 
performed using spherical masses of 233U reflected by beryllium at Los Alamos Scientific Laboratory. The 
first experiment was performed using a core mass of 10.012 kg and will be referred to as the 10 kg 
experiment. The second experiment was performed using a core mass of 7.601 and will be referred to as 
the 7.6 kg experiment. These experiments are considered to be acceptable as benchmark critical 
experiments. These experiments were performed as part of a series of experiments. All of the experiments 
were performed with the same assembly machine at the same period of time with similar sized cores and 
interchangeable reflector pieces. This series is covered by PU-MET-FAST-005, PU-MET-FAST-010, PU-
MET-FAST-018, U233-MET-FAST-002, U233-MET-FAST-003, U233-MET-FAST-004, and MIX-
MET-FAST-001. 
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21453…..…..…………………..…….……..……ID Number…………………..…..…………….21453 

Author: Brewer, Roger W. 

Title: Benchmark Critical Experiment of a Uranium-233 Sphere Reflected by Normal Uranium with 
FLATTOP 

Date: 9/30/2000 

Report: U233-MET-FAST-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: In 1964 a critical experiment was performed at Los Alamos Scientific Laboratory 
using a spherical 233U core reflected by normal uranium. The average of two critical experimental 
configurations was used to determine the final critical mass of a 233U metal sphere intimately reflected by 
thick normal uranium. Delayed critical was achieved with both configurations. The results of this 
experiment are considered to be acceptable as a benchmark critical experiment. The Flattop assembly 
machine was used for several experiments. These experiments are covered in MIX-MET-FAST-002. 
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21454…..…..…………………..…….……..……ID Number…………………..…..…………….21454 

Author: Radha, E. / Reddy, C. P. / Ganesan, S. / Srinivasan, G. / Ramalingam, P. V. / Raj, Baldev 

Title: Kalpakkam Mini (Kamini) Reactor: Beryllium-Oxide-Reflected, Water- Moderated 233U-Fueled 
Reactor 

Date: 9/30/2006 

Report: U233-MET-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The KAlpakkam MINI (KAMINI) Reactor is a 233U-fueled, light water moderated, 
natural convection cooled, beryllium oxide reflected, zero power research reactor. The KAMINI reactor is 
located at the Indira Gandhi Centre for Atomic Research at Kalpakkam, India. Because of the highly 
efficient reflector material BeO, it has a very low fuel inventory (~612 g). The reactor is designed to operate 
at a nominal power of 30 kW. The built-in maximum excess reactivity of the reactor is restricted to 300 
pcm (3 mk), and this reactivity is apportioned to take care of various effects like coolant temperature load, 
irradiation sample load, operating margin, xenon load and long-term burn-up losses. One critical 
configuration, measured on 29th October 1996, is evaluated and accepted as a benchmark model. The 
reactor is operating and functional at the time of preparing this benchmark specification. 
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21455…..…..…………………..…….……..……ID Number…………………..…..…………….21455 

Author: Heinrichs, Dave 

Title: Uranyl-Fluoride (233U) Solutions in Spherical Stainless Steel Vessels with Reflectors of Be, CH2, 
and Be-CH2 Composites – Part I 

Date: 9/30/2001 

Report: U233-SOL-INTER-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of criticality studies were performed at the Lawrence Livermore National 
Laboratory in the late 1950’s using aqueous solutions of 233U in the form of UO2F2 stabilized with 0.3% 
by weight of HF. The 233U concentration in these experiments ranged from 0.13 to 0.87 kg/l. Eight type 
347 stainless steel spheres ranging in inner radius from 7.87 to 12.45 cm were available for use as containers 
for the solutions. The scope of this evaluation is limited to the experiments involving the three highest 
concentrations of uranyl-fluoride solution. The seven smallest spheres were used in these experiments with 
0.87, 0.75 and 0.57 kg/l 233U solutions. Reflectors of beryllium, polyethylene and beryllium-polyethylene 
composites were used. Thirty-three configurations are evaluated and accepted as criticality-safety 
benchmark models. Fission rate data calculated by the evaluator show that twenty-four of these 
configurations have over 50% of the fissions occurring in the intermediate energy range, three have over 
50% of the fissions occurring in the thermal energy range, and six have less than 50% of the fissions 
occurring in all three energy ranges and can therefore be classified as “MIXED”. The results of Russian 
Federation calculated fission spectra for these experiments are provided in U233-SOL-INTER-001-
SPECTRA which show that twenty-nine of these configurations can be classified as “INTER”, three can 
be classified as “MIXED” and only one as “THERMAL”. These experiments were assigned the program 
name Falstaff and are published here for the first time. These experiments are believed to be unique in that 
they provide critical data for uranyl-fluoride aqueous solutions with concentrations higher than that 
achieved at any other laboratory. 
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21456…..…..…………………..…….……..……ID Number…………………..…..…………….21456 

Author: Putman, Valerie L. 

Title: Unreflected Spheres of 233U Nitrate Solutions 

Date: 9/30/2003 

Report: U233-SOL-THERM-001 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The Light Water Breeder Reactor (LWBR) Program was chartered to develop a 
commercially viable breeder reactor using contemporary (1960s and 1970s) light-water reactor technology. 
Building on innovative concepts and experiment results, LWBR design centered on a fuel blend of 233U 
and 232Th oxides and on a variable-geometry nuclear-control concept. The program included several sets 
of critical experiments, an operational research reactor, associated 233U production, and associated fuel-
manufacturing facilities. All LWBR Program critical experiments were conducted at the High Temperature 
Test Facility of the Bettis Atomic Power Laboratory (BAPL) in West Mifflin, Pennsylvania by 
Westinghouse Atomic Power Division (WAPD). Conducted in the mid-1960s, the first set of critical 
experiments included eight water-flooded critical assemblies, designated SB cores for their seed-and-
blanket (or small blanket) configurations. These cores were designed to provide nuclear parameter 
information for LWBR blankets. Two seed fuel matrices were used, 235UO2 -ZrO2 and 233UO2 -ZrO2. 
Similarly, two blanket fuel matrices were used, 232ThO2 and 233UO2 -232ThO2. The eight assemblies 
included five rectangular (SB-1, SB-2, SB-21/2, SB-3, and SB-4) and three hexagonal (SB-5, SB-6, SB-7) 
cores. Experimenters respectively designated these cores wet and dry (or wet and dry blanket assemblies) 
due to their relative solid-to-water volume ratios in the blanket region. However, the blanket region was 
water flooded in all cases. A geometric (rectangular/hexagonal), rather than water (wet/dry), designation is 
used here to avoid confusion and possible misunderstanding. “All cores were approximately clean critical, 
with an excess reactivity of only a few tenths of one percent.” 
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21457…..…..…………………..…….……..……ID Number…………………..…..…………….21457 

Author: Poullot, Gilles 

Title: Uranium-233 Nitrate Solutions Water-Reflected or Unreflected Alecto-3 - Saclay 

Date: 9/30/2008 

Report: U233-SOL-THERM-0010 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of subcritical high-multiplication approaches and critical experiments was 
performed in 1963 through 1964 at Saclay, France, with homogeneous aqueous uranium-233 nitrate 
solution, containing about 2 N excess nitric acid. They were performed with the Alecto-3 solution reactor. 
The name, Alecto, comes from mythology: Alecto was one of the three Furies, daughters of the goddess, 
Proserpina, who was kidnapped by the god of hell, Pluton, and married to him. The name Proserpina was 
given to the first solution reactor installed in Saclay, because it was used first with plutonium nitrate 
solution. The name Alecto was given to three reactors, Alecto-1, -2, and -3, installed at subsequent times 
in the same hall. The exact dates of the Alecto-3 experiments have not been found. It was the third part of 
a large program investigating the three fissile nuclides, 239Pu, 235U, 233U, in nitrate solutions. The Alecto-
1 experiments, with plutonium nitrate solutions, started on November 8, 1961. The Alecto-2 experiments, 
with highly enriched uranium (89.95 % 235U) nitrate solution, started on December 28, 1962. The aim of 
the Alecto-1 program was to study critical conditions of tanks used in the then-proposed Marcoule 
reprocessing plant. The first core tank (324a mm in diameter) was an exact copy of input tank “83-11” of 
room 82 of the Marcoule reprocessing plant. The core tank was a cylinder with a complicated bottom. This 
core tank was too complicated to be modeled in calculations, therefore the experimenters simplified the 
bottoms of all the other tanks used in the succeeding experiments, making the bottoms almost flat. The 
Alecto-2 and Alecto-3 reactors were very similar to the Alecto-1 reactor, but with the simplified core 
bottom, because the aim of studies was to compare the neutronic properties of the three fissile nuclides 
239Pu, 235U, and 233U. The reactor core of the Alecto-3 experiments was comprised of the fissile solution 
inside a cylindrical tank of stainless steel. Three core tanks were successively used, with diameters 30, 42, 
and 25 centimeters. The uranium concentration varied over the range 27.5 to 206.5 g/liter. The experiments 
were water-reflected or unreflected. For the water-reflected experiments, the core tank was inside in a larger 
cylindrical tank containing the water reflector, and the top surfaces of the water reflector and of the fissile 
solution were maintained at the same level. According to the report, this same tank is designated either by 
the internal diameter (324 mm) or by the external diameter (330 mm). Experiments were either critical, 
with the use of control and safety rods, or were subcritical approaches extrapolated to critical, with the 
multiplication factor reached being very close to 1.0000. In these latter experiments, the subcritical 
approach parameter was the solution height, with the control and safety rods positioned above the core tank. 
This evaluation considers thirty-six subcritical-approach experiments with aqueous solutions of 233U 
uranyl nitrate. Nineteen experiments were unreflected and seventeen experiments were water-reflected. 
During the evaluation, it was noted that the calculated keff values decrease markedly as the solution height 
decreases (or the uranium concentration increases), with keff nearly 6% (6000 pcm) low for the lowest 
solution height. The reason for this trend was researched but remains unknown. The estimated maximum 
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experimental uncertainty (1σ) is 0.65%, mostly due to uncertainty in the solution density. Because of the 
distinct trend in calculated keff, these experiments are not recommended to be used as benchmarks. 
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21458…..…..…………………..…….……..……ID Number…………………..…..…………….21458 

Author: Jordan, W. Curtis 

Title: Paraffin-Reflected 8-, 8.5-, 9-, 10-, and 12-Inch-Diameter Cylinders of 233U Uranyl Nitrate 
Solutions 

Date: 9/30/2001 

Report: U233-SOL-THERM-002 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A number of critical experiments involving 233U were performed in the Oak Ridge 
National Laboratory Building 9213 Critical Experiments Facility during the year 1952. These experiments 
were directed toward determining the minimum critical mass, minimum critical volume, and maximum safe 
pipe size of water-moderated solutions of 233U. Additional information on the critical experiments was 
found in the experimental logbooks. Nineteen critical experiments utilizing uranyl nitrate (UO2(NO3)2) 
solutions in 8-, 8.5-, 9-, 10-, and 12-inch-diameter cylinders are evaluated in this report. The cylinders were 
paraffin reflected in the radial direction and on the top and bottom. Two experiments performed in the 8-
inch diameter cylinder were large extrapolations to critical and are not considered acceptable as benchmark 
experiments. Similar paraffin-reflected uranyl nitrate experiments, performed in 5-inch, 6-inch, and 7.5-
inch vessels are evaluated in U233-SOL-THERM-004. of the experiments evaluated here, seventeen were 
judged acceptable for use as criticality-safety benchmark experiments, although the evaluated uncertainty 
is somewhat large. 
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21459…..…..…………………..…….……..……ID Number…………………..…..…………….21459 

Author: Elam, Karla R. / Jordan, W. Curtis 

Title: Paraffin Reflected 5-, 5.4-, 6-, 6.6-, 7.5-, 8-, 8.5-, 9-, and 12-Inch- Diameter Cylinders of 233U 
Uranyl Fluoride Solutions 

Date: 9/30/2001 

Report: U233-SOL-THERM-003 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A number of critical experiments involving 233U were performed in the Oak Ridge 
National Laboratory Building 9213 Critical Experiments Facility during the years 1952 and 1953. These 
experiments, reported in Reference 1, were directed toward determining the minimum critical mass, 
minimum critical volume, and maximum safe pipe size of water-moderated solutions of 233U. Additional 
information on the critical experiments was found in the experimental logbook. Eighteen experiments 
utilizing uranyl fluoride (UO2F2) solutions in 5-, 5.4-, 6-, 6.6-, 7.5-, 8-, 8.5-, 9-, and 12-inch-diameter 
cylinders are evaluated in this report. The 5-, 5.4-, and 6-inch-diameter cylinders were 36 inches tall, and 
were reflected by at least 6 inches of paraffin in the radial direction and on the bottom. The larger cylinders 
were approximately equilateral (H/D=1), and were paraffin reflected in the radial direction and on the top 
and bottom. Reference 1 also describes experiments in a paraffin-reflected 4.5-inch-diameter cylinder 
which could not be extrapolated to critical. These experiments are not discussed in this evaluation. Paraffin-
reflected 233U uranyl nitrate experiments were also conducted in this set of experiments. The same reaction 
vessels were used for both the nitrate and fluoride experiments, and many of the nitrate experiments have 
been included in previous evaluations. Uranyl nitrate experiments with smaller paraffin-reflected 5-, 6-, 
and 7.5-inch-diameter cylinders are evaluated in U233-SOL-THERM-004. Uranyl nitrate experiments with 
paraffin-reflected 8-, 8.5-, 9-, 10-, and 12-inch-diameter cylinders are evaluated in U233-SOL-THERM-
002. of the experiments evaluated here, ten were judged acceptable for use as criticality-safety benchmark 
experiments, although the evaluated uncertainties are somewhat large. Eight experiments were large 
extrapolations to critical and are not considered acceptable as benchmark experiments. 
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21460…..…..…………………..…….……..……ID Number…………………..…..…………….21460 

Author: Jordan, W. Curtis / Shor, Joel T. 

Title: Paraffin Reflected 5, 6, and 7.5 Inch Diameter Cylinders of 233U Uranyl Nitrate Solutions 

Date: 9/30/2001 

Report: U233-SOL-THERM-004 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A number of critical experiments involving 233U were performed in the Oak Ridge 
National Laboratory Building 9213 Critical Experiments Facility during the year 1952. These experiments, 
reported in Reference 1, were directed toward determining the minimum critical mass, minimum critical 
volume, and maximum safe pipe size of water-moderated solutions of 233U. Additional information on the 
critical experiments was found in the experimental logbooks. Thirteen critical experiments utilizing uranyl 
nitrate (UO2(NO3)2) solutions in 5-, 6-, and 7.5-inchdiameter cylinders are evaluated in this report. The 5- 
and 6-inch-diameter cylinders were reflected by at least 6 inches of paraffin in the radial direction and on 
the bottom, and unreflected on the top. The 7.5-inch-diameter cylinders were paraffin reflected in the radial 
direction and on the top and bottom. None of the experiments performed with uranyl nitrate in the 5-inch-
diameter cylinders attained criticality, thus they are not considered acceptable as benchmark experiments. 
One experiment performed in the 6-inch-diameter cylinder was extrapolated to critical based on 
measurements at 75% of the estimated critical height and is not considered acceptable as a benchmark 
experiment. Similar paraffin-reflected uranyl nitrate experiments, performed in 8-inch, 8.5-inch, 9-inch, 
10-inch, and 12-inch vessels are evaluated in U233-SOL-THERM-002. of the experiments evaluated here, 
eight were judged acceptable for use as criticality-safety benchmark experiments. 
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21461…..…..…………………..…….……..……ID Number…………………..…..…………….21461 

Author: Goluoglu, Sedat / Hopper, C. M. 

Title: Arrays of 233UO2 (NO3)2 Aqueous Solutions Contained within Stainless Steel Cans 

Date: 9/30/2002 

Report: U233-SOL-THERM-006 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: Critical experiments using aqueous solutions of uranyl nitrate, having a high 233U 
content in arrays of cylindrical cans, were performed between August of 1966 and April of 1968. The 
experiments were performed at the Oak Ridge Critical Experiments Facility (ORCEF) of the Oak Ridge 
National Laboratory (ORNL). The purpose of the experiments was to establish polyethylene-reflected and 
unreflected critical configurations for multiple “tightly” and “loosely” neutronically coupled subcritical 
cylindrical solution units within cubic unit cells forming cubic arrays. Results from the experiments were 
to have potential use in the processing, storage, and transportation of 233U solutions. During the 
experimental campaign it was necessary to “purify” the solution to remove the highly radioactive daughter 
products of the trace quantities of 232U in the solution. The first series of experiments were performed with 
“Pre-purified” solutions identified as Sample 2. Following the first series of experiments the solution was 
passed through a solvent extraction process to remove the highly radioactive daughter products. The 
extraction process was not specific to the trace quantity of thorium that was present in the original solution. 
Therefore, the returned “Purified” solution also contained trace quantities of thorium. The “Purified” 
solution used for the second series of array experiments was identified as Sample 11. The first series of 
experiments had array unit cans nearly completely filled with approximately 6320 g of “Pre-purified” 
solution identified as Sample 2. This solution had a density of approximately 1.4812 g/ml and a uranium 
density of approximately 342.7 mgU/ml, resulting in approximately 1462 g U for each array unit can. As 
used in the 2x2x2 and 3x3x3 arrays, the total mass of U in the arrays was about 11696 g U and 39474 g U, 
respectively. The second series of experiments had array unit cans nearly completely filled with 
approximately 5552 g of “Purified” solution identified as Sample 11. This solution had a density of 
approximately 1.2781 g/ml and a uranium density of approximately 203.8 mgU/ml, resulting in 
approximately 885 g U for each array unit can. As used in the 2x2x2 and 3x3x3 arrays, the total mass of U 
in the arrays was about 7080 g U and 23895 g U, respectively. The experiments involved a total of 51 
configurations. of the 51 configurations, 18 were configured as an array of 2x2x2 cans; 33 were configured 
as an array of 3x3x3 cans. Nine of the 18 2x2x2 configurations were reflected arrays. Twenty-four of the 
33 3x3x3 configurations were reflected arrays. Twenty-four configurations used the solution designated as 
Sample 2; 27 configurations used the solution designated as Sample 11. The spacing between cans was 
varied to obtain the different configurations using the same solution. As a result of insufficient information 
about the reflector positions for reflected 2x2x2 configurations, these nine configurations were rejected. 
The supercritical cases (cases with a positive finite period) were also deemed unacceptable since they did 
not report the effective multiplication factor of the system. Hence, only 25 out of 51 evaluated 
configurations were judged to be acceptable as benchmarks. The user should be aware that many of these 
configurations are very similar. Three experiments are reruns of previous experiments, and six experiments 
are the same as 2 previous experiments except for the addition of thin aluminum sheets. These are included 



 

C-21515 

because the evaluators feel strongly that they are separate experiments, demonstrate the uncertainties in the 
method, and are characteristic of the experimental methods and results. Because one purpose of the series 
of experiments was to obtain critical configurations with equal cubic cells, some other experiments are the 
same except for small variations in can spacings. These are also very similar. 
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21462…..…..…………………..…….……..……ID Number…………………..…..…………….21462 

Author: Basu, T. K. / Radha, E. / Reddy, C. P. / Rasheed, K. K. / Ganesan, S. 

Title: PURNIMA-II: U-233 Uranyl Nitrate Solution Reactor with Beryllium Oxide Reflector 

Date: 9/30/2008 

Report: U233-SOL-THERM-007 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: During the 1970’s, critical experiments were performed at the Bhabha Atomic 
Research Center (BARC), Mumbai, India, starting with a plutonium-fueled fast reactors that was christened 
as PURNIMA - Plutonium Reactor for Neutronic Investigations in Multiplying Assemblies. Later, a thermal 
reactor fueled by uranyl nitrate solution (98.1862 weight percent of U was 233U) and reflected by beryllium 
oxide (BeO) was assembled and operated at BARC. It was named PURNIMA-II. PURNIMA-II was a 233U 
uranyl nitrate solution fueled, beryllium oxide (BeO) reflected, homogeneous experimental setup at BARC 
during 1984-86. The 233U was produced in India by irradiation of pure thorium rods in BARC in research 
reactors and subsequently reprocessing and separating the uranium PURNIMA-II was the first 233U-fueled 
reactor in India. The aim of this experiment was to obtain the minimum critical mass for this system. The 
experiments carried out with this system included measurement of critical mass as a function of solution 
concentration, reactivity worth of various safety devices, and the measurement of void and temperature 
coefficients of reactivity. The details of the assembly and experiments performed with PURNIMA-II are 
documented in References 1 to 7. The PURNIMA-II reactor achieved criticality for the first time on 10th 
May 1984 at 9:05 pm. The uranium concentration used for this configuration was 116.6 g/l. Subsequently, 
the reactor was made critical with uranium concentrations of 103.8, 90.9, 81.5, 70.7 and 60.5 g/l. These six 
configurations are benchmarked in this paper and found to be acceptable. 
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21463…..…..…………………..…….……..……ID Number…………………..…..…………….21463 

Author: Hollenbach, Daniel F. 

Title: Unreflected Large-Diameter Cylinders of 233U Uranyl Nitrate Solutions 

Date: 9/30/2004 

Report: U233-SOL-THERM-009 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: The four critical experiments evaluated here were part of a series of experiments 
performed at Oak Ridge National Laboratory (ORNL) to determine the critical conditions of unreflected 
homogeneous aqueous uranyl nitrate solutions using either highly enriched (93.2 wt.% 235U) uranium or 
233U. One of the purposes of this series of experiments, performed in the 1950’s, was to determine the 
value of η (the number of fission neutrons produced per thermal neutron absorbed in the fissile isotope) for 
235U and 233U thermal systems. The critical solutions were contained in either aluminum spherical tanks 
or large stainless steel cylindrical tanks. Four critical experiments using 233U in a uranyl nitrate solution 
were performed in a nominal 5-ft diameter thin walled stainless steel cylindrical tank The uranyl nitrate 
solution contained very low levels of uranium, ranging from 12.53 gU/l to 14.50 gU/l, resulting in H/X 
ratios from 2106 to 1819 for this set of four experiments. The experiments were conducted by pumping the 
uranyl nitrate solution into the large tank until it went critical. This resulted in a very simple experiment 
with the only external contributions being from the steel tank, structural steel in the room, and concrete 
floor and walls. All four experiments were judged acceptable for use as criticality-safety benchmark 
experiments. Six experiments using similar 233U solutions in large aluminum spheres are reported in 
evaluations U233-SOL-THERM-001 and U233-SOL-THERM-008. Also, five experiments using the same 
tank but with highly enriched 235U uranyl nitrate solution are reported in HEU-SOL-THERM-042. 
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21464…..…..…………………..…….……..……ID Number…………………..…..…………….21464 

Author: Heinrichs, Dave 

Title: Uranyl-Fluoride (233U) Solutions in Spherical Stainless Steel Vessels with Reflectors of Be, CH2, 
and Be-CH2 Composites – Part I 

Date: 9/30/2001 

Report: U233-SOL-THERM-011 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of criticality studies were performed at the Lawrence Livermore National 
Laboratory in the late 1950’s using aqueous solutions of 233U in the form of UO2F2 stabilized with 0.3% 
by weight of HF. The 233U concentration in these experiments ranged from 0.13 to 0.87 kg/l. Eight type 
347 stainless steel spheres ranging in inner radius from 7.87 to 12.45 cm were available for use as containers 
for the solutions. The scope of this evaluation is limited to the experiments involving the three highest 
concentrations of uranyl-fluoride solution. The seven smallest spheres were used in these experiments with 
0.87, 0.75 and 0.57 kg/l 233U solutions. Reflectors of beryllium, polyethylene and beryllium-polyethylene 
composites were used. Thirty-three configurations are evaluated and accepted as criticality-safety 
benchmark models. These experiments were assigned the program name Falstaff and are published here for 
the first time. These experiments are believed to be unique in that they provide critical data for uranyl-
fluoride aqueous solutions with concentrations higher than that achieved at any other laboratory. Fission 
rate information calculated by the evaluator show that 24 of the 33 configurations have over 50% of the 
fissions occurring in the intermediate energy range and one has over 50% of the fissions occurring in the 
thermal energy range. The remaining six configurations have less than 50% of the fissions occurring in all 
three energy ranges and are therefore classified as “MIXED”. The results of Russian Federation calculated 
fission spectra for these experiments show that twenty-nine of these configurations may be classified as 
“intermediate”, three as “mixed”, and only one as “thermal”. For consistency in classification, the data 
provided by the Russian Federation are used. Therefore, Cases 14 (2 2 Be+CH2), 16 (2 3 CH2), and 30 (3 
5 CH2) are classified as “MIXED” and Case 28 (3 4 Be) is classified as “THERMAL”. Complete 
documentation of the Falstaff experiments is given in U233-SOL-INTER-001. 



 

C-21519 

21465…..…..…………………..…….……..……ID Number…………………..…..…………….21465 

Author: Foster, Paul J. / Briggs, J. Blair 

Title: Water-Reflected Spherical Vessels Partially Filled or Filled with 233UO2(NO3)2 Solution 

Date: 9/30/2002 

Report: U233-SOL-THERM-012 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments comprising spherical vessels containing uranyl nitrate 
solution of high 233U content was performed between August 1966 and early April 1968. There were a 
total of 75 configurations with simple spherical or cylindrical geometry, 25 of which were reflected by 
water and 50 of which were unreflected. of the reflected spheres, 13 were critical, and of the unreflected 
spheres, 24 were critical. The experiments were conducted in the south assembly area of the Oak Ridge 
Critical Experiments Facility (ORCEF) of the Oak Ridge National Laboratory (ORNL). According to the 
main source of information for this evaluation, the purpose of these experiments was “to provide 
information directly applicable to nuclear criticality safety practices and support analyses of basic 
geometries.” The unreflected spherical experiments are evaluated in U233-SOL-THERM-013. Evaluated 
in this report are 13 reflected, partially filled or filled spheres containing 233UO2(NO3)2. The experiments 
differed mainly by the size of the spheres and the uranium density in the solution. The spheres were, in 
most cases, partially filled; however the sphere was actually overfilled in one case. Some experiments 
appeared to be repeats of the same experiment, with almost identical experimental conditions and results. 
In these cases, the data were averaged. Ten configurations are considered to be unique. However, two of 
these ten configurations differ from each other by only 2.3°C in the solution temperature, which results in 
about a 1-cm change in critical height. The ratio H/233U ranged from just over 120 to just under 550. Larger 
than desirable uncertainties resulted for some configurations because of uncertainties in the zero point of 
solution height measurements. The uncertainty in the benchmark-model keff for two configurations 
exceeded 1.2%. Uncertainties of the remaining eight configurations ranged between 0.1% and 0.7%. These 
eight configurations are considered acceptable for use as criticality safety benchmark experiments. 
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Author: Foster, Paul J. / Briggs, J. Blair 

Title: Unreflected Spherical Vessels Partially Filled or Filled with 233UO2(NO3)2 Solution 

Date: 9/30/2003 

Report: U233-SOL-THERM-013 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments comprised of spherical vessels containing uranyl nitrate 
solution of high 233U content was performed between August, 1966 and early April, 1968. There were a 
total of 75 configurations with simple spherical or cylindrical geometry, 25 of which were reflected by 
water and 50 of which were unreflected. of the reflected spheres, 13 were critical, and of the unreflected 
spheres, 24 were critical. The experiments were conducted in the south assembly area of the Oak Ridge 
Critical Experiments Facility (ORCEF) of the Oak Ridge National Laboratory (ORNL). According to the 
main source of information for this evaluation, the purpose of these experiments was “to provide 
information directly applicable to nuclear criticality safety practices and support analyses of basic 
geometries.” The reflected spheres are evaluated in U233-SOL-THERM-012. Evaluated in this report are 
the 24 unreflected spherical vessels containing 233UO2(NO3)2 with H/233U ratios that range from just 
over 180 to just over 580. The experiments differ mainly by the size of the spheres and the uranium density 
in the fuel solution. The spheres were partially filled in all but one case, in which the sphere was slightly 
overfilled. One of the experiments appeared to include a repeat of a previous critical measurement, with the 
same experiment number and almost identical experimental conditions and results. Twenty-three 
configurations are considered to be unique. Larger than desirable uncertainties resulted for some 
configurations because of uncertainties in the zero point of solution height measurements. The uncertainty 
in keff of the model for two configurations exceeded 1.3%. Uncertainties of the remaining 21 configurations 
ranged between 0.2% and 0.9%. These 21 configurations are considered acceptable for use as criticality 
safety benchmark experiments. 
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Author: Bartholomay, Roger W. 

Title: Lucite-Moderated and Unmoderated, Reflected and Non-Reflected Arrays of Bottles Containing 
Uranyl Nitrate (98.2 wt.% 233U) Solution 

Date: 9/30/2002 

Report: U233-SOL-THERM-014 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: From July 6 to August 31, 1966, a series of 23 approach-to-critical experiments 
involving arrays of cylindrical polyethylene bottles filled with uranyl nitrate hexahydrate solution (98.2 
wt.% 233U) was performed at Pacific Northwest Critical Mass Laboratory (CML), Richland, Washington, 
USA. Various sizes of arrays including 2 x 2, 3 x 3, and 4 x 4 were performed, as well as a double-tier 
experiment consisting of a 3 x 3 x 2 array of bottles. All 2 x 2 arrays and one 3 x 3 array were essentially 
fully reflected with Lucite, while all other arrays were left bare. A portion of the experiments involved 
varying the thickness (from 0 to 2.5 inches) of Lucite moderator between the bottles of the array. The 
purpose of the experiments was to provide information on the interaction effects of 233U solution arrays, 
and to test the reliability of the Monte Carlo calculations in handling these kinds of criticality issues. The 
key parameter of interest was the critical surface-to-surface (S-S) spacing between the bottles of an array. 
The height of solution within a bottle was approximately 11.5 inches, and the concentration was 
approximately 330 g 233U/l, according to References 1, 2, and 3. However, the bottles contained somewhat 
varying amounts and concentrations of uranyl nitrate solution. Accordingly, the references report the 
average solution height and average 233U concentration and mass for each experiment. A total of 18 
experiments are evaluated. The other five experiments were not evaluated because the approach-to-critical 
was performed to determine the number of bottles for criticality, and the results were in terms of partial or 
non-exact bottles, thus making physical benchmark models impossible. Two of the 18 experiments have a 
critical surface-to-surface bottle spacing that is less than the Lucite thickness, which makes them 
unacceptable as criticality benchmark experiments. Therefore, 16 of the 18 evaluated experiments are 
considered acceptable as criticality benchmark experiments. Due mainly to the uncertainties in the critical 
S-S spacing between bottles and in the bottle wall thickness, a few of the experiments have uncertainties 
larger than 1.0 %. However, the uncertainties are relatively well known, thus enabling the experiments to 
qualify as acceptable. 
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Author: Parkey, Shane E. 

Title: Unreflected Solutions of 233UO2(NO3)2 in Cylinders 

Date: 9/30/2005 

Report: U233-SOL-THERM-016 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments each comprising a cylindrical vessel containing an aqueous 
solution of uranyl nitrate of high 233U content was performed between August 1966 and early April 1968. 
There were a total of 85 configurations with simple spherical or cylindrical geometry, 21 of which were 
reflected by water and 64 of which were unreflected. The experiments were conducted in the south assembly 
area of the Oak Ridge Critical Experiments Facility (ORCEF) of the Oak Ridge National Laboratory 
(ORNL). According to the main source of information for this evaluation, the purpose of these experiments 
was “to provide information directly applicable to nuclear criticality safety practices and support analyses 
of basic geometries.” of these multiple delayed critical experiments, 33 experiments using four unique 
solution concentrations are described here. These four solutions achieved delayed criticality in three sizes 
of cylinders; 20-inch diameter, 15-inch diameter, and 10-inch diameter. Repeat experiments were 
performed using the same solution type and cylinder diameter to evaluate the bottom of the aluminum 
cylinder. Temperature variations in some systems were also explored. Water reflected experiments using 
similar solution concentrations and cylinder diameters performed at the Oak Ridge Critical Experiments 
Facility at the same time are evaluated in U233-SOL-THERM-017. All 33 experiments were judged 
acceptable for use as criticality-safety benchmark experiments. Uncertainties of the 33 configurations 
averaged 0.3% and ranged between 0.2% and 0.5%. of the 33 configurations presented here, six are repeat 
measurements. Experiment 96 is a repeat measurement of experiment 95, 97 is a repeat of 93, 102 is a 
repeat of 100, 142 is a repeat of 139, 143 is a repeat of 142, and 147 is a repeat of 144. These experiments 
are highly correlated with one another and should not be considered as independent experiments for 
validation purposes. 
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Title: Water-reflected Solutions of 233UO2(NO3)2 in Cylinders 

Date: 9/30/2005 

Report: U233-SOL-THERM-017 

Conference/Journal: International Handbook of Evaluated Criticality Safety Benchmark Experiments 

Conference Session:  

Abstract/Keyterms: A series of experiments each comprising a cylindrical vessel containing an aqueous 
solution of uranyl nitrate of high 233U content was performed between August 1966 and early April 1968. 
There were a total of 85 configurations with simple spherical or cylindrical geometry, 21 of which were 
reflected by water and 64 of which were unreflected. The experiments were conducted in the south assembly 
area of the Oak Ridge Critical Experiments Facility (ORCEF) of the Oak Ridge National Laboratory 
(ORNL). According to the main source of information for this evaluation, the purpose of these experiments 
was “to provide information directly applicable to nuclear criticality safety practices and support analyses 
of basic geometries.” of these multiple delayed critical experiments, 15 experiments using three unique 
solution concentrations are described here. These three solutions achieved delayed criticality in three sizes 
of cylinders: 15-inch diameter, 10-inch diameter, and 8-inch diameter. Repeat experiments were performed 
using the same solution and cylinder but with Styrofoam below the cylinder to evaluate the worth of the 
water reflector in that region. Unreflected experiments using similar solution concentrations and cylinder 
diameters performed at the Oak Ridge Critical Experiments Facility at the same time are evaluated in U233-
SOL-THERM-016. The seven experiments with a water base reflector type were judged acceptable for use 
as criticality safety benchmark experiments. Uncertainties of the seven acceptable configurations averaged 
0.32% and ranged between 0.25% and 0.40%. The eight experiments with a Styrofoam base reflector type 
produced results 0.4% to 3.0% lower than the benchmark model keff. No discernible cause or trend in these 
results could be found. Therefore, the Styrofoam base reflected experiments are rejected as acceptable 
benchmark experiments. However, models of these experiments and their results are retained in Appendix 
F. 
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Author: Christy, Robert F. 

Title: Neutronic Reactor 

Date: 6/25/1961 

Report: UA 2993852 

Conference/Journal: U. S. Patent 

Conference Session:  

Abstract/Keyterms:  
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Author: Girgis, R. / Hamouda, I. / Karchava, G. 

Title: Critical Mass Calculation for UA-RR-1 Reactor 

Date: 1/1/1968 

Report: UARAEE-67 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies-Kinetics & Dynamics; Critical 
Mass; Four Factor formula; Group Theory; WWR Series 
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Author: Fouad, H. Y. / Dimitri, F. H. 

Title: Two-Group Two-Region Criticality Calculation Diffusion Code 

Date: 1/1/1969 

Report: UARAEE--79 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; Cylinders; IBM 1620; 
Programming; Reactor Core; Zones 
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Author: El-Mofty, O. H. / El-Demerdash, A. A. / Karchava, G. A. / Zaalouk, M. G. 

Title: Criticality Evaluation of Hydrogenous Enriched Lattices Using a Three Group Model 

Date: 1/1/1969 

Report: UARAEE-84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; Fuels; Group Theory; Isotope Enriched 
Materials; Neutron Diffusion Equation; Reactor Lattices; Uranium 235 
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Author: Fouad, H. Y. / Dimitri, F. H. 

Title: Four Groups Four Regions Criticality Calculation Diffusion Code 

Date: 1/1/1969 

Report: UARAEE--85 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; IBM 1620; Multi-Group 
Theory; Neutron Diffusion Equation; Programming; Reactor Core; Zones 
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Author: Naguib, K. / Karchava, G. / Hamouda, I. 

Title: Numerical Calculations of K(eff)and Neutron Fluxes in the 2 and 3- Group Approximations Using 
an IBM-1620 Code 

Date: 1/1/1970 

Report: UARAEE--89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Criticality; FORTRAN; Group Theory; IBM 1620; 
Multiplication Factors; Neutron Diffusion Equation; Programming; Reactors 
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Author: Fouad, H. Y. / Dimitri, F. H. 

Title: Multigroup Multiregion Criticality Calculation Diffusion Code 

Date: 1/1/1970 

Report: UARAEE--90 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory-Kinetics; Configuration; Criticality; IBM 1130; Multi-Group 
Theory; Neutron Diffusion Equation; Programming; Reactor Core; Zones 
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Author: Davis, J. W. 

Title: Nuclear Accident Dosimetry in a Simulated Criticality Accident 

Date: 12:00:00 AM 

Report: UCC-ND-293 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; --
Instrumentation--Radiation Detection Instruments--Radiation Dosimeters; Neutron Dosimetry; Criticality-
- Accidents; Personnel Dosimetry; Photographic Film Dosemeters; Radiation Accidents; Simulation 
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Author: Thomas, J. T. 

Title: A Criticality Indicator System for Storage of Fissile Materials 

Date: 7/1/1975 

Report: UCCND-CSD-INF-48 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Handling Equipment & Procedures; 
Plutonium 239-- Criticality; Uranium 233-- Criticality; Uranium 235-- Criticality; Computer Calculations; 
Monte Carlo Method; Safety; Storage 
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Author: McCormick, N. J. 

Title: Quantum Mechanical Neutron Scattering Formalism and Its Use in Criticality Calculations 

Date: 1/1/1967 

Report: UCID--15249 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Bibliography; Criticality; 
Neutrons; Quantum Mechanics; Scattering; Scattering Law; Thermal Neutrons 
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Author: Campbell, P. M. 

Title: Formulation of the Radiation Transport Problem 

Date: 1/1/1967 

Report: UCID--15550 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Radiation & Shielding)-Radiation Physics; Radiation Transport- One-
Dimensional Calculations; Angular Distribution; Strong Interactions; Time Dependence; Weak Interactions 
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Author: Lambert, H. E. 

Title: Systems Safety Analysis and Fault Tree Analysis 

Date: 5/9/1973 

Report: UCID-16238 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fault Tree Analysis- Safety; Safety- Hazards; Safety Engineering 
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Author: Wilcox, T. P. 

Title: MORSE-L, A Special Version of the MORSE Program Designed to Solve Neutron, Gamma and 
Coupled Neutron-Gamma Penetration Problems 

Date: 9/1/1972 

Report: UCID-16680 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Radiation & Shielding)-Radiation Physics; Computer Codes- Codes; 
Neutron Transport- Computer Codes; Photon Transport- Computer Codes; Gamma Radiation; Monte Carlo 
Method 
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Author: Wilcox, T. P. 

Title: ANISN-L, A CDC-7600 Code Which Solves the One-Dimensional, Multigroup, Time Dependent 
Transport Equation by the Method of Discrete Ordinates 

Date: 9/20/1973 

Report: UCID-17106 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The code ANISN-L solves the one-dimensional, multigroup, time-independent 
Boltzmann transport equation by the method of discrete ordinates. In problems involving a fissionable 
system, it can calculate the system multiplication or alpha. In such cases, it is also capable of determining 
isotopic concentrations, radii, zone widths, or buckling in order to achieve a given multiplication or alpha. 
The code may also calculate fluxes caused by a specified fixed source. Neutron, gamma, and coupled 
neutron--gamma problems may be solved in either the forward or adjoint (backward) modes. Cross sections 
describing upscatter, as well as the usual downscatter, may be employed. This report describes the use of 
ANISN-L; this a revised version of ANISN which handles both large and small problems efficiently on 
CDC-7600 computers. 
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Author: Plechaty, E. F. 

Title: Monte Carlo Criticality Calculations of Hydrogen Moderated Uranium Systems Using the 
Probability Table Method and Multigroup Cross Section Representations 

Date: 4/1/1977 

Report: UCID-17455 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Monte Carlo criticality calculations using the Probability Table Method and 
Multigroup cross section representation show the importance of the resonance structure of the uranium 
isotopes in well-moderated systems. 
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Author: Odell, B. N. / Toy, A. J. Jr. 

Title: Final Safety Analysis Report (FSAR) for Building 332, Increment III 

Date: 8/31/1977 

Report: UCID-17565 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Final Safety Analysis Report (FSAR) supplements the Preliminary Safety 
Analysis Report (PSAR), dated January 18, 1974, for Building 332, Increment III of the Plutonium 
Materials Engineering Facility located at the Lawrence Livermore Laboratory (LLL). The FSAR, in 
conjunction with the PSAR, shows that the completed increment provides facilities for safely conducting 
the operations as described. These documents satisfy the requirements of ERDA Manual Appendix 6101, 
annex C, dated April 8, 1971. The format and content of this FSAR complies with the basic requirements 
of the letter of request from ERDA San to LLL, dated March 10, 1972. Included as appendices in support 
of th FSAR are the Building 332 Operational Safety Procedure and the LLL Disaster Control Plan. 
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Author: Howerton, R. J. 

Title: Data Testing Results for the ENDF/B-V Evaluated Neutron Data File 

Date: 7/4/1980 

Report: UCID-18731 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The ENDF/B-V Evaluated Neutron Data File has been tested for validity by 
comparing calculated and experimental values of k(eff) for 66 critical assemblies and emission neutron 
spectra for 20 spheres that were pulsed with 14-MeV neutrons 
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Author: Odell, B. N. / Pfeifer, H. E. 

Title: Safety Assessment Document for the Environmental Test Complex (Building 834) at Site 300 

Date: 3/3/1981 

Report: UCID-18945 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A safety assessment was performed to determine if accidents occurring at the 834 
Complex at Site 300 could present undue hazards to the general public, personnel at Site 300, or have an 
adverse effect on the environment. The credible accidents that might have an effect on these facilities or 
have off-site consequences were considered. These were earthquake, extreme wind (including missiles), 
lightning, flood, criticality, high explosive (HE) detonation that disperses uranium and beryllium, 
spontaneous oxidation of plutonium, explosions due to finely divided particles, and a fire. Seismic and 
extreme wind (including missiles) analyses indicate that the buildings are basically sound. (However, there 
are a few recommendations to further enhance the structural integrity of these facilities). Additional 
lightning protection for these facilities is being installed. These buildings are located high above the dry 
creek bed so that a flood is improbable. A criticality or a high explosive detonation involving plutonium is 
very remote since the radioactive materials are encased and plutonium and HE are not permitted 
concurrently in the same area at Site 300. (The exceptions to this policy are that explosive actuating devices 
are sometimes located in assemblies containing fissile materials. However, a planned or accidental actuation 
will not affect the safe containment of the fissile material within the assembly). Even though the possibility 
of an HE explosion involving uranium and beryllium is remote, the off-site lung doses were calculated and 
found to be below the accepted standards. It was determined that a fire was unlikely due to the low fire 
loading and the absence of ignition sources. It was also determined that the consequences of any accidents 
were reduced by the remote location of these facilities, their design, and by administrative controls. 
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Author: Wilcox, T. P 

Title: MORSE-C a CDC-7600 Program Designed to Solve Nuclear Criticality Problems by Using the 
Monte-Carlo Method 

Date: 1/30/1981 

Report: UCID-18993 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This user's manual covers this latest version of the MORSE-C code which solves the 
multiple energy group form of the Boltzmann transport equation in order to obtain the eigenvalue 
(multiplication) when fissionable materials are present. Cross sections for up to 100 energy groups may be 
employed. The angular scattering is treated by the usual Legendre expansion as used in the discrete 
ordinates codes. Upscattering may be specified. The geometry is defined by relationships to general 1st or 
2nd degree surfaces. Array units may be specified. Output includes, besides the usual values of input 
quantities, plots of the geometry, calculated volumes and masses, and graphs of results to assist the user in 
determining the correctness of the problem's solution. Appendix II of this report contains the code listing 
with its numerous comments which should simplify finding an answer to any specific question the reader 
might have about MORSE-C. The remaining sections of this report explain how to obtain the code, how to 
set-up the input for a specific problem, how to understand the output, and then illustrates two typical 
problems run with the code. 
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Author: Feng, W. W. 

Title: Mechanical engineering research. Quarterly progress report, January-March 1982 

Date: 4/20/1982 

Report: UCID-19323-82-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Mechanical Engineering Research (MER) Program is supported by the Weapons 
Program. The mission of MER is to provide the key mechanical technologies required by the Weapons 
Program in anticipation of their actual needs. It emphasizes areas in which outside sources are not likely to 
satisfy the Weapons Program needs. It is complemented by reimbursables or programmatic projects. The 
final budget for the FY-82 Program has been decided. The following nine projects representing four main 
thrust areas in Mechanical Engineering Department are funded: material characterization research on 
acoustic emission to study effects of thermal history and microstructure on hydrogen embrittlement of 
stainless steel, temperature and rate effects on elastic-plastic fracture, and nonlinear deformation of 
elastomeric cushions; fabrication technology studies involving diamond turning machine No. 3, 
electrodeposition for solid state bonding, and fusion zone energy transport during arc welding; 
nondestructive evaluation using an acoustic microscope for surface characterization, and thermoelastic 
ultrasonic NDE; and passive neutron multiplication measurement. Progress in each project for FY-82 is 
reported. 
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Title: Safety Assessment Document for the Dynamic Test Complex (Building 836) 

Date: 11/24/1981 

Report: UCID-19343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A safety assessment was performed to determine if potential accidents at the 836 
Complex at Site 300 could present undue hazards to the general public, personnel at Site 300, or have an 
adverse effect on the environment. The credible accidents that might have an effect on these facilities or 
have off-site consequences were considered. These were earthquake, extreme wind (including missiles), 
lightning, flood, criticality, high explosive (H) detonation that disperses uranium and beryllium, 
spontaneous oxidation of plutonium, explosions due to finely divided particles, and a fire. 
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Author: Odell, B. N. / Pfeifer, H. E. 

Title: Safety Assessment Document for the Dynamic Test Complex B854 

Date: 12/11/1981 

Report: UCID-19344 

Conference/Journal:  
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Abstract/Keyterms: A safety assessment was performed to determine if potential accidents at the 854 
Complex at Site 300 could present undue hazards to the general public, personnel at Site 300, or have an 
adverse effect on the environment. The credible accidents that might have an effect on these facilities or 
have off-site consequences were considered. These were earthquake, extreme wind (including missiles), 
lightning, flood, criticality, high explosive (HE) detonation that disperses uranium and beryllium, 
spontaneous oxidation of plutonium, explosions due to finely divided particles, and a fire. Seismic and 
extreme wind (including missiles) analyses indicate that the buildings are basically sound. The lightning 
protection system is in the process of being upgraded to meet AMCR 385-100. These buildings are located 
high above the dry creek bed so that a flood is improbable. The probability of high explosive detonation 
involving plutonium is very remote since the radioactive materials are encased and plutonium and HE are 
not permitted concurrently in the same area at Site 300. (The exception to this policy is that explosive 
actuating devices are sometimes located in assemblies containing fissile materials. However, an accidental 
actuation will not affect the safe containment of the plutonium within the assembly.) There is a remote 
possibility of an HE explosion involving uranium and beryllium since these are permitted in the same area. 
The possibility of a criticality accident is very remote since the fissile materials are doubly encased in stout 
metal containers. All operations involving these materials are independently reviewed and inspected by the 
Criticality Safety Office. It was determined that a fire was unlikely due to the low fire loading and the 
absence of ignition sources. It was also determined that the consequences of any accidents were reduced by 
the remote location of these facilities, their design, and by administrative controls. 
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Title: Safety Analysis Report for the Heavy-Element Facility (Building 251), Lawrence Livermore 
National Laboratory 

Date: 10/11/1982 

Report: UCID-19579 
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Abstract/Keyterms: A comprehensive test program was prepared utilizing the LMFRE general outline as 
a point of departure. A minimum of one year was determined for the full-power demonstration run Work 
continued on the graphite development program, the concept of building the LMFRE with a full or partial 
blanket was considered as an alternate design. The nuclear specifications of the reference design LMFRE 
were calculated in spherical geometry, using the completed Spectral Code. The immediate and total 
temperature coefficients of the reference design were computed. The reactivity associated with various 
materials in the core and reflector test holes was estimated. Control rod calculations were revised. The set 
of fifteen differential equations representing the time behavior of the reactor power, temperature, and 
pressure after the introduction of reactivity was programmed and initial results obtained, Design studies 
indicated that on LMFRE critical experiment should be performed. A graphite core-reflector barrier reactor 
arrangement was selected as the LMFRE reference design. Work was accomplished on the reactor vessel, 
containment system, and control rods. Core thermal calculations were continued. Comparison of concretes 
for shielding was completed. Reactor start-up studies received consideration. Primary system components 
and materials were selected. The reactor building and facilities are described. Chemical considerations for 
the quarter were devoted to completing the LMFRE Phase I reference design for the chemical plant and 
associated research and test programs. The scope of chemical processing received extensive consideration 
throughout the conceptual design phase. Projects on chemistry, metallurgy, and other smaller laboratory 
test work are described. (For preceding period see BAW-1004.) 
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Author: Howerton, R. J. 

Title: A Status Report for Data Files and Monte Carlo Transport Codes Maintained by the Physical Data 
Group at LLNL 

Date: 10/18/1983 

Report: UCID-19907 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Physical Data Group of the Theoretical Physics Division of LLNL has developed 
and maintains several basic data files, several Monte Carlo transport codes, and the requisite processing 
codes that convert the basic data to the form required by our own transport codes and by other laboratory 
transport and burn codes. The data files (libraries) that we maintain are listed together with a few comments 
about each. 
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Author: Howerton, R. J. / White, R. M. 

Title: Reevaluation of ENDL of Sigma(n,f) and Anti Nu/Sub P/for 235U and 239Pu from 100 KeV to 20 
MeV 

Date: 1/1/1984 

Report: UCID-19973 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reevaluations of the neutron-induced fission cross sections from 100 keV to 20 MeV 
and anti nu/sub p/(E) from 0 to 20 MeV for 235U and 239Pu have been completed and entered into the 
Livermore Evaluated Nuclear Data Library (ENDL). For 235U(n, f) the recent evaluation of W.P. Poenitz 
of Argonne National Laboratory has been adopted as the 235U(n, f) ENDL standard. For 239Pu(n, f) the 
239Pu/ 235U fission cross section ratio measurement of Carlson and Behrens of LLNL, which has served 
as the basis for the 239Pu(n, f) ENDL evaluation to the present, is compared with several new ratio 
measurements for the new evaluation. For anti nu/sub p/(E) ratio values of Soleihacet al. were renormalized 
to the currently accepted value of 252Cf anti nu/sub sf/ and used as the basis for the present ENDL 
evaluation. Experimental anti nu/sub p/(E) values measured by Gwinet al. in 1978 from 0.5 keV to 10 MeV 
are reasonably consistent with the values of Soleihacet al. Results of criticality calculations using the new 
evaluated cross sections and anti nu/sub p/(E) are compared for various critical mass assemblies. Also, 
Monte Carlo calculations using these new evaluations are compared with experimental data from the LLNL 
14-MeV pulsed sphere measurements. 
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Title: Nuclear Criticality Information System, Transcript of Typical Demonstration 

Date: 3/12/1984 

Report: UCID-20032 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Foret, C. A. 

Title: Nuclear Criticality Information System. Database Examples 

Date: 6/1/1984 

Report: UCID-20103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this publication is to provide our users with a guide to using the 
Nuclear Criticality Information System (NCIS). It is comprised of an introduction, an information and 
resources section, a how-to-use section, and several useful appendices. The main objective of this report is 
to present a clear picture of the NCIS project and its available resources as well as assisting our users in 
accessing the database and using the TIS computer to process data. The introduction gives a brief 
description of the NCIS project, the Technology Information System (TIS), online user information, future 
plans and lists individuals to contact for additional information about the NCIS project. The information 
and resources section outlines the NCIS database and describes the resources that are available. The how-
to-use section illustrates access to the NCIS database as well as searching datafiles for general or specific 
data. It also shows how to access and read the NCIS news section as well as connecting to other information 
centers through the TIS computer. 
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Author: Odell, B. N. / Hallinan, E. J. 

Title: Final Safety Analysis Report for the Hardened Engineering Test Building (HETB) 

Date: 10/1/1988 

Report: UCID-21199 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Safety Analysis Report (SAR) for the Lawrence Livermore National Laboratory 
(LLNL) Hardened Engineering Test Building (HETB, Building 334) provides the necessary information 
and analyses to conclude that the facility can be operated without endangering the safety of operating 
personnel or the public or adversely affecting environmental quality. This chapter provides a basic overview 
of the scope of the SAR and summarizes the facility design and processes, while Chapter 2 summarizes the 
safety analyses performed. Subsequent chapters discuss the following: The LLNL site, facility location, 
and environmental factors are described in Chapter 3; the facility and operation are described in Chapter 4; 
health protection, including safety systems and environmental safety, are provided in Chapter 5; hazards 
and accidents are analyzed in Chapter 6; the conduct of operations, covering both organizational structures 
and operational safety requirements, is discussed in Chapter 7; quality assurance is described in Chapter 8. 
Appendices contain detailed analytical information on selected topics. References are listed sequentially at 
the end of each chapter; to preclude excessive entries, common government agency references (e.g., DOE 
Orders) are not listed. 
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Author: O'Dell, A. A. 

Title: Development of a Criticality Alarm System Neutron Detector: Final Project Report 

Date: 5/1/1989 

Report: UCID-21361 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The primary objective of this project was to develop a prototype neutron detector for 
use in criticality alarm systems (CASs) at US Department of Energy (DOE) and contractor facilities 
wherever significant amounts of fissile material are processed or stored. Constraints placed on the design 
of the detector were that the overall size of the detector was to be as small as practical, the input voltage 
requirements were to be no more than 24 V, and that the gamma sensitivity would be as low as possible. 
Also, the detector should give dosimetric neutron response, and should have sufficient temporal capabilities 
to measure the entire range from fast (>1 ms) to slow (seconds to minutes) excursions, and sufficient 
dynamic range to measure from background to over 100 times background levels to insure proper activation 
of the Immediate Evacuation Alarm (IEA). Finally, the detector should insure rapid (<1 s) activation of the 
IEA in the event of a criticality excursion. 
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Author: Lloyd, W. R. 

Title: Determination and Application of Bias Values in the Criticality Evaluation of Storage Cask Designs 

Date: 1/1/1990 

Report: UCID-21830 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Freis, R. 

Title: ZOOM Calculations of Hot Box. Hot Box Note Number 28 

Date: 6/23/1960 

Report: UCID-4170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality calculations were made on the 709 Zoom Code based on two bare graphite 
reactors. These reactors consisted of graphite blocks, 12 x 12 inches in cross section and either 1 or 2 inches 
thick. Fuel foils (93.2% uranium235 hermetically sealed in two-mil thick type 347 stainless steel) were 
loaded in horizontal planes to give a constant spacing of 5 inches between planes, and the core dimensions 
were 72 x 72 inches by critical height. Criticality was determined by keeping the C/U235 molar ratio 
constant at 8700 and varying the buckling. In the calculations each reactor was considered with two 
different approximations of the loading. In one case, the reactor was treated as a homogeneous one region 
problem with a C/U235 molar ratio of 8700. In the second case each half of the reactor was divided into 
three homogeneous regions in which the first and third regions had 1/8 the total fuel and the second region 
had 1/4 the total fuel. 
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Author: Winslow, Alan M. 

Title: An Introduction to Asymptotic Neutron Diffusion: Theory and Numerical Methods 

Date: 3/1/1967 

Report: UCIR-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Winslow, Alan M. 

Title: A Review of Asymptotic Diffusion Theory 

Date: 9/11/1963 

Report: UCIR-106 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Super Kukla "B" Instrumentation 

Date: 2/27/1964 

Report: UCIR-4782 (LLNL Internal Report) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Kimlinger, J. R. / Howerton, R. J. / Plechaty, E. F. 

Title: Graphical and Tabular Data Used by the TARTNP Monte Carlo Transport Code 

Date: 12/17/1975 

Report: UCIR-857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Prigent, R. / Renard, C. 

Title: E.D.A.C. Detection System and Criticality Alarm (Translation of CEA-R-4784) 

Date: 4/12/1984 

Report: UCRL TRANS-11962 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to furnish to the radiation protection departments 
and users of facilities which must be considered to incur some risk of criticality accidents all the available 
information on the newly developed equipment, in order to facilitate its installation and use. This equipment 
was designed and developed by the French Atomic Energy Commission (Patent No. 2184399 of 20 
December 1974), and its industrial production was handled by Inter-technique. It includes the detecting 
sensors, grouped together as survey monitors, and the processing cabinet for the data generated by the 
sensors. The detecting sensor is the basic component of the system. 
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Author: Hubbard, Harmon W. 

Title: Kinetics of Subcritical Assemblies 

Date: 2/25/1955 

Report: UCRL-04454 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Delayed Neutrons; Differential Equations; Equations; 
Fissionable Materials; Multiplication Factors; Neutron Flux; Neutron Sources; Numericals; Reactivity; 
Uranium 235; Variations 
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Author: Passell, Lawrence / Bengston, Joel / Blair, Donald C. 

Title: The Application of Pulsed Neutron Sources to Criticality Measurements 

Date: 1/30/1957 

Report: UCRL-04808 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Decay; Delayed Neutrons; Energy; Enrichment; Equations; Fast 
Neutrons; Measured Values; Neutron Detection; Neutron Flux; Neutron Sources; Prompt Neutrons; Pulse 
Analyzers; Pulses; Reactors; Spectra; Spheres; Standards; Uranium 
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Author: Fultz, Stanley C. 

Title: The Time-Dependent Neutron Flux for a Pulsed Subcritical Assembly 

Date: 4/15/1957 

Report: UCRL-04874 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A two-group analysis has been applied to the transient behavior of the thermal flux 
in a subcritical assemb1y which has been given a short burst of fast neutrons. A time-dependent function is 
introduced into the coupling term of the thermal-neutron diffusion equation and third-order linear 
differential equation is obtained for the time dependence of the thermal group. The equation can be solved 
exactly after suitable approximations are made. From the analysis it is possible to interpret rise and decay 
times of the thermal flux which are obtained experimentally. The method exhibits consistency with critical 
measurements. 
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Author: Carothers, J. E. 

Title: Critical Mass Measurements on Graphite Uranium-235 Systems 

Date: 4/11/1957 

Report: UCRL-04880 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements have been made on pseudo-cylindrical graphite-enriched uranium 
unreflected systems. These measurements include both critical mass determinations and time dependent 
measurements using a pulsed neutron source to drive the assemblies. 
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Author: Kloverstrom, F. A. 

Title: Spherical and Cylindrical Plutonium Critical Masses 

Date: 9/1/1957 

Report: UCRL-04957 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments to determine critical masses of delta-phase plutonium cylinders of three 
diameters with thin metallic reflectors are reported. Critical reflector thickness measurements were made 
with two spherical plutonium cores. The cylindrical and spherical data are combined to yield shape factors 
for the spheres for uranium-238 and beryllium reflection. 
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Author: Ralston, H. R. 

Title: Critical Masses of Spherical Systems of Oralloy Reflected in Beryllium 

Date: 10/10/1957 

Report: UCRL-04975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-066, HEU-MET-FAST-058; The critical thickness of beryllium 
reflector was determined for oralloy, i.e., uranium enriched to 93.17% in uranium-235, spheres ranging 
from 10.765 kg to 32.654 kg. Four points which were determined by other experimenters were normalized 
to the data and are included in the curves. 
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Author: Kirschbaum, A. J. 

Title: Studies of Enriched Uranium Graphite Reactor Systems 

Date: 11/1/1957 

Report: UCRL-04983-T 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper presents the results to date of a basic neutronic studies program at UCRL 
on enriched uranium graphite moderated reactor systems. The purpose of this program is twofold. First to 
supply valid critical data to be used in normalizing several multigroup codes that are being developed on 
the computing machines at Livermore. Second, to develop additional experimental techniques that will 
supply data for further checks on the accuracy of the calculational techniques. Pulsed source measurements 
appear to provide much additional data useful in code checking and in evaluating and understanding the 
neutronics of a reactor core. This paper will present the critical mass and time behavior raw data. The results 
of checks for systematic errors, the reduction of some of the data to correspond to an idealized system, and 
comparison of the data with a naive but simple theory will be given. Most of the data is for bare systems, 
however, the raw data for several carbon and beryllium reflected systems is given also. 
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Author: Bengston, Joel / Passell, Lawrence 

Title: Pulsed Neutron Experiments with Fast Assemblies 

Date: 10/31/1957 

Report: UCRL-04998 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This a slight revision of the paper presented at the Theoretical Reactor Physics 
Conference in Sun Valley, Idaho on Sept. 25, 1957. The pulsed source technique consists of introducing 
repeated shont bursts of neutrons into a subcritical assembly, and following the decay of the leakage flux 
as a function of time. This technique is shown to be complementary to the Rossi alpha method, being more 
satisfactory than the latter for slower systems and further from prompt critical. The normal mode decay 
constants for a number of bare subcritical highly enriched assemblies thus obtained serve as additional 
normalization data for multigroup cross-sections. Analysis of the data for a set of emriched U spheres 
indicates that a satisfactory fit cannot be obtained with one group constants, and that the neutron spectrum 
is slower for smaller assemblies. It is noted that plotting the decay conntant as a function of buckling gives 
an apparently accurate way to extrapolate to prompt critical. The pulsed source technique can also be used 
to calibrate control rod and poison worth, and will give some estimate of the prompt neutron lifetime. 
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Author: Schwager, J. E. / Kloverstrom, F. A. / Gilbert, W. S. 

Title: Critical Measurements on Intermediate-Energy Graphite-Uranium-235 Systems 

Date: 11/15/1957 

Report: UCRL-05006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A system for the measurement of near-homogeneous carbon-uranium-235 critical 
masses is described. Cores are constructed with thin, enriched-uranium foils spaced between graphite 
blocks. Fuel density is variable by use of different foil thicknesses and spacings. Reactivity is controlled by 
boron rods; standard reactor instrumentation permits critical operation at low power. Results of critical 
measurements on unreflected systems having atomic carbon/uranium-235 ratios of 670, 1380, and 2590 are 
given. Thin reflectors of graphite and beryllium were also used. Corrections for self-shielding in the fuel 
foils and systematic errors are described. 
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Author: Kirschbaum, A. J. / Schwager, J. E. / Kloverstrom, F. A. / Gilbert, W. S. 

Title: Studies of Enriched-Uranium Graphite Systems 

Date: 12/10/1957 

Report: UCRL-05043 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A program of basic neutronic studies has been carried out on graphite-moderated, 
enriched-uranium systems. Efforts have been made to make the assemblies approximately as closely as 
possible an ideal system which would be homogeneous and unreflected, with no extraneous material in the 
core. The ideal system is approached by the use of 0.001-inch and 0.002-inch enriched (93.25%) uranium 
foils intermixed with 0.500-inch graphite blocks. Approximately cubical cores were built up on the top of 
a special low-mass table four feet above the floor. The control and safety rods fitted into four 12 inch x 0.5 
inch slots and left approximately 180 grams of aluminum per inch of core height when all rods were 
withdrawn. With this system cores with carbon-to-uranium ratios of 300:1, 1200:1, and 2400:1 have been 
investigated. Due to the lumping of the fuel into foils, the effective loadings differ from the actual loadings 
and have been determined to be 675 1379 presented. Other corrections have been made for the voids which 
admit the control and safety rods and for the effect of room-returned neutrons. The corrected delayed critical 
bucklings are given. Measurements have been made on a limited number of systems reflected on two and 
four sides. Results will be presented for beryllium reflectors on the 300:1 and 2400:1 systems and for 
graphite on the 1200:1 system. 



 

C-21570 

21516…..…..…………………..…….……..……ID Number…………………..…..…………….21516 

Author: Fleck, Jr., Joseph A. 

Title: The Probability and Extent of a Fission Product Release from a Power Reactor 

Date: 2/4/1956 

Report: UCRL-05097-T 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The two types of accidents which could plausibly lead to a release of fission products 
to the atmosphere, a nuclear runaway and a loss of coolant, are discussed at length. The chemical reactions 
which could result from these two nuclear accidents are covered in detail. It is concluded that the chemical 
reaction which poses the most serious danger is the metal-water reaction. The function of vapor containers, 
the probability of a reactor catastrophe, and the extent of fission product release are considered. 
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Author: Kloverstrom, F. A. / Deck, R. M. / Reyenga, A. J. 

Title: Criticality and Pulsed-Neutron-Source Studies on an Epithermal Graphite-Uranium-235 
Homogeneous Unreflected System 

Date: 2/20/1958 

Report: UCRL-05149 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The test system is cubical, composed of 0.004-inch-thick uranium-235 (93.2%) foils 
sandwiched between 0.5-inch graphite plates. The bare critical dimensions are 42.5 inch x 42.5 inch x 47.1 
inch the over-all graphite and uranium-235 fuel densities are 1.627 and 0.1074 gram/centimeter (3), 
respectively. The critical system contains 4.29 kg of aluminum and 54.1 liters of void. Small uranium-235 
test foils of different thicknesses were irradiated to find the relative variation of fission-fragment activity 
with thickness, which is a measure of self-shielding in the foils. A self-shielding effect of 10% is found for 
the fuel foil thickness used, which increases the atomic carbon/uranium-235 ratio from 297 to an effective 
value of 327. A correction to the critical dimensions for the central axial void (9.45 liters) due to the control 
system is discussed. 
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Title: Prompt Neutron Decay Constants of Multiplying Systems 

Date: 3/25/1958 

Report: UCRL-05159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In a multiplying system that is below prompt critical, the neutron population in the 
absence of delayed neutron precursors would decay as e(-alphaT)) after a normal mode has been 
established, where alpha is the prompt neutron decay constant. This constant has been measured by three 
different techniques the Rossi-alpha method, and a related method originally devised by Feynman to 
measure the mean square number of neutrons emitted per thermal fission. These techniques have been 
applied to a number of different systems, and the relative advantages of the three methods are related to the 
prompt neutron lifetime and multiplication constant of a particular assembly. The prompt neutron decay 
constant, by whatever method measured, has at least two uses in the study of multiplying assemblies. First, 
its use provides a relatively simple measure of reactivity differences without the use of the inhour equation. 
In particular, it enables direct determination of the mass difference between delayed and prompt critical. 
Second, alpha can be calculated directly from multigroup reactor codes, and thus serves as an additional 
experimental test of the validity of such calculations. Further, knowledge of the effective delayed neutron 
fraction in a system, beta(eff) and the alpha at delayed critical enables us to calculate the prompt neutron 
lifetime directly. 
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Title: Critical Measurements and Calculations for Enriched-Uranium Graphite-Moderated Systems 

Date: 3/31/1958 

Report: UCRL-05175 

Conference/Journal: Second U.N. International Conference on the Peaceful Uses of Atomic Energy, 
1958 

Conference Session:  

Abstract/Keyterms: Although natural uranium, graphite-moderated systems have received extensive 
treatment in the past, little consideration has been given to enriched-uranium, graphite-moderated systems. 
Zimmerman has reported critical measurements on a single enriched-uranium, graphite-moderated, 
graphite-reflected system. This paper presents the experimental results of the above laboratories on a variety 
of enriched-uranium, graphite-moderated systems, both with and without reflectors. Also included are the 
results of the multigroup transport, and one-and two-dimensional diffusion calculations used to interpret 
the data. In general the UCRL systems were bare or one-dimensional in order to simplify the analysis. 
Efforts were made to obtain systems as close as possible to an idealized system containing only a 
homogeneous mixture of moderator and fuel with all extraneous factors removed. The LASL experiments 
were carried out with more complex geometries approaching more closely potential reactor systems. All of 
the assemblies utilized heterogeneous arrangements of moderator and thin uranium foils. The bare systems 
range in carbon-to-uranium atomic ratios (carbon/uranium) from 300/1 to 2500/1. These systems are not 
truly thermal and are in a range where critical mass is extremely sensitive to size or buckling. Experiments 
were performed for these systems to determine accurately the effects of extraneous factors such as room 
return, control-rod void spaces, nonhomogeneity of fuel loading, moderator block porosities and poison 
content. The reflectors include graphite and beryllium in one-, two-and three-dimensional arrangements. 
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Author: Donaldson, R. E. / Brown, W. K. 

Title: Critical-Mass Determinations of Lead-Reflected Systems 

Date: 6/9/1958 

Report: UCRL-05255 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-057; A series of experimentally determined critical masses of 
cylindrical and spherical lead-reflected oralloy systems are presented. Critical masses are given for two 
oralloy core sizes in both cases and for reflected and unreflected ends in the cylindrical case. Experimental 
methods are described and a photograph of the assembly machine is included. 
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Author: Ralston, H. R. 

Title: Critical Parameters of Spherical Systems of Alpha-Phase Plutonium Reflected by Beryllium 

Date: 9/10/1958 

Report: UCRL-05349 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MIX-MET-FAST-007; The critical thicknesses of beryllium reflectors were 
determined for five alpha-phase plutonium spheres with masses of 2.472, 3.217, 3.933, 4.664, and 5.426 
kg. A description of the measuring techniques and experimental apparatus is given. 
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Author: Kloverstrom, F. A. / Deck, R. M. / Reyenga, A. J. 

Title: Critical Measurements on Near-Homogeneous Beryllium Oxide-Moderated, Oralloy-Fueled 
Systems 

Date: 7/1/1959 

Report: UCRL-05369 PT.-1 REV 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-027, HEU-MET-INTER-009; A series of critical measurements 
on unreflected systems, fueled by thin oralloy foils, is described. Fuel density is varied by use of different 
foil thicknesses and spacings between foils. Five fuel densities have been used which correspond to atomic 
beryllium oxide / uranium-235 ratios from 246 to 7660. For three of these ratios, the fuel foil thickness was 
varied to find effects of self-shielding and flux depression on the critical dimensions. 
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Title: Critical Measurements on Near-Homogeneous, Beryllium Oxide-Moderated, Oralloy-Fueled 
Systems 

Date: 7/11/1960 

Report: UCRL-05369 PT.-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-027, HEU-MET-INTER-009; A series of beryllium oxide-
moderated, oralloy-fueled, graphite-reflected reactors are described. Perturbations were introduced by 
inserting various materials into basic reactor configurations and observing their effect on the critical 
dimensions of the reactor. The reactors had fuel densities which corresponded to atomic beryllium oxide / 
uranium-235 ratios of 247 and 493. 
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Report: UCRL-05477 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A pulsed neutron source study of unreflected, near-homogeneous, graphite-enriched-
uranium systems has been carried out in conjunction with a criticality measurements program. The neutron 
population in a subcritical system, following injection of a burst of neutrons, decreases exponentially. The 
decay constant of this decrease is the measured quantity in the pulsed source experiments. The value of the 
decay constant has been found for several bucklings near critical for each of five fuel concentrations. The 
experimental techniques are described, and the variation of the decay constant with buckling and fuel 
concentration is qualitatively discussed. 



 

C-21579 

21525…..…..…………………..…….……..……ID Number…………………..…..…………….21525 

Author: Reynolds, H. L. / Walter, C. E. 
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Date: 3/30/1959 

Report: UCRL-05483 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The behavior of thermal neutrons in moderators can be very complex. An 
improvement over considering the moderator atoms as stationary can be made by a model assuming the 
moderator to consist of a Maxwell-Boltzmann gas at room temperature. Further improvements consist of 
considering the crystalline binding effects on the atoms in the moderator lattice. This binding reduces the 
energy loss of the neutrons in the moderator and affects the scattering cross sections. Recently 
measurements have been started on the energy loss and scattering cross sections for neutrons with energies 
below 1 eV in a variety of moderators. With the obvious importance of high temperature reactors to reactor 
technology, an integral study of the behavior of reactors and reactor moderators at high temperature is 
required. The "hot box" high-temperature critical facility is a device to maintain zero nuclear power reactors 
and assemblies at elevated temperatures to study the nuclear properties of such systems. In all essentials 
the facility will duplicate the usual critical assembly facility except that it will be contained in a large oven 
or enclosure which can be elevated in temperature with a selected atmosphere. Uranium foils together with 
blocks of moderating material will be assembled on a table at room temperature and then raised to higher 
temperatures as a unit. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-THERM-027, HEU-MET-INTER-009; A series of critical measurements 
on unreflected parallelepipeds built of enriched (93.2%) uranium foils and beryllium oxide blocks have 
been made for five fuel densities. The only material present other than beryllium oxide and uranium is a 
small amount of Teflon (foil coatings) and a steel diaphragm, the effect of which is experimentally 
determined. Oralloy foils having nominal thicknesses of 0.001 and 0.002 inch were used. These were 
sandwiched between 1-inch thick beryllium oxide blocks, forming horizontal foil planes through the 
systems. Overall fuel density is variable by changing the foil thickness and/or spacing. Several 
measurements have been made in which the average fuel density is kept constant while the foil thickness is 
changed; these are intended to provide information on self-shielding flux depression effects. The thermal 
neutron absorption cross section per beryllium oxide atom has been found to be 12 ± 2 millibarn by a pulsed 
neutron source experiment. The results obtained to date are summarized. 
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Report: UCRL-05665 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The papers presented at the meeting were recorded and transcripts are given along 
with the discussion which followed each paper. Separate abstracts were prepared for 12 of the 13 papers 
presented. 
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Conference/Journal: Proceedings of the Second Symposium on the Application of Pulsed Neutron 
Source Techniques 

Conference Session:  

Abstract/Keyterms: An improved theoretical basis presented for the interpretation of the pulsed-neutron 
technique for measuring thermal-neutron absorption cross sections and transport parameters. A procedure 
is given for the exact solution of the Fourier-transformed, multivelocity transport equation in an infinite 
medium. The objective is the calculation of the decay constant of the thermalized neutron flux following 
an initial pulse of fast neutrons. The method used is an expansion of the decay constant and neutron 
spectrum in a power series in the Fourier-transform variable. The procedure is first illustrated for the case 
of isotropic scattering and then generalized to anistropic scattering by using the spherical harmonics 
expansion. The results are given in terms of integral equations whose solution involves a knowledge of the 
energy-transfer cross sections between thermal neutrons and the moderating material. The approach 
employed is to extract the maximum amount of information which is independent of these cross sections 
and to derive explicitly the equations involving them. It is necessary to solve these equations in order to 
obtain more accurate information. Finally, the relation of the infinite medium Fourier transform variable to 
the geometric buckling of a finite sample is discussed. It is noted that the conventional interpretation of the 
experiments in terms of the diffusion coefficient and diffusion cooling coefficient requires the assignment 
of an equivalent infinite medium buckling to each finite sample measured. The discussion in the present 
paper makes plausible the validity of this procedure. 
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Conference/Journal: Proceedings of the Second Symposium on the Application of Pulsed Neutron 
Source Techniques 

Conference Session:  

Abstract/Keyterms: The papers presented at the meeting were recorded and transcripts are given along 
with the discussion which followed each paper. Separate abstracts were prepared for 12 of the 13 papers 
presented. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, & Other Materials--Ceramics & Cermets--Preparation & 
Fabrication; Reactors--Reactor Fuels; Reactors--Space, Mobile, Propulsion, Transportation & Package 
Reactors; Beryllium Oxides-- Criticality; Fuel Elements-- Fabrication; TORY-2A Reactor-- Research 
Programs; TORY-2C Reactor-- Research Programs; Uranium Oxides-- Criticality; A Codes; Absorption; 
Beryllium Alloys; Beryllium Borides; Boron; Diffusion; Fractures; Graphite; Heat Resisting Alloys; 
Mechanical Properties; Moderators; Molybdenum; Neutron Reflectors; Neutrons; Sintering; 
Thermodynamic Properties; Uranium Dioxide; Uranium 235; 
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Report: UCRL-05913 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper includes the results of one-and two-dimensional diffusion calculations 
used to interpret data from a series of enriched-uranium beryllium-oxide moderated critical measurements. 
The critical assemblies include bare and graphite-reflected systems, using atomic beryllium oxide/uranium-
235 ratios from 247/1 to 7660/1, arranged in simple one-and two-dimensional rectangular parallelepiped 
arrays. All of the assemblies utilized heterogeneous arrangements of moderator and thin uranium foils. 
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Title: Pulsed Neutron Measurement of Control Rod Worths 

Date: 8/25/1960 

Report: UCRL-06070 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity measurements made by the pulsed neutron technique were compared with 
results obtained by conventional techniques. The pulsed neutron results were in good agreement with those 
obtained by stable period measurement and rod drop. Differential effectiveness of partially inserted rods 
was shown to be well represented by elementary perturbation theory. Finally, the pulsed neutron technique 
was found to be the only good method for measurement of large reactivtty changes 
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Title: Hazards Summary Report the KUKLA Prompt Critical Assembly 

Date: 2/24/1960 

Report: UCRL-06105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Kukla assembly is a bare spherical oralloy assembly that is capable of producing 
self-limiting prompt critical fission bursts. Design and theory of operation are to a large extent based on the 
Los Alamos Scientific Laboratory's Godiva assemblies. The assembly has been constructed to meet specific 
physics experimental requirements at the Lawrence Radiation Laboratory, Livermore. It is expected that 
the assembly will also find a source of fast neutrons in irradiation experiments. Reactivity assembly rate 
and amounts are designed to preclude a damaging excursion. In the unlikely event of a major excursion, it 
is will within the capabilities of the assembly vault to contain the effect of a 10E18 fission accident. This 
accident is several times that which could be envisioned under any unfortunate series of events. No undue 
hazard or exposure to radioactivity would occur to either operating personnel or the civilian population as 
a result of such an accident. 
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Title: Summary Report on a High-Temperature Beryllium-Oxide Critical Experiment 
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Report: UCRL-06329 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An experimental verification of multigroup calculations of critical dimensions as a 
function of temperature of a beryllium-oxide-moderated, enriched-uranium-fueled assembly has been made 
using hot box, a high-temperature critical facility. A decrease in buckling of 2.5% was required to 
compensate for an increase in core temperature from 90 degrees to 955 degrees F for a bare equivalent core 
with an effective beryllium oxide density of 2.86 grams/cc and a gross beryllium oxide / uranium-235 molar 
ratio of about 550 to 1. The reactivity change was within 5% of the change predicted by the ZOOM 
multigroup, multiregion, one-dimensional diffusion code for an equivalent core configuration. An overall 
average temperature coefficient of reactivity of-$0.48/100 degrees F was measured for the temperature 
range studied, and a nuclear temperature coefficient of-$0.34/100 degrees F was deduced. 
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Title: Preliminary Results of High-Temperature Bare Uranium-235-Carbon Critical Assembly 
Measurements 
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Report: UCRL-06504 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The influence of temperature upon the critical buckling of bare graphite assemblies 
with various carbon-to-uranium-235 molar ratios has been measured. A range of carbon/uranium-235 ratio 
from 1185:1 to 21, 690:1 was covered, for temperatures between 45 degrees F and 1205 degrees F. 
Preliminary results indicate that the fractional rate of change of critical buckling with core temperature 
varies monotonically with carbon/uranium-235 ratio by a factor of five over the factor-of-eighteen range in 
gross carbon/uranium-235 ratio. This quantity appears to approach asymptotically a value near 2% per 100 
degree F at very high carbon/uranium-235 ratios. 
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Ceramics, & Other Materials-Ceramics & Cermets-Properties, Structure & Phase Studies; Beryllium 
Oxides- Physical Properties; TORY-2A Reactor- Testing; TORY-2C Reactor- Reactor Kinetics; Uranium 
Dioxide- Physical Properties; Criticality; Fabrication; Reactor Operation 



 

C-21609 

21555…..…..…………………..…….……..……ID Number…………………..…..…………….21555 

Author: Finke, R. G. / Goldberg, E. / Reynolds, H. L. / Grammens, G. 
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Report: UCRL-06673 
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Abstract/Keyterms: A high-temperature critical experiment involving a uranium-235-beryllium oxide 
core and a cooled graphite reflector has been performed in the hot box high-temperature critical facility. 
The influence of core and reflector temperatures upon reactivity and power distribution was examined. For 
a core with a gross beryllium oxide / uranium-235 ratio of 556/1 and with thick graphite slabs on two sides, 
the reactivity showed no dependence on the reflector temperature sufficient to be distinguished from 
experimental uncertainties. A gross temperature coefficient of reactivity, based on core temperature, of 
about-$0.30/100 degrees F was observed. The power density at the edge of the core (adjacent to the cooled 
reflector) degraded by only 5%, for the same total power, as the core was heated from room temperature to 
1200 degrees F with the reflector kept at 200 degrees F. 



 

C-21610 

21556…..…..…………………..…….……..……ID Number…………………..…..…………….21556 

Author: Davis, D. H. 
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Report: UCRL-06707 
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Abstract/Keyterms: A Monte Carlo calculation of the size and the neutron distribution in a critical system 
is described. Details including a flow diagram are given. Although the calculation is for a single-material 
spherical system, the extension to systems with complex geometry is not difficult. Two example 
calculations are given. The first is an ideal system in which the neutrons travel with a single velocity. The 
second is the calculation of the critical size and the leakage spectrum of the Godiva Critical Assembly. 
Calculation on the IBM 7090 computer takes a few minutes. 
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C-21612 

21558…..…..…………………..…….……..……ID Number…………………..…..…………….21558 

Author: Morton, J. R. / Shon, F. J. / Weirich, T. F. / Gardner, L. L. 

Title: Reactivity Effects of Various Reflectors on Near-Homogeneous, Beryllium Oxide Moderated, 
Oralloy-Fueled Systems 

Date: 1/2/1962 

Report: UCRL-06729 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements were made of the reactivity changes caused by reflectors of various 
materials on beryllium oxide moderated, uranium-235 fueled subcritical systems with a moderator-to-fuel 
ratio of 247. The reflector materials included aluminum, steel, copper, brass, type 304 stainless steel, nickel, 
Rene-41, Hastelloy R-235, and beryllium oxide. The pulsed neutron technique was used. The data are 
tabulated in terms of the subcritical time constant as a function of reflector thickness and surface density. 
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Abstract/Keyterms: The basic philosophy of critical assemblies and reactor operations can be stated as 
follows: the assembly and operations must be planned in such a way that all approaches to critical are 
always under the direct and deliberate control of the operator. The application of this philosophy can involve 
one in complex and subtle pathways of analysis of both the reactor and the people operating it. When the 
problems are viewed as a combination of mechanical and human elements and it is recognized that any 
mechanical-electrical system can be subverted by operating personnel, the necessity of imposing 
administrative control becomes apparent. Such control, in essence, forces the operating and planning 
personnel to prepare well-thought-out procedures which are rigidly followed. Once administrative control 
has been assured, the problem of safety becomes one of minimizing the chance of operator error with 
electro-mechanical systems and at the same time leaving the ultimate control always in the hands of the 
operator. The obvious first step is to set up a system of interlocks which make operation impossible unless 
a series of basic conditions has been met. Once these conditions have been satisfied, the approach to critical 
can take place and it is at this point we must turn our attention to the basic design of the reactor. 
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Abstract/Keyterms: In University of California LRL elevated-temperature critical assembly experiments 
(Hot Box), fuel elements consisting of U foils clad in stainless steel envelopes are used. A description is 
given of how the foils and the envelopes are prepared and assembled, with special attention given to the 
problem of the differing thermal expansion characteristics of the metals. 
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Abstract/Keyterms: For the past two years a series of experiments have been performed on graphite, 
uranium-235, thorium critical assemblies. These are part of a study, being conducted here, of the 
characteristics of long-life, high-temperature, gas-cooled reactors. Because of the very long life of some of 
the reactors being studied, rather accurate knowledge is required of thorium resonance absorption in 
graphite-moderated homogeneous reactors. The present thorium resonance parameter data for the four 
lowest resonances (which contribute over 40% to the total resonance absorption) list gamma(gamma) values 
of 30 ± 10 mV, or an uncertainty of over 30%. Past experimental results have been obtained by danger 
coefficient methods, by exponential experiments, and by fast chopper methods. It appeared that 
considerable improvement in accuracy would result from the use of a critical assembly. In this way, large 
amounts of thorium could be incorporated in the experiment, giving a large signal. Also, the neutron 
spectrum would closely approximate the spectrum in an actual power reactor. Finally, use of a difference 
technique, as described below, would remove most of the usual sources of error inherent in the interpretation 
of critical experiments. 
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Abstract/Keyterms: Five high-temperature bare BeO critical experiments were conducted for three 
different gross BeO/U235 molar ratios: 280: 1, 550: 1, and 1100: 1. For each ratio, at least two critical 
configurations were determined. Their corresponding critical temperatures ranged up to 1115 deg F. The 
buckling temperature coefficient at 500 deg F varies directly with BeO/U235 ratio from 0.26%/100 deg F 
for the lower ratio to 0.60%/100 deg F for the higher ratio. The contribution of thermal expansion to the 
buckling temperature coefficient was examined for different BeO-block arrangements in the graphite 
supporting box. A variation by a factor of three for different block positions is calculated. Within 
experimental error, the nuclear components of the BeO buckling temperature coefficients are the same as, 
and show the same dependence on moderator-to- uranium ratio as, those previously reported for graphite 
at C/U/sub 235/ ratios about 2.3 times the BeO/U235 ratios. 
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Title: Coupling Effects of Hafnium Control Rods in a Near-Homogeneous, Beryllium-Oxide-Moderated, 
Oralloy-Fueled System 

Date: 2/27/1963 

Report: UCRL-07262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Two series of measurements were made to examine the coupling effects of hafnium 
control rods. From two to five rods were used. These measurements were performed on a beryllium-oxide-
moderated, uranium-235-fueled system with a beryllium/uranium-235 molar ratio of 247. The pulsed 
neutron technique was used. 
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Title: Health Physics Following a Nuclear Excursion: the LRL Incident of March 26, 1963 

Date: 6/3/1963 

Report: UCRL-07345 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: On March 26, 1963 at approximately 0000 hr a nuclear excursion occurred in a 
shielded vault designed for critical assembly experiments. The excursion was estimated at 4 x 10/sup 17/ 
fissions, and was followed by oxidation of the enriched U metal in the assembly. The fire was observed via 
closed circuit TV; later entry established that burning was limited to the assembly Nearby combustibles did 
not burn or scorch. Disaster plans were immediately implemented to determine radiation exposures to 
personnel directly involved, the possibility of recurring criticality, and the extent of release of radioactive 
materials to the laboratory and to the off-site environment. Air and surface contamination levels were 
determined in the building housing the vault and at other points within the laboratory perimeter. Air, 
vegetation, and soil samples, obtained within hours following the excursion, were analyzed for fission 
product and alpha activity fallout. This incident reaffirms the value of carefully designed vault facilities for 
critical assembly work. 
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Date: 2/5/1964 

Report: UCRL-07686 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity worths of various metal plates were measured in a quasi-homogeneous 
enriched uranium-beryllium oxide subcritical assembly by means of the pulsed neutron method. The 
materials studied included nickel, iron, cobalt, gold, Hastelloy R-235, and Rene-41. The equivalences were 
determined between the various absorbers and fueled core material. Based upon the measurements it was 
concluded that the prompt lifetime (l-star) is relatively insensitive to massive localized absorbers. 
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Equations; Diffusion; Equations; Errors; Frequency; Heat Transfer; Heating; Monte Carlo Method; 
Numericals; Statistics; Telegrapher Equation; Thermal Diffusion; Thermal Radiation; Transport; 
Variations; Wave Mechanics 
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Title: Interaction in Arrays of Fissionable Materials 

Date: 10/5/1965 

Report: UCRL-14245 

Conference/Journal: Symposium on Criticality Control of Fissile Materials Held by the International 
Atomic Energy Agency at Stockholm, 1-5 November 1965 

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-004, PU-MET-FAST-017; A programme to study the interaction 
effect in arrays of fissionable materials has been instituted at the Lawrence Radiation Laboratory. The 
programme consists of both experimental and theoretical efforts. The particular arrays that are being studied 
experimentally are composed of plutonium metal units. Array geometries are simple; the basic units are 
cylinders and the arrays are cubical. Bare arrays are being studied, as well as those with internal moderation 
or external reflection. 130 basic units are available so that arrays of size up to 5 x 5 x 5 can be studied. The 
purposes of the programme are two-fold: (1) to provide clean, critical data to use in the development and 
normalization of computational techniques; and (2) the data as such are expected to be useful for 
interpolation and extrapolation for application to actual systems of interest. The basic array unit is a 3 kg 
cylinder of plutonium metal, 4.62 cm high, 6.53 cm in diameter, and a density of 19.54 g/cc. The height-
to-diameter ratio was chosen so that a double unit consisting of two basic units, one on top of the other, 
would have the same shape factor as a single basic unit. A brief description of the canning, assembly 
equipment, and the experimental building is presented. A short discussion of the safety evaluation (start-up 
accident, step insertion of reactivity) is also given. Calculations pertinent to the programme have been 
performed using both the GEM and SORS neutron Monte Carlo electronic computer programmes. 
Experimental results from arrays consisting of two units up to the maximum number are presented. 
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Report: UCRL-14413 
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Abstract/Keyterms: Benchmark models for some of the experiments are provided in IHECSBE report PU-
MET-FAST-003, -004, and -017. 
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Title: Nuclear Criticality Safety Analysis of a Spent Fuel Waste Package in a Tuff Repository 

Date: 12/1/1983 
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Conference/Journal:  
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Abstract/Keyterms: An assessment has been performed of the criticality potential associated with the 
disposal of spent fuel in a tuff geology above the water table. Eleven potential configurations were defined 
which cover a vast range of geometries and conditions from the nominal configuration at emplacement to 
a hypothetical configuration thousands of years after emplacement in which the structure is gone, the fuel 
pellets disintegrated and the borehole flooded. of these eleven configurations, four have been evaluated at 
this time. The results of this evaluation indicate that even with very conservative assumptions (4.5 w/o fresh 
fuel), criticality is not a problem for the nominal configuration either dry or fully flooded. In the cases 
where the condition of the waste package is assumed to have severely deteriorated, over long times, 
calculations were performed with less conservative assumptions (depleted fuel). An assessment of these 
calculations indicates that criticality safety could be demonstrated if the depletion of the fissile inventory 
during fuel irradiation is taken into account. A detailed discussion of the calculations performed is presented 
in this report. Also included are a description of the configurations which were considered, the analytical 
methods and models used, and a discussion of additional related work which should be performed. 
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Report: UCRL-21082 

Conference/Journal:  
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Abstract/Keyterms: This report combines six work units performed in FY`85--86 by the Copper 
Development Association and the International Copper Research Association under contract with the 
University of California. The work includes literature surveys and state-of-the-art summaries on several 
considerations influencing the feasibility of the use of copper-base materials for fabricating high-level 
nuclear waste packages for the proposed repository in tuff rock at Yucca Mountain, Nevada. The general 
conclusion from this work was that copper-base materials are viable candidates for inclusion in the materials 
selection process for this application. 
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Title: Standard Review Plan for Reviewing Safety Analysis Reports for Dry Metallic Spent Fuel Storage 
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Conference Session:  

Abstract/Keyterms: The Cask Standard Review Plan (CSRP) has been prepared as guidance to be used in 
the review of Cask Safety Analysis Reports (CSARs) for storage packages. The principal purpose of the 
CSRP is to assure the quality and uniformity of storage cask reviews and to present a well-defined base 
from which to evaluate proposed changes in the scope and requirements of reviews. The CSRP also sets 
forth solutions and approaches determined to be acceptable in the past by the NRC staff in dealing with a 
specific safety issue or safety-related design area. These solutions and approaches are presented in this form 
so that reviewers can take consistent and well-understood positions as the same safety issues arise in future 
cases. An applicant submitting a CSAR does not have to follow the solutions or approaches presented in 
the CSRP. However, applicants should recognize that the NRC staff has spent substantial time and effort 
in reviewing and developing their positions for the issues. A corresponding amount of time and effort will 
probably be required to review and accept new or different solutions and approaches. 
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Variations; Zones 
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Abstract/Keyterms: Progress and technical notes on the following topics are given: comparison of neutron 
spectra predicted by Monte Carlo calculations and determined by multispheres with passive detectors; the 
role of oxygen in the thermoluminescence of LiF; asbestos thermoluminescence analysis study; recent 
advancements in chest thickness measurements; neutron spectrometry; cartridge and canister test systems 
for the testing and certification laboratory; x-ray polarization studies; criticality note on fissile hydrides; 
novel chemistry fume hood valuation; computer program to design exhaust ventilation systems; process 
control in decontamination of radioactive waste water; Fourier transforms; and computer program to make 
probability plots. 
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Criticality; Li-Drifted Ge Detectors; Neutron Dosimetry; Neutron Spectrometers; Radiation Accidents; 
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Conference Session:  

Abstract/Keyterms: The report highlights research performed from October 1984 to September 1985. The 
major sections cover the areas of industrial hygiene, aerosol physics, health physics, fire science, dosimetry, 
criticality safety, and safety analysis. Separate abstracts have been prepared for individual papers. 
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Abstract/Keyterms: This document describes some of the research performed in the LLNL Hazards 
Control Department from October 1986 to September 1987.he sections in the Annual report cover scientific 
concerns in the areas of Health Physics, Industrial Hygiene, Industrial Safety, Aerosol Science, Resource 
Management, Dosimetry and Radiation Physics, Criticality Safety, and Fire Science. For a broader 
overview of the types of work performed in the Hazards Control Department, we have also compiled a 
selection of abstracts of recent publications by Hazards Control employees. Individual reports are processed 
separately for the data base. 
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Title: Annual Technology Review, 1988. Hazards Control Department 
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Report: UCRL-50007-88 
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Abstract/Keyterms: The Annual Technology Review highlights some of the research conducted in the 
LLNL Hazards Control Department in Fiscal Year 1988 (October 1987--September 1988). Out intended 
audience for this report is the professional community and anyone with an interest in general health and 
safety related research; the articles give sufficient background for readers without any expertise in the 
subject. We hope the Annual conveys the diversity and scope of research conducted in the Hazards Control 
Department. The seven major sections in the Annual cover specific concerns in the areas of Chemical 
Protective Clothing, Air Filtration, Industrial Hygiene, Fire Science, Health Physics, Criticality Safety, and 
Instrument Development. For a broader overview of other work conducted in Fiscal Year 1988, we have 
compiled the abstracts of recent publications by Department members. Readers interested in more detail on 
any of the papers in the Annual may contact the authors directly c/o the Hazards Control Department, 
Lawrence Livermore National Laboratory. 
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Abstract/Keyterms: PU-MET-FAST-003, PU-MET-FAST-004, PU-MET-FAST-017; Measurements, 
interpretation, and analyses of a series of exponential water-moderated uniform lattice experiments with 
3% uranium-233 thorium-232 oxide rods are reported in this note. The fuel is vibratorily compacted to a 
density of 8.96 g/cc in Zircaloy-2 tubes of 1.27-cm OD and 0.8-mm wall thickness. Bucklings were 
measured by both the modified variable loading and the flux shape techniques. The interpretation included 
smoothing of the measurements and use of calculations to correct for the nonasymptotic behavior of the 
lattices. The interpreted results are quoted as "best" values. The standard cadmium ratio technique was used 
for the measurement of rho(02), the ratio of epi-to subcadmium captures in thorium-232. The 27.4-day half-
life palladium-233 produced in thorium dioxide wafers was gamma counted. The differential technique was 
used to determine zeta(dy) the dysprosium thermal disadvantage factor. Dysprosium aluminum foils 1.19-
mm diam x 0.127-mm thick were distributed throughout a unit cell. The HAMMER code used in the 
analyses. This code combines the codes THERMOS, ZUT, TUZ, FOG, and a modified MUFT in which a 
collision-probability cell calculation is done for the epithermal flux. 
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Abstract/Keyterms: The LLL Evaluated Nuclear Data Library (ENDL-78) was tested for validity by 
comparing calculated and experimental values of k(eff) for 67 critical assemblies and emission neutron 
spectra for 22 spheres that were pulsed with 14-MeV neutrons. 
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Abstract/Keyterms: PU-MET-FAST-003, PU-MET-FAST-004, PU-MET-FAST-037, PU-MET-FAST-
017; In this report, we present experimentally determined critical configurations for 28 one-, two-, and 
three-dimensional plutonium arrays. These arrays include unmoderated, moderated, and externally 
reflected systems. The basic array part consists of a 3-kg mass of alpha-phase plutonium in the shape of a 
right circular cylinder. The moderator consists of cylindrical mock high-explosive jackets in three 
thicknesses--1.27, 2.55, and 3.82 cm. Eight different array units were constructed by using one or two of 
the basic plutonium parts, with or without the moderator jackets. The external reflector material is 
polyethylene. 
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Author: Peterson, R. T. 

Title: Safety Analysis Report for Packaging: Neutron Shipping Cask, Model 4T 

Date: 3/4/1977 

Report: UCRL-52232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Safety Analysis Report for Packaging demonstrates that the neutron shipping 
cask can safely transport, in solid or powder form, all isotopes of uranium, plutonium, americium, curium, 
berkelium, californium, einsteinium, and fermium. The cask and its contents are described. It also evaluates 
transport conditions, structural parameters (e.g., load resistance, pressure and impact effects, lifting and 
tiedown devices), and shielding. Finally, it discusses compliance with Chapter 0529 of the Energy Research 
and Development Administration Manual, Safety Standards for the Packaging of Fissile and Other 
Radioactive Materials. 
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Author: Williams, G. E. / Alvares, N. J. 

Title: Enhanced Safety in the Storage of Fissile Materials 

Date: 12/15/1978 

Report: UCRL-52612 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An inexpensive boron-loaded liner of epoxy resin for fissile-material storage 
containers was developed that can be easily fabricated of readily available, low-cost materials. Computer 
calculations indicate reactivity will be reduced substantially if this neutron-absorbing liner is added to 
containers in a typical storage array. These calculations compare favorably with neutron-attenuation 
experiments with thermal and fission neutron spectra, and tests at the Fire Test Facility indicate the epoxy 
resin will survive extreme environmental and accident conditions. The fire-resistant and insulating 
properties of the epoxy-resin liner further augment its ability to protect fissile materials. Boron-loaded 
epoxy resin is adaptable to many tasks but is particularly useful for providing enhanced criticality safety in 
the packaging and storage of fissile materials. 
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Author: Koponen, B. L. / Wilcox, T. P. / Hampel, V. E. 

Title: Nuclear Criticality Experiments from 1943 to 1978: An Annotated Bibliography. Volume 1. Main 
Listing 

Date: 4/24/1979 

Report: UCRL-52769 (Vol.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The bibliography contains 1067 citations from the literature of critical and near-
critical nuclear experiments. It provides an up-to-date index to reports containing useful data for many types 
of criticality studies. Most of the reports can provide specifications for relatively simple critical 
configurations necessary for validating nuclear constants and calculational techniques. The reports of more 
than 1143 experimenters at 38 international facilities since 1943 are cross-referenced. The collection 
contains the prototypes of many different designs of nuclear reactors and studies performed to insure the 
safe use of fissile materials in chemical processing plants, storage facilities, and transportation containers. 
The bibliography has three volumes. Volume 1 contains the main listing of citations with abstracts. Volume 
2 is a set of indexes organized by report number, publication date, experimental facility, and author name. 
Volume 3 provides a subject index, concorded on the significant keyphrases derived from titles, and an 
index of keyterms derived from titles, and an index of keyterms extracted from titles and abstracts. The 
bibliography was printed by computer as a selection from a computerized system at Lawrence Livermore 
Laboratory containing information and data on criticality experiments. 
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Author: Koponen, B. L. / Wilcox, T. P. / Hampel, V. E. 

Title: Nuclear Criticality Experiments from 1943 to 1978: An Annotated Bibliography. Volume 2. Lookup 
Tables 

Date: 4/24/1979 

Report: UCRL-52769(Vol.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The bibliography contains 1067 citations from the literature of critical and near-
critical nuclear experiments. It provides an up-to-date index to reports containing useful data for many types 
of criticality studies. Most of the reports can provide specifications for relatively simple critical 
configurations necessary for validating nuclear constants and calculational techniques. The reports of more 
than 1143 experimenters at 38 international facilities since 1943 are cross-referenced. The collection 
contains the prototypes of many different designs of nuclear reactors and studies performed to insure the 
safe use of fissile materials in chemical processing plants, storage facilities, and transportation containers. 
The bibliography has three volumes. Volume 1 contains the main listing of citations with abstracts. Volume 
2 is a set of indexes organized by report number, publication date, experimental facility, and author name. 
Volume 3 provides a subject index, concorded on the significant keyphrases derived from titles, and an 
index of keyterms derived from titles, and an index of keyterms extracted from titles and abstracts. The 
bibliography was printed by computer as a selection from a computerized system at Lawrence Livermore 
Laboratory containing information and data on criticality experiments. 
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Author: Koponen, B. L. / Wilcox, T. P. / Hampel, V. E. 

Title: Nuclear Criticality Experiments from 1943 to 1978: An Annotated Bibliography. Volume 3. Subject 
Index 

Date: 4/24/1979 

Report: UCRL-52769-Vol.3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The bibliography contains 1067 citations from the literature of critical and near-
critical nuclear experiments. It provides an up-to-date index to reports containing useful data for many types 
of criticality studies. Most of the reports can provide specifications for relatively simple critical 
configurations necessary for validating nuclear constants and calculational techniques. The reports of more 
than 1143 experimenters at 38 international facilities since 1943 are cross-referenced. The collection 
contains the prototypes of many different designs of nuclear reactors and studies performed to insure the 
safe use of fissile materials in chemical processing plants, storage facilities, and transportation containers. 
The bibliography has three volumes. Volume 1 contains the main listing of citations with abstracts. Volume 
2 is a set of indexes organized by report number, publication date, experimental facility, and author name. 
Volume 3 provides a subject index, concorded on the significant keyphrases derived from titles, and an 
index of keyterms derived from titles, and an index of keyterms extracted from titles and abstracts. The 
bibliography was printed by computer as a selection from a computerized system at Lawrence Livermore 
Laboratory containing information and data on criticality experiments. 
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21608…..…..…………………..…….……..……ID Number…………………..…..…………….21608 

Author: Koponen, B. L. / Hampel, V. E. 

Title: Nuclear Criticality Safety Experiments, Calculations, and Analyses 1958 to 1982. Volume 1. Lookup 
Tables 

Date: 10/21/1982 

Report: UCRL-53369-Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This compilation contains 688 complete summaries of papers on nuclear criticality 
safety as presented at meetings of the American Nuclear Society (ANS). The selected papers contain 
criticality parameters for fissile materials derived from experiments and calculations, as well as criticality 
safety analyses for fissile material processing, transport, and storage. The compilation was developed as a 
component of the Nuclear Criticality Information System (NCIS) now under development at the Lawrence 
Livermore National Laboratory. The compilation is presented in two volumes: Volume 1 contains a 
directory to the ANS Transaction volume and page number where each summary was originally published, 
the author concordance, and the subject concordance derived from the keyphrases in titles. Volume 2 
contains-in chronological order-the full-text summaries, reproduced here by permission of the American 
Nuclear Society from their Transactions, volumes 1-41. 
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21609…..…..…………………..…….……..……ID Number…………………..…..…………….21609 

Author: Koponen, B. L. / Hampel, V. E. 

Title: Nuclear Criticality Safety Experiments, Calculations, and Analyses-1958 to 1982. Volume 2. 
Summaries. Compilation of Papers from the Transactions of the American Nuclear Society 

Date: 10/21/1982 

Report: UCRL-53369-Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This compilation contains 688 complete summaries of papers on nuclear criticality 
safety as presented at meetings of the American Nuclear Society (ANS). The selected papers contain 
criticality parameters for fissile materials derived from experiments and calculations, as well as criticality 
safety analyses for fissile material processing, transport, and storage. The compilation was developed as a 
component of the Nuclear Criticality Information System (NCIS) now under development at the Lawrence 
Livermore National Laboratory. The compilation is presented in two volumes: Volume 1 contains a 
directory to the ANS Transaction volume and page number where each summary was originally published, 
the author concordance, and the subject concordance derived from the keyphrases in titles. Volume 2 
contains-in chronological order-the full-text summaries, reproduced here by permission of the American 
Nuclear Society from their Transactions, volumes 1-41. 
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Author: Barnett, C. S. 

Title: Experimental Study of Neutron Noise with Criticality Safety Applications in Mind 

Date: 11/1/1985 

Report: UCRL-53657 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study has been conducted on the statistics of detected neutrons that leaked from 
four subcritical reflected, enriched-uranium assemblies, to explore the feasibility of developing a criticality 
warning system based on neutron noise analysis. Studies were conducted on three possible discriminators, 
i.e., three signatures that might be used to discriminate among assemblies of various multiplications. The 
noise analysis techniques studied performed well enough in deeply subcritical situations to deserve testing 
in an applications environment. They have a good chance of detecting changes in reactivity that are 
potentially dangerous. One can expect sharpest results when doing comparisons, i.e., when comparing two 
records, one taken in the past under circumstances known to be normal and one taken now to search for 
change. 
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Author: Hill, E. E. / Kolar, O. C. 

Title: Criticality Alarm System for the Lawrence Livermore National Laboratory 

Date: 9/1/1988 

Report: UCRL-53883 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Lawrence Livermore National Laboratory (LLNL) has specified a standard 
criticality alarm system (CAS) for use in all its nuclear facilities. This report describes the initial CAS as 
supplied from the vendor and the modifications made to develop a generic system that better suits LLNL 
needs. Each such system contains gamma detectors, data-acquisition modules (serviced by uninterruptable 
power supplies), one or more control terminals, and an emergency evacuation alarm module (also with an 
uninterruptable power supply). Although the primary function of the CAS is to sound an alarm in the event 
of a criticality accident, the system can also be used to collect dosimetry data for assessing background 
radiation levels, to monitor possible secondary criticalities in the event of an accident, and to monitor post-
accident conditions remotely. Steps have been taken to assure that these additional functions do not 
compromise the primary alarm function. The present status of the new standard system, our experience with 
it, and future plans for other CAS components are also described in this report 
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Author: Hampel, V. E. / Goldberg, E. 

Title: The Tory II-A Reactor: Methods and Results of Neutronic Machine Calculations 

Date: 5/1/1962 

Report: UCRL-6304 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The nuclear fuel mass and distribution of the Tory II-A reactor was established by 
extensive use of two multigroup diffusion codes. Basic critical assembly experiments provided a means of 
judging the validity of the nuclear cross sections and techniques employed. Critical experiments at room 
temperature on Tory II-A showed a deviation of 10% from the predicted radial power density at the core 
edge. Current calculations give a reactivity 3% higher than that found experimentally. The specific 
neutronic requirements are stated. After the general dimension of the reactor had become frozen from 
considerations of pertinent thermodynamic parameters, the critical fuel loading and its relative distribution 
in space had to be determined. Radial loading of fuel was varied in the computation to achieve constant 
radial power density within the core. Loading selections were made to maintain the power per tube within 
5% of the ideal value. Machine calculations were performed on two 18-group diffusion codes, the one-
dimensional ZOOM code and its two-dimensional ANGlE companion code. Confirmations of cross 
sections and the calculational methods were performed through normalization toward simple critical 
experiments which could be represented by the codes, exactly. Temperature effects for BeO-moderated 
systems were experimentally evaluated up to 1200 deg F. 
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21613…..…..…………………..…….……..……ID Number…………………..…..…………….21613 

Author: Hill, E. E. / Shon, F. J. 

Title: Fuel Programming in Pool-Type Research Reactors of Intermediate Power Level 

Date: 10/1/1961 

Report: UCRL-6324 

Conference/Journal: Nuclear Science & Engineering 

Conference Session:  

Abstract/Keyterms: A fuel cycle program is presented for an intermediate power research reactor utilizing 
fully enriched MTR-type fuel elements. The fuel cycle program is considered at equilibrium after many 
cycles have past. The program consists of shifting elements from positions of high importance outward to 
positions of low importance through several paths. The paths are staggered so that only the elements in one 
path are shifted at the conclusion of a cycle, and only one element is replaced. The method of calculating 
the fuel remaining in each element is shown utilizing a fractional burn-up factor for each position. Sample 
calculations are shown for the LPTR with 23 standard elements in the core and a desired burn-up of 15%. 
A method is proposed to obtain such an equilibrium condition starting with an initial loading of fuel 
elements having nearly equal fuel loading. 
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21614…..…..…………………..…….……..……ID Number…………………..…..…………….21614 

Author: Kaplan, E. L. 

Title: Isotropic Constant-Cross-Section Calculations on Neutron Multiplication in a Small Bare 
Homogeneous Sphere 

Date: 10/1/1961 

Report: UCRL-6660 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A power-series solution of the integral equation satisfied by the neutron flux was 
derived and compared with results obtained by diffusion theory (in the region where the latter is least 
accurate) and the variational method. Agreement as to the criticality condition or multiplication rate was 
easily secured, but the neutron distribution was much less well determined by the approximate methods. 
Only the asymptotic solution with no sources other than fission was considered. The importance functions 
calculated may be suggestive for the conduct of Monte Carlo calculations. 
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Author: Doyas, R. J. / Koponen, B. L. 

Title: Application of Asymptotic Diffusion Theory to Small Systems 

Date: 3/27/1967 

Report: UCRL-70012 

Conference/Journal: International Conference on Research Reactor Utilization and Reactor 
Mathematics, Mexico City, Mex. 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Diffusion; Equations; Fast Neutrons; Mathematics; 
Neutrons; Numericals; Reactors; Volume 
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Author: Williams, A. W. / O'neal, W. C. / Robinson, E. / Miller, A. / Maranville, B. 

Title: Critical Assembly Machine for Plutonium Experiments 

Date: 4/11/1967 

Report: UCRL-70343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-003, PU-MET-FAST-004, PU-MET-FAST-017 
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Author: Garelis, E. 

Title: Considerations of the Reflector Effect in the Pulsed Neutron Problem 

Date: 3/27/1967 

Report: UCRL-70366 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Operation; Mathematics; 
Measurement; Neutrons; Pulses; Reactivity; Reflectors; Research Reactors 
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Author: Winslow, Alan M. 

Title: Extensions of Asymptotic Neutron Diffusion Theory 

Date: 5/1/1967 

Report: UCRL-70521 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Decay; Diffusion; Mathematics; 
Neutron Flux; Neutrons; Numericals Neutrons / Diffusion Theory for, Extensions of Asymptotic, 
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Author: Doyas, R. J. / Koponen, B. L. / Hampel, V. E. 

Title: Application of Asymptotic Diffusion Theory Methods to Small Systems, Adaptation of Zoom 

Date: 1/1/1968 

Report: UCRL-70918, Summary, Rev. I 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Analysis; Asymptotic Solutions; Determination; Diffusion; Fast Neutrons; 
Mathematics; Multiplication Factors; Neutrons; Reactors; Transport Theory; Uses; Variations 
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Author: Podney, W. N. / Garelis, E. / Koponen, B. L. / Layton, J. Pl 

Title: Fast Reactor Systems for Secondary Space Power 

Date: 6/19/1968 

Report: UCRL-71149, Preprint 

Conference/Journal: Intersociety Energy Conversion Engineering Conference, Boulder CO, 1968 

Conference Session:  

Abstract/Keyterms:  



 

C-21675 

21621…..…..…………………..…….……..……ID Number…………………..…..…………….21621 

Author: Koponen, B. L. / Doyas, R. J. 

Title: Extension of Asymptotic Neutron Diffusion Theory to Multiregion Systems 

Date: 2/19/1970 

Report: UCRL-72305, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Doyas, R. J. / Koponen, B. L. 

Title: An Improved Group Collapse Procedure 

Date: 6/1/1971 

Report: UCRL-73292, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Peterson, L. R. / Kelley, R. E., Jr. 

Title: Super Kukla Operating Experience, 1964-1973 

Date: 2/16/1973 

Report: UCRL-74443, Preprint 

Conference/Journal: Fast Pulsed Reactor Symposium, White Sands Missile Range, February 20, 1973 

Conference Session:  

Abstract/Keyterms: Research & Test Reactors-Operation & Economics; Reactor Operation; Super Kukla 
Reactor Critical Assemblies / Operation of Super Kukla, from 1964 to 1973 
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Author: Howerton, R. J. 

Title: Testing of ENDF/B-IV-P evaluations with SDT-10 benchmark pulsed spheres 

Date: 5/1/1974 

Report: UCRL-75693 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Nuclear Data Collections- 
Reliability; Fast Neutrons; MeV Range 10- 100; Monte Carlo Method; Neutron Transport; Neutron 
Transport Theory; Pulsed Neutron Techniques; Spectra; Spheres 
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Author: Myers, D. S. 

Title: Biological Hazard and Measurement of Plutonium 

Date: 1/1/1974 

Report: UCRL-76571; CONF-7410106-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The basic characteristics of Pu, its physical and chemical properties, the uses and 
decay schemes of 238Pu and 239Pu, and techniques for monitoring Pu in the field using portable 
instruments are discussed. The hazards to personnel from a criticality accident involving Pu are considered 
and protection procedures are suggested. It is pointed out that the major biological hazard from Pu arises 
when it is deposited internally following inhalation, ingestion, injection or wound contamination, or skin 
absorption, with inhalation of 239Pu oxides or nitrates being the greatest hazard. It is estimated that 
approximately 25 mg of inhaled 239Pu deposited in the respiratory tract would result in a LD50 dose of 
alpha radiation and 500 mg of ingested 239Pu would result in a LD50 dose to the CI tract. Based on animal 
studies, it is concluded that if a person inhales or ingests a quantity of 239Pu which results in a body burden 
considerably more than the maximum permissible body burden but less than the quantity required to 
produce acute symptoms, his chances of developing cancer some 10 to 20 years later are greatly increased. 
Personnel with known body burdens of 239Pu acquired 10 to 20 years ago are being carefully watched but 
so far no signs of cancer have been observed. 
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Author: Kolar, O. C. / Finn, H. F. / Pruvost, N. L. 

Title: Livermore Plutonium Array Program: Experiments and Calculations 

Date: 8/20/1975 

Report: UCRL-76739, Rev 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-MET-FAST-003, PU-MET-FAST-004, PU-MET-FAST-017; The first precision 
array measurements with high-density plutonium-metal cylindrical parts of 3 and 6 kg took place at the 
Livermore critical assembly facility from 1965 to 1969. Cubic arrays of up to sixty-four 6-kg parts were 
measured. Mock high-explosive epoxy moderators were used in several measurements. Experiments 
observing the effects of simulated body reflectors provided personnel safety guidance for the construction 
of these arrays. A comparison of Monte Carlo calculations and the experimental measurements indicated 
that the calculational method is sufficiently accurate to be used in nuclear safety guidance for arrays of 
these elements. Included for comparison are calculations for arrays comprised solely of the plutonium parts. 
Also included are calculations for 6-kg-part arrays in which a 0.479-cm-wide gap at the midplane has been 
eliminated and where the spacing was varied for each idealized array. 
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Author: n.a. 

Title: Comment on Influence of Deep Minima on Multi-Group Cross Sections 

Date: 5/29/1975 

Report: UCRL-76902, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Friesen, R. D. 

Title: Fast-Neutron Detector for Use as a Criticality Monitor 

Date: 10/21/1976 

Report: UCRL-78192 

Conference/Journal: Nuclear science, scintillation and semiconductor counter symposium/ 20 Oct 1976/ 
New Orleans, LA, USA 

Conference Session:  

Abstract/Keyterms: To increase the reliability of the criticality monitoring system in a diagnostic 
chemistry area and to reduce the number of false alarms, a new monitoring system was built using a fast-
neutron detector. This paper outlines the design requirements, describes the plastic scintillation detector 
system as it was built, and reports on the results of several months of operation. The new monitor has proven 
much more useful than the gamma-detector system it replaced. 
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Author: Koponen, B. L. 

Title: Reactivity Enhancement in Transportation and Storage Arrays Due to Fissile Material Density 
Reductions 

Date: 6/14/1976 

Report: UCRL-78381, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some storage and transportation arrays become more reactive when the fissile 
material density is reduced. This effect was calculated for arrays of shipping containers and for arrays of 
235U spheres. The reactivity enhancement is due mainly to increased utilization of thermal neutrons and 
reduction in neutron leakage resulting from the increased size of low-density units. 
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Author: Hankins, D. E. 

Title: Neutron Dosimetry Studies at the Lawrence Livermore Laboratory 

Date: 7/11/1977 

Report: UCRL-79633; CONF-770726-3 

Conference/Journal: Workshop on personnel neutron dosimetry, Oak Ridge, Tennessee, USA, 11 Jul 
1977 

Conference Session:  

Abstract/Keyterms: Work performed since the last Workshop meeting is summarized. The studies have 
been divided into the following sections: (1) response of albedo neutron dosimeters to low energy neutrons; 
(2) discussion of dose-equivalent conversion factors; (3) modification of the A-B rem-meter; (4) the effect 
of distance from the body on the response of albedo neutron dosimeters; (5) comparison of albedo neutron 
dosimeter techniques; and (6) modified NAD badge for additional beta shielding and albedo neutron 
dosimetry. 
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Author: Plechaty, E. F. / Cullen, D. E. / Levitt, L. 

Title: Applications of the Probability Table Method to Practical Problems 

Date: 7/1/1977 

Report: UCRL-79759 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The objective of using the probability table method (PTM) was to use a continuous-
energy Monte Carlo code in which the cross sections are given as multigroup constants and yet to account 
for self-shielding within each group. In order to achieve this objective, the PTM was extended to 
deterministic methods. The ALICE Monte Carlo Neutron Transport Code uses the PTM for all 175 energy 
groups which span the energy range from thermal to 20 MeV. The TART, ALICE, and MCN codes were 
used to determine the critical radius of a sphere of UH3, where the U235 enrichment varied from 20 to 
100%. The PTM was used to calculate the transmission through a 30 cm iron plate. The source was normal 
to the slab and distributed as 1.0/E from 20.0 MeV to 1 keV. For the problems investigated the ALICE code 
can calculate both shielding and criticality problems as accurately as the pointwise code MCN. 



 

C-21686 

21632…..…..…………………..…….……..……ID Number…………………..…..…………….21632 

Author: Cullen, D. E. / Plechaty, E. R. / Doyas, R. J. / Weisbin, C. r. / White, J. e. 

Title: Cross Section Probability Tables in Multi-Group Transport Calculations 

Date: 3/1/1978 

Report: UCRL-80655, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Koponen, B. L. 

Title: Role of Computers in Quality Assurance in the LLL Criticality Safety Program 

Date: 10/1/1977 

Report: UCRL-80711; CONF-780622-79 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some of the aspects of computational criticality safety quality assurance that have 
been emphasized in recent years at LLL are summarized. In particular, computer code changes that have 
been made that help the criticality analyst reduce the number of errors that he makes and to locate those 
that he does make; and how a computerized “benchmark” data base aids him in the validation of his 
computational methods are discussed. 
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Author: Koponen, B. L. / Hampel, V. E. 

Title: A Computerized Library of Bibliographic Criticality Data 

Date: 9/14/1978 

Report: UCRL-81664, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Williams, G. E. / Alvares, N. J. 

Title: Enhanced Safety in the Storage of Fissile Materials 

Date: 1/1/1979 

Report: UCRL-82135; CONF-790602-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A "plastic-like" supporting material impregnated with a neutron-absorbing agent that 
is suitable for "lining" the inner surfaces of fissile-material storage containers was fabricated. The material 
consists, by weight, of 50% food-grade borax, 25% coal tar, and 25% epoxy resin. It costs much less than 
commercially available materials, can absorb enough neutrons to isolate units of fissile material, and 
possesses such structural qualities as flexibility and machinability. Properties and performance of the 
material are discussed. 
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Title: Dosimetry of Criticality Accidents Using Activations of the Blood and Hair 

Date: 1/1/1980 

Report: UCRL-82679 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The evaluation of the dose that a person received in a criticality accident can be 
difficult. Most accidents have occurred when the person was not wearing nuclear accident dosimetry and 
since the NRC no longer requires these dosimeters, future dose evaluations may have to be based on body 
activations and gamma-to-neutron dose ratios. To aid in a dose evaluation we have compiled in a table the 
results from numerous criticality accident studies using 10 different critical assemblies, each with different 
neutron leakage spectra. There are several problems involved in applying these results accurately, the most 
significant problem being the determination of the configuration of the fissile material at the time of the 
accident. Other problems include a lack of information concerning the location, orientation, and possible 
shielding between the person and the accident assembly. 
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Title: Training Facility for Criticality Safety 

Date: 12/30/1979 

Report: UCRL-82780; CONF-791203-10 

Conference/Journal: Health Physics Society meeting/ 10 Dec 1979/ Honolulu, HI, USA 

Conference Session:  

Abstract/Keyterms: The Lawrence Livermore Laboratory has established a training facility for hands-on 
instruction in various aspects of fissile material control. Eight hemispherical shells of 93% enriched 
uranium (approximately 23 kg) are used in a configuration convenient for demonstrating the effects of 
mass, reflectivity, separation, moderation and poison on the state of criticality. Various thicknesses of clear 
acrylic plastic are used as moderators in the center of the assembly and as reflectors surrounding the fissile 
material. Assembly is made on a vertical split table which can be manually operated to demonstrate the 
effect of separation distance between the hemispherical shells. Cadmium sheet is used to study the effect 
of poisons in isolating masses of fissile material and in isolating fissile material from reflectors. A central 
void is provided to accommodate a Californium-252 or plutonium-238 beryllium neutron source. 
Instrumentation for the training facility consists of standard BF3 detectors with rate meter and scaler/timer 
output. Training experiments typically consist of making an approach to critical with the assembly in its 
optimum configuration and then demonstrating the effect of various parameters on the state of criticality. 
The effective multiplication constant of the assembly in its optimum configuration (spherical with full 
moderation and reflection). 
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Title: A Practical Guide to the Method of Least Squares 

Date: 6/5/1959 

Report: UCRL-8523 Rev. 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report, a revised and corrected version of UCRL-8523, gives a short and practical 
summary of curve fitting by the method of least squares. The purpose is to list and roughly justify the 
formulas used in finding the best fitting curve, the errors, and the quantities which describe the goodness 
of the fit. 
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Title: Neutron-and Gamma-Ray Spectrum Measurements at the Los Alamos Critical Assembly-SHEBA 

Date: 8/12/1981 

Report: UCRL-86570 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the summer of 1980, SHEBA, a critical assembly intended as a facility for 
evaluation of criticality monitors, was completed at the Los Alamos National Laboratory. The energy 
dependent response of criticality monitors affects how they respond to radiation fields. Since these fields 
will be affected significantly by local shielding, it was important to have data on the neutron and gamma 
ray spectra from the bare assembly, as well as transmitted through shields (13.3 cm thick steel and 40 cm 
thick concrete) used to modify the neutron spectrum. The measurements were made at 5 m, 14 m, and 69 
m from the assembly with and without the steel or concrete shields between the assembly and the detectors. 
Gamma-ray spectra were measured up to 10 MeV with a 2" x 2" NaI(TI) detector. 



 

C-21694 

21640…..…..…………………..…….……..……ID Number…………………..…..…………….21640 

Author: Koponen, B. L. / Hampel, V. E. 

Title: Nuclear Criticality Information System 

Date: 11/30/1981 

Report: UCRL-86975 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The nuclear criticality safety program at LLNL began in the 1950's with a critical 
measurements program which produced benchmark data until the late 1960's. This same time period saw 
the rapid development of computer technology useful for both computer modeling of fissile systems and 
for computer-aided management and display of the computational benchmark data. Database management 
grew in importance as the amount of information increased and as experimental programs were terminated. 
Within the criticality safety program at LLNL we began at that time to develop a computer library of 
benchmark data for validation of computer codes and cross sections. As part of this effort, we prepared a 
computer-based bibliography of criticality measurements on relatively simple systems. However, it is only 
now that some of these computer-based resources can be made available to the nuclear criticality safety 
community at large. This technology transfer is being accomplished by the DOE Technology Information 
System (TIS), a dedicated, advanced information system. The NCIS database is described. 
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Title: Passive Neutron-Multiplication Measurements 

Date: 10/20/1982 

Report: UCRL-87588; CONF-821011-12 

Conference/Journal: IEEE nuclear science symposium, Washington, DC, USA, 20 Oct 1982 

Conference Session:  

Abstract/Keyterms: Instrument to Measure Neutron Multiplication / Statistical Analysis / Timing of 
Neutrons Emitted from Fissionable Material 
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Date: 4/8/1982 

Report: UCRL-88131; CONF-8204204-1 

Conference/Journal: Institute of Nuclear Power Operations conference, Houston, TX, USA, 8 Apr 1982 

Conference Session:  

Abstract/Keyterms: This edited transcript of a presentation on personnel neutron discusses the accuracy 
of present dosimetry practices, requirements, calibration, dosemeter types, quality factors, operational 
problems, and dosimetry for a criticality accident. 
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Title: A Probabilistic Criticality Analysis of the Transfer of Fissile Material in the LLNL Plutonium 
Building 

Date: 5/31/1983 

Report: UCRL-88483, Preprint 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; Criticality; Monte Carlo Method; Fissile 
Materials; Mass Transfer; Risk Assessment; Computer Codes; Containment Buildings; Lawrence 
Livermore Laboratory; Plutonium; Probabilistic Estimation; Actinides; Containment; Elements; 
Fissionable Materials; Materials; Metals; National Organizations; Transuranium Elements; US AEC; US 
DOE; US ERDA; US Organizations 
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Title: Status, Plans, and Capabilities of the Nuclear Criticality Information System 
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Report: UCRL-90166 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Nuclear Criticality Information System (NCIS), in preparation since 1981, has 
substantially evolved and now contains a growing number of resources pertinent to nuclear criticality safety. 
These resources include bibliographic compilations, experimental data, communications media, and the 
International Directory of Nuclear Criticality Safety Personnel. These resources are part of the LLNL 
Technology Information System (TIS) which provides the host computer for NCIS. The TIS provides 
nationwide access to authorized members of the nuclear criticality community via interactive dial-up from 
computer terminals that utilize communication facilities such as commercial and federal telephone 
networks, toll-free WATS lines, TYMNET, and the ARPANET/MILNET computer network. 
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Title: Online Directory of Databases for Material Properties 
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Report: UCRL-90276-Rev.1, CONF-8406139-1-Rev.1 

Conference/Journal: International CODATA conference/ 24 Jun 1984/ Jerusalem, Israel 

Conference Session:  

Abstract/Keyterms: This directory is intended to provide interactive access to scientific and technical 
databases available to the public that contain information pertaining to nuclear, atomic, molecular, physical, 
chemical, and mechanical properties of substances. In addition to the 101 data files previously reported, we 
have updated the information and identified more than 38 new numeric databases and predictive systems 
in these fields. We have included, where applicable, entries contained in the directories published by Cuadra 
Associates, CODATA, and UNESCO. In addition to describing the contents of the databases, we have 
provided updated information on the availability of the databases and their online access over public 
telephone and data networks. This directory is expected to become particularly important to the national 
and international magnetic- and laser-energy fusion projects, nuclear criticality safety, and computer aided 
engineering programs. Some of the numeric databases are directly accessible by authorized users via the 
TIS Intelligent Gateway Processor at LLNL (TIS/IGP), with self-guiding procedures for the downloading, 
merging, post-processing, and graphical/statistical analysis of data. 
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Title: Use of the Nuclear Criticality Information System for Sharing Small Criticality Assessment Programs 
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Report: UCRL-91117, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; Criticality; Computer Calculations; Information 
Systems; Reactor Kinetics; Computer Codes; Cost; Data Base Management; Microprocessors; 
Programming Languages; Computers; Electronic Circuits; Kinetics; Management; Microelectronic Circuits 
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Report: UCRL-99499; CONF-890631-7 

Conference/Journal: International Symposium on Packaging and Transporting Of Radioactive 
Materials, Washington, DC, USA, 11 Jun 1989 

Conference Session:  

Abstract/Keyterms: COG is a new point-wise Monte Carlo code being developed and tested at LLNL for 
the Cray computer. It solves the Boltzmann equation for the transport of neutrons, photons, and (in future 
versions) charged particles. Techniques included in the code for modifying the random walk of particles 
make COG most suitable for solving deep-penetration (shielding) problems. However, its point-wise cross-
sections also make it effective for a wide variety of criticality problems. The objective of this paper is to 
present calculational results of a variety of critical benchmark experiments using COG, and to present the 
resulting code bias. Numerous benchmark calculations have been completed for a wide variety of critical 
experiments which generally involve both simple and complex physical problems. The COG results, which 
we report in this paper, have been excellent. 
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Title: Verification and Validation of MERCURY: A Modern, Monte Carlo Particle Transport Code 

Date: 12/9/2004 

Report: UCRL-CONF-208667 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Verification and Validation (V&V) is a critical phase in the development cycle of any 
scientific code. The aim of the V&V process is to determine whether or not the code fulfills and complies 
with the requirements that were defined prior to the start of the development process. While code V&V can 
take many forms, this paper concentrates on validation of the results obtained from a modern code against 
those produced by a validated, legacy code. In particular, the neutron transport capabilities of the modern 
Monte Carlo code MERCURY are validated against those in the legacy Monte Carlo code TART. The 
results from each code are compared for a series of basic transport and criticality calculations which are 
designed to check a variety of code modules. These include the definition of the problem geometry, particle 
tracking, collisional kinematics, sampling of secondary particle distributions, and nuclear data. The metrics 
that form the basis for comparison of the codes include both integral quantities and particle spectra. The 
use of integral results, such as eigenvalues obtained from criticality calculations, is shown to be necessary, 
but not sufficient, for a comprehensive validation of the code. This process has uncovered problems in both 
the transport code and the nuclear data processing codes which have since been rectified. 



 

C-21704 

21650…..…..…………………..…….……..……ID Number…………………..…..…………….21650 

Author: Procassini, R. J. / Beck, B. R. 

Title: Parallel Monte Carlo Particle Transport and the Quality of Random Number Generators: How Good 
Is Good Enough? 

Date: 12/7/2004 

Report: UCRL-CONF-208668 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: It might be assumed that use of a “high-quality” random number generator (RNG), 
producing a sequence of “pseudo random” numbers with a “long” repetition period, is crucial for producing 
unbiased results in Monte Carlo particle transport simulations. While several theoretical and empirical tests 
have been devised to check the quality (randomness and period) of an RNG, for many applications it is not 
clear what level of RNG quality is required to produce unbiased results. This paper explores the issue of 
RNG quality in the context of parallel, Monte Carlo transport simulations in order to determine how “good” 
is “good enough”. This study employs the MERCURY Monte Carlo code, which incorporates the CNPRNG 
library for the generation of pseudo-random numbers via linear congruential generator (LCG) algorithms. 
The paper outlines the usage of random numbers during parallel MERCURY simulations, and then 
describes the source and criticality transport simulations which comprise the empirical basis of this study. 
A series of calculations for each test problem in which the quality of the RNG (period of the LCG) is varied 
provides the empirical basis for determining the minimum repetition period which may be employed 
without producing a bias in the mean integrated results. 
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Date: 4/25/2005 

Report: UCRL-CONF-208938 

Conference/Journal: Monte Carlo 2005 Topical Meeting, Chattanooga, Tennessee, April 17-25, 2005 

Conference Session:  

Abstract/Keyterms: The performance of parallel Monte Carlo transport calculations which use both spatial 
and particle parallelism is increased by dynamically assigning processors to the most worked domains. 
Since the particle work load varies over the course of the simulation, this algorithm determines each cycle 
if dynamic load balancing would speed up the calculation. If load balancing is required, a small number of 
particle communications are initiated in order to achieve load balance. This method has decreased the 
parallel run time by more than a factor of three for certain criticality calculations. 
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Date: 9/25/2005 
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Conference/Journal: American Nuclear Society Criticality Safety Division Topical Meeting, Knoxville, 
Tennessee, September 18-25, 2005 

Conference Session:  

Abstract/Keyterms: The programmatic, facility and criticality safety support staffs at the LLNL Plutonium 
Facility worked together to successfully develop and implement a project to process legacy (DNFSB 
Recommendation 94-1 and non-Environmental, Safety, and Health (ES&H) labeled) materials in storage. 
Over many years, material had accumulated in storage that lacked information to adequately characterize 
the material for current criticality safety controls used in the facility. Generally, the fissionable material 
mass information was well known, but other information such as form, impurities, internal packaging, and 
presence of internal moderating or reflecting materials were not well documented. In many cases, the 
material was excess to programmatic need, but such a determination was difficult with the little information 
given on MC&A labels and in the MC&A database. The material was not packaged as efficiently as 
possible, so it also occupied much more valuable storage space than was necessary. Although safe as stored, 
the inadequately characterized material posed a risk for criticality safety noncompliances if moved within 
the facility under current criticality safety controls. A Legacy Item Implementation Plan was developed and 
implemented to deal with this problem. Reasonable bounding conditions were determined for the material 
involved, and criticality safety evaluations were completed. Two appropriately designated glove boxes were 
identified and criticality safety controls were developed to safely inspect the material. Inspecting the 
material involved identifying containers of legacy material, followed by opening, evaluating, processing if 
necessary, characterizing and repackaging the material. Material from multiple containers was consolidated 
more efficiently thus decreasing the total number of stored items to about one half of the highest count. 
Current packaging requirements were implemented. Detailed characterization of the material was captured 
in databases and new ES&H container labels applied. In many cases, legacy material that was inspected 
was determined to be excess to programmatic needs and it was then either processed to meet the DOE-
3013-STD or designated as TRU waste and disposed of accordingly. During FY2003 through FY2004 
approximately 1600 items were opened and the items processed if necessary, repackaged and newly labeled 
with ES&H labels. As of April, 2005, there are only 32 non-ES&H labeled items in existence within the 
Plutonium Facility. Due to a consolidated effort in dealing with the legacy items, the problems associated 
with storage of these items at LLNL has been substantially abated. The paper will discuss the background, 
implementation, and results of the SNM Legacy Items Implementation Project. Benefits and Lessons 
Learned will be identified. 
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Abstract/Keyterms: As nuclear industry continues marching from an expert-base support to more 
procedure-base support, it is important to revisit the total risk concept to criticality safety. A key objective 
of criticality safety is to minimize total criticality accident risk. The purpose of this paper is to assess key 
constituents of total risk concept pertaining to criticality safety from an operations support perspective and 
to suggest a risk-informed means of utilizing criticality safety resources for minimizing total risk. A PRA 
methodology was used to assist this assessment. The criticality accident history was assessed to provide a 
framework for our evaluation. In supporting operations, the work of criticality safety engineers ranges from 
knowing the scope and configurations of a proposed operation, performing criticality hazards assessment 
to derive effective controls, assisting in training operators, response to floor questions, surveillance to 
ensure implementation of criticality controls, and response to criticality mishaps. In a compliance 
environment, the resource of criticality safety engineers is increasingly being directed towards tedious 
documentation effort to meet some regulatory requirements to the effect of weakening the floor support for 
criticality safety. By applying a fault tree model to identify the major contributors of criticality accidents, a 
total risk picture is obtained to address relative merits of various actions. Overall, human failure is the key 
culprit in causing criticality accidents. Factors such as failure to follow procedures, lacks of training, lack 
of expert support at the floor level etc. are main contributors. Other causes may include lack of effective 
criticality controls such as inadequate criticality safety evaluation. Not all of the causes are equally 
important in contributing to criticality mishaps. Applying the limited resources to strengthen the weak links 
would reduce risk more than continuing emphasis on the strong links of criticality safety support. For 
example, some compliance failures such as lack of detailed documentation may not be as relevant as the 
lack of floor support in answering operator's questions during operations. Misuse of resources in reducing 
lesser causes rather than on major causes of criticality accidents is not risk free without severe 
consequences. A regulatory mandate without due consideration of total risk may have its opposite effect of 
increasing the total risk of an accident. A lesson is to be learned here. For regulatory standard/guide 
development, use of ANS/ANSI standard process, which provides the pedigree of consensus participation, 
is recommended. 
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Abstract/Keyterms: For over ten years, the Counterproliferation Analysis and Planning System (CAPS) 
at Lawrence Livermore National Laboratory (LLNL) has been a planning tool used by U.S. combatant 
commands for mission support planning against foreign programs engaged in the manufacture of weapons 
of mass destruction (WMD). CAPS is endorsed by the Secretary of Defense as the preferred 
counterproliferation tool to be used by the nation's armed services. A sister system, the Homeland-Defense 
Operational Planning System (HOPS), is a new operational planning tool leveraging CAPS expertise 
designed to support the defense of the U.S. homeland. HOPS provides planners with a basis to make 
decisions to protect against acts of terrorism, focusing on the defense of facilities critical to U.S. 
infrastructure. Criticality of facilities, structures, and systems is evaluated on a composite matrix of specific 
projected casualty, economic, and sociopolitical impact bins. Based on these criteria, significant 
unidentified vulnerabilities are identified and secured. To provide insight into potential successes by 
malevolent actors, HOPS analysts strive to base their efforts mainly on unclassified open-source data. 
However, more cooperation is needed between HOPS analysts and facility representatives to provide an 
advantage to those whose task is to defend these facilities. Evaluated facilities include: refineries, major 
ports, nuclear power plants and other nuclear licensees, dams, government installations, convention centers, 
sports stadiums, tourist venues, and public and freight transportation systems. A generalized summary of 
analyses of U.S. infrastructure facilities will be presented. 
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Abstract/Keyterms: The Homeland-Defense Operational Planning System (HOPS), is a new operational 
planning tool leveraging Lawrence Livermore National Laboratory's expertise in weapons systems and in 
sparse information analysis to support the defense of the U.S. homeland. HOPS provides planners with a 
basis to make decisions to protect against acts of terrorism, focusing on the defense of facilities critical to 
U.S. infrastructure. Criticality of facilities, structures, and systems is evaluated on a composite matrix of 
specific projected casualty, economic, and sociopolitical impact bins. Based on these criteria, significant 
unidentified vulnerabilities are identified and secured. To provide insight into potential successes by 
malevolent actors, HOPS analysts strive to base their efforts mainly on unclassified open-source data. 
However, more cooperation is needed between HOPS analysts and facility representatives to provide an 
advantage to those whose task is to defend these facilities. Evaluated facilities include: refineries, major 
ports, nuclear power plants and other nuclear licensees, dams, government installations, convention centers, 
sports stadiums, tourist venues, and public and freight transportation systems. A generalized summary of 
analyses of U.S. infrastructure facilities will be presented. 
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Abstract/Keyterms: The Homeland-Defense Operational Planning System (HOPS), is a new operational 
planning tool leveraging Lawrence Livermore National Laboratory's expertise in weapons systems and in 
sparse information analysis to support the defense of the U.S. homeland. HOPS provides planners with a 
basis to make decisions to protect against acts of terrorism, focusing on the defense of facilities critical to 
U.S. infrastructure. Criticality of facilities, structures, and systems is evaluated on a composite matrix of 
specific projected casualty, economic, and sociopolitical impact bins. Based on these criteria, significant 
unidentified vulnerabilities are identified and secured. To provide insight into potential successes by 
malevolent actors, HOPS analysts strive to base their efforts mainly on unclassified open-source data. 
However, more cooperation is needed between HOPS analysts and facility representatives to provide an 
advantage to those whose task is to defend these facilities. Evaluated facilities include: refineries, major 
ports, nuclear power plants and other nuclear licensees, dams, government installations, convention centers, 
sports stadiums, tourist venues, and public and freight transportation systems. A generalized summary of 
analyses of U.S. infrastructure facilities will be presented. 



 

C-21711 

21657…..…..…………………..…….……..……ID Number…………………..…..…………….21657 

Author: Choi, J. / Lee, C. / Day, D. / Wall, M. / Saw, C. / Moberlychan, W. / Farmer, J. / Boussoufl, M. / 
Liu, B. / Egbert, H. / Branagan, D. / D'amato, A 

Title: Application of Neutron-Absorbing Structural-Amorphous Metal (SAM) Coatings for Spent Nuclear 
Fuel (SNF) Container to Enhance Criticality Safety Controls 

Date: 12/1/2006 

Report: UCRL-CONF-226122 

Conference/Journal: MRS Fall Meeting, Boston, MA, United States, Nov 27 - Dec 01, 2006 

Conference Session:  

Abstract/Keyterms: Spent nuclear fuel contains fissionable materials (235U, 239Pu, 241Pu, etc.). Neutron 
multiplication and the potential for criticality are enhanced by the presence of a moderator during cask 
loading in water, water incursion in accidents conditions during spent fuel storage or transport. To prevent 
nuclear criticality in spent fuel storage, transportation, and during disposal, neutron-absorbing materials (or 
neutron poisons, such as borated stainless steel, Boral{trademark}, Metamic{trademark}, Ni-Gd, and 
others) would have to be applied. The success in demonstrating that the High-Performance Corrosion-
Resistant material (HPCRM) can be thermally applied as coating onto base metal to provide for corrosion 
resistance for many naval applications raises the interest in applying the HPCRM to USDOE/OCRWM 
spent fuel management program. The fact that the HPCRM relies on the high content of boron to make the 
material amorphous--an essential property for corrosion resistance--and that the boron has to be 
homogeneously distributed in the HPCRM qualify the material to be a neutron poison. 
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Abstract/Keyterms: Neutron-absorbing Fe-based amorphous-metal coatings have been developed that are 
more corrosion resistant than other criticality-control materials, including Al-B{sub 4}C composites, 
borated stainless steels, and Ni-Cr-Mo-Gd alloys. The presence of relatively high concentration of boron in 
these coatings not only enhances its neutron-absorption capability, but also enables these coatings to exist 
in the amorphous state. Exceptional corrosion resistance has been achieved with these Fe-based amorphous-
metal alloys through additions of chromium, molybdenum, and tungsten. The addition of rare earth 
elements such as yttrium has lowered the critical cooling rate of these materials, thereby rendering them 
more easily processed. Containers used for the storage of nuclear materials, and protected from corrosion 
through the application of amorphous metal coatings, would have greatly enhanced service lives, and would 
therefore provide greater long-term safety. Amorphous alloy powders have been successfully produced in 
multi-ton quantities with gas atomization, and applied to several half-scale spent fuel storage containers 
and criticality control structures with the high-velocity oxy-fuel (HVOF) thermal spray process. Salt fog 
testing and neutron radiography of these prototypes indicates that such an approach is viable for the 
production of large-scale industrial-scale facilities and containers. The use of these durable neutron-
absorbing materials to coat stainless steel containers and storage racks, as well as vaults, hot-cell facilities 
and glove boxes could substantially reduce the risk of criticality in the event of an accident. These materials 
are particularly attractive for shielding applications since they are fire proof. Additionally, layers of other 
cold and thermal sprayed materials that include carbon and/or carbides can be used in conjunction with the 
high-boron amorphous metal coatings for the purpose of moderation. For example, various carbides, 
including boron, tungsten, and chromium carbide, as well as graphite particles can be co-deposited with a 
metallic binder phase with either thermal spray or cold spray technology. These moderator layers would 
also be fire resistant. By coating the vessels and piping used for spent fuel reprocessing, including slab and 
pencil tanks, enhanced criticality safety and substantially better corrosion resistance can be achieved 
simultaneously. Since these alloys are Fe-based, any substitution of these for high-performance Ni-based 
alloys is expected to result in a cost savings. Ultimately, the cost of these materials should comparable to 
that of stainless steels. 
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Conference/Journal:  
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Abstract/Keyterms: Amorphous metal and ceramic thermal spray coatings have been developed that can 
be used to enhance the corrosion resistance of containers for the transportation, aging and disposal of spent 
nuclear fuel and high-level radioactive wastes. Iron-based amorphous metal formulations with chromium, 
molybdenum and tungsten have shown the corrosion resistance believed to be necessary for such 
applications. Rare earth additions enable very low critical cooling rates to be achieved. The boron content 
of these materials, and their stability at high neutron doses, enable them to serve as high efficiency neutron 
absorbers for criticality control. Ceramic coatings may provide even greater corrosion resistance for 
container applications, though the boron-containing amorphous metals are still favored for criticality 
control applications. These amorphous metal and ceramic materials have been produced as gas atomized 
powders and applied as near full density, non-porous coatings with the high-velocity oxy-fuel process. This 
paper summarizes the performance of these coatings as corrosion-resistant barriers, and as neutron 
absorbers. Relevant corrosion models are also discussed, as well as a cost model to quantify the economic 
benefits possible with these new materials. 
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Report: UCRL-CONF-232607 
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Abstract/Keyterms: Several Fe-based amorphous metals were developed with good corrosion resistance. 
These materials have been produced as melt-spun ribbons, ingots, and thermal-spray coatings. Cyclic 
polarization has been conducted in several aggressive environments, at ambient temperature, as well as 
temperatures approaching the boiling points of the test solutions. The hypothesis that the corrosion 
resistance of iron-based amorphous metals can be enhanced through application of heuristic principles 
related to the additions of chromium, molybdenum, tungsten has been tested and found to have merit. 
Chromium (Cr), molybdenum (Mo) and tungsten (W) provide corrosion resistance; boron (B) enables glass 
formation; and rare earths such as yttrium (Y) lower critical cooling rate (CCR). The high boron content of 
this particular amorphous metal makes this amorphous alloy an effective neutron absorber, and suitable for 
criticality control applications. In general, the corrosion resistance of such iron-based amorphous metals is 
maintained at operating temperatures up to the glass transition temperature. 
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Abstract/Keyterms: Criticality safety margins must be based upon the combination of the best available 
prediction of the margin and all uncertainties in the prediction. Inclusion of the effects of burnup in the 
evaluation of spent fuel shipping or storage casks must be based upon a thorough understanding of the 
prediction of the effects of burnup and the uncertainties in the measurements (or predictions) of burnup and 
predictions of the effects. This report presents a preliminary estimate of the effects of burnup and its 
uncertainties. This will serve as the first step in the effort to develop acceptance criteria that assure public 
safety. An assembly average burnup of 20,000 MWD/MTU represents an increase in the criticality safety 
margin of about 20% ({delta}k/k), and the current estimate of the uncertainty in this value is close to 4% 
({delta}k/k). The uncertainties in the components of the effects of burnup were based upon relevant 
literature citations and -- where no other information was available -- upon estimates. Consequently, the 
margins and uncertainties in the margin presented here should be considered as initial estimates upon which 
more refined analyses should build to develop a defensible basis for predicting and reviewing the criticality 
safety margins which include the effects of burnup 
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Abstract/Keyterms: The uncertainties that must be associated with the effects of burnup when predicting 
the criticality safety margin of a spent fuel transport or storage cask must include allowances for phenomena 
that are not included in the prediction of the effects of burnup. One such phenomena is the creep of the clad 
during irradiation of fuel rods, which reduces the diameter of the clad as burnup progresses. The fuel 
management analyses of a power reactor are based upon unit cell calculations of the neutron spectrum that 
do not typically include reduction in the diameter of the clad due to creep. The analyses presented here 
evaluate the magnitude of the effects of creep and conclude that an uncertainty of 0.3% ([delta]k/k) should 
be assigned to the effects of creep. This uncertainty should be included with the other uncertainties to allow 
for the increase in the effective multiplication factor of a spent fuel cask that results from the changes in 
the isotopic inventories of uranium and plutonium in the fuel due to the effects of creep. 
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Abstract/Keyterms: Alloying a thermal neutron absorber into fast neutron assemblies poisons the systems 
dramatically when they are subjected to a hydrogenous environment. However, under their usual operating 
conditions, the performance of such units is only minimally effected. Thus, a poison can greatly reduce or 
remove the sensitivity to handling, storage, and transportation of such fast neutron components. 
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Abstract/Keyterms: The objective of the task is to develop k-effective data applicable to the acidifying 
and storage tanks in building C-400 and building C-409 and provide documentation suitable to support 
criticality safety evaluation and approval. Buildings C-400 and C-409 at the Paducah Gaseous Diffusion 
Plant house vertical arrays of 20 foot long, 10 inch IPS 304 stainless steel tanks. The tanks are analyzed to 
contain solutions of uranyl fluoride and water. The Martin Marietta Energy Systems Nuclear Criticality 
Safety Software for the SCALE 4 system containing the KENO-V.a Monte Carlo code with the 
27GROUPNDF4 cross-section set is used. The SCALE 4 system includes the NITAWL and BONAMI 
codes to perform appropriate cross-section processing before the KENO code is used. The Monte Carlo 
Neutron Particle (MCNP) code with the Evaluated Nuclear Data File/B-V (MCNP/B-V) is also used as a 
check on a portion of the KENO calculations. K-effective values are calculated for normal conditions, 
contingency conditions, and accident conditions. The upper limit k-effective values (k-effective + 2 sigma) 
calculated in this study are below 0.95. 
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Abstract/Keyterms: The results of a literature search for all publications related to the evaluation of burnup 
credit for spent fuel storage or transport casks has been completed. The search covered the period from 
1985 to 1990 and was approached as both a subject search and an author search for those who have been 
most active in the burnup credit area. A total of 88 publications have been identified which are appropriate 
to the issues of burnup credit. Statistical summaries of these publications have been prepared. 
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Abstract/Keyterms: This report is the first in a series of documents that will evaluate nuclear criticality 
safety in the Decontamination and Recovery Facility, X-705, Portsmouth Gaseous Diffusion Plant. It 
provides an overview of the facility, categorizes its functions for future analysis, reviews existing NCS 
documentation, and explains the follow-on effort planned for X-705. A detailed breakdown of systems, 
subsystems, and operational areas is presented and cross-referenced to existing NCS documentation. 
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Abstract/Keyterms: This report evaluates nuclear criticality safety for the High-Enriched Uranium storage 
area of the X-345 building of the Portsmouth Gaseous Diffusion Plant. The effects of loss of moderation or 
mass control are examined for storage units in or out of the storage receptacles. Recommendations are made 
for decreasing criticality hazards under some conditions of storage or handling considered to be hazardous. 
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Abstract/Keyterms: Neutron multiplication factors (k(eff)) have been calculated for arrays of three 
standard sizes of waste receptacles: 5, 30, and 55 gallon drums containing either 2% or 5% enriched 
uranium compounds mixed with either water or oil. The calculations demonstrate the effect of both the 
array pitch and the uranium concentration on k(eff) No container was subcritical for all possible sets of 
concentration and pitch. All were safe for both very low and very high uranium concentrations. Accident 
condition calculations, for which an extra drum is added to the system, show little effect on criticality. 
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Abstract/Keyterms: This report evaluates nuclear criticality safety for Spray Booth Operations in the 
Decontamination and Recovery Facility, X-705, at the Portsmouth Gaseous Diffusion Plant. A general 
description of current procedures and related hardware/equipment is presented. Control parameters relevant 
to nuclear criticality safety are explained, and a consolidated listing of administrative controls and safety 
systems is developed. Based on compliance with DOE Orders and MMES practices, the overall operation 
is evaluated, and recommendations for enhanced safety are suggested. 
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Abstract/Keyterms: This report presents preliminary considerations for recovering and converting weapon 
plutonium from various US weapon forms into feed material for fabrication of reactor fuel elements. An 
ongoing DOE study addresses the disposition of excess weapon plutonium through its use as fuel for nuclear 
power reactors and subsequent disposal as spent fuel. The spent fuel would have characteristics similar to 
those of commercial power spent fuel and could be similarly disposed of in a geologic repository. 
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Abstract/Keyterms: This research project was conceived as a multi-year plan to study the use of mixed 
plutonium oxide-uranium oxide (MOX) fuel in existing nuclear reactors. Four areas of investigation were 
originally proposed: (1) study reactor physics including evaluation of control rod worth and power 
distribution during normal operation and transients; (2) evaluate accidents focusing upon the reduced 
control rod worth and reduced physical properties of PuO2; (3) assess the safeguards required during 
fabrication and use of plutonium bearing fuel assemblies; and (4) study public acceptance issues associated 
with using material recovered from weapons to fuel a nuclear reactor. First year accomplishments are 
described. Appendices contain 2 reports entitled: development and validation of advanced computational 
capability for MOX fueled ALWR assembly designs; and long-term criticality safety concerns associated 
with weapons plutonium disposition. 
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Abstract/Keyterms: In response to a request for the Director of the Los Alamos national Laboratory, 
several members of the staff of the Lawrence Livermore National Laboratory participated in a technical 
review of a draft paper by CD Bowman and F. Venneri dealing with the potential for nuclear criticality in 
the geologic disposal of fissile materials. This review consisted of a consideration of the technical issues 
raised in the draft paper, and did not include discussions with the authors. 
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Abstract/Keyterms: This report evaluates nuclear criticality safety for large cylinder cleaning operations 
in the Decontamination and Recovery Facility, X-705, at the Portsmouth Gaseous Diffusion Plant. A 
general description of current cleaning procedures and required hardware/equipment is presented, and 
documentation for large cylinder cleaning operations is identified and described. Control parameters, design 
features, administrative controls, and safety systems relevant to nuclear criticality are discussed 
individually, followed by an overall assessment based on the Double Contingency Principle. 
Recommendations for enhanced safety are suggested, and issues for increased efficiency are presented. 
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Abstract/Keyterms: The authors have discovered that under special circumstances it is possible to have a 
criticality accident which can release tons of high explosive energy equivalent. We report a computer 
calculational, experiment which illustrates this point so that the circumstances which might lead to such an 
accident can be avoided. Our computer calculation gives the energy release in a criticality event involving 
a water solution of plutonium where (1) gadolinium has been used as a neutron poison and (2) the mass is 
then allowed to go slightly super-critical at room temperature. The reactivity has a strong positive 
temperature coefficient in this system. The result is that the self-heating from a small amount of fissioning 
of the plutonium in the delayed supercriticality regime raises the temperature to the prompt criticality 
regime and an explosive release of energy becomes possible. In this computer experiment the release is 19 
tonnes (metric tons) of high explosive equivalent for a two-cubic meter sphere of water containing 50 grams 
of plutonium per liter. Our concern is confined to gadolinium in moderating solutions and does not relate 
to any other known neutronic poison, because gadolinium is the only isotope having the special absorption 
characteristics that make possible this type of energy release. 
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Abstract/Keyterms: This report provides reactor physics calculations for prompt burst reactors similar to 
the Los Alamos SUPO reactor. A discussion of the water boiler runaway at Hanford on November 15, 1951 
is also provided. 
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Abstract/Keyterms: This memorandum outlines some of the problems and requirements that appear to go 
with a submarine-based nuclear ramjet startup. 
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Abstract/Keyterms: This memorandum describes studies undertaken to investigate the properties of Tory 
II-C with the aims of reducing weight and size and in increasing performance. Space and weight limitations 
aboard existing sea-going launch vehicles required this general parameter study which utilizes a bare, 
cylindrical reactor having the same materials as Tory II-C. 
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Abstract/Keyterms: This document outlines the hazard classification methodology used to determine the 
hazard classification of the NIF LTAB, OAB, and the support facilities on the basis of radionuclides and 
chemicals. The hazard classification determines the safety analysis requirements for a facility. 
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Abstract/Keyterms: This memorandum discusses TORY II-C reactor control and reactor kinetics during 
simplified boost trajectories. Reactor start-up, power excursions, and automated control systems are 
investigated. 
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Abstract/Keyterms: As TORY II-C is presently designed, a nuclear excursion would occur if the core 
were flooded with water. This true even if all of the existing control rods were fully inserted. Indeed ANGIE 
calculations indicate that the reactor would be about 30% super-critical in such a case. There are several 
methods by which the core may be forced sub- critical under these extreme conditions. We will here 
consider only the method of introducing, directly into the core, a material which strongly absorbs neutrons. 
It must be possible to remove this excess ’poison’ prior to, or during the boost phase. Since the computer 
codes can be trusted to only approximately 3%, we will, for safety, insist on 40% negative reactivity to be 
introduced by the excess poison. 
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Abstract/Keyterms: This report very briefly describes the status of a critical assembly project. Three items 
are reported. A study of counter response and spatial distribution of the flux from the assembly indicated a 
greater efficiency for 100 KeV neutrons than for 1-3 MeV neutrons for Hansen counters. An improved 
counter significantly increased the counting rate for the measurements of neutron emission from oralloy 
and tuballoy. Coding was begun for a one-group multiregion adjoint flux problem. 
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Abstract/Keyterms: This paper addresses the use of real-time software to assist handlers of fissionable 
nuclear material. We focus specifically on the issue of workstation mass limits, and the need for handlers 
to be aware of, and check against, those mass limits during material transfers. Here”mass limits” generally 
refer to criticality safety mass limits; however, in some instances, workstation mass limits for some 
materials may be governed by considerations other than criticality, e.g., fire or release consequence 
limitation. As a case study, we provide a simplified reliability comparison of the use of a manual two 
handler system with a software-assisted two handler system. We identify the interface points between 
software and handlers that are relevant to criticality safety. 
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Abstract/Keyterms: MIX-MISC-THERM-001; R. C. Lloyd of PNL has completed and published a series 
of critical experiments with mixed plutonium- uranium nitrate solutions. This series of critical experiments 
was part of an extensive program jointly sponsored by the U. S. Department of Energy (DOE) and the 
Power Reactor and Nuclear Fuel Development Corporation (PNC) of Japan and was carried out in the mid-
1980’s. The experiments evaluated here (published as Report PNL-6327) were performed with mixed 
plutonium- uranium nitrate solution in a variable thickness slab tank with two 106.7 cm square sides and a 
width that could be varied from 7.6 to 22.8 cm. The objective of these experiments was to obtain 
experimental data to permit the validation of computer codes for criticality calculations and of cross-section 
data to minimize the uncertainties inherent therein, so that facility safety, efficiency, and reliability could 
be enhanced. The concentrations of the solution were about 105, 293, and 435 g(Pu+U)/liter with a ratio of 
plutonium to total heavy metal (plutonium plus uranium) of about 0. 40 for all eight experiments. Four 
measurements were made with a water reflector, and four with no reflector. Following the publication of 
the initial PNL reports, considerable effort was devoted to an extensive reevaluation of this series of 
experiments by a collaboration of researchers from ORNL, PNL, and PNC. Their work resulted in a more 
accurate description of the “as built” hardware configuration and the materials specifications. For the 
evaluations in this report, the data published in Reference 2 by Smolen et al. is selected to supersede the 
original PNL report. Eight experiments have been evaluated and seven (063, 064, 071, 072, 074, 075, and 
076) provide benchmark criticality data. Experiment 073 could not achieve criticality within vessel height 
limitations. 



 

C-21738 

21684…..…..…………………..…….……..……ID Number…………………..…..…………….21684 

Author: Marchetti, A. A. / Hedstrom, G. W. 

Title: New Monte Carlo Simulations of the LLNL Pulsed-Sphere Experiments 

Date: 7/1/1998 

Report: UCRL-ID-131461 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: From the late 1960s to about 1985, the Pulsed-Sphere Program at Lawrence 
Livermore National Laboratory (LLNL) was carried out to measure 14-MeV neutron leakage spectra from 
target spheres made out of various elements, compounds, and mixtures Data from these experiments have 
been and continue to be fundamental in the evaluation of neutron Monte Carlo transport codes and cross 
section data libraries In addition, the data provide important integral information for stockpile stewardship, 
fusion technology, neutron therapy, and other applications Therefore, comparisons between computer 
Monte Carlo simulations and the results of these experiments are pivotal for the integral testing of processed 
nuclear data libraries and transport codes Fortunately, a large subset of data from the pulsed-sphere program 
(some 70 experiments) is available as a computer file called disp93in Furthermore, in the past few years, 
there has been a remarkable improvement in computer performance that allows for more realistic 
simulations by Monte Carlo codes such as TART 4 Previous TART simulations of the pulsed-sphere 
experiments were performed using simplified models with relatively small numbers of histories and very 
large solid angle detectors to offset the limitations in computer power. Also, not all the TART input files 
were created with the same level of detail For example, some input files included the air around the sphere 
while others did not These factors prompted a study to simulate in more detail all of the available pulsed-
sphere experiments using the Monte Carlo transport code, TART, and the LLNL evaluated neutron data 
library, ENDL The timing of this study is significant because many years have passed since those 
experiments were done, and only a few people who participated in them are still working at LLNL Their 
help has been essential for an accurate documentation of the experiments For the Stewardship Program it 
is important to preserve and make use of as much of the data as possible, because it represents a unique 
resource and an enormous effort that would be very costly to reproduce The initial part of this study 
consisted of an analysis of the experimental setup and neutron source characteristics necessary to create the 
foundation for a TART input file The next task was to create the input files for the various experiments by 
incorporating particular settings, such as flight path, sphere materials and dimension, etc, to the basic TART 
input The results of the TART simulations of these experiments will be used to help assess the quality of 
evaluated data currently in ENDL Further, other nuclear libraries, e g, ENDF/B-VI, JENDL-3, and JEF-2, 
will be used in the Monte Carlo simulations after being reformatted for TART and other Laboratory codes 
Finally, this work will be part of the integral check of the new evaluations being prepared for the 
Stewardship Barn Book by the LLNL Nuclear Data Group 
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Abstract/Keyterms: Here I present some well-known relationships that allow the variation in critical mass 
versus density to be written in a simple analytical form; these relationships have appeared extensively in 
the open literature for over 50 years, but seem to be periodically forgotten. These relationships are exact 
for bare, homogeneous systems, and approximate [but reasonably accurate] for reflected systems. With 
these relationships anyone can quickly estimate the critical mass corresponding to any given density, using 
nothing more complicated than a hand calculator. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recently we implemented the ENDF/B-VI thermal scattering law data in our neutron 
transport codes COG and TART. Our objective was to convert the existing ENDF/B data into double 
differential form in the Livermore ENDL format. This will allow us to use the ENDF/B data in any neutron 
transport code, be it a Monte Carlo, or deterministic code. This was approached as a multi-step project. The 
first step was to develop methods to directly use the thermal scattering law data in our Monte Carlo codes. 
The next step was to convert the data to double-differential form. The last step was to verify that the results 
obtained using the data directly are essentially the same as the results obtained using the double differential 
data. Part of the planned verification was intended to insure that the data as finally implemented in the COG 
and TART codes, gave the same answer as the well known MCNP code, which includes thermal scattering 
law data. Limitations in the treatment of thermal scattering law data in MCNP have been uncovered that 
prevented us from performing this part of our verification. 
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Report: UCRL-JC-104171; CONF-9007106--80 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Current criteria for criticality safety for spent fuel shipping and storage casks are 
conservative because no credit is permitted for the effects of burnup of the fuel inside the cask. Cask designs 
that will transport and store large numbers of fuel assemblies (20 or more) must devote a substantial part 
of their payload to criticality control measures if they are to meet this criteria. The Department of Energy 
is developing the data necessary to support safety analyses that incorporate the effects of burnup for the 
next generation of spent fuel shipping casks. The efforts described here are devoted to the development of 
acceptance criteria that will be the basis for accepting safety analyses. Preliminary estimates of the 
uncertainties of the effects of burnup have been developed to provide a basis for the consideration of 
critically safety criteria. The criticality safety margins in a spent fuel shipping or storage cask are dominated 
by the portions of a fuel assembly that are in low power regions of a reactor core, and the reactor operating 
conditions are very different from spent fuel storage or transport cask conditions. Consequently, the 
experience that has been gathered during years of reactor operation does not apply directly to the prediction 
of criticality safety margins for spent fuel shipping or storage casks. The preliminary estimates of the 
uncertainties presented in this paper must be refined by both analytical and empirical studies that address 
both the magnitude of the uncertainties and their interdependence. 



 

C-21742 

21688…..…..…………………..…….……..……ID Number…………………..…..…………….21688 

Author: Ashby, S. F. / Brown, P. N. / D. orr, M. R. / Hindmarsh, A. C. 

Title: Preconditioned Iterative Methods for Discretized Transport Equations 

Date: 7/27/1990 

Report: UCRL-JC-104901 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21743 

21689…..…..…………………..…….……..……ID Number…………………..…..…………….21689 

Author: McMahon, T. T. / Sievers, R. H. 

Title: Developing Glovebox Robotics to Meet the National Robot Safety Standard and Nuclear Safety 
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Conference Session:  

Abstract/Keyterms: Development of a glove box based robotic system by the Lawrence Livermore 
National Laboratory (LLNL) is reported. Safety issues addressed include planning to meet the special 
constraints of operations within a hazardous material glove box and with hostile environments, compliance 
with the current and draft national robotic system safety standards, and eventual satisfaction of nuclear 
material handling requirements. Special attention has been required for the revision to the robot and control 
system models which antedate adoption of the present national safety standard. A robotic test bed, using 
non-radioactive surrogates is being activated at the Lawrence Livermore National Laboratory to develop 
the material handling system and the process interfaces for future special nuclear material processing 
applications. Part of this effort is to define, test, and revise adequate safety controls to ensure success when 
the system is eventually deployed at a DOE site. The current system is primarily for demonstration and 
testing, but will evolve into the baseline configuration from which the production system is to be derived. 
This results in special hazards associated with research activities which may not be present on a production 
line. Nuclear safety is of paramount importance and has been successfully addressed for 50 years in the 
DOE weapons production complex. It carries its particular requirements for robot systems and manual 
operations, as summarized below: Criticality must be avoided (materials cannot consolidate or accumulate 
to approach a critical mass). Radioactive materials must be confined. The public and workers must be 
protected from accountable radiation exposure. Nuclear material must be readily retrievable. Nuclear safety 
must be conclusively demonstrated through hazards analysis. 
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Abstract/Keyterms: COG is a new point-wise Monte Carlo code being developed and tested at Lawrence 
Livermore National Laboratory (LLNL). It solves the Boltzmann equation for the transport of neutrons and 
photons. The objective of this paper is to report on COG results for criticality benchmark experiments both 
on a Cray mainframe and on a HP 9000 workstation. COG has been recently ported to workstations to 
improve its accessibility to a wider community of users. COG has some similarities to a number of other 
computer codes used in the shielding and criticality community. The recently introduced high performance 
reduced instruction set (RISC) UNIX workstations provide computational power that approach mainframes 
at a fraction of the cost. A version of COG is currently being developed for the Hewlett Packard 9000/730 
computer with a UNIX operating system. Subsequent porting operations will move COG to SUN, DEC, 
and IBM workstations. In addition, a CAD system for preparation of the geometry input for COG is being 
developed. In July 1977, Babcock Wilcox Co. (B W) was awarded a contract to conduct a series of critical 
experiments that simulated close-packed storage of LWR-type fuel. These experiments provided data for 
benchmarking and validating calculational methods used in predicting K-effective of nuclear fuel storage 
in close-packed, neutron poisoned arrays. Low enriched UO2 fuel pins in water-moderated lattices in fuel 
storage represent a challenging criticality calculation for Monte Carlo codes particularly when the fuel pins 
extend out of the water. COG and KENO calculational results of these criticality benchmark experiments 
are presented. 
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Abstract/Keyterms: General Studies of Nuclear Reactors; Thermal Reactors; Reactor Physics; Fast 
Reactors; Criticality Monte Carlo Method; One-Dimensional Calculations; Neutron Transport Theory; 
Mathematical Models; Reactor Safety 
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Engineering; Fissile Materials; Storage; 
Criticality; Water; Uranium 235; Density; Mathematical Models; Monte Carlo Method 
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Conference Session:  

Abstract/Keyterms: Shielding and criticality issues related to the transport of special radioactive 
assemblies and nuclear weapons are discussed, together with the need for detailed information on the 
geometry and material composition of the packaging and radioactive load, energy distribution of the neutron 
and gamma spectra emitted from this load, and the nuclear cross sections and transport codes used, in order 
to calculate the dose rates outside the package and to assure that it will remain sub critical under normal or 
accident conditions of transport. The need for compliance with dose rate values and criticality criteria 
imposed by the code of federal regulations (CFR) and implemented by DOE is also discussed. 
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Abstract/Keyterms: This document begins with a introduction on criticality and supercriticality. Then, 
types and components, design and engineering, yields, and disassembly of nuclear weapons are discussed. 
Plutonium is evaluated as a reactor fuel, including neutronics and chemistry considerations. Finally, other 
uses of plutonium are analyzed. 
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Abstract/Keyterms: Over the last 30 years, Lawrence Livermore National Laboratory (LLNL) has 
successfully implemented the concept of a multi-disciplined technician. LLNL Health and Safety 
Technicians have responsibilities in industrial hygiene, industrial safety, health physics, as well as fire, 
explosive, and criticality safety. One of the major benefits to this approach is the cost-effective use of 
workers who display an ownership of health and safety issues which is sometimes lacking when 
responsibilities are divided. Although LLNL has always promoted the concept of a multi-discipline 
technician, this concept is gaining interest within the Department of Energy (DOE) community. In 
November 1992, individuals from Oak Ridge Institute of Science and Education (ORISE) and RUST 
Geotech, joined by LLNL established a committee to address the issues of Health and Safety Technicians. 
In 1993, the DOE Office of Environmental, Safety and Health, in response to the Defense Nuclear Facility 
Safety Board Recommendation 91-6, stated DOE projects, particularly environmental restoration, typically 
present hazards other than radiation such as chemicals, explosives, complex construction activities, etc., 
which require additional expertise by Radiological Control Technicians. They followed with a commitment 
that a training guide would be issued. The trend in the last two decades has been toward greater 
specialization in the areas of health and safety. In contrast, the LLNL has moved toward a generalist 
approach integrating the once separate functions of the industrial hygiene and health physics technician into 
one function. 
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Conference Session:  

Abstract/Keyterms: Substantial inventories of excess plutonium are expected to result from dismantling 
US and Russian nuclear weapons. Disposition of this material should be a high priority in both countries. 
Various disposition options are under consideration. One option is to vitrify the plutonium with the addition 
of 137Cs or high-level waste to act as a deterrent to proliferation. The primary safety problem associated 
with vitrification of plutonium is to avoid criticality in form fabrication and in the final repository over 
geologic time. Recovery should be as difficult (costly) as the recovery of plutonium from spent fuel. 
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Abstract/Keyterms: The Computer Safety and Reliability Group at Lawrence Livermore National 
Laboratory (LLNL) is researching the evaluation of software used in safety-critical applications. This paper 
describes one, of the research and development efforts currently underway to model the software evaluation 
process and to develop a software evaluation tool. One of the primary techniques available for determining 
the safety of software proposed for use in safety-critical applications is to evaluate the software 
development process and the resulting products. This model of the evaluation process was influenced by 
several factors the underlying motivation was to identify, control and reduce the risk inherent in building 
safety-critical software systems. This prototype tool, the Software Evaluation Assistant (SEA), assists and 
guides evaluators as they analyze safety-critical software. SEA describes specific evaluation goals, provides 
a brief overview of the specific evaluation process, identifies potential, risks of not performing the 
evaluation, identifies the skills required to carry out the evaluation of a particular topic, identifies the 
material that should typically be available for the evaluation, and poses questions used to examine and rate 
the software item. 
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Abstract/Keyterms: US transportation regulations require that a Type B package certified for the transport 
of fissile material be capable of withstanding a series of tests that demonstrate package integrity under 
hypothetical accident conditions (HAC). These tests, which are similar to those specified in IAEA 
regulations, include a sequence consisting of (1) a 9-m (30-ft.) free drop onto an unyielding surface, (2) a 
1-m (40-in.) free drop onto a mild steel puncture bar, (3) an exposure to a 30-minute fire of at least 
800{degrees}C, and (4) an 8-hour immersion in 0.9 m (3 ft.) of water. This paper presents a possible 
alternative to conducting an 8-hour immersion test. This alternative would be especially attractive in the 
case where the water immersion requirement arises after the initial test program, but may also support 
omission of the immersion test for other cases. In previous Safety Analysis Reports for package 
certification, applicants have sometimes justified omission of the immersion test by merely asserting that a 
structurally sound package which passes the drop, puncture, and fire tests will not permit water in leakage. 
The method discussed in this paper presents an analytical justification for such a conclusion. 
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Abstract/Keyterms: Control and disposition of excess weapons plutonium is a growing issue as both the 
US and Russia retire a large number of nuclear weapons. A variety of options are under consideration to 
ultimately dispose of this material. Permanent disposition includes tow broad categories: direct Pu disposal 
where the material is considered waste and disposed of, and Pu utilization, where the potential energy 
content of the material is exploited via fissioning. The primary alternative to a high-level radioactive waste 
repository for the ultimate disposal of plutonium is development of a custom geologic facility. A variety of 
geologic facility types have been considered, but the concept currently being assessed is the deep borehole. 
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Abstract/Keyterms: The largest inventory of radioactive materials dumped in the Kara Sea by the former 
Soviet Union comes from the spent nuclear fuel (SNF) of seven marine reactors. Using corrosion models 
derived for the International Arctic Seas Assessment Project (IASAP), the possibility of some of the SNF 
achieving criticality through structural and material changes has been investigated. Although remote, the 
possibility cannot at this stage be ruled out. 
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Abstract/Keyterms: This paper will discuss some basic technical information resources that would be 
helpful to the novice nuclear criticality safety specialist. These include bibliographic and benchmark 
compilations, handbooks, and online resources. The specialist should also be familiar with benchmark 
quality experimental data needed for code validation. This paper will also discuss the critical experiment 
data obtained in the 1950s and 1960s at the Lawrence Livermore National Laboratory. 
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Abstract/Keyterms: Evaluation of criticality safety has become an important task in preparing for the 
Atomic Vapor Laser Isotope Separation (AVLIS) uranium enrichment runs that will take place during the 
Integrated Process Demonstration (IPD) at Lawrence Livermore National Laboratory (LLNL). This 
integrated operation of AVLIS systems under plant-like conditions will be used to verify the performance 
of process equipment and to demonstrate the sustained integrated enrichment performance of these systems 
using operating parameters that are similar to production plant specifications. Because of the potential 
criticality concerns associated with enriched uranium, substantial effort has been aimed towards 
understanding the potential system failures of interest from a criticality standpoint, and evaluating them in 
detail. The AVLIS process is based on selective photoionization of uranium atoms of atomic weight 235 
(U-235) in a vapor stream, followed by electrostatic extraction. The process is illustrated in Figure 1. The 
collected product and tails material is weighed and transferred into certified, critically safe, shipping 
containers (DOT specification 6M with 2R containment vessel). These will be temporarily stored, and then 
shipped offsite either for use by a fuel fabricator, or for disposal. Tails material will be packaged for 
disposal. A criticality risk assessment was performed for AVLIS IPD runs. In this analysis, the likelihood 
of occurrence of a criticality was examined. For the AVLIS process, there are a number of areas that have 
been specifically examined to assess whether or not the frequency of occurrence of a criticality is credible 
(frequency of occurrence> 10-6/yr.). In this paper, we discuss only two of the areas: the separator and 
canister operations. 
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Abstract/Keyterms: In a fire involving fissile material, the mixture of the fissile material ash with 
firefighting water may lead to a criticality excursion if there are nearby sumps that permit a critical 
geometry. The severity of the resulting energy release and pressure pulse is dependent on the rate at which 
the mixing occurs. To calculate these excursions, a non-equilibrium equation of state for the water ash 
mixture or slurry is needed that accounts for the thermal non-equilibrium that occurs due to finite heat 
transfer rates. We are developing the slurry EOS as well as a lumped neutronic and hydrodynamic model 
to serve as a testing ground for the non-equilibrium EOS before its incorporation into more sophisticated 
neutronic-hydrodynamics codes. Though the model lacks spatial dependence, it provides estimates of 
energy release and pressure pulses for various mixture assembly rates. We are also developing a non-
equilibrium EOS for critical solution systems in which the fissile material is dissolved in water, which 
accounts for chemical non-equilibrium due to finite mass transfer rates. In contrast to previously published 
solution EOS, our solution EOS specifically accounts for mass diffusion of dissolved radiolytic gas to 
bubble nucleation sites. This EOS was developed to check our overall modeling against published solution 
excursion experiments and to compare solution excursions with slurry excursions initiated under the same 
conditions. Preliminary results indicate a good match between solution EOS calculations and experiments 
involving premixed 60-80 g U/l solutions for both low rate and high rate reactivity insertions. Comparison 
between slurry and solution calculations for the same composition show comparable energy release and 
pressure peaks for both low and high rate reactivity insertions with the slurry releasing less energy but 
generating more pressure than the solution for the amount of energy released. Calculations more appropriate 
to actual firefighting scenarios will also be presented. 
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Abstract/Keyterms: This paper presents criticality safety evaluations from an enduser's perspective. 
Overall issues related to a criticality safety evaluation in an operations support setting are discussed. A 
work flow process is presented which shows the key steps in conducting an effective criticality evaluation. 
Finally, a few suggestions are given to assist newcomers to this field. 
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Abstract/Keyterms: A series of criticality studies were performed at the Lawrence Livermore National 
Laboratory in the late 1950's using aqueous solutions of 233U in the form of UO2F2 stabilized with 0.3% 
by weight of HF. These experiments were assigned the program name Falstaff. The 233U concentration in 
these experiments ranged from 0.13 to 0.87 kg/l. Eight type 347 stainless steel spheres ranging in inner 
radius from 7.87 to 12.45 cm were available for use as containers for the solutions. The scope of this 
evaluation is limited to the experiments involving the four lowest concentrations of uranyl-fluoride solution 
with 0.45, 0.37, 0.24 and 0.13 kg (233U)/l. Reflectors of beryllium, polyethylene and beryllium-
polyethylene composites were used. Thirty-one configurations are evaluated and accepted as criticality-
safety benchmark models. Fission rate data calculated by the evaluator (see Appendix B) show that twenty-
six of these configurations have over 50% of the fissions occurring in the thermal energy range and these 
configurations are therefore classified as “THERMAL”. Five of the configurations have less than 50% of 
the fissions occurring in any of the fast, intermediate or thermal energy range and therefore are classified 
as “MIXED”. 
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Abstract/Keyterms: A series of criticality studies were performed at the Lawrence Livermore National 
Laboratory in the late 1950's using aqueous solutions of 233U in the form of UO2F2 stabilized with 0.3% 
by weight of HF. These experiments were assigned the program name Falstaff. The 233U concentration in 
these experiments ranged from 0.13 to 0.87 kg/l. Eight type 347 stainless steel spheres ranging in inner 
radius from 7.87 to 12.45 cm were available for use as containers for the solutions. The scope of this 
evaluation is limited to the experiments involving the four lowest concentrations of uranyl-fluoride solution 
with 0.45, 0.37, 0.24 and 0.13 kg (233U)/l. Reflectors of beryllium, polyethylene and beryllium-
polyethylene composites were used. Thirty-one configurations are evaluated and accepted as criticality-
safety benchmark models. Fission rate data calculated by the evaluator (see Appendix B) show that twenty-
six of these configurations have over 50% of the fissions occurring in the thermal energy range and these 
configurations are therefore classified as “THERMAL”. Five of the configurations have less than 50% of 
the fissions occurring in any of the fast, intermediate or thermal energy range and therefore are classified 
as “MIXED”. 
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Abstract/Keyterms: A series of criticality studies were performed at the Lawrence Livermore National 
Laboratory in the late 1950’s using aqueous solutions of 233U in the form of UO2F2 stabilized with 0.3% 
by weight of HF. These experiments were assigned the program name Falstaff. The 233U concentration in 
these experiments ranged from 0.13 to 0.87 kg/l. Eight type 347 stainless steel spheres ranging in inner 
radius from 7.87 to 12.45 cm were available for use as containers for the solutions. The scope of this 
evaluation is limited to the experiments involving the four lowest concentrations of uranyl-fluoride solution 
with 0.45, 0.37, 0.24 and 0.13 kg (233U)/l. Reflectors of beryllium, polyethylene and beryllium-
polyethylene composites were used. Thirty-one configurations are evaluated and accepted as criticality-
safety benchmark models. Fission rate data calculated by the evaluator show that twenty-six of these 
configurations have over 50% of the fissions occurring in the thermal energy range and these configurations 
are therefore classified as “THERMAL”. Five of the configurations have less than 50% of the fissions 
occurring in any of the fast, intermediate or thermal energy range and therefore are classified as “MIXED”. 
Complete documentation of both the “THERMAL” and the “MIXED” configurations is given in U233-
SOL-THERM-015. These “THERMAL” and “MIXED” experiments – together with the 
“INTERMEDIATE” and “MIXED” experiments previously evaluated in U233-SOL-INTER-001 – 
complete the Falstaff series. 
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Conference Session:  

Abstract/Keyterms: American National Standard ANSI/ANS-8.12-1987 (Ref. 1) was approved for use on 
September 11, 1987, the history of the development of the standard is discussed in Ref. 2. The first version 
of this standard, which included subcritical limits only on homogeneous plutonium-uranium fuel mixtures, 
was approved July 17, 1978. The current version was revised to add limits on heterogeneous systems (Ref., 
3). This paper provides additional information on the limits presented in the standard. 
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Abstract/Keyterms: The Lawrence Livermore National Laboratory has prepared a Nuclear Criticality 
Safety Bibliographic Database that is now available via the Internet. This database is a component of the 
U.S. DOE Nuclear Criticality Safety Program (NCSP) Web site. This WWW resource was developed as 
part of the DOE response to the DNFSB Recommendation 97-2, which reflected the need to make criticality 
safety information available to a wide audience. To the extent possible, the hyperlinks on the Web pages 
direct the user to original source of the reference material in order to ensure accuracy and access to the 
latest versions. A master index is in place for simple navigation through the site. A search capability is 
available to assist in locating the on-line reference materials. Among the features included are: A user-
friendly site map for ease of use; A personnel registry; Links to all major laboratories and organizations 
involved in the many aspects of criticality safety; General help for new criticality safety practitioners, 
including basic technical references and training modules; A discussion of computational methods; An 
interactive question and answer forum for the criticality safety community; and Collections of bibliographic 
references validation experiments. This paper will focus on the bibliographic database. This database 
evolved from earlier work done by the DOE's Nuclear Criticality Information System (NCIS) maintained 
at LLNL during the 1980s. The bibliographic database at the time of the termination of NCIS were 
composed principally of three parts: (1) A critical experiment bibliography of 1067 citations (reported in 
UCRL-52769); (2) A compilation of criticality safety papers from Volumes 1 through 41 of the 
Transactions of the American Nuclear Society (reported in UCRL-53369); and (3) A general criticality 
bibliography of several thousand citations (unpublished). When the NCIS project was terminated the 
database was nearly lost but, fortunately, several years later most of the data were restored from backup 
tapes that had been archived by LLNL's ICNC conferences and American Nuclear Society publications, 
Nuclear Science and Engineering and Nuclear Technology. Since the Rocky Flats facility is heading for 
closure maintenance of the database was again threatened. This has now been avoided since LLNL was 
selected in 1999 to fulfill part of the “Information Preservation and Dissemination” task of the DOE's 
Nuclear Criticality Safety Program Five-Year Plan. This effort will “collect, preserve and make readily 
available criticality safety information” and make the information available via the Internet. 
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Abstract/Keyterms: This paper describes the new directions for the Nuclear Materials Protection, Control, 
and Accounting (MPC&A) program at the All Russian Scientific Research Institute of Technical Physics 
(VNIITF), also called Chelyabinsk-70. Chelyabinsk-70 is located in the Ural Mountains, approximately 
2000 km east of Moscow and 100 km south of Ekaterinburg. US sponsored MPC&A work has been 
underway at VNIITF since mid 1995. During the first three years of the VNIITF project, emphasis was on 
the Pulse Research Reactor Facility (PRR), which contains one metal and two liquid pulse reactors and 
associated nuclear material storage rooms and a control center. A commissioning of the PRR was held in 
May of 1998. With the completion of the MPC&A work in the PRR, new physical protection work has 
focused on building 726, which contains a pulse reactor and a criticality facility. Physical protection work 
is now complete at building 726. Several changes in the direction of MPC&A work at VNIITF have taken 
place and others are underway as a result of new DOE Guidelines for MPC&A at Russian Facilities, the 
National Research Council report issued in late 1999 and other recommendations. A major change is to do 
MPC&A work only at facilities for which the US can assure the proper categorization of nuclear materials, 
that upgrades are appropriate, properly installed and operational and that the equipment and funds used to 
implement and support those upgrades are being utilized in the manner intended. Other changes in direction 
which will be described include, an increased emphasis on completing inventories, the use of “inherently 
sustainable” upgrades wherever possible, and completing improved accounting systems and other MPC&A 
upgrades on a prioritized facility by facility basis rather than attempting to implement them site wide. 
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Abstract/Keyterms: Materials Science; Absorption; Alloys; Boron; Chromium; Coatings; Containers; 
Corrosion; Corrosion Resistance; Criticality; Design; Engineers; Glass; Molybdenum; Nuclear Fuels; 
Safety; Stainless Steels; Testing; Thermal Neutrons; Tungsten 
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Abstract/Keyterms: An iron-based amorphous metal, Fe{sub 49.7}Cr{sub 17.7}Mn{sub 1.9}Mo{sub 
7.4}W{sub 1.6}B{sub 15.2}C{sub 3.8}Si{sub 2.4} (SAM2X5), with very good corrosion resistance was 
developed. This material was produced as a melt-spun ribbon, as well as gas atomized powder and a 
thermal-spray coating. Chromium (Cr), molybdenum (Mo) and tungsten (W) provided corrosion resistance, 
and boron (B) enabled glass formation. The high boron content of this particular amorphous metal made it 
an effective neutron absorber, and suitable for criticality control applications. Earlier studies have shown 
that ingots and melt-spun ribbons of these materials have good passive film stability in these environments. 
Thermal spray coatings of these materials have now been produced, and have undergone a variety of 
corrosion testing, including both atmospheric and long-term immersion testing. The modes and rates of 
corrosion have been determined in the various environments, and are reported here. 
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Abstract/Keyterms: The performance of parallel Monte Carlo transport calculations which use both spatial 
and particle parallelism is increased by dynamically assigning processors to the most worked domains. 
Since he particle work load varies over the course of the simulation, this algorithm determines each cycle 
if dynamic load balancing would speed up the calculation. If load balancing is required, a small number of 
particle communications are initiated in order to achieve load balance. This method has decreased the 
parallel run time by more than a factor of three for certain criticality calculations. 
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Abstract/Keyterms: Iron-based amorphous alloys are desirable for many industrial applications due to 
their dual capacity to resist corrosion and wear. These alloys may also contain a significant amount of boron 
which makes them candidates for criticality control, for example, in high-level nuclear waste disposition 
applications. The Fe-based amorphous alloys can be produced in powder form and then deposited using a 
HVOF thermal spray process on any surface that needs to be protected. For the current testing coupons of 
316L stainless steels were coated with the amorphous alloy SAM2X5 and then tested for corrosion 
resistance in the salt-fog chamber and in other industrial environments. Prototype cylinders were also 
prepared and environmentally tested. One cylinder was 30-inch diameter, 88-inch long, and 3/8-inch thick. 
The coating thickness was 0.015 to 0.019-inch thick. The cylinder was in good condition after the test. 
Along the body of the cylinder only two pinpoint spot sized signs of rust were seen. Test results will be 
compared with the behavior of witness materials under the same tested conditions. 
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Abstract/Keyterms: Let us start by stating that this paper does not contain anything new. It only contains 
material that has been known for decades, but which is periodically forgotten. As such this paper is intended 
merely to refresh people's memories. We will also mention that this paper is an example of the occasional 
discrepancy between textbook methodologies and real world applications, in the sense that the conclusions 
reached here contradict what it says in most textbooks, i.e., most textbooks incorrectly interpret the methods 
presented here, particularly with respect to the use of importance sampling to maintain population control. 
This paper is not intended as a general tutorial on criticality calculations. It is intended only to clarify the 
accuracy of various methods for solving criticality problems, such as a true time dependent dynamic 
calculation, versus an alpha or K static calculation. In particular, we address the long standing controversy 
between users of the TART code with the dynamic method, and users of the MCNP code with the alpha 
static method. In this paper we will prove which methods are accurate and inaccurate. 
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Abstract/Keyterms: As it relates to neutron transport calculations, in an earlier report I defined scaling 
laws relating reactivity or criticality to the mass, density and dimensions of geometrically simple systems. 
Here I generalize these scaling laws to any geometry. These are well known relationships that allow the 
variation of critical mass versus density and/or dimensions to be written in a simple analytical form. With 
these relationships anyone can quickly estimate the critical mass corresponding to any given density, using 
nothing more complicated than a hand calculator. In addition I point out that these scaling laws can be used 
to easily predict the sensitivity of a system's K-eff to variations in density and/or dimensions. These 
relationships have appeared extensively in the literature for over 50 years, but seem to be periodically 
forgotten. As such, this report is not intended to present any new information, but rather it is intended 
merely to refresh our memories. The main idea is that you do not have to perform neutron transport 
calculations every time a parameter of a system is changed; instead you can use simple scaling laws to 
determine what will change. Here is a quick summary of results. 
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Abstract/Keyterms: This project explores the scientific foundation and approach for improving passive 
detection systems for plutonium and highly enriched uranium in real applications. Sources of gamma-ray 
radiation of interest were chosen to represent a range of national security threats, naturally occurring 
radioactive materials, industrial and medical radiation sources, and natural background radiation. The 
gamma-ray flux emerging from these sources, which include unclassified criticality experiment 
configurations as surrogates for nuclear weapons, were modeled in detail. The performance of several types 
of gamma-ray imaging systems using Compton scattering were modeled and compared. A mechanism was 
created to model the combine sources and background emissions and have the simulated radiation “scene” 
impinge on a model of a detector. These modeling tools are now being used in various projects to optimize 
detector performance and model detector sensitivity in complex measuring environments. This study also 
developed several automated algorithms for isotope identification from gamma-ray spectra and compared 
these to each other and to algorithms already in use. Verification testing indicates that these alternative 
isotope identification algorithms produced less false positive and false negative results than the “GADRAS” 
algorithms currently in use. In addition to these algorithms that used binned spectra, a new approach to 
isotope identification using “event mode” analysis was developed. Finally, a technique using muons to 
detect nuclear material was explored. 
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Abstract/Keyterms: For this study, we have made spectra and integral count rate estimates for a trivial 
detector configuration with a variety of unclassified gamma-ray sources. The source/background spectra 
and absolute flux are taken from cumulative distribution files created from MCNP simulations prepared by 
Ron Wurtz and Mike Frank. The simulated objects were criticality assemblies (test setups to develop 
benchmarks for establishing safety margins in handling fissile material) taken from the International 
Handbook of Evaluated Criticality Safety Benchmark Experiments (Nuclear Energy Agency, 2001). These 
objects were placed inside a 30 cm box with packing material that corresponds to roughly 0.5 radiation 
lengths (X{sub 0}). The simulations were repeated with an additional 7cm thick steel box enclosure. 
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Abstract/Keyterms: This document contains the human health and ecological risk assessment for the 
Resource Recovery and Conservation Act (RCRA) permit renewal for the Explosives Waste Treatment 
Facility (EWTF). Volume 1 is the text of the risk assessment, and Volume 2 (provided on a compact disc) 
is the supporting modeling data. The EWTF is operated by the Lawrence Livermore National Laboratory 
(LLNL) at Site 300, which is located in the foothills between the cities of Livermore and Tracy, 
approximately 17 miles east of Livermore and 8 miles southwest of Tracy. Figure 1 is a map of the San 
Francisco Bay Area, showing the location of Site 300 and other points of reference. One of the principal 
activities of Site 300 is to test what are known as “high explosives” for nuclear weapons. These are the 
highly energetic materials that provide the force to drive fissionable material to criticality. LLNL scientists 
develop and test the explosives and the integrated non-nuclear components in support of the United States 
nuclear stockpile stewardship program as well as in support of conventional weapons and the aircraft, 
mining, oil exploration, and construction industries. Many Site 300 facilities are used in support of high 
explosives research. Some facilities are used in the chemical formulation of explosives; others are locations 
where explosive charges are mechanically pressed; others are locations where the materials are inspected 
radiographically for such defects as cracks and voids. Finally, some facilities are locations where the 
machined charges are assembled before they are sent to the on-site test firing facilities, and additional 
facilities are locations where materials are stored. Wastes generated from high-explosives research are 
treated by open burning (OB) and open detonation (OD). OB and OD treatments are necessary because 
they are the safest methods for treating explosives wastes generated at these facilities, and they eliminate 
the requirement for further handling and transportation that would be required if the wastes were treated 
off site. 
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Abstract/Keyterms: This document contains the human health and ecological risk assessment for the 
Resource Recovery and Conservation Act (RCRA) permit renewal for the Explosives Waste Treatment 
Facility (EWTF). Volume 1 is the text of the risk assessment, and Volume 2 (provided on a compact disc) 
is the supporting modeling data. The EWTF is operated by the Lawrence Livermore National Laboratory 
(LLNL) at Site 300, which is located in the foothills between the cities of Livermore and Tracy, 
approximately 17 miles east of Livermore and 8 miles southwest of Tracy. Figure 1 is a map of the San 
Francisco Bay Area, showing the location of Site 300 and other points of reference. One of the principal 
activities of Site 300 is to test what are known as 'high explosives' for nuclear weapons. These are the highly 
energetic materials that provide the force to drive fissionable material to criticality. LLNL scientists develop 
and test the explosives and the integrated non-nuclear components in support of the United States nuclear 
stockpile stewardship program as well as in support of conventional weapons and the aircraft, mining, oil 
exploration, and construction industries. Many Site 300 facilities are used in support of high explosives 
research. Some facilities are used in the chemical formulation of explosives; others are locations where 
explosive charges are mechanically pressed; others are locations where the materials are inspected 
radiographically for such defects as cracks and voids. Finally, some facilities are locations where the 
machined charges are assembled before they are sent to the onsite test firing facilities, and additional 
facilities are locations where materials are stored. Wastes generated from high-explosives research are 
treated by open burning (OB) and open detonation (OD). OB and OD treatments are necessary because 
they are the safest methods for treating explosives wastes generated at these facilities, and they eliminate 
the requirement for further handling and transportation that would be required if the wastes were treated 
off site. 



 

C-21778 

21724…..…..…………………..…….……..……ID Number…………………..…..…………….21724 

Author: O'Brien, M. J. 

Title: Material Interface Reconstruction for Monte Carlo Particle Tracking 

Date: 3/15/2006 

Report: UCRL-TR-219915 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In this project we implement material interface reconstruction into a large, massively 
parallel Monte Carlo particle transport code. Here we examine the benefit of resolving a material interface 
for criticality calculations. Input to the code is a mesh with material and density defined on the mesh. For 
mesh zones that contain more than one material (mixed zones), the old approximation made in the code is 
to homogenize the material properties of all the materials in the zone. The neutron mean free path is a 
function of the material density that the neutron is traveling through, so for mixed zones, we use the average 
density of the zone, rather than reconstructing a material interface, determining which material within the 
zone the particle is in and using the correct density based on the position of the particle within the zone. In 
order to get a better answer, here we implement material interface reconstruction and rather than 
homogenizing the materials in a mixed zone, we have a material interface divide the zone so we can tell 
which material the particle is in, based on the particle's position and the location of the material interface. 
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Abstract/Keyterms: Hands-on experimental training in the physical behavior of multiplying systems is 
one of ten key areas of training required for practitioners to become qualified in the discipline of criticality 
safety as identified in DOE-STD-1135-99,”Guidance for Nuclear Criticality Safety Engineer Training and 
Qualification”. This document is a criticality safety evaluation of the training activities (or operations) 
associated with HS-3200,”Laboratory Class for Criticality Safety”. These activities utilize the Training 
Assembly for Criticality Safety (TACS). The original intent of HS-3200 was to provide LLNL fissile 
material handlers with a practical hands-on experience as a supplement to the academic training they receive 
biennially in HS-3100,”Fundamentals of Criticality Safety”, as required by ANSI/ANS-8.20-
1991,”Nuclear Criticality Safety Training”. HS-3200 is to be enhanced to also address the training needs 
of nuclear criticality safety professionals under the auspices of the NNSA Nuclear Criticality Safety 
Program. 
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Abstract/Keyterms: Spent nuclear fuel contains fissionable materials (235U, 239Pu, 241Pu, etc.). To 
prevent nuclear criticality in spent fuel storage, transportation, and during disposal, neutron-absorbing 
materials (or neutron poisons, such as borated stainless steel, Boral{sup TM}, Metamic{sup TM}, Ni-Gd, 
and others) would have to be applied. The success in demonstrating that the High-Performance Corrosion- 
Resistant Material (HPCRM){sup [1]} can be thermally applied as coating onto base metal to provide for 
corrosion resistance for many naval applications raises the interest in applying the HPCRM to 
USDOE/OCRWM spent fuel management program. The fact that the HPCRM relies on the high content of 
boron to make the material amorphous - an essential property for corrosion resistance - and that the boron 
has to be homogeneously distributed in the HPCRM qualify the material to be a neutron poison. 
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Abstract/Keyterms: Indonesia has participated in cooperative technical programs with the IAEA since 
1957, and has cooperated with regional partners in all of the traditional areas where nuclear science is 
employed: in medicine, public health (such as insect control and eradication programs), agriculture (e.g. 
development of improved varieties of rice), and the gas and oil industries. Recently, Indonesia has 
contributed significantly to the Reduced Enrichment Research and Training Reactor (RERTR) Program by 
conducting experiments to confirm the feasibility of Mo-99 production using high-density low enriched 
uranium (LEU) fuel, a primary goal of the RERTR Program. Indonesia's first research reactor, the TRIGA 
Mark II at Bandung, began operation in 1964 at 250 kW and was subsequently upgraded in 1971 to 1 MW 
and further upgraded in 2000 to 2 MW. This reactor was joined by another TRIGA Mark II, the 100-kW 
Kartini-PPNY at Yogyakarta, in 1979, and by the 30-MW G.A. Siwabessy multipurpose reactor in Serpong, 
which achieved criticality in July 1983. A 10-MW radioisotope production reactor, to be called the RPI-10, 
also was proposed for construction at Serpong in the late 1990s, but the project apparently was not carried 
out. In the five decades since its nuclear research program began, Indonesia has trained a cadre of scientific 
and technical staff who not only operate and conduct research with the current facilities, but also represent 
the nucleus of a skilled labor pool to support development of a nuclear power program. Although 
Indonesia's previous on-again, off-again consideration of nuclear power has not gotten very far in the past, 
it now appears that Indonesia again is giving serious consideration to beginning a national nuclear energy 
program. In June 2006, Research and Technology Minister Kusmayanto Kadiman said that his ministry 
was currently putting the necessary procedures in place to speed up the project to acquire a nuclear power 
plant, indicating that, “We will need around five years to complete the project. If we can start the study, go 
to tender, and sign the contract for the project this year, the power plant could be on stream by 2011”. While 
this ambitious schedule may be a bit unrealistic, it suggests new momentum to move forward on the project. 
The favored site for the proposed plant is the Muria Peninsula, located on Java's north central coast. 
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Abstract/Keyterms: The Malaysian Deputy Prime Minister Tun Dr Ismail Abdul Rahman suggested in 
the early 1970s that Malaysia should have a role in the development of nuclear science and technology for 
peaceful purposes. Accordingly, the Center for the Application of Nuclear Energy (CRANE) was 
established, with a focus on the development of a scientific and technical pool critical to a national nuclear 
power program. The Malaysian Cabinet next established the Tun Ismail Atomic Research Center (TIARC) 
under the Ministry of Science, Technology and the Environment on 19 September 1972, at a site in Bangi, 
about 35 km south of Kuala Lampur. On 28 June 1982, the PUSPATI reactor, a 1-MW TRIGA MK-II 
research reactor, first reached criticality. On 10 August 1994, TIARC was officially renamed as the 
Malaysian Institute for Nuclear Technology Research (MINT). In addition to radioisotope production and 
neutron radiography conducted at the PUSPATI research reactor, MINT also supports numerous programs 
employing nuclear technology for medicine, agriculture and industry, and has been involved in both 
bilateral and multilateral technical cooperation to extend its capabilities. As an energy exporting country, 
Malaysia has felt little incentive to develop a nuclear energy program, and high level opposition within the 
government discouraged it further. A recent statement by Malaysia's Science, Technology and Innovation 
Minister supported this view, indicating that only a near-catastrophic jump in world oil prices might change 
the government's view. However, the rate at which Malaysia is using its natural gas and oil reserves is 
expected to force it to reassess the role of nuclear energy in the near future. In addition, the government 
does intend to construct a radioactive waste repository to dispose of naturally occurring radioactive 
materials (extracted during tin mining, in particular). Also, Malaysia's growing economy could encourage 
expansion in Malaysia's existing nuclear-applications programs supporting the medical, agricultural, 
industrial and environmental fields. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical assemblies are exquisitely sensitive to details of the microscopic nuclear 
reactions that govern neutron multiplication. For this reason, experimental studies of critical assemblies 
represent a cornerstone in the process of validating nuclear data. Several different characteristics of a critical 
system can be measured. The most commonly considered is the so-called effective k eigenvalue, k(eff). 
Another well-measured property of these systems is {alpha}{sub 0}, the inverse e-folding time of the 
neutron population in the absence of {beta}-delayed neutrons. Through Monte Carlo calculations and 
appear to perturbation theory they show that for fast critical systems {alpha}{sub 0} and k(eff) can be 
viewed as lying on a single straight line for any reasonable assumptions about the underlying nuclear data. 
This means that the two quantities provide the same constraint on nuclear data. In principle, {alpha}{sub 
0} could be associated with a very small uncertainty, and this would make the measurements for neutron 
multiplication rates more useful than k(eff) for constraining nuclear data. In practice, though, uncertainties 
in k(eff) and {alpha}{sub 0} are dominated by uncertainties in the representation of the critical system, and 
not by pure measurement errors for these quantities. This, together with the linear relation between 
{alpha}{sub 0} and k(eff), implies that the two measured quantities provide exactly the same constraint on 
nuclear data. They do not consider other measured or inferred characteristics of critical assemblies, such as 
neutron generation times or spectral indices, that may be valuable in the validation process. 
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Abstract/Keyterms: An iron-based amorphous metal with good corrosion resistance and a high absorption 
cross-section for thermal neutrons has been developed and is reported here. This amorphous alloy has the 
approximate formula Fe{sub 49.7}Cr{sub 17.7}Mn{sub 1.9}Mo{sub 7.4}W{sub 1.6}B{sub 15.2}C{sub 
3.8}Si{sub 2.4} and is known as SAM2X5. Chromium (Cr), molybdenum (Mo) and tungsten (W) were 
added to provide corrosion resistance, while boron (B) was added to promote glass formation and the 
absorption of thermal neutrons. Since this amorphous metal has a higher boron content than conventional 
borated stainless steels, it provides the nuclear engineer with design advantages for criticality control 
structures with enhanced safety. While melt-spun ribbons with limited practical applications were initially 
produced, large quantities (several tons) of gas atomized powder have now been produced on an industrial 
scale, and applied as thermal-spray coatings on prototypical half-scale spent nuclear fuel containers and 
neutron-absorbing baskets. These prototypes and other SAM2X5 samples have undergone a variety of 
corrosion testing, including both salt-fog and long-term immersion testing. The modes and rates of 
corrosion have been determined in the various environments, and are reported here. While these coatings 
have less corrosion resistance than melt-spun ribbons and optimized coatings produced in the laboratory, 
substantial corrosion resistance has been achieved. 
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Abstract/Keyterms: Research is conducted at the Joint Actinide Shock Physics Experimental Facility 
(JASPER) on the effects of high pressure and temperature environments on plutonium-239, in support of 
the stockpile stewardship program. Once an experiment has been completed, it is necessary to transport the 
end products for interim storage or final disposition. Federal shipping regulations for nonexclusive use 
transportation require that no more than 180 grams of fissile material are present in at least 360 kilograms 
of contiguous non-fissile material. To evaluate the conservatism of these regulatory requirements, a worst-
case scenario of 180g 239Pu and a more realistic scenario of 100g 239Pu were modeled using one of 
Lawrence Livermore National Laboratory's Monte Carlo transport codes known as COG 10. The geometry 
consisted of 239Pu spheres homogeneously mixed with high-density polyethylene surrounded by a cube of 
either stainless steel 304 or aluminum. An optimized geometry for both cube materials and hydrogen-to-
fissile isotope (H/X) ratio were determined for a single unit. Infinite and finite 3D arrays of these optimized 
units were then simulated to determine if the systems would exceed criticality. Completion of these 
simulations showed that the optimal H/X ratio for the most reactive units ranged from 800 to 1600. A single 
unit of either cube type for either scenario would not reach criticality. An infinite array was determined to 
reach criticality only for the 180g case. The offsetting of spheres in their respective cubes was also 
considered and showed a considerable decrease in the number of close-packed units needed to reach 
criticality. These results call into question the current regulations for fissile material transport, which under 
certain circumstances may not be sufficient in preventing the development of a critical system. However, a 
conservative, theoretical approach was taken in all assumptions and such idealized configurations may not 
be likely to be encountered in actual packaging, transportation, and storage configurations. Modeling of 
realistic, as-built configurations is beyond the scope of this study. 
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Abstract/Keyterms: Amorphous metal and ceramic thermal spray coatings have been developed that can 
be used to enhance the corrosion resistance of containers for the transportation, aging and disposal of spent 
nuclear fuel and high-level radioactive wastes. Iron-based amorphous metal formulations with chromium, 
molybdenum and tungsten have shown the corrosion resistance believed to be necessary for such 
applications. Rare earth additions enable very low critical cooling rates to be achieved. The boron content 
of these materials, and their stability at high neutron doses, enable them to serve as high efficiency neutron 
absorbers for criticality control. The high boron content of Fe{sub 49.7}Cr{sub 17.7}Mn{sub 1.9}Mo{sub 
7.4}W{sub 1.6}B{sub 15.2}C{sub 3.8}Si{sub 2.4} (SAM2X5) makes it an effective neutron absorber, and 
suitable for criticality control applications. Average measured values of the neutron absorption cross section 
in transmission ({Sigma}{sub t}) for Type 316L stainless steel, Alloy C-22, borated stainless steel, a Ni-
Cr-Mo-Gd alloy, and SAM2X5 have been determined to be approximately 1.1, 1.3, 2.3, 3.8 and 7.1 cm{sup 
-1}, respectively. 
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Abstract/Keyterms: In order to test the ENDF/B-VII.0 neutron data library [1], 1,172 critical assemblies 
from have been calculated using the Monte Carlo transport code TART [3]. TART's 'best' physics was used 
for all of these calculations; this included continuous energy cross sections, delayed neutrons in their 
spectrum that is slower than prompt neutrons, unresolved resonance region self-shielding, the thermal 
scattering (free atom for all materials plus thermal scattering law data S({alpha},{beta}) when available). 
In this first pass through the assemblies the objective was to 'quickly' test the validity of the ENDF/B-VII.0 
data [1], the assembly models as defined in [2] and coded for use with TART, and TART's physics treatment 
of these assemblies. With TART we have the option of running criticality problems until K-eff has been 
calculated to an acceptable input accuracy. In order to 'quickly' calculate all of these assemblies K-eff was 
calculated in each case to +/- 0.002. For these calculations the assemblies were divided into ten types based 
on fuel (mixed, Pu239, U233, U235) and median fission energy (Fast, Midi, Slow). A table is provided that 
shows a summary of these results. This followed be details for every assembly, and statistical information 
about the distribution of K-eff for each type of assembly. After a review of these results to eliminate any 
obvious errors in ENDF/B data, assembly models, or TART physics, all assemblies will be run again to a 
higher precision. Only after this second run is finished will we have highly precise results. Until then the 
results presently here should only be interpreted as approximate values of K-eff with a standard deviation 
of +/- 0.002; for such a large number of assemblies we expected the results to be approximately normal, 
with a spread out to several times the standard deviation; see the calculated statistical distributions and their 
comparisons to a normal distribution. 
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Abstract/Keyterms: The effective multiplication factor was calculated for a fuel assembly system in 
special transport cases when flooded with water. The cases are wooden boxes lined with cadmium sheets 
0.5 mm in thickness and with textile. The outer shell consists of 8 mm steel sheet. The calculation was 
carried out for an indefinite lattice of cases with fuel assemblies, the cases touching each other. It was 
assumed that the lattice was completely flooded. The wood composition was taken to be C 50%, O 44%, H 
6%. The outer steel shell was replaced by pure iron. Soaking of wood was neglected as it is a long-term 
process. The calculation was carried out using programs THETA and CELLPAR-II, effective cross sections 
for the superthermal region were taken from ABBN and for the thermal region from the THETA program 
library. The calculated value of the effective multiplication factor shows that in no case can a chain reaction 
take place in the assembly lattice containing cases immersed in water and contacting each other. This 
calculated example represents a configuration with the highest effective multiplication factor value. The 
transport cases are thus satisfactory from the safety aspect. 
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Abstract/Keyterms: Preliminary results of two-group calculations on the ZETR critical assemblies are 
presented in this paper. The method of approximate separation of the variables has been used throughout. 
Assuring best known values for the nuclear cross-sections an attempt has been made to fit the experimental 
critical heights by varying the square of the slowing down length in water. For all three isotopes it has been 
found that reasonable agreement with experimental results can be obtained by a choice of 25 for the slowing 
down length in water. As the concentration of the fissile material decreases this agreement becomes much 
less satisfactory. It is shown that the calculations are much more reliable for the concentrated solutions than 
for the dilute solutions. 
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Abstract/Keyterms: At present lattice experiments are being done in ZEEP with 19-element, uranium 
metal rods. The geometrical details of these rods are shown. At the time of writing three hexagonal lattices 
composed of these rods have been assembled in ZEEP. These were lattices with hexagonal spacings of 
8.66, 10.00 and 11.50 inches. 
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Abstract/Keyterms: The results of lattice experiments done in ZEEP with 19-element, uranium metal rods 
are described. At the time of the report creation, three hexagonal lattices composed of these rods had been 
assembled in ZEEP. These were lattices with hexagonal spacings of 8.6”, 10.00” and 11.50”. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The experiments described in this paper were performed during July and August 1956 
as a preliminary check on the criticality of the LIDO reactor, and are reported here briefly pending 
publication. The fuel elements in this reactor system are of the conventional "sandwich" type using 20% 
uranium, 80% aluminum alloy plates fabricated into an element by dip-brazing brazing techniques. The 
elements are supported in a 4 inch thick aluminum lattice plate by inserting nozzles at their lower end into 
holes in the lattice plate in the water tank, and are manipulated by a handling tool which engages in a lifting 
feature at the top of the element. Each fuel plate contains 10 g of uranium-235 in the form of 46% wt. 
Uranium-235 uranium; the standard fuel element contains 13 such plates. Similar elements containing 8, 4, 
2 or 1 plates are also available for fine reactivity adjustments. The control rods for the reactor drop into four 
special elements filled with guide tubes at the top and containing 2 plates (20 g uranium-235) each. Details 
of the construction of the elements are given. 
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Abstract/Keyterms: ZEEP is being used to study the lattice properties of 19 element UO2 rods and two 
lattices are assembled in it. They are: (a) a 24.cm. hexagonal lattice of 55 UO2 rods, and (b) a 21.59 cm. 
hexagonal lattice of 55 UO2 with 30 ZEEP rods placed around the UO2 core with the same spacing as the 
core. In the first experiment, the pile did not go critical and no flux distributions were obtained. However, 
an estimate of the Laplacian for this lattice was made using the results of the approach-to-critical 
experiment. In (b) full scale flux distributions, central rod experiments and fine structure measurements 
were made and practically all the results quoted will be those obtained with this 21.59 cm. lattice. 
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Abstract/Keyterms: In the design of power reactors the engineering requirements of high heat transfer 
rates lead to complex fuel assemblies with a large surface-to-mass ratio. The exact calculation of the 
properties of lattices made up of these assemblies is difficult and simple models or recipes are used. To test 
the validity of these simple models measurements of the properties of various lattices must be made. The 
present investigation is a continuation of the study of natural uranium-heavy water systems which has been 
carried out in the ZEEP reactor. The assembly which was studied is similar in geometry to that proposed 
for the NPD reactor in which each assembly or cluster is made up of nineteen small rods. The natural 
uranium metal fuel was in the form of cylindrical slugs 1.31 cm. In diameter. The slugs were 15 cm. Long 
and fitted loosely in aluminum tubes 1.59 cm. OD with 0.10 cm. wall thickness. Each rod was made up of 
14 slugs giving a total length of 210 cm. of uranium. Nineteen such rods arranged in a hexagonal array 
made up a single cluster. 
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Conference Session:  

Abstract/Keyterms: The experiments are conducted during the operation of the reactor. Data are given on 
the critical dimensions of the active zone, the efficacy of the regulating rods, the distribution of thermal 
neutrons, and data obtained during operation of the reactor at a power level of 5 Mw. 
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Abstract/Keyterms: Reactor Technology; Compacting; Configuration; Coolant Loops; Critical 
Assemblies; Criticality; Fabrication; Fuel Elements; Impurities; Moderators; Multiplication Factors; 
PLATR; Power Plants; Reactivity; Reactor Core; Reactors; Tubes; Uranium Dioxide; Variations; 
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Distribution; Equations; Errors; Fast Neutrons; Fission; Lifetime; Neutrons; Numericals; Plutonium 239; 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Bibliography; Bubbles; Buckling; Capture; 
Computers; Configuration; Cross Sections; Cylinders; Diagrams; Diffusion; Elasticity; Equations; Fast 
Neutrons; Fission; Fissionable Materials; Liquid Metal Coolant; Numericals; Plates; Power Plants; 
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Reactors; Transport Theory 



 

C-21839 

21785…..…..…………………..…….……..……ID Number…………………..…..…………….21785 

Author: Wills, L. 

Title: Preliminary Study of Power Excursions for Potentially Unstable Reactors 

Date: 9/30/1962 

Report: UNC-Memo-5039 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The simultaneous nonlinear differential equations describing the power in a reactor 
having a prompt positive reactivity coefficient and a delayed negative feedback related to heat conduction 
are integrated numerically for a limited range of reactor parameters. The calculations show that while such 
a reactor may be unstable above a certain threshold power, it may undergo a power excursion of limited 
extent and duration when subjected to a step insertion of reactivity while operating at a sufficiently low 
power. Stability criteria are examined and, in certain cases, related to the linearized form of the equations. 
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Date: 3/10/1975 

Report: UNI-0283 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The transport of Mark-IV fuel to the K Reactor basins and the storage in Alternate 
Storage Configuration I (1450 tons of uranium) have been evaluated for potential nuclear criticality 
accidents and found to be safe and within the nuclear criticality safety criteria and limits established for 
United Nuclear Industries fuel storage basins. The safety analyses were carried out using unirradiated 
critical mass parameters. The analysis supporting 1450 ton storage indicates that storage in the K basins 
can be increased to Alternate Storage Configurations II or III for Mark-IV fuel and possibly for Mark-IA 
fuel provided the subcritical measurements of irradiated critical mass parameters confirm the analytical 
predictions. 
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Abstract/Keyterms: A nuclear criticality safety analysis was carried out for storing 1450 tons of irradiated 
Mark-IV fuel assemblies in KE irradiated fuel storage basin using unirradiated fuel critical mass parameters. 
Calculations in support of the safety analysis considered an alternate to the 1450 ton fuel storage 
configurations. The alternate storage scheme would utilize all available storage space and increase the 
capacity of the basin to 1900 tons of fuel. Although the calculations indicated a full utilization of the basin 
floor space would present no nuclear criticality problems, the acceptance of the 1900 ton storage 
configuration would be dependent on a series of experimental critical mass measurements. The subcritical 
mass test results are incorporated in the nuclear criticality safety analyses for storing up to 1900 tons of 
Mark-IV irradiated fuel assemblies in each of the K-Reactor fuel storage basins. 
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Title: Safety Analysis Report Handling and Storage of Irradiated N Reactor Fuel in 105-KE Fuel Storage 
Facility 

Date: 5/23/1975 

Report: UNI-0341 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The conversion of the facility to handle and store a different irradiated fuel element 
(N Reactor Mark IB, IC, and IV) in a different package configuration (N Reactor canister shown in Figure 
1.0) required facility and equipment modifications and changes in some operating parameters. These 
changes and existing facilities have been studied to determine their adequacy to provide for nuclear and 
radiological safety. Results show that use of the converted facility will not present any undue risk to the 
safety of plant personnel or the general public. Areas of particular significance are summarized. 
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Conference Session:  

Abstract/Keyterms: LEU-MET-THERM-001; Subcritical measurements are described which are 
designed to provide essential information for achieving maximum utilization of space for storing of 
irradiated N Reactor fuel in the K Reactor fuel storage basins. The tests will provide experimental data for 
establishing criticality safety margins for fuel storage configurations allowing for fuel exposure effects. 
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Abstract/Keyterms: The document defines the infinite multiplication factors to support nuclear criticality 
safety evaluations for N-reactor fuel storage in monotubes in the racks in Room 29 under various conditions 
of moderation. 
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Title: Safety Analysis Report Handling and Storage of Irradiated N Reactor Fuel in 105-kW Fuel Storage 
Facility 

Date: 6/5/1978 

Report: UNI-1072 
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Abstract/Keyterms: Irradiated N Reactor fuel, which has been cooled for at least 150 days, may be safely 
stored at the facility in 4.9 meters (16 feet) of water using the storage configuration and will present no 
undue risk to the health and safety of plant personnel or the general public. The accepted safe storage 
configuration will prevent an accidental criticality and the water will prevent any significant release of 
radioactive materials to the environs and limit the radiation exposure in the work area, from the stored fuel, 
to less than 1 mr/h. The storage configuration consists of full density storage for the lower enriched fuel 
and half density storage of the spike fuel. The full density storage array will allow for storage of up to 1700 
metric tons (1900 tons) of irradiated MK IV fuel while the half density storage array will allow for storage 
of up to 611 metric tons (660 tons) of irradiated MK IA fuel. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The changes, within the last ten years, in regulatory criteria for concept and design of 
a Criticality Alarm System (CAS) mandates the installation of a new measurement and alarm system to 
replace those channels previously assigned to the N-Reactor Tracerlab Area Radiation Monitoring System. 
The areas to be monitored for a criticality event will be the green fuel storage area, Room 181, the discharge 
pit area, the segregation basin, and the irradiated fuel storage area. Two identical systems will be installed 
on opposite sides of the reactor because of the large distance between the areas of survey. Each system will 
employ three General Electric Log Radiation Monitors (GE LRM) utilizing gamma sensitive ionization 
chambers as the detecting device. A digital comparator using a "two of three" majority minimum will be 
used to provide the decision for criticality alarm. The criticality alarm circuit will initiate audio and visual 
alarms. Annunciators will illuminate in the control room and the plant standard audible alarm (ah-oo-gah 
horn) for a criticality will sound in the area of coverage. The ah-oo-gah horns will be controlled by the 
Tracerlab Area Radiation Monitoring System as well as by the GE LRM. The ah-oo-gah horns thus will 
sound for a high level alarm condition as well as for a criticality event. 
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Title: Criticality-Safety Technology Transfer at UNC Nuclear Industries 
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Abstract/Keyterms: The Hanford N reactor is a unique reactor concept. The reactor has a dual purpose 
mission Energy and generate 860 MW electric power from its byproduct steam. Nuclear materials 
production requires short operating cycles and a large throughput of metallic uranium fuel. Approximately 
400 to 800 tons of fuel are discharged from the core in one year. The large quantity of spent fuel rapidly 
exceeded the original storage pool capacity. Under a storage pool upgrade project, cubicles built out of 
boronated concrete were installed allowing a three fold increase in fuel storage per unit floor area. Nuclear 
criticality safety procedures for the N reactor are described. 



 

C-21850 

21796…..…..…………………..…….……..……ID Number…………………..…..…………….21796 

Author: Toffer, H. / Tollefson, D. A. / Finfrock, S. H. 

Title: Criticality Evaluations with Moderators Other Than Water for U-Metal Fuels 

Date: 1/8/1986 

Report: UNI-SA-163 ABS 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Occasionally, nuclear criticality safety analyses of fissile material handling 
operations or transport situations require consideration of moderation other than water. Such moderators 
could be oils, plastics, wood, concrete, carbon, or even wet sand. All of these materials contain either 
hydrogen, carbon, or mixtures of the two elements as the principal moderators. Other elements as part of 
the compounds or mixtures contribute less to the neutron slowing down process and can possibly be 
significant parasitic neutron absorbers. Results of a series of calculations are presented illustrating the 
impact of various moderators on critical masses or critical parameters as a function of lattice pitch for 
different uranium metal fuel elements at low 235U enrichments. Several nuclear criticality safety analyses 
performed at the Hanford N Reactor, operated by UNC Nuclear Industries for the US Department of Energy, 
have considered alternative moderators to assure that water moderation represented the most limiting case. 
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Abstract/Keyterms: From joint meeting of the American Nuclear Society and the Atomic Industrial Forum 
and Nuclear Energy Exhibition; San Francisco, California, USA (11 Nov 1973). The fuel assemblies are 
transported by truck in the shipping ani storage pallet. A maximum of 36 uranium metal fuel assemblies 
with an enrichment of either 0.95 or 1.25 wt% 235U can be loaded in one pallet. The pallet's design fixes 
the fuel elements at a lattice pitch of 4.75 in., a distance, which upon flooding, would guarantee sub-
criticality for the fuel. Criticality studies of the fuel-containing pallets under normal and accident conditions 
were analyzed with both the KENO Monte Carlo code and HAMMER calculations. Under normal transport 
conditions and for acciden involving rearrangement of pallets and moderator addition, the fuel shipments 
are safe, k(eff) < 90. 
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Abstract/Keyterms: Boron frit aggregate was added (320 kg per m3 of concrete) to the basin cubicles to 
increase fuel storage per unit floor space by 300 percent. Criticality control analyses were carried out and 
the results summarized. 
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Abstract/Keyterms: The objectives of establishing this laboratory were the general researches on nuclear 
engineering, the education and research of graduate students, and the research cooperation with other 
research institutes. It was recognized that a laboratory with a nuclear reactor and other large installations 
must be constructed in other place than central Tokyo, and it was desirable to use various installations in 
Japan Atomic Energy Research Institute in common. The concept of the laboratory comprises five 
divisions, namely reactor design technology, reactor equipment technology, reactor chemistry, reactor 
safety and strong radioactive substance treatment technology. The laboratory started the operation in June, 
1967. The nuclear reactor "Yayoi" was constructed by Japanese own technology, and only 93% enriched 
uranium was imported from the U.S. The reactor attained the criticality on April 10, 1971. The organization 
and the operation of the laboratory are described. The fast neutron source reactor "Yayoi.” The 35 MeV 
electron linear accelerator and the basic experiment setup for nuclear fusion reactor blanket design are the 
large installations used. The research activities on 19 subjects are reported. Also 31 persons having taken 
part in the laboratory wrote the memoirs of their activities. 
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Title: Underground Autocatalytic Criticality from Fissile Materials Solidified in Borosilicate Glass 

Date: 10/1/1996 

Report: University of California - Berkeley, Nuclear Engineering Department 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Edward W. Larsen 

Title: Advanced Variance Reduction for Global K-Eigenvalue Simulations in MCNP 

Date: 6/1/2008 

Report: University of Michigan 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities to determine the criticality of nuclear reactor cores, spent nuclear 
fuel storage casks, and other fissile systems. These calculations can be expensive, and current Monte Carlo 
methods have certain well-known deficiencies. In this project, we have developed and tested a new 
"functional Monte Carlo" (FMC) method that overcomes several of these deficiencies. The current state-
of-the-art Monte Carlo k-eigenvalue method estimates the fission source for a sequence of fission 
generations (cycles), during each of which M particles per cycle are processed. After a series of "inactive" 
cycles during which the fission source "converges," a series of "active" cycles are performed. For each 
active cycle, the eigenvalue and eigenfunction are estimated; after N >> 1 active cycles are performed, the 
results are averaged to obtain estimates of the eigenvalue and eigenfunction and their standard deviations. 
This method has several disadvantages: (i) the estimate of k depends on the number M of particles per 
cycle, (iii) for optically thick systems, the eigenfunction estimate may not converge due to undersampling 
of the fission source, and (iii) since the fission source in any cycle depends on the estimated fission source 
from the previous cycle (the fission sources in different cycles are correlated), the estimated variance in k 
is smaller than the real variance. For an acceptably large number M of particles per cycle, the estimate of k 
is nearly independent of M; this essentially takes care of item (i). Item (ii) can be addressed by taking M 
sufficiently large, but for optically thick systems a sufficiently large M can easily be unrealistic. Item (iii) 
cannot be accounted for by taking M or N sufficiently large; it is an inherent deficiency due to the 
correlations between fission source estimates. In the new FMC method, the eigenvalue problem (expressed 
in terms of the Boltzmann equation) is integrated over the energy and direction variables. Then these 
equations are multiplied by J special "tent" functions in space and integrated over the spatial variable. This 
yields J equations that are exactly satisfied by the eigenvalue k and J space-angle-energy moments of the 
eigenfunction. Multiplying and dividing by suitable integrals of the eigenfunction, one obtains J algebraic 
equations for k and the space-angle-energy moments of the eigenfunction, which contain nonlinear 
functionals that depend weakly on the eigenfunction. In the FMC method, information from the standard 
Monte Carlo solution for each active cycle is used to estimate the functionals, and at the end of each cycle 
the J equations for k and the space-angle-energy moments of the eigenfunction are solved. Finally, these 
results are averaged over N active cycles to obtain estimated means and standard deviations for k and the 
space-angle-energy moments of the eigenfunction. Our limited testing shows that for large single fissile 
systems such as a commercial reactor core, (i) the FMC estimate of the eigenvalue is at least one order of 
magnitude more accurate than estimates obtained from the standard Monte Carlo approach, (ii) the FMC 
estimate of the eigenfunction converges and is several orders of magnitude more accurate than the standard 
estimate, and (iii) the FMC estimate of the standard deviation in k is at least one order of magnitude closer 
to the correct standard deviation than the standard estimate. These advances occur because: (i) the Monte 
Carlo estimates of the nonlinear functionals are much more accurate than the direct Monte Carlo estimates 
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of the eigenfunction, (ii) the system of discrete equations that determines the FMC estimates of k is robust, 
and (iii) the functionals are only very weakly correlated between different fission generations. The FMC 
method was developed only late in the project and has to date received limited testing. Current work, which 
is taking place after the conclusion of this project, involves further development and testing for more 
complex and realistic problems. We expect that the FMC method will become a practical tool for Monte 
Carlo criticality simulations. 
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Title: MONK5.1 Code Validations Using Reflected and Bare Homogeneous Plutonium Experiments in the 
Range 0 H/PU 2790 

Date: 12:00:00 AM 

Report: unpublished Hanford Cray XMP-1 validation study) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-011 
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Author: Smith, D. K. / Scheetz, B. E. / Anderson, C. A. F. / Smith, K. L. 

Title: Phase Relations in the Uranium- Oxygen-Water System and Its Significance on the Stability of 
Nuclear Waste Forms 

Date: 1/1/1982 

Report: Uranium, I, 79 (1982) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-21861 

21806…..…..…………………..…….……..……ID Number…………………..…..…………….21806 

Author: Wigner, E. P. / Weinberg, A. M. / Young, G. J. / Ohlinger, L. A. 

Title: Reactor 

Date: 4/24/1956 

Report: US 2743225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Patents; Aluminum; Criticality; Density; Economics; Fuels; Graphite; Heavy Water 
Moderator; Helium; Planning; Pressure; Reactor Core; Reactor Safety; Reactors; Reflectors; Rods; 
Shutdown; Solids; Vessels 
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Author: Fermi, E. 

Title: Test Exponential Pile 

Date: 2/1/1957 

Report: US 2780595 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Patents; Activation; Criticality; Fission; Foils; Graphite Moderator; Indium; 
Measured Values; Neutron Sources; Nuclear Reactions; Radioactivity; Reactivity; Reactor Core; Reactors; 
Uranium 
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21808…..…..…………………..…….……..……ID Number…………………..…..…………….21808 

Author: Young, G. J. / Ohlinger, L. A. 

Title: Reactor and Novel Method 

Date: 6/24/1958 

Report: US 2840522 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A nuclear reactor of the type which uses a liquid fuel and a method of controlling 
such a reactor are described. The reactor is comprised essentially of a tank for containing the liquid fuel 
such as a slurry of discrete particles of fissionable material suspended in a heavy water moderator, and a 
control means in the form of a disc of neutron absorbing material disposed below the top surface of the 
slurry and parallel thereto. The diameter of the disc is slightly smaller than the diameter of the tank and the 
disc is perforated to permit a flow of the slurry there through. The function of the disc is to divide the body 
of slurry into two separate portions, the lower portion being of a critical size to sustain a nuclear chain 
reaction and the upper portion between the top surface of the slurry and the top surface of the disc being of 
a non-critical size. The method of operation is to raise the disc in the reactor until the lower portion of the 
slurry has reached a critical size when it is desired to initiate the reaction, and to lower the disc in the reactor 
to reduce the size of the lower active portion the slurry to below criticality when it is desired to stop the 
reaction. 
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21809…..…..…………………..…….……..……ID Number…………………..…..…………….21809 

Author: Christy, R. F. 

Title: Nuclear Reactor 

Date: 7/15/1958 

Report: US 2843543 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A nuclear reactor of the homogeneous liquid fuel type is described wherein the 
fissionable isotope is suspended or dissolved in a liquid moderator such as water. The reactor core is 
comprised essentially of a spherical vessel for containing the reactive composition surrounded by a 
reflector, preferably of beryllium oxide. The reactive composition may be an ordinary water solution of a 
soluble salt of uranium, the quantity of fissionable isotope in solution being sufficient to provide a critical 
mass in the vessel. The liquid fuel is stored in a tank of non-critical geometry below the reactor vessel and 
outside of the reflector and is passed from the tank to the vessel through a pipe connecting the two by air 
pressure means. Neutron absorbing control and safety rods are operated within slots in the reflector adjacent 
to the vessel. 
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21810…..…..…………………..…….……..……ID Number…………………..…..…………….21810 

Author: Hammond, R. P. / Busey, H. M. 

Title: Homogeneous Nuclear Reactor 

Date: 2/17/1959 

Report: US 2874106 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Nuclear reactors of the homogeneous liquid fuel type are discussed. The reactor is 
comprised of an elongated closed vessel, vertically oriented, having a critical region at the bottom, a lower 
chimney structure extending from the critical region vertically upwardly and surrounded by heat exchanger 
coils, to a baffle region above which is located an upper chimney structure containing a catalyst functioning 
to recombine radiolytically dissociated moderator gages. In operation the liquid fuel circulates solely by 
convection from the critical region upwardly through the lower chimney and then downwardly through the 
heat exchanger to return to the critical region. The gases formed by radiolytic- dissociation of the moderator 
are carried upwardly with the circulating liquid fuel and past the baffle into the region of the upper chimney 
where they are recombined by the catalyst and condensed, thence returning through the heat exchanger to 
the critical region. 
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21811…..…..…………………..…….……..……ID Number…………………..…..…………….21811 

Author: Cooper, C. M. 

Title: Means for Terminating Nuclear Reactions 

Date: 2/17/1959 

Report: US 2874109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An apparatus is presented for use in a reactor of the heterogeneous, fluid cooled type 
for the purpose of quickly terminating the reaction, the coolant being circulated through coolant tubes 
extending through the reactor core. Several of the tubes in the critical region are connected through valves 
to a tank containing a poisoning fluid having a high neutron capture cross-section and to a reservoir. When 
it is desired to quickly terminate the reaction, the valves are operated to permit the flow of the poisoning 
fluid through these particular tubes and into the reservoir while normal coolant is being circulated through 
the remaining tubes. The apparatus is designed to prevent contamination of the primary coolant by the 
poisoning fluid. 
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21812…..…..…………………..…….……..……ID Number…………………..…..…………….21812 

Author: Froman, D. K. 

Title: Push-Pull Power Reactor 

Date: 2/24/1959 

Report: US 2875143 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power generating nuclear reactors of the homogeneous liquid fuel type are discussed. 
The apparatus utilizes two identical reactors interconnected by conduits through heat exchanging apparatus. 
Each reactor contains a critical geometry region and a vapor region separated from the critical region by a 
baffle. When the liquid in the first critical region becomes critical, the vapor pressure above the fuel is 
increased due to the rise in the temperature until it forces the liquid fuel out of the first critical region 
through the heat exchanger and into the second critical region, which is at a lower temperature and 
consequently a lower vapor pressure. The above reaction is repeated in the second critical region and the 
liquid fuel is forced back into the first critical region. In this manner criticality is achieved alternately in 
each critical region and power is extracted by the heat exchanger from the liquid fuel passing there through. 
The vapor region and the heat exchanger have a non-critical geometry and reactivity control is effected by 
conventional control rods in the critical regions. 
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21813…..…..…………………..…….……..……ID Number…………………..…..…………….21813 

Author: Grebe, J. J. 

Title: Nuclear Reactor 

Date: 8/14/1959 

Report: US 2894891 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: High temperature reactors which are uniquely adapted to serve as the heat source for 
nuclear powered rockets are described. The reactor is comprised essentially of an outer tubular heat resistant 
casing which provides the main coolant passageway to and away from the reactor core within the casing 
and in which the working fluid is preferably hydrogen or helium gas which is permitted to vaporize from a 
liquid storage tank. The reactor core has a generally spherical shape formed entirely of an active material 
comprised of fissile material and a moderator material which serves as a diluent. The active material is 
fabricated as a gas permeable porous material and is interlaced in a random manner with very small inter-
connecting bores or capillary tubes through which the coolant gas may flow. The entire reactor is divided 
into successive sections along the direction of the temperature gradient or coolant flow, each section 
utilizing materials of construction which are most advantageous from a nuclear standpoint and which at the 
same time can withstand the operating temperature of that particular zone. This design results in a nuclear 
reactor characterized simultaneously by a minimum critical size and mass and by the ability to heat a 
working fluid to an extremely high temperature. 
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21814…..…..…………………..…….……..……ID Number…………………..…..…………….21814 

Author: Hammond, R. P. / King, L. D. P. 

Title: Convection Reactor 

Date: 3/22/1960 

Report: US 2929767 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An homogeneous nuclear power reactor utilizing convection circulation of the liquid 
fuel is proposed. The reactor has an internal heat exchanger located in the same pressure vessel as the 
critical assembly, thereby eliminating necessity for handling the hot liquid fuel outside the reactor pressure 
vessel during normal operation. The liquid fuel used in this reactor eliminates the necessity for extensive 
radiolytic gas recombination apparatus, and the reactor is resiliently pressurized and, without any movable 
mechanical apparatus, automatically regulates itself to the condition of criticality during moderate 
variations in temperature and pressure and shuts itself down as the pressure exceeds a predetermined safe 
operating value. 
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21815…..…..…………………..…….……..……ID Number…………………..…..…………….21815 

Author: Hurwitz, H. Jr. 

Title: Neutronic Reactor Control 

Date: 4/5/1960 

Report: US 2931761 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An apparatus is described for indicating the approach to prompt criticality of a 
neutronic reactor and comprises means for oscillating an absorber in the reactor, a detector for measuring 
neutron flux in the reactor, two channels into which the output of the detector can be directed, one of which 
includes a narrow band filter with band pass frequency equal to that of the oscillator, and means for 
indicating the ratio of the signal produced by the channel with the filter to the signal produced by the other 
channel, which constitutes an indication of the approach to prompt criticality. 
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21816…..…..…………………..…….……..……ID Number…………………..…..…………….21816 

Author: Fermi, E. 

Title: Neutronic Reactor 

Date: 4/1/1960 

Report: US 2931762 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Metals, Ceramics, and Other Materials; Cooling; Graphite; Natural Uranium Fuel; 
Reactors; Tubes 
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21817…..…..…………………..…….……..……ID Number…………………..…..…………….21817 

Author: King, L. D. P. 

Title: Water Boiler Reactor 

Date: 11/22/1960 

Report: US 2961391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As its name implies, this reactor utilizes an aqueous solution of a fissionable element 
salt, and is also conventional in that it contains a heat exchanger cooling coil immersed in the fuel. Its 
novelty lies in the utilization of a cylindrical reactor vessel to provide a critical region having a large and 
constant interface with a supernatant vapor region, and the use of a hollow sleeve coolant member 
suspended from the cover assembly in coaxial relation with the reactor vessel. Cool water is circulated 
inside this hollow coolant member, and a gap between its outer wall and the reactor vessel is used to carry 
off radiolytic gases for recombination in an external catalyst chamber. The central passage of the coolant 
member defines a reflux condenser passage into which the externally recombined gases are returned and 
condensed. The large and constant interface between fuel solution and vapor region prevents the formation 
of large bubbles and minimizes the amount of fuel salt carried off by water vapor, thus making possible 
higher flux densities, specific powers and power densities. 
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21818…..…..…………………..…….……..……ID Number…………………..…..…………….21818 

Author: Happell, J. J. / Thomas, G. R. / Denise, R. P. / Bunts, J. L. Jr. 

Title: Experimental Liquid Metal Fuel Reactor 

Date: 1/23/1962 

Report: US 3018239 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A liquid metal fuel nuclear fission reactor is designed in which the fissionable 
material is dissolved or suspended in a liquid metal moderator and coolant. The liquid suspension flows 
into a chamber in which a critical amount of fissionable material is obtained. The fluid leaves the chamber 
and the heat of fission is extracted for power or other utilization. The improvement is in the support 
arrangement for a segmented graphite core to permit differential thermal expansion, effective sealing 
between main and blanket liquid metal flows, and avoidance of excessive stress development in the graphite 
segments. 
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21819…..…..…………………..…….……..……ID Number…………………..…..…………….21819 

Author: McDaniels, J. D., Jr. 

Title: Storage Arrangement 

Date: 5/29/1962 

Report: US 3037120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A storage arrangement is designed for liquid-shielded storage of radioactive 
components removed from a reactor. The arrangement comprises a storage pool, a cover having a plurality 
of interconnected slots, and a suspension means passing through the slots for suspending the radioactive 
components in the pool. Restrictive devices in certain slots are provided to prevent inadvertent criticality 
hazards. 
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21820…..…..…………………..…….……..……ID Number…………………..…..…………….21820 

Author: Barr, F. T. / Black, J. F. 

Title: High Flux Homogeneous Reactor with Circulating Fissile Material 

Date: 8/21/1962 

Report: US 3050454 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The circulating fissile material in the reactor is maintained under sub- critical 
conditions except when in a defined nuclear reaction zone or core. The material is passed from the core 
through a cooling zone and is returned to the core. 
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21821…..…..…………………..…….……..……ID Number…………………..…..…………….21821 

Author: Graham, R. H. 

Title: Reactor Control Device 

Date: 9/1/1962 

Report: US 3052616 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A wholly mechanical compact control device is designed for automatically rendering 
the core of a fission reactor subcritical in response to core temperatures in excess of the design operating 
temperature limit. The control device comprises an expansible bellows interposed between the base of a 
channel in a reactor core and the inner end of a fuel cylinder therein which is normally resiliently urged 
inwardly. The bellows contains a working fluid which undergoes a liquid to vapor phase change at a 
temperature substantially equal to the design temperature limit. Hence, the bellows abruptiy expands at this 
limiting temperature to force the fuel cylinder outward and render the core subcritical. The control device 
is particularly applicable to aircraft propulsion reactor service. (AEC) 
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21822…..…..…………………..…….……..……ID Number…………………..…..…………….21822 

Author: Slack, C. M. / Roman, W. G. 

Title: Reactor 

Date: 10/16/1962 

Report: US 3058897 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A fluidized pellet-bed reactor is designed for power production. The moderator-
coolant flow controls the fission process by controlling the geometric pattern of the pellets, and in event of 
pump failure, the pellets will collapse into a noncritical position. Storage chambers for new and used pellets 
are provided with hydraulic means for transporting the pellets between the chambers and the reactor vessel. 
The advantages of this reactor over other reactor types are discussed. 
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Author: Edlund, M. C. 

Title: Nuclear Reactor and Method of Operating Same 

Date: 3/12/1963 

Report: US 3081246 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A method is given for regulating a pressurized-water type reactor by varying its 
moderation. The moderation variation is obtained by using a H2O--D2O mixture which has initially a high 
D2O concentration, and by varying the D2O / H2O ratio during operation to maintain a critical mass. 
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21824…..…..…………………..…….……..……ID Number…………………..…..…………….21824 

Author: Russell, C. R. 

Title: Nuclear Reactor Safety Device 

Date: 4/9/1963 

Report: US 3085060 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A self-contained, self-actuating safety device is designed which will shut down the 
reactor upon the occurrence of a predetermined excessively high temperature in the core. The safety device 
comprises a closed tube partially filled with a mixture of fissionable material and a liquid having a high 
vapor pressure at a temperature slightly above the desired operating reactor temperature. The fissionable 
material in the tube forms a part of the reactor critical mass, and the unfilled portion of the tube extends 
outside the core. In event of core temperature rises, the liquid forces the fissionable material outside the 
core zone, thereby reducing the reactor power output. 
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Author: Petrick, M. / Marchaterre, J. F. 

Title: Boiling Slurry Reactor and Method of Control 

Date: 5/1/1963 

Report: US 3088895 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The control of a boiling slurry nuclear reactor is described. The reactor consists of a 
vertical tube having an enlarged portion, a steam drum at the top of the vertical tube, and at least one 
downcomer connecting the steam drum and the bottom of the vertical tube, the reactor being filled with a 
slurry of fissionable material in water of such concentration that the enlarged portion of the vertical tube 
contains a critical mass. The slurry boils in the vertical tube and circulates upwardly therein and 
downwardly in the downcomer. To control the reactor by controlling the circulation of the slurry, a gas is 
introduced into the downcomer. 
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Author: Petrick, M. / Marchaterre, J. F. 

Title: Boiling Slurry Reactor and Method of Control 

Date: 5/7/1963 

Report: US 3088895 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The control of a boiling slurry nuclear reactor is described. The reactor consists of a 
vertical tube having an enlarged portion, a steam drum at the top of the vertical tube, and at least one 
downcomer connecting the steam drum and the bottom of the vertical tube, the reactor being filled with a 
slurry of fissionable material in water of such concentration that the enlarged portion of the vertical tube 
contains a critical mass. The slurry boils in the vertical tube and circulates upwardly therein and 
downwardly in the downcomer. To control the reactor by controlling the circulation of the slurry, a gas is 
introduced into the downcomer. 
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Author: Menke, J. R. 

Title: Composite Neutronic Reactor 

Date: 6/11/1963 

Report: US 3093653 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This patent relates to a reactor having a core which comprises an inner active region 
and an outer active region, each region separately having a k effective less than one and a k infinity greater 
than one. The inner and outer regions in combination have a k effective at least equal to one and each region 
contributes substantially to the k effective of the reactor core. The inner region has a low moderator to fuel 
ratio such that the majority of fissions occurring therein are induced by neutrons having energies greater 
than thermal. The outer region has a high moderator to fuel ratio such that the majority of fissions occurring 
therein are induced by thermal neutrons. (AEC) 
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Author: Szilard, L. 

Title: Reactor 

Date: 9/9/1963 

Report: US 3103475 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A breeder reactor is described, including a mass of fissionable material that is less 
than critical with respect to unmoderated neutrons and greater than critical with respect to neutrons of 
average energies substantially greater than thermal, a coolant selected from sodium or sodium--potassium 
alloys, a control liquid selected from lead or lead--bismuth alloys, and means for varying the quantity of 
control liquid in the reactor. 
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Author: Rasor, N. S. / Hirsch, R. L. 

Title: Nuclear Reactor and Thermionic Fuel Element Therefor 

Date: 12/3/1963 

Report: US 3113091 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The patent relates to the direct conversion of fission heat to electricity by use of 
thermionic plasma diodes having fissionable material cathodes, said diodes arranged to form a critical mass 
in a nuclear reactor. The patent describes a fuel element comprising a plurality of diodes each having a 
fissionable material cathode, an anode around said cathode, and an ionizable gas there between. Provision 
is made for flowing the gas and current serially through the diodes. 
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Author: McLafferty, G. H. 

Title: Nuclear Magnetohydroelectric Generator 

Date: 7/1/1964 

Report: US 3140410 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Electricity; Fission; Fluids; Generators; Heating; 
Magnetohydrodynamics; Power; Seeds; Uranium 
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Author: Oickle, C. Jr. / Pinsley, E. A. 

Title: A.C. Nuclear Generator 

Date: 7/1/1964 

Report: US 3140411 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Currents; Fission; Fluids; Generators; Magnetohydrodynamics; 
Oscillations; Power 
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Author: Forsyth, G. H. 

Title: Nuclear Reactors 

Date: 10/1/1964 

Report: US 3152048 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Boiling; Control; Criticality; Density; 
Power Plants; Reactivity; Reactor Core; Reactors; Steam; Water Coolant; Water Moderator 
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Author: Radkowsky, A. 

Title: Nuclear Reactor 

Date: 10/27/1964 

Report: US 3154471 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Blankets; Control Systems; Criticality; Enrichment; Fuels; 
Hydraulics; Patent; Planning; Power; Pressure Vessels; Production; Reactors; Thermionics; Water Coolant 
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Author: Frederick, W. A. 

Title: Method of Operating a Nuclear Reactor 

Date: 11/1/1964 

Report: US 3155596 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Criticality; Fission Products; Fuels; 
Homogeneous Reactors; Operation; Poisoning; Shutdown; Slurries; Standards; Temperature; Variations 
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Author: Hibshman, H. J. 

Title: Heterogeneous Nuclear Reactors 

Date: 3/1/1965 

Report: US 3172818 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Beets; Control; Criticality; Fuel 
Elements; Fuel Plates; Heat Transfer; Motion; Planning; Plates; Power Plants; Reactor Core; Reactors; 
Rotation; Solids 
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21836…..…..…………………..…….……..……ID Number…………………..…..…………….21836 

Author: Blake, L. R. 

Title: Reactor Control by Spacing of Fuel 

Date: 4/27/1965 

Report: US 3180799 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Configuration; Control Systems; Coolants; 
Criticality; Dispersions; Fluid Flow; Fluids; Fuel Elements; Leaks; Losses; Planning; Power Plants; 
Pressure; Reactivity; Reactors; Spheres 
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21837…..…..…………………..…….……..……ID Number…………………..…..…………….21837 

Author: Ricker, C. W. / Colomb, A. L. / Mann, E. R. 

Title: Method of Determining the Negative Reactivity of Neutronic Multiplying Systems 

Date: 6/1/1965 

Report: US 3188470 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Critical Assemblies; Criticality; Density; 
Measured Values; Multiplication Factors; Neutrons; Numericals; Reactivity; Reactors; Spectra; Variations 



 

C-21893 

21838…..…..…………………..…….……..……ID Number…………………..…..…………….21838 

Author: Borst, L. B. 

Title: Nuclear Power Reactor 

Date: 7/27/1965 

Report: US 3197375 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Design and Feasibility; Critical Assemblies; Criticality; 
Multiplication Factors; Neutron Flux; Neutron Sources; Operation; Planning; Power Plants; Reactor Core; 
Reactor Safety; Reactors 
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21839…..…..…………………..…….……..……ID Number…………………..…..…………….21839 

Author: Manoll, R. E. 

Title: Quick Opening Latch and Anti-Vibration Lock for Nuclear Reactor Safety Rod 

Date: 7/19/1966 

Report: US 3261760 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies 



 

C-21895 

21840…..…..…………………..…….……..……ID Number…………………..…..…………….21840 

Author: Dufrane, K. H. 

Title: Reactor Control Rod Drive Mechanism 

Date: 1/1/1966 

Report: US 3278385 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Absorption; Control Systems; Criticality; 
Economics; Mechanics; Neutrons; Pressure; Radioactivity; Reactors; Rods; Seals; Shutdown; Temperature 



 

C-21896 

21841…..…..…………………..…….……..……ID Number…………………..…..…………….21841 

Author: Pollak, K. 

Title: Hydro-Pneumatic Apparatus for Changing Critical Configuration of Nuclear Fuel Mass 

Date: 1/1/1966 

Report: US 3288682 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Facilities & Equipment; Configuration; Control; Criticality; Fuel 
Elements; Fuels; Reactors; Remote Handling; Safety 
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21842…..…..…………………..…….……..……ID Number…………………..…..…………….21842 

Author: Brady, W. J. / Iverson, G. K. 

Title: Identification Badge Dosimeter 

Date: 1/1/1968 

Report: US 3393318 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Instrumentation-Radiation Dosimeters; Beta Particles; Criticality; Design; 
Dosemeters; Gamma Radiation; Measurement; Neutrons; Personnel; Photographic Film; Radiation Doses 
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21843…..…..…………………..…….……..……ID Number…………………..…..…………….21843 

Author: Van Dievoet, J. P. / Fossoul, E. / Stievenart, M. 

Title: Method of Pulsating or Modulating a Nuclear Reactor 

Date: 1/1/1970 

Report: US 3489646 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Reactor Components, Fuels & Accessories; Configuration; Criticality; Patent; Power; 
Pulses; Reactor Core; Reactors 
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21844…..…..…………………..…….……..……ID Number…………………..…..…………….21844 

Author: Ghilardotti, G. / Brighenti, G. 

Title: Method and Apparatus for Measuring the Infinite Multiplication Factor of Nuclear Reactor Systems 

Date: 1/1/1970 

Report: US 3519534 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Kinetics & Dynamics; Criticality; Errors; 
Multiplication Factors; Patent; Reactivity; Water Moderated Reactors 
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21845…..…..…………………..…….……..……ID Number…………………..…..…………….21845 

Author: King, L. D. P. 

Title: Kinetic Intense Neutron Generator Reactor. 

Date: 1/1/1971 

Report: US 3573167 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Power Reactor Development; Configuration; Criticality; Design; Fluid Fueled 
Reactors; Patent; Reactor Core; Water Cooled Reactors 
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21846…..…..…………………..…….……..……ID Number…………………..…..…………….21846 

Author: Rhodes, D. W. 

Title: Method of Maintaining Variable Density Dissolver Solutions Critically Safe. 

Date: 1/1/1971 

Report: US 3629134 . 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Chemistry-Radiochemistry & Nuclear Chemistry- Reactor Fuel Processing; 
Criticality; Fuel Reprocessing Plants; Nuclear Fuels; Nuclear Poisons; Reprocessing; Solubility 
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21847…..…..…………………..…….……..……ID Number…………………..…..…………….21847 

Author: Clelland, D. W. 

Title: Tanks for Liquids Containing Fissionable Material 

Date: 10/30/1973 

Report: US 3768782 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A high capacity tank for handling liquids containing fissionable material and having 
recirculating and mixing means which prevent the creation of critical masses is described. 



 

C-21903 

21848…..…..…………………..…….……..……ID Number…………………..…..…………….21848 

Author: Williams, R. A. 

Title: Personnel Ionizing Radiation Dosimeter 

Date: 10/7/1975 

Report: US 3911283 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A dosimeter and method for use by personnel working in an area of mixed ionizing 
radiation fields for measuring and/or determining the effective energy of x- and gamma radiation; beta, x-, 
and gamma radiation dose equivalent to the surface of the body; beta, x-, and gamma radiation dose 
equivalent at a depth in the body; the presence of slow neutron, fast neutron dose equivalent; and orientation 
of the person wearing the dosimeter to the source of radiation is disclosed. Optionally integrated into this 
device and method are improved means for determining neutron energy spectrum and absorbed dose from 
fission gamma and neutron radiation resulting from accidental criticality. 
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21849…..…..…………………..…….……..……ID Number…………………..…..…………….21849 

Author: Bevilacqua, F. 

Title: Fissionable Mass Storage Device 

Date: 8/23/1977 

Report: US 4044267 

Conference/Journal: U.S. Patent 

Conference Session:  

Abstract/Keyterms: An apparatus for the safe storage of a plurality of fissionable masses including an 
array of discrete neutron absorbing shields which utilize the principle of the neutron trap to reduce the 
multiplication factor of the storage array to a subcritical value when immersed in a neutron moderating 
medium is described. Each discrete neutron absorbing shield is designed to perimetrically encircle each of 
the stored fissionable masses. Each shield is spaced such that the encircled fissionable mass is spaced from 
the next adjacent neutron absorbing shield by a distance determined by the enrichment of the fissionable 
masses and attenuation of the moderating medium. 



 

C-21905 

21850…..…..…………………..…….……..……ID Number…………………..…..…………….21850 

Author: Pennell, William E. / Kalinowski, Joseph E. / Waldby, Robert N. / Rylatt, John A. / Swenson, 
Daniel V. 

Title: Nuclear Reactor Removable Radial Shielding Assembly Having a Self-Bowing Feature 

Date: 1/1/1978 

Report: US 4070241 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A removable radial shielding assembly for use in the periphery of the core of a liquid-
metal-cooled fast-breeder reactor, for closing interassembly gaps in the reactor core assembly load plane 
prior to reactor criticality and power operation to prevent positive reactivity insertion. The assembly has a 
lower nozzle portion for inserting into the core support and a flexible heat-sensitive bimetallic central spine 
surrounded by blocks of shielding material. At refueling temperature and below the spine is relaxed and in 
a vertical position so that the tolerances permitted by the interassembly gaps allow removal and replacement 
of the various reactor core assemblies. During an increase in reactor temperature from refueling to hot 
standby, the bimetallic spine expands, bowing the assembly toward the core center line, exerting a radially 
inward gap-closing-force on the above core load plane of the reactor core assembly, closing load plane 
interassembly gaps throughout the core prior to startup and preventing positive reactivity insertion. 



 

C-21906 

21851…..…..…………………..…….……..……ID Number…………………..…..…………….21851 

Author: Schneider, R. T. 

Title: Rotating Safety Drum Nuclear Reactor 

Date: 8/15/1978 

Report: US 4106984 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A gas cooled nuclear fission reactor employing spherical fuel elements which are held 
in a critical assembly configuration by centrifugal forces. This accomplished by inserting the spherical fuel 
elements in a rotating drum of a shape suitable to ensure that a nuclear critical configuration of the total 
entity of fuel elements can only be achieved if the centrifugal forces are present. This has the effect that in 
case of a loss of load, a loss of coolant or other adverse occurrences, the critical part of the reactor will 
disassemble itself, by gravitational forces exclusively, into a non-critical configuration. 
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21852…..…..…………………..…….……..……ID Number…………………..…..…………….21852 

Author: Parker, W. G. / Ravets, J. M. / Preble, B. S. 

Title: Poison and Diluent System for Nuclear Power Plants 

Date: 12/19/1978 

Report: US 4130459 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A system to prevent supercriticality in nuclear power plants in the unlikely event of 
a core destructive accident terminating in the nuclear core meltdown is described. The system dilutes and 
poisons the molten core to maintain subcriticality, and is useful in mobile nuclear power plants, or in nuclear 
plants subject to seismic disturbances, where the orientation of the nuclear reactor after the accident is 
unknown. It is also applicable to alleviate the consequences of loss of coolant flow accidents from any 
cause. Aside from preventing supercriticality, the system serves the dual purpose of acting as a biological 
shield and/or structural member that reduces the deleterious effects of accidental core impaction, without 
compromising power plant weight and size constraints. A borated material, with a melting point greater 
than the fuel melting point, is inserted in the pressure vessel behind an inner wall. In the unlikely event of 
a core meltdown, the molten fuel melts through the inner wall and is diluted and poisoned by the borated 
material. In the event the molten fuel melts through the pressure vessel, additional borated material is 
provided to continue diluting and poisoning. 
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21853…..…..…………………..…….……..……ID Number…………………..…..…………….21853 

Author: Lyon, W. L. 

Title: Safe-Geometry Pneumatic Nuclear Fuel Powder Blender 

Date: 1/29/1980 

Report: US 4185926 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A safe geometry nuclear fuel powder is claimed blender of a pneumatic type having 
a plurality of narrow flat-walled blending chambers or slab tanks extending radially outward from a 
pneumatic spouting tube having an inlet and an outlet at bottom and top, respectively, open to each slab 
tank or blending chamber and contained within a cylindrical cone-bottomed shell filled with neutron-
absorbing material between the blending chambers. 
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21854…..…..…………………..…….……..……ID Number…………………..…..…………….21854 

Author: Vachon, Lawrence J. 

Title: Reactor Safety Method 

Date: 3/11/1980 

Report: US 4192714 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This invention relates to safety means for preventing a gas cooled nuclear reactor 
from attaining criticality prior to start up in the event the reactor core is immersed in hydrogenous liquid. 
This accomplished by coating the inside surface of the reactor coolant channels with a neutral absorbing 
material that will vaporize at the reactor's operating temperature. 
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21855…..…..…………………..…….……..……ID Number…………………..…..…………….21855 

Author: Dixon, R. C. / Graf, W. A. / Sponseller, D. R. 

Title: Storage Module for Nuclear Fuel Assemblies 

Date: 2/3/1981 

Report: US 4248668 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A storage module or rack is disclosed for storage of nuclear fuel assemblies in a 
water-filled pool comprising an array of storage tubes arranged in a checkerboard pattern and attached to 
one another along their corners. Each tube thus forms a storage cell for a fuel assembly and the spaces 
between each four adjacent tubes form intermediate fuel assembly storage cells. The storage tubes are 
formed with spaced double walls between which is contained a layer of neutron absorbing material to assure 
that the array of stored fuel assemblies remains subcritical. Provision is made for free circulation of water 
through the storage cells to extract heat from the stored assemblies. The storage module maximizes the 
number of fuel assemblies that can be stored in a given space while minimizing the material used in its 
construction. 
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21856…..…..…………………..…….……..……ID Number…………………..…..…………….21856 

Author: Gutierrez, Rueben L. / Herbst, Richard J. / Johnson, Karl W. R. 

Title: Fabrication of Thorium Bearing Carbide Fuels 

Date: 1/1/1981 

Report: US 4261935 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: Thorium-uranium carbide and thorium-plutonium carbide fuel pellets have been 
fabricated by the carbothermic reduction process. Temperatures of 1750.degree C and 2000.degree. C were 
used during the reduction cycle. Sintering temperatures of 1800.degree C and 2000 degree C were used to 
prepare fuel pellet densities of 87% and >94% of theoretical, respectively. The process allows the 
fabrication of kilogram quantities of fuel with good reproducibility of chemicals and phase composition. 
Methods employing liquid techniques that form carbide microspheres or alloying-techniques which form 
alloys of thorium-uranium or thorium-plutonium suffer from limitation on the quantities processed of 
because of criticality concerns and lack of precise control of process conditions, respectively. 
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21857…..…..…………………..…….……..……ID Number…………………..…..…………….21857 

Author: Schultz, M. A. 

Title: Shutdown Reactivity Meter System for Nuclear Fuel Storage Cells 

Date: 12/15/1981 

Report: US 4305786 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A system for determining whether a self-sustaining neutron chain reaction (i.e., 
criticality) may occur as each successive nuclear fuel element is added to a liquid-filled tank. This 
accomplished by determining whether a multiplication factor, k, approaches unity after each element is 
added to the tank in accordance with the equation is the emission rate of the neutron source; alpha is a term 
that reflects the detector sensitivity as well as the attenuation of the neutron between source and detector 
and various geometric considerations in the tank; CR is the counting rate from a neutron detector; and k is 
a multiplication factor of the assembly at any given time for any given element configuration. 
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21858…..…..…………………..…….……..……ID Number…………………..…..…………….21858 

Author: Cassidy, D. A. / Dates, L. R. / Groh, E. F. 

Title: Storage Containers for Radioactive Material 

Date: 12/29/1981 

Report: US 4308460 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A radioactive material storage system is disclosed for use in the laboratory. This 
system is composed of the following: a flat base plate with a groove in one surface thereof and a hollow 
pedestal extending perpendicularly away from the other surface thereof; a sealing gasket in the groove, a 
cover having a filter therein and an outwardly extending flange which fits over the plate; the groove and 
the gasket, and a clamp for maintaining the cover and the plate are sealed together, whereby the plate and 
the cover and the clamp cooperate to provide a storage area for radioactive material readily accessible for 
use or inventory. Wall mounts are provided to prevent accidental formation of critical masses during 
storage. 
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21859…..…..…………………..…….……..……ID Number…………………..…..…………….21859 

Author: Duerksen, Walter K. / Googin, John M. / Napier, Jr., Bradley 

Title: Aqueous Cutting Fluid for Machining Fissionable Materials 

Date: 1/1/1984 

Report: US 4448701 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The present invention is directed to a cutting fluid for machining fissionable material. 
The cutting fluid is formed of glycol, water and boron compound in an adequate concentration for effective 
neutron attenuation so as to inhibit criticality incidents during machining. 
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21860…..…..…………………..…….……..……ID Number…………………..…..…………….21860 

Author: Tuley, C. R. Jr. / Bauman, D. A. / Feilchenfeld, M. M. / Greenberg, L. / Neuner, J. A. 

Title: Method and apparatus for preventing inadvertent criticality in a nuclear fueled electric powering 
generating unit 

Date: 8/15/1982 

Report: US 4582672 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A method is described of detecting an inadvertent approach to criticality in a nuclear 
fueled electric power generating unit consisting of the steps of: generating an instantaneous neutron flux 
count rate signal representative of the instantaneous neutron flux in the reactor at a level of reactivity of 
about 10/sup -4/ percent reactor power and below; generating from the instantaneous neutron flux count 
rate signal first and second average flux count rate signals representative of the average neutron flux count 
rate signal over first and second incremental time periods spaced apart in time by a preset time interval 
including sampling the instantaneous neutron flux count rate signal repetitively during the incremental time 
periods and generating the first and second average flux count rate signals as the average of the samples 
taken during the respective intervals; and comparing the first and second average flux count rate signals 
and generating an alarm when the second average flux count rate signal exceeds the first average flux count 
rate signal by at least a preselected multiplication factor. 
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21861…..…..…………………..…….……..……ID Number…………………..…..…………….21861 

Author: Impink, A. J. Jr. / Langford, F. L. Jr. 

Title: Method and apparatus for determining the nearness to criticality of a nuclear reactor 

Date: 5/13/1986 

Report: US 4588547 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: An apparatus is described for determining the reactivity of reactor fuel in the core of 
a nuclear reactor which consists of: an artificial source of neutrons implanted in the reactor fuel which 
generates a neutron flux only in a localized region; a first neutron detector positioned to detect neutrons in 
the localized region from the artificial source and from the reactor fuel and to generate a first electrical 
signal representative of the neutron flux in the localized region; a second neutron detector positioned in a 
similar relationship to reactor fuel in the reactor core as the first neutron detector but removed from the 
localized region to generate a second electrical signal representative of the neutron flux generated by the 
natural neutron sources in the reactor fuel but not the neutron flux generated by the artificial neutron source; 
means for generating a ratio signal representative of the ratio of the second electrical signal to the first 
electrical signal; and means for generating an output signal from the ratio signal representative of the 
reactivity of the reactor fuel in the reactor core as a function of the ratio signal. 
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21862…..…..…………………..…….……..……ID Number…………………..…..…………….21862 

Author: Spadaro, Peter R. / Smith, Jay E. / Speer, Elmer L. / Cecconi, Arnold L. 

Title: Method and Apparatus for In-Cell Vacuuming of Radiologically Contaminated Materials 

Date: 1/1/1987 

Report: US 4695299 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A vacuum air flow operated cyclone separator arrangement for collecting, handling 
and packaging loose contaminated material in accordance with acceptable radiological and criticality 
control requirements. The vacuum air flow system includes a specially designed fail-safe prefilter installed 
upstream of the vacuum air flow power supply. The fail-safe prefilter provides in-cell vacuum system flow 
visualization and automatically reduces or shuts off the vacuum air flow in the event of an upstream prefilter 
failure. The system is effective for collecting and handling highly contaminated radiological waste in the 
form of dust, dirt, fuel element fines, metal chips and similar loose material in accordance with radiological 
and criticality control requirements for disposal by means of shipment and burial. 
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21863…..…..…………………..…….……..……ID Number…………………..…..…………….21863 

Author: Christian, J. D. / Thomas, T. R. / Kessinger, G. F. 

Title: Dry Halide Method for Separating the Components of Spent Nuclear Fuels 

Date: 6/30/1998 

Report: US 5, 774, 815/A/ 

Conference/Journal: US patent application 8-696,187 

Conference Session:  

Abstract/Keyterms: The invention is a nonaqueous, single method for processing multiple spent nuclear 
fuel types by separating the fission and transuranic products from the nonradioactive and fissile uranium 
product. The invention has four major operations: exposing the spent fuels to chlorine gas at temperatures 
preferably greater than 1200 C to form volatile metal chlorides; removal of the fission product chlorides, 
transuranic product chlorides, and any nickel chloride and chromium chloride in a molten salt scrubber at 
approximately 400 C; fractional condensation of the remaining volatile chlorides at temperatures ranging 
from 164 to 2 C; and regeneration and recovery of the transferred spent molten salt by vacuum distillation. 
The residual fission products, transuranic products, and nickel- and chromium chlorides are converted to 
fluorides or oxides for vitrification. The method offers the significant advantages of a single, compact 
process that is applicable to most of the diverse nuclear fuels, minimizes secondary wastes, segregates 
fissile uranium from the high level wastes to resolve potential criticality concerns, segregates 
nonradioactive wastes from the high level wastes for volume reduction, and produces a common waste 
form glass or glass-ceramic. 
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21864…..…..…………………..…….……..……ID Number…………………..…..…………….21864 

Author: Mihalczo, J. T. 

Title: On-Line Tritium Production Monitor 

Date: 11/23/1993 

Report: US 5,264,702/A/ 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A scintillation optical fiber system for the on-line monitoring of nuclear reactions in 
an event-by-event manner is described. In the measurement of tritium production one or more optical fibers 
are coated with enriched 6Li and connected to standard scintillation counter circuitry. A neutron generated 
6Li(n)T reaction occurs in the coated surface of 6Li-coated fiber to produce energetic alpha and triton 
particles one of which enters the optical fiber and scintillates light through the fiber to the counting circuit. 
The coated optical fibers can be provided with position sensitivity by placing a mirror at the free end of the 
fibers or by using pulse counting circuits at both ends of the fibers.. 
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21865…..…..…………………..…….……..……ID Number…………………..…..…………….21865 

Author: Zeren, J. D. 

Title: Critically Safe Volume Vacuum Pickup for Use in Wet or Dry Cleanup of Radioactive Enclosures 

Date: 12/1/1993 

Report: US 5,273,561/A// 28 Dec 1993/[10] pp. Int. Patent Code: B01D 46/02 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A physical compact vacuum pickup device of critically safe volume and geometric 
shape is provided for use in radioactive enclosures, such as a small glove box, to facilitate manual cleanup 
of either wet or dry radioactive material. The device is constructed and arranged so as to remain safe when 
filled to capacity with plutonium-239 oxide. Two fine mesh filter bags are supported on the exterior of a 
rigid fine mesh stainless steel cup. This assembly is sealed within, and spaced from, the interior walls of a 
stainless steel canister. An air inlet communicates with the interior of the canister. A modified conventional 
vacuum head is physically connected to, and associated with, the interior of the mesh cup. The volume of 
the canister, as defined by the space between the mesh cup and the interior walls of the canister, forms a 
critically safe volume and geometric shape for dry radioactive particles that are gathered within the canister. 
A critically safe liquid volume is maintained by operation of a suction terminating float valve, and/or by 
operation of redundant vacuum check/liquid drain valves and placement of the air inlet 
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21866…..…..…………………..…….……..……ID Number…………………..…..…………….21866 

Author: Bowman, Charles D. 

Title: Nuclear Reactivity Control Using Laser Induced Polarization 

Date: 1/1/1991 

Report: US 5063019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This patent describes a control element for reactivity control of a fission source 
provides an atomic density of [sup 3]He in a control volume which is effective to control criticality as the 
[sup 3]He is spin-polarized. Spin-polarization of the [sup 3]He affects the cross section of the control 
volume for fission neutrons and hence, the reactivity. An irradiation source is directed within the [sup 3]He 
for spin-polarizing the [sup 3]He. An alkali-metal vapor may be included with the [sup 3]He where a laser 
spin-polarizes the alkali-metal atoms which in turn, spin-couple with [sup 3]He to spin-polarize the [sup 
3]He atoms. 
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21867…..…..…………………..…….……..……ID Number…………………..…..…………….21867 

Author: Mihalczo, J. T. 

Title: Two-Dimensional Position Sensitive Radiation Detectors 

Date: 2/22/1994 

Report: US 5289510; A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear reaction detectors capable of position sensitivity with submillimeter 
resolution in two dimensions are each provided by placing arrays of scintillation or wavelength shifting 
optical fibers formed of a plurality of such optical fibers in a side-by-side relationship in X and Y directions 
with a layer of nuclear reactive material operatively associated with surface regions of the optical fiber 
arrays. Each nuclear reaction occurring in the layer of nuclear reactive material produces energetic particles 
for simultaneously providing a light pulse in a single optical fiber in the X oriented array and in a single 
optical fiber in the Y oriented array. These pulses of light are transmitted to a signal producing circuit for 
providing signals indicative of the X-Y coordinates of each nuclear event. 
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21868…..…..…………………..…….……..……ID Number…………………..…..…………….21868 

Author: Jacox, Michael G. / Drexler, Robert L. / Hunt, Robert N. M. / Lake, James A. 

Title: Dual Annular Rotating "Windowed" Nuclear Reflector Reactor Control System 

Date: 1/1/1994 

Report: US 5299242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear reactor control system is provided in a nuclear reactor having a core 
operating in the fast neutron energy spectrum where criticality control is achieved by neutron leakage. The 
control system includes dual annular, rotatable reflector rings. There are two reflector rings: an inner 
reflector ring and an outer reflector ring. The reflectors are concentrically assembled, surround the reactor 
core, and each reflector ring includes a plurality of openings. The openings in each ring are capable of being 
aligned or non-aligned with each other. Independent driving means for each of the annular reflector rings 
is provided so that reactor criticality can be initiated and controlled by rotation of either reflector ring such 
that the extent of alignment of the openings in each ring controls the reflection of neutrons from the core. 



 

C-21924 

21869…..…..…………………..…….……..……ID Number…………………..…..…………….21869 

Author: Mihalczo, J. T. / Simpson, M. L. / McElhaney, S. A. 

Title: Dual Neutron Flux/Temperature Measurement Sensor 

Date: 10/4/1994 

Report: US 5352040; A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Simultaneous measurement of neutron flux and temperature is provided by a single 
sensor which includes a phosphor mixture having two principal constituents. The first constituent is a 
neutron sensitive 6LiF and the second is a rare-earth activated Y203 thermophosphor. The mixture is coated 
on the end of a fiber optic, while the opposite end of the fiber optic is coupled to a light detector. The 
detected light scintillations are quantified for neutron flux determination, and the decay is measured for 
temperature determination. 
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21870…..…..…………………..…….……..……ID Number…………………..…..…………….21870 

Author: McLean, II, William / Miller, Philip E. / Horton, James A. 

Title: Compact Reaction Cell for Homogenizing and Down-Blending Highly Enriched Uranium Metal 

Date: 5/1/1995 

Report: US 5411722 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: The invention is a specialized reaction cell for converting uranium metal to uranium 
oxide. In a preferred form, the reaction cell comprises a reaction chamber with increasing diameter along 
its length (e.g. a cylindrical chamber having a diameter of about 2 inches in a lower portion and having a 
diameter of from about 4 to about 12 inches in an upper portion). Such dimensions are important to achieve 
the necessary conversion while at the same time affording criticality control and transportability of the cell 
and product. The reaction chamber further comprises an upper port and a lower port, the lower port allowing 
for the entry of reactant gasses into the reaction chamber, the upper port allowing for the exit of gasses from 
the reaction chamber. A diffuser plate is attached to the lower port of the reaction chamber and serves to 
shape the flow of gas into the reaction chamber. The reaction cell further comprises means for introducing 
gasses into the reaction chamber and a heating means capable of heating the contents of the reaction 
chamber. The present invention also relates to a method for converting uranium metal to uranium oxide in 
the reaction cell of the present invention. The invention is useful for down-blending highly enriched 
uranium metal by the simultaneous conversion of highly enriched uranium metal and natural or depleted 
uranium metal to uranium oxide within the reaction cell. 
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Title: Depleted Uranium as a Backfill for Nuclear Fuel Waste Package 
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Report: US 5832392 

Conference/Journal: Patent 

Conference Session:  

Abstract/Keyterms: A method for packaging spent nuclear fuel for long-term disposal in a geological 
repository. At least one spent nuclear fuel assembly is first placed in an unsealed waste package and a 
depleted uranium fill material is added to the waste package. The depleted uranium fill material comprises 
flowable particles having a size sufficient to substantially fill any voids in and around the assembly and 
contains isotopically-depleted uranium in the +4 valence state in an amount sufficient to inhibit dissolution 
of the spent nuclear fuel from the assembly into a surrounding medium and to lessen the potential for 
nuclear criticality inside the repository in the event of failure of the waste package. Last, the waste package 
is sealed, thereby substantially reducing the release of radionuclides into the surrounding medium, while 
simultaneously providing radiation shielding and increased structural integrity of the waste package. 
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Title: High-Efficiency Scintillation Detector for Combined of Thermal and Fast Neutrons and Gamma 
Radiation 

Date: 1/1/1989 

Report: US H590 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A scintillation based radiation detector for the combined detection of thermal 
neutrons, high-energy neutrons and gamma rays in a single detecting unit. The detector consists of a pair 
of scintillators sandwiched together and optically coupled to the light sensitive face of a photomultiplier 
tube. A light tight radiation pervious housing is disposed about the scintillators and a portion of the 
photomultiplier tube to hold the arrangement in assembly and provides a radiation window adjacent the 
outer scintillator through which the radiation to be detected enters the detector. The outer scintillator is 
formed of a material in which scintillations are produced by thermal-neutrons and the inner scintillator is 
formed of a material in which scintillations are produced by high-energy neutrons and gamma rays. The 
light pulses produced by events detected in both scintillators are coupled to the photomultiplier tube which 
produces a current pulse in response to each detected event. These current pulses may be processed in a 
conventional manner to produce a count rate output indicative of the total detected radiation even count 
rate. Pulse discrimination techniques may be used to distinguish the different radiations and their energy 
distribution. 
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Title: Subcriticality Measurement Apparatus and Method 
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Report: US Patent No 4 515 749 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method and apparatus are claimed for determining the subcriticality of masses of 
uranium by directing epithermal neutrons toward said mass, isolating said material from external thermal 
neutrons, and measuring the ratio of thermal and epithermal neutrons to epithermal neutrons which enables 
the establishment of a subcriticality value representative of the mass of uranium. 
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Conference/Journal: US/Japan seminar on fast pulse reactors, 19 Jan 1976, Tokai, Japan 

Conference Session:  

Abstract/Keyterms: This paper reviews the prompt neutron decay and reactivity measurements that have 
been performed for uranium (93.2 wt% 235U) metal assemblies and correlates events in a detector in the 
assembly with those in a chamber containing the spontaneously fissioning isotope, 252Cf, which provides 
neutrons that initiate fission chains in the assembly. The theory is reviewed and the results of measurements 
in both the time and the frequency domains are presented. The results are also compared with other 
measurements. 
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Conference/Journal: Conference on Pulse Radiation Testing, 13 to I5 Scptember 1960, Air Force 
Special Weapons Center, Kirtland AFB, Albuquerque, NM 

Conference Session:  

Abstract/Keyterms: Presented at the Conference on Pulse Radiation Testing, 13 to I5 Scptember 1960, 
Air Force Special Weapons Center, Kirtland AFB, Albuquerque, N. Mex. The advent of small tactical 
weapons and the detection of nuclear transient effects in electronics have presented many new problems. 
Preliminary studies of dosimetry, of field conditions, and of experimental precautions are mentioned. The 
observed transient effects are related to two groups of damage: the ionization effect and the bulk effect, 
both of which show different build-up and relaxation times. Typical cases are the resistor and the capacitor. 
The time dependence of the transients is studied by means of reactor pulses of different length. Proposals 
are made for new experiments using low temperatures of thermalizing shields 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments performed on Godiva II with the use of the SEMIRAD systems are 
described. The experiments were concerned mainly with the problem as to how close the recorded Godiva 
pulse agrees with the actual burst. For this purpose, the SEMIRAD results were compared with readings 
from a parallel-plate ion chamber and from fluor dose-rate meters. A theoretical comparison was made of 
the Godiva pulse with experimental data. The influence of the burst on coaxial lines used to transmit the 
SEMIRAD signal was also investigated. The results affirmed the ability of SEMIRAD to follow the Godiva 
II gamma pulse at the closest possible distances. 
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Title: Uranium Hexafluoride: A Manual of Good Handling Practices 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The United States Enrichment Corporation (USEC) is continuing the policy of the 
US Department of Energy (DOE) and its predecessor agencies in sharing with the nuclear industry their 
experience in the area of uranium hexafluoride (UF6) shipping containers and handling procedures. The 
USEC has reviewed Revision 6 or ORO-651 and is issuing this new edition to assure that the document 
includes the most recent information on UF6 handling procedures and reflects the policies of the USEC. 
This manual updates the material contained in earlier issues. It covers the essential aspects of UF6 handling, 
cylinder filling and emptying, general principles of weighing and sampling, shipping, and the use of 
protective overpacks. The physical and chemical properties of UF6 are also described. The procedures and 
systems described for safe handling of UF6 presented in this document have been developed and evaluated 
during more than 40 years of handling vast quantities of UF6. With proper consideration for its nuclear 
properties, UF6 may be safely handled in essentially the same manner as any other corrosive and/or toxic 
chemical. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Squalene, a liquid hexamer having the fundamental isoprenoid molecular structure of 
natural rubber, was irradiated with cobalt-60 gamma rays. The squalene was radiolyzed in vacuum and the 
dose absorption varied from 0.13 to 2.1 megarad. Gas chromatographic product analysis showed that 
hydrogen and methane are produced in the greatest amounts. The values obtained were in units of G 
(molecules per 100 ev of energy absorbed) where G(H2) = 0.58 plus or minus 0.02 and G(CH4) = 0.018 
plus or minus 0.001. The yields of ten other low molecular weight products were measured with a total G 
< 0.003. A relationship of hydrogen yield from the radiolysis of squalene and other simple isoprenoid 
structures to that of rubber was demonstrated. 
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Title: Spontaneous Chain Reaction of Uranium Fission in Nature 
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Conference Session:  

Abstract/Keyterms: Computations are made of the thermal utilization and fission factors for fast neutrons, 
the probability of avoiding resonance capture, the average number of fission neutrons per 1 captured 
thermal neutron as well as the fission factor of thermal neutrons for various models of a natural nuclear 
reactor with neutron leakage, with a neutron reflector, and an infinitely large heterogeneous reactor. The 
computations were made for the age of 0 less than or equal to T. less than or equal to 4.6 billion years and 
a concentration of 1 less than or equal to U less than or equal to 50%, 1 less than or equal to H2O less than 
or equal to 20%. Data on the chemical composition of rock from the Oklo deposit (Gabon, Africa) were 
used. An examination was made of various geometric conditions in a heterogeneous reactor. The natural U 
deposits may be critical systems when T. is sufficiently high and U and H2O are in large concentrations. 
The Oklo deposit was found to have conditions for the development of a chain reaction of uranium fission 
2 x 10$sup 9$ years ago. This confirmed by the experimental data on the isotopic anomalies of U, Nd, Sm, 
Eu, Xe, and K. 
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Abstract/Keyterms: In nuclear fuel manufacturing and spent fuel reprocessing, a variety of safety devices 
must be prepared to prevent criticality accidents because it is very important for security. In order to 
examine the detection limits and the response time of criticality alarm systems, the tests have been carried 
out for simulating criticality accidents in unsteady state operation (prompt subcritical) and reactivity 
injection pulse operation (prompt critical) of the nuclear engineering research facility "Yayoi," in the 
Faculty of Engineering, University of Tokyo. The criticality accident detectors installed presently in the 
Tokai reprocessing facility of Power Reactor and Nuclear Fuel. Development Corp. are two types of 
gamma-ray and neutron beam detectors. The gamma-ray detector uses a plastic scintillator, and the neutron 
beam detector is an enriched uranium target coupled with a junction diode both wrapped with aluminum 
and inserted into the center of Plexiglas (moderator). The gamma-ray detector fully follows the reactor 
output change, and generates alarm in a complex radiation field of gamma-ray and neutrons. In the tests of 
reactivity pulse operation mode, it generates alarm signal in the time lag of within 400 $mu$s after passing 
the alarm threshold, even for a spike as high as completely saturating it. This time lag causes no problem 
because 
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Abstract/Keyterms: Some methods for decreasing variances in Monte Carlo neutron transport calculations 
are presented together with the results of sample calculations. A general purpose neutron transport Monte 
Carlo code "MORSE" was used for the purpose. The first method discussed in this report is the method of 
statistical estimation. As an example of this method, the application of the coarse-mesh rebalance 
acceleration method to the criticality calculation of a cylindrical fast reactor is presented. Effective 
multiplication factor and its standard deviation are presented as a function of the number of histories and 
comparisons are made between the coarse-mesh rebalance method and the standard method. Five-group 
neutron fluxes at core center are also compared with the result of S4 calculation. The second method is the 
method of correlated sampling. This method was applied to the perturbation calculation of control rod 
worths in a fast critical assembly (FCA-V-3) Two methods of sampling (similar flight paths and identical 
flight paths) are tested and compared with experimental results. For every case the experimental value lies 
within the standard deviation of the Monte Carlo calculations. The third method is importance sampling. In 
this report a biased selection of particle flight directions is discussed. 
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Abstract/Keyterms: The Dalat nuclear research reactor was reconstructed from the TRIGA Mark II 
reactor, built in 1963 with a nominal power of 250 kW, and reached its planned nominal power of 500 kW 
for the first time in February 1984. The Dalat reactor has some characteristics distinct from the former 
TRIGA reactor. Investigation of its characteristics is carried out by the determination of the reactor physics 
parameters. This paper represents the experimental results obtained for the effective fraction of the delayed 
photoneutrons, the extraneous neutron source left after the reactor is shut down, the lowest power levels of 
reactor critical states, the relative axial and radial distributions of thermal neutrons, the safe positive 
reactivity inserted into the reactor at a deep subcritical state, the reactivity temperature coefficient of water, 
the temperature on the surface of the fuel elements, etc. 
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Abstract/Keyterms: The possibility of fast neutron spectra measurements by threshold in the fast-thermal 
critical assembly is shown. Use has been made of the following reactions 103Rh(n, n')/103m/Rh, 115In(n, 
n')/sup 115m/In, 58Ni(n, p)58Co, 64Zn(n, p)64Cu, 56Fe, 27Al(n, alpha)24Na. From the activation data the 
energy distribution of fast neutrons was calculated by means of the least square-method using BESM-3M 
computer and by the express method. 
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Abstract/Keyterms: As part of the termination activities of Experimental Breeder Reactor II (EBR-II) at 
Argonne National Laboratory (ANL) West, the spent metallic fuel from EBR-II will be treated in the fuel 
cycle facility (FCF). A key component of the spent-fuel treatment process in the FCF is the electrorefiner 
(ER) in which the actinide metals are separated from the active metal fission products and the reactive bond 
sodium. In the electrorefining process, the metal fuel is anodically dissolved into a high-temperature molten 
salt, and refined uranium or uranium/plutonium products are deposited at cathodes. The criticality safety 
strategy and analysis for the ANL West FCF ER is summarized. The FCF ER operations and processes 
formed the basis for evaluating criticality safety and control during actinide metal fuel refining. To show 
criticality safety for the FCF ER, the reference operating conditions for the ER had to be defined. Normal 
operating envelopes (NOEs) were then defined to bracket the important operating conditions. To keep the 
operating conditions within their NOEs, process controls were identified that can be used to regulate the 
actinide forms and content within the ER. A series of operational checks were developed for each operation 
that will verify the extent or success of an operation. The criticality analysis considered the ER operating 
conditions at their NOE values as the point of departure for credible and incredible failure modes. As a 
result of the analysis, FCF ER operations were found to be safe with respect to criticality. 
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Abstract/Keyterms: An investigation of the inelastic scattering of neutrons from oxygen and nitrogen was 
made in order to determine inelastic neutron cross sections and gamma-ray production cross sections. A 
single crystal NaI(Tl) spectrometer was used to detect gamma rays from oxygen and nitrogen in the neutron 
energy ranges from 3.4 to 5.05 Mev and from 14.9 to 17 Mev. Cross sections for production of the 2.30 
Mev gamma ray in N/sup 14/ and the 6.1 Mev gamma ray in O/sup 16/ were measured at several energies. 
An associated particle time-of-flight technique was developed and used to measure the energy distribution 
of the neutrons inelasticaly scattered from oxygen at 14.9 Mev. A pulsed beam time-of-flight spectrometer 
was constructed and tested and some preliminary results obtained. A detailed discussion of the time-of-
flight apparatus is included. 
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Abstract/Keyterms: A laboratory investigation of the response of full-scale aircraft components subjected 
to simulated supersonic nuclear weapon conditions was performed. A thermal strain correlation is presented 
comparing the experimentally determined thermal strains for the substructures of F-84F stabilators with 
theoretical strain values. The experimental strain values apply to F-84F stabilators with and without preheat 
subjected to transient heat inputs on one surface. The theoretical strain results are determined by means of 
an elementary one-dimensional thermalstress analysis. Some major factors affecting the accuracy of the 
correlation are discussed, and graphs comparing the experimental and theoretical strain values are 
presented. In addition a one-dimensional thermal-stress analysts which includes the effect of skin buckling 
for a box- section subjected to a nonuniform heat input is presented- Critical strain for the onset of buckling 
in the perature gradients and edge conditions. The results of the analysis are presented in graphical and 
analytical form. A representative calculation for the tip deflection of the entire stabilator under thermal 
loading is presented, and a comparison is made with observed values. 
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Abstract/Keyterms: Nuclear criticality analyses were performed for operations involving the handling and 
storage of transuranic waste planned for receipt during the operation of the Waste Isolation Pilot Plant 
project. The purpose of the analyses was to determine whether the basic nuclear safety criteria specified in 
ERDA Manual Chapter 0530 are met. Infinite multiplication factors were calculated to envelope a variety 
of postulated conditions involving anticipated configurations of transuranic waste forms contained in 
protective packages. In all cases, an infinite collection of containers was assumed in order to estimate the 
consequences of a particular event very conservatively. Based on the criticality analyses presented, it is 
concluded that no credible single accident could result in criticality during either transuranic waste handling 
or storage operations. Similarly, no two unlikely, independent, and concurrent changes could lead to a 
critical configuration. 
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Abstract/Keyterms: The Bundesamt fuer Strahlenschutz (BfS), Germany`s Federal Office of Radiation 
Protection, intends to dispose of non-heat-generating radioactive waste, which may contain residual 
quantities of fissile materials like U 235 or Pu 239 in solid form, in the planned German Konrad repository. 
Within the framework of a comprehensive safety analysis, criticality safety for both the operational phase 
and the post-operational phase of the repository has been investigated. The performed analysis and the 
investigated scenarios as well as the calculation methods are described. As a result of the criticality safety 
considerations, limitations of fissionable materials are derived. These limitations restrict on the one hand 
the admissible mass concentration of fissile materials in the waste form and--on the other hand--the 
admissible mass of these materials in the cross section of an emplacement room, leading at the end to 
admissible masses per waste package. The mass limitations are determined separately for four 
radionuclides. In practice, a mixture of these radionuclides in a waste package has to be taken into account. 
Therefore, a summation criterion has been derived in order to ensure a high flexibility for the conditioning 
of the waste. This flexibility option does not result in a lower safety level of the repository. 
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Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Nuclear Fuels- Storage; Control; 
Criticality; Nuclear Poisons 
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21949…..…..…………………..…….……..……ID Number…………………..…..…………….21949 

Author: Schaedel, C. T. 

Title: Reactor Assembly Laboratory Criticality Hazards Control Procedures 

Date: 4/29/1965 

Report: WANL-TME--437(Rev.2)(Sect.7) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Criticality; Hazards; Management; 
Specifications 
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21950…..…..…………………..…….……..……ID Number…………………..…..…………….21950 

Author: Barksdale, C. E. / Ney, E. J. 

Title: WANL Flexible Critical Experiment (FCX) Design Report 

Date: 9/1/1963 

Report: WANL-TME-508 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Design; Planning; Zero Power Reactors 
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21951…..…..…………………..…….……..……ID Number…………………..…..…………….21951 

Author: Call, D. W. / Parker, G. E. 

Title: Selection of Material, Number and Distribution of Poison Wires for the Anticriticality Poison System 

Date: 11/19/1963 

Report: WANL-TME-603 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Nuclear Poisons; Criticality; Reactor Safety; 
Wires 
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21952…..…..…………………..…….……..……ID Number…………………..…..…………….21952 

Author: n. a. 

Title: Criticality Manual 

Date: 11/17/1967 

Report: WANL-TME--621(Rev.600-0) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Control; Criticality; Enriched Uranium; 
Fabrication; Manuals; Materials Handling; Storage 
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21953…..…..…………………..…….……..……ID Number…………………..…..…………….21953 

Author: n. a. 

Title: Nuclear Safety Manual 

Date: 10/31/1975 

Report: WANL-TME--621(Rev.900-1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Fuel Elements; Control; Criticality; Fabrication; 
Inspection; Manuals; Nuclear Fuels; Residues; Storage; Transport 
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21954…..…..…………………..…….……..……ID Number…………………..…..…………….21954 

Author: Freidhof, W. E. 

Title: Criticality Hazards Control Procedure 

Date: 1/1/1964 

Report: WANL-TME-646 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities-- Safety; Criticality; Radiation Protection; Storage 
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21955…..…..…………………..…….……..……ID Number…………………..…..…………….21955 

Author: Frantz, F. S. 

Title: Westinghouse Astronuclear Experimental Facility Criticality Hazards Control Procedure 

Date: 3/1/1966 

Report: WANL-TME-646(Rev.A) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Control; Criticality; Operation 



 

C-22011 

21956…..…..…………………..…….……..……ID Number…………………..…..…………….21956 

Author: Kovacik, W. P. 

Title: Criticality Hazards Control Procedure. Appendix 

Date: 3/1/1966 

Report: WANL-TME--646(Rev.A)(App.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nerva Reactor- Fuel Elements; Criticality; Hazards; Radiation Protection 



 

C-22012 

21957…..…..…………………..…….……..……ID Number…………………..…..…………….21957 

Author: n. a. 

Title: Westinghouse Astronuclear Experimental Facility Nuclear Safety Manual 

Date: 4/1/1967 

Report: WANL-TME-646(Rev.B) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Criticality; Manuals; Operation 



 

C-22013 

21958…..…..…………………..…….……..……ID Number…………………..…..…………….21958 

Author: Kovacik, W. P. 

Title: Nuclear Safety Manual. Appendix 

Date: 4/1/1967 

Report: WANL-TME-646(Rev.B)(App.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Radiation Protection; Criticality; Manuals; 
Safety 
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21959…..…..…………………..…….……..……ID Number…………………..…..…………….21959 

Author: n.a. 

Title: Westinghouse Astronuclear Experimental Facility Nuclear Safety Manual 

Date: 4/1/1968 

Report: WANL-TME--646(Rev.C) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Criticality; Manuals; Operation 
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21960…..…..…………………..…….……..……ID Number…………………..…..…………….21960 

Author: Frantz, F. S. 

Title: Westinghouse Astronuclear Experimental Facility Nuclear Safety Manual 

Date: 7/11/1975 

Report: WANL-TME-646(Rev.D) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities- Safety; Criticality; Manuals; Operation 
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21961…..…..…………………..…….……..……ID Number…………………..…..…………….21961 

Author: Ravets, J. M. 

Title: Definition of Reactivity 

Date: 6/9/1964 

Report: WANL-TMI-1121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ReactorsReactor Theory & Calculation; Reactivity; Criticality; Eigenvalues; 
Numerical Solution 
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21962…..…..…………………..…….……..……ID Number…………………..…..…………….21962 

Author: Brickman, E. L. 

Title: Criticality Hazards Control Procedure, High Temperature Test Room, Engineering Mechanics 
Laboratory 

Date: 10/1/1967 

Report: WANL-TMI-1405(Rev.4) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear NERVA Reactor- Fuel Elements; Test Facilities- Safety Engineering; 
Radiation Accidents 



 

C-22018 

21963…..…..…………………..…….……..……ID Number…………………..…..…………….21963 

Author: Rothman, A. B. 

Title: Calibration of Control Drums in a Sub-Critical Assembly 

Date: 2/28/1963 

Report: WANL-TMI--458(Add.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Control Rod Worths; Laplace Transformation; 
Pulsed Neutron Techniques; Reactivity; Subcriticality 



 

C-22019 

21964…..…..…………………..…….……..……ID Number…………………..…..…………….21964 

Author: Drawbaugh, D. W. 

Title: Informal Outline of Reactor Physics Program 

Date: 3/8/1963 

Report: WANL-TMI-556 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Space, NERVA Reactor- Reactor Kinetics; Computer Calculations; 
Criticality; Cross Sections; Flux Synthesis; Heat Transfer; Mechanical Vibrations; Resonance Integrals; 
Shielding; Thermal Stresses 
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21965…..…..…………………..…….……..……ID Number…………………..…..…………….21965 

Author: Vogel, M. A. 

Title: Handling of Radioactive By-Product Material in Materials Irradiation Test Laboratory, Building 9 

Date: 2/20/1964 

Report: WANL-TMI--981 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radioactive Materials; Capsules; Criticality; Fission Products; Hot Cells; Nuclear 
Fuels; Radiation Protection; Radioactive Wastes; Shielding; Uranium 235 



 

C-22021 

21966…..…..…………………..…….……..……ID Number…………………..…..…………….21966 

Author: Hemmerle, E. H. 

Title: Addendum No. 2 to WANL-TNR—099 

Date: 1/2/1964 

Report: WANL-TNR-099(Add.2) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Reactor NERVA Reactor- Fuel Elements; Containers; Criticality; 
Mathematical Models; Moderator-Fuel Ratio 



 

C-22022 

21967…..…..…………………..…….……..……ID Number…………………..…..…………….21967 

Author: n. a. 

Title: Nuclear Safety Analysis. WANEF Test Cell Fuel Storage Rack. Revised Appendix B 

Date: 11/8/1965 

Report: WANL-TNR-099(App.B)(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Nuclear Fuels- Storage; Criticality; Safety 
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21968…..…..…………………..…….……..……ID Number…………………..…..…………….21968 

Author: n. a. 

Title: Safety Report for the Westinghouse Astronuclear Experimental Facility (PAX and FCX) 

Date: 7/11/1975 

Report: WANL-TNR-099(Rev.B) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactors-Reactor NERVA Reactor; Neutron Reflectors; Nuclear Poisons; Reactivity; 
Reactivity Coefficients 



 

C-22024 

21969…..…..…………………..…….……..……ID Number…………………..…..…………….21969 

Author: Siegel, Sidney 

Title: Lecture Series on Elementary Reactor Theory, September-December, 1949 

Date: 12/1/1949 

Report: WAPD-002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Systems; Criticality; Diffusion; Lifetime; Neutrons; Reactivity; 
Reactors; Slowdown 



 

C-22025 

21970…..…..…………………..…….……..……ID Number…………………..…..…………….21970 

Author: Wallach, Sylvan 

Title: Solutions of the Pile Kinetic Equations when the Reactivity is a Linear Function of the Time 

Date: 11/30/1950 

Report: WAPD-013 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Delayed Neutrons; Diagrams; Equations; Group Theory; Neutron Flux; 
Reactivity; Reactors; Stability; Thermal Neutrons; Transfer Functions; Transients 
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21971…..…..…………………..…….……..……ID Number…………………..…..…………….21971 

Author: Danzker, Milton 

Title: An Interpretation of Data on Enriched Hydrogenous Thermal Reactors 

Date: 1/1/1951 

Report: WAPD-026; TID-10068 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The irradiation experiments required to validate the use of bulk UO2 as fuel in the 
Pressurized Water Reactor (PWR) are described. The performance of fuel elements consisting of bulk UO2 
fuel pellets encased in Zircaloy-2 tubing has been measured at burnup levels up to about 25,000 Mwd/T, 
both with undefected fuel elements and elements containing deliberately introduced defects, such defects 
permitting access of steam to the interior of the fuel elements. Finally, the behavior of assemblies of such 
elements in rigidly connected structures has been tested. The volatile noncondensable fission product gases, 
Xe and Kr, have been found to migrate in UC/sub 2/ by a diffusional mechanism. Their release to external 
surface is sensitive to diffusion path and interconnected porosity and, hence, to fuel material density. No 
appreciable structure changes, as revealed by x-ray diffraction, have been detected in U oxides of the 
fluorite structure at low burnup levels; the diffraction peaks of higher U oxides of orthorhombic structure 
were almost completely obliterated after the same low burnup. Likewise, no evidence has been noted of 
appreciable changes in density, metallographic structure, resistance to thermal fracture, or thermal 
conductivity in UO2 at the highest burnups investigated. Thermal performance characteristics of Zircaloy-
2 clad U oxide fuel elements were found, on the basis of observation of temperature induced structural 
changes, to be sensitive to initial assembly clearance between oxide and cladding and to the nature of the 
gas atmosphere within the tubing, whether helium or steam. The thermal performance could not be 
correlated with measured thermal properties of the oxide. Such fuel elements were found to be highly 
resistant to damage by power cycling or by “waterlogging” when fabricated of high density oxide. Suitably 
fabricated UO2 pellets of high density were found to be highly resistant against erosion or release of solid 
oxide particles to the coolant. The release of fission products through defects in the cladding to a high 
temperature water system were best correlated by use of an escape coefficient” defined as the fractional 
amount of each nuclide present within tae fuel escaping per unit time. Most of those isotopes escaping from 
a defected rod through a recoil or diffusional mechanism are those which do not lead to excessive system 
contamination, whereas the escape coefficients” of nuclides that adsorb strongly to container walls, and 
thus lead to high system contamination, are very low. Assemblies of fuel elements tested under conditions 
of marked asymmetry of neutron flux and, hence, of fuel element temperature, as well as under conditions 
simulating extreme fuel failures, revealed no tendency to structural warpage or progressive failure of fuel 
elements adjacent to those initially defected. 



 

C-22027 

21972…..…..…………………..…….……..……ID Number…………………..…..…………….21972 

Author: Clancey, W. R. 

Title: Variation Throughout Reactor Lifetime of the Regeneration Factor, Eta, for Slightly Enriched 
Uranium 

Date: 12/1/1953 

Report: WAPD-093 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Atoms; Burnup; Density; Enrichment; Fission; Lifetime; Measured Values; 
Neutron Flux; Numericals; Plutonium; Power; Production; Reactors; Regeneration; Resonance; Thermal 
Neutrons; Uranium; Variations 
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21973…..…..…………………..…….……..……ID Number…………………..…..…………….21973 

Author: Schiff, R. R. 

Title: The Space Simulator Method for Solving the Group Diffusion Equations 

Date: 3/1/1954 

Report: WAPD-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Boundary Conditions; Configuration; Criticality; 
Differential Equations; Diffusion; Mathematics; Reactors; Resistors; Uranium 
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21974…..…..…………………..…….……..……ID Number…………………..…..…………….21974 

Author: Schiff, Daniel 

Title: Multigroup, Integral Network Method 

Date: 7/1/1954 

Report: WAPD-108 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A finite difference method is developed for treating an integral form of the transport 
equation, wherein any type of particle, interaction or geometry can in principle be included. The 
approximation involved is in the size of the intervals used for the discrete energy, angle, and space variables. 
Solutions are expressed in terms of the directional collision density as a function of lethargy and position. 
Problems are limited in magnitude by the capacity of the digital computers required for the calculation, and 
for this reason only ceil problems have been considered, with scattering limited to six directions in space. 
Expressions are given for neutron and gamma-ray problems, including elastic and inelastic scattering, 
fission and radiative capture in the former case, and pair production, Compton scattering, and photoelectric 
absorption in the latter. Finally, the method is applied to the example of an infinite, homogeneous reactor; 
and the energy spectra and values of the fast fission factor and resonance escape probability are given for a 
large range of water-to-uranium ratios. (auth) 2l42 A method for deriving the optimizing equations for the 
primary loop parameters of PWR-type power plants is presented. One example of the application of the 
method to a given set of postulates is worked out in detail and the results of two sample calculations (based 
on two sets of assumed costs) are presented and compared. The flexibility of the method for accommodating 
postulates other than these used here is also discussed. 
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21975…..…..…………………..…….……..……ID Number…………………..…..…………….21975 

Author: Brown, J. R. / Noordhoff, B. H. / Profio, A. E. / Bateson, W. O. 

Title: Reactor Properties of Water Moderated Slightly Enriched Uranium Lattices 

Date: 11/1/1954 

Report: WAPD-117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments involving clean critical assemblies of slightly enriched fuel rods in a 
water moderated lattice, operated at low power have been performed for several water-to-uranium ratios. 
These fuel rods are 0.600-inch diameter, 48 inches long, enriched to 1.3% uranium-235 and clad with 
aluminum. The reactor properties measured as a function of water to uranium ratio include the number of 
fuel rods required for criticality and from this the geometrical buckling; measurement of the migration area 
from a differential water worth vs. water height experiment; the temperature coefficient of reactivity as a 
function of temperature in the range 20c to 60c. The water-to-uranium ratios investigated are 3-to-1, 2-to-
1, and 1.5-to-1. 
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21976…..…..…………………..…….……..……ID Number…………………..…..…………….21976 

Author: Brown, J. R. / Noordhoff, B. H. / Bateson, W. O. 

Title: Critical Experiments on a Highly Enriched Homogeneous Reactor 

Date: 5/1/1955 

Report: WAPD-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments with a highly enriched homogeneous reactor have been 
performed in the range of hydrogen/uranium-235 atomic ratios from 1633 to 1776. The cylindrical core had 
a fixed diameter of 36 inches and heights between 23 and 51 inches. An aqueous solution of uranyl nitrate 
with a uranium-235 enrichment greater than 90% was used. An 8-inch radial water reflector was available. 
Measurements were made of critical heights and of the reactivity worth per inch at these heights as functions 
of the hydrogen/uranium-235 atomic ratio. Uranium-235 critical masses are listed. Additional 
measurements were made to determine the control rod worths, the temperature coefficient of reactivity and 
the effect of the radial reflector. 
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21977…..…..…………………..…….……..……ID Number…………………..…..…………….21977 

Author: Kranz, A. Z. 

Title: Measurements of Thermal Utilization, Resonance Escape Probability, and Fast Fission Factor of 
Water Moderated Slightly Enriched Uranium Lattices 

Date: 9/1/1955 

Report: WAPD-134 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Canning; Critical Assemblies; Enrichment; Fuel Elements; 
Measured Values; Numericals; Performance; Reactors; Resonance Escape Probability; Rods; Thermal 
Utilization; Uranium; Water Moderator; Zones 
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21978…..…..…………………..…….……..……ID Number…………………..…..…………….21978 

Author: Henry, A. F. 

Title: Computation of Parameters Appearing in the Reactor Kinetics Equations 

Date: 12/1/1955 

Report: WAPD-142 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Computers; Delayed Neutrons; Diffusion; Equations; Group Theory; 
Lifetime; Prompt Neutrons; Reactivity; Reactors; Transport Theory 
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21979…..…..…………………..…….……..……ID Number…………………..…..…………….21979 

Author: Kranz, A. Z. / Smith, G. G. 

Title: A Second Report on Measurements of f, p, and Epsilon of Water Moderated Slightly Enriched 
Uranium Lattices 

Date: 5/1/1956 

Report: WAPD-151 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Aluminum; Canning; Critical Assemblies; Enrichment; Fast Fission Factor; 
Measured Values; Multiplication Factors; Reactors; Resonance Escape Probability; Rods; Thermal 
Utilization; Uranium; Uranium 235; Water Moderator 
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21980…..…..…………………..…….……..……ID Number…………………..…..…………….21980 

Author: Birkhoff, Garrett / Varga, Richard S. 

Title: Reactor Criticality and Non-Negative Matrices 

Date: 8/1/1957 

Report: WAPD-166 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Buckling; Computers; Criticality; Digital Systems; Eigenvalues; 
Eigenvectors; Equations; Iterative Methods; Mass; Mathematics; Matrices; Multiplication Factors; Neutron 
Flux; Reactors; Transport Theory; Vectors 
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21981…..…..…………………..…….……..……ID Number…………………..…..…………….21981 

Author: McFarland, C. E. / Voorhis, A. D. 

Title: Experimental and Theoretical Study of Critical Slabs. Effect of Different Reflector Arrangements 
and Compositions 

Date: 4/1/1957 

Report: WAPD-169 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data are presented from critical slab experiments with a thin core of enriched 
uranium-235, light water, and zirconium which were surrounded by reflectors of different compositions 
and arrangements. The reflectors studied were composed of water, zirconium-water, and aluminum-water. 
In some experiments the cores were bisected by water gaps. Each critical assembly was analyzed by one-
dimensional, group diffusion theory using digital codes. The calculated neutron multiplications from a four-
group scheme predict criticality in most of the experiments within 1%, and from a two-group scheme within 
3% calculated neutron flux distributions are fitted with experimental traverses of subcadmium and 
epicadmium activation (of manganese). The accuracy of the calculations with regard to input data and 
method is discussed. 
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21982…..…..…………………..…….……..……ID Number…………………..…..…………….21982 

Author: Voorhis, A. D. / Ryan, T. M. / Goldsmith, M. / Jones, R. T. 

Title: Experimental and Theoretical Study of Critical Slabs. Effect of Absorbing Membranes of Cadmium, 
Gold, and Boron 

Date: 4/1/1957 

Report: WAPD-170 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments are described in which a highly enriched slab core was bisected by 
absorbing membranes of cadmium, gold, and boron-polyethylene. The data included critical core 
dimensions and activation traverses perpendicular to each membrane. Each assembly was analyzed by use 
of a one-dimensional, group diffusion, digital code which computed neutron multiplication and flux 
distribution perpendicular to the membrane. In each calculation the membrane was replaced by an effective 
diffusion medium having the same thickness. This procedure is described. The results indicated that over 
90% of the reactivity worth of the cadmium or gold membrane was accounted for in the calculation. The 
loading in the boron-polyethylene membrane was so small that calculating its reactivity worth by the 
method used was difficult. 
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21983…..…..…………………..…….……..……ID Number…………………..…..…………….21983 

Author: Brown, J. R. / Harris, D. R. / Frantz, F. S. / Volpe, J. J. / Andrews, J. C. / Noordhoff, B. H. 

Title: Kinetic and Buckling Measurements on Lattices of Slightly Enriched Uranium or Uranium Dioxide 
Rods in Light Water 

Date: 1/1/1958 

Report: WAPD-176 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of measurements made in the TRX critical facility on light water-moderated 
lattices of 1.3 and 1.15 w% enriched uranium metal fuel rods and of 1.3 w% enriched uranium dioxide fuel 
rods are described. Diameters of 0.60 inch and 0.39 inch for each fuel have been used as well as densities 
of 7.5 and 10.5 g/cc for the uranium dioxide fuel. Several water-to-uranium ratios have been investigated 
for each fuel rod type. Measurements have been made of radial and axial buckling, reflector savings, and 
temperature coefficient of reactivity. 
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21984…..…..…………………..…….……..……ID Number…………………..…..…………….21984 

Author: Amster, H. J. 

Title: A Compendium of Thermal Neutron Cross Sections Averaged over the Spectra of Wigner and 
Wilkins 

Date: 1/1/1958 

Report: WAPD-185 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Values of 21 energy-dependent microscopic cross sections were estimated on the 
basis of the latest experimental data and averaged up to 0.625 ev over Wigner-Wilkins neutron spectra for 
700 mixtures of U235, Pu/sup 239/, a l/v absorber, and a hydrogen moderator. 
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21985…..…..…………………..…….……..……ID Number…………………..…..…………….21985 

Author: Spanier, J. 

Title: Monte Carlo Methods and Their Application to Neutron Transport Problems 

Date: 7/1/1959 

Report: WAPD-195 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Application of Monte Carlo methods to neutron transport phenomena is considered. 
An attempt is made to present the theory as a rigorous mathematical discipline, using the language of 
probability theory and mathematical statistics. No claim is made for either basic originality or completeness 
in the treatment. In the first part the mathematical foundations of the theory are established, and in the 
second part applications of the theory to neutron transport problems are discussed. 
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21986…..…..…………………..…….……..……ID Number…………………..…..…………….21986 

Author: Jaffee, D. 

Title: Some Observations on the Causes and Prevention of Exaggerated Grain Growth in Zircaloy-Clad 
Pressure-Bonded Oxide Plate Fuel Elements 

Date: 2/1/1961 

Report: WAPD-239 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exaggerated grain growth due to critical strain was observed in the Zircaloy-4 
components of oxide plate fuel elements isostatically pressure bonded and was considered to be undesirable. 
An investigation was undertaken using both solid and oxide plate samples to determine the conditions 
leading to critical strain and means of preventing it. In solid samples the critical strain occurred at reductions 
of 6 and 4% for heat treatments of 4 hours at 1382 and 1550 deg F, respectively. In oxide plate samples 
exaggerated grain growth was eliminated by the use of Zircaloy components cold rolled 25% and annealed 
for 4 hours at 700 deg F in conjunction with a pressurizing temperature of 600 to 700 deg F. In addition, 
significant effects of bonding temperature on the grain-growth characteristics of material subjected to 
critical strains were observed, and a tentative explanation for these based on the alpha-to-beta 
transformation in Zircaloy is offered. 
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21987…..…..…………………..…….……..……ID Number…………………..…..…………….21987 

Author: n. a. 

Title: The Bettis Technical Review, Vol 1, No. 4: Reactor Physics and Mathematics 

Date: 10/1/1957 

Report: WAPD-BT-4 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Discussions included on reactor theory and experimentation are a review of methods 
used in control rods analysis for reactor design at Bettis Plant, two- dimensional burnup of a cell, resonance 
capture in heterogeneous systems, half- height Cd slab, synthesis of three-dimensional power distributions 
for a nonuniformly depleted core, synthesis of three-dimensional power shapes--flux- weighting technique, 
nuclear design of a fuel assembly for an irradiation proof test, analysis of a heterogeneous critical assembly, 
the use of the equivalent bare core model for calculating the criticality of slab-type reactors and a 
comparison to experiment, thermal flux depressions in materials containing fuel and B, an inverted 
reactivity effect, thermal equivalent SIGMA /subn p/ For Cd- Ag control rods, changes in reactivity 
produced by thermal expansion of extruded polyethylene fuel tape, and construction and operation of a 
miniature fission counter. Topics on mathematics and computation are a lemma of Stieltjes, a calculation 
of thermal constants, reactor criticality and non-negative matrices, a steady-state thermal analysis code for 
the IBM-704 computer, few-group fitted parameters, a new version of the multigroup Fourier Transform 
code for calculation of fast group parameters, the WANDA spatial code, and CANDLE -- s one- 
dimensional few-group lifetime depletion code. 
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21988…..…..…………………..…….……..……ID Number…………………..…..…………….21988 

Author: Gast, R. 

Title: On the Equivalence of the Spherical Harmonics Method and the Discrete Ordinate Method Using 
Gauss Quadrature for the Boltzmann Equation 

Date: 6/1/1958 

Report: WAPD-BT-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The relationship of the spherical harmonics method and the discrete ordinate method 
using Gauss quadrature is explicitly demonstrated. It is found that, in general, the two methods are not 
equivalent, but that they are upon a suitable modification of the source and scattering kernel used in the 
discrete ordinate method. This modification consists of expanding the source and kernel in spherical 
harmonics and truncating at the appropriate term. Analogous results are obtained for the double spherical 
harmonics and double Gauss quadrature methods. 
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21989…..…..…………………..…….……..……ID Number…………………..…..…………….21989 

Author: n. a. 

Title: Bettis Technical Review Reactor Physics and Mathematics 

Date: 6/1/1958 

Report: WAPD-BT-8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Criticality; Equations; Multiplication Factors; Neutron Flux; 
Reactivity; Reactors 



 

C-22045 
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Title: Criticality Experiments Using Miniature Fission Counters 
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Report: WAPD-BT-8, 115-120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Daum, L. 

Title: Electron Multiplier Neutron Detectors 

Date: 6/1/1958 

Report: WAPD-BT-8, 121-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A standard photomultiplier tube having uranium coated on the cathode is proposed 
for use in power reactor control. It will cover the neutron flux range from 10/sup 6/ to 10/sup 11/ 
neutrons/sec/cm/sup 2/; or the range from 10/sup 3/ to 10/sup 8/ neutrons/sec/cm/sup 2/. The electron 
multiplier neutron detector will compete with gamma compensated ionization chambers. Electronic 
discrimination of both gamma induced pulses and the natural alpha activity of the uranium is used to reduce 
the gamma sensitivity of the system. 
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Author: Halgas, R. S. 

Title: Hafnium Controlled Critical Assembly 

Date: 1/1/1958 

Report: WAPD-BT-8, 62-66 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Criticality; Equations; Multiplication Factors; Neutron Flux; 
Reactivity; Reactors 
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Title: Analysis of Slightly Enriched Uranium-Water Lattices 

Date: 6/1/1958 

Report: WAPD-BT-8, 67-83 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Criticality; Equations; Multiplication Factors; Neutron Flux; 
Reactivity; Reactors 
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Title: Critical Experiments on Water-Moderated Lattices of Slightly Enriched Uranium Dioxide Fuel Rods 

Date: 1/1/1958 

Report: WAPD-BT-8, 73-79 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Bibliography; Criticality; Equations; Multiplication Factors; Neutron Flux; 
Reactivity; Reactors 
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Author: Horst, R. B. 

Title: Criticality Calculation for the TRX 

Date: 6/1/1958 

Report: WAPD-BT-8, 84-89 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Techniques of Reactivity Measurement 
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Report: WAPD-BT-8, 90-103 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Leonard, R. R. 

Title: Analog Computer Solutions for the Xenon Concentration in a Reactor 

Date: 11/18/1952 

Report: WAPD-IC-111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Analog Systems; Equations; Poisoning; Reactors; Xenon 
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Author: n.a. 

Title: Reactor Physics and Mathematics Technical Progress Report for the Period March 1, 1960 to June 
1, 1960 

Date: 10/31/1960 

Report: WAPD-MRJ-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption- Cylinders- Numericals- Transport Theory; Absorption- 
Numericals- Thermal Neutrons; Activation- Criticality- Distribution- Enrichment- High Temperature- 
Measured Values- Plates- Uranium- Zirconium; Capture- Configuration- Nuclei- Numericals- Planning- 
Plates- Resonance; Capture- Density- Interactions- Lattices- Measured Values- Resonance- Rods- Uranium 
Dioxide- Uranium 238; Computers- Energy- Equations- Fast Neutrons- Numericals- Programming- 
Thermal Neutrons- Transport; Decay- Measured Values- Neutron Sources- Neutrons- Plates- Pulses- 
Uranium- Zirconium; Differential Equations- Integrals- 
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Author: n. a. 

Title: Pressurized Water Reactor (PWR) Project Technical Progress Report for the Period August 24, 1962 
to October 23, 1962 

Date: 10/31/1963 

Report: WAPD-MRP-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Blankets; Bonding; Boron; Burnout; Burnup; 
Canning; Configuration; Contamination; Control; Control Elements; Control Systems; Coolant Loops; 
Corrosion Protection; Criticality; Cross Sections; Currents; Decontamination; Defects; Density; 
Distribution; Efficiency; Eigenvalues; Electronic Equipment; Elements; Fabrication; Failures; Fertile 
Materials; Fissionable Materials; Fluid Flow; Fuel Elements; Hafnium; Hafnium 181; Heat Transfer; 
Heating; High Temperature; Impurities; Irradiation; Machine Parts; Mass; Materials Testing; Mathematics; 
Measured Values; Mechanical Structures; Melting; Membranes; Mockup; Monitoring; Neutron Flux; 
Nozzles; Nuclear Reactions; Numericals; Pipes; Planning; Plates; Poisoning; Power Plants; Pressure; 
Production; PWR; Radioactivity; Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; Reactors; 
Remote Control; Rods; Servomechanisms; Stability; Stainless Steels; Startup; Stresses; Surfaces; 
Tantalum; Temperature; Thermal Stresses; Thermocouples; Thickness; Transients; Transport Theory; 
Uranium 235; Volume; Water; Water Coolant; Welding; Welds; Xenon; Zircaloy; Zones 
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Author: n.a. 

Title: Pressurized Water Reactor (PWR) Project. Technical Progress Report, January 24-April 23, 1965 

Date: 10/31/1965 

Report: WAPD-MRP-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Ammonia; Boilers; Boron 
10; Ceramics; Coating; Control; Control Elements; Corrosion; Criticality; Distribution; Errors; Fabrication; 
Failures; Filters; Fuel Elements; Generators; Impurities; In Pile Loops; Irradiation; Materials Testing; 
Mechanical Structures; Mixing; Neutron Flux; Operation; Particles; Performance; Planning; Poisoning; 
Power; Power Plants; Pressure; Radiation Effects; Reactivity; Reactor Fueling; Reactors; Shippingport; 
Sintered Materials; Solutions; Standards; Steam; Steam Generators; Temperature; Testing; Thermocouples; 
Uranium Dioxide; Water; Water Coolant; Water Moderator; Zirconium Oxides 
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Author: n.a. 

Title: Pressurized Water Reactor (PWR) Project. Technical Progress Report, October 21, 1967--January 
26, 1968 

Date: 10/31/1968 

Report: WAPD-MRP-123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Operation & Economics; Ammonia; Analysis; Burnout; 
Configuration; Control Elements; Coolant Loops; Criticality; Epithermal Neutrons; Fabrication; Fuel 
Elements; Operation; Performance; Power Plants; Reactivity; Reactor Core; Reactors; Shippingport; 
Testing; Thermal Neutrons; Xenon 
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Author: n. a. 

Title: Pressurized Water Reactor Project. Technical Progress Report, January 25, 1969-April 25, 1969 

Date: 10/31/1970 

Report: WAPD-MRP-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity / Effects of Lead Shielding, Criticality Hazards in Irradiated Fuel Element 
Shipping Casks from; Lead / Reactivity Effects of Shielding of, Criticality Hazards in Irradiated Fuel 
Element Shipping Casks from; Shippingport Pressurized-Water Reactor / Refueling Procedures for Core 2 
Seed 1 in; Shielding / Reactivity Effects in Irradiated Fuel Shipping Casks of Lead, Criticality Hazards 
from; Shippingport Pressurized-Water Reactor / Operations During Jan. 25 to Apr. 25, 1969; Shielded 
Containers / Criticality Hazards in Irradiated Fuel Shipping Casks from Reactivity Effects of Lead 
Shielding 
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Author: n.a. 

Title: Shippingport Atomic Power Station (PWR). Technical Progress Report, January 26, 1978--July 25, 
1978. [LWBR Demonstration Program] 

Date: 1/1/1978 

Report: WAPD-MRP-150 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Shippingport Atomic Power Station was operated with the Light Water Breeder 
Reactor (LWBR) core at high power levels during the energy shortage created by the coal strike, delaying 
the planned shutdown about one month. After returning to power operation following the shutdown, the 
station operated in both base load and swingload modes, completing 50 planned swingload cycles. 
Evaluated core test data taken during the shutdown and during core power operations continue to show that 
the core operates in accordance with design predictions. Subsequent to achieving power operation following 
the planned maintenance shutdown, only routine periodic maintenance was required to maintain the 
operational readiness of the plant. 
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period January 1, 1954 to 
March 1 1954 

Date: 10/31/1957 

Report: WAPD-MRP-43 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accelerators- Burnout- Configuration- Corrosion- Fabrication- Fuel 
Elements- High Temperature- Irradiation- Mass- Molybdenum Alloys- Pellets- Plates- Pressure- Reactors- 
Rods- Transport- Uranium Alloys- Water Coolant- Water Moderator- Zirconium; Borates- Chemical 
Reactions- Computers- Control- Electrons- Equations- Fast Fission Factor- Fluid Flow- Lithium 
Compounds- Numericals- Resonance Escape Probability 



 

C-22060 
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period April 22 1954 to June 
3, 1954 

Date: 6/1/1954 

Report: WAPD-MRP-45 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Describes method to determine total power generation in a fissile assembly. 
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period June 3 1954 to July 
15, 1954 

Date: 7/1/1954 

Report: WAPD-MRP-46 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Copper Alloys; Corrosion; Electric Conductivity; Fabrication; Fluid Flow; 
Heat Exchangers; Instruments; Mechanical Properties; Monel; Nickel Alloys; Planning; Pressure; Pumps; 
Reactors; Stainless Steels; Stresses; Thermometers; Valves; Water Coolant; Water Moderator 
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Author: n.a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period July 15, 1954 to August 
26, 1954 

Date: 10/31/1957 

Report: WAPD-MRP-47(Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This progress report has 2 parts. Part 1 PWR Engineering covers the following topics: 
(1) power plant analysis and systems; (2) power plant components and component materials and tests; and 
(3) reactor and auxiliaries. Part 2 PWR Development covers: (1) fuel element development; (2) metallurgy 
of core materials; (3) materials application development; (4) chemistry development; (5) irradiation effects; 
and (6) reactor physics. 
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period November 1 1954 to 
December 30, 1954 

Date: 12/1/1954 

Report: WAPD-MRP-50 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Nuclear Technology 
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period March 24, 1955 to May 
5 1955 

Date: 5/1/1955 

Report: WAPD-MRP-53 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period May 5, 1955 to June 
16, 1955 

Date: 6/1/1955 

Report: WAPD-MRP-54 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The current PWR plant and core parameters are listed. Resign requirements are 
briefly summarized for a radiation monitoring system, a fuel handling water system, a coolant purification 
system, an electrical power distribution system, and component shielding. Results of studies on thermal 
bowing and stressing of UO2 are reported. A graph is presented of reactor power vs. reactor flow for various 
hot channel conditions. Development of U-- Mo and U-Nb alloys has been stopped because of the recent 
selection of UO2 fuel material for the PWR core and blanket. The fabrication characteristics of UO2 
powders are being studied. Seamless Zircaloy-2 tubing has been tested to determine elastic limits, bursting 
pressures, and corrosion resistance. Fabrication techniques and tests for corrosion and defects in Zircaloy-
clad U-Mo and UO2 fuel rods are described. The preparation of UO2 by various methods is being studied 
to determine which method produces a material most suitable for PWR fuel elements. The stability of UO2 
compacts in high temperature water and steam is being determined. Surface area and density measurements 
have been performed on samples of UO2 powder prepared by various methods. Development work on U-- 
Mo and U--Nb alloys has included studies of the effect on corrosion behavior of additions to the test water, 
additions to the alloys, homogenization of the alloys, annealing times, cladding, and fabrication techniques. 
Data are presented on relaxation in spring materials after exposure to a corrosive environment. Results are 
reported from loop and autoclave tests on fission product and crud deposition. Results of irradiation and 
corrosion testing of clad and unclad U--Mo and U-Nh alloys are described. The UO2 irradiation program 
has included studies of dimensional changes, release of fission gases, and activity in the water surrounding 
the samples. A review of the methods of calculating reactor physics parameters has been completed, and 
the established procedures have been applied to determination of PWR reference design parameters. Critical 
experiments and primary loop shielding analyses are described. 
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22011…..…..…………………..…….……..……ID Number…………………..…..…………….22011 

Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period September 9 to October 
20, 1955 

Date: 3/16/1957 

Report: WAPD-MRP-57 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in the design, development, and construction of PWR power plant systems 
and components and PWR core and auxiliaries is summarized. The blanket assembly design is described 
and illustrated. Results of MTR evaluation of fuel element failure instrumentation are reported. 
Development of fabrication and testing to chaiques for clad fuel elements, fuel rods, plates, and assemblies 
is described. Investigations of fuel and cladding alloys include crystal structure and thermal stability 
determinations on U--Mo alloys, studies on the nature of the hydride phase formed during corrosion of 
gamma -phase alloys in high- temperature water, and specific heat, resistivity, and phase diagram studies 
of U- -Mo and U--Nb alloys. The equilibrium and kinetics in the system UO2--O2 are being studied to gain 
information on the structure and stability of UO2 under various conditions. Results of irradiation tests on 
UO2 samples and of thermal cycling tests of Zircaloy-2 clad UO2 rods are reported. Corrosion test results 
are summarized for unclad and Zircaloy-2 clad U- - Mo and U--Nb samples. The radiation induced volume 
change of prototype fuel reds has been investigated. Studies of the fabrication cladding, tensile properties, 
and corrosion of U-- Si systems are described. Corrosion tests are continuing on Zircaloy-2 clad U-- Zr fuel 
elements and on various experimental Al alloys for cladding applications. Work was continued on the 
preparation, corrosion and sinterability of pure UO2 and UO2 containing additives. Operation and chemical 
analysis of in-pile loop experiments are described. Results are reported from studies of the erosion of UO2 
in high-velocity coolant, decontamination of water by ion exchange resins, sorption of radioisotopes on 
stainless steel, and decontamination of corrosion loops. Work in reactor physics has included PWR control 
calculations using a 2-dimensional UNIVAC code, calculation of fission product activity in the primary 
coolant, and criticality studies on the Flexible Critical Experiment and on a lattice of UO2 fuel reds in the 
TRX. Current PWR plant parameters are recapitulated. 
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Author: n. a. 

Title: Pressurized Water Reactor Program Technical Progress Report for the Period October 21 to 
December 1, 1955 

Date: 4/1/1956 

Report: WAPD-MRP-58 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power plant analysis, systems and components, materials, control and auxiliaries for 
PWR engineering and fuel elements, core metallurgy, chemistry of the in-pile loop, and reactor physics for 
PWR development are reported. 
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Title: Pressurized Water Reactor Program Technical Progress Report for the Period December 2, 1955 to 
January 12, 1956 

Date: 1/1/1956 

Report: WAPD-MRP-59 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Burnup; Configuration; Control Elements; Coolant Loops; Fabrication; Fuel 
Elements; Heat Transfer; In Pile Loops; Machine Parts; Materials Testing; Mechanical Structures; 
Metallurgy; Neutron Flux; Planning; Power Plants; Pressure; Pumps; PWR; Reactivity; Reactor Core; 
Servomechanisms; Temperature 
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Title: Pressurized Water Reactor Program Technical Progress Report for the Period January 13, 1956 to 
February 23, 1956 

Date: 2/1/1956 

Report: WAPD-MRP-60 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Pressurized Water Reactor Program Technical Progress Report for the Period February 23, 1956 to 
April 23, 1956 

Date: 4/1/1956 

Report: WAPD-MRP-61 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Title: Pressurized Water Reactor Program Technical Progress Report for the Period June 23, 1956 to 
August 23, 1956 

Date: 8/1/1956 

Report: WAPD-MRP-63 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Pressure; PWR; Reactors; Water Coolant 
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Title: Pressurized Water Reactor (PWR) Project Technical Progress Report for the Period December 24, 
1957 to February 23, 1958 

Date: 10/1/1958 

Report: WAPD-MRP-72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of corrosion testing of Auric Brazes (24 K gold, 80-20 gold- copper, 50-
50 gold-copper) indicate that from a corrosion standpoint there is little or no difference among the three 
alloys. A computer program was established for determining subassembly pressure and thermal stresses in 
Seed 2. Preliminary data from all of the in stalled seed metal thermocouples proved unreliable. Nuclear 
peaking factors were evaluated for the beginning of Seed 2 life (hot clean) for various conditions of loading. 
Satisfactory performance tests demonstrating the adequacy of the reactor vessel closure seal weld cutting 
machine for the vessel to seal cut were performed. Preliminary results of the nuclear analysis of the 20 
control rod core under study for Core 2 indlcated that the proposed design would yield an unfavorable seed-
blanket power sharing. Air flow studies in a quarter-scale model of the pressure vessel and simulated 
internal components were completed. Effort on fuel element design was concertrated on determining the 
factors which will lead to the selection of the most desirable ceramic fuel for the Core 2 blanket from the 
standpoint of performance capability, mechanical stability, and cost. Progress has been made in the 
development of a nondestructive method of U235 assay of fuel fillers. Fission gas release measurements 
on samples of UO/sub 2.10/ showed no acceleration of fission gas release as compared to the release from 
UO/sub 2.0/ Examination of the failed WAPD 29-10 sample indicated profuse hydride formations in the 
Zircaloy-2. Analyses indicated the presence of 4000 ppm of hydrogen in these regions. No gross hydride 
pickup or irradiation induced embrittlement were discerned in the Zircaloy of the WAPD 30-3 fuel 
elements. PWR Core 2 fuel element samples were fabricated with 100% integrity using an improved 
fabrication process. Modifications in the reference Ag--In control rod alloy resulted in marked 
improvements in strength properties. The estimated activation energy for Kr/sup 85/ diffusion in high 
density UO2 is 61.2 kcal/mole. Seed 2 reactivity lifetime studies were completed for two proposed seed 
loadings. Based on a reactivity lifetime of 6000 EFPH for Core 1, Seed 1, the reactivity lifetime of a 90 kg 
Seed 2 with 150 grams of natural boron is predicted to be approximately 7400 EFPH. (For preceding period 
see WAPD-MRP-71.) 
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Author: n.a. 

Title: Pressurized Water Reactor (PWR) Project. Technical Progress Report, August 24, 1961-October 23, 
1961 

Date: 10/31/1962 

Report: WAPD-MRP-94 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The thermal performance of the PWR-2 was re-evaluated based on the latest nuclear 
and thernmal information, design changes, and the use of the XlTE code. The seed cluster design was re-
examined both analytically and experimentally from the standpoint of fuel plate stability, and a revised 
design was submitted for approval. Preliminary depletion studies established a Seed 2 fuel loading 
necessary to achieve 20, 000 EFPH. The most highly depleted rod from the PWTR-1 blanket was examined 
after two seed lives exposure. The initial approach to criticality on PWR-1 Seed 3 was successfully 
conducted on October 7, 1961. Analysis of fission gas release from swelled compartments of 25 ZrO2 + 
UO2 fuel plates showed that the gas release increases with increasing burnup and/or time inpile. A 
calculation was performed of the thermal spectrum in the PWR-2 seIf-shielded boron by means of a 
muitigroup thermal Monte Carlo program, MARC. A measurement was made of a PWT-2 mock-up 
containing poison elements which meet the PWR-2 design specifications. The concept of the Safety 
Injection System was modified to utilize the pressurizer relief valves to reduce primary plant pressure 
during a loss of coolant accident involving small breaks The a-c type static inverter development unit was 
approved as the reference design for the PWR-2 rod control system. Preliminary radiochemical data 
obtained at initial criticality for Seed 3 indicated that the new seed does not contain excessive uranium 
surface contamination. 
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Title: SN2010-EXTRA. A Xenon Transient Data Reduction Code for the IBM-650 

Date: 8/1/1960 

Report: WAPD-NRFA-RPT-517 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: SN2OlO -EXTRA is an IBM-650 code to reduce xenon transient test data. The code 
requires an augmented IBM650 with automatic floating-point arithmetic and index registers. Average 
running time is less than one minute per measurement. A measurement consists of all the data for one rod 
configuration. During a xenon transient test, the buildup and subsequent decay of the xenon present in the 
reactor is followed by determining the times that different control rod settings are just critical. The reactivity 
decreases as the xenon concentration increases until eventually the period becomes negative. BF3 detectors 
follow the change in neutron population. The pulses from the detectors are counted, and the counts plus 
time and run number are scanned and punched into paper tape automatically. Static data consisting of 
information and control parameters are recorded manually. The data are converted to reactivity values 
which are then treated by a linear least square curve fit routine to determine the time of criticality, i.e., when 
reactivity is zero; and the time rate of change of reactivity. Rod worths are calculated for successive 
measurements. 
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Author: Roll, P. G. 

Title: Power Densities and Flux Distributions in Two Special Subassemblies 

Date: 5/16/1955 

Report: WAPD-P-661(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An attempt to estimate power densities in the neighborhood of the ORNL Stainless 
Steel subassembly and the Core One Boiling Removable Assembly (COBRA) is described. Calculations 
were based on a one-group treatment. A homogeneous distribution of materials was assumed in a central 
region representing the subassembly, as well as in a concentric, infinite region Curves of relative power 
density vs. subassembly fuel loading were obtained. 
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Author: Gelbard, E. M. 

Title: Analysis of DCTF Criticality and Reactivity Data 

Date: 12/1/1955 

Report: WAPD-P-695 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: DCTF critical heights have been measured for six different concentrations, both with 
and without a water reflector. In addition, reactivities per inch of solution height have been determined for 
the same concentrations. This report summarizes results of a recent investigation of the experimental data, 
an investigation which had two main objectives. First, it was hoped that available information would suffice 
to determine lucite and water reflector savings for the given fuel concentrations. Second, the moments of 
the slowing down density in water were to be deduced from the critical height and reactivity measurements, 
through analysis of the critical equation. The results detailed below were inconclusive, but suggestive. 
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Author: Ombrellaro, Paride A. 

Title: One-Dimensional Few Group Burnout Code 

Date: 11/4/1955 

Report: WAPD-PM-31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Blankets; Buckling; Burnout; Configuration; Control; 
Criticality; Cross Sections; Cylinders; Diffusion; Energy; Group Theory; Lifetime; Maintenance; Plates; 
Poisoning; Reactor Core; Reactors; Spheres 
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Title: Critical Experiments on Slightly Enriched Uranium-Zirconium Assembly 

Date: 10/11/1955 

Report: WAPD-PM-32 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first critical assembly studied in the PWR flexible critical facility was a slightly 
enriched uranium-zirconium and water reactor. The effective mass enrichment was 1.23%. The effective 
metal-to-water volume ratio was 0.80. This report describes the experiments which were performed with 
this assembly. Attempts have been made to analyze certain portions of the experimental data, and these 
attempts are also reported. 
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Author: Bayard, R. T. 

Title: A Method for Determining Excess and Shutdown Reactivities of PWR Flexible Critical Assemblies 

Date: 2/13/1956 

Report: WAPD-PM-40 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the study of the PWR flexible critical assemblies, the experimentalist is interested 
in the reactivities which would result if the control rods were fully withdrawn (excess reactivity) or inserted 
(shutdown). A method is described for deducing these quantities from measurements of vertical flux shapes. 
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Author: Bethel, A. L. / Hirst, W. H. / Nolan, J. E. / Stratton, R. F. 

Title: Shippingport Atomic Power Station Inspection and Test Program 

Date: 7/1/1957 

Report: WAPD-PWR-972 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Supplemental to WAPD- SC-54l. The Rettis Atomic Power Division and the 
Duquesne Light Company will conduct an inspection and test program which will cover all station material, 
equipment, and systems. This program will provide a means for checking the installation of material and 
equipment, will determine the adequacy of the test and operating procedures, and will check the operation 
of systems and equipment before and after reactor plant critical operations as well as providing essential 
performance data. All testing will be done in accordance with plant design, testing, and operating 
specifications. 
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Author: n.a. 

Title: Temporary Safety and Monitoring Circuitry for Initial Fill 

Date: 9/1/1957 

Report: WAPD-PWR-PCR-849 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The temporary safety and monitoring circuitry required for initial fill of the reactor is 
described. All temporary circuitry described will either be removed or modified at the completion of the 
initial fill. 
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Author: Kranz, A. Z. / Smith, G. G. 

Title: f, p, and Epsilon Measurements on 0.600 Inch Diameter, 1.3% Enriched, Low Density UO2-Fueled 
TRX Lattices 

Date: 5/1/1956 

Report: WAPD-PWR-Ph-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Fast Fission Factor; Measured Values; Reactor Core; Reactors; Resonance 
Escape Probability; Thermal Utilization; TRX; Uranium Dioxide 
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Author: Rerko, P. A. 

Title: Experiments with a Water-Reflected Slab Critical Assembly 

Date: 5/1/1956 

Report: WAPD-PWR-Ph-106 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Critical Assemblies; Plates; Reactors; Reflectors; Water 
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Author: Hartley, W. H. 

Title: Slab Experiments. II. Uranium Metal Reflector 

Date: 5/1/1956 

Report: WAPD-PWR-PH-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An intermediate step toward construction of a full-scale mock-up of the PWR core is 
the investigation of the properties of a slab core. Experimental studies of a slab core consisting of a highly 
enriched seed flanked by natural uranium reflector have been made with the PWR-FA facility. This report 
gives the results of those investigations. 
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Author: Hartley, W. H. 

Title: Slab Experiments. III. Uranium Oxide Reflector 

Date: 7/1/1956 

Report: WAPD-PWR-PH-126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments similar to those performed on an enriched slab seed with uranium metal 
reflector have been made with a uranium oxide reflector. Differential control rod worth and differential 
moderator worth curves were obtained and were compared with similar curves obtained from the metal 
reflected slab. From these curves, the excess reactivity of a slab was determined from a measurement of the 
slab critical height. Measurements of flux shapes in three directions were made in order to determine critical 
bucklings in the vertical and one horizontal direction and to investigate water channel flux peaking. 
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Author: Feiner, F. 

Title: SLAB EXPERIMENTS. IV. COMPARISON OF SEED TYPES 

Date: 12/1/1956 

Report: WAPD-PWR-Ph-151 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Blankets; Criticality; Distribution; Errors; Neutron Flux; Numericals; Plates; 
Reactivity; Reactors; Seeds; Volume 
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Author: Secrist, P. W. 

Title: Control Rod Drive Mechanism Testing During Seed 3 Operation and Seed 3-4 Refueling 

Date: 4/1/1963 

Report: WAPD-PWR-TE-153 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The test data reported for the periodic testing during Seed 3 and for the precritical 
and initial critical testing after the third refueling indicate that the mechanisms operated satisfactorily during 
Seed 3, have sufficient wear life remaining for Seed 4 operation, and were operating satisfactorily as 
installed at the completion of the third refueling period. Several deficiencies were found and corrected 
during the precritical checkout which proves the tes necessary. The satisfactory results of the precritical 
and initial critical test assured that the mechanisms were operating satisfactorily as installed. Although no 
deficiencies were discovered during the periodic testing, the accumulated wear data and determination of 
mechanism performance characteristics confirmed that the mechanisms were operating satisfactorily and 
adequately during Seed 3 and that sufficient wear life remains for Seed 4 operation. 
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22033…..…..…………………..…….……..……ID Number…………………..…..…………….22033 

Author: Johnson, R. M. 

Title: PWR Reactor Plant Container Leak Rate Test, DLCS 57201 

Date: 8/1/1965 

Report: WAPD-PWR-TE-201 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Criticality; Efficiency; 
Instruments; Leaks; Pressure Vessels; Reactors; Shippingport; Testing 
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22034…..…..…………………..…….……..……ID Number…………………..…..…………….22034 

Author: Smith, F. E. 

Title: Shippingport PWR Core 2 Seed 1 Physics Test Result from Beginning-Of-Life to Mid-Life Test 
Evaluation 

Date: 10/31/1969 

Report: WAPD-PWR-TE--205 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Commercial Power Reactors-Operation & Economics; Configuration; Control 
Elements; Criticality; Operation; Performance; Reactivity; Reactor Core; Reactors; Shippingport; Startup; 
Transients; Xenon 
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Author: Smith, F. E. 

Title: Shippingport PWR Core 2 Seed 2 Physics Test Results at About 3000 Equivalent Full Power Hours 
of Operation Test Evaluation 

Date: 1/1/1970 

Report: WAPD-PWR-TE--261 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Commercial Power Reactors-Physics & Core 
Engineering; Breeding Blankets; Control Elements; Control Rod Worths; Criticality; Height; Poisoning; 
Reactivity Coefficients; Reactor Cores; Reactor Operation; Shippingport Reactor; Transients; Xenon 
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Author: Smith, F. E. 

Title: Shippingport PWR Core 2 Seed 2 Physics Test Results at About 5000 Equivalent Full Power Hours 
of Operation Test Evaluation 

Date: 1/1/1971 

Report: WAPD-PWR-TE--262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Power Reactor Development-Commercial Power Reactors-Physics & Core 
Engineering; Breeding Blankets; Control Elements; Control Rod Worths; Criticality; Height; Poisoning; 
Reactivity Coefficients; Reactor Cores; Reactor Operation; Shippingport Reactor; Xenon 
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Author: Hahn, W. J. 

Title: Decay Heat Removal System. Test Evaluation Dl-S-173 (T-612105) 

Date: 10/24/1958 

Report: WAPD-PWR-TE-28 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A test was performed to evaluate the design of the PWR decay heat removal system 
by determining its ability to protect the reactor core from damage during an emergency shutdown caused 
by loss of electrical power to the reactor coolant pumps. The reactor plant was operated for approximately 
100 hours at full rated output of 60 Mw. At the end of this period the generator was shut down by automatic 
closure of the turbine throttle valves caused by a loss of condenser vacuum. The control rods were then 
inserted at the maximum controlled rate to the bottom programming limit. When the rods reached the point 
where the reactor could be considered to be subcritical, the reactor coolant pumps were stopped, simulating 
a loss of power. When the pumps were stopped, the d-c motor- operated valve which normally isolates the 
decay heat relief valve opened automatically. This sequence of events took approximately 18 minutes. 
During this time decay heat as being generated and distributed throughout both the reactor coolant and 
steam systems. No attempt was made to dissipate this heat. The flowrate calculated from the test data was 
slightly less than predicted. However, these observed flows are subject to the inaccuracies of graphical 
calculations, and therefore the method used in the design calculations is considered valid. Test results 
indicate that the heat removal system will perform adequately in the worst case loss-of coolant-flow 
accident. 
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Author: Saito, G. H. / Leonard, J. H. 

Title: Shippingport PWR-1 Seed 2 Physics Test Results from 3600 EFPH to 6200 EFPH. Test Evaluation 

Date: 6/23/1961 

Report: WAPD-PWR-TE-83 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Measurements are made of the control rod positions for criticality at ambient 
temperature and at 500 deg C; the temperature coefficient at 100% power; and the reactivity coefficients, 
xenon transients, and reactivity lifetime. 
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Author: Saito, G. W. 

Title: Shippingport PWR-1 Seed 2 Physics Test Results from 6200 EFPH to the End of Seed 2 Life 

Date: 10/27/1961 

Report: WAPD-PWR-TE-84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics tests were performed on PWR-1 Seed 2 between 6200 and 7900 EFPH to 
provide information on control rod bank critical positions and reactivity worths. excess reactivities, 
temperature coefficients, xenon transient characteristics, and core reactivity symmetry measurements. The 
7528 EFPH reactivity worth measurements resulted in a pronounced increase of the rod bank worth at rod 
positions high in the core due to fuel depletion effects. Values of xenon-free excess reactivities at ambient 
and operating temperatures measured at 7528 EFPH were computed by graphical integration of control rod 
worth curves. The zero power temperature coefficient measured at 7528 EFPH continued to exhibit a 
behavior consistent with Seed 1 experience by decreasing in absolute magnitude during Seed 2 life. The 
average seed thermal neutron flux level inferred at 7528 EFPH from a xenon transient measurement 
continued the over-all increasing trend of Seed 2 flux values with core age resulting from fuel depletion 
control rod group reactivity worth measurements during a xenon transient were not observed to differ 
appreciably from previous measurements. The end of life core reactivity symmetry measurements at 7528 
EFPH showed no appreciable asymmetrical radial fuel depletion and fission product poisoning effects to 
be in evidence. The blanket power share was higher during Seed 2 operation than predicted by depletion 
calculations. 



 

C-22095 

22040…..…..…………………..…….……..……ID Number…………………..…..…………….22040 

Author: Wieczorkowski, E. A. 

Title: Control Rod Withdrawal Transients. Test Evaluation, DLCS 2760101 DLCS 2760201 

Date: 12/1/1961 

Report: WAPD-PWR-TE-99 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality and the average reactor coolant temperature of the Shippingport Atomic 
Power Station's nuclear reactor is controlled by hafnium control rods. Continuous withdrawal of the control 
rods, due to equipment malfunction or operator error. can be a potential danger to the reactor core. The 
reactor protection system provides automatic shutdown of the reactor core and thus limits the extent of 
accidental control rod withdrawal transients to protect the core. Analog simulation was employed to 
calculate the reactor plant response to control rod withdrawal accidents and thus determine the reactor 
shutdown setpoints of the protection system. The adequacy and/or degree of conservatism of the analog 
simulation in predicting plant response is of considerable importance. Testing was performed at the 
Shippingport Atomic Power Station to determine the actual plant response to mild control rod withdrawals 
under controlled conditions. The results of these tests were compared with calculations performed by analog 
simulation. The comparison of test data with calculations illustrated fairly good agreement or conservative 
calculations, i.e., calculations indicated greater transient excursions than did plant test data. 
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22041…..…..…………………..…….……..……ID Number…………………..…..…………….22041 

Author: Connor, John C. 

Title: Pile Kinetics for Linear Rate of 6 K Insertion—The Worst Accident Solution 

Date: 1/1/1951 

Report: WAPD-RM-033 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The pile kinetic equation for dn/dt is solved for a linear insertion of sigma k with 
respect to time rather than for the usual arbitrarily assigned step function sigma k: The rate of rise of n/no 
is much less rapid than for step function changes. An argument is presented that the most likely source of 
excess sigma k is the control rods themselves. It is possible to calculate n/no as a function of time for the 
maximum conceivable rate of rod withdrawal under accidental conditions. This has been done for the Naval 
Reactor and the resulant curve is the worst accident solution within the limits of validity of the assumptions 
made. 
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Author: Garabedian, H. L. 

Title: Theoretical Calculations on ZPR Experimentation Part III. Worth of a Single Central Cylindrical 
Control Rod 

Date: 1/26/1951 

Report: WAPD-RM-038 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A theoretical evaluation of the experimental result giving the worth of a single central 
cylindrical control rod made of Cd-Ag in terms of peripheral fuel is reported. The theoretical calculations 
were made with the use of three different types of boundary conditions designated as Canadian, Nordheim- 
Scalettar, and Diffusion. For the fully inserted cylindrical rod the three methods gave the critical masses. 
Since the Canadian method was believed on theoretical ground to be the best choice of the three methods 
studied, the relatively poor showing made by the Canadian method provoked further study. It was suggested 
that Ag possesses a strong resonance which is above the thermal range. This epi-Cd absorption was taken 
into account with the aid of a modified Canadian method, giving a theoretical result. Thus, the discrepancy 
between experiment and theory was essentially resolved. 
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22043…..…..…………………..…….……..……ID Number…………………..…..…………….22043 

Author: Taylor, J. J. 

Title: Theoretical Calculations on ZPR Experimentation Part IV. Analysis of Neutron Age and the 
Absorption Cross Section from the ZPR Clean Critical Experiments 

Date: 3/1/1951 

Report: WAPD-RM-042 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Absorption; Aluminum Alloys; Carbides; Critical Assemblies; Cross 
Sections; Equations; Errors; Fast Fission Factor; Fermi Age; Group Theory; Iron Alloys; Lead Alloys; 
Lifetime; Liquids; Manganese Alloys; Metals; Neutrons; Nickel Alloys; Numericals; Phase Diagrams; 
Planning; Reactor Core; Reactors; Resonance Escape Probability; S1w; Silver Alloys; Solids; Temperature; 
Thermal Neutrons; Thermodynamics; Water; Zirconium 
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Author: Creagan, R. J. / Henry, A. F. 

Title: Uranium Handling for CVR Experiments 

Date: 10/21/1952 

Report: WAPD-RM-145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality and radioactivity considerations for processing and shipping Al-clad 
natural-U rods about 5 ft. long are given. The material is for Carrier Vessel Reactor criticality experiments 
at BNL and WAPD. 
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Author: Garabedian, H. L. 

Title: Handbook of Formulas for Two Group Criticality Calculations in Homogeneous Reactors 

Date: 2/1/1953 

Report: WAPD-RM-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Books; Criticality; Equations; Fast Neutrons; Group Theory; Homogeneous 
Reactors; Mass; Reactors; Thermal Neutrons 
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Author: Kirk, H. J. 

Title: Xenon and Samarium Concentrations Produced by Various Flux Programs 

Date: 6/1/1953 

Report: WAPD-RM-182 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The effect of time variations of the flux on the Xe/sup 135/ and Sm/sup 149/ 
concentrations in a reactor is discussed in this paper. The large increase in poison concentration following 
a reduction of flux is given ns a function of time for various initial and final values of the flux. Graphs are 
provided from which the maximum xenon and samarium concentrations following a reduction of flux from 
any initial to any final value can be determined. For the special case of reduction to zero flux the effect of 
various initial conditions on the resulting xenon concentration is shown as a function of time. The reactivity 
required for criticality is given as a function of xenon concentration, samarium concentration, and reactor 
constants. Also, the effect of the spacial dependence of poison concentration on reactivity calculations is 
briefly discussed. The problem of maintaining criticality during the shutdown of a reactor which cannot 
override maximum poison concentration is investigated. The poison concentration produced by periodic 
time variations in the flux is determined as a function of time for various frequencies and amplitudes of 
oscillation. Also, the variation in poison concentration produced by an arbitrary flux problem is discussed 
briefly. Appendix I enables solution of the more general problem, that of xenon and samarium buildup from 
arbitrary initial concentrations. Appendix II discusses the problem of the time variations of poison 
concentrations produced by an increase of the flux level. 13495 The results of a preliminary study of 
building inherent control into a pressurized water reactor,”steam rod” partially confined channels in parallel 
with the coolant channels, but closed at the top. Forced convection flow does not occur through these 
partially enclosed chambers; hence, steam is generated. The design of the core is such that the system is 
supercritical when all these chambers sre filled with water, and subcritical when they are all filled with 
steam. When criticality is achieved, all chambers contain some proportion of steam and water. The relative 
amounts of steam and water act as a control of reactivity. 
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Author: Garabedian, H. L. 

Title: Determination of Shutdown with the Aid of a Source 

Date: 10/1/1953 

Report: WAPD-RM-207 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Critical Assemblies; Criticality; Distribution; Equations; 
Measured Values; Multiplication Factors; Neutron Flux; Neutron Sources; Oscillations; Reactor Safety; 
Reactors; Rods; Shutdown; Thermal Neutrons; Water Coolant; Water Moderator 
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Author: Feiner, F. 

Title: Summary Report on Reactor Hazards Associated with the Pressurized Water Reactor Flexible 
Assembly--II 

Date: 5/14/1956 

Report: WAPD-SC-531(Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the past, the critical experimentation facility Pressurized Water Reactor Flexible 
Assembly II (PWR-FA) has employed plastic tapes containing highly enriched U3O8 as the fuel. Due to a 
phase transition in the polyethylene near 40 deg C which changes the elastic constants of the plastic and 
may limit the range over which meaningful temperature coefficient measurements may be made, metallic 
fuel elements were investigated as a possible replacement. 
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Author: Friedman, L. 

Title: Further Comparison and Simplification of Cell Theory and Exact Solution for Control Rods 

Date: 11/15/1955 

Report: WAPD-SFR-Ph-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Control Elements; Criticality; Diagrams; Equations; Errors; Neutron Flux; 
Numericals; Reactors; Rods; Volume; Zones 
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Author: Vogele, W. A. / Johnson, S. O. 

Title: Simulation of Prompt-Critical Excursions in Water-Moderated Reactors 

Date: 9/1/1959 

Report: WAPD-T-1059 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A method for calculating the behavior of water-cooled reactors during prompt-critical 
excursions by means of an analog computer was developed. Results were obtained for a plate type 
zirconium clad core and for the SPERT I core. The results of the SPERT analysis were in good agreement 
with the experimental data. 



 

C-22106 
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Author: Ewen, R. L. 

Title: MULE-A Code for the Calculation of Three Types of Overtone Modes 

Date: 9/1/1960 

Report: WAPD-T-1241 

Conference/Journal: American Nuclear Society Winter Meeting, December 1960, San Francisco, 
California. 

Conference Session:  

Abstract/Keyterms: Presented at American Nuclear Society Winter Meeting, December 1960, San 
Francisco, California. The Wielandt method for the calculation of the roots in the matrix of the eigenvalue 
problem in reactor design is reviewed in contrast to that of the basic power method. An application is made 
of the Wielandt method to three types of modes of interest in reactor kinetics. A description is given of the 
MULE code for the calculation of these modes in slab geometry. 
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Author: Valentine, R. F. / Christman, R. P. 

Title: Criticality Predictions of the PWR-2 Design Model 

Date: 9/1/1961 

Report: WAPD-T-1370 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: The achievement of the design objectives of PWR-2 is dependent in large part on the 
ability of the nuclear design calculational technique to predict core behavior. The model was used to 
calculate the critical condition of many cores of different geometry, temperature, poison loadings and fuel 
loadings which were experimentally tested in both high temperature and ambient temperature facilities. The 
average calculated critical eigenvalue was 1.004 with a standard deviation of 0.003. While in actual value 
this represents a very good prediction of the critical condition, the really significant factor is that all of the 
calculations fall in a relatively narrow range. Regardless of the core condition under study, the calculations 
using the nuclear design model produced a critical eigenvalue which was essentially constant when the 
uncertainties in the measured axial bucklings, which are reflected in the eigenvalues, are considered. Thus, 
a fixed eigenvalue bias may be applied to criticality calculations for the design PWR-2 core with reasonable 
expectations that the result will be correct. 
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Author: Flanagan, C. A. / Hannum, W. H. 

Title: PWR-Core 2 Reactor and Analytic Model Description. Part II 

Date: 9/1/1961 

Report: WAPD-T-1386 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The analytic model used to investigate the lifetime behavior of the PWR-- Core 2 is 
described. The basic model to describe three-dimensional behavior consists of a synthesis of two 
dimensional radial results with one dimensional axial results. Four neutron energy groups are treated by 
diffusion theory in the model. The microscopic cross sections in the slowing down region are treated by a 
Fourier transform solution which includes all element slowing down and epi- thermal absorption. The 
thermal energy group constants are obtained by averaging over a flux spectrum which accounts for the high 
absorption of the medium, in the case of the seed regions. Regions of the reactor in which the absorption is 
very high and in which neutron transport corrections are necessary are treated in the diffusion theory 
calculations by special techniques. The heterogeneous resonance absorption integral of U238 in the blanket 
region was obtained by Monte Carlo calculations and the epi-thermal group constants used in reactor 
calculations were adjusted to account for the heterogeneous structure. 



 

C-22109 

22054…..…..…………………..…….……..……ID Number…………………..…..…………….22054 

Author: Flanagan, C. A. / Pence, G. E. 

Title: PWR-2 Depletion Studies 

Date: 9/1/1961 

Report: WAPD-T-1387(Rev.1) 

Conference/Journal: Transactions of the American Nuclear Society 

Conference Session:  

Abstract/Keyterms: Use of a synthesis depletion technique has provided esti mates of the lifetime behavior 
of the three-dimensional nuclear characteristics of PWR-2. Both the radial and axial portions of this 
technique indicate core lifetimes of the order of 10,000 EFPH. A substantial amount of core power is 
derived from the natural UO2 in the blanket, amounting to an average of to 2000 deg F 47% over core 
lifetime. of this amount, a significant portion at end of life is produced by the plutonium isotopes, amounting 
to to 2000 deg F 30% of total co power. Throughout most of core life the limiting three-dimensional power 
densities do not exceed 2.7 times the seed average. of the initial seed loading of 336 kg of U-235, 138 kg 
of U-235 are depleted to achieve core life 
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Author: Rutledge, G. P. / Condit, C. M. / Dobbe, F. A. 

Title: The Reactivity Effect of Water Gap Spacing and 238U on the System Zirconium-Water-Uranium-
235 

Date: 10/18/1962 

Report: WAPD-T-1483(Rev.); CONF-242-1 

Conference/Journal: American Institute of Chemical Engineers Symposium, Chicago, Ill., Dec. 1962 

Conference Session:  

Abstract/Keyterms: The reactivity of single homogeneous systems of zirconium--water-- uranium-235 
has been previously developed quantitatively. This information is extended by assessing the reactivity effect 
that results when homogeneous regions are separated by water gaps, i.e., heterogeneous systems. Several 
fuel regions which are stored adjacent to each other under water do not necessarily represent a maximum 
reactivity. As these regions are separated by a water gap, which is often necessary in the storage of fuel, a 
maximum peak reactivity is reached at a certain spacing between the regions. It is necessary that this 
maximum value always be determined before the fuel is handled unless it is mechanically impossible to 
vary this water gap. 
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Author: Christman, R. P. / Smith, G. G. / Bogar, G. F. / Rutherford, C. H. 

Title: Experiments with a High-Speed Fuel Density Seed-Blanket Critical Assembly 

Date: 9/1/1963 

Report: WAPD-T-1623; CONF-187-22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The design of long-lifetime seed-blanket cores creates a need for calculational-
experimental physics comparisons on critical assemblies having a high seed-fuel density. Since 
experimental data are not available at high fuel densities, an experimental program is initiated to obtain 
parameters in a core having fuel densities varying from 282 to 449 g U-235/liter in the seed-fuel region. 
The comparison of experimental and calculational results show that a nuclear-design-type calculation 
predicts with comparable accuracy criticality, seed power peaking factors, and boron capture fractions at 
the given seed fuel densities. 
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Author: Flanagan, C. A. / Smith, F. E. / Bogar, G. F. / Rutherford, C. H. 

Title: An Evaluation of a Three-Dimensional Flux Synthesis Method as a Nuclear Design Tool 

Date: 10/1/1964 

Report: WAPD-T-1737; CONF-654-100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; California; Mathematics; Neutron Flux; 
North America; Performance; Planning; Quantitative Analysis; Reactors; USA; Weight 
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Water Coolant 
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USA; Waste Processing 
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Abstract/Keyterms: Reactor Technology; Criticality Studies; Detection; Diffusion; Equations; Florida; 
Neutron Flux; Oscillations; Reactors; Slowdown; USA 
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Abstract/Keyterms: Several clean critical experiments were analyzed with ENDF/B-VI data to assess the 
adequacy of the data for U235, U238 and oxygen. These experiments were (1) a set of homogeneous U235-
H2O assemblies spanning a wide range of hydrogen/uranium ratio, and (2) TRX-1, a simple, H2O-
moderated Bettis lattice of slightly-enriched uranium metal rods. The analyses used the Monte Carlo 
program RCP01, with explicit three-dimensional geometry and detailed representation of cross sections. 
For the homogeneous criticals, calculated k{sub crit} values for large, thermal assemblies show good 
agreement with experiment. This supports the evaluated thermal criticality parameters for U235. However, 
for assemblies with smaller H/U ratios, k{sub crit} values increase significantly with increasing leakage 
and flux-spectrum hardness. These trends suggest that leakage is underpredicted and that the resonance eta 
of the ENDF/B-VI U235 is too large. For TRX-1, reasonably good agreement is found with measured lattice 
parameters (reaction-rate ratios). of primary interest is rho28, the ratio of above-thermal to thermal U238 
capture. Calculated rho28 is 2.3 ({+-} 1.7) % above measurement, suggesting that U238 resonance capture 
remains slightly overpredicted with ENDF/B-VI. However, agreement is better than observed with earlier 
versions of ENDF/B. 
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Abstract/Keyterms: The generalized objectives guiding the design of a power reactor are discussed 
relative to the light water cooled and moderated thermal reactor using a high uranium content fuel element. 
A survey of reactor concepts directed toward these objectives is presented and the seed --blanket core 
concept in which a highly enriched uranium region (the seed) is used to drive a surrounding natural uranium 
region (the blanket) is discussed in detail. The variation of design parameters for the seed--blanket core 
type is discussed and calculational data presented to evaluate possible choices in the design. Performance 
characteristics such as fuel elements, power distribution, and nuclear factors affecting thermal performance 
of the core are discussed. Calculational data are presented to illustrate the variation of these factors with the 
choice of design parameters. 
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Fission Factor; Fast Neutrons; Fermi Age; Fourier Analysis; Group Theory; Hydrogen; Mathematics; 
Mixing; Moderators; Multiplication Factors; Oscillations; Oxygen; Resonance Escape Probability; 
Scattering; Slowdown; Uranium 235; Uranium 238; Water; Water Moderator; Zirconium 
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Abstract/Keyterms: This experiment involves constructing an aluminum-uranium, heterogeneous, water-
moderated critical assembly having a metal-to-water ratio of 1.39, in order to measure criticality and 
reflectors savings, and to infer the age of this system. Criticality is attained by slowly adding bundles in a 
cylindrical configuration until the core is just critical with all control rods completely removed from the 
core. The reflector savings is measured from the flux plots of the cadmium-covered manganese wires. 
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Abstract/Keyterms: Physics; Boron 10; Burnout; Configuration; Confinement; Control Elements; 
Differential Equations; Diffusion; Enrichment; Fast Fission Factor; Group Theory; Instruments; Losses; 
Magnetic Fields; Neutron Flux; Planning; Plasma; Plates; Poisoning; Power; Reactivity; Reactor Core; 
Reactor Fueling; Stability; Vacuum; Water Moderator; Xenon; Zirconium; Zones 
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Abstract/Keyterms: Physics; Computers; Digital Systems; Energy Range; Homogeneous Reactors; 
Hydrogen; IBM 704; Mixing; Moderators; Neutron Flux; Neutrons; Programming; Reaction Kinetics; 
Slowdown; Spectra; Thermodynamics; Wigner-Wilkins Model 
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Equations; Diffusion; Distribution; Electric Fields; Electrodes; Energy Range; Enrichment; Group Theory; 
Ions; Lifetime; Magnetic Fields; Measured Values; Neutron Flux; Planning; Plasma; Production; 
Thermonuclear Devices; Thermonuclear Reactions; Vessels; Water Moderator 
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Abstract/Keyterms: Physics; Buckling; Computers; Criticality; Diffusion; Fourier Analysis; Group 
Theory; Leakage; Mathematics; MUFT-Code; Multiplication Factors; Neutrons; Numericals; Oscillations; 
Programming; Reactivity; Reactor Core; Reactors; Slowdown; Transport Theory 
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Abstract/Keyterms: Physics; Candle-Code; Computers; Cross Sections; Diffusion; Fast Neutrons; Group 
Theory; MUFT-Code; Numericals; Programming; Standards 
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Title: Critical Experiments in a Uranium—Zirconium Water-Moderated Core with Plate Fuel Elements 
and Slab Geometry 

Date: 12/1/1957 

Report: WAPD-TM-0100 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Experiments were performed on light-water-moderated, highly enriched uranium--
zirconium --aluminum cores in slab geometry. In one case, light water was used as a reflector on all sides 
of the core. In the second, a metal and water reflector containing natural uranium-niobium-aluminum was 
symmetrically added to a thinner, enriched uranium-zirconium-aluminum slab core. Experimental flux 
plots and machine calculated flux plots agreed within the experimental and calculational uncertainties. Few-
group slowing-down models combined with spatial diffusion theory were used to predict criticality of the 
assemblies to within 2% in the worst case. The four-group slowing-down model, incorporating the effects 
of changes in the thermal flux spectrum, gave the best results. 
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Fission Factor; Fast Neutrons; Fuel Elements; Group Theory; Mass; Measured Values; Moderators; 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Azimuthal propagation of disturbances in a large aunular reactor is investigated by 
studying the equalization of neutron bursts in a ring or simply- periodic reactor. One-velocity diffusion 
theory is employed to obtain convenient expressions for the time required for approximate equalization of 
neutron density around the ring. 
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Title: An Experiment to Measure Effective Delayed Neutron Fractions 

Date: 2/1/1960 

Report: WAPD-TM-0209 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An experimental measurement of the effective delayed neutron fraction ( beta -bar) 
was made for a clean critical assembly by determining the asymptotic period associated with introduction 
of a known amount of reactivity. The "known amount" of reactivity was obtained by replacing, uniformly 
throughout the reactor, a small quantity of U235 with an alloy of B10 and Hf designed to match the 
absorption properties of U235. The replacement was thus equivalent to a uniform reduction in nu, the 
number of neutrons emitted per fission from the fuel. Such a reduction introduces a reactivity change equal 
exactly to delta nu / nu /sub 0/. Two analyses of the experiment were made using different high energy 
cross sections in conjunction with four group, two dimensional diffusion theory. The measured value of 
beta lay between the results of these computations, the error spread (an average rms error of plus or minus 
5.2%) being too great to permit any conclusion regarding the significance of the comparison. 



 

C-22138 

22083…..…..…………………..…….……..……ID Number…………………..…..…………….22083 

Author: Rutledge, G. P. / Kantorczyk, P. A. 
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Report: WAPD-TM-0244 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the results of an analytic study of some homogeneous reactors 
with several reactor models presently used at the Bettis laboratory. The calculated criticality is compared 
with experiment; however, the experiments were designed for reasons other than analytical evaluation. 
Therefore, considerable effort has been made to not only compare k(eff) (i.e., eigenvalue) analytically and 
experimentally but to estimate the experimental error of k(eff) so differences due to the model chosen could 
be properly evaluated. 
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Abstract/Keyterms: Physics; Boundary Conditions; Computers; Configuration; Criticality; Differential 
Equations; Diffusion; Eigenvalues; Group Theory; Homogeneous Reactors; Mathematics; Neutron Flux; 
Reactor Core; Reactors; Reflectors; Surfaces 



 

C-22140 

22085…..…..…………………..…….……..……ID Number…………………..…..…………….22085 

Author: Frankhouser, W. L. / et al. 

Title: Fabrication of Fuel Rods Containing U-233 Pelletized Oxide Fuels 

Date: 1/1/1967 

Report: WAPD-TM-0588 

Conference/Journal:  

Conference Session:  
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Title: Small Uranium-233 Fueled Seed-and-blanket Critical Experiments (LWBR-LSBR Development 
Program) 

Date: 12/23/1967 

Report: WAPD-TM-0614 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: U233-MET-THERM-001; A series of eight small seed-and-blanket critical 
assemblies were studied at the Bettis Atomic Power Laboratory. Rod-type seed fuel elements which 
contained either uranium-233 or uranium-235 were utilized so that a direct comparison could be made 
between the lattice characteristics of the two fuels. Also, blanket regions which contained rod type elements 
with either natural thoria or 1 wt% uranium-233 dioxide-thoria were compared. The eight assemblies were 
of two principal types. The first type was a rectangular array having a central seed region surrounded by a 
wet blanket with a metal-to-water ratio of about one, and the second was a hexagonal array having a central 
seed region surrounded by a tightly packed dry blanket with a metal-to-water ratio of about 9.2. All 
experiments on these eight assemblies were conducted at 20c temperature. In addition, two of the wet 
blanket assemblies were studied in the high temperature test facility at 480f and 650 psi. 
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Abstract/Keyterms: The purpose of this analysis was to provide criticality data for homogeneous water 
moderated and reflected systems containing highly enriched uranium-dioxide and thoria. The data will be 
used to establish fuel handling and storage criteria for finely divided mixtures and alloys of highly enriched 
uranium-dioxide + thoria. Homogeneous, water reflected and moderated spheres of thoria containing a wide 
range of highly enriched uranium-dioxide wt% have been analyzed by four-group diffusion theory utilizing 
the one-dimensional code WANDA. The fast-group constants were obtained from the MUFT5 code which 
weights a 54-group microscopic cross-section set over a spectrum determined by the buckling and material 
composition and coalesces these into three fast-group constants. The thermal-group constants were obtained 
with the KATE1 code using the mixed number density option. Stearic acid and sugar were compared with 
water for effectiveness of moderation and reflection. Water proved to be the best moderator thus far, but 
sugar (at theoretical density) proved to be superior to water as a reflector. 
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Title: A Comparison of Thermal Neutron Activation Measurements and Monte Carlo Calculations in Light-
Water-Moderated Uranium Cells 
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Report: WAPD-TM-0932 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thermal disadvantage factors and spectral indices have been measured in a variety of 
lattices. One series contained slightly enriched uranium rods in hexagonal geometry; another used natural 
uranium fuel in slab geometry. Both types employed water as the moderator. The detectors used were 
dysprosium-164, lutetium-176, and plutonium-239. Full energy range (0 to 10 MeV) Monte Carlo 
calculations with explicit cell geometry representations were performed using the RECAP program. In 
addition, thermal energy range (0 to 0.625 eV) calculations were obtained with the Monte Carlo program 
MARC as well as with the integral transport theory code THERMOS. The purpose of these investigations 
was to test the adequacy of the various water scattering kernel models--Nelkin, Koppel, and Haywood--for 
a broad range of thermal flux characteristics spectrum with a steep spatial gradient to a very hard spectrum 
which was relatively flat as a function of position. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An extensive analytical study has been undertaken to add to the limited data available 
concerning the minimum critical mass parameters for a spherical region of an optimum uranium-235-plus-
water mixture, when this region is reflected by natural uranium in an optimum light-water configuration. 
The conditions under which the central, enriched region would be exactly critical, with a minimum critical 
mass of uranium-235, have been computed for various reflector configurations. These reflector 
configurations are (1) a homogeneous mixture of water and natural uranium at the optimum hydrogen to 
uranium-235 ratio, (sufficient data was obtained to map the behavior of this system over a wide range of 
natural uranium masses.), and (2) natural uranium metal cylinders of an optimum uranium-water lattice. 
Specific calculations were performed in this latter system for 0, 225, and 17,000 kg of natural uranium. The 
results of these calculations indicate that the minimum critical mass parameter for the central enriched 
region lies in the range of 75 to 200 grams of uranium-235. The heterogeneous systems were analyzed using 
a Monte Carlo program. The validity of this analysis was established by application of the Monte Carlo 
program to a number of uranium-rod-water lattice systems (uranium-235 enrichment in the range 0.71 to 
3.0 wt%) for which experimental data is available. These results were then utilized to select appropriate 
criticality limits and rules for the underwater handling of natural uranium and enriched uranium materials 
under conditions when both types of materials are available. 
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Abstract/Keyterms: The calculation of criticality of 233U fueled, aqueous-nitrate spherical critical 
experiments and a high leakage cylinder experiment is discussed. The calculated reactivities are found to 
be in excellent agreement with experiment, being well within the limit (± 0.25 percent) caused by 
uncertainties in the fuel inventories (± 0.50 percent). The average error in calculated reactivity is found to 
be 0.06 percent, for the 11 assemblies considered. Previously, the spheres were analyzed with calculated 
reactivities being in error by as much as 0.69 percent. The cylindrical experiments were also part of a set 
of criticals analyzed with detailed Monte Carlo calculations in which errors as large as 3 percent in 
eigenvalue were found for high (50 percent) leakage assemblies. It is concluded that the principal sources 
of error in the previously calculated eigenvalues are the description of the fission spectrum, representation 
of the total neutron cross sections above approximately 8 MeV, and nonthermal absorption cross sections. 
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Abstract/Keyterms: Physics; Accidents; Analog Systems; Computers; Control Elements; Criticality; 
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Abstract/Keyterms: Two recent evaluations of the thermal parameters, by the author, and that 
commissioned by the IAEA, have produced results which are in substantial disagreement. Consequently, a 
re-analysis of the available experimental data for the 233U parameters eta, alpha, anti nu/nu/sup Cf/, 
sigma/sub f/, sigma/sub a/ has been carried out. These data are then used as the basis for two evaluations. 
The first evaluation, which is the basis for the revised thermal 233U data recommended here, relies only on 
233U and criticality computations, thus avoiding the direct use of certain standards for which experimental 
data currently shows gross disparities. The second analysis utilizes the cross ratio measurements to 235U 
in a least squares analysis similar to that used in the work commissioned by the IAEA. The input and 
resulting output data are discussed in considerable detail. Results of computations of criticality of the Gwin 
and Magnuson aqueous 233U criticals with the recommended data are also discussed. (NSA 27 
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Abstract/Keyterms: A critical assembly known as the detailed cell was constructed as part of the Light 
Water Breeder Reactor (LWBR) Development Program to provide basic experimental data and to confirm 
nuclear analysis methods. A unique feature of the critical mock-up is the capability to move the entire seed 
assembly remotely. Experiments were conducted with different seed and blanket configurations, and 
extensive three-dimensional power distribution measurements were performed. (NSA 29: 34265) 
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Abstract/Keyterms: Eight 233U fueled critical assemblies were studied as part of the Light Water Breeder 
Reactor Development Program. This series of cores investigated fuel zoning, coupling between modules, 
the temperature defect, and power flattening. Emphasis in this document is on presentation of the 
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C-22152 

22097…..…..…………………..…….……..……ID Number…………………..…..…………….22097 

Author: Volpe, J. J. / Smith, G. G. 

Title: Two Region Studies in Slightly Enriched Water Moderated Uranium and Uranium Dioxide Lattices 

Date: 3/1/1958 

Report: WAPD-TM-119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study of the flux distributions of two region core configurations was made for the 
TRX facility. The purpose of this study was to obtain an estimate of the size of a critical configuration that 
would yield the same values of the basic reactor parameters in the inner region as a critical core consisting 
entirely of the inner region material and geometry. The TRX is a heterogeneous, light meter moderated and 
reflected reactor. The fuel is in the shape of cylindrical rods cladded with aluminum and arranged in a 
hexagonal pattern in a stainless steel lattice plate. The total length of the fuel is 48 in. The outer boundary 
of the fuel region is arranged to approximate a cylinder. The core configuration studied is shown. The 
spacing of the fuel rods yielded a water to equivalent uranium volume ratio of 5 to 1. This particular two 
region core employs the use of one lattice plate. The number of hexagons and fuel rods enclosed by various 
inner region sizes are listed. The flux distributions were investigated using a one-dimensional few group 
equation code. Four neutron energy groups were used. Fast group constants were calculated using 
zirconium cross section values in place of the aluminum present due to an incomplete knowledge of the 
aluminum cross sections. An appropriate correction factor is applied for this substitution. No substitution 
is made for the aluminum in the calculation of the slow group constants. The investigations presented may 
be divided into two parts. The first is a discussion of the two region configuration in which the inner region 
radius is varied. The second is a discussion of the configuration in which a water gap has been included 
between the inner and outer regions. Various combinations of inner region radii and water gap sizes were 
studied. 



 

C-22153 

22098…..…..…………………..…….……..……ID Number…………………..…..…………….22098 

Author: Ullo, J. J. / Hardy, J., Jr. 

Title: Analysis of Homogeneous Uranium-233 and Uranium-235 Critical Assemblies with ENDF/B-IV 
Data 

Date: 10/1/1977 

Report: WAPD-TM-1299 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Thirty-two uranium-233 and uranium-235 homogeneous aqueous critical 
experiments were analyzed with ENDF/B-IV data. Calculated eigenvalues for both fuel types increased by 
nearly 2% over the range of hydrogen/uranium atomic ratio covered (from 2106 to 27.1). This attributed to 
an underprediction of fast leakage, with some contribution from the fission and capture resonance integrals 
of ENDF/B-IV uranium-235. Eigenvalue sensitivities to several nuclear data changes were examined. 
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Abstract/Keyterms: Four H2O-moderated, slightly-enriched-uranium critical experiments were analyzed 
by Monte Carlo methods with ENDF/B-IV data. These were simple metal-rod lattices comprising Cross 
Section Evaluation Working Group thermal reactor benchmarks TRX-1 through TRX-4. Generally good 
agreement with experiment was obtained for calculated integral parameters: the epi-thermal/thermal ratio 
of U238 capture (r28) and of U235 fission (d25), the ratio of U238 capture to U235 fission (CR), and the 
ratio of U238 fission to U235 fission (d28). Full-core Monte Carlo calculations for two lattices showed 
good agreement with cell Monte Carlo-plus-multigroup Pl leakage corrections. Newly measured parameters 
for the low energy resonances of U238 significantly improved r28. In comparison with other CSEWG 
analyses, the strong correlation between keff and r28 suggests that U238 resonance capture is the major 
problem encountered in analyzing these lattices. 
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Abstract/Keyterms: A survey is made of existing integral experiments for U233 systems and thorium-
uranium based fuel systems. The aim is to understand to what extent they give a consistent test of ENDF/B-
IV nuclear data. A principal result is that ENDF/B-IV leads to an underprediction of neutron leakage. 
Results from testing alternate thorium data sets are presented. For one evaluation due to Leonard, the results 
depict a possible growing discrepancy between measured integral parameters such as rho/sup 02/ and I/sup 
232/ and the differential data, which underpredicts these parameters. Sensitivities to other nuclear data 
components, notably the fission neutron spectrum, were determined. A new harder U233 spectrum 
significantly reduces a bias trend in k(eff) vs leakage. 
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Abstract/Keyterms: A number of water-moderated Th-U235 and Th-U233 lattice integral experiments 
were analyzed in a consistent manner, with ENDF/B-IV data and detailed Monte Carlo methods. These 
experiments provide a consistent test of the nuclear data. The ENDF/B-IV data are found to perform 
reasonably well. Adequate agreement is found with integral measurements of thorium capture. Calculated 
k(eff) values show a generally coherent pattern which is consistent with k(eff) results obtained for 
homogeneous aqueous critical assemblies. Harder prompt fission spectra for U233 and U235 can correct 
the principal discrepancy observed with ENDF/B-IV, a bias trend in k(eff) attributed to an under prediction 
of leakage. 
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Abstract/Keyterms: A set of critical experiments, comprising thirteen homogeneous Pu-H2O assemblies 
and twelve UO2-PuO2 lattices, was analyzed with ENDF/B-IV data and the RCPO1 Monte Carlo program, 
which modeled the experiments explicitly. Some major data sensitivities were also evaluated. For the Pu-
H2O assemblies, calculated k(eff) averaged 1.011. The large (2.7%) scatter of k(eff) values for these 
assemblies was attributed mostly to uncertainties in physical specifications since no clear trends of k(eff) 
were evident and data sensitivities were insignificant. The UO2-PuO2 lattices showed just one trend of 
k(eff), which indicated an overprediction of U238 capture consistent with that observed for uranium-H2O 
experiments. There was however a approx. 1% discrepancy in calculated k(eff) between the two sets of 
UO2-PuO2 lattices studied. 
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Abstract/Keyterms: The Savannah River Laboratory LTRIIA slightly-enriched uranium-D2O critical 
experiment was analyzed with ENDF/B-IV data and the RCP01 Monte Carlo program, which modeled the 
entire assembly in explicit detail. The integral parameters d25 and d28 showed good agreement with 
experiment. However, calculated k(eff) was 2 to 3% low, due primarily to an overprediction of U238 
capture. This consistent with results obtained in similar analyses of the H2O-moderated TRX critical 
experiments. In comparisons with the VIM and MCNP2 Monte Carlo programs, good agreement was 
observed for calculated reaction rates in the B2=0 cell. 
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Abstract/Keyterms: The results from five sets of physics experiments involving thoria fuel systems in 
light water have been compared against predictions obtained using calculational methods developed for the 
Bettis Light Water Breeder Reactor (LWBR) program including both Monte Carlo and diffusion theory 
neutronic solutions. The nuclear data sets used in these comparisons consisted of those developed under the 
LWBR program along with both ENDF/B-III and IV nuclear data evaluations. Using the methods and 
nuclear data developed for LWBR, good agreement was found in the prediction of such quantities as 
reactivity, activation profiles, and region power fractions for the various lattice arrangements considered. 
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Abstract/Keyterms: This report provides two new approximate formulas for the flux at detector points 
outside the radial and axial extensions of a homogeneous cylindrical source and improved approximate 
formulas for the flux at points opposite rectangular surface sources. These formulas extend the range of 
geometries for which analytic approximations may be used by shield design engineers to make rapid 
scoping studies and check more extensive calculations for reasonableness. These formulas can be used to 
support skeptical, independent evaluations and are also valuable teaching tools for introducing shield 
designers to complex shield analyses. 
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Abstract/Keyterms: The results obtained by cell theory are compared with those obtained by two-group 
diffusion theory and the validity of cell theory calculations is examined. Several simple slab geometries of 
finite thickness (infinite in their other two dimensions) were used in this study. The first geometry was 
made up of a series of cells in which the individual cell consisted of a thin control slab symmetrically 
surrounded by uniformly loaded bare slabs. The second, a seed- blanket core, consisted of a highly enriched 
seed symmetrically surrounded by a blanket region which contained natural U. The seed-blanket core was 
controlled by a single control slab at its center, and the cell size was chosen to be equal to the entire seed 
region. For three variations of seed width the fuel constants of the seed were changed to obtain criticality. 
In all cases studied, criticality results were obtained with the control slabs fully inserted. To obtain the 
control material worth, the control slabs were replaced by water. As a further investigation into some of the 
properties of cell theory, flux approximations for the one-dimensional case are discussed. 
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Abstract/Keyterms: The SPHINX program tape to be released was completed. This tape includes the 
resonance self-shielding module, the diffusion theory module, and the transport theory module. The 
resonance and diffusion modules contain, in separate overlays, two sets of coding, one for problems using 
cross sections with up to 60 energy groups, and another for problems using cross sections with up to 240 
groups. Activities in support of the CSEWG Subcommittee on Data Testing included continued analysis of 
CSEWG benchmark critical assemblies by using the SPHINX code and ENDF/B-IV data. A tape containing 
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in the analyses of the gamma heating rate experiments performed in the ZPPR critical assembly. 
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Report: WASH-1192 (Rev.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The occupational injury and fatality experience during 32 years of the development 
of the atomic energy industry under the direction of the Atomic Energy Commission (AEC) and its 
predecessor, the Manhattan Engineering District, is reviewed. Data are included on the cause of all 
accidents, including fires and transportation accidents, and the cost of AEC property damage. Fatalities of 
AEC and contractor personnel from all causes during the 32-year period totaled 321, of which 184 occurred 
in construction; 121 in AEC operations such as production, research, and services; and 16 in Government 
functions. There were 19, 225 lost-time injuries attributable to all accidental causes, or a 32-year frequency 
rate of 2.75 based on the number of injuries per million man-hours. There were six deaths attributable to 
nuclear causes, three of which were due to blast and flying missiles and three caused by whole-body 
radiation exposure. Forty-one workers were involved in lost-time radiation accidents, of whom 26 showed 
clinical manifestations attributable to radiation, resulting in permanent partial-disability of three workers 
and the loss of a digit by four workers, while the others did not develop evidence of radiation injury. 
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22132…..…..…………………..…….……..……ID Number…………………..…..…………….22132 

Author: n. a. 

Title: Reactor Safety Study: Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants 

Date: 10/1/1975 

Report: WASH-1400; NUREG-75/014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General Studies of Nuclear Reactors; Specific Nuclear Reactors and Associated 
Plants; BWR Type Reactors; Reactor Accidents; Reactor Safety; Nuclear Power Plants; PWR Type 
Reactors; USA; Accidents; North America; Nuclear Facilities; Power Plants; Reactors; Safety; Thermal 
Power Plants; Water Cooled Reactors; Water Moderated Reactors Nuclear Reactor Technology- Reactor 
Safety; Power Reactors, Nonbreeding, Light-Water Moderated, Boiling Water Cooled; Power Reactors, 
Nonbreeding, Light-Water Moderated, Nonboiling Water Cooled 
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22133…..…..…………………..…….……..……ID Number…………………..…..…………….22133 

Author: n. a. 

Title: Summary Report of Reactor Safeguard Committee 

Date: 3/31/1950 

Report: WASH-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor hazards are discussed generally as to blast damage, accidental release of 
activity to air, release of stored fission products, and off-gas attack activity. Mitigating measures such as 
reactor control devices, fission product containment, reactor design, and waste storage facilities are briefly 
outlined. The investigation of six specific reactors by the committee is summarized. Appendices are 
included on: Estimate of Radiation from a Cloud Containing All of a Reactor's Fission Products; 
Radioactive Contamination by Precipitation; Plutonium Limits in Drinking Water; Radioactive Limits in 
Drinking Water Downstream; The Energy Developed in an Exploding Reactor; Chance of Disaster Due to 
Sabotage; Information Necessary to Evaluate the Safety of a Reactor; and a Table of Reactor Characteristics 
(13 reactors and reactor proving ground). 
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22134…..…..…………………..…….……..……ID Number…………………..…..…………….22134 

Author: Beck, C. K. / Cowan, F. P. / Downes, K. W. / Fleck, J. A. / Kuper, J. B. H. / et al. 

Title: Theoretical Possibilities and Consequences of Major Accidents in Large Nuclear Power Plants 

Date: 3/1/1957 

Report: WASH-740 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Assuming a typical power reactor of 500 tMw in a characteristic location, theoretical 
calculations were made of the effects of the worst possible reactor accidents. Both personal and property 
damage as a result of the initial accident and the subsequent fission product release are evaluated. The 
possibility of a catastrophic reactor accident was also evaluated and found to be extremely unlikely. 
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22135…..…..…………………..…….……..……ID Number…………………..…..…………….22135 

Author: Ladurelle, Laurent / Lisbonne, Pierre 

Title: Criticality Control During the Dismantling of a Uranium Conversion Plant 

Date: 2/27/2003 

Report: Waste Management 2003 Symposium, Tucson, AZ (US) 

Conference/Journal: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003; 
27 Feb 2003 

Conference Session:  

Abstract/Keyterms: Within the Commissariat a l'Energie Atomique, in the Cadarache Research Center in 
southern France, the production at the Enriched Uranium Treatment Workshops started in 1965 and ended 
in 1995. The dismantling is in progress and will last until 2006. The decommissioning is planned in 2007. 
Since the authorized enrichment in 235U was 10% in some parts of the plant, and unlimited in others, the 
equipment and procedures were designed for criticality control during the operating period. Despite the best 
previous removing of the uranium in the inner parts of the equipment, evaluation of the mass of remaining 
fissile material by in site gamma spectrometry measurement shows that the safety of the “clean up” 
operations requires specific criticality control procedures, this mass being higher than the safe mass. The 
chosen method is therefore based on the mapping of fissile material in the contaminated parts of the 
equipment and on the respect of particular rules set for meeting the criticality control standards through 
mass control. The process equipment is partitioned in separated campaign, and for each campaign the 
equipment dismantling is conducted with a precise traceability of the pieces, from the equipment to the 
drum of waste, and the best final evaluation of the mass of fissile material in the drum. The first results 
show that the mass of uranium found in the dismantled equipment is less than the previous evaluation, and 
they enable us to confirm that the criticality was safely controlled during the operations. The mass of fissile 
material remaining in the equipment can be then carefully calculated, when it is lower than the minimal 
critical mass, and on the basis of a safety analysis, we will be free of any constraints regarding criticality 
control, this allowing to make procedures easier, and to speed up the operations. 
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22136…..…..…………………..…….……..……ID Number…………………..…..…………….22136 

Author: Parker, F. / Mahura, A. / Compton, K. / Brown, K. / Takano, M. / Novikov, V. / Soerensen, J. H. 
/ Baklanov, A. 

Title: Potential Impact of Atmospheric Releases at Russian Far East Nuclear Submarine Complexes 

Date: 2/27/2003 

Report: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003 

Conference/Journal: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003 

Conference Session:  

Abstract/Keyterms: An “Assessment of the Impact of Russian Nuclear Fleet Operations on Far Eastern 
Coastal Regions” is being performed as part of the Radiation Safety of the Biosphere Project (RAD) of the 
International Institute for Applied Systems Analysis (IIASA) of Laxenburg, Austria. To the best of our 
knowledge, this the first comprehensive unclassified analysis of the potential impact of accidents at the 
Russian Far East nuclear submarine sites near Vladivostok and Petropavlovsk. We have defined the 
situation there based upon available information and studies commissioned by RAD in collaboration with 
Russian research institutes including Russian Research Center-”Kurchatov Institute”, Institute of Northern 
Environmental Problems and Lazurit Central Design Bureau. Further, in our original work, some in 
collaboration with the staff of the Danish Meteorological Institute (DMI) and members of the Japan Atomic 
Energy Research Institute, we have calculated the nuclide trajectories from these sites in the atmospheric 
boundary layer, less than 1.5 kilometers high, and determined their probability of crossing any of the nearby 
countries as well as Asiatic Russia. We have further determined the concentrations in each of these 
crossings as well as the total, dry and wet depositions of nuclides on these areas. Finally, we have calculated 
the doses to the Japanese Island population from typical winter airflow patterns (those most likely to cross 
the Islands in the minimum times), strong north winds, weak north winds and cyclonic winds for conditions 
similar to the Chazhma Bay criticality accident (fresh fuel) and for a criticality accident for the same type 
of reactor with fuel being withdrawn (spent fuel). The maximum individual committed dosages were less 
than 2 x 10-7 and 2 x 10-3 mSv, respectively. The long-term external doses by radionuclides deposited on 
the ground and the internal doses by consumption of foods were not evaluated as it is believed that such 
doses can be avoided by social controls. In other calculations taking these longer term doses into account 
and determining the sum of the maximum individual committed dosages (SMICD), we found for each of 
the surrounding countries to be less than 1 mSv. In that part of Russia the (SMICD) is less than 6 mSv. For 
releases from the Petropavlovsk sites the (SMICD) for each of the surrounding countries is less than 0.3 
mSv. In that part of Russia the (SMICD) is less than 6 mSv. 
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22137…..…..…………………..…….……..……ID Number…………………..…..…………….22137 

Author: Watson, Dan / Eyman, Jeff 

Title: Changing the Landscape--Low-Tech Solutions to the Paducah Scrap Metal Removal Project Are 
Providing Safe, Cost-Effective Remediation of Contaminated Scrap Yards 

Date: 2/27/2003 

Report: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003 

Conference/Journal: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003 

Conference Session:  

Abstract/Keyterms: Between 1974 and 1983, contaminated equipment was removed from the Paducah 
Gaseous Diffusion Plant (PGDP) process buildings as part of an enrichment process upgrade program. The 
upgrades consisted of the dismantlement, removal, and on-site storage of contaminated equipment, cell 
components, and scrap material (e.g., metal) from the cascade facilities. Scrap metal including other 
materials (e.g., drums, obsolete equipment) not related to this upgrade program have thus far accumulated 
in nine contiguous radiologically-contaminated and non-contaminated scrap yards covering 1.05E5 m2 (26 
acres) located in the northwestern portion of the PGDP. This paper presents the sequencing of field 
operations and methods used to achieve the safe removal and disposition of over 47,000 tonnes (53,000 
tons) of metal and miscellaneous items contained in these yards. The methods of accomplishment consist 
of mobilization, performing nuclear criticality safety evaluations, moving scrap metal to ground level, 
inspection and segregation, sampling and characterization, scrap metal sizing, packaging and disposal, and 
finally demobilization. Preventing the intermingling of characteristically hazardous and non-hazardous 
wastes promotes waste minimization, allowing for the metal and materials to be segregated into separate 
waste streams. Low-tech solutions such as using heavy equipment to retrieve, size, and package scrap 
materials in conjunction with thorough planning that integrates safe work practices, commitment to 
teamwork, and incorporating lessons learned ensures that field operations will be conducted efficiently and 
safely. 
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22138…..…..…………………..…….……..……ID Number…………………..…..…………….22138 

Author: Countiss, S. S. / Basabilvazo, G. T. / Moody, D. C. III. / Lott, S. A. / Pickerell, M. / Baca, T. / 
Ch2m Hill / Tujague, S. / Svetlik, H. / Hannah, T. 

Title: Robust Solution to Difficult Hydrogen Issues when Shipping Transuranic Waste to the Waste 
Isolation Pilot Plant 

Date: 2/27/2003 

Report: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003; Other 
Information: PBD: 27 Feb 2003 

Conference/Journal: Waste Management 2003 Symposium, Tucson, AZ (US), 02/23/2003--02/27/2003 

Conference Session:  

Abstract/Keyterms: The Waste Isolation Pilot Plant (WIPP) has been open, receiving, and disposing of 
transuranic (TRU) waste since March 26, 1999. The majority of the waste has a path forward for shipment 
to and disposal at the WIPP, but there are about two percent (2%) or approximately 3, 020 cubic meters 
(m{sup 3}) of the volume of TRU waste (high wattage TRU waste) that is not shippable because of gas 
generation limits set by the U.S. Nuclear Regulatory Commission (NRC). This waste includes plutonium-
238 waste, solidified organic waste, and other high plutonium-239 wastes. Flammable gases are potentially 
generated during transport of TRU waste by the radiolysis of hydrogenous materials and therefore, the 
concentration at the end of the shipping period must be predicted. Two options are currently available to 
TRU waste sites for solving this problem: (1) gas generation testing on each drum, and (2) waste form 
modification by repackaging and/or treatment. Repackaging some of the high wattage waste may require 
up to 20:1 drum increase to meet the gas generation limits of less than five percent (5%) hydrogen in the 
inner most layer of confinement (the layer closest to the waste). (This the limit set by the NRC.) These 
options increase waste handling and transportation risks and there are high costs and potential worker 
exposure associated with repackaging this high-wattage TRU waste. The U.S. Department of Energy 
(DOE)'s Carlsbad Field Office (CBFO) is pursuing a twofold approach to develop a shipping path for these 
wastes. They are: regulatory change and technology development. For the regulatory change, a more 
detailed knowledge of the high wattage waste (e.g., void volumes, gas generation potential of specific 
chemical constituents) may allow refinement of the current assumptions in the gas generation model for 
Safety Analysis Reports for Packaging for Contact-Handled (CH) TRU waste. For technology 
development, one of the options being pursued is the use of a robust container, the ARROW-
PAK{trademark} System. (1) The ARROW-PAK{trademark} is a macroencapsulation treatment 
technology, developed by Boh Environmental, LLC, New Orleans, Louisiana. This technology has been 
designed to withstand any unexpected hydrogen deflagration (i.e. no consequence) and other benefits such 
as criticality control. 
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22139…..…..…………………..…….……..……ID Number…………………..…..…………….22139 

Author: Brookins, D. G. 

Title: Radionuclide Behavior at the Oklo Nuclear Reactor, Gabon 

Date: 1/1/1990 

Report: Waste Management, 10, 285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22195 

22140…..…..…………………..…….……..……ID Number…………………..…..…………….22140 

Author: Arnold, Jr., W. H. / Bartnoff, S. 

Title: The Effect of Neutron Sources in a Subcritical Reactor 

Date: 6/1/1956 

Report: WCAP-0225 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; BR-1; Configuration; Criticality; Cylinders; Differential Equations; 
Diffusion; Distribution; Electric Conductivity; Electric Discharges; Electric Potential; Fast Neutrons; 
Group Theory; Layers; Neutron Sources; Planning; Pulses; Reactor Core; Reactors; Spheres; Thermal 
Neutrons; Thermonuclear Devices; Torus; Tubes; Vessels 
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22141…..…..…………………..…….……..……ID Number…………………..…..…………….22141 

Author: n. a. 

Title: Westinghouse Testing Reactor Critical Experiments Application for Class 104-C License Hazards 
Summary Report 

Date: 10/1/1957 

Report: WCAP-0311(Rev.2 and Add.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The westinghouse Testing Reactor (WTR) critical operation experiments were 
planned for location in a new arnex at the present Westinghouse Reactor Evaluation Center. Radiation 
protection for personnel during the course of experiments is provided by underground location of the critical 
core in the Critical Experiment Station pit. The experimental reactor is a heterogeneous thermal-neutron 
type with water cooling and moderation. Safety has been enhanced by careful design and construction of 
the experimental facillties, the instramentation, and the control system. A detailed discussion is presented 
of safeguards and precautions that have been taken to ensure the safe operation of the critical assembly. 
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22142…..…..…………………..…….……..……ID Number…………………..…..…………….22142 

Author: de Saint Maurice, Arthur B. 

Title: Neutron Sources for Use in Reactor Startup 

Date: 11/14/1956 

Report: WCAP-0382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The particular properties of the Westinghouse Testing Reactor are used in the design 
of the neutron sources to be used both in its startup and in the critical experiments. Specifically the WTR 
is a high flux irradiation facility using highly enriched U235 as fuel and light water as moderator and 
coolant. The amount of reactivity control is such that the shutdown multiplication is 0.85 under normal 
operating conditions. The sources considered are the D/sup 2/(gamma, n)H/sup 1/ reaction, the Be/sup 9/( 
gamma, n)Be/sup 8/ reaction Sb-Be coaxial neutron source, Sb-- Be homogeneous neutron source, and Po-
- Be mixture neutron source. Discussions are included on the selection of neutron source type, subcritical 
flux determination, neutron source specification for the WTR critical, neutron flux variation in the WTR, 
and neutron source containers. 
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22143…..…..…………………..…….……..……ID Number…………………..…..…………….22143 

Author: Moss, H. D. 

Title: Extended Fuel Burnup Demonstration Program Semiannual Technical Progress Report for the Period 
from July 1981 through December 1981 

Date: 12/1/1982 

Report: WCAP-10199 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22144…..…..…………………..…….……..……ID Number…………………..…..…………….22144 

Author: Davison, P. N. / Hunter, D. / Jedruch, J. 

Title: Two-Region Critical Experiments: Hazards Summary Report 

Date: 11/1/1958 

Report: WCAP-1029 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The two-region critical experiments will be performed in the Westinghouse Reactor 
Evaluation Center (WREC) which is located on the Westinghouse Testing Reactor site at Waltz Mill, 
Pennsylvania. The two-region critical assembly will be a zero power thermal reactor having two distinct 
regions each of which is characterized by stainless steel clad, slightly enriched UC2 pellet fuel elements 
moderated and reflected by light water, This assembly is similar to the UO2 fueled Yankee and BR-3 
experiments. The assembly was designed and will be operated on the basis of the experience obtained with 
similar existing reactors. 
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22145…..…..…………………..…….……..……ID Number…………………..…..…………….22145 

Author: n. a. 

Title: Carolinas Virginia Nuclear Power Associates CVTR Project Monthly Progress Report (for) January 
16 1959 to February 16, 1959 

Date: 2/1/1959 

Report: WCAP-1096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported in fuel element development and design. In-pile experiments and 
chemistry investigations are summarized. Work on control rod and component development is described. 
Instrumentation and control, plant system development, plant safety analysis, and critical experiments are 
discussed. 
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22146…..…..…………………..…….……..……ID Number…………………..…..…………….22146 

Author: Nguyen, T. Q. 

Title: Qualification of the PHOENIX-P/ANC Nuclear Design System for Pressurized Water Reactor Cores 

Date: 1/1/1988 

Report: WCAP-11597-A 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22147…..…..…………………..…….……..……ID Number…………………..…..…………….22147 

Author: Hanlen, D. F. / Hunter, D. / Davison, P. W. 

Title: Safety Report for the Critical Reactor Experiment Facility. Addendum 1: Revisions 

Date: 10/1/1959 

Report: WCAP-1316 (and Add. 1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Administrative rules and operating restrictions governing the safety aspects of the 
Critical Reactor Experiment Facility are given. Descriptions of the site, reactor facility building, adjacent 
building facilities, reactor control systems, and reactor operations are given. An accident and hazards 
analysis of the reactor is included and the methods of the analysis are described. 
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22148…..…..…………………..…….……..……ID Number…………………..…..…………….22148 

Author: French, R. J. / Hanlen, D. F. / Kelly, F. / Davison, P. W. 

Title: Safety Report for the Carolinas Virginia Tube Reactor Critical Experiments 

Date: 12/21/1959 

Report: WCAP-1368(and Add.1) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Application is made to the AEC for a Construction Permit and a Class 104 Utilization 
Facility license for the performance of the Carolinas-Virginia Tube Reactor Critical Experiments at the 
Westinghouse Reactor Evaluation Center. Administrative rules and operating restrictions which were 
compiled on the basis of past experience and future requirements are set forth. The site, the WREC facilities 
and administration, the control systems, operations, the credible hazards and accidents, and the methods 
used in the hazards analysis are described. 
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22149…..…..…………………..…….……..……ID Number…………………..…..…………….22149 

Author: French, R. J. 

Title: Revision of the Storage of Nuclear Fuel at the Westinghouse Reactor Evaluation Center 

Date: 1/1/1959 

Report: WCAP-1373 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A description of the revised storage method for nuclear fuel is given. The fuel material 
for which the storage facility is designed is described and an analysis of the criticality condition is 
performed, the conclusion is drawn that the storage procedure is safe. 
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22150…..…..…………………..…….……..……ID Number…………………..…..…………….22150 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies. Monthly Progress Report for the Period June 1 to July 31, 
1959 

Date: 8/15/1959 

Report: WCAP-1400; WMR-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work tasks on which effort was expended during the period June-July 1959 and the 
significant progress and accomplishments made in the Multi-region Reactor Lattices Studies are briefly 
described. The reactor lattice studies and experiments are outlined in WMR2(WCAP-1401). The program 
is centered around a series of critical experiments to be performed at the Westinghouse Reactor Evaluation 
Center. 
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22151…..…..…………………..…….……..……ID Number…………………..…..…………….22151 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies. Quarterly Progress Report forOctober1 to December 31, 1959 

Date: 1/1/1960 

Report: WCAP-1408 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is briefly summarized on critical experiments, nuclear analysis of multi-
region reactor cores, and multiregion core design studies. (For preceding period see WCAP-1404) 
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22152…..…..…………………..…….……..……ID Number…………………..…..…………….22152 

Author: Hanlen, D. F. / Davison, P. W. 

Title: Feasibility Report for the Multi-Region Lattice Studies Critical Experiments Fuel 

Date: 1/27/1960 

Report: WCAP-1409 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel handling in conjunction with the receipt and experimental usage of the critical 
experiments multi-region fuel is discussed. Aspects of the operation are examined in sections on use of the 
nuclear materials, storage nuclear safety, hazards, materials control, responsibilities, and security. 
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22153…..…..…………………..…….……..……ID Number…………………..…..…………….22153 

Author: Grob, V. E. / Davison, P. W. / Hanlen, D. F. / Leamer, R. D. / Kelley, F. L. / Cleary, J. D. 

Title: Multi-Region Reactor Lattice Studies Results of Critical Experiments in Loose Lattices of Uranium 
Dioxide Rods in Water 

Date: 3/30/1960 

Report: WCAP-1412 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the loose lattice experimental work performed under the multi-
region lattice program conducted at the Westinghouse reactor evaluation center. The fuel used in these 
experiments was the 2.73% enriched Yankee CRX fuel, described on page 14 of YAEC-94. The purpose 
of the experiments was to obtain critical mass information in the range of moderating ratios close to the 
optimum, and to verify the physics computational methods now used for fuel storage calculations. The 
experimental program consisted of critical size, buckling, reflector savings, and microscopic parameter 
measurements. 
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22154…..…..…………………..…….……..……ID Number…………………..…..…………….22154 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies of Fuel Cycle Development Program for the Period July 1 to 
December 31, 1960 

Date: 4/11/1960 

Report: WCAP-1413 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical experiments at high water-to-metal ratios using 2.7% enriched UO2 stainless 
steel clad fuel rods and the associated core components from the Yankee critical experiment were performed 
to obtain critical mass data in the range of moderating ratios close to the optimum. Experimental work for 
the loose- lattice experiments was completed. Calculations of the critical mass at moderating ratios close to 
the optimum were made. (See also WCAP1414.) 
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22155…..…..…………………..…….……..……ID Number…………………..…..…………….22155 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies. Quarterly Progress Report for January 1 to March 31, 1960 

Date: 4/29/1960 

Report: WCAP-1414 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Multi-region Reactor Lattice Studies Program is an experimental and analytical 
program centered around a series of critical experiments to be performed at the Westinghouse Reactor 
Evaluation Center. These experiments will utilize stainless steel clad UO2 fuel rods of three different 
enrichments and will be carried out at two moderating ratios. The planning and analysis of criticality 
experiments are discussed in some detail. Brief summaries are given for the work in hazard summary for 
the experiments, fabrication of fuel elements and control rods, performance of critical experiments, and 
CRX equipment. (For preceding period see WCAP-1408.) 
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22156…..…..…………………..…….……..……ID Number…………………..…..…………….22156 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies. Quarterly Progress Report for April 1 to June 30, 1960 

Date: 7/29/1960 

Report: WCAP-1419 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Multi-Region Reactor Lattice Studies Program is an analytical and experimental 
program centered around a series of critical experiments to be performed at the Westinghouse Reactor 
Evaluation Center. These experiments will utilize stainless-steel-clad uranium dioxide fuel rods of three 
different enrichments and will be carried out at two moderating ratios. The experimental program objectives 
are (1) to provide a series of experiments which are a severe enough test of analysis so that a computational 
scheme which matches them will be adequate for the nuclear design of multiregion power reactor cores, (2) 
to develop the computational methods leading to the establishing of the increment in power output 
attainable in low enrichment UO2-fueled light-water reactors by means of a nonuniform fuel-enrichment 
distribution in the core, and (3) by means of improvements in the design of the control elements to minimize 
local peaks in core power density due to the presence of control-rod followers. An analytical program with 
the objective of improving methods of calculation will be carried out in conjunction with the experimental 
work. The results of these studies will be applied to a design study for a large power reactor using the 
multiregion loading concept to achieve power flattening. The significant progress and accomplishments 
made on each task or subtask are described. (for preceding period see WCAP-1414.) 
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22157…..…..…………………..…….……..……ID Number…………………..…..…………….22157 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies. Quarterly Progress Report for the Period July 1 to September 
30, 1960 

Date: 10/28/1960 

Report: WCAP-1423 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Experiments. After reports of fuel-element and control-rod fabrication 
progress, the critical experiments performed are outlined. These experiments included measurements on 
3.7% core, criticality measurements on a three-region core, peripheral fuel rod worth for a three-region 
core, fuel-rod and foil scans in a three-region core, multiple foil measuring techniques, analysis of errors in 
U238 Cd ratio measurements, and comparison of 3.7 and 2.7% cores. Nuclear Analysis of Multi-Region 
Reactor Cores. Work continued on calculations of lattice parameters, comparison of results with 
experiment, and evaluation of methods of analysis. (For preceding period see WCAP-1419) 
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22158…..…..…………………..…….……..……ID Number…………………..…..…………….22158 

Author: Coen, I. H. 

Title: Multi-Region Reactor Lattice Studies. Quarterly Progress Report, January 1-March 31, 1961 

Date: 4/1/1961 

Report: WCAP-1432 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in analytical studies and critical experiments for the multi- region reactor 
lattice studies of the fuel cycle development program is described. The experiments utilized stainless steel 
clad uranium dioxide fuel rods of three different enrichments and two moderating ratios. Performance of 
the scheduled experiments with the 4.5:1 W/U lattice was continued without interruption. The experimental 
results are reported under the headings of criticality measurements, flux distributions, and microscopic 
parameter measurements. Criticality measurements were made on various two- and three-region cores. 
Results for loading, critical water height, banked rod position, and peripheral fuel rod worth are tabulated. 
The cross section schematic diagrams of the cores utilized are shown. The cadmium ratios for gold and 
U235 in the moderators were determined. Scans are shown of fuel rods, gold foils, and U238 foils for water 
slots and for various slab materials inserted in the slot. The parameters of the lattices studied experimentally 
were calculated and the results were compared with those obtained experimentally. 
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Abstract/Keyterms: The experimental and analytical procedures used in carrying out the Multi-Region 
Reactor Lattice Studies on reactivity and spatial distributions at two water-to-uranium ratios are described. 
The experiments were carried out in lattices having water-to-uranium ratios of 2.5: 1 and 4.5: 1 utilizing 
UO2 fuel having enrichments of 1.6%, 2.7%, and 3.7% clad in stainless steel. The complete results and 
over-all conclusions based on the various experimental and analytical efforts are included. 
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Abstract/Keyterms: Light water critical experiments are performed in order to measure microscopic 
parameters and conversion ratios in single region and multi-region cores containing slightly enriched, 
stainless steel-clad, UO2 fuel rods. The experimental results are analyzed with multi-group codes, which 
are supplemented for the resonance energy region by a Monte Carlo code. Experimental and analytical 
results are presented, along with a description of investigations of discrepancies between theory and 
experiment. 
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Abstract/Keyterms: A series of critical experiments which were performed on the core of the BR-3 reactor 
before its shipment to the plant site in Mol, Belgium, is described. Both reactivity and flux distribution 
measurements were performed, and the results were compared with analytical results. In general, the 
agreement between experiment and theory is good and indicates that the core will meet specifications of 
power output (40.9 thermal Mw) and lifetime (7000 full power hours). 



 

C-22218 

22163…..…..…………………..…….……..……ID Number…………………..…..…………….22163 

Author: Hanlen, D. F. / Eich, W. J. 

Title: Operating Experience and Activities for the CRX Facility. Annual Report, 1961 

Date: 1/29/1962 

Report: WCAP-1933 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The physical plant of the Critical Reactor Experiment facility is described. Critical-
experiment type research on multiregion reactor cores, consisting of cylindrical or slab loadings of slightly 
enriched UO2 is reviewed. The effects on the power distribution and core reactivity of the use of thimble 
control elements are reported. Critical experiments performed in order to evaluate techniques and methods 
used in the analysis of long-lived multiregion cores using low-enrichment UO2 fuel and water moderators 
are outlined. Hazards analyses performed for each core configuration used are discussed. 
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Abstract/Keyterms: The supercritical pressure heat transfer loop basic design is complete and 
procurement is underway. Test pressure and heat fluxes will vary from 2400 to 4000 psia and 0.2 to 1.5 x 
10/sup 6/ Btu/hr-ft/sup 2/, respectively. Although the loop is designed for 600 kw test section heat input 
capability, initial tests will be limited to heat inputs of 250 kw. Conceptual design studies for the reactor 
portion of a 1000 Mw(e) SCOTT-R and a 1000 Mw(e) FBGR are underway. The SCOTT-R concept 
employs fuel inside the pressure tubes while the FBGR concept employs fuel outside the pressure tubes. 
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Abstract/Keyterms: A review of heat transfer and fluid flow of water during once-thru” operation and in 
the supercritical region was made as part of the work accomplished under the experimental planning phase 
of the 1000-Mw(e) Supercritical Pressure Nuclear Reactor Plant Study. Heat transfer, DNB, and pressure 
drop correlations are presented which can be used on an interim basis for the design of a reactor operating 
in the sub and supercritical pressure region of 1000 to 4000 psia. Values of thermodynamic and transport 
properties of water in … indicated pressure range and at temperatures up to 1200 deg F are included. 
Experimental heat transfer data for single cylindrical and annular test sections operating in the 2400 to 4000 
psia pressure range and at temperatures up to 1200 deg F are included. Correlations for data are discussed. 
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Abstract/Keyterms: The detailed design of the supercritical pressure heat transfer and corrosion test loop 
is complete, and loop erection is underway. Conceptual design studies comparing a 1000 Mw(e) SCOTT-
R (supercritical once-thru tube reactor) with a 1000 Mw(e) FBGR (fuel bearing graphite reactor) indicate 
the SCOTT-R is the preferred concept with lower fuel cycle costs, lower capital costs, and a more assured 
feasibility in areas of overall performance, safety, fuel handling, and maintenance. A 1000 Mw(e) SCOTT-
R study is underway to define more clearly its economic potential and to identify technical problem areas. 
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Abstract/Keyterms: Operation of the high-temperature supercritical pressure heat transfer loop and design 
and costs of the 1000Mw(e) supercritical pressure once-through tube reactor (SCOTT-R) were further 
analyzed. Basic heat transfer data were obtained from the loop in the pressure and heat flux ranges of 2400 
to 4000 psia and 0 to 0.9 x 10/sup 6/ Btu/hr ft./sup 2/, respectively. For these tests, cylindrical tubes of 0.1- 
and 0.2-in. ID and lengths 2 to 9 ft. were used. The data are being reduced and analyzed to obtain heat 
transfer correlations in sub- and supercritical pressure regions. The design of an annular test section to 
provide single and two side heating was completed. The design of the test section for the stress corrosion 
experiments was resumed. Design and evaluation of the 1000-Mw(e) SCOTTR plant was 99% completed. 
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Cycle; Fuel Elements; Fuels; Group Theory; Irradiation; Poisoning; Power Plants; Preparation; 
Programming; Reactor Fueling; Reactors; Thermal Neutrons; Uranium 235; Uranium 238 



 

C-22252 
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Author: n.a. 

Title: Large Closed-Cycle Water Reactor Research and Development Program. Progress Report, October 
1-December 31, 1962 

Date: 10/31/1965 

Report: WCAP-3721 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Adsorption; Alloys; 
Aluminum Alloys; Boron; Brazing; Cadmium Alloys; Chemical Reactions; Chemicals; Chromium Alloys; 
Configuration; Control; Control Elements; Coolant Loops; Corrosion; Criticality; Decontamination; Films; 
Fuel Elements; Heat Transfer; Hydraulics; Inconel Alloys; Indium Alloys; Liquid Flow; Measured Values; 
Mechanical Properties; Modulation; Nickel Alloys; Niobium Alloys; Performance; Planning; Poisoning; 
Power Plants; Pressure; Pulses; Radiation Effects; Reactivity; Reactor Core; Reactor Materials; Reactor 
Safety; Reactors; Rods; Saxton; Separation Processes; Silver Alloys; Solutions; Stability; Stainless Steels; 
Testing; Tin 
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Author: Leamer, R. D. / Orr, W. L. / Stover, R. L. / Taylor, E. G. / Tobin, J. P. / Vukmir, A. 

Title: Plutonium Dioxide-Uranium Dioxide Fueled Critical Experiments 

Date: 7/1/1967 

Report: WCAP-3726-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of critical experiments using mixed-oxide plutonium fuels was carried out at 
the Westinghouse Reactor Evaluation Center (WREC). Two plutonium fuels with a variation in the 
plutonium-240 isotopic content and one low enrichment uranium fuel were used in an experimental 
program which included buckling, reactivity, and power distribution measurements. Buckling 
measurements were made in five clean lattices with the 8% plutonium-240 fuel and two clean lattices with 
the 24% plutonium-240 fuel. With the 8% plutonium-240 fuel, buckling measurements were made in two 
lattices at two different boron concentrations. The reactivity worths of voids, water holes, and control rods 
in different test arrays were determined in single and multi-region cores. Water hole and water slot power 
peaking effects were measured in clean and borated cores. Power distribution measurements were made in 
cores containing concentric regions of the different fuels, multi-region slab cores, and in cores containing 
interspersed fuels. 
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Title: PuO2--UO2 Fueled Critical Experiments 

Date: 1/1/1967 

Report: WCAP--3726-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Research & Test Reactors & Critical Assemblies- Fuels; Buckling; Configuration; 
Control Elements; Critical Assemblies; Criticality; Distribution; Fuel Elements; Lattices; Plutonium 
Oxides; Power; Reactivity; Reactor Core; Reactors; Testing; Uranium Dioxide; Variations 
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Title: Large Closed-Cycle Water Reactor Research and Development Program. Progress Report, January 
1, 1963-March 31, 1963 

Date: 10/31/1965 

Report: WCAP-3738 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Control Elements; Coolant 
Loops; Criticality; Deformation; Distribution; Fuel Cans; Fuel Elements; Gages; Measured Values; 
Planning; Power; Pressure; Reactivity; Reactor Core; Reactors; Rods; Saxton; Standards; Stresses; Water 
Coolant 
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Title: Large Closed-Cycle Water Reactor Research and Development Program. Progress Report, April 1-
June 30, 1963 

Date: 10/31/1966 

Report: WCAP-3739 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Accidents; Boiling; Boron; 
Burnout; Burnup; Coating; Computers; Control Elements; Coolants; Critical Assemblies; Criticality; 
Failures; Fluid Flow; Fuel Elements; Fuels; Heat Transfer; Hydraulics; Instruments; Losses; Planning; 
Power Plants; Pressure; Reactivity; Reactor Fueling; Reactors; Rods; Steam; Testing; Uranium 235; 
Uranium Dioxide; Water; Water Coolant; Water Moderator 
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Title: Large Closed-Cycle Water Reactor Research and Development Program. Progress Report, July 1-
September 30, 1963 

Date: 10/31/1965 

Report: WCAP-3743 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Accidents; Boron; 
Canning; Control Elements; Coolant Loops; Corrosion; Criticality; Distribution; Fabrication; Fluid Flow; 
Fuel Elements; Materials Testing; Mockup; Planning; Poisoning; Power; Pressure; Reactor Core; Reactor 
Safety; Reactors; Rods; Stainless Steels; Stresses; Testing; Water Coolant; Zircaloy 
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Title: Carolinas Virginia Nuclear Power Associates, Inc. CVTR Project. Monthly Progress Report for 
January 1960 

Date: 10/31/1960 

Report: WCAP-4009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress on the development of the Parr Shoals Power Reactor (CVTR) is briefly 
summarized in the areas of nuclear design, pressure tube assembly development and analysis, fuel 
development, irradiation experiments, materials development and fabrication, chemical surveillance of 
materials and systems, component development, plant system development, instrumentation and control, 
and critical experiment. (For preceding period see WCAP-4002.) 
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Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc. CVTR Project Monthly Progress Report 

Date: 6/1/1960 

Report: WCAP-4029 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Absorption; Aluminum Alloys; Cadmium Alloys; Canning; 
Computers; Control Elements; Control Systems; Coolant Loops; Corrosion; Criticality; CVTR; Neutrons; 
Pressure; Reactors; Rods; Seals; Stresses; Thermal Stresses; Thickness; Transport; Tubes 
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Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc. CVTR Project Monthly Progress Report 

Date: 8/1/1960 

Report: WCAP-4037 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Barriers; Criticality; CVTR; Enrichment; Failures; Fuel 
Elements; Heat Transfer; Heavy Water Moderator; Levels; Moderators; Pressure; Reactor Core; Reactors; 
Seals; Temperature; Testing; Tubes 
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Author: n. a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc. CVTR Project. Monthly Progress Report for 
November 1960 

Date: 10/31/1961 

Report: WCAP-4048 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Brief summaries are given for the development activities on nuclear design. pressure 
tube assembly development and analysis, fuel development, irradiation experiments and analysis, materials 
development and fabrication techniques, chemical surveillance and evaluation of CVTR materials and 
systems, component development, plant system, plant safety analysis and evaluation, and critical 
experiment. 
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Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc. Monthly Progress Report, CVTR Project 

Date: 12/1/1960 

Report: WCAP-4050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work was continued on the evaluation of heavy-water moderating characteristics. 
Nuclear data were generated and results from critical experiments were evaluated for the purpose of fixing 
the prototype moderator tank diameter. Fabrication of approximately 80% of the CVTR Phase II hardware 
was completed. Calibration of the orifice and venturi meters for the hydrodynamic stability program was 
completed. Two sets of preliminary results were obtained from the Cs137 fission-product analysis of UO2 
samples from the first three rabbit capsules irradiated in WTR. The in-pile dynamic irradiation experiment 
loop has been in operation for three months for a total of 35 equivalent full-power days. Experimental 
brazing of specially shaped Zircaloy-2 fin material was carried out. Critical experiments to obtain 
differential and integrated control rod worths were begun. Drop measurements were made using sixteen 
control rods to determine the effective shutdown by this number of rods. The effect of the length and flow-
rate parameters was studied, as well as the number of wire-wrapped rods necessary to achieve satisfactory 
mixing. (For preceding period see WCAP-4O48). 
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Author: n.a. 

Title: CVTR Project. Carolinas Virginia Nuclear Power Associates, Inc., Monthly Progress Report, January 
1961 

Date: 10/31/1961 

Report: WCAP-4051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The A-2 and A-4 capsules for the irradiation program were completed in preparation 
for insertion in WTR during February. The M-1 and M-3 capsules remain under irradiation. The In-Pile 
Loop has now accumulated about 50 equivalent full-power days of exposure, or 25% of the desired full-
power exposure. Fabrication of the rem ten pieces of integral finned tubing (cladding) for CVTR was 
completed. No major processing problems were encountered. The tubing will be shipped to WAPD for 
inspection during February. Some difficulties were experienced in welding Phase II fuel-rod end closures. 
Shrinkage defects were detected, apparently caused by an unbalanced weld bead cooling rate between the 
closure end plug and the fuel tubing. Further test welds are being made in order to improve techniques for 
the single pass weld. Experiences on repairing defective welds have resulted in 90% reclamation. Work 
continued on CVTR first- core burn-up and power distribution calculations. CANDLE results indicate prior 
estimates of first-core U-235 content will have to be increased. Fabrication of all the CVTR Phase II 
components and hardware was completed. The pressure-tube assembly was installed in Loop D and testing 
was started. Debugging of the impulsive-burst testing machine indicated a need for minor modifications. 
Trial runs were made with a stainless-steel specimen. A jumper connector and pont (Conoseal) test fitting 
was subjected to 149 thermal cycles at 100 to 520 deg F at 1800 psig. Maximum leak rate was less than 1 
lb/year. A layout of the four- baffle concept was completed and detailing started. A vacuum drying test was 
conducted using the Phase I pressure tube containing one fuel assembly. The pressure tube was completely 
dried of approximately 39 liters of water in 15 hr. All the components required for the construction of the 
control-rod drive assembly were completed. Assembly of the components is nearing completion. The 
critical experiments were continued with the measurement of the temperature coefficient. The net reactivity 
change between 22 and 840 deg C was measured as - 1.5% DELTA k. Measurements of the coolant void 
coefficient were made at the critical facility for various purities of heavy water. With D2O of approximately 
90% purity, the coefficient was found to be +1 x 10-4 DELTA k per tube. With D2O of approximately 95% 
purity, the coefficient was only slightly positive, +2 x 10/sup -5/ DELTA k per tube. As a result the heavy 
water coolant in the CVTR will be maintained above a specified purity, which remains to be determined. 
(For preceding period see WCAP-4002.) 



 

C-22264 

22209…..…..…………………..…….……..……ID Number…………………..…..…………….22209 
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Title: Carolinas Virginia Nuclear Power Associates, Inc., CVTR Project Monthly Progress Report, June 
1961 

Date: 10/31/1961 

Report: WCAP-4056 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fuel enrichment specifications are given for the outer zone of the core. Development 
and testing of transition joint and pressure tube assemblies are outlined. The results of studies of coolant 
mixing in a fuel assembly are given. The irradiation program status is described. Development of the control 
system is described, including scram tests of the drive mechanism. Work done on accident analysis 
discussed. The results of critical experiments are reported. 



 

C-22265 

22210…..…..…………………..…….……..……ID Number…………………..…..…………….22210 

Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc., CVTR Project Monthly Progress Report, August 
1961 

Date: 10/31/1962 

Report: WCAP-4058 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Design and developmental activities associated with the Parr Shoals Power Reactor 
are summarized. Included are summaries of progress on nuclear design, pressure tube assembly 
development, fuel development, irradiation experiments and analyses, component development, fabrication 
techniques development, plant system development, safety analysis, and critical experiments. 
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Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc., CVTR Project Monthly Progress Report, 
September 1961 

Date: 10/31/1962 

Report: WCAP-4059 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The endurance run on the U-tube was completed in September. The unit cell 
moderator tank was removed from the test facility and a hydrostatic test was performed on the U-tube. The 
U-tube was subjected to 2500 psi pressure and held for one and one-half hours. The Conoseal joints at the 
U-bend, transition joint and refueling port plugs were checked for leakage during this period. No detectable 
leakage was evidenced at any of the seals. A second Zircaloy- stainless steel joint with an Inconel sleeve 
was placed on test. Tests with the first joint were successful. A series of additional vacuum drying tests 
were performed using the Phase II pressure tube with fuel assemblies in both legs. Heat lamps were directed 
at both legs and the total number of lamps was doubled over the number used for the tests on the Phase I 
pressure tube. The results indicated a drying time considerably reduced over the time determined by 
previous tests. The control rod drive system test facility was modified for operation of two control rods 
simultaneously. Vertical drive shafts simulating the plant drive connection from the mechanism to the miter 
box were also incorporated. The drive mechanism was modified for operation at two speeds and to receive 
a larger servomotor. Hot lab work to be performed on fuel rods from CVTR capsules A-2 and A-4 was 
reviewed in detail with WTR. The ALPS code was modified and debugged in order to investigate accidents 
in which the pressurizer is allowed to empty. A run was made for the 36-tube, l6 kw per foot core using a 
single, large size injection pump. In this case, the pressurizer empties in 9.5 seconds and results in an abrupt 
reduction in system pressure. Two-phase flow with a large percentage of steam voids occurs at the inlet to 
the main circulating pumps. The possibility of eliminating this condition by injecting part of the emergency 
coolant at the inlet side of the main pumps is being investigated. The reduction in system pressure also 
results in the injection pump operating beyond its flow design point. This problem is being investigated by 
Stone & Webster. The experimental measurements at the critical facility continued in the 64 cluster half-
height core with a 6.5 inch by 6.5 inch micro-pitch with l.l% fuel. The core arrangement was then modifled 
by changing the micropitch of 16 of the fuel clusters. Measurements were made at two different micro-
pitches with this arrangement. Upon completion of this work, the critical experiments were terminated. 
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Author: n.a. 

Title: CVTR Project, Carolinas Virginia Nuclear Power Associates, Inc. Monthly Progress Report, 
December 1961 

Date: 10/31/1962 

Report: WCAP-4062 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Activities concerning the nuclear design, pressure-tube assembly and analysis, 
irradiation experiments and analysis, materials development and fabrication techniques, development of 
fuels, components, and plant systems, instrumentation and control, safety analysis, critical experiments, 
and pre- and post-construction research and development on the Carolinas-Virginia Tube Reactor are 
summarized. 



 

C-22268 

22213…..…..…………………..…….……..……ID Number…………………..…..…………….22213 

Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc., CVTR Project Monthly Progress Report, January 
1962 

Date: 10/31/1962 

Report: WCAP-4121 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on project administration, nuclear design, pressure tube assembly 
and analysis, fuel development, irradiation experiments and analysis, component development, plant 
system development, instrumentation and control, safety analysis and evaluation, and critical experiments. 
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Author: n.a. 

Title: Carolinas Virginia Nuclear Power Associates, Inc., CVTR Project Monthly Progress Report, April 
1962 

Date: 10/31/1962 

Report: WCAP-4124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress is reported on pressure tube assembly development and analysis, irradiation 
experiments and analysis, component development, plant system development, instrumentation, and critical 
experiments. 
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Author: n.a. 

Title: CVTR Project, Carolinas Virginia Nuclear Power Associates, Inc. Monthly Progress Report, June 
1962 

Date: 10/31/1962 

Report: WCAP-4126 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress on the CVTR project is reported. Topics covered include: project 
administration, nuclear design, pressure tube assembly development and analysis, fuel development, 
irradiation experiments and analysis, materials development and fabrication techniques, plant system 
development, instrumentation and control, safety analysis and evaluation, critical experiment, and post 
construction research and development. 
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Title: Analysis of the Reactivity Characteristics of Yankee Core 1 

Date: 1/1/1963 

Report: WCAP-6050 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The reactivity characteristics of the operating Yankee Core I are analyzed. 
Calculations of kinetic parameters, kinetic coefficients, control rod and boron worth, core lifetime and 
burnup rate, and fission product poisoning, are described. A large amount of experimental data obtained 
during Core I operation is included and comparisons are made between prediction and experiments. ( 
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Author: McGaugh, J. D. / Chastain, R. H. 

Title: Power Density and Burnup Distributions in Yankee Core I 

Date: 1/1/1963 

Report: WCAP-6051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The results of measurements and calculations of power density and fuel burnup 
distributions in the first Yankee core are discussed. The description of a recent fuel depletion analysis of a 
portion of the core is also presented and a schedule of interchange of control rod groups is recommended. 
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Author: n.a. 

Title: Yankee Core Evaluation Program. Quarterly Progress Report for the Period Ending June 30, 1963 

Date: 7/1/1963 

Report: WCAP-6055 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The status and results of the core examination work performed to date are given. The 
first phase of the irradiated fuel transportation effort is described. Early efforts on the revision of the design 
methods are discussed. Results are given on underwater examination and disassembly operations on 10 of 
the 14 Core I irradiated fuel elements; gamma scans on the fuel assemblies, hot cell examinations of 34 fuel 
rods; preliminary evaluation of chemical and radiochemical analyses on crud samples from fuel assemblies; 
metallurgical and metallographic evaluation on fuel assemblies; appearance and dimensions of irradiated 
fuel assemblies and rods; and cladding and uranium dioxide evaluations. Progress is reported on the 
development of a computer code to facilitate the evaluation of isotopic composition data obtained on the 
spent fuel samples, adaptation of fuel depletion computer programs, methods by which actual 
heterogeneous systems may be synthesized into an equivalent homogeneous system, and planning of critical 
experiments which will assist in specifying procedures for representing discontinuities in the uniform 
lattice. 
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Author: Poncelet, C. G. 

Title: Burnup Physics of Heterogeneous Reactor Lattices 

Date: 6/1/1965 

Report: WCAP-6069 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Criticality Studies; Burnup; Configuration; Cross Sections; 
Diagrams; Distribution; Enrichment; FORTRAN; Fuel Elements; Fuels; IBM 7094; Lattices; Matrices; 
Monte Carlo Method; MUFT-Code; Neutron Flux; Neutrons; Numericals; Power Plants; Pressure; 
Radioisotopes; Reactor Core; Reactors; Resonance; Spectra; Tables; THERMOS-Code; Transport Theory; 
Variations; Water Coolant; Water Moderator; YAEC 
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Author: Lacey, P. G. 

Title: Criticality control parameters and supporting calculations for plutonium and/or uranium bearing 
nuclear fuel 

Date: 5/1/1967 

Report: WCAP--7055 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Uranium 235; Plutonium 239- Criticality; Plutonium Oxides- Criticality; Uranium 233- 
Criticality; Uranium 235- Criticality; Uranium Dioxide- Criticality; Mixtures; Water 
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Author: Eich, W. J. 

Title: A Status Report for the Current Evaluation of Modified ENDF/B Representations for the Isotopes of 
Plutonium-239, 240, 241, and 242 

Date: 10/1/1969 

Report: WCAP-7365 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Cross sectional representations for the four major plutonium isotopes have been 
evaluated and modified on the basis of analysis both of critical experiments and expended fuel isotopic 
data. Isotopic data was derived from Yankee expended fuel. Comparisons were made between analytic and 
experimental isotopic ratios, which corroborated two modifications and provided rationale for modification 
of the plutonium-239 representation. A simple approach for factoring the results into design calculations 
was developed and verified. 
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Author: Dominick, I. E. / Orr, W. L. 

Title: Experimental Verification of Wet Fuel Storage Criticality Analyses 

Date: 12/1/1975 

Report: WCAP-8683 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Coupled-core critical experiments conducted at the Westinghouse Reactor Evaluation 
Center (WREC) were analyzed using modified versions of the LEOPARD and PDQ codes to establish the 
validity of diffusion theory spatial calculations for wet fuel storage criticality analyses. The results show 
that standard Westinghouse design methods overpredict the measured keff values for one set of experiments 
and is well within the measurement uncertainties for the other set of experiments. Therefore, based on 
comparisons with definitive experimental data, it is concluded that a correction to account for differences 
between transport and diffusion theory (which adds additional conservatism) is not justified. 
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Author: Rodovsky, T. J. 

Title: 340 Waste Handling Facility Hazard Categorization and Safety Analysis 

Date: 10/24/2006 

Report: WCH-427 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The analysis presented in this document provides the basis for categorizing the facility 
as less than Hazard Category 3. 
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Title: Yankee Core I Performance 
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Report: Westinghouse Engineer (U.S.); Vol: 22 
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Conference Session:  

Abstract/Keyterms: The Yankee power reactor achieved its first criticality on Core I on august 19, 1960, 
and on May 18, 1962, the reactor was scrammed after 1, 229, 105, 000 kwh had been delivered to the 
transmission system. The operating record and technical performance during this period are reviewed and 
further improvements suggested. Among the items discussed are primary loop components, reactor core, 
main coolant chemistry, radiation and shielding, and economics. The overall performance was outstanding, 
and a 90% capacut factor now seems possible. A two-year evaluation program will be conducted on Core 
I. 
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Title: Analysis of a Water Moderated Critical Assembly with ANISN-Vitamin C 
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Report: WFPS-TME-79-015 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A tightly packed water moderated 233UO2--ThO2 critical assembly was analyzed 
with the Vitamin C library and the 1-D S/s n/ code, ANISN (S8, P3). The purpose of the study was to 
provide validation of this calculational model as applied to water-cooled hybrid fusion blankets. The 
quantities compared were the core eigenvalue and various activation shapes. The calculated eigenvalue was 
1.02 ± 0.01. The 233U fission and 232Th capture shapes were found to be in good agreement (±5%) with 
experiment, except near water--metal boundaries where differences up to 24% were observed. No such 
error peaking was observed in the 232Th fast fission shape. We conclude that the model provides good 
volume averaged reaction rates in water-cooled systems. However, care must be exercised near water 
boundaries where thermally dependent reaction rates are significantly underestimated. 
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Title: Radioactive Mixed Waste Storage Criteria 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Radioactive / Hazardous Materials / Mixed Waste Storage / Hanford Site / 200 Area 
/ Storage / Disposal Facilities 
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Title: Summary of Single-Shell Waste Tank Stability. Supplement 

Date: 5/1/1992 

Report: WHC-EP-0347-Suppl 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The radioactive waste stored in Hanford’s underground tanks was primarily generated 
in chemical processes where it was made alkaline before being sent to the waste tanks. A summary 
evaluation was made of a recent issue concerning the storage of radioactive waste with a pH of about 7 in 
some of these tanks. This document supplements the information presented in Summary of Single-Shell 
Tank Waste Stability, WHC-EP-0347, March 1991, which evaluates several issues. The evaluation was 
done by reviewing the issues and conclusions in the Summary Report and determining if the conclusions 
would be changed if some of the waste was as low as pH 6. This evaluation only considered the safety 
significance of a lower pH, it did not reevaluate the original work and conclusions reported in the March 
1991 document. No changes with safety significance were found. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities Safety Board Recommendation 90-7 (FR 1990) was issued in 
March 1991 describing the activities planned and underway to address each of the six parts of the 
recommendation. All of the activities listed in the implementation plan are underway, including the 
multifunctional instrument tree and infrared tasks which resumed in late July. Although technical 
difficulties and resource limitations delayed some work, noteworthy progress has been made in completing 
a number of ferrocyanide program milestones. Thermal modeling shows that the heat loading of tank 241-
BY-104 is much lower than previously listed and that significant hot spots within the waste are highly 
unlikely, if not possible. Computerized continuous temperature monitoring was installed on schedule on 
five of the highest interest tanks and five additional tanks will be on-line in December. Tank intrusive 
sampling is proceeding and the first vapor samples were obtained in mid-October. Spectral scans were 
completed for twelve tanks and substantial progress was made on design of an infrared scanning system. 
Chemical reaction studies are underway with synthetic ferrocyanide compounds believed to be more 
representative of the ferrocyanide materials actually deposited in the tanks. Tests indicate that water plays 
a major role in impeding a possible runaway reaction. An emergency planning exercise was conducted in 
May, emergency procedures were updated this quarter, and validation of the procedures and a second 
emergency exercise is scheduled for October. 
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Title: Strategy Plan for Management of Hanford Tank Wastes. Revision 1: Draft 

Date: 3/31/1993 

Report: WHC-EP-0501-Rev.1-Draft 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Secretary of Energy in 1992 directed Hanford to plan for the retrieval and 
processing of all stored high level waste at Hanford for disposal at an offsite repository. This substantial 
change in the tank disposal program`s assignment has resulted in a reevaluation of the entire Tank Waste 
Remediation System (TWRS) strategy. This strategic plan covers that portion of the TWRS strategy related 
to management of stored tank waste until it is retrieved, processed, and disposed by the disposal program 
and covers the responsibilities assigned to the manage tank waste function. The manage tank waste function 
is one of the level 2 functions as set forth in the Tank Waste Remediation System Mission Analysis Report 
(Baynes et al. 1993) and depicted in Figure 1. The following level 3 functions have been developed below 
the level 2, manage tank waste function: (1) Store waste; (2) Transfer waste; (3) Characterize, surveil and 
monitor waste; (4) Restore and upgrade systems; (5) Manage tank waste management system. 
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Title: Upgrade Activities for the Criticality Safety Program of Hanford High-Level Radioactive Waste 
Tank Farm 

Date: 9/1/1992 

Report: WHC-EP-0563 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document describes the plan for implementing the findings and 
recommendations made by a team of experts for the US Department of Energy in their Nuclear Criticality 
Safety Review of Hanford High-Level Radioactive Waste Tank Farms. The team was chartered to review 
the nuclear criticality safety of the tank farms and recommend programmatic changes where appropriate, 
including the specific incident leading to an Unusual Occurrence Report filed in June 1991 on the 241-C-
104 specification violation. Although no imminent risks of criticality were found, the review team identified 
several problems with respect to nuclear criticality safety. Primary among the problems is the Tack of 
dofinitive knowledge of the fissile material inventory and distribution within the tanks. The lack of good 
characterization data prompted Westinghouse Hanford Company to declare an Unreviewed Safety Question 
with respect to criticality safety. Activities by the responsible Hanford Site contractor that address each of 
the findings, recommendations, and activities required to resolve the Unreviewed Safety Question are 
described. Schedules and estimated costs are also included with the plan. 
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Title: Estimation of Plutonium in Hanford Site Waste Tanks, Based on Historical Records 

Date: 9/1/1994 

Report: WHC-EP-0793, Rev. 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An estimation of plutonium in the Hanford Site waste storage tanks is important to 
nuclear criticality concerns. A reasonable approach for estimating the plutonium in the tanks can be 
established by considering the recovery efficiency of the chemical separation plants on the plutonium 
produced in the Hanford reactors. The waste loss from the separation processes represents the bulk of the 
plutonium in the waste tanks. The lesser contributor of plutonium to the waste tanks was the Plutonium 
Finishing Plant (PFP). When the PFP waste is added to the plutonium waste from separations, the result is 
the total estimated amount of plutonium discharged to the waste tanks at the Hanford Site. This estimate is 
for criticality concerns, and therefore is based on conservative assumptions (giving higher plutonium 
values). The estimate has been calculated to be [approx]981 kg of plutonium in the single- and double-shell 
high-level waste tanks. 
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Title: Approach for Tank Safety Characterization of Hanford Site Waste 

Date: 3/1/1995 

Report: WHC-EP-0843 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The overall approach and associated technical basis for characterizing Hanford Site 
waste to help identify and resolve Waste Tank Safety Program safety issues has been summarized. The 
safety issues include flammable gas, noxious vapors, organic solvents, condensed-phase exothermic 
reactions (ferrocyanide and organic complexants), criticality, high heat, and safety screening. For the safety 
issues involving chemical reactions (i.e., flammable gas, organic solvents, ferrocyanide, and organic 
complexants), the approach to safety characterization is based on the fact that rapid exothermic reactions 
cannot occur if either fuel, oxidizer, or temperature (initiators) is not sufficient or controlled. The approach 
to characterization has been influenced by the progress made since mid-1993: (1) completion of safety 
analyses on ferrocyanide, criticality, organic solvent in tank 241-C-103, and sludge dryout. (2) successful 
mitigation of tank 241-SY-101; (3) demonstration of waste aging in laboratory experiments and from waste 
sampling, and (4) increased understanding of the information that can be obtained from headspace 
sampling. Headspace vapor sampling is being used to confirm that flammable gas does not accumulate in 
the single-shell tanks, and to determine whether organic solvents are present. The headspaces of tanks that 
may contain significant quantities of flammable gas will be monitored continuously using standard 
hydrogen monitors. For the noxious vapors safety issue, characterization will consist of headspace vapor 
sampling of most of the Hanford Site waste tanks. Sampling specifically for criticality is not required to 
confirm interim safe storage; however, analyses for fissile material will be conducted as waste samples are 
obtained for other reasons. High-heat tanks will be identified through temperature monitoring coupled with 
thermal analyses. 
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Author: Bratzel, D. R. 

Title: Nuclear Criticality Project Plan for the Hanford Site Tank Farms 

Date: 8/6/1996 

Report: WHC-EP-0902 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The mission of this project is to provide a defensible technical basis report in support 
of the Final Safety Analysis Report (FSAR). This technical basis report will also be used to resolve technical 
issues associated with the nuclear criticality safety issue. The strategy presented in this project plan includes 
an integrated programmatic and organizational approach. The scope of this project plan includes the 
provision of a criticality technical basis supporting document (CTBSD) to support the FSAR as well as for 
resolution of the nuclear criticality safety issue. Specifically, the CTBSD provides the requisite technical 
analysis to support the FSAR hazard and accident analysis as well as for the determination of the required 
FSAR limits and controls. The scope of The CTBSD will provide a baseline for understanding waste 
partitioning and distribution phenomena and mechanistics for current operational activities inclusive of 
single-shell tanks, double-shell tanks, double-contained receiver tanks, and miscellaneous equipment 
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Title: 242-A Evaporator Crystallizer Facility Integrated Annual Safety Appraisal 

Date: 1/1/1991 

Report: WHC-MR-0248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides the results of the Fiscal Year (FY) 1991 Annual Integrated Safety 
Appraisal of the 242-A Evaporator Crystallizer Facility in the Hanford 200 East Area. The appraisal was 
conducted in December 1990 and January 1991, by the Waste Tank Safety Assurance (WTSA) 
organizations in conjunction with Radiological Engineering, Criticality Safety, Packaging and Shipping 
Safety, Emergency Preparedness, Environmental Compliance, and Quality Assurance. Reports of these 
eight organizations are presented as Sections 2 through 7 of this report. The purpose of the appraisal was 
to verify that the 242-A Evaporator meets US Department of Energy (DOE) and Westinghouse Hanford 
Company (WHC) requirements and current industry standards of good practice for the areas being 
appraised. A further purpose was to identify areas in which program effectiveness could be improved. In 
accordance with the guidance of WHC Management Requirements and Procedures (MRP)5.6, previously 
identified deficiencies which are being resolved by line management were not repeated as Findings or 
Observations unless progress or intended disposition was considered to be unsatisfactory. 
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Title: 242-A Evaporator Crystallizer Facility Integrated Annual Safety Appraisal. Fiscal Year 1991. 
Westinghouse Hanford Co 

Date: 1/1/1991 

Report: WHC-MR-0248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides the results of the Fiscal Year (FY) 1991 Annual Integrated Safety 
Appraisal of the 242-A Evaporator Crystallizer Facility in the Hanford 200 East Area. The appraisal was 
conducted in December 1990 and January 1991, by the Waste Tank Safety Assurance (WTSA) 
organizations in conjunction with Radiological Engineering, Criticality Safety, Packaging and Shipping 
Safety, Emergency Preparedness, Environmental Compliance, and Quality Assurance. Reports of these 
eight organizations are presented as Sections 2 through 7 of this report. The purpose of the appraisal was 
to verify that the 242-A Evaporator meets US Department of Energy (DOE) and Westinghouse Hanford 
Company (WHC) requirements and current industry standards of good practice for the areas being 
appraised. A further purpose was to identify areas in which program effectiveness could be improved. In 
accordance with the guidance of WHC Management Requirements and Procedures (MRP)5.6, previously 
identified deficiencies which are being resolved by line management were not repeated as Findings or 
Observations unless progress or intended disposition was considered to be unsatisfactory. 
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Author: Cox, C. M. / Mahaffey, M. K. / Miller, W. C. 

Title: SP-100 Test Site 

Date: 1/1/1988 

Report: WHC-SA-0119, CONF-880122-22 

Conference/Journal: Symposium on space nuclear power systems/ 11 Jan 1988/ Albuquerque, NM, 
USA 

Conference Session:  

Abstract/Keyterms: Preparatory activities are well under way at Hanford to convert the 309 Containment 
Building and its associated service wing to a 2.5 MWt nuclear test facility for the SP-100 Ground 
Engineering System (GES) test. Preliminary design is complete, encompassing facility modifications, a 
secondary heat transport system, a large vacuum system to enclose the high temperature reactor, a test 
assembly cell and handling system, control and data processing systems, and safety and auxiliary systems. 
The design makes extensive use of existing equipment to minimize technical risk and cost. Refurbishment 
of this equipment is 75% complete. The facility has been cleared of obstructing equipment from its earlier 
reactor test. Current activities are focusing on definitive design and preparation of the Preliminary Safety 
Analysis Report (PSAR) aimed at procurement and construction approvals and schedules to achieve reactor 
criticality by January 1992. 
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Conference/Journal: ANL conference on the prevention of significant safety-related events in the 
operation of US Department of Energy nuclear facilities/ 11-14 Sep 1989/ Richland, WA (USA) 

Conference Session:  

Abstract/Keyterms: On Saturday morning, April 7, 1962, at 10:59 a.m., an accidental nuclear excursion 
occurred in the plutonium waste recovery facility (Recuplex) of the 234-5 building. The nuclear excursion 
was the first and only one to have occurred in any production facility at Hanford. This excursion did not 
result in any mechanical damage or spread of contamination. Three employees received overexposures to 
gamma and neutron radiation of 110, 43, and 19 rem, respectively. In each case, the overexposure was 
recognized promptly, and following medical observation and testing, the men were released to return to 
work. 
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Conference/Journal:  
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Abstract/Keyterms:  
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Title: Situational Simulations in Interactive Video 

Date: 8/1/1991 

Report: WHC-SA-1290, CONF-9108176-1 

Conference/Journal: Interactive videodisc in education and training/ 21-23 Aug 1991/ Arlington, VA 
(United States) 

Conference Session:  

Abstract/Keyterms: The Westinghouse Hanford Company Advanced Training Technologies section is 
using situational simulations in several Interactive Video training courses. Two applications of situational 
simulations will be discussed. In the first, used in the Hanford General Employee Training course, the 
student evaluates employee’s actions in simulations of possible workplace situations. In the second, used 
in the Criticality Safety course, students must follow well-defined procedures to complete tasks. Design 
and incorporation of situational simulations will be discussed. 
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Date: 5/1/1992 
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Conference Session:  

Abstract/Keyterms: A nuclear criticality accident under a large amount of water will yield, at first analysis, 
only a trivial dose to any person standing above the water surface. Attenuation by 15 ft of water reduces 
the gamma dose substantially, and virtually eliminates dose from neutrons. However, due to an activation 
product, 16N, which may be transported to the water surface on a timescale comparable to its half-life, 
larger doses may result. The time-integrated dose to a worker standing above a criticality under a pool of 
storage basin water has been evaluated. It was assumed that nitrogen bubbles would become dissolved in a 
heated mass of water resulting from fission heat transfer from the critical mass of fuel to surrounding water. 
The buoyancy force associated with the reduced water density will result in this mass of heated water rising 
to the surface. Separate snapshots” in time (heated water mass position) were evaluated with the MCNP 
Monte Carlo computer code to determine the dose rate at each of several levels. Time integration of vertical 
force balance equation (buoyancy minus drag) provided the position as a function of time, which was used 
to determine the relative source intensity at each vertical position, as well as the amount of time spent in 
each axial level. 
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Date: 3/11/1992 

Report: WHC-SA-1379, CONF-920308-5 

Conference/Journal: Advances in reactor physics/ 8-11 Mar 1992/ Charleston, SC (United States) 

Conference Session:  

Abstract/Keyterms: The Fuel Assembly Area (FAA) at the Fast Flux Test Facility site on the Hanford Site 
at Richland, Washington currently is being prepared to fabricate mixed oxide fuel (U, Pu) for the FFTF. 
Calculational tools are required to perform criticality safety analyses for various process locations and to 
establish safe limits for fissile material handling at the FAA. These codes require validation against 
experimental data appropriate for the compositions that will be handled. Critical array experiments 
performed by Bierman provide such data for mixed oxide fuel in the range Pu/(U+Pu) = 22 wt %, and with 
Pu-240 contents equal to 12 wt %. Both the Monte Carlo Neutron Photon (MCNP) and the Winfrith 
Improved Multigroup Scheme (WIMS-E) computer codes were used to calculate the neutron multiplication 
factor for explicit models of the various critical arrays. The W-CACTUS modules within the WIMS-E code 
system was used to calculate k{infinity} for the explicit array configuration, as well as few-group cross 
sections that were then used in a three-dimensional diffusion theory code for the calculation of k(eff) for 
the finite array. 
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Conference Session:  

Abstract/Keyterms: In May 1993, a potential criticality problem arose in the KE Basin and filter backwash 
pit on the Hanford site. The problem necessitated extensive criticality analyses to establish the subcritical 
margin in that particular facility. This paper will describe the analyses and point out some of the difficulties 
in applying American National Standards Institute (ANSI) standards to the situation. 
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Date: 3/1/1994 
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Conference Session:  

Abstract/Keyterms: The tank waste pretreatment process involves the separation of low-level and high-
level constituents. The liquid high-level defense production waste will be vitrified into thousands of glass 
logs at the US DOE sites and then transported to a high-level repository for final disposal. Pretreatment and 
vitrification technology will need to be developed and tested to assess cost-effectiveness. The appropriate 
pretreatment strategy for complex high-activity liquid will depend on proving a competent process. As 
technology development matures, actual liquid will be substituted for simulants, and pilot scale plants will 
replace laboratory scale process demonstrations. Development of this strategy depends on tank waste 
sample analyses and a high-activity liquid supply for process testing. However, high-activity liquid 
transportation beyond DOE site boundaries is limited to Type B quantities in volumes less than 50 mL; no 
licensed packaging exists for greater than 50 mL quantities. The following paper summarizes the need for 
a high-activity liquid packaging, and identifies the agencies effecting packaging design and transportation. 
The high-activity liquid packaging concept retrofits licensed spent fuel casks by replacing the spent fuel 
basket with a sturdy containment vessel appropriate for the chemical nature of the liquid. A Nuclear 
Packaging (Pacific Nuclear`s NuPat{trademark} 125-B) spent fuel cask was hypothetically retrofitted with 
a containment vessel filled with liquid source term, the radionuclide inventory contained in the liquid. The 
structural, thermal, dose rate, and criticality consequences of retrofitting the cask body were evaluated based 
on data in the 125-B Cask Safety Analysis Report for Packaging. In addition, future packaging development 
work is discussed. 
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Abstract/Keyterms: Interim storage of alkaline, high-level radioactive waste, from two generations of 
spent fuel reprocessing and waste management activities, has resulted in the accumulation of 238 million 
liters of waste in Hanford Site single and double-shell tanks. Before the 1990's, the stored waste was 
believed to be: (1) chemically unreactive under its existing storage conditions and plausible accident 
scenarios; and (2) chemically stable. This paradigm was proven incorrect when detailed evaluation of tank 
contents and behavior revealed a number of safety issues and that the waste was generating flammable and 
noxious gases. In 1990, the Waste Tank Safety Program was formed to focus on identifying safety issues 
and resolving the ferrocyanide, flammable gas, organic, high heat, noxious vapor, and criticality issues. The 
tanks of concern were placed on Watch Lists by safety issue. This paper summarizes recent progress toward 
resolving Hanford Site high-level radioactive waste tank safety issues, including modeling, and analyses, 
laboratory experiments, monitoring upgrades, mitigation equipment, and developing a strategy to screen 
tanks for safety issues. 
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Abstract/Keyterms: The 232-Z Waste Incinerator at the Hanford Plutonium Finishing Plant (PFP) was 
used to incinerate plutonium-bearing combustible materials generated during normal plant operations. 
Nondestructive (NDA) measurements performed after the incinerator ceased operations indicated high 
plutonium loadings in exhaust ductwork near the incinerator glovebox, while the incinerator was found to 
have only low quantities. Measurements, following a campaign to remove some of the ductwork, resulted 
in markedly higher assay value for the incinerator glovebox itself. Subsequent assays confirmed the most 
recent results and pointed to a potential further underestimation of the holdup, in part because of attenuation 
due to fire brick, which could not be seen easily and which had been reported to not be present. NaI detector 
based measurements were used to map the deposits. Extended count times, using high resolution Ge 
detectors helped estimate the isotopic composition of the plutonium and quantify the deposits. Experiments 
were performed using a Ge detector to obtain adequate corrections for the high attenuation of the incinerator 
glovebox. Several neutron detectors and detector configurations were employed to understand and quantify 
the neutron flux. Due to the disparity that was anticipated to occur between the gamma ray and neutron 
assay results, radiation modeling was used to try to reconcile the divergent results. This was a third aspect 
of the team`s effort, utilizing computer modeling to resolve discrepancies between measurement methods. 
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Abstract/Keyterms: The Process Vacuum Liquid Detection interlock systems prevent intrusion of process 
liquids into the HEPA filters downstream of demisters{number_sign}6 and{number_sign}7 during Process 
Vacuum System operation. This prevents liquid intrusion into the filters which could cause a criticality. 
The Safety Envelope (SE) includes the equipment which detects the presence of liquids in the vacuum 
headers; isolates the filters; shuts down the vacuum pumps; and alarms the condition. The presence of liquid 
in the HC-4, HC-7, and HC-227S glovebox vacuum traps or a high level of liquid in the 236-Z Tank 50 
will isolate these portions of the vacuum system from the main headers. This report identifies the equipment 
in the SE; operating, maintenance, and surveillance procedures needed to maintain the SE equipment; and 
rationale for exclusion of some equipment and testing from the SE. 
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Abstract/Keyterms: This document describes the first step in increasing the quality, reliability, and ease 
of maintenance of the nine Criticality Alarm Panels (CAP) at PFP. Development control practices and 
guidelines of WHC-CM-6-1, EP-2.4 and WHC-IP-1026, EPG-2.4 are applied to develop a prototype of a 
replacement Criticality Alarm Panel (CAP) with facility-use potential. During the development of the 
prototype CAP, the design requirements of all of PFP’s nine CAPs are considered to develop standardized 
hardware and detailed design drawings that are tailored to PFP maintenance needs. Increased quality and 
reliability is achieved through quality hardware, proven technology and design techniques, and the use of 
the Class 1E workmanship standards of WHC-CM-8-1. The end result of the work described by this work 
plan is a verified/read-to-install replacement for CAP Z4 and verified/released H-2 drawings that are 
formatted such that they can easily be replicated when producing design drawings for the other eight CAPs. 
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Abstract/Keyterms: It has been postulated that a degradation phenomenon, referred to as “hot cell rot,” 
may affect irradiated FFTF mixed plutonium-uranium oxide (MOX) fuel during dry interim storage. “Hot 
cell rot” refers to a variety of phenomena that degrade fuel pin cladding during exposure to air and inert gas 
environments. It is thought to be a form of caustic stress corrosion cracking or environmentally assisted 
cracking. Here, a criticality safety analysis was performed to address the effect of the “hot cell rot,” 
phenomenon on the long term storage of irradiated FFTF fuel in core component containers. The results 
show that seven FFTF fuel assemblies or six Ident-69 pin containers stored in core component containers 
within interim storage casks will remain safely subcritical. 
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Abstract/Keyterms: The purpose of this document is to provide the bases necessary to support 
required”Safety Analyses”. 
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Abstract/Keyterms: The purpose of this design guide is to provide radiological safety requirements, 
standards, and information necessary for designing facilities that will operate without unacceptable risk to 
personnel, the public, or the environment as required by the US Department of Energy (DOE). This design 
guide, together with WHC-CM-4-29, Nuclear Criticality Safety, WHC-CM-4-46, Nonreactor Facility 
Safety Analysis, and WHC-CM-7-5, Environmental Compliance, covers the radiation safety design 
requirements at Westinghouse Hanford Company (WHC). This design guide applies to the design of all 
new facilities. The WHC organization with line responsibility for design shall determine to what extent this 
design guide shall apply to the modifications to existing facilities. In making this determination, 
consideration shall include a cost versus benefit study. Specifically, facilities that store, handle, or process 
radioactive materials will be covered. This design guide replaces WHC-CM-4-9 and is designated a living 
document. This design guide is intended for design purposes only. Design criteria are different from 
operational criteria and often more stringent. Criteria that might be acceptable for operations might not be 
adequate for design. 
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22255…..…..…………………..…….……..……ID Number…………………..…..…………….22255 

Author: Whattam, J. W. 

Title: 300 Area Signal Cable Study 

Date: 9/15/1994 

Report: WHC-SD-LL-ES-040 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report was prepared to discuss the alternatives available for removing the 300 
Area overhead signal cable system. This system, installed in 1969, has been used for various monitoring 
and communication signaling needs throughout the 300 Area. Over the years this cabling system has 
deteriorated, has been continually reconfigured, and has been poorly documented to the point of 
nonreliability. The first step was to look at the systems utilizing the overhead signal cable that are still 
required for operation. of the ten systems that once operated via the signal cable, only five are still required; 
the civil defense evacuation alarms, the public address (PA) system, the criticality alarms, the Pacific 
Northwest Laboratory Facilities Management Control System (FMCS), and the 384 annunciator panel. of 
these five, the criticality alarms and the FMCS have been dealt with under other proposals. Therefore, this 
study focused on the alternatives available for the remaining three systems (evacuation alarms, PA system, 
and 384 panel) plus the accountability aid phones. Once the systems to be discussed were determined, then 
three alternatives for providing the signaling pathway were examined for each system: (1) re-wire using 
underground communication ducts, (2) use the Integrated Voice/Data Telecommunications System 
(IVDTS) already installed and operated by US West, and (3) use radio control. Each alternative was 
developed with an estimated cost, advantages, and disadvantages. Finally, a recommendation was provided 
for the best alternative for each system. 
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22256…..…..…………………..…….……..……ID Number…………………..…..…………….22256 

Author: Carter, L. L. 

Title: Certification of MCNP version 4A for WHC computer platforms 

Date: 5/7/1996 

Report: WHC-SD-MP-SWD-30001-Rev.8 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: MCNP is a general-purpose Monte Carlo code that can be used for neutron, photon, 
or coupled neutron/photon transport, including the capability to calculate eigenvalues for critical systems. 
The code treats an arbitrary three-dimensional configuration of materials in geometric cells bounded by 
first- and second-degree surfaces, and some special fourth-degree surfaces 
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22257…..…..…………………..…….……..……ID Number…………………..…..…………….22257 

Author: Johnson, B. H. 

Title: Spent Fuel Consolidation in the 105KW Building Fuel Storage Basin 

Date: 9/23/1994 

Report: WHC-SD-N040-ES-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This study is one element of a larger engineering study effort by WHC to examine 
the feasibility of irradiated fuel and sludge consolidation in the KW Basin in response to TPA Milestone 
(target date) M-34-00-T03. The study concludes that up to 11,500 fuel storage canisters could be 
accommodated in the KW Basin with modifications. These modifications would include provisions for 
multi-tiered canister storage involving the fabrication and installation of new storage racks and installation 
of additional decay heat removal systems for control of basin water temperature. The ability of existing 
systems to control radionuclide concentrations in the basin water is examined. The study discusses 
requirements for spent nuclear fuel inventory given the proposed multi-tiered storage arrangement, the 
impact of the consolidated mass on the KW Basin structure, and criticality issues associated with multi-
tiered storage. 
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22258…..…..…………………..…….……..……ID Number…………………..…..…………….22258 

Author: Schwinkendorf, K. N. 

Title: Criticality Safety Evaluation Report for 300 Area N Reactor Fuel Fabrication and Storage Facility 

Date: 12/1/1993 

Report: WHC-SD-NR-CSER-010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality safety support calculations for the 300 Area Fuels Manufacturing Facility 
have been performed to update values currently found in the criticality prevention specifications. The old 
safe masses and associated dimensions table has been updated with new values, which were produced using 
more modern computer codes that comply with Software Quality Assurance (SQA) requirements. Monte 
Carlo calculations, using MCNP (Carter 1991), were performed to spot check these results, obtained using 
the WIMS-E code (Gubbins et al. 1982). In addition, the criticality considerations associated with certain 
accident, or upset, conditions were analyzed. These scenarios include fire, the bringing together of multiple 
safe masses into one neutronically coupled system, mis-stacking, and accidental interspersed moderation. 
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22259…..…..…………………..…….……..……ID Number…………………..…..…………….22259 

Author: Erickson, D. G. 

Title: Criticality Safety Evaluation of the 100K Area Ion Exchange Modules and Ion Exchange Columns 

Date: 1/1/1994 

Report: WHC-SD-NR-CSER-011-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety evaluation of the 100K Area ion exchange modules (IXM) and 
ion exchange columns (IXC) was completed to support operations without a criticality alarm system. The 
results show that the IXM’s and IXC’s are well below the criticality design limit of k(eff) = 0.95 for normal 
and off-normal conditions. 
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22260…..…..…………………..…….……..……ID Number…………………..…..…………….22260 

Author: Wittekind, W. D. 

Title: Critically Safety Evaluation for K Basins Sand Filters 

Date: 1/1/1994 

Report: WHC-SD-NR-CSER-013 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality safety for K Basins sand filters was considered. No credible normal or off-
normal scenarios were determined which could compromise criticality safety and result in a k(eff) [>=] 
0.98. The conclusion is that, due to the physical form and isotopic distribution of the fissionable material, 
there is no possibility of a nuclear criticality in the sand filter. For this reason, there is no need for a criticality 
alarm system for the K Basins sand filters. 
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22261…..…..…………………..…….……..……ID Number…………………..…..…………….22261 

Author: Erickson, D. G. 

Title: Criticality safety evaluation report for the 100 KE Basin sand filter backwash pit 

Date: 1/1/1995 

Report: WHC-SD-NR-CSER--014-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis presents the technical basis for establishing a safe mass limit for 
continued operations of the KE Basin sand filter backwash pit. The main analysis based on a very 
conservative UO2-PuO2-H2O system using the measured isotopic concentrations of uranium and 
plutonium in the sludge. Appendix C contains analyses of the sandfilter backwash pit utilizing all verified 
materials presently in the pit, and gives new limits based on assumptions made 
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22262…..…..…………………..…….……..……ID Number…………………..…..…………….22262 

Author: Wittekind, W. D. 

Title: Consolidated Fuel Shielding Calculations 

Date: 9/1/1994 

Report: WHC-SD-NR-ER-105 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Irradiated Fuel / Radiation Dose Rate / Radiation Shielding Requirements / Isoshld-
II Model 
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22263…..…..…………………..…….……..……ID Number…………………..…..…………….22263 

Author: Schwinkendorf, K. N. 

Title: Software Certification Package for the GOLF Code 

Date: 1/1/1994 

Report: WHC-SD-NR-SWD-024, Rev. 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22264…..…..…………………..…….……..……ID Number…………………..…..…………….22264 

Author: Kelly, J. E. 

Title: Fire Criticality Probability Analysis for 300 Area N Reactor Fuel Fabrication and Storage Facility. 
Revision 1 

Date: 2/8/1995 

Report: WHC-SD-NR-TI--051-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium fuel assemblies and other uranium associated with the shutdown N Reactor 
are stored in the 300 Area N Reactor Fuel Fabrication and Storage Facility (Facility). The 3712 Building, 
where the majority of the fuel assemblies and other uranium is stored, is where there could be a potential 
for a criticality bounding case. The purpose of this study is to evaluate the probability of potential fires in 
the Facility 3712 Building that could lead to criticality. This study has been done to support the criticality 
update. For criticality to occur, the wooden fuel assembly containers would have to burn such that the fuel 
inside would slump into a critical geometry configuration, a sufficient number of containers burn to form 
an infinite wide configuration, and sufficient water (about a 17 inch depth) be placed onto the slump. To 
obtain the appropriate geometric configuration, enough fuel assembly containers to form an infinite array 
on the floor would have to be stacked at least three high. Administrative controls require the stacks to be 
limited to two high for 1.25 wt% enriched finished fuel. This not sufficient to allow for a critical mass 
regardless of the fire and accompanying water moderation. It should be noted that 0.95 wt% enriched fuel 
and billets are stacked higher than only two high. In this analysis, two initiating events will be considered. 
The first is a random fire that is hot enough and sufficiently long enough to burn away the containers and 
fuel separators such that the fuel can establish a critical mass. The second is a seismically induced fire with 
the same results. 
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22265…..…..…………………..…….……..……ID Number…………………..…..…………….22265 

Author: Schmittroth, F. A. 

Title: MCNP Criticality Validation and Bias for LEU Systems 

Date: 10/28/1996 

Report: WHC-SD-SNF-ANAL-013 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The bias in MCP calculations was evaluated for low enriched uranium (LEU) systems 
typical of N reactor fuel. A formula that includes the bias and its uncertainties is given to ensure that LEU 
systems are safely subcritical. 
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22266…..…..…………………..…….……..……ID Number…………………..…..…………….22266 

Author: Jensen, M. A. 

Title: Basis for Category B Designation for K Basins 

Date: 9/1/1994 

Report: WHC-SD-SNF-CSER-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Supporting Document analyzes the various fissile material configurations in the 
105-K East and K West fuel storage basins to determine the proper firefighting category. Firefighting 
categories are assigned to fissionable material facilities to provide guidance to firefighters in the allowable 
uses of water and other extinguishing materials to prevent inadvertent rearrangement of fissile materials or 
addition of neutron moderators which could lead to a criticality. This document concludes the appropriate 
category is B, which does not impose any restrictions on the use of water for firefighting purposes. 
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22267…..…..…………………..…….……..……ID Number…………………..…..…………….22267 

Author: Jensen, M. A. 

Title: Basis for Criticality Category B Firefighting Designation for K Basins. Revision 1 

Date: 3/23/1995 

Report: WHC-SD-SNF-CSER-001-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Supporting Document analyzes the various fissile material configurations in the 
105-K East and K West fuel storage basins to determine the proper firefighting category. Firefighting 
categories are assigned to fissionable material facilities to provide guidance to firefighters in the allowable 
uses of water and other extinguishing materials to prevent inadvertent rearrangement of fissile materials or 
addition of neutron moderators which could lead to a criticality. This document concludes the appropriate 
category is B, which does not impose any restrictions on the use of water for firefighting purposes. 
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22268…..…..…………………..…….……..……ID Number…………………..…..…………….22268 

Author: Erickson, D. G. 

Title: Criticality Safety Evaluation Report for K Basin Filter Cartridges 

Date: 8/28/1996 

Report: WHC-SD-SNF-CSER-002-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety evaluation of the K Basin filter cartridge assemblies was 
completed to support operations without criticality alarm system. The results show that for normal 
operation, the cartridge assembly is far below the safety limit of Keff= 0.95. 
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22269…..…..…………………..…….……..……ID Number…………………..…..…………….22269 

Author: Jensen, M. A. 

Title: K Basins Consolidated Fuel Storage and Handling Criticality Safety Evaluation 

Date: 4/2/1996 

Report: WHC-SD-SNF-CSER-003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The bases for safe storage of irradiated N Reactor and Single Pass Reactor (SPR) fuel 
in the Hanford K Basins, as derived from Existing Criticality Safety Evaluation reports, have been 
consolidated in one supporting document. 
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22270…..…..…………………..…….……..……ID Number…………………..…..…………….22270 

Author: Miller, G. L. 

Title: 105-K East Sandfilter Backwash Line Sample Analysis Report. Second Campaign 

Date: 1/25/1996 

Report: WHC-SD-SNF-DP--005 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This project seeks to produce uranium (U) and plutonium (Pu) analyses of samples 
taken from the KE basin filter backwash line each time the sand filter is backwashed. K Basin operations 
will use the analytical results to determine additions of fissile materials to the backwash sludge pit and 
thereby maintain a running inventory of fissile elements in the pit. K Basin Operations must not exceed a 
certain total inventory in order to be within a criticality specification. The second campaign of this project 
consisted of three samples, numbered by the customer 208KEB, 209KEB, and 210KEB. 
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22271…..…..…………………..…….……..……ID Number…………………..…..…………….22271 

Author: Miller, G. L. / Bechtold, D. B. 

Title: 105-K East Sandfilter Backwash Line Sample Analysis Report: Third Campaign 

Date: 1/25/1996 

Report: WHC-SD-SNF-DP-006 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Samples taken from the KE basin filter backwash line each time the sand filter is 
backwashed. K Basin operations will use the analytical results to determine additions of fissile materials to 
the backwash sludge pit and thereby maintain a running inventory of fissile elements in the pit. K Basin 
operations must not exceed a certain total inventory in order to be within a criticality specification. The 
third campaign of this project consisted of three samples, numbered by the customer 245KEB, 246KEB, 
and 247KEB. A revised letter of instruction controlled their processing. 
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22272…..…..…………………..…….……..……ID Number…………………..…..…………….22272 

Author: Porten, D. R. / Crowe, R. D. 

Title: K Basin Safety Analysis 

Date: 12/16/1994 

Report: WHC-SD-SNF-RA-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this accident safety analysis to document in detail, analyses whose 
results were reported in summary form in the K Basins Safety Analysis Report WHC-SD-SNF-SAR-001. 
The safety analysis addressed the potential for release of radioactive and non-radioactive hazardous material 
located in the K Basins and their supporting facilities. The safety analysis covers the hazards associated 
with normal K Basin fuel storage and handling operations, fuel encapsulation, sludge encapsulation, and 
canister clean-up and disposal. After a review of the Criticality Safety Evaluation of the K Basin activities, 
the following postulated events were evaluated: Crane failure and casks dropped into loadout pit; Design 
basis earthquake; Hypothetical loss of basin water accident analysis; Combustion of uranium fuel following 
dryout; Crane failure and cask dropped onto floor of transfer area; Spent ion exchange shipment for burial; 
Hydrogen deflagration in ion exchange modules and filters; Release of Chlorine; Power availability and 
reliability; and Ashfall. 
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22273…..…..…………………..…….……..……ID Number…………………..…..…………….22273 

Author: Meichle, R. H. 

Title: Safety Assessment of Discharge Chute Isolation Barrier Preparation and Installation 

Date: 10/21/1994 

Report: WHC-SD-SNF-SARR-002-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis examines activities associated with the installation of isolation barriers 
in the K Basins at the Hanford Reservation. This revision adds evaluation of barrier drops on stored fuel 
and basin floor, identifies fuel which will be moved and addresses criticality issues with sludge. The safety 
assessment is made for the activities for the preparation and installation of the discharge chute isolation 
barriers. The safety assessment includes a hazard assessment and comparisons of potential accidents/events 
to those addressed by the current safety basis documentation. No significant hazards were identified. An 
evaluation against the USQ evaluation questions was made and the determination made that the activities 
do not represent a USQ. Hazard categorization techniques were used to provide a basis for readiness review 
classifications. 
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22274…..…..…………………..…….……..……ID Number…………………..…..…………….22274 

Author: Puigh, R. J. / Toffer, H. / Heard, F. J. / Irvin, J. J. / Cooper, T. D. 

Title: Technology Status in Support of Refined Technical Baseline for the Spent Nuclear Fuel Project. 
Revision 1 

Date: 10/20/1995 

Report: WHC-SD-SNF-TI-014-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Spent Nuclear Fuel Project (SNFP) has undertaken technology acquisition 
activities focused on supporting the technical basis for the removal of the N Reactor fuel from the K Basins 
to an interim storage facility. The purpose of these technology acquisition activities has been to identify 
technology issues impacting design or safety approval, to establish the strategy for obtaining the necessary 
information through either existing project activities, or the assignment of new work. A set of specific path 
options has been identified for each major action proposed for placing the N Reactor fuel into a”stabilized” 
form for interim storage as part of this refined technical basis. This report summarizes the status of 
technology information acquisition as it relates to key decisions impacting the selection of specific path 
options. The following specific categories were chosen to characterize and partition the technology 
information status: hydride issues and ignition, corrosion, hydrogen generation, drying and conditioning, 
thermal performance, criticality and materials accountability, canister/fuel particulate behavior, and MCO 
integrity. This report represents a preliminary assessment of the technology information supporting the 
SNFP. As our understanding of the N Reactor fuel performance develops the technology information 
supporting the SNFP will be updated and documented in later revisions to this report. Revision 1 represents 
the incorporation of peer review comments into the original document. The substantive evolution in our 
understanding of the technical status for the SNFP (except section 3) since July 1995 have not been 
incorporated into this revision. 
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22275…..…..…………………..…….……..……ID Number…………………..…..…………….22275 

Author: Carter, L. L. 

Title: Thermal Neutron Flux Contours from Criticality Event 

Date: 8/1/1996 

Report: WHC-SD-SQA-ANAL-502 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The generation of thermal neutron flux contours from a criticality event is 
demonstrated for an idealized building with a criticality event in one of the rooms. The MCNP Monte Carlo 
computer code is used to calculate the thermal neutron flux. 
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22276…..…..…………………..…….……..……ID Number…………………..…..…………….22276 

Author: Rogers, C. A. 

Title: An Analytical Model for Evaluating Subcritical Limits for Waste in Hanford Site Storage Tanks 

Date: 1/1/1983 

Report: WHC-SD-SQA-CSA-20356, Rev. 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22277…..…..…………………..…….……..……ID Number…………………..…..…………….22277 

Author: Rogers, C. A. 

Title: CSER 94-004: Criticality Safety of Double-Shell Waste Storage Tanks 

Date: 9/22/1994 

Report: WHC-SD-SQA-CSA-20368 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality safety evaluation covers double-shell waste storage tanks (DSTs), 
double-contained receiver tanks (DCRTs), vault tanks, and the 242-A Evaporator located in the High Level 
Waste (HLW) Tank Farms on the Hanford Site. Limits and controls are specified and the basis for ensuring 
criticality safety is discussed. A minimum limit of 1, 000 is placed upon the solids/plutonium mass ratio in 
incoming waste. The average solids/Pu mass ratio over all waste in tank farms is estimated to be about 74, 
500, about 150 times larger than required to assure subcriticality in homogeneous waste. PFP waste in 
Tank-102-SY has an estimated solids/Pu mass ratio of 10, 000. Subcriticality is assured whenever the 
plutonium concentration is less than 2.6 g. The median reported plutonium concentration for 200 samples 
of waste solids is about 0.01 g (0.038 g/gal). A surveillance program is proposed to increase the knowledge 
of the waste and provide added assurance of the high degree of subcriticality. 
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22278…..…..…………………..…….……..……ID Number…………………..…..…………….22278 

Author: Rogers, C. A. 

Title: CSER 94-09: Implications of the Heat Anomaly in Tank 106-C to Criticality Safety 

Date: 1/1/1994 

Report: WHC-SD-SQA-CSA-20373 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Water is periodically added to Tank C-106 to cool its waste. In March 1994 addition 
of water was temporarily discontinued to determine if the tank could be adequately cooled at a lower water 
level. Following an addition of water, a temperature fluctuation was observed on one of the thermocouple 
trees. This Criticality Safety Evaluation Report (CSER) explains why the anomalous temperature 
measurements could not have been caused by nuclear criticality. Waste in Tank C-106 was discharged from 
processing facilities under controls designed to ensure that the contents of the tank would remain well 
subcritical under all credible conditions. The observed temperature profile does not fit the profile expected 
from a criticality event. In addition, there has been no indication of any significant increase in the rate of 
water evaporation. 
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22279…..…..…………………..…….……..……ID Number…………………..…..…………….22279 

Author: Chiao, T. 

Title: CSAR 81-001 Addendum 2: Use of a Plexiglass Contamination Barrier in HC-227-T 

Date: 9/20/1994 

Report: WHC-SD-SQA-CSA-20374 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Finish Plant (PFP) Engineering requested a criticality safety evaluation 
(Appendix 1) to support a revision of Criticality Prevention Specification CPS-Z-165-80601 allowing a 
Plexiglass enclosure (PGE) to be placed inside the HC-227T hood as a contamination barrier. The HC-
227T hood is the receiving/transfer enclosure for Pu nitrate solution contained in Product Removal 
containers (PR Cans), L10 Containers (L10, Fl-10, 10 L) or L-3 Containers. Within the HC-227T, a 1.349 
square meter (15 square foot) enclosure, PGE, has been created to provide contamination control around 
the weighing scale. Two or more standard criticality drains shall be installed on this enclosure prior to 
beneficial usage. The evaluation considered the normal process, spillage scenarios, waste/container 
accumulations within the enclosure, and interactions of Pu within the enclosure as well as other containers 
external to the enclosure. The results from the criticality safety analysis by CRA shows that such as 
contamination barrier can be placed inside the HC-227T Hood if the PGE is equipped with adequate 
criticality drains. In addition, other limits as well as administrative controls listed in CPS-Z-165-80601 
Rev./Mod. B/0 and CPS-Z-165-80010 Rev./Mod. C/1 shall also apply. 
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22280…..…..…………………..…….……..……ID Number…………………..…..…………….22280 

Author: Hess, A. L. 

Title: CSER 94-011: Use of Glovebags for Demister Draining Operations 

Date: 12/12/1994 

Report: WHC-SD-SQA-CSA-20376 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety review is presented for the use of plastic-sheet glovebags for the 
operations of draining demisters on the 26-inch vacuum system headers. A criticality drain is required 
because of the possibility for spilling liquid of sufficient volume and fissile content for criticality. It is 
recommended that the glovebag design include a rigid, 2ft x 2ft floor with a central drain feeding a 
geometrically favorable spill-catch vessel, plus a screen grid above the bottom for drain protection. 
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22281…..…..…………………..…….……..……ID Number…………………..…..…………….22281 

Author: Bhatia, S. L. 

Title: CSER 91-003, Addendum 1: Criticality Safety Evaluation Report for Postponed Retrieval of Three 
Container Sequences in the Burial Ground 

Date: 9/30/1994 

Report: WHC-SD-SQA-CSA-20377 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The restricted underground burial time of 20 years for galvanized drums and 18 years 
for painted drums was selected based on structural integrity analysis and the application of conservative 
criticality safety principles because there is no established reliable real life behavior (corrosion) test data 
on such 55 gallon standard drums buried under the environmental conditions at Hanford. Efforts have been 
made to establish data to support the extension of the design life of these drums. The data so far obtained 
suggest a drum lifetime of twice the current restricted value, but the body of data is not enough to conclude 
this amount of time with certainty. This Criticality Safety Evaluation Report (CSER) Addendum establishes 
the technical basis for extending the underground storage time of only three drum sequences in the Hanford 
waste burial grounds which expire soon. The three drum sequences were originally scheduled for retrieval 
this year based on conservative assumptions about container lifetime in the burial ground. Evaluation of the 
recent retrieval data on physical contents of such containers and a corrosion study of the drums under the 
environmental conditions at Hanford burial grounds show that these drums can remain buried without loss 
of integrity much longer than the restricted storage time without posing any safety concern. Based on this 
review, it is concluded that a conditional approval of extending the underground storage time by 5 years 
beyond the expiration date(s) of these three placements is justified. This amendment will permit the Pilot 
Scale Retrieval operations of the buried drums for integrity inspection, drum material corrosion behavior, 
and inspection and repackaging of TRU waste currently underway at Hanford to proceed and to be in 
compliance with the applicable Criticality Prevention Specifications. 
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22282…..…..…………………..…….……..……ID Number…………………..…..…………….22282 

Author: Friar, D. E. 

Title: Addendum 1 to CSER 79-002, Use of the 150 Gram Fissile Limit in Room 187 of PFP 

Date: 10/18/1994 

Report: WHC-SD-SQA-CSA-20378 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Addendum 1 to CSER 79-002 gives permission to use the 150-gram fissile material 
limit in Room 187 Workstation Hoods 1, 2, and 3. This addendum states that the increased limits would 
not violate the double contingency criterion for criticality safety. 
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22283…..…..…………………..…….……..……ID Number…………………..…..…………….22283 

Author: Altschuler, S. J. 

Title: CSER 94-012: Criticality Safety Evaluation Report for 340 Facility 

Date: 2/15/1995 

Report: WHC-SD-SQA-CSA-20379 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report (CSER) covers the 340 Facility which acts 
as a collecting point for liquid and solid waste from various facilities in the 300 Area. Criticality safety is 
achieved by controlling the amount and concentration of the fissionable material sent to the 340 Facility 
from the originating facilities in the 300 Area, a method similar to that used elsewhere at Hanford for the 
waste tank farms. Unlike those, however, the waste received at the 340 Facility will be far less radioactive. 
It is concluded that present operations meet the two contingency criterion. The facility will still be safely 
subcritical even after two independent and concurrent failures (either of equipment or administrative 
controls). The solid waste storage and liquid waste will be managed separately. The solid waste storage 
area is classified as exempt because it contains less than 15 grams of fissionable materials. The Radioactive 
Liquid Waste System is classified as isolated because it contains less than one third of a minimum critical 
mass. The criticality safety of the 340 Facility devoted to the Radioactive Liquid Waste System (RLWS) is 
assured by the form and concentration of the fissile material and could also be classified as a limited control 
facility. However, the 340 Facility has been operated as an isolated facility which results in a more 
conservative limit. 



 

C-22339 

22284…..…..…………………..…….……..……ID Number…………………..…..…………….22284 

Author: Chiao, T. 

Title: CSAR 79-034 Addendum 2, Storing the Man-Basket in the Process Cell in 236-Z Building, 
Plutonium Finishing Plant/Plutonium Reclamation Facility 

Date: 10/25/1994 

Report: WHC-SD-SQA-CSA-20380 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The man-basket is stored in the Plutonium Reclamation Facility canyon area and this 
addendum reports on a technical evaluation for the storage inside the canyon to ensure consistency with the 
requirements of the Nuclear Criticality Safety Manual, WHC-CM-4-29. 



 

C-22340 

22285…..…..…………………..…….……..……ID Number…………………..…..…………….22285 

Author: Hess, A. L. 

Title: CSER 94-014: Storage of Metal-Fuel Loaded EBR-II Casks in Concrete Vault on PFP Grounds 

Date: 12/5/1994 

Report: WHC-SD-SQA-CSA-20381 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety evaluation is presented to permit EBR-2 spent fuel casks loaded 
with metallic fuel rods to be stored in an 8-ft diameter, cylindrical concrete vault inside the PFP security 
perimeter. The specific transfer of three casks with Pu alloy fuel from the Los Alamos Molten Plutonium 
Reactor Experiment from the burial grounds to the vault is thus covered. Up to seven casks may be 
emplaced in the casing with 30 inches center to center spacing. Criticality safety is assured by definitive 
packaging rules which keep the fissile medium dry and at a low effective volumetric density. 
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22286…..…..…………………..…….……..……ID Number…………………..…..…………….22286 

Author: Miller, E. M. 

Title: CSER 79-028, Addendum 2: Security Bar Addition to Pedestal Storage Racks in Room 3 in 2736-Z 
Building 

Date: 11/18/1994 

Report: WHC-SD-SQA-CSA-20382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Plutonium Finishing Plant (PFP) is installing security bars on plutonium storage 
racks in Room 3 in 2736-Z Building to meet International Atomic Energy Agency (IAEA) material control 
requirements. Figures show the existing arrangement and design of the security bars. The security bars are 
to be fabricated of aluminum or carbon steel. The detailed fabrication sketches are reproduced in Appendix 
C. The security bars are to be installed close to the chains of plutonium so a determination of their effect 
on criticality safety needs to be made. The addition of security bars to the storage array of 2.5 kg plutonium 
buttons in Room 3 can affect reactivity by reflecting neutrons back into the plutonium in the storage cans, 
by absorbing neutrons, and by moderating neutrons between stored plutonium buttons. The small amount 
of metal added by the storage bars in comparison to the amount of concrete in the walls and aluminum in 
the shelf monitors already in place would not significantly increase the k(eff) of the storage array. Several 
computer calculations in previous analyses show that the security bars will have a negligible affect on 
reactivity. 
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22287…..…..…………………..…….……..……ID Number…………………..…..…………….22287 

Author: Hess, A. L. 

Title: CSER 94-015: New Portable NDA Equipment for Use in SNM Audits 

Date: 12/12/1994 

Report: WHC-SD-SQA-CSA-20383 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety review is presented for the use of two portable NDA detectors 
from Los Alamos during an IAEA inspection of the SNM at PFP. The units are an Active Well Coincidence 
Counter (AWCC) and a High Level Neutron Coincidence Counter (HLNCC). Approval for their 
employment is based on the inherent safety of the containers to be assayed, one at a time, and because their 
designs conform with the acceptability criteria which allow the other NDA detectors currently employed at 
the facility. 



 

C-22343 

22288…..…..…………………..…….……..……ID Number…………………..…..…………….22288 

Author: Chiao, T. 

Title: Addendum 3 to CSAR 80-027, Use of Calorimeter 109B for Fissile Material Measurement 

Date: 12/5/1994 

Report: WHC-SD-SQA-CSA-20384 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This modification to the Plutonium Finishing Plant (PFP) calorimeter system involves 
removing current calorimeter No. 3 from the water bath and replacing it with a calorimeter that can 
accommodate larger diameter items (an oversize can). The inside diameters of both the sample and the 
reference cells will be increased to 5.835 inches at the top opening and to 5.22 inches at the bottom, the 8 
inch high measurement zone. This Addendum 3 to Criticality Safety Analysis Report 80-027 examines 
criticality safety during the use of the modified calorimeter (Calorimeter 109B) with enlarged cell tube 
diameters to assure that an adequate margin of subcriticality is maintained for all normal and contingency 
conditions. 
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22289…..…..…………………..…….……..……ID Number…………………..…..…………….22289 

Author: Miller, E. M. 

Title: CSER 94-013: Classification and access to PFP 232-Z Incinerator Facility and limits on 
characterization and disassembly activities in 232-Z burning hood 

Date: 1/12/1995 

Report: WHC-SD-SQA-CSA--20385 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This CSER justifies the Limited Control Facility designation for the closed Burning 
Hood in the PFP 232-Z Incinerator Facility. If the Burning Hood is opened to characterize the plutonium 
distribution and geometric integrity of the internals or for disassembly of the internals, then the more 
rigorous Fissionable Material Facility classification is required. Two sets of requirements apply for 
personnel access, criticality firefighting category for water use, and fissile material movement for the two 
states of the Burning Hood. The parameters used in the criticality analysis are listed to establish the limits 
under which this CSER is valid. Determination that the Burning Hood fissile material, moderation, or 
internal arrangements are outside these limits requires reevaluation of these parameter values and activities 
at the 232-Z Incinerator Facility. When the Burning Hood is open, water entry is to be prevented by two 
physical barriers for each water source. 
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22290…..…..…………………..…….……..……ID Number…………………..…..…………….22290 

Author: Friar, D. E. 

Title: Addendum 2 to CSER 79-002: Extension of the 150 Gram Fissile Limit Used in Room 187 of PFP 

Date: 12/13/1994 

Report: WHC-SD-SQA-CSA--20387 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The PFP operating organization requests that the limit set permitting 150 grams fissile 
be extended to the Hoods 4 and 5 of Room 187. The request for the limit change is explained in the attached 
request for analysis. 



 

C-22346 

22291…..…..…………………..…….……..……ID Number…………………..…..…………….22291 

Author: Friar, D. E. 

Title: Criticality Safety Control for Source Term Reduction in Scrubber Glovebox of Building 232-Z. 
CSER 90-006, Addendum 1 

Date: 2/21/1995 

Report: WHC-SD-SQA-CSA-20390 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report addendum extends the coverage of the 
original CSAR (90-006) about dismantling the ductwork in 232-Z to include cleanout of the Scrubber 
Glovebox, with an estimated residual Pu holdup of less than 200 grams. The procedures for keeping any 
materials inside or removed dry is retained as part of the qualification as a Limited Control Facility. 
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22292…..…..…………………..…….……..……ID Number…………………..…..…………….22292 

Author: Hess, A. L. 

Title: CSER 90-006, Addendum 1: Criticality Safety Control for Source Term Reduction Project in the 
Scrubber Glovebox of Building 232-Z. Revision 1 

Date: 3/10/1995 

Report: WHC-SD-SQA-CSA-20390-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report addendum extends the coverage of the 
original CSER (90-006) about dismantling the ductwork in 232-Z to include cleanout of the Scrubber 
Glovebox, with an estimated residual Pu holdup of less than 200 grams. For conservatism and containment 
considerations, the provisions about waste packaging and water exclusion from the original work are 
retained, even though it is not credible for the Scrubber Pu content to be made critical with water added 
(NDA gives about 1/3 a minimum critical mass). 
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22293…..…..…………………..…….……..……ID Number…………………..…..…………….22293 

Author: Richard, R. F. 

Title: CSER 95-001: Criticality Safety Evaluation Report for PUREX canister Rack 

Date: 2/10/1995 

Report: WHC-SD-SQA-CSA-20391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This CSER establishes the technical basis for allowing N Reactor fuel, that is 
currently located on the PUREX dissolver cell floor, to be retrieved, placed into Mark II canisters and stored 
on the fuel canister rack. This Criticality Safety-Evaluation Report (CSER) establishes the technical basis 
for allowing N Reactor fuel, that is currently located on the PUREX dissolver cell floor, to be retrieved, 
placed into Mark II canisters and stored on the fuel canister rack. Since the amount of fuel involved is far 
below the N Reactor fuel critical mass, it is concluded that there is a large safety margin and the system 
will remain safely subcritical. 



 

C-22349 

22294…..…..…………………..…….……..……ID Number…………………..…..…………….22294 

Author: Geiger, J. L. 

Title: CSER 95-005: PFP Vertical Denitration Calciner 

Date: 5/31/1995 

Report: WHC-SD-SQA-CSA-20392 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Vertical Denitrating Calciner system will stabilize certain unique solutions 
containing fissile salts by removing the water and nitrate ion to produce a more easily stored powder. This 
end is achieved by high-firing the solution in the calciner. The resultant calcine is distinguished by particles 
which are larger and denser than those produced by the more conventional oxalate precipitation process. 
This criticality safety evaluation report examines criticality safety for the denitration system, installed in 
glovebox 188-1 at PFP. The examination shows that, due to the incorporation of standard criticality safety 
design techniques, the glovebox can be maintained subcritical with minimal reliance on administrative 
controls. The examination also shows that, ignoring the necessary administrative controls can make a 
criticality possible in glovebox 188-1. Section 3.0 of this report lists the necessary administrative controls. 



 

C-22350 

22295…..…..…………………..…….……..……ID Number…………………..…..…………….22295 

Author: Miller, E. M. 

Title: CSER 95-002: ALARA Shielding for IAEA SNM Container Movement 

Date: 3/7/1995 

Report: WHC-SD-SQA-CSA-20393 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This CSER qualifies use of a 5% borated, lead foil lined polyethylene 1 inch annulus 
as a bucket and in a small carrier to move sealed containers of plutonium. The containers are Oversize Cans 
or smaller containing plutonium limited in mass and H/Pu ratio by PFP storage and transportation CPS’s. 
These ALARA shielding units reduce personnel exposure to the radiation from the containers as they are 
moved for assay and other required activities. 
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22296…..…..…………………..…….……..……ID Number…………………..…..…………….22296 

Author: Nirider, L. T. / Miller, E. M. 

Title: CSER 95-003: Exemption from Criticality Alarm System requirement for 232-Z building 

Date: 5/18/1995 

Report: WHC-SD-SQA-CSA-20394 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This CSER establishes an exemption for 232-Z from the requirement for a Criticality 
Alarm System, because the formation of a critical configuration is not a credible event for any circumstance 
involving the cleaning out and removal of the Burning Hood and associated equipment. 



 

C-22352 

22297…..…..…………………..…….……..……ID Number…………………..…..…………….22297 

Author: Mcdonald, K. M. 

Title: Acceptability of Bettis Laboratories Waste Shipment to WHC Solid Waste 

Date: 4/20/1995 

Report: WHC-SD-SQA-CSA--20395 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to evaluate a potential discrepancy between the Solid 
Waste Management (SWM) Criticality Prevention Specifications and a proposed waste receipt from Bettis 
Laboratories. This analysis resolves an apparent discrepancy between two different requirements of the 
Central Waste Complex and 200 Area Low-Level Burial Grounds Criticality Prevention Specifications 
(CPS-SW-149-00002 and CPS-SW-149-00003 respectively). The analysis being performed to enable Solid 
Waste Management to accept a specific package from Bettis Laboratories. This package meets the 
requirements of section 2.1.1 in that the total fissile content of the drum is less than 200g and the waste 
occupies greater than 20% of the container volume. The package may not appear, however, to meet the 
requirements of section 2.1.5 for maximum enrichment of uranium bearing waste, as will be described 
below. Based on this analysis for this specific package, the waste is shown to be critically safe under all 
conditions for which the 55-gallon drums (17C, 17H, or UN1A2) specification applies. This package can 
be accepted under the 55-gallon drum limitations on fissile quantity. No change to the CPS is required. 
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22298…..…..…………………..…….……..……ID Number…………………..…..…………….22298 

Author: Chiao, T. 

Title: Addendum 6 to CSAR 79-038 Out-Of-Hood Plutonium Storage (Burial Box) 

Date: 6/14/1995 

Report: WHC-SD-SQA-CSA--20397 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Addendum considered an increase in the limit of fissile material in a stacked 
container array to 500 grams. In other words, the sum of fissile material in an array of containers is limited 
to 500 grams, regardless of whether the containers are stacked or not. The results of this evaluation indicates 
that with the modification of the fissile limits described, the system of a container array will stay sub-
critical. 



 

C-22354 

22299…..…..…………………..…….……..……ID Number…………………..…..…………….22299 

Author: Miller, E. M. 

Title: CSER 95-008: Criticality Storage Category for Grouted K Basin Cartridge Filters at CWC 

Date: 5/19/1995 

Report: WHC-SD-SQA-CSA-20398 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 13 containers from K Basins hold one cartridge filter each. The filters removed 
solids from the K Basins water before the water went to air-cooled chillers. The filters are about 75.7 cm 
(30 inches) in diameter and 86 cm (34 inches) tall (based on an outline on drawing H-1-34709 (Reference 
1)). This a volume of 388 liters. Drawing H-1-34709 (Reference 1) shows the configuration of the concreted 
122 cm (48 inch) diameter culvert cut to 124 cm (49 inches) long and shows the imbedded steel. The culvert 
is 0.35 cm (0.138 inches) thick and has a volume of 1450 liters. There are four 127 cm (50 inch) long 2 
inch by 3/4 inch steel bars and reinforcing steel in the container. The culvert and four bars weigh 169.6 kg. 
The cylindrical culvert is oriented vertically with an 11 gauge bottom plate welded on and then filled to 15 
cm (6 inches) with grout. The cartridge filter, bagged in 20 mill plastic (Reference 2), is then placed in the 
center of the culvert and the culvert is filled with concrete. Four of the 13 culverts were then put vertically 
into 152 cm (5 foot) diameter culverts about 61 cm (2 feet) high, centered radially, and concreted into the 
larger base. The two configurations weigh about 3600 and 5400 kgs, respectively. 
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22300…..…..…………………..…….……..……ID Number…………………..…..…………….22300 

Author: Miller, E. M. 

Title: CSER 95-014: Criticality Storage Category for K Basin Spent Cartridge Filters in ECOROK Casks 
at Central Waste Complex 

Date: 1/3/1996 

Report: WHC-SD-SQA-CSA-20405 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This CSER justifies storing K Basin spent cartridge filters in ECOROK 25-11 casks 
with liners under the limits in an existing criticality prevention specification, CPS-SW-149-00002, 
Rev./Mod. B-1, because the worst case fissionable material inventory is less then 1/2 the CPS limit and the 
cask is larger than allowed containers, the cask and liner have adequate iron content to meet the CPS 
requirements, and the cask concrete walls are thick enough to isolate the fissionable contents of each cask 
from neutron interaction with fissionable material external to each cask. 
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22301…..…..…………………..…….……..……ID Number…………………..…..…………….22301 

Author: Hess, A. L. 

Title: Addendum 1 to CSERs 94-007 and 94-008: Use of 2.2 Liter Boats in Muffle Furnace Operations at 
PFP 

Date: 1/19/1996 

Report: WHC-SD-SQA-CSA-20408 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality safety review justifies raising the container size limit in CPS-Z-165-
80621 and CPS-165-80622 to 2.3 liters, thereby allowing the use of 2.2-liter furnace boats in the Pu 
stabilization activities covered by these specifications. 



 

C-22357 

22302…..…..…………………..…….……..……ID Number…………………..…..…………….22302 

Author: Chiao, T. 

Title: Addendum 4 to CSAR 81-001, Installation of an Official Critical Drain on the Plexiglass 
Contamination Barrier in HC-227T Hood 

Date: 12/1/1995 

Report: WHC-SD-SQA-CSA-30007 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report defines the maximum space allowed between the floor surface and the 
lower edge of an official criticality drain which is to be installed on the Plexiglas contamination barrier in 
HC-227T Hood. 



 

C-22358 

22303…..…..…………………..…….……..……ID Number…………………..…..…………….22303 

Author: Chiao, T. 

Title: Stabilization of Residual Plutonium in L-9 Hood in Product Removal Room of PUREX with 
Polymeric Barrier System 

Date: 7/10/1996 

Report: WHC-SD-SQA-CSA-508 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report examines the application of Polymeric Barrier System to stabilize the 
remaining plutonium inside 1-9 Hood in PR Room, Purex for criticality safety. 



 

C-22359 

22304…..…..…………………..…….……..……ID Number…………………..…..…………….22304 

Author: Friar, D. E. 

Title: CSER 96-015: Use of the 250 Gram Fissile Limit in the PRF Maintenance Hood 

Date: 7/23/1996 

Report: WHC-SD-SQA-CSA-512 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality safety evaluation allows the application of a 250 gram fissile limit to 
the operation of the maintenance glovebox in 236-Z at the Plutonium Finishing Plant 



 

C-22360 

22305…..…..…………………..…….……..……ID Number…………………..…..…………….22305 

Author: Hess, A. L. 

Title: CSER 96-013: Cementation Process, Glovebox HA-20MB at PFP 

Date: 9/1/1996 

Report: WHC-SD-SQA-CSA-513-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This evaluation provides criticality safety controls for the cementation processing in 
Glovebox HA-2OMB at the Plutonium Finishing Plant. Slag and crucible residues from Pu button making 
will be blended with Portland cement in 5k-in. diam. x 7-in. tall cans, for eventual disposition in special 
DOT 17C drums. A maximum of 180 g Pu is allowed per liquid-bearing container (mixing bowl, filter 
funnel, or cement can). In this SD revision, three separate areas with 500 g Pu limits each are established; 
the airlock cell for input S&C cans, the reaction- and mixing-process area, and a cemented-can storage area. 
Number and spacing of containers within an area is not restricted, for areas spaced 6 inches apart. Acid 
addition in the reaction stage is allowed to the extent that plutonium dissolution will not occur. 
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22306…..…..…………………..…….……..……ID Number…………………..…..…………….22306 

Author: Chiao, T. 

Title: Burning One Whole Pu Button in Muffle Furnace in the HC-21C Hood 

Date: 9/24/1996 

Report: WHC-SD-SQA-CSA-515 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This addendum reviews the current CPS` and their supporting CSERs for HC-21A 
and HC-21C Hoods and provides the criticality safety analysis for burning a whole Pu button in HC-21C. 
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22307…..…..…………………..…….……..……ID Number…………………..…..…………….22307 

Author: Chiao, T. 

Title: Addendum 2 to CSER 94-007 and CSER 94-008 Title: Burning One Whole Pu Button in Muffle 
Furnace in the HC-21C Hood 

Date: 9/24/1996 

Report: WHC-SD-SQA-CSA--515 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This addendum reviews the current CPS` and their supporting CSERs for HC-21A 
and HC-21C Hoods and provides the criticality safety analysis for burning a whole Pu button in HC-21C. 



 

C-22363 

22308…..…..…………………..…….……..……ID Number…………………..…..…………….22308 

Author: Erickson, D. G. 

Title: CSER 96-022: Mass Limit for 2-Inch Vacuum Line in Glovebox HC-18M 

Date: 10/30/1996 

Report: WHC-SD-SQA-CSA-519 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report analyzes the criticality safety of 
transporting and sectioning a 2.5 meter (8 foot) section of 5.08 cm (2-inch) vacuum tubing with 
approximately 3.8 kg of PuO2 via the HC- 1 conveyor and HC- I 8M glovebox in the 234-5Z building. 
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22309…..…..…………………..…….……..……ID Number…………………..…..…………….22309 

Author: Wittekind, W. D. 

Title: CSER 96-023: CSER for PFP Glovebox HC-21A with 4.4 Kilogram Plutonium Cans 

Date: 12/17/1996 

Report: WHC-SD-SQA-CSA-520 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This criticality safety evaluation report addresses the criticality impact of increasing 
plutonium oxide content from 2.5 kg oxide storage cans to 5.0 kg oxide Pu storage cans. Glovebox HC-
21A is used to move plutonium metal buttons from cans into furnace boats prior to transferring them to the 
muffle furnace gloveboxes. Glovebox HC-21A supports muffle furnace operations where plutonium 
buttons are burned to form paw, (H/Pu< 2). The paw, is returned to glovebox HC-21A and sieved and 
packed into the 4 kg Pu cans. The plutonium mass limit is set at 7.5 kg plutonium when plutonium metal is 
present. The plutonium mass limit is set at 15. kg plutonium when no plutonium metal is present. 
Additionally, there are other requirements to assure criticality safety during this operation. 



 

C-22365 

22310…..…..…………………..…….……..……ID Number…………………..…..…………….22310 

Author: Erickson, D. G. 

Title: CSER 96-028: PFP Vault Number 2 Storage Racks 

Date: 12/1/1996 

Report: WHC-SD-SQA-CSA-524 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A nuclear criticality safety analysis has been performed to increase the approved 
plutonium mass limit for the Vault{number_sign}2 storage racks at PFP. There are three racks in the room 
with separate cubicles used to hold cans of plutonium oxide (PuO). The racks were approved to hold up to 
2.5 Kg of plutonium in each storage cubicle. The purpose of this CSER is to increase the limit to 4.4 Kg 
plutonium in PuO, per storage cubicle in one rack. The highest k(eff) calculated for all possible scenarios 
was 0.893{+-} 0.003, which is well below the criticality safety limit of k(eff) = 0.935. Consequently, an 
increase of plutonium mass to 4.4 Kg per can is within acceptable safety limits. 



 

C-22366 

22311…..…..…………………..…….……..……ID Number…………………..…..…………….22311 

Author: Macklin L. L. / Miller, E. M. 

Title: MONK6A Pu Validation 

Date: 11/1/1991 

Report: WHC-SD-SQA-CSWD-20015 Rev. 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: PU-SOL-THERM-011, PU-SOL-THERM-033 
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22312…..…..…………………..…….……..……ID Number…………………..…..…………….22312 

Author: Miller E. M. 

Title: MONK6B Pu Validation 

Date: 1/1/1994 

Report: WHC-SD-SQA-CSWD-20019 Rev. 0, EDT 157930 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22368 

22313…..…..…………………..…….……..……ID Number…………………..…..…………….22313 

Author: n. s. 

Title: Addendum to the: Consolidated Safety Analysis Report for the T-2 Spent Fuel Shipping Cask 
Demonstrating Compliance to the Requirements of 10 CFR 71 

Date: 2/1/1994 

Report: WHC-SD-TP-DA-002 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22369 

22314…..…..…………………..…….……..……ID Number…………………..…..…………….22314 

Author: Boothe, G. F. 

Title: Criticality Classification of Waste Receiving and Processing Module 2A 

Date: 10/1/1994 

Report: WHC-SD-W100-TI-009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to evaluate the criticality potential of the Waste 
Receiving and Processing Module 2A (WRAP 2A) and to demonstrate that the facility is an exempt facility, 
under the provisions of the Nuclear Criticality Safety Manual. The WRAP 2A maximum potential 
transuranic (TRU) contents of feedstreams and product inventories are discussed. Total plant fissionable 
materials are estimated and compared with the fissionable material exempt quantity. The WRAP 2A 
operations and processes are also described, relative to the potential for concentrating or accumulating 
fissionable material within the facility. 
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22315…..…..…………………..…….……..……ID Number…………………..…..…………….22315 

Author: Boothe, G. F. 

Title: Criticality Classification of Enhanced Radioactive and Mixed Waste Storage 

Date: 4/6/1995 

Report: WHC-SD-W112-CSER-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this document is to evaluate the criticality potential of the Enhanced 
Radioactive and Mixed Waste Storage Facility, Project W-112, and to demonstrate that the facility can be 
classified as a limited control facility in accordance with the requirements of the Nuclear Criticality Safety 
Manual, WHC-CM-42-9 (WHC 1994). This document also recommends reducing the extent of criticality 
safety training that operators in W-112 should receive and minimize the level of criticality safety design 
reviews and inspections commensurate with the type of activities engaged in the facility. 



 

C-22371 

22316…..…..…………………..…….……..……ID Number…………………..…..…………….22316 

Author: Vail, T. S. 

Title: Criticality Safety of Project W-151, 241-AZ-101 Retrieval System Process Test 

Date: 7/16/1996 

Report: WHC-SD-W151-CSA--001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Criticality Safety Evaluation Report (CSER) documents a review of the 
criticality safety implications of a process test to be performed in tank 241-AZ-101 (101-AZ). The process 
test will determine the effectiveness of the retrieval system for mobilization of solids and the practicality 
of the system for future use in the underground storage tanks at Hanford. The scope of the CSER extends 
only to the testing and operation of the mixer pumps and does not include the transfer of waste from the 
tank. Justification is provided that a nuclear criticality is extremely unlikely, if not impossible, in this tank. 



 

C-22372 

22317…..…..…………………..…….……..……ID Number…………………..…..…………….22317 

Author: Waltar, A. E. 

Title: Criticality Safety Assessment of Tank 241-C-106 Remediation 

Date: 7/19/1996 

Report: WHC-SD-W320-CSA-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A criticality safety assessment was performed in support of Project 320 for the 
retrieval of waste from tank 241-C-106 to tank 241-AY-102. The assessment was performed by a multi-
disciplined team consisting of expertise covering the range of nuclear engineering, plutonium and nuclear 
waste chemistry, and physical mixing hydraulics. Technical analysis was performed to evaluate the physical 
and chemical behavior of fissile material in neutralized Hanford waste as well as modeling of the fluid 
dynamics for the retrieval activity. The team has not found evidence of any credible mechanism to attain 
neutronic criticality in either tank and has concluded that a criticality accident is incredible. 
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Title: High-Level Waste Tank Subcriticality Safety Assessment 

Date: 1/1/1994 

Report: WHC-SD-WM- SARR-003, Rev. 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Crowe, R. D. 

Title: Calculation Notes that Support Accident Scenario and Consequence Determination of a Waste Tank 
Criticality 

Date: 9/27/1996 

Report: WHC-SD-WM-CN-047-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The purpose of this calculation note is to provide the basis for criticality consequences 
for the Tank Farm Safety Analysis Report (FSAR). Criticality scenario is developed and details and 
description of the analysis methods are provided. 
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Author: Huang, C. H. 

Title: GENII Dose Calculations for Radioactive Liquid Waste Tank Criticality 

Date: 9/5/1996 

Report: WHC-SD-WM-CN-067 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides the values of dose calculations for radioactive liquid waste 
tank criticality 
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Author: Brevick, C. H. / Gaddis, L. A. / Johnson, E. D. 

Title: Tank Waste Source Term Inventory Validation. Volume 1. Letter Report 

Date: 4/28/1995 

Report: WHC-SD-WM-ER-400-Vol.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The sample data for selection of 11 radionuclides and 24 chemical analytes were 
extracted from six separate sample data sets, were arranged in a tabular format and were plotted on scatter 
plots for all of the 149 single-shell tanks, the 24 double-shell tanks and the four aging waste tanks. The 
solid and liquid sample data was placed in separate tables and plots. The sample data and plots were 
compiled from the following data sets: characterization raw sample data, recent core samples, D. Braun 
data base, Wastren (Van Vleet) data base, TRAC and HTCE inventories. This document is Volume I of the 
Letter Report entitled Tank Waste Source Term Inventory Validation. 
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Author: n. a. 

Title: Tank Waste Source Term Inventory Validation. Volume II. Letter Report 

Date: 4/1/1995 

Report: WHC-SD-WM-ER-400-Vol.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document comprises Volume II of the Letter Report entitled Tank Waste Source 
Term Inventory Validation. This volume contains Appendix C, Radionuclide Tables, and Appendix D, 
Chemical Analyte Tables. The sample data for selection of 11 radionuclides and 24 chemical analytes were 
extracted from six separate sample data sets, were arranged in a tabular format and were plotted on scatter 
plots for all of the 149 single-shell tanks, the 24 double-shell tanks and the four aging waste tanks. The 
solid and liquid sample data was placed in separate tables and plots. The sample data and plots were 
compiled from the following data sets: characterization raw sample data, recent core samples, D. Braun 
data base, Wastren (Van Vleet) data base, TRAC and HTCE inventories. 
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Title: Chemical Compatibility of Tank Wastes in Tanks 241-C-106, 241-AY-101, and 241-AY-102. 
Revision 1 

Date: 8/3/1994 

Report: WHC-SD-WM-ES-290-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report documents the chemical compatibility of waste types within tanks 241-C-
106, 241-AY-101, and 241-AY-102.his information was compiled to facilitate the transfer of tank C-106 
waste to tank AY-102 utilizing supernatant from AY-101 as the sluicing medium. This document justifies 
that no chemical compatibility safety issues currently understood, or theorized from thermodynamic 
modeling, will result from the intended sluice transfer operation. 
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Author: Le, E. Q. 

Title: Process control plan for 242-a Evaporator Campaign 94-2 

Date: 9/1/1994 

Report: WHC-SD-WM-PCP-009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: 242-A Evaporator Campaign 94-2 will process approximately 3.42 million gallons of 
dilute waste from tanks 101-AP, 107-AP, 108AP, 102-AW, and 106-AW. The process control plant 
describes activities which will occur during Campaign 94-2. This document also addresses compliance with 
the tank farm waste compatibility program, the 242-A radiological source term, the criticality prevention 
specifications, and effluent discharge limits. 
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Title: Process Control Plan for 242-a Evaporator Campaign 95-1 

Date: 5/18/1995 

Report: WHC-SD-WM-PCP-010 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The wastes from tanks 106-AP, 107-AP, and 106-AW have been selected to be 
candidate feed wastes for Evaporator Campaign 95-1. The wastes in tank 106-AP and 107-AP are primarily 
from B-Plant strontium processing and PUREX neutralized cladding removal, respectively. The waste in 
tank 106-AW originated primarily from the partially concentrated product from 242-A Evaporator 
Campaign 94-2. Approximately 8.67 million liters of waste from these tanks will be transferred to tank 102-
AW during the campaign. Tank 102-AW is the dedicated waste feed tank for the evaporator and currently 
contains 647, 000 liters of processable waste. The purpose of the 242-A Evaporator Campaign 95-1 Process 
Control Plan (hereafter referred to as PCP) is to certify that the wastes in tanks 106-AP, 107-AP, 102-AW, 
and 106-AW are acceptable for processing through evaporator and provide a general description of process 
strategies and activities which will take place during Campaign 95-1. The PCP also summarizes and 
presents a comprehensive characterization of the wastes in these tanks. 
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Title: A Safety Assessment of Rotary Mode Core Sampling in Flammable Gas Single Shell Tanks: Hanford 
Site, Richland, Washington 

Date: 4/15/1996 

Report: WHC-SD-WM-SAD-035 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This safety assessment (SA) addresses each of the required elements associated with 
the installation, operation, and removal of a rotary-mode core sampling (RMCS) device in flammable-gas 
single-shell tanks (SSTs). The RMCS operations are needed in order to retrieve waste samples from SSTs 
with hard layers of waste for which push-mode sampling is not adequate for sampling. In this SA, potential 
hazards associated with the proposed action were identified and evaluated systematically. Several potential 
accident cases that could result in radiological or toxicological gas releases were identified and analyzed 
and their consequences assessed. Administrative controls, procedures and design changes required to 
eliminate or reduce the potential of hazards were identified. The accidents were analyzed under nine 
categories, four of which were burn scenarios. In SSTS, burn accidents result in unacceptable consequences 
because of a potential dome collapse. The accidents in which an above ground burn propagates into the... 
However, system failure that coincides in a waste layer with high organic content and low moisture may 
initiate an exothermic reaction in the waste. Consequently, a conservative approach based on the current 
state of the knowledge resulted in limiting the drilling process to a subset of the flammable-gas tanks. 
Accidents from the chemical reactions and criticality category are shown to result in acceptable risk. A 
number of accidents are shown to potentially result in containment (tank liner) breach below the waste 
level. Mitigative features are provided for these accidents. Gas-release events without burn also are 
analyzed, and radiological and toxicological consequences are shown to be within risk guidelines. Finally, 
the consequences of potential spills are shown to be within the risk guidelines. 
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Title: Tank Safety Screening Data Quality Objective. Revision 1 

Date: 4/27/1995 

Report: WHC-SD-WM-SP-004-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Tank Safety Screening Data Quality Objective (DQO) will be used to classify 
149 single shell tanks and 28 double shell tanks containing high-level radioactive waste into safety 
categories for safety issues dealing with the presence of ferrocyanide, organics, flammable gases, and 
criticality. Decision rules used to classify a tank as “safe” or “not safe” are presented. Primary and 
secondary decision variables used for safety status classification are discussed. The number and type of 
samples required are presented. A tabular identification of each analyte to be measured to support the safety 
classification, the analytical method to be used, the type of sample, the decision threshold for each analyte 
that would, if violated, place the tank on the safety issue watch list, and the assumed (desired) analytical 
uncertainty are provided. This a living document that should be evaluated for updates on a semiannual 
basis. Evaluation areas consist of: identification of tanks that have been added or deleted from the specific 
safety issue watch lists, changes in primary and secondary decision variables, changes in decision rules 
used for the safety status classification, and changes in analytical requirements. This document directly 
supports all safety issue specific DQOs and additional characterization DQO efforts associated with 
pretreatment and retrieval. Additionally, information obtained during implementation can assist in 
resolving assumptions for revised safety strategies, and in addition, obtaining information which will 
support the determination of error tolerances, confidence levels, and optimization schemes for later revised 
safety strategy documentation. 
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Author: Bratzel, D. R. 

Title: Tank Farm Nuclear Criticality Review 

Date: 9/11/1996 

Report: WHC-SD-WM-TI-725 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The technical basis for the nuclear criticality safety of stored wastes at the Hanford 
Site Tank Farm Complex was reviewed by a team of senior technical personnel whose expertise covered 
all appropriate aspects of fissile materials chemistry and physics. The team concluded that the detailed and 
documented nucleonics-related studies underlying the waste tanks criticality safety basis were sound. The 
team concluded that, under current plutonium inventories and operating conditions, a nuclear criticality 
accident is incredible in any of the Hanford single-shell tanks (SST), double-shell tanks (DST), or double-
contained receiver tanks (DCRTS) on the Hanford Site. 
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Title: Fluid Dynamics, Particulate Segregation, Chemical Processes, and Natural Ore Analog Discussions 
That Relate to the Potential for Criticality in Hanford Tanks 

Date: 9/27/1996 

Report: WHC-SD-WM-TI-757 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents an in-depth review of the potential for nuclear criticality to occur 
in Hanford defense waste tanks during past, current and future safe storage and maintenance operations. 
The report also briefly discusses the potential impacts of proposed retrieval activities, although retrieval 
was not a main focus of scope. After thorough review of fluid dynamic aspects that focus on particle 
segregation, chemical aspects that focus on solubility and adsorption processes that might concentrate 
plutonium and/or separate plutonium from the neutron absorbers in the tank waste, and ore-body formation 
and mining operations, the interdisciplinary team has come to the conclusion that there is negligible risk of 
nuclear critically under existing storage conditions in Hanford site underground waste storage tanks. 
Further, for the accident scenarios considered an accidental criticality is incredible. 
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Title: Tank 241-C-102 Tank Characterization Plan 

Date: 5/10/1996 

Report: WHC-SD-WM-TP-206-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is a plan that identifies the information needed to address relevant 
issues concerning short-term and long-term storage and long-term management of single-shell tank 241-C-
102. 
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Title: Tank 241-S-111 Tank Characterization Plan 

Date: 5/9/1996 

Report: WHC-SD-WM-TP-317-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document is a plan that identifies the information needed to address relevant 
issues concerning short-term and long-term storage and long-term management of single-shell tank 241-S-
111. 
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Author: n. a. 

Title: Safety Analysis Irradiated N Reactor Fuel. Westinghouse Hanford Co., Richland, WA 

Date: 7/1/1988 

Report: WHC-SP-0300; UNI-M-143 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Safety Analysis Report (SAR) covers the handling, segregation, and storage of 
N Reactor fuel in the modified 105-KE and KW fuel storage basins. It also covers special safety 
modifications to railroad facilities and special operating procedures for railroad equipment adjacent to the 
basins. 
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Author: Holloman, W. D. 

Title: Westinghouse Hanford Company performance indicators, April 1989 

Date: 5/1/1989 

Report: WHC-SP--0440-7 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The performance indicators in this report have been chosen as a result of the 
following: Operations Reviews with the Westinghouse Hanford Company (WHC) Management Council; 
and the WHC Council for Excellence. The report is intended to provide management with a means of 
quickly assessing current WHC performance in selected key areas. It should also provide a means of 
anticipating potential problems and areas needing improvement, as indicated by developing trends, so that 
corrective action may be taken in a timely manner. 
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Author: Van Keuren, J. C. 

Title: Independent Safety Evaluation of the Enriched Uranium Oxide Test UO-1 

Date: 11/1/1989 

Report: WHC-SP-0549 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The UO-1 test is designed to provide information on the performance of D9 clad, 
enriched uranium oxide fuel in FFTF. The Series IV FFTF driver fuel will utilize enriched uranium oxide 
fuel with D9 cladding. Irradiation data are needed for computer code calibration to support the FSAR 
analysis effort for the series IV fuel. The UO-1 assembly consists of a 217-pin bundle with the same pin 
and duct dimensions as a standard driver fuel assembly. The test consists of seven UO2 pins, 30 mixed 
oxide test pins, and 180 driver type pins. The test will be irradiated for approximately 250 EFPD. An 
Independent Safety Evaluation (ISE) of the test has been conducted. Information has been taken from the 
Test Design Documents, but independent calculations have been made of the safety-related parameters. The 
scope includes all items specified in the Users’ Guide for Irradiation of Experiments in the FTR. Areas 
investigated include Technical Specification Compliance, Steady State Operation, Transient Operation, 
Failure Consequences, Stress and Seismic, HCDA, and Test Handling and Criticality Considerations. 
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Author: Lamm, L. W. 

Title: KE/KW Fuel Encapsulation Task: Management plan 

Date: 7/1/1990 

Report: WHC-SP-0591-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The KE/KW Fuel Encapsulation Task is one of two tasks comprising the KE/KW 
Operations Standardization and Water System Upgrades Program defined in the program plan. The purpose 
of this plan is to define the subject task and state how it will be managed. The plan includes: a definition of 
the tasks objectives and scope; a review of the task background; a description of the activities required to 
accomplish the task objectives; a description of the organization, projected cost and schedule, controls, 
reporting and records required to accomplish the task; a discussion of the potential risks associated with 
performing the task; and identification of the quality assurance, environmental and safety controls to be 
applied to the task. The task will consist of two phases. Phase I includes the performance of several tasks 
required to be completed prior to the start of the fuel encapsulation, including: general KE basin upgrades; 
design, procurement, fabrication, installation and verification of the KE/KW encapsulation assemblies; start 
of the procurement of additional canisters; preparation of the KE/KW facilities’ hazardous classification 
letter (HCL), criticality safety evaluation report (CSER), safety analysis report (SAR), operational safety 
requirements (OSR) and environmental documentation; preparing/revising Process Standards 
documentation as needed; decontamination of the KE basin; preparation of ALARA plans; performance of 
SAR and OSR reviews by the Safety and Environmental Advisory Council (SEAC); and performance of 
start-up reviews by the Readiness Review Board (RRB). Phase II includes encapsulation of the fuel stored 
in 3659 open canisters in the KE basin, re-encapsulation of the fuel stored in 1806 MK I canisters in the 
KW basin, and preparation of the open and MK I canisters for disposal. 
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Author: Howald, S. C. 

Title: Special Initiatives FY 1996 Multi-Year Program Plan (MYPP) WBS 5.0. Revision 1 

Date: 9/1/1995 

Report: WHC-SP-1125-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Special Initiatives mission supports programmatic requests for service to DOE 
offices, other organizations and agencies. These requests can include the following: Supporting priority 
DOE initiatives, researching special programs, studying locating new activities ar the Hanford Site, 
producing specialty materials, providing consulting support to other sites, and managing a broad spectrum 
of US and international test programs. The Special Initiatives Program discussed in this plan consists of the 
following elements: space power programs, advanced programs, special programs, and program strategy. 
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Author: Gantt, D. A. 

Title: Fast Flux Test Facility Final Safety Analysis Report. Amendment 72 

Date: 8/1/1992 

Report: WHC-TI-75002-Amend.72 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document provides the Final Safety Analysis Report (FSAR) Amendment 72 for 
incorporation into the Fast Flux Test Facility (FFTF) FSAR set. This amendment change incorporates 
Engineering Change Notices issued subsequent to Amendment 71 and approved for incorporation before 
June 24, 1992. These include changes in: Chapter 2, Site Characteristics; Chapter 3, Design Criteria 
Structures, Equipment, and Systems; Chapter 5B, Reactor Coolant System; Chapter 7, Instrumentation and 
Control Systems; Chapter 8, Electrical Systems - The description of the Class 1E, 125 Vdc systems is 
updated for the higher capacity of the newly installed, replacement batteries; Chapter 9, Auxiliary Systems 
- The description of the inert cell NASA systems is corrected to list the correct number of spare sample 
points; Chapter 11, Reactor Refueling System; Chapter 12, Radiation Protection and Waste Management; 
Chapter 13, Conduct of Operations; Chapter 16, Quality Assurance; Chapter 17, Technical Specifications; 
Chapter 19, FFTF Fire Specifications for Fire Detection, Alarm, and Protection Systems; Chapter 20, FFTF 
Criticality Specifications; and Appendix B, Primary Piping Integrity Evaluation. 
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Author: Gantt, D. A. 

Title: Fast Flux Test Facility Final Safety Analysis Report. Amendment 73 

Date: 8/1/1993 

Report: WHC-TI-75002-Amend.73 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides Final Safety Analysis Report (FSAR) Amendment 73 for 
incorporation into the Fast Flux Test Facility (FFTR) FSAR set. This page change incorporates Engineering 
Change Notices (ECNs) issued subsequent to Amendment 72 and approved for incorporation before May 
6, 1993. These changes include: Chapter 3, design criteria structures, equipment, and systems; chapter 5B, 
reactor coolant system; chapter 7, instrumentation and control systems; chapter 9, auxiliary systems; chapter 
11, reactor refueling system; chapter 12, radiation protection and waste management; chapter 13, conduct 
of operations; chapter 17, technical specifications; chapter 20, FFTF criticality specifications; appendix C, 
local fuel failure events; and appendix Fl, operation at 680{degrees}F inlet temperature. 
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Title: Determination of Reactivity Lifetime for Low Enrichment, Light Water Moderated Power Reactors 

Date: 10/15/1954 

Report: WIAP-NM-16 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the effect that variation in enrichment and water- to-metal ratio 
have on the reactivity lifetime of low enrichment water moderated thermal reactors. Sines both reactivity 
lifetime and enrichment have a significant effect upon reactor fuel costs, the variation in these costs is also 
discussed. The present high chemical processing and fabrication costs cause the most economical operating 
condition to be one in which the fuel elements are fissioned to a limit determined by radiation damage 
considerations. The enrichment and water-to-metal ratio should therefore be selected to obtain maximum 
lifetime with minimum enrichment subject to the conditions imposed by temperature coefficient 
considerations. Only when these fuel processing costs are much lower relative to the cost of fissionable 
material will-conversion ratio and fuel inventory interest rate become significant in determining fuel costs. 
The calculation of k(eff) as a function of time for low-enrichment reactors must account for the effect of 
resonances in the Bu isotopes. A method is described herein by which the resonance absorption in mining 
reactivity lifetime. Calculations which include these absorption effects yield values of reactivity lifetime 
which are considerably lower than those which have been calculated previously. 
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Author: Brown, Forrest B. / Carney, Sean E. / Kiedrowski, Brian C. / Martin, William R. 

Title: Fission Matrix Capability for MCNP 

Date: 9/29/2013 

Report: WILMINGTON, 001-009 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods I 

Abstract/Keyterms: This paper describes the initial experience and results from implementing a fission 
matrix capability into the MCNP Monte Carlo code. The fission matrix is obtained at essentially no cost 
during the normal simulation for criticality calculations. It can be used to provide estimates of the 
fundamental mode power distribution, the dominance ratio, the eigenvalue spectrum, and higher mode 
spatial eigenfunctions. It can also be used to accelerate the source convergence of the power method 
iterations. Past difficulties and limitations of the fission matrix approach are overcome with a new sparse 
representation of the matrix, permitting much larger and more accurate fission matrix representations. 
Numerous examples are presented. 
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Author: Brown, Forrest B. / Kiedrowski, Brian C. / Bull, Jeffrey S. 

Title: Verification of MCNP5-1.60 and MCNP6.1 for Criticality Safety Applications 

Date: 9/29/2013 

Report: WILMINGTON, 010-019 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods I 

Abstract/Keyterms: To verify that both MCNP5-1.60 and MCNP6.1 are performing correctly for 
criticality safety applications, several suites of verification/validation benchmark problems were run in 
early 2013. Results from these benchmark suites were compared with results from previously verified 
versions of MCNP5. Testing results for 354 problems on Mac OS X, Linux, and Windows systems indicate 
that: (1) Both MCNP5-1.60 and MCNP6.1 perform correctly for criticality safety applications. (2) Using 
the latest compilers, small differences were noted for a few cases compared to using older compilers, but 
these are strictly due to computer roundoff and are not a concern for verification. (3) MCNP5-1.60 and 
MCNP6.1 yield the same results on different computer platforms – Mac OS X, Linux, and Windows – for 
criticality safety applications. (4) MCNP5-1.60 and MCNP6.1 yield the same results using OpenMP 
threading and/or MPI message-passing parallelism. Criticality safety analysts should consider testing 
MCNP6.1 on their particular problems and validation suites, to prepare for the migration from MCNP5 to 
MCNP6. It is expected that this migration should be accomplished within the next 1-3 years. 
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Title: Status of MCNP Sensitivity/Uncertainty Capabilities for Criticality 

Date: 9/29/2013 

Report: WILMINGTON, 020-028 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods I 

Abstract/Keyterms: A new capability is being developed in MCNP6 to provide estimates of uncertainties 
in the effective multiplication k because of nuclear cross sections. This has been implemented in a prototype 
version of MCNP6. The version reads covariance data from the nuclear data libraries, runs a continuous-
energy transport calculation to compute sensitivity profiles on the energy grids found in the covariance 
data, and convolves them to produce estimates of the k uncertainty. Results are shown for eight criticality 
benchmark experiments. 
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Report: WILMINGTON, 029-042 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods I 

Abstract/Keyterms: The increase of computing power in recent years allows for the performance of Monte 
Carlo technique based uncertainty analyses in the validation of codes applied in criticality safety 
assessments and for an increase in the number of considered benchmark experiments. With these analyses, 
the range of information used in the validation process could be extended considerably, e.g. by taking into 
account statistical quantities of the frequency distribution of the neutron multiplication factor. The results 
of the uncertainty analyses of the individual benchmark experiments allows for the comparison with the 
benchmark uncertainties stated in the specifications. However, the increased number of benchmark 
experiments used in the code validation has to be treated with caution. If several cases of the same 
experimental series are considered, these cases might share some of their uncertain parameters. When 
performing uncertainty analyses, these common uncertainties have to be treated correctly and may lead to 
correlations among the resulting neutron multiplication factors keff between these experiments. During the 
2012 meeting of the UACSA Expert Group of the OECD/NEA a benchmark was proposed aiming at the 
determination of these correlation factors. As a consequence, GRS has extended the capabilities of its 
SUnCISTT tool and implemented the necessary functionalities to derive correlation and covariance 
matrices among the keff values of different benchmark experiments. Applying this development to the 
proposed benchmark task the correlation matrix was derived for 21 benchmark experiments from two 
experimental series. The resulting high correlations show the 
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Conference Session: Methods I 

Abstract/Keyterms: The determination of the computational bias in criticality safety assessments requires 
the analysis of suitable benchmark experiments. Depending on the application case under scope the number 
of available suitable benchmark experiments may be limited. By the application of uncertainty analysis 
techniques to both the benchmark experiments and the application case a larger set of statistical quantities 
can be used in the validation procedure. If the benchmark experiments were performed in the same 
laboratory with the same experimental apparatus, they may share the manufacturing tolerances of the 
experimental components that are considered in the uncertainty analyses. Hence, correlations among the 
calculated neutron multiplication factors keff can occur. These correlations might impact on the 
determination of the computational bias to be assigned to the keff value of the application case and thus 
have to be taken into account in the validation procedure. The impact of these correlations on the validation 
procedure was exemplarily determined for a set of 21 benchmark experiments and a fully reflected PWR 
fuel assembly as application case. Both the selected benchmark experiments and the application case were 
discussed in the UACSA Expert Group of the OECD/NEA. In the paper at hand two approaches to 
determine the computational bias were tested: A trending analysis technique and the TSUNAMI/TSURFER 
sequences released in ORNL’s SCALE program suite. It turns out, that the case of highly correlated 
benchmark experiments is challenging for both approaches. The bias results can even show different signs, 
depending on the parameters used in the configuration of the method applied. The results confirm the widely 
acknowledged best practice: The pool of benchmark experiments used in the validation procedure should 
consist of uncorrelated experiments. 
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Abstract/Keyterms: Since 1995, the CEA and the IRSN, in collaboration with AREVA, have been 
developing a criticality safety package called “CRISTAL”. The forthcoming version of the package 
CRISTAL V2 involves the newest accurate French codes APOLLO2.8, MORET 5 and TRIPOLI-4.8, and 
uses the extensively validated nuclear data library JEFF-3.1.1. Specific improvements dedicated to the 
Design Route ‘APOLLO2 Sn’ and the self-shielded multigroup cross sections evaluation used by MORET 
5 have been implemented in automated procedures. The experimental validation of CRISTAL V2 confirms 
the improvements of the accuracy of the Design Route APOLLO2 Sn, linked with JEFF-3.1.1, by 
comparison with the former JEF-2.2 results of CRISTAL V1.The impact of the new 235U evaluation in 
JEFF-3.1.1 is highlighted in Highly Enriched Uranium (HEU) Solution benchmarks, showing a reduction 
of the former overestimation of the keff. Lattices in thermal spectrum remain well calculated. However, 
APOLLO2 schemes (Sn step) induce specific biases of around +350 pcm in these configurations. 239Pu 
improvement in JEFF- 3.1.1 is confirmed by an increased accuracy in calculating plutonium solution 
benchmarks. Improvements in 235U evaluation, H2O and intermediate mass isotope (56Fe) were shown to 
give satisfactory results in fast and intermediate HEU systems. All these new features are fully encapsulated 
in performing procedures designed for CRISTAL V2.0 deterministic calculations. 
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Abstract/Keyterms: The concept of Burnup Credit (BUC) consists in considering the reduction of the 
spent fuel reactivity due to its burnup. Recent publications highlight that in the case of PWR-MOx fuel, the 
15 fission products (FP) selected for the BUC consideration are responsible for more than a half of the total 
reactivity credit and 80% of the FP credit. That is why, in order to get a conservative and physically realistic 
keff values for the intended applications and meet the Upper Safety Limit constraint, calculation biases on 
these 15 FP inventory and individual reactivity worth should be considered in a criticality-safety analysis 
approach. In order to validate the BUC FP reactivity worth, separated FP oscillation experiments were 
carried out in the MINERVE reactor during the BUC and MAESTRO programmes from thermal to 
epithermal spectra. The FP individual reactivity worth can be used in the form of keff penalty terms by the 
CEA Integral Experiment Methodology. This methodology is based on experiment representativity with 
respect of the intended applications and applies the statistical adjustment theory of nuclear data for the 
assessment of their errors and uncertainties. The use of such a methodology on the basis of feedback from 
the interpretation of the MINERVE integral experiments requires the JEFF-3.1.1 evaluation of the missing 
covariance matrices for the 15 BUC FP. This paper will present this new methodology for the evaluation 
of the keff penalty and the realistic covariance matrices for the two main FP: 149Sm and 103Rh. 
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Abstract/Keyterms: In nuclear criticality safety studies, fissile materials are mixed with a moderator and 
possibly a neutron poison compound. Resulting mixture atomic densities must be beforehand determined 
as input data for calculation codes. The analytic solution that allows the calculation of atomic density of 
any (or sum of) isotope in the resulting mixture C(X), when the proportion of each individual compound 
varies - which can be expressed as a moderator-to-fuel ratio H/X - is easily determined on a case by case 
basis. However, this specific analytical equation cannot be directly applied to calculate the atomic density 
of another combination of isotopes. This paper introduces an algorithm allowing calculation of a mixture’s 
atomic densities given either the atomic density of any isotope (single or sum) of any element, or the ratio 
of any isotope (single or sum) of any element by any isotope (single or sum) of any element. This algorithm 
relies on the conceptualization of the notion of compound, with the use of a modular, tree-shaped 
description of compounds which permits to calculate atomic density with an iterative method. This 
algorithm gives the user more ease and flexibility in the choice of parameters for criticality safety studies. 
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Abstract/Keyterms: For some criticality safety applications, reliably achieving convergence in the Monte 
Carlo eigenvalue simulations can be challenging. Inadequate source convergence typically corresponds to 
an underestimation of the effective neutron multiplication factor (keff) – a very troublesome possibility in 
the field of criticality safety. To reduce the likelihood of this possibility, a new automated source 
convergence sequence (Sourcerer) has been developed in SCALE to deterministically compute the fission 
distribution and to use it as the starting source in the Monte Carlo eigenvalue calculation. In addition to 
decreasing the probability of underpredicting keff due to inadequate source convergence, the sequence 
eliminates the guesswork associated with defining an appropriate, problem-dependent starting source. 
Furthermore, Sourcerer can increase the efficiency of the overall simulation by decreasing the number of 
generations (cycles) that must be skipped prior to keff accumulation. To evaluate its effectiveness, 
Sourcerer was applied to an actual used nuclear fuel canister that had previously demonstrated source 
convergence difficulties due to significant variation in loaded assembly burnup values and significant 
neutronic decoupling between assemblies. Compared to the common use of a starting source distributed 
uniformly in all fissionable regions, the use of Sourcerer increased the reliability of the keff calculation for 
all cases in which the number of skipped cycles was below ~350; for cases with higher numbers of skipped 
cycles the reliability was essentially equivalent. Additionally, for a fixed uncertainty objective, the use of 
Sourcerer increased the efficiency of the keff calculation by 71% compared to a Monte Carlo calculation 
with a uniform starting source. 
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Abstract/Keyterms: Nuclear Criticality Safety demonstrations for waste retrieval operations are often 
difficult to establish because controlled parameters differ in most cases from those used during the 
installation life. This especially true when the fissile material contained in the waste is plutonium. Then, 
permissible and critical values of mass or fissile volume do not allow to process easily large quantities of 
waste. That can lead to an unacceptable cost of the waste retrieval operations. Nevertheless, in some cases, 
the concentrations of fissile material in the dry waste constituents are such that significant safety margins 
exist. This paper presents a method developed in order to take advantage of the margin brought by a low 
density of fissile material for the criticality safety demonstration. This method uses the low fissile 
concentration in the dry waste constituents through the construction of the density law used for performing 
permissible and critical parameters (mass, volume) calculations. The presence of scattering materials such 
as graphite or SiO2 in waste matrix composition is also examined. This paper also tackles the different 
elements required to perform the safety analysis and to justify the maximum fissile concentration in the dry 
waste constituents. In the same way the limits of application of the method associated to the homogeneity 
of the fissile concentration in waste or the moderating influence of the dry waste constituents are discussed. 
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Abstract/Keyterms: In 2010, a preliminary safety case study for the then proposed final repository at the 
salt dome in Gorleben (Lower Saxony, Germany) has been started to take on and to continue earlier work. 
Amongst a lot of other criteria being relevant for the long term safety assessment, it had to be demonstrated 
that sufficient measures for excluding criticality for considerable scenarios are provided during the post-
closure phase for the whole reference period of one million years. In this context ingress of saturated brine 
to the emplacement area acting as corrosive agent and especially as moderator was postulated irrespective 
of point in time or probability of occurrence. Analyses on the criticality safety of different cask designs to 
be disposed of directly were performed. The fuel was conservatively assumed as unirradiated. Selected long 
term degradation scenarios based on the inventory of a single cask have been modeled. Calculations show 
a significant reactivity-decreasing effect essentially caused by 35Cl in the saturated brine. All 
configurations under scope involving LWR fuel prove to be subcritical, showing that the consideration of 
35Cl is a viable option for a criticality safety assessment beyond the demands of the present preliminary 
safety case study. However, as currently there are almost no evaluated criticality benchmark experiments 
available which significantly involve 35Cl, the code validation for this assessment strategy remains a major 
challenge. This might be tackled by extensive sensitivity and uncertainty analysis efforts. Sample 
investigations for higher enriched fuels from research, test and prototype reactors to be disposed of have 
shown that, depending on fuel type and cask concept, additional conditioning measures may be necessary. 



 

C-22406 

22351…..…..…………………..…….……..……ID Number…………………..…..…………….22351 

Author: Zhaozhong, He / Chen, Kun / Guoshun, You / Jianping, Jing 

Title: Criticality Safety Analyses for Solid Fuel Thorium Molten Salt Reactor (SF-TMSR) Core 
Replacement 

Date: 9/29/2013 

Report: WILMINGTON, 120-127 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Analysis & Experiments I 

Abstract/Keyterms: A fluoride salt-cooled high-temperature test reactor concept named TMSR-SF was 
proposed by the CAS TMSR center in 2012. The reactor uses TRISO fuel and pebble-shaped fuel elements. 
The reactor is cooled by fluoride salt at a temperature above 900 K. The total thermal power of the reactor 
is two megawatts. Due to the challenges of circulating the pebble fuel elements in the molten salt coolant, 
once the fuel reaches desired burnup, one option is to replace the core as a whole. In this paper, physical 
effects during the core replacement have been analyzed. Analyses of the temperature reactivity effects, the 
change of control rods situation in the core, and the insertion of positive or negative reactivity have been 
carried out. The risk factors of criticality safety have been evaluated on the basis of the k eigenvalues. In 
order to conduct the analyses, a temperature related neutron cross section data library has been produced. 
The neutron cross section data have a temperature range from 300 K to 1700 K. Benchmarks were 
performed to verify the neutron cross section data produced. The discrepancy between calculated and 
benchmark values falls into a reasonable range. The neutron transport calculations have been performed 
using the Monte Carlo method. Based on the analyses in this paper, recommendations on the core 
replacement process from the nuclear criticality safety perspective are provided. 
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Abstract/Keyterms: AREVA is the foremost worldwide LWR fuel assembly supplier delivering more than 
one third of the world nuclear power plants. Fuel assembly production is an energy consuming process and 
through the path it is well known that transformation from yellow cake to enriched UF6 the 235U 
enrichment final process is the most important one. In the late 90’s AREVA decided to build a less energy 
consuming 235U enrichment plant (Georges Besse II / GB-II) by moving from a diffusion process to an 
ultra centrifugation process. The ultra centrifugation process needs 10 times less energy than the former 
process. AREVA took this opportunity to license this plant to a maximum 235U enrichment of 6% instead 
of 5%. Enrichment higher than 5% 235U may be used as NEU (Natural Enriched Uranium) and RRU (Re-
enriched Reprocessed Uranium) fuel management. Economics and neutronic fuel management are now 
reaching the reactor grade enrichment limit. For many years AREVA has used improved fuel management 
with a 4.95% 235U enrichment (it is mandatory to account for a 0.05% enrichment tolerance). Moreover 
for RRU to be equivalent in energy release to a NEU fuel and due to the presence of residual contents of 
234U and 236U has to have higher 235U enrichment than the NEU. Since the new enrichment facility GB-
II was designed and licensed to allow up to 6% 235U enrichment, AREVA have been regularly asked by 
our customers about the status regarding the rest of the supply chain. Some customers are also interested in 
getting Re-enriched Reprocessed Uranium with 235U exceeding 5%. The goal of this paper is to examine 
through modified criticality safety evaluations what the criticality safety consequences for an UO2 fuel 
fabrication facility will be. The paper will list the upgraded control parameters compared with the existing 
ones as well as the constraints on the fuel manufacturing processes from UF6-UO2 conversion to final fuel 
assembly temporary storage. The CRISTAL criticality code package used for these evaluations will be also 
briefly described as well as its associated uncertainty aspect. This code package is licensed by the French 
regulators and is used by the whole French nuclear industry and is one of the criticality code packages 
recognized through the OECD ICSBEP Handbook. 
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Abstract/Keyterms: The 239Pu Jezebel experiment of 1954-1955 has been reevaluated for the 
International Criticality Safety Benchmark Evaluation Project (ICSBEP) Handbook. Logbooks, original 
drawings, mass accountability statements, internal reports, and published reports have been used to model 
four actual three-dimensional Jezebel assemblies with high fidelity. Because the documentation available 
today is often inconsistent, three major assumptions were made regarding plutonium part masses and 
dimensions. The first was that the assembly masses given in Los Alamos report LA-4208 (1969) were 
correct, and the second was that the original drawing dimension for the polar height of a certain major part 
was correct. The ambiguity necessitating these two assumptions contributed an extra uncertainty of 
±0.00027 in units of Δkeff (the total evaluated experimental uncertainty was ±0.00129). The third 
assumption was that a change notice indicated on the original drawing was not actually implemented. This 
assumption was considered so likely that an associated uncertainty was not included in the total, but if the 
assumption is invalid, then there is a bias of –0.00102 in the keff of the detailed and simplified benchmark 
models. 
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Abstract/Keyterms: Subcriticality of natural uranium in water systems is assured for homogeneous 
systems but for some heterogenous conditions, criticality in water is a concern. Also, homogeneous 
moderation is conservative when highly enriched uranium is used as fissile medium, and modeling 
heterogeneous fissile medium leads to identical results when the characteristic dimension of the fissile 
material tends to zero. Therefore, there is an enrichment limit below which heterogeneous modeling (with 
no limit on the size range of the spheroids, cylinders) of the fissile material is conservative with respect to 
a homogeneous modeling of the fissile material. This enrichment limit is often considered to be around 
10% enrichment in 235U. Nevertheless, this limit depends of the criticality control parameter used (mass 
or geometry), the geometric shape, the reflector material … The object of this paper is to present a 
comparison of calculation results obtained with homogeneous and heterogeneous water reflected systems 
and determines, relatively with calculation code limits, an enrichment limit where homogeneous media and 
optimal-sized heterogeneous media are mass equivalent. 
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Abstract/Keyterms: In the early 1970’s, critical experiments using an unreflected metal sphere of highly 
enriched uranium (HEU) were performed with the focus to provide a “very accurate description…as an 
ideal benchmark for calculational methods and cross-section data files.” Two near-critical configurations 
of the Oak Ridge Sphere (ORSphere) were evaluated as acceptable benchmark experiments for inclusion 
in the International Handbook of Evaluated Criticality Safety Benchmark Experiments (ICSBEP 
Handbook). The results from those benchmark experiments were then compared with additional 
unmoderated and unreflected HEU metal benchmark experiment configurations currently found in the 
ICSBEP Handbook. For basic geometries (spheres, cylinders, and slabs) the eigenvalues calculated using 
MCNP5 and ENDF/B-VII.0 were within 3σ of their respective benchmark values. There appears to be 
generally good agreement between calculated and benchmark values for spherical and slab geometry 
systems. Cylindrical geometry configurations tend to calculate low, including more complex bare HEU 
metal systems containing cylinders. The ORSphere experiments do not calculate within their 1σ uncertainty 
and there is a possibility that the effect of the measured uncertainties for the Godiva I benchmark may need 
reevaluation. There is significant scatter in the calculations for the highly-correlated ORCEF cylinder 
experiments, which are constructed from close-fitting HEU discs and annuli. Selection of a nuclear data 
library can have a larger impact on calculated eigenvalue results than the variation found within calculations 
of a given experimental series, such as the ORCEF cylinders, using a single nuclear data set. 
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Abstract/Keyterms: High-quality integral benchmark experiments have always been a priority for 
criticality safety. However, interest in integral benchmark data is increasing as efforts to quantify and reduce 
calculational uncertainties accelerate to meet the demands of future criticality safety needs to support next 
generation reactor and advanced fuel cycle concepts. The importance of drawing upon existing benchmark 
data is becoming more apparent because of dwindling availability of critical facilities worldwide and the 
high cost of performing new experiments. Integral benchmark data from the International Handbook of 
Evaluated Criticality Safety Benchmark Experiments and the International Handbook of Reactor Physics 
Benchmark Experiments are widely used. Significant Benchmark data have been added to those two 
handbooks since the last Nuclear Criticality Safety Division Topical Meeting in Richland, Washington 
(September 2009). This paper highlights those additions. 
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Abstract/Keyterms: The impact of moderation on the reactivity of a fissile system is well understood and 
quite easily calculated. What is not as well-known is how much moderation can be expected. If the analysis 
shows that optimum moderation does not result in an unsafe condition, the details of the source may not be 
as important. More likely, the amount of moderation that can be present is an important consideration in 
ensuring safe and efficient operations. Babcock & Wilcox Nuclear Operations Group's (B&W) NRC license 
states: "In addition, calculations for all degrees of interspersed moderation may not be necessary if it can 
be demonstrated that certain degrees of interspersed moderation between fuel units is not a credible 
accident. “In the same respect, if ranges of interspersed moderation are determined not to be credible or a 
moderation control area is required, then all degrees of interspersed moderation exceeding the H/X limit, 
or being outside the credible range of interspersed moderation, are excluded from the criticality 
calculations." In order to establish a credible range, a great deal of research and some experiments were 
necessary. This paper presents conclusions on credible ranges from sprinklers, firefighting and rain. 
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Abstract/Keyterms: The concept of taking credit for the reduction of the reactivity of nuclear spent fuel 
due to its burnup is referred to as “Burnup Credit” (BUC). As part of its implementation in French spent 
fuel management systems, the CEA and AREVA-NC have developed a full BUC methodology for UOx 
fuels, based on the coupling of depletion codes DARWIN or CESAR and the Criticality-Safety Package 
CRISTAL. In our studies, the way to account for the biases of depletion and criticality codes has represented 
an important issue for the full BUC methodology. Therefore, the recent Isotopic Correction Factors (IFCs) 
and penalty terms values, derived from the JEFF3.1.1 evaluation, represent an essential step in the 
methodology completion. They constitute one of the key of the methodology quality and are the result of a 
ten-year work on specific experimental BUC programs, developed at CEA with the support of AREVA. 
Today, the concentrations of most important isotopes towards criticality (e.g.235U, 239Pu, 240Pu, 155Gd, 
103Rh) are calculated within the target accuracy (±3%). As an application, this paper presents the first 
results of criticality calculation for an industrial configuration (a transport cask), using the latest version of 
the reference BUC calculation route based on JEFF-3.1.1, the DARWIN 2.3 package, the upcoming new 
version (V2.0) of the criticality-safety package CRISTAL and the recent values of penalty factors. It 
confirms the interest of the implementation of a full BUC methodology in criticality studies and highlights 
the effect on the keff of the conservatisms introduced in the calculation scheme; in particular by the penalty 
factors. 
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Abstract/Keyterms: The ISO 27468 standard on mixed plutonium and uranium oxide (MOX) powder was 
published in 2011. The final 108 applications are based on experience in France, United Kingdom, Japan 
and the U.S.A. The reference data are 144 critical parameters (some involve identical applications). The 
ANSI/ANS 8.12 MOX standard is being revised to include the applications of the ISO 27468 standard. 
Validation of the calculation methods was not directly required for the ISO standard but is required for the 
ANS standard. There are few, if any, high-quality benchmarks for damp MOX powders. The ANSI/ANS 
8.24 standard is applied to the validation. Many benchmarks have correlated error sources and these need 
to be accounted for. Examples from the U.S.A have been difficult to find. The TSUNAMI tools of SCALE 
6 were used to estimate similarities of the 108 applications to many ICSBEP Handbook benchmarks. A 
selection of 32 benchmarks from 15 different evaluations was made. At most one benchmark from each 
evaluation was used for a particular application. The methods include SCALE 6.1.2 and MCNP5-1.60 codes 
with ENDF/B-V, -VI, -VII.0, JEFF-3.1.1, JEF-2.2, JENDL-3.2, -3.3 and -4.0 cross-sections. The validation 
requires considerable expert judgment. Each application is validated separately. If the validation is perfect, 
applying bias-correction, all methods should provide identical reference values for each application. The 
validation results show many deviations, including SCALE 6.1.2 results using continuous energy cross-
sections (known problem with SCALE 6). Identical bias-corrected results could be obtained from flawed 
benchmarks. The quality of the benchmarks thus needs consideration. The SCALE 6 TSURFER tool is 
suggested. 
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Abstract/Keyterms: Natural gadolinium is an integral part of UO2/Gd2O3 fuel pellets made for light water 
reactors. This paper demonstrates that as low as 0.5 wt.% natural gadolinium oxide mixed with 5 wt.% 
enriched UO2 powder maintains an infinite system of UO2/Gd2O3 mixture significantly subcritical in the 
event the mixture is exposed to water. Crediting gadolinium in the mixture could significantly reduce the 
number of controls used during handling, processing, and storing of UO2/Gd2O3 mixtures. 
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Abstract/Keyterms: Calculated values are reported for sub-critical masses (SCMs) of 233U, 235U and 
239Pu in a cylindrical geometry. This work is motivated by the need to ensure criticality safety for materials 
stored in a configuration with cylindrical containers of 13.5 cm diameter stacked in a cylindrical pipe of 15 
cm diameter. The storage configuration was evaluated in a parametric study to determine optimal water 
moderation. SCM values of 356 g 233U, 688 g 239Pu and 855 g 235U were calculated. The result that the 
SCM for 239Pu is almost twice that of 233U would not be predicted from the common understanding that 
239Pu has the smallest minimum critical mass. As such, the calculation method was verified via 
determination of SCMs for 233U and 239Pu for known configurations, i.e., spherical water moderated 
systems, which have available standard data. Thus, the reactivity of a fissionable material system is 
determined by a complex relationship between the geometry and the participating materials, and especially 
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Abstract/Keyterms: With help of the TSUNAMI tool, SKB has evaluated almost 600 experiments from 
the handbook of criticality experiment (IHECSBE). The ck value from TSUNAMI has been used to 
evaluate the similarity between the experiments and the applications. It has been considered that a ck larger 
than 0.8 provides a “good enough” similarity between the experiment and our evaluated safety cases. It can 
be concluded that the IHECSBE contains many experiments suitable for validating the criticality codes for 
PWR applications. This statement is also valid for more uncommon safety case configurations as the copper 
disposal canister. However the amount of experiments covering BWR is not satisfying. It is therefore 
necessary to continue the validation work and investigate the root cause for the difference between PWR 
and BWR, as a logical explanation has to be found. It can also be concluded that it is hard to choose the 
right experiment by engineering judgment. Experiments that look similar with respect to typical physical 
parameters as enrichment, pin-pitch and materials don’t necessarily qualify as similar using the TSUNAMI 
methodology. This can be troublesome when trying to defend the choices of experiments in old validations. 
SKB will in the near future expand the scoping of experiment with the aim to check ck values for as many 
experiments as possible. Hopefully more BWR experiments will be found that satisfy the ck criteria. If not, 
extra penalty has to be put on BWR to take into account the lack of coverage with respect to sensitivity- 
and uncertainty based validation. The keff calculated with SCALE 6.1 shows in general good agreement 
with experiments and trends concerning investigated engineering parameters are relatively small. 
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Abstract/Keyterms: LATC is a multi-group two-dimensional transport code developed by SNPSDC. It is 
mainly used on Pressurized Water Reactor (PWR) assemblies or pin cells. The code can deal with 
geometries consisting of cylindrical fuel rods of varying composition in a square pitch. It is used to calculate 
few group constants and nuclei densities for core simulator. The transport module of LATC code can use 
the method of characteristics to determine the flux distribution and eigenvalue throughout the lattice. The 
characteristics method breaks the calculation of angular flux into discrete directions. The cyclic tracking 
approach is used to ensure perfect reflection in two dimensions problem. For lattice physics calculation, 
LATC uses the Coarse Mesh Finite Difference (CMFD) acceleration technique on a cell basis, which can 
effectively save the transport computational time. In the development of LATC, verification and validation 
are part of the development process and with the quality assurance (QA) process. Verification and 
validation are means by which the LATC is checked, and by which its performance is demonstrated and 
assured to be a correct interpretation of the requirements. By comparison with critical experimental 
benchmark and C5G7 benchmark, the results are in good agreement with reference. 
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Abstract/Keyterms: The time-dependence of the neutron flux is investigated for continuous-energy 
infinite media and simple, one-speed, one-dimensional media using a transition rate matrix Monte Carlo 
tally based on a formulation of the alpha-eigenvalue problem. The research code TORTE calculates the _-
eigenvalue spectra and shape eigenfunctions of these media. TORTE also performs the eigenfunction 
expansion, or modal expansion, necessary to analyze transient behavior of the neutron flux for an arbitrary 
initial source. These calculations compare well to time-dependent Monte Carlo calculations for infinite 
media and scattering slabs. For one-dimensional media, TORTE-calculated _ eigenvalues and shape 
eigenfunctions compare well to those calculated in literature. Much of the work is verification with previous 
benchmarks, but we are able to show some capabilities of this method. 
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Abstract/Keyterms: MCNP6 has the capability to compute sensitivity coefficients for k from scattering 
distributions as a function of scattering cosine. A new capability has been prototyped, and will hopefully 
available in a future release, that takes those results and converts them into sensitivities for Legendre 
scattering moments, which is discussed. Results are shown for a variety of criticality benchmarks for elastic 
scattering, and it appears that the P1 elastic scattering Legendre moment (i.e., average scattering cosine ¯μ) 
may indeed have a significant effect in fast, bare and reflected systems with significant leakage. The results 
also show that higher elastic moments and all inelastic moments are typically not important to criticality. 
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Abstract/Keyterms: SCALE6.1-KENO-VI is validated to be used for nuclear safety calculations at GE 
Hitachi Nuclear Energy site in Wilmington, North Carolina. This paper compares validation results of 
SCALE6.1-KENO-VI for low enriched uranium systems with validation results from GEMER and MCNP. 
The upper safety limits from the three codes are in good agreement. 
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Abstract/Keyterms: The Tools for Sensitivity and UNcertainty Analysis Methodology Implementation 
(TSUNAMI) code within the SCALE code system makes use of eigenvalue sensitivity coefficients for an 
extensive number of criticality safety applications, such as quantifying the data-induced uncertainty in the 
eigenvalue of critical systems, assessing the neutronic similarity between different critical systems, and 
guiding nuclear data adjustment studies. The need to model geometrically complex systems with improved 
fidelity and the desire to extend TSUNAMI analysis to advanced applications have motivated the 
development of a methodology for calculating sensitivity coefficients in continuous-energy (CE) Monte 
Carlo applications. The Contributon-Linked eigenvalue sensitivity/Uncertainty estimation via Tracklength 
importance CHaracterization (CLUTCH) and Iterated Fission Probability (IFP) eigenvalue sensitivity 
methods were recently implemented in the CE KENO framework to enable TSUNAMI-3D to perform 
eigenvalue sensitivity calculations in CE applications, thereby improving the accuracy in eigenvalue and 
eigenvalue sensitivity calculations as compared to multigroup tools. The CE KENO and CE TSUNAMI 
tools were used to analyze two difficult models of critical benchmarks, and produced eigenvalue and 
eigenvalue sensitivity coefficient results that showed a marked improvement in accuracy. The CLUTCH 
sensitivity method in particular excelled in terms of efficiency and computational memory requirements. 
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Abstract/Keyterms: In France, according to the law, all nuclear fuel cycle facilities have to undergo a 
Periodic Safety Review (PSR) every ten years. This paper presents the methodology used for the Nuclear 
Criticality Safety (NCS) Review of geometrically safe or favorable pieces of equipment of UP3-A, a used 
fuel recycling facility of La Hague nuclear plant,. The goal of this methodology, developed for such a large 
plant, is to focus on pieces of equipment for which an effort is needed to ensure Nuclear Criticality Safety. 
This methodology is based on the three following aspects of a PSR: conformity, aging studies and the state 
of the art of criticality calculations. 
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Abstract/Keyterms: The Verified, Archived Library of Inputs and Data (VALID) at Oak Ridge National 
Laboratory (ORNL) contains high-quality, independently reviewed models and results that improve 
confidence in analysis and validation. VALID is developed and maintained according to a procedure of the 
SCALE quality assurance (QA) plan. This paper reviews the origins of the procedure, its intended purpose, 
the philosophy of the procedure, some highlights of its implementation, and the future of the procedure and 
associated VALID library. The original focus of the procedure was the generation of high-quality models 
that could be archived at ORNL and applied to many studies. The review process associated with model 
generation minimized the chances of errors in these archived models. Subsequently, the scope of the library 
and procedure was expanded to provide high-quality, reviewed sensitivity data files for deployment through 
the International Handbook of Evaluated Criticality Safety Benchmark Experiments (IHECSBE). 
Sensitivity data files for approximately 400 such models are currently available. The VALID procedure is 
based on the quality assurance principles of ISO 9001 and nuclear safety analysis. Some of these key 
concepts include independent generation and review of information, generation and review by qualified 
individuals, use of appropriate references for design data and documentation, and retrievability of the 
models, results, and documentation associated with entries in the library. Some highlights of the detailed 
procedure are discussed to provide background on its implementation and to indicate limitations of data 
extracted from VALID for use by the broader community. Specifically, external users of data generated 
within VALID must take responsibility for ensuring that the files are used within the QA framework of 
their organization and that its use is appropriate. Future plans for the VALID library include expansion to 
additional experiments from the IHECSBE; experiments from areas beyond criticality safety, such as 
reactor physics and shielding; and application models. In the future, external SCALE users may also obtain 
qualification under the VALID procedure and be involved in expanding the library. The VALID library 
provides a pathway for the criticality safety community to leverage modeling and analysis expertise at 
ORNL. 
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Abstract/Keyterms: The Electric Power Research Institute (EPRI) sponsored the development of a set of 
measurement-based depletion reactivity benchmarks for validation of burnup credit. Power distribution 
measurements from 44 cycles of PWR operations provided reactivity distribution data that were used to 
infer the change in fuel assembly reactivity as a function of burnup. This change in reactivity includes the 
reactivity due to the change in material composition and accompanying cross sections as well as duty-
induced changes in physical dimensions. The depletion reactivity benchmarks provide an accurate method 
of validation with an uncertainty of the benchmarks (643 pcm) which is about 6% of the depletion reactivity 
for low depletion (10 GWd/T) to only 1.3% for high depletion (60 GWd/T). These benchmarks have been 
analyzed using SCALE 6.1 with both ENDF/B-V and ENDF/B-VII cross section libraries. The maximum 
difference between the measurement-inferred benchmarks and SCALE 6.1 with ENDF/B-VII is only 260 
pcm, while the maximum bias with ENDF/B-V is slightly over 1000 pcm. Using ENDF/B-VII SCALE 6.1 
generally underpredicts (conservative) more than overpredicts (non-conservative) depletion reactivity, so 
the needed bias is only 150 pcm. Variations in results between cross section libraries and methods were 
caused by small changes in isotopic content, which produced relatively high biases in depletion reactivity. 
Differences of about 5% in uranium and plutonium content caused a 1570 pcm change in k (3% of depletion 
reactivity) at 60 GWd/T. Since isotopic uncertainty in chemical assays is on the order of 5% or more, 
chemical assay data is too coarse to identify improvements in methods or cross sections. 
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Abstract/Keyterms: Between December 2006 and December 2008, a series of experiments were 
conducted at the Kyoto University Critical Assembly (KUCA) with the expressed goal of gathering basic 
neutronic properties associated with erbia-loaded, low-enriched thermal spectrum cores. The Kyoto 
University Critical Assembly multi-core critical assembly established in 1974 as a facility for the joint use 
and study of reactor physics for researchers of all universities in Japan. Four critical configurations were 
assembled using the KUCA B-Core. The B-Core is a low-enriched uranium (LEU) fueled, solid-moderated 
assembly approximately 180 cm by 180 cm by 150 cm in size. Each core configuration had different average 
enrichment and erbia content. Additionally, a fifth core configuration without the inclusion of erbia-bearing 
elements was examined by the experimenters and used as a comparison reference for reactivity calculations. 
The critical configurations varied in average enrichment and fuel-to-moderator ratio. As a consequence of 
these differences, the associated neutron spectrum also varied between the core configurations. The work 
presented in this paper is a benchmark evaluation of the erbia-bearing experiments, including a detailed 
analysis of experimental uncertainties, modeling biases, and development of a simplified model that 
approximates the experiments within a reasonable degree of uncertainty. The results of the evaluation are 
presented for each of the five evaluated core configurations. 
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Abstract/Keyterms: In order to conservatively apply burnup credit in spent fuel pool criticality analyses, 
code validation for both fresh and used fuel is required. Fresh fuel validation is typically done by modeling 
experiments from the “International Handbook.” A depletion validation can determine a bias and bias 
uncertainty for the worth of the isotopes not found in the fresh fuel critical experiments. Westinghouse’s 
burnup credit methodology uses PARAGON™ (Westinghouse 2-D lattice physics code) and its 70-group 
cross-section library, which have been benchmarked, qualified, and licensed both as a standalone transport 
code and as a nuclear data source for core design simulations. A bias and bias uncertainty for the worth of 
depletion isotopes, however, are not available for PARAGON. Instead, the 5% decrement approach for 
depletion uncertainty is used, as set forth in the Kopp memo. Recently, EPRI developed a set of benchmarks 
based on a large set of power distribution measurements to ascertain reactivity biases. The depletion 
reactivity has been used to create 11 benchmark cases for 10, 20, 30, 40, 50, and 60 GWd/MTU and 3 
cooling times 100 hour, 5 years, and 15 years. These benchmark cases are analyzed with PARAGON and 
the SCALE package and sensitivity studies are performed using different crosssection libraries based on 
ENDF/B-VI.3 and ENDF/B-VII data to assess that the 5% decrement approach is conservative for 
determining depletion uncertainty. 
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Abstract/Keyterms: Periodically, UF6 cylinders are cleaned and recertified for continued use. A new 
process being developed to reconvert the uranium recovered from the heels produces a sodium diuranate 
(SDU) compound, Na2U2O7. A processing facility or transportation packaging for SDU is an application 
area for which no critical benchmark data exists. The validation of calculational methods described in 
ANSI/ANS-8.1-1998; R2007 and further amplified by ANSI/ANS-8.24- 2007 requires establishment of 
bias by correlating the results of critical and exponential experiments with results obtained for these same 
systems by the calculational method being validated. These validation requirements define the area(s) of 
applicability as follows: the limiting ranges of material compositions, geometric arrangements, neutron 
energy spectra, and other relevant parameters (such as heterogeneity, leakage, interaction, absorption, etc.,) 
within which the bias of a calculation method is established. Benchmark data may exists for experimental 
systems that are different from the SDU application with respect to material composition but "look" very 
similar from the standpoint of other parameters, in particular, physical and spectral indices, like hydrogen-
to-fissile ratio (H/X), energy of average lethargy causing fission (EALF), enrichment, solution 
concentration. The application of S/U techniques allows for a formal estimation of the applicability of 
critical benchmark experiments with different material compositions to the application area of SDU 
compounds. This study presents an illustrative application of sensitivity and uncertainty analysis (S/U) 
procedures to the validation of criticality safety calculations for sodium diurante compounds. The S/U 
procedures used in this study are distributed in the Standardized Computer Analyses for Licensing 
Evaluation (SCALE) computer software system developed at Oak Ridge National Laboratory (ORNL) 
system. 
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Abstract/Keyterms: Density changes in fissile material can have a significant effect on the multiplication 
factor. Introduction of non-homogeneities into a system create variations in neutron production, absorption, 
moderation, and leakage. For nuclear criticality safety, it is important to be able to accurately determine the 
effect of small voids in thermal systems. Often these effects are calculated with our computer models and 
associated cross sections sets, but there are very few benchmarks that provide experimental information on 
small void (non-homogeneities) in a process. This work describes an experiment performed on the 
University of New Mexico’s AGN-201M Nuclear Reactor. The reactor is effectively a homogeneous, 
thermal system utilizing U(19.75)O2 in a polyethylene matrix. Because the system is operated at low-power 
levels with minimal burnup, the fuel can actually be safely handled. The experiment involved taking out 
some of the fuel disks from the reactor and inserting a small set of plastic spacers before replacing the disks. 
The reactivity effect of the void from the spacers is analyzed and then the void is move upward to the next 
fuel disk. For each void location, two separate measurements were made to calculate the reactivity effect. 
The first was based on the critical position of the control rods while the second was the use of positive 
period measurements. The experimental values have been compared to calculated values using PARTISN 
and the 16 group Hansen-Roach cross sections. The calculated results showed the same behavior as the 
experimental results. Hand calculations and basic diffusion theory are also compared with the experimental 
data with the conclusion that the hand calculations are not applicable to local variations of material 
properties. It is hoped that this work will be the basis for developing this information as a benchmark 
experiment. 
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Abstract/Keyterms: The purpose of this experimental study is to document the credible moderation 
content of various uranium oxide and water mixtures. Historically, favorable geometry and mass limits 
have been developed assuming optimal hydrogenous moderation. In most cases, this optimal moderation is 
not credible due to the nature of the process or physical laws, such as gravity. Since the density of uranium 
is higher than the density of water, uranium will not float in water under normal conditions. Consequently, 
water can only fill the void spaces originally present between uranium particles. Any water added after the 
void spaces are filled will drain off if unconstrained. If the uranium and water are constrained, then the 
water will fill the voids and excess water will pool on top of the mixture. This study aims to quantify the 
saturation point (the weight percent at which voids are filled) for various uranium powder and pellet 
systems. This study also qualitatively looks at the flowability point (the weight percent at which mixture is 
flowable) of various uranium powders. Making realistic assumptions about the credible moisture content 
of uranium powder and pellets will allow a more accurate margin of safety to be quantified. For example, 
if the maximum credible weight percent of water for sintered UO2 pellets is 5 %, then the safe mass limit 
would increase by an order of magnitude over the limit obtained for optimally moderated pellets at 5 % 
enrichment. 
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Abstract/Keyterms: This analysis performed to evaluate the effects of particle size and density on 
reactivity for low enriched uranium dioxide and water systems using the GEMER Monte Carlo code. 
According to the Nuclear Safety Guide TID-7016 for uranium containing 5 wt.% 235U or less, if the 
particles constituting a mixture are uniformly distributed and are larger than 127 micron, the mixture must 
be considered heterogeneous. Pellet press feed material has a mean agglomerate size nearly an order of 
magnitude larger than this and has historically been treated as homogeneous. At first glance, this appears 
to be non-conservative. It is noted, however, that that these agglomerates are bound crystallites which have 
significant void fractions and have densities no greater than the maximum tap density of UO2 powder (4.5 
g/cm3). Additionally, the maximum credible moderation is dependent on the powder density. Therefore, 
higher safe masses can be developed for systems of a known density, by considering the maximum credible 
water content in the void spaces (i.e., the saturation point). Safe mass limits as a function of density for 
homogeneous spheres are developed in this paper. Systems of UO2 and water are modeled to determine the 
effects of particle size and density on system reactivity for both infinite, mass limited, and geometry limited 
systems. For mass and geometry limited systems, the reduced UO2 density of the agglomerates has a 
significant impact on the reactivity due to an increase in leakage. For infinite systems, the reduced UO2 
density of the agglomerates has no effect. The study determines the maximum uranium mass for which the 
reactivity of a heterogeneous system with low density agglomerates (e.g., powder, non-sintered pellets) is 
bounded by that of a homogeneous system. Additionally, for full density agglomerates (e.g. sintered pellets, 
pellet shavings), the study determines that the heterogeneous effects on 
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Abstract/Keyterms: The Magnox reprocessing plant at Sellafield was designed to reprocess natural 
irradiated uranium metal fuel from Magnox reactors. A requirement arose to reprocess irradiated breeder 
material from the Dounreay Fast Reactor (DFR). This material is chemically compatible with the Magnox 
reprocessing plant process. However, because of the inbred plutonium, the equivalent enrichment of the 
material is greater than the Magnox fuel. This presented challenges in producing a criticality safety case: • 
There was considerable uncertainty over the actual enrichment of the DFR material. • The safe mass of the 
breeder material in the Magnox reprocessing plant dissolver was a small fraction of normal dissolver fuel 
loading. • The plutonium isotopic composition of the DFR material is different from that of the Magnox 
fuel. This has implications for the reprocessing plant radiometric instrumentation. The paper describes how 
a safety case, built on the principle of drip feeding the DFR material through the plant alongside much 
larger quantities of Magnox fuel, was developed. Engineering equipment was designed alongside the 
development of the safety case. This equipment was designed to minimise the likelihood that operator error 
in managing the drip feeding process would lead to overloading the dissolver with DFR material. It also 
ensured the deterministic criticality safety during transport of the material from Dounreay to Sellafield and 
through the Sellafield fuel pond. Also of interest was the novel methodology used to determine the safe 
mass of DFR material in the dissolver, which moved away from fully optimised conditions and used a more 
realistic, but still pessimistic, representation of the material in the dissolver. 
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Abstract/Keyterms: The Seven Percent Critical Experiment (7uPCX) was designed to provide benchmark 
criticality and reactor physics data for water-moderated pin-fueled nuclear reactor cores. The enrichment 
of the fuel was chosen to explore the enrichment range above the current 5% ceiling for US commercial 
PWRs. The experiment was part of the US Department of Energy (DOE) Nuclear Energy Research 
Initiative (NERI) Project 01-124 titled “Reactor Physics and Criticality Benchmark Evaluations for 
Advanced Nuclear Fuel.” The NERI project was a collaboration between AREVA Federal Services, LLC; 
the University of Florida; Oak Ridge National Laboratory; and Sandia National Laboratories (SNL). The 
experiments are currently supported by the DOE National Nuclear Security Administration (NNSA) 
Nuclear Criticality Safety Program. The results of the first set of 7uPCX experiments, similar to the 
experiments described here but with a fuel-to-water volume ratio of 0.67, were reported elsewhere A 
benchmark evaluation of those experiments has been published. This paper presents the results from a 
second set of experiments in the 7uPCX arrays performed at a fuel rod pitch of 0.85496 cm with a fuel-to-
water volume ratio of 0.52. A benchmark evaluation of these experiments is being prepared 
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Abstract/Keyterms: The ANSI/ANS-8.1-1998; R2007 standard states 235U limits apply to mixtures “with 
234U, 236U, or 238U, provided that 234U is considered to be 235U” in computing mass. Analysis of 
historical data and calculations coupled with benchmark data show a superior way of handling the other 
common uranium isotopes when setting limits for a certain 235U systems. Currently 234U mass is required 
to be considered as 235U mass in order to account for the fact 234U has a k∞ = 1.70 meaning criticality 
can be reached whereas 236U and 238U have k∞’s equal to 0.71 and 0.31 meaning they remain subcritical 
in infinite amounts. Multiple isotopic compositions of enriched uranium from published experiments and 
reference documents were analyzed. Results of the analysis indicate that in fresh uranium (un-irradiated or 
reprocessed) enriched to 94% 235U by weight, bounding ratios of 234U, 236U, and 238U exist due to the 
enrichment process. The established material ratios are utilized in Monte Carlo calculations of three 
different isotopic parameters in infinite metal systems. The results indicate that a subcritical k∞ value will 
always be achieved given the isotopic ratios determined by analysis of historical sample data. The 
subcritical value is due to the 236U and 238U isotopes having a greater negative effect on reactivity than 
the increase from an increased fission rate in 234U. The conclusion is that for fresh uranium systems with 
enrichment below 94% by weight the 234U mass can be ignored due to the associated dilution effect from 
the 236U and 238U isotopes. 
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Abstract/Keyterms: Subsequent to the Fukushima accident in 2011, amongst others, the question was 
raised whether the possibility of a criticality accident in a spent fuel pool has still to be taken into account 
for emergency planning of NPPs which are in permanent shut-down operation awaiting decommissioning. 
Criticality analyses were performed assuming generic standard and compact wet storage rack designs for 
PWR as well as for BWR type fuel assemblies. Postulated configurations exceeding the requirements of 
the double contingency principle have been investigated, irrespective of probability or possibility of 
occurrence or of a triggering event. Fresh fuel vs. burn-up credit scenarios including respective 
checkerboard arrangements have been considered. In addition, partial or complete loss of soluble boron 
(PWR), reduced moderator densities e.g. in case of coolant boiling or drop of water level have been 
analyzed. Mechanically forced reduction of assembly distance, loss of assembly integrity, and different 
combinations of those assumptions have been subject of the investigation, with no claim made to be 
complete. As a result, a number of configurations numerically exceeding a multiplication factor equal to 
one were identified. A first attempt has been undertaken to identify mechanisms potentially causing such 
configurations. Most of those states can immediately be shown to be physically unrealistic, some by 
plausibility, others by reduction of model conservatism. Though being obviously of hypothetic kind, for a 
few remaining configurations in principle probabilistic analyses would be required for a quantitative 
assessment. However, this was beyond the scope of the work at hand. In this paper, an overview on the 
conducted analyses will be given, and corresponding results will be presented and discussed. 
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Abstract/Keyterms: This paper discusses the official Website of the U. S. Department of Energy’s (DOE) 
Nuclear Criticality Safety Program (NCSP). This site makes a variety of information available to the 
criticality safety practitioner, including reference materials, training modules and links to related sites. The 
drop-down menus provide convenient access to the many useful features of the Website, including recent 
news and additions. The NCSP mission is to provide sustainable expert leadership, direction, and the 
technical infrastructure necessary to develop, maintain, and disseminate the essential technical tools, 
training, and data to support safe, efficient fissionable material operations within the DOE. The NCSP 
Website assists in the DOE’s goal to provide easy access to this wide variety of information. The content 
and format of the Website are the results of cooperative effort among many stakeholders in the nuclear 
criticality safety community. The Website is being maintained by Lawrence Livermore National Laboratory 
for the DOE NCSP. Some recent additions to the Website include: (a) A means to submit an integral 
experiment request form for nuclear data validation needs. This process provides a sustainable 
infrastructure and a systematic, interactive process to assess, design, perform, and document integral 
criticality safety-related benchmark-quality experiments.(b) Online access for users of the International 
Criticality Safety Benchmark Evaluation Project (ICSBEP) to the ICSBEP’s benchmark evaluations and 
other resources.(c) Online information and registration to the NCSP Hands-on Training and Education 
Course.(d) An expanded LLNL Bibliographic Database which now contains information on about 17,000 
nuclear criticality documents, plus over 2,800 that are available in full-text pdf-format, that can be viewed 
via links within the Database. 
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Abstract/Keyterms: Atomic Energy of Canada Limited (AECL) is Canada’s premier nuclear science and 
technology organization. AECL has two locations where criticality safety is considered, Whiteshell 
Laboratories (WL) and Chalk River Laboratories (CRL). Between the two sites AECL has approximately 
3280 employees. Its workforce is very diverse in that the company employs those with engineering, science, 
technology, administrative and business backgrounds as well as those in skilled trades. However there is 
also a contingent of employees who do not have post secondary education. The diversity of skills and 
educational background of AECL’s workforce made it challenging to meet the intent of ANS 8.20 standard 
“Nuclear Criticality Safety Training” and the Canadian regulatory commitments that require all AECL 
employees to be trained in criticality safety. Nuclear Criticality Safety Program personnel at AECL decided 
the best approach to provide training for such a diverse community would be on a graded approach. Four 
categories were created in which every employee could be placed based on their required duties. This 
ranged from Category A, whose work could not impact criticality safety, to Category D, whose work could 
have serious consequences to criticality safety. A guidance document was issued directing the AECL 
management team to categorize their employees. The training outlined in the guidance document was a 
combination of pre-existing course material and material that needed to be developed. This material 
included awareness for all staff that covered a high level introduction to criticality safety, computer based 
training for emergency responders, and a revision to the nuclear criticality safety course that better aligned 
with ANS- 8.20, Nuclear Criticality Safety Training. A graded approach to training began in 2009 and since 
then there has been a threefold increase in the number of employees receiving the full day training program 
and approximately 22 per cent of AECL staff has received basic awareness. With the aid of computer-based 
learning it is expected that the number of employees that will receive basic awareness will increase 
significantly over the coming year. 



 

C-22438 

22383…..…..…………………..…….……..……ID Number…………………..…..…………….22383 

Author: Duluc, M. / Caplin, G. / Haeck, W. 

Title: Evidence of a Criticality Accident Occurring with Spent Fuels: Basic Considerations and Lessons 
Learned from the Fukushima Accident 

Date: 9/29/2013 

Report: WILMINGTON, 463-476 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Programs/Training/Risk Assessment/Post-Fukushima 

Abstract/Keyterms: This article presents an overview of the specific reflections related to evidence of a 
criticality accident occurring with spent fuels. It is illustrated with examples drawn from the experience of 
the Fukushima accident and by depletion calculations performed with the VESTA depletion interface code 
for a textbook case. The article shows that under some conditions, selected fission products created during 
a criticality accident can be evidence that this accident is occurring or has occurred, even for spent fuels. 
Nevertheless, this article also illustrates that many questions are to be addressed specifically for each 
situation. In particular, any isolated event can be an absolute evidence of a criticality accident. Only time 
comparisons of several isotopes will decrease uncertainty of the transfer function between the source and 
the sampling locations and can allow a correct evaluation of the situation. 



 

C-22439 

22384…..…..…………………..…….……..……ID Number…………………..…..…………….22384 

Author: Sanders, Charlotta E. / Wilcoxon, Kevin L. 

Title: Developing and Implementing Online Nuclear Criticality Safety Training and Education 

Date: 9/29/2013 

Report: WILMINGTON, 477-486 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Programs/Training/Risk Assessment/Post-Fukushima 

Abstract/Keyterms: This nuclear criticality safety (NCS) education and training program at the University 
of Nevada Las Vegas (UNLV), while geared towards graduate studies, aims at supporting the nuclear 
industry and its growing needs of maintaining a well-qualified workforce in the nuclear criticality safety 
arena. UNLV has established ties with various nuclear criticality safety groups, so this criticality program 
is reaching a broad group of practicing nuclear criticality safety engineers, as well as providing a vehicle 
for students to join the nuclear criticality safety community upon graduation with an already existing solid 
training, background, and understanding of criticality safety. To offer a convenient and self-paced learning 
for the off-campus students participating in the NCS training and education program, an online, web-based 
curriculum has been developed and implemented at UNLV. The paper includes a comparison of online and 
classroom learning, a discussion of the learning tools now available for teaching criticality safety online 
along with examples from current course offerings. Learning on the web is no longer restricted to text and 
illustrations, but now includes text and voice-based discussions; interactive video lectures, demonstrations, 
and simulations; synchronous and asynchronous interaction; case-based learning and problem solving and 
more. Media-based instruction is flexible, making it perfect for use by learners with differing needs. Media 
can be started and stopped at will, remixed, and repeated by individual learners. It can branch depending 
on learner response, moving forward in the instruction or revisiting difficult concepts. Best of all, teaching 
with media is not an either-or proposition. It is perfect for supporting live instruction as well as providing 
online instruction with instructor facilitation. 
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Abstract/Keyterms: Uranium is the backbone of the nuclear community, both in electricity generation and 
atomic research. Uncertainties in the reaction probabilities (cross-section data) have the potential to affect 
every major facet of use for this element in operational lifecycles. Some of these operations include: 
recycling, storage, shipping, and disposal of used nuclear fuel, as well as the operation and safety of critical 
and sub-critical experimental facilities. Evaluation of the uncertainties in a given data library can provide 
assurances in the previously mentioned operations. This analysis evaluates the uncertainty in the reactivity 
of a used nuclear fuel storage system for a period of 300 years based on the uncertainty in the ENDF/B-
VII.0 cross-section data. The HI-STAR 100 storage cask system was chosen as the general used fuel storage 
system for this study. Analysis of the used fuel storage system was accomplished using the SCALE 6.1 
modules TRITON and TSUNAMI-3D with the ENDF/B-VII.0 data library. The HI-STAR 100 storage cask 
system was modeled with two internal canister configurations: one featuring a 24 basket canister loaded 
with 15x15 PWR fuel assemblies and the other a 68 basket canister loaded with 8x8 BWR fuel assemblies. 
Both the PWR and BWR assembly have two different initial enrichments for study: (1) 4 wt% U-235 
enrichment with a 45 GWd/MTU burnup, and (2) 5 wt% U-235 enrichment with a 60 GWd/MTU burnup. 
Cross-section sensitivity studies were performed by the SAMS module within SCALE, and the effective 
multiplication factors (keff) were calculated by the KENO-VI module within SCALE. Results from model 
simulations show U-235, U-238, and Pu-239 to be key isotopes that affects the uncertainty in Δk/k. The 
results show uncertainty in Δk/k increases rapidly during the first 50 years of storage and then remains 
constant for storage periods between 50 and 300 years. Additionally, uncertainties in the plutonium cross-
section data produce large contributions to the uncertainty in Δk/k. 
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Abstract/Keyterms: There are a number of hazards associated with fire and firefighting on a nuclear site; 
for example criticality, radiological and conventional hazards. These hazards can impact on a number of 
areas with varying degrees of risk; including firefighters, personnel in the facility, personnel/public outside 
the facility, and damage to the facility itself. In the UK, the primary safety requirement is to reduce overall 
risk to ALARP (As Low As Reasonably Practicable - this comparable to ALARA). The difficulty with 
consideration of holistic ALARP is that risks are generally assessed by different disciplines. One can be 
tempted to take a conservative approach in each assessment, which could increase overall risk; for example, 
prohibiting the use of water for firefighting purposes may reduce the criticality risk but significantly 
increase the radiological/conventional risks. At Sellafield a multidisciplinary approach is being developed 
for fire safety assessment; including criticality, radiological and conventional safety assessors, plant 
personnel and firefighters. Consideration is given to a common aim for assessment of risk to ensure a 
balanced approach; for example the use of best estimate assessment rather than a traditional conservative 
approach. Specifically the following is assessed: identifying the potential locations and nature of a fire, the 
potential consequences, means of prevention or of reducing likelihood/consequence and the most 
appropriate way to firefight, should a fire occur. This paper presents a summary of the findings. 



 

C-22442 

22387…..…..…………………..…….……..……ID Number…………………..…..…………….22387 

Author: Wetzel, Larry L. 

Title: The Horizontal Band Saw Incident at Babcock & Wilcox, NOG-L 

Date: 9/29/2013 

Report: WILMINGTON, 504-513 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Programs/Training/Risk Assessment/Post-Fukushima 

Abstract/Keyterms: On the afternoon of July 15, 2009, Nuclear Criticality Safety (NCS) was informed 
that the sectioning facility horizontal band saw’s integral coolant sump was full of cutting fluid. The 
operator noticed fluid leaking from a small hole in the side of the saw cabinet. Upon further investigation, 
he found the sump full of cutting fluid. In 2003, the sump had been by-passed and a favorable geometry 
recirculation system had been installed. The saw is used for sectioning fueled components to obtain samples 
for metallographic examination. As such, the coolant contains uranium. The result of finding coolant in an 
unintended location indicated that the sump could contain an unknown amount of uranium and coolant. The 
integral sump is not a favorable geometry container. It measures nearly 24 inches (61 cm) long by 11 inches 
(27.9 cm) wide and in excess of 13 inches (33cm) deep. It is located inside the saw. Since the equipment 
had operated intermittently for seven years without the sump being cleaned out, an unknown amount of 
fuel could be in an unfavorable geometry. Operations were suspended; the area was evacuated and secured. 
The Emergency Operations Center was activated since no controls were known to exist to prevent 
criticality. There was a distinct possibility that a layer of uranium-bearing sludge was on the bottom of the 
sump. The sump was scanned using hand-held instrumentation. No accumulations were located via the 
NDA exam. Next, a series of samples were taken using a Composite Liquid Waste Sample (COLIWASA). 
The engineer taking the samples reported that he felt the bottom of the sump and did not feel a sludge layer. 
The samples were counted and the highest reading was 0.18 grams 235U per liter. This well below the 
minimum critical concentration and with a volume of 53 liters, well below the minimum critical mass. 
Based on this information, the Emergency Operations Center stood down and the investigation began. The 
investigation found that the diverter tray that was installed in 2003 was not adequate to keep coolant from 
entering the integral sump. The tray was removable to permit cleaning, but vibration of the saw could cause 
the tray to "walk out" of position allowing coolant to enter the sump. Based on tests of the saw and historical 
data on the saw usage, it was determined that the sump was most likely filled with coolant before the 
favorable-geometry coolant system was installed. 
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Abstract/Keyterms: The handheld InSpector 1000 with LaBr probe is a rugged, portable gamma 
spectroscopy instrument implemented at the Westinghouse Hematite Decommissioning Project. Using a 
Monte Carlo calibration basis described by typical HDP modeling scenarios, the LaBr detector is used to 
quantify 235U mass and enrichment in a bounding configuration in order to better apply NCS controls. The 
response is real-time for in-field categorization and characterization. Using 60 second gamma spectroscopy 
measurements coupled with an MCNP calibration, fissile material containing soils, items and process piping 
are assigned 235U enrichment and mass and handled accordingly with appropriate NCS controls. MCNP 
overall efficiencies for the described geometries are compared with those developed in identical ISOCS 
models and present a 10% higher average efficiency. 
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Abstract/Keyterms: During CY-12, the Los Alamos National Laboratory criticality safety group suffered 
significant attrition of staff with attendant loss of competency. Starting the year with 11 mostly senior 
engineers in the criticality safety group, the group found itself by the end of 2012 with only two qualified 
engineers left in the group, neither of them senior. Because the staff had been stable for quite some time, 
the training programs in criticality safety were mostly expert based and little documentation existed for 
either training or qualification. A novel training approach for the laboratory, based on a process used 
successfully several years ago at URS, called a criticality safety boot camp was put in place in early 
February. This tailored 8 module, 9-week intensive training process, taught by industry experts from both 
within and external to the laboratory, provided foundational criticality safety education to a group of 10 
recently hired criticality safety group staff including a new group manager. This boot camp training, 
coupled with performance demonstrations, On-the-Job training and mentoring comprises the new core of 
the LANL Training and Qualification program. The outcome, a training and qualification program fully 
compliant with the DOE Order 426.2 on training and compliant with both DOE-STD-1135 and ANSI 8.26 
in content was found to be an effective and efficient mechanism for rebuilding a new staff. The boot camp 
process, as well as issues/challenges with finding/hiring new staff, use of Standard 426.2 and in completing 
the other requirements for qualification are described in this paper. 
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Abstract/Keyterms: A hands-on critical-experiment training class has been developed by the US DOE 
Nuclear Criticality Safety Program using the water-moderated pin-fueled critical experiments at Sandia 
National Laboratories. The class is offered as part of the NCSP training program for Nuclear Criticality 
Safety Engineers in a facility that allows attendance by both cleared and uncleared personnel. Laboratory 
exercises have been developed that demonstrate the effects of varying a number of the parameters that are 
considered important to criticality safety. Accompanying the experiments is a series of classroom 
presentations that emphasize the concepts that are demonstrated in the experiments. 
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Abstract/Keyterms: Atomic Energy of Canada Limited (AECL) is Canada’s largest nuclear science and 
technology laboratory, including many unique facilities that meet the needs of research and development 
projects, fuel development and fabrication operations, nuclear material storage and waste management 
operations. Due to the large number of buildings requiring criticality safety measures (i.e. exceeding the 
ANSI/ANS-8.3 fissionable material and dose exemption criteria), it was not practical to install a Criticality 
Accident Alarm System (CAAS) in all areas on site. A process for evaluating where a CAAS would provide 
the most benefit to employees and visitors was therefore needed. This included some areas that have an 
existing CAAS, for which justification for further implementation was required. A series of risk bands were 
developed for the assessment of all criticality controlled areas. One difficulty in creating these risk bands 
was ensuring that the end result did not directly relate cost with potential loss of lives. Risk bands were 
created in the following areas: Benefit and Cost. 
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Abstract/Keyterms: A series of benchmark experiments were conducted at the CEA Valduc SILENE 
facility to create a new benchmark for the verification and validation of radiation transport codes and 
evaluated nuclear data used in the analysis of criticality accident alarm systems. The series consisted of 
three single-pulsed experiments with the SILENE reactor. The first experiment consisted of a bare reactor, 
while the second and third experiments used a lead and polyethylene reflector, respectively. Several neutron 
activation foils and thermoluminescent dosimeters surrounded the reactor during each experiment, and 
some of these detectors had additional shielding materials between them and the reactor. This paper 
discusses a few recently uncovered details that impact the accuracy of the simulation of the first experiment. 
Additionally, the final benchmark data for the second and third experiments will be presented along with 
some preliminary computational results from simulations of the second and third experiments. 



 

C-22448 

22393…..…..…………………..…….……..……ID Number…………………..…..…………….22393 

Author: Dranga, R. / Wang, J. 

Title: Methodology to Assess Minimum Accident of Concern and Criticality Accident Alarm System 
Location 

Date: 9/29/2013 

Report: WILMINGTON, 565-571 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Criticality Accidents and Response 

Abstract/Keyterms: For nuclear facilities where criticality accident alarm systems are present or required, 
the minimum accident of concern and the criticality accident alarm system detector location must be 
determined to comply with regulatory requirements. This paper presents the methodology developed to 
establish the minimum accident of concern (MAC) and to determine the location, number and design 
characteristics of the criticality accident alarm system detectors. The methodology established at Chalk 
River Laboratories was demonstrated using a generic facility, referred to as “Building A”, whose operations 
involve the use of 235U as the fissile material of interest. The MAC defined for “Building A” included a 
description of the postulated critical system and the fission rate resulting in a total dose to free air of 0.20 
Gy in the first minute, at 2 m away from the critical assembly. This information was subsequently used to 
determine criticality accident alarm system parameters. Demonstrating that criticality accident alarm 
systems, which have been historically installed in nuclear facilities, are able to detect the postulated 
minimum accident of concern is an important step in complying with current regulatory requirements. The 
methodology summarized in this paper has been successfully implemented for a number of nuclear facilities 
at Chalk River Laboratory and has been used to establish design requirements for acquisition and 
installation of new criticality alarm systems. 
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Abstract/Keyterms: This paper is an extended summary of a guidance document that was produced by 
Oak Ridge National Laboratory on the subject of computational analyses of Criticality Accident Alarm 
Systems (CAAS). This full guidance document reviews ANSI/ANS-8.3-1997 and provides examples on 
how to calculate the fission rate that produces the minimum accident of concern, how to calculate the 
response of a CAAS detector, and how to evaluate the coverage of a CAAS detector. Discussing a strategy 
on how to perform CAAS placement analysis concludes the full guidance document. All of the examples 
in the full guidance document are performed with SCALE 6.1 and MCNP5, and the full input files for both 
are provided. This extended summary of the full guidance document only reviews ANSI/ANS-8.3-1997, 
calculates the fission rate that produces the minimum accident of concern for a simple example, and 
provides an example for one of the approaches suggested in the CAAS placement analysis strategy that 
uses a forward Monte Carlo transport calculation. 
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Abstract/Keyterms: The Department of Energy (DOE) Nuclear Criticality Safety Program (NCSP) funded 
the development of a first of its kind criticality accident alarm system (CAAS) benchmark to be published 
by the International Criticality Safety Benchmark Evaluation Project (ICSBEP) in the International 
Handbook of Evaluated Criticality Safety Benchmark Experiments (handbook). The experimental data for 
this effort was obtained from an experiment conducted by Oak Ridge National Laboratory and the 
Commissariat à ľ Énergie Atomique et aux Énergies Alternatives (CEA) on the SILENE reactor located at 
CEA Centre de Valduc. This paper discusses the results obtained from using the MAVRIC sequence in the 
SCALE code package to computationally model the first of three pulses conducted during the experimental 
effort. First, a high fidelity 3-D model was developed and used to simulate the neutron activation 
measurements from the pulse. Second direct perturbation was used to reduce the High Fidelity model to a 
simplified model of the experiment. Finally, a sensitivity and uncertainty analysis was performed using the 
simplified 3-D model. The high fidelity and simplified 3-D models both produced estimates of activation 
in good agreement with the experimental results. The ratio of computed to experimental (C/E) results 
ranged from 0.95 to 1.28. Computed sensitivity coefficients revealed that the model was most sensitive to 
the thickness of the activation foils. The overall uncertainty in the computed responses due to uncertainties 
in the input information was in all cases less than 10% and was the major driver of uncertainty in the final 
results. 
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Abstract/Keyterms: CIDAS® (Criticality Incident Detection & Alarm System) is a criticality accident 
alarm system (CAAS) designed and supplied by Babcock International Group. Several generations of 
CIDAS® have been developed over four decades and dozens of systems installed in both the UK and North 
America. Babcock’s regular obsolescence reviews identified some issues in the current CIDAS® MkX 
model and, also, new customer requirements were identified. These factors were combined to direct the 
upgrade program to the next generation: the CIDAS® MkXI system. The purpose of a criticality accident 
alarm system is to facilitate personnel evacuation in the event of a criticality accident and it is with this key 
safety function in mind that the new system was developed. System reliability and the minimization of false 
alarms are prime considerations whilst at the same time providing flexibility in design to accommodate 
customers’ individual requirements. This paper presents the strategy used for the development of the 
CIDAS® MkXI, the components changed and the new features introduced including variable audio 
capacity, zoning and customized alarm tones. System testing and validation is also described and in 
particular how more modern digital electronics utilizing FPGAs were evaluated and deployed in several of 
the hardware modules for the first time and how the equipment meets the safety reliability level, SIL2, as 
defined in IEC61508. 
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Abstract/Keyterms: Babcock International Group is a leading supplier of Criticality Accident Alarm 
Systems (CAAS) with its CIDAS® products (Criticality Incident Detection and Alarm System). Recently 
Babcock upgraded the CIDAS® MkX model to the CIDAS® MkXI. As with the CIDAS® MkX, the 
development program for the CIDAS® MkXI incorporated design and operational features to demonstrate 
compliance with the appropriate international standards relating to CAAS systems. A CAAS system must 
demonstrate a pre-specified performance and continued operation during the high neutron fluence and high 
gamma levels generated during a criticality event. Information on the performance of a CAAS system 
during a criticality event is also essential for plant designers to determine the optimum detector, loudspeaker 
and control electronics positions to ensure the system responds within the required times and continues to 
alarm through and after the event. The guidance relating to radiation tolerance in the key standards, namely: 
ANS/ANSI 8.3, ISO 7753 and IEC60860 is discussed in this paper. This paper also describes the process 
for the assessment and testing of the new CIDAS® MkXI system with a critical pulse in a test reactor and 
the results of these tests. The achievement of the correct dose level, the reliable monitoring of component 
functionality, minimization of the number of pulses and ensuring the successful collection of required data 
are all considered in detail. The tests were undertaken at the White Sands Missile Range in New Mexico, 
on the Molly G-Fast Burst Reactor (FBR), an un-moderated, un-reflected bare critical assembly of the 
Godiva II type. The results of the tests demonstrated that the new CIDAS® MkXI system components 
satisfactorily passed radiation tolerance testing. 
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Abstract/Keyterms: Criticality Accident Alarm Systems (CAAS) are required in nuclear facilities where 
an accidental criticality excursion could result from operational processes. Production-oriented nuclear fuel 
cycle facilities usually have a regulatory requirement for a CAAS in order to detect criticality events. 
CANBERRA, an AREVA company and the French Alternative Energies and Atomic Energy Commission 
(CEA) have been developing criticality alarm systems since the mid-1970s, originally aimed at meeting the 
needs of single-area CAASs in the French nuclear market. Since then, several CAAS generations were 
developed (EDAC1, EDAC2 and EDAC-21) and marketed worldwide. The most recent evolution of 
CANBERRA’s CAAS is a solution for large-scale nuclear fuel cycle facilities (both existing and new 
construction) that also takes into account the possible evolution of regulatory standards. The evolution was 
based on customer feedback and performance evaluation and incorporates a complete analysis of the install 
base of EDAC systems with taking advantage of the EDAC lifetime performance onsite. This plus the 
comprehensive tests performed in collaboration with the Institute for Radiological Protection and Nuclear 
Safety (IRSN) provide a full assessment of the CAAS systems. This paper presents the advances that have 
been performed on the detection probes, as well as the developments on a new processing cabinet to address 
large-scale nuclear fuel cycle facilities. This includes environmental testing in order to assess and comply 
with stringent operating conditions, and adaptability to meet future evolutions in standards following the 
Fukushima accident. 
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Abstract/Keyterms: The criticality accident alarm system detector placement analysis ensures compliance 
with GNF-A facilities special nuclear material license. The requirements from 10CFR70.24 ensure a 
representative “minimum accident of concern” for 20 rads of combined neutron and gamma radiation in 
soft tissue at 2 meters within 1 minute. In order to meet these requirements, the coupled neutron-photon 
KCODE calculations were performed to determine a limiting accident source among minimum accidents 
of concern from the credible accident fissile materials. Given the limiting accident source, MCNP fixed 
source forward calculations performed to generate the dose distributions over the designated areas of the 
GNF-A facility for the various difficult-to-detect accident sites. Also, to determine the gamma doses at 
potential detector locations which were selected on the basis of generated dose distributions. The detector 
locations were fine-tuned to ensure a complete coverage with a minimum number of detectors for a 
specified accident dose threshold. 
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Abstract/Keyterms: This paper extends the study presented at the ICNC 2011 on the kinetics of critical 
excursions pertinent to the ANSI/ANS 8.3 (1997) R2003 (ANS-8.3) Minimum Accident of Concern. That 
study focused on reactivity insertion modalities (step and ramp) for the ANS-8.3 Appendix B “Sustained 
Reaction” for LEU SHEBA and poorly moderated (H/X ~10) homogenized HEU metal-water mixtures. 
For this examination, the same Level 1 (point kinetic/r-z thermal) computational method noted from the 
ICNC 2011 study was applied to solution and poorly moderated reactivity step insertions between $0.75 
and slightly above prompt critical. Step insertions are considered bounding over ramp insertions for the 
Rapid Transient. An effort is made to confirm the fidelity of the Level 1 method by comparison to excursion 
experiments noted in complementary papers published at ICNC 2011 and afterwards. The C/Es from 
TRACY and SHEBA suggest a margin of 2 is acceptable for dose calculation uncertainties over a wide 
range of experiment parameters. The Rapid Transient excursion simulation also provided a link to the 
required ANS-8.23 (2007) §4.2.1 radiological dose prediction and §5.1.1 “predicted accident 
characteristics” required for response planning and prompt protective action. These actions are applicable 
to any condition where a CAAS is actuated, including a minimum accident. An application to a recent full 
scale criticality emergency exercise is highlighted using a $0.99 example presented in this work. 
Independent and improved calculations comparing dose in air (kerma) Ka, absorbed dose in tissue D(10), 
and effective dose H(10) intensify the results presented at ANS 2009 were incorporated into this study. 
Although the units of RBE-weighted absorbed dose in tissue (Gray Equivalent) are preferred for acute 
deterministic effects, the use of a “total effective dose” (TED) is based on both stochastic risk estimates 
and a desire for consistency with the current regulatory safety basis posture. The transition from a Sustained 
Reaction to a Rapid Transient occurs at $0.75 step insertion. The total energies for the poorly moderated 
excursion corresponding to D(10) of 0.2 Gy and 1 Gy to an individual 2 m away are reached approximately 
3 s and 6 s after alarm actuation respectively. The associated early response time corresponded to ~4 × 1015 
total fissions and 2 Sv TED. Noting a 0.1-Gy dose at the peak power, 1 × 1015 total fissions after 3 s 
corresponds to 0.5 Sv TED. The inverse period provides a process-specific detection criterion. For a Rapid 
Transient, a 1.0-s−1 inverse period applied to the total fissions is considered bounding. 
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Abstract/Keyterms: This paper develops proposed guidance and specification for a process-specific 
minimum accident of concern that meets the evaluation requirements of ANSI/ANS 8.3 (1997) R2003 
(ANS 8.3) §5.6. This guidance was derived from evaluations noted in recent and applicable 
ANS/NCSD/ICNC conference paper presentations. With this guidance, the application the ANS 8.3 
detection criterion need not be restricted to the ANS 8.3 Appendix B Sustained Reaction and Rapid 
Transient examples. A rigorous examination of minimum accident excursion kinetics and the current ANS 
8.3 Appendix B guidance shows that a detection criterion based on minimum excursion kinetics can be 
justified. This application considers a detector placement criteria based on a total fissions and a bounding 
inverse period for three classes of minimum excursion thresholds. These criteria can then apply to specific 
material forms and types. The following are offered as examples for consideration: Scenario 1: 
Solutions/fully moderated (homogeneous) mixtures (critical volume >10 L): 4× 1015 fissions represented 
by a credible slow excursion with an inverse period of 0.1 s−1 (excludes any slow cookers) Scenario 2: 
Poorly moderated H/X ~10 (critical volume <10 L): 2 × 1015 fissions represented by a credible fast 
excursion with an inverse period of 1 s−1 (minimal alarm recognition time). Scenario 3: Unmoderated 
metal: 1 × 1017 fissions/s represented by a minimum spike excursion of 1 × 1014 fissions with an inverse 
period of 1000 s−1. The excursions noted are consistent with literature values (e.g., Delafield and Clifton 
SRD309) or CRAC excursion experiments. The excursion periods provide sufficient time after detection 
and alarm actuation and factor a minimal alarm response time below 60 s for a process specific MAC. Thus 
this application is suitable to a "0.2 Gy within 60 s" criterion. The detector radius of coverage can be 
determined from direct examination of kinetics simulation data or the application of the total fissions (as 
excursion energy) to ANS-8.3 Appendix B Equation 4. For this application, a radius of detection for a 
Geiger-Mueller photon detector was determined and compared to different MAC thresholds. The results 
show that the excursion-kinetics related radius of coverage can support a CAAS detection criterion where 
the risk of excursions below prompt critical are determined significant to warrant system installation. This 
consideration is process dependent. A “risk informed insight” process can be developed to justify the 
application of a process specific MAC apart from a permitted Sustained Reaction construct. The risk 
informed insight considers risk in the traditional sense and as the effect of uncertainties on specific 
objectives. 
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Abstract/Keyterms: Burnup Credit allows considering the reactivity decrease due to fuel irradiation in 
nuclear criticality safety studies for the nuclear fuel cycle. Its implementation requires to carefully analyze 
the validity of the assumptions made to define the axial burnup profile, to determine the composition of the 
irradiated fuel and to perform the criticality simulation. This paper concerns Burnup Credit implementation 
for PWR MOX fuels and focuses on the determination of a conservative inventory of the fresh fuel for 
PWR MOX Burnup Credit applications to perform criticality safety studies. A solution, already examined, 
is to set up a method to determine, for a given ratio of Pu/(U+Pu), a bounding plutonium vector for the 
fresh fuel that gives, after irradiation, the most reactive composition whatever the irradiation history. The 
goal of this paper is to explore an alternative solution by taking a credit from fission products absorption 
for PWR MOX Burnup Credit implementation. For that purpose, the studies presented in this paper concern 
the evolution of the fission products contribution to the reactivity decrease as a function of the initial 
composition of MOX fuels selected from a database of more than 600 MOX fuels produced in France. 
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Abstract/Keyterms: Criticality safety assessments require sensitivity analyses which can be quite tedious 
if preformed manually. In order to reduce manual work and facilitate sensitivity studies, a calculation 
package has been set up. The package is built around MCNP which is used for the criticality calculations. 
The package consists of a data transfer and analysis program written in perl, and a set of skeletal inputs, 
called here models, for the fuel transport and storage systems including the fuel assembly. The models 
contain all the details for the assembly and the storage system. Some values in the models are replaced by 
keywords for the parameter. Values for the keywords are given in the input of the package and the keywords 
in the models are replaced by the appropriate value in the actual inputs for the MCNP runs. The package 
gives an easy and time-saving way to make a lot of criticality calculations with only small modifications to 
the inputs. Currently the models cover the transport and storage systems of Loviisa NPP. In principal, the 
package could be used to analyze any transport or storage system as long as a model for the specific system 
is constructed. In this paper, the usability is demonstrated with two different storage systems. 
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Abstract/Keyterms: Burnup Credit allows considering the reactivity decrease due to fuel irradiation in 
nuclear criticality safety studies for the nuclear fuel cycle. This paper concerns Burnup Credit 
implementation for BWR fuels. Such an implementation requires, among others, to carefully analyze the 
validity of the assumptions made to define the axial profile of the burnup and the void fraction as well as 
to determine the composition of the irradiated fuel. Results from previous studies indicate that the 
assumption of the maximum void fraction in the depletion calculation may not provide a bounding value 
of the keff of an irradiated fuel assembly model whatever the average burnup and the axial burnup profile 
considered. This paper aims at improving the comprehension of the combined influences of an axial profile 
of the burnup and void fraction by studying different profiles, different average burnups and two BWR 
assemblies with different enrichments and designs, in particular regarding gadolinium rods. Also, the 
studies presented in this paper concern the influence of gadolinium rods and the influence of an axial profile 
of the burnup and void fraction. 
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Abstract/Keyterms: Uncertainties in benchmark keff values due to uncertainties in individual components, 
such as geometry and material compositions, are rigorously quantified and documented in evaluations 
provided in the International Handbook of Evaluated Criticality Safety Benchmark Experiments 
(IHECSBE). Correlations between the uncertainties may affect not only the overall uncertainty for a series 
of benchmarks but also the magnitude of computational biases and bias uncertainties quantified by 
validation methods. The impact of the correlations in experimental uncertainties is especially important in 
the use of advanced validation methods such as Generalized Linear Least Squares (GLLS), as implemented 
in the SCALE TSURFER code. In a recent study, it was demonstrated that biases computed with GLLS 
procedures vary by as much as 75%, depending on the selection of the experimental uncertainty correlation 
value. of the >4000 benchmarks documented in the IHECSBE, experimental correlation data are only 
available in the DICE database tool for ~60 benchmarks. Additional data are available in DICE to identify 
the potential for correlations between evaluations, but the values of correlations are not quantified. The new 
Sampler module of SCALE provides stochastic capabilities to quantify uncertainties and correlations in 
keff or any other measured value for one or more benchmark experiments due to uncertainties in individual 
sources of uncertainty, such as geometry and material composition. The values for individual parameters 
in the input model are randomly modified within the reported uncertainty, and a distribution function and 
a series of perturbed keff values are obtained. Where sufficient samples are made, the distribution of the 
perturbed keff values is used to determine the uncertainty in the keff due to uncertainties in the input 
parameters. In cases where the same uncertainty parameters influence multiple experiments, such as where 
the same fissile solution or fuel rods are used for many critical measurements, the simultaneous perturbation 
of an uncertain parameter for multiple cases provides the correlation in keff uncertainties between the 
different configurations. The parametric uncertainty capabilities of Sampler for a single system are 
demonstrated for a benchmark exercise from the Organization for Economic Cooperation and Development 
(OECD) Nuclear Energy Agency (NEA) Working Party on Nuclear Criticality Safety (WPNCS) Expert 
Group on Uncertainty Analysis for Criticality Safety Assessment (UACSA) Phase II benchmark. Sampler 
is further applied to quantify correlations among benchmarks from a series of highly enriched uranium 
(HEU) solution (SOL) thermal spectrum (THERM) systems, through the analysis of the 10 cases from 
HEU-SOL-THERM-001 from the IHECSBE. 
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Abstract/Keyterms: This paper presents a way of looking at fissile systems by using parameters that are 
invariant under the density law transformation. Since the neutron transport equation and the diffusion 
equation are invariant under the density law transformation, the approach of using density law invariant 
parameters should offer better physical insights to a criticality safety problem. Two examples were used to 
illustrate this approach; the use of nonleakage fraction and the use of number of neutron mean free paths to 
characterize a neutron problem for criticality safety applications. Because of the neutron transport process, 
the density law gives us certain advantages in simplifying the physical problems to assess criticality issues. 
A criticality safety engineer may want to utilize these parameters in addition to other parameters such as 
keff, neutron spectrum, etc., as the tools in the tool box for criticality safety assessment. 



 

C-22462 

22407…..…..…………………..…….……..……ID Number…………………..…..…………….22407 

Author: Bekar, K. B. / Celik, C. / Wiarda, D. / Peplow, D. E. / Rearden, B. T. / Dunn, M. E. / 

Title: Enhancements in Continuous-Energy Monte Carlo Capabilities in SCALE 

Date: 9/29/2013 

Report: WILMINGTON, 734-746 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods III 

Abstract/Keyterms: Continuous energy Monte Carlo tools in SCALE are commonly used in criticality 
safety calculations, but new developments in SCALE 6.2 provide enhanced continuous-energy capabilities 
as well in sensitivity and uncertainty, depletion, and criticality accident alarm system (CAAS) analyses. 
Recent improvements in the continuous-energy data generated by the AMPX code system and significant 
advancements in the continuous-energy treatment in the KENO Monte Carlo eigenvalue codes facilitate 
the use of SCALE Monte Carlo codes to model geometrically complex systems with enhanced solution 
fidelity. The addition of continuous energy treatment to the Monaco fixed-source Monte Carlo code, which 
can be used with automatic variance reduction in the hybrid MAVRIC sequence, provides increased 
solution fidelity for shielding applications and CAAS modeling. In addition, the Monte Carlo depletion 
capability in SCALE has been extended from multigroup to continuous energy. This paper describes some 
of the advancements in continuous-energy Monte Carlo codes within the SCALE code system. 
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Abstract/Keyterms: SCALE 6.2 provides numerous updates in nuclear data, nuclear data processing, and 
computational tools utilized in the criticality safety calculational sequences relative to SCALE 6.1. A new 
252-group ENDF/B-VII.0 multigroup neutron library, improved ENDF/B-VII.0 continuous-energy data, as 
well as the previously deployed 238-group ENDF/B-VII.0 neutron library are included in SCALE 6.2 for 
criticality safety analysis. The performance of all three libraries for keff calculations is examined with a 
broad sampling of critical experiment models covering a range of fuels and moderators. Critical 
experiments from the International Handbook of Evaluated Criticality Safety Benchmark Experiments 
(IHECSBE) that are available in the SCALE Verified, Archived Library of Inputs and Data (VALID) are 
used in this validation effort. Over 300 cases are used in the validation of KENO V.a, and a more limited 
set of approximately 50 configurations is used for KENO-VI validation. Additionally, some KENO V.a 
cases are converted to KENO-VI models so that an equivalent set of experiments can be used to validate 
both codes. For continuous-energy calculations, SCALE 6.2 provides improved performance relative to 
SCALE 6.1 in most areas with notable improvements in fuel pin lattice cases, particularly those with mixed 
oxide fuel. Multigroup calculations with the 252-group library also demonstrate improved performance for 
fuel lattices, uranium (high and intermediate enrichment) and plutonium metal experiments, and plutonium 
solution systems. Overall, SCALE 6.2 provides equivalent or smaller biases than SCALE 6.1, and the two 
versions of KENO provide similar results on the same suite of problems. 
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Abstract/Keyterms: Since its release in June 2011, efforts have been underway to produce a general 
validation of SCALE6.1/KENO V.a using the ENDF/B-VII 238-group library that is in compliance with 
ANSI/ANS-8.24. At this point, the validation consists of approximately 900 cases. All cases consist of 
either: HEU, LEU, or U-233. All validation benchmark cases are from the International Handbook of 
Evaluated Criticality Safety Benchmarks Experiments (IHECSBE). The decision was made to perform the 
statistical analysis and determine the Upper Subcritical Limit using the techniques described in NUREG-
6698 while meeting the requirements in ANSI-ANS-8.1 and ANSI/ANI-8.24. This resulted in a general 
validation applicable to uranium. This validation is a living document with benchmark cases added on a 
regular basis. Efforts continue to expand this validation to include cases containing all available fissile 
materials and configurations. 
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Abstract/Keyterms: The recent revision of Interim Staff Guidance (ISG-8 revision 3), issued by the US 
Nuclear Regulatory Commission, on burnup credit for criticality safety analysis of pressurized water reactor 
spent fuel in transportation and storage casks expands the nuclides that can be credited in the fuel 
composition to include minor actinides and fission products. The technical basis for development of the 
uncertainties associated with calculated nuclide concentrations in spent nuclear fuel that are recommended 
in ISG-8 was established through the use of measured isotopic data acquired from destructive radiochemical 
assay data for spent fuel samples. These data provide a direct experimental basis for determining 
uncertainties in the calculated nuclide concentrations. To provide additional insight into code uncertainties 
resulting from nuclear data and the level of conservatism associated with using experimental assay 
benchmark data for uncertainty evaluation, a new uncertainty analysis tool in the SCALE code system that 
performs stochastic sampling of nuclear data has been applied to representative burnup credit calculations 
for spent fuel pool and dry cask storage applications methodology. The nuclear data uncertainty analysis 
capabilities in Sampler can account for uncertainty contributions from cross sections, fission yields, and 
decay data by using correlated sampling of covariance files developed for all nuclear data used by SCALE. 
These uncertainties associated with nuclear data evaluations are compared to corresponding values 
developed in ISG-8 that are based on destructive assay data, as well as to values obtained using an alternate 
methodology that was developed by the Electric Power Research Institute based on reactor core simulation 
data. 
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Title: Overview of SCALE 6.2 

Date: 9/29/2013 

Report: WILMINGTON, 793-803 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods III 

Abstract/Keyterms: SCALE is a widely used suite of tools for nuclear systems modeling and simulation 
that provides comprehensive, verified and validated, user-friendly capabilities for criticality safety, reactor 
physics, radiation shielding, and sensitivity and uncertainty analysis. For more than 30 years, regulators, 
licensees, and research institutions around the world have used SCALE for nuclear safety analysis and 
design. SCALE provides a “plug-and-play” framework that includes three deterministic and three Monte 
Carlo radiation transport solvers that are selected based on the desired solution. SCALE includes the latest 
nuclear data libraries for continuous-energy and multigroup radiation transport as well as activation, 
depletion, and decay calculations. SCALE’s graphical user interfaces assist with accurate system modeling, 
visualization, and convenient access to desired results. SCALE 6.2 provides several new capabilities and 
significant improvements in many existing features, especially with expanded CE Monte Carlo capabilities 
for criticality safety, shielding, depletion, and sensitivity and uncertainty analysis. A brief overview of 
SCALE capabilities is provided with emphasis on new features for SCALE 6.2. 
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Report: WILMINGTON, 804 

Conference/Journal: Topical Meeting held by the ANS Nuclear Criticality Safety Division 
(NCSD2013), Wilmington, North Carolina USA, 29 Sep-Oct 2013 

Conference Session: Methods III 

Abstract/Keyterms: A methodology based on stochastic sampling of input data covariances has been 
developed for uncertainty quantification with the SCALE code system. This provides the capability to 
determine uncertainties for a wide range of responses computed with any SCALE sequence. The methods 
used in the stochastic computation are discussed here for determining the uncertainty in the multiplication 
factor of used nuclear fuel (UNF), taking into account the impact of nuclear data uncertainties on the 
depletion calculations. 
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Title: Nuclear Energy: Salvaging the Atomic Age 
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Report: Wilson Quarterly, 3, 3, 88-112 

Conference/Journal: Wilson Quarterly (U.S.) 

Conference Session:  

Abstract/Keyterms: The history of atomic power is reviewed from the first chain reaction in Chicago in 
1942 to the worst-to-date accident at the Three Mile Island power plant in March, 1979. While media 
coverage during the Three Mile Island incident made the public aware of some reactor hardware and 
radiation hazards, Weinberg suggests that an acceptable nuclear future should have six characteristics 
further technical improvements, separation of generation and distribution, professionalization of the nuclear 
cadre, heightened security, and public education about the hazards of radiation. Weinberg feels the question 
of low-level radiation effects to be critical to public acceptance of nuclear energy. Since the effects (if any) 
are so rarely seen because exposures are so small, the issue may be beyond the ability of science to decipher. 
Weinberg again explains his reference to nuclear energy as a Faustian Bargain of energy, demands an 
unprecedented degree of expertise, attention to detail, and social stability. In return, man has, in the breeder 
reactor, an inexhaustible energy source. 
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Title: Pilot Plant Operation of a Geometrically Safe Denitrator at the Idaho Chemical Processing Plant 

Date: 6/1/1987 

Report: WINCO-1037 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the results of a testing program designed to improve the 
fluidized bed denitration process at the Idaho Chemical Processing Plant (ICPP). Several equipment 
modifications were made to the existing process to obtain a critically safe system by geometry and to 
increase throughput from 4.5 to 7 L/h. Procedural changes were made and optimum operating parameters 
were found, resulting in improved overall performance of the system. 
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Title: Validation of MCNP, A Comparison with SCALE: Part 1, Highly Enriched Uranium Solutions 

Date: 10/1/1992 

Report: WINCO-1109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Six sets of critical experiments have been modeled and an effective multiplication 
factor, k(eff), calculated for each experiment. Each of the experiments used either uranyl nitrate or uranyl 
fluoride solution as the fissile material. The calculations of k(eff) were performed using MCNP 4. MCNP 
is a Monte Carlo based transport code which used continuous-energy nuclear data for these calculations. 
ENDF/B-V cross sections were used for this study. This report also compares the results of MCNP with the 
results of the CSAS25 module of SCALE4 using the 27 group ENDF/B-IV cross sections. A previous 
validation study includes information about the CSAS25 module and the resulting data. What follows in 
Section 2 are descriptions of the experiments performed. Section 3, Results, consists primarily of tables 
listing the calculated k(eff) 's. Lastly, Sections 4 and 5 give a general discussion of observed trends in the 
results and suggested biases. 
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Title: Validation of the CSAS25 Module of SCALE: Part 2, Highly Enriched Uranium Metal Systems 

Date: 10/1/1992 

Report: WINCO-1110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Part 2 of a series of validation studies dealing with highly enriched uranium 
systems. For this study six sets of critical experiments involving uranium metal have been modeled and an 
effective multiplication factor, k(eff), calculated for each experiment. An earlier study addresses the 
validation of MCNP for use with highly enriched uranium solutions. The calculations of k(eff) were 
performed using MCNP 4. MCNP is a Monte Carlo based transport code which used continuous energy 
nuclear data for these calculations. END/B-V cross sections were used for this study- This report also 
compares the results of MCNP with the results of the CSAS25 module of SCALE 4 using the 27 group 
END/B-IV cross sections. Provided in Section 2 are general descriptions of the experiments performed. 
Section 3, Results, consists primarily of tables listing the calculated k(eff) 's. Lastly, Sections 4 and 5 give 
a general discussion of observed trends in the results and suggested biases. 
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Title: Validation of MCNP, A Comparison with SCALE: Part 3, Highly Enriched Uranium Oxide Systems 

Date: 10/1/1992 

Report: WINCO-1111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Part 3 of a series of validation studies dealing with highly enriched uranium 
systems. For this study only one set of critical experiments involving uranium dioxide have been modeled. 
Earlier studies address the validation of MCNP for use with highly enriched uranium solutions and metal 
systems. The calculations of k(eff) were performed using MCNP 4. MCNP is a Monte Carlo based transport 
code which used continuous-energy nuclear data for these calculations. ENDF/B-V cross sections were 
used for this study. This report also compares the results of MCNP with the results of the CSAS25 module 
of SCALE 4 using the 27 group ENDF/B-V cross sections. A previous validation study includes 
information about the CSAS25 module and the resulting data. 
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Abstract/Keyterms: HEU-MET-THERM-006 



 

C-22474 

22419…..…..…………………..…….……..……ID Number…………………..…..…………….22419 

Author: Palmer, B. M. / Crawford, C. 

Title: Validation of the CSAS25 Module of SCALE: Part 1, Highly Enriched Uranium Solutions 

Date: 7/1/1991 

Report: WINCO-1116 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Six sets of critical experiments have been modeled and an effective multiplication 
factor, k(eff), calculated for each experiment. Each of the experiments used either uranyl nitrate or uranyl 
fluoride solution as the fissile material. The calculations of k(eff) were performed using the CSAS25 
module of SCALE 4. The CSAS25 module is made up of three distinct programs, BONAMI-II, NITAWL-
II, and KENO V.a. BONAMI-II and NITAWL-II are cross section manipulation routines capable of 
adjusting cross sections to take into account effects due to temperature, geometry, and composition. KENO 
V.a. is a Monte Carlo program that determines k(eff) using the adjusted cross sections. Three cross section 
libraries available in SCALE were used for this study, the 16 group Hansen-Roach, the 27 group ENDF/B-
IV, and the 123 group Gam-Thermos. 
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Title: Validation of the CSAS25 Module of SCALE. Part 2: Highly Enriched Uranium Metal Systems 

Date: 9/1/1991 

Report: WINCO-1117 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Part 2 of a series of validation studies dealing with highly enriched uranium 
systems. For this study six sets of critical experiments involving uranium metal have been modeled and an 
effective multiplication factor, k(eff), calculated for each experiment. The calculations of k(eff) were 
performed using the CSAS25 module of SCALE 4. The CSAS25 module is made up of three distinct 
programs, BONAMI-II, NITAWL-II, and KENO Va. BONAMI-II and NITAWL-II are cross section 
manipulation routines capable of adjusting cross sections to take into account effects due to temperature, 
geometry, and composition. KENO Va is a Monte Carlo program that determines k(eff) using the adjusted 
cross sections. Three cross section libraries available in SCALE were used for this study, the 16 group 
Hansen-Roach, the 27 group END/B-IV, and the 123 group Gam-Thermos. Provided in Section 2 are 
general descriptions of the experiments performed. Section 3, Results, consists primarily of tables listing 
the calculated k(eff) `s. Lastly, Sections 4 and 5 give a general discussion of observed trends in the results 
and suggested biases. 
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Title: Validation of the CSAS25 Module of SCALE. Part 3: Highly Enriched Uranium Oxide Systems 
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Report: WINCO-1118 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This Part 3 of a series of validation studies dealing with highly enriched uranium 
systems. For this study only one set of critical experiments involving uranium dioxide have been modeled. 
The calculations of k(eff) were performed using the CSAS25 module of SCALE 4. The CSAS25 module 
is made up of three distinct programs, BONAMI-II, NITAWL-II, and KENO V.a. BONAMI-II and 
NITAWL-II are cross section manipulation routines capable of adjusting cross sections to take into account 
effects due to temperature, geometry, and composition. KENO V.a is a Monte Carlo program that 
determines k(eff) using the adjusted cross sections. Three cross section libraries available in SCALE were 
used for this study, the 16 group Hansen-Roach, the 27 group ENDF/B-IV, and the 123 group Gam-
Thermos. Part 1 includes descriptions of the cross sections and the cross section manipulation routines. 
What follows in Section 2 are general descriptions of the experiments performed. Section 3, Results, 
consists primarily of tables listing the calculated k(eff) 's. Lastly, Sections 4 and 5 give a general discussion 
of observed trends in the results and suggested biases. 
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Report: WINCO-1119 
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Abstract/Keyterms: The purpose of this study is to provide some basic guidance regarding the criticality 
safety implications associated with long term burial of highly enriched nuclear fuel in a geologic repository. 
Generic calculations to determine the distance required to neutronically isolate neighboring fissile regions 
are reported. Two specific fuels are also addressed, Fort Saint Vrain and Shippingport PWR Core-2 Seed-
2 (PWR). These fuels are addressed under both dry and flooded conditions. Fort Saint Vrain fuel contains 
a uranium-graphite fuel matrix, is graphite moderated and has a relatively low 235U loading 
({approximately}1 kg per element). PWR contains a uranium-zirconium fuel matrix, is water moderated, 
zircaloy clad and has a 235U loading of{approximately}15 kg per cluster. These two fuels are 
representative of many of the fuels currently stored at the Idaho Chemical Processing Plant (ICPP). The 
spent fuel storage system under consideration involves filling cylindrical canisters with spent nuclear fuel. 
These canisters are then to be placed into a geologic repository. Salt and tuff are the two most likely 
materials in which the canisters will be buried. Canisters will require sufficient material between them to 
ensure that the overall reactivity stays within acceptable limits. Fuels will also have to be shown to be 
critically safe under a variety of conditions. These conditions include flooding and the loss of the physical 
integrity of the fuel. 
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Date: 10/1/1989 

Report: WINCO-11577 

Conference/Journal: Symposium on separation science and technology for energy applications, 
Knoxville, TN (United States), 22-27 Oct 1989 

Conference Session:  

Abstract/Keyterms: Administrative controls, nuclear poisons, and favorable geometries have been used 
to prevent the occurrence of criticalities in nuclear fuel reprocessing facilities at the Idaho Chemical 
Processing Plant (ICPP) located at the Idaho National Engineering Laboratory (INEL). However, in the 
future it is planned to further enhance criticality safety at ICPP by employing favorable vessel geometries. 
This document provides a discussion of these various geometries. 
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Date: 7/1/1990 

Report: WINCO-11603; CONF-9007231--1 

Conference/Journal: 1990 summer computer simulation conference, Calgary (Canada), 16-18 Jul 1990 

Conference Session:  

Abstract/Keyterms: This mission of the Idaho Chemical Processing Plant (ICPP) is to recover highly-
enriched uranium from spent nuclear reactor fuel. One fuel type is dissolved in mercury-catalyzed nitric 
acid, and the uranium is extracted from the resulting dissolver product by an organic solvent. This fuel is 
composed of an aluminum-alloy-clad matrix of particulate uranium aluminide, which dissolves more slowly 
than the cladding. Because of the content of fissile 235U, suspended uranium aluminide or dissolved uranyl 
nitrate can form a critical mass under some circumstances. The dissolver and piping are geometrically 
favorable from the criticality standpoint, so the digester is where a criticality event would be most likely to 
occur. In the digester, the mass limit for 235U (as suspended uranium aluminide particles) is approximately 
790 g. depending on the uranyl nitrate concentration. In a clear dissolver product (no suspended UAl3, the 
concentration limit is 7 g 235U/L (as uranyl nitrate). Both limits are substantially below the lowest values 
at which a criticality event could possibly occur. This document a dynamic model of uranium aluminide 
dissolution in a continuous dissolver system, report typical calculated results, and advance appropriate 
conclusions. 
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Conference/Journal: International conference on facility operations/safeguards interface/ 29 Sep - 4 Oct 
1991/ Albuquerque, NM (United States) 

Conference Session:  

Abstract/Keyterms: Solution mixing tests using air sparging were performed in geometrically favorable 
slab, annular, and tube vessels. Results of the testing indicate that slab tanks can be mixed in less than 45 
minutes to meet accountability requirements. Annular and tube tanks can be mixed to meet accountability 
requirements in less than 40 minutes. The time required to mix banks of slab, annular and tube tanks has 
been modeled as a function of recirculation flowrate and vessel volume. Measurement capabilities of tube 
and annular tanks have been demonstrated and future testing is planned to verify the measurement 
capabilities of slab tanks. 
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Title: Summary of Key Directives Governing Permanent Disposal in a Geologic Repository 

Date: 11/1/1993 

Report: WINCO-1179 
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Abstract/Keyterms: This document was developed in support of the Idaho National Engineering 
Laboratory (INEL) Spent Fuel and Waste Management Technology Development Program (SF WMTDP). 
It is largely comprised of flow diagrams summarizing the key regulatory requirements which govern 
permanent disposal in a geologic repository. The key purposes are (1) to provide an easy and effective tool 
for referencing or cross referencing federal directives (i.e., regulations and orders), (2) to provide a method 
for examining the requirements in one directive category against the requirements in another, and (3) to list 
actions that must be taken to ensure directive compliance. The document is categorically broken down into 
a Transportation section and a Mined Geologic Disposal System (MGDS) section to ensure that the 
interrelationship of the entire disposal system is considered. The Transportation section describes the 
transportation packaging requirements, testing methods, and safety requirements imposed on fissile 
material shipments. The MGDS section encompasses technical aspects involved in siting, licensing, waste 
interaction with the container, container design features, physical characteristics of the surrounding 
environment, facility design features, barrier systems, safety features, criticality considerations, migration 
restrictions, implementation guidelines, and so forth. For purposes of illustration, the worst case scenario 
is outlined. It is important that the approaches and considerations contained in this document be integrated 
into the efforts of the SF WMTDP so that every applicable aspect of the regulatory requirements can be 
evaluated to avoid investing large sums of money into projects that do not take into account all of the aspects 
of permanent waste disposal. Not until an overall picture and clear understanding of these regulations is 
established can a basis be developed to govern the direction of future activities of the SF WMTDP. 
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Conference Session:  

Abstract/Keyterms: This paper covers the development of the fluidic sampler and its testing in a fluidic 
transfer system. The major findings of this paper are as follows. Fluidic jet samples can dependably produce 
unbiased samples of acceptable volume. The fluidic transfer system with a fluidic sampler in-line will 
transfer water to a net lift of 37.2--39.9 feet at an average ratio of 0.02--0.05 gpm (77--192 cc/min). The 
fluidic sample system circulation rate compares very favorably with the normal 0.016--0.026 gpm (60--100 
cc/min) circulation rate that is commonly produced for this lift and solution with the jet-assisted airlift 
sample system that is normally used at ICPP. The volume of the sample taken with a fluidic sampler is 
dependent on the motive pressure to the fluidic sampler, the sample bottle size and on the fluidic sampler 
jet characteristics. The fluidic sampler should be supplied with fluid having the motive pressure of the 140-
-150 percent of the peak vacuum producing motive pressure for the jet in the sampler. Fluidic transfer 
systems should be operated by emptying a full pumping chamber to nearly empty or empty during the 
pumping cycle, this maximizes the solution transfer rate. 
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Abstract/Keyterms: Minimum critical fissile concentrations are calculated for U-233, U-235, Pu-239, and 
Am-242m mixed homogeneously with hydrogen at temperatures to 15,000K. Minimum critical masses of 
the same mixtures in a 1000 liter sphere are also calculated. It is shown that propellant efficiencies of a gas 
core fizzler engine using Am-242m as fuel would exceed those in a solid core engine as small as 1000L 
operating at 100 atmospheres pressure. The same would be true for Pu-239 and possibly U-233 at pressures 
of 1000 atm. or at larger volumes. 
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Abstract/Keyterms: Slab tanks (critically-safe-by-geometry vessels) were proposed for the storage of 
concentrated, highly-enriched uranium solution in the design of the Fuel Processing Restoration (FPR) 
Facility at the Idaho Chemical Processing Plant (ICPP). Currently, measurements of bulk mass in ICPP 
annular vessels have standard deviations on the order of 0.2%, or less. ICPP personnel felt that their 
inexperience with the aforementioned expansions would prevent them from attaining comparable precision 
with slab tanks. To help assess the measurement accuracy of slab vessels, a full-scale mockup of those 
proposed for the FPR Facility was installed for test calibrations. These calibrations were designed to detect 
vessel expansion under differing conditions. This paper will compare the base-line, water calibrations with 
those of the higher-density aluminum nitrate, and any observed deflection will be described using vessel 
calibration techniques. The calibration using water at an elevated temperature was not performed due to the 
difficulty of maintaining the elevated temperature. This calibration probably will not be conducted because 
the construction of the FPR Facility has been halted. 
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Abstract/Keyterms: The paper examines the issue, What are the advantages, disadvantages, and other 
considerations for using the MPC concept as part of the strategy for interim storage and disposal of DOE-
owned SNF The paper is based in part on the results of an evaluation made for the DOE National Spent 
Fuel Program by the Waste Form Barrier/Canister Team, which is composed of knowledgeable DOE and 
DOE-contractor personnel. The paper reviews the MPC and DOE SNF status, provides criteria and other 
considerations applicable to the issue, and presents an evaluation, conclusions, and recommendations. The 
primary conclusion is that while most of DOE SNF is not currently sufficiently characterized to be sealed 
into an MPC, the advantages of standardized packages in handling, reduced radiation exposure, and 
improved human factors should be considered in DOE SNF program planning. While the design of MPCs 
for DOE SNF are likely premature at this time, the use of canisters should be considered which are 
consistent with interim storage options and the MPC design 
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Title: Critical Experiment Program for the Westinghouse Testing Reactor 
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Abstract/Keyterms: A program of experiments is presented which includes measurements of critical size, 
neutron flux, migration area, and control rod effectiveness as well as reactivity measurements to determine 
fuel and poison worth and burnout effects. Some measurements giving necessary engineering information 
are also discussed. A possible set of safety rules and procedures for conducting critical experiments in the 
Reactivity Measurement Facility are given. 
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Title: Reactor Computation Methods 
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Abstract/Keyterms: Chapter one of this volume gives procedures for calculating infinite multiplication 
constants, critical masses, and long-term transients for nuclear reactors. The second chapter outlines 
calculation methods applicable to reactor control philosophy. Chapter three contains a bibliography with 
abstracts. 
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Abstract/Keyterms: Hanford is presently retrieving contact-handled, transuranic (CH-TRU) waste drums 
from the site's Low-Level Burial Grounds (LLBG) for processing and disposition. A subgroup of these 
drums (12 total), referred to as Pu-238 drums, has some unique characteristics that may impact the current 
drum handling and processing activities. These characteristics include content, shielding, thermal, 
pressurization and criticality issues. An effort to evaluate these characteristics, for the purpose of 
developing a specific plan for safe retrieval of the Pu-238 drums, is underway. In addition to the above 
evaluation, the following integrity assessment of the inner container material and/or confinement properties, 
with primary emphasis on the Source Capsule (primary confinement barrier) and Shipping Container has 
been performed. Assessment included review of the inner container materials and the potential impact the 
service history may have had on material and/or confinement properties. Several environmental degradation 
mechanisms were considered with the objective of answering the following question: Is it likely the 
container material and/or confinement properties have been significantly altered as a result of service 
history? 
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Conference Session:  

Abstract/Keyterms: Computational methods and data used for sensitivity and uncertainty analysis within 
the SCALE nuclear analysis code system are presented. The methodology used to calculate sensitivity 
coefficients and similarity coefficients and to perform nuclear data adjustment is discussed. A description 
is provided of the SCALE-6 covariance library based on ENDF/B-VII and other nuclear data evaluations, 
supplemented by 'low-fidelity' approximate covariances. SCALE (Standardized Computer Analyses for 
Licensing Evaluation) is a modular code system developed by Oak Ridge National Laboratory (ORNL) to 
perform calculations for criticality safety, reactor physics, and radiation shielding applications. SCALE 
calculations typically use sequences that execute a predefined series of executable modules to compute 
particle fluxes and responses like the critical multiplication factor. SCALE also includes modules for 
sensitivity and uncertainty (S/U) analysis of calculated responses. The S/U codes in SCALE are collectively 
referred to as TSUNAMI (Tools for Sensitivity and UNcertainty Analysis Methodology Implementation). 
SCALE-6-scheduled for release in 2008-contains significant new capabilities, including important 
enhancements in S/U methods and data. The main functions of TSUNAMI are to (a) compute nuclear data 
sensitivity coefficients and response uncertainties, (b) establish similarity between benchmark experiments 
and design applications, and (c) reduce uncertainty in calculated responses by consolidating integral 
benchmark experiments. TSUNAMI includes easy-to-use graphical user interfaces for defining problem 
input and viewing three-dimensional (3D) geometries, as well as an integrated plotting package. 
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Abstract/Keyterms: Compact Storage Methods / Reracking / Spent Nuclear Fuel / Juragua NPP 
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Conference Session:  

Abstract/Keyterms:  
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Conference/Journal:  
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Abstract/Keyterms: Aluminum-based spent nuclear fuel (Al-SNF) from foreign and domestic research 
reactors is being consolidated at the Savannah River Site (SRS) for ultimate disposal in the Mined Geologic 
Disposal System (MGDS). Most of the aluminum-based fuel material contains highly enriched uranium 
(HEU) (greater than 20 percent 235U), which poses a proliferation risk and challenges the preclusion of 
criticality events for disposal periods exceeding 10,000 years. 
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Abstract/Keyterms: The ANSI/ANS 8.3 standard allows a maximum yield not to exceed 2 x 10 fissions 
to calculate requiring the alarm system to be effective. It is common practice to use this allowance or to 
develop some other yield based on past criticality accident history or excursion experiments. The literature 
on the subject of yields discusses maximum yields larger and somewhat smaller than the ANS 8.3 
permissive value. The ability to model criticality excursions and vary the various parameters to determine 
a credible maximum yield for operational specific cases has been available for some time but is not in 
common use by criticality safety specialists. The topic of yields for various solution, metal, oxide powders, 
etc. in various geometry's and containers has been published by laboratory specialists or university staff 
and students for many decades but have not been available to practitioners. The need for best-estimate 
calculations of fission yields with a well-validated criticality excursion code has long been recognized. But 
no coordinated effort has been made so far to develop a generalized and well-validated excursion code for 
different types of systems. In this paper, the current practices to estimate fission yields are summarized 
along with its shortcomings for the 12-Rad zone (at SRS) and Criticality Alarm System (CAS) calculations. 
Finally the need for a user-friendly excursion code is reemphasized. 
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Abstract/Keyterms: The Analytical Development Section of SRTC was requested by the Facilities 
Disposition Division (FDD) of the Savannah River Site to determine the holdup of enriched uranium in the 
321-M facility as part of an overall deactivation project of the facility. The 321-M facility was used to 
fabricate enriched uranium fuel assemblies, lithium-aluminum target tubes, neptunium assemblies, and 
miscellaneous components for the production reactors. The results of the holdup assays are essential for 
determining compliance with the solid waste Waste Acceptance Criteria, Material Control and 
Accountability, and to meet criticality safety controls. Three measurement systems were used to determine 
highly enriched uranium (HEU) holdup. This report covers holdup measurements on the A-Lathe that was 
used to machine uranium-aluminum-alloy (U-Al). Our results indicated that the lathe contained more than 
the limits stated in the Waste Acceptance Criteria (WAC) for the solid waste E-Area Vaults. Thus the lathe 
was decontaminated three times and assayed four times in order to bring the amounts of uranium to an 
acceptable content. This report will discuss the methodology, Non-Destructive Assay (NDA) 
measurements, and results of the U-235 holdup on the lathe. 
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Conference Session:  

Abstract/Keyterms: A Criticality Alarm System is normally designed to detect immediately the minimum 
accident of concern. This report covers the methodology to establish a different minimum accident of 
concern developed for shielded facilities and applied to a case of the canyon sump excursion in a Savannah 
River Site facility. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Receiving Basin for Offsite Fuel (RBOF) is a Savannah River Site (SRS) facility 
used for underwater receipt, storage, and conditioning of spent nuclear fuel, generally from offsite reactors. 
This facility is currently undergoing a de-inventory process. Two of the most recent fuel categories to be 
de-inventoried, which are the subject of this paper, are the Gas Cooled Reactor Experiment (GCRE) Fuel 
and the Argonne National Lab Mixed Oxide (MOX) Fuel. These fuels were stored in one of the many racks 
in the Main Basin. The handling of this fuel involved the first effort to de-inventory RBOF stored fuel from 
a multi-tiered rack and hence, presented new criticality safety challenges. After this and the remaining de-
inventory efforts for the RBOF facility, it is planned for shut-down. This paper discusses the major 
criticality safety contingencies and controls associated with the de-inventory of the GCRE and MOX fuels. 
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Conference Session:  

Abstract/Keyterms: Criticality analysis of the proposed melt-dilute (MD) form of aluminum-based spent 
nuclear fuel (SNF), under geologic repository conditions, was performed following the methodology 
documented in the Disposal Criticality Analysis Methodology Topical Report. This methodology evaluates 
the potential for nuclear criticality for a waste form in a waste package. Criticality calculations show that 
even with waste package failure, followed by degradation of material within the waste package and 
potential loss of neutron absorber materials, sub-critical conditions can be readily demonstrated for the MD 
form of aluminum-based SNF. 
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Conference Session:  

Abstract/Keyterms: The Savannah River Site (SRS) Environmental Management (EM) nuclear material 
stabilization program includes the dissolution and processing of legacy materials from various DOE sites. 
The SRS canyon facilities were designed to dissolve and process spent nuclear fuel and targets. As the 
processing of typical materials is completed, unusual and exotic nuclear materials are being targeted for 
stabilization. These unusual materials are often difficult to dissolve using historical flowsheet conditions 
and require more aggressive dissolver solutions. Solids must be prevented in the dissolver to avoid 
expensive delays associated with the build-up of insoluble material in downstream process equipment. 
Moreover, it is vital to prevent precipitation of all solids, especially plutonium-bearing solids, since their 
presence in dissolver solutions raises criticality safety issues. To prevent precipitation of undesirable solids 
in aqueous process solutions, the accuracy of computer models to predict precipitate formation requires 
incorporation of plant specific fundamental data. These data are incorporated into a previously developed 
thermodynamic computer program that applies the Pitzer correlation to derive activity coefficient 
parameters. This improved predictive model will reduce unwanted precipitation in process solutions at DOE 
sites working with EM nuclear materials in aqueous solutions. 
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Abstract/Keyterms: This paper describes laboratory-scale results on experiments performed to examine 
the feasibility of isotopic dilution of uranium-235 in supernatant liquid storage tanks at the Savannah River 
Site. The isotopic dilution tests were accomplished by adding an alkaline depleted uranium solution to small 
portions of simulated and actual storage tank waste solutions with enriched U-235 compositions. Based on 
the laboratory observations, recommendations were made, which involved the addition of significant 
quantities of uranyl carbonate solution to over four million liters of U-235 enriched waste stored in Tank 
43H at SRS to reduce the risk for criticality. A post-uranyl carbonate addition analysis on the tank supernate 
confirmed the effectiveness of depleted uranium in isotopic dilution of U-235. The U-235 enrichment in 
the Tank 43H was isotopically diluted from an original high of over 4 wt percent down to less than 0.5 wt 
percent as predicted from the laboratory investigations. 
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Abstract/Keyterms: Burnup credit was recently used for the first time in criticality safety analysis to 
support the handling of the National Institute of Standards and Technology spent fuel assemblies in the L 
Basin of Savannah River Site. Previous criticality safety analyses were based on the fissile content of fresh, 
unirradiated fuel assemblies, resulting in handling of a group of 10 or less fuel assemblies at a time. Using 
burnup credit, it was demonstrated that an isolated configuration of up to 14 NITS fuel assemblies, the 
maximum number of fuel assemblies in a full basket, submerged in a concrete-lined, water-filled pool is 
subcritical, resulting in several administrative controls being modified or eliminated without compromising 
safety 
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Abstract/Keyterms: DOE Order 420.1A, Facility Safety, requires the installation of Criticality Accident 
Alarm System (CAAS) to detect the radiation from an unplanned and uncontrolled nuclear reaction and to 
notify building occupants of such an event if the expected dose exceeds 12 rads in free air. DOE Order 
420.1A requires that the Nuclear Criticality Safety Program be based on the requirements in ANSI/ANS-
8.3-1997. This standard permits the use of portable criticality detection instruments “in areas that are not 
normally occupied.” This paper provides a basis for a working definition of the term “not normally 
occupied” for the application of APCDs at the Savannah River Site (SRS). 
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Abstract/Keyterms: The caustic precipitation of plutonium (Pu) and uranium (U) from Pu and U-
containing waste solutions has been investigated to determine whether gadolinium (Gd) could be used as a 
neutron poison for precipitation with greater than a fissile mass containing both Pu and enriched U. 
Precipitation experiments were performed using both process solution samples and simulant solutions with 
a range of 2.6-5.16 g/L U and 0-4.3:1 U:Pu. Analyses were performed on solutions at intermediate pH to 
determine the partitioning of elements for accident scenarios. When both Pu and U were present in the 
solution, precipitation began at pH 4.5 and by pH 7, 99% of Pu and U had precipitated. When complete 
neutralization was achieved at pH > 14 with 1.2 M excess OH{sup -}, greater than 99% of Pu, U, and Gd 
had precipitated. At pH > 14, the particles sizes were larger and the distribution was a single mode. The 
ratio of hydrogen:fissile atoms in the precipitate was determined after both settling and centrifuging and 
indicates that sufficient water was associated with the precipitates to provide the needed neutron moderation 
for Gd to prevent a criticality in solutions containing up to 4.3:1 U:Pu and up to 5.16 g/L U. 
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Abstract/Keyterms: The Appendix B published with ANSI 8.3 in both the present and previous editions, 
contains a calculation example for distance of coverage of a CAAS. In it, a trip point multiplication factor 
of 2500 is included to address system under response to a short pulse of radiation. While the text describes 
this to accommodate needle response, it might seem that this would be unnecessary with modern circuitry. 
An investigation of the response of some radiation detectors used in alarm systems shows some fundamental 
effects still make such a consideration necessary. Outputs and alarms from an ionization chamber system 
are examined for response to a fast pulse reactor, and some. gamma detectors response to pulse radiation 
are examined including GM and scintillation detectors, and an ionization chamber. In addition, time to 
alarm by typical personal alarming dosimeters is determined by exposure to step - increase radiation and 
pulse radiation. This type of commercial instrument has been considered f or the application as a portable 
criticality alarm as addressed in section 4.4.2 of ANSI 8.3- 1997. There are variations in alarm signal 
activation delay depending on the amount of signal processing involved, with the greatest delay from those 
using digital data processing. 
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Abstract/Keyterms: Experiments have been conducted to examine the fate of uranium during the 
formation of sodium aluminosilicate (NAS) when wastes containing high aluminate concentrations are 
mixed with wastes of high silicate concentration. Testing was conducted at varying degrees of uranium 
saturation. Testing examined typical tank conditions, e.g., stagnant, slightly elevated temperature (50 C). 
The results showed that under sub-saturated conditions uranium is not removed from solution to any large 
extent in both simulant testing and actual tank waste testing. This aspect was not thoroughly understood 
prior to this work and was necessary to avoid criticality issues when actual tank wastes were aggregated. 
There are data supporting a small removal due to sorption of uranium on sites in the NAS. Above the 
solubility limit the data are clear that a reduction in uranium concentration occurs concomitant with the 
formation of aluminosilicate. This uranium precipitation is fairly rapid and ceases when uranium reaches 
its solubility limit. At the solubility limit, it appears that uranium is not affected, but further testing might 
be warranted. 
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Conference Session:  

Abstract/Keyterms: High level radioactive liquid waste generated as a result of the production of nuclear 
material for the United States defense program at the Savannah River Site has been stored as 36 million 
gallons in underground tanks. About ten percent of the waste volume is sludge, composed of insoluble 
metal hydroxides primarily hydroxides of Mn, Fe, Al, Hg, and most radionuclides including fission 
products. The remaining ninety percent of the waste volume is saltcake, composed of primarily sodium 
(nitrites, nitrates, and aluminates) and hydroxides. Saltcakes account for 30% of the radioactivity while the 
sludge accounts for 70% of the radioactivity. A pilot plant salt disposition processing system has been 
designed at the Savannah River Site for interim processing of salt solution and is composed of two facilities: 
the Actinide Removal Process Facility (ARPF) and the Modular Caustic Side Solvent Extraction Unit 
(MCU). Data from the pilot plant salt processing system will be used for future processing salt at a much 
higher rate in a new salt processing facility. Saltcake contains significant amounts of actinides, and other 
long-lived radioactive nuclides such as strontium and cesium that must be extracted prior to disposal as low 
level waste. The extracted radioactive nuclides will be mixed with the sludge from waste tanks and vitrified 
in another facility. Because of the presence of highly enriched uranium in the saltcake, there is a criticality 
concern associated with concentration and/or accumulation of fissionable material in the ARP and MCU. 



 

C-22511 

22456…..…..…………………..…….……..……ID Number…………………..…..…………….22456 

Author: Salaymeh, S. R. / O’Rourke, P. E. / Van Hare, D. R. 

Title: Online Analytical Systems for the Uranium Solidification Facility at SRS 

Date: 7/1/1990 

Report: WSRC-MS-90-106 
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Abstract/Keyterms: A new Uranium Solidification Facility (USF) is scheduled for completion in the latter 
part of 1990. This facility will convert liquid uranyl nitrate product from the Savannah River Site reactor 
reprocessing plant to solid uranium trioxide for shipment to Oak Ridge Y-12 plant. High- and low-level 
online uranium measurement systems have been developed to provide nuclear safety, process control, 
material control, and accountability information to the facility operator. The low level uranium 
concentration will be determined by an improved online alpha monitoring system for aqueous streams 
developed at the Savannah River Site. High uranium concentrations will be measured by a fiber-optic-based 
diode array absorption spectrophotometer. The online alpha monitor (OLAM-100S) consists of a 5-in. 
circular sample chamber and an alpha particle detector (a thin film of polyvinyl toluene plastic scintillation 
material) attached to a light guide and processing electronics. The light guide is optically coupled to a 
photomultiplier tube. Processing electronics include: amplifier/single channel analyzer, a dual 
counter/timer, and a high and low level alarm module. In order to implement the system online, a cell drain, 
automatic flushing mechanism, heat exchanger, temperature readout, and flow monitor will be used. The 
absorption spectrophotometer system consists of a xenon arc lamp, a nine-position fiber optic multiplexer 
(to allow a single system to monitor up to nine process locations), automated process samplers, diode array 
spectrometer, and a central computer system. 
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Abstract/Keyterms: Differences and similarities in severe accident progression and phenomena between 
commercial Light Water Reactors (LWR) and metal-fueled isotopic production Heavy Water Reactors 
(HWR) are described. It is very important to distinguish between accident progression in the two systems 
because each reactor type behaves in a unique manner to a fuel melting accident. Some of the lessons 
learned as a result of the extensive commercial severe accident research are not applicable to metal-fueled 
heavy water reactors. A direct application of severe accident phenomena developed from oxide-fueled 
LWRs to metal-fueled HWRs may lead to large errors or substantial uncertainties. In general, the 
application of severe accident LWR concepts to HWRs should be done with the intent to define the relevant 
issues, define differences, and determine areas of overlap. This paper describes the relevant differences 
between LWR and metal-fueled HWR severe accident phenomena. Also included in the paper is a 
description of the phenomena that govern the source term in HWRs, the areas where research is needed to 
resolve major uncertainties, and areas in which LWR technology can be directly applied with few 
modifications. 
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Abstract/Keyterms: The Savannah River Laboratory (SRL) is developing a replacement Nuclear Incident 
Monitor (NIM) system. A prototype system has been built for human factors study and for operations 
testing. The design of the new NIM is based on the existing NIM system, developed at SRL, which has 
been in operation at the Savannah River Site since 1979. Many of the components of this system have 
remained unchanged, or with only minimal changes. The design of the new NIM system takes advantage 
of the extensive maintenance and operation records that have been accumulated on the existing NIM 
system. These records identified those components of the system that had performed satisfactorily over the 
years. Most importantly, the records pinpointed the problem areas in the system. Components were that 
required replacement, and circuitry that required redesign to ensure that the NIM system meets all of the 
site criteria for safety, accuracy and maintainability were identified. Mechanical changes were made to 
assure that the new system conforms to all seismic requirements specified in pertinent standards. 
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Abstract/Keyterms: A number of concrete culverts used to retrievably store drummed, dry, radioactive 
waste at the Savannah River Site (SRS), were suspected of containing ambiguous quantities of transuranic 
(TRU) nuclides. These culverts were assayed in place for Pu-239 content using thermal and fast neutron 
counting techniques. High resolution gamma-ray spectroscopy on 17 culverts, having neutron emission 
rates several times higher than expected, showed characteristic gamma-ray signatures of neutron emitters 
other than Pu-239 (e.g., Pu-238, Pu/Be, or Am/Be neutron sources). This study confirmed the Pu-239 
content of the culverts with anomalous neutron rates and established limits on the Pu-239 mass in each of 
the 17 suspect culverts by in-field, non-intrusive gamma-ray measurements. 
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Abstract/Keyterms: The criticality safety of 239Pu in 55-gallon drums stored in TRU waste containers 
(culverts) is confirmed using NDA neutron measurements and risk analyses. The neutron measurements 
yield a 239Pu mass and k(eff) for a culvert, which contains up to 14 drums. Conservative probabilistic risk 
analyses were developed for both drums and culverts. Overall 239Pu mass estimates are less than a 
calculated safety limit of 2800 g per culvert. The largest measured k(eff) is 0.904. The largest probability 
for a critical drum is 6.9 {times} 10{sup {minus}8} and that for a culvert is 1.72 {times} 10{sup 
{minus}7}. All examined suspect culverts, totaling 118 in number, are appraised as safe based on these 
observations. 
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Abstract/Keyterms: In the separation and purification of nuclear material, nuclear criticality safety (NCS) 
is of primary concern. The primary nuclear criticality safety controls utilized by the Savannah River Site 
(SRS) Separations Facilities involve administrative and process equipment controls. Additional assurance 
of NCS is obtained by identifying key process hold points where sampling is used to independently verify 
the effectiveness of production control. Nuclear safety measurements of samples from these key process 
locations provide a high degree of assurance that processing conditions are within administrative and 
procedural nuclear safety controls. An enhanced procedure management system aimed at making 
improvements in the quality, safety, and conduct of operation was implemented for Nuclear Safety Sample 
(NSS) receipt, analysis, and reporting. All procedures with nuclear safety implications were reviewed for 
accuracy and adequate detail to perform the analytical measurements safely, efficiently, and with the utmost 
quality. Laboratory personnel worked in a Deliberate Operating” mode (a systematic process requiring 
continuous expert oversight during all phases of training, testing, and implementation) to initiate the 
upgrades. Thus, the effort to revise and review nuclear safety sample procedures involved a team comprised 
of a supervisor, chemist, and two technicians for each procedure. Each NSS procedure was upgraded to a 
Use Every Time” (UET) procedure with sign-off steps to ensure compliance with each step for every 
nuclear safety sample analyzed. The upgrade program met and exceeded both the long and short term 
customer needs by improving measurement reliability, providing objective evidence of rigid adherence to 
program principles and requirements, and enhancing the system for independent verification of 
representative sampling from designated NCS points. 
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Title: Criticality Safety and Facility Design Considerations 

Date: 7/1/1991 

Report: WSRC-MS-91-275, CONF-9107215-1 

Conference/Journal: Nuclear Criticality Safety Short Course, Albuquerque, NM, July 10, 1991 

Conference Session:  

Abstract/Keyterms: Operations with fissile material introduce the risk of a criticality accident that may be 
lethal to nearby personnel. In addition, concerns over criticality safety can result in substantial delays and 
shutdown of facility operations. For these reasons, it is clear that the prevention of a nuclear criticality 
accident should play a major role in the design of a nuclear facility. The emphasis of this report will be 
placed on engineering design considerations in the prevention of criticality. The discussion will not include 
other important aspects, such as the physics of calculating limits nor criticality alarm systems. 
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Report: WSRC-MS-91-298, CONF-9108154-2 
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Conference Session:  

Abstract/Keyterms: In designs for fissile processes at Savannah River site, different approaches have been 
used to provide engineered margins of safety for criticality with containment and seismic resistance as 
additional requirements. These requirements are frequently at odds in engineered systems. This paper 
proposes a plan to take advantage of vessels with favorable geometry to provide seismic resistance and to 
support a glovebox for containment. Thin slab tanks, small diameter pencil tanks, annular tanks, and other 
novel designs have been used for criticality safety. The requirement for DBE seismic resistance and rigid 
control of dimensions leads the designer to consider annular tanks for meeting these requirements. The high 
strength of annular tanks may logically be used to support secondary containment. Hands-on access to all 
instruments, piping etc. within containment can be provided through glove ports, thus a specialized 
glovebox. This paper examines the advantages of using an annular tank design to provide favorable 
geometry, structural support and containment. 
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Title: Software Quality Assurance for Safety Analysis and Risk Management at the Savannah River Site 

Date: 4/9/1992 

Report: WSRC-MS-91-389; CONF-920428-3 

Conference/Journal: Annual international nuclear power plant simulators conference, Orlando, FL 
(United States), 6-9 Apr 1992 

Conference Session:  

Abstract/Keyterms: As part of its Reactor Operations Improvement Program at the Savannah River Site 
(SRS), Westinghouse Savannah River Company (WSRC), in cooperation with the Westinghouse Hanford 
Company, has developed and implemented quality assurance for safety-related software for technical 
programs essential to the safety and reliability of reactor operations. More specifically, the quality assurance 
process involved the development and implementation of quality standards and attendant procedures based 
on industry software quality standards. These procedures were then applied to computer codes in reactor 
safety and probabilistic risk assessment analyses. This paper provides a review of the major aspects of the 
WSRC safety-related software quality assurance. In particular, quality assurance procedures are described 
for the different life cycle phases of the software that include the Requirements, Software Design and 
Implementation, Testing and Installation, Operation and Maintenance, and Retirement Phases. For each 
phase, specific provisions are made to categorize the range of activities, the level of responsibilities, and 
the documentation needed to assure the control of the software. The software quality assurance procedures 
developed and implemented are evolutionary in nature, and thus, prone to further refinements. These 
procedures, nevertheless, represent an effective controlling tool for the development, production, and 
operation of safety-related software applicable to reactor safety and probabilistic risk assessment analyses. 
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River Site 

Date: 1/1/1992 

Report: WSRC-MS-91-413; CONF-920428--5 

Conference/Journal: Annual international nuclear power plant simulators conference, Orlando, FL 
(United States), 6-9 Apr 1992 

Conference Session:  

Abstract/Keyterms: The commitment by Westinghouse Savannah River Company (WSRC) to bring 
safety analysis and risk management codes into compliance with national and sitewide quality assurance 
requirements necessitated a systematic, structured approach. As a part of this effort, WSRC, in cooperation 
with the Westinghouse Hanford Company, has developed and implemented a certification process for the 
development and control of computer software. Safety analysis and risk management computer codes 
pertinent to reactor analyses were selected for inclusion in the certification process. As a first step, 
documented plans were developed for implementing verification and validation of the codes, and 
establishing configuration control. User qualification guidelines were determined. The plans were followed 
with an extensive assessment of the codes with respect to certification status. Detailed schedules and work 
plans were thus determined for completing certification of the codes considered. Although the software 
certification process discussed is specific to the application described, it is sufficiently general to provide 
useful insights and guidance for certification of other software 
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Conference Session:  

Abstract/Keyterms: In 1989, the Department of Energy directed shutdown of an enriched uranium 
processing facility at Savannah River Site. As part of the shutdown requirements, deinventory and cleanout 
of process equipment and nondestructive measurement of the remaining 235U holdup were required. The 
holdup measurements had safeguards, accountability, and nuclear criticality safety significance; therefore, 
a technically defensible and well-documented holdup measurement program was needed. Appropriate 
standards were fabricated, measurement techniques were selected, and an aggressive schedule was 
followed. Early in the program, offsite experts reviewed the measurement program, and their 
recommendations were adopted. Contact and far-field methods were used for most measurements, but some 
process equipment required special attention. All holdup measurements were documented, and each report 
was subjected to internal peer review. Some measured values were checked against values obtained by 
other methods; agreement was generally good. 
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Title: Safety Class Methodology 
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Conference/Journal: Energy Facility Contractors Group (EFCOG) safety analysis workshop, Salt Lake 
City, UT (United States), 11-13 Aug 1992 

Conference Session:  

Abstract/Keyterms: DOE Order 6430.1A, General Design Criteria (GDC), requires that DOE facilities be 
evaluated with respect to safety class items.” Although the GDC defines safety class items, it does not 
provide a methodology for selecting safety class items. The methodology described in this paper was 
developed to assure that Safety Class Items at the Savannah River Site (SRS) are selected in a consistent 
and technically defensible manner. Safety class items are those in the highest of four categories determined 
to be of special importance to nuclear safety and, merit appropriately higher-quality design, fabrication, and 
industrial test standards and codes. The identification of safety class items is approached using a cascading 
strategy that begins at the ‘safety function’ level (i.e., a cooling function, ventilation function, etc.) and 
proceeds down to the system, component, or structure level. Thus, the items that are required to support a 
safety function are SCls. The basic steps in this procedure apply to the determination of SCls for both new 
project activities, and for operating facilities. The GDC lists six characteristics of SCls to be considered as 
a starting point for safety item classification. They are as follows: 1. Those items whose failure would 
produce exposure consequences that would exceed the guidelines in Section 1300-1.4, Guidance on 
Limiting Exposure of the Public,” at the site boundary or nearest point of public access 2. Those items 
required to maintain operating parameters within the safety limits specified in the Operational Safety 
Requirements during normal operations and anticipated operational occurrences. 3. Those items required 
for nuclear criticality safety. 4. Those items required to monitor the release of radioactive material to the 
environment during and after a Design Basis Accident. Those items required to achieve, and maintain the 
facility in a safe shutdown condition 6. Those items that control Safety Class Item listed above. 
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Conference Session:  

Abstract/Keyterms: The criticality safety community has historically directed a significant amount of 
effort toward attempting to quantify the integral behavior of fissioning systems via critical and subcritical 
experimental measurements. Some typical integral characteristics include critical masses, geometries, or 
concentrations for particular fissile isotopes in different chemical forms. While information such as this can 
be invaluable for determining criticality safety operating limits and for benchmarking computational 
methods, it is only a part of what is necessary for analyzing criticality accident alarm detectors. These 
analyses also require determination of the differential behavior of the leakage radiation (neutron and/or 
photon) emanating from the source, and an integral estimate of the corresponding detector dose response. 
This paper addresses part of the work done at the Savannah River Technology Center to validate version 
4.2 of the Monte Carlo transport code MCNP for application to criticality detector response analysis. 
Additionally, the paper discusses some observations about existing experimental data which can be used 
for code validation, as well as the need for further experiments. 
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Conference/Journal: Probabilistic safety assessment and management conference (PSAM), San Diego, 
CA (United States), 20-24 Mar 1994 

Conference Session:  

Abstract/Keyterms: A Level 1 Probabilistic Risk Assessment (PRA) was completed in July, 1990, and 
revised and updated in January, 1993, for the Department of Energy production reactors at the Savannah 
River Site in Aiken, S.C. The PRA has since been used several times to guide risk management decisions, 
as well as to quantify absolute risk and to help in understanding system interactions. This paper describes 
one of the risk management applications where PRA analysis determined that a reactor subcriticality issue 
being considered for inclusion in the Safety Analysis Report (SAR) is low enough in expected frequency 
that it can be excluded. 
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Conference/Journal: American Nuclear Society (ANS) annual meeting,San Diego, CA (United 
States),20-24 Jun 1993 

Conference Session:  

Abstract/Keyterms: The Savannah River calculational environment is beginning migration away from 
IBM 3090/3081 and CRAY mainframe computing. Preliminary code migrations to workstations and 
personal computers have been made but such use has been limited to unofficial ``scoping`` calculations. 
Lessons learned suggest migration, while a boon to the end-user, presents a variety of quality assurance 
issues. These are more pronounced than in mainframe environments and suggest a need to rethink the code 
custodian`s role. 
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Abstract/Keyterms: The mission of the Savannah River Site (SRS) includes working with fissionable 
materials. A program is in place, therefore, to assess neutron and gamma doses to individuals in the event 
of a criticality accident at SRS. The program consists of a method to quickly screen for potentially exposed 
personnel, a method to provide early but preliminary dose estimates, and a nuclear accident dosimeter and 
assay procedure to enable final dose estimates. 
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Conference Session:  

Abstract/Keyterms: As a result of the need for a more accurate computational methodology, the Los 
Alamos developed Monte Carlo code MCNP is used to show the implementation of a more advanced and 
accurate methodology in criticality accident detector analysis. This paper will detail the application of 
MCNP for the analysis of the areas of coverage of a criticality accident alarm detector located inside a 
concrete storage vault at the Savannah River Site. The paper will discuss; (1) the generation of fixed-source 
representations of various criticality fission sources (for spherical geometries); (2) the normalization of 
these sources to the minimum criticality of concern” as defined by ANS 8.3; (3) the optimization process 
used to determine which source produces the lowest total detector response for a given set of conditions; 
and (4) the use of this minimum source for the analysis of the areas of coverage of the criticality accident 
alarm detector. 
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Revision 1 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities at the Savannah River Site (SRS), Westinghouse Savannah River 
Company (WSRC) assigns functional classifications to structures, systems and components (SSCs). As a 
result, changes in design, operations, maintenance, testing, and inspections of SSCs are performed and 
backfit requirements are established. This paper describes the Critical Protection Item (CPI) Classification 
for waste processing facility (WPF) at SRS. The descriptions of the WPF and the processes considered are 
provided elsewhere. The proposed CPI classification methodology includes the evaluation of the onsite 
radiological consequences, and the onsite and offsite non-radiological consequences from postulated 
accidents at the WPF, and comparison of these consequences with allowable frequency-dependent limits. 
When allowable limits are exceeded, CPIs are identified for accident mitigation. 
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Conference Session:  

Abstract/Keyterms: At the Savannah River Site (SRS), high level radioactive wastes will be immobilized 
into borosilicate glass for long term storage and eventual disposal. Since the waste feed streams contain 
uranium and plutonium, the Defense Waste Processing Facility (DWPF) process has been evaluated to 
ensure that a subcritical condition is maintained. It was determined that the risk of nuclear criticality in the 
DWPF during initial, sludge-only operations is minimal due to the dilute concentration of fissile material 
in the sludge combined with excess neutron absorbers. 
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Report: WSRC-MS-94-0203P; CONF-940813-35 
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21-26 Aug 1994 

Conference Session:  

Abstract/Keyterms: Approximately 34 million gallons of high-level nuclear waste (HLW) are stored at 
the Savannah River Site (SRS) in 51 underground storage tanks. Facilities have been constructed to 
permanently dispose of this waste. The radioactive components will be separated from the bulk of the waste 
into a small volume fraction and vitrified in the Defense Waste Processing Facility (DWPF). The remaining, 
much larger volume fraction will be incorporated into a cement waste form in the Saltstone facility. Most 
of the radioactivity in the HLW is present in a solids fraction referred to as sludge. These solids are produced 
upon addition of sodium hydroxide to the acidic waste solutions to provide a highly alkaline slurry. The 
highly alkaline condition is necessary to prevent corrosion of the carbon steel storage tanks. After allowing 
the sludge solids to settle, the waste solutions are decanted and evaporated to conserve storage space in the 
tanks. Upon cooling, salts are crystallized from the evaporated wastes. The crystallized salts are referred to 
as saltcake. 
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Report: WSRC-MS-94-0544 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This analysis investigated the exposure response behavior of gamma-ray ionization 
chambers used in the criticality accident systems at the Savannah River Site (SRS). The project consisted 
of performing exposure response measurements with a calibrated 137Cs source for benchmarking of the 
MCNP Monte Carlo code. MCNP was then used to extrapolate the ion chamber`s response to gamma-rays 
with energies outside the current domain of measured data for criticality fission sources. 
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Conference Session:  

Abstract/Keyterms: Direct repository disposal of foreign and domestic research reactor fuels owned by 
the United States Department of Energy is an alternative to reprocessing (together with vitrification of the 
high level waste and storage in an engineered barrier) for ultimate disposition. Neither the storage systems 
nor the requirements and specifications for acceptable forms for direct repository disposal have been 
developed; therefore, an interim storage strategy is needed to safely store these fuels. Dry storage (within 
identified limits) of the fuels received from wet-basin storage would avoid excessive degradation to assure 
post-storage handleability, a full range of ultimate disposal options, criticality safety, and provide for 
maintaining confinement by the fuel/clad system. Dry storage requirements and technologies for US 
commercial fuels, specifically zircaloy-clad fuels under inert cover gas, are well established. Dry storage 
requirements and technologies for a system with a design life of 40 years for dry storage of aluminum-clad 
foreign and domestic research reactor fuels are being developed by various groups within programs 
sponsored by the DOE. 
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Conference Session:  

Abstract/Keyterms: The results of an experimental program addressing the distribution of uranium in 
saltcake and supernate for two Savannah River Site waste compositions are presented. Successive batch 
evaporations were performed on simulated H-Area Modified Purex low-heat and post-aluminum 
dissolution wastes spiked with depleted uranium. Waste compositions and physical data were obtained for 
supernate and saltcake samples. For the H-Area Modified Purex low-heat waste, the product saltcake 
contained 42% of the total uranium from the original evaporator feed solution. However, precipitated solids 
only accounted for 10% of the original uranium mass; the interstitial liquid within the saltcake matrix 
contained the remainder of the uranium. In the case of the simulated post-aluminum dissolution waste; the 
product saltcake contained 68% of the total uranium from the original evaporator feed solution. Precipitated 
solids accounted for 52% of the original uranium mass; again, the interstitial liquid within the saltcake 
matrix contained the remainder of the uranium. An understanding of the distribution of uranium between 
supernatant liquid, saltcake, and sludge is required to develop a material balance for waste processing 
operations. This information is necessary to address nuclear criticality safety concerns. 
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Abstract/Keyterms: Nuclear Fuels; Plutonium; Vitrification; High-Level Radioactive Wastes; 
Underground Disposal; Criticality; Borosilicate Glass 
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Conference Session:  

Abstract/Keyterms: Pu is stored in a wide variety of physical forms and containers at the Savannah River 
Site (SRS). Probabilistic Safety Analysis (PSA) techniques are used to determine the risk associated with 
each of these storage modes and assist in identification of the controls necessary to minimize the risk. One 
storage method involves solids in exposed drum storage where the drums are vulnerable to external events, 
natural phenomena, and release of material due to weathering of the containers. Another storage method 
may involve liquids being processed inside the canyon facilities where the greatest risks are not from 
external events but from process upsets. PSA techniques have been particularly useful in the evaluation of 
criticality situations concerning Pu processing and storage. The applications include “normal” operating 
situations, problems following a seismic event, and the identification of potential problems during the 
decontamination and decommissioning of a facility. In this paper I would like to discuss two specific 
examples of the use of PSA techniques. The first involves the analysis of potential accidents in a Pu receipt 
and storage facility. The second example involves processing solutions that have the potential for 
experiencing an uncontrolled “red oil” reaction. 
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Conference Session:  

Abstract/Keyterms: Assessment of nuclear criticality potential of the S-Area Defense Waste Processing 
Facility (DWPF) is required to ensure the safe processing of radioactive waste for final disposal. At the 
Savannah River Site (SRS), high-level radioactive wastes are stored as caustic slurries. During storage, the 
wastes separate into a supernate layer and a sludge layer. The radionuclides from the sludge and supernate 
will be immobilized into borosilicate glass for storage and eventual disposal. The DWPF will initially 
immobilize sludge only, with simulated non-radioactive Precipitate Hydrolysis Aqueous (PHA) product. 
This paper demonstrates that criticality poses only a negligible risk in the DWPF process because of the 
characteristics of the waste and the DWPF process. The waste contains low concentration of fissile material 
and many elements which act as neutron poisons. Also, the DWPF process chemistry does not affect 
separation and accumulation of fissile materials. Experiments showed that DWPF can process all the high-
level radioactive wastes currently stored at SRS with negligible criticality risk under normal and 
abnormal/process upset operation. 
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Abstract/Keyterms: The chemistry of uranium and plutonium in conjunction with the storage, retrieval 
and treatment of high-level nuclear waste (HLW) has been the subject of increasing scrutiny due to concerns 
with nuclear criticality safety. Previous studies focused on determining the solubilities of plutonium and 
uranium in alkaline salt solutions that encompass the compositions present during storage and evaporation 
of fresh and aged. Recent studies extend the chemistry to include the effects of coprecipitation on the liquid 
phase concentrations of plutonium and uranium. Particle size, morphology and identification of crystalline 
phases in the precipitated solids as well as the plutonium and uranium dissolution characteristics upon 
dilution of the liquid phases were also determined. 
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nuclear applications, Saratoga Springs, NY (United States), 6-10 Oct 1997 
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Abstract/Keyterms: In the early 1980’s, thirteen experiments using plutonium metal cylinders were 
performed at the Rocky Flats Critical Mass Laboratory. The experimental method consisted of flooding a 
3x3x3 array with water until criticality was achieved. Ten of the thirteen experiments went critical while 
the other three remained subcritical upon full reflection. This paper evaluates these experiments to develop 
benchmark descriptions for validation of computational tools used by criticality safety specialists. Six of 
the ten critical experiments were found acceptable as benchmark experiments. Sensitivity studies were 
performed to find the effect of experimental limits and uncertainties on the k(eff) value. Analysis of the 
experiments was performed by MCNP with continuous energy ENDF/B-V cross section data. k(eff) values 
for all benchmark experiments were computed using MCNP with ENDF/B-V data, KENO-Va with Hansen 
Roach cross section, and KENO-Va with 27-group ENDF/B-IV cross sections. Although these experiments 
were flooded, KENO-Va calculations show that these were, in fact, fast systems. 
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Abstract/Keyterms: The Savannah River Site (SRS) and the Savannah River Technology Center (SRTC) 
are combining their existing experience in handling highly radioactive, special nuclear materials with 
commercial glass fiberization technology in order to assemble a small vitrification system for radioactive 
actinide solutions. The vitrification system or “brushing“, is fabricated from platinum-rhodium alloy and is 
based on early marble remelt fiberization technology. Advantages of this unique system include its 
relatively small size, reliable operation, geometrical safety (nuclear criticality), and high temperature 
capability. The bushing design should be capable of vitrifying a number of the actinide nuclear materials, 
including solutions of americium/curium, neptunium, and possibly plutonium. State of the art, mathematical 
and oil model studies are being combined with basic engineering evaluations to verify and improve the 
thermal and mechanical design concepts. 
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Author: Jacobs, R. A. / Elder, H. H. 

Title: Feed Acceptance for the Defense Waste Processing Facility at the Savannah River Site 

Date: 3/1/1998 

Report: WSRC-MS-97-0574, CONF-980318 

Conference/Journal: American Institute of Chemical Engineers (AIChE) spring meeting, New Orleans, 
LA (United States), 8-12 Mar 1998 

Conference Session:  

Abstract/Keyterms: The DWPF at the Department of Energy’s (DOE) Savannah River Site (SRS) began 
radioactive operations in December of 1995. The High Level Waste Tank Farm at SRS contains 
approximately thirty three million gallons of salt, supernate, and insoluble sludge wastes accumulated 
during more than three decades of weapons manufacture. In the DWPF, the radioactive components from 
this waste will ultimately be processed into a stable, borosilicate glass for long-term storage in a geological 
repository. The feeds to the DWPF are pretreated in a number of steps. Insoluble sludges, primarily 
aluminum, iron and other transition metals, are combined from several tanks, treated by caustic dissolution 
of aluminum and washed to remove soluble salts; these materials are removed to increase waste loading in 
the glass produced by the DWPF. The water soluble radioactive species in the salt and supernate, primarily 
cesium and actinides, are precipitated by sodium tetraphenylborate (NaTPB) or adsorbed onto sodium 
titanate. The resulting solids are also washed to remove excessive soluble salts before feeding to the DWPF. 
The soluble species removed by washing are disposed of as low level radioactive waste in a concrete form 
known as Saltstone. The presentation includes a brief overview of the High Level Waste system, 
pretreatment, and disposition of the various streams.The washed tetraphenylborate precipitates of cesium 
and potassium are hydrolyzed by copper catalyzed formic acid hydrolysis in the Salt Processing Cell (SPC) 
to yield soluble formates, boric acid, benzene and minor organic byproducts.The benzene and most of the 
organic byproducts are then steam stripped. The resulting aqueous hydrolysis product, including the still 
insoluble actinides adsorbed onto sodium titanate, is combined in the Chemical Processing Cell (CPC) with 
the insoluble sludge which has been treated with nitric acid and formic acid to remove mercury and to adjust 
the glass redox. Borosilicate glass frit is added and after assuring the melter feed meets glass quality and 
processing requirements, the slurry is fed to the melter producing glass which is poured into stainless steel 
canisters. The canisters are sealed, blasted to remove surface contamination, and welded prior to temporary 
storage in the Glass Waste Storage Building (GWSB). An overview of the DWPF process and its chemistry 
is included. The composition of the feeds is of primary importance to the DWPF. Critical factors determined 
by the feeds are related to safety, process design and operability, and glass quality. The Safety Analysis 
Report (SAR) source term, process shielding, potential for criticality, and generation of flammable gases 
are safety factors related to feed composition. Canister heat generation, NO{sub x} emissions, and corrosive 
species are process design parameters determined by feed composition. Nitrite in the washed precipitate, 
glass insolubles, glass liquidus (temperature of complete melting) and glass melt viscosity are operability 
parameters determined by composition, and glass durability is the critical quality parameter which requires 
knowledge and control of the feed compositions. The basis for each of these composition related factors is 
presented and the system for specifying feed acceptance criteria is described. The composition, and thus 
the durability, of the glass is determined by the mixing ratios of sludge insolubles, aqueous hydrolysis 
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product, and frit. The frit is a purchased raw material; naturally, its composition is essentially fixed. Also, 
the glass components in the aqueous hydrolysis product are essentially invariant because the cesium plus 
potassium to boron ratio is unity, essentially all of the water is evaporated, and the sodium titanate 
concentration is carefully controlled in the precipitation process. Therefore, the sludge composition is the 
primary source of feed variability. The combination of process and tank farm history, strategic tank 
samples, system waste removal plans, and process modeling which project sludge batch composition and 
evaluate process related parameters and glass durability is described. All the sludge batches, each of which 
can feed the DWPF for several years, is projected and evaluated through completion of waste removal. 
Finally, extensive sludge characterization through sampling and analysis combined with small scale testing 
in the Shielded Cells of the Savannah River Technology Center (SRTC) to assure the sludge batch meets 
all the feed acceptance criteria. 
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22486…..…..…………………..…….……..……ID Number…………………..…..…………….22486 

Author: Blanchard, A. / Hammer, K. 

Title: Savannah River Site TRU Drum Waste Criticality Safety Margin Improvements 

Date: 6/1/1998 

Report: WSRC-MS-98-00010 

Conference/Journal: Conference on integrating safety analysis into safety management, Park City, UT 
(United States), 15-19 Jun 1998 

Conference Session:  

Abstract/Keyterms: The text of the paper will include an overview of the methodology used to determine 
the credible scenarios, summary of the analysis of the results, challenges overcome during compliance and 
implementation, and cost savings due to reduced operational expanses. 
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22487…..…..…………………..…….……..……ID Number…………………..…..…………….22487 

Author: Couture / Beard, K. S. / Rosser, M. A. 

Title: Candidate Assembly Statistical Evaluation of MTR Fuels at SRS 

Date: 9/1/1998 

Report: WSRC-MS-98-00275 

Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: Spent Fuel Storage Division / Savannah River Site / Spent Material Test Reactor 
(MTR) Fuels 
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22488…..…..…………………..…….……..……ID Number…………………..…..…………….22488 

Author: Lam, P. S. / Sindelar, R. L. / Peacock, H. B. Jr. 

Title: Vapor Corrosion of Aluminum Cladding Alloys 

Date: 9/1/1998 

Report: WSRC-MS-98-00333 

Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: Vapor Corrosion / Degradation Mode / Aluminum-Based Spent Nuclear Fuel (Al-
SnF) / Storage / Ultimate / Savannah River Technology Center 
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22489…..…..…………………..…….……..……ID Number…………………..…..…………….22489 

Author: Blanchard, A. / Rosser, M. / Beard, K. 

Title: Candidate Assembly Statistical Evaluation of MTR Fuels at SRS 

Date: 9/1/1998 

Report: WSRC-MS-98-00376 

Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: Spent Fuel Storage Division / Savannah River Site / Material Test Reactor (MTR) 
Fuels 
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22490…..…..…………………..…….……..……ID Number…………………..…..…………….22490 

Author: Blanchard, A. / Nadeau, M. L. 

Title: Criticality Evaluation - Cask Unloading Using the Shielded Transfer System 

Date: 9/1/1998 

Report: WSRC-MS-98-00378 

Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: This evaluation reviewed the criticality aspects of Shielded Transfer System (STS) 
operation. The existing Nuclear Safety Control (NSC) elements were examined and new NSC elements 
were developed, as needed. 
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22491…..…..…………………..…….……..……ID Number…………………..…..…………….22491 

Author: Blanchard, A. / Zino, J. F. / Harris, M. / Valentine, T. / Kutikkad, D. 

Title: Experimental Subcritical Measurements Using Fresh and Spent MTR Type Fuels 

Date: 9/1/1998 

Report: WSRC-MS-98-00433 

Conference/Journal: American Nuclear Society (ANS) topical meeting on DOE spent nuclear fuel and 
fissile materials management, Charleston, SC (United States), 8-11 Sep 1998 

Conference Session:  

Abstract/Keyterms: Experimental Research Program / Westinghouse / Oak Ridge National Laboratory 
(ORNL) / University of Missouri Research Reactor (MURR) facility / Savannah River Site (SRS). 
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22492…..…..…………………..…….……..……ID Number…………………..…..…………….22492 

Author: Blanchard, A. 

Title: Experiments of Water-Moderated Plutonium Metal Arrays: Part I — Description 

Date: 4/29/1999 

Report: WSRC-MS-99-00203 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In the mid-1970s and early 1980s, almost one hundred critical and approach-to-
critical experiments using water-moderated plutonium metal arrays were performed at the Rocky Flats 
Critical Mass Laboratory. The experiments were performed in two programs: 2x2xN arrays conducted in 
the 1970s and 3x3x3 arrays conducted in the 1980s. Both sets of experiments used the same double-canned 
plutonium parts and were water moderated. The major differences between the two programs were the 
support structure and tank and the administrative limits on criticality. This paper summarizes the critical 
data and results of both sets of experiments. These experiments are then analyzed in a companion paper. 
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22493…..…..…………………..…….……..……ID Number…………………..…..…………….22493 

Author: Blanchard, A. 

Title: Experiments of Water-Moderated Plutonium Metal Arrays: Part II — Analysis 

Date: 4/29/1999 

Report: WSRC-MS-99-00204 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the International Criticality Benchmark Evaluation Project, 26 experiments 
are analyzed for use as benchmark experiments for validation of computer codes and cross sections. The 
experiments consisted of water-moderated plutonium metal arrays of size 2x2xN, where N=2-5 or 3x3x3. 
of the 26 experiments, 22 were chosen to develop benchmark models which are described in detail, 
including geometry and material data. A sensitivity study was performed to determine the uncertainty on 
the keff value due to measurement uncertainties or limits of accuracies. For all benchmark models, keff 
values were found using MCNP with continuous-energy ENDF/B-V cross sections, MCNP with continuous 
energy ENDF/B-VI cross sections, and KENO-V.a with 27-group ENDF/B-IV cross sections. For one case, 
the codes overestimated keff by more than 1%. The experiments were grouped for three parameters: 
plutonium mass, horizontal spacing, and vertical spacing. For each parameter, a bias value was found. In 
all cases, MCNP with ENDF/B-VI cross sections had the smallest difference in the average keff. This same 
result was found when all experiments were grouped together. However, if the one experiment that was 
significantly overestimated was excluded, the smallest difference in the average keff was found for KENO-
V.a with ENDF/B-IV cross sections. 
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22494…..…..…………………..…….……..……ID Number…………………..…..…………….22494 

Author: Pierce, R. A. 

Title: Solubility Limits of Dibutyl Phosphoric Acid in Uranium-Nitric Acid Solutions 

Date: 1/4/2000 

Report: WSRC-MS--99-00321 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Savannah River Site has enriched uranium (EU) solution that has been stored 
since being purified in its solvent extraction processes. The concentrations in solution are approximately 6 
g/L U and 0.1 M nitric acid. Residual tributylphosphate in solution has slowly hydrolyzed to form dibutyl 
phosphoric acid (HDBP) at concentrations averaging 30--50 mg/L. Dibutyl phosphoric acid, in turn, is in 
equilibrium with (HDBP){sub 2} and DBP{sup {minus}}. Uranium can form compounds with the 
dibutylphosphate ion (DBP{sup {minus}}) which have limited solubility, thereby creating a nuclear 
criticality safety issue. Literature reports and earlier SRTC tests have shown that it is feasible to precipitate 
U-DBP solid during the storage and processing of EU solutions. As a result, a series of solubility 
experiments were run at nitric acid concentrations from 0--4.0 M HNO3, uranium at 0--90 g/L, and 
temperatures from 0--30 C. The data shows temperature and nitric acid concentration dependence consistent 
with what would be expected. With respect to uranium concentration, U-DBP solubility passes through a 
minimum between 6 and 12 g/L U at the acid concentrations and temperatures studied. However, the 
minimum shows a slight shift toward lower uranium concentrations at lower nitric acid concentrations. The 
shifts in solubility are strongly dependent upon the overall ionic strength of the solution. The data also 
reveal a shift to higher DBP solubility above 0.5 M HNO3 for both 6 g/L and 12 g/L uranium solutions. 
Analysis of U-DBP solids from the tests identified distinct differences between precipitates from less than 
0.5 M solutions and those from greater than 4 M acid. Analyses identified UO2(DBP){sub 2} as the 
dominant compound present at low acid concentrations in accordance with literature reports. As the acid 
concentration increases, the crystalline UO2(DBP){sub 2} shows molecular substitutions and an increase 
in amorphous content 
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22495…..…..…………………..…….……..……ID Number…………………..…..…………….22495 

Author: Vinson, D. 

Title: Evaluation of Potential Melt-Dilute/Neutron Absorber Systems for DOE SNF Disposal System 

Date: 11/5/1999 

Report: WSRC-MS-99-00832 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Approximately 50 metric tonnes heavy metal of aluminum-base spent nuclear fuel 
(Al-SNF) or 30,000 assemblies are being consolidated at the Savannah River Site. The melt-dilute (MD) 
technology option is being developed to allow ultimate disposal of these fuels in the Monitored Geologic 
Repository (MGR). Neutron absorbing materials are needed to maintain k(eff) less than 0.95 in desired 
packaging configurations. The aggressive chemical environment in the MGR is expected to lead to the 
reconfiguration of the contents of the codisposal waste package following waste package failure. This 
reconfiguration has the potential for increasing the reactivity of the waste package. The reconfiguration and 
redistribution of materials within the waste package are being investigated in an analytical and experimental 
program to support the criticality analysis. Further, the incorporation of neutron absorbing materials that 
will be integral to the MD SNF form is being investigated. 
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22496…..…..…………………..…….……..……ID Number…………………..…..…………….22496 

Author: Blanchard, A. 

Title: A Combined Deterministic and Probabilistic Approach to Estimate Frequency of Inadvertent 
Criticality for a Cask Car Lid Drop Event 

Date: 2/11/2000 

Report: WSRC-MS--99-00857 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This paper estimates the frequency of postulated accident scenarios in which 
combinations of equipment failures and/or human errors associated with the lifting and moving of the cask 
car lid during fuel bundle loading/unloading operations lead to conditions which produce a criticality. As 
noted in the paper, bounding values are used for values where uncertainty is large. However, in general best 
estimate values are used to determine the scenario frequencies. This consistent with current methodology 
where best estimates are calculated for the frequency domain and conservative estimates are calculated for 
the consequence domain 
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22497…..…..…………………..…….……..……ID Number…………………..…..…………….22497 

Author: Blanchard, A. 

Title: An Approximate Method to Calculate 12 Rad Zone 

Date: 1/18/2000 

Report: WSRC-MS--99-00956 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: At the Savannah River Site (SRS), criticality alarm systems, as discussed in ANS 
8.31 and DOE Order 2-420.1 are known as Nuclear Incident Monitors (NIMs). The NIM system is provided 
to cover occupied areas in a facility in which the expected dose exceeds 12 Rad in free air, and it includes 
criticality accident detection devices and personnel evacuation alarms. At SRS, the area within the 12 Rad 
zone is defined as the area to be evacuated. Past evaluations of evacuation zones ranged from simple point 
kernel to extensive MCNP4A3 models. This paper outlines an improved, yet simple and conservative 
methodology (based on semi-empirical equations and factors) to estimate the 12 Rad zone boundary. The 
following sections discuss the different factors considered for this methodology. 
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22498…..…..…………………..…….……..……ID Number…………………..…..…………….22498 

Author: Swingle, R. F. 

Title: Characterization of the Tank 38H Variable Depth and Core Samples 

Date: 6/27/2001 

Report: WSRC-RP-2001-00574 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Tank Farm has transferred a number of samples from Tank 38H to SRTC for 
analysis in the past year. The primary emphasis on the analyses of these samples was criticality safety. 
Results of analyses of several core salt samples and dip and variable depth samples are presented herein. 
Results are given for both the as-received and dried composited salt sample, for insoluble solids separated 
from the core sample, for wash water produced in dissolving the soluble salts in inhibited water, and for 
both filtered and unfiltered dip and variable depth samples. 
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22499…..…..…………………..…….……..……ID Number…………………..…..…………….22499 

Author: Martino, C. J. 

Title: Gibbsite/Bayerite and Uranium in Tank 41H 

Date: 1/27/2003 

Report: WSRC-RP-2002-00530 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A brainstorming session was held on September 10, 2002 to discuss the issue of the 
aluminum trihydroxide phase (gibbsite and/or bayerite) separation from uranium in Tank 41H inhibited-
water-insoluble solids. If a Nuclear Criticality Safety Evaluation (NCSE) for salt dissolution is to credit the 
hydrogen atoms in aluminum trihydroxide for moderation, an assessment is needed to evaluate if conditions 
during salt dissolution, and preferably during heel removal, could adversely affect the moderating effects 
of gibbsite/bayerite with respect to uranium phases. This report outlines the potential mechanisms for the 
chemical and physical separation of gibbsite from that of uranium in the insoluble solids in Tank 41h 
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22500…..…..…………………..…….……..……ID Number…………………..…..…………….22500 

Author: Toffer, H. / Crowe, R. D. / Schwinkendorf, K. N. / Pevey, R. E. 

Title: Verification and Validation Plan for Reactor Analysis Computer Codes 

Date: 11/1/1989 

Report: WSRC-RP-89-1249 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report presents a verification and validation (V V) plan for reactor analysis 
computer codes used in Technical Specifications development and for other safety and production support 
calculations. This plan fulfills the commitments by Westinghouse Savannah River Company (WSRC) to 
the Department of Energy Savannah River (DOE-SR) as identified in a letter to R.E. Tiller (Reference 1). 
The plan stresses verification and validation by demonstrating successful application of the codes to predict 
reactor data, special measurements, and benchmarks. This in compliance with the intent of the WSRC 
quality assurance requirements. Restructuring of software especially to achieve verification compliance is 
not recommended. 
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22501…..…..…………………..…….……..……ID Number…………………..…..…………….22501 

Author: Cronenberg, A. W. / Hyder, M. L. / Ellison, P. G. 

Title: Aluminum-Uranium Fuel Foaming/Recriticality Considerations for Production Reactor Core-Melt 
Accidents 

Date: 9/1/1990 

Report: WSRC-RP-89-1422, CONF-900917-27 

Conference/Journal: American Nuclear Society topical meeting on safety of non-commercial nuclear 
reactor research and irradiation facilities, Boise, ID (USA), 30 Sep - 3 Oct 1990 

Conference Session:  

Abstract/Keyterms: Severe accident studies for the Savannah River production reactors indicate that if 
coherent fuel melting and relocation occur in the absence of target melting, in-vessel recriticality may be 
achieved. In this paper, fuel-melt/target interaction potential is assessed, where fission gas-induced fuel 
foaming and melt attach on target material are evaluated and compared with available data. Models are 
developed to characterize foams for irradiated Al-based fuel. Predictions indicate transient foaming (the 
extent of which is governed by fission gas inventory), heating transient, and bubble coalescence behavior. 
The model also indicates that metallic foams are basically unstable and will collapse, which largely depends 
on film tenacity and melt viscosity. For high-burnup fuel, foams lasting tens of seconds are predicted, 
allowing molten fuel to contact and cause melt ablation of concentric targets. For low-burnup fuel, contact 
can not be assured, thus recriticality may be of concern at reactor startup. 
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22502…..…..…………………..…….……..……ID Number…………………..…..…………….22502 

Author: Cronenberg, A. W. / Hyder, M. L. / Ellison, P. G. 

Title: Al-U Fuel Foaming/Recriticality Considerations for Production Reactor Core-Melt Accidents 

Date: 9/1/1990 

Report: WSRC-RP-89-1422-Rev.1, CONF-900917-27-Rev.1 

Conference/Journal: American Nuclear Society topical meeting on safety of non-commercial nuclear 
reactor research and irradiation facilities, Boise, ID (USA), 30 Sep - 3 Oct 1990 

Conference Session:  

Abstract/Keyterms: Severe accident studies for the Savannah River production reactors indicate that if 
coherent fuel melting and relocation occur in the absence of target melting, in-vessel recriticality may be 
achieved. In this paper, fuel-melt/target interaction potential is assessed where fission gas-induced fuel 
foaming and melt attack on target material are evaluated and compared with available data. Models are 
developed to characterize foams for irradiated aluminum-based fuel. Predictions indicate transient foaming, 
the extent of which is governed by fission gas inventory, heating transient conditions, and bubble 
coalescence behavior. The model also indicates that metallic foams are basically unstable and will collapse, 
which largely depends on film tenacity and melt viscosity considerations. For high-burnup fuel, extensive 
foaming lasting tens of seconds is predicted, allowing molten fuel to contact and cause melt ablation of 
concentric targets. For low-burnup fuel, contact can not be assured. 
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22503…..…..…………………..…….……..……ID Number…………………..…..…………….22503 

Author: Winn, W. G. 

Title: Criticality Assessment of TRU Burial Ground Culverts 

Date: 9/26/1990 

Report: WSRC-RP-90-1127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An effort to assess the criticality risks of 239Pu in TRU Burial Ground Culverts has 
been underway for several years. The concern arose from discrepancies in two types of monitors that have 
been used to assay the 239Pu waste prior to storage in 55-gallon drums that are placed in the culverts. One 
type is the solid waste monitor (SWM), which is based on gamma-ray measurements; the other is the 
neutron coincidence monitor, which is based on neutron measurements. The NCC was put into routine 
service after 1985 and has generally yielded higher 239 Pu assays than the SWM. Culverts with pre-1986 
waste only had SWM assays of 239Pu; thus, it was questioned whether their actual 239Pu loadings could 
be high enough to pose criticality concerns. Studies to characterize the culvert criticality potential have 
included appraisal of NCC vs SWM, neutron measurements atop the culverts, gamma-ray measurements 
atop the culverts, and probabilistic risk analyses. Overall, these studies have implied that the culverts are 
critically safe; however, their results have not been examined collectively. The present report uses the 
collective information of the preceding studies to arrive at a more complete assessment of the culvert 
criticality aspects. A conservative k(eff) is estimated for an individual suspicious culvert and a PRA is 
evaluated for its “worst” drum. These two pieces of information form the basis of the appraisal, but other 
evidence is also included as support. 
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22504…..…..…………………..…….……..……ID Number…………………..…..…………….22504 

Author: Woody, N. D. / Brandyberry, M. D. / Baker, W. H. / Brandyberry, M. D. / Kearnaghan, D. P. / 
O’Kula, K. R. / Woody, N. D. / Amos, C. N. / Weingardt, J. J. 

Title: Savannah River Site Reactor Safety Assessment 

Date: 2/28/1991 

Report: WSRC-RP-91-041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report gives the results of a Savannah River Site (SRS) K-Reactor Probabilistic 
Safety Assessment (PSA). Measures of adverse consequences to health and safety resulting from 
representations of severe accidents in SRS reactors are presented. In addition, the report gives a summary 
of the methods employed to represent these accidents and to assess the resultant consequences. The report 
is issued to provide useful information to the U. S. Department of Energy (DOE) on the risk of operation 
of SRS reactors, for insights into severe accident phenomena that contribute to this risk and in support of 
improved bases for other DOE programs in Heavy Water Reactor safety. 
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22505…..…..…………………..…….……..……ID Number…………………..…..…………….22505 

Author: Brandyberry, M. D. / Bailey, R. T. / Baker, W. H. / Kearnaghan, D. P. / O’Kula, K. R. / 
Wittman, R. S. / Woody, N. D. / Amos, C. N. / Weingardt, J. J. 

Title: Savannah River Site K-Reactor Probabilistic Safety Assessment 

Date: 12/1/1992 

Report: WSRC-RP-91-041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report gives the results of a Savannah River Site (SRS) K-Reactor Probabilistic 
Safety Assessment (PSA). Measures of adverse consequences to health and safety resulting from 
representations of severe accidents in SRS reactors are presented. In addition, the report gives a summary 
of the methods employed to represent these accidents and to assess the resultant consequences. The report 
is issued to provide useful information to the U. S. Department of Energy (DOE) on the risk of operation 
of SRS reactors, for insights into severe accident phenomena that contribute to this risk, and in support of 
improved bases for other DOE programs in Heavy Water Reactor safety. 
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22506…..…..…………………..…….……..……ID Number…………………..…..…………….22506 

Author: Cook, J. R. 

Title: Quantities of Uranium-235 Buried in Disposal Boxes, 1985—1991 

Date: 12/13/1991 

Report: WSRC-RP-91-1207-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: IWT was asked by J. R. Schornhorst of NPSR to determine the distribution of the 
quantity of enriched uranium per disposal box (B-25) of the years 1985--1991 to provide input to an uptake 
of the E Area Safety Analysis. This information was considered important since the issue of criticality is 
an important concern in safety analyses. Information found in the COBRA data base shows no disposal 
containers exceeded 100 grams of U-235. The COBRA data base was queried in a two-step process. First 
a short program in the NATURAL language was used to retrieve all records beginning with January 1983 
having a Burial Code of less than 4, indicating low-level waste disposed in trenches. These records were 
then passed to a temporary storage file and read into a program written in Statistical Analysis System (SAS) 
language. SAS was used to eliminate waste from the Naval Fuel Facility, which will not operate in the 
future, and to sort the records in order of increasing amounts of U-235. The SAS procedure FREQ was then 
used to produce a cumulative frequency distribution of grams of U-235. A total of 53,198 packages were 
disposed of during this time period, 277 of which contained U-235. The programs used and resulting output 
are attached as Appendix I. 
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22507…..…..…………………..…….……..……ID Number…………………..…..…………….22507 

Author: Hobbs, D. T. / Fleischman, S. D. 

Title: Fissile Solubility and Monosodium Titanate Loading Tests 

Date: 2/12/1993 

Report: WSRC-RP--92-1273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilities; Plutonium; Solubility; Uranium; High-Level Radioactive Wastes; 
Radioactive Waste Processing; Savannah River Plant; Strontium; Actinides; Criticality; Adsorption; 
Precipitation; Titanates; Sodium Compounds 
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22508…..…..…………………..…….……..……ID Number…………………..…..…………….22508 

Author: Bickford, W. E. / McKibben, J. M. 

Title: Use of Savannah River Site facilities for blend down of highly enriched uranium 

Date: 2/1/1994 

Report: WSRC-RP-93-1262 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Westinghouse Savannah River Company was asked to assess the use of existing 
Savannah River Site (SRS) facilities for the conversion of highly enriched uranium (HEU) to low enriched 
uranium (LEU). The purpose was to eliminate the weapons potential for such material. Blending HEU with 
existing supplies of depleted uranium (DU) would produce material with less than 5% U-235 content for 
use in commercial nuclear reactors. The request indicated that as much as 500 to 1,000 MT of HEU would 
be available for conversion over a 20-year period. Existing facilities at the SRS are capable of producing 
LEU in the form of uranium trioxide (UO3) powder, uranyl nitrate [UO2(NO[sub 3])[sub 2]] solution, or 
metal. Additional processing, and additional facilities, would be required to convert the LEU to uranium 
dioxide (UO2) or uranium hexafluoride (UF3, the normal inputs for commercial fuel fabrication. This 
study’s scope does not include the cost for new conversion facilities. However, the low estimated cost per 
kilogram of blending HEU to LEU in SRS facilities indicates that even with fees for any additional 
conversion to UO2 or UF6, blend-down would still provide a product significantly below the spot market 
price for LEU from traditional enrichment services. The body of the report develops a number of possible 
facility/process combinations for SRS. The primary conclusion of this study is that SRS has facilities 
available that are capable of satisfying the goals of a national program to blend HEU to below 5% U-235. 
This preliminary assessment concludes that several facility/process options appear cost-effective. Finally, 
SRS is a secure DOE site with all requisite security and safeguard programs, personnel skills, nuclear 
criticality safety controls, accountability programs, and supporting infrastructure to handle large quantities 
of special nuclear materials. 



 

C-22565 

22509…..…..…………………..…….……..……ID Number…………………..…..…………….22509 

Author: Ha, B. C. 
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Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The S-Area Defense Waste Processing Facility (DWPF) will initially process Batch 
1 sludge in the sludge-only processing mode, with simulated non-radioactive Precipitate Hydrolysis, 
Aqueous (PHA) product, without the risk of nuclear criticality. The dilute concentration of fissile material 
in the sludge combined with excess of neutron absorbers during normal operations make criticality 
throughout the whole process incredible. Subsequent batches of the DWPF involving radioactive precipitate 
slurry and PHA will require additional analysis. Any abnormal or upset process operations, which are not 
considered in this report and could potentially separate fissile material, must be individually evaluated. 
Scheduled maintenance operation procedures are not considered to be abnormal. 
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Title: Nuclear Criticality Safety Analysis Summary Report: The S-Area Defense Waste Processing Facility 
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Report: WSRC-RP-94-396 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The S-Area Defense Waste Processing Facility (DWPF) can process all of the high 
level radioactive wastes currently stored at the Savannah River Site with negligible risk of nuclear 
criticality. The characteristics which make the DWPF critically safe are: (1) abundance of neutron absorbers 
in the waste feeds; (2) and low concentration of fissionable material. This report documents the criticality 
safety arguments for the S-Area DWPF process as required by DOE orders to characterize and to justify 
the low potential for criticality. It documents that the nature of the waste feeds and the nature of the DWPF 
process chemistry preclude criticality. 
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Abstract/Keyterms: Vitrification is one of the leading options for immobilization of actinide-containing 
materials no longer needed for national defense. For these glasses to be suitable for disposal, it must be 
established that a significant potential for a nuclear criticality involving these glasses does not exist. The 
vitrification working group within the nuclear materials disposition program has been given the 
responsibility for developing scenarios to be evaluated. In this report, potential bounding scenarios for 
disposal of high actinide glasses in a geologic setting are described. These scenarios are being provided to 
the Department of Energy’s Office of Civilian Radioactive Waste Management (OCRWM) so that the 
potential for criticality can be evaluated. If the evaluation of these scenarios by OCRWM reveals a 
significant potential for criticality then a sensitivity analysis to numerical values should be used to 
determine whether more precise definitions of any parameter is warranted. It is anticipated that there will 
need to be extensive interactions between the working group and the personnel performing the criticality 
evaluations. 
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Abstract/Keyterms: A possible disposition pathway for the residue from the abandoned In-Tank 
Precipitation (ITP) sends the material from Tank 48H in increments to Saltstone via aggregation in Tank 
50h After entering Tank 50H, the amount of fissile material sorbed on MST may increase as a result of 
contacting waste solutions with dissolved uranium and plutonium. SRNL recommends that nuclear 
criticality safety evaluations use uranium and plutonium loadings onto MST of 14.0 {+-} 1.04 weight 
percent (wt %) for uranium and 2.79 {+-} 0.197 wt% for plutonium given the assumed streams defined in 
this report. These values derive from recently measured for conditions relevant to the Actinide Removal 
Process (ARP) and serve as conservative upper bounds for uranium and plutonium loadings during the 
proposed transfers of MST from Tank 48H into Tank 50h 
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Conference Session:  

Abstract/Keyterms: Transuranic solid waste that has been generated as a result of the production of 
nuclear material for the United States defense program at the Savannah River Site (SRS) has been stored 
in more than 30,000 55-gallon drums and various size carbon steel boxes since 1953. Nearly two thirds of 
those containers have been processed and shipped to the Waste Isolation Pilot Plant. Among the containers 
assayed so far, the results indicate several drums with fissile inventories significantly higher (600-1000 
grams 239Pu) than their original assigned values. While part of this discrepancy can be attributed to the 
past limited assay capabilities, human errors are believed to be the primary contributor. This paper 
summarizes an assessment of the probability of occurrence of a criticality accident during handling of the 
remaining transuranic waste containers at SRS. 
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Conference Session:  

Abstract/Keyterms: Nuclear Facilities that may be affected by overt or covert activities of sabotage, 
espionage, terrorism or other security malevolence. Events which are beyond the Design Basis Accidents 
(DBAs) are outside the scope of a double contingency analysis. 
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Abstract/Keyterms: Solids such as granular activated carbon, hematite and sodium phosphates, if present 
as sludge components in nuclear waste storage tanks, have been found to be capable of precipitating/sorbing 
actinides like plutonium, neptunium and uranium from nuclear waste storage tank supernatant liqueur. 
Thus, the potential may exists for the accumulation of fissile materials in such nuclear waste storage tanks 
during lengthy nuclear waste storage and processing. To evaluate the nuclear criticality safety in a typical 
nuclear waste storage tank, a study was initiated to measure the affinity of granular activated carbon, 
hematite and anhydrous sodium phosphate to sorb plutonium, neptunium and uranium from alkaline salt 
solutions. Tests with simulated and actual nuclear waste solutions established the affinity of the solids for 
plutonium, neptunium and uranium upon contact of the solutions with each of the solids. The removal of 
plutonium and neptunium from the synthetic salt solution by nuclear waste storage tank solids may be due 
largely to the presence of the granular activated carbon and transition metal oxides in these storage tank 
solids or sludge. Granular activated carbon and hematite also showed measurable affinity for both 
plutonium and neptunium. Sodium phosphate, used here as a reference sorbent for uranium, as expected, 
exhibited high affinity for uranium and neptunium, but did not show any measurable affinity for plutonium. 
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Abstract/Keyterms: This Standard applies to the receipt, processing, storage, and shipment of fissionable 
material in the 300 Area and in any other facility under the control of the Reactor Materials Project 
Management Team (PMT). The objective is to establish practices and process conditions for the storage 
and handling of fissionable material that prevent the accidental assembly of a critical mass and that comply 
with DOE Orders as well as accepted industry practice. 
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Abstract/Keyterms: Nuclear Materials Management Division (NMMD) has proposed that up to 100 kg of 
the plutonium (Pu) solutions stored in H-Canyon be precipitated with a nuclear poison and dispositioned to 
H-Area Tank Farm. The use of gadolinium (Gd) as the poison would greatly reduce the number of additional 
glass logs resulting from this disposition. This report summarizes the characteristics of the precipitation 
process and addresses criticality concerns in the Nuclear Criticality Safety Evaluation. No problems were 
found with the nature of the precipitate or the neutralization process. 
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Abstract/Keyterms: The Nuclear Materials Management Division (NMMD) has proposed that certain Pu 
solutions stored in H-Canyon be disposed to H-Tank Farm. These solutions contain significant inventories 
of plutonium. The Pu/Gd mixture (along with the sludge slurry from Tank 7 and Am/Cm solution) will be 
processed as a part of Sludge Batch 3. Sludge Batch 3 is the next sludge batch of feed for the Defense Waste 
Processing Facility (DWPF). In order to prepare the feed for DWPF, the sludge slurry will be washed to 
approximately 0.55 M. Na in the supernate. This report addresses the glove box work with a Sludge Batch 
3 simulant and a Pu/Gd mixture precipitated from H-Canyon Tank 18.3. The main objective of this 
experimental work was to determine the behavior of the Pu and Gd during the Tank Farm washing process 
and the SRAT process. 
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Abstract/Keyterms: This report presents results of a study designed to investigate the possibility of the 
separation of plutonium (Pu) and gadolinium (Gd) during processing in the Slurry Receipt Adjustment Tank 
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Abstract/Keyterms: The total inventory of fourteen radionuclides, three metals, and volatile organic 
compounds (VOCs) has been calculated for the twenty-two Old Solvent Tanks (OSTs). The inventory 
calculations are based upon extensive characterization data of the multiple liquid and sludge samples taken 
from the OSTs. In addition, the total inventory of sixteen actinides (including error) has been calculated. 
The actinide inventory will be useful for criticality safety considerations. 
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Abstract/Keyterms: The authors chemically characterized a sample of solid material from the 242-16H 
Evaporator Pot. Additionally, studies were performed on the material to evaluate possible cleaning 
operations. The studies examined the actinide-leaching behavior to assist in analysis of the potential for a 
nuclear criticality 
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Abstract/Keyterms: Two samples were pulled from Tank 38H in the Fall of 1999: a variable depth sample 
(VDS) of the supernate was pulled in October and a core sample from the salt layer was pulled in December. 
Analysis of the rinse from the outside of the core sample indicated no sign of volatile or semivolatile 
organics. Both supernate and solids from the VDS and the dried core sample solids were analyzed for 
isotopes which could pose a criticality concern and for elements which could serve as neutron poisons, as 
well as other elements. Results of the elemental analyses of these samples show significant elements present 
to mitigate the potential for nuclear criticality. However, it should be noted the results given for the VDS 
solids elemental analyses may be higher than the actual concentration in the solids, since the filter paper 
was dissolved along with the sample solids. 
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242-16H Evaporator Pot 
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Abstract/Keyterms: Operation of the 242-16H High Level Waste Evaporator proves crucial to liquid waste 
management in the H-Area Tank Farm. Recent inspection of the evaporator showed significant formation 
of solids in secondary lines and in the evaporator pot. Tests completed at Savannah River Technology 
Center (SRTC) showed dilute nitric acid will dissolve the solids. Because the solids contain significant 
quantities of 235U, operations may need to add neutron absorbers such as gadolinium and depleted uranium 
to the nitric acid to avoid any potentiality for a nuclear criticality. Therefore, the authors performed a series 
of tests to ascertain the effect of these neutron absorbers on the dissolution of the sodium aluminosilicate. 
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Abstract/Keyterms: Accumulations of two solid phases occurred in the Savanah River Site (SRS) 2H-
Evaporator system since late 1996. The aluminosilicate scale deposits caused the evaporator to become 
inoperable in October 1999. Accumulations of the diuranate phase have caused criticality concerns in the 
SRS 2H-Evaporator. In this study, thermodynamically derived activity diagrams, also known as stability 
diagrams, are developed from historic analytic data from the SRS 2H-Evaporator system feed tank (Tank 
43H) and drop tank (Tank 38H) in order to understand the tank chemistry conditions that caused the scale 
formation in the 2H-Evaporator. The SRS 2F-Evaporator system, which is not precipitating aluminosilicate 
solids, is modeled for comparison 
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Abstract/Keyterms: In order to safety restart the 2H evaporator, plans are to add depleted uranium (DU) 
as uranyl carbonate to Tank 43 to lower the 235U enrichment in the supernate. This memo examines the 
enrichment and location of uranium precipitates formed in Tank 43. An assessment of the risks associated 
with precipitating uranium shows that there is no criticality concern during this operation. 
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Abstract/Keyterms: Accumulations of two solid phases have formed scale deposits in the Savannah River 
Site 2H Evaporator system since late 1996. The aluminosilicate scale deposits caused the evaporator pot to 
become inoperable in October 1999. Accumulations of the diuranate phase have caused criticality concerns 
in the SRS 2H Evaporator. In order to ensure that similar deposits are not forming in the SRS 3H 
Evaporator, thermodynamically derived activity diagrams specific to the feeds processed from the 3H 
Evaporator feed tank (Tank 32) were evaluated. 
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Abstract/Keyterms: Accumulations of two solid phases have formed scale deposits in the Savannah River 
Site 2H Evaporator system since late 1996. The aluminosilicate scale deposits caused the evaporator pot to 
become inoperable in October 1999. Accumulations of the diuranate phase have caused criticality concerns 
in the SRS 2H Evaporator. In order to ensure that similar deposits are not forming in the SRS 3H 
Evaporator, thermodynamically derived activity diagrams specific to the feeds processed from the 3H 
Evaporator feed tank (Tank 32) were evaluated. 
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Abstract/Keyterms: This assessment was done to evaluate the impact of the planned transfer of Decant 
No.2 from Sludge Batch 2 in Tank 40H on the potential for solids accumulation in the 242-25H evaporator. 
It is a nuclear criticality safety (NCS) goal to demonstrate that the evaporator vessel cannot accumulate 
fissile material in a quantity and configuration that provides a pathway to criticality. The mechanism for 
accumulation of fissile material is through formation of aluminosilicate solids. 
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Abstract/Keyterms: This assessment was done to evaluate the impact of the planned transfer of Decant 
No.2 from Sludge Batch 2 in Tank 40H on the potential for solids accumulation in the 242-25H evaporator. 
It is a nuclear criticality safety (NCS) goal to demonstrate that the evaporator vessel cannot accumulate 
fissile material in a quantity and configuration that provides a pathway to criticality.The mechanism for 
accumulation of fissile material is through formation of aluminosilicate solids. 
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Abstract/Keyterms: HB-Line uses eductors to pump the contents of the Recycle Tanks and the Filtrate 
Tanks to H Canyon. The eductors serve the functions of both pumping and diluting product bearing 
solutions. Dilution must be reliably controlled because of criticality concerns with H Canyon Tanks. 
Therefore, it is important to measure the performance characteristics of the eductors. An eductor (Schutte 
and Koerting, model 264, size 1/2 inch, 316 stainless steel) identical to the eductors in HB Line Phase II 
was tested in the Thermal Fluids Laboratory (TFL) over the appropriate ranges of eductant pressure, suction 
head and discharge head. After testing, the eductor was engraved with the following equipment number, 
HBL-221000-HV-NPCP-EDR-NT-31/32. The performance data were successfully correlated using two 
equations, one for the flowrate of eductant and the other for the flowrate of suction fluid. Flowrates were 
within 10 percent of the flowrates published by the vendor. 
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Abstract/Keyterms: Criticality analysis of the proposed Melt-Dilute (MD) form of aluminum-based spent 
nuclear fuel (SNF), under geologic repository conditions, was performed following the methodology, 
documented in the Disposal Criticality Analysis Methodology Topical Report. This methodology evaluates 
the potential for nuclear criticality as determined by the composition of the waste and its geometry, namely 
waste form configuration, including presence of moderator, reflecting structural material, and neutron 
absorbers. The initial emplaced configuration of the SNF form is a dry package placed in a mined repository 
passageway. Criticality calculations show that even with waste package failure, followed by degradation of 
material within the waste package and potential loss of neutron absorber materials, sub-critical conditions 
can be maintained. 
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Abstract/Keyterms: Tank 46F is the current drop tank for the 2F evaporator and contains about190 inches 
of saltcake. Samples from the High Level Waste (HLW) Evaporator feed and drop tanks are analyzed every 
six months for criticality safety and scale formation potential. Analysis performed under this program 
includes analysis for silicon, aluminum, sodium, and free hydroxide concentration (evaluation of scale 
formation rates) and suite of criticality analyses. The recent minor leaks detected in Tank 5F have also led 
to HLW engineering to attempt to decide where to send material from Tank 5F. One of the primary options 
is to transfer Tank 5F material to Tank 46F. In order to support the Tank 5F transfer decision process, data 
is needed on the uranium isotopic distribution in the salt in Tank 46F. 



 

C-22589 

22533…..…..…………………..…….……..……ID Number…………………..…..…………….22533 

Author: Salaymeh, S. R. 

Title: 235U Holdup Measurements in the 321-M Exhaust Elbows 

Date: 2/28/1998 

Report: WSRC-TR-2001-00532 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Analytical Development Section of Savannah River Technology Center (SRTC) 
was requested by the Facilities Disposition Division (FDD) to determine the holdup of enriched uranium 
in the 321-M facility as part of an overall deactivation project of the facility. The 321-M facility was used 
to fabricate enriched uranium fuel assemblies, lithium-aluminum target tubes, neptunium assemblies, and 
miscellaneous components for the production reactors. The facility also includes the 324-M storage 
building and the passageway connecting it to 321-M. The results of the holdup assays are essential for 
determining compliance with the Waste Acceptance Criteria, Material Control and Accountability, and to 
meet criticality safety controls. This report covers holdup measurements of uranium residue in the exhaust 
piping elbows removed from the roof the 321-M facility. 
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Abstract/Keyterms: The Analytical Development Section of Savannah River Technology Center (SRTC) 
was requested by the Facilities Decommissioning Division (FDD) to determine the holdup of enriched 
uranium in the 321-M facility as part of an overall deactivation project of the facility. The results of the 
holdup assays are essential for determining compliance with the Waste Acceptance Criteria, Material 
Control and Accountability, and to meet criticality safety controls. This report covers holdup measurements 
of uranium residue in six high efficiency particulate air (HEPA) filter banks of the A-lathe and B-lathe 
exhaust systems of the 321-M facility. This report discusses the non-destructive assay measurements, 
assumptions, calculations, and results of the uranium holdup in these six items. 
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Abstract/Keyterms: HB Line Phase I product transfer includes an eductor which transfers liquid from 
Product Hold Tank (PHT) RT-33 or RT-34 to Tank 11.1. The eductor also dilutes the liquid from the PHT 
with eductant. Dilution must be reliably controlled because of criticality concerns with H Canyon Tanks. 
The eductor system, which contains a 1 inch Model 264 Schutte and Koerting eductor, was previously 
modeled in 1998 and dilution ratios were calculated for different flow restrictors, eductant pressures and 
densities for the eductant and the contents of the PHT. The previous calculation was performed using 
spreadsheet software no longer supported at SRS. For the previous work dilution ratio was defined as the 
volume of eductant consumed divided by volume of PHT contents transferred. Since 1998 HB Line 
Engineering has changed the definition of dilution ratio to the total volume of liquid, eductant consumed 
plus the volume of PHT liquid transferred, divided by the volume of PHT liquid transferred. The 1998 base 
case calculation was for a restrictor diameter of 0.334 inches, an eductant supply pressure of 15 psig, full 
PHT, an eductant specific gravity of 1.385 and a PHT density of 1.015. The base case dilution ratio 
calculated in 1998 using the current definition was 3.52. After accounting for uncertainty the minimum 
dilution ratio decreased to 3.23. In 2001 HB Line Engineering requested that the calculation be repeated 
for a manganous nitrate solution eductant and a process water eductant. The other conditions were the same 
as for the 1998 calculation. The objective of this report is to document the calculations and the results. 
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Abstract/Keyterms: The potential for criticality in the proposed Salt Waste Processing Facility is low but 
must be addressed in support of Authorization Basis development. This report describes tests and 
calculations to assess the issues and fulfills the requested information. 
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Abstract/Keyterms: Testing was performed to define technical issues that may impact long-term viability 
of the segregation strategy for processing and storing evaporator concentrates. The primary concern is 
increased potential for nuclear criticality from uranium accumulation. This statistically designed testing 
examines the fate of uranium when Al and Si rich concentrates are either purposefully or inadvertently 
combined. 
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Date: 6/3/2002 

Report: WSRC-TR-2002-00240 

Conference/Journal: INMM, Orlando, FL (US), 06/21/2002 

Conference Session:  

Abstract/Keyterms: A new feature in a processing line at the Savannah River Site (SRS) was the addition 
of fixed NaI detectors located at strategic points in the processing line. There are many uses of this 
instrumentation: Process control Mcnd A, and criticality safety. In this particular application, there were 23 
such strategic points identified. The data can be collected and analyzed in real time at a central point located 
outside any Radiation Buffer Area. This also allows the data to be collected without sampling or protective 
equipment requirements. The cost savings in time, cost, and timely production provided by this system are 
well established. This paper presents an anecdotal story regarding this particular application. 
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22539…..…..…………………..…….……..……ID Number…………………..…..…………….22539 

Author: Swingle, R. F. 

Title: Results of Analyses of Tank 37H Criticality Salt Samples (HTK-493 and 494) 

Date: 7/10/2002 

Report: WSRC-TR-2002-00244 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: High Level Waste Division (HLWD) personnel requested Savannah River 
Technology Center (SRTC) support in analyzing samples of salt cake from Tank 37H as input to a Nuclear 
Criticality Safety Evaluation (NCSE) in support of dissolution of the salt in the tank. Two salt core samples 
(HTK-493 and 494) were pulled from Tank 37H and transferred to the SRTC Shielded Cells Facility on 
April 2, 2002 for analyses of species that may affect criticality as the salt is dissolved. The core samples 
were composited and prepared for analysis of the as-received sample and of insoluble solids separated from 
as-received sample. Results of the analyses are presented herein. Results are given for the as-received salt 
cake, for insoluble solids separated from the core sample both with and without a correction for soluble 
solids remaining after dissolution, and for wash water produced by dissolving the soluble salts in inhibited 
water. 



 

C-22596 

22540…..…..…………………..…….……..……ID Number…………………..…..…………….22540 

Author: Jantzen, C. M. 

Title: Thermodynamic Modeling of the SRS Evaporators: Part III. Temperature, Evaporation, and 
Composition Effects on Process Control Strategy 

Date: 4/8/2003 

Report: WSRC-TR-2002-00318, Rev. 1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accumulations of two solid phases (a nitrated aluminosilicate) and sodium diuranate, 
in the form of scale, caused the SRS 2H Evaporator pot to become completely inoperable in October 1999. 
The accumulation of the sodium diuranate phase, which selectively precipitated with the aluminosilicate 
phase, caused criticality concerns in the 2H Evaporator. In order to understand the role of steady state 
saturation on the scale formation, solutions processed from the SRS 2H, 2F, and 3H Evaporators were 
evaluated with a commercially available thermodynamic equilibrium code known as Geochemist's 
Workbench. 
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22541…..…..…………………..…….……..……ID Number…………………..…..…………….22541 

Author: Jantzen, C. M. 

Title: Thermodynamic Modeling of the SRS Evaporators: Part IV. Incorporation of High Caustic 
Aluminosilicate Solubility Data 

Date: 4/8/2003 

Report: WSRC-TR-2002-00330 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Accumulations of two solid phases (a nitrated aluminosilicate) and sodium diuranate, 
in the form of scale, caused the SRS 2H Evaporator pot to become completely inoperable in October 1999. 
The accumulation of the sodium diuranate phase, which selectively precipitated with the aluminosilicate 
phase, caused criticality concerns in the 2H Evaporator. In order to understand the role of steady state 
saturation on the scale formation, solutions processed from the SRS 2H, 2F, and 3H Evaporators were 
evaluated with a commercially available thermodynamic equilibrium code known as Geochemist's 
Workbench 
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22542…..…..…………………..…….……..……ID Number…………………..…..…………….22542 

Author: Martino, C. J. 

Title: Tank 41h Salt-Well Sample Analysis 

Date: 9/24/2002 

Report: WSRC-TR-2002-00343 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The High Level Waste (HLW) division plans to dissolve at least 100,000 gallons of 
salt in Tank 41H for use as a feed to the Low Curie Salt process. The planned dissolution and removal 
methods are not covered by the existing Nuclear Criticality Safety Evaluation (NCSE) for Tank 41H. This 
sample analysis provides results to support the NCSE needed to qualify the entire contents of the tank for 
dissolution and removal. This report provides results of the analysis of the Tank 41H salt-well criticality 
sample TK-41-HTF-E-173. 
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22543…..…..…………………..…….……..……ID Number…………………..…..…………….22543 

Author: Herman, C. C. 

Title: Supplemental Solubility Data for SRAT Processing of Sludge Batch 3 with H-Canyon Slurry 
Containing Precipitated Pu and Gd in DWPF 

Date: 2/14/2003 

Report: WSRC-TR-2002-00508 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Savannah River Technology Center (SRTC) was requested to investigate the 
effects of the addition of Pu and Gd from H-Canyon to Sludge Batch 3 (SB3). The effects on Sludge Receipt 
and Adjustment Tank (SRAT) processing were discussed in WSRC-TR-2002-00322, which also addressed 
iron and gadolinium solubility criticality concerns in the presence of sodium oxalate. Since this work was 
completed, SRTC was requested to provide additional data for solubility testing at higher levels of sodium 
oxalate. This report supplements WSRC-TR-2002-00322 and addresses testing at higher level that are 
considered bounding for DWPF SB3 “sludge-only” processing, as well as “SB3” with Actinide Removal 
Product” processing. 
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22544…..…..…………………..…….……..……ID Number…………………..…..…………….22544 

Author: Visser, A. E. 

Title: Investigation of Plutonium and Uranium Precipitation Behavior with Gadolinium as a Neutron 
Poison 

Date: 7/7/2003 

Report: WSRC-TR-2003-00193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutralization of solutions containing significant quantities of fissile material at 
the Department of Energy's Savannah River Site and the subsequent transfer of the slurry to the High Level 
Waste (HLW) system is accomplished with the addition of a neutron poison to ensure nuclear safety. Gd, 
depleted U, Fe, and Mn have been used as poisons in the caustic precipitation of process solutions prior to 
discarding to HLW. However, the use of Gd is preferred since only small amounts of Gd are necessary for 
effective criticality control, smaller volumes of metal hydroxides are produced, and the volume of HLW 
glass resulting from this process is minimized. 
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22545…..…..…………………..…….……..……ID Number…………………..…..…………….22545 

Author: Pierce, R. A. 

Title: Uranium Metal Dissolution in the Presence of Fluoride and Boron 

Date: 2/2/2004 

Report: WSRC-TR-2003-00500 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: H-Area Operations is planning to process plutonium-contaminated (Pu-
contaminated) uranium metal scrap in its efforts to de-inventory excess nuclear materials. Experimental 
work was performed with a piece of uranium sheet. The study had four primary objectives. First, gather 
reaction rate data at a range of processing conditions to compare against reaction rate data reported in earlier 
studies and recommend a flowsheet for H-Canyon and/or for HB-Line. Second, develop new data for 
calculating hydrogen and total generation rates during uranium metal dissolution. Third, the tests intend to 
provide data to help demonstrate that the proposed flowsheet does not pose a criticality hazard. Last, use 
the data to recommend a process flowsheet. 
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22546…..…..…………………..…….……..……ID Number…………………..…..…………….22546 

Author: Martino, Christopherj. 

Title: Tank 41H Post-Dissolution Saltcake Core and Supernate Sample Analysis 

Date: 7/7/2004 

Report: WSRC-TR-2004-00165-Rev0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report provides analyses of the samples from Tank 41H. The characterization 
also includes supernate samples pulled from the surface (347 inch) and 250 inch levels of the salt supernate. 
The three saltcake samples (HTF-E-03-145, 146, and 147) were filled to nearly their capacity with saltcake 
and free liquid, with an average saltcake bulk density of 2.06 g/cm3. The undrained saltcake from the 
bottom of the middle sample (HTF-E-03-146) had a water content of 4.1 percentage weight, a 137Cs 
activity of 0.14 Ci per gallon of saltcake, and an alpha content of 1.4E+4 pCi/g. The undrained saltcake 
from the bottom of the bottom sample (HTF-E-03-147) had a water content of 8.5 percentage weight, a 
137Cs activity of 0.17 Ci per gallon of saltcake, and an alpha content of 3.0E+4 pCi/g. Interstitial liquid 
drained from the middle sample (HTF-E-03-146) had a density of 1.43 g/cm3, a soluble solids content of 
45.4 percentage weight, a 137Cs activity of 0.78 Ci per gallon of interstitial liquid, a nd an alpha content of 
1.1E+4 pCi/mL. An analysis of material from the top of the top sample (HTF-E-03-145) is provided in 
support of Nuclear Criticality Safety Evaluations. The as-received saltcake and the residual insoluble solids 
had a uranium-235 enrichment of approximately 12.2 per cent. Characterization focused on providing 
information on fissile radionuclides, potential neutron poisons, and other potential diluents. Supernate 
samples pulled from the surface and from the 250 in. levels of the C1 and C3 risers yielded information on 
the vertical and lateral tank supernate homogeneity. The 137Cs content of these Tank 41H samples 
averaged 0.56 Ci/gal for the C3 riser and 0.65 Ci/gal for the C1 riser. The 238Pu content of the four 
unfiltered samples ranged from 1.41E+4 pCi/mL to 2.21E+4 pCi/mL. Scanning electron microscopy of 
saltcake from sample HTF-E-03-146 revealed several features consistent with mineral dissolution: sub-
rounded appearance of grains, lack of coatings by secondary precipitates, and crevices and indentations in 
some grains. 
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22547…..…..…………………..…….……..……ID Number…………………..…..…………….22547 

Author: Eubanks, Ronnyea. 

Title: 9W-12W, 8H and 10H Cell, Rack Pan, and Air Tunnel Inspections for the Safe Deactivation NCSE 

Date: 9/1/2004 

Report: WSRC-TR-2004-00510 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The cell, rack pan, Warm Canyon Air Tunnel (WCAT) and Hot Canyon Air Tunnel 
(HCAT) inspections did not reveal significant deposits or accumulation of fissile material. Nor were there 
any depressions, except the sumps, that exceeded the limits of 2 inch x 6 inch in 9W-12W or 20 inch x 35 
inch in 8H or 10H. After filling the sumps and isolating the liquid sources, the cells, rack pans, and air 
tunnels meet the requirements for criticality safety as described in the NCSE. 
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22548…..…..…………………..…….……..……ID Number…………………..…..…………….22548 

Author: Dewberry, R. 

Title: 235U Holdup Measurements in Three 321-M Exhaust HEPA Banks 

Date: 2/24/2005 

Report: WSRC-TR-2004-00597 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Analytical Development Section of Savannah River National Laboratory (SRNL) 
was requested by the Facilities Disposition Division to determine the holdup of enriched uranium in the 
321-M facility as part of an overall deactivation project of the facility. The 321-M facility was used to 
fabricate enriched uranium fuel assemblies, lithium-aluminum target tubes, neptunium assemblies, and 
miscellaneous components for the production reactors. The results of the holdup assays are essential for 
determining compliance with the Waste Acceptance Criteria, Material Control & Accountability, and to 
meet criticality safety controls. This report covers holdup measurements of uranium residue in three HEPA 
filter exhaust banks of the 321-M facility. Each of the exhaust banks has dimensions near 7' x 14' x 4' and 
represents a complex holdup problem. A portable HPGe detector and EG&G Dart system that contains the 
high voltage power supply and signal processing electronics were used to determine highly enriched 
uranium (HEU) holdup. A personal computer with Gamma-Vision software was used to control the Dart 
MCA and to provide space to store and manipulate multiple 4096-channel {gamma}-ray spectra. Some 
acquisitions were performed with the portable detector configured to a Canberra Inspector using NDA2000 
acquisition and analysis software. Our results for each component uses a mixture of redundant point source 
and area source acquisitions that yielded HEU contents in the range of 2-10 grams. This report discusses 
the methodology, non-destructive assay (NDA) measurements, assumptions, and results of the uranium 
holdup in these items. This report includes use of transmission-corrected assay as well as correction for 
contributions from secondary area sources. 
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22549…..…..…………………..…….……..……ID Number…………………..…..…………….22549 

Author: Toffer, H. / Crowe, R. D. / Ades, M. J. 

Title: Certification Plan for Safety and PRA Codes 

Date: 5/1/1990 

Report: WSRC-TR-90-183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A certification plan for computer codes used in Safety Analyses and Probabilistic 
Risk Assessment (PRA) for the operation of the Savannah River Site (SRS) reactors has been prepared. An 
action matrix, checklists, and a time schedule have been included in the plan. These items identify what is 
required to achieve certification of the codes. A list of Safety Analysis and Probabilistic Risk Assessment 
(SA PRA) computer codes covered by the certification plan has been assembled. A description of each of 
the codes was provided in Reference 4. The action matrix for the configuration control plan identifies code 
specific requirements that need to be met to achieve the certification plan's objectives. The checklist covers 
the specific procedures that are required to support the configuration control effort and supplement the 
software life cycle procedures based on QAP 20-1 (Reference 7). A qualification checklist for users 
establishes the minimum prerequisites and training for achieving levels of proficiency in using 
configuration controlled codes for critical parameter calculations. 
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22550…..…..…………………..…….……..……ID Number…………………..…..…………….22550 

Author: Toffer, H. / Crowe, R. D. / Schwinkendorf, K. N. / Pevey, R. E. 

Title: Certification Plan for Reactor Analysis Computer Codes 

Date: 1/1/1990 

Report: WSRC-TR-90-26 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A certification plan for reactor analysis computer codes used in Technical 
Specifications development and for other safety and production support calculations has been prepared. An 
action matrix, checklists, a time schedule, and a resource commitment table have been included in the plan. 
These items identify what is required to achieve certification of the codes, the time table that this will be 
accomplished on, and the resources needed to support such an effort. 
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22551…..…..…………………..…….……..……ID Number…………………..…..…………….22551 

Author: Crowe, R. D. / Toffer, H. / Trumble, E. F. 

Title: GRIMHX Verification and Validation Summary Report 

Date: 12/1/1991 

Report: WSRC-TR-91-358 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As part of the software quality assurance requirements, the reactor analyses codes 
used for the calculation of key reactor operating and safety parameters require formal verification and 
validation. The GRIMHX code is used in such applications; this document summarizes the past efforts in 
this area and combines them with recent new analyses performed by WSRC and Westinghouse Hanford 
Company (WHC). As such, this document is the most up-to-date compilation of verification and validation 
information pertaining to the GRIMHX code. 
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22552…..…..…………………..…….……..……ID Number…………………..…..…………….22552 

Author: Gerrard, P. B. / Ha, B. C. / Jolly, L. / Key, F. / Rudisill, T. S. / Trumble, E. F. / Griffin, J. C. 

Title: Minutes: SRL Criticality and Accountability Review Committee 

Date: 1/2/1992 

Report: WSRC-TR-91-40-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Various aspects safety procedures concerning the handling of fissile materials at 
Savannah river plant are presented in these (12-16-91) meeting minutes. Criticality control procedures, 
inconsistencies in mass limit forms, and nuclear incident monitors, etc. are briefly discussed. 
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Author: Finch, D. R. / Williamson, T. G. 

Title: Validity of the Rule-of-Fractions for Assuring Criticality Safety Margins 

Date: 10/1/1991 

Report: WSRC-TR-91-569 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A computational study was performed to determine the validity of the Rule-Of-
Fractions for assuring criticality safety margins. The form of the Rule-of-Fractions examined was the 
equation: {summation}{sub i} A{sub i}/ a{sub i} {le} 1 where a{sub i} is the quantity of fissile/fissionable 
nuclide present, and A{sub i} is the quantity of the same nuclide i that corresponds to a known margin in 
k(eff). The study considered binary mixtures of two nuclides that exactly satisfied the equality condition of 
the equation. k(eff) values of homogeneous and heterogeneous binary mixtures of fissile/fissionable 
nuclides in metal and solution form were considered in spherical geometry. Results were compared to Rule-
Of-Fraction predicted k(eff) values using an assumed linear relationship. Calculations were performed with 
the ANISN code with Hansen-Roach and ENDF/B-IV cross sections. The results of this study demonstrated 
that the Rule-Of-Fractions in the above equation does not always maintain criticality safety margins in 
k(eff) for mixtures of nuclides. 
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22554…..…..…………………..…….……..……ID Number…………………..…..…………….22554 

Author: n. a. 

Title: SRS Scientific and Technical Abstracts, July—September 1992 

Date: 10/1/1992 

Report: WSRC-TR-92-503-1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This document focuses on the scientific and technical information (STT) reports, 
articles, and presentations generated at the site by various authors and organizations of Westinghouse 
Savannah River Company and its subcontractors. Abstracts of these STI products are contained within this 
document. The abstracts have been compiled as they originally appeared in the source reports. No changes 
to the content have been made except as necessary to correct errors of spelling, to reduce abstract length, 
or to ensure that the information is unclassified. The abstracts are organized according to information 
categories (“UC” categories) established by the Department of Energy’s Office of Scientific and Technical 
Information (OSTI). When reports fall into more than one category, their abstract is included as an entry in 
the most applicable section of this document. UC-700 General, Miscellaneous, and Progress Reports, UC-
701 Chemistry, UC-702 Environmental Sciences, UC-703 Geosciences, UC-704 Materials, UC-705 
Mathematics and Computer Sciences, UC-706 Engineering, Equipment, and Instruments, UC-707 Health 
and Safety, UC-708 Biological Sciences, UC-711 Chemical Separation Processes for Plutonium and 
Uranium, UC-712 Inertial Confinement Fusion, UC-713 Radioisotope and Radiation Applications, UC-714 
Criticality Studies, UC-715 Technology - Feed Materials, UC-721 Defense Waste Management, UC-722 
Transportation of Nuclear Materials, UC-731 Nuclear Materials Production, UC-732 Special Isotope 
Separation (Plutonium), UC-733 Nuclear Raw Materials, UC-741 Chemical High Explosives, UC-742 
Applications of Explosions, UC-743 Nuclear Propulsion Systems, UC-744 Aerospace Nuclear Safety, and 
Index 91. 
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Author: Vescovi, P. J. 

Title: Nuclear Criticality Safety Evaluation of SRS 9971 Shipping Package 

Date: 2/1/1993 

Report: WSRC-TR-92-565 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This evaluation is requested to revise the criticality evaluation used to generate 
Chapter 6 (Criticality Evaluation) of the Safety Analysis Report for Packaging (SARP) for shipment of 
UO3 product from the Uranium Solidification Facility (USF) in the SRS 9971 shipping package. The 
pertinent document requesting this evaluation is included as Attachment I. The results of the evaluation are 
given in Attachment II which is written as Chapter 6 of a NRC format SARP. 
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22556…..…..…………………..…….……..……ID Number…………………..…..…………….22556 

Author: Opperman, E. K. / Jackson, E. J. / Eggers, A. G. 

Title: Criteria for Onsite Transfers of Radioactive Material 

Date: 12/31/1992 

Report: WSRC-TR-92-579 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A general description of the requirements for making onsite transfers of radioactive 
material is provided in Chapter 2, along with the required sequency of activities. Various criteria for 
package use are identified in Chapters 3-13. These criteria provide protection against undue radiation 
exposure. Package shielding, containment, and surface contamination requirements are established. Criteria 
for providing criticality safety are enumerated in Chapter 6. Criteria for providing hazards information are 
established in Chapter 13. A glossary is provided. 
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22557…..…..…………………..…….……..……ID Number…………………..…..…………….22557 

Author: Parks, P. B. 

Title: Facts and Issues of Direct Disposal of Spent Fuel; Revision 1 

Date: 10/1/1993 

Report: WSRC-TR--93-0111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report reviews those facts and issues that affect the direct disposal of spent 
reactor fuels. It is intended as a resource document for those impacted by the current Department of Energy 
(DOE) guidance that calls for the cessation of fuel reprocessing. It is not intended as a study of the specific 
impacts (schedules and costs) to the Savannah River Site (SRS) alone. Commercial fuels, other low 
enriched fuels, highly enriched defense-production, research, and naval reactor fuels are included in this 
survey, except as prevented by rules on classification. 
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22558…..…..…………………..…….……..……ID Number…………………..…..…………….22558 

Author: Parks, P. B. 

Title: Facts and Issues of Direct Disposal of Spent Fuel. Revision 1 

Date: 10/1/1993 

Report: WSRC-TR-93-0111-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report reviews those facts and issues that affect the direct disposal of spent 
reactor fuels. It is intended as a resource document for those impacted by the current Department of Energy 
(DOE) guidance that calls for the cessation of fuel reprocessing. It is not intended as a study of the specific 
impacts (schedules and costs) to the Savannah River Site (SRS) alone. Commercial fuels, other low 
enriched fuels, highly enriched defense-production, research, and naval reactor fuels are included in this 
survey, except as prevented by rules on classification. 
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22559…..…..…………………..…….……..……ID Number…………………..…..…………….22559 

Author: Ferrell, J. M. 

Title: Savannah River Technology Center. Monthly report 

Date: 3/1/1993 

Report: WSRC-TR-93-100-3 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report outlines progress and accomplishments in the following categories: 
Reactor; Tritium; Separations; Environmental; Waste Management; and General. Reactor topics are a 
summary of the Applied Physics Group’s work for the K-15.1 cycle; FLOWTRAN-TF code test 
certification, documentation, and reactor support; analysis of Mark 16B material from the L-Reactor 
Dissassembly Basin; the reactor tank inspection program T-Weld project; and Consistency Matrix support. 
Tritium topics are leak test systems for the Container Management Facility; Replacement Tritium Facility 
technical issues tracking; transmission electron microscopy specimen preparation; the tritium aging effect 
on LaNi4.95A10.05 compressor material; and the life storage program. Separations topics are the F-Canyon 
safety analysis report addendum; an H-Canyon dissolver model; non-reactor assistance to the Nuclear 
Regulatory Commission; and onsite packaging criteria draft documentation. Environmental topics are Pond 
C studies with an underwater HPGe detector; the PREDICT run for the 1992 Annual Environmental Report; 
an integrated demonstration for cleanup of organic soils and groundwater at non-arid sites; and radio 
frequency soil heating -- fiberoptic temperature measurement probes. Waste Management topics are adding 
sodium titanate to in-tank precipitation simulants; lab-scale stripper column defoaming tests; the 
development of an extended sludge processing batch one model; and a canister temperature study. General 
topics are video image capture system -- drum inspection; old solvent tank characterization; plutonium 
storage containers; a glove box docking port; the development of SRS engineering and scientific softwear 
catalog; nuclear incident monitor and criticality analysis for separations equipment development; and 
Nuclear Regulatory Commission assistance. Publications and other items of interest are cited at the end of 
this report. 
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22560…..…..…………………..…….……..……ID Number…………………..…..…………….22560 

Author: Clemons, J. S. 

Title: Nuclear Safety of Extended Sludge Processing on Tank 42 and 51 Sludge (DWPF Sludge Feed Batch 
One) 

Date: 2/26/1993 

Report: WSRC-TR-93-115 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The sludge in tanks 42 and 51 is to be washed with inhibited water to remove soluble 
salts and combined in tank 51 in preparation for feed to DWPF. Since these tanks contain uranium and 
plutonium, the process of washing must be evaluated to ensure subcriticality is maintained. When the sludge 
is washed, inhibited water is added, the tank contents are slurried and allowed to settle. The sludge wash 
water is then decanted to the evaporator feed tank where it is fed to the evaporator to reduce the volume. 
The resulting evaporator concentrate is sent to a salt tank where it cools and forms crystallized salt cake. 
This salt cake will later be dissolved, processed in ITP and sent to Z-Area. This report evaluates the 
supernate and sludge during washing, the impact on the evaporator during concentration of decanted wash 
water, and the salt tank where the concentrated supernate is deposited. The conclusions generated in this 
report are specific to the sludge currently contained in tanks 42 and 51. 
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22561…..…..…………………..…….……..……ID Number…………………..…..…………….22561 

Author: Chandler, M. C. 

Title: Nuclear Criticality Safety Bounding Analysis for the In-Tank Precipitation (ITP) Process 

Date: 1/22/2001 

Report: WSRC-TR-93-171 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report focuses solely on the accumulation of uranium and plutonium during In-
Tank Precipitation process (ITP) processing and precipitate storage. The concentration of uranium and 
plutonium from solution into the smaller volume of precipitate represents a possible concern for criticality. 
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Author: Chandler, M. C. 

Title: Nuclear Criticality Safety Bounding Analysis for the In-Tank Precipitation (ITP) Process 

Date: 1/22/2001 

Report: WSRC-TR-93-171 Rev. 0 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report focuses solely on the accumulation of uranium and plutonium during In-
Tank Precipitation process (ITP) processing and precipitate storage. The concentration of uranium and 
plutonium from solution into the smaller volume of precipitate represents a possible concern for criticality. 
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Author: Gupta, M. K. 

Title: Safety Evaluation of the ESP Sludge Washing Baselines Runs. Revision 2 

Date: 8/1/1994 

Report: WSRC-TR-93-207-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Purpose is to provide the technical basis for evaluation of unreviewed safety question 
for the Extended Sludge Processing (ESP) Sludge Washing Baseline Runs, which are necessary to resolve 
technical questions associated with process control (sludge suspension, sludge settling, heat transfer, 
temperature control). The sludge is currently stored in below-ground tanks and will be prepared for 
processing at the Defense Waste Processing Facility as part of the Integrated Waste Removal Program for 
Savannah River Site. 
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Author: Schornhorst, J. R. / Pareizs, J. M. / Marshall, K. M. 

Title: Storage Risk of Offsite Research Reactor Spent Fuel in the Receiving Basin for Offsite Fuel. Revision 
2 

Date: 10/4/1993 

Report: WSRC-TR-93-402-Rev.2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Foreign Research Reactor Spent Fuel Elements / Receiving Basin for offsite Fuel 
(RBOF) / Savannah River Site (SRS) 
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Author: Karraker, D. G. 

Title: Uranium Solubility Studies During Waste Evaporation 

Date: 8/16/1993 

Report: WSRC-TR--93-433 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The liquid waste streams from chemical processing of reactor-irradiated targets and 
fuel are neutralized with excess NaOH and discharged to mild steel waste tanks for interim storage. To 
reduce the number of tanks required, and thus the cost of waste storage, the supernate is evaporated to about 
70% solids, discharged while hot into clean waste tanks. As the solution cools, solids crystallize from the 
saturated solution and form a solid layer on the bottom of the tank. The supernate is re-evaporated to 
concentrate the volume further. Evaporation and crystallization are continued until, for tank 41, the tank is 
almost filled with crystallized salts. In the DWPF processing scheme, these salts will be redissolved in 
water and {sup 137}Cs precipitated with sodium tetraphenylborate in the in-tank precipitation facility. The 
decontaminated supernate is now mixed with cement and stored as a solid monolith; the precipitated Cs 
and the base-insoluble solids are encapsulated in glass for permanent storage. Questions have been raised 
about the nuclear safety of these operations, particularly for tank 41, where the waste source was waste 
from the H-Area fuel processing. One scenario for a potential nuclear accident considers that the salts in 
tank 41 would dissolve in water, but the enriched uranium solids would not dissolve. The uranium is 
hypothesized to settle to the bottom of the tank and become concentrated enough to reach a critical mass. 
A second scenario, promulgated by West Valley, is that uranium would precipitate in the evaporator and 
form a critical mass in the evaporator. To shed some light on the probable behavior of U in the waste system, 
the solubility of U in synthetic waste was studied. The results are reported here. 
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Author: Benhardt, H. C. / Eide, S. A. / Held, J. E. / Olsen, L. M. / Vail, R. E. 

Title: Savannah River Site Human Error Data Base Development for Non-reactor Nuclear Facilities 

Date: 2/28/1994 

Report: WSRC-TR-93-581 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Facilitiesnuclear Facilities. Second, It Provides a Documented Basis for 
Human Error Probabilities or Rates. And Finally, It Provides Actual SRS-Specific Human Error Data to 
Support Many of the Error Probabilities or Rates. Use of a Single, Documented Reference Source for 
Human Errors, Supported By SRS-Specific Human Error Data, Will Improve the Consistency and Accuracy 
of Human Error Modeling By SRS Risk Analysts. It is Envisioned that SRS Risk Analysts Will Use This 
Report as Both a Guide to Identifying the Types of Human Errors that May Need to Be Included in Risk 
Models Such as Fault and event Trees, and as a Source for Human Error Probabilities or Rates. for Each 
Human Error in This Report, Five Different Mean Probabilities or Rates are Presented to Cover a Wide 
Range of Conditions and Influencing Factors. the Ask Analysts Must Decide Which Mean Value is Most 
Appropriate for Each Particular Application. If Other Types of Human Errors are Needed for the Risk 
Models, the Analyst Must Use Other Sources. Finally, If Human Tenors are Dominant in the Quantified 
Risk Models (Based on the Values Obtained from This Report), Then It May Be Appropriate to Perform 
Detailed Human Reliability Analyses (Hras) for the Dominant events. This Document Does not Provide 
Guidance for Such Refined Hras; in Such Cases Experienced Human Reliability Analysts Should Be 
Involved. 
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Author: Parish, W. R. 

Title: Tank 29 Salt Removal Method Using Slurry Pump Agitation 

Date: 11/30/1993 

Report: WSRC-TR-93-609 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report outlines a plan for removing salt from Tank 29. The plan is based, in part, 
upon the experience gained in the removal of salt from Tank 19 and sludge from Tank 16. Tank 19 was the 
first tank in which slurry pumps were used during salt dissolution. Salt in Tank 29 will be dissolved to form 
a nearly saturated salt solution. The goal of Waste Removal is to remove the salt from the tank and deliver 
it to In-Tank Precipitation (ITP) at a concentration greater than 6.7 molar Na[sup +] (including dilution 
from transfer steam) to meet ITP requirements. (The amount of wash water used in ITP will be enough to 
dilute 6.7 molar Na[sup +] salt solution to 5 molar Na[sup +] required for the precipitation step). The 
solution will be sent to (ITP) for precipitation of soluble cesium and strontium (radioactive elements). The 
precipitate will be transferred to the Defense Waste Processing Facility (DWPF) for final disposal. A USQD 
(Unreviewed Safety Question Determination) for criticality safety issue resolution will be completed prior 
to salt removal. 
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Author: Rosser, M. A. 

Title: Criticality Safety Evaluation for K Area Disassembly Basin Cleanup 

Date: 2/1/1994 

Report: WSRC-TR-93-613 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Preparations are currently being made to remove sludge from the Disassembly Basin 
in all reactor areas. Because this sludge contains fissile isotopes, it is necessary to perform a criticality 
safety evaluation for the planned activities. A previous evaluation examined the criticality safety aspects of 
the sludge removal process for L Area. This document addresses the criticality safety aspects of the K Area 
Disassembly Basin cleanup work. The K Area Disassembly Basin cleanup will involve, as a first step, 
pumping the basin sludge into the Monitor Basin portion of the Disassembly Basin. From the Monitor 
Basin, the sludge will be pumped into tanks or containers for permanent disposition. The criticality safety 
evaluation discussed in this document covers the transfer of the sludge to the Monitor Basin. 
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Author: Rosser, M. A. 

Title: Criticality Safety Evaluation for Disassembly Basin Sand Filter 

Date: 5/19/1994 

Report: WSRC-TR-93-614 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As a result of the Reactor Division’s disassembly basin cleanup program, it has been 
determined that fissile-isotopes are present in the sludge that has accumulated at the bottom of the 
disassembly basins. Good criticality safety practices require that the potential for obtaining a critical 
configuration with this fissile material be evaluated. As part of this process, the disassembly basin sand 
filter system has been identified as a potential area of concern. Because disassembly basin water flows 
through the sand filter, it is conceivable that fissile material, from the basin, could accumulate in the sand 
filter. Previous calculations have indicated that the mass of some fissile isotopes in the basin sludge exceeds 
subcritical mass limits. This report documents the criticality safety evaluation that was performed to address 
the possibility of forming a critical configuration within the sand filter. This evaluation is applicable to K 
and L Areas, since the fissile masses listed in Table 1 are bounding for both areas. Applicability to P Area 
will be examined following the completion of sludge sample analyses for that Area. Although it is 
conceivable that fissile material could accumulate in the sand filter, because of the required fissile mass and 
necessary critical geometries it is highly unlikely that a critical configuration could be assembled. The mass 
of fissile material required for criticality, for present and anticipated sand filter geometries and operational 
characteristics, is much greater than that available in the sludge, as indicated by sludge sample analyses. In 
short, there is no identified mechanism by which a critical configuration could be assembled in the 
disassembly basin sand filter. 
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Author: Clemmons, J. S. 

Title: Canyon Transfer Neutron Absorber to Fissile Material Ratio Analysis. Revision 1 

Date: 3/4/1994 

Report: WSRC-TR-93-872-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Waste tank fissile material and non-fissile material estimates are used to evaluate 
criticality safety for the existing sludge inventory and batches of sludge sent to Extended Sludge Processing 
(ESP). This report documents the weight ratios of several non-fissile waste constituents to fissile waste 
constituents from canyon reprocessing waste streams. Weight ratios of Fe, Mn, Al, Mi, and U-238 to fissile 
material are calculated from monthly loss estimates from the F and H Canyon Low Heat Waste (LHW) and 
High Heat Waste (HHW) streams. The monthly weight ratios for Fe, Mn and U-238 are then compared to 
calculated minimum safe weight ratios. Documented minimum safe weight ratios for Al and Ni to fissile 
material are currently not available. Total mass data for the subject sludge constituents is provided along 
with scatter plots of the monthly weight ratios for each waste stream. 
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Author: Bess, C. E. 

Title: Nuclear Criticality Safety Bounding Analysis for the in-Tank-Precipitation (ITP) Process, Impacted 
by Fissile Isotopic Weight Fractions 

Date: 4/22/1994 

Report: WSRC-TR-94-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The In-Tank Precipitation process (ITP) receives High Level Waste (HLW) 
supernatant liquid containing radionuclides in waste processing tank 48h Sodium tetraphenylborate, 
NaTPB, and monosodium titanate (MST), NaTi2O5H, are added for removal of radioactive Cs and Sr, 
respectively. In addition to removal of radio-strontium, MST will also remove plutonium and uranium. The 
majority of the feed solutions to ITP will come from the dissolution of supernate that had been concentrated 
by evaporation to a crystallized salt form, commonly referred to as saltcake. The concern for criticality 
safety arises from the adsorption of U and Pt onto MST. If sufficient mass and optimum conditions are 
achieved then criticality is credible. The concentration of u and Pt from solution into the smaller volume of 
precipitate represents a concern for criticality. This report supplements WSRC-TR-93-171, Nuclear 
Criticality Safety Bounding Analysis For The In-Tank-Precipitation (ITP) Process. Criticality safety in ITP 
can be analyzed by two bounding conditions: (1) the minimum safe ratio of MST to fissionable material 
and (2) the maximum fissionable material adsorption capacity of the MST. Calculations have provided the 
first bounding condition and experimental analysis has established the second. This report combines these 
conditions with canyon facility data to evaluate the potential for criticality in the ITP process due to the 
adsorption of the fissionable material from solution. In addition, this report analyzes the potential impact 
of increased U loading onto MST. Results of this analysis demonstrate a greater safety margin for ITP 
operations than the previous analysis. This report further demonstrates that the potential for criticality in 
the ITP process due to adsorption of fissionable material by MST is not credible. 
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Author: Niemer, K. A. 

Title: AMPX-77 Phase 1 Certification Package 

Date: 3/1/1994 

Report: WSRC-TR-94-0125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The AMPX-77 Phase 1 modules have been certified. AMPX-77 is a modular code 
system for generating coupled multigroup neutron-gamma cross section libraries from Evaluated Nuclear 
Data Files (ENDF/B). All basic cross-section data are input from the formats used by the ENDF/B, and 
output can be obtained from a variety of formats, included in its own internal and very general formats, 
along with a variety of other useful formats used by major transport, diffusion theory, and Monte Carlo 
codes. Processing is provided for both neutron and gamma-ray data. The AMPX-77 code system will be 
used at SRS to perform critical calculations related to nuclear criticality safety. The AMPX-77 modular 
codes system contains forty-seven separate modules. For the certification process, the 47 modules have 
been divided into three groups or phases. This Certification Package is for the Phase 1 modules: BONAMI, 
LAPHNGAS, MALOCS, NITAWL, ROLAIDS, SMUG, and XSDRNPM. 
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Author: Kahook, S. D. 

Title: Nuclear Criticality Safety Assessment of the Low Level Radioactive Waste Disposal Facility 
Trenches 

Date: 4/1/1994 

Report: WSRC-TR-94-0127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Results of the analyses performed to evaluate the possibility of nuclear criticality in 
the Low Level Radioactive Waste Disposal Facility (LLRWDF) trenches are documented in this report. 
The studies presented in this document are limited to assessment of the possibility of criticality due to 
existing conditions in the LLRWDF. This document does not propose nor set limits for enriched uranium 
(EU) burial in the LLRWDF and is not a nuclear criticality safety evaluation nor analysis. The calculations 
presented in the report are Level 2 calculations as defined by the E7 Procedure 2.31, Engineering 
Calculations. 
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Author: Niemer, K. A. 

Title: KENO V.a Certification Package 

Date: 4/1/1994 

Report: WSRC-TR-94-0193 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: KENO V.a has been certified. KENO V.a is a multigroup Monte Carlo criticality 
program used to calculate the k-effective of a 3-D system. It is part of the SCALE modular code system for 
performing Standardized Computer Analyses for Licensing Evaluation. SCALE was developed for the 
Nuclear Regulatory Commission to satisfy a need for a standardized method of analysis for the evaluation 
of nuclear fuel facility and package designs. In its present form, the system has the capability to perform 
criticality, shielding, and heat transfer analyses using well established functional modules tailored to the 
SCALE system. KENO V.a will be used at SRS to perform critical calculations related to nuclear criticality 
safety. 
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Author: Cavin, W. S. 

Title: Tank 41H Bounding Uranium Enrichment. Revision 1 

Date: 9/30/1994 

Report: WSRC-TR-94-0224-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The intent of this document is to combine data from salt samples and historical 
process information to bound the uranium (U-235) enrichment which could be expected in the upper portion 
of the salt in Tank 41h This bounding enrichment will be used in another document to establish a nuclear 
safety basis for initial salt removal operations. Any number of mixing scenarios could have been examined 
for the components which fed the evaporator during the formation of the last five feet of salt. The scenario 
presented was designed to be conservative, while still incorporating process knowledge and available data 
where possible. In the scenario, the lowest enrichment seen in any feed material was for the L4 feed which 
was evaporated to form the top part of the salt in Tank 41h The lowest enrichment of 17% is still higher 
than the 16% (95% confidence) maximum enrichment actually found at the salt surface (from sample 
results). This leads to the conclusion that the uranium enrichment of the material (L1) which was being fed 
to the evaporate when the last five feet began to form, was lower than 22%. The conservatism used in this 
analysis, combined with the available sample data are believed to provide a defensible basis for establishing 
an upper bounding enrichment of 22% for the top five feet of salt. 
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22576…..…..…………………..…….……..……ID Number…………………..…..…………….22576 

Author: Hobbs, D. T. / Davis, J. R. 

Title: Nuclear Criticality Safety Evaluation of the Passage of Decontaminated Salt Solution from the ITP 
Filters into Tank 50H for Interim Storage 

Date: 9/30/1994 

Report: WSRC-TR-94-0269 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report assesses the nuclear criticality safety associated with the decontaminated 
salt solution after passing through the In-Tank Precipitation (ITP) filters, through the stripper columns and 
into Tank 50H for interim storage until transfer to the Saltstone facility. The criticality safety basis for the 
ITP process is documented. Criticality safety in the ITP filtrate has been analyzed under normal and process 
upset conditions. This report evaluates the potential for criticality due to the precipitation or crystallization 
of fissionable material from solution and an ITP process filter failure in which insoluble material carryover 
from salt dissolution is present. It is concluded that no single inadvertent error will cause criticality and that 
the process will remain subcritical under normal and credible abnormal conditions. 
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Author: Niemer, K. A. / Frost, R. L. 

Title: Equivalence Relations for the 9972-9975 SARP 

Date: 10/1/1994 

Report: WSRC-TR-94-0366 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Equivalence relations required to determine mass limits for mixtures of nuclides for 
the Safety Analysis Report for Packaging (SARP) of the Savannah River Site 9972, 9973, 9974, and 9975 
shipping casks were calculated. The systems analyzed included aqueous spheres, homogeneous metal 
spheres, and metal ball-and-shell configurations, all surrounded by an effectively infinite stainless steel or 
water reflector. Comparison of the equivalence calculations with the rule-of-fractions showed conservative 
agreement for aqueous solutions, both conservative and non-conservative agreement for the metal 
homogeneous sphere systems, and non-conservative agreement for the majority of metal ball-and-shell 
systems. Equivalence factors for the aqueous solutions and homogeneous metal spheres were calculated. 
The equivalence factors for the non-conservative metal homogeneous sphere systems were adjusted so that 
they were conservative. No equivalence factors were calculated for the ball-and-shell systems since the -
SARP assumes that only homogeneous or uniformly distributed material will be shipped in the 9972-9975 
shipping casks, and an unnecessarily conservative critical mass may result if the ball-and-shell 
configurations are included. 
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Author: Biswas, D. 

Title: Potential Utilization of SRS Uranium with High U-236 Content as Commercial LWR Fuel (Study of 
Neutronic and Safety Characteristics) 

Date: 7/1/1994 

Report: WSRC-TR-94-0370 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The neutronics and safety characteristics of a PWR core loaded with fuel made from 
SRS recovered uranium have been analyzed. These results are compared to those of a standard commercial 
fuel loaded core. For both cases, equilibrium cycle three-dimensional core models have been developed to 
accurately quantify the fuel cycle penalty factor associated with high U-236 content in SRS derived fuel. A 
0.28 wt% over enrichment is required to compensate for each 1.0 wt% of U-236 in SRS derived fuel in 
order to match the cycle length. Doppler and moderator coefficients have become slightly more negative 
with the increase in U-236 content along with a slight reduction of control rode worth, boron worth and 
shutdown margin. These changes will not impact the safety or operation of a commercial nuclear plant. 
Thus, the feasibility of using SRS recovered uranium in the form of commercial nuclear fuel has been 
established from the neutronic and safety point of view. The real issue is the radiological problem related 
to SRS derived fuel and its effect on worker safety. 
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Author: n. a. 

Title: Savannah River Technology Center Monthly Report: June 1994. Westinghouse Savannah River Co., 
Aiken, SC 

Date: 6/1/1994 

Report: WSRC-TR-94-100-6 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Short summaries are given for 53 projects concerned with tritium, separations, 
environmental, waste management and general topics. Included in the general topics are the following: 
High-level waste integrated flowsheet model; Scoping thermal analysis of failed equipment storage vault 
thermal model; Decision support system for in-tank precipitation benzene stripper experiment; 
Development of a liquid level bubbler for Defense Waste Processing Facility canyon vessels; Thermal 
testing of 9973 and 9975 series packagings; and Technical review of CD-1 cask for first time use. 
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Author: Frost, R. L. 

Title: Nuclear Criticality Safety Evaluation of the 9965, 9968, 9972, 9973, 9974, and 9975 Shipping Casks 

Date: 2/26/1999 

Report: WSRC-TR-95-0030 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A Nuclear Criticality Safety Evaluation (NCSE) has been performed for the 9965, 
9968, 9972, 9973, 9974, and 9975 SRS-designed shipping casks. This was done in support of the 
recertification effort for the 9965 and 9968, and the certification of the newly designed 9972-9975 series. 
The analysis supports the use of these packages as Fissile Class I for shipment of fissionable material from 
the SRS FB-Line, HB-Line, and from Lawrence Livermore national Laboratory. six different types of 
material were analyzed with varying Isotopic composition, of both oxide and metallic form. The mass limits 
required to support the fissile Class I rating for each of the envelopes are given in the Table below. These 
mass limits apply if DOE approves an exception as described in 10 CFR 71.55(c), such that water leakage 
into the primary containment vessel does not need to be considered in the criticality analysis. If this 
exception is not granted, the mass limits are lower than those shown below. this issue is discussed in detail 
in sections 5 and 6 of the report. One finding from this work is important enough to highlight in the abstract. 
The fire tests performed for this family of shipping casks indicates only minimal charring of the Celotex 
thermal insulation. Analysis of the casks with no Celotex insulation (assuming it has all burned away), 
results in values of k-eff that exceed 1.0. Therefore, the Celotex insulation must remain intact in order to 
guarantee sub criticality of the 9972-9975 family of shipping casks. 
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Author: Parks, P. B. / Williamson, T. G. / Hyder, M. L. 

Title: Consequences of the Bowman-Venneri Nuclear Excursion Thesis on the Prospects for Placing 
Vitrified Plutonium Canisters in Geologic Repositories 

Date: 3/9/1995 

Report: WSRC-TR-95-0036 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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Author: Hassan, N. M. 

Title: Mixing Quality Characterization in Separation Process Tanks. Part 2: Solids-Suspension 

Date: 12/31/1995 

Report: WSRC-TR-95-0258 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear criticality safety in Separations canyon facilities is maintained primarily by 
control of the concentration of fissile materials in process equipment. Confidence in the attainment of this 
goal is clearly dependent upon how a measurement of solids concentration from the local sampling 
technique relates to concentrations elsewhere in the vessel, and on the quality of mixing prevailing under 
operating conditions. Clarification was therefore needed of the relationship between the local concentration 
of solids found at the present regular sampling point, and the prevailing maximum and average throughout 
the vessel. An experimental study was performed to document the quality of mixing for dilute solids 
suspension in an aqueous phase in baffled, paddle-agitated, cylindrical tanks used in Separations canyon 
facilities. Measurements were made for those variables that are capable of adjustments in the full scale: 
namely impeller speed, height of the total liquid, and number of impellers on the shaft. Appropriate total 
liquid levels and minimum impeller speed for just complete suspension of solids were established for the 
full scale operation. The effects of particle size distribution and mean concentration of solids are 
demonstrated, and conditions under which the regular single sampling point gives results comparable to the 
average of variously placed measurements around the vessel are identified. Solids distribution in the radial 
and axial directions were examined and some recurring trends have been identified. A simplified mass 
balance and coil impediment calculations indicate the need for new sampling techniques to explore the 
region around and between the impellers. 
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Author: Krupa, J. F. / Mckibben, J. M. / Parks, P. B. / Dupont, M. E. 

Title: Alternative Dispositioning Methods for HEU Spent Nuclear Fuel at the Savannah River Site 

Date: 11/1/1995 

Report: WSRC-TR--95-0265; CONF-9507119--5 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The United States has a strong policy on prevention of the international spread of 
nuclear weapons. This policy was announced in Presidential Directive PDD-and summarized in a White 
House press release September 27, 1993. Two cornerstones of this policy are: seek to eliminate where 
possible the accumulation of stockpiles of highly- enriched uranium or plutonium; 
propose{hor_ellipsis}prohibiting the production of highly-enriched uranium (HEU) or plutonium for 
nuclear explosives purposes or outside international safeguards. The Department of Energy is currently 
struggling to devise techniques that safely and efficiently dispose of spent nuclear fuel (SNF) while 
satisfying national non-proliferation policies. SRS plans and proposals for disposing of their SNF are safe 
and cost effective, and fully satisfy non-proliferation objectives. 
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Author: Jenkins, J. B. 

Title: Nuclear Incident Monitor Criticality Alarm Instrument for the Savannah River Site: Technical 
Manual 

Date: 5/21/1996 

Report: WSRC-TR-96-0159 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Savannah River Site is a Department of Energy facility. The facility stores, 
processes, and works with fissionable material at a number of locations. Technical standards and US 
Department of Energy orders, require these locations to be monitored by criticality alarm systems under 
certain circumstances. The Savannah River Site calls such instruments Nuclear Incident Monitors or NIMs. 
The Sole purpose of the Nuclear Incident Monitor is to provide an immediate evacuation signal in the case 
of an accidental criticality in order to minimize personnel exposure to radiation. The new unit is the third 
generation Nuclear Incident Monitor at the Savannah River Site. The second generation unit was developed 
in 1979. It was designed to eliminate vacuum-tube circuits, and was the first solid state NIM at SRS. The 
major design objectives of the second generation NIM were to improve reliability and reduce maintenance 
costs. Ten prototype units have been built and tested. This report describes the design of the new NIM and 
the testing that took place to verify its acceptability. 
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Author: Ross, R. H. 

Title: Nuclear Criticality Safety Assessment for Tank 38H Salt Dissolution 

Date: 12/23/1996 

Report: WSRC-TR-96-0336-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report defines criteria for future sampling of Tank 38H for continued verification 
of the inherent subcritical condition as saltcake dissolution proceeds. 
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Author: Hobbs, D. T. 

Title: Final Report on the Analytical Results for Tank Farm Samples in Support of Salt Dissolution 
Evaluation 

Date: 12/12/1996 

Report: WSRC-TR-96-0410 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Recent processing of dilute solutions through the 2H-Evaporator system caused 
dissolution of salt in Tank 38H, the concentrate receipt tank. This report documents analytical results for 
samples taken from this evaporator system. 



 

C-22643 

22587…..…..…………………..…….……..……ID Number…………………..…..…………….22587 

Author: Rudisill, T. S. / Gray, J. H. / Karraker, D. G. / Chandler, G. T. 

Title: Canyon Dissolution of Sand, Slag, and Crucible Residues 

Date: 12/1/1997 

Report: WSRC-TR-97-00367 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An alternative to the FB-Line scrap recovery dissolver was desired for the dissolution 
of sand, slag, and crucible (SS{ampersand}C) residues from the plutonium reduction process due to the 
potential generation of hydrogen gas concentrations above the lower flammability limit. To address this 
concern, a flowsheet was developed for the F-Canyon dissolvers. The dissolvers are continually purged 
with nominally 33 SCFM of air; therefore the generation of flammable gas concentrations should not be a 
concern. Following removal of crucible fragments, small batches of the remaining sand fines or slag chunks 
containing less than approximately 350 grams of plutonium can be dissolved using the center insert in each 
of the four annular dissolver ports to address nuclear criticality safety concerns. Complete dissolution of 
the sand fines and slag chunks was achieved in laboratory experiments by heating between 75 and 85 
degrees Celsius in a 9.3M nitric acid/0.013M (hydrogen) fluoride solution. Under these conditions, the … 
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Date: 3/13/1997 

Report: WSRC-TR-98-00075 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the criticality safety basis of the ITP and ESP processes, and of 
the salt dissolution process in Waste Tank 41h 
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Title: Solubility Limits of Dibutyl Phosphoric Acid in Uranium Solutions at SRS 

Date: 6/1/1998 

Report: WSRC-TR-98-00188 

Conference/Journal:  
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Abstract/Keyterms: The Savannah River Site has enriched uranium (EU) solution which has been stored 
for almost 10 years since being purified in the second uranium cycle of the H area solvent extraction 
process. The concentrations in solution are{tilde 6} g/L U and about 0.1 M. nitric acid. Residual 
tributylphosphate in the solutions has slowly hydrolyzed to form dibutyl phosphoric acid (HDBP) at 
concentrations averaging 50 mg/L. Uranium is known to form compounds with DBP which have limited 
solubility. The potential to form uranium-DBP solids raises a nuclear criticality safety issue. SRTC tests 
have shown that U-DBP solids will precipitate at concentrations potentially attainable during storage of 
enriched uranium solutions. Evaporation of the existing EUS solution without additional acidification could 
result in the precipitation of U-DBP solids if DBP concentration in the resulting solution exceeds 110 ppm 
at ambient temperature. The same potential exists for evaporation of unwashed 1CU solutions.... The 
analytical method can be transferred to the plant analytical labs for more routine analysis of samples. 
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Abstract/Keyterms: The Savannah River Site has enriched uranium (EU) solution which has been stored 
for almost 10 years since being purified in the second uranium cycle of the H area solvent extraction 
process. The concentrations in solution are approximately 6 g/L U and about 0.1 M. nitric acid. Residual 
tributylphosphate in the solutions has slowly hydrolyzed to form dibutyl phosphoric acid (HDBP) at 
concentrations averaging 50 mg/L. Uranium is known to form compounds with the dibutylphosphate ion 
(DBP) which have limited solubility. The potential to form uranium-DBP solids raises a nuclear criticality 
safety issue. Prior SRTC tests (WSRC-TR-98-00188) showed that U-DBP solids precipitate at 
concentrations potentially attainable during the storage of enriched uranium solutions. Furthermore, 
evaporation of the existing EUS solution without additional acidification could result in the precipitation 
of U-DBP solids if the DBP concentration in the resulting solution exceeds 110 mg/L at ambient 
temperature.... The activated carbon outperformed the anion exchange resin. Activated carbon absother 
activated carbon or anion exchange resin. The activated carbon outperformed the anion exchange resin. 
Activated carbon absorbs DBP rapidly and has demonstrated the capability of absorbing 15 mg of DBP per 
gram of activated carbon. Analytical results also show that activated carbon absorbs uranium up to 17 mg 
per gram of carbon. It is speculated that the uranium absorbed is part of a soluble U-DBP complex that has 
been absorbed. Additional testing must still be performed to 1) establish absorption limits for uranium for 
anion exchange resin, 2) evaluate desorption characteristics of uranium and DBP, and 3) study the 
possibility of re-using the absorbent. 
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Abstract/Keyterms: The SEPHIS computer program is currently being used to evaluate the effect of all 
process variables on the criticality safety of the HM 1st Uranium Cycle process in H Canyon. The objective 
of its use has three main purposes. (1) To provide a better technical basis for those process variables that 
do not have any realistic effect on the criticality safety of the process. (2) To qualitatively study those 
conditions that have been previously recognized to affect the nuclear safety of the process or additional 
conditions that modeling has indicated may pose a criticality safety issue. (3) To judge the adequacy of 
existing or future neutron monitors locations in the detection of the initial stages of reflux for specific 
scenarios.Although SEPHIS generally over-predicts the distribution of uranium to the organic phase, it is a 
capable simulation tool as long as the user recognizes its biases and takes special care when using the 
program for scenarios where the prediction bias is non-conservative. The temperature coefficient used by 
SEPHIS is poor at predicting effect of temperature on uranium extraction for the 7.5 percent TBP used in 
the HM process. Therefore, SEPHIS should not be used to study temperature related scenarios. However, 
within normal operating temperatures when other process variables are being studied, it may be used. Care 
must be is given to understanding the prediction bias and its effect on any conclusion for the particular 
scenario that is under consideration. Uranium extraction with aluminum nitrate is over-predicted worse than 
for nitric acid systems. However, the extraction section of the 1A bank has sufficient excess capability that 
these errors, while relatively large, still allow SEPHIS to be used to develop reasonable qualitative 
assessments for reflux scenarios. However, high losses to the 1AW stream cannot be modeled by SEPHIS. 
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Abstract/Keyterms: Plutonium-239 is now being processed in HB-Line and H-Canyon as well as FB-Line 
and F-Canyon. As part of the effort to upgrade the Authorization Basis for H Area facilities relative to 
nuclear criticality, a literature review of Pu polymer characteristics was conducted to establish a more 
quantitative vs. qualitative technical basis for safe operations. The results are also applicable to processing 
in F Area facilities. The chemistry of Pu polymer formation, precipitation, and depolymerization is 
complex. Establishing limits on acid concentrations of solutions or changing the valence to Pu(III) or 
Pu(VI) can prevent plutonium polymer formation in tanks in the B lines and canyons. For Pu(IV) solutions 
of 7 g/L or less, 0.22 M HNO3 prevents polymer formation at ambient temperature. This concentration 
should remain the minimum acid limit for the canyons and B lines when processing Pu-239 solutions. If 
the minimum acid concentration is compromised, the solution may need to be sampled and tested for the 
presence of polymer. If polymer is not detected, processing may proceed. If polymer is detected, adding 
HNO3 to a final concentration above 4 M is the safest method for handling the solution. The solution could 
also be heated to speed up the depolymerization process. Heating with > 4 M HNO3 will depolymerize the 
solution for further processing. Adsorption of Pu(IV) polymer onto the steel walls of canyon and B line 
tanks is likely to be 11 mg/cm2, a literature value for unpolished steel. This value will be confirmed by 
experimental work. Tank-to-tank transfers via steam jets are not expected to produce Pu(IV) polymer unless 
a larger than normal dilution occurs (e.g., >3 percent) at acidities below 0.4 M. 
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Abstract/Keyterms: Existing plant flowsheets are insufficient for complete dissolution of unirradiated 
Mark 42 targets. One option being considered by Nuclear Materials Stabilization and Storage (NMSS) is 
to dissolve the aluminum components of the Mark 42 targets, allow plutonium solids to settle, transfer some 
of the aluminum- laden liquid out of the dissolver tank, and recharge the dissolver tank with fresh solution 
to achieve dissolution of the plutonium solids. The core problem associated with this two-step dissolution 
procedure is that, after the initial digestion of Mark 42 material, one to two micron-sized PuO2 particles 
settle from the mixture. Those particles are of concern because they may generate additional nuclear 
criticality safety requirements, and because they may be transferred out of the dissolver tank and disrupt 
the efficacy of downstream processes, such as solvent extraction. NMSS asked the Chemical Technology 
Group (CTG) to evaluate a decanting process in the presence of settled micron-sized particles using a one- 
fifth-scale mock-up of a canyon tank. 
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Abstract/Keyterms: Three configurations (SM-I, SM-II-2, SM-II-5) of the Solid Moderator Reactor are 
analyzed for the purpose of correlating theory with experiment on criticality, critical mass, gross radial 
power distribution, fine radial power distribution, and activation flux sensors. A method of determining the 
bare equivalent diameter is described for reactors having only a side reflector. Results of using first-order 
perturbation theory for determining the worth of off-center holes and boral strips are given. Satisfactory 
correlation between theory and experiment was abstained with ANP design procedures when the U238 in 
the fuel, a more recent value of n = 2.46, and improved thermal averaging of cross sections were taken into 
account. 
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Abstract/Keyterms: An analysis of the Hot Critical Experiment (HOTCE) performed at the Low Power 
Test Facility at the Idaho Test Station is presented, and current analytical methods of determining 
temperature effects on reactivity in heterogeneous, hydrided zirconium moderated reactors are evaluated. 
Results show good theory-experiment agreement on system multiplication at 68 deg F; however, 
temperature effects while having the correct sign, were of incorrect magnitude. Indications are that the 
inability of current analytical methods to predict correct magnitude of temperature effects is due to the 
incorrect treatment of thermal and nonthermal neutrons in the slowing-down calculation. 
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Abstract/Keyterms: The multiplication constants of a number of bare critical experiments were computed 
by the many-energy bare reactor analysis incorporated in Program C- Fine and are compared with standard 
19-level slowing down calculations. The C- Fine results show better consistency than 19-level calculations. 
The consistent overprediction of multiplication constant, except in virtually 100% thermal reactors, may be 
rationalized by the high value of the average number of neutrons produced per fission employed in this 
work, as compared to recent, more accurate measurements. The reactor analysis incorporated in Program 
C-Fine computes the slowing down density, flux, and multiplication constant in a bare, homogeneous 
reactor, using sufficient energy detail that Breit-Wigner resonance cross sections are adequately portrayed 
by straight-line segments. The effect of spatial flux depression due to an inhomogeneous distribution of 
materials within a unit cell is treated by monoenergetic cell calculations. The beryllium (n, 2n) reaction is 
treated by transfer cross sections. 
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Abstract/Keyterms: A theoretical correlation is presented of the experimental measurements made on 
Assembly 6F and Assembly 9A of the ZPR-III series of fast critical experiments. Both B. H. Duane's 
variational optimum formulation of transport theory and a standard formulation of diffusion theory were 
used in this correlation. Variational optimum transport theory calculations and diffusion theory calculations 
were made on critical mass, relative fission distributions, and U238 to U235 fission ratios. Methods were 
derived from variational optimum transport theory based on first-order perturbation theory to calculate the 
Rossi-alpha decay constant and central reactivity eoefficients of materials and correlation calculations were 
made on these parameters. Both the transport theory and diffusion theory calculations were quite accurate 
for the prediction of critical mass, fission distribution, and fission ratios. The transport theory calculations 
were slightly more accurate, however. The correlation of the Rossi-alpha constant was quite good, while 
the prediction of the central reactivity coefficients was satisfactory for some materials and unsatisfactory 
for others. Careful analysis of all the results of the variational optimum transport theory calculations yielded 
considerable insight into the inaccuracies in the calculational procedure and nuclear data. This correlation 
study highlighted the applicability and accuracy of variational optimum transport theory for detailed fast 
critical experiment correlation. It also showed that diffusion theory provided adequate critical mass 
predictions for fast reactors in the size range of the ZPR-III assemblies. 
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Abstract/Keyterms: The test programs and procedures for the completion of Phase I testing and the 
continuing tests termed Phase II are presented. The tests include: chemical engine performance, initial 
criticality and excess reactivity, partial power test, power map, transfer and determination of endurance 
point, endurance, and radiatton around the assembly after shutdown. 
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Abstract/Keyterms: A series of experiments and complementary calculations using the KENO program, 
on both bare and thick-polyethylene-reflected, graphite-moderated cubic arrays of 8 nominally 15.7 kg 
uranium(93.2) metal cylinders, has been started. Data from these experiments supplement that on 
unmoderated and hydrogenously moderated arrays of the same metal cylinders, and so will be valuable in 
the analysis of the effects of array moderation and reflection. Also, the data provide valuable check points 
for validation of calculational techniques, such as the KENO program, that are used in nuclear criticality 
safety analysis. This summary presents data and calculational results on the first several experiments in the 
series. 
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Abstract/Keyterms: Most criticality safety calculations are performed using Monte Carlo techniques 
because of Monte Carlo's ability to handle complex three-dimensional geometries. For Monte Carlo 
calculations, the more histories sampled, the lower the standard deviation of the resulting estimates. 
Therefore, the common intuition is that the more histories the better; as a result, analysts tend to run Monte 
Carlo analyses as long as possible (or at least to a minimum acceptable uncertainty). For Monte Carlo 
criticality safety analyses, however, the optimization situation is complicated by the fact that procedures 
usually require that an extra margin of safety be added because of the statistical uncertainty of the Monte 
Carlo calculations. This additional safety margin affects the impact of the choice of the calculational 
standard deviation, both on production and on safety. This paper shows that, under the assumptions of 
normally distributed benchmarking calculational errors and exact compliance with the upper subcritical 
limit (USL), the standard deviation that optimizes production is zero, but there is a nonzero value of the 
calculational standard deviation that minimizes the risk of inadvertently labeling a supercritical 
configuration as subcritical. Furthermore, this value is shown to be a simple function of the typical 
benchmarking step outcomes - the bias, the standard deviation of the bias, the USL, and the number of 
standard deviations added to calculated k-effectives before comparison to the USL. 
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Abstract/Keyterms: During severe environmental conditions such as earthquakes, tornadoes, etc., it is 
reasonable to assume that some damage to building structures could be incurred. of course, the degree of 
damage depends upon the severity of environmental forces, the structural integrity of the buildings, and 
many other factors which this report does not consider. The study examines several possible situations, with 
respect to nuclear criticality safety, which might be expected as a result of environmental forces of such 
magnitude as to damage the storage facility and/or rearrange its contents. Changes in four specific nuclear 
safety parameters are considered reflection, (3) array rearrangement, and (4) increased mass per container. 
The study optimizes each of the parameters independently in order to achieve criticality. 
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Abstract/Keyterms: Tests of the Oak Ridge Gaseous Diffusion Plant (ORGDP) radiation detection 
instruments were conducted in order to further document compliance with American National Standards 
Institute standard entitled Criticality Accident Alarm System. Neutron and gamma radiation, similar to that 
which would be experienced in a criticality accident, was generated by the Health Physics Research Reactor 
(HPRR)--a small, highly enriched uranium metal reactor. The HPRR was operated in two modes which 
yields ranging from 8 to 30 x 10$sup 15$ fissions were obtained in a small fraction of a second, and (2) a 
steady-state mode in which smaller yields were obtained over one-minute intervals. The tests demonstrate 
that at a distance of 225 feet (68 meters), which is the present radius coverage for the ORGDP radiation 
detection instrument, the minimum criticality accident, as defined by the ANSI standard, could be readily 
detected. For line-of-sight locations, this radius coverage could be increased to 500 feet. The tests also 
indicate that the instrument response, in terms of radius coverage, is greater for neutron than for gamma 
radiation by a factor of about three. 
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Abstract/Keyterms: The Oak Ridge Y-12 Plant Model DT-14 container was developed to replace and 
extend the enriched uranium shipping capabilities of the USA/5765/BF Vermiculite shipping container. 
This work was accomplished to comply with the DOE Immediate Action Directive Number 0529-02 for 
Phasing out the use of loose or bagged Vermiculite packaging material as a thermal shield and shock 
absorber in radioactive material packages. The Model DT-14 is fabricated from a Specification 17H 30-
gallon drum, cane fiberboard insulation, and a steel inner containment vessel (159 mm dia by 390 mm 
height). The single-package and array analyses are based upon results of the multigroup Monte Carlo 
criticality program, KENO, utilizing 16-energy-group Hansen-Roach, and Knight modified 238U cross 
sections. The program and cross sections are considered well established on the basis of their success in 
calculating a large variety of critical experiments. Validation results show that a calculated neutron 
multiplication factor plus two standard deviations equal to 0.970 or greater must be considered critical, and 
all lower values may be considered safe. 
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Abstract/Keyterms: An evaluation was made of the Oak Ridge Y-12 Model DT-14 shipping container to 
demonstrate its compliance with federal regulations as a Type B package for the interstate transportation of 
fissile radioactive materials. Destructive testing and engineering evaluations were made to demonstrate the 
structural integrity and thermal resistance of the package. It is concluded that the package meets the 
requirements for Fissile Class II and III shipments of uranium of any 235U enrichments. Depending on the 
type, form, and contained hydrogenous materials, restrictions are placed on the contained masses of 235U 
in each package. 
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Abstract/Keyterms: The Oak Ridge Y-12 Plant birdcage-type containers include a family of cubic (20-, 
24-, and 30-inch) open-framed containers used for the in-house storage and transfer of unirradiated enriched 
uranium metal. This paper provides insight into the nuclear criticality safety analysis for birdcage usage. 
All credible contingencies (abnormal events) were analyzed and proven safe (subcritical) in accordance 
with the requirements and procedures of nuclear criticality safety standards. Examples of the contingencies 
considered in the analysis include, but are not limited to, full water reflection of any single uranium mass 
loading, double batching of a loading, water moderation, and misuse of the birdcage. These and other 
applicable contingencies determine the maximum uranium mass for the 20-and 24-inch birdcages, which 
is 20 and 28 kilograms, respectively. The maximum number of birdcages stored at one location and the 
storage array configuration are also determined by the credible contingencies. Stacking restrictions for 
birdcage storage are three high for the 20-inch birdcage and two high for the 24-inch birdcage. A maximum 
size for square-based arrays is ten feet by ten feet. Any number of these arrays may be used provided a 
twelve-foot separation is maintained between each array. 
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Abstract/Keyterms: An evaluation was made of the Oak Ridge Y-12 Plant Model DT-14A shipping 
container to demonstrate its compliance with federal regulations as a Type B(U) package for the interstate 
transportation of fissile radioactive materials. Destructive testing and engineering evaluations were made 
to demonstrate the structural integrity and thermal resistance of the package. Data from earlier evaluations 
are included herein. It is concluded that the package meets the requirements for Fissile Class I, II, and III 
shipments of uranium of any 235U enrichment. Depending on the type, form, and contained hydrogenous 
materials, limits are placed on the contained masses of 235U in each package. 
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Abstract/Keyterms: The purpose of this project is to provide criticality limits and guidance for the initial 
planning phase of a new facility for the production of a new metal alloy fuel material for the Hanford N 
Reactor. The proposed fuel material composition is a uranium- zirconium alloy consisting of approximately 
90.7 weight percent zirconium and 9.3 weight percent uranium. While the anticipated enrichments range 
from 55 to 70 weight percent 235U, this analysis considers only 100 weight percent 235U for simplicity 
and conservatism. The fuel material would be produced in the form of a solid, as-cast double billet using 
an arc melter process. Two finished billets result from one as-cast double billet. The production process 
poses several criticality safety concerns that require evaluation. The concerns include non-homogeneous 
alloy formation in the arc melter, as-cast billet storage, and finished billet storage. All analyses were 
performed using the KENO V.a module of the SCALE computer code system with the 27 group, ENDF-
IV based cross section library. 
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Abstract/Keyterms: The objective of this project, conducted at the Oak Ridge Y-12 Plant, was to evaluate 
the performance of 12 computer systems using the KENO V.a Monte Carlo criticality code. The 12 systems 
evaluated were: CRAY X-MP/14, DECstation 5000 Model 200, DECstation 3100, DECsystem 5810, HP 
9000/720, HP 9000/835, IBM 3090-150E, IBM RISC System/6000-530, IBM RISC System/6000-320, 
Solbourne Series 5/501, and SUN SPARCstation 2. It is important to note that the performance evaluation 
in this paper should not be used to predict the performance of any other application on the same computer 
systems. The performance of an application is dependent upon the code characteristics, the software 
environment of the system, and the hardware architecture. Some examples of code characteristics that effect 
performance on a specific system are floating point operations, input/output requests, and/or vectorization. 
The main calculational components of KENO are decision instructions in the form of IF statements; 
therefore, the code is characterized as logic bound. KENO is neither I/O bound nor floating point operation 
intensive. 
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Abstract/Keyterms: This paper describes the development and evaluation of a method for solving the 
time-dependent, three-dimensional Boltzmann transport model with explicit representation of delayed 
neutrons. A hybrid stochastic/deterministic technique is utilized with a Monte Carlo code embedded inside 
of a quasi-static kinetics framework. The time-dependent flux amplitude, which is usually fast varying, is 
computed deterministically by a conventional point kinetics algorithm. The point kinetics parameters, 
reactivity and generation time as well as the flux shape, which is usually slowly varying in time, are 
computed stochastically during the random walk of the Monte Carlo calculation. To verify the accuracy of 
this new method, several computational benchmark problems from the Argonne National Laboratory 
benchmark book, ANL-7416, were calculated. The results are shown to be in reasonably good agreement 
with other independently obtained solutions. The results obtained in this work indicate that the method/code 
is working properly and that it is economically feasible for many practical applications provided a dedicated 
high performance workstation is available. 
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Abstract/Keyterms: The objectives of the Uranium Atomic Vapor Laser isotope Separation (U-AVLIS) 
are to develop, demonstrate, and deploy a laser-based process to enrich natural uranium in the U-235 isotope 
to levels useful as fuel in commercial light-water power reactors. Current U-AVLIS production plant 
criteria call for uranium product enriched in 235U up to 5 wt%. Development of the U-AVLIS technology 
is in an advanced stage, and demonstration of the integrated enrichment process is currently in progress 
using plant-scale equipment in the Uranium Demonstration System (UDS) at Lawrence Livermore National 
Laboratory. In this paper several existing experimental data which are applicable to the critical systems of 
importance to the safe design of the U-AVLIS plant are identified. These were used to benchmark a 
configuration-controlled, work station based version of one state-of-the-art computer code employed by the 
U-AVLIS program in UDS equipment design, and in U-AVLIS plant conceptual design NCS analyses. 
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Abstract/Keyterms: This report describes the testing of the Alarm system detectors of the Y-12 plant. 
Testing was performed at the Sandia Pulsed reactor facility. 
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Abstract/Keyterms: This paper describes the validation, in accordance with ANSI/ANS-8.1-1983(R1988), 
of KENO V.a using the 27-group ENDF/B-IV cross section library for some neutronic systems containing 
highly-enriched uranium, carbon, and hydrogen. This constituent combination is present in many packaging 
applications for the safe transportation of fissile and fissionable materials. The validation has been 
performed for two separate computational platforms: an IBM 3090 mainframe and an HP 9000 Series 700 
workstation, both using the Oak Ridge Y-12 Plant Nuclear Criticality Safety Software (NCSS) code 
package. Critical experiments performed at the Oak Ridge Critical Experiments Facility in support of the 
Rover reactor program were identified as having the constitutents desired for this validation as well as 
sufficient experimental detail to allow accurate construction of KENO V.a calculational models. Calculated 
values of k(eff) for the Rover experiments, which contain uranium, carbon, and hydrogen, are between 
1.0012 {+-} 0.0026 and 1.0245 {+-} 0.0023. These experiments can now be added to KENO V.a and other 
computer code critical experiment data bases which are used for validation and to establish upper limits on 
calculated values of k(eff) for specific applications. 
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Abstract/Keyterms: A new code is being developed at the Y-12 Plant for solving the time-dependent, 
three-dimensional Boltzmann transport model with feedback. The new code, PADK, uses the quasi-static 
method in its adiabatic form and is to be utilized to analyze hypothetical criticality accidents. A description 
of the code along with preliminary results without feedback are presented in this paper. The code is applied 
to 2 standard benchmark problems and the results are compared to another method. Also, the code is used 
to model the Godiva reactor. Further work needed to be completed is described. 
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Abstract/Keyterms: This document describes the validation of KENO V.a using the 27-group ENDF/B-
IV cross section library for highly enriched uranium and beryllium neutronic systems, and is in accordance 
with ANSI/ANS-8.1-1983(R1988) requirements for calculational methods. The validation has been 
performed on a Hewlett Packard 9000/Series 700 Workstation at the Oak Ridge Y-12 Plant Nuclear 
Criticality Safety Department using the Oak Ridge Y-12 Plant Nuclear Criticality Safety Software code 
package. Critical experiments from LA-2203, UCRL-4975, ORNL-2201, and ORNL/ENG-2 have been 
identified as having the constituents desired for this validation as well as sufficient experimental detail to 
allow accurate construction of KENO V.a calculational models. The results of these calculations establish 
the safety criteria to be employed in future calculational studies of these types of systems. 
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Abstract/Keyterms: The Nuclear Criticality Safety Department (NCSD) is committed to developing and 
maintaining a staff of highly qualified personnel to meet the current and anticipated needs in Nuclear 
Criticality Safety (NCS) at the Oak Ridge Y-12 Plant. This document defines the Qualification Program to 
address the NCSD technical and managerial qualification as required by the Y-1 2 Training Implementation 
Matrix (TIM). This Qualification Program is in compliance with DOE Order 5480.20A and applicable 
Lockheed Martin Energy Systems, Inc. (LMES) and Y-1 2 Plant procedures. It is implemented through a 
combination of WES plant-wide training courses and professional nuclear criticality safety training 
provided within the department. This document supersedes Y/DD-694, Revision 2, 2/27/96, Qualification 
Program, Nuclear Criticality Safety Department There are no backfit requirements associated with revisions 
to this document. 
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Abstract/Keyterms: The Nuclear Criticality Safety Organization (NCSO) is committed to developing and 
maintaining a staff of qualified personnel to meet the current and anticipated needs in Nuclear Criticality 
Safety (NCS) at the Oak Ridge Y-12 Plant. This document provides a listing of the roles and responsibilities 
of NCSO personnel with respect to training and details of the Training Management System (TMS) 
programs, Mentoring Checklists and Checksheets, as well as other documentation utilized to implement the 
program. This Training Implementation document is applicable to all technical and managerial NCSO 
personnel, including temporary personnel, sub-contractors and/or LMES employees on loan to the NCSO, 
who are in a qualification program. 
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Abstract/Keyterms: The Nuclear Criticality Safety Department (NCSD) is committed to developing and 
maintaining a staff of qualified personnel to meet the current and anticipated needs in Nuclear Criticality 
Safety (NCS) at the Oak Ridge Y-12 Plant. The NCSD Qualification Program is described in Y/DD-694, 
Qualification Program, Nuclear Criticality Safety Department This document provides a listing of the roles 
and responsibilities of NCSD personnel with respect to training and details of the Training Management 
System (TMS) programs, Mentoring Checklists and Checksheets, as well as other documentation utilized 
to implement the program. This document supersedes Y/DD-696, Revision 2, dated 3/27/96, Training 
Implementation, Nuclear Criticality Safety Department. There are no backfit requirements associated with 
revisions to this document. 
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Abstract/Keyterms: The Nuclear Criticality Safety Organization (NCSO) is committed to developing and 
maintaining a staff of highly qualified personnel to meet the current and anticipated needs in nuclear 
criticality safety at the Oak Ridge Y-12 Plant and throughout the DOE complex. Continuing technical 
training is training outside of the initial qualification program to address identified organization-wide needs. 
Typically, this training is used to improve organization performance in the conduct of business. This 
document provides guidelines for the development of the technical portions of the Continuing Training 
Program. It is not a step-by-step procedure, but a collection of considerations to be used during the 
development process. 
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Abstract/Keyterms: Personal radiation detection instruments (PRDIs) are often used to augment the 
protection provided by the installed criticality accident alarm system (CAAS). ANSI/ANS-8.3-1997 
provides examples of situations when PRDIs could be used, including hor{underscore}ellipsis} alarm 
system maintenance or testing, evacuation drills, activities in areas not normally occupied by personnel, or 
other special operations. These instruments were designed for use in radiological control applications. 
Consequently, documented performance capabilities under conditions typical of the initial pulse from a 
criticality accident are not readily available. This paper describes testing performed to demonstrate the 
capability of the PRDIs to respond to radiation pulses similar to that which would be expected to occur in 
the event of a criticality accident. Detector responses for low-power, oscillating, or slow excursions were 
either available from manufacturing data or bounded by the initial pulse. 
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Abstract/Keyterms: This report documents establishment of bias, bias trends and uncertainty for 
validation of the CSAS25 control module from the SCALE 4.4a computer code system for use in evaluating 
criticality safety of uranium systems. The 27-group ENDF/B-IV, 44-group ENDF/B-V, and 238-group 
ENDF/B-V cross-section libraries were used. The criticality validation calculations were performed using 
over 500 benchmark cases from Volumes II and IV of the “International Handbook of Evaluated Criticality 
Safety Benchmark Experiments,” published by the Nuclear Energy Agency Organization for Economic 
Cooperation and Development (NEA/OECD). Based on statistical analysis of the calculation results, the 
bias, bias trends and uncertainty of the benchmark calculations have been established for these benchmark 
experiments. Numerical methods for applying margins are briefly described, but the determination of 
appropriate correlating parameter and values for additional margin, applicable to a particular analysis, must 
be determined as part of process analysis. As such, this document does not specify upper subcritical limits 
as has been done in the past. A follow-on report will be written to assess the methods for determination of 
an upper safety limit in more detail, provide comparisons, and recommend a preferred method. Analysts 
using these results are responsible for exercising sound engineering judgment using strong technical 
arguments to develop a margin in k(eff) or other correlating parameter that is sufficiently large to ensure 
that conditions (calculated by this method to be subcritical by this margin) will actually be subcritical. 
Documentation of determination and justification of the appropriate margin in the analyst's evaluation, in 
conjunction with this report, will constitute the complete Validation Report in accordance with ANSI/ANS-
8.1-1998, Section 4.3.6(4). 
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Abstract/Keyterms: This report considers the methods for determination of an upper safety limit, and 
incorporating uncertainty and margin into the safety limit, provides comparisons, and recommends a 
preferred method for determining the Upper Safety Limit (USL). A USL is developed for CSAS25 from 
SCALE4.4a. The USL is applicable for the CSAS25 control module from the SCALE 4.4a computer code 
system for use in evaluating nuclear criticality safety of enriched uranium systems. The benchmark 
calculation results used for this report are documented in Y/DD-896. The statistical evaluation is 
documented in CCG-380. The 27-group ENDF/B-IV, 44-group ENDF/B-V, and 238-group ENDF/B-V 
cross-section libraries were used. Numerical methods for applying margins are described, but the 
determination of appropriate correlating parameters and values for additional margin, applicable to a 
particular analysis, must be determined as part of a process analysis. As such, this document does not 
specify final upper subcritical limits as has been done in the past. No correlation between calculation results 
and neutron energy causing fission was found for the critical experiment results. Analysts using these results 
are responsible for exercising sound engineering judgment using strong technical arguments to develop a 
margin in k(eff) or other correlating parameter that is sufficiently large to ensure that conditions (calculated 
by this method to be subcritical by this margin) will actually be subcritical.” Documentation of area of 
applicability and determination and justification of the appropriate margin in the analyst's evaluation, in 
conjunction with this report, will constitute the complete Validation Report in accordance with ANSI/ANS-
8.1-1998, Section 4.3.6(4). 



 

C-22711 

22655…..…..…………………..…….……..……ID Number…………………..…..…………….22655 

Author: Bell, Z. W. 

Title: Monte Carlo Study of Neutronics Properties of the Modular Storage Geometry 

Date: 9/1/1995 

Report: Y/DW-1382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The modular storage vault (MSV) geometry was investigated for its effects on the 
spectrum of neutrons from the spontaneous and induced fission of plutonium. Zinc alloy and aluminum 
alloy plates that will house neutron detectors and weight sensors were included. It was found that because 
of the large number of captures by plutonium and the steel and concrete MSV structure, only 12% of the 
neutron spectrum in the vicinity of the detector position was thermalized and over half of the neutrons 
incident on the detector position have energy in excess of 100 keV. Based on this, it is recommended that 
both fast and slow neutron detectors be included in the instrumentation package if plutonium is to be stored 
an MSV structure. No differences in the neutron spectra were found with different zinc alloys. In addition, 
insufficient differences in the spectra were found when aluminum was substituted for zinc to warrant any 
recommendation for one material over the other. 
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Title: Assessment of Enriched Uranium Storage Safety Issues at the Oak Ridge Y-12 Plant 
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Conference/Journal:  
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Abstract/Keyterms: This document is an assessment of the technical safety issues pertaining to the storage 
of EU at the Oak Ridge Y-12 Plant. The purpose of the assessment is to serve as the basis for defining the 
technical standards for storage of EU at Y-12. A formal assessment of the Y-12 materials acceptance criteria 
for EU is currently being conducted by a task force cochaired by B. G. Eddy of DOE Oak Ridge Operations 
and S. 0. Cox of Y-12 Defense Programs. The mission of this technical assessment for storage is obviously 
dependent on results of the acceptance assessment. Clearly, the two efforts require coordination to avoid 
inconsistencies. In addition, both these Assessments must be consistent with the Environmental Assessment 
for EU storage at Y-12. Both the Storage Assessment and the Criteria for Acceptance must take cognizance 
of the fact that a portion of the EU to be submitted for storage in the future is expected to be derived from 
foreign sources and to include previously irradiated uranium containing significant levels of transuranics, 
radioactive daughter products, and unstable uranium isotopes that do not occur in the EU stream of the 
DOE weapons complex. National security considerations may dictate that these materials be accepted 
despite the fact that they fail to conform to the Acceptance Criteria. This document will attempt to address 
the complexities inherent in this situation. 
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Date: 7/5/1995 

Report: Y/ES-063-Rev.1 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes the Conversion and Blending Facility (CBF) which will have 
two missions: (1) convert surplus HEU materials to pure HEU UF6 and a (2) blend the pure HEU UF6 with 
diluent UF6 to produce LWR grade LEU-UF6. The primary emphasis of this blending to destroy the 
weapons capability of large, surplus stockpiles of HEU. The blended LEU product can only be made 
weapons capable again by the uranium enrichment process. The chemical and isotopic concentrations of 
the blended LEU product will be held within the specifications required for LWR fuel. The blended LEU 
product will be offered to the United States Enrichment Corporation (USEC) to be sold as feed material to 
the commercial nuclear industry. 
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Abstract/Keyterms: This report describes all time and frequency analysis parameters measured with the 
new Nuclear Weapons Identification System (NWIS) processor with three input channels: (1) the 252Cf 
source ionization chamber (2) a detection channel; and (3) a second detection channel for active 
measurements. An intuitive and physical description of the various functions is given as well as a brief 
mathematical description and a brief description of how the data are acquired. If the fill five channel 
capability is used, the number of functions increases in number but not in type. The parameters provided 
by this new NWIS processor can be divided into two general classes: time analysis signatures including 
multiplicities and frequency analysis signatures. Data from measurements with an 18.75 kg highly enriched 
uranium (93.2 wt%, 235U) metal casting for storage are presented to illustrate the various time and 
frequency analysis parameters. 
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Abstract/Keyterms: A nuclear weapons identification system (NWIS), under development since 1984 at 
the Oak Ridge Y-12 Plant and presently in use there, uses active neutron interrogation with low-intensity 
252Cf sources in ionization chambers to provide a timed source of fission neutrons from the spontaneous 
fission of 252Cf. To date, measurements have been performed on {approximately}15 different weapons 
systems in a variety of configurations both in and out of containers. Those systems included pits and fully 
assembled systems ready for deployment at the Pantex Plant in Amarillo, Texas, and weapons components 
at the Oak Ridge Y-12 Plant. These measurements have shown that NWIS can identify nuclear weapons 
and/or components; nuclear weapons/components can be distinguished from mockups where fissile 
material has been replaced by nonfissile material; omissions of small amounts (4%) of fissile material can 
be detected; changes in internal configurations can be determined; trainer parts can be identified as was 
demonstrated by verification of 512 containers with B33 components at the Y-12 Plant (as many as 32 in 
one 8-hour shift); and nonfissile components can be identified. The current NWIS activities at the Oak 
Ridge Y-12 Plant include: (1) further development of the system for more portability and lower power 
consumption, (2) collection of reference signatures for all weapons components in containers, and (3) 
confirmation of a particular weapons component in storage and confirmation of receipts. This paper 
describes the recent measurements with NWIS for a particular weapons component in storage that have 
resolved an Inspector General (IG`s) audit finding with regard to performance of confirmation of inventory. 
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Abstract/Keyterms: This report describes measurements performed with annular uranium metal castings 
of different enrichments to investigate the use of 252Cf-source-driven noise analysis measurements as a 
means to quantify the amount of special nuclear material (SNM) in the casting. This work in FY 97 was 
sponsored by the Oak Ridge Y-12 Plant and the DOE Office of Technology Development Programs. 
Previous measurements and calculational studies have shown that many of the signatures obtained from the 
source-driven measurement are very sensitive to fissile mass. Measurements were performed to assess the 
applicability of this method to standard annular uranium metal castings at the Oak Ridge Y-12 plant under 
verification by the International Atomic Energy Agency (IAEA) using the Nuclear Weapons Identification 
System (NWIS) processor. Before the measurements with different enrichments, a limited study of source-
detector-casting moderator configurations was performed to enhance the correlated information. These 
configurations consisted of a casting with no reflector and with various thicknesses of polyethylene 
reflectors up to 10.16 cm in 2.54 cm steps. The polyethylene moderator thickness of 7.62 cm was used for 
measurements with castings of different enrichments reported here. The sensitivity of the measured 
parameters to fissile mass was investigated using four castings each with a different enrichment. The high 
sensitivity of this measurement method to fissile mass and to other material and configurations provides 
some advantages over existing safeguards methods. 
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Abstract/Keyterms: The purpose of this work is to estimate shape of plutonium assemblies using new 
signatures acquired by passive NMIS measurements (no external source). Applications include 
identification of containerized regular shapes of plutonium, identification by shape without template, 
verification of shape for template initialization, and potential utility for estimating shape of holdup in 
plutonium processing facilities. To illustrate the technique and test its feasibility, laboratory measurements 
have been performed with californium spontaneous fission sources as a surrogate for plutonium. 
Advantages of the technique include the following: passive (requires no external source for plutonium 
measurements), stationary (no scanning of the assembly is required), penetrative (shape is estimated from 
neutron emissions), obscurable (spatial resolution can be deliberately degraded by changing detector size 
and/or timing resolution), inexpensive (majority of NMIS components are commercial products), portable 
(detection system is transported to the item, not vice versa). It is concluded that passive NMIS 
measurements can infer the mass of plutonium assemblies: NMIS correlations scale directly with 
spontaneous fission rate (Pu-240); NMIS correlations scale with fissile mass (Pu-239) and multiplication. 
New third-order correlations can estimate the shape of fission sources (Pu-240 & Pu-239) from passive 
measurements. Surrogate measurements of californium spontaneous fission sources have demonstrated the 
feasibility of this concept. Measurements of various shapes of plutonium are necessary to continue the 
development of this technique. 
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Abstract/Keyterms: This research focuses on the development and application of high order statistical 
analyses applied to measurements performed with subcritical fissile systems driven by an introduced 
neutron source. The signatures presented are derived from counting statistics of the introduced source and 
radiation detectors that observe the response of the fissile system. It is demonstrated that successively higher 
order counting statistics possess progressively higher sensitivity to reactivity. Consequently, these 
signatures are more sensitive to changes in the composition, fissile mass, and configuration of the fissile 
assembly. Furthermore, it is shown that these techniques are capable of distinguishing the response of the 
fissile system to the introduced source from its response to any internal or inherent sources. This ability 
combined with the enhanced sensitivity of higher order signatures indicates that these techniques will be of 
significant utility in a variety of applications. Potential applications include enhanced radiation signature 
identification of weapons components for nuclear disarmament and safeguards applications and augmented 
nondestructive analysis of spent nuclear fuel. In general, these techniques expand present capabilities in the 
analysis of subcritical measurements. 
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Abstract/Keyterms: This report describes a set of NWIS measurements made during demonstrations to 
Russian visitors on August 28, 1997. These measurements will be given to the Russian visitors from 
Arzamus-16 as part of their NWIS training (part of a DOE laboratory-to-laboratory exchange program). 
These measurements are made on standard highly enriched Uranium annular castings (as used for storage). 
Associated NWIS calibration runs were made in air (no casting, just the NWIS Californium source and 
detectors). 
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Abstract/Keyterms: The Nuclear Weapons Identification System (NWIS) is a system that performs 
radiation signature measurements on objects such as nuclear weapons components. NWIS consists of a 
252Cf fission source, radiation detectors and associated analog electronics, data acquisition boards, and 
computer running Windows NT and the application software. NWIS uses signal processing techniques to 
produce a radiation signature from the radiation emitted from the object. The signature can be stored and 
later compared to another signature to determine whether two objects are similar. A library of such 
signatures can be used to identify objects in closed containers as well as determine such attributes as fissile 
mass and it some cases enrichment. There are three executables built from the software: (1) Windows NT 
kernel-mode device driver; (2) data acquisition application; and (3) data analysis application. The device 
driver is the interface between the NWIS data acquisition boards and the remainder o f the software. The 
data acquisition executable is the user’s tool for making an NWIS measurement; it has limited data display 
abilities. The data analysis executable is a user’s tool for displaying an NWIS measurement, including 
matching it to other NWIS measurements. A users manual for the software is included. 
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Abstract/Keyterms: The Nuclear Materials Identification System (NMIS), developed by the Oak Ridge 
National Laboratory and Oak Ridge Y-12 Plant (Y-12), has been successfully used at Y-12 for nuclear 
material control and accountability (NMC&A). It is particularly useful in the high gamma-ray background 
of storage arrays and for shielded HEU. With three systems in use at Y-12, NMIS has enhanced the 
NMC&A capability for verification and for confirmation of materials in storage and for HEU receipts by 
providing capability not available or practical by other NDA methods for safeguards. It has recently cost-
effectively quantified the HEU mass and enrichment of hundreds of HEU metal items to within a total 
spread of {+-} 5% (3 sigma) with and mean deviations for all HEU verified of + 0.2% for mass and 
{minus}0.2% for enrichment. Three cart portable systems are easily moved around with minimal impact 
on facility operations since no permanent dedicated floor space is required. The positive impact of NMIS 
at the Oak Ridge Y-12 Plant is improved and more cost effective NMC&A as well as the resolution of 
NMC&A findings. Its operation at the Y-12 Plant is essential for compliance with the NMC&A 
requirements of the US Department of Energy. NMIS portability has allowed one system to be moved 
temporarily to the former K-25 Gaseous Diffusion Plant for characterization of a large deposit of hydrated 
uranyl fluoride. The impact of this NMIS application was enhanced and verified nuclear criticality safety 
that led to the safe removal of a large deposit originally estimated by gamma-ray spectrometry and neutron 
counting to contain 1300 kg of 3.3 wt% 235U material. NMIS has also been operational at Los Alamos 
National Laboratory and Pantex. 
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Abstract/Keyterms: The Nuclear Materials Identification System (NMIS) developed by the 
Instrumentation and Controls Division of the Oak Ridge National Laboratory and the Oak Ridge Y-12 Plant 
has been used at the Oak Ridge Y-12 plant to perform enhanced receipts confirmation measurements 
providing mass estimates on low mass HEU metal pieces in shipping containers. For this application, NMIS 
was used in its active mode with a small Cf source on one side of the shipping container and detectors on 
the other side. Second order correlation measurements with calibration standards were utilized to obtain the 
mass of HEU. This was the first use of NMIS for receipts at the Y-12 Plant. This was a cost-effective 
method for measuring the mass of receipts with as many as 64 items measured in one day. This paper 
describes the reasons for using the NMIS for this application. The measurement technique and evaluation 
of the measurement data for this application are also described. 
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Abstract/Keyterms: Nuclear Fuel Cycle and Fuel Materials; Nuclear Disarmament, Safeguards, and 
Physical Protection; Enriched Uranium; Flow Rate; Highly Enriched Uranium; LANL; Metrics; 
Monitoring; Monitors; ORNL; Russian Federation; Uranium 
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Abstract/Keyterms: Active neutron interrogation is useful for the detection of shielded HEU and could 
also be used for Pu. In an active technique, fissile material is stimulated by an external neutron source to 
produce fission with the emanation of neutrons and gamma rays. The time distribution of particles leaving 
the fissile material is measured with respect to the source emission in a variety of ways. A variety of 
accelerator and radioactive sources can be used. Active interrogation of nuclear weapons/components can 
be used in two ways: template matching or attribute estimation. Template matching compares radiation 
signatures with known reference signatures and for treaty applications has the problem of authentication of 
the reference signatures along with storage and retrieval of templates. Attribute estimation determines, for 
example, the fissile mass from various features of the radiation signatures and does not require storage of 
radiation signatures but does require calibration, which can be repeated as necessary. A nuclear materials 
identification system (NMIS) has been in use at the Oak Ridge Y-12 Plant for verification of weapons 
components being received and in storage by template matching and has been used with calibrations for 
attribute (fissile mass) estimation for HEU metal. NMIS employs a 252Cf source of low intensity (&lt; 2 x 
10{sup 6} n/sec) such that the dose at 1 m is approximately twice that on a commercial airline at altitude. 
The use of such a source presents no significant safety concerns either for personnel or nuclear explosive 
safety, and has been approved for use at the Pantex Plant on fully assembled weapons systems. 
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Abstract/Keyterms: This paper describes how the Nuclear Materials Identification System (NMIS), 
developed by the Oak Ridge National Laboratory (ORNL) and the Oak Ridge Y-12 Plant, was used to 
verify the mass and enrichment of hundreds of Highly Enriched Uranium (HEU) metal items in storage at 
the Y-12 Plant. The verifications had a relative spread of {+-}5% (3 sigma) with relative mean deviations 
from their declared values of +0.2% for mass and {minus}0.2% for enrichment. NMIS's capability to 
perform quantification of HEU enabled the Y-12 Plant to meet their nuclear material control and 
accountability (NMC and A) requirements. These verifications were performed in the storage vault in a 
very time and cost effective manner with as many as 55 verifications in one shift of operation. 
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Abstract/Keyterms: The goal of this test is to collect the cross correlation and HOS signatures from four 
detectors, arranged in a tetrahedron about different plutonium objects during ORNL/VNIIEF collaborative 
measurements in Sarov, Russia. The four detectors will be arranged in a tetrahedron with the plutonium 
object in the center of the tetrahedron. The following constraints about the detector geometry should be 
adhered to if, possible. The base of the tetrahedron (detectors No. 1, No. 2, and No. 3) should have 3 
identical detectors (preferably 4 in. x 4 in., plastic scintillators) placed in an equilateral triangle; the length 
of one side of the base should be 60 cm (R{sub 12}=R{sub 23}=R{sub 13}=60 cm); the ideal height of the 
fourth detector above the base is {radical}(2/3) of the side of the equilateral triangle (height = {radical}(2/3) 
(60 cm) = 49 cm) and finally, any mismatched detector should be placed at the apex of the tetrahedron (i.e. 
top position). The collected signatures will be processed later. In order to perform the post processing, the 
peak efficiencies and neutron thresholds for each detector must be obtained by performing a standard Time-
of-Flight measurement. Secondly, the response matrix data must be benchmarked for each detector/object 
configuration. This benchmark is determined by collecting the NMIS signatures in active mode for a 
californium source at two different points inside the tetrahedral volume of detectors. 
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Abstract/Keyterms: Measurements that accumulate the rate of real coincidence between multiplets of 
detection events (groupings of arbitrary order, e.g., one event, two events, three events, etc.) can yield 
spurious results if background events arise from processes (e.g., spontaneous fission or neutron spallation) 
that themselves produce correlated multiplets. This particularly true if this background varies significantly 
over time or from one location to another, as it often does in operating facilities, i.e., those not specifically 
designed to support experimental radiation measurements but that instead rely upon the support of precise 
radiation measurements for, e.g., NMC and A. In particular, both the quantity and location of radioactive 
material in weapons facilities changes frequently and unpredictably, and so the background due to the 
presence (or absence) of this material is completely out of the control of the radiation measurement analyst. 
Furthermore, numerous Nuclear Materials Identification System (NMIS) measurements have revealed that 
background often contains mutually correlated events even in the complete absence of material (e.g., 
240Pu) with a significant spontaneous fission rate. The technique subsequently described removes the 
effects of such self-correlated background from active NMIS measurements. It could be adapted to other 
active radiation measurements. 
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Abstract/Keyterms: One of the applications of template matching for arms control/warhead 
dismantlement transparency regimes is for monitoring facility-to-facility transfers. In 1999, three highly 
enriched uranium (HEU) weapons components for which the Nuclear Materials Identification System 
(NMIS) signatures had been obtained at the shipper&#x27; s site were received at the Y-12 National 
Security Complex. The NMIS signatures obtained upon receipt of these items were compared with those at 
the shipper&#x27; s site to confirm the identity of the item received. This paper describes the use of NMIS 
for these shipper-receiver confirmations. 
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Abstract/Keyterms: Proper operation of the Nuclear Identification Materials System (NMIS) processor 
can be verified using computer-generated inputs [BIST (Built-In-Self-Test)] at the digital inputs. 
Preselected sequences of input pulses to all channels with known correlation functions are compared to the 
output of the processor. These types of verifications have been utilized in NMIS type correlation processors 
at the Oak Ridge National Laboratory since 1984. The use of this test confirmed a malfunction in a NMIS 
processor at the All-Russian Scientific Research Institute of Experimental Physics (VNIIEF) in 1998. The 
NMIS processor boards were returned to the U.S. for repair and subsequently used in NMIS passive and 
active measurements with Pu at VNIIEF in 1999. 
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Abstract/Keyterms: Within the frameworks of TO No.007 between ORNL and VNIIEF on Nuclear 
Materials Identification System (NMIS) mastering at VNIIEF in July 2000 there had been finalized joint 
measurements, in which NMIS-technique equipment was used that had been placed at VNIIEF's disposal 
by ORNL, as well as VNIIEF-produced unclassified samples of fissile materials. In the report there are 
presented results of experimental data preliminary processing to obtain absolute values of some attributes 
used in plutonium shells measurements: values of their mass and thickness. Possibility of fissile materials 
parameters absolute values obtaining from measurement data essentially widens NMIS applicability to the 
tasks relevant to these materials inspections. 
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Abstract/Keyterms: The advantages of 14.1 MeV DT neutrons as an alternate source for the Nuclear 
Materials Identification System (NMIS) are mainly increased sensitivity and accuracy which will extend 
applications considerably as well as result in shorter measurement times for present applications. Since 
NMIS requires a neutron source of {approximately} 5 {center_dot} 10{sup 6} n/sec, a small, lightweight 
(&lt; 30 lbs. including the power supply and is 3-in.-OD pipe, {approximately} 4-ft. long) is under 
development at MF Physics Corporation for the Oak Ridge National Laboratory (ORNL). By associated 
particle (alpha) detectors, a cone of neutrons can be defined which is particularly useful for active neutron 
interrogation of fissile materials in containers. After final test at ORNL, this DT neutron source will be 
useful at the Y-12 National Security Complex for routine use with NMIS. 
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Abstract/Keyterms: The concept for the system described herein is an active/passive Nuclear Materials 
Identification System (NMIS) that incorporates gamma ray spectrometry. This incorporation of gamma ray 
spectrometry would add existing capability into this system. This Multiple Attribute System can determine 
a wide variety of attributes for Pu and highly enriched uranium (HEU) of which a selected subset could be 
chosen. This system can be built using commercial off the shelf (COTS) components. NMIS systems are at 
All-Russian Scientific Research Institute of Experimental Physics (VNIIEF) and Russian Federal Nuclear 
Center Institute of Technical Physics, (VNIITF) and measurements with Pu have been performed at VNIIEF 
and analyzed successfully for mass and thickness of Pu. NMIS systems are being used successfully for 
HEU at the Y-12 National Security Complex. The use of active gamma ray spectrometry for high explosive 
HE and chemical agent detection is a well known activation analysis technique, and it is incorporated here. 
This report describes the system, explains the attribute determination methods for fissile materials, 
discusses technical issues to be resolved, discusses additional development needs, presents a schedule for 
building from COTS components, and assembly with existing components, and discusses implementation 
issues such as lack of need for facility modification and low radiation exposure. 
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Title: Nuclear Materials Identification System (NMIS) with Gamma Spectrometry for Attributes of Pu, 
HEU, and Detection of HE and Chemical Agents 

Date: 4/1/2002 

Report: Y/LB-16, 124 

Conference/Journal: Institute of Nuclear Materials Management Annual Conference, Orlando, FL (US), 
06/23/2002--06/27/2002 

Conference Session:  

Abstract/Keyterms: A combined Nuclear Materials Identification System (NMIS)-gamma ray 
spectrometry system can be used passively to obtain the following attributes of Pu: presence, fissile mass, 
240/239 ratio, and metal vs. oxide. This system can also be used with a small, portable, DT neutron 
generator to measure the attributes of highly enriched uranium (HEU): presence, fissile mass, enrichment, 
metal vs. oxide; and detect the presence of high explosives (HE). For the passive system, time-dependent 
coincidence distributions can be used for the presence, fissile mass, metal vs. oxide for Pu, and gamma-ray 
spectrometry can be used for 239/240 ratio and presence. So, presence can be confirmed by two methods. 
For the active system with a DT neutron generator, all four attributes for both Pu and HEU can be 
determined from various features of the time-dependent coincidence distribution measurements for both Pu 
and HEU. Active gamma ray spectrometry would also give presence and 240/239 ratio for Pu, enrichment 
for HEU, and metal vs. oxide for both. Active gamma ray spectrometry would determine the presence of 
HE. The various features of time-dependent coincidence distributions and gamma ray spectrometry that 
determine these attributes are discussed with some examples from previous determinations. 
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Abstract/Keyterms: We report investigations and preliminary results from efforts to develop a recoil alpha 
particle detector for use in a portable neutron generator. The associated particle sealed tube neutron 
generator (APSTNG) will be used as an interrogation source for the Nuclear Materials Identification System 
(NMIS). With the emission of 14.1 MeV neutrons produced by the D-T reaction, associated 3.5 MeV alpha 
particles are emitted. These neutrons and alphas may then be correlated in time and direction, thus 
effectively &#x27; &#x27; tagging&#x27; &#x27; the neutrons of interest for subsequent use as an active 
nuclear materials interrogation source. The alpha particle detector uses a ZnO(Ga) scintillator coating 
applied to a fiber optic face plate. Gallium-doped zinc oxide is a fast (1.5 ns decay time), inorganic 
scintillator with a high melting point (1975C) and an absolute light yield of 1.5% of NaI(Tl). The scintillator 
is coated with a thin layer of nickel in order to screen out light produced in the tube and scattered deuterons 
and tritons. This coating also serves to prevent the buildup of charge on the detector surface. Results to date 
indicate promise as an effective alpha particle detector for the APSTNG for future use in the NMIS. 
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Abstract/Keyterms: Nuclear safeguards active measurements that rely on the time correlation between 
fast neutrons and gamma rays from the same fission are a promising technique. Previous studies have shown 
the feasibility of this method, in conjunction with the use of artificial neural networks, to estimate the mass 
and enrichment of fissile samples enclosed in special, sealed containers. This paper evaluates the use of the 
associated particle sealed tube neutron generator (APSTNG) as the interrogation source in correlation 
measurements. The results show that its use is of particular importance when floor reflections are present. 
The Nuclear Materials Identification System (NMIS) presently uses 252Cf ionization chambers as 
interrogation sources for the time-dependent coincidence measurements. Because triggers from this source 
are associated with neutrons emitted in any direction, adjacent materials such as the floor and nearby 
containers could affect the measurements and should be accounted for. Conversely, the APSTNG, together 
with an alpha particle detector, defines a cone of neutrons that can be aimed at the item under verification, 
thus removing the effects of nearby materials from the time-dependent coincidence distributions. Monte 
Carlo calculations were performed using MCNP-POLIMI, a modified version of the standard MCNP code. 
The code attempts to calculate more correctly quantities that depend on the second moment of the neutron 
and gamma distributions. The simulations quantified the sensitivity enhancements and removal of the 
effects of nearby materials by substituting the traditional 252Cf source with the APSTNG. 
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Abstract/Keyterms: In the past, passive Nuclear Materials Identification System (NMIS) measurements 
on plutonium metal shells at VNIIEF have shown the sensitivity of the acquired covariance functions to 
shell mass and thickness for a variety of shell thicknesses from 6 to 30 mm and masses varying from 1829 
to 4468g. The technique acquires the time-dependent coincidence distribution between plastic scintillators 
detecting radiation from the Pu. The measurements showed the sensitivity of the acquired signature to the 
different spontaneous emission, attenuation, and multiplication properties of the shells. In this work, the 
MCNP-POLIMI neutron and photon transport code was used to simulate passive measurements on 
plutonium metal and oxide. The code is a modified version of MCNP, which attempts to calculate more 
correctly quantities that depend on the second moment of the neutron and gamma distributions, and attempts 
to model detector pulses as closely as possible. MCNP-POLIMI, together with a post-processing code, can 
simulate all the time-dependent coincidence distributions measured by NMIS. In particular, the simulations 
evaluate the time-dependent coincidence distributions between detectors for plutonium samples having 
mass 2 and 4 kg, in metal and oxide form. This work shows that the time-dependent coincidence 
distributions between two scintillators measured by NMIS can be used to distinguish metal from oxide. 
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Abstract/Keyterms: A new technique to estimate the shape attribute of plutonium assemblies using the 
Nuclear Materials Identification System (NMIS) is described. The proposed method possesses a number of 
advantages. It is passive no external radiation source is required to estimate the shape of plutonium 
assemblies. Instead, inherent gamma and neutron emissions from spontaneous fission of 240Pu and 
subsequent induced fission of 239Pu are detected to estimate the shape attribute. The technique is also 
stationary: shape is estimated without scanning the assembly by moving the detectors relative to the 
assembly. The proposed method measures third order correlations between triplets of gamma/neutron-
sensitive detectors. The real coincidence of a pair of gammas is used as a “trigger” to approximately identify 
the time of a spontaneous or induced fission event. The spatial location of this fission event is inferred from 
the real coincidence of a subsequent neutron with the initial pair of correlated gammas by using the neutron's 
time-of-flight (approximately the delay between the gamma pair and the neutron) and the fission neutron 
spectra of 240Pu and 239Pu. The spatial distribution of fission sites and hence the approximate shape of 
the plutonium assembly is thereby inferred by measuring the distribution of a large number of these 
correlated triplets. Proof-of-principle measurements were performed using 252Cf as a surrogate for 240Pu 
to demonstrate that the technique is feasible. For the simple shapes approximated with 252Cf sources, the 
measurements showed that the proposed method is capable of correctly identifying the shape and accurately 
estimating its size to within a few percent of actual. 
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Abstract/Keyterms: Preliminary Monte Carlo simulations have demonstrated that passive Nuclear 
Materials Identification System (NMIS) measurements can be used to determine the mass of Pu in AT400-
R containers with measurement times as short as a few minutes. The sensitivity of the proposed detectors 
to gamma rays should enhance this measurement method because the gamma rays from fission, induced or 
spontaneous, escape this container more easily than neutrons. In these calculations, the container contained 
two Pu spheres with mass varying between 0.5 and 2 Kg with {approximately}6 wt.% {sup 240 }Pu. 
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Abstract/Keyterms: This paper describes a template matching method used by the Nuclear Materials 
Identification System (NMIS) to identify weapons components. The method is applied to NMIS's active 
source (252Cf) radiation measurements for HEU components, utilizing four scintillation detectors. NMIS 
measures the spatial and temporal distribution of neutron and gamma radiation after a 252Cf fission. This 
method further processes these measurements to extract pattern recognition features for the matching 
algorithm, and finds the closest matching component in the NMIS library of reference component features 
(templates). This identification method is being developed for use at the Y-12 National Security Complex. 
The goal of this development is to obtain high accuracy with the constraints of short measurement times 
and a small number of reference template measurements. 
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Abstract/Keyterms: Future nuclear disarmament agreements between nations may require technical 
measures to ascertain each participating nation's adherence to the agreement. Almost certainly, 
measurement technologies and analytical methods will have to be developed by the participating nations 
jointly. In this way each participant has both confidence in the technology's efficacy and trust in its 
implementation. With the support of the National Nuclear Security Administration's Office of 
Nonproliferation Policy (NNSA NA-241), the Oak Ridge National Laboratory (ORNL) and the All-Russian 
Scientific Research Institute of Experimental Physics (VNIIEF) have taken first steps to jointly develop 
and implement a radiation measurement technique to inspect plutonium. In June and July 2000, personnel 
from ORNL and VNIIEF performed joint experiments on unclassified plutonium metal ({delta}-phase, 
1.77%-240Pu) spherical shells at VNIIEF facilities in Sarov, Russia[1,2]. The measurements were 
performed using the Nuclear Materials Identification System (NMIS). The subsequent analysis 
demonstrates how NMIS can be applied to passively measure the mass and multiplication of plutonium 
spherical shells. 
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Abstract/Keyterms: The purpose of Thermal Insulation Characterization Testing is to provide physical 
data to support certain assumptions and calculational techniques used in the criticality safety calculations 
in Section 6 of the Safety Analysis Reports for Packaging (SARPs) for drum-type packaging for Department 
of Energy's (DOE) Oak Ridge Y-12 Plant, managed by Martin Marietta Energy Systems, Inc. Results of 
preliminary data evaluation regarding the fire-test condition reveal that realistic weight loss consideration 
and residual material characterization in developing calculational models for the hypothetical accident 
condition is necessary in order to prevent placement of unduly conservative restrictions on shipping 
requirements as a result of overly conservative modeling. This particularly important for fast systems. 
Determination of the geometric arrangement of residual material is of secondary importance. Both the 
methodology used to determine the minimum thermal insulation mass remaining after the fire test and the 
treatment of the thermal insulation in the criticality safety calculational models requires additional 
evaluation. Specific testing to be conducted will provide experimental data with which to validate the mass 
estimates and calculational modeling techniques for extrapolation to generic drum-type containers. 
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Abstract/Keyterms: This paper summarizes some of the analytical methods and calculational techniques 
that can be used in performing the criticality safety analyses for packagings. This information is placed in 
context with the various regulations and requirements imposed by the certifying authorities for the domestic 
transportation of packagings with fissile contents (foreign shipments are not addressed). Selected 
calculational results from a packaging undergoing certification review are included in Section 3 and 
Appendix 1. For shipment on public roads in the United States, the packaging of hazardous materials, 
including fissile and other radioactive materials, is governed by the US Department of Transportation 
(DOT) through Parts 100-179 of Title 49 of the Code of Federal Regulations (CFR). Packagings for 
radioactive materials are required to meet many additional regulations and requirements in terms of how 
they are designed, fabricated, assembled, tested, procured, used, and maintained in order to protect the 
environment and the health and safety of the public and workers. 
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Abstract/Keyterms: During a six-week period in the fall of 1994 a team of 31 US government and Y-12 
personnel packaged and removed several thousand kilograms of material containing highly enriched 
uranium from the (former Soviet Union) Republic of Kazakhstan for interim storage at the Y-12 Plant in 
Oak Ridge, Tennessee. This classified mission, known as PROJECT SAPPHIRE, had been initiated at the 
request of the Kazakhstan government in order to rid itself of possible security problems. Planning for the 
mission included assurance of the health and safety of the team members, as well as compliance with all 
local, IAEA, and US government regulations regarding the handling, packaging, transportation, and storage 
of radioactive and fissile material. The mission classification restrictions were relaxed following the return 
of the team and material to the United States. The material to be removed, in the form of small billets and 
rods of uranium metal and uranium-beryllium alloy and oxide powder, was sealed by team members on site 
into two-liter steel cans. Two or three cans each were loaded into more than 400 IAEA certified fissile 
material shipping container, and each container was packed into a large steel drum for transport by US Air 
Force cargo planes to the United States. 
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Abstract/Keyterms: This volume, Y/OWI/TM-36/22,”Nuclear Considerations for Repository Design,” is 
one of a 23-volume series,”Technical Support for GEIS: Radioactive Waste Isolation in Geologic 
Formations,” Y/OWI/TM-36, which supplements the “Contribution to Draft Generic Environmental Impact 
Statement on Commercial Waste Management: Radioactive Waste Isolation in Geologic Formations,” 
Y/OWI/TM-44. The series provides a more complete technical basis for the preconceptual designs, resource 
requirements, and environmental source terms associated with isolating commercial LWR wastes in 
underground repositories in salt, granite, shale and basalt. Wastes are considered from three fuel cycles: 
uranium and plutonium recycling, no recycling of spent fuel and uranium-only recycling. Included in this 
volume are baseline design considerations such as characteristics of canisters, drums, casks, overpacks, and 
shipping containers; maximum allowable and actual decay-heat levels; and canister radiation levels. Other 
topics include safeguard and protection considerations; occupational radiation exposure including ALARA 
programs; shielding of canisters, transporters and forklift trucks; monitoring considerations; nine water 
treatment; canister integrity; and criticality calculations. 
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Abstract/Keyterms: Physics; Configuration; Criticality; Cylinders; Equations; Mass; Numericals; Plates; 
Reactors; Stainless Steels; Volume; Water Moderator 
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Abstract/Keyterms: A critical survey of the U investments required for bare, homogeneous, Be-U235 
spherical reactors, ranging in radius from about 35 cm to 100 cm, is presented. The effect of xenon 
poisoning, tabulated quantities useful in finding the poison coefficient for an absorber of arbitrary cross-
section, and computed poison coefficients for 1/v absorber in general, and for Be in particular, are included. 
These results can be used as a starting point for criticality calculations when the change in density due to a 
coolant must be considered, and for introducing reflector savings by conventional two-group methods. The 
method of calculation employed here is outlined in TAB-96, and the essential data used was taken from NE 
PA-949-EAfl-R6. 
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Abstract/Keyterms: The experiments were performed to determine safe handling conditions for P-10 alloy 
slugs. The data show that 90 enhanced slugs is the maximum safe number using light water as moderator 
and reflector. Using a mixed reflector of light water and Hanford natural uranium slugs with light water 
moderator, the maximum safe number of enriched slugs is reduced to 47 when the ratio of natural slugs to 
enhanced slugs is 108/9. For a ratio of natural slugs to enriched slugs of 38/9, the maximum safe number is 
55. Additional tests were made to confirm the nuclear safety of a proposed lead-lined shipping container 
when filled with enriched slugs. 
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Abstract/Keyterms: The critical mass curves of an equilateral cylindrical reactor as a function of 
moderation were calculated by graphical methods for H: U235 atomic ratios of 25 down to 1.4. The critical 
assemblies were built up of small cubes. These cubes were of two types, H-cubes and U-cubes. The H-
cubes were small blocks of polyethylene (CH/sub 1.92/) approximately 1" on the edge. The U plastic cubes 
(U-cubes) contained a mixture of UF4 (U235) isotopic concentration of 9.3% and polytetrafluoroethylene 
(CF/sub 2.02/) pressed together to form a material having an over-all density of 4.73 g/cm/sup 3/. The 
infinite cylinder and slab dimensions as functions of moderation were approximated for the low values of 
H: U235 atomic ratio. 
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Abstract/Keyterms: The methods developed at Y-12 for the analysis of specific criticality problems are 
presented. The accumulated results of previous analyses of empirical data permit criticality evaluation of 
situations for which no experimental data are available. The bulk of the information is presented 
graphically, the use of each graph being demonstrated by one or more numerical examples. Where more 
than one method is available for treating a particular problem, all alternative methods have been rejected in 
favor of the one which relies most heavily on the experimental data. 
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Abstract/Keyterms: An essentially bare graphite moderated critical assembly having dimensions of 51.0 
inch x 51.0 inch x 44.11 inch and a critical mass of 52.48 kg of uranium-235 was constructed at the ORNL 
critical experiments facility. Using a value for the buckling, B2, of 0.0018628 cm(-2) and extrapolation 
distance of 2 cm, a multigroup calculation for the assembly gave an effective multiplication of 0.9912. The 
self-shielding factor due to lumping of the fuel in 0.01 inch discs was measured and found to be 0.94 ± 0.04 
compared to a calculated value 0.95. Values of 0.15 eV for the mean fission energy and 27.66% for the 
fraction of fissions in the thermal group were calculated. Core removal type control rods were calibrated 
by the "rod-drop" method and by the observation of stable reactor periods. The form of the control rod 
calibrations curves indicates a contribution due to neutron streaming in the void formed by withdrawing 
the rod as well as the expected cosine squared distribution. A comparison using a flat strip of cadmium as 
a poison rod, which left essentially no void when removed, showed good agreement with a cosine squared 
sensitivity curve. The loss in reactivity as a function of the separation of sections of the assembly showed 
a loss of multiplication of 0.00635 due to a gap 0.3 inch wide, in fair agreement with a recent calculations, 
but approximately double the value calculated by an earlier method. 
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Abstract/Keyterms: The relationship between minimum critical mass and uniform thermal neutron core 
flux has been experimentally investigated in a water-moderated water-reflected nuclear reactor employing 
uranium-235 as fuel. The reactor vessel was a right circular cylinder of aluminum, 72 cm in diameter and 
91.4 cm long. The core, 30.2 cm in diameter, was divided into 5 concentric regions by aluminum partitions 
and was surrounded by an effectively infinite water reflector on its lateral surface only. The theoretical fuel 
distribution was that given by a calculation method developed in a theoretical treatment of the problem by 
Goertzel, who demonstrated mathematically that the condition of minimum critical mass in a suitably 
chosen thermal reactor required that the thermal neutron flux be uniform everywhere in the core. The 
experimental results clearly establish the validity of the Goertzel theory. 
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Abstract/Keyterms: Thermoplastic personnel security badges containing a 0.9 gm indium foil were 
mounted on tissue-equivalent phantoms placed 1 to 4 m from the unmoderated, untamped, Oralloy reactor, 
Godiva, and subjected to radiation from prompt- critical bursts of about 10/sup 16/ fissions. Badge activities 
immediately after exposure ranged from 50 mr/hr to 1 mr/hr for exposures made out-of-doors, and 150 to 
10 mr/hr, respectively, for exposures made indoors. Curves are presented which relate, for given burst 
intensity, the tothl neutron and prompt gamma dose to badge activity as measured with a beta-gamma 
survey meter. Using these curves, a grouping of irradiated persons is possible in which those having had 
less than an LD/sub 10/ and those having had more than an LD/sub 100/ can be separated from those whose 
lethal probability is high but uncertain. Approximately 1/100 of an LD/sub 100/ dose could be detected 1 
hour after a burst. For each phantom, the activity difference between badges facing toward and facing away 
from the reactor correlated linearly with dose, independent of distance and burst intensity, suggesting that 
the dose delivered to persons wearing an indium- loaded belt could be determined to an LE(0.05) of plus 
or minus 30 rem for doses greater than 50 rem 
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Abstract/Keyterms: Prompt-critical bursts from the unreflected uranium reactor, Godiva II,” have been 
utilized to aid in the formulation of criteria for the monitoring of uranium processing areas for critical 
accidents, and to evaluate the detection range and reliability of several types of radiation detectors. Monitors 
tested were the Victoreen Remote Area Monitoring System, having both air- and BF3 filled ion chambers, 
the Rocky Flats Model GM-1 NaI scintillation monitor, and the Victoreen Model 350M Geiger-tube gamma 
monitor. All monitors operated satisfactorily at distances of 17 feet of air to at least 1,000 feet of air + 15 
inches of concrete, the extreme range being significantly increased by the use of latching meter-relays. The 
proven range of the BF3 monitor was about twice that of the gamma monitors. Effects due to excessive 
radiation were evidenced, at distances within about 10 feet of the reactor, by only one monitor, a Model 
350M. Application of these test results to the problem of placement and sensitivity of process area monitors 
at Y-12 is discussed. 



 

C-22758 

22702…..…..…………………..…….……..……ID Number…………………..…..…………….22702 

Author: Union Carbide Co. 

Title: Accidental Radiation Excursion at the Y-12 Plant June 16, 1958 

Date: 9/12/1958 

Report: Y-1234 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Health and Safety; Accidents; Criticality; Excursions; Fission; Power; Prompt 
Neutrons; Radiation Doses; Solutions; Uranium 235; Water 



 

C-22759 

22703…..…..…………………..…….……..……ID Number…………………..…..…………….22703 

Author: McLendon, J. D. 

Title: Criticality Considerations in the Design of Plants Using Uranium-235 

Date: 1/1/1959 

Report: Y-1245 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Stringent conditions are required to maintain nuclear safety in a chemical processing 
or metal fabrication plant which is designed to process unirradiated uranium enriched in the U235 isotope. 
A basic approach to nuclear process configurations and layout resulting from applications of basic criticality 
information are presented. 



 

C-22760 

22704…..…..…………………..…….……..……ID Number…………………..…..…………….22704 

Author: Gwin, R. / Mee, W. T. 

Title: Critical Assemblies of Uranium Metal 

Date: 3/26/1959 

Report: Y-1248 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Data on critical assemblies of fissionable uranium metals are summarized. Empirical 
studies are made for specific reflectors and geometries to determine the feasibility of extrapolating these 
data for conditions concerning nuclear safety problems. Also included are the influences on critical systems 
by various reflectors, uranium-235 isotopic enrichment, density, and small metal pieces homogeneously 
distributed in water. 



 

C-22761 

22705…..…..…………………..…….……..……ID Number…………………..…..…………….22705 

Author: Wachter, J. W. / Bailey, M. L. / Cagle, T. J. / Mee, W. T. / Pletz, R. H. / Welfare, F. G. / 
Youngblood, B. J. 

Title: Nuclear Safety Handbook, Y-12 Plant 

Date: 3/27/1963 

Report: Y-1272 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Information needed to solve nuclear safety problems is condensed into a reference 
book for use by persons familiar with the field. Included are a glossary of terms; useful tables; nuclear 
constants; criticality calculations; basic nuclear safety limits; solution geometries and critical values; metal 
critical values; criticality values for intermediate, heterogeneous, and interacting systems; miscellaneous 
and related information; and report number, author, and subject indexes. 



 

C-22762 

22706…..…..…………………..…….……..……ID Number…………………..…..…………….22706 

Author: Mee, W. T. / Cagle, T. J. / Wachter, J. W. 

Title: Nuclear Safety Analyses of a Typical Production Line for High-Fired UO2 at 4.5% Uranium-235 
Isotopic Composition 

Date: 9/28/1959 

Report: Y-1273 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Criticality; Fabrication; High Temperature; Oak Ridge National Laboratory; 
Safety; Uranium Dioxide; Uranium Hexafluoride; Uranium 235; Y-12 



 

C-22763 

22707…..…..…………………..…….……..……ID Number…………………..…..…………….22707 

Author: Westbrook, J. D. 

Title: The Application of Data Processing Techniques to a Maintenance Work Control Program 

Date: 8/7/1963 

Report: Y-1371 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The problem was to provide an effective reporting system, capable of feeding back 
information on the maintenance work control program, including the progress of the use of industrial 
engineering techniques and the effect of these techniques on maintenance work. The procedure followed to 
design and install this reporting system is generalized to provide a guide by which others may design 
reporting systems for work control programs. A manual reporting system was already in effect, and the 
manual reports formed the basis around which the electronic data processed reports were designed. 
Designing of reports was but one aspect of system design; also involved were: modification of timekeeping 
and time reporting procedures; redesign of standard forms and design of several new ones; and the alteration 
of planning and estimating rules. The results of these efforts are that the reporting system is and integral 
part of the maintenance work control program, and a method of designing reporting systems for work 
control programs was established. 



 

C-22764 

22708…..…..…………………..…….……..……ID Number…………………..…..…………….22708 

Author: Welfare, F. G. 

Title: Concentration of Boron or Cadmium in U-235 Solutions for k(inf) = 1 

Date: 3/20/1962 

Report: Y-1388 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Boron; Cadmium; Critical Assemblies; Distribution; Enrichment; Fluorides; 
Homogeneous Reactors; Moderators; Multiplication Factors; Poisoning; Solutions; Uranium Compounds; 
Uranium 235 



 

C-22765 

22709…..…..…………………..…….……..……ID Number…………………..…..…………….22709 

Author: Cagle, T. J. / Welfare, F. G. 

Title: Nuclear Safety of the Y-12 Rover Program 

Date: 11/18/1963 

Report: Y-1444 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear safety limits and procedures were prescribed for the startup of a facility for 
fabricating UC2 fuel elements for the Y-12 Rover program. In many cases it has been possible to increase 
these limits as experience and improved data were obtained. Therefore, the material is not an exact 
description of the Rover facility as it finally evolved. 



 

C-22766 

22710…..…..…………………..…….……..……ID Number…………………..…..…………….22710 

Author: Mee, W. T. / Welfare, F. G. 

Title: A Nuclearly Safe Container for Class II Shipments of Dry Uranium Compounds 

Date: 11/26/1963 

Report: Y-1460 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Overview of computational methods circa 1970 in use for Y-12 criticality safety 
applications. 



 

C-22767 

22711…..…..…………………..…….……..……ID Number…………………..…..…………….22711 

Author: Handley, G. R. / McLeod, J. N. 

Title: A User’s Manual for HANDY (A FORTRAN IV Program for Calculating Numerical Coefficients 
of the General Second-Degree Equation in Three Variables) 

Date: 6/19/1968 

Report: Y-1615 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Computer Programs / Handy, for Calculating Numerical Coefficients of General 
Second- Degree Equation in Three Variables, in FORTRAN IV, User’s Manual for 



 

C-22768 

22712…..…..…………………..…….……..……ID Number…………………..…..…………….22712 

Author: Crume, E. C. 

Title: Analysis of Fissile Material Storage and Shipping at the Y-12 Plant 

Date: 1/8/1970 

Report: Y-1703 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Fissionable Material / Shipping and Storage of, ANISN and KENO Computer 
Programs for Analysis of Criticality Safety of; Computer Programs / ANISN and KENO, for Criticality 
Safety Analyses of Shipping and Storage of Fissile Materials 



 

C-22769 

22713…..…..…………………..…….……..……ID Number…………………..…..…………….22713 

Author: Handley, G. R. / Hopper, C. M. 

Title: Validation Checks of the "ANISN" and "KENO" Codes by Correlation with Experimental Data 

Date: 11/20/1972 

Report: Y-1858 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The one-dimensional, discrete-ordinates transport computer code ANISN and the 
Monte Carlo computer code KENO are employed to calculate critical experiments of various geometries, 
materials, and uranium-235 enrichments. The input parameters to the codes are included in an appendix. It 
is concluded that reliable criticality safety calculations can be made for a wide range of systems of general 
interest, provided the limits of validated applicability are not exceeded. 



 

C-22770 

22714…..…..…………………..…….……..……ID Number…………………..…..…………….22714 

Author: Handley, G. R. / Hopper, C. M. 

Title: Validation of the KENO Code for Nuclear Criticality Safety Calculations of Moderated, Low-
Enriched Uranium Systems 

Date: 6/13/1974 

Report: Y-1948 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Monte Carlo computer code, KENO, was employed to calculate 40 critical 
experiments with uranium enrichments in the uranium-235 isotope of 5% or less. A variety of geometries 
and materials were considered. The code input parameters and the 16-energy-group cross sections are 
included. It is concluded that the code and cross sections are adequate and that reliable criticality safety 
calculations may be made for systems of general interest, provided the limits of validated applicability are 
not exceeded. 



 

C-22771 

22715…..…..…………………..…….……..……ID Number…………………..…..…………….22715 

Author: Mihalczo, J. T. 

Title: Neutron Importance and Fission Density in Enriched Uranium and Plutonium Metal Spheres 

Date: 1/16/1975 

Report: Y-1959 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics (Nuclear)-Neutron Interactions with Matter; Fission Neutrons- Neutron 
Importance Function; Highly Enriched Uranium- Neutron Transport; Plutonium- Neutron Transport; Rossi 
Alpha Method- Corrections; Californium 252; Discrete Ordinate Method; Neutron Density; Neutron 
Reflectors; Spatial Distribution; Spheres 



 

C-22772 

22716…..…..…………………..…….……..……ID Number…………………..…..…………….22716 

Author: Handley, G. R. / Masters, L. C. / Stachowiak, R. V. 

Title: Validation of the Monte Carlo Criticality Program KENO IV and the Hansen-Roach Sixteen-Energy-
Group-Cross Sections for High-Assay Uranium Systems 

Date: 4/10/1981 

Report: Y-2234 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Validation of the Monte Carlo criticality code, KENO IV, and the Hansen-Roach 
sixteen-energy-group cross sections was accomplished by calculating the effective neutron multiplication 
constant, k(eff), of 29 experimentally critical assemblies which had uranium enrichments of 92.6% or 
higher in the uranium-235 isotope. The experiments were chosen so that a large variety of geometries and 
of neutron energy spectra were covered. Problems, calculating the k(eff) of systems with high-uranium-
concentration uranyl nitrate solution that were minimally reflected or unreflected, resulted in the separate 
examination of five cases. 



 

C-22773 

22717…..…..…………………..…….……..……ID Number…………………..…..…………….22717 

Author: McLendon, J. D. / Morfitt, J. W. 

Title: Critical Mass Tests on Oralloy Machine Turnings 

Date: 2/29/1952 

Report: Y-A2-071 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Machining operations on enriched uranium result in the accumulation of large 
amounts of machine turnings which must be handled, stored and processed on a routine production basis. 
No experiments or theoretical data have been available as criteria for the nuclear safety of this material. 
Accordingly, a brief experimental program was undertaken at the Oak Ridge Critical Mass Laboratory, 
Bldg. 9213, in order to better specify the conditions under which material of this sort could sustain a chain 
reaction. This report summarizes the experimental results obtained on arrays of enriched uranium turnings 
in cylindrical vessels. Since the problem was one involving production operations, the physical conditions 
of the experiments were selected so as to duplicate actual plant conditions as closely as possible. 



 

C-22774 

22718…..…..…………………..…….……..……ID Number…………………..…..…………….22718 

Author: McLendon, J. D. / Morfitt, J. W. 

Title: Comments on Nuclear Safety During Fabrication of 0.002" Uranium Foil 

Date: 6/3/1952 

Report: Y-A2-079 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22775 

22719…..…..…………………..…….……..……ID Number…………………..…..…………….22719 

Author: McLendon, J. D. / Morfitt, J. W. 

Title: Criticality Review of Process for Fabrication of Fuel Rods 

Date: 1/1/1953 

Report: Y-A2-104 (Del.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Suggestions are given for maintaining nuclear safety during the fabrication of fuel 
rods. Included are brief comments on storage, handling, and area problems. 



 

C-22776 

22720…..…..…………………..…….……..……ID Number…………………..…..…………….22720 

Author: Gwin, R. 

Title: Annular Cylinder Experiments 

Date: 4/13/1953 

Report: Y-A2-110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22777 

22721…..…..…………………..…….……..……ID Number…………………..…..…………….22721 

Author: Gwin, R. / Mee, W. T. 

Title: Critical Assemblies of Oralloy 

Date: 9/8/1953 

Report: Y-A2-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: See ORNL-CF-65-12-42 for J. T. Thomas' report for the same events. 



 

C-22778 

22722…..…..…………………..…….……..……ID Number…………………..…..…………….22722 

Author: Gwin, Reginald 

Title: Critical Conditions for Cylindrical Water-Tamped, and Water-Moderated Reactors 

Date: 12/2/1955 

Report: Y-A2-183 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Critical Heights and U235 Densities for Cylindrical, Water-Tamped, and Water-
Moderated Reactors Were Calculated Using ''Water Boiler Theory.'' 



 

C-22779 

22723…..…..…………………..…….……..……ID Number…………………..…..…………….22723 

Author: McLendon, J. D. / Wachter, J. W. 

Title: Nuclear Safety in the Processing of Cold Enriched Uranium 

Date: 1/1/1956 

Report: Y-A2-191 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The problem of criticality hazards in the industrial processing of fissionable materials 
is outlined and a discussion given of the probable results of a critical accident. The necessity for suitable 
criticality control is stressed, and the means of such control described in the form of certain basic concepts 
of nuclear safety, application of which enables a chemical processing facility to handle fissionable material 
safely. The variables affecting a critical system are examined, particularly in their definition of certain 
critical parameters that aid in setting nuclear safety criteria to ensure safe operation of production 
equipment. The use of experimental data and the application of nuclear safety philosophies in determining 
control limits and process procedures is indicated, and examples drawn from production applications are 
presented. The organization and administration of the nuclear safety group, its responsibilities in 
determining the safety of an operation, in pursuing follow-up procedures after installation, and in 
cooperating with supervision directly responsible for administrative control of the operation are outlined. 



 

C-22780 

22724…..…..…………………..…….……..……ID Number…………………..…..…………….22724 

Author: Wachter, J. W. 

Title: A Study of Y-12 Area Monitoring for Critical Bursts 

Date: 12/3/1956 

Report: Y-A2-195 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The problems of production area monitoring for nuclear accidents were studied. The 
characteristics of a criticality burst including estimates of the resulting neutron and gamma radiation are 
discussed. Recommendations as to the criteria which might be applied in the design of a suitable monitor 
are listed. It is concluded that ion chambers, possibly containing dose integrating foils, are the most suitable 
of existing radiation detectors for area monitoring at Y-l2. 



 

C-22781 

22725…..…..…………………..…….……..……ID Number…………………..…..…………….22725 

Author: McLendon, J. D. 

Title: Criticality Considerations in the Design of Plants Using U-235 

Date: 1/1/1958 

Report: Y-A2-238 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Stringent conditions are required to maintain nuclear safety in a chemical processing 
or metal fabrication plant which is designed to process unirradiated uranium enriched in the U235 isotope. 
A basic approach to nuclear process configurations and layout resulting from applications of basic criticality 
information are presented. 



 

C-22782 

22726…..…..…………………..…….……..……ID Number…………………..…..…………….22726 

Author: McLendon, J. D. 

Title: Criticality Considerations in SS Materials Warehouses 

Date: 1/1/1958 

Report: Y-A2-242 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22783 

22727…..…..…………………..…….……..……ID Number…………………..…..…………….22727 

Author: Wachter, J. W. 

Title: Radiation Safety at Y-12 

Date: 1/1/1958 

Report: Y-A2-244 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22784 

22728…..…..…………………..…….……..……ID Number…………………..…..…………….22728 

Author: Wachter, J. W. 

Title: Trip Report: The OEEC-ENEA Symposium on Criticality Control, Karlsruhe, Germany, May 2-5, 
1961 and Visits to Nuclear Installations in the United Kingdom, May 8-12, 1961 

Date: 6/19/1961 

Report: Y-A2-285 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: YAEC: Yankee Atomic Electric Company. 



 

C-22785 

22729…..…..…………………..…….……..……ID Number…………………..…..…………….22729 

Author: Kuznetsov, V. 

Title: Providing Physical Protection of Nuclear Power Facilities in Russia 

Date: 5/1/2000 

Report: Yadernaya Bezopasnost’, Moscow, April-May 2000 

Conference/Journal: Yadernaya Bezopasnost 

Conference Session:  

Abstract/Keyterms:  



 

C-22786 

22730…..…..…………………..…….……..……ID Number…………………..…..…………….22730 

Author: n. a. 

Title: Cold Critical Benchmarking 

Date: 12:00:00 AM 

Report: YAEC, VYC-281 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22787 

22731…..…..…………………..…….……..……ID Number…………………..…..…………….22731 

Author: n.a. 

Title: Monthly Progress Report for February 1957 

Date: 3/25/1957 

Report: YAEC-019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Coolant Loops; Criticality; Equations; Irradiation; Mass; Materials Testing; 
Measured Values; Mechanical Structures; Numericals; Operation; Performance; Planning; Reactor Core; 
Reactor Safety; Reactors; YAEC; Yankee 



 

C-22788 

22732…..…..…………………..…….……..……ID Number…………………..…..…………….22732 

Author: n. a. 

Title: Quarterly Progress Report for June 6, 1956 to September 30, 1956 

Date: 10/30/1956 

Report: YAEC-07 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Physics; Accidents; Burnup; Configuration; Contamination; Control Systems; 
Coolant Loops; Criticality; Economics; Efficiency; Enrichment; Equations; Failures; Fission Products; 
Fuels; Irradiation; Leaks; Mass; Measured Values; Mechanical Structures; Metals; Moderators; 
Multiplication Factors; Neutron Flux; Numericals; Operation; Personnel; Planning; Poisoning; Power 
Plants; Radiation Doses; Radioactivity; Reactivity; Reactor Core; Reactor Fueling; Reactor Safety; 
Reactors; Remote Handling; Resonance Escape Probability; Shielding; Stability; Temperature; Thermal 
Utilization; Transients; Waste Disposal; YAEC; Yankee 



 

C-22789 

22733…..…..…………………..…….……..……ID Number…………………..…..…………….22733 

Author: Coen, I. H. / Garbe, R. W. 

Title: Monthly Progress Report for the Period May 1-31, 1958 

Date: 6/20/1958 

Report: YAEC-079 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The status of the various development programs for the Yankee Power Reactor is 
outlined. No data are given (For preceding period see YAEC-70.) 



 

C-22790 

22734…..…..…………………..…….……..……ID Number…………………..…..…………….22734 

Author: Davison, P. W. / Berg, S. S. / Bergmann, W. H. / Hanlen, D. F. / Jennings, B. / Leamer, R. D. / 
Howard, J. E. 

Title: Yankee Critical Measurements-Measurements on Lattices of Stainless Steel Clad Slightly Enriched 
Uranium Dioxide Fuel Rods in Light Water 

Date: 4/1/1959 

Report: YAEC-094 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: To aid in the analytical design of the core for the power reactor for the Yankee Atomic 
Electric Company, measurements have been made of various reactor parameters in a cold clean critical 
assembly of design similar to the power reactor. In order to better simulate the effects of large temperature 
changes in the core, three core configurations were studied having water/uranium ratios of 2.19, 2.93 and 
3.87. The following measurements were made buckling and reflector savings, migration area, disadvantage 
factor and cadmium ratios. The resonance escape probability and fast fission factor were measured in the 
2.93 and 3.87 water/uranium cores. The effects on core reactivity of temperature, voids, insertion of control 
rods and of stainless steel were also measured. Neutron flux distributions in the core were determined in 
the neighborhood of control rods and through gaps and slots in the fuel configuration. Where applicable, 
the results of these measurements are correlated with the water/uranium ratio. 



 

C-22791 

22735…..…..…………………..…….……..……ID Number…………………..…..…………….22735 

Author: Garbe, R. W. / Walchli, H. E. 

Title: Monthly Progress Report for the Period September 1 to 30, 1958 

Date: 10/31/1959 

Report: YAEC-099 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A 95-inch experimental Yankee sub-assembly was successfully brazed at 1890 plus 
or minus 10 for three hours then furnace cooled. All of the joints, outside ferrules, and control rod rubbing 
strips showed a brazed fillet. Dimensional surveys and joint strength studies indicate that two brazing 
techniques appear feasible for subassemblies. Codings for computers for use in core design problems are 
described. A series of criticality calculations for the three water-to-metal volume ratios of the Yankee 
critical experiments was concluded with the calculation of the critical mass of a 4:1 water-to-uranium metal 
volume ratio core. Calculations were performed to determine the Mwd/t burnup in terms of unperturbed 
nvt for 2.7 and 5.4% enriched process water test specimens. Temperature stability experiments were 
conducted on Rohm and Haas XE- 150 resin by means of water baths at the purification system operating 
temperature of 14O F and at an elevated temperature of 170 F. Data were obtained on corrosion of 
construction materials. A study was made of the reaction of soluble oxygen with hydrazine in borated water. 
Performance of criticality experiments on stainless steel clad UO2 fuel elements at various water-to-metal 
ratios are reported. (For preceding period see YAEC95.) 



 

C-22792 

22736…..…..…………………..…….……..……ID Number…………………..…..…………….22736 

Author: Handschuh, J. A. / Morrissey, K. J. 

Title: Yankee Criticality Calculational Methodology 

Date: 1/1/1981 

Report: YAEC-1224 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22793 

22737…..…..…………………..…….……..……ID Number…………………..…..…………….22737 

Author: Walchli, H. E. 

Title: Monthly Progress Report for the Period March 1 to 31, 1959 

Date: 4/20/1959 

Report: YAEC-123 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work toward developing a satisfactory stainless steel clad UO2 fuel was continued. 
Studies and calculations of the reactor core, criticality experiments, irradiation experiments, shielding, and 
the reactor start-up and operation are reported. Studies directed toward establishing methods of utilizing 
chemical poisoning for reactor control and the crud and corrosion problems in the reference environment 
are reported. (For preceding period see YAEC-121.) 



 

C-22794 

22738…..…..…………………..…….……..……ID Number…………………..…..…………….22738 

Author: Pilat, E. E. / Cacciapouti, R. L. / Turnage, J. C. 

Title: Methods for the Analysis of Boiling Water Reactors Lattice Physics 

Date: 12/1/1980 

Report: YAEC-1232 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22795 

22739…..…..…………………..…….……..……ID Number…………………..…..…………….22739 

Author: VerPlanck, D. M. / Pilat, E. E. / Slifer, B. C. 

Title: Methods for the Analysis of Boiling Water Reactors Steady State Core Physics 

Date: 3/24/1981 

Report: YAEC-1238 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22796 

22740…..…..…………………..…….……..……ID Number…………………..…..…………….22740 

Author: Holzer, J. M. / Schultz, S. P. / Pilat, E. E. / Slifer, B. C. 

Title: Methods for the Analysis of Boiling Water Reactors Transient Core Physics 

Date: 8/1/1981 

Report: YAEC-1239P 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22797 

22741…..…..…………………..…….……..……ID Number…………………..…..…………….22741 

Author: Walchli, H. E. 

Title: YAEC Development Program for the Period July 1 to December 31, 1959 

Date: 7/1/1959 

Report: YAEC-124 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Technology; Power and Power-Breeder Reactors; Bibliography; Chemical 
Reactions; Control Elements; Control Systems; Criticality; Economics; Fabrication; Fluid Flow; Fuel 
Elements; Heat Transfer; In Pile Loops; Irradiation; Machine Parts; Mechanics; Numericals; Performance; 
Planning; Power Plants; Preparation; Pressure; Radiation Effects; Reactor Core; Reactor Safety; Reactors; 
Remote Control; Rods; Statistics; Temperature; Tools; Water; Water Coolant; Water Moderator; YAEC 



 

C-22798 

22742…..…..…………………..…….……..……ID Number…………………..…..…………….22742 

Author: Walchli, H. E. 

Title: Quarterly Progress Report for the Period January 1 to March 31, 1959 

Date: 5/15/1959 

Report: YAEC-125 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technical description is presented of the research and development work 
accomplished and the progress made during the period from January 1 to March 31, 1959 under the 
Research and Development Program. An evaluation and the resulting conclusions of work performed are 
given for each project in which definitive progress was made. Fuel pellets for a prototype assembly were 
made using the abbreviated process. These pellets produced at cost indicated a substantial economic savings 
could be realized for large quantity orders. A new technique using tube crimping for fuel rod fabrication 
was successfully applied to Yankee sized fuel reds and specified for Core L Pressure collapse tests were 
concluded on Types 304 and 347 stainless steel. Type 348 (Type 347 is same as 348 except for a maximum 
Ta content of 0.1%) was specified for Core I. Preliminary control rod programming studies revealed areas 
of localized power peaks when control rods are moved This effect called "ballooning" was analyzed. Flux 
distributions calculated by computer techniques were compared with measurements taken from the critical 
experiments and were found to be in excellent agreement. Testing of the latch-type magnetic jack control 
rod drive mechanism was completed. Chemistry tests revealed the existence of substantial galvanic attack 
between stainless steels and other materials of construction A concentrated program is in effect to determine 
techniques for reducing this attack. The WCAP-4 loop was delivered to MTR and Westinghouse personnel 
were assigned to assist in supervising installation. The latest nuclear, mechanical and thermal design data 
for the core are given (For preceding period see YAEC-124.) 



 

C-22799 

22743…..…..…………………..…….……..……ID Number…………………..…..…………….22743 

Author: Walchli, H. E. 

Title: Monthly Progress Report for the Period April 1 to 30, 1959 

Date: 5/20/1959 

Report: YAEC-127 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The research and development performed during the month of April 1959 by the 
Westinghouse Atomic Power Department for the Yankee Atomic Electric Company are briefly described. 
(For preceding period see YAEC-123.) 
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22744…..…..…………………..…….……..……ID Number…………………..…..…………….22744 

Author: Albright, D. C. / Barharynejad, B. G. / Burns, K. G. / Cronin, J. T. / Heinrichs, D. P. / et al. 

Title: Vermont Yankee Cycle 11 Core Performance Analysis 

Date: 4/1/1984 

Report: YAEC-1403 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22745…..…..…………………..…….……..……ID Number…………………..…..…………….22745 

Author: Davison, P. W. / Grob, V. E. / Hanlen, D. F. / Leamer, R. D. / Ritz, H. / Santandrea, E. 

Title: Two Region Critical Experiments with Water Moderated Slightly Enriched Uranium Dioxide 
Lattices 

Date: 11/30/1959 

Report: YAEC-142 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: As an extension of the Yankee and BR-3 critical experiments, a series of two-region 
critical experiments were performed at the Westinghouse reactor evaluation center from the end of 1958 
through the first half of 1959. The primary purpose of these experiments was to measure the spatial 
distribution of neutron flux and power production in reactor cores of simple geometric shape containing 
two regions of different fuel enrichments in order that a comparison could be made with analytically derived 
distributions for the same cores. Gold foils, uranium-238 foils and fuel rods were used to obtain thermal 
flux, fast flux and power production through the cores. In addition, critical size, buckling, reflector savings, 
and microscopic parameter measurements were made in single-region cores of 4.4% fuel in the two lattices 
used. 
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22746…..…..…………………..…….……..……ID Number…………………..…..…………….22746 

Author: Arnold, Jr., W. H. 

Title: Critical Masses and Lattice Parameters of Water-Uranium Dioxide Critical Experiments. A 
Comparison of Theory and Experiment 

Date: 11/1/1959 

Report: YAEC-152 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: This report describes a semi-empirical method of performing lattice calculations in 
uranium dioxide-water cores which was developed under the Yankee research and development program, 
and which has been used in the design of Yankee Core 1. Calculated results using this method give close 
agreement with experimental results, presented here, from the Westinghouse Bettis TRX facilities, from 
the Yankee and BR-3 critical experiments performed at the Westinghouse atomic power department, and 
from a critical experiment performed by Babcock and Wilcox for the NSS Savannah. Although the semi-
empirical method gives adequate agreement, another system of calculation is presented which uses the 
MUFT code and has a somewhat firmer theoretical justification. It should prove valuable in the design of 
future cores. 
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22747…..…..…………………..…….……..……ID Number…………………..…..…………….22747 

Author: Heinrichs, D. P. 

Title: Vermont Yankee Cycle 12 Core Management Report 

Date: 5/1/1986 

Report: YAEC-1540 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22748…..…..…………………..…….……..……ID Number…………………..…..…………….22748 

Author: Walchli, H. E. 

Title: Quarterly Progress Report for the Period April 1 to June 30, 1959 

Date: 8/15/1959 

Report: YAEC-161 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A technical description of the research and development work accomplished and the 
progress made during the report period are given. An evaluation and the resulting conclusions of the work 
performed are given for each project in which definitive progress was made. Investigation of effects on 
stainless steel tubing due to phosphorus from brazing materials indicated that ductility changes are not 
excessive. Post irradiation examination revealed cracking of pellets with no gross dimensional changes. 
Nickel was successfully bonded to Ag-In-Cd control rod material through plating and heat treating, analysis 
of complete loss of coolant flow reveals that core clad temperature does not exceed allowable values under 
this condition. Galvanic attack was found to be present between various materials of construction and 
stainless steel in water containing boric acid and oxygen. Attack was reduced by use of dianodic phosphate 
and chromate inhibitors. The magnetic lack positive latch control rod drive mechanism was shown to 
exceed design expectations for speed, capacity, and life expectancy under abnormal crud conditions. 
Experimental results from hydraulic flow tests on a model reactor vessel were in generally good agreement 
with calculated and predicted results, the latest nuclear, mechanical, and thermal design data for the core 
are given, A brief report on the two region critical experiments using Yankee CRX and BR-3 fuel is given. 
(For preceding period see YAEC-125.) 
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22749…..…..…………………..…….……..……ID Number…………………..…..…………….22749 

Author: n.a. 

Title: Yankee Nuclear Power Station Technical Information and Final Hazards Summary Report 

Date: 1/1/1960 

Report: YAEC-167 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22750…..…..…………………..…….……..……ID Number…………………..…..…………….22750 

Author: Walchli, H. E. 

Title: Quarterly Progress Report for the Period July 1 to September 30, 1959 

Date: 11/15/1959 

Report: YAEC-169 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The prototype fuel assembly using depleted UO2 was completed and inspected. The 
assembly indicated acceptability of proposed techniques and tolerances. The control rod program was 
completed and analysis performed which neglected effects of non-uniform depletion and poison buildup. 
A program applicable to the first 500 hours of operation was prepared. The analysis of tworegion critical 
experiments was completed. It was determined that uncracked fuel assembly brazes were not weakened 
when subjected to borated water with or without lithium addition for pH adjustment. Olvanic cell studies 
on Ag-In-Cd control rod materials revealed that thin, heat-treated nickel platings protect the base alloy 
against internal oxidation in high temperature water, and that these platings are resistant to gross corrosive 
attack. The magnetic jack positive latch control rod drive mechanism completed more than 1, 000, 000 
operating cycles. (For preceding period see YAEC-161.) 
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22751…..…..…………………..…….……..……ID Number…………………..…..…………….22751 

Author: Gallagher, J. M. Jr. / Graves, H. W. Jr. / Hunter, D. / Howard, J. E. 

Title: The Startup Experiment Program for the Yankee Reactor 

Date: 6/1/1961 

Report: YAEC-184 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments was performed with the Yankee Reactor Plant to determine 
the characteristics of the reactor and primary system following initial criticality. These included reactor 
physics experiments, control rod drive tests, and primary system transient response studies. The 
experiments are described and the results are evaluated from the standpoint of previous analysis. Agreement 
with calculations was found to be very good. 
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22752…..…..…………………..…….……..……ID Number…………………..…..…………….22752 

Author: Arnold, Jr., W. H. 

Title: Yankee Critical Experiments Hazards Summary Report 

Date: 5/31/1957 

Report: YAEC-31 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The Yankee critical experiments will be conducted at the Westinghouse Reactor 
Evaluation Center. This building was designed to minimize the dangers due to fire, windstorm, or flood and 
is located in a sparsely populated region. Several conceivable accidents are analyzed. A calculation which 
assumes the most adverse meteorological conditions for the most serious accident has shown that the 
immersion gamma-ray dose received at the nearest site boundary would be 11.4 rem. At the nearest 
community this dose would drop to 6 rem. 
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22753…..…..…………………..…….……..……ID Number…………………..…..…………….22753 

Author: Hanlen, D. F. / Hunter, D. / Jedruch, J. 

Title: Yankee Critical Experiments Hazards Summary Report 

Date: 5/1/1958 

Report: YAEC-31(Suppl.) 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The hazards associated with a series of experiments in the Yankee Power Reactor in 
which the water-to-uranium metal ratio is 2.23 to 1 are evaluated. Descriptions are given of the site, reactor 
facility, and reactor control system. An accident and hazards analysis was made relative to failure or 
malfunction of components, hazards from human error, sabotage, and hazards occurring from nature. The 
maximum credible accident and its consequences are discussed. 



 

C-22810 

22754…..…..…………………..…….……..……ID Number…………………..…..…………….22754 

Author: Coen, I. H. / Birkel, R. A. 

Title: Quarterly Progress Report for the Period March 16, 1957 to June 30, 1957 

Date: 7/30/1957 

Report: YAEC-35 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work was continued toward the development of a satisfactory stainless steel clad 
UO2 fuel element. Included in this work were studies of UO2 pellet fabrication and properties, clad end 
welding, and rod stability. Studies and calculations on core design optimization, kinetic and steady state 
reactor analysis, shielding, and reactor startup and operation were continued. Additional critical and 
irradiation experiments were planned. Progress in reactor mechanical, hydraulic, and thermal design is 
reviewed. Information on control rod materials include corrosion studies of Cd--In--Ag alloy and 
fabrication experience with stainless steel-- Ag-- B4C. Coolant water temperature transient studies were 
made on the APD analog simulator. (For preceding period see YAEC-20.) 
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22755…..…..…………………..…….……..……ID Number…………………..…..…………….22755 

Author: Coen, I. H. / Garbe, R. W. 

Title: Quarterly Progress Report for the Period July 1, 1957 to September 30, 1957 

Date: 10/30/1957 

Report: YAEC-44 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Work was continued toward the development of satisfactory stainless steel clad UO2 
fuel elements. Specific information is given on the preparation of UO2 pellets, fuel rod end-closure, and 
fuel bundle assembly. Results are given from studies of the corrosion of various brazing alloys by water 
and the effects of annealing on the tensile properties of stainless steel. Additionai studies and calculations 
on core design optimization and kinetic and steady-state reactor analysis are given. An in-pile loop design 
for studying radiation effects is included. (For preceding period see YAEC-35.) (D.E.B.) 
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22756…..…..…………………..…….……..……ID Number…………………..…..…………….22756 

Author: Minton, G. H. 

Title: Nuclear Characteristics of Multiregion-Loaded Reactor Cores 

Date: 1/1/1957 

Report: YAEC-46 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Multiregion cylindrical reactor cores are studied in which new fuel is loaded into only 
one annular region with the other regions being occupied by fuel in different stages of burnup. Fuel 
utilization, power distribution, and control requirements are determined for a model in which the region-
averaged thermal fluxes are used to determine the fuel characteristics as a function of time. Results are 
compared with those obtained for reactor cores which are loaded uniformly and burn out at a rate 
determined by the region averaged fluxes. 
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22757…..…..…………………..…….……..……ID Number…………………..…..…………….22757 

Author: Coen, I. H. / Garbe, R. W. 

Title: Quarterly Progress Report for the Period October 1, 1957 to December 31, 1957 

Date: 1/30/1958 

Report: YAEC-52 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An evaluation and the resulting conclusions of work performed are presented for each 
project in which definitive progress was made. The principle progress consisted of: improvement in the 
uniformity of spacing pellets in stainless steel tubes by horizontal and vertical stretching of the tubes; 
determination of bulk-boiling factors from the loss-of-coolant flow studies; the obtaining of encouraging 
results from the use of a basic permanganate-citrate method for the decontamination of stainless steel; 
calculation of the volume of the local boiling in the first core; selection of a combination resin-evaporation 
waste disposal system; review and modification of nuclear parameters and control rod worths; loading of 
the CRX core to criticality and the obtaining of test data from the loading operations; preparation of 
drawings and equipment specifications for the in-pile test loop in a fourteen-section package; and removal 
of irradiated fuel elements test specimens from the MTR and their shipment to KAFL for postirradiation 
examination. The latest revised definitive mechanical, thermal, and nuclear design data for the first Yankee 
core are included. (For preceding period see YAEC-44.) 



 

C-22814 

22758…..…..…………………..…….……..……ID Number…………………..…..…………….22758 

Author: Arnold, Jr., W. H. 

Title: Analysis of Experimental Data on Reactivity of Plutonium-Bearing Fuel Rods 

Date: 2/25/1958 

Report: YAEC-57 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A series of experiments were performed to determine the criticality of depleted 
uranium fuel rods containing 1% Pu. The data were analyzed and the results compared with hand 
calculations. Hand calculations gave quite good agreement with experiment, thus lending a degree of 
confidence to the predictions of the reactivity effects of plutonium in the first core of the Yankee Atomic 
Electric Company Reactor. 
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22759…..…..…………………..…….……..……ID Number…………………..…..…………….22759 

Author: Arnold, W. H. Jr. 

Title: Physics Calculations for Control Rods in the First Yankee Core 

Date: 9/1/1959 

Report: YAEC-62 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The calculation of control rod worths in light water moderated reactors is presented. 
Considerable experimental information from the Yankee critical experiments is discussed and applied to 
improve the theory. The calculation system thus deduced from theory and experiment is then applied to the 
final design of the first Yankee core to provide a prediction of the shutdown available in its control rods. 
These calculations show that the 24 control rods presently provided are sufficient to shut the hot, clean, 
zero power first core down by 3%. 
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22760…..…..…………………..…….……..……ID Number…………………..…..…………….22760 

Author: Brunstetter, D. G. 

Title: Inspection and Fabrication of YAEC Critical Experiment Fuel Rods 

Date: 3/31/1958 

Report: YAEC-64 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The 5509 fuel rods for the Yankee Atomic Electric Company critical experiment were 
made by sealing sintered UO2 pellets in stainless steel tubing by welding end plugs to each end of the steel 
tubes. The complete history of the fabrication of these fuel rods from the receipt of pellets to the 
radiographic inspection of the completed rods is discussed in detail. The control of the quality of the UO2 
powder was exercised by com paring certified analyses supplied by the vendor with analyses made by APD 
on corresponding lots. Chemical analyses, inspection data, procedures and processes are presented in tables 
and graphs. 
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22761…..…..…………………..…….……..……ID Number…………………..…..…………….22761 

Author: Winchell, R. 

Title: Progress in the Development of a Process for Producing UO2 Pellets 

Date: 12/1/1958 

Report: YAEC-84 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Progress in the development of manufacturing procedures and techniques for uranium 
dioxide fuel pellets is described. Specifications for both the uranium oxide powder and the final fuel pellet 
are given. A process is described for making pellets with closely controlled density, dimensions, purity, and 
freedom from structural defects from ADU (ammonium diurante process) uranium dioxide powder. A 
formula relating linear shrinkage to green and fired densities has been derived, This formula has proven a 
useful tool in control of fired or sintered pellet dimensions and densities described were utilized in the 
manufacture of pellets for use in critical experiments. Improvements in processing continue to be 
developed. 
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22762…..…..…………………..…….……..……ID Number…………………..…..…………….22762 

Author: Garbe, R. W. / Walchli, H. E. 

Title: Quarterly Progress Report for the Period July 1 to September 30, 1958 

Date: 1/1/1958 

Report: YAEC-97 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: An evaluation and the resulting conclusions of work performed are given for each 
project in which definitive progress was made. The principle progress consisted of: obtaining promising 
fuel fabrication results from production scale investigations of simplified UO2 preparations methods, 
presintering operation elimination, increasing pellet densities and reductions of UO2 losses; successfully 
brazing a ninety-five inch long experimental fuel subassembly in which all joints, including outside ferrules 
and control rod rubbing strips, had brazed fillets; completing the fabrication of the last group of MTR 
process water irradiation samples and all of the in-pile test loop samples except for the specimens containing 
27% enriched pellets; performing a nuclear analysis of various fuel assembly designs as part of an over-all 
evaluation of fuel assembly bowing in the Yankee reactor; completing corrosion studies of primary plant 
materials in static autoclaves to aid in the selection of a pH control agent; developing a Compromise 
Design” for the fueh assembly which incorporates a series of small design changes to eliminate the 
possibility of restricting control rod motion by interference due to a superposition of bowing of the fuel 
assembly and an adverse accumulation of mechanical tolerances; completing the calculation of the 
moderator temperature coefficient, the Doppler temperature coefficient, the void coefficient, neutron 
lifetime, and delayed neutron fraction; obtaining flux profiles, flux peaking, flux spectrum, peripheral fuel 
rod worth, void coefficient, temperature coefficient, and control rod worth data from the Critical Reactor 
Experiments with a 3: 1 water-to-uranium metal ratio core at the Westinghouse Reactor Evaluation Center; 
continuing instrumentation and individual component operational testing of the in-pile test loop; and 
analyzing the results of the post-irradiation examination of the second group of process water samples and 
delivery of the last group of samples to the MTR. (For preceding period see YAEC-87.) 
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22763…..…..…………………..…….……..……ID Number…………………..…..…………….22763 

Author: Callihan, A. D. 

Title: Preliminary Direct Cycle Reactor Assembly - Part II 

Date: 5/21/1952 

Report: Y-B23-2 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  
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22764…..…..…………………..…….……..……ID Number…………………..…..…………….22764 

Author: Callihan, A. D. / Cronin, D. F. 

Title: Ring Tamping 

Date: 11/5/1952 

Report: Y-B23-22 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Ring tamping has been defined as the condition in a potential nuclear chain reacting 
system whereby two or more volumes of fissionable material are surrounded by, but not separated by, a 
hydrogenous neutron-reflecting medium. In the design of a system which will be safe when completely 
inundated in water, reliance may be placed on the neutron absorption by the hydrogen separating the 
components. Were the water between the components of an otherwise safe system to be removed, a more 
hazardous condition might result. Preliminary experiments intended to determine the change in reactivity 
incurred by removal of reflector material from between the two components are described here. 
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22765…..…..…………………..…….……..……ID Number…………………..…..…………….22765 

Author: Thomas, J. T. 

Title: Some Effects of Interspersed Moderation on Array Criticality 

Date: 3/14/1969 

Report: Y-CDC-06 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Monte Carlo Method / Criticality Calculations on Unreflected and Paraffin-Reflected 
Arrays of Enriched Uranium Metal Cylinders, Effects of Steel and Plexiglas on; Shielded Containers / 
Criticality Calculations for Unreflected and Paraffin-Reflected Arrays of Enriched Uranium Metal 
Cylinders, Effects of Steel and Plexiglas on Monte Carlo; Criticality / Calculations for Unreflected and 
Paraffin-Reflected Arrays of Enriched Uranium Metal Cylinders, Effects of Steel and Plexiglas on Monte 
Carlo 
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22766…..…..…………………..…….……..……ID Number…………………..…..…………….22766 

Author: Thomas, J. T. 

Title: Uranium Metal Criticality, Monte Carlo Calculations and Nuclear Criticality Safety 

Date: 8/5/1970 

Report: Y-CDC-07 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-026; The criticality of cuboidal arrays of subcritical uranium-
metal components is explored with the KENO Monte Carlo code. A sufficient number of critical 
experiments is described and calculated with the code using the Hansen-Roach cross-section sets to 
adequately verify the use of this combination to examine array conditions of interest to nuclear criticality 
safety. The magnitudes of changes in array reactivity associated with a number of safety considerations, 
usually compensated by arbitrary safety factors, are presented. 
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22767…..…..…………………..…….……..……ID Number…………………..…..…………….22767 

Author: Nichols, J. P. / Schuske, C. L. 

Title: Use of Borosilicate Glass Raschig Rings as a Neutron Absorber in Solutions of Fissile Material 

Date: 7/14/1971 

Report: Y-CDC-08 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Borosilicate glass raschig rings have had limited use as a neutron absorber in solutions 
of fissile material for primary criticality control. This report describes the properties of raschig rings in 
physical, chemical, and radiation environments, the specifications for individual rings and for packed beds 
of rings, and the calculations and experiments which have resulted in the establishment of recommended 
limits on the concentration of solutions contained in large vessels packed with the rings. The studies 
reported here have also resulted in the proposed standard,”Use of Borosilicate Glass Raschig Rings as a 
Neutron Absorber in Solutions of Fissile Material." 
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22768…..…..…………………..…….……..……ID Number…………………..…..…………….22768 

Author: Caizergues, R. / Deilgat, E. / Lecorche, P. / Maubert, L. / Revol, H. 

Title: Criticality of Liquid Mixtures of Highly Uranium-235 Enriched Hexafluoride and Hydrofluoric Acid 

Date: 5/1/1971 

Report: Y-CDC-09 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The criticality of spherical and near-spherical volumes of liquefied uranium 
hexafluoride-hydrofluoric acid mixtures, in which the uranium was enriched to 93% in uranium-235, in 
Monel containers having 4-mm-thick walls and surrounded by an effectively infinitely thick water reflector, 
has been investigated. The hydrogen-to-uranium atomic ratio of the mixture ranged between zero and 
eighty, the latter corresponding to a composition of about 1.23 mole% uranium hexafluoride. The 
temperature of the mixture during the experiment was between 70 and 95 degrees C. Short extrapolations 
utilizing measured and calculated reflector, temperature, dimensional, and structural-material coefficients 
of reactivity and neutron multiplication data established the critical dimensions of spheres of the several 
compositions. 
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22769…..…..…………………..…….……..……ID Number…………………..…..…………….22769 

Author: Thomas, J. T. 

Title: The Criticality of Cubic Arrays of Fissile Material 

Date: 11/3/1971 

Report: Y-CDC-10 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Isotopes U-235 / Criticality of Concrete Reflected and Water Reflected 
Cubic Arrays of; Plutonium Isotopes Pu-239 Criticality of Concrete Reflected and Water Reflected Cubic 
Arrays of; Criticality / Calculations for Cubic Arrays of Concrete Reflected and Water Reflected 
Plutonium-239, Uranium-233, and Uranium-235; Uranium Isotopes U-233 / Criticality of Concrete 
Reflected and Water Reflected Cubic Arrays of, 
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22770…..…..…………………..…….……..……ID Number…………………..…..…………….22770 

Author: Lathrop, K. D. / Whitesides, G. E. 

Title: The Sn Method 

Date: 9/1/1972 

Report: Y-CDC-11 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality / Safety Calculations for, Monte Carlo Method for; Monte Carlo Method / 
Evaluation for Nuclear Criticality Safety Calculation; Reactors / Criticality Safety of, Monte Carlo Method 
for Calculation of 
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22771…..…..…………………..…….……..……ID Number…………………..…..…………….22771 

Author: Whitesides, G. E. 

Title: Monte Carlo Method as Applied to Nuclear Criticality Safety Calculations 

Date: 1/1/1972 

Report: Y-CDC-11, 19-30 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality / Safety Calculations for, Monte Carlo Method for; Monte Carlo Method / 
Evaluation for Nuclear Criticality Safety Calculation; Reactors / Criticality Safety of, Monte Carlo Method 
for Calculation of 
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22772…..…..…………………..…….……..……ID Number…………………..…..…………….22772 

Author: Lecorche, Pierre / Seale, Robert L. 

Title: A Review of the Experiments Performed to Determine the Radiological Consequences of a Criticality 
Accident 

Date: 12/3/1973 

Report: Y-CDC-12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The series of nuclear criticality excursions in aqueous solutions of uranium highly 
enriched in the 235U isotope, conducted by the Service d'Etudes de Criticite of the French Commissariat a 
l'Energie Atomique from 1968 through 1971, are summarized. A total of 40 excursions were observed under 
a wide range of solution concentrations and ramp reactivity insertions. Results for the pulse trains that 
developed include determination of peak fission rates, pulse widths, integrated yields, and consequent 
gamma-ray dose rates. The analysis of these results suggests the strong influence of gas evolution, as well 
as temperature, as a mechanism limiting pulse size. 
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22773…..…..…………………..…….……..……ID Number…………………..…..…………….22773 

Author: Lecorche, P. / Seale, R. L. 

Title: Review of the Experiments Performed to Determine the Radiological Consequences of a Criticality 
Accident 

Date: 11/1/1973 

Report: Y-CDC--12 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The series of nuclear criticality excursions in aqueous solutions of uranium highly 
enriched in the U235 isotope, conducted by the Service d'Etudes de Criticite of the French Commissariat a 
l'Energie Atomique from 1968 through 1971, are summarized. A total of 40 excursions were observed under 
a wide range of solution concentrations and ramp reactivity insertions. Results for the pulse trains that 
developed include determination of peak fission rates, pulse widths, integrated yields, and consequent 
gamma-ray dose rates. The analysis of these results suggests the strong influence of gas evolution, as well 
as temperature, as a mechanism limiting pulse size. 
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22774…..…..…………………..…….……..……ID Number…………………..…..…………….22774 

Author: Thomas, J. T. 

Title: Generic Array Criticality - An Analytic Representation of Reflected Arrays of Fissile Material 

Date: 8/1/1973 

Report: Y-CDC-13 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Fissile Materials; Fissile Materials- Criticality; Analytical Solution; Configuration; Critical 
Size; Plutonium 239; Safety; Storage; Transport; Uranium; Uranium 233 
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Author: Handley, G. R. / Crume, E. C. / Mee, W. T. 

Title: Evaluation of the M-101 and M-102 Shipping Containers in Vermiculite-Filled 55-Gallon Drums 

Date: 8/26/1968 

Report: Y-DD-019 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Document Lacks a Formal Y-12 Cover Sheet. Little "Analysis" or Technical Basis 
Presented. 
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22776…..…..…………………..…….……..……ID Number…………………..…..…………….22776 

Author: Handley, G. R. / Crume, Jr., E. C. 

Title: Y-12 Drum-Type Shipping Container Specifications 

Date: 8/6/1969 

Report: Y-DD-041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Casks- Safety; Fissile 
Materials- Transport; Cost; Enriched Uranium; Packaging 
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Author: Mee, W. T. 

Title: Methods Used to Calculate Package Criticality Safety 

Date: 8/1/1971 

Report: Y-DD-100; CONF-710801-1 

Conference/Journal: International symposium on packaging and transportation of radioactive materials/ 
Richland, Wash. (16 Aug 1971) 

Conference Session:  

Abstract/Keyterms: Fissionable Material / Shipping of, Methods for Analyzing Criticality Safety of 
Containers for; Shielded Containers / Criticality Safety of, for Shipping Fissionable Materials, Methods for 
Analyzing 
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22778…..…..…………………..…….……..……ID Number…………………..…..…………….22778 

Author: Hentchel, R. C. / McClendon, J. D. / Roberts Jr., E. 

Title: Nuclear Accident Dosimeters Table of Locations 

Date: 3/16/1972 

Report: Y-DD-112 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The source was immersed in water. 



 

C-22835 

22779…..…..…………………..…….……..……ID Number…………………..…..…………….22779 

Author: Hopper, C. M. 

Title: A Slide Rule for Estimating Nuclear Criticality Information 

Date: 1/7/1974 

Report: Y-DD-145 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22836 

22780…..…..…………………..…….……..……ID Number…………………..…..…………….22780 

Author: Dyer, H. R. / Mee, W. T. 

Title: Safety Analysis Report for Packaging (Oak Ridge Y-12 Plant Model DT-2 Package for Enriched 
Uranium) 

Date: 6/20/1974 

Report: Y-DD-152 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Casks- Safety; Enriched 
Uranium- Transport; Accidents; Criticality; Mechanical Tests; Quality Control; Thermal Insulation; 
Thermal Testing; Uranium 235 



 

C-22837 

22781…..…..…………………..…….……..……ID Number…………………..…..…………….22781 

Author: Dyer, H. R. 

Title: Safety Analysis Report for Packaging (Oak Ridge Y-12 Plant Model DT-5 Package for Enriched 
Uranium) 

Date: 7/1/1974 

Report: Y-DD-153 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Casks- Safety; Enriched 
Uranium- Transport; Design; Destructive Testing; Performance; Quality Assurance; Shielding; Steels; 
Thermal Insulation; Transport Regulations 



 

C-22838 

22782…..…..…………………..…….……..……ID Number…………………..…..…………….22782 

Author: Dyer, H. R. 

Title: Safety Analysis Report for Packaging (Oak Ridge Y-12 Plant Model VCD Package for Enriched 
Uranium Solution) 

Date: 9/1/1974 

Report: Y-DD-155 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation-Containers; Casks- Safety; 
Enriched Uranium- Transport; Accidents; Aqueous Solutions; Design; Inspection; Mechanical Tests; 
Packaging; Polyethylenes; Quality Assurance; Thermal Insulation 



 

C-22839 

22783…..…..…………………..…….……..……ID Number…………………..…..…………….22783 

Author: Mee, W. T. 

Title: Safety Analysis Report for Packaging (Oak Ridge Y-12 Plant Foamglas Shipping Package for 
Enriched Uranium) 

Date: 9/1/1974 

Report: Y-DD-156 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management- Transportation; Casks- Safety; Enriched 
Uranium- Transport; Accidents; Design; Fabrication; Glass; Inspection; Mechanical Tests; Packaging; 
Quality Assurance; Uranium 235 



 

C-22840 

22784…..…..…………………..…….……..……ID Number…………………..…..…………….22784 

Author: Dyer, H. R. 

Title: Safety Analysis Report for Packaging (Oak Ridge Y-12 Plant Model DT-7 Package for Enriched 
Uranium) 

Date: 12/1/1974 

Report: Y-DD-160 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation-Containers; Casks- Safety; 
Uranium 235- Transport; Criticality; Destructive Testing; Enriched Uranium; Fire Resistance; Impact Tests 



 

C-22841 

22785…..…..…………………..…….……..……ID Number…………………..…..…………….22785 

Author: Dyer, H. R. 

Title: Safety Analysis Report for Packaging (Oak Ridge Y-12 Plant Model 44 Unirradiated Fuel Element 
Package) 

Date: 8/1/1975 

Report: Y-DD-164 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Transportation; -Nuclear Materials & 
Waste Management--Disposal & Storage; Engineering--Facilities & Equipment--Shipping Containers; 
Casks-- Safety; Fuel Elements-- Transport; Accidents; Design; Fires; Impact Tests; Rover Reactors; Safety 
Standards; Thermal Insulation; Water 



 

C-22842 

22786…..…..…………………..…….……..……ID Number…………………..…..…………….22786 

Author: Hopper, C. M. / Mee, W. T. 

Title: Safety Evaluation Report for Packaging (Oak Ridge Y-12 Plant Model DT-5 Package for Enriched 
Uranium) 

Date: 1/1/1978 

Report: Y-DD-230 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22843 

22787…..…..…………………..…….……..……ID Number…………………..…..…………….22787 

Author: Mee, W. T. 

Title: Criticality Safety Analysis of Fissile Material Storage Areas in Building 9213 

Date: 11/5/1969 

Report: Y-DD-49 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Contains a brief discussion of fixed nuclear accident dosimeters. Folder includes a 
"memo of conversation" between Calliahn and Roberts; this memo contains additional details on the 
dosimetry equipment. 



 

C-22844 

22788…..…..…………………..…….……..……ID Number…………………..…..…………….22788 

Author: Magnuson, D. W. 

Title: Thermal Neutron Flux Distribution from a 252Cf Spontaneous-Fission Neutron Source 

Date: 10/17/1968 

Report: Y-DR-001 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Addresses Ventilation, Fissile Materials, Controls & Safety Systems, Super-Prompt 
Critical, Radiation Monitors and Administrative Requirements 



 

C-22845 

22789…..…..…………………..…….……..……ID Number…………………..…..…………….22789 

Author: ORCEF. Staff 

Title: Operational Safety Limits for the Oak Ridge Critical Experiments Facility 

Date: 11/8/1968 

Report: Y-DR-003 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Figure 1 shows Ground Floor & Second Floor Plans & 3 Exclusion Areas 



 

C-22846 

22790…..…..…………………..…….……..……ID Number…………………..…..…………….22790 

Author: ORCEF. Staff 

Title: Oak Ridge Critical Experiments Facility Personnel Access Control Procedures 

Date: 11/8/1968 

Report: Y-DR-004 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22847 

22791…..…..…………………..…….……..……ID Number…………………..…..…………….22791 

Author: Thomas, J. T. 

Title: Criticality Research at the Oak Ridge Critical Experiments Facility 

Date: 1/1/1968 

Report: Y-DR-007 

Conference/Journal: International Conference on the Constructive Uses of Atomic Energy, Washington, 
D. C. 

Conference Session:  

Abstract/Keyterms: Criticality / Measurements on Borosilicate Glass and Uranyl Nitrate (UO2(NO3)2 
Solutions, Effects of Concentration and Configuration on; Criticality / Measurements on HFIR Core 
Storage, Effects of Configuration, Number of Fuel Elements, and Water Level on; Plutonium Oxides PUO2 
Criticality of Spheres of, Effects of Concentration and Configuration on; Uranium Oxides UO2 Criticality 
of Spheres of, Effects of Concentration and Configuration on; Uranyl Nitrates / Criticality of Borosilicate 
Glass Solutions of, Effects of Concentration and Configuration on; Criticality / Measurements on 25 
Annular Uranium Billets, Effects of Configuration, Uranium-235 Density, and Water Level on; ORNL 
High-Flux Isotope Reactor / Core Storage for, Effects of Configuration, Number, and Water Level on 
Criticality in; Shielded Containers / Criticality of Uranium Fluoride (UF6 2.5 Ton Cylindrical Shipping, 
Effects of Configuration, Number, and Water Level on; Uranium / Criticality of 25 



 

C-22848 

22792…..…..…………………..…….……..……ID Number…………………..…..…………….22792 

Author: Magnuson, D. W. 

Title: Criticality Calculations for Light Water Reactor and Liquid Metal Fast Breeder Reactor Fuels 

Date: 1/1/1969 

Report: Y-DR-009 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22849 

22793…..…..…………………..…….……..……ID Number…………………..…..…………….22793 

Author: Magnuson, D. W. 

Title: Calculated Critical Radii for Bare Spheres of Uranyl Nitrate-Nitric Acid Solutions and Uranium-
Water Mixtures 

Date: 3/15/1969 

Report: Y-DR-011 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Criticality / Radii of Bare Spheres of Uranyl Nitrate-Nitric Acid Solutions and 
Uranium-Water Mixtures, Uranyl Nitrates / HNO3-UO2(NO3)2, Critical Radii of Bare Spheres of, Effect 
of Nitric Acid Content on, Uranium / Critical Radii of Bare Spheres of Aqueous Mixtures of, Effect of 
Enrichment on, Nitric Acid / HNO3-UO2(NO3)2, Critical Radii of Bare Spheres of, Effect of Nitric Acid 
Content on, 



 

C-22850 

22794…..…..…………………..…….……..……ID Number…………………..…..…………….22794 

Author: Magnuson, D. W. 

Title: Criticality Calculations for the Design of Large Pulsed Extraction Columns 

Date: 1/1/1969 

Report: Y-DR-012 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Plutonium Oxides; Extraction Columns- Design; Plutonium Oxides- Criticality; Additives; 
Gadolinium; Mixtures; Nuclear Poisons; Specifications; Stainless Steels; Water 



 

C-22851 

22795…..…..…………………..…….……..……ID Number…………………..…..…………….22795 

Author: Raffety, S. J. / Mihalczo, J. T. 

Title: Homogeneous Critical Assemblies of 2 and 3% Enriched Uranium in Paraffin 

Date: 5/2/1969 

Report: Y-DR-014 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: LEU-COMP-THERM-033; A series of clean critical experiments has been performed 
with homogeneous mixtures of finely divided uranium(2)-tetrafluoride or uranium(3)-tetrafluoride 
dispersed in paraffin with hydrogen/uranium-235 atomic ratios varying from 133 to 972. The assemblies 
were constructed in rectangular geometry and minimum critical masses and volumes in cylindrical and 
spherical geometries were obtained from buckling conversions. The minimum critical spherical volumes of 
a uranium(2)-tetrafluoride-paraffin mixture when unreflected and reflected with an effectively infinite 
hydrogenous reflector are 199 and 138 liters, respectively and the minimum critical uranium-235 masses 
are 7.5 and 5.4 kg, respectively are 7.5 and 5.4 kg, respectively. The experiments with the uranium(3)-
tetrafluoride-paraffin mixtures were not extensive enough to determine experimentally the values at 
optimum moderation but transport theory calculations indicate that the unreflected and reflected minimum 
critical volumes are about 93 and 57 liters, respectively, and that the minimum critical masses are about 4.1 
and 2.7 kg of uranium-235, respectively. Cadmium ratios at the center of the critical assemblies have been 
measured for gold, indium-aluminum alloy, 10 wt.% uranium(93)-aluminum alloy and uranium(93) metal 
foils. Measurements of the uranium-238 to uranium-235 fission ratio indicated that in some assemblies as 
much as 6.5% of the fissions occurred in uranium-238. Prompt neutron decay constants, alpha = beta 
(eff)/L, were measured in reflected and unreflected delayed-critical assemblies of several fuel mixtures by 
the pulsed neutron technique and the infinite medium neutron multiplication factor, k(inf) for the various 
fuel mixtures was inferred from height perturbation measurements. 



 

C-22852 

22796…..…..…………………..…….……..……ID Number…………………..…..…………….22796 

Author: Magnuson, D. W. 

Title: Limiting Critical Concentrations of Plutonium-Uranium Solutions and Mixtures 

Date: 5/20/1969 

Report: Y-DR-017 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Cross Sections; Fuels; 
Mixing; Numericals; Plutonium Nitrates; Powders; Solutions; Uranyl Nitrates; Volume; Water Related 
Subject Plutonium Nitrates / Pu(NO3)4-UO2(NO3)2, Criticality of Mixtures and Solutions of, Calculations 
for; Uranyl Nitrates / Pu(NO3)4-UO2(NO3)2, Criticality of Mixtures and Solutions of, Calculations for 



 

C-22853 

22797…..…..…………………..…….……..……ID Number…………………..…..…………….22797 

Author: Thomas, J. T. 

Title: Nuclear Criticality Safety Analysis of a 55-Gallon Drum Foamglas Container 

Date: 1/1/1969 

Report: Y-DR-020 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management--Transportation; Engineering--Facilities & 
Equipment--Shipping Containers; Casks-- Safety; Plutonium 239-- Transport; Uranium 233-- Transport; 
Uranium 235-- Transport; Foams; Glass; Shielding; Thermal Insulation 



 

C-22854 

22798…..…..…………………..…….……..……ID Number…………………..…..…………….22798 

Author: Mihalczo, J. T. 

Title: Use of 252Cf as A Randomly Pulsed Neutron Source for Prompt Neutron Decay Measurements 

Date: 1/1/1971 

Report: Y-DR-041 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Exponential Piles / Prompt Neutron Decay Constant of Uranium-235, Measurement 
Using Californium-252 Randomly Pulsed Source; Neutron Sources / Use of Pulsed Californium-252, for 
Prompt Neutron Decay Measurements 



 

C-22855 

22799…..…..…………………..…….……..……ID Number…………………..…..…………….22799 

Author: Thomas, J. T. 

Title: Criticality Analysis of Bulk Uranium Oxide Shipping Container 

Date: 4/30/1974 

Report: Y-DR-051 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: A study was performed to determine the nuclear criticality safety of a proposed 55-
gal-drum shipping container to be utilized for bulk shipments of low 235/U content uranium oxides. The 
container is composed of two 5-gal pails in a 30-gal drum which, in turn, is centered in the 55-gal drum. 
The insulating material is a mixture of vermiculite and binders. The resultant package was determined to 
meet the regulatory requirements for a Class I shipping container. 



 

C-22856 

22800…..…..…………………..…….……..……ID Number…………………..…..…………….22800 

Author: ORCEF. Staff 

Title: Oak Ridge Critical Experiments Facility Administrative Manual 

Date: 6/26/1971 

Report: Y-DR-053 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Figures 1. & 2. show the Evacuation Routes for the Ground & Second Floors, resp. 



 

C-22857 

22801…..…..…………………..…….……..……ID Number…………………..…..…………….22801 

Author: Thomas, J. T. 

Title: Oak Ridge Critical Experiments Facility Operating Procedures 

Date: 1/1/1971 

Report: Y-DR-054 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22858 

22802…..…..…………………..…….……..……ID Number…………………..…..…………….22802 

Author: Thomas, J. T. 

Title: Guidance in Criticality Safety 

Date: 5/27/1971 

Report: Y-DR-063 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Theory; Engineering-Radioactive Material Handling; Configuration; Critical 
Mass; Criticality; Multiplication Factors; Neutron Reflectors; Reactivity; Safety; Spheres; Storage Critical 
Assemblies / Reactivity of Subcritical Spherical Components in Reflected Cubic 



 

C-22859 

22803…..…..…………………..…….……..……ID Number…………………..…..…………….22803 

Author: ORCEF. Staff 

Title: Oak Ridge Critical Experiments Facility Emergency Procedures 

Date: 6/9/1971 

Report: Y-DR-068 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22860 

22804…..…..…………………..…….……..……ID Number…………………..…..…………….22804 

Author: Magnuson, D. W. 

Title: PVC Plastic Pipe Used as a Neutron Absorber in Plutonium and Uranium Solutions 

Date: 1/1/1971 

Report: Y-DR-076 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-22861 

22805…..…..…………………..…….……..……ID Number…………………..…..…………….22805 

Author: Mihalczo, J. T. 

Title: Randomly Pulsed Neutron Measurements for Safeguards Interrogation 

Date: 11/30/1972 

Report: Y-DR-079 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Plutonium Isotopes Pu-239 / Determination for Nuclear Safeguards, Randomly 
Pulsed Neutron Method for; Californium Isotopes Cf-252 / Performance as Randomly Pulsed Neutron 
Source for Safeguards Interrogation; Uranium Isotopes U-235 / Determination for Nuclear Safeguards, 
Randomly Pulsed Neutron Method for; Nuclear Materials Management / Safeguards System for, 
Performance of Californium-252 as Randomly Pulsed Neutron Source for 



 

C-22862 

22806…..…..…………………..…….……..……ID Number…………………..…..…………….22806 

Author: Mihalczo, J. T. 

Title: Graphite and Polyethylene Reflected Uranium-Metal Cylinders and Annuli 

Date: 4/28/1972 

Report: Y-DR-081 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: HEU-MET-FAST-071, HEU-MET-FAST-051, HEU-MET-FAST-076; Cylinders 
and cylindrical annuli of uranium metal (93.15 wt.% uranium-235), with diameters varying from 7 to 15 
inches, were assembled to delayed criticality with graphite reflectors varying in thickness up to 18 inches 
or with effectively infinite thickness polyethylene on all outer surfaces. In one series of measurements an 
effectively infinite thickness polyethylene was also placed adjacent to only one flat surface of the cylinders. 
The multiplication factor calculated by both S-N transport theory and Monte Carlo methods agreed very 
well with the experimental values. As a result of the high order of S-N and the large number of spatial 
intervals required, the computing time for the transport theory calculations was a factor of 10 larger than 
that required for the Monte Carlo calculations with standard deviations of 1%. 



 

C-22863 

22807…..…..…………………..…….……..……ID Number…………………..…..…………….22807 

Author: Magnuson, D. W. 

Title: Critical Three-Dimensional Arrays of Neutron Interacting Units. Part-3. Arrays of Uranium(93.2) 
Metal Separated by Various Materials 

Date: 5/15/1972 

Report: Y-DR-083 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Polyethylene-reflected, 8-unit arrays of uranium(93.2)-metal cylinders having 
plywood, celotex, foamglas, and borated plastic foam between the fissile units have been assembled to 
delayed criticality. Calculations of k(eff) using the KENO Monte Carlo code and Hansen-Roach 16-group 
cross sections are in satisfactory agreement with the experimental values. 



 

C-22864 

22808…..…..…………………..…….……..……ID Number…………………..…..…………….22808 

Author: Ward, D. R. / et al. 

Title: Monte Carlo Calculations of Neutronic Properties for Unmoderated Cubic Arrays of Uranium(93.2) 

Date: 7/6/1972 

Report: Y-DR-085 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactivity / Coupling Coefficients for Unmoderated Cubic Arrays of Uranium Metal 
Cylinders, Monte Carlo Calculations for, Neutrons / Multiplication Factors in Unmoderated Cubic Arrays 
of Uranium Metal Cylinders, Monte Carlo Calculations for, Criticality / Neutron Fission Density 
Distribution and Multiplication Factors for Unmoderated Cubic Arrays of Uranium Metal Cylinders, Monte 
Carlo Calculations of, 



 

C-22865 

22809…..…..…………………..…….……..……ID Number…………………..…..…………….22809 

Author: Thomas, J. T. 

Title: Double-Batching Cell Loadings in Storage Arrays of Fissile Materials 

Date: 10/31/1972 

Report: Y-DR-086 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium / Criticality of Storage Arrays of 93.2 Percent Enriched, Effects of Double-
Batching Cell Loadings on; Criticality / Calculations for Double-Batching Cell Loadings in Storage Arrays 
of 93.2 Percent Enriched Uranium, Monte Carlo Method for 



 

C-22866 

22810…..…..…………………..…….……..……ID Number…………………..…..…………….22810 

Author: Magnuson, D. W. 

Title: Calculated Critical Mass for Spheres of 233UO2-H2O Mixtures for Criticality Safety Evaluations 

Date: 9/29/1972 

Report: Y-DR-091 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Uranium Isotopes U-233 / Critical Mass Calculations for Reflected and Unreflected 
Spheres of; Criticality / Mass Calculations for Reflected and Unreflected Spheres of Uranium-233 Metal 
or Oxide-Water Mixture; Uranium Oxides UO2 / Critical Mass Calculations for Reflected and Unreflected 
Spheres of Aqueous Mixtures of Uranium-233 Enriched 



 

C-22867 

22811…..…..…………………..…….……..……ID Number…………………..…..…………….22811 

Author: Magnuson, D. W. 

Title: Limiting Critical Plutonium Concentrations for Plutonium-Uranium-Water Mixtures 

Date: 11/20/1972 

Report: Y-DR-092 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Radioactive Material Handling; Criticality; Cross Sections; Fuels; 
Mixing; Numericals; Plutonium Nitrates; Powders; Solutions; Uranyl Nitrates; Volume; Water 



 

C-22868 

22812…..…..…………………..…….……..……ID Number…………………..…..…………….22812 

Author: Magnuson, D. W. 

Title: Reactor Period-Reactivity Relationship for Chain Reactions Having Fissions in U-235 and U-238 

Date: 1/26/1973 

Report: Y-DR-096 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Reactor Physics & Core Engineering-Physics; Critical Size; Delayed Neutrons; 
Enriched Uranium Reactors; Reactivity; Reactor Period; Uranium 238 



 

C-22869 

22813…..…..…………………..…….……..……ID Number…………………..…..…………….22813 

Author: Thomas, J. T. 

Title: Calculated Criticality of Water Moderated Oxides of Uranium-233, Thorium-232, and Carbon 
Mixtures 

Date: 4/30/1973 

Report: Y-DR-107 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Handling Equipment & Procedures; 
Criticality- Uranium Dioxide; Thorium Oxides- Criticality; Uranium Dioxide- Criticality; Carbon 
Mixtures; Safety; Thorium 232; Uranium 233; Water Moderator 



 

C-22870 

22814…..…..…………………..…….……..……ID Number…………………..…..…………….22814 

Author: Magnuson, D. W. 

Title: Critical Three-Dimensional Arrays of Neutron Interacting Units. Part-4. Arrays of Uranium(93.2) 
Metal Reflected by Concrete and Arrays Separated by Vermiculite and Reflected by Polyethylene 

Date: 4/30/1973 

Report: Y-DR-109 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Concrete-reflected, 8-unit air-spaced arrays and polyethylene-reflected, 8-unit 
vermiculite-spaced arrays of 93.2% enriched uranium-metal cylinders have been assembled to near delayed 
criticality. Calculations of k(eff) using the KENO Monte Carlo code and Hansen-Roach 16-group cross 
sections are in excellent agreement with experiment, the average difference between the experimental and 
calculated k(eff) was +0.0024 for the 14 concrete-reflected experiments and for four vermiculite-spaced 
arrays was-0.0055. 



 

C-22871 

22815…..…..…………………..…….……..……ID Number…………………..…..…………….22815 

Author: Callihan, D. 

Title: Nuclear Standards 

Date: 1/1/1973 

Report: Y-DR-110 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Engineering-Safety Engineering; Reactors-Reactor Components & Accessories; 
Nuclear Industry- Standards; Standards- Nuclear Industry; Criticality; Organizing; Personnel; Planning; 
Safety; Standards 



 

C-22872 

22816…..…..…………………..…….……..……ID Number…………………..…..…………….22816 

Author: Mihalczo, J. T. 

Title: Prompt Neutron Decay in Plutonium Metal Using 252Cf as a Randomly Pulsed Neutron Source 

Date: 8/1/1973 

Report: Y-DR-111 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: In order to investigate the applicability of randomly pulsed neutron measurements 
with 252Cf for the determination of the prompt neutron decay in plutonium metal, a series of measurements 
was performed with plutonium-metal assemblies having masses varying from 2.2 to 16 kg and with 
spontaneous fissions from 240Pu varying from 4.5 x 10/sup 4/ to 8.2 x 10/sup 5 / fissions/s. These 
assemblies included spheres and parts of spheres of plutonium with 240Pu content of 4.5 or 20.1 at.%. 
Since the prompt-neutron decay was easily measured with a californium source of 3000 fissions/s, this 
technique can be used for subs criticality determination and for nondestructive assay of plutonium. Time-
dependent transport theory with existing ENDF/B-III cross sections satisfactorily predicted the time 
behavior of prompt neutrons after the injection of neutrons into these assemblies. 



 

C-22873 

22817…..…..…………………..…….……..……ID Number…………………..…..…………….22817 

Author: Magnuson, D. W. 

Title: On the Problem of "Optimum Moderation" in Arrays of Fissile Material 

Date: 11/1/1973 

Report: Y-DR-119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some calculations for concrete reflected 10 x 10 x 10 arrays of U(93.2) fissile units 
have been performed to show that the condition of optimum moderation” is a function of unit size and 
shape. Additional calculations are required to show the influence of other variables such as enrichment, 
fissile species, chemical form, moderator content, neutron absorbers, and other shapes. 



 

C-22874 

22818…..…..…………………..…….……..……ID Number…………………..…..…………….22818 

Author: Magnuson, D. W. 

Title: Problem of Optimum Moderation in Arrays of Fissile Material 

Date: 11/1/1973 

Report: Y-DR-119 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Some calculations for concrete reflected 10 x 10 x 10 arrays of U(93.2) fissile units 
have been performed to show that the condition of optimum moderation” is a function of unit size and 
shape. Additional calculations are required to show the influence of other variables such as enrichment, 
fissile species, chemical form, moderator content, neutron absorbers, and other shapes. 



 

C-22875 

22819…..…..…………………..…….……..……ID Number…………………..…..…………….22819 

Author: Magnuson, D. W. 

Title: Critical Experiments with Enriched Uranium Dioxide 

Date: 11/30/1973 

Report: Y-DR-120 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Array critical experiments have been performed with small and large enriched 
uranium-dioxide units, with external moderator between units and with internal moderator in the form of 
an alcohol uranium-dioxide slurry. 



 

C-22876 

22820…..…..…………………..…….……..……ID Number…………………..…..…………….22820 

Author: Thomas, J. T. 

Title: Critical Experiments with UF6 Cylinder Model 8A Containers 

Date: 9/1/1974 

Report: Y-DR-128 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: Nuclear Materials & Waste Management-Transportation; Casks- Safety; Uranium 
Hexafluoride- Transport; Concretes; Configuration; Critical Mass; Highly Enriched Uranium; Plexiglas; 
Polyethylenes; Shielding 



 

C-22877 

22821…..…..…………………..…….……..……ID Number…………………..…..…………….22821 

Author: Johnson, E. B. 

Title: Nuclear Criticality of Intersecting Cylinders of Aqueous Uranyl Fluoride Solutions 

Date: 10/31/1974 

Report: Y-DR-129 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: The first experimental determinations of the criticality of aqueous solutions of uranyl 
fluoride, in which the uranium was enriched to 5% in uranium-235, in intersecting cylinders have been 
made. These experiments were designed to provide benchmarks for calculational methods. Two types of 
intersections were investigated lateral formed by cylinders about 28 cm in diameter and a cross formed by 
cylinders of four diameters, between 26.7 and 28.6 cm. Solution concentrations between 907 and 745 gram 
of uranium per liter were made critical. Comparison of KENO calculations, using two different cross-
section sets, with the experiments showed generally very good agreement. 
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Abstract/Keyterms: The critical dimensions of a sphere of an aqueous solution of 37-wt%-235U-enriched 
uranyl fluoride and of several unreflected and water-reflected cylinders at a number of chemical 
concentrations were determined experimentally. The critical uranium concentration in the unreflected 
sphere was 51.93 g/liter. The neutron multiplication factor of the sphere was calculated by the DSN 
transport code in the S4 approximation to be 1.0100; the relative fission-rate distribution along a diameter, 
also calculated by DSN, compared favorably with measurements. The results from the cylinders, although 
less detailed and less accurate, can be generalized for nuclear criticality safety guidance. The dimensions 
of equivalent spheres, infinite cylinders, and infinite slabs were estimated for selected chemical 
concentrations by equating bucklings. 
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Abstract/Keyterms: A set of equations and constants is derived for a spherical homogeneous reactor with 
a layer of B4C between core and reflector. The B4C "curtain" is considered to define a boundary at which 
the nuclear reaction stops. In the derivations the B4C curtain is considered to be infinitely thin. 
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Abstract/Keyterms: A set of equations relating neutron fluxes in a reactor with an absorbing layer between 
core and reflector has been developed by R. Coveyou (Y- F10-52). This method involves determination of 
flux distribution in one region due to the current from another region of a reactor and requires addition of 
slowing down and transport contributions for an evaluation of the flux in any one lethargy group. Two 
parallel calculations must be made for flux distribution in the reactor, one with no source term in the core 
and another with no source term in the reflector. Transport calculations then permit the addition of a 
corrective term to core and reflector flux to determine the distribution in both. Source terms are then 
obtained for the next higher lethargy group in the usual way. 
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Abstract/Keyterms: A simple, relatively cheap shipping container, available from many potential 
suppliers, has been designed and tested for impact and fire resistance. Although tests have been limited, 
results meet, or exceed, specifications of proposed standards. In view of favorable fire and impact 
resistance, and considering mechanical and geometric design, it is concluded that nuclear safety of enriched 
uranium shipments in these containers would be at least as good as that experienced with Y-12 birdcages, 
the container currently meets Class II, IAEA requirements. With some modifications it is conceivable that 
Class I specifications can be met. 
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Abstract/Keyterms: This brief describes a strategy that, when implemented, will allow the attributes, i.e., 
the physical properties, of nuclear weapon and other configurations of fissile material to be estimated from 
Nuclear Material Identification System (NMIS) signatures for arms control, treaty verification, and 
transparency purposes. Attributes are estimated by condensing measured NMIS signatures into …; that 
approximately represent physical characteristics of the measurement such as gamma-ray transmission, 
induced fission, etc. The features are obtained from NMIS signatures to estimate quantities related to 
gamma and neutron transmission through the inspected item and gamma and neutron scattering and 
production via induced fission within the inspected item. Multivariate, i.e., multiple-feature, linear models 
have been successfully employed to estimate attributes, and multivariate nonlinear models are currently 
under investigation. Attributes estimated employing this strategy can then be examined to test the 
supposition that the inspected item is in fact a nuclear weapon. 
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Abstract/Keyterms: The fundamental objective of this topical report is to present the planned risk-
informed disposal criticality analysis methodology to the NRC to seek acceptance that the principles of the 
methodology and the planned approach to validating the methodology are sound. The design parameters 
and environmental assumptions within which the waste forms will reside are currently not fully established 
and will vary with the detailed waste package design, engineered barrier design, repository design, and 
repository layout. Therefore, it is not practical to present the full validation of the methodology in this 
report, though a limited validation over a parameter range potentially applicable to the repository is 
presented for approval. If the NRC accepts the methodology as described in this section, the methodology 
will be fully validated for repository design applications to which it will be applied in the License 
Application and its references. For certain fuel types (e.g., intact naval fuel), a ny processes, criteria, codes 
or methods different from the ones presented in this report will be described in separate addenda. These 
addenda will employ the principles of the methodology described in this report as a foundation. Departures 
from the specifics of the methodology presented in this report will be described in the addenda. 
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Abstract/Keyterms: Characteristics between commercial spent fuel waste packages (WP), Laboratory 
Critical Experiments (LCEs), and commercial reactor critical (CRC) evaluations are compared in this work. 
Emphasis placed upon comparisons of CRC benchmark results and the relative neutron flux spectra in each 
system. Benchmark evaluations were performed for four different pressurized water reactors using four 
different sets of isotopes. As expected, as the number of fission products used to represent the burned fuel 
inventory approached reality, the closer to unity k(eff) became. Examination of material and geometry 
characteristics indicate several fundamental similarities between the WP and CRC systems. In addition, 
spectral evaluations were performed on a representative pressurized water reactor CRC, a 21-assembly area 
of the core modeled in a potential WP configuration, and three LCEs considered applicable benchmarks for 
storage packages. Fission and absorption reaction spectra as well as relative neutron flux spectra are 
generated and compared for each system. The energy dependent reaction rates are the product of the neutron 
flux spectrum and the energy dependent total macroscopic cross section. With constant source distribution 
functions and the total macroscopic cross sections for the fuel region in the CRCs and WP being composed 
of nearly the same isotopics, the resulting relative flux spectra in the CRCs and WP are very nearly the 
same. Differences in the relative neutron flux spectra between WPs and CRCs are evident in the thermal 
energy range as expected. However, the relative energy distribution of the absorption, fission, and scattering 
reaction rates in both the CRCs and the WP are essentially the same. 
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Abstract/Keyterms: Computer code benchmarks using commercial reactor critical (CRC) data for boiling 
water reactor (BWR) fuel assemblies using the SCALE and MCNP code packages have been conducted. 
Depleted fuel inventories which take into account actinide and fission product concentrations are used to 
develop reactor critical models and the associated neutron multiplication factors. Bias calculated from this 
integral benchmark method will be applied to the disposal criticality analysis methodology to ensure the 
sub-criticality of spent commercial nuclear fuel forecast for emplacement into the proposed geologic 
repository at Yucca Mountain. Previous CRC benchmark calculations have been performed for startup tests 
for Cycles and 14 of the Quad Cities Unit 2 BWR. Additional benchmarking activities have been performed 
and applied to evaluations of beginning-of-cycle (BOC) reactor critical models for Cycles 7 and 8 of the 
LaSalle Unit 1 BWR. Similar to the methodology used for ensuring sub-critical margin for spent nuclear 
fuel shipping casks, the proposed criticality analysis approach computes the neutron multiplication factor 
of arbitrary fuel assemblies placed in spent fuel waste packages that represents a bounding criticality model. 
This accomplished by calculating spent fuel inventories with the SAS2H sequence of the SCALE code 
package and computing the neutron multiplication of the spent fuel assemblies in the waste package with 
MCNP. 
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Abstract/Keyterms: The Office of Fissile Materials Disposition is responsible for disposing of inventories 
of surplus US weapons-usable plutonium and highly enriched uranium as well as providing, technical 
support for, and ultimate implementation of, efforts to obtain reciprocal disposition of surplus Russian 
plutonium. On January 4, 2000, the Department of Energy issued a Record of Decision to dispose of up to 
50 metric tons of surplus weapons-grade plutonium using two methods. Up to 17 metric tons of surplus 
plutonium will be immobilized in a ceramic form, placed in cans and embedded in large canisters containing 
high-level vitrified waste for ultimate disposal in a geologic repository. Approximately 33 metric tons of 
surplus plutonium will be used to fabricate MOX fuel (mixed oxide fuel, having less than 5% plutonium-
239 as the primary fissile material in a uranium-235 carrier matrix). The MOX fuel will be used to produce 
electricity in existing domestic commercial nuclear reactors. This paper reports the major waste-package-
related, long-term disposal impacts of the two waste forms that would be used to accomplish this mission. 
Particular emphasis placed on the possibility of criticality. These results are taken from a summary report 
published earlier this year. 
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Abstract/Keyterms: Waste packages are loaded with commercial spent nuclear fuel (SNF) that satisfies 
the minimum burnup requirements of a criticality loading curve. The burnup value assigned by the 
originating nuclear utility to each SNF assembly (assigned burnup) is used to load waste packages in 
compliance with a criticality loading curve. The burnup provided by a nuclear utility has uncertainties, so 
conservative calculation methods are used to characterize those uncertainties for incorporation into the 
criticality loading curves. Procedural safety controls ensure that the correct assembly is loaded into each 
waste package to prevent a misload that could create a condition affecting the safety margins. Probabilistic 
analyses show that procedural safety controls can minimize the chance of a misload but cannot completely 
eliminate the possibility. Physical measurements of burnup with instrumentation in the surface facility are 
not necessary due to the conservative calculation methods used to produce the criticality loading curves. 
The reactor records assigned burnup of a commercial SNF assembly contains about two percent uncertainty, 
which is increased to five-percent to ensure conservatism. This five-percent uncertainty is accommodated 
by adjusting the criticality loading curve. Also, the record keeping methods of nuclear utilities are not 
uniform and the level of detail required by the NRC has varied over the last several decades. Thus, some 
SNF assemblies may have assigned burnups that are averages for a batch of assemblies with similar 
characteristics. Utilities typically have access to more detailed core-follow records that allow the batch 
average burnup to be changed to an assembly specific burnup. Alternatively, an additional safety margin is 
incorporated into the criticality loading curve to accommodate SNF assemblies with batch average burnups 
or greater uncertainties due to the methodology used by the nuclear utility. The utility records provide the 
assembly identifier, initial 235U enrichment, and time of discharge from the reactor as well as the assigned 
burnup, but the distribution. of burnup axially along the assembly length is not provided. The axial burnup 
profile is maintained within acceptable bounds by the operating conditions of the nuclear reactor and is 
calculated during preparations to reload a reactor, but the actual burnup profile is not measured. The axial 
burnup profile is important to the determination of the reactivity of a waste package, so a conservative 
evaluation of the calculated axial profiles for a large database of SNF has been performed. The product of 
the axial profile evaluation is a profile that is conservative. Thus, there is no need for physical measurement 
of the axial profile. The assembly identifier is legible on each SNF assembly and the utility records provide 
the associated characteristics of the assembly. The conservative methodologies used to determine the 
criticality loading curve for a waste package provide sufficient margin so that criticality safety is assured 
for preclosure operations even in the event of a misload. Consideration of misload effects for postclosure 
time periods is provided by the criticality Features, Events, and Processes (FEPs) analysis. The conservative 
approaches used to develop and apply the criticality loading curve are thus sufficiently robust that the utility 
assigned burnup is an adequate source of burnup values, and additional means of verification of assigned 
burnup through physical measurements are not needed. 
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Abstract/Keyterms: EQ6 users have difficulties tracking isotopic concentrations in a system with chemical 
and nuclear decay reactions. The capability to track isotopic concentrations is particularly important for 
simulating the degradation of the spent nuclear fuels. Isotopic tracking is necessary to evaluate the criticality 
risk associated with fissile material relocation inside of a disposal container. A code called ASPRIN 
(Automatic Software PRocessing, Inventories of Nuclides) was created to allow isotopic tracking using the 
results of EQ6 simulations. 
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fuel in the repository, can result in configurations that may increase the probability of criticality. A mass 
transfer model is developed for a breached waste package to account for the entrainment of insoluble 
particles. In combination with radionuclide decay, soluble advection, and colloidal transport, a complete 
mass balance of nuclides in the waste package becomes available. The entrainment equations are derived 
from dimensionless parameters such as drag coefficient and Reynolds number and based on the assumption 
that insoluble particles are subjected to buoyant force, gravitational force, and drag force only. Particle size 
distributions are utilized to calculate entrainment concentration along with geochemistry model abstraction 
to calculate soluble concentration, and colloid model abstraction to calculate colloid concentration and 
radionuclide sorption. Results are compared with base case geochemistry model, which only considers 
soluble advection loss. 
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Title: ZPPR-11 Monthly Report for October-November 1979 as of November 30, 1979 

Date: 1/1/1979 

Report: ZPR-TM-356 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-9; ZPPR-10 



 

C-23098 

23042…..…..…………………..…….……..……ID Number…………………..…..…………….23042 

Author: Robinson, W. R. / Morman, J. A. 

Title: Depleted Uranium Capture and Fission Rate Distribution within Simulated Fuel and Depleted 
Uranium Plates 

Date: 12/21/1979 

Report: ZPR-TM-357 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPR6-7 



 

C-23099 

23043…..…..…………………..…….……..……ID Number…………………..…..…………….23043 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for December 1979 as of Dec. 28, 1978 

Date: 1/1/1979 

Report: ZPR-TM-358 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-9; ZPPR-10 



 

C-23100 

23044…..…..…………………..…….……..……ID Number…………………..…..…………….23044 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for January 1980 as of January 31, 1980 

Date: 1/1/1979 

Report: ZPR-TM-359 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-10 



 

C-23101 

23045…..…..…………………..…….……..……ID Number…………………..…..…………….23045 

Author: Shaefer, R. W. / Lesage, L. G. / Wade, D. C. 

Title: The Phase IT Diagnostic Criticals Program Plan 

Date: 2/27/1980 

Report: ZPR-TM-360 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23102 

23046…..…..…………………..…….……..……ID Number…………………..…..…………….23046 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for February 1980 as of February 29, 1980 

Date: 1/1/1980 

Report: ZPR-TM-361 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-9; ZPPR-10 



 

C-23103 

23047…..…..…………………..…….……..……ID Number…………………..…..…………….23047 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for March 1980 as of March 31,1980 

Date: 3/31/1980 

Report: ZPR-TM-364 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-10; ZPPR-11 



 

C-23104 

23048…..…..…………………..…….……..……ID Number…………………..…..…………….23048 

Author: Amundson, P. I. / Lineberry, M. J. 

Title: ZPPR-11 Monthly Report April as of April 30, 1980 

Date: 4/30/1980 

Report: ZPR-TM-366 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-9; ZPPR-11 



 

C-23105 

23049…..…..…………………..…….……..……ID Number…………………..…..…………….23049 

Author: Amundson, P. I. 

Title: ZPPR-11 Monthly Report for May as of May 31, 1980 

Date: 5/31/1980 

Report: ZPR-TM-368 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23106 

23050…..…..…………………..…….……..……ID Number…………………..…..…………….23050 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for June as of June 30, 1980 

Date: 5/10/1980 

Report: ZPR-TM-372 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23107 

23051…..…..…………………..…….……..……ID Number…………………..…..…………….23051 

Author: Robinson, W. R. / Dilorio, G. J. 

Title: Boron Carbide Mockup-Control-Rod Worth in the Uranium/Iron Benchmark Assembly 

Date: 5/10/1980 

Report: ZPR-TM-373 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23108 

23052…..…..…………………..…….……..……ID Number…………………..…..…………….23052 

Author: Amundson, P. I. 

Title: ZPPR-11 Monthly Report for July as of July 30, 1980 

Date: 7/30/1980 

Report: ZPR-TM-374 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23109 

23053…..…..…………………..…….……..……ID Number…………………..…..…………….23053 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for September as of September 30, 1980 

Date: 9/30/1980 

Report: ZPR-TM-379 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23110 

23054…..…..…………………..…….……..……ID Number…………………..…..…………….23054 

Author: Pond, R. B. 

Title: ZPR-9 Assembly No. 36 An Enriched Uranium/Depleted Uranium Assembly 

Date: 10/10/1980 

Report: ZPR-TM-380 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23111 

23055…..…..…………………..…….……..……ID Number…………………..…..…………….23055 

Author: Robinson, W. R. / Dilorio, G. J. / Morman, J. A. / Schaefer, R. W. / Olson, I. K. 

Title: The Uranium/Iron Benchmark Assembly: Operational Parameters and Reaction Rates 

Date: 10/15/1980 

Report: ZPR-TM-381 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23112 

23056…..…..…………………..…….……..……ID Number…………………..…..…………….23056 

Author: McFarlane, H. F. / Collins., P. J. 

Title: An Assessment of Control Rod Reactivity Effects in LMFBRs 

Date: 10/31/1980 

Report: ZPR-TM-382 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General 



 

C-23113 

23057…..…..…………………..…….……..……ID Number…………………..…..…………….23057 

Author: McKnight, R. D. / Wade, D. C. 

Title: Measurements and Calculations for the 235U/Fe Benchmark Assembly on ZPR-9 

Date: 11/10/1980 

Report: ZPR-TM-383 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23114 

23058…..…..…………………..…….……..……ID Number…………………..…..…………….23058 

Author: Amundson, P. I. 

Title: ZPPR-11 Monthly Report for October 1980 as of November 10, 1980 

Date: 11/10/1980 

Report: ZPR-TM-384 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23115 

23059…..…..…………………..…….……..……ID Number…………………..…..…………….23059 

Author: Shaefer, R. W. 

Title: Central Fuel Worth Discrepancy in the U/Fe Benchmark Assembly 

Date: 11/20/1980 

Report: ZPR-TM-387 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23116 

23060…..…..…………………..…….……..……ID Number…………………..…..…………….23060 

Author: Lineberry, M. J. 

Title: ZPPR-11 Monthly Report for November 1980 as of November 30, 1980 

Date: 11/30/1980 

Report: ZPR-TM-388 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23117 

23061…..…..…………………..…….……..……ID Number…………………..…..…………….23061 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for December 1980 as of December 30, 1980 

Date: 12/30/1980 

Report: ZPR-TM-389 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23118 

23062…..…..…………………..…….……..……ID Number…………………..…..…………….23062 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for January 1981 as of January 30, 1981 

Date: 1/30/1981 

Report: ZPR-TM-390 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23119 

23063…..…..…………………..…….……..……ID Number…………………..…..…………….23063 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for February 1981 as of February 27, 1981 

Date: 2/27/1981 

Report: ZPR-TM-391 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23120 

23064…..…..…………………..…….……..……ID Number…………………..…..…………….23064 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for March 1981 as of March 31, 1981 

Date: 3/31/1981 

Report: ZPR-TM-393 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23121 

23065…..…..…………………..…….……..……ID Number…………………..…..…………….23065 

Author: Morman, J. A. / Robinson, W. R. / Dilorio, G. D. / Schaefer, R. W. / Olson, I. K. 

Title: Central Reaction Rate Ratios and Reaction Rate Distributions in the Safety Test Facility (STF) 
Critical Assemblies 

Date: 4/13/1981 

Report: ZPR-TM-395 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPR9-33 



 

C-23122 

23066…..…..…………………..…….……..……ID Number…………………..…..…………….23066 

Author: Dilorio, G. J. / Bennett, E. F. 

Title: An Integral Measurement of Delayed Neutron Relative Yields and Decay Constants for the Uranium 
Iron Benchmark Assembly 

Date: 4/23/1981 

Report: ZPR-TM-397 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23123 

23067…..…..…………………..…….……..……ID Number…………………..…..…………….23067 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for April 1981 as of May 5, 1981 

Date: 5/5/1981 

Report: ZPR-TM-398 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23124 

23068…..…..…………………..…….……..……ID Number…………………..…..…………….23068 

Author: Dilorio, G. J. / Robinson, W. R. 

Title: Intra-Cell Enriched Uranium Reaction Rate Distributions in the U/Fe Benchmark Assembly 

Date: 5/12/1981 

Report: ZPR-TM-399 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23125 

23069…..…..…………………..…….……..……ID Number…………………..…..…………….23069 

Author: Lineberry, M. J. 

Title: Sodium Voiding in LMFBRs: A Physics Assessment 

Date: 9/1/1981 

Report: ZPR-TM-400 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General 



 

C-23126 

23070…..…..…………………..…….……..……ID Number…………………..…..…………….23070 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for May 1981 as of May 29, 1981 

Date: 5/29/1981 

Report: ZPR-TM-403 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23127 

23071…..…..…………………..…….……..……ID Number…………………..…..…………….23071 

Author: Pond, R. B. 

Title: ZPR-6 Assembly No.9, An Enriched Uranium-Depleted Uranium Assembly 

Date: 6/10/1981 

Report: ZPR-TM-405 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23128 

23072…..…..…………………..…….……..……ID Number…………………..…..…………….23072 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for June 1981 as of June 30, 1981 

Date: 6/30/1981 

Report: ZPR-TM-406 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23129 

23073…..…..…………………..…….……..……ID Number…………………..…..…………….23073 

Author: McFarlane, H. F. 

Title: ZPPR-11 Monthly Report for July and August 1981 as of August 31, 1981 

Date: 8/31/1981 

Report: ZPR-TM-408 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23130 

23074…..…..…………………..…….……..……ID Number…………………..…..…………….23074 

Author: McFarlane, H. F. 

Title: ZPPR-II Monthly Report for September 1981 as of September 31, 1981 

Date: 9/30/1981 

Report: ZPR-TM-409 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23131 

23075…..…..…………………..…….……..……ID Number…………………..…..…………….23075 

Author: Olsen, D. N. 

Title: ZPPR-II Monthly Report for October 1981 as of October 30, 1981 

Date: 10/30/1981 

Report: ZPR-TM-411 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23132 

23076…..…..…………………..…….……..……ID Number…………………..…..…………….23076 

Author: McFarlane, H. F. 

Title: ZPPR-11/12 Monthly Report for November and December 1981 as of December 30, 1981 

Date: 12/30/1981 

Report: ZPR-TM-412 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23133 

23077…..…..…………………..…….……..……ID Number…………………..…..…………….23077 

Author: Pond, R. B. / Scharping, R. A. 

Title: Operational Measurements in ZPR-6 Assembly No. 10, A Pu/C/SST Assembly 

Date: 2/1/1982 

Report: ZPR-TM-413 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPR6-10 



 

C-23134 

23078…..…..…………………..…….……..……ID Number…………………..…..…………….23078 

Author: McFarlane, H. F. / Carpenter, S. G. 

Title: ZPPR-12 Monthly Report for January 1982 as of January 29, 1982 

Date: 1/29/1982 

Report: ZPR-TM-414 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-12; ZPPR-11 



 

C-23135 

23079…..…..…………………..…….……..……ID Number…………………..…..…………….23079 

Author: McFarlane, H. F. / Carpenter, S. G. 

Title: ZPPR-12 Monthly Report for February 1982 as of February 26, 1982 

Date: 2/26/1982 

Report: ZPR-TM-415 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-12; ZPPR-11 



 

C-23136 

23080…..…..…………………..…….……..……ID Number…………………..…..…………….23080 

Author: Robinson, W. R. / Dilorio, G. J. / Shaefer, R. W. / Morman, J. A. / Olson, I. K. 

Title: Measured and Calculated Reaction Rates in the Dispersed Fuel Zone and the Clumped-Fuel 
Configuration of ZPR-6 Assemblies 9 and 9A 

Date: 4/20/1982 

Report: ZPR-TM-417 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23137 

23081…..…..…………………..…….……..……ID Number…………………..…..…………….23081 

Author: Morman, J. A. / Dilorio, G. J. / Shaefer, R. W. / Robinson, W. R. / Olson, I. K. 

Title: Reaction Rate Measurements in the U9 Assembly, ZPR-9/36 and ZPR-6/9 

Date: 4/20/1982 

Report: ZPR-TM-418 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23138 

23082…..…..…………………..…….……..……ID Number…………………..…..…………….23082 

Author: McFarlane, H. F. / Carpenter, S. G. 

Title: ZPPR-12 Monthly Report for March/April 1982 as of May 21,1982 

Date: 5/21/1982 

Report: ZPR-TM-420 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23139 

23083…..…..…………………..…….……..……ID Number…………………..…..…………….23083 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR-12 Monthly Report for May 1982 as of May 30, 1982 

Date: 5/30/1982 

Report: ZPR-TM-421 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11; ZPPR-12 



 

C-23140 

23084…..…..…………………..…….……..……ID Number…………………..…..…………….23084 

Author: Brumbach, S. B. / Maddison, D. W. 

Title: Reaction Rate Calibration Techniques at ZPPR for 239Pu Fission, 235U Fission, 238U Fission, and 
238U Capture 

Date: 6/10/1982 

Report: ZPR-TM-424 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11 



 

C-23141 

23085…..…..…………………..…….……..……ID Number…………………..…..…………….23085 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR-12 Monthly Report for June 1982 as of July 13, 1982 

Date: 7/13/1982 

Report: ZPR-TM-426 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-12 



 

C-23142 

23086…..…..…………………..…….……..……ID Number…………………..…..…………….23086 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR-12 Monthly Report for July 1982 as of August 11, 1982 

Date: 8/11/1982 

Report: ZPR-TM-427 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-12 



 

C-23143 

23087…..…..…………………..…….……..……ID Number…………………..…..…………….23087 

Author: Bucher, R. G. / Smith, D. M. / Morman, J. A. 

Title: Reactivity Worths Measured in the U9 Assemblies in ZPR-6 

Date: 9/22/1982 

Report: ZPR-TM-428 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23144 

23088…..…..…………………..…….……..……ID Number…………………..…..…………….23088 

Author: McKnight, R. / Collins, P. J. / Olsen, D. N. 

Title: The Critical Eigenvalue in LMFBRs, A Physics Assessment 

Date: 12/21/1983 

Report: ZPR-TM-429 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: General 



 

C-23145 

23089…..…..…………………..…….……..……ID Number…………………..…..…………….23089 

Author: Schaefer, R. W. / Bucher, R. G. 

Title: Calculated and Measured Reactivities in the U9 Critical Assemblies 

Date: 8/1/1982 

Report: ZPR-TM-430; NUREG/CP-0034-Vol. 1 

Conference/Journal: Topical Meeting on Advances in Reactor Physics and Core Thermal Hydraulics, 
Kiamesha Lake, NY, Sept. 22-24, 1982 

Conference Session:  

Abstract/Keyterms: ZPR9-36; MIX-COMP-FAST-001, IEU-MET-FAST-010, IEU-COMP-FAST-001; 
A set of three benchmark fast critical assemblies, designated U9, had a 9% enriched uranium core 
composition and three degrees of cell heterogeneity. An extensive series of reactivity experiments was 
performed in U9, which was aimed at diagnosing the bias between measurement and calculation. Both the 
measurement and calculation techniques include substantial modifications of the standard ANL methods. 
The experiments clearly show a trend of increasing calculational error with increasing cell heterogeneity 
using conventional analysis, and the effectiveness of an adjoint correction in removing this trend. The ratio 
of calculated to measured worth (C/E) for small material samples near the core center is near unity for most 
samples. Perturbations of the normal core environment, caused by the measurement technique, are shown 
to affect sample worth C/E's by only about 1%. An alternative determination of fuel worth, largely 
independent of the small sample approach, also has a C/E near unity. These U9 results are a major 
contribution to a database for reevaluating the longstanding central worth discrepancy. 



 

C-23146 

23090…..…..…………………..…….……..……ID Number…………………..…..…………….23090 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: Monthly Report for September 1982 as of September 30,1982 

Date: 9/30/1982 

Report: ZPR-TM-431 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11; ZPPR-13 



 

C-23147 

23091…..…..…………………..…….……..……ID Number…………………..…..…………….23091 

Author: Bucher, R. G. / Smith, D. M. 

Title: Reactivity Worths Measured in the U/Fe Benchmark Assembly 

Date: 10/28/1982 

Report: ZPR-TM-433 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23148 

23092…..…..…………………..…….……..……ID Number…………………..…..…………….23092 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR-13A Monthly Report for October 1982 as of October 1982 

Date: 10/1/1982 

Report: ZPR-TM-434 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11; ZPPR-13 



 

C-23149 

23093…..…..…………………..…….……..……ID Number…………………..…..…………….23093 

Author: McFarlane, H. F. / Carpenter, S. G. 

Title: ZPPR Monthly Report for November 1982 as of November 1982 

Date: 11/1/1982 

Report: ZPR-TM-435 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11; ZPPR-12; ZPPR-13 



 

C-23150 

23094…..…..…………………..…….……..……ID Number…………………..…..…………….23094 

Author: Brumbach, S. B. / Carpenter, S. G. 

Title: Asymmetric Neutron Flux Distributions in ZPPR13A 

Date: 2/25/1983 

Report: ZPR-TM-436 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-23151 

23095…..…..…………………..…….……..……ID Number…………………..…..…………….23095 

Author: Shaefer, R. W. / Bennett, E. F. 

Title: Assembly and Analysis Descriptions, and C/E's for D267 from U9 

Date: 3/31/1983 

Report: ZPR-TM-438 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms:  



 

C-23152 

23096…..…..…………………..…….……..……ID Number…………………..…..…………….23096 

Author: McFarlane, H. F. / Carpenter, S. G. 

Title: ZPPR-13 Monthly Report for February 1983 as of February 28, 1983 

Date: 2/28/1983 

Report: ZPR-TM-439 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11; ZPPR-13 



 

C-23153 

23097…..…..…………………..…….……..……ID Number…………………..…..…………….23097 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR-13 Monthly Report for March 1983 as of March 31,1983 

Date: 3/31/1983 

Report: ZPR-TM-441 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-11; ZPPR-13 



 

C-23154 

23098…..…..…………………..…….……..……ID Number…………………..…..…………….23098 

Author: McFarlane, H. F. / Carpenter, S. G. 

Title: ZPPR-13 Monthly Report for April 1983 as of April 29, 1983 

Date: 4/29/1983 

Report: ZPR-TM-442 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-23155 

23099…..…..…………………..…….……..……ID Number…………………..…..…………….23099 

Author: Brumbach, S. B. / Collins, P. J. 

Title: ZPPR-13 Monthly Report for May 1983 as of May 31, 1983 

Date: 5/31/1983 

Report: ZPR-TM-443 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-23156 

23100…..…..…………………..…….……..……ID Number…………………..…..…………….23100 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR Monthly Report for July 1983 as of July 29, 1983 

Date: 7/29/1983 

Report: ZPR-TM-446 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-23157 

23101…..…..…………………..…….……..……ID Number…………………..…..…………….23101 

Author: Carpenter, S. G. / McFarlane, H. F. 

Title: ZPPR Monthly Report for August 1983 as of August 31, 1983 

Date: 8/31/1983 

Report: ZPR-TM-447 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13; ZPPR-11 
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23102…..…..…………………..…….……..……ID Number…………………..…..…………….23102 

Author: Smith, D. M. / Bucher, R. G. / Schaefer, R. W. 

Title: Measured Small Sample Reactivity Worths in ZPR-6 Assembly No.1 0, A Pu/C/SST Assembly 

Date: 10/19/1983 

Report: ZPR–TM-449 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPR6-10 



 

C-23159 

23103…..…..…………………..…….……..……ID Number…………………..…..…………….23103 

Author: Brumbach, S. B. / Collins, P. J. 

Title: ZPPR Monthly Report for September and October 1983 as of November 10,1983 

Date: 11/10/1983 

Report: ZPR-TM-450 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-23160 

23104…..…..…………………..…….……..……ID Number…………………..…..…………….23104 

Author: Brumbach, S. B. / Collins, P. J. 

Title: ZPPR Monthly Report for November 1983 as of December 12, 1983 

Date: 12/12/1983 

Report: ZPR-TM-451 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 



 

C-23161 

23105…..…..…………………..…….……..……ID Number…………………..…..…………….23105 

Author: Brumbach, S. B. / Collins, P. J. 

Title: ZPPR Monthly Report for December 1983 as of January 10, 1984 

Date: 1/10/1984 

Report: ZPR-TM-452 

Conference/Journal:  

Conference Session:  

Abstract/Keyterms: ZPPR-13 
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23106…..…..…………………..…….……..……ID Number…………………..…..…………….23106 

Author: Collins, P. J. / Brumbach, S. B. 

Title: ZPPR Monthly Report for January, February and March 1984 as of March 30, 1984 
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